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

[ 0002] 2- (3, 4-di et hoxyphenyl) - 4- ( 2- car boxy-6- pyridyl)thiazole
(or 6-[2-(3,4-di ethoxyphenyl)thiazol 4-yl]pyridin-2-carboxylic acid) is a
known compound. 10 This conpound is naped as tetomlast. This tetom | ast
has active oxygen inhibitory action, cytokine generation inhibitory action,
adhesion inhibitory action, etc., DARRIRTI useful for the treatnent of

ul cerative colitis, Crohn's disease, asthma, and the 15 |ike (JP-A-5-51318
(paragraph [0015], Exanple 371jpepaackadf-pbeh@rdBP437 (paragraphs [0024] and
[0029]). In addition, tetomlast is also useful as a therapeutic agent for
chroni c obstructive pul nonary di Sease (JP-A2003-104890). Moreover, such a
tetom | ast crystal is 20 stable towards heat and noisture, and is excellent
in terns of the disintegration property and di ssolution property of
tablets. [0003ecuRIcan FIELD According to Exanple 371 of .JP-A-5-51318, an
anhydrous tetom | ast crystal (hereinafter referred to as an "anhydrous
tetom | ast typ@oBlgrystal™) is produced by all ow ng

3, 4-di et hoxyt hi obenzam de to react. 5 with 2-(2-chl oroacetyl)-6-pyridine
carboxylic acid and théfha egegenal Lnvemg arheedbtasned 4 etoomdll ast crude

product from ethanol, for exanple
tetomilast crystal.

5 BACKGROUND ART
10002]

2-{3, 4—diethoxyphenyl) -4~ (2-carboxy-6-
pyridyl)thiazole (or 6-[2-(3,4-diethoxyphenyl)thiazol-
4-yllipyridin-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, etec., and it is useful for the treatment of
ulcerative colitis, Crohn's disease, asthma, and the

15 like (JP-A~5-51318 (paragraph [0015], Example 371} and
JP~-A-~10-152437 (paragraphs {0024] and [0029]). In
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.

{0003}



[ 0004] Furthernore, according to Journal of 10 Medicinal Chem stry, 1995,
38, pp. 353-358, such an anhydrous tetom | ast type B crystal is produced by
al I owi ng 3, 4-di et hoxyt hi obenzam de to react with 2-(2-

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

met hyl 6-[2-(3,4- 15 di et hoxyphenyl)thi azol -4-yl]pyridin-2-carboxylic acid
met hyl ester, and then recrystallizing the obtained tetom|ast crude
product from ethyl acet@f@rJi005P Fowever 3730 pdeJani ahhiidyldys atet omi | ast

type B 20 crystal .has the praperty of causing clogging, if such an
anhydr ous tet5ﬁgﬁg§Pufy{éFé§£;%f§téFY?E?HM' @é6a588¥rﬁﬁfﬁﬁﬁﬁ§n$90nal
recrystallizatj.on,ne r.at | fficiency significantly

o %?$g$%ﬁﬁbﬁgs?ﬁ%%%gi%%p§ i FF Eﬁ?gwtﬁfbroduce anhydr ous

deteriorates during
25 tetom | ast phypecEd Cﬁy%lfi'o%rihl}db's&Idj@ﬂn%ﬁgg%@%ﬂr)&g g ivo%mggﬁeé\ggor dingly,
y , ! '

it is strongly desired that a novel tetom
advant ageous mhthepms2-afhlididuskt ) -aassiBnaduet 108 08, deval gpgd. 3

DI SCLOSURE OF THE | NVENTI ON [ 0006] It isa nmain object of the
present inventhen recyyowldézangovied dietdmibHasétenysdal dhak is 5
industrially groduced in a large volunme. [0007] The present

i nvent ors havBTedwnel e iefhansivefan gdrasldirect ed towards achi eving the
af orenenti one OﬁgifCt' As a result, the inventors have 10 found that a
novel tetom |l ast crystal, which can be produced industrially in a |arge

vol ume, can be obtai neqby,sthsrd NG AROYELQUS, t 8L QM Last. type B
10 Medicinal Chemistry, 1995, 38, pp. 353-358, such an
anhydrous tetomilast type B crystal is produced by
allqwing 3, 4-diethozythiobenzamide to react with 2= (2~
bromoacetyl)~6-pyridine carboxylic acid, then
hydrolyzing the obtained methyl 6—-{2-(3, 4~
15 diethoxyphenyl)thiazol~4;yl]pyxidin—2~carboxylic acid
methyl ester, and then recrystallizing the obtained
tetomilast crude product from ethyl acetate.
[0005]
However; since an anhydrous tetomilast type B
20 crystal has the property of causing clqgging, if such
an anhydrous tetomilast type B crystal is produced by
the conventional recrystallization method, an operating
efficiency significantly deteriorates during
filtration. Thus, it is difficult to produce anhydrous
25 tetomilast type B crystals industrially in a large
volume. Accordingly, it is strongly desired that a
novel tetomilast crystal, which is advantageous in

terms of industrial mass production, be developed.



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

phar maceut i cal PESHISERE OR: THE INVERTOaN| ast hydrate crystal having a powder
25 X-ray diffrﬁgﬁﬁﬁn spectrumthat is substantially the sane as the powder
X-ray diffract pectrumshown in Fig. 2. 2. An anhydrous tetom | ast type

A crystal having 4 a powder X-ray djiffractjion spectrumthat is
substantially the same g% %%éﬁ5ﬁﬁéeP£&??%jﬂéﬁpﬁrEéﬁﬁ@ﬁts¥ﬁﬁﬂwqughomm in

Fig. 4. 3. Ananhydyoys N e..C crystal havipng 5 a powder X-ray
diffraction spec?ﬂun1thé%qﬁgﬂgugé%gﬁ¥¥%ﬁﬁﬁn%%%agaﬁgaﬁsl he powder X-ray

di ffracti ons speelusupt oW dddiukied. i85 4adyd §LomjLast acetonitrile solvate
crystal having a powder X-ray diff%ac?i6ﬁﬁgpectgh%fthat is 10 substantially

the same as tH&0PdwWder X-ray diffraction spectrumshown in Fig. 10. 5. A
m xture of the anhydrous tetom |l ast type A

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

10 found that a novel tetomilast crystal, which can be
produced industrially in a2 large volume, can be
obtained by stirring anhydrous tetomilast tvpe B
crystals in an aqueous solvent, and that the above
tetomilast crystal is further recrystallized using a

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

20 [0068]

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

1. A tetomilast hydrate crystal having a powder

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

2. An anhydrous tetomilast type A crystal having



crystal described in item 2 and an anhydrous tetom | ast type B crystal. 15
6. A pharmaceutical conposition conprising at | east one type of tetom | ast
crystal selected fromthe group consisting of a tetom|ast hydrate
crystal, an anhydrous tetom last type A crystal, an anhydrous tetom | ast
type C crystal, and a tetom | ast 20 acgtonitrile solvate crystal. 7.The
phar maceuti cal conposition according to item6, which is an agent for
preventing and? d?o%deeat- gy gakstisicttiest spattulcemhatahsagent for preventing
and/or treating.,c rdiac'fchenic di sease, an 25 agent for preventing and/or
treating cereb IlﬁtL i Senseneaapi Ver powidd dneyyfdhetiartiampr over used

for disorders gﬁg b ranspl.antation, mcrocirculation failure, etc., or
an agent for p eVentPnéh%ﬁgféffﬁg‘ ?reating Behcet's di sease, cutaneous

vasculitis, ulgerative goll i '] t. rheunmati arthritis,
arteriosclerosis or diabetesy%§?¥%e£%ﬁggﬁggghgﬂggléc ?&ﬁﬁﬁ%i9ﬁ¥%§€bording to

5 item 6, whichgowdap agen} Ji&rfraﬁeygﬁtgg&t% hakreating chronic
rheumatoid arthritis, endotoxin shock, ARDS, t grﬁalfﬁurn, ast hma, chronic

heart fail uresunpbeartahly ithleasahetons e FowdMRCRLEL§ | Hi £ QA0 agent for
preventing and/or treating i schem c reperfusion 10 abnotmality, transition

from SIRS (sy$PEffeun shown in Fig. 8.

4. A tetomilast acetonitrile solvate crystal
having a powder X-ray diffraction spectrum that is

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

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

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

20 acetonitrile solvate crystal.

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

25 agent for preventing and/or treating cerebrovascular
disease, a liver and kidney function improver used for
disorders caused by transplantation, microcirculation

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



i nfl ammat ory response syndrone) to organ failure,

i nfl ammatory bowel di sease, autoi mmune di sease, netastasis, i nmunol ogi cal

rejection occurring during transplantation, nonoclonal B cell 15
pol ycl onal B cell abnotmality, atrial myxoma, Castleman's

abnormality,

syndrone, primary glonerul onephritis, gesangi al

cancer cachexia, Lennert's |ynphoma, psoriasis, atopic dermatitis,
sarcoma devel opehidug BehatDS; RGepost nenopastsal @skaoperosi s, septicemn a,

“inflamatory di sease or chronic obstructive pul nonary di sease.

phar maceut i calY 4ivei 6Pl Helcor deAdarent temBahilser eantihie isnf | ammat ory

mul tiple organ failure,

proliferative nephritis,

Kaposi ' s

9. The

intestinal disease.is Elcerative colitis or Crohn's disease. 25 10. The

phar maceut i cal“'cSHpEsr

b7 ocess Tor LRG. propar aft o BPTACEAPbRH Ao Ry araracohieh tpo

process for the preparation o

characteri zed fitRmt Bat i onpry
crystal in an aqueous sol vent.

cess

POPP Lt Ot iABeESSi tem 8, which is an agent for

11. A

IS I £ nhydr o tetom |l ast type B
88554146 LSRRIy

%reparation of an

anhydrous 5 tetremtiagt chyqe oA aemst 8bic WY ks sCharast arized Lp that it
conprises recrystallization froma solution fornmed by di ssolving”an
anhydrous tet 8RPBastheypel Bugnysaathnd), algohMenheart A:8:1ukae process

according to item 12, wherein the

10

15

20

25

myocardial infarction, viral myocarditis, or an agent
for preventing and/or treating ischemic reperfusion
abnormality, transition from SIRS (systemic
inflammatory response syndrome) to organ failure,
multiple organ failure, inflammatory bowel disease,
autoimmune disease, metastasis, imrunological rejection
occurring during transplantation, monoclonal B cell
abnormality, polyclonal B cell abnormality, atrial
myxoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic
dermatitis, Kaposi's sarcoma developed due to AIDS,
postmenopausal osteoporosis, septicemia,'inflammatory
disease or chronic obstructive pulmonary disease.

9. The pharmaceutical composition according to
item 8, wherein the inflammatory intestinal disease is
ulcerative colitis or Crohn's disease.

1G. 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



10 solvent is ethanol, acetone, or acetone-water (wherein the acetone
content is 40%or nore). 14. A process for the preparation of an anhydrous
tetom | ast type A crystal, which is characterized in that it conprises
recrystallization froma solution 15 forned by dissolving in a solvent at

| east one type of tetomlast crystal sglected fromthe group consisting of
a tetomlast hydrate crystal, an anhydrous tetom | ast type C crystal, and a
tetom | ast acedbwhirter | ehsoh viat eherystatiz@0 i¥5.tThe proeessraceor ding to
item 14, wherei,n the solvent is a m xed solvent consisting of water, and

at | east one organi-89sdh VERYLEmECtabOTF biftt Repgr Buprpetsi s mg of

nmet hanol , eth I C e,. and tetrahydrofuran. 25 16. A process for the
preparation of r?%%h%%fr{g%t‘t etom | ast type C crystal, which is

characterizedqon that i F I.i.S r stallization froma solution forned
by di ssol vi ng 1an anhydréous tetsgm%ﬁﬁsﬁ% pegre 18Py§;€a"1‘niar??‘é[d§8%ent. 17.
The processs ace@bdi Dgst a:yideem & r g he s IS et hanol or

et hanol . 18. A process foyrptet‘:ahe g?ggggaﬁﬂgﬁho Saghégﬁéﬁ%lu%%‘slpetom | ast
type C crystalthabhichedrprdbacacteriyzed linathah Fhof 0418688 on
recrystallization froma solution formed by dissolving in a sol vent at

| east one typéoshed dromilsastiviny samlardeideotiedtétonm t4e: grpeprconsi sting of
a tetomlast hydrate crystal, an anhydrous 10 tetom | ast type A crystal,
and a tetonil 5%%’5%%t36hiat FPf&e’bt vate crystal. 19. The production nethod

according to yem 18, whgrgLo Lhe solyent ig methang) of ethangl

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

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

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

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

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

formed by dissolving an anhydrous tetomilast type B



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

tetom | ast acetonitrile solvate crystal, Wich is characterized in that it

conprises recr stg:I lLization froma solution fornmed by dissolving in a
sol vent at | edStYSbAe tPpd ¥ ¥&ttormi | ast crystal selected fromthe group

consi sting of g tetom I,ﬁ% h Odr at e cr%{s(%.al , .an 25 anhydrous tetom | ast type
A crystal, and ‘dn anhydr oud 1616 PESPTEYHe 1@ diypet ab: whereim mhecess for

the preparatiopi9kna M XEUr NSL.St. J f an anhydrous tetom | ast type A
crystal B and an gnhydrouslpatn(eégo%lﬁfl g{é}?&%%p'e B crystal, which is

characterizedlgn that if HAsS@S I i ion.froma solution forned
by di ssol ving the anhydrous tet o% I aggé %/p;%%ég%?;%gt QF ?ruﬁ HROIVERt. 5

23. The processesondiasing e ict ery@Ral WhaTiRii itshenaeh¥est 4 aget one- wat er
(wherein the acetone content is 40%to 95% by volune). 24. A process for the
prepar ati on ofthatpiktenmprieesi seingstofl draarbydravs &esonidiast type A

crystal ,
formed by dissolving in a solvent at least one type of

tetomilast crystal selected from the group consisting
of a tetomilast hydrate crystal, an anhydrous

10 tetomilast type A crystal, and a tetomilast
acetonitrile solvate crystal.
19. The production method according to item 18,
wherein the solvent is methanol or ethanol.
20. A process for the preparation of a tetomilast

15 acetonitrile solvate crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving an anhydrous tetomilast type B
crystal in acetonitrile.
21, A process for the preparation of an anhydrous

20 tetomilast acetonitrile solvate crystal, which is
characterized in that it comprises recrystallization
from a solution formed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate érystal, an

25 anhydrous tetomilast type A crystal, and an anhydrous
tetomilast type C crystal.
22. A process for the preparation of a mixture

consisting of an anhydrous tetomilast type A crystal



10 and an anhydrous tetom | ast type B crystal, which is characterized in
that it conprises recrystallization froma solutionformed by dissolving in
a solvent at |least one type of tetomlast crystal selected fromthe group
consisting of a tetomlast hydrate crystal, an 15 anhydrous tetom | ast type
A crystal, a tetomlast acetonitrile s8lvate crystal, and an anhydrous
tetom | ast type % crystal,. 25. The process according to item 24, wherein the
solvent is acetBRe*WarEY I MRRr TP @ Shc EYBRES (fiﬁé/t?gﬁterHh%hﬂ)%to 95% by
vol une). [0009 . he. present _invention, .the.term "novel
tetomlast cr y%ktl% %q.telr%?:ﬁcsiei t%haﬁf’eg% %Ofngf%)?’r?ﬁ éﬁcrﬁﬁaf‘g?m‘?w al, an
anhydrous tetomdrast sbyB€idh .2@19@335? diéé‘oﬁf‘ﬂ%drt gsahgg,g%lhsast type C
crystal, a tetomlast acetonitrile solvate crystal, and a mxture of an

anhydr ous t et omiasilabypeyde & ¥sh@lcaandnag aI@-Qus tetom last type B
crystal. 9 [0010] In addition, in the present invention, the

term"tetonbl a&t- cryst allle ipracses taocskdphy tedhea genewherdiamyior such
novel tetom | ast crést,al s and an 5 anhydrous tetonilast type B crystal that
is a known as FUERGnif adteirpstalt er BRVER GESCREPTEONGE dhE DRAW NGS

[0223] Fig. 1.s view showi ng the 10 thernogravinetry/differential
t hermal anal ysis 4@1‘% %ﬂ\g)@eﬁ%ﬁfm Pd¥Pehydrate crystal obtained in Exanple 5

(1); 24. A process for the preparation of a mixture
consisting of an anhydrous tetomilast type A crystal
10 and an anhydrous tetomilast type B crystal, which is
characterized in that it comprises recrystallization
from a solutionformed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
15 anhydrous tetomilast type A crystal, a tetomilast
acetonitrile solvate crystal, and an anhydrous
tetomilast type C crystal.
25, The process according to item 24, wherein the
solvent is acetone-water (wherein the acetone content
20 is 40% to 95% by volume).
{00091
In the present invention, the term "novel
tetomilast crystals” is used to mean a tetomilast
hydrate crystal, an anhydrous tetomilast type A
25 crystal, an anhydrous tetomilast type C crystal, a
tetomilast acetonitrile solvate crystal, and a mixture
of an anhydrous tetomilast type A crystal and an

anhydrous tetomilast type B crystal.



Fig. 2 is a view show ng the powder X-ray diffraction of the tetom | ast
hydrate crystal obtained in Exanple 5 (1); 15Fig. 3 is a view show ng the
t hernogravinetry/differential thermal analysis of the anhydrous tetom | ast
type A crystal obtained in Exanple 1 (1); Fig. 4 is a view showi ng the
powder X-ray 20 diffraction of the anhydrous tetom | ast type A crystal
obtained in Exapphe;l (1); Fig. 5 is a view show ng the
theranravinetry/digferential t hermal anal Ysis of the anhydr ous

tetom | ast type B crystain ehtiatisd iim 2R e; Sxambe 1:£2);

Fig. 6 is a view show ng the powder X-ray %iﬁffg%rgggt%on of Dﬁﬁetg%hydr ous
tetonilast typbeBrctiystalilab@ obtstiaied isnuRefierensanexameke 4 (2);

Fig. 7 is a view showing the thernogravinetry/differential thermal analysis
of the anhydr oti8“¢etdmiangsforypeciCnomvpedt dbtobt kasiediystEXanphe &n2;

Fig. 8is a_vie s%?wi ng the_gowder X-ray diffraction of the anhydrous
tetonilast Pypg" et detopl tfted Vs Exarpsead;tiRity.is9aj knewyiaw showi ng
the 10 thernoggagégg%ﬁ¥@%iEigggﬂaiaI t hermal anal ysis of the

BRIEF DESCRIPTION OF THE DRAWINGS
[0223]
Fig. 1 is a view showing the
10 thermogravimetry/differential thermal analysis of the

tetomilast hydrate crystal obtained in Example 5 (1)

il

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

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

Fig. 4 is a view showing the powder X-ray

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

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

25 Reference example 1 (2);

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

diffraction of the anhydrous tetomilast type B crystal



tetom | ast acetonitrile solvate crystal obtained in Exanple a; Fig. 10 is a
vi ew show ng the powder X-ray diffraction of the tetom| ast
acetonitrile solvate 15 crystal obtained in Exanple 3; Fig 11
is a view showi ng the thernogravinmetry/differential thermal analysis of the
m xture consi sting of an anhydrous te i | ast type A crystal and an

anhydrous tet ofddaskqt yperBreryrstal t.ained in Exanple 4(1);
Fig. 12 is a view showi ng the pomgiiggg?%yl d(?ﬁfracti on of the m xture

consi sting of an anhydrmpug. tetigmal astwtymeiAqCENstal and an anhydrous
tetom | ast type B crystal obtained in Exanple 4(1); 25Fig. lais a view
showi ng the t Héwempgyayyimetimy/ diiffferential thhenadl aana)yis 0kpkhe m xture
consi sting of an anhydrous tetom | ast type A crystal and an anhydrous
tetoni| ast tyFehBlEPYstisgtondlsstatmed G eredapl ebdd 2ed and kkigpldd is a

vi ew show ng the powder X-ray diffraction of the m xture consisting of an
anhydr ous X et om | ast type A crystal and an anhydrous tetom |l ast 5 type

B crystal obtained in Exanple.4 (2)., BEST MODE FOR CARRYI NG OUT THE
| NVENTI ON [ 0011] TetonriL:IfSL it Ohydr ét%él%‘w PY-Ag the powder X-ray

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

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

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

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

20 obtained in Example 4(1);

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

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

crystal and an anhydrous tetomilast type B crystal



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

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

t her nogr avi net j ent.l e I, | ysis (tenperature-rising

rate/ mn) endo?%ﬁ%ﬁ%%ﬁégr%ggé%%aﬁigg'i%géig. 1. Specifically, such a
nonohydrate crystal is ehataciefd zedicn thati S det m ¢ peak
around 189C and a w de pegk around 102C. [g%:li%c‘{ mﬁsp%%gg ? P%; (2) The
nonohydr at e crgsffatadrdsnacpovitemdi@mreayoflsi$tag) iddn aapashyaratdat is
substantially the sane as the powder X-ray diffraction spectrum shown in
Fig. 2. Specifienylastt tipe & earvedeér asdi @n peaksiratis2@etonilaskD. 6% 12. 9%
21.1, 22.3%and 25.0. [0014] (3) The nmonohydrate crystal has significant
infrared ab2orpfi%f FaKdsdatoBigedzdg3txamip: 4769, 5 1587, 1472, 1267,

1143, 1040, 758, and 716 cm1 in the IR (KBr) spectrum

BEST MODE FOR CARRYING OUT THE INVENTION
f0011]
Tetomilast hydrate crystal
The tetomilast hydrate crystal of the present
10 invention includes 0.5 to 3 hydrate crystals. Among
the tetomilast hydrate crystals of the present
invention, a monohydrate crystal has the
physicochemical properties described in (1) to (3)
below:
15 [0012]

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

20 in Fig. 1. Specifically, such a monohydrate crystal is
characterized in that it has an endothermic peak arcund
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 =



[ 0015] Method for producing tetom |last hydrate crystal The tetom | ast
hydrate crystal of the present 10 invention can be obtained by stirring in
an aqueous sol vent the known anhydrous tetom | ast type B crystal or an
anhydrous tetom | ast type B crystal ob{, i ned by the nethod as descri bed
bel ow. [0016] 15Such an aqueous solvent”is a m xed sol vent obtai ned by

m xi ng an orgapbecesolivent, suche asyarefhanol ,»ethanol , isopropanol, acetone,
or ethyl nethyl ketone, with water. Exanples of such a m xed sol vent nay

i ncl ude net hanof0iskit er (a met hanol content of 10%to 20 80% by vol une),

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

i sopropanol -water (an i(bpriypamehobgrtent afy=t0% thas68Y%yhys ValiHe),
acetone-water (an acetone content of 10%to 80% by vol une), and

et hyl net hyl ketjdh%a\)%?e@b?%ﬁcp@t%ylbﬁéﬁﬁyﬁtkﬁ%e ot edat425 H104,0% t o 80% by
volume). O -t ong; wat er, (an tone content of 10%to 6.0% by

vol une) and’et’ % rfeti%?%kef% e-&&tﬁlgr %%get?ﬁﬂfnﬁiﬁiylmét@fﬁé gontkmt of 10%to
60% by vol um)l@r{@(ggﬁr%&éﬂﬁqﬂy preferable. 13 Acetone-water (an acetone
content of 35%to 55% volune) is nore preferable. [0017] The anount of

an aqueous solmentsjused is not
Method for producing tetomilast hydrate crystal
The tetomilast hydrate crystal of the present

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

{0016}

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

20  80% by volume), ethanol-water (an ethanol content of

10

op

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 wvolume), and
ethylmethylketone-water (an ethylmethylkeﬁone content

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

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



5limted. It is used in an amount of at least 10 m, and preferably
between 10 and 50 m, with respect to 1 g of an anhydrous tetom | ast type
)3 crystal. [0018] The stirring tenperature is not particularly 10 limted.
It is preferably between approxi mately 10C and 35C, and nore preferably
bet ween approxi mately 20C and 30C. TheSstirring time is preferably between

approxi matel y ut es.and 3 hour.s, and re &r bl y. bet ween
approxi mately ‘gr{)&l’& ESJGtﬁlrnu? acefghfoﬁ ) Oog% S 5 e%%lltl on, when a

tetom | ast hydy@t§,or st f&l;réspﬁﬂ?e‘}%@g from an anhydrous tetom | ast type 13

crystal, it is preferable toallowthe tetomlast hydrate crystal produced
by the aforememoloned met hod 20 separately to exist as a seed crystal in a
suspensi on. [0020] The tine of adding a seed crystal is not
particularly limted. |Thesapnefrepcabbhe touasdt suwdkeatsese ciryysicad before or
during sti rr| ng. 25 [0021] The obtained tetom | ast hydrate
crystal can®beligpg@dat edtbys |1%$@Idatltloﬁrlom¢la‘m cm"s asuéhasic ¥4 Intlrati on,
concentration, Mor eover, after separation, the separated

extraction.
crystal may bé”‘@@%@?éﬁb%% %W@?Pnéot?%t%ﬁlrbyf%hkﬁ%ﬁ‘?% o d.
Furt her nore, té1 fc%%sg%ygﬁpusb%e%{nﬂéseg tblypea Ekré%\{\rntgyrl fication operation.

[0018]
The stirring temperature is not particularly
10 limited. It is preferably between approximately 10°C
and 35°C, and more preferably between approximately 20°C
and 30°C., The stirring time is preferably between
approximately 5 minutes and 3 hours, and more
preferably between approximately 30 and 90 minutes.
15 [0019]
In addition, when a tetomilast hydrate
crjstal 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.
[6020]
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,



5[ 0022] The thus obtained tetom | ast hydrate crystal has a purity of 95% or
nore, and it can be crushed using an ordinary crusher (for exanple, an
atom zer). Thus, a tetom | ast crushed product having a nmean 10 particle

si ze between 10 and 50 pm and a 90% cunul ati ve particle size of 80 pm or
smaller, which is suitable for fornul&ﬁion, can be obtained. [0023]

Anhydr ous tetog}gépgﬁ%%gﬁtg%gf%§&@geéggg%gyg%g%%%gegg&ﬁ 1l ast type B

crystal has the physi em cal “properties 4) to (6) bel ow

[0024] subjecte®) tdhg @nfiver eusatebomyiast khpe Beehdstal 20 has an
endotherm c curve that is substantially the sanme as the

t her nogr avi met myidicizierent tiad ddveteml camaby Sheci(fieaperas ukreown Si ng

rate/ m n) endotherm c curve shown in Fig. 5. Specifically, such an

anhydr ous t et grididdrcatype ®eratswal is characterized in that it has 25
endot herm c_peaks around 177C and around 188C. [0025] (5) The
anhydrous tetok9%#dt type B crystal has a powder X-ray diffraction spectrum

Shown in Fig. 6. Spect fFhal T PPERMEeRar H ariot: Y Feak e ared — 4 1,
8.1, 11.9, 161&Hs%ngu%§t§'oéhﬂﬁggk more, and 1L can be crushed

using an ordinary crusher (for example, an atomizer).
Thus, a tetomilast crushed product having a mean

10 particle size between 10 and 50 pm and a 920% cumulative
particle size of B0 um or smaller, which is suitable
for formulation, can be obtained.
[0023]
Anhydrous tetomilast type B crystal

15 An anhydrous tetomilast type B crystal has
the physicochemical properties described in {4) to (6)
balow: |
[0024]

{4) The anhydrous tetomilast type B crystal

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

25 endothermic peaks around 177°C and around 188°C.
[0025]

(5) The anhydrous tetomilast type B crystal

has a powder X-ray diffraction spectrum that is



(6) The anhydrous tetom | ast type B crystal has significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045,
762, and 706 cm1l in the IR (KBr) spectrum 10 [0027] The
anhydrous tetom | ast type B crystal can be produced by the nethod descri bed
in JP-A-5-51318 or Journal of MedicindP Chemistry, 1995, 38, pp. 353-358.

[ 0028) 15Moreover,, the hydr ous teton ] ast type.,B__crystal y be obtai ned
by conpletely Ui gs%j“\}ilﬁgfﬁé %éﬁankeeﬁgg%?%sqowé%/e%sgaim}'n Jaggﬁ%gﬁt“ whil e
stirring undersﬁggyfuﬁgsggm{qﬁ %ﬁg.a@q t%ﬁ?bfﬂﬂdEWEggtiPehﬁ?ta'”ed sol ution

to stand to cool. Herein, such a novel tetom |

( _ uch crystal can be used
singly or as a:HHpelcteeiSONS w0 aef 26 Wo ©renog e1t ypesge [ GR29F, Exanpl es of
a solvent may include i sopropanol, ethyl acetate, and a m xed sol vent
25 thereof. [0QG3D]24.2°. The ampbunt of a solvent used is not

particularly limted, as long as it is able to 16 conpletely dissolve a
novel teton¥l aditZé&dystal while stirring under heating to reflux. In the
case of isopropanol, the amunt used is preferably between 70 and 600 m

with respect to 1 g of Aohovédre pepgarPagttetomilast type B crystal

has significant infrared absorption bands at 3298,
3080, 1744, 1583, 1474, 1348, 1269, 1132, 1045, 762,
and 706 cm™ in the IR (KBr) spectrum.

10 [0027}

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

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

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

[0029]

Examples of a solvent may include
isopropancl, ethyl acetate, and a mized solvent

25 thereof.

[0030]
The amount of a solvent used is not

particularly limited, as long as it is éble to



5 crystal. In the case of ethyl acetate, it is preferably between 30 and
300 M with respect to 1 g of a novel tetom | ast crystal _Wen a m xed

sol vent consisting of isopropanol and ethyl acetate is used, isopropanol is
m xed with ethyl acetate at any given_ 10 ratio, and the anount of such a

m xed sol vent used nmay be adj usted so'&s to conpl etely dissolve a nove

tetoni| ast cry(%@le\@@wed%aweng URger e g%lggé Ol aix WA@%?’H 15The

obtai ned solution is cooled to approxi mat over abo mnutes to 1

hour, or is nafuiralihy QQ@éﬁdmea&Qn@Stbor@Mzﬁé.n an anbysis it etom | ast type
B crystal. Further, after the suspension has been stood to cool, it may be

cool ed at 20 aswprpeeably etlof ail@Gnorutedwers paedeprel eriadiweeat 78 t enper ature
bet ween approxi mately OC and 10C. By this operation, an anhydrous

t et om | ast typ?éldBGQPy@i« a‘Pl"lrfs reparheto at @ ofi gheevyl etekoniiesz2]
25Fur t her noy e, %h an anhydrous tetonllast t¥pe B crystal is also obtained
by al | owi n acﬁg§ élcoﬁﬁb £8°8cPT oY nGrEitatet ok i85t crystal so as to

Lnen aadi no serabr s B 133 B0, fed AL DM REREHSa 3P s of o
basi ¢ conpound pBY-h nciude 1%5%%92?% ; %Jh'é%' h‘q%&éé s?%ﬁq,r Qi de, and al kali

earth netal hydroxide. O these net al r oxXi i's
consisting of isopropancl and ethyl acetate is used,

isopropancl is mixed with ethyl acetate al any given

10 ratio, and the amount of such a mixed solvent used may
be adjusted so as to completely dissolve a novel
tetomilast crystal while stirring under heating to
reflux.
00317

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

20 a temperature of 10°C or lower, and 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 aqueous



particularly preferable. Exanples of carbonate may include sodi um
carbonat e, potassium carbonate, sodi um bicarbonate, and potassium

bi carbonat e. Exanples of 10 al kali metal hydroxi de nmay include sodi um

hydr oxi de and potassi um hydroxi de. Exanples of alkali earth metal hydroxide
may i ncl ude cal ci um hydroxi de, barium hydroxi de, and nmagnesi um hydr oxi de.
These conpoundscobrentyseddstRgh Yaddings sai PaIare:ief +LWen&roHRNigtypes. 15 O
t hese, potassi um hydroxi de and sodi um hydroxi de are particularly

preferable. [0834}tion. The additive amobunt of a basic conpound is
not particularly Ilimted. It is generally 1 equivalent 20 or greater, and
preferably bet ]approxinately 1 and 1.5 equivalent, with respect to 1

equi val ent of a. novel fetomlast crystal to be treated. [0035]
Exanpl es of the above dB&RFRIR O4cPdPRsYC 2PTRRERddBaY nbigdiviec aci ds such as

hyd hl f 00 Th ddi t
a%DLgf o?r$§|3%#§”E%E%f;%1ﬁfﬂc%%§aingﬁ|va (%{On]éugigng[ %g]annﬁn?) Lrlve
greater, and piafer abhiyopeineen-appLoxi Nately ilne@gi' @fcgfoogg]la' Lvalent, with

respect to the above descri bed basic conpou use
Exanpl es of amzaguealsrsplpresterdsed. hereinh 1wy oienehusis dthoggyas descri bed

above in the nethod for producing a tetom | ast hydrate crystal Anong
ot hers, acetoﬁ@ﬂ%ﬂﬂerSQ@nﬂac@@bneat©ntmnﬁaaﬁiu&O&hthbﬁﬁﬁﬁ>bwodlum
bicarbonate, and potassium bicarbonate. Examples of
10 alkali metal hydroxide may inciude sodium hydroxide and
potassium hydrozide. Examples of alkali earth metal
hydroxide may include calcium hydroxide, barium
hydroxide, and magnesium hydroxide. These compounds
are used singly or as a mixture of two or more types.
15 Of these, potassium hydroxide and sodium hydroxide are
particularly preferable.
[0034]
The additive amount of a basic compound is
not particularly limited. It is generally 1 equivalent
20 or greater, and preferably between approximately 1 and
1.5 equivalent, with respect to 1 equivalent of a novel
tetomilast crystal to be treated.
[0035]
Examples of the above described acid may
25 include inorganic acids such as hydrochloric acid,
sulfuric acid, and hydrobromic acid.
[0036]

The additive amount of acid is generally 1



10 volune) is particularly preferable. [0038] The amount of an
aqueous solvent used is not limted. It is 5 m or greater, preferably
between 5 and 300 ml, and nore preferably between 30 and 70 m, 15 with
respect to 1 g of a novel tetom | ast rystal [ 0039] The
tenperature of a solutionis preferabl§ bet ween 10C and 30C when acid is
added. [0040] i }S by ddition of
acid. Thus, éﬁﬁﬁg%gEggeﬁgﬁgﬁaﬁgaggg§§gﬂggﬁg}aH ysg§é§§ﬁf St ower, and
preferably at rdfempRl it daat ‘é@ﬁﬂo%eﬁ,@iqucan§ola§ é(%ﬁ;fafl'eﬁli_ent ly
extract an anhydrous tetom | ast type B crystal.
addi ti on, thes&thetrhspsciar= applabdvéQk&ﬂhﬁﬂ@dubakﬁ&Oﬂhkﬁﬁﬂmﬁype B
crystals, so as to obtain anhydrous tetom | ast type B crystals wth higher
19 purity. [O®#2FE-Anhydrous tetom | ast type A crystal An anhydrous
tetom | ast % q@ap7frystal has 5 the physicochem cal properties described in
I

(7) to (9)

In

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

10 volume) is particularly preferable.
r0038])

The amount of an aqueous solvent used is not
Limited. Xt 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, s0 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 highex



[ 0043] (7) The anhydrous tetom | ast type A crystal has an
endotherm c curve that is substantially the sane 10 as the

t hernogravinetry/differential thernmal analysis (tenperature-rising
rate/mn) endotherm c curve shown in Fig. 3. Specifically, such an
anhydrous tetom | ast type A crystal islgharacterized in that it has an
endot herm ¢ pegﬁ g{fynd 188C. 15[ 0044] (8) The anhydrous
tetom | ast typ Ac ystal has a powder X-ray diffraction spectrumthat is
substantially thesspne as the powder X-ray diffraction spectrum shown in
Fig. 4. Specifically, it has 20 characteristic peaks at 20 = 10.5, 13.10,

18.4, 21.9, andnRpdifboud @@4bhilast type A ctPitdhe anhydrous tetom | ast type
A crystal has significant infrared absorption bands at 3306, 25 3084, 1746,

1593, 1474, 1348, 1271, Anlaghydis teb8nidndt: AQiec M tristahendR (KBr)
spectrum [0Q046] Method for producing anhydrous tetomlast type A 20

cryst al 5 the phypieoghaiyHiduPropesii-tastetypden éryéihlteali)be obt ai ned
by recrystalliégiiqn froma solution that is obtained by dissolving a known
anhydrous tetonitdst 5 type B crystal or an anhydrous tetonilast type B
crystal obtainﬁﬂﬂgﬁ the aforenentioned nethod in a suitable solvent.

(7) The anhydrous tetomilaslt type A crystal
has an endothermic curve that is substantially the same
10 as the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
in Fig. 3. Specifically, such an anhydrous tetomilast
type A crystal is characterized in that it has an
endothermic peak around 188°C.
15 [00443
(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 20 = 10.5°, 13.1°, 18.4°, 21.9°,
and 25.8°.
[0045]
(9} The anhydrous tetomilast type A crystal
has significant infrared absorption bands at 3306,
25 3084, 1746, 1593, 1474, 1348, 1271, 1132, 1045, 758,
and 704 cm™ in the IR (KBr) spectrum.
{0046]
Method for producing anhydrous tetomilast type A



[ 0047] Exanpl es of the aforenmentioned solvent that 10 can be used herein
may i nclude ethanol, acetone, and acetone-water (an acetone content of 40%
or nore by volunme). O these, acetone-water (an acetone content of 40% or

nore by volune) is particularly pref er, bl e. [0048] 15The anount of a
solvent used is not particularly limted, as long as it is able to

conpletely di Séf)}lftyt an anhydrous tetom | ast type B crystal while stirring
under heating to reflux. In the case of ethanol, the anmount used is

preferably between 20 7@nhanghid@b-dtls Wetbnl BSPEGL IO al c@yotaBncanhydrous
tetom | ast type B crystal. In the case of acetone, it is preferably between

30 and 120 nml e tdbirdspecbyt oedrygtall il het khovieranhy doousitetidmid ast type B
crystal. In the case of acetone-water (an acetone content of 40%to 25 80%
by vol ume), itis sohredhedabyydbstalesna3d kimeisGmhdngushteeepelastto 1 g of
the above anhydrous tetom |ast type B crystal. [0049] 21 Such an anhydrous
tetonil ast Pype/ds & yFeralkali et firePEPEBF YUY K¥INidd@SthtP8ofvent whil e
tenperature is

ot parti oul arfy i CREAT R P G AP BT DR A SRR ok b o] y 40C and
85C, and preferahl y hetyween, approxi mately 55C and 80C. [0050]
After such dissolution, the tenperature of the obtained solution is
decreased, so tgiat7ithe 10 anhydrous tetom | ast type A crystal of the
present invention can be crystallized.
Examples of the aforementioned solvent that
10 can be used herein may include ethanol, acetone, and
acetone-water (an acetone content of 40% or more by
volune} . Of these, acétone"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
conpletely dissolve an anhydrous tetomilast type B
crystal while stirring under heating to reflux. In the
case of ethanol, the amount used is preferably between
20 70 and 400 ml with respect to 1 g of an anhydrous
tetomilast type B crystal. In the case of acetone, it
is preferably between 30 and 120 mi with respect to 1 g
of the above anhydrous tetomilast type B crystal. In
the case of acetone-water (an acetone conteni: of 40% to
25 80% by wvolume), it is preferably between 30 and 500 ml
with respect to 1 g of the above anhydrous tetomilast

type B crystal.
[00493



[ 0051] The tenperature-decreasing rate is not particularly
limted. When ethanol is used as a 15 solvent, for exanple, the
tenperature-decreasing rate is preferably 0.8C/ mn or less. In addition,
when acet one-water (an acetone content of 40% or nore by volune) is used as
a solvent, the tenperature- decreasi n&lrate is preferably 0.4C/ mn or |ess.

By 20 setting the tenpergiyrg: dealaastog dala bl fosuch.aanoe, the

anhydrous teton | ast type cryst 0 e present vent1on can be

obt ai ned nor e ief bireiceRbbyYy diQ@23ked in a solvent whVhernsiacetione- Vater (an
acetone content of 40% 25 or nore by volunme) is used as a solvent, the

af or enent i onedirsielcuheohing tetraifned. atAdGGato t30€, f oite G2avingt es or | onger,
and it is then cooled, so that an anhydrous tetom|last type A crystal can
be 22 cryst &ehpzedtuThels epepatbieadadnedsnngedat eltdursi ng t he

af orementioned cooling does not particularly affect crystallization of the
anhydr ous tet GfPPASELY yiRbweedr fRPRPX 1T Ega3|H0°C and 85°C, 18ndhddi ti on, during

ever al t emporSPEPE P LhguE BGEn SRt AR MO GoBY JU4be,  15C to 256, or
0C to 10C th%ggbyti on is
After such dissoclution, the temperalture of
‘the obtained solution is decreased, so that the
10  anhydrous tetomilast type A crystal of thé present
invention can be crystallized.
{0051]
The temperature-decreasing rate is not
particularly limited. When ethanol is used as a
15 solvent, for example, the temperature-decreasing rate
is preferably 0.8°C/min or less. In addition, when
acetone-water (an acetone content of 40% ox more by
volume) 1s used as a solvent, the temperature-
decreasing rate is preferably 0.4°C/min or less. By
20 setting the temperature-decreasing rate within such a
range, the anhydrous tetomilast type A crystal of the
present invention can be obtained more efficiently.
[0052]
When acetone-~water (an acetone content of 40%
25 or more by volume} is used as a solvent, the
aforementioned solution is retained at 40°C to 50°C for
60 minutes or longer, and it is then cocled, so that an

anhydrous tetomilast type A crystal can be



10 stirred for approximately 30 mnutes to 5 hours, so that the
tenperature may be decreased in a stepwise manner. In this stepw se

t enper at ur e- decreasi ng nethod, at a tenperature between 40C and 50C, an
anhydrous tetom | ast type A crystal, )ich has been 15 produced separately,
may be added as a seed crystal. [0054f“ Mor eover, such an

anhydrous tet auiast 1 yge AGLYebabelsdioducedabyusiing aupoug! tetor | ast

crystal (excluding an anhydrous teto ast type A crystal) 20 instead of
the known anhygrousot@iamiloast typeily Woest abr prdciaarysiaklicaging froma
solution forned by dissolving the above novel tetom|last crystal in a
sui t abl e sol ventyst&petadtiical by, tha arthydiooss teebtonidasttiogpd A 25 cryst al
is produced by recrystallization froma solution formed by dissolving in a
sol vent at Ieé§wséﬂi~type of tetomlast crystal selected fromthe group
consisting of a tetomlast hydrate crystal, an 23 anhydrous tetom | ast
type C crys@aﬂpoéﬁ a tetom | ast acetonitrile solvate crystal. Herein, a

novel tetom | ast cryst gs E-eg si ngl. or. a a mxture c%n%'sting of two
or more types. 5 [0055]*"sGER 5 %ﬁﬁ&%?‘ S Feﬁoﬁ1?a§f5¥§bé A b?ystal can
al so be prOdu%%gpQ%ﬂ§H§Qe%ﬂE@g EH@ égMﬂ@}aQBQXdEQU§Etained in
several temperature ranges such as 40°C to 50°C, 30°C to
40°C, 15°C to 25°C, or 0°C to 10°C, the solution is
10 stirred for approximately 30 minutes to 5 hours, so
that the temperature may be decreased in a stepwise
manner. In this stepwise temperature-decreasing
method, at a temperature between 40°C and 50°C, an
anhydrous tetomilast type A crystal, which has been
15 produced separately, may be added as a seed crystal.
[0054]
Moreover, such an anhydrous tetomilast type A
crystal is produced by using a novel tetomilast crystal
(excluding an anhydrous tetomilast type A crystal)
20 instead of the known anhydrous tetomilast type B
crystal, and recrystallizing from a solution formed by
dissolving the above novel tetomilast crystal in a
suitable solvent.
Specifically, an anhydrous tetomilast type A
25 crystal is produced by recrystallization from a
solution formed by dissolving in a sclvent at least one
type of tetomilast crystal selected from the group

consisting of a tetomilast hydrate crystal, an



tetom | ast type B crystal or a novel tetom|ast crystal (excluding an
anhydrous tetom |l ast type A crystal) in 10 an aqueous sol vent (a water
content of 90% or |ess by volune), and then stirring the suspension. [0056]
Exanpl es of an aqueous sol vent that cap be used herein may include

m xed sol vents fornmed by m xing 15 organi c sol vents having high

conpati bi | ity anbyRroas dretosudhsast pet hanolystalhaand , a acei@e . s8r
tetrahydrofuran, with water. Specifically, the aqueous sol vent
that can be uségtaB*Yrifisxs@l¥skoentystaiconsi sting of water, apd at 20 | east

one organic sglvent selected fromthe group consisting of methanol,
et hanol , acet%ﬁg?lﬁhdif§PF§h§8F8$%&%ﬁF qq¥sg§FtF§u¥%ﬁ@ Haskgnerwaser (an

acet one content ,0f. 30% vpl.ume) is preferable as such an aqueous
sol vent. 25 [00%7% Ck%sgg%gg%eofé: ePgtﬁ?geo¥y%F%Uspension i s not
particul arly Ifppsgpd during stirring. It is generally between 0C and 65C,

and preferably between 10C and 24 60C. [0058]
Such an anhydrous tetomilast type A crystal

can &lso be produced by suspending the known anhydrous
tetomilast type B crystal or a novel tetomilast crystal
(excluding an anhydrous tetomilast type A crystal) in
10 an aqueous solvent (a water content of 90% or less by
volume}, and then stirring the suspension.
[0056]
hxamples of an agueous solvent that can be
used herein may include mixed solvents Fformed by mixing
15 oxganic solvents having high compatibility with water,
such as methanol, ethanol, acetone, or tetrahydrofuran,
with water.
Specifically, the aqgueous solvent that can be
used as a mixed solvent is consisting of water, and at
20 least one organic solvent selected from the group
consisting of methanol, ethanol, acetone, and
tetrahydrofuran. In particular, acetone-water {an
acetone content of 30% to §0% by volume} is preferable
as such an agqueous solvent.
25 [0057]
The temperature of a suspension is not
particularly limited during stirring. Tt is generally

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



The stirring tine is generally between 10 m nutes and 48 hours, and
preferably between 10 mnutes, 5 and 3 hours. [0059] I n
addition, these nethods are applied to anhydrous tetom | ast type A
crystals, so as to obtain anhydrous tetom | ast type A crystals w th higher
10 purity. [0060] The obt ai4fed anhydrous tetom | ast type A

crystal can beggeparated by isolation operations such as filtration,
concentration, or extraction. Mreover, 15 after separation, the separated

crystal may be[Euglected to a drying treatnment by a known net hod.
Furthernore, the crystal can be purified by a known purification operation.
[0061] 20The thus obt aiTied strihydngusitet Mrideastral ypebsewdarsyal has a purity
of 95% or nore, and it can be crushed using an ordinary crusher (for
exanpl e, an aﬁ@ﬁﬂ@éﬁ)anqhﬁ%fm@rﬁet@ndlEmﬂfamabémeuepW@@udK)hamuﬁgsa mean
particle size between 10 and 50 gm and a 90% 25 cunul ative particle size of
80 gm or ﬁglﬁgﬂ WhPEFEi s suitable for formul ati on, can be obtai ned.

[ 0062] Anhydr %55 tomlast type C crystal 25 An anhydrous tetom | ast type
C crystal has ghysicochenical properties described in (10) to (12)

bel ow In addition, these methods are applied to
anhydrous tetomilast type A crystals, so as to obtain
anhydrous tetomilast type A crystals with higher

10 purity.

[0060]

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

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

[0061]

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

25 cumulative particle size of B0 um or smaller, which is
suitable for formulation, can be obtained.

[0062]

Anhydrous tetomilast type C crystal



[ 0063] 5(10) The anhydrous tetom | ast type C crystal has an endothermc
curve that is substantially the sane as the thernogravinetry/differential
thermal analysis (tenperature-rising rate/mn) endotherm c curve shown in
Fig. 7. Specifically, such an anhydrous tetom |ast 10 type C crystal is
characterized in that it has endot her ri’c peaks around 184C and around 189C.
[ 0064] (11) . Th rous, tetom.l ast typ crystal has a
powder X-ray diffractiO%J;%ggggﬁﬂftﬁg}éﬁéﬂfg‘gﬁ%?ténﬁfgévv'?hg sanme as the
powder X-ray difd rp%%&@@cﬁ&ﬁ%aﬁ“ﬁké%@i‘@ié@ dddriBeqSpECifdicald y, it has
characteristic peaks at 20 - 4.2", 8.2, 12.0", 16.4, 24.7, and 25.9. [0065]
20(12) The anhydrowslbtetom | ast type C crystal has significant infrared
absorpti on bands at 3300, 3088, 1744, 1593, 1476, 1346, 1267, 1132, 1045,
754, and 704 ci®3iln the IR (KSr) spectrum [0066] 25 Method for producing

anhydrous tetom|ast type C crystal __The anhydrous tetomil ast
type C crystal can be pfbiudée bByphyéeeystigiionidesbntyvem &xysitadi on t hat

26 i s obtained by dissolving .the kno nhydr ous
(Laéyan en&gtheéﬁic curvev%héklyé substantially the same

as the thermogravimetry/differential thermal analysis

{(temperature-rising rate/min) endothermic curve shown
in Fig. 7. Specifically, such an anhydrous tetomilast

L0 type C crystal is characterized in that it has
endothermic peaks around 184°C and around 189°C.

[0064]
(11) The anhydrous tetomilast type C crystal
has a powder X-ray diffraction spectrum that is

15 substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 8. Specifically, it has
characteristic peaks at 20 = 4.2%, B.2° 12.0°, 16.4°,
24.7°, and 25.9°.

[0065]

20 (12) The anhydrous tetomilagt type C crystal
has significant infrared absorption pbands at 3300,
3088, 1744, 1593, 1476, 1346, 1267, 1132, 1045, 754,
and 704 cm™ in the IR (KBr) épectrum.

[0066]

25 Method for producing anhydrous tetomilast type C

crystal
. The anhydrous tetomilast type C crystal can

be produced by recrystallization from a solution that



tetom | ast type B crystal or an anhydrous tetom | ast type B crystal

obt ai ned by the aforenentioned nethod in a suitable solvent. [0067]

Exanpl es of a solvent that can be used herein nmay include nethanol and
ethanol. O these, nethanol is particularly preferable. [0068] 10The anount
of a solvent used is not parti cul arIy‘)'I6i mted, as long as it is able to

conpletely di slssololgjgmt_.L gdaﬁﬁgg{%%ﬁlvgﬁggt@wrgﬁ%u%nhﬁggg}iljs ast type B crystal

[
while stirring under heati e he anoun a solvent used is

preferably 15 ﬂ%ﬁio‘ﬁﬁ@@szotfﬁ@ RO itk o1 806 AWTERIebesablyobetmeen 80 and 120
m, with respect to 1 g of the aforenenti oned anhydrous tetom | ast type B

crystal. [0069ypAf Becrguehl ditssdheti b, thid e dermpenat ohed alet2d He obt ai ned
solution is decreased to a tenperature between 10C and 30C, so that the
anhydr ous tet amsvdsebigpeolrerty.st al of the present invention can be
crystallized. The tenperature-decreasing rate is not particularly limted,
when the sofvef?87d nethanol. It 25 may be approxi mately 0.4C to 0.6C min.

When et hanol is used as_a so] vent, the obtained solution rapi dly be
cool ed at a tenperatur eE’ﬂ%‘EEP]Ieea%ior‘fgar E RN W% ﬁaBrbﬁD?%eTEaéW&e&Pef erably

f 10C/m ' 2 he. T ' t it hi
uch a range. "TRe BAnyde abe TR PAcr SRR C Oh SPAFE LA s s aaant

invention can jkepabtatned-1praLhibgiently. [0070] 5In addition, such an
anhydrous tetom fpast type Ccrystal is produced by recrystallization from

a sol ution obt{@ceed by dissolving in a suitable solvent a novel tetom| ast
crystal (excluding the anhydrous tetom |l ast type C crystal) that is used
i nstead ofl1® he The amount of a solvent used is not
particularly limited, as long as it is able to
completely dissolve the aforementionsd 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.
[0062]
After such dissolution, the temperature of
20 the obtained solution is decreased to a temperature
between 10°C and 30°C, so that the anhydrous tetomilast
type C crystal of the present invention can be
crystallized. The temperature-decreasing rate is not
particularly limited, when the solvent is methanol. It
25 may be approximately 0.4°C to 0.6°C/min. When ethanol
is used as a solvent, the obtained solution may rapidly

be cooled at a temperature-decreasing rate of 5°C/min or

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



10 known anhydrous tetom |last type B crystal. Specifically, the known
anhydrous tetom |l ast type B crystal is first added to nethanol, and it is

t hen di ssolved therein while stirring under heating to reflux. The obtai ned
solution is stood to cool to 15 approxi. rrately 30C for about 40 mnutes to 1
hour. Thereafter, the suspen5| on obt a|41ed by the aforenentioned cooling is

cool ed_ at 10C }ﬁ%fb&{iﬁg eferd%tng 2 Fg V%l er astu%rhe bet vveen

approxi mately 0" M Our s, %t hat9tThe 20

anhydrous t et opd %myhyegsqéwﬁ@alsspft %Bec RESARN 'o'}V%ﬂE' Pe£ai be
obtained in the formof a crystal. ¥ Specifically, an

anhydrous tet omx}a&s;tlohygga%@ry@g@n@dsm@f@d@ucﬁﬂ:l@hm@cryst allization froma
25 solution formed by dissolving in a solvent at |east one type of

tetom | ast cryBt@0isel ected fromthe group consisting of a tetom | ast
hydrate crystal, an anhydrous tetom |last type A crystal, and a tetom|ast
28 acetonitPile solvate @r«}'@fﬂaﬂlomerse‘ﬁ—h an mrql@t éﬁ?ﬁp@c@ia%ﬁcyst al is used

singly or as a% m xture consi stin The _sol vent and
t

recrystallizat 8¢ @oﬁHV?F%sl%rququé’tTeﬂV\g%me%yeg F‘\‘?éf’%ﬂ?“ﬁ% & hose in
the case of usj orl%[ 06 afor sneat Ogﬁ%i Tﬁb"‘@% anhydrous .f, Eo%ivsﬁt type B
o “the )

crystal as a s i'ng na e a ver, or éfent i ored net hod
is 10 applied ﬁ&@nhxééﬁyﬁagﬁtmst@ (bypeadingy X%%ala%hy§90§§ to obtain

anhydrous tetom | ast type C crystals vvlth hi gher purity. [0073] The
obt ai ned anhydicaiuwsit @esontyBstc tarpetel) that is used instead of the
10 known anhydrous tetomilast type B crystal.
Specifically, the known anhydrous tetomilast

type B crystal is first added to methanol, and it is
then dissolved therein while stirring under heating to
reflux. The obtained solution is stoed to cool to

15 approximately'30°c for about 40 minutés to 1 hour.
Thereafter, the suspension obtained by the
aforementioned cooling is cooled at 10°C or lower, and
preferably at a temperature between approximately 0°C
and 10°C, for 30 minutes to 3 hours, so that the

20 anhydrous tetomilast type C crystal oflthé present
invention can be obtained in the form of a crystal.
(007173

Specifically, an anhydrous tetomilast type C

crystal is produced by recrystallization from a

25 solution formed by dissolving in a solvent at least one
type of tetomilast crystal selected from the group
consisting of a tetomilast hydrate crystal, an

anhydrous tetomilast type A crystal, and a tetomilast



15 crystal can be separated by isolation operations such as filtration,
concentration, or extraction. Mreover, after separation, the separated
crystal may be subjected to a drying treatnment by a known net hod.
Furthernore, the crystal can be purified by a known 20 purification
operation. [0074] The thus obtai ned ar?’r?ydr ous tetom |l ast type C crystal has

a purity of 95% _ &gieaggﬁgétﬁﬁ%@yggagug nqsiangog yordinary Crusher
(for exanple, an atom zer) . us; a tetomlast crushed product having a

mean particle gézgniakwesnydihand Q-8 aneh @ S0UsCHMdt atiMe particle size
of 80 gmor snmaller, which is suitable for formul ati on, can be obtai ned.

29 [0075] Tet cmisist:iageddOnivy idiensekvayge€r ydhal solvent and A tetom | ast
acetonitrile solvate crystal has the physicocheni cal properties described
in (13) to 5 (U®rvsekdniz§olR6lconditions apyli3F Theelwtom | ast acetonitrile
sol vat e cry§tal has an endotherm c curve that is substantially the sanme as
t he t her mogP aViHER}LETF f Feridmsealint kg nedsaPfanaf-P&i §2¢t enperat ure-ri si ng

ot o | ast - aceUGHEFHEEORH JaveroryBrat e MaiShiirer | S M that 1t has
endot herm ¢ p%tgrloggda 9&%::&58“&191:&17;9&%. and around 189C. 15 [0077]
{00723
Moreover, the aforementioned method is
10 applied to anhydrous tetomilast type C crystals, so as
to obtain anhydrous tetomilast type C crystals with
higher purity.
[0073}
The obtained anhydrous tetomilast type C
15 crystal can be separated by isolation operations such
as filtration, concentration, or extraction. Moreover,
after separation, the separated crystal may be
subjected to a drying treatment by a known method.
Furthermore, the crystal can be purified by a known
20 purification operation.
[0074]

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

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

suitable for fermulation, can bhe obtained.



(14) The tetom |l ast acetonitrile solvate crystal has a powder X-ray
diffraction spectrumthat is substantially the sane as the powder X-ray
diffraction spectrumshown in Fig. 10. Specifically, it has 20
characteristic peaks at 20 = 3.6", 7.1,10.6, 14.2, and 24.8. [0078]

(15) The tetom | ast acetonitrile solva?e crystal has significant infrared
absorption bands 7t 25 3300, 3090, 2249 (nitrile group), 1744, 1593, 1476,
1346, 1269, 1132, 1045, 752, and 704 call in the IR (KBr) spectrum [0079]
30 Method for etogddiny dettomilkasic aselwortid cirketsdl vate cryst al

The tetom | ast acetonitrile solvate crystal can be produced by

recrystal lization from& Sdogiilest saediamiitsidbt aphertdyemiisssdl nhng in

acetonitrile ”Ee kgomm aqp drous tetom |ast type B crystal or an anhydrous
t et oni | ast tyéf CEPEY JETHTIB AL nRECRR ttiifs dpsreneed iidhed ethod. [ 0080]

10The anoung qHS c$é SWIrile used is not particularly limted, as |long as
it is able to coﬁp etely dissolve the above anhydrous tetonilast type B

crystal whilergbiygfing under heating to ref lux. The amount of acetonitrile

used is preferably between 70
(13) The tetomilast acetonitrile solvate

crystal has an endothermic cuxve that is substantially
the same as the thermogravimetry/differential thermal

10 analysis {temperature-rising rate/min) endothermic
curve shown in Fig. 9. Specifically, such a tetomilast
acetonitrile solvate crystal is characterized in that
it has endothermic peaks around 91°C, around 176°C, and
around 18§9°C.

15 [0077]

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

20 characteristic peaks at 20 = 3.6°, 7.1°, 10.6°, 14.2°,
and 24.8°.
[0078]

(15} The tetomilast acetonitrile solvate

crystal has significant infrared absorption bands at

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

[0079]



15 and 150 ml, and nore preferably between 70 and 100 m, with respect to 1
g of the above anhydrous tetom | ast type B crystal. [0081]

The above anhydrous tetom | ast type B crystal 20 may be di ssolved in
acetonitrile while stirring under heatihg to reflux, for exanple. After
such dissolution, the tenperature of the solution in which the anhydrous

teton | ast typgeBh&d Viahabrhascheen dhasekyed, is Ha¢heased, sq.4 hat the
tetom | ast 25 acetonitrile solvate crystal of the present invention can be

crystallized. Fhesttadnperature-decreasing rate is not particularly limted,
and it may be between approximately 0.1C mn and 1.5Cdm n. The tetom | ast
31 acetonitrile sol vat eTheystiamidghsthacprestnti liensenthon drysnatl,
particularly affected by such a tenperature-decreasing rate, and it can
preferably be GHt &edodpeedRy sepeyptathi #3tiamhd rkmoans Entiyidnous

tetom |l ast typ crystal .is added to acetonitrile, and it is then

di ssol ved tf%uer%rfaﬁt oA ID%%@H“F‘? i%ﬁ'g%&ﬁdg}vﬁé%t:’irhg“cﬁbofléﬁ%ﬁ@ th%e obt ai ned
solution is stigod. .t LRt el C for _about 30 mnutes to 8
hours. 10 Ther eaf tne%?ﬁgﬁgoé%s%g%@%%ggbfﬁen3% CB"\}’SFH %t 6tement i oned cool i ng

is cooled at IGyeroleWesso@indsRr 688 apl ¥r@lc A LERRERAL Wi Rt ween

approxi mately 0C and 10C, for 30 mnutes to 3 hours, so that the tetom| ast
acetonitril e sdloramenciysédlmeabhotine present 15 invention can be obtained in
the formof a crystal. [0083] In addition, such a tetom | ast
acetonitrile d8%¥8te crystal is produced by recrystallization froma

sol ution oﬁ} ained by dissolving in acetonitrile a novel 20 tetom | ast
crystal (eXcluding the T GHOREEt OB RED NI desBPYALE dfistal ) that is

oo, et P tIg PNy aulugoug, L os. LIPRR el
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
23 may be dissolved in acetonitrile while'stirring under
heating to refliux, for example. After such
dissolution, the temperature of theé solution in which
the anhydrous tetomilast type B crystal has been
dissolved is decreased, so tﬁat the tetomilasth
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



sol vate crystal
dissolving in acetonitrile at one type of tetom |l ast crystal

the consisting of a tetom | ast hydrate crystal,

is produced by recrYstallization 25 solution fornmed by
sel ected from

an anhydrous tetom | ast

type A, and an anhydrous 32 tetonila§$ type C crystal. Herein, a novel

tetom | ast crystal

is used singly or d@s a mxture consisting of two or nore

types. The sol vestoming-ineckystald izatki Id1 3RpL | erein are
o i &gkl 89{"%‘5 &%3%‘3 RPL L ed, Ner

equi valent to those in 5 the case of using
anhydrous tetofd &St prypécBlarystalfcasea 5§ afddiNG WRkeELatyrd 0084]

Moreover, the aforenentioned nethod is applied to tetom | ast
acetonitrile setsifesiagysehts,asb it0cas poeibiaily bet obthhséd.acetonitrile

solvate crysta
tetom | ast ace

oper ati ons

after separation, the se%%?

treatment by a Jown.pepthod.;
known purification operation.

y
]

enent| one nown

t@ i.th higher purity. [0085] The obt ai ned
Hi4lrile sol vate crystal can be separated by isolation
uch 15 as filtration, concentration, or extraction. Mreover,
: 5 :Q#éﬁﬂgf SF%T H@PEYBIRRE ek fid agityi ng

r rpore, .the. crystal can be rified by a
3:%851?@0% aCEtonltrl)ie’Tﬂlégtﬂhslso%?l&‘f‘ned y

tetom| ast acetiomblbbherisolaat @fh§§¥5§@lrﬂ?§g AnBUE! hyafind or more, and it
€,

can be crushed using an ordinary crusher (for exanp

a

at om zer).

Thus,

a tetom | ast creddhed prloduttahaviingo B2 nmean spabli €becsdize bet ween 10 and

50 pmand a 90% cunul ative particle size of 80 lint or snmaller,

suitabl e for FEPROKEMEBHY SHC o sbalted) minutes to 8 hours.

10 Thereafter, the suspension obtained by the

15

20

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

which is



[0087] 33 Mxture consisting of anhydrous tetom |l ast type A crystal and
anhydrous tetom | ast type B crystal As a m xture consisting of
an anhydrous tetom | ast type A crystal and an anhydrous tetonmlast 5 type B
crystal, mxtures with various types of, ratios are generated dependi ng on
production conditions. As an exanple, & m xture having the physicochem cal

properties desgsthgd 457 Q%ﬁ% & 0 A 8)a 1beleye can be genetalgd; ; 14 [0088]

(16) The |l evel of an endotherm c ‘peak depends on the mxing ratio of type A

crystals and typestBlcripgstabs. sHigy bk sbousnihauendehhesnt g peak of a
sanple having a mxing ratio of A B - 40:60. The 15 m xture consi sting of

an anhydrous t&tomd aoret ypeeA crirst ablaadt amdnlydveus 1l etomdmst type B
crystal has an endotherm c curve that is substantially the sane as the

t her nogr avi net $3FHiFreFeappbicd herrpdr anal §iivaleaipsratiees rirsi ng

rate/ mn) egdot herm ¢ curve, sha 20 in Fig. 11  Specifically, such a

mxture i s chariet@rtz8d Fhiihat's erREsmen %ﬁﬁn@wﬁeé}%}éy%rf%d 175C and
around 189C. [0089]: 1.5+ H%% B fcr&%%ngQggos, %rti)r(lﬁir f%égg’lf{f action spectrum

25 of the m xture consis 0 anhydrous teto ‘e A crystal and

an anhydrous tgiogml ast type B crystal is the sumof the powder X-ray

diffraction spectrumof a pure anhydrous tetom | ast type A crystal
Moreover, the aforementioned method is

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

with higher purity.

[0085]

The obtained tetomilast acetonitrile sclvate

crystal can be separated by isolation operations such
15 as filtration, concentration, or extraction. Moreover,
after separation, the separated crystal may be
subjected to a drying treatment by a known method.
Furthermore, the crystal can be purified by a known
purification operation.
20  [0086]

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

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

10087}



34 and the powder X-ray diffraction spectrum of a pure anhydrous tetom | ast
type B crystal. The strength of a peak derived fromeach crystal formis
affected by the mxing ratio between the anhydrous tetomlast type A5
crystal and the anhydrous tetom | ast type B crystal. Fig. 12 shows the
powder X-ray diffraction spectrumof a3$anple having a nixing ratio of the
anhydrous tetopilast type A ¢grystal: the anhydrous tetom |l ast type B
crystal = 40:6g¥x€kfﬁ(ﬁ§§ﬁlséi§ T éH§3W§P8$hg9Fﬂ@l%?§ﬁ>EM%§ fatio of the
anhydrous tetopni t (I | nhy S, t m_l.ast type B
crystal = 40: 6 %%:élsi%ﬁffaﬁggﬁ%éﬁt‘%ﬁe&r"eg‘l% go?{ﬂglgo% At e 3298, 3088,
1744, 1593, 15 1474, 1348, 21269:udd 32ns1Q49ng 780 a@nthn{@doaifil in the IR
(KBr) spectrum In addition, a deviation of %cn}l may be generated in an
absor ption peakethngi fazta tgiokl Br enge:d1n ahdeafi Xhingdrald acheiness: t he
anhydrous tetom | ast type A crystal and the anhydrous tetom | ast 20 type B
crystal. [0091}type B crystalhbmbeveres avishnpieldayitngpes witxiragieati o of A B
- 10:90 has the physicochem cal properties described in (19) to (21) bel ow
25[ 0092] are denefgfethdepanding 1was paadeabbtheraridditéapde that is
substantially the sanme as the _herg%tnavi tr differentiah t her mal
analysis 35 (% &iiidPafur &8 PrETALS Fatverdi hye HAME Efve shown in Fig.
13. SpeC|f|caI%%ﬁgéygigsadgggp%ékﬁsaﬁzh%%§c£grkf@ﬁ ddy Lhat, i L. has endot hermic

peaks around 1 and aroun
generated:
10 {0088}

{16) The level of an endothermic peak
depends on the mixing ratio of type A crystals and type
B crystals. Fig. 11 shows the endothermic peak of a
sample having a mixing ratio of A:B = 40:60. The
15 mixture consisting of an anhydrous tetomilast type A
crystal and an anhydrous tetomilast type B crystal has
an endothermic curve that is substantially the same as
the thermogravimetry/differential thermal analysis
{temperature-rising rate/min) endothermic curve shown
20 in Fig. 11. Specifically, such a mixture is
characterized in that it has endothermic peaks around
175°C and around 189°C.
[00839]
(17} The powder X~ray diffraction spectrum
25 of the mixture consisting of an anhydrous ltetomilast
type A crystal and an anhydrous tetomilast tvpe B
crystal is the sum of the powder X~ray diffraction

spectrum of a pure anhydrous tetomilast type A crystal



5 [0093] (20) The sanmple has a powder X-ray diffraction spectrum
that is substantially the sane as the powder X-ray diffraction spectrum
shown in Fig. 14. Specifically, it has characteristic peaks at 20 - 4.1, 10
11.9, 16.1, 17.2, 19.3, 24.2, 25.1, 253 , and 27.3. [0094] (21)
The sanple has significant infrared absor pti on bands at 3298, 3090,

1744, 1593, 14%4q 4348010126 ; ) 756, . and 706 cm1 in the IR
(KBr) spectrum [OOQS%K) Néfﬁoga¥or'pf§'Sggﬁgsﬁ?QFﬁ%gtggﬁbﬁgfﬁng of

anhydrous t et oshhpatodsy petbrel ¥st alyaned arhydrous et o least nt ype 20 B
crystal A m xture consisting of "an anhydrous tetom ast type A

crystal and anpemhydindysdt éromi dast drypeaB goyetad Lafediedphgduged by
recrystallization froma solution that is obtained by dissolving in a 25
sui t abl e sol vefit*iHe Haéanbahnger dis tahydicbast t¢type. 1Bstr ysbal Aor an
anhydr ous tgtonihg§t t¥pe B crystal obtained by the aforenentioned nethod.
[0006] 36 ° ©rystal apfethganhydrnes spspeibath dnse Solcveatals not

articul arl | Lm t ed. et one-wat e n ace content of 40%to 95% b
5olune) i s gre$%%h§%é?ﬁﬁ869 e pow er(§~ray éfPErac{}on spectrumoof oDy

a sample having a mixing ratioc of the anhydrous
tetomilast type A crystal: the anhydrous tetomilast
type B crystal = 40:60.

10 [0090]

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

15 1474, 1348, 1269, 1132, 1045, 760, and 704 cm™' in the
IR (KBr) spectrum. In addition, a deviation of +5cm™
may be generated in an absorption peak due to a
difference in the mixing ratio between the anhydrous
tetomilast type A crystal and the anhydrous tetomilast
20 type B crystal.
[0091]

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

25 [0092]

{19) The sample has an endothermic curve

that is substantially the same as the

thermogravimetry/differential thermal analysis



5The amount of the aforenentioned solvent used is not partidularly limted,
as long as it is able to conpletely dissolve the above tetom | ast crystal
while stirring under heating to reflux. The amount of the solvent used is
preferably between 30 and 160 m, and nore preferably between 30 and 50
m, with respect to 1 g of the above athydrous tetonilast type B crystal.

[ 0098] The aboveet®i@uh-astisiystal: e, LN the

af orenent i oned\(sol%iént whi | eggl?sr%%ﬂﬁ%ﬁgeﬁgﬁo}%%ggﬁiqnauf%érsekfo"frhx, for
exanpl e. Afterisucty. didssobpédoncdihg,t enperatdmeief ikhe sol ution in which
t he anhydrous tetom |l ast type B crystal has been dissolved is decreased, so
that the m xtuthkaxssrisirdepagiofthat drhids ousddidteaniikastaky perdugy ystal and
an 20 anhydrous_ tetom | ast type B crystal of the present invention can be
obt ai ned. The tEhpefaf A&dECcl88% ng rate may be between approxi nately
0.4C/ mn ang 10%? in. In particular, the tenperature-decreasing rate is
adj usted, so a 3 control the mxing ratio of 25 the m xture consisting of

ryetal of the prosent (ubniisn HBO8oT 57 PFERREFTFCHIYy. (he anhych ous

crystal of the present invention
tetori |l ast tyne@:geysbalsicudhbstnaddead dipaaatoneryater (a0 acet one
[ |

content of 40%to 95% by volune), an I's then ssol ve ef&in while
stirring underthieabivagr tx0-:2yr efiltixaCOpRT Bpicri-ahy sk The :ght aiped sol ution
is stood to cool to approximately 30C for about 15 minutes to 1 hour.
Thereafter, tR@eshspension idbbasnetabycics safior paeint ione® eoaling is cool ed
at 10C or Jpuy: oand PIETeLABLY 84 3, TgPeratur e befuagn approximtely 0C
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.
(00957
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 sultable solvent the known anhydrous tetomilast type B
crystal or an anhydrous tetomilast type B crystal

obtained by the aforementioned method.

{00961



10 and 10C, for 30 mnutes to 3 hours, so that the m xture consisting of an
anhydrous tetom | ast type A crystal and an anhydrous tetom | ast type B
crystal of the present invention can be obtained in the formof a crystal.
In a case where the solution obtained after 15 stirring under heating to
reflux is quenched (for exanple, the s ?ution is cooled to 10C or |ower,

and preferably to a tenggga wee xi.mately QC apd, 10C, for about
5 minutes to 1 hour), a'm x%gég (ﬁge':@%g%g%fgg{r'ﬁg%hg?n%+esogﬁﬁ9grbﬁs“‘f%tom' | ast
approxi mately

type A 20 cryspattidiieraphydspus: t etomicbast, Lype J%ufi_fa&éé{c?he-
10: 90 (weight ratio) can be obtained. [01001 The ratio of the m xture

consi sting of thetenithydr 603 tetdm¥ bystwolype) A €rpysd@l-aand. t he anhydrous 25
tetom | ast type B crystal is not particularly limted. [0101]

In addition, th&%klorenentioned m xture can al so be produced using a novel
tetom | ast ¢rystal 38 (excluding the m xture consisting of an anhydrous
tetonmilast type A crystal*® #Pur &Ahjleoasorereatiicast sypeeB arsest al )

i nstead of the, nhydr.ous tetonilast type B crystal. Specifically, the
5 af orenment i onle%%%WQP%EX?%P%&%E&@%B& r&eriRAaEs 25t vtk sol ution
formed by di ssQlniRgel : n t t e .ttype of tetomlast crystal
sel ected fromt ﬁﬁg gr 33% %10%%1\56'% tﬁago?ié@%etf%‘rn}‘)lnl%)sétﬁh%\l%ﬁael |, an

anhydrous t et arilrashgt ¥ Arekyshal voare by dr ays Qo461 i Last type C
crystal, and a tetom | ast acetonitrile solvate crystal. The sol vent and

recrystal | i zatdodmepbndéed drrs pappkradl heseiweaar goeguilved®ntl t Qrighose in the
case of usigg t he af orenenti oned known anhydrous tetom | ast type B 15
crystal as'a SPAPt PRt Betwpen0®f and 50 ml, with respect to 1

g of the above anhydrous tetomilast type B crystal.
[0098]
The above tetomilast crystal may be dissolved

in the aforementioned solvent while stirring under

15 heating to reflux, for example. After such
dissolution, the temperature of the solution in which
the anhydrous tetomilast type B crystal has been
dissolved is decreased, so that the mixture consisting
of an anhydrous tetomilast type A crystal and an

20 anhydrous tetomilast type B crystal of the present
invention can be obtained. The femperature~decreasing
rate may be between approximately ¢.4°C/min and
1.9°C/min. In particular, the temperature-decreasing
rate is adjusted, so as to control ¥he mixing ratic of

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

[0039]



The obtained m xture consisting of an anhydrous tetom | ast type A crystal
and an anhydrous tetom | ast type B crystal can be separated by isolation 20
operations such as filtration, concentration, or extraction. Mbreover,

after separation, the separated crystal may be subjected to a drying

treatment by a known net hod. Further 7e, the crystal can be purified by a
us ,obt ai_ned

known purification operal,,Qf; 2 il rlgﬁén$?%%gr%us teigﬁiig%%ut%ﬁﬁjBan

m xture consi sting of an anhydrous teto ype crys

anhydrous t et osiyasil tiypeiBserysieal thagod -t hencontEt. 39 ratio of
t he anhydrous tetom |l ast type A crystal and the anhydrous tetom | ast type

B crystal to tbhentattalofcdnt et )956f b95% bumdmr endand kit €adn be crushed using
an ordinary crusher (for exanple, an atom zer). Thus, a 5 tetonil ast
crushed productisiplivieg hheeain pévifiechelsiizer betdseehedfimnd:<60 gm and a 90%

cunul ati ve gartigﬁg size"of‘8063ﬁ1orosnalIer, which is suitable for
formul ati on? CHH15E dBPRFNEHNaYed¥02P°Clo pRBEnaREathehIscdowposi t5on The

| east one

phar maceuti cal .conpaosi tion of the present inyention conprises at
type of tetom iAot cPySPal SelBELRU-Ficmt HO br bip LOHSI 11 gmsken

anhydr ous. t o ory I'ane type Caryoral . Pana SERIT s bttt Bu e FF e coi vate
crystal. [010%forementioned cooling is cooled at 10°C or lower, and
preferably at a temperature between approximately 0°C
10 and 10°C, for 30 minutes to 3 hours, so that the mixture
consisting of an anhydrous tetomilast type A crystal
and an arhydrous tetomilast type B crystal of the
present invention can be obtained in the form of a
crystal. In a case where the solution obtained after
15 stirring under heating to reflux is gquenched (for
example, the solution is cooled to 10°C or lower, and
preferably to a temperature between approximately 0°C
and 10°C, for about S5 minutes to 1 hour), a mixture
having a ratio of the anhydrous tetomilast type A
20 crystal: the anhydrous tetomilast type B crystal =
approxinmately 10:90 (weight ratio) can be obtained.
[0100]
The ratio of the mixture consisting of the
anhydrous tetomilast type A crystal and the anhydrous
25 tetomilast type B crystal is not particularly limited.
{01011
In addition, the aforementioned mixture can

also be produced using a novel tetomilast crystal



The pharmaceutical conposition of the present invention further conprises
an anhydrous tetom |l ast 20 type B crystal. An exanple of such a
pharmaceutical conposition conprises a m xture consisting of an anhydrous
tetom | ast type A crystal and an anhydrous tetom | ast type B crystal.
[0106] 25The novel tetonmilast crystal ¥ the present invention has activity

of suppressing,the rel ea of. active oxygen from neutrophils, or of
eliniﬁgting rgé%¥$vﬁh6§@ggﬁ %ﬁ%&ﬁg@?o?ﬁ%g?l%%éD 53V§nﬁ8§§9u540 t et omi | ast
crystal has acti it r t ati o) j | ipi-d...k livin
boéj, or tz de%éééﬁﬁg%ggcﬁyggﬁéragigﬁ}l%g%J%EBﬁgﬁé#gﬁﬁe%%%gg?ﬂ?gkoh¥:agt

crystal of the;piesert-ykBYeNti N da3t Usethd @%@ Ag-ak-oher 5 preventing
and/or treating various types of disorders or diseases that are caused by

t he af or ement i onedhigxeessiyye Pensrakion ohededictdie ,oxfigen speci es,
accunul ati on of peroxide lipid in a living body, or a defect in defense
mechani sm t Swearifsranieaséophdnuirsnee 16 Mbheeuspbdlf imsalryptaahl ageimn
conprising the pharmaceutical conposition of the present invention is

3

useful, in a phaihdc&athreapr fiaued 2y th%ﬁkﬁﬁnQ(ﬂi Br 6Pe¥ERhEvar i ous types
foti s f i scheni di, i at i th

o Lo ool Romsehel & and dsocders asaoclated b on cne o
gastrointest | @oggr €8hok BELIMIIN0 SILESA: 1 S0y AL A0eRY LRL PLevent i ng

and/or treati iac i schemc di seases such as myocardial infarct or

arrhythm a; anagerbubotebheMenty rgpand/ oFy4uLat g agaabpeyascul ar 20
di seases such as cerebral henorrhage, cerebral infarct, or transient

i schem ¢ at.@acietcaillewer tame Kichysyaf ungthd on tetpmdvdestused for di sorders
caused by transplantation, mcrocirculation failure, etc.; or an agent for
suppr essi ng vaderesitypes wlvwadld Goyptay- t hat

The solvent and recrystallization conditions applied
herein are equivalent to those in the case of using the
aforementioned known anhydrous tetomilast type B

15 cryétal as a starting material.
{0102]

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

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

25 10103}

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

tetomilast type B crystal has a purity (the content



25 seemto be caused by active oxygen that is abnormally generated due to
causes ot her than ischem a, such as an agent for preventing and/or treating
Behcet's di sease, cutaneous vasculitis, ulcerative colitis, malignant 41
rheumatism arthritis, arteriosclerosis or diabetes. [0107] Mreover, the
novel tetomlast crystal of the presedf invention is effective for various
types of 5 diseases asspci ated V\,ith_a_%i?__r mal, generation of. cytokines, and
particul arly, rﬁgl gﬁﬁn%rflﬁfqré’ﬁso?"e LS Ec-y;?,e PLEBYSTENT" etc., or

vari ous types [ S i: N el.er.at ] t.e of adhesive
action. In parif |ec(élngig???ﬁ%atn%é\}gj'ﬁttdggoﬁé‘—gs{f%fgﬁg%}stEgl JC%? ?(%Fgalpr esent
invention can preferabby 8 usediorads aagead @ PLEYESY I g RNALOr .
treating various di seases such as chronic rheunatoid arthritis, endotoxin
shock, ARDS causrtaby acesitent@ori Bgaspion «of gagtikke)| uiTes,texi c gas, or
septicem a, thermal burn 15 or asthma, or myocardial infarction that is a
myocar di al bsciwwindlstht eyuskisdalprojocarititing suciraaspeheialutsd. zet age of
viral myocarditis, chronic heart failure such as ischem c nyocardosis,

spont aneous diledregnchl disindhatthyndet 0% svgudstaie apehti$i6r s2@€preventing

and/or treating ischemc reperfusion  abnolLmali JCCULrin uring
coronary-arter(% @@p&%‘sog e CABES of° dﬂ.‘rﬁ%ﬁb hgoﬁs SOt drtifrci al heart
and | ung, trarb%_\int WanELoms3 RS (systenmic inflammatory response syndrone) to

organ failure (grave acute 25 pancreatitis, DIC, etc.), or multiple organ

failure causedqwsgrave acute pancreatitis , liver failure occurring after
hepat ectony for |iver cancer, etc.; inflamatory bowel diseases such as
Crohn' s di s@asgarmd2eutical composition

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

15 type A crystal, an anhydrous tetomilast type C crystal,
and a tetomilast acetonitrile solvate crystal.
[0105]
The pharmaceutical composition of the present
invention further comprises an anhydrous tetomilast
20 type B crystal. An example of such a pharmaceutical
composition comprises a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal.
[C1l06]
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



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

hyper gammagl obul i nem a, system c erythematodes (SLE) or multiple sclerosis,
nmet astasi s, inmunol ogical rejection occurring during 5 transplantation,
nonocl onal B cell abnormality (nyelon%, etc.), polyclonal B cel
abnornmality, atrial nyxoma, Cast | eman*d syndrone, primary

gl omer ul onephr i diick: 1068 88} Ala1PHAl LEE ALl Ue, RERIELLT §enCANCEL, Gachexi a,

Lennert's | ynphoma, psoriasis, atopic 10 dermatitis,  Kaposi™s sarcoma

devel oped due pexrcAliBS, 1 oSt MeNGPAUSEhg 0S6EOP@08bSdediadbad esycrsept i ceni a,
arteriosclerosis, or inflammatory di seases such as angitis or hepatitis or
an agent for preeweating. afd/@rdingay} nighe hroorilc tobshi Uedt werysdanonary

di sease. 15 [0108% ~ Specifically, the novel tetomlast crystal of
the present irffefbRoRrpa@ tadtiventioni iprisadud decteadeeith famg functions,
such as airflow obstruction, and it exhibits an extrepely high therapeutic

¥

ef f ect upon® 26X ENFBRTRS 4Q§CFF§étﬁ%$rﬁﬂﬁ%?ﬁsdﬁgﬁﬁﬁle[@¥qﬂﬂ ers The
of the momber Sls0l SEFER 75 BRE BPOUBT GOnrS! [AGTBF TOSEE eukotrine
oo SASRREL A B SeR e TR A | PpLyoenace
| eukotrienes a43ubiBd;idnl G4, pETD4i@s LiTH4 in a living body, or a
defect in defense mechanism towards these phenomena.
10 More specifically, an agent comprising the
pharmaceutical composition of the present invention is
useful, in a pharmaceutical field, as an agent for
protecting various types of tissue cells from ischemia
and disorders associated with revascularization, such
15 as an agent for preventing and/or treating
gastrointestinal ulcer including stress ulcer; an agent
for_preventing and/or treating cardiac ischemic
diseases such as myocardial infarct or arrhythmia; an
agent for preventing and/or treating cerebrovascular
20 diseases such as cerebral hemorrhage, qerébral infarct,
or transient ischemic attack; a liver and kidney
function improver used for disorders caused by
transplantation, microcirculation failure, etc.; or an
agent for suppressing various types of cell injury that
25 seem to be caused by active oxygen that is abnormally
generated due to causes other than ischemia, such as an

agent. for preventing and/or treating Behcet's disease,

cutaneous vasculitis, ulcerative colitis, malignant



3. PDE4 inhibitors including inhibitors of isoform PDE4D, 4.
51i poxygenase inhibitors and a 5- 5 |ipoxygenase activating protein (FLAP)

ant agoni st s; 5. dual inhibitors of 5-1ipoxygenase and
ant agoni sts of platelet activating fagﬁor (PAF) ; 6. | eukotriene
antagoni sts (LTBAs) including those f LTB4, LTC4 LTD4 and LTE4; 107.

Anti hi st am ni GrbnEecept %L@a@tleggm StSeriosclerosis oB-dildpet8&EPL OF
ant agonl st S, . al and a2 a renocept or agoni st vasoconst rictor

synpathonlnetl@lagénts adnlnlstered orally or topically for decongestant
use; 1510. al and a2 adrenoceptor agonists in conbination with inhibitors
of 5-1ipoxygenase; 11. Mnepbwhol i bee giavedgertonl 12st k3dsthad 384the
adrenocept or agoni sts; 13. nethyl xant hi nes; 2014. sodi um cronoglicate;

15. muscari ni BIPEERRpPt BV ORDL Areit )t iaet Agonvatious types of 16.

NSAI Ds ( No ster0|d anti-inf|apmatory drugs) including COX-1 inhibitors,
COX- 2 SG|€2%IV%S§%§?§ﬂﬁ%§OF6F gna qh QEmﬁénﬁﬁ?%ﬁﬁtlgn of 17. insulin

i ke growth f@9£5%1&e4ﬁ gﬁdlgaf¥kcdl§%iy, a%normal generdtlon18f ci cl esoni de,

TNF-e., IL~B, 1L-6, IFN-y, etc., or various types of
diseases associated with an acceleration state of
adhesive action. In particular, the novel tetomilast

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

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

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

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

inflammatory bowel diseases such as Crohn's disease,



44 19. inhal ed glucocorticoids (of which side effects are
reduced) ; 20. tryptase inhibitors; . . 21. Platel et
activating factor antagonists; 522. nonocl onal antibodies active against
endogenous inflammtory entities; 23. |PL576; 24. antitunmor nucrosis factor

(TNF-a) agents; 25. DVARD (i ncluding ﬁ%flunonide); 1026. TCR peggid?BEDH
27. interl eukiyr ingenzype. () CB) dnhibitors. . . .-

i nhi bitors; uchgayg&éCQQJQgéTgg%hég?éﬁﬂﬁﬁﬁegtl@uF?ﬁﬁqﬂQFors including a 15
VI JA-4 ant agowiiSt&ses such as hypPrghat S nemia stemial- MAP ki nase

I nhi bitors; 32. gl ucose-6-phosphate dehf;rogenase I nhi bitors;
erythematodes (SLE) or multiple sclerosis, metastasis,
immunological rejection occurring during

5 transplantation, monoclonal B cell abnormalily
{myeloma, etc.), polyclonal B cell abnormality, atrial
myxzoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic

10 dermatitis, Kaposi's sarcoma developed due to AIDS,
prostmenopausal osteoporosis, diabetes, septicenia,
arteriosclerosis, or inflammatory diseases such as
angitis or hepatitis or an agent for preventing and/or
treating chronic obstructive pulmonary disease.

15 [0108)

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

20  chronic obstructive pulmonary disease.
[0109]

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

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

2. receptor antagonists for leukotrienes



2033. kinin-D1 or Kkinin-B2 receptor antagonists; 34. gold in
the formof an aurothio group in conbination with hydrophilic groups;

35. i nmmunosuppressive agents; 2536. antigout agents; 37. xanthine oxidaze
inhibitors; 38. uricosuric agents; 39. antitunor agents; 45 40 growh
hor none secr et agogues; 41. 3M\/P(matrlx nmet al | opr ot eases)

i nhibitors; 42;.JGF ra r rowh factor); 43. PDGH( 5
pl at el et - derive grgafﬁ fg§$%r§grﬂ%gq 44. fibroblast growmh factor

(for exanple, basic fibpobbast i¢hawhbof@ctiud; %Gth itors of 45.
gr anul ocyt e- macr ophage col ony stimulating factor éng
isoform PDE4D;

4. 5-lipoxygenase inhibitors and a 5-

5 lipbxygenase activating protein (FLAP) antagonists;

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

6. leukotriene antagonists (LTRAs} including
those for LTB4, LTC4, LTD4 and LTRE4;

10 7. Antihistaminic Hl1 receptor antagonists;

B. H2 receptor antagonists;

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

15 10. al and o2 adrenoceptor agonists in
combination with inhibitors of 5-lipoxygenase;

11. anticholinergic agents;

12. Bl- to P4~ adrenoceptor agonists;

13. methylxanthines;

20 14. sodium cromoglicate;

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

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

25 inhibitors, and nitric monoxide;

L7. insulin like growth factor-1 (IGF-1) and

its mimetics;

18. ciclesonide,



1046. capsaicin cream 47. tachykinin NKI and NK3 receptor

ant agoni sts; 48. el astase inhibitors; 49. PDE3
i nhibitors; 1550. H4 receptor antagoni st or a inverse agonists;
51. anti oxi dant agens; 52. radical scavengi ng agents; 53.

conbi nati ons of 02 adrenoceptor agoni stds 20 and gl ucocorti coi ds;

54. agents increasing protein | evel of hypoxia-inducible factor-1a
(H F-1a); 58, Htd o6 gaHECPP Bt iHssuppéguratedsise HI Fl a; 2556.

vascul ar endot h :%3% %romﬁh fac or (VEGF) secretagogus; and 57. VEGF
recept or agonl% P01i0] ~ U

20. tryptase inhibitors;
21. platelet activating factor antagonists;
5 22. monoclonal antibodies active against
endogenous inflammatory entitiles;
23. IPL576;
24. antitumor nucrosis factor (TNF-a) agents;
25. DMARD {(including leflunomide);
10 26. TCR peptides;
27. interleukin converting enzyme (ICE)
inhibitors;
28. IMPDH inhibitors;:
29. adhesion molecule inhibiteors including a
15 VviA~4 antagonists:
30. cathepsins;
31. MAP kinase inhibitors;
32. glucose-&-phosphate dehydrogenase
inhibitors;
20 33. kinin-B1 or kinin-B2 recgptér
antagonists;:
34. gold in the form of an aurothio group in
combination with hydrophilic groups;
35. immunosuppressive agents:
25 36. antigout agents;
37. xanthine oxidaze inhibitors;
38. uricosuric agents;

3%. antitumor agents;



The novel tetomlast crystal of the present invention is generally used in
the formof a common pharmaceutical preparation. Such a pharmaceutica
preparation is prepared using comonly used diluents or 5 excipients such
as a filler, an extender, a binder, a wetting agent, a disintegrator, a
surfactant, or a lubricant. For such &°pharmaceutical preparation, various
types of fornms can be sgéect%ghd Bendingson theraQeutic pur pose. Typi ci

forms of such a 10 pharnaé%ﬁ ICa ﬁ?%%% éFﬁgﬁaﬁ89 FRtlude a tablet, a pill

a powder, sol ution, SUSPENSiV;naEMUk ShMk 13, 9L2B4LEs) & BARSYle, .a
suppository, and an injection (solution, suspension, etc.). €n the

present tetom|ast crysial Tcy-potdeckidi@nyherbetin e tyabl et, 15 various
types of carriers, which have previously been known in the present field,
can widely be used. Exahpl @8G#ff such a carrier that can be used herein may
include: excipients such as |actose, saccharose, sodiumchloride, grape
sugar, ure@ Starehetwdgrdivieth goowkh bwdox) skaol i ne, crystalline cellul ose,
or silica; binders such as water, ethanol, propanol, sinple syrup, grape
sugar in water, starch‘%%l6$§6ﬁ?iiﬁﬂeﬂﬁQWtéoﬁéF-%ﬁ,( T vdRyweehyl cel | ul ose,

shel l ac, neth I , t assi.um phosphat e r. pol yvinyl 25 pyrrolidone
BREEL HION laget%ﬁ%ﬁglggﬁ%ﬁ§fa ﬁF?é&%

di sintegrators such as dry s , agar powder, | am naran

powder , sodiun1bicarboqgteFrgﬁﬁigéyEéL%ggggﬁgggepg&ggﬁy%&ﬁégggfggfrbitan
S

fatty acid esters, sodium/lauryl sulfate, ~47 nonoglyceri ate,
starch, or | attose; @@iMsiCaregration inhibitors such as saccharose, stearin,
cacao butter, or hydrogenated oil; absorbefacients such as quaternary
amoni um Bise or sodi uffl agrssaisulef aeand hunect ant such as gl ycerin or
starch; adsorbents suc?,as starch, | actose, kaoline, bentonite, or

col l oidal silica: and FFdbrFeaherdic HEAsapd ] eceriter stearate, boric
aci d powder, égtéqgﬁﬁg&gylene glycol. Such a tablet nmay be further processed
into a tablet coate

48. elastase inhibitors;
49. PDE3 inhibitors;
15 50. H4 receptor antagonist or a inverse
agonists;
51. antioxidant agens;
52. radical scavenging agents;
53. combinations of B2 adrenoceptor agonists
20 and glucocorticoids;
S4. agents increasing protein level of
hypoxia-inducible factor-ia (HIF-1lo);
55. antioxidant proteins upregulated by HIF~
To;
25 56. vascular endothelial growth factor (VEGE)
secretagogus; and

57, VEGF receptor agonists.
f0L10]



10 with an ordinary tablet coat, such as a sugarcoated tablet, a

gel atin-coated tablet, an enteric-coated tablet, a filmcoated tablet, a
doubl e-coated tablet, and a nultiple |ayer tablet, as necessary. Wen the
present tetom | ast crystal is nolded into the formof a 15 pill, carriers,
whi ch have previously been known in tRé present field, can widely be used.

Exanpl es of such a carrj.er that can be used herein [ i ncl ude; excipients
such as grape sugar, Iar‘t: g()s]’rl_e(:),ves't g?{é mﬁb S%a&%ﬁi?%r?% &gEfatEd veget abl e
o1, kaoline seehale 20 Juadaisy suehy as oum ALapic: PUMRLD trag, acanth,
gelatin, or ethanol; and disint eg¥at ors such as l'amnaran or agar. Wen the

present tetonphashacsystall pSepBlgethd Nt @ukhesf s M- 3uppository,
carriers, which have previously been known in the present field, 25 can

wi del y be useprepxamples iof psaphrad aarimigecomayniynalsede dpokystbybene gl ycol ,
cacao butter, higher alcohol, higher alcohol esters, gelatin, and

sem synt het’i cS§Fyeeeilee suad ascapsuller,apnackismede8 & bgnddirent conpound is
generally m xengith various types of carriers as described above

accordi ng to YCtbb9idttnod, dahth i asBtai et iaat@né i 8¥then filled into
a hard gel ati e, soft capsule, etc, . VWien 5 the present tetom | ast
crystal is mF%}g%P(fsan %S a%o!xnjs%%k%i&gﬁ%ﬁa!rpififzguﬁjrc\gﬁerpfl?!pétrf’lﬁgfna li qui d agent,
an emul sion, axdi SUSPRBSHLENEHESLEk bbzggl%cp%‘ebéﬁﬁ%bc 4o blood. Wen
the present crystal is nolded into such a form all “types of dil uents,

whi ch have 1Oticamamnitycbeepptised implikelpresentos iseld, scan be used.
Exanpl es of such diluents that can be used herein may include water, ethyl

al cohol , AHcregpimagsuGpykénergharedlionenhpxitatiett iasasbeatylaal cohol ,
pol yoxyl ated i sostearyl al cohol, and pol yoxyethyl ene sorbitan fatty 15 acid

esters. In tHisHradePorfiers sRkgiivne shaberdinton ssulleionr ape sugar, or

1g:gl)ycerl n, be égg&%qelrngocgpglpf&c%utsh%ggsgégpa'r ation | Qn]agcgfggnt sufficient

{solution, suspension, etc.). When the present
tetomilast crystal is molded into the form of a tablet,

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

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

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

sorbitan fatty acid esters, sodium lauryl sulfate,
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active ingredient compound nay be determ ned to be
tablet, a gelatin-coated tablet, an enteric—-coated

tablet, a film—coated tablet, a double-coated tablet,
and a multiple layer tablet, as necessary. When the
present tetomilast crystal is molded into the form of a
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 inciude:

exciplents such as grape sugar, lactose, starch, cacao
butter, hydrogenated vegetable oil, kaoline, or talc;
binders such as gum Arabic, powdered tragacanth,
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 buttex, higher
alcohol, higher aicohol esters, gelatin, and

semlsynthetic glyceride. As a capsule, an active
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25 approximately 0.2 to 200 ng per kg of body wei ght per day. [0113] Wth
regard to the tetom |l ast hydrate 50 crystal, anhydrous tetom | ast type A
crystal, anhydrous tetonm|last type C crystal, tetom | ast acetonitrile
solvate crystal, and a m xture of the above anhydrous tetonm | ast type A

crystal and an anhydrous tetom | ast 5 4%pe B crystal of the present

i nvention, the_[ggr]e/st_al forms thereof are easily controlled by

recrystal | i zat ¥eHRATt FBEROE d5al0engFal b deldeshtviith Varriof
filterability., Thus, .these.crystals are suitable for industrial nass

pr oduct i on. lotlf%lff]f _Cgrrlef as F%‘S%a%’?ﬁ?o?}?O‘f%é’sC&"fSE—B%‘f%sft crystals
have perfor mancguihatet 889U Yal gt ob?a%e realer. .t han f bateof) @0 anhydrous
tetomlast type B crysjta?, interms of stability tovvarEs heat "and noi sture,
and the 15 di sifgiegr mamn?mmaf thpande i 8ol 1 'd&@sﬁﬁegeé%& Ofiirfeabl et's.

Accordingly, these tetomlast crystals can preferably be used as
phar maceut i Bal tizoppeskhi otst orEXANMRL ESy 0411 5] s 20Tkedpi.esenin i nvention w | |
be described nore in detail in the follow ng reference exanpl es,
injection, it is preferable that a liquid agent, an
emulsion, and a suspension be sterilized and be
isotonlc to blood. When the present crystal is molded
into such a form, all types of diluents, which have
10 commonly been used in the present field, can be used.
Examples of such diluents that can be used herein may
include water, ethyl alcohol, macrogol, propylene
glycol, ethoxylated isostearyl alcohol, polyoxylated
isostearyl alcohol, and polyoxyethylene sorbitan fatty
15 acid esters. 1In this case, it is possible that common
salt, grape sugar, or glycerin, be mixed into a
pharmaceutical preparation in an amcount sufficient to
prepare‘an isotonic solution. It is also possible that
a common solubilizer, buffer, soothing agent, or the
20 like,. be added to the pharmaceutical preparation.
Further, it is also possible that a coloring agent, a
preservative, an aromatic, a flavor, a sweelener, or
other pharmaceuticals, be mixed into the pharmaceutical
preparation, as necessary.
25 {01117
The amcunt of an active ingredient compound

contained in the above pharmaceutical preparation is

not particularly limited, and it is appropriately



exanpl es, and formul ati on exanple. [0116] Anal ytical method 25 (1)
Thernogravinetry/differential thermal analysis

Thernogravi metry/di fferential thermal analysis was carried out using TAGOANS
controller and 51 DTG 60A thernogravinetry/differential thermal analysis

si mul t aneous neasuring instrument manuffact ured by Shi madzu Corporati on.

Specifically, using the aforenenti oned apparatuses, 5 to 10 ng of a sanple
was 5 heated fFBHEOOE (FEBnRt BMeratee) 0 2S0E S FPPERpERAEetS-ri si ng

rate of 5C mn.jin_a.dry,nitrogen nosphere, As_a .reference substance,
bet DELo%) 400 Toghiatr Shc ey e i Raee BNt The

a-al um na was IJJ 1 -ray

powder X-ray djzggl%&ﬁgg E\%Bsggcé&%ji%% gﬁaEHé eiglrépghlaar%i%ggl e of diffraction

that ranged from , according to the general test nmethod of the
Phar macopoei a of1gapan, using RAD-2B diffractoneter 15 (radiation source:
CuRa) manufactured by Ri gaku Denki. During the neasurenent, voltage/current
was set at 35 kV/ 20 mA Thadaddehistantipeedetmasd sef tate Gbova. [01181

pharmaceutical preparation is not particularly limited,
and the pharmaceutical preparation is administered by a
method that depends on various types of pharmaceutical
forms, the age, sex, and other conditions of a patient,

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

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

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

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

(0113}

With regard to the tetomilast hydrate



The mxing ratio of a mxture consisting of 20 an anhydrous tetom | ast type
A crystal and an anhydrous tetom | ast type B crystal was obtained by
conparing the powder X-ray diffraction spectrum of the above m xture, with
the powder X-ray diffraction spectrumof a mxture forned by m xing a pure
anhydrous tetom | ast type A 25 crystalsgand a pure anhydrous tetom | ast type
D crystal at various ratios. [0119] (3) Infrared spectroscopic analysis 59
The 1R spect r upF¥ids lneasiiy @b sy tefRemptaget otk A 0120fFa{ 4)2hyrlagvi

measur enent 5The 1H NMR spectrum was neasured in using TVMS as a

reference. [ 0194 BRSPUFTRS %ﬁé’ﬁ?:@ﬁen?eﬁ?{%ﬂﬁﬁti t%/g ’g:? red using high
10 per f ormance. | gui.d ehr ot ography: (FREO)se TS BBSYr SR siqndi ti ons
tetomilast type A crystal and an anhydrous tetomilast
5 type B crystal of the present invention, the crystal
forms thereof are easily controlled by
recrystallization, and these crystals are excellent in
termé of filterability. Thus, these crystals are
suitable for industrial mass production.
10 [0114}
In addition, these tetomilast crystals have
performance that is equivalent to or greater than that
of an anhydrous tetomilast type B crystal, in terms of
stability towards heat and moisture, and the
15 disintegration property and dissolution property of
tablets. Accordingly, these tetomilast crystals can

preferably be used as pharmaceutical compositions.

EXAMPLES
[0115]

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

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

analysis was carried cout using TAG0WS controller and



Sanmple: 0.03 g of a sanple was dissolved in 80 m of acetonitrile, and 20
m of water was then added to the solution, so as to prepare a sanple 15

sol ution. The neasurenent was carried out using 10 RI of the sanple
sol ution. Detector: Utraviplet photonetric detector (UV 254

rim Colum: Wakosil 5CI8 HG 20Mobil e 5%ase Acetonitrile/ 10 nN1NaZSO4
aqueous sol uti gmépémpé}%rﬂnfag%mne(té%di‘%‘%e%)mf9&%%& 1785EL ¢ e (‘)?Slpg(ratl ol s

nmeasur enment For the neasurenent of par e size
to be neasuredsmnsl&m&nﬁﬂﬂ&Qasmméﬂblﬂns@&uﬂéﬂgxﬁgﬁhﬁéﬂHﬂ%b@”b&hat contai ned
0.2 g of 0.1 wv pol yoxyet hyl ene (10) octyl phenyl ether, and

ul t rasoni cat i o ieddhélvrperfotared @@@bhﬁlﬁﬂﬁpﬁﬂ&hﬁﬂ@'tﬁg Thereafter, the
measurenent was_carried out using a particle size distribution neasurenent

equi pnent (M cFotreeiancHamiaEtused by M ctdtuac). af 6a83le was

5 heated from 20°C (room temperature) to 250°C alb a
temperature~rising rate of 5°C/min in a dry nitrogen
atmosphere. As a reference substance, o-alumina was
used.

[0117]
10 {2) Powder X-ray diffraction
The powder X-ray diffraction spectrum was
measured in an angle of diffraction that ranged from 3°
te 40°, according to the general test method of the
Pharmacopoeia of Japan, using RAD-2B diffractometer
15  (radiation source: CuKo) mapufactuxed by Rigaku Denki.
During the measurement, volfage/current was set at 35
kV/20 mA, and the scan speed was set al 5%/min.
[G118]
The mixing ratio of a mixture consisting of
20 an anhydrous tetomilast type A crystal,add an anhvdrous
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

o
8]

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

{3) Infrared spectroscopic analysis



5 (7) Moisture val ue neasurenent The noi sture contained in the
sanpl e was neasured by the Karl Fischer nethod. [0124] (8) Melting point
measurenent (corrected) 10For the nmeasurenment of the nelting point, the
sanpl e was heated using a heater (product nanme: LK6000OPM nanufactured by
Japan High Tech Co., Ltd.) under the céndition of a tenperature-rising rate

of 5C/mn, and the nelti t served usjn 15 VH 7000C
m cr oscope nanuf act uredmgg i%%pﬁgg@%r‘E%%éfl gﬁl.re?OT§5%h‘l%e[?Betkence exanple 1
Producti on of nartmpdrous tetonmi|l ast type B crystal 20An anhydrous tetom | ast
type B crystal was produced by the nethods described in (1) to (3) bel ow.

[ 0126] [0120(01) An anhydrous tetom | ast type B crystal was obtained
by the nmethod described in journal of Medicinal Chemstry, 1995, 38, pp.
353-358. That (43 t oi98iR mgnsanpyerious tetonil ast type B crystal was

obt ai ned by_the foll ow thod. [0127
yﬁ %g% rIE»NMR Sgectru% was measured in DMSO~dg,

using TMS as a reference.
[0121]
{5) Purity measurement
The purity was measured using high
10 performance liguid chromatography (HPLC). The
measurement conditions weré as follows.
Sample: 0.03 g of a sample was dissolved in
80 ml of acetonitrile, and 20 ml of water was then
added to the solution, so as to prepare a sample
15 solution. The measurement was carried out using 10 pl
of the sample solution.
Detector: Ultraviolet photometric detector
(UV 254 nm)
Column: Wakosil 5C18 HG
20 Mobile phase: Acetonitrile/10 mM Na,SO,
aqueous solution/phosphoric acid (500:500:1)
10122
(6) Particle size measurement
For the measurement of the particle size, 0.1
25 g of particles to be measured was suspended in 20 ml of
n-hexane solution that contained 0.2 g of 0.1 w/v &
polyoxyethylene (10) octylphenyl ether, and

ultrasonication was then performed on the suspension.



54 First, nmethyl 6-[2-(3,4-

di et hoxyphenyl )t hi azol -4-yl | pyridi n-Z-carboxylate (49 g; 127 mmol) and 10%
sodi um hydroxi de (100 m) were added to ethanol (1.4 L), and the obtained
m xture was 5 then stirred for 4 hours under heating to reflux. A majority
of solvent was elininated fromthe obtaf ned solution, and water and et hyl
acetate were t t h esjidue . for_separation. The water |ayer
obt ai ned as a ?ggﬁ't g%;tﬁggsgﬁé?%ﬁ?(ﬁ¥gmg§sc anged” (3 18%48¥dPc by addition
of 10% hydr ochbagt feiaCisd zef ehgemmn%a@&iéx@éhwetq[ﬁig&n@xg acet at e. .
Thereafter, the extract was quickly washed wth a saturated sodi um chl ori de
aqueous sol uti ¢MjcartasagRh b enali fat Owar b EXeRssie anount of magnesi um
sul fate. The obtained 15 mi xture was recrystallized fromethyl acetate, so
as to obtain afl&hhydrous tetonilast type B crystal. [0128] A
part of the obtained anhydrous tetom | ast type B crystal nelted around
175C, and i £ wA% chRdgEdreovebia nresdirenerystal . Thereafter, the above

crystal conpletely nelt (deconposed) .at a tenperature_between 187C and
190C. [0129] The obtainigedﬁﬁyaggﬁécp £Bmehstn thyie SBPES c¥d%t al  was

subj ected to tﬁgggﬂggaa%gngﬁéy%#gffﬁgsgggka$iﬁﬁgajwal analysis. As a result,
at 0 ;

it was found t the sane en herm’c peaks as those shown in Fig. 5 were
observed. 55 [f3¥3Q] The powder X-ray diffraction spectrum of the obtained

anhydrous tetom | ast type B crystal was
. (8) Melting point measurement (corrected)

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

15 VH-7000C microscope manufactured by Keyence
Corporation.
f0125]

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

o]
[ 43

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

[0127]



nmeasured. As a result, it was found that the sane 5 spectrum as that shown
in Fig. 6 was observed. [0131] The I R(KBr) spectrum of the obtained
anhydrous tetoni|last type B crystal was neasured. As a result, it was found
that the obtained anhydrous 10 tetom | ast type B crystal had significant
infrared absorption bands at 329B, 3099% 1744, 1593, 1474, 1348, 1269,

1132, 1045, 762, and 706.cm.1 in the |R_(KBr) spectrumthereof. [0132]
15(2) 5 g of an anhydro&érnéfo%$T%g%iiﬁge{i’%rystal obt ai ned by the nethod

of Exanple 1 a@i@@&%}p@ﬁﬂyh%ﬂa@gﬁ%b&%gk}f%iﬂfé'—-ﬁcoagcbf&ﬁzggtés?Eé opanol

while stirring under heating to e obtal ned so ron"was cooled to

approxi mat el y 30CLDV@moahorhd11@9 heukm Bpdrékidas|itohen:fupther cool ed at
10C or lower for 1 hour, so as to obtain the precipitated crystal by
filtration. Thedddduws preenplt ot ed igr,yshdl thasowrdietdani 206 okasld3 hours, so
as to obtain 4.6 g of an anhydrous tetom |ast type B crystal in the form of
a 25 whil e Reebiten ciiyigral {9t ef diow2oyndpp1Bsiting to refluA. pakt of the
obt ai ned anhydrous tetonilast type B crystal nmelted around 175C, and it was
changed 56 t o™ Neddl 8LcFYsTent vAverdafteited Heombie ebyatnzgd conpl etely

mel ted (deconpg&ﬁﬂ%£§£ gn&ew1%&?%&&?@%8&%§§§ﬁ%1épw%gg %ggg;add&d
to the residue for separation. The water layer
obtained as a result of the separation was changed to
10  acidic by addition of 10% hydrochloric acid, followed
by extraction with ethyl acetate. Thereafter, the
extract was qguickly washed with a saturated sodium
chloride agueous solution, and was then dried over an
excessive amount of magnesium sulfate. The obtained
15 mixture was recrystallized from ethyl acetate, so as to
obtain an anhydrous tetomilast type B crystal.
[0128]
A part of the obtained anhydrous tetomilast
type B crystal melted around 175°C, and it was changed
20 to a needle crystal. Thereafter, the above crystal
completely melted (decomposed) at a temperature between
187°C and 190°C.
f0129]
The obtained anhydrous tetomilast type B
25 c¢rystal 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.



[0134] 5The obtai ned anhydrous tetom | ast type B crystal was subjected to
thernogravinetry/differential thermal analysis. As a result, it was found
that as shown in Fig. 5, endotherm c peaks were observed around 177C and
188C. 10 [0135] The powder X-ray diffraction spectrumof the
obt ai ned anhydrous tetoni |l ast type B crystal was nmeasured. As a result,
was found that [as3gshown in Fig. 6, the above crystal had characteristic
peaks at 20 15 = 4.1, 8.1, 11.9, 16.1, and 24.2. [0136] The I R(KBr)
spectrum of the obtai nedhanhywticoux-tretyodil k Assct e sBeat yoh abs Wase measur ed.
As a result, it was found that the obtained anhydrous 20 tetom | ast type B
crystal had si git#ineshenbrireredadiosddpst ohvpaiisrast82983s 3090, 1744,
1593, 1474, 1348é 1269, 1132, 1045, 762, and 706 cm1 in the IR (KBr)
spect rum t her 8¥254175137] 2557 3)estg by df RS aFMHAs Shistt Bhonsamst type A
crystal obtgin of Exampl as .described | ater was

AV 0 el
di ssol ved in 4%%3&1%\]: ggt ytht %chgfﬂgt dwhtfe &1a% PRGSHEEr heating to
reflux. The  1g131]

it

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

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

[0132]

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

20 hour, and it was then Ffurther 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

el

25 while needle crystal (yleld: 92%).
[0133]
A part of the obtained anhydrous tetomilast

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



57 obtained solution was cool ed to approxi mately 30C over about 1 hour,
and it was then further cooled at 10C or lower for 1 hour, so as to obtain
the precipitated crystal by filtration. The above precipitated crystal 5
was dried at 50C for 3 hours, so as tqo obtain 9.3 g of an anhydrous
tetom | ast type B crystal in the form“$f a while needle crystal (yield:

939 101381 Apal tachlurlhe: LAl nedyanbydions et amilast, J0:Lype B orysta

mel ted around 175C, s changed to a nee cr a ereafter, the

above crystal complettealynietded derppPOsEdt af QoiRRen st U hatween 187C
and 150C. (0139j 15The obtai ned anhydrous tetom | ast type B crystal was

subj ected to tiErgognavim@try/differential thermal analysis. As a result,
it was found that the same endot herm c peaks as those shown in Fig. 5 were
observed. 20 (0E43% The powder X-ray diffraction spectrum of

the obtained anhydrous tetom |ast type B crystal was measured. As a result,
it was found that the sah® PedieGnralydsas ddwniilasti §YP% Bas obser ved.

25 (oLe1] The JELKEN) 3Egiiam el Lie glial e anhydovs. Letarast (vpe B
thermal analysis. 2&s a result, it was found that as
shown in Fig. 5, endothermic peaks were observed around
177°C and 188°C.

10 0135}

The powder X-ray diffraction specltrum of the
obtained anhydrous tetomilast type B crystal was
meagsured. As a result, it was found that as shown in
Fig. 6, the above crystal had characteristic peaks at 28

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

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

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

[0137]

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

acetate while stirring under heating to reflux. The



58 tetom |l ast type B crystal had significant infrared absorption bands at
3298, 3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045, 762, and 706 cm1 in
the IR (KBr) spectrumthereof. 5 [0142] Exanple 1 Production of anhydrous
tetom | ast type A crystal An anhydrous:tetonilast type A crystal was
produced by the nethods described in (1) to (7) below 10 [0143]

(1) 5 g of theonrndidicDus1tetom wastcobYpe B Cital nabLal, neshci nggference
exanple 1 (3) was dissolved in a solution consisting of” 140 m of acetone
and 35 nm of watert Iwhickie, stnd ringragndeen hidattimg teolbdr£f |1pec Fhe obt ai ned
solution was cooled to 40C over about 100 m nutes (at this point, an

anhydr ous t et ofiTSdstEOFy pel@ier st aF Wasolprasial picapedyiparetdd was t hen
further cooled to,10C or so as, to obtain the Erecipitated crystal by

| ower . €.
filtration. TH& YAt ebﬁofbfﬁﬁﬁﬁﬁQFateah%r%gﬁﬁﬂ Rkgsigi Fetedtcmwotafior 18
hours, so asg tp .0 LR 4.0:.08-0f._an,anhydrous tetom | ast, type A crystal in
o e sl g hPcOkof LA 80 86040 TP D28 TR bt ai ned

the formof a I I'e col umar “crystal

anhydrous tet o bashakyps Athmshat e tgnperature
bet ween .187C and alBgC. [ 0145] ERod 951 L9RRATPRRHe Houh bETR
while needle crystal (yield: 93%).

[0138]
A part of the obtained anhydrous tetomilast

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

{0139]

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

20 [01407

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

25 {01413

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

result, it was found that the obtained anhydrous



59 The obt ai ned anhydrous tetom | ast type A crystal was
subjected to thernogravinetry/differential thermal analysis. As a result,

it was found that as shown in Fig. 3, an endotherm c peak was observed 5
around 188C. [0146] The powder X-ray diffraction spectrumof the
obt ai ned anhydrous tetom | ast type A crystal was neasured. As a result, it

was found thattaisomshewn EppdOs Fdnﬁz}gsifé,l hhe ahavericlyst aly Péf'e(%har acteristic
peaks at 20 - 10.5, 13.1, 18.4 9, and 25.8. [0147] The I R(KBr) spectrum

of the obtai ne«@bsorplﬂim bangd?,atl Be98, 73690 ard/ 4104 16ws] Lm74he 43, (KBr)

spectrumthereof g0148é éZ) 5 of t he anhydrous tetom | ast type
126 4 762, and 706 cm™ in the IR (KBr)

g,

spectrum: theredf.
5 [0142]

Example 1

Production of anhydrous tetomilast type A crystal

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

10 [01L43]

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

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

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

[0144]

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

(01451



crystal obtained in Exanple 1 (6) as described |ater was dissolved in 400
m of ethanol while stirring under heating to reflux. The obtained sol ution
was cool ed to 25 approxi mately 30C over about 1 hour, and it was then
further cooled at 10C or lower for 1 hgur, so as to obtain the precipitated
crystal by filtration. The above precipitated crystal was dried at 50C for
3 60 hours, so as to obtainbﬁaﬁmgjQﬁmgaraﬁgyﬂﬁgmﬁjb@kOﬂ%%@qg type A
crystal in the formof a while columar crystal (yield: 9 .

The Mel ting poFRYSEFL tHeé ebbidiet! anhybrousys: tietedniv/dsFreydpe-Acrystal was

bet ween 188C a gl 190C gdicg_ osition). [0149] The obtai ned anhydrous
tetonilast type’@dmal abalysisy ek asggpettedit ¢as found that as

t her nogr avi et i f.fecential 10 therpal analysis. As a result, it was
found t hat theg%élvgrle ltélnlgg?he MR FEMCAE TR HAPHOWA S APEREYEd was obser ved.
[ 0150]. 5 around 1ggdhe powder X-ray diffraction spectrumof the 15

obt ai ned anhydrous tetom | ast type A crystal was neasured. As a result, it
was found that[dlhmesisame spectrumas that shown in Fig. 4 was observed.

[ 0151]
The powder X-ray diffraction spectrum of the

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

10 Fig. 4, the above crystal had characteristic peaks at 20
= 10.5% 13.1°, 18.4°, 21,9°, and 25.8°.
f0147]

The IR(KBr) spectrum of the cbtained

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 [06148]

(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 te 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 precipltated crystal was dried at 50°C for 3



The I R(KBr) spectrum of the obtained 20 anhydrous tetom | ast type A crystal
was neasured. As a result, it was found that the obtai ned anhydrous

tetom | ast type A crystal had significant infrared absorption bands at
3306, 3084, 1746, 1593, 1474, 1348, 12%%, 1132, 1045, 758, and 704 cm/ in
the IR (KBr) 25 spectrumthereof. [015 (3) 10 g of the anhydrous

tetom | ast typécArsyysd als abt abbeth in 3Exanpl &n ladifld3ssdeses ped | ater 61
was di ssolved in 400 ml of acetone while stirring under heating to refl ux.
The obt ai ned séVBEidrenusdadodhethe Caappodxa maitEley B0Gmasercapout; 1 hour,
and it was then further cooled at 10C or lower for 1 hour, so as to 5

obtain the preéYb?Jt ’ce(?f’-co*r)ystal by filtration. The above precipitated
hours, so as to obtain 8.3 g of an anhydrous

crystal was dried at SOE for f :
tetomlast type A crystal®iietH'S §PhPbf of W 1bteépafmarhrdsatsal (yi el d:

029 0 L35 eop gt ged aUhotey gL oIS e Acsigial TeLise
anhydrous t et ofdd@stookY e .
[0149}
The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
10 thermal analysis. As a result, it was found that the
same endothermic peak as that shown in Fig. 3 was
observed.
[0150]
The powder X-ray diffraction spectrum of the
15 obtained anhydrous tetomilast type A crystal was
measured. As a result, it was Ffound 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, 1583, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the TR (KBr)
25 spectrum thereof.
[0152]
{3) 10 g of the anhydrous tetomilast type A

crystal obtained in Example 1 (6) as described later



crystal was subjected to thernogravinetry/differential thermal analysis. As
aresult, it was found that the sane endot heLm ¢ peak as that shown in Fig.
3 was observed. 20 [01551 The powder X-ray diffraction spectrum

of the obtai ned anhydrous tetom | ast téi\épe A crystal was neasured. As a
result, it was found that the sane spectrumas that shown in Fig. 4 was

observed. 25 [01>6)isHBe LR oSRecLEUM Al LG ObLalned anhydrous

tetom | ast type A crystal was neasured. As a

obt ai ned anhydi€atSng62ot £6-01d astrbyPs: A LS - i gnificant infrared
absorpti on bands at g3306, 3084, 17%6?&1?9%&%235&?9%4@%591@5?%%%1&32, 1045,
758, and 704 applokdrctbely BCEBsyespaetirum hhereofng 3E04a4] «h4) 10 g of the
anhydrous tetom | ast type A crystal obtained in Exanple 1 (6) as descri bed
| ater was di ssSoirFedri aoalasbladt L6 consiostirngoofl 3Rl sof agces one and 80 ni
of water, v@i lr‘i’%§SU rring under 10 heating to reflux. The obtained solution

7

was cool ed AP epif S ardRmbrted cR30GCadvey Sbbutatddmour §heit was then
cooled to 20C gver 1 hour., and it s then further cooled to 10C over 0.5
hours, so as t0 o%t’oa?%mt%éta_g?gc?’bﬁlgled“a&%ﬂéﬂ By T4°Ftfatidn. The above 15
BN anhydrous LerBn | 500t ype Ar Aty ata & 5% RS FORISReA CRPECRat umar 0
crystal (yiel dyp83cryfbd8ln the form of a while columnar crystal
(vield: 83%).
10 [0153)]
The obtained anhydrous tetomilast type A
crystal melted (decomposed) at a temperature between
188°C and 190°C.
[0154]
15 The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that +the
same endothermic peak as that shown in Fig. 3 was
observed.
20 [0155]
The powder X~ray diffraction spectrum of the
obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that the same
spectrum as that shown in Fig. 4 was observed.
25 [0156]
The IR(XBr) spectrum of the obtained

anhydrous tetomilast type A crystal was measured. As a

result, it was found that the obtained anhydrous



20The obtai ned anhydrous tetomla'st type A crystal nelted (deconposed) at
a tenperature between 187C and 189C. [0159] The obtai ned anhydrous

.betom last type A 25 crystal was subjected to

t hernogravinetry/differential thermal analysis. As a result, it was found
t hat the sane endot hernic peak as thatZshown in Fig. 3 was observed. 63

[0160] The powder X-ray diffraction spectrum of_ the obtained anhydrous
t et om | ast typ@%“@r'“%\éa}'y%s]* Cryﬁﬁéiuﬁ%%.m;@qg%‘"@bl tPE¥3T8hs found t hat

the same 5 speglium.as.tiialsshowashn Fidy, 4 was, ofsgnved, ;[ 0161

The | R(KBr) spect ai'ned’ anhydrous tetom last type X’crystal

was measured. /As;a resul tigdd wag, foyad;dpatyt he, afairRedgaphydrous 10
tetonmilast type A'crystal had significant infrared absorption bands at

3306, 3084, 1746ctioR3ihdddsls. 1348, 1271, 1132, 1045, 758, and 704 cm1l in
the IR (KBr) spectrumthereof. [0162]
5 [0L157]

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

10 heating to reflux. The obtained solution was cooled,
in a stepwise manner, to 30°C over about 3 hours, it was
then cooled to 20°C over-1 hour, and it was then further
cooled to 10°C over (.5 hours, so as to obtain the
precipitated crystal by filtration. The above

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

[0158]

20 The obtained anhydrous tetomilaSt type A
crystal melted (decomposed) at a temperature between
187°C and 18%°C.

[0159]

The obtained anhydrous tetomilast type A

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

observed.



15(5) 5 g of t

dried at 50C f

£ o | Inth | & &P iel.d 8
D e b oeneu anhiat ChT Ry Jval. 8: COLUDAL CEUSt Bl (M WL
A90C L9164l The Obtai ned

[0163] The obt

(deconposed) aihiaiheRPerRLEF Sidatmeen 188G

he anhydrous tetom | ast type A crystal obtained in Exanple 1
(6) as described |later was dissolved in a solution consisting of 450 m of
acetone and 300 ml of water, while stirring under heating to reflux. The
obt ai ned sol ution was cooled to 20 approxi mately 30C over about 1 hour, and
it was then further cooled at 10C or |@wer for 1 hour, so as to obtain the

preci pitated cggﬁ%ﬂl by filtration. The above precipitated crystal
hours, so as to obtain 4.2 g of an anhydrous tetom | ast

ai ned anhy e pe

anhydrous tetonm | ast type A 5 crystal was §ﬂ%?ecte' to
t her nogr avi netdtieddirkBer ens i al rdharyalicanas ysduhd Asad EBSUbdne it was found

that the sanme endotherm c peak as that shown in Fig. 3 was observed. [0165]
10The powdebp >spemirdinf &g athdtorslspactnumigof 4 hexsobbakeneddanhydr ous
tetom | ast type A crystal was neasured. As a result, it was found that the
same spectrum E5-&MHat shown in Fig. 4 was observed. [0166]

16

15

20

25

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, 15093, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the IR (KBx)
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 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 4.2 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

was

4% .



15The I R(KBr) spectrum of the obtained anhydrous tetom | ast type A crystal
was neasured. As a result, it was found that the obtai ned anhydrous

tetom | ast type A crystal had significant infrared absorption bands at
3306, 3084, 1746, 1593, 1474, 1348, 20.1271, 1132, 1045, 758, and 704 cm1

inthe IR (KBr) spectrumthereof._[OlGﬁf] _ (6) 41.4 g of ethyl
3 ox0- 3 (6- methoxynmkanyd: agyfiudonpr opi onahiboaeudhsselyed, in a 25
solution consisting of 42 mM of water and 414 m of ethyl acetate, and the

obt ai ned sol ut L8#’Gvasdt h&ifCcool ed to a tenperature between 5C and 10C.
Thereafter, a solution obtained by dissolving 35.6 g of 65 sulfuryl
chloride in 83[¢d6%Yf ethyl acetate was added dropwi se to the above cool ed

sol ution over approximately 30 mnutes, while stirring. Thereafter, the
obt ai ned mi xture was st rfePiingc appeierus defopéiasbnt woT Zand 20C for 1

hour. Subseque N reaction solution was heated to approxi mtely

508, whi Lo Pt osttadnt S SRt Ba e RSy et S et fon. The

reaction sol utin,mas,5ontdnuougly_h at,.a rature between

approxi mately 90C andalo‘ Olorgcji fo%&rg 3 %%J‘?l‘(sjc’vﬁtl gggg?%lgg%gi?haﬁh Eafter, the

obt ai ned ni xecbame@aastmdi@?@akngggtﬁws}r@w iMag; £00} gd, £ 0 approxi mately
o

10C, and it was then stirred r 1 hour, followed by filtration, so as to
obtai n 27.99 gtefer2e@2-chl oroacetyl)-6-pyridine carboxylic
[0165]

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

[0166]

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

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

[0167]
(6) 41.4 g of ethyl 3-o0xo-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



15 acid in the formof yell owbrown crystals (nelting point: 184C to 189C;
purity: 98%to 99% . [0168] 20 g of

2- (2-chl oroacetyl)-6-pyridine carboxylic acid and 22.6 g of

3, 4-di et hoxyt hi obenzam de 20 were di sségl ved in a solution consisting O 100
m of water and 200 ml of di met hoxyethane. The obtai ned sol uti on was heated

to reflux for 2uheysrs: Whiheistif i va ction solution was then
cooled to 5C or Iovvey?, wggbgéé%oﬁgb%%imrjf ggy%ﬁ?%]ir/\fe%r%ﬁ%epw%&%@g%?e 25 by
filtration.' [0t69fisdbGoothpotiassl Wrchydr 9xige dh 342 n of water. The
obt ai ned solution was extracted with ethyl acetate twice (186 ml x 2).
Thereafter, 1 gPpfosisritedyedl cuinborswashatkded: t:a:ihhe separatedyater |ayer,
and the 5 obtaj ned solution was then stirred at approxinmately 30C for 30

mi nut es. Ther eBt% éPtaired Bisiacedacar bbrradhsitr embespebycdid t rati on, and

372 m of aget,one andlgqu%n%tgfuconcpentrat ed hydrochloric acid were then
added to thd obtal%&d P ¢ Vs dogs 1t Bowbt ai THhsesiiepehsi orhéa 10 mi xture
consi sting of a.fetan hydrate, crystal and an anhydrous tetom|ast type
B crystal). In or%t'elr%]t %)g]fsé%lns gF%t )ﬁ%a%ff‘iﬁf’r &Oc BRBF SFHTRLDEY 246k omi | ast
hydrate crystalhiardtgad sHydioust gt oni esBcrystal to.an anhydrous
tetom|ast type A crystal, the above 15ilgea}s€5§)ré§i ggo%%h%eraﬁaéjgl&t“ 60C for 30

mnutes, and isolwasohherrizoakedtion raomtimPerat 4 i AS L 0 obtain a
crystal by filtration, thereby obtaining an anhydrous tetonilast type A

crude crystal he3leg2ay;a iistpsrateye Jarlz@h approximately 90°C and
10 100°C Ffor 2 hours while stirring. Thereafter, the

obtained mixed suspension {(containing crystals) was
cooled to approximately 10°C, and it was then stirred
for 1 hour, followed by filtration, so as to obtain
27.99 g of 2-(2-chloroacetyl)-6-pyridine carboxylic
15 acid in the form of yellow~brown crystals (melting
point: 184°C to 189°C; purity: 98% to 99%).
10168}
20 g of 2~ (2-chloroacetyl)-6-pyridine
carboxylic acid and 22.6 g of 3, 4-diethoxythiobenzanide
20 were dissolved in a solution consisting of 100 ml of
water and 200 mi of dimethoxyethane. The obtained
scolution was heated to reflux for 2 hours while
stirring, and the reaction solution was then cooled to
5°C or lower, so as to obtain a yellow-brown precipitate
25 by filtration.
[0169]
Subsequently, the above precipitated crystal

was dissolved in a solution formed by dissolving 6.18 g



208.67 g of the crude crystal was dissolved in a solution consisting of

213 mM of acetone and 53 nml of water by heating at 60C without drying it,

followed by filtration during a hot state. Subsequently, the obtained

filtrate was heated again, and dissolution of 25 the crystal was then

confirmed. Thereafter, the filtrate wa®® cooled to 50C. 79 ng of an

anhydrous tet okl gst,dy t . -added as g seed, crystal to the
1345 }_§§LEL'§S%.F&% GLY31 .3.\9@%73 0 S° th%En EE

cooled filtrate, ‘and the obtal ned mXturé frred at a

t enper at ur e bebM&ﬁﬂuﬁQ@o@ﬂdiéﬂckéé'Hﬂ%&@éke&aﬁﬂﬁT%%%&ﬁ)aEQEa@ehours'

Thereafter, the obtained solution was cooled to 2 over approxi mately 20
mnutes, and itwiws fifénndtkrrjed ategebtesperatyie hetween.d9C and 2500 for
2 hours. Thereafter, the solution was cooled to 5C over 35 minutes, and it
was then stirr@rhan yasenpeedtio dheetwpenadd and«3C1ho6r 2 holifHhe SO as to
obtain the pre ipitated Er_stal by filtration. The above 10precipitated
crystal was® driHdBE986el bukihivgist thep aklitredbttarppFo2bnataify @vcanhydr ous
tetom | ast ty rystal (whqgse yield was 78.4% when 6-chl oroacetyl-2-
pyri di ne carbggvﬁﬁg é&?%{%%s ﬁiﬁﬁeégLﬁrféﬁ&?éﬁ$é¥?tTﬁec4%ﬁ93 p@s ty of the
obt ai ned anhydrQus-chetoni] 1.ype stal was 99.9% [0171

part of the obtal ned aghydr05§J¥§fo%?$ﬁ§?yﬁyp§angF %?%P”H£H§e§]g
(deconposed) atf @chesperatdd @ yaebuees, 1876 @N¢e189G, 20 fi2k

>

the obtained filtrate, so as to obtain a suspension (a

10 mixture consisting of a tetomilast hydrate crystal and
an anhydrous tetomilast type B crystal). In order to
transfer the mixture consisting of a tetomilast hydrate
crystal and an anhydrous tetomilast type B crystal to
an anhydrous tetomilast type A crystal, the above

15 suspension was heated at 60°C for 30 minutes, and it was
then cooled to room temperature, so as to obtain a
crystal by filtration, thereby obtaining an anhydrous
tetomilast type A crude crystal (34.82 g; wet state).
{01707

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

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

to the cooled filtrate, and the obtained mixture was



The obt ai ned anhydrous tetom | ast type A crystal was subjected to
thernogravinetry/differential thermal analysis. As a result, it was found
that the same endotherm c peak as that shown in Fig. 3 was 25observed.
[0173] The powder X-ray diffraction spectrumof the 68 obtained anhydrous
tetom | ast type A crystal was neasured.®/As a result, it was found that the
sane spectrum as that shown in Fig. 4 was observed. [0174] 5The | R(KBr)
spectrum of the obtai ned anhydrous tetom | ast type A crystal was neasured.

As a result,thénwasit-eund dthat ¢dg, bk alped ranhiydnous, t et gl astoct ype A
crystal had significant infrared a%sor ption bands at 3306, 3084, 1746,

1593, 1474, 1328eTRpl15PRrerpsirqpabor78ghoydd 70 eheat AT hé R (KBr)
spectrum thes®efink@1l%5lution was cdbee@btai nag @ndwygrous tetonilast type
A crystal was crushed with an atom zer, so as to obtain 15 powders having a

mean particlERT 288 £80.Y4 Ym i B 9095 Bdmiitatide pafti éFériese df 57 gm

[0176]5 temperature between 19°Cc and 25°% for 2 hours.
Thereafter, the solution was cooled to 5°C over 35
minutes, and it was then stirred at a temperature
between 4°C and 5°C for 2 hours, so as to obtain the
precipitated crystal by filtration. The above

10 precipitated crystal was dried at 80°C overnight, so
as to obtain 7.25 g of an anhydrous tetomilast type A
crystal {(whose 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

15 A crystal was 99.09%.

[G171]

A part of the obtained anhydrous tetomilast
type A crystal melted (decomposed) at a temperature

between 187°C and 189°C.
20 01727

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

25 observed.
{01733

The pewder X-ray diffracticen spectrum of the



(7) 32.36 g of the tetom | ast hydrate crude crystal obtained in Exanple 5
(2) as described later 20 was dissolved in a solution consisting of 197 ni
of purified water and 793 m of acetone by heating at approxi mately 60C,
followed by filtration during a hot state. Subsequently, the obtained
filtrate was heated again, and dissol dti on of the crystal was then 25

firmed. Th ter, il trate was cool ed to 45C. 290 f
anhydr ous. ol onyHEE RATA R SRR EaRURF cb e Bbal Rl Ti 11 rate, and

anhydrous tetomTast type

t he obtai ned nﬁl&w&dwasAgh@%éstdlw,e@%a&a.é%dr halOULS. sJfier eafter, the
I

69 obtai ned solution was cooled to 20C over about 1 hour, and it was then

stirred at a teppenahune biedwatou20€nandy 24C J obsBeues. Thereafter, the
sol ution was cooled to 5C over about 2 hours, and it was then 5 stirred at

a tenperature b&tMden -1C and 5C for 2 hours, so as to obtain the
precipitated crystal by filtration. The above precipitated crystal was
dried at 80€ for 4 hour ke sER @B ospbehiwe 24 Idheg optazhe@nhydr ous
tetom | ast type A crystal. 10[0177& The obt ai ned anhydrous
tetomlast typ@KeEP §t§‘Ft‘\’/%’slasSl}bjt BRell TBVYier ogr BGRARETYY diffF ér enti al

t her mal analysgé%ﬁg%z'§5r§%§I%ﬁ¥Astwg§ %ﬁgn %%ggéFngggaggﬂgndothernic peak

as that shown in Observed. [ er X-ray

3/; }‘5 fraction spegihymuet i obiained: anky drQus 4iehew LaBtatype A crystal

absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,

10 1271, 1132, 1045, 758, and 704 cm™* in the IR {KBr)
spectrum thereof.
[0175]

The obtained anhydrous tetomilast type A

crystal was crushed with an atomizer, sc as to obtain

15 powders having a mean particle size of 30.4 um and a
90% cumulative particle size of 57 M.
[0176]

{7) 32.36 g of the tetomilast hydrate crude

crystal obtained in Example 5 (2) as described later

20 was dissolved in a solution consisting of 197 ml of
purified water and 793 ml of acetone by heating at
approximately 60°C, followed by filtration during a hot
state. Subsequently, the obtained filtrate was heated
again, and dissoluiion 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



measured. As a result, it was found that the sanme 20 spectrum as that shown
in Fig. 4 was observed. [0179] The I R(KBr) spectrum of the

obt ai ned anhydrous tetoni|last type A crystal was nmeasured. As a result, it
was found that the obtained anhydrous 25 tetom|ast type A crystal had
significant infrared absorption bands &t 3306, 3084, 1746, 1593, 1474,

1348, 1271, 1132, éggéﬁ 704 cm 1. in,the | R (KBr) spectrumthereof.
10 [0180] Examg,)%éé1 r8’8§§ %%lﬁ of° an O;&fioﬁ(s) %%tLo%vﬁgs?l%?‘é%é' “ystal 5 g

of the anhydrousqtat ok 8fkn LHPEAD 61 YStaho Ohlalaeel L (6) was
di ssol ved 1n 500 m of “nerFanal - Fg 4otam ng under elﬁgﬁfgf‘(ﬁ%@cg refl ux.

The obtai ned sohd@itdq0 f&s xoohed.t oTREREONIdBL ehy 300G ovel @hout 1 hour,
and it was then further cooled at 10C or lower for 1 hour, so as to obtain
the 10 preci pi tatledi ¢cpyStQaloviey hbbttal itomirsThendbbdvewss ediqui t at ed cryst al
was dried at 50C for 3 hours, so as to obtain 3.8 g of an anhydrous
tetonilast Pypeticredystat feinsHatieenbetweewhil’e phat§ Celpst al (yiel d:
769 . 15 [018 eedl e crystal was generated fromthe crystal surface of

t he obt ai ned %%@cfgoﬁg FRtiohi9aeent 1pe rreciRitatest crgataldng t he above
Crystal ! e {lagarngsed At LeMRE AR HELUESR 4016, apa 4500 20
subj ected to therpmgraw meheyidi fferantialnrain 24.11 ¢ of an
anhydrous tetomilast type A crystal.
10 [0177}1
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.
(01781
The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that the same
20 spectrum as that shown in Fig. 4 was observed.
[0179]
The IR(KBr) spectrum of the obtained
anhydrous tetomilast type A crystal was measured. As a
result, it was found that the obtained anhydrous
25 tetomilast type B 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.



thermal analysis. As a result, it was found that as shown in Fig. 7,

endot herm ¢ peaks were observed around 25 184C and around 189C. [0183] 71
neasured. As a result, it was found that as shown in Fig. 8, the above
crystal had characteristic peaks at 20 = 4.2, 8.2, 12.0, 16.4, 24.7, and
25.9. [0184] 5The IR(KBr) spectrum of ffe obtai ned anhydrous tetomn | ast
type A crystal wﬁgoreasured. As a result, it was found that the obtained
anhydr ous teto&i ast type A crystal had significant infrared absorption
bands at 3300, ;30881 1,744, 1593, 1476, 1346, 10 1267, 1132, 1045, 754, and
704 cm1l in the ER (KBr) spectrumthereof. [0185] Exanple 3 Production of
tetom | ast acebepitictich 20 ¥ahelerys iRt o828t Of yiidrec anfgdrous tetom | ast
type A crystal obtained in Exanple 1 (6) was dissolved in 400 m of
acetonitrile, while stirrigngfunderardigalriong tetoeiland. tipe abtai ned sol ution
was cool ed to approxi mately 30C over about 1 hour, and it was then 20
further cooledciystudC Brtafpferin drxamrdeud, (§b @ss tblssiaed theSPl ecipitated
crystal by filtration. The_above precipitated crystal, was dried at 50C for
3 hours, so asmioo%ﬁ?eiihﬁ‘n&li Hofe & tierdne BRECadRHEr FPerebiWat e cryst al

in the forn]OfTﬁeV%gééined solution was cooled to . approximately 30°C

ovar about I hour, and it was then further cooled at
10°C ox lower for 1 hour, so0 as to obtain the

10 precipitated crystal by filtration. The above
precipitated crystal was dried at 50°C for 3 hours, so
as to obtain 3.8 g of an anhydrous tetomilast type C
crystal in the form of a while platy crystal (yield:
T6%) .

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



25 platy crystal (yield: quantitative). [0186] The obtained tetom | ast
acetonitrile solvate crystal becane cl ouded at 90C, and the above crystal
72 nelted (deconposed) at a tenperature between 187C and 190C. [0187] The
obtained tetom | ast acetonitrile sol v%te S crystal was subjected to
thernmogravimetry/differential thernal anal ysis. As aresult, it was found

that as shown g sFi-g4 9[%%3%%6%#12%{)0&@4@ re Qggﬁré’?dskﬁ{w%u'l% 91C, around

| 76C, and around 189C. ray fraction sSpectrum of

the obtained tragems) aske anah@Nickyitgl St@d&%h%z%%%%k@étﬂ@%aéﬁ%s%ege As a
result, it was found that as shown in Fig. 10, the above crystal had

characteristi & pedks at2°201z.@F,606.4°,12410°6,arik¥h 22, 0and 24.8. 15 [0189] The
| RCKBr) spectrum of the obtai ned tetom | ast acetonitrile solvate crystal
was measured. [A4841result, it was found that the obtained tetonilast
acetonitril e sol vat e crq_yst al (E\(%EI) Ségenégrlu%arét}_ ILQLrgkrfgmed
anhydrous tetomilast type A crystal was measured. As a
result, it was found that the obtained anhydrous
tetomilast type A crystal had significant infrared
absorption bands at 3300, 3088, 1744, 1593, 1476, 1346,
10 1267, 1132, 1045, 754, and 704 cm™ in the IR (KBr)
spectrum thereof.
[0185]
Example 3
Production of tetomilast acetonitrile solvate crystal
15 5 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in 400
ml of acetonitrile, while stirring under heating to
reflux. The obtained solution was cooled to
approzimately 30°C over about 1 hour, and it was then
20  further cocled 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 ¢ of a tetomilast
acetonitrile solvate crystal in the form of a while
25 platy crystal (yield: quantitative).
[0186]

The obtained tetomilast acetonitrile sclvate

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



20 absorption bands at 3300, 3090, 2249 (nitrile group), 1744, 1593, 1476,
1346, 1269, 1132, 1045, 752, and 704 cmin the IR (KBr) spectrumthereof.
[0190] The NMR (DMSO dO spectrum of the obtained 25 tetom | ast acetonitrile
solvate crystal was nmeasured. As a resylt, it was found that a nethyl group
peak of acetonitrile was observed at 821 ppm [0191] 73 Exanple 4

Producti on of mkxtad e(aonsipebing of Anhydeous,Leton|ast ;hype Aprystal and

anhydrous tetoni | ast type crystal 5A m xture consisting of” an ‘anhydrous
tetom | ast typé2®dcrystal and an anhydrous tetom | ast type B crystal was
produced by the nethod described in (1) or (2) below [0192] 10(1) 10 g of
t he anhydrous {@t®hilast type A crystal obtained in Exanple 1 (6) was

di ssolved in a solution consisting of 320 mM of acetone and 80 m of water,
whil e stirring under hedPengPtadinest telemithet obelionddrédbkuséomiwas cool ed

to apprOXIHgte$g§§¥gE %ggrsubjected to thermogravimetry/differential
thermal analysis. As a result, it was found that as
shown in Fig. 9, endothermic preaks were observed around
91°C, around 176°, and around 189°C.
[0188]

10 The powder X~ray diffraction spectrum of the
obtained tetomilast acetonitrile solvate crystal was
measured. As. a result, it was found that as shown in
Fig. 10, the above crystal had characteristic peaks at
28 = 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
em™ in the IR (KBr) spectrum thereof.

[0190]

The NMR (DMSO-dg) spectrum of the obtained

25 tetomilast acetonitrile solwvate crystal was measured.
As a result, it was found that a methyl group peak of
acetonitrile was observed at §2.1 ppm.

[0191]



15 about 1 hour, and it was then cooled to 10C over about 10 m nutes.
Thereafter, the solution was further cooled at 10C or |ower for 1 hour, so
as to obtain the precipitated crystal by filtration. The above precipitated
crystal was dried at 50C for 3 hours, ?9 20 as to obtain 8.5 g of a m xture
consi sting of an anhydrous tetom | ast type A crystal and an anhydrous
tetom | ast typ&xBagreystal (A'B = 40:60) in the foLt of a while columar
crystal (yield: 85%. [0193] 25Only a small part of the obtained m xture
consi sting of &rodiHyidnoos hibkonid asinstigpénd €F staidxand an anhydr ous
tetom | ast type B crystal nelted at 178C, and it was crystallized in the
form of a needF@FCMigasty§yae . A Thersdafit end dbeydrioturtetosliiest (‘desonposed)
at a tenperat Uée bet ween 188C and 190C. [0194] The obtained m xture

consi sting of 5 %4ty dr ous t et oni | ast type A crystal and an anhydrous

tetom | ast e B crystal :B - 40: 60) . .was subjected to
t her mogr avi r%%?ry/ di f?er%n’f‘%%ulf%ecroﬁﬁllséﬁ%? ﬁ?d @E‘XQFBEEII t, it was found
that as shoun idtdidastleySRa0LSIt,G BEAKS, WEIEQRBE! YedLfround 175C and

around 10 189C. [0195] In addition, the powder X-tay diffracti'on spectrum
of the obtai nedypd Bt UEgs€ONSIE iPrQd0Ee@np@nindnus chiekori | asta tiype A

crystal and an anhydrous 15 tetom |l ast type B crystal (A B = 40:60) was
measured. As alesul £2) ikelwms found that as shown in Fig. 12, the
[0192]

10 {1) 10 g of the anhydrous tetomilast type A
crystal obtained in Example 1 {6) was dissolved in a
solution consisting of 320 ml of acetone and 80 ml of
water, while stirring under heating to reflux. The
obtained solution was cooled to approximately 30°C over

15 about 1 hour, and it was then cooléd to 10°C over about
10 minutes. Thereafter, the solution was further
cooled at 10°C or lower for 1 hour, so as to obtain the
precipitated crystal by filtration. The above
precipitated crystal was dried at 50°C for 3 hours, so

20 as to obtain 8.5 g of a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 40:60) in the form of
a while columnar crystal (yield: 85%).

[0193]

25 Only a small part of the obtained mixture
consisting of an anhydrous tetomilast type A crystal
and an anhydrous tetomilast type B crystal melted at

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



above m xture had characteristic peaks at 28 = 4.2, 11.9, 13.2, 16.2, 17.3,
24.3, 25.3, 25.9, and 27.5. 20 [0196] Mor eover, the | R(KBr)
spectrum of the obtained m xture consisting of an anhydrous tetom | ast type

A crystal and an anhydrous tetom | ast L%{pe B crystal (A:B = 40:60) was
neasured. As a result, it 25 was found’Fhat the obtained m xture had

significant inktrased) abseepthen.pa ; : 8 7 159 1474,
1348, 12609, 1132? 1045, 760, and ‘78%%2&}1 i%ggtrﬁ%ﬂé% (@ﬁ%}%m%é@a}umthereof.

75 [0197] (2) 20 g vémpdretapbydsouset etgprt| asd ftgope. A crystal obtained in
Example 1 (6) was dissolved in a solution consisting of 320 ml of acetone
and 80 m of 5[R&P&F, while stirring under heating to reflux. The obtai ned
sol ution was quenched to 10C over 30 minutes, so as to obtain the
precipitated crystal by PPl opkrinad rikduabovenprxcing tdted crystal was

dried at 50¢ for, 3 hour; S0, as to obtain 7.8]gof a mxture consisting of
10 an anhydfoud™PEiTie A8For A Toips PaFranbe hishRpderbhgdretoni | ast type
B crystal (A B 5 : i f.orm hi.l e powders. (yield: 78%. A part
of the obtai n?%iaré%l%r@ec %2?%2% Caliyslmf’ C,(Aghd"i‘fd)z@ &’F?sg‘é]i’]“?%’@%ﬂi n the form

Cormersrre Selar IS S Ry P AR S fprpmege) < o
a result, it was found that as shown in Fig. 11,
endothermic peaks were observed around 175°C and around

10 189°C.
(01957

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

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

20 [0196]

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

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

IR (KBr) spectrum thereof.



The obtained m xture consisting of an anhydrous tetom | ast type A crystal
and an anhydrous 20 tetom | ast type B crystal (A:B = 10:90) was subjected
to thernogravinmetry/differential thermal analysis. As a result, it was
found that as shown in Fig. 13, endot m ¢ peaks were observed around 176C
and around 189C. 25 [0199] e powder X-ray diffraction spectrum
of the obtainedongxture consisting of an anhydrous tetomlast type A
crystal and an anhydrous tetomlast type B 76 crystal (A B = 10:90) was
measured. As a result, i(2)was) fowid thBaknRed SHOW drdmkl Gst 1flypéh§ above

m xture had characteristic peaks at 20 = 4.1, 11.9, 16.1, 17.2, 19.3",

24.2, 25.1, 25¢9ystaddoR¥alned frOZ@@kple 1 (6) wasTheskR(KBf)ispectrum of the
obt ai ned m xture consisting of an anhydrous tetom | ast type A crystal and
an anhydr ous t%‘ijd’r’fﬂoélsﬁofl?b%m@gcp&fsﬁég A & Bcko9e) ands8 Medsurfed. As a
result, it %/asw f.aund %hgt 0, the obtained m xture had_significant infrared
absor pti on bands ‘atr %248° ingzupdey gepntisyy Ao 18ABux. 188 1132, 1045,

756, and 706 ciBylihRqt lediﬁ,o(nKﬁra)s agggéﬁeu&nttohelrogtgfév ro%%llmi:rligtgé?npl e>s

$o0 as to obtain the precipitated crystal by filtration.
The above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 7.8 g of a mixture consisting of

10 an anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 10:20) in the form of
while powders. (yvield: 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.
{0188]

The obtained mixture consisting of an

anhydrous tetomilast type A crystal and an anhydrous

20  tetomilast type B crystal (A:B = 10:90) was subijected
Lo thermogravimetry/differential thermal analysis. As
& result, it was found that as shown in Fig. 13,
endothermic peaks were observed arxound 176°C and around
1809°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



Production of tetom | ast nonohydrate crystal A tetom | ast
nonohydrate crystal was produced by the nethods described in (1) to (3)

bel ow. [0202] 20(1) 18.7 g of 2-(2-chloroacetyl)-6-pyridine carboxylic acid
and 21.1 g of 3, 4-diethoxythi obenzam de. were dissolved in a solution
consisting of 94 m of water and 187 of di nmet hoxyet hane, and the

obt ai ned m xt uceywaslt tfers st iLoe et alzsapRReXL-88L el y: 80C.Lnefl ux) 25 for 2
hours. The obtai ned solution was cooled to 5C, and it was then stirred for

1 hour, so as ¥8Sobt@ith thafehbovirkdimovim pigci pif atie: bypokkl higtien. The above
precipitate maa gissolved in a solution formed by 77 dissolving 5.78 g of
pot assi um hydr 8%F &' R 3AF 1 FEieoamert The= obtldi nétl. 9, xLdr °,50l Uti on was

washed with 17 o of ;ethyl, acetate twi ce. Thereafter, a solution forned by
suspendi ng O. foé'néof’ falgt"itg\/atzédgc'a%b’oﬂ it %9520 BF-Rater was added to the

separated wgtefpj@yer, and the obtained mxture was then stirred at a
t enperature between 30C and 31C for 30 mnutes. Thereafter, the activated

carbon was renoved by firhtratien, apd . a ne_was. then added to
the obtained filtrate. 10 Subgseq&enplf/,é%%@f Scfhgf %%t(%%%%% FRted Ry dr ochl ori ¢

aci d was addedarersetiogwbt | & stihiytirbgs Bdthiling 2btapoed fyduine was then
stirred for 1 hour. Thereafter, the precipitated ciystal was coll ected by
filtration. TH™ @fysnhrdyeiss dwspehtiest ity4® mryefawatzers -and the 15

obt ai ned m xt ﬁrre, ﬁ/?s then stirred at a tenperature between 27C and 30C for
30 minutes. THEr&aft BFS BPRSUISH: aj Aok ciqpstldl, wéiswesl feptedhby filtration.

acetone ang a8 Corard g e hid Ssttintos0to80tee bl a tetom | ast
monohydrate Ce¥Sb@btion bands at 3298, 3090, 1744, 1593, 1474, 1348,
1269, 1132, 1045, 756, and 706 cm™ in the IR (KBr)
spectrum thereof,.
[0201]

15 Example 5

Production of tetomilast monohydrate crystal

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

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

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

precipitate was dissolved in a solution formed by



[ 0203] The obtai ned tetom | ast nonohydrate crystal was subjected
to thernogravinetry/differential thermal analysis. As a result, as shown in
Fig. 1, an 25 endotherm c peak was observed around 189C, and further, a
wi de peak was observed around 102C. [0204] The powder X-ray di ffract| on
spectrum of the 78 obtained tetom | adt/ nonohydrate crystal was neasured.

As a result, i She = Fi t hat the Ccr ystal had
characteristigél[)eak\glg 5 ]@ pt()i%@%mj@%mﬁ% andgggﬁo 5 [ 0205] The
| RCKBr) spect ryneaf. thﬁeO@@mﬁ@@ i @ @R | AStHTRACRYAr 24 & &f Y5 Rﬁ\ was
nmeasured. As a result, it was found that the obtained crystal had
significant i an"Marrrédoabsbmyal laarethandswiate 35Mherd4dBer 10z 1tAZr 15409, 1587,
1472, 1267, 1143, 1040, 758, and 716 cm1 in the IR (KBr) spectrumthereof
[ 0206] fOl?me@ZBJYS@ugﬁ@lemhe Oabhy drious ttierorill astbdyper A.eryst al
obtained in_Exanple 1 (6) was dissolved in a 15 solution formed by

di ssol vi ng 8. 3% §Lofapet a8 ddRidEexitfe Sepaseged vatenadtater, TArd sol uti on
was filtrated

+.and of ,acetone added to the obtained
filtrate. Therdst Ega“fgé rFle(tfrf 5)) L&?%&h&@ﬁ?ﬁaﬁ‘%dﬂ Ny ISERESERC aci d was
added thereto 2 i i tat dat hat time was
an anhydr ous tb\e@?g%’lgnags)?ﬁ y%g &éﬁg?a (?C}Q# e%rbt allrﬁeﬁeag tth ohwas stirred

at room t enpenatiyeréOrcannoxh Bt &hd kO b @Hlﬁéatﬁgﬂ Llartormkefi on of the
stirring, 2.5 g of the tetom | ast nonohydrate crystal 25 obtained in the

af or ement i oned¢fExanpéres 5iasl khwasadditdedoasha sbedigsysiialtrb@et he resul tant,
and the obtained m xture was continuously stirred for 2 hours (During such
stirring, Y% afsboeaeeiioy pridgledsel apngerhsated hydrochloric acid

was added thereto while stirring, and the obtained

mixture was then stirred for 1 hour. Thereafter, the
precipitated‘crystal was cellected by filtration. This
crystal was suspended in 348 ml of water, and the

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

20 29.53 g of a tetomilast monohydrate crystal.
{02031

The obtained tetomilast monohydrate crystal

was subjected to thermogravimetry/differential thermal
analysis. As a result, as shown in Fig. 1, an

25 endothermic peak was observed arcund 189°C, and further,
a wide peak was observed around 102°C.
{0204]

The powder X-ray diffraction spectrum of the



9 solvent. If the stirring tinme was short, a m xture consisting of a
tetom |l ast hydrate crystal and an anhydrous tetom | ast type 13 crystal was
obtained.) The precipitated crystal was collected by filtration, and 5 the
obt ai ned crystal was then suspended in,400 mM of water. The obtai ned

m xture was stirred at a tenperature between 20C and 30C for 30 m nutes.

Thereafter, thebtaystaltaasnigcaklegteshitafiel tLabi N, waNGhatlsypas then washed
with 80 m of acetone-water (an 10 acetone content of 50% by voi une). The

resul tant was di édresidér, medabewn piressyr.e2al ktnightfosn asatotebtain 51.5

g of atetoml agt nonohydr at e c@%/stal [0207] The obtai ned tetom | ast
monohydrate crySPEF ‘i@%&é EGBJ 2eRP e ishér mpeR laviatet20y ~diLO f 6tent i al

t hermal anal ysi As t he endot herm ¢ peak as that shown in
Fig 1 was obt %?n%d 2(11 08] 2Tﬁe’ p%‘%ﬁége R ray diffraction spectrumof the 20
obt ai ned t etspmy b;@%} rmnohydr ate crystal was neasured. As a result, the sane

Spectrum as that shown in Fig. 2 was observed. [0209] The I R(Kar) spectrum

of the obtained 25 tetomhbagk (KRMONYALRLE,CLY sured. As a
result, it was found that the obt ai neél: crrf/lstalsﬁkﬂé %gﬁlg icant infrared

absorptlon bantist@ti 1351t6noddB@irate crystal was measured. As a
result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,

101742, 1709, 1587, 1472, 1267, 1143, 1040, 758,‘and 716
em™ in the IR (KBr) spectrum thereof.
10206}
(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 Ffor
approximately 10 minutes. After completion of the
stirring, 2.5 g of the tetomilast monohydrate crystal
25 obtained in the aforementioned Example 5 (1) was added
as a seed crystal to the resultant, and the obtained
mixture was continuously stirred for 2 hours (During

such stirring, transformation progressed via the



1742, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716 SO cmin the IR
(KBr) spectrumthereof. [0210] (3) 2.37 g of the anhydrous
tetom | ast type B crystal obtained in Reference exanple 1(3) was 5
suspended in a solution consisting of .50 mM of acetone and 50 m of water,

and the obtained m xture was then stirred for approximately 5 m nutes.

Thereafter, a d@kemil asty iy atg ,¢hy.gt alnias added: as; a, Lrystal to the
above m xture, and the thus obtained m xture was 10 further stirred at 30C

for 1 hour. Thexipstal sas: aeltbectedt byydddier atiyepal andi idn was then dried
at 60C all night, so as to obtain 2.34 g of a tetom|ast hydrate crystal.
[0211] 15The rvihydiipes vigiumidksttheypbt Bi o tieét was | aisttainar.at eTaeyst al was
4.68% This value was al nost the sane as the theoretical noisture val ue

(4.64% of a tFEEEHPEE_RECTSHIR Al avas cogsiented] by 10 L rtHe@rabend nonohydr at e
pet voen 166C SHE THOC O EAE TR Bb: Hitied ‘POEONT Kt Hondllydiate crystal
water. The obtained mixture was stirred at a
température between 20°C and 30°C for 30 minutes.
Thereafter, the crystal was collected by filtration,
and i1t was then washed with 80 ml of acetone-water (an
10 acetone content of 50% by volume). The resultant was
dried under reduced pressure all night, so as to obtain
1.5 g of a tetomilast monohydrate crystal.
[10207]
The obtained tetomilast monohydrate crystal
15 was subjected to thermogravimetry/differential thermal
analysis. As a result, the same endothermic peak as
that shown in Fig. 1 was obtained.
[(0208]
The powder X-ray diffraction spectrum of the
20 obtained tetomilast monohydrate crystal was measured.
As a result, the same spectrum as that shown in Fig. 2
was observed.
[0209]
The IR{KBr) spectrum of the obtained
25 tetomilast monohydrate crystal was measured. As a
result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,

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



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

[0214] 81

The powder X-ray diffraction spectrum of the obtained

tetom | ast nonohydrate crystal was neaégred. As a result, the sane spectrum

as that shown in Fig. 2 was observed

[ 0215] The I R(KBr) spectrum of the

obt ai ned t et omlastmoRohydr e CtystelupamdRAsUred. As @ result, it vas

found that the obtained crystal had significant infrared absorptlon bands
at 3516, 3433, (0024742, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716 cm
an the IR (KBr) spectrumthereof. [0216] Exanpl e 6 Thermal transformation
from anhydrous tetom | adt3)t ype3B d st abhhyoranhydritows thet obypast type A
crystal Thermal transformation froman anhydrous tetom | ast type B crystal

to an anhydrou§ teYUrl adtaiyped #n<ﬁqﬁﬂﬁ&mcmagX@mnﬁa frféd B$St he neans
descrlbedl

tetom | ast

10

15

20

25

3) .bel ow 20 7] & The anhydrous
‘é“r“%fs:{ 4P B e ﬁ%ﬁé?éﬁaeo%m et teytors left at a
and 50 ml of water, and the obtained mixture was then
stirred for approximately 5 minutes. Thereafter, a
tetomilast hydrate crystal was added as a seed crystal

to the above mixture, and the thus obtained mixture was
further stirred at 30°C for 1 hour. The crystal was
collected by filtration, and it was then dried at &0°C

all night, so as to obtain 2.34 g of a tetomilast

hydrate crystal.

[0211)

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

[0212]

The above monohydrate became clouded around
100°C, and melted (decomposed) at a lLemperature 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.

1021471



tenperature between 20C and 30C for approximately 1 year, and thereafter,
the crystal formthereof was 25 exam ned by powder X-ray diffraction. As a
result, it was confirmed that the above crystal nmintained the formas an
anhydrous tetom | ast type B crystal. 9218] 82 (2) 5 g of the anhydrous
tetom |l ast type B crystal Obtained in"Reference exanple 1 (3) was

suspended i n a sol uti onyg@nsdisidNg- y -.ace y of water,
and the obtai ned-m xture vvar!?htgﬁen 5%%iék%rﬁeﬁdrag{uggc.ggﬁ?t%ﬁgﬁ%?it%, sanpl i ng
was carried outbhi@tinedt eevahisl :oft hbnohypilLas 3QsHhDIULLS nbBRuFepUt es, and 120
m nut es, and each of the obtained sanples was subjected to powder X-ray

di ffraction td%e@aicaslthetioy peral sparmumAsisa thesubtowni tincodlyd he confirned
that 10 each of the sanples collected after stirring for 15 mnutes, 30

m nutes, and B8GSnPREEEESAmai ntained the formas an anhydrous tetom | ast
type B cryst al[.op1 On the other hand, it could be confirmed that
the sanpl e coIIe“ctS(Ld after stirring for 120 mnutes was 15 a m xture

consi sting of an anhydr 11 ast..type st,al _.and an anhydrous
tetonilast type A cr ystjgfés(tksggg] 7%%3‘:(})9&9‘[ 8§1g%¥(%kfat%lr‘§i%of t he anhydrous
tetom | ast {yRetBn20ast wikshyablal neddca1ReLEr ROCE, XML 1 (3) vas
suspended in a solution consisting of 40 mM of acetone an Om of water,
and the obt ai medubt xtilr vawasothen:istt thedoBtad&l Afyddhat nkinme, sanpling
was carried out at intervals of 15 mnutes, 30 mnutes, 60 mnutes, and 25
120 mi nutes, &ndPehEFRIYT infsapdd adhredpsanpl bendmsat 3516, 3433,

10 1742, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716
cm™ in the IR (KBr) spectrum thereof.
f0216]
Example 6
Thermal transformation from anhydrous tetomilast Lype B
15 crystal to anhydrous tetomilast type A crystal
Thermal transformation from an anhydrous
tetomilast type B crystal to an anhydrous tetomilast
type A crystal was confirmed by the means described in
(1) to (3) below:
20 [0217]
(1) The anhydrous tetomilast type B crystal
obtained in Reference example 1 {3) was left at a
temperature between 20°C and 30°C for approximately 1
year, and ﬁhereafter, the crystal form thereof was
25 examined by powder X-ray diffraction. As a result, it
was confirmed that the above crystal maintained the
form as an anhydrous tetomilast type B crystal.

[0218]



subj ected to powder X-ray diffraction to examne the crystal form As a
result, it could be confirnmed that the sanple collected after stirring for
15 minutes was 83 a m xture consisting of an anhydrous tetom | ast type B
crystal and an anhydrous tetom | ast t%ge A crystal (A B 50:50). [0220] 50n
the other hand, it could be confirned®that each of the sanples that had

been stirred for 30 m npfes, ' es.,. .and 12 i nures, was changed to an
anhydrous tetonil ast tygée) ASngg?ané[%gyﬁ%o%V\%gg})T&% I%9&e Erystals with
different crysdakal oswme il abt akgsk fependipg.on L@;e Jape of a sol vent
used, the obtained crystal forns do not depend on the crystal fornms of
tetom | ast crystsaksdeseith as soawtak efdraliStitBusrs an eXamlL.:0H,MSi Ng an
anhydrous 15 tetom | ast type A crystal (purity of 99.9% was given herein.

When a novel tétoh? |lestompstal shdherhe banathedanhydinusiasetaahl ast type A
crystal was used as well, the sane results were obtained. [0222] 20

For mul ati o efampred &t l@lﬁ)lo@' coWpritgitn§ise nps it ldmoamhydrousied ehudmi | ast
| etose, | n ki HiTe T 6 TheBlnfGducad By accomioh netkea, and L
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
10 each of the samples collected after stirring for 15
minutes, 30 minutes, and 60 minutes, maintained the
form as an anhydrous tetomilast type B crystal.
On the other hand, it could be confirmed that
the sample collected after stirring for 120 minutes was
15 a mixture consisting of an anhydrous tetomilast type B
crystal and an anhydrous tetomilast type A crystal (A:R
= 70:30).
[0219]
(3) 5 g of the anhydrous tetomilast type B
20 crystal obtained in Reference example 1 {3) was
suspended in a solution consisting of 40 ml of acetone
and 10 ml of water, and the obtained mixture was then
stirred at 40°C. At that time, sampling was carried out
at intervals of 15 minutes, 30 minutes, 60 minutes, and
25 120 minutes, and each of the obtained samples was
subjected to powder X-ray diffraction to examine the

crystal form. As a result, it could be confirmed that

the sample collected after stirring for 15 minutes was



84 CLAIMS: 1. An anhydrous tetom |l ast type A crystal having a powder X-ray
diffraction spectrumthat is the sane as the powder X-ray diffraction
spectrum shown in Fig. 4. 5 2. An anhydrous tetonil|last type A crystal having
a powder X-ray diffraction spectrumw th peaks at 10.5, 13.1, 18.4, 21.9
and 25.8 degrees 20. 3. An anhydrous t &tboni | ast type A crystal as defined in

claim1l or 2, haying. an:Lhkl. r spectrumw th absorption bands at
3306, 3084, 1746, 1593, C?ﬁ%@%&% Tgﬂgﬁﬁ%‘ﬁis FGAERIIRE” AP0 em 1. 10
4. An anhydr ousc#wit@m kastah YR AGLYSL 8 defined in.clai Qr, 2, having
a thernogravinetry/differenti aly%lt her mal %na %gﬁ s?’r'grgpe!ét %J&n&vﬁ #Aar{%

endot herm ¢ peaktatboaround 188C. 5. An anhydrous tetom | ast type A
crystal as defined in claiml1l or 2, having a thernogravinetry/differenti al

t hermal anal ysi®28pectrum t he sanme as the 15 thernogravinetry/differenti al

thermal analysis spectrumshown in Fig. 3. 6. A mixture consisting of an
anhydr ous tetonilast type Wecopdesl harddefi motlidnbel apmiiyne, t3atd or 5,

and an anhydrous,tetom | ast type crystal wherein said anhydrous

t et onni | ast tyeﬁéthO%rgpé‘? ﬁa“f?a}*?satg%déaré 2Ry st rracEoridpect rum havi ng
characteristi gpeaks =4 8 9Q, 16.1 and 24.2. 20 7.A

phar maceut i cal lcorrpo'siaéol %‘%“&‘6‘”‘#& Esn%%gﬂ%on m%r?h%&%uga?e%bé}ﬁqegsgot §Pe A

crystal as defanRgroms Cletiohilas?, tpe 4 Ury3tand a pharmaceutical Iy
acceptabl e diluent. 8. A pharmaceutical conposition conprising an anhydrous

tetom | ast tydé@2Aigrystal as defined in claiml1, 2, 3, 4 or 5 and an
anhydrous tetomlast type B crystal and a pharmaceutically acceptable
di l uent whktein said affipir sasoneton |aysteypewBth different

crystal forms are obtained depending on the type of a
solvent used, the obtained crystal forms do not depend
on the crystal forms of tetomilast crystals used as raw
materials. Thus, an example of using an anhydrous

15 tetomilast type A crystal (purity of 99.9%) was given
herein. When a novel tetomilast crystal other than the
anhydrous tetomilast type A crystal was used as well,
the same results were obtained.
[0222]

20 Formulation example

A table comprising 5 mg of an anhydrous

tetomilast type C crystal, 132 mg of starch, 1B mg of
magnesium stearate and 45 mg of lactose, in a single

tablet, was produced by a common method.



85 crystal has a powder X-ray diffraction spectrum having characteristic
peaks at 20=4.1, 8.1, 11.9, 16.1 and 24.2. 9. The pharnaceuti cal
conposition according to claim?7 or 8, ich is for use in the prevention
and/or treatnent of: gastrointestinal cer, cardiac ischemc 5 disease,
cerebrovascul ar di sease, Behcet's di sease, cutaneous vasculitis, ulcerative
colitis,pRljjgnant rheumatism arthritis, arteriosclerosis or diabetes; or
for use T Tnproving liver or kidney function in respect of a disorder
caused by transplantation or mcrocirculation failure. 10. The

phar maceliti cal conposinhydiousdetonafiasy hipe A lcaistal hayingsa Pawden X-@¥f or 10 use

endot x| TR SPRRBAT RLIEP e8> it ARBBbExraf MR Shectfih shown

myocar diiﬁl,ci?_n@.ar ction, viral myocarditis, ischem c reperfusion abnormality,
transition from SIRS (system c inflammtory response syndrone) to organ
failure, multiple organ failure, inflanmmtory bowel disease, autoi mmune

di sea§e, 2.net ast asi An anhydrasisdgiorailast &jnsoh icarstaldaying Agovendravg
e e B R G poBsS Bl Ln2ong T3k POk flardeicld.

gl onerul onephritis, nesangial proliferative nephritis, cancer cachexia,

Lennert's | ymphomaap %ﬁﬂg&ﬁ‘ﬁis%eto?ﬁi%it BypOA BRIl o defRieaSih' claifipd PR
devel oped due to AIDS, postmenopausal’ osteoporosis, septicemn a,
i nf | amrehaviyg dnsefiseddBrspentium alitht ahsorption pandaoaai3Ptdi3984s4740,01568, The

Ponel i L3348, TRaL L aBa5: 7oh & e erRle D maceut | cal composi i on
according to claim 10, wherein the inflammatory bowel disease is Crohn's

di segge. 4 13. zéﬁi%{}'ﬂ? JTRABHIIfRE HFRTRH SIS defiddhidaiiP1 ©r2i m 10,

which'is for use e prevention and/or treatnment of chronic

obst r uct hanéngal thenaogradinsalagdiffer@stial fhiermal pnalysissspestrumwith aspendathemisf  an
anhydrous tetonmilast, type A crystal as defined in claimi1, 2, 3, 4 or 5,
wher ei n RGAK %‘%Qf@é‘@g 1&§yﬁ§ri ses recrystallisation froma solution fornmed by
di ssol ving an anhydrous tetom | ast type B crystal in ethanol or acetone,

wherein gai d anhyd LIS thfsrhildst BfbePA Giystaicds defincdl inIGAT 16Ty 5
di ffract?’on spect rﬁ% g&i&ng char act efﬂlﬂ)sti cr%%aks at 20=4.1, 8.10, 11.9,
16. 10 arihvidg a.thermogravimetry/differential thermal analysis spectrum the same as the

15 thermogravimetry/differential thermal analysis spectrum shown in Fig. 3.

6. A mixture consistiné of an anhydrous tetomilast type A crystal as
defined in claim 1, 2, 3, 4 or 5, and an anhydrous tetomilast type B crystal wherein
said anhydrous tetomilast type B crystal has a powder X-ray diffraction spectrum
having characteristic peaks at 20=4.1°, 8.1°, 11.9°, 16.1° and 24.2°,

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

8. A pharmaceutical composition comprising an anhydrous tetomilast type
A crystal as defined in claim 1, 2, 3, 4 or 5 and an anhydrous tetomilast type B crystal
and a pharmaceutically acceptable diluent wherein said anhydrous tetomilast type B



15. A process for the preparation of an anhydrous tetom |l ast type A crystal
as defined in claiml, 2, 3, 4 or 5, wherein the process conprises

di ssol vi ng an anhydrous tetom | ast typ% B crystal in a mxture of acetone
and water wherein the acetone content ié 40% or nore by volune, followed by
reacting the obtained solution 10 at 40 to 50C for 60 m nutes or | onger,

and t hengcon) rag o P Xirh P BiffrctRindspectranohdvng chhmctarisfidpmakstatt om | ast

type A crystal, wherein sai'd anhydrous tetom | ast type B crystal has a
powder X20=4.18id.1%,ddt9%r6sBendrhPhavi ng characteristic peaks at 20=4. 1,
8.1, 11.9, 16.1 and 24.2. 16. A process for the preparation of an

Shor o n e pr ocesthe phBmacEied] fompgsittn AELORAR AT Br 8, whielisroP” >
suspendi fig, g#thbe;ﬂfétleﬂ@ L8 fEatnsd Mo @aftronitestingd] uledrecdrdihd isohermie gr oup

consi sting a tetomlast hydrate crystal, anhydrous tetom | ast type B
cryst &l , diseases oatebuyasenianiisagse, tBehwels dispasal Cutangous vas@itip adicerative

acetonitrile solvate crystal is _a mxe I . LSk : d at
east oneoBoRgned Peliaems arbelciie B S A BlE frbr dE - o0 @
met hanol imﬁb@iﬁ%%er 69%%2 fufddntis ragiue oph Wissrdenbarsid by hansslangtiehwre of
suspension is between 0 ahd 65C and stirring tine in between 10 m nutes and

48 hour smiotbeirailaticrafadluteet omi | ast hydrate crystal has a powder X-ray
diffraction spectrum having characteristic peaks at 20=10.6, 12.9, 21.1,

e Gor O The phanSaBANH SiRob SO ReP e REciHnt A shifen BERrS |
8.104p1. use i;ﬂhéé;agg?ﬁ% &%lgr WSS dTedistoRizeuaiasoiti elihiiib astddtprie Shock,

crystal has a p X-ray diffraction spectrum having, characteristic peaks
at ~ 20=4. AR, 2hermaalurasasthings chiranieheat il rrayecardiad infaicdan) weal

havi ng. cHAPEREE. ReReTY ERee oy BangmalR) st o SRRy fnRpect rum
inflammatory response syndrome) to organ failure, multiple organ failure, inflammatory
bowel disease, autoimmune disease, metastasis, immunological rejection occurring

15  during transplantation, monoclonal B cell abnormality, polyclonal B cell abnormaiity,

atrial myxoma, Castleman’s syndrome, primary glomerulonephritis, mesangial
proliferative nephritis, cancer cachexia, Lennert's lymphoma, psoriasis, atopic
dermatitis, Kaposi's sarcoma developed due to AIDS, postmenopausal osteoporosis,
septicemia, inflammatory disease or chronic obstructive pulmonary disease.

20 1. The pharmaceutical composition according to claim 10, wherein the

inflammatory bowel disease is ulcerative colitis.

12. The pharmaceutical composition according to claim 10, wherein the

inflammatory bowel disease is Crohn's disease.

13. The pharmaceutical composition according to claim 10, which is for use

25 in the prevention and/or treatment of chronic obstructive puimonary disease.
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14, A process for the preparation of an anhydrous tetomilast type A crystal as
defined in claim 1, 2, 3, 4 or 5, wherein the process comprises recrystallisation from a
solution formed by dissolving an anhydrous tetomilast type B crystal in ethanol or
acetone, wherein said anhydrous tetomilast type B crystal has a powder X-ray
diffraction spectrum having characteristic peaks at 26=4.1°, 8.1°, 11.9° 16.1° and 24.2°.

15. A process for the preparation of an anhydrous tetomilast type A crystal
as defined in claim 1, 2, 3, 4 or 5, wherein the process comprises dissolving an
anhydrous tetomilast type B crystal in a mixture of acetone and water wherein the
acetone content is 40% or more by volume, followed by reacting the obtained solution
at 40 to 50°C for 60 minutes or longer, and then cooling the solution in order to obtain
the anhydrous fetomilast type A crystal, wherein said anhydrous tetomilast type 8
crystal has a powder X-ray diffraction spectrum having characteristic peaks at
20=4.1°, 8.1°, 11.9°, 16.1° and 24.2°.

186. A process for the preparation of an anhydrous tetomilast type A crystal
as defined in claim 1, 2, 3, 4 or 5, wherein the process comprises stirring from a
suspension formed by suspending at least one type of tetomilast crystal selected
from the group consisting of a tetomilast hydrate crystal, anhydrous tetomilast type B
crystal, an anhydrous tetomitast type C crystal, and a tetomilast acetonitrile solvate
crystal is a mixed solvent consisting of water, and at least one organic solvent
selected from the group consisting of methanol, ethanol, acetone, and
tetrahydrofuran, wherein the temperature of suspension is between 0 and 65°C and
stirring time in between 10 minutes and 48 hours, wherein saild tetomilast hydrate
crystal has a powder X-ray diffraction spectrum having characteristic peaks at
20=10.6°, 12.9° 21.1°, 22.3° and 25.0° wherein said anhydrous tetomilast type B
crystal has a powdet x-ray diffraction spectrum having characteristic peaks at
26=4.1°, 8,1°, 11.9° 16.1° and 24.2° wherein said anhydrous fetomilast type C crystal
has a powder X-ray diffraction spectrum having characteristic peaks at 26=4.2°, 8.2°,
12.0° 16.4°, 24.7° and 25.9° wherein said tetomilast acetonitrile solvate crystal has a



87

powder X-ray diffraction spectrum having characteristic peaks at 26=3.6°, 7.1°, 10.9°,
14.2° and 24.8°.



