- 1 - SPECI FI CATI ON SPI ROKETAL DERI VATI VES AND USE THEREOF AS DI ABETI C
MEDI'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 derivatijves and prodrugs thereof and salts
t hereof, which are useful as prophylactic or therapeutic agents for

hyper gl ycem a-i nduced diseases such as diabetes including insulin-dependent
di abetes mellitus (type | di abet SOECHIFRIFMNisul i n- dependent di abet es

mellitus (type Il diabetes) i ' | jcatigns _and obesity, because of
their ability to inhibit E @gﬁééf ﬁggfﬁﬁEB%Fge%N (SGLT2). BACKGROUND
ART [0002] In recent yedV3E THEREQFHAP BIABEREEtMEDBGINEnts has increased
due to westernized diets and a chronic |lack of exercise, etc. In diabetic

patientsT ' rglycem a causes reductions in both insulin secretion
and i nsul , which in turn will cause elevation of blood
gl ucose | l,s, and | ? er.l?Ib i f gH; 55 onventjpnally
used as t[ﬁ)\eb?)él eutic gg%‘n %e%r dila%teetngé'oﬁln(ﬁs%i eei%itgou i esefcc%lbjflf O reas,
gl ycosi dagg ¢ hk‘?txq; 24 ddisd frvd si}ﬁt:gﬂ:‘gé' 4 nts. However,
adverse si ?eugT CJTS% t hese cfirugvs f’a e eerF’r(;rfp%(%[e(r’c];E %%? exanple, lactic
acl dosi s pAUGHANACY, JNRARMPRIT ST HIQOY] UipeATs AN iR TOr
gl ycosidase inhibitors. 7t 1s ™ now strongly desired to
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

[0002] In recent years, the number of diabetic patients
has increased due to westernized diets and a chronic lack of

g 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- devel op therapeutic agents for diabetes that depend on a new nechani sm
of action which is different fromthose conventionally proposed. [0003]
Phl oridzin, 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 theZSL site of renal proximl tubul es
resulting in inhibiting excessive glucdse reabsorption in the kidney and in
accel erating the glucose excretion (see Nonpatent Docunent 1). } Until now,
an i ncr edeivied opu rdher apfe ustiud | sage ritesy f dxe el abaichc t EHth t t depenvd| op 4 heewpeuti
agents for diabetes that depend on SG.T2 inhibition. [0004] For exanple,
conpoundseghaanisn $E Ertiivn Whimls isirdiffgrentedrom JFh@990- 080041 A ( Pat ent
Docunent 1), International Publication No. W01/ 068660 (Patent Docunent 2),
| nt er nat icomyendignadaiy @rawese04/ 007517 (Patent Docunent 3) and so on.
However, phloridzin and the conpounds disclosed in these patent
appl i cat il®893ave a Phd9rddzim.t Matnatyrad lyadaaimniaregreess, they are
readily hydrolyzed by the action of glycosidase or_the |ike present in the
small in ivied 1Vend 1ROt dig B Ghed rhyprgkeembgi ebfeet fb¥t s.
Moreover, _in the case of phloridzin, its aglycon phloretin is regorted to
st rongl y iHibEiting FadkymASRARASRt FLUGRST LI TTARTRACLRF 2 u6PBhT2Ype. For
exanple, there . is a report show ng that hl oretjn produces an_adverse
of f oot OPTRSHRG ) (1S dtlerBHRIOF FIHRAL STAUIAL WHEM 187 | BeeRbhRg 10
adm ni st (?‘Lrn%dlbtiqcirn%t Se cseeseéivee 'ggldcoNs?en pJ:@et,a nsEoerOé:fgr? n{n 2%he kidney and in
accelerating the glucose excretion (see Nonpatent Document 1).
Until now, an increasing number of studies have been conducted
to develop therapeutic agents for diabetes 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. W0O04/007517 (Patent Document 3)
and so on. However, phloridzin and the compounds disclosed in
these patent applications have a problem in that, when
) administered orally, 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



[ 0005] For these reasons, attenpts have been nmade to 3 convert these
conpounds into their prodrug forns with the aim of avoiding such digestion
probl enms and i nproving absorption efficiency. However, although it is
desired that prodrugs when adm nistered are precisely nmetabolized into
active conpounds in or near their targefy .organs, stable effects are often
difficult to achieve due to the action of various netabolic enzynes present
in the body and Iarge vari ati ons anDn i ndi vidual s. O her atteggts have

al so beeFoR¥EEt FhasspicrmPYIRADHsinte § %Ia@%ochﬁuﬁ hEQENE ofiHBlingRe bPi®ar bon-
carbon |inkages (see Patent., Docunents 4 to . However, there still rennins
S oand T e 3 diﬁm%or? rP]f‘ﬂé]r?msp?'&‘?n’dE%ﬁ?Y{:%g AbSpEPLieE,

i ncl udi n ctivit an netaboll i li.ty. Patent nt 1: Japanese

Pat ent PRAGHS Wey§t04 2 1k 93%9%&%”?%%? PRI
Publicati hb Vw01§068 60_ Pa hlet ig;ent iunea t | nt natlona

Publ i cat i P PRITT £ S Pht IR 2Rt AR 1RO &S

2002/ 13750 feooré‘{a o o i 1AL %.i@%%53%’?%%%?3%#53%8@5?027128
panph ot Pt TReEn 12 1R EHELA883 o ifte 4GSR R vatgiddboratte
Parrphletmetabollc enzymes 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 their
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.
j 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)



Non- patent Docunent 1: J. din. 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 object of the present inventionis to

provi de a spiroketal derivative having pharnmaceutically preferred

properties. Particularly, the present inyention ains to provide a

spi roket al derivative having a hypoglycem c effect and further having

phar maceyg i cé rop ' su p ed efficacy, nmetabolic
A R U I UL

stabili obj éct 0 € pres vention is to provide

a pharmaceutical _conposition used for prevention or treatnent of
hyperglydﬁﬁﬁ&igﬂﬂﬂﬁégglaﬂgéggggﬂﬁﬁaﬁ as di abetes including insulin-dependent
di abet es i Y, I abef es n - nsul i n-dependent di abet es

mel litus ions and obesity. MEASURE TO

SOLVE TH EMS [ QQ07]. As |t of i d_i ive eff
O LTS L e G B SHE PR SR EISh BhPRLYERF R b
excel | ento R i CF, (4T of 18 BRY A8 miErbdebbficliny BRE¥RERSE) (ho

| ot | I on. :
of The proadiet tfedt MH I QUEEAN  end BHledE CBan BRSS9 0. °1T) 7577
[ 0009] [Ff¥6@&&b14 §§f¥o£€£al 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):



(CH2)n 0 ORS 0 Rao OR2 OR3 (1) [0010] wherein R1, R2, R3 and R4 are each
i ndependently selected froma hydrogen atom a Cl-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 eng or nore Ra, an aryl group which may
be substituted with one or nore Rb, a heteroaryl group which may be
substituted with one or nbre Rb, a Cl-C6 al koxy group which my be

substit ul BAOR t nlTMe™}a bt e Ra, or -NReRf; Art represents an aromatic
carbocyclic ring which may be substituted with one or nore Rb, or an
aromati c heterocyclic ring which nmay be QfTtted with one or nore Rb; Q
represents -(CH2) m (L) p- or -(L)p-(CHZYm ; represents an integer selected
fromO to 2, n represents an integer seABcted from 1 and 2, and p
represents an integer selected fg@l:p ¥'1; L represents -0-, -S or
-NR5-, R5 is selected froma hydroge dqm a Cl-C6 al kyl group which may
be substituted with one or nore Ra, @

whi ch may be substituted 4
R*O

[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;, aralkyl group which
may be substituted with one or more Rb, and -C(=0)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 heteroaryl 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 -(CH;)n-(L)p- or -(L)p-(CHz)n-;

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 -O-, -S- or -NR°-,

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

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



with one or nore Ro, wherein the aryl group or the heteroaryl group may
forma condensed ring together wwth 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 may be substityted 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 which nay be
substituted wi Bhrepresgntsan Rtyla graun drighomay) s sulrs thtyksd jeith
substituted wth one or nore Rd, a nmercapto group, a Cl-C6 al kylthio_group
whi ch mapnge ofupwre RePnia hefrnrnorarqep vihich aay b yserstitytedr oup
whi ch may be substituted with one or more Rc, a Cl-C6 al kyl sul f onyl group
whi ch maifd® SMesan RoKke BRh Whakeih the ATEl INGMIRPET othg kgteroary

al koxycar bonyl group which may be substituted with one or nore Rc, and a
Cl- C6 al P8R Yy 1T G SRt sthyr e Sipdather i W t e REPPatbfe Re: RO
is independently selected froma Cl1-C6 al kyl grou whi ch nmay be substituted
it one CHTARGIEIAS T o The ATARRHC Herfr i Sh ot B Subst | tuted w th

R C2- I | i ch b bsti d with
N1 S e 3 A B P MLy 25 gty (s i one o
Rc, Cr-Cla | Kyl whi ch b bstituted with Rd,
ool ST 8, hRY FRYuP SRS Wt 0 oot o B 2
, -5 g | . Lt i . Re,
01 0UP. 2 Gl S5, AR 9 SWey Bk 6y THAL G AUESBHUhBS DR Ry TR T

grO‘:p WS dFRY RS, SHPSL IS Whh PHE Ry "L Cslilis + ArRELE WY 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 more RdA, a mercapto group, a C;-C¢ alkylthio group
which may be substituted with one or more Rc, a C;-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 C;-C¢ alkoxycarbonyl group which may
be substituted with one or more Rc, and a C,-C¢ alkylcarbonyl

J 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 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,-C;4 aralkyl group which may be substituted with
one or more Rd, 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



group which may be substituted with one or nore Rd, a heteroaryl oxy group
whi ch may be substituted with one or nore Rd, a nercapto group, a Cl-C6

al kylthi o group which may be substituted with one or nore Rc, a Cl-C6

al kyl sul finyl group which may be substituted with one or nore Rc, a Cl1-C6
al kyl sul fonyl group which may be substi%uted with one or nore Rc, -NRfRg, a
Cl- C6 al kyl carbonyl group which may beé ‘substituted with one or nore Rc, a
Cl- C6 al koxycarbonyl group which may be substituted with one or nore Rc, a

Cl-C3 akkykanadyore @ubstithtded eriotydnd @f Gdxe dRdl, san h&t €1 oRy Chydbayy
group; Rc is independently selected froma hal ogen atom a hydroxyl group,
a cyano ghddh maynibe euistitutedaritixydne goupre Kd; G hékexyagybup, an
aryl group which may be substituted with one or nore Rd, an aryl oxy group
whi ch magrisap shbish mayedenisubsoniet redwietiRthnea dretmovargd, gaoup whi ch may
be substituted with one or nore Rd, a heteroaryloxy group which may be
subst i t uthed emorr ydoeyo rgnmrpe WRd,chamagnbe splsip t utte Clwith abhe | anm moergr oup
and a di-(Cl-C6 al kyl)am no group; Rd is independently selected froma Cl-C6
al kyl gr&do anmegicapdp lgronmstd tit-€d alkilbhioogravpewhdkcbgmayabens, a
C7-Cl4 aral kyl group, a hal ogen atom a hydroxyl group, a cyano group, a
nitro grswpstdtuded yigitogne LtmeEde Ryl ain€sghrdkylsudfdnyldigreap- C6

al kyl')am no group; Re represents a hydrogen atom a C -C6 al kyl group which
may be susch magd be Skl Bitafh el e ong oF ymoxe RS whi €ir®  may be
substituted wth one or nore Rd, or a heteroapgj group _which may be
substitu@@&ﬂﬁﬁﬂ%ﬂﬂﬂ?%ﬂgqﬂﬂﬂaWQECh may be substituted with one or more

Rc, -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 cyano group, a nitro group, a carboxyl
group, a C;-C¢ alkoxy group, an aryl group which may be
substituted with one or more R4, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl group which may

) be substituted with one or more R4, a heteroaryloxy group
which may be substituted with one or more Rd, an amino group,
a C;-C¢ alkylamino group, and a 4i-(C;-C¢ alkyl)amino group;

Rd is independently selected from a C;-C¢ alkyl group
which may be substituted with one or more halogen atoms, a
C,-C;4 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 R¢c, an aryl group which



Rf represents a hydrogen atomor a Cl1-C6 al kyl group which may be
substituted with one or nore Rc; and Rg represents a hydrogen atom a Cl1-C6
al kyl group which my be substituted with Rc, a Cl1-C6 al kyl carbonyl group
which my be substituted with one or nore Rc, an aryl group which nay be
substituted with one or nore Rd, a hetergparyl group which nmay be
substituted with one or nore Rd, a carbanoyl group, a Cl-C6 al koxycar bonyl
group which nay be substituted wth one or nore Rc, or a Cl-C6

al kyl sul fmay [begraoiths Wi whe drewd thheon e imexre R t ¢r odehetenpasyYRcgronPRe and
R or Rf and Rg may forma 4- to_ 7-nmenbered heterocyclic ring together with
t he nitr gy the FHRFE1EHSA et one Hed, me@Fe aRf odrug thereof, or a
pharmaceutical |y acceptable salt _thereof. [0011] According_to another
aspect of the fFfefSRresaiichtd JWAXMETE 31O i et < oc AT FTOPFor nul a
(la): [0012] [Formula 21 -A Ari (CH2)n ORS %01111 0 R40 OR2 OR3 (1la) 9
[0013] width Mgy beysypsiytuted wkthione on mexe Be: q@aRfned above,

Rg represents a hydrogen atom, a C;-C¢ 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 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;-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.

[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 n is preferably 1. Mreover, Rl, R2, R3 and R4 are each

I ndependently selected froma hydrogen. afamand -C(=ORx, and Rx is
preferably a C -C6 al kyl group which nay be substituted wth one or nore
Ra, or a Cl-C6 al koxy group whi,ch may be, supstituted with one or nore Ra
[0015] | d0QL%lef er r enARSSIT AR ir0RnBdeR ArR™ hd¥ -aR sapst At 88/t @aS(CH2) m A on
its ring atomthat is 2 atons apart fromthe ring atomdirectly attached to
t he substdafinssd %BQKﬁtol group. For exanple, when Arl is a benzene ring, a
met a- substituted formis preferred; when Arl is a ridine ring, a

2, 4- subst9T @& SFO Y d §Q%ut F f PhArRERYticR 2EFFPEaAPHRePRLFed.

Al ternatiyely, yhen Arl is a thiophene ring, a 2,5-substituted or
3,5-subsﬁ¥¥ﬂ¥ formis preferred. The substituted glucitol group and the

bsti - b hed [ i,
Accor di nd B 415t hnocirthes SRt (tvastuliahe B o, BEEE K% 3 s pt ovi ded
a_compounl, Gfe FOHF 41 ersdfhend O9h4Y [EREAEE HihinabCod2)n O PIO

oP2
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;-C¢ 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 aAr! is a thiophene
ring, a 2,5-substituted or 3,5-substituted form is preferred.
The substituted glucitol group and the substituent -(CH;),-2A
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):



OP3 (Ib) [0018] wherein n represents an integer selected from1 and 2; Arl
represents an aromati c carbocyclic ring which my be substituted with one
or nore Rb, or an aromatic heterocyclic ring which may be substituted with
one or nore Rb; Wrepresents -O-Z or a halogen atom Z represents a hydrogen
atom an acyl group or a benzyl group;;fLl p2, p3 and P4 are each

i ndependently selected froma hydrogen atom an acyl group or a benzyl
group; and Rb is as defined above. This conmpound is useful, for exanple, as
a synt hefpP@1liidt efFexnate Bdr the conpound of the present invention
represented by Fornula (1). As used herein, th ?fﬁrn"acyl group” is a
common nane for groups represented by RCO 4&nd enconpasses a fornyl group,
a Cl-C6 al kyl carbonyl group (e.g., an acexyl group, a propionyl group), an
aryl carbonyl group (e.g., a benzoyl groqQﬂ napht hoyl group), - 11 a

C7- Cl4 aral kyl carbonyl group (e.g., gnzy)carbonyl group) and so on.

[ 0019] According to yet another he present invention, there is
provi ded a pharmaceuti cal conp05|tipn for] use as an Nat-gl ucose
cotransporter inhibitor, which conp(ses.la co hd of the above Fornul a
(I') or (la) or a prodrug thereof, or phargateutical |y acceptable salt
thereof. [0020] According to yet anothger aspect of the present invention,
there is provided a pharnaceq5hépl conpositign for

o

[0018] wherein n represents an integer selected from 1
and 2;

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;

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
hydrogen 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),



use in preventing or treating diabetes (e.g., insulin- dependent diabetes
mellitus (type | diabetes) or non-insulin- dependent diabetes nellitus (type
Il diabetes)) or hyperglycem a, diabetic conplications induced thereby, or
obesity, which conprises a conpound of the above Fornmula (1) or (la) or a
prodrug thereof, or a pharmaceutically ffcgptable salt thereof. [0021]
According to yet another aspect of the present invention, there is provided

a nmethod for preventing or treating diabetes (e.g., insulin-dependent
di abet es anél;}Ct usaralikydedringte tasumr (eo- | ns weémzylbpandenyl dgabep &s
mellitus (type Il diabetes)), hyperglycem a-induced diabetic conplications

or obesi tand W om.conprises admnistering to a patient a therapeutically
effective amount of a conpound of the above Formula (1) or (la) or a
prodrug tl9&1lSdf | or Accergdimee diet ivedl 1apddegptagnect 0% therpegsefv022] In
the above Fornulae (1) and (la), groups defined as Rl, R2, R3 and R4
i ncl ude, impienddapl e‘-,h%FQ])ﬂeﬁ RfVidesn a Phamapeut kgal geenposittencbor
al koxy- Cl1- C6 aIkyIﬁ&*oup, a C7-Cl4 12 ara 1Ky|jg?oup, a Cl-C6 al ky| car bonyl
group, auUsSe @™ angNg RELYELPEEN A0 tFHasEPoTs el -1oh IR ST c afbely | cCYpRtSeand a
C7- Cl4 aral kyl oxycar bonyl group. These groups may_be substituted with one
or nore §h§§ﬂHQQ§ﬂsPﬁM#hﬁ1%ﬂ?§gxﬁﬂqu%ﬂeb%ﬂd%ﬁt{§a§e?ﬁc?eErPFBH9a hal ogen
atom a dro§§t roup, . a Cl-C6 al rou Cl-C£¥a£ | car bonyl group,
a car boxyt*®igt p,%rarépat-mm“?ﬁ%lb'bl‘é%gfg %%%&?ﬁjt%dsﬁ n héFSHB; preferably
cach | NASREPAET! Y, SHRRhSAY 4B Y RoufliolSAEeYE L8 Predulydr oven

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 II 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 method 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;-C¢ alkyl group, a C;-C¢ alkoxy-C;-C¢ alkyl group, a C;-Cy,



preferred as Rl, 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
exanpl e, 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 C, -C6

al koxy group and a C3-C6 al kylthio groupl4these 4 groups may be substituted
wth 1 to 4 substituents selected froma hal ogen atom a hydroxyl group and

an amno gL Fa)’clyoup, 5 Cled‘Qﬂ' @éy i&??@arﬁoﬁi{i‘“&r%ﬁ"pa @,-& 6

al kyl sul f ony C6 alky onyl am no~gro nitro group; a

car boxyl ggaUPiA IV IUIED @ N9 @-eYPal R c&rﬂon&@ Grﬁﬁ DELRA a

het erocycl yl group. [00Z4] Among’ the groups defined aS Arl he aronatlc

carbocycl i e%rcaug A 1 pe A Pl tPraiip ar ThelsleC g&wgﬂ,cyrreiy Ge ring

cont ai ni ng to 6 carbon atons, including a benzene ring. "The aromatic

het er ocycl pabidticutied ariat Yokl &F Snd e aubstPtudnfebielen SFOMBAEK
heterocyclic group, including a pyrrole ring, a thiophene ring, a furan

ring, a pyghdependditly sdlocyed efremo Haldgsn hatdn| earhydcory DY§Ea@h £
ring, an - 13 indazole ring, an oxazole ring, an isoxazole ring, an

I m dazol e &l £g-Ca alkexypl groupg, aaCpyCqd mlkylearbunyla grdup n@a daxthxyl
pyrazine ring and a pyridazine ring. Anmong them Arl is preferably a
benzene ri agoup plan cmelno ngroup tdmdpheswbstitgted dmino gromgpor a pyrazol e
ring, and nore preferably a benzene ring, a thiophene ring or a pyrazole
ring. [002preffendtdnlmach Fondependénylnnseléeahed Afrem e C,sObstituted with
the same or different 1 to 3 substituents, for exanple, which are each

i ndependen@hky3dlaaticty If rqrowp. 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;-C¢ alkyl group, a C;-Cg
cycloalkyl group, a C;-Cs 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-Ce¢ 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



hal ogen atom a hydroxyl group; a Cl1-C6 al kyl group, a C3-C8 cycl oal kyl
group, a Cl-C6 al kyl oxy group and a C1-C6 alkylthio group (these 4 groups
may be substituted with 1 to 4 substituents which are each independently
Selected froma halogen atomor a hydroxyl group or an am no group); a
met hyl enedi oxy group; a cyano group; a €3-C6 al kyl sul fonyl group; a C -C6
alkylsulfonylanino group; a nitro group; a carboxyl group; a substituted

am no group; a_5- or 6-nenbered heteroarylé&;oup and a 4- to 6-nenbered
het er ocyé—l“ﬂazé’rlﬁuﬁlnqlo@?a]“@% 9 neth %?%Jr%d’éanNa’éxarrpl e, a

h I : ht hyl I | yl
e ST it Had et
a i en oup, _a benzot hi ou uy roup, en uranyl, group,
sun ot bk T ol Mo ST

Zoi | az z u z xaz
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benzotrlazo I , a pyr a uri group, pyraZInyI
group, Q'#B ok P Y, ri azol opyri dyl
group an a pyrro r%{/rldy group Aén r%% %g%?p eny?égroup a napht hyl

group, ary yl gro Qﬁﬂ;gg . gr
benzof ur atr@lﬁgr oup, Ligln rmre pr ep:lerred1 arg({ig) p‘ﬁlen;qﬂg)r ou%%ﬂ]ﬁl enyl group
and a - bepaitikida P tHd ke ASr USEEEORERE M £5E3 1 SaBkt HabRal kY|

group" refers to a linear or branched alkyl group containing 1 to 6 carbon
for example, which are each independently selected from a

') halogen atom; a hydroxyl group; a C;-C¢ alkyl group, a Ci-Cg
cycloalkyl group, a C;-C¢ alkyloxy group and a C;-C¢ 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 indolyl group, a pyridyl group, a quinolinyl group, an
isoquinolinyl group, a thienyl group, a benzothienyl group, a
furyl group, a benzofuranyl group, a thiazolyl 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



atons. Exanples include nethyl, ethyl, n-propyl, i-propyl, n-butyl,
s-butyl, i-butyl, t-butyl, n-pentyl, 3-nethylbutyl, 2-nethylbutyl,
1-net hyl butyl, 1-ethyl propyl, n-hexyl, 4- nethylpentyl, 3-nethylpentyl,
2-nmet hyl pentyl, 1-nethylpentyl, 3-ethylbutyl and 2-ethyl butyl. Preferred
Cl-C6 al kyl groups are, for exanpl e, lignear or branched al kyl groups
containing 1 to 3 carbon atons, with nethyl and ethyl being particularly
preferred. [0028] As_ used hereln the term " C2-C6 al kenyl gr.ou refers to
a I|neargﬁ?uBraﬁcﬂgﬂlﬁFQéHYF QFBHB'CGnP§FﬁVﬂggf°F@ 6 8 OB "FloBEOUBanpl es
I ncl ude ethenx% é % 1-pro % g allyl), propen-2-yl and
3- but eny? PHHHBAFE 9Y¥ r?BEZQ &Q@&oﬁ Fé H QF WPar @ " C2- C6 alkynyl
gr oup” efers.to a,Linear or nched al up _cont ai
O bon aFEhEzoERYELoELs AEpHRean h9nywrrf'-‘%;%5#y‘1 grfuaOp§ eExefuc yny!
2- butynyl and 3: butyn 00 herei n, e term " C3 CB cycl oal kyl
ot oupt " PEF ch PR Rl CYEPRE" Ay DREREHRT SBRERY nnd hd Y 5 8 Hon S one.
Exanpl es yl b p ohexyl ,
vl onentSERRAZebYT BEPURY' poBYEYT R hgd%ﬁer% PenboriahiL &P o Koxy
gr oup” e 0XY..gLo S t

éﬁ ﬂ\?r Béafé%)éh 4¥e9R0PHNYY ?r By atom‘ie@)& mﬂ}ddlﬁl i g[ o

br anched containing 1°to

met hoxy, bSBQB RvRr 8R8Y% propoxy, n-butoxy, s-butoxy, i-butoxy,
t - but oxy, n- péﬁlgxg 9 ?hylbutoxy, 2- met hyl but oxy, 1-net hyl but oxy,

1-ethyl preggyy. n-hexyl 9xya hérEEthEHE“i:Qﬁﬁ ~&; D@ RNt PSup” refers
2- net hyl pentoxy, 1-nethyl pentoxy and 3- et hyl bufoxy

| to a linear or branched alkyl group containing 1 to 6 carbon

| atoms. Examples include methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl, 3-methylbutyl,
2-methylbutyl, l-methylbutyl, 1l-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 containing 1
to 3 carbon atoms, with methyl and ethyl being particularly
preferred.

[0028] As used herein, the term "C,-C¢ 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 (homoallyl).
[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, 1l-butynyl, 2-butynyl and 3-butynyl.

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

Examples include cyclopropyl, cyclobutyl, cyclopentyl,



[0032] As used herein, the term"C7-Cl4 aral kyl group” refers to an
aryl al kyl group containing 7 to 14 carbon atons, which contains an aryl
group. Exanpl es include benzyl, 1-phenethyl, 2-phenethyl, 1-naphthyl nethyl
and 2-naphthyl nmethyl. [0033] As used herein, the term"C7-Cl4 aral kyl oxy
group” refers to an aryl al kyl oxy grqypﬁgqptaining 7 to 14 carbon atons,
whi ch contains the already-defined aral kyl group. Exanples include
benzyl oxy, 1-phenethyl oxy, 2-phenethyloxy, 1-naphthyl nethyl oxy and
2- napht hgiyedohekyty. cyodhepAylusad leycdiapctiyde term "aryl group” refers to
an aryl group having an aromatic hydrocarbon ring containing 6 to 10
carbon af8A811Exanpl 85 BReAuberghanylthel tezpht Byt Cartlkexagre®wyl . [ 0035] As
used herein, the term"heteroaryl group"” refers to a 5- to 10-nenbered
ar omat i cTRELEF0EPC ANC aGKI IO X0 FEAIH RO & 1KY I aiat ekt onear or
I ndependent | y_sel ected froman oxygen atom a nitrogen atomand a sul fur
atom  ExBRBPELSANALITE SFOUP CoMHadming oo 6 ICATHRTY AR -  BRaTRcien
oxazol yl ,, - 13? i soxazol yl , .thiazolyl, isothi,azolyl, oxadiazolyl,
Uhi adi az SPGiude REEBORY . EHRORYG) -PEARIN nyl- PRRAYH 4TS EORYr azi nyl
pyri dazi ny I ndol yl uinolinyl .and isoquinolinyl, Preferred heteroaryl
gr oups aFéL§P°F8'6¥ﬁ@W%8F8a 5ﬁ§q§9xﬂﬂHQ£hﬁﬁ%ﬂx%ﬂ(ﬁﬂﬁ??ﬁﬁé%?ﬁ?%?furyI group
a pyrazolyl 0 a_ thienyl .group and p riq&p |_group, W th a thienyl
aroup barms Bty e ARG PR e Y o i B Py
"aryl oxy ,g " r 0._ rvl o up, lety is the
al r eady” éegngﬁgl%%ﬁﬁoif, 3-HR AN HP VP MRS Bt ¢ S |
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,
1-phenethyl, 2-phenethyl, l-naphthylmethyl and
2-naphthylmethyl.
[0033] As used herein, the term “C;-C;4 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,
J l-naphthylmethyloxy and 2-naphthylmethyloxy.
[0034] As used herein, the term “aryl group” refers to an
aryl group 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 “"heteroaryl group” refers
to a 5- to 10-membered aromatic heterocyclic group containing
one or more heteroatoms independently selected from an oxygen

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

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



aromati ¢ hydrocarbon group containing 6 to 10 carbon atons. Exanples

I ncl ude phenoxy, 1-naphthoxy and 2-napht hoxy. [0037] As used herein, the
term "heteroaryl oxy group” refers to a heteroaryl oxy group whose heteroaryl
noiety is the already-defined 5- to 10-nenbered aromatic heterocyclic group
contai ning one or nore heteroatons seletéed froman oxygen atom a nitrogen
atom and a sul fur atom Exanples include furyloxy, thienyloxy, pyrrolyloxy,

S0t ht oz AP I ARG ey THARAT AN RRCL AT | ony O
| ) e e RSURS . ! dazi nyl oxy.
| ndony1 oy La AR A o] L RENTRATINE o S BN L brr B ERRL Y,
- 6- TR t 0 - in,
Phe " or moveRadsl o BRI LRI OB R iy 1 1 S8alRELASEE 11 )
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Exanpl es i nc am no, n-propylamno, 1=propylam no,

n- but yl arj - Lty 1O, a1k s | ang - ot '
- penty1 B s AU e 8 IR, T | SRR EELER SFRYP Y1 B o

1- ethyl paREANM PBup rhrﬁfxé/llf’;m'{@infll et &Y P%‘iﬁ’l‘lf‘éﬁ fiRienyl group

3-net hyl pentylramno, = 2- net hyl pent yl'am no, '1-net hyl pentyl am no, 3-

ethy|butﬂéﬂﬁqybaﬁﬂﬁhéiéﬁiyﬂﬁ&gﬁ@ﬁi@@p. [ 0039] As used herein, the term
"di-(Cl-C6 al kyl)am no group” refers to a dial kylam no group whose two

al kyl noijelgzss] are e SRE Mrdlid f efenttdindetdrPloby anehes” at&yérger e4ps
containing 1 to 6 carbon atons. Exanples of the "di-(Cl-C6

] an aryloxy group whose aryl moiety is the already-defined

i 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,

J isothiazolyloxy, oxadiazolyloxy, thiadiazolyloxy,
triazolyloxy, tetrazolyloxy, pyridinyloxy, pyrimidinyloxy,
pyrazinyloxy, pyridazinyloxy, indolyloxy, quinolinyloxy and
isoquinolinyloxy. Preferred heteroaryloxy groups are 5- to
6-membered heteroaryloxy groups.

[0038] As used herein, the term "C;-C¢ 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,



al kyl')am no group" include di methylam no, diethylamno, di-n- ProPYlam no

di -i-propylam no, di-n-butYl am no nethyYl-n- butylam no, nethyl-s-butylam no,
met hyl -i - butyl am no, methyl- t-butylam no, ethyl-n-butylanm no,
et hyl -s-butyl am no, ethyl-i- butylam no and ethyl-t-butylam no. [0040] As

used herein, the term"Cl-C6 al kylthio jgraup"” refers to an alkylthio group
whose al kyl noiety is a |inear or branched al kyl group containing 1 to 6
carbon atomnms. Exanples include nethylthio, ethylthio, n-propylthio,

i - propyl thPutYlamppey| phPENtY1BMLRCL hidgmethydbjtyiamina.hut yi t hi o,
n-pentylthio 3-nethxlbutylthio, 2- et hyl butyl t hi o, _1-nethyl butylthio,
1-ethy|p?oﬁ9FPM#BFtM-ﬁ@}yPrh#ﬁwetEY%EFﬁ§#6@HP9ht%wﬁth¥%ﬁﬁqanﬁﬂﬂ&%ﬂmhio,

2 ot LCYLﬁfg?%%%ﬁgﬁhmé’ﬁ?‘fﬁteglé'fyﬂﬁéfa*'w AR ﬁé%é;%m%‘r%x&%%w finyl
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i ncl ude methyl sulfinyl, . ethylsulfinyl, n-propylsulfinyl, i-propylsulfinyl,
n-butylsBP?i VF?LyigétylgmﬁéPylsulfinyI, i -butyl sulfinyl, t-butyisulfinyi,

Dty EHOSBT% NE BALBRUL BT B oYU S s
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containing 1 to 6 carbon atoms. Examples of the “di-(C:-Cg
alkyl)amino group” include dimethylamino, diethylamino, di-n-
propylamino, di-i-propylamino, di-n-butylamino, methyl-n-
butylamino, methyl-s-butylamino, methyl-i-butylamino, methyl-
t-butylamino, ethyl-n-butylamino, ethyl-s-butylamino, ethyl-i-
butylamino and ethyl-t-butylamino.
[0040] As used herein, the term “C,-C¢ 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,-C¢ 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,



a linear or branched al kyl group containing 1 to 6 carbon atons. Exanples
I ncl ude net hyl sul fonyl, ethylsul fonyl, n-propylsulfonyl, i-propylsulfonyl,
n- butyl sul fonyl, s-butylsul fonyl, i-butylsulfonyl, t-butylsulfonyl,

n- pentyl sul fonyl, 3-nethyl butyl sul fonyl, 2-nethyl butyl sul fonyl,

1- net hyl but yl sul fonyl, 1-ethyl propyl sutfd8yt, n-hexyl sul fonyl,

4- met hyl pentyl sul fonyl, 3-net hyl pentyl sul fonyl, 2-nethyl pentyl sul fonyl,

B RN NS A
aralkyIoxy@éﬂééﬁﬁa%ﬁiﬁ%?é#ﬁf%ﬁﬁéké§$é§%¥§%%%$%§?%f ayC19CB gikylcarbonyl

i val oyl groms TRl ety 2 ERBLRE U Bl £ Bl Y Y & eh. “Exampl es
of a Cy_Clﬁ{%ﬁ§§?§ﬁ§§§&guiffﬁ§%ﬁ%éfé?%ﬁ?%u zyl carbonyl group and a

napht hyl meth gr oup, nzyl'carbohyl group being preferred.

- 19 [0044)_ - al Lpel ude a
nethoxycar@%%gﬁﬁgggﬁ%ﬁgi%g%%ﬁ%éﬁ%&y%§§%§§§$3§¥%%%%&¥f%ﬁ9§* met hoxycar bonyl
group bei ng MEHRFI5ht FXSEDE By Pl B hdthyfpeRffl k)i £xygar bonyl group

i nclude a benzyl oxycarbonyl group and a nhaphthyl met hyl oxycarbonyl group,
Wi th a benzyl oy eahbepviul SLRYD BdNY- BERYEhheF1shPPARY1AS used herein, the

term "hal ogen at'on’ ‘enconpasses a fluorinhe atom a chlforine atom a brom ne

atom an igh4E) at om gl idwd IHde€ein, 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.
{o043] As used herein, "-C(=0)-Rx" encompasses a C;-Cg
alkylcarbonyl group, a C;-C;4 aralkylcarbonyl group, a C;-Cg
alkoxycarbonyl group, a C,-C;; aralkyloxycarbonyl group and the
like. Examples of a C;-C¢ alkylcarbonyl group include an
acetyl 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 naphthylmethylcarbonyl group,

with a benzylcarbonyl group being preferred.



[ 0046] As used herein, the term"4- to 7-nmenbered heterocyclic ring" refers
to a heterocyclic ring which nay be conpletely saturated or partially or
conpl etely unsaturated and which contains one nitrogen atom and may further
contain one or nore heteroatons independently selected froman oxygen

atom a nitrogen atomand a sul fur atpnl Exanpl es include azetidine,
pyrrolidine, piperidine and norpholine,"With piperidine being particularly
preferred. [0047] As used herein, the term"aromatic carbocyclic ring"
refers tqoa4@d] to 10Esampdesd ofr @M C, Callbmeycarsony Dogrotpaipteadenal ude a
benzene ring and a naphthal ene ring. [0048] As used herein, the term

"ar omat i melttoxyoaytidnyl rgrwip raaf@ran tethoxdyrcdrbdnyie ndpeswpl, awbtlatac
het erocyclic ring containing one or nore heteroatons i ndependently sel ected

from anmethgxycamoonyd rgrouydreiaipmprmeitzredl f ixaapdms Bfapl@&sCii ncl ude a
pyrrole ring, an indole ring, a thiophene ring, a benzothiophene ring, a
furan ri aFalkyeoxymsfantonyl grour inglwiea rhengykoxydambonel r gnoup aand

i soquinoline ring, a thiazole ring, a benzothiazole ring, an isothiazole
ring, a -2 »@phidydsieddihierxstarhdnyl group azolth ra genzynloxyieaobenylng, an
oxazol e ring, a benzoxazole ring, an isoxazole ring, a benzoisoxazole ring,
an i m dagdoap ibedng pRefantadazol e ring, a triazole ring, a benzotriazole
ring, a pyrimdine ring, a_wuridine ring, a pyrazine ring and a pyridazine
ring. [00#F454s used Aferused hereimer hhves iesm t ' RiadeP 28R QPR oup” enconpasses
-NReRf, wherein Re represents a hydrogen atom a Cl-C6 al kyl group, a Cl-C6

yl .9
al kyl car FRSAMRASHRS FArPemine Gt @-dulerirk R Bony | PEPBLIREe aRemRf
represents a dero en atom

an iodine atom and the like.
)

[0046] As used herein, the term "“4- to 7-membered
heterocyclic riné" 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 l0-membered aromatic carbocyclic ring.
Examples include a benzene ring and a naphthalene ring.
[0048] As used herein, the term "aromatic heterocyclic
ring” refers to a 5- to 6-membered aromatic heterocyclic 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



or a C1-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 like. [0050] As used herein, the term"Cl-C3 al kyl enedi oxy
group” refers to a divalent group represented by the formula -0 (Cl-C3

al kyl ene) - O . Exanples include a nethylbgnedi oxy group, an ethyl enedi oxy
group and a di net hyl net hyl enedi oxy group. [0051] As used herein, the term
"het erocyclyl group” refers to a 4- to 7-menbered heterocyclic group which
may be deEnAcEssthig@aleatiidr pPYTaZdle orindnpart phdazasat yingedanand

whi ch contains one or nore heteroatons independently selected from an
oxygen ata¥fzodenininshern RenAFrREAle WIng. an ohsoxazede eEingel ade

azetidinyl, pyrrolidinyl, piperidinyl, i perazinyl, pyrrolyl, imdazolyl,
i m dazol %ﬂﬂzplrﬁﬂ%%ﬂ T8y a&‘bl%mﬂ%ﬁa}z?)ﬁ%zﬂﬁﬁylé Wb%b‘!‘%%???le ring,

t hi omor phol i nyl, _ pyridinyl, pyrazinyl, pyrimdinyl, pyridazinyl,

hexanet hy dF6idAHE TR |2 tRAVZANEHFU G 1 T10%i ehyPYTLIREEERRVHLBIRI BNy |

di oxol anyl , oxat hi ol anyl and djoxaqﬁé% - 21 Such_a heterocyclic group nmay

be subst (tAHERQTHE S RETIITRATEPPRRL i BPHRL A28 BATJor ni trogen
O B o el e 1S S LT SCEL I Y S celers L0
B T L A IR E P e e A
oM Fo G R AbARE, B Lo A s Mo 0o

C,-Cs 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)-0-. 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 heteroatoms 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.



pyrrol yl oxy, imdazolyloxy, imdazolinyloxy, pyrazolyloxy, pyrazolinyloxy,
oxazol i nyl oxy, norpholinyl oxy, thionorpholinyloxy, pyridinyloxy,
pyrazi nyl oxy, pyrimdinyloxy, pyridazinyloxy, hexanethylenei m noxy,

furyl oxy, tetrahydrofuryl oxy, thienyloxy, tetrahydrothienyl oxy,

di oxol anyl oxy, oxat hi ol anyl oxy and di oxamyloxy. Such a heterocyclic group
may be substituted at any substitutable position on its carbon or nitrogen
aton(s). J0053] The conpound of the present invention also includes

mi xt ur es SHCH S RETEF I G OFIRRHR RerPsbhertedsatnraB¥ t aut oners and
P venti off SR FHTAEEP RIS CARR (Trt S AT o Myt SRSERLPTPS) of

wth o badOSEpect i Bbtinnd Hekatt dns, e T Hete Ty oy Ok AT oal «
hei o, surrher ety ot S e T BES DT Peb8Red U actae
bor 5 sudBtRodfa o AHLg SuRbhll ndl AL S0 PELE 1y ORBLL SR BRRTor T ML C, 5 2

tartari o Alha i 14 A6hsho £EIPASS LN Ca 36hd wnetHA0BRLLLAD SpBCLE) and

wWth acidli ¢ amn aspartic aci | utam c ac

exaipl €5 il 15l drod O e RabRERy | HELU0Ee 3 LS B ok JOE R 0L Bb5°S

(e.g., sodium potassium maghesi um um —al um nu

organi ¢ Bases,dén Qlatorﬁ”eéﬂli"é‘@t‘i‘ffuftm&ﬁ‘m rﬁﬁzan?ﬂl%ﬂﬁéﬂﬁ@ salts with

basic amno acids (e.g., lysine, ornithine), as as ammoni um sal ts.
azetidinyloxy, pyrrolidinyloxy, 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 carbon or nitrogen atom(s).
[0053] The compound of the present invention also

/ includes mixtures or isolated 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



[ 0055] Mbreover, the conpound of the present invention also includes
hydr at es, various pharmaceutically acceptable solvates and pol ynorphic
crystalline forms, etc. [0056] It should be noted that the conpound of the
present invention is not limted to the conpounds shown in the Exanple

section described later, and it enconpagsges all spiroketal derivatives of
the above Fornmula (1) and their pharmaceutically acceptable salts. [0057]
Mor eover, the present invention also enconpasses so-called prodrugs, i.e.,

conpoundacifat sSHEEiRdCaBEidz edumariy e iidnt cadedso@sdd .ofladiel amdd For mul a
(1) or their pharmaceutically acceptable salts. Exanples of prodrug-
form ng BRdEEsarda t harEsFicuRFist HdpHiceessid i methanasulipnigaeHdse
found in Prog. Med. vol. 5, pp. 2157-2161 (19%§éﬁ‘and_"lyakuhin no Kai hat su
( Devel opRERBENEFUPEIPASEC 85 AdaRf Wil aciqig GRAGEAS (H-9pp. 163- 198,
published in 1990 b H rokawa Publ.ishing, Co., Japan. 058] _The cqnpound of
t he presSﬁPaFﬁ&EnFFﬁﬂjcgﬁuﬁéfuﬁ&55’ d b }§ﬁﬁF§ane§3WLgﬁ§ Rfofn hesi s
Str uct ur EOFPoPhBTETnE BRSB.ACOLEnEELtE SOhi SRGREAn GO RARR Do ©18 1 he type
Functi onSPagPBap BACAR 4y FEPRE =T SAITI G PHe SR OF R ar ti ng
R e S R ot R e N e
cxarpl e, ShRKEAH, SROUD it SRS 3 VR i) 2 4t o

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,



production process. Protecting groups for these groups include those found
in "Protective Goups in Oganic 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 §gchni ques such as shown in the
above docunent. [0059] The conpound of the present invention has inhibitory
activity agai nst sodi um dependent gl ucose cotransporter 2 (SG.T2) involved
i n gl ucoseneasifg AN Gt Fhafagtemestics wased omyvERe skgbetads p. 397,
1994). Inhibition of SGLT2 prevents sugar reabsorption and renoves excess
sugar frFhIUSEEWSPR dFh s P FHRELELYSRY apdd iXPME1FAR]S on di abet es and
an inproving effect on_insulin esi stance through correction of

hyper gl y SSRERGHNG ARt TSRS PEGRICRPARL [SrRiRa T 5 cEPPRRIFABEY] Thus,
according to one aspect of the present invention, there is provided a

phar mcoREEEEE Tt S RIREIDT RIS VARG HORAL | FEAP it Hh sBasuLtgple

condi tions ich can be - 24 _ameliorated by inhibition of . SGALT2 activity,
oo ol BT e 4 e RS S e PR ERhor P oA Bhe.

0061 rein, t i ! 1 | - di t.es,
L0001 ASiShIR S0 ot o0 AP TEY, ROTRANER iy M dyt! P58
Li kew se, &g d T4 f'ﬂ{é"b&!it?ssé%&éﬁ{e e]g' ﬁgaéﬁéé'ﬁng'ég'é‘%f ed O ofig 8RES:
obeS|ty,Ihyper|nsu i nem a, abnorml car ohydra%e met a oFlsnl

hyper | | i dramd LTS MY BSLRY D! GEBdD BYPETLLHBUYFL! GLED AcaRDBE" §Rbehi P

nmet abol i sm hypertensi on,” congestive heart fallure,
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 techniques 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 SGLT2 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



hyperuricem a and gout. [0062] As used herein, the term "diabetic
conplications"” include both acute conplications and chronic conplications.
Exanpl es of "acute conplications” include hyperglycema (e.g.,

ket oaci dosis), infections (e.g., skin, soft tissue, biliary system
respiratory systemand urinary tract [njgctions), etc. Exanples of "chronic
conplications" include m croangi opathy (e.g., nephropathy, retinopathy),
arteriosclerosis (e.g., atherosclerosis, heart infarction, brain

i nf ar ct i @meliomated by drhibigiiqn ioff I TAsrerdvitieurepat hydiabgtessensory
nerves, notor nerves, autonom c nerves), foot gangrene, etc. Major diabetic
conpl i catdighetescinsdatadsisaasas ianhAigbet if LRPLigabhPBHat hy and

di abetic neuropathy. [0063] The conpound of the present_invention nay also
be used [3P8&ddmbi nat Adn BfHech BeFe ithe e (RETM agbRPS RS di 2HERBRASSEF abet i ¢
conplications,_ hyperl.ipidem a or_hypertension, which depends_on. a different
nechanisﬁﬂﬂea%n@/ &t WG th i%Q?YﬁF(ﬁaqﬁlﬁﬁh%EtF¥$?§.°@%QﬁaEGFﬁFned

125 “or othid SheT T BB B kR o e e P el e o

o1 Lher ol ane: LIS B erRLes plps o' I BRIL! Cradenlo Ll dugbetes of

oo S o SN R L, R aBRT S, Ay

et ot SO o V) A AGSORTALRERP: patbsOTygia |l
) 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



di peptidyl peptidase |V inhibitors, protein tyrosine phosphatase-1B
I nhi bitors, glycogen phosphorylase inhibitors, glucose-6-phosphatase
i nhibitors, gluconeogenesis inhibitors, fructose-bisphosphatase inhibitors,
pyruvat e dehydrogenase inhibitors, glucokinase activators, D chiroinositol
gl ycogen synthase ki nase-3 inhibitors,aglucagon-I1ike peptide-1,
gl ucagon-1i ke peptide-1 anal ogs, glucagon-1like peptide-1 agonists, anylin,
anylin anal ogs, anylin agonists gl ucocorticoid receptor. antagonists,
113- hydr BkPSeoRE AFSFdVESFASSY R tihesies ALIQRRRS r otikIists | FFRBFeH s,
protein _kinase C inhibitqQrs, y-am nobutyric acid receptor antagonists,
sodi um chRAReeiEReIyORes B ™S -anscri ption factor NF-KB inhibitors, |KKI3
inhibitors, lipid peroxidase inhibitors . .
N acet yl ADO84A] | | ke BXAIPASE e o AVETRRRICo ATS tn AT (LLaAR9LE T Wi h
factor-1 . .platel et-deri.veq .growt h factars DCGE platel et-derjve rowt h
factor (BARRR e esIP SRttt vty e comusast ford 4A€ Gl
factors, rniti derj vat.ives rj.djne - hydr - - net hyl hyda i
ce 761, TOB Aserbs . ntad sensti iy 3 B B SRt A e
exanpl es _of er i fon | e . diabet | Lcations are
as fol l 0\?2’9“?‘53 6] i'i%lkguéﬁlgggsgtsi’ngIP&$gRZ§f%?%gﬁgE§Z(oégygrglggéh%%d
phenf or msn, . " i ret o se;
sul f onyl &?‘é‘e}[bg&%élss'u?rﬁa‘#?%%? ?Lde 53‘#?&5&%%535‘%%1 %o%‘f%%ﬁ gliclazide
and_chl olgpyapARdensAs ditldagdih RS QIx (dift s St4 [ AWWT £7 L4BEpEYEN @S
nat egl i ni de, repaglinide an mtiglinide.

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, 11P-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-1l-methylhydantoin, EGB-761,

bimoclomol, sulodexide, Y-128 and TAR-428.



[0068] "lInsulin formul ati ons"” enconpass both reconbinantly produced human
i nsulin and ani mal -derived 1insulin. Such fornulations can be divided into
three groups depending on the length of their duration: fast-acting

formul ations (e.g., human insulin, human neutral insulin);

intermedi ate-acting fornmulations (e.q.,p¢nsulin-human isophane insulin
aqueous suspensi on, human neutral insulin-human i sophane insulin aqueous
suspensi on, human insulin zinc aqueous suspension, insulin zinc agueous
suspen3|&ﬁp55dnd Ioﬁél&§¢Fﬁ§1VGr#ﬁﬁ&@@@ﬁsoéeagthQQﬂﬁﬁvﬁﬂﬁuﬂgﬂﬂﬁrﬁQFnsuI|n
zinc suspension). [0069] "d ycosidase inhibitors" include acarbose,

vogl i bos81aRE tRisglomt SabeddrolcommsiAatd Aun Si1e Af Folkrffide PPARy agonists
such as tro Iltazone pi oglitazone and rosiglitazone, PPARa/y dual

agoni st [908R las M. 3 BHSuRRBAssY) inclidel pestarminbydrochapide andrr. 4523
and TY-51 01 as well as PPARy agonlsts such as GAM501516. [0071]

"Tri pept PASPEREPINdase 11 inhibitors" include - 27 - UCL-139. [0072]

P32l 0B afHORhl 225 [ SOFILPARE5SE ASIST e RIS G008 (R IE abcor byl
98Ol ena ik AYSHR oARE 1635 S - SLTRLERRES 1o ERhPA s BTSSR
include  hQRh3TRE -an[do%ﬁ_lor'&o‘{ia‘ﬁm&é‘,a%e'weaﬂF WONRISe dACLHEG JEx1 | etine
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 their 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, PPARa/y dual
agonists such as MK-767 (KRP-297), tesaglitazar, LM4156,
LY510929, DRF-4823 and TY-51501, as well as PPARd agonists
such as GW-501516.

[0071] "Tripeptidyl peptidase II inhibitors” include



hydr ochl ori de. [0076] "Transcription factor NF-KB inhibitors" include
dexlipotam [0077] "Lipid peroxidase inhibitors" include tirilazad

mesyl ate. [0078] "N Acetyl ated-a-|inked-aci d-di peptidase inhibitors"

i ncl ude GPI-5693. [0079] "Carnitine derivatives" include carnitine and

| evacecar ni ne hydrochl oride. [0080] Ex |l es of a "therapeutic agent for
hyperli pi dem a or hypertension" avail able for conbination use include, for
exanpl e, hydroxynet hyl gl utaryl coenzyme A reductase inhibitors, fibrate
conpound¥CLR3-3&dr energi ¢ receptor agonists, AWPK activators, acyl-coenzyne
A: chol esterol acyltransferase inhibitors, probucol, thyroid hornone
recept or [08F@di sts, CR4peptddyl pepdrigiaisen TvhHindiittoirtnrs | pheeludei bitor s,

m crosomal triglyceride transfer protein inhibitors, |ipoxygenase

i nhi bi t oNYP-®XPi28Ane Lid] A 3Toy IME10ASK B3/ 28 ndi TS s228qual ene synt hase
inhibitors, lowdensity - 28 |ipoprotein receptor pronbters, nicotinic acid
derivati @9731pj| e acﬁédﬁsﬁdirﬁ@qcéﬁ%,lwmpmd%@%c%bﬂ
transporter inhibitors, cholesterol_ ester transport protein _inhibitors,
angi ot engaodeRaderi FeIReSHAE i RBiEeTat . dnkidreskat: | soFeteblor

ant agoni sts, _.endot hel i n-convertin enzyne inhi bitors, endothelin receptor
ant agoni dedalfestat .c Lisarashaim &stayasodil at or anti hypertensi ves,

synpat hol yti_c agents,, c ntrangcting antih%pertensives, a2-a¢rener%&g

receptor [P9d#lsts, antipPRAPEPBEYLIELASId, FRCEPTOr antagonists™ incl
topiramate.
[0075] "Sodium channel antagonists” include mexiletine

| hydrochloride.

[o076] "Transcription factor NF-kB inhibitors” include
dexlipotam.
[0077] "Lipid peroxidase inhibitors” include tirilazad
mesylate.
[0078] "N-Acetylated-a-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, P3;-adrenergic receptor
agonists, AMPK activators, acyl-coenzyme A:cholesterol
acyltransferase inhibitors, probucol, thyroid hormone receptor
agonists, cholesterol absorption inhibitors, lipase inhibitors,
microsomal triglyceride transfer protein inhibitors,
lipoxygenase inhibitors, carnitine palmitoyl transferase

inhibitors, squalene synthase inhibitors, low-density



acid production inhibitors, uric acid excretion stinmulators, urine

al kali zers, anorectics, ACE inhibitors, adiponectin receptor agonists,
GPR40 agoni sts and GPR40 antagonists. [0081] Illustrative exanples of a

t herapeutic agent for hyperlipidem a or hypertension are as follows. [0082]
"Hydr oxynet hyl gl utaryl coenzyme A redgcégse I nhi bitors” include
fluvastatin, |ovastatin, pravastatin, rivastatin and pitavastatin. [0083]
"Fi brate conmpounds"” include bezafi brate, beclobrate and binifibrate. [0084]
" Squal endl ipoyeisein ntedepoos "promd tetes TAKi dobinnd aei@hdsphoatduvkekonat e
derivatives (United States Patent No. 5712396). [0085] "Acyl-coenzyne

A: chol esttekl® azrid thimding asesinshi 9od e depehdert bilOlaciNTE- 122,

FCE- 27677, RP-73163, MCC-147 and DPU-129. [0086] "Low density |ipoprotein
recept or raysperter indvlhikons) 7cinobesitenoRogaber toas3pory protedn
triglyceride transfer protein - 29 inhibitors (MP inhibitors)" include
conpoundsindsibiickens beangiotersin - copverting aekzyPat éphibbsors739135, 5712279
and 5760246. [0088] "Anorectics" include adrenaline/noradrenaline agonists
(e.g., nmBFidutensiyhell i FRGEP EeF RBbFRGORLDRS st @ndpthebinr genyersisgi n

reupt ake inhibitors such as fluvoxam ne), adrenaline/serotonin agonists
(e.g., sieNAYREGHNIPitRTanRYEetRelkin cEepeREor MRRRIARAALESE sAINIRELSSacyt e-

concentrating hornones (a-MCH), Iegtin as well as cocai ne-
calcium antagonists, "vaso

ilator antihypertensives,
sympatholytic agents, central-acting antihypertensives,
o;-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] Illustrative 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.

[0084] "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.

[0086] "Low-density lipoprotein receptor promoters”

include MD-700 and LY-295427.

[0087] "Microsomal triglyceride transfer protein



and anphet am ne-regul ated transcripts (CART). [0089] "Thyroid hornone
receptor agoni sts” include |iothyronine sodium and |evothyroxine sodi um

[ 0090] "Chol esterol absorption inhibitors” include ezetimbe. [0091]

"Li pase inhibitors” include orlistat. [0092] "Carnitine pal mtoyl
transferase inhibitors” include etonpbxjg. [0093] "N cotinic acid
derivatives" include nicotinic acid, nicotinamde, niconol and nicorandil.
[0094] "Bile acid binding resins" include chol estyram ne, colestilan and
col eseveinhibjtooshl(HI'Pdénhfibde6rs') Andincilladei corpounds &g alesamEibeti bitors”
i nclude captoril, enalapril maleate, alacepril and cilazapril. [0096]

"Angi ot ebBi nel ¢§.; eapted staigsniPatent| Noisuds 730d3des HH1RAZTS landet i |,

| osartan potassi um and eprosartan nesylate. [0097] "Endothelin-converting
enzynme i nh6B246ks" include CGS-31447 and CGS-35066. - 30 [0098]
"Endot hel in receptor antagonists"” include L-749805, TBC-3214 and

BVS- 182872088 D099] ByAnayestisganpnelufs adegnpAdngl/apcedsepaldme |ike, it
woul d be preferable to use the conpound of the present invention in
conbi nat R8ANKEER 4€ -BeasMagdddeduygerhedzdned .f SERALAR gy RGPS sting of an

insulin sensitizer e.g., .a PPARy oni st, .a PPARa/y agonist, a PPA
agoni st, \8¢® 99§R¥Pyﬁgr838HP§tf?u§t6%%b ] §§qqﬂﬂ%5%&N§szf%ﬂ%ﬁﬁﬂﬁ%ﬁﬁ an
nsulin e L3908y e on i Hgbn 1 2 M & 0N 2193 L RSR) Y
melanocortin 4 receptor (MC4R) agonists, oa-melanocyte-
concentrating hormones (oa-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
ezZetimibe.

[0091] *Lipase inhibitors” include orlistat.

[0092] "Carnitine palmitoyl transferase inhibitors”

include etomoxir.

[0093] “Nicotinic acid derivatives” include nicotinic
acid, nicotinamide, nicomol 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.



peptidase IV inhibitor. [0100] Alternatively, it would be preferable to use
the conmpound of the present invention in conbination with at | east one
drug selected fromthe group consisting of a hydroxymnethylglutaryl coenzyne
A reductase inhibitor, a fibrate conmpound, a squal ene synthase inhibitor,
an acyl -coenzyne A chol esterol acyltragpferase inhibitor, a lowdensity

| i poprotein receptor pronoter, a mcrosomal triglyceride transfer protein

i nhi bitor and an anorectic. [0101] The pharnaceutical preparation of the
present [PA9&Ati on Eﬁndbtha&ﬁnnI@pgpﬁwnnéntﬂﬁqnﬂSQSbrin©bﬂ@alLy749§05orm
route or Earenteral yg I ntrarectal, subcutaneous, intranuscul ar,

i ntraven8BS-3gédcandnB sﬂ3?§ﬂﬁe [0102] For use as a pharnaceuti cal

preparat|on the conmpound of the present invention may be formulated into
any desiP88%osage PBrWﬁXeP@c?§émPﬂﬁn1§8IFaeé$%ﬁ63ﬂﬂ es| joguitipe
conp05|t|ons and oth osi tions, aéproprlate for the .intended

pur pose. 1¥K&- pﬁ&rWﬁHiet rﬁF@ﬁ%@%ﬁ(ﬁ? nd Qferdth%n can be
prepared b n e conpou 31 .the sent_ invention with
pharnaceBF%E&P% 33%8%9 Egﬁg¥§? on §§é i§A%ta e %Wﬁgconpound of
t he presen tion 5%¥ be sup Iene t.ed h _cqmo Iy used EXCi pi ents,

ext ender §° S'SFﬁ&ée rogy Ihs S5PNP 9 g c? atdhg sengithZehat i ng

on. and tEL%"#S%%F’Z\?@Z%%%’@*2%2?%8%?&9?2%%%%5& aﬁg&gg;@g@e e

consul e pRARBN oo BHTT e bbb Taee SRR bR R U RERTRARe Bt 00
insulin secretagogue, an insulin formulation and a dipeptidyl
peptidase IV inhibitor.
[0100] 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.

J [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.
[0102] For use as a pharmaceutical preparation, the
compound of the present invention may be formulated into any
desired dosage form selected from solid compositions, 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



| act ose, magnesium stearate, starch, talc, gelatin, agar, pectin, gum
arabic, olive oil, sesane oil, cacao butter, ethylene glycol and other
commonly used materials. [0103] Al so, the conmpound of the present invention
may be nodified to forman inclusion conpound with, e.g., a-, i- or
y-cycl odextrin or nethylated cycl odextrj,n before being fornulated. [0104]
The dose of the conpound of present invention wll vary depending on the
di sease or synptomto be treated, body weight, age, sex, the route of
adm ni st théi pneseht. iflenadoht witlhs phasmpeeudriaally y0 abdeptE®@ ng/ kg body
wei ght/day, nore preferably 0.1 to 200 ng/ kg body wei ght/day, given as a
singl e dasrier(sh.diNovedspesiEicaDlys] thaeconppunddodf thheppeseomt
i nvention can be synthesized, for exanple, as shown in the production
schenes ibeéntioh0mesg] behsuppApmentedf with coswomly msed iexcimhenis ,
synt hesi zed as shown in Scheme 1: - 32 - Schene 1 [0107] [Fornula 4] 0 O
' OBn BnOexbBpngeps,RpinRersepdirigtegraging agrnt@-ORo@binaoagersi4a, O~ H
OBn
sugar-coating agents, pH adjusters, solubilizers, aqueous or
non-aqueous 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 o0il, sesame o0il, 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, body
J. 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.

[ol06] The compound of the present invention can be

synthesized as shown in Scheme 1:



OHBr Op Br BnO OBn (II) (I1l1) OBn (V) Al2 R12 CHO R11 K, OH Ahl i i
cyclization oxidation O,... ,ABh OOBn O BnO OBn BhO OBn 613n 613n (V)
(VM) RI2 HRig A Rl ~~ A AYOQO 0 coupling i reduction .0Bn H YBn O HO
OBn OH OBn OH (M1l) [0108] wherein R' and R g have the sane neaning as
defined above for substituents on Arl,3A Ls as defined above, and P
represents a protecting group for a hydroxyl group. [0109] More
specifically, after Compound (I1) is protected with a protecting group P

(e.g., aehemg lyroup, a
[0107] [Formula 4]

0]
Sou
. BnO ~"~0Bn
R R12 OBn »
VA v
HH—Il/\ OH H1 1£\ oP ( ) >
F —_— L
OH
Br OP B BnO

(") ()

R12
1€ V4 OH
cyclization 7 oxidation
e e - B ———
(Vi)
coupling reduction
———-
)
(VIN)
[0108] wherein R!' and R'? have the same meaning as defined

above for substituents on Ar', 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,



tert-butyldinmethylsilyl group or a tetrahydropyranyl group, - 33 preferably
a group renovable by the action of an acid), the resulting Conpound (II1)
is treated with an alkyllithium (e.g., n-butyllithium sec-butyllithium
and reacted with Compound (IV) to obtain Conmpound (V). In the presence or
absence of a silane reagent (e.g., triegRhylsilane), Conpound (V) is then
treated with an acid (e.g., trifluoroacetic acid or boron
trifluoride-diethyl ether conplex) and converted into Conpound (V1),

f ol | owed DFpfietahliera IHQUP eeavahle ey dgestaction. of eRsa®hd) i ntheagent
TPAP- NMO, DMBO- acetic anhydridg% to obtain Cbngound (VIIl._Th[s conpound is
conver t eFeswiding Ramprnid/ (131 hyis (e aeed With annalkyliibBeéHm such as a
Grignard reagent, followed by debenzyl ation, e.g., through catal ytic

hydr ogendt® & 4 M TR of SeC R TRb Lthivm) ;agd i reactedewhihque using
a Lewis acid (boro ribrom de, oron trighloride, boron

T ohl or CRTRAYRA HoT 119 G Gt CRBoRR ofVh 11 ARG STRIANGR O her
conpl ex pl.us ethanethiol, boron trijif]uoride-diethyl ether. conpl ex plus
ot by | BRSOk A (kA TRRSThpbird: ot HetBYbsEhaRe b oibrERuRa]

shoul d nat ed .t hat, Conpounds,_(11) and.(}JV) _can_be nt hesi zed as.

dosor bed s SADI ¥ SATES Westy ainfa ' (g1e DorrEe FYRLARSEEE B g

Car bOhydro'r l%ecisrdn V&i&fﬁ?&ri@e- 4@1:%%? géthef‘ eéc?}xﬁéié%ﬁl Xnd.[g %ﬁLrggﬁ 78! ound
of the preésent 1hvention can al'so prepare s shown in e 1ol owm ng

Scheme cho’;‘nlbdurﬁ:hﬁma) 2 $9dded A MY-Gatthent 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:



R12 R12 R12 OH X1 1 A2 A Rl1l1_ Rl11 -X R11 hal ogenation (z) O,,, ,,0Bn O
OBn 0,, ,0Bn O BnO BnO OBn BnO OBn OBn 613n 613n OBn (V1) (I1X) (X 1) R12
R11 r debenzylatlon i 0" ; OHHO OH OH [0112] wherein R' and R12 have the
sanme neani ng as defined above for substituents on Arl, Ais as defined
above, X1 represents a halogen atom. ggd_X2 represents a hal ogen atom or
B(OR13) 3, wherein R13 represents hydrogen or |ower alkyl. [0113] More
specifically, Conpound (VI) is treated with an appropriate hal ogenating
agent (eBgheme\lbronosucci m de, carbon tetrabronide). The resulting Conpound
(IX) is then reacted with Conpound (X) in the presence of an appropriate
pal | adi U ¥ek bl JFormmylabt3di n Conpound (X1), followed by debenzyl ati on,

e.g., through catalytic hydrogenation imithe presence of a paﬁhadium

catal yst or a tR€hni que using a Lew s cid (boron trlbron1de bor on
trichlori de BH T chI or| de- $1metﬁf ubd'i de APl ex

trifluor® e% npl ethanethbﬁ Pon
trifluoridés etﬁg ﬁ@?m“@B%plex nbu dhgpt hy! S¥I fi Iflde) t
e n

conpound of
BnO BnO~"0Bn BnO_A
OBn éBn

OBn

(% (xn

[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, 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



- 35 - present invention. [0114] The conpound of the present invention can
al so be prepared as shown in Schene 3. [0115] Schene 3 [0116] [Fornula 6]
0 OBh OR' Rl12 R12 R12 BnO OBn protection OBn -Br cyclization R11 (_ Br
11 ~/1 (I V) OH/J RBr POOOBn OHBr OP Br BhO OBn (X11) (Xl 11) OBn
(XIV) Al13 R13 R13 R12 812, \ / R12 Rms~ Sr Sn-R13 11N nR13 -q q L 13 1
' 1 1) RLR2 Rxi BnOOOB BhOBnO OBn OBn OBn OBn OBn (XV) (XVlI) (X
) R12

present invention.
[0114] The compound of the present invention can also be

prepared as shown in Scheme 3.

[0115] Scheme 3

[0116] [Formula 6]

(Xv)
R12
| debenzylation R”—:—/Zﬂ—/A
o Q- .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



A debenzylation R11 ? / O.CH HO O OH OH [0117] wherein R' and R12 have
the sanme neaning as defined above for substituents on Arl, R13 represents

| ower alkyl, Ais as defined above, P represents a protecting group for a
hydr oxyl group, and X1 represents a hal ogen atom [0118] Mre specifically,
after the hydroxyl group of Conpound_(Xgl) is protected with an appropriate
protecting - 36 group P (e.g., a trityl group, a tert-butyldi nmethylsilyl
group, a tetrahydropyranyl ), the resulting Conpound XIl1) is treated
with an @&xawpd dte- R kyﬁltrlhhﬂﬁ} geoup ant%tybllltYHgilmtbﬁ SBLYVY! it hi um)
and reacted with Conpound (1V) to derive Conpound (XIV). In the presence or
absence Group sid AftFRRHRFPPYEARY]l 9FeWR hy| Ehe areSultbRgoGANPPYNY) is then
treated with an acid (e.qg., trifluoroacetic acid_or_boron

trlflLKH|Qﬁi%ﬁkﬂ#ﬁdt¥ﬁ¢Eﬁddﬁﬁﬁme&9 RPEPTIat eodpbY YLl tinm (eo8k oved by

treatment with a hexaalkyldltln in the esence of an appropriate palladi um
cat al yst R PWBEET I'Ei)‘ﬁbou%%c'(wx H‘\th'E‘E p?%éeﬁ%%cB?daWEng BBPPHPE

e 29 L o SO Ak, BT ST N
o A AT, 0oL FUF BT BB Th 5 o oo
then treated with an acid (e.g., trifluorocacetic 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:



Schene 4 [0120] [Formula 7] R12 R12 Rg Rhl1 CHOR71 /Y CHO R1>c CHO OH OH

Br OP Br (XVII1) (ABX) (XX) O O OBn
reduction R71 - Protection R7IN~/ A (1V) OBn
(XXI) (xXI'1) (xXI'1l) R12 Rlz 11 f~ /~A R11 r'
debenzyl ati on POO OBn 0 OBn -

R12 R12 R12 BnO OBn R11 |

, OH
NAOHBAOPBr 01 OP Br
['"--~~A RiOH cyclization i

0, ™ BnO BnO O OBn OBn HO OBn OBn OH OH

(XXI' V) (X 1) (0121] wherein R' and R12 3have the sanme meani ng as defi ned

above for substituents on Arl,

prot ecti Rgn@nfeUp for a hydroxyl and X

group,

A is as defined above, P

represents a
represents a hal ogen atom

[0122] Conpound (XVII1) is bromnated with an appropriate brom nating agent
(e.g., brjemzva, Nrbimanaugqi mde) and its hydroxyl group is protected with
an approprlate protecting group P (e g., a trityI ,group, a
tert-butyl di nd'hyl silyl //R /
ey CHO RI1—7 CHo  R'"— €1 _cHo
'/\/ » N N _—
OH OH Br OP Br
o)
(Xvii1) *X1% (xx) jjosn
OH reduction /5  protection g1 £/ OBn
R11£é 11'/\(._\ (\Z\ (tv) o
OP Br OH Br OF Br
xx1) (XXI1) (xxi i)
R12 R12
. A R12
Rn_Jf?é_/ o R”—4T%L~/ A A
d OH cyclization S Z debenzylation R”—/——/
PO, .0Bn —= o o7~0Bn  —— oH
BnO~oBn n Y 0Bn Ho A A oy
OBn n OH
(Xx1v) (x1)

[0121]

above for substituents on Ar?,

) represents a protecting group for a hydroxyl group,

represents a halogen atom.

[0122]

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

A is as defined above, P

and X

Compound (XVIII) is brominated with an appropriate

brominating agent (e.g., bromine, N-bromosuccimide) and its
hydroxyl group is protected with an appropriate protecting
group P (e.qg.,

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



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

et her conplex) to derive Conpound (XXLI Bg Lf necessary, the hydroxyl group
is protected again to give Conmpound (XXII1). The reaction between Conpounds
(1V) and (XXIl1]) is performed in the sanme manner as shown in Scheme 3 for
the react3®¥ RtheentThhpeRFarRCets arhd (9F | Peronhtrifhverddsnddetbydpound

Schene 3 3198 Mool sterdstivsrionreeed (FXERTo "Ehrpterestsd . thelza)
The, COMPIE Sl U5 815 °F oLAVERl LT, C20, 2 30cb5e ReSRRLS], A3ty 11 Lhe
QL Pl G10en olbvefo SRR o) COSRE) 10 Pinds O
in the same manner as shown in Scheme 3 for the reaction ‘
between Compounds (IV) and (XIII). The conversion of Compound
(XXIV) 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:



R12 R12 i (CH26 (L)P A protection Rl ~~ X1 coupling R11 0.,. O P OP O PO
OP PO OP OP OP (XXVII1) (XXVI 11) R12 deprotection R11 ~/ (CH)m (L)P A
0,.. ., 0HO HO OH OH [0125] wherein R' and R12 have the sanme neani ng as
deflned above for substituents on Art, L, m p and A are as defined above,
and X1 represents a hal ogen atom [0126$9Cbnpound (V) is debenzyl ated,
e.g., through catalytic hydrogenation in the presence of a palladi um

catal yst or a technique using a Lewis acid (boron tribrom de, boron
trichl or S@eMearon trichl ori de-di nethyl sul fi de conpl ex, boron

trlfluorlde dieth et her onplex pl us ethanethiol, boron

trifluoril@d24l etﬁéPr@Fﬂér onpl ex plus dinmethylsulfide), - 40 and the

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

di met hyl sul foxige, dinmethylformam de) with a hal ogenating agent (e.g.,
trinmethylsilyl loride, trimethylsily2bromde) to obtain Catepound ( XXVI) .

Af ter eaqg1 Yy OXOH group is furth$p~ 6ected wth an P5¢ xgte

halogenation

—_— OH —— OH
OBn OH - OH
OH OH
Vi)
J
protection I coupling

(XX
deprotection
—_——
)
[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),



protecting group (e.g., an acetyl group, a tert- butyldinethylsilyl group),
the resulting Conmpound (XXVI1) is reacted with boronic acid (e.g.,

phenyl boronic acid) in the presence of an appropriate palladi um catal yst
(e.g., palladium acetate, DPPF), or alternatively, reacted with a Gignard
reagent in the presence or absence of -cepper chloride, or alternatively,
reacted wth a nucl eophilic reagent (e.g., phenol, aniline, thiophenol) in

oo 11 a8t Esatire el g ool ofF (Br%e Eaar £ CRR "BRESERGSEF ¢ ne
br epar ed Xa RS & 18 1 L e o FuRG R Mol ETAL POVSER Bior il
"L oo o ng 4esi Mec Yoy pEr R BB A ot ect on po
ArAr, Xt t@ime@ﬁ?ﬁ.@i]ﬁ%f&midé& ptcg %ﬂﬁa‘ é&?l&dt(l%‘ze ﬂﬂ?‘l 530 e{fter each
hydroxyl group 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:



O cyclization deprotect i on ,0Bn Q OBn BnO 0Bn BnO OBn OBn OBn (XXXl 11)
(XXXIVD (L)p-(CH2)mA Art 0 .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., dinethylfaqrpgm.de), Conpound (XXIX) is reacted
with a nucleophilic reagent (e.g., phenol, benzyl alcohol, thiophenol,
aniline, benzylamne) in the presence of a base (e.g., potassium carbonate)
to obt ai fcheme 6 Conpound (XXX), followed by ester reduction and protection
of the resulting hydroxyl group to obtain Conpound (XXXIl). The conversion
of Cbnpoh%ﬁzﬁiooﬁhngQ&%)anpound (XXXIV) is perforned in the sane manner
as shown in Schene 4 for the conversion of Conmpound (XXI11) into Conpound

(X1). Conpound XX'V) may be deprotected)t@Hyepare the compound of the
present inventi [ 013tbuplihg conpoudagﬁ the preseneduchhanti on can al so be
pr epar ed as 5FOwWA in the—FotHeni ngg1®che€ne 7: Scheme 77—

X1 X1
0
(XXIX) (XXX) 0 .OBn
BnO
(Lp~(CHm~A (Lp-(CHIm=A 1y oo
HO protection PO
X1 X1
) (XXX) (XXX
@ (L)p-(CHZ)m_A (L)p_(CHZ)m_A
PO izati
o cyclization deprotection
0O .OBn .0OBn —_—
BnO~"~0Bn OBn
OBn
(XXX

[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
(XXIX) is reacted with a nucleophilic reagent (e.g., phenol,
benzyl alcohol, thiophenol, aniline, benzylamine) in the

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



[0132] [Formula 10] GCHOG Y \A Xi R~ 1~ 12 A XI1 Rai ~ X (XXXV) (XXXVI)
(XXXVI1) 0 OBn OBnO OBh EA PODJ( A(IV) OBn -- HO' X1 R* X1 R
(XXXVITT) (XXXIX) POG,I,-AR i ARL1 GR i 20\ cyclization

~debenzyl ation OBn 0'' OBn O' OH BnO. OBn BnO. OBn HO - OH OBn OBn CH
(XXXX) (XXXXI') - 43 [0133] wherein Rllghas the sanme neaning as defined
above for substituents on Arl, Grepresents -0-, -S or -NP-, P represents
a protecting group for an amno group, Ais as defined above, and X1

repr esent@f@qmd)g@ﬁoélorﬁo{qu‘? Tonpoted redushien apdapratecthoa efi gnard
reagent or the |like to give Conpound (XXXVI), followed by using a reducing

agent sucdheaFesukiing hTIFRXYD GHP@P nteophbaky Comrovund) (XXKId)conPaeind is

treated with a base such as LDA and_then treated with oxirane to obtain
Conpound 98%&#3i9n of Compound (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]

X1\ \Rﬂ 1&XR" I X1&\R11
X
(XXXV) (XXXVI) (XXXVII)

0O
SN
BnO OBn
) A
HO \\V;A — + 1L g
1

OOKXVIN) (XXXIX)




foll owed by protection of the hydroxyl group to obtain Conmpound (XXXl X).
The conversi on of Conpound (XXXIX) into Conpound (XXXX) is perfornmed in the
same nmanner as shown in Schene 4 for the conversion of Conpound (XXl I1)
into Conpound (XI). Conpound (XXXXI) may be deprotected to prepare the
conpound of the present invention. [013p} The conpound of the present
I nvention can also be prepared as showmn in the follow ng Schene 8. - 44 -
Schenme 8 [0136] [Formula 11] @11 Rii R+ti N/-r-OP N7/~"OH NOP coupling PO
HO N cycllioZ35lonN POBhIeioBR'D IgBn tiBnGaBn meanBn ag Xiefkned abBavenn
(XXXXITT) (XXXXI'V) ~ R11 R>>  hagl ogenation N'N X coupling N N A deprotection
0,.. OBnfor substEtuenits @Bn Bn0 GOBEPOBSEOlS -R-()OBXVoQ XA/ R N'~ CA N
OI 1 1 O_l O

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 (XXXVIII),

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 of 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 halogen atom
and P represents a protective group for a hydroxyl group. [0138] Conpound
(XXXXI'1'1), which is prepared by a coupling reaction using Conpound
(XXXXI'l'), is cyclized and deprotected g the presence of an acid such as
p-tol uenesul fonic acid to give Conpound (XXXXIV). The resulting conpound is
treated with a hal ogenating agent (for exanple trimethylsilyl chloride,

tri met hylSghepie % omide and the like) in an appropriate solvent (for exanple
di et hyl sul f oxi de, di nethylformam de and the like) to give - 45 Conpound

( XXXXV) . [HS&bdaf {EPrmpAa dddul ting compound is reacted with boronic acid
(for exanple, phenylboronic acid and theghike) in the presencg,of a

pal | adi um catal yst (for exanple paIIadLgn1 cetate, DPPF and. like) to
gi ve Conpound (JRXXXVI). By depr ot egij of} E/?QB resulting c Jun&H t he
conpound of t ﬁprgﬁentCWﬁW@htion may 4 roduce&“”?ﬂf%Q] 0 prepare the
conpound @ tle \present inventron is loBrtedto the e L.oBmt s
illustrated above. For exanple, t gund of the pgesent ijnvention can
al so be synthesized through any conmbrnat’t @Brof the stepS™ nel vdBd in
Schenmes 1 to (RXXKKAVPLES [0140] The preéd@mt invention will ©Bnfurther

g)e(zfr{): tengfi in nore detail by way of the.fgllow ng exanpl esandest

HO

R1 1
halogenation coupling deprotection
R1 1
r\ﬁ/ A
[0137]) wherein R'! has the same meaning as defined above

for substituents on Ar', A is as defined above, X' represents a
) halogen 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 of an acid such as
p-toluenesulfonic acid to give Compound (XXXXIV). The
resulting compound is 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
foll ow 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] NVR, M5 and HPLC
were neasured using the follow ng instgginents. [0143] NVR JECL JNM EX- 270
(270 MHz) or Brucker ARX300 (300 MHz) or Varian Mercury 300 (300 MHz) or
JEOL JNM ECP400 400 MHz) Ms: Therno Finigan LCQ or Waters m cromass ZQ or
Qnicro C?F‘PBP@ngWdI e %§§GSEEEFV oﬁEFeFeHPE@:lnﬂaFQF@OEG@O/iEQG

d 46 - EX | , 1-. d | -C-[5-(4-eth h | | - 2-
o A M AL
SRERE: hédﬁﬁ%ym %ﬁppeﬁ%ﬁ A qg'aél 1128'350 o7 @%Waﬁ) a
sol ut i
THE | 1.09 4. ded d d h
m xt u?g \lf@f‘?é&&dl (? §t arﬁ?dm%@%p@r’ﬁi L}%’ee%aei rQPeAfch? aéa t?(r)]n 01E ©
THE- t t | 1, th ti t t ted with
T ek b3 JarPotbelion, B shEasbshlrTngl CoRpMBRAS HaC ol WD
and then gvapolatled t‘ﬁ%dgrfes%gw'{b%.q“}) tio rgl]a A (;r{eemi: 1#16 solvent. The

resul ting resi ue Was pu y ST e g Fomat ogr aphy

(devel opippg 399! uti onyg.etelyl RAGaLA! @13 REXRH¥%™na 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
[0140] The present invention will be further described in
more detail 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

liguid 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 Quadrupole Mass Spectrometer

HPLC: Waters 2690/2996 (detector)



(1:2)) to give the titled conpound (4.1 g, 92% . [0144] 'H NWR (DVSO- d6) b:
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 M (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, Qé.@ mol ) and (2-brono-4-

hydr oxynet hyl phenyl ) ret hanol (4.1 g, 18.9 nmmol) in DWW (12 nl),
triethylamne (5.8 nm, 41.6 nmol) and DVAP (369.2 ng, 3.02 mol) were added
and the Hxample vlas stirred for 18 hours at roomtenperature. The reaction
m xture was evaporated under reduced pressure to renove the solvent and
then extldctAehydndr he@-hldeht- ethpiphenyTheethybn2e | ayer was - 47 washed
with water and saturated aqueous sodium chloride, dried over anhydrous
magnesi urbhyidrioxyme phenyl hforRi gkieopiEraneseiuced pressure to renove the
solvent. The resulting residue was purified by silica gel colum

chr omat odraSypthesis opf n? - Rerne 1 brhvdeexgme thel phenyil hpebhaned: 2)) to give
the titled conmpound (2.4 g, 18% . [0145] 'H NWR (;IKES% S: 4.20 (4H, d,
J=18Hz), 7.22- Prdler @fHtrgger staeams ¥q a4 seduiom ef hashrome-

3.4,5-1ris-benzyl oxy- 6- benzyl thyl - 2- (2. 5-

bis(tri{b§3¥§ﬁéﬁﬁﬁﬁ%bﬁﬂﬁ§$§ %3$é£§d? p@r@éﬁ%lo}n TiBefS2 B roBeffEt ream to
| uti f 2-b -1,4 Dbi i tyl thyl)b 255, 3 , 0,36 |

ol o i 18 B o o Mea 74 S D s A AT o i 06 G5y

367 1,038 L0185, 20980, SLoR 3%, Sl POMLLIPSLE LS £ ours.,

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 residué 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)

R

MS (ESI*): 240 [M+Nal”
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- gpaction m xture was extracted with
ethyl acetate. The organic |ayer was washed with saturated aqueous sodi um

fﬂhﬁé'eﬁemag oS hae e Sorreres #@iét‘tésitﬁt‘lﬁaﬁ?ééﬁ_ AAd °r3‘%§€¢}‘?2§r

avet at e AV m&v%(rfugf?ta?%%%ﬁpﬂééﬁvioa°rﬁdo h R, 8%%‘“[ 0146]

t*t?”éié reahited prkstln) g epiove, W sorirye tne FagdPeuny Tedrlie
M. 6. iétﬁzﬂv@lfl%#%h%ag%& Sl Slide Sty Stemﬁﬂwg?‘ _“”H’

s Pl SR lned AL i B )

bi S(hyerto 5 %% 4, 6- tetra O benzyl - (3-D gl ucopyranose Under a

nitrogen qutlon of

3, 4, 5-trijghenzy! oxy- égbgrry | éﬁ&ﬂﬁfhyl "#:4¢ O, d, J=18Hz ,7-22-7,34
b|s(trltyloxynethyl)phenyl)tetr ydr opyr an- 2- ol (242 f? in

acetoni tridigg () )7, 4t7rJ7et§3,/I(slzJ}anqn)( 36 I, 0.23 mmol) and- boron trifluoride
di et hyl ether conplex (29 I, 0.23 nmol) mere added at -40C and the m xture

was stirryd GintHesis 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 cyclohexane 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 (CDC1;) &: 3.34 (1H, t, J=9.3Hz), 3.46-3.51

(3H, m), 3.78 (1H, 4, J=10.8Hz), 3.92 (1H, 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 magnesium sul fate, and then evaporated under
reduced pressure to renove the sol vent 4g8The resulting residue was purified
by silica gel colum chronmat ography (developing solution = ethy

i 4%24;8%% o L g P S, (0247
4 R 65’8@11&) WS B R B 1 6 2 0
- anhy

(hydroxy%[e??hﬁ*fzp#en W@ﬂ % T zmeﬂmz 197 o Woph) andedltRad? a

gl_Erzogen @ﬁ;gﬁ ?’][‘ %“% é{?e? Cflbenﬁyl'g’l({ﬁ-)[} gl ucopyr anose
(77.5 ng, 0.12 yam r# %#ﬂ nqh@ﬁlg §ﬁnhor|de (1.5 m), Dess-Martin

peri odi nane reage nnDI) was added at roomtenperature and

the m xty Ui e ﬁgéigqgffpr dhg}gﬁt f%tgr addition of water, the
neth

reacti on m xture was extracte ene chloride. The organic | ayer

was = vashoth hyde SRpE P HUSPLE- Soqi 4 chLoride. béhigd-gus anhydrous

magnesi um sul fate, -and then evaporated under reduced pressure to renove the
sol vent. Jhe-diprhidsw residue was purified by silica gel colum
chromat ogr aphy (devel oping solution = ethyl acetate:n-hexane (1:4)) to give

t he Fitled Under a nitrogen stream, to a solution 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 ul, 0.23
mmol) and boron trifluoride diethyl ether complex (29 ul, 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 (CDC1;3) &: 3.62-3.71 (1H, 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+Nal”

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



conmpound (25.2 ng, 33%. [0148] 1H NWR (CDC13) b: 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, n), 7.19-7.41 (18H,
m, 7.53 (1H, s), 7.87 (1H, d, J=7.8Hz}9 9.85 (1H, s) Ms (ESI'): 679

[ MFNa] ' 6) Synthesis of 1,1-anhydro-I|-GC[5-(4-

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

tetra-O i é‘N Wmmé%s?e%rﬁ}ért& tHa 1 QRanatk -to a solution of
1, 1- anhydro- | -

C-[5 f or HUCOPYRAROSEy et hyl ) phenyl | - 2, 3, 4, 6- tetra O benzyl -1 3-

D- gl ucopyr anose ﬁ? 038 in dieth et her 0 350 mM), a THE
solution of 4. Up Irpﬁegaitﬁ"é’ A S A0 3 Sl 2. THE

Ao adfriPoR B SR SR L, 40 %%ée”?ﬁ-r@%ﬁfe

| d h
?ﬁié?f §eglallr}'|°g rr%‘vg' el %@ﬁ@."ﬂ'}vﬁ@ul a{@étﬁyﬁgm?%g% Seiee: b under
L; EFFIC% Sfﬂ%b%d%?r rgh; éﬁﬁ%pvent ﬁé g%hﬂ?1aﬁsigqﬁw§ff pygifie

et B i ot KGOV S, g 1
S et P, S e O (41
7 OQ 7. 4¢xtracted 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 (25.2 mg, 33%).
[0148] 'H-NMR (CDC1;) &: 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, 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 (1lH, 4,
J=7.8Hz), 9.85 (1lH, 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-B-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-§-

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

C- [ 5- (4- et hyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra- O benzyl - 3- D- gl ucopyranosg (23.3 ng, 0.031 nmol) in
acetonitrile (1 m), triethylsilane (5.8 1, 0.037 nmmol) and boron
trifluoride diethyl ether conplex (3.8 |, 0.031 mmol) were added at -40C
and the Mt upreTHlssolbtien af #hethyiphenyipagaesdum dromigeyr(d . SaM.er
addition_of water, the reaction mxture was extracted with nethyl ene

chl ori del5FhBl. oPgART cMmaydr Waks aldeRe@atnOr® and uthe BixGUESUYaSodi um
chloride, dried aver _anhydrous magnesi um sul fate, and then - 51 evaporated

under refEiEHSPr EQT R 4RTS! BfOTR héeQQPFéﬁPreTheAfF%§uPPﬁhﬁ1PBSPgue was
purified bﬁ silica gel colum, F&hronatogﬁﬁg&y gdevelo |%% sqQl ution = ethy
acet at e: fi2h8kantheieagfyopmdxiuren¥as ag ﬁﬁo&ﬁ&%( n¥¥nfcﬁﬁ@ e - [0150]
1H NVR 13 Hz 2.5 2H, J=7. 3. 63
(1H d, ( 321?)‘”115 %‘?Y rsYa(Slﬁasg‘&% “’)}I§ éa’ik‘g %g ﬁ°ds1)um3 86 (1H,

3)12§z95°£i5%6a%2H r&ed %?r %@ Yd%%€% ne§$%m4slif%%ﬁy g%iJ— & (Zkz.gg

6 05. 7 307 BBEAL e phbeES ngﬂ%x;gg Fpbarts I konfhl b o tben® 31

1, 1-anh - | - i

(hyd?gxggé?HgF%b 2ﬁ%§fg%%y g%g?%?%$ 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;) 6: 1.13 (3H, t, J=7.5Hz), 2.53 (2H,
q, 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 1,1l1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl )phenyl]-2,3,4,6-tetra-0O-benzyl-f3-D-
glucopyranose

) Under a nitrogen stream, to a solution of 1,1l-anhydro-1-
C-[5-(4-ethylphenyl)hydroxymethyl-2-(hydroxymethyl )phenyl]-
2,3,4,6-tetra-0O-benzyl-f-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 pl, 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 agueous 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- (hydroxynethyl)phenyl] 2,3,4,6-tetra- O benzyl -(3-D gl ucopyranose
(18.9 ng, 0.025 nmol) in nethanol (1 m) and ethyl acetate (1 m), 10%

pal | adi um catal yst (2 ng) was added. Under a hydrogen atnosphere, the
reaction mxture was stirred for 5 hout$ at roomtenperature and then
filtered to renbve the catalyst. After distilling off the solvent under
reduced pressure, the resulting residue was purified by silica gel colum
chr onat o@Népﬁ’}‘a(tG@v@m@mrngTewCIﬁq cm-‘&sﬁ@qﬁW%lfeem%‘fﬂ orhelesodvenrtiol Theo: 1))
to give the titled conpound (9.8 999% . [0151] 'H NMR (CD3OD) 8: 1.19
(3H, t, Fepudiping resiquewag, Puaf”%i@d Pwidlica gek oolymy 1), 3.64 (1H,
dd, J6Hz 3.73-3.83 (4H m, 3.95 (2H, s), 5.11 (2H, dd, J=7.8, 12.3Hz),
- 52 - omaj:gg(r,gmhym(deyeﬂ@_pﬁ.ngg -°(°§P1‘t1|ﬁn e g QGeQ%WM'ﬂ}GXWC
retenti on t| ml\aw 4 mnutes <HPLC conditi ons> Col um: YMC- Pack ODS-A 6.0 X
150 mm bﬂ%%‘(&éﬁ ©F iR CAPBIN (¥§ g 1083Ehy MeCN (5% +

under mﬁgﬁégi?ﬁd PR DEREATEMATCNS (tiBogS- Pty e b 4+ 55 o # nut e
over t he endre 2 wdv g 7 Tahgd %&e%%-%@cnﬂ?giﬁmeléﬂﬁf gt sumee
J=3.6, 3.9Hz), 3.83 (1H, s), 3.86 (1H, s), 3.95 (2H, s), 4.00
(1H, 4, 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 1,1l-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-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] 'H-NMR (CD;OD) &: 1.19 (3H, t, J=7.5Hz), 2.57 (2H,
q, J=7.5, 7.8Hz), 3.41-3.47 (1H, m), 3.64 (1H, 4d, 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 ] - (3-D- gl ucopyranose 1) Synthesis of

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

benzot hi ophenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra-()benzy|-(3-D—g|ucopyrangae Under a nitrogen stream to a

sol ution of benzot hi ophene (51.8 ng, 386 mml ) in THE (750 hl), a hexane
solution of n- butyllithium(2.71 M 130 |, 0.352 mmol) was added dropw se
at -78C:Iwa5{helm1«4Mrenhas7516FVeﬁ3fOBHlomhinutes. After stirring at room
tenperature for 30 m nutes, the reaction m xture was cooled to -78C, and a
sol ution of 1MS af@§Hno- 1387[M+1]1*

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

D- gl ucopyr anod®P¥QoreteptiomBicimen| }1i 4 mHEutas0 | ) was added dropw se
thereto. After stirring at roomtenperature for 1 - 53 hour, saturated
aqueous €I cPREREPRY: was added and the reaction mixture was extracted
with ethyl acetate. The organic | ayer was washed with saturated aqueous
sodi um chl or iGRLIURR | SHMeRACK %Tgu§ ﬂaﬁnb%@dﬁ?su$f%@e and t hen

evapor at ed under. reduced gressure to renove the solv resul

resi due was pdfeRite Eﬁa 1|%%.ﬁ%¥u5ﬁr8ﬁ§@bﬁFEpﬁ§°m(Beéﬁl359ﬁ§e§gl&Pﬁdn =

t hyl t h the tit]ed d (266

di ast e?g*g rle%n“&lfﬁfx@zra?erﬂ )i t%ﬂw%@?@[ o e el ot ehong) b o 2 45
0. 6H, 8 2. 56 0. 4 3.75-3. 87
ng “‘%“%e F@Fl% uﬁdér %?E‘? cﬁng;i,)cip %Qﬂlg H‘?ME%4 65 (4H, ),

4. 84- 4 951%03%%) , 5.21 (2H, s), 6.08 (0.4H, d, J=3.8Hz), 6.11 (0.6H, d,
J=4. OHz) .76 (2H, nm), 7.00-7.40 (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

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

(hydroxymethyl)phenyl]-B-D-glucopyranose

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

Under a nitrogen stream, to a solution of benzothiophene
(51.8 mg, 0.386 mmol) in THF (750 pnl), a hexane solution of n-
butyllithium (2.71 M, 130 pl, 0.352 mmol) 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-O-benzyl-p-
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-1-C[5-(2-

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

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

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

(hydroxynet hyl ) phenyl ] -2, 3, 4, 6-tetra-Oghenzyl - (3-D- gl ucopyranose (249 ny,
0.315 mml) in acetonitrile (3 M), triethylsilane (60 1|, 0.376 nmol) and
boron trifluoride diethyl ether conplex (42 |, 0.331 mml) were added at
-40C arkbuhe sdkuoartedogquednscamponine chieridepwast addefioang theurs.
After addition of saturated aqueous potassium carbonate, the reaction

m xt ure W@éﬁt&@ﬁeﬂﬁ%ﬁNVWtﬁaétﬁ&FraéééﬂaWéthTﬁ§hUigéﬁﬁ@aﬁéyerThﬁs washed with
saturated aqueous - 54 sodiumchloride, dried _over anhydrous nmagnesium
sul f at e, ORGRP1E hbAYRY aef aveahad i the8akHE2EPEs 30PEONS FORYM t he sol vent.
The resultlng residue was purified by silica gel chromatography (devel oping
sol uti orCBLEHIE - aﬁ%%%?e°ﬁeﬁeiaﬁgdr9§54??9PSS§PWeSﬁﬂgaﬁﬁtIé&d05 nd (103
ng, 42% as a d| stereoner ure. [0154] 1H NWR (CDC13) .b: 3.66 (1H dd,
J=1.8, 19Vappyateq up %EFFGGHCG =Br¢sSSiyeo )re§°§§ the, S&&VGFI9 5Th§ 5Hz) ,
3.88 (1H 4.05-4.15 1 25 (1H,
d, J=16.%¥%8 §1€%n26r?%¥9u8 Wﬂslﬁuﬁigiednhy4§liiﬁg &elJ°P6°?ﬁ§PQPEP§§ (1H, d,
J=12. 2Hz 1H d 4.83-4.95 (3H,. .m, (

1-13. 7ro\aedeliptad sbyue ot BEhy1Calster Ant Rkabl 41+ 3hHLES ddvey (1
s). 7. O@hg éftigg 0H¥0uK65?2gékhquasja d%as{e%H%REr mﬁ&tﬁ% f%

quantitative yield.
[0152] 'H-NMR (CDC1l;) &: 2.45 (0.6H, d, J=3.8Hz), 2.56
(0.4H, 4, 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,l-anhydro-1-C-[5-(2-
benzothiophenyl )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-(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 ul, 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-|

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

pent anet hyl benzene (60.6 ng, 0.409 mmol) in dichloronmethane (2 mM), a 1.0 M
di chl oronet hane solution of boron trichloride (400 |, 0.400 mml) was added
at -78C §sadiumhehdioxides @Wxdes: oviedd aphndroussmaanafiamisilLdts, andur .
After addition of methanol, the reaction mxture was warnmed to room

t enper at hena AV apeapdLe 8@ deddaedushd AFaRsdyfute emaemoihe t$Rl’N vent .

The resulting residue was purified by thin- Iayer chromat ogr aphy (devel opi ng
soIut|onTheSGeSHéFH&ﬂbFeﬁﬁéﬁﬁoﬁ@ﬁb@N§%§%?P:Rx)s% A ¥k he titled conpound

(10.4 ny, 63.8% . [0155] 1HNNR%%>300 S 3.44 (1H, ddd, J=9.0, 5.3,
3.5Hz), ghggm(aj_:ggr hy;{gevelopi )5013“:712’1‘3 BEY ‘?ﬁet‘ilteZ’P 1(%?“%) 5.10

1H, d, 5 14 (1H, d, J=12.7Hz),. 7..07. (1H, 7.18-7.37 (5H, m),
(7. 66 (1H{1d§ i 19 give Gﬁ% (%.1?9 °(°ﬂl?,°'-%!1,d 1293 mg ; nﬂsz’%)es‘?%)a 414 [|(v1 Hg)LC

retentio the 12. 3 m.n tes <HPLC condi ti ons> Cblunn YMC- Pack ODS-A 6.0 x
150 mm \( o151 U mnute gradient fromO.1% TFA/ MeCN (59 +

O a5 el EAS) (00 el S T g o
3.80 (1H, 44, J=3.7, 11.2Hz), 3.84 (1H, 44, 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, d, J=12.2Hz),
4.49 (1H, 4, J=10.7Hz), 4.58 (1H, 4, J=12.2Hz), 4.61 (1lH, 4,
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, 44, J=8.2, 1.7Hz), 6.93 (1lH, s),
7.06-7.36 (23H, m), 7.50 (1H, 44, 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]-pf-D-glucopyranose

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

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

2,3,4,6-tetra-0-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 pl, 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 solution =



(100%) Flow rate: 1.5 ml/m nute Columm tenperature: roomtenperature
Detection conditions: total plot summed over the entire wavel ength range of
230 to 400 nm Exanple 3 1, 1- Anhydro-I1-C[5-(4-net hoxyphenyl) et hyl -

(hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyranose 1) Synthesis of

1, 1- anhydro-|-C-[5-(4- - 55 -

nmet hoxyphenyl ) 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 solution of
1, 1- anhyeghianol:dichloromethane (1:10)) to give the titled compound

C—[5 fornyl - 2- (hydroxynethyl)phenyl] 2,3,4,6-tetra- O benzyl -j 3-
D-qucopjﬂ&nés@g(Zﬁ@lsé -3.06 mmol) in dlethyl ether (24 n1) 56 a THE
solution of 4- nethoxyﬁ en gne5| m brom de 12. 24 6.12 mol)
was added 9365dC and t é""ﬂgxfﬁ stid4 dd 'ord@'hoh'r% Qa‘no53$) ni nutes at
roomtenperature. After _addition of water, the reaction mxture was
extracted \ﬁthﬁ Syl (ddkt dde. Irrid cﬁr'ga'ifﬂ:ﬂ{zl)a'ye? T3 B hett wih- sht 4f at ed

aqueous gdlun1chlor|de dried over drous ne5|un1 sul fate, and_then

evaporat Hyn&dr Pe&@ce‘&Hpréis's e12t07Hr m)vse'l"t olYerts 12|'h@H?)ssu7t9719

Cotuti on QHel W1 dodeae 37 Gham 88 i g LT | el ihpotint? (2. 15
g, 92% %6] _IBL%)(CDCH) 8: 3. 63 (1H, d, J=9.9Hz), 3.69 (3H, s),
3.78-3.9(515'12 4.11 (2H, ), 4.43-4.64 (4H n), 4.89 (3H, d,

J=10. 2Hz) , 1;15(%@&53,: 2181 f}H ), 6.67 (2H m, 7.06-7.48 (25H )

HPLC retention time: 12.3 minutes
<HPLC conditions)

Column: YMC-Pack ODS-A 6.0 x 150 mm, 5 pum

Mobile phase: 20 minute gradient from 0.1% TFA/MeCN (5%)
+ 0.1% TFA/H,O0 (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]-B-D-glucopyranose

1) Synthesis of 1,1-anhydro-1-C-[5-(4-
methoxyphenyl)hydroxymethyl-2-(hydroxymethyl )phenyll]-2,3,4,6-
tetra-0O-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-f-

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



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

(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-I-

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

2,3,4,6-tetra- O benzyl -(3-Dgl ucopyranosge {270 ng, 0.353 mmol) in nethyl ene
chloride (2.7 m), triethylsilane (2811, 1.764 mol) and boron trifluoride

di et hyl et her conpl ex 0.37 mol) were added at -40C and the m xture
was sti r RedHEt SPi, tl§’&rr§’ft énﬂ@ftmy@hp&ylﬁ%erﬁﬁu& brgmide {4i% i%n of

wat er, reacti xtur e ct wi.th | ene chl oride. The
organi c ng@ %a%%g ZH 6@8u§ngegpénméﬁlBFPdgasdrled over
anhydr ous

emve t AETEOP Z'ﬁ%‘»@ * f%tr%y q%S 1 TR A b qqaa&aarﬁ% CAEREE Gel ©
col U BURSITLATEPRLALEShp %g%gft'nﬁ&tﬁg&f;vaﬁf%%ﬁ R o
?133 ¢y, oxfya apatatl. 1R, ofbn1d) 1agefudy e E‘?&%’tgm%tufa%g@*zm (2H
d. il 3Hz%q(1§|6|§3 F?ié %lﬁé% ( Jd?lf? (’é’%rﬁ é“d‘('%}%r dlis %Q@%@ 6%63?6.(%5
(14T ag)hygr%o%?téz[ gn?l4 mﬁ}%}%ora ﬁ]d%i]r f%jdﬁcéﬁ p?es%{ﬂ;é‘el.sd srgrﬁove

(hdeOXyﬁﬁbhﬁbhﬁgﬁﬁy|]Tﬁé EEQhEQQH§r§€9§aueTQa§ Ay & silica gel
1, 1-anhydro-I-CG[5-(4

net hoxy pRei ihMehat-ddBad X RVl oA Hd A& idb it D-d @iy P-ddetate : n-
| hexane (1:4)) to give the titled compound (2.15 g, 92%).
[0156] 'H-NMR (CDCl3) d: 3.63 (1H, 4, 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-0O-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-O-benzyl-f-D-glucopyranose (270 mg, 0.353 mmol)
in methylene chloride (2.7 ml), triethylsilane (281 ul, 1.764
mmol) and boron 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 aqueous sodium
chloride, dried over anhydrous magnesium sulfate, and then

evaporated under reduced pressure to remove the solvent. The



benzyl - S- D- gl ucopyranose (280 ng, 0.381 nmmol) in nethanol (1 nl) and ethyl
acetate (1 m), 10% pall adium catalyst (28.7 ng) was added and 2N-HC1 (15.2
p.1) 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 theggolvent under reduced pressure, the
resulting residue was purified by silica gel colum chronmatography
(devel opi ng solution = nethylene chloride:nmethanol (10:1)) to give the

titled coesuditdngl resdgue 9809 pYOiGgid by NWR @D3IRH) ©@olenie-3.42 (1H, m),
3.60 (1H, dd, J=6Hz), 3.70 (3H, s), 3.71-3.79 (4H, n), 3.88 (2H, s), 5.02
(2H, dd, Cma:;OgF@Ilm (deveia i (SZH-ufrﬂ)Oﬂ 6" MIthaqutmn hexane7. 18
(3H m - 58 - M5(ESI'): 383[M' HPLC retention tine: 62 m nutes <HPLC
condi t i orfds 18d1urke Ve ek tdis-ed samBousdh (3RO 9ngn I\/?)‘Pﬁ) e phase: 20 ninute

dient f 0. 1% TEA/ Me 0. 1% TFA/ H20_ (95 to 0.1% TFA/ MeCN
?rlgog/;n f(S’Ir IO?VJ/ed by EH Wﬁu{é /?]'Eﬁ ¥n Imkier(Yhve %’cngE /%0:?1@? 10?156?0(:11%

{erer at 86 Hotdsa G daith 19%mei=d ol a1% F0 s mt boer Fhe rbfr LLH.
el g 3 S R0 £ TP e 606420 (2m, 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, dd,
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 1,1l-anhydro-1-C-[5-(4-methoxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose
To a solution of 1,1l1l-anhydro-1-C-[5-(4-
methoxyphenyl )methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-
benzyl-f-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-HCl1l (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

e

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) 8: 3.36-3.42 (1H, m), 3.60 (1H, dd,
J=6Hz), 3.70 (3H, s), 3.71-3.79 (4H, m), 3.88 (2H, s), 5.02
(2H, d4, 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 ] - (3- D- gl ucopyranose 1) Synthesis of

1, 1-anhydro-| -G [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
solution of 4- bronoi sopropyl benzene-(28. 20 g, 136.62 mmol )in THE (242 m)
was cooled to -78C, and a hexane solution of n-butyllithium (2.67 M 54.37
m ) was added drq;mnse theretq The reaction mxture was stirred at the
same tenperat (¥t )r 388dds. A solution of 1,1-anhydro-1-GC[5-fornyl-2
(hydr oxymet hy n -2 3 4, 6-tetr bepzyl - (3-D gl ucopyranose (56.08 g,
85.39 mmol ) Hh$ﬁ§ ekentign timey dg>d?65 and the mxture was stirred
at -78CIé¥Eé§ g { Saturated aqueous annonlun1chlor|de was added to
stop th CoRAFt{ORS> The reactlon nlxture was extracted with ethyl

2ﬁfé?}§e,TQE|e - I§m§d?%a§ %@%n s? ufggurategd ?ﬁggsevzggi;?;d under

reduced pressyg oel?ife "SRYE. 56 ROLNEL gradUEnteRULL! 5915y RCRRS (R4 1 o0

by silica gel onmat ogr a opl ng so |on =
i ast er coror i RO PAE) %W *@@1@%@’@6’%9( Fe1 1 %é) 2. 08
(Th, my maplage 2Tk G, Ongl ) the Cqala elhl ciénll 10, 5h SRR/, ¥ 07108 20

(2H, m, (po®Pyp-84 (1H m, 6.64-6.68 (2H s), 7.02-7.49 (25H m 2)
SyntheS|s of 1 1- anhydro-1-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

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

(hydroxymethyl )phenyl] -f-D-glucopyranose

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

) Under a nitrogen 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 1,1l-anhydro-1-C-[5-formyl-2-
(hydroxymethyl )phenyl]-2,3,4,6-tetra-O-benzyl-f-D-
glucopyranose (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 oxymnet hyl ) phenyl ]-2, 3,4, 6-tetra- O benzyl - 3-D- gl ucopyranose Under a
nitrogen stream to 1,1-anhydro-I-GC-[5-(4-

i sopropyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra-0-benzyl - 3- D- gl ucopyranose (2.186 g, 2.81 mmol) in

di chl oronethane (28 nl), triethylsilangg(2 .24 m, 14.02 mol) and boron
trifluoride diethyl ether conmplex (0.38 m, 3.00 nmol) were added at -40C
and the m xture was stirred at the sane tenperature for 1.5 hours. After
addi t i onreactier ur el ZRARGIAD JBakerTe Wakreshraeted HeltkathBh mi xture
was extracted with nethylene chloride. The organj c |layer was_ washed with
sat ur at e¥CetREDus TR WHTIH ©rieT drredvashed BhER dF_tRTARgRe2AURPYEI f at e,
and then evaporated under reduced pressyre to renove the solvent. The

resul ti nigPIEIPaeR1IGELde . 68T 150 PYPEI2BYYSFPREaMGEP eI TMST UdifadPat Gf%aphy

Compoundtiah cavePossed fodks) RAURRA PERBISTenL01 ZEIOVRH Ly SOLTEN
m. 3 osThe GReturfifg reflaes vas( Blirifyea;Byssdantag Sy Bt Py 66U 63
6. 0. 6, 7tpoptdyradhy,oliatoplng Seathyon s Rebfd gfleateiihendine!™):
2. (nydr oy et hyF9 pieds) FRE BRErBHCBEbelEl ™5 10,9 £78) 5 @
%ééb?ggg % %%%f?%@%ﬁiw§§FFﬁ§droxynethyI)phenyl]-2,3,4,6-tetra-
O benzyl 1§35 9! UCOPY{ ARBEE dDlels§ 8- .34 TBR!) o "sTRLLALY, Clbs
| (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-0-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-f-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 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



m ) and ethyl acetate (11 m ), 10% pall adium catal yst (0.22 g) was added.
Under a hydrogen at nosphere, the reaction mxture 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 { d&ved opi ng solution = nethyl ene

chl ori de: net hanol (10 1)) to give the titled conpound (0.75 g, 80% . [0161]

R PREEELed by félicasggﬂzfoqu%ﬂ% Toianny @Q}?J@% Ot
(2 40, A28y 1280) aclibte A <é65” et dhvein éf?ﬂfie(% ke

YMC- Pack ) m Mobi | e phase: 20 mnute gradlent fromO. 1%
TFA/ Mamcgg%’én?— 311 /ngA/nﬁligﬁ(QS% to 0.1% TFA/ MeCN (1009, fol |l owed by 5

m nut e el[H&BB'T under 1 hey® @fr)dlét | qn516(Q6¥I% 'H:dA/ &t ME ( J(pom{qgl) Fl ow rate:

1.5 m/mnute Colum tenperafture:’ roomtenperdturée i on conditions:

total plegtqgu r e @ntcicr | e r|ange 230, t m Exanpl e
(3 A2k qUETRA B 0, Sl ANl T s 250 e 47

(hyd;gg th}nzph%n»'s]-4(%1D(Q|HJCQHWaln‘b%&4 As %ﬁ'ﬁ hedi s £fas (21, a,
J=12.1Hz), 4.56-4.63 (2H, m), 4.64 (1H, 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-glucopyranose

To a solution of 1,l-anhydro-1-C-[5-(4-
isopropylphenyl)methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-
O-benzyl-f-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 hydrogen 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, 44, 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+11"

HPLC retention time: 12.1 minutes



cycl opropyl phenyl ) 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
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
nmmol ) was added. The reaction mxture_wgs stirred at roomtenperature for
1.5 hours and then cooled to 0C, foliowed by dropwi se addition of a
solution of 1,1-anhydro-I-

C- [ 5- f or HRLG (domdiicsdonmsghyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl - ( 3-

D- gl ucopyranose (5.10 g, 7.77 mmol) in ether (21 m). After stirring at 0C
for 1 hour, satQglamgs: MERARCRPRSHAING . Tht okdUemass agded to stop the
reaction. The reaction mxture was extracted twice with ether. The organic
| ayer was wash@ipbidie iphagesr ad@dninji® @radenim £nomr dbt BFALdecNef5%)
anhydrous - 62 nmagnesium sul fate, and then evaporated under reduced

pressure * t& Jr*érﬁﬁ}b/fi@e (95%ere OFHE TFAMERY (100 %e Frkloyed fhed by

silica gel chronatography devel opi ng solution = n- hexane:acetone (3:1)) to

gi ve t he BinutR) @YHpRIh >R gthe sypeycondipdens K Ak (THEIMECR: 0. 55-0. 59
(2H, n’),O86092(2H m), 1.75-1.82 (1H, ), 2.12 (1H, d, J=3.6Hz),
3.62-4.15%04%) ) ), 4.43-4.64 (4H, n), 4.86-4.90 (3H, n), 5.12-5.21 (2H, n),

5.78-5.88 (1H, 665669 (1H,_m. 6.85-7.41 (26H m 2) Synthesis of
1, 1- anhydro- | - 49 (wate: 1.5 ml/ml ute

cycl opropyl phen nmet hyl - 2 oxynet hy| ) phen 2,3,4, 6-
t etra- 0- benzyl a/ ]%9-“@]? u%%&ﬁé&%%’é € Unfeem t%FF??B%E‘#’-‘%t ream to
1, 1- anhydro-1 -

cycl,opr opyl phe%}%%‘?ﬁﬁ%‘f%ﬁl%f hyER 3y 1ft| SPARe) pver the entire

wavelength range of 230 to 400 nm
Example 5

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

(hydroxymethyl )phenyl]-f-D-glucopyranose

1) Synthesis of 1,l-anhydro-1-C-[5-(4-
cyclopropylphenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0O-benzyl-B-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 1,1l-anhydro-1-
C-[5-formyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-fp-
D-glucopyranose (5.10 g, 7.77 mmol) in ether (21 ml). After
stirring at 0°C for 1 hour, saturated agqueous ammonium
chloride was added to stop the reaction. The reaction mixture
was extracted twice with ether. The organic layer was washed

with saturated aqueous 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 mmol) were added at -40C
and the m xture was stirred at the sanme tenperature for 1.5 hours. After
addition of saturated agueous potassiugp carbonate, the reaction m xture
was extracted with nethylene chloride. The organic | ayer was washed with
saturat ed aquequs sodi um chl oride, dried over _anhydrous_nmagnesi um sul f ate,
and t henM8gBESiNMe§udEade r 8ddc dpem cyaparates Teflucef \RFRSSUFR
resultin% residue was purified by silica gel columm chromatograph

(devel opitRgTeEGNVE itH& §°&Nﬁ9¢°ac$%8t€?ﬁuﬁ§ BAeTES14Pp WasyPMEified by ed
conmpound g4“27 %, 85%%P 0163 'H—NNR (CDC13) 6: 0.56-0.58 (2H, m,

0. 86- 0. 9§1d3Qa Yedzchrpmatography, (dpyelgping geliitgony Ny 3.77-3. 86

3H, m,. 3.94 (2H, s), .3. H d, J=10.4Hz)., 4.07-4.14 (2H 1), 4. 45
EzH, g? ﬁléféﬁfﬂ%)‘:?t&.%)é‘fa-(z’ﬁgg >§  gyve 5}'@5;5‘%@"( ﬁ%mﬂﬁqn%.(é‘i-l?@o (2H, ),
6.68-6. 7] (3H ), 6.83-6.86 (2H m, 6.97 (2H d, J=8.2Hz), 7.09-7.31
(21H, m %8%¥)synthesis of 1, 1-anhydro-1-GC [5-(4-

i £ ogth Beicdm 't OIS LY L Syt (2. T, B Y65 0pS, e
23,4, 6. [er & Gobar AL DUl ot ke T2 58 (PRA 5 1674 1478
Vi di chi oftorndne Jsgtut bt 89 bar a4k d A2 686 M T s
added at 5~ 48Cs33% 1%, m), 6.65-6.69 (1H, m), 6.85-7.41 (26H, m)

) 2) Synthesis of 1,1-anhydro-1-C-[5-(4-
cyclopropylphenyl)methyl-2- (hydroxymethyl)phenyl]-2,3,4,6-
tetra-0-benzyl-f-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 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 (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 chromatography (devel opi ng solution =
net hanol : di chl oromet hane (1:10)) to givgsthe titled compound (0.67 g, 50%.
[0164] '"H-NWMR (CD3OD) S: 0.59-0.64 (2H, m, 0.87-0.94 (2H, m, 1.82-1.87
(1H, m, 3.40-3.47 (1H, m, 3.61 (1H, dd, J=12.1, 5.8Hz), 3.74-3.83 (4H,
m, 3.94m)2HL1.94-1580 (12H, mdd, 3 6B R7 1LHHM ), 63 IU7 63 96 (LBH, np) ,
7.05-7.08 (2H, m, 7.19 (3H m M (ESI'): 398 [M' HPLC retention tine:
11. 4 mindt-8¢ (284 s )<HA-Q Tl 1 i bnst= 1l 4Hm) . YO Pat k1 ©DRIA emD, x4149 mm 5
m Mobi | e phase: 20 m nute gradient fron10.1@6TFA/NbCAI$51Z + 0. 1% TFA/ H20
(95% to (@HySrFANEGNH200% - 56t | GhelRhy ™), mt R 4 ¥t { 3, URlerSt hé-sane
conditions (0.1% TFA/ MeCN (1009 ) Flowrate: 1.5 m/mnute Col um
t enper at Pr-@0 (@dn Mhpt £8r% Bet GHi dW cohdItomde (Halmpt o - 2Unhel- over
the entire wavel ength range of 230 to 400 nm Exanple 6
1, 1- Anhyd’r'o-JI=-BC-2[I'§‘-)('4-7n°-(bgr'g7p brenti ) el hyl - 2-
(hydr oxynet hyl ) phenyl ] - p- D- gl ucopyr anose
1,1- Anhy(r}‘r%o-%’- -f{eﬁl(%-%‘gc]} Uﬁ-r%mf%m-nlyﬁ: et édr - 2-
cyclopropylphenyl)methyl-2-(hydroxymethyl)phenyl]-p-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 ml), 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 =
methanol: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 (1H, m), 3.61 (1H, 44,
J=12.1, 5.8Hz), 3.74-3.83 (4H, m), 3.94 (2H, s), 5.09 (2H, d4,
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: 11.4 minutes



(hydr oxynet hyl ) phenyl ] -2, 3,4, 6-tetra- O benzyl - (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 mM). To this solution, 101 palladium catal yst (0.21 g)
was added. Under a hydrogen atnosphere, the reaction m xture was stirred
for 1.5 hours at roomtenperature and.tpgn_filtered to renove the catalyst.
After distilling off the solvent under reduced pressure, the resulting
residue was purified by silica gel colum chromatography (devel oping

sol uti on <HBRG [gAnHEiong>0r i de: met hanol (10:1)) to give the titled conpound
(0.65 g, 73%. [0165] 1H NWVR (CD3C3% S: 0.92 (3H, t, J=7.4Hz), 1.57-1.64
(2H, ). 2.50- £ogamna YNG-Pack ODS 49 g4 x H50 s I MR dd,  J=11. 8,
5.5Hz), 3.75-3.85 (4H, , 3.95 (2H,. s), 5.09 (2H, dd, - 65 - J:19.§%
Tty 7 oa MBI G e AR atidute drdamt TR oLl Foe BRA(BACN £38) 12 2

m nutes <HP ndj tions> |, umm: - Pack ODS-A 6.0 x 150 5 m Mbile
phase: 20 rﬂ'rﬁ% gl‘%gﬁjéhpezfgsf%sgﬁl%.ol%gngﬁ%qw 30)6006%4) Q. J’ﬁi‘%aﬁ@ (V5% to
0. 1% TFA/ Nk (1Q0%., followed.by 5 mnute_ el ution under S condi tions
(o- 19 TRAIS SRR SadRE U St SRS Cof ke TERGSERT ¢ oo
tenperat%rqvgﬁtection conditions: total plot sunmed over the entire
mavelengtﬂ’ a Q% of 230 to 400 nm Exanple 7
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]-B-D-glucopyranose

1,1-Anhydro-1-C-[5-(4-cyclopropylphenyl)-methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-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 solution = 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, d4d,

J=11.8, 5.5Hz), 3.75-3.85 (4H, m), 3.95 (2H, s), 5.09 (2H, 44,



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

(hydr oxynet hyl ) phenyl ] - (3-D- gl ucopyranose 1) Synthesis of

~2-brono- 4- (et hyl phenoxy) - benzoic acid methyl ester To a sol ution of

2- brono-4-fluoro-benzoic acid nethyl ester (488 ng, 2.09 mmol) in anhydrous
DMF (15 nml), 4-ethylphenol (256 ng, 2.49 nmol) and potassium carbonate (289
ng, 2.09 nmmol) were added at roomtenperature, followed by stirring under a
nitrogen atnosphere for 16 hours at 160C. The reaction m xture was cool ed
and, aftérladadit 18n48k) .sdt-Odat’e@2add&um)ammoni um chl ori de, was then
extracted with ethyl acetate. The organic |ayer was washed with saturated
aqueous sodi unMEhIBBILde: ak@l dFMedlover sodiumsulfate. After filtration,
the solvent was _distilled off under reduced - 66 pressure and the resulting
resi due was pubPLLedeppndipnciige: 1oPufdnditesmat ogr aphy (devel opi ng
solution = ethyl acetate:n- hexane (1:20)) to give the titled conmpound (455
ng, 65% SHPLE166PALMIQMR>(CDC13) S 1.26 (3H, t, J=7.6Hz), 2.67 (2H, q,

J=7.6Hz), 3.90 H s .88-6.9 H, , .94-7.01 (2H, , (.19-7.26

(3, 7 o Ehlet WX Bkl fm M T

oot Fon o 2 BPBHESERRR divhioly ehasec bl A BRSO sf

0.537 m ; 3:?;%&%?‘?%&?55%38 §rg%mﬁt§"é’/§?ch7é%%$ﬁe fPLeL&é?t"’ueg’nbﬁﬁ xture was

L S L M A BT B
100%)) ’

J
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

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

(hydroxymethyl)phenyl]-p-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 aqueous ammonium chloride, was then extracted with
ethyl acetate. The organic layer was washed with saturated
aqueous 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 m xture was extracted with
ethyl acetate. The organic |ayer was washed wth saturated aqueous sodi um
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 columm chromatography (dggelLoping solution = ethyl

acetate: n-hexane (1:5)) to give the titled conpound (78 ng, 94% . [0167]
1H-NWR (CDC13) 6: 1.25 (3H, t, J=7.6Hz), 2.65 (2H,  q, J=7.6Hz), 4.71 (2H
s), 6.9RESFUNRand)the nesylving ¥esidye wasgopurifigd bygsilgrazyel

Synthesis of (2-trityloxynethyl)-5-(4-ethyl phenoxy)-phenyl brom de Under a
ni t rogerp%k%rﬁhrf%n%t%#w%n(%%V‘fé@mwﬁlwmnm etnyl acetate:n-

oS CEU T B Csbt B (s offbodnaCifeh i Bl 0
, ' ' 47 . e 4-di ) Ldi 50
EL? )mtefcialn#;ﬁ "The B @%hﬁf SR G reg i%%ﬁ%b?%g?é%éﬂg”foi 12
T A Y . . :
ethy”acht a5 B orBadd U Tges) o BEERLAS N P e F2045 0088 soi um
chIor|dq%ppg%ggégp.fysggigghyn17§g£fgiﬁ. éﬁtg;afgh%ﬁatlon, t he sol vent was

distilled o under pressure ahd the resul'ting residue was purified

R T R b R S

" HNWR (CDC13)Ur§e1.:I-'£5n:£%gén Qtzr?eé‘k',z)to 2a 6§oi3{:—!i.on 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 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 (1:5)) to give the titled compound
(78 mg, 94%).
[0167] 'H-NMR (CDCl;) &: 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 oxynmet hyl phenyl ] tetrahydropyran-2-ol Under a
nitrogen stream to a solution of (2

trityl oxymet hyl)-5-(4-ethyl phenoxy) phegyl _brom de (766 ng, 1.39 mmmol) in
anhydrous THE (15 m ), a hexane solution of n-butyllithium (1.6 M 0.92 m,
1.47 mmol) was added dropwise at -78C and the mi xture was stirred for 15

i nut es.ethyiphenoxy) phewnl iBetharel 54%%“3&0% 61 mmaly. ipj SHBAXFNERY- 6-
(benzyl o %nethyl)tetraq%drodé{an 2-one (751 1.39 mmol) in anh drous THE
(1.5 m)° d2 ih%n¢e@ﬁF?Y%ﬁnesBPﬁ?Fbﬁemé§ B pr EF1EF Lt he

sane tenperature Ior 10 mnutes. After addjtjon_ of iaturated agueous

amoni u Q}HEﬁQ%e,4??mﬂg 68 / f SHBPT bn F?%?EP¥19B§HEX Paétda™ki-t i -dt’hy!
chi or i aamel) AP L %‘%%a“@fga“ﬁfﬁ 4fs L0 ehavehenddasdnor fhed under
by si 11 RGer L bR CER B SEEEERD ?ae%%pf%é%éi#ﬁ#r%ﬁ%g‘fitlﬁa?l R e
T kel AR SRR B Byrtitg 920
(45 B 008 gg&g; ) R S el s Wadnld h2th ™. 472485
TSR A e LR Bt g, CrieR PS80 R
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 (CDC1;) &: 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-

trityl oxynmet hyl phenyl ] tetrahydropyran-2-ol (547 ng, 0.54 mmol) in nethyl ene
chloride (10 m), triethylsilane (0.095 m, 0.60 wmml) and TFA (0.046 m ,
0.60 nmmol) were added at 0C, followed gy stirring at roomtenperature for 2
hours. After addition of saturated aqueous potassium carbonate, the
reaction mxture was extracted with (%ﬁ¥lene chloride. The organic |ayer

was wash&&aRtiens Mg tarey was &Rt add 1'r,lhle‘o"rl}iﬁlle ach take ovdM&nhydr ous
S0l vent - Org@nc,dg8 thér%seaagﬁﬁeﬁa@%%dﬁw% fSgerSatmmm e
sol ven

h hy (d | u = h h
EC hreO{TiH RS Zev %@5%507 kg 's %ﬁl%]e t aﬁfmn %&?%}1%2%14)1) ztzo(%hve
4’ 44 6@")’3‘?2?%&%%‘1( uzi’de?fqifeé’é‘ rrﬁss"s‘%l% %”{!gﬁ s3foang

, 6.95 M+Na 6
synt hesi r(ejslf_{lqu anh %%??fﬁ%%enox%;ﬁ ():Olm [ : )

hyd
g { ;gﬁg?ﬁ%}ﬂ%@:b?éﬁﬂyet ﬁ\%}éb?%ﬂi% WSfr 10t £ SO | Q% Phte:n-hexane

(hydroxyr(qt ly) R ke ZHd 4,2]_6c tesd rcfbn%chﬁ'ﬂ%ydf% Dhg 9! yg@ ranose (429 ny,

0.57 mmol) in a mXture of ethy acet and anol (12 M), 10%
pal | adi umeaglegl yst  (HORMRT] cpes, pdsted. 2 Unoar, & hYﬁIf’Q@fﬁ‘z plt ”@S@f‘e(?ﬂht he

reaction mxture was stirred for 12 hours at room tenperature and
filteredd,o y=emaue )t,he j-ad 353 - (4 ! &k) dislgddd nes of dnf he), 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)-phenyll-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-ethylphenoxy)-2-
trityloxymethylphenyl]tetrahydropyran-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 chronmatography (devel oping solution = nethylene

chl oride: methanol (10:1)) to give the titled conmpound (195 ng, 88% . [0171]
1H NWVR (CD3COD) 6: 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_ g9 ,. 6.87-7.03 (4H, m, 7.14-7.28 (3H
m M5 (ESI'): 411 [M+Na]' Exanple 8
1,1-Anhydro-|-C—[5-(ﬂ-ethy|phﬁggl)nethyl-Z-éZ-
hydr oxyet 84791 hi ophed-3MR |(CRGI ]| deopyR3nésH. t) SydtBHg)s @.62 (2H,
(4-bronD-thioghen-z-yl)-g4-ethyl-ghen | ) methanol Under a nitrogen stream
to a solGtidn’/efHa) pr3md?223-870(4Hn| BPhedelirtoRd dShydd)(1d-#1g4-58 3 mol)

i n anhydrous THE (100 n1%, a_hexane sol utign of n-buytyllithium (1.6 M
34.35 nl4H55MY nfoP} -4a25add8d B opwi-4d -atr 24742 HovEY -5 6nildutbedl (Aft-er

T br omo- B et fyf BohLBnea 18-3 - §1235. 8- Moy on (R 90 ) vas added
dropwi se. The gﬁgﬁégn%ghé; gﬁﬁ+ s,stirred at -78C for 2 hours and, after

addi ti on of sa nium chloride, was then extracted with
et hyl acg

chi or i des) aPTaEhaeer RRn ok srbbRasREd BTSN A I RE ) @apor at ed under
oo EhGSRUETpk Oyt STRNER DORNET i olieaghRatL ) 19, st due v puri e
acetat e: n-hexapg 5(1o38tloh%0@ Y611 860l hrbed -60TBY 19 el fiyh phent3df)y-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-D-
glucopyranose (429 mg, 0.57 mmol) in a mixture of ethyl
acetate (12 ml) 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+Na]l®
Example 8
1,1-Anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(2-

hydroxyethyl)thiophen-3-yl]-pf-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-



[01721 1H-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)-{42®thyl -phenyl)-nmethanol (7.10 g, 23.9
nmmol) in nethylene chloride (70 m), triethylsilane (4 6 mMm, 28.7 mol)
and boro ri t ( I e added
at 0C, SRé ag%ogkﬁ &d% ﬁ gﬁp%& §3ﬁ% %y %? é&éngg% ME

rrlng Srature er addltlon

of 50% gg&ﬁ@”ﬁh;)""g h?ﬁ:éa eMsb1lt %nr%‘}Ctn' \)\.ﬁ?lﬁ.t oS 2% hected 34

nmet hyl e organi c layer was sat ur at ed aqueous

sodi um Cmgors o GJ He AR WIR &Y u%@e' boke 5amnutt@%n

evaporat e uce pressure to renove the solvent. - The resulting

residue )&’i‘%eEUE:*tE.lt-§Qn'§y at lthed s@le Q@n?@}at@}"eoﬁroglr@%}hdﬁ@/e'@p' ng

solution = ethyl acetate:n-hexane to give the titled conpound (3.4

g, 51% . sb@4¢3bn’ BENYRLGHEL)- ehy J.J.b%%z(e?ié (10 .25 5 .0 JufdL X 2th THF
J=7.5Hz) 4 06 (2H, ), 6.70 (IH, 8). 7.02 (iH s) 7.14 (4m s) 3)

Synt hesi §50f m3)[ daltr e répatind .Phengl reaERYbht Rigkhee wasylstatriamol
Under a nitrogen stream to 4-bronp-2-((4- ethyl phenyl)nethyl)thi ophene

(2.80 g, at0-G8roDEdri p Rotydr atia, AFket484dlitiohDaf( 3a@uMatedS@gileoukl. 0 M)
was added dropwi se at -78C over 5 mnutes. After the reaction m xture was
stirred amm@Gihe chloride,ewasa thdn sdtifdarediwisihydwneg avettecd 10 THe) was
added dropwi se at -78C. The reaction

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
(1:10)) to give the titled compound (7.1 g, 45%).
[0172] 'H-NMR (CDC1;) &: 1.24 (3H, t, J=7.5Hz), 2.42 (1H,
s), 2.65 (2H, q, J=7.5Hz), 5.93 (1H, s), 6.76 (1H, s), 7.14
(1H, s), 7.20 (2H, 4, 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 warnmed 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 sodi um chloride, dried over
anhydrous sodium sulfate, and then evaporated under reduced pressure to
renove the solvent. The resulting resiﬂme—mas purified by silica ge

col um chr omat ogr aphy (developing solution = ethyl acetate:n- hexane (1:9))

(3’ V7 TBR ppitingoRERlauyad, s ilan o idusd |80 eftmd) U 1%
e B S e
2- [3ybrox§:§$)%7g %?%% eﬁh %ﬁﬁﬂFﬁiﬁﬁgg%é% fﬁ§$? et hanol (2.55 g,
(71§4n1 ;mqltoaﬁ !qr/jl acm é?#dﬁw}?S(g@EY‘g’r cgJ.s mml(()]ﬁvgse aﬂ?e?ﬁ#% fﬂl S sé‘%lﬁ{: gﬁ
mol) vedt Saded a0 G T @HeRdl osﬁ“’?ﬁ SRR T B ey 0%

hours.  Afger saddi tion of water, the reaction mxture was extracted wth
net hyl ene chl oride. The organic |ayer was washed with saturated aqueous

sodi um chyl)orsyaha had sdigfe b -qverb i 167 ( (4 d el pHEREL ) hé thy BS t19Tophéie-

solvent was distilled off under reduced pressure and the resulting residue

was puri f2-d 1evhasidil ca gel col um chromat ography (devel opi ng solution =

ethyl acetate:n-hexane (1:20)) to give the titled conmpound (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] 1HNVR (CDC13) S: 1.22 (3H, t, J=7.5Hz), 2.62 (2H, q, J=7.5Hz),

(2H, t, J=6.3Hz), 3.26 (2H t, J=6.3Hz), 4.00 (2H s), 6.60 (1H s), 7.

(4H, s),

7.12-7.27 (9H, nm), 7.37-7.40 (6H, nm) 5) Synthesis of

3,4,5-tris-benzyl oxy- 6- benzyl oxynet hyl - 2-[ 5-
(4-ethyl phenyl ) et hyl - 2-(2-trityl oxyet hyt)t hi ophen-3-yl]-
t et rahydropyran-2-ol Under a nitrogen stream to a solution of

285 ol eafpHeBd et ottt Snands, G- 8y 91
1% oy SO0 G L AR T
T TS TR O TR SR (il

3-brono

3,4,5-tri
mmol) in
sol ution

of sat urgt

with eth
sodi um

aqueous anmmoni um C

evapor at %@lcundﬁ&e rf&é@@ﬁoﬂi’rnﬁfﬁ’éﬁfatQaéegﬁifrééeaﬁohﬁftf‘tfoirhé héﬁfé” ting
residue was purified by silica gel colum chromatography (devel opi ng

sol uti on a7 RINHARGSIH SN WHee tHe 'Rt ich ThietdFe wad | &t so80eaNnd (1.70

g, 65%9.

J=9. 3Hz) wizrbAetHylehe LEHidrde . 3THE dryhnidHia

3.47 (1H,

[0176] ' H-NVR (CDC13) & 1.22 (3H, t, J=4.5Hz), 2.56 (1H, d,

2. 96
12

\@ﬁ%dﬁ | E'BEth‘E LBgutd %@g%ftﬁﬁyﬁaﬁ.ifn%r (10 6 L €Sy _ lnlnfify j2ddi ti on

reacti'on mXture was extracted

S el e?movec%ﬁ&lnlf{%/lcﬁé/oﬁg A A i

r %add wdsHda dviwhr6. OHz) ,

d, J=5.4Hz), 3.75-4.08 (8H, m, 4.48 (2H, t, J=7.5Hz), 4.60 (1H,
d, J=7.2iHdaturht®d (@ddedts 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,
q, 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) M (ES I') 1049 [ M+Na] + 6) Synt hesi s of

1, 1-anhydro-1-C[5-(4-ethyl -phenyl)-net hyl -

(2- hydroxyet hyl ) -t hi ophen-3-yl]-2,3,4,6-tetra-O benzyl -P-D gl ucopyranose
Under a nitrogen stream to a solution o3 3,4,5-tris-

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

trityl oxy-ethyl)-thi ophen-3-yl]-tetrahydropyrgn-2-o (1.70 g, ..1.68 mmol) in
met hyl enén@Nﬂ&ﬂU&eT 0 (40 mL) jaRABNiSE At (1P Soand the FesEididndnd di et hyl
et her conpl.e . 234 were added at OC _fol]owed by stirrin
ot bom ERT s fsoﬁlrz%’gé@t% t%m%ﬁwawwr%amai%d%ﬁ egs |
ot assi u carb te xture was extyract wiih e Iene - 74
ol o o Rered i dlhd i St B Sdh @

chloride, dri over. rous S | orated nder
reduclad chlggs?lé: o8 \{ng.ﬁtgfnli%qu%uee SO etré Lh %%t |(?1%t$€%l due S puri :‘Jl ed
by silic I I ﬁPq;o e S

a>c/et ate: % %xa(ril:g 1‘%{9%18)1{ gslq‘g/egd)p% 1'(1-? %/Ef%e‘%pé% 9%\%3(12@1%0@1\%4% [0177]
lH-NNR .09 (1H,

. 3. ag %{%@l@% ]%éjogeﬁ‘zm%‘t 7@’}?’%‘!63% 5%9"';36512‘5?9%“#% ?T’g’n?g .18 ElH,

d J=7.3 H,
S5 ati) Eopmgtet %?ef"’redﬁ%@ pbith & Feth Ble doffefer dhe

(2H, d, u]c%%«ﬁ'%é)n @ﬁd\?é"wéjs p]uﬁﬂta by s’lﬁlcé%éﬁ&b Whn MBS (ESI;): 789
[NHNa]; 7) SyntheS|s of 1, 1-anhydro-1-C-[(4-ethyl- phenyl) net hyl - 2- (2-

. chromatography (developing solution = ethyl acetate:n-hexane
} (1:20)) to give the titled compound (1.70 g, 65%).

[0176] 'H-NMR (CDCl;) 6: 1.22 (3H, t, J=4.5Hz), 2.56 (1H,

d, J=9.3Hz), 2.62 (2H, q, J=4.5Hz), 3.26-3.31 (2H, m), 3.39

(1H, 4, J=6.0Hz), 3.47 (1H, d, 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 (1lH, 4,

J=6.6Hz), 4.87 (2H, g, 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+Na]l®

6) Synthesis of 1,l-anhydro-1-C-[5-(4-ethyl-phenyl)-methyl-2-
ﬂ> (2-hydroxyethyl)-thiophen-3-yl1l]-2,3,4,6-tetra-0-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-yl]-tetrahydropyran-2-0l1 (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 aqueous potassium

carbonate, the reaction mixture was extracted with methylene



hydr oxyet hyl ) -t hi ophen-3-yl ] -p-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 -j 3-D-gl ucopyranose (1.14 g, 1.46 mml) in anhydrous
met hyl ene chloride (50 m ), pentanethylpgnzene (3.25 g, 21.9 mmol) was
added at -78C. Boron trichloride (14.6 m, 14.6 mol) was further added,
fOIIOWEdCaé spirrin% at -78C for 2 hours. After addition of nethanol, the
sol vent ordide:i | The ergaphfelaveguvag prebedr wiihd sataradad @aWeoWsesi due
was purified by silica gel. colum chronatograph (devel oping solution =

met hyl en&C8RLE} chdofddfanriesh orer tadthgIW§Hé9ﬂetsPéH“ c?}hlp’g%

and ny,
> ob 3 O heD EVaPoraten Soee, FRduned Brpgsyine tencve thg ?‘é‘%;(%-_ S’Ij
LM Ay dPeS Febitis by mostanb jan htniBied By $114ca G [ Tmn DAl € 9
D oy B A SRR S Syl haene
Lotr e Batan e’ gy el MR e i /) L ) 50 4 0. 00

I t t hyh , 8. I 1| ' I '
i ol or ondinare (45 ) Mo CeRCLE Y o Clls. B HEED L¥eiEs9 1 o

di chl or Osghagy ol i o (e i) {14 G orile d 8 9% B P, OF, FUDh Jgyets

added at C an the mxture was stirred at the sanme tenpera
hours.  (3H, m), 3.95-4.12 (6H, m), 4.18 (1H, 4, J=7.3Hz), 4.50 (2H,

i
)

L4

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, d, J=4.8Hz), 7.16-7.33 (18H, m)

MS (ESI*): 789 [M+Na]l]”
7) Synthesis of 1,l-anhydro-1-C-[(4-ethyl-phenyl)-methyl-2-(2-
hydroxyethyl)-thiophen-3-yl]-f-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-f-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] 'H-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 chronatography (devel opi ng
solution = nethanol:dichloromethane (1:6)) to give the titled conpound
(0.18 g, 67%. [0179] 1H NWR (CD30D) 8:78.47-3.50 (1H, m, 3.63-3.69 (1H,

m, 3.75-3.85 (4H, m, 4.63 (2H, s), 5.13 (2H, dd, J=12.6, 19.5Hz),

7.23-7.37 (3lr;< &g)_glvgﬁl(g,ﬁ,ﬂ 29% k%%hh,z)s)§y9t.*b%%i7% 1% (aH, m)

1, 1- anhyla rorel”

(hydroxyrret hyl h }v 2, {gi¥a-O acetyl - (3-D gl ucopyranose Under a
nitrogen streair’{]g gzggg golﬁ??oﬁaoﬁl 1-anhydro-1 - 76 -

C[2,5-b o§ynethyl)phenyl] 3-D-gl ucopyranose (100 ng, 0.34 mol) in
DNSO(O% 8 mol ), chlorotrimethylsilane (114 |, 0.91 nmol) was

added dr pW. a8hglrboe0rl §8PfUabY phedld ) -idenPXiaure was stirred at the sane
t enper a er?rtmgmv?umbtal ned by distilling off
vol ati | eny@eaR erahl BBy -pRbrEaice &&em, 6.70 mol ), 4-

di et hyl % % £ 5('331 @ y(:@n eetlc anhydride (0.32 m,

3. 35 mmoh) g?hehggdgdosequqnhmllyldztoarldd.r[q mogiw-e was stirred on ice for 1
hour and 10 m nutes. After addifion of saturated aqueous sodiumchloride (1

m) and (ay@rokimeithyl )phenyadcpi-on glucopyeaneseextracted with ethyl acetate
(10 mM). The organic |ayer was washed wth water (1.5 m) and saturated

aqueous sodi umighlanhgdrol 1+C) [ 2d5i-0d se\ iy dsecivinathiylf Jathenydrd- 2 then, 6 -

concentrated under reduced pressure. The resulting
tetra-0O-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, a 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] 'H-NMR (CDs;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, dd4, J=12.6,
19.5Hz), 7.23-7.37 (3H, m)
MS (ESI*): 299 [M+1]"

2) Synthesis of 1,l1l-anhydro-1-C-[5-chloromethyl-2-
(hydroxymethyl)phenyl]}-2,3,4,6-tetra-0O-acetyl-f-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] 1H NMR (CDC13) 6: 1.74 (3H, s), 2.01 (3H, s), 2.05 (iH s),
2.08 (3H, s), 3.99-4.08 (1H, m, 4.24-4.37 (2H, nm), 4.61 (2H, s), 5.12-5.34
(3H, m, 5.56-5.67 (2H, m, 7.22-7.28 4¢H m, 7. 38-7.47 (2H, m 3)

Synt hesi s of 1, 1-anhydro- I-C-[5 (4- bi phenyl) - met hyl -

(hydroxynethyl hen I] 2, -tetra-O.ac I ucopyr.a e Under a

ni t rogenCst ? eémglﬁé dé’é’l"t?f‘iec?llily&f PPePYé-Hh?dﬁ dlu°°PY9ran°se mg,

ccetyi-( - Blghaban, aanBEY oty p“e”y'elnm%‘fn%r{;?c%;;qi‘rer?@wanane

Brloggenyl EEQSEE ‘éh% . , 0 07%{5&@(%(9)1’0 ailsléi‘dalggm )t acet qi e (8

h h 219 1.03 dded. T h d
P kbt b T S &f%n@cfurasﬁzt s,
th hi d
e e e A

evapor at ggmBP ah t's ed%c%t@{gq nﬁc%lﬁé{ﬁi ?evtgp' %olydaq‘?m T)he Jesidue was

purified ash colum opi ng sol utTi'on = et hyl

acet at e: gﬁérﬂﬁyl(ailnll%y%ll_l e (4° id tlcﬁckmmmndar( Hodhc Yilyal L451]

1H NWR ( 13) s), 2.05 (3H, s),

4.04 (2H(oS)32 ﬂ1125343%6n(n%ﬂ) r\@ere‘S a%ed( ?déqxfghula-lllér 5and25ct§=l'|zrﬂ xBurd- 5. 33
(2H, m, 5. “637(2R, 7.34 (6H, 744 (2H M. 7.51-7.58

(4H M was stlrred 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%).
[ol80] '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-p-D-
glucopyranose
Under a nitrogen stream, to a solution of 1,1l-anhydro-1-
C-[5-chloromethyl-2- (hydroxymethyl)phenyl}l-2,3,4,6-tetra-0-
acetyl-p-D-glucopyranose (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 oxymet hyl ) phenyl ]-2, 3,4, 6-tetra-0-acetyl -R-D- gl ucopyranose (280 ny,
0.465 mml) in nethanol (3.0 m), potassi-umcarbonate (45 ng, 0.326 mmol)
was added and the mxture was stirred at roomtenperature for 1 hour. After

gﬂﬁefé §§ﬂ$%t$§ ?%Z“%aéiﬁeg%%“Af riodeur aﬁ%flg’)été’&g’?gg%ﬁdf{]ﬁﬁ‘ﬁ%dﬁ Hana
?Fggﬁnzgft ggaﬁﬁgz:)ngggfgga Sﬁessgkgpjﬁgeﬁééfg! Ogﬁg reS|3d (9' v%‘;l%be |ef(i§ed by
ggbgéhse§§§gg5 0 glvéé{pﬁl¥ %??¥g? ?onpouné %§4 ﬂg?Sﬁ%Q§& 7%4 %g§§2f4?gZNNR
(2H, s) B %ﬁﬂgiﬂ §%$£é€13§a$t§3§ ?g Qgﬁ$ﬁkgn§gl5hii ?S%tgée’ ?h§0-5.58 (4H,
m €$$t1657mE%EN?%S) ab*#aRheql % #th saturated ﬁgueous sodium

1,1- Anh ro-1-¢G t et r ahydr of ur an- 3- yl oxy) phenyl)

nethyl cﬁﬂ%ﬁiaéynﬁfﬂ¥|& Q&Hié]lé eE*GhHCQPYééneﬁér mhgR¥BhbesSist1ehte,
1, 1- anhydro-1| - G [ 5- (4- benzyl oxy- phenyl)

met hyl - 2¢§ hydrady aRh¥hrRhepbratddt ufﬁﬂ&a&t raducRE iptedside @ UchipFanose
Usi ng 1, 1- anhydro-1-C [5-chl oronet hyl -

(hydr oxygBehgblpBaRy! | TRe 3rds faust was Opﬁ.@@fiédj ByDf1gkHcepyuanose and
appropriate reagents, the sanme procedure as used in Exanple 9 was repeated

to give theohmhtbgtaphfp@desreloping solution = ethyl acetate:hexane

| (1:2)) to give the titled compound (280 mg, 90%).

[0181] 'H-NMR (CDC1;) &: 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 1,1-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] 1H 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, m), 7.03-7.47 (10H, m) MS (ESI'): 655 [ M:Na]+ 2) Synthesis
of 1, 1-anhydro-I|-GC[5-(4-hydroxyphenyl)nethyl -2-
(hydroxynethyl)phenyl]-2,3,4,6-tetrathH%éTyl-f3-D— gl ucopyranose To a
solution of 1,1-anhydro-I-C[5-(4-
benzyl oxypheny! ) met hi -xvgt hyehs @oymet:hwl. uphenyi] -AH, ;)b tRl6H-3.69 (1H,
O acetyl - (3-D gl ucopyranose (250 ng, 0.57 mmol) in a mxture of THE (7 m)
and nmet hanpol 3( 7508). 841Q¥Hpak)gdisumac q28,y <) ,( 20.Q ny)2Bvaam pddecko Under a
hydr ogen at nosphere, the reaction - 79 mxture was stirred at 35C for 12
hours andéHhem)f,i 7t.87ed .4a@ (12&howg ,t ITe 5Oat7al58st(4HAf tey distilling off the
sol vent under reduced pressure, the resulting residue was purified by
silica gel coM8mESH! brratbFr BidRNa]devel opi ng sol ution = et hyl
acetate:n-hexane (1:1)) to give the titled conpound (193 ng, 90% . [0184]
1H NVR (ER@mplLe&gl01. 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,
q( hydrpin logy)

dd, J=12121-Ashy 3 . Ht a 1 , B) 78 (2H,
m, 6.98- 7.05 (2H, 3H, m M (ESI'): 565 [M:Na]' 3)
Synt hesi Bieg ~£-ARD ) )[is) 16 . Q osE
| oxy) - phenyl) - et hyl - 2- (hydr oxynet hyl ) phenyl -2, 3,4, 6-tetra-
y ) p1) gy%thesi% of &,%-anﬁgdro)&)él[S)QJ-benzyloxy-phenyl)—

methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-acetyl-p-D-
glucopyranose

Using 1,1-anhydro-1-C-[5-chloromethyl-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.
[0183] 'H-NMR (CDCl;) &: 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-0-acetyl-p-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-0O

acetyl -j 3- D gl ucopyranose (190 ng, 0.35 mmmol) in DV (3 nm),

(R) -p-toluenesul fonic acid tetrahydrofuran-3-yl ester (102 ng, 0.42 mmol)

and cesium carbonate (137 ng, 0.42 rm_oligwere 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 whiilktugat wast ed iagedout 3GdCufoghliar hdaranedndr itheénofdl teadidirto

sulfate. After filtration, the solvent was concentrated under reduced

pr essur erembeger ¢hel catglysti.dudfves giasitfileédngyofifathe sollwen tclundeat ogr aphy

(devel opi ng solution = ethyl acetate:n- hexane (1:2)) to give the titled

conpoundre@vcedy preg&ure, 8he [EElH]ting ¢s i@ECIE)s udifiled Y s911iGa 00

(3H, s), 2.04 (3H, s), 2.07 (3H, s), 2.12-2.21 (2H, m, 3.84-4.08 (7H, m,

4.22- 4. 3@e(2Holmnn £hgomateyraphy rfjdeve Lo iH sadditijon 2= ;sthyk. 7Hz) ,

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. 19cezdtenpn-hpxage 1A : 19)) N® (EHMe )thes 36 YlgdNaompyursy nt 123 img of

1, 1-anhydro-1-C[5-(4- ((S) t et r ahydr of ur an- 3-

onxy) pR&RYI.) - nethyl 2- (hydr oxynet hyl ) phenyl ] - (3-D gl ucopyranose Using

1, 1-anhydro-1-C[5- tetrah dr of uran- 3-

yl oxy)phéﬁ}|8)4Jrret hyI Q'Md(%??#e A )lpﬁ&mﬂnzssm %-QQt¢HFHOos), 2.05

acetyl - (3-D- gl ucopyranose and ap£9910“ ate reagents, the sarre I‘OCEdéJI’e as
t

used in E3&miSd -9mdd SfeatHd VR e b t4 - - 4dth ot

4.36 (2H, m), 4.65 (1H, s), 5.15 (2H, dd, 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+Na]l’
3) Synthesis of 1,1l-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-p-D-glucopyranose (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 agueous 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] 'H NMR (CD3CD) 6: 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 M (ESI'): 467 [MtNa]' Exanple 11

1, 1- Anhydro-1-C[5-(4-((R)-tetrahydrofuran-3-yl oxy) phenyl) -

met hyl - 2- (hydr oxynet hyl ) phenyl ] - (3- D- gl ggopyranose Usi ng

1, 1-anhydro-| - G (5-chl oronet hyl - 2

(hydroxynet hyl ) phenyl ] -2, 3,4, 6-tetra- C)acet | ucopyr anose and
appr opri dt0d §5dagent s, tNMRséﬁBCéBbc@dulfeﬂas fﬂlse‘!i)c ng B, 19) wagd- Pépeat ed
to give the titled conmpound. (018 4 FLNNR CD30D) 6: 2 01-2.29 (2H, m,
3. 39- 3. 44 3thHS) m2 - OF 6(031'!1: &) {12+ -ni} 5.0, (+B4n4. 08 (BH¢om). auk
6.77-6.84 g?H :gﬁ 7.08-7.16 (2H, iB 17 7.25 (3H, g& 81 - M5 (ESI'
467 [ MeNA- 2D m) 1 pefSeh 23 - @*Ets Mhe e Ayl Phendd) ndthyt 52-

11y %%phe”%afl 4001 ol eins g bty St ep. (2w
(nydr oxyual ) JRhenutd - Cod: 440- LI oD poet gl RaP: g1 ygoprhangse
(hydroxynethyl a O acetyl - p-D gl ucopyranose synt hesi zed
in Exanple 10 #@géﬁﬁgﬂ)o %2% ﬁﬁ%gé was di ssol ved in anhydrous nethyl ene
o0 001 4 Sihaglf o LI AARD. L S09PE. £y £ PIEDLELFSARL R Sone
yloxy) -phenyl) -methyl-2-(hydroxymethyl)phenyl]-f-D-
glucopyranose
Using 1,1-anhydro-1-C-[5-(4-((S)-tetrahydrofuran-3-
yloxy)phenyl)-methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-
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;OD) &: 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+Nal®

) Example 11

1,1-Anhydro-1-C-[{5-(4-((R)-tetrahydrofuran-3-yloxy)phenyl)-

methyl-2-(hydroxymethyl)phenyl]-f-D-glucopyranose

Using 1,1l-anhydro-1-C-{5-chloromethyl-2-
(hydroxymethyl )phenyl]-2,3,4,6-tetra-0O-acetyl-f3-D-
glucopyranose and appropriate reagents, the same procedure as
used in Example 10 was repeated to give the titled compound.
{0187] 'H-NMR (CD;OD) &: 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
tenperature. 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@% 1o give the titled conmpound (217
ng, 94% . [0188] 1H-NWR (CDCl1l3) S: 1.70 (3H, s), 2.00 (3H, s), 2.05 (3H,
s), 2.07 (3H s), 3.97-4.15 (3H, ; 4.23-4.37 (2H m, 5.17 (2H dd,
J=12.6, 25.9HzMS $E33-b: 3867 1HM+Np) 5.54-5.66 (2H, m, 7.13-7.33 (7H, m 2)
Synthesis of 1,1-anhydro-|-C-[5-(4-
tri met hy E¥emadel d2hynyl phenyl ) net hyl - 2- (hydr oxynet hyl ) phenyl ] -
2,3,4,6-tetra- 0O acet I-p-D—uncopyranose 82 Under. a nitrogen stream

|

1, 1- Anhy drd=Anhydzroc-4.- G- {5+ daedRsnyphanldma X dsiéemy | ) net hyl - 2-

(hydr oxynet hyl ) phenyl ]-2, 3, 4, 6-tetra-O acetyl - (3-D gl ucopyranose (212 ny,
0.314 nnﬁEXﬂEEE&EEEﬁQhQEhﬁﬁﬁ&gﬁﬁtgﬁglWFQHﬁﬁénqsﬁ 0.628 mmol ), triethyl anine
(0.2 m, _1.44 1), and _di.chl orobi s(trj phenyl phosphi ne) pal | adi um (11.0 ny,
0.016 m¢&|j5) SY%%S)WX@& 1yd- ?‘é’dlrjﬁ%tlu'rce'&%r‘ﬁ’y'dr ous DVF (3 nl) was added

and the m xtyre was _stirre t 90C for 4 hours. The reaction mxture was

di | ut ed %FﬁﬁﬂNQFQPq;Eﬂqﬁﬁﬁlﬁaﬂ¥ QRF¥E S5 Imeﬁbﬁﬁf e. The organic |ayer was
washed with saturated eoqu odj um chl qri de and drj ver sodi um

sul fate. (hgytd&oxymeltﬁy&f)%&?’nyﬁﬁeﬁzgﬁ '\ﬁerﬁc'rlﬂﬁ;}srac'&’caeqﬁtr’éft_j%[g'nder reduced
pressure. .The resulting residue was purified by flash colum chromat ography
(developﬂ&&qgﬁﬁ%ﬁq%§e: et hyl acet at e: n- hexane

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

)
(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-acetyl-pf-D-

glucopyranose synthesized in Example 10 (185 mg, 0.341 mmol)
was dissolved in anhydrous methylene chloride (5.0 ml). 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 reaction 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 (CDC1;) &: 1.70 (3H, s), 2.00 (3H, s), 2.05
(3H, s), 2.07 (3H, s), 3.97-4.15 (3H, m), 4.23-4.37 (2H, m),
5.17 (2H, d4d4, 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-p-D-glucopyranose



(1:2)) to give the titled conpound (95 ng, 48% . [0189] 1H NWR (CDC13) 6:
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, n), 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-| -G [ 5-(4- ethynylphenyl)net%yl 2-

(hydroxynet hyl ) phenyl ] - (3-D-gl ucopyranose Using_ 1, 1-anhydro-|-C[5-(4
trimethylsilany yﬁyﬂﬁﬁémﬂ%ﬂnﬁﬂﬁﬁam}(1nkhﬁﬂ@ﬂﬁﬁ¢w47%h Pyf4-=

2,3,4,6-tetra- O acetyl - Iucopyranose and appropriate reagents, the
sane pro&§i§¥¥Q£9mﬁiﬁFQQF rienykeldeakbl-20 give the titled

conmpound. [0190] 1H NVMR (CD3QD) S: 3 40 (1H, 3.41- 3 49 (1H, n) 83
3. 62- 3. 7dh(Yﬂ1r°Wet§1Y712)-Fg‘l ﬁn-? LM fzr‘@fﬂ(az#i3 agetyl18-Pon , 7.17-7.25
SST Ann)hy(ﬂldxqo_:tgz?ag)éslszhvgl%Ns (B g o { _ J‘imethyfgllylacetylene
(hydroxy et g Reny] lq@%w REANgS }fg&g%.z nl, 1.44 mmol) and
rchec! ORI St ARG Mol LSRR o o
(eihcy SRS SR by o) i P ol e T
gr)ZH’ S) . A GHL e Mar Sk O Phrrd@Hhe Voo 3% & Yo Bhe LelBrlodd (3H
mixture was diluted with water and extracted with ethyl
acetate. The organic layer was washed with saturated aqueous
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 (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, 44, 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 1,1l-anhydro-1-C-[5-(4-ethynylphenyl)methyl-2-
(hydroxymethyl)phenylj-B-D-glucopyranose
Using 1,l1-anhydro-1-C-[5-(4-
trimethylsilanylethynylphenyl)methyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0O-acetyl-p-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) &: 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 - 2-

(hydr oxymnet hyl ) phenyl ] - 4- D- gl ucopyranose 1) Synthesis of
4-pyrazol - 1-yl - phenyl boroni ¢ acid Under a nitrogen stream to a solution of
1- (4- bronophenyl)-1H pyrazole (995 ng, _4.46 mol) in anhydrous THE (12

m ), a hexane sol ution of n-butyIIithTuﬁ?(i.G M 2.79 M, 4.46 mol) was
added dropwi se at -78C. After stirring at the sane tenperature for 1 hour
t hi s sol @t.ieen 3wad adard ndr,o@N Be-3 .85 -4 tw) 2 s0Ut(2m, of) | r5 el hydHporat e
(12.07 mM, 9.37 nmmol) in anhydrous THE (8 m). After stirring at the sane

t enper at wr)e f7an 7t Th@y ,(8Hhe meackt i 1i4G ufZH was) stirred at  room
tenperature for one day and a night. After addition of - 84 saturated
aqueous ammoni W9 (EST’)de38Bh¢Mr@dtti on mixture was extracted with ethyl
acetate. The organic | ayer was washed w th saturated agueous sodi um

chl ori de Exathpdrel dB over nagnesium sulfate. After filtration, the sol vent
was concentrated under reduced pressure. The resulting residue was

puri fi ed lbyl -Aindytd roo] Wiy [Ghr (Ghretystrexypheniel shethiyl-2sol uti on = net hyl ene
chl oride: met hanol (50:1)) to give the titled conpound (314 ng, 37% . [0192]
' H NVR ( ¢bgizoxymedal Jptemy U+ f 1R~ gugpyrawsgetH, m), 7.72 (1H d,
J=1.5Hz), 7.89 (1H, d, J=2.3Hz) M5 (ESI+?: 189 [M+1l] + 2) Synthesis of

1, 1- anhydr o- | - @sfing 4-.yraphyidgyae-1-C-[5- (4-hydroxyphenyl)methyl-2-

yl phenyl ) et hyl - 2- (hydr oxynet h I%phenyl]-B-D—glucop ranose Using

4- pyr azol{(hydxoxymeiiHoriany ki 4, 3 14 16 sketkr Q0 tacetyl-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 (CDs;OD) &: 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+Na]l]®

Example 14

1,1-Anhydro-1-C-[5-(4-pyrazol-1l-yl-phenyl)methyl-2-

(hydroxymethyl)phenyl] -p-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-0-

acetyl -3-D-gl ucopyranose and appropriate reagents, the sanme procedure as
used in Exanple 9 was repeated to give the titled conpound. [0193] 1H NWR
(CD3OD): 3.40-3.52 (1H, m, 3.61-3.70 (1H, nm), 3.72-3.85 (4H, n), 4.05 (2H,
s), 5.11 (2H, dd, J=12.6, 19.8Hz), 6.4§;6.52 (1H n), 7.19-7.39 (5H m,
7.59-7.72 (3H m, 8.12-8.17 (1H, m (ESI+): 425 [M+1l]+ Exanple 15

1, 1- Anhydro-1-C-[ 5- (4- net hoxyphenyl ) et hyl -
(hydroxywa&hyhﬁpﬂeﬁﬁNbOSSDagmuunmynaﬂﬁbzrldB She At dn mixture was

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

(hydr oxy extmactside wilth 2thvd maehiate O dbet proadip lager wasucssheshose
Under a nitrogen stream to a solution of 1,1-anhydro-|-

C- [ 5- chl ¥idkeEREUTALEY, AN tﬁﬂqlp-ﬁ'érﬁh]]alzld@ amEl (dxied @ver

acetyl - (3-D-gl ucopyranose (200 ny 1 mmol) in anhydrous THE (1.0 m), a
THE soIUNQQQQﬂqutﬁﬂ%ﬁﬁQ%ﬂré@ﬁﬁSréé&ﬁFéﬁéoPO thg sod.veat was 0.012 nmmol )
and N—nethylpyrrolldlnone (0.16 M, 1.64 mol) were added dropw se at room
t enper at GORCER tRAtesy URGedn Iesucad RIRSSRe, y ThegFesulhind Fefidque 25 M
1.72 m) was added dropwise over 5 minutes at roomtenperature. The

react i on WSk PRTA fied BY HIAFHClBn (RNakFARRY (FRVePIRGd a ni ght .

Af ter addltlon of 2N h drochlorlc aC|d ( ghe reaction n1xture was
ext r act e AR O hylm"é%’é& @qlgﬂﬂe st WhsHR I htRet ur at ed

hl or r r n m sul f . After filtr n
aqueous s{:odlluerg c%mp%ulndde( d4 dmg|,6d3 Q/)e magnesi um sul f at e te iltration,

[0192] 'H-NMR (CDC1l;) &: 6.45-6.50 (1H, m), 7.52-7.64 (4H,
m), 7.72 (1H, 4, J=1.5Hz), 7.89 (1H, 4, J=2.3Hz)
MS (ESI'): 189 [M+1]’
2) Synthesis of 1,l-anhydro-1-C-[5-(4-pyrazol-1-
ylphenyl)methyl-2-(hydroxymethyl)phenyl]-f-D-glucopyranose
Using 4-pyrazol-l-yl-phenylboronic acid, 1,l-anhydro-1-
C-[5-chloromethyl-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.

) [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, 44, 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]-f-D-glucopyranose

1) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-

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

1H 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- ¢g507 (1H, m), 4.27-4.37 (2H, m, 5.13
(1H, d, J=12.3Hz), 5.21 (1H, d, J=12.3Hz), 5.27-5.34 (1H, m, 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 (1HIWWC I@WﬁFﬁéS|s of 1, 1-anhydro- I-C—[5 (4- met hoxyphenyl ) et hyl -

gh{d;gﬁgg\reghlyl_ épherxl_yl] gl uc%%%gf,ﬁfﬁo %Slsrz)%.utlon of 1,1-anhydro-1-
ppropr | “%é&%éw st 00 DL | +# Ghefipt LoV HATOT epoat ed
gosgl \?ie4t St 1|'3%%C ?Pg’o‘lffé‘ Sgﬁlﬁ F“%N'g; 9133"9“2[:)31)3—"1& ngr %7T’§%1H, d,
(1 5% Behiby aﬂﬂ-‘ moam?tﬁéc?rgsofﬁi o S s efebhnl O o
‘CI)';bIt 22 1- 31}0“?88 can a 00012) ﬁ%‘:dﬁ? h&é‘?ﬁri 011 {Iﬁor?%gﬁ@ ﬂgn'%r gtggh
e T e AT, BRSSP

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 (CDC1;) &: 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

(14, 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 1,1-anhydro-1-C—[5-(4-methoxyphenyl)ethyl—2-

(hydroxymethyl )phenyl]-f-D-glucopyranose

Using 1,1l-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-

(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-acetyl-p-D-



glucopyranose and appropriate reagents, the same procedure as
used in Example 9 was repeated to give the titled compound.
[0195] 'H-NMR (CDs;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 (1H, 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.

[0196] [Table 1-1]



Example 11 O OHHO OH OHI1 / I / \ Exanple 12 0~ OH HO OH OH OH Exanple
13 ~ OH HOOOH OH Exanple 14 GO OHHOOH OH/ 1 0, | / Exanple 15 O "OH
HO OH OH [0198] [Table 1-3] 89 - Table 1-3 'H NWR (CD30D) 6: 2.28 (3H, s),
3.41-3.50 (1H, m, 3.62-3.68 (1H m, 3.75-3.83 (4H, m), Exanple 16 0 CH

3.95 (2H, s), 5.10(2H, m, HO 7.04-7_-1y(4H m, 7.17-7.22

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]



OH (3H, m) OH M5 (ESI+): 395 [MrNa]' ' H NVR (CD30D) 5: 2.08 (3H, s),
3.44-3.51 (1H, n), 3.63-3.69 (1H ), 3.75-3.84(4H m, 3.98 Exanple 17 OHH\~
(2H, s), 5.10 (2H, m, 6.96 HOp O (1H d, J=7.6HZ), 7.17-7.25 OH (4H m),
7.36-7.38 (2H, n) OH M5 (ESI+): 438 [MrNa]' 1H NVR (CD30D) b: 3.40-3.50
Cl" r(;, 0O(1H m), 3.62-3.68 (1H, D)gg Exanple 18 p OH 3.74-3.84 (4H, m,
3.91(2H, s), 5.10 (2H, nm), 5.87(2H, s), HO OH 6.67-6.70 (3H, m, 7.21(3H,
s) OH MS (ESI+): 425 [M+Na]' 1H NVR (CD30D) 8: 3.37-3.50 (1H, m,
3.62-3. 64 > 2 3.74-3.84 (4H. m . 4.10 (2H, Exanple 19 Op OH s
(2H m [ 7.24 (3H |HOs), 7.41 (2H d, P=8.1Hz), OH7.62 (2H d
OH MS (HSI+): 406 [
(1H, m,| d 3.73-3.

7.13-7.17 HO (1H,
Example 11

0D) 6: 3.40-3.51 (1H, m,
, Exanple 20 . OH s), 5.11
6- OH 7.41 (2H m

Example 12

Example 13

Example 14

Example 15

[0198] [Table 1-31



OH M5 (ESI+): 449 [M+Na]' [0199] [Table 1-41 - 90 - Table 1-4 'H NMWR
(CD30D) S: 1.35 (3H, t, J=6.9Hz), 3.39-3.49 (1H n), 3.61-3.69 (1H m,
3.72-3.85 Exanple 21 OH (4H, m, 3.93 (2H s), 3.99 (2H q, J=6.9Hz), 5.10
(2H, nm), HOOH 6.77-6.83 (2H, m), 7.07-7.14 OH (2H, m), 7.20 (3H m M
(ESI+): 403 [Mrl]' 1H NVR (CD30D) Si- 3$32-3.50 F (1H, m), 3.61-3.71 (1H,
m, 3.71-3.85 (4H, n), 4.10 (2H, Exanple 22 0 OH FF s), 5.11 (2H, m), 7.25
(3H m, HO7.37:7.45 (2H ), 7.52-7.60 OH (2H m OH M5 (ESI+): 427
[M1]'  TRPARRLCBD30D) S: 3.40-3.50 i 0 (1H ). 3.62-3.70 (1H m,
3.73-3.85 (4H, m), [4.03 (2H, Exanple PR3 0 OHF FF S), 5.11 (2H, n)|,
7.11-7.86 HO OH (] | A4 NMR \HCPOD) 87 -2 NMR (BBD3BD) |S:
2.43(3H s) 8 3.1 .6324§~ 85°F_‘x‘f§‘rrg!“é 2% 6308 ¢4 H, (M,
3. 72-13. n} 75-3.83 (4H, m),
ample 6 3. 95 (24, s), 5.10(2H, m),

7.04-7.10 (4H, m), 7.17-7.22
(3H, m)
MS (ESI+): 395 [M+Na]l]®

'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
(1H, 4, J=7.6Hz), 7.17-7.25
(4H, m), 7.36-7.38 (2H, m)

MS (ESI+): 438 [M+Na]®

Example 17

'H-NMR (CD,OD) &: 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, s),
6.67-6.70 (3H, m), 7.21(3H, s)
MS (ESI+): 425 [M+Nal®

Example 18

H-NMR (CDsOD) &: 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, d, J=8.1Hz)

MS (ESI+): 406 [M+Nal®

'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

S

[0199] [Table 1-4]



OH 7.12-7.25 (7H, m) OH M5 (ESI+): 405 [M+1]' 1H NVR (CD30D) 8:
8-3.51 C (1H, m), 3.58-3.70 (1H, m, Exanple 25 O OH 3.71-3.85 (4H ),
9 (2H, s), HOS5.11 (2H, m, 7.15-7.29 (7H, m) OH MS (ESI+): 393 [ M1]"
[0200] [Table 1-5] - 91 - Table 1-5 1H NWVR (CD3QD) 6: 3.39-3.49 (1H,
3.59-3.70 (1H, m), 3.71-3.86 (4H. g}, _4.17 (2H, Exanple 26 00' s), 5.12
m, 7.20-7.49 Ho (6H, m, 7.68 (1H s), 7.71- 7 .83 (3H, m OH M
431 [MeNa]' 1H-NWR (CD30OD) 6: 3.40-3.48 OH (1H, m, 3.60-3.70 (1H,
ablry 1- 3.72-3.86 (4H m . 4.00(2H s), 56 (2H, s), 5.11 (2H,
H 7.15-7.32] (7H, m) OH M5 (ESI )y (
3

g?JB D) 8:
8i F (1H nm, 3. g X .ﬁs §qg% éﬁ@% 841 (4H m,
1, s), 5.11 |(2H, . | 3J 6§ §|%) ,(1HHQ,)C]—I3 75,_93- 523 5H, m
, (4H, m), 3.93 (2H, s), 3.99

(2H, q, 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]*

'H-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)

OH MS (ESI+): 443 [M+1]"
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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]



M5 (ESI+): 399 [ M+Na]4 1H NVR (CD30D) 6: 2.25 (3H,s), 3.40-3.46 (1H, dd,
=9.8, i 8.7Hz), 3.61-3.67 (1H, m, Exanple 29 OO0 OH 3.70-3.84 (4H, m),
.03 (2H, s), 5.10 (2H, m, 7.12-7.20 HO OH (7H, m) OH MS (ESI+): 395
MtNa] ' 1H NMR (CD30D) 8: 2.27 (3H, s), 3.42-3.48 (1H, n), 3.62-3.68 (1H,
M, 3.75-3.85 (4H, m), Exanple 30 0 QH 1 95 (2H, s), 5.10(2H, n), 6.99 HO
t, J=7.1Hz), 7.10-7.22 OH (4H, m OH M5 (ESI+): 373 [M+1]' [0201]

e 1-6] - 92 - Table 1-6 'H- NVR (CD30D) 6: 3.42-3.48 (iH m, 3.62-3.68
m, Taglesl3579 (4H m). 3.96 Exanple 31 O OH (2H.s). 5.03 (2H s),

(?H, m, 6.83-7.22 (3H m, HO 6.83-7.22 (4H m, 7.28-7.41 OH

g) N

'_|-b<—‘

M5 (ESI +): B) (@Ps0B) A2- 3.38-3-B9F (1H m),

.68 (1H m, 3{BY, M 3m9-347060(YHHm) .
3.71-3.86 (4H, m), 4.17 (2H,

Example 26 s), 5.12 (2H, m), 7.20-7.49

(6H, m), 7.68 (1H, s), 7.71-

7.83 (3H, m)

MS (ESI+): 431 [M+Nal]’

'H-NMR (CD,OD) &: 3.40-3.48

(1H, 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+Nal®

Example 27

'H-NMR (CDsOD) &: 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+Nal®

Example 28

'H-NMR (CD,OD) &: 2.25 (3H,s),
3.40-3.46 (1H, dd4, 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
(3H, t, J=7.1Hz), 7.10-7.22

H (4H, m)

OH MS (ESI+): 373 [M+1]"

Example 30

[0201] ([Table 1-6]



5.10 (2H, n), 6.84-6.94 HOO,, OH (2H m, 7.22-7.26 (4H, n) OH MB
| +): 395 [Mr1]' 1H NMVR (CD30D) S: 2.83 (1H, d, F J=6.5Hz), 2.92 (1H, d,
5Hz), 3.34-3.41 (1H, n), 3.55-3.62 (1H, n), 3.69-3.77 Exanple 33 O-
(4H, m), 3.91 (2H, s), 4.41 HO (1H d, 3=6.5Hz), 4.58 (1H, OH d,
5Hz), 5.04(2H, d, OH J=6.5Hz), 7.0%x.15(7H, m M (ESI+): 405 [M"
(CD30D) 6: 3.40-3.51 (1H, m, 3.62-3.68 (1H, n), 3.74-3.84 (4H, n),
H N s), 5.11 (2H, m, 7.19-7.27 Exanple 34 OH (3H, n), 7.32-7.36
TapgrQd~67. 67-7.71 (1H n), 8.35-8 37 OH (1H m). 8 44 (1H d, OH
M5 (ESI+): 360[ M+1]' ' H NVR (GR3@R) (6b,08)08: (334a- 3S1s 3.|41- 3. 48
3.621i $ 3.68 ~4- 388, dxanpke-3xs0QaOH0 (4H M,
4, s), 5.11} (2H '@ ‘@ 38, 7833 . MOl Wmy493( g6l d, J=8.3Hz),
4 (2H, ld 3{48-4 3 (bhmﬂi 5.03 (2H, s), 5.11
xample (2H, m), 6.83-7.22 (3H, m).
HO ~"~OH 6.83-7.22 (4H, m), 7.28-7.41
6H (5H, m)
MS (ESI+): 465 [M+1]*
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'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 32

'H-NMR (CD,OD) d: 2.83 (1H, 4,
J=6.5Hz), 2.92 (1H, 4,
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, d,
J=6.5Hz), 7.09-7.15(7H, m)

MS (ESI+): 405 [M]*

Example 33

!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,
s), 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]1*

Example 34

!H-NMR (CD,OD) &: 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"

Example 35

[0202] [Table 1-7]



[0202] [Table 1-7] 93 - Table 1-7 'H-NVR (CD3OD) S: 3.40-3.51 i N (

3.63-3.69 (1H m,

(2H m,

3.74-3.84 (4H, n), 4.13 (2Hs),

7.26-7.31 (5H,m), 8.40 HO OH (2H, d, J=5.8Hz) OH MS(ESI+):
[M-1]© H 1H NVR (CD30D) 8: 3.40-3.50 N (1H, n), 3.63-3.68 (1H m),

s), 06.89-7.02 (211, m), 7.22-7.24 HO OH (2H, nm), 7.31-7.34 (2H,

7.40 (1H,_ d, J=7.5Hz) MS(ESI +):
(1H, m, Tage

3dvb (1H. m.

398 [ MH1]"

1H, m,
3.75- Exanple 36 00, OH 3.85 (4H m), 4.07 (2H s), 5.12
360
ExanpLeg37.0-- OH 5.12 (2H, m), 6.12 (1H,
m, OH

OH 1H NVR (CD30D) 8: 3.39-3.46
3.72-3.82 (4H. m . 3.89(2H. _s). Exanpl

e 38 O

OH 5. 07

(31, m
3.62-3. 6

(3H m,

(2H, ), 6.556-
OH MB (ESI ) :
8(1H, m, [ 74-34%

5.70 (1H, | dd,
Example 36

7.01-7.06 (1H, m, 7.18- OH

MR NMRD3EB)on$: 83344033 4% (1H
8.(28(mH 3Sk3-PAMRLE. S 9. 65l
36858 dulkl), 4.07 (2H,s), 5.12
(2H,m), 7.26-7.31 (5H,m), 8.40
(2H, d, J=5.8Hz)

MS(ESI+): 360 [M+1]"

7.20

m,
5. 05-5. 18

Example 37

H-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, d, J=7.5Hz)

MS(ESI+): 398 [M+1]'

Example 38

'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+Na]*

Example 39

'H-NMR (CD;OD) d: 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, 4, J=8.2Hz)
MS (ESI+): 407 [M+Nal®

Example 40

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,
s), 4.13 (s, 2H), 5.17 (2H, m),
7.26-7.31 (3H, m), 7.39 (2H, d,
J=8.2Hz), 7.98 (2H, d, J=8.4Hz)
MS (ESI+): 439 [M+Nal®

[0203] [Table 1-8]



HO OH dd, J=17.6, 11.0Hz), 7.15-7.23 OH (5H, m), 7.32 (2H, d, J=8.2Hz) M5
407 [M¢Na]' ' H NMR (CD30D) S: 3.49-3.56 O- (1H, n), 3.69-3.75 (1H,

A OHO 3.81-3.91 (4H, ), 3.93 (3H, Exanple 40 0 s), 4.13 (s, 2H),

H m), HOOH7.26-7.31 (3H, nm), 7.39 (2H, d, OH J=8.2Hz), 7.98 (2H,

.4Hz) N5 (ESI+): 439 [MtNa]' [0298]_[Table 1-8] - 94 - Table 1-8

MR (CD30D) S: 3.42-3.51 i OH (1H, m, 3.62-3.68 (1H n), 3.75-3.84

, 4.08 aZH Exanple 41 0 OH 0 s), 5.06-5.17 (2H, m, 7.21- HO 7.27

Tab3e {12B d, O—|J82HZ)L793 (2H, d, OH J=8.2Hz) M5 (ESI+): 425

[ MrNa] i [F TH NVR (1 s P J5dd) . 4 61y p3 397350 (11

0,--+ OH ), 3.59-3. L agip %)423é62(%H68s()1H BoT1 (2H, m),

5.95 HD OH (1H, tf{ T7s Qs d. Bdr (b, MosMpadi ESI ) :

423[N”1]'E'*+'qNFi£( s), 5.06-5.17 (2H, m), 7.21-

xampLe 7.27 (3H, m), 7.33 (2H, d,

J=8.2Hz), 7.93 (2H, 4,

J=8.2Hz)

MS (ESI+): 425 [M+Nal®

o —

'H-NMR (CD,0OD) 5:3.08 (2H, td,
J=17.5, 4.6Hz), 3.39-3.50 (1H,
m), 3.59-3.85 (5H, m), 3.99
(2H, s), 5.11 (2H, m), 5.95
(1H, tt, J=56.5, 4.6Hz), 7.11-
7.34 (7H, m)

MS (ESI+): 423[M+11"

Example 42

H-NMR (CDC1l;) d: 1.17 (3H, t,
J=7.63Hz), 2.20(3H, s), 2.54
(1H, brs), 2.56 (2H, q,
J=7.63Hz), 3.19 (1H, 4,
J=7.25Hz), 3.66-4.00 (8H, m),
4.25 (1H, brs), 4.54 (1H, s),
5.02 (2H, d4d,J=12.69,
17.93Hz), 6.97 (1H,s), 7.00
(4H, 44, J=8.01, 12.97Hz),
7.14 (1H, s)

MS (ESI'): 423 [M+Nal]

'H-NMR (CD;0D) &: 3.36-3.47
(34, m), 3.64 (1H, dd, J=5.8,
12.1Hz), 3.74-3.83 (4H, m),
4.01 (2H, s), 5.05-5.16 (2H,
m), 7.18-7.23 (7H, m)

MS (ESI*): 441 [M+1]*

Example 43

Example 44

Example 45

[0204] [Table 1-9]



=7.63Hz), 2.20(3H, s), 2.54 J,,0H (1H, brs), 2.56 (2H, ¢, J=7.63Hz), 3.19
1H, d, J=7.25Hz), 3.66-4.00 (8H m), Exanple 43 4.25 (1H, brs), 4.54 (1H,
), 5.02 (2H dd,J=12.69, H OH 17.93Hz), 6.97 (1H,s), 7.00 OH (4H, dd,
=8.01, 12.97Hz), 7.14 (1H, s) M5 (ESI'): 423 [MtNa] 1H NWVR (CD30D) 5:
.36-3.47 F (3H, m, 3.64 (1H, dd, J=5.85 -12.1Hz), 3.74-3.83 (4H, m,
Exanpl e 44 X6, H 4.01 (2H, s), 5.05-5.16 (2H, m), 7.18-7.23 (7H, m HO H M5
(ESI'): 41%1[é\/|+11_]9 OH N N Exanple 45 06 OH HO OH OH [0204] [Table 1-9]
95 - Tahle 1-9 NNR((moms 2.56 (3H_s), 3.41-3.47 (1H n), 3 64 (1H
dd, J=%.8, 12. 1H7) . 4 | "H-FMR{ OCP{OD)43082¢5¢, (3. €).10 (2H,
dd, (3.41-3.47 (1H, m), 3.64 (1H, dd,
J=5.8, 12.1Hz), 3.73-3.83 (4H,
m), 4.08 (2H, s), 5.10 (2H, dd,
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}1"

3
(
S
J
3

Example 46

H-NMR (CD;OD) &: 1.41 (3H, d,
J=6.59Hz), 3.40-3.47 (1H, m),
3.61-3.67 (1H, m), 3.74-3.83
(4H, m), 3.98 (2H, s), 4.74-4.81
(1H, m), 5.04-5.15 (2H, m),
7.15-7.27 (7H, m)

MS (ESI*): 425[M+Na]}’

Example 47

[0205] Test Example 1

Evaluation of inhibitory activity against methyl-oa-D-

glucopyranoside uptake of human Na'-glucose cotransporter

(SGLT1 and SGLT2)

1) Construction of human SGLT1 expression wvector
Human SGLT1 cDNA was amplified by PCR with a cDNA

) library derived from human small intestine (Clontech) as a
template, synthetic DNA primers 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. coli competent cells
(Invitrogen, TOPl1l0) were transformed with the plasmid vector,
cultured in LB medium containing ampicillin (50 mg/L) to grow
ampicillin-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



Exanple 46 0 3=12.6, 19.8Hz), 7.22-7.25 (3H, HOOH m, 7.33-7.36 (2H m,
7.87-7.91 OH (2H, m M (ESI'): 401 [Mt1l]" 1H NWR (CD3OD) 6: 1.41 (3H, d,
J=6.59Hz), 3.40-3.47 (1H, m, 3.61-3.67 (1H, m, 3.74-3.83 OH CH (4H, m,
3.98 (2H, s), 4.74-4.81 Exanple 47 0 (1H, m, 5.04-5.15 (2H, nm, HO CH
7.15-7.27 (7H, m OH M5 (ESI'): 425[M:Nag'- [0205] Test Exanple 1 Eval uation
of inhibitory activity agai nst nethyl-a-D gl ucopyranosi de uptake of human

g‘i"p} g'sgff%ﬁﬁaé"etéé%ﬁi%%&:ﬁ%& 'S%B%&%‘%s Sf%?@%%@crﬁ%%@?;& b %hmab“i Tbrary
ori rer s SR KELRAA oty ror 208 s, G Yoy P M S i o
DNA j i -T ! . onj ng Du
Bromot o1 YERFCF ot Poganprage: cAYRtHERAR oK PRuRR:S FRBEaMRUAS AR, ) e

! oY TR B i e 5 0B 4RO g

anpicillin tog cl ones. asmd
vect or cenkaini huagR .S ; PULf | cl '
St andar d PO TERSes o TRES PERPLIEING, UBRpll ibentBR Wi I A - o6

CDNA added nigestrt GnldoN iR IR HUPreNl i ffed e fEDNME3 21 (-)
(Invitrogen) digested with Eco RI and Hind III by a Rapid DNA
Ligation kit (Roche Diagonostics). E. coli competent cells
(Invitrogen, DH5a) 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 cDNA
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 (TPO1l0)

) were transformed with the plasmid vector, cultured in LB
medium containing ampicillin (50 mg/L) to grow ampicillin-
resistant clones. The plasmid vector containing human SGLT2
cDNA 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 cDNA was digested with Xho I and

Hind III, and ligated into expression vector pcDNA3.1l(-)



end, Hnd Ill at 3" -end) was anplified by PCRwith the plasmd vector as a
tenpl ate, synthetic DNA prinmers containing an additional restriction enzyne
recognition site, and KOD+ DNA Polynerase. This anplified cDNA was di gested
with Eco Rl and Hind Il and ligated into expression vector pcDNA3. 1(-)
(I'nvitrogen) digested wth Eco RI and-Hpmnd-111 by a Rapid DNA Ligation kit
(Roche Diagonostics). E. coli conpetent cells (lnvitrogen, DHSa) were

oot e 15 o it bl ol a1 o
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grow anpi cilI'I'fi- resistant clones. e plasm d vector contal ning human SG.T2
CDNA was (g7 ed fram Ehe 4100%ndh 12 o dudar dli'??éwegtawﬁékprﬁsgi%ﬁ%t

added restriction enzyne recognition sites (Xho | at 5 -end, Hn

3' -end) WammaNRGIT1ed N ERER Wdlird he plasm d vector as a tenpl ate,
synthetic DNA prinmers containing an additional restriction enzyne

recognition siteahnd@DSdI HGYDeBY B51e veldisr ! e asuraiN sges2 di gest ed

with Xho I and Hnd Ill, and ligated into expression vector pcDNA3.1(-) -

97 ;\]di gesdsgitaddioniedtaandds niliddd tdy wistiotive Ro@s tr DO bh 08h 2 Pile 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 SGLT1l or human SGLT2 were selected by the
evaluating the sodium-dependent uptake activity of sugar
) (methyl-o-D-glucopyranoside).
[0208] 4) Evaluation of inhibitory activity against
methyl-a-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 pL/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-



kit. E. coli conpetent cells (DH5a) were transfornmed with the |igated
expression vector and grown in anpicillin-containing LB nmedium Human SG.T2
expression vector was purified from the anpicillin-resistant clone in a
standard manner. [0207] 3) Establishnment of cell lines stably expressing
human SA.T1 or human SG.T2 The human SGg1l- expression vector or the human
SG.T2 expression vector was digested with the restriction enzynme Pvu | and
transfected intQq CHO Kl cells with FUGENE (Roche Diagonostics). After the
transfecPF@ﬁratZHé‘Yéélqtélaxﬁé’rséllfﬁﬂlt%raéﬁldatar@?C in the presence of 5% CQ2 for
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98 - piperazinyl]ethanesul fonic acid and
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-piperazinyllethanesulfonic 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 solutions 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 solutions 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 magnesium chloride, 10 mM methyl-
o-D-glucopyranoside, 10 mM 2-{4-(2-hydroxyethyl)-1-

piperazinyljethanesulfonic acid and



tris(hydroxynet hyl ) am nonet hane, pH 7.4), and the plates were incubated at
37C for 20 mnutes. The pretreatnent buffer in the plates was renoved,
replaced by 50 L/well fresh pretreatnent buffer, and the plates were

i ncubated at 37C for 20 m nutes. Methyl-a-D (U 14C) gl ucopyranoside (6.3 ni,
Amer sham Phar maci a Bi otech, 200 nCi /L) was added to and mxed wth 100 nL
buffer (i.e., a buffer containing 140" nM sodi um chloride, 2 mM potassi um
chloride, 1 nMcalciumchloride, 1 mM magnesiumchloride, 1 mM nethyl-a
D- gl ucopyiasqaivdeoxymery 1)) 4miZometinanest i )7.1)Ri pehaz waghlieigh awesed oni ¢
acid and tris(hydroxymethyl)am nonet hane, pH 7.4), which was used as

upt ake buhketrembesid demediadelwer eTHisswehgRingnprovptake wasf frepemtdd hese
test conmpound sol utions were used for evaluating inhibitory activity.

Upt ake bohicer agiatinquiand aesiel 1c diystisnodast ivged 1adM s axdinim iy dodxitden.
Moreover, for use in neasuring baseline uptake in the absence of sodium
sodi um Pr.é& soldduimod anvaylpseddiade )i washadked immerolwne onf a3 U4 (peny]
choline chloride instead of sodiumchloride. The pretreatnent buffer was
renoved wWedd d&aclsodablildfze: heplcetlds . addMr bydzoetiloy i%5 aicivie! (115 ¢d+)
conpound sol utions, control solution or sodiumfree solution, and the

pl at es wwas addelatted the TEG I diy st arilfutessh Hedlsoland ob} eref ridved and
replaced by 300 L/wel| washing buffer (i.e., a buffer containing 140 nV
chol i ne &gisylitda@g BodMtierasashraisherred to mviamaliateh(Racikerd). nM
magnesi um chl oride, 10 mM net hyl - a- D-gl ucopyr anosi de, 10 nM

2- [ 4- ( 2- g HapaPdate. wens Jetdy iaRayretddn &fuizenn temperatire v -

tris(hydroxynetol)aninonethane, RH 7.4) .. The washi ng buffer
) evaporate the solvent. The samples on the plate were measured

for their radioactivity 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 (ICso 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 ICs, 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




was renoved i nmediately. This washing procedure was repeated once again,

and a cell lysis solution (1 M sodium hydroxide, 0.1% sodium | auryl
sul fate) was added in a volunme of 30 L per well to solubilize the cells. 2
M hydrochloric acid (15 L) was added to the cell lysate in each well, and

40 L of the resulting solution was traneferred to a LumaPl ate (Packard).
The LumaPl ate were | eft overnight at roomtenperature to evaporate the
sol vent . the plate were neasured for their radioactivity
EAPILIALS uning that the val ue obtained by

b b ] ke .| | f | | f |
ignﬁgcu 59 @Qte tgs% D RBe By LENERLLOR ShaR b i PO S ounds. 1 o
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t he conc
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[ 0210] The present 1 nvention enables fhe pr I's1 on spl r oke conpounds,
prodr ugs J4aeteofr 0¥ ddmELUldidtes-related disease or diabetic

complications.



acceptabl e salts thereof, which have an excellent inhibitory effect on
SG.T2 activity. The conpounds of the present invention are also effective
as prophylactic or therapeutic agents for diabetes, diabetes-related

di sease or diabetic conplications. 1 - 101 - CLAIMS 1. A conpound of
Formula (I): [Formula 1] QA Ar' ()n 1d OR O RAOORRZ OR35 (1)
wherein RlL, R2. R3 and R4 are each |ndependently sel ected from a hydrogen
atom a Cl1-C6 al kyl group which nay be substituted with one or nore Ra, a
C7-Cl4 aral kyl group which may be suleiiATM& ed with one or nore Rb, and
-C(=O Rx; 10 Rx represents a Cl1-C6 al kyl group which may be substituted
with one or nore Ra, an aryl group which may be substituted with one or
nore Rb, a heteroaryl group which nay be substituted with one or nore Rb, a
C, - C6 al koxy.group oempomndayfh&oguhslta t(ft)ed with one or nore Ra, or -NReRf;

15 Arl represents an aromatic carbocyclic ring which may
[Formula 1]

Q—A
(CH\Q)n I
o} OR!
0
R*O
OR?

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(=0)Rx;

10 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 heteroaryl 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;

15 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 -(CHz)m-(L)p~- or -(L)p-(CH2)n-:
20 m represents an integer selected from 0 to 2, n

represents an integer selected from 1 and 2, and p



be substituted wth one or nore Rb, or an aromatic heterocyclic ring which
may be substituted with one or nore Rb; Qrepresents -(CHz) m(L)p- or
-(L)p-(CHZ)m; 20 mrepresents an integer selected fromO to 2, n

represents an integer selected froml and 2, and p - 102 represents an

i nteger selected fromO and 1; L reprggents -0-, -S- or -NR5-, R5 is

sel ected froma hydrogen atom a Cl-C6 al kyl group which may be substituted
with one or nore Ra, 5 and -C(=O) Rx;. A represents an_aryl group which may be
subst i t ut ed TORrEReHtE SN dHteay &E%Q’f@tdgrféé%ﬂylo dlipt whi ch nay be
substituted wth ogne or nore Rb, wherein the aryl group or the heteroaryl
group may form a CoR8BFESEMSNGKogettiePTLONR th the aromatic carbocyclic

ring or the aromatikc, heterocyclic ring; Ra is independently selected froma
hal ogen atom a Iﬁ*yd?*%x??fﬁ%ég, fromyanBygrsgpn athmer 8 &Fbﬁb,a ¥ar boxy|

group, a Cl1-C6 al koxy .group whic y. he substituted with 15 one or nore Rc,

an aryl gro®F Wk Eﬁm“ﬁg%ﬁqmﬁr}gﬁ%ﬁfwl%eoﬁ Hor'®PHY, “&n aryl oxy

group which n%g e sg%&%ituted with one or nore Rd, a heteroaryl group
st

whi ch ma d with one or nore Rd, a heteroaryl oxy group which
may be substituted with one.or nore Rd, a ner capt,o 20

al kyl thio group Eﬁpﬁ?%ss@ﬁlstaﬁy @E%F{ RS Y %OEQ%S?‘H%EC@%
a0 ko Sul {1t R, W SR o SR A SR Sl ARGy e @ L
substituted with one or more Rb, wherein the aryl group or
the heteroaryl group may form a condensed ring together
10 with the aromatic carbocyclic ring or the aromatic
heterocyclic ring;

Ra is independently selected from a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a C;-C¢ alkoxy group which may be substituted with

15 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 heteroaryl group which may be
substituted with one or more Rd, a heteroaryloxy group
which may be substituted with one or more Rd, a mercapto

20 group, a C;-C¢ alkylthio group which may be substituted with
one or more Rc, a C;-C¢ 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

25 or more Rc, 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 C;-Cg



whi ch may be substituted with one or nore Rc, -NRfRg, a Cl1-C6

al koxycar bonyl group which may be substituted with one 25 or nore Rc, and a
Cl- C6 al kyl carbonyl group which may be substituted with one or nore Rc; Rb
i s independently selected froma Cl1-C6 al kyl group which may be substituted
with one or nore Rc, a C3-C8 - 103 cyclioas kyl group which nmay be
substituted with one or nore Rc, a C2-C6 al kenyl group which may be

substi t ut ed ggﬂ] |
substituted Cyi’v(v‘f {bh‘ﬂ el g{rdr%{ & ag Cl4 ara yl%dr)g&owv\h%
substituted gy th %}ecg’raﬁ@éﬁyfd?ré‘uﬂa\!vﬂ%ﬂ ﬁapnbeasaugwmedgweﬁ oﬁecyano

group, a nitro group, a carboxyl group, a - al koxy group which nmay be

substituted i i, RS mzeCGRﬁlk‘;‘ﬂyi‘r@ffoggOHHll'Sﬁ' by ™BY¥ Bepsuhehikut ed
with one or nore Rd, an aryloxy group wh may be substituted with one or

10 nore Rd, i fEtEHOBY ImdFOUR: Wi o, Ty D BUPStd#sS0yMi &1 mepener nor e
Rd, a heteroaryloxy group whi ch may be substltuted wth one or nore Rd, a

ner capt 0591 G3ifbs i teleded wiHKYdddi Or Hiek® R H@]{o%&x SaosHh | taltleﬂdfbwlone
or nore Rc, a Cl-C6 al kyl sul finyl group which may substituted 15 with

one or nore d¥our, G -dyfared kyttSwph f o yih i €F & Upr Wiy Cha N@yrbdey Bugsbup t&d Wi th
one or nore Rc, -NRfRg, a Cl-C6 al kyl carbonyl group which may be

substitut ed gy-Id ankogRy ghoup Which fadyCbeakibxytanliedywighovpewbirc oty be
substituted with one or nore Rc, a Cl-C3 al kyl enedi oxy 20 group, a

het er ocycl yIR@s caup,amyl ardep esloryls | whpXye g5 bt i tEed switiiepeadent hgre
sel ected froma hal ogen atom a hydroxyl group, a cyano group, a nitro
group, a carkdxydn aryloxy group which may be substituted with one or
10 more RdA, a heteroaryl group which may be substituted with
one or more Rd, a heteroaryloxy group which may be
substituted with one or more Rd, a mercapto group, a C;-Cg
alkylthio group which may be substituted with one or more
Rc, a C;-C¢ alkylsulfinyl group which may be substituted
15 with one or more Rc, a C;-C¢ alkylsulfonyl group which may
be substituted with one or more Rc, -NRfRg, a C;-Cg
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
20 group, a heterocyclyl group, and a heterocyclyloxy group;
Rc is independently selected from a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a C;-C¢ alkoxy group, an aryl dgroup which may be
substituted with one or more Rd, an aryloxy group which may
25 Dbe substituted with one or more R4, a heteroaryl group
which may be substituted with one or more R4, a

heteroaryloxy group which may be substituted with one or

more Rd, an amino group, a C;-Cs alkylamino group, and a



group, a Cl-C6 al koxy group, an aryl group which nmay be substituted with
one or nore Rd, an aryl oxy group which may 25 be substituted with one or
nore Rd, a heteroaryl group which nay be substituted with one or nore Rd, a
het er oaryl oxy group which nmay be substituted with one or nore Rd, an am no
group, a Cl1-C6 al kyl am no group, and a -1d4#4- - di-(Cl-C6 al kyl)am no group;
Rd is independently selected froma Cl1-C6 al kyl group which may be

substituted ﬂ_gr&ﬁgggoxy]ﬁggigmmégggg% toms, a C7-Cl4 aral kyl group, a

hal ogen at om oup, ano group, a nitro group, an am no

o ent o a byl B T HANR A & o onp AN 2T BFGE OHPOUES

represents a hydrogen atom "a group ich 'may

wi th one or 8 R AW s 11 ' dHf% n&ii@tﬂéiﬁf& b L one, or
nore Rd, or V’gﬁl hetye?{)éary sgr oup &%ﬁhrray e&gu stitute WY\% %hrlle' g? nor e
Rd; Rf represepls A0 b O Hafoden Groih K 18 @by WG EHupBYa be
substituted wi t?ﬁ4 one or m)rel%c; anda Rgéé:rzapresents r?hydr%jéﬂ% at%%aa Cl-Co6

al kyl greup oyl JMYrdup BYa B S ddl e 4o iR griodgl; B @ Jey! car bonyl

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

be substi t utedey 4nii PG RBup P Ehdh @ - (ELe 081 ¥y 1JaRYAWELehpIRY be
substituted with one or nore Rd, a carbanoyl group, a Cl1-C6 al koxycar bonyl

group which 20 maRdeaepgisddrity eyl Wdrb ¥t HoMPrL£ dcc0h1RyELlgEBup
al kyl sul fonyl group which may be substituted with one or nore Rc, or,
which may be substituted with one or more Rc, an aryl group
which may be substituted with one or more R4, or a
10 heteroaryl group which may be substituted with one or more
Rd;
Rf represents a hydrogen atom or a C;-C¢ alkyl group
which may be substituted with one or more Rc; and
Rg represents a hydrogen atom, a C;-C¢ alkyl group
15 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 R4, a
heteroaryl group which may be substituted with one or more
R4, a carbamoyl group, a C;-C¢ alkoxycarbonyl group which
20 may be substituted with one or more Rc, or a C;-Cg
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
25 they are attached,
or a pharmaceutically acceptable salt thereof, with a
proviso that 1,l-anhydro-1-C-[4,6-dibenzyloxy-2-

(hydroxymethyl)phenyl]-DL-glucopyranose, and 1,l-anhydro-1-



Re and Rf, or Rf and Rg may forma 4- to 7-nenbered heterocyclic ring
together with the nitrogen atomto which 25 they are attached, or a
pharmaceutically acceptable salt thereof, with a proviso that

1, 1- anhydro- | - C-[ 4, 6-di benzyl oxy-2- (hydroxynet hyl ) phenyl ] -DL-gl ucopyr anose,
and 1, 1-anhydro-I - 105 - - 105 -

C-[ 4, 6-di benzyl oxy- 2- (hydr oxynet hyl ) phenyl ]-2, 3,4, 6-tetra-

O acet yl - DL-gl . ycopw. e ex IgQﬁ%; EB% | oy dir claim
1, wherein 1,[%&, %&3’%9‘2‘3(&%353’ 2;((eih ac Xliﬁﬂcfetp nd)gn{ I yig(ejlz’g'cc“tp'e{i’déf P%erélga

hydr ogen at gr dyCAH d%ﬁxfﬂﬁ$ | }E%- | kyl group which may be
substi t ut ed%vn\}atch neD;)LrC(g-r:rLI()aZe a or S?(ér%cgaa l%)%yda'group whi ch may be

substituted with eag UorRhhd Acrdnd R EAGAY i1CalineA0GeRiable spbt
thereof. 3. The conpound according to claim1, wherein RlL, R2, R3 10 and R4

are each a Ryy ggegrat @8EchOkindepRAnRREEY! isealelot ed@eeoRl DM BVderd iRl . 4.
The conpound according to any one of clains 1 to 3, wherein Arl is a

phenyl eng grQup (= )t eMHE T HLWP.c,-eRCA1RY1VWgH6hp "N i8R aHPSHet ut ed
with one or nore Ro, or a 15 pharnaceutically acceptable salt thereof. 5.

The conpound, ARGt Wi NSOt @IS dr 1 d-c,Waekeky Brbepl and p is
0, or a pharmaceutically acceptable salt thereof. 6. The conpound accordi ng

to any one Ghidringy bd GubstidutdEneith loné dr Méré wharemcgutically
acceptable salt thereof. 7. The conmpound according to any one of clains 1
to 6, pharmaceutically acceptable salt thereof.
3. The compound according to claim 1, wherein R!, R?, R?
10 and R* are each a hydrogen atom, or a pharmaceutically
acceptable salt thereof.
4, The compound according to any one of claims 1 to 3,
wherein Ar' is a phenylene group or a thienylene group,
each of which may be substituted with one or more Rb, or a
15 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 pharmaceutically acceptable
salt thereof.
6. The compound according to any one of claims 1 to 4,
20 wherein n is 1, or a pharmaceutically acceptable salt
thereof.
7. The compound according to any one of claims 1 to 6,
wherein Ar!' has the substituent -Q0-A on its ring atom that
is 2 atoms apart from the ring atom directly attached to
25 the substituted glucitol group, or a pharmaceutically
acceptable salt thereof.
8. The compound according to any one of claims 1 to 7,

which is represented by Formula (Ia):



wherein Arl has the substituent -Q A on its ring atomthat is 2 atons apart
fromthe ring atomdirectly attached to 25 the substituted glucitol group,

or a pharmaceutically acceptable salt thereof. 8. The conpound according to
any one of claims 1 to 7, which is represented by Fornula (la): 106 -
[Formula 2] -A Cki (CH2)n O DRS 0 R406 OBB -OR3 (la) or a pharnmaceutically
acceptable salt thereof. 5 9. A conpound sel ected from

1,1-anhydroT b?ﬁhia( ]ethylphenyl)nethyI-Z-

(hydr oxynet hyl') phenyl |- o- D- gl ucopyr anose,

1, 1- anhydro-| - C-[ 5- (2- benzot hi ophenyl ) net h | QA

(hydr oxynet hyl ) phenyl ] - (3- D gl ucopyrangsge, X10

1, 1- anhydro-1-C[5- (4- net hoxyphenyl ) e hﬁk12

(hydr oxynet hyl ) phenyl ]-(3-D- gl ucop

1, 1- anhydro-1-C [ 5-(4-i sopropyl phe@l'a'@ net hyl - 2pRt

(hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyr gnos R

1, 1- anhydro-1 - C-[ 5- (4-cycl opr opyl phenylQmethyl -2 15

(hydr oxynet hyl) phenyl ] - (3- D- gl ucopyr andgse,
1, 1- anhydro-|-C- [ 5-(4-n-propylp

or a pharmaceutically acceptable salt thereof.
5 9. A compound selected from:
1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-{5-(2-benzothiophenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
10 l1,1-anhydro-1-C-[5-(4-methoxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-isopropylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-cyclopropylphenyl)methyl-2-
15 (hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-{5-(4-n-propylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-ethylphenyloxy)-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
20 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(2-
hydroxyethyl)thiophen-3-yl]-f-D-glucopyranose,

1,1-anhydro-1-C-[5-(4-biphenyl)methyl-2-



(hydr oxynet hyl ) phenyl | - 3- D- gl ucopyr anose,
1, 1- anhydro-| - G [ 5- (4- et hyl phenyl oxy) - 2-
(hydr oxyrnet hyl ) phenyl ] - (3- D- gl ucopyr anose, 20

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

hydr oxyet hyl ) t hi ophen- 3-yl]-(3-D gl ucopyr dridse,

1, 1- anhydro-| - G [ 5- (4- bi phenyl )nethyl -2 - 107 -

hydr oxynet hy ettt PY-DLeA™copyranose,

1, 1- anhydro- Iy] C[5-(4- (S?Tfﬂeﬁiilgh%r o?%r an- pg

yl oxy) pheny! ) et hyl 12y ) (mhand ) -t t2argldresyranase, S
1, 1-anhydro-| -G [5-(4-((R) -tetrahydrofuran- 3-

yl oxy) pheny lpireaiyhetry It theyed -1oH pdaeiid tHy IDp B ie0pyf -amose,

1, 1- anhydro- | - G- [ 5- (4- et hynyl phenyl ) met hyl - 2-

(hydr oxynet glyddmdrodes ,D- gl ucopyranose, 10

1, 1- anhydro-| - G [ 5- (4- hydr oxyphenyl ) net hyl -

(hydr oxyset hyl ) phanyllJanh3rd2aH LBy -AOSE( R ) -tetrahydrofuran- 3-

1, 1- anhydro- | - G- [ 5- (4- pyrazol - 1-yl phenyl ) met hyl - 2-

(hydr oxymet hyloxphephedy] Brdigt Lcdpiinphoseyme thyl ) phenyl] -B-D-

1, 1- anhydro-| - G- [ 5- (4- net hoxyphenyl ) et hyl -2- 15

(hydr oxynet glygipymdrodd D- gl ucopyr anose,

1, 1- anhydro- | - G- [ 5- (4- et hyl phenyl ) net hyl - 2
(hydroxynethyl)phémﬂ1aﬂhxﬂEﬂ1&xﬁn&5ﬁkﬁﬁﬁthynylphenyl)methyl-z-

1, 1-anhydro-| -G [5-(3- acetan1dophengl)nethyl

( hydr oxynet hSh&)C})TF@FWFG}tTRZBI@ﬂQR;‘bbh uggpyranose,
1, 1- anhydro-| - C [ 5- 4- nethylenedlox henyl ) net hyl -
2- (hydrék’ymst hyl )phehw}hw@gl oyt roxyphenyl)methyl 2-

1, 1- anhydr o- I-C-[5 (4- cyanophenyl}nethyl-z
(hydroxymethyl )phenyl]-p-D-glucopyranose,

1l,1-anhydro-1-C-[5-(4-pyrazol-1-ylphenyl )methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-
15 (hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(3-acetamidophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
20 1,1-anhydro-1-C-[5-(3,4-methylenedioxyphenyl)methyl-
2- (hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-cyanophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(3,4-dichlorophenyl)methyl-2-
25 (hydroxymethyl)phenyl]-B-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-ethoxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,

1,1-anhydro-1-C-[5-(4-trifluoromethylphenyl)methyl-2-



(hydr oxynet hyl ) phenyl | - R- D- gl ucopyr anose,

1, 1-anhydro-| -G [5-(3, 4-di chl orophenyl ) net hyl - 2- 25

(hydr oxyrnet hyl ) phenyl | - p- D- gl ucopyr anose,

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

(hydr oxynet hyl ) phenyl ] - 3- D- gl ucopyr anose; 108 -

1, 1-anhydro-| -G [5-(4-trifluoronethyl phenyl)nethyl-2 - 108 -

(hydr oxyret hyl ).phe ~j.3-D-al PYAr_an
1, 1- anhydr OR?(‘-Y) -1 [og{]yﬂét[ﬂmi)lpa%p &rc?@t 0333 %r?ﬁ%yﬁeat%oyﬁe-'
2- (hydr oxynet hyl ) phgnyl | - - gl_UcoRyranase, -
1,1-anhydro-|-C-[@J?4¥ﬁ%Pﬁgﬁgg1?gﬁgydﬁény ﬁ%ﬁ %ﬂm%fq?xyphenyl)methyl
(hydr oxynet hyl - I ranose,
(1,hl;janhydr ?h [(?y?yépc%}&lgﬁl%g%]n@?ﬁfIg-li'l-COPYranose !

ydr oxymet hyl ) phen - (37 1GQRE_GNO: 9o
1, 1-anhydro-| -G | g—'{lngg{%&ha Og.nl %O% rar(erlttjﬁﬁt_l"é\[_lsulfanylphenyl)methyl 2

hyd t 7 :
R L

1, 1- anhydro-1 -

(hydroxynﬁthy|)thﬂﬂﬁBﬂﬁ%d%dﬂﬂl WA Whlorophenyl )methyl-2-
1, 1-anhydro-| -G [5-(4-fl uorophenyl) net hyl - 2-

hyd t
(hydroxyne fvﬂQdﬂuﬁyﬁdtﬂitiﬁu%ﬁgﬁﬁ%qégﬁﬁﬁycopyranose,

1, 1- anhydro-1-C [ 5-(2-met hyl p 2- 15

(hydroxynet hyl) phenyl arfirda @ -UcapyrsanGsfphthalen-2-y1l)methyl-2-
1, 1- anhydro-| - G [ 5- ( 3- net hyl phenyl ) net hyl - 2 Y Y

(hydr oxymet hytydheeythd tH Bt IPHARMEDPYE Ga$EBucopyranose,
1, 1- anhydro- | - C-[ 5- (3- benzyl oxyphenyl ) net hyl - 2-

(‘hydr oxywoet hyl ) pheanyl {arhdg Ucapyranoschy@fbxymethylphenyl )methyl-2-
1, 1-anhydro-| -G [5-(2, 4-di fl uor ophenyl ) net hyl - 2-

(‘hydr oxynet hithydehexghé £18y D mh ercybl/+ ibsgl ucopyranose,
1, 1- anhydro-| - C [ 5-(4-(2-fluoroethyl)phenyl)nethyl -2
1,1-anhydro-1-C-[5-(4-fluorophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(2-methylphenyl)methyl-2-
15 (hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(3-methylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-~anhydro-1-C-[5-(3-benzyloxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
20 1,1-anhydro-1-C-[5-(2,4-difluorophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-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-
25 (hydroxymethyl)phenyl]-pf-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methanesulfonylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,

1,1-anhydro-1-C-[5-(pyridin-4-yl)methyl-2-



(hydroxynet hyl ) phenyl ] - (3- D- gl ucopyr anose,

1, 1-anhydro-| -G [5-(pyridin-3-yl)nethyl-2- 25

(hydr oxymnet hyl ) phenyl ] - (3- D- gl ucopyr anose,

1, 1- anhydro- | - G- [ 5- (4- et hanesul f onyl phenyl ) net hyl -

(hydr oxynet hyl ) phenyl | - (3- D- gl ucopyr anosegg -

1, 1-anhydro-| -G [5-(pyridin-4-yl)methyl-2 - 109 -

(hydroxymet h T Yk aho

1, 1- anhydr o- V&%: %Eii gpﬂ%Hg?fn%?ﬁ ?f%copyranose,
(hydroxynﬁthy|)phePYiJaﬂd§bﬂ$UPQ@¥ §npfﬁ*1ndol 2-yl)methyl-2-

1, 1-anhydro-| -G [5-(3-hy oxypheny )nmethyl-2 5

(hydroxymet h dt BEPRYLBDHSEL ,

1, 1- anhydr o- Yﬁ%:[S 4- vﬁ% %%en?l?ngthyﬁ poopyrancse
(hydroxynﬁthy|)pheﬁYilaﬁhﬁhﬁéufo@y[§ﬂp§ehydroxyﬁhen¥l)methyl-2—
1, 1- anhydro-| - G- [ 5- (4- net hoxycar bonyl phenyl ) net
(hydroxympthyﬁ?@h@ﬂ§hétﬁ§iﬁﬁhéﬁ?ﬂ?ﬂ?nﬁs luc&eranose

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

(hydr oxynet hyl ) phenyl } ahRBy &gt ucopys anmselnylpﬁeﬁymyﬁléehidc-zL5- (4-(2, 2-

di fl uor oet hyl ) phenyl ) net hyl - 2- (hydr oxynet hyl ) phenyl ]-[ 3-D gl ucopyr anose,

1, 1- anhydr o- (hgdfbx e ehiry ) phenyl ) At bygildcopyranose,
(hydr oxynet hyl ) - 4- net hyl phenyl | - 4- D- gl ucopyr anose,
1, 1-anhydro-1-C [ 51 (#-4@h@dPo-1-C-[5-(4-methoxycarbonylphenyl)methyl-2-

trifluoroethyl)phenyl)nethyl-2-(hydroxynet hyl)phenyl]-p-D gl ucopyranose,

1, 1- anhydr o- (hgdfbxyrieehfr})) phenyll) rptbhygliicopyranose,
(hydroxynet hyl ) pyrazi n-3-yl ] - R- D- gl ucopyr anose,
1- anhyld¥ o- | - C- [ 51 ¢ #-anbygdrphéngt ] e Ayagboxyphenyl)methyl-2-
(hydroxymethyl )phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-(2,2-
difluoroethyl)phenyl)methyl-2- (hydroxymethyl)phenyl]-f-D-
glucopyranose,
15 1,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl) -4-methylphenyl]-f-D-glucopyranose,
1l,1-anhydro-1-C-[5-(4-(2,2,2-
trifluoroethyl)phenyl)methyl-2- (hydroxymethyl)phenyl]-f-D-
glucopyranose,
20 1,1l-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl )pyrazin-3-yl]-B-D-~glucopyranose,
1,1l1-anhydro-1-C-[5-(4-acetylphenyl)methyl-2-

(hydroxymethyl)phenyl]-f-D-glucopyranose, and

1,1-anhydro-1-C-[5-(4-(1-hydroxyethyl)phenyl)methyl-2-

25 (hydroxymethyl)phenyl]-f-D-glucopyranose,
or a pharmaceutically acceptable salt thereof.
10. The compound according to any one of claims 1 to 8,

wherein one or more substituents present on Ar' are

15

20



(hydr oxynet hyl ) phenyl ] - 3J3- D- gl ucopyr anose, and

1, 1-anhydro-| -G [5-(4-(1-hydroxyet hyl)phenyl) net hyl -2- 25

(hydr oxynet hyl ) phenyl ] - 3- D- gl ucopyranose, or a pharnaceutically acceptable
salt thereof. 10. The conpound according to any one of clainms 1 to 8,
wherein one or nore substituents present anjAgl -are - 110 independently
selected froma Cl1-C6 al kyl group whi ch nay be substituted with one or nore

Rc, a C3-C8 s h 0 Rc,
a C2-Co6 alkeﬁ&% group%gfg%? %e su stltu dg%#?% g % Wﬁ%?@ %3905%
C2-C6 al kynyéu&r%m %myorbee SHARdEd uied i hcgneye&oamn&@ ¢oup C7-Cl4

aral kyl group which may be substituted wth one or nbre Rd, al ogen atom

a hydroxyl qipidh mhy YLK OLPatEd Wi SHOUPr mof&IBOXYA @{mgp, a Cl1-C6
al koxy, an aryl group whi ch may be substituted with one or 10 nore Rd, an

aryl oxy group ¢l geupesidsthdytes yhbst PHete @ wih €ofé, o rh@i:@rpar yl
group which may be substituted wth one or nore Rd, a heteroaryl oxy group

which may bes sulst Al kyagiWgEBupn@hethmag Be, sabeehie¢aRea gieupona Gk C6
al kyl thi o group which may be substituted with one or nore 15 Rc, a Cl1-C6

al kyl sul fi nyhos orR, VA T+ OTRYaBL1 BYDS§éu &h i ¥t tHap e Osub®t etikteda Cl- C6
al kyl sul fonyl group which may be substituted with one or nore Rc, -NRfRg, a

Cl-C6 al kylwitibosyd o ahprevRE) avlabegenbstom Pt @dhywitbxpbegpbupoae Rc, a
Cl- C6 al koxycarbonyl group which may be 20 substituted with one or nore Rc,

a Cl1- C3 al kydeawesi gxgup gr @ upi t eo hgteupcyal gargoewp, grodpa aeCer@cycl yl oxy
group; and Rc, Rd, Rf and Rg are as defined in claim1,
alkoxy, an aryl group which may be substituted with one or
10 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 more R4, a mercapto group, a C;-Cg
alkylthio group which may be substituted with one or more
15 Rec, a C;-C¢ alkylsulfinyl group which may be substituted
with one or more Rc, a C;~-Cgs alkylsulfonyl group which may
be substituted with one or more Rc, -NRfRg, a C;-Cg¢
alkylcarbonyl group which may be substituted with one or
more Rc, a C;-C¢ alkoxycarbonyl group which may be
20 substituted with one or more Rc, a C;-C; alkylenedioxy
group, a heterocyclyl group, and a heterocyclyloxy group:;
and Rc, R4, Rf and Rg are as defined in claim 1,
or a pharmaceutically acceptable salt thereof.
11. A compound of Formula (Ib):

25 [Formula 3]



or a pharmaceutically acceptable salt thereof. 11. A conpound of Fornul a
(Ib): 25 [Formula 3] - 111 - Art (C 12)n 01111...... ".0P O P40 OP2 OP3
(I'b) wherein n represents an integer selected from1 and 2; 5 Ar'
represents an aromatic carbocyclic ring which may be substituted with one
or nore Rb, or an aromatic heterocyclic r-ingmwhich may be substituted with
one or nore Rb; Wrepresents -O-Z or a halogen atom 10 Z represents a
hydrogen atom an acyl group or a benzyl group—FWpZ p3 and P4 are each

i ndependently selected from a hydrogen a an acyl group or a benzyl
group; and Rb is as defined in claim1. A5 i) A pharmaceutical conposition,
whi ch conprises the conpound according {t Arany one of clains 1 to 10, or a
pharmaceutically acceptable salt thereef 13,/ A pharmaceutical conposition
according to clainms 12, for use '%a)ri\la' -pl ucose cotransporter inhibitor.

O“““ '''' _“\\\OP1

wherein n represents an integer selected from 1 and

5 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;

10 Z represents a hydrogen atom, an acyl group or a
benzyl group:

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.

15 12. A pharmaceutical composition, which comprises the
compound according to any one of claims 1 to 10, or a
pharmaceutically acceptable salt thereof.

13. A pharmaceutical composition according to claims 12,
for use as an Na'-glucose cotransporter inhibitor.

20 14. A pharmaceutical composition according to claims 12,



20 14. A pharmaceutical conposition according to clains 12, - 112 for use in
preventing or treating diabetes, hyperﬁtgcenia, di abetic conplications

i nduced thereby, or obesity. 15. The phaTmaceuti cal conposition according to
claim14, wherein diabetes is insulin-dependent diabetes nellitus 5 (type |
di abetes) or non-insulin-dependent diabetes nellitus (type Il diabetes).

for use in preventing or treating diabetes, hyperglycemia,
diabetic complications induced thereby, or obesity.
15. The pharmaceutical composition according to claim 14,
wherein diabetes is insulin-dependent diabetes mellitus

5 (type I diabetes) or non-insulin-dependent diabetes

mellitus (type II diabetes).



