- 1 - SPECI FI CATI ON SPI ROKETAL DERI VATI VES AND USE THEREOF AS DI ABETI C
MEDL.CI NE TECHNI CAL FI ELD [0001] The present invention relates to
pharmaceutically useful spiroketal derivatives, prodrugs thereof and
pharmaceutically acceptable salts thereof. Particularly, the present

I nvention relates to spiroketal derivatives and prodrugs thereof and salts
t hereof, which are useful as prophylac%it or therapeutic agents for

hyper gl ycem a-i nduced diseases such as diabetes including insulin-dependent
di abetes nellitus (type | di abeteppcaptcapognsul i n-dependent di abetes
mellitus (type Il diabetes), diabetic conplications and obesity, because of
their ability to inhibit NSPIROKET?. DERIVATIVES @ND2 (SGLT2). BACKGROUND
ART [0002] In recent yewst THEREOMDY DepdirabeMepodieents has increased
due to westernized diets and a chronic |ack of exercise, etc. In diabetic
patients, chronic hyperglycem a causes reductions in both insulin secretion
and i nsuTEGHNEGAB| FIBLPYy, which in turn will cause elevation of blood

gl ucose |l evels and | ead to exacerbation of synptons. Drugs conventionally
used as [A@Phpeuti c HaerpEesent dinper bion ncelafkes bigueinateacestidahly ur eas,
gl ycosi dase_i nhibitors and_insulin- resistance inproving agents. However,
adver se $fgbulfspireketal desivatiysshapeodrugsr thereef; andr exanple, lactic

aci dosi s . for biguanides, hypogléﬁenia for sulfonylureas, and diarrhea for
gl ycosi deRarnagepfierily| acrephahlet FahEsytheseptd tRarticularly, the

present invention relates to spiroketal derivatives and

‘prodrugs thereof and salts thereof, which are useful as
prophylactic or therapeutic agents for hyperglycemia-induced
diseases such as diabetes including insulin-dependent diabetes
mellitus {(type I diabetes) and non-insulin-dependent diabetes
mellitus {(type II diabetes), diabetic complications and
obesity, because of their ability to inhibit Na'-glucose
cotransporter 2 (SGLT2).

BACKGROUND ART

{oo02] In recent yvears, the number of diabetic patients
has increased due to westernized diets and a chronic lack of
exercise, etc. In diabetic patients, chronic hyperglycemia
causes reductions in both insulin secretion and insulin
sensitivity, which in turn will cause elevation of blood
glucose levels and lead to exacerbation of symptoms. Drugs
conventionally used as therapeutic agents for diabetes include
biguanides, sulfonylureas, glycosidase inhibitors and insulin-
resistance improving agents. However, adverse side effects of
these drugs have been reported; for example, lactic acidosis
for biguanides, hypoglycemia for sulfonylureas, and diarrhea

for glycosidase inhibitors. It is now strongly desired to



2 develop therapeutic agents for diabetes that depend on a new nechani sm
of action which is different fromthose conventionally proposed. [0003]
Phloridzin, a naturally-occurring glucose derivative, is reported to
produce a hypogl ycem c effect by inhibiting sodiumdependent gl ucose
cotransporter 2 (SG.T2) present at the Si site of renal proximal tubules
resulting in inhibiting excessive glucose reabsorption in the kidney and in
accelerating the glucose excretion (séezhbnpatent Docunent 1). Until now,
an increasi ng nunber of studies have been conducted to devel op therapeutic
agent s f aevdilapetherapautdepagdnoe £6C. . d2abahbebi that. dkpend] ohoa axanpl e,
conpounds used as SG.T2 inhibitors are reported in JP 2000-080041 A (Patent
Docurnent méfhanismepfiabcthah wWhihkhcasi dafRered0££0G8660s€gPat ent Docunent 2),
I nternational Publication No. WO04/007517 (Patent Docunent 3) and so on.
However , cpaventdenalandpraposedpounds disclosed in these patent
applications have a problemin that, when admnistered orally, they are
readily h98P8llyzed bgh%ﬁéiééimona patarglbyieagersving hglucasepresent in the
smal |l intestine, and, hence rapidly |ose their pharmacol ogi cal effects.

Mor eover deTiiHathEecadé HEPRREBH §92i RTofugea g D¥BAIPKFEmEEi ATEeCEep¥rted to
strongly.i hibia sugar,tra sEorters of the facilitated diffusion type. For
exanpl e, 1PREPETIRILSPELBMr AERERART L HIRCORRI GPEFPRSBPEYGEeS ARCHT¢Er se

o110t ObrhadHE' AY, LABLEICLEREzbe FAHEDSERkSLS3 LB EE' FRNREPLEY) coe

reasons,i% E EggﬁghgﬁgeggggeHEQSGgge reabsorption in the kidney and in
accelerating the glucose excretion (see Nonpatent Document 1).
Until now, an increasing number c¢f studies have been conducted
to develeop therapeutic agents for diahetes that depend on
SGLT2 inhibition.
[0004] For example, compounds used as SGLT2 inhibitors
are reported in JP 2000-080041 A (Patent Document 1),
International Publication No. W001/068660 (Patent Document 2},
International Publication No. W004/007517 (Patent Document 3)
and so on. However, phloridzin and the compounds disclosed in
these patent applications have a problem in that, when
administered corally, they are readily hydrolyzed by the action
of glycosidase or the like present in the small intestine, and
hence rapidly lose their pharmacological effects. Moreover,
in the case of phloridzin, its aglycon phloretin is reported
to strongly inhibit sugar transporters of the facilitated
diffusion type. For example, there is a report showing that
phloretin produces an adverse effect of reducing intracerebral
glucose levels when intravenously administered to rats (see,
e.g., Nonpatent Document 2).

[0005] For these reasons, attempts have been made to



3 convert these conpounds into their prodrug forms with the aim of
avoi.di ng such digestion problens and inproving absorption efficiency.
However, although it is desired that prodrugs when adm nistered are

preci sely nmetabolized into active conpounds in or near their target organs,
stable effects are often difficult to _achieve due to the action of various
met abol i ¢ enzynes present in the body ahd | arge variations anobng

i ndividuals. Other attenpts have al so been made to replace glycosidic

| i nkagescomvéhesthesapovmpsugs it benthehr bptodiug apesms seetPatkat aDacunent s
4 to 8). However, there still remains a demand for further inprovenents in
their pbraectdingasueh opbgestioni probliemsy aed i impyowimlg n@bsaboption
stability. Patent Document 1: Japanese Patent Publication 2000- 080041 A
Pat ent Dotfehency. | taweven orfllthangh ddt iign desirafoithads sgesmrgphl et

Pat ent Docunent 3: International Publication No. WO04/007517 Panphl et

Pat ent DoeeRrepiminigskered care mbeeiteelymebohebizedsinto paekhve Documrent 5:
US Patent Publication 2002/137903 A Patent Docunent 6. I|nternational

Publ i cat FefRP R %w@&/®97ﬁ?%rPQW5hF ctargebRrarRsneptable | afEeabs i 3FRl
Publ i cati on No, _WO02 083066 t Patent Docupent 8: |Infernational

Publ i cat PHHeROILELHP 51§ﬁlﬁc ?ehbﬁ the AELERR UAERYARIOYS .

'”VeSt-’mQEabé Zc(éﬁg es present in the body and large variations

among individuals. Other attempts have also been made to
replace glycosidic linkages in these compounds by carbon-
carbon linkages (see Patent Documents 4 to 8). However, there
still remains a demand for further improvements in theilr
pharmaceutical properties, including activity and metabolic

stability.

Patent Document 1: Japanese Patent Publication 2000-
080041 A

Patent Document 2: International Publication No.
W001/068660 Pamphlet

Patent Document 3: International Publication No.
WO04/007517 Pamphlet

Patent Document 4: US Patent Publication 2001/041674 A

Patent Document 5: US Patent Publication 2002/137903 A

Patent Document 6: International Publication No.
W001/027128 Pamphlet

Patent Document 7: International Publication No.
W002/083066 Pamphlet

Patent Document 8: International Publication No.
W004/013118 Pamphlet

Non-patent Document 1: J. Clin. Invest., 93, 397 {1994)



4 - Non-patent Docunent 2: Stroke, 14, 388 (1983) DI SCLOSURE OF THE

| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0006] An obj ect of the
present invention is to provide a spiroketal derivative having
pharmaceutically preferred properties. Particularly, the present invention
ains to provide a spiroketal derivative having a hypoglycemc effect and
further having pharmaceutically prefeFréd'properties such as prol onged

ef ficacy, netabolic stability or safety. Another object of the present

i nvent i oNoprspagepitoPpgumgnshidr ngstokecal4.c8fBo$LPB8N used for prevention or
treatment of hyperglycem a- induced di seases such as di abetes incl uding

I nsul i n- DEBEBOSHRE OFafHEcINNENITIONS (type | di abetes) and

non-i nsul i n-dependent diabetes nellitus (type Il diabetes), diabetic

conpl i caPROBEEMENHO0BESs BOLVENEBYUREET ONSENVEONHE PROBLEMS [ 0007] As a result
of extensive and intensive efforts nade to achieve the objects stated
above, the0PAYent or sAnfobhiectppEsthe pnesentohnventiénuis tbapravigeraket al
derivative of Formula (1) has excellent inhibitory activity agai nst SAT2.
Thi s fi ng@Pagoke§adoderdvasiprehryhngf phazmpeevsicalayepre§arref0008] Namel vy,
according to one aspect of the present invention, there is provided a
conpoundPEPPREEAIFa (F3rticulanpno] thepresent|inyentipn aimp) ko

provide a spiroketal derivative having a hypoglycemic effect

and further having pharmaceutically preferred properties such
as prolonged efficacy, metabolic stability or safety. Another
object of the present invention is to provide a pharmaceutical
composition used for prevention or treatment of hyperglycemia-
induced diseases such as diabetes including insulin-dependent
diabetes mellitus (type I diabetes) and non-insulin-dependent
diabetes mellitus (type II diabetes), diabetic complications
and obesity.

MEASURE TO SOLVE THE PROBLEMS

[0007] As a result of extensive and intensive efforts
made to achieve the objects stated above, the inventors of the
present invention have found that a spiroketal derivative of
Formula (I) has excellent inhibitory activity against SGLT2.
This finding led to the completion of the present invention.
[0008] Namely, according to one aspect of the present

invention, there is provided a compound of Formula (I):



0O OR 0 R4O0O OR2 OR3 (I) [0010] wherein R1, R2, R3 and R4 are each

i ndependently selected froma hydrogen atom a C,-C6 al kyl group which may
be substituted with one or nore Ra, a C7-Cl4 aral kyl group which my be
substituted with one or nore Rb, and -C(=O) Rx; Rx represents a Cl-C6 al kyl
group which may be substituted with onﬁ or nore Ra, an aryl group which may
be substituted with one or nore Rb, a Heferoaryl group which may be
substituted with one or nore Rb, a Cl-C6 al koxy group which my be
substitufedo®lt h[Boemaolanbie Ra, or -NReRf; Arl represents an aromatic
carbocyclic ring which may be substituted with one or nore Rb, or an
aromati c heterocyclic ring which may be sul@t+tAited with one or nore Rb; Q

represents -(CH2)m (L)p- or -(L)p-(CH2 Xmrepresents an integer selected
fromO to 2, n represents an integer [sgddcted from1l and 2, and p
ndg/1; L represents -0-, -S or

represents an integer selected fgagh’

-NR5-, R5 is selected froma hydr natgm a Cl-C6 al kyl group which may
be substituted with one or nore Ra, (§ Hpxt 6 A represents an aryl
group which nmay be substituted with pre Rb or a heteroaryl group
whi ch may be substituted wth one or , Wherein the aryl group or the
het er oar yl R*O

OR?2

[0010] wherein R', R?*, R’ and R! are each independently
selected from a hydrogen atom, a C;-C¢ alkyl group which may be
substituted with one or more Ra, a C;-C;4 aralkyl group which
may be substituted with one or more Rb, and -C(=0C)Rx;

Rx represents a C;-C¢ alkyl group which may be
substituted with one or more Ra, an aryl group which may be
substituted with one or more Rb, a heterocaryl group which may
be substituted with one or more Rb, a C;-Cs alkoxy group which
may be substituted with one or more Ra, or -NReRf;

art represents an aromatic carbocyclic ring which may be
substituted with one or more Rb, or an aromatic heterocyclic
ring which may be substituted with one or more Rb;

Q represents -(CHz)p-(L)p~ or -(L)p-{CH2)p-:

m represents an integer selected from 0 to 2, n
represents an integer selected from 1 and 2, and p represents
an integer selected from 0 and 1;

L represents -0-, -S- or -NR°-,

R® is selected from a hydrogen atom, a C;-Cg alkyl group

which may be substituted with one or more Ra, and -C(=0O)Rx;



group may forma condensed ring together with the aromatic carbocyclic ring
or the aromatic heterocyclic ring; Ra is independently selected froma

hal ogen atom a hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a Cl-C6 al koxy group which nay be substituted with one or nore Rc,
an aryl group which may be substituted with one or nore Rd, an aryl oxy
group which may be substituted with one_or nore Rd, a heteroaryl group

whi ch may be substituted with one or “mbré Rd, a heteroaryl oxy group which
may be substituted wth one or nore Rd, a mercapto group, a Cl1-C6 al kylthio
group which mayrepresesatist anedryilt brone @hiphr mafc bea sGbs€a tutleldy wdtthf i nyl
group which may be substituted with one or nore Rc, a Cl-C6 al kyl sul fonyl
group whionle way mgares Ribs oirt at &e teirolrydngronpnwhd cRc mayNBeRgubs tCtuted

al koxycar bonyl group which may be substituted with one or nore Rc, and a
Cl- C6 al Withacbenpir mgreuBbuwhwbieredp Hhesaryili groud wn thendedenverylRc; Rb
I s i ndependently selected froma Cl1-C6 al kyl group which may be substituted
wi t h one 98PURpf@YRECTA esﬂeadeﬁﬁéﬂoéﬂﬁﬁlt@ﬂ@ﬁgeﬁhWéﬁhnﬁpebér§m@§ﬂptuted with
one or nore_Rc, _a C2-C6 al kenyl group which may be substituted with one or
nore RcCaXPESYEdig EjR@ OoFr $Hs ﬂ%P@ﬁt%Eth§e§GE§F#ﬂGtE&nﬂ‘th one or nore
Rc, a C7-Cl4 aral kyl ,gr.oup ggich may .be sybstituted with one or nore Rd, a
hal ogen atom &2hydr dRIPPERGERLLY éééﬁﬁtearéﬁﬁw g Redrgeyr 84F™-adcar boxy!

whi ch bstituted wt e or nore Rc,

group, a C@éCQ i]kox group. W may be sy L hr%n

an aryl Q¥SESFYL SR &y SHENOUHEPMPut Bd ™R JFEUBr RoFETREXYAn aryl oxy

Shouh e B S e i, Y€ s AR WA ol 0P
or more Re¢, an aryl group which may be substituted with one or
more Rd, an aryloxy group which may be substituted with one or
more Rd, a heteroaryl group which may be substituted with one
or more RdA, a heteroaryloxy group which may be substituted
with one or more R4, a mercapto group, a C;-Cs alkylthio group
which may be substituted with one or more Rc, a Cy-Cg
alkylsulfinyl group which may be substituted with one or more
Rc, a C;-C¢ alkylsulfonyl group which may be substituted with
one or more Rc, -NRfRg, a Ci-Cg alkoxycarbonyl group which may
be substituted with one or more Rc, and a C,-Cs alkylcarbonyl
group which may be substituted with one or more Rc;

Rb is independently selected from a C,-Cs alkyl group
which may be substituted with one or more Rc, a C3-Cg
cycloalkyl group which may be substituted with one or more Rc,
a C,-C¢ alkenyl group which may be substituted with one or more
Rc, a C;-C¢ alkynyl group which may be substituted with one or
more Rc, a C;-Cy4 aralkyl group which may be substituted with
one or more RA, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a carboxyl group, a C;-Cs¢ alkoxy group

which may be substituted with one or more Rc, an aryl group



het er oaryl oxy group which may be substituted with one or nore Rd, a
mercapto group, a Cl-C6 al kylthio group which my be substituted with one
or nore Rc, a Cl1-C6 al kyl sulfinyl group which nay be substituted with one
or nore Rc, a C1-C6 al kyl sul fonyl group which nay be substituted with one
or nore Rc, -NRfRg, a Cl-C6 al kyl carbonyl group which may be substituted
with one or nore Rc, a Cl-C6 al koxycarbonyl group which may be substituted
with one or nore Rc, a Cl1-C3 aIkernéd?oXy group, a heterocyclyl group, and
a heterocyclyloxy group; Rc is independently selected froma hal ogen atom

a hydrowhlicBradp, ba 6MBHOigGEEA, witHi bhe 8fO0MBrearaar BAX¥ky168%9UBrodpCl- C6
al koxy group, an aryl group which nmay be substituted with one or nore Rd,
an aryl oujighomaywbiechubayibateduistht ohedow mbranrRaor aﬁﬁé‘:eﬂdar?lhet eroaryl
group which nmay be substituted with one or nore Rd, a heteroaryloxy group
whi ch nmagrbepswhitht magdbei shbshitatedowdtRdonanoanmopegRaypa a Cl- C6

al kyl am no group, and a di-(Cl-C6 al kyl)am no group; Rd is independently

sel ect edhétenpar?logs arkyb whbobh mapi bh supsbitetbdt withednei b moeeor nore
hal ogen atons, a C7-Cl4 aral kyl group, a hal ogen atom a hydroxyl group, a
cyano gR8upd BeRFapEogavopp.af GmiGo adéylrhip @roop ahidwhamayo bgr oup, and
a di-(Cl1-C6 al kyl)am no group; Re represents a hydrogen atom a Cl1-C6 al kyl
group whFehstihyted wibbtphat ey WPER Bfie 8r Cmffe aikylsnlfipylggeeypnhi ch - 8
may be substjtuted with one or nore Rd, or a heteroaryl group which may be
subst it uvRHcHi PARYoRe BRPFbLEuRRd wWithepRresert BouehRdr oBehrfom or a Cl-C6

al kyl gro
i g afﬁylsulfonyl group which may be substituted with one or more

Re, -NRfRg, a C;-C¢ alkylcarbonyl group which may be
substituted with one or more Rc, a C;-C¢ alkoxycarbonyl group
which may be substituted with one or more Rc, a C;-C;
alkylenedioxy group, a heterocyclyl group, and a
heterocyclyloxy group;

Rc is independently selected from a halogen atom, a
hydroxyl group, a cyanc group, a nitro group, a carboxyl
group, a C;-C¢ alkexy group, an aryl group which may be
substituted with one or more Rd, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl group which may
be substituted with one or more Rd, a heteroaryloxy group
which may be substituted with one or mocre Rd, an amino group,
a C;-C¢ alkylamino group, and a di-(C;-C¢ alkyl)aminc group;

Rd is independently selected from a C;-Cs alkyl group
which may be substituted with one or more halogen atoms, a
C;-C14 aralkyl group, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, a C,-C¢ alkylamino group,
and a di-(C;-C¢ alkyl)amino group;

Re represents a hydrogen atom, a C,-C; alkyl group which

may be substituted with one or more Rc, an aryl group which



whi ch may be substituted with one or nore Rc; and Rg represents a hydrogen
atom a Cl1-C6 al kyl group which may be substituted with Rc, a Cl-C6

al kyl car bonyl group which nay be substituted with one or nore Rc, an aryl
group which may be substituted with one or nore Rd, a heteroaryl group

whi ch may be substituted with one or nore Rd, a carbanoyl group, a Cl-C6
al koxycar bonyl group which may be substBtated with one or nore Rc, or a
Cl- C6 al kyl sul fonyl group which may be substituted with one or nore Rc, or

Re and RiayobeRisuba® iRetERY withModetor! fofeTREDELE hi g
t oget her Rﬁfhethg nlgrogen a#bn1toewﬁfé ° FhegbaPE attg%%g%%&gl grgpgdrug

t her eof , wBich Al ?rmcgublsQakmegcmmhabhe o2 morkhegeof . [0011] According to
anot her aspect of the present invention, there is provided a conmpound of

Fornmula (la): REO2EPrekkatsubahzirgén Atbm( GE2ANcORS k1 QrdyO OR2 OR3
(1a) 9 [0013] wherein Arl, Q n, Rl, R2, R3, R4 and A are as defined
above, which may be substituted with one or more Rc¢; and
Rg represents a hydrogen atom, a C;-C¢ alkyl group which
may be substituted with Rec, a C;-C¢ alkylcarbonyl group which
may be substituted with one or more Rc, an aryl group which
may be substituted with one or more Rd, a heteroaryl group
which may be substituted with one or more Rd, a carbamoyl
group, a C;-C¢ alkoxycarbonyl group which may be substituted
with one or more Rc, or a (C;-Cs alkylsulfonyl group which may
be substituted with one or more R¢, or
Re and Rf, or Rf and Rg may form a 4- to 7-membered
heterocyclic ring together with the nitrogen atom to which
they are attached,
or a prodrug thereof, ¢r a pharmaceutically acceptable salt
thereof.
[0011] According to another aspect of the present
invention, there is provided a compound of Formula (Ia):

[0012] [Formula 2]




or a prodrug thereof, or a pharmaceutically acceptable salt thereof. [0014]
In the present invention, Arl is preferably a benzene ring or a thiophene
ring (each of which may be substituted with one or nore Rb). Likewise, mis
preferably 1, and it is preferably 1. Mreover, Rl, R2, R3 and R4 are each
I ndependent|ly selected froma hydrogen atomand -C(=O Rx, and Rx is
preferably a C -C6 al kyl group which ﬁa? Be substituted wth one or nore
Ra, or a C -C6 al koxy group which may be substituted with one or nore Ra.

[ 0015) | rfoduwief err edheweshni put| op, Mder! AH?,had, ar* At ta@htag (CH2) m A on
its ring atomthat is 2 atons apart fromthe ring atomdirectly attached to
t he substdetfiiinedl ajowei,t ol group. For exanple, when Arl is a benzene ring, a
net a- substituted formis preferred; when Arl is a pyridine ring, a

2, 4- substont @ @dod3 v dilesteicfut ed ar phadmaiesitiitalldy aomeptadler efaditr ed.

Al ternatively, when Arl is a thiophene ring, a 2,5-substituted or

3, 5- substthemeed .formis preferred. The substituted glucitol group and the
substituent -(CH2)m A nay be attached to a ring _nitrogen atom [0016]
Accordind09é4§et anofRethgspeesest LR¥epitdsant ALl nierpreferablyeais provi ded

a conmpound of Forrmula (Ib): 10 - [0017] [Formula 3] W Art O I..... oP1 O
P40 benzene ring or a thiophene ring (each of which may be

substituted with one or more Rb). Likewise, m is preferably
1, and n is preferably 1. Moreover, R', R?, R® and R! are each
independently selected from a hydrogen atom and -C(=0)Rx, and
Rx is preferably a C;-C¢ alkyl group which may be substituted
with one or more Ra, or a C;-Cs; alkoxy group which may be
substituted with one or more Ra.

[0015] In a preferred substitution mode, Ar! has a
substituent -(CH,),-A on its ring atom that is 2 atoms apart
from the ring atom directly attached to the substituted
glucitol group. For example, when Ar' is a benzene ring, a
meta-substituted form is preferred; when Ar' is a pyridine
ring, a 2,4-substituted, 3,5-substituted or 2,6-substituted
form is preferred. Alternatively, when Ar' is a thiophene
ring, a 2,5-substituted or 3,5-substituted form is preferred.
The substituted glucitol group and the substituent -(CH;),-A
may be attached to a ring nitrogen atom,

[0016] According to yet another aspect of the present

invention, there is provided a compound of Formula (Ib}:



OP2 OP3 (Ib) [0018] wherein n represents an integer selected from1l and
2; Arl represents an aromatic carbocyclic ring which may be substituted
with one or nore Rb, or an aromatic heterocyclic ring which nay be
substituted with one or nore Ro; Wrepresents -O-Z or a hal ogen atom Z
represents a hydrogen atom an acyl group or a benzyl group; pl p2l1 p3 and
P4 are each independently sel ected front “hydrogen atom an acyl group or a
benzyl group; and Rb is as defined above. This conpound is useful, for
exanpl e, [cEl 7] SYFblaila Bnternmedi ate for the conpound of the present
invention represented by Fornmula (I). As used heréﬁfu the term"acyl group
is a conmon nane for groups represented by d enconpasses a fornyl
group, a C,,-C6 al kyl carbonyl group ( ~an acetyl group, a propionyl
group), an arylcarbonyl group (e.g., J&Fn oyl group, a naphthoyl group),
11 a C7-Cl4 aral kyl carbonyl group (e,q.”,' a/benzyl carbonyl group) and so
on. [0019] According to yet anohggH. spe of the present invention, there
is provided a pharnmaceutical conpos¥tton

cotransporter inhibitor, which conmpp,ses..

or use as an Na+-glucose

a co hd of the above Fornul a
(I') or (la) or a prodrug thereof, oOr
thereof. [0020] According to yet anot

matellti cal |y acceptable salt
g@ct of the present

P*0 ,
i OP
oP®
(1b)
[0018] wherein n represents an integer selected from 1

and 2;

Ar' represents an aromatic carbocyclic ring which may be
substituted with one or more Rb, or an aromatic heterocyclic
ring which may be substituted with one or more Rb:

W represents -0-Z or a halogen atom;

Z represents a hydrogen atom, an acyl group or a benzyl
group;

P!, P?, P? and P! are each independently selected from a
hydregen atom, an acyl group or a benzyl group; and
Rb is as defined above. This compound is useful, for example,
as a synthetic intermediate for the compound of the present
invention represented by Formula (I). As used herein, the
term "acyl group” is a common name for groups represented by
RCO- and encompasses a formyl group, a C;-C¢ alkylcarbonyl
group (e.g., an acetyl group, a propionyl group), an

arylcarbonyl group (e.g., a benzoyl group, a naphthoyl group),



I nvention, there is provided a pharnmaceutical conposition for wuse in
preventing or treating diabetes (e.g., insulin- dependent diabetes nellitus
(type | diabetes) or non-insulin- dependent diabetes nellitus (type |

di abetes)) or hyperglycem a, diabetic conplications induced thereby, or
obesity, which conprises a conmpound of the above Fornula (1) or (la) or a
prodrug thereof, or a pharmaceutically Btceptable salt thereof. [0021]
According to yet another aspect of the present invention, there is provided

a net hod f @f,_BI £\L\eahikRa b a es 4 5}:5_1,&! d nt

di abet es nell i tlus (lt}e;?g'e I (?nge detq%pd (%b% msﬁelgln’y&epenélnﬁ't %e)es

mel |'itus anld \gee onl, di abetes)), hypergl ycem a-induced diabetic conplications
or obesity, which conprises administering to a patient a therapeutically

ef fecti vgoamaunt of aceerpewqdtef yethanakawe E@E%ltao(fl kh@’ pe@kn®’ @
prodrug thereof, or a pharnaceutlcally acceptabl e salt thereof [0022] In

t he abovanh_mnmﬂoaﬁ (therand s lpBovide@ RS pheirmardu tdsaRl cofpodit id 4
i nclude, for exanple, a hydrogen atom a Cl1-C6 al kyl group, a Cl-C6

al koxy- Clxs@b6 aal layl Ngr’ egpucas€7eCtfahdpoatarkyhhgbotpr, awhlchbcamsylsasbonyl
group, a C7-Cl4 aral kyl carbonyl group, a C, -C6 al koxycarbonyl group, and a

C7- C14 araldopipmandaciforiple gibove Fhmsd agr{idypo gy ale ors @ gricdrhgd with one
or nore substituents which are each independently selected froma hal ogen

atom a Wereafl. @rog Phagmes:elt 1giaddyy agicemtabdeCraldd dhieplesd-bonyl group,
a car boxyl roup, an amno group and a substituted am no group, preferably
each inddﬁ%ﬁ%@ntly sdceerddnpr  ¥ehyane§bprapspect of the present

invention, there is provided a pharmaceutical composition for
use in preventing or treating diabetes (e.g., insulin-
dependent diabetes mellitus (type I diabetes) or non-insulin-
dependent diabetes mellitus (type I1 diabetes)) or
hyperglycemia, diabetic complications induced thereby, or
obesity, which comprises a compound of the above Formula (I)
or (Ia) or a prodrug thereof, or a pharmaceutically acceptable
salt thereof.

[0021] According to yet another aspect ¢of the present
invention, there is provided a methcd for preventing or
treating diabetes (e.g., insulin-dependent diabetes mellitus
(type I diabetes) or non-insulin-dependent diabetes mellitus
(type II diabetes)), hyperglycemia-induced diabetic
complications or obesity, which comprises administering to a
patient a therapeutically effective amount of a compound of
the above Formula (I) or {Ia) or a prodrug thereof, or a
pharmaceutically acceptable salt thereof.

[0022] In the above Formulae (I) and (Ia), groups defined
as R', R?, R? and R! include, for example, a hydrogen atom, a

C;-Cs alkyl group, a C;-C¢ alkoxy-C;-C¢ alkyl group, a C;-Cyy



and a C -C6 al kyl carbonyl group. A hydrogen atomis particularly preferred
as RlL, R2, R3 and R4. [0023] In the above Fornulae (1) and (la), Arl may be
substituted with the sane or different 1 to 4 substituents, for exanple,
whi ch are each independently selected froma hal ogen atomy a hydroxyl
group; a C,-C6 al kyl group, a C3-C3 cycloal kyl group, a C, -C6 al koxy group
and a Cl-C6 al kylthio group (these 4'QF%UDS may be substituted with 1 to 4
substituents selected froma hal ogen atom a hydroxyl group and an am no

group); arerkiy emedipoxh gL o0p;aXkEMH¥bdHYURIrdup Cla @& -al kyl sul fonyl group;
a Cl-C6 al kyl sul fonyl am no group; a nitro group; a carboxyl group; a

subst i t uagd lkyilocaripoayl, gaodp,aadC;t0s GlIRoMesarbdstlergreouy ylalt eup. [ 0024]
Anong the groups defined as Arl, the aromatic carbocyclic ring preferably
ref ers t€7afaaradkyd oxychabpolilc groupg cBhése ngngupstmay bar bon at ons,
including a benzene ring. The aromatic heterocyclic ring preferably refers
to a 5- sybstifmtedr wdthr ongt oz merer supsititugntspwhicbl adengaahpyrrol e
ring, a thiophene ring, a furan ring, a pyridine ring, a thiazole ring, an
i sot hi azéndepengeni lyy sglecéed fgomga halogruaasbm.r anhydanxylagovbupri ng, an
| soxazol e ring, an imdazole ring, a triazole ring, a pyrimdine ring, a
uri di ne @ Fagyts ABAXZIFROUR NG f1dCa dlkylaarbenyl ngrowppny eaehexnt| s
preferably a benzene ring, a pyrrole ring, a thiophene ring, a furan ring
or a pyr9¥8MRr ARgAMIRG REPEPpABAcRaFPPsEityERIcABLIAPNGTOHP: hi ophene ring or
a pyrazole rin oozgh Ln .t he aboyve Forgul ae (I% and gla , A may be
substituPE&fﬁF%H h&2 n&ngFPGPaFBFthqugﬁ%§dsg om; aybgdsogen atom

and a C;-C¢ alkylcarbonyl group. A hydrogen atom is

particularly preferred as R', R?, R® and R*.

[0023] In the above Formulae (I) and (Ia), Ar' may be

substituted with the same or different 1 to 4 substituents,

for example, which are each independently selected from a

halogen atom; a hydroxyl group; a C;~Cs alkyl group, a C;-Cg

cycloalkyl group, a C;-C¢ alkoxy group and a C;-C¢ alkylthio

group (these 4 groups may be substituted with 1 to 4

substituents selected from a halogen atom, a hydroxyl group

and an amino group); a methylenedioxy group; a Cyano group; a

C1-Cs¢ alkylsulfonyl group: a C;-C¢ alkylsulfonylamino group; a

nitro group; a carboxyl group; a substituted amino group; and

a 4- to 6-membered heterocyclyl group.

[0024] among the groups defined as Ar', the aromatic

carbocyclic ring preferably refers to an aromatic carbocyclic

ring containing 5 to 6 carbon atoms, including a benzene ring.

The aromatic heterocyclic ring preferably refers to a 5- to

6-membered aromatic heterocyclic group, including a pyrrole

ring, a thiophene ring, a furan ring, a pyridine ring, a

thiazole ring, an isothiazole ring, a pyrazole ring, an



for exanple, which are each independently selected froma halogen atom a
hydr.oxyl group; a C -C6 al kyl group, a C3-C8 cycloal kyl group, a Cl1-C6

al kyl oxy group and a Cl1-C6 al kylthio group (these 4 groups nay be
substituted with 1 to 4 substituents which are each independently sel ected
froma halogen atomor a hydroxyl group or an am no group); a

nmet hyl enedi oxy group; a cyano group; a -T6 al kyl sul fonyl group; a Cl1-C6
al kyl sul fonyl am no group; a nitro group; a carboxyl group; a substituted

ani no gr dndazole rdnd- mhaebldetitiaE 1HXaxo1dNGihdl- diP 6- menber ed
het erocycl yl group. [0026] G oups defined as A include, Tor exanple, a

phenyl  dmddazodenapighyla dirdigzolan rdng ey pydriad@ing Q! W Wid@ihe an
i ndol yl group, a pyridyl group, a quinolinyl group, an isoquinolinyl group,

a thi enylrignoug, pyreednet hilegylangy @upyrd dafzingl rgneup, Amohgnentm, anyt group,
a thiazolyl group, a benzothiazolyl group, an isothiazolyl group, a

benzoi sotilsi @rsifgrapdyup benzensr aliply .gropyrrade mdazgl W thijoph@nean oxazol yl
group, a benzoxazolyl group, an isoxazolyl group, a benzoisoxazolyl group,
an i m daZzding. g dyFang ripen s @ dxrezplegring, and merel yprefegablya a
benzotriazolyl 14 group, a pyrimdinyl group, a uridyl group, a pyrazinyl
group, &Wﬁn&af Pg’r?—nremrd@ﬂoWr _AdPYIrgzede, rdna.ri azol opyri dyl
group anq pyrrol op r|d I grou Preferred are a Ehenyl groug a napht hyl
group, a @923yl grodp, the BhAYS: KpEmpLag: 6&p, apdf (Lp) - gRoBEYahE a

benzofuran | .group, e preferred are a phenyl group, a thlenyl gr oup
and a b€ ﬁ%t d 35gbn%F0 gdédemendi 4, tond substiduengsaj ky|

group %%Erexample which are each independently selected from a

halogen atom; a hydroxyl group; a C;-Cs alkyl group, a C3-Cj
cycloalkyl group, a C;-C¢; alkyloxy group and a C;-Cs alkylthio
group (these 4 groups may be substituted with 1 to 4
substituents which are each independently selected from a
halogen atom or a hydroxyl group or an amino group); a
methylenedioxy group; a cyano group; a C;-Cs alkylsulfonyl
group; a C;-C¢ alkylsulfonylamino group; a nitro group; a
carboxyl group: a substituted amino group; a 5- or 6-membered
heteroaryl group; and a 4- to 6-membered heterocyclyl group.
[0026] Groups defined as A include, for example, a phenyl
group, a naphthyl group, an azulenyl group, a pyrrolyl group,
an indelyl group, a pyridyl group, a quinolinyl group, an
isoquinolinyl group, a thienyl group, a benzothienyl group, a
furyl group, a benzofuranyl group, a thlazolyl group, a
benzothiazolyl group, an isothiazolyl group, a
benzoisothiazolyl group, a pyrazolyl group, an indazolyl
group, an oxazolyl group, a benzoxazolyl group, an isoxazolyl
group, a benzoisoxazolyl group, an imidazolyl group, a

benzoimidazolyl group, a triazolyl group, a benzotriazolyl



to a linear or branched al kyl group containing 1 to 6 carbon atons.
Exanpl es include nethyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl,

i -butyl, t-butyl, n-pentyl, 3-methylbutyl, 2-nethylbutyl, 1-methyl butyl,
1-et hyl propyl, n-hexyl, 4- nethylpentyl, 3-nethylpentyl, 2-nethylpentyl,
l-met hyl pentyl, 3-ethylbutyl and 2- ethylbutyl. Preferred Cl-C6 al kyl groups
are, for exanple, linear or branched alk groups containing 1 to 3 carbon
atons, with nethyl and ethyl being parﬁ] d]arly preferred. [0028] As used
herein, the term"C2-C6 al kenyl group” refers to a linear or branched

al kenyl group,canpgiriindgifiyllogoupar Ronratgns growpnphepyractinge girbapy!
(vinyl), 1-propenyl, 2-propenyl (allyl), propen-2-yl and 3-butenyl

(honoal | al pyrifeeisylAgrospd her émidacbpyrédml” @2oGP,akkynyl group” refers
to a linear or branched al kynyl group containing 2 to 6 carbon atons.
Exanpl estrhekodepyridyyl groupr epdngl pyrzoprppyadil grbupynyPreebrednyl and
3-butynyl. [0030] As used herein, the term"C3-C8 cycloal kyl group” refers
to a cychre alpppngiogpoupntaiﬁﬁngtayﬂogsouanb@ntai@nwl geguppl &s i ncl ude
cycl opropyl, cl obutyl, cyclopentyl, 15 - cycl ohexyl, cycl oheptyl and

cycl ooct 9HZP@539PYA59ﬁ§EB har Eugy tE§°P§r#PﬂC§-anépﬁéi?ngioﬂﬁoupnefers to
an alkylox% group whose alkyl noiety is a linear or branched alkgl group
cont ai ni A% 1m9636PE§f86ﬁthéﬁ§ aEREfPYés ILPHEI ude tha£RE Ly ITEURO RIS

n- pr opoxy, QpoX n- but oxy, s-butoxy, i-butoxy, t-butoxy, n-pentoxy,
3-nethy|§3P59551g§yie9F9PButoxy, 1- et hyl but oxy, 1-ethyl propoxy, n-hexyl oxy,

4-met hyl pegboxy. 3-ngthylpent oxy, \2- BRLIYLDENLAXY. a1x01 group” refers

to a linear or branched alkyl group containing 1 to 6 carbon
atoms. Examples ilnclude methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl, 3-methylbutyl,
2-methylbutyl, 1-methylbutyl, l-ethylpropyl, n-hexyl, 4-
methylpentyl, 3-methylpentyl, 2-methylpentyl, l-methylpentyl,
3-ethylbutyl and 2-ethylbutyl. Preferred C;-C; alkyl groups
are, for example, linear or branched alkyl groups ceontaining 1
to 3 carbon atoms, with methyl and ethyl being particularly
preferred.

[0028] As used herein, the term "C,-Cs alkenyl group”
refers to a linear or branched alkenyl group containing 2 to 6
carbon atoms. Examples include ethenyl (vinyl), l-propenyl,
2-propenyl (allyl), propen-2-yl and 3-butenyl (homecallyl).
[0029] As used herein, the term "C;-C¢ alkynyl group”
refers to a linear or branched alkynyl group containing 2 to 6
carbon atoms. Examples include ethynyl, l-propynyl,
2-propynyl, l-butynyl, 2-butynyl and 3-butynyl.

[0030] As used herein, the term "C;-Cs cycloalkyl group”
refers to a cyclic alkyl group containing 3 to 8 carbon atoms.

Examples include cyclopropyl, cyclobutyl, cyclopentyl,



1- nmet hyl pent oxy and 3-et hyl butoxy. [0032] As used herein, the term"Cr-Cl4
aral kyl group"” refers to an arylal kyl group containing 7 to 14 carbon

atonms, which contains an aryl group. Exanples include benzyl, 1-phenethyl,
2- phenet hyl , 1-napht hyl nethyl and 2-naphthyl nmethyl. [0033] As used herein,
the term"Cr7-Cl4 aral kyl oxy group” refers to an aryl al kyl oxy group
containing 7 to 14 carbon atons, which contains the already-defined aral kyl
group. Exanpl es include benzyl oxy, Iihﬂ%ﬁéthyloxy, 2- phenet hyl oxy,

1- napht hyl met hyl oxy and 2- napht hyl net hyl oxy. [0034] As used herein, the term

"aryl greyRlohekgls FdbhePptyl @nAURyiedvioddydan aronatic hydrocarbon ring
containing 6 to 10 carbon atons. Exanples include phenyl, 1-naphthyl and

2- napht hyloo3Q035] Aasuseddhhegeln,t Bhet €efin" hel acpaiKoxgr YHdupefers to a
5- to 10-nmenbered aromati c heterocyclic group containing one or nore

het er oat aex erisddpe athe @illky 1ostye gtrexipl whisan adkyde moiat@mi sa anilinhegen oat om and
a sulfur atom Exanples include furyl, thienyl, pyrrolyl, imdazolyl,
pyr azol ybraoghed wlkyl6 griospx soatylining dzdloyl6, casbbhi atomgl., Bxamtpies! yl ,
thiadi azolyl, triazolyl, tetrazolyl, pyridinyl, pyrimdinyl, pyrazinyl,
pyri dazi Apcludedmerhoxyui edhioxyl, an@ropoxyi.ndl-pappoxykr ef-butexkyhet er oar yl
groups are 5- to 6-nenbered cyclic heteroaryl groups such as a furyl group,
a pyrazobBybu§esyp, labutiexanyt-HuEeEyans -2epEokdi, ngl-mgtbydbukioxy.a t hi enyl
group being particularly preferred. [0036] As used herein, the term
"ary|Oxyzgmgﬁgylpgﬁggg,ta—methylbutoxy, l-ethylpropoxy, n-hexyloxy,

4-methylpentoxy, 3-methylpentoxy, 2-methylpentoxy,

l1-methylpentoxy and 3-ethylbutoxy.

[0032] As used herein, the term “C,;-C;4 aralkyl group”

refers to an arylalkyl group containing 7 to 14 carbon atoms,

which contains an aryl group. Examples include benzyl,

l1-phenethyl, 2-phenethyl, l-naphthylmethyl and

2-naphthylmethyl.

[0033] As used herein, the term "C;-C,; aralkyloxy group”

refers to an arylalkyloxy group containing 7 to 14 carbon

atoms, which contains the already-defined aralkyl group.

Examples include benzyloxy, l-phenethyloxy, 2-phenethyloxy,

l-naphthylmethyloxy and 2-naphthylmethyloxy.

[0034] As used herein, the term “aryl group” refers to an

aryl grecup having an aromatic hydrocarbon ring containing 6 to

10 carbon atoms. Examples include phenyl, l-naphthyl and

2-naphthyl.

[0035] As used herein, the term "heterocaryl group” refers

to a 5- to l0-membered aromatic heterocyclic group containing

one or more heterocatoms independently selected from an oxygen

atom, a nitrogen atom and a sulfur atom. Examples include

furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,



an aryloxy group whose aryl noiety is the already-defined aromatic

hydg ocarbon group containing 6 to 10 carbon atons. Exanples include
phenoxy, 1-naphthoxy and 2-napht hoxy. [0037] As used herein, the term
“"heteroaryl oxy group"” refers to a heteroaryloxy group whose heteroaryl
noiety is the already-defined 5- to 10-nmenbered aromatic heterocyclic group
contai ni ng one or nore heteroatons setet® et from an oxygen atom a nitrogen
atomand a sul fur atom Exanples include furyloxy, thienyloxy, pyrrolyloxy,

i m dazol vilspazo 13,220 Hd 4001 ,0¥ara Nl 0Ly 1S Ssrlad g, t hi azol yl oxy,
| sot hi azol yl oxy, oxadi azol yl oxy, thiadiazolyloxy, triazolyloxy,

t et r azol yWhpadianolyd hmbazolpl | Metiradogl, pIdriaEinpll ,0pprimaddaz nyl oxy,
i ndol yl oxy, quinolinyloxy and isoquinolinyloxy. Preferred heteroaryl oxy
groups amyraziyl 6-pyantdazdichyiet dmabrlytlox udmaldsyl] GoRB|isssyuisad ihwrlei n,
the term"Cl-C6 al kyl ami no group” refers to an al kyl am no group whose al kyl
noi ety | Preflanmsl hedredwaarncharalgsy lamy Gup tooré-aembegreld tayd icar bon at ons.
Exanpl es i ncl ude net hyl am no, ethyl am no, n-propylamno, i-propylam no,

n- but yl ameteroanwit \roavps sucth@s/laariunyl Hroup.- utpyraralyl rgqeers.ylaam no,
3-net hyl butyl ami no, 2-net hyl butyl am no, 1-nethyl butyl am no, 1-

et hyl pr ogii@nvio granthangd @vbwslidingl rgrqwnt Witk o tielansthyagsam yl ami no,
2- met hyl pentyl am no, 1-nethyl pentyl am no, 3-ethyl butylam no and

2- et hyl bieinghingd t joydsnlyaPrefer1estein, the term "di-(Cl- C6 al kyl ) ani no
group” refers to a dial kyl am no group whgose two al k noi eties are the same

|
or differld®38) near &F MSgcheFedMey thg: S658 arylé&y group” refers to

an aryloxy group whose aryl moiety is the already-defined
aromatic hydrocarbon group containing 6 to 10 carbon atoms.
Examples include phenoxy, l-naphthoxy and 2-naphthoxy.

[0037] As used herein, the term “heteroaryloxy group”
refers to a heteroaryloxy group whose heteroaryl moiety is the
already-defined 5- to l0-membered aromatic heterocyclic group
containing one or more heteroatoms selected from an oxygen
atom, a nitrogen atom and a sulfur atom. Examples include
furyloxy, thienyloxy. pyrrolyloxy, imidazolyloxy,
pyrazolyloxy, oxazolyloxy, isoxazolyloxy. thiazolyloxy,
isothiazolyloxy, oxadiazolyloxy, thiadiazolyloxy,
triazolyloxy, tetrazolyloxy, pyridinyloxy, pyrimidinyloxy,
pyrazinyloxy, pyridazinyloxy, indolyloxy, quinolinyloxy and
isoquinolinyloxy. Preferred heteroaryloxy groups are 5- to
6-membered hetercaryloxy groups.

[0038] As used herein, the term "C;-Cs alkylamino group”
refers to an alkylamino group whose alkyl moiety is a linear
or branched alkyl group containing 1 to 6 carbon atoms.
Examples include methylamino, ethylamino, n-propylamino,

i-propylamino, n-butylamino, s-butylamino, i-butylamino,



containing 1 to 6 carbon atons. Exanples of the "di-(Cl-C6 alkyl)am no
group” include dinethylam no, diethylam no, di-n- propylam no,

di -i-propyl am no, di-n-butylam no, methyl-n- butylan no,
pet hyl - s- butyl am no, nethyl -i-butylam no, nethyl- t-butylam no,
et hyl - n-butyl am no, ethyl-s-butylam no,_ethyl-i- butylamno and

et hyl -t-butylam no. [0040] As used heteth,“the term"Cl-Cs al kyl thi o group”
refers to an al kylthio group whose alkyl noiety is a linear or branched

al kyl gr aHburgNiaai oy nk den ti7 11k E-aEthylraimi1emindlcl ude nethyl thio,
ethylthio, n-propylthio, i-propylthio, n-butylthio, s-butylthio,

i - but yl t li-me thytlisutiytllinc,no ,n -Iparettpytibiuty 12mirichy | I aHylpropylamino,
2-met hyl butylthio, 1-methyl butylthio, 1-ethylpropylthio, n-hexylthio,

4- met hy| peinexytliandnag- remethydmen tytliamin®-, mest-imd theritpdrityilamino,

1- net hyl pentyl thio, 3-ethylbutylthio and 2-ethyl butylthio. [0041] As used
herei n, tZhaetdyhpedtyd@mdinoyl durivtetinglpegrtaigninef,eds ethydibudiydyamsimof i ny|
group (-SO R) whose alkyl npiety is a linear or branched al kyl group
cont ai ni @@d1 2-¢thylbwtydemdiers. Exanpl es incl ude met hyl sul finyl,

ethylsul finyl, n-propylsulfinyl, i-propylsulfinyl, n-butylsulfinyl, 18 -
s- but yl sUlOO3I | | - bASyMHsERf heyring - Sheyiteam i" Akl ( C1nCoadftiylshaning| |
3-met hyl butyl sul finyl, 2-nmethyl butylsul finyl, 1-nmethylbutylsulfinyl,

1- et hyl pS&PPsumeteps e ﬁeﬂﬂaééﬂlﬁ‘liaﬁy-lnP XD MRAGSEN tHI0s @likydy moieties
3-met hyl pentyl sul finyl, 2-methylpentylsulfinyl, 1-nethylpentylsulfinyl,
3- et hyl bAER SHET (SRS &ifd BEEERAL LyeaT Oy PransBes) akkyls SFoNdsei n,  t he

term Clb%%f%fﬁ@n%yhfqu% carbon atoms. Examples of the *di-{C;-Csg

alkyl)amino group” include dimethylamino, diethylamino, di-n-
propylamino, di-i-propylamine, di-n-butylamino, methyl-n-
butylamino, methyl-s-butylamino, methyl-i-butylamino, methyl-
t-butylamino, ethyl-n-butylamine, ethyl-s-butylamino, ethyl-i-
butylamino and ethyl-t-butylamino.

[0040] As used herein, the term "C;-Cs alkylthio group”
refers to an alkylthio group whose alkyl moiety is a linear or
branched alkyl group containing 1 to 6 carbon atoms. Examples
include methylthio, ethylthio, n-propylthio, i-propylthio,
n-butylthio, s-butylthio, i-butylthio, t-butylthio,
n-pentylthio, 3-methylbutylthio, 2~-methylbutylthio,
l-methylbutylthio, l-ethylpropylthio, n-hexylthio,
4-methylpentylthio, 3-methylpentylthio, 2-methylpentylthio,
l-methylpentylthio, 3-ethylbutylthio and 2-ethylbutylthio.
{0041] As used herein, the term "C;-Cy alkylsulfinyl
group” refers to an alkylsulfinyl group (-SO-R) whose alkyl
moiety is a linear or branched alkyl group containing 1 to 6
carbon atoms. Examples include methylsulfinyl, ethylsulfinyl,

n-propylsulfinyl, i-propylsulfinyl, n-butylsulfinyl,



group” refers to an al kyl sul fonyl group whose al kyl noiety is a |linear or
branched al kyl group containing 1 to 6 carbon atons. Exanpl es include

met hyl sul fonyl, ethyl sul fonyl, n-propylsulfonyl, i-propylsulfonyl,
n-butyl sul fonyl, s-butylsulfonyl, i-butylsulfonyl, t-butylsulfonyl,

n- pentyl sul fonyl, 3-nethyl butyl sul fonyl 2- met hyl but yl sul f onyl ,

1- met hyl but yl sul f onyl , 1-ethy|propyISui$ohyI, n- hexyl sul f onyl ,

4- et hyl pentyl sul fonyl, 3-nethyl pentyl sul fonyl, 2-nmethyl pentyl sul fonyl,

1- met hyl pemhithaWufiEinyl, I-digiudnd syl ot ARd stnglibut vl sul fonyl .
[ 0043] As used herein, "-CX:&§¥EX" enggtpasses a Ci-CﬁHMglkylcarbonyl group,

a C7- Cl4 mapainkyllearlFdmyl ,grouwie t ey 18lrt§a swalfaepmcar bonyl group, a C7-Cl4
ar al kyl oxycar bonyl group and the |ike. Exanples of a Cl-C6 al kyl carbonyl

group i N-meh3l buayaisydldn ygr,0 Up-met Hy1®uite 1w 1@ieyl,, a butyryl group and a
pi val oyl group, with an acetyl group being particularly preferred. Exanples

of a C7- Ct4taydlprypydsudfiilnydr,oms hexptlisid £ imylienzyl car bonyl group and a
napht hyl met hyl car bonyl group, w th a benzyl carbonyl group being preferred.

19 [ 0044]-mathydipes tofl salEingd ,aldmeyrharlpemtly lgnddfi nydc| ude a

met hoxycar bonyl group and an et hoxycar bonyl group, with a nethoxycarbonyl
group bei2rgefhyil@endylspdfipyds df-metoploentydsalfiingdycar bonyl group
i nclude a benzyl oxycarbonyl group and a napht hyl net hyl oxycar bonyl group,

with a bérarheipididemit ingilo @nd&efhyrlbudydsyl fioyds] As used herein, the

tern1"ha|o%Fn atont _enconpasses a fluorine atom a chlorine atom a brom ne
at om [0042] As used herein, the term "C;-C¢ alkylsulfonyl

group” refers to an alkylsulfonyl group whose alkyl moiety is
a linear or branched alkyl group containing 1 to 6 carbon
atoms. Examples include methylsulfonyl, ethylsulfonyl,
n-propylsulfonyl, i-propylsulfonyl, n-butylsulfonyl,
s-butylsulfonyl, i-butylsulfonyl, t-butylsulfonyl,
n-pentylsulfonyl, 3-methylbutylsulfonyl,
2-methylbutylsulfonyl, l-methylbutylsulfonyl,
l-ethylpropylsulfonyl, n-hexylsulfonyl,
4-methylpentylsulfonyl, 3-methylpentylsulfonyl,
2-methylpentylsulfonyl, l-methylpentylsulfonyl,
3-ethylbutylsulfonyl and 2-ethylbutylsulfonyl.

[0043] As used herein, "-C(=0)-Rx" encompasses a C;-C¢
alkylcarbenyl group, a C;-C;; aralkylcarbonyl group, a C;-C¢
alkoxycarbonyl group, a C;-C;4 aralkyloxycarbonyl group and the
like. Examples of a C,-C¢ alkylcarbonyl group include an
acetyloxy group, a propionyl group, a butyryl group and a
pivaloyl group, with an acetyl group being particularly
preferred. Examples of a C,-C;4 aralkylcarbonyl group include
a benzylcarbonyl group and a naphthylmethylcarbeonyl group,

with a benzylcarbonyl group being preferred.



an iodine atomand the |ike. [0046] As used herein, the term"4- to
7-menbered heterocyclic ring" refers to a heterocyclic ring which nay be
conpletely saturated or partially or conpletely unsaturated and which
contains one nitrogen atomand may further contain one or nore heteroatons
I ndependently selected froman oxygen atom a nitrogen atomand a sul fur
atom Exanples include azetidine, pyrri®idine, piperidine and norpholine,
with piperidine being particularly preferred. [0047] As used herein, the

erm "ar Y44, CO DOBKA ool B0a ETEr SRR Biridh - dRIBE S AL | ©

carbocyclic ri'ng. ExanplFés i ncCl ude a berizen al'ene Ting.

0048 i t n . i ) " : t :.
[ ] ﬁ%ﬂereg %@%%%ﬂ?&dﬁ%@{@e% SR Idroud Nritiefers to a

to 6-ne c ring containi'ng“one or nore heteroatons

i ndepend%ﬁm@ﬁ%&%ﬁ 'RBuP bePPPredcdPed® NEkbAPERsabeThaRY- @ Sul fur

atom Exanpl es nclude a pyrrole ring, an indole ring, a thiophene ring, a

benzot hi eRplaKS Ilox®ardonylayrioudld 1nt 1R &f WedizyliodFcadboyll Yoty idMs @

quinoline ring, an isoquinoline ring, a thiazole ring, a benzothiazole

ring, ana seightdgant thyldxy’katbon§an@icnd),hivdzel & ety ldxyaatngy i ng, an
I ndazol e ring, an oxazole ring, a benzoxazole ring, an isoxazole ring, a
benzoi soxanupe beiing paefiexirddizol e ri ng, a benzoi m dazole ring, a triazole
ring, a benzotriazole ring, a pyrimdine ring, a uridine ring, a pyrazine
ring and [®@0@b]i dazi nasr usgd he@édjh,Athes¢drimerbalpogehne atemh "substit ut ed
am no group"” enconpasses -NReRf, wherein Re represents a hydrogen atom a
Cl- C6 al lepcogpassesa aCElO®rdiney latanbory ichdiomime @topangy bromine atom,

an iodine atom and the like.

[0046] As used herein, the term "4- to 7-membered

heterocyclic ring” refers to a heterocyclic ring which may be

completely saturated or partially or completely unsaturated

and which contains one nitrogen atom and may further contain

one or more heteroatoms independently selected from an oxygen

atom, a nitrogen atom and a sulfur atom. Examples include

azetidine, pyrrolidine, piperidine and morpholine, with

piperidine being particularly preferred.

[0047] As used herein, the term “aromatic carbocyclic

ring” refers to a 6- to 10-membered aromatic carbocyclic ring.

Examples include a benzene ring and a naphthalene ring.

[0048] As used herein, the term "aromatic heterocyeclic

ring” refers to a 5- to 6-membered aromatic heterccyclic ring

containing one or more heteroatoms independently selected from

an oxygen atom, a nitrogen atom and a sulfur atom. Examples

include a pyrrole ring, an indole ring, a thiophene ring, a

benzothiophene ring, a furan ring, a benzofuran ring, a

pyridine ring, a quinoline ring, an isoquinoline ring, a

thiazole ring, a benzothiazole ring, an isothiazole ring, a



Cl- C6 al koxycarbonyl group; and Rf represents a hydrogen atom or a Cl-C6
al kyl group, or Re and Rf may forma 4- to 7 nenbered heterocyclic ring
together with the nitrogen atomto which they are attached, and the |ike.
[0050] As used herein, the term"Cl-C3 al kyl enedi oxy group"” refers to a

di val ent group represented by the fornmula -O (Cl-C3 al kyl ene)-0O. Exanpl es
i nclude a nethyl enedi oxy group, an eth¥®enedi oxy group and a
dinethylnethylenedioxy group. [0051] As used herein the term "heterocyclyl

group” b%fn%ast&rada%ofeo Jldaertae @&43?% % GO QM N L STRY, B

conpl etely saturated or parti-al | unsaturate and ‘whi ch

contai ns s Ale TRy NG %&?&dﬂ&dl@%@i@de@d ﬁso?@dz%?ltéfi-jfdgoma&n oxygen
atom a nitrogen atomand a sulfur atom’  Exanples include azetidinyl,

pyrrol i divdHzoiRd&iddlidWing PidieradididoleP Wit Y la Béﬁéiﬁ%ﬁ.d&zolé”ﬂ@@' inyl,
pyrazolyl. pyrazolinyl, oxazollnyl nDrphollnyI t hi onor phol i nyl ,

pyridinyla mraa»mrw!ru@/r lanbamdtrWdlcmmimd,, a iirEtdiveetaing ,na furyl,
tetrahydrofuryl, thienyl, tetrahydrothienyl, dioxolanyl, oxathiolanyl and

di oxany| uridinsuaiing hei eyacmine rgmyaniy yrdstidaitrdthagt any
substitutable position on its carbon or nitrogen aton(s). [0052] As used
herein, tiO4%r m " heer ased hewmeingr dhe' teref sabisd ixmtexly agb.oop gxbuathed to
a 4- to 7-nenbered heterocyclic ring which may be conpletely saturated or
parti al | erorompagsest elNRaRfsatwireateddh Red nepngsepdist & hydegesr atoor.e a
het er oat ons i ndependently sel ected from an oxygen atom a nitrogen atom and
a sul fur Cat6maBsehpieeup nct uee Cs alkylcarbonyl group, carbamoyl or a

C;-C¢ alkoxycarbonyl group; and Rf represents a hydrogen atom

or a C;-C¢ alkyl group, or Re and Rf may form a 4- to 7-

membered heterocyclic ring together with the nitrogen atom to

which they are attached, and the like.

[0050] As used herein, the term "C;-C; alkylenedioxy

group” refers to a divalent group represented by the

formula -0-(C;-C; alkylene)-C-. Examples include a

methylenedioxy group, an ethylenedioxy group and a

dimethylmethylenedioxy group.

[0051] As used herein, the term “heterocyclyl group”

refers to a 4- to 7-membered heterocyclic group which may be

completely saturated or partially or completely unsaturated

and which contains one or more heterocatoms independently

selected from an oxygen atom, a nitrogen atom and a sulfur

atom. Examples include azetidinyl, pyrrolidinyl, piperidinyl,

piperazinyl, pyrrolyl, imidazolyl, imidazolinyl, pyrazolyl,

pyrazolinyl, oxazolinyl, morpholinyl, thiomorpholinyl,

pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,

hexamethyleneimino, furyl, tetrahydrofuryl, thienyl,

tetrahydrothienyl, dioxolanyl, oxathiolanyl and dioxanyl.



azetidi nyl oxy, pyrrolidinyloxy, piperidinyloxy, piperazinyloxy,

pyrtol yl oxy, i m dazolyl oxy, im dazolinyloxy, pyrazolyloxy, pyrazolinyloxy,
oxazol i nyl oxy, norpholinyloxy, thionorpholinyloxy, pyridinyloxy,
pyrazi nyl oxy, pyrimdinyloxy, pyridazinyloxy, hexanethyl enei m noxy,

furyl oxy, tetrahydrofuryl oxy, thienquéﬁ, t et r ahydr ot hi enyl oxy,

di oxol anyl oxy, oxat hi ol anyl oxy and dioxe&hyt oxy. Such a heterocyclic group
may be substituted at any substitutable position on its carbon or nitrogen

aton(s) . sfef53 nERreRARAYM Rlodd day BREMuHUTULY oA Sy | NCI udes

m xtures or isolated forns of variou$ stereolisoners such das tautoners and

optical ist®Eituthdldpolsl tIUe hPSeS dat®on0 B0 WIS r¥lgen @ RSNt
i nvention may forman acid addition salt. Depending on the type of

subst it ugmns2tihe conpeundeafhbhginne&gettb@menhgqgrgayclghggyf gghgnsalt
with a base. Specific exanples of such a salt include acid addition salts

wi th m neefleracitds ape oxy, griongy atitaehied ac & 4hydioola@inbedeigd, hydroi odic
acid, sulfuric acid, nitric acid, phosphoric acid), with organic acids
(e.g., theterocyoilde adeig whichd magr bei complatiedy @athiratad dr mal onic 22
acid, succinic acid, fumaric acid, nmaleic acid, lactic acid, malic acid,
tartari c pagitdaldiyt oirc campd e tediyh amsatiurartied acnidd whiehhaoatalihenioheaoird) and
with acidic amno acids (e.g., aspartic acid, glutamc acid). Likew se,
exanpl es mgreag hejleroatomse d ndieplendenidy isedlecdeds £irom wnt lexiygengartion,bases
(e.g., sodium potassium nagnesium calcium alumnun), salts with
organi c Bad&eged gtomandy |asuddureivpmani Bsamplaanbhakude), salts with
basi c am no acids (e.g., lysine, ornithine), as

azetidinyloxy, pyrrolldlnyloxy, piperidinyloxy, piperazinyloxy,

pyrrolyloxy, imidazolyloxy, imidazolinyloxy, pyrazolyloxy,

pyrazolinyloxy, oxazolinyloxy, morpholinyloxy,

thiomorpholinyloxy, pyridinyloxy. pyrazinyloxy, pyrimidinyloxy,

pyridazinyloxy, hexamethyleneiminoxy, furyloxy,

tetrahydrofuryloxy, thienyloxy, tetrahydrothienyloxy,

dioxolanyloxy, oxathiolanyloxy and dioxanyloxy. Such a

heterocyclic group may be substituted at any substitutable

position on its carben or nitrogen atom(s).

[0053] The compound of the present invention also

includes mixtures or isclated forms of various stereoisomers

such as tautomers and optical isomers.

[0054] In some cases, the compound of the present

invention may form an acid addition salt. Depending on the

type of substituent, the compound of the present invention may

also form a salt with a base. Specific examples of such a

salt include acid addition salts with mineral acids {(e.g.,

hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric

acid, nitric acid, phosphoric acid)}, with organic acids (e.g.,

formic acid, acetic acid, propionic acid, oxalic acid, malonic



wel | as ammoni um salts. [0055] Mreover, the conpound of the present

I nvention also includes hydrates, various pharmaceutically acceptable

sol vates and pol ynorphic crystalline fornms, etc. [0056] It should be noted
that the conmpound of the present inventionis not [imted to the conpounds
shown in the Exanple section described later, and it enconpasses al

spi roketal derivatives of the above Forddil-a (1) and their pharnmaceutically
acceptabl e salts. [0057] Moreover, the present invention also enconpasses

so- cal | e IO inice aCJ.QlorrE%l‘@ﬂ%.ct r5.%t:l.dar thaTelabaldiged l'a'&ti\é' L1t 0
compounds of the above Formila (1) or thei'r pharnmaceutically acceptable

sal ts. Egamileadifa,preditidd-1d adidg cﬁ.ﬂ:‘i‘i@ﬁ alcdla, ! b themRewFoafid e iRy esent

i nvention include those found in Prog. Med. vol. 5, pp. 2157 2161 (1985)
and "I yaletihian et lfinidl s¢idlewlominn aefi dilea amaubicadss)(e . 7

(Mol ecul ar Design), pp. 163-198, published in 1990 by H|rokama Publlshlng
Co., JapaspardQoSlaciide eawmramid eicild)e pLeRewisénveRamphesasfba salepared by
appl yi ng various known synthesis methods, 23 depending on its

char act efiostreds widded dastehdnsileldet slaltst mitchurieomganiie bysesof(esghstituent.
In sone cases, depending on the type of functional group, it is technically
pr ef er ablsediumr godets stivims magneisdumm, gadydu,t lalamdimumdb| ealjsotddhi ng
group at the stage of starting material or at an internmediate stage. In

thi s casergandobasest i{tg agr.ome tdyd amd ney, e ednyd ami nieh e edhigood@svinedt.ep to
obtain a desired conpound. For exanple, a hydroxyl group or a carboxyl
group cafaddsgwidh basic amino aclds (e.qg., lysine, ornithine), as

well as ammonium salts.

[0055] Moreover, the compound of the present invention
also includes hydrates, various pharmaceutically acceptable
solvates and polymorphic crystalline forms, etc.

[0056] It should be noted that the compound of the
present invention is not limited to the compounds shown in the
Example section described later, and it encompasses all
spiroketal derivatives of the above Formula (I) and their
pharmaceutically acceptable salts.

[0057] Moreover, the present invention also encompasses
so-called prodrugs, i.e., compounds that are metabolized in
vivo into compounds of the above Formula (I) or their
pharmaceutically acceptable salts. Examples of prodrug-
forming groups for the compound of the present invention
include those found in Prog. Med. vol. 5, pp. 2157-2161 (1985)
and "Iyakuhin no Kaihatsu (Development of Pharmaceuticals)”
vol. 7 {Molecular Design), pp. 163-198, published in 1990 by
Hirokawa Publishing Co., Japan.

[0058] The compound of the present invention can be

prepared by applying various known synthesis methods,



as a functional group required to be protected during the production
process. Protecting groups for these groups include those found in
"Protective Groups in Organic Synthesis" 2nd edition, witten by G eene and
Wits. The type of protecting group to be used, as well as reaction
conditions for introduction and renoval of the protecting group may be

sel ected as appropriate based on known 2&chni ques such as shown in the
above docunent. [0059] The conpound of the present invention has inhibitory

activity Qddtbing U Wedlifiviese S 19058 bdstid YIS RHUL Sk dtdd T2) i nvol ved
I n glucose reabsorption in the kidney (J. din. Invest., vol. 93, p. 397,

1994) . Istrddtir) o t¥d g e vbstidaierdteabIar Bomen cakdsl,enoves  excess
sugar fromthe body to thereby produce a therapeutic effect on di abetes and

an i npr o\ieierad fif torp tH Sty pe off ERIrdHIARAT yruigh, cof restieuhmically
hyper gl ycem a wi thout applying any load to pancreatic |I cells. [0060] Thus,
accor di npreferablas peripmdtddie thiesefincti vl igryup herth iss richaidied a
pharmaceutical preparation for preventing or treating di seases or

condi t i orprotectirgargtmp At dited istragedhHystiartiing inatexfiBG O &ctanvity,
e.g., diabetes, diabetes-related diseases and diabetic conplications.

[ 0061] Asintzoungdkatien sttage + edm thiisbeass’. &heoppedees ingy garoupdicabebes,
type Il diabetes, and other types of diabetes wth specific etiology.

Li kew se, rempveadrin "theaaikeequsnt alenlitveaddsin mo|dgrkred grompeunsd e,
obesity, hyperinsulinem a, abnormal carbohydrate netabolism ]

hyper | i piFREmexamidmye rd Y B 0| FIRUP MY Ferdal RAXe rgTRm £ambitorddien i pi d

as a functional group required to be protected during the
production process. Protecting groups for these groups
include those found in "Protective Groups in Organic
Synthesis” 2nd edition, written by Greene and Wuts. The type
of protecting group to be used, as well as reaction conditions
for introduction and removal of the protecting group may be
selected as appropriate based on known technigues such as
shown in the above document.

[0059] The compound of the present invention has
inhibitory activity against sodium-dependent glucose
cotransporter 2 (SGLT2) involved in glucose reabsorption in
the kidney (J. Clin. Invest., vol. 93, p. 397, 1994).
Inhibition of SGLTZ2 prevents sugar reabsorption and removes
excess sugar from the body to thereby produce a therapeutic
effect on diabetes and an improving effect on insulin
resistance through correction of hyperglycemia without
applying any load to pancreatic f§ cells.

[0060] Thus, according to one aspect of the present
invention, there is provided a pharmaceutical preparation for

preventing or treating diseases or conditions which can be



met abol i sm hypertensi on, congestive heart failure, edema, hyperuricema

and,gout. [0062] As used herein, the term "diabetic conplications" include
both acute conplications and chronic conplications. Exanples of "acute
conplications" include hyperglycema (e.g., ketoacidosis), infections

(e.g., skin, soft tissue, biliary system respiratory systemand urinary
tract infections), etc. Exanples of “cBfonic conplications" include
m croangi opathy (e.g., nephropathy, retinopathy), arteriosclerosis (e.g.,
at hefoscléﬁ@ﬁ&a&;@rﬁy'ﬁﬁﬁtm & At SO, |OVer, exdpendd y
arterial occlusion), rneuropathy (e.g., sensory nerves, hotor nerves,

aut onom G {HKeAeSd - rd Rfe JaH Si¥as &lifa A OFidli Al LcLrgHd cations i ncl ude
di abetic retinopathy, diabetic nephropathy and diabetic neuropathy. (0063]

The conmpougwe Of the PeLsAiYE HetRIH O HER etnf O iR bt Idhdompagidd on with
any therapeutic agent for diabetes, diabetic conplications, hyperlipidema

or hypertigAase on, divdbetes depaielSI Dadtaskid<) edid nEghan i Sypad GE td ibexider
than inhibition of SGT2 activity. Wen conbined with other drugs, the
conpound with hepgrRiante t inkody on Ldkewisesx phet aedrimo "43 abpteduae latedddi ti ve
effect on these diseases, which is greater than either one al one. [0064)

Exanpl es diseasdeseriapendes agiont dxampliepettess ory ., diygbesatinswimeEmiat i ons”
avai l abl e for conbi nation use include, for exanple, insulin sensitizers

(e.g., PRAmoxnmmhicarholpRivaley mekabokism, RPARS kipideniy, PPARa/ y/ 6

agoni sts), glycosidase inhibitors, biguanides, insulin secretagogues,

i nsul i n hypemrcheleskerqlentaomyrerpriglyeraidanin s abnemmak kipkdt or
metabolism, hypertension, congestive heart failure, edema,
hyperuricemia and gout.
[0062] As used herein, the term “diabetic complications”
include both acute complications and chronic complications.
Examples of “acute complications” include hyperglycemia (e.g.,
ketoacidosis), infections (e.g., skin, soft tissue, biliary
system, respiratory system and urinary tract infections), etc.
Examples of “"chronic complications” include microangiopathy
(e.g., nephropathy, retinopathy), arteriosclerosis (e.g.,
atherosclerosis, heart infarction, brain infarction, lower
extremity arterial occlusion), neuropathy (e.g., sensory
nerves, motor nerves, autonomic nerves}, foot gangrene, etc.
Major diabetic complications include diabetic retinopathy,
diabetic nephropathy and diabetic neuropathy.
[0063] The compound of the present invention may also be
used in combination with any therapeutic agent for diabetes,
diabetic complications, hyperlipidemia or hypertension, which
depends on a different mechanism of action other than

inhibition of SGLT2 activity. When combined with other drugs,

the compound of the present invention can be expected to



ki nase stimulators, tripeptidyl peptidase Il inhibitors, dipeptidyl
peptidase IV inhibitors, protein tyrosine phosphatase-1B inhibitors,

gl ycogen phosphoryl ase inhibitors, glucose-6-phosphatase inhibitors,

gl uconeogenesis inhibitors, fructose-bisphosphatase inhibitors, pyruvate
dehydr ogenase inhibitors, glucokinase activators, D-chiroinositol, glycogen
synt hase ki nase-3 inhibitors, glucagon-43ke peptide-1, glucagon-I|ike

pepti de-1 anal ogs, glucagon-like peptide-1 agonists, anylin, anylin

anal 0gs, Rgude EPHEEiI%1ved ldfFRA IdnC Ané et RRIAs ANt JFAVSUS greater
113- hydroxysteroi d dehydrogenase inhibitors, aldose reductase inhibitors,

protein tHamea fhdmlnd tadiche.y- am nobutyric acid receptor antagonists,
sodi um channel antagoni sts, transcription factor NF-xB inhibitors, [KK(3

i nhi bi t or[®,06l4Jpi d peExampdee ofhiabi"thesapeutic agent for diabetes or

N acetyl at ed- a- | i nked- aci d-di pepti dase inhibitors, insulin- |like growh

fact or - | digbattelce tcotgyliivect igme/ft favaddiaile (EeRGEomb iyattieine tusete riinvdshdegr,owt h
factor (PDGF) anal ogs, epidermal growth factors (EGF), nerve growth
factors, foar mxtampde ,ddmsietiiny esnsirtiidiers, (®-.ky.dr PPARY- agbhybhgdaRPARO/Y

EGB- 761, binocl onol, sul odexide, Y-128 and TAR-428. 26 [0065] Illustrative
exanpl es agord sttisor HRARY @ gagdistt sf, 0 PPAROEN LY cagenigit sbhet gycospdasat i ons are
as follows. [0066] "Bi guanides" include netform n hydrochl oride and

phenf or midmhdf s " [dgnanidasor dingyddie Fednediagpgusasos d ngfuliime

sul fonyl urea type such as gl yburide (glibenclamde), glypizide, gliclazide

and chi o IpEAtdONSys BIFadan HReePtor andagonisdg f uliddy nenePtorch as

nat egl i ni de, repa%!inide and | . L
kinase stimulators, tripeptidyl peptidase II inhibitors,

dipeptidyl peptidase IV inhibitors, protein tyrosine
phosphatase-1B inhibitors, glycogen phosphorylase inhibitors,
glucose-6-phosphatase inhibitors, gluconeogenesis inhibitors,
fructose-bisphosphatase inhibitors, pyruvate dehydrogenase
inhibitors, glucokinase activators, D-chiroinositol, glycogen
synthase kinase-3 inhibitors, glucagon-like peptide-1,
glucagon-like peptide-1 analogs, glucagon-like peptide-1
agonists, amylin, amylin analogs, amylin agonists,
glucocorticoid receptor antagonists, 11lp-hydroxysteroid
dehydrogenase inhibitors, aldose reductase inhibitors, protein
kinase C inhibitors, y-aminobutyric acid receptor antagonists,
sodium channel antagonists, transcription factor NF-xB
inhibitors, IKKP inhibitors, lipid peroxidase inhibitors,
N-acetylated-a-linked-acid-dipeptidase inhibitors, insulin-
like growth factor-I, platelet-derived growth factors (PDGF),
platelet-derived growth factor (PDGF) analogs, epidermal
growth factors (EGF), nerve growth factors, carnitine
derivatives, uridine, 5-hydroxy-l-methylhydantoin, EGB-761,

bimocleomol, sulodexide, ¥-128 and TAR-428.



mtiglinide. [0068] "Insulin fornulations" enconpass both reconbinantly
progduced human insulin and ani mal -derived insulin. Such formulations can be
divided into three groups depending on the Ilength of their duration:
fast-acting fornulations (e.g., human insulin, human neutral insulin);

I nternmedi ate-acting fornmulations (e.g., insulin-human isophane insulin
aqueous suspension, human neutral insul4éh-human isophane insulin aqueous
suspensi on, human insulin zinc agueous suspension, insulin zinc agueous

suspensi @pbss5and | ongiastia81ter BhmbleBSofeadthebHpBALEEY a0k BEri NSuUlin
zinc suspension). [0069] "d ycosidase inhibitors" include acarbose,

vogl i bos@iane t@sgbirt aliabk®8é0kompnddhitl ongnairki agr oliieasyde PPARy agoni sts
such as troglitazone, pioglitazone and rosiglitazone, PPARa/y dual
agoni st s [p0Gls ]Jas MK- TBIgaKRPd287) inttadgl méezermih Mif86ochllypiA828ndDRF- 4823
and TY-51501, as well as PPARy agonists such as GWM501516. [0071]

"Tri pept penhfpemindase |1 inhibitors” include 27 - UCL-139. [0072]

"Di peptidyl peptidase IV inhibitors” include NVP-DPP728A, LAF-237, MK-0431,
P32/ 98 af@0%3l- 225. [00F6LihAbdosetagdgueasSeinaohudet bhesei nfl tHe ascor byl
ganol enate, tolrestat, epalrestat, fidarestat, sorbinil, ponalrestat,

ri sar est sulfsayviargacdype. Sugdy 4s "glyeumiclait (@l bentamidept oglypd abdai st s

i nclude topiranate.
gliclazide and chlorpropamide, as well as those of the non-

sulfonylurea type such as nateglinide, repaglinide and
mitiglinide.

[0068]) "Insulin formulations” encompass both
recombinantly produced human insulin and animal-derived
insulin. Such formulations can be divided into three groups
depending on the length of theilr duration: fast-acting
formulations (e.g., human insulin, human neutral insulin);
intermediate-acting formulations (e.g., insulin-human isophane
insulin aqueous suspension, human neutral insulin-human
isophane insulin aqueous suspension, human insulin zinc
aqueous suspension, insulin zinc aqueous suspension); and
long-acting formulations (e.g., human crystalline insulin zinc
suspension).

[0069] "Glycosidase inhibitors” include acarbose,
voglibose and miglitol.

[0070] "Insulin sensitizers” include PPARY agonists such
as troglitazone, pioglitazone and rosiglitazone, PPARc/y dual
agonists such as MK-767 (KRP-297), tesaglitazar, LM4156,
LY510929, DRF-4823 and TY-51501, as well as PPAR) agonists
such as GW-501516.

[0071] "Tripeptidyl peptidase II inhibitors” include



————

[ 0075] "Sodi um channel antagonists” include nexiletine hydrochloride.
[0076] "Transcription factor NF-KB inhibitors" include dexlipotam [0077]
"Li pid peroxidase inhibitors" include tirilazad nesylate. [0078]

"N Acetyl at ed- a- | i nked- aci d-di pepti dase inhibitors” include GPl-5693.
[0079] "Carnitine derivatives" include carnitine and |evacecarnine
hydr ochl ori de. [0080] Exanples of a "t h&Tapeutic agent for hyperlipidem a
or hypertension" avail able for conbination use include, for exanple,

hydr oxyngfchyl,glgut aryl coenzyme A reductase inhibitors, fibrate conpounds,

f 33-adrenergi'c receptor agonists, AWPK activators, acyl-coenzyne

A chol estgigala 1 acyl t ~papkphaaga’ BRbklGALS TRM AR Lok¥ dniiligeone
receptor agonists, chol'eSterol abSorption inhibitors, '1ipase i'nhibitors,
m Cr 0SOMyE-DPH 706 ,| dAFTHY Kk -Ha3ie] BIAYPidrd Ssr, Jdpexygenase
inhibitors, carnitine palmtoyl transferase inhibitors, squal ene synthase
| nhi bi t orpo73qw densi*hy adde IeBRtae AnheBeRbes "PiAEILAES asBbtBlyni ¢ aci d
derivatives, bile acid binding resins, sodiumdependent bile acid

t r anspor tgamoilendtie,0rto LredsdtaAst @palesitert ,t rrad@st 417, 0isigbininhi bi tor s,
angi ot ensi n-converting enzyne inhibitors, angiotensin Il receptor

ant agoni giosialaeddidte| ini-seoestdt Bpd ernarestdt.bi tors, endothelin receptor
ant agoni sts, diuretics, calcium antagonists, vasodilator antihypertensives,
synpat hol[@t0i7# lJagent s,"yedminabutytingaahdi hgpeptensanetagonists” include

topiramate.

[0075]1] "Sodium channel antagonists” include mexiletine
hydrochloride.

[0076] "Transcription factor NF-xB inhibitors” include
dexlipotam.

[0077] "Lipid peroxidase inhibitors” include tirilazad
mesylate.

[0078] "N-Acetylated-c-linked-acid-dipeptidase

inhibitors”™ include GPI-5693.

[0079] "Carnitine derivatives” include carnitine and
levacecarnine hydrochloride.

[0080] Examples of a "therapeutic agent for
hyperlipidemia or hypertension” available for combination use
include, for example, hydroxymethylglutaryl coenzyme A
reductase inhibitors, fibrate compounds, P;-adrenergic receptor
agonists, AMPK activators, acyl-coenzyme A:cholesterol
acyltransferase inhibitors, probucol, thyrc¢id hormone receptor
agonists, cholesterol absorption inhibitors, lipase inhibitors,
microsomal triglyceride transfer protein inhibitors,
lipoxygenase inhibitors, carnitine palmitoyl transferase

inhibitors, squalene synthase inhibitors, low-density



a2- adrenergi c receptor agonists, antiplatelet agents, uric acid production
inhibitors, uric acid excretion stinulators, urine alkalizers, anorectics,
ACE inhibitors, adiponectin receptor agonists, GPR40 agoni sts and GPR40
antagonists. [0081] Illustrative exanples of a therapeutic agent for
hyper|i pi dem a or hypertension are as follows. [0082] "Hydroxynethylglutaryl
coenzyne A reductase inhibitors" incl e «fluvastatin, |ovastatin,
pravastatin, cerivastatin and pitavastatin. [0083] "Fibrate conpounds

e e

I nhi bitor ncld onosu derlv |ve§ (United

St at Pt gat 5 I

acslffangﬁgragggd %éﬁé g)rekgﬁglt é%?“lg%ﬁgﬁﬁgﬁt %Hg %E&§7677 RP- 73163,
MCC- 147 %Eﬂn@@Ur%%% 1hH988kor %OW%ﬂBQEbEErBuPQQEQEeEEah%%%EEOer%QEBters

i ncl ude MD-700 and LY-295427. 0087 M crosomal triglycCeride transfer

protein 28nibAkoRit 0L gl MERNEARI- @:b‘h‘}bi')tingn@hﬁ eCQRR9YAESras described in,
e.g., United States Patent Nos. 5739135 712279 and 5760246. [0088]

" Anor ect gagioteakyde 1adirecapitoe’ RAtagbaisltis)eendadg@Reltis -congerting ndol ,
ephedrine), serotonin agonists (selective serotonin reuptake |nh|b|tors

such as khuyeeadnhébitatsenandoehediat eecepagenaftagofigts,Sdbureaticee) ,
mel anocortin 4 receptor (MCAR) agonists, a-nel anocyte-
calcium antagonists, vasodilator antihypertensives,
sympatholytic agents, central-acting antihypertensives,
oz-adrenergic receptor agonists, antiplatelet agents, uric
acid production inhibitors, uric acid excretion stimulators,
urine alkalizers, anorectics, ACE inhibitors, adiponectin
receptor agonists, GPR40 agonists and GPR40 antagonists.
[0081] Jllustrative examples of a therapeutic agent for
hyperlipidemia or hypertension are as follows.
[0082] "Hydroxymethylglutaryl coenzyme A reductase
inhibitors” include fluvastatin, lovastatin, pravastatin,
cerivastatin and pitavastatin.
[0083] "Fibrate compounds” include bezafibrate,
beclobrate and binifibrate.
[008B4] "Squalene synthase inhibitors” include TAK-475 and
o-phosphonosulfonate derivatives (United States Patent
No. 5712396).
[0085] "Acyl-coenzyme A:cholesterol acyltransferase
inhibitors” include CI-1011, NTE-122, FCE-27677, RP-73163,
MCC-147 and DPU-129,
[o086] "Low-density lipoprotein receptor promoters”
include MD-700 and LY-295427.

[0087] "Microsomal triglyceride transfer protein



concentrating hornmones (a-MCH), leptin, as well as cocai ne- and
anphet am ne-regul ated transcripts (CART). [0089] "Thyroid hornone receptor
agoni sts" include [|iothyronine sodiumand | evothyroxi ne sodium [0090]
"Chol esterol absorption inhibitors” include ezetimbe. [0091] "Lipase

I nhibitors” include orlistat. [0092] "Carnitine pal mtoyl transferase

I nhibitors" include etonoxir. [0093]- "2 cotinic acid derivatives" include
nicotinic acid, nicotinanide ni conol and ni corandil . [0094] "Bile acid

bi ndi ng ly My Ie

hydrochl%??égit 3% rﬂﬁAﬁg?bﬁgké%%qLoggg}pan %%h%%ﬁnagnﬁ bi ?%?éﬁblnclude
captor!| anendl ghr! bnfRkgaktardbagaRthl MOd.Chh38385! ! 57198951 angnol ot ensin
Il recepior antagonlsts I ncl u candesartan Ci exe til osartan potassi um

and eprogagpane nesyl ate. [0097] "Endothelin-converting enzyme inhibitors”
i nclude CGS-31447 and CGS-35066. 30 [0098] "Endothelin receptor

antagon'%b%asnn0|Ude‘hnZﬂ&&@@cs"TEﬁbﬁaéé &EQeBB@iﬁg?ﬁZQadEQQQangy way of

exanple, in treating diabetes or the Ilike, it would be preferable to use

the conp ?aﬁleftst he. gpr,eﬁ\aat:.paa}lqnbmadu:ap@qr,rb!sa@brt@ﬁ_im Bgontisteast one drug
selected fromthe group consisting of an insulin sensitizer (e.g., a PPARy

agoni st, (sekBaRaie aewditshinarEdpBrkeganhibitarsPBABE wsb fagedkamined ,
gl ycosi dase inhibitor, a biguanide, an
adrenaline/serotonin agonists {(e.g., sibutramine),
melanocortin 4 receptor (MC4R) agonists, a-melanocyte-
concentrating hormones (o-MCH), leptin, as well as cocaine-
and amphetamine-regulated transcripts (CART).

[0089] *Thyroid hormone receptor agonists” include

liothyronine sodium and levothyroxine sodium.

[0090] "Cholesterol absorption inhibitors” include
ezetimibe.

[0091] "Lipase inhibitors” include orlistat.

[0092] "Carnitine palmitoyl transferase inhibitors”

include etomoxir.

[0093] "Nicotinic acid derivatives” include nicotinic
acid, nicotinamide, nicomel and nicorandil.

[0094] "Bile acid binding resins” include cholestyramine,
colestilan and colesevelam hydrochloride.

[0095] "Angiotensin-converting enzyme inhibitors” include
captoril, enalapril maleate, alacepril and cilazapril.

[0096] "Angiotensin II receptor antagonists” include
candesartan cilexetil, losartan potassium and eprosartan
mesylate.

[0097] "Endothelin-converting enzyme inhibitors” include

CGS-31447 and CGS-35066.



I nsulin secretagogue, an insulin formulation and a di pepti dyl

pe

pti dase |V

I nhi.bitor. [0100] Alternatively, it would be preferable to use the conpound
of the present invention in conbination with at |east one drug sel ected
f,romthe group consisting of a hydroxynethylglutaryl coenzyme A reductase

inhibitor, a fibrate conpound, a squal ene synthase i nhibitor

an

acyl -coenzyne A:chol esterol acyltransfeBfise inhibitor, a |owdensity
|'i poprotein receptor pronoter, a m crosomal triglyceride transfer protein

inhiMixN[@ﬁgh n ano dfhe 1010 e %ﬁgp@g{ {gal ciﬂﬁ Fyggprsthe

pr esent |nven ion can n1n|ster yste y or ‘t'oprea

dr al

route or ¢efdef adnd eBm_,lgﬁ-f@_r ectal, subcut aneous i nt rarruscul ar,
i ntravenous, percutaneous) route. [0102] For use as a pharnaceutical

prepar atigpoodhe compound, o t ]’Senln RN {
i qui

any desired dosage formselected fromsolid conp05|t|ons

ed into

conposi t i Dike ANk GIdETd GRS £ SLe Ao AWY il Adnfdind e 18 ended
pur pose. The pharmaceutical preparation of the present invention can be

prepar ed gayederendimged tivore ol astisb fatiilon tWieLH 85 el ad &Y | agv t
pharmaceutically acceptable <carrier(s). Mre specifically, the conpound of

t he presesdlectradbnfrann they dusovs preniestiar Wif hare oimedTl ih Useathk Excigx ent s,
extenders, binders, disintegrating agents, coating agents, sugar-coati.ng

agents, ple.axlj ust ARARYs algobillsitzems PPARag9uagonishonaaBBRRISagoh €t} Saand so

on, and then fornul ated using standard techniques into tablets,

pills,

capsules PRARM W/ @sagopdatdrsa gdvopsddaseehnhibdtior,saspégaandde,i apections,

etc.

insulin secretagogue, an insulin formulation and a dipeptidyl

peptidase IV inhibitor.

[C100] Alternatively, it would be preferable to use the

compound of the present invention in combination with at least

one drug selected from the group consisting of a

hydroxymethylglutaryl coenzyme A reductase inhibitor, a

fibrate compound, a squalene synthase inhibitor, an

acyl-coenzyme A:cholesterol acyltransferase inhibitor,

a

low-density lipoprotein receptor promoter, a microsomal

triglyceride transfer protein inhibitor and an anorectic.

[0101] The pharmaceutical preparation of the present

invention can be administered systemically or topically via

oral route or parenteral (e.g., intrarectal, subcutaneous,

intramuscular, intravenous, percutaneous) route.

[0l102] For use as a pharmaceutical preparation, the

compound of the present invention may be formulated into any

desired dosage form selected from solid compeositions,

liquid

compositions and other compositions, as appropriate for the

intended purpose. The pharmaceutical preparation of the

present invention can be prepared by blending the compound of



AR SR

Exanpl es of excipients and extenders include, for exanple, |actose,
magnesi um stearate, starch, talc, gelatin, agar, pectin, gumarabic, olive
oil,; sesame oil, cacao butter, ethylene glycol and other commonly used

materials. [0103] Al so, the conmpound of the present invention may be
modi fied to forman inclusion compound with, e.g., a-, (3- or
y-cycl odextrin or nethylated cycl odextriyjy hefore being fornulated. [0104]
The dose of the compound of present invention will vary depending on the
di sease or synptomto be treated, bod% wei ght, age, sex, the_route of
adni ni st r BBeoRTegeRt FRECRBLPR WEBeP §rEP§PBFh§P$13.ECFBPIGBéeng/kg body
meight/da%, ngre ?referabl 0.1 to 200 na@%g body wei ght/day, given as a
single dSSELLRTLR)di MUkl TRRELE1¢akb%; QABRHRY OF e BFeIRk
invention_canag synt hesi zed, . for _ex I as_sho i n %he roduction
schemes  LAVSNELPBIVAY BRcSUBRBGURATER WhERoFOUBABLYVERE| SROLRNCBES:
synthesizedtgs sgomnbLn gchenailiagé -agghene 1ng01OZLaL§8rngla %L 0 O OBn
Bn0 OBn FI5LCRAST &1, PLRASEE: BFIBHEERAEFRY(f95DER- g agents,
sugar-coating agents, pH adjusters, solubilizers, aqueous or
non-agqueous solvents and so on, and then formulated using
standard techniques into tablets, pills, capsules, granules,
powders, solutions, emulsions, suspensions, injections, etc.
Examples of excipients and extenders include, for example,
lactose, magnesium stearate, starch, talc, gelatin, agar,
pectin, gum arabic, olive o0ll, sesame 0il, cacao butter,
ethylene glycol and other commonly used materials.
[0103] Also, the compound of the present invention may be
modified to form an inclusion compound with, e.g., a-, B- or
y-cyclodextrin or methylated cyclodextrin before being
formulated.
[0104] The dose of the compound of present invention will
vary depending on the disease or symptom to be treated, bhody
weight, age, sex, the route of administration, etc. The adult
dose is preferably 0.1 to 1000 mg/kg body weight/day, more
preferably 0.1 to 200 mg/kg body weight/day, given as a single
dose or in divided doses.
[0105] The compound of the present invention can be
synthesized, for example, as shown in the production schemes
below.

[0106] The compcund of the present invention can be

synthesized as shown in Scheme 1:



OP Br BnO - Bn
oxi dati on 0"

(rey (i
o,,.

Rf OH Br
cychi zation -
(V1) (Vi)
- H OBn OH (M11) [0108] where

-

R12 OH R12 Rn ~% A AX A coupling -

1) OBh M R12 R12 CHO Rl11l ~/ OH R' i
,,0Bn OOBn O BnO GBn BnO Bn OBn OBn
reduction OBnh H BnO OBn HO

n R11 and R12 have the sanme neani ng as

defi ned above for

substituents on Arl,

A is as defined above, and P

represents a protecting group for a hydsaxyl group.

[0109] Mbre

is protected with a protecting group P

specifically, after Compound (I1)

(e.g9., addidyd 9roup, a
tetrahyd group,

tert-butyldinmethylsilyl group or a

33

[0107] [Formula 4]
0]
5o
» BnO - OBn R12
/R R12 OBn
1 Ve % \Y]
R11ﬂOH R/ 0P ) .
P |/
OH
Br OP gr
(" (i
H12
Rn_Jf7( OH
cyclization N oxidation
Vi)
coupling reduction

[0108]

wherein R!! and R!? have the same meaning as defined

above for substituents on Arl, A is as defined above, and P

represents a protecting group for a hydroxyl group.

[0109]

More specifically, after Compound (II) is

protected with a protecting group P (e.g., a trityl group, a

tert-butyldimethylsilyl group or a tetrahydropyranyl group,



preferably a group renovable by the action of an acid), the resulting

Conpound

(I'11) is treated with an alkyllithium (e.g., n-butyllithium

sec-butyllithium and reacted with Conpound (1V) to obtain Conpound (V).
the presence or absence of a silane reagent (e.g., triethylsilane),

Conmpound

(V) is then treated with an acid (e.g., trifluoroacetic acid

or

In

boron trifluoride-diethyl ether conplex) and converted into Conpound (VI),
by treatment with an oxidi zingddgent (e.g., Dess-Martin reagent,
TPAP- NMO, DMBO- acetic anhydride) to obtain Conpound (VII). This conpound is

convertecbﬂéﬁé):abq%f%ddpvuéaomltéw "y agt;ifbrﬁtﬁtﬁ dEAPENtdich as a

f ol | owed

Gignard

reagent, |"owed by debenzyl ati on, ough catal ytic

hydr 0genaidsai tiihd REMBARRRNCEr Of) a Palddulidiny aat aly 11871 P PGl que usi ng

a Lewis acid (boron tribromde, boron trichloride, boron

trichl ori@e-gli,met-hyd tspil 1 el e 0 bu tiarat Hifunl )| Uid des4b@ddiwti @t her

conpl ex plus ethanethiol, boron trifluoride-diethyl ether conplex plus

di net hyl Qdnfgdima (v )prigpastrdiie compoata (of) .t henptasepireisenest ben. |t
should be noted that Conpounds (I1) and (1V) can be synthesized as

descri bedbdearceexdihnd esilianel .réagentChang. valriethylsildn),, dddpbuni
Car bohydr. Res., vol. 260, p. 243, 1994, respectively. [0110] The conpound

of the pr(@8erts itheanttimeatesh wdltdo de aqirdefar.qrl ,assifiwvrnoaddieid @ddiaM ng
Schene 2:

34 - Scheme 2 [0111] [Fornula 5] R12 R12 R12 1 2 A
or beoron trifluoride-diethyl ether complex} and converted into

Compound (VI), followed by treatment with an oxidizing agent
(e.g., Dess-Martin reagent, TPAP-NMO, DMSO-acetic anhydride)
to obtain Compound (VII). This compound is converted into
Compound (VIII) by treatment with a metal reagent such as a
Grignard reagent, followed by debenzylation, e.g., through
catalytic hydrogenation in the presence of a palladium
catalyst or a technique using a Lewis acid (boron tribromide,
boron trichloride, boron trichloride-dimethylsulfide complex,
boron trifluoride-diethyl ether complex plus ethanethiol,
boron trifluoride-diethyl ether complex plus dimethylsulfide)
to prepare the compound of the present invention. It should
be noted that Compounds (II) and (IV) can be synthesized as
described, for example, in J. Org. Chem., vol. 29, p. 2034,
1964 and Carbohydr. Res., vol. 260, p. 243, 1994,
respectively.

[0110] The compound of the present invention can also be

prepared as shown in the following Scheme 2:



R11 KI' OH Rn % X A-X R11 hal ogenation O (X) ~ Bn O OBn jOBn BnO BnO OBn -
Bn.BhnOOBn OBn OBn OBn (VI) (IX) (X 1) R12 debenzylation RIl ~~ 01 ~'
,OH HO OH OH [0112] wherein R' and R12 have the sane neani ng as defi ned
above for substituents on Art, Ais as defined above, X1 represents a

hal ogen atom and X2 represents a hal ogen atomor B(OR13)3, wherein R13
represents hydrogen or |ower alkyl. [0148]-Mre specifically, Conpound (VI)
is treated with an appropriate hal ogenati ng agent (e.g., N-bronosuccin de,
carbon tetrabromjde). The resulting Conpound (1 X) is then reacted with
Conpound%%§¥§¥%2ahe presence of an appropriate palladiumcatalyst to obtain
Conpound q f b debenzyl ation, e.g., through catalytic

hydr ogena ¢3i91 ??ﬁgmﬁgFeé nce of a palladiumcatalyst or a techni que using
a Llews acid (?@5on tribrom de, boron trixhloride, boron triclghsride-

di met hyl sul fi de/conpl ex, boron trlflugpzh d4ethy| et her conpfex plus

et hanet higl, B¥ONOHri f1 uori de- di gty € heX cohpfiex plgis_di | sul fide)
to prepa onpounﬁlaw&enghfh 35 - Z )
.0Bn «OBn A..OBnN
BnO
B0 A Ao, < ~0Bn BnO~"~0Bn
OBn OBn OBn
v (1% (x1)
A
debenzylation
OH
OH
[0112] wherein R'!' and R!? have the same meaning as defined

above for substituents on Ar', A is as defined above, X'
represents a halogen atom, and X’ represents a halogen atom or
B(OR'),, wherein R'® represents hydrogen or lower alkyl.
[0113] More specifically, Compound (VI) is treated with
an appropriate halogenating agent (e.g., N-bromosuccimide,
carbon tetrabromide). The resulting Compound (IX) is then
reacted with Compound (X) in the presence of an appropriate
palladium catalyst to obtain Compound (XI), followed by
debenzylation, e.g., through catalytic hydrogenation in the
presence of a palladium catalyst or a technique using a Lewis
acid (boron tribromide, boroﬁ trichloride, boron trichloride-
dimethylsulfide complex, boron trifluoride-diethyl ether
complex plus ethanethiol, boron trifluoride-diethyl ether

complex plus dimethylsulfide) to prepare the compound of the



pr esent

prepared as shown in Schene 3. [0115] Schenme 3 [0116] [Forrmula 6] 0 OBn

i nvention. [0114] The conpound of the present invention can also be

Q

~ Ri1 R12 R12 BnO OBn protection R12 -1 (I V) OBn \ Br cyclization R11 ~~
Br -~ Rln (/I ~OH"AiJ Br POO ,0Bn OH Br OP Br BnOOBn (X 1) (XII11) OBn

¢XI'vV) 12 R73 R13 R1I3 R R12 3n Rlz R11l ~i Br Sn-R73 .R13 /--A 11/~A R13 2
R11 X1 (XVii) R OBn 0". OBn OBn 0 BnO p BnO OBn BnO OBn OBn OBn OBn OBn
(XV) (XVI) (X 1) - 35 -

present invention.

[0114] The compound of the present invention can also be
prepared@ as shown in Scheme 3.

[0115] Scheme 3

[0116] [Formula 6]

O
0] \OBn R'' pi2
12 BnO R
R e R12 Y” "OBn ~/
. rotection A L
A1 _.I/~/l Brp - __-{'/ﬁ av OBn /OHBr cyclization
fk\fﬂ r)*f;rBr > PO XK .0Bn ?
OH Br OP Br BnO
= "OBn
X11) X111 OBn
R12
Z
.0Bn
OBn
(Xv)
R12
e A
debenzylation R1t_l£2§L_/
” % .OH
HO ~OH
OH
[0117] wherein R and R'’ have the same meaning as defined

above for substituents on Ar!, R!’ represents lower alkyl, A is
as defined above, P represents a protecting group for a
hydroxyl group, and x! represents a halogen atom.

[0118] More specifically, after the hydroxyl group of

Compound (XII) is protected with an appropriate protecting



R12 debenzylation RI11 i jXIOH HO Z OH OH [0117] wherein R' and R12 have
t he. sane neaning as defined above for substituents on Art, R13 represents

| ower alkyl, Ais as defined above, P represents a protecting group for a
hydroxyl group, and X1 represents a hal ogen atom [0118] More specifically,
after the hydroxyl group of Conmpound (XII) is protected with an appropriate
protecting 36 group P (e.g., a trityl 3 oup, a tert-butyldinethylsilyl
group, a tetrahydropyranyl group), the resulting Conpound (XIII) is treated

and T oacBBd  Fh BaRaound - (TY) PEoRy | G e tpaus KB IR RY L cconce o
absence gioup, Sh'%@%rhﬁ?ﬁ%ﬁby&ﬁn?l1gEBhﬁBhykﬁbl§€§hlt§ﬁ§p@BﬂBoﬁﬁhv) I's then

treated wth an acid uoroacetic acid or boron

trlfluorlﬁ@iduehbykrehhaa QQ%H'Qﬁ)aPEr@ﬁE&&QeCBER 999 thX¥n. (ef @l.| oved by
treatment with a hexaal kylditin in e presence of an appropriate palladium

cat al yst nteuehaifhfampouee-buYhllithithy Ahaseeaetel @A tAPRbRARLLARS
pal | adi um catal yst, Conpound (XVI) is then treated with Conmpound (XVIIl) to

derive Cqupqumnd deX¥li)e Compownd RXIUeprolgcthenpiesendé hesi ZBséhee coppound
of the present invention. [0119] The conpound of the present invention can
al so be apsdpanedreagehawiei.n.t herfiethgsigaielencompound (XIV) is
then treated with an acid (e.g., trifluoroacetic acid or boron
trifluoride-diethyl ether complex) to derive Compound (XV),
followed by treatment with a hexaalkylditin in the presence of
an appropriate palladium catalyst to obtain Compound (XVI}.
In the presence of an appropriate palladium catalyst, Compound
(XVI) is then treated with Compound (XVII) to derive Compound
(XI), followed by deprotection to synthesize the compound of
the present invention.

[0119] The compound of the present invention can also be

prepared as shown in the following Scheme 4:



37 - Scheme 4 [0120] [Formula 7] Rg R12 Rl12 Rl11 CHO ~ R11 CHO R hl/; CHO
v  HBrr OAPBBr OHOr (XVIII) (XIX) (XX) 0O O OBn R12 R12 R12 BnO _ 0 B
n Rtt, /J Hreduction Rtt ~~ protection Rttt ~/ A (I V) OBh''" ANA OP Br
OP Br OHBr (XXI) (XXIl1) (XXIll) RI2 R1I2 ARI2 Rf AR1r. /[~ frrll A
YOH cyclization i debenzylation R11 POO OBn -- ~ OBn 0... OH O BnO _ OBn
BnO OBnh HOOBn OBn OH OH (XXI V) (X 37 {0121] wherein R11 and R12 have

t he sane neani ng as defined above for substituents on Arl, A is as defined

above, resents a protecting group for a hydroxyl group, and X
represené%igﬁha%ogen atom [0122] Conpound (XVII11) is bromnated with an

approprlq%ﬁzoﬁro?kgghhmg qgent (e.g., bromne, N-bronosuccimde) and its

R12 12 R12
(74 R fA 11_& /ﬁé
R"— "2 cHO CHO R CHO
AL — N N —
. OH Br OP Br
(X1%) (X0 0

(Xviin) ﬁOBn
12
R12 R12 R'* BnO ~~0Bn

OH reduction rotectio 110 /\/
/i /74 /i1— /74 P "R 5 (yy ©Bn

_ 2\ ——— o
=X, AN i -

OP Br OH Br
(xxn) (xXxi1) (xxin
R* R A R12
RH_J;WQ_J/ (ﬁé
7 debenzylation R''—F 5~

———

OH
HO ~~OH
OH
[0121] wherein R*!' and R'? have the same meaning as defined

above for substituents on Ar', A is as defined above, P
represents a protecting group for a hydroxyl group, and X
represents a halogen atom.

[0122] Compound (XVIII) is brominated with an appropriate
brominating agent (e.g., bromine, N-bromosuccimide) and its
hydroxyl group 1is protected with an appropriate protecting
group P (e.g., a trityl group, a tert-butyldimethylsilyl
group, a tetrahydropyranyl group), followed by using a
Grignard reagent or the like to obtain Adduct (XXI). The
resulting hydroxyl group is removed by being treated with a

silane reagent (e.g., triethylsilane) in the presence of an



hydr oxyl group is protected with an appropriate protecting group P (e.g., a
trityl group, a tert-butyldinmethylsilyl group, a tetrahydropyranyl group),
followed by using a Gignard reagent or the like to obtain Adduct (XXI).
The resulting hydroxyl group is renoved by being treated with a silane
reagent (e.g., triethylsilane) in the presence of an 38 acid (e.g.,
trifluoroacetic acid or boron trifluoride-diethyl ether conplex) to derive
Compound (XXI'l1). If necessary, the hydroxyl group is protected again to
give Co %‘iﬁd Xé' || )trlfm%rro%%%tt' aq g %”b@%%o%%‘i%l oY q3NA16ERVA!) 1S
perforne h C

In't ane nmanneér as s omn in hene 3 e reaction” between

Conpoundg %\é) cégﬁheail)l Ik a‘é&&v@%ﬁrp%tu% q&xﬁﬁpowﬁ %é‘%%%%r*’?h ghgormound

(XI') is perforned™i n the sane manner shown I'n Sc

CONVer i iy aRbubaTaep (¥ YrottctoaCagaundol Blve Ckp3lante ssqaqund of e

pr esent |nvent|on can also be prepared as shown in the follow ng Schene 5:

39 - Schefl yeb@iddh bediddnd CdnpoBhdsRY(2VRY dndy ¥ Xxx11® Xk pBr.ifoEmleh CH Y .
0" 10Bn debenzyl ati on R hal ogenation 0 HH Bn0O OBn HO CH HO

in the same manner as shown in Scheme 3 for the reaction
between Compounds (IV) and (XIII). The conversion of Compound
(XX1IV) into Compound (XI) is performed in the same manner as
shown in Scheme 3 for the conversion of Compound (XIV) into
Compound (XV).

{0123] The compound of the present invention can also be

prepared as shown in the following Scheme 5:



OBn OH OH (VI) (XXV) (XXVlI) R12 Ry2 rotection Ryy ~~ protection coupling
RIXOO (CH2)rn (L)pA O0,.. ,,OP PO POCP POOP OP OP (XXVII) (XXVI 1 1)
R12 deprotection R11 (CH2)m(L)P A H OK' HOOH OH [0125] wherein R11l
and R12 have the sane neani ng as defined above for substituents on Arl, L,
m p and A are as defined above, and X1 represents a hal ogen atom [0126]
Conpound (VI) is debenzylated, e.g., th¥®ugh catalytic hydrogenation in the
presence of a palladium catalyst or a technique using a Lewis acid (boron
tribrom @neneorson trichloride, boron trichloride-dinethylsul fide conpl ex,
boron trifTworide-di ethyl ether conplex plus ethanethiol, boron
trifluorifaexdiet pybrmtahar sggonpl ex plus di nethyl sul fide), 40 and the

resul ting Conpound (XXV) is treated in an appropriate solvent (e.g.,

di met hyl sul foxide, dinethylformam de) with a hal ogenating agent (e.g.,
trinethylsilyl &"Woride, trinethylsilﬁh!bronide) to obtain gggpound (XXVI) .

After each
Rﬂ_if7( OH
P

debenzylation hajogenation

Vi)
R12
~/ 1
protection R1L—$TZT X coupling
(XXViI) (XXVIIE)
R‘IZ
deprotection R11r/ (CHaln=(0—A
[0125] wherein R'' and R'? have the same meaning as defined

above for substituents on Ar!, L, m, p and A are as defined
above, and X! represents a halogen atom.

[0126] Compound (VI) is debenzylated, e.g., through
catalytic hydrogenation in the presence of a palladium
catalyst or a technique using a Lewis acid (boron tribromide,
boron trichloride, boron trichloride-dimethylsulfide complex,
boron trifluoride-diethyl ether complex plus ethanethiol,

boron trifluoride-diethyl ether complex plus dimethylsulfide),



TN e s

hydroxyl group is further protected with an appropriate protecting group

(e.g., an acetyl group, a tert- butyldinethylsilyl group), the

resul ting

Compound (XXVIIl) is reacted with boronic acid (e.g., phenylboronic acid) in
the presence of an appropriate palladiumcatalyst (e.g., palladium

acetate, DPPF), or alternatively, reacted with a Giignard reagent in the
presence or absence of copper chloride,4®ér- alternatively, reacted with a
nucl eophilic reagent (e.g., phenol, aniline, thiophenol) in the presence of

a base ( ey SRR PPt r@%ﬁﬁg}' (%g(\g
corrpoundearrrg%/ tbheé)él.ﬁeprot%{%&e?to prrgt?oare thei%cgtrrpoun n%‘ llpFl
i nvent i ongoIvEkA/ 1 (ele. C i1ty 0f s 1¥0 I RS e H 1l MBPL £ il

oprilith

ent

& S
prepared as shomm in the follow ng Schenme 6: 41 - "Schene 6 [0128] [Fornula

9] P coumld et {rlg taddadt?) (8 Ay J eduetmehy 1B4SL Y teHilerdde X1 O
0 013n BnO 1'4)~013n Art (L)P (CH2)n}A (L)p (CH2)m A (1V) 'OBn

(XXI'X)  ( XXX)
HO protection

PO Art Xirimethyls@0¢) Hroomide) t(d-)abt{d32)abmbdund- (GHE) N AARedr kabht

cyclization deprotec t i on

hydroxyl grocup is further protected with an appropriate

protecting group (e.g., an acetyl group, a tert-

butyldimethylsilyl group}, the resulting Compound (XXVII) is

reacted with boronic acid {e.g., phenylboronic acid) in the

presence of an appropriate palladium catalyst (e.g., palladium

acetate, DPPF), or alternatively, reacted with a Grignard

reagent in the presence or absence of copper chloride,

or

alternatively, reacted with a nucleophilic reagent {(e.g.,

phenol, aniline, thiophenol) in the presence of a base (e.g.,

potassium carbonate) to obtain Compound (XXVIII). This

compound may be deprotected to prepare the compound of the

present invention.

[0127] The compound of the present invention can also be

prepared as shown in the following Scheme 6:



HOO ,O0Bn 0 OBn BnO OBn BnO OBn OBn OBn (XXXI11) (XXXIV)  (L)p-(CH2)m A Art
(" OH HO OH OH [0129] wherein R13 represents an ester group, Arl, L, m p
and A are as defined above, P represents a protecting group for a hydroxyl
group, and X1 represents a hal ogen atom [0130] In a solvent (e.g.,
di met hyl f ormam de), Conmpound (XXIX) is reacted with a nucl eophilic reagent
(e.g., phenol, benzyl alcohol, thiophetbbl-s aniline, benzylam ne) in the
presence of a base (e.g., potassium carbonate) to obtain 42 Conpound (XXX),
fol | onedgbyefat @ reduction and protection of the resulting hydroxyl group
to obtai mCompound (XXXI1). The conversion of Conmpound (XXXI1) into
Conpound [pX%¥hV) [Férm@e4af@jmed in the sane manner as shown in Scheme 4 for
the conversion of Conpound (XXI11) into Conpound (XI). Conmpound (XXXl V)
may be deprotected to prepare the conpoungﬁgé%}gg present invention. [0131]
opms A

The conpound of Fpresent. i nventi o Gar prepared as shown in the
fol | ow ng sm;;;%@‘:é &he"ﬁ%’g"?g[mszam mul a 10] PEdil o
R
X1

X1

(XXIX) (XXX} VﬁOBn
BnO ~"~OBn
(L)p-(CHa)m-A ’(L)p—(CHa)m—A V) OBn
HO protection PO

X' X!
(XXX) (XXXil)
@ (L)p—(CH2)m=A (Lp~(CH2}m-A
PO izati
o cyclization deprotection
O ‘OBn ‘\OBn —
BnO~"oBn OBn
OBn
(XX

(L)p_(CHz)m—A

[0129] wherein R'? represents an ester group, Ar', L, m, p
and A are as defined above, P represents a protecting group
for a hydroxyl group, and X' represents a halogen atom.

[0130] In a solvent (e.g., dimethylformamide), Compound
(X¥IX) is reacted with a nucleophilic reagent (e.g., phenol,
benzyl alcohol, thiophenol, aniline, benzylamine) 1n the

presence of a base {e.g., potassium carbonate) to obtain



GYCHO L OHGA X1 R~ 1~ ~R'Aqii X (XXXV) (XXXVI) (XXXVIl) 0 0 OBn BnO
OBn, HO\GN'" - PO\ -A (1 V) OBn X1 ~R" X1 R" (XXXVII1) (XXXIX) A PO
GR~~ G( Rig GR11 j.oBn cyclization O debenzylation Bn OH O BnO _ OBn BnO
0Bn HO OH n 6Bn 613n OH (XXXX) (XXXXI) 43 [0133] wherein R' has the sane
meani ng as defined above for substituents on Arl, Grepresents -0-, -S- or
-NP-, P represents a protecting group &pr-an amno group, Ais as defined
above, and X1 represents a hal ogen atom [0134] Conpound (XXXV) is treated

V:ﬁt g Gt GHEN - o e 'i*?kit%ﬁ%% Y%%@%Bgﬁ%ﬁ%ﬁ ?%ﬁ%vf’ D).
oxi rane. iR b ariE RS U dftieiah R bR °T e

hydr oxyl égﬁvg¥§f%ﬁﬂgf“dbmpound (XXXII) into Compound (XXXIV) is
performed in the same manner as shown in Scheme 4 for the
conversion of Compound (XXIII) into Compound (XI). Compound
(XXXIV) may be deprotected to prepare the compound of the
present invention.
[0131] The compound of the present invention can also be
prepared as shown in the following Scheme 7:
Scheme 7
[0132] [Formula 10]
OH
G, _CHO G G
Y \ A .
el O —— 007
x1 R 1 R X1
X
(XXXV) (XXX V) (XXXVII)
0
5o
BnO -~ 0Bn
HO \ P/\ —_— PO\ ,’\»/\A -
X' R x" R"
OXXXVIN) (XXXIX)

debenzylation
L ————t

HO




Conpound (XXXI X). The conversion of Conmpound (XXXl X) into Conpound (XXXX)
is perforned in the same manner as shown in Schenme 4 for the conversion of
Compound (XXI'11) into Conmpound (XI). Conpound (XXXXlI) nmay be deprotected to
prepare the conmpound of the present invention. [0135] The conpound of the
present invention can also be prepared as shown in the foll ow ng Schene 8:

- 44 - Schene 8 [0136] [Fornmula 11] R1 1 Rn RI11 NN~<OP N-"/--r--"OH /Y.
coupling PO HO - N cyclization 11 , N 4N OP 0 OBn 0' , OBn BnO OBn BnO
06n  (XXXXI'1) OBn OBn (XXXXI11) (XXXXI'V) Rn R11 hal ogenation N N X

coupling ro1N94 deprotgetieqn R35.HBN {PRD sdhBMedBhPUL RE:1fRD MBSl 1

( XXXXV) ( 1) N"/r---A11 N 0" .CH O
for substituents on Ar!, G represents -0-, -S- or -NP-, P
represents a protecting group for an amino group, A is as
defined above, and X' represents a halogen atom.
[0134] Compound (XXXV)} is treated with a Grignard reagent
or the like to give Compound (XXXVI), followed by using a
reducing agent such as triethylsilane to obtain Compound
(XXXVII). This compound is treated with a base such as LDA
and then treated with oxirane to obtain Compound (XXXVIIT),
followed by protection of the hydroxyl group to obtain
Compound (XXXIX). The conversion of Compound (XXXIX) into
Compound (XXXX) is performed in the same manner as shown in
Scheme 4 for the conversion of Compound (XXIII) into Compound
(XI). Compound (XXXXI) may be deprotected to prepare the
compound of the present invention.

[0135] The compound ¢f the present invention can also be

prepared as shown in the following Scheme 8:



HO OH OH [0137] wherein R11 has the sane neaning as defined above for
substituents on Arl, Ais as defined above, X1 represents a hal ogen atom
and P represents a protective group for a hydroxyl group. [0138] Conpound
(XXXXI'I'1), which is prepared by a coupling reaction using Conpound
(XXXXI'l'), is cyclized and deprotected in the presence of an acid such as
p-tol uenesul fonic acid to give Conpourd4@xXXXXlV). The resulting conpound is
treated with a hal ogenating agent (for exanple trimethylsilyl chloride,

trinethylgijél béonide and the like) in an appropriate solvent (for exanple
dinethyls , dinmethylformam de and the |ike) to give 45 Conpound

res Iting conpound is reacted with boronic acid
(for exan%?fﬁgz '%?%%lc acid and the like) in the presence of a
palladlun1catalyst (for exanpl e pal | adi uR'acetate, DPPF and the like) to

gi ve Conpound ( ). By deprotection Qg resul ting cqpaﬁuﬂ t he
o

conmpound of the resentcmeS tion neg be ucedyclikAiba 9l prepare the
conmpound of tNe/ re@%nL_JJnéLulpn i S H

limted to thg e dlrrents
iIIustratEG\aﬁqy . For exanple, the c RP of the preseqy Rt ion can

al so be synthesized through any c J of the st ded in
Schenes 1 to MPLES [0140] The prq$€ N nvention w Tl éhQ%ﬁther
described in } det ai | by way of the 'l owi ng exanpl es and't est
exanpl es, (OGN PXOXXXIV)
R11
halogenation coupling deprotection
(XXXXVI)
HH
l\ll’*/q/\A
[0137] wherein R'* has the same meaning as defined above

for substituents on Ar!, A is as defined above, X' represents a
haleogen atom, and P represents a protective group for a
hydroxyl group.

[0138] Compound (XXXXIII), which is prepared by a
coupling reaction using Compound (XXXXII), is cyclized and
deprotected in the presence c¢f an acid such as
p-toluenesulfonic acid to give Compound (XXXXIV). The
resulting compound 1s treated with a halogenating agent (for
example trimethylsilyl chloride, trimethylsilyl bromide and
the like) in an appropriate solvent (for example

dimethylsulfoxide, dimethylformamide and the like) to give




which are not intended to limt the scope of the invention. [0141] In the
follow ng exanpl es, individual synbols are as defined below. NVR nuclear
magneti c resonance spectrum (TMS internal standard), MS. mass spectronetry,
and HPLC: high performance |iquid chromatography. [0142] NMR, MS and HPLC
were neasured using the followng instruments. [0143] NVR JEOL JNM EX- 270
(270 MHz) or Brucker ARX300 (300 MHz) 4% Varian Mercury 300 (300 MHz) or
JEOL JNM ECP400 (400 MHz) Ms: Therno Finigan LCQ or Waters m cronass ZQ or

Qmcro ég.@g;}g@gle ro e 0/ 996
(detectof%h¥6 - Exanple 1 1%%%23?33%%_ ?%E Ee?E& 9?%§@§$ﬁ?§9t yl -

(hydr oxymtdedaddREH [ooxrdidd Uiy @ us Qexa]ﬁpl%’,nt;hﬁaﬁiﬂﬁﬁronic acid and
(2- bromo- 4- hydr oxynet hyl phenyl ) net hanol Under a nitrogen stream to a

sol uti on e 2riKkedN0in it PrdRice ad G 10 a1iwd htdBist | (Foefhaip1d ), a
THE solution of BH3 (1.09 M 74.9 m) was added dropwi se at 0OC and the

m Xt ure sl lddiune hadt a0 MDFRP el Wi fldke) RaurgiveAfdampaaddi ti on of
THE-water (1:1) to this solution, the reaction mxture was extracted with
et hyl acdz¥XVIhe Byr gaproteaydonwaf dheettesudtiaghydmposndogmnaa um sul fate
and then evaporated under reduced pressure to renove the solvent. The
resul ti ngcomguwhuk ofasthmurpfe sshthyimsidn tdo g edaye dleuproddwuesivat ogr aphy
(devel opi ng sol ution = ethyl acetate:n-hexane

[0139] How to prepare the compound of the present

invention is not limited to the embodiments illustrated above.

For example, the compound of the present invention can also be

synthesized through any combination of the steps included in

Schemes 1 to 8.

EXAMPLES

[014C] The present invention will be further described in

more detall by way of the following examples and test examples,

which are not intended to limit the scope of the invention.

[0141] In the following examples, individual symbols are

as defined below:

NMR: nuclear magnetic resonance spectrum (TMS internal

standard), MS: mass spectrometry, and HPLC: high performance

liquid chromatography.

[0142] NMR, MS and HPLC were measured using the following
instruments.
[0143] NMR: JEOL JNM-EX-270 (270 MHz) or Brucker ARX300

(300 MHz) or Varian Mercury 300 (300 MHz) or JEOL JNM-ECP400
(400 MHz)

MS: Thermo Finigan LCQ or Waters micromass ZQ or Q-micro
Triple Quadrupcle Mass Spectrometer

HPLC: Waters 2690/2996 {detector)



(1:2)) to give the titled conmpound (4.1 g, 92% . [0144] 1H NWVR (DWVSO d6) 6:
4.48 (4H, t, J=5.1Hz), 5.27 (1H, t, J=6Hz), 5.37 (1H, t, J=5.7Hz), 7.31
(1H, d, J=7.8Hz), 7.45-7.49 (2H, m WMs (ESI'): 240 [MtNa]' 2) Synthesis of
2-brono-1, 4-bi s(trityl oxynet hyl)benzene Under a nitrogen stream to a
solution of trityl chloride (11.58 g, 41.6 mml) and (2-brono- 4-

hydr oxynet hyl phenyl ) ret hanol (4.1 g, 18.9 nmmol) in DW (12 nl),
triethylamne (5.8 nl, 41.6 nmol) and- DMAR- (369.2 ng, 3.02 mol) were added
and the m xture was stirred for 18 hours at roomtenperature. The reaction
m xture rated under reduced pressure to renove the sol vent and

t hen exﬁ%%gaggi%th nmet hyl ene chl oride. The organic | ayer was 47 washed

wth wat §r ja jyjai[%gqqg%& ' Iﬂggh ueried over anhydrous
nagnesiunfsUEg%ﬁgég%nd—then—evapéﬁggggﬂﬁﬁger*—&gﬁuced pressure to renove the
sol vent. ‘mﬁfﬁ%ﬁ&% )rgﬁ%'ﬁgq_gm@aﬁtﬁ@o# @n@éesi lica gel colum

chr omat ogra ' ' = ate: n-hexane (1:2)) to give

Lhe Litl oy somipun: Gk 4 Dortiil-a L4tttk i ndnahol) (4H d

J=18Hz), (21H, m, 7.47-7.53 ( m 3) nt hesi s of

3,4, 5-tri s- bengirlgaxy abnaereyedX s, - ol 3 3o1Ritibn of 2-bromo-

trityl oxynmet hyl ) phenyl)tetrahydropyran-2-ol Under a nitrogen stream to a
sol uti on tefrephyham-cl a4 di(S.l0 id,y l2oxumeintyl)) Genzere (626m13 ,n& THFS6 Mol )
in toluene (1.5 m), a cyclohexane solution of sec-butyllithium (0.99 M

367 |, O0sdqutinn ofas8Hddedodr Mpw7dedamll) owast adgedativopwasd at 0°C and

the mixture was stirred at room temperature for 4 hours.
After addition of THF-water (1:1) to this solution, the
reaction mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous magnesium sulfate and
then evaporated under reduced pressure to remove the solvent.
The resulting residue was purified by silica gel column
chromatography (developing solution = ethyl acetate:n-hexane
(1:2)) to give the titled compound (4.1 g, 92%).
[0144] 'H-NMR (DMSO-d¢) &: 4.48 (4H, t, J=5.1Hz), 5.27 (1H,
t, J=6Hz), 5.37 (1H, t, J=5.7Hz), 7.31 (1H, 4, J=7.8Hz),
7.45-7.49 (2H, m)

MS (ESI'): 240 [M+Na]®
2) Synthesis of 2-bromo-1,4-bis(trityloxymethyl)benzene

Under a nitrogen stream, to a solution of trityl
chloride (11.58 g, 41.6 mmol) and {(2-bromo-4-
hydroxymethylphenyl)methanol (4.1 g, 18.9 mmol) in DMF (12
ml), triethylamine (5.8 ml, 41.6 mmol) and DMAP (369.2 mg,
3.02 mmol) were added and the mixture was stirred for 18 hours
at room temperature. The reaction mixture was evaporated
under reduced pressure to remove the solvent and then

extracted with methylene chloride. The organic layer was



the solution was stirred for 30 mnutes. This solution was added dropw se
at - 78C to a solution of 3,4,5-trisbenzyl oxy-

6- (benzyl oxynet hyl )t et rahydr opyran-2-one (140 ng, 0.26 nmol) in toluene
(1.5 mM) and the m xture was stirred at the same tenperature for 30

m nutes. After addition of water, the reaction mxture was extracted with
ethyl acetate. The organic |ayer was wWdshed with saturated aqueous sodi um
chl oride, dried over anhydrous magnesi um sul fate, and then evaporated under

d d I fied
reduced QLRSS euttﬁa &%g%;fg r?tgt*ag gsr%g%%e%gel&g%eoh%sg 1%91 IBlo %%ﬁwﬁr&%' e

by silica gel colum opi ng solution =

acet at e: ByReX 3R yarbud) Ina H‘ﬂe&'ﬂﬁx 508 rhitle eﬁnaom@ﬂn%vﬁé%% P, %9‘& [01461
1H NVR (CDC13) S¢ 3.34 (1H, t. J=9. 3Fz), '3.46-3 D F1h,

J=10. 8Hz }redaic®d @%HsshreJT% Feabvet tH8 431ven@S (1he ﬂlsuft@§g4ré§ié§é| ”)
4.31 (2H s), 4.41 (1H d, J=12.3Hz), 4.49-4.58 (2H ), 4.84 (3H m,

6. 75 (2Hwa@, pulifi’didz by @i&ic@Z@eltcoiuﬁnzﬂhkomaﬂaﬁfédﬂ (BeveTbpifhgll- 7.32
(35H, m, 7.47-7.59 (12H, m, 7.69 (iH d, J=7.5Hz) M5 (ESI+): 1184 [ MtNa] +
4) Synt hesilatdionl =1 exhigidaeeltate[:2-hexane (1:2)) to give the titled
bi s( hydr oxymet hyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl - P-D- gl ucopyranose Under a
ni t rogencempeamd t(@.4 ol UBFJn of
3,4,5-trisbenzyl oxy- 6-benzyl oxymnet hyl - 2- (2, 5-
bi s(trityloddpdet hyl ) HhedyR ) ¢ GRELHY dr ogy28n{AHo| d(242188z2)0. Z122mTBBR i n
acetonitrile (3 mM), triethylsilane (36 I, 0.23 mol) and boron trifluoride
di et hyl 4238, 8dnplTe$7-7953 (32M3 mimopl ) were added at -40C and the nixture
was stirred at the

3} Synthesis of 3,4,5-tris-benzyloxy-6-benzyloxymethyl-2-(2,5-

bis{trityloxymethyl)phenyl)tetrahydropyran-2-ol

Under a nitrogen stream, to a solution of 2-bromo-1,4-
bis(trityloxymethyl)benzene (255.3 mg, 0.36 mmol) in toluene
(1.5 ml), a cyclchexane solution of sec-butyllithium (0.99 M,
367 pl, 0.36 mmol) was added dropwise at room temperature and
the solution was stirred for 30 minutes. This solution was
added dropwise at -78°C to a solution of 3,4,5-trisbenzyloxy-
6-(benzyloxymethyl)tetrahydropyran-2-one (140 mg, 0.26 mmol)
in toluene (1.5 ml) and the mixture was stirred at the same
temperature for 30 minutes. After addition of water, the
reaction mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous magnesium sulfate, and then
evaporated under reduced pressure to remove the solvent. The
resulting residue was purified by silica gel column
chromatography (developing solution = ethyl acetate:n-hexane
{(1:5))} to give the titled compound (242 mg, 80%).
[0146] 'H-NMR (CDCl.) d: 3.34 (1H, t, J=9.3Hz), 3.46-3.51

(3H, m), 3.78 (1H, 4, J=10.8Hz), 3.92 (1lH, t, J=9.3Hz), 4.00-



sane tenperature for 1 hour. After stirring at OC for an additional 1 hour,
wat er was added and the reaction mxture was extracted wth nethyl ene
chl-oride. The organic |ayer was washed with saturated aqueous sodi um
chloride, dried over anhydrous nmagnesium sul fate, and then evaporated under
.reduced pressure to renove the solvent. The resulting residue was purified
by silica gel colum chromatography (devel oping solution = ethyl

acet ate: n-hexane (1:4)) to give the tit4&%d conpound (77.5 ny,

56% . [0147]

"H-NMR (CDCI 3) & 3.62-3.71 (1H, d, J=11.1Hz), 3.77-3.92 (3H n), 4.07-4.18
(3H, m, 44040¢(4u63mG6H4 , BB~ 44182 3. 95&33w 3ﬁ)§ 28, 14)( 24, 4§)(1ﬁ 73,(2H s),
y

7.06-7.31 (25H m Ms (ESI'"): 1 [ M+ ntf hesi's of

1, 1- anhygeez2l. 38z) 9- #oaoyvk- 884928, m), 4.77-4.84 (3H, m), 6.75 (2H, d,

(hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra- O benzyl - (3-D glucopyranose Under a
ni trogenJstreHa) ,t 6. assohutlen gk7128zanhydo@-~-07 (1H, m), 7.11-7.32
C-[2,5-bis-(hydroxynethyl)phenyl]-2,3,4,6-tetra-C>benzyI-3-D— gl ucopyr anose
(77.5 nmg(36H12mimol7) 47A7nBBhYleHe mhl, ofi.d6 (1H5 anl g=7DeHEIMArtin
peri odi nane reagent (74 8 ng, 0.18 nnDI) was added at roomtenperature and

the m xture waMSs{ESIEN: k8 B0[M+Nalit es. After addition of water,

t he

reaction mxture was extracted with nethylene chloride. The organic | ayer

was wasHedSwnthesisupfit ddlagubydsosddCubzchloride, dried over

anhydr ous

magnesi um sul fate, and then evaporated under reduced pressure to renove the
sol vent . biﬁéhF€§QKYmﬁ§hYé§Pb§§Y s2.Bufi préatog-orbepaydep-2ol um
chromat ogr aphy (devel oping solution = ethyl acetate:n-hexane (1:4)) to give

the tit| 4ucopyranose
Under a nitrogen stream, to a sclution of

3,4,5-trisbenzyloxy-6-benzyloxymethyl-2-(2,5-

bis(trityloxymethyl)phenyl)tetrahydropyran-2-ol (242 mg, 0.21

mmol) in acetonitrile (3 ml), triethylsilane (36 pul, 0.23

mmol) and boron trifluoride diethyl ether complex (29 pl, 0.23

mmol) were added at -40°C and the mixture was stirred at the

same temperature for 1 hour. After stirring at 0°C for an

additional 1 hour, water was added and the reaction mixture

was extracted with methylene chloride. The organic layer was

washed with saturated aqueous sodium chloride, dried over

anhydrous magnesium sulfate, and then evaporated under reduced

pressure to remove the solvent. The resulting residue was

purified by silica gel column chromatography (developing

solution = ethyl acetate:n-hexane (1:4)) to give the titled

compound (77.5 mg, 56%).

[0147] 'H-NMR (CDCl,) &: 3.62-3.71 (1lH, d, J=11.1Hz),

3.77-3.92 (3H, m), 4.07-4.18 (3H, m), 4.40-4.63 (6H, m),

4.83-

4.95 (3H, m), 5.17 (2H, s), 6.75 (2H, s), 7.06-7.31 (25H, m)

MS (ESI'): 681 [M+Na]l’

5) Synthesis of 1,l-anhydro-1-C-{5-formyl-2-



conmpound (25.2 ng, 33%. [0148] 1H-NWR (CDC 3) S: 3.66 (1H, d, J=10.8Hz),

3.76-3.95 (3H, m, 4.08-4.11 (1H, m, 4.15-4.27 (2H, m), 4.47 (2H, dd,

J=12, 21.3Hz), 4.65 (2H, d, J=10.8Hz), 4.88 (1H, d, J=10.8Hz), 4.95 (2H,

,S), 5.24 (2H, s), 6.77 (2H, d, J=6.9Hz), 7.03-7.15 (3H, m), 7.19-7.41 (18H

m, 7.53 (1H, s), 7.87 (1H d, J=7.8Hz), 9.85 (1H, s) Ms (ESI'): 679

[ MtNa] ' 6) Synthesis of 1, 1-anhydro-|~®&95- (4-

et hyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] - 2, 3, 4, 6-

aeara ﬁ>3ﬁ9anx9metﬁbquﬁﬁh9u939 ,9Ndek -geRichL098BnEYNEBOD-t 0 a sol ution of
anhydro-1 -

C- [ 5- f or gilucdpyirraoesy met hyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl -

D gl ucopyranose (25.2 ng, 0.038 mmol) in diethyl ether (0.3 50 m), a THE

sol ution of 4-wvhlgkrphenytrageasstrebnontdea( Bodbublionlbs I, 10afik¢dssol) was

added at OC and the m xture was stirred for 3 days at roomtenperature.

Aft er ad@rtiizoh-bfis-fhydroxyiwethgddphenylilxRuBe4was texiraaotbdnwiyllhfeDRy|

acetate. The organic |ayer was washed with saturated agueous sodi um

chl ori degludcopyroneseariydsong . n@gddsmmmliulihamethyidnehehlogidpolat 8d under

reduced pressure to renove the solvent. The resulting residue was purified

by silicB@ldel DessuMartdnr peniodinphy reegenspi(id-Somgti 6nls mmhy) was

acetate:n-hexane (1:4)) to give the titled conmpound (23.3 , 808). [0149]
'H NVR ( eBéed) ag: r9°m3te@HerﬁtuJe7asﬂuyhezmsatpzﬂ wag, syiyref; fog=308Hz),
3.63 (1H, d, J=9.9H7 78-3.90 (3H, m, 4.08-4.11 (2H, 4.43-4.64 (4H,

m), 4.89mispteg. AL erzwéﬁht%oqﬁ Jptey, theireaekien mixgyre Mass)
7.00-7. 4£xtracted with methylene chloride. The organic layer was

washed with saturated agqueous sodium chloride, dried over
anhydrous magnesium sulfate, and then evaporated under reduced
pressure to remove the solvent. The resulting residue was
purified by silica gel column chromatography (developing
solution = ethyl acetate:n-hexane (1:4)) to give the titled
compound (25.2 mg, 33%).
[0148] 'H-NMR (CDCl;) &: 3.66 (1H, 4, J=10.8Hz), 3.76-3.95
(3H, m), 4.08-4.11 (1H, m), 4.15-4.27 (2H, m), 4.47 (2H, 44,
J=12, 21.3Hz), 4.65 (2H, 4, J=10.8Hz), 4.88 (1H, 4, J=10.8Hz),
4.95 (2H, s), 5.24 (2H, s), 6.77 (2H, 4, J=6.9Hz), 7.03-7.15
(3H, m), 7.19-7.41 (18H, m), 7.53 (1H, s), 7.87 (1H, 4,
J=7.8Hz), 9.85 (1H, s)

MS (ESI*): 679 [M+Nal]’
6) Synthesis of 1,l-anhydro-1-C-[5-(4-
ethylphenyl)hydroxymethyl-2- (hydroxymethyl)phenyl]-2,3,4,6-
tetra-0-benzyl-p-D-glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-formyl-2- (hydroxymethyl)}phenyl]-2,3,4,6-tetra-0O-benzyl-fi-

D-glucopyranose (25.2 mg, 0.038 mmol) in diethyl ether (0.3



(25H, m 7) Synthesis of 1,1-anhydro-|-GC[5-(4-ethyl phenyl)nethyl -

(hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-tetra-0-benzyl -S-D gl ucopyranose Under a

nitrogen stream to a solution of 1,1-anhydro-1-

C-[ 5- (4- et hyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -

2,3,4,6-tetra- O benzyl - 3- D- gl ucopyranose (23.3 ng, 0.031 mmol) in

acetonitrile (1 m), triethylsilane (55 1-, 0.037 nmol) and boron

trifluoride diethyl ether conplex (3.8 1, 0.031 mmol) were added at -40C

and the ture S ' h f ur, ter
RSt UnCTHRS sBhLtBH Bl WEenIaRRehGTRILALLL b BLonibRU D, s

addi ti on of "wat er, reaction m X racted w ené

chlorlde15§hﬁl Obgﬁﬁbcmhﬁi?rwﬁ@sa&ﬁéﬁeﬂt“bt¢f§§% ﬁﬂ ﬁ@ﬁf odlum

chl ori de ried over ydrous magnesi um su evaporated

under reg%&%ﬁear%%%Ubedh9srS%D¥Sohh%eﬁﬁb%ﬁ@hreThQAfféfUéédﬂ@léﬁséﬁue Was
purified by silica gel colum chromat ography (devel oping solution = ethyl

acet at e: gafiexanehe( fedriohomik¥arkhfaki kedac@BROWREN( é%n?ﬂrace%a%e [0150]
1H NWR (CDC13) 8: 1.15 (3H, t, J=7.5Hz), 2.55 (2H, q, J=7.2, 7.8Hz), 3.63
(1H, d, or€. 3dkghnid. 1dy8r8¥atliasHed wd€B. 6atdrdbell. agu8dutlBodsym 3. 86 (1H,
s), 3.95 (2H, s), 4.00 (1H, d, J=10.8Hz), 4.06-4.11 (2H, ™, 4.47 (2H d
J=12Hz) , chdof@de2Hdrded)a¥28r3nnhydfoGé habnesjiumds8afatl, dndJtBen), 4.89
(2H, d, J=4.8Hz), 5.17 (2H, dd, J=5.1, 12.3Hz), 6.71 (2H, d, J=6.3Hz),

6. 96- 7. 3¢vapbiiated NBAeESkefincé@Opirkibakre 8p Bgmblestheokolvent. The

1, 1- anhydro- | - C-[ 5- (4- et hyl phenyl ) net hyl - 2-

(hydr oxymeshntipbemgklidps- Bagl puypfiedoby silica gel column

*

chromatography (developing solution = ethyl acetate:n-hexane
(1:4)) to give the titled compound (23.3 mg, 80%).
[0149] 'H-NMR (CDC1;) &: 1.13 (3H, t, J=7.5Hz), 2.53 (2H,
a, J=7.2Hz, J=7.8Hz), 3.63 (1H, 4, J=9.9Hz), 3.78-3.90 (3H,
m), 4.08-4.11 (2H, m}, 4.43-4.64 (4H, m), 4.89 (3H, 4,
J=10.2Hz)}, 5.17 (2H, s), 5.81 (1H, s), 6.67 (2H, s), 7.00-7.47
(25H, m)
7) Synthesis of 1,1l-anhydro-1-C-[5-(4-ethylphenyl}methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-D-
glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-(4-ethylphenyl)hydroxymethyl-2-{hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-pf-D-glucopyranose (23.3 mg, 0.031 mmol)
in acetonitrile (1 ml), triethylsilane (5.8 pl, 0.037 mmol)
and boron trifluoride diethyl ether complex (3.8 ul, 0.031
mmol) were added at -40°C and the mixture was stirred at the
same temperature for 2 hours. After addition of water, the
reaction mixture was extracted with methylene chloride. The
organic layer was washed with saturated aqueous sodium

chloride, dried over anhydrous magnesium sulfate, and then



To a solution of 1,1-anhydro-I-C-[5-(4-ethyl phenyl)

met.hyl - 2- (hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl - 3-D gl ucopyr anose
(18.9 ng, 0.025 nmol) in nethanol (1 m) and ethyl acetate (1 m), 10%
Jpalladium catal yst (2 ng) was added. Under a hydrogen atnosphere, the
reaction mxture was stirred for 5 hours at roomtenperature and then
filtered to renmove the catalyst. Aftersdistilling off the sol vent under
reduced pressure, the resulting residue was purified by silica gel colum

o o OBk aBBE A’ Rpds dadedl Bes sl to Binotl, BhrlRolREEED Ty 1b
Lo i pbultiby Teplabeivasipulifada fyoBihigd, Ghascafohht D, S 24 1N
ot ant i oEaRoatogkdbny X astelBplagd soilitath ~NBchTR abetdRELNHoxalB T (|
Toa tpb f42aMaY k8 BROREERED (T HE ORBOLAR' (1508 Rl BIRALVECN 50 maer
the same[gasditions e ik TFABAMEGNs:( 108% X 3Rl 0w, T aLe:. siiz§ .M/ BNYLg Col um

tenperature: roomtenperature Detection conditions: total plot summed over

the entige Jegvelengshznangessl (280 o 499 .8Wzbxanphe-3.81 (1H, d4,
J=3.6, 3.9Hz), 3.83 (1H, s), 3.86 (1H, s}, 3.95 (2H, s), 4.00
(1H, d, J=10.8Hz), 4.06-4.11 (2H, m)}, 4.47 (2H, 4, J=12Hz),
4.60 (2H, 4, J=12.3Hz), 4.64 (1H, s), 4.84 (1H, 4, J=3Hz),
4.89 (2H, 4, J=4.8Hz), 5.17 (2H, 44, J=5.1, 12.3Hz), 6.71 (2H,
d, J=6.3Hz), 6.96-7.31 (25H, m)

MS (ESI'): 769 [M+Nal®
8) Synthesis of 1,l-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose
To a solution of 1,l-anhydro-1-C-[5-(4-ethylphenyl)-

methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-p-D-
glucopyranose (18.9 mg, 0.025 mmol) in methanol (1 ml) and
ethyl acetate (1 ml), 10% palladium catalyst (2 mg) was added.
Under a hydrogen atmosphere, the reaction mixture was stirred
for 5 hours at room temperature and then filtered to remove
the catalyst. After distilling off the solvent under reduced
pressure, the resulting residue was purified by silica gel
column chromatography (developing solution = methylene
chloride:methanol (10:1)) to give the titled compound (9.8 mg,
99%).
[0151] lYy-NMR (CD,OD) &: 1.19 (3H, t, J=7.5Hz), 2.57 (2H,
g, J=7.5, 7.8Hz), 3.41-3.47 (1H, m), 3.64 (1H, dd, J=6Hz),

3.73-3.83 (4H, m), 3.95 (2H, s), 5.11 (2H, 44, J=7.8, 12.3Hz),



1, 1- Anhydro- | - C [ 5-(2-benzot hi ophenyl ) met hyl -

(hydr oxynet hyl ) phenyl ] - 13- D- gl ucopyranose 1) Synthesis of

1, 1-anhydro-1-C[5-(2-

Jbenzot hi ophenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -

2,3,4,6-tetra- O benzyl - (3- D gl ucopyranose Under a nitrogen stream to a
solutlon of benzot hi ophene (51.8 ngy, -053886 mmol) in THE (750 |), a hexane
solution of n- butyllithium(2.71 M 130 |, 0.352 mmol) was added dropw se
at -78C apdoé he g%xgme Nps $t{é r-f:d250(31;0 Im nutes. After stirring at room

tenperature m nutes, the reaction "mXxture was cooled to -78C, and a
solution of 1, 44 nfysa-.l 387 [(M+11"

C- [ 5-fornyl -2-(hydroxymnet hyl ) phenyl ] -2, 3, 4, 6-tetra-O benzyl - ( 3-

D- gl UCOPYT an0S BIHIA0 7raBen O1 G 5t 17 )11 4 WP |) was added dropwi se
thereto. After stirring at roomtenperature for 1 53 hour, saturated
agueous HPENC Udordd ©iéne> was added and the reaction m xture was extracted
with ethyl acetate. The organic |ayer was washed with saturated aqueous
sodi um chl ori dEpluhim ed¥YMY-Pacin QDB -AIss ngnasumns,uld atme, and t hen
evapor at ed under reduced pressure to renove the solvent. The resulting
resi due was purMdbike yhasé 1 c20 gelnwte oywed digralp hfron devied GRFAMeIN Ui =
et hyl acetate:n-hexane (1:3)) to give the titled conpound (266 ng) as a

di ast er eonel . 1% XERA A ( dpfanttia & .ilde 'Iy‘lAe’ImCh{ C(JJEZJ]%)J.I—I-ﬂtNRo(VﬁIIm?) 50: 2.45
(0.6H, d, J=3.8Hz 2.56 (0.4H, d, J= Qﬁi 3.61-3.69 (1H, nm), 3.75-3.87
(2H, m, ‘mimte (et 1t o 25, tlgem&n}e qo tuqlBS(GQJfl%oTquqcm 65 (4H, m,
4.84-4. 95 (3H, . M, 5.21 (2H, s), 6.08 (0.4H, d, J=3.8Hz), 6.11 (0.6H, d,
3=4. 0Hz) , (0GB K. 76 (2H ), 7.00740(21H m,

Flow rate: 1.5 ml/minute

Column temperature: room temperature

Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm

Example 2
1,1-Anhydro-1-C-[5-(2-benzothiophenyl)methyl-2-

{hydroxymethyl )phenyl]-p-D-glucopyranose

1) Synthesis of 1,l-anhydro-1-C-[5-(2-
benzothiophenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-f-D-glucopyranose

Under a nitrogen stream, to a solution of benzothiophene
(51.8 mg, 0.386 mmol) in THF (750 pl), a hexane solutiocn of n-
butyllithium (2.71 M, 130 pl, 0.352 mmel) was added dropwise
at -78°C and the mixture was stirred for 10 minutes. After
stirring at room temperature for 30 minutes, the reaction
mixture was cooled to -78°C, and a solution of 1,l-anhydro-1-
C-[5-formyl-2-{hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-
D-glucopyranose (207 mg, 0.315 mmol) in THF (450 pl) was added

dropwise thereto. After stirring at room temperature for 1



7.40-7.70 (5H, m [0153] 2) Synthesis of 1,1-anhydro-I|-C[5-(2-

benzot hi ophenyl ) net hyl - 2- (hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra-

O benzyl - 3- D- gl ucopyranose Under a nitrogen stream to a solution of

1, 1- anhydro- 1- C-[5-(2-benzot hi ophenyl) - hydr oxynet hyl -

+(hydr oxynet hyl ) phenyl ]-2, 3, 4,6-tetra- O benzyl - (3-D gl ucopyranose (249 ny,
0.315 mml) in acetonitrile (3 M), triethylsilane (60 1, 0.376 nmol) and
boron trifluoride diethyl ether conpl & ¢42 |, 0.331 nmmol) were added at
-40C and the m xture was stirred at the sane tenperature for 2 hours.

Af ter adﬁbﬁfo”sQEufé&H&a&&QeéﬁHeaﬁlﬁoH%ﬂséhﬂﬂtﬂérQQQaBSde&hSn&eﬁﬁé' on

m xture was extracted with ethyl acetate organic | ayer was washed with

sat ur at efle 38HEOHSMP4tusO v HE ERtPALHEA WitRUePNPL aBBYHERUS TRgnesi um
sul fate, and then evaporated under reduced pressure to renove the sol vent.

The resubtgagiceshger was wdshéaedib satheateg! agaBoasvsegianhy (devel oping
solution = ethyl acetate:n-hexane (1:4)) to give the titled conmpound (103

My, 42% chloniddi adteedoceermanhydeoud Ohadhed iVl £0C43) afd 8nés (1H dd,
J=1.8, 11.1Hz), 3.80 (1H, dd, J=3.7, 11.2Hz), 3.84 (1H, dd, J=9.5, 9.5Hz),
3. 88 (i HevdpodabeHanded. DBddcad pBeissure Ho2Ztendte the delGefklz) The 25 (1H
d, J=16.0Hz), 4.46 (1H, d, J=12.2Hz), 4.49 (iH, d, J=10.7Hz), 4.58 (1H, d,
J=12. 2Hz¥esulBingi Festidue Jwds. puir} f1d4d 8By 4s 95i¢8Hye k) chBol8t odthphy
J=12.7Hz), 5.19 (1H, d, J=12.5Hz), 6.74 (1H, dd, J=8.2, 1.7Hz), 6.93 (1H,
s), 7.064gvekopiryl sajut¥os=(ethydidacetgte;nihdaxape 1163)} 1tp dive

the titled compound (266 mg) as a diastereomer mixture in

quantitative yield.

[0152] 'H-NMR (CDCl;} &: 2.45 (0.6H, d, J=3.8Hz}, 2.56

(0.4H, &, J=4.0Hz), 3.61-3.69 (1H, m), 3.75-3.87 (2H, m), 3.90

(1H, 44, J=9.6, 9.6Hz), 4.05-4.18 (3H, m), 4.41-4.65 (4H, m),

4.84-4.95 (3H, m), 5.21 (2H, s), 6.08 (0.4H, 4, J=3.8Hz), 6.11

(0.6H, 4, J=4.0Hz), 6.68-6.76 (2H, m), 7.00-7.40 (21H, m),

7.40-7.70 (5H, m)

[0153] 2) Synthesis of 1,1-anhydro-1-C-{[5-(2-

benzothiophenyl)methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-

O-benzyl-p-D-glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-

C-[5-(2-benzothiophenyl)}-hydroxymethyl-2-

(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-D-

glucopyranose (249 mg, 0.315 mmol) in acetonitrile (3 ml),

triethylsilane (60 pl, 0.376 mmol) and boron trifluoride

diethyl ether complex (42 pl, 0.331 mmol) were added at -40°C

and the mixture was stirred at the same temperature for 2

hours. After addition of saturated aqueous potassium

carbonate, the reaction mixture was extracted with ethyl

acetate. The organic layer was washed with saturated aqueous



J=7.9Hz) 3) Synthesis of 1, 1-anhydro-I|-C-[5-(2-benzothi ophenyl)nethyl -

2- (hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyranose Under a nitrogen stream to a
solution of 1, 1-anhydro-I

C-[ 5- (2- benzot hi ophenyl ) met hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra- O benzyl - (3-D-gl ucopyranose (30.7 ng, 0.0396 nmmol) and

pent anet hyl benzene (60.6 ng, 0.409 mol34in dichloronethane (2 mM), a 1.0 M
di chl oronet hane solution of boron trichloride (400 |, 0.400 mml) was added

at -78C %i&h%ﬂd&tﬁﬁiee. WS el ivetd Aihydiout TR %@%ﬁté{fd&[%t%r , Ldpur.

After addition of nethanol, the reaction m xture S war ne room
t enper at iR AR HERAIE ohdé1dee ARUL PR S LM tsb:ﬂ.v%g'ltvent :

The resulting residue was purified by “thin-layer chromatography (devel oping

sol ut i on ThebTe gmtHIaNRP | red 10O Wi Fiel B )sitia @ it he titled conpound
(10.4 my, 63.8%. [0I55] 1H NMR (CO30D) S: 3.44 (1H, ddd, J=9.0, 5.3,

3.5Hz), &rﬁ’a‘»n(alﬂdgﬂimyl4%@10@1@1@2)501&1%13:8@&?1 dfetate? h-Hedddnes), 5. 10
(1H, d, J=12.7Hz), 5.14 (1H, d, J=12.7Hz), 7.07 (1H s), 7.18-7.37 (5H m,

7.66 (1H(1dd))2b Hive @He) titled dohipouhd J3®3lhie), M3%)EQs }a 414 [M' HPLC
retention tinme: 12.3 mnutes <HPLC conditions> Colum: YMC- Pack ODS-A 6.0 x
150 mm HimsMendomerhadextud@.m nute gradient fromO0. 1% TFA/ MeCN (5% + 0. 1%
TFA/ H20 (95% to 0.1% TFA/ MeCN (100%, followed by 5 mnute elution under
the sane [Od5dilti ons (B-NMRTEPDPGRONS: 3.66 (1H, dd, J=1.8, 11.1Hz}),

3.80 (1H, 44, J=3.7, 11.2Hz), 3.84 (1H, dd, J=9.5, 9.5Hz),

3.88 (1H, 4@, J=9.5Hz}, 4.05-4.15 (3H, m), 4.21 (1H, 4,

J=16.0Hz), 4.25 (1H, 4, J=16.0Hz), 4.46 (1H, 4, J=12.2Hz),

4.49 (1H, 4, J=10.7Hz), 4.58 (1H, 4, J=12.2Hz), 4.61 (1lH, d,

J=10.7Hz), 4.83-4.95 (3H, m), 5.18 {(1H, 4, J=12.7Hz), 5.19

(1H, 4, J=12.5Hz), 6.74 (1H, dd4, J=8.2, 1.7Hz), 6.93 (1lH, s),

7.06-7.36 (23H, m), 7.50 (1H, d4dd, J=7.2, 1.4Hz), 7.61 {(1H, 4,

J=7.9Hz)

3) Synthesis of 1,l-anhydro-1-C-[5-(2-benzothiophenyl)methyl-

2—(hydroxymethyl}phenyl]-B-D-glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-

C-[5-(2-benzothiophenyl)methyl-2-{hydroxymethyl)phenyl]-

2,3,4,6-tetra-0O-benzyl-f-D-glucopyranose (30.7 mg, 0.0396

mmol) and pentamethylbenzene (60.6 mg, 0.409 mmol) in

dichloromethane (2 ml), a 1.0 M dichloromethane solution of

boron trichloride (400 nl, 0.400 mmol) was added at -78°C and

the mixture was stirred at the same temperature for 1 hour.

After addition of methanol, the reaction mixture was warmed to

room temperature and evaporated under reduced pressure to

remove the solvent. The resulting residue was purified by

thin-layer chromatography (developing scolution =



(100%) Flow rate: 1.5 ml/mnute Columm tenperature: roomtenperature
Detection conditions: total plot sumed over the entire wavel ength range of
230 to 400 nm Exanple 3 1, 1- Anhydro-I|-C[5-(4-net hoxyphenyl) et hyl -
(hydroxynet hyl ) phenyl ] - S-D- gl ucopyranose 1) Synthesis of

1, 1- anhydro-|-C-[ 5-(4-
nethoxyphenyl)hydroxynethyl-2-(hydroxyn35hy|)phenyl]-2,3,4,6-

tetra- C)benzyl 3-D-gl ucopyranose Under a nitrogen stream to a solution of
1, 1- anhydrg

C [ Tor WKl aniTm 100 ot s s omema

uco mo in die et her - a

so?utioﬁ%@3p4fﬁ%ihd§§ﬁ%%%ylnagnesiun1bronidey(0 5M 12.24 m, 6.12 nmmol)

was adde (ﬁtﬁsgf and hHeNﬁhX&EP? ? sguu H[’_L d<12d hoyrgs @mdst?@ m nut es at
on’ o e

roomt enpera After vat er reaction ni XTure was

extract ed \(/j!l_f{?' e_ft‘gg @ﬁ?t A& j’iﬁoggag\dﬁ_l lPayesr .y@%vgasshgﬂh [{Jn sty at ed

aqueous so ‘or'tde, dried over' anhydr nmagnesi um and t hen
evapor at gchpindey rse(cjiﬂpepl}pr §5u5311x 07}5 4h(eu§old/en %T su}td—pg
resi due was purlfle by siiica gel unn c ronatograp dev opi ng

sol ution @t ang (1 A@@ mgld@ tj}gltg,tl-fa Ppopng (2. 15
g, 929%. r[01g?i 1H—NNR (CDé¥§¥ )3 63 (1H, J=9.9Hz)", 3.69 (3H, 's),

3.78-3. 90 1iBH.a Ma=&. G ¥ 11(2H n, 443464(4H m, 4.89 (3H d,
J=10.2Hz), 5.17 (2H, s), 5.81 (1H, s), 6.67 (2H, m, 7.06-7.48 (25H m
MS (ESI%): 414 [M]"
HPLC retention time: 12.3 minutes
<HPLC conditions>
Column: YMC-Pack ODS-A 6.0 x 150 mm, 5 um
Mobile phase: 20 minute gradient from 0.1% TFA/MeCN (5%)
+ 0.1% TFA/H,O (95%) to 0.1% TFA/MeCN (100%), followed by 5
minute elution under the same conditions (0.1% TFA/MeCN
(100%))
Flow rate: 1.5 ml/minute
Column temperature: room temperature
Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm

Example 3
1,1-Anhydro-1-C-[5-(4-methoxyphenyl)methyl-2-

(hydroxymethyl )phenyl]l-pf-D-glucopyranose

1) Synthesis of 1,l-anhydro-1-C-{5-(4-
methoxyphenyl )hydroxymethyl-2-(hydroxymethyl)phenyl]-2,3,4,6-
tetra-0-benzyl-f-D-glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-formyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-benzyl-fi-

D-glucopyranose (2.01 g, 3.06 mmol) in diethyl ether (24 ml),



2) Synthesis of 1,1-anhydro-I-C-[5-(4-nmethoxyphenyl)nethyl -

(hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl - 3-D- gl ucopyranose Under a
nitfogen stream to a solution of 1,1-anhydro-I-

C- [ 5- (4- et hoxyphenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra- O benzyl - P- D- gl ucopyranose (270 ng, 0.353 nmmol) in nethylene
chloride (2.7 m), triethylsilane (281 |I 1.764 mol) and boron
trifluoride diethyl ether conplex (47" |3 60:37 nmol ) were added at -40C and
the m xture was stirred at the sane tenperature for 15 mnutes. After

addi ti on of THRtsslutihen ¢facimethdypheey Regexd iasimebnidd (@I Hw ene
chloride. The organic |ayer was washed with saturated aqueous sodi um

chl ori de,12ir24dnbyeé . Ehhyus blisvasmgnddedinats L0 fCatamd aheé Wigkturevape at ed under
reduced pressure to renove the solvent. The 57 resulting residue was
purified ssixted cboye? hwirsmand B oOmeirogresat (st | omipersodts | oAftest hyl
acetate: n-hexane (1:10)) to give the titled conpound (260 ng, 90% . [0157]
'H NWVR (CBEiByien f s@tar, the rreadiign mdiuxsSyas Bxtadt7ed. Wit 1H, dd,
J=3.9, 3.6Hz), 3.83 (1H, s), 3.86 (1H, s), 3.92 (2H, s), 3.99 (1H, d,

J=10. 8Hz)ethy bacetaty 2HThﬁ>) organit (zmerdwas=washed ¥ith Eamuratedd. 61 (2H,
d, J=12.3H7), 4.84 (1H, d, J=3Hz), 4.89 (2H, d, J=4.8Hz), 5.16 (2H, dd,
J=12. 3, 53‘1}1%‘15 cwblun chkonide, dpial quar anhybmetimagnesiom 7. 31 (21H,
m 3) Synt |s of 1 1 anhydro | - C-[ 5- (4 nethoxyphenyl)neth | - 2-

(hydr oxyrit theq [eYARRTARAG HGET reduces] RyeFFWe to remove

1, 1- anhydr,o-

met hoxyph I5?$5‘¥%é=2TPﬁy5@Wﬁ%PﬁyFF6H€H?I fas purigiegd by. @ilica gel

column chromatography (developing solution = ethyl acetate:n-
hexane (1:4)) to give the titled compound (2.15 g, 92%).
[0156] 'H-NMR (CDC1;) &: 3.63 (1H, d. J=9.9Hz), 3.69 (3H,
s}, 3.78-3.90 (3H, m), 4.08-4.11 (2H, m}, 4.43-4.64 (4H, m),
4.89 (3H, 4, J=10.2Hz), 5.17 (2H, s), 5.81 (1H, s), 6.67 (2H,
m), 7.06-7.48 (25H, m)
2) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)methyl-2-
{hydroxymethyl)phenyl]-2,3,4,6-tetra-O-benzyl-f-D-
glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-(4-methoxyphenyl)hydroxymethyl-2- (hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-pf-D-glucopyranose (270 mg, 0.353 mmol)
in methylene chloride (2.7 ml), triethylsilane {281 ul, 1.764
mmol) and beron trifluoride diethyl ether complex (47 pl, 0.37
mmol) were added at -40°C and the mixture was stirred at the
same temperature for 15 minutes. After addition of water, the
reaction mixture was extracted with methylene chloride. The
organic layer was washed with saturated agquecus sodium
chloride, dried over anhydrous magnesium sulfate, and then

evaporated under reduced pressure to remove the solvent. The



benzyl - (3- D- gl ucopyranose (280 ng, 0.381 mml) in nethanol (1 m) and ethyl
acetate (1 m), 10% pall adiumcatalyst (28.7 ng) was added and 2N-HC (15.2
) was further added. Under a hydrogen atnosphere, the reaction m xture was
stirred for 45 mnutes at roomtenperature and then filtered to renove the
catalyst. After distilling off the solvent under reduced pressure, the
resulting residue was purified by siltca7gel colum chronmat ography
(devel opi ng solution = nethylene chloride:nmethanol (10:1)) to give the

3 60" (1n G L E s e i peg et POUGRH, Souad 5P T O

(2H dd. clpldng NBEZE%‘*“% (g %%umon&?@eﬂypsaé%tmn nddis 7- 18

(3H, m LC retention tihe: m nutes <HPLC
condi ti onsp: 1) f% {Iﬁi Gcgh {?g é? je phase: 20 m nute
gr adi ent fromO 1% TFA/ MeCN (5% + O. 1A)TFA/ 20 (95% to 0.1% TFA/ MeCN

(100% , frgiowmed by 3H-NMRUiEDeELY)i®n 3rgter( e &arm@m;lwsséo(j}%
TFA/ MeCN (100%) Flowrate: 1.5 m/m nute Columm tenperature: room

t enper at e, DRIETL3 8L COTHj tdDNST=3 04 213 pdKE ) sWIESl Vel e BId6 rElH,

wavel ength range of 230 to 400 nm Exanple 4

1, 1- Anhyso- |3 .33 56ZH - ispprdpyd phihy | d peldnd -&Hz), 4.06-4.14 (2H, m),
4.47 (2H, 4, J=12Hz), 4.56 (1lH, s), 4.61 (2H, 4, J=12.3Hz),
4.84 (1H, 4, J=3Hz}, 4.89 (2H, 4, J=4.8Hz), 5.16 {2H, 44,
J=12.3, 5.1Hz), 6.60-6.70 (4H, m), 6.98 (2H, 4, J=6.3Hz),
7.07-7.31 (21H, m)
3) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)methyl-2-
{hydroxymethyl)phenyl]-B-D-glucopyranose

To a solution of 1,1l-anhydro-1-C-[5-(4-

methoxyphenyl)methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-
benzyl-pB-D-glucopyranose (280 mg, 0.381 mmol) in methanol (1
ml) and ethyl acetate (1 ml), 10% palladium catalyst (28.7
mg) was added and 2N-HCl (15.2 pl) was further added. Under a
hydrogen atmosphere, the reaction mixture was stirred for 45
minutes at room temperature and then filtered to remove the
catalyst. After distilling off the solvent under reduced
pressure, the resulting residue was purified by silica gel
column chromatography (developing solution = methylene
chloride:methanol {10:1)) to give the titled compound (114 mg,
98%).
[0158] 'H-NMR (CD,OD) &: 3.36-3.42 (1H, m), 3.60 (1H, ad,
J=6Hz), 3.70 (3H, s), 3.71-3.79 (4H, m), 3.88 (2H, s), 5.02
(2H, 44, J=12.3, 7.8Hz), 6.74-6.78 (2H, m), 6.79-7.08 (2H, m},

7.12-7.18 (3H, m)



(hydr oxynet hyl ) phenyl | - p- D- gl ucopyranose 1) Synthesis of

1, L-anhydro-1-C[5-(4-

i sopropyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -

2,3,4,6-tetra- O benzyl - (3-D gl ucopyranose Under a nitrogen stream a

sol ution of 4- br onoi sopr opyl benzene (27.20 g, 136.62 nmmol )in THE (242 m)
was cool ed to -78C, and a hexane sol uti¥h of n-butyllithium (2.67 M 54.37
m ) was added dropwi se thereto. The reaction mxture was stirred at the
sane tenperatuMs(EsT*).5389pK$t A solution of 1,1-anhydro-I-GC[5-fornyl-2
(hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra- O benzyl - (3-D gl ucopyranose (56.08 g,
85.39 mmol) i nHPHE (2%2ntiipnwaimedded 62dmapwitee and the mxture was stirred
at -78C for 1.5 hours. Saturated aqueous anmmoni um chl ori de was added to
stop t he <BPLC eamididdonBhe reaction mxture was extracted with ethyl
acetate. The organic | ayer was washed with saturated aqueous sodi um

chl oride, drie€odusn:aiMZdPack PB§rasibum sullbat mm,asdumt hen evaporat ed under
reduced pressure to renove the solvent. The resulting residue was purified
by silica gel MYMebddr @hﬁ@ﬁat é§r aphyptedgreddpntig fsomuDi.d% TFAYMeICN (5%)
acetate:n-hexane (1:3)) to give the titled conmpound (57.78 g, 87% as a
dlasterednﬂr1ﬁ|?€&#@ﬂ)[02§§] tPLNNﬁ%(tIEﬁE9CB (100%) ( 6Epllowddebpts), 2. 08
(0.6H, d, J=3.3Hz), 15 (0. 4H J=3. 6Hz 2.75-2.81 (1H, m, 3.63-3.67
(1H, mén?é}%ei-yteen uﬁﬁerﬂlméa@@ condigjionss (941% GEAYMECNn) , 5. 12-5.22
( 2H, n) i gg % 84 (1H, , 6.64-6.68 (2H, s), 7.02-7.49 (25H, m 2)
Synthe5|§ 8 f 1- anhydro -C-[5-(4-isopropyl phenyl) net hyl -

Flow rate: 1.5 ml/minute

Column temperature: room temperature

Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm
Example 4

l,1-Anhydro-1-C-[5-(4-isopropylphenyl)methyl-2-

{hydroxymethyl)phenyl]-B-D-glucopyranose

1) Synthesis of 1,1-anhydro-1-C-[5-(4-
isopropylphenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-$-D-glucopyranose

Under a nltrogen stream, a solution of 4-
bromoisopropylbenzene {(27.20 g, 136.62 mmol)in THF (242 ml)
was cooled to -78°C, and a hexane solution of n-butyllithium
(2.67 M, 54.37 ml) was added dropwise thereto. The reaction
mixture was stirred at the same temperature for 1.5 hours. A
solution of 1,l-anhydro-1-C-[5-formyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-D-
glucopyrancose (56.08 g, 85.39 mmol) in THF (232 ml) was added
dropwise and the mixture was stirred at -78°C for 1.5 hours.

Saturated aqueous ammonium chloride was added to stop the



2- (hydr oxynet hyl ) phenyl ]-2, 3,4, 6-tetra- O benzyl - (3-D gl ucopyranose Under a
nitrogen stream to 1,1-anhydro-I1-GC-[5-(4-

i sopropyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra- O benzyl -(3-Dgl ucopyranose (2.186 g, 2.81 mml) in

di chl oronet hane (28 m), triethylsilane (2.24 m, 14.02 wmmol) and boron
trifluoride diethyl ether conmplex (0.38 m, 3.00 nmol) were added at -40C
and the mixture was stirred at the san®9tenperature for 1.5 hours. After
addition of saturated aqueous potassium carbonate, the reaction m xture

vas extr aelRd Wi h mhEN¥eate 16hl fhildtrel WasOLIARLE LAY Gl i pgashed with

satur ated aqueous sodiumchloride, dried over anhydrous nmagnesium sulfate,

and t hen RuapAiat edhendehaneduaagderPvass wadnka w%ﬁvga&n%aiahvs&heoﬁge
resulting residue was 60 purified by silica gel columm chronat ography

(devel opisugimolatlcrl de etdnile@cRict QiInhyANRE nfakiddiun® diiMetde did | ed
compound (1.81 g, 85%. [0160] 1H NMVR (CDC13) 6: 1.16 (6H dd, J=6.09,

0.8Hz), thelV-<XfRbraEttdd Mndex Gedulddd gteskile Go ketddle the! Foilveht.(3H,
m, 3.95-4.01 (3H, m), 4.06-4.15 (2H, n), 4.45 (2H, d, J=12.1Hz), 4.56-4.63

(2H, N, Thesxresiting resgsiue Wag IJWrihied Dyl BilAida dil bolltnfm  12. 4Hz)
6.68-6.71 (2H, n), 7.00-7.31 (25H, m 3) Synthesis of

1, 1- anhy gthgdmatqB-aphy dejevehdndingndolutdidny |= ethyl acetate:n-hexane
2- (hydr oxymet hyl ) phenyl ] - (3- D- gl ucopyranose To a solution of

1, 1- anhyddg3))cYsgive the titled compound (57.78 g, 87%) as a

i sopropyl phenyl ) net hyl - 2- (hydr oxymet hyl ) phenyl ] -2, 3, 4, 6-tetra-
C}benzylﬁé- Ebichzeay] q1.78 g, 2.34 mol) in nethanol (11

[0159] 'H-NMR (CDC1;) &: 1.14 (6H, d, J=6.9Hz), 2.08
(0.6H, 4, J=3.3Hz), 2.15 (0.4H, 4, J=3.6Hz), 2.75-2.81 (1H,
m), 3.63-3.67 (1H, m), 3.76-4.15 (6H, m), 4.42-4.64 (4H, m),
4.84-4.94 (3H, m), 5.12-5.22 (2H, m), 5.80-5.84 (1H, m),
6.64-6.68 (2H, s), 7.02-7.49 (25H, m)
2) Synthesis of 1,l-anhydro-1-C-[5-(4-isopropylphenyl)methyl-
2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-D-
glucopyranose

Under a nitrogen stream, to 1,l-anhydro-1-C-[5-(4-
isopropylphenyl )hydroxymethyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-pf-D-glucopyranose (2.186 g, 2.81 mmol)
in dichloromethane (28 ml), triethylsilane (2.24 ml, 14.02
mmol) and boron trifluoride diethyl ether complex (0.38 ml,
3.00 mmol) were added at -40°C and the mixture was stirred at
the same temperature for 1.5 hours. After additicn of
saturated aqueous potassium carbonate. the reaction mixture
was extracted with methylene chlorlde. The organic layer was
washed with saturated aqueous sodium chloride, dried over
anhydrous magnesium sulfate, and then evaporated under reduced

pressure to remove the solvent. The resulting residue was



m ) and ethyl acetate (11 m ), 10% pall adium catal yst (0.22 g) was added.
Under a hydrogen atnosphere, the reaction m xture was stirred for 1 hour at
roomtenperature and then filtered to renove the catalyst. After distilling
of f the solvent under reduced pressure, the resulting residue was purified
by silica gel columm chromat ography (devel oping solution = nethyl ene

chl oride: methanol (10:1)) to give the-té@led conpound (0 75 g 80@@ [0161]
1H—NNR (CD3OD) 6: 1.21 (6H d, J=6.9Hz), 2.82-2.86 (1H, : 3.47 (1H,

, 3. 64,;1'.11111 5.11
(2H dd, BI= 151%% b%’z cé#ﬁﬁ °41|51§" %ﬁ?ﬁ‘]ff"ﬁfﬁysﬁ Sﬁse]@j("% ¥): 401
[ Mr1] H%ﬁdtqtcﬁﬁta %Hg}ln'%celt?at% VHJHé;Fa%e @ls) 2<'1Pd—%iwﬂkﬁé PPl umn:
YMC-Pack ODS-A 6.0 x 1 m Mobi hase: 20 mnute gradient fromO. 1%
TFA/ MeCN dorfflountt Q- 11%1TRfY MR (.95% to O 1% TFA/ MeCN (100%, followed by 5
mnute elution under the same conditions (0.1% TFA/ MeCN (1009 ) Flow rate:
1.5 m / mouted 1Col unnlnemagratncgz,) rfpon enaeBt e Retect, @ gadi tions:
total plot sumred over the entire wavel ength range of 230 to 400 nm Exanpl e
5 1, 1- Athyrir-@.181C-([15+,( 4n)cy d g% aqa  plenyld=mat.loy| -12-6Hz), 3.78-3.87
(hydr oxynet hyl ) phenyl ] - f 3- D- gl ucopyranose 1) Synthesis of
1, 1- anhydr3t,| nQ-[ B-.(%6-4.01 (3H, m), 4.06-4.15 (2H, m), 4.45 {(2H, 4,

J=12.1Hz)}, 4.56-4.63 (2H, m), 4.64 (1lH, s), 4.85-4.94 (3H, m),
5.15 (2H, 44, J=17.6, 12.4Hz), 6.68-6.71 (2H, m), 7.00-7.31
{25H, m)
3) Synthesis of 1,l-anhydro-1-C-[5-(4-isopropylphenyl)-methyl-
2- (hydroxymethyl)phenyl]-f-D-glucopyrancse

To a solution of 1,1-anhydro-1-C-[5-(4-
isopropylphenyl)methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-
O-benzyl-p-D-glucopyranose (1.78 g, 2.34 mmol) in methanol (11
ml) and ethyl acetate (11 ml), 10% palladium catalyst (0.22 g)
was added. Under a hydregen atmosphere, the reaction mixture
was stirred for 1 hour at room temperature and then filtered
to remove the catalyst. After distilling off the solvent
under reduced pressure, the resulting residue was purified by
silica gel column chromatography (developing solution =
methylene chloride:methanol (10:1}} to give the titled
compound (0.75 g, 80%}.
[0161] H-NMR (CD,OD) &: 1.21 (6H, d, J=6.9Hz), 2.82-2.86
(1H, m), 3.43-3.47 (1H, m), 3.64 (1H, d4d, J=12.1, 5.8Hz},
3.74-3.81 (4H, m), 3.95 (2H, s), 5.11 (2H, dd, J=19.5,
12.4Hz), 7.11 (4H, s), 7.16-7.22 (3H, m)

MS (ESI*): 401 [M+1]®

HPLC retention time: 12.1 minutes



cycl opropyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,314,6-tetra- O benzyl - (3-D gl ucopyranose Under a nitrogen stream to a
suspensi on of nmagnesium (0.27 g, 11.11 mol) and 4-bronocycl opropyl benzene
¢2.00 g, 10.125 nmol) in ether (21 m), 1,2-dibronoethane (0.014 m, O0.16
mmol ) was added. The reaction m xture was stirred at roomtenperature for
1.5 hours and then cooled to 0C, folloeed-by dropw se addition of a
solution of 1,1-anhydro-I-

C—[5-forn%ﬁpgé($%§£§%?g§g2yl)phenyl]-2,3,4,6-tetra-C>benzyI-(3-
107G, 7.

D- gl ucopyranose 77 mmol) in ether (21 m). After stirring at 0C
for 1 hour, satégﬂ;nﬁg afﬂh@_%c}grgwjéjr%_&k%o%g(fw%@dded to stop the
xtracte

reaction. The reaction mxture was e wice Witth ether. The organic

layer was washaghpidd Mosad faé@%ﬁ%@%ré&’ﬂéﬁ‘é”%l}aﬂd.df% ARLAY sy

anhydrous 62 nmmgnesi um sulfate, and then evapor d under reducéed pressure

to renoves thel $otreN,0 (98 sHesy 10.1e el Mg douy | if%gisl%e)asitﬂg gfvge'

chromat ogr aphy (devel opi ng solution = n- hexane: acetone e the

titled comows ébatford, und®)thd Wbrd ddhdMR &P @3)18 T AR 59 (2H m),

0.86-0.92 (2H, m, 1.75-1.82 (1H, m), 2.12 (1H, d, J=3.6Hz), 3.62-4.15 (7H,
m, 4.43-dac¥s pH n, 4.86-4.90 (3H, n), 5.12-5.21 (2H, m, 5.78-5.88 (1H,
m, 6.65-6.69 (1H, n), 6.85-7.41 (26H, m 2) Synthesis of ‘

1, 1- anhydro- | - ldw (¥ate: 1.5 ml/minute

cycl opropyl phenyl ) net hyl - 2- (hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-

tetra- O benzyl -Ga gl usmpemEnese Untem adengermgairest ream to

1, 1-anhydro-1-C[5-(4-

cycl opr opyl pheBaYenidirax yanstdi 1oh g hylortady el dty | ysimend/ IJver the entire

wavelength range of 230 to 400 nm

Example 5
1,1-Anhydro-1-C-[5-(4-cyclopropylphenyl)methyl-2-

(hydroxymethyl)phenyl]-pg-D-glucopyranose

1) Synthesis of 1,l-anhydro-1-C-[5-(4-
cyclopropylphenyl)hydroxymethyl-2- (hydroxymethyl )phenyl]-
2,3,4,6-tetra-0-benzyl-f-D-glucopyranose

Under a nitrogen stream, to a suspension of magnesium
(0.27 g, 11.11 mmol) and 4-bromocyclopropylbenzene (2.00 g,
10.15 mmol) in ether (21 ml), 1,2-dibromoethane (0.014 ml,
0.16 mmol) was added. The reaction mixture was stirred at
room temperature for 1.5 hours and then cooled to 0°C,
followed by dropwise addition of a solution of 1,l-anhydro-1-
C-[5-formyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-benzyl-p-
D-glucopyranose (5.10 g, 7.77 mmol) in ether (21 ml). After
stirring at 0°C for 1 hour, saturated aqueous ammonium
chloride was added to stop the reaction. The reaction mixture
was extracted twice with ether. The organic layer was washed

with saturated agueous sodium chloride, dried over anhydrous



2,3,4,6-tetra- O benzyl -(3-D-gl ucopyranose (5.16 g, 6.66 mmol) in

di chl oronet hane (67 m), triethylsilane (5.30 m, 33.18 mmol) and boron
trifluoride diethyl ether conplex (0.91 m, 7.18 mol) were added at -40C
and the m xture was stirred at the sane tenperature for 1.5 hours. After
addition of saturated aqueous potassium carbonate, the reaction mxture
was extracted with methyl ene chloride: Ghe organic layer was washed with
saturated aqueous sodium chloride, dried over anhydrous magnesi um sul fate,

and t hen nipeyiaint Gulidide ! /K QtherPSaPdrated MEAe dditicd Bb%%tshsu??ee
ra

resulting residue was purified by silica gel colum chronmato

(devel opiteg refmivd ithie scivert .acehat eeBull€xageredidhr %ngbﬁﬁltﬂédtbﬁled
conpound (4.27 g, 85%. [0163] 1H NVR (CDC13) 8: O.56-0.58 (2H,

0. 86- 0. 9Gi(lAda @1 mMhronatbghaphy (devlopdniB-sdiutiokH= M- 3. 77- 3.86 (3H,
m, 3.94 (2H s), 3.99 (1H, d, J=10.4Hz), 4.07-4.14 (2H, m, 4.45 (2H, d,
J=12. 1Hz hexanE6-ateBdnE2H,3 :1),) 4 BHidredahe3litmed Tohboundq 5.2l g1)
6.68-6.71 (2H, n), 6.83-6.86 (2H, m, 6.97 (2H d, J=8.2Hz), 7.09-7.31
(21H, m 8&%%)Synt hesi s of 1 1- anhydro-1-C[5-(4-

cyclopropylphenyl)neghyl éhydroxynethyl)phenyl] p- D- gl ucopyranose Under a
ni trogen [$té@dm to aHsWMRt (EPChS) B:1 0afdyd.69 (2H, m), 0.86-0.92 (2H,
C[5-(4- cyclopropylphenyéknethyl - (hydr oxynmnet hyl henI

2,3, 4, 6- fBtrd- Dnghu&)ﬁﬁr a(rlé!s,e 2353 . 23.3@ rﬁ%l‘l) 15a{dH,
pentanet | benzene gl 1) in di chl or onet hane (185 M), a 1.0
M di chl o met“héﬁ’e‘*s 4ut( 6\‘) 'bcﬁ@rf’ 430 HI38k-i 89 «( 33.126'5ni21 d2Ha6Minnl ) was

added at -~ G8C AN NS, ), 6.65-6.69 (1H, m), 6.85-7.41 (26H. m)

2) Synthesis of 1,1l-anhydro-1-C-{5-(4-
cyclopropylphenyl)methyl-2-(hydroxymethyl)phenyl]l-2,3,4,6-
tetra-0-benzyl-p-D-glucopyranose

Under a nitrogen stream, to 1,l-anhydro-1-C-[5-{4-
cyclopropylphenyl )hydroxymethyl-2- (hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-f-D-glucopyranose (5.16 g, 6.66 mmol)
in dichloromethane (67 ml), triethylsilane (5.30 ml, 33.18
mmol) and boron trifluoride diethyl ether complex (0.91 ml,
7.18 mmol) were added at -40°C and the mixture was stirred at
the same temperature for 1.5 hours. After addition of
saturated aqueous potassium carbonate, the reaction mixture
was extracted with methylene chloride. The organic layer was
washed with saturated aqueous sodium chloride, dried over
anhydrous magnesium sulfate, and then evaporated under reduced
pressure to remove the solvent. The resulting residue was
purified by silica gel column chromatography (developing
solution = ethyl acetate:n-hexane (1:4)) to give the titled
compound (4.27 g, 85%).

[0163] 'H-NMR (CDC1,) &: 0.56-0.58 (2H, m), 0.86-0.90 (2H,



m xture was stirred at the sane tenperature for 2 hours. After addition of
nmet hanol (185 m ), the reaction mxture was warned to roomtenperature and
evapor at ed under reduced pressure to renove the solvent. The resulting
residue was purified by thin-layer chronmatography (devel opi ng solution =
met hanol : di chl oronet hane (1:10)) to give the titled conpound (0.67 g, 50%.
[0164] 'H NWR (CD3OD) 6: 0 59-0.64 (2H,68);> 0.87-0.94 (2H, -m, 1.82-1.87
(1H, m, 3.40-3.47 (1H, , 3.61 (1H, dd, J=12.1, 5.8Hz), 3.74-3.83 (4H,

? b5 7 0d (ot " ﬁvé’ﬁg‘ﬁfsﬂ"’j 3 el ol THE Y Gl 1 e

1174 1 s g - -« FHPL GO | <5 £ 40 YAV%Pa&d\}%xfr\ p, X 30 M

[n Mobile phase 20 ‘m nut'e gradient fromQO. 1@6TﬁA/ A H20
(95% to a3 dFAIMEENHAPO 5406 | oyeciby w), N t erg e same
conditi ong2 (0 1% TFA/ I\/ECI\Ip (1008)) Flow r>a/1t e) rgg_e4 renédjnudtﬁ(}pCothmﬁrm5 1

t enper at g £20 r OZHY) tre)pes B8N e, et e | o) ccmchjm)@g (tz:g Almp] o, gunmEg over
the entire wavel ength range of 230 to 400 nn1Exaan

1, 1- Anhydi 0-J=84He Y 4-N-9-0py3d phieznst ) mey hyl -
(hydr oxynet hyl ) phenyl ] - p- D- gl ucopyr anose
1- Anhyd3 p-SyrEHeés {s1-afy cl apraohyrdaeiyd Q- et (i - 2-
cyclopropylphenyl)methyl-2-(hydroxymethyl)phenyl]-f-D-
glucopyranose
Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-(4-cyclopropylphenyl)methyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-f-D-glucopyranose (2.55 g, 3.36 mmol)}
and pentamethylbenzene (4.99 g, 33.66 mmol} in dichloromethane
(185 ml1), a 1.0 M dichloromethane solution of boron
trichloride (33.26 ml, 33.26 mmol) was added at -78°C and the
mixture was stirred at the same temperature for 2 hours.
After addition of methanol (185 ml), the reaction mixture was
warmed to room temperature and evaporated under reduced
pressure to remove the solvent. The resulting residue was
purified by thin-layer chromatography (developing solution =
methancl:dichloromethane (1:10)) to give the titled compound
(0.67 g, 50%).
[0164] 'H-NMR (CD,OD) &: 0.59-0.64 (2H, m), 0.87-0.94 (2H,
m), 1.82-1.87 (1H, m), 3.40-3.47 (1lH, m), 3.61 (1H, dd,
J=12.1, 5.8Hz), 3.74-3.83 (4H, m), 3.94 (2H, s), 5.09 (2H, 44,
J=20.3, 12.4Hz), 6.94-6.97 (2H, m), 7.05-7.08 (2H, m), 7.19
(3H, m)
MS (ESI*): 398 [M]*

HPLC retention time: 1l1.4 minutes



(hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra- O benzyl -j 3-D gl ucopyranose obt ai ned
in Exanple 5 (1.68 g, 2.21 nmmol) was dissolved in nethanol (10 m) and
ethyl acetate (10 m). To this solution, 10% pal |l adium catal yst (0.21 Q)
was added. Under a hydrogen atnosphere, the reaction m xture was stirred
for 1.5 hours at roomtenperature and then filtered to renove the catal yst.
After distilling off the solvent under reduced pressure, the resulting
residue was purified by silica gel col®m- chromatography (devel oping
solution = nmethylene chloride:methanol (10:1)) to give the titled conpound
(0.65 g, <HEY .cdrfiifhlond¥ NVR (CD3OD) 8: 0.92 (3H, t, J=7.4Hz), 1.57-1.64
(2H, m, 2.50-2.55 (2H, m, 3.43-3.49 (1H, m, 3.65 (1H dd, J=11.8,

5.5Hz), 3.75- 3.3 umis, YMC-FAcRS 0pBHA %).0 % Q%o 2, ddymr 65 - J=19. 2,
12.4Hz). 7.04-7.22 (7H, m) M5 (ESI+): 401 [M+l]+ HPLC retention tinme: 12.3
m nutes <HPLCMoaidiel iptiase :CalouminuCoRadd dBS-fhohm @ £l TFAYMecN B )Mobi |l e
phase: 20 m nute gradient fromO0. 1% TFA/ MeCN (5% + 0.1% TFA/ H20 (95% to
0. 1% TFA/HVECN ¥ TFRAH.Of ¢pbé&Nedoby. 33nTRAYMeeNuUt{lOon20ndEnllibeedaby Sondi ti ons
(0.1% TFA/ MeCN (100%) Flow rate: 1.5 m/mnute Colum tenperature: room

t enper at winude edivutdorc amdfier dies stantealcopiddtt isurardd .Avie ITRAYMed i 1 €

wavel ength range of 230 to 400 nm Exanple 7
(100%))

Flow rate: 1.5 ml/minute

Column temperature: room temperature

Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm

Example 6
1,1-Anhydro-1-C-[5-(4-n-propylphenyl)methyl-2-

(hydroxymethyl)phenyl]-p-D-glucopyranose

1,1-Anhydre-1-C-[5-(4-cyclopropylphenyl)-methyl-2-
{hydroxymethyl )phenyl]}-2,3,4,6-tetra-0-benzyl-f-D-
glucopyranose obtained in Example 5 (1.68 g, 2.21 mmol) was
dissolved in methanol (10 ml) and ethyl acetate (10 ml). To
this solution, 10% palladium catalyst (0.21 g) was added.
Under a hydrogen atmosphere, the reaction mixture was stirred
for 1.5 hours at room temperature and then filtered to remove
the catalyst. After distilling off the solvent under reduced
pressure, the resulting residue was purified by silica gel
column chromatography (developing sclution = methylene
chloride:methanol (10:1))} to give the titled compound (0.65 g,
73%}).
[0165] 'H-NMR (CD;OD) &: 0.92 (3H, t, J=7.4Hz}, 1.57-1.64
(2H, m), 2.50-2.55 (2H, m}, 3.43-3.49 (1H, m), 3.65 (1H, 44,

J=11.8, 5.5Hz), 3.75-3.85 (4H, m), 3.95 (2H, s}, 5.09 (2H, dd4,



1, 1- Anhydro- | - G- [ 5- (4- et hyl phenyl oxy) - 2-

(hydr oxynet hyl ) phenyl ] - p- D- gl ucopyranose 1) Synthesis of

2- br ono- 4- (et hyl phenoxy) - benzoic acid nethyl ester To a solution of

.2- brono-4-fluoro-benzoic acid nethyl ester (488 ng, 2.09 mmol) in anhydrous
DMF (15 m), 4-ethylphenol (256 ng, 2.09 nmol) and potassi um carbonate (289
ng, 2.09 mmol) were added at room tenp&sat-ure, followed by stirring under a
nitrogen atnosphere for 16 hours at 160C. The reaction m xture was cool ed
and, after,gdditign sgt ynated, aqygous,amoni um chl ori de, was then
extracteg"&?f ! %?h&ﬁEACe?apé.gTﬁg g?ganW3 | ayer was washed with saturated
aqueous sodiu h ! ,qnﬁ ot over sodiumsul fate. After filtration

t he sol vent m£§§d¥§§?l ed o fh%ﬁp r reduced 66 pressure and the resulting
residue was pugpbfbefe P¥nfibhC l o] mat ogr aphy (devel opi ng
solution = ethy? ace?at%:n-hhgﬁgﬁé %§533§¥“§gé§ive the titled conpound (455
Mg, 659 (ypl0166haikh YRy (CDCL3) 8: 1.26 (3H, t, J=7.6Hz), 2.67 (2H q,
J=7.6Hz), 3.90 (3H s), 6.88-6.93 (1H m, 6.94-7.01 (2H, m, 7.19-7.26
(3H, m, 7.83 ¢dtmA: IME-PEBL BDSSKNENESLS19 mm, 5

[ 2- br onp- 4- (4- et hyl phenoxy) phenyl ] met hanol ~ Under” a Af?rogen stream to a

sol ution of 2-M6BIDe4 hé§éhﬂ@hﬂﬂﬁﬁt’é;§§3&?éﬁtafi:@m”@? b¥'TP§Pﬁ§cﬁ9g5W1
0.269 mml) in anhydrous toluene (2 ), a toluene solution of DIBAL (1M

0.537 nl+ 0.587TFAPH)O WessBldes! @lf DPWIFE/MECN 78004 fEERSdP by Xt ure vas
stirred at -78C for 1.5 hours and at roomtenperature for 1.5 hours. The

reactionsnmkhute ehationohsdesgthe same786ndidibnvedobysadehymueonof 1IN
hydr ochl ori c
(100%))
Flow rate: 1.5 ml/minute
Column temperature: room temperature
Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm
Example 7
1,1-Anhydro-1-C-[5-(4-ethylphenyloxy)-2-

{hydroxymethyl)phenyl]-B-D-glucopyranose

1) Synthesis of 2-bromo-4-(ethylphenoxy)-benzoic acid methyl
ester

To a solution of 2-bromo-4-fluoro-benzoic acid methyl
ester (488 mg, 2.09 mmol) in anhydrous DMF {15 ml),
4-ethylphenol (256 mg, 2.09 mmol) and potassium carbonate (289
mg, 2.09 mmol) were added at room temperature, followed by
stirring under a nitrogen atmosphere for 16 hours at 160°C.
The reaction mixture was cooled and, after addition of
saturated agqueous ammonium chloride, was then extracted with
ethyl acetate. The organic layer was washed with saturated
agueous sodium chloride and dried over sodium sulfate. After

filtration, the solvent was distilled off under reduced



acid (0.2 m) and ether (3.5 m). The reaction mxture was extracted with
The organic | ayer was washed w th saturated agqueous sodi um
chl-oride and dried over sodium sulfate. After filtration, the solvent was
under reduced pressure and the resulting residue was purified

et hyl

distilled off

acet ate.

-by silica gel colum chromatography (devel oping solution = ethyl

acetate: n-hexane (1:5)) to give the t|tled conpound (78 ng, 949%.
1H NWR (CDC13) 5: 1.25 (3H, t, J=7. 6F&) Z.65 (2H, q, J=7.6Hz), 4.71 (2H

s), 6.91-6.97 (3H, m, 7.15-7.21 (3H, n), 7.39 (1H d, J=8.4Hz) 3)

SyntheSIpraksﬁ%etbhayh@éy&ebhnhhnﬁ-&és&ahélﬂagngﬁthfaaanb& sinqadgeynder a
nitrogen stream to a solution of [2-brono-4-(4

ethylpheaexmhnhenrbhﬁtbh&a@hy(4&3v@uop1n@1s6uuthonn_aewh
DMF (5 m) and nethylene chloride (5 m), trityl chloride (492 ny, 1.77

t hesthel d00:20)00t24givie, the/ Eithed rompdudddi{@sBhwggniesapyri di ne (50
ng) were added. The reaction mxture was stirred at roomtenperature for
ADELE6 Jaddi t i Bi-NMR WeERC13)t Be deaét i(8H, nitxt J=F . 6Hg )ex2r.aGt ¢dH, Wi t h
acetate. The organic | ayer was washed with saturated agueous sodi um
chl ori deqand=dr.684 )ovér. 99odBHm sdul BaB8-6ABBel 1Hi, | m)at o4 -TThO@lsdRHent was

mol ),

hour s.
et hyl

[ 0167]

Uget@fteanhydr ous

12

distilled off wunder reduced pressure and the resulting residue was purified
by silicalgell. é@kJWﬂGCHﬁHnamdgrapﬁﬁ (d8velepird-3BRAti on = et hyl

acet at e: n- hexane ( ve the titled compound (880 ng, 99% . [0168]

1H NWVR (émc§3ptsesiszsf(jﬂ omg—# éﬂzpthylegepgﬂy)phenyl]methanol

Under a nitrogen stream, to a solution of 2-bromo-4-
(ethylphenoxy)-benzoic acid methyl ester (90 mg, 0.269 mmol)
in anhydrous toluene (2 ml), a toluene solution of DIBAL (1M,
0.537 ml, 0.537 mmol) was added dropwise at -78°C. The
reaction mixture was stirred at -78°C for 1.5 hours and at
room temperature for 1.5 hours. The reaction mixture was
cooled again to -78°C, followed by addition of 1N hydrochloric
acid (0.2 ml) and ether (3.5 ml). The reaction mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated agueous sodium chloride and dried over sodium
sulfate. After filtration, the solvent was distilled off
under reduced pressure and the resulting residue was purified
by silica gel column chromatography {(developing solution =
ethyl acetate:n-hexane (1:5)) to give the titled compound
(78 mg, 94%).

[0167] H-NMR (CDC1l,;) d: 1.25 (3H, t, J=7.6Hz), 2.65 (2H,
q, J=7.6Hz), 4.71 (2H, s), 6.91-6.97 (3H, m), 7.15-7.21 (3H,
m), 7.39 (1H, 4, J=8.4Hz)

3) Synthesis of (2-trityloxymethyl)-5-(4-ethylphenoxy)-phenyl
bromide

Under a nitrogen stream, to a solution of [2-bromo-4-(4-



q, J=7.6Hz), 4.19 (2H, s), 6.91-7.34 (15H, m, 7.49-7.53 (6H, m, 7.64-7.68
(1H, m 4) Synthesis of 3,4,5-tris-benzyl oxy-6-benzyl oxynet hyl -2-[5-

(4--et hyl phenoxy)-2-trityl oxymet hyl phenyl ]tetrahydropyran-2-ol Under a
nitrogen stream to a solution of (2

Arityl oxynethyl)-5-(4-ethyl phenoxy) phenyl bromde (766 ng, 1.39 nmol) in
anhydrous THE (15 m ), a hexane solution of n-butyllithium (1.6 M 0.92 n,
1.47 mol ) was added dropwi se at -78Cédnd the mixture was stirred for 15
mnutes. To this solution was added a solution of 3,4,5-trisbenzyl oxy-6-

(benzy! oxY Ay BREhbRY) BBKHY2NKERRARCEN 46 85hg MDY %13%&2' in B mdfRygeous THE

(1.5 mM) ropMAse a e resulting “solufion s stirred at th

sanme tenper ahtgArb@s BOFM(BUREY. anff 8Engdehbi eR16k-188! Y5ak8y , aq%@% 3
amoni um chl oride, the 68 reaction mxture was extracted with ethy

acetate. chheriaegqave hayen .wesmidihedtviblihgabmiakeqoaguqoms ,sadizgm
chloride, dried over anhydrous sodium sulfate, and then evaporated under

reduced mmeijuandt @-genevaylhminepyentinéhesoenyl)t wager agadye wse purified
by silica gel columm chromat ography (devel oping solution = ethyl

acet at e: pebexdon miktiéye wasgsterrbd att kredmceeppenrdt(fdSEoy, 123%urk0169]
1H- NMR (CDC13) 6:1.22 (3H, t, J=7.6Hz), 2.62 (2H, q, J=7.6Hz), 3.30-3.59
(4H, m, ABt8fD- 4465 t(8H, off) wate?5- £h@9ref@bBbion) miktafedwb? eRMrantedd. 72-4. 85
(3H, m, 6.80-7.59 (42H, m 5) Synthesis of
1, 1- anhywith| eChy3- agesalrel. pHEm®xgg@nic layer was washed with
(hydr oxynet hyl ) - phenyl ]-2, 3, 4, 6-tetra- O benzyl -3-D gl ucopyranose
saturated aqueous sodium chloride and dried over sodium
sulfate. After filtration, the solvent was distilled off
under reduced pressure and the resulting residue was purified
by silica gel column chromatography {(developing solution =
ethyl acetate:n-hexane (1:9)) to give the titled compound
{880 mg, 99%}.
[0168] H-NMR (CDC1l,) &: 1.25 (3H, t, J=7.6Hz), 2.65 (2H,
q. J=7.6Hz), 4.19 (2H, s), 6.91-7.34 (15H, m), 7.49-7.53 (6H,
m), 7.64-7.68 (1H, m)}
4) Synthesis of 3,4,5-tris-benzyloxy-6-benzyloxymethyl-2-[5-
{(4-ethylphenoxy)-2-trityloxymethylphenyl]tetrahydropyran-2-ol
Under a nitrogen stream, to a solution of (2-
trityloxymethyl)-5-(4-ethylphenoxy)phenyl bromide (766 mg,
1.39 mmol) in anhydrous THF (15 ml), a hexane solution of
n-butyllithium (1.6 M, 0.92 ml, 1.47 mmol) was added dropwise
at -78°C and the mixture was stirred for 15 minutes. To this
solution was added a solution of 3,4,5-trisbenzyloxy-6-
(benzyloxymethyl)tetrahydropyran-2-one (751 mg, 1.39 mmol) in
anhydrous THF (1.5 ml) dropwise at -78°C and the resulting

solution was stirred at the same temperature for 10 minutes.

After addition of saturated aqueous ammonium chloride, the



Under a nitrogen stream to a solution of 3,4,5-tris-

benzyl oxy- 6- benzyl oxynet hyl - 2- [ 5- (4- et hyl phenoxy) - 2-

tri-tyl oxynmet hyl phenyl ] tetrahydropyran-2-ol (547 ng, 0.54 mmol) in nethylene
chloride (10 m), triethylsilane (0.095 m, 0.60 wmml) and TFA (0.046 m ,
-0.60 Mol ) were added at 0C, followed by stirring at roomtenperature for 2
hours. After addition of saturated aqueous potassium carbonate, the
reaction mxture was extracted with net$®lene chloride. The organic |ayer
was washed with saturated aqueous sodium chloride, dried over anhydrous

sodi um stlehatra ona bl xithiee wRARATHRE NIt QINGAd IR .© $fRel €MDVE the
solvent. The resulting residue was purified by silica gel colum

chr omat ogiraply o dayelrowasg waehdd with elatyrated Alg@edudesd@un( 1:4)) to give
the titled conmpound (405 nmg, 99%. 69 [01701 1H NWR (CDC13) S: 1.22 (3H, t,

3=7. 6Hz) ch2o@ide2Hdriged &veértkdnhydrou® 3oddumdBulfated. Cdvdd thkn(3H m,
4.41-4.68 (4H, m, 4.81-4.95 (3H, m, 5.11-5.24 (2H, m, 6.77-6.91 (4H,

m, 6.95e{adordted-—tnder) reduted/ pResiEadid, to) rhoieSithe sb6lZen:Nathe 6)

Synt hesi s of 1, 1-anhydro-|-C[5-(4-ethyl phenoxy) - 2-

(hydr oxy wesktipgereisidee Bag poodfdsdody sidizasgleldt icodumn

1, 1- anhydro-| - G- [ 5- (4- et hyl phenoxy) - 2

(hydroxyﬁb?ﬁ@ﬁfﬁﬁ€ﬁ?hy 4 develepiagr sodutderny - Rtbylglagedareamohexan2d ny,
0.57 mmol) in a mxture of ethyl acetate (12 ml) and nethanol (12 nl), 10%
palIad|u&#éﬂﬂdl$§tglvﬁoﬁhﬁgf1ﬁd§da@@@@°u0ﬂdéﬁ1§ mgdr 4381 -at nosphere, the

reaction_ mxture ma stirred for 12 hours at roomte erature and t hen
filtered!Pd6Pdnove t %a‘%@lﬂA ‘dr 2di 488 tngJI5f. 6flgd . 2.62 (2H,

q, J=7.6Hz), 3.30-3.59 {(4H, m), 3.80-4.05 (3H, m), 4.25-4.39
(5H, m), 4.46-4.62 (2H, m), 4.72-4.85 (3H, m), 6.80-7.59 (42H,
m)
5) Synthesis of 1,l-anhydro-1-C-[5-(4-ethylphenoxy)-2-
(hydroxymethyl)-phenyl]-2,3,4,6-tetra-O-benzyl-f-D-
glucopyranose

Under a nitrogen stream, to a solution of 3,4,5-tris-
benzyloxy-6-benzyloxymethyl-2-[5-(4-ethylphenoxy)-2-
trityloxymethylphenylltetrahydropyran-2-o0l {547 mg, 0.54 mmol)
in methylene chloride (10 ml), triethylsilane (0.095 ml, 0.60
mmol) and TFA (0.046 ml, 0.60 mmol) were added at 0°C,
followed by stirring at room temperature for 2 hours. After
addition of saturated aqueous potassium carbonate, the
reaction mixture was extracted with methylene chloride. The
organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous sodium sulfate, and then
evaporated under reduced pressure to remove the solvent. The
resulting residue was purified by silica gel column
chromatography (developing solution = ethyl acetate:n-hexane

(1:4}) to give the titled compound (405 mg, 99%).



sol vent under reduced pressure, the resulting residue was purified by
silica gel colum chromat ography (devel oping solution = nethylene

chl oride: methanol (10:1)) to give the titled conmpound (195 ng, 88% . [0171]
1HNWR (CD3OD) S: 1.23 (3H, t, J=7.6Hz), 2.63 (2H, q, J=7.6Hz), 3.40-3.46
(1H, m, 3.63-3.85 (5H, m, 5.10 (2H m, 6.87-7.03 (4H, m, 7.14-7.28 (3H
m M5 (ESI'): 411 [M+Na]+ Exanple 8 - 69 -

1, 1- Anhydro-1-C[5-(4-ethyl phenyl) et hyl - 2- ( 2-

?if’L?éﬁ;f Pﬁ#i@tﬂ;?z?cﬁf—:%% gfqyﬁl%h‘;@ﬁ;’%f;@%zfﬁ%né%-?rﬁzgﬁﬁ%?n?%rgaeszgtrean}
i - -2 . i 10,0,9, ,52,3

1 anhydrSus TReSAE 100 ans - 2a 8 e e BOT LFTER"E 2 BRe Pl ¢ ey 48 T

34.35 m 4R -H)W'.hlwa%g@d@sﬂ,d@gp Sfl.@&.gZBEégYeng%?ug}gﬁlgfsgl flzer

5
stirring at the Sane tenperaturé 0" m nutes
1- br ono- %gﬁhalbenzgﬁ? 4103219929, 07719PLy . 58 FE'EHC(?W m) was added
or

dr opwi se. e reaction mxture was stirred at -78 2 hours and, after
addi tion of satysajgdraguepus Myt um chloride, was then extracted with
ethyl acetate. The organic |layer was washed with saturated aqueous sodi um

chl oride, 6 §ir sptR¥Li saphy Ul PUsnAPRESL LU0 pYL { 4t ethpphbh6Ry ) eyapor at ed under
reduced pressure to renove the solvent. The resulting residue was purified

by silica(ggtiregimevhylhphanydyrppbygldeypyoghogesol ution = et hyl
acetate:n-hexane (1:10)) to give the titled conmpound (7.1 g, 45%.

To a solution of 1,l1-anhydro-1-C-[5-(4-ethylphenoxy)-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-benzyl-f-D-
glucopyranose (429 mg, 0.57 mmol) in a mixture of ethyl
acetate (12 m1) and methanol (12 ml), 10% palladium catalyst
(400 mg) was added. Under a hydrogen atmosphere, the reaction
mixture was stirred for 12 hours at room temperature and then
filtered to remove the catalyst. After distilling off the
solvent under reduced pressure, the resulting residue was
purified by silica gel column chromatography {(developing
solution = methylene chloride:methanol (10:1)) to give the
titled compound (195 mg, 88%).

[0171] 'H-NMR (CD;OD) &: 1.23 (3H, t, J=7.6Hz), 2.63 (2H,
g, J=7.6Hz), 3.40-3.46 (1H, m), 3.63-3.85 (5H, m), 5.10 (2H,
m), 6.87-7.03 (4H, m), 7.14-7.28 (3H, m)

MS (ESI'): 411 [M+Nal®
Example 8
1,1-Anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(2-

hydroxyethyl)thiophen-3-yl]-B-D-glucopyranose

1) Synthesis of (4-bromo-thiophen-2-yl)-(4-ethyl-phenyl)-
methanol

Under a nitrogen stream, to a solution of 4-bromo-2-



[0172] "H-NWR (CDC13) S: 1.24 (3H, t, J=7.5Hz), 2.42 (1H, s), 2.65
J=7.5Hz), 5.93 (1H, s), 6.76 (1H, s), 7.14 (1H, s), 7.20 (2H d, J
7.32 (2H, d, J=8.1Hz) 2) Synthesis of

4- br ono- 2- (4- et hyl - phenyl ) - met hyl -t hi ophene Under a nitrogen stream to a
sol ution of (4-brono- thiophen-2-yl)-(4-ethyl-phenyl)-nethanol (7.10 g, 23.9
mmol) in nmethylene chloride (70 m), triethylsilane (4.6 m, 28.7 mmol)
and boron trifluoride diethyl ether cbn%QeY (3.33 M, 26.3 nol) were added
at 0C, followed by stirring at room tenperature for 2 hours. After addition

of 50% maHidlensidboxall déhydd NQ0.€06, G2.18 Xind1g Was Ltiy@Ecrd ™E h
nmet hyl ene chloride. The organic | ayer was washed with saturated aqueous

sodi um chllag ag,) ,drd édxarer sayihydrcou o fraghesiyhitd ifusd €1 .1, t3erss
evapor at ed under reduced pressure to renove the solvent. 71 The resulting
resi due wels [S5.i0f imawblly wsid iachlegkldmgiwirse athr-GrédCogrvaph$ fdeuwékspi ng
solution = ethyl acetate:n-hexane (1:50)) to give the titled conpound (3.4
g, 51% . AfFEX3|stiprNve (adDEI®) semel, tgm(emature Fof. Hl&mirmt&‘s &, q,
J=7.5Hz), 4.06 (2H s), 6.70 (1H, s), s), 7.14

s) 3)
Synt hesi §Qﬂﬂ1t21—0[1‘8 dn@@(%-&-@tﬂhﬁ%ﬁﬁ%ﬂt%lz) tehi cﬁﬁwéhml@ly)l Aéx &Tol
Under a nitrogen stream to 4-brono-2- - eth Iphenyl)nethyl)thlophene
(2.80 g, (F® m as if’rﬁl%mseFHETélQOrﬂﬁFt ppAmAxtgrgy wessgtirred) 0 ni)
was added dr%P@nse at -78C over 5 minutes. After the reaction m xture was
stirred &t o0& 6r £95 A hovuEs, apdrHetssr afAditapnephypakBrabefd@apeousi ) was

added dropwi se at -78C.. The reac
A%m nium chloride, was éhen extracted with ethyl acetate. The

organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous magneslum sulfate, and then
evaporated under reduced pressure tc remove the solvent. The
resulting residue was purified by silica gel column
chromatography (developing solution = ethyl acetate:n-hexane
(1:10)) to give the titled compound (7.1 g, 45%).
[0172] 'H-NMR (CDC1;) &: 1.24 (3H, t, J=7.5Hz), 2.42 (1lH,
s), 2.65 (2H, g, J=7.5Hz), 5.93 (1H, s), 6.76 (1H, s), 7.14
(1H, s), 7.20 (2H, &, J=8.1Hz), 7.32 (2H, 4, J=8.1Hz)
2) Synthesis of 4-bromo-2-(4-ethyl-phenyl)-methyl-thiophene
Under a nitrogen stream, to a solution of {4-bromo-
thiophen-2-yl)-(4-ethyl-phenyl)-methanol (7.10 g, 23.9 mmol)
in methylene chloride (70 ml), triethylsilane (4.6 ml, 28.7
mmol) and boron trifluoride diethyl ether complex (3.33 ml,
26.3-mmol) were added at 0°C, followed by stirring at room
temperature for 2 hours. After addition of 50% methanol-water
{1 ml), the reaction mixture was extracted with methylene
chloride. The organic layer was washed with saturated aqueous
sodium chloride, dried over anhydrous magnesium sulfate, and

then evaporated under reduced pressure to remove the solvent.



m xture was warned to roomtenperature and stirred for 3 hours. After
addition of water, the reaction m xture was extracted wth ether. The
organi c | ayer was washed with saturated aqueous sodium chloride, dried over
anhydrous sodium sulfate, and then evaporated under reduced pressure to
renove the solvent. The resulting residue was purified by silica gel

col um chr omat ogr aphy (devel opi ng solut?7bn- = ethyl acetate:n- hexane (1:9))
to give the titled conpound (2.55 g, 78%. [0174] 1H NMR (CDC13) 8: 1.23

532 3Hz)%§ %g%ﬁﬁn@ﬁggufﬁagf%%&%%g q’%’)%ﬁé ??z(gfﬁ( %)Q“S@HM (4H, s)

4) Synt hesirdnft odrrApRRP -(Aeh/dl %bﬂhgp@%ﬂﬂﬁﬁoﬁpthﬁkhgi(%cetﬁte n-hexane

trltyloxyethyl)thlophene Undeér "a nitrogen stream "to a solution 0
2- (3-bron50) )72¢ ik ey kakary n)dt i50phen- Z14))].- et hanol  (2.55 g,
7.84 wmol) in a mxture of anhydrous m’) “and nethylene chl ori de

(15 m), rioni7ayl chl ofsoeMg 3(@Sco,) B 4. rmol(bmvast JdgedHzhQ bhiss gohuti on,
triethylamne (1.64 m, 11.8 mmol) and 4- dlnethylan1nopyr|d|ne (77 mg, 0.63

mmol ) weke JededHat), QCOGTHQHr eaot,i @n 70 LW, e sWags 7S r(ad ,ats)40G flar 4
hours. After addition of water, the reaction m xture was extracted wth
met hyl end 4¢h| @i de. The organic | ayer was washed with saturated aqueous
sodi um chl oride and dried over sodium sulfate. After filtration, the

sol vent \ids Sgingthielslisd odf 12 - [Brrdberomoe Gud € d -pribydphe ngrid metth g dhlivphgnr-esi due
was purified by silica gel columm chronat ography (devel oping solution =

et hyl aceétratdetrhasedne (1:20)) to give the titled conpound (3.60 g, 81%.

Under a nitrogen stream, to 4-bromo-2-((4-
ethylphenyl)methyl)thiophene (2.80 g, 10.0 mmol) in anhydrous
THF (40 ml), LDA (2.0 M, 5.50 ml, 11.0 ml) was added dropwise
at -78°C over 5 minutes. After the reaction mixture was
stirred at 0°C for 30 minutes, a THF solution of ethylene
oxide (10 ml) was added dropwise at -78°C. The reaction
mixture was warmed to room temperature and stirred for 3
hours. After addition of water, the reaction mixture was
extracted with ether. The organic layer was washed with
saturated aqueous sodium chloride, dried over anhydrous sodium
sulfate, and then evaporated under reduced pressure to remove
the solvent. The resulting residue was purified by silica gel
column chromatography (developing solution = ethyl acetate:n-
hexane (1:9)) to give the titled compound (2.55 g, 78%).
[0174] 'H-NMR (CDC1l,;) &: 1.23 (3H, t, J=7.5Hz), 1.60 (1H,
s), 2.63 (2H, q, J=7.5Hz), 2.96 (2H, t, J=6.3Hz), 3.80 (2H, t,
J=6.3Hz), 4.00 (2H, s), 6.62 (1H, s), 7.14 (4H, s)

4) Synthesis of 3-bromo-5-(4-ethylphenyl)-methyl-2-(2-
trityloxyethyl)thiophene

Under a nitrogen stream, to a solution of 2-[3-bromo-5-



[0175]
(2H t,
(4H, s),
3,4,5-tr
(4- et hyl
tetrahyd

H NMR (CDC13) S 1.22 (3H, t, J=7.5Hz), 2.62 (2H, ¢, J=7.5Hz),

2. 96

J=6.3Hz), 3.26 (2H, t, J=6.3Hz), 4.00 (2H, s), 6.60 (1H, s), 7.12

7.12-7.27 (9H, m, 7.37-7.40 (6H, m 5) Synthesis of
I s- benzyl oxy- 6- benzyl oxynet hyl - 2-[ 5-

phenyl ) met hyl -2-(2-trityl oxyet hyl)thi ophen-3-yl]-
ropyran-2-ol Under a nitrogen si2eam to a solution of

3-brono-5-((4- ethyl phenyl)nethyl)-2-(2-trityloxyethyl)thi ophene (1.45 g,

P AR YRR A) tmit B ST 2 e o e e

2.55 Mo
(1.6 M
stirred
3,4,5-tr
mml) in
sol ution

with eth
sodi um
evapor at

5im BU i a0 d ' f
oy o B P S any o gctTefle; |

chd ord@ly neusm1HHE trli@ vl endio2Wes g 33t29- §8C1aNE LR 1)eslst | Ng

2.

81

was stirred at the same tenperature for 10 mnutes. After addition

of satur agaésaqueeush@EMBBLUELER] Otrdethyiamingacli 68 Lt Wi eaVasmo®Xt ract ed
yl acetate. The organic |ayer was washed with saturated agueous

aldoni-dd medhiyddmivepyaildddeo (T TMagne . 6B fitlo19t kerandddedn at

ed under reduced pressure to renove the solvent. The resulting

resi due Wa6. purhd imshdyicn Imatwsd wad sinirmed ot 40iCafior @daoalrapi ng
= ethyl acetate:n-hexane (1:20)) to give the titled conpound (1.70

sol uti on

g, 65%9.
J=9. 3Hz)

d, J=7.2

AFGEToRAGHNOR EED@EILIS: the2Te@siion mixtusis was2 exdratied d,

, 2.62 (2H, q, J=4.5Hz), 3.26-3.31 (2H, n), 3.39 (1H d, J=6.CHz),
3.47 (1Hwigh peshydiepe Thinrides (Bhe eyganiciBayer was waghedéyyith 60 (1H,

Hz), 4.66 (1H, d,
saturated aqueous sodium chloride and dried over sodium

sulfate. After filtration, the solvent was distilled off
under reduced pressure and the resulting residue was purified
by silica gel column chromatography (developing solution =
ethyl acetate:n-hexane (1:20)) to give the titled compound
(3.60 g, 81%).
[0175] 'H-NMR (CDC1;) &: 1.22 (3H, t, J=7.5Hz), 2.62 (2H,
g, J=7.5Hz), 2.96 (2H, t, J=6.3Hz), 3.26 (2H, t, J=6.3Hz),
4,00 (2H, s), 6.60 (1H, s), 7.12 (4H, s), 7.12-7.27 (9H, m),
7.37-7.40 (6H, m)
5) Synthesis of 3,4,5-tris-benzyloxy-6-benzyloxymethyl-2-[5-
(4-ethylphenyl)methyl-2-{2-trityloxyethyl)thiophen-3-yl]-
tetrahydropyran-2-ol

Under a nitrogen stream, to a solution of 3-bromo-5-((4-
ethylphenyl)methyl)-2-(2-trityloxyethyl)thiophene (1.45 g,
2.55 mmol) in anhydrous THF (40 ml), a hexane solution of n-
butyllithium (1.6 M, 1.76 ml, 2.81 mmol) was added dropwise at
-78°C and the mixture was stirred for 15 minutes. To this
solution was added a solution of 3,4,5-trisbenzyloxy-6-

(benzyloxymethyl)tetrahydropyran-2-one (1.50 g, 2.81 mmol) in



J=6.6Hz), 4.87 (2H, q, J=3.3Hz), 4.95 (1H, d, J=6.6Hz), 5.25 (1H, s), 6.84
(1H s), 7.02-7.31 (39H, m Ms (ESI4): 1049 [M+tNa]' 6) Synthesis of

1, 1-anhydro-1-C[5-(4-ethyl -phenyl) -net hyl - 2-

{2- hydroxyet hyl ) -t hi ophen-3-yl]-2,3,4,6-tetra-O benzyl -3-D gl ucopyranose
Under a nitrogen stream to a solution of 3,4,5-tris-

benzyl oxy- 6- benzyl oxynet hyl - 2-[ 5- (4- et h¥3 -benzyl ) - 2- ( 2-

trityl oxy-ethyl)-thiophen-3-yl]-tetrahydropyran-2-ol (1.70 g, 1.68 mmol) in

t hyl j tyri -S| 230 ) " d dieth
Chor coBnHyaasfis shfio, (To) ma) \dEciliid e RecOandl tné; EBTHERGS] 1) =1 1Y
at room tRIRANYWas fs¥1re WS thRf (s@imel ddinkpe?'a tifres 304 Al hiRRRUS

pot assi um carbonate, the reaction m xture was extracted wth nethylene 74

chl ori de aftee- IEAN iGN WelsArarared edudicls Sindmitarl MAWRAEe, $od um
chloride, dried over anhydrous magnesi um sul fate, and then evaporated under

reduced pletftdich ixteTRY wdshexidlactitid withe otdsll ddedatesi degewas purified
by silica gel colunmm chronmatography (devel opi ng sol ution = et hyl

acet at e: priv@andre 1aykrOwast eragihedl wWidh isatedatedp adudoul Bddlumd34%) . [0177]
1H- NWR (CDC13) 6: 1.19 (3H, t, J=4.5Hz), 2.56-2.59 (3H, n), 3.02-3.09 (1H,
m, 3.69dhlldride,)dri@dz poved AnhFddus( fldgnesiuth $hlfate,( Gid ghend. 18 (1H,
d, J=7.3Hz), 4.50 (2H, dd, J=6.9, 9.0Hz), 4.60 (2H, m, 4.86 (2H, d,
J=5. 4Hz) evapegatieiHunder] e dided, pEedBureHtos remeves theHsod,veit3. OFhe, 7. 03
(2H, d, J=4.8Hz), 7.08 (2H, d, J=4.8Hz), 7.16-7.33 (184 m M (ESI;): 789
[ MtNa] + FesOitilnas izesdidue wagn ppdridiedchy sidilea gedeeplumpet hyl - 2- (2-

chromatography {developing solution = ethyl acetate:n-hexane

(1:20)) to give the titled compound (1.70 g, 65%).

[0176] 'H-NMR (CDC1;) &: 1.22 (3H, t, J=4.5Hz), 2.56 (1H,

d, J=9.3Hz), 2.62 (2H, ¢, J=4.5Hz), 3.26-3.31 (2H, m), 3.39

(1H, 4, J=6.0Hz}, 3.47 (1H, 4, J=5.4Hz), 3.75-4.08 (8H, m),

4.48 (2H, t, J=7.5Hz), 4.60 (1H, 4, J=7.2Hz), 4.66 (1H, 4,

J=6.6Hz), 4.87 (2H, gq, J=3.3Hz), 4.95 (1H, 4, J=6.6Hz), 5.25

(1H, s), 6.84 (1H, s), 7.02-7.31 (39H, m)

MS (ESI*): 1049 [M+Nal’

6) Synthesis of 1,l-anhydro-1-C-[5-(4-ethyl-phenyl)-methyl-2-

{2-hydroxyethyl)-thiophen-3-yl1]-2,3,4,6-tetra-0O-benzyl-f-D-

glucopyranose

Under a nitrogen stream, to a solution of 3,4.,5-tris-

benzyloxy-6-benzyloxymethyl-2-[5-(4-ethyl-benzyl)-2-(2-

trityloxy-ethyl)-thiophen-3-yll-tetrahydropyran-2-ol (1.70 g,

1.68 mmol) in methylene chloride (60 ml), triethylsilane (0.30

ml, 1.85 mmol) and diethyl ether complex (0.234 ml, 1.85 mmol)

were added at 0°C, followed by stirring at room temperature

for 2 hours. After addition of saturated agueous potassium

carbonate, the reaction mixture was extracted with methylene



hydr oxyet hyl ) -t hi ophen-3-yl]-3-D gl ucopyranose Under a nitrogen stream to
a solution of 1,1-anhydro-|

C- [ 5- (4- et hyl phenyl ) net hyl - 2- ( 2- hydr oxyet hyl ) t hi ophen-3-yl ] -
2,3,4,6-tetra- O benzyl - 3-D- gl ucopyranose (1.14 g, 1.46 nmmol) in anhydrous
met hyl ene chloride (50 m ), pentanethyl benzene (3.25 g, 21.9 mmol) was
added at -78C. Boron trichloride (14-67415 14.6 mmol) was further added,
followed by stirring at -78C for 2 hours. After addition of nethanol, the

sol vent ' s | hed BELaHICa0EAUGEd REEREH! 6170ohB-LERH! blgoykes! due

was puri silica ge urmm- chr onat ogr ap evel opi sORUEPER =
t hyl | ek
59% FBﬁ‘%l‘ﬁﬂ“%%R S e e th“’%f Yaghlg=ith SHIPALN. il
2. 93- 3. 03 neHevlpordtddt ndiex( j.rl'eldd@evd ks r%3t(o‘3'i'»em%5re Bhe %o%e‘ht% (4H
m, 6.67 (1H, s), 7.09-7.15 (4H, (ESI): 407 [M+1]' Exanple

1, 1- Anhydhe ket e )warg?tﬂﬂl‘i‘i"fa'ed by silica gel column
hydr oxynet hyl ] phenyl ] - (3-D- gl ucopyranose 1) Synthe5|s of

1, 1- anhy ¢hromatdgdaphiy J-devBIdpRayTRIJIItIRIERY lelthyd- Qc@ﬂ&@)ﬁme
1, 1- Anhydro-1 -G [2, 5- bi s- (hydroxynet hyl ) phenyl ] - 2, 3, 4, 6-

tetra- O anayl)- ¢ B-igleuddyzy tatded Lonipeesidz€d .iva @(,arazl%e) 1 (0.59 g, 0.90
nmol ) and pent anet hyl benzene (1.33 g, 8.95 mmvl) were dissolved in

di chl or orf@ll¥yarie (48 AHYNMRO(CDCE;)sdl:utli.Aie, (3knder, a=di.tHzgen 2steeams9a 1.0 M
di chl oronet hane solution of boron trichloride (8.95 m, 8.95 muol) was
added at (3H3Cmdnd 3 .t0%e 30 (rld ,warg ,st3i.6%d 1&t, tdhe Jseﬁrré)l'hérrpé!r-dﬁuﬁeﬂﬂor 2

hour s.
(3H, m), 3.95-4.12 (6H, m), 4.18 (1H, 4, J=7.3Hz), 4.50 (2H,

dd, J=6.9, 9.0Hz), 4.60 (2H, m), 4.86 (2H, 4, J=5.4Hz), 4.93
(1H, 4, J=6.6Hz), 6.62 (1H, s), 6.88 (2H, 4, J=3.9Hz), 7.03
(2H, 4, J=4.8Hz), 7.08 (2H, 4@, J=4.8Hz), 7.16-7.33 (18H, m)

MS (ESI*): 789 [M+Nal’
7) Synthesis of 1,l-anhydro-1-C-[{(4-ethyl-phenyl)-methyl-2-(2-
hydroxyethyl)-thiophen-3-yl]-pf-D-glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-(4-ethylphenyl)}methyl-2-(2-hydroxyethyl)}thiophen-3-yl]-
2,3,4,6-tetra-0-benzyl-pf-D-glucopyranose (1.14 g, 1.46 mmol)
in anhydrous methylene chloride (50 ml), pentamethylbenzene
(3.25 g, 21.9 mmol) was added at -78°C. Boron trichloride
(14.6 ml, 14.6 mmol) was further added, followed by stirring
at -78°C for 2 hours. After addition of methanol, the solvent
was distilled off under reduced pressure and the resulting
residue was purified by silica gel column chromatography
(developing solution = methylene chloride:methanol (20:1)) to
give the titled compound (350 mg, 59%).
[0178] IH-NMR (CD;OD) &: 1.20 (3H, t, J=7.5Hz), 2.52-2.64

(3H, m), 2.93-3.03 (1H, m), 3.34-3.37 (1H, m), 3.61-3.83 (5H,



After addition of nmethanol (48 m), the reaction mxture was warned to room
tenperature and evaporated under reduced pressure to renove the solvent.
The resulting residue was purified by thin-layer chronmatography (devel opi ng
solution = nethanol:dichloromethane (1:6)) to give the titled conpound
(0.18 g, 67%. [0179] 1H NWR (CD30OD) 6: 3.47-3.50 (1H, m, 3.63-3.69 (1H,

m, 3.75-3.85 (4H, m, 4.63 (2H, s), 5.8 {2H, dd, J=12.6, 19.5Hz),
7.23-7.37 (3H, m WMs (ESI'):. 299 [M1]' 2) Synthesis of

1, 1- anhygno- & Ggl-a- %@|QM@UEEDY|£267 (1H, s), 7.09-7.15 (4H, m)
(hydroxynethyl)phenyl] Y3, 4 8- tetra-O acetyl - (3-D- ‘glucopyr anose Under a
nitrogen streams t{(gsa* ;olmgyopmmi]ﬂ 1-anhydro-1 - 76 -

C-[ 2, 5- bi s(hydr oxynet hyl ) phenyl ] -] 3- D- gl ucopyranose (100 ng, 0.34 mmol) in
DMSO (0. ERaifip1e2.968 nmol ), chlorotrimethylsilane (114 |, 0.91 nmol) was
added dropw se at roomtenperature and the mxture was stirred at the sanme
t enper at Ur,a -Anhyliroe -ne@-4.5 - (e biiphetiydde meithglc2-obt ai ned by distilling off
vol atile conponents, N-nethylnorpholine (0.74 mM, 6.70 nmol), 4-

di net hy| ayidrogymedhyd 1phenyd, ] -B.-834 glucbpyaadoseet i ¢ anhydride (0.32 nm,
3.35 mmol) were added sequentially and the m xture was stirred on ice for 1
hour and 120 Syintinesd s ot dr. lagahyidane - lofC-42t Gr-&tied agqueous sodi um chloride (1
m) and water (1 m) the reaction m xture was extracted with ethyl acetate
(10 m). (hmé%mmn)mwsﬁn@sméamams@r (1.5 m) and saturated
aqueous sodium chloride (1 , dried over sodiumsulfate, and then

concent r at ed uﬂdérApéﬁééédlp d2uBebisnd hydsorymgghyl)phenyll-2,3,4,6-

tetra-0-benzyl-f-D-glucopyranose synthesized in Example 1

{0.59 g, 0.90 mmol) and pentamethylbenzene (1.33 g, 8.95 mmol)
were dissolved in dichloromethane (48 ml). To this solution,
under a nitrogen stream, é 1.0 M dichloromethane solution of
boron trichloride (8.95 ml, 8.95 mmol) was added at -78°C and
the mixture was stirred at the same temperature for 2 hours.
After addition of methanol (48 ml), the reaction mixture was
warmed to room temperature and evaporated under reduced
pressure to remove the solvent. The resulting residue was
purified by thin-layer chromatography {(developing solution =
methanol:dichloromethane (1:6)) to give the titled compound
(0.18 g, 67%).
[0179] lH-NMR (CD,OD) &: 3.47-3.50 (1H, m), 3.63-3.69 (1H,
m), 3.75-3.85 (4H, m), 4.63 (2H, s), 5.13 (2H, 44, J=12.6,
19.5Hz), 7.23-7.37 (3H, m)

MS (ESI%): 299 [M+1]"
2) Synthesis of 1,l-anhydro-1-C-[5-chloromethyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-acetyl-p-D-
glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-



resi due was purified by flash colum chronat ography (devel oping solution =
ethyl acetate:n-hexane (1:2.5)) to give the titled conpound (122.9 ny,

76% . [0180] 'H-NWMR (CDC13) S: 1.74 (3H, s), 2.01 (3H, s), 2.05 (1H, s),
2.08 (3H, s), 3.99-4.08 (1H, m, 4.24-4.37 (2H, m, 4.61 (2H, s), 5.12-5.34
(3H, m, 5.56-5.67 (2H, m, 7.22-7.28 (1H m, 7.38-7.47 (2H, m 3)

Synt hesi s of 1, 1-anhydro-I|-C-[5-(4-biph&hayt)-net hyl -

(hydroxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- O acetyl -3-D- gl ucopyranose Under a

1 1 { h
01 £ 09N £ 4 R SOV ol yﬁf?’d?f’élxcepefetaﬁgsa (100 mg,
tyl | m10. dﬂﬂﬁ
???p%engll?%?o‘g I ne Elggq%fsd 2(5(% lggé“l Sﬁl% pal | 81)' n é acet at ﬂ(%i'l?ne
0. 039 nmmyiyy,4 4cbi lemlqnlﬁsaq&éé%dmiselacﬁm e eApeRALASS idha

phosphate (219 ng, 1.03 mmol) were added. The reaction m xture was heated

to 80C artheStmidtafrd Gfas Htitad atAftiRl saifd tepetfatiBiee i faAnd & Mduracet at e,
the reaction mxture was washed with saturated agueous sodium chloride.

The organrmic thay eruds phiddsttowt i@ Y isstdiilatieg dff teylectidrd then
evapor at ed under reduced pressure to renove the solvent. The residue was
puri fi ed dompdreestt sc,0lNHme thgtimeathedriaeh O ety edlopiend s admatli )an 4~ et hyl
acetate: hexane (1:2)) to give the titled compound (280 ngy, 90% . [0181]

1H NWVR ( @eEdhyamintpy3idins (4. 0. 3H 345 )mmdl J0Rnd Adetd)c ahhiBiridid s),
4.04 (2H, s), 4.25-4.36 (2H, m, 5.17 (2H, dd, J=12.5, 25.8Hz), 5.26-5.33
(2H, m, ® B2 3163 J-A3 mmgl) wWers aQleq aqqqe)nti'ﬁlg.gr Ay t(h@Hmlni)turB 51-7.58

(4hm was stirred on ice for 1 hour and 10 minutes. After addition
of saturated aqueous sodium chloride (1 ml) and water (1 ml),
the reaction mixture was extracted with ethyl acetate (10 ml).
The organic layer was washed with water (1.5 ml) and saturated
aqueous sodium chloride (1 ml), dried over sodium sulfate, and
then concentrated under reduced pressure. The resulting
residue was purified by flash column chromatography
(developing solution = ethyl acetate:n-hexane (1:2.5)) to give
the titled compound (122.9 mg, 76%).

[0180] 'H-NMR (CDC1;) &: 1.74 (3H, s), 2.01 (3H, s), 2.05
(1H, s}, 2.08 (3H, s), 3.99-4.08 (1H, m), 4.24-4.37 (2H, m),
4.61 (2H, s), 5.12-5.34 (3H, m), 5.56-5.67 (2H, m), 7.22-7.28
(1H, m), 7.38-7.47 (2H, m)
3) Synthesis of 1,l-anhydro-1-C-{5-(4-biphenyl)-methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-acetyl-f-D-
glucopyranose

Under a nitrogen stream, to a solution of 1,l1-anhydro-1-
C-[5-chloromethyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-0-
acetyl-f-D-glucopyrancse (250 mg, 0.516 mmol)} in toluene

(2.5 ml), triphenylphosphine (20.3 mg, 0.078 mmol), palladium



4) Synthesis of 1,1-anhydro-I|-C-[5-(4-biphenyl)nethyl-

(hydr oxynet hyl ) phenyl ] - (3-D- gl ucopyranose To a sol ution of

1, 1-anhydro-1-C-[ 5- (4- bi phenyl) - et hyl -

2- (hydr oxynet hyl ) phenyl ]-2, 3, 4, 6-tetra- O acetyl -p-D gl ucopyranose (280 ng,
0.465 mml) in nethanol (3.0 n1) potaSS|un1carbonate (45 nmg, 0.326 mmol)
was added and the nixture was stirred ot Toomtenperature for 1 hour. After
addition of water, the reaction m xture was extracted with ethyl acetate.

The or gaaice thayen swas mygsited 39 holgt, unabadheaglBotdniediadac {l20ai g ,and
dried over magnesium sulfate. After filtration, the solvent was

concentr at.ed mmddr) andupedassrieass phesphater ¢20119t myg rleDi3dmmoldds weatel fi ed by
flash col unmm chromat ography (devel opi ng sol uti on = net hanol : net hyl ene

chl ori de adtle@s) ) The yeaetibe mixtedecwapobedté84toy80A299nd 78t ifiHBHori H NVR
(Ch30D) 8: 3.40-3.51 (1H, m, 3.63-3.69 (1H, m, 3.75-3.84 (4H m, 4.04
(2H, s), 15 hougsl, Aftery. é@d¥t3Qn ¢BHrahgr an@7ethy2 acettahy, ¥heO-7.58 (4H,
m M5 (ESI'): 457 [ M+Na] + Exanple 10

1, 1- Anhy @egction gigturesyase waghedr ¥ilihasatuyaded) geagpus. sodium

nethyl 2- (hydr.oxynet hyl ) phenyl ] - (3- D- gl ucopyranose 1) Synthesis_of

1,1-anhy °Flé§[5 Theb@ﬁS?PBleﬁﬁéﬁyV§s dried over magnesium sulfate,

met hyl - &h%dro neth henyl ] - -tetra-O acetyl -3-D %Iucopyranose
Using 1, f ﬁl@P@ﬁ@tﬁﬂ u@der reduced pressure O remove

oty i 2 S 4 ol (o gesby 0 o pcopyagose g

to give %ﬂro&h&lgga% gpq%eveloplng solution = ethyl acetate:hexane
{l1:2)) to give the titled compound (280 mg, 90%).
[0181] 'H-NMR (CDC1;) 6: 1.71 (3H, s), 2.00 {(3H, s), 2.05
(3H, s), 2.06 (3H, s), 4.04 (2H, s), 4.25-4.36 (2H, m}, 5.17
(2H, dd4, J=12.5, 25.8Hz), 5.26-5.33 (2H, m), 5.58-5.63 (2H,
m), 7.15-7.34 (6H, m), 7.39-7.44 (2H, m), 7.51-7.58 (4H, m)
4) Synthesis of 1,l-anhydro-1-C-[5-(4-biphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose

To a solution of 1,l1-anhydro-1-C-[5-(4-biphenyl)-methyl-

2-{hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-acetyl-p-D-
glucopyranose (280 mg, 0.465 mmol) in methanol (3.0 ml),
potassium carbonate (45 mg, 0.326 mmol) was added and the
mixture was stirred at room temperature for 1 hour. After
addition of water, the reaction mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
aqueous sodium chloride and dried over magnesium sulfate.
After filtration, the solvent was concentrated under reduced
pressure. The resulting residue was purified by flash column
chromatography (developing solution = methanol:methylene

chloride (1:15)) to give the titled compound (84 mg, 42%).



[0183] 'H NMR (CDC13) 6: 1.70 (3H, s), 2.00 (3H, s), 2.05 (3H, s), 2.07
(3H, s), 3.94 (2H, s), 4.01-4.09 (1H, m, 4.23- 4.36 (2H, m, 5.04 (2H, s),
5.15 (2H, dd, J=12.6, 25.9Hz), 5.24-5.33 (1H, m, 5.53-5.66 (2H, m,
.6.85-6.94 (2H, n), 7.03-7.47 (10H, n) MS (ESI4): 655 [M:Na]' 2) Synthesis
of 1, 1-anhydro-I|-C[5-(4-hydroxyphenyl) nethyl - 2-
(hydroxynet hyl ) phenyl ] -2, 3,4, 6-tetra--O%tetyl -p-D gl ucopyranose To a
solution of 1,1-anhydro-I1-C[5-(4-
benzyl ox | ) met hy - h t hyl yphenygh) 3, 4,6- tetra-
C>acety|¥?g?%¥glucop?&gﬁggémg%ggMggf éfég %ﬁ%h)igﬁ'aﬁ&fx?uké 8f69TﬁéH(7 m)
and ”Eth&ﬁ9|3(35ﬂbl841Q%HQaHBQQMU5MCQQﬁLY§§,(gQQl”QbHWaEAQdQQQO-HQQQr a
hydr ogen at nosphere, the reaction 79 mxture was stirred at 35C for 12
hours angehhem)f,i ht.gred . ue (nanoug,t heseatakyst 4uAf lgr distilling off the
sol vent under reduced pressure, the resulting residue was purified by
silica gel coMemuEsHt pired HYr pyptya ['devel opi ng sol ution = et hyl
acetate:n-hexane (1:1)) to give the titled conpound (193 ng, 90% . [0184]
"H NVR (EREHPLe6101. 70 (3H, s), 2.00 (3H, s), 2.05 (3H, s), 2.07 (3H, s),
3.93 (2H, s), 4.01-4.09 (1H, m, 4.23- 4.36 (2H, m, 4.65 (1H, s), 5.15 (2H,
dd, J=12121-ABh9HArp-1-5-25-%433 (S)Htemrah§dseLftra6-32klory) pheniglf-78 (2H,
m, 6.98- 7.05 (2H, m, 7.11-7.24 (3H, m M (ESI+): 565 [ MtNa]' 3)
Synt hesi Beghyl-2-4hydaogymethys) phepyd) -fePrabudepiuannse-

| oxy) - phenyl ) - et hyl - 2- (hydr oxynet hyl ) phenyl ]-2, 3,4, 6-tetra-
y ) p1) gy%thesig of g,%-anh%dro-%—%e[5-¥4Lbenzyloxy-phenyl)-

methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-acetyl-f-D-
glucopyranose

Using 1,1-anhydro-1-C-[5-chloromethyl-2-
(hydroxymethyl)phenyll-2,3,4,6-tetra-0-acetyl-p-D-
glucopyranose and appropriate reagents, the same procedure as
used in Example 9 was repeated to give the titled compound.
[0183] '"H-NMR (CDC1l;) &: 1.70 (3H, s), 2.00 (3H, s), 2.05
(3H, s), 2.07 (3H, s), 3.94 (2H, s), 4.01-4.09 (1H, m), 4.23-
4.36 (2H, m), 5.04 (2H, s), 5.15 (2H, dd, J=12.6, 25.9Hz),
5.24-5.33 (1H, m), 5.53-5.66 (2H, m), 6.85-6.94 (2H, m),
7.03-7.47 (10H, m)

MS (ESI*): 655 [M+Nal]®
2) Synthesis of 1,l-anhydro-1-C-[5-(4-hydroxyphenyl)methyl-2-
{hydroxymethyl )phenyl]-2,3,4,6-tetra-0O-acetyl-f-D-
glucopyranose

To a solution of 1,l-anhydro-1-C-[5-(4-
benzyloxyphenyl)methyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-
O-acetyl-f-D-glucopyranose (250 mg, 0.57 mmol) in a mixture of
THF (7 ml) and methanol (7 ml), 10% palladium catalyst

(200 mg) was added. Under a hydrogen atmosphere, the reaction



O acetyl - P-D- gl ucopyranose To a solution of 1,1-anhydro-I-C[5-(4-

hydr oxyphenyl ) net hyl - 2- (hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra-O

acetyl - P-D- gl ucopyranose (190 ng, 0.35 mml) in DVF (3 m),
{(R)-p-toluenesul fonic acid tetrahydrofuran-3-yl ester (102 ng, 0.42 nmol)
and cesium carbonate (137 ng, 0.42 mmol) were added and the m xture was
stirred at roomtenperature for 12 hour® =~ After addition of water, the
reaction m xture was extracted wth ethyl acetate. The organic |ayer was

washed wm& tusdt u@gt %@;%%ﬁohﬁ %@de%fhifrmﬁr@ngn&% QnOfﬂtéPQ

sul fate. After filtration e solvent was concenirat ed under %uced

pressureremaeer ¢hd E'a'?:ﬁl?%%' [dugeyes @yétiifﬁn&yoffaéﬂe §81 Y8Rt C ﬁ&&ft Ography
(devel oping solution = e acetate: n- hexane (1:2)) to give the titled

conpoundredhedy ré%%hre80thEO%%EhltmngNBeé§aﬁé3ha§ ﬁrl%i@&Hb Shil&cQO (3H,
s), 2.04 (3H, sf’, 2.07 (3H, s), 2 21 (2H, Bo8a-a 08 L7H M

4.22-4. 3ge(26pltnn €h&omét93rabhy WhevélbﬁlhaHsoddtlénlg 5thy25 7FE)
5.24-5.33 (1H, m, 5.53-5.66 (2H, m), 6.74-6.81 (2H, m, 7.01-7.10 (2H, m,
7.11-7. 18ce2bitennh-héxade( 1H:19) kB gESk' the633tl¥AN2bmpéundyni1besmg, of

1, 1-anhydro-1-C[5-(4-((S)-tetrahydrofuran-3-

yl oxy) - ppéayl.) - net hyl - 2- (hydr oxynet hyl ) phenyl ] - (3-D gl ucopyranose Usi ng

1, 1-anhydro-1-C[5- (4 ((S)-tetrahydrofuran-3-
yIoxy)phéﬁyﬂﬂ]nethy1-H&MM@deﬂ@hﬁtﬁyl)pﬁ@nyBﬁq2$3ﬂ426ODeK65108) 2.05
acetyl - p-D- gl ucopyranose and appropri ate reagents, the same procedure as
used in ERHapEd . 92wl3 (8Peatdd Bo9gi Y@Huh& )i #l-8d4-4c6QpddHd. m)}. 4.23-

4.36 (2H, m), 4.65 (1H, s), 5.15 (2H, 44, J=12.2, 25.9Hz),
5.24-5.33 (1H, m), 5.53-5.66 (2H, m), 6.72-6.78 (2H, m), 6.98-
7.05 (2H, m), 7.11-7.24 (3H, m)

MS (ESI'): 565 [M+Naj}’
3) Synthesis of 1,1-anhydro-1-C-[5-(4-((S)-tetrahydrofuran-3-
yloxy)-phenyl)-methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-
O-acetyl-f-D-glucopyranose

To a solution of 1,l-anhydro-1-C-[5-(4-
hydroxyphenyl)methyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-0-
acetyl-ﬁ-D-glucopyraﬁose (190 mg, 0.35 mmol} in DMF (3 ml),
(R)-p-toluenesulfonic acid tetrahydrofuran-3-yl ester (102 mg,
0.42 mmol) and cesium carbonate (137 mg, 0.42 mmol) were added
and the mixture was stirred at room temperature for 12 hours.
After addition of water, the reaction mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated aqueocus sodium chloride and dried over sodium
sulfate. After filtration, the solvent was concentrated under
reduced pressure. The resulting residue was purified by flash
column chromatography (developing solution = ethyl acetate:n-

hexane (1:2)) to give the titled compound (170 mg, 79%).



[0186] 1H NWMR (CD3CD) 8: 2.00-2.28 (2H, m, 3.39-3.49 (1H m, 3.60-3.98
(114, m, 4.92-5.00 (1H, m, 5.10 (2H, m, 6.76- 6.84 (2H, m, 7.08-7.15
(2H, m, 7.17-7.25 (3H m M (ESI'): 467 [MtNa]' Exanple 11

41, 1- Anhydro-| -G [5-(4- ((R) -tetrahydrof uran-3-yl oxy) phenyl ) -

met hyl - 2- (hydr oxynet hyl ) phenyl ] - p- D- gl ucopyranose Using

1, 1- anhydro-1-C-[ 5-chl or onet hyl - 2 - 80 -

(hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra- O acetyl -3-D gl ucopyranose and
appropri gtea gsgagent syl ER SefBcLlPRAYr & 12 S I3 ] > gs€peat ed
to give ?he tsiqtled conpound. [O%L)g?] liLI—I-GlN 3(Irlu(':DE% )%%ﬁgﬂﬁz%?gm%;lg? n,

3.39-3. 493 Hs) ,m2. 03 QG G ,( bLH2-7).214.(92,5000 GLE4-9.080 (5, (2, M,
6.77-6.84 (2H, n), 7.08-7.16 (2H, n), 7.17-7.25 (3H, m 81 - MS'(ESI"): 467

[ MiNa] * Exazplee 382 (2H,1minhydes-14-.63] T-164- eihy Syliyshqed,) @ hul=12.5,
(hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyranose 1) Synthesis of
1, 1- anhy @5a-7HzQ-,[ 5.4~ 5.r33f | (Uar,0mBt,h Sn &S S, Gidy | @y, pneny l6). rett-tey.1812 - 2H ,
(hydr oxynet hyl ) phenyl ] -2, 3,4,6-tetra- O acetyl -S-D gl ucopyranose
1, 1- Anhydr)a- |7-.-@Y-5-.(4- Hy2d,oxiphdnylll)-Petliy (22, m), 7.23 (1H, s)
(hydroxymet hyl ) phenyl ] -2, 3, 4, 6-tetra-0-acetyl -(3-D gl ucopyranose
synt hesi zed i nM8xdESIIé) 1063386MmalD. 341 mmol ) was di ssol ved i n anhydrous
nmet hyl ene chloride (5.0 nl). To this solution, under a nitrogen stream
pyri di ne 40 Sygdhasis pHA .drAnhyREe -ddded Satl 4-ddd)-depaabydrefunma -3-
yloxy)-phenyl)-methyl-2-(hydroxymethyl)phenyl]-f3-D-
glucopyranose
Using 1,l-anhydro-1-C-[5-{4-{(S)-tetrahydrofuran-3-
yvloxy)phenyl)-methyl-2-{hydroxymethyl)phenyl]}-2,3,4,6-tetra-0-
acetyl-p-D-glucopyranose and appropriate reagents, the same
procedure as used in Example 9 was repeated to give the titled
compound.
[0186] 'H-NMR (CD;0D) &: 2.00-2.28 (2H, m), 3.39-3.49 (1H,
m), 3.60-3.98 (11H, m), 4.92-5.00 (1H, m), 5.10 (2H, m), 6.76-
6.84 (2H, m), 7.08-7.15 (2H, m), 7.17-7.25 (3H, m)
MS (ESI*): 467 [M+Na]’

Example 11

1,1-Anhydro-1-C-[5-(4-({R)-tetrahydrofuran-3-yloxy)phenyl)-

methyl-2-(hydroxymethyl)phenyl]-f-D-glucopyranose

Using 1,l-anhydro-1-C-[5-chloromethyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-acetyl-f-D-
glucopyranose and appropriate reagents, the same procedure as
used in Example 10 was repeated to give the titled compound.
[0187] 'H-NMR (CDsOD) &: 2.01-2.29 (2H, m), 3.39-3.49 (1H,
m), 3.60-4.01 (11H, m), 4.92-5.00 (1H, m), 5.10 (2H, m),

6.77-6.84 (2H, m), 7.08-7.16 (2H, m), 7.17-7.25 (3H, m)



trifluoronethanesul fonic acid anhydride (0.086 m, 0.511 mml) was further
added dropwi se. The reaction m xture was stirred for 2 hours at room

temperature. After distilling off the solvent under reduced pressure, the
resulting residue was purified by flash colum chromat ography (devel oping
solution = ethyl acetate:n-hexane (1:1)) to give the titled conpound (217

my, 949 . [0188] 1H-NWR (CDC13) S: 1.7Q(3H s), 2.00 (3H, s), 2.05 (3H,
s), 2.07 (3H, s), 3.97-4.15 (3H, m), 4.723-4.37 (2H, m), 5.17 (2H, dd,
J=12.6, 25.9Hz), 5.24-5.33 (1H, m, 5.54-5.66 (2H, m, 7.13-7.33 (7H, n) 2)
Synt hesi s of 1MS8- 4BBYY) 0-46T- [M+Nal®
trimet hyl sil anyl et hynyl phenyl ) net hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3, 4, 6- Bgepple deet yl - p- D- gl ucopyranose - 82 Under a nitrogen strean1
1, 1- Anhydro I-C—[5 (4- trlfluoronethanesulfonyloxyphenyl)nethyl

) Co [3-44aef : 3 : ¥Dr29Iucopyranose (212 ny,
Iene (0 089 m, 0.628 mmol ), triethylam ne
(0 2 m, \PY4 - : HHEF -.osphlne)palladlun1(11 0 ng,
0.016 nnDI) wer e xe IS nlxture anhydrous DMF (3 m) was added

and the ﬁﬂx?ﬁP@hﬁééssPFrﬂeg QPhgéépfér 21[R64A5. The reaction nixture was

dil uted t d t t tate. Th ic |

washed ﬁh%ﬁ‘?eﬁée%ﬁaa%ég@%@nﬁ BRYBREBRLAPPEEYSnd -ar i ed over sodi um
| f at fil t ted d d d

or eseur e PYREOFILEr Y A PRBLY G 2ads Ao 0 P A By S PRI -BoPam  chr omat ogr aphy

(developbigcgg§¥ghgge: et hyl acet at e: n- hexane

1,1-Anhydro-1-C-[5-(4-hydroxyphenyl)methyl-2-

(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-acetyl-f-D-
glucopyrancse synthesized in Example 10 (185 mg, 0.341 mmol)
was dissolved in anhydrous methylene chloride (5.0 mi). To
this solution, under a nitrogen stream, pyridine (0.083 ml,
1.02 mmol) was added at room temperature, and
trifluoromethanesulfonic acid anhydride (0.086 ml, 0.511 mmol)
was further added dropwise. The reacticn mixture was stirred
for 2 hours at room temperature. After distilling off the
solvent under reduced pressure, the resulting residue was
purified by flash column chromatography (developing solution =
ethyl acetate:n-hexane (1:1)) to give the titled compound (217
mg, 94%).

[0188] 'H-NMR (CDCl;) &: 1.70 {(3H, s), 2.00 (3H, s), 2.05
(3, s), 2.07 (3H, s), 3.97-4.15 {(3H, m), 4.23-4.37 (2H, m),
5.17 (2H, 44, J=12.6, 25.9Hz), 5.24-5.33 (1H, m), 5.54-5.66
(2H, m), 7.13-7.33 (7H, m)

2) Synthesis of 1,l-anhydro-1-C-[5-(4-
trimethylsilanylethynylphenyl)methyl-2-(hydroxymethyl)phenyl]-

2,3,4,6-tetra-0-acetyl-f-D-glucopyranose



(1:2)) to give the titled conpound (95 ng, 48% . [0189] 'H NWR (CDC13) 8:
0.23 (9H, s), 1.70 (3H, s), 2.00 (3H, s), 2.05 (3H, s), 2.07 (3H, s),
3.93-4.08 (3H, m, 4.23- 4.37 (2H, m, 5.16 (2H, dd, J=12.6, 25.2Hz),
5.24-5.33 (1H, m, 5.51-5.66 (2H, m, 7.04-7.18 (4H, m, 7.22 (1H, s),
7.35- 7.42 (2H, m 3) Synthesis of

1, 1- anhydro-| - C-[ 5- (4- et hynyl phenyl ) net$&1 = 2-

(hydr oxymnet hyl ) phenyl ] - (3- D- gl ucopyranose Using 1, 1-anhydro-1-C[5-(4

tri methyl si | anyinRiely By idt@bgen aitidan - (hMdaemyyaRicMm! eyl 4d--
2,3,4,6-tetra- 0O acetyl - 3-D gl ucopyranose and appropriate reagents, the sane
pr ocedur & ra¥ lneathnrdt Hati i 16 dch sy eRe319te iy 1give the titled conpound.
[0190] 1H NWR (CD3CD) 8: 3.40 (1H, s), 3.41-3.49 (1H, m, 83 3.62-3.70 (1H,

m, 3. 72-(hykirotinie thyl ¥peHEhy12H 2 ,9),4,%5-tetadd0-adetyl-B~D~ 25 (5H, m,
7.34-7.40 (2H, m WMs (ESI'): 383 [M1l]' Exanple 13
1, 1- Anhydriedop@ranase Hyadrdoxmghdnyd Ddrammiodl }-,2-trimethylsilylacetylene
(hydr oxymnet hyl ) phenyl ] - S- D- gl ucopyranose Usi ng
1, 1- anhydfo-089CH15- (M-GAdmmoiphe iddetdythamine (0.2 ml, 1.44 mmol) and
(hydroxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- O acetyl - (3-D- gl ucopyranose
synt hesi Ad¢hlerebid{ teiphenyd pimariynedinal lasdgaht(d 1 thadsae Odtoswwdile as
used in Exanple 9 was repeated to give the titled conpound. [0191] 1H NMR
(CD30D) &ere gyxeds) ToHthip mixgurs, 7anhydroug)DME ¢3-mliswagHaddpd 3. 90
(2H, s), 5.10.(2H,. , 6.64-6.74 (2H, 0. 0.97-7.06 gZH, m, 7.15-7.25 (3H,
m and the mixture was stirred at %0°C for 4 hours. The reaction
mixture was diluted with water and extracted with ethyl
acetate. The organic layer was washed with saturated aqueous
sodium chloride and dried over scdium sulfate. After
filtration, the solvent was concentrated under reduced
pressure, The resulting residue was purified by flash column
chromatography {(developing solution = ethyl acetate:n-hexane
(1:2)) to give the titled compound (95 mg, 48%).
[0189] 'H-NMR (CDC1,) &: 0.23 (9H, s), 1.70 (3H, s), 2.00
(3H, s), 2.05 (3H, s), 2.07 (3H, s), 3.93-4.08 (3H, m), 4.23-
4.37 (2H, m), 5.16 (2H, dd, J=12.6, 25.2Hz), 5.24-5.33 (1H,
m), 5.51-5.66 (2H, m), 7.04-7.18 (4H, m)}, 7.22 (1H, s), 7.35-
7.42 (2H, m)
3) Synthesis of 1,l-anhydro-1-C-[5-{4-ethynylphenyl)methyl-2-
(hydroxymethyl )phenyl] -§-D-glucopyranose
Using 1,l-anhydro-1-C-[5-(4-
trimethylsilanylethynylphenyl)methyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-acetyl-f-D-glucopyranose and appropriate
reagents, the same procedure as used in Example 9 was repeated

to give the titled compound.

[0190] 'H-NMR (CD;OD) 6: 3.40 (1H, s), 3.41-3.49 (1H, m),



M5 (ESI'): 397 [MtNa]' Exanple 14

1, 1~ Anhydro-| - G [ 5- (4- pyrazol - 1-yl - phenyl ) net hyl -

(hydr oxynet hyl ) phenyl ] - 3- D- gl ucopyranose 1) Synthesis of

4- pyrazol - 1-yl - phenyl boronic acid Under a nitrogen stream to a solution of
1- (4- bronophenyl)-1H pyrazole (995 ng, 4.46 muol) in anhydrous THE (12

m ), a hexane solution of n-butyllithi# (1.6 M 2.79 m, 4.46 mvl) was
added dropwi se at -78C. After stirring at the sane tenperature for 1 hour,
this sol ut.isen 3 qduedmdropwizee 3 @5 (4%C WO 2 45@hutisgn afy trg qEL Rk bor ate
(1.07 mi, 9.37 nmml) in anhydrous THE (8§ m’). After stlrrlng at the sane
tenperatune frarl 7k 7heaer ,( sHhe mgagt.izan Migpet e Way stirred at  room
tenperature for one day and a night. After addi tion of 84 saturated aqueous
ammoni um chl or MS$e (ESE) re388i pM+DiXture was extracted with ethyl acetate.
The organic | ayer was washed w th saturated aqueous sodi um chloride and

dri ed ové&xampdgndsi um sul fate. After filtration, the solvent was
concentrat ed under reduced pressure. The resulting residue was purified by
flash coﬂu#nA@hw@ﬁ@rdaﬂaﬂﬁv(@d@w@tomgphensdnmbmhyl-2ﬁethyIene

chl ori de: met hanol ; to olve the titled conpound (314 ng, 37% . [0192]
"H NVR (€D S yd) & h glpcepyragese4H, m, 7.72 (1H, d,
J=1.5Hz), 7.89 (1H, d, J= 2 SFE) M5 (ESI'): 189 [Mt1l]' 2) Synthesis of

1, 1- anhydr o- |_§sEgg(; 6ypgggﬁrp 1-C-[5-(4-hydroxyphenyl)methyl-2-

yIphenyI)net oxynet hy )phenyl | ucopyranose Using
4- pyr azol! ¥d§% %9&&3P8ﬁpgldcﬁd3 éﬁﬁyérg -pcetyl-p-D-

glucopyranose synthesized in Example 10 and appropriate

reagents, the same procedure as used in Example 9 was repeated
to give the titled compound.
[0191] 'H-NMR (CDsOD) 6: 3.39-3.52 (1H, m), 3.61-3.71 (1H,
m)}, 3.72-3.85 (4H, m), 3.90 (2H, s), 5.10 (2H, m), 6.64-6.74
(2H, m), 6.97-7.06 (2H, m), 7.15-7.25 (3H, m)

MS (ESI*): 397 [M+Nal’

Example 14

1,1-Anhydro-1-C-[5-(4-pyrazol-1l-yl-phenyl)methyl-2-

(hydroxymethyl )phenyl]-B-D-glucopyranose

1) Synthesis of 4-pyrazol-l-yl-phenylboronic acid

Under a nitrogen stream, to a solution of 1-(4-
bromophenyl) -1H-pyrazole (995 mg, 4.46 mmol) in anhydrous THF
(12 ml), a hexane solution of n-butyllithium (1.6 M, 2.79 ml,
4.46 mmol) was added dropwise at -78°C. After stirring at the
same temperature for 1 hour, this solution was added dropwise
at -78°C to a solution of trimethyl borate (1.07 ml, 9.37
mmol) in anhydrous THF (8 ml). After stirring at the same
temperature for 1 hour, the reaction mixture was stirred at

room temperature for one day and a night. After addition of



C- [ 5-chl or onet hyl - 2- (hydr oxynet hyl ) phenyl -2, 3,4,6-tetra-O

acetyl -f 3- D- gl ucopyranose and appropriate reagents, the sane procedure as
used in Exanple 9 was repeated to give the titled conpound. [0193] 1H NWR
{CD30OD): 3.40-3.52 (1H, m, 3.61-3.70 (1H, m, 3.72-3.85 (4H, m, 4.05 (2H,
s), 5.11 (2H, dd, J=12.6, 19.8Hz), 6.46-6.52 (1H, m, 7.19-7.39 (5H, m,
7.59-7.72 (3H, nm), 8.12-8.17 (1H, M- N3 (ESI"'): 425 [M+l]' Exanple 15 1

1- Anhydro-1-C-[5-(4-net hoxyphenyl ) et hyl - 2-

(‘hydr oxy 1) n ' f

1,1-anhy§§kn¥%%g % ﬁ%%hoxyp#gﬁﬂy ﬂ%§ﬁdf t§£ E%%%Eio% mixture was
(hydroxy ggtehulralewi!th 2wl Gcktlla: O@rietafgdﬁw Bayer OhHEORYEREESE Under

a nitrogen stream to a so Ution of 1, 1-anhydfo-T-

C-[5- chl gaereRYhrdtely dgaesiet Rydlinke el brddd, 4n@ Geted Gver
acetyl - (3-D gl ucopyranose (200 mg, 0.41 mml) in anhydrous THE (1.0 ml), a

THE sol uinaghegfiulm ERIEEteat r AEBLDT DEUPEaL 0% (. thdl sovdrd whs 0. 012 mol)
and N-net hyl pyrrolidinone (0.16 mM, 1.64 mmol) were added dropw se at room

t enper at gbaceA tEHE edio nidean rediaicédmpireesykenz yrnagnesulvihg orededgd. 25 M
1.72 mM) was added dropwi se over 5 mnutes at roomtenperature. The
react i onwasxpurdfied by flaghacolamm chrpmazbgraphyr (deeedapingnd a ni ght.
After addition of 2N hydrochloric acid (2 m), the reaction m xture was
ext r act egolatthoat ky medbyilane chieridegaeitbanalen S@ad \atkedimet theat ur at ed
aqueous sodium chloride and dried over magnesium sul fate. After filtration,
titled compound (314 mg, 37%).
[0192] 'H-NMR (CDC1l;) O: 6.45-6.50 (1H, m), 7.52-7.64 (4H,
m), 7.72 (1H, 4, J=1.5Hz}, 7.89 (1H, d, J=2.3Hz)
MS (ESI'): 189 [M+1]"
2) Synthesis of 1,1-anhydro-1-C-[5-{4-pyrazol-1-
vlphenyl)methyl-2-{(hydroxymethyl)phenyl]-f-D-glucopyranose
Using 4-pyrazol-l-yl-phenylboronic acid, 1,l-anhydro-1-
C-[5-chloromethyl-2-(hydroxymethyl)phenyll]-2,3,4,6-tetra-0-
acetyl-ﬁ-nglucopyranose and appropriate reagents, the same
procedure as used 1n Example 9 was repeated to give the titled
compound.
[0193] 'H-NMR (CD;OD): 3.40-3.52 (1H, m), 3.61-3.70 (1H,
m), 3.72-3.85 (4H, m), 4.05 (2H, s}, 5.11 (2H, &d, J=12.6,
19.8Hz), 6.46-6.52 (1H, m), 7.19-7.39 (5H, m), 7.59-7.72 (3H,
m), 8.12-8.17 (1H, m)
MS (ESI%): 425 [M+1]"

Example 15

1,1-Anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-

(hydroxymethyl)phenyl]-B-D-glucopyranose

1) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-

(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-acetyl-p-D-



t he sol vent was concentrated under reduced pressure. The resulting residue
was: purified by flash col um chronmat ography (devel oping solution = ethyl
acetate: n-hexane (2:3)) to give the titled conmpound (13 ng, 6% . [0194]
-IH-NWR (CDC13) S 1.73 (3H, s), 2.01 (3H, s), 2.05 (3H, s), 2.08 (3H, s),
2.80-2.95 (4H, m, 3.79 (3H, s), 4.01- 4.07 (1H, m, 4.27-4.37 (2H, m, 5.13
(1H, d, J=12.3Hz), 5.21 (1H, d, J=12 F%); 5.27-5.34 (1H, n), 5.57-5.67
(2H, m, 6.80 (2H, d, J=8.6Hz), 7.07 (2H, d, J=8.6Hz), 7.14 (2H, s), 7.25-

7.26 (1Hglqbo%?r§ﬁ@§@esis of 1, 1-anhydro-I|-C[5-(4-nethoxyphenyl) et hyl - 2-
(hydr oxymet hyl') phenyl | - 3- D- gl ucopyranose Usi ng

1,1‘anhydr0-|-thér(é-ﬁ&th@?ﬁﬁhgﬁfbhﬁkh!b‘a solution of 1,1-anhydro-1-
(hydroxynet hyl ) phenyl ]-2,3,4,6-tetra-O acetyl-S-D 86 gl ucopyranose and

appropri gt-¢ s-ehgetiome thyd -2 (B ydroxshettydd pheagd 1i-2 , Bxanpl-¢ e raad-r epeat ed
to give the titled conmpound. [0195] 'H NVR (CD30D): 2.70-2.90 (4H, m,

3. 38- 3. 44cetMl-prP-giubdpFradocdH, 200, mg., 08 .@¢1HmA 1 )J*h2 adbzAroasOTHF1H, d,
J=12.3Hz), 6.74 (2H, d, J=8.7Hz), 7.03 (2H, d, J=8.7Hz), 7.10 (2H, m, 7.15
(1H, s) NB.QESNL)).: a4THF] BpluTdbneofl1i thddml +2 trhcivlbirecspradceural. 1f o, mul ae
of the conpounds prepared in the above exanples. The conpounds |listed in
Tabl es 103124 mlg8 Oafldl soodd esddN-ypethyipyedolidinbaesd®s ldamier lag4shown
in the above exanples or production schenmes with or w thout m nor

nodi f i cafmedd we¥eoadded drepwisekialt| agomn tempezature19s] THE agpbutian

of 4-methoxybenzylmagnesium bromide (0.25 M, 1.72 ml) was
added dropwise over 5 minutes at room temperature. The
reaction mixture was stirred at room temperature for one day
and a night. After addition of 2N hydrochloric acid (2 ml),
the reaction mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride and dried over magnesium sulfate. After filtration,
the solvent was concentrated under reduced pressure. The
resulting residue was purified by flash column chromatography
{developing solution = ethyl acetate:n-hexane (2:3)) to give
the titled compound (13 mg, 6%).
[0194] 'H-NMR (CDC1l;) &: 1.73 (3H, s), 2.01 (3H, s), 2.05
(3H, s), 2.08 (3H, s), 2.80-2.95 (4H, m), 3.79 (3H, s), 4.01-
4.07 (1H, m), 4.27-4.37 (2H, m), 5.13 (1H, 4, J=12.3Hz), 5.21
(1H, 4, J=12.3Hz), 5.27-5.34 (1H, m), 5.57-5.67 {(2H, m), 6.80
(2H, 4, J=8.6Hz), 7.07 (2H, 4, J=8.6Hz), 7.14 (2H, s), 7.25-
7.26 (1H, m)
2) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose

Using 1,1l-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-

{hydroxymethyl)phenyl]l-2,3,4,6-tetra-O-acetyl-p-D-



87 - Table 1-1 Exanple 1 O 0" OH Exanple 6 OOH HOOHHO O OH OH OH 1S/
I/O/ Exanple 2 00" OH Exanple 7 ~ OH HO OH HO OH OH OH Exanple 3 0
Example 8 ~'' ,OH HOHOOH OH OH I/ I/ Exanple 4 OO, OH Exanple 9 OO .CH /
‘HOOHHOOHOH OHO Exanple 5 O O OH Exanple 10 Q0o CHHO OH HO OH OH OH
[0197] [Table 1-2] 88 - Table 1-2 010 Exanple 11 O- CH HO OH

- B§ -

glucopyranose and appropriate reagents, the same procedure as
used in Example 9 was repeated to give the titled compound.
[0195] 'H-NMR (CD,OD): 2.70-2.90 (4H, m), 3.38-3.44 (1H,
m), 3.57-3.78 (8H, m), 5.02 (1H, 4, J=12.3Hz), 5.07 (1lH, 4,
J=12,3Hz), 6.74 (2H, 4, J=8.7Hz), 7.03 (2H, 4, J=8.7Hz), 7.10
(2H, m), 7.15 {(1H, s)

MS (ESI*): 402 [M]?

Tables 1-1 and 1-2 show the structural formulae of the
compounds prepared in the above examples. The compounds
listed in Tables 1-3 to 1-8 can also be readily prepared in
the same manner as shown in the above examples or production
schemes with or without minor modifications obvious to those
skilled in the art.

[01%6] [Table 1-1]



OH Exanple 12 ... OGHHO OH OH OH Exanple 13 65"y' OHHOOH OH | | N

Exanple 14 0 OH HOOH OH O, \ ~I I~ Exanple 15 O"OH HO OH OH [0198]

[ Table 1-3] - 89 - Table 1-3 'H NVR (CD30D) 6: 2.28 (3H, s), 3.41-3.50

(111, m, 3.62-3.68 (1H, n), 3.75-3.83 (4H, n), Exanple 16 0, OH 3.95 (2H,
7.0

s), 5.10(2H, m, HO 7. -7.10 (411, m, 7.17-7.22 OH (3H, m OH M5 (ESI+):
395 [ M+Na]' - 87 -

Table 1-1

Example 1 Example 6

Example 2 Example 7

Example 3 Example 8

Example 4 Example 9

Example 5 Example 10

[0197] [Table 1-2]



'H- NMR (CD30D) 8: 2.08 (3H, s), 3.44-3.51 (1H, n), 3.63-3.69 (1H m,
3.75-3.84(4H, n), 3.98 Exanple 17 0/ (2H, s) , 5 .10 (2H m , 6.96 HO (1H,
d, J=7.6Hz), 7.17-7.25 (4H m), 7.36-7.38 (2H, m OH M5 (ESI+): 438 [ M-Na] +
0) 'H NMR (CD30D) 6: 3.40-3.50 p (1H, m), 3.62-3.68 (1H, n), Exanple 18 0
OH 3.74-3.84 (4H, n), 3.91(2H, s), 5.10 (2H, n), 5.87(2H s), HO OH
6.67-6.70 (3H, m), 7.21(3H, s) OH M5 (88SI-+): 425 [ MNa] + ' H NMR ( CD30D) 8:
3.37-3.50 (1H, m), 3.62-3.68 (1H, n), 3.74-3.84 (4H n), 4.10 (2H, Exanple

19 OH s)Tagléllch m, 7.24 (3H, HOs), 7.41 (2H, d, J=8.1Hz), OH 7.62
(2H, d, F=8—IH)—o-M5—{(ESH—406—MNa]' Cl ' H NMR (CD30D) 6: 3.40-3.51
(1H m/| 3.63- 3. 69 3. .84 (4H, m, 3.99 (2H Exanple 20 , OH
s) 5.11 (2H, m, 1 , 7.24 (3H, s), 7.36- OH 7.41 (2H m
OH M5 (ESI+): 449 | > 1-4] 90 -

Example 11

Example 12

Example 13

Example 14

Example 15

[0198] [Table 1-3]



Table 1-4 1H NVR (CD3OD) 6: 1.35 (3H, t, J=6.9Hz), 3.39-3.49 (1H, ),
3.61-3.69 (1H n), 3.72-3.85 OH ( 4H ), 3.93 (2H s), 3.99 Exanple 21
IFEIL % 11::%0 (2H, g, J=6.9Hz), 5.10 (2H, m), OH 6.77-6.83 (2H, M,
7.07-7.14 OH (2H, ), 7.20 (3H n) M5 (ESL+): 403 [M¢l]' ' H NVR (CD30D) 6:
3.39-3.50 F (1H, m), 3.61-3.71 (1H, ), 3.71-3.85 (4H, ), 4.10 (2H,
Exanple 22 00 OH FE s), 5.11 (2H, nm),- B®R5 (3H, n), HO 7.37-7.45 (2H ),
7.52-7.60 OH (2H, m) OH MBS (ESI+): 427 [M¢1]' 1H NWVR (CD30D) 6: 3.40-3.50
0 (1H, mp, .3 61-_3 70 (1H M, Exanple 23 0 - OH F F 3.73-3.85 (4H, n), 4.03
H @ Ferorb 1% o0 my 7 117 36 HO OH (7H ) OH M5 (ESH+) - 443 [ Mrl]

2 5%
"H NWVR (CD30D) 6: 4. n% %2 § 68 ’E)anple 24
5 (A gy AT

QOH (1H m, 3.72-
7. H, m), 3.75-3.83 (4H, m)},

12-7.25 (7H, m (
Example 16 3.95 (2H, s), 5.10(2H, m),
7.04-7.10 (4H, m), 7.17-7.22
(3H, m)
MS (ESI+): 395 [M+Na]®

-4

H-NMR (CD,OD) &: 2.08 (3H, s),
3.44-3.51 (1H, m), 3.63-3.69
(1H,m), 3.75-3.84(4H,m), 3.98
(2H, s), 5.10 (2H, m), 6.96
(14, 4, J=7.6Hz), 7.17-7.25
(4H, m), 7.36-7.38 (2H, m)

MS (ESI+): 438 [M+Na]l®

Example 17

'H-NMR (CD,OD) 8: 3.40-3.50
(1H, m), 3.62-3.68 (1H, m),
3.74-3.84 (4H, m), 3.91(2H,
s), 5.10 (2H, m), 5.87(2H, =),
6.67-6.70 (3H, m), 7.21(3H, s)
MS (ESI+): 425 [M+Nal*

Example 18

IH-NMR (CD,OD) &: 3.37-3.50
(1H, m), 3.62-3.68 {1H, m),
3.74-3.84 (4H, m), 4.10 (2H,
s), 5.11 (2H, m), 7.24 (3H,
s), 7.41 (2H, 4, J=8.1Hz),
7.62 (2H, 4, J=8.1Hz)

MS (ESI+): 406 [M+Na]l]®

'H-NMR (CD,OD) &: 3.40-3.51
(1H, m), 3.63-3.69 (1H, m),
3.73-3.84 (4H, m), 3.99 (2H,
s), 5.11 (2H, m), 7.13-7.17
(1H, m), 7.24 (3H, s), 7.36-
7.41 (2H ,m)

MS (ESI+): 449 [M+Nal®

Example 19

Example 20

[0199] {[Table 1-4]



1H NVR (CD30D) 8: 3.38-3.51 C (1H m), 3.58-3.70 (1H n), Exanple 25 O..
,OH 3.71-3.85 (4H,m), 3.99 (2H, s), HO5.11 (2H, ), 7.15-7.29 (7H, m) OH
MS (ESI+): 393 [Mr1]' OH [0200] [Table 1-5] - 91 - Table 1-5 1H NVR ( CD30D)
S 3.39-3.49 (1H, m, 3.59-3.70 (1H, rr), 3.71-3.86 (4H, n), 4.17 (2H,
Exanple 26 0 OH's), 5.12 (2H, n), 7.20-7.49 HO (6H, m, 7.68 (1H s), 7.71-
7.83 (3H m OH M5 (ESI+): 431 [MNa] 4 1H NVR (CD30D) S: 3.40-3.48 OH (1H,
m, 3.60-3.70 (1H, m), Exanple 27 00 “(#3:72-3.86 (4H, m, 4.00(2H s),
4.56 (2H, s), 5.11 (2H, m, HOO—I715732(7H m OH M5 (ESI+): 411

3.62-3.68 (1H m), 3.75-

)
[ a o Q=7 [ D11
5—tt—(2H 697 (2Ht

VL - OBD®: [ MNal(3H: £ NVR. { CD3OD
J= 5“%%2??D3 39- 3[49 (iL m), ( )
3.61-3.69 (1H, m), 3.72-3.85
(4H, m), 3.93 (2H, s), 3.99
{2H, g, J=6.9Hz), 5.10 {2H, m)},
6.77-6.83 (2H, m), 7.07-7.14
(2H, m), 7.20 (3H, m)

MS (ESI+): 403 [M+1]"

'R-NMR (CD,OD) &: 3.39-3.50
(1H, m), 3.61-3.71 (1H, m),
3.71-3.85 (4H, m), 4.10 (2H,
s), 5.11 (2H, m), 7.25 (3H, m),
7.37-7.45 (2H, m), 7.52-7.60
(2H, m)

MS (ESI+): 427 [M+1]"

'H-NMR (CD;OD) &: 3.40-3.50
(1H, m), 3.62-3.70 (1H, m),
3.73-3.85 (4H, m), 4.03 (2H,
s), 5.11 (2H, m), 7.11-7.36
(7H, m)

5,_, MS (ESI+): 443 [M+1]"

[ MNa] ' Takhkﬁﬁi-@ﬁ[BCH» S: 3.39-3.48 F (1H m
Exanpl e [2866=—CH 377184 \4?Tlu, 39 Sy

J=8.8Hz), HO CH 7.
6: 2.25]|(3H,5s),

Example 21

Example 22

Example 23

'H-NMR (CD,OD) &: 2.43(3H, s).
3.38-3.50 (1H, m), 3.62-3.68
(1H, m), 3.72-3.85 (4H, m),
3.96 (2H, s), 5.10 (2H, m),
7.12-7.25 (7H, m)

MS (ESI+): 405 [M+1]*

Example 24

H-NMR (CD,OD) &: 3.38-3.51
(1H, m), 3.58-3.70 (1H, m),
3.71-3.85 (4H,m), 3.99 (2H, s).
5.11 {(2H, m)}, 7.15-7.29 {(7H, m}
MS (ESI+): 393 [M+1]"

Example 25

[0200] [Table 1-5]



3.40-3.46 (1H, dd, J=9.8, 8.7Hz), 3.61-3.67 (1H, n), Exanple 29 0~ OH
3.70-3.84 (4H, n), 4.03 (2H, s), 5.10 (2H, m), 7.12-7.20 HO OH (7H, m) OH
M5 (ESI+): 395 [M+Na]' 1H NVR (CD30D) 6: 2.27 (3H, s), 3.42-3.48 (1H m),
3.62-3.68 (1H, ), 3.75-3.85 (4H, m), Exanple 30 OH 3.95 (2H, s), 5.10(2H,
m, 6.99 HO (3H, t, J=7.1Hz), 7.10-7.22 OH (4H, m OH MS (ESI+): 373 [ Mr1]"
[0201] [Table 1-6] - 92 - Table 1-6 'HIWR (CD3CD) 6: 3.42-3.48 (1H m),
3.62-3.68 (1H, m), i 3.76-3.79 (4H n), 3.96 Exanple 31 O OH (2H,s), 5.03
(2H s) Tgbié j=5(2H M, 6.83-7.22 (3H M), HOOH6.83-7.22 (4H n,
8 |l |

MmN ([ [Cl -\: ARL [.v’l“ ! " H-NMR (GDggg) 6 3 4’) 3 48 F

o gl o0 (24

3.71-3.86 (4H, m), 4.17 {(2H,
s), 5.12 (2H, m), 7.20-7.4%9
(6H, m), 7.68 (lH, s8), 7.71-
7.83 (3H, m)

MS (ESI+): 431 [M+Na]l®

oH o,

(1H, rr) "3.62-3. 68
5.10 (2H, m), 6.84

Example 26

'H-NMR (CD;0D) &6: 3.40-3.48

(1, m), 3.60-3.70 (1H, m),
3.72-3.86 (4H, m), 4.00(2H, s),
4.56 (2H, s), 5.11 (2H, m),
7.15-7.32 (7H, m)

MS (ESI+): 411 [M+Na]l®

Example 27

H-NMR (CD,OD) &: 3.39-3.48
(1H,m), 3.62-3.68 (1H,m), 3.75-
3.84 (4H,m), 3.99 (2H,s), 5.11
(2H,m), 6.97 (2H, t, J=8.8Hz),
7.19-7.23 (5H, m)

MS {ESI+): 399 [M+Na]®

Example 28

'H-NMR (CD,0D) &: 2.25 (3H,s),
3.40-3.46 (1H, dd, J=9.8,
8.7Hz), 3.61-3.67 (1H, m),
3.70-3.84 (4H, m), 4.03 (2H,
s), 5.10 (2H, m), 7.12-7.20
{7H, m}

MS (ESI+): 395 [M+Nal®

Example 29

H-NMR (CD,OD) &: 2.27 (3H, s),
3.42-3.48 (1H, m), 3.62-3.68
{1H, m), 3.75-3.85 (4H, m),
3.95 {2H, s), 5.10(2H, m), 6.99
(34, t, J=7.1Hz), 7.10-7.22
{4H, m)

MS (ESI+): 373 [M+1]"

Example 30

[0201] ([Table 1-6]



OH M5 (ESI+):

(1H, d,

-J=6. SHz

'H-NVR (CD30D) S: 3.40-3.51
4.06(2H, N's),

(1H m
J=1. THz
(1H m
(4H M,
J=8. 3Hz
1-7] 93

),

J=6. 5Hz) ,
33 Op OH (4H, m),

Example 31

395 [ Mr1]"
3.34-3.41 (1H, m,
3.91 (2H, s),
5.04(211, d, OH J=6.5Hz),
(1H m,
5.11 (2H, m,
HO 7.67-7.71 (1H m),

7.85 OH

'H NMR (CD30D) S: 2.83 (1H, d,

4.41 HO (1H, d,
7.09-7.15(7H, m) MBS (ESI+):
3.62-3.68 (1H,
7.19-7. 27 92Exanpl e 34 ~ OH
8.35-8.37 OH (1H, m,

) ivg(ggy): 360[ Mk1]' ' H-NMR (CD30D) 6: 3.08 (3H,
H o 7.

4.13 (2H, ¢

F J=6.5Hz
3.69-3.7
4.58 (1

3.55-3.62 (1H m,

J=6. 5Hz) ,

3.74-3.8
(3H, m, 7
8.44 (1H, d
s), 3

PILNPR (QHODME: 3HR-GHA4E. 49
ESl+)m) , 43767-8 88" (1H,0802]
3.76-3.79 (4H, m), 3.96
(2H,s), 5.03 (2H, s), 5.11
(2H, m), 6.83-7.22 (3H, m),
6.83-7.22 (4H, m), 7.28-7.41
{5H, m)

MS (ESI+): 465 [M+1]"

m,

), 2.92
7 Exanpl e
H OHd,

4 (4H, m,
.32-7.36

, OH
.41-3. 48
H 0

(2H, d,

| Tabl e

405 [M"

Example

32

H-NMR (CD,OD) &: 3.42-3.48
(1H, m), 3.62-3.68 (1H, m),
3.76-3.84 (4H, m), 4.00 (2H,
s), 5.10 (2H, m), 6.84-6.94
(2H, m), 7.22-7.26 (4H, m)
MS (ESI+): 395 [M+1]*

Example

33

'H-NMR (CD,OD) &: 2.83 (1H, 4,
J=6.5Hz)}, 2.92 (1H, d,
J=6.5Hz), 3.34-3.41 (1H, m),
3.55-3.62 (1H, m), 3.69-3.77
{4H, m), 3.91 (2H, s), 4.41
(1H, 4, J=6.5Hz), 4.58 (1H,
d, J=6.5Hz), 5.04(2H, a,
J=6.5Hz), 7.09-7.15(7H, m)

MS (ESI+): 405 [M]*

Example

34

H-NMR (CD,OD) &: 3.40-3.51
(1H, m), 3.62-3.68 (1H, m),
3,74-3.84 (4H, m), 4.06(2H,
8), 5.11 {2H, m), 7.19-7.27
(3H, m), 7.32-7.36 (1H, m),
7.67-7.71 {1H, m), 8.35-8.37
(1H, m), 8.44 (1H, 4,
J=1.7Hz)

MS (ESI+): 360[M+1]*

Example

35

'H-NMR (CD;0OD) &: 3.08 (3H,
s), 3.41-3.48 (1H, m), 3.62-
3.68 (1H, m), 3.74-3.80
(4H,m), 4.13 (2H, s), 5.11
(2H,m), 7.22-7.27 (3H, m),
7.49 (2H, 4, J=8.3Hz), 7.85
(2H, d, J=8.4Hz)

MS (ESI+): 437 [M+1]1*

[0202]

[Table 1-7]



Table 1-7 'H NVR (CD30D) 6: 3.40-3.51 N (1H m, 3.63-3.69 (1H m), 3.75-
Exanple 36 0 OH 3.85 (4H m, 4.07 (2H's), 5.12 (2H,n), 7.26-7.31 (5H m,
8.40 HO ~ OH (2H, d, J=5.8Hz) OH MS(ESI+): 360 [M+1]' H ' H NVR (CD30D) 6:
3.40-3.50 N (1H, n), 3.63-3.68 (1H, n), 3.74-3.84 (4H m, 4.13 (2H s),
Exanple 37 0' OH5.12 (2H, nm), 6.12 (1H, s), O " 6.89-7.02 (2H m,
7.22-7.24 HOOH (2H n), 7.31-7.34 (2H, m, OH 7.40 (1H d, J=7.5H)
MB(ESI +): 398 [M+1]' OH 1H NMR (CD30D) %8 -3.39-3.46 (1H, m), 3.60-3.66 (1H,
m, 3.72-3.82 (4H, m), 3.89(2H s), Exarrple 38 OH 5.07 (2H, n), 6.56-6.67
(3H HOrgbie710%-7.06 (1H m, 7.18- OH 7.20 (3H, nm) OH M5 (ESI+): 397

[ MtNa] ' T HNVR(EP8OD—6—342-348 (tH—n)—3-62=3-68(tH—m 3. 74- 3. 84
(4H, n)| 3.98(2H QH 5. 05- 5. 3H, m), 5.70 (LH, O dd,
J=17.6, |1.1Hz), 6.6 =H7NMR (EE3%§ 3249537503 OH OH| (SH, m),
7.32 (2H, d, 1=8.2f (1H,m}, 3.63-3.69 (1H,m), 3.75-
Example 36

3.85 (4H,m), 4.07 (2H,s), 5.12
(2H,m}, 7.26-7.31 (5H,m), 8.40
(2H, 4, J=5.8Hz)

MS(ESI+): 360 [M+1]"

14-NMR (CD,OD) &: 3.40-3.50
(1H, m), 3.63-3.68 (1H, m),
3.74-3.84 (4H, m), 4.13 (2H,s),
5.12 (2H, m), 6.12 (1H, s},
6.89-7.02 (2H, m), 7.22-7.24
(2H, m), 7.31-7.34 (2H, m),
7.40 (1H, 4, J=7.5Hz)

MS(ESI+): 398 [M+1]"

'H-NMR (CD,OD) &: 3.39-3.46
(1H, m), 3.60-3.66 (1H, m),
3.72-3.82 (4H, m), 3.89(2H, s),
5.07 (2H, m), 6.56-6.67 (3H,
m), 7.01-7.06 (1H, m), 7.18-
7.20 (3H, m)

MS {(ESI+): 397 [M+Nal’

H-NMR (CD,OD) &: 3.42-3.48
(1H, m), 3.62-3.68(1H, m),
3.74-3.84 (4H, m), 3.98(2H, s),
5.05-5.18 (3H, m), 5.70 (1H,
dd, J=17.6, 1.1Hz), 6.68 (1H,
dd, J=17.6, 11.0Hz), 7.15-7.23
(5H, m), 7.32 (2H, d, J=8.2Hz)
MS (ESI+): 407 [M+Na]l®

Example 37

Example 38

Example 39

'H-NMR (CD,OD) &: 3.49-3.56

(1H, m), 3.69-3.75 (1H, m),
3.81-3.91 (4H, m), 3.93 (3H,
g), 4.13 (s, 2H), 5.17 (2H, m),
7.26-7.31 (3H, m), 7.39 (2H, d,
J=8.2Hz), 7.98 (2H, 4, J=8.4Hz)
MS (ESI+): 439 [M+Nal®

Example 40

[0203] ([Table 1-8]



M5 (ESI+): 407 [MrNa]' 3H NVR (CD30D) 8: 3.49-3.56 0~ (1H, m), 3.69-3.75
(1H, m), 3.81-3.91 (4H n), 3.93 (3H, Exanple 40 OO0 OH 0 s), 4.13 (s, 2H),
5.17 (2H, nm), HO OH 7.26-7.31 (3H, m), 7.39 (2H, d, OH J=8.2Hz), 7.98 (2H,
d, J=8.4Hz) MB (ESI+): 439 [M:Na]  [0203] [Table 1-81 94 - Table 1-8 1H NMWR
(CD30D) 6: 3.42-3.51 OH(1H, m, 3.62-3.68 (1H, n), 3.75-3.84 (4H, m),
4.08 (2H, Exanple 41 C0 OH 0 s), 5.06-®4l7 (2H, n), 7.21- HO 7.27 (3H, m,
7.33 (2H, d, OH J=8.2Hz), 7.93 (2H, d, OH J=8.2Hz) MS (ESI+): 425 [ M:Na]'
' H NMR (Egﬁgg)ls 3.08 (2H, td, i | F J=17.5, 4.6Hz), 3.39-3.50 (IH, m,
3.5 35 \u 1 a}, 3.99 Evnwnln 42 OO El Q2 (2H sy 5 11 (2H m 5 .95 HO

' B4NMR H,CDR9DVB: (E£Uz+}: 51423 Mr1] "
HZH, @) 208-38-3598 (2H54m),(1H, | brs),
3.75-3.84 (4H, m), 4.08 (2H,
s), 5.06-5.17 (2H, m), 7.21-
7.27 (3H, m), 7.33 (2H, 4,
J=8.2Hz), 7.93 (2H, 4,
J=8§.2Hz)
MS (ESI+):

9- 3.
(1H,
NVR
6 (2H, q,

Example 41

425 [M+Nal®

H-NMR (CD,OD) 8:3.08 (2H, td,
J=17.5, 4.6Hz), 3.39-3.50 (1H,
m), 3.59-3.85 {S5H, m)}, 3.99
(2H, s), 5.11 (2H, m), 5.95
(1H, tt, J=56.5, 4.6Hz), 7.11-
7.34 (7H, m)

Example 42

MS (ESI+):

423[M+1]"

J=7.63Hz),
{1H, brs),
J=7.63Hz),
Example 43 4.25 (1H,
5.02 (2H,
17.93Hz),
(4H, 44,

7.14 (1H,

'H-NMR (CDC1;) &:

1.17 (3H, t,
2.20(3H, s), 2.54
2.56 (2H, q.
3.19 (1H, 4,

J=7.25Hz),

MS (ESI'):

3.66-4.00 (8H, m),

brs), 4.54 (1H, s),
dd,J=12.69,
6.97 (1H,s), 7.00
J=8.01, 12.97Hz),
s)

423 [M+Na]

{3H, m),
12.1Hz),

Example 44

m),

4.01 (2H,
7.18-
MS (ESI*):

lH-NMR (CD,;0D) &: 3.36-3.47

3.64 (1H, 44, J=5.8,

3.74-3.83 (4H, m),
s), 5.05-5.16 (2H,
7.23 (7H, m)

441 [M+1]1°

Example 45

[0204] [Table 1-9]



3=7.63Hz), 3.19 (1H, d, J=7.25Hz), 3.66-4.00 (8H, n), Exanple 43 ,CH 4.25
(1H brs), 4.54 (1H s), 5.02 (2H dd, J=12.69, HO OH 17.93Hz), 6.97 (1H s),
7.00 OH (4H, dd, J=8.01, 12.97Hz), 7.14 (1H, s) MS (ESI'): 423 [ MNa]

1H NVR (CD30D) S: 3.36-3.47 F (3H, m), 3.64 (1H, dd, J=5.8, 12.1Hz),
3.74-3.83 (4H, nm), O~ . ,OH 4.01 (2H, s), 5.05-5.16 (2H, Exanple 44 0 n),
7.18-7.23 (7H, m) HO OH MS (ESI'): 444 93#4]' OH NN Exanple 45 06 ,OH HO
OH OH [0204] [Table 1-9] 95 - Table 1-9 1H NVR (CD, OD) 8: 2.56 (3H. s),

3.41-3. 4Wdﬁm¢ 1My 3.64 (1H, dd, J=5.8, 12.1Hz), 3.73-3.83 (4H, Exanple 46
" OH M5 68+-(2H—s)—5 H-—d }=12 610 8Hr) 7 22.7 25 (3H,

A 1

Hoodm, 7 33.7 BE ( 2HA 7 H-NMR ~{€D,bD) &: 2/86 (3H, s),
3.41-3.47 (1H, m), 3.64 (1H, ad,

J=5.8, 12.1Hz), 3.73-3.83 (4H,
m), 4.08 (2H, s), 5.10 (2H, 44,
J=12.6, 19.8Hz), 7.22-7.25 (3H,
m), 7.33-7.36 (2H, m), 7.87-7.91
(2H, m)
MS (ESI'): 401 [M+1]®

L\ O}

\IC

Example 46

'H-NMR (CD,OD) 6: 1.41 (3H, 4,
J=6.59Hz), 3.40-3.47 (1H, m),
3.61-3.67 (1H, m), 3.74-3.83
(4H, m), 3.98 (2H, =), 4.74-4.81

Example 47 (1H, m), 5.04-5.15 (2H, m),
7.15-7.27 {(7H, m)
MS (ESI*): 425[M+Nal’
[0205] Test Example 1

Evaluation of inhibitory activity against methyl-o-D-

glucopyranoside uptake of human Na'-glucose cotransporter

(SGLT1 and SGLT2)

1) Construction of human SGLT1 expression vector

Human SGLT1 ¢DNA was amplified by PCR with a c¢DNA
library derived from human small intestine (Clontech) as a
template, synthetic DNA primexrs and KOD+ DNA Polymerase
(Toyobo Co., Ltd., Japan). The amplified cDNA was inserted
into pcRII-Topo vector by using a Topo TA Cloning Dual
Promoter kit (Invitrogen). E. coll competent cells
{Invitrogen, TOPl0) were transfermed with the plasmid vector,
cultured in LB medium containing ampicillin (50 mg/L) to grow
amplcillin-resistant clones. The plasmid vector containing
human SGLT1 cDNA was purified from the clone in a standard

manner (see Maniatis et al., Molecular Cloning). Human SGLT1



OH (2H, m Ms (ESI'): 401 [M+1]'" "H- NWR (CD30OD) 8: 1.41 (3H, d, \

J=6: 59Hz), 3.40-3.47 (1H, m, 3.61-3.67 (1H, m, 3.74-3.83 Exanple 47 O- CH
OH (4H, m, 3.98 (2H, s), 4.74-4.81 (1H, m, 5.04-5.15 (2H, m, HO CH
7.15-7.27 (7H, m OH M5 (ESI'"): 425[MtNa]' [0205] Test Exanple 1 Eval uation
of inhibitory activity against nmethyl-a-D glucopyranosi de uptake of human
Na® - gl ucose cotransporter (SGT1 and 4. TF2) 1) Construction of human SG.T1
expression vector Human SGLT1 cDNA was anplified by PCRwith a cDNA library

deri ved t a I het:i_c DNA
o1 mor s So TR R ot HER Ry e oA Aoy 1 §BEN (b KT A R o

CDNA waseh@selting rirt atPaRLen&)PRa%eamdn iy oSt brw p@RT@BQnT/éhQ PAlalgehigual
Pronoter Kit (I'nvitrogen). E. coil conpetent cel (I'nvitrogen, TOP10) were

transforiregteirt hashe pémplatleyesyRthet Lo DNACFrifetd 6BAtaTHhEAGt @hNi NY

anpicillin (50 ng/L) to grow anpicillin-resistant clones. The plasmd
vect or caddditibngl hesaaiSCidoh eDbfmeasepudgniitedn§ saie! hand «OD+ DNA
standard nanner (see Maniatis et al., Mlecular Coning). Human SG.T1 96

cDNA addPdlymetraiset.i oThiszympliftedncDNANwas t @bgéfted Rvith Bte RDdanddi nd |1 |

at 3'-end) was anplified by PCRwith the plasmd vector as a tenpl ate,

synt het i HiDRAIjAI ands ldgatedningoaexpression vector pcDNA3.1(-)
{Invitrogen) digested with Eco RI and Hind III by a Rapid DNA
Ligation kit (Roche Diagonostlcs). E. coli competent cells
(Invitrogen, DH50) were transformed with the ligated
expression vector and grown in ampicillin-containing LB
medium. Human SGLT1 expression vector was purified from the
ampicillin-resistant clone in a standard manner.
[0206] 2) Construction of human SGLT2 expression vector

Human SGLT2 cDNA was amplified by PCR with a c¢DNA

library derived from human kidney (Clontech) as a template,
synthetic DNA primers and KOD+ DNA Polymerase. The amplified
cDNA was inserted into pcRII-Topo vector by using a Topo TA
Cloning Dual Promoter kit. E. coli competent cells (TPO10)
were transformed with the plasmid vector, cultured in LB
medium containing ampicilliin (50 mg/L) to grow ampicillin-
resistant clones. The plasmid vector containing human SGLT2
¢DNA was purified from the clone in a standard manner. Human
SGLT2 cDNA added restriction enzyme recognition sites (Xho I
at 5'-end, Hind III at 3'-end) was amplified by PCR with the
plasmid vector as a template, synthetic DNA primers containing
an additional restriction enzyme recognition site and KOD+ DNA
Polymerase. This amplified ¢DNA was digested with Xho I and

Hind III, and ligated into expression vector pcDNA3.1(-)



additional restriction enzyne recognition site, and KOD+ DNA Pol yner ase.
This anplified cDNA was digested with Eco Rl and Hind IIl and ligated into
expression vector pcDNA3.1(-) (Invitrogen) digested with Eco RI and Hi nd
11l by a Rapid DNA Ligation kit (Roche Di agonostics). E. cola conpetent
cells (Invitrogen, DH5a) were transformed with the ligated expression
vector and grown in anpicillin-containitg 1B nedium Human SGLT1 expression
vector was purified fromthe anpicillin-resistant clone in a standard

nmanner. [J1Glted WIS KheCtl QMO HIMITAT ISET 20y @S Rapi d/ PHaO0L 1 g IR SCLT2
CcDNA was anplified by PCRwth a cDNA |ibrary derived from human ki dney

(Clonteclkitas E.teoplkatempesgntheblis DNBHPG) RegeaigakOBsribld Wokumenase.
The anplified cDNA was inserted into pcRII-Topo vector by using a Topo TA

Cl oni ng Diajatiddorxperesisiion Feotalra andmgeiosm ioelani(cIRAEG)- contiad ntihgnsf or ned
with the plasmd vector, cultured in LB mediumcontaining anpicillin (50

ng/ L) told oweddmp.ci Himan S86ET2t erpreksnesn. véhtopl wanmi gurefied £pamai ni ng
human SG.T2 cDNA was purified fromthe clone in a standard manner. Hunman
SGL.T2 cDitheadtwd aiddiini-gteisdis temty vd onec dgniat isdransiagds ma@dmer. at 5' - end,
Hnd Il at 3'-end) was anplified by PCRwth the plasmd vector as a

t enpl at e,[ 03@Ttlhet i ¢ BUNAEgtekdishmentaprhi f§llaAinesi sitehdly expressinagn enzyne
recognition site and KOD+ DNA Pol ynerase. This anplified cDNA was di gested
wi th Xho humgnd SGITdd om humaiy SGLJ#t ed i nto expression vector pcDNA3. 1(-) 97

digested with Xho | and Hnd I1l by using a Rapid DNA Ligation kit. E. col
conpet ent ceII?hFDH@QF“w§P&TFr&ﬁ?F%Fﬁé&nwW?ﬁtPﬁeoqiﬁ&% P8LLPon vect or

and grown in anpicillin-containj.n
g expregy%on vector was %ié%sted with the restriction enzyme Pvu

I and transfected into CHO-K1 cells with FuGENE (Roche
Diagonostics). After the transfection, the cells were
cultured at 37°C in the presence of 5% CO; for about 3 weeks in
DMEM medium (Gibco) containing penicillin (50 U/mL, SIGMA},
streptomycin (50 mg/L, SIGMA), geneticin (200 mg/L, Nacalai
Tesque, Inc., Japan) and 20% fetal bovine serum to obtain
geneticin-resistant clones. Among these clones, clones stably
expressing human SGLT1 or human SGLT2 were selected by the
evaluating the sodium-dependent uptake activity of sugar
(methyl-a-D-glucopyranoside).
[0208] 4) Evaluation of inhibitory activity against
methyl-o-D-glucopyranoside uptake

Cell lines stably expressing human SGLT1 or human SGLT2
CHO were seeded in 96-well culture plates at a density of
30000 to 40000 cells/well and cultured for 4 to 6 days. The
medium in these plates was removed and replaced by 150 uL/well
pretreatment buffer (i.e., a buffer containing 140 mM choline
chloride, 2 mM potassium chloride, 1 mM calcium chloride, 1 mM

magnesium chloride, 10 mM 2-[4-(2-hydroxyethyl)-1-



LB nmedi um Human SA.T2 expression vector was purified from the
anpicillin-resistant clone in a standard manner. [0207] 3) Establishnent of
cell lines stably expressing human SG.T1 or hunman SGA.T2 The human SG.T1
'expressi on vector or the human SG.T2 expression vector was digested with
the restriction enzyne Pvu | and transfected into CHO-KI cells with FuGENE
(Roche Diagonostics). After the transf®tion, the cells were cultured at
37C in the presence of 5% CO2 for about 3 weeks in DMEM nmedi um (G bco)

Conta!n'B&FQ%QEEn 1118 thaleWuTEon2cCYdia aihreptOWVC'n (50 ny/L, SIGW),
geneticin L, Nacalai Tesque, Inc., Japan) and 208 fetal bOV|ne

serum tOth.tsE(h@(dI@@@ﬁlbltﬁyll)hﬁl&h%h@liha@eon 7AA0NJ ahae $BeC Q'&Q%s Ga'e%es
stably expressing human SG.T1 or human S T2 ‘were sel ect e

eval uat i agcubateddiatm3dépefdeno upinli€e8Ct ITHd Yot diatent buffer in

(et hyl - a- D- gl ucopyranosi de). [0208] 4) Evaluation of inhibitory activity
agai nst timet pllatesDwglsucempvados rée lapedk ®yCsiol ulLi/wed 1stEaklsih expr essi ng
human SA.T1 or human SA.T2 CHO were seeded in 96-well culture plates at a
density pret3eetoent bhofFercehns/ wdlel pdadesuwemreedntobatetioat days. fdhe
mediumin these plates was renoved and replaced by 150 L/well pretreatnent
buf fer (ROemingtesf.f cMetlyil a¢nPnfU14C )glucopyinaaosdidieor(i6dd, m2,mM pot assi um
chloride, 1 nmMcal ciumchloride, 1 nM magnesi um chloride, 10 nM

2-[ 4- ( 2- AyershpE: Rppymacdg Bipteehaz 28 MEdl e vast sddedatiod anddmixed
tris(hydroxynet hyl)am nomet hane, pH 7.4), and the plates were incubated at
37C for t£|HGPe§ PuELsrel fadt-nedt PYGERE: coptaining 140 mM sodium

chloride, 2 mM potassium chloride, 1 mM calcium chloride, 1 mM
magnesium chloride, 1 mM methyl-a-D-glucopyranoside, 10 mM
[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid and
tris(hydroxymethyl)aminomethane, pH 7.4), which was used as
uptake buffer. Test compounds were dissolved into uptake
buffer and these test compound sclutions were used for
evaluating inhibitory activity. Uptake buffer without a test
compound was used as a control solution. Moreover, for use in
measuring baseline uptake in the absence of sodium, sodium-
free solution was prepared in the same manner to contain

140 mM choline chloride instead of sodium chloride. The
pretreatment buffer was removed from each well of the plates
and replaced by 35 uL/well test compound solutions, control
solution or sodium-free solution, and the plates were
incubated at 37°C for 45 minutes. The soclutions were removed
and replaced by 300 uL/well washing buffer (i.e., a buffer
containing 140 mM choline chloride, 2 mM potassium chloride,

1 mM calcium chloride, 1 mM maénesium chloride, 10 mM methyl-
a-D-glucopyranoside, 10 mM 2-[4-(2-hydroxyethyl)-1-

piperazinyl]ethanesulfonic acid and



t he pl at
and the

Met hyl - a- D- (U- 14C) gl ucopyr anosi de (6.3 ni,
nCi /L) was added to and m xed wth 100 nL buffer (i.e.,

140 nmM s
nmM  magn
[ 4-(2-hy
tris(hyd

es was renoved, replaced by 50 L/well fresh pretreatnment buffer,

pl ates were incubated at 37C for 20 m nutes.

odium chloride, 2 mM potassiumchloride, 1 mMcalciumchloride, 1

esiumchloride, 1 mM nethyl-a Bglucopyranosi de, 10 nM
dr oxyet hyl ) - 1- pi per azi nyl ] et hanesul foni c acid and

Anmer sham Phar naci a Bi ot ech, 200
a buffer containing

Test  combaaeyaEpette ey A FarB tppakcohudr Al oRie: ReeBirEcbeEbBoune

sol ution
wi t hout
in neas
sol ution
i nst ead
wel | of
contr ol
37C for

afEBntyRd Uneatkeigll "l SVELEPRY BELLERYe WRELCHRLLST
BhicRd apaiﬁ',' gﬁauat %&g ggg% aeiﬁ@ssnog1swg§g3u@gﬁ§ggfpx&ase

was prepared i n the sa manner to contaln

use

@tlﬁogbaauahhahEQQ-saaeataﬁehhgahpaah EufBGQOW%ﬁer%gvégf ;{ggkeach

the plates and feplaced by 35 RL/well test conpoun

ns,

ine ¢éhloride

waellUtbOoBo2bE2dzeMthee@e3akyt i PNy ﬁ@drééﬁlaiﬁéeécw&rElsnﬁypated at

45 m nutes. The solutions were renoved and replaced

y 300 L/well

washi ng hukf aaded eo, thebubfier 1ysarkaini Bach4@erM, chald 2 @bl 8 €fe 2 MV
mchloride, 1 nMcalciumchloride, 1 mM magnesi um chloride, 10 nM

pot assi u
met hyl -

gebBugltingpgbaneiodewasl tirtindfe4red- hvdaokypbPiblel{Packard).

pi perazi nyl ] et hanesul fonic acid and 99 - tris(hydroxynethyl)am nonet hane,
7.4). Theheathmaglatkf eerewdefrieowesdighteditatrebn téhperatsitengopr ocedur e
ated once again, and a cell lysis solution (1 M sodi um hydroxi de,

was repe

evaporate the solvent. The samples on the plate were measured
for their radiocactivity with a TopCount NXT(Packard).

Assuming that the value obtained by subtracting the baseline
uptake level from the uptake level of the control sample was
set to 100%, the concentration required for a test compounds
to cause 50% inhibition of the uptake level (ICs; value) were
calculated from the concentration-dependent inhibition curve
using ELfit ver.3. As a result, the compounds of the present
invention were found to show a remarkable inhibitory effect on
SGLT2. The following table shows the ICsy values of
representative compounds of the present invention, as measured
for SGLT2 inhibition,

[0209] ([Table 2]

Table 2

Test compound ICso (nM)

Example 1 4.2

Example 2 4.0

Example 4 5.0

pH



0.1% sodi um | auryl sulfate) was added in a volune of 30 L per well to
sol-ubilize the cells. 2 Mhydrochloric acid (15 L) was added to the cel

| ysate in each well, and 40 gL of the resulting solution was transferred to
‘a LumaPl ate (Packard). The LumaPlate were |eft overnight at room
tenperature to evaporate the solvent. The sanples on the plate were
measured for their radioactivity w thl80TopCount NXT(Packard). Assuni ng
that the val ue obtained by subtracting the baseline uptake |Ievel fromthe

upt ake | g¥@lis?rhie 2020 c@R133FR! € was set to 100% the concentration
requi red—for a test compounds to cause 50% i nhi bition of the uptake |evel

(1C50 valgehovere cgheubabgéntrQH»&heisﬁneﬁabneaieﬁedgﬂsedgmbniahibition
curve using ELfit ver.3. As a result, the conpounds of the present

i nventi ogpwebkettaundompoanay ,aproaailabitachrebitbiotophaginbecuta@al 3@ T2. The
followi ng table shows the | C50 val ues of representative conmpounds of the
present agceptiable 3alreathesdofl,owhIChTRavehiah exeellefZ209hnibakbey?]
Tabl e 2 Test conpound 1C50 (rin) Exanple 1 4.2 Exanple 2 4.0 Exanple 4
5.0 100 efffEbtSORI AGLARPBCEABLLKTY THE16¢mpbendsesfnthenpeasenh enabl es the
provi sion of spiroketal conpounds, prodrugs thereof or pharnmaceutically
accept ablavealtiont haecafl sowkiffecitave as prophydactichioli theyapetftdct on

SA.T2 activity. The conpounds of the present
agents for diabetes, diabetes-related disease or diabetic

complications.



I nvention are also effective as prophylactic or therapeutic agents for

di abetes, di abetes-rel ated di sease or diabetic conplications. 101 - CLAI M
1. A conpound of Formula (1): [Formula 1) QA A" ( CH2)n O 70::: OR3
{1) wherein Rl, R2, R3 and R4 are each independently selected froma
hydrogen atom a Cl1-C6 al kyl group which may be substituted with one or
more Ra, a C7-Cl4 aral kyl group which 1l@dy-be substituted with one or nore
Rb, and -C(=O)Rx; Rx represents a C,-C6 al kyl group which may be
substituted with one or nore Ra, an afydr oup which may be substituted
with one or nore Ro, a heteroaryl group which nmay be substituted with one
or nore Rbo, a C -C6 al koxy group which nay be substituted with one or nore
Ra, or -NReRf; Arl represents an aromatic carbocyclic ring which may be
substi tutied w fhcempoandrere Fl¥muda qm)aromati c heterocyclic ring which may
be substituted with one or nore Rb; Qrepresents -(CH2) m (L) p- or

- (L) p- (CiFprmulen 1dpresents an i nteger selected fromO to 2, n

a—A
(CH\2)n I
0 5 OR'
R*O
OR?
OR3

()

wherein R', R?, R® and R* are each independently selected
from a hydrogen atom, a C;-Cs alkyl group which may be
substituted with one or more Ra, a C,;-C;4 aralkyl group which
may be substituted with one or more Rb, and -C(=0)Rx;

Rx represents a C;-Cs alkyl group which may be
substituted with one or more Ra, an aryl group which may be
substituted with one or more Rb, a hetercaryl group which may
be substituted with one or more Rb, a C,-C¢ alkoxy group which
may be substituted with one or more Ra, or -NReRf;

Ar! represents an aromatic carbocyclic ring which may be
substituted with one or more Rb, or an aromatic heterocyclic
ring which may be substituted with one or more Rb;

Q represents -(CHy)n-(L)p- or ~(L)p-(CHz)m-:

m represents an integer selected from 0 to 2, n
represents an integer selected from 1 and 2, and p represents

an integer selected from 0 and 1:



represents an integer selected from1 and 2, and p represents an integer
selected fromO and 1; 102 - L represents -0-, -S- or -NR5-, R5 is selected
froma hydrogen atom a Cl-C6 al kyl group which may be substituted with one
br nore Ra, and -C(=O Rx; A represents an aryl group which may be
substituted with one or nore Rb or a heteroaryl group which may be
substituted wth one or nore Rb, wher&PA the aryl group or the heteroaryl
group may form a condensed ring together with the aromatic carbocyclic ring
or the aromatig bepeesedeki cori ngg-Rari sykhdependently selected froma

hal ogen atom a hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a Cl- CoRal koxge eotspd whier aeyydeogebsdtdm) edl ayi-id3 anrylogreape Rc,
an aryl group which may be substituted with one or nore Rd, an aryl oxy

gr oup whwbhchapagebsubabstitaetedi whtbhnener ormmoeeRHa, aahdt eCc§a0OyRxgr oup

whi ch may be substituted with one or nore Rd, a heteroaryl oxy group which
may be substit &t gdpresentsnanoarybr gredp whirehcmpyobgr supstat@te@watkyl t hio
group which may be substituted with one or nore Rc, a Cl-C6 al kyl sul finyl
group whPBhR ARlympresBbseort at batarearyhegopuppwbicRemay be- egbakigirtetif onyl
group which may be substituted with one or nore Rc, -NRfRg, a Cl1-C6

al koxycaVWbshyPngr eGpm@EpcRbrayheseinybbei a4V&dIRPER 8Fetbe hetermparvand a
Cl- C6 al kyl carbonyl group which may be substituted with one or nore Rc; Rb
i s i ndepgRaERt MFYsEPER: 8dCPRERNECE1TERTaLRYPLBREUBLItRNEBR ARYMBELSUbSt i t ut ed

with one or_ nore_Rc, ? C3-C8 cycloalkxl grougamhich may be substituted with
one or nBPREPREYClicCEipg gqrkthei agPBabiGnieRe ﬁyﬁéiguﬁlPFfuted wi th one or

fror € Ra is independently selected from a halcogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a C;-C¢ alkoxy group which may be substituted with one
or more Rc, an aryl group which may be substituted with one or
more Rd, an aryloxy group which may be substituted with one or
more Rd, a heterocaryl group which may be substituted with one
or more Rd, a heterocaryloxy group which may be substituted
with one or more Rd, a mercapto group, a C;-C¢ alkylthio group
which may be substituted with one or more Rc, a C;-Cq
alkylsulfinyl group which may be substituted with one or more
Rc, a C;-C¢ alkylsulfonyl group which may be substituted with
one or more Rc, -NRfRg, a C;-C¢ alkoxycarbonyl group which may
be substituted with one or more R¢, and a C;-C¢ alkylcarbonyl
group which may be substituted with one or more Rc;

Rb is independently selected from a C;-C¢ alkyl group
which may be substituted with one or more Rc, a Ci-Csg
cycloalkyl group which may be substituted with one or more Rc,
a C,-Cs; alkenyl group which may be substituted with one or more
Rc, a C,-C¢ alkynyl group which may be substituted with one or

more Rc, a C;-C;4 aralkyl group which may be substituted with



Rc, a C2-C6 al kynyl group which may be substituted with one or nore Rc, a
C7-Cl14 aral kyl group which may be substituted with 103 one or nore Rd, a
hal ogen atom a hydroxyl group, a cyano group, a nitro group, a carboxyl
yroup, a Cl-C6 al koxy group which may be substituted with one or nore Rc,
an aryl group which may be substituted with one or nore Rd, an aryl oxy
group which nmay be substituted with-od@3orF nore Rd, a heteroaryl group
whi ch nmay be substituted with one or nore Rd, a heteroaryl oxy group which

may be S%%%tkgyh%%e ; h Aeadlo toﬁﬂ1a@h?ﬁ%&%&ﬂﬁg&%&%ﬁl5§c§%E§$ al kyl thio

;
group whic ubst’i tuted W t'h orie or sul finyl

group WokelipTay bS t$ePrdu,ed WarboRd Yrody,e aﬁ?}'%%%é?"% a%!ﬁ%%ul f onyl

group which nay be substituted with oné or nore

al kyl car hpayh sa9uUBeMEubE TRt wi4DS binkelbed myirh RNE a9 aF1e gRoup? Cl- C6
al koxycarbonyl group which may be substituted with one or nore Rc, a Cl-C3

al kyl enegihaxh gagube Subsitdruted With' @uR ocaNthote [, el Watyloxgy gaiovpd; RC
i s independently selected froma hal ogen atom a hydroxyl group, a cyano

group, awhichomgyobe, sabsariltateld widthupnea ol moredRAQXy Wed@Toaaylaryl group
whi ch may be substituted with one or nore Rd, an aryl oxy group which may be
substi t ugedup whiche mary fer auldtiduteide wdahy longr @xp molriec Rdyay  be
substituted with one or nore Rd, a heteroaryl oxy group which may be
subst i t uhedexoarydwsyo gnewipe WwRd.cha magmbeo syibsdd tutedCwith sinley loanmeaegr oup,
and a di-(Cl-C6 al kyl)am no group; Rd is independently selected froma Cl-C6
al kyl gr 8dp anFesicapdp IFTosphsE CatCed Akl aIrenp evihiglvgeay Rons, a

substituted with one or more Rc, a C;-C¢ alkylsulfinyl group

which may be substituted with one or more Rc, a Ci;-Cg

alkylsulfonyl group which may be substituted with one or more

Rc, -NRfRyg, a C,-C¢ alkylcarbonyl group which may be

substituted with one or more Rc, a C;-Cs alkoxycarbonyl group

which may be substituted with one or more Rc, a C;-C;

alkylenedioxy group, a heterocyclyl group, and a

heterocyclyloxy group:

Rc is independently selected from a halogen atom, a

hydroxyl group, a cyanc group, a nitro group, a carboxyl

group, a C;-Cs alkoxy group, an aryl group which may be

substituted with one or more RdA, an aryloxy group which may be

substituted with one or more Rd, a heterocaryl group which may

be substituted with one or more Rd, a heteroaryloxy group

which may be substituted with one or more Rd, an amino group,

a C;-C¢ alkylamino group, and a di-(C,-C¢ alkyl)amino group:

Rd is independently selected from a C;-Cs alkyl group
which may be substituted with one or more halogen atoms, a

C;-C;s aralkyl group, a halogen atom, a hydroxyl group, a cyano

group, a nitro group, an amino group, a C;-Cs alkylamino group,



C7-Cl4 aral kyl group, a hal ogen atom a hydroxyl group, a cyano group, a
nitYyo group, an am no group, a Cl-C6 al kylam no group, 104 - and a di-(Cl-C6
al kyl )am no group; Re represents a hydrogen atom a Cl-C6 al kyl group which
Ymay be substituted with one or nore Rc, an aryl group which nay be
substituted with one or nore Rd, or a heteroaryl group which may be
substituted with one or nore Rd; Rf repPdsents a hydrogen atomor a Cl-C6

al kyl group which may be substituted with one or nore Rc; and Rg represents

a hydr ogggdataor@i_ch:lcgﬁdﬁi\,%%/icﬂgi%%%@ﬁp may be substituted with Rc, a

Cl- C6 al kyl car bonyl “group substituted with one or nore Rc, an

aryl group whi g8 réBrel8ntdbal hijdredet bRofNCea0t, D) Qifd1 i aAH 9group
whi ch nmay be substituted with o?g o%enoreoRd,aa car anﬁ%i %bro&g, a Cl-Co6

al koxycamagnple @u®ERitiited FAthbenaUbs! moee®c, Wahha®Ra @firol® @hieh or a
Cl- C6 al kyl sul fonyl group which may be substituted with one or nore Rc, or,

Re and RmayobeRsubsd iffytedy withmoned ort mofemRdhebeda heteroaygll groupgd
together with the nitrogen atomto which they are attached, or a prodrug
t her eof , whrich plagr iec subistdlthytedc edithabne sal moreh&deof. 2. The conpound
according to claim1, wherein R, R2, R3 and R' are each independently
sel ect ed from Rfhyépogernisom Aydro@enCaRem amdaRg;+8s &IRWICHTaup/| group
which may be substituted with one or nore Ra or a Cl-C6 al koxy group which
may be swbdcht maydbgi shbsitd tytedpmwd tRaongr ox pogér Bg:t Badeof, or a
pharmaceutically acceptable salt thereof.
Rg represents a hydrogen atom, a C;-Cs alkyl group which

may be substituted with Rc, a C;-C¢ alkylcarbonyl group which

may be substituted with one or more Rc, an aryl group which

may be substituted with one or more Rd, a hetercaryl group

which may be substituted with one or more R4, a carbamoyl

group, a C;-C¢ alkoxycarbonyl group which may be substituted

with one or more Rc, or a C;-C¢ alkylsulfonyl group which may

be substituted with one or more Rc, or,

Re and Rf, or Rf and Rg may form a 4- to 7-membered

heterocyclic ring together with the nitrogen atom to which

they are attached,

or a prodrug thereof, or a pharmaceutically acceptable salt

thereof.

2. The compound according to claim 1, wherein R', R?, R’ and

R* are each independently selected from a hydrogen atom

and -C(=0)Rx, and Rx is a C,-C¢ alkyl group which may be

substituted with one or more Ra or a C;-Cs; alkoxy dgroup which

may be substituted with one or more Ra, or a prodrug thereof,

or a pharmaceutically acceptable salt thereof.

3. The compound according to claim 1, wherein R', R?, R® and

R* are each a hydrogen atom, or a prodrug thereof, or a



3. The compound according to claim1, wherein Rl, R2, R3 and R are each a
hyd ogen atom or a prodrug thereof, or a - 105 - pharmaceutically
acceptabl e salt thereof. 4. The conpound according to any one of clains 1 to
"3, wherein Arl is a phenylene group or a thienylene group, each of which
may be substituted with one or nore Rb, or a prodrug thereof, or a

phar maceutical |y acceptable salt theredf3 5. The conpound according to any
one of clainms 1 to 4, wherein mis 1 and pis 0, or a prodrug thereof, or a

phaf”acePhh%%hE%u%&%%ﬁh%b%%d%%ﬂhbh%ﬁ%%ﬁ&-t@erEB%.COWPOU”d according to any
one of clainms 1 to 4, whereinnis 1, or a prodrug thereof, or a

phar maceyt,i cal Ifpe eofmpRuall actaridih@eteokny’ onEhefcerramad 1a¢eondi ng to any
one of clainms 1 to 6, wherein Arl has the substituent -Q Aon its ring atom

that i s wheatdmsAapais &rphehitenéngreapnoti aeechignglénshgdotip,t B&ch
substituted glucitol group, or a prodrug thereof, or a pharnmaceutically
accept ablo€ shlicht maye dle. s@ibstiecutedpedint: aneoodi myprieo Ry cana @irodragns 1 to
7, which is represented by Fornmula (la): [Formula 2] OGA Ar' (CH2)n ORS %
O R40 OR2he@R®f(,l®r a pharmaceutically acceptable salt thereof.

5. The compound according to any one of claims 1 to 4,

wherein m is 1 and p is 0, or a prodrug thereof, or a

pharmaceutically acceptable salt thereof.

6. The compound according to any one of claims 1 to 4,

wherein n is 1, or a prodrug thereof, or a pharmaceutically

acceptable salt thereof.

7. The compound according to any one of claims 1 to 6,

wherein Ar! has the substituent -0-A on its ring atom that is

2 atoms apart from the ring atom directly attached to the

substituted glucitol group, or a prodrug thereof, or a

pharmaceutically acceptable salt thereof.

8. The compound according to any one of claims 1 to 7,

which is represented by Formula (Ia):

[Formula 2]

or a prodrug thereof, or a pharmaceutically acceptable salt



or a prodrug thereof, or a pharmaceutically acceptable salt 106 - thereof.
9. A conpound selected from 1,1-anhydro-I|-GC-[5-(4-ethyl phenyl)nethyl -
(hydr oxynet hyl ) phenyl ] - 3- D- gl ucopyr anose,

1, 1-anhydro-| - G [ 5- (2- benzot hi ophenyl ) met hyl -

(hydroxynethyl)phenyl] 3- D- gl ucopyr anose,

1, 1-anhydro-| -G [ 5-(4- nethoxyphenyl)neiggl-z
(hydroxynethyl)phenyl]-R—D—gIucopyraho ,

1, 1- anhydro-| - C-[ 5- (4-i sopropyl phenyl ) met hyl -

(hydr oxytkelgb¥tphenyl | - 3- D- gl ucopyr anose,

1, 1-anhydro-| - G [ 5- (4-cycl opropyl phenyl ) net hyl -
(hydroxyﬁ&thyl}phempbpng Bedgkatefdyfaomse,

1, 1- anhydr o- I-C—&S (4-n-propyl phenyl ) net hyl - 2

(hydroxynethyl}p eﬁthdFPEﬂgCu&ép&#aﬁbbﬁlphenYl)methyl 2-

1, 1-anhydro-| -G | 4- et hyl phenyl oxy) -

(hydroxy&ﬁfﬁﬁpmeﬁ V]Ushgnglldc ppra @gepyranose
1, 1-anhydro-1-C[5- é4 ethylp ) et hyl - 2-(2-
hydr oxyet hy! )t hi bpf hY§r9r} ﬁ g(ECBﬁ9FaﬁB§@PhenYl)methY1 2-

vy oxyimk RGP PEHBRy hF ReBRG¥daofyPaiaasoprranose.
Ji oy pheny! ) mie Ay ReBYERSAT G ket AT PEREASYPEPAYBIMSEREY 57 anose.
;Iéxsygﬁg%§9¥ne¥h§Fg§}é&g%r%ggﬁéPﬁgég%ﬁéﬁgﬁgﬁﬂff¥ gl ucopyr anose,
1’1'anhydr0'|'EﬁE5&&6?8£QYTYED?§DthEE5B¥L§§1phenyl)methyl-z-
(hydroxymethyl )phenyl]-f-D-glucopyranose,
1,1l-anhydro-1-C-[5-(4-cyclopropylphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-n-propylphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,l-anhydro-1-C-[5-(4-ethylphenyloxy)-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,l1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(2-
hydroxyethyl)thiophen-3-yl]-f-D-glucopyranose,
1,1l1-anhydro-1-C-[5-(4-biphenyl)methyl-2-
hydroxymethyl]phenyl]-f-D-glucopyranose,
1,1l-anhydro-1-C-[5-(4-{((S)-tetrahydrofuran-3-
yloxy)phenyl)methyl-2-(hydroxymethyl)phenyl]-f-D-
glucopyranose,
1,1-anhydro-1-C-[5-(4-({R)-tetrahydrofuran-3-
vloxy)phenyl)methyl-2-(hydroxymethyl)phenyl]-pf-D-
glucopyranose,
1,1l-anhydro-1-C-[5-(4-ethynylphenyl)methyl-2-

(hydroxymethyl)phenyl]-pf-D-glucopyranose,



(hydr oxynet hyl ) phenyl | - R- D- gl ucopyr anose, 107 -
1, 1- anhydro-| - G [ 5- (4- hydr oxyphenyl ) net hyl -

( hydr oxymet hyl ) phenyl ] - (3- D- gl ucopyr anose,

1, 1- anhydro- | - C [ 5- (4- pyrazol - 1-yl phenyl ) net hyl -
“(hydr oxynet hyl ) phenyl ] - p- D- gl ucopyr anose,

1, 1- anhydro-| - G [ 5- (4- net hoxyphenyl ) et hyl -
(hydroxynethyl)phenyl]-S-D-gIucopyranoé@? -

1, 1- anhydro-1-C [ 5- (4- net hyl phenyl ) net hyl -

(hdeOXynEthy|iPEEHMh}dﬁthQtUFQDYEaH?aﬁoxy henyl)methyl-2-
1, 1-anhydro-| - G [ 5-(3-acet am dophenyl ) nmeth yF

(hydroxynnybrbkfheﬂnylabﬁeﬁymhusODygma@agyranose
1, 1- anhydro-1-C[5-(3, 4- nethylenedloxyphenyl)nethyl

(hydroxynethyl1pheauh&df8 D-glusopyrppoagol-1- ylphenyl)methyl-z-
1, 1- anhydro-| - G [ 5- (4- cyanophenyl ) net hyl -
(hydr oxyfbyfybxphehhiyl ) hénglleppprghosepyranose,
1, 1- anhydro-| - C [ 5- (3, 4-di chl orophenyl ) net hyl - 2-
(hydroxynet hyl } pheaphydpobl gCutbp{4ametboxyphenyl)ethyl-2-
1, 1- anhydro-| - G [ 5- (4- et hoxyphenyl ) net hyl - 2-
(hydroxythﬁyP¥ﬁﬁéﬁ9Y}JPheEWSﬂuﬁoByﬂ&ﬁGQEYranose
1, 1- anhydr o- I-C—LS (4-trifluoronmethylp henX %neth
(hydr oxymet hyl $p eﬂ9h¥d¥3 b-grleopdransbelphenyl methyl 2-
1, 1-anhydro-| -C| 5 4-trjfluoropet hoxyphenyl) net hyl - 2-
(hydroxyﬁ%¥ﬁ§9¥3ﬁ%ﬁ Y})BQGEYbﬂu By?éHSQEYraHOSG-
1, 1- anhydro-I - C Isu fan hen neth
(hydroxynethyl p eﬁép¥ge g?ﬂLBp&gagﬁgE dophgnyl)methyl 2-
1, 1- anhydrosl - G h oro
(hydr oxy Yﬂ§?¥§%gﬁbyfigb brgﬁggépyranose,
1,1-anhydro- l'§.£§é£99893bflsg[g-¥52ngﬁe¥hy£enedioxyphenyl)methyl-Z-
(hydroxymethyl)phenyl]-B-D-glucopyranose,
1,1l-anhydro-1-C-[5-{4-cyanophenyl)methyl-2-
{hydroxymethyl )phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-[5-(3,4-dichlorophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1l-anhydro-1-C-[5-(4-ethoxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-trifluoromethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-trifluoromethoxyphenyl)methyl-2-
(hydroxymethyl )phenyl] -f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methylsulfanylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyrancse,
1,l-anhydro-1-C-[5-{4-chlorophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(naphthalen-2-yl)methyl-2-

(hydroxymethyl)phenyl]-f-D-glucopyranose,



(hydr oxynet hyl ) phenyl | - 3- D- gl ucopyranose, - 108 -
1, ™ anhydro- 1- G- [ 5- (4- hydr oxynet hyl phenyl ) net hyl -
(hydr oxymnet hyl ) phenyl ] - p- D- gl ucopyr anose,

*l, 1- anhydro-1| - C- [ 5- (4-fl uorophenyl ) net hyl -
(hydroxynethyl)phenyl] R- D- gl ucopyr anose,

1, 1- anhydro-1-C- [ 5-( 2- nethylphenyl)neth9$ 2-

(hydr oxymnet hyl ) phenyl ] - S- D- gl ucopyr anose,

1, 1-anhydro-| - & 1 5ahR HEBhYL@h?BykLUﬁ&&¥bx§methy1pheny1)methyl 2-
(hydroxynethyl)phenylf 3- D- gl ucopyr anose,

1,1- anhydnydkoﬁyﬁ.éthﬁmpnanwwphanynmaab{ayanase,

(hydr oxynet hyl ) phenyl ] - R- D- gl ucopyr anose,

1, 1- anhydro- | - C; L SafiRydrdr il ge[ bplhengihoebpién?l )methyl-2-
(hydroxynethyl)phenyl]-R—D—gIucopyranose,

1, 1- anhy(hpdregyméthl( phehydjeft Dyg)lpbepytranesayl -

(hydr oxynet hyl ) phenyl ] - 3- D- gl ucopyr anose,

1, 1- anhydr o- I-I;}Saﬂpydrdkh ~@-{b) f@thgthPlphenyl )methyl-2-
(hydroxynethyl)phen l R- D- gl ucopyr anose,

1, 1- anhyﬁhﬁdFOEYPSt%K kehraradubf Bnglynenyranesay| - 2-
(hydr oxynet hyl ) phenyl ] -j 3- D- gl ucopyr anose,

1, 1- anhydr o- | - & L sapRydrai 4= 8 {/ﬁy tWothplphenyl)methyl-2-

(hydroxynethyl phe gl ucgpyr anose,
1, 1- anhy h®d FO{‘:YT‘ %ﬂmphaawlé fr¥ngtrgppyranose,
e 2Dy O Y D028y oppmenyt mothyL-2-
0 o LKL 55 B 9h BT 088 o
(rycr oxet ! Lo Rea a8 DASKLESEY SRS s oepepyy methya-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1l-anhydro-1-C-{5-(4-(2-fluoroethyl)phenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(pyridin-3-yl)methyl-2-
(hydroxymethyl )phenyl]~f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methanesulfonylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,l-anhydro-1-C-{5-(pyridin-4-yl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose,
1,l1-anhydro-1-C-[5-(1H-indol-2-yl)methyl-2-
(hydroxymethyl)phenyl] -f-D-glucopyranose,
1,1l-anhydro-1-C-[5-(3-hydroxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4~-vinylphenyl)methyl-2-
{(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,l-anhydro-1-C-[5-(4-methoxycarbonylphenyl)methyl-2-

(hydroxymethyl)phenyl]-f-D-glucopyranose,



(hydr oxynet hyl ) phenyl | - p- D- gl ucopyr anose, 109 -

1, ™ anhydr o- 1- C- [ 5- ( 4- car boxyphenyl ) net hyl - 2

(hydr oxynet hyl ) phenyl ] - S- D- gl ucopyr anose, and

“1, 1- anhydro-1-C-[5-(4-(2, 2-di fl uoroet hyl ) phenyl ) net hyl -
2- (hydr oxynet hyl ) phenyl ] - 13- D- gl ucopyr anose,

1, 1- anhydro-| - G- [ 5- (4- et hyl phenyl ) nethgb92-

(hydr oxymnet hyl ) - 4- net hyl phenyl ] - (3- D- gl ucopyr anose,

1, 1- anhydr
trifluoroe

o-1| -
t hyl

5= (e (s2 22
?b&éﬁ&ﬁyﬁépﬁgrpijFﬁ§3(8?§R§§N€Pf8ﬁ%3?Ffp§}D?'glucopyranose,

1,1-anhyq5@E5F§yhétﬁﬁqgggﬁh?ﬁ?ﬂﬁquﬁﬁﬂﬁbpgranose, and

(hydr oxyne

) pyrazin- 3- D-glfucopyranose,

111'anhydr0'|'@ﬁﬁ5aﬁﬂf€E@L1L@h?B¥khﬂﬁhh2Ldafluoroethyl)phenyl)methyl—

(hydr oxynet hyl ) phenyl

-j 3-D-gl ucopyr anose, and

1, 1- anhy @r-q hlydzolgmethiyl-) phengiyephyl-hnaeapkiranbagl, - 2-

(hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyranose, or a prodrug thereof, or a

phar maceuti cal | 1 ,acaapyairbe 1sg-{ 5-(AeeehiylphenyAd )merpngand-of Fornula (1b):
[Formula 3] Ari (nop P10 2 OP3 (I b) 110 wherein n represents an integer

sel ect ed (hydmokymedh?l ) -A-metbylehentyd 1af -d-glacopycanbeeycl i ¢ ring which

may be

1,1-anhydro-1-C-[5-(4-(2,2,2-

trifiuoroethyl)phenyl)methyl-2-(hydroxymethyl)phenyl]-f-D-

glucopyranose,

1,l-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-

(hydroxymethyl)pyrazin-3-yl]-B-D-glucopyranose,

1,1l-anhydro-1-C-{5-(4-acetylphenyl)methyl-2-

(hydroxymethyl )phenyl]-pf-D-glucopyranose, and

1,1l-anhydro-1-C-[5-{(4-(1-hydroxyethyl)phenyl)methyl-2-

(hydroxymethyl)phenyl]-f-D-glucopyranose,

or a prodrug thereof, or a pharmaceutically acceptable salt

thereof.

10.

A compound of Formula (Ib):

[Formula 3]




substituted with one or nore Rb, or an aromatic heterocyclic ring which may
be ¥ubstituted with one or nore Ro; Wrepresents -O-Z or a hal ogen atom Z
represents a hydrogen atom an acyl group or a benzyl group; P1, P2, P3 and
P4 are each independently selected froma hydrogen atom an acyl group or a
benzyl group; and Rb is as defined in claiml. 11. A pharnaceuti cal
conposition for use as an Nat-glucose 1&6transporter inhibitor, which
conprises the conpound according to any one of clainms 1 to 9, or a prodrug

t hereof, or aWﬁQ%éEﬁPﬁUEEﬁ%EEEn@%CSHtihEEg%?!Ee&@%&%ﬁffr$ﬁ'lAgpgbgfes

pharmaceutical conposition for use In prev ng or treating

hyper gl yceni a, adt abepi€s600®! 4 3+ ORSt1E ne'a&@@é?&@?wbi‘inefw Jg@ﬁirhé{ ghi ch
conprises the conpound according to any one of clains 1°to 9, or %.prodrug

t her eof , subktatpteanagent oaal by m&%eph%blarsahtakhﬁaﬁak-h&%e:EQ?clic

phar maceuti cal conposition according to claim12, erein diabétes is

i nsul i n- dépgnehdthdimalpebes sobkitittusedt Waeh bndi akemesk: @b;
non-i nsul i n-dependent di abetes nellitus (type |1 diabetes). 14. A nethod
for preventi ngWorepreaentg dDallebesa hhypgegl weenm; a- i nduced di abetic
conplications or obesity, which conprises admnistering to a patient a
t herapeuti cal | § represente anbwdrogént Atomonpouadyacgoodpngrt a bepzehe of
claims 1 to 9, or a prodrug thereof, or a pharmaceutically - 111 -
accept abBECYREt thereof. 15. The nethod according to claim14, wherein
di abetes is L w2 w3 ‘
P*, P°, P° and P° are each independently selected from a
hydrogen atom, an acyl group or a benzyl group; and
Rb is as defined in claim 1.

11. A pharmaceutical composition for use as an Na‘'-glucose

cotransporter inhibitor, which comprises the compound

according to any one of claims 1 to 9, or a prodrug thereof,

or a pharmaceutically acceptable salt thereof.

12. A pharmaceutical composition for use in preventing or

treating diabetes, hyperglycemia, diabetic complications

induced thereby, or obesity, which comprises the compound

according to any one of claims 1 to 9, or a prodrug thereof,

or a pharmaceutically acceptable salt thereof.

13. The pharmaceutical composition according to claim 12,

wherein diabetes is insulin-dependent diabetes mellitus (type

I diabetes) or non-insulin-dependent diabetes mellitus (type

II diabetes).

14. A method for preventing or treating diabetes,

hyperglycemia-induced diabetic complications or obesity, which

comprises administering to a patient a therapeutically

effective amount of the compound according to any one of

claims 1 to 9, or a prodrug thereof, or a pharmaceutically



I nsul i n-dependent di abetes nellitus (type |I diabetes) or non-
I n&ul i n-dependent di abetes nellitus (type Il diabetes).

- 111 -

acceptable salt thereof.
15. The method according to claim 14, wherein diabetes is
insulin-dependent diabetes mellitus {(type I diabetes) or non-

insulin-dependent diabetes mellitus (type II diabetes).



