-. 1 - DESCRI PTI ON CRYSTAL OF SPI ROKETAL DERI VATTVES 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
spiroketal derivatives and to a crystalljne substance of spiroketal
derivatives. BACKGROUND ART [0002] A sp‘ljr“oket al derivative having a
certain structure is known as being useful for preventing or treating
di abetes (refer to Patent Docunent sDESEBIPIJONFor exanpl e, WO

2006/ 080421 Al (Patent Document 1) discloses a conpound represented
by Formula (A): [0003] @]%‘Sg%LQFﬁPIRQK@T@eDER&%%Rf%%AH@

anti-di abetes dru I I scl oses a process
for preparing the9§6k%%%ﬁ%”§ggﬁgégﬁﬁiﬁﬂ@§g§%#§H§§“%Q§ER§$65F%E (page
24 of Patent Docunent 1) indicates a preparation process, in which a
di br onobenzene derivative is treated with an al kyllithium reagent

foll owed by coupling with a | actone, and after conversion to a tin

conpound aTROMHINICADFEEDti on in the presence of a pall adi um catal yst
is carried out to give the desired conmpound. [0005] Further, WO

2007/ 140190004} (IhepestntDocotientlad) tan procSs BatpesiariAp pliiokakl dfivatives, 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 vseful 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]
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and use thereof 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



--2 - publication 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 l oned by coupling with a lactone, andya tin conpound obtai ned
after several steps is subjected to coupling with a benzyl halide
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2: WO 2007/ 140191 A2 Patent Docunent 3
Docunent  4foWGx20BPESHHERS W ithla IRBANRY m M 6Pained after several steps is

subjected to coupling with a benzyl halide derivative to give a desired compound.

[0006] Moreover, Patent Document 1 discloses a compound represented by Formula (B):

[0007] [Formula 2]

with stating that the compound has an excellent inhibitory activity against SGLT2.
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[0008] Patent Document 1: WO 2006/080421 Al
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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 pracess 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



TECHNI CAL PROBLEM [ 0009] As stated above, Schenme 3 in Patent Docunent
1 and Schenme 4 in Patent Docunent 2 disclose a schene for preparing a
conpound having a spiroketal structure from a di hal obenzene
“derivative. However, the synthetic process using a tin conpound needs
cunber sone operations, and necessarily requires a step for carefully
renmoving a tin conpound, which may exist3as an inpurity. Therefore,

t hese processes are not suitable for industrial production. Further,
these pat erfgadongihepteparhtitn schemedi s élctually,an iffpee bid Gne#aem ikiustrialrocess
regarding the preparation schenes. Actually, an efficient and

conveni ent ff ﬂtﬁl?éltagplapf EPOBRGS represepied haFatmwae @) 200 (B whitd are used as an

represented by.Fornul a A) and (B), which are used as an active
i ngr edi enta%wgmtﬁ%ﬁﬂﬁ?l?dlﬁ%mﬁd’és%@ﬁc%mﬂ: [0010] Further, there

has been n p [ rding existence of.crystal of th nmpound
repr esent e@%@ %&trl%ﬁﬁ?gﬂ%f%as %ﬁ% gre%‘?{@éelg?lgmg c%ﬁ{ﬁ‘ﬁ‘i ?’%{’Wﬁ@?&‘@ cpppound
agai nst  SGelsentddd1dmAR @BPLES . < i js,to
provide an gf ﬁnci ent and c(g é@?l‘?geﬁ{celg)é}ggﬂeﬁsbgﬁ Cfllé‘f‘yi?@“s?u??% ‘e for

I ndust ri al [opridugt bigect of B pRiseasveRSorsBid eeidakn @ﬁfciaﬁ@éddvcsﬁvéﬁ&%ﬂ 1d%ess,
an active 1ngredient of nedicanent, and to provide a usefu synt%etl o
i nt er medi aviich &rsditabde for nvdusteiabproducsivs | fol auparigg epieskete AdrivafiRRQEL B3l N
storage stability, ease in handling in fornulation process and the

| i ke. SOLUFHENTEEIRROB IEMI(0ER pndiegrprids e ntefil sy hetoristehaadéats anditec t ed

intensive studies to achieve f?he above- mentioned objects and
consequentH RS EYFBLMYEE sretllsalprpeitivsdp slomer siabiliie crpetmbandlioginof one

of plural a a..benzene ring. The inventors have al so
found a cfgﬁ:lo %ﬁdéprré%g?ngﬁh%%%eeds snoothly via a novel organonetal

conpound ap@RTION OBt gy Whi ch can be readily prepared. Further,
the inventors have found that two consecutive coupling reactions can

be carried0o1?] The pres&it iivehtoRtha0d Eondbttcd BRGLvE SrudEORSRAMEORLY, the
present invention has been conpleted. The present invention provides

a process above-pewpacd objects sebioneduanlyinkefahd defethodtfbmegiobddegus  usi ng

heavy metal such as tin or an organotransition netal conplex in the

car bon- caféHatige opephplHg! helegeniatnes o bynewesingus Theyinherreny havetado found

such as tin _or.an or.ganot radgsi ti@gy nmet al conpl ex necessarily requires
e

a step fof CHEEIPISIOP BHSHTIS SreRDYEYIR & 29%H CRanqmetalromppurd dssan ipigmaadiate,
i ity, A | f th t ] t t ed
BIRAT AR G M S

i ndustri alowplRg esutibRcad bEBAHEA Hitlas IREScleH onel B kdkidD %%géehk%glyb{l}ge

i nventors have found a crystal formof the cormpound represe

For mul a ( pesandhw@ntisoies dserf @mpdétenarThi@rdsbf itverfidébrolREM préb&s for
i nventors have al so found that the crystal form has exceI}Ijent

properti eprepsring aeasirehspiroketol deaivatbai veithvat usingt lenvaetalCoink egtiest dny, t he
present invention has been conpleted. - 4 - [0014] According to one
aspect of CIROtEREdan metah GARplEB i the pisben-Fasbqmr bopd dening rsedivass A process

prepari ngu&ng 8%9 Htar Eg&raes ief\lnc;[r ear(iI opg%nc!:t?a%guulol? m tla} é:ornplex 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.



[0015] [Forrmula 3] (R)p HO OH OH(I) wherein n is an integer
selected fromO to 3, mis an integer selected fromO to 5;

124 and R2 are independently selected from Cnoal kyl optionally
substituted with one or nore Ra, Cnocycloal kyl optionally substituted
with one or nore Ra, optionally substituted with one or nore Ra,
Cnocycl oal kenyl optionally substituted Wth one or nore Ra,

CLI oal kynyl optional |y substituted with one or nore Ra, aryl

opt i onal | yl09ls tAecardies igianp agneet afithemspsenRayensian, there éxproyided 4 prbtaps for
unsaturated or. unsaturated heter f tionally substituted with
one or norFeRYingarompound gpes qﬁydﬁ¥uﬁlﬁ mercapto, -OR3, -

NRARS, R7R8, - C(=0) R35, CR36:NOR37, -C(.0) NR13R11,
and _si eRl@bﬁ% ti?&%aH\' t ¢ wherein when

nis 2 or nnré leach of RL may be the sane or different; when mis 2
or nore, each of e sane or different; or two 124 on

adj acent carbon R W th the carbon atons to which t hey
are attached, foocyclic ring or a heterocyclic ring,

whi ch fuses th and two R2 on adjacent carbon atons,
together with : | atons to which they are attached, may forn1a
carbocyclic r|nq a heterocyclic ring, which fuses the benzene
ring; p isHa ) cJsrﬁlected fromO to 2; q is an integer selected
from1l and 2; 123{is a hydrogen atom Cnoal kyl, C340cycl oal kyl

CLi oal kenyl, Cnoc$&l oal kenyl, "R181214, or C240al kynyl, aryl,
heteroaryl, -SIR

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

R! and R® are independently selected from C;.jpalkyl optionally substituted with one
or more Ra, Csjocycloalkyl optionally substituied with one or more Ra, Cy.jgalkenyl
optionally substituted with one or more Ra, Cs.jgcycloalkenyl optionally substituted with one
or more Ra, Cs.joalkynyl 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, -OR?, -
NR'R®, -S(0),R, -S(0);NR'R?, -C(=0)R*, -CR*=NOR?’,

-C(=0)OR’, -C(=0)NR™RY, 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 R2 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;

Riisa hydrogen atom, Cyj0alkyl, Csiocycloalkyl, Czq0alkenyl, Cs.iocycloalkenyl,
Cs.p0alkynyl, aryl, heteroaryl, SiRPRBRY™ or —C(zO)RIS;

R’ and R® are independently selected from a hydrogen atom, hydroxy, Cy.jealkyl, Cs.



-. 5 - weycl oal kyl, Cnoal koxy, aryl, heteroaryl, -Si R12Ri 3R14, and

. J=CcoRi s; R6 is Cnoal kyl, Cnocycl oal kyl, aryl, or heteroaryl,
wherein when p is 0, R6 may further be -S1R12Ri 3R14, or R7,
125, Rl and R11 are independently selected froma hydrogen atom
Crmoal kyl, C3- iocycloal kyl, aryl, heteroaryl, - siR 2R 3R14, and RO

I s a hydrogen atom Cnoal kyl Crmcycl oalkyl, aryl, heteroaryl, or
-Si R12R13R14; Ra are i ndependent ly selected from Cnocycl oal kyl ,
C2_10al kenykycl@dksl Aeyedllomdykarmly heterGaryi, oRIRKRIR . aaﬂyd:(_d)RFeroaryl
hydroxy, a hal o en atom NR21R22, -0R38, _SR26, _s(0)2R27,

Si R23R24R25, car df(9;-1oal$q;5)cmmmkylfa@1,®)tﬁmomylmaexzmoma,p is 9 akomay
and-S(O) 124 8. an | selected from1l and 2; R 2, R13,
R14, n234 % ? 'Sﬂg BOTaEEé'(%Rdependent ly sel ected from Cnoal kyl
and aryl; and ar.e nd sel ed fro

hydr ogen at om (]:Dhbgfikyl aVéF%egF?é%Bt ffﬁ?f;qdlfma EéfB&‘?W‘PIH pirieplkyl: Cs.
di (Cmoal ky] )i agm)ﬁaclt hi gy 1281 h goaryl; R21, R22, R28,
n29, 33 R -0 }% 3%4 are Jégl eﬁt s&r%& f’rom a hydrogen atom
hydr oxy, Crmal KyR®.is @%Mgén%ﬂf)@mgmaiglﬁ%?ﬂoal@ﬁﬂ Loyt HEleRIaBAT o

- Si R231224§2I?1§Ra1r{]”

Ra are independently selected from Cs.jocycloalkyl, Co jpalkenyl, Cs.qecycloalkenyl,
Ca-0alkynyl, aryl, heteroaryl, hydroxy, a halogen atom, -NR*'R*, -OR*, -SR*, -S(O),R%, -
SIRZR*R®, carboxy, -C(O)NR®R”, -C(=0)R*’, -CR*=NOR?, cyano, and -S(Q),NR¥R**:

1 is an integer selected from 1 and 2;

ng, R13, R RZ, R* and R® are independently selected from Cy.jpalkyl and aryl;

R*® and R* are independently selected from a hydrogen atom, C)_jpalkyl,
Cs.igeycloalkyl, Cragalkoxy, C).jpalkylamino, di(C.1palkyl)amino, C;.jpalkylthio, aryl, and
heteroaryl;

R*, R R% R¥” R® and R* are independently selected from a hydrogen atom,
hydroxy, Ci.alkyl, Ca.sgcycloalkyl, C joalkoxy, aryl, heteroaryl, -SiR*®R*R?%, and
-C(=0)R™;

R®isa hydrogen atom, Cy.jpalkyl, Cyj0alkoxy, Cs.iecycloalkyloxy, aryloxy,
Cs.ocycloalkyl, aryl, heteroaryl, -C(=0)R*, or -SIR®R*R%;

R* is hydroxy, Ci.ealkyl, Cs.igcycloalkyl, aryl, heteroaryl, -SiR*R*R?, or
-C(=0)R™;

R¥isa hydrogen atom, Cy.jpalkyl, or Cs.igcycloalkyl;

R¥isa hydrogen atom, Cy.yeatkyl, Cs.jocycloalkyl, aryl, heteroaryl,

-SiR®PR¥R%, or -C(=0)R*,;

R¥ isa hydrogen atom, Cy.jpalkyl, Cs.igcycloalkyl, Ca.jpalkenyl, Cs.ipcycloalkenyl,
Co.ypalkynyl, Cy.jpalkylthio, aryl, or heteroaryl;

Hisa hydrogen atom, C.jalkyl, Cs.1gcycloalkyl, Ca0alkenyl, Csjpcycloalkenyl,



R26 is a hydrogen atom Cnoal kyl, Cnoal koxy, Cnocycl oal kyl oxy,
aryl oxY, C3_10cycl oal kyl, aryl, heteroaryl, -C(=0)R30, or

- Si R231224R25; 1227 is hydroxy, Cnoal kyl, Cnocycl oal kyl, aryl,
het eroaryl, -SIR 23R24R25, or -C(.0)R3; R31 is a hydrogen atom
Cmoal kyl, or Cnocycl oal kyl ; R32 is a hydrogen atom Cnoal kyl,

C34ocycl oal kyl, aryl, heteroaryl, _siR23R24- 25, x or R35 is a
hydr ogen ato aaEm)al_kyl , Cnocycl oal kyl, Cnoal kenyl, Cnocycl oal kenyl ,
Cnoal kyl t h'd-z1e8ylor heteroaryl; R36 is a hydrogen atom Cnoal kyl ,

R37 s a hydrogds. MONCREBARY L Tt syertaiih C-ebaDk ayieytioalkens
Y Pl P B RO AR R SLERER SR, ot of 0) s and
Cormr i so) St ep ) Ty CARCioalloh € AR, CEL SRR NG M.
[ For mul a 4}alkfRdio, aryl, heteroaryl, -SiR*R*R?, or -C(=0)R™;

which comprises:

Step a): treating a compound of Formula (ID):
[0016] [Formula 4]

ROn )
PO L

X! (I

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;

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

[0017] [Formula 5]
O

oP?
P50
opP*?
OP* (1D

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):



P1rl X1 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; R41 is a group defined as |e,
wherein the group may have one or nore protecting groups; and n is as
defined above; with an organonetal reagent, and then reacting with a
conmpound of Formula (111): [0017] [Fornufa 5] 0 op2 0 P500P3
oP4A(IlT) wherein P2, P3, P4, and P5 are independently
sel ect ed f 948k [Foonde6l ng group of hydroxy; or P2 and 133, P3 and
P4, and P4 and@,together may independently represent a dival ent
group to protect ydr oxy groups and to forma ring; to obtain a
conpound represeit by Formula (1Va):

P'O

P°0
ol g

oP* (Na)

wherein RY, n, X2, P, P2 P, P% and P’ are as defined above; and
X is a metal ion, or 2 hydrogen atom;

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

{0019] [Formula 7]
(R)n
] I
PO F

P°0 op?
o)

X2

P°0
oP®

OP* (IVb)

wherein R¥, n, Xz, P!, P?, 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]

QHC N
I —(R42)m
- W)

. 43 . . .
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



-7 - [0018] [Forrmula 6] (R41)r\ \ P O XO0OP2 0 p500 P3 OP(IVa)
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
conmpound represented by Formula (l1Vb): [0019] [Formula 7] psoOP3
OP4(1Vb) wherein R41, n, X2, P1, P2, P3’8P4’ and P6 are as defined
above; and e

and/or to remove a protecting group, in the steps defined above, or in any stage prior to or
after any one of the steps defined above.

[0021] In one embodiment on this aspect of the present invention, the process stated above

further comprises:

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

[0022] [Formula 9]
(Rn

OH

(VD)

wherein R*, R*, m, n, P!, P, P?, P*, P5, and P are as defined above;
to the two following steps:

Step (1): treating a compound represented by Formula (VI), wherein P 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]
(Rn

(VD



P6 is a metal 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] [Fornula 8] (R42)m (V)
wherein R42 is a group defined as R2, wherein the group may have one
or nore protecting groups, and mis as defined above; and which may
further conprise one or nore steps to i nProduce a protecting group
-8- and/or to renove a pr49t ecti ng_group, in the steps defined above,
or in any stage whirein R*Y RSF, naf, BF, PARY, oxdeP’ afe dshlefisddapsvelef i ned above.
[0021] In one enbodi ment on this aspect of the present inventi on, t he
process st H086] dieiams @rhelngen atomprefsaed todieesin wpansaufhjodot atom, achlorine atom,
la (Vl):. [0022 Formula 9] 0:141),,OH
conpound 1 et e e e Yo M aahe ned 00221 ] )
[0025] The term “Cy.ioalkyl™ 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-ethyibutyl,
cyclopropylmethyl, cyclohexylmethyl and the like.  Cy.qg alkyl further includes a linear or
branched Cy.galkyl and C;.4alkyl.,
[0026] The term “Cs.iocycloalkyl” means a cyclic alkyl group having 3 to 10 carbon atoms.
Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
methylcyclopropyl and the like.  Cs.jgcycloalkyl further includes Cs.geycloalkyl and Cs.
scycloalkyl.
[0027] The term “Ca.jgalkenyl” means a linear or branched alkenyl group having 2 to 10
carbon atoms. Examples include ethenyl (vinyl), 1-propenyl, 2-propenyl (aliyl), propen-2-
yl, 3-butenyl (homoallyl), 1,4-pentadien-3-yl and the like. Co.0alkeny! further includes a
linear or branched C; salkenyl and C;.4alkenyl.
[0028] The term “Ca.jgcycloalkenyl” means a cyclic alkenyl group having 3 to 10 carbon
atoms. Examples include cyclopentenyl, cyclohexeny! and the like. Cs.jgcycloalkenyl
further includes Cs.jgcycloalkenyl and the like.
[0029] The term “Cy10alkynyl” means a linear or branched alkynyl group having 2 to 10
carbon atoms.  Examples include ethynyl, 1-propynyl, 2-propynyl and the like.
Csz-0alkynyl further includes a linear or branched Cs.galkynyl and Cy.salkynyl.
[0030] The term “Cy.jealkoxy” means an alkyloxy group having a linear or branched aikyl
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-methylbutoxy, 1-ethylpropoxy, n-hexyloxy, 4-methylpentoxy, 3-

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



wherein R41, R42, m n, P1, P2, P3, P4, P5, and P6 are as defined
above; to the two foll ow ng steps: Step (1): treating a
conpound represented by Fornmula (VI), wherein Pi- is a hydrogen atom
under acidic conditions, with the proviso that when Pl is a
protecting group, the step further conpq?ges a deprotection step
before the treatnent; and Step (2): renoving a hydroxy group,

vl o T ALIE ) h S By RSt o eact Lo W LD Lhe provi o
s corpoun et ehETESI- 3 Pl Wl %33k BESS TR Bk e
s ! S LB 0 et St 3k QRO AL D
at om and t fethlylak€no, ethylamino, n-propylamino, i-propylamino, n-butylamino, s-butylamino, i-
butylamino, t-butylamino and the like. Ci.jpalkylamino further includes a linear or branched
Cisalkylamino and C;_salkylamino.
[0032] The term “di(Ci.j0alkyl)amino™ means a dialkylamino group having linear or
branched alkyl groups each having 1 to 10 carbon atoms as two alkyl moieties. The two
alkyl moieties may be the same or different. Examples include dimethylamino,
diethylamino, 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(C;.ypalkyl)amino further includes a linear or branched
di(C;-alkyl)amino and di(Cy.4alkyl)amino.
[0033] The term “Cy.jpalkylthio” means an alkylthio 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-butylthio, s-butylthio, i-butylthio, t-butylthio and the
like. Cpjealkylthio further includes a linear or branched Cjsalkylthio and Cy.4alkylthio.
[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.



[.0025]. The term "Cnoal kyl" nmeans a |inear or branched al kyl group
having 1 to 10 carbon atons. Exanples include nethyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl, 1-butyl, t-butyl, n-pentyl,
3-net hyl butyl, 2-nmethyl butyl, 1-nethylbutyl, 1-ethylpropyl, n-hexyl,
4- net hyl pentyl, 3-nethyl pentyl, 2-nethyl pentyl, 1-nmethyl pentyl,
3-ethyl butyl, 2-ethyl butyl, cycl opropyl-d&thyl, cycl ohexyl methyl and
the like. CL 10 al kyl further includes a |inear or branched G _oal kyl
and G . 4al [09B6] [Die6im Theteroaylinis 108 4acigalbdplikykd, biemess a 4C cl0-sembiyd
group having 3 to 10 carbon atons. Exanples include cycl opropyl,

cycl obut y| 2ropatc bgieneyalic seappicoriaiujig, one pr motwisterdatomy selaotedtfsom a nitrogen
met hyl cycl gpropyl and the like. C3.10cycloal kyl further includes

C3. 8cycl oa‘i‘tE’g?r Bﬁ%’géﬁfowé RSy Atom. [%’@memﬁéhetl@mmmmrfinédyﬂt "
means a |i : -al kenyl oup havi 2 to 10_.carhon atons.
Exanpl es |¢}§%8§E’Ié$ ﬁ%%ﬁle %/iglrll1 Eﬁ?{ln?g’éjl%gﬁgﬁ@TIfYE%llB’Fﬁ%@%ﬁlyF“raﬁaT fi?lyf;l,l’ymlyl’
propen- 2- MrazoBd B }}&g}g@ 4.0, 4- pent adi en-3-y1 and the |ike.
C240al kenyl?/)J fzgﬁl’ﬁg{rl@%}ﬁigll’gdes a#c%/t?l%g#&or branched C2. 6al kenyl and

C2. 4al kenyl0037)00@8terkiTer daftioByclicPing O car&rtedab ke is n&GARNR RS YiGlile§, but

al kenyl group having 3 to 10 carbon atons. Exanpl es 1 nclude

cycl opent emgdns adydioodrborering haxing & toel4lcakven afohs] ¢ ¥edngad & &M cakbomntdies,

i ncl udes Cs_mYCI_oaI kenyl and the like. [0029] The term "C240al kynyl "
neans a | iFegplesindyderhenzeage.alaphthglenaandube Weevi ng 2 to 10 car bon at ons.

Exanpl es i de.ethynyl, 1-propynyl, 2-propynyl and the |ike.
C2_10al kyr{gqﬂéfj u&thﬁé‘?r}‘{‘i AdegrRsEclc qu%é%fP" toegi is @t erialalydippiteg it

C2. 4al kyny, 3 T erm " Croal.koxy" ans an al kyl ox roup

havi ng a I+%3é$90$ lgrlta%%g%%e a‘it?E?/?Y“QFSH%%g%PWé 0 prymqrg hely Oﬁgwse??@ﬁtﬁd
as an al ko Reampd L H‘%% et = X -

i - propoxy, 0n- bu{%{ggfﬁ s-but%%%, Ip?tbg%?g%% t- %Tbx%’%@%e%?’&%&’g‘mm““g
3- et hy| butdhude, pyZidindEp3sohibine, QX Yazink; FRERY, QUHPNY, quio@diiy! @Iﬁ%@}’%, furan,
n- hexyl oxy, 4-nethyl pentoxy, 3- nethyl pentoxy, 2-nethyl pentoxy,

1- met hy| pdrippheps, Bt pybailaimidadeletttiydobdmixye kid the - 10 - |ike.
Coal koxy further includes a linear or branched Cil. 6al koxy and

Cnal koxy. [P&831]n the gresent iaventingambon thaigrstp defiagrbasdR aadl RY hasine®r grooup

havi ng a linear.,or branche | kyl gro having 1 to 10 carbon atons

as an al k&’if"q%@?bé"t %r.ou%ﬁﬁﬁ%y%r r Efg‘é‘?ngg%‘;ﬁ/nlé(h%%?0= a1 ersapdhe group may
n- propyl am k- ke -b | am s- but vyl anmi.no, ., but yl am no,
t- Eut 5?/6‘”1@}3]@%5%%;3 t he_ '}irlb%g& I{%r%% ky e%ﬁ?@o&%lﬁr? e '%%‘1%8%@“534 ‘%r?é or
br anched gi-cm ah& ¥h @8N 1SN HrSiRlidny A B a1 OEQEI%?E]CﬁH-%%O\BII?%E[eHaq’C cg{;ied out,

"di (Cnoal kyl ) am no" neans a di al kyl am no group havi

branched #&rexbmpiepaspiesaibed ih@semgant Wots,1Pre@Ete iR B Ol Bmdlelsy b
noieties. The two al kyl noieties nay be the sane or different.

Exanpl es {4k ediden,doheWiley #nBoms, 206kt hyl ani no, di (n- propyl ) ani no,

di (i-prop ino, di(n-butyl)am no, di(s-butyl)amn no,

di (i -buty oEXZIRRIES M RS MRS 80 uPSPha B Y dreheP Y Nibih, may be contained in R*
met hyl (n- m t i.pr | Yam no, .n-butyl t.hyl ) am no, .
e butyt (mt R el It OB SR b olebn v N Bty
i ke. Di( ] r j I,healr or branched,s.

i (CL_al Pt R e oy D SRy 5R0 R opE PR R o

" Cnoal kyl {ohikenyl maRSA0C@IIRYt [HORF) PR thaikdg a |inear or branched
al kyl group having 1°to 10 carbon atons as an al kyl noiety. Exanples
i ncl ude met hyl twhaein@hislitdependentpseicdtttindaryl offoRRYY subitButed with one or
n- butyl t hi o, ss-ﬁbutylthi o, i-butylthio, t-butylthio and the |iKke.
Cnoal ky! t woes Rur ¢healkoxysiptiorsdly substinged with oty @nodre dryGiCGallgithioham and
Cmal kyl thio, [0034] The term "saturated, partially unsaturated or
unsat ur at ¥llSHERY; ocyclyl" referred to herein neans for exanple

saturated, partal] ¥ u1SaLY alied. plouRsaLyLaied 4- to 10-menbered

R and R* are independently selected from Cy.jpalkyl and aryl;



[0037] The term "a carbocyclic ring" referred to herein is not
particularly limted, but nmeans a hydrocarbon ring having 6 to 14
carbon atons, for exanple 6 to 10 carbon atons. Exanpl es include
benzene, naphthal ene and the |ike. [0038] The term"a heterocyclic
ring" referred to herein is not particularly limted, but neans a 4-
to 10-nenbered heterocyclic ring cont ai"r?izﬁg one or nore heteroatons
selected froma n5i4trogen atom an oxygen atom and a sul fur atom
Exanpl es of the Retiss slyegenatoni, {g-satiol,ard optjenally mehstipyed witidoneenr more Cy.
pyrazine, trjiazine, quinoline, quinoxaline, quinazoline, furan,

t hi ophene, 10RNP¥b Ieteropl.mine optiorriimsubsiiuted with Aok 6 meEs KheCi.ialoxy
[0039] In the present jnvention, when the group defjneq as R and R2
has one. or HEPEIERBRLRERSRE P g pErcehoca hpubeiapatiy S Byd vl one o
carbonyl, anmjng,..and nercapto, the group may be protected by a
protecting group.” Sel ection of a protecting group introduced to each
group and oper atg®nSinfiknddptly 94kGtd ﬁé}n@goar@mﬁdgu@& Al Hafeterddgy;
group can be carried out, for exanple, as déscri bed Fn eene an
Wit's, "Protecti &’ GrindgpendentlDsdedCindy T, hakiyband £t h edi tion, John
Wley & Sons, 2006). [0040] Exanples of a protecting group for a
hydr oxy gri®ag]] héfetredresanipéeseod atpaitemidg igrouRbf hydtoxy inBlade mrthlyl denzyl,

Cfl oal kyl optionally substituted with one or nore R51, saturated,

partial | y madaxxmestddanehyliremetyataerthnayeheowmatyl, bepeilomamatiyl,

_Suc(bigl) }QEZ?&_I ytgggggla%y]g%ggﬁr orﬁsq%gl.:any ; tettra a}!diéen !flié[p f?tsrlgéy???%j%bhenyl,

i nd d t i | bsti t.ut ed, wi

o . e RS S LR B8R AR TR LS .

G . i oal ky! eyl adidISRY e MtyldiRedhylsAyl ﬂaﬁe @%ﬁ,ﬁsﬁ?'t%{;ﬁnﬁ l{eﬁﬂgﬂyl,
ec al ﬁ a

Cnoal koxy; R53and R55 "ar é ‘i ndependent |y se ed Trom Cno

aryl; - ligobutyryl, pivaloylRbénzo$§l, tethvdy@g@nyRbihoxycaibond| iyprop@dy¥arbonyl,
optionally substituted with one or nore Cl. wal koxy, heteroaryl,

am no opt i ematloxycebbeyli t-rtexiycaibonylond thy likeor e R57, Cnoal koxy

optional ly substituted with one or more aryl, or aryloxy optionally ,
subst i t ut d804¢]t FExgmales pf #Btotechng BY9up Fo56n AEIOTRR NG INYY Begoptainsd in R

e 2 A s S gt

exanpl es i : I : yi

ot hoxy et e el of sl R oBs o DR SRR PR PG or iREDRY €.
benzyl oxy ni@iﬂk&lk’}:, -Sigﬁ)@,h‘,céé@}l?ﬂ%ﬁﬁ khe Hk@t\bﬁéiﬁﬂ IRét, W@R‘ﬁ, any k?d are as defined
tetrahydrofuranyl, tetrahydrothi ophenyl, 1-ethoxyethyl,

1- met hoxy -htraimitefore.et Pryferred examples ofal drytective igropk of tunirpheoy inelatybenzyl.
(trityl), trimethylsilyl, triethylsilyl, t-butyldinmethylsilyl,

i sopr opy| diusteh ¢ PEmRELY amino Eipup el phipteiecksd by convertbigut iprayhthalimidd gygup or a
benzoyl, nethoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl,

benzyl oxy CAFBYHYIC &Phut oxycar bonyl, and the |ike. [0042] Exanpl es of

ool or Cro 084 BB B o oRIUCRE: OB R o KGR, IR TSP RS RO Efdlh v
R51, sat urahgeRr2 Raditdedh! eXteHﬁ?rﬁltiﬂg(’) grb%su«eﬁ E{yeﬁf&huﬁa&p@gmp%ggﬁ?ﬁmgd Wth one

optionally substituted with one re R52, C. 7. a

- Si (R53) 3,0r moté RU) Bbfalketid, -SHR N, Wdered 1T ehd R Ro e aseBne AR3sinttiste;Rad an
are as defined hereinbefore. Preferred exanples of a protective group
of anino gmidspfonmingmieupmnt g4 -.anﬁm?mme;eiaRgg)anumsgxmmcr@e@mm@psmadmm
protected by converting it to a phthalimdo,.group or a succi;;i m do

group. [ 0C43jellesk apisnally srbstitumdsyideanery mproRp, Eonalkenyhmbd SR owpd R*
whi ch may be gpntained ip |le d/ o , include an ester-form ng

r oup Sue R b e e BRaPIS Coared eBes Pt FProEce by R ase
Croal kenyl iectlvk BRithto cBSH PPl A FR8 A1 &t @SarG HubG Dster.

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



[0044]  The group forned by introduci ng one or nore protecting groups
into the group - 13 - defined as R1 and R2 is included within the
definitions of R41 and R42. [0045] Rl and R2 defined in the present
invention are not |limted particularly, but are independently
selected from for exanple, G _wal kyl optionally substituted with one
or nore Ra, C340cycl oal kyl optionally sUfstituted with one or nore
Ra, Gmal kenyl optional |y substituted with one or nore Ra,

C3. 10cycl odéfkerdyps Roprd Bhislincudsd nsthirt the éefinifidrs o RE' 1t RTOr e Ra,

CLi oal kynyl optiopally, substituted with one or nore Ra, aryl

optional ly [%Oéglsth H{de%’ defing 5 il pesepipvetan axarot Hutted parpenlar]yabityare

one”or o BBt T DRSS B ol o v
ind d 1. Bal : 6eycl kyl , d
R BRRAS) LB b RS RO R b o
s N0l bRkl SARIE Gkt %, I, DARARAG! Ehia) G0 URRHLIBI o'

the present invention, nis 0, mis 0 o

[0046] TheRhat,qetieyngl symofaly subdin@sd WAk oA Sr RereiFe, RYESRioaRWsuBsti i
fluorine atomor a chlori ng atom [0047] Thercrrefg‘? ipgr? dgfsiuﬁsetgutf%wnh
P1. P6 andonk arwens Ra, sagiraed, pamiallyniseferaaiorvsaurard htefocidyl otiomlly

al koxi de ion. Exanples thereof includg an alkali metal ion and an

al kal i ne cupstijutsdpath angar maeerRasndrSIRYRI B | dfnre prefoatilyRl 2R’ ae

pot assi um. on, esi.umjon, an magnesi umion. The i on may
forma coﬁﬁgeéﬁ?“@ﬁ“f B SB‘F‘H@‘!’ E?I‘Btcgﬁgkﬂx%#ﬁb"égallﬁ% %fﬁlearﬁegﬁzllgf?%#ﬁl -al1gghe present
i nclude a: i fo 1re i ng an.organonetal reagent used in
the presen %n?%\blén on c\g/l\'/l %&éﬁhgﬁé “’SgPto%‘bs fegl.)ﬁ.w ylof‘tﬂ}'?iet’ﬁﬁﬁ“‘éﬁfg' In one
[0048] A pinfotfibdod Of Gk PHReR indo¥ 0% s d ' efulypi tions of
Pl to P6 is not Iim teg as Il%ngédz;éﬁiyst@’?g&%h@yﬁﬁggd“jg]ksﬁ‘a

pr ot ect i ndogtejuThehaloyel DUy defndd20RE Ghd RYisPraHRAbE A FReinS SbRGE S ¢nRAde
introduced to a hydroxy group in line with the déescription in Geene
and Wits, at®potective G oups in Organic Synthesis" (4th edition, John

Wley & Sons, ~2006). Exanples thereof include Craal kyl optionally
subst i t ut 48044+ Fhemstabionsfinedin P, B and Xameans apestaliien, prichissmbain edvattr don

Groal Keny (ot 25 RSN, Y EciBselireo e okaifacthion ehdcn o s syirmetl
t "a di; Qun_t .ect .and to f .
ingh 1ot doPu s Bl b, BLAUERtop, KBPAR 1N, BE AR IR Rt on.
atoms of tiwe iyl i S RMAS onplckdyith SHG A, Cﬁseﬁhh,éjxé mﬁe G818 Qf.«,{?f

' ene), ny

exanpl e, net hyl ene, nethyl net hyl ene, di net hyl net carbo

group and idielelai dietal ioh OHHOY bAreactprMATRiTdnet28 AASEH: ustdas thePrdsbf invention
present invention is not limted as long as it Is suitable for a

hal ogen- n#tit a sdcoxarggenp{eget lidinmiony benzene ring. Exanpl es incl ude

Cl_ioalkyllithium(for exanple, n-butyllithium s-buty]lithium
t-butylli W“éiﬁ A PPN SO AT My doxp lnghided in the é&]wmqs IoF lnt;o P is not limited as

ht hyl 1'it hi um. di h h |Lithi , | kyl 1 hal i d
AT A T e B
hlorid ek LCng ' f.or. e
o e ki s RS AT Sesomin g

used in tABORKCESEORRPOTn BFRahiB SHABRIE (3@ citRh, Pl WBRN Sormdbdoef or
exanple, lithium chl gri de{g it zi um br(om' dle, K tﬂi u%?i og?lﬁ’e,ﬁ%ﬁ't hi um

f1uori de, Ekarhplesitheteot inchiie C, frigeptivmalssubdtitcled wirh GRESH hisre REQ B8R ed,
magnesiumtriflate), or nay be used as a mxture with the inorganic
salt or t hertighyensatwrated or unmiemist dstermiydl fleoptinuplycubttinlted ey emt orahgo R*?,
i ncl ude, for exanple mxturg or reaction ﬁ%ﬁdum of magnesi um

s8R
conpounds “amd! 6‘|‘5ﬁ=a'§§ﬂRi VN em BB RS Juraddhe in pages 11 to 17 of
WO 2001/ 0%%6]6 TR Xk VARG g(’f'lourpetgl %Ec;teocrt]t y l%f(':I rg)Ey gorfoupbs%%g ltont%gnq gsrilnlé’m

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



--15 - Fornmula (I111). [0052] A substituted silyl group defined herein
by the formul ae 25, -SiR23R24- 53 15Si (R--)3 and the like is not
particularly limted. Exanples thereof include trinethylsilyl,
triethylsilyl, t-butyldinmethylsilyl, isopropyldinethylsilyl,

t-butyl di phenyl silyl and the Ilike. [0053’1]4 In a conmpound represented

by Formula (11) used in Step a), both XlI""and X2 are, for exanple, a
brom ne atom Exanples of Pl include a lithiumion, hydr ogen at om
and a prot é‘@laﬁé:lglaliﬂbng GEP 451 aarraé%R@ﬂw@nfﬁrapthylme(thmneedémthw@,lethylene),

met hoxynet h t hoxy 1- met hoxyet hyl ,
1- met hoxy- iyh@}yﬁﬁoélf’ﬁ ¥]§Pyl met hyl oxyCl. 6al kyl (for exanpl e,

? (ralnrzng ![ ﬁ;?gﬁﬂgg )é[\rrl ?)Jgaﬁ(ﬂf}&gl{ ?Qén? r%l!l tﬁ d?%géjnﬁlrﬁvg?tﬁﬁﬁg}mt lﬁgiPeﬁ a(sai(o%g%:s et’is
i sopr opy klﬂﬁbi@%ﬁd ﬂﬂéaenlmaﬂtc)é}:}ghg@ﬁ%ﬂoi'olnﬁ be. zRégx%)ﬁilE Eﬁiﬂﬁ%ﬁﬁ%ﬂ% &

benzyl, 4-nmethoxybenzyl, trityl), a group - B

[0054] |In Qhgpilithivm (e ckngslé, ri‘ﬁmltylﬁﬁmﬂn %Od’ﬁ@ﬂliﬂﬁﬂm{ epussnhfugl, 39%/111&19{%@

(I'l) with an organonetal reagent nmay be carried out in an sol vent

whi ch i's seratpld, phényilithiuhahgiendliteiual, desetivaoygieeny Biidtin) T, Raimdgassiah
the solvent include ethers (for exanple, tetrahydrofuran (THF),
met hyl t et r kadida o eraample, @rléﬁﬂmagmsm chlqridg, fsgprepstlimpnesiuheshloride), di(Cy

v onr by Fre?gné%ﬁ%? %ﬁﬁ%@y'w ARSI 106 o A4 &1 norheta]
NN e ameithdnl Shl BIREOM, NSRS A aanic ol o pn arepigirtLfonapaple
sol vents Imqiuﬁaaﬁ&ld%bﬁmm M\V&%ﬁdfhn%%nﬁ%ﬁ%tl hlﬂn‘Pﬁu&ﬁdeah@ﬁ ﬁr@ie 09

group, an organonetal reagent nay n an anount

equi val ent sagresitmechdsiidke ema@xe&ufncbrémiﬁeeiﬁkgn\éﬁhﬂﬁhﬂate)v%?ﬂjaﬂ- Bd uded afla mixture
hydr ogen atom an organonetal reagent may be used in an anpunt of 1.5

to 3.0 equviiathent@ganiosaliordnprggnidsad. t Ex@n@eecfithy algeminsetal [ré@3&fH]alsor om
t he vi ewpoi nt of enhanci ng regi oselectivity, an organonetal reagent
may be add@duds fexemplesa mpgprcex smphic pra@%e@amm compaumistndray be

dded t f bl 5 to 300 t
mor e pr of CPERY G FSmBogS der R Fapaes thir {her 0 D REdME e Higyiose o
ggged i nt er%ﬂ],tltoh ﬁg}dlu&of%ﬂgdﬁ)g%egiqg cli'l tﬂl)l((lpgut?ﬁl tlllendl i gpor(\épreyo ﬂ%ﬁfmmlbrgmxde

- 16 - an’ or
reagent ”Ba\ﬁdlﬁﬁtyﬁﬂﬂﬁﬂ'n hs‘@»pio‘f@ln@ign&éiﬁlﬁgrdﬁﬁﬂé i:ﬂrlﬁhi\ﬁhltéhlﬁh% @but ?Eﬁ% sin
interruptions, for exanplé, each for 5 to 300 m nutes, pre er%? B%

15 to 120 bwyllith@sn; dibutylmagnesium and ethoxylithium; dibutylmagnesium and t- butoxyhthlum
dibutylmagnesium and lithjum hexamethyldisilazide; butylmagnesium bromide and
butyllithium; isopropylmagnesium bromide, butyllithium and lithium chloride;
butylmagnesium chloride, butyllithium and ethoxylithium; butylmagnesium chloride,
butyllithium and lithium hexamethyldisilazide; isopropylmagnesium bromide, butyllithium
and ethoxylithium; zinc chloride and butyllithium, diethylzinc and butyllithium; and
organozinc complex described in JP 2004-292328 A.

[0051] For example, in Steps a) and b), n-butyllithium is used as an organometal reagent,
Also, a metal complex formed by sequentially reacting two or more organometal reagents
may be used as an organometal reagent. For example, after treating a compound
represented by Formula (II) with butyllithium, butylmagnesium chloride and butyllithium

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



[.0056] In addition, fromthe viewoint of enhancing regioselectivity,
after conpletion of addition of an organonetal reagent, an aryl
hal i de may be added to the reaction mxture in a certain anmount, for
exanple, 0.05 to 0.5 equivalents, preferably 0.1 to 0.4 equivalents,
relative to the amount originally inclug din the reaction m xture.
Exanpl es of aryl halide include iodobenzene, diiodotol uene,

di bronot ol uene, the reaction substrate (for exanple, 2,4-

di br ono- 1- Farmga @Bky- 1- net hyl et hoxynet hyl ) benzene) and the |ike.

e bt K Bl e Sl O
t ala; tost b d . f t t t . Qf
SRR TRt RS2 B B

por ti ons ({ifeiSIQRP ot ALIRRURBIdikRHy AT §86HLbNR Albe i
addition of ther <3’1geent3,q lﬁﬁ’e r ac]h o%ﬂﬁylk%g%bﬂgﬁ@%ﬂ’rt lr%gﬁﬁg?hegﬂmyl
appropri atgdtiteepey, ature (for exanple, -80 to 0C, preferably -15 to

0C) for a certain period of tinme (for exanple, 0.1 to 5 hours) to
conpl et e t[0853]eds ricompofiGEBEsehted by Foamulh Gpskdin Sitp Hbah &’ A8 X2 are, for
regi osel ectivity, when Pl is a netal ilon or a protecting group, an

or ganonet ixamplge hromnagatpe. addenplenofdh inghoigntlitoiim ies,s: Hydeogerd atom, and a
equi val ent, for exanple O.é tf 0.8 equi G\éal ents, preferabl gxo. 8

equi val entEOGHAR R 5k 3¢ CagikogrCrrikyl (fer srapplse eihoxegethyl, ethoxymethyl,
appropri at rature, . for . ex le +80.t0,30C _preferably -60 to
250 “par ¢ 1 SErAPRE hel ot PGy Ayl aR fie gl

exanpl e O. Mir t @:B5 . .

or ganonet abljen%}g%)éle nt rlrgf/et%felﬁ‘rﬁé)?%g r a%a(a]é)d gll(% 323(;&%%{ﬁlﬁﬁl%’§¥m%gsﬁg%npl e
0.1 to 0. Ariedylisivy) mﬁgdhﬁtmﬁryﬁ,béoxsrdgyﬁﬁ@émylyi@gh,ettﬁu%yldigﬂ&ylshm A8yl (for
reaction mxture may be stirred at an tenperature of, for exanple -80
to 30C, pregimplabbopzyloO-metha2§enzplatritylyulgaedpy - 15 to OC, for a certain
period of tine, for exanple, 0.1 to 5 hours, preferably 0.5 to 2
hours. TheBiRbiread gielidgui val ent indi cated above mean a nol ar

e Rac T B F ab S rERaRE Bl fodraboved srnied bormwlagD with i
"equi val ent” " ivalent" in.the .- 17 -

e N S —
of enhancCicRehah£OleASRInE C BxkMhpil¥s oMRED TNt indlude Ft)ﬁgﬂ];s ?f%? Qxﬁ]:;ﬁg‘rt]et%ﬂydrofuran

3 ]
organonet al reagent may be added in an ampbun ess t

equi val ent(SHFY, aetigptargt yarckurdn { dietlyl QR Uibutlia et gl et afi RPN etheB

equi val ents and then the reaction m xture may be stirred at an

appr opr i arpclopanpdmathyl eherf h2-denethgiyethay), tydr@38Bonpifefaxnmpleypenbfie thexane,
25C, particularly -15 to OC,__for a certain period of tinme, for

exanpl e 0DPePtERs, BEnzgRs: solusneh NN AeramethBethyenedipming NWf t er t hen an

organonetal, re nt nmay. be further added ip an anount, of for exanple
o T o sl R bedtamig, Ao SOl o R e Salybis RgReE v

reacti on R ' t f e | e -80
o 300 proraan §reegRegt spidtes ol SRERIHT o sy b 1 B
period of afnbiof DA to@PEMRIIenl; fbr ERTHIAOW 5.1 PERTAIAR! Y vheR P! & £
hours. The nunbers of equival ent indicated above nean a nol ar

equi van! ehydrgdnedtoncant ayganofmad ciapeht freyp e ssditie dn bom@iofglsao 610l quisiests,
as a reactive substrate. [0060] In the raction of Step a), a

hal ogen- nérgkamrlehb te2.2 eawvalents.pref erential |y occurs at X1 of the

conpound ff Forpula (I11), which has plural reactive sites in the
mol ecul e, [9Rd] aB0BY &F HigMporh al snbaraingyseioredsrtinity apvrsanemetalieagsnt magbe

desired d of F | Va) than that of by - t _that i
dest o0 cogmauId A O A VAL Lhot oL of BB prdlet Lhat,
the react '.rrfelPe, bnafétaﬁ? 0931’ 15%0 308 ﬁl%u(?ess,ellnggetﬂré/fgraﬁﬁrab%%} ﬂﬂ'o 3-58 ?ninutcs. Further,

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




[(0064] A reaction of a conpound of Formula (I11), which is treated

wi th an organonetal reagent, with a conpound of Forrmula (I11) may be
carried out, for exanple by adding a solution of a conpound of
Formula (I1) in an appropriate solvent in portions (for exanple,
dropwi se) to a reaction m xture contai ni Bg a conmpound of Formul a
(rrr) (for exanple, 1.0 to 1.1 equival er% s) at an appropriate
tenperature of, for exanple, -100 to OC, preferably -90 to -30C,

parti cul ar PRmOIsEnielsuRtionE, ok sHmRle 2B orgeRomplel speanamay Bopdded in (wicdr ieree
ethers (for exanple, tetrahydrof.uran (THF)., nethylte hydr of ur an

i ot hyl o PRERSRRAL s St APNTBPHERS T eraniib it e FO0 S, prefetably for
cycl opent yﬁwt%tl%l ghper. 1, 2-di met hoxyet hane), hydrocarbons (for
exanpl e, héxane, heptane, benzene, toluene) and the like, and a

m xture of[fobm Qh a88Hi6n, T BBV Rwpb Al 6LeARRY Sy reflob@EctRHY ke Ltbrnfletfin of
conpound of Formula (II), the reaction may be cConpleted by stirring
for a certaidiiopef andrgafohétilteddent; aeXxglmdlEe ndybeta@ddd th&ér8ictioRnidbre in a
appropriate tenperature of, for exanple, -80 to -40C. [0065] A
convent i on@rtaiprapredy fe crayple). O ©d.F oquivadmitsy prefdratilih 6. lrie 8dteiqoivaleilae
resulting product may be purified by a conventional procedure to give
a conpoundelfiveterthgpmoynt geginally Heiudedein fhesgpionmizfure | dypinples af rphhadifle
production processes, reduction in.the amount. of solvents ed an

br oduct i oraBs Ea0keRzene, Sesploficas diraimotofienndhq reasiiop Spisisats (for exerenle. 24-
w t hout - . - r j tion. 0681 . T

process ot & pr §%§1@B}ﬁ\i§%ﬁﬂgﬁﬁ%§@mﬁ@§ {cfl; gg agﬁghﬁ 1¥kg'r llgl]ﬁ er‘%ﬁ’ﬁ%‘lcng a
prot ect i NGe£HHBHRusRa@ ntMiRANAM ok sFAhalda (1 Va) to obtain a conpound
of Formula (I1Vb) wherein P6 is a protecting group of hydroxy.

| nt roduct i[00s7f Feomptiat wetpdig of eshificing régh@clstxityayodgnoaatd] rdem tiay be
for exanple, after addition of a conpound of Forrmula (lI1) previously
treat ed wiadhedafor esagpleoatattehpardagaitSt © 38°Conplmbly 60 td2x Qupatidutir)y, -18
reagent for introducing a protecting group (for exanple, 1.0 to 2.0
equi val ent!8 ¢-dn perdieas &Br PHEPlcedIOPVIR) 1ithe gAetion;systerac cAlierragdition of ther

BLEE et P R e
S eI g 95,045 SOGERS ST

-75C. Aft ebmpriel ik edac@dn,t he reagent, the reaction may be conpleted by
stirring for a certain period of tinme (for exanple, 0.1 to 5 hours)
at the sarf@0s8] Erewdicodevimer aihaneng fQOSAkctRIBNPhasP’df a metabhgena f or
introducing a protecting group include a silylation reagent such as
trimet hyl SrOtGetngiRrm areorsarameatyytasentyhaydiyl agdediio antamioynt,df dssrthanyll si |yl

chloride, isopropyldinmethylsilyl chloride, an - but yl di phenyl si |yl
chl ori de; *gHY F’k‘y?"ﬁ&?‘?’ﬂ%‘eéﬁéﬂo SORRIGHTS, l?rﬁ‘?ﬁfa&g’, é'%ﬁ‘d\‘”b"éﬁli{/)"f“dﬁg%@?ie;

id halj h i val oyl, chl ori : Chgal k Cloeal kvl id
Shenhe mtacltn Bl RaRle e be HHBRpRRS «petlifte B bl SYa 3, %
like. \en,&fl0f -8 m@,u%‘i‘ti&ﬁaﬂég'i% & d ﬁ)\f%)ce}tac'in?eﬁﬁf FtinkFora le 0.1

hydrogen atom & protecting gro may be 1 ntroduced to the site

obtain a ¢®FREWEreferabDr 018 ka2 hduvh)) AMRE fiRininRBtganSmetaPieRiRt ik Be SirBbP
of hydroxy by using an appropriate anount of the reagent in this

st ep. Accaddidnglay amonntard éoremople Pelnt 00F equbvalgptse seferatl n0.8 ptwiodents and
conmpound of Formula (Bib) wherein P6 is a protecting group of h¥dr oxy
i s used i hhestthgprepgtionmyigsgs mAy beshireadiat o iempgragte 66 fer eramploeSinsd Eor

wor kup of the reactianfor introducing a_protecting group. _The

resul ting P&‘Eﬁraﬁ‘ef Wb{; Rﬁ&ﬁlﬁﬂﬁ%ﬂéﬁ%gp G, tlroatrivin ﬁaqmg‘i*fd% frr&ximpplgi Gk
a conpoun r m-t.he viewpoint. of siaplification of
o oaubtt ol prolSuliieAblyds )2 e M bulibENRE iy Bl shER R <

product i on, 4%k Sivahibnt'rSlatdeX8 aRbHHEEIGEpe e athTroRfuh (H) §Rd b £k

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




[(0072] A reaction of a conmpound of Forrmula (IVb), which is treated
wi th an organonetal reagent, with a conpound of Formula (V) may be
carried out, for exanple, by adding a solution of a conpound of
Formula (V) in an appropriate solvent, at an appropriate tenperature
of, for exanple, -100 to 30C, preferably -90 to -10C, particularly
-80 to -70C, to a reaction mxture contdi’/ning a conpound of Fornul a
(I'Vb). In this regard, a conmpound of Fornmula (V) nmay be used in an
anmount of dpebificaticdbbutlemqiiievalsepgegifiecior exanple, 1.0 to 5.0

equi val ents, preferably 1.1 to 2.2 equival ents. Exanples of an

appr opr i at B08%)] i&am theeiewdeint dfenhacingpbgosetctidhs whtnP' isxdyplogen atom, an
t et rahydr of uran aﬁéHF)’ met hyl t et r ahydr of uran, diethyl ether,

t - but yl met PREROERSH FedsgRtRapieGdyed BraRamouphailesp than ¢ eqivaipnts ofonexample 1.4

1, 2- di et hgxyet han hydr gcarhons. (for e |.e, pentane, hexane,,

hept ane, b@’ﬁz%%aélfvaf@sﬂg%gef&gﬁé' teﬂgl_vglleﬁtéfmar;ﬁgyﬁ‘eﬁ? IOf BRIgTe Mgy b(‘f":_rSﬁFrﬁjr%
may be. cors SESE By RS ey R rbbeih DR b oq b B GrRRy 15
exanpl e, Gobe€ofopa BatkiBpdHodR tBRPIPBEdndlI€0 1 SOP BH@L W&t .

exanple, -90 to OC. -Z?L - [00173 A cc[)lﬁ%/enti onal p cr)cg%gl edsr)r%yzlboéus'
used in wohkerpheofantdiganbered faapert ma$tbe further addee if @5athdunNEr PF BhkHle (TRYo
be purified by a conventional procedure to obtain a conpound o

Fornul a (@Y equityadents, peeferaldyOS) aquivelentsi andlthéni tbateactivnohixprooiag bé stiired at an
processes, reduction_ in the anount of solvents used and I)r oducti on
costs, it FEPEHREreS, o example 13040 383G, peaferpbly s6Q 25T ecpagisulaplyt hbigt0°C, for a
wor kup procedure .o hi s .reactipn 74] A co und of Formula (V1)
Wher ol ndplvzz‘?amaeg;%?f_te% ﬁ?;;gm%’ B 4y B?w%yrr?fgra_g@ﬁk%ﬁ%gufso Jbo i
conpoun S H=TN G di u eprotectio
prior to St ea hg in I%ttgdp c)§ﬂﬁg%p%ﬁltgﬁg]en@%‘aﬂ%%m@aggc?%éecoﬁr%ﬁ;o%éﬁepwsmqed
i nvent i on,byfFoaheRY(INEsel RO Rsaclivd Judsltged as P2 to P6 are al so renpved
by the deprotection. Deprotection may be carried out by a procedure
wel I knowj00ad]t Brethardctipe of Siepia))g Halogthaenl exhfigeirenedon preferertiay occurs at
exanmple, by using an acid or a Lew s acid such as hydrochloric acid,
sul furic aeid theggompoundef Rprmulaj (1), yvdidelme plugalacdctye pies ol the medaghlepmidc
acid, boron trifluoride diet hgéé et her conpl ex, .boron trichloride, and

boron tri BFHHREY the adionpresides naze amavAt By te Issited compeysidwhFaymHadivek,
pot assi um I .a tassiu rb te; an. organonetal reagept
such as b J%qfx%&% |g ﬁ}lnp 1"3"%‘8‘%‘1 AR i?e& géa @%geﬁmﬁ@{ ?FHWB FyagRon "’é%e n
such as | igifiiddmaaindFedeHin BVSE) Beis a kdhdy ri-fg, ivi

di T Sobut yI ol Lo e prgHoR BStep Pasar ér%#%%ﬂ‘?gé%gﬁ‘? it ze@Blectivity of e
a nucl eophédctosintics) iOA6tMitedipatticalatidle Hbihy | thefalle bf GEARRY c8Mfound :
et hanet hi ol , al um num hal i de and sodi um i odi de, al um num halide and a
t hi ol , andhediyuproductinhtht rdetiamer Siesa)lis, ifetesxamplep0: hydmogemateraiy 3061 6g a
catal yst such as palladi umon carbon, platinum a honbgeneous

pal | adi umm®%pl ex, a honbgeneous rut heni um conpl ex, and a honobgeneous
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acetate, befyhylgnesieh @hleridé sai-bayllitdea] edEmanthagi@iukd) ey beFREh &S,
chloride, chloroform dichloroethane, water, or a m xture of two or
nmor e sol vend thes thatrendtial o uztmarbeaipred piranappropeap emgietitee of, forf extmple, -
exanple, -20 tqg 100C, E)referabc[ 0 to 80C, - 22 - particularly 20 to
30C. The BRI enprefemdlng) tp a5 Sotrarispledprisde 87§, fof oecraingpepiod of fime, for

about 0.5 to 15 hour referably for about 2 to 10 hours. An acid
example, 0.1to 5SHOUP \ pre?ergbl?y }5.5 to 2 hours to form a complex.

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



[ 0080} In one enbodi nent of the present invention, Steps a) and b)
may be carried out in a one-pot reaction. Nanely, the steps may be
carried out by adding necessary reagents in order w thout operating
any worl cup procedures or purifications. Therefore, the process of
the present invention is advantageous iﬁ that the process can be
carried out in a one-pot reaction to ac §éve sinmplification of
production_steps, rgduction in the amunt of solvents used and
productlon(96§F§m1BsmﬁéWﬂK@§1ﬁﬁmﬂh&$d&1§@Bﬁ}ed compound can be

he. pr eserOUbTh GEEBmpoIFeseaie b ohata A stida S P, GRBRIH PR B 0
hi gh- pur i Lohd9P rﬂpc%jc{@% ﬂr&géﬁ% F#% %dsu aJ: &r{ﬁﬂo%é s)rllkﬁlg(g% ne%(aj%fu e{:l%ét bffwo({tlr%l

whi ch conprises converting’ &

to a Corrpoéﬂi@(yﬁi(et y@rlfﬂibtﬁo:(y)é)hl [1019513&3[ fﬂ{erfﬂyl@h}&ﬂa g’?ﬁéﬁ%}"% 1681k (z X e

op7(X) wherein m and n are ds’ d rein

and P7 is eappl, Baiziogygehup tafahwld ANy, 2 group: Step e):
crystallizing the conmpound of Forrula (X) purlfylng t he conpound

by recr yst-8i(RF)afforamample,  trimeBhdglyd; tricthyﬂm\lfylng)lmylmnrml@dstlyhg gr oup(s)
froma conpound of Formula (X ive a high-purity conpound of
Formul a ( |1§c>prﬂgmwhﬂsdw brsty 1phansg@h@@ armacygffomﬂm eabguxyl, #mefithoayeehzyl,
above i nCltﬂgﬁenyﬁnng’zl?ny)r] a group: -B(OR®),, C, galkylcarbonyl (for example, acetyl, propionyl,
pivaloyl), Ci.salkoxycarbonyl (for example, methoxycarbonyl, isopropyloxycarbonyi, t-
butoxycarbonyl, benzyloxycarbonyl), t-butyl. Further, P* and P° together may represent a
divalent group to protect two Hydroxy groups and to form a ring (for example, -CHj-, -
CH(CHs)-, -C(CH3)»-, -CHPh-).

[0064] A reaction of a compound of Formula (II), which is treated with an organometal
reagent, with a compound of Formula (III} may be carried out, for example by adding a
solution of a compound of Formula (II) in an appropriate solvent in portions (for example,
dropwise) to a reaction mixture containing a compound of Formula (III) (for example, 1.0 to
1.1 equivalents) at an appropriate temperature of, for example, -100 to 0°C, preferably -90 to
-30°C, particularly -80 to -40°C.  Examples of an appropriate solvent include ethers (for
example, tetrahydrofuran (THF), methyltetrahydrofuran, diethyl ether, t-butylmethyl ether,
diisopropyl ether, cyclopentylmethyl ether, 1,2-dimethoxyethane), hydrocarbons (for
example, hexane, heptane, benzene, toluene) and the like, and a mixture of two or more
solvents stated above. After addition of a compound of Formula (I1), the reaction may be
completed by stirring for a certain period of time (for example, 0.5 to 5 hours), at an
appropriate temperature of, for example, -80 to -40°C.

[0065] A comventional procedure may be used for workup of the reaction. The resulting
product may be purified by a conventional procedure to give a compound of Formula (IVa).

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

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



Forrmul.ae (Xa) and (Xb): [0084] [Formula 12] (R1)" (R2)," o or7
r7o0p70 or7 or7(Xa)
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workup procedure of this reaction.

[0066] The process of the present invention may include a step for introducing a protecting
group to a compound of Formula (IVa) to obtain a compound of Formula (IVb) wherein P® is
a protecting group of hydroxy. Introduction of a protecting group in the step may be carried
out, for example, after addition of a compound of Formula (II) previously treated with an
organometal reagent to a compound of Formula (I1I), a reagent for introducing a protecting
group (for example, 1.0 to 2.0 equivalents) is added to the reaction mixture, if necessary
together with an appropriate amount {for example, 0.1 o 1.0 equivalent) of a base, for
example, triethylamine, N-methylmorpholine, ethyldiisopropylamine and the like, at an
appropriate temperature of, for example, -100 to 0°C, preferably -90 to -60°C, particularly -
80 to -75°C.  After addition of the reagent, the reaction may be completed by stirring for a
certain period of time (for example, 0.1 to 5 hours) at the same or elevated temperature.
[0067] Examples of a reagent for introducing a protecting gronp include a silylation reagent
such as trimethylsilyl chloride, triethylsilyl chloride, t-butyldimethylsily! chioside,
isopropyldimethylsilyl chloride, and t-butyldiphenylsilyl chloride; an alkylhalide such as
methyl jodide, and benzyl bromide; an acid halide such as pivaloyl chloride; a C; ¢alkoxyC;.
salkyl halide such as methoxymethyl chloride, and ethoxymethyl chloride; and the like.
When P! of a compound of Formula (IVa) is a metal ion or a hydrogen atom, a protecting
group may be introduced to the site to obtain a compound of Formula (IVb) wherein P! is a
protecting group of hydroxy by using an appropriate amount of the reagent in this step.
Accordingly, in one embodiment of the present invention, a2 compound of Formula (IVb)
wherein P° is a protecting group of hydroxy is used in Step b).

[0068] A conventional procedure may be used for workup of the reaction for introducing a
protecting group.  The resulting product may be purified by a conventional procedure to
give a compound of Formula (IVb). From the viewpoint of simplification of production
processes, reduction in the amount of solvents used and production costs, it is also preferred
that the next step is carried out without workup procedure of this reaction.

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



A protecting group of hydroxy defined as P2 is not limted
particularly as long as it is comonly used for protecting a hydroxy
group. Exanpl es thereof include protecting groups described in G eene
and Wits, "Protective Groups in Organic Synthesis" (the forth

edition, John Wley & Sons 2006). Exanpl %s of a protecting group of
hydr oxy al so include Cnoal kyl opti onal I');2 Substituted with one or nore
R51, saturated, partially unsaturated or unsaturated heterocyclyl

opt i onal | ymeybstartied euf byusing eselvont spitabde £252 halGeen-math kexhdnge 1Gici6H3) 3,

- C(=0)R54 -B}éO?SS 9, wherein R51 to R55 are as defined above.

[0085] | n BraRlearddhasohienbnclufectiers sfon examnle ttrabydroforan §HEF3 ect ed
from Cl1. 6al kyl car bo . R.x .. 6al koxycarbonyl , and -Si R2324- 25

wher ei n m@?%ﬁg%r%v&éﬁaawéﬂwzfél%Hg'étﬁ'%h%F%‘ﬁ%g]lsoﬂrquﬁ@ﬁ?ron f or

i ntroducin | I i ried t ina
manner wel %Cﬁoﬁgé\sgﬁfe?\ﬁj}tl Egmgrl %u %gfre & i‘?ﬁ%@i’ 8%&%@%&2@5? ’?a.mrﬁc;%r? Ill%lﬁe.’ h gre
exanpl e, ahdpeAgaRhzABdoReh &2 HRNiKe O L hBRird 856G R Efbrd fhifenbeifePidve.
Wits, "Protective Groups in Organic Synthesis™ (the forth edition,
John W eyWheSanskud o&kdurays 18 catsied obitin tHigréveasisiepa sdieaiided $n Ok pevions
solvent used in the reaction include ethers (for exanple,

t et r ahydr oftepr may §eTigedl., net hyl t et rahydrof uran, diethyl ether,

t-butyl methyl ether, diisopropyl ether, cyclopentylnethyl ether,

1, 2- di et t anomferl Seges aray herused imearmpioant B&terdd) equisialpatsefor
acetonitrile S i rnethyl fonnam d N-di et hyl acet am de,

Nmet hyl pyr%‘nipgok‘l-g?‘) é-@éﬁb%@?ntaﬁ%@%%}’ﬁht%s{ SQ“IY% S-exanmpl e, et hyl

acet at e, I ' | ene_chl ari de

et or of or e RS BB fnet RBEAE ey BE G e BRLING SRR pBishEcor

sol vents sbakgR, &BP¥Re) atan Lnperath8@S Fbr &afrﬁ%ﬁ@b 13156°¢, Eﬁ’:@er!ﬂﬂ& (epdyci ng
a protecting group can be selected based on a protectihg group to be

i nt r oduced. 107 paeixalaty €90 t6-700aQ), k Wieakdidinod ofehloogantietalGhagent, the reaction may
6al koxycar bonyl chloride, Cl-Si RR3R24R25 and the |ike may be used in
an anount bsfstitredfare cartOn pepitd/efl twmt of, fop exdneple ). iyto B Ipursp p@fddably 0.5 to 2 hours
equi valents relative to a hydroxy group. |f necessary, a base may be

\ p 5 o
used. ExarRbPRaPRsPPTafRtempeatre el fry&xemples-AQ0 Ionlne, prpfrably H8 to -10°C,
N, Ndi et hyl ani | i.ne,~ 4- (di tret hyl am no) pyri di ne, im dazol e,
1- met hyl i rﬁa%%lgflg,'g%ttoﬁ%&égiesopr opyl am ne, |utidine, norpholine,
pot assi um 0 ; Ly I; :
PO ASS L BT 0N Reieh O U GATIOR R AT T AL O0EA o BRI
not | i i t egageal; With dlcambiundBitFoldifla (9R&h{ 68 cABYd SR, BAELnflk, @gtad(ﬁﬁ &
tenperature of, for exanple, -20 to 50C, preferab1y -10 to 25C, %or a
certai n peelutidn of a tamguod pf Famuéx@iph en agpropiafeohent, st anphefopriatal y 2
to 4 hours. [0088] Crystallization in Steg]deg may be carried out by
usi ng an 4ppPoHHIcHELOs B, -Ki0dh 385C. mseferanlyl-90 or-hAiKs partigulepn i to -70°C,
i sopropanagl , butanol, ethylene glycol, ethyl ac

I te, |sopropyl
acetate.  (BEFERYABIINE AN RIEARTIOH] STHOMEHIA (RG] olpehis phassl fyppmpound

et her, 1, 2.dj | IS acetonitrile a

ai et hyi” SorPRAC R Rea T RBAARH LB R e Krerdnefeld B
N-met hyl pyhiQhibslongercReR D6 2. or ﬁﬁﬁl{p s fi

or nore sonent S g)t? %’? edHtabg{\?ez.ﬁe dggdi%é%ry%t a %Fgfaﬁ%%r%%%eﬁéﬁgﬁe%&xn\%?
be carri edoéxhmble, &hee (MoeExanild, tdtrbWirofudarl (rrelrejgrﬁletnﬁfenxahyﬁrmm&pdi&ﬂﬂ?l
present invention by using an appropriate solvent such as nethanol,

et hanol , pthepaiotylmetbpptiepalisbprofitetirglcyclepduimpthylgdtlya pl,2-dahdiidxyethane),
acetate, isopropyl acetate, tetrahydrofuran, t-butylnethyl ether,

cycl opent yYABENpInsdfmsxample nen@nephichuwy kaptapcengine solversand geflike, and a
acetonitrile, acetone, dinethyl suJfoxide, N, Ndi.methylfo 1 de, .

N, N- di et W@e_&%ﬁ%&a&mﬁ‘feﬁ |Sw#a&9raon%€terﬁ@%fl% PormplidNe, hopeaction
water, or n?afgc)&}ﬁrpﬁte%fbytsmin%rfopy (rzgrtalsno[lae\fl%'ato% tixsnte% ,efgr e%cgr%\{)fae', 0.[_1(1)9 §%13urs at an

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




- 26 - hydrochloric acid, sulfuric acid, acetic acid,

trifluoroacetic acid, p-toluenesulfonic acid, boron trifluoride

di et hyl ether conplex, boron trichloride, and boron tribromde; a
base such as sodi um hydroxi de, |ithium hydroxide, potassium

hydr oxi de, and pot assi um carbonate; an qrganonetal reagent such as
butyllithium and Gignard reagent; a mét al hydri de reagent such as
l'ithium al um num hydride, lithium borohydride, and diisobutylal um num
hydri de; al00@3ji Agenventionebgrectdunfmay bewsed irnedritupofthareacidndn Shiplty. sTigh
as boron trifluoride diethyl ether conplex and ethanethiol, alum num
hal i de andeSBHRSPROPER M be aniechiung eravntignalmiocsden itobbtain adompowridrd m

hal i de and_a sul fide;_ or by hydrogenation using a catal yst such as _
pal | adi umd%‘?{mé@r@dh, Fﬁ?l&ﬁ#%ﬂ%%ﬂ%&ﬁ%@%ﬁw 95 RradyetiqnArecsssse.agducton in
honbgeneo ' ; lLex n ho neous rhadi um conpl ex and
the i ke. - BbBT o MR el ot FEvior S0e 1ot BRI BREFBP S e
product obgiRiyidut WorRuPhBESRR FUNPLdsEdY Steps a) to c) defined
herein is used as a conpound of Fornula (1) in Step d). In a process
conpri si nfOBT4PA &mpcné bf Bebiued/ Thehaknye ol oteamdgﬁ@bﬁ;?@k@agq?% can
be produced wi thout purification. Therefore, Tromthe viewdoint of
enhanci ng qenogtedttd @ nomepdrindivermeyy P i aihsdlagmambmg@@msyihg)oﬁ:tQ{Adﬁliotwtiéﬁ‘qﬁior io
process conprisi‘ngéSteps a) to ? with Steps d) to f) in i ch high
puri fi catigep ddin Hep elar An ee euodimgns of thepessent dvenidor, proetind groopmbi ned

wi t h anot her ro‘f]e(sf,_ fgg rﬁgari ng .a conpound of Fornmula (1). [0091]
In the prcBHUCFHFen(t Enarepls reraves O itherfleptatsction. Reprelelion maydg carried
purity co ] und .of Formul.a (I1) used. as startin
mater ) al oPrey Sptdb R RRAUN et Bt e ERBL AR R BpinTie by
(1) includging .aaFRARYRLcRf i Pt i ALY

wei ght or rrltl)lrgg, preferablsyﬁfg?%m%b@d\%\%c?gwfggiﬁi’ %fpggac?%ﬁg%c alé?r??one
enbodi menttrifforbdvetiPids etolucALEIbAIO Aeid [HdCorKBG6ESE dbthilRehet BOEAIEL, BBron
further conprises a step for crystallizing a high-purity conpound of
Formul a ( Ityichddridei areichbaren Sbemi@; abasoduek at sadbmdhfdvoxide, Yittiah hivdrakidgn i s
for exanple a solvent selected fromwater; alcohols such as nethanol,
et hanol , PPERUMBLYIEEErHE RABESILD Garhawite; 2 oFgahemetalgkaasol suckagbutyllithium,

1- hexanol ; hers such as_tetyahydrofuran, t-butylmethyl ether,
cycl opent ¢! f‘ﬁﬂ}"f’dé‘?aﬁﬁ?tzaﬁlfet,agg‘ﬂﬂ%ﬁt‘%%‘yé‘?%é{tmﬁ Qlpmingy by dride libiumer -

t h et at e.._and _hexyl t at e:
cot oS SuBlR R ASERS) AP o oSS AL S
N- met hy| pyiasledghele 9&ch 808 thtuortde Afethyl GiHBHE IO ﬁﬁrg\lﬂ'iétgigﬁlaﬁlgﬁﬂﬁﬁ filide

hydr ocar bons such as 1-chl orohexane; "hydrocarbons suc
n- propyl bend sodéym elidel Hemimmnehalide phdunehiolpdd alhiten @alideeind ARSI b§S
acet one, 2-butanone, and 2- heptanone; acetonitrile; and di nethyl

sul f oxi dehydpsenatipxuiinga eftalysysucras pellaslign by earben, ptatived, almonvegenedud093]
The resul ting, conpound of Formula (I) may be further purified by
recryst al Piﬂga%f‘inb Mt 3 hpgpgenseprhspivpreompdes: prd homosspeaya thogivan

sol vent sg+lg ted fromwater; alcohols such as nethanol, ethanol,

pr opanol , sqﬁ¥'opanol , butanol, ethylene glycol, and 1-hexanol;

et hers su et Y, , .o

cycl openty rzgf h%ﬁb{er?ﬂgggtmfwé@&f%%ﬁftﬁﬁg}n %‘gﬁ?n ijél%)eﬁF aocpt)lfﬂ1 ]I_1e§tﬁ%p‘,)
esters suglyads catiby buidf ek RO enfiRh 8t Rirald/ith etate;

ani des such as N, N-di met hﬁ‘?ﬁé}?mm o N N di et hylfg%é%(g%ﬁ)cde,

N- met hy| pyethyltettkdyérofiarmel 10¢-MNelicthok ydihaemeiofdRiilehdhegenaiegide, N,N-

hydr ocar bons such as 1-chl orohexane; hydrocarbons such as

n- pr opy! béimestdlormnenige. iy dimsthytesptamide, Nemethylpyuaidene, kedtore sceticiadid aser
acet one, % but anone, and 2-heptanone; acetonjtrile; and_di methyl

sul f oxi de{fopsxampls. x ethybacstats, fethyl acpiie isoprapshacstaterand dhe lishveethyl@go4)

| n anot her,.enbodi.ment of.. e present invention,_a high-purit
chioride, ghloro?orm, dlc}-xporoert)l-lane, water, or a mixture of two orgnor solvents stated

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




(-\1z14k P11 O P60OCP2 0 psoOP3 OP(1 Vb) wherein 1t41, n, X2, P1,
P2, P3, 134, P5, and P6 are as defined above. The conpound is useful
as a synthetic internediate for a conpound of Formula (1). [0098]
According to further aspect of the present invention, there is

provi ded a conmpound of Formula (VI): [0389] [ Formul a 14] 094: kCH pl
psooP2 o | psoOP3 OP(VI) Tesr

particularly 20 to 30°C.  The reaction time may be set appropriately, for cxample, for about
0.5 to 15 hours, preferably for about 2 to 10 hours. An acid used is not particularly limited,
but a Lewis acid may be used.  Specific examples thereof include hydrochloric acid, sulfuric
acid, acetic acid, trifluoroacetic acid, p-toluenesulfonic acid, boron trifluoride diethyl ether
complex, boron trichloride, and boron tribromide.

[0076] In one embodiment of the present invention, removal of protecting groups
introduced as P* to PS and formation of a spiro ring can be carried out at the same time by
treatment under acidic conditions in Step (1).

00771 A reduction reaction in Step (2) of Step ¢) may be carried out in an appropriate
solvent such as tetrahydrofuran (THF), methyltetrahydrofuran, 1,2-dimethoxyethane,
methanol, ethanol, isopropanol, acetic acid ester (for example, ethyl acetate, methyl acetate,
isopropyl acetate), acetone, water, or a mixture of two or more solvenis stated above at an
appropriate temperature of, for example, -80 to 80°C, preferably -30 to 70°C, particularly -20
to 60°C. The reaction time may be set appropriately, for example, for 0.5 to 24 hours,
preferably about 5 to 15 hours, The reduction reaction is not limited particularly, but the
reaction may be carried out by using a reduction reagent and/or a catalyst suitable for
removing a hydroxy group on a carbon atom that links two benzene rings in a compound of
Formula (VI). Examples of a reduction reagent and a catalyst include a metal catalyst under
a hydrogen atmosphere (for example, palladivim on carbon, platinum, a homogeneous
palladium complex, a homogeneous ruthenium complex, a homogeneous rhodium complex);
a hydride reduction reagent in combination with a Lewis acid (for example, aluminum
chloride and sodium borohydride, trifluroacetic acid and triethylsilane).

[0078] In onc embodiment of the present invention, removal of a protecting group(s)
introduced as P* to P® and removal of the hydroxy group may be carried out simulitaneously
by the reduction reaction in Step (2). Either Step (1) or (2) in Step ¢) may be carried out
first. Deprotection of P* or P' to P° may be carried out in any stage prior to Step (1),

[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



1 - : wherein 1141, R42,2, m n, r ,r -2 ,r ,r , p5, and P6 are
as defined above. The conpound is al so useful as a synthetic
internmediate for a conpound of Fornula (I). [0100] According to
further aspect of the present invention, there is provided a crystal
of a compound of Formula (XI): [0101] [Fornula 15] OH( XI)

In one enbodi ment of the present inventiZn, the crystal is a
nonohydrate. Herein, a nonohydrate is not |imted particularly as
long as a cnymisak sepdbd gonkeemsa sompiuat of BorinfulAl) sHIEIHGE byohe PR ofthe
equi val ent under a condition (e.g. tenperature, relative humdity and
the |ike) PHssphingeniipads ezatesicompowndodfoomly (Ihised or stored. In one
enbodi dmentt'q g@ this aspect, the crystal is provided as co-crystal

wi th sodi ufi8detBae BROBMSRYL the nipssRtinventipn, Siensaherd Wmrydierrenied ofit in a
t he pr esent

invention, .there is provided a nonqhydrate crystal of a
i oh pur 1o ER AT o M e Bt BE Lo e P bR ey ergisdn
of the pres8twilIEN IRl j i.n_havin aks at
di ffraction angl es %0? &t ﬁgg‘%ﬂ{uﬁ%@{eh@%ﬁnj@ﬁ e fign g I;Oﬁg’ %8’1’%5‘188101“%&3 of
about 3. 5, thépRsent &wntickBs Qdvahthocous M MadBe AroceSRELHSOEGI dit fpout
3.5, 6.0, 10 4. 13.8 16.0 1752 18 4. 3%1.05‘,3 5T & anéifd2“4.ﬂ44’1‘iy“r?@?ray
powder di frbaciioh it@achpat simplificAiRf Qrotatidn stéps vedtion M M6 8hdeR 0Plolt
present invention is characterized in having peaks at diffraction
angl es (20sedindypdictian gosts] 4s well 46in0hat 2 Aesired mdmpSur can hodlstained in an
specifically @bout 4.9, 8.7, 9.3, 11.9, 12.9, 14.7, 16.0, 17.1, 17.7,
19. 6, 21. E*EHE"OYE in X-ray powder diffraction pattern. A co-crystal

e RSN T LR D e
20.1 and 25.2: speci £ 0104 12 4 14
151 10.8 p%oflg? 5%%%2‘@&%5%?@%%%@“ hik G aefiped. fir%“r%b‘%%‘ﬁ%‘?‘ﬁ'?

Herein, acy¥mpdyespowder diffraction pattern can be neasured in a
common net hod. Regarding diffraction angle val ues of X-ray powder
diffracti on peakepal): doheertiny s tahpoahd bhBoriut:s@)to al SO¥@BHinddT, FosRile (X):
errors (faor_ exanple, about 0.2) may be observed by neasurenent
condi t i ond0GE 1%@9@ 141 sanples. - 30 -

Rn

P70

X

wherein R, R*, m, and n are as defined hereinbefore, and P is a protecting group
of 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 (J).

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



[(0103}] The nonohydrate crystal of the present invention may be
obtained by crystallization froma solvent selected fromwater, or a
m xture of nethanol and water, ethanol and water, acetone and water,
or 1, 2-di met hoxyet hane and water. For exanple, the crystallization
can be carried out by using a m xture of_ acetone and water wherein
the mxing ratio is preferably acet one ~2~ater = 1:3.5 to 1:7 by

vol unme, nore preferably acetone : water = 1:4 to 1:7 by vol une.

[ 0104] TheFounutae(Sanbndg): sodi um acetate of the present invention
may be obtained by crystallization froma solvent selected from

met hanol , [C98#k dﬁéﬁ%‘ﬂ? 13) hexanol , acetonitrirle, ethyl acetate,
propyl acetate{R'aexyl acetate, 2-butanone, 2-heptanone,
n- propyl benzene, e, and 1l-chlorg 3 a m xture of
two or nore sol vignt ei—a(p@)%e, prefer i Xxture of

B & 07

met hanol and i anol - The co-g Do sium
acetate of the\present invention may be g by crystdllization
froma sol vent g f r om net hanol , | S® , 1-hexanol,

acetonitri ‘: acetate, N, N-di baéall f , acetone, and

di i sopropyl € N or~om7m xture of t spfvents stated above,
preferably from aq,;i,xture of et @r}ol and i(?_.propanol. [01 % The
monohydrate crystal of the preseft®invention has a propert hat a

noi sture content i s maintained substantially constant under a certain
range of rel ative, Quugidi ol ] :

in formulation 5? gcess.g'!”7 EUI!I ? ﬁglrl}?d?(t?’{?edc%%%%ﬁﬁg?%q%p%g?’gﬁcgﬁgy ?ﬂg}? gbﬂ‘ﬁl
co-crystalis cmmhn?adwmr@méoﬁhggawoﬁp R85 URtaGRdsah@edtlindiitR photbdtRgt
invention are useful for preparing a pharmaceutical formnulation

havi ng excgbimniesgibathid Giegné mdsWorstheotedtivetthrenpstin €rgdnveS ymirei™ (hedoeth
crystal and the co-crystals with sodium acetate and potassi um acetate
can be useditioss JbpfWaeedtJops 2006)-hi Bramplesuf iz Pyateriing seaymed hydioxyf also include
Formul a (XL), d t.herefore the crystal is_al so useful fromthe

ui ewpoi nt GroalRHiopREiRIY sPei Wik ot mar B o sfgRS Ay AR o
conpound. I 6] Fi qures1.shagws o 53
exanpl o or nasarakdok b pha iR Wt ot o b N R
in Test ExeuphrsL.BBROYL,SHer o RFFrExAMRLEs MovEEasurenent results
of powder X-ray diffraction of - 31 - the nonohydrate crystal

nmeasur ed i[0085stin Exaemb®EméPon dietpraent Iivention, P’ is sefec@8 FOmM3C.SHRWR 41088y,
exanpl e of nmeasurenment results g(gfopowder X-ray diffraction of the
monohy dr at@-selkyxtcatbondasnd SR TR KéswhasinRl, &5 andBrdir asolefiggd above.
Figure 4 show? one exanpl e of npeasurement results of powder X-ray

di ffracti RO ¢neaciesiBhiBeducEie rrelsctineeoyminfiben d)mayhs|carrisd out in a
Figure 5 shows o ults. of

Gi {11 acti anos VRDSEARTRS: & pOR A AR RO LPAP b Re bl sBpl wibeen

Exanmpl e 5 -a%i a reactiof %&Hﬁtﬁanﬁis&?@\é@ Hloél%emﬁﬁsp Sﬂrﬁﬁ&%rﬁ% in bg%glct :

of powder ray diffraction o e Cco-crysta pot.assi um at e

neasur ed igynihesit” Exaorh @dfion, IERCRRYIZDbR0bNRE DENESIn the reaction.

Examples of a solvent used in the reaction include ethers (for example, tetrahydrofuran

(THF), methyltetrahydrofuran, diethyl ether, t-butylmethyl ether, diisopropy! ether,
cyclopentylmethyl ether, 1,2-dimethoxyethane), hydrocarbons (for example, benzene,
toluene), aﬁcetonitrile, 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.



EXAMPLES [ 0107] Preferred exanples of the present invention will now
be described in nore detail. However, the present invention shall not
be limted to these exanples. [0108] NWR anal ysis was carried out
wi t h nucl ear nagnetic resonance apparatus: JNMECP-500 or JNM ECP-400
(manuf actured by JOEL). Mass spectrum analysis was carried out with
mass spectrometer: LCT Prenier KE (manuffactured by Waters).
Preparative high performance |iquid chromatography was carried out
with GL- Sc088Te Aregemivsstefor fblodidina pkteRp grbligbmbeistiesB®paed bi gui d
chromat ogr aphy was carried out with Agilent 1100 (rmanufactured by
Agi | ent) . Motesting groamtsl besingodugsd. ¢ dior bxeaipde) tC; valkyica®borahelilyédes C,.
apparatus: Type KF-100 (trace noj sigu,égmrreas.uri ng apparat us
manuf act ur @Kogycapanyl ¢hlagde, Sheik "dai R Cardoibe tike may be ivdin an araeunt of hgto 4.0
tion, a portion of

(o I P ey
o o 6 NEnt SR I Ny SHARL ol

(hydr oxy medihypghenink) 4-dimBn GO RBRS ; n&sie. of
3.4,5-tri s(]t r?@rret hyl J'si ?d;%ll.‘oxgﬂ) - 6- r}{rrreﬂ%hf\?ﬁug%ﬁ%%l’ %)@%?&F% r ahvdr opyr
an2-one [diil@isopropPdmine Fbitiig] @orbBdline, potAdoiutMarkbnkieVsoPM S ATMR1e, and
To a solution of D (+)-glucono-1,5-1actone (7.88 kg) and

N- met hy| mooghiol hydeoges SaiBokayy. i Frefemblyahmethglimidandld hak i} useds Addfdion
trimethylsilyl chloride (29. 1_kgﬁ)F at 40C or below, and then the

m xt ur e wa&MBEFRFelg nak lirpitgdnppiuinriyy ut flregractiornay ba ogritd putat htampsrature
After the mxture s,foaled to. O | u 34 kg), and water (39 kg)
wer e addec?r%’]ttﬁ’é?w\.fgﬁfgmgpggﬁrﬁfeﬁgb’e‘a8\9961%@ &e 5?5?1”26&1 B‘?fﬂ’d\ﬁéélﬁ’éd’%vgf’lf h
an aqueou tq % J [ rogen phosphate (39.56 kg x2)
and vvater%zi%@'b%’gi %ﬂ%%é%%gﬁqéﬂgg?%\gégggaporat ed under reduced
pressure toogs] v erfhiitatibh GAseE i by usi

P The met ol o aiditioh BESEPEPALIE: GRiATOLY uplh HRffiirk Penidtis
(CDC13) 8:mddhahal, kol spropdhol, TsopHgandl) butdhol, BthyRide ﬁ},ml, ShAQicéBiel, isSpropyl
3.74-3.83 (3H, m, 3.90 (1H t, J=8.0Hz), 3.99 (111, d, J=8.0Hz),
4.17 (1H, agqtgtegt&i;galggdrc@m@mzt)hutylmethyl 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, dimethy! 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 Wuts, “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



[[0112} Step 2: Synthesis of
2, 4-di br ono- 1- (1- met hoxy- 1- et hyl et hoxynet hyl ) benzene [0113]
[ Formula 17] Br OweBr Under a nitrogen atnosphere, to a
sol ution of 2, 4-di bronobenzyl al cohol (40 g, 0.15 nol) in
tetrahydrofuran (300 nl) was added 2- rreﬁgoxypr opene (144 m, 1.5 nol)
at roomtenperature, and then the m xtdre " was cooled to 0C. At the
sane tenperature, pyridiniump-toluenesulfonic acid (75 ng, 0.30
mol ) was biddedlaisdcidnenlfvririagd cacpticadid, itriflwgodoetic dcid) peiplucidselfordaadid,on
m xture vva%{grgu,r ed into a saturated aqueous solution of sodium
hydr ogen c¥FeRiKtieridodiedy! ¢thergempindoast irighlogide.wnd howop trikspraidemmbase such
organi c | ayer ,wa shed with a saturated aqueous, solution of sodium
chiori de, “HeraliRSai yiiin ohudfos wP afmadeSoKRn P o betyR purdpRs o
evapor at edlf Sletd SANES D & ' . ' d nﬁ -
33 - an oi rg&lmré\) c? uant 't at }Ivea%)qlll?l Q)I]@h&%h gﬁ%rgggﬁagg E%ésn?has'é%gﬁﬁ%f] l='(a%r?\i%%(ntt
step Wi t hogbh bbhied allmiivhl BakideNithib @b ydkad, Mi&@@%ﬁhiﬁm% dife; a
(6H, s), 3.22 (3H, s), 4.48 (2H, s), 7. 42y(1H, d, 3=8.0Hz), 7. 4%_ le,
dd, 3=1.5,cofbidzripn réagaf of 4 Hewi,aciliahd 2hiagleod Ik &dh SthefonIifl Syt iteaash s e0bs
2,3,4,5-tetrakis(trinmethylsilyloxyl-6-trinethylsilyloxynethvl-2-
( 5- (4- et hydopipéaxyaol ythanstines ahytingn falidesnt ssdiub-iodide, aluminum halide and a thiol,
met hvl et hoxynet hyl ) nhenvl)tetrahydropyran [0116] [Fornula 18] CH
and aluminurn halide and a sulfide; or by hydrogenation using a catalyst such as palladiura on
carbon, platinum, a homogeneous palladium complex, a homogeneous ruthenium complex,
and a homogeneous rhodium complex and the like.
[0090] In one embodiment of the present invention, a crude product obtained in a process
comprising Steps a) to ¢) defined herein is used as a compound of Formula (I) in Step d). In
a process comprising Steps a) to ¢) defined hereinbefore, a desired product can be produced
without purification. Therefore, from the viewpoint of enhancing production efficiency, it
is advantageous to combine the process comprising Steps a) to ¢) with Steps d) to f) in which
high purification can be carried out.  Also, Steps d) to f) may be combined with another
process for preparing a compound of Formula (J).
[0091] In the present invention, the term “high-purity” means improved purity compared
with a compound of Formula (I) used as a starting material of Step d). Examples of a high-
purity compound of Formula (I) include a compound of Formula (I} having purity of 90.0%
by weight or more, preferably 97.0% by weight or more.
[0092] In one embodiment of the present invention, the process of the invention further
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 tefrahydrofuran, t-butylmethyl ether, cyclopentylmethyl 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-



Under -a nitrogen atnosphere, 2,4-dibrono-1-(1-nethoxy-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 mmvol) was added dropwi se at OC over 30 m nutes. After the
m xture was stirred for 1.5 hours at 0€27the mi xture was added
dropwi se to a solution of

3, 4, 5- t ri s¢ibutylfetriunie; hylogangjedthytiracabbiysdush hy/l-chiyaBeRe; Hyetocabyeisay s
an-2-one (Exanple 1, 108 g, 217 nol) in tetrahydrofuran (507 m) at
-78C, and w-hwpybaezenaheriihenacnes, heptanst indrieldeifepket@ndssuehsasatetbine 2satapone,
tenperature. Triethylamne (5.8 nl, 41 mmol) and trimethylsilyl

chl ori de (32’9‘ 6t ?Pfanomzcmlr&e ;\iad Bt quifaxédesprn migere pRBVOATMAE BolvRnts
warnmed to i.d stirred for 1 hour to give a solution containing
2,3, 4,5 teﬁ i met hyl si |yl oxy) - 6-

Lreln;/TF § C ot rOp e S ot i RV BE K PR i DS P OF
-78C, and Asfvéntlukdd Bl thrdddyREXAREn (s BReM scRBRd %})t m Watér: FBlols WRE as

added dropwi se thereto at the sane tenperature. er the mxture -
34 - was shéthamed] estanel/ Brofaroliscpeopah sl besnol, 4tiSdny lshesr aldiehydeol 68es |

455 mmol ) was added dropwise at -78 C, and the m xture was stirred at
the same tsupipes tatrahydroferen,2-bytimsthyltisat ayclapedylagthybetbers hRuimethoxgkthane,
amoni um chl or.i de was added to the reaction m xture, and the organic
| ayer was @éﬂéﬁ%‘éﬁ’ ctherslcSiRrs Fesh aniethy] anstatss propw@cgteqev@ﬂthemﬂsacetate, amides

1t ed conbuirg AsEmgieR 5338 N iy BBt el orroan e
step wit h%ﬁut)ff ?ﬁﬁqegfﬂz{lbgc}n&tga hgtﬂf)c%%g&c}@a chj,’h (1r xgne' Egcg'ocarbon\'\@uch as

purified by trac nert

acet oni t r i gopydberFbddThékylteAzee VIR pfaQk! fand kASdne! IRASTRS §ucﬁfas E(Q:?or{e' 3. bﬁ’t?nonc
conpound (tmo m xtures each containing two di astereoners)

M xt ur e ofandRdspeneeymetnirikneh@dimethyl sulfoxide; or a mixture oﬂﬁo%of@%ents
MHz, CDC13) 8: -0.47 (4.811, s), -0.40 (4.2H s), -0.003-0.004 (511,
m, 0.07-Glabgabagail, m), 0.15-0.17(1811, nm), 1.200 and 1.202 (3H,

each t, 0 1.393 nd 1.399 (3H each s), 1.44 (311, s), 2.61
(211, q, jg@”fl&;‘zHi') an‘@ﬁé?ﬁ ofigens 03 e present m\éeéz&ﬂn §)h1gfepw£gy eampound of Formula

(3t Bl 8% D A RS i s ci® o 5 Bty s o
g?c?- g Oﬁzﬁge%r%% 1nv§1§1§9 agd}_?staﬁ 082 h%g:l-lé;;]un fgbgllfb( gﬁ:l l}taggb 91‘1]%1)(96{116 E\ ’m is

875 [M+Nabor[19§;ﬂ]ﬂ21m;gu{ scgrodjjca@tereorrers 3 and 4:
111-NMR (500 MHz, tol uene-d3, 80C) 8: -0.25 (411, s), -0.22 (511, s),

0.13 (511[009p] 'y piGeefsiod, thespr,eseﬁlt Bidntandofpddide $8pk dyaacyenables ©.p2épare a
(9H $), 0,29 (9H$), 1.21 (31l t, J= 7511%: 1.43 (311, s), 1.45
(311, s), highpyritpegmpound efFamula (USWlilgizﬂ anwn atiguprogdureagUiriag cumbersome

3.91-4. 04 33- 4. 39 (111, d. J=14.5Hz),
5.10-5. 17° {affgio“ﬁf}'d%l%f wnso%%v TEEfnd @%Seﬂveg& su 36301(1%@10&1“0%@113'

5,550 el Sy Bl el . ™

1, 1- anhy degickn&fand Shrsddomle ligrEs 0%
(hydroxynetﬁyfgghenyf] 13- E@gﬁ%é%p;ggnoggﬁFH&ﬂmfmumvmgnnpunmsﬁmna

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 (IVDb):

{0097}



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

6-trinmethyl silyl oxynethyl-2-(5-(4-ethyl phenyphydroxynet hyl-2-(1-netho
xy-1- net hyl et hoxymet hyl ) phenyl ) tetrahydropyran (238 g), which was
obtained in the previous step, was dissqlved in acetonitrile (693
m). Water (37 ml) and 1IN HCl aq (2.0 rﬂ? wer e added and the m xture
was stirred at roomtenperature for 5.5 hours. Water (693 m) and
nhept ane (B98nmih)3jvere added to the reaction mixure and the aqueous

| ayer was sepajtyed. The aqueous |ayer was washed with n-heptane (693
m x2), and vva{Fa}\ s _#&%aporated under reduced pressure to give a
product containi g wafer and the titled conpound (a di astereoner

m xture) ap? 87 g). The product was used in the next step
wi t hout furthef pufification. [0125] 11-1-NWR (500 MHz, CD30D) 8:
1.200 (3H, t, Pfe7+Hz)ppd. 201 (3H, t, J=7.7Hz), 2.61 (2H d,

1=7. 7Hz), 3.44-3Y48 {1H, rr) 3.63-3.68 (1H, in), 3.76-3.84 (4H m,
5.09 (1H @50J=1R. , 5.15 (1H, d, 1=12.8Hz), 5.79 (1H, s), 7.15
(2H, d, 1=7.7M7), Y. 2 oa?nd 7.25 (1H, each d, J=8.4Hz), 7.28 (2H, d,
1=7.7Hz), 7.36 (1lHypdd, 4, 1.5Hz), 7.40-7.42 (1H, m. [0126] MS
(ESI+): 425 [ M+Na] . [012 ep 5: Synt hesis of

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

(hydr oxynet hy! ) Riers ke 20 8!, lP@(}I@)/P“aniﬁ‘d beideadhosbiht, TG Rpound
[ Formul a 20] a sol'ution of ‘the oil contai ni ng

1,1-an hydrm)uiefﬂihfoa(sﬂnthetlc intermediate for a compound of Formula (J).

et hyl phenyphydr oxynet hy1l- 2- (hydr oxymnet hypphenyl ] - 13- D- gl ucopyr anose
(187 g), VAPH] Veesordinzao Aather sspediof hegvisoutsnentpy, theme is provided a compound
1, 2-di met hO(%)%et har(l&)_( 693 m ) was added 5% Pd/ C

rmula

[0099] [Formula 14]
(RY),

OM

(VD

wherein R'u, R42, m, n, P!, P?, P3, P4, Ps, and P® are as defined above. The
compound is also useful as a synthetic intermediate for a compound of Formula (I).
[0100] According fo further aspect of the present invention, there is provided a crystal of a
compound of Formula (XI}:

[0101]



(26 g, 6.2 mmol, water content ratio: 53%, and the m xture was
stirred in the atnosphere of hydrogen gas at roomtenperature for 4
hours. After filtration, the filtrate was evaporated under reduced
pressure to give an oil containing the titled conmpound (59 g). The
purity of the resulting product was 85.7% which was cal cul ated based
on the area ratio nmeasured by HPLC. The2product was used in the next
step without further purification. [0129] 111-NWR (CD30D) 8: 1.19
(314, t, Jﬁ%rrﬁh‘i%)lﬁ]Z 59 (2H q, 1=7.5Hz), 3.42-3.46 (1H, m, 3.65
(1H, dd, J=b. 0 4-3.82 (414, m, 3.96 (211, s), 5.07 (1H,
d, J=12.814z), )=12.811z), 7.08-7.12 (4H, m, 7.18-7.23
(3H, m. [0130 387 [ M+1l]t [0131] Measurenent condition of
HPLC. Col um: 8 50sim P/ NCD032 Mobil e phase: Fluent A
1420, Fluent BOWECN Giadi ent operation: Fluent B: 5%to 100% (6
mn), 100% (2 mN) How rate: 1.0 nlinin Tenperature: 35.0C Detection
wavel engt hgp210, . o0m Step 6: Synthesis of

1. 1- anhydr o- | =C45-( 4- &3thy| phenvpnet hyl -

(hydr oxymet hypoheggy ] - 2, 3, 4, 6-t et b%-)o- met hoxvcar bonyl - 13- D- gl ucopyr an
ose [0132] - 37 - [Formula 21]

In one embodiment of the present invention, the crystal is a monohydrate. Herein,
a monohydrate is not limited particularly as long as a crystal stably keeps a maisture in an
amount of about 1 equivalent under a condition (e.g. temperature, relative humidity and the
like) in which medicaments are commonly used or stored.  In one embodidment of this
aspect, the crystal is provided as co-crystal with sodium acetate or potassium acetate. In
another embodiment of the present invention, there is provided a monohydrate crystal of a
high-purity compound of Formula (XI).
[0102] A monohydrate crystal of the present invention is characterized in having peaks at
diffraction angles (26) of about 3.5°, 6.9°, and 13.8°; specifically; about 3.5°, 6.9°, 13.8°,
16.0°, 17.2°, and 18.4°; more specifically, 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. A co-crystal with sodium
acetate of the present invention is characterized in having peaks at diffraction angles (28) of
about 4.9° 14.7°, 16.0°, 17.1° and 19.6°; more specificaily 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 (20) 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.



NOCO2Me ~ OCO2Me oCO2Me Under a nitrogen atnosphere, to a
solution of the oil containing 1,1-anhydro-1-C45-

(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 nethyl chloroformate (95 m, 1231 mol)
at 0C. The mixture was allowed to warm-t8- roomterrperature whi |l e
stirred for 3 hours. After addition of water, the m xture was

extract ed ji108] i Bepnamhydacetatad of fﬁh(pre@ﬁgarnjeﬁtidxﬁxyiey begtRainesShedysMiliFation
an aqueous sol ution of 3% potassi um hydrogensul fate and 20% sodi um
chl ori de (fromeesolventesslected frosnwaign evusigwiewt msthandl 280 Yeaadithan] and water,
chloride, dried over anhydrqus sodium sulfate, and the sol vent was
evapor at eda‘iﬂ'ﬂ?% And WalGh 08 Lprdmethpeyethpge apbwates |y IFor prempdss theuay sipkizatiorelean

et hanol (943 the m xture heated to.75C to dissol ve

oo due. | THECTT O By lGe £ ity Se e Baﬂava&fé”éﬂéﬁntfﬁlﬁ&lﬁpg Giiogpreterably
titled conpg a 0! t
terpor at ur Soang St Caq T e PR edum el Pty SRR LG BaiFE
observed, yahime. (472 m) was added thereto, and the m xture was
stirred at roomtenperature for 2 hours. The resulting crystal was
col | ected Joy04]i ITheabiocdystal wathROdium dckta@ ofthetpiésentdhvenabe mai el obthinadBy
(1:1), and dried under reduced pressure to give the titled conpound
(94 g). Tocryidlipatiod dwm ¢ Slvey) salectedAfduie thethahelnvdprof00R 1ickanchndetbditirle,
product was di ssolved by heating to 75C. The sol ution was cooled to
60C and a %@é&cwtygrgwiaﬁet%tﬁé cxylacelgte cplanmg: heptawaed-papylbingeneThe

or eci pi ¢ acTBHOBTE R A RSB Bif MFEPS (K T SOl atdgbibove, ©
t her et o, fé}gfefaﬂgwf‘i’&réta‘fﬁxﬁtu\‘@éf éthgnogg_baaﬁ?pr: 2! tenperature for 2 hours.

The resul ting crystal was coI ected aflon washed with a

m xture of wat ef’l‘h@@dc@}sm behsstdm a@é"t'ﬂe df ine reﬁﬂﬂ%veﬁm%dbaq;tﬁﬁﬁéﬁrtﬁl
to give the titled conpound [p83 g, total yield from

2, 4- di br onoystallization flooxay solvenedeiscteatfroox periaiol) shrogase 1-hexaBl, acsablild, n
Step 3: GSQQW [013?% 111-NMR (CDCI 3) 8: 1.20 (311, t, J=7.5Hz), 2.60
(211, q, lgmgte NS@b'Qtslipmsi)md@ agegore3nd dilsopr@pyi Etheg bt a nsztpremf&&o or
(3H, s)3968 s), .4.23 (1H, .dd, J=2.5, 11.8Hz), 4.33 (1H, dd,
J=4.5, 12. 0 yolveniggated abpvemfer y frem g mixtusgpfmething) an@sepzoqam ,
J=10. OHz), 1 10, 0 7.07-

J=7. 5Hz) | 97 (T?[‘ moﬁahyd%ati s H@%FEB’”“FZ%‘FT&TPS %ﬂ’foﬁ’%’ é‘?—[z% m"‘[St‘)“i%4]
WS (ESI +) coﬁt%ﬁt JE MEHtéﬁnetﬁs%@stLMEhiLEns&ﬁ%ﬁﬁer ‘Q‘Q%ﬁ&fangé gﬂ@fa%é HFG% }ﬁﬁi %na

carried out I n the sane manner Step 6, except t a seed
was not ushlit ib @asgity Rardietht b@ﬂlﬁdﬁnﬁ@rﬂﬁ?ﬁlﬂﬁt1&$pﬁc€s§ysFﬁJ{her &wﬁ@lohﬁrﬁ@

7: Synthesis of 1, 1-anhydro-1-C45-(4-ethyl phenyl)nethyl-2-

(hydr oxy metrysydl ﬁm@nya-lsx)ﬁtaﬂ\giﬂumyn acedgeand @S| dEonmulf theRbject 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



CH ‘ To a solution of 1,1-anhydro-1-C45-(4-ethyl phenyl) net hyl -
(hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- 0- met hoxycar bony143- 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
hydroxi de (4 nol/L, 30.02 kg) at 20C, and the m xture was stirred for
1 hour. Water (8.0 kg) was added to the3li-xture and the | ayers were
separated. To the organic | ayer were added an aqueous sol ution of 25%

sodi um chl peintieohytRatk Bys@N@eaufty lin e ERkAple SGCKRHition pe organic |ayer
was separated, washed with an aqueous sol ut| on of 25% sodi um chl ori de

(40 kg), and th&rgtah Jehewsvas eearaple pineasuronetal resel st @OwdresS fyl diffradiid of
purity of the resulting residue was 98. 7% which was cal cul at ed based
on the ar e@eWP@%&@&Xﬁ@HﬂWUWEUGSTEXQmﬂC6€€§Q¢Chﬁ1mvg’l)r esi due were

added acet one (?Fz 0 %%Vnd wat er f? , and the solvent was

evapor at ed under '#€uf g SHE SRR © @ei‘sl"?@n?eé‘éifﬂilfsr?ép?‘é@ﬁféﬁ’ély diffrggtian of
dd k .8 k dth | ut

was cool ed"f 708 Bl Be el BBl Ve adtied o the sol ution at

10C or bel ow, a%lﬁ@? sl‘[ﬂv&‘stdﬁ'é%x%e of Fz{sﬁf!en%hb}egﬁts%?gg\?&e?%[)ﬁlg%tlf'ragt d)fnoorf

1 hour. The res ing crystal ect y cen ugati

washed Wi the go-Biy¥talivEh Qfdl@ﬁ@é&ﬂ@m@ésu?ad‘iﬂ)rcﬁ@a%ﬁﬁic%r (8.0 kg). The
resul ting wet powder was dried by ventilation drying under a

condi tion at ai Figuenpehcatsime egdmpl8of medsbfemrckesitsaf poveddn Kiagidiffra@fon of
24%to 33%for 8 hours, to give a nonohydrate crystal (water content:
4.502% ofthe precrystal with peipssivmare(e8: epstagyl in TeseEpample §. of t he resul ting

conpound al cul ated based on the area ratio
measur ed Wﬁ%*@]ﬁ%ﬁm NB30oD) 6: 1.19 (311, t, J=7.5Hz),
2.59 (211, )%M%'Lg 5Hz), 3.42-3.46 (1H, m, 3.65 (1H dd, J=5.5,
12. OHz) , ? ’3(4H m, 3.96 (2H, s), 5.07 (111, d, J=12.8Hz),

513 (1H (d10= t%féﬁa)exal%g@ff?még reSéindBhionty ot b%%faéclé_@ﬁ%mmo&%éﬁl

M5 (ESI+): [ MH1] + surnment condition o

Col um:  Capeiver, fRGiesehiSntdatid2 Sha(14oPbdMichitéd 06 1dde BXBmpResdM
manuf act ured by Shiseido Co., Ltd ) Mobile phase: Eluent A H20,

El uent B: [Wéﬁﬂd NMR andipsiid W& @hrseuswiiblinngear Goigadivireshins agpasie INMAaS

controlled m xi_ng Eluent A and Eluent B as indicated in the

fol | owi ng or[Jggir‘ﬁpP-thO (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 moisture 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-[S-{(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose

Step 1: Synthesis of 3.4.5-tris(trimethylsilyloxy)-6-trimethylsilylox ymethvl-tetrahvdropyran-

2-one

[0110]



- 40 - [Table 1] Tinme frominjection (mn) Eluent A (% Eluent B (% O
to 1590-.1010->90 15 to 17.51090 17.5 to 259010 Flow rate: 1.0
m./ mn Tenperature: 25.0C Detection wavel ength: 220nm Met hod for
measur enent of water content: Analysis nethod: coulonetric titration
met hod KF anal ysis apparatus: Type KF-100 (trace noi sture neasuring
appar atus nanufactured by M tsubishi Chéfi-cal Corporation) Anode
sol ution: Aquam cron AX (manufactured by M tsubishi Chem cal
Cor por at i offjormula 16]

0

w/cé:\o-rms
TMSO —NOTMS
OTMS

To a solution of D-(+)-glucono-1,5-lactone (7.88 kg) and N-methylmorpholine
(35.8 kg) in tetrahydrofuran(70 kg) was added trimethylsilyl chloride (29.1 kg) at 40°C or
below, and then the mixture was stirred at a temperature from 30°C to 40°C for 2 hours.
After the mixture was cooled to 0°C, toluene (34 kg) and water (39 kg) were added thereto.
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 pressuze to give the titled compound as an oil. The product was used in the
next step without further purification.
[0111] 'H-NMR (CDCls) 8: 0.13 (9H, s), 0.17 (9H, s), 0.18 (9H, s), 0.20 (94, s), 3.74-3.83
(3H, m}, 3.90 (1H, t, J=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]

ooy

OMe

Under a nitrogen atmosphere, to a solution of 2,4-dibromobenzyl alcohol (40 g,
0.15 mol) in tetrahydrofuran {300 ml) was added 2-methoxypropene (144 mi, 1.5 mol) at
room femperature, 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



Cat hode sol ution: Aquam cron CXU (manufactured by M tsubishi Chem cal
Cor poration) [Exanple 2] Synthesis of
2,3,4,5-tetrakis(trinmethylsilyloxy)-6-trinethylsilyloxynethyl-

2- (5-brono- 2- (1- net hoxy- 1- met hyl et hoxynet hyl ) phenyl )t et rahydr opyran
[0142] [Fornula 23] Br OTM5 OMOTMS OTMS OTMVS According to
the procedure of Exanple 1, Step 3, 2, 43dibrono-1-(1-nethoxy-1-

nmet hyl et hoxynet hyl ) benzene was treated with n-butyllithiumin hexane,
3,4, 5- an oil in quantitative yield. The product was used in the next step without further
tris(trinethylsilyloxy)-6-trinmethylsilyloxynethyl-tetrahydropyran-2-o
ne, triethyrdietien. and - 41 - trinethylsilyl chloride. The reaction
m xture was _subj,ected to workup procedure, and the resultin% resi due

was purifiBalfy PRYMR &R LiddéeH.c) 3.2898H3s), 268 (HLIS)..42A8 B, dnd8.0Hz),

oot o LS AT SRR 1 s compound e e Tsolated

[0115] Step 3: Synthesis of 2,3.4,5-tetrakis(trimethylsilyloxy)-6-trimethylsilylox ymethyl-2-

(5-(4-ethvlphenyhhydroxymethyl-2-(1-methox y-1-

methvlethoxymethyDphenyltetrahydropyran

[0116] [Formula 18]

Under a nitrogen atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (70 g, 207 mmol), which was obtained in the previous step,
was dissolved in toluene (700 mL) and t-butylmethyl ether (70 ml), and n-butyllithium in
hexane (1.65 M, 138 ml, 227 mmol) was added dropwise at 0°C over 30 minutes. 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 (Exampie 1,
108 g, 217 mol) in tetrahydrofuran (507 m!) at -78°C, and the reaction mixture was stirred for
2 hours al the same temperature. Triethylamine (5.8 ml, 41 mmol) 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



311-NMR (500 MHz, CDCI3) 8: -0.30 (9H, s), 0.095 (9H, s), 0.099
(91-1, s), 0.16 (91-1, s), 0.17 (91-1, s), 1.41 (3H, s), 1.43 (311,
s), 3.20 (3H, s), 3.37-3.44 (2H, m), 3.62 (1H, dd, 1=10.5, 7.5Hz),
3.81-3.89 (311, in), 4.62 (11-1, d, J=13.2Hz), 4.81 (1H d, 1=13.2Hz),
7.38 (1H, dd, 1=8.8, 2.5Hz), 7.46 (111, % J=8.8Hz), 7.70 (1H, d,
3=2.5Hz). [0144] MB(ESTE): 819[ M¢Nar. [G%45] Di astereoner 6:

11- 1-NVR (500 MHz, tol uene-c18, 80C) 8: -0.16 (911, s), 0.18 (9H, s),
0.22 (911, weystir@d 28-789, fos3Q minups, 4-athylbe)zaldeh BT 62 8,458 ymdl) waLadd3dH,
s), 3.16 (3H, s), 3.87 (111, dd, 1=10.5, 4.3Hz), 3.98 (114, dd,
3=4.3, 1. 5¢12§*Wisa apZ8( @rﬁnddae mixlyrg Vs Stzﬂmyhc ssmmer{lm:aturg)for 2haes. ( 411,
brs),

1. 5Hy) 4. 385,%1:]1 q__al_qucazlé gj)hgloglq%lmm? 1@1;71 c(}ﬂ_qg}desw,vaslgég%d #Ma@fmng%t@p?n_d the

?1? g:,\]/I;Ngl {ﬁgT{ %Z%\legéﬁﬂptlp ea &i}él{}:ﬁ%ﬁmz at91j The solvent was evaporated under
(hydr oxy mefeByde @F@Mél@ g"iv@a ﬂro@uét %ﬁtﬂmggﬁhé/ ﬁt'lé@’dorrgyogicgzlsléﬁ %@(ﬁ?ﬂ@? € The

[ 0148] [ Fornul a 24] OPIv oPiv sol ution

1, 1- anhydrpeducbdss (Ideéﬂi hulnﬁhaﬂgpl witRuhfudtherpurification,
(hydroxynethypphenyl] (3- D gl ucopyranose nonohydrate (3.95 g, 9.77
mrol ) and [4118i rfeperyibanf the ppywai gurilied 1. IBLQ (cobBnrt Inertsil)ODSH3, 20 mmID X
di chl ororret hane (40 m) was_added dropw se pivaloyl chloride (7.8 ,
63.5 nmol )20y a“é%ﬂﬂl?g%\ﬂlﬂ-ﬁnin&@ et Rmr dingferepmengiok thy tigled cmnpounwatsvo

stirred at r on1teEEeQaturz ﬁr about 24 hours. Water was added and
the resul tTRYH QELFPRABLEEY? PARPEATRSh hexane. The organic | ayer

was vvasheg %%E%Eﬁéod&aéégﬁra?qﬁcwueous sol ution of sodium

hydr ogen a sa aqueous sol ution of sodium

chloride sequentjatiliw (5e08HAeDRY]) 6 AMABELY D@ﬁ@faﬁﬁ{ %Pd@bosf 9@9@65‘1‘{

pressure. The resulting residue was puritied By silica gel colum

chr omat ogrmpby7(cs08 (16H, gl 0. 15501 (188 XHNE200 @idny20248H] akkt, LQ.GH&) 1893
10:1) to give an oil material (7.74g9). The oil materi al (50 ng) was
di ssol ved and 1|3§8;6$Id,pmhcﬂ) 1(444 () 5), Dl €2H,(q1 J53.083), 38281 asiclh2a3@Hotach 1),
m) were adde ug y at roomtenperature and the m xture was
Stirred foreiHet: @HFL?’S(‘(@%%5"%@%&%%6{%%%18%3@5\@5 ),

L e
\tﬂfgsglesewt KEH;?? ehyt P?g)n}%gun : ?H ﬁrbds'o‘fﬁﬁ”maf‘% @l ), 780757 28Ng) dr i ed
[0120] MS (ESI): 875 [M+Na]™*.
[0121] Mixture of diastereomers 3 and 4:
'H-NMR (500 MHz, toluene-dg, 80°C) &: -0.25 (4H, s), -0.22 (5H, s), 0.13 (5H, ),
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 (34, 5), 1.45 (3H, 8), 2.49 (2H, q, I=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-[3-(4-ethylphenylhydroxymethyl-2-

hydroxymethyliphenyl]-p-D-glucopyranose

[0124]



[(0149] 11-1-NMR (CDC13)8: 0.71 (9H, s), 1.11 (911, s), 1.17 (911, s),
1.20 (911, s), 1.20 (3H, t, J=7.5Hz), 2.60 (2H, q, J=7.5Hz), 3.93
(211, s), 4.09 (1H, dd, J=4.0, 12.5Hz), 4.16 (111, dd, 3=2.0,

12.5Hz), 4.37 (1H, ddd, J=2.0, 4.0, 10.0Hz), 5.12 (1H, d, J=12.2Hz),
5.21 (111, d, J=12.21-1z), 5.37 (111, t, 3=10.0Hz), 5.57 (1H, d,
J=10.0Hz), 5.69 (1H, t, J=10.0Hz), 7.07362H, d, J=8.2Hz), 7.10 (211,
d, 3=8.2Hz), 7.11 (1H, d, 3=8.0Hz), 7.17 (1H, dd, J=1.2, 8.0Hz), 7.25
(1H, brs). [Hoodb@]iIOMS (ESI1): 723 [Mrl]t. [0151] [Exanple 4] Synthesis
of OH

3,4,5-tris(trine Bi Lyl oxy)-6-trinmethylsilyloxymethyltetrahydropyra
n- 2-one [ 0152] > 0 \OTMs OIMs . 15TMS To a solution
of D-(+)-gl uconos e (21.6 kg) and N- net hyl nmor phol i ne (98. 2
kg) in tetrahygls (192 kg) was added trimethylsilyl chloride
(79.1 kg) at 4@ elow, and then the m xture was stirred at a

t enper at ur @of r 8y to 40C for 4 hours. - 43 - After the mxture
was cooled to 17 {1 uene (93.6 kg) and water (109 kg) were added
thereto. The org&fic |ayer was separated and washed with an aqueous
solution of 5% sodi um di hydr ogen phosphate (108 kg x2) and water (108
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solution of the titled conpound in tetrahydr fofuran. The purity of
product westcpp@aDdis{odedvie peitanitriteaftes md)0. Phter (3 dhandaN HEl apl2at Y were
based on the area ratio nmeasured by HPLC. [0153] Measurenent

condi t i on 3@fedimdcthe wiituRsWas viamsdRi sRorORSpANILuTe BoriPrl houls. x Mgeri93 Bl)mmd n-
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The aqueous layer was washed with n-heptane (693 ml x2), and water was evaporated under
reduced pressure to give a product containig water and the titled compound (a diastereomer
mixture) as an oil (187 g). The product was used in the next step without further
purification.
[0125] 'H-NMR (500 MHz, CD;0D) §: 1.200 (3H, t, I=7.7Hz), 1.201 (3H, t, ]=7.7Hz),
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, s), 7.15 (2H, d, J=7.7Hz), 7.24 and 7.25 (1H,
each d, J=8.4Hz), 7.28 (2H, 4, 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-ethylphenyl)methyi-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (crude product)

[0128]




G adi ent operation: Eluent B: 50%to 95% (15 min), 95% (15 mn), 95%
to 100% (5 mn), and 100% 15 mn) Flowrate: 1.0 m./mn Col um
tenperature: 40C Detection wavel ength: 200 nm [ Exanpl e 5] Synt hesi s of
1, 1- anhydr o- 1- C45- ( 4- et hyl phenyl ) net hy1- 2-

(hydr oxynet hyl ) phenyl1] - 13- D- gl ucopyr anose Step 1. Synthesis of
2,3,4 5-tetrakis(trinethylsilyloxy)-6-té®omethylsilvloxynethyl-2-

f 5- (4- et hvl phenvphydr oxvnet hvl - 2- ( 1- met hoxy- | met hyl et hoxynmet hypt henyf
| t et rahydrj@pynan20] 0154] - 44 - [Fornula 26] OH

To a solution of the oil containing 1,1-anhydro-1-C-[5-(4-
ethylphenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-B-D-glucopyranose (187 g), which
was obtained in the previous step, in 1,2-dimethoxyethane (693 ml) was added 5% Pd/C
(26 g, 6.2 mmol, water content ratio: 53%), and the mixture was stiﬁed in the atmosphere of
hydrogen gas at room temperature for 4 hours.  After filtration, the filtrate was 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 (CD;OD) 8: 1.19 (3H, t, I=7.5Hz), 2.59 (2H, g, 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 HPT.C:

Column: Cadenza CD-C18 50mm P/NCD032

Mobile phase: Eluent A: H;0, Eluent B: MeCN

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

Flow rate: 1.0 mL/min

Temperature: 35.0°C

Detection wavelength: 210 nm

Step 6: Synthesis of 1.1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
hydroxymethyl)phenyl]-2,3.4.6-tetra-O-methoxvcarbonyl-B-D-glucopyranose

[0132]



Under .an argon atnosphere, 2,4-dibrono-1-(1-nethoxy-1-
met hyl et hoxynet hyl ) benzene (277 g, 820 mml ) was di ssolved in tol uene
(2616 nL) and tbutyl nethyl ether (262 m), and n-butyllithiumin
hexane (1.54 M 426 m, 656 mmol) was added dropw se at -10C. After
the m xture was stirred for 0.5 hours at -10C, n-butyllithiumin
hexane (1.54M 160 m, 246 mmol) was add&dd dropw se at -10C. After
the m xture was stirred for 1 hour at -10C, in order to confirmthe
regi osel ecfriovintitd 2af the hal ogen-netal exchange reaction, a snall
portion of the reactiQ ixture was taken, and added to a saturated
aqueous sol ution @ ' chloride. The ratio of
4- br ono- 1- ( 1- met heXy yhet hoxynet hyl ) benzene and
2- brono- 1- ( 1- met haxy, 1-88b) d et hoxynet hyl ) benzene included in the
resulting mxture Ras 53:1° (conversion rate: 989% , which was
cal cul at edMeQg&a o Lhe rati o nmeasured by HPLC. [0155] After the
o5
B e

reaction mxture wa 0 -48C, the m xture was added dropw se
to a solution of
3,4,5-tris(trinmethylsilyloxy)-6-trinethylsilyloxynethyl-tetrahydropyr

-2- , i dr.of nl - ! d
o oA T DRt e
(20 1 ARPin e TS OO 115 20 0BT avr

cont ai ni ngdimethylamino)pyridine (175 g, 1436 mmol) in acetonitrile ﬁ1040 ml) was added dropwose
2,3,4,5-tetrakis(trinmethylsilyloxy)-6-trinmethylsilyloxynethyl-2-(5-br
ono- 2- ( 1- metb¥ichipraforresit (ASanlh d33irmembl) ) Pt nylHe etikabyrdasafigweadito Wil to
resulting solution was cooled to -78C, and n-butyllithiumin hexane
(1.54 M F999 tempperatyrs hilestisreduios Sdausd  Aftepaddiisntol watsr,dheamixtire vasme
tenperature, After,the mxture stirred for 1 hour, )

45 et by berfBIFAehy R spBBy ety e Bieptin e throsar b susaeouszglugon of
and the mgef yre hvdiéoens j e.same tenperature for 2.5
hours. The r actsﬁ%?\ ﬁ@%&?u&ﬁ&%@d%tﬁg%ﬁ%&éﬁ @(ﬁét}gg{lj%ss %‘b‘ﬁi‘t%ﬁou f

20% anmonisyRitiehbOT0% Sodidh ehloR e, ABR B & ah]ﬁ)ﬂ%ué‘é@éiuﬁ%gﬂtéta‘ﬁg (tjhe%ggzcnt was

washed with water. The sol vent was evaporated under reduced pressure

to give acpamtiiet umlentedicidpgestire, t Té the destRiNR@ebThe s Aildedicthah S {94Th1)
The product was used in the next step without further purification.
[0156] Measdthempinturegadhcatedno 35°GHRIAGs0Is thenesiduas c Ehd inxtire prae scolld,

3.0 Mm | . D.x100. mm 2.7 inn (Supel co) Mbile phase: Fluent A: 2 nM
AcONH4/ H2 g? éﬂiﬂeﬂﬁeeé."wﬁﬁé@i thy Hidgdsompgped Was asided thexgiant The ndgtyser wasagoked

(25 ) B A S o R T, SRk et 805

iy oy mol A e e RS MR o B R Y rqom empprgtogefor 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 ethanol (1:1), and dried under reduced pressure to give the titled

compound {83 g, total yield from 2,4-dibromo-1-(1-methoxy-1-methylethoxymethylbenzene



OH = Under a nitrogen atnosphere, the oil containing
2,3,4,5-tetraki s(trinethylsilyloxy)-

6-trinmethyl silyl oxynethyl-2-(5-(4-ethyl phenyphydroxynet hyl-2-(1-netho
xy-1- net hyl et hoxymet hypphenyQt et r ahydropyran (628 g), which was a
portion of the product obtained in the previous step, was dissolved
in tetrahydrofuran (991 n). Water (63-#8y and 1IN HC1 aq (23 nl) were
added and the m xture was stirred at 28C for 7 hours. Triethylam ne
(3.8 m, 26se8 imbish B: 6%] added to the reaction m xture, and the
solvent was - 46 - orat ed under reduced pressure. Water (198 m)

and 1, 2-di P%ﬁﬂox%m RC96d: 120 (BHr o Jatithia), 2.60 2k qr B=51.50m, BFH(3Hhe), 3.76
Ewﬁe:ota éEéZ@?@ 5 a0 Ui erey S8 ob 5 0800 556 Bk Sl 20 rE A 1683 (8, da,
e hept ane o APPERAER 0 GYEtn IR 2 KR 3D St Farolirdl ey o

reduced pressuEs) 7@1??(4%%'&%&'?% %SE%WMS ﬁeﬂd J=15,7.882), 731 (1H,

1, 2- di met hoxyet hdne (793 & 8oi'ven evapor a

reduced Pr&ysukEz}. 0 give an oil containig the titled conpound (247

g). The product was used in the next step w thout further

puri ficati[6h34]] MISBESISt 619 P+ 8, ra3b¢bi+d 8Pf

1, 1-anhydr 0- 1- 045- ( 4- et hyl phenvl ) net hy1- 2-

( hydr oxvnd0h3d]) Mﬂmpmm@aamlgwmapwdammhe famw@ann[emrw &, cR6dpt that a seed
To a solution of the o contai ning 1, 1-anhydro- 1- C45- ( 4-

et hyl phenyEHRIMER PAEISH io EWEHV’C}FM)FH@PWW )aﬁﬁéﬁ\ﬁﬂam D gI ucopyr anose

Step. 1 10550 NS SYBbHIRE Lo BB e s 115 ana
5% Pd/C(Wv&oxxfhméhﬁ’ﬁ%nﬂﬂ@-ﬁﬁ,&lufi&ﬂy%@ ratio: 50% and the mxture

was stirred 1n the atnmosphere of en gas at roomtenperature for
6 hours. Tbes7eqedrinal 2¥)xture was filtered and the residue was washed
wWith a mxture g rrethoxyethane (250 M) and water (250 m).
The filtrate a hi ngs were conbi ned and 1, 2-di net hoxyet hane

5 The m xture was washed w th n-heptane
(1000 M x2). dﬁ q I\ogcet atie (500 m) and an aqueous sol ution of 25%
sodi um chl ori d& (§00 0 g) were added to the aqueous | ayer, and the
product wadOe , to the organic | ayer. The separated organic
| ayer was washedg,wi th an aqueous sol ution of 15% sodi um chlori de (600
g), and the solvent was evaporated under reduced pressure. To the

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 powdexr) 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



- 47 - resulting residue was added acetone (500 m ), and the sol vent
was evapor ated under reduced pressure to give the product containing
the titled conmpound (106 g). The purity of the resulting product was
93.9% which was cal cul ated based on the area ratio nmeasured by HPLC
The product was used in the next step without further purification.
[0160] Measurenent condition of HPLC. e€8Bumm: Atlantis dCl8, 4.6 mm
|.D.x75 mm 3 urn (Waters) Mbile phase: Fluent A: H20, Fluent B:

MeCN werc@dédl RBbnOA8 AL QM tg 188 9 i M)y, 20901 0
28% (5 miny 589 (1 m oy ,ﬂ& 2 wiLhe3 ss&oé?’oa%%ﬁoeo%ﬁ%%%n("% ‘J,EB"EQF?JO Ttk (8
m n) Flow beadve. War (d4/ky) waCaddadeo the sFIehi@t 4r10°C 35Ke1d 188 tHeQRixture was
wavel ength: 210 tun Step 4. Synthesis of

1, 1- anhydrsirred @l Be fametempeiheniop ddbi | The resulting crystal was collected by
(hydroxynethy!)phenyl]-2,3,4h6-tetra-0-nethoxycarbonyl-13-D—g|ucopyra
nose [O16%J r{fﬁﬂl%l"‘&d gg];hed with a mixture of acetone (1.3 kg) and water (8.0 kg). The

resulting wet powder was dried by ventilation drying under a condition at air temperature of
13 to 16°C and relative humidity of 24% to 33% for 8 hours, to give a monchydrate crystal
(water content: 4.502%) of the titled compound (3.94 kg). The purity of the resulting
compound was 99.1%, which was calculated based on the area ratio measured by HPLC.
[0138] 'H-NMR (CD;0D) 8: 1.19 (3H, t, I=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).
[0139] MS (EST): 387 [M+1]*.
[0140] Measurment condition of HPLC:

Column: Capcell pack ODS UG-120 (4.6 mmI.D.x150 mm, 3 pm, manufactured by
Shiseido Co., Ltd.)

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

Mobile phase sending: Concentration gradient was controlled by mixing Eluent A
and Eluent B as indicated in the following table.

[0141)



1, 1- Anhydr o- 1- C45- ( 4- et hyl phenyl ) net hy1- 2- (hydr oxymnet hyl ) phenyl ] 43- Dg
| ucopyranose (106 g), which was obtained in the previous step, and
1-met hylimdazole (318 m, 3994 mmol) were dissolved in acetone (400
m ). Under a nitrogen atnosphere, nmethyl chloroformate (182 m, 2367
mmol ) was added dropwi se to the solution at 15C. The m xture was
allowed to warmto 18C while stirred fof98 hours. After addition of
water (800 m ), the mxture was extracted with ethyl acetate (800

m ). The oflabwkild | ayer was washed with an aqueous sol ution of 10%
pot assi um hydr ogensul fate and 5% sodi um chioride - 48 - (800 m),
and an aquBowdsrawinjdtion (oin) 20 wotAgfh)chl oFldst R0 nl x2), and then
the sol vent was evaporated under reduced pressure. To the resulting
resi due we?® Idded et hanol (1260°181), t-bul§rA8thyl ether (200 nl)
and 2-propanol. (130 ml). The njxture was hegated to 74C to di ssol ve

t he residu ,toalﬁ t hen cool ed 55C and st?‘fred for 1 hour. After

preci pitatj solid was obggrved, the mxture was cooled from 55
to 25C ov i t.o > 38 e, hereto, and the

m xture was Stir ) 1 hour. The resulting crystal was

col l ected by fi If‘ti‘r%g{a?%r}%\%ys gd with a mxture of ethanol and

2- propanol (3: 1 TedRerafire: ZB@cowed by with a m xture of ethanol and
water (1:1, 300 m) to give the titled conpound as wet powder [122 g,
correspondi ng t ®@el@dogwadeichpyh: 2edwter, total yield from 2, 4-

di br ono- 1- ( 1- et hoxy- 1- net hyl et hoxynet hypbenzene used in Step 1:
579 . [0162] St &ethnd foy messardneenspf water content:

1, 1- anhvdro- 1- C45-g'4_- et hyl phenvpnet hél -2-
(hydr oxynet hvl ) prehis juetndbeoniomeny Fapugnetheti 63] [ For nul a 30] OH
Under a nitroge t here,. 1g.a i.on of .1. 1-anhydro-1-Cl5-(4-
et hyl phenyOret h)rf/<fl—{jl af[ﬂ(g' E@ 3?%%?/%&9{9? %ﬁ@h;&i@f %*?]‘H’E"é‘?“taé'%/f%ﬁ@l’ ?%C%‘ﬁoxyc ar
bonyl - P- aBsR corresponding to 82 g of
dry pomdg)?{)l%%ﬁagili{rz d@ﬁé‘?ﬁ%@%ﬁﬂﬁ%@%ﬁéﬁ)) was added dropw se an
agqueous sol uti oAnglle sdetioAfyahiiewndeX (AMuf26Redby MIGEAsHMAbhicak 40C.
The m xture was stirred at the sane tenperature for 4.5 hours. Water
(82 ml) weorptetdmh)t 0 t he ni xture and the organic | ayer was separ at ed.
The organic | ayer was washed wi th an_aqueous sol ution of 18% sodi um
di hydr ogen phos latiede slesas: éﬂéaralﬁtpnﬁﬁ?j dmamdactirehhy Mogeishy kdspicat e
dodecahydrat e §t41 m ) and then ethyl acetate (410 m) was added

t her et o. ic layer was washed with an aqueous sol ution of 25%
sodiumchloride (410 mM x2), and the solvent was evaporated under
reduced pressure.

[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
O
OTMS
OMe ‘\OTMS
O [y
TMSO Y OTMS
OTMS

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

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



- 49 - To the resulting residue were added acetone (410 m ) and
water (8.2 ml) and the solvent was evaporated under reduced pressure.
To the resulting residue were added acetone (164 m) and water (655
m), and the residue was dissolved by warnm ng to 28C. The sol ution
was cooled to 25C and a seed crystal of the titled conpound (82 np)
was added. The m xture was cool ed from-25€ to 20C over 24 m nutes,
and stirred at 20C for 1 hour. After precipitation of solid was

observed, thMKiREVERNES WAL bBeidOniafe %@quﬁiécfeﬁ?ﬁwﬁfkuggfoggﬁ?g and the

tenperature for 1 hour. Subsequently, the mxture was c

to -5C overesulnghrebidus was purtiietihg HREEUcbiunn®; Gleptsil @DSYRS0 afh | BOLEM by;
filtration. Water (246 mg was added to the resulting crystal and the

m xt ure wagretonitrileed) mi/mig) foogivelthi Glied codpoend & tworistlitehdiagidreomas.ul t i ng
wet powder MBE dried under reduced pressure (pressure: 1 hPa, outside
t enper at ur @143o Rigstersemendyr 20 minutes to give wet powder (water

O 2o O (S s R AR5 B bR nt ) G088 o,
(9. yi el T EEL Y £31 38, SO BRWEH AT SrEREN R £l oy
conpound VRs0.397.9f%), Wil SBMBE, fgtl4dd @EH?&', ﬂ%igg%)ggsg gﬁ-tlf}f ?-613(22%22,%33% QH,

nmeasured by HPLC. Nethod for neasurenent’ o ent:

met hod:  cadd, D+6:8, 2{5HA), 1.4@EED Y, 88Ny 7.70 (1H, d, J=CEHanal ysi s appar at us:
Type KF-100 (trace noisture neasuring apparatus manufactured by

M t subi shi[0tHmMESCYr§IoMdt Nalh) Anode sol ution: Aquam cron

AX (manuf actured by M tsubi shi Chem cal Corporation) Cat hode
sol uti on: E¥trAnibsssreamaudt manuf act ured by Mt subi shi Cheni cal

Cor por ati on)

portion of the éﬁ%‘%ﬁsiqgﬁg{zﬁr SB%‘?TE‘E"I@@@C&: PQJ%( &SP lﬁf 83@&%&’ 0[5%?\1\@%} Sa),
Ficopyr anees P 429 PIEA RIRB T Lz Gt BLF T P LHER) TR N b ™

250 n ' | ; il i Qi
( ) 3G edH, 080ubl € sne) /b U3, Were oL @%(1)&1%51 4%1% ;(%Hﬁ))r‘ﬁ%dn@ﬁ’

To the filtrate was added a m xture of water - 5

acet one (329, 439 (1Habc),14:%0-4.66 (AH, on), Nas (LRIl 148z2), Waog H & 134.501z),
was added thereto with stirring the mxture and keeping it at 11C or
bel ow, and-r(&Hipibidti on of solid was observed. The precipitate was

acet one. (48748 ) MS@ST T alRBfRunt i 'ati on drying to give a crystal
(160.7 9) '[Oiél%m@xar'\r/l%ﬁ%jrﬁgﬁgéis 8toﬂfi-ia1tlli1y%po-?-fC—BE)&%thylphenyl)methyl-z
{(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-pivaloyl-B-D-glucopyranose
[0148] [Formula 24]

OPiv 6Piv

To a solution of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose monohydrate (3.95 g, 9.77 mmol) and
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



Col um: ZORBAX Eclipse XD13-Cl18, 4.6 nm1.D. x50 mm 1.8 um (Agilent)
Mobi | e phase: Eluent A: 1120, Eluent B: MeOH G adi ent
operation: Elunent B: 40%to 60% (11.5 mn), 60%to 80% (7 mn), 80%
to 95% (4 mn), 95% (5 mn) Flowrate: 1.0 m/mn Col unm tenperature:
50C Detection wavel ength: 220 nm [ Exanpl e 6] Hal ogen-netal exchange
reaction on 2,4-di brono- 1- (1- net hoxy- 1-4#&et hyl et hoxynet hypbenzene

Hal ogen- net al exchange reactions on 2, 4-di brono- 1- (1- net hoxy- 1-

met hyl et howydairiad la) RBAZEMBerdRES 0E Adut @dh&ﬂ& | Wateh@ad LldEOMAEe resulting
conditions (Conditions 1 to 4). The regioselectivity in the reactions

was confi rmedurbwal ekthiRRdamia yesise. [ TS bdgario et wasnwdshed iR tvakr, 2 saturated
ni trogen atnosphere, 2, 4-di brono-1-(1-nethoxy-1-

met hyl et hosgpeaeustsplabien Qémlll-(r%bmirm}n carbagatenaotl p ssturptediaguesiuy eddution of sodium
toluene (3.65 m) and h%o Irrethyl ether (0.35 m). To the solution
was added %mss@eﬁflﬂ dthe Rl vas Respariedupde rmiuczd pressyre.  hgpesulting
nmol ) at

Thtur ated oSt %uafﬁ?tbxﬁﬂls?fgéﬁ%mﬂ[ﬁﬂf raeatedty GG B350k Mbeme gty
and the e 995 £00PGURA B RLAN | PAS1 245 o THBC 008 ol e

was washed wth a satur aqueous sol ut sodium c

dri ed overdigiahndiidspdpaiold Bl f Maker (1T Qﬁﬂﬁéﬂd\{ﬁff&oﬁé@& (EXAPRERhESUnder

reduced pressure to give a product containing br ono- 1-( 1- met hoxy- 1-
met hyl et hoseyuamtiblyy Jthens esnepersmd and the mixture was stirred for 1 hour Water (0.5 ml) was
2- brono- 1- ( 1- et hoxy- 1- et hyl et hoxynet hyCbenzene, - 51 - which may

be referr eﬁﬁld@d)alﬁlsthﬂmtmw’é Fantier Stirbadding Hboyres Perther Vel yixtves waswiticd at 0°C

as an oil _ (376 .. According to 1H NWVR anal ysis of the product, the
ratio of 4°pbt B?Hrd@‘d the grysiad H&Clwgéedd’éﬁséroﬁf‘ﬁ%bya%l“ﬁeonl wagler #vith gergixture of

cal out 2t e, B o i s LN b AR Bl BUEFY
4- Br or no- Irp{ dg W%WB((éD@ES BM0.#1f RRx ¥R RO RSMELN@H, 5), 1.20 (9H, 5), 1.20 3K, ¢,
J=7.5Hz), 2.60 (2H, q, I=7.5Hz), 3.93 (2H, s}, 4.09 (1H, dd, J=4.0, 12.5Hz), 4.16 (1H, dd,
J=2.0, 12.5Hz), 4.37 (1H, ddd, J]=2.0, 4.0, 10.0Hz), 5.12 (1H, d, J=12.2Hz), 5.21 (1H, d,
J=12.2Hz), 5.37 (1H, t, J=10.0Hz), 5.57 (1H, d, J=10.0Hz), 5.69 (1H, t, J=10.0Hz), 7.07 (2H,
d, J=8.2Hz), 7.10 (2H, d, J=8.2Hz), 7.11 (1H, d, J=8.0Hz), 7.17 (14, dd, J=1.2, 8.0Hz), 7.25
(1H, brs).
[0150] MS (ESI"): 723 [M+1]".
[0151] [Example 4] Synthesis of 3,4,5-tris(trimethylsilyloxy)-6-trimethylsilyloxymethyl-
tetrahydropyran-2-one

[0152] [Formula 25]
0

V(i/j:\oms
TMSO 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.



1H- NWMR (CDC13) 8: 1.41 (6H, s), 3.24 (3H, s), 4.43 (2H, s), 7.21-7.24
(2H, m, 7.44-7.47 (2H, m. [0168]

2- Brono- 1- ( 1- net hoxy- 1- net hyl et hoxvnet hvDbenzene:

1H NWR (CDC13) 8: 1.46 (6H, s), 3.24 (3H, s), 4.55 (211, s),
7.10-7.14 (1H, m, 7.29-7.33 (1H, m, 7.51-7.55 (211, m. [0169]
Condition 2: Under a nitrogen atnospherd3-2, 4-di brono-1-(1-nmethoxy-1-
nmet hyl et hoxynet hyl ) benzene (500 ng, 1.48 mmol) was dissolved in

tol uene (3ARBr b niRBe wRbYRARS TP, ﬁtdﬁg‘i g(g,g 1%? _m%ﬁ V'X\r/late{@(g@l ‘R% @&li %%%8 n

was added dropwi se n-butyllithiumin

ol ) at OGemtiter The kigaticdsyer Avas eptiate@nn@fvashed wilihh QBecks Edtation of 5%
met hoxy- 1- met hyl et hoxymet hyl ) benzene (150 ng, 0.44 nmol) in tol uene
(1.1 nl) asedivbdihydragenhhosm@itated(dl 0F R £2) amt wawm §108dgted ) dr Dipydobent wast he
reaction mxture. After conpletion of the addition, the reaction

mi xt ur e wa¥2BYRied gpderredyesd piess8e- Ml thedssulimgrasiducavascddeflebahydrofuran

ot 1 act 60 WP ROGTHIT SeRLYE: = PHsBf Gaes APy reoni. vaBRBPRhYdroiron
t t ed | f ' hl.ori d dri . .
anhyar ous Qonranie i8R S0Ro MR Rl ey PaPul  rihe e Limaceitue

01 (455 ey e o ey e P KR P B BR e Rl O P

of 4- br oniteteahyd@filvam mi T posisy efabepraine &2899.8%QcdnvetinGhe V851 %), which was
cal cul ated based on the integration ratio of peaks of protons at
benzyl poselchlgied bagt @ thConarativareauredmdBPLE. ni t r ogen at nospher e,
2,4-dibro -1-(1-nethoxy-1-_qetqylethoxynethyl)benzene (150 ny, 0.44
mol ) was (8154 oMeasurement sonditien ofiIALGY )" and tbut yl met hyl et her (0. 11

v 0. 3m o asChisdy YRR RSE Dot A0 Y. R e LB . dokp (I3 of the
addition, the Mo%ﬁcbhz{s@faﬁh&ﬁrk@rﬁﬂdu&%ﬁﬁgﬁ%' rred at 0OC for 30

m nutes. A saturated aqueous solution o ni um chl ori de was added
thereto, and thgehB:H0% Wad MtNAGiREd W th ethyl acetate. The
organi c | ayer was washed wi th a saturated aqueous solution of sodium
chloride, and dGreitnoupsratamhyitieauB: SHesiowsEUbhahy 95%H@s Sol)VeTHh toaR%
evapor ated under reduced pressure to give a product containing

4- br oni de (amin)22ner IORP{ES mén)an oi | (108 ng). According to 1HNMR

anal ysis of the produci the ratio of 4-bromde : 2-brom de was
determ ned as 1B0Y faighi-PEk{@dn cal cul at ed based on t he i ntegration
rati o of peaks I ns..at. . yl position. [0171] Condition 4:
Under a nitroge§£% %3%%%%?@?'aﬁqg

2, 4- di br ono- 1- (BeiBia¥deiibhWdEihoxymet hypbenzene (500 ng, 1.48
nol ) was dissolved in toluéne (3.65 nm) and tbutyl nethyl ether (0.35
n). To t[@xagpld]i on Syashesid ded 1 dhRRING-3CY5-RUEM bhdnlih@nk2 hexane (1.6
M 1.01 mtéec %2 ]mmlgjwat 0C over 30 m ml]sttelg. i,IA}Jtéllrs}l)icr’:lllgirlrlylgIr%ti on of the
addi ti on, (lydesymethtybpheagldeDlswpytiiasa of anmoni um chl ori de was added
thereto, and the m xture was extracted with ethyl acetate. The
organi c | ayer W8P WaRwadiesiziof B34 Sietrakis(irimcthyisibuiory) Seitintethy

chl ori de, d dr.i

evapor at ed—dnt erHeE i) g=give=~a product contai ni ng

4-br om de - } s.an. oil (373 ng). According to 1H NWR

anal ysi s eﬁmQ Sie }% crghud A, bromnide: 2- bronide was
det er m neghiag 40: 1, which was cal cul ated based on the integration
rati o of peaks of protons at benzyl position. [0172] [Exanple 7]

Synt hesi s of 1, 1-anhydro-1-C45-(4-ethyl phenyOnet hyl - 2-

(hydr oxynet hyl ) phenyl ] - 13- D- gl ucopyr anose To a sol ution of

1, 1- anhydr o- 1- C15- ( 4- et hyl phenyenet hy1- 2-

(hydr oxynet hyl ) phenyl] - 2, 3, 4, 6-t et ra- 0- met hoxycar bonyl - P- D- gl ucopyr an




sol vent 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 renove di nethyl sulfoxide. Water
(0.02 M) was added to the resulting redfdue, and a very snall
portion of the product obtained above was added thereto as a seed
crystal . Therfhptd] e was shaken at 100 rpm by DOUBLE SHAKER NR-3
(TAITEC) at roomtenpgjpture for 10 days to give crystal of the
titled conmpound. The resulting crystal is confirned to be a
nonohydr at e by neg i of powder X-ray diffraction, in which
peaks wer e~gbeere ane diffraction angles (28) as those of
the X-ray pdwder dif9TM&tion|pattern of the nonohydrate neasured in
Test Exanpl Mg Tf"‘éxarrple 8] Preparation of co-crystal of

1, 1- anhydr §pdn043d: (4ket hyl phenyl ) net hy1-

2- (hydr oxymet hyT) penPIMS13- D- gl ucopyr anose with sodi um acet at e
Monohydrate crystaPTd$ 1, 1- anhydro- 1- C45- (4- et hyl phenyl ) net hy1l- 2-
(hydr oxynet hyl ) pheny1H3- D- gl ucopyranose (200 ng) and sodi um acetate
(40 nmg) were disso]ved in nethanol .(.1,. t 80C, After the solution
was cooled to rmef@}ﬂfg?ré?tﬁﬁo& ef%%%?%@ﬁ%ﬁ'(@“ﬁ@?"%’s added t her et o.
The sol ve |

pressure. HeafBtofp R4 BRI sl ROl e Lot PP R vy -
and the mmﬁdﬁﬁﬁth\&ﬁ&h&t(aﬁi 29, ald J-BR PR SE RdxhSI0eNNiTthi, 658 Y8R was
preci pitated was coll ected f)y filtration, washed with isopropanol’” (4
m ), and dwdedldiopwisee-10Ne Adtdrliednizare wysitated(ford.5 hows pol0AC, nboB0jthium
By 31-1-NWR analysis of the resulting co-crystal in (CD3)2S0, the
rati o of tindexane|(b84Mohfbuhd4aminadbdisaddeddropwise air10%e Adior the yuixiate wiss
confirmed as 1.1, which was calcul ated based on the integration ratio
of peaks ofirsf rdriwunft AR iimordep confirm e regdpsplsciiaty(of thetmlogen-gielih m
(3H, t)) and, at CH3.of sodjum.acetate 1.56 m S)). 74] The
Soed cr yscarhestiarict aSvep BRPE B! Bk FakBou BRuPR AR Pifen bl pier bt gl
procedure. : £ : : : B 1012 1.

D 1 anhy drag_wpdl_ﬁg!%ﬂ?% §1§[ ﬁ‘?,‘?{%}%@r} g gorrrlgg[:.hyl“llze Jatio of 4-bromo-1-(1-methoxy-1

(hydr oxy meh&uyi by Begidns apy 2-8nnse1{ B i¥hox 1 tn SAALMEX BE@kAfbendeRe
ng) were dissolved in nethanol (0.1 nl) at 80C The solvent was fully
evapor at ednélodah it e reilting roixtiae w80E3:1 (cogiversion me: D84y elticle wystaddul dtee
material. - 54 - [0175] Measurenent condition of nelting point:

Anal ysi s rhegtilod: thelpres gatierngagpred Baliflhg cal ori netry (DSC) Appar at us:

e By ST b SRR ke ) i
C hyar oy nabliof br L AL S bR I IR AL A Bropyran-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 bexane (1.54 M, 1119 ml, 1724 mmol) was added dropwise
thereto at the same temperature.  After the mixture was stirred for 1 hour,

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



Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethyl phenyenethyl-2-
(hydr oxynet hyl ) phenyl | -fl - D- gl ucopyranose (200 ng) and potassi um
acetate (48 ng) were dissolved in nethanol (1 nl) at 80C After the
solution was cooled to roomtenperature, isopropanol (2 n) was added
thereto. The solvent (ca. 2 ml) was renoved by evaporation under
reduced pressure. A seed crystal of the4frtled co-crystal was added
thereto, and the mxture was stirred at room tenperature overnight.
Crystal prehicpiat the @gmdVRsn éﬁﬁkdf@f&t@dj Hrs | e Adab@th md@SH Ges mlﬁ&l into an

i sopropanol (4 m), and ied to give the titled co-crystal (nelting
poi nt: 176@psouByolutiod of\RF% amalopBinscidfridehandrtbs orghnin thyeow i sgsarated, iad
(CD3) 250, the ratio of the titled conmpound and potassium acetate in
t he co- cry%tsapd WHh watpas | Trasglvest waspvamatechums regatasiiresserd thgised poduct

the integration r tIQl eak ns at CH3 in ethyl of the
conpound (¥te4rang the &t B%Fﬁ"? 53“ ‘gh@ gtg) cHEegrodyst wassistrindberet gep
(81.53 pp 6 The seed crystal used in the preparation
was obt ai rrp'eg%nfﬁrﬁqu{f%%tgmdng procedure. Monohydrate crystal of

1, 1- anhydrpidg) q\?eaﬁﬁ‘reﬁ%ﬁ'tycloi?mﬁ@ Q“ﬁfﬂ!l - 2- .
(hydroxyrret hyl") pheny uco nose (8 ng) and potassium
acetate (2 np) \@ﬂtﬁmdlﬁﬁs&éﬂtié@i teﬁ\smﬂlsanﬁln 19200, 85 1 &0GSupdl

sol vent was fully evaporated ?romthe sol ution at 80Cto give'the
desired crystal Mdilkephasg: Ekubmm\msmmmqﬁ),n the sane condition as
Exanple 7. [Test Exanple Measur enent of water adsorption isotherm
Wat er adsor pt i oflucsbBnide vvas nmeasured for nonohydrate crystal of a

conmpound repres (X - b5 - 177 Formul a 31] HO
X o PR G e s neR 0% IsTe (S i S8THS T aur ehrent
device: DVS-1 ( £ r.ement Systens) as stated bel ow, [0178]

Crushed rmnohydrgaﬁ{ﬁgr)}s%{a%%o? t he conpound was wei ghed precisely as
a measurement Sa@RinG kfPeratiPe: APsc WAt er content: 4.5% and taken into
a sanple pan. An enpty sanple pan was used as a control sanple. The

measur enent sanpegchditwiliengni®himsanpl e were set in the device. At

a constant tenperature (around 25C) reI atlve hum dlty (RH) vvas
varied to 90% 88: 30 2 .

measur eneklydigymethypbenylshDog 25
t he corrpoi&% e ese 97 by Forrml a (Xl) eX| sts stably as nonohydrate
7l B

in a rang umdity from10%to 90% [0179] [Test Exanple
2] Storage stability Hiest of nonohydrate crystal A storage
stability test A& aF™ed out for nonohydrate crystal and an

anor phous for pound of Fornmula (XlI). The nonohydrate
crystal of the gonpound ofy Formula (Xl) was prepared according to the
procedure of E¥anphl@il, St'ep 7. The anorphous form of the conmpound of
Formul a (;ﬂd As obtai ned by the foll owm ng procedure. The nonohydrate
crystal € conpowind (15 g) was nelted by heating on hot-stage,
and all owed to lgg; cooled to roomtenperature in a humdity-controlled
desiccator (25C/ dry). The resulting solid was g,rinded in nortar to
give a sanple used as an anorphous form The sanples were stored in

t hernost ati ¢ chindes ﬂSlitmgeQS@Qsphem@e cihcbntaieng 2,84t Sytewaidé(trofiethyiilyloxy)-

sanpl es was .observed after th, 3 nonths and 6 nonths.
6- tnmethylsﬂyloxymethyl—2—(5 (4—ethy1pheny1)hydroxymethyl—2 (l-methoxy-l»

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 HCI aq (23 ml) were added and the mixture was stirred at 28°C  for 7 hours.

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



[[0180}] The purity was determined in the foll ow ng procedure. A
portion each of the - 56 - sanples was weighed precisely (ca. 6 ng)
and dissolved in a mxture of water and nethanol (1:1) to be 10 nL
accurately. The resulting solutions were used as sanpl e sol utions,
and a portion (10 gL) each of the sanple solutions was subjected to
HPLC anal ysis. A total anpunt of i rrpuri‘t41ﬁes wer e cal cul ated accordi ng
to the following fornula. [0181] [Formula 32] Total anobunt of

i npuri ti esevapdratcBumiafredreakpmssess &dabr (198 mibyund i1{2-éise(HoR pothame €306ahl)

t he conpound of fornula SXI))+( Sum of peak areas each of inpurities)
Measur ementerg@ddid o dke 1g8idyring the two layerpwetesepar2gds Eepame@us ayer wasdul e
(manuf acture V\aters) 2487 r bance  Det ect

(anuf act UveRegyithaipae 6500 PYBkbUoTa0 o §4y'miibeeetne (198 ml) were
4.6

( ”a”“EaCtxﬁﬁsﬁan tBsP%mer lager,  The S A VAo o0l By B dd the
P 1o by e B0t o e GO W o

100% (5 m n)-dih&@uotydti@ne 799 mij-4dai tHe RV REWh O PR SR e duéalprBittire 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-ethylphenvl)methyl-2-

hydroxymethyl)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-glucopyranose (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 atinosphere 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 chloride (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



Sanmpl e cool er tenperature: 5C Period for neasuring peak area: 30

m nutes after injection The results were shown in Table 2.
Both at 25C and 40C, the total amounts of inpurities in the anorphous
formwere increased tinme-dependently. On the other hand, the total
anounts of inpurities in the nonohydrate crystal were maintained
nearly constant for 6 nonths. [0182] -45%7 - [Table 2] Tenp. in
storage Form Total anount of inpurities (% 0O nonth 1 nonth 3 nonth

resulting residue was added acetone (500 ml), and the solvent was evaporated under reduced
pressure to give the product containing the titled compound (106 g). The purity of the
resulting product was 93.9%, which was calculated based on the area ratio measured by
HPLC. The product was used in the next step without further purification.

[0160] Measurement condition of HPLC:

Column: Atlantis dC18, 4.6 mm LD.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-

(hydroxymethvl)phenyl]-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 mi). 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



6 nmont h 25C Mbnohydrate crystal 0.30 - 0.29 0.32 Anorphous form 0. 35
- 0.66 0.87 40C

- 48 -

(800 ml), and an agueous solution of 20% sodium chloride (800 mi 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 ml). The mixture was heated
to 74°C to dissolve the residue, and then cooled to 55°C and stirred for 1 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-propancl
(3:1, 300 mi) followed by with a mixture of ethanol and water (1:1, 300 mnl) to give the titled
compound as wet powder [122 g, corresponding to 104 g of dry powdez, 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-ethylphenylimethyl-2-

(hydroxymethyl)phenyl]-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-p-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 mi) 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.



Monohydrate crystal 0.30 0.32 0.31 0.36 Anorphous form0.35 0.62

0.92 1. 46

[ Test Exanple 3] Storage stability test of co-crystal with

sodi um acet ate A storage stability test was carried out for
co-crystal of the compound of Formula (XlI) with sodium acetate

accordi ng
conpound
to the pr

to the precedure of Test Exanple 2. The co-crystal of the
of Formula (XI) with sodium acepate was prepared accordi ng
ocedure of Exanple 5. The sanples were stored in

th t at of, .t he

sapl oo ved? QB edincivge docdleiod 10 B Rt (CTEA S affprent vas
resul ts wesRp6AMEINES vicBd hlRsR. f a6 @AY RRBNSwER %H&&%étbﬁ@@s& grg)
Test Exanpl e 2 [0183] The results were shown in Table 3. Bot t C

and 40C,

t fvel wakrbSanby aidsthefesidapuas disedvddbytiemaizns RETYS The kAluUET Ras

i ncreased time- dependently On the other hand, the total anmounts of
i npuri ti escdoledith @S @awwébrymltdﬂls@diadrmweum(&v@ easraidet.ai Tledmixture
nearly constant for 3 non

was cooled from 25°C to h70"(3 over 24 minutes, and stirred 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 monohydrate 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:

Analysis 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



[[0184} [Table 3] Tenp. in storage Form Total anount of inpurities (%
O nonth 1 nonth 3 nonth 25C Co-crystal with sodi um acetate 0.07 0.07
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(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: Eluént A: H,0,

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 mi/min

Colummn 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 m1). 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 chioride 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,



Anor phous form0.35 - 0.66 40C Co-crystal with sodium acetate 0.07
0.07 0.08 Anorphous form0.35 0.62
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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: 64.43 ppm, 2-bromide: 84.55 ppm).
[0167] 4-Bromo-1-(1-methoxy-1-methylethoxymethyl)benzene;

"H-NMR (CDCl5) &: 1.41 (6H, s), 3.24 (3H, s), 4.43 (2H, s5), 7.21-7.24 (2H, m),
7.44-7.47 (2H, m).
[0168] 2-Bromo-1-(1-methoxy-1-methylethoxymethyl)benzene:

"H-NMR (CDCl3) 6: 1.46 (6H, s), 3.24 (3H, 5), 4.55 (2H, 5), 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 mi) 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 ethyi
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 (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 mmol) was dissolved in toluene (1.1 ml) and t-
butylmethyl ether (0.11 mI). To the solution was added dropwise n-butyilithium in hexane

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



0.92 . - 58 - [Test Exanple 4] Storage stability test of co-crystal
W th potassi um acet ate A storage stability test was carried
out for co-crystal of the conpound of Fornula (XI) with potassium
acetate according to the precedure of Test Exanple 2. The co-crystal
of the compound of Formula (XI) with potassium acetate was prepared
according to the procedure of Exanple 652The sanples were stored in
thernostatic chanbers at 25C or 40C, and the purity each of the
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results were conpared wth those for e anor phous m obt ai ned in

Test ExanpiméniuhChithide W€ add@duhdréo)¥RE eheshiitdie was daRlcRd HithBaiyd agkatel 5C
and 40C, the total anobunts of inpurities in the anorphous form were
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inmpurities in the co-crystal with potassium acetate were naintai ned
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Total armugr};[ie E(i) fproidgcg%rmiltgmensg é—@omideoanq%r:grgm}derggg}l rt}il (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 sodiuvm 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 (373 mg). According to "H-NMR analysis of the product, the ratio 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-ethylphenyl)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 mi).

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



3 nmonth 25C Co-crystal with potassium acetate 0.08 - 0.08 Anorphous
form0.35 - 0.66 40C Co-crystal with potassium acetate
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solvent was removed under reduced pressure.  The resulting precipitate was coliected 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 Iyophilized
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-[3-(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 coaled 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 (CD3),50, 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 CHs in ethyl of the compound
(81.12-1.16 ppm (3K, t)) and at CHj of sodium acetate (31.56 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.



0.08 0.08 0.08 Anmorphous form0.35 0.62 0.92 |[Test Exanple 5]

Powder X-ray diffraction neasurenent Powder X-ray diffraction
was neasured for the nonohydrate and anorphous form of the conpound
of Formula (Xl), and for co-crystals of the conmpound of Forrmula (XI)
Wi th sodium acetate and potassi um acetate. The neasurenent conditions
wer e shown bel ow. [0187] Measurenent cerdi-ti ons for the nonohydrate
(Condition 1) - 59 - Equipnent: 111INT 1100 (R gaku Corporati on)

Anti cat hodp17§) Nigharenednt aamitiofQf kiiihubsingurrent: 40 mMA

Analysis method: differential scanning calorimetry (DSC)

Apparatus; DSC6200R (SII NanoTechnology Inc.)

Scanning rate: 10°C /min

Scamning range: 30 to 210°C

Amount of sample: 3 to 4 mg
[Example 9] Preparation of co-crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-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 (CD3),S0, 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 CH; in ethyl of the compound
(61.13-1.16 ppm (3H, t)} and at CH; of potassium acetate (81.53 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)phenyi]-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 (XI):



Scan rate: 2.000 degree/mn Sanpling range: 0.020 Divergence slit:
10 Scatter slit: 1 Receiving slit: 0.15 mm Scan range: 3 to 35
Measurenment conditions for the nonohydrate (Condition 2) Equipnent:
X Pert MPD (PANal ytical) Anticathode: Cu Tube voltage: 45 kV Tube
current: 40 mA Scan node: continuous scan Step width: 0.017 Scan
axis: 20 Sanpling time per step: 30 secs$can range: 2 to 35
Measurenment conditions for the anorphous form Equi pnent: RENT 1100

(Ri gaku atyi fApiyi cat hode: Cu Tube voltage: 40 kV Tube
current: Cg@@m ggurl ie]: 2. 000 degree/ mn Sanpling range: 0.020
Di vergence slit :

HO.

éH (X1)

by using dynamic water absorption isotherm measurement device: DVS-1 (Surface
Measurement Systems) as stated below.
[0178] Crushed monohydrate crystal of the compound was weighed precisely as a
measurement 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 (XI)
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 monchydrate 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



- 60 - Scatter slit: 1 Receiving slit: 0 15 mm Scan range: 2 to 35
Measurenent conditions for the co-crystals with sodium acetate and
potassium acetate Equi pnment: X Pert MPD (PANal ytical) Anticathode:
Cu Tube voltage: 45 kV Tube current 40 mA Scan rate: 1.000 degree/mn
Sanmpling range: 0.050 Divergence slit: 0.25 Scatter slit: 0.25
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samples was weighed precisely (ca. 6 mg) and dissolved in a mixture of water and methanol
(1:1) to be 10 mL accurately. The resulting solutions were used as sample solutions, and a
portion (10 pL) each of the sample solutions was subjected to HPLC analysis. A total
amount of impurities were calculated according to the following formula.

[0181] [Formula 32]

Total amount of impurities (%)=

Sum of peak areas each of impurities

(Peak area of the compound of formula (XI))+(Sum of peak areas each of impurities)

Measurement condition of HPLC

Device: 2695 Separations Module (imanufactured by Waters), 2487 Dual A
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 um
(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]



Receiving slit: 0.2 nmm Scan range: 3 to 35 The result of the
nonohydrate was shown in Figure 2. Peaks were observed in diffraction
angl es (20) of about 3.5, 6.90, 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 (20) of
about 4.9, 8.7, 9.3, 11.9, 12.9, 14.7, .36.0, 17.1, 17.7, 19.6, 21.6
and 22.0. The result of the co-crystal wth potassium acetate was

shown in thwe%]& Peaks were observed in diffraction angles (20) of
about 5. 0366304324 —34-5—35-3—10--0+-20 1 21 4 and 25 2

-61 - CLAIMS 1. A crystal of a conppund repTesienicadt df\impoxvitedl(e) (X ) :
C2H5 (X! )| Temp. in storage Form
0 month 1 month 3 month 6 month
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 thermastatic 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 sodium 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




2. The crystal of a conmpound represented by Fornula (XI) according to
claim1l1, which is a nonohydrate. 3. The crystal of a conpound
represented by Fornula (XlI) according to claim1 or 2, which has
peaks at diffraction angles (20) of about 3.5, 6.9, and 13.8 in X-ray
10powder diffraction pattern. 4. The crystal of a conpound
represented by Fornmula (Xl) according tggany one of clains 1 to 3,

whi ch has peaks at diffraction angles (20) of about 3.5, 6.9, 13.8,
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[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)



8, 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. 10. The
crystal of a conpound represented by Formula (XI) according to any
one of clainms 1, 8 and 9, which has peaks at diffraction angles (20)
of about 4.9, 8.7, 9.3, 511.9, 12.9, 14. 16.0, 17.1, 17.7, 19.6,
21.6 and 22.0 in X-ray powder diffractiorf pattern. 11. The crystal
of a conpound regr esent eﬂp\gly Faormula (XI') according to any one of
clains 1, 8 to 169“RHKFEh SH0L{Rigakr Eompratiopkt al | i zation from a

m xture of netha Jica?lﬂ)% Isopropanol. 1012. The crystal of a conpound
represented by Fornula f 15 according to claiml1, which is a

co-crystal wth pgl.aggbsugegtate. 13. The crystal of a conpound
represented by Formul a %XI? according to claim1 or 12, which has

peaks at diffracTiterugeg! £6m@20) of about 5.0, 15.1, 19.0, 20.1 and
25.2 in X-ray powder diffraction pattern. 1514.The crystal of a

conpound r epr ese¥rdatdy\2.M00dezea/n(iXl ) according to any one of clains
1, 12 and 13, which_has peaks at diffraction angles (20) of about
5.0, 10.0, 10.4,Sapplingrange:k).0205 1, 19.0, 20.1, 21.4, and 25.2 in
X-ray powder diffraction pajtern. 15. The crystal of a conpound
represented by FOVHEFECEHEY according to any one 200of clainms 1, 12 to

14, which is obtgajhable, by crystallization froma nmxture of methanol

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°




and i'sopropanol. 16. A process for preparing a high-purity conpound
represented by Fornula (1): (Rl)n OH OH(l) - 63 - wherein nis O,
mis 1, and R2 is C 4al kyl; which conprises: Step d): converting a
conmpound of Forrmula (I) to a compound of Forrmula (Xa): (Ri)n (R2),
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Scatter slit: 1°

Receiving slit: 0.15 mm

Scan range: 2 to 35°

Measurement conditions for the co-crystals with sodium acetate and potassivm
acefate

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 Figore 2. Peaks were observed in
diffraction angles (26) 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 (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°. 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°.
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2. The crystal of a compound represented by Formula (XI) according to claim 1,
which is a monohydrate.
3. The crystal of a compound represented by Formula (XI) according to claim 1 or

2, which has peaks at diffraction angles (20) of about 3.5°, 6.9°, and 13.8° in X-ray

10 powder diffraction pattern.
4. The crystal of a compound represented by Formula (XI) according to any one
of claims 1 to 3, 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.
5. The crystal of a compound represented by Formula (XI) according to any one

15  of claims 1 to 4, which has peaks at diffraction angles (26) 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.
6. The crystal of a compound represented by Formula (XI) according to any one
of claims 1 to 5, which is obtainable by crystallization from a mixture of acetone and
water,

20 7. The crystal of a compound represented by Formula (XI) according to claim 6,
wherein the ratio of acetone : water is 1:3.5 to 1.7 by volume.
8. The crystal of a compound represented by Formula (XI) according to claim 1,
which is a co-crystal with sodium acetate.

0. The crystal of a compound represented by Formula (X1) according to claim 1 or



from Cl_6al kyl carbonyl, Cl_6al koxycar bonyl, -Si RR3R24R25; and R23,
R24 and 25 tc are as - 64 - defined in ¢paim1. 20.The process
according to any one of clains 16 to 19, wherein P7 is selected from
t - butyl carbonyl and net hoxycar bonyl .
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8, which has peaks at diffraction angles (26) of about 4.9°, 14.7°, 16.0°, 17.1°, and 19.6°
in X-ray powder diffraction pattern.

10. The crystal of a compound represented by Formula (XI) according to any one
of claims 1, 8 and 9, which has peaks at 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° in X-ray powder
diffraction pattern.

11. The crystal of a compound represented by Formula (XI) according to any one
of claims I, 8 to 10, which 1s obtainable by crystallization from a mixture of methanol
and isopropanol,

12. The crystal of a compound represented by Formula (XI) according to claim 1,
which is a co-crystal with potassivm acetate.

13. The crystal of a compound represented by Formula (XI) according to claim [ or
12, 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.

14. The crystal of a compound represented by Formula (XI) according to any one
of claims 1, 12 and 13, 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.

15. The crystal of a compound represented by Formula (XI) according to any one
of claims 1, 12 to 14, which is obtainable by crystallization from a mixture of methanol

and isopropanol.

16. A process for preparing a high-purity compound represented by Formula (I):
(RMn
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whereinnis 0, mis 1, and R?is Ci4alkyl;

which comprises:

Step d): converting a compound of Formula (I) to a compound of Formula (Xa):
(R"n

(Xa)

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

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

Step f): removing a protecting group(s) from a compound of Formula (Xa) to
give a high-purity compound of Formula (I).
17. The process according to claim 16, which further comprises a step for
crystallizing the resulting compound represented by Formula (I) with a solvent selected
from methanol, ethanol, propanoel, 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-heptanone,
acetonitrile, dimethyl sulfoxide, and water, or a mixture of two or more solvents stated
above.
18. The process according to claim 16 or 17, wherein 1-methylimidazole is used as
a base for the conversion in Step d).
19. The process according to any one of claims 16 to 18, wherein P’ is selected

from Cjalkylcarbonyl, C,alkoxycarbonyl, -SiR*”R**R”; and R*, R** and R® are as



- 64 -

defined in claim 1.
20. The process according to any one of claims 16 to 19, wherein P’ is selected

from t-butylcarbonyl and methoxycarbonyl.



