- 1'- DESCRI PTI ON CRYSTAL FORM OF 4-| SOPROPYLPHENYL GLUCI TOL COVPOUND
AND PROCESS FOR PRODUCTI ON THEREOF TECHNI CAL FI ELD [0001] This
invention relates to a crystal formof 4-isopropyl phenyl glucitol,
which is useful as an active ingredient of a therapeutic agent for

di abetes, and a process for producing the crystal form BACKGROUND
ART [0002] Bl ood glucose |levels are usedl as a biomarker for metabolic
syndrone, and peopl e are di agnosed as having diabetes if their
fasting bl ood glucose | evel s exceedDEQRGRIERIIIN Mor eover, even if
fasting blood glucose levels fall within a normal range, sone people
have 2-hour S85YPFARHQRMHDBAdSHPREFISERIERNYE. GEURITHOLLONPOUND 200D
ng/ dL and are di agnosed as _havi ng i npaired gl ucose tol erance (or

post prandi al hyper gl yceni RO Réﬁﬂﬁ@ﬁf%ﬂ@@f@iEREDﬁdies have
reported that inpaired glucose tolerance increases the risk of

cardi ovascul ar disorders (see Non-Patent Docunents 1 and 2). Further,
it has beﬁg ﬁ@ﬁﬁr at exercise therapy and/or nedication not only
suppresse ¢ nt of type Il diabetes frominpaired glucose
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t here haspacRelfkfgly been an increasing demand for drugs used to
control postprandial hyperglycem a. [0004] As agents for inproving

post pr andg ACKIGIESUSIDY ARM @, a- gl ucosi dase i nhibitors have been
conventionally used w dely, which inhibit sugar hydrol ases and

thereby debey] smigad ghikesy Iedl9arelusedhd BiosliBldr forth&abdIRSynddnRddhd pQRle
to these agents, there have been devel oped other agents with a new
nmechani sraretiiagasdsedas hoving dfibores Faheofdstin@bbbad kluayReiegdly eadted 126 AQAH].

On the manmalian small intestinal epithelium sodi um dependent

gl ucose tMareopen, tem if fAs86¢ blbpdighumexplessls éall withm dngmaf raegeiaomy pedjle hsve
known that SGLT1 serves - 2 - depending upon sodium and plays a role

i n acti ve2-heurmpopiprandigl bigodgbecese tevglslaabighsas 1146 to BRO mgalLl aridre diagnaesed as
Based on these findings, pyrazole derivatives have been reported,

whi ch i nHhaging imppired glucpsg tplgrange (oranostpyansiigd hypeselygeraiads eRegssbr pt i on
froma neal ,and can be used for prevention or treatnent of i

post pr andiPiferHylosicgl ey aV(esréléC’fEﬁ‘é‘ttEﬁtlmlB%‘Eﬁr&‘HF%% folergngy inceggsasiihe risk of
ot her hand, ..sodi um dependent gl ugose transporter (SAT2),is

oxpr esed ARG IFRER A S hE LR RPGREPS LR By | EBERG i s been reported
filtered he.al I 448 [ sorbed via SA T2.(see Non-Pat.ent
bocunent S5 R EEREY ot BERRSAE ol e iR PRI ey
SGLT2 activity, ] . . . Ay . ce a
hypogl ycedﬁyscertéaécf{%%ﬁ %lee ﬁ;{g(thdsgg‘ilgﬁé%gﬁr}%&lé@;ﬁﬁé@#gﬁ%n elg gl}%%}sg Gre
char act erfjybefersibnl (36 metcaapgcﬂﬁcrgg?el | ent hypogl ycem c action to

| ower casual bl ood glucose |evels, but their action to control

post pr andeh3|nVineiGy yEeRifaresink OWppkeRSibk 6f W_&ndiﬁﬂl{ﬁb cemidHrdeher
there is a report of C phenyl glucitol derivatives ich inhibit not
only SGTinpagtnaei it gufpressilgsthe Sa3cT 31 diabites ind/@iméthisol RapBdioli® akd@ere has
Pat ent Docunent 7). [0006] On the other hand, in the case of drugs
requi r ed acoordimgiyddeni antiecreasingmadmanddios Hyugs s to dbmgolggeiptandiad hyperglycemia.
i mprovin ostprandi al hyperglycema, it is inportant to have a w de
mar gi n ofg[0 @letds agsnisdonimprevinggosiprandiat hypeselyeemdia tregluapgidesesinhibitdres have
effect dose. Particularly in the case of drugs prone to remain in the
body, it Besngpyventipnaliyiuscd mqlb|wh1ﬁlémhﬂabwgehyc§qlaﬁqs@ad flprelyr dedaynsuger
so that an excessive drug . effect will he devel oped as a result of

summi ng r@SPEHAT PGS SPEHERRSHG- | i edrtigRipthesergents.dhgir figvq been developed

unexpect eoCéhé[r%)éEI%Is %h%”ﬁje“? }n%c al%fisfn%a 8 gdtioﬁ%{)r %p%o 1n§ pos!tlgra}lgia{(ﬂfpvg']glggc%&ia.

[0005] On the mammalian small intestinal epithelium, sodium-dependent glucose

transporter 1 (SGLT1) is expressed at a high frequency. It is known that SGLT1 serves



[ 0007] Thus, drugs are desired to be rapidly excreted fromthe body
after developing their efficacy. In particular, agents for inproving
post prandi al hypergl ycem a that nust be adm ni stered conti nuously are
desired to be free fromthe problem of accunmulation inthe - 3 -
body. [0008] On the other hand, ease of handling on an industri al

scal e, and physical properties includi rrg? excel l ent storage stability
of products are demanded of pharnmaceuticals. Cl TATI ON LI ST PATENT
DOCUNVENT SlepOiifg uptat sxdiunbacdiplapd a dle innceiv e ahnspoalof Bliltbscat datitose in the

W20021098893 pamphl et Pat ent Document 2: International Publication
W2004/ 0 s4832infeatinph | dlas&hore thesdGudings) pyidzolk dtdvaiaes baal beBu lbdpoctad,i vatiich
W2004/ 018491 panphl et Patent Docunent 4: International Publication
W2004/ 0198B8 SSdnbhiativitpie therebPsuppresstgidcose abserptioni fomah nabhideani berused
W2005/ 121161 panphl et Patent Docunent 6: International Publication
WD2004/ 0501 PveRtipsHIr dtcatmaané Af pestrandia thyperglyeemintees Bafant edumeatst | orf)-
W2007/ 136116 panphl et NON- PATENT DOCUMENTS [ 0010] Non- Pat ent )
Docunent Qn thegihexhandsodium-ggpspdsns glucgsedrangpprier 2(SGL.T2) sexpragsed at a high
Non- Pat ent Docungen . M Tom paga, et al. Diapetes re, Yol 2, p.
920, 199 IQIRE A i “2168% ﬁaﬁsﬂé.gseﬁnstflﬁwﬁggégﬁglow }is fi«%ﬁ%@ﬁ% ViaR{LT2
359, p. 207 200 n- Pat cument.4: E. M Lght, Am_J...

physi oi . (P Ry UOBRn L. BIgHOVY. it beespaoricathit R Inhiiia et
Docunment & e [...etal . Bi.oghi | ophys. JAct Vol . 688
o 5ay B2 RS RE B ipBoing i s s PR o M Rtycdlc actE (eee
113, p. TJJQOIHﬂ’%% SOOMERY 5OF dAMENDh g ofEE eﬁi@%ﬁ%h&?%%bcﬁp xcellent
obj ect of the present invention is to provide a crystal of-a hovel

conpound pRbE R a@iiéﬁtoﬁ@v@ﬂﬁdsﬂﬂiﬂ%%ﬂ H8cARE 1R, Bhilieifadodqo BBEEN Of

safety between a therapeutic dose and a toxic or adverse effect dose,

and whi clposgpraxe hlysdtilyobmiaie 16w, amere BGLANashibAys] CBhrilir OB6fetit 8$eport of C-
phenyl glucitol derivatives which inhibit not only SGLT1 activity but also SGLT?2 activity at
the same time (see Patent Document 7).

[0006] On the other hand, in the case of drugs required to be administered continuously,
including agents for improving postprandial hyperglycemia, it is important to have a wide
margin of safety between the therapeutic dose and the toxic or side effect dose. Particularly
in the case of drugs prone to remain in the body, it is difficult to control their dosage required
for treatment, so that an excessive drug effect will be developed as a result of summing
residual drugs remaining in the body, thus leading to unexpected toxicity and side effects.
For example, it is known that cationic drugs whose molecule has a hydrophilic group (e.g., a
tertiary amine) and a hydrophobic group (e.g., an aromatic ring) bind to phospholipids
through hydrophobic bonding and are taken up by lysosomes and hence accumulated in all
organs in the body. As typical examples, chloroquine is shown to cause retinopathy, while
perhexiline gives rise to a problem of neuropathy because it induces changes in the lung and
cerebellum (see Non-Patent Document 6).

[0007] Thus, drugs are desired to be rapidly excreted from the body after developing their
efficacy. In particular, agents for improving postprandial hyperglycemia that must be

administered continuously are desired to be free from the problem of accumulation in the



SOLUTI ON TO PROBLEM - 4 - [0012] The present inventors have
conducted diligent studies in an attenpt to attain the
above-nentioned object. As a result, they have found that

(1S)-1, 5-anhydro-145-(4-{(1E) -

4-[(1-{[ 2- (di met hyl am no) et hyl ] am nol - 2-3m3t hyl - 1- oxopr opan- 2- ypam nol
- 3, 3-di net hyl - T2

oxobut - 1-en- 1-yl | benzyl ) - 2- met hoxy- 4- (pr opan- 2- yOphenyl kD- gl uci t ol
(rmay her éboigfter be referred to as conpound (A)) exhibits SGT1
inhibiting action with a wide margin of safety between a therapeutic
dose and [Q008)xi@n the cthsrdrand, eased efdtandlomeon ahbdustrisl ssalepans] pitysicalgmoperties
provide a crystal of the novel ound showi ng the af orenenti oned
excel | entlﬂﬁlhsigllg@épellﬂﬂbﬁi@mgﬁ é@bﬂléhgip mRducts #re demandesl eftphammadsbiéeals. he
crystal to be easié% changed into other crystal forns. These findings
have | ed & rrpl ish the present invention. [0013] An aspect

of the pr s a crystal of an ethanol ate of

(1S)-1, 5- ﬁ%ﬁjﬁég?MBWEE) 4-1 (14[ 2- (di et hyl ami no) et hyl ] am no}-2-m
et hyl -

5, 3o mffﬁﬁfélﬁp%zfaﬁﬁ cﬁmfgﬂtl”ﬁ] JricEtiog) Rl R OB P heny
(2 5%33??5%%?%'2 gnt! 5 R dtal B e S Qoﬁifé’i%@S&epgaar&v@lﬁand
char acte gr ?gf i Lr% s%?%%cﬁg’%ngﬁslie%ﬁ%&ggfhbﬁl% %33%(?% 0 1%% hlet

1673 -1 i cm 1,pA&aHdciitnbntnd Iﬁé%tﬁﬂhl@zﬁsﬁcétm%mﬂﬁz@i@ 0;% ﬂ{lbmet

spectrum and (c) Having a nelting point in the vicinity

[0014] Anot her PHi@fTocnchi® MafEfonhIMMBKCAIRA mmmgpﬁﬁspanet
produci ng a crystal having the physical properties (a) to

menti oned bel ovPatenMscumeniys: dn&s@ltionfidPublication W02004/050122 a.mphlet
(1S)-1, 5-anhydro145- (4-1(1E)-4-[ (1-{[ 2- (di net hyl am no) et hylﬁ am nol -

met hyl - 1- oxopr dpment Docpawntid] -International Publication W02007/136116 pamphlet

3, 3-di net hyl- 4- oxobut - 1-en- 1-yl | benzyl) - 2- met hoxy- 4- (pr opan- 2-yl ) phen
yl kD- gl ucdNON-PARER{ThBRSIUMEND Sni xt ure of et hanol and an organic
solvent mscible with ethanol; then effecting crystallization at 0 to
80C; and [@DW]nd\T@nT@’aﬁee%Dp@qm@tér yBamKRaet goRiabete Siaes; Vol.(28) pHai hYP7

peaks at 20 = 9 degrees, 17.1 d@ﬁr ees, 17.6 degb ees_and _21.5
degrees in X-rﬁorﬁg\'?\HB?Dﬁ‘F‘F‘fqnégtl Tomipaga) st al. hgoetisduaragyol. 22, p. 920, 1999

Ghetacter st RRe0RA ABa0300%. 2 PRSI o FTUn 0o 208 Mk 00y
spectrum  and Non-Patent Document 4: E. M. Wright, Am,. J. Physiol. Renal. Physiol., Vol. 280,
p. F10, 2001

Non-Patent Document 5:  G. Toggenburger, et al. Biochim. Biophys. Acta, Vol.
688, p. 557, 1982

Non-Patent Document 6: Folia Pharmacol. Jpn. Vol. 113, p. 19, 1999
SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0011] An object of the present invention is to provide a crystal of a novel compound which
exhibits SGLT1 inhibiting action with a wide margin of safety between a therapeutic dose
and a toxic or adverse effect dose, and which is excellent in the aforementioned physical
properties.

SOLUTION TO PROBLEM



- 5- (c) Having a nelting point in the vicinity of -111C. [0015]

Anot her aspect of the present invention is a crystal (A-formcrystal)
of (1S)-1, 5-

anhydr o- 145- (4-{(1E) - 4-[ (14 2- (di et hyl am no) et hyl ] am no} - 2- net hyl -
oxopr opan- 2-

ypam no] - 3, 3-di net hyl - 4- oxobut - 1-en- 1- y14benzy1) 2- met hoxy- 4- ( pr opan-
2-y1) phenyl kDgl uci tol having the foll owi ng physical properties (a) to
(b): (a)[0ba¥] ribhepsrasent alveRidrshabe tomthgtedeliligehBstédide i @estternp? tdattain the
degrees and 18.7 degrees in X-ray powder diffraction (Cu-Ka); and

(b) Havi rapose-meintiongl @jectt An atresalty they hieg/foohd ﬂlﬁﬂ(lS){]Q&)—iﬂiyd@mdat[ﬁe{# {(1E)-
aspect of the present invention is a process for producing a crystal
(A-f or m cH-{StdPYdimtirigmiregethyijesiioal-2pnashwr t-Deepropdn-2-91) tinjnofsiit-dioregy1-4-
bel ow, conpri sing: suspendi ng an et hanol ate of

( 1S) - 1, 5-exehyHE st Bpeanzyidmerory-f= (prapapcd- rRnhepy ArR-ghicéehimayeraiesftep be
iy ST e et
ouf e sﬁ%‘fvmf %ae'etﬁrgﬁﬁoz tg Ziéﬁgo% f%%&ﬁgfﬁ&%? Gd {%usf BERidan provide
degr ees azh%j’yil_%l qug%g ggognﬁoggqsngwlﬁgg &?ql?l}tﬁ’é'? S’ﬁc?l H%gﬁlcgﬁﬁpemes’
(b) Havi nﬁ}dﬁhmhé étﬂg%cﬁﬁ]t' %Balilgs &Q%r \élaﬂonée asﬁ n(:%m%gd 1xlt(9 8&17% ct ?tgf #(])?ms

aspect of resent I nven ormcrys
(19)-1, 5-
anhydr o- 1T4 es? fm?(x%glave lf:? a(cgomnghsf_ll'l tPe reserst in enl %m no} - 2- met hy -

- oxopr Opa[@f)?? An aspcct of the present invention is a crystal of an ethanolate of (1S)-1,5- anhydro-
yl)am no] -3 di met'hyl - 4- oxobut - 1- en- 1-yl| Benzy - 2- met hoxy- 4- (pr opan

- 2- y1) pheny3-kDgi1\yi4t [¢1 - {pBvdin@tHyenihojetfamin hz/-ﬁi |- 1PEpedpah SSylfaddino
to (b): (g @Elgdv:E?lg [geé{ s(/at 2 6. j4 reedé} eﬂg‘ degl‘sra’?esIJtElh yg F
degr ees a3)B-diiBethyégrems-i- m-x-yipl;enpﬂy»aanctﬂmiyf 4@@&[}2{;@@3@1} Dagldcitol

(b) Having a nmelting point in the vicinity of 115C. [0018] Another
aspect ofhaving the édbrwing physical propegiea (Prtoess for produci ng a crystal
(B-formcrystal) having the physical properties (a) to (b) nentioned
bel ow, co(ﬁ%ri si Hgving pegprernt 2t g %%dmrmm adegrg¢s, 17.6 degrees and 21.5 degrees in X-

1S) -1, 5- anhydr.o- 145- 1E 4 1-{[ 2- (di et hyl am no) et hyl | am nol - 2
( ) ray p%:/!wder dlffracglon{(((,‘ 12 [(1-{[2-( y ) y
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cm™, 1634 cm™ and 1505 cm™ in an infrared absorption spectrum; and

(©) Having a melting point in the vicinity of 111°C.

[0014] Another aspect of the present invention is a process for producing a crystal having
the physical properties (a} to (c) mentioned below, comprising: dissolving (1S)-1,5-anhydro-
1-[5-(4-{(1E)-4-[(1-{[2-(dimethylamino)ethyl]amino }-2-methyl-1-oxopropan-2-ylJamino}-
3,3-dimethyl-4-oxobut-1-en-1-yl }benzyl)-2-methoxy-4-(propan-2-yl)phenyl}-D-glucitol in
ethanol or a mixture of ethanol and an organic solvent miscible with ethanol; then effecting
crystallization at O to 80°C; and drying the resulting crystal at 50°C or lower.

(a) Having peaks at 20 = 5.9 degrees, 17.1 degrees, 17.6 degrees and 21.5 degrees in X-
ray powder diffraction (Cu-Kat);

(b) Showing characteristic absorption bands at 3538 cm™, 3357 cm™, 2964 cm™, 1673

cm™, 1634 cm™ and 1505 cm™ in an infrared absorption spectrum; and



(propan-2-yl)phenyll-D-glucitol in a mxture of isopropyl ether and
an organi c solvent (excluding ethanol) m scible with isopropyl ether,
or a m xture of hexane or heptane and an organi c sol vent (excl uding
et hanol) m scible with hexane or heptane; and then drying the
resulting crystal at roomtenperature to 100C. (a) Having peaks at
20 = 6.4 degrees, 10.9 degrees, 16.9 de'gsrees and 18.1 degrees in
X-ray powder diffraction (Cu-Ka); and (b) Having a nelting point in
the viciniyy ofHavibLa nidiDjoidviatineviciaipectiiUiC.t he present invention
is acrystal (Cformcrystal) of (18)-1,5- anhydro-145 -(4-1(1E)-4-

[ (1 - [2-[08lFietAydtheriaspdat bhthe paesemanvéhtior ihy bryitabioforapanstah) of (1S)-1,5-
yl )am no] - 3, 3-di net hyl- 4- oxobut - 1-en- 1-yl | benzyl) - 2- net hoxy- 4- (propan
- 2-yl ) phempyiirob{H¢4- {(dIE)HaMIﬁ{JZ {dimethylanon yathyHassiod e3-methypé raxiopsopae2-
to (b): )ga) Havi ng peaks at 20 = 10.7 degrees, 17.9 degrees and 19.7
degr ees i})awinely3 olimethybfforpbit]- @rnl(}dihem)l) 2anethoxybd-(ptapamng-yh)phenyl]-D-
melting point in the viginity of 127C. 00203 Anot her aspect of the
pr esent |%W‘él?ﬂllhéﬂng§1%foﬂpﬂégé§1ﬁ‘6?1$? s @htodbgrystal (C-form

crystal) aV|n t he S propertie menti oned bel ow,
conpri si #4ug 59(? éer?p]e %%tf‘iﬁsef%{’ %gfewyig Q| degrges P &7 Jegrags)in X-

f d -
(()ﬁl ETI]B-'[S?’]WI&WRB, éé&%ﬁﬁ?k@?%n@ [(i gg((z)propan- 2-yl ) anino] - 3, 3-di me
thyl-4-o

en-1-yl | @Ezyl)Hﬁ‘”ﬂ%f‘ﬁ%“%?/“%l’?lﬁtr‘86%%‘”’21““5;%é%9|9<D gl uci toI to a
t t
erper At {08153 NGA s OO0 LPARHh RIS AloR i #pR0G HAFBEuGEEH ERf (A-form

pressure COI’]d-lltl on e cry nt mx ure

of hexanecr?ﬁﬁi) RLNNE RGBS r@ﬁlﬁ'ﬂé%}&toﬁ(ﬁ%lﬂ%ﬂﬂ&ﬂ% Heford! |CB Bﬁsiﬁg)@fs nd‘]”ﬁg an

35C or lower:” (a) Having peaks at 0. 7 degrees, gr ees

and 19.7 dﬂl@zﬁfoﬁﬁ@of S¥Araxnharerns TERCA-[(9N [£-Cimit Byl andin tl{ylP_Danﬁ?dl}J

a nmelting point |n(qt ??e Vi ci ni tiqo?%%. {(Ogh]@lAng%yher g)sepect of t%g
present impt@pl-1-0RoprHpan-LrWRtho](33-diy&hal4-0kotint-d -y Uy Bbenzyof 2-fddBloxy-4-
1, 5- anhydr o- 145- (4- {(1E) - 4-[ (1- 1[ 2- (di met hyl am no) et hyl ] am no}-2-neth
yl - 1- oxoplpogpan-22yl)phenyl]-D-glucitol in water or a phosphate buffer solution; and then drying the
yl ) am no] - 3, 3-di met hyl - 4- oxobut - 1- en- 1-yl | benzyl ) - 2- net hoxy 4- (propan

-2-y1) phenyulmig CrYStaVat359C@¢§|1QVmI havi ng the fol 'owi ng physi cal

properties (a) to : A Havi ng peaks at 20 = 17.2 degrees, 17.8
degrees dad 20. Iéa‘d@@p@% af 9x@b%%mubﬂdﬁgrp%ésp&qg@@ar}da%7 degrees in X-

ray powder diffraction (Cu-Ko); and

(b) Having a melting point in the vicinity of 110°C.,

[0017] Another aspect of the present invention is a crystal (B-form crystal) of (1S)-1,5-
anhydro-1-[5-(4-{(1E)-4-[(1-{[2~(dimethylamino)ethyl]Jamino }-2~-methyi-1-oxopropan-2-
yl)amino}-3,3-dimethyl-4-oxobut-1-en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-
glucitol having the following physical properties (a) to (b):

(a) Having peaks at 20 = 6.4 degrees, 10.9 degrees, 16.9 degrees and 18.1 degrees in X-
ray powder diffraction (Cu-Ka); and

(b) Having a melting point in the vicinity of 115°C.

[0018] Another aspect of the present invention is a process for producing a crystal (B-form
crystal) having the physical properties (a) to (b) mentioned below, comprising: suspending an
ethanolate of (18)-1,5-anhydro-1-{5-(4-{(1E)-4-[(1-{[2-(dimethylamino)ethyl]amino}-2-

methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl }benzyl)-2-methox y-4-



(b)+Having a nelting point in the vicinity of 121C Anot her
aspect of the present invention is a process for producing a crystal
{a crystal of a dihydrate) having the physical properties (a) to (b)
menti oned bel ow, conprising: suspending an et hanol ate of

(19)-1, 5-anhydro-145- (4-{(1E)-4-[(1-{][ 2-
(dinethylanino)ethyl]aninoI-2-nethy|-l:diopropan-z-ypanino]-3,3-dinet
hyl - 4- oxobut - 1-

en- 1-yl | eropudR-)pihpigDy-ghhc(tpr iapanixdory bf Bbp:@)axm‘gl ad@iah @rganit dlvent
m xture of isopropyl ether and nethanol; and then drying t%e

r esul ti ngexcalyding kthahol) adsnible it iadpropy] etled)or Hawixnge pehdainabr Réptanelafid 2n
degrees, 17.8 degrees and 20.9 degrees in X-ray powder diffraction

(Cu- Ka) ; wmgahic édlyeriidesiaheding etbhnolhpissdilewith hexdne oviheptand; \and theh2it @ng the
ADVANTAGEQUS EFFECTS OF | NVENTI ON [ 0022] An et hanol at e of

(1S) - 1, 5-Tasiijeg eystebat(rgomp (taEperatufg tp-1002C:

(di met hyl am no) et hyl ] am noé- 2- et hyl - 1- oxopr opan- 2-dy1) am nol -3,3-dinme

t hyl - 4- oXabut - 1Having peaks at 20 = 6.4 degrees, 10.9 degrees, 16.9 degrees and 18.1 degrees in X-

en-1-yl | benzyl) - 2- met hoxy-4- ( propan- 2- ypphenyl | -D-glucitol is a
crystal fi8¥ ’%’f‘%‘lﬂlggé‘floﬁ)(@'éﬂéﬁgi%{)qire inthe vicinity of room

08, T S, W 1

i i ction. .F
can be edl Pl hBiberdOiR bt B elisSat Blodtost 6L i e of IS £
Chows. ¢ nea el L R R TR ey R Pt o et
shows theyljaﬂ{iﬁ@‘]r-!‘?,g-@?gﬁ@gﬂ&ﬂbﬁpﬁﬁﬁ-ﬁ _ ﬁeﬁ%l)}-%?ﬁt@ﬂa—?{%{n&}&-}yl)phenyl]-D-

ethano! at’e. _ _ shows t_he ITferentia _
anal ysi S/glﬁlﬁfdﬂﬁﬁl‘fiﬁgtﬁ%ﬂbﬁ'ir@r{ﬁiy}s’ﬁhlspr@%yﬂrﬁ&s(aﬁo q;ze ethanol ate. Fig. 4

shows the X-ray powder diffraction pattern of e A-formcrystal.
Fig. 5 shays tHhgawh peikent 2@k 10eddpedes A1TY Y&dredstdna 1OTdepyded el Ki@y powder

anal ysis curves of - 8 -
diffraction (Cu-Ka); and
(b) Having a melting point in the vicinity of 127°C.
[0020] Another aspect of the present invention is a process for producing a crystal (C-form
crystal) having the physical properties (a) to (b) mentioned below, comprising: increasing the
temperature of a crystal (A-form crystal) of (1S)-1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-
(dimethylamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol to a temperature ranging from
room temperature to 150°C under reduced pressure conditions; then suspending the crystal in
a solvent mixture of hexane and ethyl acetate; and then drying the resulting crystal at 35°C or
lower:
(a) Having peaks at 20 = 10.7 degrees, 17.9 degrees, and 19.7 degrees in X-ray powder
diffraction (Cu-Ka); and
(b) Having a melting point in the vicinity of 127°C.
[0021] Another aspect of the present invention is a crystal (a crystal of a dihydrate) of (1S)-
1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2~(dimethylamino)ethylJamino }-2-methyl-1-oxopropan-2-

yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-



theA-formcrystal. Fig. 6 shows the X-ray powder diffraction pattern
of the B-formcrystal. Fig. 7 shows the differential thernmal
anal ysi s/thernogravi netric analysis curves of the B-formcrystal.
Fig. 8 shows the X-ray powder diffraction pattern of the Cform
crystal . Fig. 9 shows the differential thernal
anal ysi s/ thernogravi nmetric anal ysi s curves of the C-former ystal .
Fig. 10 shows the X-ray powder diffraction pattern of the crystal of
t he di hydstadied hivigg thkfoRwisg phisicaliprbgrest apdo (bher mal
anal ysi s/thernogravinetric analysis curves of the crystal of the
di hydr at €a) DESGRIvV pRdkOat ENVBODIZMeENESs,[ IR ddgrédadad 20 Ordegaks 1 Hgappbdbwder
the present invention will be concretely described bel ow. [0025] The
conpound diffractien (PeXer)t andvent i on,
(1S)-1, 5-anhydro-145-(4-{(1E)-4-[(1-1] 2- .
(di met hyl{(&hi no)Beving p ardltieg pdintie ity vicmityedp2bsan- 2- yl ) ami no] - 3, 3- di ne
t hyl - 4- oxobut -1l en-] -yl benz&é) - 2- met hoxy- 4- (propan- 2-y1) phenyl kD- gl uc
itol, (may her eriiheraspashof Be prosepf pYeiion dHapwGes fpryrpdicings ¢ Feystal (a crystal
foll owi ng chem cal structural formula; [0026 Forrmula 1] OH(A).
[0027] bt gdibpis) bige 'ﬁiﬁé’ﬁ&%?ﬁgamp&rte%)(a)(%b) e A
to as the "crystal of t . t. inventjon") }1.S.0btai ped
repr oducisﬂﬁgpnﬁ?ge?nsei E?%S@sﬁﬁ’smﬁﬁ”%gﬁ&%é@)' l:l[gf'i{% , can be
stably s | i rystal,af kK _drug for use i e ducti.on
ot “phar mison FolafboluflihBornfdhl Capb b ot £y afhgRrosits-
the crystal . K in |.Oh . | r ! :
or gani & A e R RE ERR RS2y B STEBAREHA I bRl @Bropy! eher
changed igaliGndhdiel; REXEEAlry R ifreshiub FRRE sFoBAMBAptRSE Crystal
forms are discerned, particularly, by X-rTay powder diffraction and
di fferentipl thedvikd paikalay3 sA1Y7DRIEREE AV EBESESG and 28.9-degrees in X-ray powder
diffraction (Cu-Kay); and
(b) Having a melting point in the vicinity of 121°C.
ADVANTAGEQOUS EFFECTS OF INVENTION
[0022] An ethanolate of (1S5)-1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-
(dimethylamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl}-D-glucito! is a crystal form stable at a
temperature in the vicinity of room temperature, and is excellent in storage stability.
Moreover, this compound can be purified to high purity by a simple method, and is thus
excellent for industrial production. Furthermore, the ethanolate can be easily changed into
other crystal forms in accordance with a purpose to be attained.
BRIEF DESCRIPTION OF DRAWINGS
[0023] Fig. 1 shows the X-ray powder diffraction pattern of the ethanolate.
Fig. 2 shows the infrared absorption spectrum (KBr method) of the ethanolate.
Fig. 3 shows the differential thermal analysis/thermogravimetric analysis curves of
the ethanolate.

Fig. 4 shows the X-ray powder diffraction pattern of the A-form crystal.

Fig. 5 shows the differential thermal analysis/thermogravimetric analysis curves of



anatysis curves. The term"crystal of the present invention" neans
concepts including a m xture of an ethanol ate and an anhydri de
crystal, and a m xed crystal containing an ethanol ate and an
anhydride crystal. [0028] The ethanol ate of the conpound (A) has the

foll ow ng physical properties (a) to (c); (a) Havi ng peaks at
20 = 5.9 degrees, 17.1 degrees, 17.6 de"ggrees and 21.5 degrees in
X-ray powder diffraction (Cu-Ka); (b) Showi ng characteristic

absor pt i ahe Bafotis caystad538 cm 1, 3357 cm 1, 2964 cm 1, 1673 cm 1, 1634
cml and 1505 cm1 in an infrared absorption spectrun and

(c) Having a ndfigithghopsitht Xiny pherder diffrdctipn phttekd bCtheB-Edrar alpétyl. of

108C to 114C. [0029] The X-ray powder diffraction pattern of the

et hanol ate of tHig Tshopsithediffayentigl thermed analysis/thergograyimeige andflysay @atves of
absorption spectrum (KBr nethod) of the ethanolate is as shown in

Fig. 2, dheBrisema@rystadrential thermal anal ysis/thernogravinetric

anal ysis curves _of the ethanolate are as shown in Fig. 3. [0030] The
et hanol ate of tHg& &¥aysihe Xcay PP?déllﬂlganB?ttW%fh&?q:'f%&t ¢rgstak r om a
sol uti on havi ng,.the compound_ (A). di ssolved in ethanol, or .a m xture of
et hanol and ang%s-gba%hoc‘svsgg? 5&%@#&%@ aﬁﬁyﬂsf&qﬁraﬁsqavl%@%&qalmwms of
conpound tflAFO%S t he aw materi al before recrystallization is

anor phous. © é‘E]CWSH-‘ obt ai ni ng the ethanol ate by recrystallization
fromthe sol utiQp, |yt i-0n he,. &0 n A kLN th ut 4.0

and crystalli zaltﬂg'olrg)d ?’%gn#%e{g%gé?'?%rnd] ma‘{/58 g%p %&eﬁr? ?%ﬁ&rggaléfh}cndﬂ@mw'

met hods. For exgam lleshowg?ﬁeedigiﬁici)ﬁml tym&?jﬂal %ﬁ%ﬁ%&%@ﬁ@é&n&ﬂ?@ﬂa@% curves of

di ssol vi ng anor pRous conpoun m xture

et hanol aRdcARBtaPHLAR UMhyARlyent miscible with ethanol, followed by
cooling the resulting solution. [0033] Exanples of the organic

sol vent mMBESCRIFEMON OretvsomINVaENTRYdr ocar bons such as hept ane,

t-butyl nethyl ether, and ethyl acetate. [0034] The concentration at
whi ch t he0oR4ip Aodes(f8) cdrByitd Stahy pdsérs iehtibrown0Be boncr@ds deguiidee balbly

5 to 50% by nass. The term "% by nmass" refers to the percent by nass

of the et[h82dl afte cmpolad obtip puesent(iAyernition} (18)-d di-uthydro- b 5-$4+4 (183) <i- - { [ 2-
[0035] The mixing ratio, in the solvent m xture, between ethanol and

t he or gar(dgngbylemino)ethyjaminopiZsmithyk 1 wixppropahandlamizni-ha-dohethylettonsbut-1-
appropriate, [0036] The crystallization of the ethanolate is

per f or medNat-y B berzyBotmethoxy-4-(propan-2-yl)phenyl]-D-glucitol, (may hereinafter be referred

to as compound (A)) has the following chemical structural formula:

[0026] [Formula 1]

OH (A)

[0027] An ethanolate of the compound (A} (may hereinafter be referred to as the “crystal of
the present invention”) is obtained reproducibly as a single crystal having constant quality,
can be stably supplied as a crystal of a bulk drug for use in the production of pharmaceuticals,
and has excellent storage stability. Moreowver, the crystal of the present invention is
suspended in water or an organic solvent (excluding ethanol), and thereby can be easily
changed into other crystal forms. Differences among these crystal forms are discerned,

particularly, by X-ray powder diffraction and differential thermal analysis/thermogravimetric



[0087] The crystal of the ethanolate that has precipitated is
separated fromthe solvent by filtration, centrifugation, etc. of the
solution, and is then dried at 50C or |ower. [0038] The A-form
crystal of the conpound (A) has the follow ng physical properties (a)

to (b): (a) Having peaks at 20 = 6.1 degrees, 13.7 degrees,
18.0 degrees and 18.7 degrees in X—ray'ﬁbmder diffraction (Cu-Ka);
and (b) Having a nelting point in the vicinity of 110C,

pr ef er ablanabfsisliirest 0TAd Bfin ‘8RB {hb Greletitayivditiodt methhd dohagdté Bdluding a
pattern of the A-formcrystal of the conpound (A) is as shown in Fig.
4, and t heixarkfof pe athaablatehaad ma lanianizidy siystd edraogixad icrystal centainmlgyagi S
curves thereof are as shown in Fig. 5. [0040] The A-formcrystal of

t he conpaoiibanolay andaroithyidridelctystakuspensi on of the et hanol ate of the
conpoundﬂbA in water or a phosphate buffer solution. [0041] Exanples
of the p Qéﬂatﬂlq@h@%ﬂ@ ﬁf&Fﬁh@orpn@m{a\oélabtheffellowgmﬂwnalar@ertles (a) to (c):
phosphoric acid, sodi um di hydrogen phosphate and its héedrate ée. %

di hydrate), di SaYi dravimgdeakion 2BmosPHazecsand 1 degrassdr/d degrees gnd 21.5 degrees

dod hyd. , di h hat d its hydrate, d
dodecahy o) SIS pydgogen phosphate and L hydrate, an
concenty it on gl 5L LNEL 8 8Bl ity SRR Bl 811 290
| ati the i . 43]. Th i t it i 35C
(el ve e Tepehe o s OB TR NP RN SRR
necessarily setqj gn @g@%&lﬁﬁ%goﬁfﬂﬁﬂgb%%{f}l@%é%ﬁ&éﬁﬁ{b}ﬁg BE10ReENE M 4°C.

t he tenperature, her conditi ons.

t enper at LLE)@Z@]S BRXK-rhN Bo R4S REMALAGh pdtiFn bSthé HRANGR RTthd @nfhouRBPA) is as
normal Iy 24 hours. The conditions for suspending may be those icth

do not i ngaivn ih e, IUieenGladd absticdfspbdifunt PRBOHREhodf\bE thd BthahdlBtelis BBshown
for conversion into the A-formcrystal can be shortened by raising

t he tenpendtigi® andthe diffickepdil tiermbl aaleBYthe@vgraliMeirivandlyticiives ysthal

can be confirnmed by filtering off sone of the crystal fromthe

suspensi orthamelde aeas showgirt Fig. X-ray powder diffraction pattern of

this crystal. [0045] The A-formcrystal obtained as above is

separ at ed 003@Im Theecthasiolasnof the gempsundn(Ag is dtained by atystatlization from a solution
centrifug%éion of the dispersion (suspension), and is then dried at

35C or | oW¥ing the earpoundA)disspived Hpethanol pea pixigye of eimpe] andrnaiganie solvent
whi ch of the,_ above-nentioned nmethods is adopted, the drying tinme is

not necesBEFII§WERENARClhe constant, depending on the drying

%E;‘rén e;gi W@ﬁ%&i hﬁgﬁc&ﬁﬁo@hg E(Rir%‘eﬁéﬁa&? poter! Eff‘o%ig?r&rﬁ%ﬁgzgfiﬁf?ﬁlﬁawél al
roaur | nd PRg ook as AP 1SR RuBeubh Bl o BN E on il o e
[0047] Tr@)ng)'ofl.lﬁﬁ f‘)\ffn{tg% %lgﬁ%%ﬂ&&&ﬂﬂ%ﬂﬂl fedth eSO I‘BQ}!' f)é)&rﬂgmed by

physi cal properties
ordinary methods. For example, there is employed a method which comprises dissolving

amorphous compound (A), with heating, in a mixture of ethanol and an organic solvent
miscible with ethanol, followed by cooling the resulting solution.

[0033] Examples of the organic solvent miscible with ethanol are hydrocarbons such as
heptane, t-butyl methyl ether, and ethyl acetate.

[0034] The concentration at which the compound (A) is dissolved is 0.5 to 70% by mass,
preferably 5 to 50% by mass. The term “% by mass™ refers to the percent by mass of the
ethanolate of the compound (A) in the solution or suspension.

[0035] The mixing ratio, in the solvent mixture, between ethanol and the organic solvent



(a)  Havi ng peaks at 20 = 6.4 degrees, 10.9 degrees, 16.9 degrees and
18.1 degrees in X-ray powder diffraction (Cu-Ka); and (b)
‘Having a nelting point in the vicinity of 115C, preferably of 112C to
118C. [0048] The X-ray powder diffraction pattern of the B-form
crystal of the conpound (A) is as shown in Fig. 6, and the
differential thermal analysis/thernogr aMlmetric anal ysi s curves
thereof are as shown in Fig. 7. [0049] The B-formcrystal of the
conpound rpALiblswithtetianelccahbe StsfRd sk appropriditbe et hanol ate of the
conpound (A) in a mxture of isopropyl ether and an organic sol vent
(excl udi n§08é]hahied Jrystalsicatiineofithe ethamdgte dppdrfoembdat ®to 80°A1 xt ur e of
hexane or heptane and an organi ¢ sol vent (excluding ethanol) m scible
wi th hexdf@3dr Heperssiel ofthoabdindtxtatipit bss preciphiged isgapirated dfonethe solvent by
(excluding ethanol) mscible with isopropyl ether are nethanol,

i sopr opy| filaEemeenindpgation sie.at tlmee:tqhb}uonemés.thqm@ﬂ]at EQARpT lowenf t he
organic s%l v&Pt (excl uding ethanol) m scihle with hexane or heptane
are et hyl 0938k athe Adern sratal ghthercomppynd (oihay thedoHawing mysisyl pregerties (a) to

concentr b_on at which the ethanolate of the conmpound (A) is
suspended-?'s 0.5 to 30% by mass, preferably 1 to 20% by nass,

| ati h i 53] . T, [ i,§ .35C
or 1 ower, and ] maey Easeks NAVEoh1 WG R B T s R e 1 T Rgtecs
necessariih)g%_?}gyep&‘,pdcp%{tﬁrg&%n al’-@%ﬁaﬁﬁdi ng on the type of the solvent,
ure, It .

t he tenper or other co When t he suspendi ng tenperature

is 25C, the su ngj | i : L egn 20
The condi ti onss@zr ‘Hsaﬁ}gl ednlgli%lrﬁiélﬁréilﬁﬁlgﬁcﬁ%%g %@” yf? gbgrr?%?g%g??%%q% <
suspendeqoaayt el XIhe peRaRQTFhlioN pattifl of h A-tdFR (f,r?ﬁalcﬁrﬂ{@&ﬁﬁ}%ﬁnh gk?is
the B-formcrystal can be shortened by raising the tenperature. Th

end poi Ntas@howARy Bigs UOand thé QiffdientR] fHRIMAIGYSER/thGAdLRSIBORL ahATPEs Bives
filtering off some of the crystal fromthe suspension, and neaSuring

t he X-raythpeofiae adshidwmani Figns.pattern of this collected crystal.

[ 0055] The B-formcrystal obtained as above is separated fromthe

sol vent , [0640}exEnphAdombygryital bf thieicomponnd@tis bbtaigatl bysugfensibhe of the ethanolate
di spersion (suspension), and is then dried at roomtenperature to

100C. [ 00H6he Tmpengi(d) iy water pha phosphatgbutfeysaliegfica r oom t enperat ure

is 20% or_less, and normnal lﬁ' 11% or |l ess. [0057] No matter which of

t he abovd9REhk | Brrsepleseefiibeishosphatg apatdelin the ghefiphats futfeneolptionpse phosphoric
necessari e._const ant .drying. tenperature,

I . to. d dj th I
the crystaé%/dq%g i wfeg%w%%f’é?g i 5 ?tg?ﬁg-_= ibyfegs)odispdiim hyprogen
b cont | AP ey Bl Chmodieab 6F PRHS s bfo-steh fentelt g
the X- i: ' t f . | taken. [0058] B
way of oeie idRhoqp Rt BT defle WMESCANRE W 7T obtai nea by
separat| Ngolie PidRReldtBoRh: bARNGAIBARNSTxiE oF ' BMlifd APRSAMARA 00.5

the solvent, "and then exposing the separated ethanol ate
fol I owi NGocwrglb} ABS pred@&blyuid ot ¥y Alasd 1l O8I0 sdpeiet her
exanple, the B-Tormcrystal of the conpound (A) is obtained by

separ at i n@ottie Bidwuesdndify efnpthture YIEUH 16¥Wer, hidRarhh8y2gsensi on in
the solvent, and then exposing the separated ethanolate to the

f ol | ow ng0044idi Theosuspendi(g tithe e it ycoabar¥/set [tOBE Opnshsmt, adephiting eX @Ry, of
the B-formcrystal of the conpound (A) is obtained by separating the

et hanol attbe eflvedtethe derpparatdrg, Apd Hrhencdrhlitionss p¥itendhe suspeiiénsenpentyre is
and then exposing the separated ethanolate to the follow ng

condi t i o5 °C1ecuspending time is 24 hours or more, and normally 24 hours. The conditions for

suspending may be those which do not impair the suspended state of the compound (A), and
the time for conversion into the A-form crystal can be shortened by raising the temperature,
The end point of conversion into the A-form crystal can be confirmed by filtering off some of

the crystal from the suspension, and measuring the X-ray powder diffraction pattern of this



[0061] The C-formcrystal of the conpound (A) has the foll ow ng

physi cal properties (a) to - 13 - (b): (a) Having peaks at 20
= 10. 7 degrees, 17.9 degrees and 19.7 degrees in X-ray powder
diffraction (Cu-Ka); and (b) Having a nmelting point in the

vicinity of 127C, preferably of 124C to 130C. [0062] The C-form

crystal of the conpound (A) is obtained 15;7 heating the A-formcrystal

of the conmpound (A) to a tenperature ranging fromroomtenperature to
150C underrystelduced pressure conditions, and then suspending the

heated A-formcrystal in a mxture of hexane and ethyl acetate.

[ 0063] Thi®0#EhpBreadtforn crystehpbthinet es Abdvorissapasestdairornfthd $vdventyfpoerathple, by
(A) is heated under reduced pressure conditions is roomtenperature
to 150C, fitratier ahtaptiifyaptianesfibe dispersion ¢suspasionpmnd ipthen dried i35 C@Clower,
[0064] The concentration at which the A-formcrystal of the conpound
(A) is spBERYBAt 08™ KERIAEELE 68 hexane and ethyl acetate after

bei ng he er reduce ressure conditions is 0.5 to 30% by nass,
pr ef erab?@s%fg[g?ﬁ%tﬁﬁlw & theabaye-mentigngdyac B@Sp’éﬁg?ﬁﬁ‘i thedisiig timgis not
suspendi n C, an or ma| 65C.

t i 55 t 75C, | 0066 h
Sopendl HibebAREIE! i doieBRt fhepd sl e AR mbe AR, thEUAa] ama the

h f .S0| y diti W
he suspent AFTEsER The pirtfle EECSY he Snalond nffa R S§ TR st me

CTorm crordr Mol ol o7 OBt RGP SyREtor s PRSP BbBubRE e x

fromthe ﬁ??@%éﬂtﬁﬂia&ﬁgpgﬁ&ﬁ‘éﬁﬁ&h?ﬁﬁtﬁia’iﬁiy powder diffraction
pattern of “the crystal taken. [0067] The C-formcrystal obtained as

above i s @epAr atiROIBi 6@ iRA] SOMhY QﬂltnpmfuﬁfSﬁ@ﬁﬁ%eefollg\)ﬁn?'p‘hty!sil'sil'p%be?ﬁés (a) to
the sol vent by neans of a rotary evaporator, or by filtration or
centrifugadi on of the dispersion (suspension), and is then dried at

35C or lower, normally at roomtenperature. [0068] No matter which of

t he above- ment i(@pedlaviighpedss at20adbdidegreed, 116.90degroeg, 16. Mrdegdrecsraat 18.1 degrees
necessarily set to be constant, depending on the drying tenperature,

t he crystialXfayr paveder diféractzom (G Bo);andused, the particle size, or

other conditions, The end point of the change in the crystal formcan
be confirmed byb) aliavipgoumelingpoint & thetyéciity el ¥ ¢spraferatdndf k€ UPi1A§°C.
the X-ray B%\EH diffraction_pattern of the crystal taken. - 14 - )
[0069] THAVER stip Xdpy ppgde; Horpyiern Akthe Srismraygtal)of thescampound (A) is

follow ngaspstﬂg%'l%? L“lgp r6,0 gn%rtkg ﬁ%feg'g tia& 8168192.1:analysis/thermogravimetric analysis curves

thereof are as shown in Fig. 7.

[0049] The B-form crystal of the compound (A) is obtained by suspension of the ethanolate
of the compound (A) in a mixture of isopropyl ether and an organic solvent (excluding
ethanol) miscible with isopropyl ether or a mixture of hexane or heptane and an organic
solvent (excluding ethanol) miscible with hexane or heptane.

[0050] Examples of the organic solvent (excluding ethanol) miscible with isopropyl ether
are methanol, isopropyl alcohol, and t-butyl methyl ether.

f0051] Examples of the organic solvent (excluding ethanol) miscible with hexane or
heptane are ethyl acetate, acetone, and t-butyl methyl ether.

[0052] The concentration at which the ethanolate of the compound (A) is suspended is 0.5
to 30% by mass, preferably 1 to 20% by mass, relative to the suspension.

[0053] The suspending temperature is 35°C or lower, and normally 25°C.



(a) *Havi ng peaks at 20 = 17.2 degrees, 17.8 degrees and 20.9 degrees
in X-ray powder diffraction (Cu-Ka); and (b) Having a nelting
point in the vicinity of 121C preferably of 118C to 124C. [0070] The
above crystal is obtained by suspending the ethanolate of the

conmpound (A) in a mxture of isopropyl ether and nethanol. [0071] The
concentration at which the ethanol ate ofl2the compound (A) is

suspended is 0.5 to 20% by mass, preferably 0.5 to 10% by mass,

rel ati ve [0054heTieusippnslimgtimé &Qﬂhe&b@rﬁywwm cehstaafpiep@idiigeon the $@fe of
or lower, and normally 25C. [0073] The suspending tinme is not

necessar i thy seletnt] thelvenpoastant otheegedidiong. oWheh ¢he suspending thapsatweist25°C,
the tenperature, or other conditions. \WWen the suspending tenperature
is 25C, tthe swsp@ngtln@ ig iLrreeck or Bngay sndnommnlly, 1 werk. ndheabhditiongi@y s .

The conditions for susPendln may be those which do not inpair the

sus pende&%PW&ﬁlax hethostrivbishdlonef impaigthe isespendad staie of tevcempourd (A and
the cryst of the dihydrate can be shortened by raising the

t enper at utg% timp{ar epfyepiRintathe Soforercaysal canbe shaftened by raising thertpmperature.

Uhe suspole G Poifie FRRGHPR e His SEoedy coytal n ThicpRAERR Ohf peatiectthoae of
th t Th tal of d t d
above |5 bEHRRT B RE See Shrod reBowihe s iy DOV eGPt ot s

centrifu e di spersion (suspension), and is then dried at
roomterrpgr'g’trﬂgﬁgtriggyskgow] The hum dity at the tinme of drying at room

t t t
the di hydeard B e A A AR R ph R o R Bl 4 Benle by
i nvol vi nEﬁI@raﬁbWbldéctnﬁlfﬁéatﬁﬁ%fQﬁe Ji‘l'sg?ﬁﬁn (ﬁ@@eﬂg{bﬁ?} dnf1%s GlEIY ﬁf@d atoft)cntnhe

di hydrate deliquesces at a humd i gher.

matter whegbe@iurt Re16090ve- nent i oned net hods i s adopt ed the dry| ng

time is not necessarily set to be constant, depending on the drying

t enper at 08561t HEhechupsitiaty af the minef oftdaging avtooet efmipatatiis &R0% belepg fahd @benally

size, or other conditions. The end point of the change in the - 15 -
crystal fli%ockss.be confirned by taking out sone of the dried
crystal, and nmeasuring the X-ray powder diffraction pattern of the
crystal t[QReR. MxmwreEshicho? vh]c qhexe-menHengsiaetbnds is adepted, dhe duiying tivee is not
described in further detail é Ref erence Exanpl es, Exanples and Test
Exanpl es,Deseasatiysehiodssonstaply dingion the,dpyang feyppriatire.dhe exystehtrm of the
contents.
raw material used, the particle size, or other conditions. The end point of the change in the
crystal form can be confirmed by taking out some of the dried crystal, and measuring the X-
ray powder diffraction pattern of the crystal taken.
[0058] By way of example, the B-form crystal of the compound (A) is obtained by
separating the ethanolate of the compound (A) from the suspension in the solvent, and then
exposing the separated ethanolate to the following conditions: 25°C, humidity of 11%.
[0059] As another example, the B-form crystal of the compound (A) is obtained by
separating the ethanolate of the compound (A} from the suspension in the solvent, and then
exposing the separated ethanolate to the following conditions: 60°C, humidity of 0%.
[0060] As another example, the B-form crystal of the compound (A) is obtained by
separating the ethanolate of the compound (A) from the suspension in the solvent, and then

exposing the separated ethanolate to the following conditions: 100°C,

[0061] The C-form crystal of the compound (A) has the following physical properties (a) to



[0078] The NMR (nucl ear nagnetic resonance) spectra were neasured at
200 MHz (GEM NI 2000/ 200, Varian Instrunents), 300 MHz (1 NOVA 300,
Varian Instrunents, JECL JNM ECP300, JEOL Ltd., JECOL | NM ECX300, JEOL
Ltd.), and 600 MHz (JEOLIJNMECA600, JEOL Ltd.) at room tenperature.

The chem cal shift values herein were indicated by the parts per
mllion (8) values relative to an i nterddl standard nateri al
(tetramethyl silane). [0079] The mass spectra were neasured using
Vaters mi(j.omass GCT (El: electron ionization), mcromass PlatformLC
mass spectroneter (ESI: electrospray ionization) or Shinadzu

LCVB- 2010EV (ESk) &azingrmesky &\20i-0H]. 7 detdrees, APQldegmesrnsipleT degrpasas Siray
chem cal ionization, dual-node ionization). [0080] The el enental

anal ysi s moagles diffraedtbndGlu-14e);gd Per ki nEl mer 2400Z. [ 0081] The powder
X-ray spectra were nmeasured with Rigaku RI NT2200U timalll. [0082] The
differential tH& ndlavineaa peltigg PR foidge yiginist of 12730 aprpterably ¢ FE)to 130°C.
were carrj out. using Ri gaku Therno plus EvoTG3120. [0083] For
silica geﬁﬂsg%ﬂ ubhe ﬁ?l@hﬁ%ya@r%fﬁgy compoynddA) dppbtaged By heatjngjtheAderm sopeal

of KANTO MCAL CO. . .INC. was used. .[0084] Roomtenperatuw e refers
to 25C t?%@%&%ﬁ%ﬂ eI BrempeaRTy 9 106 ssper -
16 - L Q08 R G B58bAE TR fhed sdep SR W heaR A OIS sl B b Rur ot

hexane and ethyl acetate.

[0063] The temperature to which the A-form crystal of the compound (A) is heated under
reduced pressure conditions is room temperature to 150°C, preferably room temperature to
120°C, more preferably 120°C.

[0064] The concentration at which the A-form crystal of the compound (A) is suspended in
the mixture of hexane and ethyl acetate after being heated under reduced pressure conditions
is 0.5 to 30% by mass, preferably 1 to 20% by mass, relative to the suspension.

[0065] The suspending temperature is 55 to 75°C, and normally 65°C.

[0066] The suspending time is not necessarily set to be constant, depending on the type of
the solvent, the temperature, or other conditions. When the suspending temperature is 65°C,
the suspending time is 8 hours or longer, and normally 8 hours. The end point of
conversion into the C-form crystal can be confirmed by filtering off some of the crystal from
the suspension, and measuring the X-ray powder diffraction pattern of the crystal taken.
[0067] The C-form crystal obtained as above is separated from the solvent, for example, by
distilling off the solvent by means of a rotary evaporator, or by filtration or centrifugation of
the dispersion (suspension), and is then dried at 35°C or lower, normally at room temperature.
[0068] No matter which of the above-mentioned methods is adopted, the drying time is not
necessarily set to be constant, depending on the drying temperature, the crystal form of the
raw material used, the particle size, or other conditions. The end point of the change in the
crystal form can be confirmed by taking out a part of the dried crystal, and measuring the X-

ray powder diffraction pattern of the crystal taken.



(B1) [0088] To an acetic acid (200 nL) solution of 3-isopropyl phenol
(25 g, 0.184 nmol), an aqueous suspended solution (75 nL) of potassium
1odate (7.88 g, 0.0368 nol) and iodine (18.7 g, 0.0736 nol) were
added, and the resulting reaction solution was stirred for 20 hours
at roomtenperature. After diethyl ether (400 nL) and water (300 ni)
wer e added, the organic |ayer was separéﬁed. The organic | ayer was
washed with water, a saturated aqueous sol ution of sodi um hydrogen
car bonat g00697d e argstaleofdhd diapdrdtel cfdheosaipoant YAy Bassthebghedhg physical

sul fate. The desiccant was filtered out, and then the sol vent was
distiIIednopﬁﬁmnﬁﬁu)@educed pressure. The resulting residue was
purified by neutral silica gel colum chromatography (hexane: ethyl

acet ate = 95: 5)(a) o Hawingipeaks 8@Vt 1’63 degitsy 12.8mppuenslar(d80.9 (egte® ig X-1ay
7% 1H NVR (200 MHz, CHLOROFORMd) 5 ppm1.16 - 1.25 (m 6 H 2.64

- 2.98 (rno“ﬁeﬁyhféag@n(@u Kajpnd 57 (dd, J 8 13, 2.20 Hz, 1 H) 6. 88

(d J=2.20 Hz, é%? 54 (d,., J=8,13 Hz, Ref erence Exarrgjfﬁ .
Conpound (B2) [®Bbs aV[onﬁrWﬁhtlag@plmﬂlpm%'Bm Of[k?égﬁa prferally of b Gdo T4 C.
9.8 ni, 6 was ad tQ acetonitrile su ion

o the. cdNBlnd TeasbpVe moia! § o feasﬂ)yn%lﬁye e EudeiBie ﬁov@%rmnm) ina
(21.7 g, 0. mxture was stirred for

hours at rﬂﬂ‘éreﬁg?ﬁqbf()p%g}‘geﬂ(jén%h *0.052 m)l) was further added

and the m r i 0

o0 e BT SRR f ik Ui BEuSBohEPELEE WeBimastipp
acetate. tI?@%OE AL lréfé’r%?l W5 1M R gnﬂs& *}el‘ﬁﬁ{ree{ thé‘s&ge/ﬂs%i#eous

solution o umt I osul fat e, riné, and dried over anhydrous

magnesi unpew)f afie. suIlk@ldﬂ%S:bﬁgamurmsﬁdo&%ﬁa i norRfly bhen the

solvent was distilled off  under reduced pressure. The resultl ng

resi due vae73urTHe ﬁﬁﬁ)dﬁﬂlﬂg&ﬂhé &l not nedeSsurilietet €PbdIBdhstt, AePérGigdihe type of
(hexane- gi exane: ethyl acetate = 95:5) to obtain a Ilght yel l'ow oi ly

conpound th82)lv¢iAthS tgnpdatife, ol bthbiMAINERRGs VHV he L CRGhIRi ok mBeratuie is 25°C,
1.24(d, J=6.84 Hz, 6 H 2.87 (quin, J=6.92 Hz, 1 H 3.88 (s, 3 H
6. 58 - 6.tB&syspendingfjing.iy6 dayk orlmire@andHmrmalliHp day65 Tiok, coddBiof8 drizusptnding
H . M5 ESI/APC Dual posi : 277[ MrH|t Reference Exanple 1-3 Conpound
(B3) [00983y [)q:tl;lpﬁmwélag]do not impair the suspended state of the compound (A), and the time for
conversion into the crystal of the dihydrate can be shortened by raising the temperature.
The end point of conversion into the crystal of the dihydrate can be confirmed by filtering off
some of the crystal from the suspension, and measuring the X-ray powder diffraction pattern
of the crystal taken.
[0074] The crystal of the dihydrate obtained as above is separated from the solvent, for
example, by filtration or centrifugation of the dispersion (suspension), and is then dried at
room temperature.
[0075] The humidity at the time of drying at room temperature is 40% to 85%. It has been
confirmed that the crystal of the dihydrate is transformed from the B-form crystal under
conditions involving a humidity of 40% or higher, and that the crystal of the dihydrate
deliquesces at a humidity of 85% or higher.
[0076] No matter which of the above-mentioned methods is adopted, the drying time is not

necessarily set to be constant, depending on the drying temperature, the crystal form of the

raw material used, the particle size, or other conditions. The end point of the change in the



MeOit Pr AcO Ove AcO' OAc OAc (B3) [0092] To a THF (100 nL) sol ution of
the conpound (B2) (24.5 g, 88.6 mml), a 2. 6M nbutyllithium solution
1n hexane (34 nL, 88.6 mmvl ) was added dropw se at -78C under a
nitrogen atnosphere, and the m xture was stirred for 5 minutes at the
sane tenperature. Then, a THF (60 nlL) sql ution of
2,3,4,6-tetra-0-trinethylsilyl-Dgl ucongd~1, 5- 1 act one (37.6 g, 80 5
nmol ) was added dropw se over 25 mnutes, and the m xture was stirred
for 10 mi arystebfoan chinbe sonfirniedriyyanldhg et soheof alddriat @ystivenel megaeing the X-
the reaction solution, and the resulting m xture was warned to room
t enper at urag pamdet difnaction pati¢redf WietdiystalHgenacet at e. The organic | ayer
conbi ned was washed with brine, and dried over anhydrous magnesi um
sul fate. BR&MRISE¥Xcant was filtered out, and then the sol vent was
distilled off under reduced pressure. [0093] The resulting residue
was di ssol0P&dl i New, theoresae inyaion yill bs deseribesh incfyrther ¢ntailby Refegence

nmet hanesul.fonic acid {1.53%%, 16 1. mpl ), and the solution was .
stirred figxampleyframpiesape testdiramplas e therprasent inyenties istn Bp Way dimited to
neutralized. with triethylamne (11.2 nL, 80 5 nmol), and the reaction
m xture WaSTEBHERRt rat ed. [0094] The resulting residue (30.2 g) was

e VeI R PR S e o
e STy O 0 S NN s o
combined yegr BEPRRA IBOLT A MBSAIRGAELS oA Oh. 1335304 68D RALAMERALNM-

sol ution of sodium hydrogen carbonate, and bri ne,

anhydr oUSEQRGDETEDN Bl Y A kSom Tddeped@iicC Cant cM@sichl shie\AHe Oltrein I fnldRAted
t he solvent was distill'ed off under reduced pressure. The resulting

resi due visthgpaité p@tnilon@)vaRks fldtive o @einterhlufandeRl ARt teRRthylsilane).
(hexane- >hexane: ethyl acetate = 6:4) to obtain a light yellow oily

conpound [0B3Y] (B idasy,sp8atd wareshepsrd uditl NARe1s 30i0rovidzs GCHLERCGHERRMN)

8 ppm1.23 (d, 6 H 1.84 (s, 3 H 1.97 (s, 3 H 2.06 (s, 3 H 2.10
(s, 3 H 2nBati¢n)t micgom3ssdatf@nORChiagss spddirodie82 (EST: eRctisBa8ibnization) dri)
4.04 (ddd, J=10.26, 4.74, 2.41 Hz, 1 H) 4.17 - 4.23 (m 1 H) 4.28 -
4.36 (m Shippadzm PEMSA010FM (ESlgelegrapprayionizatign/SPEE afosphedOpressuryy, 1
H 5.60 (dd, .J=10.03, 9.40 Hz, .1 H.6.74 (d, J=1.55 Hz, 1 H) 6.79
(dd, J=8.¢wmiqal jopizasion,dygl-modsdonizationy (m 1 H). MS ESI/APCI Dual

posi 53[%5%Mﬁ6 elemental analysis was carried out using PerkinElmer 2400Z.
[0081] The powder X-ray spectra were measured with Rigaku RINT2200Ultimalll.
[0082] The differential thermal analysis/thermogravimetric analysis (TG/DTA) were
carried out using Rigaku Thermo plus EvoTG8120.
[0083] For silica gel column chromatography, “Silica Gel 60” or “Silica Gel 60N of
KANTO CHEMICAL CQO., INC. was used.
[0084] Room temperature refers to 25°C.

Reference Example 1  Production of Intermediate (B)

[0085]



Ref erence Exanple 1-4 Conpound (B4) [0095] [Forrmula 6] MeOiPr AcO O
Ac0O' OAc OAc (B4) [0096] To a solution of the compound (B3) (32.8 g,
64 0 mmol) in chloroform (150 nL) and acetonitrile (150 nL), Et3SiH
(21 mL, 128 mml) and BF3.0Et2 (49 nL, 385 mml) were added at 4C
under a nitrogen atnosphere, and the m xture was stirred for 1 hour
at the same tenperature. A saturated aq&éous sol ution of sodium
hydr ogen carbonate was added - 19 - to the reaction solution, and the
m xture W@snextrjcted with chloroform Then, the organic Iayer was
washed with bripgo and dpfed gyer anhydrous magnesi um sul fate. The
' find then the solvent was distilled off

) & +esulting residue was purified by neutral
silica gel col um chrorrat ography (hexane:ethyl acetate = 2:1) to
obtain a |iAg®" ygl '@Acgummy conmpound (B4) (22.9 g, 74%. 1H NWR (300
VHz, CI-lLCRO:CRM(aé\c8 pp@)l 22 (d, J=6.99 Hz, 6 H 1.77 (s, 3 H 2.01
(s, 3 FD 2.05 (s, 07 (s, 3 H 2.87 (dt, J=13.76, 6.96 Hz, 1 H)
3. 80 - %@ssglmRéfeﬂé;me?E%@@q - ooy sy 16 (m 11 422 - 4.29
(m 1 5.18 1 H 532 - 538 (m 2
H) 6.71 qgogﬂ)qFaﬁmﬂag 1 H) 6 83 (dd J 7.93, 1.55 Hz, 1 H 7.23

-7.30 (m h I\@I&ESI APCI Dual posi : 503[ MtNa] t M5 ESI/APCI Dual
e
I

under red

nega : 51 ference Exanple 1-5 Conpound (B5)

(B1)
[0088] To an acetic acid (200 mL) solution of 3-isopropylphenol (25 g, 0.184 mol), an
aqueous suspended solution (75 mL) of potassium iodate (7.88 g, 0.0368 mol) and iodine
(18.7 g, 0.0736 mol) were added, and the resulting reaction solution was stirred for 20 hours
at room temperature.,  After diethyl ether (400 mL) and water (300 mL) were added, the
organic layer was separated. The organic layer was washed with water, a saturated aqueous
solution of sodium hydrogen carbonate, and brine, and then dried over anhydrous magnesium
sulfate. The desiccant was filtered out, and then the solvent was distilled off under reduced
pressure. The resulting residue was purified by neutral silica gel column chromatography
(hexane:ethyl acetate = 95:5) to obtain a colorless oily compound (B1) (27.6 g, 57%).
'H NMR (200 MHz, CHLOROFORM-d) § ppm 1.16 - 1.25 (m, 6 H) 2.64 - 2.98 (m, 1 H)
5.21 (s, 1 H) 6.57 (dd, }=8.13, 2.20 Hz, 1 H) 6.88 (d, J=2.20 Hz, 1 H) 7.54 (d, J=8.13 Hz, 1
H).

Reference Example 1-2  Compound (B2)

[0089] [Formula 4]

MeOD/iPr
|
(B2)

[0090] Methyl iodide (9.8 mL, 0.156 mol) was added to an acetonitrile suspension (200
mL) of the compound (B1) (27.4 g, 0.104 mol) and potassium carbonate (21.7 g, 0.156 mol),



[0097] [Formula 7] MeOi Pr O AcOBr Ac0"QAc QOAc (B5) [0098] To an

acetic acid (90 m) solution of the conpound (B4) (22.9 g, 47.7

ol ), bromne (2.4 nm., 47.6 mmvol) was added dropw se at room
tenperature. The reaction m xture was stirred for 1 hour, and the
resulting reaction mxture was added to _a saturated aqueous sol ution
of sodi um hydrogen carbonate (400 ni). -tfe nixture was extracted

twce with ethyl acetate, and the organic |ayer conbi ned was washed

wi th a 10#tdalgieottaresoisuitined ferf 2.5 adirga 44T iMethykiodidd (3.8 n0MRIS2 mol yias
anhydr ous magnesi um sul fate. The desiccant was filtered out, and t

t he sol veinttheversided, sni Itheedixniie wasderred Exticlenhr pt s Same tenTIj“eeatmes u [[ﬁslohg:les
residue was purified by neutral silica gel colum chronmat ography
(hexane: evérglfiltzmstoit,and e fliratcowarddihited with ethiyt age¢dté.ovil lenargphioleyer was
conmpound (BS) (25.5 g, 969 . 1H NMR (300 Mz, CHLOROFORM-d) S ppm
1.20 (d, Washe@withwate, H)lO% me@@ sol}.&@ngnisq;@um thloguifa.te,anmjmme gnd dsicd ver
H 2.01 (s, 3 H 2.05 (s, H) (s H 3.31 (quin, J=6.84 Hz, 1
H) 77 - ?gy u§ Fiagnesiym su @e(SThquq.q)ccamtfgas_fﬂ@r@?OL(t,rﬂndIhq;bthn sglyent was
4.
1

3.

ﬂ? 7t %tﬁqedff%nffew@dﬁs% ey o hcgssflﬁlﬂJg ré@lﬂflwmunfsﬂaiﬂwiwl\ﬁﬁ@a gel

Reference ollzxmrrlTBl!lromatogra m%ﬁéjx%%e( Eﬁe)(ane :ethyl acetate = 95:5) to obtain a light yellow oily
compound (B2) (24.5 g, 85%).
"H NMR (300 MHz, CHLOROFORM-d) § ppm 1.24'(d, J=6.84 Hz, 6 H) 2.87 (quin, J=6.92
Hz, 1 H) 3.88 (s, 3 H) 6.58 - 6.65 (m, 1 H) 6.70 (d, J=1.87 Hz, 1 H) 7.65 (d, J=8.08 Hz, 1 H).
MS ESIAPCI Dual posi : 277[M+H]",

Reference Example 1-3 Compound (B3)

[0091] [Formula 5]

MeO iPr

AcO

AcO”
OAc

(B3)
[0092] To a THF (100 mL) solution of the compound (B2) (24.5 g, 88.6 mmol), a 2.6M n-
butyllithium solution in hexane (34 mL, 88.6 mmol) was added dropwise at -78°C under a
nitrogen atmosphere, and the mixture was stirred for 5 minutes at the same temperature.
Then, a THF (60 mL) solution of 2,3,4,6-tetra-O-trimethylsilyl-D-glucono-1,5-lactone (37.6
g, 80.5 mmol) was added dropwise over 25 minutes, and the mixture was stirred for 10
minutes at the same temperature. Ice and water were added to the reaction solution, and the
resulting mixture was warmed to room temperature and then extracted with ethyl acetate.
The organic layer combined was washed with brine, and dried over anhydrous magnesium
sulfate. The desiccant was filtered out, and then the solvent was distilled off under reduced
pressure.

[0093] The resulting residue was dissolved in a methanol (380 mL) solution containing



[0099] [Formula 8] MeO s iPr TMSO OBr TMSO"-'10TMs OTMS (B6) [0100]
To a nethanol (250 nL) suspension of the conpound (B5) (25.5 g, 45.6
ol ), a 25 wt. % sodi um net hoxi de- net hanol solution (1 nL, 4.9 mol)
was added, and the m xture was stirred for 2 hours at room
tenperature. Dry ice was added to the reaction solution, and then the
solvent was distilled off under reducedlﬁressur e. The resulting

resi due was dissolved in N, Ndinethylformam de (135 ni) and, under

i ce cool imghatesilgddiy haidi(ne5 g45. Mnymalijdind thogoditionneisyingt femEhqud atdohm
wer e added. The reaction mxture was stirred for 2 hours at room

t enper at uempeatmle.i CEtnyetesoiuvas wad dedtralifhé withxticthglandse @212 alf 8815 mmol),
twce with toluene, and the organic |ayer conbi ned was washed with
brine, armhddhé wdctovemidwieywchsoscemtrgiedsi um sul f ate. The desi ccant was
filtered out, and then the solvent was distilled off under reduced
pressur e [0894HbtBierresnlingwsidae (30.2 shpaudissoirs)in psddme ¢)00 mh),snd eagisund
was used for a next reaction w thout purification. NVR (300 IVHz,

CHL OROFORVDYgrids (3 Bfmlp, wigs added, dollgwesl yostireng theppixpyrg for (14 hogrst reomQ

$5 00" (m tamigraste) Teg et (0 L agadisa! it mipregw i xarapisd fe adth
(19 ki ool Ml S0 e s Sl hihfodle
The Compdith ZCRBRgadiefls splurfph g splbnekyslSech oot il b drfld e
sol ution f ro%maéﬁegﬁ% g k&a.“%@%%mﬂfv@a@‘%&&f%f&uﬁ%ﬁﬁﬁé{ﬂﬂéEol@@x%t%as

argon atI’TDS?S ere, m Xture was stirre utes at

sane t enpfdicdlode 1;1;'33? PoduedlfiEsstd® Mk r%ﬂ%ﬁﬁdﬁé wis Qﬁﬁﬁ@%&l@?ﬁﬂ%gcl

(2.6 g, 14.2 mol ) was added dropw se over 15 mnutes, and the

m xture vesursi throfRtde@iphy(hedanpi iex dle:dth aSaliR < @APRY dYidlh & light yellow oily
sat urated aqueous solution of ammoni um chl ori de was added to t?ile

reacti on dgomgound (Ba)A32.8f ¢, 8074 Batepk)t ure was warnmed to room

terrperatulre, the warmed m xture was extracted twice with ethyl

acet at e. "ThEMR (0 MHzaGELOROIDR M dWa ppwas2ie@, iH) .83 (s H) A9 (dr3 HYl2.06
over anhydrous magnesi um sul fate. The desiccant was filtered out, and

t hen t he (80} HpR{l0WaS3 H) 287 1(dted=1393, Griddiz rddud88 (pBdHsi8e(s, 3 H) 4.04 (ddd,

J=10.26,4.74, 241 Hz, 1 H) 4.17 - 423 (m, 1 H) 4.28 - 4.36 (m, 1 H) 5.25 (dd, J=10.18, 9.40
Hz, 1 H) 5.36 (d, J=10.10 Hz, 1 H) 5.60 (dd, J=10.03, 9.40 Hz, 1 H) 6.74 (d, J]=1.55 Hz, 1 H)
6.79 (dd, J=8.08, 1.24 Hz, 1 H) 7.26 - 7.33 (m, 1 H).
MS ESI/APCI Dual posi : 533[M+Na]*.

Reference Example 1-4 Compound (B4)

[0095] [Formula 6]

MeO iPr

AcO
AcO”

OAc
(B4)

[0096] To a solution of the compound (B3) (32.8 g, 64.0 mmo]) in chloroform (150 mL)
and acetonitrile (150 mL), Et3SiH (21 mL, 128 mmol) and BF3-OEt; (49 mL, 385 mmol)
were added at 4°C under a nitrogen atmosphere, and the mixture was stirred for 1 hour at the

same temperature, A saturated aqueous solution of sodium hydrogen carbonate was added



[0103] The resulting residue was dissolved in a nmethanol (65 nlL)

sol ution containing nethanesulfonic acid (0.2 g), and the solution

was stirred for 14 hours at roomtenperature. The reaction m xture

was neutralized with triethylamne (1 8 nL), and the reaction m xture
was concentrated. The resulting residue was purified by acidic silica
gel col um chromat ogr aphy (chl or of or m >dRFor of or m net hanol = 9:1) to
obtain a col orl ess anorphous conpound (B7) (2.9 g, 45%. 1H NWR (300
VHz, METHANKR reackign Bliom dndDie niixthie ¥R esfirated Ivillchl@rolofm( MThen, A organic
3.34 - 3.40 (m 5H) 3.43 -3.70 (m 4H) 3.84 (s, 4 H 4.66 (d, J=9.64
Hz, 1 H) IByetavdssyashedyith baife(ahd died ofer dithydrbud fagifesAGn fulfatd. =2THeBdekizcant
1H 7.22 (d, J=2.18 Hz, 1 11)7.37 -7.47 (m 3 H). M ES1/APClI Dual
posi : 479inMilkaaledt, Ruf bee fesoBeanwiedistiBdrifbuuder reshiced pressues. mekhicatwilting
(B) - 22 - [Fornula_ 10] MeOi Pr 040 [0105] The conpound (B7) (2.9 g,

5. 8 mmol )regidse wpspwifiasdy reuppl sibicagel calgmm ghrawetopaphy Medrnegshylgicptate =
was added_to the resulting solution, and the m xture was stirred for

5 hours a%zl}@d?w?ci’éﬁﬁé}‘hfl%  eureRY compernd i) befid 8, 7HAN the nixture

e 01O o WA BB BRS80SO
The sol et EASUAEr: T a87ah Hhaes Geline Boodturtd 505t 87 gt 1) b4
e gt 93 Ol LA 20 il APRSEL U S OS8R 11
i ogen S RDIRRATE: ONALE (el canr hep SERIRGERS T bl 10 MRS 8

was added gjopwi se over 10 minutes, and the mxture was stirred for
30 mnutes at the same tenperature. A saturated aqueous sol ution of
sodi um hypISaEsINA BEI D@Ll Hosi :Vm{ﬁqlpl}qp‘_to the reaction mixture, and the
m xture was extracted with chloroform Then, the organic |ayer was
washed w MS ESIYARCI lurd ndpa Sl jvenClinhydr ous magnesi um sul fate. The
desiccant was filtered out, and then the solvent was distilled off
under reduced pRessacelxarhgeles ulCompgundBdue was purified by acidic
silica gel colum chromat ography (hexane:ethyl acetate = 9:1->6:4) to
obt ai n an0PATler[Fenneled] (B) as a colorless oil (2.9 g, 76%. 1H NMR
(300 MHz, CHLO L.d) .ierppm 1. 04 (d, J=6.84 Hz, 3 H) 1.09 (d,
J=6.84 Hz, 3 H , 3 H 2.01 (s, 3 H 2.05 (s, 3 H 2.06 (s, 3
H 2.91 -A3000 B3.80 - 3.88 (m

AcO”

(BS)
[0098] To an acetic acid (90 mL) solution of the compound (B4) (22.9 g, 47.7 mmol),
bromine (2.4 mL, 47.6 mmol) was added dropwise at room temperature. The reaction
mixture was stirred for 1 hour, and the resulting reaction mixture was added to a saturated
aqueous solution of sodium hydrogen carbonate (400 mL). The mixture was extracted twice
with ethyl acetate, and the organic layer combined was washed with a 10% aqueous solution
of sodium chloride, and dried over anhydrous magnesium sulfate. The desiccant was
filtered out, and then the solvent was distilled off under reduced pressure. The resulting
residue was purified by neutral silica gel column chromatography (hexane:ethyl acetate =
3:2) to obtain a light yellow amorphous compound (B5) (25.5 g, 96%).
'"H NMR (300 MHz, CHLOROFORM-d) § ppm 1.20 (d, J=6.84 Hz, 3 H) 1.23 (d, ]=6.84 Hz,



4 H 3.91 (d, J=5.13 Hz, 2 H 4.06 - 4.18 (m 1 H 4.20 - 4.31 (m 1
H 4.82 - 493 (m 1H 515 - 543 (m 3 H 6.77 (s, 1 H 6.92 (d,
J=8.55 Hz, 2 H 7.11 (s, 1 H 7.36 (d, J=8.55 Hz, 2 H). M5 ESI/APCI
Dual posi : 671 MtNar, 666[ MtNH4r Ref erence Exanple 2 Production of
Internediate (C) - 23 - [0108] Reference Exanple 2-1 Conpound (d)
[0109] [Fornula 12] [0110] To a chl or of8rm (250 nL) solution of
2,2-dimethyl-3-butenoic acid (J. Org. Chem, Vol. 65, p. 8402, 2000)
(5.42 g, 3HA)5.80(s)3 H) 20al(y,|3 END.08 (Y6 HYR.4B(syB HY3O(quim U36.80 8z, 1 H) 3.77 -
N, Ndi et hyl f or mam de (3 drops) were added under a nitrogen

at nospher®82 andl H) 8.83i(ztLHe 4M8s 4sk7 (k) €22 1 430Houd $1)at.83F Gip6a-9.48 Hz, 1 H)
tenperature. Then, the reaction m xture was cooled with ice, and
triethyl aiilheS@84me 3k, 6.1, th)17)4%(sdl E).ami noi sobutyric aci d net hyl
ester hydrochloride (10.9 g, 71.2 nmol) were added, followed by
stirring MSETHARGE Buslposit: 383 (M+Xel's 58HMeddiad at ure. Vater was added
to the reaction m xture, and the m xture was extracted with

chl orof orm Thefeterenes Brayaple d-9 af-ompaead B®hed with 3M hydrochl ori c
acid, a ﬁ@bgﬁat a&u%ius sol ution of sodi um hydrogen carbonate, and
brine, a i dogpela nhydr ous magnesi um sul fate. The desi ccant was
filtered out, ande hérsol vent was distilled off under reduced
pressure. The res@ residue was purified by silica gel columm

chr omat ogfMBY” (Yexdner>hBxane: et hyl acetate = 4:1) to obtain a

col orl ess Wﬁ?‘“ gd (d) (9.38 g, 93% . 1H NWR (300 Mz,

CHL OROFORM: PPR (s, 6 H 1.51° (s, 6 H 3.73 (s, 3 H 5.17 -
5.32 (m 2 H 6.0 , J=17.56, 10.57 Hz, 1 H) 6.25 (br. s., 1 H).

VB ESI/APCI Dual (B8] : 214[M¢H[t Reference Exanple 2-2 |nternediate
(Q - 24[0-100] To a methanol (250 mL) suspension of the compound (B5) (25.5 g, 45.6 mmol), a
25 wt.% sodium methoxide-methanol solution (1 mL, 4.9 mmol) was added, and the mixture
was stirred for 2 hours at room temperature. Dry ice was added to the reaction solution, and
then the solvent was distilled off under reduced pressure. The resulting residue was
dissoived in N,N-dimethylformamide (135 mL) and, under ice cooling, triethylamine (45
mL}) and chlorotrimethylsilane (35 mL) were added. The reaction mixture was stirred for 2
hours at room temperature, and iced water was added. The mixture was extracted twice
with toluene, and the organic layer combined was washed with brine, and dried over
anhydrous magnesium sulfate. The desiccant was filtered out, and then the solvent was
distilled off under reduced pressure to obtain a brown oily compound (B6) (30.3 g). This
compound was used for a next reaction without purification.
"H NMR (300 MHz, CHLOROFORM-d) 8 ppm -0.32 (s, 9 H) 0.09 (s, 9 H) 0.18 (s, 9H)0.20
(s, 9H) 1.19 (d, J=6.84 Hz, 3 H) 1.23 (d, J=6.84 Hz, 3 H) 3.26 - 3.44 (m, 3 H) 3.52 - 3.58 (m,
2 H)3.65-3.75 (m, 3 H) 3.76 - 3.83 (m, 1 H) 3.80 (s, 3 H) 4.60 (d, =8.55 Hz, 1 H) 6.72 (s,
1H)7.51(s, 1 H).
MS ESVAPCI Dual posi : 701[M+Na]", 703[M+2+Na]".

Reference Example 1-7 Compound (B7)
[0101]



[0112] A 4M aqueous sol ution of sodium hydroxide (16.5 nL, 66 0 mmol)
was added to a nethanol (20 nL) solution of the compound (C) (9.38
9. 43.9 mmol ), and the m xture was stirred for 1 hour at room
tenperature. Then, the reaction m xture was concentrated. The
resulting residue was dissolved in water, and the sol ution was
neutralized wth the addition of 3M hydrgéchl oric acid. The m xture
was extracted twice with ethyl acetate, and the organic |ayer
conbi ned Wasmwadied with brine, and dried over anhydrous magnesi um
sul fate. The dgsigcant yms fipgtered out, and then the solvent was
isti s pressure to obtain a colorl ess powdery
intermedigl B9 049 . NVR (300 MHz, CHLORCFORMd) 5 ppm
1.29 (s : BiH) 5.16 - 5.36 (m 2 H) 6.01 (dd, J=17. 49,
10. 65 Hz, HOJ §" H). M5 ESI/APCI Dual posi : 200[ MtH]
222[|VHNa]t MS ESH APCI Dual nega : 198[MH . Reference Exanple 3
Production of Conmpoun@%)D) [0113] [Formula 14] (D) [0114] Under an
argon atnosphere, an acetonitrile (36 nL) suspension of the
i nt er medi [@162) BYo & THF @0 L Bolwaon Jf thé Jitﬁnpdiffn& r(Be)iqsaI £, 1209 mmdIH 2 2M n-
13.0 mmol ), palladium(ll) acetate (44 ng, 0.19 mol),
tri-o- toIMtp]ﬂndﬂpﬂmhwaI(elstutm (4(J.18L, Mh)rnol)iwds tddedtdnypveint ae78%C Bndek an
9 25 nmol) was stirred for 30 m nutes at 120C under m crowave
i rradi at i argon Tesphact dandriherinattureewasegsinfed [forek(om inngdsrag th@esaine demperature.
(registered trademark), and washed wth et hﬁ acet ate.

Then, a THF (25 mL) solution of 4-bromobenzaldehyde (2.6 g, 14.2 mmol) was added

dropwise over 15 minutes, and the mixture was stirred for 30 minutes at the same
temperature. A saturated aqueous solution of ammonium chloride was added to the reaction
mixture and, after the mixture was warmed to room temperature, the warmed mixture was
extracted twice with ethyl acetate. The organic layer combined was washed with brine, and
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and then the
solvent was distilled off under reduced pressure.
[0103] The resulting residue was dissolved in a methanol (65 mL) solution containing
methanesulfonic acid (0.2 g), and the solution was stirred for 14 hours at room temperature.
The reaction mixture was neutralized with triethylamine (1.8 mL), and the reaction mixture
was concentrated. The resulting residue was purified by acidic silica gel column
chromatography (chloroform—-chloroform:methanol = 9:1) to obtain a colorless amorphous
compound (B7) (2.9 g, 45%).
'H NMR (300 MHz, METHANOL- d,) 3 ppm 1.00 - 1.11 (m, 6 H) 3.10 - 3.27 (m, 2 H) 3.34
- 3.40 (m, SH) 3.43 - 3.70 (m, 4H) 3.84 (s, 4 H) 4.66 (d, J=9.64 Hz, 1 H) 5.47 (s, 1 H) 6.89 (d,
J=1.24 Hz, 1 H) 7.20 (d, J=2.18 Hz, 1 H) 7.22 (d, J=2.18 Hz, 1 H) 7.37 - 7.47 (m, 3 H).
MS ESI/APCI Dual posi : 479[M-H20+H]"

Reference Example 1-8 Production of Intermediate (B)

[0104]



The-filtrate was concentrated under reduced pressure, and the
resulting residue was purified - 25 - by neutral silica gel colum
‘chr omat ogr aphy (chl orof orm >chl orof orm net hanol = 9:1) to obtain a
conpound (D) as a partially purified product (1.5 g). The resulting
conpound (D) (1.5 g) was further purified by neutral silica gel
col um chr omat ogr aphy (hexane: ethyl acetdtre = 7:3->2:8) to obtain a
i ght yell ow anor phous conpound (D) (854 ng, 60%. NVR (300 IVHz,
CHL OROFORVotehhuld 1ppm 1. 08 (d, J 6.84 Hz, 3 H 1.12 (d, J=6.84 Hz, 3 H)
1.38 (s, 6 H 7 (s, 3 H 2.00 (s, 3H 2.05 (s, 6 H
306(quin J=6. 8 -3.83 (m 1H 3.84 (s, 3 H 3.97
Acﬁ) '  4.17 4. 27 (m 1 H 4.87 (dd, J=6.76,
288Hz $.16 - 5.25 (m 1 H 5.27 -5.40 (m 2 H 6.18- 6.33 (m
2 H 6.54 AROJ16'@BcHz, 1 H) 6.77 (s, 1 H) 7.03 (d, J=8.08 Hz, 2 H)
7.10 (s, 1 H 7.QAc(d, @s8.08 Hz, 2 H. M ESI/APCI Dual posi
768 MtHr, 790[ MtNa] . I\/B( SI/ APClI Dual nega : 766[ M Ht. Reference

Exanpl e 4olthodugie @ @Wg/@% 65 mbfdbkeds JiE&[J@dllﬁ‘Fﬁaln%{lg Acetic

[0116] To a chlor ofo N-di met’hyl f or mam de ut i on

of the commg ﬂ'x"'&ia %LXGJQQadmd t&thﬂe?iemlm{g)sohiltrdﬂy%cpwaﬁﬂﬁl% ﬁrh@gtﬁ{e% for 5 hours
m)nohydrate (HOBt. H20) (30 ng, 0.20 mmol)

N, N- di metdybah lfaﬂlﬁﬁdteamlﬁﬁl water wid added %&dﬁh@hﬂxmﬂ&vﬁﬁshﬂm&ﬂed Bwice with ethyl
di met hyl am nopr opyl car bodi i m de hydr ochl ori de (EDC-HC1) (37 ng, 0 20
mol ) wasacatitted, Tha maganielagendoutténadagassiashed dith\3N hydybehladic acidand brine, and
tenperature. The reaction m xture was

dried over anhydrous magnesium suifate. The desiccant was filtered out, and then the

solvent was distilled off under reduced pressure to obtain a crude product (3.3 g).

[0106] To a solution of this crude product (3.3 g) in chloroform (25 mL} and acetonitrile
(25 mL), Et;SiH (1.1 mI, 7.1 mmol) was added, and the mixture was cooled with ice under a
nitrogen atmosphere, Under ice cooling, BF3-OEt; (0.9 mL, 7.1 mmol) was added dropwise
over 10 minutes, and the mixture was stirred for 30 minutes at the same temperature. A
saturated agueous solution of sodium hydrogen carbonate was added to the reaction mixture,
and the mixture was extracted with chloroform. Then, the organic layer was washed with
brine, and dried over anhydrous magnesium sulfate. The desiccant was filtered out, and
then the solvent was distilled off under reduced pressure. The resulting residue was purified
by acidic silica gel column chromatography (hexane:ethyl acetate = 9:1—6:4) to obtain an
intermediate (B) as a colorless oil (2.9 g, 76%).

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.04 (d, 1=6.84 Hz, 3 H) 1.09 (d, J=6.84 Hz, .
3 H)1.76 (s, 3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.91 - 3.06 (i, 1 H) 3.80 - 3.88 (m,
4 H) 3.91 (d, J=5.13 Hz, 2 H) 4.06 - 4.18 (m, 1 H) 4.20 - 4.31 (m, 1 H) 4.82 - 4.93 (m, 1 H)
5.15-5.43 (m,3H) 6.77 (s, 1 H) 6.92 (d, J=8.55 Hz, 2 H) 7.11 (s, 1 H) 7.36 (d, ]=8.55 Hz, 2
H).

MS ESI/APCI Dual posi : 671[M+Na]", 666[M+NH,]*

Reference Example 2 Production of Intermediate (C)



poured into water, and the m xture was extracted twice with ethyl
acetate. The organic | ayer conbi ned was washed with brine, and dried
‘over anhydrous magnesi um sul fate. The desiccant was filtered out, and
then the solvent was distilled off under reduced pressure. The
resulting residue was purified by neutral silica gel colum

chr omat ogr aphy (hexane: ethyl acetate =-233->2:8) to obtain a

col orl ess anor phous conpound (E) (103 ng, 94%. - 26 - 11-1 NWR (300
VHz, CHLQBGEQR dmmﬁappp11 05 (d, J=6.84 Hz, 3 H 1.10 (d, J=6.84 Hz,
3 FD 1. 38 (s 1.49 (s 6 H 1.77 (s, 3 H 2.00 (s, 3 H 2.05
(s, 3 2.46 (s, 6 H 2.64- 2.78 (m 2 1-1) 3.04

(qui n, J: CM1) 3.38 - 3.49 (m 21-1) 3.78 -3.83 (m 1 H

3.85 (s, 3 FDCB 87 - 4.04 (m 2 H 4.08 - 4.18 (m 1 H 4.18 - 4.30
(m 1 FD 4.87 (g J=9.48 Hz, 1 H) 5.16 -5.27 (m 1 11) 5.28 - 5.44
(m 2 H 6.35 (s, 1 H 6.40 - 6.57 (m 2 H 6.77 (s, 1 11) 7.01 (d,

J =8. 24 OI@SI Iﬁeereﬂ@éI@r?amﬂleéjl) Z?oﬁ;]?poﬁﬁjd (Cles- 24 Hz, 2 H 7.40 (s, 1
M5 E I/AC Dual posi 838[ | / APCI Dual nega :

872[M Cﬁ@;oﬁpfgbﬁmgg1§yanple 5 Production of Conmpound (A) [0117]

[ Formul a 16] [0118] A triethylam ne/water/ nethanol m xture
(1/1/5, 2 5 vva added to the compound (E) (103 ng, 0.12 mmol) The
reactlon ©OMeirred for 17 hours at roomtenperature, and

t he sol vent MGB distilled off under reduced pressure. The resulting
resi due was pur ed by neutral silica gel columm chromatography

(chl oroform>ch oform nmet hanol = 8:2) to obtain a colorless

anor phous[O?WWQcﬂl@of&@?@%O@L) sbRHon of 2,2-dimethyl-3-butenoic acid (J. Org. Chem.,
Vol. 65, p. 8402, 2000) (5.42 g, 47.5 mmol), oxalyl chloride (4.43 mL, 49.9 mmol) and N,N-
dimethylformamide (3 drops) were added under a nitrogen atmosphere, and the mixture was
stirred for 1.5 hours at room temperature. Then, the reaction mixture was cooled with ice,
and triethylamine (19.9 mL, 143 mmol) and a-aminoisobutyric acid methyl ester
hydrochloride (10.9 g, 71.2 mmol) were added, followed by stirring the mixture for 1 hour at
room temperature. Water was added to the reaction mixture, and the mixture was extracted
with chloroform. Then, the organic layer was washed with 3M hydrochloric acid, a
saturated aqueous solution of sodium hydrogen carbonate, and brine, and dried over
anhydrous magnesium suifate. The desiccant was filtered out, and then the solvent was
distilled off under reduced pressure. The resulting residue was purified by silica gel column
chromatography (hexane—hexane:ethyl acetate = 4:1) to obtain a colorless powdery
compound (C1) (9.38 g, 93%).
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.27 (s, 6 H) 1.51 (s, 6 H) 3.73 (s, 3 H) 5.17
- 5.32 (m, 2 H) 6.02 (dd, J=17.56, 10.57 Hz, 1 H) 6.25 (br. s., 1 H).
MS ESY/APCI Dual posi : 214[M+H]}".

Reference Example 2-2  Intermediate (C)

[0111]



00 MHz, METHANCL- c14) 8 ppm 1.07 (d, J=5.04 Hz, 3 H 1.09 (d,
Hz, 3 H 1.36 (s, 6 H 1.44 (s, 6 11) 2.23 (s, 6 H 2.41 (t
2 H 3.10 (quin, J=6.76 Hz, 1 H 3.26 -3.30 (m 2
6 Hz, 2 1-1) 3.45 - 3.52 (m 1 11) 3.54 - 3.60 (m 1 H)
1 H 3.79 -3.89 (m 4 1-1) 3.99 (s, 2 H 4.65 (d, J=
H 6.39 (d, J=16.51 Hz, 1 HY 6.522¢d, J=16.51 Hz, 1 11) 6.8
H 7.07 (d, J=8.25 Hz, 2 H 7.23 (s, 1 H 7.31 (d, J=8.25 Hz, 2
ESFbARG 1Byal posi @ 670[ MtHIt MS ESI/ APCI Dual nega :
1. - -oAnal . Calcd for C32H55N308 1.0H20 : C, 64.6; H,
8.36; N, % oupd : C, 64.5; H 8.31; N, 6.02. Reference Exanple 6
Purification mpddind (A) The col orl ess anor phous conpound
(A (9.88 g, Purity 96.0% was purified by neutral silica gel colum
chr omat ogr aphy (tﬁhl orof orm net hanol = 7:3-4:1) to obtain a colorless
anor phous conpound (A) (6.24 g, recovery 63% purity 99.5% . The
col or | esgogmr pAQNs a@%ﬁﬁ@éﬂ?ﬁ’ti({rﬁaf sbBiugthyRiroRHE gltfiYS 1%%,, BED MBI bk bB&d to a

purified by neutral i ca gel colum chromat ography

(chl or of ahemaRd IZMBIL) SolGtidn 6f the ch@peRid((1)79.89043 & $finslNAhE MR Mixture was
conmpound (A) (3.31 g, recovery 53% purity 99.9%. Exanple 1

Twent y- f i stierettifdd 1 B rafim tdhepecnher | o, ANDFcAEEIRSI AP Ot4d dofadhtrated. The
(purity 99.9% was dissolved in 0.08 nL of ethanol at room

t enper at uesyltimnobsidoe wak désselgtdiin watenvasd ticisoheidn fwaas ntutgdized tvithaberaddition of
tenperature to obtain a crystal. The crystal was dried under reduced
pr essur e B hydwehlosiwpeidat (Ihe mistugg was @Fragtgddivice with cthylesstate; gud thie organic
(recovery 100% . The X-ray powder diffraction pattern and the

di f f er entlp¥ar cm@mélwaérv&ﬁ;@f with penessgd dviedev el anhadraby siagngsivg patfte.of The
the resulting crystal showed that it was a crystal of an ethanol ate

of the ¢ GHH “(ap\)fl_lte%| gadshen the solvqn}tfvfzy_déqt;llee o #ndgs redpeed pressure to

?n:' of Effpﬁ%?’éﬁc?%%%@?ﬁe%”ﬂﬁn Aeﬂ%ﬁé&%ﬁ?%@%" S added heptane and
1 4
compound (™Mb TR CRLAKTRGRIPYR o fln g o BT TRaTo D) dPac m. 2
was cool qﬁg)é.@lﬁﬁlmﬁtﬁrl <oy, Hrﬁfb_ghg@g was col | ected by
on, ~an educe

filtrati en ‘drii'ed under pressure at 40C to give 46 g
of a col %bq&/@dpbﬂl.ﬁgﬁ%wm)ﬁHﬁi@%Qz[ﬁjg_le%]y 99.1% . The X-ray powder
a n

diffraction pattern, differential "ther al ysi s/t hernmogravi metric
anal ysi's MSGEIIADRCT B4l epd § 89g3NI-Atpsor ption spectrum of the resulting
crystal showed that it was a crystal of an ethanol ate of the conpound
(A). NMVR (600 Nt#fereMeTEéMGble 3d4Probudtipmol ¥mpotind JBPH. 04 Hz, 3 H) 1. 07
(d, J=5.50 Hz, 3

[0113] [Formula 14]

|AL',(_,Z
o |l 1l
wT o 0D

5 8188
~
3

@)

(D)

[0114] Under an argon atmosphere, an acetonitrile (36 mL) suspension of the intermediate

(B) (1.2 g, 1.85 mmol), the intermediate (C) (2.59 g, 13.0 mmol), palladium(II) acetate (44
mg, 0.19 mmol), tri-o-tolylphosphine (112 mg, 0.37 mmol), and triethylamine (1.3 mL, 9.25
mmol) was stirred for 30 minutes at 120°C under microwave irradiation. The reaction
mixture was filtered using Celite (registered trademark), and washed with ethyl acetate.

The filtrate was concentrated under reduced pressure, and the resulting residue was purified



- 28 - H 1.15 (t, J=6.88 Hz, 3 H) 1.34 (s, 6 H 1.43 (s, 6 H 2.20

(s, 6 H 2.37 (t, J=6.88 Hz, 2 H) 3.08 (quin, J=6.88 Hz, 1 H) 3.26
(t, J=6.88 Hz, 2 H) 3.28-3.30 (m 4 H) 3.34 - 3.38 (m 2 H) 3.43
-3.49 (m 1 H 3.55 (t, J=9.17 Hz, 1 3.58 (q, J=6.88 Hz, 2 H 3.62
- 3.66 (m 1H 3.78- 3.85(m 4H 3.96 (s, 2 H 4.63 (d, J=9.62
Hz, 1 H) 6.37 (d, J=16.50 Hz, 1 H) 6.502Pd, J=16.50 Hz, 1 H) 6.86 (s,
1 H 7.05 (d, J=7.80 Hz, 2 H 7.22 (s, 1 H 7.29 (d, J=7.79 Hz, 2 H).

M5 ESI / ARG nduttal sifics gel .coufl] dtrbintitoliapp(dhidiGionbuadhl o :médhdt=C:A ) ¢
Anal . Calcd for C39H6IN309 0.6H20 : C, 64.94; H 8.61; N, 5.83.

Found: C, ot6dinaxomgousd dB) as, patiddy pusitmdpredudt (1.5 g). The résultingyconipouhé (D)
et hanol ate of the conpound (A) was added 600 pt of a phosphate buffer
sol uti on (-ag)vasdyrtber mrifisd byfnegiali silinagichgalnmy ehropredegyhpltye(hdk dngatlef e
and di sodi um hydr ogen phosphat e dodecahydrate) (pH 6.8%)9, and t he

m xt ur e \iE§tases gehded) foebiain aHight geliaw 2porphaps eampasnd (Dh (et harb0fB000
rom 25C,, 10 n‘i&lﬁ(fs t he super nat ané was renoved, and the residue

was dri ed lRNMB FRLAROFQRYAR Apm 108 Gk J=84 Hey3 11, 121(He)=6.84 He,
et s, o/ Radnbgre ot @ EREl 2 € Y na e 53 Tty EiR s iguin yat ot 1
he. et hanpl AT oor S HE oD 4~ CT a8 CaadDe T vt 18¢m, L3fdoR 427 . 110
sLner eSOl 0932 SO0y SUSPONSE B0 s 21 1B Sl 8 8 21
Super nat gfis, d%g@.ﬂ@llﬁgl ggl%gﬁ @?S Hg%'.d?}{ﬂ Mﬂﬁ&%g"gg&ﬁ?@ 7.29 (d, J=8.08

t enperature tain a rystal”. The

diffractilqﬂm_tern and differential thernal

anal ysi s/thernogravinmetric analysis (TG DTA) of the resulting crystal
showed t S ES/ARGI Bu-posi :MES[MSERT, 79BMaNRLE. 5 After 1.00 g of
the A-formcrystal of the conpound (A) was heated to 120C under
reduced pPVISESIYAPCDDbGalgiegh : TO{M-EYSt al was taken. The crystal was
suspended in 10 nL of hexane/ethyl acetate (2/1), and the suspension
was stirred forR&etvoce Exaiplé 3C. Pibdectiml of €lungpound PB) - of t he
suspension were distilled off, and the residue was dried at room

t enper at UP&1%lo [bmawla 18] col orl ess crystal. The X-ray powder
diffraction pattern and diffegenty ad t hermal

anal ysi s/ t her nidgPayinBetric & N JF&LBTA) of the resulting crystal

howed t hat_ il St al™. le 6
showe at L _oa anpl e

(E)
[0116] To a chloroform(1.5 mL)/N,N-dimethylformamide(1.5 mL) solution of the

- compound (D) (100 mg, 0.13 mimol), 1-hydroxybenzotriazole monohydrate (HOBt-H,0) (30
mg, 0.20 mmol), and N,N-dimethylethylenediamine (42 uL, 0.39 mmol), N-ethyl-N’-3-
dimethylaminopropylcarbodiimide hydrochioride (EDC-HCI) (37 mg, 0.20 mmol) was added,
and the mixture was stirred overnight at room temperature. The reaction mixture was
poured into water, and the mixture was extracted twice with ethyl acetate. The organic
layer combined was washed with brine, and dried over anhydrous magnesium sulfate. The
desiccant was filtered out, and then the solvent was distilled off under reduced pressure.

The resulting residue was purified by neutral silica gel column chromatography (hexane:ethyl

acetate = 7:3—2:8) to obtain a colorless amorphous compound (E) (103 mg, 94%).



The' et hanol ate of the conpound (A) (0.40 g) was suspended in 10 nL of

i sopropyl ether/nmethanol (9/1), and the suspension was stirred for 3
days at 25C. Further, 50 nL of isopropyl ether/nethanol (9/1) was
added, and the system was suspended for 6 days at 25C After
centrifugation (3000 rpm 25C, 10 m nutes), the supernatant was
removed, and the residue was dried at rt.?rémterrperature to obtain a
colorless crystal. The X-ray powder diffraction pattern and

di f f er ent'tBNMIE30TRMERNEHY DROFORMYEDS pinMEdS (dcT-20184 Vs 3 1) TH0RIA=604 He,
the resulting crystal showed that it was a crystal of a dihydrate.

Test ExarfpHg1B8((4,)6 Hy tdpi(q K 1.CHQ, BH)200 &, 3THA.06 @xPH2I61g, THIRAG (S, 6
SG.T1 A plasm d vector expressing human SG.T1 protein was

t r ansf ectldp2.bat @.78H@, RIH )04 & uirs iJr6.8DiHm i d0t2638 n242 0002 H) 3vist+Df),. 1 H)
The cells were cultured in the presence of 500 p, Wil geneticin to

sel ect rebsB3(saRt)t 8%t 464 (ol H)WlP 1418 tnekHl) Ad 8i-.3hensiyH} é.87 {hdwi.48 Hz,

bel ow usi n&égu ar_ upt ake capaciétéﬁi1| as an indicator to obtain

SGLT1- expk H38ilAg e (03,1 [p§-28r &t (B 2d1) CPROK] HD- 45~ 667 6my2 H) 6.77 (s, 1 H)
expressi n7g human_ SGLT2 Met hod %( described in W2007/136116):
A pl asm d -Q'%E‘%51'8'33151’23%5)#91311@@@@@_2 » freteiln 78dY 4% 1t have

Leud uSer Val .adde t he, carboxy-term nal final residue was
t ransf ectlﬁg%@%%foﬁéfg%PMé’ﬁig | i pof ect ami ne 2000 (I nvitrogen).
The cel | red in resence of 500 p, g/ nmL hygronmycin B to
sel ect r%ﬁﬁgm]{]?%?q&g?af%ﬁgp%@fby screening in the system shown
bel ow using su Ci . i-di 0 obtain

SA.T2- expr essi %ggfgﬁéﬁ#egﬁﬁafﬁégrges%ﬁj@%%{%u g‘%pcebghgngtsi ng these stably
expressi ng1¢8l l[FoahfaSBPWN in Table 1 as Method A [0119] Method B: A
pl asm d vector ‘expressihg human SG. T2 protein was transfected into
CHO- K1 cells lﬁeicyg |i pof ect an eHL (! nwtrogen). The cells were
cultured in the @0 -esnc ﬁdﬁﬂ Vg/ mL geneticin to sel ect
resi st ant ygtratngixfolt'dswed by Qcreehing in the system shown bel ow
usi ng sugar, Ut Ig@ capacity as an indicator to obtain

SG.T2- expr i tls Hil's. The results cal cul ated by using these stably
expressing cel are shoyq in Table 1 as Method B. (3) Inhibition
test for sodi um dependent sugar uptake in stably expressing cells

The st abl[p1e8jprA sséthgamércl/ watpr/eptase mixere (WefS5e2.338) whs ddded toihe @ainpgund
test. [0120] Pretreatnent buffer (140 nM choline chloride, 2 mM KC1,
1 M CaCIE) (103 My tymdl] riheHEREEBh ST mias stigéd for4Y homrs aqdded i n a
vol une of 200 pl to the cells stably expressing SGT1 or 2 nlL for

Met hod A temgerapue,and ghe sgbyond apdistlieheff af¢rgeducsd ipyesaypr e$h¢ reguiSag Teajdue
foll owed by incubation for 20 mnutes. The pretreatnment buffer was
removed anep Rusificd bydenifal plicas! solpmachiypatagiabily a test conpound (1

mM et hyl . a- Dgl ucopyr anosi de (cont gj ni.n 14C] net hyl

T D g1 ut bR B IoraiRem i RS = SORIORISE: 4 S0 R SATCIPhORS SRREEIHA)
10 nv BEP(EgﬁS n1\4];ris, pH 7.4) in a volune of 75 [IL for SG.T1 and
SGLT2 in Wer'Hoe é r 200 L, for SGT2 in Method A. Uptake reaction

o Ol R ORI LI g e
(10,70 ¥, 18 OBy Rom s, 1A% N, 81 A

H) 3.26 - 3.30 (m, 2 H) 3.38 (d, J=5.96 Hz, 2 H) 3.45 - 3.52 (m, 1 H) 3.54 - 3.60 (m, 1 H)

3.62-3.69 (m, 1 H) 3.79 - 3.89 (m, 4 H) 3.99 (s, 2 H) 4.65 (d, J=9.63 Hz, 1 H) 6.39 (d,
J=16.51 Hz, 1 H) 6.52 (d, J=16.51 Hz, 1 H) 6.88 (s, 1 H) 7.07 (d, J=8.25Hz, 2 H) 7.23 (s, 1
H) 7.31 (d, J=8.25 Hz, 2 H).

MS ESI/APCI Dual posi : 670[M+H]".

MS ESJ/APCI Dual nega : 704[M+Cl]".



in a volunme of 200 L for SGET1 and SGLT2 in Method B or 2 nL for
SGLT2 in Method A, and then dissolved in a 0.25 M NaOH solution (75 L
for SGT1 and SGT2 in Method B or 400 L for SGT2 in Method A). A
liquid scintillator (Perkin Elnmer) was added and m xed well with each
sanpl e, followed by nmeasurenent of radioactivity using a 13-ray

anal yzer. For the control group, upt ake2Buf fer cont ai ni ng no test
conpound was prepared. Mreover, another uptake buffer containing

chol i ne chharcCsled forgt:addNed; N OH,@BSC 24456 eI N d. fioFolasal, 643K ®.31; N,
[0121] For determ nation of 1C50 values, test conpounds prepared at 6

appropri &.@2.concentrati ons were used and their concentrations
required for 50% i nhibition of the anbunt of sugar uptake (1C50
val ues) were cddeentedzamplabi vRurifratibe ob@ompourslf(AYugar upt ake in the
control group (100% . The test results obtained are shown in Table 1.
-31 - [0122] [ THisicelalestampphaus capmeund (Ah SR8, qunity 96.0%0 wWasputiial g
(N et hn%(ljltl'ﬁi slilicciogeﬁ gcglug%%h-rrozmgtggapﬁ/)?Ec%o%f%n%ﬁ%eﬂi?nol = 7:3—1:1) to obtain a
colorless amorphous compound (A) (6.24 g, recovery 63%, purity 99.5%). The colorless
amorphous compound (A) (6.24 g, purity 99.5%) was further purified by neutral silica gel
column chromatography (chloroform:methanol = 7:3—3:7) to obtain a colorless amorphous
compound (A) (3.31 g, recovery 53%, purity 99.9%).
Example 1
Twenty-five milligrams of the colorless amorphous compound (A) (purity 99.9%)
was dissolved in 0.08 mL of ethanol at room temperature, and then the solution was stirred
for 1 day at room temperature to obtain a crystal. The crystal was dried under reduced
pressure at room temperature to give 27 mg of a colorless crystal (recovery 100%). The X-
ray powder diffraction pattern and the differential thermal analysis/thermogravimetric
analysis (TG/DTA) of the resulting crystal showed that it was a crystal of an ethanolate of the
compound (A).
Example 2
Fifty-six grams of the coloriess amorphous compound (A) (purity 96.0%) was
dissolved in 135 mL of ethanol at 66°C. To the stirred solution was added heptane and then
cooled. At about 45°C, the crystal of the ethanolate of the compound (A) obtained in
Example 1 was added, and then the solution was cooled to 1°C.  The crystal precipitated
was collected by filtration, and then dried under reduced pressure at 40°C to give 46 gof a
colorless crystal (recovery 82%, purity 99.1%). The X-ray powder diffraction pattern,
differential thermal analysis/thermogravimetric analysis (TG/DTA), and infrared absorption
spectrum of the resulting crystal showed that it was a crystal of an ethanolate of the
compound (A).
'H NMR (600 MHz, METHANOL- d4) 8 ppm 1.06 (d, 1=5.04 Hz, 3 H) 1.07 (d, J=5.50 Hz, 3



1276 20 Tabl e 1 shows that the compound (A) exhibits strong
SA.T1 inhibiting activity and al so exhibits sonme, although weak,
SA.T2 inhibiting activity. [0123] The superiority of the conmpound (A
over conpounds of simlar structures will be shown below. [0124] Test
Exanple 2 Confirmation study of hypoglycem c effect in streptozotocin
di abetic nodel rats (1) Preparation of -dBabetic nodel rats
SDIGS rats at 7 weeks of age (male, Charles River Laboratories Japan
Inc.) werH)1astgd=6.68 Hah® L) 115 ROSIHS 1A4Bds I OHN2120j(§ GUIEM.87 (IS8 KDH)
streptozotocin (STZ) via the caudal vein under ether anesthesia to
prepar e d3.08¢duin, Jrdd8IHz, atlE). 3.3 (1 J=-s0038/Hz,ahH) BEB-330p 40H) £BY - G38r(@at, 2 H)
at 7 weeks of age was injected with 1.25 mol /L citric acid in
physi ol og}.6at 3¢8I(imé H)B3.54.{tkipd. Vi Hz,t1he) 3.4B I(q,\ieb 88 8rH)ek. 62 3.66 (m, 1 H)
anesthesia to prepare normal control rats. At one week after
i nj ecti or3-@8 - 882 (oy 4H)B9Gipol F1) 463 (di I=%e3 Hzi hHpAypdi(d) Jod 6 S8IHz A1 H)ne50 (d,
the rats J(8 weeks ol d%swere}g):]ovi ded for an oral glucose tol erance

I

test. (2)30a10 B dcddke86 & diine@S (dedr7.80 Hz, 2 H3fA% (st hED) di28ddi <7 Holdel 2 H).
i i ot ST APCEDUSH-SRMAG] i ssol ved 1n & 0 5% o

control o AR BER SR L APMRGI o W Th a 0. 5% aqueous OV

Sol ut | on AP RS - DS T BN 3 ol BT R g 4

was col l egted,at a total of 5 tine points: before drug adm nistration
(0 tine), and at 0.25, 0.5, 1 and 2 hours after the oral

adm ni st rggigple 3l 0125] Bl ood was collected fromthe caudal veins of
the rats under ether anesthesia with the use of a heparin-coated

bl ood col I ecti mpo bube cHike aBAMdIALE YOAR coMpBLRA{A BFashidaed 600 AB TR a\WASsphate
32 - separated. Plasma gl ucose concentrations were quantified by

nmeasur eneniffessdlation Gh utiveesdlitionl@3bdMakeihfddken Phsphdid eiiiy@ate and disodium

I ndustries, Ltd., Japan). To determne the intensity of hypoglycem c

ef fect, tlhnelrbgenqdosphateodoelctanydtatd)dpHree8)drangd tiaechnixmirs twaa tsispendwisfor 24 hours at

subtracted from each bl ood gl ucose | evel neasured until one hour

af t er or a25°&dmiAdtes certrifugatipm (EXWOpuy 27 @ rl6 uminutas)d thelseperaatamtt wasgemoved,

val ues were anal yzed by the trapezoidal method to cal culate an

i ncr ementandrthe prsidye svps drigd at xopE empertyre fo ghtainaseolqrikascyystalvhi Bie Xvaay

expressed as_ a decrease relative to AAUC of the control group.

P powder diffraction pattern, and differential thermal analysis/thermo gra\glimetgc analysis
(TG/DTA) of the resulting crystal showed that it was an A-form crystal.
Example 4
To 0.10 g of the ethanolate of the compound (A) was added 2 mL of isopropyl
ether/methanol (9/1), and the suspension was stirred for 1 week at 25°C.  After
centrifugation (3000 rpm, 25°C, 10 minutes), the supernatant was removed, and the residue
was dried at room temperature to obtain a colorless crystal. The X-ray powder diffraction
pattern and differential thermal analysis/thermogravimetric analysis (TG/DTA) of the
resulting crystal showed that it was a B-form crystal.
Example 5
After 1.00 g of the A-form crystal of the compound (A) was heated to 120°C under

reduced pressure, 0.5 g of the crystal was taken. The crystal was suspended in 10 mL of

hexane/ethyl acetate (2/1), and the suspension was stirred for 8 hours at 65°C.  The solvents



[0126] The results obtained are shown in Table 2 and Table 3. [0127]

Test Exanple 3 (1) Changes in renal concentrations of conpounds

di scl osed in W2007/136116 until one week after oral adm nistration

SD/IGS rats at 7 weeks of age (nale, non-fasting, Charles River

Laboratories Japan Inc.) were orally admnistered with conpound 4, 10

or 33 (1 ny/ kg each) or conpound 11 (0-39%ngy/kg) prepared in a 0.5%

aqueous CMC solution. At 24, 72 and 168 hours after drug

admi ni st regtth®suspéideon Rére dVveilled 8RS ARDME PaiRE wisalrfeb @t 8t ©apalatMeitd obtain a

under ether anesthesia, and their kidneys were excised after they

wer e confdotorbds taystak €THecléna Z pelvdodidiftfactitiepdticasuel diffefeatidl thamathashed

w th physiol ogi cal saline, each tissue was neasured for its weight

and honogenlyssdhé¢mmogravanetnie anafysip (FGIDEA) ofathe resultigrerysed shoadd that it Was a

each honogenate, an acetonitril e/ nmethanol solution containing an

i nt er nal Gfemeerydtakubst ance was added to renove proteins, and the

super nat ant was then subjected to LC- M5/ M5 (Applied Biosystens

APl 3000) .Example eri ved i ons generated by el ectrospray ionization in

positive ion mpde were detected by se]ective reaction nonitori ng_. The
B

peak area of t hEi@Ramolatnef by compewnd (Vo0 A b as separdcds 18k 9z epmepyl

he o i ST R e e BT ) o

Co 10 33, (19):1,5- -1-[5- .

(oot ﬁggf}fﬁm&a St et OO BRI 20 45 syem wessugpended b Sy
. o I 4

Conpound ALSRABLBERIBOTHALES CMEHE e e BB B Sl Ry enne

- CD20F]rE§i%1'me &/§§Pﬁ€& 446 te rgtul'%lﬁq)btaiﬁ a%q_lggllc%soc%ﬁ:h. The z{z—saylggﬁrg]er

experinmental results obtal ned are own I n

concent r afiffpReoR hattdif af @ RRMMal AbrRdl aﬁﬂl%si@ﬁl?éﬁ%%mivﬁf{&ﬂé 519413{5@4 {86/DTA) of
repeated oral adm nistration for 3 days SDFIGS rats at 7 weeks

of age (1A¢ Cosultii-chasdlish@vedahal it @as Ricv@tal babaigtatd.es Japan Inc.)
were orally adm nistered once a day for 3 consecutive days with the

conpound TeA) Etanplg/lkg) prepared in a 0.5% aqueous CMC solution. At 48
hours after the final drug adm nistration, the rats were

exsangui ) €eativn of KE (h&JtaeHy stablyeixpressidg huinswSGlTdne anest hesi a, and
their kidneys were excised after they were confirnmed to be

eut hani zed. Af tAplasmed veatereapegsing bemea SGlddsetein wis tpangiictsd dliod G O-K1
saline, each tjissue was neasured for its weight and honogenized in 4

vol unes drlipusipg ligafegiamine UHYLInvitezeadol Thrycelirmeraptlgrebindbnpiestrcs of S00
Exampl o S Lo E SRS T 43 6 SBRdo RO LD i AP DSl below
[Sggga? nc?lis'ggosilf%gl] up-lt_zn(ei\e c%)lggcg{yi a@%?ltir? icator {'cjal otb?aif’i1 %%leqgg}\ﬂ])résging%glls? 3.
(2) Creation of CHO-K1 cells stably expressing human SGLT2
Method A (described in W0O2007/136116): A plasmid vector expressing human
SGLT?2 protein modified to have LeuGluSerArgGlyProVal added to the carboxy-terminal
final residue was transfected into CHO-K1 cells using lipofectamine 2000 (Invitrogen). The
cells were cultured in the presence of 500 pg/mL hygromycin B to select resistant strains,
followed by screening in the system shown below using sugar uptake capacity as an indicator
to obtain SGLT2-expressing cells. The results calculated by using these stably expressing
cells are shown in Table 1 as Method A.

[0119] Method B: A plasmid vector expressing human SGLT?2 protein was transfected into

CHO-K1 cells using lipofectamine LTX (Invitrogen). The cells were cultured in the



[ Tabl e 2] d ucose tolerance test results and renal concentrations of
prior art conpounds Concentration of conmpoundsin kidney after
‘conpound No. STZ rats OUT: . single oraladm nistration ata dose of in
% nhibition | ng/ kg to mal e Sprague-Dawl ey rats. W2007/136116 A
AUCO_11, (ng/ d1) 30

presence of 1000 pg/mL geneticin to select resistant strains, followed by screening in the
system shown below using sugar uptake capacity as an indicator to obtain SGLT2-expressing
cells. The results calculated by using these stably expressing cells are shown in Table 1 as
Method B.
(3) Inhibition test for sodium-dependent sugar uptake in stably expressing cells

The stably expressing cells prepared above were used in the following test.
[0120] Pretreatment buffer (140 mM choline chloride, 2 mM KCl, 1 mM CaCl,, 1 mM
MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4) was added in a volume of 200 pl to the cells
stably expressing SGLT1 or 2 mL for Method A and 200 uL for Method B to the cells stably
expressing SGLT2, followed by incubation for 20 minutes. The pretreatment buffer was
removed and replaced by uptake buffer containing a test compound (1 mM methyl a-D-
glucopyranoside (containing [**C]methyl a-D-glucopyranoside), 140 mM NaCl, 2 mM KCl,
1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4) in a volume of 75 pL for
SGLT1 and SGLT2 in Method B or 200 uL for SGLT2 in Method A. Uptake reaction was
performed at 37°C for 30 minutes (SGLT1) or 60 minutes (SGLT2). After the reaction, the
cells were washed twice with washing buffer (10 mM methyl a-D-glucopyranoside, 140 mM
choline chloride, 2 mM KCl, 1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4)
in a volume of 200 pL for SGLT1 and SGLT2 in Method B or 2 mL for SGLT?2 in Method A,
and then dissolved in a 0.25 M NaOH solution (75 uL for SGLT1 and SGLT2 in Method B
or 400 uL for SGLT?2 in Method A). A liquid scintillator (Perkin Elmer) was added and
mixed well with each sample, followed by measurement of radioactivity using a f-ray
analyzer. For the control group, uptake buffer containing no test compound was prepared.
Moreover, another uptake buffer containing choline chloride instead of NaCl was also
prepared for basal uptake.
[0121] For determination of ICsq values, test compounds prepared at 6 appropriate
concentrations were used and their concentrations required for 50% inhibition of the amount
of sugar uptake (ICsp values) were calculated relative to the amount of sugar uptake in the

control group (100%). The test results obtained are shown in Table 1,



Afterl day After 3days After 7days @1 ng/kg/po (ng/g) (ng/g) (ng/Qg)
compound 4 51 68.4 7.49 85.523.1 76.315.5 conpound 10

-31 -
[0122] [Table 1}
Compound | ICsy for hRSGLT1 1Cso for hSGLT2 1Csq for hSGLT?2
(nM) (aM) (aM)
Method A Method B
(A) 29 1276 20

Table 1 shows that the compound (A) exhibits strong SGLT1 inhibiting activity and
also exhibits some, although weak, SGLT2 inhibiting activity.
[0123] The superiority of the compound (A) over compounds of similar structures will be
shown below.
[0124] Test Example 2 Confirmation study of hypoglycemic effect in streptozotocin
diabetic model rats

(1) Preparation of diabetic model rats

SD/IGS rats at 7 weeks of age (male, Charles River Laboratories Japan Inc.) were
fasted for about 16 hours and then injected with 50 mg/kg streptozotocin (STZ) via the
caudal vein under ether anesthesia to prepare diabetic model rats.  Similarly, another group
of SD/IGS rats at 7 weeks of age was injected with 1.25 mmol/L citric acid in physiological
saline (1 mL/kg) via the tail vein under ether anesthesia to prepare normal control rats. At
one week after injection of STZ or 1.25 mmol/L citric acid in physiological saline, the rats (8
weeks old) were provided for an oral glucose tolerance test.

(2) Oral glucose tolerance test

After the diabetic model rats were fasted for about 16 hours, drug groups were each
orally administered with a drug (1 mg/kg) dissolved in a 0.5% carboxymethylcellulose
sodium (CMC) aqueous solution, while the control group was orally administered with a
0.5% aqueous CMC solution alone. At 5 minutes after drug administration, a glucose solution
(2 g/kg) was orally administered to each rat, and the blood was collected at a total of 5 time
points: before drug administration (0 time), and at 0.25, 0.5, 1 and 2 hours after the oral
administration.
[0125] Blood was collected from the caudal veins of the rats under ether anesthesia with the

use of a heparin-coated blood collecting tube and centrifuged, whereafter blood plasma was



69 16736.3 12412.2 53.8 7.6 conpound 11 68 63.520.1* 67.33.15
48. 718. 3* conmpound 33 81' 29.86.79 25.58.68 16.23.11

.32

separated. Plasma glucose concentrations were quantified by measurement with a Glucose
CII-Test Wako (Wako Pure Chemical Industries, Ltd., Japan). To determine the intensity of
hypoglycemic effect, the blood glucose level before drug administration was subtracted from
each blood glucose level measured until one hour after oral administration in each drug group,
and the resulting values were analyzed by the trapezoidal method to calculate an increment in
the area under the curve for glucose (AAUC), which was expressed as a decrease relative to
AAUC of the control group.
[0126] The results obtained are shown in Table 2 and Table 3.
[0127] Test Example 3

(1) Changes in renal concentrations of compounds disclosed in W02007/136116
until one week after oral administration

SD/IGS rats at 7 weeks of age (male, non-fasting, Charles River Laboratories Japan
Inc.) were orally administered with compound 4, 10 or 33 (1 mg/kg each) or compound 11
(0.3 mg/kg) prepared in a 0.5% aqueous CMC solution. At 24, 72 and 168 hours after drug
administration, the rats were exsanguinated via the postcaval vein under ether anesthesia, and
their kidneys were excised after they were confirmed to be euthanized.  After the tissue
surface was washed with physiological saline, each tissue was measured for its weight and
homogenized in 4 volumes of purified water under ice cooling. To each homogenate, an
acetonitrile/methanol solution containing an internal standard substance was added to remove
proteins, and the supernatant was then subjected to LC-MS/MS (Applied Biosystems
API3000). Drug-derived ions generated by electrospray ionization in positive ion mode
were detected by selective reaction monitoring. The peak area of the resulting extracted ion
chromatogram was analyzed by the internal standard method to calculate the drug
concentration in the homogenate.
[0128] As the internal standard material for Compounds 10 and 33, (18)-1,5-anhydro-1-[5-
(4-ethoxybenzyl)-2-methoxy-4-methylphenyl]-1-thio-D-glucitol,ethyl-Ds was used. As the
internal standard materials for Compounds 4 and 11, Compound 11 and deuterium-labeled

Compound 11 (trishydroxymethyl-Dg; -C(CD20H)3), respectively, were used.



*The val ue represents nean S.D. when conmpound 11 was orally

adm nistered at 0.3 ng/kg. : Suppr essi on of gl ucose AUCHL,
in streptozotocin (STZ)-induced diabetic rats versus vehicle control,
following an oral dose at |ng/kg. 'OGIT using Sprague-Dawl ey rats.
[0132] The structures of conpounds 4, 1Q, 11 and 33 disclosed in
W2007/ 136116 are shown bel ow. [0133] -3335 . [ Formula 17] HOWei, N1
1 0 HOX OH

[0129] The experimental results obtained are shown in Table 2,
(2) Renal concentrations of the compound (A) of the present invention after

repeated oral administration for 3 days

SD/IGS rats at 7 weeks of age (male, non-fasting, Charles River Laboratories Japan
Inc.) were orally administered once a day for 3 consecutive days with the compound (A) (3
mg/kg) prepared in a 0.5% aqueous CMC solution. At 48 hours after the final drug
administration, the rats were exsanguinated via the postcaval vein under isoflurane anesthesia,
and their kidneys were excised after they were confirmed to be euthanized.  After the tissue
surface was washed with physiological saline, each tissue was measured for its weight and
homogenized in 4 volumes of purified water under ice cooling. The drug concentration in
each homogenate was determined in the same manner as shown in Test Example 3(1) by LC-
MS/MS using compound 11 as an internal standard substance.
[0130] The experimental results are shown in Table 3.

[0131]



OH - [0134] [Table 3] conpound STZ rats OGIT* % nhi bition A AUCO | h
(my/do @ ng/ kg/ po Concentration of conpounds in kidney after 3 days
«continuous oral adm nistration at a dose of 3 ng/kg to nale

Spr ague- Dawl ey rats. After 2days (ng/g) (A

-34 .

[Table 2]

Glucose tolerance test results and renal concentrations of prior art compounds

Concentration of compounds in kidney aflter
compound No. S?Z FaFS_OGTTs single oral administration at a dose of
in Ainhibition Img/kg to male Sprague-Dawley rats.
W02007/136116 ARG, (me/dD Fatter 1day After 3days |After 7days
61 me/ke/po (ng/g) (ng/g) (ng/g)
compound 4 bl 68.4 £ 7.49 [85.5 £ 23.1 |76.3% 15.5
compound 10 69 167 = 36.3 124 + 12.2 53.8 = 1.6
compound 11 68 63.5 = 20.1* | 67.3 + 3.15* [48.7 = 18.3
compound 33 81* 29.8 £ 6.79 {25.5 & 8.68 |16.2 & 3.1l
*The value represents mean = S.D. when compound 11 was orally

administered at 0.3 mg/ke.
*Suppression of glucose AUC,,, in streptozotocin (STZ)-induced diabetic

rats versus vehicle control,

*0GTT using Sprague-Dawley rats.

following an oral dose at 1mg/kg.

{0132] The structures of compounds 4, 10, 11 and 33 disclosed in W02007/136116 are

shown below.

[0133]



65 ND * Suppression of glucose AUCO _ h in STZ-induced diabetic rats
versus vehicle control, follow ng an oral dose at |ng/kg. # ND (not
-determ ned) means limt of detection(5ng/g). [0135] The conpounds

di scl osed in W2007/ 136116 exhi bited potent hypoglycem c action in

t he glucose tolerance test after oral adm nistration of 1 ng/Kkg.
Fol |l owi ng the oral administration of 1-d9fkg, however, the
elimnation rates of the conpounds fromw thin the kidney were so

sl ow t hat[FoRgyigampounds tended not to be excreted, but to remain in

t he ki dney, even after 7 days (Table o2) - [0136] On the other hand,

t he conpound (A)phag h c nlc action, like the - 36 -

above-nentioned p gFonmpound Ntit-eover, th| s conpound
exhi bi t edya ; RS featUPe i'n that even when it was
adnlnlstered g dose of 3 ng/kg for 3 consecutive days, it

unexpect edH@ diyd 1t rs H%h jn the kidney at subsequent day 2 (Table
3). [0137] A p&kible Calse of this difference is that the conpound
(A) has been ranbdl reted, H/\Atlmo t remaining in the kidney, when
;| Thug, Kh&Ronpounds of the present

; ) Pto refain in the body and are less likely
to cause sidelef ects and toxicity due to continuous adm nistration,
and hence &¥pear Q¥ hac\éﬁpuﬂﬁd"‘?ﬂ' cally excellent properties as
phar maceut i cal Yt epar at 1 ons. TRIAL APPLI CABI LI TY [0139] The

crystal of (1S5)nd 1E) 4-1(1-{[ 2-
rre h xopropan 2-yl)am no] -3, 3-di ne

(di met hyl am no) et
t hyl - 4- oxQbuty

en- 1-yl | benz - rret hoxy- 4- ( pr opan- ]3 yl) phenyl kD- gl uci tol accordi ng
to the pre it 41 tlda dss1excel lent storage stability and other
physi cal pI’OpeIO[ es. It |s usefI_FI (S a drug substance, and suitable
for industrial \

[0134] [Table 3]

Concentration of compounds in kidney
STZ rats OGTTx* after 3 days continuous oral
compound |%inhibition administration at a dose of 3 mg/kg to

A AUCO-1h (mg/dl) @1 mg/kg/po |male Sprague-Dawley rats.

After 2days (ng/g)
(A) 65 ND

* Suppression of glucose AUC,_;, in STZ-induced diabetic rats versus vehicle control,
following an oral dose at lmg/kg.
¥ ND (not determined) means limit of detection(5ng/g).

[0135] The compounds disclosed in WO2007/136116 exhibited potent hypoglycemic action
in the glucose tolerance test after oral administration of 1 mg/kg. Following the oral
administration of 1 mg/kg, however, the elimination rates of the compounds from within the
kidney were so slow that the compounds tended not to be excreted, but to remain in the
kidney, even after 7 days (Table 2).

[0136] On the other hand, the compound (A} had potent hypoglycemic action, like the



- 37 - CLAIM5 1. A crystal of an ethanol ate of

(19) -1, 5-anhydr o- 145- (4- 1( 1E) - 4- [ ( 14] 2-

(di net hyl am no) et hyl ] am no} - 2- net hyl - 1- oxopr opan- 2-yl ) am no] - 3, 3-di ne

t hyl - 4- oxobut - 1-

en-1-yl | benzyl ) - 2- met hoxy- 4- ( pr opan- 2- ypphenyl kD- gl uci t ol havi ng

physi cal properties (a) to (c) mentionedbbel ow. (a) Having

peaks at 20 = 5.9 degrees, 17.1 degrees, 17.6 degrees and 21.5

degrees idbo¥e-hitntiRgiortir d hé) (Mbirel@or; this compouh® kxR Déharacteristic
characteristic absorption bands at 3538 cm 1, 3357 cm1, 2964 cm1,
1673 cm Yeathfsid thateke@Miied iOmsadminiktrednin b AbSASEIMBASIOPS cOikecutive days, it

spectrunm and (c) Having a nelting point in a vicinity of
111C. 2. Amprpaasiy fidrngp radaiaiimthedkidiey st albstquenndpyih§Ribtead). pr operti es
(a) to (c) nmentioned bel ow, conprising: di ssol vi ng

(1S) - 1, 5-[anB¥idrd padsibl¢ 4ayse DEhigtdiffctentf - thati the coypp@amidi(d) dbhhddnhaapidly} -

2- et hyl - 1- oxopr opan- 2- yDam no] - 3, 3- di net hyl- 4- oxobut - 1-en- 1-yl | benzy

1) - 2- met hwieta, Withouipgmaning jnihe kydney.vhpnabserbed inthebpdnol or a

m xture of ethanol and an organic solvent mscible with ethanol; then
ef f ect i nd0&38istaus; thegompaunds of theprernt inysatien havisdortprdepey i iemal in the body
crystal at 50C or ]g(lgvi ng peaks at, 20 = 5.9 degrees

17. 1 degra®dgie legs af«eﬁﬁgé ause sida 3T gicity dur toceontipupsafigpinistration, and
s Sk s et ST LR
1505 cm %ﬁ&ﬁﬂchﬁﬂfﬁi on spectrunm and
[0139] The crystal of (1S)-1,5-anhydro-1-[5-(4-{(1E)-4-{(1-{[2-
(dimethylamino)ethyi]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol according to the present

invention has excellent storage stability and other physical properties. 1t is useful as a drug

substance, and suitable for industrial production.



(c)-Having a nelting point in a vicinity of 111C. 3. A crystal of
(1S)-1, 5-anhydro- 115- (4- {(lE) 4-1(1-1[ 2-

(di met hyI am no) et hyl ] am no} - 2- net hyl - 1- oxopr opan- 2- ypam no] - 3, 3- di net
hyl - 4- oxobut - 1-

en-1-yl Thenzyl ) - 2- met hoxy- 4- ( pr opan- 2- yOphenyl kD- gl uci t ol havi ng

physical properties (a) to (b) nentioned’bel ow. - 38 - (a)
Havi ng peaks at 2T = 6.1 degrees, 13.7 degrees, 18.0 degrees and 18.7
degrees in X-ray powder diffraction (Guafgys and (b) Having a

melting point in a vicinity of 110C. 4. A process for producing a
crystal having physical properties (a) to (b) nentioned bel ow,

conpri si ng: suspendi ng an et hanol at e of

(1S) -1, 5-anhydrAciybtad ofad éthimoldte of USH125-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-

(di nmet hyl am no) et hyl ] am nol - 2- et hyl - 1- oxopr opan- 2-yl ) am no] - 3, 3-di ne

t hyl - 4- oxdbu¢thflamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl | benzyl) - 2- met hoxy- 4- (propan- 2-yl ) phenylWglucitol in water or

a phosphamel ylibeezyl s 2imathary-4-Grdparh2yDghsnyhlgDt ghecitob baning plyysicay propbrtias (2)

35C or | ower. (a) Having peaks at 2T = 6.1 degrees, 13.7
degr ees, tmgcm@é@ﬂéébclﬁﬁi’d 18.7 degrees in X-ray powder diffraction
(Cu-Ka); and Having a nelting point in avicinity of 110C

5.A crystal of @& SﬂaYmgP&ﬁﬁ/%i ﬂi@ﬂeawﬁ 1yl-degrees. 170 degrees and 21.5 degrees
gshmzt gg(/ldg[}%_m]})p er d1 1 Nnoj - (%urrﬁt S1y| 1- oxopr opan- 2- yOam no] - 3, 3- di net
oL T2y ) SR RS MR DSBS 16k 05 B o,
1673 cm™, 1634 cm™ and 1505 cm™ in an infrared absorption spectrum; and
(¢) Having a melting point in a vicinity of 111°C.
2. A process for producing a crystal having physical properties (a) to (c) mentioned
below, comprising:
dissolving (1S)-1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-(dimethylamino)ethyl]amino }-
2-methyl-1-oxopropan-2-yl)amino}-3,3-dimethyl-4-oxobut-1-en-1-yl}benzyl)-2-methoxy-4-
(propan-2-yl)phenyl]-D-glucitol in ethanol or a mixture of ethanol and an organic solvent
miscible with ethanol;
then effecting crystallization at 0 to 80°C; and
drying the resulting crystal at 50°C or lower.
(a) Having peaks at 26 = 5.9 degrees, 17.1 degrees, 17.6 degrees and 21.5 degrees
in X-ray powder diffraction (Cu-Kaol);
(b) Showing characteristic absorption bands at 3538 cm™, 3357 cm™, 2964 cm™,
1673 cm™, 1634 cm™ and 1505 cm™ in an infrared absorption spectrum; and
(¢) Having a melting point in a vicinity of 111°C.
3. A crystal of (15)-1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-
(dimethylamino)ethyljamino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol having physical properties (a)

to (b) mentioned below:



(a) - Havi ng peaks at 2T = 6.4 degrees, 10.9 degrees, 16.9 degrees and
18.1 degrees in X-ray powder diffraction (Cu-Ka); and (b)
‘Having a nelting point in a vicinity of 115C. 6. A process for
produci ng a crystal having physical properties (a) to (b) nentioned

bel ow, conpri si ng: suspendi ng an et hanol ate of
(1S)-1, 5-anhydro-115-(4-1(1E)-4-1(1- 1[ 238 -
(di met hyl am no) et hyl ] am nol - 2- et hyl - 1- oxopr opan- 2-yl ) am no] - 3, 3-di ne

thyl - 4-oxobut - ¥4)  Haying peaks at 20 = 6.1 degrees, 137chrees 180degrecs and 187 degrees
en-1-yl | benzyl )-2- met hoxy- 4-(propan 2 y1) phenykD-gl uci tol in

m xture g X-g@gf@m& dﬁfraafonqvm -R8); Q@nhgani ¢ sol vent (excl uding et hanol )
m scible with i'sopropyl ether, or a m xture of hexane or heptane and

an organi c sol ent Haeiogl audelnigg @bindioa yichiigafhie @i t h hexane or
heptane; and - 39 - then dry| ng the resulting crystal at room

t enper at uk.e t o A@cess for producigh chistdl havipg akgsieil pRiperties (&) td Q@)’rﬁﬁﬁioned
10.9 degrees, 16.9 degrees and 18.1 degrees in X-ray powder
di f f r act itwhow,@emifaisingand (b) Having a nelting point in a
vicinity of 115C
suspending an ethanolate of (1S)-1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-
(dimethylamino)ethyljamino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol in water or a phosphate buffer
solution; and
then drying the resulting crystal at 35°C or lower.
(a) Having peaks at 20 = 6.1 degrees, 13.7 degrees, 18.0 degrees and 18.7 degrees
in X-ray powder diffraction (Cu-Ka); and
(b) Having a melting point in a vicinity of 110°C.
5. A crystal of (15)-1,5-anhydro-1-[5-(4-{(1E)-4~[(1-{]2-
(dimethylamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol having physical properties (a)
to (b) mentioned below:
(a) Having peaks at 20 = 6.4 degrees, 10.9 degrees, 16.9 degrees and 18.1 degrees
in X-ray powder diffraction (Cu-Ko); and
(b) Having a melting point in a vicinity of 115°C.
6. A process for producing a crystal having physical properties (a) to (b) mentioned
below, comprising:
suspending an ethanolate of (1S)-1,5-anhydro-1-[5-(4-{(1E)-4-[(1-{[2-
(dimethylamino)ethyl]amino }-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-
en-1-yl}benzyl)-2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol in a mixture of isopropy! ether
and an organic solvent (excluding ethanol) miscible with isopropyl ether, or a mixture of

hexane or heptane and an organic solvent (excluding ethanol) miscible with hexane or

heptane; and



-30.

then drying the resulting crystal at room temperature to 100°C:
(a) Having peaks at 20 = 6.4 degrees, 10.9 degrees, 16.9 degrees and 18.1 degrees
in X-ray powder diffraction (Cu-Kot); and

(b) Having a melting point in a vicinity of 115°C.



