DESCRI PTI ON NOVEL CRYSTALS OF TRI AZASPI RJ 5. 5] UNDECANE DERI VATI VE 5

TECHNI CAL FI ELD The present invention relates to crystals of

(3R) -1 -butyl -2,5-di oxo-3-((I R - 1-hydroxy- |

- cycl ohexyl net hyl ) - 9- (4- (4- car boxyphenyl oxy) phenyl net hyl ) -1, 4, 9-
triazaspiro[5.5]undecane hydrochloride (hereinafter sonetines referred to
as Conpound (I)), a process for producing the sanme and an agent contai ning
the crystal as an active 10 ingredient. BACKGROUND ART Chenoki ne is known
as a basic protein having endogend¥tSCRIEINOBYte chenptactic and activating
abilities and strong heparin-binding abilities. At present, it 15 1is

consi dered that chenokine is related to not only the control of infiltration
of specific |eukocyte at the tinme of inflammations and inmune responses but
al so the deveMNSPAERCR ANt hd MENEREIZA§HIR e\ BN eANEHYERBY A 51 \al
conditions and mgration of henocyte precursor cells and somatic cells.
Differentiation, proliferation and cell death of henocytes are controlled by
20 varjou f _cytokine. In the living body, inflammations are found
topica@lyﬁgﬁ%ﬂsﬁ%ﬁug' iation, maturation and the |ike of |ynphocytes are

cat _ on, maturation and the Il ;
i grate fﬁi ojf;e?? bR Esedlir aabiogire Bles i?aawggi‘siaﬁ@@fvlgfﬁtﬁféiéF‘cﬁgf%?%é%@éeaf )
coliis ABR AR AR (CTRRRRS Ry R tisgsTagiet f on ©

di ffer ent k%%é%g&@5@{nagc%gggi}/(?g{;@ggdgaﬁtégnag{er g?rlnleﬁmeMe%rPetditBQBg%FﬂgHPcﬁyt e s

inthe liv arts y In't evel opnent  stage shift of

hemat opoi gﬁj, $ @&5 tffrdﬁ)ﬂoau&ngaé%eemm a&mpc&ﬁaim%tf lcl‘yso rgg}fageeiiséi s in

bone marrow’vi‘a fetal Tiver.” Furthernore, precursor cells
10 ingredient.
BACKGROUND ART

Chemokine is known as a basic protein having endogeneous leukocyte

chemotactic and activating abilities and strong heparin-binding abilities. At present, it

15 is considered that chemokine is related to not only the control of infiltration of specific

leukocyte at the time of inflammations and immune responses but also the development

and homing of lymphocyte under physiological conditions and migration of hemocyte
precursor cells and somatic cells.

Differentiation, proliferation and cell death of hemocytes are controlled by

20  varous types of cytokine. In the living body, inflammations are found topically and

differentiation, maturation and the like of lymphocytes are carried out at certain

specified sites.  That 1s, various necessary cells migrate into certain specified sites and

accumulate therein to cause a series of inflammations and Immune responses.

Accordingly, migration of cells is also an indispensable phenomenon in addition to

o
o e

differentiation, proliferation and death of cells.
Migration of hemocytes in the living body starts firstly in the development

stage by the shift of hematopoiesis started in the AGM region intc permanent
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and thynmus dendritic cells mgrate fromthe fetal liver into the bone marrow
and then into the thynus gland and cytodifferentiate under thynus
environnment. The T cell which received clone selection mgrates into
secondary | ynphoid tissues and takes part 5 in an inmune response in the

peri phery. The Langerhans' cell of the skin activated and differentiated by
capturing an antigen mgrates into the T cell region of a topical [|ynph
node and activates naive T cell therein as a dendritic cell. The menory T
cel |  per heopHEPPIEYS nbhwf‘gmagawlarﬂ@tél bives | Grmhermotre prvarsoyephast & wHe bl ood
vessels. Also, Bcell, Tcell inthe ijntestinal epjthelium yo T cell, NKT
cel | and ahdpmuscepdrific gl @t?éatfcffql?élf*ﬁ %@MéWﬁari}ta\xﬁW@%w'%fs@ €4 hr ough

the th d t to.tak
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| e, t CCR7 tant
L o e, 08 M TR TG0 P 0 R o B
fgpd['h 'gécgﬂp :ll’tn:ll’fvlgllngg'iiﬁ(f)% te“fneﬁ'lel%naﬂer%“t 'Iﬂ@’lahté‘%r afy colﬁ f"‘[‘lée%é’ ey DRLged | ssue

encaoun efficiéen he T
[ d I
Fesponses 1 A e“érﬁﬁa‘fe% %vsgé?péﬁ W @é@e@%@% “t?gh@'?t HRssis ?ﬁpoq%{df"cahnﬂ"éze

havi ng debiﬁ@lﬁ%%éé BEaBX Hﬁl@gs’[' 95[?1 %ﬁl—% é‘&eno’%ﬁf?: cfed: Thejrﬁcg‘f]&%f T é‘éf]'

(1999)) dits recept or ay an 1 nportant e’int
mgration ex@&nﬁﬁtsﬂ%@mﬁg T%a]h ke tﬁ&]@rhﬁﬁi' no%lletv%s ylrfﬂyhhm{lﬁbl%@vbs@feﬁ aAmMARLOry

responses in which t i's related. 'In a rat fulmnant hepatitis

nmodel (P. Baghey csllhll'r‘a)e, maaanﬁd]teprtﬁ% At LD KT UBIPLES dediritRCeRameraed t he
amount of ALT in blood and increase of the expressi ng anounts of TNFa and

FasL id t fenl boter mamdwalkisioul pRssinpedirdugthhiat ihymaf glhfi® and differéntiatddol take
I nvest., 102, 1933 (1998)). Al so, an anti-MDC anti body decreased the 25
nunber ofpa@himommhhmnaqmumulated inthe lung interstitiumand suppressed
airway hypersensitivity in a nouse OVA-induced airway hypersensitivity
nmodel (J. | munofCbeyoking3s degydy (al@@d)td the migration of these various cells. For
example, MIP3f3, SLC and its receptor CCR7 play an important role in the migration
and homing of naive T cell, memory T cell and the mature dendritic cell which captured
15  an antigen into a topical lymphoid tissue for the dendritic cells to encounter efficiently
with the T cells. The T cell and dendritic cell necessary for controlling antigen-
specific immune responses are hardly observed in the secondary lymph node of a PLT
mouse having deficiency in the expression of SLC (J. Exp. Med., 189(3), 451 (1999)).
MDC, TARC and its receptor CCR4 play an important role in the migration
20  of Th2 cell into topical sites in immune and inflammatory responses in which the Th2
cell is related. In a rat fulminant hepatitis model (P. acnes + LPS), an anti-TARC
antibody suppressed increase of the amount of ALT in blood and increase of the
expressing amounts of TNFa and FasL in the liver and also improved lethality of the
rats (J. Clin. Invest.,, 102, 1933 (1998)). Also, an anti-MDC antibody decreased the
25 number of eosinophils accumulated in the lung interstitium and suppressed airway

hypersensitivity in a mouse OVA-induced airway hypersensitivity model (J

Imnnnology, 163, 403 (1999)).



2 MCP- | and its receptor CCR 2 are related to the infiltration of

macr ophage into Inflammtion sites- An anti-MCP-1 anti body showed all

effect to suppress infiltration of i-nonocyte and nacrophage into
glonerulus in arat anti-Thy 1, 1 antibody glornerular riephritis. nodel
(Kidney Int., 51, 770 (1997)). 5 Thus, chenokine receptors are greatly
related to the control of inflarnmalioi) and imune responses through a
mechani smin which they are expressed at certain specified periods in
variously speci fiMC@el a8d #ndesepeor<fFRE ey retaétd © the anfaleatipm phimagraphage regi on
where chenokine is produced. Acquired i nmunodeficiency syndrone (called

Al DS) whi®H il%ﬁi%afe@a SB¢S 10MhehN mlru%&wgy cheMEy $1 rehisc( AR rWPHEFY er

referred ta as. "MY') is one of the diseases of which thej her apeyti c

ot ot angifRiey § ety iingJer ot TR ape Phisr e & hadt Thnt LB h 1 v
is conpletied in a - posi,t.ive.cell i i rincipal target cell, HYV
repea?g i?SHBPQFPFéﬁﬁP?Bﬁdﬂéxﬁﬁﬁwé%hgﬁo?ﬂ%ﬁégﬁﬁfient gnd, sogner or later

conpl et el destroys cel ) whic e har he | ol 0ai cal
Comet Eon Y our oy TR ISR SRR IS Lo MIEPT RN EHSRon 1 1,

reduced .tﬁldcﬁ'{@g?é & {)]nsegitﬁ‘rro DR ok %!ﬁgﬂ%ﬁ%}ﬁ&ﬂlﬁ&%@%&ére@& §iN&rdalrke

various i mmu I ClI Cy con ’tions are ap 0 cause conpll cations

W Lh_pneutResshinrical o ldriddbh iRt iRlle AL LRURCARRAILURIST! ©

i nfection condi t1 ons the onset of AIDS, and it is we nown t hat

t hey indg%ﬁmaﬁﬂﬁ@@ﬂﬁﬁﬂdM@@gﬁbmﬁ@ﬁpOnH and the |like malianant tunors. ID 20
As the recent preventive and therapeutic nethods for AIDS, attenpts have

been made to, e.gAcquided iHidddbfigeawt yndforkEléalyd hDSadwich &tinatdeanyof a
reverse transcriptase inhibitor or a protease inhibitor and (2) prevent or
al | evitat emappoitininneieficientniieed {hersndier tdferrabim 43 "$1IVA]) isameaff tlee disasgeshavi ng
irrimunopotentiation activity, Helper T cells which take charge of the
central obf winvhrgeis ylstrgrauaic enethods are most earnestly desired in recent years. Once

infection with HIV is completed in a CD4-positive cell which is a principal target cell,

HIV repeats its proliferation in the body of the patient and, sooner or later, completely

destroys T cell which takes charge of the immunological function. During this process,

15  the immunological function is gradually reduced to cause fever, diarrhea, lymph node
enlargement and the like various immunodeficiency conditions which are apt to cause
complications with pneumocystis carinii pneumonia and the like various opportunistic
infections. Such conditions are the onset of AIDS, and it is well known that they
induce and worsen Kaposi sarcoma and the like malignant tumors.

20 As the recent preventive and therapeutic methods for AIDS, attempts have
been made to, e.g, (1) inhibit growth of HIV by the administration of a reverse
transcriptase inhibitor or a protease mhibitor and (2) prevent or alleviate opportunistic

infections by the administration of a drug having immunopotentiation activity.

Helper T cells which take charge of the central of immune system are

b
o

mainly infected with HIV. It is known since 1985 that HIV uses the membrane protein
CD4 expressing on the membrane of T cells in the infection (Cell, 52, 631 (1985)).

The CD4 molecule 1s composed of 433 amino acid residues, and its expression can be
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25 mainly infected with FHV, It is known since 1985 that M uses the
menbrane protein CD4 expressing on the nenbrane of T cells in the infection
(Cell, L2, 631 (1985))~ The CD4 nolecule is conposed of 433 anmino acid
residues, and its expression call be 3 found in macrophages, some B cells,
vascul ar endothelial cells, Langerhans' cells in skin tissues, dendritic
cells in lynphoid tissues, glia cells of the central nervous system and the

like, in addition to the mature helper- T cells. However, since it has been
reveal ed tonad inHeagrephages, sAME B reells. waseulpoendoshgbinb celds, Bypngerdapaelipiecul e

al one, a 5. possibi]ity has heen suggested qn the presence of factors other
than the %mflﬁwpéﬁfpétltic lisch Tapehad iatis 419 Gcﬁﬂé Of e 8hPGT CEeDFS i ¢ h

HV. In 1996 .cell nb tei | I ed Eusi identi.fied

oI LS, IR RE RS P S BB S ) 0,22
Sci , 27 7 1 )). | . fi t, this Fusi I l e |

(Sctonce: i) BER ER o b 1SR SRl 9t D% RERPTRRE L © 1 @
f dt LY L I it i i d.al i it t hat

o e 8By FRCHh ke MR R SR TR P ERA A <

(Nature, %ﬁ%haﬁ%%k&%pﬁﬁ%PPﬁ?%%gﬁﬁcgﬁgwhﬁ v(1996)). That is, it is

consi dere that t ction was inhibited by the binding of SDF-1 to

CXCR4 precedi ng HpVi99d Q_eécﬁib)h_eﬂx%%de%rﬂ%id'"cé{le%f rékid QRkshakdifldarad 2fRGhd ng
cells. 15 Also at that tine, it was discovered that another chenoki ne
receptor &&ESthan W Ch4i SoRcdlECRRIRAs RflatBA\NT e, HIV Rrtb@ionadBeieML 2323872 1 s al so
used at the time of the infection with a macrophage tropic (R5) HV
(Sci ence, (1298)). 1856as(dG6hgd thAe et Biisignyolesib st anegsotiaalr\caIKCRAPEL € Wi th
CXCR4 and CCR5 for HV, or which can bind to HV virus thus causing the
Vi r usiunasptend oddoived factoCXCRéreiffieandfeGERSYy o USDFHeton kidftibmf ®cwason
inhibitors. Also, there is a case in which a | ow nol ecul ar conpound
initiall ycaifismed etsedmagrarthid Niei $Piedt speaficalhi bibitots wédestiantafdl leyll tap@XCR4
antagoni st (Nature Medicine, 4, 72 (1998)%. o )

(X4) HIV (Nature, 382, 829 (1996), Nature, 382, 833 (1996)). That is, 1t is considered

that the HIV infection was inhibited by the binding of SDF-1 to CXCR4 preceding HIV,
thereby depriving HIV of a foothold for infecting cells.

15 Also at that time, it was discovered that another chemokine receptor CCRS,
which 1s a receptor of RANTES, MIP-1at and MIP-1[, 1s also used at the time of the
infection with a macrophage tropic (R5) HIV (Science, 272, 1955 (1996)).

Accordingly, substances which can compete with CXCR4 and CCRS5 fof
HIV, or which can bind to HIV virus thus causing the virus unable to bind to CXCR4

20  and CCRS3, could become HIV infection inhibitors. Also, there is a case in which a
low molecular compound initially discovered as an HIV infection inhibitor was actually
a CXCR4 antagonist (Nature Medicine, 4, 72 (1998)).

Based on the above, it 18 considered that the chemokine/chemokine
receptors are deeply related to the inflammation, immune disease or HIV infection.

256 For example, 1t is considered that they are related to various inflammatory diseases,

asthma, atopic dermatitis, nettle rash, allergic diseases (allergic bronchopulmonary

aspergillosis, allergic eosinophilic gastroenteritis and the like), nephritis, nephropathy,

- 4.



Based on the above, it is considered that the chenokinel chenoki ne
receptors are deeply related to the inflammation, inmmune di sease or HV
infection. 25 For exanple, it is considered that they are related to
various inflamratory di seases, asthma, atopic dermatitis, nettle rash,
allergic diseases (allergic bronchopul nonary aspergillosis, allergic
eosi nophilic gastroenteritis and the |like), nephritis, nephropathy, 4
hepatitis, arthritis, chronic rheumatoid arthritis, psoriasis, rhinitis,
conj unct i beretigs. artheHenhrongpdpeieitel RRPUES, PRRIIASISpIIEIIAY, eFHTRCVilfSeer at i ve
colitis, acute re%%%rator. dist{efs égndro , _Shock acco anied.b{
bact er i a] SERYRETPRTIUSIH aFEERs BRIUPIG GECTOSE (i shiftife COlte UL TEPHRY er sus
host di segse, inmuposuppressi on, netastasis,. .5 acguired,i nodef. ci ency
syndrome QRECTRE TIRES PR ASPYPaRet |8 Rabisr Flg ieln.  diabetes’ mellinis
triazaspirq%S.S und gane d%rbv%tggeﬁmppwﬁegn ?ntaﬁonize effec%tof <
chem)kineflu RERBES n ‘?ééepfS , €3 %he§ aretised™s m$P8$ﬁﬁ?%oH1 Tor
treat nent - q] b +J.n chenoki nes, such as various
ment 4 c@mgh §1%ﬁ1%%§dé’ﬁalg§f{§¥§gﬁdé§@gi‘égé Qgef!llée

i nfl anmat or I seases, matitis, urticaria, allergic

di seases (allergi ran - ' ' '

eosi nophi l i c gast ?%eég)tug&i {a i §Wg€%ﬂ%ﬁ%§t;%ﬁ?ﬁa?épﬂﬁ]%g% @%%g‘%ﬁﬁ‘%/%‘ﬁﬁ%%g‘ﬁ %Iil S,
arthritisy,hhehrmtgbd @ dHeRokinR/chBBkindSkSoptéishi thésS areCRH URE thrdehiidn

i schem c repéerfusion disorder, nmultiple sclerosis, ulcerative'colitis, acute
respir at ohyd/ofiShinReS FTYAKREE whEdH QleO¥biceiRACH, cBindIGiaS sudt bl Vidhe

di sease, transplanted organ rejection reactions, imrunosuppression, cancer
met ast asi mfRRthAcguiliseded, nasthngs, aldpiddbingitRiRC yirticayindsliergie (disfasess@dleigid cat i on
of WO01/40227). However, the specification does not at all disclose
Conpoumnd bionchapthlm@enp aspetglioyisis dlerme ebsicqrplow gakirobh S OSIUIRE nEFhrTHE

| NVENTI ON 20 Conpound (1) is described in Exanple 9(54) of WD 02/074770.
Accor di ngnemrefaehy, rhepsfitisgatthons rrewdeatbyd artleitisy es@msisi fveitis,oemyjuitoweiser , it

was found ] ] _ ) . ) . ,
ischemic reperfusion disorder, multiple sclerosis, ulcerative colitis, acute respiratory

F

distress syndrome, cytotoxic shock, diabetes, autoimmune disease, transplanted organ
rejection reactions, lmmunosuppression, cancer metastasis and acquired immune

15  deficiency syndrome(ref. specification of W0O01/40227).
However, the specification does not at all disclose Compound (I) and

Compound (I) is a novel compound.

DISCLOSURE OF THE INVENTION
20 Compound (I) is described in Example 9(54) of WO 02/074770.
According to the investigations made by the present inventors, however, it was found
that Compound (I) produced by the method described in the specification was not
crystal but amorphous.
Generally, amorphous substances have the following problems for use as
25 drug substances of pharmaceutical products. For practical production of

pharmaceutical products using such amorphous substances and marketing of the



t hat Conpound (1) produced by the nmethod described in the specification was
not crystal but anorphous. CGenerally, anorphous substances have the

foll owi ng problens for use as 25 drug substances of pharnmaceuti cal
products. For practical production of pharmaceutical products using such
anor phous substances and marketing of the 5 resulting pharmaceuti cal
products, potentially, the resulting pharmaceutical products nmay not retain
consistent quality. Unless a pharmaceutical product w th great

phar maceutdsebingeplfasppecusind prodees.t potpeiirllyafler yespltioe pharwaseufietlapiede@nsi st ent
quality, such a pharmaceutical product 5 rather may cause adverse events
and has nBa&ighidtd B SARestEHt Walilst ence as a pharnmaceutical . For pharmaceuti cal
products, it is ope, of greatl

¥ i ortgnt i ssues t retain &E %uality. For
Securing this quakbles & Eoar@ageuliil Ba0ng Vb SFent rPharuicRblical EispitATg A dir ug
substance wi.th copsistent quality at .any tine. Supply,of a drug substance
ot anor BHOUSE AT Ryets el aPsidfeatdite FERRbENITR &S RERRbUNG (1)
produced according to the method described in the. specification of WO

0oy oras 7o et AR "Serl R MDA ADEEIRE SRRt 5

conpound Bﬁ%@h@ggﬁﬁ&gﬁi Sf Yhafhekhfidhl ﬁgcgﬁigist ﬁﬁé 'o}{n% {%E ggpaklg;iglzuoﬁglﬁ! Ssues 1o

Ther ef or e, subst'ance obt ai Serious

di sadvant f cty : : N - i di ngly,
0 AP B UaRE 00, S RREM A ot it

bei ng posgifyl yub3taRed kel @nskRiaf qaaARYIt: Gal tin‘i’é.u$®?dﬁsélaﬂccﬁug‘”su&tdr@é getscal e
have been desired. In order to obtain such crystals of Conpound (1), the

inventorsaﬁ@qﬂwugayﬁﬁyﬁgaggeggmﬁﬁkﬁﬁgmwﬂﬁg‘free form of Conpound (1), i.e.
(3R) - 1-butyl -2,5-dioxo-3- [(I R-1 -hydroxy - | -
cycl ohexyl met hy] ] Sthek Adpaadb@x ppdiioyd axsording nyl theetthathdd Hedkri®e@Qn the
triazaspiro[5.5]undecan e was dissolved in a m xed sol vent of hydrochloric
aci d (nanspgcification of WO 02/074770 is amorphous, it 1s very difficult to supply the
compound as a compound having consistent quality consistently at a large scale.
Therefore, the drug substance obtained by the method has a serious disadvantage for
practical supply as a pharmacentical product. Accordingly, stable single crystals of
15 Compound (I) having consistent quality and being possibly supplied as pharmaceutical
drug substance at a large scale have been desired.

In order to obtain such crystals of Compound (I), the inventors made
imvestigations.  First, the free form of Compound (1), i.e. (3R)-1-butyl-2 5-dioxo-3-
[(1R)-1-hydroxy-1-cyclohexylmethyl]-9-{4-(4-carboxyphenyloxy)phenylmethyl]-1,4,9-

20  triazaspiro[5.5Jundecane was dissolved in a mixed solvent of hydrochloric acid (namely,
aqueous hydrogen chloride solution) and methanol, the resulting mixture was agitated at
50 to 55°C, cooled to room temperature, and further cooled to 0 to 3°C, and the
resulting precipitated solid was filtered. Unexpectedly, however, the analysis of the
solid demonstrated that the solid contained the solvent components {Solid B described
25  below). Solid B was analyzed by X ray crystal diffractometry at room temperature.

However, Solid B never consistently gave an identical X ray crystal diffraction

spectrum.  Therefore, no clear structure analysis could be obtained.  The results of the

-6 -



aqueous hydrogen chl oride solution) and nmethanol, the resulting m xture was
agitated at 50 to 55C, cooled to roomtenperature, and further cooled to O
to 5C, and the resulting precipitated solid was filtered. Unexpectedly,
however, the analysis of the solid denonstrated that the solid contained

t he sol vent conponents (Solid B described 25 below). Solid B was anal yzed by
X ray crystal diffractonetry at roomtenperature. However, Solid B never

consistently gave an identical X ray crystal diffraction spectrum
Ther ef or e M & PEak @y rGretar ABHAPHETY ot doy depedht g sHagestefnhat SOUftB of the

6 lysis . by X t i ff t t | t t . ted
hat sor 1 et B ey ent SRt AadEIC hAUlRCor P AAdDURACER! BOGS nbove,
it was fo that jt.was ifficu[t t op ai n Cﬁ¥§é | s of ? non- sal vat e of
omaund Ssietlh & et ar Bt ftiat s O Eobetty B0 Bkt crblidtnt S e
that Co d.(1 i.ght to be 5 . di | I d,_F
(et Commmuatall TS, R, ERTREY Ty Copbto ) gL L e R P v
ti . I f L.t f - i Cj F
ovanpl B0 VRS RER ORATD T 09, S RNRRL o P AR B oh L Shba P!

NYgr 0SCOPLEVEY maNdohBfimee LS BhIHR ORI dE W Saplily Sr CREGANA (Aar es can

never be use phar maceuti c drug cause o e toxicity of

met hanol 19, k18 eihe iasO YREORTEE shRBSH dPR QD&M R harddl Qe MY 6RIIRIPoBHBILY UT t her
investigatian?ﬂ%dngg&uéntlﬁgﬁthg in?@htors nggemggsugcess ﬁ%ﬁ?heﬂpﬁ%duction

of pure hpdMEENeMEseC by H.@ mAcude, WRIle SANAOE Bfvat@MPAUNEvet e aBgh akso
successfully established a nethod for crystallizing thern- Thus, the

i nvent i on phasabeaitapéiikevedancihbecanyesdfahstoddfcita of mydhaol vat e of Conpound (1)
in accordance with the 15 invention (hereinafter sonetines referred to as

"the abystals of & nomer siel wateook tiEsapprobtbnis]l) the iisvemodrs demdei Bethet n WO
02/ 074770, Specifically, the crystals of a non- solvate of Conpound (1)
appar ent | ynwetstigagions. r dharntsheueat ppida novgptad tedd aasicorsdiim ghet produdimnnaedi hoe
described in Exanple 9(54) of WD 02/074770, in view of the data
homogenous crystals ‘of a non-solvate of Compound (I) and also successfully
established a method for crystallizing them. Thus, the invention has been achieved.
The crystals of a non-selvate of Compound (I) in accordance with the
15 1nvention (hereinafter sometimes referred to as "the crystals of a non-solvate of
Compound (I)"} is not described in WO 02/074770.  Specifically, the crystals of a non-
solvate of Compound (I} apparently differ from the compound produced according to
the method described m Example 9(54) of WO 02/074770, in view of the data
recovered by X ray crystal diffractometry, differential scanning calorimetry (DSC), and
20 IR absorptiometry. Thus, the crystals of a non-solvate of Compound (I} are novel
crystals of the compound.
Additionally, the inventors successfully obtained the crystals of a non-
solvate of Compound (1) from the solvate of Compound (I} or the amorphous

Compound {I).

25 That 1s, the present invention relates to the followings and the like:



recovered by X ray crystal diffractometry, differential scanning
calonnetry (DSC), and 20 IR absorptionetry . Thus, the crystals of a
non-sol vate of Conpound (1) are novel crystals of the conpound.
Additionally, the inventors successfully obtained the crystals of a non-
solvate of Conpound (1) fromthe sol vate of Conpound (J) or the anorphous
Compound (1). 25 That is, the present inventi on relates to the foI I ovm' ngs
andthellke7P] Acrystal of (3R - I _-butyl-2 5-dioxo-3 -]

hydroxy- [ll- cycl 8hexyldigt#ly| |- oL [ 4- ((&Rédrb%ﬂx%w %{Qﬁaﬁehycypxy—iret hylj-
1,4,9- ti-j pirof undecane hydr ochl ori de, [2] The crystal ac cord]
rigto th@fcffﬁwéln[ethﬁ M“&H'hoxﬁp}é?“ﬁ@hYlPh%llvléthé’h]5 4931 The crystal

according to the as a meltin oint of about 230'C to
about 2483@251”[@556‘% g%l[‘l?ls]’t“éqmgﬁﬁ% Hing to thegagove [1] whi ch has a

| t t of t al di
To  heabBle 3] Bl marasebGing (h3nd oy eiﬁﬁ“’% ATPPREREEn spect rum shown

oo AR 1 408, U sl e

19, 00, 1 tﬁ(%?? 048373, 2258, 23.80, 24.96 and 27.07(degree ) on the
ray

povvdery raction spectrum [7] The crystal according to the above t
| 1, whicpyhas anTﬁ&@ﬁtaﬁ%&mle ko BREHOVAT . I HIWY [RitfiaSoig: ofla%éuJ he
crystal accordl no to bove , which has absorptions~at 2924, 2504, QO
232°C to about 235°C.
(5] The crystal according to the above [1], which has a powdery X ray

10 diffraction spectrum shown in Fig. ].
[6] The crystal according to the above [5], which has diffraction angle 268 of
5.15, 8.06, 1026, 11.01, 1372, 15.46, 17.36, 18.03, 18.58, 19.00, 19.51, 20.71, 21,73,
22.58, 23.80, 24.96 and 27.07(degree) on the powdery X ray diffraction spectrum.
(7] The crystal according to the above [1], which has an IR absorption spectrum
15  shown inFig. 3.
[8] The crystal according to the above {7], which has absorptions at 2924, 2504,
1682, 1632, 1597, 1503, 1426, 1377, 1235, 1163, 1098, 961, 928, 876, 855, 770, 727
and 681 cm™ on the IR absorption spectrum.
[9] The crystal according to the above [1], which has a mean particle size of
20  about 0.05 pun to about 200 pum.
[10] The crystal according to the above [2], which 1s a crystal of P2; space group.
[11] The crystal according to the above [10], which has lattice constants of a =
11.8105 A +7%,b="78730 A £ 7% and c = 18.2351 A + 7%.

[12] The crystal according to the above [2], which is substantially free of a lower

NG
o |

alcohol solvent or a water-miscible ether solvent or contains 1t in a residual amount of

5,000 ppm or less.



1682, 1632, 1597, 1503, 1426, 1377, 12-315, 1163, 1098, 961, 928, 876, 855,
770, 727 and 681 cm | on the IR absorption spectrum 191 The crystal
according to the above [1], which has a nmean particle size of 20 about 0.05
j-tin to about 200 ~irn. [10] The crystal according to the above [2], which
is a crystal of P2, space group, [11] The crystal according, to the above
[10], which has lattice constants of a 11,9105 A 7% b = 7,8730 A 7%and
c = 18.2351 A 7/.. [12] The crystal according to the above [2] i
subst ant i @Bly fred Wpces | fondrodzmgap Corl @of vintsobyate Qﬁdﬁgﬁlrﬁ%h‘r%ﬁﬂe et her
solvent or. contains it in a residual 31 unt 5,000 ppi-n or less, -8 [ 13

L A proced8xd- ér((ﬁ)ogﬂ&qirﬁéyé %’FWE@[IH? h?f@ﬁ‘i?‘kol vate of (3R)- | -butyl-2, 5-
3- -

ﬁégﬁgxm((l@q@éﬁ%@& S ARy L AR &@ff%lﬂls]luﬂ&éﬁémﬁge which

ﬁ CLE& R R T St 4 l‘\’v‘% S0 vt Sy ek B ol vent

( 3'(RZ (154bg&”§ﬁgp%a%r‘”d"¥*’?%xét@ {ot v tﬁ“?f&*‘é?@ it Rk S ff‘*%ﬁ‘c)%e o Bhudely

hydr ochl O[?J g%ygg?%?{éseg)é?\gelgr S{I[? 2%}“5%(8]3 fq% tl‘HXaF&?oce ([sléhaeclc"%bgﬁﬁg to the

b

2Ryl et it gf‘%b@ﬁ%‘b%’é%‘?"‘ﬁ‘?@@J?ﬁ%*‘?%rﬁsp‘*ﬁ%@l"v@e by BRI Phe =

| ower al cg@@soﬁ@age% eddsd et hanol or ethanol [16] The process according to
t he above [ 14], V\/nerel n the | ower alcohol solvent s ethyl acetate. 15 [17]

The procegs] accormengot:@s tab&oraing e theldove \E[ @ihBreiheheViaiver albbisg isbiventet her

10 is Cy.q alkyl alcohol or C.4 alkyl acetate.

[15] The process according to the above [14], wherein the lower alcohol solvent
is methanol or ethanol.

[16] The process according to the above [14], wherein the lower alcohol solvent
is ethyl acetate.

15 [17] The process according to the above [13], wherein the water-miscible ether
solvent is 1,2-dimethoxyethane, dioxane or tetrahydrofuran.

18] The process according to the above [13], wherein the water and the lower
alcohol solvent or the water and the water-miscible ether solvent are mixed in a mixing
volume ratio of 1 : 50to 7 : 3.

20 [19] The process according to the above [18], wherein the water and the lower
alcohol solvent or the water and the water-miscible ether solvent are mixed in a mixing
volume ratioof 1 : 35t0 5: 5.

[20] The process according to the above [13], wherein the crystallization is
carried out at about -10°C to about 40°C.

25 [21] The process according to the above [13], wherein the crystallization is

carried out for about 20 minutes to about 5 hours.



solvent is 1, 2-dinethoxyethane, dioxane or tetrahydrofuran. [18] The process
according to the above [13], wherein the water and the | ower al cohol

solvent or the water and the water-m scible ether solvent are mxed in a
mxing volune ratio of 1 : 50 to 7 ; 3. 20 [19] The process according to

t he above [181, wherein the water and the | ower al cohol solvent or the

wat er and the water-m scible ether solvent are mxed in a mxing volune

ratio of | : 35 to 5 : 5 [20] The process according to the above [13],
wher ei n tlR&! crystAlcrystaf gnnomssolxae of S8R blitbuitl-Zabdipxo-31{ER)-d-laeuey-hoc. 25

21] Th di to th b 3], in th tallizati [

21, e SR S et ARG 4 5 et e en
-sol vat.e of. -1- butyl -2,.5-dj -3-(((LR) -1 -hyd -1- | ohexyl met hyl

e e el ST B b B i RO

hydr ochl or.i d ich i btai nabl e by the process according to any one of
above [ f%wf%Fg f@TwﬂEK@OﬂggF A process for producing a crystal of a

non- sgl ot of hyg%é%ﬁ?#ﬁy Iprdtuing X} Wiad~di{d Ron-shivaly I Q- 1bueyl-,5-

- cycl ohex

carboxypnﬁgxygxg%ggﬁﬂyégﬁ%?¥§é?$a§¥%@3$hgggﬁg%ro[5.5]undecane

hydr ochl or1 de, ssolvin suspendi ng

3R)-1-Db x4 pRerd) Shet 71)- Spirt | ride, whi
§-92(4-(2%%g? g@?gh%ﬁg?%?&?%ﬁ%ﬁ%?%%?ﬁg??P]?E?gﬁkgﬂﬁﬁ?gggggy?oES.Sffﬁdecane

and hydr Qgﬁlﬂbrﬁéi:ordﬁéﬂ@]vir% arS Guventingel(er}-ebutyl.om-GibkoGL((4R 7! Kitdiroxgl icohol
(2) a mxed solvent of Cl.4 alcohol and water, (3) a water-m scible ether
sol vent , cyclhedylmengt)-S01-¢eoirbotyphemdbey)phengtmithel}dt4er sol vent and water,
(5) a mxed solvent of Cl-4 alkyl alcohol and a water-m scible ether
sol vert , tfiéyaspirofiSxgondeohneeatt] lofdrdgen 4hmlridylin a ablveftale]ecamdviatre (i scillotle et her
sol vent and water and (7% wat er, followed by heating at
alcohol, (2) a mixed solvent of C,.4 alcohol and water, (3) a water-miscible ether solvent,
(4) 2 mixed solvent of a water-miscible ether solvent and water, (5) a mixed solvent of
Ci.4 alkyl alcohol and a water-miscible ether solvent, (6) a mixed solvent of C.4 alkyl
alcohol, a water-miscible ether solvent and water and (7) water, followed by heating at
15  about 40°C to about 80°C; and cooling the resulting mixture at about -5°C to about
35°C.
[24] The process according to the above [23], wherein the C,.. aicohol is
methane! or ethanol.
[25] The process according to the above [23], wherein the water-miscible ether
20  solventis 1,2-dimethoxyethane, dioxane or tetrahydrofuran.
[26] The process according to the above [23], which comprises: dissolving or
suspending  (3R)-1-butyl-2,5-dioxo-3-({1R)-1-hydroxy-1-cyclohexylmethyl)-9-(4-(4-
carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro[5.5Jundecane and hydrogen chloride

in a solvent selected from (1) C,.4 alkyl alcohol, (2) a mixed solvent of C, 4 alcohol and

Q]
Jusa ]

water, (3) a water-miscible ether solvent, (4) a mixed solvent of a water-miscible ether
solvent and water, (5) a mixed solvent of C;.4 alkyl alcohol and a water-miscibie ether

solvent, (6) a mixed solvent of C,4 alkyl alcohol, a water-miscible ether solvent and

- 10 -



] 5 about 40C to about 80C;, and cooling the resulting m xture at about -5C
to about 35C [24] The process according to the above [23], wherein the
Cl.4 alcohol is nethanol or ethanol. [25] The process according to the
above [23], wherein the water-m scible ether 20 solvent is

1, 2-di met hoxyet hane, di oxane or tetrahydrofuran. [26] The process
according to the above [23] whi ch conprises: dissolving or suspending
(3R) - 1- butyl -2, 5- di oxo- 3- R)-1-hydroxy-|-cycl ohexyl met hyl ) 4-(4-
carboxyphéﬁ?F@ﬁ?ﬂﬁhéﬁVF IHVF?kW ngng@ @Q%&§ﬁ?€b¥BﬁETh§9ééan%3 Eth?drogen

hi d [ I t f C hol 2 d
ol vent ofS it THREGNG! TG 25 el {5 0 iarer o HEGIS B & el el vont
(4) a nix%gﬁsol solvent and water, (5) a

i xed o Ty G g}}%gwe S S G AP B ner 5o vent, ()
10 vt er B (1) atere Rl L %ya c@%ﬁ?‘ﬁéﬁgtn%f%od?itﬁo%@? PR et
cool i t B8 xols8 @ }hWQC|b ﬂ%§%é¥é Bty nghgg about 35C, adding C1.4

al cohol or a wa nt to the mxture; and optionally

addi ng WaEz?rBoﬁﬁhE%ﬁof?)iﬁEéHyﬁnetﬁ@lé]1 Ao ROLERR[6 @,guraeeﬂle%ragoﬁl&méstv@hczpf a

non- sol vat e of R) -1-b 5 di oxo- 3-

R)-1- hydr@Mprlsegy&hwmxgldmmskr)m@a (a43614at%a6bQmpm%mxzxymamy@(11&)311hyl) 1,
4, 9-triazasp iro undecane hydrochloride, whic conprises

di ssol vi ngyd}bxﬁﬂl&@e}@sﬁbﬂgmatlﬁgl-%&t -e1- o:irb@a,lahclhylohgpuényl&n&hﬁu)qwe)B ((IR)-1-
hydr oxy- | -cycl ohexyl net hyl)-9-(4-(4-carboxyphenyl oxy) phenyl net hyl ) -1, 4, 9-
tri azaspi trofzéspop{himodetane ydrooblolide iod eananplanmr 3RQsbutyl-2,5-dioxo-3-((1R)-

(3R) -1 -butyl -2,5-dioxo-3-((IR) 10 1-hydroxy- | -cycl ohexyl nethyl)-9-(4-(4-
car box§y phéytioey) ptretgtemelnieyhyl)-9;(4-(9-catbok ptms pioxpphe) metheah &,9-
hydrochloride in Cl.4 alkyl acetate, followed by heating at about 40C to
about 80Ciriaanwirebohiundecane hvdmebloridg ini Gty ekkyhacenisufollmed: by dising at

about 40°C to about 80°C; and cooling the resulting mixture at about -5°C to about
35°C.
[28] A crystal of a non-solvate of {(3R)-1-butyl-2,5-dioxo-3-((1R)~1-hydroxy-1-
15 cyclohexylmethyl)-2-(4-(4-carboxy-phenyloxy)phenylmethyl)-1,4,9-
triazaspiro[5.5]Jundecane hydrochloride which is obtainable by the process according to
any one of above [20] to [24].
[29] The crystal according to the above [28], which has a mean particle size of
about 0.05 pum to about 200 um.
20 [30] A pharmaceutical composition comprising the crystal according to the
above (1], [22] or [28] as an active ingredient.
[31] The pharmaceutical composition according to the above [30], which is a
regulator of interaction between chemokine and a chemokine receptor.
[32] The pharmaceutical composition according to the above [31], which is an
25  agent for treating and/or preventing diseases caused by interaction between chemokine

and a chemokine receptor.

-11 -



35C. [28] A crystal of a non-solvate of

(3R)-1-butyl-2,5-di oxo-3-((1R)-1--hydroxy-1- 1.5

cycl ohexyl net hyl ) - 9- (4- (4-car boxy- phenyl oxy) phenyl net hyl )-1, 4, 9-
triazaspiro[ 5. 5]undecane hydrochl ori de which is obtainable by the process
according to any one of above [20] to [24]. [29] The crystal according to
the above [28], which has a nean particle size of about 0.05 mto about 200

pm 20 [3 A pharnac utjcal conposition conpri jn the cry according to
Phe “aboveryin) | {3apegiod 58] sGEREr b D PHBCarERE: Sput Fhanelscton

phar maceu |caI 0sitiqn,acc rd| g.to the above
regulator%mP%F%téfghifgnaBetMBQI E AR T 8%8H%%1§%m?%c“”W%ses[32]

The phar m@ﬁmﬁgt&ﬂ U] B AREOLdRE @ h0G 8P LH by bhG 11 an 25

agent for reatln preventing di seases cause erac n
chenoki ne Zﬂ. &Kchgnoki ne receptor. - 11 [33] A nethod for treating and/or
preventin& i é ges caused by interaction between chenokine and a chenoki ne

receptor iyyja ManTRL of WRIHRL QR HiRE P 1RABLIM Bl ERbNG: (28] & tn@mmhfa%re
effective anDunt of the cry stal according to the above [ 1], [22] or

[ 28] ; andob ah3ddentF6r @featilte afd/¥5 tpidveAGRO ALk st Shubdte b?bQV@ad:tIO;’l] betlvée] or
[28] in the manufacture of an agent f or treating and preventing di seases

caused by chathadigciidonchpiodirecapi@noki ne and a chenoki ne receptor, Crystals
of a non-solvate of Compound (l), i.e. crystals of a non-solvate of 10
(3R) - 1-butyl -2, 5-di oxo-3-((IR)-1-hydroxy-I|-cycl ohexyl nethyl)-9-(4-(4
car boxyphenyl oxy) phenyl nethyl )-1, 4, 9-triazaspiro[5.5] undecane
hydr ochl ori de, ar @fysmiapé@meniszbdtew Garepduol| (Dwil. agerpoald exf aXaanagpldité £f act i on
spectral data, infrared (I
10 (3R)-1-butyl-2,5-dioxo-3- (lR) 1-hydroxy-1-cyclohexylmethyl)-9-(4-(4-
carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro{5.5Jundecane  hydrochloride, are
characterized by the following powder X-ray diffraction spectral data, infrared (IR)
absorption spectral data, data for differential scanning calerimetry and the like.
Crystals of a non-solvate of (3R)-1-butyl-2,5-dioxo-3-((1R)-1-hydroxy-1-
15  cyclohexylmethyl)-9-(4-(4-carboxyphenyloxy)phenylmethyl)-1,4,9-
triazaspiro[5.5]undecane hydrochloride showing a diffraction angle (28), a half-value

width and a relative intensity in powder X-ray diffraction spectrum using Cu-Kot ray are

as shown in Table 1 (hereinafter sometimes referred to as Crystal A).



absorption spectral data, data for differential scanning calorinmetry and the
like. Crystals of a non-solvate of

(3R) - 1-butyl -2, 5-dioxo-3-((IR) -I-hydroxy-1- 15

cycl ohexyl met hyl ) - 9- (4- (4-ca. r boxyphenyl oxy) phenyl nethyl) -1, 4,9-
triazaspiro[5.5]undecane hydrochl oride show ng a diffraction angle (20), a
hal f-value wdth and a relative intensity in powder X-ray diffraction

spect rum usi ng @b!%ﬂ ray are as shown in Table | (hereinafter sonetines

referred to as Cyystal —12—Ftablte—t—di+ffragtion—angte(26)hal f - val ue
RUSEIVARE I, 5&8@%@% T R R T
18. 030. 22Mbderat ¢ 18 580. 23Sl ightlly high 19 000)21Slightly high
1550 e 28 20 I8 i 2 2188 Seferale g e st

8.06 0.22 Moderate

10.26 0.26 Moderate

11.01 0.23 Moderate

13.72 0.39 High

15.46 0.74 Moderate

17.36 0.24 Moderate

18.03 0.22 Moderate

18.58 0.23 Slightly high

19.00 0.21 Slightly high

19.51 0.20 Moderate

20.71 0.19 Moderate

21.73 0.25 Moderate

22.58 0.36 Moderate

23.80 0.34 Moderate

24.96 0.61 Moderate

27.07 0.45 Moderate

Crystals of a non-solvate of (3R)-1-butyl-2,5-dioxo-3-((1R)-1-hydroxy-1-
cyclohexylmethyl)-9-(4-(4-carboxyphenyloxy)phenylmethyl)-1,4,9-

triazaspiro[S.5Jundecane hydrochloride having absorptions at 2924, 2504, 1682, 1632,



Crystals of a non-solvate of (3 R)-1-butyl-2, 5-dioxo-3-((] R -1-hydroxy-1-
cycl ohexyl net hy] }-9-(4-(4- carboxypheny] oxy) phenylinethyl)-1, 4, 9-
triazaspiro[ 5. 5] undecane hydrochl oride having absorptions at 2924, 2504,
1682, 1632, - 13 1597, 1503, 1426, 1377, 1235, 1163, 1098, 961, 928, 876,
855, 770, 727 and 681 cl-n 1 on infrared (JR) absorption spectrum Crystals
of a non-solvate of (3R)-1-butyl-2,5-dioxo-3-((1R)-1-hydroxy-I-

cycl ohexyl net hyl )-9-(4-(4- carboxyphenyl oxy) phenyl nethyl)- ] ,4,9 5
triazaspi 1995.15p8ndE6ahs7 hyiads chicdr 1 RS, RAL 28, 8RC,c¥FdotAer Ficanded am bund
244C on differential scanning calorinetry. The crystals of a non-solvate
Conpound ¢ )nfiatechdBo pbrRiEongpEditithe invention are identified by the

physi cochem cal properties in this specification. However, the

physi cocheri cal pFopett i0dst Dai-yolpeelof3 R)estutils Stdboxard-(EHRr by diprsti cs of

10 these spectral] data. Therefore, th hysi cochemi cal properties should not
be strict Fﬁolﬁfﬁaiﬂe&?ﬂg—&r("F%rca[é%?MBlP(‘él}’F%ﬁB%@PYlfl}engﬂ-§H»9ang| e (2e), half width
and overall patt of 0 ry. X ray diffractiqgn spectrumarge, inportant for
rystal | e blgHece R IVt G e ba e ey T oy o aFods
dependingdgp t he directiop.oftcrystal grow h, 15 the particle size and the
measur i ng LSRR SRLUBESRISUDSUSt ” t he data properties obtained by powdery X

ray diffractomet ryy. AL OBRl! Yon QUELA! LoflisblET G7f iRl aRGAARLN GifiRRLT et i ©
pattern is inportan or “crystal "ident’ification, ‘and nay vary nore or |ess,
dependi ng; - S opgli ti - Eur rall: :
absorptioHREB%@fra qgﬁyyggnb?;H?n&%ﬁ?%ﬁ?g@gﬁpé?egég?gq?dg%ff?%%g%é%ﬁ; and
My NOre Qoule0ss (A sicHaRanel pooRidsharBasis! R GRNWithe BRFactbmticher present
specification, the solid in which nethanol and water are

10  these spectral data. Therefore, the physicochemical properties should not be strictly

understood.

For example, the diffraction angle (28), half width and overall pattern of
powdery X ray diffraction spectrum are important for crystal identification. The
relative intensity may vary more or less, depending on the direction of crystal growth,

15  the particle size and the measuring conditions, because of the data properties obtained
by powdery X ray diffractometry.

Additionally, overall differential scanning calorimetric pattern is important
for crystal identification, and may vary more or less, depending on the measuring
conditions.

20 Furthermore, overall IR absorption spectral pattern is important for crystal
identification, and may more or less vary, depending on the measuring conditions.

In the present specification, the solid in which methanol and water are
solvated to Compound (1), i.e. Solid B which will be described later, is specified by the

physicochemical properties in the present specification and there is no limitation for the

o
[ukyd

process of producing the same. Thus, so long as it is a solid which shows the
differential scanning colonmetric data and/or infrared absorption spectral data of Solid

B described in Examples which will be given later, any solid which is produced by any

- 14 -



solvated to Conpound (1), i.e. Solid B which will be described later, is
specified by the physicochem cal properties in the present specification
and there is no limtation for the 25 process of producing the sane. Thus,
so long as it is a solid which shows the differential scanning calorinetric
data. and/or infrared absorption spectral data of Solid B described in
Exanpl es which will be given later, any solid which is produced by any - 14

produci ng process is included . olid B. However, since there wll be sone
changes PIROYSBHPEICERY I8 leffegsmgﬁﬂﬁﬁ% dISP‘é(eYﬂF %%%thglﬁewﬁ’rmom%&%%e

i ch BUYIEHAT PR O Wdpere s e sfielFe TR etk apatRaot B PPl TG ¢

whi ch wﬁl“dq§;described | ater, is specified by the physicochenica
propertie% FY t he present specification and there is no limtation for the

process of producjng the s t]%(:lﬂ-&llfi%pr iﬁ%’ %ﬁ@gin:ngjégr bfa ls%diéﬂa%@g? E\{eShOWS

the differential "scanhing colorinme infrare i on

spect ral &ﬁ%ﬁfﬂ? (\?ﬁ%@ndgl}gﬁé%él%eé »Llﬂ%bﬁll Eéﬁé‘&&hi%éd YALCTL delibiefBy Bheven

| ater, any so I oduced by any producing process Is included

in Solid GhystoweMBital biGRed MBRE pMistt sPEIBONBN 2BHFNIESs AdNiMit8MbPfor PROPEr T es
of the data of each spectrum the above should not be interpreted strictly.

In the presesds sPeeddutieatthesanRMOrmheUso Gonmasing i la) solfd SRe6 khewds e t he
physi cochem cal properties in the present specification and there is no
li mitati odiffepdntitheanding RoRE@ESriOHatarand(ae inifparéd ebsapiont Petinsl dakpeeSsid
described in the specification of WO 02/074770. Thus, so long as it is an
anor phousCaotespdweddn whi Exensjleswwhichewilldief $ieerehitdrabnyssdidnivingh ¢coprodiucmettni ¢ dat a
and/or infrared absorption spectral data of Conpound (I) described in the
Exanpl®s whi ptoducing frecags vemdiadedr in Solyd &nodphwaysr, sorepthered winkhibehsoinss
produced by any producing process is covered as anor phous 20 Conpound (I).
However, ¢lianges heew off propeiéies eithic AxA g £atth spactwro fthy plgier thoskd a9t hehe
interpreted strictly.
In the present specification, amorphous Compound (I) 1s specified by the
physicochemical properties in the present specification and there ts no imitation for the
15  process of producing the same to the process described in the specification of WO
02/074770. Thus, so long as 1t is an amorphous compound which shows the
differential scanning colorimetric data and/or infrared absorption spectral data of
Compound (I} described 1n the Examples which will be given later, any amorphous
compound which 1s produced by any producing process is covered as amorphous
20  Compound (I). However, since there will be some changes in view of properties of the
data of each spectrum, the above should not be interpreted strictly.
In the present specification, a crudely purified substance of Compound (I) is
one which contains Compound (I) as a component and does not show the
physicochemical properties of the present specification which are shown by the crystals
25  of the non-solvate of Compound (I).

In the present specification, crystals of Compound (I} include all crystals so

long as they are crystals of Compound (I) and are regardless of absence or presence of

- 15 -



data of each spectrum the above should not be interpreted strictly. In the
present specification, a crudely purified substance of Conmpound (l) is one
whi ch contains Conpound (1) as a conponent and does not show t he

physi cochem cal properties of the present specification which are shown by
the crystals 25 of the non-solvate of Conpound (1). In the present
specification, crystals of Conpound (I) include all crystals so |ong as
they are crystals of Conpound (1) .and are regardl ess of absence or presence
of - 15 saplvaitdion. Thisudhen ey hayeier qrysids 18r ydtcdl 8 solveithi ghsdvaed vent s

Fer e, i t ForRGHR (D6 ChBt P& ISR QR ARIURBT ) ~ RyQUArGRIo the
Compount! ERFesy 6 GPaBrEnic). ERFULPE S iy ke micapian (el Brdared. '™ © O
particre aeerbit REaaryephia pEsRURRIERT e pBlesb el b4 300 pm
about 5 phrtEabahr PPt e AR P o ERReRE ALY R Bl 10" m

to about §9ni8%”sif%)c%ff§xg't&F/%lsais”ﬁﬂ%fe?&’dl%%%upfo.@ﬁﬁ?gﬁdabght) Bb Juﬂf’ n%[r@se”t

i nventi on nean alf's whi'ch are not substa 'y "sol vat'e ystal s

whi ch ar e ,nat - 5YRBLEN} hﬁi ﬂloyaboﬁpljﬁ'?hﬁqll AtichRAY pAGess) mt@ﬁ@m@mi s

contained'in thée crystal lattice thereof and also iInclude those where a

sol vent coupenenthd sarGQ8tiaé Nedo QWb MBuLTY 8iab ababitdoGen. Thus, crystals
of a non-sol vate of Conpound (1) also include, for exanple, crystals in

which a sol vent comgeNert al forciNaaé PEC odiposhd €t dTerhe rrededl idvahtidiC thead 5 I N
addition, the crystals of a non-solvate of Conmpound (1) of the present

i nvent oncn@ialc ouhiichi Arenndt- arbgmhaklyy whlivhied. aOratdlowalidie araange suystanahilg of
solvate within an allowable range (e.g., the above-described Solid B, Solid
C, sol vat sdvstell ingenashdiero solean compmeneisccontained in the crystal lattice thereof and
also include those where a sclvent component 1s contained outside the crystal lattice.
Thus, crystals of a non-solvate of Compound (1) also include, for example, crystals in
which a solvent component 1s contained outside the crystal lattice.
15 In addition, the crystals of a non-solvate of Compound (1) of the present
invention may contain non-crystals within an allowable range or solid of solvate within
an allowable range (e.g., the above-described Sohid B, Solid C, solvated solids other
than them, efc.).
As described above, crystals of the non-solvate of Compound (I) of the
20  present invention include those where a solvent component is contained outside the
crystal lattice and/or those where solid of the solvate within an allowable range is mixed.
Although the amount of the solvent component (which may be called residual amount
or soivent residue amount) varies depending upen the solvent, the amount is preferably
to be an amount of the solvent component within an allowable range as the material for
25  medicaments. For example, it is preferred that low alcoho! solvent or water-miscible

ether solvent is not substantially contained or is not more than about 5,000 ppm as the

residual amount. More specifically, in the case of methanol, for example, it is
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As descri bed above, crystals of the non-solvate of Compound (1) of the 20
present invention include those where a solvent conponent is contained
outside the crystal lattice and/or those where solid of the solvate within
an all owabl e range is m xed. Although the anount of the sol vent conponent
(which may be called residual amount or solvent residue anobunt) varies
dependi ng upon the solvent, the anount is preferably to be an anpbunt of the
sol vent conponent Wi t hin an al l owabl e range as the material for 25
medi canenPEfergl thkaths eolveit ﬂ%ﬁldﬁﬁeﬁew%nx Hag qrowalal o nesrsperte of

ol vent .is not .substantially.contained or is not nore

- bl
}N;;ﬁra%noﬁ OepéeoféﬁrﬂféeP'ﬁéentﬁwnHaaw it TANRR © fé’ﬁé%ﬁ"f‘ilti)ali’ﬁl?/to 2P4he case
Crount e %Xé}{“?@hg’%ff?fﬁeafbﬂ?h& S BBt B e
000
oo oo bR B DS Bl A B SRR ASRHL 2P T e o
about 9 pﬁs@fér?ecgﬁavh I}vﬁ&g F gqg%ncﬁfraﬂ ablgﬁl ag% tgfab%EP?b?@§ﬁ]ﬂlat%{ura .

exanpl é referre IS W range o about pmto

about 5, 0QQn BRIy ﬁﬁgam aboGOTtL eptesk S preferably about 1 %or less. Crystals
of a non-sol vate of Cbgpoun (1) are crystals of a P21 space group and the

lattice constant Sdrygem@@fa%asalmelolfmuﬁd (t) aTe ZH&EL&%% PR GpGceghofp 2351 A

Here, the lattice constants represented by a, |ncrease or decrease

by i nfl uenge 1iof lakidct@mRBitatilbreofl 9E aexamgl s ancﬂ;, theemefOaed ct-hey 235 Anot to
be interpreted strictly. It is preferred t hat changes of each of the

lattice cofestand hitice donsimtts cepmesentat] higian babd utincrd&oor devessepryahfnaleynfwi t hi n
about 7% and particularly preferably within about 5% Crystals of a

non- sabvatensfratConfiowexdmpl) aivh vberafome| thengrepootnto ‘of irmbrpuited 26Ty .or Itnsr e.
More specifically, crystals of a non-solvate of Conpound (1) have a 15

mel ti ng poreeref thabdunge3gEaclo ofihe latticGmstantsch, braafl eraapthabxdeut 233, t o

about 235C, The nelt|n81p0|nt can be confirmed by a commonly conduct ed
met hod f opnore preferably within about + 7% and particularly preferably within about + 5%,

Crystals of a non-solvate of Compound (I) have a melting point of about

225°C or more. More specifically, crystals of a non-solvate of Compound (I) have a

15  melting point of about 230°C to about 240°C, and preferably about 232°C to about
235°C. The melting point can be confirmed by a commonly conducted method for
measurement of a melting point but, since it i1s changeable to some extent due to the

measuring conditions, that is not to be interpreted strictly.

20  Method for producing the inventive compound:

Crystals of (3R)-1-butyl-2,5-dioxo-3-((1R)-1-hydroxy-1-cyclohexylmethyl)-
9-(4-(4-carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro[5.5]undecane hydrochloride
can be produced by the methods which will be described below, by metheds similar
thereto or by the methods described in the Examples. More specifically, erystals of a

25  non-solvate of (3R)-1-butyl-2,5-dioxo-3-((1R}-1-hydroxy-1-cyclohexylmethyl}-9-(4-(4-~

carboxy-phenyloxy)phenylmethyl)-1,4,9-triazaspiro[5.5jundecane hydrochloride of the

- 17~



measurenent of a nmelting point but, since it is changeable to sone extent
due to the neasuring conditions, that is not to be interpreted strictly. 20
Met hod for producing the inventive conpound: Crystals of

(3R) -1 -butyl-2,5-di oxo-3-((IR)-1-hydroxy-1-cycl ohexy] nethyl)- 9-(4-(4-

car boxyphenyl oxy) phenyl niethyl)- | , 4, 9-triazaspiro [5.5 ] undecan e

hydr ochl ori de can be produced by the nmethods which will be described bel ow,
Db o e RSt a o e bRy TR g rdtod 1% KR!
(3R) -1 -butyl-2,5-di oxo-3-((1R)-1-hydroxy-I|-cycl ohexyl net hyl ) -9-(4-(4-
carboxy-‘bhenyloxy)phenylnethyl)-1,4,9-triazaspiro[5.5]undecane
hydrochl ori de of the -17- present invention can be produced by the reaction
of the followng Method 1 to Method 4, Method 1: 5 A process in which a free
f or m of gﬁ&ﬁSETd (I') is subjected to a conversion reaction to a

hydr ochl oride and then crystals of a non-solvate of Conpound (I) is

obt ai ged wi thout AALIPHI L G8EROF (MG, 20 10 folIekog L whi ch

t)@é isoifﬂ .1'
a free formof Co ound (1) is subjepted _ nversion r fon to a
hydrochl Q!’oh?@’sioﬁ_r@a‘%h‘dﬁ‘tu? a%?%ﬂdcgloﬁd%g@ glrt%i‘c'l[r stH€ of 8 SBhisbRG:e! cﬁ{@ér)lpoﬁfd

Compound (I') 1s isolated and purifie en crystals of a non-solvate of

Conpound ()i} oBfahe@blitioneRolaién Mt pasichiion Method in which a free form of
Compound (1) is subjected to a conversion reaction to a hydrochloride, a

solvate (Solid C which will be described later) of Conpound (1) is isolated
and purified and then crystals of a non-solvate of Conpound (I) are
obt ai ned.Method 2:

10 A method in which a free form of Compound (I) is subjected to a
conversion reaction to a hydrochloride, a solvate (Solid B which will be described later)
of Compound (1) is isolated and purified and then crystals of a non-solvate of

Compound (I) are obtatned.

15  Method 3:

A method in which a free form of Compound (I) is subjected to a
conversion reaction to a hydrochloride, a solvate (Solid C which will be described later)
of Compound (I) is isolated and purified and then crystals of a non-solvate of
Compound (I) are obtained.

20
Method 4:

A method in which a free form of Compound (I) is subjected to a
conversion reaction to a hydrochloride, amorphous Compound (I) is isolated and
purified (being carried out according to a method described in Example 9(54) of WO

25  02/074770) and then crystals of a non-solvate of Compound (I) are obtained.

Hereinafter, each of the methods will be 1llustrated in detail.
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20 Method 4: A nmethod in which a free formof Conmpound (1) is subjected to a
conversion reaction to a hydrochl ori de, anorphous Conmpound (1) is isolated
and purified (being carried out according to a nethod described in Exanple
9(54) of WO 25 02/074770) and then crystals of a non-solvate of Conpound
(I') are obtained. Hereinafter, each of the nethods will be illustrated in
detail. - 18 (1) Method 1 is a process for producing crystals of a

non-sol vate of Compound (1) of the present invention in which

(3R) -1 -butyl -2, 5-di oxo-3-((IR)-1-hydroxy-1I -

?ZLE’Q%M Eeéhﬁi Jﬁla‘lé‘égdggs?fa}é%?\é‘gltpfﬂ%lﬁﬁg&g Setar artamsobiats pgﬁowgogmd

our | ?fcaﬁltﬁ? P orer i ERof l”(?% DRI ra@.%}é@?{éq uﬁimg-d, for
SR ot PRI O P chibo Ry B R IR IS UET 0050 N OTLe® o
The sal vept, 1 Vé]pfrﬂ ggn&%e{een saQJe gaﬂfa' (;mvmf%ope% iGplord gh@; dEﬁMurB?,vem

solvent in rogen chl ori is ab sso ve

uhi ch 1S migekebe WistafiAsRbubh: llsaammmmcag&p chioride is able to be
di ssol ved. A solvent containing hydrogen chloride can be easily prepared in

such a manner thathehwphvaarm rehdtRdhitda r@aﬁocﬂrorﬁq@ IRAHGON andYEF egsRpieht @ i de
solution, i.e, hydrochloric acid, is added to a solvent in which hydr ogen

chlori de isri@bb@ ihQ fvekd cdn1ame/mr@&en&m@hdeeﬁta whipefutir® cTageibd € W th a
sol vent in which hydrogen chloride is able to be dissolved. The solvent for

"t he sol vt ©ONT air irafgrdbydnbgand @l nr histelt 10PGc| THesolvEnt € %halskental cohol ,
(2) a mxed solvent of Cl4 al cohol and water, (3) a water-m scible ether
sol verit , ¢ohraisingihyecbgsolcieontlebfnag baat srivent s mtbhah etdregensdilomadwt isaabik tonat er
(5 a nlxed solvent of Cl1_4 al kyl al cohol and a water-m scible ether
sol vent, Wedisgplved or a solvent which is miscible with a solvent in which hydrogen chloride is
able to be dissolved. A solvent containing hydrogen chloride can be easily prepared in
such a manner that hydrogen chloride gas or an aquecus hydrogen chloride solution, i.e.
hydrochloric acid, is added to a solvent in which hydrogen chloride is able to be
15  dissolved or a solvent which is miscible with a solvent in which hydrogen chloride is
able to be dissolved. The solvent for "the solvent containing hydrogen chloride”
includes (1) Cy.4 alkyl alcohol, (2) a mixed solvent of C;4 alcohol and water, (3) a
water-miscible ether solvent, (4) a mixed solvent of a water-miscible ether solvent and
water, (5) a mixed solvent of Cy.4 alkyl alcohol and a water-miscible ether scolvent, (6) a
20  mixed solvent of Ci.4 alkyl alcohol, a water-miscible ether solvent and water and (7)
water. The solvent for "a solvent containing hydrogen chloride” is preferred to be a
solvent which is also able to be used as a solvent in crystallization being carried out
after the conversion reaction to a hydrochloride. The solvent includes "an optionally
water-containing lower alcohol solvent or a water-miscible ether solvent”. The "lower
25  alcohol solvent" includes Ci.q alkyl alcohol (e.g., methanol, ethancl, propanol,

isopropanol, butanol, sec-butyl alcohol, fert-butyl alcohol, erc.) and acetic acid ester of

C,.4 alkyl alcohol or Cy.4 alkyl acetate (e.g., methy] acetate, ethyl acetate, propyl acetate,

-19-



20 m xed sol vent of Cl.4 al kyl alcohol, a water-mscible ether solvent and
water and (7) water. The solvent for "a solvent containing hydrogen
chloride" is preferred to be a solvent which is also able to be used as a
solvent in crystallization being carried out after the conversion reaction
to a hydrochl oride. The solvent includes "an optionally mater-containing

| ower al cohol solvent or a water-m scible ether solvent The "l ower 25

al cohol solvent" includes CL.4 al kyl alcohol (e.g., methanol, ethanol,

pr opanol , lsop@@bk@ﬁwﬁ%lbutm@%@ Sec‘stw @ﬁ@twe é@%@ﬁbji acef@é%t%ht yThealvestiol |

etc.) and ac tlc acid ester of 1.4 al k ohol or 3@%%‘ ace ate
(e.g., mefsAolegdent Ve”ét’rﬂ?l“dﬁ%% h%\F pEAngaad tet yeEdpRBpy hecet at e,

oy bfiﬁe’é?fwg% a@aﬁce} ﬁvyen A Partbanist bl %@#%L\gfacei@ inay Gaitiis Wh oa o

t et hydr of | t
whi ch way SUHEAr A 1 oy leg l%i‘%m&’mﬁﬁpﬁs‘” R T A S S
hyd | f "

o o polRltE ah® R FpSL ARG T IOAAN xeﬁ‘“‘“@(? S BRb Derand the | o
above- des%dv%%s Y@eﬁjerwa'ﬂarﬁ'g sabf% &Bé}esrolv%ﬂ{"ve Tn rE g?éfeﬂ?f Hﬁfgdego?\wny a

m xed sol vent wat er nmet hanol , a nlxe mater and et hano

and a m X@fi“a@rvdﬁatmaﬁamw %x&)ng)lgé&@%té%dpcﬁfxéd&léhé‘ral hiRiaesrably a

m xed sol vent of water and nmethanol. The cryst Ization 1s carried out by

stirring @afeedsd HRRafE afdPali®PrHt preferdvdy a mhRe SN &€ bl Ratel AndmeAYEN Si on
reaction to a hydrochloride at about -10C to about 40C to «crystallize

Crystal A Mre spaeicfisedidadon &f tLfied oBIOBY irfing N fe@atdn AkthR @INpdrfeehl ori de
is carried out at about 40C to about 80C using, for exanple, "a | ower

al cohod selbyaningas acconareion reacsioh b @ Bidhehlsok \weabovihil 61C mayb@sALEE o wat er "
cont ai ni ng hydrogen chloride, 15 followed by stirring at about -10C to about
40C, pr ef emvaallizedirysgblodit -5C to about 35C or nore preferably at about -5C
to about 10C, a treatnent is carried out if necessary (such as that a |ower
al cohol sol vent oMaae wpacefically seftds| eecavhesionswhstent toj & hydrochloride is carried

out at about 40°C to about 80°C using, for example, "a lower alcohol solvent or a water-
miscible ether solvent which may contain water" containing hydrogen chloride,
15 followed by stirring at about -10°C to about 40°C, preferably at about -5°C to about
35°C or more preferably at about -5°C to about 10°C, a treatment is carried out if
necessary (such as that a lower alcohol solvent or a water-miscible ether solvent is
added thereto) to separate Crystal A and a further treatment is carried out if necessary
(such as that water is added thereto) to efficiently manufacture Crystal A, i.e. crystals of

20  anon-solvate of Compound (I).
When the above-described "Ci.4 alkyl alcohol” is used, a solvated solid
(such as Solid B or Solid C which will be described later) is produced and, therefore, in
order to obtain Crystal A which are crystals of a non-solvate of the compound A in a
stable manner, it is preferred that, after the conversion reaction to a hydrochleride, the
25  above-described "C)4 alkyl alcohol" is added if necessary so that the mixing ratio by

volume of water to the above-described "C,.4 alkyl alcohol" is changed.
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added thereto) to separate Crystal A and a further treatnent is carried out
if necessary (such as that water is added thereto) to efficiently

manuf acture Crystal A, i.e. crystals of 20 a non-solvate of Conpound (I).
When t he above-described "Cl.1 al kyl alcohol” is used, a solvated solid
(such as Solid B or Solid C which will be described later) is produced and,
therefore, in order to obtain Crystal A which are crystals of a non-solvate
of the compound Ain a stable manner, it is preferred that, after the
conversi on react i When cha ahydrdetatibed A€ taliey] 2ccdiody er destarinbiedbleCithdr al ky!

al cohol" is added if necessary so that the mxing ratio by volune of water
to the abwendescrseded is oeferred, RIS/DGC@ISS@D)th"addswibraﬁ?gedlpm\zﬂ)g Vieepietdhes
above-described "Cl 4 al kyl alcohol"” or "water-m scible ether solvent” is
used, it Fesigl &fwhickare qrfstﬁé@éwawolvm@ oAfempared Bor i npr ovi ng the yield of
C}ystal A which are crﬁsta s of a non-solvate of Cbnpound ). Although
there is no part |f&]l§]l1 ItherR iR GArTEBIR {lﬁétaﬁ’i’&ffi’fg‘ ?&i‘?"@aﬂ?‘?l‘i’/@b’dﬁﬁm@ﬁo wat er

to th b d bed. "C | t of th
Hbove oot hEBEhe ahateaestiist: Bire “loReFosal oehes of Wetehs *ﬁ%@s@fﬂd %sewe%ied
Method 1., it f i 50 10.7

pr ef (Ca)r abl Qj’aferl ‘%ﬁ ib eo%{her SQLVGTZ)?“ ﬁ}égt ﬁlbod’g?ﬁf%r%ggg\‘%@@é 1>f‘BFS Brreget’]{?gi tr’:i’gb r;rg': :I s

f whi ch
(()BR?- Q?Bu\%@{nnij rgn%% o ”gﬂ(o( 1F\;3 orlmére)d)rgiferatbﬁ' 1 PEERSNL 4 I nvention in e

cycl ohexyl nmet hyl ) - 9- (4- (4- carboxyphenyloxy)phenylnethyl) 1,4,9
triazaspiro[5.5]undecane is subjected to a conversion reaction to a

hydrochlogﬂde usi0g; d:ﬁk%ﬁ€g§§L¥ gﬁoﬁﬂmgﬁagﬁﬁgbf% &%ﬁ egp@%ag&%ater) of

hydr ogen | ori de and a sol ich wl escri

Conpoynd (1} )ofi fhel sk elqvaﬂﬁmpm ifhied, GRphlwinach, :malox%% CrxsiahyJdr@ati-on. The
conversion’ reaction to a hydrochloride is carriéd out in the sane” manner as
in the copgitiek@mefiBACy L toarbaxyprednaeky)phéemethyties gbove- descri bed Met hod
triazaspiro[ 5.5Jundecane is subjected to a conversion reaction to a hydrochloride using a
mixed solvent of methanol and water containing hydrogen chloride and a solvate (Solid
B which will be described later) of Compound (I} is isclated and purified, followed by
15 crystallization.
The conversion reaction to a hydrochloride is carried out in the same
manner as in the conversion reaction to a hydrochloride in the above-described Method
1. More specifically, the conversion reaction to a hydrochloride is carried out at about
40°C to about 80°C, followed by stirring at about -10°C to about 35°C or preferably at
20  about -5°C to about 10°C to thereby separate a sohid. The separated solid is isolated
and purified by a method which has been commonly conducted by one skilled in the art
(e.g, filtration, drying, efc.), followed by the following crystallization,
The crystallization is carried out by stirring the solid obtained in the above-
described reaction at about 40°C to about 80°C or preferably at about 50°C to about
25  80°C using the above-described "lower alcohol solvent or water-miscible ether solvent

which may contain water”, efc., followed by stirring at about -5°C to about 35°C or

preferably at about 10°C to about 35°C so as to separate the crystals. The "optionally

221 -
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1. More specifically, the conversion reaction to a hydrochloride is carried
out at about 40C to about 80C, followed by stirring at about -10C to about
35C or preferably at 20 about -5C to about 10C to thereby separate a solid.
The separated solid is isolated and purified by a nmethod which has been
commonly conducted by one skilled in the art (e.g., filtration, drying,
etc.), followed by the following crystallization, The crystallization is
carried out by stirring the solid obtained in the above- described reaction
at about <“@e-tontabowtlo8Calophgretenabt yasr-naboble SBE twodveatiomtlud2setB9IC usi ng
t he above-described "Il ower al cohol solvent or water-mscible ether solvent
whi ch mayacetit, anathaealeethanel cl,2-din¢thexysthapy, snd rthe ddceator abowiked 3¢vent about
35C or preferably at about 10C to about 35C so as to separate the crystals.
The "opt i bamgef yith veater (gt caqueont Brhrmy sphen. ueshortharl\sehitiony aqueous

wat er-m sci bl e ether solvent” includes ethyl acetate, nethanol, ethanol

1, 2- di net hexjeeharethadolbien) ke, bihykackiakeid rapropknty prefssicdof Altherehwat er
(e.g., aqueous nethanol solution, aqgueous ethanol solufion,.a ueous

1, 2- difet h&gpetary fred St fhegiiy stelligatjon igcpipled QUubbsipg 2ise Vﬁatrwbleﬁvsa pgof
preferred. Althou%h 5.it,.is nore.preferred that, the ?Q¥stalliz ti,on is
carried olthst AyTaC POFTRIstOWRECH FEe e 2o efatodyent il walerapda JO¥E; pl e t o
use, if necessar a _m xed solvent .of ter and a.lower . al cohol. sol vent or
2 h xed SOraBheopr bR ERIEE g Maigh 2l 808 R gl SRRRL IS Bt i ng
rati o or pr bl ' v, I | 5% or | ess.
10 (3) m@hxg%f%%?s&gugr Sgﬁgggﬁg&p@g&gﬂgﬁ% ?szsargg@rooéfazta /ggﬁ{eg%l vat e of
Compound (1) of the present invention in which

(3R) - 1- butyl -2, 5-di oxo-3-((IR)-1-hydroxy-1I -

cycl ofiexydsyet hyl ) x@mbd-3(14 2GR ERX YRR creyorpieR Wi BfdaYdolvale 8f @ompound
triazaspiro[ 5. 5]undecane is subjected to a conversion reaction to a
hydrochl ofry & thei p@sént iMb&@EbnS o Werith C(BR?—Hhﬁ:ﬂ}ﬂb,ﬁ-ﬂ%x‘&%-@%ﬂ}qmﬁkdﬂ}ﬂg
hydrogen chloride and a solvate (Solid C 15 which will be described |ater)

of Conpoug@idbexylinthyd)ed-44-€4- caddx giheh floeghphémollmergt- Ry,9- cryst al | i zat i on.

triazaspiro[$.Sjundecane is subjected to a conversion reaction to a hydrochloride using a

mixed solvent of ethanol and water containing hydrogen chloride and a solvate (Solid C

15  which will be described later) of Compound (I) is isolated and purified, followed by
crystallization.

The conversion reaction to a hydrochloride is carried out in the same

manner as in the conversion reaction to a hydrochloride in the above-described Method

1. More specifically, the conversion reaction to a hydrochloride is carried out at about

20 40°C to about 80°C, followed by stirring at about -10°C to about 35°C or preferably at

about -5°C to about 10°C to thereby separate a solid. The separated solid 1s isolated

and purified by a method which has been commonly conducted by one skilled in the art

(e.g., filtration, drying, efc.) and subjected to the crystallization described in the above-

described Method 2 to prepare crystals of a non-solvate of Compound (I} of the present

25 invention.
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The conversion reaction to a hydrochloride is carried out in the sanme

manner as in the conversion reaction to a hydrochloride in the
above-descri bed Method 1. More specifically, the conversion reaction to a
hydrochl oride is carried out at about 20 40C to about 80C, followed by
stirring at about -10C to about 35C or preferably at about -5C to about 10C
to thereby separate a solid. The separated solid is isolated and purified
by a nethod which has been commonly conducted by one skilled in the art
(e.g., fitrati oMetdogidnga proeesy farmodusinjeetealstad atva-siyese af Comaoish
described _in the above- described Method 2 to prepare crystals of a

non- sol vatlk obf theopssetmdinyantions it rehiph &SB! ~b@ﬂ-ﬁ,hx¢éqﬂor%ﬁell R)dohydgyxsvkt hod 4
is a process for producing crystals of Pon-solvate of Conpound (1) of the
present | w@ﬁﬁﬂdHleiﬂwU\n?ﬁ%%“f@fﬁ?))ﬂ’llhﬁﬂf?@@,15113’&1“851151)31-:‘(%(9] R) - 1- hydr oxy- 1 -

| ohexyl met hyl ).-9- (4- (4- henyl | et hyl ) -1, 4,
Y onn BP0 e S e o0
f WO5 O 0, to isol at i f - t al f 1),
Fol | ovied B0 e gsitiird18 Fih, e "EohrrEreR P EhEHeo W HEBFSER b | de and
purifying ngtgo%-are carried out in the same manner as described in Exanple
9(54) of 6 44 770. When the anor phous product obtained by that nethod

5 subjected to oruolAULLERLARCHES§HLBENId fod BiARRUES RS G1d gL Vet hod

2, it can be made 1 nto crystals n-so t he

present i &ngttliléjgkme-rﬂﬁn&? ¥ ‘%%iéérﬁ;%d riﬁ%ﬁh&[ﬁ @@4?0@% Qﬁmﬁ?b@!e Witdn ke

crystalllzatlon are preteraply carrie n"a series of reactions in view

of convenjg ﬁo&sgprbbﬁclt%@ﬁ@di Nthat melddNEENGELLEd 1 NoaRdidh do@tibags, for

obtaining Sofid B, Solid C or "an anorphous "product "are di scl osed but the
et hogh f Ofhe PiRRdes@ibbhosiethsal 2 ds 0dn bBema@dranBheystaRr 0HUChorSolRee bf M t ed
to those nethods. Accordingly, even when Solid B,
Compound (1) of the present invention.
The conversion reaction to a hydrochloride and the crystallization are

preferably carried out in a series of reactions in view of convenience in the operation.

15 In Method 2 to Method 4, methods for obtaining Solid B, Solid C or an
amorphous product are disclosed but the method for preparing those solids or the
amorphous product i1s not limited to those methods. Accordingly, even when Solid B,
Solid C or the amorphous product prepared by any method is used, all of such a method
is included within a scope of the present invention so far as the crystals of a non-solvate

20 of Compound (I) of the present invention are obtained by the above-described method.

Even when a solvate or an amorphous product which is other than the
above-described ones is obtained by a conversion reaction to a hydrochloride, it is
possible to be made into crystals of a non-solvate of Compound (1) of the present
invention by subjecting to the crystallization described in the above-described Method 2.

25 The product, (3R)-1-butyl-2, 5-dioxo-3-[(1R)-1-hydroxy-1-
cyclohexylmethyl]-9-[4-(4-carboxyphenyloxy)phenylmethyl]-1,4,9-

triazaspiro[S.5]undecane, for use in the production of the inventive compound can be
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Solid C or the anorphous product prepared by any nethod is used, all of such
a nethod is included within a scope of the present invention so far as the
crystals of a non-solvate 20 of Conpound (1) of the present invention are
obt ai ned by the above-described nethod. Even when a solvate or an anorphous
product which is other than the above-described ones is obtained by a
conversion reaction to a hydrochloride, it is possible to be made into
crystals of a non-solvate of Conpound ( kﬁéOf the present invention by

subj ect i ngfoflecedne cripst al | PEeseS descPiRbddbutil- %ﬁéh%wé@l&éslchms@w Met hod 2.
25 The pr 3R) - 1-butyl-2,5-dio 1R)-].-h
cycl ohegy?%&%ﬁw’l}n(eth%ﬂ 4922{‘}136%-%1388@%){;&%6%5 b‘h%‘ﬁ% fﬁwalt therepf gnd 4-

triazaspi se | the r.oducti on of the inventive
conpound Q %“%@ph 38%88 BE?PW@ ination.
(3R) -] -butyl -

ot ohenyl et hyI ]?ﬁe Ef%ﬁcﬁ %5%%?? At ]ﬂu%d%earﬁigd&m i Ui PRSI 9 Bon s ¢
thereaf and, &, (defor 1y Pam] OXYMRRIEO! G351 L0 RaFBSUCHLY® BRI on.
| S an& N

The reducElve %nl Is carrre e presence of a 5

reduci ng ﬁ&g {1&{1’1(@ "J\Hpih%’ &99&9”61” &%‘8& By ?Oﬁeﬂmgrdn%e 5;19 géﬁﬂkﬁm

cyanoboro ence or a sence o trar

exanpl e, a e, et hyl a i a | vent
mp femy%@)ﬁ!e Tl d11 oﬁlaﬁ%ﬁ@%m hyﬁ gflggﬁ)c OLEf Qtd %k&agg

(for exanple I chl or oet di chl ane Imethyl formm acetic

aci d, andgghfdbiRse, td?@i{&%ﬁﬂetl@énea digRBRIRHHABIR! Letie 408 M Ryhthes more,
(3R)- | -butyl-2, 5-dioxo-3-[(I R-I -hydroxy- |-

cycIohexyhﬂﬁkﬂmhh1énﬁggu&d@Bzﬁﬁa]Co[5 5] undecane or an acid addition salt
t hereof can be produced by the follow ng reaction schene (lI). -24 ac C
10 Furthermore, (3R)-1-butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1-
cyclohexylmethyl]-1,4,9-triazaspiro[5.5]Jundecane or an acid addition salt thereof can be

produced by the following reaction scheme (I).
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z 0 C_Ew-251In the reaction schene (I), the individual reactions are
progressed by known processes. In the reaction schene, further, conmpounds
represented by formulae (1V), (V), (V) and (VIl) are known per se or can
be produced readily by known processes. |In this specification, the
abbrevi ati on "Boc" represents a test-butoxycarbonyl group. 5 The acid
addition salt includes salts with inorganic acids (for exanple,
hydrochl ori de, hydrobroni de, hydrei odide, sulfate, phosphate, and
nitrate), or salts with orgadﬁ acids (for exanple, acetate,
trifluoroacetate, lactate, tartfrat®, succinate, fumarate, maleate,
benzoate, citrate, nethgnes@k orat e, ethanesul fonate, benzenesul fonate, to]
uenesul fonate, isethi@nate, gluguronate, and gluconate). 10 Specifically,
(3R)--1--butyl - 2, 5- di 0x0=3-F( hy&lr oxy- | -

cyclohexylnethyl] 1,4,9-triazaspiro [5. 5] undecane or an acid addition salt
t hereof can be produced by al'lowi ng the reaction of conpounds represented

by formulae (1V), (V), (V ' ard (VIl) to obtain a conpound represented by

formula (VMII1), and then ¢ ecting the conpound of formula (M) to a
elimnation reaction of t oc group, a cyclization 15 reaction or, if
necessary, a conversion reaction to an acid addition salt thereof, to obtain
the conpound represented by~f rm#a (1X) or an acid addition salt thereof,
which is then subjected tod bed&ylatlon reaction. More specifically, the
compound of formula (VI11) £ap Bezobtained, for exanple, by heating

,oﬁVI) and (VII) in an organic 20 sol vent
andT) to 30 to 100C.

o
=]
m
XI
=

conpounds of formula (1V), §
(for exanple, nethanol and @t

elimination reaction
of the Boc group

reaction scheme (I)

cyclohexylmethyl]-1,4 8-triazaspire[5.5]undecane

(3R}-1-butyl-2 5-dioxe-3-[(1R)-1-hydroxy-1-

= S
- g
m
[ F]
© c
N
T ®
v C
§ 3 :
= - g
n(Q

(v}
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Furthernore, the compound of formula (I1X) or an acid addition salt thereof
can be produced by subjecting the conmpound of formula (VII1) to an
elimnation reaction of the Doc group, a cyclization reaction, and if
necessary, a conversion reaction to an acid addition salt. 25 The
elimnation reaction of the Boc group is known and is carried out, for
exanple, in an organic acid (for exanple, acetic acid, trifluoroacetic acid,
met hanesul fonic acid, and p-toluene sulfonic acid) or an inorganic acid
(for exanple, -26nhjeiregetigrosihemsdhdthedndviiupligretionserelyrogressedknava t her eof
(for exanpl e, hydrog&g brom de/ acetic acid) in an orqanic sol vent (for
exanpl e, MAPEHFSr ol {falfact YhiCORBEoIRNCT. FOBWAHRIS BPIfpsiiiad BY dewnuland Vani sol e)

! SRR STl otge RS 605 SRl oD LAY ST o
cram o BB pRERial Tk GTE DR ond LR SRS LAY o e
e AL
AT, YO IRUSEIRGE DB SEATILAR oA Oy L PSS

s carr out, resence of
acids [fo y ol oA i Xap! i C i.d,
hydrobro&?%EEC| }E ﬁ%@?%io angg?%%’g%%?&rﬁc adi%?cn%ﬁgggﬁ%g#% g%@%?’and

nitric acigloft @ra8Nh&hAfksEPorat OtBX b Rate A Lres@bdifite, tdifiddebasRacetic
acid, lactic acid, tartaric acid, succinic acid, funaric acid, maleic acid,

15 benzoigetahhe, Slitdrosatacind ghidhi@nesul foni ¢ acid, ethanesul fonic acid,
benzenesul fonic acid, toluenesul fonic acid, isethionic acid, glucuronic

acid,igand gl uconiSpecaRhlly,] in an or gaBRY-1sitpens-didxer3-pr R Bidrogt hanol
et hanol , di oxane, ethyl acetate, and m xtures thereof) I n the presence or
absence odycluhkeey!nethydy-1,6/Ppematspire] of JubddcanOOGn ddrbadditidvesalt thereof can be
produced by allowing the reaction of compounds represented by formulae (IV), (V),
(VI) and (VII) to obtain a compound represented by formula (VIII), and then subjecting
the compound of formula (VIII) to a elimination reaction of the Boc group, a cyclization
15 reaction or, if necessary, a conversion reaction to an acid addition salt thereof, to obtain
the compound represented by formula (IX) or an acid addition salt thereof, which is
then subjected to debenzylation reaction.
More specifically, the compound of formula (VIII) can be obtained, for
example, by heating compounds of formula (IV), (V), (VD) and (VII) in an organic
20  solvent (for example, methanol and ethanol) to 30 to 100°C.
Furthermore, the compound of formula (IX) or an acid addition salt thereof
can be produced by subjecting the compound of formula (VIII) to an elimination
reaction of the Boc group, a cyclization reaction, and if necessary, a conversion reaction
to an acid addition salt.
25 The elimination reaction of the Boc group 1s known and is carried out, for

example, in an organic acid (for example, acetic acid, tnfluoroacetic acid,

methanesulfonic acid, and p-toluene sulfonic acid} or an inorganic acid (for example,
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reaction mxture is further agitated at -10 to 40C to precipitated the
crystals. 20 (3R) -] -

But yl - 2, 5-di oxo-3-[ (I R) - 1- hydroxy-1-cycl ohexyl nethyl]-1,4,9- triazaspiro

[ 5. 5] undecane or an acid addition salt thereof can be produced by subjecting
t he conpound of the formula (1 X) or an acid addition salt thereof to a
debenzyl ation reaction. The debenzylation reaction is known and is carried
out in the presence of a ﬁialyst (for exanple, palladiunnlcarbon ,

pal | adi urﬂi‘}'tSIF%Fé]ﬂ@“cpé?lFia&P‘illrﬁ“ YUf eidedr 25mmharte| WG’Fﬁ‘JB)&f‘HeeX%eRBH@?gW ckel )
in a solvent .[for .exanple, ethers (for E%&ah r of ur an, . di oxane,
di met hoxy@PREdREeCedn 4 81W@PQéWHé?3vmﬁﬁ§%ﬁ% §p¥f8F @ﬂ% ane, WRHBI , and
th I f d ket f -27
oxampl e %{e%q”néﬁé?yla@%at%irem@%@mﬁeaﬁéeelﬁ%g u"’r‘t?ﬂféfq TEBE  or el o g
tonitril d t I
ARSI X N R s A

e ST, TN RSB g R, L1
Phar macol @A) waBE bl athinclor SORF renﬁ@!mgx i #RNAGpRABSRI AL WO

01/ 40227 t he ©r a non- olvat
(3R) - 1- bugMlsirg, Iﬂw&mn?g in(acfa (for E',\Ya@‘rf;%%tén&é@d QREXYNGBRHRGE acid).  The

[ 4- (4- car boxyphenyl oxy) phenyl net hyl] 4,9- triazaspiro[b. 5]undecane

hydrochl Ofeh@tﬁ)nlﬁ’n@ﬂvéshEre’i@zlgéat(ﬁsxrhhﬂfoﬁ%ethﬂaﬁﬂid Grb@y e siafhfapdAgRNivaid ¢
activity against the interaction between chenokine and a chenoKi ne

receptor, cyalizaloiost the sane | evel as that of the anorphous substance
produced by the nethod described in the specification of WO 02/074770. 15
Toxi city: The t oxietiteymorfe, theeohvarginh reaeticotpauardd addigon badws tkhatvntahed is
i nventive conpound when dosed at 2000 ng/ kg in a single dosing test using
rats neverargitbwel for example, in the presence of acids [for example, inorganic acids (for
example, hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
phosphoric acid, and nitric acid) or organic acids (for example, acetic acid,
trifluorcacetic acid, lactic acid, tartaric acid, succinic acid, fumaric acid, maleic acid,
15  benzoic acid, citric acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic
acid, toluenesulfonic acid, isethionc acid, glucuronic acid, and gluconic acid)] in an
organic solvent {for example, methanol, ethanol, dioxane, ethyl acetate, and mixtures
thereof) in the presence or absence of water at a temperature of 0 to 90°C.  Then, the
reaction mixture is further agitated at -10 to 40°C to precipitated the crystals.
20 (3R)-1-Butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1-cyclohexylmethyl]-1,4,9
triazaspiro[5.5]undecane or an acid addition salt thereof can be produced by subjecting
the compound of the formula (IX) or an acid addition salt thereof to a debenzylation
reaction. The debenzylation reaction is known and is carried out in the presence of a
catalyst {for example, palladium/carbon, palladium black, palladium hydroxide,
25  platinum oxide, and Raney-nickel) in a solvent [for example, ethers (for example,

tetrahydrofuran, dioxane, dimethoxyethane, and diethyl ether), alcohols (for example,

methanol, and ethanol), benzenes (for example, benzene, and toluene), ketones (for
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distinct toxicity. Thus, the inventive conpound is determ ned as
sufficiently safe for nedical use. 20 | NDUSTRI AL APPLI CABI LI TY Application
to pharmaceuticals: The inventive conpound regul ate the effect of
chenoki ne/ chenoki ne receptor in aninmal included human, especially human, so
they are used for prevention 25 and/or treatment of various inflamrmatory

di seases, asthma, atopic dermatitis, nettle rash, allergic diseases

|1 b h I II , all I
(oL o1 oronenoR Ioner 1 BSRL Gl LS Rkt s DB Lo e 1,
h -28 rh t t t t
Ly RGBT A e BT AN s
S N e b RIS P Gl
| TUnoS URRL 2P 510Ny P AR Bk e 7L, PRAROOSE SO SRR and the

| i ke. For e purpose a escr e invéntive co

theregf, acid addition salts or hydrates t her eof may be normal | 'y

adm nistered systemcally or locally, usually by oral or parenteral
adnlnIStrﬁhﬁ&QaﬂJQ@ﬂqgﬁgﬁ to be adm nistered are determ ned dependi ng upon
for exanple, 10 age, body wei ght, synptom the desired therapeutic effect,

the route of adm Rivskkabfibd byaihd hdBodiesatib@nnold DE4b7ahiBnt crjsiald he
human adult, the doses per person are generally froml ng to 1000 ng, by

oral adm i tioalsbhate B (AR)- B-evel-a] 5-dibk®s - [PE) - daydroxandeyiciah@k$intehyti 05100 nyg,
by parenteral adm nistration (preferably intravenous admnistration), up to
sever al t[4n@Eiscaplerxydhanyloy)gent inmiy$ 1 dddvimuzsdpi@(i Slunflecane 1 hydrddhlordlde hour s
per day from vein.
10  or the solvates thereof in solid have an antagonistic activity against the interaction
between chemokine and a chemokine receptor, at almost the same level as that of the
amorphous substance produced by the method described in the specification of WO

02/074770.

15 Toxicity:

The toxicity of the inventive compound is so low that the inventive
compound when dosed at 2000 mg/kg in a single dosing test using rats never showed
distinct toxicity. Thus, the inventive compound 1s determined as suffictently safe for
medical use.

20
INDUSTRIAL APPLICABILITY
Application to pharmaceuticals:

The inventive compound regulate the effect of chemokine/chemokine

receptor in ammal nciuded human, especially human, so they are used for prevention
25  and/or treatment of various inflammatory diseases, asthma, atopic dermatitis, nettle rash,
allergic diseases (allergic bronchopulmonary aspergiliosis, allergic eosinophilic

gastroenteritis and the like), nephritis, nephropathy, hepatitis, arthritis, chronic
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As mentioned above, the doses to be used depend upon various conditions.
Therefore, there are cases in which doses |ower than or greater than the
ranges specified above nay be used. The conmpounds of the present invention
may be adm nistered for exanple, 20 in the formof solid for oral

adm nistration, liquid forns for oral admnistration, injections, |lininents
or suppositories for parenteral admnistration. Solid forns for oral

adm ni stration include conpressed tablets, pills, capsules, dispersible
powder s, Tegvdnagpidnarthstis, Cagesiabias iRk isudeniacdvidap sihey amgedefion isdpsul es. 25
In such solid forns,. one or nore of the active conpound(s) nmay be adm xed
with vehityldgle( seletpsiis Wepide colifanAritsl {esaqr@}easgﬁstrqshi BIGEst §hackne

cellul ose or starch),.  binder such. as hydroxypropyl cellyl ose,

pol yvi nylaﬁ%“ﬁl&“i‘iﬂioggé B@rctwgn@iﬁﬁ%- g@%e%tyraglﬁmysgﬁgoylma}% ¢asps, graft
disintegrar~ts %ﬁu h as cellul ose caJciunglﬁcolate%LubrLcants such as
magnesi uric&tal eﬁ?amgtdBVWP§§Wﬁ”§ﬁEWtsm @NESSo GV BT ARPIRAEROPSYch as
glutanic acid or ﬁ qrtic acid) and prepared according to nethods well
knomndinSyW%Pﬁﬁﬁng %?Hﬁ%eutical practice. The solid fornms nmay, if desired,

be coated w th 51508i00hAGeRho. AU ARIHARTN ISRBLLD siflLaxyRERDY!

cel lul ose or hydroxypro f ul'ose phtha € coated with

two or [ ol (] i i n i thin
capsul o ufioRXEN o Mt ERAE mef BRI R o dGLidA &) GOR1 BT TOP Ricalty L T

adm ni st ratdiRn,y &4l rahaaResuitsabt Y acceptable sol utions, suspensions,
emul sions, syrups and elixirs. In such forns, one or nore of 10 the active

conpound(s) nay h@edicsE0lMROadSHSREANA defer@edSichb@bnd Bpsh, Gbi SRiHsS)
commonly used in the art (such as purified water, ethanol or a m xture

t her gof } .age Basiydesight@fmpiotilitle Heyirg th@¥pakis @ffeot)Pid Sfitsonaimdidithiivgs, such
as wetting agents, suspending agents, emnulsifying agents, sweetening
agents, fandwvitieidugatagent she areanmegnt. In the human adult, the doses per person are
generally from 1 mg to 1000 mg, by oral administration, up to several times per day,
and from 1 mg to 100 mg, by parenteral administration (preferably intravenous
administration), up to several times per day, or continuous administration from 1 to 24
15  hours per day from vein.
As mentioned above, the doses to be used depend upon various conditions.
Therefore, there are cases in which doses Jower than or greater than the ranges specified
above may be used.
The compounds of the present invention may be administered for example,
20 in the form of solid for oral administration, liquid forms for oral administration,
injections, liniments or suppositories for parenteral admimstration.
Solid forms for oral administration include compressed tablets, pills,
capsules, dispersible powders, and granules. Capsules include hard capsules and soft

capsules.

In such solid forms, one or more of the active compound(s) may be admixed

[
vy

with vehicles (such as lactose, mannitol, glucose, microcrystalline cellulose or starch},

binders (such as hydroxypropy! cellulose, polyvinylpyrrolidone or magnesium
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preservative or buffering agent. 15 Injections for parenteral adm nistration
i nclude sterile aqueous, suspensions, enulsions and solid fornms which are
di ssol ved or suspended into solvent(s) for injection imediately before
use. In injections, one or nore of the active conpound(s) nmay be dissolved,
suspended or enulsified into solvent(s). The solvents may include distilled
wat er for injection, saline vegetable oil, propylene gl ycol, pol yethyl ene

gl ycol, aIcohoI 20 e. ethanol, or a nixture thereof Injectlons may
conpri se 8YAL I%euatweéte) s%ﬁtessam%&saﬁ? pt 2elHgosrgesi¢ism elajprd@'iebnluaafqa%nt s
(such asggggtanlc acid, aspartic POLYS TE80 é |st ed trade

k) - S At TR ST SRR d8eHts X SDERT N ffori ng
prepar ed éﬁ%%%%%@ﬁéa@wéw@. g pEbuelr e g hoo&ﬁhGﬂ'?iteggm Rt bo 25
or oduct s. Faii L AR ad i €oa i Bid P08 MBerf e Eetorurd ot i1 o
di | uent ( Sﬁ)oarngéﬂ% f{sﬁ%ﬁ)gs Sd C’I:Uc?%BeL }ydr )§I§)9(§;§/l l&%ﬁt{lgse 3G h?dn%{yppo iyl etfnﬁlt s and

parent’era ion 1 r “external ‘use,

ender i ¢ el BkgRHisiad) nBab@tcbaaéwmwe, mSHPROSH! ORLET AN, PEFSENARS f O

vagi nal adm ni ratlo whi ch conprise one or re of the active ound(s)

and may h@upE ALY witRiNG %&Ws%ﬁbl@%atélaﬁoﬁ%bf%s BRYGEONPr i se
addi ti onal substances other than diluents, such as stabilizing agents, such

as sodi um sul f at g,iq i3I0 EPMNs Cob W 4l eddsnin B StorASn 3 QT piréRkitA8; ac&ehibiem
citrate or citric aC|d For preparation of such sprays, for ‘exanple, the

met hod deagionbeshspensidne, &ilskols Styatmsarkdadlits. Non si2:h868m6 9dneosr BoRO6F 355 may
be used. The compound of the present invention may be used together with at

| east10 10thenetine doerpoohd(@) heay pe elisnbvicde saspidhded br eatulsifiedadgent did)enf(er HLV
infection (particularly an agent for preventive and/or treating agent

Al DS) . | rcanhaenlgassegd inhéhedamg(sech sugiriftay water, ethanol or a mixture thereof).

Besides such liquid forms may also comprise some additives, such as wetting agents,
suspending agents, emulsifying agents, sweetening agents, flavoring agents, aroma,
preservative or buffering agent.

15 Injections for parenteral administration include sterile aqueous, suspensions,
emulsions and solid forms which are dissolved or suspended into solvent(s) for injection
immediately before use. In injections, one or more of the active compound(s) may be
dissolved, suspended or emulsified into solvent(s). The solvents may include distilled
water for injection, saline, vegetable oil, propylene glycol, polyethylene glycol, alcohol,

20 e.g. ethanol, or a mixture thereof. Injections may comprise some additives, such as
stabilizing agents, solution adjuvants (such as glutamic acid, aspartic acid or
POLYSORBATESO (registered trade mark)), suspending agents, emulsifying agents,
soothing agent, buffering agents, preservative. They may be sterilized at a final step,
or may be prepared and compensated according to sterile methods. They may also be

25  manufactured in the form of sterile solid forms such as freeze-dried products, which
may be dissolved in sterile water or some other sterile diluent(s) for injection

immediately before use.
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be m xed with pharnmacol ogi cally acceptabl e excipient, binder,

di sintegrating agent, |lubricant, stabilizer, solubilizer, diluent, etc.

ei ther separately or sinultaneously to nake into a pharnaceuti cal
preparation and that can be administered either orally or 15 parenterally as
a pharmaceutical conposition for prevention and/or treatnent of HV

i nfection. The conpound of the present invention has an infection inhibiting
activity to I-HV-1 which acquired resistance to other agent for preventive
and/ or treating HPNrr formscior darenipagltadeningirion gisludgdiuidofor gixisiatltysee and/ or
treating agent AIDS). Therefore 20 (t.is also able to be used for

HI V- i nf ectBEPeght #EhERIS BIGRBIOh SP2loR, IP6RYSpPeRPeREGNRS andRESEIC M@t i ng
H'V infection is no Ionﬂer. ffective. In that case,. al t hough the  conpound
of the prégER AdMPLHIAIGR RSP BIMRISEP ESY drgre of fheag)ive soRpeB (S idiBet her

wi th an ent for, pre er}ltive and/or treating HV infection where infected

H V-1 str |Fﬁepaé‘é%ﬂ¥ P]é%hor S&PEVERESor with other drugs. 25 The present

i nvent.i on covers C t he. ¢ ft present inyention is
conbified with a dérﬂngysv\ﬁ'lsagh%gseno 1tfoﬁﬁ?§ﬁl§'sq?x%gs ﬁ%ritﬁg%?p P%IHE ue(‘& e 5y -31

pr event i Vel O eIt CURES stk Haichll! Bl onsich &anGedagagorpar ed

wth a sin r&par’ation. anpl es of other a or preventive and/ or

treating da¥in Bfioed boBLHUSEYd. RS PeCRRRINGE dueP sp\iakigzbfbhexaq}m%@%éﬂiodt he

present invention are reverse transcriptase 5 1In Itor, protease

I nhi bi t or gesedpmk ey st AR PhtehSN6 N2 863 6CR8r go@ggsminﬁ% be (6433 ant agoni st
CCR4 ant agoni st, CCR5 antagonist and CXCR4 antagonist), fusion inhibitor,

anti body to surfarie ethpasa ¢fthéhMsdntdndenviagahdieb®hsdd MgdtheRRURTES Geast
transcriptase inhibitors are concretely (1) nucl eosi de/ nucl eotide reverse

t ransgr i ptreseembdri dfi dtbersprezdntdoy ad/oetrébimandendsiedbr REVriofettign (pactichdulsi ne
(brand 10 nane: Videx), zalcitabine (brand nane: H VID), stavudi ne (brand
name: Zerantdgent for preventive and/or treating agent AIDS). In that case, the drug as such may

be mixed with pharmacologically acceptable excipient, binder, disintegrating agent,

lubricant, stabilizer, solubilizer, diluent, e7c. either separately or simultanecusly to make

into a pharmaceutical preparation and that can be administered either orally or

156  parenterally as a pharmaceutical composition for prevention and/or treatment of HIV
infection,

The compound of the present invention has an infection inhibiting activity
to HIV-1 which acquired resistance to other agent for preventive and/or treating HIV
infection (particularly, an agent for preventive and/or treating agent AIDS).  Therefore,

20 it 1s also able to be used for HIV-infected patients to whom other agent for preventive
and/or treating HIV infection is no longer effective. In that case, although the
compound of the present invention may be used solely, it may be also used together
with an agent for preventive and/or treating HIV infection where infected HIV-] strain
acquired resistance or with other drugs.

25 The present invention covers the case where the compound of the present

mvention is combined with a drug which does not inhibit the HIV mfection whereby
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| am vudi ne (brand nanme: Epivir), abacavir (brand nanme: Ziagen), adefovir,
adefovir dipivoxil, entricitabine (brand nane: Coviracil) or PMPA (brand
nane: Tenofovir) etc. and (2) nonnucl eosi de reverse transcri ptase

i nhi bitors: nevirapine (brand nane: Viranmune), delavirdine (brand nane:
Rescriptor), efavirenz (brand nane: Sustiva, 15 Stocklin) or capravirine
(AGL549) etc. Protease inhibitors are concretely indinavir (brand nane:
Crixivan), ritonavir (brand nanme: Norvir), nelfinavir (brand nane:

Vi r acept )Prexsayué navior tegtng ¢iferatfs: Hhunfegsen iserhagoetsay compprednaihz (br and
nanme: Agenerase), lopinavir (brand name: Kaletra) or tipranavir etc. 20 As
chenoki ne'eht BI§B#HREPS, internal |igand of chenokine receptor, its

derivatives, its non- ept'dﬁ | ow ml ecul ar. conpound or ﬂE%Lb dy of chenoki ne
receptor are in WH@E‘?S efflh(é1 Exeapt &Y Ve AREPT PrYaeaSY BKeHek Pird

t t el MP-_1 -1 RANTES, SDF- | SDE-1 J3,
VP 1, wiip: 5 cSREBRGOR ot br romRalihe! T Benl MR T T VReT AL B R fer na
ligan ariﬁhigﬁ&g é:ﬁ})t%!as%’ iR o N N Rk gll_t%@:@rr]}islt EEPUEﬁIM)b/%S- grég_ﬁ_l%ga%?c%ngs,t, é@&é

Ant i bodi es ernokine receptor are c;e

: e . S . yres -
w090/ 40015050/ AeT b& ety R SarDp8 kG5 NgBsada C B oo,
V000! 6943406 RARIAS8HT R of PGl DONGvacior (Y07 Lett. 10, /1803 (2000)

etc. CCR3 ant nists are concretely witten in specification of DE19837386,

W99/ 55324, V‘l)991§’é§z%PseV‘@9%9ﬁtQ§’e3,iMQQi%rg7§9000\ﬁ@@941%w7)($§35num9%&E@A@etide
W00/ 29377, W00/ 3 103 2, W00/ 3 1 03 3, W00/ 34278, W00135449, W00135451,
W00/ 354 52vaMe0h43oA s\ i8 4 SAI NRRINE3EBAf, NRKO/ IBOHAT) VBIdOh k18D rand

10 name: Videx), zalcitabine (brand name: HIVID), stavudine (brand name: Zerit),
lamivudine (brand name: Epivir), abacavir (brand name: Ziagen), adefovir, adefovir
dipivoxil, emtricitabine (brand name: Coviracil) or PMPA (brand name: Tenofovir) efc.
and (2) nonnucleoside reverse transcriptase inhibitors: nevirapine (brand name:
Viramune), delavirdine (brand name: Rescriptor), efavirenz (brand name: Sustiva,

15  Stocklin) or capravirine (AG1549) efc.

Protease inhibitors are concretely indinavir (brand name: Crixivan),
ritonavir (brand name: Norvir), nelfinavir (brand name: Viracept), saquinavir (brand
name: Invirase, Fortovase), amprenavir (brand name: Agenerase), lopinavir (brand
name: Kaletra) or tipranavir efc.

20 As chemokine antagonists, internal ligand of chemokine receptor, its
derivatives, its non-peptide low molecular compound er antibody of chemokine receptor
are included.

The examples of internal ligand of chemokine receptor are concretely, MIP-
1o, MIP-13, RANTES, SDF-1a, SDF-1B, MCP-1, MCP-2, MCP-4, Ectaxin and MDC

25  elc.

The dernivatives of internal ligand are concretely, AOP-RANTES, Met-SDF-

la, Met- SDF-1§ efe.
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W00/ 51607, W00/ 51608, W00/ 51609, W00/ 51610, W00/ 53172, W00153600,

10W000/ 58305, W00/ 59497, W00! 59498, W00/ 59502, W00/ 59503, W00/ 62814,

W00/ 73327 or W001/09088 etc. CCR5 antagonists are concretely witten in
specification of WX9117773, W99/32100, WO00/ 06085, W00106146,
W000110965, W00/ 06153, W)00/ 21916, W00/ 37455, EP1013276, W00/ 38680,
W00/ 39125, WD00! 40239, W00142045, 15 WO00/53175, W00142852, W00/ 66551,
W00166558, W00/ 66559, W00/ 66141, WO00/68203, 3P2000309598, W00151607,
W00/ 51608, W00/ S1asiies ofigbensliee 0sccnPooysenaeeldI0/ 150467, W00/ 59498,
W00/ 59502, W00/59503, W00/ 76933, VW98/25605 or W099/04794, W99/ 38514 or
in Bioorg. Med. Cheh? anfagopists aig, cOPgBEBIY 200EY 1ét5d9301§93t®@154wé?ﬁ9é%@ﬁ| sts are

speci f i i e thoBindiddnss '@é‘&q%‘&é 932“@%@%2%@(}24%' ChERi 19, 50
éEﬁCfeaalrjs“f?ﬁoéﬁ%ga 0{%3?@@?? ?Tffelg h SeTVER et %@h@é}g&b@ﬁs@?ﬁ' it
el el ECRa SRR ER, Te ol dOh MR Mt Re i b PRI RSB oy are
| nt ended %dd{%sg;%rﬁ?c%éfﬁ%3op%g&%4do é‘\g% ! sgB“WcS’dbxi‘%tﬁ,s'WBéox%gﬁ“

Zldovudlne ng capsu ti'mes per "da

?ngl StOO ny per m%@égﬁ‘%ﬁj ﬂﬁ?a\l?\g}'@ (%Z%%g gg)doa@ﬁ%’l et,
0.75 ny Wo@ﬁ?ﬁv523\mm4@@rw@00/35zé4sww¢3%% W0 979, Wmﬁﬂch%as 30- 40 ng
per dose, twi ce per day; |ami vudine: 150 ng tablet, 150 ng per dose, twice
per day; woQ00/51607, WO00/51608, WO00/51609, WO00/51610, WO00/53172, WO00/53600,

10 WO000/58305, WO00/59497, WO00/59498, WOO00/59502, WO00/59503, WO00/62814,
WO00/73327 or WO01/09088 etc.

CCRS antagonists are concretely written in specification of W(099/17773,
W099/32100, WOG0/06085, WO00/06146, WO00/10965, WO00/06153, WO00/21916,
WQ00/37455, EP1013276, WOG0/38680, WQ00/39125, WO00/40239, WO00/42045,

15 WOO00/53175, WO00/42852, WO00/66551, WO00/66558, WO00/66559, WO00/66141,
WO000/68203,  JP2000309598,  WOO00/51607, WO00/51608,  WOQ00/51609,
WOQO00/51610, WQO00/56729, WO00/59497, WQ00/59498, WO00/59502, WO00/59503,
WO00/76933, W098/25605 or W(O99/04794, W099/38514 or in Bioorg. Med. Chem.

Lerr., 10, 1803 (2000) ezc.

20 CXCR4 antagonists are concretely, AMD-3100, T-22, KRH-1120 or the

compounds written in specification of WO00/66112 etc.

Fusion Inhibitors are concretely, T-20 (Pentafuside) and T-1249 eic.

The examples of combination agents written above are intended to illustrate
the present invention, but do not linut them.

25 The typical examples of the usual dosage in clinical trials of reverse

transcriptase inhibitors or protease inhibitors written below are intended to illustrate the

present mvention, but do not limit them.
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abacavir: 300 ng tablet, 300 ng per dose, tw ce per day; nevirapine: 200 ny
tabl et, 200 ng per dose, once per day for 14 days and then tw ce per day;
10 del avirdine: 100 ng tablet, 400 ng per dose, 3 times per day; efavirenz:
50- 200 ng capsule, 600 ng per dose, once per day; indinavir: 200-400 ny
capsule, 800 ng per dose, 3 tines per day; ritonavir: 100 ng capsule, 600
ng per dose, tw ce per day; nelfinavir: 250 ng tablet, 750 ng per dose, 3
ti mes per_day; 15 saquinavir: 200 ng capsule, 1,200 ng per dose, 3 tines per
day; anpfémdipe: 50- 1560 capiud 208 meorsT AgshatieRsdwT 4 ce per day. BRI EF
DESCRI PTI ON OF THE DRAg&ﬁFS Fiq. é $h0m5 he omdeny X ray diffraction
spectrum data of Cryst afPUAnS 38l &7 meder O%&gﬂﬁﬁﬁef#WFig. 2 shows the
differenti.gl scanning c imetri.c ( data of Crystal A obtained in
el o 1S showeT 700 PR bk IP el o s P a s % Cryet al A
obt ai ned | n .Exanple 1. 0,4 hows SLr ural anal ysis data (1) of
Crystal Aggﬁgépﬁéd in %5%%%9@nggﬁﬁ%i%zggkﬁF@gﬁé’Sinygfmayﬁ%ractonetry. -34
Fig. sh :he structyy LS: 0 ( : _obtained in
Exarrpi%e I&%@J@pﬁhgl e cr yggﬁ)"%ncraa%lﬁéﬁqj@a%tgd}r%%g (?{?.’ %l)%bg%da?hows t he

di fferential. sganni ng calpPmi & esd R l4,d- B obtained in

Exanpl e 2hﬂkwﬁﬁgg 7 sho&i &%gﬁﬁﬁ’?absgg%{?%%?gﬁé%ﬁgﬁh'data of Solid B

obt ai ned igycafxampl e 2.300 mg tablet, 300 mg per dose, twice per day;

nevirapine: 200 mg tablet, 200 mg per dose, once per day for 14 days and then

twice per day;

10 delavirdine: 100 mg tablet, 400 mg per dose, 3 times per day;
efavirenz: 50-200 mg capsule, 600 mg per dose, once per day;
indinavir: 200-400 mg capsule, 800 mg per dose, 3 times per day,
ritonavir: 100 mg capsule, 600 mg per dose, twice per day;
netfinavir: 250 mg tablet, 750 mg per dose, 3 times per day;

15  saquinavir: 200 mg capsule, 1,200 mg per dose, 3 times per day;
amprenavir: 50-150 mg tablet, 1,200 mg per dose, twice per day.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the powdery X ray diffraction spectrum data of Crystal A
20  obtained in Example 1.
Fig. 2 shows the differential scanning calorimetric (DSC) data of Crystal A
obtained in Example 1.
Fig. 3 shows the IR absorption spectrum data of Crystal A obtained in

Example 1.

]
(]

Fig 4 shows the structural analysis data (1) of Crystal A obtained in

Example 1 by single crystal X ray diffractometry.
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Fig. 8 shows the differential scanning calorinetric (DSC) data of Solid C
obtained in Exanple 3. Fig. 9 shows the IR absorption spectrumdata of Solid
C obtained in 1.0 Exanple 3. Fig. 10 shows the powdery X ray diffraction
spectrum data of Crystal A obtained in Exanple 4. Fig. 11 shows the IR
absorption spectrumdata of Crystal A obtained in Exanple 4. 1.5 Fig. 12
shows the powdery X ray diffraction spectrumdata of the anorphous obtained
in Conparative Exanple 1. Fig. 13 shows the differential scanning
calorinetric (DSEjgdaskows thhetruaiwsl ptalysisobatai Pedofi ArGoatpar ablaved Bxanpl e 1.
Fig. 14 shows the IR absorption sfpectrum data of the anorphous obtained in
20 ConparEtapipée ERuspee CI}’StFjlpéfa}l@f SaoREEtThe povvdery X ray diffraction
spectrum dat a of Crystal A obtained in Exanp ) 16 shovvs the 1R
absor ption spect fugn Gghovsothecyiifsreatial sscappag r‘"ré'd’”’”?? rwa@aﬁﬁﬁ’ datg(ah) SolpsBRi g 17
shows the povvder diffraction spectrumdata of Crystal A obtained in
Exanpl e Spaynedin 3"1?? 2. 18 shows the IR absorpti on spectrum data of

i 7ot .Aoﬁbéz'eé‘&d rf BPAC R O, SR BB Roghim Oodill B Byl S g, 20
shows theExIaIr?lrlp éatgsor ption spectrumdata of Crystal A obtained in
Fig. 8 shows the differential scanning calorimetric (DSC) data of Solid C
obtained in Example 3.
Fig. 9 shows the IR absorption spectrum data of Solid C obtained in
10 Example 3.
Fig. 10 shows the powdery X ray diffraction spectrum data of Crystal A
obtained in Example 4.
Fig. 11 shows the IR absorption spectrum data of Crystal A obtained in
Example 4.
15 Fig. 12 shows the powdery X ray diffraction spectrum data of the
amorphous obtained in Comparative Example 1.
Fig. 13 shows the differential scanning calorimetric (DSC) data of the
amorphous obtained in Comparative Example 1.
Fig. 14 shows the IR absorption spectrum data of the amorphous obtained in
20  Comparative Example 1.
Fig. 15 shows the powdery X ray diffraction spectrum data of Crystal A
obtained in Example 5(1).
Fig 16 shows the IR absorption spectrum data of Crystal A obtained in
Example 5(1).
25 Fig. 17 shows the powdery X ray diffraction spectrum data of Crystal A

obtained in Example 5(2).
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Example 5(3). Fig. 21 shows the powdery X ray diffraction spectrum data of
Crystal A obtained in Exanple 5(4). Fig. 22 shows the IR absorption
spectrum data of Crystal A obtained in 10 Exanple 5(4). Fig. 23 shows the
powdery X ray diffraction spectrumdata of Crystal A obtained in Exanple
5(5). Fig. 24 shows the IR absorption spectrumdata of Crystal A obtained
in Exanple 5(5). 15 Fig. 25 shows the povvdery X ray diffraction spectrum
data of Crystal A obtained in_Exanple 5(6) 26 shows the IR

absor ption spect rKigh thshowy the %taQFOFA“%lthﬁ‘?Ch‘é‘ﬂl %hta Hxqrptad S@raing g 27
shows the povg X ray diffraction spectrumdata of Crystal A 20 obtained
in Exarrpl |g 28 shows the IR absorption spectrum data of Crystal A

Cpect rum data of '%pyg%s b Tstoerfihen F ool s s pitg o 48R0l the | R

absorptlo m dat f Crystal A obtained in Exarrple 5(8), -36 Fig. 31
shows therhﬁ?ﬁffgwg pj ggzigffracti on spectrumdata of Crystal A 1D obtained

in Bxampie 5(9). foy %ﬁm%‘%lﬂ 1B RrioRRSQLRN AMaSREEH MM Ak ity Fystal A
Example 5(3).
Fig 21 shows the powdery X ray diffraction spectrum data of Crystal A
obtained in Example 5(4).
Fig. 22 shows the IR absorption spectrum data of Crystal A obtained in
10 Example 5(4).
Fig. 23 shows the powdery X ray diffraction spectrum data of Crystal A
obtained in Example 5(5).
Fig. 24 shows the IR absorption spectrum data of Crystal A obtained in
Example 5(5).
16 Fig. 25 shows the powdery X ray diffraction spectrum data of Crystal A
obtained 1n Example 5(6).
Fig. 26 shows the IR absorption spectrum data of Crystal A obtained in
Example 5(6).
Fig. 27 shows the powdery X ray diffraction spectrum data of Crystal A
20  obtained in Example 5(7).
Fig. 28 shows the IR absorption spectrum data of Crystal A obtained in
Example 5(7).
Fig. 29 shows the powdery X ray diffraction spectrum data of Crystal A
obtained in Example 5(8).

25 Fig. 30 shows the IR absorption spectrum data of Crystal A obtained in

Example 5(8).



Exanpl e 5(9). 5 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The invention |Is
now descri bed in detail belowin Reference Exanples and Exanples. However,
the present invention is not limted thereto. 10 Reference Exanple | (3R)- |
-Butyl -2, 5-di oxo-3-[ (I R -I - hydroxy-1-cycl ohexyl met hyl ] -9-beiizyl-1,4,9-
triazaspiro[5.5]undecane inethanesulfonate n-Butylamne (3 10 g),

(2f ~, 3R) - 2- (t - but oxycar bonyl am no) - 3- cycl ohexyl - 3- hydroxypropionic acid
(1,200 g), and 2-norpholinoethyl]|socyanide (600 g) were 15 sequentially
added to a sol ut iFof 33f shows erpppdery X mypdifirertionespeqiogn glats af fsyigndl (4 L)
in nitrogO%n_aters herie- Tge resulting reaction mxture was agitated at 50 to
55' C for OBtaigdupdxamRee Y@acti on ni xture was cool ed to roomtenperature, and

concentrated hydrochlqric aci 2 L).was added, thereto- The reacti.on

m xture was agi tg:{*%éaagl% &‘8 ]%Sgbsérlgtbﬂ“ sPefdupsdata g éré(ét@{ !}bﬁg?ﬁ‘@dl"e was
cool ed t%&ﬂrzi‘o%? é@grperature, met hanol (2 20 L) and water (12 L) were added
t hereto, HPtheri’a 25% aqueous sodi um hydroxi de solution (3.03 L) was
added_thereto- Tile reaction m xture was concentrated and extracted in
ethyl "acetate. To the extract solution, glacial acetic acid (1.14 L) was

added, f%E§FM(§'ﬁSE¢S)RE‘NRI@YfNaI]‘}”O%TFﬂ% mﬁ%@@Nm xture was cooled to room

tenperature;, rinsed sequent 'y wi't a 2M aqueous sodi um hydr oxi de

sol uti on_(9-5 LheafideRRn33AANUEQHD oS w;iggééreﬂféigxgﬁge%%ﬂ

concentrated. To tile resulting residue, e ate was added.
The resulgi e |8 XHYRvERshAteiatl BdeiontQ nbOli@ReftHeRlo. 30 m nutes, and

met hanesul fonic acid (389 a) was added thereto at 60 to 70'C. Tile -37
reaction mxture was agitated at the same tenperature for 10 mnutes to
precipitated the crystals. The reaction mxture was cooled first to 40 to
45C and thferehe: BxdnploC,

(3R)-1-Butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1-cyclohexylmethyl]-9-benzyl-1,4,9~

triazaspiro[5.5]Jundecane methanesulfonate
n-Butylamine (310 g), (2R,3R)-2-(t-butoxycarbonylamino)-3-cyclohexyl-3-
hydroxypropionic acid (1,200 g), and 2-morpholinoethylisocyanide (600 g) were
15  sequentially added to a solution of 1-benzyl-4-piperidone {798 g) in methanol (4 L) in
nitrogen atmosphere. The resulting reaction mixture was agitated at 50 to 55°C for 3
hours. The reaction mixture was cooled to room temperature, and concentrated
hydrochloric acid (2 L) was added thereto. The reaction mixture was agitated at 50 to
55°C for 2 hours. The reaction mixture was cooled to room temperature, methanol (2
20 L) and water (12 L) were added thereto, and then a 25% aqueous sodium hydroxide
solution (3.03 L) was added thereto. The reaction mixture was concentrated and
extracted in ethyl acetate. To the extract solution, glacial acetic acid (1.14 L) was
added, for refluxing for 2 hours. The reaction mixture was cooled to room temperature,
rinsed sequentiaily with water, a 2M aqueous sodium hydroxide solution (9.5 L} and
256 33% aqueous sodium chlonide (5.4 L) and then concentrated. To the resulting residue,
ethyl acetate (10.4 L) was added. The resulting mixture was agitated at 60 to 65°C for

30 minutes, and methanesulfonic acid (388 g) was added thereto at 60 to 70°C. The
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foll owed by agitation for 1 hour. The precipitated crystals were filtered,
washed with ethyl acetate and dried to obtain the entitled conpound (1, 802
g) with the following 5 physicochem cal properties. TLC. Rf 0.42
(chloroform: nethanol = 10 : 1) NVR(200 MHz, CD3DD):. 6 7.51-7.22 (m 5H),
4.36 (s, 2H), 4.14 (d, 1 = 2.2 Hz, 1H), 4.00 (m 1H, 3.76 (m IH,
3.59-3.38 (in, 3H), 330303(m 2H), 170 (s, 3H), 2.54- 1.83 (m 6H),

1.82-1.56 (m 5H), 1.53-1.08 6H), 1.06-0.77 gm 5H). 10 Reference
Exanpl e zez(cgp@umim%wp a@ltated at 1e same temperature for [0 minuteés to precipitated the

5-d 3- d | oh h
RN L (N S e VA S e R Ot?iggeﬁfldam%star%r%“’%%
| | adi rb dd t 3.3 L t d
(1,792 g)°fF “dﬁ%égﬂ%%efﬁa iéﬁe&e%&wﬁrfapfwe AN Bt Eecp g o
ti t hyd
ort ot oa T ehGisl AR BHLPES b RO RasBBung 050 SR SlORe Tolng 200, |

m Xt uge I tenperature and filtered to obtain a solution of
t he eﬁt.lﬁ%g‘%eﬁ‘gﬁaﬁﬁ“{& g@net hyl f ormam de. 20 Reference Exanple 3 (3

R) - 1- But Ri50d|'2 ¥Rorbfolrt 1mBmandl = hydipxy- | -cycl
Ahexyl me{lt]qz C( ? cgr boyypﬁgny oxy))ghenyl nmethyl]-1, 4, 9-

tri azasplmmh @i @%@[Z)Tﬁl’ﬁthfo(hﬂ%H)%r@tSQ% moqlnurm ) =22 Hz, IH),

trlacetoxyborohydrlde and 4- (4725 formyl’phenyl oxy) benzoi ¢”aci d

(969 g) vegE(addey 316 anSHNEG 003 68.(4, BH)0F 303603 GMROYR O O8ME ed54-n

Ref erence Exanple 2 in dinmethylformam de in nitrogen atnosphere. The

reacti on MX{myrainaszaghas ahetatl. 5600 (renfi€)y awnere7T @n, Shours. The - 38
10

Reference Example 2

(3R)-1-Butyl-2,5-dioxo-3-[(1R)- 1-hydroxy- l-cyclohexylmethyl]-1,4,9-
triazaspiro[5. 5Jundecane methanesuifonate
In nitrogen atmosphere, 10% palladium/carbon (18 g) was added to a
15  solution (3.3 L) of the compound (1,792 g) produced in Reference Example 1 in
dimethylformamide. The reaction mixture was purged with hydrogen gas. The
reaction mixture was agitated at a hydrogen pressure of 0.5 MPa at 80°C for 1 hour.
The reaction mixture was cooled to room temperature and filtered to obtain a solution of
the entitled compound in dimethylformamide.
20

Reference Example 3

(3R)-1-Butyl-2,5-dioxo-3-[{1R)}-1-hydroxy- 1-cyclochexylmethyl]-9-[4-(4-
carboxyphenyloxy)phenylmethyl]-1,4 9-triazaspiro[5.5]lundecane
Triethylamine (340 g), sodium triacetoxyborohydride (1,486 g) and 4-(4-
25  formylphenyloxy)benzoic acid (969 g) were added to a solution (8.4 L) of the
compound produced in Reference Example 2 in dimethylformamide in nitrogen

atmosphere. The reaction mixture was agitated at room temperature for 8 hours. The

- 38 -



reaction mxture was heated to 65 to 70C, and water (3.3 L) heated to 70C
was added thereto. Then, the resulting m xture was agitated at 65 to 70C
for 10 mnutes to precipitate the crystals. Furthernore, water (3.3 L)
heated to 70C was added to the reaction mxture, followed by agitation at
65 to 70C for 10 mnutes. The reaction 5 m xture was cooled down to 15 to
30C and agitated for 30 mnutes. The precipitated crystals were filtered
and washed wi th aqueous 60% net hanol solution to obtain the entitled
conpound {e2g8W yixtygerypsthisate dp oW fg pHpdiveeHaMi Ie)alveaﬁﬁddeér@t Fews affe Rf;
0.48 (chloroform,: nethanog . acetic acid = 1), NMR (300 MHz,

d6- DIVBO) thgretoy g}éhe@dt e3Tesuging 1p|2§tur2|_}juas ?gl‘eﬁ?eCfﬁﬁ 65_3@)?0 oy ]((Hmlgutes g) 4 10
Ft, I

A Efgélpiﬁf h2 pEES %me#%or&oW§teb&9 13 et togf% \5256@2%@31 :
§m1° 0. areppton ey 8ot Gy Syl o o B @?A%% Rt s of
e oo WAy e b R b g

triazaspi E@Ltﬁ}s%%dﬂ%% an(hmggfﬁh ?l a%g (f(LQ’ ) %et@noT@Slu‘ﬁBmQ 11(\9@13t wei ght

of 30.3 kg, equivalent dry wel contalning a m xed sol vent

(10.3 kg)erﬁft]eH%BH@B&d(23‘5@??(Nn(ﬂhc6follo€v)lﬁg ;Bﬁ@fi%!@l?éi‘mbﬁl &Jr&gerﬁé'sference Exanpl e 3

was added to a. solution o M hydrochl ori c aci i n nmet hanol

(126 L) atLeOrt® SdhlofbRrmeacdiha] Mottt heidwas) agi tat ed at 50 to 55C for 30
m nutes. The reaction m xture was filtered and washed with an 70% aqueous

met hanol BRRIGINMHN) A DNISORIE7 vRKd a0+F Rat e 24), 5&7t(en, 5310, 73hedreast4d on

m xture solution was cooled down to roomtenperature and agitated for 10

m nut 85. B3, Hd), t7/h&r(dpf €,8.4 He, Z1¢pdtdldd, hi Stllle ks S ©03dbes 1dDwW o6 ¢s,AH)p 5C, to
precipitate the crystals. Methanol (41 L) was added to the thus obtained
suspensi oh.Sare A5 3t4£éh09dgi, B ed 8at2.62 (ro, HD), f2010-1.8Adur, 4H)oll I86wett by,

addi ti on of water & 2[ cooled to 5C.
7H), 1.40-1.22 (m, 3H), 1.20-1.04 (m, 3H), 0.87 (t, J = 7.0 Hz, 3H), 0.85-0.75 (m, 2H).

| Example 1

15  Crystals of a non-solvate of (3R)-1-butyl-2,5-dioxe-3-[(1R)-1-hydroxy-1-
cyclohexylmethyl]-9-[4-(4-carboxyphenyloxy)phenylimethyl]-1,4,9-
triazaspiro[5.5]undecane hydrochloride (Crystal A)

The compound (wet weight of 30.3 kg, equivalent dry weight of 20 kg,

contamning a mixed solvent (10.3 kg) of methanol : water (= 6 : 4)) produced in

20  Reference Example 3 was added to a solution of 0.032 M hydrochloric acid (50.8 L) in
methanol (126 L) at 20 to S0°C. The reaction mixture was agitated at 50 to 55°C for
30 minutes. The reaction mixture was filtered and washed with an 70% aqueous
methanol solution. The filtrate was agitated at 50 to 55°C. The reaction mixture
solution was cooled down to room temperature and agitated for 10 minutes.

25 Furthermore, the reaction mixture was cooled down to 0 to 5°C, to precipnate the
crystals. Methanol (41 L) was added to the thus obtained suspension and was then

agitated at 0 to 5°C for 1 hour, followed by addition of water (58 L) cooled to 5°C.
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-39 The resulting m xture was agitated at the sane tenperature for 30

m nutes. The thus precipitated crystals were filtered, washed in a 60%
aqueous net hanol solution and dried to obtain Crystal A (18.5 kg) with the
foll owi ng physi cochemi cal properties as the inventive conpound.
Additionally, the crystals had a nean particle size of 15.8 m5 (neasured by
Laser Diffraction Particle Size Analyzer SALD 2100, SH MADZU) and a

mel ting point of about 235C (neasured by the nethod using capillar

descri bedliavesuapanesiarehas radopoel de . same gemperaiveinirt Wempuiiger y X tﬁltssy
diffraction spectrumdata of Crystal A as the thus obtained inventive
conpound; PrEFiBtated Shesiaes wyee dilteredy avished nsa A9 Rgueoty methenql iefution g a

gt LI T R N
EAUEEEH ORI LAY TR I RS R TR
SR8 ey S s SR 6 R S
(20) hal 1 "o ﬂ'!eHﬁlgv\fxoqﬁth&eAb%u !§SJ@EI§&§LF&_{I by the method using capillary described in
Japanese Pharmacopoeia).
Fig. 1 shows the powdery X ray diffraction spectrum data of Crystal A as
the thus obtained inventive compound; Fig. 2 shows the differential scanning
10 calorimetric data thereof, Fig. 3 shows the IR absorption spectrum data thereof, and
Figs. 4 and 5 show the structural analysis data thereof by single crystal X ray

diffractometry.

(1) Data for powdery X ray diffractometry
15  Measuring conditions:
Apparatus: BRUKER DISCOVER with GADDS (C2)
Target: Cu
Filter: no filter
Voltage: 40 kV
20 Current: 40 mA
Exposure time: 180 sec
Results:

The results are shown in Table 2.
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5. 150. 22Hi gh 8. 060. 22Moder ate 10. 260. 26Mbderate 11. 010, 23Mbder at e

13.720. 39H gh 15. 460. 74Moderate 17. 360. 24Moder at e 18. 030. 22Moder at e
18.580. 23Sl ightly high 19.000.21Slightly high 19.510. 20Moder at e

20. 710. 19Wbderate 21. 730. 25Mbder at e 22. 580. 36Moder at e 23. 800. 34Moder at e
24. 960. 61Moderate 27.070. 45Moderate (2) Data for differential scanning
caloriinetry Measuring conditions: 5 Apparatus: SElI KO | NSTRUMENT DSC6200
-41 Sanpl e wei ghdhble. 2 8 ng Sanpl e cell SUS seal ed container Nitrogen gas

flow 20 nLlmn Tenperature elevation rate: 10 C/mn 5 Results:
diffraction angle (208}] half-value width | relative intensity

515 0.22 High

8.06 0.22 Moderate
10.26 0.26 Moderate
11.01 0.23 Moderate
13.72 0.39 High
15.46 0.74 Moderate
17.36 0.24 Moderate
18.03 0.22 Moderate
18.58 0.23 Slightly high
19.00 0.21 Slightly high
19.51 0.20 Moderate
20.71 0.19 Moderate
21.73 0.25 Moderate
22.58 0.36 Moderate
23.80 0.34 Moderate
24.96 0.61 Moderate
27.07 0.45 Moderate

(2) Data for differential scanning calorimetry
Measuring conditions:

Apparatus: SEIKO INSTRUMENT DSC6200

N
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Consequently, it was shown that Crystal A had an endot herm c peak around
244C. (3) Data for IR absorptionetry 10 Measuring conditions: Apparatus:
FTIR -660 pl us/ Sensl R DuraScope manufactured by JASCO CORPORATI ON
Resolution: 4 cm' Nunmber of scanning: 16 tines 15 Results: IR (Attenuated
total reflectance nmethod (hereinafter referred to as "ATR nethod"): 2924,
2504, 1682, 1632, 1597, 1503, 1426, 1377, 1235, 1163, 1098, 961, 928, 876,
855, 770, 727, 681 cm' 20 (4?3 Data for structural analysis by single
crystal X ray dif$amepe oweahiy2.8Measuring conditions: Apparatus: Rl GAKU RAXI S
-RAPID imaging plate Target: CuKa (?. =1.54178 A) Filter: graphite
nmonochromat ed  255aRle §3jk SEpsqaledsopradi: 90 mA  Scanning speed: | /min -42

Results 5 The crystall Ogra hi ¢ d%}j\ wer e shown bel ow. Lattice constant: a =
11.8105 (4) A b \Hogengagigw;0ml/min

Temperature elevation rate: 10 °C/min
5  Results:
Consequently, it was shown that Crystal A had an endothermic peak around

244°C.

(3) Data for IR absorptiometry

10 Measuring conditions:
Apparatus: FTIR-660 plus/SensIR DuraScope manufactured by JASCO
CORPORATION
Resolution: 4 cm’™
Number of scanning: 16 times

15  Results:
IR (Attenuated total reflectance method (hereinafter referred to as "ATR
method"): 2924, 2504, 1682, 1632, 1597, 1503, 1426, 1377, 1235, 1163,

1098, 961, 928, 876, 855, 770, 727, 681 cm”’

20 (4) Data for structural analysis by single crystal X ray diffractometry
Measuring conditions:
Apparatus: RIGAKU RAXIS-RAPID imaging plate
Target: CuKow (A = 1.54178 A)
Filter: graphite monochromated

Voltage: 60 kV

]
s}

Current: 90 mA

Scanning speed: 1 °/min
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c = 18.2351 (7) A Space group: P21 (44) R factor: 0.042 Exanple 2 10

Sol vat e of

(3R) - 1- butyl -2, 5-di oxo-3-[ (1R) - 1- hydroxy-1 -cycl ohexyl net hyl ] -9-[ 4- ( 4-

car boxyphenyl oxy) phenyl net hyl ] -1, 4, 9-tri azaspi ro[ 5. 5] undecane hydrochl ori de
with nethanol and water in solid (Solid B) The compound (dry wei ght of 28.4
g) produced in Reference Exanple 3 was added to a solution of 0.35 M
hydrochloric acid (170 nL) in methanol (256 nlL). 15 The reaction m xture
was di ssoksselissat 50 to 55C. The reaction mxture was cool ed down to 20 to
30C and was agitated for 30 m nutes. Furthernore, the reaction mxture was
cool ed down to 0 e sotalingragis dateweroihowndslayw. The precipitated solid was
filtered and recovered, and then dried to obtain Solid B (27.1 g) with the
fol lowing physi dedtieriossianriopt S1es(M70 1t was confirmed by NVR that
Solid B was the solvate with nethanol and water. Fig. 6 shows the
differential scanning cal ori etTridd3 &) of Solid B and Fig. 7 shows the IR
absor%tion spectrum dat a t her eof, 55 (éé Data for differential scanning

cal ori’metry Measuring conditon&Z 2p Patus: SEI KO | NSTRUVENT DS06200 - 43

Sampl e weight: 3.4 Sanp | : SUS seal ed container N trogen gas flow
20 L/ nin Terrpesl‘pzi’fnggﬁmgl gg‘a@ﬁ)n rate: 10C/ min

R factor: 0.042

Example 2
10 Solvate of (3R)-1-butyl-2,5-dioxo-3-{(1R)-1-hydroxy-1-cyclohexylmethyl]-9-[4-(4-
carboxyphenyloxy)phenylmethyl]-1,4,9-triazaspiro[ 5.5 Jundecane hydrochloride with
methanol and water in solid (Solid B}
The compound (dry weight of 28 4 g} produced in Reference Example 3
was added to a solution of 0.35 M hydrochloric acid (170 mL) in methanol (256 mL).
15  The reaction mixture was dissolved at 50 to 55°C. The reaction mixture was cooled
down to 20 to 30°C and was agitated for 30 minutes. Furthermore, the reaction
mixture was cocled down to ¢ to 5°C and agitated for 1 hour. The precipitated solid
was filtered and recovered, and then dried to obtain Solid B (27.1 g} with the following
physicochemical properties.
20 It was confirmed by NMR that Solid B was the solvate with methanol and
water.
Fig. 6 shows the differential scanning calorimetric data of Solid B and Fig. 7

shows the IR absorption spectrum data thereof.

26 (1) Data for differential scanning calorimetry
Measuring conditions:

Apparatus: SEIKO INSTRUMENT DSC6200
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5 Results: Consequently, it was shown that Solid B had endot herm c peaks
around 164 and 252C. (2) Data for IR absorptionetry 10 Measuring
conditions: Apparatus: FTIR-660 plus/Sens[R DuraScope manufactured by JASCO
CORPORATI ON Resol ution: 4 cm1 Nunmber of scanning: 16 tines 15 Results: IR
(ATR nethod): 3256, 2932, 1661, 1597, 1503, 1418, 1240, 1167, 1113, 928,
878, 862, 849, 775, 681 cm' Exanple 3 20 Sol vate of

(3R) - 1- butyl -2, 5-di oxo-3-[ (1R) - 1- hydr oxy- | - cycl ohexyl net hyl ] - 9-[ 4- (4-

car boxyphenyi oxy)ysems verdt 4 mgl, 4, 9-tri azaspi ro[ 5. 5] undecane

hydrochl oride with ethanol _and/or water in solid (Solid C The conpound
(dry wei ght of 3.36l§ el Sdliceediod sopd8F ence Exanple 3 was added to a
solution of 6 Mhydrochloric acid (1.05 nlL) in ethanol (17.3 nL). The 25
resul ting m xt ur dREYETINWV P BhdeR heating. Water (33.3 nl} heated to 50
to 53 C was added_to the r(gact_i on rrj)bggre. and agitated for 21 hours. The
reaction mxture e L HenAe 0 U GOt erper at ure, and then agitated for
30 m utgf. Eu_rtherm)re, the -44 reaction m xture was cooled dowmn to O to 5
C and the"pPétipitated crystals were filtered and dried to obtain Solid C

2.74 ith the-foll ow hysi ! ies.. |t fi db
NNR Ohat Soi 0 comabAHE s B ShEPEnSER BT REfh g b Mo ad M0 BY
and 252°C.

(2) Data for TR absorptiometry
10 Measuring conditions:
Apparatus: FTIR-660 plus/SensIR DuraScope manufactured by JASCO
CORPORATION
Resolution: 4 cm™

Number of scanning; 16 times

15  Results:
IR (ATR method): 3256, 2932, 1661, 1597, 1503, 1418, 1240, 1167, 1113,
928, 878, 862, 849, 775, 681 cm’
Example 3

20  Solvate of (3R)-1-butyl-2,5-dioxo-3-[(1R}-1-hydroxy-1-cyclohexylmethylj-9-[4-(4-
carboxyphenyloxy)phenylmethyl]-1,4,9-triazaspiro[5.5]undecane hydrochloride with
ethanol and/or water in solid (Solid C)

The compound (dry weight of 3.46 g) produced m Reference Example 3
was added to a solution of 6 M hydrochloric acid (1.05 mL) in ethanol (17.3 mL). The

25  resulting mixture was dissolved under heating. Water (33.3 mL) heated to 50 to 53 °C
was added to the reaction mixture and agitated for 21 hours. The reaction mixture was

cooled down to room temperature, and then agitated for 30 minutes. Furthermore, the
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5 Fig. 8 shows the differential scanning calorinetric data of Solid C and
Fig. 9 shows the IR absorption spectrumdata thereof. (1) Data for
differential scanning calorinmetry Measuring conditions: 10Apparatus: SEIKO
| NSTRUVENT DSC6200 Sanple weight: 2.05 ing Sanple cell: SUS seal ed
container Nitrogen gas flow 20 nL./mn Tenperature elevation rate: 10
C/ mn 15Results: Consequently, it was shown that Solid C had endothermc
peaks around 158 and 229C. (2) Data for IR absorptionetry 20Measuring
condi ti onsactApparairasvas EFPRI 4660 tpPusf *SemditR DeriaBeioperystahuiverstfiiteeet by
JASCO CORPORATI ON Resol ution: 4 cm Nunber of scanning. 16 times 25

Resul ts: #R dredTRobian heli) € (2934) witbalre folleeing nisegcchassal mopaties169, 1096,
1024, 930, 851, 775 cm1l -45 Exanple 4 Crystals of a non-solvate of (3R
“1-butyl - 2, 5- di oxlé V@S[cenﬁe)m@hwmyhaiﬁo lé;FZM@hébmqlfﬁﬁmwtp ethanol and/or

-9-[4-(4-carboxyphenyl oxy) phenyl nmethyl]-1, 5 triazaspiro[5. 5] undecane
hydr ochl oV#'§é (Crystal A)
5 Fig. 8 shows the differential scanning calorimetric data of Solid C and Fig. 9

shows the IR absorption spectrum data thereof.

(1) Data for differential scanning calorimetry
Measuring conditions:
10 Apparatus: SEIKO INSTRUMENT DSC6200
Sample weight: 2.05 mg
Sample cell: SUS sealed container
Nitrogen gas flow: 20 mL/min
Temperature elevation rate: 10 °C/min
15  Results:
Consequently, 1t was shown that Solid C had endothermic peaks around 158

and 229°C.

(2) Data for IR absorptiometry
20  Measuring conditions:
Apparatus: FTIR-660 plus/SensIR DuraScope manufactured by JASCO
CORPORATION
Resolution: 4 cm’™

Number of scanning: 16 times

Results:

NS
[wi ]

IR (ATR method): 2934, 1667, 1601, 1503, 1385, 1250, 1169, 1096, 1024,

930, 851, 775 cm’



The solid (Solid B) (29.4 g) produced in Exanple 2 was added to et hyl
acetate (440 nL). The reaction mxture was agitated at 60 to 65C for 1
hour. The reaction m xture was cooled down to roomtenperature and agitated
for 30 m nutes- Then, the precipitated crystals were filtered and dried to
obtain Crystal A (28.5 g) with 10 the sanme physi cochem cal properties as in
Exanple 1, which was the inventive conpound. Fig. 10 shows the powdery X
ray diffraction spectrumdata of Crystal A produced in Exanple 4 and Fig.
11 shows the IR absorption spectrumdata thereof. 15 Conparative Exanple 1
Anor phous substance of (3R)-1-butyl-2,5-dioxo-3-[(IR)-1-hydroxy-I -

cycl ohexy_l@mh&L] 9- [ 4- (4- carboxyphenyl oxy) phenyl nethyl ] -1, 4, 9-
triazaspiro[5. 5] undecane hydrochl ori dep&sR 1-Butyl -2, 5-di oxo-3

-[ (1R) - 1- hypdiadxy - of a:ycm@h@%yatmet A/ ] CRflabytyl-26- Yioxo-3- [(IR)-1-hydroxy-1-

car boxyphen onyl) phen | methyl ]-1,4,9- triazaspi re[15 5] undecane hydrochl ori de
was prod e yimpnghy! Pdﬂt(ﬁtﬁ%ﬂlﬁ’ﬁy%he@&%bf}?lwl‘flﬁ‘egw ki.dénht of chloroform:

Spec 11 catrriP e 08108 P pr e Saha « nat ﬁéeiinﬂiféi v, conpound
Spect um data of THE éﬁ’fﬂ?%%?%%%été BEI IR S L RAhENHE P Er ent 1
Spoctr om darae(REaly “ThEra T R Vel %bﬁ%dé‘%@é‘ﬁmr%ﬁ‘y%ﬁ.qrflr 2{332@?” >
Measur | ”gre%i?{‘(ﬂ{ Hlﬁ{]?e' V\@L‘P RALRY UWwnABAER Blrr%%\g\ﬁ% é’Mdt &n%%r (3%21)111nu?:%_r get: Cu
Then, the precipitated crystals were filtered and dried to obtain Crystal A (28.5 g) with
10  the same physicochemical properties as in Example 1, which was the inventive
compound.
Fig. 10 shows the powdery X ray diffraction spectrum data of Crystal A

produced in Example 4 and Fig. 11 shows the IR absorption spectrum data thereof.

15  Comparative Example 1

Amorphous substance of (3R)-1-butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1-

cyclohexylmethyl]-9-[4-(4-carboxyphenyloxy)phenylmethyl}-1,4,9

triazaspiro[5.5Jundecane hydrochloride
(3R)-1-Butyl-2,5-dioxo0-3-[(1R)-1-hydroxy-1-cyclohexylmethyl]-9-[4-(4-

20  carboxyphenyloxy)phenylmethyl]-1,4,9-triazaspiro[5.5Jundecane hydrochloride was
preduced by purification on a column with an eluent of chloroform : methanol (=5 : 1)
according to the production process described in the specification of WO 02/074770.

It was found that the comparative compound thus prepared was amorphous.

Fig. 12 shows the powdery X ray diffraction spectrum data of the amorphous substance;

4L]

=]

25  Fig. 13 shows the differential scanning calorimetric data thereof; and Fig. 14 shows the

IR absorption spectrum data thereof.
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Filter: no filter Voltage: 40 kV Current: 40 mA Exposure tinme: 180 sec
Results: 10 No peak was observed by powdery X ray diffractonetry. (2) Data
for differential scanning calorinetry Measuring conditions: Apparatus:

SEI KO | NSTRUVENT DSC6200 15 Sanple weight: 4.0 ng Sanple cell: SUS seal ed
container N trogen gas flow 20 nLiImn Tenperature elevation rate: 10
Crnin Results: 20 Consequently, it was shown that the anorphous substance
had endotherm c_ peaks around 69 and 248C. (3) Data for IR absorptionetry
Measur i ng(1détaga for pawdergsX myphffeactemetSTI R- 660 pl us/ Sensl R Dur aScope
manuf act ured by JASCO CORPORATION Resolution: 4 cm' -47 Nunber of

scanni ng: MESSWinggeniROPATR net hod) : 2926, 1659, 1597, 1501, 1418, 1238,

1159, 1098, 928, 876, 849. 774 cm-1 5 Examle 5(1)-5(9
AS RS BhukER SIRcVvEREATRLSBE (s (9)

Target: Cu

Filter: no filter

[}

Voltage: 40 kV

Current: 40 mA

Exposure time: 180 sec
Results:

10 No peak was observed by powdery X ray diffractometry.

(2) Data for differential scanning calorimetry
Measuring conditions:

Apparatus: SEIKO INSTRUMENT DSC6200

15 Sample weight: 4.0 mg

Sample cell: SUS sealed container

Nitrogen gas flow: 20 mL/min

Temperature elevation rate: 10 °C/min
Results:

20 Consequently, it was shown that the amorphous substance had endothermic

peaks around 69 and 248°C.

(3) Data for IR absorptiometry
Measuring conditions:
25 Apparatus: FTIR-660 plus/SensIR DuraScope manufactured by JASCO
CORPORATION

. -1
Resolution: 4 cim
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Crystals of a non-solvate of (3R)-1-butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1I-
cycl ohexyl net hyl ] -9- [4-(4-carboxyphenyl oxy) phenyl nethyl ]-1, 4, 9-
triazaspiro[5.5] undecane hydrochloride (Crystal A) By the follow ng
procedure, the crystal A as inventive conpound were 10 obtai ned. Exanple
5(1) The conpound (dry weight of 0.5 g) produced in Reference Exanple 3 was
added to a solution of 6 Mhydrochloric acid (0.173 nL) in nethanol (4.5
m.). The 15 reaction m xture was di ssolved at 60C. The reaction m xture was
cool ed down on |c1§urash@rrpfswemnsf\dt6ém(53 rrL) was added to the reaction mxture
and was agitated. The %g?&tat ed crystals were fil and recover ed,

and then dried t dRoBRBRAT 2P A 18Pt o The Pl ‘b%da %h&ﬂéPcé@?ﬁerﬁzéal

properties. Fig. t he; powdery X ray diffraction spectrum data of
Crystal A 20 pr o%%egd ;Aﬁ“é)‘&‘hrrpl e 5(1), and Fig. 16 shows the IR absorption
spectrum data thereof. Exanple 5(2) The compound (dry weight of 0.5 @)
produced in Ref erence Exanple 3 was added to a solution of 6 M hydrochloric

acid (60 LT%E Stﬂ @hanol (5.25 nmL). The 25 reaction mxture was

di ssol ved reaction m xture was cool ed down on ice bath. Then

wat er (2. dd t reactd WV L ~1.The -48
preci pi taté cim(lg% y\é\?; 2‘1 wee'?)é* %#E{Egregia rle%cl}é lere nmﬁgﬂ Ei’?jitreg to obtain

Cryst al | iges. Fig. 17 shows the
powdery X r\%ﬁegﬂnf}% lf?dﬁ\ﬁgggrcb?? 1e§§?gwg@llyg{@ﬁe{,&a 9pr oduced i n Exanple

gg 12%% andifaepirdB. SRR ANy R IABSR @@ spectrum data thereof. 5 Exanple
By the following procedure, the crystal A as inventive compound were

10  obtained.

Example 5(1)
The compound (dry weight of 0.5 g} produced in Reference Example 3 was

added to a solution of 6 M hydrochloric acid (0.173 mL) in methanol (4.5 mL). The
15  reaction mixture was dissolved at 60°C.  The reaction mixture was cooled down on ice
bath. Then water (3 mL) was added to the reaction mixture and was agitated. The
precipitated crystals were filtered, and recovered, and then dried to obtain Crystal A

with the following physicochemical properties,
Fig. 15 shows the powdery X ray diffraction spectrum data of Crystal A

20  produced in Example 5(1), and Fig. 16 shows the IR absorption spectrum data thereof.

Example 5(2)

The compound (dry weight of 0.5 g) produced in Reference Example 3 was

added to a solution of 6 M hydrochloric acid {(0.173 mL) in methanol (5.25 mL). The

o
[wied

reaction mixture was dissclved at 60°C. The reaction mixture was cooled down on ice

bath. Then water (2.25 mL) was added to the reaction mixture and was agitated. The
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The conpound (dry weight of 0.5 g) produced in Reference Exanple 3 was
added to a solution of 6 Mhydrochloric acid (0.173 i L) in nethanol (6 ni).
The reaction mxture was dissolved at 60C. The reaction m xture was cool ed
down on ice 10 bath. Then water (1.5 nL) was added to the reaction m xture
and was agitated. The precipitated crystals were filtered, and recovered,
and then dried to obtain Crystal A with the foll ow ng physi cochem cal
properties. Fig. 19 shows the pomder¥ X ray diffraction spectrum data of

Crystal APrepipddge sdvstas peampiltarad( 35d Temegeneigandhedndigg tonebtiir QIyset gt i on
spectrum da t hereof. 15 ampl e 5(4) . The conpound (dry weight of 1
pPoduced WﬁhaévgﬁewegIEW§ﬁgéég§°§é§ PeidSed tong solugio% of g M hydrog%loric
acid (0.346 nL d ter . 354 ) Jin hanol (6.3 m,L). ,The reaction
e uas i asoRdol shows fie Rl 2 Froo TThER, sttt s Qs GEd on' ce

bath. Th qd
agi tat od. PEORGP R Pt bt B TOREYS (et REund BEh SeRe T e BRE Sy e

and agitated. The precipitated crystals were filtered, and recovered,
and then dried to obtain Crystal Awth the follow ng physi cochem cal

properti gy, 29.ki9 21 shows the powdery X ray diffraction spectrum data of
Crystal Af_préguggd in Exanple 5(4), and Fig. 22 shows the IR absorption

spectrum data therﬁ@éoméﬁxk%n anRPhEigR( &0 I @?p&gﬁe&yﬁdf{éfe{exﬁcéﬂ@w%e@fwés 9
produced i n Reference anple”3 was addéed to a solution of 6 hydrochl ori c

acid (0. 34&iedley Andui@t ef 6 (4. lifodhidc ddid (OBTDAIO) in(fhethafdl)(6 H§ rEaCti ON
m xture was di ssolved at 57C. The reaction 5 m xture was cool ed down on ice
bat h. Thereasdrhan@hre (Was2iggb)veas s@fe dr Heqeddtién mixture was cooled down on ice
10 bath. Then water (1.5 mL) was added to the reaction mixture and was agitated. The
precipitated crystals were filtered, and recovered, and then dried to obtain Crystal A
with the following physicochemical properties.
Fig. 19 shows the powdery X ray diffraction spectrum data of Crystal A
produced in Example 5(3), and Fig. 20 shows the IR absorption spectrum data thereof.
15
Example 5(4
The compound (dry weight of 1 g) produced in Reference Example 3 was
added to a solution of 6 M hydrochloric acid (0.346 mL) and water (2.354 mL) in
methanol (6.3 mL). The reaction mixture was dissolved at 51°C. The reaction
20 nuxture was cooled down on ice bath. Then methanol (1.8 mL) was added to the
reaction mixture and was agitated. Furthermore, water (2.7 mL) was added to the
reaction mixture and was agitated. The precipitated crystals were filtered, and
recovered, and then dried to obtain Crystal A with the following physicochemical
properties.
25 Fig. 21 shows the powdery X ray diffraction spectrum data of Crystal A

produced in Example 5(4), and Fig. 22 shows the IR absorption spectrum data thereof.
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reaction mxture and was agitated. The precipitated crystals were filtered,
and recovered, and then dried to obtain Crystal Awth the follow ng

physi cochem cal properties. Fig. 23 shows the powdery X ray diffraction
spectrum data of Crystal A 10 produced in Exanple 5(5), and Fig. 24 shows
the lift absorption spectrumdata thereof. Exanple 5(6) The conpound (dry
wei ght of 6.07 kg) produced in Reference Exanple 3 was added to a sol ution
of concentrated hydrochloric acid (1.29 kg) and water (15.47 15 kg) in

met hanol E80885(d). The reaction mxture was dissolved at 52C. The reaction
m xture was cool ed down on ice bath. Then nethanol (9.7 k was added to

the reaction m xtUecamrpundd dagrewbeal 1Fa]rﬁfﬁ‘é+cﬁ6r”éR%?@reqf%>i My)» was added

to the reaction mxture and Y}/a qltated The gﬂgm pitated c‘rm){stals wer e
filtered,?dAd toraetdyieseal 6an YHeR AT éqid - it Biln adywpigr (AYGF oAk} He

foll I I ho owd X
PR Lo R AATE ol LSTS BEi F

26 sh th LR b t th f le 5 5 Th

B e A W
t I t f t.rat ed id 237 k
1 B el 2
reaction ‘F?Qve’f%&‘t [{eAR S fQ0! egbtqg I € BE‘ ﬁﬂ;n%en@%ﬁ‘c%'ch{%%% Kg) was

added to réac ion m xture an aglta er (270 kg)
was added,t, P reaction m xture and was agitat ed. The precipitated
crystals ]RJNe e |Itered and recovered, and then dried to obtain Crystal A

with the fol |l ow @g%%h%%%&ﬁ&ery@( REPRAThESR spectrum data of Crystal A

10 produced in Example 5(5), and Fig. 24 shows the IR absorption spectrum data thereof.

Example 5(6)
The compound (dry weight of 6.07 kg) produced in Reference Example 3

was added to a solution of concentrated hydrochloric acid (1.29 kg) and water (15.47
15  kg) in methanol (30.85 kg). The reaction mixture was dissolved at 52°C. The
reaction mixture was cooled down on ice bath. Then methanol (9.7 kg) was added to
the reaction mixture and was agitated. Furthermore, water (18 kg) was added to the
reaction mixture and was agitated. The precipitated crystals were f{iltered, and
recovered, and then dried to obtain Crystal A with the following physicochemical

20 properties.
Fig. 25 shows the powdery X ray diffraction spectrum data of Crystal A

produced in Example 5(6), and Fig. 26 shows the IR absorption spectrum data thereof.

Example 5(7)
25 The compound {dry weight of 91.5 kg) produced in Reference Example 3

was added to a solution of concentrated hydrochloric acid (19.5 kg) and water (237 kg)

in methanol (473 kg). The reaction mixture was dissolved at 51°C. The reaction
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Fig. 27 shows the powdery X ray diffraction spectrumdata of Crystal A
produced in Exanple 5(7), and Fig. 28 shows the 1R absorption spectrum data
t hereof . Exanple 5(8) 10 The conpound (dry wei ght of 322 kg) produced in
Ref erence Exanple 3 was added to a solution of concentrated hydrochloric
acid (68.6 kg) and water (835 kg) in nethanol (1645 kg). The reaction

m xture was dissolved at 51 C. The reaction mxture was cool ed down on ice
bat h. Then net hanol (520 kg) was added to the reaction m xture and was

agi t at ed. MIR{HE HEFs d dawaron gzobady) Teey medaack o SOnke)1was added nthei xture
and was agitated, The precipitated stals were filtered, and _ recovered,
and t hen '8%te8 Wﬁ‘t‘HBtaé’ian@ﬁ ;?gt’f%ne? \"?W%l hrDREe. Aol APy 8 éedasen &

G yotal ACcBhoais AR EXEREDT St a) (B oBpged0 g e “EHe S Hstitat | on
t data th 9 ht, of 57 k
or oduced FrP ReFerf %rs@gwﬁx@"gbt WeoShithen YE aReaplnTiak BF-EEHNeral ca”

hydroghl ori c]_ﬁ cid (33.4 kg) and water (402 kg) in nethanol (812 kg). The
react on HrXYUf%e was di ssol ved at 52C. The reaction 25 nixture was cool ed

down on ice bath. Fz% }{B%\tr h go[go“(({?eg)p){gggoﬁ\@i@?&%qle% E ‘ﬁh{ﬁta Oﬁ@% QM xture

and was agl t at ed. urt er nor to t reactl on

m xture dma I@EM@@]@%&@TE@ PicC84 m&v@stttﬁgp@@mﬁm% YL Furk! Igh{.8h&dor and - 51

recovere and then fo obfain Crys Awth t | ow ng
physi cochem cal properties. Fig. 31 shows the powdery X ray diffraction
spectrum data of Crystal A produced in Exanple 5(9), and Fig. 32 shows the

| R absor ptiagpl&p@gt rum dat a t her eof .

10 The compound (dry weight of 322 kg) produced in Reference Example 3
was added to a solution of concentrated hydrochloric acid (68.6 kg) and water (835 kg
in methanol (1645 kg). The reaction mixture was dissolved at 51°C. The reaction
mixture was cooled down on ice bath. Then methanol (520 kg) was added to the
reaction mixture and was agitated. Furthermore, water (930 kg) was added to the

15  reaction mixture and was agitated. The precipitated crystals were filtered, and
recovered, and then dried to obtain Crystal A with the following physicochemical
properties.

Fig. 29 shows the powdery X ray diffraction spectrum data of Crystal A
produced in Example 5(8), and Fig. 30 shows the TR absorption spectrum data thereof.

20
Example 5(9)

The compound (dry weight of 157 kg) produced in Reference Example 3
was added to a solution of concentrated hydrochloric acid (33.4 kg) and water (402 kg)
in methanol (812 kg). The reaction mixture was dissolved at 52°C. The reaction

25  mixture was cooled down on ice bath. Then methanol (250 kg) was added to the
reaction mixture and was agitated. Furthermore, water (460 kg) was added to the

reaction mixture and was agitated. The precipitated crystals were filtered, and
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5 Preparation Exanple |I The follow ng individual ingredients were m xed
toget her according to general nethods. The resulting m xture was tableted
to prepare 100,000 tablets, each tablet containing 50 ng of the active
conmponent. 10 Crystals of (3R)-I1-butyl -2,5-dioxo-3- [(IR)-1-hydroxy-1- 5.0
kg cycl ohexyl rnet hyl ] -9-[ 4-(4-carboxyphenyl oxy) phenyl nethyl]- | , 4,
O9-triazaspi ro[ 5.5 ] undecane hydrochl oride Carboxynethylcell ul ose
cal cium (disintegrator) 0.2 kg Magnesium stearate (lubricant) 0.1 kg 15
M crocr ysteaducrete el theh olied4tor okiginPLepdalati with BeanipllewmgThby fisichowica
i ndi vi dual ingredients were m xed together according to the wusual nethod.
The resuIRrPﬁ@Tlé-‘bl ution was sterilized by the usual met hod and filled in 20
5-m portions in arrpoul es, and freeze-dried, by e usual nethod to obtain
100, 000 anpoul es lge%kﬁh%spam %O%Wamﬁbhglfﬁemw %ﬁeCE‘H@ a¥niof Crysipénent .
Crystal s of but X R dr ox
cycl ohexyﬁrPﬁéﬁeﬁ)}‘P a‘@P%{Mﬁ(%h a”‘é:g 829%‘%‘%&‘?@@%%‘% H‘Fﬁiﬂ'\?‘ldota thereof.
1,4,9- tr| azaspiro[ 5. 5] undecane hydrochl oride 25 Mannitol 20.0 kg Distilled
wat er :* 500 Ilters -52 CLAIM5 1. A crystal of
(3R) 1-bugyl - I, OX [(IR)-1- hydroxy | - cycl ohexyl neth y1]-

9- [ 4- (4- Isr\{: araﬁox E %) phenyl methyl]-1, 4, 9-

The following individual ingredients were mixed together according to
general methods. The resulting mixture was tableted to prepare 100,000 tablets, each
tablet containing S0 mg of the active component.

10 Crystals of (3R)}-1-butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1- 50kg
cyclohexylmethyl]-9-(4-(4-carboxyphenyloxy)phenylmethyl]-

1,4,9-triazaspiro[5.5]undecane hydrochloride

Carboxymethylcellulose calcium (disintegrator) 0.2 kg
Magnesium stearate (lubricant) 0.1 kg
15  Microcrystalline cellulose 4.7 kg

Preparation Example 2

The following individual ingredients were mixed together according to the
usual method. The resulting solution was sterilized by the usual method and filled in
20  5-ml portions in ampoules, and freeze-dried by the usual method to obtain 100,000
ampoules, each ampoule containing 20 mg of the active component.
Crystals of (3R)-1-butyl-2,5-dioxo-3-[(1R)-1-hydroxy-1- 2.0kg
cyclohexylmethyl]-9-[4-(4-carboxyphenyloxy)phenylmethyl]-
1,4,9-triazaspiro[5 5]undecane hydrochloride
25  Mannitel 20.0 kg

Distifled water: 500 liters



triazaspiro[5.5]undecane hydrochloride. 2. The crystal according to claiml,
which is a non-solvate 3. The crystal according to claiml1l, which has a

mel ti ng point of about 230C to about 240C. 4. The crystal according to claim
1, which has a nelting point of about 232C to about 235C. 5. The crystal
according to claim1l1, which has a powdery X ray diffraction spectrum shown
in Fig. 1. 6. The crystal according to claim5, which has diffraction angle
20 of 5.15, 8.06, 10.26, 11.01, 13.72, 15.46, 17.36, 18.03, 18.58, 19.00,
19.51, 20.71, 21.73, 22.58, 23.80, ChANES and 27. 07(degree) on the powdery X
ray diffraction spectrum 7. The crystal according to claim1l, which has an

| R absorption spectrum shown in Fig. 3. 8. The crystal according to claim

7, which h b t t 2924, 250 82 6 5 1426, 1377,
1535 1165 1008, Gb1. rEtgre bhas, %%b}'%‘?%é”ﬂ% deveeti b TR dtan TR

b t Th I 1, whi h h
roan bar CrupBeSt e oA R R s oe P TS BREE A%0 The oryeta o
accordlnqng ﬁﬂﬁﬁggpﬂme&pwaf%%h@%ﬁryStal of P21 space group. 11. The

crystal aceco '6h has lattice constants of a = 11.8105
7% b=7. 8730A7%)and c= 18.2351 X7% 12. The crystal according to claim 2,
which is substantially free of a | ower alcohol solvent or a water-m scible

ether sol vent OrZCqﬂk%kQ§1%Eah@m té@ﬁhﬁqa%hﬁﬂqyﬁhoﬁgvaEOOO ppmor |ess. 13.
A process for prodUC|ng crystal of a non-solvate of (3R)-1-butyl -2,5-

3. The crystal according to claim 1, which has a melting point of about

230°C to about 240°C.

4. The crystal according to claim 1, which has a melting point of about

232°C to about 235°C.

5. The crystal according to claim 1, which has a powdery X ray diffraction

spectrum shown in Fig. 1.

6. The crystal according to claim 5, which has diffraction angle 20 of 5.15,
8.06, 1026, 11.01, 13.72, 15.46, 17.36, 18.03, 18.58, 19.00, 19.51, 20.71, 21 73, 22.58,

23.80, 24.96 and 27.07(degree} on the powdery X ray diffraction spectrum.

7. The crystal according to claim 1, which has an IR absorption spectrum

shown i Fig_ 3.

8. The crystal according to claim 7, which has absorptions at 2924, 2504,
1682, 1632, 1597, 1503, 1426, 1377, 1235, 1163, 1098, 961, 928, 876, 855, 770, 727

and 681 cm™ on the IR absorption spectrum
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di oxo- 3- ((1R) - 1- hydr oxy- 1- cycl ohexyl nmet hyl ) - 9- (4- (4- car boxyphenyl oxy

) phenyl methyl)-1,4,9-triazaspiro[5. 5]undecane hydrochloride, which
conprises carrying out crystallization froma |Iower al cohol solvent which
may contain water or a water-mscible ether solvent which may contain
water, in which a crudely purified substance of

(3R)-1-butyl -2, 5-di oxo-3-((IR)-1-hydroxy--]-cycl ohexyl net hyl ) -

9- (4- (4- car boxyphenyl oxy) phenyl nmethyl)-1,4,9-triazaspiro[5.5]undecane
hydrochl ori de is dissolved or suspended. 14. The process according to claim
13, wherein the | ower al cohol spolven Cl 4 aIkyI al cohol or Cl 4 al kyl
acetate. 15. The %rB@%@%“éb%ﬁ?ﬁWﬁ@“%é@EﬁENWP 3 hasghBean Rl sieRela58t ohol

sol vent i gethan% et hanol. - 54 16. The process according to claim 14,
wherei n thE> P 06t sol vent is ethyl acetate. 17. The process
according to cIa|n113, wherein the water-m scible ether solvent is
1, 2-di net hoxyet hane, di oxane or tetrahydrofuran. 18. The process accordi ng

to claim 13, wher gf nuihe, vater.and Liehoehcal conalyspbueqt, oL dge wat er

and the water--m sci er so nt o ar VoPUNE ratio of
1: 50to 7 : 3. 19. The process accordlng to clain118, wherein the water
and the | ower al cohol solvent or the water and the water-m sci bl e et her

sol vent are mi xedj “Tlﬁe By b NGecoVRhYT® cladthi @, Afhidh had1@tidPconsiands o2 = The
process according to claim13, wherein the crystalllzatlon I's carried out at

about -100G grsekauty, 407 @k0 AThgspraresggagsoiiding, to claim 13, wherein the
crystallization is carried out for about 20 mnutes to about 5 hours.

12. The crystal according to claim 2, which is substantially free of a lower

alcohol solvent or a water-miscibie ether solvent or contains it in a residual amount of

5,000 ppm or less.

13. A process for producing a crystal of a non-solvate of (3R)-1-butyl-2,5-
dioxo-3-((1R)-1-hydroxy-1-cyclohexylmethyl)-9-(4-(4-
carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro[5.5]undecane hydrochloride, which
comprises carrying out crystallization from a lower alcohol solvent which may contain
water or a water-miscible ether solvent which may contain water, in which a crudely
purified substance of (3R)-1-butyl-2,5-dioxo-3-((1R)-1-hydroxy-1-cyclohexylmethyl})-
9-(4-(4-carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro[5.5]undecane hydrechloride

1s dissolved or suspended.

14. The process according to claim 13, wherein the lower alcohol sclvent is

C1.4 alkyl] alcohol or C,.4 alkyl acetate.

15. The process according to claim 14, wherein the lower alcohol solvent is

methanel or ethanol.
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22. A crystal of a non-solvate of (3R)-I|-butyl-2,5-dioxo-3-((1R)-1-
hydr oxy- 1 -cycl ohexyl nethyl)-9-(4-(4-carboxy- phenyl oxy)phenyl nethyl)- ]
,4,9- triazaspiro{5.5]undecane hydrochloride which is obtainable by the

process according to any one of clainms 13 to 21. - 55 23. A process for
produci ng a crystal of a non-solvate of (3R)-I-butyl -2,5-- dioxo-3
-((1R) - 1- hydroxy- | -eyclohexylnethyl) - 9-(4-(4 carb oxyphenyl oxy) phenyl m

et by 1)-1, 4, 9- triazasp iro [ 5.5 Jundecane hydrochl ori de, which
conprises: dissolving or suspending (3R)-1

-butyl -2, 5-di oxo0-3- ((1R) - 1- hydr oxy-1 - cyclohex),JnethyI)-%&%4- .

(4- car boxyphenyl dﬁy)ﬁﬁéﬁ%esﬁéﬁwwg 1o gaign 1,rwhergiggne e syephabidrat isand

hydr ogen c@horide in a solvent selected from (1) Cl.4 alkyl alcohol, (2) a
m xed sol ¥BABACYRICC1- 4 al cohol and water, (3) a water-mscible ether solvent,
(4) a mxed solvent of a water-m scible ether solvent and water, (5) a m xed
sol vent of Cl4 al kyl al cohol and a water-m scible ether solvent, (6) a

m xed sol vent  of CLfAiil.s LGN (o BMRUST yLash Phe BNk splven, and

water and (7) water, ftoflowe ng to a and

cool i ng t@ﬁﬁ%gﬁg%%kggﬁﬁ%ﬁ%Hﬁﬁeqﬁﬁggg§FHﬁ§F%%ﬁgﬁggut 35C. 24. The process

according to ¢ reint I's met hanol or ethanol. 25.
The process according to claim 23, wherein the water-m scible ether solvent
is 1, 2-di net hoxyet hane, di oxane or tetrahydrofuran. 26. The process

according to clairg 28he Wikl esmRIHoSRSclath I30WHeREn e waks RAAGHhAJower
(3R) - 1-butyl -2,5-di oxo-3-((]R)-1-hydroxy-1-cycl ohexyl net hyl )-9-(4-(4-

car boxy phgestod ¥y v et en Yhabtey bid thedyfer-infsedzasher aflPend kiepeans aamgtidey dr ogen
chloride in a solvent selected from (1) Cl.4 al kyl alcohol, (2) a m xed

sol vent ofol@Ghe datml gfahdd0 tarvd 3. water, (3) a water-m sci ble ether solvent, (4)
a m xed solvent of a water-m scible ether
19. The process according to claim 18, wherein the water and the lower

alcohol solvent or the water and the water-miscible ether solvent are mixed in a mixing

volume ratio of 1 : 35t0 5 : 5.

20. The process according to claim 13, wherein the crystallization is carried

out at about -10°C to about 40°C.

2]. The process according to claim 13, wherein the crystallization s carried

out for about 20 minutes to about 5 hours.

22. A crystal of a non-solvate of (3R)-1-butyl-2,5-dioxo-3-((1R}-1-
hydroxy-1-cyclohexylmethyl)-9-(4-(4-carboxy-phenyloxy)phenylmethyl)-1,4,9-
triazaspiro[5.5Jundecane hydrochloride which is obtainable by the process according to

any one of claims 13 to 21.
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solvent and water, (5) a m xed solvent of Cl-4 al kyl al cohol and a

wat er-m sci bl e ether solvent, (6) a m xed solvent of Cl.4 al kyl alcohol, a
wat er-m sci bl e ether solvent and water and (7) water, followed by heating
at about 40C to about 80C, cooling the -56 resulting m xture at about -5C to
about 35C, adding Cl.4 alcohol or a water-m scible ether solvent to the

m xture; and optionally adding water to the m xture. 27. A process for

produci ng a crystal of a non-solvate of (3R)-1-butyl-2,5- dio xo-3 -g(l R - ]
-hydroxy- | - Cyc|7{§he§()p|r(p@§qq§ﬂr)p_rgiqcmg(a401 ystal of a non-solvate of (3R)-1-butyl-2

car boxyphenyl ox henyl met hyl ) iro[ 5, 5]undecane
hydrochldfpﬁé 3-( chhy@Bh%rﬁ§@§&@¥§§@ )ﬁé%ﬁg4suspendlng a sol vate of
(3R)-]-buty

byl oxy- | Ry bR TaRIRgH TSI K - ity Buskpbh Shpresegs duerpiRsidey Mich 4, o-

EE:Q?Z?SEL{#péﬁggugﬁd%Q ?Igg (%Iger(?J%Feil ” de(o% l%n?ylpfg%loxo 3-((1R)-1-hydroxy-1-

L1 Boacp ol BeE e A B RS R AL P oY el e, Fol T owed by
heat i ng jaz QEHLS 5“]9%%911@%%’1&0‘?90%& 1d%99'a'sBRzeEP 1&‘?&1“&(%1&1'19)&‘1%5&9# at

about -5 crysta non- so
(3R -1- bumhc# @) th?%é?i‘é%h(eﬁn@@C#abMQﬂQHwa[er, @yslwa@értrﬁegylbler@ﬁé}ysb)veﬁf(4 (4
- car boxy- pheny oxy) pheny , 9- tfiazasplro[5.5]undecane

hydr ochl ogs) denmBll chlves cqthtﬁht@amlﬁlm thRE s R aRE m&oggl hiled soRRYt ene of
clains 20 to 24. 29. The crystal according to claim2 whi ch has a nean

particl e §i.zekel alafilitand aObatdmniRibdbethtr 200 (6) a3Qixed spR@BINBTENS hikal
conposition conprising the crystal according to any one of clains 1, 22 and
28 as an dedliolen ivagr-ads@blt etldt solvhe pldavarecaudt (70 atatarpfglosiet ibgrheado®adi ng t o
claim30, which is a regulator of interaction between chenokine and a
chenoki neatoat éptte about 80°C; and cooling the resulting mixture at about -5°C to about

35°C.

24. The process according to claim 23, wherein the Cy_4 alcohol is methanol

or ethanol.

25. The process according to claim 23, wherein the water-miscible ether

solvent is 1,2-dimethoxyethane, dioxane or tetrahydrofuran.

26. The process according to claim 23, which comprises: dissolving or
suspending  (3R)-1-butyl-2,5-dioxo-3-((1R)-1-hydroxy-1-cyclohexylmethyl)-9-(4-(4-
carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro{5.5Jundecane and hydrogen chloride
in a solvent selected from (1) C,.4 alkyl alcohol, (2) a mixed solvent of C,.4 alcohol and
water, (3) a water-miscible ether solvent, (4} a mixed solvent of a water-miscible ether
solvent and water, (5) a mixed solvent of C;.4 alkyl alcohol and a water-miscible ether
solvent, (6} a mixed solvent of Cy.4 alkyl alcohol, a water-miseible ether solvent and

water and (7) water, followed by heating at about 40°C to about 80°C; cooling the
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-57 32. The pharnmaceutical conposition according to claim31, which is an
agent for treating and/or preventing di seases caused by interaction between
chenoki ne and a chenoki ne receptor. 33. A nethod for treating and/or
preventing di seases caused by interaction between chenoki ne and a chenoki ne
receptor in a mammal, which conprises admnistering to a mammal an
effective anount of the crystal according to any one of clains 1, 22 and
28, 34. Use of the crystal according to any one of clainms 1, 22 and 28 in
the manufading Bgheal aRgent>° Edp appdaty higa@diag bn-1plaobehei agraliryeiasibls caused

by interaction between chenokine and a, chenokine receptor - 58
ether solvent to the mixture; and optionally adding water to the mixture.

27. A process for producing a crystal of a non-solvate of (3R)-1-butyl-2,5-
dioxo-3-((1R)-1-hydroxy-1-cyclohexylmethyl)-9-(4-(4-
carboxyphenyloxy)phenylmethyl)-1,4,9-triazaspiro[S.5Jundecane hydrochioride, which
comprises dissolving or suspending a solvate of (3R)-1-butyl-2 5-dioxo-3-((1R)-1-
hydroxy-1-cyclohexylmethyl}-9-(4-(4-carboxyphenyloxy)}phenylmethyl)-1,4,9-
triazaspiro[5 5]undecane hydrochloride or amorphous (3R)-1-butyl-2,5-dioxo-3-((1R)-
1-hydroxy-1-cycichexylmethyl}-9-(4-(4-carboxyphenyloxy)phenylmethyl)-1,4,9-
triazaspiro[S.5Jundecane hydrochloride in C,.4 alkyl acetate, followed by heating at
about 40°C to about 80°C; and cooling the resulting mixture at about -5°C to about

35°C.

28. A crystal of a non-solvate of (3R)-1-butyl-2,5-dioxe-3-((1R)-1-
hydroxy-1-cyclohexylmethyl)-9-(4-(4-carboxy-phenyloxy)phenylmethyl)-1,4,9-
triazaspire[5.5]undecane hydrochloride which is obtainable by the process according to

any one of claims 20 to 24.

29. The crystal according to claim 28, which has a mean particle size of

about 0.05 wm to about 200 pm.

30. A pharmaceutical composition comprising the crystal according to any

one of claims 1, 22 and 28 as an active ingredient.

31. The pharmaceutical composition according to claim 30, which is a

regulator of interaction between chemokine and a chemokine receptor.
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32. The pharmaceutical composition according to claim 31, which is an
agent for treating and/or preventing discases caused by interaction between chemokine

and a chemokine receptor.

33. A method for treating and/or preventing diseases caused by interaction
between chemokine and a chemokine receptor in a mammal, which comprises
administering to a mammal an effective amount of the crystal according to any one of

claims 1, 22 and 28.

34, Use of the crystal according to any one of claims 1, 22 and 28 in the

manufacture of an agent for treating and/or preventing diseases caused by interaction

between chemokine and a chemokine receptor.
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