FPO5- 0039-00 Description CRYSTAL OF 1, 2- DI HYDROPYRI DI NE COVMPOUND AND
METHOD FOR PRODUCI NG SAME Technical Field 5 [0001] This invention relates to
crystals of 1,2-dihydropyridine conmpound

[3-(2- cyanophenyl ) - 5- (2- pyri dyl ) - 1- phenyl - 1, 2- di hydr opyri di n- 27B8%23#P2h
are provided with antagonistic action against AMPA

(al pha- am no- 3- hydr oxy- 5- net hyl - 4- i soxazol epropi onic acid) receptor and/or

i nhibitory action against 10 kai nate receptor and which are useful as a

t herapeutic or prophylactic agent lgggcéqggiroq]degener ative diseases or others,
as well as their production process. Batkground Art [0002]

1, 2- Di hydr ogyRYETweLcor@bunds2 JaES¥HR QRYRIININSE ¢ COMBOUND agaNist AMPA

receptor an i Ahj bit i gai kai nate receptor and are useful
as ther apeu%TﬁBEigW%@y%ﬁtgAﬁ%r neur odegener ati ve di seases and
ot hers. PartTechmichy Fidkd 2-

cyanophenyl ) -5- (2-pyridyl).- 1- phenyl -1, 2- di hydropyri di n-2-one (hereafter
referted to [QQOEIinpou is 1y e8HORSTRtRS 19 carttalDofaheadidmidsopgridens on

agai nst ANP%J&?@M&)I‘ (see Palﬂttz-@%nﬁyfﬁgﬂc%ﬁg%%gaﬁﬁ%w'172i-n Pat ent

Docurment 1 discloses a process for p _ 1), "'thére is
merely descrdibgdropymeéin-2esnejuavliishparg firesided svithcanipgonsstficnaction

chromat ography.:(ethyl ac [ hexane=4:2)" there is ne di ogure of
the form of %é{’&% _obt_ai %ﬁe\@ggorrpound. Eﬁlééﬁﬂ%ﬁ%?en d@éﬂ?re%teﬁ)}l ’\%\001/ 96308
Di scl osur e dbokaxelebtopioRi obdcdd) t edept&ol atrliobyinthikitbay eattion 494047 Wen a
conppund existing in crysta al ynor phi i S 0 used.as a nedicanment, it is
ocetlary t dunam (eeRit 574 AEREh BRI oheD il SGAT Ch im0k B/ A 4T S0 ¢ hat
the uniformqpealti for anfhrbhege feaasivet @nicaQEeBEYofifay] rad Wwen kbethgei canent

may be guaranteed., There is also a need for the crystal form capable of
mai nt ai ni ng prgduction process.

Background Art
[0002] 1,2-Dihydropyridine compounds possess antagonistic
15 action against AMPA receptor and/or inhibitory action against
kainate receptor and are useful as therapeutic or prophylactic agents
for neurodegenerative diseases and others.  Particularly, 3-(2-
cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one
- (hereafter referred to as compound (1)) shows significant
20 antagonistic action against AMPA receptor (see Patent Document 1).
Although Example 7 in Patent Document 1 discloses a pfocess
for producing the compound (1), there is merely described, "the
residue is purified by silica gel column chromatography (ethyl
acetate/hexane=1:2)" and there is no disclosure of the form of the
25 obtained compound.
[0003] [Patent Document 1] WO01/96308
Disclosure of Invention
Problem to be Solved by the Invention
[0004] When a compound existing in crystal polymorphism is
30 used as a medicament, it is necessary to stably supply the compound
having uniform crystal form so that the uniform quality and the
consistent potency required for the medicament may be guaranteed.

There is also a need for the crystal form capable of maintaining the



| FPO5-0039-00 sane quality during its storage and its fornul ation process
(such as bl ending and granul ation). [0005] Since a drug substance is
industrially used in a large anount, desirable crystal forns %g@ﬁf
havi ng hi gh explosion 5 concentratlon high limt and nlnlnun1?%ﬁ9 00
energy, index of explosiveness and dangerousness. [0006] Generally, powders
that tend to be charged have great adhesiveness to other objects; and there
is concern about their adhesion to protective goods or the skin. 10 Wen a

drg, Subst angs, AR AIVIAFARL it Yeorhl e IBRPRASKI ALl {35 pRIQIUCfER £ 1 of ency

and wor kabi eres g'at® a
mlling stagﬂehmim@mdrgnmﬁlﬂatummq of the conpound, or adheres to and

aggl oner at e e pr uctlon machi hes durin the ocess of fqrnulation.
Vﬁgn alar gégﬁﬁéﬂt. Fy 3RCH AP E i%bﬂ&ypﬁglscﬁlngéﬁl{l tLVeas”brao B&%d on an

Industrlal HaRbent, t BEiLallle ChestaPOfYntY ldrky thdad lﬂﬁﬁﬁ%eﬁ }PSé)Qﬂo\!Mdﬂ occur.

is, therefore, desired that a conmpound (crystal) having weak
char geabi | | t%ﬂnlﬁéntrﬁé@ﬂaéﬂghe imji ygnd yBHRHALE IgRifieR gnewipodmdeha®d ng hi gh

phar macol ogig %%ll?ﬁ%héfﬁst Ynd ?l‘dﬁgeﬁcﬁpsn%ﬁﬁt he drug substance), the standpoint of

t he avoi danc exposure t e workers and the prevention of the facility
cont ami nat i dA0fekes piawtenlyt hm“idle)rsn@hatt tentl tto be dtmpgédhalesigrant e.

[ 0007] For t reasao boyv the acti har maceuti c redi ent of
a medi carrentala%gSlve ?he t% rcP J;etcéf’l iaﬁledt s%l%é?air?c T N i %t%l% nt?lghl y
conprises a al‘@l@re@gﬂnﬁopmtew%agoddsrm tlﬁlﬁskﬁQnSI stent| y preferable
propertles and S not_ contain i ities su as netals There has al so
beentd need to dgﬁgf’ﬁpa éirﬂﬁoi‘g%sé a‘b]i‘%foﬁﬁgg&té* n'd haqpapsct At e on an

i ndustri al %ﬁahecuéﬁceqml@ﬂéwanutwbﬂ(@d’nl@?ne%rq&' t%l@omﬁy@m Ia@lﬁe}@s provide
a 30 crystal conprisi ggﬂ(a honogeneous crystal form of e corrpounh (1) and

a producti ofoprRodetasyt hErds it avemidbingostags viondghe heramudpetare
compound, or adheres to and agglomerate on the production machines

during the process of formulation. When a large quantity of powders
15 having chargeability is processed on an industrial scale, there is the

possibility that dust explosion will occur. It is, therefore, desired

that a compound (crystal) having weak chargeability be used as the

drug substance.

As for a compound having high pharmacological activity (such

20 as the drug substance), the standpoint of the avoidance of exposure

to the workers and the prevention of the facility contamination makes

powders that do not tend to be charged desirable.

[0007] For the reasons above, when the active pharmaceutical

ingredient of a medicament is obtained as a crystaliine substance, it
25 desirably comprises a homogeneous crystal form, has consistently

preferable properties, and does not contain impurities such as metals.

There has also been a need to develop a process for stably producing

such crystals on an industrial scale.

Accordingly, it is an object of this invention to provide a

30 crystal comprising a homogeneous crystal form of the compound (1)

and a production process therefor.

Means for Solving the Problem

[0008] As a result of the intensive and diligent studies, the



[0008] As a result of the intensive and diligent studies, the 2 _
FPO5- 0039-00 present inventors discovered that certain crystallization
solvents could be used in the crystallization of the conmpound \(/ﬁ# t o _produce
t he conpound (1) conprising a honbgeneous crystal form upon BroFrQ

i nvention has been conpleted. 5 Specifically, the present invention provides
anong others the following: (1) A crystal of _

3- (2-cyanophenyl ) -5-(2-pyridyl)-1-phenyl -1, 2- di hydropyridin-2-one hydrate

having a diffraction ak at.a diffractiaon angle { 0.2) of 8.7 1in a
powder X—rayrﬁslefnftré%ﬁ)rgﬁrs 16‘56%’8%{{ e?‘.att(ﬁ?rtﬁ\”gr%sésiﬁhcﬁa%og solvents

3- (2-cyanophenyd bedufctt pyrthdydnystalpiRaon- af Zhe GdiypseRY r(i1gi - Brexhecehydr at e
having a diflfqraction gak at a diffraction angle (20 t ?E) of 12.51in a
powder X-rayP®i $IPREFRONL) MPRRIENE 5 hogyogengapst grygpl form, upon

3- (2- cyanopheixh)hs (Rrdididiuk) bheRh@preled- di hydropyridin-2-one hydrate
havi ng diffraction peaks at diffraction angles (20 0.2) of 8 7 and 12.5 in

a powder X-ray diSPreHtealdy thepdesent) inyetion @rysidgs among others the

3- (2-cyanophenylling- (2-pyridyl)-1-phenyl-1,2-, 20 di hydropyridin-2-one
hydrat e havi ng an @bsorption peak at a wavenunber of 1588 1 cm1l in an
infrared abgdf ptAoncryptadt r ofn J-KBrcymetophah y -y di2apeyidyl b)! -phenylst f2- of :
3- (2- cyanophe -5-(2-pyridyl)-1-phe -1, 2- di ropyridi n-2-ope hydrate
navi g’ abeoripdrrifE ol eiibaro 1 BN TR ORER, PE 98T <1 i 3
in an infrardétfraahe®ridien2apecoram (KBr7mhhe o ddatey - diffadtiohhe

crystal according to any of Itenms (1) to (3) having an absorption peak at a
waverflimber #HYIEEE). 1 cm 1 in an infrared absor ption spectrum (KBr met hod)

Ablor pt i bh Nohka ol Naniaber s (o TaRgrey DS BUrib IR -fhing 1) having
dihydropyridin-2-one hydrate having a diffraction peak at a
diffraction angle (20 = 0.2°) of 12.5" in a powder X-ray diffraction
(Hydrate).

15 (3) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one hydrate having diffraction peaks at diffraction

angles (26 + 0.2°) of 8.7° and 12.5° in a powder X-ray diffraction

(Hydrate). . _
(4) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
20 dihydropyridin-2-one hydrate having an absorption peak at a

wavenumber of 1588 + 1 cm’!

(KBr method) (Hydrate).
(5) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one  hydrate having absorption peaks at

in an infrared absorption spectrum

25 wavenumbers of 1588 + 1 em™ and 751 + 1 e¢m™ in an infrared
absorption spectrum (KBr method) (Hydrate).
(5-2) The crystal according to any of Items (1) to (3) having an

! in an infrared

absorption peak at a wavenumber of 1588 £ 1 cm’
absorption spectrum (KBr method) (Hydrate).

30 (5-3) The crystal according to any of Items (1) to (3) having
absorption peaks at wavenumbers of 1588 = 1 cm™ and 751 + 1 em™
in an infrared absorption spectrum (KBr method) (Hydrate).

(5-4) The crystal according to any of Items (1) to (5), (5-2) and (5-3)



in an infrared absorption spectrum (KBr nethod) (Hydrate). (5-4) The crystal
according to any of Itens (1) to (5), (5-2) and (5-3) 3 FP05-0039-00
havi ng a pal | adi.um content of 20 ppmor |ess, preferably 15_ppnh§ﬁ lSis
(Hydrate). (6) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)- 1- pRERyPV3-60
di hydr opyri di n- 2- one hydrate having peaks at chemi cal shifts of 5 around
146. 7 ppm and around 123.3 ppmin a 13C Solid State Nuclear WMagnetic
Resonance spectrum (Hydrate). (7) A process for producing a crystal of

3-(2- |)-5-(2- idyl,)-1- | -1, 2-di hyd i di n-.2- hydr at
22 oy aroPTRMb SpAiagih Syt S (YR SRURS) ToZogReghy 2t e
the process 128 ¢Hpprateing the step of crystallizing

3-(2- h l')-5-(2- [ - .1-ph | -1, 2-di hyd i di n-2- ith
2 of one dEi b ikl by abine ety o e Y ol e e e
consi sting inh?ﬂr%}ﬁr@@hpbi-@néolﬁg(?@te RAvidlgk W dagkisone epévesdl, sandsvwater. (8)

The process accor Iillnﬁg'it o ltem( wherein the crystallization 15 solvent
t .

is a ¥xed sopyed o afrpndad 87.3 ppjn The plotebd HkeéeMindgato Item
(7), wherei Q‘/IégﬁeﬁEW@n'ﬂhégtsbgg?fﬁ?lgﬁgﬁ?ifgﬁ- a m xed sol vent of acetone and

water with ume ratio of . preferably a m xed sol vent of
acet one and (WAt &r procteds dovopuamicingi @ ofys@all afo37(23 cyandpheond )} or-€2erably a

m xed 20 sol ven f,aceto n ter. wi,th.a volu atio of. 8:2 formed by

i seol vt ng gy Yot DI R 2 by it 2SN dEale ap o HipE a5

¥ﬁ| unme rati Q}ﬁ)fte%"agl (anc ot ioe},eeiilﬁr (6dd'),%95¥33)§ e(gs)-ttp drfee (_m'),xeﬁe spoeens . (10)
e ocess accor.dl ng to any te . to , er n e .

cryst@i 1 zatGORPTisIngathe steRoat cafzstaﬁt?@%lﬁe? é@uéﬁa%%ﬁbi—@%p@r@w 11) The

Er otC_ess aCCOllr-g'%l_BﬁyI—Qf@gﬁl(lgﬂrdﬁﬁﬁr&iﬁl(j)cl)ﬁé);w?izh ccaﬁp(rj&ilai) rulgftbﬁe Jrepsy of
eating a solution of 3-(2-cyanophen -5-(2-pyridyl)-1-

phenyl - 1, 2- dirlydd BpgHpai sobreahe %nlggécz/éaomn tgﬁegfﬁ%t@ﬂsilitaﬂgoﬁf &bl vent at

a_tenperat Urfogho R0 {610 hILPINBHNA 8k, A PGt Ure of the ref | ux

tenperature o e crystaflization solvent to nore preferably at a
t enperat ure (8) Bbetprd@BsC)acmogdding to Item (7), wherein the crystallization

15 solvent is a mixed solvent of acetone and water.

' (9) The process according to Item (7), wherein the crystallization
solvent is a mixed solvent of acetone and water with a volume ratio
of 37:3 to 24:16, preferably a mixed solvent of acetone and water
with a volume ratio of 9:1 to 7:3, and more preferably a mixed

20 solvent of acetone and water with a volume ratio of 8:2 formed by
dissolving the crystals in a mixed solvent of acetone and water with a
volume ratio of 9:1 and thereafter adding water to the mixed solvent.
(10) The process according to any of Items (7) to (9), wherein the
crystallization is carried out at a temperature of 60 to -30 °C.

25 (11) The process accordirig to any of Items (7) to (9) comprising the
steps of heating a solution of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-
phenyl-1,2-dihydropyridin-2-one dissolved in the crystallization
solvent at a temperature of 50 °C or more (preferably at a
temperature of the reflux temperature of the crystallization solvent to

30 50 °C, more preferably at a temperature of 65 to 55 °C) and
thereafter cooling the solution to a temperature of 10 to -20 °C
(preferably to a temperature of 10 to 5 °C) at a cooling rate of 40 to
5 °C per hour (preferably at a cooling rate of 25 to 15 °C per hour),



thereafter cooling the solution to a tenperature of 10 to -20 C (preferably
to a tenperature of 10 to 5 C at a cooling rate of 40 to 5 C per hour
(preferably at a cooling rate of 25 to 15 C per hour). 4 FPO5- 01913?)(%8839 8(}2)
The process according to any of Itenms (7) to (11), wherein the ) B
crystallization solvent is used in a volune ratio of 10- to 50-fold (v/w)
based on the wei ght of 3-(2-cyanophenyl)-5-(2-pyridyl)-1- ‘

phenyl -1, 2-di hydropyridin-2-one. 5 The quantity of the crystallization

solvent is px I 30~ 0:- f.ol W) [ ef erabl y. ,about
20-fold (v/ W el P¥%%:‘{e3$%"e°"gﬁbﬁ§é?e%’{% Q?llgTX{nSS (et 2B U 2 at i on
sol vent and crabaltizdBehodadveén! Ws wieelr én ax etcdnemandtivabéri (-8t@)50-foldsed as
the crystallizatjon solvent. 10 (13) .The process, accordi to,any. of Itens
(7 to {12y CURE hEpESun the: itiaht bg 3P YERRSRENIF S g

3- (2- cyanophgnylyl-192 (&hyByép il hr-2-ohenyl - 1, 2- di hydropyri di n- 2-one hydr at e)
are added at a tenperature of 60 C or less (preferahly at a_ tenperature of
55 t® 0 C, nore refdpably ofsthe copstelliapidonosel vepefisrpisisrabbyronp C) . 15
(14) The prages QL f 7 3 '

crystals ar %r?%ﬁ;fgfeﬂr r@é‘ﬁgcgggi)f srgg‘?lgl%é t%?(g‘?%(é%z%%}grglglr‘ﬂg?lhgﬁe (15)
The process agctoraliamg wmteny(90f) lis ansed 2 the (ct#jtallibatiennselvent candstal s are

al l onwed to stand j sphere after the _crystallization and,the drying
under r educea%(%f}ge'!'i:g'::]'t]f%)Qcte @%@?&B(ﬁe 'F%SE% b sds ‘%%%grﬁ% 1tgou‘f’aergy 38t 1% ens (7)
to (13), whereinllibetioarsy$talts are allowed to stand in the atnosphere after

Lhe A1 1oL gatd on, o (45-2) The procsss ateonding Lo, o1, whereln the
reduced 25 pyeessrea (Ml AmAny dousysiayst af 9f(2-cyanophenyl)-5-(2-
3- (2-cyanophenyl ) -5-(2-pyridyl).-1- phenyl -1, 2-di hydropyridin-2-one having a
diffraction ppYé&kY%tl-aheavﬁlséé%h%rcaﬁml in-3oong Ipjdrgteli ora added gbviler X-ray
diffractionyef/abydieuse 66798 bt less (preferably at a temperature of 55 to 0
°C, more preferably 55 to 35 °C, and most preferably about 40 °C).
15 (14) The process according to any of Items (7) to (13), wherein the
crystals are dried under reduced pressure after the crystallization.
(15) The process according to any of Items (7) to (14.), wherein the
crystals are allowed to stand in the atmosphere after the
crystallization and the drying under reduced pressure,
20 (15-1) The process according to any of Items (7) to (13), wherein the
crystals are allowed to stand in the atmosphere after the
crystallization. _
(15-2) The process according to Item (14), wherein the crystals are
allowed to stand in the atmosphere after the drying under reduced
25 pressure.
(16) An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-
phenyl-1,2-dihydropyridin-2-one having a diffraction peak at a
diffraction angle (206 = 0.2%) of 10.3° in a powder X-ray diffraction
(Anhydrous form I). . |
30 - (17) The crystal according to Item (16) further having a diffraction
peak at a diffraction angle (26 = 0.2°) of 19.1° in a powder X-ray
diffraction (Anhydrous form 1).
(18) An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-



30 (17) The crystal according to Item (16) further having a diffraction

peak at a diffraction angle (20 0.2) of 19.1 in a powder X-ray diffraction
(Anhydrous forml). (18) An anhydrous crystal of FP05-0039-00

3- (2-cyanophenyl ) -5-(2-pyridyl)-1- 5 FP05-0039-00 ) )
phenyl - 1, 2-di hydropyri di n- 2-one havi ng peaks at chem cal shifts of around
149.0 ppm and around 125.6 ppmin a 13C Solid State Nuclear WMagnetic
Resonance spectrum (Anhydrous forml). (19) An anhydrous crystal of

3-(2-cyano |y -5 (2 WolVAR)'E z el havi
S Gt act) Gy Ry APUEb AT on BNV g pduy Y CURMcag | haftsBe Aoy "
X-ray diffracpuod 1498 mppdn and froumdV) 25 E2ppmTheadr gs$alidatiaoe Nwgetn |t em

19) furth havi i ff ti t diff ti I 28 0.2 f
128 and 24 MBHGS Kitaeor et 5B Reu RGP ER Ay B LR cr ous Tormv) - (21 An
aRhydr Otiszcgyﬁg glAerar_ﬁr}_(cﬂ‘ogyaﬁﬁji)é;]t&hybf- 5=((22-89¥ﬂ<b}dl_yd:ﬁylb-5-IEZ—pyridyl)-I- o

en -1, Z-dl ro ri.din-2Z-one. Vi n n sor pt]). ak at wavenu er
of 1%458 1 di}ih%lwl-rfgrﬁlgbfar%wggabgo%?gi gﬁvg‘b%cPPMSE%Pnnﬁ%gd)at(Aﬂﬂhydrous
formV). 15 {i2@h.dbs fiet@lo @CG.@P?MMBW“I e éggv)def"{ﬂﬂ?r A AN

absorption peak at a wavenunber of 501 t 1 cm1 in an infrared absorption
spect rum ( KEAdiedy fepAhYHrous form V). (23) An anhydrous crystal of

peaics. At ohastal PErFF R pcylide RTIMh (15) MTHEE SBNIRE BRI R 19,
13C Sol i d StpetadsNicdiébrctivagmgles (Resofahgeots p2ctramd A tr ausowdem V) .
phen -1 2. Cerga Sy S PR BN RS R ENF T att i on pesks &t difracti on
angles (20 (Q13) Aaf #&thydrand 2by&al nofl pofieyanoplenyl3SS-dR{fyradyion-
(Anhydrous fqrm L11). (23) The.crystal according to (24) further having
diffraction fﬁ@é‘k’%‘ ]a%'d’gﬁ’g%?%ﬁlfi%%aﬂ@?e ayge o Zﬁib%‘?rp@%c’in P9 & ih a
powder X-rayya@ddifhBet lo@n1 659y dr aua-'f @f Md lihfrared absorption spectrum
(KBr method) (Anhydrous form V).
15 (22) The crystal according to Item (21) further having an absorption
peak at a wavenumber of 501 = 1 cm™ in an infrared absorption
spectrum (KBr method) (Anhydrous form V).
(23) An anhydrous crystal of 3-(2-cyanophenyl}-5-(2-pyridyl)-1-
phenyl-1,2-dihydropyridin-2-one having peaks at chemical shifts of
20 around 145.9 ppm and around 137.7 ppm in a >C Solid State Nuclear
Magnetic Resonance spectrum (Anhydrous form V).
(24) An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-i-
phenyl-1,2-dihydropyridin-2-one  having diffraction peaks at
diffraction angles (20 + 0.2°) of 23.7° and 25.0° in a powder X-ray
25 diffraction (Anhydrous form IIT).
(25) The crystal according to (24) further having diffraction peaks at
diffraction angles (20 + 0.2°) of 5.7° and 9.5° in a powder X-ray
diffraction (Anhydrous form III).
(26) A medicament comprising the crystal according to Item (1).
30 - {27) A pharmaceutical composition comprising the crystal according
to Item (1).
(28) A therapeutic or prophylactic agent for an acute

neurodegenerative disease comprising the crystal according to Item



(26) A nedi canent conprising the crystal according to Item (1). 30 (27) A
phar maceuti cal conposition conprising the crystal according to Item(1).

(28) A therapeutic or prophylactic agent for an acute neurode rativ
di sease conprising the crystal according to Item 6 FP05-0039- 8’8[;1%&63(9285 A

t herapeutic or prophylactic agent for neuropathy caused by acute phase of
cerebrovascul ar di sorder, head injury, spinal cord injury or hypoxia, or
neur opat hy caused by hypoglycem a, 5 conprising the crystal according to
l[tem M (30)(1 t herapeutic or prophylactic agent for a chronic

neur odegenerative di sease conprising the crystal according to Item (0 (31)
A therapeut i(89brA prhepiptieicd ios pgepitylhoric Abgdgi fier ‘neudo sethye cauddd Bar ki nson' s
di sease, Huntingtgn's chorea, anmyotrophj.c |lateral , sclerosis 0

spi nocer ebelalcﬁpg&jﬁéﬁep tFGHOTRY Pﬁasr{)rdds? rcr%ﬁsatdalmjﬁé'co?fﬁi“ﬁg t9 % tem (1).
(32) A therappityi copr WipeRhy| aeti cnagepatipr Rpisbepsyy NBRAdIgcemia,

encephal opat hy, peri pheral neuropathy, Parkinsonism spastic 15 paralysis,
pai n,> neur al*§MPrISER; thepHystilaccanding (0 liemdl Hependence, nausea, voniting,

anti bi ot 105 o T h0d BorEs e o e e A PPN Sordi ng
to ltem (0 @3yodegenerapeatdigeare goophysiagt the agestal fagcording tpolism 20
encephal onyill' tis, cerebrovascular denentia, or denentia or neurol ogical
synpt om caused by nmeningitis, conprising the crystal according to Item(1).
(34) A therdpéltActimrapewphydagrophabanic fagena ftempdbheiaterig dissasse
comy| 109, WS GURie SEeaicl 8 beuliem (e (38, Theybher ppeity o o
encephal onyekidrosis orHIsYigseepbell @nyetddiciation36omMpeisiNer apeutiyGtalr
prophyl acti %cggrednitngq[%clc%g% (nl%.to ltem (34),
(32) A therapeutic or prophylactic agent for epilepsy, hepatic
encephalopathy, peripheral neuropathy, Parkinsonism, spastic
15 paralysis, pain, neuralgia, schizophrenia, anxiety, drug-dependence,
nausea, vomiting, dysuria, vision impairment caused by glaucoma,
hearing impairment caused by antibiotics, or food poisoning, the
agent comprising the crystal according to Item (1).
(33) A therapeutic or prophylactic agent for infectious
20 encephalomyelitis, cerebrovascular dementia, or dementia or
neurological symptom caused by meningitis, comprising the crystal
according to Item (1).
(34) A therapeutic or prophylactic agent for a demyelinating disease
comprising the crystal according to Item (1).
25 (35) The therapeutic or prophylactic agent according to Item (33),
wherein the infectious encephalomyelitis 1s HIV encephalomyelitis.
(36) The therapeutic or prophylactic -agent according to Item (34),
wherein the demyelinating disease is encephalitis, acute sporadic
encephalomyelitis, multiple sclerosis, acute polyradiculoneuropathy,
30 Guillain-Barre syndrome, chronic inflammatory demyelinating
polyradiculoneuropathy, = Marchifava-Bignami  disease, central
pontomedullary myelinolysis, neuromyelitis optica, Devic's disease,

Balo's disease, HIV-associated myelopathy, HTLV-associated



wherein the denyelinating disease is encephalitis, acute sporadic

encephal onyelitis, nmultiple sclerosis, acute polyradi cul oneuropat hy, 30
CGuil | ai n-Barre syndronme, chronic inflanmmatory denyelinating FP05-0039-00
pol yr adi cul oneur opat hy, Marchifava-Bi gnam di sease, central pontonedullary
nyelinolysis, neuronyelitis optica, Devic's disease, Balo' s disease,

Hl V- associ at ed nyel opat hy, HTLV-associated 7 FPOb-0039-00 nyel opat hy,
progressive nultifocal |eukoencephalitis or a secondary denyelinating

di sease. (37mythepdithe! ppeyidsei vy npiieiFdyhAcéilto agePhafiekobdiangedondakem (36),
wherein the secon arx d%gyelinating di sease is | upus 5 eryt hemat osus,
pol yarteriti S*HIQHEANE YEGREN' s syndrone, sarcoidosis or dissociated

cerebr al vasfyi)i trihg. b pelSc Obr gﬂsﬂh?m@&i ggeﬁp%%r&%%owil@&nt g3éye
invention, it _ has becone possible that the Conpound (1) is readrly produced
as a honpgenwdgseisr ytheal seepmdary0 damyelinaging r idaseaseal &5 €AES crippvial for s

of th inveng{}@geﬁqy&]gc ef eﬁ@i&'a?te?[t?fert.o%z)fﬁmh Q%ggfeﬁ:par %ﬁg‘oiﬁhﬁey and are

sui table for as an’active 1 ngredien t her i'cor ylactic
agents for smwoaliegeperdssiomsatidseasdsabrastiiens. Brief Description of

Drawi ngs 15 1 Eig. shgws an infrared spectrum (KBr net hod) of the
crystals obt g?ﬁ’é’gl iof tgfallr%eé&i%"l. Fig. 2 shows an infrared spectrum (KBr

met hod) of tj@Eo)yst al Accobtiabned the ikxanfibg, @ hakilgecons wasitdepager X-ray
diffraction pattern of t&;,crysta%s ‘églobtained in Reference Exanple Al.
Fig. 4 showsthf pomaerng (ldyisdiepdilycPiasasst termMamogrreRy sy stutal R ai ned in

Exanmphe Bl. Fj0Oan Sindh@Wgal se@vder Ther dyydhl fraald 9T PR LighRnBbnt RgvErystal s
obtained in Exanple . 25 Fig. 6 shows® a powder X-ray diffraction pattern
of the crystafefergdedirppdrtias Bralpgsenddrhargeability and are suitable for use

as an active ingredient of therapeutic or prophylactic agents for
neurodegenerative diseases or others.
Brief Description of Drawings
15 [0010] Fig. 1 shows an infrared spectrum (KBr method) of the
crystals obtained in Example B1.
Fig. 2 shows an infrared spectrum (KBr method) of the crystals
obtained in Example Cl.
Fig. 3 shows a powder X-ray diffraction pattern of the crystals
20 obtained in Reference Example Al.
Fig. 4 shows a powder X-ray diffraction pattern of the crystals
obtained in Example B1.
Fig. 5 shows a powder X-ray diffraction pattern of the crystals
obtained in Example C1.
25 Fig. 6 shows a powder X-ray diffraction pattern of the crystals
obtained in Example D1.
Fig. 7 shows a powder X-ray diffraction pattern of the crystals
as described in Example E1.
Fig. 8 shows a '>C Solid State Nuclear Magnetic Resonance
30 (NMR) spectrum of the crystals obtained in Example B1.
Fig. 9 shows a ’C Solid State NMR spectrum of the crystals
obtained in Example D1.
Fig. 10 shows a '*C Solid State NMR spectrum of the crystals



Fig. 7 shows a powder X-ray diffraction pattern of the crystals as
described in Exanple El. Fig. 8 shows a 13C Solid State Nucl ear Magnetic
Resonance 30 (NWR) spectrum of the crystals obtained in Exanpl FP&LOOﬁ-?E) 9
shows a 13C Solid State NWVR spectrum of the crystals obtained In Exanple
DI. Fig. 10 shows a 13C Solid State NVR spectrum of the crystals 8

FPO5- 0039-00 obtained in Exanple . Fig. 11 shows powder X-ray diffraction
patterns of Hydrate at various tenperatures. Fig. 12 shows powder X-ray

di ffracti on ghldm Bkakiydeate S5 under various relative humdities. Best
node for carrying . .out the lnvention_[0011] This invention will be described
in detail hereaf tidg: Ilnskows mpeder Xcary siffragfippypatigrngfof Hydrate at

3- (2-cyanophghyd)s ﬁa‘lﬁnﬁéraﬂﬁ(fésdyl ) - 1-phenyl - 1, 2-di hydr opyri di n- 2-one hydrate"
is acrystal 10 form of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2

di hydr opyri di n- 2-loge thrahgiwe mp widre X-ray t hidfracyismalpattends axf $jadrate t he
anountg of water. _cont ai i.n the crystal formis not particularly limted,
it magy be del{/néfl’eé Voam%u%g%ll of %Ufmfcﬁ 'Rater in the crystal. The term al so
enconpasses Béwt hod folret atryinBeoviatled Inwyncioaxi st 15 with adhesi on water.

di hydr opyr i 40AT3] ane A bsapgenhbane T er Bt i dPORIbERATtes. as
A R S R
ystal, nmayutx Ay & 'n yarppy lfé@uP@fE adftfesilén hatey a_hd_ may
cvenpe, AoVabnDt 0, SoR)2) T S5 e RbyHE -3 0SBy BRCSL 1 a1 1.
3- (2- cyanophBhytyomyri@insr ouiy | gontajphagy vatsr2 in dibley drogigh.i dhd-@s epneh3/ 4
hydrate; 25 2)ahobhY 3Faball eainePNPRREW, dea? tbnP¥d hJY phrdedhigly! - 1. 2-
limited; it may be devoid of a portion of the water in the crystal.
The term also encompasses the form wherein the water may coexist
15 with adhesion water. |
This "crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one hydrate" means such a crystal form that it has
preferably 1/2 to one molecule of water per ocne molecule of 3-(2-
cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one in the
20 crystal, may further contain 0 to 1/4 molecules of adhesion water and
may even be devoid of 0 to 1/2 molecules of water in the crystal.
, Specifically, it means the following:
(1) A erystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one 3/4 hydrate;
25 (2) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one monohydrate (devoid of 1/4 in the crystal);
(3) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one 1/2 hydrate coexisting with 1/4 adhesion water;
and .
30 (4) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one 1/2 hydrate; and
(5) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one monohydrate.



di hydr opyri di n- 2- one nonohydrate (devoid of 1/4 in the crystal); (3) A
crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1, 2-

di hydropyridin-2-one 1/2 hydrate coexisting with 1/4 adhesi on wapgkigo38id 30
(4) A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1, 2-

di hydropyridi n-2-one 1/2 hydrate; and (5) A crystal of
3-(2-cyanophenyl ) -5-(2-pyridyl)-1-phenyl -1, 2- di hydropyridi n-2-one
nonohydrate. 9 FP05-0039-00 [0012] The crystal forns of the invention are

crystal fornmoaf2]t he hydeadgsafl fdign<omP@enthehtion e L1 stafAet £hifSt i cs
described below At hoggg t he respective neasurenment conditions for powder
c

X-ray diffrad Brdpaet e ARMPARREr ) #tbiBei eherépsdtstacy kBB bRt hod)
are not partg rl L Hﬁpﬁe u : e _
conduct ed un%ée}rlél“?he%ylr%gg%rr]%n%&?ggg??ﬁ%gs orn§t ekg%%l\a{fgis fg(@?ggv@?{fracti on
patterns andXttay idiffractio natpedtgmisoandpaofraged ( KBsormgidrodipetran (KXBpe

described be 1) C t i a.di. action di,ffraction
angl e5(20 t ll(%gﬁ%c.()Z)af(%f @éﬁ? ﬁ%}rtg&\égﬂ erh%}i%{i otlthfef rrg?:%lﬁgrﬁ%e(@) S,&Oclzlrlgstal
havi ng a di ffredetdbdn beadomiucaedidddacthomaenglren(e2@ tonditRynsoford2hb in a
powder X-ray diffraetion,. .(3) .A crystal having.diffraciion peaks at

T T act: on BibrEs X567 digfh3frion Hatieds Anth e irar S hed b agpas  act i on:
15 (4) A cry®Bl rhénod) adi 111 actdenrriraksertwt he diffraction angles (20

0.2) shown in Fig. 4 or Table 5 below.in a ﬁgwder X-ray_ diffraction; (5 A

crystal haviblg &ncEbdal pavere fedkipctiomprakepanddfratigm anglede® £n an

infraged absgmpyigry 5%&%%&%65185(-??} Roeh n {8 A crystal having absorption
peaks at wavel engths of 1588 1 cnf “20 1 and 751 1 cm1 in an infrared
absor ption s@ctr anytkBhavinmhadyiffragidot DPeak et pstififrardavamgngbs d2pt£on peaks

at the wavel @_rﬁgﬁ ng I(ZC'?'KE% aﬂ@?ﬁ\ggs bar% Qliffl'a@trioﬂ-?bl e 2 belowin an infrared

absorption spéctrum
(3) A crystal having diffraction peaks at diffraction angles (26 *

0.2°) of 8.7" and 12.5° in a powder X-ray diffraction;

15 (4) A crystal having diffraction peaks at the diffraction angles (20 +
0.2°) shown in Fig. 4 or Table 5 below in a powder X-ray diffraction;
(5) A crystal having an absorption peak at a wavelength of 1588 + 1
cm™’ in an infrared absorption spectrum (KBr method);

(6) A crystal having absorption peaks at wavelengths of 1588 £ 1 cm”

20 Y'and 751 = 1 em™" in an infrared absorption spectrum (KBr method);
and
(7) A crystal having absorption peaks at the wavelengths (cm™)
shown in Fig. 1 or Table 2 below in an infrared absorption spectrum
(KBr method).

25 [0013] . These characteristic peaks in the powder X-ray
diffraction are not observable in the crystal form obtained by the
production process disclosed in Patent Document 1 (see Reference
Example Al, Table 4 and Fig. 3 as described below).

As for a diffraction angle (20) in the powder X-ray diffraction

30 analysis, errors in the diffraction angle, generally, may occur within
the range of +0.2°. It is, therefore, to be understood that the values
of the diffraction angles may include numerals on the order of £ 0.2°.

Accordingly, this invention encompasses not only crystal form

10



25 [0013] These characteristic peaks in the powder X-ray diffraction are
not observable in the crystal form obtained by the production process

di sclosed in Patent Docunent | (see Reference Exanple A, Tabl epds.ap85.500.
3 as described below). As for a diffraction angle (20) in the powder X-ray
diffraction 30 analysis, errors in the diffraction angle, generally, may
occur within the range of 0.2. It is, therefore, to be understood that the
values of the diffraction angles may include nunerals on the order of 0.2.

Accor di ngl y,hdihg lcquteta@ m@m@gsasffm%tl@@l ¥nglegsteH ther Peakd in
FPO5- 0039- 00 h Vi n mat chi n? dlffra tion angl es of the peaks in

powder X-rayPQi‘iV 27 trlaé’n dl%&i‘t’-c%?%o bty afsn "-fréfﬁ?ﬂ hERAT gh #rgeh iRt cham g f r act i on

angl es of thgirpeRkwnMAdles otme%aqtrsswﬁfmﬁﬂ%ﬁyterfo& & abd @04 2f Hydrate] 5 In
this Specification, "having a diffraction peak at a diffraction angle (20

0 2) of 8.7"[Mddds "halifydraseliffraction peak at a diffraction angle (20)
to 8.9." The tnl-%g?;?ec X&ﬂgna“h%blrnﬁ: {‘f?Qct%ﬁ‘E)e%g( £ Qdﬁéﬁg&g gn angle

(20 .2) of 12. avin |on pea raction angl e
(20) of 12. Jangle (A® A2} c{fO@l’B‘]" e atnf3i §hé§pmgi fai daffraotion hpedkngitam

absorption . vva en er of 38 t cm 1i ans_ "hayi ng an

absor pti on pcgztraﬁilon Eﬁ&e gfsl -#589 CFEE eI 1 8AVINE thi s
Speci f i catl Ofiffr lannngealbsazr @td@fra@e@ﬁsmgle xiewavmum $20" 1m88ns1 cm 1
and 751 cm 1" neans, " havi ng absor ption peak wavenunbers of 1587 to

1589 cm 1 andwd’flngS@) tiléfra%@ncﬂp& "ai[@oﬁ?ifrﬁﬁlf)m%n%se@% ©dt 188" thaving a
peakj@t chenj£ak »shifts of around 146.7 ppni nmeans "having a peak

subst anti al lh%)éﬁgm valent 20 to 146.7 ppm when a 13C Solid State NWR
spectrumis dred udéhisndpesifiednans i"daying amabsoteor oprtik iadna

substanti al '%awﬁ% mBaFR apsddase cqlqserﬁllggﬂ I %[Hg ?p °fh§‘%ilz§9%k atn this

Speci fication aving a peak at chemca arou ppm' neans
a wavenumber of 1587 to 1589 ¢m™."

[0016] In this Specification, "having absorption peaks at

''and 751 £ 1 cm™'" means "having

15 wavenumbers of 1588 # 1 cm’
absorption peaks at wavenumbers of 1587 to 1589 cm™ and of 750 to
752 cm™." |
[0017] In this Specification, "having a peak ai chemical shifts
of around 146.7 ppm" means "hairing a peak substantially equivalent
20 to 146.7 ppm when a '*C Solid State NMR spectrum is measured
under normal conditions or under the conditions substantially the
same as those described in this Specification." In this Specification,
"having a peak at chemical shifts of around 123.3 ppm" means
"having a peak substantially equivalent to 123.3 ppm when a "’C
25 Scolid State NMR speétrum is measured under normal conditions or
under the conditions substantially the same as those described in this
Specification.”
[0018] [Anhydrous form I]
In this Specification, "having a diffraction peak at a diffraction
30 angle (20 £ 0.2°) of 10.3°" means "having a diffraction peak at a
diffraction angle (26) of 10.1° to 10.5°." The term "having a
diffraction peak at a diffraction angle (20 + 0.27) of 19.1°" means

"having a diffraction peak at a diffraction angle (206) of 18.97 to

11



"having a peak substantially equivalent to 123.3 ppm when a 13C 25 Solid
State NVR spectrumis neasured under nornmal conditions or under the
conditions substantially the same as those described in this FP)5-0039- 00
Specification.” [0018] [Anhydrous forml] In this Specification, %aw
diffraction peak at a diffraction 30 angle (20 0.2) of 10.3" neans "haV| ng
a diffraction peak at a diffraction angle (20) of 10.1 to 10.5." The term
"having a diffraction peak at a diffraction angle (20 0.2) of 19.1" neans
"having a difémaction peak at a diffraction angle (20) of 18.9 to 11
FP05-0039-00 19.3. [0019].1n this Specification, "having a peak at chem cal
shifts of akufd 149 In E)éﬂrﬁ Sﬁﬁﬁ’(féca'th‘aﬁh nba‘élnﬁeakp%ﬁkbﬁ imiicpy shafisval ent

to 149.0 ppnw’e A 136 59 'éﬁi Atk if e&g gm s%a%m?decﬁuum%& nor mal

condi tions or er t he c ns subst ant i sane” as t hose
descri bed i nta H|4§ Gpeenf dEni an. 'C | olidi S;taspeNMRcalecmmm Tmamemglrad peak at

chem cal shifts of arqund 6 ppnt n havi ially
equi val ent t " ‘i‘:fS 8 ‘ﬁ‘?‘é’“fsg %‘8”&? %g?a?%n"hﬁ%nsgpggﬁ iltynghgured
uRder gor mal sazgéldjstﬂhﬁ@s dersscih%efldndefhn&fﬂapaﬁﬂ@egioan's Irslxubfsﬁsa&lb?ﬁhﬂc)a{tfjidi@ saLre as
t hose descriped.in this ecificat An ous form In this
Speci fi cati oﬁmﬂﬂ&vﬁngeak 'ff"rhe‘r“d"tlicéh] g@&&é fZ&rB{JWrﬁ %@P%Lgp’@a(@o 0.2)
of 16.7" nea'rlisa\}ihgva NSe 2 @hbfsfaﬁiﬁldlg}" afifkarintato W A6 hpackim andte (20) of
16.5 to 16.9." Thé term "havin fraction peak at a diffraction angle

(20 0.2) ofSqhngtaﬁeaNMR"mﬂfﬂgnawdmefaﬁmd smdgeaioraralacandftiery osn angl e

(20) 161 ,12- Tydfer 83 donaiThin sisiabangouR diht Lachioe o8 hb%haﬁldagfractlon

angl e (20 neans raction raction
20 angl e (20$p©¢1f12:41t173rt'b 25.1." [0021] In this Specifi catl on, "having an

absorption p t venunber.of 1658 1 cm 1" neans "having an
absor ption p@?(ﬁt [RYRPHRS form

In this Specification, "having a diffraction peak at a diffraction
angle (26 + 0.2°) of 16.7°" means "having a diffraction peak at a
15 diffraction angle (20) of 16.5° to 16.9°." The term "having a
diffraction peak at a diffraction angle (26 + 0.2°) of 12.9°" means
"having a diffraction peak at a diffraction angle (28) of 12.7° to
13.1°." The term "having a diffraction peak at a diffraction angle (20
% 0.2°) of 24.9°" means "having a diffraction peak at a diffraction
20 angle (26) of 24.7° to 25.1°."
[0021] In this Specification, "having an absorption peak at a

in

wavenumber of 1658 = 1 ¢cm™ " means "having an absorption peak at

" a wavenumber of 1657 to 1659 cm o
[0022] In this Specification, "having an absorption peak at a

25 wavenumber of 501 = 1 ¢m™'" means "having an absorption peak at a

wavenumber of 500 to 502 ¢cm™'."
[0023] In this Specification, "having a peak at chemical shifts
of around 145.9 ppm" means "having a peak substantially equivalent
to 145.9 ppm when a ’C Solid State NMR spectrum is measured
30 under normal conditions or under the conditions substantially the
same as those described in this Specification." In this Specification,
"having a peak at chemical shifts of around 137.7 ppm" means

"having a peak substantially equivalent to 137.7 ppm when a °C

12



a wavenunber of 1657 to 1659 cm1." [0022] In this Specification, "having an
absorption peak at a 25 wavenunber of 501 1 cm1li nmeans "having an
absorption peak at a wavenunber of 500 to 502 cm1." [0023] InPgbs%o 900
Specification, "having a peak at chem cal shifts of around 145 nmeans
"having a peak substantially equivalent to 145.9 ppm when a 13C Solld State
NVR spectrumis neasured 30 under normal conditions or under the conditions

substantially the sane as those described in this Specification.” In this
Speci ficati ®plid "dtayé NIVER F&%%'ét@tm qge%ﬁ@qﬁre’iih'uﬁwhér q{or%{QUE‘anll?e?on% BPm' means
"havi ng a peak substantially equivalent to 137 en a 13C

FP05- 0039- 00*ndz3| thg @raditiogsr (’tlttﬂ@MYﬂ@enB@é@tnﬂéd%Qﬁ@iéiresﬁﬂbﬁdllncﬁhﬁil tions
or under theg n&&qﬁ BE@ swsubstantially the sane as those described in this
Specificatio § "[Anhydrous formlIll1] 5 In this Specification, "having
a diffracti do0gddk at [Anhydmoastfoom Idhgle (20 0.2) of 23.7" means "having

dif ti f t " The t
Thavi oo i Pr s, s SpskitibeBEhy PRa TR § difiheihn DR it S Bictie o | moans
"having a diddglactieon: peak af 28 drffhagki Ohaangd e (dZ@Bra@ﬂ‘m%p@al& Qtld 25.2."

The term "hayi diffraction peak at,a diffractiaon angle (20 . 0.2) of
5.7" neans ‘%‘gfﬂﬁ 08 @Ing? adhoRTpedk’ t°a2(§i9f?actmt?n tegmg"daysy df 5.5 to

5.9." The t&fif; Bﬁ\éhnﬁe@kddtfﬁr(ﬁ(ffﬂa%ﬁolﬁe%gﬁet (20 :d'(ﬂzf*’ji%ﬂ 08 oangﬂn%aﬁgo 0. 2)
of 9.5" neans "havmg diffraction peak™at 'a diffraction angle (20) of 9.3

to 9.7." 15 Theo2sg a rdiffriastiopepetk calt |aord1ffTa¢t1ank§/ngllce(Zﬁ])e ofol ¢t toneans an

organgc 0l uato- of dhelditl KRS BAPaAToRFRARTE, £AHELIy TRLIV Lo ket one,

and preferab aceton eciffrcation sol vent "
means an origdhi2¢) sdl Feht' ofea@i 'ﬂleahngha)ld1f£1w@h1cas peakhanal diffrbatioh, 1- 20

PrOPaoL anc BpIORSTEY s G, BUP1EXRBLY L eReh o aPLORAN ut L9027 1T
diffraction angle (26 % 0.2°) of 9.5°" means "having a diffraction
peak at a diffraction angle (20) of 9.3° t0 9.7°."

15 [06025] In this Specification, "an alkyl ketone solvent" means an
organic solvent of dialkyl ketone such as acetone and ethyl methyl
ketone, and preferably acetone.

[0026] In this Specification, "an alcoholic solvent" means an
organic solvent of Ci¢ alcohol, such as methanol, ethanol, 1-

20 propanol and 2-propanol, and preferably methanol or 1-propanol.
[0027] In this Specification, "under reduced pressure" is not
particularly limited insofar as it is 760 mmHg or less; and it is
preferably from 760 to 0.1 mmHg, more preferably from 50 to 0.1
mmHg, and most preferably from 30 to 5 mmHg.

25 [0028] [General production process for Hydrate]

The hydrate of this invention can be stably produced on an
industrial scale by preparing the compound (1) according to Example
7 in Patent Document 1 (WQ01/96308) or Production Example 3
(described below), dissolving this compound (1) in a specific solvent

30 by heating, and crystallizing it by cooling at stirring.

[0029] The compound (1) to be used in the crystallization may
be any form of hydrate, anhydrous, amorphous and crystalline forms

(which includes plural crystal polymorphs), and may even be a
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particularly limted insofar as it is 760 nmHg or less; and it is
preferably from760 to 0.1 mmHg, nore preferably from50 to 0.1 mrHg, and
nost preferably from30 to 5 mrHg. 25 [0028] [ Gener al product|o§P8§96§§6ofor
Hydrate] The hydrate of this invention can be stably produced on

i ndustrial scale by preparing the conpound (1) according to Exanple 7 1in
Pat ent Docunent 1 (W001196308) or Production Exanple 3 (described bel ow),

di ssolving this conmpound (1) in a specific solvent 30 by heating, and

crystal l'i zi ngidihr&¥%ragelfope@ngstirring. [0029] The conpound (1) to be used
in the crystallization may " be any form of hgdrate anhydrous, anor phous and

crystal | i ne [088R (Mltmsph@n@aé@ bl wsed it %tCaYStpUIIW@hM udgnanemy even
be a 13 qugeg%%? 3 éj?fl:?étdug@lv%frltt&etvtrgrrﬁgﬁ'b@gs s[epe%:f?c% f-lrgﬁs?rﬁ:l éﬁ?ﬁ%fto be

used in the crystal on I nclude one t wo
menber s sel emisdstingmftanealpobopic sovenst amglbfl hatc&iecmcﬂwlent, aod werter. an
alky ket one.sol v

and ter. 5.The s Iv nt.is preferably a m xed
sol veht of a %8?:@ e&ﬁdsﬁé?}ée?ragw& ’?ﬁéjeﬁ‘i"f))’ %Wﬁgﬂ%ﬁnﬁc‘@’{l e and water is
used, its m Xxi ngWhakhi @hé vmim sfcﬂ{'bﬁ)t) dfS aReed @y allldy Waem &7 ulelo @é: 16,
nore preferaply from9: 7:3, and further nore greferably about 8: 2.

The nost pr REYIREJTLE0 z{VF’h{‘k‘ES whiVeht prefarellnyrems3diditagid HE, Ok yst al s
in a mxed 'eri*?i fffraﬁletgopetoaﬁds flarﬁ{r?héa ¢ @P@fe@% aboﬁgq‘! Qg Water

to the m xe to prepare a ution of acet vvater .
[ 0031] The aTﬂtmnnoatf preéersed vienta mye:@dmyl‘emm dprmed eby ffb@sols\elngcttb@l bet ween

Lhe Jpver |1aLeands UIENORILER be AREROURH LMl (o 15 91 ALrgRrgpoUN: (O

di sso and ei hg an anount so
as not to sighiifigcaatdryta eﬂelcmniddesoy\raitdtcnfprbpaecaymlatmn Eﬁacammlt of

crystallizati | v preferably from10- to 50-fold (v/w) as a volune
rati o based ad‘rﬁinfvﬁg ﬁg?aﬁnt of the conmpound (1), nore preferably from30- to

50-fold 20 (pobs)l] Furttigs ameher a7 yhe tsievenDwrbdi magbapprdPiilg boy/w) if
selected between the lower limit and the upper limit, the lower limit
15 - Being an amount to dissolve the compound (1) by heating and the
upper limit being an amount so as not to significantly reduce the
yield of the crystals. The amount of crystallization solvent is
preferably from 10- to 50-fold (v/w) as a volume ratio based on the
weight of the compound (1), more preferably from 30- to 50-fold
20 (viw). Further preferably, the amount is about 40-fold (v/w) if
acetone-water (9:1) is used; and it is about 45-fold (v/w) if acetone-
water (8:2) is used.
[0032] The temperature at which the compound (1) 1s dissolved
by heating may appropriately be selected as the temperature to
25 dissolve the compound (1) depending on the solvent. The
temperature is preferably from the reﬂuf{ temperature of the
crystallization solvent to 50 °C, more preferably from 65 to 55 °C.
Any change in the cooling rate during crystallization may
produce crystals with different forms (polymorphisms). It is,
30 therefore, desired that the crystallization be performed by suitably
adjusting the cooling rate in consideration of possible effects on the-
quality and the particle size of the crystals or the like. Cooling is

preferably performed at a rate of 40 to 5 °C per hour and more
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acetone-water (9:1) is used; and it is about 45-fold (v/w) if acetone- water
(8:2) is used. [0032] The tenperature at which the conmpound (1) is dissolved
by heating nmay appropriately be selected as the tenperature to P§?5@5%§@bve
t he conpound (1) depending on the solvent. The tenperature is preferably
fromthe reflux tenperature of the crystallization solvent to 50 C, nore
preferably from65 to 55 C.  Any change in the cooling rate during
crystallization nmay produce crystals with different fornms (pol ynorphisns).

It is, 30 tHRrefele.atdesitbF 1986 ishec eyl ! i zation be performed by
suitably adjusting the cooli ng rate in consideration of possible effects on
2

the quality and The fipwdtargb@lbizatoof temmperatyrst miay dsotdppriopkiatelobeing is

preferably rfQr r f t Q. L1 e

FPO5- 0039- 089%1%?‘3???161 ‘}”ﬁ/ﬁg?%ﬁ?‘gt"f 3 g@f’%‘@g@ggf‘hﬁgﬁ%gﬁﬁgr
crystallizatomothet Bhppanad ut és pegfeablsky Bpm dpricatzd yCbe selected in

consi derati f,.the yield and t uality of the erystals, or the |like;
and i{j is p?[glpgﬁzlbl y f]:noh?eltﬁri’%taﬁgég@n‘s Sfﬁgﬁ]ySfﬂSt 8YcPydRaY 11%abfon, seed
crystal s mayaddedyaywhieh beompeided,a Wenal cempiinge of Segistalamymtiqh.crystals

of 3-(2- cyanophenyl)-5-(2-pyridyl)-1- phem{l -1, 2-di hydropyri di n-2-one -
hydrate. TherY¥nophgsypar t(2chyedyl)-drphervinl i dimedropysediat draeat which the

seed crystal Le. a ; @qug{ 4l ref ess,
nore prefera I@ra?‘?'o%q%ge tl%-rﬁ% IBC urltg giﬁﬁ%ﬁgﬂp@efﬁ{ee?%b @é%}@ﬁé%%&?%ﬁ 35 C,
and nost pr gher stsidy costaks @@ Tddgd03Ehe Theperabirpi isapederablyt @ sCcan be

ar el to prshtoR R LANE NePE3AE U RBlER s, BEGETEI el g < he
15 crystal s §5tedintl, id khwestgresérably adbbnoosalvent, and it is preferably

2T sof a2 aceLonevetet (S Toke, i e Rreleraty darired
The crystal sfirepasat efathed heith |do1athonifCarRcbes A% egndYthen dried to
produce the desired crystals. The solvent for use in washing the
15 crystals is common to the crystallization solvent, and it is preferably
a mixed solvent of acetone-water (9:1 to 1:1), more preferably a
mixed solvent of acetone-water (about 1:1).
[0035] [Drying Method for Crystals]
The crystals separated by the filtration can be dried by
20 allowing them to stand in the atmosphere, where appropriate, or by
heating. .

The time during which the residual solvent is removed below
the prescribed amount may appropriately be selected as the drying
time, depending on the production quantity, the drying apparatus, the

25 drying temperature or the like. Drying can be performed either under
aeration or under reduced pressure. The level of pressure reduction
may appropriately be selected, depending on the production quantity,
the drying apparatus, the drying temperature or the like. The
obtained crystals may be allowed to stand in the atmosphere after -

30 drying if necessary.

[0036] The crystals produced by the above-mentioned process
comprise a homogeneous crystal form. Being provided with the

preferable properties such that it is stable, has no tendency to readily
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20 allowing themto stand in the atnosphere, where appropriate, or by
heating. The tinme during which the residual solvent is renpoved bel ow the
prescri bed anount nay appropriately be selected as the drying %ggg_ 900
dependi ng on the production quantity, the drying apparatus, the grylng
tenperature or the |ike. Drying can be performed either under aeration or
under reduced pressure. The | evel of pressure reduction mnay appropriately
be sel ected, depending on the production quantity, the drying apparatus,

the drying teppebahur@ier diher | & taIT hgr aﬁiﬁgﬁeqscw%@' SaH@ylpe gkl oved to
stand in the atnosphere after 3 ying if necessary 36] The crystals

produced by htggoapenis, ibegd @ﬂédabr@@e@yfﬂté@rﬁﬂr@éldeMrmgeneous crystal
form Being provi e Ar ertl h dit st abl e,
has no tendency t'gﬁgeacﬁt ftr}eflg Eﬁ@%@%g@ Qjtlg’r ans §r§néjeﬁﬁ%é %tﬁ%er fé?ystal or
anor phous forermpdag\eheratmt diyeasescopi ctherbhese faitlystdibsloaeé suiRa@nt o

formu) ation. The use .of .the co nd a therapeutic a

neur clegenerRPFYRCRt sleaé[té’se BFYSEFﬁg gsc}ff ﬁ’lei PR £EF g?\ L%&ae?ﬁ t

Docurent 1. aUﬂa;ecrm%i@dleh@rffs e tt'ﬁ@rap’h\{ﬂm|£§brﬁa%benb‘§ﬂfﬂ%&nﬁehﬂ16§t|Ve
ingredient in the t eraBeutlc agent for neurodegeneratlve I seases or

others. The @R35S A Bhettur elb¢ enditendissdesrenol | Patent (Poagumentply is
| ncor por at ednhg Hehbgy SRESIHdraAd B ik Sl arRAGGy DPY3frlEN a compound of

this'inventionis to | canent, I's normal |y conpounded
with suitabl[@08Har rracéNtlneoaa campoeedd epf $h1tsoup~rgpa:ule iphtar bacesad @al a pr oduct s

of ¢ HE% nvernb BT HER ehnBaliSespde Aottt ReaRET e M irsbhBel it Toal
i ngredi ent s ingyedieatudet®@Xxcppiares, plﬂaﬁrntucredelrcal | pbodgent s, fodi siureegrati ng
agents, col r|n ent.s ste co tive enul sifier surfactan S,

di ssol vi ng tgg gh%ﬁ’ng‘e d5erft’s? rél& le?sf‘iaﬂff 318 ?tbﬁfcfoé?f’?i‘bn gents,
preservati Vaﬁftheam\ﬂe(ﬁﬁo(i’la@stﬁ m8d Rt AU 3DRATHYS hepaguhancers, and the

| Tke, all of The pharmaceutical ingredients may include excipients,’

15 binders, lubricants, disintegrating agents, coloring agents, taste
correctives, emulsifiers, surfactants, dissolving aids, suspending
agents, isotonizing agents, buffering agents, preservatives,
antioxidants, stabilizers, absorption enhancers, and the hke, all of
which are generally used in medicaments. If desired, these agents

20 may be combined for use. |
[0038] The excipients may include, for example, lactose, white
soft sugar, glucose, corn starch, mannitol, sorbitol, starch, alpha
starch, dextrin, crystalline cellulose, light silicic anhydride,
aluminum silicate, calcium silicate, rﬁagnesium aluminometasilicate,

25 calcium hydrogenphosphate, and the like. |
[0039] The binders may include, for example, polyvinyl alcohol,
methylcellulose, ethylcellulose, gum Arabic, tragacanth, gelatin,
shellac, hydroxypropylmethylcellulose, hydroxypropylcellulose,
carboxymethylcellulose sodium, polyvinylpyrrolidohe, macrogol, and

30 the like. |
[0040] The lubricants may inciude, for example, magnesium

stearate, calcium stearate, sodium stearyl fumarate, talc,

polyethylene glycol, colloidal silica, and the like.
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which are generally used in nedicaments. |If desired, these agents 20 may be
conbi ned for use. [0038] The excipients may include, for exanple, |actose,
white soft sugar, glucose, corn starch, mannitol, sorbitol, S ux%bﬂﬂﬁ
starch, dextrin, crystalline cellulose, light silicic anhydride, alum num
silicate, calciumsilicate, magnesi um alum nonetasilicate, 25 calcium

hydr ogenphosphate, and the |ike. [0039] The bi nders may include, for

exanpl e, polyvinyl alcohol, nethylcellulose, ethylcellul ose, gum Arabic,

tragacanth, Affin,  ¢hel H@ﬁnté@’r@'ﬁ%y%feﬁ%ﬁﬁ% MRiYYligelddl 0%6r example,

hydr oxypr opyl cel I'ul ose, car boxynet l'ul ose"sodi um -
pol yvi nyl pyrevistaldre, eeldvlogsl , agag  gelatine |daleiuni 0040boMaies, | odiwmnt s may

el Or UL G RONES LS SANALE, BRLARURELE Bhg RS 22

fumarate, ta he "gl'ycol I'’ca; and . 16
FPO5- 0039- O0hy {f34rophicedlidiontegr at i ng agent s nmesarbogymeehyficetluéaserpl e,

crystalline cellul ose ., gelatin,, calciumcarbonatg, sodium ..

hydr ogencar bﬁﬂé’toé‘,y”%%w@ff%m‘blf)gfaat e, CHER M p‘ér&sFﬁfmFﬁRﬁgubst?qq.}Pgﬂ

hydr oxypr opytg@loxyinds@y 1 Geareax X ars dwhietHl 98sh 5o §RMPOXYdRh&YIKEe! | Ul 0se
calcium croscarnellose sodium, carboxynethyl starch, carboxynethyl starch

sodium and t##3i ke. Theosrlonng cafeds ngragetduday iror| serduipsiie,

sesqui oxi de, ?’%%81”{3 Cd rs??ggﬁ%ggle,‘”@ag in€alcdt el C%?z[@hot@ﬁfea‘tﬁ%mrﬁ“e’

titanium oxf di _ I'n 'sodi um phosphdt e, yel'l ow al um num | ake,
and 10 the | pkule, vhighrihaflevbesndappr phesphage agdiloiwebihorumddkeamedt s.

[ 004 The tgst e, cornectives ,agent s i ncl . cocpa pawder nment hol ,

ar onﬂ)i c pomﬂleerﬁkﬁiamlﬁgﬁgllalv,e tb%rnn%%?r,%a‘)égmﬁe?ggﬁgf?ng%ﬁle\é&g%ar'ﬁ?mﬁnd the like
[0044] The epad4ilfi er sTae tabee surfeaacivant sgemy magl indéudd eacph pdwder,

tri et hanol am ne, '

et he sl?di um Itaur yl eurl fate, | aﬁr I 1ram Eogro i ?Q- c.acid, n
Leci thin, gl FESERGE RS FRrelers jRFBle P thercpl BOMOFTCd GHRRFTAR fatty
acid ester, pag tdiRl tHkBke
[0044] The emulsifiers or the surfactants may include stearyl
15 triethanolamine, sodium lauryl sulfate, lauryl aminopropionic acid,
lecithin, glycerin monostearate, sucrose fatty acid ester, glycerin
fatty acid ester, and the like.
[0045] The dissolving aids may include polyethylene glycol,
i)ropylene glycol, benzyl benzoate, ethanol, cholesterol,
20 triethanolamine, sodium carbonate, sodium citrate, Polysorbate 80,
nicotinamide, and the like.
[0046] The suspending agents may include, in addition to the
surfactants, hydrophilic polymers such as polyvinyl alcohol,
polyvinylpyrrolidone,  methylcellulose,  hydroxymethylcellulose,
25 hydroxyethylcellulose, and hydroxypropylcellulose.
[0047] The isotonizing agents may include glucose, sodium
chloride, mannitol, sorbitol and the like.
[0048] The buffering agents may include the buffers of
phosphate, acetate, carbonate, citrate and the like.
30 [0049] The  preservatives may  include methylparaben,
propylparaben, chlorobutanol, benzyl alcohol, phenethyl alcohol,
dehydroacetic acid, sorbic acid and the like.

{0050] The antioxidanis may include sulfite, ascorbic acid,
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[ 0045] The dissol ving aids may include polyethylene glycol, propylene

gl ycol, benzyl benzoate, ethanol, cholesterol, 20 triethanolam ne, sodium
carbonate, sodiumcitrate, Polysorbate 80, nicotinamde, and t kids8e_00
[ 0046] The suspendi ng agents may include, in addition to the surfactants,
hydr ophi lic pol yners such as pol yvinyl alcohol, polyvinylpyrrolidone,

nmet hyl cel | ul ose, hydroxynet hyl cel | ul ose, 25 hydroxyethyl cel | ul ose, and
hydr.oxypr opyl cel | ul ose. [0047] The isotonizing agents may include gl ucose,

sodi um chl qlbg§+td@gﬂgml andPROIMKQlI and the like. [0048] The buffering
agents may include the buffers of phosphate, acetate, carbonate, citrate

and the |ikel0033 [ 0049Thahatapikbgeisyanayeindugei tkesaegenaralllyparsgdenn

propyl parab ut anol , benzyl al cohol, phenethyl al cohol,
dehydroacetﬁgeggﬁﬁggﬁgfbic acid and the like. [0050] The anti oxidants may

i ncl ude sul ffia0$2]ascorBhe @iodptioh7 eFPOBe 18381430 inaluglkatb oo peaeodiland t he
|l i ke. . [0051] The. stabi.li zer%? may i nclude those generally used in
medi canment s. "{S0BeEAMELEY pti on enhancers may incl ude those generally 5

used i n medi nts. [PR&3]phbirfaRbatidareyrbaattsPr geitgisedlesabbi,fednapove may
i ncl ude: ora aﬁiqnt s such as tablets, powdlers, %r anul es, capsul es syrups,
troches, andfchidsaCrdhaseait skl 25r BPAptR | BAYISHDh 2A81U1SEy FEPISBIRS, e,

rops, car donuR® TUOCBbE R iptpaSns PPLPhAT nt Bt 210 088 "Hhe ora
agents may apropiicie, yobgmmnbi rmgththebhic entmenis,i tapess dpbdraliiéd above
o108 PrePRRLADS, ol O Hhon vl PhraRt ARG, DEgIETRSTIg G, 20
conmbi ned wi timjedrdomuxiliaries, in particular, excipients, binders, taste
[0054] The oral agents may appropriately be combined with the
auxiliaries described above to form preparations. In addition, the
surfaces of the agents may be coated if necessary.

15 [0055] The external preparations may appropriately be
combined with the auxiliaries, in particular, excipients, binders, taste
correctives, emulsifiers, surfactants, dissolving aids, suspending
-agents, isotonlzing agents, preservatives, antioxidants, stabilizers, or
absorption enhancers to form the preparations.

20 [0056] The injections may appropriately be combined with the
auxiliaries, in particular, emulsifiers, surfactants, dissolving aids,
suspending agents, isotonizing agents, preservatives, antioxidants,
stabilizers, or absorption enhancers to form the preparations.

[0057] When the compound of this invention is to be used as a

25 medicament, its dosage level may differ depending on the symptoms,
ages or others. The compound is normally given in a single
administration or in divided administrations 2 to 6 times daily at the
following doses: from 0.05 to 10 mg (preferably from 0.1 to 5 mg) in
the case of an oral agent; from 0.01 to 10 mg (preferably from 0.05

30 to 5 mg) in the case of an external preparation; and 0.01 to 5 mg in
the case of an injection. Here, the actual amounts to be administered
are indicated with respect to the oral agent and the injection, while

the amount to be absorbed by the body is indicated with respect to
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correctives, enmulsifiers, surfactants, dissolving aids, suspending agents,

i sotoni zi ng agents, preservatives, antioxidants, stabilizers, or absorption
enhancers to formthe preparations. 20 [0056] The injections ”aﬁgo-o3-oo
appropriately be conbined with the auxiliaries, in particular, ﬁ%Psi rers,
surfactants, dissolving aids, suspending agents, isotonizing agents,
preservatives, antioxidants, stabilizers, or absorption enhancers to form
the preparations. [0057] Wen the conpound of this invention is to be used

as a 25 nedpcalg fnalioﬁr% gp‘ﬁ?&? | evel may differ depending on the synptons,
ages or others. The c rrpgun I's normally given in a single adninistration

or in divi dd®0a8iki ni stFlx ippapadtianss for mherapmiutic ar prophylattionisegimoses:
fromO0.05 t f.erably fromQ.1.t0o,5 in_ _th ase -qf ,san oral
ngent ;1 romBIBE o CRBEERE, Yrul §F7 Abfe Sy BRbahCheh S g T e T se o
an external pheapdrBoldihydaopyfddd-2A-ond hydiate {(dwmpased ofl)dnaddyrdcig on.
Here, _the act ua}:51 anount.s to be, ad 'ni,stgred are indi catgﬂﬁg’st{u resgect to
the otal agdft tBndnvRRripRj Beyi BR, obkwiped fndhangersrat onp bhded By the
body is !ndlefc%%gﬂed/\ﬂ th hesRechufidg YharRORYOO3FIO sHeheriextsfMalation _
preparation. [0058] The preparations for therapeutic or prophylactic use in

humans cont asi%fimhplesrofspigpasttiang 2re ghawpheehpw.- 5- (2- pyri dyl ) - 1-

phenyl -1, 2- di opyr i n- 2- rake o] 1)p; accargh to the
i nvention Or@égljobt aiﬁ%% égﬁ{he?etn%&ejng?altggregﬁgggﬂto&atPlae?é %agicggflga in
manuf act ur i ncheaydy+fa(3pyThiy13dephehglflo2-mihatr opyridialpdes|, of lpcepar at i ons

are own bel ow. [00Q The conpound of the invention [i.e., 3-(2-gyano-
pheni‘?) -5-( _om-[sphw u-%]f'@(gphenil?}i TPQ‘YBFHE’/&#C&EWPW n- 2- ohef, | acglc?&é,e%‘ 10
| ow- subst i t up &g viny@ipxyali dpyéd adesddlhved einves apprepeate adodynti oY lppyified i done

di ssol ved in an appropriate anount of purified ter S then used to wet
granul ate tH¥3iiTeRds t%l‘?@sés dRuPat e%r‘"‘n\‘/ki?rt@ ﬁfel Qgg%ﬁd {Resr &r2BuladRErol | ed.
Low- substi t uheeh Haefe@xyPERPY! GREHUI 05 e althiFRIIAES] UM SEERL AlEstTRi&d bl ended

to the 15 resulting granul ates, after which they was tabletted. The obtai ned
Hydroxypropylcellulose and magnesium stearate were blended to the

15 resulting granulates, after which they was tabletted. The obtained
tablets were film-coated with an aqueous solution of the coating base
(a2 mixture of hydroxypropyimethylcellulose, talc, Macrogol 6000,
titanium oxide and yellow iron sesquioxide). The amounts of the
respective materials to be used per tablet are shown in the table
20 below.
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tablets were filmcoated with an agueous sol ution of the coating base
m xture of hydroxypropyl nethyl cellul ose,
oxi de and yel low iron sesquioxide).

R

to be used per tablet are shown in the table

[0060] [Table 1] Materi al
conpound of the principle agent 0.5ng 1.0ng 2. 0ny

exci pient 80.0ng 79.5ny 78. 5ny

tal c,

Macr ogol
The amounts of the
20 bel ow. 19 FPO5-
Pur pose 0.5ng 1.0ng 2. 0ngy

6000,
respecty;

tit

(a
ani um

o

tabl et tabl et tablet

i nventi on"

| act

ose

| ow substituted disintegrator 9.0ng 9.0ny

9.0ng. h drqéogngcelw¢59§§1folyV|nylpyrrolldone bi nder 5.0ng 5.0ny 5. 0ny
| ow subst i tigt-ed—tisi-ntegrator—5-0rg-5-0rg-5 hydroxy—+oylcelld ose
magnesi um 404851t | ubricant 0, H?Sﬁrrg 0. 5n hfl.ﬁ { tmdat|er- 088 vient g.s.
g.s. g.s. |coating base coating agent 5.0ny 5.®eM®. optablet i fliteblakat pr
sol vent Q. S coqlpsourqi s. of ot athelOmngcipd&mgeb®5My Smgl: | 1.0mg | 2.0mg
3- (2- Cyanophisnghiieh-'( 2- pyri dyl )} 1- phenyl - 1, 2-|di hydr opyri di n- 2-one [ Hydrat e)
*2: M xture9é;Rydr oxypr opyl methed Ggtdatl ose, i@l omdVReooaRk [6@00mg [ 1 tani um
oxi de and ¥abLOW B SESauT OX] Gﬁsmgm&? l%’%fﬂ% b0 A LEARION 'l be
speci ficall y{l 8CI‘I 0y Et aifl by way of| tthe <o exanpl es;
yarsipespylediufad | )Y P Ty 9 es— 100
hOV\ever y t r TV T T, LY \r\fl §J I. IILrJ - \rI\MII’JI \vxe ) L A\ Av 2]
( Product i of Pﬁixm}’:lpﬁﬂmﬂﬂrﬂ%m b%ﬁ‘fier 5.0mg" | 5.0mg
5- (2- pyri dyllpwispheiyied | 2- di hydd@p@tre?gmw:zorfeOmg\ sdmg |5.0mg
hydroxypropylcellulose :
magnesium stearate lubricant 0.5mg |0.5mg |0.5mg
purified water solvent q.s. q.s. q.s.
coating base - coating agent 50mg |5.0mg |5.0mg
purified water solvent q.s. q.s. q.s.
total 105mg | 105mg | 105mg
*1. 3-(2-Cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-
2-one (Hydrate)
*2:. Mixture of hydroxypropylmethylcellulose, talc, Macrogol 6000,
titanium oxide and yellow iron sesquioxide
Examples
[0061] This invention will be specifically described in detail by
5 way of the following examples; however, the invention is not to be
limited to these examples.
[0062] (Production Example 1)
Synthesis of 5-(2-pyridyl)-1-phenyl-1.2-dihydropyridin-2-one
® .
e,
P =
N~ NH - N S \
= o O
10 After a reactor was purged with nitrogen, a mixture of 5-(2-
pyridyl)-1,2-dihydropyridin-2-one (7.33 kg: WO02004/009553),
triphenylboroxine (9.0 kg), copper acetate (anhydrous) (0.80 kg),
water (0.50 kg), pyridine (7.1 kg), and N,N-dimethylformamide (66.7
kg) was stirred in the reactor at an internal! temperature of 28 °C for
15 1 hour.

While the air of which oxygen concentration was adjusted to
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N a---NHo \ N/ N 10 After a reactor was purged with nitrogen, a m xture of
5-(2 pyridyl)-1, 2-di hydropyridin-2-one (7.33 kg: W2004/ 009553),

tri phenyl boroxine (9.0 kg), copper acetate (anhydrous) (0.80 kgEP 5 WdLho
(0.50 kg), pyridine (7.1 kg), and N, N-di net hyl f ormam de (66.7 g(g‘ was
stirred in the reactor at an internal tenperature of 28 C for 15 1 hour.
Wil e the air of which oxygen concentration was adjusted to 20 FP05-0039-00
9% 11 with nitrogen was blown into the reactor at a rate of 30 L/mn, the

reaction modoyr&ith@aitsbién SeaabiSInthie (Hent&igt &k emserabyr®) L/hQh, 16 hours
to yield reaction mxture A Water (égl‘? %g)ﬂand 25% aqueous ammoni a (85. 8
td n

kg) were 5 tBRaregetionn mHXESaRSeSHEE 0cdol (@atasineh tewipérafatre) to 8.7
C. The rea%irpl% m)ﬁﬁtsu{oeyié?‘dvi@ﬁaﬁpﬁ%%ﬁ?g lt}@. t he reactor over 3 m nutes.
or

The reaction mxture was stirre hoursat cooling wth cold water.
The precipitates Wat¢thd 1 Péakg) omdni2&%r equeses xaoimoedheBhy kihtwaté on with

a centrifuge.and the filtrated residue, was 0 shed. with 65 of, water.
The ot eci pi eiRESed G, & ebai f gieacEor andoranied ot Tarnih acey 43 S9ES- ver o
poured in a TieActattidnd nsikdtiifedl AOkval hReh AMddE fheahet eepabat bver VRS

mai ntained with warmwater (25 C), The precjpitates in the reaction m xture

were col | ectBHU§sf i (Theafsasiion thixiBre wehistirfedefoind Bawrs af (o8 r esi due

was washed wj : f e L pict at g under
e pre\&%pe%gi% \%%_&18 OErégeq} ﬁgpévsgqg_ 'éﬁggﬁ%%fcwne h RGO AT Efk

5- (2- pyri dyloollecpé filtratiodi wytdr o penittifng@-aodethel flvRd 460 dveizw DVEO- d6) :
CaadOry . Pt YR proaly (000 10 0% 62 (a1 [ooss]
(Producti on Exanplles reSypitdtes) svatier 3¢9t dag); Ser(@-20f61 dytigols phemyhid. 2- di h}
droyvridin- 2(_43%1%@) were poured in a reactor and stirred for 1 hour while the
temperature was maintained with warm water (25 °C). The
precipitates in the reaction mixture were collected by filtration with
15 a centrifuge and the filtrated residue was washed with 32.6 kg of
water. The precipitates were then dried under reduced pressure
(60 °C; 18 hours) to give 9.6 kg of 5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one.
'H NMR (400 MHz DMSO-d6): & 8.61-8.50 (m, 1H), 8.36 (d, 1H),

20 8.29 (dd, 1H), 7.90 (d, 1H), 7.80 (ddd, 1H), 7.56-7.45 (m, SH), 7.27
(dd, 1H), 6.62 (d, 1H).
[0063] (Production Example 2)
Svnthesis of 3-bromo-5-(2-pyridyl)-1-phenyl-1.2-dihydropyridin-2-
one '
AN [
» NT NN
N = N - “
S 0 O
25 Br

5-(2-Pyridyl)-1-phenyl-1,2-dihydropyridin-2-one (200 g), N-
bromosuccinimide (157.7 g), and ethyl acetate (4 L) were added to a
10L-reactor and the reaction mixture was stirred under a nitrogen
stream at 30 °C (external temperature) for 9 hours and 20 minutes.

30 3% Hydrosulfite solution (2 L} and toluene (2 L) were added to the
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I\ @QNC\ 25 Br 5-(2-Pyridyl)-1-phenyl-1, 2-dihydropyridin-2-one (200 g), N
br onosucci nimde (157.7 g), and ethyl acetate (4 L) were added to a
10.-reactor and the reaction m xture was stirred under a nitro ﬁr9e at
30 C (external tenperature) for 9 hours and 20 minutes. 30 3% Eg%bro 51(?16
solution (2 L) and toluene (2 L) were added to the 21 FPO5-0039-00

reaction mxture and then it was stirred at 55 C (external tenperature) for
30 mnutes. After the conpletion of reaction, the aqueous |ayer (| ower
layer) in ”}%aéﬁéﬁt 'n‘i’ﬂ(tﬂ}é(t 458 \eﬁénsqpawse%m@@da&h%rs 5@959;!&&?%? layer
was washed with water %}5 our times. he sol vent was evaporated at
stirring undempesaicel fpr mmut&bséﬁmmﬂeycomﬂ@hen el déadqtoon,ofhe

1, 2-di met ho t hane c £ der. reduced RLEsS gave a
crude pr odu>(:%t¥ﬁlo1rda -la&;é{)lr-w(o?g]-%ggl %85 t)h% g% Cetﬁé;rf ITxfu’de hy%sr (§p9?rag § - one.
[0(()64] ( Pr odumelt itoom, Ebhangotga éch) liﬁeIS)r?msh*i&’asBecbfWItlﬁ water (2 3,) four times. / '
3-(2-cyanophgnyl) 5- ( 2- enyl -1, 2 i ropyridin-2-one NN N/ N
\ éc "0 Cﬁ%%ﬁgg@%{ﬁgg %‘é%i%lat"c‘gﬁfé H‘H& ‘frffge U&ea GRSt t he crude
product of 3-br Ormfb'ieﬁﬁeﬂbl? Ak trel- RBBAYON lo 2192 N RRY % | ShihAng- 2)
obtained as the residue affer concentration in Production Exanple 2 were

added 2- (1, 3nz- geoscprtiomngley redapediirepsure gauaccryyle pisalucadifuin acet at e

(.54 0, VI PRI B A, 2 O

1, 2- di met hoxyet S§ium- ca 8 g). Stirring at
heati ng was [6&6#] ed OL(PratluG‘tﬁ)omEzan(lpbet &ynal tenperature) under a nitrogen
at m)lsdjher € fsos;’ntﬁgs@ nut esf 3-(2-cvanophenvy)-5-(2-pvridvyD-1-phenvl-1.2-

dihydropyridin-2-one

To the reactor containing the whole amount of the crude

product of 3-bromo-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one

15 obtained as the residue after concentration in Production Example 2
were added 2-(1,3,2-dioxaborinan-2-yl)benzonitrile (214.9 g),
palladium acetate (3.44 g), triphenylphosphine (16.07 g), cuprous
iodide (7.29 g), 1,2-dimethoxyethane (3.1 L) and potassium
carbonate (158.8 g). Stirring at heatiﬁg was carried out at 70 °C

20 (external temperature) under a nitrogen atmosphere for 30 minutes
and, then, at heating under reflux for 4 hours.

Subsequently, ethyl acetate (2.5 L) was added to the reaction
mixture at 70 °C (external temperature) and the mixture was stirred
for 10 minutes. The reaction mixture was filtrated and the filtrated

25 residue was washed with ethyl acetate (2.5 L). This whole filtrate
was transferred to a reactor, to which 12.5% aqueous ammonia (5 L)
was further added. Stirring was carried out at 60 °C (external

temperature) for 53 minutes. The lower layer (aqueous layer) in the
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and, then, at heating under reflux for 4 hours. Subsequently, ethyl acetate
(2.5 L) was added to the reaction mxture at 70 C (external tenperature)
and the mxture was stirred for 10 mnutes. The reaction m xt Vas,
filtrated and the filtrated 25 residue was washed with ethyl a(L:&Ee[ﬁ)gfe 82005
L). This whole filtrate was transferred to a reactor, to which 12.5%
aqueous ammonia (5 L) was further added. Stirring was carried out at 60 C
(external tenperature) for 53 mnutes. The | ower |ayer (aqueous layer) in
the 22 FPOS: 00395 Aixih 82640 ) e S §§RY-AE ed % Bd, N L) and
25% aqueous %%?rto(g?a I&E 8&\/\%}169%%%0' %A% tﬁe ?(;r'rai n? r?gdorﬁggg’nl%&%oa"%er. After
stirring, thethownsr (Zdqllgowsré aygde)l washseparmatiod o5 et Wftemas

further addegd t.o t remai ni.ng organic layer. After stigrigng, t | ower
(aqueous Iaﬁﬁﬂm\%ﬁgﬁge 2F Ht é?f?“ ?@Fﬁibn%ﬁ@ ssPgLHied- | érﬁ%\%st]% centrat ed
under reduceghspfigsher eddaddotiheventtiaiop@rgdnic) laywas Adeadstifrohd omrd by

concentration under reduced pressure. Acetone (7.2 L).and water (0.8 L) were
added to t hiQWFES(2AHEOUS dANET) WidsSeRaatd ed] By TsmatRing Ie28Y E2Y¥xt er nal

t enper at ur €}y fOkohced@aftUundRe AAVBUpESsuPEXtind CARM, ché’i’%ﬁeCﬁf nied out at
38 C (external tenperature) for 18 mnutes while stirring. To the reaction

m xture was veasdedded, fodfoveedbdycromscat sation padar sedwcal ppessure.

cyanophenyl ) - 5- ( 2¢ i Ay 5 k-p - ! rigi - te.
Stirring was car %c}é&ggt(ba% &QSQ@'&%E%?W;? rify)gﬁgaﬁtﬁeg ?? ggﬁlgg%gﬁgﬁ nut es.
Subsequent | ypdtihevaededsiobnedribyt stieingat Al FEexatrmn teaxyieannale) tfemder at ur e
bei Iower%d by 5 .C verg ﬁo m %‘:\[ﬁs arid stirred at ., an external,

t enp& at ur e IGPT180E 18 MRUSr s NGHit 70U S oWES ﬁ%gl%l%d%ﬁt dopfi s& to the
reaction m Xeufeensl teipefatii) frel18 anpritboOWwidle Stinpnps FRdihkOrddchignes. After
the addition,, 20 stirri nqg continued for gdditi onal 1 hour angﬂzo m nut es.
The reacti ofit%ter #atas2ddqd r At o8l #Ad Y86 19ISFHFed SFERHUCOhas -(dshed with

2 L of 50%368LBRE YOI 219GV .- B-{Idei) anepdairbpprildZa DLbihdy! ) - 1-
phenyl - 1, 2-d?ﬁygﬁo%¥?d_i rg‘-?‘z‘-p%neyl?_w A D ag Ry pggkef‘ e
cor r espondedydoate6 8 Stirgingswas ycapgiegheut at 35 °C (external temperature) for

15 30 minutes. Subsequently, the reaction mixture was stirred at an
external temperature being lowered by 5 °C every 30 minutes, and
stirred at an external temperature of 10 °C for 17 hours.

Water (2.29 L) was added dropwise to the reaction mixture at
stirring over a period of 3 hours and 10 minutes. After the addition,

20 stirring continued for additional 1 hour and 20 minutes. The reaction
mixture was filtrated and the filtrated residue was washed with 2 L
of 50% acctone-water to give 3-(2-cyanophenyl)-5-(2-pyridyl)-1-
phenyl-1,2-dihydropyridin-2-one (526.28 g) as a wet cake, which
corresponded to 168.3 g as dry weight.

25 [0065] Conversion of 3-(2-cyanophenyl)-5-(2-pyridy})-1-

phenyi-1.2-dihydropyridin-2-one in the wet cake to dried weight

The obtained wet cake (4.378 g) was weighed out and dried
under reduced pressure at 50 °C for 4 hours to give 1.4005 g of a
dried powder. -
30 Converted value as dried weight = (1.4005/4.378) x 526.28 = 168.3 g

[0066} Determination of acetone and water weight contents in

the wet cake of 3-(2-cvanophenvl)-5-(2-pyridyl)-1-phenyl-1.2-

dihydropyridin-2-one
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25 [0065] Conversion of 3-(2-cyanophenyl)-5-(2-pyridyl

phenyl - 1, 2-di hydropyridin-2-one in the wet cake to dried weight The obtai ned
wet cake (4.378 g) was wei ghed out and dried under reduced pregﬁbg"@ A go C
for 4 hours to give 1.4005 g of a dried powder. 30 Converted v g grled
wei ght = (1.4005/4.378) x 526.28 = 168.3 g [0066] Determ nation of acetone
and water weight contents in the wet cake of '

3- (2-cyanophenyl ) -5-(2-pyridyl)-I-phenvl-1,2- dihydropyridin-2-one 23
FP05-0039-00 Ga I h¥$isSo Pf 1 under

t he conditions dz(s}%gs. ltn%gﬁg%pjﬂhgggarq%é %edofrt\lé% h)Ehﬁtgm\/\%t Qﬁ%k%\ﬁ%eb?gl?%red in

Pr oducti on Eharm:lnei18000rtteapmé@dllfﬂom_ameraa:lmedrtéaamhle_vs&ﬁ cdkeobbtanatdr. 5

0. 53 1 GBI R 8 o o Biaffes s BT, abk) Phiso PR ¥ (300 i)

180 C (5m n)waﬁﬂ ect or terrp 210 C, inlet tenp.: 150 C, colum flow 5.0
L/ mg split itl o: ( 4) injection vol.: 2 L 18 [ 0068] (Exanpl e 1X)
Crystal | i zatl0887df 3- (G2t cl p%rﬁatq&réﬁm aBalysipPPRAifgny-- phenyl - 1,

di hydropyri digrudn#NeDBEWIL Rt 336rnlox Lofﬂaaﬁiﬁ mamhaamtwﬂréﬁ 8§e19 of
3-(2- cyanophenyl)l@ éz pyri -1, 2-di"hydr Eyrl di n- 2- one obt ai ned

as the wet te8ica (5?&3@0)@ OdrSOEXQ Oe @/m@)t, 10 3 @@éltlﬁndemtéf
prepared fraql t 5 ) dto
the fl ask anghﬁ) %elgL g ??egt%gﬁpwas carr’le 1{"?}(‘{'\565 %%‘slis?(/) ’igﬁﬂ? Wil e
the 10-L flaahoaﬁh4t)hh1ﬁect1bna¢cdd 2qdi due were washed with the remaining
t ot of th one he filtrate was transferred - 20 to a 10-L
flas The 1@%&5 V&ts’ialn?l?lgd 5 an external tenperature of 40 C, and
after the lrlEﬁfs"ﬂ@lH;zIanﬂh?r ajfur g- maeﬂa@d BRe 1) 1he2 gxired vBL 1 - glRARer aur e was
adjusted to (?1'51 g & 842

ihydropyridin- gﬂ%Hvdrate)

A 10 L-flask was charged with 526.28 g of 3-(2-cyanophenyl)-
5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one obtained as the wet

15 dake in Production Exampie 3. Out of an acetone-water prepared
from 5890 mL of acetone and 490 mL of water, 5.5 L was added to
the flask and heated. Filtration was carried out after dissolution.
Whiie the 10-L flask and the filtrated residue were washed with the
remaining total of the acetone water, all the filtrate was transferred

20 to a 10-L flask. |

The mixture was stirred at an external temperature of 40 °C,
and after the internal temperature reached 40 °C, the external
temperature was adjusted to 35 °C. Next, 842 mg of 3-
(2cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one

25 hydrate was added to the mixture. After stirring the mixture for 30
minutes, the external temperature was changed to 30 °C, and then to
25 °C after 30 minutes. The external temperature was lowered by
5 °C every 30 minutes thereafter to as low as 15 °C. After stirring
the mixture at an external temperature of 15 °C for 30 minutes, the

30 external temperature was further lowered to 8 °C and stirring
continued for 1 hour.

To the mixture was added dropwise 842 mL of water at 11 °C

(internal temperature) over a period of 1 hour and 10 minutes. One
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(2cyanophenyl) - 5-(2-pyridyl)-1-phenyl-1, 2-di hydropyridin-2-one 25 hydrate
was added to the m xture. After stirring the mxture for 30 mnutes, the
external tenperature was changed to 30 C, and then to 25 C aftcpPO§Q,039 00
m nutes. The external tenperature was |lowered by 5 C every 30 m nutes
thereafter to as low as 15 C. After stirring the mxture at an external
tenperature of 15 C for 30 mnutes, the 30 external tenperature was further
| owered to 8 C and stirring continued for 1 hour. To the m xture was added

dropwi se 84244+ @fte‘ﬂ’atth%rc@qhgléh&l dff BUETI, HRRRE&AN enfPbnpePRakod of 1
hour and 10 m nutes FP05-0039-00 hour after the ‘conpletion of

addi tion, tHherangedr Hal0 Cenpadaths anigdare Featgstirtesl dor Hhanimdesi xThee was
stirred for AP YL EH }g@%&ﬁﬁ nfﬂen rBliURE Wap tlen, | pwerad, % -20 C

and stirring continue ours. he precipitates in the m xture were
col | ect ed bycdnthnuet Fonl5 hafurer t he pr eC| pitates were washed with 1700 nmiL of

50% aget one- wat t he re dri under aeration_ for m es..
Sobsetenty. "t nhne ' SRETE Gl T e BOGH RS Wik Pl BF et VM Ein ar 40
under reduc&ﬂ:eprmspf@clfmratéslvfmlérﬁfaahddeh(ﬁ addot mdnalfl your eeetaate-60 C 10

for 3 hours. After the te ure of the drier was cooled to room
t enper at ur e, VAHE> dRSB MR ﬁl s‘ﬁlfg?rea%%“’é‘stﬂrréﬁ)éﬂ"qq{?é t pebsaduentlyy 950

hpa for 4 hqthe§et&egi2pa@atle32“4ra BB HRYARABPAIYH ) dBef 4t 40 °C under
pyridyl)-1-phenyl-1 hydropyri di n-2-one (crystal formof the

hydr ate). ' qume@zlmmre bvsd-idbpur s agdewese sipditipnaHy d9e§3a18692 @d li ke,

@47(d§0r1 oude 01 (d, 1H), 7.92 (d, 1H), 7.86-7.81 (t-like, 1H),
7 79 76 (t Yike "%, 7.72(d, 1H), 7.61-7.48 (in, 6H), 7.31- 7.28 (m
I11). 20 Resi dual Afmlrl ahbunremj)ﬁrqxpmme[ @969he ( Refear emae E&atq:d etcAl Jodnoduct i on

anhydr ous Cr?’%paér%ture ‘?ihe( te¥nﬂogprr?g¥1|)ﬂer% \(vgaspaYsrpuda%ezi into the drier at

950 hpa for 4 hours to give 172.4 g of 3-(2cyanophenyl)-5-(2-
pyridyl)-1-phenyl-1,2-dihydropyridin-2-one (crystal form of the

15 hydrate).
"H NMR (400MHz, DMSO-d¢): & 8.61-8.57 (m, 1H), 8.53-8.52 (d-
like, 1H), 8.47 (d, 1H), 8.01 (d, 1H), 7.92 (d, 1H), 7.86-7.81 (t-like,
1), 7.79-7.76 (t-like, 1H), 7.72(d, 1H), 7.61-7.48 (m, 6H), 7.31-
7.28 (m, 1H).

20 Residual palladium: 15 ppm
[0069] (Reference Example Al)
Production_anhydrous crystals of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-

phenyl-1,2-dihydopyridin-2-one (Anhydrous form II)

In the same manner as the procedure after reaction work-up
25 that are described in Example 7 in WO001/96308, the production was
carried out below. The synthetic method for 3-(2-cyanophenyl)-5-(2-
pyridyl)-1-phenyl-1,2-dihydropyridin-2-one {alternative name: 2-(2-
oxo-1-phenyl-5-(pyridin-2-yl)-1,2-dihydropyridin-3-yl)benzonitrile]
is described in Example 7 in WQOO01/96308 as well as in Production
30 Example 3 above. |
Ethyl acetate (400 mL) was added to 3-(2-cyanophenyl)-5-(2-
pyridyl)-1-phenyi-1,2-dihydropyridin-2-one (8g). The mixture was
heated at 60 °C in a warm bath. Additional acetate (160 mL) was

25



phenyl - 1, 2- di hydopyri di n-2-one (Anhydrous formll) In the sane manner as the
procedure after reaction work-up 25 that are described in Exanple 7 in
W001/ 96308, the production was carried out below The synthetigpg@blifohor
3- (2-cyanophenyl)-5-(2- pyridyl)-1-phenyl-I,2-di hydropyridin-2-one

[al ternative name: 2-(2-

oxo- | - phenyl -5- (pyridin-2-yl)-1, 2-di hydropyridin-3-yl)benzonitrile] is
described in Exanple 7 in W01/ 96308 as well as in Production 30 Exanple 3
above. Et hy|ad@%€t@65thé4ﬁﬁxfﬂ{)e wag ardedlidq are(rg EX%3BPREMY hedting- at
pyridyl)-1-phenyl -1, 2-di hydropyridi n-2-one n{ The m xture was heated at
60 C in a wakln batthiheadwaian Gaan. aé@'tf‘dt’é'h(ef@@e 80 yils) vems mibdesl §039iH0  added
to the m xt r [ he warm
bat h. ATt or K hauaneC S0P s SRR Bl BER Bl Sl une
evapor at ed Uhdeg of echdedy gty povedero give 7.7 of a pale yell ow powder. 5

1 s 00 OBl BRSALEL T U 5 0 4 A 8 S )

Product] on O CiySLALS Of 3- (P CYARaPHRYI) 2 ol 3t | mm”ﬁ;ﬁ@ 10

1. 2-di hj dréﬁbﬁ% haifcfél dﬁg?e?ﬁatyg Qf@%“g(gbcﬁﬁi gég)ddan]t Vessel was
charged wit of 3-
cyangggegy£?927?l yr|g§?gnPhaB13 I-I 2 d|h dro-yrldln 2done Tod t he veszel
was adde diroguckpn '!V":-l'-, e e - [P Hd¥dipne an
28 niy of wates. 4] T HEE Y drr£ d, eat | ng in a water bath and

di ssol ved u er the dissolution was.
confirnmed, the waefOhamhb.- mgg pkacmsl edsste(b Er(achha!tfgeeir vadili 7i gnoDf3-8%- nL of

\glat grcy;ﬁgph ﬁ%f’fﬁgsﬂﬂ §p(é5t5 ﬁY[ e%lwlar%ﬁdb%éréﬁ’g%ﬁ ﬁdfr%mf one %ydrat e]

was added tahaOvédsel we§§@1ddati a%lOImLeblﬂéﬂo%eH@afoafeLwetﬁf pbép LLed Afrbler nost at

bath was use t he mxt 0 -.20 C at ooling rate .of about
5%. mOL acetone and E_, Of water. Tﬁe mlxturg was StlI'I'eda

15 heating in a water bath and dissolved under reflux (water bath;
65 °C). After the dissolution was confirmed, the water bath was
cooled to 50 °C. After addition of 35 mL of water, 140 mg of seed
crystals [a small amount of crystals of 3-(2Z-cyanophenyl)-5-(2-
pyridyl)-1-phenyl-1,2-dihydropyridin-2-one hydrate] was added to

20 the vessel at an internal temperature of 50 °C. A thermostat bath was
used to cool the mixture to -20 °C at a cooling rate of about
35 °C/hour. After stirring the mixture at -20 °C for 1 hour, the
precipitated solids were collected by filtration and dried under
reduced pressure (at an external temperature of 30 °C for 1 hour and

25 then at 60 °C for 2 hours). The obtained dried powders (6.3 g} were
transferred to a Petri dish and were allowed to stand in the
atmosphere for 17 hours (humidity before standing: 55.4%; humidity
after overnight standing: 61.6%) to give 6.2 g of crystals of 3-(2-
cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one

30 hydrate.

'H NMR (400MHz, DMSO-ds): 8 8.61-8.57 (m, 1H), 8.53 (d, 1H),
8.47 (d, 1H,), 8.01 (d, 1H), 7.92 (d, 1H), 7.83 (ddd, 1H), 7.78 (ddd,
1H), 7.73-7.71 (d-like, 1H), 7.61-7.48 (m, 6H), 7.30 (dd, 1H).
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35 C hour. After stirring the mxture at -20 C for 1 hour, the precipitated
solids were collected by filtration and dried under reduced pressure (at an
external tenperature of 30 C for 1 hour and 25 then at 60 C for p3,hQus&ho
The obtained dried powders (6.3 g) were transferred to a Petri di'sh an

were allowed to stand in the atnosphere for 17 hours (hum dity before
standing: 55.4% humdity after overnight standing: 61.6% to give 6.2 g of
crystals of 3-(2- cyanophenyl)-

5-(2- pyrldylb@hlqhenyugké%i ehg@;opyrldln 2-one 30 hydrate. 1H NWVR (400MHz,

DMVSO- d6 5 61-8. 57 8.53 (d, 8.47 (d, 1H,), 8.01 (d, 1H),
7.92 (d) 1H)Pf an ro ( H) -cv:«zncm}ganvﬂi 5(?62+nxfgd_3d$_a) 7
7.61-7.48 (m_4H) y1h: 3%ih98rogh diy -§E A‘Pl‘?l A ' (Exanple O )
Production of~a OU 2-pyridy)-

| - phenyl -1, 2-di hyﬂriﬂﬁymld-wnsgelowes (c,hlahgcjd G\U$h 190g mM (A—Qaﬂlomlhemgis):‘rék was
char ged vmt f .35 ( h

(2ot iyl ) (o pREA 1 Sr G B AN dropystiing2 ans, JEm b AArey Qfndhe
hydrate). Acefdrage) 3&Q:eﬂdu)e \(BS0 &dﬁ?dvdsoaﬁdil@d veshielveandl bhe tiexhikitire Was
stirred at heating u dErequx égICmawater bat h Af t er

di ssol uti on, WEh&UH eq,\t,éggqudte,raﬁe Bt Lot ampter®2th) | trate was

concentrated al 7§eGr UNYESuPRIITRhPREBRHE WL fﬁ@}dteufwy sudllofif 464 thbe solids
wer e flnelyn(ground in a nortar, an acetone-water solution prepared from 216

mL of acet orfaltadi® wasrgonsenigited aledS °Gduader sormel popssiwe heokhiifiyur e was

stir[ed at Nefdngdans ekl (oGl Nl s WRHEAr DB e 8L Sharer

di ssol uti on e mxture was a eatin er reflux
for 2 hours srldtié@ mer]wreds frSmb8é Gueht Iof,adehentamieb’étmieo@fwam water bath
for the m xt ucgqfe d(1€)x n@llldterrper ature) was cooled to roomtenperature at a
cool i ng rat %o and it was stirred at roomtenperature for 16

hours. The preci pThatetire Whe saed snhshtihprend@r eSuei(aorrsf i¢tinahed 20
and then dri e, ety Y RS  mixtare was sddifloanl stirted at
15 heating under reflux for 2 hours dand 40 minutes. Subsequently, the
temperature of the water bath for the mixture (external temperature)
was cooled to room temperature at a cooling rate of 10 °C/hour, and
it was stirred at room temperature for 16 hours.
The precipitates in the reaction mixture were suction-filtrated
20 and then dried under reduced pressure (an external temperature of
20 °C for 40 minutes and then at 60 °C for 3 hours) to give 7.2 g of
the anhydrous crystals of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-
1,2-dihydropyridin-2-one.
'"H NMR (400MHz, DMSO-ds): & 8.61-8.57 (m, 1H), 8.53 (d, 1H),

25 8.47 (d, 1H,), 8.01 (d, 1H), 7.92 (dd, 1H), 7.83 (ddd, 1H), 7.78 (ddd,
1H), 7.72 (dd, 1H), 7.61-7.48 (m, 6H), 7.31-7.28 (m, 1H).
[0072] (Example D1)

Production of the anhydrous crystals of 3-{2-cvanophenvl}-5-(2-

pyvridv)-1-phenyi-1.2-dihydropyridin-2-one {( Anhydrous form 1)

30 A 1-L vessel was charged with 8 g of 3-(2-cyanophenyl)-5-(2-
pyridyl)-1-phenyl-1,2-dihydropyridin-2-one (Hydrate). Ethyl acetate
(480 mL) was added to the vessel and the mixture was stirred at

heating under reflux (in an oil bath) to effect dissolution. Heating
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20 C for 40 mnutes and then at 60 C for 3 hours) to give 7.2 g of the
anhydrous crystals of 3-(2-cyanophenyl)-5-(2-pyridyl)-I1-phenyl-

1, 2-di hydropyridin-2-one. 'H NVR (400MHz, DMSO-d6): S 8.61-8. 57Fgg3 6135-00
8.53 (d, 1H), 25 8.47 (d, 1H,), 8.01 (d, 1H), 7.92 (dd, 1H), Pd

IH), 7.78 (ddd, 1H), 7.72 (dd, 1H), 7.61-7.48 (m 6H), 7.31-7.28 (m 1H).
[0072] (Exanple D1) Production of the anhydrous crystals of 3-(2-cyano

henyl )-5-(2- pyridyl)-1-phenyl -1, 2-di hydropyri di n-2-one (Anhydrous forml)
30 A 1-L vesggl s¥@ispechah@9Be WirPing @a9falRrddd ¥ aRRTRRYWhiR- (1% vessel
pyridyl)-I-phenyl -1,2-dih dro yridin-2-one (Hydrate). Ethyl acetate (480
n) was adde‘ﬁa%dntﬂ@ ¢ils bath éﬁﬂd?héf#ﬂkﬂhﬂ@ )st|Atréhje3101nhéh@t tBeunder
reflux (in f i uwH o 5 9-00 was
st opped andq?ﬁ%dsatlﬁr%ﬁpnegrtd\j\&/a% g hengtggj c?ﬁt?nzugemﬁ e tﬁlgys\l?g%sﬁq\%as in the
oi |l bath (urﬂiemoglrhaduh)l 5e(c?epymgl)yl)-At—phhmylpduZ'rtdilméltogyhahm-mtmmal

t enpe ature ed 50.9 e rystal.s

cyano henyl) I‘%% GiS ?ali?pwggyladii g gf’ %?OBW{F 2 %lh%segu(sﬁf‘llﬁ’ydrous
crystal)] waauaﬂcgeobdxmdm minttiukiee ﬁw@ﬁﬁquwaﬁbyr,atuﬁélrreﬁtmgd cHNBGI H@ed until
t he internal %errperature reached 31.3 The anture was s |rred L

addi ti onal DURKCLRFE J¥PS SWriss ﬁor*ﬂﬁ‘éltlsp%ﬂp PULRHN ATy s34 bather Bheol | ect ed

by filtrati e%mtéjtre'de‘érjﬂ'ﬁgﬁsr wéRl /ldiRRtéP0b ¢ AfrRABRS hnHOdGieVe vRd@r g Of
anhydrous cr yst als of 3-

cyanophenyl )agatipnpiad o 1)& ho phentd sveRS i Byefr aplyy didiug-orystads of HRMR

LM A B et o A a2

(m 6H), 7.3HNNR (4§0WHz, PMSO]-chﬁsBcfaﬂ (ds abh)l i8t §3 i(d, HEK), fg4@p@; ati on in

procedur o) abaue 5186 o TED° 7 ERel 1 B0 EOL he ArD SALTE MDaR HERRT

nortar, and 1H¥ Medi-ngtOpar &)V .33-Tarr(ngdiHYt at roomtenperature for a

few m nutes t he OWI dditi.on of water (or wat
073? lgi vseca sta% ﬂtv 11 _mixing operation in tﬁe presence of

15 water or water-ethanol (1:1) mixed solution

(Operation Procedure)

About 150 mg of respective crystals are placed in an agate
mortar, and the mixing operation is carried out at room temperature
for a few minutes while the dropwise addition of water {or water-

20 ethanol (1:1) mixed solution) continues. Subsequently, respective
crystals are dried at about 60 °C for 2 to 3 hours.
(Results)

The powder X-ray diffraction analysis showed that the crystals

obtained in Reference Example Al underwent a change in crystal

25 form during the mixing operation .in the presence of water or a water-
ethanol (1:1) mixed solution and the same crystal form as that
obtained in Example D1 increased in quantity.

The powder X-ray diffraction analysis showed that the
respective crystals obtained in Example B1, Example Ci1 and

30 Example D1 displayed no change in crystal form and they were
physically stable in the presence of water or a water-ethanol (1:1)
mixed solution.

[0074] Influence of change in temperature and humidity on
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20 ethanol (1:1) m xed solution) continues. Subsequently, respective
crystals are dried at about 60 C for 2 to 3 hours. (Results) The powder
X-ray diffraction analysis showed that the crystals obtained ippfe §igehse
Exanpl e Al underwent a change in crystal 25 formduring the m xing operation:
in the presence of water or a water- ethanol (1:1) m xed solution and the
sane crystal formas that obtained in Exanple D1 increased in quantity. The
powder X-ray diffraction analysis showed that the respective crystals

obt ai ned i”LEéﬁ%Eée Bl, Exanple C and 30 Exanple D1 displayed no change in
crystal formand they were physically stable in the presence of water or a
mater-ethandﬁ%@@ii%m m xed sol ution. [0074] Influence of change in

t enperature urg dity EROS-H0QPP: t i gaku
X-ray DTA s;@%grlﬁn g EI% ZgggArrgﬁ%tlﬁggt ured bijﬂ)lg %ggﬁf@&ﬁ%@ﬁf%%ﬂ%er ation
Met hod) CrySiaiporetibai ned i n Exanple Bl (Hydrate) were ground in a nortar

and then sa@ ed on %\41& di aneter glass plate. Measurenent was carried
out uhder theRESAYPEIGR low. X-ray in use: CuKa ray 10 Tube vol tage: 40

kV  Tube current ICrl?)@Gallﬁﬁobﬁiﬂ&I danExsmiple Bl A HedratBecedrél Bebild ia H. 3 nm
Scattering slit: 1/2 det%SIS Scanni ng speed; 2/ mn_, Scanning step; 0.01
Scanni ng r afdgertepopnds thenscamepied) aadur Eenb t iasReter urddasiasPiatsnged as

follows in tNERsurement was carried out under the conditions below.
X-ray in use: CuKu ray
10 Tube voltage: 40 kV
Tube current: 200 mA
Divergent slit: 1/2 deg
Receiving slit: 0.3 mm
Scattering slit: 1/2 deg
15 Scanning speed: 2°/min
Scanning step: 0.01°
Scanning range (28): 5 to 40°
[0075] Measurement temperature was changed as follows in turn
and powder X-ray diffraction patterns were measured at the
20 respective temperatures in sequence: 30, 40, 50, 60, 70, 80, 100, 70,
60, 50, 40 and 30 °C.
(Results)
Fig. 11 shows powder X-ray diffraction patterns of Hydrate at
respective temperatures above. The changes in the powder X-ray
25 diffraction patterns revealed that the crystals of Example Bl
(Hydrate) transform to the same crystals as crystals of Example El
(Anhydrous form IIT) at about 60 °C or more, and return again to
Hydrate when the temperature was lowered.
[0076] Measurement humidity was changed as follows in turn
30 and powder X-ray diffraction patterns were measured at the
respective humidities in sequence: 4, 5, 10, 15, 20, 50, 90, 50, 15,
and 5 %RH (relative humidity).
(Results) |
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and powder X-ray diffraction patterns were neasured at the 20 respective
tenperatures in sequence: 30, 40, 50, 60, 70, 80, 100, 70, 60, 50, 40 and
30 C. (Results) Fig. 11 shows powder X-ray diffraction patterngpg. gﬁﬂb@te
at respective tenperatures above. The changes in the powder X-ray 8
diffraction patterns revealed that the crystals of Exanple B 1 (Hydrate)
transformto the sane crystals as crystals of Exanple EIl (Anhydrous form
I11) at about 60 C or nore, and return again to Hydrate when the
tenmperature was IRyenedshd W9 (Riwd@axur srantrr hsirbali gattaras sthardestaag: f ol | ows
in turn 30 and powder X-ray diffraction patterns were neasured_at the
respective HEMPAtYedumidbgsepbeye.q, Fsomhapgesom the powdesoX-1&y and 5
URH (rel ati i it es : = Q039- i.g 2 wder
X-ray di ffr\gggﬂl?gé?lggt %Qet;tﬁérgéfllgl—vltf?iélg?% ﬂ;%@?rggpégtﬁggnﬁlﬁmag%t ﬁzlg?a %L\El)ée). From
changes i n tthempldhdeerexobsgrvedidiiderctheohu pad ttgr ol mareverdsiddseopaboet ns of

Hydrat e and ous, .farm.l |l r bserv un th 1 di-t f, nore and
a5 of abodt s Ko Bii® BpRigmeghfial > FhaTelnal Experidect S CBdirL "5n
(Hy?r ate) gﬂnaﬂge ttooAArhlyyldwﬂfome mILﬁﬂd&dfndﬁ h}ﬂnﬁglmyrrb‘ ' ﬁi)%aomfltza%oﬂﬂ 10% RH
or less, and sfay Hydrate r the hum di of . about 10% RH or . nore.
[0077] Thesé’reEFﬁér iar?gnts?yagﬁ[ﬁaf%émidﬁflTd’é’n&i‘éani“é’hQ oYty 1050 Ridndkr at ur e
~and hum di t y, e Hydrate, and Exanple 1X revealed that the state of the

precipitates before the air drying was the sane_  crystals as those of
Exanpl e El ([(ARAYHr ous Fhssm expprigrends npkewt dhef infAnpyer ovls dhenges| in and

00781 i i et SR hu bR TR LR B apd IR TR A e Uy 0
(OQperation Nethsdie of the precipitates before the air drying was the same
crystals as those of Example E1 (Anhydrous form IIT) or a mixture of
Anhydrous form III and Hydrate, which is a useful intermediate for
the production of Hydrate.

15 [0078] Minimum Ignition Energy and Lower Explosion

Concentration Limit
(Operation Method)

An appropriate amount of Hydrate corresponding to a concentration

was uniformly put on sample dish of blown-up type dust explosion
20 test apparatus. 50 kPa of air was compressed in a 1.3 L pressure tank,
and the air was introduced into a glass cylinder by opening of a
solenoid operated valve to form dust clouds. A discharge electrode
was supplied with energy after 0.1 seconds after the opening of the
solenoid operated valve. The criterion of ignition is an arrival of
25 flame at an ignition mark set 100 mm above the discharge electrode.
(Measurement Conditions for Lower Explosion Concentration Limit)
Temperature of the measurement room: 24 °C
Humidity: 49% '
Popping pressure of compressed air: 50 kPa
30 Ignition start time: 0.1 sec
Repetition of ignition test: 5 times
Ignition discharge energy: 10 J

(Measurement Conditions for Minimum Ignition Energy)
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An appropriate anmount of Hydrate corresponding to a concentration was

uni formy put on sanple dish of blown-up type dust explosion 20 test
apparatus. 50 kPa of air was conpressed in a 1.3 L pressure tankpogehd-be
air was introduced into a glass cylinder by opening of a solenoid operated
valve to formdust clouds. A discharge electrode was supplied wth energy
after 0.1 seconds after the opening of the solenoid operated valve. The
criterion of ignition is an arrival of 25 flane at an ignition mark set 100
nm above theranp@ﬂaaﬁgﬁoekﬁ@mmgreméwbaauﬁlermmc@ndl tions for Lower

Expl osi on c at| on Limt) Tenperature of the neasurenment room 24 C
Humdity: 4 p/‘ressure of conpressed air: 50 kPa 30 Ignition start
time: 0.1 s%ﬂﬁggtﬂrgggﬁequ b(gﬁll?fréé%ladtﬁ§t 50%pd Mmes lgnition discharge
energy: 10 J (‘MeaSurenent Conditions M nimum I gnition Energy) 30

FP05- 0039- Odgmﬁemétaﬁmréeof) k kec neasurenent room 24 C Humidity: 49%
Poppiang pre Ir Ignition start tinme: 0.1 sec 5
Repet§|1t| on ??éﬁeg%ﬁ?{ﬁ on nﬁ?&ﬁ%@tﬂl&g% (ksAppar atus) Bl ovvn-up t ype dust .
expl osi on te(sxtp;mpararsat us (Environmental Technol ogy Oo Ltd. DES-10)
(Resul ts) g Lower 05|don Concent.ration Limt: 0 %/nB Mpi mm

| gnition En B 1 emJ Bkt CEBIRYALr at§Shn: ap_ll’zr’fﬁét‘bs/ nyggngyenta

Char geabi | i tPechnOpestdOn ¥Bt DER-1D§ About 1 g of respective conpounds is
wei ghed into_a vvelsg Ing bottle (dianeter of 35 mMm). A stirring bar

[ 1 uor opl ast{Besults

10 Lower Explosion Concentration Limit: 160-170 g/m’
Minimum Ignition Energy: 50-100 m]J

Dust concentration: 1250 g/m’

[0079] Chargeability
(Operation Method)

15 About 1 g of respective compounds is weighed into a weighing
bottle (diameter of 35 mm). A stirring bar [fluoroplastic

(tetrafluoroethylene resin) coating; 20 mm] is placed in the bottle
and after the lid is in place, the powders are stirred for 30 minutes.
The lid is opened at the same time that stirring is stopped; and the
20 static potential of the powder is measured using a static potential

measuring instrument.

{Apparatus)
STATIRON-DZ3 manufactured by Shishido Electrostatic, Ltd.
(Results)
25 Crystals of Reference Example Al: 70-100 V
Crystals of Example B1: 0 V
[06080] Measurement of Infrared Spectra

Infrared spectrum of the crystals obtained in Example B1 was

measured under the measurement conditions described below

30 according to the potassium bromide disk method for infrared

spectrum measurement as described in General Tests in the Japanese
Pharmacopoeia.

(Apparatus)
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(tetrafl uoroethyl ene resin) coating; 20 nm is placed in the bottle and
after the lid is in place, the powders are stirred for 30 mnutes. The lid
is opened at the same tinme that stirring is stopped; and the ZOFﬁé?bb%-Oo
potential of the powder is neasured using a static potential neasurimg
instrunment. (Apparatus) STATI RON-DZ3 manufactured by Shishido

El ectrostatic, Ltd. (Results) 25 Crystals of Reference Exanple A : 70-100 V
Crystals of Exanple Bl. 0 V [0080] Measurenent of Infrared Spectra Infrared
spectrum of ¢#PRERCEYS RSy BRA S eg%llg@@r%bg)(ﬁa Wwas measured under the
measur enent condi tions descri bed cco SI ng to the potassium

“bromi de di skMgestodgfrengeénfP8PetdGpact rum neasurenent as described in

Gener al Testﬁe or]utlla% éa anese Phar macopoei a. (Apparatus) 31 FP05-0039-00
FT/1 R- 620 manuracture y JASCO Cor poration Measuring range: 4000-400 cm 1
Resol ution: Itegratiombhegbati 86 nunber: 36 5 Scanni ng speed: 2 nmm sec [0081]
Fig. $lmshows an mfrare&l zpectrum of the crystals obtained in Exanple 131
(KBr et hod) Scihding §presdSAJWRYSEE i nfrared spectrum of the crystals obtai ned

in Exanpl e GooQKBr rretmgdn Tk 2ashpygatdie yrenuberrs themely sangd
transmttances (% 10 of the absorption peaks for the crystals obtained in

Exanpl e 131.0btgamidein Extpapilet Bd (lBenusthad gednbip. Znshevarmhinfrareds (% of
the absorpt r I [ 0082] [Table
2] “PEAK NVEER WRERONEERS V" POTAeR B ERM AR LR pThELa)
Table 2 shows the wavenumbers (¢m’') and transmittances (%)
10 of the absorption peaks for the crystals obtained in Example B1.
Table 3 shows the wavenumbers (cm™) and transmittances (%) of the

absorption peaks for the crystals obtained in Example C1.

[0082] [Table 2]
PEAK NUMBER |WAVENUMBER (cm-") % T
] 3406,64 46,3391
2 2217.74 56.7481
3 1661.37 6.6427
4 1619.91 40.6542
5 1538.09 25.0365
6 1566.88 40.1575
7 1550.49 43 7805
] 1432.03 35.2300
9 143478 48.9801
10 1369.21 56.9666-
11 1318.11 469775
12 1282.43 47.177%
i3 1249.65 56.0844
14 1157.08 60.446&
15 109923 60.6605
16 §99.63 ¢8.4385
17 879.38 62.5325
18 784,83 24,6745
19 751.14 35.0064
20 730.89 57.4603
21 697,14 39.9667
22 606,50 56.3319
23 557.33 62.4188
24 505.26 58.3983
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2 2217.74 56.7481 3 1661.37 6.6427 4 1619.91 40.6542 5 1588.09 25.9365 6
1566. 88 40. 1575 7 1550.49 43.7805 8 1482.03 35.2300 9 1434.78 48.9801 10
1369.21 56.9666 11 1318.11 46.9775 12 1282.43 47.1779 13 124€%§§ é@L 44
14 1157.08 60.4468 15 1099.23 60.6605 16 899.63 68.4385 17 870 38 62 5325
18 784.89 24.6745 19 751.14 35.0064 20 730.89 57.4603 21 697.14 39.9667
22 606.50 56.3319 23 557.33 62.4188 24 505.26 58.3988 32 FP05- 0039- 00
[0083] [Table 3] PEAK NUMBER WAVENUMBER (cm 1) 9@ 1 3447.13 50.2836 2

3066. 26 49.25393]3 22§Ta§%:é . 7414 4 1657.52 1.0035 5 1618.95 24.2890 6

1585. 20 11.2133 "7 1565.92 26.5039
PEAK NUMBER|WAVENUMBER (cm-) %T
| 3447.13 50.2836
2 3066.26 49.6530
3 2221.59 49.7414
4 165752 1.0035
5 1618.95 - 24.2890
6 1585.20 11.2133
7 1565.92 26.5039
8 1549.52 26.7864
9 1476.24 17.5093
10 1434.78 36.9734
11 1368.25 45,1127
12 1318.11 29,2805
13 1266.04 36.7269
i4 124772 39.2277
15 1157.08 52.6189
16 1135.87 64.5032
17 1097.30 55.2787
18 933.38 66.5017
19 396.74 61.6446
20 879.38 55.0085
21 785.85 14.4121
22 753.07 24.8345
23 729.92 54.7682
24 694.25 30.5167
25 630.61 Hi.1148
26 603.61 46.5267
27 556,36 62,4971
28 501.40 51.0929
29 443.55 67.0781
[0084] Measurement of Powder X-ray Diffraction Pattern

Powder X-ray diffraction patterns of the crystals obtained in
5 the respective Examples were measured under the measurement
conditions described below according to the powder X-ray diffraction
measurement method as described in General Tests in the Japanese
Pharmacopoeia.
(Apparatus)
10 Rigaku X-ray DTA system: RINT-2000 manufactured by Rigaku
Corporation
(Operation Method)
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il e et AT

8 1549.52 26.7864 9 1476.24 17.5093 10 1434.78 36.9734 11 1368.25 45.1127
12 1318.11 29.2805 13 1266.04 36.7269 14 1247.72 39.2277 15 1157.08
52.6189 16 1135.87 64.5032 17 1097.30 55.2787 18 933. 38 66. 59%3 _ @)3%-00
896. 74 61.6446 20 879.38 55.0085 21 785.85 14.4121 22 753.07 458 5 23
729.92 54.7682 24 694.25 30.5167 25 630.61 61.1148 26 603.61 46.5267 27
556.36 62,4971 28 501.40 51.0929 29 443.55 67.0781 [0084] Measurenent of
Powder X-ray Diffraction Pattern Powder X-ray diffraction patterns of the

crystal s obtai neds isample tdigs EESPEE 1 \emBXBITRL RS t W& @a:ﬂBP@d’bﬁ% yRdam t he
measur enent condltlons described bel ow according to the powder X-ray

di ffracti on diamsses c2hass ﬁbﬁttﬁod Mearasemendd Was cangied| omdstunden the

Japanese | (Apparatus) 10 Rigaku X-ray DTA system RI NT-2000
manuf act ur eg%b%%%e% rpor ation (Qperation Method) 33 FP05-0039-00
X-ray in use: CuKa ray

5 Tube voltage: 40 kV
Tube current: 200 mA
Divergent slit: 1/2 deg
Receiving slit: 0.3 mm
Scattering slit: 1/2 deg
10 Scanning speed: 1°/min
Scanning step: 0.01°
Scanning range (20): 5 to 40°
[0085] Fig. 3 shows a powder X-ray diffraction pattern of the
crystals obtained in Reference Example Al, Fig. 4 shows a powder
15 X-ray diffraction pattern of the crystals obtained in Example B1, Fig.
5 shows a powder X-ray diffraction pattern of the crystals obtained
in Example CI, and Fig. 6 shows a powder X-ray diffraction pattern
of the crystals obtained in Exaﬁlpie Di.
[0086]" Table 4 shows the peaks and their intensities at
20 diffraction angles (20) for the crystals obtained in Reference
Example Al, Table 5 shows the peaks and their intensities at
diffraction angles (20) for the crystals obtained in Example BI1,
Table 6 shows the peaks and their intensities at diffraction angles
(26) for the crystals obtained in Example C1, and Table 7 shows the
25 peaks and their intensities at diffraction angles (26) for the crystals
obtained in Example D1.
[0087] Based on Fig. 4 and Table 5 that represent the powder X-
ray diffraction pattern of the crystals obtained in Example B1, it can
be found that the powder X-ray diffraction pattern of the crystals
30 obtained in Example Bl provides a characteristic peak having a
diffraction angle (26) of about 12.5°.
This suggests that the crystals obtained in Reference Example_

Al do not contain the same crystal form as do the crystals obtained
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A sample was ground in a nortar and then sanpled on a 13-nm di aneter gl ass
pl ate. Measurenent was carried out- under the <conditions below X-ray in
use: CuKa ray 5 Tube voltage: 40 kV Tube current: 200 mA Di vepgephsshht:
1/2 deg Receiving slit: 0.3 mm Scattering slit: 1/2 deg 10 Scannl ng speed:
1/mn Scanning step: 0.01 Scanning range (20): 5 to 40 [0085] Fig. 3 shows
a powder X-ray diffraction pattern of the <crystals obtained in Reference
Exanple A, Fig. 4 shows a powder 15 X-ray diffraction pattern of the
crystals Obtlﬁ'Eb@ﬁn It Pfanpi& Big. f'aﬁhd @aﬁfboﬁ\ﬁthﬁt P@ﬂﬂ%ént’(ﬂﬁ@){)o%d‘é‘rrﬁc“ on
pattern of the cr%/stals obtained in anple d, Fi g. shows a powder
X-ray diffradévidh r}ﬁétlpérlhatt@ﬁﬂ Pﬁéh%rcﬂﬁf@ll% o(bbmeﬁem &ef@@m@xmplq 0086]
Table 4 shows | es (20)
for the crystaltdg%gglteigl ne III iﬂ?q% e?lém:agnﬁ dargrf)ﬁfg&cﬂ&g)‘?‘gg[g t%@)t h?@bﬁpﬁe peaks
and their irt2endsities at dlffractlon angles (20) for the crystals obtained
in npl e abl e shows eas a t hel |ntenS|t|es at diffraction
ang:zgji (205&03? t he ek [ and Table 7 shows the
25 peaks and theiwithnt gdxpletct e&oatth‘élféﬂy%@éllsorbﬁngL@chgﬁB hedylye(grystals
obtained in Exanple Dl1. [0087] .Based on Fig. 4 and_ Ta that repr esent
the powder XYTidxl)oh-Pheakl-ilodr 4By e Ry afin-Heors yaydiase.obbai PRYIEH arrpl e B
|, it can eyl end it ﬂ%@rrpwﬂeﬁle%sﬁ@y %Infd%f%y%dqafoﬁ@rﬂnﬂfl
crystals 30 ogt al neg IIJExarrp | e provi des a characteristic pea?< havi ng a
di ffracti onthnge eie@czo)veéfab@b@ut mewermhs meagywsment hwes chadoctist af s
obt gigied in S%;fl{xﬁ'ﬂ ;Fe}jl”Bkewé'md\Pn&‘é%t hERhE' Sbdd1fiotd " FhY VidlnifPrm as do
t he crystals 0 aln

of 110 °C.

Fig. 7 shows the powder X-ray diffraction pattern, and Table 8

shows the peaks and the intensity of diffraction angles (20 + 0.2°) for
the crystals.
i3 [0089] [Table 4]

PEAK NUMBER g 8 HALF WIDTH d-VALUE INTENSITY RELATIVE INTENSIT

1 8.010 0.588 9, 80487 13370 100
2 13.830 C.5812 5. 5867 10137 78
3 24,340 0.847 3.6468 10672 80
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FP05-0039-00 in Exanple BlI, since Fig. 3 and Table 4 that represent the
powder X ray diffraction pattern of the crystals obtained in Reference
Exanpl e Al does not provide the peak having a diffraction anglgpd28d39980
about 12.5. 5 [0088] Exanple El (Anhydrous form 1U Wth respect to the
crystals of 3-(2-cyanophenyl)-5-(2-
pyridyl)-1-phenyl -1, 2-di hydropyri di n-2-one hydrate, the powder X- ray
diffraction pattern was nmeasured under the conditions simlar to those
described apoyeo] Howeyepp|d bp neasurenment was conducted at 10 a scanning
speed of 2/ mn under heating conditions in the vicinity of 110 C Fig. 7
shows the powder X-ray diffraction pattern, and Table 8 shows the peaks and

the intensity [pdadivsER]act izorv anglses wigfd 0. ZVATUE tilwensav yedalissm15 [ 0089]
[ Tabl e 4] PEAY NUVBER|2 e 7HALd- W DTH sd- VALUE. JNTENSI 062 RELATIWE T|NTENSI TY 1
9.010 0.588 9.[8067 213370 10Geo 2 15.860 0.682. 555867 10487 76 38 24.390 0.847
3.6465 10672 80 35 FRO5- 003 00 of 0390] [ Tabtws5] PHAK: NUVMBER 2 [0 HALF
W DTH d- VALUE || NTENSI TY RELAT VE BN®BNSI D ¥ 37SO 0.4389 11. 3542 |16328 100
2 8.700 0.247 {10. 1555 |5298-3% 3 9.520 0. 283962825 1203 69 '& 12. 450 0. 365
7.1037 4845 300 5 14.590 0.282 6.0663 2872 18 6 15.240 0.329 5.8090 7037 43
7 15.600 0.188 5. 6757 (2162-18 8 £6%?% SO 0. 388098, 473593858 144B 1I7. 540 0. 341
5.0521 6268 3g 10 719.(980'°0°%18 424433 3823 22%/°T 1162 3

8 15. 180 0.282 H.4735 2358 t4

9 17. 540 0. 341 5.0521 6268 38

10 19. 980 ¢.318 1.4403 3823 23

11 21.040 0.247 4.2189 2430 15

12 21.420 0. 271 4.1449 2708 1T

13 23. 260 0.282 3.8210 383y 24

14 24.190 0.294 1.6762 12030 T4

15 25. 440 0.282 3.4983 5205 32

16 25.820 0.188 3.4477 2953 18

17 26. 430 G.294 3.3685 4488 Z7

18 27.310 0.258 3.2629 2295 14

19 27. 860 0. 341 3.1997 3367 22

20 28. 870 0.284 3.0900 2645 16
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11 21.040 0.247 4.2189 2430 15 12 21.420 0.271 4.1449 2708 17 13 23. 260
0.282 3.8210 3838 24 14 24.190 0.294 3.6762 12030 74 15 25.440 0.282
3.4983 5205 32 16 25.820 0.188 3.4477 2953 18 17 26.430 O. 2947‘?]%%3_63@%_6&88
27 16 27.310 0.259 3.2629 2295 14 19 27.860 0.341 3.1997 356

28.870 0.294 3.0900 2645 16 36 FP05-0039-00 [0091] [Table 6] PEAK NUMBER
8 HALF W DTH d- VALUE | NTENSI TY RELATIVE I NTENSITY 1 8.000 0.259 11.0424
18318 76 2 9.160 0.259 9.6465 24045 100 3 10.000 0.294 8.8380 3002 12 4
12.870 0. 253 §9§]728 2%?%811626%5 15. 140 0.247 5.8471 5210 22 6 15.950 0. 282

5. 5519 17707 74 7 16 06 S.2979 8272 34 8 18.370 0.271 4. 8256 5460
23 9 18.820 0.235 4. 7113 4523 19 10 20.6550 0.259 4.2977 5878 24 11
22,150 0.318 A-0A00-3067 1612 A3 10002049 8471 5378 22 24.320 D. 365
3 6568 5333 2P EARNIMBEE o020 “05“@f§§ ] 193”‘“‘”E 4=mﬁﬁ$ﬁaﬁﬁﬁwmmﬁﬁ3 3884 373
16 16 26.8600. 28> 3| 316 %ﬁ 03 2 26. *306 ? 29 24 18 25. 660
0.294 3.1122 p767 24 | 19 30,410 0] 28H 2. 935 3 147, o 282
2' 8915 2363 1) Y 12.870Q 0,259 6. 8728 3333 1%
5 15.140 0. 247 _5.847] 5210 22
B 15.650 0.232 5.53519 17707 ’ T4
1 16. 720 0. 3086 5.2979 §272 34
8 18,370 0,271 4. 8156 5460 23
g 18.824Q 0.235 4.7113 4523 &)
10 20,620 0. 259 4, 29717 5878 24
11 22.140 0.318 4. 0099 3967 16
t2 23.140 0.224 3.8471 5318 22
13 24.320 0. 385 3.6568 5333 22
t4d 24.930 Bb. 306 3.5687 15343 L44]
15 - 26.280 0.271 3.3884 3Tt 16
18 26. 860 0.282 3.3165 5103 21
17 ¢B.B1O 6. 306 3.1829 2182 2]
18 28.660 0.294 3.1122 5767 24
19 30.410 B. 2589 2.9369 3333 14
20 30. 950 D_282 2.8915 1363 10
[0092] [Table 7]
PEAKNUMBER. z 8 HALF WIDTH d-VALUE . INTENSITY RELATIVE INTENSITY
1 7.780 p. 235 11. 3542 Co20997 100
2 9.450 D. 259 6, 3511 7993 38
3 10.270 D. 247 3. 6062 6030 z9
4 14,240 D. 247 F.2145 3092 15
b 15. 060 0.353 5.8780 283 30
3] 16.070 D, 271 5.5107 16920 81
7 19. 080 D. 294 4, 6476 T16% 34
8 20.450 D. Zz59 4, 3493 3658 17
g i2.4420 0.259 3.9588 3212 15
10 23,300 D.1I7H 3.8145 5342 25
11 24,1350 0. 094 3.60822 T4T8B 36
12 27.310 . 1086 3. 2629 4648 22
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[0092] [Table 7] PEAK NUMBER 2 8 HALF W DTH d- VALUE | NTENSI TY RELATI VE

INTENSITY 1 7.760 D. 235 11.3542 20997 100 2 9.450 0.259 9.3511 7993 38 3

10. 270 0. 247 8.6062 6090 29 4 14.240 0.247 6.2146 3092 15 5 1%13%6_8%,&7@@3

5.8780 5283 30 6 16. 070 0.271 5.5107 16920 81 7 19.080 0.294 4.

34 8 20.450 0.259 4.3393 3658 17 9 22.440 0.259 3.9588 3212 15 10 23. 300

0.176 3.8145 5342 25 11 24.150 0.094 3.6822 7478 36 12 27.310 0.106 3.2629

4648 22 37 FP05-0039-00 [0093] [Table 8] PEAK NUMBER z B HALF W DTH

d- VALUE INTT g REL@-'E'lagFEIB ENSITY 1 5.700 0.235 15. 4919 557 8 2 7-660
8 67

0.224 11.53 D 10 50 0.247 10.2141 1813 27 4 9.490 0.259 9-3118
3490 51 5 11.6840-0 ’7‘20 75962 16 . . 7 27 7
13.690 0-271 ."%@@V'% 5715 g HALE WDTﬁ')m £l MRS NG NEETD 40 0. 271
5.8090 1230 18 6215 530 D118 5.70%1 717 ;Lf ;9181 16. 1°f0 0. 14} 54972 650
10 12 17.590 [0- 306, 5./0378 1237 1§, “3 19. 940°0, 7141 44491 417°6 |14 21.450
0.141 4.1392 540 8 15 22.33 h 0. 20123 9833 é 1 16 -700 (i 247 3.7511
2560 38 5 11. 640 0.259 7.5862 1603 24
6 12.350 0.282 7.1610 1817 27
7 13.690 0.271 6.4630 1057 16
8 14.550 0. 200 6.0828 1247 18
9 15.240 0. 271 5.8090 1230 18
10 16.530 0.118 5. 7011 717 11
11 16.110 0.141 5.4972 650 10
12 17. 590 0.306 5.0378 1237 18
13 19. 940 0. 141 4. 4491 417 6
14 21.450 0.141 4.1392 540 8
15 72.300 0.271 3.3833 750 11
16 23.700 0.247 3.7511 2560 35
17 24.960 0.235 3.5645 1783 26
18 25.420 0.108 3.5010 1173 1%
Ls 26.150 D. 253 3.4049 720 11
ip 27.030 EFEEE 3. 2960 T03 L0
21 28.500 0.200 3. 1293 670 10
[0094] Measurement of **C Solid State NMR spectrum
_ 3¢ Solid State NMR spectra were measured for the crystals
5 obtained in Examples B1, C1 and D1 under the following conditions.
Measurement temperature: room temperature (~22 °C)
Standard compound: carbonyl carbon of glycine (external standard:
176.03 ppm)
Measurement nucleus: 1°C (100.6248425MHz)
10 . Pulse-repetition time:
50 sec for Examples C1 and D1
5 sec for Example B1
Pulse mode: CP/TOSS measurement
[0095] Fig. 8 shows a '*C Solid State NMR spectrum of the
15 crystals obtained in Example B1, and the chemical shifts are

summarized in Table 9. Fig. 9 shows a '>C Solid State NMR

spectrum of the crystals obtained in Example D1, and the chemical
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17 24.960 0.235 3.5645 1783 26 18 255.420 0.106 3.5010 1173 17 19 26. 150
0.259 3.4049 720 11 20 27.030 sF4it 3.2960 703 10 21 28.500 0.200 3.1293
670 10 [0094] Measurenent of 13C Solid State NWR spectrum 13C o @9”15%

" NWR spectra were neasured for the crystals 5 obtained in Exanples 9 I

and D1 under the follow ng conditions. Measurenent tenperature: room
tenperature (-22 C) Standard conpound: carbonyl carbon of glycine (external
standard: 176.03 ppm Measurenent nucl eus: 13C (100.6248425MHz) 10

Pul se-r epet it teb B es;61 1@n 1 le B'1
Pul oo mode: O TARY a0 BRE HPTSBE M 3 ks 1oty Do ST WHTE fm
spect rum of NMR spctrumt af sthebraystets iabtExsatlia Blxample tCthle ehdnileal shifts
are sunmari N e 9. Fig. Solid State NVR spectrum of
the crystal s&% lggln;er%&{mnaﬁ3%%@ar%1?$gﬁat%ﬁ%%§hem cal 38 FP05-0039-00
shifts are 4oopdfi zed [Tableble 10. Fig. 10 shows a 13C Solid State NWR

P ey AR o AT Gaaps, I8, e
Shift(ppm) [A3288 127 8 150 8 12829-8146 7 125 8 130 4 123.3 136.6 120.8
134.9 11118.W0.832. 7 11114.6 126.5 | \
146.7 125.8
139.4 123.3
136.6 1120.8
134.9 118.4
132.7 - : 114.6
129.0 ' 108.8
5 [0097] [Table 10]
Chemical Shift(ppm) Chemical Shift(ppm)
160.0 129.5
152.8 128.2
152.0 127.0
149.0 125.6
140.5 120.3
137.0 118.2
1347 114.6
133 .4 108.2
131.0
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129.0 108.8 5 [0097] [Table 10] Chemical Shift( m Chem cal Shift(ppm
160.0 129.5 152.8 128.2 152.0 127.0 149.0 125.6 140.5 120.3 137.0 118.2
134.7 114.6 133.4 108.2 131.0 39 FP0O5-0039-00 [0098] [Table é%g55?%gbgal
Shift m Chem cal Shift(ppnm) 159.7 128.2 151.2 127.3 145.9 126.

125.8 137.7 121.1 134.9 120.6 132.8 119.1 131.7 114.2 130.1 109.4

129.0 Industrial Applicability [0099] The crystal fornms of the invention
have preferable properties and are suitable for use as an active ingredient

of 5 theragggg§i nnqgﬁ%ﬁhyAﬁitlc agents for neurodegenerative di seases or

the like. 4
Chemical Shift(ppm) Chemical Shift(ppm)
159.7 128.2
151.2 127.3
145.9 126.8
136.9 125.8
137.7 121.1
134.9 120.6
132.8 119.1
131.7 114.2
130.1 109.4
129.0
Industrial Applicability _
[0099] The crystal forms of the invention have preferable
properties and are suitable for use as an active ingredient of
5 therapeutic or prophylactic agents for neurodegenerative diseases or
the like.
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1. A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-

di hydropyridi n-2-one hydrate having a diffraction peak at a diffraction
angle (20 0.2) of 8.7 in a powder X-ray diffraction. 5 2. A cr Ypha IOO%S_O

3- (2-cyanophenyl ) -5-(2-pyridyl)-1-phenyl -1, 2- di hydropyridin-2-one” hydr

having a diffraction peak at a diffraction angle (20 0.2) of 12.5in a
powder X-ray diffraction. 3. A crystal of _

3- (2-cyanophenyl ) -5-(2-pyridyl)-1-phenyl -1, 2- di hydropyridi n-2-one hydrate
having diffraction peaks at diffractig@fy; angles (20 0.2) of 8.7 and 12.5
in a powder X-ray diffraction. 4. A crysta of

3-(2- cyanophenyl )L.5A( 2rystal iyl §-(2-phemyphdnyd)- i Bydrmopyh tipheydrig2hydr at e

having an a tion ayenugber of 15 cmlin an, |nfrared
absorption scf)gg r?ﬁﬁ“? ?%? h(%’) ggvﬂlg:rﬂst%%f%afcuon peak
3-(2- Cyanophhlﬁﬁth);ﬂﬁn(a&rg]yr(lzﬂy:&I)-l)pdfllt‘:‘&y}l -ih, @ p odv durdKopyr d diffecteme hydrate

havi ng absorptio aks at unbers 0 88 1 cml and 751 f 1 cmlin
an infrared absg%' Gﬁygﬁé %I%WJJ?S -62-ny1édyQr hiphgmyl-1,2

3-(2- cyanom}ﬁﬁyh}o&yrﬁarmnbﬁyl )hyawteenxhvﬁag 20d1f@fmwlpp;s@h§' Nit2- pne

hydr at e havi ngf peaks at chem cal shifts of = around ppm and around
r

123. 3 ppm i riibfraggogcingle S8t ONOl @lat 2. M@n@m@icreer%mcélﬁmmmm 7. A
process for produgcing _ 1

(2-pyridyl)-1- phg}rjlyfr‘l C%ﬁéyﬁ%/fg?o%yr?%éﬁplgy@ﬂgghhg da?)”é%l cor cilengltldz 25 any
of clainms 1 dlhyﬂropmdpr-aeess lqmlrmrel haning keffstheypoofpeakpsanldiffzadigon

2 o W one ialh (2 y<D B iR Mool Dorie e et e PO R G oup

consi sting of an 4l thﬁjrdtﬁl Siel Ye(rztcy@ﬁbﬁ{héﬁWIM PP HedyH0L . plRAg - Mater. 30
8. The process accor ding to claim?7, wherein"the <crystallization solvent is
a ni xed sol vBhYd mpﬂéétrbﬁe%ﬁd hygdrate bavinge R o@bseiitéenr dies t& ctaim 7,

wher ei n the weuRlahLi 2t 198558l yegh T Su amﬁ%ﬂar%al Y888 o GSlRngRNd vat er
(KBr method).

15 5. A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-phenyl-1,2-
dihydropyridin-2-one  hydrate having absorption peaks at
wavenumbers of 1588 + 1 cm™* and 751 + 1 cm’' in an infrared
absorption spectrum (KBr method).

6. A crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-1- phenyl 1,2-

20- dihydropyridin-2-one hydrate having peaks at chemical shifts of
around 146.7 ppm and around 123.3 ppm in a >C Solid State Nuclear
Magnetic Resonance spectrum.

7. A process for producing a crystal of 3-(2-cyanophenyl)-5-
(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one hydrate according to

25 any of claims 1 to 6, the process comprising the step of crystallizing
3-(2-cyanopheny!)-5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one
with an aid of one or two crystallization solvents selected from the
group consisting of an alcoholic solvent, an alkylketone solvent, and
water.

30 8. The process according to claim 7, wherein the

~ crystallization solvent is a mixed solvent of acetone and water.

9. The process according to «claim 7, wherein the

crystallization solvent is a mixed solvent of acetone and water with a
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volume ratio of 37:3 to 24:16. 10. The process according to any of clains 7
to 9, wherein the crystallization is carried out at a tenperature of 60 to
-30 C. 11. The process according to any of clains 7 to 9 conpriﬁb@gooﬁ;bge
steps of heating a solution of 3-(2-cyanophenyl)-5-(2-pyridyl)-1-

phenyl - 1, 2-di hydropyri di n-2-one dissolved in the crystallization solvent at
a tenperature of 50 C or nore and thereafter cooling the solution to a
tenperature of 10 to -20 C at a cooling rate of 40 to 5 C per hour. 10 12.

‘The process @60 1% @ 381y t8f24h8i s 7 to 11, wherein the crystallization
I .

solvent is used in a volune ratio of 10- to 50-fold (v/w) based on the

wei ght of 3-(2-cyldhobhepypies- geeqrdingyb)amy of claims 7 to 9, wherein the
phenyl - 1, 2-dj ¢ i di.n- 2- . .13 r.oc il any of clains
20 12, wncr SYRIARELA T G 0RE oy, {PERRERATIE JEPLT AL TV T

process accordi ngl ¥.oThayrotesd atedrdingotol 3nywWhetkiims The eryshptisimg e dri ed
under_reduced pressure after the crystallijzation., 15 process,. accordi ng
to any of cltBPnkeRs togefi ,“%érséﬁHf“loﬁe‘_)gﬁy '§W§n8PB3%¥h)mg/;72§'RHl§Y§nZﬁl'i n the
at nosphere gfﬂeefyllng-di%qrd%y?ltiawzzahbomiam\rfehe O Ying BRdesIITAdused
pressure. 16. An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-

1- phenyl - | , Zodveridrbpyieimi arapuignel RviGpramgire fandcthanapealcoating the

di ffraction angl:e (,20 hn.a - - di f.f i 7. The
crystal accosr%gillgll'r{gnt% %Itgfnﬁi@fu{%?otfﬁle? Qﬁa\%%ﬁ‘é@gjt %ggg?ﬁflgr%ééiaog{n&gggéat a

di ffraction “&hgkehe26. 0.2) of 19.1 in a powder X-ray diffraction. 18. An
anhydrous crystal. pf .3-(2-cyanophenyl)-5-(2-pyr.idyl)- X

1- phehyl - 1, 2- di h -oxﬁmfa%%ﬁ% @ﬁgorai\%gngo ﬁﬁ’a}%faﬂ%&‘%?érﬁ &8 Lnvhedet  around
é49- 0 ppm artdeadr@lslmillikaﬁxﬁ ﬁﬂgbiéﬂisauw&iﬁcd :vdhfﬁhat@tw@fqat to380-¥Bomet i c
esonance spectum . An _anhydrqus crystal o )
3-(2-cyanopr(éfz§’}’5)bﬁsi‘g-%‘}rﬂ&‘yl‘y?l -tpIﬁ’énél"EZI,CZ'-?IHPHK}EFFY)Byﬁ(aTWTZdBHelhavi ng a

diffraction a i i9?.8pgle (20 t 0.2) of 16.7 in a powder
X-ray diffr aﬁc}ftéii‘érl,_ f&gdlh‘?"dfr%?ﬁmm 8he!

13. The process according to any of claims 7 to 12, wherein
15 seed crystals are added at 60 °C or less.

14. The process according to any of claims 7 to 13, wherein
the crystals are dried under reduced pressure after the crystallization.

15. The process according to any of claims 7 to 14, wherein
the crystals are allowed to stand in the atmosphere after the

20 crystallization and the drying under reduced pressure.

16. An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-
1-phenyl-1,2-dihydropyridin-2-one having a diffraction peak at a
diffraction angle (26 £ 0.2°) of 10.3" in a powder X-ray diffraction.

17. The crystal according to claim 16 further having a

25 diffraction peak at a diffraction angle (20 = 0.2°) of 19.1° in a
powder X-ray diffraction. '

18. An anhydrous crystal of 3-{(2-cyanophenyl)-5-(2-pyridyl)-
1-phenyl-1,2-dihydropyridin-2-one having peaks at chemical shifts of
around 149.0 ppm and around 125.6 ppm in a *C Solid State Nuclear

30 Magnetic Resonance spectrum. '

19. An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-
1-phenyl-1,2-dihydropyridin-2-one having a diffraction peak at a
diffraction angle (20 + 0.2°) of 16.7° in a powder X-ray diffraction.
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FP05-0039-00 20. The crystal according to claim19 further having
diffraction peaks at diffraction angles (20 0.2) of 12.9 and 24.9 in a
powder X-ray diffraction. 21. An anhydrous crystal of 05-0039-00
3-(2-cyanophenyl )-5-(2-pyridyl)- 5 1-phenyl -1, 2-di hydropyri di n-2-'6ne "havi ng
an absorption peak at a wavenunber of 1658 1 cm' in an infrared
absorption spectrum (KBr nethod). 22. The crystal according to claim?21
further having an absorpti on peak at a wavenunber of 501 1 cm' in an

infrared 10 absoppti d) u tal of
3-(2- cyanophenyI;2 5- (2-pyr ?’?f‘ﬁ’%&@ I[Hl%, ZPldaﬁEIydﬁ\gp;aﬁ}d%rozﬁoﬁa avi ng
peaks at chdmffcauleml}fetakscﬂ’c dlﬁfmnxd)nldﬁgl%sp(ﬁﬁ and. 23p ainti2 P37ad ggr?in a 13C
Solid State.Nucl ear g |f:f Resonance spectrum 15 24. An anhydrous

56 gheny ) e

crystal of 32@PRRY BByri dyl ) -

1- phenyl - 1, 2- di hydr ofoyrawhyird @n@f el bg 3i(RicpaidphrnpERRS(Rbyridiyiij+ action
angl es (20 0.2) of 23.7 a er u y:’sn a \Mg -rzf(1>l npl)?fr(ac?l (r)nyflj25 The
crystal accdrBhfgylrd ?crjé'i‘Yﬁf?zPYﬂf’rlflh%Toq’?a\haﬁgﬂg 28N cﬂhsromeppoae%akts %t

2'; fractionyangemie0or01898 & P -cindnth % ihfrardd PAYREHti6n" &Yedihif action.
(KBr method).

22. The crystal according to claim 21 further having an

absorption peak at a wavenumber of 501 + 1 c¢cm™ in an infrared
10 absorption spectrum (KBr method).

23. An anhydrous crysta.l of 3-(2-cyanophenyl)-5-(2-pyridyl)-
1-phenyl-1,2-dihydropyridin-2-one having peaks at chemical shifts of
around 145.9 ppm and around 137.7 ppm in a ">C Solid State Nuclear
Magnetic Resonance spectrum.

15 24. An anhydrous crystal of 3-(2-cyanophenyl)-5-(2-pyridyl)-

| I-phenyl-1,2-dihydropyridin-2-one having diffraction peaks at

diffraction angles (26 + 0.2°) of 23.7° and 25.0° in a powder X-ray
diffraction.

25. The crystal according to claim 24 further having

20 diffraction peaks at diffraction angles (20 & 0.2°) of 5.7° and 9.5° in

a powder X-ray diffraction.
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