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[‘0001]* The present invention relates to pharmaceutical preparations, nore
particularly prophylactic or therapeutic agents for diabetes,

di abet es-rel ated di seases or diabetic conplications, which have inhibitory
activity against both sodi um dependent glucose transporter 1 (SG.T1) and
sodi um dependent gl ucose transporter 2_(SAT2) involved in glucose
reabsorption in the kidney. BACKGROUND ART [0002] Wen people suffer from
di abetes, their fasting blood glucose |evels reach 126 ng/dL or nore. Even
if fasting bl ood glucose |evels faSPEMEKIATIOMor mal range, sone people
exhi bit postprandi al bl ood glucose | evels as high as 140 to 200 ng/dL and
are diagnosed as havi nb‘PHEg‘HfLédf@IQr&ﬁéu(Hﬂ'@rlalﬁEBlYA@NEnafter referred to
as IGIN. In recent years, it has been considered that the risk of

cardi ovascul ar disorders can be reduced by delaying the onset of diabetes
fromI| GI. For exanple, the Da Qng |Gl and D abetes Study carried out in
China in Iﬁgﬂhﬂﬁéﬂ{ﬁgﬂﬂled that progression of IGT into Type || diabetes is
significantly suppressed by diet and exercise isee Non- pat ent Docunent 1).
As a casel 0@%19rBhweﬁeélamvsﬂtlf?lsrem%etpihwacaww& QICHEY@EP%%’“F patigylady |

acar bose, ch {nhipits su | ases to del ay, sugar tion from
the smal |pri°ﬁ’mé1§<ft;crf§t RaPRIbiE g?léfo&}r/ cfes, HaRRiFsS té’(&%éeaa%wdg%wﬁﬁt of Type
Il diabetes froml GI and further signi.ficant] uppress the onset of
hypertenstlt%eanwﬁl%iagﬁfnfﬂ&wﬁ@w%aga insbbeiR sbut-degerdent BBCRSr e goi ng,
to suppress th n i,abet es rtant 1 o.c di et
ther apy, gmeﬁgﬁ SRt AeiEieestdosh el Eavarportit gdSOLITQ) el i
C|rcunsta qﬁ nu erﬂpf i abetic patients increases with each passing
year, and® ﬁ??éa’ FPUBR LS hd for novel therapeutic agents in response

to variou ctors and clinical conditions. [0004] D abetes is
basi cal | yﬁ rea@@wﬂ)\fﬁéﬂe t herapy and exercise therapy; however,

[0002] When people suffer from diabetes, their fasting blood glucose levels reach

126 mg/dL or more. Even if fasting blood glucose levels fall within a normal range, some
people exhibit postprandial blood glucose levels as high as 140 to 200 mg/dL and are
diagnosed as having impaired glucose tolerance (hereinafter referred to as IGT). In recent
years, it has been considered that the risk of cardiovascular disorders can be reduced by
delaying the onset of diabetes from IGT. For example, the Da Qing IGT and Diabetes
Study carried out in China in 1997 has reported that progression of IGT into Type II diabetes
is significantly suppressed by diet and exercise (see Non-patent Document 1). As a case
where medication is effective, an a-glucosidase inhibitor, acarbose, which inhibits sugar
hydrolases to delay sugar absorption from the small intestine has been reported to suppress
the development of Type II diabetes from IGT and further significantly suppress the onset of
hypertension (see Non-patent Document 2).

[0003] In view of the foregoing, to suppress the onset of diabetes, it is important to control
IGT by diet therapy, exercise therapy and medication. However, under the present
circumstances, the number of diabetic patients increases with each passing year, and there
has been a demand for novel therapeutic agents in response to various etiological factors and
clinical conditions.

[0004] Diabetes is basically treated by diet therapy and exercise therapy; however,



2 nedication nust be chosen when well-regulated |ifestyle habits are
difficult to maintain or when sufficient effect is not obtained by these

t herapies. [0005] On the snmall intestinal epithelium sodi um dependent

gl ucose transporter 1 (SGT1) is known to be expressed at a high frequency.
SA.T1 serves dependi ng upon sodiumand plays a role in active transport of
gl ucose or galactose in the small intestine (see Non-patent Docunent 3).
Mor eover, diabetic nodel rats are confirfed to have increased expressi on

| evel s of SG.T1 nRNA and protein (see Non-patent Docunent 4). In recent

years, sonhgedidatipRhiust bostRdsbie®hen #sllecpulaed Hiestyleldbits afe difficiiabendehinet | ves
whi ch inhibit SGT1 activity, suppress absorption of dietary glucose and

t her eby atiteaptffictent effécdiendtEhtaissichyRatsertheraplosunents 1 to 6). [0006]

Furt hernore, sodi um dependent glucose transporter 2 (SG.T2) is expressed at
a high f{eds¢nEn tha snhk ikedimelepiBelicoswdame-depandemrghacdsy tahgpogeoSGILT1)i s
reabsorbed via SG.T2 (see Non-patent Docunent 5). When an SG.T2 i nhi bitor

i s admi ni g% kmasch todbe edtpreiserdiat ahaghsfrequeney. SH(EICEL $apvesidepending nporn sodfuae pnd t at ed
to induce a hypoglycemc action. From this, an SGE.T2-specific inhibitor has
been consiplrys@dolgdn activertipmsporb peglucase oe galaetgseia the sroalkintestine (s MNomipateagent
for di abetes (see Non-patent Docunent 6). In these circunstances, studies
have been RasuogetBd dfprgmerdipbaticunadst emts arp gontimedue haygpimsregsedygxprassien
derivatives have been provided (see Patent Docunents 7 and 8). [0007]

Accor di ngll§vels af S T mRNA awd poteis (seg Naneraten Rosementbi {kepcentiighisaiedtus| y,

a novel type of theragpeutic agent, for diabetes can be pravided, which has

not only peRArtshankePeen 1syee &rgyhibssis af Rupsle deitiverhich bl Sed d lrastivey, T1

i nhibition but also progressive hypoglycen ¢ action ascrj tq SA.T2

b bi 1 oUPRESABTOTRROT O SiEY SeSRe GBI (8 TR s TtDT T (et a8 at i vel y
strong in 'bito{% atct6i)vity agai nst SGLT2 have been reported (see Patent
Docunent S%QC“H’S \}eP, 1- phenyl 1-thio-D- glucitol derivatives strongly

O o S bR el s S oBBS EES A
Internati %‘ﬁl frE’dJ}%hé:}? Altho Eid’ﬁgy. VBB Qe ¥Rered by the glomeruli is reabsorbed via
SGLT2 (see Non-patent Document 5). When an SGLT2 inhibitor is administered to
diabetic rats, sugar excretion into urine is facilitated to induce a hypoglycemic action. From
this, an SGLT2-specific inhibitor has been considered as a target molecule serving as a novel
therapeutic agent for diabetes (see Non-patent Document 6). In these circumstances, studies
have been conducted on SGLT?2 inhibitors, and various types of glucose derivatives have
been provided (see Patent Documents 7 and 8).
[0007] Accordingly, if SGLT1 and SGLT? activities can be inhibited simultaneously, a
novel type of therapeutic agent for diabetes can be provided, which has not only postprandial
hyperglycemia suppression action ascribed to SGLT1 inhibition but also progressive
hypoglycemic action ascribed to SGLT?2 inhibition.
[0008] Up to now, 1-thio-D-glucitol derivatives with relatively strong inhibitory activity
against SGLT2 have been reported (see Patent Document 9); however, 1-phenyl 1-thio-D-
glucitol derivatives strongly inhibiting both SGLT1 and SGLT2 have not yet been reported.
[0009] Patent Document 1: International Publication No. W02002/098893
Patent Document 2: International Publication No. W02004/014932

Patent Document 3: International Publication No. W02004/018491



Pat ent. Docunent 3: International Publication No. W?2004/018491 3 Patent
Document 4: International Publication No. W?2004/ 019958 Patent Docunent b5:
| nternational Publication No. W?2005/121161 Patent Docunent 6:

I nternational Publication No. W?2004/ 050122 Patent Docunent 7: European

Pat ent Publication No. 0850948 Patent Docunent 8: International Publication
No. W2001/ 068660 Patent Docunent 9: I-ntzer-nati onal Publication No.

W)2006/ 073197 Non-patent Docunent 1. Pan XR, et al. Diabets Care, vol. 20,

S50, . 2072, 28087 RETp e Coeimeposticaih 8" Ry dlgpss SOETG Y Ghem
. 269, p. 12 1 - ; i<l | .
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DI SCLOSURE. OF T b NYENE QM PGRENS HG W SR B 5s B WVENTI ON [ 0010]

The present invention ainms to provide a novel type o erapeutic agent for

di abetes,  whi ClpajefihpBldried @t hltégatT&na?pgblﬁgig@HgPWUiddlﬁ%%m achi eve not

only suppression of glucose absorption fromt di gestive tract but also

excretion of uripR@hyDakgAlH 9: WedhtisHaRpsikedtiDeNbHW diddaldsivpot 0011] To

overconme the problens stated above, the inventors of the present invention

have nmade ext emgnvgatail®dciineRs]:\FanS{l ot hE Disbets Osty, w10y, ipt §8NY99PN t he
agl ycon noiety of 1-thio-D- glucitol derivatives for their effect on SGT

i nhi bition. As aNonesaurt DdclifichtB:gRLOCHiabsdviget al Alindert OVRI035%9. 2072, OO VI |)
whi ch are designed to have certain types of substituents in conbination and

t her eby st rongl WonAputdit DdeainentIEAW 1S dnst, SGL T2 Baelt Clérhi wd. 26Dhps120320199%4 | ed
to the conpletion of the present invention.
Non-patent Document 4: Y. Fujita, et al. Diabetologia vol. 41, p. 1459, 1998
Non-patent Document 5: E. M. Wright, Am. J. Physiol. Renal. Physiol., vol. 280,
p. F10, 2001
Non-patent Document 6: G. Toggenburger, et al. Biochem. Biophys. Acta., vol. 688,
p. 557, 1982
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0010] The present invention aims to provide a novel type of therapeutic agent for diabetes,
which inhibits both SGLT1 and SGLT?2 activities to achieve not only suppression of glucose
absorption from the digestive tract but also excretion of urinary sugars.
MEANS FOR SOLVING THE PROBLEMS
[0011] To overcome the problems stated above, the inventors of the present invention have
made extensive and intensive efforts to study substituents on the aglycon moiety of 1-thio-D-
glucitol derivatives for their effect on SGLT inhibition. As a result, the inventors have
found compounds (I) to (VII) which are designed to have certain types of substituents in
combination and thereby strongly inhibit both SGLT1 and SGLT?2 activities. This finding
led to the completion of the present invention.

[0012] Namely, the present invention is directed to the following:

(8] a 1-phenyl 1-thio-D-glucitol compound represented by formula (I):



[0012] Nanely, the present invention is directed to the followng: (1) a

- phenyl 1-thio-D-glucitol conpound represented by fornmula (1): 4 - [0013]
[Formula 1] HO Mew M HO S H'OH OH (1) or a pharmaceutically acceptable
salt thereof or a hydrate thereof; [0014] (2) a 1-phenyl 1-thio-Dglucitol
conpound represented by formula (11): [0015] [Formula 2] HO Mew OV HO S H
"OH OH (11) or a pharnmaceutically acceptable salt thereof or a hydrate

t hereof; [0016] (3) a 1-phenyl 1-thio-D-§lucitol conpound represented by
formula (I111): [0017] [Formula 3] HOMw Et HOS H'OH OH (Ill) or a
phar maceuf00t3] | fFoaaclafdfabl e salt thereof or a hydrate thereof; [0018] (4) a
1-phenyl 1-thio-Rcgl ucit ghe cQpapnd represented by formula (1V): [0019]

or a pharmaceutically acceptable salt thereof or a hydrate thereof;

[0014] (2) a 1-phenyl 1-thio-D-glucitol compound represented by formula (II):

[0015] [Formula 2]

()

or a pharmaceutically acceptable salt thereof or a hydrate thereof;
[0016] (3) a 1-phenyl 1-thio-D-glucitol compound represented by formula (III):
[0017] [Formula 3]

or a pharmaceutically acceptable salt thereof or a hydrate thereof;
[0018] (4) a 1-phenyl 1-thio-D-glucitol compound represented by formula (IV):
[0019]



- 5- [Formula 4] HOM SM HOS HOH OH (IV) or a pharnaceutically
accept-abl e salt thereof or a hydrate thereof; [0020] (5) a 1-phenyl
1-thio-D-glucitol conpound represented by forrmula (V): [0021] [Formula 5]
HOdd M HOSH'™OH OH (V) or a pharnmaceutically acceptable salt thereof
or a hydrate thereof; [0022] (6) a 1-phenyl 1-thio-D-glucitol conpound
represented by fornmula (VI): [0023] [Formula 6] HOO , Et HOS H'OH OH
(VI) or a pharnmaceutically acceptabl e 3aPt "thereof or a hydrate thereof; and
[0024] (7) a 1-phenyl 1-thio-D-glucitol conpound represented by fornmula

(M) [ 2mhbs)- [Formula 7]

or a pharmaceutically acceptable salt thereof or a hydrate thereof;
[0020] (5) a 1-phenyl 1-thio-D-glucitol compound represented by formula (V):
[0021] [Formula 5]

or a pharmaceutically acceptable salt thereof or a hydrate thereof;
[0022] (6) a 1-phenyl 1-thio-D-glucitol compound represented by formula (VI):
[0023] [Formula 6}

V1)

or a pharmaceutically acceptable salt thereof or a hydrate thereof; and
[0024] (7) a 1-phenyl 1-thio-D-glucitol compound represented by formula (VII):
[0025]



HOd W HOSHOH OH (VIl) or a pharnmaceutically acceptable salt thereof
or a hydrate thereof. [0026] In another enbodi nent, the present invention is
directed to a pharmaceutical preparation, which conprises a conpound
represented by any of the above fornmulae (1) to (VIl) or a pharnaceutically
acceptabl e salt thereof or a hydrate thereof as an active ingredient.

[0027] In yet another enbodi nent, the present invention is directed to a
pharnaceutical preparation, which conprises a conpound represented by any
of the ab?¥e ?Elae (') to (VIl) or a pharmaceutically acceptable salt

t her eof or “Hﬁ te thereof as an active ingredient, wherein the
pharmaceutical prk (]9 >0 | 1nOMthi bi tor of both sodi um dependent gl ucose
transporter 1 ac i um dependent gl ucose transporter 2 activity.
[0028] In pet o {itrefit, the present invention is directed to a
prophylactic or[ t erapeutlc agent for diabetes, diabetes-rel ated diseases

i i T c4DHons, whi ch conprises a conpound represented by any of
t he above fornmulgg4 (1) to (VII) or a pharnaceutically acceptable salt

t hereof or a hydrate thereof as an active ingredient. ADVANTAGES OF THE

| N\VENTI ON [ 0029] 1- TKVbHD-gl ucitol derivatives whose agl ycon npiety was

nodi fied to have certain types of substituents in conbination were found to
inhibit both SGAT1 and SG.T2 activities. These conpounds al so showed an
excel l ent hypogl ycem c effect. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

[ 0030] As arsgdhameaceiticallyraecaptabde Sgitthencafend hycladtt yheaoafept abl e salt” is
intended to nean, for exanple, a salt wth an alkali netal, an al kaline
earth net dDO2(dnﬂDnhmh¢mnmdimamtkmcmmi invgntion indisedt¢d teia phasmadenticadl aci d or
an organic acid. Exanples include a 7 sodiumsalt, a potassiumsalt, a

cal ci um sdireparationg icompsiaps a compauind épresented|by, any of the above formulae (1) to

(VII) or a pharmaceutically acceptable salt thereof or a hydrate thereof as an active ingredient.
[0027] In yet another embodiment, the present invention is directed to a pharmaceutical
preparation, which comprises a compound represented by any of the above formulae (I) to
(VII) or a pharmaceutically acceptable salt thereof or a hydrate thereof as an active ingredient,
wherein the pharmaceutical preparation is an inhibitor of both sodium-dependent glucose
transporter 1 activity and sodium-dependent glucose transporter 2 activity.

[0028] In yet another embodiment, the present invention is directed to a prophylactic or
therapeutic agent for diabetes, diabetes-related diseases or diabetic complications, which
comprises a compound represented by any of the above formulae (I) to (VII) or a
pharmaceutically acceptable salt thereof or a hydrate thereof as an active ingredient.
ADVANTAGES OF THE INVENTION

[0029] 1-Thio-D-glucitol derivatives whose aglycon moiety was modified to have certain
types of substituents in combination were found to inhibit both SGLT1 and SGLT? activities.
These compounds also showed an excellent hypoglycemic effect.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] As used herein, the term “pharmaceutically acceptable salt” is intended to mean, for
example, a salt with an alkali metal, an alkaline earth metal, ammonium or an

alkylammonium, or a salt with a mineral acid or an organic acid. Examples include a



triethylamoniumsalt, an acetate salt, a propionate salt, a butyrate salt,
a formate salt, a trifluoroacetate salt, a naleate salt, a tartrate salt, a
citrate salt, a stearate salt, a succinate salt, an ethylsuccinate salt, a
| act obi onate salt, a gluconate salt, a glucoheptate salt, a benzoate salt,

a net hanesul fonate salt, an ethanesul fonate salt, a 2-hydroxyet hanesul fonate
salt, a Dbenzenesulfonate salt, a p-toluenesul fonate salt, a lauryl sulfate
salt, a malate salt, an aspartate salt, a glutanate salt, an adipate salt, a

| h h N- | c h hl |
hydr o U ST ekfes ROgRd b sl el ’Zﬁﬂ‘l i . o aqﬁ@lﬁw? S Geoa 1 %
ni cot i nat ‘?netgl lla{nm l?ﬁ(lasl R ta%@lla&:’ saﬂ,r @Pr%r gte s%ft dbuq%r(?pe s%g ?@r\%{}%{qﬁ%t a an

undecanoate . a Ja an ac

car boxyvi nyh, Lé’e@ﬁé sal [agllf()a?lézke %}lF attfr'i 'HMds[é} rgte slal%, dd Q#a@?t%%glttaosu@lﬁgte%lt

pharnaceutlca y accep ate o
I nvention Qre ls%%ﬁlatte@ﬁfteé)fact \4\11)‘?19te9s>{11?OaS c&ﬁt a'it 9 ucBﬁé‘ﬂt% Qi'ttjld Bioatl At
conpounds of t'he present’ I nvention or ts t nay absorb noisture to

t her eby haavrﬁetﬁgkﬁe@mmtmtean eahaﬁéaumméiga@at @%nhyﬁ?&{}rcméﬁés%it%ﬁa@sﬁ? dall wthin
the scope of the present invention. [0032 prepare the compounds (1)

to (V1) qa‘eniéi@sﬂfcﬁﬁﬁrsraltw% hélfé@ul‘ﬁ')ﬂa'te Hg, aldukﬁ%hrfaéggt e @Mte safl033]

Preparation Procedure 1 [0 I'n the schene shown bel ow, RA represents a

net hyl  gr Qidpartaddlsadt Hglutﬂﬁﬂél@alt an adRfabtOalt, HEAURItR Eysteifi®tanyalttiitiPNgr oup, RB
represents a nethyf group or a chloro group, and " Rc represents a benzyl

group or &i&et%ldyytlemgrzplﬂ roélﬂ@ﬁ@d salt, a hydrebromide Sdlt, RphbiPhalBAaf] £oulfatd¥altRe RA |
| n-BuLi etc. i ROS O (1A RA = Me, Et, Ove or SMe (2A) Y

= Li or MiBdroiodide salt, a nicotinate salt, an oxalate salt, a picrate salt, a thiocyanate salt, an
undecanoate salt, a salt with an acrylate polymer and a salt with a carboxyvinyl polymer.
[0031] The term “hydrate” is intended to mean a pharmaceutically acceptable hydrate of
any compound of the present invention or a salt thereof. When exposed to air or
recrystallized, the compounds of the present invention or salts thereof may absorb moisture to
thereby have adsorbed water or form hydrates. Such hydrates also fall within the scope of
the present invention.

[0032] How to prepare the compounds (I) to (VII) of the present invention will be
illustrated below.

[0033] Preparation Procedure 1

[0034] In the scheme shown below, R” represents a methyl group, an ethyl group, a
methoxy group or a methylthio group, R® represents a methyl group or a chloro group, and
RC represents a benzyl group or an allyl group.

[0035]



cc R6 =M or 0 ROORROR Rc =Bn or allyl (3A) Roo RB RA ROO RB RA Rop
Step 2 Sreduction ROOS OH ROO' "ORO ROO "opc ORc ORc (4A) (5A) Step3 H
OR B RA deprotectionr HOS I HOV "OHOH (I )-(M1) [0036] (1) Step 1
Compound (1 A) may be prepared according to International Publication No.
W)2006/ 073197. Alternatively, it may also be prepared according to the
reference exanples described |ater. Cemgound (1A) nay be treated with an
organonetal lic reagent (e.g., n-butyllithium sec-butyllithium
tert-butyldf.&rm]ily to prepare lithiumreagent (2A). Exanples of a solvent
avai l abl e ruse in the reaction include tetrahydrofuran, diethyl ether,
and tol uene.,;%c'g'le regetionp erpen it ure rapsges fromm - 780G to room tenperature,
r

preferably - 25@-BAli t er nat i ve um powder ey be used
to prepare Gergnsfth—Teagent ¢ YAk Exanpl es ef ~a 3o ventRa (| 8blLe for use
in the reagtign inel Lb%ie teﬁ‘}ﬁ Fanydrofur an, () ethyb, abser . ~and fi gl yme. In
sone cases, ‘igdi géé I

magnesi um [ QR3 nf\h)ﬁ)t”, to compound (2A), thiolactone (3A)
obtain compound (4A)." The preferred tenperature at which t

is added is -78C to -25C en A is
i i tho Ré/\,h !SAZ) i

Step 2
reduction

%ronoet hane nay be used as aR@TYVAORT for
(

yOB& added to
i‘ol act one (3A)

Step 3
deprotection

[0036] (1) Step1

Compound (1A) may be prepared according to International Publication No.
WO02006/073197. Alternatively, it may also be prepared according to the reference
examples described later. Compound (1A) may be treated with an organometallic reagent
(e.g., n-butyllithium, sec-butyllithium, tert-butyllithium) to prepare lithium reagent (2A).
Examples of a solvent available for use in the reaction include tetrahydrofuran, diethyl ether,
and toluene. The reaction temperature ranges from -78°C to room temperature, preferably
from -78°C to -25°C.  Alternatively, magnesium powder may be used to prepare Grignard
reagent (2A). Examples of a solvent available for use in the reaction include
tetrahydrofuran, diethyl ether, and diglyme. In some cases, iodine or 1,2-dibromoethane
may be used as an activator for magnesium.
[0037] Next, to compound (2A), thiolactone (3A) may be added to obtain compound (4A).
The preferred temperature at which thiolactone (3A) is added is -78°C to -25°C when (2A) is

a lithium reagent, while it is -15°C to 25°C when (2A) is a Grignard reagent.



a lithiumreagent, while it is -15C to 25C when (2A) is a Gignard reagent.
9 - [0038] (2) Step 2 (Reduction) Conmpound (4A) and Et3SiH, i-Pr3SiH,
t-BuMe2Si H or Ph2Si HCI nay be reacted in the presence of an acid to

synt hesi ze conpound (5A). Exanples of an acid available for use in this
reaction include BF3Et20, CF3COOH, McSCG3H, and I nCl3. Exanples of a solvent
i ncl ude chloroform dichl oronethane, acebBonritrile or m xed sol vents thereof,
and preferred are m xed solvents with acetonitrile such as

acetoni trigdexechlorQf o nitrile dichloronethane, etc. The reaction
t enper atur[ée(%lgi k isge%%g%ecrﬁ%ﬁé@s from-60C to 25C, preferably from-30Cto

25C. [ 0039 3 t - - tai iN..whi ch
RC i s[ a be]nzgl! ) gr g@“ﬁé@ﬁ@%@%ﬁﬁ’%&%%ﬁ@?& gpﬁﬁhgﬁlﬁ g%g\f%aac{egpi}st '
(e. g., paltﬂeﬁﬂle%ﬂb@@f Aridiy ff %t@%%g ?@3% SL\(%%?U ;@%ﬁgélgg(bfjﬁ acld available f?r use

pl ati num pall adi um on activate ogen at nosphere to cause

debenzy! ati ffs rehEtfnSRYINEL BFDEL,DD EFSCODRL g\ﬁ%}f, BRq BAS € NExdriMeNdd LdivenbOve

all, palladium on activated carbon or p um hydroxide I's preferred as a
catal yst . jfraERinfsoRrmadRRloY@Métharkty éi@rfe bOhix¢dRolvRnisheteseaed d}')r@ﬂ:n'eﬂd ude
net hanol , et hanol, isopropanol, ethyl acetate, acetic acid, and m xed

sol vent s thahfel sollbfts WatCict @AitiiRHAER & AtefonitAildefofoférm, 0abhitgeper ature to
reflux tenperature, with roomtenperature being preferred. [0040] During

debenzyl atdichloromethiafie, 2tcS 0 The&adnbs tdr@peist@redin this csheThiwdes AHNBGDSC tBCIRNE2S,
BBr3, AICl13, CF3COOH or TfOH. Exanples of a solvent available for use in
t hi s r eactpreferablyrfedmdd)°Chto@56€or m di chl or onet hane, acetonitrile, diethyl
et her, tetrahydrofuran, dinmethyl sulfide, and anisole. Above all, it is
pr ef er abl ¢0@39] u¢® STEBBE@EprofEctbh)and et hanedithiol in dinethyl sulfide. The
reaction tenperature desirably ranges from-78C to 40C. Conpound (5A), in
which Rc is an &lompound 6udy) qbtGrxCHro@ERin whielyRbés 4 benaykgrowp,trhay peotasal giicabhy
tert-butoxide in dinmethyl sulfoxide to cause isonerization (-CH=CHCH3),
fol | oned Hydiogemajed using a hetalysidmer,ipaBedigmonpstiviaedgarhgrl rpat adivm kydzaxide, or
HgCQl z/ HQO.  Alternatively, these groups may be renoved in the presence of an
or gani ¢ adlafinpe-pplladigepen activated carbon) under a‘hydrogen atmosphere to cause

debenzylation, thereby giving the compound of the present invention. Above all, palladium

on activated carbon or palladium hydroxide is preferred as a catalyst. Examples of a solvent

available for use in this reaction include methanol, ethanol, isopropanol, ethyl acetate, acetic

acid, and mixed solvents thereof. The reaction temperature ranges from room temperature

to reflux temperature, with room temperature being preferred.

[0040] During debenzylation, it is also possible to use an acid such as BCl;, BCl3-Me,S,

BBr;, AlCls, CFsCOOH or TIOH. Examples of a solvent available for use in this reaction

include chloroform, dichloromethane, acetonitrile, diethyl ether, tetrahydrofuran, dimethyl

sulfide, and anisole. Above all, it is preferable to use CF3COOH, TfOH and ethanedithiol in

dimethyl sulfide. The reaction temperature desirably ranges from -78°C to 40°C.

Compound (5A), in which R€ is an allyl group (-CH,CH=CH,), may be treated with

potassium tert-butoxide in dimethyl sulfoxide to cause isomerization (-CH=CHCH3),

followed by removal of the isomerized groups using hydrochloric acid or HgCl,/HgO.

Alternatively, these groups may be removed in the presence of an organic acid (e.g., acetic

acid, p-toluenesulfonic acid hydrate, N,N’-dimethylbarbituric acid) by using Pd(PPhs),,

PdCl,, palladium on activated carbon, etc. Examples of a solvent available for use in this



aci d, Jp-toluenesul fonic acid hydrate, N, N -dinethylbarbituric acid) by using
Pd(PPh3) 4, PdCl2, palladiumon activated carbon, etc. Exanples of a solvent
avai lable for use in this 10 reaction include acetonitrile, diethyl ether,
and tetrahydrofuran. The reaction tenperature desirably ranges from25Cto
100C. [0041] Preparation Procedure 2 Conpound (5A) can al so be prepared in
the following manner. In the schene showm bel ow, the synbols are as defined
above. [0042] [Formula 9] Step 4 Bno Step 5 snO Bno n- Bali etc. acid

hydr ol B B S O=] BnO". ° 6A
Bs Cobn S l@wcﬁ@ﬁéf%wtf?ﬁw@ks et e Sy oS AR E RSB Eno

RA 10A) Bno X _ RA BnO ' (DBn Bno' oan OBn
(11A) osnsdf%%[y%éﬁs @‘HWX-U a MyBr [0043] (4) Step 4 In the
same nmann i ntermedi ate conpound (6A) may be treated
with an oiganine ijdlthrP(?él%glr#Q(e g., n-butyllithium sec-butyllithium

tert-butyl i thi ¢¥hndolnd (5A) can also be prepared in the following manner. In the scheme

shown below, the symbols are as defined above.

[0042] ([Formula 9]
Step 4

BnO Step 5 BnO
BnO n-BuLi etc. s o acid hydrolysis 3
o »  BnO BnO CHO
Br 0 ~50 1 JoH o) ) OH
o/ Bn BnO* Y~ “OBn BnO* ™Yy~ ‘OBn

{6A) BRO" “OBn OBn OBn

(3B 0" (7A) (8A)
Step 7

rA reduction of

Step 6 BnO BnO RA
(10A) O O hydroxy! groups < O O
OH > BnO
X@RA BnO OBI'I BnO” "OBn ‘

OBn { 11A) OBn (5A)
- {9A ) X=Br

—»(10A ) X=Li or MgBr

[0043] (4) Step 4

In the same manner as shown in Step 1, intermediate compound (6A) may be treated
with an organometallic reagent (e.g., n-butyllithium, sec-butyllithium, tert-butyllithium) to
prepare an aryllithium reagent. To this reagent, thiolactone (3AB) may be added to obtain
compound (7A). Examples of a solvent available for use in the reaction include
tetrahydrofuran, diethyl ether, and toluene. The reaction temperature ranges from -78°C to
room temperature, preferably from -78°C to -25°C.

[0044] (5) Step 5 (Acid hydrolysis)

The acetal group in compound (7A) may be hydrolyzed with hydrochloric acid,
p-toluenesulfonic acid monohydrate or the like to prepare compound (8A). Examples of a
solvent preferred for this purpose include tetrahydrofuran, ethanol, methanol, water, or mixed
solvents thereof. The reaction temperature ranges from 4°C to 60°C, with room temperature

being preferred. The reaction time will vary depending on the reaction temperature, but it



preparse an aryllithiumreagent. To this reagent, thiolactone (3AB) maybe
added to obtain conpound (7A). Exanples of a solvent available for use in
the reaction include tetrahydrofuran, diethyl ether, and toluene. The
reaction tenperature ranges from-78C to roomtenperature, preferably from
-78C to -25C. [0044] (5) Step 5 (Acid hydrolysis) The acetal group in
conpound (7A) may be hydrolyzed with hydibchloric acid, p-toluenesulfonic
acid nonohydrate or the like to prepare conmpound (8A). Exanples of a

sol vent prréié%g'fr%%{ﬁfziﬂé spurpose include tetrahydrofuran, ethanol,
met hanol , er, ofr mxed 'solvents thereof. The reaction tenperature ranges

from4C t 0@45@; | By goom tenperature being preferred. The reaction tine
will vary(rdep n(gimng %n the reaction tenperature, but it - 11 - ranges froml

to 24 hours. [OQ@bs(iﬁeﬁbﬁEnéfﬁxﬁ%SBé e EPW IR nURRALI{HEE, %%ubyﬁli&ﬁ\gﬁ} ed

with n-butyllithium sec-butyllithium tert-butyllithiumor the like to
prepar e phaapliyllithivaor BatiRbto frepare phchyii@iIm re%ﬁé’dmbﬁ@ouﬁﬂ (1®A30! Eithples
a

avai l abl e for use in the reaction include tetrahydrofuran, diethyl ether,

and tol uefe.sollbst dvanstle €t Use iPME aéddtion iRNGR IettdydiofBf; diGthyPanktd edgoer at ure,
preferably from -78C to -25C. The reaction time preferably ranges from5 to

30 m nut esoluéhd. erThatreactioy temparhtate rAGRERIn AT8T@Mo beom satipdratufy; pred¢rabléfiogmar d
reagent (10A). Exanples of a solvent available for use in the reaction

i ncl ude t e78@hywd26TWr dfhe daaidntimepietarablpnahgds frbyineto Ieminutest e Adentatifdl9A)
and conpound (8A) may be reacted to prepare conpound (11A). [0046] (7) Step
7 (Reduct inmt)] rorgmesiumdmayl bé\psedety peparec@iigredd vdagtntEl G4). H Exanfpl&Sifid, solvent
t-BuMe2Si H or Ph2SiHCI in the presence of an acid to synthesize conpound
(5A). Exarmphidablofor ase mcthel reagtion miglude esrahydroguram di¢thyl atlecacanidatiglymel udfext,

BF3- Et 20, CF3COOH, and |1 nCl3. Exanples of a solvent include chloroform

di chl or onvedesne(104¢ endaempound (8A) may g reastaddapsepaneeamatound (il 4) ef erred are
m xed solvents with acetonitrile such as acetonitrile-chloroform

acet oni t ri[P@4ali dhl VepAdRedurbioNbt c.  The reaction tenperature in this case

ranges from-60C to 25C, preferably -30C.to OC.
g Compornd (1PAFmay BE 1ehctod with BGSI, i-PrySiH, t-BuMe;SiH or PhySiHCI

in the presence of an acid to synthesize compound (5A). Examples of an acid available for
use in this reaction include BF3-Et,O, CF3COOH, and InCl;. Examples of a solvent include
chloroform, dichloromethane, acetonitrile or mixed solvents thereof, and preferred are mixed
solvents with acetonitrile such as acetonitrile-chloroform, acetonitrile-dichloromethane, etc.
The reaction temperature in this case ranges from -60°C to 25°C, preferably -30°C to 0°C.
[0047] In a particularly preferred procedure, the highly reactive hemiacetal moiety is
reduced in acetonitrile solvent using about 1 equivalent of an acid at a reaction temperature
of -15°Cto -5°C. Next, the reaction temperature is elevated to 0°C to 5°C and about 1
equivalent of an acid is further added to reduce the hydroxyl group at the benzyl position.

Preparation of thiolactone (3A)

[0048]




[0047]~ In a particularly preferred procedure, the highly reactive hem acet al
noiety is reduced in acetonitrile solvent using about 1 equivalent of an
acid at a reaction tenperature of -15Cto -5C. Next, the reaction
tenperature is elevated to OC to 5C and about 1 equivalent of an acid is
further added to reduce the hydroxyl group at the benzyl position.
Preparation of thiolactone (3A) [0048]-122--[Fornula 10] Step 8 Ac S CH
3,4-DHP, Ac S OTHP Step 9 1 NaOwe AcO QAc TsOH H20 AcO Q4c ) Ac CAc 2)
NaH, (3B) &%ﬁg Br or ally) bromde Rc S OTHP Step 10 ReO S OH Step 11
RCO O PPg %} c20 Rca: ORc - RORc RcO' "ORc ORc ORc C (3D (3B (3A

[ 0049] Conpound (3A) canSteg8synt hesi zed b reference to Yuasa, H, et at. J.

Chem ~ Soc. ac ansz 4 bHpP. 276R¢ Q\T*ﬂernaﬁt‘?}b‘? y, it may be
synt hesi zed qr}\g t oTdcie- Hzt;:herre ve OD&GI]JM 8) Step 8 The
hydr oxyl 83‘5 A 1-pesiti-onvef ,K' o n be prepared by

reference to | nt nat i onal Publication 04/ 106 }s protected with a
protecting gro&ﬁB ich is resistant to b condi tdremsbramﬁllel S
deprot ectabl e under neutral or acidic conditions. For exanple, the hydroxyl
group may he b%n;hpvm tHeml1Q et r ahyudr gpym@ny Step(TTHP)  gr ou '
3, 4-di hydrc? n (3, 4-ABHB) an@ (B-tol enesuldw@%ﬁl nohydr at e
RCO‘ "ORC T RCOVYORC —— ™  RCOT YT ORC
OR® ORC
(3D) (3E)

[0049] Compound (3A) can be synthesized by reference to Yuasa, H., et al. J. Chem. Soc.
Perkin Trans. 1, p. 2763, 1990. Alternatively, it may be synthesized according to the
scheme shown above.
[0050] (8) Step 8

The hydroxyl group at the 1-position of compound (3B) (which can be prepared by
reference to International Publication No. W0O04/106352) is protected with a protecting
group which is resistant to basic conditions and is deprotectable under neutral or acidic
conditions. For example, the hydroxyl group may be protected with a tetrahydropyranyl
(THP) group using 3,4-dihydro-2H-pyran (3,4-DHP) and p-toluenesulfonic acid monohydrate
to synthesize compound (3C). Examples of a solvent preferred for this purpose include
tetrahydrofuran, diethyl ether, and chloroform.
[0051] (9) Step 9

The acetoxy groups as the protecting group may be removed using a base such as
sodium methoxide, sodium hydroxide, lithium hydroxide, potassium carbonate, cesium
carbonate or triethylamine in a solvent such as methanol, ethanol or aqueous methanol,
followed by treatment with benzyl bromide, benzyl chloride, allyl bromide or the like using
an appropriate base to give compound (3D). Examples of a base include triethylamine,
N-ethyl-N,N-diisopropylamine, pyridine, potassium carbonate, calcium carbonate, cesium

carbonate, sodium hydroxide, potassium hydroxide, sodium hydride, sodium methoxide and



t,0 synthesize conmpound (3C). Exanples of a solvent preferred for this
purpose include tetrahydrofuran, diethyl ether, and chloroform [0051] (9)
Step 9 The acetoxy groups as the protecting group may be renoved using a

base such as sodi um net hoxi de, sodi um hydroxi de, |ithium hydroxide,
pot assi um carbonate, cesium carbonate or triethylamne in a solvent such as
nmet hanol , et hanol or aqueous nethanol ,- I®»llowed by treatnent with benzyl

brom de, benzyl chloride, allyl brom de or the |like using an appropriate
-t hy! - NPRES g0 BpiRAn wgﬁﬁai}‘f’srlawf@rbo%e@?gi lhr?fcéﬁ?oﬁla%;%%%%'aﬁg‘é%ﬁé

Py do, - o R PRRSRn AR AR B BB pP et pEt e
car bonat .. s efi AT REARL & b?§1%hafgn0§5198§§tl\?I(:ixmétf{?lggi%oa?}‘g dod*mgt%g pot assi um

hydr oxi de "an elng prererre SO

avai | abl esﬁl% 1&'@‘%%@'&8@&&& ecﬁ&%d)?g”addrtﬁllngﬁlgl J#:E%]OX 1 E}‘éac% Wi faru di e Y|

sul f oxi de, rdhy uran ane reactlon

t enper at ur Rﬁmﬁﬁ kxnﬁQRgGQOQSQ§I 20C to 25C. [0052] (10) Step 10 Next,
the prote tlng he 1-position may be renoved to give conpound (3E)

For exanplgys I(rpgl.m@b {@D) may be treated in nethanol or ethanol wth
p-tol uenesul fonic” acid or pyridiniump-toluenesul fonate to renove the THP

group. [0053] ( Next, Héeprofebtihg)gidip af ihRaALpiitRi mE}OB&)%Rﬂ/eﬁ%ng%MmBSuM(@E? ed

wi th an approprlate oxi di zi ng agent to prepare€ thiolactone (3A). Exanples

of an oXi iz tnplgedmppufid B3 Efay BE tredied inMméthasol of eMehdIGNith pedlueiRsalkstie hy !
sul f oxi de-aceti ¢ anhydri de, ss-Martin periodinane, and IBX. The reaction

t enper at uneidror pYediniun Ptolichasuliofate {[ORhblve THeTP gpaupnds of t he present
invention inhibit both SGT1 and SGLT2 activities to inprove IGI through
not only 4053 eg¢kl)@tepil gl ucose absorption fromthe digestive tract but
al so excretion of urinary sugars, thereby allow ng prevention or treatnent
of di abetes. In the final step, compound (3E) may be treated with an appropriate oxidizing agent
to prepare thiolactone (3A). Examples of an oxidizing agent preferred for use in this
reaction include dimethyl sulfoxide-acetic anhydride, Dess-Martin periodinane, and IBX.
The reaction temperature ranges from 0°C to 40°C.
[0054] The compounds of the present invention inhibit both SGLT1 and SGLT2 activities
to improve IGT through not only suppression of glucose absorption from the digestive tract
but also excretion of urinary sugars, thereby allowing prevention or treatment of diabetes.
[0055] Thus, the compounds of the present invention can be used as active ingredients in
SGLT1 and SGLT?2 inhibitors or in prophylactic or therapeutic agents for diabetes, diabetes-
related diseases and diabetic complications.
[0056] As used herein, the term “diabetes” encompasses type I diabetes, type II diabetes,
and other types of diabetes with specific etiology.
[0057] As used herein, the term “diabetes-related diseases” includes obesity,
hyperinsulinemia, abnormal carbohydrate metabolism, hyperlipidemia, hypercholesterolemia,
hypertriglyceridemia, abnormal lipid metabolism, hypertension, congestive heart failure,
edema, hyperuricemia and gout.

[0058] As used herein, the term “diabetic complications” can be classified into acute

complications and chronic complications.



[-0055]. Thus, the compounds of the present invention can be used as active
ingredients in SGA.T1 and SGT2 inhibitors or in prophylactic or therapeutic
agents for diabetes, diabetes- related diseases and di abetic conplications.

[ 0056] As used herein, the term "di abetes” enconpasses type | diabetes, type
Il diabetes, and other types of diabetes with specific etiology. [0057] As
used herein, the term "di abetes-rel at ed ¥ seases” includes obesity,

hyperi nsul i nenm a, abnormal carbohydrate netabolism hyperlipidem a,

hyper chol 1 ohgmt@mmgﬁgag@y %g%ﬁg?lgﬁjﬁgigg%mﬁqg%} '@oal:de&ig%, gﬁgﬁ@ﬂ% gefé“

hypert ensfon, " congesti v na, perurice
et$.| assified

[ 0058] As L R <6l i b i : e
i nto acut gﬁﬁ’gsg)rfrp ﬁ%’?’ ?légﬁgg}é%ﬁﬁ? ﬁ?@fnaﬁéc}?tggﬁ% :a?:g!tu |hgn .t&?ﬁmf‘[g%%gg] "Acut e

conpl i cat D] i‘eﬁﬂouf&ec_owr%w&ﬁse%mlﬁde(rﬁi_ca,an%iéﬁmgq&gga&lﬁ)m%dtﬂ{rﬁ&ﬁﬂ raglg%,e- g,

skin, soft tissue, biliary system respiratory systemand urinary

i nf ect i ongderi®klerosisI@a0] athdrbdcRitbsis, heam irifsrtib® Weain ikl e, IBWef Sanghigpat hy
(e.g., nephropathy, retinopathy), arteriosclerosis (e.g., atherosclerosis,

heart i nf aftéfidl @acluibay, AedrBpAh ¢ (.8 NsensOMBIern@¥ Mt hirvedhtihbaic AGEsyToon) |
neuropathy (e.g., sensory nerves, notor nerves, autonom c nerves), foot
gangr ene, ggigtend, @@611 Maj or conplications are diabetic retinopathy, diabetic
nephr opat hy and di abetic neuropathy. [0062] The dosage of the conpounds of
t he pr esef@Oalhvdfdjorcoomydlichtivsraye diapetivckietigppathyt Babetils sephsepatty sidrdidbetict o be
treated, body weight, age, sex, the route of admnistration, etc. The daily
dosage fomewdpdthg. is 0.1 to 1000 ng/ kg body weight, preferably 0.1 to 200
ng/ kg body weight, and nore preferably 0.1 to 10 ng/ kg body wei ght, given
as a si ngl[@d6ddsdhedosage ofithei apsrpotindsesf.thf PE&3I ingichtion Wall mamndepensiigorcihng
their action or reducing their dosage, the conpounds of the present

i nvent i on disggsealr spmptomytoce trgatads hd yiweigbh ags, sex, dhg/ rogtasef admdnisiratign, etc.
abbreviated as a partner drug) which depends on a different mechani sm of
action ot A&e dathpdosage fq;ia@phﬁlsgil to 1000 mg/{zg body weight, preferably 0.1 to 200 mg/kg

body weight, and more preferably 0.1 to 10 mg/kg body weight, given as a single dose or in
divided doses.

[0063] With the aim of enhancing their action or reducing their dosage, the compounds of
the present invention may also be used in combination with any drug (hereinafter abbreviated
as a partner drug) which depends on a different mechanism of action other than inhibition of
SGLT1 or SGLT2 activity, such as a therapeutic agent for diabetes, a therapeutic agent for
diabetic complications, an antihyperlipidemic agent, a hypotensive agent, an antiobesity
agent, a diuretic and/or an antithrombotic agent. In this case, there is no limitation on the
timing of administering the compound of the present invention and its partner drug(s). They
may be administered to a target, either simultaneously or with a time interval(s). The
compound of the present invention and its partner drug(s) may be administered as two
separate formulations containing the respective active ingredients or may be administered as
a single formulation containing both active ingredients. The dosage of partner drugs may be
selected as appropriate on the basis of their clinically used doses. Likewise, the ratio
between the compound of the present invention and its partner drug(s) may be selected as
appropriate for the target to be administered, the route of administration, the disease or

symptom to be treated, the combination of drugs, etc. For example, when the target to be



SA.T1 or SG.T2 activity, such as a therapeutic agent for diabetes, a

t herapeutic agent for diabetic conplications, an antihyperlipidem c agent,
a hypotensive agent, an antiobesity agent, a diuretic and/or an
antithronbotic agent. In this case, there is no limtation on the timng of
adm ni stering the conpound of the present invention and its partner drug(s).
They may be administered to a target,-el®her sinultaneously or with a tine
interval (s). The conpound of the present invention and its partner drug(s)
may be adghiRimieleats ﬁﬁniﬁ’,\%anﬁﬁﬁﬁ_ﬁg’(_ﬁﬁnﬁ?ﬁé@eﬁﬁh R AmeaM F 0V 1R fd@%aﬁ@%?ec“ ve
active ingredients or may be admnistered as a single formulation

cont ai ni ngvelgtt hel@le t6€ panOByeReight . thd b@ng@ﬁ@gﬁ tRf prog¥nt Ren@éigs may be
sel ected as appropriate on the basis of their clinically used doses.

Li kewi se, [006a]r Bxampleo et weittapehtic agdip totrabeiestindudy iasd i formuRbh9R.gand its
partner drug(s) may be selected as appropriate for the target to be

admi ni st efagipal ifsalin dorirtulstfona driravtad fradhibonine tahé sWinegaacreases; lsymat @salino be
treated, the conbination of drugs, etc. For exanple, when the target to be
15 adm nifemerd#&ibnk Sydthesized hyagehetie erdiineg(isy tevhyigbes usiieylEj colicor yeasgalis; of 0. 01
to 100 parts by weight relative to 1 part by weight of the conpound of the
present i msebihizong; pfooGiad irSumpinesinetlimafragreerpenderivatigsi(t. gf, INSdi)adrel es
include insulin forrmulations (e.g., animal insulin fornulations extracted
f r om bovi nesulindorgwilationg h isulin seséstadcarimpraving dgents (€.gr, pirighitizons osy selttbeicofd by
geneti c engi neering techniques using E. coli or yeast cells; insulin zinc;
pr ot ami ne (Prgganahin hydraehloride salt) ropighitprent o actaltdberrefdpraferablyangjeate sAB, 1) , or al
insulin formul ati onz& insulin resistance-inprovi ng agents (e.q.

pi ogl | t azSHeoBIazaNe 4S04 hEeb 19700} Sapbizny, (Hyroseh Nettngisasen (YBX-102),
rosiglitazone or a sa r eof %&;abl y mal eate salt i.tazone

(S 011) " tfevegrerm( T 15858 Ko e05h Tleamanpne Nt Jséil (NHQTRRLFPARY
e EERE e S AT R MR it L5
RULAEEREE s e e S PR T T
L Tt LA e o
;lhl gir it 32%%‘% or g@g@ﬁ%%gé?gﬁfcgﬁe’ﬂ%?d@ PfbenBla¥ SIS BREBNUE SnidthidpaRide A€
tolazamide, acetohexamide, glyclopyramide, glimepiride, glipizide, glybuzole), repaglinide,
senaglinide, nateglinide, mitiglinide or calcium salt hydrates thereof), GPR40 agonists,
GPR40 antagonists, GLP-1 receptor agonists (e.g., GLP-1, GLP-1MR, Liraglutide
(NN-2211), Exenatide (AC-2993) (exendin-4), Exenatide LAR, BIM51077,
Aib(8,35)Hglp-1(7,37)NH2, CIC-1131, AVEQ010, GSK-716155), amylin agonists (e.g.,
pramlintide), phosphotyrosine phosphatase inhibitors (e.g., sodium vanadate), dipeptidyl
peptidase IV inhibitors (e.g., compounds described in WO02/038541, NVP-DPP-278,
PT-100, P32/98, Vildagliptin (LAF-237), P93/01, Sitagliptin (MK-431), Saxagliptin
(BMS-477118), SYR-322, MP-513, T-6666, GRC-8200), 33 agonists (e.g., AJ-9677,
AZ40140), gluconeogenesis inhibitors (e.g., glycogen phosphorylase inhibitors,
glucose-6-phosphatase inhibitors, glucagon antagonists, fructose-1,6-bisphosphatase
inhibitors), SGLT (sodium-glucose cotransporter) inhibitors (e.g., compounds described in

W004/014931, W0O04/089967 and WO06/073197, T-1095, Sergliflozin (GSK-869682),
GSK-189075, KGT-1251, KGT-1681, KGA-2727, BMS-512148, AVE2268, SAR7226),



senaglyd ni de, nateglinide, mtiglinide or calciumsalt hydrates thereof),
GPR40 agoni sts, GPR40 antagonists, G.P-1 receptor agonists (e.g., GP-1,
GLP-1MR, Liraglutide (NN 2211), Exenatide (AC 2993) (exendin-4), Exenatide
LAR, BI Mb1077, Aib(8,35)Hglp-1(7,37)NH2, CIC-1131, AVE0010, GSK-716155),
anylin agonists (e.g., pramintide), phosphotyrosine phosphatase inhibitors
(e.g., sodiumvanadate), dipeptidyl peplédase |V inhibitors (e.qg.,
conpounds described in WO02/038541, NVP-DPP-278, PT-100, P32/98,

LR e B o R MBSl B,
i b1 t o YT HHEINCEI30C IR0 SRl b1 PSR- 2l ABDYERISTRRIANY V! ase

fruct ose- ahoniSn SRIIORORGHASRors (! RSLMGR), AMFachis At Bpfsciiee. |

cotransporter) inhibitors oun scri be

W04/ 08996 paigh GisOdotdldstatin re@Ster 2pRnfls. blueskifade GelivABRGBE), Ro- LN AF9075,
KGT- 1251, KGI- 1681, KGA-2727, BMS-512148, AVE2268, SAR7226), 16

11( 3- hydr gys)f&wicqms@iﬁimf&g%%&ﬁn&ﬁhimiu_%a, AR DGATCORAbIRSES, described in
W06/ 051662, BVT-3498, | NCB13739), GPR1 19 agoni sts (e.g., PSN 632408,

APD- 668) , [6063)0ExainplesQt a tRgaptusit gé esediibetic KEmiplibatiink dGudetal@bse réfoci868) |
AMPK activators, |leptin resistance- inproving agents, sonatostatin receptor

agoni st's, ighibiterds (61 olretat, \cphlegstat (@ngrestatRooptBreda] minalrgdeunclidaadstt, CTHASEL
inhibitors (e.g., orlistat, ATL-962), and DGAT-1 inhibitors. [0065] Exanples
of a t her apetdiophiedaciorsfand edhanoedsitheresfi(plgi, NGF,A¥E-3, BOINK] eeadottopkinr educt ase
inhibitors (e.g., tolrestat, epalrestat, zenarestat, zopolrestat,

m nal r est giroductide/ses¢tan, stigi dtd3), neurapagenesis piivnulafaas (eog. s Y al2@ ), @ nhébitors

t hereof (e.g., NG, NT-3, BDNF, neurotrophin production/secretion

st i nul at or(s),, rexistaagenesylate;dt Y 338 219y, AGE imhibitors (c28) ALPRED,ipmhagriding; s

(e.g., ruboxistaurin nesylate; LY-333531)), ACE inhibitors (e.g., ALT946,

pi magedi nepyratpxatkine Ddphenasylthiag mmabrpntide &fxlol 7060 AL 61ild SEXR-2266 Byridoning - 711,
EXO- 226, Pyridorin, pyridoxam ne), active oxygen scave;gers i(ie. g., thioctic
aci d), cermpidaxamiaghaetivetaxysey scayengers (eegorthigetic aidt), cerebrabyasodetarsdsigat i n
receptor agonists (e.g., BIM3190), and apoptosis __si ginal -regul ati ng

ki nase- 1 (t;gqudq,)mqm]ﬁpm)t sfymatostatin receptor agonists (e.g., BIM23190), and apoptosis

signal-regulating kinase-1 (ASK-1) inhibitors.

[0066] Examples of an antihyperlipidemic agent include statin compounds (e.g., pravastatin,
simvastatin, lovastatin, atorvastatin, fluvastatin, itavastatin, rosuvastatin, pitavastatin or salts
thereof (e.g., sodium salt, calcium salt)), squalene synthase inhibitors (e.g., TAK-475), fibrate
compounds (e.g., bezafibrate, clofibrate, simfibrate, clinofibrate), ACAT inhibitors (e.g.,
Avasimibe, Eflucimibe), anion exchange resins (e.g., cholestyramine), probucol, nicotinic
acid drugs (e.g., nicomol, niceritrol), ethyl icosapentate, plant sterols (e.g., soysterol,
y-oryzanol), CETP inhibitors (e.g., Torcetrapib, JTT-705, JTT-302, FM-VP4), and
cholesterol absorption inhibitors (e.g., Ezetimibe).

[0067] Examples of a hypotensive agent include angiotensin-converting enzyme inhibitors
(e.g., captopril, enalapril, delapril), angiotensin II antagonists (e.g., candesartan cilexetil,
losartan, eprosartan, valsartan, telmisartan, irbesartan, tasosartan, azilsartan (TAK-536)),
calcium antagonists (e.g., manidipine, nifedipine, amlodipine, efonidipine, nicardipine),
potassium channel openers (e.g., levcromakalim, L.-27152, AL0671, NIP-121), and clonidine.

[0068] Examples of an antiobesity agent include central antiobesity agents (e.g.,



[£0066]. Exanpl es of an anti hyperli pidem c agent include statin conpounds
(e.g., pravastatin, sinvastatin, |ovastatin, atorvastatin, fluvastatin,
itavastatin, rosuvastatin, pitavastatin or salts thereof (e.g., sodium
salt, calciumsalt)), squalene synthase inhibitors (e.g., TAK-475), fibrate
conpounds (e.g., bezafibrate, clofibrate, sinfibrate, clinofibrate), ACAT
inhibitors (e.g., Avasimbe, Eflucimbel7 anion exchange resins (e.g.,

chol estyram ne), probucol, nicotinic acid drugs (e.g., niconol,

B e —
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candesart an cl I exetl osartan, epr osartan, sartan,

| rbesar t any ﬁ 1@%5{& Laltp- @ZZ%%?chﬁr&bﬁnW%e@gﬁMantagb%ﬁs@é gg% Qbimit S (e.g.,

mani di pi ne, i'pine, ani odi’pi ne, efonidipine, nica pi ne pot assi um

channel o snemﬁ 9R-1479Y8): QhRlia ahiReohistd,/ Liphy bR tetoid NeRydré danas@fitlibi
cl oni di ne. [0068® Exanpl i aaﬁF?oE)em t%s ageﬁé hcl ude c%énnta?a foitors

ant i obesi t(y.ga@VT-349% INCB13739)3lepaherbticigast RhibifoR{d.¢ll ikiae APNeser m ne,

si butram ne, anfepranone, dexanfetam ne, nazindol, henyl propanol am ne,

cl obenzor GAVOHnhibiRe, BB agohisl ¢agSAd- a(6e7gAz4@mmpqmpd&1c aflerefi¢sh@ ., iléptin,
W06/ 035967, SB-568849; SNAP-7941, T-226296); neuropeptide Y antagonists
(e.qg. CPME&SmarymmmbphmlfdctoQ);ehMGCysaﬂmIag@gmmts (€.£., Yntitript, RP1a1E840),

(SR 141716) , SR-147778); ghrelin antagonists; 11(3-hydroxysteroid

dehydr ogeramd deddiry dut¢romss (e(z,. By57). BVT- 3498, | NCB13739)), pancreatic |ipase
inhibitors (e.g., orlistat, ATL-962), DGAT-1 inhibitors, (33 agonists
(e.g., AJ-[0609], ExAnples®f a dyerpti¢ thichudaxenthoreidesivitiveg (¢-g), dppbrominChoiEuraci | i ary

neurotrophlc factor)), chol ecystokinin agonists (e.g., lintitript,
FPL- 15849)salicylate, theatupmipecralcaitm salieylate), t;luaszsmmlapwa@]g Biipgies of a
diuretic include xanthine derivatives (e t heobrom ne sodium salicylate,

t heobr oni rf-‘éfcl@amh@mdgdrlpblprrat:té)aZIthhbékp@éorpsmmeahy@ﬁﬁum@thgwdeet hi azi de,
cycl opent hi azide, trichlormethiazjde, hydrochl oraqthjazid

hydr of | umeieRiyAvidarehlorgthinziden penfitizidsy B@lﬁih&zmemeﬂvé/ﬁhﬂuwé?)d@ltl-ﬁl@‘pven@p@z. de,

met hycl ot hj azi de), anti-al dosterone
y tjormulatugns (e-g., splronoqactone trlamterene) carbonic anhydrase inhibitors (e.g.,

acetazolamide), chlorobenzenesulfonamide formulations (e.g., chlorthalidone, mefruside,
indapamide), azosemide, isosorbide, ethacrynic acid, piretanide, bumetanide, and furosemide.
[0070] Examples of an antithrombotic agent include heparin (e.g., heparin sodium, heparin
calcium, dalteparin sodium, AVE-5026), warfarin (e.g., warfarin potassium), antithrombins
(e.g., argatroban, Ximelagatran, Dabigatran, Odiparcil, Lepirudin, bivalirudin, Desirudin,
ART-123, Idraparinux, SR-123781, AZD-0837, MCC-977, TGN-255, TGN-167,
RW1J-58436, LB-30870, MPC-0920, Pegmusirudin, Org-426751), thrombolytic agents (e.g.,
urokinase, tisokinase, alteplase, nateplase, monteplase, pamiteplase), platelet aggregation
inhibitors (e.g., ticlepidine hydrochloride, cilostazol, ethyl icosapentate, beraprost sodium,
sarpogrelate hydrochloride), factor Xa inhibitors (e.g., Fondaparinux, BAY-59-7939,
DU-176b, YM-150, SR-126517, Apixaban, Razaxaban, L Y-517717, MLN-102, Octaparine,
Otamixaban, EMD-503982, TC-10, CS-3030, AVE-3247, GSK-813893, KFA-1982), and
plasma carboxypeptidase B (also known as activated thrombin-activatable fibrinolysis

inhibitor [TAFIa]) inhibitors (e.g., AZD-9684, EF-6265, MN-462).



formul.ations (e.g., spironol actone, trianterene), carbonic anhydrase
inhibitors (e.g., acetazolam de), chl orobenzenesul fonam de formnul ati ons
(e.g., chlorthalidone, nefruside, indapam de), azosem de, isosorbide,

et hacryni c acid, piretanide, bumetanide, and furosem de. [0070] Exanples of
an antithronbotic agent include heparin (e.g., heparin sodium heparin
calcium dalteparin sodium AVE-5026),-we8farin (e.g., warfarin potassiun),
antithronbins (e.g., argatroban, X nelagatran, Dabigatran, Odiparcil,
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Api xaban, Razaxaban, LY-517717, I\/LNY102, Cctaparine, O am xaban,

EMD- 503983¢ sdlectédas &pproptadle. AMihis 24se, a phdmBitaidally Kéobph8RDarricd (39 malabsdtR

car boxypepti dase B (al so known as activated thr on%i n-activat abl e

fibrinol yshcorporaed.bi EvamplEhbl sufch aicaniebirchude cofntponly Astd-eX0ipdentdkex Gadys,
WN-462). 18 [0071] The conpounds of the present invention can be

adm ni st ebadlesy disemnegrating/agents, canping apénts, Bygdriopatinghgents, pHradijitseors|sotubilizersi n
the form of pharmaceutical preparations. [0072] Wen the conmpounds of the
present i rovequdoonoon@-pquevisisdvants. t Nhefcompowids qf e presat iriveatiorpamsithesat i ons,
various types of dosage forms such as solids and sol utions my be sel ected
as appr oprcamicess maybe formudatekintaataplets; pHis ecapsules, Igyanatesepavedsirs solutionsr (s) may

al so be incorporated. Exanples of such a carrier include commonly used

exci pi ent smulsiensnsuspensions; igretigns of othardespestipies. agent s, coating agents,
sugar-coating agents, pH adjustors, solubilizers, or agueous or non-aqueous
sol vent s. ounds of the present invention and these carriers may be

formul ated jnto tablets, pil]ls, capsules, granules, powders, soluytions,

emul si onsﬂoé@p iPERRENt lpﬁ?lgl@pmﬁieévrﬂ&r deseriped %@Ofﬁ%ﬁgmﬁe [0073]

The preser%t in.venttj on will he further %escri bed, in nore detail by way of the
ollowing reference examples, examples and test examples.

Reference Example 1
Preparation of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone (compound (3AB))
[0074] [Formula 11}

BnO S0
BnO" “OBn

OBn
(3AB)

[0075] (1) Preparation of tetrahydro-2H-pyran-2-yl 2,3,4,6-tetra-O-acetyl-5-thio-D-
glucopyranose

To a solution of 2,3,4,6-tetra-O-acetyl-5-thio-D-glucopyranose (2.0 g, 5.49 mmol) in
chloroform (40 mL), 3,4-dihydro-2H-pyran (1.5 mL, 16.5 mmol) and p-toluenesulfonic acid
monohydrate (104 mg, 0.549 mmol) were added and stirred at room temperature for 1 hour.
After addition of saturated aqueous sodium bicarbonate, the reaction mixture was extracted

with chloroform, and the organic layer was washed with brine and then dried over anhydrous



foll owi ng reference exanpl es, exanples and test exanples. Reference Exanple
| Preparation of 2,3,4,6-tetra-0O benzyl -5-thio-D glucono-1, 5-1actone
(conpound (3AB)) [0074] [Fornula 11] BnOS O BnOOBn OBn (3AB) [0075] (1)
Preparation of tetrahydro-2H pyran-2-yl 2,3,4,6-tetra-O acetyl-5-thio-D

gl ucopyranose To a solution of 2,3,4,6-tetra-0O acetyl-5-thio-D gl ucopyranose
(2.0 g, 549 nmmol) in chloroform (40 al)9 3, 4-di hydro-2H pyran (1.5 ni,
16.5 mml ) and p-tol uenesul fonic acid nonohydrate (104 ng, 0.549 nmol) were

dded and stirr.ed : for. 1 A i i f

Cat ur ot o "MEEORE DAL nAL AR B o faicruto e s A Bl B o

ith chl d_th ic la d.with bri d th i ed
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1:1) to gigy %rl;g titled conmpound (2.56 g) as a light-yell ow anorphous

subst ance. FS(S ] (2) Preparation of tetrahydro-2H pyran-2-yl

2,3,4,6-t @)ep% a0ai S SRR ERD Lotrd 6). | &1k : Q. of
tetrahydrg?gﬁ]%ran-%%r?/lﬁm{z?%t,gg%g-%?r a- Og-"gg t313blg6?ﬂf%@d?cng u%téﬂﬁgg)anose (2.5
g) in net r%ﬂbggy,(aﬁgserm, a 25 wt % net hanol sol ution of sodium nethoxide

(0.11 nmi, nmol ) was added and stirred for 3 hours. A snmall anmount of

dry ice was addest it aRehtibalof Ztraho! 2R YraR2- I3 HicEtetMD-GeEt YIBS RSN
concentrated. The resulting residue was dissol ved in N, N-di net hyl f or mam de

(20 nl). Thcpsahode Q5 Fyds melkth@l(4AD)aDs Wid metanplesdhitivn dffsodiagi um hydri de

(1.3 g, 32.9 mol; 60%in oil) in NN
methoxide (0.11 mL, 0.55 mmol) was added and stirred for 3 hours. A small amount of dry
ice was added to neutralize the reaction mixture, which was then concentrated. The
resulting residue was dissolved in N,N-dimethylformamide (20 mL). This solution was
added dropwise to a suspension of sodium hydride (1.3 g, 32.9 mmol; 60% in oil) in N,N-
dimethylformamide (4 mL) under ice cooling. The reaction mixture was stirred at room
temperature for 20 minutes and then cooled to 4°C, followed by addition of benzyl bromide
(5.6 g,32.9 mmol). The reaction mixture was stirred at room temperature for 12 hours and
methanol (5 mL) was added thereto, followed by stirring for 30 minutes. After addition of
ice-cold water, the reaction mixture was extracted with ethyl acetate, and the organic layer
was washed with brine and then dried over anhydrous magnesium sulfate. After filtering
off the desiccant, the solvent was distilled off under reduced pressure and the resulting
residue was purified by silica gel column chromatography (hexane:ethyl acetate = 6:1) to
give the titled compound (3.36 g, 96%, 2 steps).
[0077] (3) Preparation of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucopyranose

A mixture of tetrahydro-2H-pyran-2-yl 2,3,4,6-tetra-O-benzyl-5-thio-D-

glucopyranose (3.30 g, 5.15 mmol), pyridinium p-toluenesulfonate (518 mg, 2.06 mmol) and
ethanol (58 mL) was stirred at 80°C for 2 hours. The reaction mixture was cooled to room
temperature and the solvent was concentrated. The resulting residue was dissolved in ethyl

acetate. This solution was washed with saturated aqueous sodium bicarbonate and brine,

and then dried over anhydrous magnesium sulfate. ~After filtering off the desiccant, the



di met hyl formam de (4 nlL) under ice cooling. The reaction m xture was stirred
at room tenperature for 20 mnutes and then cooled to 4C, foll owed by
addi ti on of benzyl bromde (5.6 g, 32.9 mml). The reaction m xture was
stirred at roomtenperature for 12 hours and nethanol (5 nL) was added
thereto, followed by stirring for 30 mnutes. After addition of ice-cold
water, the reaction mxture was extractezowth ethyl acetate, and the
organic layer was washed with brine and then dried over anhydrous nagnesi um

| fate. Aft filterd ff t i t I i stj d of f
e e B TRy A R R o S B T e
I h aet = 6. t i the titled
gzgggagat %?%&é;g?@cﬁ%ﬁ@%??g%g% 357 Pl Pon %t © 10 1
,3,4,6-tetra- - 1 e
Cett ahydr o- 2 pyran vt ({7, Cl dRORSRALARS ef b ¥R TS0 50 1227 6T
(3.30 g, 3115890084 4, P19, dbPi7u g tiok e g@aﬁy} 18Ml 88 4>1R §1137%, 998 31Pig)g. and

ethanol (58 Al) Wwas stirred at 80C for ours. The reaction mxture was

cool ed to[oP®N (HerBpiraicd & md,ﬁttla@apre&ﬁzgl-sm-p%mabr@st—?a@mn?he resul ting

resi due was dissolved in ethyl acetate his solution was washed with

sat urat ed aqueousmsadiclth2ts, 4,8 tbenatcen2ids BHib TR glucaptahdie 12 82 ige 6,00 \ihol),
anhydrous nmagnesium sul fate. After filtering off the desiccant, the 2

resi due Walsmetiyl Julfodidey4 ili) @ad gedticadh ydrideqD9 aileytveddrstipiey af foexRRaipetafytt for
acetate = 3:1) to give the titled conpound (2.89 g, quant.) as a colorless
crystal. 13CGobisR (A¥ED addirion GHCcEROGRAeH thdreddtion, mixtur8 wag txfactedBwilh eth3l 2,
75.6, 76.2, 81.9, 82.9, 84.4, 127.5, 127.7, 127.8, 127.9, 128.0, 128.3,

128. 4, 128&c&atel3Th8prghsR.18yer 188 washed WD 8latefAdatiiPated aqutous sodibm bicarbonate
2,3,4,6-tetra- O benzyl -5-thi o-Dglucono-1,5-1actone A m xture of

2, 3, 4, 6- t end bri®, Bad thdn-diediver rhydious pyagaesiem spifat82 Jftepfiberingwfi the di net hyl
sul foxide (47 nL) and acetic anhydride (39 nL) was stirred at room

t enper at urdesitesnt, thesaheant svas Afstiled et ind¢rgadusied ipressuroand (et resultingheesideatiab on

m xture was extracted with ethyl acetate. The organic |ayer was washed with
wat er, satbyrifie@by silige gelscobyan ghropiatapr apd hexangathybagetate =%B to igiste the tided over
anhydrous nmagnesium sul fate. After filtering off the desiccant, the solvent
was di sti IPB@osrd (2hadt2%asice@iorisesdur e and the resul ting residue was

"H NMR (200 MHz, CHLOROFORM-d) 8 ppm 3.70 (d, J=4.8 Hz, 2 H) 3.86-4.02
(m, 2 H) 4.09-4.22 (m, 2 H) 4.40-4.68 (m, 7 H) 4.83 (d, J=11.4 Hz, 1 H) 7.12-7.41 (m, 20 H).
[0079] Reference Example 2
Preparation of 2-[4-(benzyloxy)-5-bromo-2-methylphenyl]-1,3-dioxolane (compound (6A))
[0080] [Formula 12]
BnO Me
o,
o/
(6A)

[0081] (1) Preparation of 1-[4-(benzyloxy)-2-methylphenyl]ethanone

To a solution of 4’-hydroxy-2’-methylacetophenone (3.06 g, 20 mmol) in N,N-
dimethylformamide (20 mL), potassium carbonate (3.66 g, 26.4 mmol), benzyl bromide
(2.7 mL, 22.4 mmol) and n-BusNI (0.75 g, 2.03 mmol) were added and stirred at room
temperature for 14 hours. The reaction mixture was diluted with saturated aqueous

ammonium chloride under ice cooling, followed by addition of water and ethyl acetate to



purifi.ed by silica gel colum chromatography (hexane:ethyl acetate = 6:1) to
give the titled conpound (2.3 g, 82% as a colorless oil. "H NVR (200 WHz,
CHLOROFORMd) 8 ppm 3.70 (d, J=4.8 Hz, 2 H 3.86-4.02 (m 2 H 4.09-4.22
(m 2 H 4.40-4.68 (m 7 H) 4.83 (d, J=11.4 Hz, 1 H 7.12-7.41 (m 20 H).

[ 0079] Reference Exanple 2 Preparation of

2-[ 4- (benzyl oxy) - 5- br onp- 2- et hyl phenyt+]21, 3- di oxol ane (conpound (6A))

[0080] [Fornula 12] M BnOBr J I~ 0 (6A) [0081] (1) Preparation of
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aqueous anmoni um chl oride under 1ce cooling, followed y ad |t| wat er
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washed with 6 aqueous sodi um thi fate and’brine, and the

over anhydﬁm%d@ﬁmhwgseygf@la@t )& 4 &dlofldskpewiierg of f  the desiccant, the
solvent was distilled o under reduced pressure and the resulting re5|due

was purified by 'HNMRA(306MH2] CHDORUFORIMOY Fphy 2(S38%,BH) 2i5hys, 3gpsat gs,= 8:1
- 6:1) togive the titled conpound (5.05 g, quant.) as a col orless povvder

"H NVR ( 3Q0H)\W178-6@ L @RADRNB0)7. 4 @RS 1) B35 (dd, 137.68, RO®Az(BH)3 H) 5.11 (s, 2
6.78-6.86 (m 2 7.30-7.47 (m 5 H 7.75 (dd, J=7.93, 1.09 Hz, 1 H).
[0082] (2)[0682p&2pkrcparatidn df 4{-(eenzylboy)yJ-bioniy-dmietRylbedzoyd deddizoi ¢ acid To a
solution of 1-[4-(benzyl oxy)-2-methyl phenyl]ethanone (20.9 g, 87.1 mmol) in
To a solution of 1-[4-(benzyloxy)-2-methylphenyl]ethanone (20.9 g, 87.1 mmol) in

acetone (300 mL), a solution of NaBr (9.86 g, 95.9 mmol) in water (100 mL), water
(200 mL) and Oxone® (oxone monopersulfate compound, Aldrich) (59.0 g, 95.9 mmol) were
added and stirred at room temperature for 2.5 hours. The reaction mixture was mixed with a
solution of sodium sulfite (20 g) in water (50 mL) under ice cooling, followed by addition of
water and ethyl acetate to separate the organic layer. The organic layer was washed with
20 wt.% aqueous sodium sulfite and brine, and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the solvent was distilled off under reduced pressure to give a
mixture (27.2 g) of 1-[4-(benzyloxy)-5-bromo-2-methylphenyljethanone and 1-[4-
(benzyloxy)-3-bromo-2-methylphenyljethanone. To this mixture, a 5% solution of sodium
hypochlorite (300 mL, 255 mmol) and a solution of potassium hydroxide (4.80 g, 85.3 mmol)
in water (10 mL) were added and stirred at 120°C for 1 hour. The reaction mixture was
cooled to room temperature and filtered to collect the precipitated insoluble matter, to which
2N hydrochloric acid was then added. After extraction with ethyl acetate, the organic layer
was washed with 2N hydrochloric acid and brine, and then dried over anhydrous magnesium
sulfate. After filtering off the desiccant, the solvent was distilled off under reduced pressure
and the resulting residue was washed with methanol to give the titled compound (16.6 g, 59%,
2 steps) as a colorless powder.

'H NMR (300 MHz, DMSO-dg) 8 ppm 2.45-2.57 (m, 3 H) 5.28 (s, 2 H) 7.18 (s, 1 H)
7.31-7.54 (m, 5 H) 8.03 (s, 1 H) 12.83 (brs, 1 H).



acetone (300 nL), a solution of NaBr (9.86 g, 95.9 mmol) in water (100 nL),
wat er (200 nL) and Oxone(r) (ozone nonopersul fate conmpound, Aldrich) (59.0
g, 95.9 mol) were added and stirred at roomtenperature for 2.5 hours. The
reaction m xture was mxed with a solution of sodiumsulfite (20 g) in
water (50 mL) under ice cooling, followed by addition of water and et hyl
acetate to separate the organic |ayer.-The erganic | ayer was washed wth 20
wt . % aqueous sodium sulfite and brine, and then dried over anhydrous

magnesi um sul f at ftelh Ak §qn {,the desiccant, the solvent was
distilled off un érm/r%e' uge(hkg)ggsislu@@% %[)'gi ve a mxture (27.2 g) of

ooy oL 2 AP M5 e ) o o
Pydr oxi de. (4 80 ¢ BEPgetali Moo Ao TR b R BT od a
120C For 1ol i@ hIcarothB0 HLS! iy MifbridE @O hAd s6O AR NI al ure and

filtered to collect the precipitated 1nsol ubl'e matter, I¢h 2N

hydr ochl ordige@§ifomyagidt (€ BropdRere 2088 PAndXieaqt fodf WipdrRbRYbr PEEIAL §het he
organic |l ayer "was washed with 2N hydrochloric acid and brine, and then

dried overreifidyiiRtiSe WaYOSRehtiAtedtd Fidd B-(bANziRky]-5bkého 29methlbehgoyll eslofigant ,
the solvent was distilled off under reduced pressure and the resulting

resi due wagext@shedspenbion e Ny@timethehgdi& ylahtiné hidrechleode@55g, Sb® @nl) A%

2 steps) as a colorless powder. '"H NVR (300 MHz, DMSO d5) 8 ppm 2.45-2.57
(m 3 H) Srid@ylamin@(18)mIZ,. 108 fimol)lin kdhlorofosdd (60 adl),(agoldidn)of8-®3nLy@oxy)-5H) 12. 83
(brs, 1 H. 22 - ESI mz = 319 (MH), 321 (Mt2-H). [0083] (3) Preparation of
2- [ 4- ( benZybmry?2y mbthiytbenzoey2 chieridy iptidonpfdrml (68-nll pwad atded diapvassusieeitsi on of

4- (benzyl oxy) - 5- br ono- 2- net hyl benzoic acid (16.6 g, 51.7 mmol) in

chl or of or mopBag mid stirmdailt ydone kngperatare(fér rhourshl®wedbly)addiion,ofwater and

di mret hyl f ormam de (6 drops) were added and stirred at roomtenperature for 1
hour. The chiaseformomded ige gpainge sepanate therergandc tayeyi vihe organic layer was washed

4- (benzyl oxy) - 5- br ono- 2- net hyl benzoyl chloride. Next, to a suspension of

N, O di met Hyithsaiwated agpeays spdigmoiparbenatreandbrgs, and then drigghyer aghydrous

triethylamne (15 m_, 103 mm)) .in chloroform (60 nl), a solution of

4- (benzy| d%3gnesjum sulfate.  After filtering off the desiccant, the solvent was distilled off under
reduced pressure to give 4-(benzyloxy)-5-bromo-N-methoxy-N-methylbenzamide. To a
solution of this product in tetrahydrofuran (150 mL), lithium aluminum hydride (1.96 g,
51.7 mmol) was added at -10°C and stirred at the same temperature for 1 hour. The reaction
mixture was diluted with 1N hydrochloric acid, followed by addition of ethyl acetate to
separate the organic layer. The organic layer was washed with 1N hydrochloric acid,
saturated aqueous sodium bicarbonate and brine, and then dried over anhydrous magnesium
sulfate. After filtering off the desiccant, the solvent was distilled off under reduced pressure
to give 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde. To a solution of this product in
toluene (120 mL), ethylene glycol (30 mL, 517 mmol) and p-toluenesulfonic acid
monohydrate (0.50 g, 2.58 mmol) were added and heated under reflux for 1.5 hours using a
Dean-Stark apparatus. Ethyl acetate was added to the reaction mixture to separate the
organic layer. The organic layer was washed with water, saturated aqueous sodium
bicarbonate and brine, and then dried over anhydrous magnesium sulfate. After filtering off

the desiccant, the solvent was distilled off under reduced pressure and the resulting residue

was purified by silica gel column chromatography (hexane:ethyl acetate = 5:1)) and further



by ono-.2- et hyl benzoyl chloride in chloroform (60 nL) was added dropw se
under ice cooling and stirred at roomtenperature for 1 hour, followed by
addition of water and chloroformunder ice cooling to separate the organic
| ayer. The organic |ayer was washed w th saturated aqueous sodi um

bi carbonate and brine, and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the-s®Bvent was distilled off under
reduced pressure to give 4-(benzyl oxy)-5-brono- N- et hoxy- N- net hyl benzam de.

o S AR S L 2 o
hyar ool or T EPam 2R B SR PRIa S PYRRT® et  to  separate the

organic layer. They @bm@,y@ﬂLM®mdﬂ§§iéé\%&nfﬂ%§5‘(?Wﬁ%.@b%i&@fd &)

sat urat ed agueous sodi um bi carbonate an t’hen’ dri ed oVé
anhydr ous smpOREs HY 8794/ f A 6.-74§§,t1eﬂ) b iy (g i) 7.0 6, 96%). ccant, the sol vent
was distilled off under reduced pressure to give
4- (benzyl oxy) - 5H% afyp—~2348et hyl benzal dehyde. To a solution of this product in
toluene (120 m.), ethylene glycol (30 nL, 517 mml) and p-tol uenesul fonic
acid mnqb&gﬁqamféen&m)@mpze58 nmol ) were added and heated under reflux for
1.5 hours using a Dean-Stark apparatus. Ethyl acetate was added to the
reacti on rAregacdtntod 25p6+tetiH Ok behzy bt -GafB-(behagexy)-5T{163-alogaRin2-YRyer was
washed with water, saturated aqueous sodium bicarbonate and brine, and then
dri ed ovemehylpkinglisS-tiaosikgiucopyrandsaiempiiund7A)j | tering off the desiccant,
the solvent was distilled off under reduced pressure and the resulting
resi due VA@85jufFérmeda by} silica gel colum chronmat ography (hexane: et hyl
acetate = 5:1)) @ﬂﬁbfu thejea 23 purified by NH-type silica gel colum
chromat ography (chlo ' to give the titled conmpound (12.8 g, 71% 3
steps) as a cglorkesgxpowde g 1H NWR (300 MHz, CHLOROFORM d) S ppm 2.34 (s,
3 H 3.92-Bn@9 Tym ¥ SEZ(S, 2 H 587 (s, 1H 6.74 (s, 1 H 7.27-7.51
(m 5H 7.2 q%?h ESP~ z = 348. [0084] Reference Exanple 3

n Bn

OBn (7A)

[0086] To a solution of 2-[4-(benzyloxy)-5-bromo-2-methylphenyl}-1,3-dioxolane (12.9 g,
36.9 mmol) in tetrahydrofuran (100 mL), 2.67 M n-butyllithium in hexane (14.5 mL,
36.9 mmol) was added dropwise at -78°C under a nitrogen atmosphere and stirfed at the
same temperature for 30 minutes. Then, a solution of 2,3,4,6-tetra-O-benzyl-5-thio-D-
glucono-1,5-lactone (9.77 g, 17.6 mmol) in tetrahydrofuran (40 mL) was added dropwise and
stirred at the same temperature for 15 minutes. After addition of saturated aqueous
ammonium chloride, the reaction mixture was extracted with ethyl acetate. The organic
layer was washed with saturated aqueous ammonium chloride and brine, and then dried over
anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off
under reduced pressure and the resulting residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 3:1 — 2:1) to give the titled compound (10.6 g,
73%) as a colorless and transparent amorphous substance.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.39 (s, 3 H) 3.46-3.72 (m, 2 H)
3.86-4.22 (m, 8 H) 4.43-5.00 (m, 8 H) 5.10 (s, 2 H) 5.92 (s, 1 H) 6.66-6.90 (m, 3 H)



Prepar.ati on of

2,3,4,6-tetra- O benzyl -1-C-[ 2- (benzyl oxy) -5- (1, 3-di oxol an-2-yl) - 4-

met hyl phenyl ] - 5-t hi o- D- gl ucopyr anose (conpound 7A)) [0085] [Forrmula 13] BnO
M BnO SCHOJ BnO'' "OBn OBn 7A) [0086] To a solution of

2- [ 4- (benzyl oxy) - 5- br ono- 2- net hyl phenyl ] -1, 3-di oxol ane (12.9 g, 36.9 nmol)
in tetrahydrofuran (100 nL), 2.67 Mn-bugyltithiumin hexane (14.5 nL, 36.9
nmol ) was added dropwi se at -78C under a nitrogen atnosphere and stirred at

2.3, 4. ot TRl bn2y ) -VHPB BIGI ucono- 1 5.1 actone (977 g, 17.6 mol) in

t et rahydr of uran Q nL) d dropwi se and stirred at the sane
tenperature for E%é%ﬁu%“ﬁi’“ﬁ% T addition of saturated agueous ammoni um

chl ori de, r i ] was extracted with ethyl acetate. The organic
| ayer was [\Qggllezée\?érfﬁ&s%%aﬁpg% gd aqueous ammoni um chl ori de and brine, and
then drie : Y- L 1 te il heri
desi ccant fi’r?;%agﬁtlsog fd\ﬂlﬂei hjt?ﬁ’&/ggtrg?g?i&ﬁ'g gnc(s;% {b%h%'(i%g) r5gf ice !j hg{léet[s}glg ﬁéerfyé];% ﬁ}l?l e
resul ting pheficdl&aies (BsthddinadsRYy silica gel colum chromat ography

(hexane: eth Caggtaate(: 31.)1 -CtZ:{)) to give the titled conpound (10.6 g,

73% as a g@gg]rl[p%lﬁg(ﬂ%}ransparent anmor phous substance. 1H NVR (300 MHz,
CHLCRCFCRI\le) S 2.3 A 3 H 3.46-3.72 (m 2 H 3.86-4.22 (m 8 H)
4.43-5.00 (m 8 H"8\#0 2 H 592 (s, 1 H 6.66-6.90 (m 3 H 24 -
7.00-7.38 (m 23 (brs, 1 H. ESI nmz = 847 (MtNa+). [0087]

OBn (8A)

[0089] To a solution of 2,3,4,6-tetra-O-benzyl-1-C-[2-(benzyloxy)-5-(1,3-dioxolan-2-yl)-4-
methylphenyl]-5-thio-D-glucopyranose (11.1 g, 13.5 mmol) in tetrahydrofuran (100 mL), 6N
hydrochloric acid (100 mL) was added under ice cooling and stirred at room temperature for
12 hours. After addition of water under ice cooling, the reaction mixture was extracted with
ethyl acetate. The organic layer was washed with saturated aqueous sodium bicarbonate
and brine, and then dried over anhydrous magnesium sulfate. ~ After filtering off the
desiccant, the solvent was distilled off under reduced pressure and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl acetate = 2:1) to give the titled
compound (10.1 g, quant.) as a light-yellow oily compound.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.64 (s, 3 H) 3.51-3.70 (m, 2 H)
3.84-4.29 (m, 4 H) 4.46-4.97 (m, 8 H) 5.04-5.24 (m, 2 H) 6.62-6.82 (m, 3 H) 6.99-7.38 (m,
23 H) 7.60 (brs, 1 H) 10.05 (s, 1 H).

ESI m/z = 803 (M+Na").

[0090] Reference Example 5
Preparation of 1-(benzyloxy)-2-bromo-5-methyl-4-(4-methoxybenzyl)benzene

[0091]



[0088]. [Fornula 141 BnO M BnO0O S ~ CHO OH BnO'" "OBn OBn 8A) [0089] To a
sol ution of

2,3,4,6-tetra- O benzyl -1-C-[ 2-(benzyl oxy) -5- (1, 3-di oxol an-2-yl ) - 4-

met hyl phenyl ] -5-thi o- D- gl ucopyranose (11.1 g, 13.5 mmol) in tetrahydrofuran
(100 m.), 6N hydrochloric acid (100 nL) was added under ice cooling and
stirred at roomtenperature for 12 hour3s After addition of water under ice
cool i ng, the reaction m xture was extracted with ethyl acetate. The organic
| ayer was ﬁlth saturated aqueous sodi um bi carbonate and brine, and
then drie over d hydrous magnesi um sul fate. After filtering off the

desi ccant ,Br@ A8t wasUMi€st i | | ed of f under reduced pressure and the
resulting resi du rified by silica gel colum chromatography
(hexane: et hg}~ ax 2:1) to give the titled conpound (10.1 g, quant.)
as a light-yellow oily conpound. 1H NVR (300 MHz, CHLOROFORMd) S ppm 2. 64
(s, 3H 3.51-3.70 (m 2H) 384429(m 4H) 446497(m 8 H 5.04-5.24
(m 2 H 6.62-6.82 (m H} 99-7 m ﬂbrs 10.05 (s, 1
H. ESI ml@0%2]86® ( m+Ng aso ut{O@@@é}(bRe?fy )@aréebremarapn@tlw tengglde de ¢3 0k

1- (benzyl oxy) - 2- br.ono- 5- et hyl - 4- (4- nethoxybenzyl benzene  [0091] 25 -

[ Formul a BROLNE tmwawremé?—é] m{),)0.- M 4mcshaxyphsnylpnagnesium bromide in

4- (benzyl b Ib | deh 3.0.4, : o
et Tyl G ABSORN PSS T 44T DA DY HHLHpP IS e B Gl 4 145°C for

15 minutes. After addition of saturated aqueous ammonium chloride, the reaction mixture

was extracted with ethyl acetate. The organic layer was washed with saturated aqueous
ammonium chloride and brine, and then dried over anhydrous magnesium sulfate. After
filtering off the desiccant, the solvent was distilled off under reduced pressure and the
resulting residue was purified by silica gel column chromatography (hexane:ethyl acetate =
4:1) to give [1-(benzyloxy)-2-bromo-5-methylphenyl](4-methoxyphenyl)methanol (4.48 g)
as a colorless oily compound.

[0093] (2) Next, to a solution of [1-(benzyloxy)-2-bromo-5-methylphenyl](4-
methoxyphenyl)methanol (4.40 g) in a mixed solvent of acetonitrile (20 mL) and chloroform
(20 mL), Et3SiH (3.1 mL, 19.7 mmol) and BF3-Et;0 (1.2 mL, 9.83 mmol) were added
sequentially at 4°C.  After stirring at the same temperature for 30 minutes, 2M aqueous
potassium hydroxide (20 mL) was added. The resulting mixture was extracted with
chloroform, and the organic layer was washed with 1M hydrochloric acid and brine, and then
dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 10:1) to give the titled compound (3.46 g,
89%) as a colorless oil.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.17 (s, 3 H) 3.79 (s, 3 H) 3.82 (s,
2H)5.12(s,2 H) 6.77 (s, 1 H) 6.82 (d, J=8.4 Hz, 2 H) 7.02 (d, J=8.4 Hz, 2 H) 7.19-7.45 (m,
4 H) 7.44-7.58 (m, 2 H).

El' m/z = 396, 398.



tetralydrofuran (29.5 niL, 14.7 mmvol) was added dropw se at -18C and stirred
at -15C for 15 mnutes. After addition of saturated agqueous ammoni um
chloride, the reaction m xture was extracted with ethyl acetate. The
organi c | ayer was washed with saturated aqueous amoni um chloride and
brine, and then dried over anhydrous magnesium sul fate. After filtering off
the desiccant, the solvent was distilled2geff under reduced pressure and the
resulting residue was purified by silica gel colum chromat ography

(hexane: et acetate = 4. to give

[1-(benzy|[§q5£j‘)1 g‘c%f‘r‘ ’%‘aﬂﬂéﬁ%% phenyl ] (4- et hoxyphenyl)rret hanol (4.48 g) as
a coIorIe oily c und Iut

[ 1- (benzyl 6‘5@)‘3% tﬂ?gpn@ %%B’%ﬁﬁl\ﬁ’ﬁ%%%ﬁ 8%3113 ﬁﬂ%eﬂﬁnol (4.40 g) in
a mxed s |tr|Ie (20 nL) and chloroform (20 nmL), Et3SiH (3.1
m., 19.7 ﬁnﬁﬁﬁ £ﬁgn§§%E§EC)(l 2 m, 9.83 mmwl) were added sequentially at
AC. After BaQxy 9 &ne tenperature for 30 m nutes, 2M aqueous

pot assi um hydr ) was added. The resulting m xture was extracted
with chlorgfors e organic |ayer was washed with 1M hydrochloric acid
and brine, and then dried over anhydrous magnesium sul fate. After filtering
off the desiccant, the solvent was distilled off under reduced pressure and
the resulting residue was purified by silica col um chromat ogr aphy
(hexane: et[A§46]adée seme procgdure aSéh@wn/@ Refereneq gwnnl@rﬁpwndpf(a@dme synthe®y) as
a colorless 0il. rHNW (300 Mz, CHLOROFORMd) S ppm 2,17 (s, 3 H 3.79 (s,
3 H 3.82 tb%tltledchq)p%mé,zexegpt thatidymethpyyphenylmagnesgurg promide yeas raplaged vzltlH) 7.02
(d, J=8.4 Ft 7.19-7.45 (m, 4 H 7.44-7.58 (m 2 H. El mz 396,

308. $. YBe YP@B@Yi]naE@?Sé’fféﬁé‘én‘ﬂﬁarrpl e 6 Pr epar ation of

L Coenyl o) 2ol Sl A GRS B T 002 ) R 2

2H)5.12 (s, 2 H) 6.76 (s, 1 H) 6.95-7.03 (m, 2 H) 7.04-7.14 (m, 2 H) 7.22-7.58 (m, 6H).

’

El m/z = 380, 382.
[0097] Reference Example 7
Preparation of 1-(benzyloxy)-2-bromo-4-(4-ethylbenzyl)-5-methylbenzene
[0098] [Formula 17]

BnO Me Et

ST
(1) Preparation of [4-(benzyloxy)-5-bromo-2-methylphenyl](4-ethylphenyl)methanol

To a solution of 1-bromo-4-ethylbenzene (5.00 g, 16.4 mmol) in tetrahydrofuran

(30 mL), 2.66 M n-BulLi in hexane (6.47 mL, 17.2 mmol) was added dropwise at -60°C over
5 minutes and stirred at the same temperature for 15 minutes. To this mixture, a solution of
4-(benzyloxy)-5-bromo-2-methylbenzaldehyde (3.03 g, 16.4 mmol) in tetrahydrofuran
(15 mL) was added dropwise and stirred at the same temperature for 15 minutes. The
reaction mixture was diluted with saturated aqueous ammonium chloride and warmed to
room temperature, followed by extraction with ethyl acetate. The organic phase was

washed with brine and then dried over anhydrous magnesium sulfate.  After filtering off the

desiccant, the solvent was distilled off under reduced pressure to give the titled compound.



.. Br [0096] The sane procedure as shown in Reference Exanple 5 was
repeated to synthesize the titled conpound, except that

4- met hoxyphenyl magnesi um brom de was repl aced with 4-nethyl phenyl magnesi um
brom de. 1H NVR (300 MHz, CHLOROFORMd) 6 ppm 2.17 (s, 3 H 2.31 (s, 3 H
3.84 (s, 2H 512 (s, 2 H 6.76 (s, 1 H 6.95-7.03 (m 2 H 7.04-7.14 (m
2 H 7.22-7.58 (m 6H). E mz = 380,-382.-[0097] Reference Exanple 7
Preparati on of 1-(benzyl oxy)-2-brono-4-(4-ethyl benzyl)-5-nethyl benzene

%goig]gn[zgﬁ%)zwylj;&éiéinoo Q Qzl\éﬁ?gh’gégigrlﬁ)fgii%ﬁ%’%ﬁ@@%‘%@yggﬂﬁmTo a( :s),gl lr,#_ |) on
of 1-Dbromo-4-et iy %‘5?&?8' 0 -(%e;_;[ R olﬂr&eg{aﬁ@'l% ggt-!”a” ’

2.66 M n-BuLi in héxane . ' . was a _ W se at _-GOC over
mixture. - SHIRRbIRERAR fh BRORAGE (SIRES Blifl 195 HE MMM anlfBkMe0 0
16. 4 mmol gz.'u@ rﬁlgthmﬂ{oﬁaf\y&eadééoﬁsFﬁgamm aPEEeLh i PR WP &e%a%eﬁéﬁg%%@dﬁrt he

same tenperature for 15°m nutes. reaction m xture was | ut

sat ur at ed 3pGHARS. am&m&m&ﬁiuﬁﬁe@ﬁtﬁlew SR BicaftRR el REREIAbH hfixture
followed by extraction wth ethyl acetate. The organi ¢ phase was washed

wi th brinevargdtridienwiih ie®§1 aoeldte. 2MNydlo@bisic PREFRGFsUashed with ®rinbhh@ thehidkeer i ng
off the desiccant, the solvent was distilled off under reduced pressure to

gi ve the vl allydoudmagesivdd sulfadd. PAapefiledringrofbthe desiccant, the solvent was
1- (benzyl oxy) - 2- br ono- 4- (4- et hyl benzyl ) - 5- net hyl benzene Next, to a solution

of [ 4- ( benliyilled yif-umdbx redmeed-piesisitg | apl elieyleb(lting sistipt phae pytifis@dbisilioh geln
chloroform (80 nL), Et3SiH (3.93 nL, 24.6 mvl) and BF3Et20 (2.49 m, 19.7
mol ) wer eohuidechrematographp(hexamt:cth(l aathtest P82t give theditkdmentpeopd(Sadlug.e f or
82%, 2 steps) as a colorless oil.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.22 (t, J=7.62 Hz, 3 H) 2.17 (s,
3 H)2.61(q,J=7.62Hz,2 H) 3.85 (s, 2 H) 5.12 (s, 2 H) 6.76 (s, 1 H) 7.01 (d, 2 H) 7.10 (d,
2 H) 7.27-7.43 (m, 4 H) 7.48 (d, 2 H).
ESIm/z = 412, 414 (M+NH,").
[0099] Reference Example 8
Preparation of 1-(benzyloxy)-2-bromo-5-methyl-4-[4-(methylsulfanyl)benzyl]benzene

[0100] [Formula 18]
Br

The same procedure as shown in Reference Example 7 was repeated to give
[4-(benzyloxy)-5-bromo-2-methylphenyl][4-(methylsulfanyl)phenylJmethanol (6.93 g, 66%),
except that 4-bromotoluene was replaced with 4-bromothioanisole.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.05 (d, J=3.6 Hz, 1 H) 2.16 (s,
3H)2.47 (s,3H)5.13 (s, 2 H) 5.86 (d, J=3.6 Hz, 1 H) 6.73 (s, 1 H) 7.22 (s, 4 H) 7.28-7.51
(m, S H)7.70 (s, 1 H).

ESIm/z = 463 (M-CI).

Subsequently, [4-(benzyloxy)-5-bromo-2-methylphenyl](4-ethylphenyl)methanol



30 mnutes. After addition of saturated aqueous sodi um bi carbonate, the
reaction mxture was extracted wth ethyl acetate. The organi c phase was
washed with brine and then dried over anhydrous magnesi um sul fate. After
filtering off the desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate =-9882) to give the titled conpound
(5.31 g, 82% 2 steps) as a colorless oil. "H NWR (300 MHz, CHLOROFORM d) 6
ppm 1. 22 (fag re]p’cheﬁgvilﬂ?[4-@)eﬁlegxy])75-61%mo-§-n@lggpl@% Jfs. J=7.62 Hz, 2 H) 3.85
(s, 2 H 512(s. 2H 676 (s T H 7.0l (d 2B 7 10 (d, 2 H 7.27-7.43
(m 4 H (méthylsdifaryliphenfifhetiarol To ik thétided dildand (6.28 00P%) Kef BSHRBESwn
Exanpl e 8 Preparation of

1- (benzyl @1ly) - 2- br ono- 5- net hyl - 4-[ 4- (et hyl sul f anyl ) benzyl | benzene [ 0100]

[ Formula 18] BnO Me SMe 14- zzz~' Br t The sane procedure as shown in

Ref erence Exanpl'H NMR@00wHa! CHLOROFO®M-d) d ppm 2.15 (s, 3 Hg 2.46 (s, 3 H) 3.84 (s,

[ 4- (benzyl oxy) - 5- br ono- 2- et hyl phenyl ][ 4- (net hyl sul f anyl ) phenyl | net hanol
(6.93 g, @A%)S5.12 ¢ssQepy6.7Ne, 14)5.98¥0106 (e D &) Wabkt-7.2pl(mc 2 H)W.2337.51 (m, 6 H).

4- br onot hi oani sol e. 1H NWVR (300 MHz, CHLOROFORM-d) S ppm 2.05 (d, J=3.6 Hz,
1 H 2.16 (s, 3B mPz4A30(MNH")5.13 (s, 2 H) 5.86 (d, J=3.6 Hz, 1 H) 6.73
s, 1 H 7.22 (s, 4 H 7.28-7.51 (m 5H 7.70 (s, 1 H. ESI mz = 463

M Cl-). $0434dqReftrence Example 9

4- (benzyl oxy) - 5- br ono- 2- net hyl phenyl ] (4- et hyl phenyl ) net hanol 28 was

epl aced repargtipn(df Smbrpmex3 rhlordy - orashaxyhenzaldepidanyi | [ 4

met hyl sul f anyl ) phenyl] nmethanol to give the titled conpound (6.28 g, 94%
s (0F wikormifa 191

/OJCECI
Br CHO

(1) Preparation of 1-bromo-4-chloro-2-methoxy-5-methylbenzene

(
(
[
"
(
a

a light

(1) To a solution of 4-chloro-2-methoxy-5-methylaniline (20.2 g, 117 mmol) in acetone
(100 mL), 48% aqueous hydrogen bromide (50 mL, 2.93 moL) was added, and a solution of
sodium nitrite (10.1 g, 146 mmol) in water (70 mL) was then added dropwise under ice
cooling. The reaction mixture was warmed to room temperature and stirred for 1.5 hours.
(i1) To a solution of copper sulfate pentahydrate (87.9 g, 352 mmol) and sodium
bromide (36.2 g, 352 mmol) in water (160 mL), a solution of sodium sulfite (22.4 g,

176 mmol) in water (70 mL) was added dropwise over 20 minutes. ~After stirring at room
temperature for 30 minutes, the reaction mixtures was allowed to stand under ice cooling.
The supernatant was removed by decantation and the resulting precipitate was further washed
with water (1 L), followed by decantation of the supernatant (4 times) to give copper bromide
as a colorless powder. To this powder, 48% aqueous hydrogen bromide (50 mL, 2.93 moL)
was added and stirred, and the aqueous diazonium salt solution prepared in (i) was then
added dropwise over 40 minutes under ice cooling.  After stirring at room temperature for
15 hours, the reaction mixture was evaporated under reduced pressure to remove acetone and

the resulting precipitate was extracted with ethyl acetate. The organic layer was washed



1H NVR (300 MHz, CHLOROFORMd) 6 ppm 2.15 (s, 3 H 2.46 (s, 3 H 3.84 (s, 2
H 5.12 (s, 2 H 6.77 (s, 1 H 6.98-7.06 (m 2 H 7.14-7.21 (m 2 H)
7.23-7.51 (m 6 H. ESI mz = 430 (MtNH4'). [0101] Reference Exanple 9
Preparati on of 5-brono-2-chloro-4-nethoxybenzal dehyde [0102] [Fornula 19]
FOCI Br CHO (1) Preparation of 1-bronp-4-chloro-2-nethoxy-5-nethyl benzene
(i) To a solution of 4-chloro-2-nethoxy-Z nethylaniline (20.2 g, 117 mol)
in acetone (100 nlL), 48% aqueous hydrogen brom de (50 nmL, 2.93 npolL) was

added, _andy el O6ricd YARE Al nf ki Qo LA AT Bl (70 )

was then a pw se under 1c cool'ng. The reaction m xture was war nmed

to room t QEREAL Whesohtet Vab BisGfed 8#f uhd& rbRIES preséirk hnd %e%eﬁﬂﬂil%ﬁe@ﬂu@@va?oner
sul fate pentahydrate (87.9 g, 352 mmol) and 58d| um bromde (36.2 g, 352

mol ) in wWatigkd (uyl@i@icar‘gal,coﬁlrﬁlplgmbin%g%phg@i@xﬁm)saIgwettﬁe tiféd fordpouhAq28BR)) in
water (70 nmL) was added dropw se over 20 mnut'es.” After stirring at room

t enper at urag afcOlorldéh diydiMt es, the reaction mxtures was allowed to stand under
ice cooling. The supernatant was renoved by decantation and the resulting

preci pi t atje108as (Iptpabtiomnsiiebromy-{Fbroaioateti(yl)-4-chloke2havhox yengareant at i on of
the supernatant (4 tinmes) to give copper bromde as a colorless powder. To
this powder, 48%eaqueausslutignobisbroms-drohiteo{25tetibxy-8-1B&hpibehzenes®3.2dpimd and
stirred, and the aqueous diazoniumsalt solution prepared in (i) was then
added dr opaitee tarachlodide (Alunky Nrboemosucaniotdd (192 g)drtder,2’sdzobis(yg at room
tenperature for 15 hours, the reaction mxture was evaporated under reduced
pressure tmethgpoponitciét) ¢h61 apwerd ddded endihdaterquneesifluxtfat hows &ter aodling, wi t h
ethyl acetate. The organic |ayer was washed 29 wth brine and then dried
over anhydhoreactipmgnixturaas dilited evithawater arfdi dxtreetied oy ithf athyliagetatge s iThe arganict he
solvent was distilled off under reduced pressure and the resulting residue
was puri flayes way waphadowitly bringgid then driedoner apfivalbdns magnesivg) suligtegi vter he
titled conpound %23. 5 9) o )

filtering off the desiCcant, the solvent was distilled off under reduced pressure to give the

titled compound (33.5 g) as a colorless oil.

[0104] (3) Preparation of (5-bromo-2-chloro-4-methoxyphenyl)methanol

To a solution of 1-bromo-(5-bromomethyl)-4-chloro-2-methoxybenzene (33.4 g) in

1,4-dioxane (350 mL), a solution of sodium carbonate (52.0 g) in water (350 mL) was added

and heated under reflux for 1 hour. After cooling, the reaction mixture was diluted with

water (350 mL) and extracted with ethyl acetate. The organic layer was washed with brine

and then dried over anhydrous magnesium sulfate. After filtering off the desiccant, the

solvent was distilled off under reduced pressure to give the titled compound (25.8 g) as a

colorless powder.

[0105] (4) Preparation of 5-bromo-2-chloro-4-methoxybenzaldehyde

To a solution of (5-bromo-2-chloro-4-methoxyphenyl)methanol (25.8 g) in

chloroform (300 mL), manganese dioxide (129 g, 1.48 mol) was added and stirred at room

temperature for 18 hours. After the insoluble matter was filtered off on celite, the solvent

was distilled off under reduced pressure and the resulting residue was purified by silica gel

column chromatography (hexane:ethyl acetate = 50:1 — 30:1) to give the titled compound

(20.0 g, 82%, 4 steps) as a colorless powder.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.99 (s, 3 H) 6.92 (s, 1 H) 8.12 (s,



as a colorless crystal. [0103] (2) Preparation of

1- br ono- (5- br ononet hyl ) - 4- chl or o- 2- met hoxybenzene Next, to a solution of

1- br ono- 4- chl or o- 2- met hoxy- 5- net hyl benzene (23.2 g) in carbon tetrachloride
(400 nL), N-bronmosuccinimde (19.2 g) and 2, 2' -azobi s(2- .
met hyl propionitrile) (1.61 g) were added and heated under reflux for 1 hour.
After cooling, the reaction mxture was3@ituted with water and extracted
with ethyl acetate. The organic |ayer was washed with brine and then dried
over anhydrggyuf spgnesiyum sul fate. After filtering off the desiccant, the
sol vent was distilled off under reduced pressure to give the titled
conpound g@ﬁ)(ﬁ Refé@én® B@hfpld €8s oil. [0104] (3) Preparation of

(5-brono- 2- chl or o- 4- net hoxyphenyl ) met hanol To a sol uti on of

1- br ono- ( PréyacdtionRIf 5ybrbmé=Z bhler4-hyawikhborghidegrie (33.4 g) in 1, 4-di oxane
(350 nL), a solution of sodiun1cargonate (52.0 g) in water (350 nL) was
added and0t03t gHornde20) ef | ux for 1 hour. After cooling, the reaction

m xture di | uteélvvith wat er (350 nlL) and extracted with ethyl acetate.
The organi c Ngyely Was washed with brine and then dried over anhydrous
magnesi um sulfata. _After filtering off the desiccant, the solvent was
distilled BFf unde®HQduced pressure to give the titled conmpound (25.8 g) as
a colorless powder. [0105] (4) Preparation of

5- br onp- 2- chl or o- 4- met hoxybenzal dehyde To a sol uti on of

(5-br ono- 2- chl orQ- 4- D |5 AN I I 0 00 n),
manganese di oxi 32) a(sfgqgwél%%ﬂ%o% )gﬁl\%\)/angﬁgﬁdeéfé%g'g%ﬂ%&l%%@%ﬁé’%bimm% i

t enper at ur, I e, i Masadl on
celite, tﬁgnggPU%%PQR&éé“ﬁﬁ%?fﬁ*%ﬁ#ﬁ#ﬁﬁﬁ%%%?ﬁ#ggg?g37preéﬂhﬁggéﬁ%d?h%

resul i ng fifsd dUR458ToPY hbdis SITRY reabtidCRixdge wa byizd of hEQTBUARGARY 10%
(hexane: ethyl acetate = 50:1 30:1) to give the titled conpound (20.0 g,
82% 4 st eR§doudhydroeRlofitla8RISNA QW SEted Jvﬁhlé,lhfl;vl b MiFhe S13kERPERWagvabhdapm
3.99 (s, 3 H 6.32 (s, 1 H 812 (s, 30 - H 10.27 (s, 1 H". [0106]

Ref er ence vhxabieLantihen dried over anhydrous magnesium sulfate.  After filtering off the

desiccant, the solvent was distilled off under reduced pressure to give a colorless crystal
(20.1 g). This was recrystallized from chloroform to give the titled compound (11.7 g,
67%) as a colorless crystal.

'H NMR (300 MHz, DMSO-ds) 8 ppm 7.07 (s, 1 H) 7.96 (s, 1 H) 10.08 (s, 1 H)
12.05 (brs, 1 H).
[0108] Reference Example 11
Preparation of 5-bromo-2-chloro-4-(prop-2-en-1-yloxy)benzaldehyde
[0109] [Formula 21]

AllleJi:[Cl
Br CHO
To a solution of 5-bromo-2-chloro-4-hydroxybenzaldehyde (12.0 g, 51.0 mmol),
tetrabutylammonium iodide (941 mg, 2.55 mmol) and potassium carbonate (11.3 g,
81.5 mmol) in N,N-dimethylformamide (250 mL), allyl bromide (5.61 mL, 66.3 mmol) was

added and stirred at room temperature for 16 hours. After cooling on ice, the reaction

mixture was mixed with 10% aqueous hydrochloric acid (50 mL) and further with water



Prepar.ati on of 5-brono-2-chl oro-4-hydroxybenzal dehyde [0107] [ Fornula 20]
HOC Br | CHO To a solution of 5-brono-2-chl oro-4-nmethoxybenzal dehyde
(18.6 g, 74.4 mol) in dimethyl sulfoxide (300 nL), pyridine hydrochloride
(43.0 g, 372 mmol ) was added and stirred at 145C for 3 hours. The reaction
m xture was cooled on ice, acidified wwth 10% aqueous hydrochloric acid and
extracted with ethyl acetate. The organidllayer was washed with brine and
then dried over anhydrous magnesium sul fate. After filtering off the

desi coant (obfiLAbiGREd HPEKAIEbh WRCiAfl oS TREBSRE IRIRSINNAchar Bl 2

col orl ess ‘cryst hi's was Tecrystal oroformto give

the titl I 0 I\/Hz
DNEO 'de) ed)r%g ﬁgaggd %ie} afth rou%{gne@funﬁslggakeor Aﬁ@é fﬁfeylﬁg BEF thé au\%s(@a@

[ 0108] Refs@fv@ﬂﬁﬁas'-:éiﬁmd%fﬁllnd%'i eRRbad preguff and the resultm r651due was recrystallized
5- br ono- 2- chl or 0- 4- ( pr op- 2- en- 1- yl oxy) benzal dehyde FOIOQ [ Formil a 21]

A1yl OO fRm kthei¥Ptd giva tholitléd mptunB(br.9BDR A Y4Y zoécﬁersb;sdwaaﬂ benzal dehyde
(12.0 g, 51.0 mmol ), tetrabutyl anmoni um iodide (941 ng, 2.55 nmol) and

pot assi um car boﬁHtIéM(Rl(BOB MHz 8CHBEOROHORMAd)N, Pl 4ot (dy UESOMBEIHE 2 (BIM0TL) ,
allyl bromde (5.61 nL, 66.3 mvl) was added and stirred at room
t enper at ur(éq,fled0.661.4dlx, . HYS.52(ddc bel7.31d . DHz,j CH) 6104€dd,ded 7i0010.3 iHzx 1 UH)&. %S
m xed with 10% aqueous hydrochloric acid (50 nL) and further with water 31
(200 m), (5,0l HpSwd (Hyt BXtG.2E(s, dd)wi t h et hyl acetate. The organic |ayer was
washed with brine and dried over anhydrous magnesi um sul fate. After
filtering [01¥0]t Refatendedixample ihe sol vent was distilled off under reduced
pressure and the resulting residue was recrystallized

Preparation of 1-bromo-4-chloro-5-(4-methoxybenzyl)-2-(prop-2-en-1-yloxy)benzene

[0111} [Formula 22]

Br

(1) Preparation of [S-bromo-2-chloro-4-(prop-2-en-1-yloxy)phenyl](4-
methoxyphenyl)methanol

To a solution of 1-bromo-4-methoxybenzene (1.43 mL, 11.43 mmol) in
tetrahydrofuran (100 mL), 2.64 M n-BuLi in hexane (4.54 mL, 11.98 mmol) was added
dropwise at -80°C over 5 minutes and stirred at the same temperature for 15 minutes. To
this mixture, a solution of 5-bromo-2-chloro-4-(prop-2-en-1-yloxy)benzaldehyde (3.00 g,
10.89 mmol) in tetrahydrofuran (50 mL) was added dropwise. The resulting mixture was
gradually warmed to room temperature and stirred at the same temperature for 30 minutes.
The reaction mixture was diluted with saturated aqueous ammonium chloride and
concentrated under reduced pressure to remove tetrahydrofuran. This was extracted with
ethyl acetate, and the organic phase was washed with brine and then dried over anhydrous
magnesium sulfate.  After filtering off the desiccant, the solvent was distilled off under
reduced pressure to give the titled compound (3.79 g) as a light-yellow oily compound.
[0112] (2) Preparation of 1-bromo-4-chloro-5-(4-methoxybenzyl)-2-(prop-2-en-1-

yloxy)benzene



fromethanol to give the titled conmpound (11.5 g, 82% as a colorless
powder. 'H NMR (300 MHz, CHLOROFORMd) 8 ppm 4.70 (dt, J=5.0, 1.6 Hz, 2 H)
5.40 (dq, J=10.6, 1.4 Hz, 1 H 5.52 (dd, J=17.3, 1.1 Hz, 1 H) 6.04 (dd,
J=17.0, 10.3 Hz, 1 H 6.90 (s, 1 H 8.13 (s, I H 10.27 (s, 1 H. [0110]
Ref erence Exanpl e 12 Preparation of

1- br ono- 4- chl or o- 5- ( 4- et hoxybenzyl ) - 2- 3@ op- 2- en- 1-yl oxy) benzene [0111]
[ Formula 22] AllylOd W 1ZIIl (1) Preparation of

[ 5- br onp- 2- chl =4 s 2o 1 VoHPAIE! 45 et et hanol To
a solution of %%to%§%m&%h% 313133(5%1{212;% (1. %@rné;p 21651?314gl(&rn?ﬁ:g;lﬂ )9193?1’1()1

t et r ahydr gkthoaPpHehP0mBihhnol43 94 gVbR3 Bikhbl) if) cKIB et6en (3h mlt), 'He;Sifik2 38 i1l ) was

added dropw se at -80C over 5 mnutes and stirred at the sane tenperature

for 15 m pyesmmdiPand BFSEQDX1 Y9eaL,a 1SB tidoPw&E added sequentially at 0°C and _
5- br ono- 2- chl or 0- 4- ( pr op- 2- en- 1-yl oxy) benzal dehyde (3.00 g, 10.89 mmol) in

t et r ahydr @frtidadn tKeddamelty mperatudelthe B0 Ghiapek.s eAftdhalditmldfishigated ¥quedes lsum
gradually warnmed to roomtenperature and stirred at the sane tenperature for

30 m nut ebicarbéhate Ithafdattdon mixtingveaswatacted withadthwl héetstat UThE exgamiq phaseSwas
ammoni um chl ori de and concentrated under reduced pressure to renove

t et r ahydr whshedwithitrire and shaxdriedatvetantiydious etdpnbsiamautfite, Afidr fiheriny ofétiec
phase was washed with brine and then dried over anhydrous mnagnhesi um

sul f at e. ddsiceant thetselvientgwax distilled ddfsndec amtuced pressuad arelrthe veasltioligedidueadasof f
under reduced pressure to give the titled conmpound (3.79 g) as a

| i ght - yel penfiadi Byysilieanged apldmn dheamapgraphy @hbpefoanihemansf= 1:4) to give the titled

1- br ono- 4- chl or o- 5- (4- net hoxybenzyl ) - 2- (prop-2-en-1- yl oxy)benzene 32 Next,
to a sol ueeroppustl (L5618 39, 2sieps)@s a-calorissopilycasppoundd oxy) phenyl | ( 4-

met hoxyphenyl ) npt hano in chloroform (50 Et 3Si H

I 3.77% 9. 83 nmol ) m_%ih
(2.35 nL, 14.7H h%R)Bé(hMPBF HLARQFORYI-) & ppm 389 (d H) 3% &, 20 deP7 (dt,
sequentially at 0OC and_stirred at the sane tenperature for_ 30 m_nutes,
After addiTl O -6HZshb) Sabddd.dqiesul 4 dhuildh 55 Chipbhdize | Hied-edstmon H)
XU e v QAR M LoBH P68 Sz TUE. SIS RS RS
El m/z = 366, 368.
[0113] Reference Example 13
Preparation of 1-bromo-4-chloro-5-(4-methylbenzyl)-2-(prop-2-en-2-yloxy)benzene

[0114] [Formula 23]

Br

(1) Preparation of [5-bromo-2-chloro-4-(prop-2-en-1-yloxy)phenyl](4-
methylphenyl)methanol

The same procedure as shown in Reference Example 12(1) was repeated, except that
1-bromo-4-methoxybenzene was replaced with 4-bromotoluene. The resulting product was
purified by silica gel column chromatography (hexane:ethyl acetate = 87:13) to give the titled
compound (1.04 g, 38%) as a colorless solid.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.21 (d, J=3.57 Hz, 1 H) 2.33 (s,
3 H) 4.55-4.61 (m, 2 H) 5.33 (dq, J=10.57, 1.45 Hz, 1 H) 5.47 (dq, J=17.31, 1.59 Hz, 1 H)
5.96-6.11 (m, 2 H) 6.84 (s, 1 H) 7.15 (d, 2 H) 7.25 (d, 2 H) 7.80 (s, 1 H).



washed- with brine and then dried over anhydrous nmagnesium sul fate. After
filtering off the desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by silica gel colum

chr omat ogr aphy (chl orof orm hexane = 1:4) to give the titled conmpound (1.56
g, 39% 2 steps) as a colorless oily conmpound. 'H NVMR (300 MHz,
CHLOROFORMd) b ppm 3.79 (s, 3 H 3.93-(83 2 H 4.57 (dt, J=5.0, 1.6 Hz, 2
H 5.32 (dd, J=10.6, 1.4 Hz, 1 H 5.50 (d, J=1.6 Hz, 1 H 5.91-6.15 (m 1 H

e m s = 30610a88) Pt SrpRimg et R e 2 > 1T

1- br ono- 4-¢chl or 0- 5- (4- net hyl benzyl ) - 2- (prop- 2- en- 2-yl oxy) benzene [0114]
[ Fornmul a y.a Xyili’elrwlg Cl M Br (1) Preparation of

5-b - 2-chl - 4- - 2= en- I - I | h Th
g e s S

sanme procedure as s rence repe excC t hat
1- br ono- 4-(ge b, ne ol 2P ' - Wrle
pr oduct wda 0 PR o 2L SR e R BB LT R R
acetate = .8 k3 A _hgsiohid.ed 1. L o rless
solid. 1H VgN%lRES( l%)f(()’o M%S’,“%?%&@éﬁ" é)’qfs!gg%imkﬂgl.]%m?g’,yg%hggﬁ??e@’f‘ﬁi %‘92. 33
(s, 3 H dsudngprdudt Was%ul’i‘he@b?@ili@ggel cdfukth él?roﬁla&rrgrzl?}) (Eeﬂd)leéthgz? adefiflle =
J=17.31, 1.59 , 1 H .96-6.11 (m 2 H 6.84 (s, ﬁ) 7.15 (d, 2 H
(d, 2 H BRBB)tSgivd thd titledconlfolad 8272 g R3eps at doiteds oil.
l-bronD-4-chIoro-5-(4-nethy|benzyl)-2-%prop-2-en-2- yl oxy) benzene The sane
procedure as shéWNMR BeDMHACEHEQRTHGRNIZ()) pa 2. 3260 ERHY d.96§% CEH) 4. 5N adt,
[ 5- br onp- 2- chl or 0- 4- ( prop- 2- en- 1- yl oxy) phenyl ﬁ) (4- met hoxyphenyl ) met hanol was
replaced X108, 1.59 Hz, 2 H) 5.32 (dq, J=10.57, 1.45 Hz, 1 H) 5.48 (dq, 1 H) 5.96-6.11 (m, J=17.23,
[ 5- br ono- 2- chl or 0- 4- (pr op- 2- en- 1- yl oxy) phenyl ] (4- net hyl phenyl ) met hanol . The
10.39,5.15,5.15 Hz, 1 H) 6.90 (s, 1 H) 7.05 (d, 2 H) 7.11 (d, 2 H) 7.31 (s, 1 H).

7.25

El m/z = 350, 352.
[0116] Reference Example 14
Preparation of 1-bromo-4-chloro-5-(4-ethylbenzyl)-2-(prop-2-en-1-yloxy)benzene
[0117] [Formula 24]

AIIyIOEt
Br

(1) Preparation of [S-bromo-2-chloro-4-(prop-2-en-1-yloxy)phenyl](4-ethylphenyl)methanol
The same procedure as shown in Reference Example 12(1) was repeated, except that
1-bromo-4-methoxybenzene was replaced with 1-bromo-4-ethylbenzene. The resulting
product was purified by silica gel column chromatography (hexane:ethyl acetate = 87:13) to
give the titled compound (1.96 g, 35%) as a colorless solid.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.22 (t, J=7.54 Hz, 3 H) 2.20 (d,
J=3.57 Hz, 1 H) 2.63 (q, J=7.67 Hz, 2 H) 4.58 (dd, J=5.05, 0.70 Hz, 2 H) 5.33 (dq, J=10.59,
1.44 Hz, 1 H) 5.48 (dq, J=17.25, 1.71, 1.55 Hz, 1 H) 5.95-6.15 (m, 2 H) 6.85 (s, 1 H) 7.17 (d,
2H)7.28(d,2 H) 7.82 (s, 1 H).
[0118] (2) Preparation of 1-bromo-4-chloro-5-(4-ethylbenzyl)-2-(prop-2-en-2-

yloxy)benzene



resul ti ng product was purified by silica gel colum chromatography
(hexane: ethyl acetate = 87:13) to give the titled conmpound (827 ngy, 83% as
a colorless oil. "H NWR (300 MHz, CHLOROFORMtd) 6 ppm 2.32 (s, 3 H) 3.96 (s,
2 H 4.57 (dt, J=5.05, 1.59 Hz, 2 H) 5.32 (dg, J=10.57, 1.45 Hz, 1 H) 5.48
(dg, 1 H 5.96-6.11 (m J=17.23, 10.39, 5.15, 5.15 Hz, 1 H) 6.90 (s, 1 H)
7.05 (d, 2 H 7.11 (d, 2 H 7.31 (s, T BA "Bl mz = 350, 352. [0116]

Ref erence Exanple 14 Preparation of

1-b 4-chl
i R X A —

[ 5- br onD- B3kt Dckiofds Pprog: Zeéh-i'}&'d)@) Jnla(hﬁx@meﬁmﬂﬂenmhalrw&s*}eﬂ%ed The

same procedure as shown 1 n Reference 12(1) was repeated, except that
1- br ono- 4wifBI[MWIZﬂmﬁomﬁ(?rd[ﬁ]bieﬁqeyio)ﬁy)bheﬂl}d]M-@ﬂ@ip}reﬁ%lbmbtlhﬁﬁkﬂenQ’he The
resulting product was purified by silica gel columm chromat ography

(hexane: etebyltingpridattewss fghififitd)bytsilicagielVeoltife chidmaaskraghyp@exdhe(ethyd Gcdate 35%) as
a colorless solid. 1H NVR (300 MHz, CHLOROFORMd) 6 ppm 1.22 (t, J=7.54 Hz,
3 H) 2. 208T:#3) torn. the tithed cdmpdund.(635 (g 83 DF s HTolblessdilH) 4. 58 (dd, J=5. 05,
0.70 Hz, 2 H) 5 33 (dg, J=10.59, 1.44 Hz, 1 H) 5.48 (dq, J=17.25, 1.71,
1.55 Hz, 1 H) 5TDNMR (300 MiHz2 CHLORGBORM-d)5 ppm7L.27 (t( B:7.50HE)3 H) 282(q, 2 H)
7.82 (s, 1 H. [0118] (2) Preparation of

1- br ono- 4<h1bHe- LH) &%t(h)ﬂ Behs§(dt, =4 Pf, dPpSHz12-11) 592 day Y btha et BHz, ITHe
same procedure as shown in Reference Exanple 12(2) was repeated, except that
[ 5- br onp- 248 I@CD Aol 2%, grspHz- eH) 6.0¢1(dddg) ﬂ)hnﬁh%ﬂ ]1O$1nﬁt1&o4495HGnl/H)) G0HaNOH) was
replaced wt

[ 5- br ono- @Oélﬁql&Id)ll%ﬁﬁépﬁwéﬁ(s,lﬂbxy)pheny|](4 et hyl phenyl ) net hanol . The
resul ting product was &Jrl fied by silica gel columm chronmat ography

(hexane: et hyl a’é‘e’ﬂ‘é?te 385. 13) to give the titled conmpound (1.55 g, 83% as
a colorl eﬁ)si18 ExamplN'i/R (300 MHz, CHLOROFORMd) b ppm 1.22 (t, J=7.54 Hz, 3

H 2.62 (
(1-A)

Preparation of 2,3,4,6-tetra-O-benzyl-1-C-[2-(benzyloxy)-4-methyl-5-(4-
methylbenzyl)phenyl]-5-thio-D-glucopyranose
[0120] [Formula 25]

[0121] To a solution of 1-(benzyloxy)-2-bromo-5-methyl-4-(4-methylbenzyl)benzene

(3.01 g, 7.89 mmol) in tetrahydrofuran (15 mL), 2.6 M n-BulLi in hexane (3.3 mL,

8.68 mmol) was added dropwise at -60°C over 4 minutes and stirred at the same temperature
for 30 minutes. To this mixture, a solution of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-
lactone (2.91 g, 5.26 mmol) in tetrahydrofuran (10 mL) was added dropwise and stirred at the
same temperature for 15 minutes. The reaction mixture was diluted with saturated aqueous
ammonium chloride and warmed to room temperature, followed by extraction with ethyl

acetate. The organic phase was washed with brine and then dried over anhydrous



J=7.77. Hz, 2 H 3.97 (s, 2 H 4.58 (dt, J=4.97, 1.55 Hz, 2 H) 5.32 (dq,
J=10.57, 1.45 Hz, | H 5.48 (dq, J=17.25, 1.66 Hz, 1 H 6.04 (dddd,
J=17.25, 10.41, 5.13, 4.97 Hz, 1 H 6.90 (s, 1 H 7.08 (d, 2 H 7.13 (d, 2
H 7.33 (s, 1 H. El mz = 364, 366. [0119] Exanple 1 (1-A) Preparation of
2,3,4,6-tetra- O benzyl -1-C-[ 2- (benzyl oxy) - 4- et hyl - 5- (4-

nmet hyl benzyl ) phenyl ] - 5-t hi o- D- gl ucopyramdse [0120] [Formula 25] BnO Me Me
S BhO CH BnOU'" ""OBn OBn [0121] To a solution of

oty 1 DRRSRRR AR o oot erie o R 6 P RAC ERE e gl o

was adde dre@ﬁ&la‘(’)ﬂrés%uétand SR cQYiBhg fesiuB WRDuRREd B Sifcs gclaéolﬁﬂ?ﬁ’ chdffatography
tenperature for 30 mnutes. To this mxture, a so]Iu Ion o
2,3, 4, 6-t Gkl hreS: §:0) @ fv G4 GRIRA cdmpo t i wWiBBh) 1N
tetrahydr@f ufhae;eﬂ?ﬁi%éérlrtt) \A";/ag) %ﬂéd%é% gr ogwcégﬁg%%@gtﬂg gg%gt% gt? glegh {5%%%‘9 )
tenperature for'fiRMR (300s8Hz] CEICROLORM-1) & bphe Y6, JiH)t 2rs\s HY 3smtaisat ed
aqueous anmmoni um chl oride and warned to roomtenperature, followed by
extract i ofinvil HN385114d, J=06c2 atiez, 1TE3.P8-ga6i(f, SIRSE4NAFTOES Bad) 43-8.991 e and
then dried over anhydrous 35 nagnesium sulfate. After filteri ng of f the
desi ccant 4 Hy)5®95e) YH) 6. 70ek42(i6131H)ed of f under reduced pressure and the
resulting residue was purified by silica gel colum chromatography
(hexane: efjgP] adeBpte = 5:1) to give the titled conpound (2.44 g, 54% as a
l'i ght-yellow gum 'H NWR (300 MHz, CHLOROFORMd) b ppm 2.20 (s, 3 H) 2.27
(s, 3 H) Breffraflon6f (18)A1,5tartlydih-B3,4GHbtrad>-Hefizyl-A-[2-(Henzyloxty)-4BméByBs4s- (m 5
H 4.43-4.70 (m 5 H) 4.75-4.97 (m

methylbenzyl)phenyl]-1-thio-D-glucitol

[0123] [Formula 26]

[0124] To a solution of 2,3,4,6-tetra-O-benzyl-1-C-[2-(benzyloxy)-4-methyl-5-(4-
methylbenzyl)phenyl]-5-thio-D-glucopyranose (2.44 g, 2.85 mmol) in a mixed solvent of
chloroform (5.0 mL) and acetonitrile (12.0 mL), Et;SiH (0.91 mL, 5.69 mmol) and BF5-Et,0
(0.43 mL, 3.42 mmol) were added sequentially at -15°C and stirred for 1 hour. After
addition of saturated aqueous sodium bicarbonate, the reaction mixture was extracted with
ethyl acetate. The organic phase was washed with brine and then dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure and the resulting residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 8:1) to give the titled compound (2.1 g, 88%) as a colorless powder.
[0125] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.17 (s, 3 H) 2.25 (s, 3 H) 3.01-3.19
(m, 1 H) 3.49-3.60 (m, 1 H) 3.64-3.75 (m, 1 H) 3.77-3.97 (m, 5 H) 3.98-4.11 (m, 1 H)
4.48-4.66 (m, S H) 4.85 (s, 2 H) 4.90 (d, J=10.7 Hz, 1 H) 4.97-5.11 (m, 2 H) 6.66-7.52 (m,
31 H).



4. H 5.09 (s, 2 H 6.70-7.42 (m 311-1). [0122] (1-B) Preparation of

(1S)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -1 -[ 2- (benzyl oxy) - 4- net hyl - 5- (4-

met hyl benzyl ) phenyl]-1-thio-D-glucitol [0123] [Formula 26] Bn0O Mew Me S BnO
BnO "OBn OBn [0124] To a solution of

2,3,4,6-tetra- O benzyl -1-C-[ 2-(benzyl oxy) - 4- et hyl - 5- (4-

nmet hyl benzyl ) phenyl ] - 5-t hi o- D- gl ucopyrandée-(2.44 g, 2.85 mmol) in a m xed
solvent of chloroform (5.0 m_) and acetonitrile (12.0 nL), Et3SiH (0.91 ni,
5.69 mmol ) and 3.42 mmol ) were added sequentially at -15C
and stirred for %Ef’il‘:ig 85&%{1" di tion of saturated aqueous sodi um

bi car bonatg é]h%xrag\g&#on m xture was extracted with ethyl acetate. The
organic p ase was ed with brine and then dried over anhydrous nagnesium
sul f at e. 3 t@r filtering off the desiccant, the solvent was distilled off
under re d pressure and the resulting residue was purified by silica gel

col um chrpt}@%ﬁﬂfnafﬁ@gz 46h@ﬁ@mb§{zpm @ape V\gigl;@ylcx% 51g54 ﬁfaﬂ@m%entzglg 4titled

conpound (2.1 g, as a colorléss po
mme%&hyl?h@@ﬂ'—?—tlﬂ;@ H?luc@pﬁhn(%e25 (s, 3 H) 3. 01 3.19 (m 1 H)
3.49-3.60 (m 3.64-3.75 (m 1 H 3.77-3.97 (m 5 H 3.98-4.11 (m | H)
4.48- 4. 66[01127]5[an1{111857](3 2 H 4.90 (d, J=10.7 Hz, 1 H 4.97-511 (m 2 H
6.66-7.52 (m 31é—rl?o 3 I szlﬁe858 (M:NH4" ) . [0126] Exanple 2 (2-A)
Preparation of
2,3,4,6-tetra- QO bgnzy
BnO

benzyl oxy) - 5- (4- met hoxybenzyl ) - 4-

[0128] To a solution of 1-(benzyloxy)-2-bromo-4-(4-methoxybenzyl)-5-methylbenzene
(3.46 g, 8.71 mmol) in tetrahydrofuran (17 mL), 2.6 M n-BulLi in hexane (3.7 mL,
9.58 mmol) was added dropwise at -50°C over 5 minutes and stirred at -60°C for 30 minutes.
To this mixture, a solution of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone (3.22 g,
5.81 mmol) in tetrahydrofuran (10 mL) was added dropwise and stirred at the same
temperature for 15 minutes. The reaction mixture was diluted with saturated aqueous
ammonium chloride and warmed to room temperature, followed by extraction with ethyl
acetate. The organic phase was washed with brine and then dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure and the resulting residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 5:1) to give the titled compound (2.22 g, 44%) as a light-yellow gum.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.20 (s, 3 H) 3.47-4.03 (m, 10 H)
4.02-4.21 (m, 2 H) 4.51 (s, 2 H) 4.63 (d, J=10.7 Hz, 1 H) 4.73-4.98 (m, 4 H) 5.10 (s, 2 H)
6.48-7.76 (m, 31 H).
ESI m/z = 895 (M+Na").
[0129] (2-B)
Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-(4-



net hyl phenyl | - 5-t hi o- D- gl ucopyranose [0127] [Fornmula 27] BnO M W S Bn0O OH
BnO'' OBn OBn [0128] To a solution of

1- (benzyl oxy) - 2- br ono- 4- (4- met hoxybenzyl ) - 5- net hyl benzene (3.46 g, 8.71
mml) in tetrahydrofuran (17 m.), 2.6 Mn-BuLi in hexane (3.7 nL, 9.58 mmol)
was added dropw se at -50C over 5 mnutes and stirred at -60C for 30
mnutes. To this mxture, a solution ef37 -

2,3,4,6-tetra- O benzyl -5-thio-Dglucono-1,5-1actone (3.22 g, 5.81 nmmol) in

tetrahydr %H?%}b&@%ﬁé@@p%&ﬂ%-ﬁfi@@’l%l%@it&l”d stirred at the sane

tenperature reactionl mxture was diluted with saturated
aqgueous gm@mi YFoahli#psde and warnmed to room tenperature, followed by
extraction wth'e | acetate. The organi c phase was washed with brine and
then dried over S 3 grgnes? UM sul fate. After filtering off the

desi ccant, the solLve ] jl 1 ed off under reduced pressure and the
resul ti ng Bl dye " \na [l by silica gel colum chronmat ography
(hexane:ethyl acetaje = 5:1) to give the titled conpound (2.22 g, 44% as a
li ght -yel | oBnfdm Y "HOBR (300 MHz, CHLOROFORMd) b ppm 2.20 (s, 3 H)
3.47-4.03 (m 10 BBn 4.02-4.21 (m 2 H 4.51 (s, 2 H 4.63 (d, J=10.7 Hz, 1
H 4.73-4.98 (m 4 H 5.10 (s, 2 H 6.48-7.76 (m 31 H. ESI mz = 895
(MtENa'). [0129] (2-B) Preparation of

(is)-1,5- anhi/dr 0-2,3,4,6-tet ra-Obenng - -L(Zgifbenzyl oxy)-5-(4 37 -

met hoxyber2}31]- LorresakytiqmefA3..ottetrariCybenzyl- lki-12(benz Yo B0} 5-(4=metheixsbagy)Bn O Me
Ove

methylphenyl]-5-thio-D-glucopyranose (2.20 g, 2.52 mmol) in a mixed solvent of chloroform

(6.0 mL) and acetonitrile (12.0 mL), Et3SiH (0.80 mL, 5.04 mmol) and BF3-Et,0 (0.38 mL,
3.02 mmol) were added sequentially at -15°C and stirred for 1 hour. After addition of
saturated aqueous sodium bicarbonate, the reaction mixture was extracted with ethyl acetate.
The organic phase was washed with brine and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the solvent was distilled off under reduced pressure and the
resulting residue was purified by silica gel column chromatography (hexane:ethyl acetate =
5:1) to give the titled compound (2.15 g, 99%) as a colorless powder.
[0132] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.17 (s, 3 H) 3.00-3.23 (m, 1 H)
3.55(t, J=10.8 Hz, 1 H) 3.66-4.16 (m, 10 H) 4.45-4.65 (m, 5 H) 4.85 (s, 2 H) 4.90 (d,
J=10.7 Hz, 1 H) 4.96-5.13 (m, 2 H) 6.51-7.46 (m, 31 H).

ESIm/z = 879 (M+Na).
[0133] Example 3
(3-A)
Preparation of 2,3,4,6-tetra-O-benzyl-1-C-[2-(benzyloxy)-5-[(4-
methoxyphenyl)(hydroxy)methyl]-4-methylphenyl]-5-thio-D-glucopyranose
[0134] [Formula 29]




BnO: Ba"OBn S OBn [0131] To a solution of

2,3,4,6-tetra- O benzyl -1-C-[ 2- (benzyl oxy) - 5- (4- net hoxybenzyl) - 4-

met hyl phenyl ] - 5-t hi o- D- gl ucopyranose (2.20 g, 2.52 mmol) in a m xed sol vent
of chloroform (6.0 nmL.) and acetonitrile (12.0 nL), Et3SiH (0.80 nm., 5.04
mol ) and BF3Et20 (0.38 ml, 3.02 mvl) were added sequentially at -15C and
stirred for 1 hour. After addition of - 8& urated aqueous sodi um bi car bonat e,
the reaction m xture was extracted w t h et hyI acetate. The organic phase

hed 191 FT%? | f at
\A?fe\rlva?il erllngrég??ngw@%efspﬁglaﬁ% e so ﬁo%g Hlﬁfde}ldmg?? uﬁdgr
duced t ESUl-
Col um chr SRS, 2R e?hﬂf" 2‘??2%%?@ m%p%@ Pl s R UGF 72
conpound ﬁlﬁn&ﬁatg} a?&&aﬁsa §0189$196ﬂ?§3r @Qﬂggﬁ-%)%[z@%:i?(l [égb 8&?)0% I-4-

CHL OROFORM 1078 Hz, 1

3. 66- 0 . . 7 He,
|]'_|) H 4. 9@1“%@?@? Q?Sfﬂhlo%dggﬂ(ﬁ)};%néia r7(1750 g|,_|)68§g glhﬁ?r) 1) 2n !‘e') al@ycﬁ@fuﬁﬂl ()3 II‘JE)E‘\gaS

Exanpl e 33dd3d And fﬁflﬂpﬁﬁﬁéd fon 30imnutcs The reaction mixture was warmed to room
2,3,4,6-tetra- O benzyl -1-C-[ 2-(benzyl oxy)-5-[(4-

met hoxyphe eafulty Aitued) With atelr add BREdtyddphiinythlt feetafd. O - e WP pliade V&€
[0134] [ For mJI a 29] M OV Bnp BhOS C OH BnOBn
washed with brine and then dried over anhydrous magnesium sulfate. ~ After filtering off the
desiccant, the solvent was distilled off under reduced pressure and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl acetate = 2:1) to give the titled
compound (570 mg, 72%) as a colorless amorphous substance.
"H NMR (300 MHz, CHLOROFORM-d) 8 ppm 2.03-2.24 (m, 3 H) 3.51-4.02 (m,
9 H) 4.49-5.16 (m, 10 H) 5.87 (brs, 1 H) 6.73-7.36 (m, 31 H).
ESIm/z = 911 (M+Na"), 887 (M-H).
[0136] (3-B)
Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-(4-
methoxybenzyl)-4-methylphenyl]-1-thio-D-glucitol
[0137] [Formula 30]

[0138] To a solution of 2,3,4,6-tetra-O-benzyl-1-C-[2-(benzyloxy)-5-[(4-
methoxyphenyl)(hydroxy)methyl]-4-methylphenyl]-5-thio-D-glucopyranose (570 mg,

0.641 mmol) in acetonitrile (6.0 mL), Et3SiH (0.308 mL, 1.93 mmol) and BF3-Et;O

(0.090 mL, 1.41 mmol) were added sequentially at -10°C and stirred for 10 minutes. To the
reaction mixture, chloroform (3.0 mL) was added and BF3-Et,0 (0.090 mL, 1.41 mmol) was

then added at 0°C.  After stirring at 5°C for 30 minutes, the reaction mixture was diluted



Bn; 38 [0135] To a m xture of 1-brono-4-nmethoxybenzene (520 ng, 2.78 mol)
and tetrahydrofuran (3 nL), 2.6 Mn-BuLi in hexane (1.01 nL, 2.69 nmol) was
added at -78C. Imrediately afterward, a solution of

2,3,4,6-tetra- O benzyl -1-C-[ 2-(benzyl oxy) - 5-f or nyl - 4-

met hyl phenyl ] -5-t hi o- D- gl ucopyranose (700 ng, 0.896 mmol) in tetrahydrofuran
(3 nmL) was added and further stirred-f&9 30 mnutes. The reaction m xture
was warmed to room tenperature, diluted with water and extracted with ethyl

acetate. Jhf QLS8N u@{%%%%dm?lc%%ﬂﬁg alfy Eﬂr&[éd%t@&qoﬁlg S, AT Tchr gzﬁ‘gé sol vent

anhydr ous magnesi um After filtering off si ccant,

was disti Eﬁa‘%@w@g (vak'l%ae\{utﬁ Eﬁﬁ@zﬁﬂi tREfaiéd @ve?ﬁﬂhﬁdﬁ@usﬁﬁ%ﬂehhﬂﬂsu‘lﬁ&' d%ﬁte‘ﬁ’as
purified by silica gel colum chromatography ‘(hexaneethyl acetate = 2:1) to

gi ve the fiitérhifooff BRIaReEsht (the SoliBht wad YstiBted Bfoﬂh@HeGﬁ?&:d%s%%Ha tlﬁanSt ance.
"H NMR (300 , CHLOROFORMrd) 8 ppm 2.03-2.24 (m 3 H) 3.51-4.02 (m 9 H)

4. 49- 5. 16resiitin eesmuew uhhé&b Lilich bl DRurifn Srofiitogdphy)(hedaSk:clHyF acetAd.4
(MtNa' ), 887 ( [0136] (3 B) Preparatlon of
(15)-1, 5- Qﬂb'l)(ﬂch ﬁ}e31tl@d@0fn(pbﬁ1ﬁ} @4b e, R0 %) af 2coloelegsypowdét.- SThedspectral data
met hoxybenzyl ) - 4- net hyl phenyl ]-1-thio-D-glucitol [0137] [Fornmula 30] BnO Me
OVe S BnwereBdé&iticalOBith tHase obtdind8lin Egaraple@. uti on of
2,3,4,6-tetra- O benzyl -1-C-[ 2-(benzyl oxy)-5-[(4-
met hoxyphfigb) (Byanpie ) net hyl ] - 4- net hyl phenyl ] - 5-t hi o- D- gl ucopyr anose (570
ng, 0.641 mmol) in acetonitrile (6.0 m.), Et3SiH (0.308 m, 1.93 nmol) and
BF3Et 20 ( Brep@@tion of [ S31,5vandiyyiroak+( é-naadlad ef - Gemathyttiear y1y-2 ety drak@ ghenyt]- b thio+ ed
for 10 minutes. To the

D-glucitol (compound (1))

[0140] [Formula 31]

[0141] A mixture of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-4-methyl-5-
(4-methylbenzyl)phenyl]-1-thio-D-glucitol (2.1 g, 2.50 mmol) and 20% palladium
hydroxide/activated carbon (2.06 g) in ethyl acetate (20 mL)-ethanol (20 mL) was stirred at
room temperature for 50 hours under a hydrogen atmosphere. The reaction mixture was
filtered through celite to remove the insoluble matter, and the filtrate was concentrated. The
resulting residue was purified by silica gel column chromatography (chloroform:methanol =
10:1) to give the titled compound (340 mg, 35%) as a colorless powder.

"H NMR (300 MHz, METHANOL-d,) 8 ppm 2.07 (s, 3 H) 2.27 (s, 3 H) 2.92-3.04
(m, 1 H) 3.58 (dd, J=10.3, 9.0 Hz, 1 H) 3.73 (dd, J=11.5, 6.6 Hz, 1 H) 3.78-3.88 (m, 3 H)
3.94 (dd, J=11.5, 3.8 Hz, 1 H) 4.29 (d, J=10.6 Hz, 1 H) 6.60 (s, 1 H) 6.94-6.98 (m, 2 H) 7.01-
7.04 (m, 2 H) 7.05 (s, 1 H).

ESI m/z = 408 M+NH,"), 389 (M-H).

Elementary analysis: Calcd for C1H2605S-H20: C, 61.72; H, 6.92. Found: C, 61.85;



reacti-on m xture, chloroform (3.0 nL.) was added and BF3Et20 (0.090 nmi, 1.41
nmmol ) was then added at OC. After stirring at 5C for 30 m nutes, the
reaction mxture was diluted 39 wth saturated aqueous sodi um bi carbonat e
and extracted with chloroform The organic phase was washed with brine and
then dried over anhydrous magnesium sulfate. After filtering off the
desiccant, the solvent was distilled off4@nder reduced pressure and the
resulting residue was purified by silica gel colum chromat ography

(hexane: etffiy7gacetate = 5:1) to give the titled conpound (440 ng, 80% as a
col orl ess powder. The spectral data were identical with those obtained in
Exanpl e 2.[0{42}3%xafmpipl € 4 Preparation of

(1S)-1, 5-anhydro-1-[ 4- net hyl - 5- (4- et hyl benzyl ) - 2- hydr oxyphenyl ] - 1-t hi o-

D- gl uci t olPrégedipawidl1$ ) ),5-anBidi0]1-[SFE iethax ybkhz {1124 . méthyl - MhydidySherly1]Q -thlio- OH
[0141] A m xture of

(1S) -1, 5- dnplditolRodpdyrst @B) r a- O benzyl -1 -[ 2- (benzyl oxy) - 4- et hyl - 5-

(4- et hyl benzyl ) phenyl]-1-thio-D-glucitol (2.1 g, 2.50 mmol) and 20%

pal | adi um[OMadr ¢komie@ad2] vat ed carbon (2.06 g) in ethyl acetate (20

m.) - et hanol (20 g Merred @ige roomtenperature for 50 hours under a
hydr ogen at nospher e. E re on mxture was filtered through celite to
renove the i G xand the filtrate was concentrated. The

resul ti ng HOsi as purified by silica gel colum chromatography

(chl orof orm pethapel .= 10:1) to give the titled conpound (340 ng, 35% as a
colorless p er. I—pNI\/R (300 MHz, METHANOL-d4) 8 ppm 2.07 (s, 3 H) 2.27 (s,
3 H 2.92-3.04 @rH 1 H 3.58 (dd, J=10.3, 9.0 Hz, 1 H 3.73 (dd, J=11.5,
6.6 Hz, 1 H 3.78-3.88 (m 3 H 3.94 (dd, J=11.5, 3.8 Hz, 1 H 4.29 (d,
J=10.6 Hz, 1 H 6.60 (s, 1 H 6.94-6.98 (m 2 H 7.01- 7.04 (m 2 H) 7.05

(

1 H. [0144] A mixture of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-(4-

s
methoxybenzyl)-4-methylphenyl]-1-thio-D-glucitol (2.11 g, 2.46 mmol) and 20% palladium
hydroxide/activated carbon (2.1 g) in ethyl acetate (20 mL)-ethanol (20 mL) was stirred at
room temperature for 24 hours under a hydrogen atmosphere. The reaction mixture was
filtered through celite to remove the insoluble matter, and the filtrate was concentrated. The
resulting residue was purified by silica gel column chromatography (chloroform:methanol =
10:1) to give the titled compound (690 mg, 69%) as a colorless powder.

'H NMR (300 MHz, METHANOL-d,) 8 ppm 2.08 (s, 3 H) 2.91-3.06 (m, 1 H) 3.26
(t, 1 H) 3.59 (dd, J=10.3, 8.9 Hz, 1 H) 3.68-3.78 (m, 1 H) 3.74 (s, 3 H) 3.81 (s, 2 H) 3.82-
3.88 (m, 1 H) 3.94 (dd, J=11.3, 3.7 Hz, 1 H) 4.29 (d, J=10.6 Hz, 1 H) 6.60 (s, 1 H) 6.69-6.82
(m, 2 H) 6.96-7.03 (m, 2 H) 7.04 (s, 1 H).

ESI m/z = 429 (M+Na")

Elementary analysis: Calcd for C;;H2606S-H,0: C, 59.27; H, 6.65. Found: C, 59.32;
H, 6.40.
[0145] Example 6
Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-(4-ethylbenzyl)-
4-methylphenyl]-1-thio-D-glucitol
[0146]



ESI sz = 408 MENH4' ), 389 (M H). Elenentary analysis: Calcd for
C21H2605SH2C. C, 61.72; H, 6.92. Found: C, 61.85; 40 - H, 6.78. [0142]
Exanpl e 5 Preparation of

(1S)-1, 5-anhydro-1-[5-(4-net hoxybenzyl) - 4- net hyl - 2- hydr oxyphenyl ] - 1-t hi o-
D-glucitol (conmpound (I1)) [0143] [Forrmula 32] HOM O HOH"OH S OH
[0144] A mixture of - 41 -

(1S)-1, 5-anhydro-2, 3, 4, 6-tetra- O benzyl -| -[ 2- (benzyl oxy) - 5- (4-

met hoxybengyimu4 39t hyl phenyl]-1-thio-D-glucitol (2.11 g, 2.46 mmol) and 20%
pal | adi um hydroﬁéiél activ&t ed caEPon (2.1 g) in ethyl acetate (20

m.) - et hanol (20 Ve roomtenperature for 24 hours under a
hydrogen at nosphege. rea on m xture was filtered through celite to
renmove t heBn@soNubl ¥ . and the filtrate was concentrated. The

resul ting resi urified by silica gel colum chromatography

(chl orof orm haol 2PN10:1) to give the titled conpound (690 ny, 69% as a
col orl ess powder. OBA NVR (300 MHz, METHANOL-d4) 6 ppm 2.08 (s, 3 H)
2.91-3.06 (m 1 H 3.26 (t, 1 H 3.59 (dd, J=10.3, 8.9 Hz, 1 H 3.68-3.78
(m 1 H 3.74 (s, 3 H 3.81 (s, 2 H 3.82- 3.88 (m 1 H 3.94 (dd, J=11.3,

5 967 03 (2 Wy Pesioret elfsbplo Ryl LsstyfendnpSuhefneiye Gl g o
Cal ¢0 1 o1 {2HHRATPTHB iy Srofin 240 mit), SRt n T htan? 5 BPinL s 450 2145

Exampl e 6

added dropwise at -60°C over 5 minutes and stirred at the same temperature for 15 minutes.
To this mixture, a sdlution of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone (6.76 g,
12.2 mmol) in tetrahydrofuran (25 mL) was added dropwise and stirred at the same
temperature for 2 hours. The reaction mixture was diluted with saturated aqueous
ammonium chloride and warmed to room temperature, followed by extraction with ethyl
acetate. The organic phase was washed with brine and then dried over anhydrous
magnesium sulfate.  After filtering off the desiccant, the solvent was distilled off under
reduced pressure to give 2,3,4,6-tetra-O-benzyl-1-C-[2-(benzyloxy)-5-(4-ethylbenzyl)-4-
methylphenyl]-5-thio-D-glucopyranose. This was dissolved in a mixed solvent of
chloroform (30 mL) and acetonitrile (30 mL), and then cooled to 0°C. Next, Et;SiH
(2.92 mL, 18.3 mmol) and BF5-Et,0 (1.86 mL, 14.6 mmol) were added sequentially and
stirred for 1 hour.  After addition of saturated aqueous sodium bicarbonate, the reaction
mixture was extracted with ethyl acetate. The organic phase was washed with brine and
then dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent
was distilled off under reduced pressure and the resulting residue was purified by NH-type
silica gel column chromatography (hexane:ethyl acetate = 4:1) and silica gel column
chromatography (hexane:ethyl acetate = 87:13) to give the titled compound (3.41 g, 33%, 2
steps) as a light-yellow gum.

'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.16 (t, J=8.16 Hz, 3 H) 2.18 (s,
3 H) 2.48-2.61 (m, 2 H) 3.06-3.17 (m, 1 H) 3.54 (t, J=8.70 Hz, 1 H) 3.70 (d, J=10.26 Hz,



Preparati on of

(15)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -1 -[ 2- (benzyl oxy) - 5- (4- et hyl benzyl) -
4- et hyl phenyl]-1-thio-D-glucitol [0146] 41 - [Fornula 33] BnO Me Et BnO S
BnO "OBn OBn To a solution of

1- (benzyl oxy) - 2- br ono- 4- (4- et hyl benzyl ) - 5- net hyl benzene (5.31 g, 13.4 nmol)
in tetrahydrofuran (50 nL), 2.66 M n-BuL#2in hexane (5.05 nL, 13.4 mmol) was
added dropwi se at -60C over 5 mnutes and stirred at the sanme tenperature
for 15 m mu 6.3 i } = ti _ -

2.3, 4, 6-t(ra]ltIflg?'gl)?’égﬁgzgllh’-%—{ﬁ?gg%ejgIlgé%g?-gll, %?:f'gﬁém(g.@a‘l'g? 92 4m3Eo1) in
t et rahydr of 03-3n0((#5 2'H—))6.7@ﬁ, Qe GO pve. 6 HANEHS bigar(BH sab H"E0SAM® (m, 5 H
tenperature for 2 hours. The reaction mxture was diluted with saturate
aqueous  anppri3dhG hBeni7s-a4d (mapmpd to room tenperature, followed by
extraction wwth ethyl acetate. The organic phase was washed with brine and
then dried over ESihyar-o8% (MeNHgY) 889 MHClte. After filtering off the
desiccant, the solvent was distilled off under reduced pressure to give
2,3, 4, 6-t 01470 Exanpld 71 - C- [ 2- (benzyl oxy) - 5- (4- et hyl benzyl) - 4-

met hyl phenyl ] - 5-t hi o- D- gl ucopyranose. This was dissolved in a m xed sol vent
of  chl or dreparat{@0ofrfllp)- hirehnhyditoohi 3-(4-Ethylb80zyk)-2-hydruc yidmethytpdieayl | t1ethiveD-
Next, Et3SiH (2.92 nL, 18.3 mmol) and BF3Et20 (1.86 ni, 14.6 nmmol) were
added sequgintitohl(¢ompondd (BD)rred for 1 hour. After addition of saturated
aqueous sodi um bi carbonate, the reaction mxture was extracted with ethyl
acet ate. TR&4&¥r JEpimaulpAdke was washed with brine and then dried over
anhydr ous nagnesi HD Aftet filtering off the desiccant, the sol vent
was distilled off un pressure and the resulting residue was
purified bM S col um chr omat ogr aphy (hexane: ethyl acetate
= 4:1) and chromat ogr aphy (hexane: ethyl acetate = 87:13)
to give the yptTeg coppound (3.41 g, 33% 2

The same procedure as shown in Example 4 was repeated, except that (1S)-1,5-
anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-4-methyl-5-(4-methylbenzyl)phenyl}-1-
thio-D-glucitol was replaced with (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-
5-(4-ethylbenzyl)-4-methylphenyl}-1-thio-D-glucitol. The resulting product was purified by
silica gel column chromatography, followed by recrystallization from ethanol to give the
titled compound (392 mg, 24%) as a colorless powder.

'"H NMR (300 MHz, METHANOL-d4) & ppm 1.19 (t, J=7.62 Hz, 3 H) 2.08 (s, 3 H)
2.58 (q,J=7.56 Hz, 2 H) 2.99 (ddd, J=10.22, 6.41, 3.73 Hz, 1 H) 3.25 (t, 1 H) 3.59 (dd,
J=9.71, 8.47 Hz, 1 H) 3.74 (dd, J=11.50, 6.37 Hz, 1 H) 3.85 (t, J=9.64 Hz, 3 H) 3.95 (dd,
J=11.42, 3.81 Hz, 1 H) 4.30 (d, J=10.41 Hz, 1 H) 6.61 (s, 1 H) 6.96-7.09 (m, 5 H).

ESI m/z = 422 (M+NH,"), 403 (M-H), 439 (M+CI).

[0149] Example 8

Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-4-methyl-5-[4-
(methylsulfanyl)benzyl]phenyl]-1-thio-D-glucitol

[0150]



steps). as a light-yellow gum 1H NWR (300 MHz, CHLOROFORMd) S ppm 1.16 (t,
J=8.16 Hz, 3 H 2.18 (s, 3 H 2.48-2.61 (m 2 H 3.06-3.17 (m 1 H 3.54
(t, J=8.70 Hz, 1 H 3.70 (d, J=10.26 Hz, 42 1 H 3.76-3.98 (m 5 H) 4.05
(d, J=11.81 Hz, 1 H 4.50-4.64 (m 5 H 4.82-4.93 (m 3 H 5.00-5.10 (m 2
H 6.73 (s, 1 H 6.78 (d, J=6.06 Hz, 2 H 6.94 (br. s., 3 H 7.09-7.19 (m 5
H 7.22-7.34 (m 18 H) 7.35-7.44 (m 2 #B.-ESI mz = 872 (M:NH4'), 889
(MtCl-). [0147] Exanple 7 Preparation of

(1S)-1, 5- 6[?8%15’1[ 5 [ 5- (4- et hyl benzyl) - 2- hydr oxy- 4- net hyl phenyl]-l-thio D

gl ucit ol corrpouné ) [.0148] é%rrrula 34] HOMew HOEt HOS'OH OH
The sanme procedur®e! e e 4 was repeated, except that (1S)-1,5-

anhydr o- 2, 3, 4, Q-teira
=rret hyl benzyl ) phenyl ]-1- thio-D-glucitol was

[ 2- (benzlen@y)-- et hy T~
replaced with (13)-1, 5- anhydro 2,3,4,6-tetra- O benzyl -1-[2-(benzyl oxy) -
5-(4-ethylb I) 4- r@BHyI phenyl] 1- th| o-D-glucitol. The resulting product
was purified by &Brica gel colum chronmatography, followed by
recrystallization fromethanol to give the titled conpound (392 ng, 24% as
a col orless powder. 'H NWVR (300 MHz, METHANOL-d4) S ppm 1.19 (t, J=7.62 Hz,
3 H 2.08 (s, 56 2.99 (ddd, J=10 41, 3.73
Hz, 1 H) 3 25 (tﬁ?efaﬂf ‘%g“’c’&a showjn.i E}’iamlggﬁ?’“%z‘eéeft“a)t°§”ﬂfh? HGCdG J=11. 50,

430 (o FoRbolifi? & 30 Her as 2ihy RRe R syt Teperilypprdmg)
(MEN-T 4+)4-(448§y1{)%£h)'-5-%?e?hﬁ%geﬁé was replaced with 1-(benzyloxy)-2-bromo-5-methyl-4-
[4-(methylsulfanyl)benzyl]benzene.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.16 (s, 3 H) 2.39 (s, 3 H) 3.07-3.16
(m, 1 H) 3.49-3.60 (m, 1 H) 3.63-3.75 (m, 1 H) 3.76-4.10 (m, 6 H) 4.42-4.66 (m, 5 H) 4.85 (s,
2H)4.90 (d, J=10.6 Hz, 1 H) 4.97-5.11 (m, 2 H) 6.69-7.48 (m, 31 H).
[0151] Example 9
Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-4-methyl-5-[4-
(methylsulfanyl)benzyl]phenyl]-1-thio-D-glucitol (compound IV))
[0152] [Formula 36]

To a mixture of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-4-
methyl-5-[4-(methylsulfanyl)benzyl]phenyl]-1-thio-D-glucitol (1.09 g, 1.25 mmol), dimethyl
sulfide (4.5 mL), m-cresol (1.2 mL), trifluoroacetic acid (7.5 mL) and 1,2-ethanedithiol
(0.3 mL), trifluoromethanesulfonic acid (1.5 mL) was added dropwise at -20°C.  After
stirring at the same temperature for 40 minutes, the reaction mixture was poured into a
mixture of saturated aqueous sodium carbonate and ice. After extraction with ethyl acetate,

the organic phase was washed sequentially with saturated aqueous sodium carbonate and



[0149]. Exanple 8 Preparation of

(15)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -1 -[ 2- (benzyl oxy) - 4- net hyl - 5-[ 4-

(et hyl sul fanyl ) benzyl ] phenyl ]-1-thio-D-glucitol [0150] 43 - [Formnula 35]
BnO M SMe Bn0O S Bn"OBn OBn The sanme procedure as shown in Exanple 6 was
repeated to give the titled conmpound (3.27 g, 27% 2 steps) as a

| i ght-yel | ow gum except that 1-(benzyl &fy)- 2-brono-

4- (4- et hyl benzyl ) - 5- et hyl benzene was replaced with

1- (benzyl wrine) ard e ABiedov@tallydréns mdgd AR 154, f armelsbRRAzwhd dib@maeste. ' H NWR
(300 MHz, CHLOROFORMd) S ppm 2.16 (S, 3 H 2.39 (s, 3 H 3.07-3.16 (m |
H) 3. 49- 3ufiler fotucdd plessdrelard3Ihe Fesling tedifuedvkGmrifikd by Rilich gkl coturig- 4. 66 (m 5
H 4.85 (s, 2 H 4.90 (d, J106Hz 1H)497511(m2|—|)669748(m
H) . [ Odivdihatogeaphl €ctlorbf @ menathamol —080:1 — 10: 1) and further recrystallized from

S)-1, 5-anhydro-1|-[2- hydroxy- 4-net hyl - 5-[ 4-

thyI sudthamoy k) piea the tjtfEdeoyippudd (]lﬁﬁongﬁg%)cash@blc(rlemmmwdm 1V)) [0152]
Forrmul a 36] HOI\/E SMe HOS HO~~"COH OH To a mxture of

1S)-1, 5- anhydrd{NlVBR@(ElMélerEiﬂb@N@}J dd)é[p@n(h@&iy[ﬁdim@a(s 3 H) 2.99 (ddd,

met hyl - 5-[ 4- (net hyl sul f anyl ) benzyl ] phe % l1-thio-D-glucitol (1.09 g, 1.25
mrol ), di Ky 16.4, U IfIZ,deHI3l2E-3ra_1)(m rhhi}%é (dd, 1=10.319.0 Hey 1 H) 36iddd ek=1d.Saci d

(7.5 nL) and 1, 2-ethanedithio
6.4 Hz, 1 H) 3.80-3.88 (m, 3H)395(de 11.5,3.7 Hz, 1 H) 4.30 (d, J=10.4 Hz, 1 H) 6.61

31
(1
(me
[
(

(s, 1 H) 6.99-7.08 (m, 3 H) 7.11-7.18 (m, 2 H).
ESI m/z = 440 (M+NH,"), 445 (M+Na"), 421 (M-H), 457 (M+CI).
[0153] Example 10
(10-A)
Preparation of 1-C-[4-chloro-5-(4-methylbenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-

O-prop-2-en-1-yl-5-thio-D-glucopyranose

[0154] [Formula 37]

The same procedure as shown in Example 1(1-A) was repeated to give the titled
compound (426 mg, 29%) as a colorless oil, except that 1-(benzyloxy)-2-bromo-5-methyl-4-
(4-methylbenzyl)benzene was replaced with 1-bromo-4-chloro-5-(4-methylbenzyl)-2-(prop-
2-en-2-yloxy)benzene, and 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone was replaced
with 2,3,4,6-tetra-O-prop-2-en-1-yl-5-thio-D-glucono-1,5-lactone.

'H NMR (300 MHz, CHLOROFORM-d)  ppm 2.29 (s, 3 H) 3.34-3.47 (m, 1 H)
3.47-4.31 (m, 14 H) 4.37 (dd, J=12.43, 5.75 Hz, 1 H) 4.60 (d, J=4.82 Hz, 2 H) 4.88 (s, 1 H)
4,94 (d, J=1.55 Hz, 1 H) 5.08-5.38 (m, 7 H) 5.42-5.59 (m, 2 H) 5.78-6.15 (m, 4 H) 6.93 (s,

1 H) 6.98-7.08 (m, 4 H) 7.24 (br. s., 1 H).



(0.3 nL), trifluoronethanesulfonic acid (1.5 nL) was added dropw se at -20C
After stirring at the sanme tenperature for 40 mnutes, the reaction m xture
was poured into a mxture of saturated aqueous sodi um carbonate and ice.
After extraction with ethyl acetate, the organic phase was washed
sequentially wth saturated aqueous sodi um carbonate and 44 brine, and then
dried over anhydrous magnesi um sul fate: 4he-solvent was distilled off under
reduced pressure and the resulting residue was purified by silica gel colum
chr omat ogr aphy Qf rx}frq@ & =P . «4) and further
recrystallized ?grs?)mWEEt(ﬁg 0 +tlg4 gicg\/zg-(]t\lﬁg)’t]qqll(gfd‘+(b(:1 nmpound (166 ng, 31% as a
col orl ess gg@(}lerlo_hlyl NVR (300 WMHz, METHANCL -d4) S ppm 2.08 (s, 3 H 2.43
(s, 3 H £.99 (ddd, " J=10.2, 6.4, 3.7 Hz, 1 H 3.22-3.31 (m 1 H 3.59 (dd,
J=10. 3,  9.Feddfatioh di1 »ﬁﬁ-aﬁﬂ%roa}ﬁ oro- (4 3.8%p28f-1(m 3 11)
3.95 (dd, Jopta 5 d:?*?%z, 11 4. %%c}(ﬁd, %gﬁg%yﬁ%?kgl)%@%pg%%(ls, 1 H

6. 99- 7. 08 y{gRy)phehy1]-2, 34,6 ke tkB Ol Prop2-&h- 1-yESLh B B-grudd (M-NHA' ), 445 (MNa'),
421 (Ml-l),y(4g;@l( lt%&:l -). [0153 Exanpl eyE%O (10-%\1)1 Preparation of

1- C- [ 4- chl[o15%] 5{¥drnittd B8] benzyl ) - 2- (prop-2-en- 1-yl oxy) phenyl ] -2, 3,4, 6-tetra-
O prop-2-en-1-yl E@ i 0- D- ghucopyr gose [0154] [Formula 37] Allyl0 A M
AllylOS OH Allyl g! The sanme procedure as shown in Exanpl e
1(1-A) was. repeq he Pitled conmpound (426 ny, 29% as a

col orl ess AMIC | - (benzyl oxy) - 2- br ono- 5- net hyl - 4-

(4- met hyl be%%@; ms replaced with

1- brono-4-c -5 - yl benzyl)-2-(prop- 2-en-2-yloxy)benzene, and
2,3,4,6-tetra-0o begﬁb’ -t hi o- D-gl ucono- 1, 5-1 act one was repl aced

The same procedure as shown in Example 1(1-B) was repeated to give the titled
compound (271 mg, 65%) as a colorless solid, except that 2,3,4,6-tetra-O-benzyl-1-C-[2-
(benzyloxy)-4-methyl-5-(4-methylbenzyl)phenyl]-5-thio-D-glucopyranose was replaced with
1-C-[4-chloro-5-(4-methylbenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-
1-yl-5-thio-D-glucopyranose.

'H NMR (300 MHz, CHLOROFORM-d) 6 ppm 2.29 (s, 3 H) 2.94-3.04 (m, 1 H)
3.25(t, J=9.09 Hz, 1 H) 3.38-4.20 (m, 11 H) 4.28 (d, J=5.60 Hz, 2 H) 4.36 (dd, J=12.05,

5.98 Hz, 2 H) 4.54 (dt, J=4.97, 1.63 Hz, 2 H) 4.81-4.92 (m, 2 H) 5.09-5.32 (m, 7 H)

5.33-5.51 (m, 2 H) 5.80-6.10 (m, 4 H) 6.86 (s, 1 H) 7.02 (td, 2 H) 7.03 (d, 2 H) 7.22 (s, 1 H).
ESIm/z = 628 (M+NH,"), 633 (M+Na"), 645 (M+CI).

[0157] Example 11

Preparation of (1S)-1,5-anhydro-1-[4-chloro-2-hydroxy-5-(4-methylbenzyl)phenyl]-1-thio-D-

glucitol (compound (V))

[0158] [Formula 39]




wth 2,3, 4,6-tetra-O prop-2-en-1-yl-5-thio-Dglucono-1,5-1actone. 1H NWMR
(300 MHz, CHLOROFORMd) 8 ppm 2.29 (s, 3 H) 3.34-3.47 (m 1 H 3.47-4.31
(m 14 H 4.37 (dd, J=12.43, 5.75 Hz, 1 H 4.60 (d, J=4.82 Hz, 2 H 4.88 (s,
1H 4.94 (d, J=1.55 Hz, 1 H) 5.08-5.38 (m 7 H) 5.42-5.59 (m 2 H)
5.78-6.15 (m 4 H 6.93 (s, 1 H 6.98-7.08 (m 4 H 7.24 (br. s.,1 H. 45
ESI mz = 644 (MtNH4'), 625 (MH), 661-(#CLl-). [0155] (10-B) Preparation
of (1S) -1, 5-anhydro-1-[ 4-chl oro-5-(4-net hyl benzyl) - 2-(prop-2-en-1-

(rormfa s 151 G GO P s tbas | b S ane)-
Eéﬁﬁiuﬁée(@‘%‘ﬁ“ 25 PR S’o@*’?’é%“g ' oﬁtﬁ“eﬁxg?&l*‘ﬂ’ e 096 i

2,3, 4, 6-1 qltfhy @o@@rﬁﬂ ' nﬂLZQ‘Ih\adlmethylbarbltunc acid ](618 mg. 3.96 mmol) and
(benzyloxy) 4- net hyl - net hyl benzyl ) phenyl | 0- D- gl ucopyr anose was

repl aced Wetkdkis tr1 henyl}t)hothme)palladlum (91.5 mg, 0.0792 mmol) were added and stirred at
1-C-[4-chl oro- benzyl ) - 2- (prop-2-en-1-yl oxy) phenyl]-2,3,4,6-tetra-

O prop- 2- emgcxond h&nﬁhlmd}egétmcrﬂw@emecoowuw\ﬂaoﬁﬁ% Mdture Ghit GREFGRM d) S
ppm 2.29 (s, 3 H) 2.94-3.04 (m 1 H 3.25 (t, J909Hz 1 H 3.38-4.20 (m

11 H 4. 28ddel thdreto, Bélldwed By ddtradtigibwith dthyd ade?at€5, The‘i;r@&ublphas% wis washéd ( dt ,
J=4.97, 1.63 Hz, 2 H) 4.81-4.92 (m 2 H) 5.09-5.32 (m 7 H 5.33-5.51 (m 2

H) 5. 80- 6.%ith lélme ahdhenodrfd dver ardhyldyous. mdnedidm sBifkfe. 7 ABBr fitteridg off the 22 (s, 1
H. ESI mMz = 628 (MNH4'), 633 (MrNa'), 645 (MrCl). [01571 Exanple 11
Pr epar at i alesiofant, the solvent was distilled off under reduced pressure and the resulting residue was
(15)-1, 5-anhydro-1 -] 4-chl oro-2- hydroxy- 5- (4- et hyl benzyl ) phenyl ] - 1-t hi o- D-
gl uci tol (pvoibipdbndilica/gsl column chromatography (chloroform:methanol = 9:1) and further
recrystallized from hexane:ethyl acetate:ethanol to give the titled compound (64.2 mg, 39%)
as a light-red powder.
"H NMR (600 MHz, METHANOL-d,) & ppm 2.26 (s, 3 H) 2.95 (ddd, J=10.09, 6.42,
3.67 Hz, 1 H) 3.22 (t,J=8.71 Hz, 1 H) 3.53 (t, 1 H) 3.67-3.79 (m, 2 H) 3.84-3.96 (m, 3 H)
4.25(d, J=10.55Hz, 1 H) 6.80 (s, 1 H) 7.01 (d, 2 H) 7.03 (d, 2 H) 7.12 (s, 1 H).
ESI m/z = 428 (M+NH,"), 433 (M+Na"), 409 (M-H), 445 (M+CI").
[0159] Example 12
(12-A)
Preparation of 1-C-[4-chloro-5-(4-ethylbenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-
O-prop-2-en-1-yl-5-thio-D-glucopyranose

[0160] [Formula 40]

The same procedure as shown in Example 1(1-A) was repeated to give the titled
compound (1.00 g, 39%) as a colorless oil, except that 1-(benzyloxy)-2-bromo-5-methyl-4-
(4-methylbenzyl)benzene was replaced with 1-bromo-4-chloro-5-(4-ethylbenzyl)-2-(prop-2-

en-2-yloxy)benzene, and 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone was replaced



[.0158]. [Fornula 3912 HOO Me HO S H"OH OH 46 To a solution of

(15)-1, 5-anhydro-1-[4-chl oro-5-(4-net hyl benzyl ) -2- (prop-2-en-1-

yl oxy) phenyl ]1-2,3,4,6-tetra-0O prop-2-en-1-yl-I-thio-D-glucitol (242 ny,
0.396 mmol) in tetrahydrofuran (8 nL), N, N-dinethylbarbituric acid (618 nyg,
3.96 Mol ) and tetrakis(triphenyl phosphi ne)palladium (91.5 ng, 0.0792 mmol)
were added and stirred at 90C for 3 hoé/s- The reaction nixture was cool ed
to roomtenperature and water was added thereto, followed by extraction

Wi th et hykitRO St Ak fetralO6pr8p 23N £-yREARB- MR HAS 19 acldnth Drine and then dried
over anhydrous magnesiumsulfaté. After Tiltering off the desiccant, the

sol vent was di sty Niverl (300f MERJEHUORDEORMA BS ppiel . 20d, 147865288 W 1) 189 (gsi due
was purified by silica gel colum chronatography (c’hl or of orm net hanol =
9:1) and Fam3ihigz, 2 Hp8 By 44 (nh,ZEH) 8 404200816 16 NGO (BT .35 1D MHURT (s0 gi ve
the titled conmpound (64.2 ng, 39% as a light-red powder. rH NVR (600 MHz,
METHANOL - HH) 41920(Ad=3.8856H,S), HPS5 HB-52379@m,(10dyl5.43-5158 (9,2 B) 8.29-6.B+ @, 4-) 6.93 H)
3.22 (t, J=8.71 Hz, 1 H 3.53 (t, I H 3.67-3.79 (m 2 H 3.84-3.96 (m 3 H
4.25 (d, @-1L8)396Hd, 2 H)M07qd8PH)F,261(bt)s., 1. (d, 2 H 7.03 (d, 2 H 7.12 (s,
1 H. ESI mz = 428 (MtNH4'), 433 (M:Na'), 409 (MH, 445 (M:C-). [0159]
Exanpl e 12 (12-BSImPrepdf @dildyn 685 (M+Cl).
1-C-[4-chl oro-5-(4- et hyl benzyl) - 2-(prop-2-en-1-yl oxy) phenyl]-2,3,4,6-tetra-
O pr op- 2-@A61} \12PB) hi o- D- gl ucopyranose [0160] [Formula 40] AllylO Cl Et
AllylO SOH I \

Y Preparation of (1S)-1,5-anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-(prop-2-en-1-

yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-1-yl-1-thio-D-glucitol
[0162] [Formula 41]

The same procedure as shown in Example 1(1-B) was repeated to give the titled
compound (564 mg, 65%) as a colorless solid, except that 2,3,4,6-tetra-O-benzyl-1-C-[2-
(benzyloxy)-4-methyl-5-(4-methylbenzyl)phenyl]-5-thio-D-glucopyranose was replaced with
1-C-[4-chloro-5-(4-ethylbenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-1-
yl-5-thio-D-glucopyranose.

'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.20 (t, J=7.54 Hz, 3 H) 2.59 (q,
J=7.82 Hz, 2 H) 2.95-3.04 (m, 1 H) 3.25 (t, J]=8.55 Hz, 1 H) 3.36-3.94 (m, 7 H) 3.99 (d,
J=5.60 Hz, 2 H) 4.03-4.19 (m, 2 H) 4.27 (d, J=5.75 Hz, 2 H) 4.36 (dd, J=12.43, 5.44 Hz, 2 H)
4.54 (dt, J=4.82, 1.63 Hz, 2 H) 4.85 (dd, J=15.85, 2.64 Hz, 2 H) 5.06-5.32 (m, 7 H) 5.32-5.48
(m, 2 H) 5.80-6.10 (m, 4 H) 6.86 (s, 1 H) 7.06 (d, J=3.26 Hz, 4 H) 7.22 (br. s., 1 H).

ESIm/z = 642 (M+NH,"), 647 (M+Na"), 659 (M+CI").

[0163] Example 13

Preparation of (1S)-1,5-anhydro-1-[4-chloro-2-hydroxy-5-(4-ethylbenzyl)phenyl]-1-thio-D-



ALlylG "QAllyl QAllyl The sane procedure as shown in Exanple 1(1-A) was
repeated to give the titled conpound (1.00 g, 39% as a colorless oil,
except that 1-(benzyl oxy)-2-brono-5-nethyl-4- (4-nethyl benzyl)benzene was
replaced with 1-brono-4-chl oro-5-(4-ethyl benzyl)-2-(prop-2-

en- 2-yl oxy) benzene, and 2, 3,4,6-tetra- Obenzyl 5-t hi o- D- gl ucono-1, 5-1 act one
was replaced 47 wth

2,3,4,6-tetra- O prop-2-en-1-yl -5-thio-D glucono-1,5-1actone. "H NVR (300
VHz, CI—ILW@,}H up® 20 (t, J=7.62 Hz, 3 H 2.59 (q, J:7 51 Hz, 2 H)
337346(m pC’%}47(WI])212(m 15H)460(d J=4.35 Hz, 2 H 4.87 (s, 1
H 4.92 (c{0164:]3[88rnlri21a42]|—|) 5.08-5.37 (m 7 H) 5.41-5.58 (m 2 H 5.79-6.14

4 6. 14) 796 (d, 7.07 (d, 2 7.26 (b oy | . ESI
(m 4 H (51391 F‘?gﬁes[? (d, 2 H (br. s., I H

mz = 639 (MH) (12-B) Preparation of

(15) - 1 5-anhydyog .- [A (4- et hyl benzyl ) -2-(prop-2-en-1-

yl oxy)phen'p| O prop-2-en-l-yl-l1-thio-D-glucitol [0162]

[ Formul a 41] @I Et AlylOS AllylO"OQAllyl QAllyl The same

pr ocedur e asH hovs Exanpl e 1(1-B) was repeated to give the titled
conmpound (564 ng,o*éS% as a colorless solid, except that

2,3,4,6-tetra-O benzyl -1-C[ 2-

(benzyl oxy) - 4- met hyl - 5- (4- nmet hyl benzyl ) phenyl ] - 5-t hi o- D- gl ucopyr anose was
replaced with : .

1- G [ 4- chl or o- 5- (F-aPE o dureas showm in Example 1] was repeated (0 give the titled o tetra o
- pr op- 2- erboinpo&ihd gﬁtéun% ﬁb«g& h@?ﬂ%ﬁt%@ﬁ@wder"‘e%ﬁlgﬂq H?/hgs-aﬁ'sl QRP-T ) a)

ppm 1. 20 (1] 95-3.04
.25 (t, J@ﬁn@tﬁylﬁ@nzyi)lﬂlprﬁp-@%rﬁl%x(yﬁﬁheﬁylﬁ'bz,ﬁ{@-getféjO -prop- 2-en-1-yl-1-th10-D-

glucitol was replaced with (1S)-1,5-anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-(prop-2-en-1-

yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-1-yl-1-thio-D-glucitol.
'H NMR (600 MHz, METHANOL-d4) & ppm 1.18 (t, J=7.57 Hz, 3 H) 2.57 (q,
J=7.64 Hz, 2 H) 2.96 (ddd, J=10.20, 6.53, 3.44 Hz, 1 H) 3.22 (t, J=8.94 Hz, 1 H) 3.54 (dd,
J=10.32, 8.94 Hz, 1 H) 3.71 (dd, J=11.69, 6.65 Hz, 1 H) 3.76 (dd, J=10.32, 8.94 Hz, 1 H)
3.86-3.96 (m, 3 H) 4.25 (d, J=10.55 Hz, 1 H) 6.80 (s, 1 H) 7.01-7.07 (m, 4 H) 7.14 (s, 1 H).
ESI m/z = 442 (M+NH;"), 423 (M-H), 459 (M+Cl).
[0165] Example 14
(14-A)
Preparation of 1-C-[4-chloro-5-(4-methoxybenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-
tetra-O-prop-2-en-1-yl-5-thio-D-glucopyranose

[0166] [Formula 43]

The same procedure as shown in Example 1(1-A) was repeated to give the titled

compound (1.35 g, 54%) as a colorless oil, except that 1-(benzyloxy)-2-bromo-5-methyl-4-



J=5.6Q Hz, 2 H 4. 03- 4. 19 (m 2 H 4.27 (d, J=5.75 Hz, 2 H 4.36 (dd,
J=12.43, 5.44 Hz, 2 H 4.54 (d J=4.82, 1.63 Hz, 2 H 4.85 (dd, J=15. 85,
2.64 Hz, 2 H) 5.06-5.32 (m 7 H) 5.32-5.48 (m 2 H) 5.80-6.10 (m 4 H) 6.86
(s, 1 H 7.06 (d, J=3.26 Hz, 4 H 7.22 (br. s., 1 H. ESl mz = 642

(MENH4' ), 647 (MtNa'), 659 (MtCl-). [0163] Exanple 13 Preparatlon of

(1S)- 1, 5- anhydr o- | - [ 4- chl or o- 2- hydr oxy- 3% 4- et hyl benzyl ) phenyl ] -1-t hi o- D 48

- glucitol (conpound (VI)) [0164] [Formula 42] d Et HPOH HO S HOH The sane

pr ocedur e(4a§1eﬁ, ﬂi@ﬁzil?‘beﬁ%@ﬁﬁ%@ répladSwitte DHREBE. 4L hl SHoVE (4 Methbk {beddyl).2ompound
(97.8 ng, 29% as i ght-red powder, except that

(15) -1, 5- gndpdred=1-ylodyplehmne; dmd A 34 /6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone was
et hyl benzyl) 2- (prop-2-en-1-yl oxy) phenyl ]-2, 3,4,6-tetra- Oprop 2-en-1-yl -
| -t hi 0- D-regladed tvith %8, 6“6@&-@@@ Mi-é111-yl-5-thio-D-glucono-1,5-lactone.

(1S)-1, 5- anhydro | -[ 4-chl oro-5-(4- ethyl benzyl) - 2- (prop 2-en-1-

yl oxy) phenyl ]-2! B NMR (3060 M3 zOOT )R QF ORM-dYy b ppmr 3.B5-6-40-(g, adH X 49-318 (YR (600
MHz, METHANOL-d4) 6 ppm 1.18 (t, J=7.57 Hz, 3 H 2.57 (q, J=7.64 Hz, 2 H)
2.96 (ddd? H)3149. @@, H93353,(s,$.lz1)43.8&-,4.42 (ieh), 19.1?)24.6(1) (d,J=80%, PIH) 4182-91.99.(514 (dd,
J=10.32, 8.94 Hz, 1 H 3.71 (dd, J=11.69, 6.65 Hz, 1 H 3.76 (dd, J=10. 32,
8.94 Hz, 2H)5.0535.88(B, §&l)Cm1- Sé@ﬂm;ﬁﬂasaﬁ 6;1%11@ 4 5) 16773-4.84fmgs2 B 6(%2,(s,11 H)
701707(m 48(7.14% ESI mz = 442 (MeNH4™ ), 423 (MH), 459
(M:Q -). [{M@QF émpl H) 434(@]54-1,56) Pr epar ation of

1-C-[4-chl oro- é4 met hox benié é{;rop 2-en-1-yl oxy) phenyl ] -2, 3, 4, 6-
tetra- O prop- 2- BAl m/z+ 660 Mr“bI )gﬁ‘&ﬂc ylkhnose [0166] [Formula 43] Allyl O C

[0167] (14-B)

Preparation of (1S)-1,5-anhydro-1-[4-chloro-5-(4-methoxybenzyl)-2-(prop-2-en-1-
yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-1-yl-1-thio-D-glucitol

[0168] [Formula 44]

AllylO

AllylO™

The same procedure as shown in Example 1(1-B) was repeated to give the titled
compound (750 mg, 56%) as a colorless solid, except that 2,3,4,6-tetra-O-benzyl-1-C-[2-
(benzyloxy)-4-methyl-5-(4-methylbenzyl)phenyl]-5-thio-D-glucopyranose was replaced with
1-C-[4-chloro-5-(4-methoxybenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-
1-yl-5-thio-D-glucopyranose.

'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 2.88-3.08 (m, 1 H) 3.25 (t,
J=9.0 Hz, 1 H) 3.35-4.66 (m, 20 H) 4.73-4.99 (m, 2 H) 5.06-5.33 (m, 7 H) 5.33-5.55 (m, 2 H)
5.72-6.18 (m, 4 H) 6.74-6.83 (m, 2 H) 6.86 (s, 1 H) 7.04 (d, J=8.7 Hz, 2 H) 7.21 (s, 1 H).

ESI m/z = 649 (M+Na*), 644 (M+NH,"), 625 (M-H).
[0169] Example 15

Preparation of (1S)-1,5-anhydro-1-[4-chloro-2-hydroxy-5-(4-methoxybenzyl)phenyl]-1-thio-



ALlylOS CH AlylO 11, QAllyl OQAllyt The sanme procedure as shown in

Exanple 1(1-A) was repeated to give the titled conmpound (1.35 g, 54% as a

colorless oil, except that 1-(benzyloxy)-2-brono-5-nmethyl-4i. r 49

(4- et hyl benzyl ) benzene was replaced with

1- br ono- 4- chl or 0- 5- (4- net hoxybenzyl )-2- (prop-2-en-1-yl oxy)benzene, and

2,3,4,6-tetra- O benzyl -5-thi o- D- gl ucono- $05-] actone was replaced wth

2,3,4,6-tetra- O prop-2-en-1-yl-5-thio-Dglucono-1,5-1actone. 1H NVR (300

VHz, CHLO:@:MQ co%(g%ﬁﬂdgvﬁf)'?’- 47 (m 1 H 3.49-3.63 (m 2 H) 3.69 (t, 2

H 3.77 (s, 3 H 3.80-4.42 (m 10 H 4.60 (d, J=5.0 Hz, 2 H 4.82-4.99 (m 2

H) 5. 05-5.887¢)M[F8rhlllads$#1-5.60 (m 2 H) 5.76-6.17 (m 4 H 6.73-6.84 (m 2

H 6.92 (s, 1 I—H) 99-7.@(m %I—g 7.34 (brs., 1 H. ESI mz = 660

(MENH4' ), 641 (M H)". S A T4 Preparati on of

(1S)-1, 5-anhyqro-d - [ 4-chl ora (4- met hoxybenzyl)-2-(prop-2-en-1- ylox

y) phenyl ] HR) 3 prop-2-en-1-yl-I-thio-D-glucitol [0168] [Fornmul a

44] Allyl O ONE Ab O S AllylO "QAllyl QAllyl The sanme procedure as

shown in Ex e&él- was repeated to give the titled conmpound (750 ny,

56% as a colorl solid, except that 2,3,4,6-tetra-O benzyl-1-C[2-

(benzyl oxy) - 4- et hyl - 5- (4- et hyl benzyl ) phenyl ] - 5-t hi o- D- gl ucopyr anose was

replaced with

Lo LA el or o Sl i IRSUURBRAK sho®i GPERRR A 3T i b AP BRRN hadrd) 52t ot 2
anhydro-1-[4-chloro-5-(4-methylbenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-O-prop-

2-en-1-yl-1-thio-D-glucitol was replaced with (1S)-1,5-anhydro-1-[4-chloro-5-(4-
methoxybenzyl)-2-(prop-2-en-1-yloxy)phenyl]-2,3,4,6-tetra-O-prop-2-en-1-yl-1-thio-D-
glucitol. The resulting product was purified by silica gel column chromatography, followed
by decoloring with activated carbon (powder) and recrystallization from ethyl acetate to give
the titled compound (180 mg, 38%) as a colorless powder.

'H NMR (300 MHz, METHANOL-d,) 8 ppm 2.91-3.05 (m, 1 H) 3.24 (t, J=8.9 Hz,
1 H) 3.29-3.35 (m, 2 H) 3.57 (t, J=9.6 Hz, 1 H) 3.66-3.87 (m, 4 H) 3.87-4.00 (m, 3 H) 4.27 (d,
J=10.4 Hz, 1 H) 6.74-6.87 (m, 3 H) 7.01-7.11 (m, 2 H) 7.14 (s, 1 H).

ESIm/z = 449 (M+Na"), 444 (M+NH,"), 425 (M-H).
[0171] Formulation Example
[0172]



1l- yk-5-thi o- D- gl ucopyranose. 1H NVR (300 MHz, CHLOROFORM d) 6 ppm 2. 88-3.08
(m 1 H 3.25 (t, J=9.0 Hz, 1 H) 3.35-4.66 (m 20 H 4.73-4.99 (m 2 H)
5.06-5.33 (m 7 H 5.33-5.55 (m 2 H 572-6.18 (m 4 H 6.74-6.83 (m 2 H)
6.86 (s, 1 H 7.04 (d, J=8.7 Hz, 2 H 7.21 (s, 1 H. ESI mz = 649 (M:Na'),
644 (MrNH4' ), 625 (MH). [0169] Exanple 15 Preparation of

(1S) -1, 5-anhydro-1| -[ 4-chl or o- 2- hydr oxy= 551 4= met hoxybenzyl ) phenyl ] -1-thi o i

50 - D-glucitol (conpound (VIl)) [0170] [Formula 45] HOQ Ow HOS I XL H
"OH OH '[Jpgoléqre procedure as shown in Exanple 11 was repeated, except that
(1S)-1,5
anhydro 1- [ 4pd:
tetra-O prog 3 . 0B
(19-1,5-an 1Otk HeAaBIRY: or 0- 5- (4-

met hoxybenz

6-tetra-O prg g2 en-1-yl-l-thio-D glucitol. ﬂﬁ M|tlng product was
purified by silTfica gel colum chromatography, fo by decoloring with

activated Cal[&%?;e&%‘ﬁﬂg&rhtea”d recrystallizations ggspm&et hyl acetate to give
the titled conpound (180 ng, 38% as a colorless powder. 'H NVR (300 MHz,

METHANCL - d4)C§sﬁHIHe2ceﬁéln§e 05 (m 1 H) 3.24 (t, Qf@o%g"'L 1 H 3.29-3.35 (m
2 H 3.57 (t, 1 H 3.66-3.87 (m 4 H 3.87-4.00 (m 3 H 4.27 (d,

J=10. 4 Hz, 1Czh|bo%rn?élh cQhlécalilhy 7. 01-7. 11 (m0.8okg 7.14 (s, 1 H. ESI nz

= 449 (MrNa' NH4" ), 425 (MH). [0171] Formul ati on Exanple [0172]
Hydroxypropylcellulose 10.00 mg
Magnesium stearate 1.00 mg
200.00 mg

[0173] Preparation procedure

A drug is mixed with lactose monohydrate, crystalline cellulose,
carboxymethylcellulose calcium and hydroxypropylcellulose, followed by grinding in a mill.
The ground mixture is mixed for 1 minute in a stirring granulator and then granulated with
water for 4 to 8 minutes. The resulting granular product is dried at 70°C for 40 minutes.
The dry granular powder is sieved through a 500 um sieve. The sieved dry granular powder
and magnesium stearate are mixed using a V-type blender at 30 rpm for 3 minutes. The
granules for tabletting thus obtained are pressed and molded in a rotary tabletting machine to
prepare tablets as indicated in Table 2.

[0174] [Table 2]

Tablet weight: 200 mg

Tablet size: 8 mm, round

[0175] Test Example 1
(1) Cloning of human SGLT1 or human SGLT?2 and its introduction into expression vector
A human SGLT1 sequence (NM_000343) was reverse-transcribed and amplified

from human small intestine mRNA, and then introduced into pCMV-tag5A (Stratagene).



51 s [:Table 1] Formula for tablets containing 100 ng drug: Contents per
tablet: Drug 108.35 ng Lactose nonohydrate 38.65 ng Crystalline cellul ose
22.00 nmg Carboxynet hyl cell ul ose cal cium 20.00 ng Hydroxypropyl cel |l ul ose
10.00 mg Magnesium stearate 1.00 ng 200.00 ng [0173] Preparation procedure
A drug is mxed with | actose nonohydrate, crystalline cellul ose,

car boxynet hyl cel | ul ose cal ci um and hydroR¥propyl cel | ul ose, followed by
grinding inamll. The ground m xture is mxed for 1 mnute in a stirring

gr anul at orpiR&isé, HEHunSHnAS G B u\ehéelxNMm(Bmi)owas‘lprEgar@d FoRHihffan Kilifey €sul ting

granul ar product is dried at 70C for 40 m nutes. he dry granul ar ‘powder is

si eved t hrARYA i@ thOShnie Mg and RftroduadeidtodiADNIARN YhPdro FRWEEIgen RN ATHRBGNEST UM
stearate are m xed using a V-type blender at 30 rpmfor 3 mnutes. The

granul es findividabl déiiedngqiidness wbicaonfithmal © berieasal whkhl the¥eg@shcedreportal. ar y
tabletting machine to prepare tablets as indicated in Table 2. [0174]
[ Tabl e 2] [O&aTd]et(2WEregtion oRCHO¥] cellbhstably eipressing humanrSGIT1 of Mid4] SGET?
Exanmple 1 (1) doning of human SG.T1 or human SG.T2 and its introduction
i nt o expr essi on Mheduoran S6GHlend 18NS GE T exyress{ddWw008%8)e aamb transfected
reverse-transcribed and anplified fromhuman small intestine nRNA, and then
i nt r oducedniortldOpkdNeells aging lipsfectantine 20, (Isdtrogen).  The cells were cultured in the
presence of 500 pg/mL geneticin (SGLT1) or hygromycin B (SGLT2) to select resistant
strains and specific activity of sugar uptake in the system shown below was used as an
indicator to obtain SGLT-expressing cells.
[0177] (3) Inhibition test for sodium-dependent sugar uptake in cells
The cells stably expressing human SGLT1 or human SGLT2 were used for an
inhibition test of sodium-dependent sugar uptake activity.
The cells were incubated for 20 minutes in 1 mL pretreatment buffer (140 mM
choline chloride, 2 mM KCl, 1 mM CaCl;, 1 mM MgCl,, 10 mM HEPES/S mM Tris, pH 7.4).
The pretreatment buffer was removed and replaced with 200 uL uptake buffer containing a
test compound (methyl a-D-glucopyranoside (containing [**C]methyl a-D-glucopyranoside)
at 0.1 mM for SGLT1 inhibition and 1 mM for SGLT2 inhibition, 140 mM NaCl, 2 mM KCl,
1 mM CaCl;, 1 mM MgCl,, 10 mM HEPES/S mM Tris, pH 7.4). Uptake reaction was
performed at 37°C for 30 minutes (SGLT1) or 1 hour (SGLT2). After the reaction, the cells
were washed twice with 1 mL washing buffer (10 mM methyl a-D-glucopyranoside,
140 mM choline chloride, 2 mM KCl, 1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5S mM
Tris, pH 7.4), and then dissolved in a 0.2 M NaOH solution (400 uL). Aquazol 2 (Perkin
Elmer) was added and mixed well with each sample, followed by measurement of
radioactivity using a liquid scintillation counter (Beckman Coulter) to calculate the amount of
sugar uptake. For the control group, uptake buffer containing no test compound was
prepared. Moreover, another uptake buffer containing choline chloride instead of NaCl was

also prepared for basal uptake.

[0178] Test compounds prepared at 6 appropriate concentrations were used to measure the



i kewise, a human SG.T2 sequence (NM 003041) was prepared from human ki dney
MRNA i n the sanme manner and introduced into pcDNA3. 1+hygro (I nvitrogen). The
i ndi vi dual cl oned sequences were confirmed to be identical with the
sequences reported. [0176] (2) Creation of CHO k1l cells stably expressing
human SA.T1 or human SG.T2 The human SGLT1 and human SG.T2 expression
vectors were each transfected into CHO33L cells using |ipofectam ne 2000
(I'nvitrogen). The cells were cultured in the presence of 500 pg/nL

genet i of NahiGh bl upRE MGl ErcSiRialivhs IuREd RE'S0% RERIAN of Bt balhn_and

specific activity ugar uptake | e sy em shown W was use as an

i ndi cat or of Pl RAKE @QeEal%ﬁme%saglng ﬁﬁlelssassdlﬂﬂa fhat €5 arh &\t 1k 4 2P up@RE inf OF

sodi um depengent sugar uptake in cells The cels stably expressing human

SALT1 or iHewhtrsi@rdp WS &etusesbdhor an inhibition test of sodi um dependent

sugar uptake activity. The cells were incubated for 20 mnutes in 1 nL

pretreat nﬁ)r1t79}r_)< gﬁ%ﬂesﬂMO mM choline chloride, 2 MMKCl, 1 mM CaCl2, 1 nM

MyCl12, 10 mM HEPES/5 mM Tris, pH 7.4). The pretreat ment buffer was renoved

and repl aced w TzliblaG@hchwySGaKHnmbitf@racﬁomgt frieiduig for cod@pourkRhas (VIIy et hy|

a- D- gl ucopyranosi de (containing ['4C]nethyl a-D-glucopyranoside) at 0.1 nmM

f or SGLT1compoundtd8ddisalosedlinridtdnd DoSGhdid 9)nhUkéextpeotedly] @mpdidda),to VI KCl

1 nMCaCl2, 1 mM MyCl2, 10 mM HEPES/5 mM Tris, pH 7.4). Uptake reaction was

per f or medwhich3¥ate prepadd byiraplaeisg (I8GHE)Y gyou inhmumpo(Sd0d Kith avhnethy] gioep, an

reaction, the cells were washed twice with 1 nL washing buffer (10 nM

met hyl a- ©hgl grewparmetbexyigroup 90a matikyidiio groupiwere ifolnd t show Ketq 6-foldwirgeget 2, 1

mv MgC12, 10 mM HEPES/5 nM _Tris, pH 7.4), and then dissolved in a 0.2 M

NaCH sol uinhdritoryamivity. agmq&ai%Lletl(apépmpﬁun@wlylem@lw@alrambmrx@anm |

wi th each sanpl e foI | owed by neasurenent of radioactivity using a liquid

scintil | aB8B#t8Gkd2er (Beckman Coulter) to calcul ate the amount of sugar

upt ake. F&k@bﬂi co roI group, uptake buffer containing no test conmpound was
oRIF

pr epar ed anot her upt ake buffer containing choline chloride
i nstead of Nad was a0 Rreparedghor basal uptake.|j[0178] Tpest conpounds
prepared at 6 approprlgte Entif at i ons wef e lpéSeod tp mgasur e t he
T human | human
HO' OH’ SGLT1 SGLT2
(M) (nM)
Compound RE rR*
I Me Me 17 20
Me OMe 32 20
It Me Et 32 12
I\ Me SMe 27 10
\'A Ct Me 19 11
VI Ci Et 29 8
VI Cl OMe 33 13
Compound 98
(disclosed in Document 9) Me OEt 100 19

[0181] (5) Test Example 2
Confirmation test for hypoglycemic effect in db/db mice

The laboratory animals used were db/db mice (CLEA Japan, Inc., male, 7 weeks of



53 =ambunt of sugar uptake, and their concentrations required for 50%

I nhibition of the amount of sugar uptake were cal cul ated as | C50 val ues,
assum ng that the anobunt of sugar uptake in the control group was set to
100% [0179] (4) Results Table 3 shows SAT inhibition activity nmeasured for
conpounds (1) to (VI1) and conpound 98 di scl osed in Patent Docunent 9).
Unexpectedly, conpounds (lI) to (M), fch were prepared by replacing the
et hoxy group in conpound 98 with a nmethyl group, an ethyl group, a methoxy

group or aggpt NWidshids@h&iRas W@pr énde@ 80559 ﬁm%écars&y%eftméelﬁﬁdse RARIC)
i nhibitory activity against SGT1 than conmpound 98, while Tetaining their

| nhi bi t or WoRtioh ihd Ydjustgatds torehtidion[d118AgMl0all.e Gh tHAaofitfe @stl the dbad0 | CS0
HO human human HO 'OH SG.T1 SGE.T2 OH (n (nM Conmpound RB RA I Me Me 17

20 11 Me vk wage di0ided linto lfeoups 088 ahiZnald dackbsuSlvitha? diffdlendds Gl thivbnchd values VI Cl
Et 298 VII G Ow 33 13 Conmpound 98 Me CEt 100 15 (disclosed in Docunent
9) [0181] apB)vaiiastk ofteimpthleo® glucose levels were minimized, according to the procedures for
blood collection and blood glucose measurement described later. The mice were measured
for their body weight. Then, the test substance suspension was administered by oral gavage
using a probe for oral administration at a volume of 10 mL/kg. The control group received
a 0.5% aqueous CMC solution alone. Blood was collected at 8 points in total: before
administration of the test substance (0 hour) and 0.5, 1, 2, 4, 6, 8 and 24 hours after oral
administration. The test was performed under ad libitum feeding and drinking conditions.
Blood was collected from the orbital venous sinus of each animal under ether
anesthesia using a heparin-coated blood collection tube and measured for its blood glucose
level with a Glucose CII-Test Wako (Wako Pure Chemical Industries, Ltd., Japan). To
determine the intensity (%) of hypoglycemic effect, casual blood glucose levels measured
between 0 and 8 hours in each test group were analyzed by the trapezoidal method to

calculate the area under the blood glucose-time curve (AUC). The results are expressed as a

decrease in AUC relative to that of the control group.

(6) Results
[0182] [Table 4]
Intensity of hypoglycemic effect
Compound
(%)
I 48.5
I 49.7
Compound 98
35.0
(disclosed in Document 9)

INDUSTRIAL APPLICABILITY



Conf4 rrmation test for hypoglycemc effect in db/db mce The | aboratory

ani mal s used were db/db m ce (CLEA Japan, Inc., male, 7 weeks of 54 age). A
test substance was suspended in a 0.5% aqueous car boxynet hyl cel | ul ose (CM)
solution and adjusted to a concentration of 1 ng/10 nL. On the day of the
test, the db/db mce were divided into groups of 6 animals each, such that
differences in the nean values and variahce of their blood glucose |evels
were mnimzed, according to the procedures for blood collection and bl ood
gl ucose neaf) e MRABHrASHCHV&HRAn IcAh BE exptoRdTo PRIVIR £prdBRAERDr th&apdufiglaged?Ody
wei ght. Then, "the test substance suspensi on was ad%1n|stered by oral gavage
using a preetdaticdds Wwhich cédpiisdsSisr antdclifie figretlion®)] Aphéiyl 1GhivlhkJucitbd Borfiptiindo!
group received a O 5% aqueous CMC sol ution alone. Blood was collected at 8
poi nt's i n jhldbiging bbef SGET1 éxddivm-depenidemtizlwiosé tignspefiér Hlopteaseddn (it smpuly ) and
0.5, 1, 2, 4, 6, 8 and 24 hours after oral admnistration. The test was
per f or med intastinal gudthelitintanchSGIETH 3gdiamddependdnt pincoserntetinspans .2) Bkpresbeddrsthe
collected fromthe orbital venous sinus of each animal under ether

anest hesi &idmsy hgachi¢tvepst bnlycoppressidn ogluast hbsorptoom fromehadigestvastacedithlso i ts
bl ood glucose level with a Qucose Cl|-Test Wako (Wako Pure Chem ca

| ndust ri esxcietion of UripanyugaT™® deternmine the intensity (% of hypoglycenic
ef fect, casual blood glucose |evels neasured between 0 and 8 hours in each
test group were analyzed by the trapezoidal nmethod to calculate the area
under the bl ood glucose-tinme curve (AUC). The results are expressed as a
decrease in AUC relative to that of the control group. (6) Results [0182]

[ Tabl e 4] Intensity of hypoglycemc effect Conpound (%9 | 48.5 Il 49.7
Compound 98



35. 0~ ¢disclosed in Docunment 9) | NDUSTRI AL APPLI CABILITY 55 [0183] The
present invention can be expected to provide a prophylactic or therapeutic
agent for diabetes which conprises, as an active ingredient, a 1-phenyl
1-thio-D-glucitol conpound inhibiting both SGLT1 (sodi um dependent gl ucose
transporter 1) expressed in the small intestinal epitheliumand SGT2
(sodi um dependent gl ucose transporter 2) 5&xpressed in the Kkidney to achieve
not only suppression of glucose absorption fromthe digestive tract but al so
excretion of urinary sugars. 56 - CLAlI Mparss A 1-phenyl 1-thio-D-glucitol
conmpound represented by fornmula (1): [Fornula 1] HOMe M HO S HO' "' COH
OH (1) or a pharmaceutically acceptable salt thereof or a hydrate thereof.
2. A 1l-phenyl 1-thio-D-glucitol conmpound represented by formula (I1):
[ Formul a 2]. HO Me 1@¥enylHOthHSo-B-glukitol@dmpoiid repkesantpd By f&@aili (I3al | y accept abl e
salt thereof or a hydrate thereof.

[Formula 1]

or a pharmaceutically acceptable salt thereof or a hydrate thereof.
2. A 1-phenyl 1-thio-D-glucitol compound represented by formula (II):
[Formula 2]

or a pharmaceutically acceptable salt thereof or a hydrate thereof.
3. A 1-phenyl 1-thio-D-glucitol compound represented by formula (III):
[Formula 3]

or a pharmaceutically acceptable salt thereof or a hydrate thereof.

4. A 1-phenyl 1-thio-D-glucitol compound represented by formula (IV):



3.~ Amlephenyl 1-thio-D-glucitol conpound represented by formula (I11):
[Formula 3] HOM Et HO S H "/OH OH (111) or a pharmaceutically
acceptabl e salt thereof or a hydrate thereof. 4. A 1-phenyl
1-thio-D-glucitol conpound represented by forrmula (IV): 57 - [Fornmula 4] HO
M SMe HOSH'OH OH (1V) or a pharmaceutically acceptable salt thereof
or a hydrate thereof. 5. A 1-phenyl 1-thiPd-D-glucitol conpound represented
by formula (V): [Formula 5] HOC M HOS HO OH OH (V) or a

phar rraceutq’mahhm@ccept able salt thereof or a hydrate thereof. 6. A 1-phenyl
1-t hi o-D-gl uci tol H@npoun%éere%eméed by formula (VI): [Formula 6] HO C
Et

HO

HO" “OH

OH

(1v)

or a pharmaceutically acceptable salt thereof or a hydrate thereof.
S. A 1-phenyl 1-thio-D-glucitol compound represented by formula (V):
[Formula 5]

or a pharmaceutically acceptable salt thereof or a hydrate thereof.
6. A 1-phenyl 1-thio-D-glucitol compound represented by formula (VI):
[Formula 6]

or a pharmaceutically acceptable salt thereof or a hydrate thereof.

7. A 1-phenyl 1-thio-D-glucitol compound represented by formula (VII):



H@ S«Hs' OH OH (VI) or a pharmaceutically acceptable salt thereof or a
hydrate thereof. 7. A 1-phenyl 1-thio-D-glucitol conpound represented by
formula (M1): 58 - [Formula 7] HOC Ow HO S HO "OH OH (VIl) or a
pharmaceutically acceptable salt thereof or a hydrate thereof. 8. A
pharmaceutical preparation, which conprises the 1-phenyl 1-thio-D glucitol
conpound according to any one of clains B8 o 7 or a pharmaceutically
acceptable salt thereof or a hydrate thereof as an active ingredient. 9.
The pharnagﬁﬂhhﬁq% preparation according to claim8, which is an inhibitor

of both I um ndent | ucos ransporter 1 activity and

sodi um dependent activity. 10. A prophylactic or

t herapeutic agentgfo di abet es-rel ated di seases or diabetic
conpl i cati bi€¥, “Yhi g t he 1-phenyl 1-thio-Dglucitol conpound
according to an- gne of claims 1 to 7 or a pharnmaceutically acceptable salt

t hereof or & deroﬁe ereof as an active ingredient.

(Vi)

or a pharmaceutically acceptable salt thereof or a hydrate thereof.

8. A pharmaceutical preparation, which comprises the 1-phenyl 1-thio-D-glucitol
compound according to any one of claims 1 to 7 or a pharmaceutically acceptable salt thereof
or a hydrate thereof as an active ingredient.

9. The pharmaceutical preparation according to claim 8, which is an inhibitor of both
sodium-dependent glucose transporter 1 activity and sodium-dependent glucose transporter 2
activity.

10. A prophylactic or therapeutic agent for diabetes, diabetes-related diseases or diabetic
complications, which comprises the 1-phenyl 1-thio-D-glucitol compound according to any
one of claims 1 to 7 or a pharmaceutically acceptable salt thereof or a hydrate thereof as an

active ingredient.





