-, 1 - DESCRI PTI ON CRYSTAL OF SPI ROKETAL DERI VATI VES AND PROCESS FOR
PREPARATI ON OF SPI ROKETAL DERI VATI VES TECHNI CAL FI ELD [ 0001] The
present invention relates to a process for preparing spiroketal
derivatives, to an internedi ate conpound useful for preparing
spiroketal derivatives and to a crystalljne substance of spiroketal
derivatives. BACKGROUND ART [0002] A sp“llr'oket al derivative having a
certain structure is known as being useful for preventing or treating
di abetes (refer to Patent Docunent sDESEBIPAJONFor exanpl e,

WO
2006/ 080421 Al (Patent nt 1) discloses_a conpound represented
by Formula (A): [0003] %ﬁgﬁLQFﬁPIR%@T@eDERE%%R’%%AEP
anti-di abetes dru i rocess
for preparing thegggn%g@@f?g%ﬁgmw&%@@%&@%@@ (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 a&rECHINIGCALQ FIEEnti on in the presence of a palladi um catal yst
is carried out to give the desired conmpound. [0005] Further, WO

2007/ 1401990083 (Tihapesent Docotiernela®s taaprotSs Ratpeetaridp giitokatal defivatives, to an
intermediate compound useful for preparing spiroketal derivatives and to a crystalline
substance of spiroketal derivatives.

BACKGROUND ART
[0002] A spiroketal derivative having a certain structure is known as being useful for
preventing or treating diabetes (refer to Patent Documents 1 to 4).  For example,
WO 2006/080421 Al (Patent Document 1) discloses a compound represented by Formula
(A):
[0003] [Formula 1]
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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
foll owed by coupling with a |actone, and,a tin conpound obtai ned
after several steps is subjected to coup?fng wi th a benzyl halide
derivative to, gi.ve a desired conpound.é%?OOG Mor eover, Patent

Docunent  1PehlSeiQRscogresponding disador & FUYR 880 i I Ratent Pacyrmynt 3) distigse a

[ Formula 2 . B . with stat] t e C und has an __ .
bxcel et PRRBRCMPGecst i Spye A ginehi of Gd Aoind SlSut F ok PALS POBRPRAR), in
DOCUMENT [ - L 4 - R unent
20 2007] THOL8 L RS Par e RN Ve Bt 700 T Baroar T
Docunent 416 30BBLALERS Yithla 1AVARY L6 EMINEE GaiEERY: ClerROBLEM
[ 0009] As stated above, "Schenme 3 in Patent Docunent 1 and Sche in
Pat ent Docsufsfited 20 dhuplihg $atha besdie HElide@eripitbRas ;R a dehRUROMPSUIIAVI NY a
spiroketal structure from a di hal obenzene derivative. However, the
synt het i ¢ [908&le SdowgsvargPaent Doceroen d wistiosesdsnmonhe representabiey Barimnbas(B):
and necessarily requires a step for carefully renoving a tin
conpound, AR h [W%@(?kt as an inpurity. Therefore, these processes

are not suitabl e f% {al production. Further, these patent
docunents fail y specific exanple

02H5

HO.
o ®

with stating that the compound has an excellent inhibitory activity against SGLT2.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

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

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



-.3 - regarding the preparation schenes. Actually, an efficient and
conveni ent industrial process for preparation of conpounds
represented by Fornulae (A and (B), which are used as an active

i ngredi ent of nedi canent, has not been known. [0010] Further, there
has been no report regarding exi stence of crystal of the conpound
represented by Fornula (B) having excel1®nt i nhi bi tory activity

agai nst SGLT2. [0011] An object of the present invention is to

provi de anrcgirflingitenpreparatiancae@mise nAciuny, @s efficidnt sl dodvenidot flalustrifigrocess
i ndustrial production, for preparing spiroketal derivatives used as
an active iORBreaaREoR oigompeundsapnsesented B Foompaedi) dad B\ wbichlaresysed hsni
i nt er medi at and to ovi.de a crystal having excellent properties in
st or age staiﬁf"‘fwd‘ 58 f CWBﬁ'ia%EjOtibﬁerfW} ation process and the

e S B, RO e bl B AR B o DB o
and conseauaplddtARrLHTS) il DGO AL ASE)BF e, EBLAL 2L T on of

one of plural hal ogen ato nzene rin vent ors have

al so foundoei1qounl abj@:t bEME bteaeht PRRAGSS tSHBAHE b citicRnPard®é R enient process,
organonet al conpound as an internediate, which can be readily

prepar ed. vhich isenitabldfer imvsnnlgpredicdve fboutathin afirdkenl ¢ORGEEY ibatas an
coupling reactjions can be carried out as an efficient one-pot
reaction. acByfsiagirdisnt §f medicament sechio frewidma issful kyshdsisdnrenoipite aedlto The
present i nvenﬁai on Er i rocess faqr preparing a desired

vi des a .10 n : .
spi r oket alP"AdYe YT W“ﬁﬁﬁﬁﬁlgﬂgﬁrﬂﬁerﬁ@a‘l}ﬁtoﬁéﬁ étflblgg"@ rasgdn kandling inan
or ganot raqg@dlfg{bng%c%gs ALy in t he carbon-carbon bond form ng

reactions. process using heavy netal such as tin or an

or ganot r argtiredNTRH AR SR EX necessarily requires a step for
carefully renoving these reagents, which may exist as an inpurity,

whi | e t he [p010} eFHe plesdnd rvpritOfciabe tandaattd MRenti0e Sudiel (RBRvEHEN a step.
Therefore, the process is superior particularly as an industri al

process f ebow-medionedatijestasrar doabequiiyliaye foundd diettiodfor iefiesdlarvient or s
have found a crystal form of the conpound represented by Fornula (I)
and a prodwédatiqyof gpepiplimahhalegenatams ol 2 Yesrene rine  The/ianenders hineadsodbwal
found that th .cr%/s}.al fo%%j)ﬁhas @Tﬂcel | ent _properties as a nedi_canment
or a medi éicﬂ‘éﬁmﬁé EHPRPIOCREI SBAEHL Y16 2 PPYRL Opgrarasit! GompeRtd ranHpismedte,
conpl et ed 1, 14 r chi one._aspect .of it resent .

i nvent i onwh%%lecégbf gegglr}%brieﬁ%g&ad%@glg}ég%m %ern%ﬁggaﬁrﬁrf?uﬁ‘& tgﬁé‘gﬂﬁ%ﬁ(ﬁ’twe

repr esent gshting Fcids@ak be carlifPdmlas Ellll:g&m&hﬁor%lpo( F¥ion R@omeq&énjdy, the

present invention has been completed. The present invention provides a process for
preparing a desired spiroketal derivative without using heavy metal such as tin or an
organotransition metal complex in the carbon-carbon bond forming reactions. A, process
using heavy metal such as tin or an organotransition metal complex necessarily requires a
step for carefully removing these reagents, which may exist as an impurity, while the process
of the present invention does not need such a step.  Therefore, the process is superior
particularly as an industrial process for a medicinal material.

[0013] In addition, the inventors have found a crystal form of the compound represented by
Formula (I) and a process for preparing the crystal form. The inventors have also found that
the crystal form has excellent properties as a medicament or 2 medicinal material.

Consequently, the present invention has been completed.



014 OH(1) wherein n is an integer selected fromO to 3, mis an

i nteger selected fromO to 5; R1 and R2 are independently

sel ected from Cnoal kyl optionally substituted with one or nore Ra,
Cnocycl oal kyl optionally substituted with one or nore Ra, optionally
substituted with one or nore Ra, C3_10cyg¢l oal kenyl optionally
substituted with one or nore Ra, Ghoal kyhyl optionally substituted
with one or nore Ra, aryl optionally substituted with one or nore Ra,
sat ur at ed, [08&¢k i A¢cordingioane pspeeldf ¢re ressat inventieu, thet érmoyidéd/d process for
optionally substituted wth one or nore Ra, cyano, a hal ogen atom

nitro, merRERAIEE-2 ppREnd repfentss by Forpyla(Rr 22128, - C(=0) R25,
-Cl e6=-NO - C=0 -9=0) NRi o- x and
-Si R 2R13@§1I5;J®§§%rrﬁlu??§lmen nis 2 or nore, each of RL may be the

sanme or differ ; when mis 2 or nore, each of R2 may be the sane or
different; or twe ‘ ent carbon atons, together with the
carbon atons to qryft ached, may forma carbocyclic ring

fh fuses the benzene ring; and two R2 on
together with the carbon atons to which they
Fh carbocyclic ring or a heterocyclic ring,

is an intedeér_sehect I_Iroml and 2; 123 is a hydrogen atom
Cnoal kyl, Cnocycl qal kyl';, C2_1l1oal kenyl, Cnocycl oal kenyl, Cmoal kynyl
aryl, heteroaryl, OHSi RI12R13R14, o) R4 and R5 are independently
sel ected froma hydrogen atom hydroxy, Cnoalkyl, C3_ - 5 -
i ocydoal kyl , Cnoal koxy, aryl, heteroaryl, _sieRi 3R14, and _c(.0)R15;
R6 is Cnoal kyl , Whsts&yR Isca|iRtyser selested from OHeBemdany integpiastested fighrehtos;i s
0, R6 may furt h?{rl agg R’ asrielinn e%n%légt}ﬁ éele?:{ed from Cy.jpalkyl optionally substituted with one
or more Ra, Cyyecycloalkyl optionally substituted with one or more Ra, Cyjpalkenyl
optionally substituted with one or more Ra, Cs.gcycloalkenyl optionally substituted with one
or more Ra, Cp0alkynyl 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 mare Ra, cyano, a halogen atom, nitro, mercapto, -OR?, -
NR'R®, -S(0),R®, -S(0);NR'R®, -C(=0)R*, -CR*=NORY’,
-C(=0)OR’, -C(=0)NR'R", and -SiR?R™R™; wherein when n is 2 or more, each of R* may
be the same or different; when m is 2 or more, each of R? may be the same or different; or
two R' on adjacent carbon atoms, together with the carbon atoms to which they are attached,
may form a carbocyclic ring or a heterocyclic ring, which fuses the benzene ring; and two R>
on adjacent carbon atoms, together with the carbon atoms to which they are attached, may
form a carbocyclic ring or a heterocyclic ring, which fuses the benzene ring;
p is an integer selected from 0 to 2; q is an integer selected from 1 and 2;
R’isa hydrogen atom, Cy.j02lkyl, Cs.1ocycloalkyl, Ca.yoalkenyl, Cs.igeycloalkenyl,
Ca.102lkynyl, aryl, heteroaryl, -SiR™R¥RY, or -C(=0)R*;

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



R7, R8, R19 andare independently selected froma hydrogen atom
Cnoal kyl, C3. iocycloal kyl, aryl, heteroaryl, -SIR 12R13R14, and
-C(. 0) R15; RO is a hydrogen atom Cnoal kyl, Cnocycl oal kyl
aryl, heteroaryl, or -Si RR2R13R 4; Ra are independently selected from
Crmocycl oal kyl, Cnoal kenyl, Cnocycl oal kenyl , Groal kynyl , aryl,
het eroaryl, hydroxy, a hal ogen atom - 11422, -01238, - SA26,
-S(0) 2R27, - Si R23R24R25, carboxy, -C(0)NR28R29, -C(.0)1239,

- CR31=NOR32¢ycbopdityt, Crasutkox3( 4y1, NEX34IB4SIRR R "§and nt@ger*sel ected from
1 and 2; R12, Ro,, Rpt, R23, Kn24, and R25 are independently sel ected
from Cmoal kyI arkf laﬁyioalkyl Ca.vocycl iyl canyl, G3@teaczeyi whepiarvdentpl iy 0, R® may

sel ected f 9 jato Cmpal kyl, C3_10cycl oal kyl, Cnoal koxy,
Croal kyl anf® g‘!’”ﬁl %’@}rﬁg @yi%a&#@ @noal kyI thio, aryl, and het eroaryl;
R21, R22, RZs, 3 R34.are, i ndepe ntly sel ected froma
hydr ogen at om 30353 @aﬂ?ﬁd@%&?ﬁﬁ%ﬁf%wm ChtraPEdam.drmpalkyl, Cs.
het er oar yl 25 142 RS R26 is a hydrogen
atom Cno ]Ih?gy{% %ﬁ%%?%%cy%l %{al’ yq o>£y, aryI oxy,

Cs_l ocycl oal kyl R3¢ ¥ hydrB&h@kRarcylpalicye(cQdb &3k 105 R25; R27
i s hydroxy, Cnoal kyl, yC?r%Ig cl oal 1I<“§/I ﬁ( 3%0& het%ro tjé\>rc’%é}:%§3l?24llK

25, or R31 SIR'&RfRYr ogen at om Cnoal kyI or Cnocycl oaI kyl; 1232 is a
hydrogen atom Cnoal kyl, Cnocycl oal kyl, aryl, heteroaryl,
- Si RR3R24R25, oRaare independ@ﬂyissleaemgrdmdge(ﬁcydbaikyl Copalkénpl, Cs.aocycloalkenyl,
Cnocycl oal kyl ,  Gwal ken}(BI Cnocycl oal kenyl , Cr[DaI }(;ﬁpy C_noql k | t h|_9
aryl, or Hestr @rllgigylj pryl, heteroaryl, hydroxy, a halogén ator, -NR? SR™, S(0),R%,
SiR®R*R®, carboxy, -C(O)NR®R%, -C(=0)R*, -CR¥=NOR®, cyano, and -S(O)NR*R*,
f is an integer selected from 1 and 2;
R R® R™ R*, R* and R” are independently selected from Cyjpalkyl and ary;
R and R* are independently selected from a hydrogen atom, C.jgalkyl,
Cs.igeycloalkyl, Ci.igalkoxy, Cy.joalkylamino, di(Cy.realkyl)amino, Cy.ypalkylthio, aryl, and
heteroaryl;
R”, R™ R%, R? R* and R* are independently selected from a hydrogen atom,
hydroxy, Ci.iealkyl, Cs.iecycloalkyl, Cyoalkoxy, aryl, heteroaryl, -SiR*R*R%, and
-C(=0)R™;
R*isa hydrogen atom, Ci.jpalkyl, Ci.ygalkoxy, Cs.icycloalkyloxy, aryloxy,
Cs.jocycloalkyl, aryl, heteroaryl, -C(=0)R™, or -SiR®R*R%;
R* is hydroxy, Cy.10alkyl, Cs.jocycloalkyl, aryl, heteroaryl, -SIRER*R%, or
-C(=0)R™;
R¥isa hydrogen atom, Cy.jpalkyl, or Csecycloalkyl;
R¥isa hydrogen atom, Cj.ipalkyl, Cs.iocycloaikyl, aryi, heteroaryl,
-SIRZR*R%, or -C(=0)R*;
R¥ isa hydrogen atom, Cy.jpalkyl, Cs.iecycloalkyl, Cs.jpalkenyi, Cs.yocycloalkenyl,

Ca0alkynyl, Ciaealkylthio, aryl, or heteroaryl;

R¥isa hydrogen atom, Cy.jpalkyl, Cs.ocycloalkyl, Ca.jpalkenyl, Cs.iocycloalkenyl,



1136 i.s a hydrogen atom Cnpal kyl, C340cycl oal kyl

C2i oal kenyl , Crocycl oal kenyl, - 6 - or C240al kynyl ; R37 is a
hydr ogen atom Cnoal kyl, C3_10cycl oal kyl, Gnhoal kenyl
Co_ntycl oal kenyl, aryl, heteroaryl,or _c(.0)Rl5; and R38 is

Cnoal kyl, Co.iocycl oal kyl, C2.i0al kenyl,,k Co_|I ocycl oal kenyl ,

C-noal kynyi, Citoal kylthio, aryl, heter ogr yl, -Si RR3R24R25, or
_Q=C9R30; which conpri ses: Step a): treating a conpound of
Formul a (102 pdkws); [ Fornula 4] pi 0 xI wherein X1 and X2 are

i ndependent |y sel gct ed froma bromne atomor an iodine atom P2 is a

metal ion, a hydfo W%W&F’“& Cpﬂ@%‘@ét%m}yﬁ}?@hﬂ E1-10pilenybyGp: 100}’010311@11}’1:

R42 is a g def i ne a4 14 h group may have one or nore
protecti nggrg}]gﬁtﬁrsoaryl ﬂgsREﬁ Ordgfe@g{d wi th an organonet al

E eagent, g]nd t hegps feag Laffsq @4 ,Bé}cfbaﬁé} )\ ,Jaﬂwﬂ,h ECL MU Ak &5 JR9A 1,
1oalkylthio, aryl, heteroaryl, -SiRPR¥R? , Or -C(=O)R30;
which comprises:
Step a): treating a compound of Formula (10):
[0016] [Formula 4]

a1
N

X! (II)

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

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

R* is a group defined as R?, wherein the group may have one or more protecting
groups; and n is as defined above;
with an organometal reagent, and then reacting with a compound of Formula (1If):

[0017] [Formula 5]
0

oP?

PO
op8

OP* (100)

wherein P2, 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):



wherein P2, P3, P4, and P5 are independently selected froma
protecting group of hydroxy; or P2 and P3, P3 and P4, and P4 and P5
toget her may i ndependently represent a divalent group to protect two
hydroxy groups and to forma ring; to obtain a conpound represented

by Formula (lIva): - 7 - [0018] [Formula 6] (R4k P10 P500 P3
OP4(1Va) wherein R41, n, X2, P1, P2, P3;7P4, and P5 are as defined
above; and X is a netal ion, or a hydrogen atom Step b):
treating a[0@d¥pdiodnulepl esented by Fornula (1Vb): [0019] [Formula 7]
(R)s .
Y
Plo L
X0 op?
0]
P50
opP?
op* (IVa)

wherein R”, n, X3, P, P?, P, P%, and P° are as defined above; and
X is a metal fon, or a hydrogen atom;

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

[0019] [Formula 7]
(RY)n

=

PO ! P

x2

PO op2
P50
op?
4
OP (IVb)

wherein R*, n, X°, P, P?, P°, P*, and P’ are as defined above; and

P® is a metal ion, a hydrogen atom or a protecting group of hydroxy;
with an organometal reagent, and then reacting with a compound represented by Formula
(V)
[0020] [Formula 8]

OHC N
\@(Rzm)m
= W)

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

protecting groups, and m is as defined above; and

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



X2 pso oP2

P50 OP3 OP4(1Vb) wherein R41, n, X2, P1, P2, P3, P4,

and P5 are as defined above; and P6 is a netal ion, a hydrogen atom
or a protecting group of hydroxy; with an organonetal reagent, and
then reacting with a conpound represented by Formula (V):

-8-

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]
G

oP* (VI)

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

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

(VII)



[.0020]

[ Formula 8] (R42)m wherein R42 is a group defined as

R2, wherein the group nay have one or nore protecting groups, and m
is as defined above; and which may further conprise one or nore steps
to introduce a protecting group -8- and/or to renpve a protecting

group,

in the steps defined above, or in any stage prior to or after

any one of the steps defined above. [0029} In one enbodi nent on this
aspect of the present invention, the process stated above further
conprises: Step wherein Wi, &% inng, B2 04mi oA d® arpk asgiadoRy For mul a
(M): [002%} [ Formula 9] (RakOH P10 peoop2 O

024] The term “a halogen atom” referred to herein means a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom and the like.
[0025] The term “Cy.jalkyl” 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-buty, t-butyl,
n-pentyl, 3-methylbutyl, 2-methylbutyl, 1-methylbutyl, 1-ethylpropyl, n-hexyl, 4-
methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3-ethylbutyl, 2-ethylbutyl,
cyclopropylmethyl, cyciohexylmethyl and the like.  Ci.1g alky! further includes a linear or
branched C; galkyl and Cj.salkyl.
[0026] The term “Cs.igcycloalkyl” means a cyclic alkyl group having 3 to 10 carbon atoms.
Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
methylcyclopropyl and the like.  Cs.igcycloalkyl further includes Cs.scycloalkyl and Cs.
7cycloaikyl,
[0027] The term “Cz ealkenyl” means a linear or branched alkenyl group having 2 to 10
carbon atoms. Examples include ethenyl (vinyl), 1-propenyl, 2-propenyl (allyl), propen-2-
yl, 3-butenyl (homoallyl), 1,4-pentadien-3-yl and the like. Cpigalkenyl further includes a
linear or branched Cs_salkenyl and C,.4alkenyl.
[0028] The term “Cs.iocycloalkenyl” means a cyclic alkenyl group having 3 to 10 carbon
atoms. Examples include cyclopentenyl, cyclohexenyl and the like. Cs.ipeycloalkenyl
further includes Cs.jgcycloalkenyl and the like.
[0029] The term “Cyp.0alkynyl” means a linear or branched alkynyl group having 2 to 10
carbon atoms. Examples include ethynyl, 1-propynyl, 2-propynyl and the like.
Ca-s0alkynyl further includes a linear or branched Cs.salkynyl and Cs.4alkynyl.
[0030] The term “Ci.j0alkoxy” means an alkyloxy group having a linear or branched alkyl
group having 1 to 10 carbon atoms as an alkyl moiety. Examples include methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, s-butoxy, i-butoxy, t-butoxy, n-pentoxy, 3-methylbutoxy, 2-
methylbutoxy, 1-methylbutoxy, 1-ethylpropoxy, n-hexyloxy, 4-methylpentoxy, 3-
methylpentoxy, 2-methylpentoxy, 1-methylpentoxy, 3-ethylbutoxy, 2-ethylbutoxy and the



Fps oP4 (VI) wherein R41, R42, m 132, 133, P 56 P-, and Pare as
defined above; to the two follow ng steps:

-10-

like. Cj.alkoxy further includes a linear or branched Cy.¢alkoxy and Ci4alkoxy.

[0031] Theterm ‘;C].loalkylamino” means an alkylamino group having a linear or branched
alkyl group having 1 to 10 carbon atoms as an alkyl moiety. Examples include
methylamino, ethylamino, n-propylamino, i-propylamino, n-butylamino, s-butylamino, i-
butylamino, {-butylamino and the like. Cj.jpalkylamino further includes a linear or branched
Cigalkylamino and C;4alkylamino.

[0032] The term “di(Ci.jpalkyl)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{methyljamino, s-butyl(methyl)amino, I-butyl{methyl)amino, t-
butyl(methyljamino and the like. Di{Cjy.jpalkyl)amino further includes a linear or branched
di(Cygalkyl)amino and di(C;.4alkyl)amino,

[0033] The term “Cy.alkylthio” means an alkylthio group having a linear or branched
alkyl group having 1 to 10 carbon atoms as an aikyl moiety. Examples include methylthio,
cthylthio, n-propylthio, i-propylthio, n-butylthio, s-butylthio, i-butylthio, t-butylthio and the
like. Cjipalkylthio further inciudes a linear or branched Cy.salkylthio and Cj.salkylthio.
[0034] The texm “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 heteroatorns selected from a nitrogen atom, an
oxygen atom and a sulfur atom. Examples of the heterocyelyl 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.



Step (1): treating a conpound represented by Formula (VI), wherein
1)1 is a hydrogen atom under acidic conditions, with the proviso
that when Pl is a protecting group, the step further conprises a
deprotection step before the treatnent; and Step (2): renoving
a hydroxy group, which is fornmed in Step b), by reduction reaction;
with the proviso that any one of the twdlsteps may be carried out in
first; to obtain a conpound represented by Formula (VIl): [0023]

[ Fornmul a 10J036} Phe teidn€lictdrbarR?is ndtdasticilar P 1imRed, tRlmedd a 420N PReRb&AS
defined above. [0024] The term "a hal ogen atom referred to herein
means a f| alomatiehgeronyclia gohipeontamigt amor mobe lemsroeonns eictedrirdnoghin®gen
atomand the like. [0025] The term "Cnoal kyl" nmeans a |inear or
branched aftRyH 2P oigsn AR a9g asulier aigm ¢ aFxsmiplest s s, herearylimdudenyridyle

met hyl, ethyl,. n-propyl, . i-ptopyl, np-butyl, s-butyl, 1-butyl,
t-butyl, nP%E‘FH‘FWP Pﬁ%rﬁ’?hﬂﬂgmyg|q}1m?{3ﬁ1ré¥ﬁ&9r‘%}m¥§»NPmEZq%@ﬂhWbﬁtlwnyL pyrrolyl,
l-ethylpro - -, h e |, 3-nmethyl pentyl,

2- et hyl peﬁ%‘éﬁolﬁ’lﬁ'ﬂné%%w;hel%ﬁ ?}%&%EE%I butyl, 2-ethyl butyl,

cycl opr opyjog®inYihe tEhEHQAREY b t f K . . fukther

i ncl udes aH i rgear eot(rgr){f)r ancheiéldqﬁ‘célitr{_?I)Séaic Ky datﬁﬁe@“lfgf‘&ﬁm mﬁ‘fgéglgiﬁ%hbél?
term " C3. lflears h(hgﬂﬂoktér'boﬁfﬁﬁ%lﬁavﬁlﬁ@ 14Ceartlok Yo, £ RxPANE B B daPochGtoms.
carbon atons. Exanpl es include cycl opropyl, cydobutyl, cydopentyl,
cycl ohexylExampidsahadpdeienzang claphthslghe andehdikecycl opr opyl and the |ike.
Cs.locycloal kyl further includes C3.scycloal kyl and C3_ 2cycl oal kyl .
[0027] ~ Thd 003 mThesermaiadeiwgacyclipaing refeirpdioaicren istmobpretiadarhy logited] but
group havi nga?Z t40 car Eon ﬁltom;. Exanpl es_ i ncl ude et henyl (vinyl),
1- pr openy| ™S j¢ b}?elrﬁb‘i"e’ﬂ’ §1PS psteropydlif Ling sontgiping one 0% waRp heteratAzas Selpripd
1, 4- pent adi.en; 3- t I Kk 49al kenyl. _further .includes a .. .
| i near or o?:gﬁg téée%%ggla%%}h{ﬁeggtﬁﬁz@ffg O %ﬁ’(ﬁgﬁs O%ﬁllfqlczel“?ﬁydm nng
" C3. 10cyclipah dine i i i | ;

carbon atons. anpl ggﬁ Pﬁgﬁg’?g&%@%’ %%E%{B %(1'%131/@&%’% F]%#el%h@lﬁagﬁ%%f ﬂléan’
| i ke. C3. lhioylednegivk@ity byfapdlé,ifidabgle, tHstse 4litheMgpal kenyl and the

| i ke. [0029] The term "C240al kynyl" neans a |inear or branched

al kynyl gr8QR%] haviha grezentdnveotiom miem thatgoony. deEixedys Risini RE hadeat hory/ | |,

1- propynyl , Z-Q{fpynyl and the |ike. C2_10al kynyl further includes a
li near or PRMEGTEHRE 0B Bah RS/ IXATO%n eRTEOX YA GATRGAY] |amig @ @BDIeTwo.tthe group may

ool ok 0 1 SR ol G0 A S bR .3L
i ncl ud Fad b | - - -.b ,
nc e T RS EAREH) s RRORSEY kL B B Rt

1- et hyl blﬂ&r@k}(mglk; @tcﬁ}iérilfe@mtéen@aﬁﬂe?WJso‘W@te&ierﬂsﬁﬁ@tr%ﬁﬂ}'cvs thesis,”
net hyl pent oxy, 2-nmethyl pentoxy, 1-methyl pentoxy, 3-ethylbutoxy,

2- et hyl buf@hydiging, Johe Wiley & Sons, 2006).

[0040] Examples of a protecting group for a hydroxy group, which may be contained in R*
and/or Rz, include C;_jpalkyl optionally substituted with one or more RSI, saturated, partially
unsaturated or unsaturated heterocyclyl optionally substituted with one or more R® 2 G
10alkenyl, -Si(R>%);, -C(=O)R™, -B(OR>), and the like;

wherein R™ is independently selected from aryl optionally substituted with one or
more R56, Cialkoxy optionally substituted with one or more aryl, C;.jpalkylthio, and
arylselenyl;

R*? s independently selected from Cy.ipalkoxy;

R>? and R* are independently selected from Cy.joalkyl and aryl;



- 10 - like. Cmoal koxy further includes a |linear or branched

G . 6al koxy and Cmal koxy. [0031] The term "Cnoal kyl am no" neans an

al kyl am no group having a linear or branched al kyl group having 1 to
10 carbon atons as an al kyl npoiety. Exanpl es include nethylam no,

et hyl am no, n-propylam no, i-propylam no, n-butylam no, s-butylam no,
butyl anmino, t-butylam no and the 1|ike. -Gdoal kyl ani no further includes
a linear or branched G _oal kyl am no and Cmal kyl am no. [0032] The
term "di (Coal kyR} am Inaltogee ateen, &C; diatlyk yik v mptienatly euttituead wigh driee aforeC,.
branched al kyl groups each having 1 to 10 carbon atons as two al kyl
noi eti es. bhkoxAbetaioRpl, avine eptionalimsubpitute evithaome comott RY eCamrikoxy
Exampl es i nc| ude di net hyl am no, diethyl am no, di(n-propyl)arnino,

di (i - pr opyq’Bt%Ql‘ﬁl S,ub&ilt(lﬁd%fthﬁny SHIIRE arygh ?%&Ib[@{(x,pgtw]ibs,ubstltufed with one or
di (i -butylglg%i no,. di (t-butypam no, ethyl (nethyl)am no,

met hyl (n- pr pyr1 ?%fm no, methyl (i propyl)am no, n-butyl (nmethyl)am no,

s-but yl (et hyDangsaq,; b= ] I Y, ] I he
li ke. Di (Cnoal k;/lli) %&“ﬂ%’gﬁe}l’%lﬁggéﬁdcﬁ‘Su%gg‘ﬁ“é‘ﬁ‘??%’é@@%ﬁ#g{%eq’gwml’

di (G _6al kyl )amﬁﬁéisqa@kp@h&emfkéwdtadafmﬁ%- BR9BR aFe term _
"Cnoal kyl t hi 0" neans an al kylthi o group having a 1inear or branched
al kyl gr ouif0%Hv iRrefeiked exatiplesatf borotatiaggroap odRydibisyinclind Skthyl, BxaRpp| es

i nclude nmethylthio, ethylthio, n-propylthio, 1-propylthio,

n- but yl t higthexymatisl metbylthiomethyll 24miethoxyethonyyettiyl,deaydonynetlyl,ke.

Croal kyl thi o further includes a linear or branched G _6al kyl thio and
Cnal kyl t hilr2hygeepyyanyl, tctpbydsothionyrapyls elahydsefumanyl, (ptrafisisathionkeayl, or

unsat ur at eterocyclyl" referr to herein nmeans for ex |.e.

aat ur at od T BAP DT et P e R S e e BT B

het er ocycl;i: ear e; Sel, f.r

it rogen ot Geu R, SRR AN T bl BRI B ORI DL G0 R A
het er ocycliydbutyagl F’ﬁ@io?ﬁ/béﬂﬂls mbk yiafHoRyl, ethb¥camhbM! jsofrbdgtidnyl,

qui nol yl, quinoxalinyl, quinazolinyl, furyl, thienyl, pyrrolyl,
pyrazol yl ,benzyloigzadbghyl, tbutazohisbnylpynd tiad lildl nyl , pi peri dyl,

pi perazi nyl, honopi peridyl, honopi perazinyl, norpholinyl and the
li ke. [0038p42Fh&Expwples obt piotecting grovp farn pwinoagriyp, hidhtreay, betnontained itk

an aryl gro avi an aromatic hydrocarbon ring with to 14 carbgn
atons, fo rangf?éﬁ'pll’éggdet (gl'llﬂkﬂg%%ugtgmm%ﬁl}ﬁ@sm HEF B%es%‘ﬁétﬁﬁnlpf‘many
1- napht hyl - e |ike. .. 036] ..The, term "het ergaryl "
T ot parrRiRERl b e hAGor Il opotsHy SRl G W Ble R et B

het er OCyC|l%a@keﬂsrl?Lﬂl(@@,t-@(%ﬁg“,Qﬂ@th‘arﬁk@%l?erélﬁtﬂéﬂ QL QP ;PR BGEE dLAQ @
nitrogen atom “an oxygen atomand a sul fur atom Exafples of the

het er oar y lheteitbetode  [Bredeetyd exdmplésiof dipftbative gfoap iof WhinotdrdwipZinelde benzyl.

qui nol yl', qui noxal i nyl, quinazolinyl, furyl, thienyl, pyrrolyl,
pyrazol yl Fuitherdapdingly, aming groop gén bepiotehted by kenveftig3i7tp aphehatimido graup ora
carbocyclic ring"” referred to herein is not particularly limted, but
nmeans a hyH¢FHEKOHOYE-ng having 6 to 14 carbon atoms, for exanple 6
to 10 car tans. EX | es i.ncl ude_ benzene, naphthal ene and the,

| Cke. [oodB et X apy ST HER eVt fo7F PR P b ot B3 Griiacd i
parti cul ar, h: NRAR - e r yelic.ring
cont ai ni néhlﬂ %/ﬁ%akdrlﬁcﬁgdreeagh%ttcer oa:tfh %&fe#g}é%%%“@g Ogg%]if']a?l&gg%%yug%do‘gn%m éﬂ?
oxygen at @RhdndiR¥, SihAlényRl STRZEXRARLBROhnd K% 2Rk QS ctdinbek i) and an

i nclude pyridine, pyrimdine, pyrazine, triazine, quinoline,

qui noxal i mejidegioimmzaréupesnch oy AR viphanR® 44 R5O4re indeyéndamyeselected from
i m dazole, triazole and the |ike. [0039] | n51t he present invention,
when t he @houpkybieptionally subsiRuted vdthR@eloamorn’’ of: malkenyhrand etitRif),and R™
groups such_ as, hydroxy, car_boxfy, carbonyl, am no, and nercapto, the
group may 2B&RnraE ardedined herainbslaree o Prefregesapplesal sy ersian by ingroducing a

Pr ot ect g, gF QR Ib IOAESY Qe LB LR AT o

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



-, 12 - R54 is a hydrogen atom Cmoal kyl, aryl optionally
substituted wth one or nore G _ nmal koxy, heteroaryl, am no
optionally substituted with one or nore R57, Cnpal koxy optionally
substituted with one or nore aryl, or aryloxy optionally substituted
with one or nore nitro; R56 is independently selected from Cnoal kyl ,
Coal koxy, aryl, and heteroaryl; R57 islBndependently selected from
Cnoal kyl and aryl. [0041] Preferred exanples of a protecting group
of hydr oxydéfined usiR" amt Rk inchlea whthineé BemaytioRs byRY! 2aBRY| t hi omet hyl
2- nethoxyethoxynethyl benzyl oxynet hyl , tetrahydropyranyl,

t et r ahydr of0B#BpyR " a&m;lIR' dbbnﬂdahylttrméaamanydmmn etemahljdited ﬂsurﬁx;mﬂm]yybut are
1-ethoxyethyl, 1-methoxy-1l-methylethyl t-butyl, ally!, vinyl,

tri phenyl nlé\flwpdf(lﬂmselwyd from; %@wme@hqalkyi memymsmbytﬁtuted with one or more

e R ALY s A
k6. L 00X PHHRRN win LY LBINER R i Qoatbenst b A R Hge aﬂgaﬂe SHRPTE
may be C0rﬁ@'@?ﬁlﬂyﬂyﬁbn@ﬁ‘ﬁfﬁﬁbﬂuted Bh UhkEo; ??B‘glRlﬁyAr (&tn'of?eﬂ SlLIMStlt ted with

substituted w one or nore R51, saturate artia y unsatura ed or

unsat ur at eghelvehRIORY,Ghiikatel) baraAa) nta@resl driudéadatel hoteRBRIA HpiM8y RS2,
C9_ ioal kenyl, -Si(R53)3, -q=0)R54, and the |ike; whereln Rg g
R53, and F@hstmnted with 966 prmdreffe; eiciSeR SRERPr soee pm&rﬂﬁkb&:ﬁ&izchﬁ'e a
protective group of am no group include benzyl. Furt he; primry

ami no grod f'é’a eggy prletedfrem Q}yalbdrﬁmcf@@@kyliafﬂ(ﬁnd %ﬂﬁtﬁ‘aﬁﬂ“ do thgrmespnt
or a succi. n| oup %4@\] Eéa es of a protecting group for a
car boxy gr’B‘(ﬁS‘ 374 ofit %ﬂnwﬁireﬁmﬁwly RD thejbapgeneiEngn In one

ester for P d with one
ror o ROTRagha B BUBRsAT BB s (B LN b B Rl o

defl ned hgp@igpbeahenfogant fi n

wherein 38 and R58 are .n’ggﬁ%ﬁ%gﬁﬁ %ﬂ%l gcpgarfggg?' %ﬁ?ﬂ’g’aﬁg%ﬁ%ﬁm

optional | ytemubstituted with one or nore R51, Cnoal I cenyl, and

-Si (R53) 3, and R51 and R53 are as defl ned herei nbefore. Preferred

exanpl es 40049bnTbe mictshidnylefined io it ragd X meant e otetal éongwhich chiobcacduaey jon

i nclude eth ester, benzyl ester, and t-butyl ester. [0044] The

group for RE%I/“ pFO%IHe P@du@?‘ﬁ'ﬁpl%@e’é?f inplude m@k@bfpﬂﬁ]glo’gﬁ Igaking earfhometal

group - 13 - efl is included V\Athlnthej definitions

of R4l and RIS asi‘gg‘h%‘} 1084 3@?&1@%@??%&@ 1y # 8PS PR 0BANd 2 RsRE R fon.
are not | ik ey Rﬁ{&l FioniTal % ]t%y cﬁhér%‘?&?ﬁenﬂg 185 o%%leelﬁét%%oﬁr

for exanple, Cnoal ky opt| on substituted w one or )
C340cycl oadkde aGRithIGBRIIrMed BPfdats &Q)r inventi
C24o0al kenyl optionally subsﬁot ute %unoﬁlg@gfﬁa%ﬁ {e&%gn ﬁeprescm fnvention
C3. r ocycl sathledrygtoxgproupalgl g/hthuinsiomp uted with one or nore Ra,

Cti oal kynyl gtlonally substituted with one or nore Ra, ar

opti onal | ﬁ’oé’fﬁ sfirrfedngaraup oS hedoky inshideRin, the definitinne df Phia P ﬂ% isaidt Yimited as
unsat ur at fd or unsaturalt ed heterocyclyl optionally substituted with

one or g3 it is,prynmeg hni@eﬁemi%ectwsreéowr@%ﬁhaﬁy -y Rprofgstinggrogp gan be

| ndependenhl etk &flold 8T 15039 eoin s SR BleOldhkion A e M wurs,

In the pr eﬁ%&t:h%nﬁﬁﬂgé ﬂrbrr%ﬁ]rl %ﬂh&{s”r(ht'h%dgm hIQRNlP% ‘#Ig?lﬁéﬂgiﬁ%e)“ st

respectively on the benze ['n*one I men sent

i nvent i ONExdmples Beret inglube Of wﬂlkyl&ﬂﬂoﬂly‘ stbseiAed ¥ith ohOMBdre RYPE sznﬁ’rlaQE en

atomdefined as RL and R2 is preferably a fluorine atomor a chlorine
atom partially unsaturated or unsaturated heterocyclyl optionally substituted with one or more R*2,

Cy.r0alkenyl, -Si(R*)s, -C(=0)R*, -B(OR*), and the like.
[0049] The term “a divalent group to protect two hydroxy groups and to form a ring”

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



[(0047] The netal ion defined in PI, P6 and X neans a netal ion, which
can be a counter ion of an al koxide ion. Exanples thereof include an
al kali metal ion and an al kaline earth netal ion such as a lithium
ion, a sodiumion, a potassiumion, a cesiumion, and a nagnesi um

ion. The netal ion may forma conplex with other netal. Exanples of
the metal ion also include a netal ion férmed by reacting an
organonetal reagent used in the present invention with a hydroxy
group (e. gsuch ap %ﬂ-hiﬂlkﬁﬂﬂil@ﬂl})llp [fo0e&mple, pretitydane mghygmethylent, digdihghethylene),
included in the definitions of P1L to P6 is not limted as long as it

i s comonl $Prewligup angieliket i ng group of hydroxy. A protecting group

Rl I TS M TR LA
t hesi s"_ £ o / , . EX | t.h
Sy et i 6 A0 D M o SO0 2R 1 P R AT,

sat ur at ed, ,oRRylithdbih Yol Bealpl, Alweli6h; i ithi
optional | yms uf)st it u¥ed Wi tﬂklg’on%@yor nl%ll? é%&%ﬁhﬁ%}, t({L %‘%@@M@Eyaé%sﬂﬁughgfor
- B(OR55) 1 exashpld) phdniyKithiufaDRpBihyMhkiuing timettxdbhsal Bitium), ) palkQinisatah
two hydroxy groups and to forma ring" referred to herein neans a

di val ent girabidp (for enemple, nvbotybxygresiue ciidef iseprap vivyagnesiymghbnias), di{CiLl4 -
such as Cntal kyl ene group (for exanple, nethylene, nethylnethylene,

di met hy| meeHyy.aprgnesivn (fs ayample.slifs-butd) magaesiymieand theliiso] Thp organometal
or ganonet al re%en invention is not |limted as

usgd i,n the Cpr sent |
Dong as i teESRCRIEY REYSE pbfhe RraRScE aE AR IHOrRRRICSRIL REL B EG A (5N cpmale,

benzene ri .’]%5}@{ i s | 1.4 1 hi f ok, exampl e,
n-butyl i tlﬂlglgm S- Sﬁ/ﬁulﬂtp Iﬁﬂl?ﬁle%t-hf)dtﬁ? )?/tichl}éf 11%11&1% ﬂl%argfﬁllﬂh{uﬁ’l {r}%a% or
exanpl e, phgm¥silintdiiowa. nﬂ%f%giﬁml&'rﬁia' iR et I ds i
Cnoal kyl rragﬁ%}séi um hal i de or exaérrpl g’%ﬂar]g-ngéﬁﬁl ﬁagﬁgﬁﬁ I!():éhllxsg'!ri ?H(:?efmxmm
i sopr opy! meignihs inorganid saitiod ehe,orghin{dGialt. rEﬂAﬂfp&&s)dm{gﬁﬁ%mmdeﬂ edagentanp! e,
di (n-butyl ) magnesiun) and the like. The organonetal reagent nmay be
used in t Heclpree farpaemple, samixtyre pyeeactiongubductof reagnesiga nbmpsedds afd or
exanple, lithiumchloride, lithiumbromde, |lithiumiodide, lithium

f1uoride, ABPAMHHE FOTPANES deseidrdsn argee AIl &t 170, WRIRELD thoht ritture or a
Sart or "vietgbh ke b RiselfubR SRiSe byl bimlciepror o i B

i ncl ude, f .3 } b 3t . ) i
compounds adeSumus IS piSp g estim AR AR BGH Elorl; FRGARREHGlym goa
WO 2001/ 0%a6Athiven; @ibutybnegmEin dnddeHoxPithRnS dibhtyl@hgrRtitigl 48§88 Rk Withium;
chl oride and butyllithium isopropyl magnesi um brom de and

but yl | f t hiditmtyling ggesivpydnudjiniesi hewatbe thyidid Bazidec bty Inhignesivah boomideand

di but yl ma%gesi. um and butyllithium dibutylrnagnesi um and

et hoxy! i t FRtyhithigngs dsopropslaagassinm Rreanide, butydidyinm dnd dithiumichlorigeé;magnesi um
and lithi exanet hyl di si | azi.de;, butyl sium brom de, and_ .

butyl lit h%ﬂ#@%ﬁ%ﬁ#}ﬁﬁ@&&&%ﬂﬂﬁf% w@/ﬁ@%ﬂﬁk‘wl uthmagResne ghigrideu m
chl ori de; j i - | Lithiumand. et hoxylifhi .
but yI rragnggﬁlt-l}}rﬂlcﬁi o?ﬁ%&%%%%tﬁﬁﬁﬁsgﬁ%ng °§$Pﬂpﬁﬁ?%lum BYdd, bty Hium
hexaret hy lgi sihbagitsem; Lises i ' kb fbumand

et hoxyl it hium ?%qnc chlori c}gﬁ%gn%ﬁgjl}ﬁ?}:lﬁu%?%nm%yﬁg?cet H%%lﬁ%ﬁ%ﬁ%ﬁ@

butyl | i t hiotgmodndcagandsttiedin mpbend-zeses skbed in JP 2004- 292328 A

[ 0051] For exanple, in Steps a) and b), n-butyllithiumis used as an
or ganonet #P05i paferrxamplesis, Stepsrap ad b); oibptydlithioriseckdlay as ergasnhétallrkagent.
reacting two or nore organornetal reagents may be used as an

or ganonet 41s% a il compsy fammedhy sequantially reacting ivappranere prssnemetal reagents

ted F I | fth butyllithi but ylI. i
Chl or 1 do. S aE TP ArePaR! ee R ARG oFEHEhd SySba
fol | owed Péﬁrés%‘é& bf? ?oﬂﬁbﬂﬁ \%ﬁ{mﬂﬂﬂg}ﬂﬁ 'ﬁ?ﬁr%ggtn%gmltl)lychhfrid%%n& bl!l:t?llilmillllrg

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



[0053] In a conpound represented by Fornmula (H) used in Step a), both
X1 and X2 are, for exanple, a bromne atom Exanples of Pl include a
lithiumion, a hydrogen atom and a protecting group such as

C2. 6al koxyd _6al kyl (for exanple, nethoxymethyl, ethoxynethyl,

1- met hoxyet hyl, 1-nmet hoxy- 1-nethylethyl), aryl methyl oxyC2_6al kyl (for
exanpl e, benzyl oxymet hyl ), tetrahydropydanyl, a group -Si (R51)3 (for
exanple, trinethylsilyl, triethylsilyl, t-butyldinmethylsilyl,

i sopr opy! dForetulte/IH).| yl , t-butyl di phenylsilyl), aralkyl (for exanple,
benzyl, 4-nethoxybenzyl, trityl), a group -B(OR55)2 and the |ike.

[ 0054] | n G083 a%f subsHutadrsilaik grevnt defined hereimbyindforrepressRPREREY For mul a
(1) with q@grgagpne agent may be carried out in an solvent,

whi ch is sty abl B‘dfbsriéRgg)hf&We e Hkevs Al pasticbaslydimifeda c Exomplesthenepl ingud
ot hy ¢ ot r SRy PATSE SR BB s, oAU R - bitidiphens syl

dii sopropyindq%1ﬂe,_ cycl opentyl net hyl ether, 1,2-dinmethoxyethane),
hydr ocar bons or exanpl e, pentane, hexane, heptane, benzene,

tol uene), (oSSt gh bEBMpHMIISEINNERREBY FARa (I1) used in Step a), both X* and X2 are, for
N, Nt et r amet hyl pr opanedi am ne, and a m xed sol vent oq‘ two or nore
sol vent s iexdinpht @troatigy/fom\\WERathfled of A intidela 1itHiBmasn, @ HYBRLECAtbADand a
group, an organonetal reagent may be used in an amobunt of 0.5 to 1.5
equi val entpsotestong gasupyykle 2s Gu-8lkonydisalkglfioneabreples . méthexynRthylscthoxymethyl,
hydr ogen atomh an organonetal reagent may be used in an anmount of 1.5
to 3.0 equipaiheryedhylilsmebeaymbimsthyiethyl), gryimethyleny Gkt @or qxa®pB] Fr om

t he vi ewpqi nt .of enhancin eqgi osel ecti VIt Vg3 or ganonet al reagent
Ty be addSE BBt b e Y e By el A oy BEGWASIRRy be
added overy; Ut ! 00, m hut

ror e pref cranT SR ey SR, BBl U BRhn AL S Bonas i 4 g
added i nt @&%ﬁkg{&lkgi4%qm§(mngggﬁﬁ@g@grrgdﬁe stat ed above may i ncl ude
one - 16 - or _nore Interruptions. For exanple, an organonetal
reagent neB(@R*pddétheilitet wo or three portions with one or two
interruptions, for exanple, each for 5 to 300 m nutes, preferably for
15 to 120 [#xtht EsStep ah §B]trepimeatief 2 ¢osrpounid pprestrdcd/byehpmulat (I fvith an
enhanci ng reqi oseLﬁ%ct i vit after conpletion of addition of an

or ganonet JFE3PREHE ,ageé‘ﬁméﬁ?‘f' CHTEE] QR IR Sobeenh geich 16 sritehle fpronkalegsp-metal
m xture i IL.n_anmpunt .. far, ex e .05 to. 0.5 equivalents,
pr ef er abl 3}“8’.3&&{%%{62' ggﬁ%lypéfse%tt%% SO ‘@gﬁ.ﬂf*\b‘ge 'f’tgerP gf@f%ﬁ?ﬂl? t%ﬁz'llb‘i}?f;fal“y
i ncl uded i PEEN &b RAGHAH0R q | r ' | de

[ odobenze'r(le, Ei ieolﬁgtgol uer?g@,lr%%iwgér?hoyrlm% ’ugﬁg}rg‘%tﬁg i g&?@%@g&%%&#at e
(for exanpicopedtyimettlyltigOr I dindetheadybixe), IydBichybal (e RpeYieRRAZ SRehe,
and the like. Preferably the reaction substrate may be used as an
aryl hal i Heptane] DgBFe, Fleeme), BN vétemvt yhith i énediabdmeg Ng-
regioselectivity, an organonetal reagent nay be added, for exanple,
at a t enp&itamgtialpsepangtiamipe 3nd a mixed sledst of HET MerESByentsandiaed Zoiy
-15 to 0C,,i I dropwi se) to the reaction

ti . (f : .
yst om AR PRERR TRGHoDP T G FAb Eiup PHEETEek] ishetat oL bevivayn

stirred a I [ . re anpl e, -80.10 QC,

pr ef er abl %m@w{i&g%? 2.58%?.5%55?1‘1%@5%%0?'&%111 éé’:i)%c’fogf %%%reﬁ?br“éf’é%pisé’, 0.1
to 5 hour g)drb Gt fldRgdnbficlaf AGLdP hay b0 98¥in & AL 6t Y.‘j(?c\.(\@.@'egﬁivﬂgnts
enhanci ng regiosel ectivity, when 131 P’s a netal 1on or a protéecting”’
group, anforganseEtsio Z.2a@endleri@y be added in an anount of |ess than
1 equivalent, for exanple 0.4 to 0.9 equivalents, preferably 0.8
equi val enf@5ahdfromehe viewpoietaftenbmciigat giveelatiyith en stganoreetalatagant may be
appropriate tenperature, for exanple -80 to 30C, preferably -60 to
25C, par t fddg & paytionss  Fer gremplepan ergarqrpeizlieagenti ray befaddédver § Hminutes or

example 0.1 to urs, re abl 0.5 to 2 hours. After then an
P more, pre?erzﬁn?y over 19 to g(?d’ mPnu es, more preferably over 30 to 300 minutes. Further,

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



[[0062] In one enbodi nent of the present invention, a conpound
represented by Fornula - 18 - (H) wherein Pl is a hydrogen atomis
used in Step a). [0063] In a conmpound represented by Formula (I111)
used in Step a), exanples of P2, P3, P4, and Ps include a protecting
group such as G .. 6al koxyG _6al kyl (for %xanple, met hoxynet hyl ,
et hoxynet hyl, 1-nethoxyet hyl, l-rn::thoxy-1 “met hyl et hyl ),
aryl met hyl oxyG _6al kyl (for exanple, benzyl oxynethyl),
t et r ahy dr opyremynterruptigng u Fior eBiniks 3N drganometebraagentimay bé adsteti yi wid orlthree
triethylsilyl, t-butyldinmethylsilyl, isopropyldinmethylsilyl,
t - but yl di pPREHONSSYitAne or 4Fe jntrruptioes: forexzmple, Caghefos 1o 300 minukrsxaypisrabiy for
tri phenyl Y, .a group: -)3(0R55)3, C _sal kylcarbonyl (for

R ByP iR

exanpl e, onyl, pivaloyl), G _sal koxycarbonyl (for

exanpl e, X lepm ] . X rbonvl...
benzyl oy car Bl JHaIfE from SERILARK AP b G ol AP ARG Mpteron o
represent @lddiona) eMbredhttidallBathOhe I 15
a ring (for exanple, g-gCI 2-, - %—I( mg#lﬁm%(%g)%&dat%ﬁe?ﬁg?%%%ﬁ Hg\h
reaction ofertaincatpot fot eedmplormos @ (.3 quivalditss Prefegatily @At d.4WiqhiRralehts,
organonetal reagent, with a conpound of Fornula (111) may be carried
out, for exktips o thyameit nggiaalioinoinidahindie mactionmpdsine. ofExkbaplesibbarfilHa)ide
in an appropriate solvent_ in Porti ons (for exanple, dropwise) to a

reaction riPXedsedebspreariiogotalusaendiupmotetuers thareaction lSIPE)S;feﬁBdeOI exeam. &,4-
1.0 1.1.. i ' [

oxanpl e, -G8Rec ganeibet ke hen e eeen g and e diar | Gelogy e
-40C. Exaq?,lc%gng{bfﬁ@f% rbg%%ﬂa&s%nzi%é?@#&i ncl ude ethers (for exanple,

t et rahydrofuran thyltetr uran, diethyl ether,

t - but yl metjbyd7]etrheh thedid t%mﬁhhaﬁ&ihgfegi&weétm?m%rgﬁ{om&al ?éa?&ft may be
1, 2-di net hoxyet hane), hydrocarbons (for exanpl & heXane, heplane,
benzene, tadied;f@)exanplefdie témpeeatuend -80 83138 QRefOfably\Wo0 &F 2370] CarS@ HBNLS
stated above. After addition of a conmpound of Formula (I1), the
reacti on raf°Gén portiphelfertxbmplst dnopwisg) thdhe raaation spstem.p eftegdddiion bfibe
(for exanple, 0.5 to 5 hours), at an appropriate tenperature of, for

exanpl e, T&EcHpthe Jesetion gadee meybssiErd rienFPrioptte tmreraty (Toeetaspde. &Y

wor kup of reaction,..I sulting pro i be purified by .a
convent i or%étp ﬁrpée?eerahlﬁ el ‘c‘)ﬁg.‘{)/g“& c&ﬁﬂggg%@d%?h@oﬁmﬁmgﬁe\g§ fo g}‘?}'ﬁf)ttﬁe
vi ewpoi nt gf, ~&iIRL }efaj:tﬁg,t_i on of production processes, reduction in the
anount of sonents used and production costs, it is preferred that
the next $0GN8]i Srodiihe ivashpoidt ofbitaRkhg regioddectivipl Wit IINOLRGl Rn@f at hi s
reaction. [0066] The process of the present invention may include a
step for ipmteatigEraug, an @eotoectidl naggegrtagy Headdeddo ap amocnt@f 1dsothaiia
(I'va) to obtain a conpound of Formula (I1Vb) wherein P6 is a

pr ot ect i nGIEFHEH, Bf cramreR-S to PRrerpivalents.aueierably (¥ equivaldntrang thrughé n
the step may .be carried boué, %or exan‘gl,e, after addition of a
conpound GFECHE} PHHLYC @iay b SEFPOHIP\APPIORNAE MR re { oL g ambimsP & 30°C,

t t | o t i,nt roeduci
br ot ect i ngaatSPRY B faliati 431 e, BraSRRSLbun o Pl R dEdT 01
the react k®® hikry pdBrablyi0.NROERRRL Y AR98lNGh ogahanaal é&ﬁ%@%s}ﬁéﬁ er

anmount (for exanple, 0”1 to 1.0 equivalent) a base,” tor ‘exanple,
triethyl asided,in bh ambintbforeRah)B 6.1 8 DIMddivaRaR] SBktBK M8 cqnehléne and

| i ke, at an appropriate tenperature of, for exanple, -100 to 0C

pr ef er abl yhendige reectiod @Cxtupamey babtaredyat an BMptmturd SCfor Ak seple RO BOYUD, of
the reagent, the .reaction nmay be conpl eted by stirridgg for a certain

peri od of Prefsably +&} oy Fpmgragicularly -1 ptod) Roter 8 Ferain periodsd imeofor exampie, Oel
t t 0067 f f i nt roduc|

br or 6t | nd §POD PRIERTH L o2 Ry (198 ArBags A el ot b abepasny
chloride, n{o'idr%httﬁ%rﬁéﬂt ¥élatmlt8 G 'c&%po&nﬁt}gﬁrggezqfe%ty I%%n%'ﬁé YIII) u%QcH N4 %gctive

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



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

hal ogen- et al exchange reacti on. Exanples of the solvent include
ethers (for exanple, tetrahydrofuran (THF), nethyltetrahydrofuran,

di et hyl ether, t-butylnmethyl ether, diisopropyl ether,

cycl opentyl net hyl ether, 1,2-dinaethoxyethane), hydrocarbons (for
exanpl e, pentane, hexane, heptane, benzéfie, toluene) and the |iKke,
and a m xture of two or nore solvents stated above. Wen workup
procedur e §gecifiohtionnléss @iiRHbisd gbegihj@d.previ ous step, a solvent used in
the previous step may be used. [0070] An organonetal reagent may be
used in an[0af%juriromfthddvidwpaintos Cnieuing 2ot Rtifint wRAPTIS € hydrofent Mo, A
equi valents, preferably 1.1 to 2.1 equivalents. [0071] Tﬁe

or ganomet aIgeneamséal reageni may beddeérd in en mmeuntedibass than 8 petiedternts), fooetanmpitsl.4
(for exanple, dropwi se) at an tenperature of, for exanple, -100 to
30C, pref ePdt] §AuIgEsnisohrelcrbly b8 eawivalenis pad thepthe geactimpanixpire may hd diirddat

per od of T HEBHetF R BIpCTE 10 & P e eTihier GHaBs i GrEictiny 15
h t i . - 100 -t C

pref or abl 50 265 P PeBhfeesRIRFLRb P olbuyd 61 IR Baserdfl) g e 2dsn

of a conpoalii iR Qs Farbefal ¥Bdent }ﬁﬁﬂé B%‘%r&eﬂt sdaRd ﬁfjanvﬁrﬂ‘ﬂg%f iBf Q%gl?fgﬁﬂo

reagent, with a conpound of For nul may be carried out,

exanpl e, Hy7 eqidtahgtsapefdratily 03 eqfiivelestompa i thf reh@iommiatufMhay b Stred at an
appropriate solvent, at an appropriate tenperature of, for exanple,
-100 to 3c0anpgatafeciafor gxamgle 486 to 30FC, ppdarthly LAlktp 12§°G, Particalarly 0I5, to08C,dor a
reaction m xture containing a conpound of Forrmula (IVb). In this
regard, a SEGHPBERRS Yrtinkss fansrampleyU.hinS by esdernbly 41 taddaws. oThe ngnbers
15. 0 equi val ent for ex le, 1.0 t0 5.0 eqgujvalents, preferably 1.1
to 2. 2 equt il eI SPhve eara mala ciyanlinL el o commopRA e prefesfed
exanpl e, eLhekSul £ ; drofuran (THF),

met hyl t et r sl (L Bl S O o1 et hyl et her,

di i sopr opyd0aey hBf the eaEbOBESTEY bYTB WA berChB@T sxcllande géaﬁi?ﬁﬂﬁéﬁéf‘chﬁﬁﬂ:eaccurs at
hydr ocarbons (for exanpl e, pentane, hexane, heptane, benzene,

tol uene) alaf threohipkend affbrmaulai(i), whtchdfas pliveal esactiey sitesial thenbrosgt ahed
above. After addition of Fornula (V), the reaction may be conpleted
by stirri AgFor&Rely theapackion ppavides enoos amoump obihe déstned eorapquing of Borinufzo(1%a)

hours at an r iate tepperature of, for exanple, -90 to OC _-21 -
[0073] A @@H%P?gh&?m&f‘%@&? FoRiged Bea legenrpetplrhgggercagting at actlnon
in Step b): r N0 RLodyct may he purifj.ed a conventi onal
pr ocedur e)d%lso;lég%tdh@% %aatc{(l:%{rgrlﬁ%??aa ) gﬁ 2 ?—35%6 Fr‘af’%ﬁ § {ﬁa’f{mﬁ:r gl;r{he f %osae%téfioﬁg’eof
si npli fi catab-goh @ Qs it - . H&eet | I: X
sol vents used alndgt%;agduct ?Iﬁtcggglﬁgﬁﬁi ' ilg pre#,g%;}g%@?iﬁg?d%ﬁg&‘%&@fund.
step is cafertiyerodist inthé factionsTISkdp) R, B @Rathile,0f0: 1 & rfork 8612813 30E 0 7 4]
A conpound of Fornula (VI) wherein Pl is a protecting group of

hydr oxy i siotenverted to a conpound wherein Pl is a hydrogen atom by
carrying ([)ut deprotection prior to Step (1) in Step c). In one

embodi mentP06i] t AR hadegsr-mata) srehiangs repdtion &y tuing Couosliyithivm (fod exampla -
P2 to P6 are.al.so r ed by the deprotecti.aon. protection nay be
carried oﬁ?ty%@”'émp?’@gg%ﬁ?'émvﬁﬁ u g‘ﬂﬁﬁ“’brﬂf‘hﬁ“‘&? fob%’FaF&lfhPhij‘Y{lB%PWe

precent | BRI ynd S AT B 00 1 5] R B 5

as hydrochlforrc acid, Ic’aci

aci d,  p- t BhyROGHsITHO BlIEH@CkHd n-RNAMiLA dr iRt fe i

conpl ex, borontrichl orrilde, zilnd %orén t rri bro}‘mﬂg%;gglgﬁlgﬁgg%éE%dzglsmm’
sodi um hyshidokerihe rdactidyl ity 629k d@rredd ad AfpropRidly RhPéialfe o RS example, -
pot assi um car bonate; an organonetal reagent such as butyllithium™ and
Gri gnard 8@wgdnE; preferablyadt0 Iy &Y G particdgisnil 53 01C, dsr d detthinyeriad oftinmg) for

hydri de, |ithium borohydride, and diisobutylal um num hydride; a
example, 0.1 to 5 hours, preferably 0.5 to 2 hours to form a complex.

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



[[0077]. A reduction reaction in Step (2) of Step c) may be carried out
in an appropriate solvent such as tetrahydrofuran (THF),

nmet hyl t et rahydr of uran, 1, 2-di net hoxyet hane, nethanol, ethanol,

i sopropanol, acetic acid ester (for exanple, ethyl acetate, nethyl
acetate, isopropyl acetate), acetone, water, or a mxture of two or
nore sol vents stated above at an approprfate tenmperature of, for
exanple, -80 to 80C, preferably -30 to 70C, particularly -20 to 60C
The react i @i wiemsn fhis alhydmatn atopr io pseddi Step 2).f or exanple, for 0.5 to
24 hours, preferably about 5 to 15 hours. The reduction reaction is
not |i it et083k tin@wbmppynd tspresentas bydiprmile (lIHaedia Ster 2)i exdmples oby’, PP, P%,
using a redugc si_oq]&{ eagent _and/or a, catal yst suitable for renoving a
hydr oxy grfﬂilprg dpcludeirpisAting FaYR Hish a3 Frealoxie: sabuk Eoreexemalys methogymethyl,

conpound of rmul a (V). aml es.. of reducti.on reagent and
cotalyst i HerRH Lot AT B o R Biihd G SER T Eri g
exanpl e, p, j , i geneous pal | adi um

conpl ex, aalk?(lﬁgé@gér?ezg%gﬁ?lﬁt?ﬁg’ntf%@g%ﬁg%&l?a g]%ﬁg'rmg_eneou_s rhodi um

conpl ex) ;  BitRyYs frelexe@PUCt dRethPSBENHeth MsTAMDBRAN I YMiLN a Lew s
acid (for exanple, alumnumchloride and sodi um borohydri de,

trifl ur oacstpropydindtiyisdyt, -betyhijptenising), arall§DFES] exatmpl) Ber2ih adhdiBiXyb&izy),
the present invention, renoval of a prot ecting group(s) Introduced as
to P6 and Wiphenykmetyl), mizsoupy dBOR yrlupkytesrbony! (far exashle utacetyl, propionyl,

si mul t aneoysl y.the reduction reaction in Step (2). Either Step (1)
or (2) in %Y%é‘/lg)clﬁ%o%ﬂf awli?@a CYARPIS; meéhqugéfgﬁrﬁ§,é'i9prqvﬁl%fcaﬂ@nm£ t-p1
to P6 may ,be carried . out .in a e prior. to_$ste 1)., [0079] The
process ofblﬁ?{‘ “BreY; n'{en%lﬂwr?ﬁ%éwﬁﬁguwgrtfﬁlgt}icrcg 5((910%?“?{' B3y figyesent a
renovi ng | | [ IL.hed j-p Step
o The pr el Gl PRI P Ry 8Rths ol & GO HB P B AIET
conpound ofHEHMLECOH,),-,00HRhNed by the process of the present

i nvention to anot her conpound of Fornmula (1). [0080] In one

enbodi nent[0864]t Werepetivaerdit compentd ai fFpriSite (%), avhichridtré}ted®iyh dcorgafokieed
out in a one-pot reaction. Nanely, the steps may be carried out by
addi ng nedé&sshk YVithasgupownd of Formula (W) miry e carsisd aut, foy camyplady kdding a

procedures or, pugificatiqgn Therefore, the process of the present
i nvention Slogltlﬁg\‘?é%?mﬂg O?ﬁo &)%afbmé%@feéawebfén@aﬁw% OFFeTPk: a

_ 4 346 of RO TDHe eSS ica B
reaucti on ToRY S rAEREHE: hebh Sl oo BRI GRD (B BERng 100

vel | as i1 Sfkvafent§ 8 S pEPIRRUSRPSATRE, @?E)ﬁl gd_1dp t@ﬂ"(.l?, \Cr;%#tafﬁ }[;]90 to

yield. [0081] According to another aspect o hé present
there i s pBOD, dadcdaiy B0ass40°Cr  Brepsied sTanApPioghiate Bl ény ircRide @thef (for
represented by Fornmula (1) defined hereinbefore, which conprises:

Step d): camvplettmdiydroferap CURL), ofethybetrahlydrofurin, dietiey] ethem otignedthyl ether,

For mul a ()9,_: [OOéf.Zt]h [ For mul a 1111 P700p7 op7(X) 42, n
iisopropyl 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 (II), 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 conventional 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, it is preferred that the next step is carried out without



whereiin R41, It 111, and Il are as defined hereinbefore, and P7 is a

protecting group of hydroxy; Step e): crystallizing the
conpound of Fornmula (X) and purifying the conpound by
recrystallization; Step f): renoving a protecting group(s)

froma conpound of Forrmula (X) to give a high-purity conpound of
Formula (1). [0083] Exanples of a conpodfld of Fornula (X) indicated
above include conpounds of - 24 - A protecting group of
hydr oxy detworkep pagedird ¢f this rédetion.i m ted particularly as long as it is
commonly used for protecting a hydroxy group. Exanpl es thereof

i ncl ude pri®P6gl i Thy pyvasens thtemesenbigweritinn Grag émdudaracktdpifosintrd dichigegirbéeting
G oups in Oganic Synthesis" (the forth edition, John Wley 8z. Sons
2006) . Exa#piR$ dprontpoppdeidiormply (Bfa ipolstinmeampyndf Formde (Tt wherein P° is
Cnoal kyl oﬁ# gﬁ%gﬁg substituted wi th one_or nore R51, saturated )
partial |y UNSSEUNGETMP O GFEs: uFUPEUFUINE OER BEYRCHYE Si9BP incthie Ftpy may be carried

bstit ut i . i oal kenvl . - Si (R53 - C(=0) R54,
S5 ORsS) 7ty R el Bher TG RaTas coleRR SOl Y ISVl sspu i Wb an
nbodi ment ' ' i : ) .
G el iyl Cuinohish RB5RT s LIMANLY O Foriiia (S G Ror B0 Bhucing = rotectipg
R24, and RR&up(fer exsmgief .06 8leguicaledt§)A8Rldedtd BB Sdabfioh ﬁl&ﬁuré,nfﬁefe@'éd;&iyng

a protecting group in Step d) may be carried out in a manner wel
known i n tthgether withentagproprige tmotr €fop exesmpld, 0i e el équivalek) of @ sawploe, a
reagent and a reaction condition described in Geene and Wits,

" Pr ot ect i WEARPI§upsthykminc Ahmethgmorphotine sthyldiisopropyltmiadiand i likg ehan

W | 8z. .S .2006 b dipt tiagn. EX I f

ol vont - USBHePRAE REARPERE £ % remalte 100 FL PTG K A es0°C parfcularly -
t et rahyd ofTH I f diethyl eth .
tSbuty ekt 5 far g ATRIGENH ok S AR Bl lon B b Yol P Bt gpne for
1, 2-di et Q%ﬁh@ﬁdﬁf,tiﬂh\’@d&ﬁ%ﬁgﬂgl {d pﬁoﬁséamk%m@%&%g etérf?*{a&ﬁ&%? !

acetonitrile, N-di et hyl f ormam de, N, N-di net hyl acet am

met hyl pyr [@067f o BErampleedfanesgeaciet introasditg £pdotttifd %bulﬁiﬁaﬁﬂé & sily@tiovlreagent
acetate, nethyl acetate, isopropyl acetate), nethylene chloride,

chl or of or sychdisdrimethplsilyl shloridevtiethylsiyyl ghlarids, t-butybdimbthylsidyl @hloride,e

sol vents stated above 087] A reag’ent used for introducing

o= 25 - [0 : ! J
a prot ect MYGOFY @Bﬁetﬁﬂﬁ%éhlgﬁﬂ%éﬂfgehb‘ﬁ phcpisily] pilerides en pllyigalidesuchoasbe
introd i . 6al. kyl | | or.i de, -.
a1 koxy cat sy oo B Gum Ty oo ABRaRe sl efiviSu e s
t i . 3 .
o Ty by S BT S e e

used. ExamyHea®’of a thifpdung of Fareduldl@vhy ik 8'nftyd 360 &% hyRgblhB®; a protecting
N, Ndi met hyl ani | i ne, 4-(di met hyl am no) pyri di ne, im dazol e,

1- met hyl i giodpzwlyde itduybai tb siepite by bt aepmpoiidbfRermule (IMbdlvhain P’ is a
pot assi um car bonat e, sodi um carbonate, and sodi um hydrogen carbonate.
Pr ef er abl Profechpg Bxpup af bereriyeynsinstsa apprepriatpamenrd of the reageptén dtisstep. i S
not limted (Pé‘“f cul arI};l ézut t he reaction nay be carried out at a
t enper at ugéc rdingly, in one efnbodiment of the present invention, a 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 (IVb} with an organometal reagent in Step b)



of, for exanple, -20 to 50C, preferably -10 to 25C, for a certain
period of time of, for exanple, 1 to 10 hours, preferably 2 to 4
hours. [0088] Crystallization in Step e) nmay be carried out by using
an appropriate solvent such as nethanol, ethanol, propanol,

i sopropanol, butanol, ethylene glycol, ethyl acetate, isopropyl
acetate, tetrahydrofuran, t-butylmethyl-?8ther, cyclopentyl nethyl

et her, 1,2-di net hoxyethane, diisopropyl ether, acetonitrile, acetone,
di met hyl smky bxcaided NjildyadisimgtalylvEarsorablcitor a Malgénrmtiaydxabaiza rdatton.

N- et hyl pyrrol i done, heptane, toluene, or water, or a m xture of two
or nore soExasles ofithg sodveabiselide gthers (Toe crapgdaltétiahpdrofuran (THhe st ep may
be carried out in a manner_well known in the art pertaining to the
present i n‘&‘é‘ﬁb’]it%’ﬁhbvoﬁ’é?‘h&wgﬁ’l stherr bptyRreshd sthoe dtisoprrmyl ¢fBermet hanol |

et hanol , propanal. 1.sopl,o ..__hut anol t hyl epne col, .et hyl
acetate, %6 %Ip S%Wneé%’g £ Q’F@E‘i‘t’?ﬂlﬁ%ﬁ%ﬂﬂﬁ} EH‘,E%?E‘-TE?]’LS 3%”%5’5%1‘3’ é’?%@?e; hexane,
cycl openty: {1,555’ - i i J t ,

acet oni tril}l , g’gdg?géﬁgﬁme#gt%ﬁ?/ﬂ{ers%fg ‘P%?iagggﬁﬁfﬂﬁwg %&??%\r{‘lf%ﬁsisghg%d above.
N, N- di met hiihas ®badh $eocedird e fix kRYied sitiif %ﬁ)rc‘.h@tﬁts?eg,ea s R HERE in @F previous
water, or a mxture of two or nore solvents stated above. [0089]
Depr ot ect i siep mEybdsedarri ed out by selecting a nmethod known in the

art pertaining to the present invention, which is suitable for the

pr ot ect i ng0§TQup\n @rgirometatweagent niyrbeawedipl s, ampuniedE@Pehito 4dhaljuivatesscior on

condition described in Geene and Wits, "Protective Goups in Organic
Synt hesi s"¢*X¢¥RlE: 1819 A-O0sarivrisnts: prefErblyl-bip X1 gpHvalentos) nay be used.

For exanpl epLot ecti on be carri ut by using. an acid of_a
Lovi 5 act dogTtlh 8 brihs Rl Rlerdtmar bt riea s fhe Rbshin HFeile Pirons e
acid, trif | [0 IO o & §.C_@6l j, f ride
O L AREORGEL ARGl i ANSROSULLARLE 60RO B Lo
base such .ag°G; @shitidamaly dIOsI-9@C. | iatrkl MMk 088N 0RO AR Sdetkhe reaction may
hydr oxi de, and pot assi um carbonate; an organonetal reagent such as
but yl | i t hiterstirredfbr @rcegaiaperisdafgrm of, for BRinaple, vl Dleurs p@dbl$ 0.6 ho 2%ours
l'ithium al um num hydride, |ithium borohydride, and diisobutylal um num
hydri de; &t édaireritaiotsmperalyenef, & cxample -40Qitsi W GrprefgrablycPBepHife such
as boron trifl rﬂﬁri?e di @; hyl ether conplex and ethanethiol, alum num
hal i de and®E88IN YW -d€ al umi num halide and a thiol, and al umi num
hal i de an ul,f i de; hydr.ogenat .0 i a. cata such _as
pal | adi umd[gﬁni afb%%&ioﬁl%g i%ﬁllljlpr]gunéi cﬁ%ﬁ%uel% (\)}é “Bg?h[ 3¢ tﬁﬁg %%hﬁ? 853,“‘3““&1
honmobgeneoys, ot HRR L WTEeER GFordfd (&) Ra ri3pgl nd
the |ike. 30090] n o%e enb)g;gi rrent(a)of ?ﬁgag{r%gd;iurﬁﬂa?%e t%gg,%cgﬁ%?ude
product obbhitioedf 4 orfpdand GLBSTEMM)iis hmgp(p%;ﬁﬁﬁe @lvehn aCan pfoprad
herein is used as a conpound of Fornula (1) in Step d). [nh a process
conpri si nder@pagsrea)f, fooexmpet1i0ad 30YC, pirefbrblyr-80 toa10%S; iparidulpry Rat -7080,
be produced wi thout purification. Therefore, fromthe viewpoint of
enhanci ng 'P7ERGEM BIUEFE CPRpaR@a compoprd efdipamuladBils Ighisaeasrde compound
process conprising,.Ste a) .to c) with to.f) i.n which hjgh
LT cat (OROKIE B0 TaF By B e duoh O D BES Ao pionds I B onb e
wi th anot : I feFO . 0091
NGV RERE SASFCLBTy £ RPRS LAl i TSR he EPLIM Bialc bhaveh ARG,

In the present | nventi on, I gh-pur I'nprove

purity corpadzasplt $herd (GPERAMNE @fahFROMMA(TER), HSBHR3h ArshAh! 4Byl
material of Step d). Exanples of a high-purity conpound of Formula
(1) i ncl udehes tbatyoethgl ealier dilsoptby] ether ReMbpertpbieiheidr, QO-d0fetkyethane),
wei ght or nore, preferably 97.0% by weight or nore. [0092] In one
enbodi menthydfocarhensifas saamplepeaiané,daxanehkeppane clessenef toluhre) iand tietlikorand a
further conprises a step for cr¥stallizi ng a high-purity conmpound of
Formul a ( IMPXWiER @fitWe @r mersiadysnts statedaboye ntfgﬁ%éédl 19 Ofclaymatia (V). 2hg seagtions

for exampl e sol vent, .selected fromwater,: .al cohgl s suc hanol ,
rmmay ecompﬁ:tcd by stirring for a certain period’of fime 0 ,gor example, 8% té’ﬂ; ours at an

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



[.0096] According to further aspect of the present invention, there is
provi ded a conmpound represented by Fornula (1Vb): [0097] [Fornula

13]

(FR4,

-- | P10 P50 p60 O wherein R41l, n, X2, P1, P2,

P3, P4, P5, and P6 are as defined above. The conpound is useful as a
synthetic intermediate for a conpound of Formula (1). [0098]
According to further aspect of the pres@ht invention, there is

provi ded a conpound of Fornula (VI):

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

[0074] A compound of Formula (VI) wherein P' is a protecting group of hydroxy is
converted to 2 compound wherein P' is a hydrogen atom by carrying out deprotection prior to
Step (1) in Step ¢).  In one embodiment of the present invention, protecting groups
introduced as P to P® are also removed by the deprotection. Deprotection may be carried
out by a procedure well known in the art pertaining to the present invention, for example, by
using an acid or a Lewis acid such as hydrochloric acid, sulfuric acid, acetic acid,
trifluoroacetic acid, p-toluenesulfonic acid, boron trifluoride diethyl ether complex, boron
trichloride, and boron tribromide; a base such as sodium hydroxide, lithium hydroxide,
potassium hydroxide, and potassium carbonate; an organometal reagent such as butyllithium,
and Grignard reagent; a metal hydride reagent such as lithium aluminum hydride, lithium
borohydride, and diisobutylaluminum hydride; a combination reagent of a Lewis acid and a
nucleophile such as boron trifluoride diethyl ether complex and ethanethiol, aluminum halide
and sodium jodide, aluminum halide and a thiol, and aluminum halide and a sulfide; or by
hydrogenation using a catalyst such as palladium on carbon, platinum, a homogeneous
palladium complex, a homogeneous ruthenium complex, and a homogeneous rhodium |
complex.

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

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



[(0099] [ Fornmul a 14] oP4 (M) 42 R m n, 131,,, P2 P3 ..6, 1
wherein R41,r P5, and P6 are as defined above. The conpound is al so
useful as a synthetic internmediate for a conpound of Fornula (1).

[ 0100] According to further aspect of the present invention, there is
provi ded a crystal of a compound of Forr%l a (XI): [0101] - 29 -

particularly 20 to 30°C. The reaction time may be set appropriately, for example, 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 P® and formation of a spiro ring can be carried out at the same time by
treatment under acidic conditions in Step (1).

[0077] A reduction reaction in Step (2) of Step c) 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 solvents 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, palladium 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 one embodiment of the present invention, removal of a protecting group(s)
introduced as P* to PS and removal of the hydroxy group may be carried out simultaneously
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



[[Formula 15] HO C21-15 (XI) I n one enbodi nent of the
present invention, the crystal is a nonohydrate. Herein, a
nonohydrate is not limted particularly as long as a crystal stably
keeps a noisture in an anount of about 1 equivalent under a condition
(e.qg. tenperature, relative humdity and the like) in which

medi caments are commonly used or stored23Fn one enbodi drnent of this
aspect, the crystal is provided as co-crystal with sodium acetate or
pot assi um emeirist @ step forasvatditinig € 6hNSHuAER Bf F&inuld\@) dHiAsRIEy thOpRBEsS @fhe
there is provided a nonohydrate crystal of a hi'gh-purity conpound of
For mul a ( Xpresenf @yotionso mpidrgdmaowndarfFetrmbla (). t he present invention
is characterized in having peaks at diffraction angles (20) of about
3.5, 6.9, @A&0I1dngne cpprdimentoftheypresspigavention, Steps ) anridh)gnayle.canied but ia 2
and 18.4'; nore specifical about 3.5, 6.9, 10.4, 13.8, 16.0, 17.2,
18. 4, 20. 8¢ .?Eﬁa Ee E‘ff.ﬂk‘?h% hh%éﬁﬁpawaa&ﬁﬂ@fwa Y Fding Megsasarvicagenys in
co-crystal i f 1 resent..inventign i.s

char act er i ozr}gé i gﬁjﬁgé\)ﬁé?gtﬁg%gév%ra 0 @9‘%& ICPHHQHEBP&' (%Cf?ﬁc’ the Brpgess of
4.9, 14.7,hd 6 i s i £ : T
9.3, 11.9. ¢ .egefnt = .e%{,’ﬁrfgéj ?%‘,%nff??of o8 §a ?Hggfgo&asge py et o i okl ay
powder di freadtioh imachipat sRiplificAichferyttadn 0pkTeMRtiaS & MEMAGEI BF Saltdnts
the present invention is characterized in having peaks at diffraction
angl es ( 20sedindyyodiction Ggsts] 5s well 40in0hat A@esfired RAmBEUND; caidé Bbtained in an
specifically, about 5.0, 10.0, 10.4, 12.4, 14.5, 15.1, 19.0, 20.1,
21. 4 and Z5°gleptyisidr ay powder diffraction pattern. Herein, a X-ray

owder dif ti,on pattern can be sured jn a conmon net hod.
FI;egar di ng [Eﬁﬁr é&??rﬁwgéﬂ@?%gV§FR?8§&E ¢ pEesenl InseRkiaBy thefe £5 pravidedbmpioessk for

about 0. 2 iRy 8 e EeRO LR DXSHSLAR b AL BirGnes PO, e

sanpl es. com@fises: [ 0103] The nonohydrate crystal of the present

i nvention may be obtained by crystallization froma sol vent sel ected
fromwater, or S&tepidytoonecrtifig mesdiponall o Rekmdt (?’ to a@bRPBGd FTRbrvak €X):
acetone and water, or 1,2-di nethoxyethane and water. For exanple, the
crystal | i 8882pn([Keamuladitarri ed out by using a mixture of acetone and
wat er wherein (Rig, mxing ratio is preferably acetone : water = 1:3.5
to 1:7 by volune rably acetone : water = 1:4 to 1:7 by

vol unme. [ 0104] ——-Mk h sodi um acetate of the present

i nvention may éry allization froma sol vent selected
from met hanol , 1-hexanol, acetonitrirle, ethyl acetate,
propyl acetate@ | arfet ate, 2-butanone, 2-heptanone,
n-propylbenzenep hexlyl benzene, and 1-chl orohexane, or a m xture of
two or norrépsolxent sk.stated above, preferably froma m xture of

met hanol and |sopropaﬁﬁf. The co-crystal wi th potassium
acetate of the preg@&nt invention licd be obtained by crystallization
froma solvent selected from nethanotl, isopropanol, 1-hexanol,
acetonitrile, ethyl acetate, N, N-dibutylfornmam de, acetone, and

di i sopropyl et hehereiaR*g R, xi,uine nafe dswlefifdd Heditbesrt van s ist pbeeinlons.
preferably froma m xture of nethanol and isopropanol. [0105] The
nmonohydr aPkhyskgsst al of the present invention has a property that a
moi sture content is maintained substantially constant under a certain
range of rel at i &P RlRvaRIZNg R eompound of Eoraiin(X) end pwify v g threcompepuling
in fornulat;§?lprpcess. Further, the nonohydrate crystal and the
co-crystafegy a{%a i um acetate and potassi um acetate of the subject

having. excel | entCepasr P HOEH Rk R TERRE MR pE R ol avee
crystal amgh batyC@mpbiad 6 ForMufalsodi um acetate and potassi um acetate
can be use or efficiently and highly purifying a conpound of

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




[.0106} Figure 1 shows one exanple of neasurenent results of water
adsorption isothermneasured in Test Exanple 1. Figure 2 shows one
exanpl e of neasurenent results of powder X-ray diffraction of - 31 -
t he nonohydrate crystal neasured in Test Exanple 5 (Condition 1).
Figure 3 shows one exanple of nmeasurenment results of powder X-ray

di ffraction of the nonohydrate crystal -réasured in Test Exanple 5

(Condition 2). Figure 4 shows one exanpl e of neasurenent
resul ts of Foowdker (XX} amy(Xd)f f racti on of the anorphous form neasured in
Test Exanpl e 5. Figure 5 shows one exanpl e of measurenent
resul ts of [U98hHelFoxalay2ldi ffracti on of the co-crystal with sodium

acet ate neasur @l),i n Test Exanple 5. Figure 6 shows one exanpl e
of nmeasur enent UGS wder X-ray diffragtien of the co-crystal
wi th potassium ] [ $CRI PTI ON OF
EMBODI MENTS A e ent

i nvention wll be described in nore wever "#the present
i nvention shall 9P i mi e®P’ [0108] NWR

anal ysi s Was, resonance appar at us:
JNMECP- 500" @ hp? Mass spectrum
anal ysi s was carri@d out with maég spectro er: LCT Premer XE
(manuf act ured by ters). Prepar Pve hi gh rformance liq

chromat ography was carried out with G.- Sci ence preprative isolation

system Hi gh per [Wo[vT! Ol Larf with .
Al ot 1100 (menEiencE pghBut sk PORIhERR Hpk o pRE a0 be b4
out W th KEcenmlodFivied R pfdcifis a hy@8x{Eosp0 ﬁaggﬁe% bt LNg
appar at us manuf ac?ur ed b?/ M ts%bizhi }%gmpcallé rpé!rm;%%?t(l)%i@e eﬁa{gg
resul ti ng growsulescrivad iniSrend mdtWets/T@rdte&ive Grabisio egapiy $yinthesit’t @i foah
portion of the product or another product prepared separately by the
sane manneditigas JgharWileed Sepp?@6)-i slxampldsex 2 pedisting genp obhyddA. al§Oiaajle
[ Exanpl ené% %int hesis of 1,1-anhydro-|-CA45-(4-et hl)él phenyl ) met hy1l- 2-

( hydr oxy et AP ReRgeALY SrBsHINGIIY pRs<s nere By satispigd (Ragjatly gpsaguaed oy j s

triineth 15l Stda HefodfBioptibniif} duBlliedith W38 one or more R, Cagalkenyl, -SiR™)s, -

out with nuclear,
Po#00 (nmanuf act uf &y

C(=0)R*, -B(OR™),, wherein R* to R* are as defined above.

[0085] In one embodiment of the present invention, P7 is selected from C;.galkylcarbonyl,
C;.¢alkoxycarbonyl, and -SiR23R24R25, wherein R23, R24, and R® are as defined above.
[0086] A reaction for infroducing a protecting group in Step d) may be carried out in a
manner well known in the art pertaining to the present invention. For example, a reagent
and a reaction condition described in Greene and Wuts, “Protective Groups in Organic
Synthesis” (the forth edition, John Wiley & Sons 2006) may be used in the reaction.
Examples of a solvent used in the reaction include ethers (for example, tetrahydrofuran
(THF), methyltetrahydrofuran, diethyl ether, t-butylmethyl ether, diisopropyl ether,
cyclopentylmethyl ether, 1,2-dimethoxyethane), hydrocarbons (for example, benzene,
toluene), acetonitrile, N,N-dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidone, acetone, acetic acid ester (for example, ethyl acetate, methyl acetate,
isopropyl acetate), methylene chloride, chloroform, dichloroethane, water, and a mixture of

two or more solvents stated above.



2-one.[0110] - 32 - [Fornula 16] O ,\OInS TMsOek - OTMS oTMS

To a solution of D (+)-glucono-1,5-1actone (7.88 kg) and

N- et hyl nor phol i ne (35.8 kg) in tetrahydrofuran(70 kg) was added
trimethylsilyl chloride (29.1 kg) at 40C or below, and then the

m xture was stirred at a tenperature from 30C to 40C for 2 hours.
After the m xture was cooled to OC, toldére (34 kg) and water (39 kg)
were added thereto. The organic | ayer was separated and washed with

an aqueous[088YutA engeft ubdh BORta G HbResy PHYSRARE 8163 li@eck&l X2)

and water (39 kg xI). The solvent was evaporated under reduced
pressure tpogcling grhep mluellnidocmowmomndeﬁmm Mkdlkyldsnpr chdvttde, ®AS used

I n the next_step wthout furt purtfication. [0111J 11-1-NWR
(CDC13) 8:sabkoxycartmmyl dyoridg, G 178-@2}13 % Ry andthg k¢ @py bsgsedmmm@m; 0&).0 to 4.0

3.74-3.83 (3H =8. OHz) ,. 3.99 (1H, d, J=8,0OHz),
4.17 (1H, “’Ia@n% B""feéa%&w “’%Bfi‘?]’algttw)lazwe & mb¥deasyeeronp. If necessry, a

i;l] di g omy,le 1(11;3( H@LQQXYE%am”%t hé’fjlﬁé[ ipac')sé }/nnﬁjtdg ¥r&e)thy?nzlgg %yn me,JN?}\I [Formil a

dimethylaniline, 4-(dimethylamino)pyridine, imidazole, 1-methylimidazole,
ethyldiisopropylamine, lutidine, morpholine, potassium carbonate, sodium carbonate, and
sodium hydrogen carbonate. Preferably 1-methylimidazole may be used. A reaction
temperature is not limited particularly, but the reaction may be carried out at a temperature
of, for example, -20 to 50°C, preferably -10 to 25°C, for a certain period of time of, for
example, 1 to 10 hours, preferably 2 to 4 hours.

[0088] Crystallization in Step €) may be carried out by using an appropriate solvent such as
methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol, ethyl acetate, isopropyl
acetate, tetrahydrofuran, t-butylmethyl ether, cyclopentylmethyl ether, 1,2-dimethoxyethane,
diisopropyl ether, acetonitrile, acetone, dimethy! 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, cyclopentylmethy! ether, 1,2~
dimethoxyethane, diisopropyl ether, acetonitrile, acetone, dimethyl sulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, heptane, toluene, or
water, or a mixture of two or more solvents stated above.

[0089] Deprotection may be carried out by selecting a method known in the art pertaining
to the present invention, which is suitable for the protecting group to be removed. For
example, a reagent and a reaction condition described in Greene and 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



Under .a nitrogen atnosphere, to a solution of 2,4-dibronobenzyl

al cohol (40 g, 0.15 nol) in tetrahydrofuran (300 m) was added

2- met hoxypropene (144 m, 1.5 nol) at roomtenperature, and then the

m xture was cooled to OC. At the sane tenperature, pyridinium

p-tol uenesul fonic acid (75 ng, 0.30 mml) was added and the m xture

was stirred for 1 hour. The reaction ni-¥fure was poured into a

satur ated aqueous sol ution of sodi um hydrogen carbonate cooled to 0C,

and ext r achgblodhildriv dcil, sigfiwic afideacmtig acid, ariflytedcesiascidypsoR@n ssulibnidacid,

saturated aqueous sol ution of sodiumchloride, dried over anhydrous

sodi um sul bepe triffedde Risthybethearnomptes, barapuichloside, und boron esthromiticpa bass suah
an oil in quantitative yield.

to give the titled d - 33 - an
The  pr oducts SESTSEPTINE, L1hm Bxdros e o e by dwIeHaf pplarsiom cabpeve; an
74z (1h, SR mg et st & chfhiiim, $ha ofietia frgbar dingigl e fepesth
J=1.5Hz). : s i . s , .
2.3, 4, 51 el Ay T aimL RRORE Ianfin borobydrite and gspbuylalyrigpm pydride;

(5- (4- et hyddpktemiieh Yehient W ey 22id ahd MBABIGAITE Such as boron trifluoride diethyl ether
met hvl et hoxynet hypphenvQt et rahydropyran [0116] [Formula 18] OH

Under a ni¢onqdenandternsghiol,eluniindm tialidecsid sddiGrh-iodidd) @iynidum halide and a thiol,
met hyl et hoxynet hypbenzene (70 g, 207 mmol ), which was obtained in the
previ ous sigplunyaemdiakidoindeadsulinlet @1 hydrydrog@g0iomuying a dattlykustigh asgtatydium on

ether (70 m), aﬁnd n- bg{@yl l'ithiumin hexane (1.65 M 138 m, 227
mol ) was ‘?i‘b‘%?é’df’ g upicdemegerseuballadiym Gomplaxes hompgeapousmathenivm spmplfsis

stirred for b QM Sudholiin (i ShtfiGuyes added dropwise to a

3, 4,5 L1 | 4000034 By Shborh 2 B ok R A 8L YQUBRA DY) ot Shas AR S0

an- 2- one ( le 1, 108 g, ) intetra ur an
-78C, and dohgrisRaGtdpeH) 1Ficy efiRd WeRibk ﬁ]§€d%@lafc9ﬁlp3uﬂa%@%nﬁ’ﬁlatﬂj'ﬁl %ﬂ&). In

tenperature. Triethylamne (5.8 M, 41 mmol) and trinethylsily
chlori de (L9o&ssrqmEBhgrSteis)a) wer)elchndiddrdiftefet,q, deaindl pri¢uchtantberpRodiasd
warmed to OC and stirred for 1 hour to give a solution containing
2.3, 4, 5-t Stithewt pyriffcatien. hylihsrefere.dxapy the-viewpoint of enhancing production efficiency, it
trinmethylsilyl oxynet %1- 45 br ono- 2- (1- net hoxgl/- 1- . . i
met hyl et hd&@%@%ﬁéﬂ“ﬁ TR P BRACETS SPYPPEHNE PERYZte Phwith Sieps ¢} tad) in which
sol ution t - n-but ¥l | i thi in hexane (1.65
SoLuon, 5 PRl Ay pd B ROl 100 KEBLA T M SRR el
After the gryeebdsoPpreparing a compound of Formula (1).
[0091] In the present invention, the term “high-purity” means improved purity compared
with a compound of Formula (I) used as a starfing 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 f).
A solvent used for crystallization is for example a solvent selected from water; alcohols such
as methanol, ethanol, propanol, isopropanel, butanol, ethylene glycol, and 1-hexanol; ethers
such as tetrabydrofuran, 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-



-. 34 - was stirred at -78 C for 30 m nutes, 4-ethyl benzal dehyde (62
m, 455 mmol) was added dropwi se at -78 C, and the m xture was
stirred at the sane tenperature for 2 hours. A saturated aqueous

sol ution of anmmoni um chloride was added to the reaction m xture, and
the organic | ayer was separated, and washed with water. The sol vent
was evapor ated under reduced pressure t@7give a product containing
the titled conmpound as an oil (238 g). The product was used in the

next step dibbtyoimamidd; helogaiatedbiydtirbons sh@tﬂ-ﬂﬁl]-ch%@ﬂéxfah@ﬁhy@xfocérﬁ&xs%héh as
was purified by I'TPLC (colum: Inertsil ODS-3, 20 mm .

acetonitri® EIOPSIbem@ﬂmhn;yib@zglwhePﬁmr angli tols tiesy kﬂmssw.hfasfabﬁoﬁel, Rlbaﬁlnonc,
conpound (two m xtures each_containi ? two diastereonmers). [0119]

M xture of 30z kspiangpsasadontirilg; @nodimethyl sulfoxide; pVRN{XBOO ofivd, or BDEL H)lvBits
-0.47 (4. 8%4% ﬁ%v -0.40 (4 211, s), -0.003-0.004 (511, m, 0.07-0.08
(13H, m), V9E36YE7 (18H, n), 1.200 and 1.202 (3H, each . J=8. 0Hz)

520 S o e b8 g o 8
dd, 1=8.5, &8s8%t used iBlthd rc@%'s{ajlﬁahm is a%oﬁlgnt‘?éeﬁétecﬁ ﬁrb%l v@{erjé %&z@g%g%g8

(1H each d, .1=12.4Hz), 4.92 and 4 (111, eac

d 5.82 (AdHha afﬂa@lxb ikt Za%&bk Ok 1.-
(31-1, r‘r)( 7 oy (%Hpéi1 r?;} 0120]" le(rts (Esfhiﬁncél;@@l[hwﬁh h&aﬁ%éﬂﬁé

M xt ur e ofsueli zdtteaheydrofuren, 3-batylimehyl ether, cyclopentylmethyl ether,11,2-HiNYEbxy5fone,
MHz, toluene-dB, 80C) 8: -0.25 (4H, s), -0.22 (511, s), 0.13 (511,
s), 0.16 (821111 iigopropy! ether; esigs ich 381et@gllayeta@ampxl)acet@te,z@da@xmgce;tate; @gdes

(o $é, s g Tl SN e huenagte, N P wbipsoiatigane, ey mﬁ%N N
19752 ke ol g AL 1 il Ll a4
7.59-7.64 n(p?%%ﬂbd&engh&%?sznége (tkbtan&Dand [Read] ke%sgﬁ%’fiﬁ%aceéﬁé 2-butanone,

[ Mi-Na]. Step 47 Synthesis of 11 h droxne
(hydr oxymanchy-lh):mhmmj dcetbBitillegAndaidpythanEexike: b2 4 lmixf s ih 8r H8le selents

stated above.

[0094] In another embodiment of the present invention, a high-purity compound of Formula
(I) wherein n is 0, m is 0 or 1, and R* is Ci.4alkyl is produced. In another embodiment of
the present invention, a crystal of a high-purity compound of Formula (I) wherein n is 0, m is
O or 1, and R? is C,_alkyl is produced,

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

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

[0097]



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- net ho
xy-1- net hyl et hoxymet hypphenyl )t etrahydropyran (238 g), which was
obtained in the previous step, was dissqlved in acetonitrile (693
m). Water (37 m) and 1IN HCl aq (2.0 rﬂz?'were added and the m xture
was stirred at roomtenperature for 5.5 hours. Water (693 m) and
nhept ane (B®8nulk)3jvere added to the reaction mixure and the aqueous

| ayer was sepa(rlyed. The aqueous |ayer was washed with n-heptane (693
m x2), and watpg}\ms &gapor at ed under reduced pressure to give a
product cont ai ni er and the titled conpound (a diastereoner

m xture) ag'@n I 87 g). The product was used in the next step

wi t hout furthef pufification. [0125] 1H NWR (500 MHz, CD30D) 8: 1.200
(3H, t, 3=7.7H . 20bpE3H, t, J=7.7Hz), 2.61 (2H, q, J=7.7Hz),
3.44-3.48 (1H, , 3763-3.68 (1H, m, 3.76-3.84 (4H, nm, 5.09 (1H, d,
J=12. 8Hz) , pp 15 (1H_ld, J=12.8Hz), 5.79 (1H, s), 7.15 (2H, d,
J=7.7Hz), 7.247an .26P¢1H, each d, J=8.4Hz), 7.28 (2H, d, J=7.7Hz),
7.36 (1H, dd, 3=8.4p4 1.5 7.40-7.42 (1H, m. [0126] MS (ESI+): 425
[ MFNa]t [0127] Step 5: Syntfhesis of '
1, 1- anhydr o- 1- G- 15- ( 4- et hyl phenvpnet hyl - 2-
(hydroxvret hyl | gieryd R18:28, 9! e aPyrap0es) PCLYdCadtnd vk, Thl@Rlpound
[ Fornul a 20] To a’solution of the oil contai ning

1, 1- anhydrieubefild45 a E¥inthetic intermediate for a compound of Formula (T).

et hyl phenyehydr oxynet hyl - 2- (hydr oxymnet hyl ) phenyl ] - 0- D- gl ucopyr anose
(187 g), VRPN Weesordingdd father aspe¢iof hegvisousnemtipn, thare is provided a compound
1, 2-di met ho>%yet ha (693 M) was added 5% Pd/C (26 g, 6.2 mmol, water
content rat 8?‘“@3&?1,)‘ and the m xture was stirred in the atnosphere of
hydr ogen t roomt erature for 4 hours. After filtration, the
filtrate @@99@\/&%%?@% rTﬂnder reduced pressure to give an oil

contai ni ng t hgriht | ed I"o'rrpound (59 g). The purity of the resulting
product was 85.7 J cal cul ated based on the area ratio
measured by HPL _(ﬁ used in the next step w thout
further purichi cati -1 NVR (CD30D) 8: 1.19 (3H, t,
J=7.5Hz), 2.59 (2 J=7.511z), 3.42-3.46 (111, m, 3.65 (111, dd,
J=5.5, 12.0HF°C 4- (411, m, 3.96 (2H, s), 5.07 (11-1, d,
J=12.8H2), 5.1391HTd, J=12.8Hz), 7.08-7.12 (4H, m, 7.18-7.23 (3H
m. [0130]pP | +)k g,ga? [ M-1] +.

op* (VD

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

compound of Formula (XI):

[0101]



[0131] Measurement condition of HPLC: Colum: Cadenza CD-C18 50nm
P/ NCD032 Mbobil e phase: Eluent A: 1120, Eluent B: MeCN G adi ent
operation: Eluent B: 5%to 100% (6 mn), 100% (2 mn) Flowrate: 1.0
mL/ m n Tenperature: 35.0C Detection wavel ength: 210 nm Step 6:

Synt hesi s of 1.1-anhydro-1-C-[5-(4-ethyl phenyl)nmethyl-2- h drox

i nethl I carbon-D- |uco ranose [0132] --3%-- [Fornula 21] ,\OCCO2Me

[Formula 15]

(XI)

In one embodiment of the present inventjon, the crystal is a monohydrate. Herein,
a monohydrate is not limited particularly as long as a crystal stably keeps a moisture 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 (20) 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 (26) of
about 4.9%, 14.7°, 16.0°, 17.1° and 19.6°; more specifically about 4.9°, 8.7°, 9.3°, 11.9°,
12.9°, 14.7°, 16.0°, 17.1°, 17.7°, 19.6°, 21.6° and 22.0° in X-ray powder diffraction pattern,
A co-crystal with potassium acetate of the present invention is characterized in having peaks
at diffraction angles (26) 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.



. OC2Me 5CO2Me Under a nitrogen atnosphere, to a solution

of the oil containing 1, 1-anhydro-1-C45-

(4- et hyl phenyl) net hyl - 2- (hydr oxynet hyl ) pheny1H3- 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 0OC. The mixture was allowed to warm-88-room tenperature while
stirred for 3 hours. After addition of water, the m xture was
extracted [@103] iBRRLeRYdARekRLEof (hB Breféd ailichtidrPEY bd\eaiNaidadystilkization
an aqueous sol ution of 3% potassi um hydrogensul fate and 20% sodi um
chl ori de (frbmeesolventsslecad droenwaeplenumixiae of inpthand] aA0 Waeadihanol and water,
chloride, dried over anhydrous sodium sul fate, and the sol vent was
evapor at edacgivde pnd waigh o 1 grdéimgiipeyetipae antewaters u|For erpmpls fhgeeysiedlizationiend
et hanol (943 ml nd the mxture was heated to 75C tqQ di ssolve {he
resi due. TlFFecaﬁ’i‘eiijt‘%ﬁ‘ BV hsiae € gries of sovione 2o ier &é&&l%fﬂcﬂe BVSNE GO gHeterably

Lerper at ur Boaa: SET Paa 1 L ohearme AR R ptorHeh Rtaf B o B hus

observed, yatgL (472 nl) was added thereto, and the m xture was
stirred at roomtenperature for 2 hours. The resulting crystal was
col | ected foyo4]i I'the@bicoyital WatREGuM dcbla® ofthetpidsentQhvehabe maR Bélothinadey
(1:1), and dried under reduced pressure to give the titled conpound
(94 g). Tocrydtdlizatiod fiwim 4 Silvay} saiaseddchde thethinha nisbpropMaL 1rexanoh Acktbdigirle,
product was dissolved by heating to 75C. The sol ution was cooled to
60C and a ®ddcdatgqrepyl gcctatpdiexylareiate chhpauma, vheptaded-propilesngencThe
m xt ure S c%ol ed to r\%g@te erature and_stirred for 1 hour. After
pr eci pi t atTEHPHHZRE APY LA RSEE I MiKHTE PT (Y96t TS solisptetiabove,

t her et o, argfe}aﬁﬁyfg%rg%%iﬁtu‘f\éaosflﬁétﬂ r“éggrﬁag‘}l}?ﬁ%pgﬁ enperature for 2 hours.

The resulting C was col'Téec ion, washed with a

m xture of water . : i r
to give the tit Ingegggr%%ﬁﬁ%h[pg%S%?mta %’?%T giﬁhgﬁﬁgﬁgfﬁqeﬁmﬁ%%‘?ﬁ&m

2, 4- di br orgystalfiZtion HoaxysolvereiducteatfRox el IHRoZeoE 1-hex38], acdisRelild, n
Step 3: 68%. [0133] 11-1-NMR (CDCI3) 5: 1.20 (3H, t, J=7.5Hz), 2.60
(2H, q, J=thybpectate, 3N, 5dib@hifom)ami®:, Z&t¢iBHndsdiisoBopl e(lBd, by a slixtui.of two or
(3H, s), 3.96 (211, s@ 4.23 (1H, dd, 11.8Hz), 4.33 (1H, dd, J=4.5,
12. OHz), 4naesalvags stated abgve, prefprably frem @apixtupg of methano} anpjisopgopanol.

j =10. OHz) , 1.(1H t. J=10.0 7.07-7.11 (4H ), 7.14 (111,  d,
J=7.5Hz), 1973 (Tﬁﬁfﬂ%af}yd%a_fi P%Ft'ig@f’éilawse?.z wﬂtt%ﬁ,haa?%{ilﬂiﬁtssﬁhisam?lﬁwfsa]
MG (ESI+): . A i on..:
carried ou%og%ﬁt ltg hqgaﬂgéﬁ%@%gﬁ%%aﬁglgoﬁag%gﬁw g)%%gagﬁatn%ﬁﬂgfag%ée cl\rqgi%naq
was not USEAlit i @as@itd Bardethk ki Scting QIRRMARLSS pRc&EY Shidther, ARG on SR

7: Synthesis of 1,1-anhydro-1-C45-(4-ethyl phenvQOret hyl-2-

( hydr oxy mestysydl rphehe ebicr kB Ovith stalbpy neenas end foddsSidin dckateraftir sd@jkct 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 - 2-
(hydr oxynet hyl ) pheny11- 2, 3, 4, 6-t et ra- 0- met hoxycar bonyl- 13- D- gl ucopyra
nose (8.92 kg as wet powder, corresponding to 8.00 kg of dry powder)
in 1, 2-di net hoxyet hane (28 kg) was added a sol ution of sodium
hydroxide (4 nol/L, 30.02 kg) at 20C, and the m xture was stirred for
1 hour. Water (8.0 kg) was added to the3ilxture and the | ayers were
separated. To the organic | ayer were added an aqueous sol ution of 25%

sodi um chl the ntbRokytlbatk gystantieu ey lin a@@Eﬂ&rﬁpléSQckmit-ionT{).e organi c |ayer
was separated, washed with an aqueous sol ution of 25% sodi um chl ori de

(40 kg), and thdigot §emwsyae evmplo vfmessurmedat resid o @owikros sdyrdfradiid of
purity of the resulting residue was 98. 7% which was cal cul at ed based

on the ar el mepplydrtagysiabmeppuiepircTestExargle f dSonditian)r esi due wer e
added acet one (}2.0 Eg%%‘gnd wat er 8%8 kg), and the solvent was
evapor at ed under FEYTEENYSARE SEYRRIE OgessHEmeBLishulis pf powdsr ey diffragion of
wer e adde er .8 kg), and the sol ution
was cool egthggﬁg%ﬂ%rs(fé%? %@5%@&%%??8&1{;\@5 agzjed to the solution at
10C or below, a A i . f

t € sHBwsldAk l%xé’iﬁpcie af Fa(sﬁgrr%hb]tegﬁts %?E?.?&e? %[21%8 %?fﬁéﬁlc?n%%

1 hour. The resulting crystal was collecte y cen uga

washed wi tthe eo-tiysthluvich @idias etediemedudk@reamtanples’ (8.0 kg). The
resulting wet powder was dried by ventilation drying under a

condi tion at ai Figuenpshoatsiwme exdmpSof medbtEmanickesubts af poveden Khagl difftaddfon of
24%to 33%for 8 hours, to give a nonohydrate crystal (water content:
4.5029% ofthe precrystal|veith pissigTMecas. oepsiigd in TaseExmile §. of the resul ting

conpound 9 j | at ed based on the area ratio
measur ed E}@%%ﬁﬂ?ﬁﬁﬁ?’f@gfcmoo) 8 1.19 (31l, t, J=7.5Hz),
2.59 (211, )%Ngfg 5Hz), 3.42-3.46 (111, m, 3.65 (1H, dd, J=5.5,
12. OHz) , ? -3. 5 (4H, m, 3.96 (2H, s), 5.07 (1H, d, J=12.8Hz),

5.13 (1H, [OiIBOgi :i?%fegl‘éa)exz[lrgpilggi]iﬁthé-3re§e41ﬁnvgationagﬁ%b%'b%%]gt(czgﬁtgpmorg gél‘t‘:i)’f?]

M5 (ESTE): [ MH1] +. Measurment condition o
Col um: Cafowelér, tha plesEdInvdatidi2éhall hoboeMthitda 1 URGe EffmpResFun,

manuf actured by Shiseido Co., Ltd.) Mobile phase: Eluent A 1120,

El uent B: [M&8N NMR analydishviseaphrdoet withvidicr nGgnetientsoairice apgirak: G-

was controlled by mxing Eluent A and Fluent B as indicated in the

fol | owi ng%gbf(]g_or PMEF%--#OO (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-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose

Step 1: Synthesis of 3.4.5-tris(trimethylsilyloxy)-6-trimethylsilyloxymethyl-tetrahydropyran-

Z2-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 nL/mn
Tenperature: 25.0C Detection wavel ength: 220run Met hod for

measur enent of water content: Analysis nethod: coulonetric titration
met hod KF anal ysis apparatus: Type KF-100Q (trace noi sture neasuring
appar atus manufactured by M tsubi shi Chéfircal Cor por ati on) Anode

sol ution: Aquam cron AX (manufactured by M tsubishi Chem cal

Cor por at i offjermula 16]
O

\fi:%ijTMS
TMSO - OTMS

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 pressure to give the titled compound as an 0il.  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 (§H, 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-methylethoxymethvl)benzene

[0113] {[Formula 17]

ey

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 ml, 1.5 mol) at
room temperature, and then the mixture was cooled to 0°C. At the same temperature,
pyridinium p-toluenesulfonic acid (75 mg, 0.30 mmol) was added and the mixture was stirred
for 1 hour. The reaction mixture was poured into a saturated aqueous solution of sodium
hydrogen carbonate cooled to 0°C, and extracted with toluene. The organic layer was
washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium

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



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

2- (5-brono- 2- (1- net hoxy- 1- met hyl et hoxynet hyl ) phenyl )t et rahydr opyran
[0142] [Forrmula 23] Br OTMS OVeNOTMS TMSO According to the
procedure of Exanple 1, Step 3, 2,4-di bP8no- 1- (1- met hoxy- 1-

nmet hyl et hoxynet hyl )benzene was treat ed with n-butyllithiumin hexane,
3,4, 5- an oil in quantitative yield. The product was used in the next step without further
tris(trinmethylsilyloxy)-6-trinmethylsilyloxynethyl-tetrahydropyran-2-o
ne, triethpWHierie. and - 41 - trinmethylsilyl chloride. The reaction

s, BT Bk LIRS S 0 A AR 5
' h d d I

b R SRERA0 Somnt

Mz, CDCL3j01 85 11?’9 SyAthdsis éﬁz 39599 ' Ghyl-2-

(9H, s), 0.17 (91 ,

3.37-3. 44 «smetmpheaymafomeamm;lrfeﬂ{axv.z SHz), 3.81-3.89 (311, m,
4.62 (1H, d, J=13.2Hz), 1 (1H, J=13.2Hz), 7.38 (11l, dd, J=8.8,

2.5Hz), 7. mﬁhﬂﬁﬂﬂox‘dnctﬂstl&hBirﬂ)t_ctraleﬂlﬁDﬁﬂ-l d, J=2.5Hz). [0144] MS(ESr):
819[ M+Nar .
[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 (Example 1,
108 g, 217 mol) in tetrahydrofuran (507 ml} at -78°C, and the reaction mixture was stirred for
2 hours at the same temperature.  Triethylamine (5.8 ml, 41 mmol) and trimethylsily}
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



[ 0145} Di astereoner 6: 1H NWVR (500 MHz, tol uene-dg,
80C) 8: -0.16 (911, s), 0.18 (911, s), 0.22 (9H, s), 0.23 (9H, s),
0.29 (9H, s), 1.405 (3H, s), 1.412 (3H, s), 3.16 (3H s), 3.87 (1H,
dd, J=10.5, 4.3Hz), 3.98 (1H, dd, J=4.3, 1.5Hz), 4.02 (111, dd,
7=10.5, 2.5Hz), 4.14 (1H s), 4.26 (1H frs), 4.38 (1H brs),
4.90-4.96 (2H, nm), 7.34 (1E1, dd, J=8.53%1.5Hz), 7.70 (111, d,
J=8.511z), 7.97 (111, s, brs). [0146] Ms (EST*):; 819 [M+Na]. [0147]
[ Exanpl e 3yasSjtintedasi78 “6ffon 30 mampbepdt-oth $lbotialdelydet(h3 tubHSH yEned) vys addled
(hydr oxynet hyl )pher%g:- 2,3,4,6-tetra-0-pival oyl -f3-D gl ucopyr anose
[0148] [ FolmBwie 24i73E0) adshe mpxturepsay siped at fim same temperatorg for Shugt.i o
of 1, 1-anhydro-1-Cl5-(4-ethyl.phenyOret hyl - 2- . .

Chydr oxy e BRIt e BB P HRSCchNFsifoHap A daldo fh reastign mitynp, and the

I d 4-Ldi . Lo 4 .
oL e e BEACIINLRAL 0BG ST IR khe Wby piy
63. 5 Ml ) AR Hr&aRk tGvidk fn}&dh@c%oﬁ)cﬁﬁ'fhf tﬁ@ﬁl%n{%ﬁ‘ﬁd&s% 0114238 gaFhe
stirred at roomtenperature for about Z4 hours. ter was added an

the resul tproguoriwigt used inER nextstepolitibuurien®x@agionThe organi c | ayer
was washed with water, a saturated aqueous sol ution of sodium

hydr ogen cl@ib¥nat gortiandf the s twaes auriedlauidBLE (codimit:ilontsd fOBHE] Zinmm LD, x
chloride sequentially, and the solvent was evaporated under reduced
pressure. Wanmpacetantaly, PQmlina) toagivpiour fiagtareprpess of fhe 4itlgd porapsuehitwo

chr omat ogr aph siJica .gel 15Q. g, hexape : ethyl acetate = 20:1 to
10: 1) togg‘?’{;{é‘}éﬁ#a& koﬁﬂﬁ‘&gibﬁ?g?%?ffﬁﬁ%s “The oi | ymateri al (500 ng) was
di ssol ved {nh+d:S . r (1.5 n) and isopropanol (1
M) were a[gg]é% gg%ﬁ'g%pﬁ%ﬁéeﬁ&%\é\?n&?enéer atur)e and ther’ gture \(Nas
stirred for 1 hourmn¥eisen M, Toul)s: ey @adged) ando @t@q,@,xwﬁﬁomﬁ (5H,

further stirred for 1 hour. Furthér the m xtufe was stifred at OCfor
1 hour, and), DF-COYEQBH] myriets-Mil v (1sel) myab.20®ddeic202d3Byeakh b, T=8.0HeY) 1.393
washed with a m xture of water and isopropanol (1:1, 4 m), and dried
to give t radtlidP&d cachpouindtt GHDS), Agl (211,01 498.0Ha), 3.2Bved(TEA31U3H, 8achB),71
(9H, s), 1.11 &;?H’ s). 1.17 (9QH s), 1.20 (911, s), 1.20 63H t
J=7.5m2), %0 =2£f?-5H,Z):§-_5‘}.(gﬁi'z§d,= T=8.5,3.QHa), 3.83-3.68 (Fb m) pi80FES GHam,
12.5Hz), 4 1 J=2.0, .1 4, d. J=20,.4 0,
10 o), S Ot A by o it 4 bt bachBorog it s o
t, 3=10. OHgyy, 71 3100 I, 14510 4 OfHB) P i\ 3FEQ AQL--42) .\ 7. 07
(2H, d, JE%. 2?%,%’7.10 3%744]@%93’:8. 2%75’,76% *i-%yéﬁf??%?”gﬂgﬁ%ﬁﬁ‘?- 7.17
(1H, dd, Jefzd, Ms k%)) 875 RBua)H, brs). [0150] MS (ESI+): 723 [M+1]t.

[0121] Mixture of diastereomers 3 and 4:

"H-NMR (500 MHz, taluene-dg, 80°C) &: -0.25 (4H, s), -0.22 (5H, s), 0.13 (5H, s),

0.16 (4H, s), 0.211 and 0.214 (9H, each s), 0.25 (9H,s), 0.29 (9H,s), 1.21 (3H, t, J=7.5Hz),

1.43 (3H, s), 1.45 (3H, s), 2.49 (2H, q, ]=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 (EST): 875 [M+Na]*,

[0123] Step 4: Synthesis of 1.1-anhydro-1-C-[5-(4-ethylphenyDhydroxymethyl-2-

{hydroxymethyl)phenyl]-B-D-glucopyranose

[0124]




[(0151] [ Exanple 4] Synthesis of
3,4,5-tris(trinmethylsilyloxy)-6-trinmethylsilyloxymethyltetrahydropyra
n-2-one [0152] [Formula 25] 0 ATMS TMS' "A-e7. OTMS oTMS To a
solution of D (+)-glucono-1,5-1actone (21.6 kg) and

N- et hyl nmor phol i ne (98.2 kg) in tetrahydrofuran(192 kg) was added
trimethylsilyl chloride (79.1 kg) at 40@50r bel ow, and then the

m xture was stirred at a tenperature from 30C to 40C for 4 hours

-43 - Aft Bormhle 18] xt ure was cooled to 17C, toluene (93.6 kg) and

wat er (109 kg) were cadlded thereto. The organic | ayer was separated
and washed wi th_ag gquequs sol ution of 5% sodi um di hydrogen phosphate
(108 kg x2) and er 08 kg xl). The sol vent was evaporated under
reduced pressu ¥ resul ting residue was added tetrahydrof uran
(154 kg) and thwelso @s evapor ated under reduced pressure. Again
tetrahydrofura g) was added thereto and evaporated under
reduced pr#e Q. ﬁiresulting resi due was dissolved in
tetrahydrofuran €25 g) to give a solution of the titled conmpound in
t et r ahydr of ur an. fhe purity of the product was 99. 0% (conversion
rate: 99.1%, which was cal cul ated based on the area rati o neasured

by HPLC. [0153] (We@s .1 f y s L YNG- P .

dés-AN|4.% nnm}.D.xf%%ﬁﬁﬁg%%&gﬂ?%§%%gﬁgSFﬁg%gﬁéggéggaﬁgﬁhgﬂ?&%ﬁHHPX”‘

Ac ONH4/ H2 05-trimh i1y Y. radi ration:
c tr dﬂi@ﬂ&lg&xe{ﬁﬁ%y_( v (3X4%%%@9nﬂ%§r?xymcthﬁﬁqgg%?§9?r ation

El uent B: 50%to 9 15 mn), 959 95% mn), and
100% 15 mimgthylethoxymethyl)phenyl)tetrahydropyran (238 g), which was obtained in the previous

step, was dissolved in acetonitrile (693 ml). Water (37 ml) and 1IN HCl aq (2.0 ml) were
added and the mixture was stirred at room temperature for 5.5 hours. Water (693 ml) and n-
heptane (693 ml) were added to the reaction mixure and the aqueous layer was separated.
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, J=7.7Hz), 1.201 (3H, t, J=7.7Hz),
2.61 (2H, q, 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, d, J=7.7Hz), 7.36 (1H, dd, J=8.4, 1.5Hz), 7.40-7.42 (1H, m).
[0126] MS (ESI'): 425 [M+Na]".

[0127] Step 5: Synthesis of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxymethyl)phenyl}-B-D-glucopyranose (crude product)

[0128]




Flow rate: 1.0 nmL/mn Columm tenperature: 40C Detection wavel ength:
200 nm [ Exanpl e 51Synt hesi s of

1, 1- anhydr o- | - C45- (4- et hyl phenyl ) net hy1- 2-

(hydr oxymnet hyl ) phenyl ] - 13- D- gl ucopyr anose Step 1. Synthesis of
2,3,4,5-tetrakis(trinmethylsi 1yl oxy)-6-trinmethylsilyl oxynethyl- 2-

(5- (4- et hyl phenyl ) hydr oxynet hvl - 2- ( 1- meffoxy- 1-

nmet hvl et honnet hvfl phenvfl tetrahvdropyran [0154] - 44 - [Fornul a 26]
0 Ove TwmsdFormula 20{3

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 stirred 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, J=7.5Hz), 2.59 (2H, q, I =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 (14, d, J=12.8Hz), 7.08-7.12 (4H, m), 7.18-7.23 (3H, m).

[0130] MS (EST"): 387 [M+1]*,

[0131] Measurement condition of HPLC:

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-anhydrg-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxymethyl)phenyl]-2,3.4.6-tetra-O-methoxycarbonyl--D- glucopyranose

[0132]



OH 10 -OTMs AOTMS OTMS oTMS Under an argon at nosphere,

2, 4-di br ono- 1- (1- met hoxy- 1- net hyl et hoxynet hyl ) benzene (277 g, 820
nmol ) was dissolved in toluene (2616 nl) and tbutyl nethyl ether (262
m), and n-butyllithiumin hexane (1.54 M 426 m, 656 nmol) was
added dropwi se at -10C. After the m xture was stirred for 0.5 hours
at -10C, n-butyllithiumin hexane (1.54N(-160 m, 246 mmol) was added
dropwi se at -10C. After the mxture was stirred for 1 hour at -10C,
in order tﬁbuthQﬂh1the regi osel ectivity of the hal ogen-netal
exchange reacti on, \ i

and added to a sat
rati o of 4-brono-{

resultlng nlxture jas 53'1 (conversion rate: 98%, which was

. ‘ rati o nmeasured by HPLC. [0155] After the
reaction nlxture wa%k&pgged to -48C, the m xture was added dropw se
to a solution of
3,4,5-tris(trinmethylsilyloxy)-6-trinethylsilyloxynethyl-tetrahydropyr
an- 2-one (402 9,UReFa AEBLdn dtﬂoéﬁ%feaﬁyads‘gﬂfnpﬁ @PT(: éﬁ:l:gnt% tl-é ﬁl&ﬁ:ﬁo-ﬂﬁg{g-

the reaction mxture was stirred hour's

(24 n, 172 elﬂmbﬂh)cnﬂmdethyll-Zlﬁiyhzsdxijmbmbl)ﬁﬁbh?lwﬁ@ g,(u%apﬁmo?Q 9f§79£& ger e
added thereto and the m xture was war ned to give a solution
cont ai ni ngdlmethylammo)pyndme (175 g, 1436 mmol) in acetomtnle (1040 ml) was added dropwose
2,3,4,5- tetrakls trinmethyl silyloxy)-6-trinmethylsilyloxymethyl-2-(5-br
ono- 2- (1- ﬁ?f oforsgat %E//% @%ﬁwal) la} Blbe nyiihy mixtphyasabpyedio. wafindo

resultin t|on was 78C, d n-pbutyllithiumin hexane
(1824 M gﬁ ?Wperaf?fi“'}%‘?fﬁ{’ﬁf%ﬁ’§3£88‘éd ‘W&@nt%ﬁwﬁ@f@%w%wgme

4<et hy bora st s OB S o e Gyt Bl nolps B wragpons pgion of
and the Mm% pdtess@Shydrdgensulfate dni©@7PdodhuRfeictiiR (neREAA) faﬂ[lco%

hours. The reaction m xture was poured into an aqueous sol ut1*on

20% ammmonisolutichbiz(% sodian dhibléde, drighoves ahmafus\g@cﬁuﬁ@@@dtataﬁalthe@aﬁem was
washed with water. The sol vent was evaporated under educed pressure
to give acprromiet undontediesd pepssire tTa the desolting oesithie sms adﬂeduetha(]caz%g)m)
The product s .used in the next step w thout further purification.
[ 0156] n/ea%&gﬁﬂﬁ’t"f%wﬁreﬂceﬁ) &1 CHpdessolyy (hg agsiduas cmmgtmp@es@)l@ﬁa

3.0 | 7 S | h t A
Ao Ho 00 ER e E it s U o e Bfision: 1B migeresnoise
(25 mn), t@%&?n(t@mﬂlr@l)uré: ArfdWeifred for 1%ofr. MA AL Brecipitation of solid was observed, water

(472 ml) was added thereto, and the mixture was stirred at room temperature for 2 hours.

The resulting crystal was collected by filtration, washed with a mixture of water and ethanol
(1:1), and dried under reduced pressure to give the tifled compound (94 g). To the product
(91 g) was added ethanol (1092 m1), 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-methylethoxymethyl)benzene



Col um tenperature: 40C Detection wavel ength: 210 nm Step 2:
Synt hesi s of 1, 1-anhydro-1- C45-(4-ethyl phenvphydr oxynet hyl - 2-

(hydr oxynet hyl ) phenyl ] - 8- D- gl ucopyranose [0157] [Formula 27] OH

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

6-trimethyl silyl oxymet hyl- 2- (5- (4- et hylgRenyl ) hydr oxynet hy1- 2- (1- met h
oxy- | met hyl et hoxynet hyl ) phenyQt et r ahydr opyran (628 g), which was a
portion of uselén Prepdudi%jobt ai ned in the previous step, was di ssol ved

in tetrahydrofuran (991 ml). \Water (63 m}% and 1N HClT?ﬁ?—{(ZB m) were
added and (A& Hr (2Clat&: Ar20d3Ht t, PFOH 260 BBl as’=7THHzt 130 @Hi $)e3.76

(3.8 mM, 2 ) d to eactjon mxture, and. the

Soi vent " veaH: 3 37 RS DR B SR A TR Shcb B 60 1R T 68 A
o 129 BDRAYBLLAne R MELEBIE ) 6ot By L ANRATH U,
ner < s TR AL Cr 89, 744 GO0, L eid\an 64180, £4685, 1 o,
n- hept ane {,9965A%)., and the aqueous |ayer was concentrated under
reduced pressure. To the resulting residue was added

1, 2- di met Ot RS ESINOBLNIN+HAG36B+48]'vent was evapor at ed under
reduced pressure to give an oil containig the titled conpound (247

g). The pri6&3dt Anathenpegarption Wes desiad ot dhewanteonanneuastdier 6, except that a seed

Dy o PRl 1 paLust b 5B R R oA Fomposnd a5 a crystal.
(hydr oxvmeibydy) Rherysle 435 B0l HGORME NS AR ek iR 28]

hvdroxyvmethyl)phenyl]-B-D-glucopyranase

[0137] [Formula 22]

To a solution of 1,1-anhydro-1-C-[5-(4-ethylphenyl}methyl-2-
(hydroxymethyl)phenyl}-2,3,4,6-tetra-O-methoxycarbonyl-B-D-glucopyranose (8.92 kg as
wet powder, corresponding to 8.00 kg of dry powder) in 1,2-dimethoxyethane (28 kg) was
added a solution of sodinm 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



oH : To a solution of the oil containing 1,1-anhydro-|-C45-(4-
et hyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) pheny1H3- D- gl ucopyr anose
(125 g), which was a portion of the product obtained in the previous
step, in 1,2-dinmethoxyethane (400 mM) were added water (150 nl) and
5% Pd/C (19 g, 4.5 mmol, water content ratio: 50%, and the m xture
was stirred in the atnosphere of hydrogéf-gas at roomtenperature for
6 hours. The reaction m xture was filtered and the residue was washed
with a m xwereadddd atetdne dilveigyand/ eabaS 8025 Andthe sBRdoNFaEEldRE 5P by
The filtrate and the washi ngs were conbi ned and 1, 2-di net hoxyet hane
(500 m) weedovadd®dter ferleg) was ddved i the soletioma 108 belsklow, tahd thehBiRtu@®as
(1000 M x2). Ethyl acetate (500 m) and an aqueous solution of 25%
sodi um chl $ired @t thesongemperpbiraipgddorn (The resaltiog grystabyescollagiet! bhe
product was extracted.to the grganic | ayer. The separated organic
ayer was SRS e sl quth A B ol Srncae L EbEAA A Chi 58, ddhe 600

9)_and { e Sl WAS, PN B E R SR R SRR R [0 L

47 - resulting tesidue was a acetone

was evaporgat : 5 G e i NJ
the t111 ed comsauns RBQERRALT BEME B s P e i Ebn GO S8

93. 9% whi(eatenesnian £50235)ed thaard compéhi@ (398 &g). AtThe piEG 8 fHRJedditinzPL C.
The product was used in the next step w thout further purification.

[0160] MeawmpewnsivascSldhtwioeh whs ddRutted@akadon thé\hdea pitio Sned €& by¥HBLAM

|.D. x75 mwb 3 pith ersé Mobi | e phase: Fluent A: 1120, Fluent B:
MeCN [0138] a AR AEAP) k- 19386 HT=BSH2WR458 (289, (37 5H17)) 3.420%461(DH,

ﬁf‘r’{; ( f_:l g‘wr}%)ag,é?@%i%ngﬁﬁz'ﬁh%e VWru s 280 3, 1890 &, TP ?:112%)}(1)?),( 8

5.13 (1H, d, J=12.8Hz), 7.08-7.12 (4H, m), 7.18-7.23 (3H, m).
[0139] MS (ESI'): 387 [M+1]*.
[0140] Measurment condition of HPLC:

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

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

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

[0141]



Col um tenperature: 35C Detection wavel ength: 210 nm Step 4:
Synt hesis of 1, 1-anhydro-1- C45-(4-ethyl phenyl) net hyl -

(hydr oxynet hyl ) phertyl]-2.3, 4, 6-tetra-0-net hoxycar bonyl - 13- D- gl ucopyr
anose [0161] [Fornula 29]

1, 1- Anhydr o- 1- CA5- (4- et hyl phenyOret hyl - ég( hydr oxynet hyl ) pheny1] - 13- Dg
| ucopyranose (106 g), which was obtainéd~in the previous step, and
1-met hyli m dazole (318 m, 3994 mmol) were dissolved in acetone (400
m). Under[Eblsiklr ogen at nosphere, methyl chloroformte (182 m, 2367
mol ) was added dr opw se to the solution at 15C. The m xture was

al | owed t o iR o™ & YBe Hlyent Ador  3EWSDTR (%1fter addition of

vvater (800 the m xture tracted with ethyl acetate (800
The o?@%?c | ayer was vvawgﬁe ith an ﬁ%@Bus solution of 10%
pot aSSI um {ydregensul fate and ;3% sodi um chb ride - 48 - (800 m),
and an aque€ous Sol ution of 200} sodi um chl ofi de (800 M x2), and then
the sol veni7 ygspsevapor ated undgr reduced pggssure. To the resulting
resi due were—added—ethanot—+266—nm)—t=butytrethyt—ether (200 m)
and 2-propanol (F30r4t:)1.0 HEhgniw xture was heated to 74C to dissol ve
t he residue, and then cooled to 55C and stirred for 1 hour. After
precipitation offespkiathreds.I0ser ved, the m xture was cool ed from 55
to 25C over 1.5 hours. 2-Propanol (270 m) was added thereto, and the
mxture was sti Ajairetion wasdersegr 220mpur . The resulting crystal was
collected by fil t] washed th a mxture of ethanol and
2- propanol (3:12458¢ 8 Fla i xture of ethanol and

water (1:1, Sooﬁgfb,i&%eq*vdecgﬁg&rélgd% cpd as wet powder [122 g,

correspondi ng t ?/l eld from 2, 4-

di brono-1-(1-ne
5705 Lol 6(2] = 2%035%1 Wi %egtlhg @@mﬂdwp&r}ﬁaaﬁmqﬁaquﬂﬂg app&fiud

1- anhydr o-rlarufdetdt & R Edishh OhpfRh h@dipdration
(hydr oxynet hyl ) phenyl1] - 0- D- gl ucopyr anose 0163] [Fornul a 30]
Anode solution: Aquamicron AX (manufactured by Mitsubishi Chemical

Corporation)

Cathode solution: Aquamicron CXU (manufactured by Mitsubishi Chemical

Corporation)

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

Br
\I/O
OTMS
OMe ~OTMS
O
TMSO < OTMS
oTMS

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

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



Under. a nitrogen atnosphere, to a solution of 1,1-anhydro-1-C45-(4-
et hyl phenyQOret hyl - 2- (hydr oxynet hyl ) phenyl] - 2, 3, 4, 6-t etr a- 0- net hoxycar
bonyl - P- Dgl ucopyranose (96 g as wet powder, corresponding to 82 g of
dry powder) in 1,2- dimethoxyethane (328 mM) was added dropw se an
aqueous sol ution of sodi um hydroxi de (4N, 265 m, 1060 mmol ) at 40C.
The mixture was stirred at the sanme tenpérature for 4.5 hours. Water
(82 mM) was added to the mi xture and the organic | ayer was separ at ed.
The or gani ginleshydsilybetsorides h@He wathbnanixae R eUGIbROII 1d RBrkap pbB%uso dhdiif:
di hydr ogen phosphat e di hydrate and 12% di sodi um hydr ogen phosphat e
dodecahydrrmaswtifgresided Wasgdifiet bp BPLE(colames meesil @DO-3p2) mnakDadde thm;
thereto. The organic | ayer was washed with an aqueous sol ution of 25%

sodi um chl &eioaidrileSomk{minpto siverthe tithes! wsipprrd asiwe isslatgsotiestesehmansier

reduced pr re,. - 49 - To the resulting residue were added
acet one (4@3%11 ;jlaasﬁ?ie%?rér (8.2 m) and the solvent was evapor at ed

(164 m ) ana ot or sgaod e Epeey . 0 Blolid GHS GRS, PORECHS SEhTATen

to 28C. Ths el @hi g uRgsIE ! o6 (A, 50,601 2), 306G &1 yel gl 06 tibeag,

titled compound (82 ng) was ad mxt’ure was c

20C over 24105518, 3.818.59(BH/ @Yl 482 (2AG, fror3. Aukour1 (A 14e1=13.2Hz), 7.38 (18,
precipitation of solid was observed, the m xture was warned to 25C
and sti rr ald, k8.8 BoHea Vel @HperlaBSte), 700 (IHhhUE2.58dbsequent | y, the

m xture was cooled from 25C to -5C over 2.4 hours, and the resulting
crystal wd@l44h MSCESH): Sy tN8lat i on. Water (246 nl) was added to the
resul ting Gfaﬁtﬁl énd the m xture was stirred at 4C for 1 hour. After
filtrationtthe fSEIOMRE wet powder was dried under reduced pressure

o ve vt powder Tt QRMETBREEHS B SndisClm P R ATEe S

further dpi - , i d
urt her mlz@qgnruj,ea.zz% gm%ﬁd.msw}éﬁ,%19r(§ﬁ§élj{/ %mt ﬁgi t@fé 873&2,% ?=1oas, as

tenperature: 20 fo for 30 mnutes to g rile onpoun

a nonohydeaie), & 98U H] dd,44¢.3, Y5KE)XI4.8200H, wal RI10SPDEETY, 4444719%), 4.5\ H,
purity of the resulting conpound was 99. 9% which was cal cul ated
based on b 4eF8@Hs bus), 3. WehB62EY nhy 7. BPOY, dNE=RGA1.6HE), FHaLE alyd:8.516),
wat er content: Analysis nethod: coulonetric titration nethod

KF anal ysi7597£ﬁ%a°159{shs: Type KF400 (trace noi sture measuring apparatus

manuf act u y )i SRAI 1 cal Corporation) Anode

sol ution: T@g‘ﬁﬁr%@c@gw&% actured by M tsubishi Chem cal

Cor por at i ti on AGTCHC factured by
Mt bob, snfSHIL MExampled) ?892%?88‘%“ Hhyafd P%Z@%ﬁé’rﬁifﬁg{‘éﬁ%@%‘i n

Exanpl e 5(hyS3tcxpmBth¥BShen ?mr,s,i,enetﬁfolphﬁld&n-ﬁsﬁa@luceﬂkﬁio@@d in the

fol |l owi ng procedure. [8 64]

1, 1- Anhydi®@48} (¥omiula 8¢yl phenyl ) met hyl - 2- (hydr oxymet hyl ) pheny11- 0- Dg
| ucopyr anos L 307 was di ssoleved in water (250 m) and acetone

(250 M) at sol uble materials were renoved by filtration.
To the fil dded a m xture of water

OPiv OPiv

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



- 50 «~ (326 m) and acetone (326 m ), and the solution was cooled to
4C. Water (2.311) was added thereto with stirring the m xture and
keeping it at 11C or below, and precipitation of solid was observed.
The precipitate was collected by filtration, washed with a m xture of
water (289 ml) and acetone (59 m), and drled by ventilation drying
to give a crystal (160.7 g). [0165] Meadérement condition of HPLC:

Col um: ZORBAX Eclipse XDB-C18, 4.6 mm1.D. x50 mm 1.8 um (Agilent)
Mobi | e phawes stitted@ntoof tefnp@@iurddon ebriut B4 hddr@H Water was addedishidafié resulting
operation: Elunent B: 40%to 60% (11.5 mm), 60%to 80% (7 nm, 80%to
95% (4 nm) MiEUWaE emctﬂﬂmw hexpee. 1TOe pigamic tpy€oanwashedwith stater, e saGi@@d
Det ecti on wavel en 20 nm [ Exanpl e 6] Hal ogen- net al exchange

reiacti on offliSoY- Saﬁ%% sofiym b ﬁdé?%%ﬁlbﬂﬁat?#ﬁﬁllsé’ilﬁéﬁ@fﬂ’éﬁwzSﬁéﬁ*@eﬂ‘rféocllum
- 2.4

ot byt 61 ho R BRARDb G fop 80 3erd P b e Mo P T BTy, e resuling

ooy oA bR by okt Vg SR AABRERH) b B Bk BASISTS

ni trogen aicﬁﬁﬁdlh% @10?0{1)‘1‘3' e%%lllﬂitét’ldlrﬁwy The oil material (SOOm%) was
met hyl et hoxynet hyDbenzene (500 ng, 1.48 was di ssol ved

t ol uene ( 3di&blvet Jn Bopkopdnat A mB1 hWatee(thnIXﬁde&)pﬁtp)anoI'(Dnﬂheers@del on
was added dropwi se n-butyllithiumin hexane (1.6 1.01 m, 1.62

mol ) at O€qesrdiellBatrbemtanperaigcend hompkars was atﬁ'retlhﬁ@ Tdhdl. t | Water @.5 ml) was
sat ur at ed %aégacfous sol ution of amoni um chl ori de was added thereto, oc
and the ni and the mixture pyas dprthgr ﬁfﬁr%itfﬁyl hetet Ruigher feanigiugayiascstingg et 0°C

was vvashedf h a saturat | Qri de, and

i od over®hhBgr suae b EreEib Rt Sttt b YBRd R caoRter
rmggﬁglegt Eg\gé;tt?%h[nﬁ; %@w rgﬁ}pg %g,ygﬁd GRALGLRE B el B Pouha (Ao REOXY - 1-
2- br omo- 1-[01497etHhomyR IEDELN B @Y DOy BEL hY (OBeNZETEOH, 5), 1.20 (OH, 5), 1.20 (31, t,
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), 437 (1H, ddd, J=2.0, 4.0, 10.0Hz), 5.12 (1H, d, }=12.2Hz), 5.21 (1H, d,
J=12.2Hz), 5.37 (1H, 1, 1=10.0Hz), 5.57 (1H, d, J=10.0Hz), 5.69 (1H, t, ]=10.0Hz), 7.07 (2H,
d, 1=8.2Hz), 7.10 (2H, d, J=8.2Hz), 7.11 (1H, d, J=8.0Hz), 7.17 (1H, 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

\/cij_:ows
TMSO ¥ OTMS
OoTMS
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.



- 51 - which may be referred to as 4-brom de and 2-brom de
respectively hereinafter, as an oil (376 ng). According to 'H NWR
anal ysis of the product, the ratio of 4-brom de: 2-brom de was
determ ned as 16:1, which was cal cul ated based on the integration
rati o of peaks of protons at benzyl position (4-brom de: 84.43 ppm
2-brom de: 84.55 ppn). [0167] -43 -

4- Bronp- 1- (1- met hoxy- 1- net hyl et hoxynet hyl ) benzene: "11- NMR
(CDC13) & Aftéflth¢ Giiktum)wasTodldd (B19°Csioluefie B3.6(1dandWater (188 k#) Wée bdddd
m, 7.44-7.47 (211, m. [0168]

2- Br ono- 1- fhereitet Adg prepnivdeyey Was epasatedtand Goshed evith:an aqueous solution of 5%
11-1-NMR (CDC13) . 8; 1.46 (6H, S%‘ﬁ 3.24 (311, % 4.55 (211, s),
7.10- 7. 14 oiym fiydrogenphpspinte (108 kgy2) apdsvatey (B8 kgadl),  Hye solved 6]
Condi tion 2: Under ni f rogen at no ere, 2,4-di brono-1-(1-mnmethoxy-1-
et hyl et noRTREEHY P e B0 g 10 Herasuliis o litoven ed Gieherphnen
tol uene (3 0.35 m). Tq t.he solution
was added:)(as%%% %1& n- b"&‘%f%{%@ﬁ%ﬁeﬁh %)I;(ée(ﬁjgc%lgr%ssﬁiﬁa‘ 18‘51111%“,3931&%’{?3“
nol ) at D¥Swak AAHALhOS 10 AN SOPdL =gl - Il desult i
met hoxy- l-q%et h%l et hoxynet hyDbenzeﬂr?gdt%&}é%&n%fi&g%%%l )Tlfe#estugingé%sédue
(1.1 ) o disabvyd ietehatlydatties (153 k5] todiYe yasutRAGE thed iR WhiSSounA if he
reaction m xture. After conpletion of the addition, the reaction

m xt ur e wdstrahyirofaen. at TleQutity of38e produt @s IR0Ftatrvatsizo ragLSDL%), which was

sol ution of ammoni um chl ori de was added thereto, and the m xture was
ext ract ed Hctiatediasad ondbs geeratiopeagirehby BPLGyer was washed with a

sat ur at ed @g%’ﬁo&n{i sol ution ﬁ{ so&i%phl oride, and dried over

anhydr ous Miuricin SORGHO “ was evaporat ed under reduced
pressure to giv A t IR - ) and, 2- ,de as an
oil (458 np). Agggapg{'@tégagﬁagﬁwﬁ&%‘g? %sn?gﬁb%ggﬁlem’%r%%g{c’&e)t he ratio
of 4-bromi de : Ridpkiophale: MaentdeLEnNE AGSNAFHAZ0: 1, whi ch was

cal cul ated based on the integration ratio of peaks of protons at
benzyl positi onEleStIBHI%Z O MeON/NMeOMNnder a nitrogen at nosphere,

2, 4-di br ono- 1- ( 1- net hoxy- 1- net hyl et hoxynet hypbenzene (150 ng, O0.44
mol ) was di ssofvskient pparefiare BleqtB: 150 to %Fa(16 iny PRBH(RY nist 9% to TIO%L
ml). To t sql ut added dropwi se n-butyllithiumin hexane (1.6
M 0.3 m ?EB‘.I 82111,&1,113)5%\@5111@% over 3 minutes. After conpletion of the
addition, the Flotrirzrfe-l ez miir?n m xture was stirred at 0C for 30

m nutes. A satufated agueouds sol ution of anmoni um chl ori de was added
thereto, and the,ginhittihferd@n. 8¢ acted with ethyl acetate. The

organi c | ayer was washed wth a saturated aqueous sol ution of sodium
chloride, and dpDeectioavedveRapHOPGUE SOdi um sul fate. The sol vent was
evapor at ed under reduced pressure to give a product containing

4- br oni de [Bsehple Bir oni Smtiesis ahl,dianh{d68 -O-(4-AhgphaiyDamethgl-2-1- 1- NVR
anal ysis of the product, the ratio of 4-bromde : 2-brom de was
det er ni neftydeoxywethylpbangl-RrRsleceppianeseed based on the integration
rati o of peaks tf rotans, a% ezp | position. [0171] Condition 4:
Under a ni troge 3%? = o 2R 2 girakis{tpmet Iylox YA ethylsilylox methyl-2

et hyl et hpsyn By 1.48 mol) was di ssol ved in
tol uene ( .4@5 R ECM%&I—WSGS m). To the solution

was addedm@:@mﬂ&gmgmgﬂﬁygn@ ttef}g%iﬁdp_?mlﬁexane (1.6 M 1.01 m, 1.62
mol ) at over m nut €s. er conpletion of the addition, a

sat ur at ed[(@g4ieous sol ution of ammoni um chl ori de was added thereto,
and the m xture was extracted with ethyl acetate. The organic | ayer
was washed with a saturated aqueous sol ution of sodium chloride, and
dri ed over anhydrous sodium sul fate. The sol vent was evaporated under

reduced pressure to give a product containing 4-brom de and 2-brom de
as an oil (373 ng). According to 11-1-NMR anal ysis of the product,




peaks- of protons at benzyl position. [0172] [Exanple 7] Synthesis of
1, 1- anhydr o- 1- C45- ( 4- et hyl phenyOnret hyl - 2-

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

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

(hydr oxynet hyl ) phenyl11- 2, 3, 4, 6-t et ra- 0- met hoxycar bonyl - P- D- gl ucopyr an
ose (88.2 g as wet powder) in 1,2-di rret'l‘?éxyet hane (285 m ) was added
a solution of sodiumhydroxide (5 M 285 nl) at roomtenperature, and
t he m xtur Fomaslasbirred at the sanme tenperature for 1 hour. After
addition of an aqueoussol ution of sulfuric acid (1 M 713 m) to the
m xture, water (10Q as added thereto, and the m xture was

extracted tw ce acetate (500 m ). The conbi ned organic

| ayer was satol at ed aqueous sol ution of sodium chloride
(1000 m), rVi‘ee \ drpus sodium sul fate (250 g) and an about
hal f of the - 5®™-"y%Solvent was renoved under reduced pressure. The
j & Was collected by filtration, and the product
was obtained as cryst ' Mne powder (10.3 g). A portion of the product
(4 ng) was di ssol vBEMPn di met hyl sul foxide (0.02 ml). The sol ution
was | yophilized at -20C over 2 days to renove di nethyl sulfoxide.
Water (0.02 m) uld i ng 1 esi and a very small
portion of the pro a%f%g%%@%@%%gg;ﬁ%@%%@g@%ﬁx Zto as a seed
crystal . Thempiettou§ReSbenbai 830 ok S R GiROMB B 5 ) i
(TAITEC) at rgyomtyerrpg?lgl% ure mﬁ%o days&{% give crystal o émni)wdt
titled conpeuadthylBher @62l agl obyvigliglium$n Renhé (InRAM @06l 856 mmol) was
nonohydr at e by neasurenent of powder X-ray diffraction, in which
peaks wer eaddbsd dropwiseat - 10Ae. Affershedinixturawias stirredrigt 8 ho@eat -36°G, hdwityllithivm
the X-ray powder diffractio attern of_ the rmnohP/drate measured in

Tost  ExanpRdesanc(©34M; 1643tk I Bl Wrcgdrbiropmiseat 48 G AFSE e TRture was
1, 1- anhydr o- 1- - (4- h Omret hyl. 2- ( hydr. hyl |j-13-D
Ficoons anoszreer folnfl IR T RETR oBe Sg i RN e Haledypeti > ©

1, 1- anhydr Qi Gl 95685 ) e P
(hyeiroxymet iy Fs Ry Y BERSHBE St diofn it was ke gnd added 1 g gorated
(40 ng) weigReslisSERLVREE AmbRhANARKidE.L THe)rafid o8 6ront 1-EImbM8x @) Ut i ON
was cool ed to roomtenperature, isopropanol (2 m) was added thereto.

The sol vennethylathoRymdthyl)imazane and 2drdmyo- e bpetlaikiy-damethgethox ki ibenzene
pressure. A seed crystal of the titled co-crystal was added thereto,

and t he milreludasl indhe resultingrgixiire weopd 1 Eqopesraion rae: G3&)nvvhjph wagrajadai¢d
preci pitated s collected by fil ion, washed with isopropanol (4
m), and M%ﬂgﬁ@°@%¥tmﬁc¥¥¥@hﬂi@g-cr ystal (nelting point: 1620).

By 11-1-N al ysi J A .5 = Cr, I 2 he .
Thtio of tRED; ARt AR LlsaPled ki e B SR diotiigee
conf i rmed @by bt 3L G(MREHGRE AUk lesiRasesly Ry b yi- Bl-AGHAIyRR 2 S O
of peaks of Slrgtons atj ((t:l-B i?\lﬁle}?hyylaJ of the cgrrpgundyl(m%%l.yw p%{r%
(311, t)) (a02lga862GHR0IYin Beshydifaas (200 o{lPdt.-FFQ pmd tha kbacSon) mixhid v4d

The seed crystal used in the preparati on was obtained in the

f ol | owi ng stirred eHiDEC favBdtopdy. afleicthylastizd (26 fml, 172 mmol) and trimethylsilyl chloride
1, 1- anhydr 0- 1- CA5- (4- et hylcﬁgenycmet h%l -2-, . o ]

( hydr oxy me®B gp¥Rannobivsreadded Higrein gae thegnixyye wWatdvaser (i Scieteifes sefation

e &
R L b e SOOI P, O LB o

DSC6200R (1§LisctanRieehpmkigy ih Réahe (1.54 M, 1119 ml, 1724 mmol) was added dropwise

thereto at the same temperature.  After the mixture was stirred for 1 hour,

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



Scanning rate: 10C /m n Scanning range: 30 to 210C Anount of sanpl e:
3to 4 ng [ Exanpl e 9] Preparation of co-crystal of

1, 1- anhydr 04- C15- ( 4- et hyl phenyl ) net hyl - 2-

(hydr oxyrnet hyl ) phenyl] - 13- D- gl ucopyranose with potassi um acet ate
Monohydrate crystal of 1,1-anhydro-1-C45-(4-ethyl phenyl)nethyl-2-
(hydr oxymet hyl ) pheny1] - 13- D- gl ucopyr ano$@-(200 ng) and potassi um
acetate (48 ng) were dissolved in nethanol (1 nl) at 80C After the
sol uti on wasredaolhedarhoiemperaire foyertlicute, Ths epeGRanBturé ¥adhdur¥Btagded
thereto. The solvent (ca. 2 m) was renoved by evaporati on under
reduced prawsussolunon eb)% aypgoaiunpéhledids, aridrtbelorganic iagst was sepavatadiched
thereto, and, the m xture was_ stirred at room tenperature overnight.
Crystal pr‘@‘b#‘ﬁ?’t"gg‘ &Qiha s Thepjolvsat wep qypparated pader mducagpsessere i gile a product
i sopropanol (4 .m and dried.to gi. he tjtled co-crystal (melting
o nt - 17 ceptifh e AREedtiY oo Brb ef e oot Chabob e poyt sep
(CD3) 250, I : itled conmpound and potassi um acetate in
t he co-cry\i@g)lde\dgﬂg&c@% ‘fc?‘?f‘%“é as 1:1, which was cal cul ated based on

t he i nt egriaisgn Makhemeht Bedksn fupreions at CH3 in ethyl of the
conmpound (81.13-1.16 ppm (3H, 9) and at CH3 of potassium acetate
(81.53 ppm (3H, Co)ymn: [Abtai FihessErs] 30rmtid).x LMedm, 2.7UReSRpEBSr at i on
was obtained in the foll owi ng procedure. Monohydrate crystal of

1, 1- anhydr o- 1- CApbila pbasayEluemsdy QreMnit OIFH,/H, 0,

(hydr oxynet hyl ) phenyl kO D- gl ucopyranose (8 ng) and potassi um acetate
(2 ny) were dis ei}é%: MgCNet hanol (0.1 m) at 80C. The sol vent was

fully evaporated fromthe.soLution 0 ive e_desired
crystal. Melti ngr?oc{(.ﬁ?nﬁf’pmm%téonnéﬁgﬁtro%d%%ﬁg’tggg} @38&‘“133%%1@%?9 as Exanpl e
7. [Test Exanpl godl raMeagyreagnt of water adsorption isotherm
WAt er adsorption isothermwas neasured for nonohydrate crystal of a

conpound repr eseolugsh tbpérafrgiueed X)) [0177] [Formul a 31] OH( XI)

Detection wavelength: 210 nm

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

(hydroxymethyl)phenyl}-8-D-glucopyranose

[0157] [Formula 27]

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

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



by using dynam c water absorption isotherm neasurenent device: DVS-1
(Surface Measurenent Systens) as stated below [0178] Crushed
nonohydrate crystal of the conmpound was wei ghed precisely as a
nmeasur enent sanple (ca. 10 ng, water content: 4.5% and taken into a
sanpl e pan. An enpty sanple pan was used as a control sanple. The
measur enent sanple and the control sarrpl4é‘were set in the device. At
a constant tenperature (around 25C), relative humdity (RH was

vari ed to &@ppra80%ndetGeducedptessii, Wdes)(13D84) a0 %2-ditRghoayxhdde 396 ml)
row, and wei ght change of the neasurenent sanple was neasured. The
measur enentereadigd to thgaewdutingrih fvorlpypss were seppraied: e Jiie agudongllagerveast hat

e Y R
2] 5 0%, SN Lo 0k TRORMIERLE HEB\A e o 4 hA%

amor phous fREMsQivel Bas EQFPRAG xﬁafdeﬁ@&ﬁ&h%eégﬁké.- THEe fsgﬁmﬂg%rsﬁhswas added

crystal of the conmpound of Formula (XI) S prepared according to t
procedur e Db-dint@hptyRthdne GO8 MmiYand khiesaAvad WO apd et ufder tiRcEDpBRMRo Bfve
Formula (XlI') was obtained by the follow ng procedure. The nonohydrate
crystal ofantdieconcaigtheditied sompowma24feg)t e Thbyrodes twan gssalrin Hetnest Agpeyithout
and allowed to be cooled to roomtenperature in a humdity-controlled
desi ccat orfuptbgquefigationThe resulting solid was grinded in nortar to

give a sanple used as an anorphous form The sanple re stored in

t her nost aﬁﬁ&g%h ' & ~ARETO-Aste o (fect “&f the

sanpl es 1 §eﬂr1é/t§q %1;11;1 b ran%sémnt hs and 6 nonths. [0180] The
purity wa procedure. A portion each of

the - 56 [UIWF&%U\I@%]V\Bi ghed precisely (ca. 6 ng) and dissolved in
a m xture of el _and et hanol (1:1) to be 10 nL accurately. The
resul ti ng sol ut used as sanple solutions, and a portion (10
'lL) each of Sanplhe utions was subjected to HPLC anal ysis. A
total anount Jppgyi tiesl were cal culated according to the follow ng
formula. [0181P [Fornula 32] Total anount of inpurities (%= Sum of
peak ar easHeagh.g 'F‘puriti es (Peak area of the conpound of fornula
(XI))+(Sum of pe@é eas each of inpurities) Measurenent condition of
HPLC DeviTe: 2695 Separations Mdul e (manufactured by Waters),
2487 Dual ?, Absorbance Detector (manufactured by Waters) or 996

Phot odi ode Ar r ayroRaiRbe bf (HERNUGAGIt L0 bk WAL £kS)s-4-  Col um:
YMC- Pack ODS- AM AM 302-3, 4.6 mmJ.D.” x15 ¢m particle size 3 ism

( manuf act witiedpheyyYidioxymethyl-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 atmosphere of hydrogen gas at room temperature for 6 hours.

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



Mobi | e phase: Eluent A = nethanol, Eluent B = water G adi ent
operation: Eluent A: 55% (15 mn), Eluent A: 55%to 100% (10 mn),
100% (5 mn) Flowrate: 1.0 nLimn Detection wavel ength: 220 nm

Sanpl e cool er tenperature: 5C Period for measuring peak area: 30

m nutes after injection The results were shown in Table 2.
Both at 25C and 40C, the total anpunts-é¥-inmpurities in the anorphous
formwere increased tine-dependently. On the other hand, the total

anount s of rebuliity iebid8s whaddBe advrhe [yl k) Sang t¥eSdoRlen WRisCvaRIr tt L MR reduced
nearly constant for 6 nmonths. [0182] - 57 - [Table 2] Tenp. in

st orage FopmssTstialgivartipuprodust comapning thegitle YWmpound (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-ethylpheny)methyl-2-

{(hydroxymethyt)phenyl]-2.3.4,6-tetra-O-methoxycarbonyl-B-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 mmot) were dissolved in acetone (400 ml). Under a nitrogen atmosphere,
methyl chloroformate (182 ml, 2367 mmol) was added dropwise to the solution at 15°C.
‘The mixture was allowed to warm to 18°C while stirred for 3 hours.  After addition of water
(800 ml), the mixture was extracted with ethyl acetate (800 ml). The organic layer was

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



© nonth 1 nonth 3 nonth 6 nonth 25C Monohydrate crystal 0.30 - 0.29
0.32 Anorphous form 0. 35

- 48 -

(800 ml), and an aqueous 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 T hour. After
precipitation of solid was observed, the mixture was cooled from 55 to 25°C over 1.5 hours.
2-Propanol (270 ml) was added thereto, and the mixture was stirred at 25°C for 1 hour. The
resulting crystal was collected by filtration, washed with a mixture of ethanol and 2-propanol
(3:1, 300 ml) followed by with a mixture of ethanol and water (1:1, 300 ml) to give the titled
compound as wet powder [122 g, corresponding to 104 g of dry powder, total yield from 2,4-

dibromo-1-(1-methoxy-1-methylethoxymethyl)benzene used in Step 1: 57%].

[0162] Step 5: Synthesis of 1,1-anhydro-1-C-[5-(4-cthylphenyDmethyl-2-
{hydroxymethyl)phenyl]-B-D-glucopyranose

f0163] [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 ml) was added to the mixture and the organic layer was separated. The organic
layer was washed with an aqueous solution of 18% sodium dihydrogen phosphate dihydrate
and 12% disodium hydrogen phosphate dodecahydrate (410 ml} and then ethyl acetate
(410 ml) was added thereto. The organic layer was washed with an aqueous solution of

25% sodium chloride (410 ml x2), and the solvent was evaporated under reduced pressure.
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To the resulting residue were added acetone (410 ml) and water (8.2 ml) and the solvent was
evaporated under reduced pressure.  To the resulting residue were added acetone (164 ml)
and water (655 ml), and the residue was dissolved by warming to 28°C. The solution was
cooled to 25°C and a seed crystal of the titled compound (82 mg) was added. The mixture
was cooled from 25°C to 20°C 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 filiration. 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 ratic 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 Chermnical
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]-8-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
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[0165] Measurement condition of HPLC:

Column: ZORBAX Eclipse XDB-C18, 4.6 mm 1.D. x50 mm, 1.8 um (Agilent)

Mobile phase: Eluent A: H,O,

Eluent B: MeOH

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

Flow rate: 1.0 mi/min

Column temperature: 50°C

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

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

methylethoxymethyl)benzene, and 2-bromo-1-(1-methoxy-1-methylethoxymethyl)benzene,
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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: 84.43 ppm, 2-bromide: 84.55 ppm).

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

"H-NMR (CDCl3) &: 1.41 (6H, 5), 3.24 (3H, 5), 4.43 (2H, 5), 7.21-7.24 (2H, m),
7.44-7.47 (2H, m).
[0168] 2-Bromo-1-(i-methoxy-1-methylethoxymethyDbenzene:

'H-NMR (CDCls) 8: 1.46 (6H, 5), 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-
butylmethy! 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 m}) 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 ethyl
acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride,
and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure to give a product containing 4-bromide and 2-bromide as an oil (458 mg).
According to "H-NMR analysis of the product, the ratio of 4-bromide : 2-bromide was
determined as 220:1, which was calculated based on the integration ratio of peaks of protons
at benzyl position.

[0170] Condition 3: Under a nitrogen atmosphere, 2,4-dibromo-1-(1-methoxy-1-
methylethoxymethyl)benzene (150 mg, 0.44 mmol) was dissolved in toluene (1.1 ml) and ¢-
butylmethyl ether (0.11 ml). To the solution was added dropwise n-butyllithium in hexane

(1.6 M, 0.3 ml, 0.48 mmol) at 0°C over 3 minutes. After completion of the addition, the
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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-butyilithium 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 ammonjum chloride was added thereto, and the mixture was
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous
solution of sodium chloride, and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure to give a product containing 4-bromide and 2-bromide as
an 0l (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-8-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 suifate (250 g) and an about half of the
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solvent was removed 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 mg) was dissolved in dimethyl sulfoxide (0.02 ml). The solution was lyophilized
at -20°C over 2 days to remove dimethyl sulfoxide. Water (0.02 ml) was added to the
resulting residue, and a very small portion of the product obtained above was added thereto
as a seed crystal. The mixture was shaken at 100 rpm by DOUBLE SHAKER NR-3
(TAITEC) at room temperature for 10 days to give crystal of the titled compound. The
resulting crystal is confirmed to be a monchydrate by measurement of powder X-ray
diffraction, in which peaks were observed at the same diffraction angles (26) 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-cthylphenyl)methyl-
2-(hydroxymethyl)phenyl]-B-D-glucopyranose with sodium acetate

Manohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (200 mg) and sodium acetate (40 mg) were
dissotved 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 b.y evaporation
under reduced pressure. A seed crystal of the titled co-crystal was added thereto, and the
mixture was stirred at room temperature overnight. Crystal precipitated was collected by
filtration, washed with isopropanol (4 ml), and dried to give the titled co-crystal (melting
point: 162°C). By 'H-NMR analysis of the resulting co-crystal in (CD;3),S0, 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 CHj in ethyl of the compound
(81.12-1.16 ppm (3K, 1)) and at CH; of sodium acetate (81.56 ppm (3H, s)).
[0174) The seed crystal used in the preparation was obtained in the following procedure.
Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose (8 mg) and sodium acetate (2 mg) were
dissolved in methanol (0.1 ml) at 80°C. The solvent was fully evaporated from the solution

at 80°C to give the desired crystalline material.
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formO0.35 0.62 0.92 [Test Exanple 5] Powder X-ray diffraction
nmeasur enent Powder X-ray diffraction was neasured for the
nonohydr at e and anor phous form of the conpound of Fornula (Xl), and
for co-crystals of the compound of Formula (XI) with sodium acetate
and potassium acetate. The neasurenent -&dndi ti ons were shown bel ow.
[0187] Measurenent conditions for the nonohydrate (Condition 1)

[0175] Measurement condition of melting point:
Analysis method: differential scanning calorimetry (DSC)

Apparatus: DSC6200R (SII NanoTechnology Inc.)

Scanning rate: 10°C /min

Scanning 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-ethylphenyDmethyl-2-
{hydroxymethyl)phenylj-B-D-glucopyranose with potassium acetate

Monohydrate crystal of 1,1-anhydro-1-C-[5-(4-cthylphenyl)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 CHj in ethyl of the compound
(61.13-1.16 ppm (3H, 1)) and at CHj 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)phenyl]-B-D-glucopyranose (8 mg) and potassium acetate (2 mg) were
dissolved in methanol (0.1 ml) at 80°C. The solvent was fully evaporated from the solution
at 80°C to give the desired crystal.  Melting point was measured in the same condition as
Example 7.

[Test Example 1] Measurement of water adsorption isotherm
Water adsorption isotherm was measured for monohydrate crystal of a compound

represented by Formula (XI):
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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 monchydrate crystal

A storage stability test was carried out for monohydrate crystal and an amorphous
form of the compound of Formula (XI). The monohydrate crystal of the compound of
Formula (X1I) 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 o 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 cach of the



Anti cat hode: Cu Tube voltage: 40 kV Tube current: 20 mA Scan rate:
2. 000 degree/ mn Sanpling range: 0.0200 Divergence slit: 1 - 60 -

Scatter

slit: 1 Receiving slit: 0.15 mm Scan range: 2 to 35

Measurenent conditions for the co-crystals with sodium acetate and
pot assium acetate Equi prment: X Pert MPD (PANal ytical) Anticathode:
Cu Tube voltage: 45 kV Tube current: 409 Scan rate: 1.000
degree/ mn

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 uL) 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 (manufactured 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 L.D. x15 cm, particle size 3 um
(manufactured by YMC)

Mobile phase: Eluent A = methano]l, 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 resulis 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]



Sanpl i ng range:

0. 0500 Di vergence

S

Receiving slit- O 2 nm Scan range:
nonohydrate was shown in Figure 2.

angl es (20) of about 3.5, 6.9, 10
21.4 and 24.4. The result of the co-crystal

[it:

0.
3 to 35

25 Scatter

slit:

0.25

The result of the

Peaks were observed in diffraction

.4, 13.8, 16.0, 17.2, 18.4, 20.8,
with sodi um acet ate was

shown in Figure 4. Peaks were observed-da-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. [Mabklerddsult of the co-crystal

Wi th potassi um acet ate was

shown in Figure 5 Pedks were obseryed Tin djffraction angles (20) of
about 5. OFTen]qQ'iQ toga%BA, 12.4,.14.5, (15 1, 180t] ammynyof impanjties () 25. 2.
_ 61 - Oinms 1T Aprodess for prepaf i DenoatC OMPOMBALT 4Present ed BMnonth
Forrmula ()7 OH OH(O
Monohydrate
0.30 - 0.29 0.32
25°C crystal
Amorphous form 0.35 - 0.66 0.87
Monohydrate
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[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 (XT) with sodium acetate was prepared according to the procedure

of Example 5. The samples were stored in thermostatic chambers at 25°C or 40°C, and the

purity each of the samples was observed after 1 month and 3 months.

The measurement

results were compared with those for the amorphous form obtained in Test Example 2.

[0183] The results were shown in Table 3. Both at 25°C and 40°C, the total amounts of

Impurities in the amorphous form were increased time-dependently,  On the other hand, the

total amounts of impurities in the co-crystal with sodium acetate were maintained nearly

constant for 3 months.

[0184] [Table 3]

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

Co-crystal with
0.07 - 0.07

25°C 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




wherein nis 0, mis an integer selected fromO and 1; and R2 is

Cl Aal kyl ; which conprises: Step a): treating a conpound of Fornul a
(rr)y: (RA&.1 X (11) wherein XI and X2 are independently
selected froma brom ne atomor an iodine atom 15P | is a netal ion,
a hydrogen atomor a protecting group of hydroxy; and n is as defi ned
above; with an organonetal reagent, and >8hen reacti ng with a conpound
of Formula (1I1l): - 62 - wherein P2, P3, P4, and P5 are

i ndependeniTest &@h’@bﬁtﬁ@tdrﬂgﬁﬁt@ilwmsewdorrgy&‘lﬂladqh mfassiymracetyte or P2 and
P3, P3 and P4, and P4 and P5 together may independently represent a
di val ent group tfbstﬁra@?é@bﬂlﬁw@@stmwwdgmcfepféo-%rﬁaaltqi thegtompaurd @fg}?om@la

P2, "3, - PAIRRHD PYrSES S G PR ROVt Rt e SABPITL | Ofe ot

?Y%? ge? Riéf?ﬁg col’r?p%ﬁﬁ&) OP%OIthliae(%Ij B ﬁoﬁ%%? g&gaté @er pr%paréaeaccglbémg% %' a

procedure of Example 6. The samples were stored in thermostatic chambers at 25°C or
40°C, and the purity each of the samples was observed after 1 month and 3 months. The
measurement results were compared with those for the amorphous form obtained in Test
Example 2.

[0185] The results were shown in Table 4. Both at 25°C and 40°C, the total amounts of
impurities in the amoxphous forr were increased time-dependently.  On the other hand, the
total amounts of impurities in the co-crystal with potassium acetate were mainfained neaily
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)
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Equipment: RINT 1100 (Rigaku Corporation)
Anticathode: Cu

Tube voltage: 40 kV

Tube current; 40 mA

Scan rate: 2,000 degree/min

Sampling range: 0.020°

Divergence slit: 1°

Scatter slit: 1°

Receiving slit: 0.15 mm

Scan range: 3 to 35°

Measurement conditions for the monohydrate (Condition 2)

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

Tube voltage: 45 kV

Tube current: 40 mA

Scan mode: continuous scan

Step width: 0.017

Scan axis: 26

Sampling time per step: 30 sec

Scan range: 2 to 35°

Measurement conditions for the amorphous form

Equipment: RINT 1100 (Rigaku Corporation)
Anticathode: Cu

Tube voltage: 40 kV

Tube carrent: 20 mA

Scan rate: 2.000 degree/min

Sampling range: 0.020°

Divergence slit; 1°



OP4(1Vb) wherein n, X2, PI, P2, P3, P4, and P5 are as defined above;
and 15P6 is a netal ion, a hydrogen atomor a protecting group of
hydr oxy; with an organonetal reagent, and then reacting with a
conmpound represented by Fornmula (V): OHC- (R426 (V) - 63 -

wherein R42 is a group defined as R2, agg mis as defined above; to
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conpound repres ted.by,F%rnuIa (I'va) to obtain a compound
represented by Fying sk Ol wherein P6 is a protective group of

hydr oxy. Scan range: 2 to 35°

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

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 Figure 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°,



2. The process according to claim1, which further conprises Step c):

subj ecting a conpound represented by Formula (VI): 15 op4d (M)
wherein R42, m n,P2, 345nnnP3 , r., r , and P6 are as defined
inclaiml;, to the two follow ng steps: Step (1): treating a

conpound represented by Fornmula (VI) wherein Pl is a hydrogen atom
under an acidic condition, with the proviso that when Pl is a

protecting -Clgi%zs-

1. A process for preparing a compound represented by Formula (1):

(R"

5 OH 0

wherein n is 0, m is an integer selected from 0 and 1; and R%is Cisalkyl;
which comprises:

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

10
(RO)n
X2
|\\
P10 L
Xt
wherein X' and X* are independently selected from a bromine atom or an
iodine atom;
15 P! is a metal ion, a hydrogen atom or a protecting group of hydroxy;

and n is as defined above;

with an organometal réagent, and then reacting with a compound of Formula (III);

0
opP?

P°0
oP?

P4 (1D



group, the step further conprises a deprotection step before the
treatnment; and Step (2): renoving a hydroxy group, which is forned in
Step b), by reduction reaction; with thegproviso that any one of the
two steps nay be carried out in first; to obtain a conpound
represented by Fornmula (VI1): wherein R42, m n, P2,133, P4, and
P5 are as defined above. 3. The process according to claim1l or

2, in which the organonetaal; rea t is .10 added over, .15 to 30
mnutes in Step a) .g’%erfgﬁ%ht’E’r’&gggsarﬁérbdclﬁpm%ﬁ%&%i%ﬁﬁg ﬁfﬂ’ﬁéaBrl‘)?egﬁ%ﬁ grgup of
to 3, in whi g 3 @R t 5 i.S: j

it or mi 1t ont YRR 20 Bl P, REa Rt 7RO Bl ° RARH i BBl Al et
claims 1 to 4ivaldnt Wabf b Frofett o 198FkY eRbupé arddns fDARREEt al reagent is
added in an am)untE{)&fﬁo.lszr to O. QQE{JU?\%;I gnts rel ati vfei,gr?o the 15
compound of Reobmina dotppundarepresdnitedrbyi Boimnlaptayon of the addition a
second poition of the reagent is further added in an ambunt of 0.1 to
0.7 equivalents r(§11§1ti ve to the conmpound of Formula (11), wherein Pl
is anetal ion or otegting group in Step a). 6. The process
according to any o claims 1 to 5, in which a first portion of
the organonetmah re is added in an anount of 1.4 to 1.9

equi valents rel atfveto the 20 conpound of Formula (11), and after

i nterruption of ddi tdgn a second portion of the reagent is
further added in amw’a nt of 0.1 to 0.7 equivalents relative to the
(I'1f), wherein Pl is a hydrogen atomin Step a).
ng~a® any one of clains 1 to 5, in which the

OP* * - (IVa)

7. The process
or ganonet al

wherein n, X%, P!, P%, P°, P*, and P° are as defined above; and
X is a metal ion, or a hydrogen atom;

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

(R‘”{\ .

PO oP2

op3
op4 (IVD)

wherein n, X7, P!, P2, P?, P*, and P° are as defined above; and
15 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):

QHC .\
| —FR*)n
& %)



- 65 - reagent is added to the reaction system containing the
conpound of Forrmula (I1) wherein Pl is a netal ion, or a protecting
group of hydroxy, and then the conpound_& Formula (1) is further
added thereto in Step a). 8. The process according to any one of
claims Ito 5 and 7, in which a conpound 5 of Fornula (l11) wherein P1
is a protecting group of hydroxyl is used in Step a). 9. The process
according to any one of clains Ito 8, in which a conpound of Formula
(1'Vb) wherein P6 is a protecting group of hydroxy is used in Step b).
10. The process accordi ngsato an f ghal A to 4, erein Pl and
h FOreiEt| B c o PY Ained af K rnd T & defiphe 2

P6 are independently s “al kal i
earth netal i &%l optionally substituted
wi th one or rg?betagg%ﬂ{ g?‘%&%%g%n?églgﬁﬁoﬁﬁg(gﬁéaturat ed or unsaturated
het er ocycl yl optionally stituted with one or nore R52, C2..
| oal kenyl, -Si (RFBY%, - C(FO0) R54, -B(0R55)2; P2, P3, P4 and P5
freqn G | oal kyl optionally substituted
with one or nore RS (Fﬁlﬁfti ally unsaturated or unsaturated
15het er ocycl W'Oqptitana? tutd®d with one or nore R52,
C2_10al kenyl, -Si (R53)3, - C(=0)R54, -B(0OR55)2; or P2 and P3, P3 and
P4, and P4 and det h@P?may i ndependent |y represent a Chloal kyl ene
group or a car bonyp p to protect two hydroxy groups and to forma
ring;. P50 erel ARo] is independently selected fromaryl
optional |y substitutdd wi@h one 20or nore R56, G _iDal koxy optionally
substituted with oneogt nore aryl, Civboal kyl t hi o, and aryl sel enyl;
R52 is independently selected from Cm oal koxYl R53 and R35 are
i ndependently selected fromC _|oalkyl and aryl; R54 is a hydrogen
atom Cmoal kyl, ar\%lllergigtRI“p,Tnatlnl, ¥',%’y,tl))§,t Il’%ll’%t géjdl\’,gla&et] asodrga%neoc{ abrg?ura;eand

which may further comprise a step for introducing a protective group into a
compound represented by Formula (IVa) to obtain a compound represented by Formula
10 (IVD) wherein Plisa protective group of hydroxy.
2, The process according to claim 1, which further comprises

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

(Rd‘l) OH

opP4 (VD)
15
wherein R¥, m, n, P!, P2, P3, P* P°, and P® are as defined in claim 1;
to the two following steps:
Step (1): treating a compound represented by Formula (VI) wherein P! is a

hydrogen atom under an acidic condition, with the proviso that when P' is a protecting



25 O _mal koxy, heteroaryl, amno optionally substituted with one or
nore R52, Chloal koxy optionally substituted with one or nore aryl, or
aryl oxy optionally substituted with one .qg.nore nitro; R56 is

i ndependently selected fromG _|oal kyl, C _|oal koxy, aryl, and
heteroaryl; - 66 - R57 is independently selected from Ctioal kyl and
aryl; Xis an alkali netal ion, an alkali earth netal ion, or a

hydr ogen atom__ 11, . rding.:to n L. lto
& “wharei n prope B JeR AR R R S SRR BB e it TR
Cl_6al koxyGi _6al kyl / i L8 Yhichli ledu@ion
group -Si (R53) 3, bes;:lezpfl(lg?”rélf-ﬁér‘g%{ g%‘@é’ﬁ%{’,‘ﬁtricgﬁgﬁ‘{yr@%?{%ﬁg% a
group - B( ORSSpation; with the pSisoRfat afytod st tRbrwa stepk RGP BEERE bt if Gkt ed
from Ci 4al koxyCl . 6al kyl , aryl met hyl oxyC _6al kyl, tetrahydropyranyl, a
group - Si ( R53p 8btalmencoytpourdd reptdsentsdbgnBorplat(ViPhenyl met hyl , a group
-13(0R55) 3, Ch. oal kyl carbonyl, G . 6al koxycarbonyl, benzyl oxycarbonyl,
t-butyl; or P4 a ﬂ413>r15 together may represent a divalent group 10
selected from - - CH -C(C1-13)r, and -CHPh- to protect two
hydr oxy groups and __2'42 , P6, R53, and R55 are as defined
inclaim110. 12. Br ng to any one of clainms 1 to 11,
wherein Steps a) ) are carried out in one pot reaction. 1513 A
process accordi ngad ny g of claims 1 to 12" which further
conprises: Step d)G’co
conpound of Rssyul

oP* (VID

wherein R*, m, n, P2, P?, P*, and P® are as defined above.

3. The process according to claim 1 or 2, in which the organometal reagent is

10  added over 15 to 300 minutes in Step a).
4. The process according to any one of claims 1 to 3, in which addition of an
organometal reagent is carried out intermittently in Step a).
5. The process according to any one of claims 1 to 4, in which a first portion of the
organometal reagent is added in an amount of 0.4 to 0.9 equivalents relative to the

15  compound of Formula (II), and after interruption of the addition a second portion of the
reagent is further added in an amount of 0.1 to 0.7 equivalents relative to the compound
of Formula (II), wherein P' is a metal ion or a protecting group in Step a).
6. The process according to any one of claims 1 to 5, in which a first portion of the
organometal reagent is added in an amount of 1.4 to 1.9 equivalents relative to the

20  compound of Formula (II), and after interruption of the addition a second portion of the
reagent is further added in an amount of 0.1 to 0.7 equivalents relative to the compound
of Formula (II), wherein P! is a hydrogen atom in Step a).

7. The process according to any one of claims 1 to 5, in which the organometal



(X) 20wherein R42, m and n are as defined in claim1l1, and P7 is a

protecting group of hydroxy; Step e): crystallizing the
conpound of Forrmula (X) and purifying th%scorrpound by
recrystallization;, - 67 - Step O:"renoving a protecting

group(s) froma conpound of Formula (X) to give a high-purity
conmpound of Forrmula (I). 14. The process according to claim13,
wherein P7 is sel ect fromC _ 6al kyl carbonyl, Cl. 6al koxycar bonyl ,
and a group rgqgQgtg R8;the geaqtippeysteoopntaging WSO%P%JDQPﬁE@'BB%@Ht ly

glelmegnt ig f \rM? (ran e E?ls |a)s{ne§%:}(gnc ?) %%p T e&ﬁ"@ g%ﬁ?ey %‘%%?\ %%g?%{fg pc%nd of
met hoxy car bomglmua Hiy is AnBRIRAIE thet EPIESENLSd by For m“ a (1vb):
8. The process according to any one of claims 1 to 5 and 7, in which a compound
5  of Formula (II) wherein P! is a protecting group of hydroxyl is used in Step a).
9. The process according to any one of claims 1 to &, in which a compound of
Formula (IVb) wherein PS is a protecting group of hydroxy is used in Step b).
10. The process according to any one of claims 1 to 4, wherein P! and P°® are
independently selected from an alkali metal ion, an alkali earth metal ion, a hydrogen
10 atom, Cj.jpalkyl optionally substituted with one or more RSI, saturated, partially
unsaturated or unsaturated heterocyclyl optionally substituted with one or more R*, C,.
1oalkenyl, -Si(R*»);, -C(=0)R**, -B(OR™),;
P2, P, P* and P° are independently sclected from Ci-i0alkyl optionally
substituted with one or more R, saturated, partially unsaturated or unsaturated
15  heterocyclyl optionally substituted with one or more R>?, Ca-jpalkenyl, -Si(R53)3, -
C(=0)R™, -B(OR>),; or P* and P*, P* and P*, and P* and P* together may independently
represent a Cy.jpalkylene group or a carbonyl group to protect two hydroxy groups and to
form aring;.
wherein R*' is independently selected from aryl optionally substituted with one
20 ormore RSG, Ci.1oalkoxy optionally substituted with one or more aryl, C.jpalkylthio, and
arylselenyl;
R* is independently selected from Ci.10alkoxy;
R* and R% are independently selected from Cy.ealkyl and aryl;
R*isa hydrogen atom, Cj_jpalkyl, aryl optionally substituted with one or more
25  Cyjalkoxy, heteroaryl, amino optionally substituted with one or more R*’, Cy.jpalkoxy
optionally substituted with one or more aryl, or aryloxy optionally substituted with one
OT more nitro;

R* is independently selected from C,.jpalkyl, Cy_jpalkoxy, aryl, and heteroaryl;



p60 oP2 OP3 OP4(1Vb) wherein n, X2, Pl1, P2, P3, P4, P5, and
P6 are as defined in claim1. 17. The conpound according to clains 16,
wherein Pl is an lithiumion, a hydrogengg. atom

C ol koxyCG ol lcyl, arylmethyl oxyCl. 6al kyl, tetrahydropyranyl, a
group -Si (R33)3, 15 benzyl, 4-nethoxybenzyl, triphenylnethyl, and a
group - B(OR55) 2; 137, P3, P4 and P5 are independently sel ected

0T oup -1 (F63) 3, baney ioeRes R Byt et Hamd Foet fl 4 or oup
-B(01255)2, G _6al B%g%ﬁf ﬁlem% 9@&11&8%&%5?&515&1 oP8 faeh aqaﬁbony'

t-butyl; or P4 and represent a diva

sel ect ed fromy; CH2pe Q@és@'ﬁ@&ordmg g@y’%}lgbf clﬁiﬂﬁ -t R herbi Pﬁfi@élﬂﬁhmhi/\i@n,
hydroxy groups and to forma ring; is seflected from an

al kali metal algdrogeiathk&h gall&ﬁclyChsaﬂiﬁﬂ,aakyImmyloayﬁyﬁﬂqg gatraydropyranyl, a
C _Inallcyl optional I3y substituted wth one or nore R51, satur atsgd
partially5 group -Si(R%)3, benzyl, 4-methoxybenzyl, triphenylmethyl, and a group -B(OR
Pz, P3, P* and P° are independently selected from Cj.¢alkoxyCi.salkyl,
arylmethyloxyCi.ealkyl, tetrahydropyranyl, a group -Si(R™)s, benzyl, 4-methoxybenzyl,
triphenylmethyl, a group -B(OR?®),, C).salkylcarbonyl, Cy_salkoxycarbonyl,
benzyloxycarbonyl, t-butyl; or P* and P’ together may represent a divalent group
10 selected from -CHy-, -CH(CHs)-, -C(CHj);-, and ~CHPh- to protect two hydroxy groups
and to form a ring;
X, P8, R¥, and R are as defined in claim 10.
12, The process according to any one of claims 1 to 11, wherein Steps a) and b) are
carried out in one pot reaction.

15 13 A process according to any one of claims 1 to 12,, which further comprises:

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

(Rn

(X)

20 wherein R*2, m, and n are as defined in claim 1, and P’ is a protecting group of
hydroxy;
Step e): crystallizing the compound of Formula (X) and purifying the

compound by recrystallization;



- 68 - unsaturated or unsaturated heterocyclyl optionally substituted
with one or nore R52, C2- |oal kenyl, -Si(R53)3, -C(=0 R54, -B(O0R55)2;
wherein R51 is i ndependent ly sel ect ed fromaryl optionally
substituted with one or nore R56, Cnpal koxy optionally substituted
with one or nore aryl, Cnoal kylthio, and 5aryl selenyl; R57 is

I ndependent|ly sel ected from Cnoal koxy; R53 and R55 are independently

sel ected from Cnoal k and a R54 a hydro atom
Cnoal kyl, aryl opt ﬁ&%&? |r§m%m%m°m089esao 31§ coBrw e?gawaawto

het eroaryl , ar%veaolggﬁ)t I?ﬁr)}??o ﬁ%%‘{% %tF'Pt ute with one or nore R57,

C _j oal koxy ‘h one or nore aryl, or

aryl oxy opti gpal ' yTﬁé’gx%][césE'z!&&ijm ﬁlﬁ&%ﬁqu i‘h“}”ﬁ'é stefe%ﬁedlﬁ%g'l Es

i ndependent |y sel ecte rom Cnmo
het eroaryl ; E@Kylb&bbm,angmﬂexychﬁboﬁﬁl aet oﬁ;rimR@R?fRPWﬁd RHORYY 3d R are

18. A corrpound represented by Fornmula (VI): 15 p6oop2
5 independently selected from Cy.jpalkyl and aryl.
15. The process according to claim 13, wherein P’ is selected from t-butylearbonyl

and methoxycarbonyl.

16. A compound represented by Formula (IVb):

(R“%\ o

P%0 oP?

oP?
10 op* (IVb)

wherein n, X%, P!, P2, P?, P*, P°, and P° are as defined in claim 1.

17. The compound according to claims 16, wherein P’ is an lithium ion, a hydrogen
atom, C}.galkoxyCsalkyl, arylmethyloxyC.¢alkyl, tetrahydropyranyl, a group -Si(R*)s,
15 benzyl, 4-methoxybenzyl, triphenylmethyl, and a group -B(ORSS 2}

P? P, P'and P’ are independently selected from C, galkoxyC.salkyl,
arylmethyloxyCi_salkyl, tetrahydropyranyl, a group -Si(R*)s, benzyl, 4-methoxybenzyl,
triphenylmethyl, a group -B(OR>),, Cy ¢alkylcarbonyl, Ci.galkoxycarbonyl,
benzyloxycarbonyl, t-butyl; or P* and P together may represent a divalent group

20 selected from -CHy-, -CH(CHjs)-, -C(CH3)2-, and -CHPh- to protect two hydroxy groups
and to form a ring;

P% is selected from an alkali metal ion, an alkali earth metal ion, a hydrogen

atom, C.jgalkyl optionally substituted with one or more R’ 1, saturated, partially



p50 op3 op4(Vl) wherein 1242, m n, PI, P2, P3, 134, P5, and P6
are as defined in claiml. 19.The conpound according to clains 18,
wherein Pl is an lithiumion, a hydrogenggQatom G _oal koxyC . oal kyl
aryl met hyl oxyG _oal kyl, tetrahydropyranyl, a group -Si (R53)3, benzyl,
4- met hoxybenzyl, triphenyl nethyl, and a group 13(0R55)2; p2, p3, p4
and a r are independently selected from G . oal koxyCG _oal kyl, - 69 -

triphenyl met b saturat P gIPsatuFa((Q %%cycﬁ?j ?M% &?oﬁm{w lwﬂh one or more R , Co-

C . 6al koxycarbony uty may represent

?Iovglr gtntectgr ?\L/‘:%Héﬁglreg%&w E ggﬁo)gf\%-]%(gﬁ% %Hg) ri né, C(Pg_l?)sz-sel 22?edcz‘_lrg;n
an al kali netal i ORhefh Ia-’ﬂ keihilepeaddntly pEié@dd fran ary@ opticsialdgatbstituted with one
or more R® 5, Ci.j0alkoxy optionally substituted with one or more aryl, Ci.jpalkylthio, and
5 arylselenyl;
R* js independently selected from C;.jpalkoxy;
R* and R are independently selected from Cj.jpalkyl and aryl;
R* is a hydrogen atom, C).joalkyl, aryl optionally substituted with one or more
Ci.10alkoxy, heteroaryl, amino optionally substituted with one or more R, Cj.palkoxy
10 optionally substituted with one or more aryl, or aryloxy optionally substituted with one
or more nitro;
R is independently selected from Cj.jalkyl, Cy.1palkoxy, aryl, and heteroaryl;
57 is independently selected from C)_joalkyl and aryl.

18. A compound represented by Formula (VI):

15

RO, 7

op? (VD)

wherein R*2, m, n, P!, P?, P?, P, P, and P® are as defined in claim 1.
19, The compound according to claims 18, wherein P! is an lithium ion, a hydrogen
20  atom, Ci.salkoxyC)ealkyl, arylmethyloxyC,.salkyl, tetrahydropyranyl, a group -Si(R*;,
benzyl, 4-methoxybenzyl, triphenylmethyl, and a group -B (OR®),;
P, P?, P* and P? are independently selected from Cy_salkoxyC.salkyl,

arylmethyloxyCi.salkyl, tetrahydropyranyl, a group -Si(R™)s, benzyl, 4-methoxybenzyl,



5atom Cnoal kyl optionally substituted with one or nore R51,
saturated, partially unsaturated or unsaturated heterocyclyl
optionally substituted with one or nore %32 C2. ioal kenyl,

-Si (R53)3, -C(=0)R54, -B(0R55)2; “YYviherein R51 is

I ndependent|ly selected fromaryl optionally substituted with one or
nore R56, C _| oal koxy optionally substituted wwth one or nore aryl,
G _loal kyl thio, and 10aryl sel enyl 55, 22 IS i ndependently selected from
Cdal Koxy: - REGPheRHnRES 8 ovm DR o Rt et zasyh @ srllsmycamberykybusicor
aryl ; R54 s a hydrogen atom., al kyl, aryl optionall
substituted W @R Eﬁ@%%@%}%@@?ﬂww anr%?\é%ﬁlachﬁﬁ,ffo *%noﬁﬂf%ﬂﬁn ry
substituted w on r re R5 al.koxy 150pt | | |y .substituted
with one or %?gh)é?% ‘?'%Pmé(r%%/ f8>z<""§’t Tt VSRV ougag%c[ ﬁ%{}ﬁ%énﬁ#’t h one or

more nitro; R56 ispbRdeRQBARBHN Y A&k S%kA G Eﬁﬁk@gwg%i%yygf&?¥% .

aryl, and heteroaryl; R57 is Independently’select
aryl . 20 5  atom, Cpjealkyl optionally substituted with one or more R*, saturated, partially

unsaturated or unsaturated heterocyclyl optionally substituted with one or more R¥, C,.
joalkenyl, -Si(R*);, -C(=0)R*, -B(OR*);;
wherein R*' is independently selected from aryl optionally substituted with one
or more R*®, C).jpalkoxy optionally substituted with one or more aryl, C,.jpalkylthio, and
10 arylselenyl;
R%is independently selected from Cy.jpalkoxy;
R* and R*® are independently selected from C)_jpalkyl and aryl;
R* is a hydrogen atom, Cy_jpalkyl, aryl optionally substituted with one or more
Ci.i0alkoxy, heteroaryl, amino optionally substituted with one or more R Ci-alkoxy
15  optionally substifuted with one or more aryl, or aryloxy optionally substituted with one
or more nitro;
R* is independently selected from Cy.ipalkyl, C 1-10alkoxy, aryl, and heteroaryl;

R is independently selected from C,.joalkyl and aryl.

20



