- 1 - DESCRI PTI ON CRYSTAL OF SPI ROKETAL DERI VATI VES AND PROCESS FOR
PREPARATI ON OF SPI ROKETAL DERI VATI VES TECHNI CAL FI ELD [ 0001] The
present invention relates to a process for preparing spiroketal
derivatives, to an internedi ate conpound useful for preparing

spi r oket al derlvatlves and to a crystal11ne substance of spiroketal
derivatives. BACKGROUND ART [0002] A spiroketal derivative having a
certain structure is known as bei ngDBSERWTION preventing or treating
di abetes (refer to Patent Docunents 1 to 4). For exanple, WO

2006/ 080421 Al ( Pat ent CBOSNIAEnOFISPIRDIH S DERIVATYESJANEpPr esent ed
by Formula (A): &poogéﬁgFornula 1] and use thereof as an

anti - di abet es dr *fROTHHD FPRERERARBITANOF SPIRDEETAISREBFEATEVRS ocess
for preparing the conpound represented by Fornmula (A). Schene 3 (page
24 of Patent Docunent 1) indicates a preparation process, in which a
di br onobenzene derivative is treated with an al kyllithium reagent

f ol | owed ﬁél%% (1;’)1:(%#r ith a |actone, and after conversion to a tin
conpound ﬁg 3%’5 ction in the presence of a palladium catal yst
is carri t L0 aive the desired conpoun 0005] Fur
2007/ 14019952 TR BOGRETEES 1SR ARG Hat PRSI SR pivaties, to an
intermediate compound useful for preparing spiroketal derivatives and to a crystalline
substance of spiroketal derivatives.
BACKGROUND ART
[0002] A spiroketal derivative having a certain structure is known as being useful for
preventing or treating diabetes (refer to Patent Documents 1 to 4).  For example,
WO 2006/080421 Al (Patent Document 1) discloses a compound represented by Formula
(A):
[0003] [Formula 1]
Q—A
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and use thercof as an anti-diabetes drug.
[0004] Patent Document 1 also discloses a process for preparing the compound represented
by Formula (A). Scheme 3 (page 24 of Patent Document 1) indicates a preparation process,
in which a dibromobenzene derivative is treated with an alkyllithium reagent followed by
coupling with a lactone, and after conversion to a tin compound a coupling reaction in the
presence of a palladium catalyst is carried out to give the desired compound.

[0005] Further, WO 2007/140191 A2 (Patent Document 2) and US Patent Application



publ i cation corresponding thereto: US 2007/0275907 Al (Patent

Docunent 3) disclose a preparation process in Schenme 4 (pages 24 and
25 and Figure 4 of Patent Docunent 2), in which a dihal otol uene
derivative is treated with n-BuLi, s-BuLi, t-BuLi, My or the like
fol | owed by coupling with a lactone, and?a tin conpound obt ai ned
after several steps is subjected to coupling with a benzyl halide
derivati veutlivatiprvenrespesiingeiceaiiszed7/(2606] AVyPaemaDoculf@hed) disclose a
Docunent 1 discloses a conpound represented by Formula (B): [0007]

[ For mul a @fpai@iorqRiaBess B) Scheme 4 (pages ¥ stdald aigl Ripare 4t dfPaconPoundehay, in
an excellent inhibitory activity against SGT2. CITATION LI ST PATENT
DOCUVENT YVhishgdilrdetelwenederinativg 1sitraapd200isn 080421 Bili, PBubhtMPoc thesikt

2: WD 2007/ 140191 A2 Patent Docunent 3:US 2007/ 0275907 Al Patent
Docunent 2owrsopspen sapiths lasioursmd adim compnTH okitalRdie Coiy cRROBREM
[0009] As stated above, Schepe 3 in Patent Docupment 1 and Schene 4 in
Pat ent jrsted 1o conrlpeyuth 3 bezpbhalide sleripptisis 4p ighg adesibeehenmrPusdyi ng a

spi r oket rucgt ure from a di hal obenzene derivative. However, the
AN B L AR Sy et AT C AL
and neces[%%?ﬂ:ﬁ%pr@ﬁilgrzﬁs a step for carefully renoving a tin

conpound, st _as an inpurity. Therefore, these processes
are not suitabl inq ial production. Further, these patent
docunents fail o/g scl g any specific exanple
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with stating that the compound has an excellent inhibitory activity against SGLT2.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0009] As stated above, Scheme 3 in Patent Document 1 and Scheme 4 in Patent Document
2 disclose a scheme for preparing a compound having a spiroketal structure from a
dihalobenzene derivative. However, the synthetic process using a tin compound needs
cumbersome operations, and necessarily requires a step for carefully removing a tin
compound, which may exist as an impurity. Therefore, these processes are not suitable for

industrial production.  Further, these patent documents fail to disclose any specific example



- 3 - regarding the preparation schenes. Actually, an efficient and
conveni ent industrial process for preparation of conpounds

represented by Fornulae (A and (B), which are used as an active

i ngredi ent of nedi canent, has not been known. [0010] Further, there
has been no report regarding existence of-crystal of the compound
represented by Fornula (B) having excellent inhibitory activity

agai nst  Sthdiding the Piephrafibn 6&cah. OAckulRy RInQSEAEnt AAY @BEVAfent fhdu@rial process
provi de an efficient and conveni ent process, which is suitable for

i ndust ri afor prepdtacivh ofi corthpsunds egaeden@d SPiFodkelalAYid (B! WHRS aHSREd 88 an
an active ingredient of nedicanent, and to provide a useful synthetic

i nt er medi atiwe ingueties g nediciercat, bhysdtdlcembrowng excel | ent properties in
storage stability, ease in handling in formul ati on process and the

| i ke. SOLUOPLEIN FuotherdBirEh: benap rFhat mzesiang exisiventod ceyshihuthe entipotred
intensive studies to achieve the above-nentioned objects and
consequerfEPipsemerkby Bormenla(Behaving exeellens gihdkitre activity ageinal SGLB2 of one
of plural E ogen atons on a benzene ring. The inventors have al so
found a d ﬁli o" PRIEELTSRE PREsRaE Eyentomisiin piovideans THgiord angrcgayrsuat afocess,

d as. i nt di gte, which . b di | ed. Further,
the i nventBPL I able doaisiis! o Eamaab Py Eourpkr Ao ualiasomed s
b i . . ffi,ci ent - pot . tion. tly, t
orosont  (ySh eBRi AT sk B, BT iovHE A arelS oot ERETBRI e 0 d
_ Pt Kl AR
nehvy motr o PR hiing CEHhHaRR RSl Prarr ] S8 ihandPihn ho "

car bon- caphnafaNFrotAs Thathd 1Bact i ons. A process using heavy netal
such as tin or an organotransition netal conplex necessarily requires

a step f@orareinryyPremIENMg these reagents, which may exi st as an
inpurity, while the process of the present invention does not need

such a st[ep12]ThEeglrevest int &RoRPMACE 8EnduSted BRERSIRY stirBEd doGhRUd theaS an
i ndustrial process for a nedicinal material. [0013] In addition, the

i nvent or sbhesrmefitoned objatsyatdadonfaeuentdf hivedonmpaemdd feneensteie by
Formula (1) and a process for preparing the crystal form The
i nvent or gndtalaombpbaencfafiphetal Frdogentntoros gis & AbnAeoe nmfnasTieximetitenthave also found
properties as_a nedicament or a nedicinal material. Consequently, the
present iarfPERRD¢apliEn preeseds smppddevia a novel ergfigdied)! caoporud agart ptapmediate,
aspect of the present invention, there is provided a process for
pr epar i ng"HCRGHRRURRIPRIER A etht RrHPT.RBe HiYFB{OrS have fomdshat twe confeautile

RI HO . . .
(R)p coupling reactions can be carried out as an efficient one-pot reaction. Consequently, the
present invention has been completed. The present invention provides a process for
preparing a desired spiroketal derivative without using heavy metal such as tin or an
organotransition metal complex in the carbon-carbon bond forming reactions. A process
using heavy metal such as tin or an organotransition metal complex necessarily requires a
step for carefully removing these reagents, which may exist as an impurity, while the process
of the present invention does not need such a step.  Therefore, the process is superior
particularly as an industrial process for a medicinal material.
[0013] In addition, the inventors have found a crystal form of the compound represented by
Formula (I) and a process for preparing the crystal form. The inventors have also found that

the crystal form has excellent properties as a medicament or a medicinal material.

Consequently, the present invention has been completed.



(R2)", (1) wherein nis an integer selected fromO to 3, mis an

i nteger selected fromO to 5; R1 and R2 are independently
sel ected from Cnoal kyl optionally substituted with one or nore Ra,
C34ocycl oal kyl optionally substituted with one or nore Ra,

C . .wal kenyl optionally substituted w t+done or nore Ra,
C3_10cycl oal kenyl optionally substituted with one or nore Ra,

C- moal kynyhi1opt A&Radi skRsd| 1 : I

opt i onal ﬂ? sﬂbst it utlg% tcz/svi th g%dgbgﬁlc%%%n%g?mggp irFrPl gfeelg,ﬁroggc;e%ﬁiaﬁr%ess for
unsat ur atgepRingneatpsual eshrérehed ¢ ¥etnth1a@pt i onal |y substituted with
one or nore Ra, cyano, a halogen atom nitro, nercapto, -OR3, -
NRARS, - §00)R6,[Felatlx 31NR7R6, - C(=0) R35, -CR36=NOR37, -C(=0)0R9,
-C(:O)NRloRl%Rﬁand _SiRi 2R13-14; wherein when nis 2 or nore, each of
Rl may be the s or . different; when mis 2 or nore, each of R2 may
be the sanme or (i r enty’ two RL on adjacent carbon atons,
together with tihe ® which they are attached, may forma
carbocyclic ki'ng ocyclic ring, which fuses the benzene
ring; and two on qS'acent carbon atons, together with the carbon
atons to which attached, may forma carbocyclic ring or a
het erocycl ic ri|ng, ich fuses the benzene ring; p is an integer

sel ect ed ¢ o is an integer selected from1l and 2;

R3 is a hydrogen jatony Cnpal kyl, C3_10cycl oal kyl, C2_10al kenyl ,

C3, 10cycl oal kenyIGH C2_t hal kynyl, @yl, heteroaryl, -Si R 12R13R14, or
-5- iocycloal kyl, Cnpal koxy, aryl, heteroaryl, -Si RI12R13R14, and

-C(.0)R15; . R6 is Cmoal kyl, Crnocycl oal kyl, aryl, or
het eroaryl, whérhereinphiean mtgssr eeleqrs] frem O tord, heis abenteSirRUZREBRDA 0 ar 5;
-C(.---.0)R15; R7, R8, R19 andare independently selected froma

hydr ogen at om Eo#8diRcyre independentiycscligiodyirom &nydalkyheptéonaHy gubstituted with one
-Si R12R13R14, and i€%$é§4ﬁ%§; RO is a_hydrogen at om Choa]kzl,
crocycl odf Bfire Rar Gias gpljpnallg;subsityied SpehameHr more Ra, s ioalkeny]
optionally substituted with one or more Ra, Cs_jgcycloalkenyl optionally substituted with one
or more Ra, Cz.jpalkynyl optionally substituted with one or more Ra, aryl optionally
substituted with one or more Ra, saturated, partially unsaturated or unsaturated heterocyclyl
optionally substituted with one or more Ra, cyano, a halogen atom, nitro, mercapto, -OR3, -
NRR’, -S(O),R®, -S(0),NR'R?, -C(=0)R*¥, -CR*=NOR?,
-C(=0)OR’, -C(=0)NR'*R", and -SiR”R"*R™; wherein when n is 2 or more, each of R may
be the same or different; when m is 2 or more, each of R? may be the same or different; or
two R' on adjacent carbon atoms, together with the carbon atoms to which they are attached,
may form a carbocyclic ring or a heterocyclic ring, which fuses the benzene ring; and two R*
on adjacent carbon atoms, together with the carbon atoms to which they are attached, may
form a carbocyclic ring or a heterocyclic ring, which fuses the benzene ring;
p is an integer selected from O to 2; q is an integer selected from 1 and 2;
Rlisa hydrogen atom, Cy_jgalkyl, Cs.jocycloalkyl, Ca.jpalkenyl, Cs.igcycloalkenyl,
Ca.10alkynyl, aryl, heteroaryl, -SiR™R™R", or -C(=O)R"*;

R* and R® are independently selected from a hydrogen atom, hydroxy, Cy_jealkyl, Cs.



Ra are independently selected from Chocycl oal kyl, 02loal kenyl ,
Cnocycl oal kenyl , Ctioal kynyl, aryl, heteroaryl, hydroxy, a hal ogen
atom -NR21R22, OR', -S R26, _s(0)2R27, _ SiR 23R24.-.K 25,
car boxy, -C(0)NR28-K29, - g=0)R3, -CR31=NOR32, cyano, and
-S(0)rNR33R34; r is an integer selected-from1 and 2; R12, R13, et,
R23, x24, and Ri ndependently selected from Cnoal kyl and aryl;

R15 and A6k yINAdeREREeN ak 1, dsfR? 1hydr ege om
Cnoal kyl %%_wc{lcl glgl kylfac%o%%élgg%g glR(r)gfml?sl é%lﬁ;lg @)Rﬂb’

di (Cmoal ky!l ) ami Rbjs CTRAkHYEL EloaBey] aryRBEhAESH P AINrein RAtn P28, RRRSy
R29, Rn and R34 are independently selected froma hydrogen atom

hydr oxy, ﬁmmm&w4SiR%®}§Ioﬁatdéﬂ)Rlsamal koxy, aryl, heteroaryl, 25, 1(
and 26 K7 is8 awhydrolgen atom Cnoal kyl, Croal koxy,

Cs_l ocycl oal kyl B%R’, BRI yindRY; ar€ndepenichtipbilydted oy a hites @naadmy) C;.i0alkyl, Cs.
-C(.0)R30, or -Si R23R24R25, o shad 1s hydr oxy, Cnoal kyl ,

C34ocycl oatyelaalkydraryl, heteroardaSiR ‘RS RagRAAREHR "or - C(=0)R38; R31 is
a hydrogen ator‘rﬁ9 Cnoal kyl , or Cnocycl oal kyl ; R32 is a hydrogen
atom Cnoal kyl ,RCsddyeragsr ripm. Grealkylies eeisinally], arg, RasRAMRAE, ~ or

R35 is a gﬁlﬁgg n atom Cmoal kyl, C3_10cycl oal kyl, Cnoal kenyl,
C3_10cycloatkeényl ; Cmoal kynyl, Cmoal kylthio, aryl, or heteroaryl; R36

i s a hydrogen om .Cnoal , 1 cl Qal kyl , | kenyl
Crmcycl>/oa| E enyl 1agr]c xlgcpcnci(e%![Iy sccfgcter? ﬁ%m 83_10c c&oalky R g_walkg’ny’l, Cs.jocycloalkenyl,

Ca.i0alkynyl, aryl, heteroaryl, hydroxy, a halogen atom, -NR*'R*, -OR™, -SR% -S(O),R%, -
SiR¥R*R®, carboxy, -C(O)NR**R%, -C(=0)R™, -CR*=NOR*, cyano, and -S(O),NR*R>*:

1 is an integer selected from 1 and 2;

R'2, RE RM™ R23, R* and R® are independently selected from Cj.jpalkyl and aryl;

R™ and R* are independently selected from a hydrogen atom, Cj.jpalkyl,
Cs.iecycloalkyl, Cy.qpalkoxy, Ci.zoalkylamino, di(Ci.y0alkyl)amino, Cy_ypalkylthio, aryl, and
heteroaryl;

Rgl, Rzz, Rzg, Rzg, R* and R** are independently selected from a hydrogen atom,
hydroxy, Ci.1palkyl, Cs_igcycloalkyl, Cy.jalkoxy, aryl, heteroaryl, -SiR*R*R%, and
-C(=0)R%,

R¥isa hydrogen atom, Cy.jpalkyl, C;.jgalkoxy, Cs.jocycloalkyloxy, aryloxy,
Cs.iecycloalkyl, aryl, heteroaryl, -C(=0)R*®, or -SiR*R*R%;

R is hydroxy, Cy.1palkyl, Cs.1ocycloalkyl, aryl, heteroaryl, -SiR®R*R?, or
-C(=0)R™;

R'isa hydrogen atom, Cy.jalkyl, or Cs.j9cycloalkyl;

R¥isa hydrogen atom, C;.jalkyl, Cs.jpcycloalkyl, aryl, heteroaryl,

-SiR”R*R%, or -C(=0)R*,

R¥isa hydrogen atom, Cy.jpalkyl, Cs 1pcycloalkyl, Ca.0alkenyl, Cs pcycloalkenyl,

Cayealkynyl, Cy.jpalkylthio, aryl, or heteroaryl;

R¥isa hydrogen atom, C,.jpalkyl, Cs.ipcycloalkyl, Cy jpalkenyl, Cs.igeycloalkenyl,



- 6 - or C2_10al kynyl ; R37 is a hydrogen atom Cnoal kyl,
C3_t hcycl oal kyl , CLi oal kenyl, C3_10cycl oal kenyl, aryl, heteroaryl,
-Si R12Ri 3R14, or _c(.0)R15; and R38 i s Cnoal kyl,
Cmocycl oal kyl , C240al kenyl , C340cycl oal kenyl , C240al kynyl ,
mal kyl thi o, aryl, heteroaryl, -Si R23R24R®5, or which conprises: Step
a): treating a conpound of Formula (I1): [0016] [Forrmula 4] (R41)n P1
ct,/\ % xl ovbepakynykl and X2 are independently selected froma brom ne
atom or an iodi ne atom Pl is a netal ion, a hydrogen atomor a
protecting grouR’’af a hydtogetyatom, Cy1palkiph) Esis seydlogkgu T, dgiiened c%cy@omkenyt,
wherein the group may have one or nore protecting groups; and nis
defined abiplbstemiaryl, SHRORFRIGmet@(=0)Bayend, and then reacting with a
conmpound of Forr’ggl a (Il1): [0017] [Formula 5]

R™ is Cyypalkyl, Cs.igcycloalkyl, Cy ypalkenyl, Cs.qgcycloalkenyl, Cs. 1palkynyl, Cy.

joalkylthio, aryl, heteroaryl, -SiR*R*R%, or -C(=0)R*,
which comprises:

Step a): treating a compound of Formula (IT):

[0016] [Formula 4]
RY)n
R

P‘IO I /

X2

X (n

wherein X' and X* are independently selected from a bromine atom or an iodine
atom;

P! is a metal ion, a hydrogen atom or a protecting group of hydroxy;

R%is a group defined as R', wherein the group may have one or more protecting
groups; and n is as defined above;
with an organometal reagent, and then reacting with a compound of Formula (III):

[0017] [Formula 5]
0

oP?

P50
oP*?

opP* (110)

wherein P*, P?, P*, and P’ are independently selected from a protecting group of
hydroxy; or P* and P?, P? and P*, and P* and P° together may independently represent a
divalent group to protect two hydroxy groups and to form a ring;

to obtain a compound represented by Formula (IVa):



0 p2 p5orop3 op4(lll) wherein P2, P3, P4, and P5 are

i ndependently selected froma protecting group of hydroxy; or P2 and
P3, P3 and P4, and P4 and P5 together may independently represent a
di val ent group to protect two hydroxy groups and to forma ring; to
obtain a conpound represented by Forrmula7¢1Va): wherein R41, n, x2,
pl, 132, 133, n4, r and P5 are as defined above; and X is a netal
ion, or {d@yg]'o ﬁnaia(g[p Step b): treating a conpound represented by

Fo

For mul a (1Vvb) 019] rmula 7] (R41), OP3 OP4(1Vb) wherein R41, n,
x2, pl, P2, PS, “{4 reand P5 are as defined above; and
PO ' iz
X0 oP?
O
P°0
opP3
oP* (IVa)

wherein R41, n, X7, PY, P2, P?, P*, and P’ are as defined above; and
X is a metal ion, or a hydrogen atom;

Step b): treating a compound represented by Formula (IVb):

[0019] [Formula 7]
(Rn

I =

PO _z

X2

Peo op2
PO
oP3
op* (IVb)

wherein R41, n, Xz, PZ, P3, P"', and P° are as defined above; and
P® is a metal ion, a hydrogen atom or a protecting group of hydroxy;

with an organometal reagent, and then reacting with a compound represented by Formula

(V)
[0020] [Formula 8]
OHC N
| —R*),
- )

. 42 . . ) .
wherein R*™ is a group defined as R?, wherein the group may have one or more

protecting groups, and m is as defined above; and

which may further comprise one or more steps to introduce a protecting group



P6 is a nmetal ion, a hydrogen atomor a protecting group of hydroxy;
wi th an organonetal reagent, and then reacting with a conpound
represented by Fornmula (V): [0020] [Fornmula 8] OHC (R42), (V)

wherein R42 is a group defined as R2, wherein the group may have one
or nore protecting groups, and mis as d&fi ned above; and which may
further conprise one or nore steps to introduce a protecting group

- 8- and/ osnd/é th QYR @féehﬁggmg SR Repd &ffﬁll@(ﬁa VePSr ﬁlgL}, or
or in any stage prlor 0 or ter any one e steps I'n d ove
[0021] | nafesr@ng ohodf e Blep® Befidtd Sbaahect of the present invention, the
process stated above further conprises: Step c): subjecting a

cormpound [06pt feskanine dnthypdiosntuh hif Mpkct dfARRRkesdnf afvebtich, He PobdsRétaded)above
further comprises:
Step ¢): subjecting a compound represented by Formula (VI):

[0022] [Formula 9]
I

opP4 (VD)

wherein R*', R*, m, n, P!, P%, P?, P*, P°, and P® are as defined above;
to the two following steps:

Step (1): treating a compound represented by Formula (VI), wherein Pl isa
hydrogen atom, under acidic conditions, with the proviso that when P is a protecting group,
the step further comprises a deprotection step before the treatment; and

Step (2): removing a hydroxy group, which is formed in Step b), by reduction
reaction; with the proviso that any one of the two steps may be carried out in first;

to obtain a compound represented by Formula (VII):

[0023] [Formula 10]
(RY)n

P50

(VII)



‘R42)m p60 O op2 OP3 OP(VI) R42, m pl, p2, p3,r P, and P 41,56
wherein Rare as defined above; to the two foll ow ng steps:

Step (1):

treating a conpound represented by Fornula (VI), wherein Pl

is a hydrogen atom under acidic conditions, with the proviso that

when Pl i

s a protecting group, the step-further conprises a

deprotection step before the treatnent; and

wherein R*, R*, m, n, P, P3, P*, and P? are as defined above.
[0024] The term ““a halogen atom” referred to herein means a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom and the like.
[0025] The term “Cy.jpalkyl” means a linear or branched alkyl group having 1 to 10 carbon
atoms. Examples include methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, I-butyl, t-butyl,
n-pentyl, 3-methylbutyl, 2-methylbutyl, 1-methylbutyl, 1-ethylpropyl, n-hexyl, 4-
methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3-ethylbutyl, 2-ethylbutyl,
cyclopropylmethyl, cyclohexylmethyl and the like. Cj.q9 alkyl further includes a linear or
branched C,4alkyl and C;_salkyl.
[0026] The term “Cs jocycloalkyl” means a cyclic alkyl group having 3 to 10 carbon atoms.
Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
methylcyclopropyl and the like.  Cs.jocycloalkyl further includes Cs gcycloalkyl and Cs.
7cycloalkyl.
[0027] The term “Cz.jalkenyl” means a linear or branched alkenyl group having 2 to 10
carbon atoms.  Examples include ethenyl (vinyl), 1-propenyl, 2-propenyl (allyl), propen-2-
yl, 3-butenyl (homoallyl), 1,4-pentadien-3-yl and the like. Cs_jpalkenyl further includes a
linear or branched Cs4atkenyl and C;.4alkenyl.
[(0028] The term “Cs ocycloalkenyl” means a cyclic alkenyl group having 3 to 10 carbon
atoms. Examples include cyclopentenyl, cyclohexenyl and the like. Cs_jpcycloalkenyl
further includes Cs_jgcycloalkenyl and the like.
[0029] The term “Cz.palkynyl” means a linear or branched alkynyl group having 2 to 10
carbon atoms. Examples include ethynyl, 1-propynyl, 2-propynyl and the like.
Cy.g0alkynyl further includes a linear or branched Ca.galkynyl and C;.4alkynyl.
[0030] The term “C;.jpalkoxy” means an alkyloxy group having a linear or branched alkyl
group having 1 to 10 carbon atoms as an alkyl moiety. Examples include methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, s-butoxy, i-butoxy, t-butoxy, n-pentoxy, 3-methylbutoxy, 2-
methylbutoxy, 1-methyibutoxy, 1-ethylpropoxy, n-hexyloxy, 4-methylpentoxy, 3-

methylpentoxy, 2-methylpentoxy, 1-methylpentoxy, 3-ethylbutoxy, 2-ethylbutoxy and the



Step (2): renmpoving a hydroxy group, which is fornmed in Step b), by
reduction reaction; with the proviso that any one of the two steps
may be carried out in first; to obtain a conpound represented by
Formula (VII1): [0023] [Formula 10] P500P3 OP(VI1) - 9 - wherein
R4l, R42, m n, Fa, Fa, n4, r and P5 ardlas defined above. [0024] The
term"a hal ogen atont referred to herein neans a fluorine atom a

chl ori ne kitedMC,aodkcxyiforhatiffudean lireai ebrab@ll @dalkfigy dnidkE;. ,alkb 9 25]

The term "Croal kyl " nmeans a |inear or branched al kyl "group having 1

to 10 carl96Bljat DistereX@qphikylanind Udearyein iyl yiarginb roupha@ i@y linear or branched
| -propyl, n-butyl, s-butyl, 1-butyl, t-butyl, n-pentyl,

3- net hyl bakkyligroup kevitg/l butl/¢arbdn atembys bty maieet. hyExampisslinclodhexyl ,

4- nethylpentylh 3-met hyl pentyl, 2-nethyl pentyl, 1-nethylpentyl, '

3- et hy| butigthylamigq, teih ybareipb, n-pieply priop itprepHythinocy-bhtylrxinb rebutylamamy i-
the like. Chro alkyl further includes a |inear or branched C4_6al kyl

and c4_4a‘?qzxﬂﬁmlqcagbeqyia1m§0 8¢ Hhe'ltsg40Sy-orBlawyino fyrthen tnchudey e llinearar keyanched
group having, 3 to 10 rb at onms. Exanpl es include cycl opropyl,

cycl obuty %6H?gpaﬂgﬁPighﬁgggwaﬁﬁkyl, cycl oheptyl, cycl ooctyl,

et kool e, Likey seieLosio Lt ner i udes,
T
Poper i GLoIREl| sk, SRAISS A1, |, <
C7. 4al kenydthylamino, di(n-propyl)amino, di(i-propyl)amino, di(n-butyl)amino, di(s-butyl)amino,
di(i-butyl)amino, di(t-butyl)amino, ethyl(methyl)amino, methyl(n-propyl)amino, methyl(i-
propyl)amino, n-butyl{methyl)amino, s-butyl(methyl)amino, I-butyl(methyl)amino, t-
butyl(methyl)amino and the like. Di(Cy.jpalkyl)amino further includes a linear or branched
di(C1salkyl)amino and di(Cy.4alkyl)amino.
[0033] The term “Cy.jpalkylthio” means an alkylthic group having a linear or branched
alkyl group having 1 to 10 carbon atoms as an alkyl moiety. Examples include methylthio,
ethylthio, n-propylthio, i-propylthio, n-butylthic, s-butylthio, i-butylthio, t-butylthio and the
like. Cj.jpalkylthio further includes a linear or branched Cigalkylthio and Cy_salkylthio.
[0034] The term “saturated, partially unsaturated or unsaturated heterocyclyl” referred to
herein means for example saturated, partially unsaturated or unsaturated 4- to 10-membered
heterocyclic group containing one or more heteroatoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom. Examples of the heterocyclyl include pyridyl, pyrimidinyl,
pyrazinyl, triazinyl, quinolyl, quinoxalinyl, quinazolinyl, furyl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, triazolyl, pyrrolidinyl, piperidyl, piperazinyl, homopiperidyl, homopiperazinyl,
morpholinyl and the like.
[0035] The term “aryl” is not particularly limited, but means an aryl group having an

aromatic hydrocarbon ring with 6 to 14 carbon atoms, for example 6 to 10 carbon atoms.

Examples include phenyl, 1-naphthyl, 2-naphthyl and the like.



[ 0028] The term "C340cycl oal kenyl " neans a cyclic al kenyl group
having 3 to 10 carbon atons. Exanples include cycl opentenyl,

cycl ohexenyl and the |ike. C340cycl oal kenyl further includes
C540cycl oal kenyl and the |ike. [0029] The term "C2_40al kynyl " neans a
| i near or branched al kynyl group having 1 -to 10 carbon atons.
Exanmpl es include ethynyl, 1-propynyl, 2-propynyl and the I|ike.

Croal kynyjooBe[ t NEE tekAC: » |l d nyl 12
C7. 4al kyngll . {00305e Thhelklt'?%r%%q &ﬂ@;??ﬁgaﬁ@gﬁgﬁﬁ&ﬁc&% Eﬁyy"'glroﬁﬂ%mbmd

havi ng a iibfiRde heterdeyaichodp abitxinind cteRr bt RerbaldthslR1EROIRAIMN 80hBhen
as an al kyl noiety. Exanples include nethoxy, ethoxy, n-propoxy,

| - pr opoxyatorm; Bib0ygen atord dhd yulfir-aldth OXBxarplesibOlky hefrdagisdiyde pyridyl,

3- et hyl but oxy, 2- nmethyl butoxy, 1-methyl butoxy, 1-ethyl propoxy,

n- hexy| oxyyrimidiret fpptrpemloxipzingl qoiebhy,| quémixabyyl, @uin®@ioliy}1paintioryenyl, pyrrolyl,
1- net hyl pent oxy, 3-ethyl butoxy, 2-ethylbutoxy and the - 10 - liKke.
Cnoal koxyp¥régalyleimidazdlvldainzelyl ambihe lise. br anched Cl. 6al koxy and

C _4al koxhy. [0031] The term " Cnpal kyl am no" neans an al kyl am no

group haviPRg7la Therfean “acarbpeistin s rdgiredyioderein ot gartictlerly imitdbiort
atons as an al kyl noiety, Exanples include nethylam no, ethylam no,

n- propyl &S 2 IYIREmAngHehsvIng &g W amosctons. fot sHaaplad to Hleapbemitaws.
t-butylanino and t i ke. Croal kyl am urther includes a |linear or
br anched %@“@?WF@% h‘énzﬁﬂ‘ii D@lﬂglfﬁﬁ% %Eﬁi{]‘gB.ﬁlﬂf-OOBZ] The term

"di (Cbhio ) am no" means a di al kyl am n oup .havi ng.| i near or

or anched WA ot KRR RoRadcuret Eines hh e Bumgiar bt i pr
noi eti es. t i et i ; he.sane or different.

Exanpl es IP%C 351’29%?6@ i@%‘ﬁ%&aﬁiéﬁ%%&%mﬁagl,m%ﬂcnqrﬁ?%rﬁﬁ;cécfﬁtt%as, sclected
di (i-pro ki b 0- 1 j ) afi_nQ, .
di (i -butyl %%%mﬁtg(?geé’ ?"(“?Hb%ﬁ/’?&%ﬁmﬁgp a”é'?h@?‘%%”#w JERaftbics of the heterocyclic ring
met hyl ( N-iREIQ@y byradthé) GyriaRdiay, &y O Wi N VIRE=Ti (Hale
s-but y! (et hypg)Zri oy vl (ﬂ%ﬁ%ﬁi’%m o Gn Bﬁ?égﬁ%&{{ﬂ%) i'lrh}‘%ghg‘?ﬁ“m’

t he |i ke.thioph&rppliyle) pyrhanle, indidabele, tragdlydes$ R 1lkenear or branched

di (Ch6al kyl )am no and di (Cl. 4al kyl )am no. [0033] The term

" Coal ky[0039)" Imelengresemt aivieytidr) e tieupohadifigdas IR neaR> Ghs Medchad

al kyl group haying 1 to 10 carbon atons as an al kyl noiety. Exanples

i ncl ude rpsetagtpblhigooupstshett astiydroxy; parbpxy, thibopyli apinopyid hewapto, the group may
n-butylthio, s-butylthio, i-butylthio, t-butylthio and the |ike.

Cf | oal kylbetprefestad bhamrotaeingdsaum | Sebection of a pratedtinggr@ip i6abdyded o eachnd

C _alkylthio. [0034]. ThE term "sat urat ed, é{)arti all'y unsaturated or
unsat ur at&EPRARAAPSEfONS for ipteyductar ardyremeval of arraiesiindgrour sipbecarried out,

sat ur at eg artially un a[%ur ted or %nsa;‘i.;rat ed 4- to 10-nmenbered =
het er ocy b5 %aﬁ’rpg%ﬁs ﬁB‘“}‘F{@F i gresheanst eP PtCEVp SAoHRS 1 OrganiedyHthesin a
ni trogenégtth%mﬁo Ny Q%Eygl;gggsgg?qﬁn sul fur atom Exanples of the

het er ocycl yI™ i nct ude py di nyl, pyrazinyl, triazinyl,

qui nol yl , in iyl i | fyrvl . thienyl. . .pyrrolyl, . .. _;
pyr azol yl[(,] | ﬂ1 %ﬁpﬁé ,Ofta ?’?’%Q@ff‘%%ﬁ%ﬁ%‘ (%Ithy Ry JHBJI’ é’él;clhd}éﬂ be dontained in R
pi per azi ® [ ' i g . ' 51 .

i ke. [og%!%/]m RATR "Elgrgfnq'g%(iy h Sgg&ﬁ%ﬁ%&ﬂ@%&u\vﬁ%@ i mb%,’a%ﬂ‘trét?@é’r%ﬁa”y
an aryl @h@lﬂtﬁkafbd\ﬂrfﬁﬁsa&ﬁ‘raﬁ%q{é&:&é@cmGﬁ&ﬁﬁxilggﬁbsrtﬁnﬂgd With'&n@omﬁ rBagbon
atons, for exanple 6 to 10 carbon "at ons. anpl es i ncl ude phenyl,

1- napht hydalkedyna®iR Wy -@ro)RMe-BI0FE), ah08R6GikeThe term "heteroaryl " is
not particularly I'imted, but neans a 4- to 10-nenbered aromatic

het erocycl i ¢ gmdupeic8it mimependendy oelecred Boheirer gaioanby sbbaicadyiil 6 @
ni t rogen atom.. an oxygen atom and a sul fur atom Exanples of the

het er oar yore RET, Gdesakoxy dptiongdlyrsubstifities hwithoyrear imyek aryt,rGagilkyithio, and

qui nol yl', qui noxal i nyl, quinazolinyl, furyl, thienyl, pyrrolyl,

pyr azol yla{ylﬁqlﬁndbzol yl, triazolyl and the like. [0037] The term"a

R> s independently selected from C.jpalkoxy;

R and R are independently selected from Cy.jp2alkyl and aryl;



wherein R51 is independently selected fromaryl optionally

substituted with one or nore R56, Cnoal koxy optionally substituted
with one or nore aryl, Cnoal kylthio, and arylselenyl; R52 is

i ndependently selected from G _ical koxy; R53 and R55 are

i ndependently sel ected from Cnoal kyl and2aryl; - 12 - R54 is
a hydrogen atom Cnoal kyl, aryl optionally substituted with one or
nore C mal koxy, p#t 1 i I i i Qr
more RS7. Groal Koy oieCEral P Sl A glo M SbMbEL ! et uchf .

aryl oxy ORAlkenaA hkderdusias hntrdt BfioWA s uBRLRH WY Shetrth G i
[ ndependeﬁt I %el e(r:t e%l from 0aI k)hsl , CPmaI koxy,eruér y(f},e ﬂ:%:l'lgalkoxy

het er oar ydptionally ksbstifueepentlendé bymse! R 6FarkToRPNoGHBRIK YL btk @ )th-one or
[0041] Preferred exanples of a protecting group of hydroxy include
met hyl , bmomplitrojret hoxynet hyl , net hyl t hi onmet hyl
2-nethoxyethoxyngthyl, benzyl oxynet hyl, tetrahydropyranyl,

t et r ahydr ot hi op§r anipdepandemtbshsettroofduiram ¥ joallefl,r@hydk @tsh bophadketeroaryl;
1- et hoxyet hyl, 1-methoxy-1-nmethylethyl, t-butyl, allyl, vinyl,

tri phenyl met hy | RY ds indpendenthy sebcked fedrh (. oalleyl encharybi |yl |

t-butyl di net hyl silyl, isopropyldinethylsilyl, t - butyl di phenyl silyl,

i sobut yr P04 Ipisyed epempley P 2 piotarting eeruped iy droay frnkydsametbply benzyl,

i sopropoxycar bony]| , be z¥loxycarbonyl, t - but oxycar bonyl, and the
like. [0 %?0 legleg’fy thiogeth dot isghagreiipretthdnbensyiosygediyb, whi ch
may be cant al k i.onal

ined i d/ R2, includ I t
subst i tuttgt&%ﬁ?wylf)ﬂ’é'ﬁclﬁ?t?%é’fjgﬂﬁgﬁyra{égfﬁ%ﬁﬁ@ﬁ? Wiit%f?qud{ﬂﬁlé‘ai’]{ﬁn%ed or
EAREI e e UL D ey
R52, RS53,; def. ' f 1iE I f
& pr of eot LR ARt Aoy Ry bR R BOE Rl T ERFLIEE - SUSRPo R G
! ' . . ;o

R o i ALl L R S
car boxy @eadfloxpaitohyIeyuleyeARsAiLNed thaiRl and/or R2, include an
ester-form ng group such as Cnoal’kyl optionally substituted wth one

or nore RB042])CExabpddskognyrotectbig £09) Bor anhaefigd prop lwmidH i3S deabbtadd in R
defi ned herei nbefore; and an am de-form ng group such as - NR58R59,

wher ei n R88/oaiRd, iRBada Ce jaltky ppticchatly kybstialtattihl ofie ormoroR kydturated, partially
optionally substituted with one or nore R51, 02 i Oal kenyl, and

- Si ( R53) 3nsanutads vasiuRER etazocys]yd epiiredlyisebstitutbé fwithene Pr efoee REYC,.
exanpl es of conversi.on by intyoducing a protectivg group tg carboxy

i ncl ude eo%ans$1éR%3)3béﬁé;ﬂ)R§e4;ﬂ’§I f;heéﬁm; v mmﬁftl,el%stgeﬁﬁg, m@fﬁprem@eﬁned
group formed b intéogucing one or. nmore protecting groups into the
group - PeEinbelorei Breferedreramplesf aipsoteeiive saitp ofi aHpe sive indpdebanzins
of R4l a l§42. F.0045]f) Rl and R2 lgIefi ned . in the rgr esent h%gnté on are
not |imi t & FafPrEHARPTYC HHEP 5D RAkSEA QS Py iR Elp 8 ghthabimido gpup or a

exanpl e, ionally substituted with one or nore Ra,

C340cycl Sﬁ@m%é_’pgﬁ%ﬁﬁm |y substituted with one or nore Ra,

3200, TS| Y 3RSt et RS, BBy comains i

Cmoal kynyhdepRP aRahlyas b@étfiothn%%rM%ﬁcH RE CQpallR S?tﬁgi’allg&msﬁtqt?d with one
ated, partrally

optionally substituted with oneor re Ra, satudr _ _
unsat ur atogehozé RUNEALHkahed-S1et 8y, 0HGkiI ROBEA RFFLL Ys ettt RR M td an
one or nore Ra, and -Si R 2R13R14. Mre preferably Rl and R2 are
i ndependentidiefsmimciedp fudmsCRREH R Wher&a REEwal RAlaky IndegendbntB@lected from
-Si R12R13R14. In the present invention, when n or mis 0, Rl or R2
does not Caxjadityl opSqredlyisubdtituted withenben rene R, (g ;oalkengnendrS@IT et RO
the present ipvention, nis 0, mis 0 or 1, and R2 is C3.4al kyl .

and R™ are as defined hereinbefore. Preferred examples of conversion by introducing a

protective group to carboxy include ethyl ester, benzyl ester, and t-butyl ester.

(0044] The group formed by introducing one or more protecting groups into the group



[ 0046] The hal ogen atom defined as R1 and R2 is preferably a fluorine
atomor a chlorine atom [0047] The netal ion defined in 131, P6 and
X means a netal ion, which can be a counter ion of an al koxi de ion.
Exanpl es thereof include an alkali netal ion and an al kaline earth
metal ion such as a lithiumion, a sodi-u#-on, a potassiumion, a
cesiumion, and a magnesiumion. The metal ion may forma conpl ex

Wi th ot hegefifetial k' GraRPiCHcRlied nfiBhabeAlof TR BRI oe a metal ion
formed by reacting an organonetal reagent used in the present

i nvent i on[0s45h R' lydiRDAfir@H M fhe (pResdnt idvéritioRidddhdtdMited JaBR4BI1y but are

protecting group of hydroxy included in the definitions of 1211 to P6
i's not |imdepadestly sehgteisfror, fos exxoupTO Ty A1BE GpasnAlyXuBitREdkH RGHIRWR more
of hydroxy. A protecting group can be selected and introduced to a
hydr oxy gRaum-ibeyclaatiey] aptidnatlpsultéisoed pith@ne onmGreRneCandkdMt Sptionally
"Protective Groups in Organic Synthesis" (4th edition, John Wley &
Sons, 2008pstitEkedrpitieena ¢raneisiRa, Ashusdodiosl! kpliomblyisobsitityd sithshe butmee:
with one or nore R51, saturated, partially unsaturated or unsaturated
het er ocycR$ CoaprlkBivhppijonally sebstiitediwith e enemoss Ramwrd areigpally substituted with
C2_2oal kenyl, -Si (R53)3, -C(=Q)R54, -B(OR55)2 and the like. [0049]

The t er m % Yimer &% sdviateg. PBUPHomsatratghornsrigraiedeserpeydyi@ptionslr m

aring" referred tg herein ans L wahent group |inking, two pxygen
atons of ¥ t}tﬁgfgr%‘%/o’ber%d'b%re 2, § "-S?Eugh s %ﬂf’?"’dﬁ? Sﬂbé‘hgl Yok patef or
exanpl e, . , | net-hyl ene,. di net met hyl ene) Ebony

group and H?%Fré%{j?r{!@ Se@%@%ﬁﬁm kﬂﬁ%fﬂaﬁbﬁ?lgﬁw ié&f;vg ﬁgd Erggd}ﬁl?t'h the present
present i; [WeTa Pl NN | asg. | it 1s suitable for a

hal ogen- &gifﬁ’lﬁogyghgﬁggf)@gg?@ oﬁld%n&ées%@g%)g%em%geﬁté‘fe?&%ﬁflbggzel“ﬁ5’|n§deIn one
CL_ wal kydoht dditn 0 o (R prBa B Entidh; RUL o) hisd B Lt i um

t-butyl Iithium, arylilthium (ftcljdr?l.’gg%a?fp+é%@Bﬁg}na??ﬁlﬁi&ﬁf’%lﬁﬁ |

napht hy! | [0046]urThediaiaieh Qiam B%%H'ab@!aﬂmz_i%%rm# NBQBARL ABNA d Gforine
(for exanple, n-butylmgnesium chloride, isopropyl magnesi um

chl oride)atordi (C _ wal kyl ) magnesi um (for exanpl e,

di (n-butyl)nmgnesiun) and the |ike. The organonetal reagent may be

used in t[He47r 8enoetaloibn dafinadan PayR endd means amenl ganvbichahh bé h@bunter jon
exanple, lithiumchloride, lithiumbromde, lithiumiodide, lithium

f | uori de,oflanekogidetipiLf | Bxamplesifieresf inciudhlan alkaé metsgoe sicuan dkainedarth metal
magnesiumtriflate), or may be used as a mixture with the inorganic

salt or tipReSHshgasilEhiya jon, Exaditsh éen, efpotassuprigaforesiual ioneagenmagiesiom ion.
i ncl ude, éltor exanple, a mxture or reaction product of magnesium
conpounds R&riRetal g8 551 (PHR 8 srRales orithiethgemetel. b dikanplesaaf dlke maetal ignmisoof

WO 2001/Q57046; a m xture a reaction product of butylmagnesium
chi ori de TABGHEH FHOTRES P BAFEH PHISARATSIAL T5185Rt thed 4 the Present invention

butyllit %ﬁm h%@_ngg%g%h@gnaeﬁﬁﬁulrp POrH m de and |ithium chlori de;

di but yl magnesi 17 i but yl magnesi um and

et hoxyl i trhd ' g%gﬂl? . i thi LBut ylemagnesi
and lit hi[gﬁﬁeghl&ﬁ%lb ISl ?zf ?&ggl%glgﬂéc}/‘lpdréggﬁeﬂsﬁ %c?%ngirgélrsnggg %'yn% FHOmited as
but yl I'it hj it HRROH [ ' P4 hi it hi

chl ori de; ér%)gt?tsﬁ %aqziganesi &%ﬁ?ﬁfdﬁ?m@&%%ﬁlﬁ’ tB ﬁlltl%dr%) {%d %%@&Pkgﬁ@gﬁh be
but yl magRreistteiaed ireroddesd Buthydltdxd irtih RNthelvitiihe Mescription in Greene and Wats,
hexanet hyl di si | azi de; i sopropyl magnesi um brom de, butyllithium and

et hoxyl i t“BrasegtivéiGroussin @riggieic SRathbys yd4th editionnIoBh Wiltyl& Boss @0@152).
butyllithium and organozinc conplex described in JP 2004- 292328 A
[0051] FdixamplesphacofiinclBiefs calkyboydiob)lly nuthtituydd withbhgor iord S sagiraed,
organonetal reagent. Also, a netal conplex formed by sequentially

r eact i ng Pewigllp unsasvurategrog ansatwrait hetwagpyntyt optégnalle sulsstitiiterswith one or more R,
organoret al reagent. For ex?ﬁﬁ;}e, af tsf” treating a conpound

r epr esentCedoalkenEh riiR )z tEFOIRT - QR Tk prdhthgdikebut yI magnesi um

[0049] The term “a divalent group to protect two hydroxy groups and to form a ring”

referred to herein means a divalent group linking two oxygen atoms of two hydroxy groups



[0053] In a conmpound represented by Formula (11) used in Step a),

both X1 and X2 are, for exanple, a bromne atom Exanples of 131
include a lithiumion, a hydrogen atom and a protecting group such
as C2_6al koxyd _6al kyl (for exanple, methoxymnethyl, ethoxynethyl,

1- met hoxyet hyl , 1-net hoxy- 1- net hyl et hyl-)14 -ar yl et hyl oxyC2_6al kyl (for
exanpl e, benzyl oxynmet hyl ), tetrahydropyranyl, a group -Si (R53)3 (for
exanpl e, &jch By afiyidhle grdip ' Ly g L |

i sopropyl di met hf/)[(dsi I}illl , gtélgiﬁ%/%a%iﬁheé/n%egyﬁ%j %ﬁleglllyﬁ%ggﬂe%’gﬁlﬂlg&gﬁlpﬁﬂglene)’
benzyl, AcamedrdyOxpgnayhhe likd. tyl), a group -B(OR55)2 and the Iike.
[0054] In Step a), the treatnment of a conpound represented by Formul a
(1) wit h[0860Jor §apormbmbktal agentusethyn the peadtt iBdnGei isindt BmitObYRAL as it is
which is suitable for a hal ogen-netal exchange reaction. Exanples of

t he sol venitabledbiribalegdremstal é&xahargeampition dnet beabyrdbrrifour dxafphds)include C;.
met hyl t et rahydrofuran, diethyl ether, t-butylnethyl ether,

di i sopr opyilkeiHaum (foy ekepplet pHbrrivt lithfung tsHetylithigm o rsyihithiye), haylBthjum (for
hydrocarbons (for exanple, pentane, hexane, heptane, benzene,

t ol uene) , SXRMRe; @bg@mm,étagl}'m@ﬂ@yp@ndmthoxyphenyllithium), Ci.ipalkylmagnesium
N, Nt et ranet hyl propanedi am ne, and a m xed sol vent of two or nore

sol vent's T?aﬁl‘ggé‘%f EXATAN B2 DURFEOpIUMChipTide: IspPIopHmBEnesiyR shlssiden gi(Ci-

, t al t d i t of 0.5to 1.5
i val one S P BrEERASr Samla-bi Hrsapar ey and BRdikepy Thé organomet
o 3.0 oqural afl L8 RRNRTRE RepbRRRTH iFns sl Ga et oS srhelem
the vi ' Yalel i LT N Y tal. . t
my be aduen o oate FRrLA Gl BRCRRIRENL Yoy B RPAR o e

added 0V&faghesifh Ui &5 fnagﬂfs?um chﬁﬁﬁ&argﬁ%ﬁgi%ﬂﬁ% tlgihﬁgte ,QJI:}IQ g0 L[}ggrl'rgf/a gléxture

more preferably over 30 t6 300 m nut €. e reagen

added i ntwitimibetifihnic sAN6k thBerAd daltONEkhiBles bAHE rBROM R (T4 {;rﬂcalste
one - 16 - or nore interruptions. For exanhple, an organorretg

reagent ringludks fadsaspld) atovRtueé of i&aaeangﬂbadc@ B makid3iudk EorRpoun¥d and
interruptions, for exanple, each for to 300 mnutes, preferably for
15 to 12@rganplithdem cpORbGRds| desadlaidtin pagesfin amnl v be Wb @dpn0F1046f a mixture or a
enhanci ng regiosel ectivity, after conpletion of addition of an

or ganometredctipe aeehict ofdmtdmpalgnésain ¢blonmdy abdbatgdicidung isohmpyb@apnesimm bromide
mxture in a certain anount, for exanple, 0.05 to 0.5 equivalents,

pr ef er ablapd Qutyllithiug; 4sopgenyapgtessim broimyds g Hithivm ehlaride mibuylinggnesiuny and
included. in the regction mxture. Exanples of aryl halide include

i odobenz Y& LigY; P‘HVWFS‘W&“@&H}%%@H@F C{lh‘é)’%@@éﬁl@fﬁ agd rdutozykthium;

S T T K R S R e

" o B AAREH ERNE R e o
%, TR MER s A0 SO R B B B

system AulyithARdbdd BihiRh htfEndRAGRNZidd: %pfe@%ﬁpﬁlé{%si%rpgﬁ%gﬁxtyﬁﬁhium

stirred at "an appropriate tenperature (for

pr ef er ablayd ehbx{1@hR); A chdoréRs dndivhtABthiee cﬁ»éﬂ&;lkfﬁ% ahll BLtyBXARR; Gnd 0- 1
to 5 hours) to conplete the reaction. [0058] Fromthe viewpoi it of
enhanci ngrgaagzias ebplek \desotibedelP BD04-302828¢.al ion or a protecting
group, an organonetal reagent may be added in an amobunt of |ess than
1 equi vall@itl] fFor cxammpiplie Stpé a) andbP ndytyllithivenissysep aeieogbhoméaGeagent.
equi val ents and then the reaction mxture may be stirred at an

appr opr i 4480, aengielreemplex foimed by asmilential B0reswingd0@p op maie oaahymetélrehgents
25C, particularly -15 to OC, for a certain period of tinme, for

exanpl e &4y b(edlssgf*ﬁ)m ergappyagtal igpgant.0 Boregamplyorfies treafings camhponundn

represented by Formula (I} with butyllithium, butylmagnesium chloride and butyllithium

may be added to the reaction system followed by reaction with a compound represented by



[ 0062] In one enbodi nent of the present invention, a conpound
represented by Fornula - 18 - (lI1) wherein P1 is a hydrogen atomis
used in Step a). [0063] In a conmpound represented by Formula (I111)
used in Step a), exanples of P2, P3, P4, and P5 include a protecting
group such as G _6al koxyC _5al kyl (for -dRanpl e, met hoxynet hyl,
et hoxynet hyl, 1-nmet hoxyethyl, 1-nethoxy-1-nmnethylethyl),
aryl met hyFepsey@a (16l kyl (for exanple, benzyl oxynethyl),
tetrahydropyranyl, a group: -Si (R53)3 (for exanple, trinmethylsilyl,
triethyl sj00§e] A-shbdtirhtdil sitlipydisi deyined heepr wpmk dorraiifey Ssr PRIPR ™,
t-butyldiphenyLsgLyl), aral kyl (for exanple, benzyl, 4-nethoxybenzyl,
t ri pheny! HRRRIMR?, aSERSYrnd B BIRSS it paiiiclallKiimdad b oBydmléothe s Aiipiude
acetyl, propionyl, pivaloyl), CL.6al koxycarbonyl (for exanple,
met hoxy c afipestinisilyl soipthylsilly b xpuiitdioaiblysily b isopropydditmethylsilyl, t-butyldiphenylsilyl
benzyl oxycar bonyl ), t-butyl. Further, P4 and Ps together may
representmﬁih?vg$ent group to protect two hydroxy groups and to form

aring (f le, -CH -, - CH(CH3)-, -C(CH3)2-, -CHPh-). [0064] A
reaction @bsix 2‘52‘[)‘%5’&?1@“8‘? I%?Sﬁﬁ‘]eé by IP)PPPUJW%I& Rsgdgn tsﬁ@aﬁ)elwi%vi?il land X are, for
organonetal reagent,.with a ¢co und. gf. Forrmula (I11) may be carried
out, for eé‘)?ﬁ‘ﬁ&’ g%ﬁ?}h%ﬁ% aﬁ’é%;ﬁa?fi ?)fr%gdf’dﬁd%% ¥ PIh £ hFé‘?"&E’P atom, ppd a
in an app ri.ate solvent in portion r exanpl e ropwi se) to a
reactionI%?@f%&%gggﬁfgﬁhSﬁ%‘%ﬁgﬂﬁgUﬁﬂﬁfbgr ’aI?Wﬁ?ﬁﬁ?ﬁgﬁfgiaﬁﬁ?%?ﬂ’
1.0to 1.4 ' Nt < an haf ratur for

oxarpl e, S0 RS Shefbn AR b ARG R st afli 8Bt

-40C. Exajmplas 890 2R ' I _d;fch : l e,
et ahych oo R B S E AP S M e FRANE, Rl RIBEP

t - but yI matibk1sayhebutyiliinsRIRRY isoBtIS dime S ARE Wiyl e
1,2-dinetﬁoxggt%ane??qﬁydggca?baﬁg o#méxgnppé, %gﬁﬁ%@#@ﬁ@%@hﬂg%ylﬁbr
benzene, edxampeNbinANd-hbhokyteazylantlyly sgrshpre of two or nore sol vents
stated above. After addition of a conmpound of Formula (I1), the

react i on -B6YRFY, amintht Bked by stirring for a certain period of tine
(for exanple, 0.5 to 5 hours), at an appropriate tenperature of, for
exanpl e, [088Ht dn Stpc), tho 0EaImeAt chnvempoundatprpsenceeichyr ornmia (B8 withedh f or
wor kup of the reaction. The resulting product nay be purified by a
convent i GESANOBICHE sepgert Ty b casTied ewripoudelvertt, Whichnis suiabadr a Frlogertinetal
vi ewpoint of sinplification ofﬁﬁroduction processes, reduction in the

aLmunt ofeXehANgE Fiastigk e dE6ARRP 5 G%%Qlwté%‘f@,eﬂﬂ@tfi {fer W@%Eﬁ@éﬁhﬂﬁ@lﬁﬁan

. . ; To s )
e Text 150 A S R i Phcsese o1 U1
(VR o SEPRRRYEAMR BuRkE & £alndfed BB LBy Ror PR R Xpbly. Pertdhe, exane,
protecti 'h%%t%ﬁ%‘b%n%eh%gfeg@bmﬂ&h‘?ﬁé{ﬁ A91BEaiBmBLORGE | N0 group i

t he step e carrie for exa er addi'tion of a

conpound t&fanl:é?ﬁ}‘l}ﬂlloﬁaﬁédgéfmflﬁéé,eéﬁid%%f((?é? F?I@@ﬁt%‘i b bR YISRAROHBLHed above.

reagent to a conpound ornul a , a reagent for 1ntroducing a
prot ect i WGh& PUR a(hail i6% 8P pfstecking ghdup2a® oM 8hERESohnt iihy dHASCH #0n
the reaction mxture, if necessary together with an appropriate

anount (faglousta (s e 1.6 equivaledisOfoe gikinksle 8018 Yo Ofl cquivaksss. T Whea)dnPh e,
triethylam ne, N nethyl norpholine, ethyldiisopropylan ne and the

li ke, at hadrogppatopr,aabeganempei eapere nody, bef ied exanpheunt o103 th 6. 0&quivalents,
preferably -90 to -60C, particularly - 80 to -75C. After addition of

t he reagéencxampte, ddalotd. Dequivaleites conpl eted by stirring for a certain
period of time (for exanple, 0.1 to 5 hours) at the sane or el evated
t enper at (9®3] [ oer thewigyppiasofombangivgtainscleeivitynan orpasomefabreagent may be
protecti ng er%Ir_oup i ncl u}ge a silylation reagent such as trinethylsilyl
chl ori de 2345 g PRytFans) y Forgxagipiean ofsapameiadireaaeniynay heyaddediperilganinutes or

more, preferably over 15 to 300 minutes, more preferably over 30 to 300 minutes. Further,

the reagent may be added intermittently, and the addition time stated above may include one



- 20 - may be carried out by using a solvent suitable for a

hal ogen- et al exchange reacti on. Exanples of the solvent include
ethers (for exanple, tetrahydrofuran (THF), nethyltetrahydrofuran,
di et hyl ether, t-butylnmethyl ether, diisopropyl ether,

cycl opentyl net hyl ether, 1,2-dinethoxyetlhane), hydrocarbons (for
exanpl e, pentane, hexane, heptane, benzene, toluene) and the |iKke,

and a m Xdruh6re QhtefriticHs. MPHLRMPYE Bh driheher] AROUE mMNEMdWRd Ko or three
procedure is not carried out in the previous step, a“solvent used in

the previmusosteith ofyoreousReuplié/ R cAlnle IR IB Rlo J0VaERNics PRYfe®ly for
used in an amount of 0.3 to 4.0 equivalents, for exanple, 1.0 to 3.@I
equi val ent3stp i0efien@bl y 1.1 to 2.1 equivalents. [0071] The

organonet al reagent may be added to the reaction systemin portions
(for exarnfff29] dnegditice)fram thmvicwppiat af anhenaifg rdetyselexdvip, efter-cbpldtivn of
30C, preferably -90 to -10C, particularly -90 to -70C. After addition
of an or géldBinatadlan oegagemetal rdagentearcarybhalidaynaysesadded sathe ogactions evittaierin a
period of tipne of, for exanple, 0.1 to 5 hours, preferably 0.5 to 2
hours at GHARFFVHEfat exampls Srlixtta 0 gnuivalents, exefershly, 0.1 1004 equisdeyts,

f bly -90 to -10C, ticylarly -90 to -70C, [0072] A ti
of . comyblafte 11 Deapri AT b duedhintie iekroBEh Breraplgamoel e
excamp e, B derRe R AiBtouiRE 4Retnibistinic dhe FBFHRR SO0y (or appmple, 2.4
000 o TR EF By Sp PRI GoA BRGS0 8l o LroBERT %,
ti e t-ai i . F I ' Vb). In thi
agar . A S e bt I LU T an ambint of L0 to

15. 0 equij¥y@d BN tRRom R vi%%@?ﬂ't &% erﬁlagcihgg%i&eEGH@iYﬁ%ﬁ@} noﬁ’i'éﬁf ﬁe%gg'lt%‘%a&b]e

to 2.2 equivalents. Exanples of an a opriate s ent I nc

exanpl e, agHEE TS deafiplededRbfperdn b o TnaC; efeﬁﬂ@ +60 to 25°C, particularly -15
nmet hyl t et rahydr of uran, diethyl ether, t-butyl nmethyl ether,

di i sopr opy D°@tihebrticay ¢lop peahyit ndrbpwise plohRd readtiodr Sisi¥al. hoxyRtaBAiHoN of the
hydr ocarbons (for exanpl e, pentane, hexane, heptane, benzene,

t ol uene) reagnt, be rkadtion meinthranmy b stigedht envappeopriztr tempedauea{for Staaipee -80
above. After addition of Forrmula (V), the reaction nmay be conpleted
by sti rrita§ E.arelgraby t14ita 0pE) fond coftainipesodbf time (foe xzampple, 0. DidlS hours) to
hours at an appropriate tenperature of, for exanple, -90 to 0OC. -21

- [0073] APkt datIeasHAR procedure may be used in workup of the
reaction j t b). The resulting product may be purified by a
convent i &ﬁ%g?pﬁg%(ﬁlﬂﬁ"é‘c‘E"BOIBb?fa‘?“r]?a’éC’E%)%&EFJGC%YHBFW IPEIS(E\/‘Fl?t?‘Y PR@iAt he
Vi ewpoi nt ification o cti esses, red i i,n the

aLmu nt of r@%‘f@i&{gﬁgéﬂ% &8 g@ﬂam‘g{a& Eelrgg%f 6??@%5#@?3 i a’id@n%fg%%g’gil Hat
(e o SRl S4By 1 S SR RSSO 0
protecti Q&CQBQHH%@% rm(fBQ%‘tYrréc?at%ggg%@ﬁgte&ﬁnﬁer%@ ?%Q%%r-?Q?o I?[i“d, S

a hydrogen atom by carTyi ng out ection prior

Step ). pldle/apR -8RI e RErtRhIaHY 1 PIAFEN or SUESAI Riod Cd
groups igtr%dggéd as P2 ?J-P6aa?e al so réﬁbved b tﬁeQﬁgggbﬁgg??gw?OJ

Depr ot ectd SRoliBYpefratdy Disad 2HHurdy At RGEMUrCandhdtal KO hily bORIrAkL
pertaining to the present invention, for exanple, by using an acid or
a Lew s addd isuahmasnhyfdooetdnole 0.1a6i007 e lantd, @refedably (BF eduiicaléts Gnd
trifluoroacetic acid, p-toluenesulfonic acid, boron trifluoride

di et hyl ¢tenghe raofpdmexjxtixemeay be strieder balemmrdudeafoior txnle Filte;30aC,
base such as sodi um hydroxi de, |ithium hydroxide, potassium

hydr oxi dereferalyp6@ as%%@rxp@@jmbriat-bi toeh Co Fgarmsreingleriod af tme, Suekamgle, 0.1
butyllithium and (}i?nard reagent; a netal hydrjide reagent such as

li t hi um 3 ARPHSRTRFERNTYE-S 1P 2thettim Jde anipdersdd equivaleal indisaiad phereuntanam

molar equivanlent relative to a compound represented by Formula (IT) used as a reactive

substrate. It should be noted that the term “equivalent” refers to “molar equivalent” in the



[0078] In one enbodi nent of the present invention, renoval of a
protecting group(s) introduced as Pl to P6 and removal of the hydroxy
group may be carried out sinultaneously by the reduction reaction in
Step (2). Either Step (1) or (2) in Step c) nmay be carried out first.
Deprotection of Pl or PI to P6 nay be cdfir-i ed out in any stage prior
to Step (1). [0079] The process of the present invention may further

conpri se @eéﬁi%ﬁ)ticfﬂ?ﬁnfe@sr@l{.kﬂ%ﬂs@{rb\éciﬁ%&’.t ecting group included in a
conpound obtained in Step c). The process may also - 23 - conprise a

step for [@OBYETEroROthe vErIRHRE e@ﬁanEﬁ;@%’éi@seﬁé&ivﬁ?,t@ﬁéﬁQ? i?Xh?&]%ngo %g@f&

of the present invention to another conpound of " Formula (I

I'n one endggliomenil redgehh@apbeseddd ih Ay @ffoufef 18seRMm Adquaidedd) | fRYxNple 1.4
carried out in a one-pot reaction. Nanely, the steps may be carried

out by addilfyeqecdasapyefembhens sqiinalendand WchhhdicaGp@raixnie n@lbe stirred at

wor kup procedures or purifications. Therefore, the process of the

present ianappripoitd temadaant.dgeousnpla -§0hat30f Geprpiecabés H00anshE, padaulel -15

out in a one-pot reaction to achieve sinplification of production

steps, rd8WCE o ajcartain@ernd ohtimef fos exapenie §. Iue Schoand prfodbiytl. Do Thst's,

as well as_ in that a desired conmpound can be obtained in an excellent

yi el d. [ obBathopemegarynetal rspeinhmay R pHegher afdadia apaewent ofi fav exammn .1 to

there is ovi.ded a process_for preparing a high-purity conpound.

repr esent Jéie%‘ﬂ}v?i%tﬁnﬂeﬁg{aﬁy Grarcanivalenisy @Fﬁbé‘f g}eé‘?acﬂﬁp SRXIYEHAY f@%ét.iffed at an

Step d): .converting.a co u of For a (l).to onpou o] .

AR NI LR s sl
erein . A . n_are .as

prot ect | n%;‘l';‘é‘r“@ﬂ%m%& H@‘%r By 4mpIe; 0. Yoy 2‘8‘1‘8) pregey %r}’g¥ Q& ¥ Zih9ys; h(zer he numbers

recr yot al (9GRREH! Alchla BBy A Bl kG EATRILA 0 2 compoyn pgyesented

froma copmum ;ag@?%@ém ArchetlvelQbgaye a high-purity conpound of

Formula (I'). [ go Exanpl es of a conpound of Fornula (X) indicated

above i nqbosly a8 mMROUBSEEN 6 Step a), a halogen-metal exchange reaction preferentially occurs at
X" of the compound of Formula (IT), which has plural reactive sites in the molecule, and
accordingly the reaction provides more amount of the desired compound of Formula (IVa)
than that of a by-product that is provided by a halogen-metal exchange reaction at X°. In
this regard, the reaction in Step a) is a regioselective reaction. The regioselectivity of the
reaction in Step a) is not limited particularly. However, the ratio of the desired compound :
the by-product in the reaction of Step a) is, for example, 10:1 or more, preferably 30:1 or
more.
[0061] After a halogen-metal exchange reaction by using Cy.jpalkyllithium (for example, n-
butyllithium, s-butyllithium, or t-butyllithium), aryllithium (for example, phenyllithium,
naphthyilithium, dimethoxyphenyllithium), another organometal reagent (for example, n-
butylmagnesium chloride and n-butyllithium, or dibutylmagnesium) may be added thereto,
and then the reaction mixture may be stirred at an appropriate temperature of, for example, -
80 to 30°C, preferably -60 to 25°C, particularly -15 to 0°C, for a certain period of time, for
example, 0.1 to 5 hours, preferably 0.5 to 2 hours to form a complex.

[0062] In one embodiment of the present invention, a compound represented by Formula



- 24 - Fornulae (Xa) and (Xb): [0084] [Formula 12] (RI)n (R2), C2H5
0132p2c) (Xa) OP' ( Xb) A protecting group of hydroxy defined as
P7 is not limted particularly as long as it is commonly used for
protecting a hydroxy group. Exanples thereof include protecting
groups described in Geene and Wits, "Pr8t-ective G oups in Organic
Synt hesis" (the forth edition, John Wley & Sons 2006). Exanples of a
protecti nag%gevan@ﬁ iR RS Vet S id ﬁ's%h‘i'lggteg hoal kyl optional I'y
substituted wth one or” nofe Rb51, saturat 3; partially unsaturated or
unsat ur at @delet araeyionhd edptrésepali by ForRShivQdd Rp2,p4
Co40al ken[;?ld,?ﬂ]-eSi (ngﬂs, R gRa LY R 0R§5)”91,% d 1 Si2p xS RODERTRE P,
as def i neshddbdi@udd ;D@ﬁ)&]ctihg 20t seBPACTRMOx9C, famey1 pfog seithpl YMERbL RRsthyl,
P7 is selected from Cl. 6al kyl carbonyl, Cl1_6al koxycarbonyl’, andlc
- Si R23- 244 @Fmetings biretiR&ethiRR 4;methok R el gethsl) dainnallylobay g alky OGSO ]

A reaction for introducing a protecting group in Step d) may be

carried owempie, henryhmymoniell), tdtrabyaropyratylea grauppert ai ning to the

present invenfion. For exanple, a reagent and a reaction condition

descri bedSi(R™Gr denexampde. Wirismethytsilyl dgethyleilyk bhwsldimedylyipi c

Synthesis" (the forth edition, John Wley & Sons 2006) may be used in

the reactPOHOPEGAN s it-butydipherylsilide aralky! (s cxample henzilnéimadeoxybenzyl,
met hyl t et r ahydr of ur an,

i QFL; (Ltﬁﬁa%?%&bﬁaf FobRy QR g j’fﬂaélﬁ g%fb@@j}l(ﬁ%teﬁ@ﬂpleb el propony
1, 2-di , [

Sizngr’i,”t%@f@ﬂﬁx-s%ggf)&%wnyg&é%ﬁpﬁ% PRk RgR BT R at%,rnyi» -

N, N- di net ' i t t] [ t

0o e AE A oMLV AL PUSE! SocSF R L B el

met hy| enedi&;h&ﬁrgmffytoﬁ%te&%erhgurggg@g&@ggﬁggﬁ@??o%@gﬁe(f% A8 % MR e

of two or nore solvents state feagent use

for introol@ngy, ac@rfecidrmen §r oup can be sel ected based on a
protecting group to bé introduced. For exanple, G _ol kyl carbonyl

chl ori de,[0684] Geatdsetiotcel Dastyporallop Foula Iy, NHRASR2AM Hidnd drbsohidks
may be used in an anmount of 1.0 to 4.0 equivalents, preferably 1.0 to
3.0 equi vedgent, svithed @inipomnt of Rofywls (NI ngyhepcaridd AR RS s2diyple By Badis ARY
be used. Exanples of the base include triethylamne, pyridine,

N, Ndi nmet lsplusini lof aeomgoyrdi efgfcuyphiniD @) py appdopréate sotvetdiop@tions (for example,
1-met hyl i m dazol e, ethyldiisopropylamne, |utidine, norpholine,

pot assi urfremyiBoia e cactipd imikiucaeorining a camgosadipiFformpdr GH 2 (forardogrg tld) to
Preferably 1-nethylim dazole may be used. A reaction tenperature is

not i m tiekeqayalsiis)2han gpprgptiate franpesaivte Snforayarpplecd PP falf G preferably -90 to
t t f. 1 le .-20_to 50C, feraply -10 to 25C, f
cor Lai n Py ComgehnsttR AP oidmples ot PIp R oL enp e Al (or-
B T L T e
[ : |, ethyl t ' |

| 200" oP0lon SR EHDA SF MKERL 1 P SRR, o FOPEERH, o
ether, 1 16%219?1@?15&9%% Eﬁ:ﬁ@ﬂ@, beflkdng Otgﬁféﬂﬁ aéxgttﬂﬁill(\% A6EL %9%(&1% %vigtmog)g%oqg €,

di met hyl sul f oxi de, di’met hyl't or ma i met iyl ace

N- et hyl pylvesh sA@ABboAE P ARG addR] MR G coffpold & ForBIulAIIY tht YER1i0H mtaﬁ'ge
or nore solvents stated above. Also recrystallization I'n the step y

be carri edmplited by RirfiBHARLTa coBthin JeABMOS tife (R eRlithplRE0.5 3 BihBErs), At uhe
present invention by using an appropriate solven? such as nethanol ,

et hanol , appopaste tsmpssatpreopfafuolexahpilea1801to -41°ky| ene gl ycol , et hyl
acetate, isopropyl acetate, tetrahydrofuran, t-butylnmethyl ether,

cycl open{§ladet Wydonaentamal groedudé mey boxyeat foamerkud dfsbpreagydn. effhe resulting
acetonitrile, acetone, dinmethyl sulfoxide, N, Ndinethylfornmam de,

N, N- di mePHAusicesahe Baiiiod hiet peivispiomsl prosedire hegivaacompoundofdFormnla (TVa).

From the viewpoint of simplification of production processes, reduction in the amount of

solvents used and production costs, it is preferred that the next step is carried out without



- 26 - hydrochloric acid, sulfuric acid, acetic acid, trifluoroacetic
acid, p-toluenesulfonic acid, boron trifluoride diethyl ether

conpl ex, boron trichloride, and boron tribrom de; a base such as

sodi um hydroxi de, |ithium hydroxi de, potassium hydroxide, and

pot assi um car bonate; an organonetal read@st such as butyllithium and
Gignard reagent; a netal hydride reagent such as lithium al um num
hydri de, Wbikhpwrdan@brdkis dgcti@nd diisobutylal um num hydride; a

conbi nati on reagent of a Lewis acid and a nucl eophil e such as boron
trifluori@ecd] eTiyproedsber tiePidarinadidioatrhanatRtoh steplf YA MR 4 ftecting
and sodi um i odi de, alum num halide and a thiol, and al um num hal i de

and a sul gideto ocothyounyidif Fganalhi(Die)us bbiginta catpdund of Foeiulagl v hiRelin pf is
on carbon, platinum a honbgeneous pall adi um conpl ex, a honobgeneous

r ut heni una potashiag groaapdf A ydorpgehtmdscticnadiaynviecting grumintthe bepmdgebe carried
[ 0090] In one enbodi nent of the present invention, a crude product

obt ai ned 9w, far proeplsaafieoafrtitien alp Smepaind of Formiyla (B predubly tenrdivsth an
used as a conpound of Fornmula (1) in Step d). In a process conpri sing
Steps a) U8NP IESA! Ry @nHIsERS pEFormue fill).cxrepgent fartinteeducing a protecting
produced wi thout purification. Therefore, fromthe viewpoint of

enhanci ng®'BRd HE?’F"SFPI%flf(?@ %ﬂ gguivalentskis addedp dbetsactianonixgii if seqensary

BL?E? cat PO e P %P&Rt&t&?a@%@@;g‘% fliogeq;%va%?gg)@@%gaﬁ%ﬂed
i C i F . 0091
' the pragifé BRSERmnal, ReRER M ap R B BB Promatimie A Mk, o

. . i .
Pt er ] a BParas efmBefAnE 0P kel BT dretlE iy BB F o philfyarty
(1) incl uaoa7s@mosmd Qflithafede }%t, Wl?é’hlieQ&io%Lin%%% ¥e %‘6@%}“9 ]g‘xg%ﬁleng for a

wei ght or nore, preferably 97. 0% by wei ght or

enbodi merdertain gefigd BE B&@TEorleR¥BPle] ©0.to 5 MBuRY HGES Sarff ot N8 AW ERLEQ ire.
further conprises a step for crystallizing a high-purity conpound of
Formul a ([DQ67jbtiaiafepdesiof aStgRnf jor ifrodlabivg Atprots&ehel @buinkRidahlsiigRtibPagent
is for exanple a solvent selected fromwater; alcohols such as

met hanol ,sueh imimtethysibp ahlokide,i tsethy i gindllorideyt-bmgldimeth gl g i@idec ol

and 1-hexanol; ethers such as tetrahydrofuran, t-butylmethyl ether,

cycl opentigapiepytdimegisly] chlorideliand t-hotyldipteayisily betdoritle; sopikgnlidesdvaras
esters such as ethyl acetate, propyl acetate, and hexyl acetate;

anmi des suesthydodidarand beasy} bramdaimrorsid halide gnehaspivdodichbdridle; a CisalkoxyCy.
N-net hyl pyrrolidone, and NN - 27 - dibutyl| formam de; hal ogenated
hydr ocar lﬁéﬁﬁl f sy @-%ﬁyﬁmﬂﬁélmﬁ?d@%@fﬁﬂﬁt%§H0§§e§ and the like.

Bt or, BRSSP R A BNRT S ARG PRISi R
| f oxi de- i f . | t t .. 100
e esofreHr B ARG e AR OB T G

o vant - ey &2 ond bR AR by Nl PPkl ERhAE B sk dch iy B ben
pr opanol AdcsRPERPaRdhe eRBbARRN oﬁhg}ﬁfe@ll‘ﬁﬁ ilgsle)ﬁlﬁgﬁ,ia c%?ﬂgo%ﬁ@ 6XAORula (1vb)

ethers such as tetrahydrofuran, t-butylnmethyl ethe

cycl opentwHerath B Is £pro@eting grdufbfBydoxy atikade S@pE).di i sopropyl et her;
esters such as ethyl acetate, propyl acetate, and hexyl acetate;

anm des s{igF68ds Acdiventigriahpiloteduidmagi®e ubbd\od ek dpydfaEetasidefor introducing a
N- et hyl pyrrol i done, and N, Ndi butyl f or mam de; hal ogenat ed

hydr ocar porisctagiogs IFhehtod ipepradet niydreqeaifisd by aswatemional procedure to

n- propyl benzene, hexyl benzene, heptane, and tol uene; ketones such as
acet one, gxecoawyad ofFormpuly ditbanoRem theeicovpaint df sim@ifitatiomref prpHuction
sul foxide, or a mxture of two or nore solvents stated above. [0094]

| n anot h@FOSEHisHIPHHEHON o thepmopnefeselventswispd prshprogduetiogiroptsy it isyalso preferred

that the next step is carried out without workup procedure of this reaction.

[0069] Treatment of a compound of Formula (IVb) with an organometal reagent in Step b)



p6001' 2 P500P3 OP(I Vb) wherein R41, n, X2, Pl, P2, P3, P4,
P5, and P6 are as defined above. The conpound is useful as a
synthetic internediate for a conpound of Fornula (I). [0098]
According to further aspect of the present invention, there is
provi ded a conmpound of Formula (VI): [G@39] [Formula 14] (R41)nCH
p60 0 oP2

may be carried out by using a solvent suitable for a halogen-metal exchange reaction.
Examples of the solvent include ethers (for example, tetrahydrofuran (THF),
methyltetrahydrofuran, diethyl ether, t-butylmethyl ether, diisopropyl ether,
cyclopentylmethyl ether, 1,2-dimethoxyethane), hydrocarbons (for example, pentane, hexane,
heptane, benzene, toluene) and the like, and a mixture of two or more solvents stated above.
When workup procedure is not carried out in the previous step, a solvent used in the previous
step may be used.

[0070] An organometal reagent may be used in an amount of 0.3 to 4.0 equivalents, for
example, 1.0 to 3.0 equivalents, preferably 1.1 to 2.1 equivalents.

[0071] The organometal reagent may be added to the reaction system in portions (for
example, dropwise) at an temperature of, for example, -100 to 30°C, preferably -90 to

-10°C, particularly -90 to -70°C.  After addition of an organometal reagent, the reaction may
be stirred for a certain period of time of, for example, 0.1 to 5 hours, preferably 0.5 to 2 hours
at an appropriate temperature of, for example, -100 to 30°C, preferably -90 to -10°C,
particularly -90 to -70°C.

[0072] A reaction of a compound of Formula (IVb), which is treated with an organometal
reagent, with a compound of Formula (V) may be carried out, for example, by adding a
solution of a compound of Formula (V) in an appropriate solvent, at an appropriate
temperature of, for example, -100 to 30°C, preferably -90 to -10°C, particularly -80 to -70°C,
to a reaction mixture containing a compound of Formula (IVb). In this regard, a compound
of Formula (V) may be used in an amount of 1.0 to 15.0 equivalents, for example, 1.0 to 5.0
equivalents, preferably 1.1 to 2.2 equivalents. Examples of an appropriate solvent include,
for example, ethers (for example, tetrahydrofuran (THF), methyltetrahydrofuran, diethyl
ether, t-butylmethyl ether, diisopropyl ether, cyclopentylmethyl ether, 1,2-dimethoxyethane),
hydrocarbons (for example, pentane, hexane, heptane, benzene, toluene) and the like, and a
mixture of two or more solvents stated above. After addition of Formula (V), the reaction
may be completed by stirring for a certain period of time of, for example, 0.1 to 5 hours at an

appropriate temperature of, for example, -90 to 0°C.



P50 opd (M) wherein R41, R42, in, n, pl, p2, p3,56 r P-, and
Pare as defined above. The compound is also useful as a synthetic

I ntermedi ate for a conpound of Formula (l1). [0100] According to
further aspect of the present invention, there is provided a crystal
of a conpound of Fornmula (XI'): [0101] -21-

[0073] A conventional procedure may be used in workup of the reaction in Step b). The
resulting product may be purified by a conventional procedure to obtain a compound of
Formula (VI). From the viewpoint of simplification of production processes, reduction in
the amount of solvents used and production costs, it is preferred that the next step is carried
out without workup procedure of this reaction.

[0074] A compound of Formula (VI) wherein P’ is a protecting group of hydroxy is
converted to a compound wherein P is a hydrogen atom by carrying out deprotection prior to
Step (1) in Step ¢).  In one embodiment of the present invention, protecting groups
introduced as P* to P® are also removed by the deprotection. Deprotection may be carried
out by a procedure well known in the art pertaining to the present invention, for example, by
using an acid or a Lewis acid such as hydrochloric acid, sulfuric acid, acetic acid,
trifluoroacetic acid, p-toluenesulfonic acid, boron trifluoride diethyl ether complex, boron
trichloride, and boron tribromide; a base such as sodium hydroxide, lithium hydroxide,
potassium hydroxide, and potassium carbonate; an organometal reagent such as butyllithium,
and Grignard reagent; a metal hydride reagent such as lithium aluminum hydride, lithium
borohydride, and diisobutylaluminum hydride; a combination reagent of a Lewis acid and a
nucleophile such as boron trifluoride diethyl ether complex and ethanethiol, aluminum halide
and sodium jodide, aluminum halide and a thiol, and aluminum halide and a sulfide; or by
hydrogenation using a catalyst such as palladium on carbon, platinum, a homogeneous
palladium complex, a homogeneous ruthenium complex, and a homogeneous rhodium
complex.

[0075] A spiro ring structure is formed by treatment in Step (1).  The reaction in Step (1)
may be carried out in an appropriate solvent such as tetrahydrofuran (THF), |
methyltetrahydrofuran, 1,2-dimethoxyethane, acetonitrile, dimethyl sulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, acetone, acetic acid ester
(for example, ethyl acetate, methyl acetate, isopropyl acetate and the like), methylene
chloride, chloroform, dichloroethane, water, or a mixture of two or more solvents stated

above at an appropriate temperature of, for example, -20 to 100°C, preferably 0 to 80°C,



[ Formula 15] HO Q2H5 (XI) I n one enbodi nent of the present
invention, the crystal is a nonohydrate. Herein, a nonohydrate is not
limted particularly as long as a crystal stably keeps a noisture in
an amount of about 1 equival ent under a condition (e.g. tenperature,
relative humdity and the like) in whict2mredi canents are comonly
used or stored. In one enbodidnent of this aspect, the crystal is

provi ded B&ti6Raly YO tRE0. t hrps Qlickah @i%?etrﬁéfb%tt ﬁ@%@ﬁﬁ&a ﬁﬁ%%@éﬁg, foP about

anot her enbodi nent of the present invention, e I's pfovi

monohydr ag.e (615 hbads, sreferatlly Gt-aBoiiti X i 10T NADEcidasdaub dotpitticuldrRuRked,
A nmonohydrate crystal of the present invention is characterized i'n

havi ng pelaks Iatwisladifl magtbeanedn gl meif(28hmples alkaedt idclbde Bydochisrt dbdd, 8ulfuric
specifically, about 3.5, 6.9, 13.8, 16.0, 17.2, and 18.4'; nore

speci fi catdids acetfyoacid, 3rilyorbactic 10Id4p-tdiBeisulfdiOfcid bréh tritRiofide AR ether
21.4, and 24.4 in X-ray powder diffraction pattern. A co-crystal wth
sodi um acesmzplex, bprarHeicpiosiderandibatoartribomids. char acteri zed in havi ng
peaks at diffraction angles (20) of about 4.9, 14.7, 16.0, 17.1 and

19. 6' ; nolV87&lpdeiome cambogingsb af the poesest ipyengiog, rempval of protecting/gdupsl 6. O,
17.1, 17.7 9.6, 21.6_and 22.0 in X-ray powder diffraction pattern.

A co-cr ys‘PHP&%eg &S Bc%f%%f%nﬁlrﬁp%aétoat@ AFPITP KB 2GR Be AATIER Qulit ithsrsams time by

o A T AR, YA 7 0 (20 o shout
di t 11 aot 1 087 Bar R Bk daredicn i e ) Shsika e canthesnt Ralebipri
e e g SR B PO 00 OBl e
i nvent i onpe AR, fﬁﬁf{r@i,siscg{r] anBX 38R Fi(laé%%'t(fog egamﬂg%et?ﬁ a?%[%%{ﬁﬁ%%gé{cetate,

measur ement conditions status of sanples. -

monohy dr atéprép stéthteRfactibfc, RFAGEM a nMMERId Mo BB 0REsNUR 1560 Wove af an
crystallization froma solvent selected fromwater, or a mxture o

et hanol apprbpriateatmpetahanot, f@nctamplesr30 RCEX ONErefRbI YWE(AD,700C, particularly -20
1, 2-di net hoxyet hane and water. For exanple, the crystallization can

be carri gd60U€. byhaushcipretime xaybe sof appemiriady, focexaniphy, fnhed.eith24 heurs,
mxing ratio is preferably acetone : water = 1:3.5 to 1:7 by vol une,

nmor e pr efreefatably dhowt dit@ 15 howrs.er The kddctian reactiobys watllinmed fadtidddrlyThet the
co-crystal with sodiumacetate of the present invention may be

obt ai ned TR3FHER VYA Gagigd O by usine & redialien reagentemdisd afcaahmshetitabledbs

i sopropanol, 1-hexanol, acetonitrirle, ethyl acetate, propyl acetate,
hexyl acdtapgng Eiﬂa{%{cﬂ’i@}? ol hepPamaieEr that [iks3yp herseap sngs in a compound of

hexyl benzene 1-chl orohexane, or a mxture of two or nore

sol vent szPesonglé‘gQ]i)oo ,anweegf(géefﬁf “PP(B‘?ﬁg&mrﬁ“;taLﬁaE‘lﬁlt mekide 2ripgtalgagplyst under
i sopropa -crystal w th potassiumacetate of the
present Fﬁl\?f dr9ea s t%s}agrgc(g%teﬁigr%% : %éﬁiag}vgf’ 3 Ffllrlg%ttﬂhgwufnr Sﬁﬁoﬂmgfﬁe\%ﬁt

sel ected i - , itrile,. ethyl )
scet at o RGP, akaREERRES Anerul S ABR: 1 BEELAMb mBonf Papien)
m xture GfhyliviBe AdubBEEreafin Nt nBih Al G AR QY Swi

m xt ure of yru}et?langl a_n%l %snopr opanol . [0105#%%%%12?%%3@%%&@&%

of the praReidt ahdYQThinWdréladride, RAARAEMIIRAL arll (ARG IsHER)CONt ENt |'S

mai nt ai ned substantially constant under a certain fange of relative
hum di t y [6078]t habné tmbsdig@syoflibe bﬁ@ﬁit@nﬁehﬁoﬁ,@ﬂiﬁ@tﬁ]@f&@r&é&tﬁ?' 22U
process. Further, the nonohydrate crystal and the co-crystals wth

sodi um adetaiueedardP potPissi mmma@aakoithe hgfirokheraphhecbe tamahbitGimalieously
useful for gprepari_ ng a pharmaceutical fornulation having excellent

st abi | i t yithe wivetitgecagtiontin Stepd2e, Eiter mitahildoaf2d ix Bieptchnagibd chmied out
co-crystals with sodiumacetate and potassium acetate can be used for
ef fi ci ent¥st- aRgrieteshie) oplir prYi tad” avaydrepeuing oft iramntige prke Yo Sepdl).

[0079] The process of the present invention may further comprise a step for removing any

protecting group included in a compound obtained in Step ¢). The process may also



Figure 2 shows one exanple of nmeasurenment results of powder X-ray
diffraction of -31 - the nonohydrate crystal neasured in Test

Exanple 5 (Condition 1). Figure 3 shows one exanpl e of
measurenent results of powder X-ray diffraction of the nonohydrate
crystal neasured in Test Exanple 5 (Cond3t-i on 2). Figure 4

shows one exanple of nmeasurement results of powder X-ray diffraction
of the angmpfies sty R BRARKRG ddhnpitl oEXIE (1) obtained by dgé ?:%E@ss%f the
shows one exanpl e of neasurenment results of powder X-ray diffraction
of the copresepsimntdd o HOotheritdAgAInalE FoRasliBd i n Test Exanple S.
Figure 6 shows one exanple of nmeasurenment results of powder X-ray

di ffracti{®030f nhmeearborinsdbf victplegeot inssitiom 81@?1 atdny recatried @S tn a
Exanpl e 5. DESCRI PTI ON OF EMBCODI MENTS EXAMPLES | 0107] Preferred

exanpl es @fe-pdtecasties.enNamplyetieistps wialylberowiddeud b addibg dedensampreagents in
detail. However, the present invention shall not be |limted to these
exanpl es. orferrogounperaiag gu workap preaedies onpurifidatibng u dhesforentn etdacess of
resonance apparatus: | NVECP-500 or JNM ECP-400 (nmanufactured by

JOEL) . Me8e PESe iR sRiian &) drypaiageoys dmihat e poeresspanrberrasiedyyyé it 2 orepar :
LCT Prem er XE nuf actur.ed by Waters). Preparative high perfornmance
liquid c HF%W&Pdé g&ﬁﬁv Wé@{lgaﬂmﬂéﬁ P&ﬁucemli pers, Ieduridonid the appuatiof solvents

i sol ation _system .H gh perfor ce. | jqui d chromat ogr,aph s.carried
out i t h T PRhPTogigbh hslsurar Rl thel AWl eomPae Sh e Obiaineg & &
was carrié;{geﬁ)elilltt y&&h KF anal ysi s apparatus: Type KF-100 (trace

noi sture measur?’ng'apparat us manufactured by M tsubishi Chem cal

Cor por at i g WeR fn i r . .next. ste

w thout oot EBxink EHoH R REOHEL e RRILR OB RIFSKiCBH E Brocoss for

pr epar ed p'i@@aﬁlgtNaﬁl/i%h-F%ﬁ%Q%n%ﬁﬁd RRRREL 185 FeHhhh i(@?jeﬁﬂ&f RRLBLEBLY whith

measur enent  of 109] [Exanpl'e 1] Synthesis

1, 1- anhy dioarplis@d5- (4- et hyl phenyl ) net hy1- 2-
(hydr oxynet hyl ) phenyl] - (3- D- gl ucopyranose Step 1. Synthesis of
3,4,5-tris(trimeehu): sonuekting/d edinpoundrsi Fhsilk (1) e X ¥BPyhd SHIFGHAME(&HY T
an2-one [0110]

[0082] [Formula 11]

(R0n

X)

wherein R*, R*, m, and n are as defined hereinbefore, and P7 is a protecting group
of hydroxy;

Step ¢): crystallizing the compound of Formula (X) and purifying the compound by
recrystallization;

Step f): removing a protecting group(s) from a compound of Formula (X) to give a
high-purity compound of Formula (I).

[0083] Examples of a compound of Formula (X) indicated above include compounds of



- 32 - [Formula 16] 0 O0,\OIMs TMsOrelt - OTMS OoTMS To a
solution of D (+)-glucono-1,5-1actone (7.88 kg) and
N- et hyl nor phol i ne (35.8 kg) in tetrahydrofuran(70 kg) was added
trimethylsilyl chloride (29.1 kg) at 40C or below, and then the
m xture was stirred at a tenperature fr-&h-30C to 40C for 2 hours.
After the m xture was cooled to 0C, toluene (34 ngjI ang watﬁrd(S_g Eg)
wer e adde 4E0Q) addd cgani ¢ | ayer was separated and washed wt
an aqueougoff)i%utlor)l of @é@: sodi um di hydr ogen phosphate (39.56 kg x2)
and wat er [0089] kiFoxhpla [Phe sol vent was evaporated under reduced
pressure to gw&t he titled conpound as an oil. The product was used

e

in the next s t hqut \urther purification. [Q111] 1H NVR (CDC13)

8: 0.13 (9H, s) 0Ny s), 3. 74- 3. 83

0.18 (9H, s

(3H, n), 3.90 R)m3. 99 (1H, 4.17 (1H, dt,
J=2.5, 8.0Hz) 2: Synthesis ¢f CaHs
2, 4-di br ono- 1-@ t hepey - 1- net hyl et hoxy et [0113] [Formula
17] Br 0 O
P70 P70
OP’
OF (Xa) OF7 (Xb)

A protecting group of hydroxy defined as P’ is not limited particularly as long as it
is commonly used for protecting a hydroxy group. Examples thereof include protecting
groups described in Greene and Wuts, “Protective Groups in Organic Synthesis” (the forth
edition, John Wiley & Sons 2006). Examples of a protecting group of hydroxy also include
Ci.10alkyl optionally substituted with one or more R}, saturated, partially unsaturated or
unsaturated heterocyclyl optionally substituted with one or more R*?, C,_jpalkenyl, -Si(R*);, -
C(=0)R*, -B(OR>),, wherein R*! to R¥ are as defined above.

[0085] In one embodiment of the present invention, P’ is selected from Ci.salkylcarbonyl,
C1.¢alkoxycarbonyl, and -SiR®R*'R*, wherein R, R*, and R® are as defined above.
[0086] A reaction for introducing a protecting group in Step d) may be carried out in a
manner well known in the art pertaining to the present invention. For example, a reagent
and a reaction condition described in Greene and Wats, “Protective Groups in Organic
Synthesis” (the forth edition, John Wiley & Sons 2006) may be used in the reaction.
Examples of a solvent used in the reaction include ethers (for example, tetrahydrofuran
(THF), methyltetrahydrofuran, diethyl ether, t-butylmethyl ether, diisopropyl ether,
cyclopentylmethyl ether, 1,2-dimethoxyethane), hydrocarbons (for example, benzene,
toluene), acetonitrile, N,N-dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidone, acetone, acetic acid ester (for example, ethyl acetate, methyl acetate,
isopropyl acetate), methylene chloride, chloroform, dichloroethane, water, and a mixture of

two or more solvents stated above.



Ove Under a nitrogen atnosphere, to a solution of

2, 4- di br onobenzyl al cohol (40 g, 0.15 nol) in tetrahydrofuran (300

m ) was added 2-net hoxypropene (144 mi, 1.5 nol) at room tenperature,
and then the m xture was cooled to OC. At the sane tenperature,

pyri di ni um p-tol uenesul fonic acid (75 ng5-0.30 nmol) was added and
the m xture was stirred for 1 hour. The reaction m xture was poured

into a safgopaf el rapeROIEd %@iHﬁ&Miﬂﬁrahg%gﬁFgg%?%b%P%%He Cathanssed 609! o

to OC, and extracted with tol uene ayer was washed wth

a sat ur at gdteaq $®bélintRAuedd. s Fai toangllt. ot ARkylcdftottl @Y&idcaahydr ous
sodi um su fategggﬁﬁpthe sol vent was evgggraﬁéﬁ gnder ?gduced pressure

to give tdkokitdriashyt ohpadaCla8iR“R*F8° andithedikk ndy WRURBA irt Af indur bel @-t0 4.0

The product was used in the next step without further purification.

[ 0114] ( COQuB)aldts, preferablyH,.0 1)3.0 8q@iRaleBiklrelstive t4.a48 d{d,grop. Af ﬂf;’rbeés’hl'j;, a
5Hz) .

d, J=8.0Hz), 7.44 (1H, dd, J=1.5, 8.0Hz), 7.68 (1H d, J=1.

[ 0115] Stt@ge gray pniserb s i Bxagfples of the base include triethylamine, pyridine, N,N-

2,3,4,5-tetrakis(trimethylsilyloxy)-6-trinmethylsilyloxynmethyl-2-

(5- (4- et HHimsHeIApERE 4t Agming)gyridine; itaidgzale, 1-methylimidazole,

met hyl et he?ﬁ(%ggsto%}/o%%?a%}ni\ﬂg lgttiéigg,yn%r?) %llrinaf:?pot[ags:iLuln(]5 ]car Egartguslogiulngf]:arl%;liate, and
sodium hydrogen carbonate. Preferably 1-methylimidazole may be used. A reaction
temperature is not limited particularly, but the reaction may be carried out at a temperature
of, for example, -20 to 50°C, preferably -10 to 25°C, for a certain period of time of, for
example, 1 to 10 hours, preferably 2 to 4 hours.
[0088] Crystallization in Step e) may be carried out by using an appropriate solvent such as
methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol, ethyl acetate, isopropyl
acetate, tetrahydrofuran, t-butylmethyl ether, cyclopentylmethyl ether, 1,2-dimethoxyethane,
diisopropyl ether, acetonitrile, acetone, dimethyl sulfoxide, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone, heptane, toluene, or water, or a mixture of two or
more solvents stated above. Also recrystallization in the step may be carried out in a
manner well known in the art pertaining to the present invention by using an appropriate
solvent such as methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol, ethyl
acetate, isopropyl acetate, tetrahydrofuran, t-butylmethyl ether, cyclopentylmethyl ether, 1,2-
dimethoxyethane, diisopropyl ether, acetonitrile, acetone, dimethyl sulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, heptane, toluene, or
water, or a mixture of two or more solvents stated above.
[0089] Deprotection may be carried out by selecting a method known in the art pertaining
to the present invention, which is suitable for the protecting group to be removed. For
example, a reagent and a reaction condition described in Greene and Wauts, “Protective

Groups in Organic Synthesis” (the forth edition, John Wiley & Sons 2006) may be used.

For example, deprotection may be carried out by using an acid or a Lewis acid such as



Under a nitrogen atnosphere, 2,4-dibrono-1-(1-nmethoxy-1-

met hyl et hoxynet hyl ) benzene (70 g, 207 mml ), which was obtained in
the previous step, was dissolved in toluene (700 nL) and

t-butyl methyl ether (70 m), and n-butyllithiumin hexane (1.65 M
138 m, 227 mmol) was added dropw se at-28G over 30 m nutes. After the
m xture was stirred for 1.5 hours at 0C, the m xture was added

dropwi se kRirectiSidddi®Ruliric acid, acet id, t t
3,4,5-tri s)?jtrrl met hyI15| Py %?(?/3]- a-c'? rxcl; ?r%t hilng?rlo?l eolffﬁ%lf Hy?lu%neets?lg Ii} ?%1%3/

an- 2- one fdrsa il didiBylGihe? EdmPRk) bdrbn RGOS lBH'réf(‘i‘trfbli_"&%l(ﬁ1 a bk such

-78C, and the reaction m xture was stirred for 2 hours at the sanme

t enper at uasesodilim Rydrykide) 1itRiuEbhfilrodide, Hbtaa¥T0i) hydARskidd, lah® hMbseih Yhrbonate; an
chloride (29.6 m, 232 mml) were added thereto, and the m xture was

war med t oorgﬁlcamnmsreagenemchcas biutytlithiunt, and iGrignardsehdeht; ameairtydide RGgent
2,3,4,5-tetrakis(trinethylsilyloxy)-6-

trimet hy | ssich y$ bshyenetehyringm (g diide dvhiam( Woratetdnidk yantl-diisobutylaluminum hydride; a
met hyl et hoxymet hyl ) phenyl )t etrahydropyran. [0117] The resulting

sol uti on sembirdisnaeagent of/Blwigngidringatnpclepphitamach ns hexnmaflfaridg5lidthyl ether
263 m, 434 mol ) was added dropwi se thereto at the same tenperature.
After t hecqlﬁl%l%ff“@ ethangihiol, plyminym halide and sogigndogisle, Fomipumyhale and a thiol,

4- et hyl ben eh s added dropwi se at -78 C

and e TRRCUTERESF AR SAEH By M RS SPTE 81 SHefLAcapal i on
sat ur at ed ous solution of a nlum chI r| de was added ho t he
reaction ﬁfﬁg{n e Ry %W@O%ﬁ'“ﬁg Ralladiiny.c gepeous Ryhghium cgrplex,
wth wat gf 4 H&g}%%é/oe‘? g“'x%?exaz}n%qhdﬁg reduced pressure to give

a product co compoun S an oil (238 g). The

d i eation.
Poi1s)  ATRE015H ohf eﬁnﬁgd eh * 0%@ ot IBb d A6lc Bl B 4 process
JinBbs F

CDS- 3, 2Qofprisin®-Stéps2y % fﬁ%@%@:@iﬂ’%' §& as3P
di astereor?erslsg1 tﬁpeSZaﬁlteje%e conmpound utmasmidﬁh!res eac énf{)ﬂirfr)ﬁﬁtrﬁ%d). In

two di astairecs¥eesh rleﬁlﬁ’ S%SM?OI rd@flﬁl’fd @rﬁﬁﬁﬁb@oﬂﬁésﬁrea cféan be produced
1H NVR (500 Mz, -0.47 (4.8H s), -0.40 (4.2H s).

- 0. 003- 0.vaifbuf 5t-t,zfmf&1pn0 U)‘Eer@f(ﬁ@; f{oh3 e, vieWpoifk dlfinﬁax&?ngﬁr%hctm ,efﬂolé}Q:Q it
and 1.202 (3H, each t, J=8.0Hz), 1.393 and 1.399 (3H each s), 1.44

(311, s) s 2dEntagleys tq combBleOhtzpl;ocass 22thpasidg 3tFR3) (B3¢, widaStepsy) to3) #3which
(111, t, J=8.5Hz), 3.54 (1H,_ dd, J=8.5, 3.0Hz), 3.61-3.66 (111, m),

3. 80- 3. gHhiglgpurifigation capbeentriad @8. ( Do, Steph Mo £) my bereonbinkdogittemdther
4.93 (111, each d, J=12.4Hz), 5.80 and 5.82 (111, each d, J=3.0Hz),

7.14 (21Progss prorppgyg a popgoyndef Rozmulady). 7. 50-7.57 (2H, m). [0120]

Yo e ( o ipah Meltent iy enitapeneyemn oﬁé%%'p%%f elééea?lg?réﬁrggec? Bty compared
0.13 (5H, 0.16 (;4H, 211 d 0.214
Cor sy it eqnpdlt B mothug I3t Aebifa ind il oPRED cﬁs)Exafnﬁ%S eEhigh-

o e o g s el et e

) i T A i or _= . ) . -/, 3 )
1 Sy bl g A il O L0120 G

[ MtNa] t [033] 1PbePefiboditiRhi®Shs pREedl idRRti& rtﬁ’@?loc&s%"f% ifBfod Tdrther
(hydr oxynet hyl ) phenvl] - 13- D gl ucopyranose [

comprises a step for crystallizing a high-purity compound of Formula (I} obtained in Step ).
A solvent used for crystallization is for example a solvent selected from water; alcohols such
as methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol, and 1-hexanol; ethers
such as tetrahydrofuran, t-butylmethyl ether, cyclopentylmethy! ether, 1,2-dimethoxyethane,
and diisopropyl ether; esters such as ethyl acetate, propyl acetate, and hexyl acetate; amides

such as N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, and N,N-



- 35 - [Formula 19] OH OH Under a nitrogen atnosphere, the
oil containing 2,3,4,5-tetrakis(trinethylsilyloxy)-

6-trinethylsilyl oxymethyl-2-(5-(4-ethyl phenyl)hydroxymethyl-2-(1-neth
oxy-1- met hyl et hoxynet hyl ) phenyl )tetrahydropyran (238 g), which was
obtained in the previous step, was diss@/ved in acetonitrile (693
mLl). Water (37 ml) and 1IN HC1 aq (2.0 ml) were added and the m xture

was stirr@dutfofrRamdes Akl BydRtarBors HRHLS 1—,c}{\ﬁ)tr@ﬁcxgxgg fhﬁmol:m%ﬂﬁjs such as

nheptane (693 m ) were added to the reaction m xure an e aqueous

| ayer wasn-pepalteheshe, fhQIRgHERUS A LindBRHRIREHVETNR 29 2PBaREAPeAI3e,
m x2), and water was evaporated under reduced pressure to give a

product contZaheyitanonas etoaitdlet hed dinidied seldorioe) v a (@ixtir@st @FRRMdre solvents
m xture) as an oil (187 g). The product was used in the next step

wi t hout fatatedheloveurification. [0125] 11-1-NWVR (500 MHz, CD30D) 8:

1.200 (311, t, J=7.7Hz), 1.201 (3H, t, J=7.7Hz), 2.61 (211, q,

J=7. THz) , (08934 -Bheqgsylting canppound @8 Farms@a (1) iay e furtBeruriBie8 &y (edrystaijization.
5.09 (111, d, J=12.8Hz), 5.15 (1H, d, J=12.8Hz), 5.79 (111, s), 7.15
(211, d, Aselventused forsle marystallpmtion 19 a sohesnt grleclespframpyatery alzehqlosuchds
J=7.7Hz), 7,36 (111, dd, J=8. 4, 1.5Hz%, 7.40-7.42 (111, n). [0126] MS
(EST) : 4ggetpm|aqt_arpbpzqqangl(, ésfgpg)_pagg,ln Harglsethylene glycol, and 1-hexanol; ethers

TR R et BN R S AR (R AT A M
and diisopropyl ether; esters such as ethyl acetate, propyl acetate, and hexyl acetate; amides
such as N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, and N,N-
dibutylformamide; halogenated hydrocarbons such as 1-chlorohexane; hydrocarbons such as
n-propylbenzene, hexylbenzene, heptane, and toluene; ketones such as acetone, 2-butanone,
and 2-heptanone; acetonitrile; and dimethyl sulfoxide; or a mixture of two or more solvents
stated above.

[0094] 1In another embodiment of the present invention, a high-purity compound of Formula
() wherein n is 0, m is 0 or 1, and R* is Ci4alkyl is produced. In another embodiment of
the present invention, a crystal of a high-purity compound of Formula (I) wherein n is 0, m is
Oor1,and R%is Ci.alkyl is produced.

[0095] A process of the present invention comprising Steps d) to f) enables to prepare a
high-purity compound of Formula (I) without a purification procedure requiring cumbersome
operations and a large amount of solvents and absorbent, such as column chromatography.
Therefore, the process is advantageous from the viewpoint of enhancing production
efficiency and of reducing production costs. A method for removing impurities from a
compound used as a medicament is very important, and therefore the process of the present
invention is useful for stably supplying safe medicaments.

[0096] According to further aspect of the present invention, there is provided a compound
represented by Formula (IVb):

[0097]



To a solution of the oil containing 1,1-anhydro-1-C45-(4-
et hyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] - 0- D- gl ucopyr anose
(187 g), which was obtained in the previous step, in
1, 2-di met hoxyet hane (693 m) was added 5% Pd/C (26 g, 6.2 muvl, water
content ratio: 53%, and the mxture wag8stirred in the atnosphere of
hydrogen gas at roomtenperature for 4 hours. After filtration, the
filtrate wasmgMaperated under reduced pressure to give an oil
cont ai ni ng thgq‘;t,i | ed conmpound (59 g). The purity of the resulting
product was 85. X% whi was cal cul ated based on the area ratio
measured by HPLEX e product was used in the next step w thout
further pH{' i cg [0129] 1H NWR (CD30D) 8: 1.19 (3H, t, J=7.5Hz),
2.59 (2H, 45 }=~5A 3.42-3.46 (1H, m, 3.65 (1H, dd, J=5.5,
12. OHz), 3. 7%"58' 82 (411, m, 3.96 (211, s), 5.07 (1H d, J=12.8Hz),
OF“7.08-7.12 (4H, m, 7.18-7.23 (3H, n). [0130]

[0131] Measurenent condition of HPLC. Col um:
Cadenza OB¥ SQuA R/ NCD032 Mobi | e phase: Eluent A: H20, Eluent B:
MeCN G adi ent ope ati &7 Eluent B: 5%to 100% (6 min), 100% (2 mn)
Flowrate. 1 0 nLOmRfn Tegpanat ure: 35. 0C Detection wavel ength: 210 nm
Step 6: Synthesis of 1 1-anhydro-1-C45-(4-ethyl phenyl)nmethyl-2- h
drox nmeth 1 heinefi. 9p_y20)f| rm ose [0132]

wherein R ,n, X5, PLp? PP P4, P°, and P° are as defined above. The compound

is useful as a synthetic intermediate for a compound of Formula (I).

[0098] According to further aspect of the present invention, there is provided a compound

of Formula (VI):

[0099] [Formula 14]
41 OH

(VD

wherein R*, R, m, n, P!, P, P, P*, P°, and P® are as defined above. The
compound is also useful as a synthetic intermediate for a compound of Formula (I).
[0100] According to further aspect of the present invention, there is provided a crystal of a
compound of Formula (XI):

[0101]



- 37 - [Formula 21] Under a nitrogen atnosphere, to a
solution of the oil containing 1,1-anhydro-1-045-
(4- et hyl phenyl ) nmet hy1- 2- (hydr oxynet hyl ) pheny1] - 0- D- gl ucopyr anose (59
g) and 4- (dinmethylam no)pyridine (175 g, 1436 nmol) in acetonitrile
(1040 m ) was added dropwose net hyl chl-@9oformate (95 m, 1231 mol)
at 0C. The m'xture was allowed to warmto roomtenperature while
stirred ff.p’ nouss. After addition of water, the m xture was
extracted w H acetate. The organic |ayer was washed with
an aqueous soI u 3t assi um hydr ogensul fate and 20% sodi um
chloride (three | DE aqueous sol ution of 20% sodi um

anhy SRdi um sul fate, and the sol vent was
evapor at ed unger,,,. edU@ﬁd pressure. To the resulting residue was added
et hanol (943 e m xture was heated to 75C to di ssolve the
residue. T i was cooled to 60C and a seed crystal of the
titled coﬁ‘g il ~was mgded thereto. The m xture was cooled to room
t enperature and silrre for 1 hour. After precipitation of solid was
observed, water (¥72 nl) was adde@XbPhereto, and the m xture was
stirred at roomtenperature for 2 hours. The resulting crystal was
collected by filtration, washed with a m xture of water and et hanol
(1:1), and dri éaoaﬁamboﬁ@maéeﬁthpme@gwévwog; the cryistal isiat heebhydrato uriderein,
(94 g). To the roduc was. added et hanol (1092 nml), and the
pr oduct \ﬁa’§‘oﬂ‘? SEAL S0 §) atpﬁﬂkj’“{aélyﬁ@“&ﬂﬁé‘ cpsitaltstably baess é@fbillfédmﬂ@an

e R
G e S e R s
Th I

T 1 eouhban S Kskal il SRl e i LLIRh 00 B SIR e 1

to give t arelecl] I
2, 4gdi br o‘:'lrrégthtelr %ﬁllggr%?%oxy ?Q Ieté ;91(13\{ hgélsrtr%%ﬁ?% I%B{éﬁgéerhgl 0n0h§(§ate Cﬁ%St% Ofa

Step 3: 6898-pufi3aibodkd eRGH8). 81 1.20 (311, t, J=7.5Hz), 2.60
(211, q, J%%H@) 0504(}‘12451%J %)76(3H s), 3.77 (311, s), 3.81

(311, s),[08086 A Zdnokydraté c?y&taﬁ bflthcq}ﬂesedﬁﬁvéltloiﬁs SitAzdcterfred n hadihg Eéii,ks at
J=4.5, 12.0Hz), 4.36-4.40 (1H, m, 5.11-5.20 (3H, m, 5.41 (1H

J=10. 0|—|z)d,1fffapﬁdn grigits (20) df=bou0HE),,6.97, &t 13.8% spekiflcally) abodt 3.4° (6194, 131.8"
J=7.5Hz), 7.19 (1H, dd, J=1.5, 7.8Hz), 7.31 (1H, d, J=1.5Hz). [0134]
VS (ESr) 1663f917{ Ris pd 1836 I[lMé]SE]:Ql‘fZ{:EGlJyBEI}ouAﬂcﬁ h@$®, goetﬁa:r:as‘i aA.0fpky.2°, 18.4°,
carried out in the same manner as Step 6, except that a seed crystal
was not FIed; 216 .gnd d44hin Ximey pawderditftastion patternr y4catcrydid ¥a6] soSivp

7: Synthesis of 1 1-anhydro-1-C-[544-ethyl phenyQret hyl - 2-

( hydr oxy PEHAPIS HRRIESEnb INSeRfiQIcs Fhatasisuss lpé@@%g pﬁ#@r&ﬁmf&agﬂl angles (26) of

about 4.9°, 14.7°,16.0°, 17.1° and 19.6°; more specifically about 4.9°, 8.7°, 9.3°, 11.9°,

12.9%,14.7°,16.0°, 17.1°, 17.7°, 19.6°, 21.6° and 22.0° in X-ray powder diffraction pattern.
A co-crystal with potassium acetate of the present invention is characterized in having peaks
at diffraction angles (29) of about 5.0°, 15.1°, 19.0°, 20.1° and 25.2°; more specifically, about
5.0°,10.0°%, 10.4°, 12.4°, 14.5°, 15.1°, 19.0°, 20.1°, 21.4° and 25.2° in X-ray powder
diffraction pattern. Herein, a X-ray powder diffraction pattern can be measured in a
common method. Regarding diffraction angle values of X-ray powder diffraction peaks of
the crystal of the present invention, some errors (for example, about +0.2) may be observed

by measurement conditions and status of samples.



To a solution of 1,1-anhydro-1-C-[5-(4-ethyl phenypnethyl- 2-

(hydr oxynet hyDphenyl ] -2, 3, 4, 6-tetra- 0- net hoxycar bonyl -f 3- D- gl ucopyr an
ose (8.92 kg as wet powder, corresponding to 8.00 kg of dry powder)
in 1, 2-di net hoxyet hane (28 kg) was added a sol ution of sodium
hydroxide (4 nol/L, 30.02 kg) at 20C, ar®d-the m xture was stirred for
1 hour. Water (8.0 kg) was added to the m xture and the |ayers were

separ at edgmﬂS@] thg R6AGYdEatk & tﬁ{/ Heme g?éggﬁqr(\gégltiggyﬁ%f% bl b%&r?%z;/lgi?gﬁon

sodi um chl oride (40 kg)" and cetate e organi’c

was separ gb@d soheandedtdd Hod v AGUSOURIR M Wiinih B! 2nP4 2R I HIhGNMnaT A5,
(40 kg), and the solvent was evaporated under reduced pressure. The

purity ofadetoerags watdrn@ I, 2diméiBoyyRhal8 ardovaiehi CRorampR! felcafselliR@s R dan
on the area ratio nmeasured by HPLC. To the resulting residue were

added acebormeri{But®ykgingandixat ef a¢dol dod)watanohdrbia tsoment raidSs preferably
evapor at ed under reduced pressure. To the resulting residue - 39 -

wer e addedcwoet vrater 1133 thd)7 andolwat enoyfelbeBrabiy) accand : twagersol:dto 017 by
was cooled to 5C or below. Water (64 kg) was added to the solution at
10C or bef@Wre.and the nixture was stirred at the same tenperature for

1 hour. The resulting crystal was col |l ected by centrifugation, and
washed wilOA0H ribesor@yeal With sesliem agetatejof theapiasspninyenti@ mak by obtTined by
resul ting WE{‘t powder was dried by ventilation drying under a o
condi ti orT4Y 315%‘“ Raplyent sstected frgn msthanal isopropenele  higrangl agetenitrirle,

. 5025 zgf?{ﬁ@%éet?‘ie? PO LA E?Yé%?%‘;ﬁt@%fg{s%%éﬂ%ﬁaghﬁ HeREPYIBSHPS ng
oaoor o TSR el aptth o MRE AR B e SR RO R Goreipr R g

2.59 (21 = - i : 65 (1H, dd, J=5.5,
12'.5(9)H§) , ‘pyeBrpbly iggélﬁﬁfi’ftéﬁ)%;%“%.t]gag°§%‘}‘]1’,sod§?3“§.l'o7 § 1H d, J=12.8Hz),
5.13 (1H d, leﬂh%-c%l'gr%rstaﬁwﬂ’g%asﬂs&rﬁ 4btatBhs th%-pq'@S‘eZt I 3?5&%@31115‘91)6 dftAined by

M5 (EST): 387 [M+l]t [0140] asurnent condition o

Col umm:  Gapsiatlizatida FlorwSolVentkéRcled o etHandIl RBpfAPhndl, RhBanol, acetonitrile,
manuf actured by Shiseido Co., Ltd.) Mobile phase: Fluent A 1120,

Fl uent B:etliyg Gdétate, N,N-dialbjlfcempinédes acetih, Bl diGoPEpRt £tBéh, 0N G-aticdtitwo or

was controlled by m xing Fluent A and Fluent B as indicated in the

f ol | owi ngneralsbleents Gttt above,4@eferably from a mixture of methanol and isopropanol.
[0105] The monohydrate crystal of the present invention has a property that a moisture
content is maintained substantially constant under a certain range of relative humidity and
that it is easy to handle the compound in formulation process. Further, the monohydrate
crystal and the co-crystals with sodium acetate and potassium acetate of the subject invention
are useful for preparing a pharmaceutical formulation having excellent stability in storage.
Furthermore, the monohydrate crystal and the co-crystals with sodium acetate and potassium
acetate can be used for efficiently and highly purifying a compound of Formula (XI), and
therefore the crystal is also useful from the viewpoint of efficient preparation of a
medicament containing the compound.
BRIEF DESCRIPTION OF DRAWINGS
[0106] Figure 1 shows one example of measurement results of water adsorption isotherm

measured in Test Example 1.

Figure 2 shows one example of measurement results of powder X-ray diffraction of



[ Table 1] Tinme frominjection (mn) Eluent A (%Y E uent B (% 0 to
1590-.1010->90 15 to 17.51090 17.5 to 259010 Flowrate. 1 O nL/mn
Tenperature: 25.0C Detection wavel ength: 220nm Met hod for neasurenent
of water content: Analysis nmethod: coulonetric titration nethod KF
anal ysi s apparatus: Type KF-100 (trace-®#di-sture neasuring appar at us
manuf actured by M tsubishi Chem cal Corporation) Anode sol ution:

Aquam Cr Ofe AonoARAeREE 1§k aBYre Vi LM ?ghp%@cﬁgltﬁgﬁgpo ration)

Cat hode sol ution? Aquam cron CXU (man cture ubi shi Chemi cal
Cor poration) [ EP‘i?ﬁﬂé'%h%lN%ﬂE BeShSle f measurement results of powdertXh-raf' diffraction of

2,3,4,5-tetraki s(trinethylsilyloxy)-6-trinethylsilyloxynethy
2- (15- br onthe Zropbdhydrhie @xystal niekdred &t Tex Breipiel 9 @manitiontzgt r ahydr opyr an
Figure 4 shows one example of measurement results of powder X-ray diffraction of
the amorphous form measured in Test Example 5.
Figure 5 shows one example of measurement results of powder X-ray diffraction of
the co-crystal with sodium acetate measured in Test Example 5.
Figure 6 shows one example of measurement results of powder X-ray diffraction of
the co-crystal with potassium acetate measured in Test Example 5.
DESCRIPTION OF EMBODIMENTS
EXAMPLES
[0107] Preferred examples of the present invention will now be described in more detail.
However, the present invention shall not be limited to these examples.
[0108] NMR analysis was carried out with nuclear magnetic resonance apparatus: JNM-
ECP-500 or JNM-ECP-400 (manufactured by JOEL). Mass spectrum analysis was carried
out with mass spectrometer: LCT Premier XE (manufactured by Waters). Preparative high
performance liquid chromatography was carried out with GL-Science preprative isolation
system. High performance liquid chromatography was carried out with Agilent 1100
(manufactured by Agilent). Moisture analysis was carried out with KF analysis apparatus:
Type KF-100 (trace mojsture measuring apparatus manufactured by Mitsubishi Chemical
Corporation). When a resulting product was used in the next step without purification, a
portion of the product or another product prepared separately by the same manner was
purified appropriately for measurement of NMR.
[0109] [Example 1] Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose

Step 1: Synthesis of 3.4,5-tris(trimethylsilyloxy)-6-trimethylsilyloxymethyl-tetrahydropyran-

2-one

[0110]



[0142] [Formula 23] Br 0 OTMS OVeOTMs TMSO According to the
procedure of Exanple 1, Step 3, 2,4-dibronp-1-(1-nethoxy-1-

nmet hyl et hoxynet hyl ) benzene was treated with n-butyllithiumin hexane,
3,4, 5-
tris(trinethylsilyloxy)-6-trinmethylsilyl3@xynethyl-tetrahydropyran-2-o
ne, triethylamne, and - 41 - trimethylsilyl chloride. The reaction
m xture wagspRiggted to workup procedure, and the resulting residue
was purified by H%LC (colum; Inertsil ODS-3, 20 nmm| D x250 mm
acetonitrile, 30 n&@ to give the titled conmpound as two isol ated
di astereoners. | i 3st er eonmer 5: 111- NWVR
(500 MHz, T@8613)..8: . 0.30 (9H, s), 0.095 (9H, s), 0.099 (911, s),
0.16 (9H, s), 0. (HAMMSs), 1.41 (3H, s), 1.43 (3H, s), 3.20 (3H,
s), 3.37-3.44 (2HOTMS, 3.62 (1H dd, J=10.5, 7.5Hz), 3.81-3.89 (3H,
m, 4.62 (1H d, J=13. 2Hz) 81(1H d J13 2Hz), 7.38 (1H, dd,
J=8.8, 2.5Hz), 7.46 (111, =8. 8Hz 1H, d, J=2.5Hz). [0144]
MB(ESF) : 819 Mg folpdamef Dtﬁﬁhé‘cﬂéf)% rla@fme .88 kg) 'and N- methylmorphohne

B T S A

i égzg o 322"' (éTfjﬁ ih_fﬁtuge w 1%1—&6)(1 atE?fefEI%e(fﬂ_fpr e fg(}rg %Q Ggo 1(1(%_"'!];1 fosggtjaurs
E‘rlﬂ8 ((j ;‘LH éréiﬁ_&gnzfxtg ‘%}asgc%fge%]t% ’0° 2to uen? gSl Rggv(ag‘%(%lgg) I_%Mfeto

The organic layer was separated and washed with an aqueous solution of 5% sodium

~

dihydrogen phosphate (39.56 kg x2) and water (39 kg x1). The solvent was evaporated
under reduced pressure to give the titled compound as an 0il. The product was used in the
next step without further purification.

[0111] 'H-NMR (CDCls) é: 0.13 (9H, s), 0.17 (9H, 5), 0.18 (9H, s), 0.20 (9H, s), 3.74-3.83
(3H, m}, 3.90 (1H, t, I=8.0Hz), 3.99 (1H, d, J=8.0Hz), 4.17 (1H, dt, J=2.5, 8.0Hz).

[0112] Step 2: Synthesis of 2.4-dibromo-1-(1-methoxy-1-methylethoxymethyl)benzene

[0113] [Formula 17]

ey

OMe

Under a nitrogen atmosphere, to a solution of 2,4-dibromobenzyl alcohol (40 g,
0.15 mot} in tetrahydrofuran (300 ml) was added 2-methoxypropene (144 ml, 1.5 mol) at
room temperature, and then the mixture was cooled to 0°C. At the same temperature,
pyridinium p-toluenesulfonic acid (75 mg, 0.30 mmol) was added and the mixture was stirred
for 1 hour. The reaction mixture was poured into a saturated aqueous solution of sodium
hydrogen carbonate cooled to 0°C, and extracted with toluene. The organic layer was
washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium

sulfate, and the solvent was evaporated under reduced pressure to give the titled compound as



[0147] [ Exanple 3] Synthesis of

1, 1- anhydr o- 1- C45- ( 4- et hyl phenyOnret hyl -

(hydr oxynet hyl ) pheny1] - 2, 3, 4, 6-tetra- 0- pi val oyl- 13- D- gl ucopyr anose
[0148] [ Fornul a 24] To a sol ution of

1, 1- anhydr o- 1- 015- ( 4- et hyl phenyl ) met hy +-32--

(hydr oxynet hyl ) phenyl] - P- D- gl ucopyranose nonohydrate (3.95 g, 9.77
mol ) - andafhoif p

di chl or onet%aﬁieaﬂ(%ﬁgwlmi\%?s BéFHng %rcg%\?\ng’gse&&l?gb If)}:;/( #u%véﬂrh ?]dt fuftl}?rS m,
63. 5 mmol purifEesn.cooling with ice bath, and the mixture - 42 - was
stirred at roomtenperature for about 24 hours. Water was added and
the resul fing] nMibkNMR (GRE1H%E LA 1(6H, 3 3.D2 (Bxanes. 4 (w1,QY, 9040 @H, 8yRI8.0Hz),
was washed with water, a saturated aqueous sol ution of sodium

hydr ogen Eé#ﬁﬂhakb}ihﬂd%@H&ﬁﬂﬁB@tHdddq&é@h$ sol ution of sodium

chl ori de sequenti al | and the solvent was evaporated under reduced
pressure. [0ThE r¥spBt Symheseif@ihd fetstrakis ghylbyvlek Vi@ aimethylsibylomymethyl-2-
chronatograchy ethyl acetate = 20:1 to

10: 1) to grleect a8 HEIE . ) yel-oi | material (500 ng) was

di ssolved in |sopropanol (4 n1). water (1 5 m) and isopropanol (1

m) Wer e ié‘-’ r phenyl et R VIS

stirred f é H vqgﬁ (0.5 n1) was added and the m xture was
further s PH?“I ur. Further the mixture was stirred at OC for
1 hour, and t he cryst* precipitated was collected by filtration,
washed with a m xty, ater and isopropanol (1:1, 4 m), and dried
to give th |t| d (403 ng). [0149] 111-NMR (CDC13) 8: 0.71
(9H, s), . (9H, s), 1.20 (9H, s), 1.20 (3H, t,
J=7.5Hz), h@p 21~ GoTMs=7. SHz), 3.93 (2H, s), 4.09 (1H dd, J=4.0,
12.5Hz), 4.16 (¥11, “dd, J=2.0, 12. 5Hz), 4.37 (1H, ddd, J=2.0, 4.0,
10. OHz), ®v3Q 11 ME 12. 2Hz), 5.21 (111, d, J=12.2Hz), 5.37 (1H,
t, J=10.0Hz), 5.5 d, J=10.011z), 5.69 (111, t, J=10.011z), 7.07
(2H, d, J=8.2Hz),%"™%0 (2H, d, J=8.2Hz), 7.11 (1H, d, J=8.0Hz), 7.17
(1H, dd, J=1.2, 8.0%&) 7.25 (1H brs). [0150] M5 (ESI+): 723 [ M#1].

0151 Ex I
%,4,5!t£is?gfi§%#%r %ﬁlﬁg&%h?F1%%f%P$%|IyF%%?H@ Hﬁ1tetrahydropyra
n-2-one [Q&E@Ethbgﬁﬁ%ggaﬁmg(?ﬁg{yg% ;emﬁgi Wé‘l}% \%ﬂ\@cgamed in thIBreQnous step,

sol uti on of

N- met hyl iy 8aed - r
tri et byl siSP??b‘a’EFé‘Ei 00 R O A LA dnd A BB i

m xt ure vesagt(lieced, 838 alt22Tpenal) Wae alddnardPkist at U CoFB0Min@Es.S - After the

mixture was stirred for 1.5 hours at 0°C, the mixture was added dropwise to a solution of
3,4,5-tris(trimethylsilyloxy)-6-trimethylsilyloxymethyl-tetrahydropyran-2-one (Example 1,
108 g, 217 mol} in tetrahydrofuran (507 ml} at -78°C, and the reaction mixture was stirred for
2 hours at the same temperature. Triethylamine (5.8 ml, 41 mmoi) and trimethylsilyl
chloride (29.6 ml, 232 mmol) were added thereto, and the mixture was warmed to 0°C and
stirred for 1 hour to give a solution containing 2,3,4,5-tetrakis(trimethylsilyloxy)-6-
trimethylsilyloxymethyl-2-(5-bromo-2-(1-methoxy-1-
methylethoxymethyl)phenyl)tetrahydropyran.

[0117] The resulting solution was cooled to -78°C, and n-butyllithium in hexane (1.65 M,

263 ml, 434 mmol) was added dropwise thereto at the same temperature.  After the mixture



- 43 - After the mxture was cooled to 17C, toluene (93.6 kg) and

wat er (109 kg) were added thereto. The organic |ayer was separated
and washed wi th an aqueous sol ution of 5% sodi um di hydrogen phosphat e
(108 kg x2) and water (108 kg xI). The solvent was evaporated under
reduced pressure. To the resulting resi-d4e was added tetrahydrof uran
(154 kg) and the solvent was evaporated under reduced pressure. Again

t et r ahy dr Qfdiiared(al 578 @for‘@@%nﬁg@%dﬁi-étlﬂﬁb%ﬁﬂl ?d@g@ﬂﬂf @5’??11&16]51%3 added
d ssolved in

reduced pressure. The resulting residle was

t et r ahydr @bpwie af 283K ghd tHe Mixviee a8 olitéd ANhOfarkd@nipkikd tGORAROD AN
tetrahydrofuran. The purity of the product was 99. 0% (conversion

rate: 99.db¥gratcdhgwdounesintial cldmameniuhagtcridswidgidad &athe ddcHoNMBABMILEnd the
by HPLC. [0153] Measurenent condition of HPLC. Col unm: YMC- Pack

CDS- AM 4. @gamit layex wisparated3 aphwadtield)wibbatee phirselveht wandévaporatedrivider
AcONI - 14/ H20, Eluent B: 50% (v/v) MeCN MeOH G adi ent
oper at i orfedRicde@ntssBe t6@iMetaprodeet cABaiming)the 6864 (dBpovind)as a9 5H6(238 4)00%he
(5 min), and 100% 15 mn) Flowrate: 1.0 nlL/mn Colum tenperature:
40C Det edVPSift Way dpeshigithe nexysten wifllxafnsther pjricatilsi s of
1,1-anhyﬂéiy@-cn5- 4- et hyl phenyl ) net hy1- 2- i
(hydr oxy | ypRewipmof the ¢l wespeilisdtiodRLC (columnginsgsit ODSy Ay Hw sl B x
2,3,4 5-tetrakis(triethyl si|yloxy).-6-tripethylsilyloxynmethyl-2-
(5 (- o1 1A IRER FatGABSe Mt e ik s b b g eRrPRfT Pty
l) tetrahydropyl any, c[)gt%?nﬂg two éligstéreOmers).
[0119] Mixture of diastereomers 1 and 2:
'"H-NMR (500 MHz, CDCl3) 3: -0.47 (4.8H, s), -0.40 (4.2H, s), -0.003-0.004 (5H,
m), 0.07-0.08 (13H, m), 0.15-0.17 (18H, m), 1.200 and 1.202 (3H, each t, J=8.0Hz), 1.393
and 1.399 (3H,each s), 1.44 (3H, s), 2.61 (2H, q, J=8.0Hz), 3.221 and 3.223 (3H, each ),
3.43 (1H, t, J=8.5Hz), 3.54 (1H, dd, J=8.5, 3.0Hz), 3.61-3.66 (1H, m), 3.80-3.85 (3H, m),
4.56 and 4.58 (1H, each d, J=12.4Hz), 4.92 and 4.93 (1H, each d, J=12.4Hz), 5.80 and 5.82
(1H, each d, J=3.0Hz), 7.14 (2H, d, J=8.0Hz), 7.28-7.35 (3H, m), 7.50-7.57 (2H, m).
[0120] MS (ESI"): 875 [M+Na]".
[0121] Mixture of diastereomers 3 and 4:
'H-NMR (500 MHz, toluene-ds, 80°C) &: -0.25 (4H, s), -0.22 (5H, s), 0.13 (5H, s),
0.16 (4H, s), 0.211 and 0.214 (9H, each s), 0.25 (9H,s), 0.29 (9H,s), 1.21 (3H, t, J=7.5Hz),
1.43 (3H, s), 1.45 (3H, ), 2.49 (2H, q, J=7.5Hz), 3.192 and 3.194 (3H, each s), 3.91-4.04 (4H

m), 4.33-4.39 (2H, m), 4.93 (1H, d, J=14.5Hz), 5.10-5.17 (1H, m), 5.64 and 5.66 (1H, each s),
7.03 (2H, d, J=8.0Hz), 7.28-7.35 (3H, m), 7.59-7.64 (1H, m), 7.87-7.89 (1H, m).

[0122] MS (ESI): 875 [M+Na]®.

[0123] Step 4: Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyDhvdroxymethyl-2-

(hydroxymethyl)phenyl]-B-D-glucopyranose
[0124]




[Formula 26] OH S. OIMS NOTMS _ OTMS 0- TMS Under an argon

at nosphere, 2, 4-di brono-1-(1-nethoxy-1- nethyl et hoxynet hyl)benzene
(277 g, 820 mmol) was dissolved in toluene (2616 nlL) and tbutyl nethyl
ether (262 m), and n-butyllithiumin hexane (1.54 M 426 m, 656
mmol ) was added dropwi se at -10C. After-Xhe mixture was stirred for
0.5 hours at -10C, n-butyllithiumin hexane (1.54M 160 m, 246 mol)
was addedg@hgﬁmngq at -10C. After the mxture was stirred for 1 hour
at -10C, in order tgyconfirmthe regioselectivity of the

hal ogen- et al exchagnge reaction, a small portion of the reaction

m xture was tafkemy” a r xglded to a saturated aqgueous sol ution of
anmoni um chl or® b patio of 4-brono-1-(1-nethoxy-1-

met hyl et hoxyfhet Hyl ) benZene] and

2-bronn-1-(1-’p'~ox9H1-net yl et hoxynet hyl ) benzene included in the

resul ting gixture was 53:1 (conversion rate: 98%, which was

calculateg perSed-ofohe area rati o nmeasured by HPLC. [0155] After the
reaction m xturgqnas cooled to -48C, the m xture was added dropw se

to a solution of
3,4,5-tris(trinmethylsilyloxy)-6-trinethylsilyloxymethyl-tetrahydropyr
an-2-one (402 dn@62 nimdeh atmodphereathy dilafoutaiiing 231425 ftakil trimélHlsiBNsky)-
the reaction mxture was stirred at -70C for 1.5 hours. Triethylam ne
(24 nl, 162imetbylsilpnsymethpe? 4§ 4ielhylpheintiryiddeyaRehyd2-Qa3cthuoy-)- wer e
added thereto, and the m xture was warnmed to OC to give a solution

cont ai ni ngethylethoxymethyl)phenyl)tetrahydropyran (238 g), which was obtained in the previous
2,3,4,5-tetrakis(trinmethylsilyloxy)-6-trinmethylsilyloxymethyl-2-(5-br
ono- 2- ( 1-“%%65@935‘113’%%W@PH6!®(§§% Ry)-) M@Wy&eﬁlhawa OBt an(2.0nnd) were
resul ting %qg%%i%p was cooled to -78C, and n-butgllithiun1in hexane
(1.54 M f95Han the fr3RTawas sUReRAt JoR18 EeRSHIeser PRd0sIS AYateH&93 arband n-
tenperature, Af he m re.was stirred for hour

45 et hy! balpEPaCrTaD (5 e b o Mbreatdate eRi5pin buorayes sopreted.

and the nmgxt - - I f a sape..tenperature for 2.5
hour s. Thr&e%ragggﬂggg eﬁ%(a?g‘fagh%‘gnfé)g%r%%n% E@é 13{? @q%@‘ﬁ?eg‘g?m‘f%ﬂr%@ under
20% anmon [ ' .
washed i T aPERshR sRER rAfiOE ARG L AKPLIEE (ISP ALAERY Cluasope
to give anRuREYEancANI8Y M NOTAN o bl uERIRAHDELEScBiflob LRE O) -
The product was used in the next step without further purification.
[ 0156] Mpasiiceti@int condition of HPLC. Col um: Ascentis Express C18,
3.0 nm1.D.x100 mm 2.7 pm (Supel co) Mbile phase: Eluent A: 2 nmM
AcONH4/ HZ01255 JBRNMR (00QMESy aDk@DY) 020G, J=Eluent 1.801 30fa,tie798,
(25 mn), 98% (5 min)

2.61 (2H, g, J=7.7Hz), 3.44-3.48 (1H, m), 3.63-3.68 (1H, m), 3.76-3.84 (4H, m), 5.09 (1H, d,

J=12.8Hz), 5.15 (1H, d, J=12.8Hz), 5.79 (1H, 5), 7.15 (2H, d, J=7.7Hz), 7.24 and 7.25 (1H,
each d, 1=8.4Hz), 7.28 (2H, d, J=7.7Hz), 7.36 (1H, dd, J=8.4, 1.5Hz), 7.40-7.42 (1H, m).
[0126] MS (ESI'): 425 [M+Na]".

[0127] Step 5: Synthesis of 1.1-anhydro-1-C-[5-(4-ethylphenyDmethyl-2-

(hydroxymethyl)phenyl]-B-D-glucopyranose (crude product)
[0128]




Flowrate: 1.0 nmL/mn Columm tenperature: 40C Detection wavel engt h:
210 nm Step 2: Synthesis of

1, 1- anhydr o- 1- C45- (4- et hyl phenyl ) hydr oxynet hy1- 2-

(hydr oxynet hyl ) phenyl] - 13- D- gl ucopyranose [0157] [Formula 27] OH

OH Under a nitrogen atnosphere, -t3e oil contai ni ng
2,3,4,5-tetraki s(trinethylsilyloxy)-

6-trimeth ghhmlggi(ymet hy1-2- (5- (4- et hyl phenyphydr oxynet hyl - 2- (1- net ho
xy- | met hyl et hoxyaethyl Jphenypt et r ahydropyran (628 g), which was a
portion of th @ pt ai ned in the previous step, was dissol ved
in tetrahydrofweeh (99%”me. Water (63 m) and IN HC1 aq (23 ml) were
added and t heymjxt yre was stirred at 28C for 7 hours. Triethylam ne
(3.8 M, 25.80mdy) Wwas added to the reaction mxture, and the

sol vent wag_ L 46, evaporated under reduced pressure. Water (198 m)
and 1, 2-di neThoXyet®hne (396 m) were added to the residue and the
two | ayers wereOsleparated. The aqueous | ayer was washed with

n- heptane (595 nm). Water (99 m) and 1, 2-di net hoxyet hane (198 ml)
wer e added to the aqueous | ayer. The m xture was washed with

n- hept ane (595 IR 3§ Soluiirp efifhe éﬂﬁ@éﬁé@iﬂga&é‘raﬂmoéo@ﬂéﬁﬁ ated under

12" d ot O R AR ey L e bR A g aness (4Fbel which
e st 0L P BT A PR S8
?u;_'_ ;'nﬁsg(?g _@1§8%_§?ﬂ4§§e§9?%ﬁgny%%;%yi@§{ the mixture was stirred in the atmosphere of
(hydr oxy iEkogeh BREMdbm tem i HutC RRUHRARS € Ate? HRPioh FAE Bl 451 evaporated

under reduced pressure to give an oil containing the titled compound (59 g). The purity of

the resulting product was 85.7%, which was calculated based on the area ratio measured by
HPLC. The product was used in the next step without further purification.
[0129] 'H-NMR (CDsOD) §: 1.19 (3H, t, J=7.5Hz), 2.59 (2H, q, J=7.5Hz), 3.42-3.46 (1H,
m), 3.65 (1H, dd, J=5.5, 12.0Hz), 3.74-3.82 (4H, m), 3.96 (2H, s), 5.07 (1H, d, J=12.8Hz),
5.13 (1H, d, J=12.8Hz), 7.08-7.12 (4H, m), 7.18-7.23 (3H, m).
[0130] MS (ESI): 387 [M+1]".
[0131] Measurement condition of HPLC:

Column: Cadenza CD-C18 50mm P/NCD032

Mobile phase: Eluent A; H,O, Eluent B: MeCN

Gradient operation: Eluent B: 5% to 100% (6 min), 100% (2 min)

Flow rate: 1.0 m1/min

Temperature: 35.0°C

Detection wavelength: 210 nm

Step 6: Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxvmethyl)phenvl]-2,3.4.6-tetra-O-methoxycarbonyl--D-elucopyranose

[0132]




To a solution of the oil containing 1,1-anhydro-1-Cl15-(4-
et hyl phenyphydr oxynet hy1- 2- (hydr oxynet hyl ) pheny11- 13- D- gl ucopyr anose
(125 g), which was a portion of the product obtained in the previous
step, in 1,2-dimethoxyethane (400 nl) were added water (150 nl) and
5% Pd/C (19 g, 4.5 mml, water content -r#t4 o: 50%, and the m xture
was stirred in the atnosphere of hydrogen gas at roomtenperature for
6 hours. [ﬁ%@mﬁgagt]ion m xture was filtered and the residue was washed
with a m xture of - _di net hoxyet hane (250 m) and water (250 m).
wer e conbi ned and 1, 2-di net hoxyet hane
he m xture was washed w th n-heptane
(1000 M x2). Ethyl.. e&%& (900 m) and an aqueous solution of 25%
sodi um chl ori de ( 0 & added to the aqueous | ayer, and the
product wesosxbradtedto the organic |ayer. The separated organic
| ayer was washed”w Eh &¢Qlféeous sol ution of 15% sodi um chl ori de (600
g), and the sol vent Ok@sMevapor at ed under reduced pressure. To the -
47 - resulting residue was added acetone (500 m ), and the sol vent
was evaporated under reduced pressure to give the product containing
the titled conpdudnt a(mi@egeg)aimTsphersutd 4 solaion dfshe ed abtainingpl, bdulotdravasC-[5-
93.9% whjch was cal cul ated based on the area ratio neasured by HPLC
The produ@tetb@dﬁhw@@eiﬂwltzh@wﬁ@wms‘}tbé’ﬁpmlm}ﬂoﬁrﬂlghllrlfememlo@gg%&)@iﬂgon.
0160] Measurenent condition of HPLC. Colum: Atlantis , 4.6 nmm
Do xrs e B R s R Eoipmmed) inerientla M rTasade Biropwose
MeCN ient operation., Fluent B, 2%to 20% (3 mn), 20%to
28% (5 mlﬂs’t}l%@&)ef()?%“ﬁf%@? 2 %’%‘ﬁm@oﬁzﬂé&@o T TR tTeny an)alloWRe 1o waw (e
vrrv:sl\r/])el ng\t’i‘ﬁ{Jx%tzt%Bp%r%?urWhWe Qtircr:gcl K htmentgp ecﬂ{elil ragditigg %:f \Qg’;[ele,ctfmé r%?xture was
extracted with isopropyl acetate. The organic layer was washed with an aqueous solution of

3% potassium hydrogensulfate and 20% sodium chloride (three times) and an aqueous
solution of 20% sodium chloride, dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure.  To the resulting residue was added ethanol (943 mL)
and the mixture was heated to 75°C to dissolve the residue. The mixture was cooled to
60°C and a seed crystal of the titled compound was added thereto. The mixture was cooled
to room temperature and stirred for 1 hour.  After precipitation of solid was observed, water
(472 ml) was added thereto, and the mixture was stirred at room temperature for 2 hours.
The resulting crystal was collected by filtration, washed with a mixture of water and ethanol
(1:1), and dried under reduced pressure to give the titled compound (94 g). To the product
(91 g) was added ethanol (1092 ml), and the product was dissolved by heating to 75°C. The
solution was cooled to 60°C and a seed crystal of the titled compound was added thereto.
The mixture was cooled to room temperature and stirred for 1 hour.  After precipitation of
solid was observed, water (360 ml) was added thereto, and the mixture was stirred at room
temperature for 2 hours. The resulting crystal was collected by filtration, washed with a
mixture of water and ethano] (1:1), and dried under reduced pressure to give the titled

compound {83 g, total yield from 2,4-dibromo-1-(1-methoxy-1-methylethoxymethyl)benzene



Step 4: Synthesis of 1 1-anhl eth 1-2m

(hydr oxynet hyl ) phenyl] -2, 3, 4, 6-t et ra- 0- met hoxycar bonyl - 13- D- gl ucopyra
nose [0161] [Formula 29] ,\0CO2Me OCO2Me oCO2Me

1, 1- Anhydr o- 1- C45- ( 4- et hyl phenyl ) net hy1- 2- (hydr oxynet hyl ) phenyl1] - 13- D
gl ucopyranose (106 g), which was obtairé8-in the previous step, and

1- et hyl i m dazole (318 m, 3994 mvol) were dissolved in acetone (400
ml) . Undegsed inbieh 396893t nosphere, nethyl chloroformate (182 ml, 2367
nmol ) was added dropw se to the solution at 15C. The m xture was

al | oned t[@198F NHL-NMBECDUI) 8: sLh (3’ §.97.58,)h0! trey spdlisf 4

wat er (80[0 ?\ﬂ@% t he m'@;tursl()a was gxtract ed V\)itlF?DZ%IF\Iﬁ’ Jazg?lggé’t%‘g@(%‘%)’ 376
nml). The @HYenBT7I(AKes), 93 (wa,s?,esw (2HD, 34 281D Wel, B, t1i1s8Hzg,f4.319§4>H, dd,
pot assi um hydr ogensul fate and 5% sodi um chl ori de - 48 - (800 m ),

and an aqlrediyd2Oblzltd. 24 4O (289 ol MH20 KBIdy ) &.418Q6L, &) J=4B)oHAMNIS T hen ¢,

t he sol vent was evaporated under reduced pressure. To the resulting
resi due wWevl8.05dle0e RariéH, 01,200t (HH, d, I="hiHz)| 7af (1A, dt, liet.5( 28Rz)17)31 (1H,
and 2-propanol (130 m ). The m xture was heated to 74C to di ssol ve

the resi dﬁé?léﬁé)-t hen cool ed to 55C and stirred for 1 hour. After

pr eci pi taéi on of solid was observed, the m xture was cooled from 55

d
to 25C ouBi34 MBEEPE): AOdMydAnsBo (¥#d8hi ) was added thereto, and the

m xture tiyred at 25C for 1 hour. The resulting crystal was
col | ect eﬁﬁfﬁfﬁf i‘{%ﬂg%fipa?ﬂaf%&%@& CRirieq oyt i the SRTBe BRNBYIFS ISP Guucept that a seed

2- propanal 1. 300 f.ol |, owed .b ith a m xture of ethanol and
vvaltoerp(1:C1¥S(ta§msﬁp?u§eg1’§)lg}%e{hﬁ\é\ﬁlﬁijf:%é‘\émo cﬁﬁ%ﬁtas wet powder [122 g,
cor r espong 14 owder al, yield f

di br orrg- rlwi(élkgrretsg?%& 3 'gr" hie Sfep 1

[0162] SMM - 1- CA5- (4- et hyl phenvpnet hy1- 2-
(hydr oxy ng pte1 - 1- Dglde fmrﬁg%é;se [0163] [ Formul a 30]

[0137] [Formula 22]

To a solution of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-methoxycarbonyl-B-D-glucopyranose (8.92 kg as
wet powder, corresponding to 8.00 kg of dry powder) in 1,2-dimethoxyethane (28 kg) was
added a solution of sodium hydroxide (4 mol/L, 30.02 kg) at 20°C, and the mixture was
stirred for 1 hour. Water (8.0 kg) was added to the mixture and the layers were separated.
To the organic layer were added an aqueous solution of 25% sodium chloride (40 kg) and
ethyl acetate (36 kg). The organic layer was separated, washed with an aqueous solution of
25% sodium chloride (40 kg), and the solvent was evaporated under reduced pressure. The
purity of the resulting residue was 98.7%, which was calculated based on the area ratio
measured by HPLC.  To the resulting residue were added acetone (32.0 kg) and water

(0.8 kg), and the solvent was evaporated under reduced pressure. To the resulting residue



Under a nitrogen atnosphere, to a solution of 1, 1-anhydro-1-Cl5-(4-
et hyl phenyQOret hy1- 2- (hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-t etra- 0- nmet hoxycar
bonyl - P- Dgl ucopyranose (96 g as wet powder, corresponding to 82 g of
dry powder) in 1,2- dimethoxyethane (328 mM) was added dropw se an
aqueous sol ution of sodi um hydroxi de (4N9-265 nml, 1060 mmol ) at 40C.
The m xture was stirred at the sane tenperature for 4.5 hours. \Water

(82 m) vgsreaddfadetint tﬁ?lmkgj bvgﬂgt@fjﬂ%’}'&ek%f SRINKE sHIAUES w¥x\@§080§0 Sfééﬁ?t&ﬁb@?

The organic | ayer was washe an aqueous solution o

di hydr ogeseiphos phadrgc 4k Bywsad e @ irlind 280uttbs 01 000 SHHIRY SR RROSRARE Svas
dodecahydrate (410 m) and then ethyl acetate (410 m) was added
thereto. sedokgrnameliaysirasfonasibat Whehreantiougauswsdouttedbel 25%
sodiumchloride (410 mM x2), and the solvent was evaporated under
reduced preegfugasion, andi®ashed ovithhemibesulof bogoiee@ kg ane atadslodgncerione
(410 M) and water (8.2 m) and the solvent was evaporated under
reduced praging wet fvdenavas dsied by mentilesinddigingemdesalceditamett aireerhfddiure of
m) and water (655 m ), and the residue was dissolved by warmng to
28C. The Eopdbi eandedattsdivatidity 00B4% 4m33% ford dowrsytotzgare pmondhydrate beystal
conpound was added. The m xture was cooled from25C to 20C

over 24, RS BE Dbl edoonpamdiRs). Aftervoo s ealion

i i 25C i
e sane CHRSBPATAY A0 "R CSua et HRR PP (e b TR PoIBR by BT Goa
from 25C £0,4,5G 0 A S, the r 14 r tg )
col | ect eo[ g?/g}f ﬁf&gﬁ ﬁtﬁ 3(}\)}QféT %g&g{’ﬁ’lhj)e 7\,33‘%%5@82}&% ?’ﬁ@ Ifl\éﬁgi‘llzl?h‘@é (1H,
et RIS S gbl S 88 5 P OB, 5D B 120,
pressur e(PLHIHE =10 41k ézg?ﬂzg@}%mggb%eg%%)to 25C) for 20

mnutes to give wet po The resul ting

powder vve[gzjgirthr(Eglr%@,@qug_reduced pressure (pressure: 25 hPa,
outside tenpérature: 20 to 25C) for 30 mnutes to give the titled
conpound [es4(] rMeshkekndtendifiysbalPLd4g, Yyield 82% water content
4.470% . The purity of the resulting conpound was 99. 9% which was

cal cul at ed basethlannt Gepcall @ack @DSAJGEROYS Sdnfy, DHPLIO0. mMe B had ri@factured by
measur enent of water content: Analysis nethod: coulonetric titration
met hod  ShiseidokFo.alhtdl)ysi s apparatus: Type KF400 (trace noisture

measuri ng apparatus manufactured by M tsubishi Chem cal Corporation)
Anode sol ut i on:Maljlearhiase: FlusakA¢ FaQuEbenuBeMeN M t subi shi  Cheni cal

Cor por ati on) . Cat hode, sol ution: Aquani cron CXU (lmanuf actured by
M t subi shi ChenYlebile Rigss¥spdingoRpncentration gadigaigvey spafralledbemizing Eluent A
Exanpl e 5, e was,.a rtio f the crystal obtained in the

fol Fgwi n &ngié)%sgl&graé _111({16%%%11 the ?olﬁ)wmg table. y

1, 1- Anhyﬂggillj- CA5- (4- et hyl phenyHnet hyl - 2- (hydr oxynet hyl ) pheny1] - 13- Dg

| ucopyranose-(180.4 g) was dissoleved in water (250 ml) and acetone
(250 m) at 25C and insoluble materials were renoved by filtration.

To the filtrate was added a m xture of water - 50 -




(326 mM) and acetone (326 m ), and the solution was cooled to 4C
Water (2.311) was added thereto with stirring the m xture and keepi ng
it at 11C or below, and precipitation of solid was observed. The
precipitate was collected by filtration, washed with a m xture of
water (289 ml) and acetone (59 m), and4fri ed by ventilation drying
to give a crystal (160.7 g). [0165] Measurenent condition of HPLC:

Col um: qﬁBBA&!Eclipse XDB-C18, 4.6 mm|1.D. x50 nmm 1.8 urn (Agilent)
Mobile p i ent

oper at i onTintd ﬂﬂ@ﬁﬁﬁ]eam]ﬁ@‘?ﬁl}o E%(AW@ i n)alu&O%)r@g 80% (7 min), 80%
to 95% ( t enper at ur e:

50C Detedlknﬁimavelength ZZOQ@HﬂBExaane GpHadoogen- net al exchange
reaction on 2, 4-dibrono-1-(1-nethoxy-1- nethyl et hoxynet hyl)benzene
Fblogenlﬂﬁmmrk&change reacti ds on 90
2, 4-di brono- 1- (1- met hoxy- 1net hyl et hoxynet hyl ) benzene were carri ed out
in the folldW#y conditions (&dnditions 1 t6 4). The regiosel ectivity
in the reactions was confirned by IH-NVR analysis. [0I66] Condition
1: Under a nitridgematat hisplerie, 2, 4- di br ono- 1- ( 1- met hoxy- 1-
met hyl et hoxynet hyl ) benzene %500 ng, 1.48 mmol) was dissolved in
t ol uene (3.65 mMompgrHukehHdPiGet hyl ether (0.35 nl). To the solution
was added drop3$se n-butylli hlé?]ln hexane (1.6 M 1.01 m, 1.62
mmol) at 0C overS&ConyARvEEnels €/ onpl etion of the addition, a
sat urated aqueqys,s ori de was added thereto

3s et ate. The organic |ayer

glutlon of_al£-n|unlch

o i~ =

and the m xt ur eWas

was washed with [ utio f sodium chloride, and
dried over anhydr dig&ﬁo lﬁou F%nﬁ?hgl@ﬁ nt was evaporated under

reduced pressur .
4 br on- 1 (1- ﬁﬁ%%ﬁ%@ﬁ;ﬁfﬁ‘i%W@%ﬁ%@ﬁgm miegeuring apparatus
2- br onp- %ﬁ&ﬁﬁﬂﬁhg@ﬁy3&ﬂﬁ@khytﬁ&9§%Mﬂﬁﬁpﬁé renzene -51 - which may

be referred to as brom de and spectively hereinafter,
as an oil Anode solution: Aquamicron AX (manufactured by Mitsubishi Chemical

Corporation)
Cathode solution: Aquamicron CXU (manufactured by Mitsubishi Chemical

Corporation)

[Example 2] Synthesis of 2,3,4,5-tetrakis(trimethylsilyloxy)-6-trimethylsilyloxymethyl-
2-(5-bromo-2-(1-methoxy- 1-methylethoxymethyl)phenyl)tetrahydropyran
[0142] [Formula 23]

Br
\4/0
OTMS
OMe ~OTMS
O .

T

MSO H OTMS

oTMS

According to the procedure of Example 1, Step 3, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene was treated with n-butyilithium in hexane, 3,4,5-

tris(trimethylsilyloxy)-6-trimethylsilyloxymethyl-tetrahydropyran-2-one, triethylamine, and



(376 ng). According to 11-1-NWR anal ysis of the product, the ratio of
4-brom de: 2-brom de was determ ned as 16:1, which was cal cul at ed
based on the integration ratio of peaks of protons at benzyl position
(4-brom de: 84.43 ppm 2-bromide: 84.55 ppm). [0167]

4- Br onp- 1- ( 1- met hoxy- 1- met hyl et hoxymnet hyill)-benzene:

1H NMR (CDC13) 8: 1.41 (6H, s), 3.24 (3H, s), 4.43 (214, s),

7.21- 7. 24 {20180l cHiofide.’ - o Thi :

2- Brono-1-(1- n}{et hyoxy- 1- netﬁg‘? l(eetgﬁg)of;ﬂlngtt rgé‘%gﬁlzlb ﬁcet?d to workup procedure, and the
1H NWVR ( G&diBhg Bsidhe 4fs paHfied by HPIZA(coRitin; $ortsf-G1SB20h md 1.D/% O ndm 4
(114, m), 7.29°7.33 (1H, m, 7.51-7.55 (214, m. [0169] Condition 2}
Under a nicetongisite, A0 pISPHEI 0 givk, the dilbd eifpokm( ks MR Rokyedldiastereomers.

met hyl et hoxynet hyl ) benzene (500 ng, 1.48 mmol) was dissolved in

t ol uene ([®14% nDiestaredntebdt yl met hyl ether (0.35 m). To the solution
was added dropvxlli se n-butyllithiumin hexane (1.6 M 1.01 m, 1.62
mol ) at 0C oveH-BMR (XR0MHzACESS: dh3@(91R,s4-0di93r(6Hps)1 0099 (9H, s), 0.16 (9H,
met hoxy- 1- met hyl et hoxynet hyl ) benzene (3150 ng, 0.44 nmmol) in tol uene
(1.1 m) Srli7 RHphried hAL&LAAS CB 91 SR0)GHaY, A3aEctRbhm)s3 62 61H .

reacti on m xture. gfter conpletion of the addition, the reaction

mi xture WadOsh 7Y 34t 13891 md 4% UEes. T 38 a hBL L Fhgldolis2Hz), 7.38 (1H,
sol ution i hl orj.d reto, _and the m xture was
extract eofc{z\fwwg gé‘ét(iheg’ f‘%é}%gggﬂ? éﬂ'(félyi?zé\ﬁg washed with a
saturate e Lutl f. .sodium chloride, and dried over

anhydr oug[oz%gi ﬂs@ﬁif)&%@ﬁ%ﬁga}s‘ol vent was evapor at ed under reduced
pressure [ I containing 4-brom de and 2-brom de as an
oi | (458 [brrgg'ﬂ cf‘:l%? F’%gyﬁ'o 1H NWVR anal ysis of the product, the ratio
of 4-brom de : 1&“@’1%% el L .V | S

cal cul at ed based on the int e’g{r;gatelﬁc%n8’:%?25'0?%%(3(%%%?3?)r(%?’os SO%% (OH, s),
benzyl pagi3 {921 s),00B70H, Spndiosi(an. S; 1. ¥nseIH a) N 14 @YER %t.mgﬂh@&qz1

2, 4-di br om)_-€1- (1) met h((gxy-gi- rret(hyigi hoxy%t’hg/’l )beﬁze’n)e’ (150 fy,’ 0. (A}fg
mol ) wast 3HESBIB ¢UH] du, Tak BensHE )L 4020t H, and =t bst y5AeS, Ayl @hhey 408 (11,
m). To the solution was added dropw se n-butyl [ithiumin hexane (1.6
M 0.3 mbrs)04.38 (hiphr}), 4190006 A, 13), T3AWL Hsdd,AEB ST 1. sBIRpI7e10 @M, af J-48I8Hz),
addition, the - 52 - reaction mxture was stirred at 0C for 30

m nut es. 7WBEAHsAed aqueous sol uti on of ammoni um chl ori de was added
thereto, and the mxture was extracted with ethyl acetate. The

organi c {81441 WAS (RbkH&d9\WM#Nad .sat ur at ed aqueous sol ution of sodi um

chloride, and dried ovir anhydrous sodium sul fate. The sol vent was

evapor at 6814/ déEx38Rig 3 §ypihedis of b1iaghyirod -&-[Srduthsirhearbmethyhg-

4-brom de_and 2-b i.de oi]l (108 ccording to 'I-1- NMR
anal ysi s%MJ}PW?}L@%@P?ﬁ%ﬂggﬁﬁﬁrﬁ%ﬁvﬁggi‘%‘Hﬁ GRICOPYI2ISEni de was
determn 1 lch was cal cul ated based on the integration
rati o of Etgggqjsjfg?rmpu}%ﬁs at benzyl position. [0171] Condition 4:
Under a nitfogen atfrosphere, 2, 4-di brono- 1-( 1- net hoxy- 1-

met hyl et hox) 1Z&ne (500 ng, 1.48 mmol) was dissolved in
toluene (8.65 M) and tbutyl nethyl ether (0.35 m). To the solution
was added Cdegpwi gin- butyl lithiumin hexane (1.6 M 1.01 ni, 1.62
mmol) at 0&over 30 minutes. After conpletion of the addition, a
saturated a s sol ution of ammoni um chl oride was added thereto,
and the xture was' extracted with ethyl acetate. The organic |ayer
was washe@dPiwiQRiva sat urat ed aqueous sol ution of sodium chloride, and
dried over anhydrous sodiumsul fate. The sol vent was evaporated under
reduced pressure to L%\i ve a f’r oduct cont ai ni ng)p4-brom’ de and 2-brom de

as an oi | (373 1egsolipadids hanlygro-1-G e thnphorilineghylthe product ,
th ti 4- b 1de: 2- id det i 0.1, i ch
ot cur at S e B B PSS RGP SRS T TN o

4-(dimethylamino)pyridine (8.36 g, 68.4 mmol) in dichloromethane (40 ml) was added

dropwise pivaloyl chloride (7.8 ml, 63.5 mmol) under cooling with ice bath, and the mixture



- 53 - solvent was renoved under reduced pressure. The resulting
precipitate was collected by filtration, and the product was obtained
as crystalline powder (10.3 g). A portion of the product (4 ng) was
di ssolved in dinmethyl sulfoxide (0.02 m). The solution was

| yophilized at -20C over 2 days to renpvé -di net hyl sul foxide. Water
(0.02 m) was added to the resulting residue, and a very snal

t dd .
B st al . e R o g oS s SR RS
|EC) at reofulcerRekahiE®witBheltheday $nt Qrgghz\é%fe&mfs Jlasidd \Hﬁ?g%{e} lae%turated

conpound. The resulting crystal is confitned Tto be a nonohydr

measur eneqfueois pbutbarof Xodiawm ldididdea @hibdnate| dhdWHatifiate@ ﬁdﬁ&o\ﬁﬁcﬁut‘i’cﬂﬁﬁr sﬁ@ﬁm
at the same diffraction angles (20) as t hose of the X-ray powd

di f f ract i dionidtdequentiafly tdnd thosudvendnat evapaastd estier redhiest pressard | ﬂ"h5 resulting
[0173] [Exanple 8] Preparation of co-crystal of

1, 1- anhydiesidte @af puiifdedeshsiligrhgeh wbumert dhiydmatography (silica gel 150 g, hexane : ethyl

2- (hydr oxymet hyl éphen | ki | -D-gl ucopyranose with sodi um acetate

Monohydr aacétage 5 29:ditod 1itqgianhydrl@naler@57 (Mig)et Wbpﬂenqtmm(mlng}was
(hydr oxynet hYl ).pheny1H3- D- gl ucopyr anose (200 and sodi um acet ate

(40 ng)  viEselerds dopepang] ( lhan fateg {1.5im)l) and egmomml &l m)hweers etldadi on
was cooled to rﬁom t enper at ur e, propanol (2.mM) was added thereto.
The sol veffluqutiglly at spoum Rﬁ@ge@%\%@%yﬂ%%wawr fohd dpug o dieter(0.5 mi) was

pressure. title s added t heret.o,

e the et AR e Y pafnkfhey %Fﬁdtfgﬁﬁgpﬁéﬁ?@rtﬁa%v@ﬁpawe S e 2l 0°C

pr eC' g'néa%f? g affc? he%%%ﬁ‘f"‘aq éé!tl[.?l!a Oedr atsI 0%98?%@%( ﬁgtﬁtﬁoﬁgwl?)silpﬁfm %gxgl@)t&e of
By 31 1- %@zﬂﬂl 1¥ ﬁpagt)l ¢]1hf 4 uérfd' cﬁ‘g:dct We%ﬁ% ﬁhed &)ng %? %(Bt hg) ratio
o cO-

of the titled co Umaceta e rys

f Jit d
o peaks or o P B I Re Pl o PP E L0 .
(3H, 0) ardsaz) CZJ@)(:HHs;omwmg)cg@at(@ms‘%u@ﬁ(mrﬁimo%b)smb%iéhﬁﬂm

seed crystal used in the preparation was obtained in the follow ng

pr ocedur d=2b hdHKd), at3y @Hy 8d&l1=010, 4.0, 10. OHz) 5.12(1H, d, J=12.2Hz), 5.21 (14, d,
1, 1- anhydr o- 1- C45- ( 4- et hyl phenyOrret hyI

( hydr oxy el BZHep Be¥W(1H; 1,3=00.§Ha) Gmﬂr(aﬁodﬂ =18.0Hy), A6@I(1$D d, J+10 AERY, N &7 (2H,
(2 mg) were dissolved in nethanol (0.1 m) at 80C. The sol vent was
fully evabdr@ide) frlofPHhe, Js:812i2) ohl h{1IBAECT+®0E) €. 17HeHdds Irea, 8.0Hz), 7.25
crystalline rrat erial. - 54 - [0175] Measurenment condition of nelting
poi nt : AldH y Y3 nethod: differential scanni ng cal orinetry (DSC)

Appar at u S echnology Inc.) Scanning rate: 10C /mn
Scanni ngip]aﬁgcq&ggﬁéé) féi‘,m&lunt of sanple: 3 to 4 ng [ Exanpl e
i] Et gﬁﬁ;g %ﬁﬁ ijj}gacn(ggﬂg 4{%ﬁbﬁ%%mﬁws@rémethylsﬂyloxy) -6-trimethylsilyloxymethyl-

tetrahydropyran-2-one

[0152] [Formula 25]
0

ﬁoms
™
S0 Y OTMS
OTMS
To a solution of D-(+)-glucono-1,5-lactone (21.6 kg) and N-methylmorpholine

(98.2 kg) in tetrahydrofuran(192 kg) was added trimethylsilyl chloride (79.1 kg) at 40°C or

below, and then the mixture was stirred at a temperature from 30°C to 40°C for 4 hours.



(hydr oxynet hyl ) phenyl] - (3- D- gl ucopyranose with potassi um acet ate
Monohydrate crystal of 1,1-anhydro-1-C15-(4-ethyl phenyenet hyl- 2-
(hydr oxynet hyl ) phenyl ] - 13- D- gl ucopyranose (200 ng) and potassium
acetate (48 ng) were dissolved in nethanol (1 m) at 80C. After the
sol ution was cooled to room tenperature,43i-sopropanol (2 nm) was added
thereto. The solvent (ca. 2 ml) was renoved by evaporation under

reduced p ; |-opf g -
heroto. - a e e IS RO LD iEpeeleel

Crystal pheeidi Bl 88 156 WeEiper dnidhidsadd '

i sopropanol (4 m), %nd dar@,i ed toe%gi ve the tsiﬁél\gghgigl?@%gﬁﬁm?%?ft??g
poi nt:  17&@um BihyddokeNWRosphade) s0Sk@k2} firl was108 RY x39- CrieSdodlent Was
(CD3) 250, the ratio of the titled conpound and pofassium acetate in

t he co- crewpalatedamdeomrtlicatguesasrel: To thdiieshiting sesthie Gidsatiaet fease@irMran
the integration ratio of peaks of protons at CH3 in ethyl of the
conpound (184 kgBamd the spiyent(v3id, cva)orated naderCiBiced ppotas.si Apaiacatahlérofuran
(81.53 ppm (311, s)). [0176] The seed crystal used in the preparation
was obt ai & kghwanhedded theseioragd pranvested endevpebhgdipraswmrc r yBteaksufing residue
1, 1- anhydro- 1- G [ 5-(4- et hgl henyl ) met hy1- 2- ) ) _

( hydr oxy et issphisd iy iqtrany IB%{J{PIEI V2 Hogle @ golwipn ahthepisted seingpund in

acetate (2 ;ﬁ%) re dissolved inp nethanol (0.1 m) at 80C. The )

sol vent &S &ﬁ%f%ab@? RPEEY Ftbiproductas %Wk (conversiontratey Sy &%) yghich was
desired crys%ﬁgl bMa\%ti n@ax%oi nt. was rreagur in the same condition as
Exanpl e 7qAed based Op e 2754 Mg JeRsirefi by ter adsorption isotherm
Wat er ad i i d for nonohydrate crystal of a
corrpounds[r%%]e%c siipmrt fddidod b ﬁ [0177] [Fgr mul a 31{ HO (XI)

b i d i 1 i i i : DVS-1
y using ynam@em_negm.wagbb%@m%gﬁ%mﬂm@gﬁg{mgﬁgicﬁe

(Surface Measurenent Systens) as state el ow. shed

monohydrat e cr Wibgite SHasé:Fu&GRMPOUANT WBONIE)gleed precisely as a
measur enent sanple (ca. 10 ng, water content: '4.5% and taken into a

sanpl e pan. An migit\B: Senpivey ) MeCHade08ed as a control sanple. The
nmeasur enent sanple and the control sanple were set in the device. At

a constant t enandient @pefaiontBtheA6R) S0% &b 0595\(@S b, d5%Y(16 Rih), 98% to 100%
varied to 90% 80% 70% 60% 50% 40% 30% 20% 10% and 0%in a
row, and (hmiightind haOHE Sohi)he measurenent sanpl e was neasured. The
nmeasurenent results were shown in Figure 1. The results indicate that
t he conmpound rdfeesapte@mdymior nul a (XI) exists stably as nonohydrate
in arange of relative humdity from10%to 90% [0179] [Test Exanple
2] Storage st atsialymy temararatyre: AB{ohydr at e cryst al A storage
stability test s carried out éﬁ)r nonohydrate crystal and an

anor phous form ec{lﬁ@%ﬁ%ﬁﬁtﬁdz MBornula (XI). The nonohydrate

t al th d.of. F | Xl d i to th
e eaur St S o s 6 T e R PR DR R Bomound o
F | i || i d . Th hydr at
crystal SRR AnT 2B o Rl i %) heat ing on hot-stage. -
and al | owned toS@ﬁ%@) %gi%%f@%%-tté?f&ﬂ?s A S Y SRS S

desi ccat or (25C resuflti

give a s Bth n tRNOUB - efdk v fhe sanpl es were stored in

t hernostati ¢ chanbers at or . an e purity each of the

sanpl es mhﬂﬁh@f@hﬂ)ﬁ&hﬁﬁteﬁ@ﬂdﬁogﬁaﬁmnt hs and 6 nonths. [0180] The
purity was determned in the follow ng procedure. A portion each of

t he [0154]




-56 - sanples was wei ghed precisely (ca. 6 ng) and dissolved in a

m xture of water and nethanol (1:1) to be 10 nL accurately. The
resulting solutions were used as sanple solutions, and a portion (10
jiL) each of the sanple solutions was subjected to HPLC anal ysis. A
total anmount of inpurities were cal cul atddd according to the follow ng
formula. [0181] [Fornula 321 Total anount of inpurities (% . Sum of
peak areagpach 4] | npurities (Peak area of the conpound of formula
(X)) +(Sum of peak ar-gs each of inpurities) Measurenent condition of
HPLC Devi ce: 2p95 Separati ons Mdul e (manufactured by Waters),
2487 Dual A. Abspfbdarice-Deti ect or (manufactured by Waters) or 996

Phot odi od B a manuf act ured by Waters) Col um:

YMC- Pack - AM ANt 89s3,7 4.6 nm | .D. x15 cm particle size 3 um
(nanufactuKﬁdabXD AV)ONDI | € phase: Eluent A = nethanol, Eluent B =
wat er G adi emt operation: Eluent A: 55% (15 mn), Eluent A
55% t 0 100Y°P1re” mivmYom@9% (5 nmin) Flow rate: 1.0 nml/mn Detection
wavel engt h: 220 ngypanpl e cool er tenperature: 5C Period for neasuring
peak area: 30 m nutes after injection

Under an argon atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (277 g, 820 mmol) was dissolved in toluene (2616 mL) and t-
butylmethyl ether (262 ml), and n-butyllithium in hexane (1.54 M, 426 ml, 656 mmol) was
added dropwise at -10°C. After the mixture was stirred for 0.5 hours at -10°C, n-butyllithium
in hexane (1.54M, 160 ml, 246 mmol) was added dropwise at -10°C. After the mixture was
stirred for 1 hour at -10°C, in order to confirm the regioselectivity of the halogen-metal
exchange reaction, a small portion of the reaction mixture was taken, and added to a saturated
aqueous solution of ammonium chloride. The ratio of 4-bromo-1-(1-methoxy-1-
methylethoxymethyl)benzene and 2-bromo-1-(1-methoxy-1-methylethoxymethyl)benzene
included in the resulting mixture was 53:1 (conversion rate: 98%), which was calculated
based on the area ratio measured by HPLC.

[0155] After the reaction mixture was cooled to -48°C, the mixture was added dropwise to a
solution of 3,4,5-tris(trimethylsilyloxy)-6-trimethylsilyloxymethyl-tetrahydropyran-2-one
(402 g, 862 mmol) in tetrahydrofuran (2012 ml) at -77°C, and the reaction mixture was
stirred at -70°C for 1.5 hours. Triethylamine (24 ml, 172 mmol) and trimethylsilyl chloride
(98 g, 903 mmol) were added thereto, and the mixture was warmed to 0°C to give a solution
containing 2,3,4,5-tetrakis(trimethylsilyloxy)-6-trimethylsilyloxymethyl-2-(5-bromo-2-(1-
methoxy-1-methylethoxymethyl)phenyl)tetrahydropyran. The resulting solution was cooled
to -78°C, and n-butyllithium in hexane (1.54 M, 1119 ml, 1724 mmol) was added dropwise
thereto at the same temperature.  After the mixture was stirred for 1 hour,

4-ethylbenzaldehyde (242 g, 1806 mmol) was added dropwise at -78 °C, and the mixture was



The results were shown in Table 2. Both at 25C and 40C, the total
anounts of inpurities in the anorphous formwere increased _

ti me-dependently. On the other hand, the total anmpunts of inpurities
in the nonohydrate crystal were maintained nearly constant for 6
months. [0182] - 57 - [Table 2] Tenp. -i4d -st orage Form Total anount
of inpurities (% 0 month 1 nonth 3 nonth 6 nonth 25C Monohydrate

stirred at the same temperature for 2.5 hours. The reaction mixture was poured into an
aqueous solution of 20% ammonium chloride, and the organic layer was separated, and
washed with water. The solvent was evaporated under reduced pressure to give a product
containing the titled compound as an 0il (879 g). The product was used in the next step
without further purification.

[0156] Measurement condition of HPL.C:

Column: Ascentis Express C18, 3.0 mm 1.D.x100 mm, 2.7 pm (Supelco)
Mobile phase: Eluent A: 2 mM AcONH4/H-O,

Eluent B: MeCN

Gradient operation: Eluent B: 30% to 98% (25 min), 98% (5 min)

Flow rate: 1.0 mL/min

Column temperature: 40°C

Detection wavelength: 210 nm

Step 2: Synthesis of 1.1-anhydro-1-C-[5-(4-ethylphenyhydroxymethyl-2-

(hydroxymethyl)phenyl]-8-D-glucopyranose

[0157] [Formula 27]

Under a nitrogen atmospbere, the oil containing 2,3,4,5-tetrakis(trimethylsilyloxy)-
6-trimethylsilyloxymethyl-2-(5-(4-ethylphenyl)hydroxymethyl-2-(1-methoxy-1-
methylethoxymethyl)phenyl)tetrahydropyran (628 g), which was a portion of the product
obtained in the previous step, was dissolved in tetrahydrofuran (991 ml). Water (63 ml) and
1IN HCl aq (23 ml) were added and the mixture was stirred at 28°C  for 7 hours.

Triethylamine (3.8 ml, 25.8 mmol) was added to the reaction mixture, and the solvent was



crys.t al 0.30 - 0.29 0.32 Anorphous form0.35 0.66 0.87 40C
Monohydrate crystal 0.30 0.32

- 46 -

evaporated under reduced pressure. Water (198 ml) and 1,2-dimethoxyethane (396 ml)
were added to the residue and the two layers were separated. The aqueous layer was
washed with n-heptane (595 ml). Water (99 ml} and 1,2-dimethoxyethane (198 ml) were
added to the aqueous layer. The mixture was washed with n-heptane (595 ml), and the
aqueous layer was concentrated under reduced pressure. To the resulting residue was added
1,2-dimethoxyethane (793 ml) and the solvent was evaporated under reduced pressure to give
an oil containig the titled compound (247 g). The product was used in the next step without
further purification.

[0158] Step 3: Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxvmethvl)phenyl]-B-D-glucopyranose

[0159] [Formula 28]

To a solution of the oil containing 1,1-anhydro-1-C-[5-(4-
ethylphenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-B-D-glucopyranase (125 g), which
was a portion of the product obtained in the previous step, in 1,2-dimethoxyethane (400 ml)
were added water (150 ml) and 5% Pd/C (19 g, 4.5 mmol, water content ratio: 50%), and the
mixture was stirred in the atmosphere of hydrogen gas at room temperature for 6 hours.

The reaction mixture was filtered and the residue was washed with a mixture of 1,2-
dimethoxyethane (250 ml) and water (250 ml). The filtrate and the washings were
combined and 1,2-dimethoxyethane (500 ml) was added thereto. The mixture was washed
with n-heptane (1000 ml x2). Ethyl acetate (500 ml) and an aqueous solution of 25%
sodium chioride (600 g) were added to the aqueous layer, and the product was extracted to
the organic layer. The separated organic layer was washed with an aqueous solution of 15%

sodium chloride (600 g), and the solvent was evaporated under reduced pressure. To the



0.31 0.36 Anorphous formO0.35 0.62 0.92 1.46 |[Test Exanple 3]
Storage stability test of co-crystal with sodium acetate A
storage stability test was carried out for co-crystal of the conpound
of Formula (XI) with sodium acetate according to the precedure of
Test Exanple 2. The co-crystal of the cdffpound of Forrmula (Xl) with
sodi um acet ate was prepared according to the procedure of Exanple 5.

The sarrpll%mwﬁ%?esﬁu@r\@gau@ec\t&%fos{egécmgwe 3 ag&%lﬁfwa%%@ ;ﬁd}até(?ggdeqquuced

the purity each of the sanples was obs ter

mont hs.  THesstRas Wi B hrodastddnbaiNiRE ehelHBIORHoWhd t‘l%@seTﬁé){mﬁtg’%f the
anor phous form obtained in Test Exanple 2. [0183] "The'results Wwere

shown in r'EaHhﬁgﬁ rodBoitwiasat3. 36 GvRioH w4 Calchibe dthatel orﬁtﬂgﬁf&ﬁatﬂzf mcasured b&l
i mpurities in the anorphous formwere increased time- dependent|y.

t he ot herHRB@d, Thberddotiavasamed it the ofxt sigpuwithdue Surttier phgficioar yst al
with sodium acetate were rral nt ai ned nearly constant for 3 nonths.
[0184] [ TiaAbH@ FYedung 30, amount of inpurif es (9

Column: Atlantis dC18, 4.6 mm 1.D.x75 mm, 3 pm (Waters)

Mobile phase: Eluent A: H,0,

Eluent B: MeCN

Gradient operation: Eluent B: 2% to 20% (3 min), 20% to 28% (5 min), 28%
(12 min), Eluent B: 28% to 100% (7 min), and 100% (8 min)

Flow rate: 1.2 mL/min

Column temperature: 35°C

Detection wavelength: 210 nm

Step 4: Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxymethyl)phenyi]-2.3,4.6-tetra-O-methoxycarbonyl-8-D-glucopyranose

[0161] [Formula 29]

1,1-Anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(hydroxymethyl)phenyl]-B-D-
glucopyranose (106 g), which was obtained in the previous step, and 1-methylimidazole
(318 ml, 3994 mmol) were dissolved in acetone (400 ml). Under a nitrogen atmosphere,
methyl chloroformate (182 ml, 2367 mmol) was added dropwise to the solution at 15°C.
The mixture was allowed to warm to 18°C while stirred for 3 hours.  After addition of water
(800 ml), the mixture was extracted with ethyl acetate (800 ml). The organic layer was

washed with an aqueous solution of 10% potassium hydrogensulfate and 5% sodium chloride



0 m).nth 1 nonth 3 nonth 25C Co-crystal with sodium acetate 0.07 0.07
Anor phous form0.35 0.66 40C

- 48 -

(800 ml), and an aqueous solution of 20% sodium chloride (800 ml x2), and then the solvent
was evaporated under reduced pressure.  To the resulting residue were added ethanol

(1200 ml), t-butylmethyl ether (200 ml) and 2-propanol (130 m]). The mixture was heated
to 74°C to dissolve the residue, and then cooled to 55°C and stirred for T hour. After
precipitation of solid was observed, the mixture was cooled from 55 to 25°C over 1.5 hours.
2-Propanol (270 ml) was added thereto, and the mixture was stirred at 25°C for 1 hour. The
resulting crystal was collected by filtration, washed with a mixture of ethanol and 2-propanol
(3:1, 300 ml) followed by with a mixture of ethanol and water (1:1, 300 ml) to give the titled
compound as wet powder [122 g, corresponding to 104 g of dry powder, total yield from 2,4-
dibromo-1-(1-methoxy-1-methylethoxymethyl)benzene used in Step 1: 57%].

[0162] Step 5: Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyDmethy]-2-

hydroxymethyDphenvl]-B-D-glucopyranose

[0163] [Formula 30]

Under a nitrogen atmosphere, to a solution of 1,1-anhydro-1-C-[5-(4-
ethylphenyl)methyl-2-(hydroxymethyl)phenyl]-2,3,4.6-tetra-O-methoxycarbonyl-B-D-
glucopyranose (96 g as wet powder, corresponding to 82 g of dry powder) in 1,2-
dimethoxyethane (328 ml) was added dropwise an aqueous solution of sodium hydroxide (4N,
265 ml, 1060 mmol) at 40°C. The mixture was stirred at the same temperature for 4.5 hours.
Water (82 ml) was added to the mixture and the organic layer was separated. The organic
layer was washed with an aqueous solution of 18% sodium dihydrogen phosphate dihydrate
and 12% disodium hydrogen phosphate dodecahydrate (410 ml) and then ethyl acetate
(410 ml) was added thereto. The organic layer was washed with an aqueous solution of

25% sodium chloride (410 ml x2), and the solvent was evaporated under reduced pressure.



Co-crystal with sodium acetate 0.07 0.07 0.08 Anorphous formO0. 35
0.62 0.92 - 58 - [Test Exanple 4] Storage stability test of
co-crystal with potassium acetate A storage stability test was
carried out for co-crystal of the conpound of Formula (XI) with
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Inmpurities in the co-crystal with potassium acetate were naintai ned
nearly cowmsteofed fpom25n0id BS°C @t 86 mihidtaklaad 4lirred at 20°C for 1 hour.  After
precipitation of solid was observed, the mixture was warmed to 25°C and stirred at the same
temperature for 1 hour. Subsequently, the mixture was cooled from 25°C to -5°C over
2.4 hours, and the resulting crystal was collected by filtration. Water (246 ml) was added to
the resulting crystal and the mixture was stirred at 4°C for 1 hour.  After filtration, the
resulting wet powder was dried under reduced pressure (pressure: 1 hPa, outside temperature:
20 to 25°C) for 20 minutes to give wet powder (water content: 8.249%). The resulting
powder was further dried under reduced pressure (pressure: 25 hPa, outside temperature: 20
to 25°C) for 30 minutes to give the titled compound as a monchydrate crystal (44g, yield
82%, water content 4.470%). The purity of the resulting compound was 99.9%, which was
calculated based on the area ratio measured by HPLC.
Method for measurement of water content:
Amnalysis method: coulometric titration method
KF analysis apparatus: Type KF-100 (trace moisture measuring apparatus
manufactured by Mitsubishi Chemical Corporation)
Anode solution: Aquamicron AX (manufactured by Mitsubishi Chemical
Corporation)
Cathode solution: Aquamicron CXU (manufactured by Mitsubishi Chemical
Corporation)
A seed crystal used in Example 5, Step 5 was a portion of the crystal obtained in the
following procedure.
[0164] 1,1-Anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(hydroxymethyl)phenyl]-B-D-
glucopyranose (180.4 g) was dissoleved in water (250 ml) and acetone (250 ml) at 25°C and

insoluble materials were removed by filtration. To the filtrate was added a mixture of water



Tenp. in storage Form Total anmount of inpurities (% O nonth 1
nmonth 3 nmonth 25C Co-crystal with potassium acetate 0.08 - 0.08
Anor phous form

-50-
(326 ml) and acetone (326 ml), and the solution was cooled to 4°C.  Water (2.31 1) was
added thereto with stirring the mixture and keeping it at 11°C or below, and precipitation of
solid was observed. The precipitate was collected by filtration, washed with a mixture of
water (289 ml) and acetone (59 ml), and dried by ventilation drying to give a crystal

(160.7 g).

[0165] Measurement condition of HPLC:

Column: ZORBAX Eclipse XDB-C18, 4.6 mm LD. x50 mm, 1.8 um (Agilent)

Mobile phase: Eluent A: H,O,

Eluent B: MeOH

Gradient operation: Elunent B: 40% to 60% (11.5 min), 60% to 80% (7 min), 80%
to 95% (4 min), 95% (5 min)

Flow rate: 1.0 ml/min

Column temperature: 50°C

Detection wavelength: 220 nm
[Example 6] Halogen-metal exchange reaction on 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene

Halogen-metal exchange reactions on 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene were carried out in the following conditions (Conditions 1 to 4).
The regioselectivity in the reactions was confirmed by 'H-NMR analysis.
[0166] Condition 1: Under a nitrogen atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (500 mg, 1.48 mmol) was dissolved in toluene (3.65 ml) and t-
butylmethyl ether (0.35 ml). To the solution was added dropwise n-butyllithium in hexane
(1.6 M, 1.01 ml, 1.62 mmol) at 0°C over 3 minutes. After completion of the addition, a
saturated aqueous solution of ammonium chloride was added thereto, and the mixture was
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous
solution of sodium chloride, and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure to give a product containing 4-bromo-1-(1-methoxy-1-

methylethoxymethyl)benzene, and 2-bromo-1-(1-methoxy-1-methylethoxymethyl)benzene,



0.35 - 0.66 40C Co-crystal with potassium acetate 0.08 0.08 0.08
Anor phous form0.35 0.62 0.92 [Test Exanple 5] Powder X-ray
diffraction nmeasurenent

2571 -

which may be referred to as 4-bromide and 2-bromide respectively hereinafter, as an oil

(376 mg). According to 'H-NMR analysis of the product, the ratio of 4-bromide: 2-bromide
was determined as 16:1, which was calculated based on the integration ratio of peaks of
protons at benzyl position (4-bromide: 84.43 ppm, 2-bromide: 84.55 ppm).

[0167] 4-Bromo-1-(1-methoxy-1-methylethoxymethyl)benzene;

"H-NMR (CDCl3} &: 1.41 (6H, ), 3.24 (3H, s), 4.43 (2H, 5), 7.21-7.24 (2H, m),
7.44-7.47 (2H, m).

[0168] 2-Bromo-1-(1-methoxy-1-methylethoxymethyl)benzene:

'H-NMR (CDCls) &: 1.46 (6H, s), 3.24 (3H, 5), 4.55 (2H, s), 7.10-7.14 (1H, m),
7.29-7.33 (1H, m), 7.51-7.55 (2H, m).
[0169] Condition 2: Under a nitrogen atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (500 mg, 1.48 mmol) was dissolved in toluene (3.65 ml) and t-
butylmethyl ether (0.35 ml). To the solution was added dropwise n-butyllithium in hexane
(1.6 M, 1.01 ml, 1.62 mmol) at 0°C over 3 minutes. A solution of 2,4-dibromo-1-(1-
methoxy-1-methylethoxymethyl)benzene (150 mg, 0.44 mmol) in toluene (1.1 ml) and t-
butylmethyl ether (0.11 ml) was added dropwise to the reaction mixture. After completion
of the addition, the reaction mixture was stirred at 0°C for 30 minutes. A saturated aqueous
solution of ammonium chloride was added thereto, and the mixture was extracted with ethyl
acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride,
and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure to give a product containing 4-bromide and 2-bromide as an oil (458 mg).
According to "H-NMR analysis of the product, the ratio of 4-bromide : 2-bromide was
determined as 220:1, which was calculated based on the integration ratio of peaks of protons
at benzyl position.
[0170] Condition 3: Under a nitrogen atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (150 mg, 0.44 mmeol) was dissolved in toluene (1.1 ml) and t-
butylmethyl ether (0.11 ml). To the solution was added dropwise n-butyllithium in hexane

(1.6 M, 0.3 ml, 0.48 mmol) at 0°C over 3 minutes. After completion of the addition, the



Powder X-ray diffraction was nmeasured for the nonohydrate and

anor phous form of the conpound of Forrmula (Xl), and for co-crystals
of the conpound of Formula (XI) with sodium acetate and potassi um
acetate. The neasurenent conditions were shown bel ow. [0187]
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step: 30 &ed Seambhyangs sodiutmsudfate. The solvent was evaporated under reduced pressure to
give a product containing 4-bromide and 2-bromide as an oil (108 mg). According to 'H-
NMR analysis of the product, the ratio of 4-bromide : 2-bromide was determined as 16:1,
which was calculated based on the integration ratio of peaks of protons at benzyl position.
[0171] Condition 4: Under a nitrogen atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (500 mg, 1.48 mmol) was dissolved in toluene (3.65 ml) and t-
butylmethyl ether (0.35 ml). To the solution was added dropwise n-butyllithium in hexane
(1.6 M, 1.01 ml, 1.62 mmol) at 0°C over 30 minutes. After completion of the addition, a
saturated aqueous solution of ammonium chloride was added thereto, and the mixture was
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous
solution of sodium chloride, and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure to give a product containing 4-bromide and 2-bromide as
an 0il (373 mg). According to "H-NMR analysis of the product, the ratic of 4-bromide: 2-
bromide was determined as 40:1, which was calculated based on the integration ratio of
peaks of protons at benzyl position.
[0172] [Example 7] Synthesis of 1,1-anhydro-1-C-[5-(4-cthylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose

To a solution of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxymethyl)phenyl}-2,3,4,6-tetra-O-methoxycarbonyl-B-D-glucopyranose (88.2 g as wet
powder) in 1,2-dimethoxyethane (285 ml) was added a solution of sodium hydroxide (5 M,
285 ml} at room temperature, and the mixture was stirred at the same temperature for 1 hour.
After addition of an aqueous solution of sulfuric acid (1 M, 713 ml) to the mixture, water
(100 ml) was added thereto, and the mixture was extracted twice with ethyl acetate (500 ml).
The combined organic layer was washed with a saturated aqueous solution of sodium

chloride (1000 ml), dried over anhydrous sodium sulfate (250 g) and an about half of the



Measur enent conditions for the anorphous form Equipnment: RINT 1100
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current: 20 mA Scan rate: 2.000 degree/m n Sanpling range: 0.020
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(PANal Yt i gidoht A8 brdvRA MG der el Breélrt 208he ARulkiNg precipitate was collected by
filtration, and the product was obtained as crystalline powder (10.3 g). A portion of the
product (4 mg) was dissolved in dimethyl sulfoxide (0.02 ml). The solution was lyophilized
at -20°C over 2 days to remove dimethyl sulfoxide. Water (0.02 ml) was added to the
resulting residue, and a very small portion of the product obtained above was added thereto
as a seed crystal. The mixture was shaken at 100 rpm by DOUBLE SHAKER NR-3
(TAITEC) at room temperature for 10 days to give crystal of the titled compound. The
resulting crystal is confirmed to be a monohydrate by measurement of powder X-ray
diffraction, in which peaks were observed at the same diffraction angles (20) as those of the
X-ray powder diffraction pattern of the monohydrate measured in Test Example 5.

[0173] [Example 8] Preparation of co-crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-
2-(hydroxymethyl)phenyl]-B-D-glucopyranose with sodium acetate

Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (200 mg) and sodium acetate (40 mg) were
dissolved in methanol (1 ml) at 80°C.  After the solution was cooled to room temperature,
isopropanol (2 ml) was added thereto. The solvent (ca. 2 ml) was removed by evaporation
under reduced pressure. A seed crystal of the titled co-crystal was added thereto, and the
mixture was stirred at room temperature overnight.  Crystal precipitated was collected by
filtration, washed with isopropanol (4 ml), and dried to give the titled co-crystal (melting
point: 162°C). By 'H-NMR analysis of the resulting co-crystal in (CD;3),SO, the ratio of the
titled compound and sodium acetate in the co-crystal was confirmed as 1:1, which was
calculated based on the integration ratio of peaks of protons at CH; in ethyl of the compound
(81.12-1.16 ppm (3H, t)) and at CHj of sodium acetate (81.56 ppm (3H, s)).
[0174] The seed crystal used in the preparation was obtained in the following procedure.
Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (8 mg) and sodium acetate (2 mg) were
dissolved in methanol (0.1 mi) at 80°C. The solvent was fully evaporated from the solution

at 80°C to give the desired crystalline material,



Tube current: 40 mA Scan rate: 1.000 degree/m n Sanpling range:

0. 0500 Divergence slit: 0.25 Scatter slit: 0.25 Receiving slit: 0.2
mnm Scan range: 3 to 35 The result of the nonohydrate was shown
in Figure 2. Peaks were observed in diffraction angles (20) of about
3.5, 6.9, 10.4, 13.8, 16.0, 17.2, 18.4,-520.8, 21.4 and 24.4. The
result of the co-crystal wth sodium acetate was shown in Figure 4.
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[Example 9] Preparation of co-crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose with potassium acetate

Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (200 mg) and potassium acetate (48 mg) were
dissolved in methanol (1 ml) at 80°C.  After the solution was cooled to room temperature,
isopropanol (2 ml) was added thereto. The solvent (ca. 2 ml) was removed by evaporation
under reduced pressure. A seed crystal of the titled co-crystal was added thereto, and the
mixture was stirred at room temperature overnight.  Crystal precipitated was collected by
filtration, washed with isopropanol (4 ml), and dried to give the titled co-crystal (melting
point: 176°C). By 'H-NMR analysis of the resulting co-crystal in (CD4)»SO, the ratio of the
titled compound and potassium acetate in the co-crystal was confirmed as 1:1, which was
calculated based on the integration ratio of peaks of protons at CHj in ethyl of the compound
(81.13-1.16 ppm (3H, t)) and at CHj of potassium acetate (61.53 ppm (3H, s)).
[0176] The seed crystal used in the preparation was obtained in the following procedure.
Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (8 mg) and potassium acetate (2 mg) were
dissolved in methanol (0.1 ml) at 80°C. The solvent was fully evaporated from the solution
at 80°C to give the desired crystal. Melting point was measured in the same condition as
Example 7.
[Test Example 1] Measurement of water adsorption isotherm

Water adsorption isotherm was measured for monohydrate crystal of a compound

represented by Formula (XT):



HO (I) wherein nis an integer selected fromO to 3, mis an
i nteger selected fromO to 5; R and R2 are independently
sel ected from Cngal kyl optionally substituted with one or nore Ra,
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and _c(. Qy&smrement sample (ca. 10 mg, water content: 4.5%) and taken into a sample pan. An
empty sample pan was used as a control sample. The measurement sample and the control
sample were set in the device. At a constant temperature (around 25°C), relative humidity
(RH) was varied to 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, and 0% in a row, and
weight change of the measurement sample was measured. The measurement results were
shown in Figure 1. The results indicate that the compound represented by Formula (X1)
exists stably as monohydrate in a range of relative humidity from 10% to 90%.
[0179] [Test Example 2] Storage stability test of monohydrate crystal

A storage stability test was carried out for monohydrate crystal and an amorphous

form of the compound of Formula (XI). The monohydrate crystal of the compound of
Formula (XT) was prepared according to the procedure of Example 1, Step 7. The
amorphous form of the compound of Formula (XI) was obtained by the following procedure.
The monohydrate crystal of the compound (15 g) was melted by heating on hot-stage, and
allowed to be cooled to room temperature in a humidity-controlled desiccator (25°C/dry).
The resulting solid was grinded in mortar to give a sample used as an amorphous form. The
samples were stored in thermostatic chambers at 25°C or 40°C, and the purity each of the

samples was observed after 1 month, 3 months and 6 months.

[0180] The purity was determined in the following procedure. A portion each of the



R6 is Cnoal kyl, Cnhocycl oal kyl, aryl, or heteroaryl, wherein when p is
0, R6 may further be _si RR2R13R14, or 122, R3, R19 and R11 are
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hydrogen atom Cnoal kyl, Cnocycl oal kyl ,-5#r-yl , heteroaryl, or

_Si R 2R13R14; Ra are independently selected from

C3_t hcycl : C 40al kynyl ryl
het er oar yf)“?’{%éd‘?’%*‘% gié&ﬁg}élgaee]g(&a%lf é(r;nlllgc} %@%&cgﬂb@é’ﬁ ers%?er and methanol
_S(0) 2R22¢7.1) 1§ rb e :
CR31=NOR3S” t§$§§§%§%@% 0) ?ﬁ%%‘é%%%gg‘% ereused %SS%?‘@%%%%O@& and a
from 1 angbron LRk3h om,sallﬁ?I%,soMioﬁ@dfaB&fbj&ﬁ&i oM RREPGL Y A total

ylh;

sel ected from al kyl and ar R15 and R39 are independently

sel ect ed dmemtaf hyplirtie wead edivul&tbdvatdoyding €Bthe ifO1L¥EHE Brkdla, Coal koxy,
Croal kyl am no, di (Chi oal kyl ) am no, Cnoal iyl thio, aryl, and
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Measurement condition of HPL.C

Device: 2695 Separations Module (manufactured by Waters), 2487 Dual &
Absorbance Detector (manufactured by Waters) or 996 Photodiode Array Detector
(manufactured by Waters)

Column: YMC-Pack ODS-AM AM-302-3, 4.6 mm LD. x15 cm, particle size 3 pm
(manufactured by YMC)

Mobile phase: Eluent A = methanol, Eluent B = water

Gradient operation: Eluent A: 55% (15 min), Eluent A: 55% to 100% (10 min),
100% (5 min)

Flow rate: 1.0 mL/min

Detection wavelength: 220 nm

Sample cooler temperature: 5°C

Period for measuring peak area: 30 minutes after injection

The results were shown in Table 2. Both at 25°C and 40°C, the total amounts of
impurities in the amorphous form were increased time-dependently.  On the other hand, the
total amounts of impurities in the monohydrate crystal were maintained nearly constant for
6 months.

[0182]



1232 is a hydrogen atom Cnpal kyl, C3.hocycl oal kyl, aryl, heteroaryl,
-Si RR3R24R25, or _gq_O)R30; 1235 is a hydrogen atom Cnoal kyl,

C340cycl oal kyl , Chl oal kenyl, C3_10cycl oal kenyl, - 63 - (C240al kynyl,
Coal kyl thio, aryl, or heteroaryl; R36 is a hydrogen atom
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Monohydrate
0.30 - 0.29 0.32
25°C crystal
Amorphous form 0.35 - 0.66 0.87
Monohydrate
0.30 0.32 0.31 0.36
40°C crystal
Amorphous form 0.35 0.62 0.92 1.46

[Test Example 3] Storage stability test of co-crystal with sodium acetate

A storage stability test was carried out for co-crystal of the compound of Formula
(XI) with sodium acetate according to the precedure of Test Example 2. The co-crystal of
the compound of Formula (XI) with sodium acetate was prepared according to the procedure
of Example 5. The samples were stored in thermostatic chambers at 25°C or 40°C, and the
purity each of the samples was observed after 1 month and 3 months. The measurement
results were compared with those for the amorphous form obtained in Test Example 2.
[0183] The results were shown in Table 3. Both at 25°C and 40°C, the total amounts of
impurities in the amorphous form were increased time-dependently. On the other hand, the
total amounts of impurities in the co-crystal with sodium acetate were maintained nearly
constant for 3 months.

[0184] [Table 3]

Total amount of impurities (%)
Temp. in storage Form
0 month 1 month 3 month

Co-crystal with
0.07 - 0.07

25°C sodinm acetate
Amorphous form 0.35 - 0.66

Co-crystal with
_ 0.07 0.07 0.08

40°C sodium acetate
Amorphous form 0.35 0.62 0.92




P1 x' wherein X1 and X2 are independently selected froma brom ne
atomor an iodine atom Pl is a netal ion, a hydrogen atomor a
protecting group of hydroxy; 4 <1l is a group defined as
R1, wherein the group nay have one or nore protecting groups; and n
is as defined above; with an organonet al58r-eagent, and then reacting
with a conpound of Fornmula (I111): [Formula 3] O p500P3 o p4(l1l)

e, Tt SR 0 UGG LT |, o

together may i ndepeadamtiNtyt&R%aS itricA out for co-crystal of the compound of Formula
(XI) with potassium acetate according to the precedure of Test Example 2.  The co-crystal
of the compound of Formula (XI) with potassium acetate was prepared according to the
procedure of Example 6. The samples were stored in thermostatic chambers at 25°C or
40°C, and the purity each of the samples was observed after 1 month and 3 months. The
measurement results were compared with those for the amorphous form obtained in Test
Example 2.
[0185] The results were shown in Table 4. Both at 25°C and 40°C, the total amounts of
impurities in the amorphous form were increased time-dependently.  On the other hand, the
total amounts of impurities in the co-crystal with potassium acetate were maintained nearly

constant for 3 months.

[0186] [Table 4]

Total amount of impurities (%)
Temp. in storage Form
0 month 1 month 3 month
Co-crystal with
0.08 - 0.08
25°C potassium acetate
Amorphous form 0.35 - 0.66
Co-crystal with
0.08 0.08 0.08
40°C potassium acetate
Amorphous form 0.35 0.62 0.92

[Test Example 5] Powder X-ray diffraction measurement

Powder X-ray diffraction was measured for the monohydrate and amorphous form
of the compound of Formula (XI), and for co-crystals of the compound of Formula (XI) with
sodium acetate and potassium acetate. The measurement conditions were shown below.

[0187] Measurement conditions for the monohydrate (Condition 1)




- 64 - divalent group to protect two hydroxy groups and to forma
ring; to obtain a conpound represented by Formula (IVa): [Formula 4]
OP3 OP4(1Va) wherein R41, n, X2, 131, P2, P3, P4, and P5 are as
defined above; and X is a netal ion, or a hydrogen atom Step b):
treating a conpound represented by Formil%a (I1Vb): [Fornula 5] op2 OP3
OP4(1Vb) wherein R41, n, )c2, Fa, 132, P3, 134, and P5 are as defined

above; and P6 i gqipMBARRIND106 (RYILEEHRIRA} OF @ protecting group
of hydroxy;

Anticathode: Cu

Tube voltage: 40 kV

Tube current: 40 mA

Scan rate: 2.000 degree/min

Sampling range: 0.020°

Divergence slit: 1°

Scatter slit: 1°

Receiving slit: 0.15 mm

Scan range: 3 to 35°

Measurement conditions for the monohydrate (Condition 2)

Equipment: X’Pert MPD (PANalytical)
Anticathode: Cu

Tube voltage: 45 kV

Tube current: 40 mA

Scan mode: continuous scan

Step width: 0.017

Scan axis: 26

Sampling time per step: 30 sec

Scan range: 2 to 35°

Measurement conditions for the amorphous form

Equipment: RINT 1100 (Rigaku Corporation)
Anticathode: Cu

Tube voltage: 40 kV

Tube current: 20 mA

Scan rate: 2.000 degree/min

Sampling range: 0.020°

Divergence slit: 1°



wi th an organonetal reagent, and then reacting with a conpound
represented by Fornmula (V): [Fornmula 6] OHC (p42),,, (V) - 65 -
protecting groups, and mis as defined above; and whi ch may
further conprise one or nore steps to introduce a protecting group
and/or to renove a protecting group, inR60Dhe steps defined above
and/or in any stage prior to or after any one of the steps defined
above. 2. The pr@ggsssficpording to claim1, which further conprises
Step c): subjecting a conpound represented by Fornmula (VI): [Fornul a

7] Receiving slit: 0.15 mm
Scan range: 2 to 35°

Measurement conditions for the co-crystals with sodium acetate and potassium

acetate

Equipment: X’Pert MPD (PANalytical)

Anticathode: Cu

Tube voltage: 45 kV

Tube current: 40 mA

Scan rate: 1.000 degree/min

Sampling range: 0.050°

Divergence slit: 0.25°

Scatter slit: 0.25°

Receiving slit: 0.2 mm

Scan range: 3 to 35°

The result of the monohydrate was shown in Figure 2. Peaks were observed in
diffraction angles (20) of about 3.5°, 6.9°, 10.4°, 13.8°, 16.0°, 17.2°, 18.4°, 20.8°, 21.4° and
24.4°.  The result of the co-crystal with sodium acetate was shown in Figure 4. Peaks were
observed in diffraction angles (26) of about 4.9°, 8.7°, 9.3°, 11.9°, 12.9°, 14.7°, 16.0°, 17.1°,
17.7°,19.6°, 21.6° and 22.0°. The result of the co-crystal with potassium acetate was
shown in Figure 5. Peaks were observed in diffraction angles (26) of about 5.0°, 10.0°,

10.4°,12.4°, 14.5°, 15.1°, 19.0°, 20.1°, 21.4° and 25.2°,



p6ooP2 p5o0 op3 oP4(VI) 12345 wherein R41, R42, m n,
P,P,P,P,P, ana r are as defined in claiml; to the two follow ng

st eps: Step (1): treating a conpound represented by Formla
(VI) wherein P1 is a hydrogen atom under an acidic condition, with
the proviso that when Pl is a protectingigroup, the step further
conprises a deprotection step before the treatnent; and Step

(2): renoving a hydroxy group, which tﬁﬂlﬂrfsrmd in Step b), by
reduction reaction; with the proviso at any one of the two steps
may be carried out in first; to obtain a conmpound represented by

Formula (VIl1): - 66 - [Fornula 8]
1. A process for preparing a compound represented by Formula (1):
[Formula 1]
(R')n

)

wherein n is an integer selected from O to 3, m is an integer selected from 0 to 5;

R' and R” are independently selected from Cy.jpalkyl optionally substituted with one
or more Ra, Cs.jpcycloalkyl optionally substituted with one or more Ra, Cs.jpalkenyl
optionally substituted with one or more Ra, Csjocycloalkenyl optionally substituted with one
or more Ra, Cyj0alkynyl optionally substituted with one or more Ra, aryl optionally
substituted with one or more Ra, saturated, partially unsaturated or unsaturated heterocyclyl
optionally substituted with one or more Ra, cyano, & halogen atom, nitro, mercapto, -OR’, -
NR'R’, -S(O);R’, -S(0)sNR'R?, -C(=0)R*, -CR*=NOR™’, -C(=0)OR’, -C(=0)NR’R",
and -SiRuRmRM; wherein when n is 2 or more, each of R* may be the same or different;
when m is 2 or more, each of R” may be the same or different; or two R' on adjacent carbon
atoms, together with the carbon atoms to which they are attached, may form a carbocyclic
ring or a heterocyclic ring, which fuses the benzene ring; two R” on adjacent carbon atoms,
together with the carbon atoms to which they are attached, may form a carbocyclic ring or a
heterocyclic ring, which fuses the benzene ring;

p is an integer selected from O to 2; q is an integer selected from 1 and 2;

R’isa hydrogen atom, Cy_ypalkyl, Cs.jpcycloalkyl, Cy.1galkenyl, Cs.igcycloalkenyl,
Caapalkynyl, aryl, heteroaryl, -SiR™RR™, or -C(=0)R*;



(F141)n i psoups oP4(VII) wherein R41, R42, m n, F12, 133, n4, r
and P5 are as defined above. 3. The process according to claim1l1 or
2, in which the organonetal reagent is added over 15 to 300 m nutes
in Step a). 4. The process according to any one of clains 1 to 3, in
whi ch addition of an organonetal reagenttZi-s carried out
intermttently in Step a). 5. The process according to any one of

lains 1 to 4, RhapRTEe3ndot i t t '
cl ai ms 0 4, RhaMRTY %ﬁepélgienﬁ%élb&éh Bbmt By 25 AR Wdﬁ%&ggeﬁ%ﬁg Cs.

added in an anmount of 0.4 to 0.9 equival ents rel a%ﬁve to-t

of For mul acfddalkyl a0 @kbey, aby)} fdbiyi OSiRGTR FRE addicior'a second
portion of the reagent is further added in an anount of 0.1 to 0.7

equi val ent s rel Rt is\®.fadkytlhe;. goyaeiind, 21, Gokerroaryl | Whercinkhkgipis BIRT @ap
metal ion or a protecti ng group in Step a). 6. The process accordi ng
to any onfurtbér kel -SIRERTR'G 04:Ci=@)RM; ch a first portion of the
organonetal reagent is adg§9 in an anount of 1.4 to 1.9 equivalents
relative to theRec&pdumad & FEormdependehily selected fbiner hyidnd genratyph,i Oy adkyl, Cs.
the addition a second portion of the reagent is further added in an
amount of o@ycloaikylaryl, befarogeiletil "ReRat pnd-E&DRe; conpound of Fornul a
(1), wherein P is a hydrogen atomin Step a). 7. The process
according to arfy '8AYEFOZEN aioss CGrwadkyd, Cincyginadeyliasgl, betemanieral

r eagent is. d&ﬁgﬁi'o the reaction system containing the conpound of
Formul a (C f‘?l ein Pl is a netal ion, or a protecting group of

NEETNG AL XL ST ot A MR e —
to 5 and (172’.1041%1'}%41'} aq‘?l, ﬁctﬁfﬁgﬂﬁ}ﬁwr&fy, a halogen atom, -NR*R*, .OR™, -SR%, -S(O)2R27, -
SiR”R¥R”, carboxy, -C(O)NR*R?, -C(=0)R*, -CR**=NOR¥, cyano, and -

S(O),NR*R*,

r is an integer selected from 1 and 2;

Rlz, R® , RM, R23, R24, and R” are independently selected from Cj.jpalkyl and aryl;

R" and R* are independently selected from a hydrogen atom, Cj.jpalkyl, Cs.
1ocycloalkyl, Cy.palkoxy, Cyjealkylamino, di(Ci.jpalkyl)amino, Cy.jgalkylthio, aryl, and
heteroaryl;

R%, Rzg, Rzg, R®, R* and R** are independently selected from a hydrogen atom,
hydroxy, Ci.10alkyl, Cs.jpcycloalkyl, Cy.jpalkoxy, aryl, heteroaryl, -SiR*®R*R?, and -
C(=0)R™;

R*isa hydrogen atom, Cy_jpalkyl, C;.jpalkoxy, Cs.jocycloalkyloxy, aryloxy, Cs.
wocycloalkyl, aryl, heteroaryl, -C(:O)R3°, or -SiR“R*R% ;

R7 is hydroxy, Ci.igalkyl, Cs.jecycloalkyl, aryl, heteroaryl, -SiR23R24R25, ar
-C(=0)R*;

R¥isa hydrogen atom, C;_jpalkyl, or Cs_jocycloalkyl;

R*¥Zisa hydrogen atom, Cy.jpalkyl, Cs.ocycloalkyl, aryl, heteroaryl,
-SiR¥R*R”, or -C(=0)R™;

R¥isa hydrogen atom, C;.jpalkyl, Cs.1ocycloalkyl, Ca.qpalkenyl, Cs.jocycloalkenyl,



- 67 - Formula (I1) wherein Pi is a protecting group of hydroxyl is
used in Step a). 9. The process according to any one of clains 1 to
8, in which a conmpound of Fornula (IVb) wherein P6 is a protecting
group of hydroxy is used in Step b). 10. The process according to
any one of clains 1 to 9, wherein nis-@3-mis 0 or 1, and R2 is

Cl _alkyl. 11. The process according to any one of clains 1 to 10,

wher ei n S@Bﬁk?ﬁﬂ’a@glﬂp&yﬁ‘?igh@g{g?}?931%{#)5 n one pot reaction. 12. A

process for préparing a Ity compound represented by Fornul a

(I') according tggd @hﬁd(r@%cri"é'ibﬁbcgi%mﬁ’i, @ﬁécycloal%ll, ﬁ%@&eﬂ%ﬁ:gg_%&yg{@}(&%,

a conmpound of Formula (1) to a compodnd ot ~For

wher ei n 1@43,  Réghyl;m and n are as defined in claim1, and P7 is a
protecting group of hydroxy; Step e): crystallizing the
conpound of Fo_rRrﬁIiﬁa by9rogenchiprf Cf Jhirgl, G coOIGRAYN € Mydkenyl, Cs.ocycloalkenyl,
recrystallization; Step t): renmpving a protecting group(s)

from a conmpobetdroafylFSIRURERXpr tQ(=gHRE; a hi gh- purity conpound of
Formula (I). 13, The process according to claim12, wherein the
conpound r epr eskntedi-b§lkHo Coudcpcipalkyl, £ Srkeny) G sepcloalketeyl, (E-qehikynyl, C;.
obt ai ned by the process accordy%gﬂt% any one of clains 1 to 11. 14.
The pr ocesdkytigragylnbeleigapl.a SR 1R B, 98;C(®NBN; furt her conprises a

step for - 68 -
P which comprises:

Step a): treating a compound of Formula (II):

[Formula 2]
ROn
\\ X2
P'E 9] i /

S

wherein X' and X* are independently selected from a bromine atom or an iodine
atom;

P! is a metal ion, a hydrogen atom or a protecting group of hydroxy;

R* is a group defined as R', wherein the group may have one or more protecting
groups; and n is as defined above;
with an organometal reagent, and then reacting with a compound of Formula (II1):

[Formula 3]
o)

opP?
P50
oP?
op? (1)

wherein P?, P°, P*, and P’ are independently selected from a protecting group of

hydroxy; or P> and P*, P* and P, and P* and P° together may independently represent a



crystallizing the resulting conpound represented by Formula (1) with
a solvent selected from nethanol, ethanol, propanol, isopropanol,

but anol, ethylene glycol, 1-hexanol, tetrahydrofuran, t-butyl nethyl
et her, cycl opentyl nethyl ether, 1, 2-dinethoxyethane, diisopropyl
ether, ethyl acetate, propyl acetate, heédyl acetate,

N, N- di met hyl f or mam de, N, Ndi met hyl acet am de, N-net hyl pyrrolidone,

N N di but aiERACEBRIR, prbree AT AEXANGouADIARY rARNZ 8N, hexyl benzene,

hept ane, tol uene, acetone, 2- }heptanone, ‘acetonitrile,
di met hyl  ®ubiaxkE8mpansh WateREnte®by Bofhulh Bva).0f two or nore solvents
stated above. 15. ?he process according to any one of clains 12 to
14, wher ejRarhulaeflhyl i m dazole is used as a base for the conversion in
Step d). 16.G;§§nprocess according to any one of clainms 12 to 15,

S

wherein P7 is ctedef rom C1_ sal kyl carbonyl, G _aal koxycarbonyl ,
- Si RR3R24- 25; R 3, R4 and R25 are as defined in claim1. 17.
The proceggyaccdrdifg to any one of claims 12 to 16, wherein P7 is
selected fro b carbonyl and net hoxycarbonyl. 18. The process
according to Q? ne of_clains 12 to 17, wherein nis 0; mis 0 or 1,
and R2 is G 8 ound represented by Fornula (1'Vb): [Formula
10] wherein R41] n, (X2, pl, p2, p3, n4, 5r P, and 135 are as
defined iR j P3Aconpound represented by Formula (VI): - 69
- 41 R m42pl p,p3,p4, 5 2

op? (IVa)

wherein R‘u, n, Xg, Pl, Pz, p’ , P4, and P are as defined above; and
X 1s a metal ion, or a hydrogen atom;

Step b): treating a compound represented by Formula (IVb):

[Formula 5]
Ry
N
P'O l P
P°0 oP?
0]
P°0
o3
opP* (IVD)

wherein R41, 1, Xz, Pl Pz, P3, P4, and P are as defined above; and

P® is a metal ion, a hydrogen atom or a protecting group of hydroxy;
with an organometal reagent, and then reacting with a compound represented by Formula
(V)
[Formula 6]

OHC N
| —r"),
Z V)

. 42 . . 2 .
wherein R™ is a group defined as R, wherein the group may have one or more



wherein R P, and P6 are as defined in claiml. 21. A crystal of a
conpound represented by Fornmula (XI): [Formula 12] HO QC2H5 (XI)

22. The crystal of a conpound represented by Formula (XI) according
to claim21l, which is a nonohydrate. 23. The crystal of a conpound
represented by Fornula (XI) according t@sclaim?2l or 22, which has
peaks at diffraction angles (20) of about 3.5, 6.9, and 13.8 in X-ray
powder di 1 . 4.. The crystal of a conpound
representég{c%ﬁ%&ﬁﬁgédh§%ss agc%:lg%l}e |an8V?’6mgny one of clainms 21 to 23,

i o s, Pkt fial ARG AMpRIObES (AR SRh ADBb AT prlicind oy

16.00 , 17.2, and 18.4 1n X-ra ction pa n.

crystal OfndareorReRd S8REESEH0ES, iIRYhdQEgefinéd% byt i

one of cl e?i mg 21 to 24{5 Mi%é}ﬁaﬁsl 1peaks Fg'taedin%frl?g?%gﬁkgirlﬂ&q‘gsS?aé%%éof)oor
[

about 3. Saftebaly odddofhhe 3B8pSdefhed@bok/. 2, 18.4, 20.8, 21.4, and 24.4
X-ray powder diffraction pattern. 26. The crystal of a conpound

representzd by Herprutess godo}diag wodlginy, widclanythenoprises

n

Step ¢): subjecting a compound represented by Formula (VI):

[Formula 7]

(VD

wherein R*, R*, m, n, P', P?, P?, P*, P°, and P° arc as defined in claim 1;
to the two following steps:

Step (1): treating a compound represented by Formula (VI) wherein P* is a hydrogen
atom under an acidic condition, with the proviso that when P’ is a protecting group, the step
further comprises a deprotection step before the treatment; and

Step (2): removing a hydroxy group, which is formed in Step b), by reduction
reaction; with the proviso that any one of the two steps may be carried out in first;

to obtain a compound represented by Formula (VII):



- 70 - clainms 21 to 25, which is obtainable by crystallization froma
m xture of acetone and water. 27. The crystal of a conpound
represented by Fornula (XlI) according to claim 26, wherein the ratio
of acetone : water is 1:3.5 to 1:7 by volunme. 28. The crystal of a
conpound represented by Fornmula (XI) acddr-ding to claim?2l, which is
a co-crystal wth sodiumacetate. 29. The crystal of a conpound
represent ggrhyaFgrmul a (X)) according to claim2l or 28, which has
peaks at diffr &éon angl es (20) of about 4.9, 14.7, 16.0, 17.1, and
19.6 in X—ray(ﬁﬁ er diffraction pattern. 30. The crystal of a
conpound r epr eserfi ed FOrmyl a (XI) according to any one of clains
21, 28 and 29, i Rad), di ffracti on angles (20) of about
4.9, 8.7, 9.3 .7, 16.0, 17.1, 17.7, 19.6, 21.6 and
22.0 in X-ray Y ion pattern. 31. The crystal of a
conpound repre ' ormula (XlI) according to any one of clains
21, 28 to 30, ichlis obtainable by crystallization froma m xture
of met hanBfO \sopropahol . 32. The crystal of a conpound
represented by FornuléﬁzXI) according to claim?21l, which is a
co-crystal with pardssi um acetate. y@3. The crystal of a conpound
represented by Fornmula (XlI) according to claim?2l1 or 32, which has
peaks at diffraction angles (20) of about 5.0, 15.1, 19.0, 20.1 and
25.2 in X-ray peohdein Rt fE¥aafh @l Part end P° adds dEHgecinsstal of a
conpound represented by Fornmula (XI) according to any one of clains
21, 32 and 33, Titd whedsascooedikg tatlaith 1 or acihivariclathgloegano2@)al efagaiiduibdded
5.0, 10.0, 10.4, 12.4, 14.5, 15.1, 19.0, 20.1, 21.4, and 25.2 in
X-ray poviyer 18ig 3QGminuges ipStaper)n. 35. The crystal of a conpound

represented by Formula (Xl) according to any one of
4. The process according to any one of claims 1 to 3, in which addition of an

organometal reagent is carried out intermittently in Step a).

5. The process according to any one of claims 1 to 4, in which a first portion of the
organometal reagent is added in an amount of 0.4 to 0.9 equivalents relative to the compound
of Formula (II), and after interruption of the addition a second portion of the reagent is
further added in an amount of 0.1 to 0.7 equivalents relative to the compound of Formula (1)),
wherein P’ is a metal ion or a protecting group in Step a).

6. The process according to any one of claims 1 to 4, in which a first portion of the
organometal reagent is added in an amount of 1.4 to 1.9 equivalents relative to the compound
of Formula (II), and after interruption of the addition a second portion of the reagent is
further added in an amount of 0.1 to 0.7 equivalents relative to the compound of Formula (II),
wherein P! is a hydrogen atom in Step a).

7. The process according to any one of claims 1 to 5, in which the organometal reagent
is added to the reaction system containing the compound of Formula (II) wherein P is a
metal ion, or a protecting group of hydroxy, and then the compound of Formula (IT) is further
added thereto in Step a).

8. The process according to any one of claims 1 to 5 and 7, in which a compound of



clainms 21, 32 to 34, which is obtainable by crystallization froma
m xture of nethanol and isopropanol .

-67 -

Formula (II) wherein P! is a protecting group of hydroxyl is used in Step a).

9. The process according to any one of claims 1 to 8, in which a compound of Formula
(ITVb) wherein Plisa protecting group of hydroxy is used in Step b).

10. The process according to any one of claims 1 to 9, wherein nis 0, m is 0 or 1, and R®
is Cysalkyl.

11. The process according to any one of claims 1 to 10, wherein Steps a) and b) are
carried out in one pot reaction.

12. A process for preparing a high-purity compound represented by Formula (I)
according to claim 1, which comprises:

Step d): converting a compound of Formula (I) to a compound of Formula (X):

[Formula 9]
RN

P70

X)

41, R42, m, and n are as defined in claim 1, and P’ is a protecting group of

wherein R
hydroxy;

Step e): crystallizing the compound of Formula (X) and purifying the compound by
recrystallization;

Step f): removing a protecting group(s) from a compound of Formula (X) to give a
high-purity compound of Formula (I).
13. The process according to claim 12, wherein the compound represented by Formula
() in Step d) is a crude product obtained by the process according to any one of claims 1 to

11.

14. The process according to claim 12 or 13, which further comprises a step for
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crystallizing the resulting compound represented by Formula (1) with a solvent selected from
methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol, 1-hexanol,
tetrahydrofuran, t-butylmethyl ether, cyclopentylmethyl ether, 1,2-dimethoxyethane,
diisopropyl ether, ethyl acetate, propyl acetate, hexyl acetate, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone, N,N-dibutylformamide, 1-chlorohexane, n-
propylbenzene, hexylbenzene, heptane, toluene, acetone, 2-butanone, 2-heptanore,
acetonitrile, dimethyl sulfoxide, and water, or a mixture of two or more solvents stated above.
15. The process according to any one of claims 12 to 14, wherein 1-methylimidazole is
used as a base for the conversion in Step d).

16. The process according to any one of claims 12 to 15, wherein P’ is selected from C,.
salkylcarbonyl, C; galkoxycarbonyl, -SiRPR¥R%; and R®, R* and R are as defined in
claim 1.

17. The process according to any one of claims 12 to 16, wherein P’ is selected from t-
butylcarbonyl and methoxycarbonyl.

18. The process according to any one of claims 12 to 17, whercin n is 0; m is 0 or 1; and
R? is Cy4alkyl,

19. A compound represented by Formula (IVb):

[Formula 10]

(Rn )
/\/X
PO oz
6 2
P Oo _OP
P°0
“Sop®
op* (IVb)

wherein R*, n, X%, P!, P%, P?, P* P°, and P° are as defined in claim 1.

20. A compound represented by Formula (VI):



-69 -

[Formula 11]

GRS
iy N
o | —@®),
P'O e =
5]
P OO 0 p2
P°0
\/J}/\Opa
op* (VD)

wherein R41, R42, m, 1, Pl, PZ, P3, P4, PS, and P° are as defined in claim 1.
21. A crystal of a compound represented by Formula (XI):
[Formula 12]

XD

22. The crystal of a compound represented by Formula (XI) according to claim 21,
which is a monohydrate.

23. The crystal of a compound represented by Formula (XI) according to claim 21 or 22,
which has peaks at diffraction angles (26) of about 3.5°, 6.9°, and 13.8° in X-ray powder
diffraction pattern.

24. The crystal of a compound represented by Formula (XI) according to any one of
claims 21 to 23, which has peaks at diffraction angles (20) of about 3.5°, 6.9°, 13.8°, 16.0°,
17.2°, and 18.4° in X-ray powder diffraction pattern.

25. The crystal of a compound represented by Formula (XI) according to any one of
claims 21 to 24, which has peaks at diffraction angles (20) of about 3.5°, 6.9°, 10.4°, 13.8°,
16.0°,17.2°, 18.4°, 20.8°, 21.4°, and 24.4° in X-ray powder diffraction pattern.

26. The crystal of a compound represented by Formula (XI) according to any one of
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claims 21 to 25, which is obtainable by crystallization from a mixture of acetone and water,
27. The crystal of a compound represented by Formula (X1) according to claim 26,
wherein the ratio of acetone : water is 1:3.5 to 1:7 by volume.

28. The crystal of a compound represented by Formula (XI) according to claim 21,
which is a co-crystal with sodium acetate.

29, The crystal of a compound represented by Formula (XI) according to claim 21 or 28,
which has peaks at diffraction angles (20) of about 4.9°, 14.7°, 16.0°, 17.1°, and 19.6° in X-
ray powder diffraction pattern.

30. The crystal of a compound represented by Formula (XI) according to any one of
claims 21, 28 and 29, which has peaks at diffraction angles (20) of about 4.9°, 8.7°, 9.3°,
11.9°,12.9°,14.7°,16.0°, 17.1°, 17.7°, 19.6°, 21.6° and 22.0° in X-ray powder diffraction
pattern.

31. The crystal of a compound represented by Formula (XI) according to any one of
claims 21, 28 to 30, which is obtainable by crystallization from a mixture of methanol and
isopropanol.

32. The crystal of a compound represented by Formula (XI) according to claim 21,
which is a co-crystal with potassium acetate.

33. The crystal of a compound represented by Formula (XI) according to claim 21 or 32,
which has peaks at diffraction angles (26) of about 5.0°, 15.1°, 19.0°, 20.1° and 25.2° in X-
ray powder diffraction pattern.

34, The crystal of a compound represented by Formula (X1) according to any one of
claims 21, 32 and 33, which has peaks at diffraction angles (26) of about 5.0°, 10.0°, 10.4°,
12.4°,14.5%,15.1°,19.0°, 20.1°, 21.4°, and 25.2° in X-ray powder diffraction pattern.

35. The crystal of a compound represented by Formula (XI) according to any one of
claims 21, 32 to 34, which is obtainable by crystallization from a mixture of methanol and

isopropanol.



