- 1 - SPECI FI CATI ON NOVEL GLUCI TOL DERI VATI VE, PRODRUG THEREOF AND SALT
THERECOF AND THERAPEUTI C AGENT CONTAI NI NG THE SAVE FOR DI ABETES TECHNI CAL
FI ELD [ 0001] The present invention relates to glucitol derivatives, their
prodrugs and their pharmaceutically acceptable salts which are useful as
drugs. Particularly, the present inventign relates to glucitol derivatives,
their prodrugs and their salts which are Gseful as prophylactic or

t herapeutic agents for diabetes sugch_as_insulin dependent diabetes (type |
di abetes) and insulin independent PgﬁéFégATEPype 1 diabetes), diabetic

conplicatio d .di S obesj a vRe C
"nhi bi ¢ i ng @Y%ﬁﬂ@éiﬁﬁﬁopﬁﬁiﬂegim@%@é@ﬁ%&%&%&ﬁé@% n
recent years, A THERAREGFIG T CONFATNENG SR SR PTRRETES t he
westerni zed dietary habits and chronic |lack of exercise and the like. In

di abeti ¢ pECHEICAL FIlRED nsulin secretion and insulin sensitivity are both
reduced due to chronic hyperglycema and this invites further rise in

bl ood sugdoobéyel s t oTHet preseateihlrentdodi redates tbegllnisgssd. As the

t herapeutic agents for diabetes, biguanide drugs, sulfonylurea drugs,

gl ycosi daderinaithivesr, dheds, pnodaugs andsitheamcphammaceutdcaddyt s and t he

| i ke have been used. However, as the side effects associated with these
agents, Raceptabdedssilssi yhighoered usefuilhashbidgugisde &aggdcudngdly, the
hypogl ycem a is reported for sul fonylurea Qrugs and diarrhea is reported for
t he gl yco®rggsati Anventdos red@teserter slucinel derivatives, their

prodrugs and their salts which are useful as prophylactic or

therapeutic agents for diabetes such as insulin dependent
diabetes (type I diabetes) and insulin independent diabetes
(type 1II diabetes), diabetic complications and diseases such
as obesity caused by hyperglycemia by inhibiting Na*-glucose
co-transporter 2 (SGLT2).

BACKGROUND ART

[0002] In recent years, the number of diabetic patients
has increased due to the westernized dietary habits and
chronic lack of exercise and the like. In diabetic patients,
the insulin secretion and insulin sensitivity are both reduced
due to chronic hyperglycemia and this invites further rise in
blood sugar levels to deteriorate the condition of the disease.
As the therapeutic agents for diabetes, biguanide drugs,
sulfonylurea drugs, glycosidase inhibitor drugs, insulin
resistance improving agents and the like have been used.
However, as the side effects associated with these agents,
lactic acidosis is reported for the bigunide drugs, and
hypoglycemia is reported for sulfonylurea drugs and diarrhea

is reported for the glycosidase inhibitors, and therefore the



2 actual condition is that the devel opnent of therapeutic agents for

di abet es having a new nechani smof action different from that of these
drugs is earnestly desired. [0003] It was reported (see Non-patent Docunent
1) that phlorizin, a natural-occurring glucose derivative, inhibits
reabsorption of excess glucose in the kigney by inhibiting sodium dependent
gl ucose co-transporter 2 (SG.T2) present in the Si site of renal proximal
convol ut eGdtual eowdd tiromhisethal WhHeS defeQiopiment o axkirkipeutawr dgeg tef

bl ood sugar |l evels, and since then the study of therapeutic agents for

di abet es floas &l abe tielse h&OlITY ianmeyi mewmhandsmbedn acdden! Widdedenttedrom 0004]
For exanple, in Japanese Patent Publication 2000-080041 A (Patent Docunent
1), Interrthatormdl these catugsn isNearngBrlyoeesdTedrat ent Docunent 2),

W04/ 007517 (Patent Docunment 3) and the like, conpounds used as SG.T2

i nhi bi t or 4 003 Jr epor t dd. wasWreperted (seeclandpatentaDPpcumeat 1)h&hasn or al
adm ni stration, these conpounds are easily hydrolyzed by gl ucosidase
present | PhloTigda.| & Meddmade ascunTiag IIEcogrd dedvatingr middidditea

action quickly disappears. 1In the case of phlorizin, it is reported that
phloret|nrﬁﬂ9§°§ﬂ$1f@oﬁﬁﬂeﬁﬂﬁ§ﬁﬂQLEQQan1nsFP8n§P9nFHhPB'ﬂ@h&b§ﬁd§8

ransport o et kg ahed i shon iy omgffgﬁé%ﬂ%es sl oo 2L

R e e A et e

and 1 mpr QM RRIOTRI AL 18 1% %@&ﬁbﬁor{%w%trfi%p%ft 81‘688"%Uga§“‘i%vels,
and since then the study of therapeutic agents for diabetes
based on the SGLT2 inhibition has been eagerly conducted.
[0004] For example, in Japanese Patent Publication
2000-080041 A (Patent Document 1), International Publication
Nos. W001/068660 (Patent Document 2), W0O04/007517
(Patent Document 3) and the like, compounds used as SGLT2
inhibitors are reported. However, it is regarded as a problem
that on oral administration, these compounds are easily
hydrolyzed by glucosidase present in the small intestine or
the like, and their pharmacological action quickly disappears.
In the case of phlorizin, it is reported that phloretin, the
aglycon of the phlorizin, strongly inhibits a sugar
transporter of the facilitated diffusion type. For example,
when phlorizin is intravenously administered to a rat, an
adverse effect of reducing the intracerebral glucose
concentration is reported (refer to, for example, Non-patent
Document 2).
[0005] Then, in order to prevent such decomposition and

improve absorption efficiency, some attempt to convert such



3 conpounds to prodrugs thereof has been carried out. Wen a prodrug is
admnistered, it is desired that the prodrug be appropriately netabolized
in or near a target organ to change into an active conpound. However, since
various netabolic enzynmes are present in a living body and i ndivi dual
variability is considerable, in many casgs, it is difficult to provide an
action of a prodrug stably. Further, the conversion of the glycoside bond

of the coopmpbdnde & oCprddiugsatherecddnthazadbekeeraatrtiedioad .(r @heh o Pat ent
Docunents 4 to 8). However, further inprovenent of the properties as a

drug, inpkodrag dct admipisteraidol iid disaldelsiirgdarnthatthéhlel perodrag thenanded.
Pat ent Docunent 1. Japanese Patent Publication 2000- 080041 A Patent
Docunent apprepsinieilynaietaboliced dn Ky newd0d e83@ed Pagphl o Rhasge
Docurment 3: International Publication No. WO04/007517 Panphl et Patent
Docunent 4ntosapagshilveusiompeungn 260Yeyere7 4 iacepyaioupoagiapolic US
Pat ent Publication 2002/ 137903 A Patent Docunent 6: |nternational
Publ i cat i 6RZNBeS\9Ee PXEE2gtpdipd di Vihage PodNo dde AN GAViANAdr nat i onal
Publ i cati on No. W02/ 083066 Panphl et Patent Docunent 8: International
Publ i cat i BATREPLL9$Y4 AT SPIS1O8FFRLE ROnMBAYe fRSBScufdnds] diffigulg to
Invest.. 23vial A0 SATRE oA RAE Ny RSHTETt Furthe<Cengt 388 (1983)
conversion of the glycoside bond of the compound to a carbon-
carbon bond has been attempted (refer to Patent Documents 4 to
8). However, further improvement of the properties as a drug,
including activity, metabolic stability and the like are
demanded.
Patent Document 1: Japanese Patent Publication 2000-
080041 A
Patent Document 2: International Publication No.
WO01/068660 Pamphlet
Patent Document 3: International Publication No.
WO04/007517 Pamphlet
Patent Document 4: US Patent Publication 2001/041674 A
Patent Document 5: US Patent Publication 2002/1379063 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, 397-404 (1994)

Non-patent Document 2: Stroke, 14, 388 (1983)



4 - DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0006]
The object of the present invention is to provide glucitol derivatives
havi ng suitable properties as drugs. The object of the present invention is
particularly to provide glucitol derivatives which have bl ood sugar | evel

| owering action and furthernore have suytable properties as drugs such as
prol onged effect, netabolic stability and safety. Furthernore, the object
of the pr®&ISCLOSURENOFOITHEs INVENTIWNde pharmaceutical conpositions which
are used in the prophylaxis or therapy of diabetes such as

i nsul i n- dEBOBAEN T@ BFetSOL.VED \BYe THE]IAWENTIPNand i nsul i n-i ndependent

di abet es &type Il diabetes), diabetic conplications and diseases such as
obesity d8996d by hypBegPpderitacfMEARSPTEsSUEVENYREL PROBLEMEPORBTPYiAS t he
result of strenuqus investigations by the present inventors in order to
achi eve t §dugddPd- deddmatdyesobaddng suddablfe REOPSTEGRd 2Ph AT UGFe gfk€i to
derivative;_ r%pr%s& ted by fqorrmula (1)) have ex elgﬁnt SAE_T2 i nhi hition
activity, °2R&% emts R efig &é’nbéénPEG%ﬁF B4lY t8oBEPVHASt s,
according to qne.aspect qf. the present invention, there iis.provi.ded a
Compound  SASFaLEh 8 oy Rdvien APIEh) PegsoBioPRoPHurE 1PveL IBUEHIAE A A 1
OorR

action and furthermore have suitable properties as drugs such
as prolonged effect, metabolic stability and safety.
Furthermore, the object of the present invention is to provide
pharmaceutical compositions which are used in the prophylaxis
or therapy of diabetes such as insulin-dependent diabetes
(type I diabetes) and insulin-independent diabetes (type II
diabetes), diabetic complications and diseases such as obesity
caused by hyperglycemia.

MEANS TO SOLVE THE PROBLEM

[0007] As the result of strenuous investigations by the
present inventors in order to achieve the above-described
objects, the inventors found that the glucitol derivatives
represented by formqla (I) have excellent SGLT2 inhibition
activity, and the present invention has been completed.

[o008] That is, according to one aspect of the present
invention, there is provided a compound represented by formula
(I)

[0009] [Formula 1]



0 rOR2 OR4 OR3 (1) [0010] wherein mis an integer selected from1l to 3;

Rl, R2, R3 and R4 are each independently 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 may be substituted with one or nore Rb, and -C(=0 Rx; RXx
is a Cl-C6 al kyl group which nmay be substituted wth one or nore Ra, an
aryl group which may be substituted witR one or nore Rb, a heteroaryl

group which nay be substituted with one or ég 3 Rb a Cl-C6 al koxy group
whi ch may be substituted wth one or 2@ - ReRf Arl is a naphthyl
group which may be substituted wth le or nore Rb; A is a heteroaryl group
whi ch may be substituted wth one oA nore Rb where the heteroaryl group may
forma fused ring with an aromatic cgrbocycle ﬁ 6 an aronmatic heterocycle,
provi ded that when Ais a benzo-fu taining two or nore rings,
the group -(CH2)m is linked on() erocycle in A, Ra is each

i ndependently sel ected froma hal afom a hydroxy group, a cyano group,
antro

[0010] wherein

m is an integer selected from 1 to 3;

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 C7-Cyq
aralkyl group which may be substituted with one
or more Rb, and -C(=0)Rx;

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

Ar! is a naphthyl group which may be substituted
with one or more Rb;

A is a heteroaryl group which may be substituted
with one or more Rb where the heteroaryl group may

form a fused ring with an aromatic carbocycle or



rmmTTE TR R

group, a carboxyl group, a Cl-C6 al koxy group which mnay be substituted with
one dr nore Rc, an aryl group which nay be substituted with one or nore

Rd, an aryl oxy group which may be substituted with one or nore Rd, a

hét eroaryl group which may be substituted with one or nore Rd, a

het er oaryl oxy group which may be substituted with one or nore Rd, a
mercapto group, a Cl1-C6 al kylthio group fhirch nmy be substituted with one

Rc, Cl- g6 | Kyl sul £i nyl which bst i d wth
or Tore B2 GG Al B ote Miichaml BV M 5 W 1T one
Rc, -NRf R - ; I tituted
o oL Pl i, 80 KL DL LR TR YR T

substituted with JT4E Re; o Ry i q%_rg lected froma .
Cl-C6 al kyl gr ou% V\hu?{:h rra{‘})'be ssubstrlhfceucfgﬁbv&c{]ﬁaeone or ér%ch.Zee c, a C3-C8
cycl oal kyl group which may be substituted with one or nore Rc, a C7-Cl4

aral kyl group which may be substituted with one or nore Rd, a hal ogen

atom a hydroxy Qa0uR cdchyan@epend@d#ly delkbi@adikeRm adnGablexy! group, a
Cl-C6 al koxycarbonyl group which may be substituted with one or nore Rc, a

Cl-C6 al koxy groumte,Cla mBYireay Sudsp,! @t efanot Grenp ,0a maREoRC, an aryl
group which nmay be substituted with one or nore Rd, an aryloxy group which
may be substit ut egyroiiph @nearboxyl group, a C;-C¢ alkoxy group which
may be substituted with one or more Rc, an aryl
group which may be substituted with one or more
Rd, an aryloxy group which may be substituted with
one or more Rd, a heteroaryl group which may be
substituted with one or more R4, a heteroaryloxy
group which may be substituted with one or more
Rd, a mercapto group, a C;-C¢ alkylthio group which
may be substituted with one or more Rc, a C;-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;-Cg¢ alkylcarbonyl
group which may be substituted with one or more
Rc;
Rb is each 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;;, aralkyl

group which may be substituted with one or more

Rd, a halogen atom, a hydroxy group, a cyano



or nore Rd, a heteroaryl group which may be substituted wth Rd, a

het eroaryl oxy group which nmay be substituted with one or nore Rd, a
mercapt o group, a Cl-C6 al kylthio group which nay be substituted with one
of nore Rc, a C1-C6 al kylsulfinyl group which nay be substituted with one
or nore Rc, a Cl1-C6 al kyl sul fonyl group ich my be substituted with one
or nore Rc, -NRfRg, a Cl1-C6 al kyl carbonyl "group which nay be substituted

Wi th one or more Beoup,Ch- Qtébké&%%qi QX LadhauR1 g2Bdp?2 Betgrescycl yl group;
Rc is each independently selected froma hal ogen atom a hydroxy group, a

cyano group, a ni hiRkoxgeatBonF1CIrooyy whichlURaydbels@Bsthik@tradwah, an
aryl group which may be substituted with one or nore Rd, an aryl oxy group

whi ch nmay be sub_sbhbubedmow'et Rcona e -opreidky aydwrire vt nfH1P e whi ch may
be substituted with one or nore Rd, a heteroaryl oxy group which may be
substituted with sabetatutedewRth aneaornmogeoRp, anCar¢d aklowpan no group,
and a di (Cl-C6 al kyl)am no group; Rd is each independently selected froma
Cl-C6 al kyl 8 grebpchhmely beyshbbstitsteduivedhwonk omemoren®de ahal ogen
atons, a C7-Cl4 aral kyl group, a halogen atom a hydroxy group, a cyano
group, a nitro grRoYpoxyngzpupowhichpmay Bé- €Bbakkyhssdnwighoope and a
di (Cl- Ceal kyl )ami no group; Re is a hydrogen atom a Cl-C6 al kyl group which
may or more RA, a heteroaryl group which may be
substituted with Rd, a heteroaryloxy group which
may be substituted with one or more R4, 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¢ alkylcarbonyl group which may be substituted
with one or more Rc, a C;-C; alkylenedioxy group,
and a heterocyclyl group;
Rc is each independently selected from a halogen
atom, a hydroxy 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 RdA, 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, an amino group, a C;-C¢ alkylamino

group, and a di(C;-C¢ alkyl)amino group;

Rd is each independently selected from a C;-Cs alkyl



be substituted with one or nore Rc, an aryl group which may be substituted
with one or nore Rd, or a heteroaryl group which may be substituted with
one or nore Rd; Rf is a hydrogen atom or a Cl-C6 al kyl group which may be
substituted with one or nore Rc; Rg is a hydrogen atom a Cl1-C6 al kyl group
which may be substituted with Rc, a Cl-¢6_al kyl carbonyl group which may be
substituted with one or nore Rc, an aryl group which may be substituted
with Rd, a heteraeaodp ghidh \WaHyC bemanbee itulred withd ond o @ideeor nore Rd,

a carbanmoyl group, a Cl-C6 al koxycarbonyl group which may be substituted
with one or norehddogen a@tEhsCo aaltsyCsulafraikly 1ggaenp ,Wai tia Liogenbe
substituted with one or nore Rc; or Re and Rf, and Rf and Rg may forma 4-
to 7- menbered hetadiogvy @ dydampayh@ronipt.h at ey amiot gogap . & adttre whi ch t hey
are bonded or a prodrug or a pharmaceutically acceptable salt thereof.
[0011] Accordi ng t9Foaifot ey amsipectgroum.h@ SreSeralkykamine @@rodhere i s
provi ded a conpound represented by fornmula (la): 9 - [0012] [Fornula 2] / |
\ (CH2)mA OR 030 a G CorGsalkyl)amino group;
Re is a hydrogen atom, a C;-C¢ alkyl group which may
be substituted with one or more Rc, an aryl group
which may be substituted with one or more R4, or a
heteroaryl group which may be substituted with one
or more R4;
Rf is a hydrogen atom, or a C;-C¢ alkyl group which
may be substituted with one or more Rc;
Rg is 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
Rd, a heteroaryl group which may be substituted
with one or more Rd, a carbamoyl group, a C;-Cg¢
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, and Rf and Rg may form a 4- to 7-
membered heterocycle together with the nitrogen
atom to which they are bonded
or a prodrug or a pharmaceutically acceptable salt thereof.
[0011] According to another aspect of the present

invention, there is provided a compound represented by formula

(Ia):



(la) [0013] wherein A, Rl, R2, R3, R4 and mare the sane as above defi ned,
or a prodrug or a pharmacol ogically acceptable salt thereof. [0014]
According to a further aspect of the present invention, there is provided a
conpound represented by formula (Ib): [0015] [Formula 3] ,i(CH2) mA Ar] O
,,VOR OR2 OR4 OR3 (I b) [0016] wherejn A Ar', R, R2, R3, R4 and mare
the sanme as 10 above defined, or a prodrug or a pharnaceutically acceptable
salt thereob12(]00tdkmaAcaording to a still further aspect of the present
invention, there is provided a conpound represented by formula (1C: [0018]
[Formula 4] (CH2)mA OR2 OR4_LR C) (@ng whetAin A R, R, R3, R4
and mare the sane as above r a pr dPug or a pharmaceutically
acceptabl e salt thereof.

OR!

OR?
OR* OR3
(1a)

[0013] wherein A, R!', R?*, R®, R' and m are the same as above
defined, or a prodrug or a pharmacologically acceptable salt
thereof.

[0014] According to a further aspect of the present
invention, there is provided a compound represented by formula
(Ib):

[0015] [Formula 3]

]//(CHZ)m__A
Ar

.\\\\O R’

(Ib)

[0016] wherein A, Arl, Rl, Rz, R3, R' and m are the same as



[0020] Preferably, Rb in the present invention is independently selected
froma Cl-C6 al kyl group, a C1-C6 haloal kyl group, a hal ogen atom a

hydr oxy group, a cyano group, a Cl-C6 al koxy group, a Cl1-C6 al kylthio
group, a Cl1-C6 alkylsulfinyl group, a Cl1-C6 al kyl sul fonyl group, and a
Cl-C3 al kyl enedi oxy group. [0021] A is preferably a thienyl group or a
benzot hi enyl group where these groups ﬂé&'be substituted with one or nore
Rb. [0022 t , i t I kS 2 I y 1. In
addition,hﬁ?%%Rg?%%%%gﬁdggh%é?g%gggﬁs%?ngegé%ggﬁgﬁykégféé?égngéﬁegaﬁydrogen
atom and zE1tOrRéread®d Rx is a Cl-C6 al kyl group which may be substituted
with one or nore Ra, or a Cl-C6 al koxy group which may be substituted with
one or norneoRa.] [ 0023hcAsrihagcespaupdiincEudedetrnakpechr 8gethei p¥esLhen,
for exanple, the foll ow ng compound can be illustrated:

(2S, 3R, 4RinGenR)iod- [ Thehenze] birohiideldea- 2ompoenAy rkpresented by formula
napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydropyran-3, 4, 5-triol;

(2S, 3R, 4R(88)6R) - 2-[ 3- (5-f | uor obenzo[ b] t hi ophen- 2-yl -

met hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et r ahydr opyran- 3,4, 5- triol;

(2S, 3R, 4R[9818R) {Fofrgwliseddo[ b] t hi ophen- 2-yl met hyl ) - 4-

nmet hoxynapht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydr opyran-3,4,5- triol;

(2R, 3S, 4R, 5R, 6S) - 2- hydr oxymet hyl - 6- [ 3- ( 5- met hoxybenzo[ b] -

t hi ophen- 2-yl et hyl ) napht hal e | obyrarm=A, 4,5- triol;

[0019] wherein A, R!, R?, R?, R* and m are the same as above
defined, or a prodrug or a pharmaceutically acceptable salt
thereof.

{0020] Preferably, Rb in the present invention is
independently selected from a C;-C¢ alkyl group, a C;-Cg
haloalkyl group, a halogen atom, a hydroxy group, a cyano
group, a C;-C¢ alkoxy group, a C,-C¢ alkylthio group, a C;-C¢
alkylsulfinyl group, a C;-C¢ alkylsulfonyl group, and a C;-C;
alkylenedioxy group.

[0021] A is preferably a thienyl group or a benzothienyl
group where these groups may be substituted with one or more
Rb.

[0022] Furthermore, m in the present invention is



(2S, 3R 4R, 5S, 6R) - 2- ( 3- (5- et hyl benzo[ b] t hi ophen- 2-yl -

met hyl ) napht hal en- 1-yl | - 6- hydr oxynet hyl -t et r ahydr opyran- 3, 4,5- triol;
(2S, 3R, 4R, 5S, 6R) - 2-[ 3- (5- chl or obenzo[ b] t hi ophen- 2-yl -

net hyl ) napht hal en-1-yl ] - 6- hydr oxynet hyl -t et rahydr opyran-3,4,5- triol;
(2R, 3S, 4R, 5R, 69) - 2- hydr oxynet hyl - 6- [ 3- (§-.nmet hyl benzo[ b] -

t hi ophen- 2-yl net hyl ) napht hal en-1-yl ]t et éhydropyran 3,4,5- triol;

(2R, 3S, 4RpeBeEShHAyh M dr OXYMaHAY k16nl, 3rE 5-rAE! R EHHORH%Q ddch
ylnethyl)naphthalen 1-yl]tetrahydropyran-3,4,5-triol; and

(2R, 3S, 4RihBepShdenhygr exyeetbdl foom3a( ﬁyatbgbhha@aheana- -C(=0)Rx, and

yl met hyl ) napht hal en- 1-yl Jtetrahydropyran-3,4,5-triol. [0024] According to
anot her aRredt af Cthes EldsEntgrauyy edtiiabn mayhdree sud sridwitaded] wal thameaeaut i cal
conposition conprising the above-described conpound, a prodrug or a

phar maceumprel Rg,aocept &bt € sllkoxyhagyrealp whiichh imayuded sadbst i thitedylwidds e
co-transporter inhibitor. [0025] According to a further aspect of the
present Pneenri maret Rére i s provided a pharnaceutical conposition
conprising t he above-descri bed conpound, a prodrug or a pharnaceutically
accept abl €083B therebﬁ #hecAomBouBddingludad 1prbbﬁyP§§$§nbrivﬁe$§p9nof

di abet es %for exa i nsul i n- dependent di_abetes di abet es) and

i nsul i n-i ABEPEKEBR 'dFQEeﬁéélPW}BE FPmBPHBQtﬁé?]bedFiEEFFEaEﬁﬁpl|cat|ons

aapect of (2ReShr JELRE o odn ofbenkar bR hpRSR 2av It R or prevent! ng
or naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-triol;
(25,3R,4R,5S,6R)-2-[3-(5-fluorobenzo[b]thiophen-2-yl-
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;

(25,3R,4R,5S,6R)-2-[3-(benzo[b]thiophen-2-ylmethyl)-4-
methoxynaphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;

(2R, 3S,4R,5R,6S)-2-hydroxymethyl-6-[3-(5-methoxybenzo[b]-
thiophen-2-ylmethyl)naphthalen-1-yl]tetrahydropyran-3,4,5-
triol;

(25,3R,4R,5S,6R)-2-[3-(5-ethylbenzo[b]lthiophen-2-yl-
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;

(28,3R,4R,5S5,6R)-2-[3-(5-chlorobenzo[b]thiophen-2-yl-
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;

(2R, 3S,4R,5R,6S)-2-hydroxymethyl-6-[3-(5-methylbenzo[b]-
thiophen-2-ylmethyl)naphthalen-1-yl]ltetrahydropyran-3,4,5-
triol;

(2R, 3S,4R,5R,6S)-2-hydroxymethyl-6-[3-(5-methylthiophen-2-



treating diabetes [for exanple, insulin-dependent diabetes (type |

di abetes) and insulin-independent diabetes (type Il diabetes)], diabetic
conplications caused by hyperglycem a, or obesity, which conprises

adm ni stering an effective anount of the above-descri bed conmpound, a
prodrug or a pharmacol ogically acceptahle-salt thereof to a patient. [0027]
In the above-described fornulae (1), (la), (Ib) and (lc), the groups

r epr esent giimpyhRl) nRphthRglend1Rylil hetudbydroépyranadphed-trhodls oged atom a
Cl- C6 alk%l group, a Cl-C6 al koxy Cl1-C6 alk¥l 2roug, a C7-Cl4 aral kyl
group, a C3RCBS14R.HRkGFEarhbHIro¥yBaphyd-6€71 &145 aethkytRAPBBAY 2gr oup, a
Cl-C6 al koxycarbonyl group and a_C7-Cl4 aral kyl oxycarbonyl group. These

gr oups nale%tQMBQPPPBgﬁalﬁPfﬁ'XﬁétSFrﬁBY€r§Bb§§theﬁt§Ttré9 h i ndependent |y

I d hal hyd , Cl-C6 al k ,
&1 06 ol hPBZRSony! *oRBGRELhe C1 LORG e CRResh o Hhe FEERERBNG &
bstituted s .. As R1, E R3 and R4 d t C -Co6
21 kyl car bOYEE§8Ban CHBLEr 4P cPF 81 08AaS e NG TREGER: A O LORBArEr o ar |y
f d p -] hed , AL b bstituted
W ih § or cBRERERbnbotheraBRRYEaEERg s hBs oL RhIUNE® o hkofPla Pr 807 campl e

to f [ b ' t t
ook i SIS UERA 3y U pUBUBeBATDL LBl oot o gefehgagt om

al kyoxy  ghoupudbk acéde £hdpotdPi b A [ hese four groups may be
substituted wwth one to four 'substituents selected froma halogen atom a

hydroxy gyreopsjand ana88bh@ifgot)a PurtBéPYaSHEEHE OO SO UPresektyano group;

a Cl-C6 al kyl sul fonyl
invention, there is provided a pharmaceutical composition
comprising the above-described compound, a prodrug or a
pharmaceutically acceptable salt thereof which is used for the
prophylaxis or therapy of diabetes [for example, insulin-
dependent diabetes (type I diabetes) and insulin-independent
diabetes (type II diabetes)], diabetic complications caused by
hyperglycemia, or obesity.
[0026] According to a still further aspect of the present
invention, there is provided a method of preventing or
treating diabetes [for example, insulin-dependent diabetes
(type I diabetes) and insulin-independent diabetes (type II
diabetes)], diabetic complications caused by hyperglycemia, or
obesity, which comprises administering an effective amount of
the above-described compound, a prodrug or a pharmacologically
acceptable salt thereof to a patient.
[0027] In the above-described formulae (I), (Ia), (Ib)
and (Ic), the groups represented by 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;-C;y aralkyl group, a C,-C,



group; a
substi t ut
Inh the ab
or differ
I ndepende
group, a

Cl-C6 al kyl sul fonyl am no group; a nitro group; a carboxyl gr
ed am no group; and a 4- to 6- nenbered heterocyclyl group. [

oup; a
0029]

ove-described formul ae, A may be substituted with one to four sane
ent substituents, for exanple, one to four substituents, each

ntly selected froma hal ogen atppmy a hydroxy group; a Cl-C6
C3-C6 cycl oal kyl group, a Cl-C6 al kyl oxy group and a C,-C6

al kyl

al kyl t hi oagkydeairblesyd foroupgr eufs-@ny aeliydearbonyd gwmotp.oneChoCs our

nts, each independently selected 14 from a hal ogen atom a hydroxy

group andaéhoawpﬁéb@madpproap aRAhyl Emc@isoRyagkyhpxygaspanylgesapp.a Cl- C6

onyl group;, a Cl-C6 al kyl sul fonyl am no group; a nitro group; a
h&s & 9&°§@§sﬂ@ﬂh@@dsaﬁﬁﬁét§FSGpW1§h59n8r06 RekBeFERS tAENERSEN Y|

substi tue

al kyl sul f
car boxyl

group; an
repr esent
a pyridyl
benzot hi ef
a benzot hi
pyrazol yl
group, an
benzoi m d
pyrimdin
group, an

pyrr ol opy
benzot hi e

d a to 6-nmenbered heterqc C|%| gr oup [ 0030] The grou
&&CBledFP@P§G@§lYf5F1§§§ﬁﬂl ro ap?PFBB?P QFBBp,aaHY RASNyI

%%éﬁoap EUR NN h o bae'é"%'r%ﬁ#i@e?mr Ry ﬁh%%bﬁl%%y?r
'%fﬁu%ﬂf%ﬁf%ﬁaa ap, AR oo g0tp Op8dP s sfinsFitated’ Ahis vrodbl
SRR SRR 2 PR OO oL oo R Rty 8
¥;!ro_a oyR, p%egre%%hy' aaaouphyar%ﬁzaexh IlgrPHPtléuﬂéE'lQaz' nyl

| m dazopyridyl group, a tfiazolopyri group,
bk@fgrg@gup and furthernore preferred are a thienyl group,

n

[%028] In the above-described formulae, Ar! may be
substituted with, for example, one to four same or different
substituents, for example, one to four substituents each
independently selected from, a halogen atom; a hydroxy group;
a C,-C¢ alkyl group, a C;-Cs cycloalkyl group, a C,-C¢ alkyoxy
group, and a C;~-C¢ alkylthio group (these four groups may be
substituted with one to four substituents selected from a
halogen atom, a hydroxy group, and an amino group); a
methylenedioxy group; a cyano group; a C;-C¢ 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.

[0029] In the above-described formulae, A may be
substituted with one to four same or different substituents,
for example, one to four substituents, each independently
selected from a halogen atom; a hydroxy group; a C;-Ce¢ alkyl
group, a C;-Cs cycloalkyl group, a C;-C¢ alkyloxy group and a
C,-C¢ alkylthio group (these four groups may be substituted

with one to four substituents, each independently selected

group,
oup, a
group,
oup, a
oup, a
a



group, a furyl group, and benzofuranyl group, and noreover preferred are a
thi enyl group and a benzothienyl group. Wen A is a benzo-fused ring
containing two or nore rings, the group -(CH2)m in the above-described
formulae is connected on to a heterocycle in A [0031] The term "Cl-C6

al kyl group” as used in this speC|f|caI%Pn means a straight- or
branched-chain al kyl group having 1 to carbon atons and incl udes, for

exanpl e, #RGhYla hadlbden atoRl,0RY hydroXyoR¥ouphald! ¥, aﬁul%t )élrou'p)bUTayl
t-butyl, n-pentyl, 3-net beutyI 2- nethylbutyl 1- met hyl but yl ,

1- et hyl pr apsthylenk@iphxy 4rrig)ylapesyiasio. ko ReNEY!a Lkl furlpe ntyl,
1-met hyl pentyl, 3-ethylbutyl and 2-ethylbutyl, and preferred Cl-C6 al kyl

groups i ngrede,; ,f @r Cexeymikylsildomgfiamitio hyrougieds ahiairo ajdkoup grapups
having one to three carbon atons, and particularly preferred are nethyl and
et hyl . [ @@3dpxPhe greup;" @3-s0Pstyidudaldk pinigoogpbups aséd or Bhmeémbered
specification neans a cyclic alkyl group having 3 to 8 carbon atons and

i ncl udes, hiederorayg groepc| gmdoyl4,- ¢pcﬁomampbredcyekepewwpﬂylcgcbupexyI,
cycloheptyl and cyclooctyl. [0033] The term "Cl-C6 al koxy group” as used in
this spedioO3&dti on n@hﬁsgéﬁuﬁlK?Péﬁ?egﬁedpbﬁaﬁlhgcéu§95algﬁr egample,
branched-chai n al kyl group haV|n% one to six carbon atons as the alkyl

noi ety ané PYEFQd¥s, IEOUPex &fpiR@Aodyh @FPUPet RoRYLid¥1pEELERY, A - pr opoxy,

n- but oxy, but oxy, i-butoxy, t butox ent ox 3- et hyl but oxy,

- et hyl bAPSRP1YA HECHPIb AFoF OTHAOLNH GEolBxy 2 %hﬁsﬁwowoup. a

4o e 9 TSt LRSI % EL L PN 9Kk clotiel v Lpepi ocy, and
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
group, a pyrimidinyl group, a uracilyl group, a pyrazinyl
group, a pyridazinyl group, an imidazopyridyl group, a
triazolopyridyl group, and a pyrrolopyridyl group. and
furthermore preferred are a thienyl group, a benzothienyl
group, a furyl group, and benzofuranyl group, and moreover
preferred are a thienyl group and a benzothienyl group. When
A is a benzo-fused ring containing two or more rings, the
group -(CH;)n~ in the above-described formulae is connected on
to a heterocycle in A.

[0031] The term "C;-C¢ alkyl group” as used in this
specification means a straight- or branched-chain alkyl group
having 1 to 6 carbon atoms and includes, for example, methyl,
ethyl, n-propyl, i-propyl, n-butyl, s-butyl, i-butyl, t-butyl,
n-pentyl, 3-methylbutyl, 2-methylbutyl, 1l-methylbutyl,



speci fication neans an arylal kyl group having 7 to 14 carbon atons and
contai ning an aryl group and includes, for exanple, benzyl, 1-phenethyl,

2- phenet hyl , 1-napht hyl net hyl and 2- napht hyl nethyl. [0035] The term "C7-Cl4
aral kyl oxy group" as used in this specification nmeans an aryl al kyl oxy group
having 7 to 14 carbon atons and contai njng the above defined aral kyl group
and includes, for exanple, benzyloxy, 1-phenethyl oxy, 2- phenethyl oxy, 1-

napht hyl mat @y e 12- BRI, - RkRthP1pentlA036l mERA I GEmcyar Yl group” as
used in this 16 "spécCification means an aryl group havinhg an aronatic

hydr ocar bQn meithg 1paHtA ,S 1% riethiy@pemilon 32k fy 180é vl nahddes e thiabuexanpl e,
phenyl , 1-naph?ﬁ&?ﬁ%n 2-naphth?ﬁ® [08%71 Theﬂ?ern1yheteroaryl ggbupyaas
used in thind piegeirfriednio, 00, rEBOFL agroups iMkIRIerfst anamile, het erocyclic
group contai ning one or nore heteroatom i ndependently selected from an
oxygen at arad ghitt-r @ge ranohegdrdha isulafliky lagmouasd havhagudas, tbotheeeanpl e,
furyl, thienyl, pyrrolyl, imdazolyl, pyrazolyl, oxazolyl, isoxazolyl,

t hi azol yl carbomhiagooisy| andopaditdceilprlyt pradesreldyaret meabylyandt etthyiol yl ,
pyridyl, pyrimdinyl, pyrazinyl, pyridazinyl, indolyl, quinolyl and

i soqui nol \I003Rrlef er r eBhRetermar ¢b-Gr cyssloal&kyd- group” msniveedd imettdvisar yl
groups such as a pyrrolyl group, a_pyrazolyl group, an imdazolyl group and
a pyridyl sgegdgicatdonpseansulaadyglicefdkydd Irour ppivanrel ¥l tgr §ugarpooisi
The term "aryl oxy group” as used in this specification nmeans an _aryl oxy
group hav@t§Msh&nshdRe1ydeisne d OTa CFMPILE - hFAFSCRIBBY 1gr GUFLRRYENG -six to ten

carbon atomns _as
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

[0033] The term "C;-C¢ alkoxy group” as used in this
specification means an alkyloxy group having a straight- or
branched-chain alkyl group having one to six carbon atoms as
the alkyl moiety and includes, for example, methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, s-butoxy, i-butoxy, t-butoxy,
n-pentoxy, 3-methylbutoxy, 2-methylbutoxy, l-methylbutoxy,
l-ethylpropoxy, n-hexyloxy, 4-methylpentoxy, 3-methylpentoxy,
2-methylpentoxy, l-methylpentoxy and 3-ethylbutoxy.

[0034] The term "C;-C;4; aralkyl group” as used in this
specification means an arylalkyl group having 7 to 14 carbon
atoms and containing an aryl group and includes, for example,
benzyl, l-phenethyl, 2-phenethyl, l-naphthylmethyl and 2-
naphthylmethyl.

[0035] The term "C;-C;4 aralkyloxy group” as used in this
specification means an arylalkyloxy group having 7 to 14
carbon atoms and containing the above defined aralkyl group
and includes, for example, benzyloxy, l-phenethyloxy, 2-
phenethyloxy, l-naphthylmethyloxy and 2-naphthyl-methyloxy.

[o036] The term "aryl group” as used in this



the aryl noiety and includes, for exanple, phenoxy, 1 naphthoxy and

2- napht hoxy. [0039] The term "heteroaryl oxy group"” as used in this

speci fication neans a heteroaryl oxy group having the above defined 5- to
10- nenbered aromatic heterocyclic group which contains one or nore

het er oat om sel ected from an oxygen at om 16 & nitrogen atomand a sul fur as
the heteroaryl noiety and includes, for exanpl e, furyl oxy, thienyloxy,

pyrrol yl oxgpeciifiicdadny mpahs ratr@quylgmbyxp ®eaZAQ gy laX Vardnfepgarz ol yl oxy,
t hi azol yl oxy, isothiazolyl oxy, oxadiazolyloxy, thiadiazolyloxy, 17

triazol yl twpdrdosinbaiz aliylgohavimy isdixnydooxtyen marbardiatdmex\and pyrcdzided ,oxy,
pyri dazi nyl oxy, indolyloxy, quinolinyloxy and isoquino-linyloxy. Preferred
het er oar ylfoxy egraogds amphehyl,o 1-haphtiharle dnlde t2emaphtihydy. gr oups. [ 0040] The
term"Cl-C6 al kyl am'no group” as used in this specification neans an

al kyl ami nd 0@3ddp havi Agea tetmai"gletteronrydr gmohpd- elsaiusedl Kyl tidsup havi ng
one to six carbon atons as the alkyl noiety and includes, for exanple,

met hyl am FPecidipatdemaeanspriop dif Ad -mMembegied aﬁqmtm hetarodvied ic
s-butyl am no, i-butylam no, t-butylam no, n-pentylam no,

3- et hyl blﬂrﬁ%nqv@t%ﬁ%m dehfo heﬂ%@ﬂ*ﬂ%&t’&ﬂ%ﬁwntly selected

1- et hyl propyl am no, n-hexyl am no, 4-nethyl pentylam no, _ 3- nethylpentylan1no

2- ma':]hlyl)p aé’m%‘(yge’P r?er‘i’tﬂﬁré’tﬂ% atog é‘t“t%xlaoﬁt%fé’rﬁ 7 %Fh@n

2-et 041 t d
e el N e S
br anched. CS(I es :ﬁ%lh ogfa%'ﬁ@.} a%.%o@t%\go %lonq:htl%zolylcar b%q:hl"%}z%rﬁr as the two

al kyl noi he same o
oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl, pyridyl,

pyrimidinyl, pyrazinyl, pyridazinyl, indolyl, quinolyl and
isoquinolyl. Preferred heteroaryl groups are 5- to 6-
membered heteroaryl groups such as a pyrrolyl group, a
pyrazolyl group, an imidazolyl group and a pyridyl group, and
particularly preferred is a pyrazolyl group.

[0038] The term "aryloxy group” as used in this
specification means an aryloxy group having the above defined
aromatic hydrocarbon group having six to ten carbon atoms as
the aryl moiety and includes, for example, phenoxy, 1l-
naphthoxy and 2-naphthoxy.

[0039] The term "heteroaryloxy group” as used in this
specification means a heteroaryloxy group having the above
defined 5- to l0-membered aromatic heterocyclic group which
contains one or more heteroatom selected from an oxygen atom,
a nitrogen atom and a sulfur as the heteroaryl moiety and
includes, for example, furyloxy, thienyloxy, pyrrolyloxy,
imidazolyloxy, pyrazolyloxy, oxazolyloxy, isoxazolyloxy,

thiazolyloxy, isothiazolyloxy, oxadiazolyloxy, thiadiazolyloxy,



different. The "di (Cl-C6 al kyl)am no group” includes, for exanple,

di net’hyl am no, di et hyl am no, di-n-propyl am no, di-i- propyl am no,
di - n- butyl am no, nethyl -n-butyl am no, nethyl-s- butylam no,
met hyl -i - but yl ami no, nethyl -t-butyl ani no, ethyl-n- butyl ani no,

et hyl -s-butyl am no, ethyl-i-butylam no and ethyl- t-butylam no. [0042] The
term"Cl-C6 al kylthio group" as used in this speci fication neans an

al kyl t hi o+g& ' al ] in L avi ng one
fo o x cathba arsne<3d fehcerRly 1oy, BYRRaIRRIPRT . coTr e adpipul’

met hyl t hi i t hbQri q i 04ni t hQi i
s-buty|th?gfa?}ﬁg?9¥?ﬁig?rﬁggﬁggggh%gf %?Egﬁ?ngkro?gl%?%E?%§F%§t§P?hio,

Z‘WEthy|bﬂbﬁhhﬂhgrling&bhyLbUPfEEEEQed heebbyhpyoBYyt §reups- Begybthtse,
4- et hyl pentyl t hi o, -met hyl pentyl t hi o, 2-nethyl pentylthio,

1- met hyl peringhbBired hateibylrhubykt bireupsd 2- et hyl butyl thio. [0043] The term
"Cl-C6 al kyl sul finyl group” as used in this specification neans an
al kyl sul f[agkogroup (Th® BprialCngCs alkylamijht - gpoupt ans hesed hin ntlaikyl
group having one to six carbon atons as the al kyl noiety and includes, for
exanpl e, spech§licakfipnyeasshghsalkyhgining- groppl bavingya, straight- or
i -propyl sul finyl, n-butylsulfinyl, s-butylsulfinyl, i-butylsulfinyl,
t - but yl subranghedncpaanypdkyii aypup Bawdnaypnheat §Psaiki agrbon atoms as
2-met hyl butyl sul finyl, 1-nmethyl- butylsul finyl, 1-ethyIEro yl sul finyl,
n-hexylsthPn?ﬂFYl4mﬁéFﬁylBEﬁt}P§&Pﬁ?ﬁyl?Og-ﬁﬁﬁﬁylﬁenm? By amhyp, 2- met hyl -
pentyl sul finyl, 1-nethy|pentflsplfinyl, 3-ethyl butyl-sul finyl and
2- et hyl bue$hgpmingl n-propylamino, i-propylamino, n-butylamino,
s-butylamino, i-butylamino, t-butylamino, n-pentylamino,
3-methylbutylamino, 2-methylbutylamino, l-methylbutylamino,
l-ethylpropylamino, n-hexylamino, 4-methylpentylamino,
3-methylpentylamino, 2-methylpentyl-amino, l-methylpentylamino,
3-ethylbutylamino and 2-ethylbutylamino.
[0041] The term "di(C;-C¢ alkyl)amino group” as used in
this specification means a dialkylamino group having straight-
or branched-chain alkyl groups each having one to six carbon
atoms as the two alkyl moieties which may be the same or
different. The "di(C;-C¢ alkyl)amino group” includes, for
example, 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.
[0042] The term "C;-C¢ alkylthio group” as used in this
specification means an alkylthio group having a straight- or

branched-chain alkyl group having one to six carbon atoms as

the alkyl moiety and includes, for example, methylthio,



[0044] The term "Cl-C6 al kyl sul fonyl group” as used in this specification
means an al kyl sul fonyl group having a straight- or branched-chain al kyl
group having one to six carbon atons as the al kyl noiety and includes, for
exanpl e, nethylsulfonyl, ethylsulfonyl, n-propylsulfonyl, i-propyl-

sul fonyl, n-butyl sul fonyl, s- butylsulfoQ% _i-butyl-sul fonyl,
t-butyl sul fonyl, n-pentyl sulfonyl t yI but yl sul f onyl ,

2- et hyl betplydthfieny In- plropgilttileyt vil-prepyanthio, h-®utyliwhdpy,! sul fonyl ,

n- hexyl sul fonyl, 4-nethyl pentyl sul fonyl, 3-nethyl pentyl sul fonyl,

2- met hyl - pebuglyddhfiony i, -blG ylthimet hybmaytlithdol,f arplen t¥-lethiiyl ,but yI - sul f onyl
and 2- ethyl butyl sul fonyl. [0045] The group "-C(=0-Rx" as used in this
specifica@kmﬁthmﬂhmﬁﬂitMMw exaeiihylbatgltdd cal Ry-medhlydimatylghdp, a C7- Cl4
ar al kyl car bon group, a Cl-C6 al koxycarbonyl group and a C7-Cl4
aralkyIox}c&ﬁgEAPFOQWdG@lOHemgh3ﬂméﬂh}0064-@B¢9Wd@ﬁméﬁ9¢hgpoup i ncl udes, for

exanpl e, an acet group, a propion group, butyryl oup and tvaloyl
and parti SuM&thy H&qﬁﬂéﬁhé94 1&$t§dﬁﬁﬁpt§ﬁé o, The ?%@ﬂﬂﬁﬁﬁx i®ar bonyl

group includes, for exanple, henzyl-carbgn group and
napht hyl nét Ry SE PH&%ﬁtq$QMﬁ§d-§n& Yooty %PQ ‘a benzylcarbonyl gr oup.

ES?E‘SLJQ?IB%;?%?LE% %Srt?r%%lﬁ @sﬁfthﬁﬂﬂg?—a@@ graﬁﬁag‘égf BPPAuPs a

el o, HB RN AR, Mo S P A SRy i ee R POl S5 Bine 4P dup,

and preferr%@raﬁg%tbeQ&y%&éﬁ%% %p@ﬂalgrgﬂﬂyl group having one to six
carbon atoms as the alkyl moiety and includes, for example,
methylsulfinyl, ethylsulfinyl, n-propylsulfinyl,
i-propylsulfinyl, n-butylsulfinyl, s-butylsulfinyl,
i-butylsulfinyl, t-butylsulfinyl, n-pentylsulfinyl,
3-methylbutylsulfinyl, 2-methylbutylsulfinyl, l-methyl-
butylsulfinyl, l-ethylpropylsulfinyl, n-hexylsulfinyl,
4-methylpentylsulfinyl, 3-methylpentylsulfinyl, 2-methyl-
pentylsulfinyl, l-methylpentylsulfinyl, 3-ethylbutyl-sulfinyl
and 2-ethylbutylsulfinyl.
[0044] The term "C;-C¢ alkylsulfonyl group” as used in
this specification means an alkylsulfonyl group having a
straight- or branched-chain alkyl group having one to six
carbon atoms as the alkyl moiety and includes, for example,
methylsulfonyl, ethylsulfonyl, n-propylsulfonyl, i-propyl-
sulfonyl, n-butylsulfonyl, s-butylsulfonyl, i-butyl-sulfonyl,
t-butylsulfonyl, n-pentylsulfonyl, 3-methyl-butylsulfonyl,
2-methylbutylsulfonyl, l-methylbutyl-sulfonyl,
l-ethylpropylsulfonyl, n-hexylsulfonyl, 4-methylpentylsulfonyl,

3-methylpentylsulfonyl, 2-methyl-pentylsulfonyl,



[0047] The term "hal ogen atonf as used in this specification includes, for
exanple, a fluorine atom a chlorine atom a brom ne atom and an i odi ne
atom [0048] The term"4- to 7-menbered heterocycle"” as used in this

speci fication neans a heterocycle which may be conpletely saturated or
partially or conpletely unsaturated and _contains one nitrogen and nmay
further contain one or nore heteroatoﬁl1Pndependent|y sel ected from an

9%, o iAo Bl ol o ap0-achyficn. o1 ererm

azeti di ne, pi pefidi ne an nd pre red is 20 -

piperidingth§Qgﬁ%b1§gngE?ﬁy"aronatic carbon ring" as used in this
specification neans a 6- o 10-nenbered aromatic carbon ring and includes,

for examplgos8ibenzengnei ggodpd- ac 2Pt Rt €48 wEéd@0in[PRDY] The term
"aromati c heterocycle” as used in this specification neans a 5- to 6-

nmenber ed gpedhticalebar 96¥thaes¢onbi BkAAPLEE &' /UL alRiyAlAF My 1
I ndependently selected from an oxygen atom a nitrogen atomand a sul fur

atom and geelpdea, C,f0r, axalRktcasdbpuylogeoupnNda ap-cnadkexiicagboaylhi ophene
ring, a benzothiophene ring, a furan ring, a benzofuran ring, a pyridine
ring, a ggroupi aedr an@;-@n asedkyhokyoerbongl grotpi azBéee(i hhe @;-Cq
benzot hi azole ring, an isothiazole ring, a benzoisothiazole ring, a
pyrazol e alkylcambonygdzgreupi Agcludesoxfienl exanpye, aaheageknkogroupnga an
i soxazol e ring, a_ benzoisoxazole ring, an_imdazole ring, a benzoinidazole
ring, a PFPRZzON¥lr BnguPa buhYbyYii arebp andgpivap9ylwni andeparhicubariyacil
ring, a pyrazine ring and a pyridazine ring.
preferred is an acetyl group. The C,-C;; aralkylcarbonyl group
includes, for example, benzyl-carbonyl group and
naphthylmethylcarbonyl group, and preferred is a
benzylcarbonyl group.
[0046] The C;-C¢ alkoxycarbonyl group includes, for
example, a methoxycarbonyl group and an ethoxycarbonyl group,
and preferred is a methoxycarbonyl group. The C;-Cyy
aralkyloxycarbonyl group includes, for example, a
benzyloxycarbonyl group and a naphthylmethyloxycarbonyl group,
and preferred is a benzyloxycarbonyl group.
[0047] The term "halogen atom” as used in this
specification includes, for example, a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom.
[0048] The term “4- to 7-membered heterocycle” as used in
this specification means a heterocycle which may be completely
saturated or partially or completely unsaturated and contains
one nitrogen and may further contain one or more heteroatom
independently selected from an oxygen atom, a nitrogen atom

and a sulfur atom and includes, for example, azetidine,

pyrrolidine, piperidine and morpholine, and preferred is



[ 0051] The term "substituted am no group” as used in this specification

I ncl udes, for exanple, -NReRf (wherein Re is a hydrogen atom a Cl-C6 al kyl
group, a Cl-C6 al kyl carbonyl group, a carbanoyl group or a Cl-C6

al koxycarbonyl group; Rf is a hydrogen atomor a Cl-C6 al kyl group; and Re
and Rf may forma 4- to 7-nmenbered het ergocycl e together with the nitrogen
atomto which they are bonded). [0052] The term "Cl-C3 al kyl enedi oxy group”
as used i Pipemiidigeecification is a divalent group represented by the
formula: -O (Cl-C3 al kyl ene)-O. and includes, for exanple, a - 2 1
nethy|ened08%§lgroup,T§ﬁ §9ﬁ9|eﬁéemékycgpéaboanalag dRfetRgheABALBAS group.
[ 0053] The term "heterocyclyl group” as used in this specification neans a
4- to 7- m§ﬁ’ﬁ€|1§&cﬁ§'tlé’|‘10W€WI agpsu® WAi-BRMPERES ﬁ§°5‘ﬁ§18r CREPOH &LBPoat om
independentl .sel ect from an ﬁxygen atom a nltrog n at om and a sul fur

atom and ipely Ief@Fye§QPB Sred BENEERE ALPY 8RAcGnPRRLENFL6REAL ur at ed

and |ncludes for exanple, azetidinyl, pyrrolidinyl, piperidinyl,
plpera2|n§F pyrrolyl i m dazol yl inidazolinyl pyrazolyl pyrazolinyl

I h h I di nyl ,
0r oLl M poBBIETOr kb (LDROTREBRRELDY o BYELI o PULRGLRY spbyiadt
t et rahyd | I I I ti.tut
ESETES TPt et RGP AT

s the subshicaihdbiee onkOBir! i8R ORederdalBh dhALBhaRAR b 9991 cREAMErbRH054]
Further, the conpounds of the present invention” 1nc tautomers, m xtures
of VaIIOU%ntbQQ@eﬂfa&hﬂﬂe@(ﬁiﬂﬁﬁben atom and a sulfur atom and includes,
for example, 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
benzoisothiazole ring, a pyrazole ring, an indazole ring, an
oxazole ring, a benzoxazole ring, an isoxazole ring, a
benzoisoxazole ring, an imidazole ring, a benzoimidazole ring,
a triazole ring, a benzotriazole ring, a pyrimidine ring, a
uracil ring, a pyrazine ring and a pyridazine ring.
[0051] The term “substituted amino group” as used in this
specification includes, for example, -NReRf (wherein Re is a
hydrogen atom, a C;-C¢ alkyl group, a C;-Cs alkylcarbonyl group,
a carbamoyl group or a C;-C¢ alkoxycarbonyl group; Rf is a
hydrogen atom or a C;~-Cs alkyl group; and Re and Rf may form a
4- to 7-membered heterocycle together with the nitrogen atom
to which they are bonded).
[0052] The term "C;-C; alkylenedioxy group” as used in

this specification is a divalent group represented by the

formula: -0—(C;-Ci alkylene)-0- and includes, for example, a



such ,as optical isoners and their isolated isoners. [0055] The conpounds of
the present invention sonetinmes formacid addition salts. Further dependi ng
on the type of the substituent, they sonetinmes formsalts with bases. Such
salts include, for exanple, acid addition salts of mneral acids such as
hydrochl oric acid, hydrobrom c acid, hydrpoiodic acid, sulfuric acid, nitric
acid and phosphoric acid; organic acids such as formc acid, acetic acid,
propi oni cmathgleordlibgy grodp, mahoethydenddiergcgnoupaand, af umari ¢ aci d,
mal eic acid, lactic acid, malic acid, tartaric acid, citric acid, 22
met hanesufiveitbydehddardyeghanpsul fonic acid; acidic amino acids such as
asparaginic acid and glutamc acid. Further, salts formed with bases
i ncl ude s&PP83\ith i nbhgaheEmbaBeteregralyl goawRim apoesedi i thagnesi um
cal ciumand alum num salts with organi c bases such as nethyl am ne,
et hyl am n8P&R#FLieRKAABI BRARE; as4rt §ow/ rmeBhsredaheheTacyYasYSugEClR | ysine
and ornithine; and anmoni um salts. EOOSG Furthernore, the conEounds of the
present VRYERt FBRTAABRFUABSt AT RQTPaleieTRatPRalREERERACEFLY seleptadl e
vari ous sglvates, golgnnrghs and tge | i ke, %0057 Furtggr, age conBounds of
the presehtPnfBnPrEA=arERot 3 PHTRECPOATRE 2BpBufilistYs &EPM BBUGBR%ri bed
in the | I Lnclyde_all _glucitol _derivatives _represepnted by
Lhe abovebeberpaasery: B Re Pt ik orrasRib IR EFRY ubERERERFLS
salts. [0QGg] 1FUsLAgE, EBE BLEREIL | BYERLLPAyE NChYAESEAqygOMPOUNdS whi ch
are converted to the épnpoun%s_?epfesenteg ﬁ§ "t g a%ove-agséribed formul a
(1) by thg;peEaRehysM pbAparkzYhP¥, pyrrolyl, imidazolyl, imidazolinyl,

pyrazolyl, pyrazolinyl, oxazolinyl, morphorinyl,

thiomorphorinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,

hexamethyleneimino, furyl, tetrahydrofuryl, thienyl,

tetrahydrothienyl, dioxolanyl, oxothiolanyl, and dioxanyl.

The substitution position on the heterocyclyl group is not

particularly limited as far as it is the substitutable

position on a carbon atom or a nitrogen atom.

[0054] Further, the compounds of the present invention

include tautomers, mixtures of various types of stereoiosmers

such as optical isomers and their isolated isomers.

[0055] The compounds of the present invention sometimes

form acid addition salts. Further depending on the type of

the substituent, they sometimes form salts with bases. Such

salts include, for example, acid addition salts of mineral

acids such as hydrochloric acid, hydrobromic acid, hydroiodic

acid, sulfuric acid, nitric acid and phosphoric acid; organic

acids such as formic acid, acetic acid, propionic acid, oxalic

acid, malonic acid, succinic acid, fumaric acid, maleic acid,

lactic acid, malic acid, tartaric acid, citric acid,



body .and their pharmaceutically acceptable salts, that is, so-called
prodrugs. The groups which formthe prodrugs of the conpounds of the
present invention include, for exanple, those described in Prog. Med., 5,
2157-2161(1985) and those described in Devel opnent of Drugs, 7 (Mol ecular
Desi gning), 163-198, Hi rokawa Shoten,. 339Q. [0059] The conpounds of the
present invention can be produced by applying various known synthetic

nmet hods dmpthdnegulfontibeachdr anfleetbtnesttfibniesabsdedaondibeamype of the
basic skeleton or the substituent. In this instance, when there is 23 a
case suchachds shehgasupsparpgdnirabrydpandegletiamichaahd. appuophesnt e
protective group at the stage of the starting material or an internediate
from a préaltsi §prmedhnighebageawpprindet aalpsovithi yrogganpcchasps
elimnated in later steps to obtain a desired conpound. The_groups which
require PHEReBFi SAALHM: hBObRBALEN: oMREgREPpiTRe| GALCIEB 2R afbRBLNYM: hy dr oxy
group and a_carboxyl group, and the otective groups for these groups

i ncl ude tﬁ@lﬁﬁowéﬁﬁiQggapgﬁpgaﬂ%§cFFggda§nmeﬁ?ﬁg ingg ¢EbElamipeetiive

Go in ant c nt hesi 20 dition..The protective gr .used and the
reagffoh e%ﬁ%ﬂ?h?ﬂﬁﬁefofgiﬁ§r8ﬁg9iﬁagéhdaﬁi?ﬂiﬁgfgﬁgs?%% ﬁgogggfgéeanﬁroup

are suitably.selecte as on _kn echni gues such as the above-descri bed
docunentsBrﬁbggﬁﬁgfhgngoﬁﬁﬁﬂﬁ gmogg?ﬁ%'presgnt i nvention have an inhibitory

activity ggogggiun}de§§9€§€%ng£gpo§ﬁétégmﬁggﬂ gr?g tﬂéi%%égeﬂg. cin.

I nvest., 7(1994 ting to the enal  gl'ucose Teabsortion. By the
i nhibitiophQEntMEnJiHEPE8e £REPAPAPLERE: aRACHRSrHLLEREECLE1EXSEELFFHaRIE

hypergl ycem a is
various solvates, polymorphs and the like.
[0057] Further, the compounds of the présent invention
are not limited to the compounds as will be described in the
Examples below and include all glucitol derivatives
represented by the above-described formula (I) and their
pharmaceutically acceptable salts.
[0058] Further, the present invention includes the
compounds which are converted to the compounds represented by
the above-described formula (I) by the metabolism in a living
body and their pharmaceutically acceptable salts, that is,
so-called prodrugs. The groups which form the prodrugs of the
compounds of the present invention include, for example, those
described in Prog. Med., 5, 2157-2161(1985) and those
described in Development of Drugs, 7 (Molecular Designing),
163-198, Hirokawa Shoten, 1990.
[0059] The compounds of the present invention can be
produced by applying various known synthetic methods depending

on the characteristic features based on the type of the basic

skeleton or the substituent. In this instance, when there is



renmedi ed without giving a load on the (3-cells of the pancreas to bring
about a therapeutic effect on diabetes and an inproved effect on insulin
resi stance. [0061] Thus, according to one aspect of the present invention,
there is provided a nedi canent for preventing or treating a disease or a
condi tion which can be inproved by inhigiting the SGT2 activity, for
exanpl e, diabetes, diabetes-related di seases and di abetic conplications.
[0062] Tha taee sdchbehat” the dzedpheeseppeFBehpdesprbypetel diigheans, type
Il di abetes and ot her types of diabetes due 24 to specific causes. Further,
the term agpabpreéateepabédctdvecgzrend as thedshagei ofi bhkeudeéartangexanpl e,
obesity, hyperinsulinism saccharonetabolic disorder, hyperlipidem a,
hyper chol meterahénoaz, ahypetermgldjetei eomaa prpdgcanchotatbsigpe
hypertensi on, congestive heart failure, edema, hyperuricem a and gout.

[ 0063] Fuvikwpoinfe thenprditebéive ooveppi cani baselimipstdd har éaherncl ude
both acute conplications and chronic conplications. The "acute
conpl i cat F§8BS tAcPbgainf gr degixplecompopaflgl yEBAI GreRpsouBigbsrequhBEet he

| i ke) and infectious,K diseases gsugh as skin, soft tissues, biliary tract,
respi r at oPFOSgStiRPahB GRENBRFGANFALPT ShEPt hRClEfARonfeT eXaPPLeat fons”

I ncl ude, Lor exanpl e, m cr.oan io-gatgy énephro athg and rethopathﬁé,
arteri oscPEAGEKY BIQUR 384 3¢ hBFBLEV&r 5PUP. BB aFAPaPTPREGFLVEoBTOERF ebr al
thronbosig anghlomer Iinbo.ar;eriahhobstrgct'on , neuro-gath¥.gs ch as a
sensory n&PYe PESFoPEPUREr FHCARACaRPEUPERERFELIREr FEYUBRGUPEGELPGEndPene. The

a) or di38§ggﬁecgﬁﬁ'hﬁ%§l09§oE28E9981gL8Lps in Organic Synthesis, 2nd
edition. The protective group used and the reaction
conditions for introducing and eliminating the protective
group are suitably selected based on known techniques such as
the above-described documents.

[0060] The compounds of the present invention have an
inhibitory activity of sodium-dependent glucose transporter 2
(SGLT2) (J. Clin. Invest., 93, 397(1994)) relating to the
renal glucose reabsortion. By the inhibition of the glucose
reabsorption, excess glucose is excreted and hyperglycemia is
remedied without giving a load on the f-cells of the pancreas
to bring about a therapeutic effect on diabetes and an
improved effect on insulin resistance.

[0061] Thus, according to one aspect of the present
invention, there is provided a medicament for preventing or
treating a disease or a condition which can be improved by
inhibiting the SGLT2 activity, for example, diabetes,
diabetes-related diseases and diabetic complications.

[0062] The term "diabetes” as used herein includes, type

I diabetes, type II diabetes and other types of diabetes due



exampl e, diabetic retinophathy, diabetic nephropathy and diabetic

neur opat hy. [0064] Further, the conpounds of the present invention can be
used in combination with a diabetes treating agent, a diabetic conplication
t herapeutic agent, a hyperlipidema therapeutic agent, a hypertension
therapeutic agent or the |ike which hagga_mechani smof action different
than that of SGA.T2 activity inhibitors. By conbining the conpounds of the
present iheespeocnfiwctbatbesot hBnrajent sthantearddi tdvabetésetelatadbe expected
conpared to the effect obtained fromeach - 2 5 - single agent in the above
di seases. d@seas$sThes"usaﬁeheseiheiapbudec Boenexanplie di abesity, conplication
t herapeutic agents" which are usable in conbination include, for exanple,
insulin sbﬁB¢¥i0$?¥lnéﬁmanéé¢§h€§9@ﬁtéB°¥¢¢$@¥S@§@©rsthYF$m¢aQi§emg@n|st
PPAR S agoni st and PPAR a/y/8 agoni st), glycosidase inhibitors, biguanide
dr ugs, |nbﬁP?ﬁCBQ%?ﬁF?Bﬁlﬁwbﬁntgﬂ ertrigilyferpdeparat ildmeImanlayat asdgept or
antagonists, insulin receptor _kinase pronpters, tripeptiydyl peptidase |
|nh|b|torEYPeHFﬁ%ﬁf?BylCBBS?FH&%E P%aFEhf%+}%¥% efefar nhypeparyeemia
phosphatase 1B iphibitors, glycogen phosphorylase i nhi bitors,

gl ucose- 6° Bﬂog ﬂgtase inhibitors gluconeogenesis I nhi bitors, fructose

bi sph h h b t bi t Ki

act vat o COOBE L ro- i HoEPher? He Both "EIAHERE SotBlLeat farts bk dead o
gl ucagon {LkERephé Had: poth!gages: Lm@rm&i&% 1,283L005; g1 ucagon- | ike
peptide-1" "agonists, rin agont sts,

gl ucocortesabﬁlesewﬁgt ADhAOSRLAkS, &%M&@&ewt %falﬂde, for example,

hyperglycemia (ketoacidosis and the like) and infectious
diseases (such as skin, soft tissues, biliary tract,
respiratory system and urinary tract) and the "chronic
complications” include, for example, microangio-pathy
(nephropathy and retinopathy), arteriosclerosis (such as
atherosclerosis, myocardial infarction, cerebral thrombosis
and lower limbo arterial obstruction), neuro-pathy (such as a
sensory nerve, a motor nerve and an autonomic nerve) and foot
gangrene. The major diabetic complications include, for
example, diabetic retinophathy, diabetic nephropathy and
diabetic neuropathy.

[0064] Further, the compounds of the present invention
can be used in combination with a diabetes treating agent, a
diabetic complication therapeutic agent, a hyperlipidemia
therapeutic agent, a hypertension therapeutic agent or the
like which has a mechanism of action different than that of
SGLT2 activity inhibijitors. By combining the compounds of the
present invention with the other agents, an additive effect

can be expected compared to the effect obtained from each



dehydr ogenase i nhibitors, al dose reductase inhibitors, protein kinase C
I nhi bitors, y-am nobutyric acid receptor antagonists, sodi um channel
antagoni sts, transcription factor NF-KB inhibitors, KK 3 inhibitors,

| i pi do- peroxi dase inhibitors, N acetyl ated-a-I|inked-acid-di peptidase
inhibitors, insulin-like growh factar-Js platelet-derived growh factor
(PDGF), platelet-derived growmh factor (PDGF) anal ogs, epidermal growth
fact or (ESEngleepgendr dw lkhleagbove ddseiasiese derivatives, uridine,

5- hydr oxy-| - met hyl hydant oi n, EGB-761, binocl onol, sul odexide, Y-128 and
TAR- 428. £806p0066] ASheheddphpéeesthpeppputiircaggnhssanfddiabetdrabetic
conplication therapeutic agents, the followng are illustrated. [0067]
"BlguanldQOHP&¢§atFﬁelG@@rapﬁPtéﬁaﬁﬁpétSneﬁhépﬁlﬁrehyﬂﬁééﬁléplde and
phenf orm n. 68]. Among _"insuln secreélon ronoters”, sul fonyl ureas

i ncl ude, FBW 3%%98 iy HSFldéong#B@R Panit é?llﬁlFﬁPEF&éVltglyclaZ|de and

chl or propam de, and ,non-sul fonyl ureas include for exanpl e, nateglinide,
repagl i ni BBhARGERSt i(§Uch @8, Fé66§]a9?ﬂ§ﬁFrnP%@%p%%%quﬂﬂ?Sqq1 Jﬂg

nmb h | | fied
it o 'tﬂfgtgoaﬁgﬁpsn&c%%ﬁ& A0 TeeriehE offiearbipsd uiifafidre ' °
| medi at e, 3600 ok BEGBITIRSASH 4BCIRY BUTBBORGYLER! shBRWLg). Che medi um

type (an I'n I N- human éopﬁane I nsu SuSpéns a human neutra

o, B Sataae oA BREROASUBREE 0t B St

enl onged- ¢hhBE bHYBROtR iRUMRipeyttighkiNgepRIdhisB ZTNEnhibitors,
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-chiro-inositol, glycogen
synthase kinase 3 inhibitors, glucagon-like peptide 1,
glucagon-like peptide-1 analogs, glucagon-like peptide-1
agonists, amyrin, amyrin analogs, amyrin agonists,
glucocorticoid receptor antagonists, 11B-hydroxysteroid
dehydrogenase inhibitors, aldose reductase inhibitors, protein
kinase C inhibitors, y-aminobutyric acid receptor antagonists,
sodium channel antagonists, transcription factor NF-xB
inhibitors, IKK § inhibitors, lipido-peroxidase inhibitors, N-
acetylated-a-linked-acid-dipeptidase inhibitors, insulin-like
growth factor-I, platelet-derived growth factor (PDGF),
platelet-derived growth factor (PDGF) analogs, epidermal
growth factor (EGF), nerve growth factor, carnitine
derivatives, uridine, 5-hydroxy-l-methylhydantoin, EGB-761,

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



suspension). [0070] "d ycosidase inhibitors" include, for exanple,

acar bose, voglibose and mglitol. [0071] PPAR y agonists of "insulin
sensitivity enhancers" include, for exanple, troglitazone, pioglytazone and
rosi gl ytazone, and PPAR a/y dual agonists include, for exanple, MK-767
(KRP-297), tesaglitazar, LM 4156, LY 510929, DRF-4823 and TY-51501, and
PPAR 5 agoni sts include, for exanple, ~ 501516. [0072] "Tri pepti dyl

pepti dase flologigNhi Di t 0% thClidAetbr tRérap8iedB! gellts- 438 thd073]
"Di peptidyl peptidase IV inhibitors” include, for “exanple, NVP-DPP728A,

LAF-237, {a043lc RHHpAS itd ohSlthé2apeultd@/ Algendlsdoger edualatfg RiHebi t Or s”
I ncl ude, for exanple, ascorbyl ganolenate, tolrestat, epalrestat,
fidarestatillusaddted., ponalrestat, risarestat and zenarestat. [0075]
"y- Am nobutyric acid receptor antagonists" include, for exanple,

t opi ramat §.0060Q76] " Sodigwmanhdendi-uget agaciate’, foel edempiier, mxafpain
mexi l etin hydrochloride. [0077] "Transcription factor NF-KB inhibitors”
i ncl ude, hiydrochdplide daed iphendormi®078] "Li poper oxi dase inhibitors”

i nclude, for exanple, tirilazad nesylate. [0079] "N Acetyl ated

a- | i nked- 4d0i068di pept | dao8g i"ARSYLior secratliodeprovptexsipl suléPnylegeas
[0080] "Carnitine derivatives" include, for exanple, carnitine and
Ievacecarﬁpﬁéuﬁﬁdré@ﬁl@quﬁle' glyburide (glibenclamide), glipizide,

glyclazide and chlorpropamide, and non-sulfonylureas include,
for example, nateglinide, repaglinide and mitiglinide.

[0069] "Insulin preparations” include recombinant human
insulin and animal-derived insulin, and are classified into
three groups according to the time of action, that is, the
immediate-acting type (human insulin and human neutral
insulin), the medium type (an insulin-human isophane insulin
aqueous suspension, a human neutral insulin-human isophane
insulin aqueous suspension, a human insulin zinc aqueous
suspension and an insulin zinc aqueous suspension) and the
enlonged-acting type (a human crystalline insulin zinc
suspension).

[0070] "Glycosidase inhibitors” include, for example,
acarbose, voglibose and miglitol.

[0071] PPAR y agonists of “insulin sensitivity enhancers”
include, for example, troglitazone, pioglytazone and
rosiglytazone, and PPAR o/y dual agonists include, for example,
MK-767 (KRP-297), tesaglitazar, LM 4156, LY 510929, DRF-4823
and TY-51501, and PPAR 0 agonists include, for example,
GW-501516.

[0072] "Tripeptidyl peptidase II inhibitors” include, for



[ 0081] "Hyperlipidem a therapeutic agents and the hypertension therapeutic
agents" which can be used in conbination include, for exanple,

hydr oxynet hyl gl utaryl coenzyne A reductase inhibitors, fibrate conpounds,
(33-adrenaline receptor agonists, AMPK activators, acyl coenzyne A

chol esterol acyl transferase inhibitors,,sprobucol, thyroid hornone receptor
agoni sts, chol esterol absorption inhibitors, |ipase inhibitors, mcrosone
triglycer egamplanstU€L.-pBotein inhibitors, |ipoxygenase inhibitors,
carnitine pal mtoyl transferase inhibitors, squal ene synthase inhibitors,

| ow 28 déRAOI7BY | i poprBipentidgdppeptpdaset EVsinhibbtonst amwctludderfemti ves,
bil e acid adsorbents, sodium conjugated bile acid transporter inhibitors,
chol est er gKappiern NVEHQPBF2§A@téAﬁ 2BfRi YKr8A31.aRgr6P8nand E8hverbi ng
enzyme inhibitors, gloten5|n |1 receptor antagonists, endothelin
convertin§0%Adyme i nALBPESr SeduflasReinhibidepsor 1aGlageni oL eramRle s,
cal ci um ant agoni sts, vasodil ating hy otenS|ve agents, __synpathetic bIocklng
agent s, céﬁFgﬁpyﬂyHSW@&@P@Eeagéﬂgge SﬁdaﬂpéﬁéﬁﬁFétreEéB?BFS§SGM|sts

antlplatelet cid f rnatlgn inhibitors, uric acid excretion

1
o e e S d AT ponanPestRL b oRABES ﬁarseﬁ.esnaaaﬁﬁeﬁect.n r ecept or

agoni st s, agoni sts, and GPR40 ant nlst 0082 t he hy, erI| denla
therapeutﬁgpgggnts and! LD Eﬁ?%ﬁuﬁ %ﬁﬁ&ﬁ %?tﬁlw

are illus t 08 ynethylglutaryl coenzynme A reductase
|nh|b|tor§£’§|§%Fm8gg %Lpeggﬂgﬁé' fluvastatin, |lovastatin, pravastatin,

cerivastagpg7gHd p'tav§§&§ﬁhnch£99§f1a ELBER1EL 60 PREGSe , | PGLULRambPL,

exanpl e,
mexiletin hydrochloride.

[0077] "Transcription factor NF-xB inhibitors” include,
for example, dexlipotam.

[0078] "Lipoperoxidase inhibitors” include, for example,
tirilazad mesylate.

[0079] "N-Acetylated o—linked-acid-dipeptidase
inhibitors” include, for example, GPI-5693.

[0080] "Carnitine derivatives” include, for example,
carnitine and levacecarnine hydrochloride.

[0081] "Hyperlipidemia therapeutic agents and the
hypertension therapeutic agents” which can be used in
combination include, for example, hydroxymethylglutaryl
coenzyme A reductase inhibitors, fibrate compounds,
fs-adrenaline receptor agonists, AMPK activators, acyl coenzyme
A: cholesterol acyl transferase inhibitors, probucol, thyroid
hormone receptor agonists, cholesterol absorption inhibitors,
lipase inhibitors, microsome triglyceride transfer protein
inhibitors, lipoxygenase inhibitors, carnitine palmitoyl

transferase inhibitors, squalene synthase inhibitors, low



bezaf.i brate, beclobrate and binifibrate. [0085] "Squal ene synthase

I nhi bitors" include, for exanple, TAK-475, a-phosphonosul fonate derivatives

(as described in US Patent No. 5,712,396). [0086] "Acyl coenzynme A

chol esterol acyl transferase inhibitors"” include, for example, C -1011,

NTE- 122, FCE-27677, RP-73163, MCC- 147 ggd _DPU-129. [0087] "Low density

| i poprotein receptor pronoters” include, for exanple, MD-700 and LY-295427.

[ 0088] "Mienssbtyelippgkypteindeecephefepromoters, 28icohhnbectacsd( MIP

inhibitors)" include, for exanple, conpounds as described in the

specifica@eghgabivaslPhiéﬁtaﬁbg.aQ§¢Bb§nB§, sedyum ognjugaved, bikeandidhe

| i ke. [0089] "Anorectics" include, for exanple, adrenaline- noradrenaline

agoni st s tRAaBFREBEEerepRBdPLEETEndChARESEREYL estent bRansEgBrPEPEelBel ecti ve

serotonin retake inhibitors such as fluvoxam ne), adrenalinserotnin

agoni sts {8 bH%Faﬁ?meaBHHOt?ﬁﬁlplR@?Veﬁﬁiﬁﬂo%B?Ymﬁ EnPbEbb?B$ (MAR)

agoni sts and, a-nel angcyte concentrating, hornones éﬁ N(}z %gtln cocai ne-
14R. cony

and anphe?aﬂ?ﬂEePEbBIageHeFFHHQEr?BFag EFYS angnepELe B9 Thyr oi d
ovot nyr ok REnGohi AP Eobsy) SekbReatfr srCARtE e tHSeRkF T B&SSP? fhde.
(07, oeneBh e e b7l eobh TR A RO PLT kil [ o SerELe
exanpl e, glapD¥hEtib0B94Eki 35C8§éﬂt§,a&éﬂtP&iiM9£6¥§§s1ﬁécé&9§tsfOr exanpl e,

oy-adrenergic receptor agonists, antiplatelet agents, uric

acid formation inhibitors, uric acid excretion stimulants,

urine alkalifying agents, anorectics, adiponectin receptor

agonists, GPR40 agonists and GPR40 antagonists.

[0082] As the hyperlipidemia therapeutic agents and the

hypertension therapeutic agents, the following are illustrated.

[0083] "Hydroxymethylglutaryl coenzyme A reductase

inhibitors” include, for example, fluvastatin, lovastatin,

pravastatin, cerivastatin and pitavastatin.

[0084] "Fibrate compounds” include, for example,

bezafibrate, beclobrate and binifibrate.

[0085] "Squalene synthase inhibitors” include, for

example, TAK-475, a-phosphonosulfonate derivatives (as

described in US Patent No. 5,712,396).

[0086] "Acyl coenzyme A: cholesterol acyl transferase

inhibitors” include, for example, CI-1011, NTE-122, FCE-27677,

RP-73163, MCC-147 and DPU-129.

[0087] "Low density lipoprotein receptor promoters”

include, for example, MD-700 and LY-295427.

[0088] "Microsome triglyceride transfer protein



ni cot,inic acid, nicotinam de, niconol and nicorandil. [0095] "Bile acid
adsor bents" include, for exanple, cholestyram ne, cholestilan and
chol esevel am hydrochl ori de. (0096] "Angi otensin-converting enzyne

i nhibitors” include, for exanple, captopril, enalapril maleate, aracepri
and cilazapril. [0097] "Angiotensin Il ggceptor antagonists” include, for
exanpl e, candesartan cilexetil, |osartan potassiumand eprosartan nesyl ate.

[ 0098] " EneiditibetiotsC qmaT®r inhd bdrowes "i Ahichiuder, s foirn elkiad)1e30 compeina@sanypl e,
CGS- 31447 and CGS-35066. [0099] "Endot helin receptor antagonists" include,
for exanplse delsctdBe@s,inl Bhe3 Xiple ainfli dS-oii32 & .U (B nEoNoexabpi &9, ims5 | he
t herapy of diabetes and the |like, it is suitable that the conpounds of the
present i5nvadidt, 2919 .abe 769 @ dbogatdhdheniltikeat | east one agent selected from
the group consisting of insulin sensitivity enhancers (PPAR y agonists,
PPAR a/y d4§68i9dts, PPARnSregtncst's inBPARe, afytSeaguopilet sadmdntafénkt ke),

gl ycosi dase i nhi bitors, biguanide drugs, insulin secretion pronoters,

i nsulin pﬂéﬁéﬂéﬁmédén@negoﬁﬁﬁéﬁtKmﬂZiﬁg idg@phedyipghapidt dhe. 1ide)1]
Further, it is suitable that the conpounds of the present invention are
used togeSEEPLANIR @gomdgds dselsgdive seretesdnt refpkge 1ghdbd tegsssychng of
hydroxynet hyl -gl utaryl coenzyme A reductase inhibitors, fibrate conpounds,
squal ene a8y FiNFCXSEINi. bipdseaalidypeEgtRiPnddenieks| ésibpsrapipe and

S S TR R S
a-melanocyte concentrating hormones (a-MCH), leptin, cocaine-
and amphetamine-regulated transcript (CART) and the like.
[0090] "Thyroid hormone receptor agonists” include, for
example, lyothyronine sodium and levothyroxine sodium.

[0091] "Cholesterol adsorption inhibitors” include, for
example, ezetimibe.

[0092] "Lipase inhibitors” include, for example, orlistat.
[0093] "Carnitine palmitoyl transferase inhibitors”
include, for example, etomoxir.

[0094] "Nicotinic acid derivatives” include, for example,
nicotinic acid, nicotinamide, nicomol and nicorandil.

[0095] "Bile acid adsorbents” include, for example,
cholestyramine, cholestilan and cholesevelam hydrochloride.
[0096] "Angiotensin-converting enzyme inhibitors” include,
for example, captopril, enalapril maleate, aracepril and
cilazapril.

[0097] "Angiotensin II receptor antagonists” include, for
example, candesartan cilexetil, losartan potassium and
eprosartan mesylate.

[0098] "Endothelin-converting enzyme inhibitors” include,



and anorectics. [0102] The drugs of the present invention can be
adm ni stered systemcally or topically or orally or parenterally (for

exampl e, rectally, subcutaneously, intranmuscularly, intravenously or
per cut aneousl y). [0103] The conpounds of the present invention which are
used as drugs may be in any formof a sqlid conmposition, a |liquid

conposi tion and anot her conposition, and% e nmost suitable formis sel ected

as necessapy ekhAmpdeldecel 31ha7 BL@SeRs-38YeRLi on can be produced by
i ncorporating a 3? pharmaceutically acceptable carrier into the conpounds

of the present) i nventEAfothReshl Feakb¥oranex§bRigeEr @nkihbe! . £8r bi nder,
a disintegrator, a coating agent, a sugar-coating agent, a pH adjustor, a

sol ubi I'i zexrgmpgent LwWhi4els0i5s TBCRBENUI anal BMsusedsgru .an aqueous or nonaqueous
solvent is added to the conpounds of the present invention to prepare

t abl ets, [iolllo®,] capsuFes, egamplibe, idushenghpoaper 6f goabdetss ahdqthes and
sol utions, enul sions, suspensions, injections or the like by the
convent i oddkey dmplisyeditedbiei qhes ftbe cphapmadsubifcahef preawkati ons. The
excipients and fillers include, for exanple, |actose, nagnesium stearate,
starch, tavenptdenaeire, usgdr togethen, wathcnd, lobhsteonel agentamelected cacao
butter, ethylene glycol and other substances usually wused. [0104] Further,
t he conpodin@® &het BEopPeSERSishiagt PninsuAipesAngatinisyf enhahaersans by
form ng clathrate conpounds wth a-, (3- or y-cyclodextrin or nethylated
cycl odext (PRAR y0a9opighe, dBBAR oft/t OQHRIGUNFPAR & legopdsdsnt PPARent i on
a/y/0 agonists and the like), glycosidase inhibitors, biguanide
drugs, insulin secretion promoters, insulin preparations and
dipeptidyl peptidase IV inhibitors.
[0101] Further, it is suitable that the compounds of the
present invention are used together with at least one agent
selected from the group consisting of hydroxymethyl-glutaryl
coenzyme A reductase inhibitors, fibrate compounds, squalene
synthetase inhibitors, acyl coenzyme A: cholesterol acyl
transferase inhibitors, low density lipoprotein receptor
promoters, microsome triglyceride transfer protein inhibitors
and anorectics.
[0102] The drugs of the present invention can be
administered systemically or topically or orally or
parenterally (for example, rectally, subcutaneously,
intramuscularly, intravenously or percutaneously).
[0103] The compounds of the present invention which are
used as drugs may be in any form of a solid composition, a
liquid composition and another composition, and the most

suitable form is selected as necessary. The drugs of the

present invention can be produced by incorporating a



vari es depending on the disease, the status of the disease, weight, age,
sex and the route of admnistration, and is preferably 0.1 to 1,000 ng/ kg
wei ght/day, nore preferably 0.1 to 200 ng/ kg wei ght/day and can be
adm ni stered once a day or dividedly several tines a day. [0106] The
conmpounds of the present invention can synt hesi zed, for exanple, by the
production net hods as shown below. [0107] The conpounds of the present

inVentiOthﬁﬁﬂaeéutiﬁaiﬂ?sbé%@pQHbﬁQecEEEEQQ 2atshens meﬁSﬁﬁHE bf §ﬁe
Schene 1 10108 For mul a OBn R12 R11 R12 R11 GBn \ A A OBn OBn \

I (1 1) dpes¥bati eAveRdioB OspeBAfibhi)yPBan ERBiPBAnt! VA fBizeBllaRﬂ R11
debenzylation 0Bn OH O\O

binder, a disintegrator, a coating agent, a sugar-coating
agent, a pH adjustor, a solubilizing agent which is
conventionally used or an aqueous or nonagqueous solvent is
added to the compounds of the present invention to prepare
tablets, pills, capsules, granule, dusting powders, powders,
liquids and solutions, emulsions, suspensions, injections or
the like by the conventionally employed techniques for
pharmaceutical formulations. The excipients and fillers
include, for example, lactose, magnesium stearate, starch,
talc, gelatin, agar, pectin, acacia, olive o0il, sesame o0il,
cacao butter, ethylene glycol and other substances usually
used.

[0104] Further, the compounds of the present invention
can be made into formulations by forming clathrate compounds
with a-, B- or y-cyclodextrin or methylated cyclodextrin.
[0105] The dose of the compounds of the present invention
varies depending on the disease, the status of the disease,
weight, age, sex and the route of administration, and is
preferably 0.1 to 1,000 mg/kg weight/day, more preferably 0.1
to 200 mg/kg weight/day and can be administered once a day or
dividedly several times a day.

[0106] The compounds of the present invention can be
synthesized, for example, by the production methods as shown
below.

[0107] The compounds of the present inventions can be

synthesized by the method as shown in Scheme 1.



OBn OH OBn OBn CH OH (V) (VI) [0109] wherein R' and R 2 are the sanme as

t he above defined substituents on Arl; and A is the sane as above defined.
[0110] That is, an alkyllithium (for exanple, n- butyllithiumor the |ike)
is allowed to act on a conpound (IIl), and then reacted with a conpound
(I'l) to obtain a conpound (1V), and thggza silane reagent (for exanple,
triethylsilane or the like) is allowed to“act on the conpound (IV) in the
presence @chameaai d (for exanple, trifluoroacetic acid, a boron
trifluoride-dietnhyl ether conplex or the like) 33 to derivatize a conpound
(V) and thenesft groaenzy] ation is perforned by catal ytic hydrogenation
reaction in the presence of a palladiumcatalyst, a nmethod of using a Lewi s
acid (boron tribromde, boron grichloride, a boron trichloride

di met hyl sul fide conplex, a boronj trifluoride-diethyl ether conplex and
ethanethiol, a boron trifluoride:di@pRyl ether conplex and dinethylsulfide
or the like) or the like to ®rodyce a conpound (V). Further, the conpound
(I'l) can be synthesized, for le, by the method as described in a
docunent [KtAr 430B3994) 1, copound (111) can be
synt hesi zed A i n pat ent documents
(1 nternatifonal Publicationo s.9Bnpo1/ 27128 and 013118). [0111] The

conpounds sent invenkign can be al uced byeoxyd atistrhod of
Schene 2. 347- — OH _—
Br OB
()
R1ZRY

debenzylation

-

\\\\\0 Bn

0Bn ;
Bn OH O
v) (V1)

0

0Bn

[0109] wherein R'! and R'? are the same as the above defined
substituents on Ar'; and A is the same as above defined.
[0110] That is, an alkyllithium (for example, n-
butyllithium or the like) is allowed to act on a compound
(I1I1), and then reacted with a compound (II) to obtain a
compound (IV), and then a silane reagent (for example,
triethylsilane or the like) is allowed to act on the compound
(IV) in the presence of an acid (for example, trifluoroacetic

acid, a boron trifluoride-diethyl ether complex or the like)



Schenme 2 [0112] [Formula 6] 0 O OBn Rti Rtt R12 R11 OBn \ \ \ CH3 CH3 OBn
(r 1)y oH0,,,\\OBn Br (VIl) =O0Bn OBn OBn (VIII) R 2 P11 CH3

OBn \

R12 R’

OBn

(1

/

X) (x) (x1) RI2ZR A\ 1/ 0OH OH OHOH

- 33 -

R12 Rtt AX2 OBn 0 0O\ KoOBn OBn xA OBn OBn OBn OBn OBn OBn OBn

to derivatize a compound (V) and thereafter, debenzylation is

performed by catalytic hydrogenation reaction in the

presence

of a palladium catalyst, a method of using a Lewis acid (boron

tribromide, boron trichloride, a boron trichloride-

dimethylsulfide complex, a boron trifluoride-diethyl
complex and ethanethiol, a boron trifluoride-diethyl
complex and dimethylsulfide or the like) or the like
produce a compound (VI). Further, the compound (II)
synthesized, for example, by the method as described
document [Carbohydr. Res., 260, 243 (1994)], and the

(III) can be synthesized, for example, by the method

ether
ether

to

can be
in a
compound

as

described in patent documents (International Publication Nos.

WO01/27128 and WO04/013118).

[0111] The compounds of the present invention can be also

produced by the method of Scheme 2.



(V1). [0113] wherein R' and R12 are the sanme as the above defi ned
substituents on Arl; Ais the sane as defined above; and X1 and x2 are

hal ogen atons. 35 [0114] That is, an alkyllithium (for exanple, n-
butyllithiumor the like) is allowed to act on a conpound (VIIl), and then
reacted with a compound (I1) to obtain_q3 conpound (VIII), and then a silane
reagent (for exanple, triethylsilane or *he like) is allowed to act on the
conmpound gcWenle) 2 N the presence of an acid (for exanple, trifluoro- acetic
acid, a boron trifluoride-diethyl ether conplex or the |ike) to derivatize
a conpound 01rg)]. [Feamgp@und (1 X) is converted to a conpound (X) by

sui tabl e hal ogenation conditions (for exanple, N-bronosuccinimde, brom ne,
hydrogen bronmide or the |like whengXl is a brom ne atom, and then the
compound (X) is reacted with a hetjgroaryl halide (A-X2) in the presence of
a suitable palladiumcatal yst an ﬁ@é?ter, debenzyl ation is perforned by
catal ytic hydrogenation reaction| infthe presgnce,of a palladiumcatalyst, a
nmet hod of using a Lewis acid i br onRde, Rbor on %ﬁichloride, a boron
trichloride-di get hgl'sul fi de conpl ex, a i ' e-3diethyl et her
conplex and eth tRial, @HportBn toBnfl uori de- et her conpl ex and

dimethylsulfid | e~i ke) or tQ?I like to a conpound (VI) of the
present inventilgn. I!Furgher, t (VIl) can| p8H synthes+zed, for

" (I nternationa
ed internediate (X)

exanple, by the d as described in a patent
Publ i cati on No. W04/ }3118). [ 0115] The above-descr
can be

1)

[0113] wherein R!' and R!? are the same as the above defined
substituents on Ar!; A is the same as defined above; and X' and

X? are halogen atoms.



produced by the followi ng nethod. - 36 - Schenme 3 [0116] [Formula 7] 0 O
,,,\V\0Bn R12 R11 R12 R11 OBn \ \ OP OBn OBn OH protection In deoxylation
OH Br (XIl) =0Bn On OBn (XI Il) RlI2 R11 R2 R11 R12 R11 OP \\ OH\ \\ X1

deprotection halogenation 0 SOB O ..""\0OBn ~~a0Bn 0 OBn OBn OBn OBn OBn
Bn OBn Bn CBn (X1 V) (V) (XV) (X) [ 7] wherein R' and R12 are the sane
as the above defined substituents on Ar ‘Ais the sane as defined above: P

i s a protqehilg groupthak tiie B)idéQkylﬁlﬁ.QHE’.umag@o};(lekémélehah()gen at om

[0118] That is, the hydroxy group of a compoun XIl) is protected with a

suitabl e wu@y%IMﬁhiugfQuptBe(ﬂleQXa@Dbﬂio@ed to act on a compound
(VII), and then reacted with a compound (II) to obtain a
compound (VIII), and then a silane reagent (for example,
triethylsilane or the like) is allowed to act on the compound
(VIII) in the presence of an acid (for example, trifluoro-
acetic acid, a boron trifluoride-diethyl ether complex or the
like) to derivatize a compound (IX). The compound (IX) is
converted to a compound (X) by suitable halogenation
conditions (for example, N-bromosuccinimide, bromine, hydrogen
bromide or the like when X! is a bromine atom), and then the
compound (X) is reacted with a heteroaryl halide (A-X?) in the
presence of a suitable palladium catalyst and thereafter,
debenzylation is performed by catalytic hydrogenation reaction
in the presence of a palladium catalyst, a method of using a
Lewis acid (boron tribromide, boron trichloride, a boron
trichloride-dimethylsulfide complex, a boron trifluoride-
diethyl ether complex and ethanethiol, a boron trifluoride-
diethyl ether complex and dimethylsulfide or the like) or the
like to produce a compound (VI) of the present invention.
Further, the compound (VII) can be synthesized, for example,
by the method as described in a patent document (International
Publication No. WO04/013118).
{0115] The above-described intermediate (X) can be

produced by the following method.



tert-butyldinmethylsilyl group, a tetrahydropyranyl group or the |like), and
then a suitable alkyllithium (for exanple, n- butyllithiumor the like) is
allowed to act on the resulting compound, and then reacted with a conpound
(I'l') to derivatize a compound (XII1). Then, a silane reagent (for exanple,
37 triethylsilane or the like) is allowed to act on the conpound (XII1l) in
the presence of an acid (for exanple, ~ 3% 1 uor oacetic acid, a boron
trifluori petRyl ether conplex or the like) to derivatize a conpound
(XIV). Thgeflgh IEJ’rotection is perforned to obtain a conpound (XV), and

t hereaft ef ot hgjobrgipadaceqpound i s subjected to suitable hal ogenation
conditions (conditions of using N bronosuccinimide, brom ne, carbon
tetrabrom de or the like in the pres@nce of triphenyl phosphine) to

synt hesi ze a conpound M [0119] The npg§pds of the present invention can
be al so produced by the nethod of $che ¥4, Schene 4 [0120] [Fornula 8] R12
RI1 \ \ Br R12 R11 OH\ \\ Br oOBn/H (CF3CORZ0 ¢XVIl) DBn O ,,"M OBn
OBn

12 pil
R R\\ 0Bn  0Bn
>( l N OH protection an
N ~

- ~-

deoxylation
0H —_—

W\0Bn

Br
Xit)

Y 0Bn
0Bn 0Bn

xren

OH

deprotection

_—

halogenation

_—_— -

0B W\0Bn
: 0Bn Y 0Bn
0Bn 0Bn 0Bn  0Bn
X1v) V) (xXv)
[0117] wherein R!! and R'? are the same as the above

defined substituents on Ar'; A is the same as defined above; P
is a protective group for the hydroxy group; and X! is a
halogen atom.

[0118] That is, the hydroxy group of a compound (XII) is
protected with a suitable protective group P (for example, a
tert-butyldimethylsilyl group, a tetrahydropyranyl group or
the like), and then a suitable alkyllithium (for example, n-
butyllithium or the like) is allowed to act on the resulting
compound, and then reacted with a compound (II) to derivatize

a compound (XIII). Then, a silane reagent (for example,



(XVI), = OBn OBn OBn (XVIll) R13 R12 R11 | R12 R11 R12 RI1 R13 S 13 A\
\W AV -\ A \ I / X- debenzylation O,",\OBn D,,\NOBh D.,,,\OH OBn Ot
OH OBn OBn OBn OBn OH OH (X I X) (XX) (V) - 38 [0121] wherein R11 and R12
are the sane as the above defined substituents on Arl; R13 is each

i ndependently selected froma Cl-C6 al group (for exanple, a butyl group
or the like); Ais the same as defined~dbove; and X is a hal ogen at om

[0122] |ftB§6%ﬁ§§§Xlah@ bhetaeeianaq 9k aisvikabks Be%eon(tﬁé esmpBLAd
sodi um acetate or the like), an acid anhydride (for exanple,

trifluoroggetirg aﬂh!ﬁéléﬁeﬁénbbeoklKﬁ)abidakkeﬂedxhﬂﬁiét on a conpound
(XVl), and then reacted with a conpound (XVI1) in the presence of a

suitabl e kewfsuatbdceltac aeianphepoohotensiubtliteradetHiyet Byheet her conpl ex
or the like) to obtain a conmpound (XVI11). Then, the conpound (XVIII) is
react ed weohpdekepaaltkgl diken tbodeeimapliee ahemmpotpbldiKXIW)or tThenlike) in
the presence of a suitable palladiumcatalyst to derivatize a conpound
(XI'X) whi deproteciiéppafiseperarmed ot hbsalhi2axcomhenndn(AV)s ahd sanme as
defined above; and X is a halogen atom) in the presence of a

thereafter the obtained compound is subjected to suitable

halogenation conditions (conditions of using N-

bromosuccinimide, bromine, carbon tetrabromide or the like in

the presence of triphenylphosphine) to synthesize a compound

(X).

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

produced by the method of Scheme 4.

Scheme 4

[0120] [Formula 8]

12 Y

\\

N

(CF3C0) ;0 (xvitr)

0Bn  0Bn
XV




sui tabl e pall adium catal yst to obtain a conmpound (XX). Thereafter

debenzyl ation is perforned by catalytic hydrogenation reaction in the
presence of a palladiumcatalyst, a nethod of using a Lewis acid (boron
tribrom de, boron trichloride, a boron trichloride-dinethylsulfide conplex,
a boron trifluoride-diethyl ether conplex and ethanethiol, a boron
trifluoride-diethyl ether conplex and'dﬁﬁ%fhylsulfide or the like) or the

like to p{@@ﬂiﬁ a conpgeRdifhVR): dndl&3 e 1R Neghd s PREUBI L t he

conpounds of the present inventionis not limted to the above-descri bed

net hods. dbeifedapeubdti®uenites Pneaeh} r¥veBt bABhCAAdBBeAlsAt1Rr Qdueedeafl OF
exanpl e, by suitably conbining the steps 39 - included in the Schenes 1 to

4. Exanpl esom[ 8124} clhealieantarsup aff dihexameet a meall @rodp lobaheexpl ai ned
in further details by the follow ng exanpl es and experinental exanples but

t he presebikefyept ien the meamd ias dGetined tadbeivie ;c@idEnt sis [HIHlodeacaton.
abbreviation in the foll ow ng exanples has the follow ng neani ng. NVR
Nucl ear mighegilc resolfinnecepsaryunifTilkei pteseate of andsuilfabMs: bdkss
spectrometric anal ysis value; HPLC. Hi gh-performance |iquid chromatography;
[0126] NVMRfonBSezawphRLCsediummasstnte by the Ldkeow ag aeddi pnbpdrifie127]
NVR JOEL JNM EX- 270 (270 MHz) or Brucker ARX 300 (300 MHz);
(for example, trifluoroacetic anhydride or the like) is
allowed to act on a compound (XVI), and then reacted with a
compound (XVII) in the presence of a suitable Lewis acid (for
example, a boron trifluoride-diethyl ether complex or the
like) to obtain a compound (XVIII). Then, the compound
(XVIII) is reacted with a hexaalkylditin (for example,
hexabutylditin or the like) in the presence of a suitable
palladium catalyst to derivatize a compound (XIX) which is
thereafter reacted with A-CH,-X (wherein A is the same as
defined above; and X is a halogen atom) in the presence of a
suitable palladium catalyst to obtain a compound (XX).
Thereafter, debenzylation is performed by catalytic
hydrogenation reaction in the presence of a palladium catalyst,
a method of using a Lewis acid (boron tribromide, boron
trichloride, a boron trichloride-dimethylsulfide complex, a
boron trifluoride-diethyl ether complex and ethanethiol, a
boron trifluoride-diethyl ether complex and dimethylsulfide or
the like) or the like to produce a compound (VI).
[0123] The method for producing the compounds of the
present invention is not limited to the above-described

methods. The compounds of the present invention can be also

produced, for example, by suitably combining the steps



M5: LCQ of Thernmo Finigan or Mcromass ZQ or Quattro mcro of Wters; HPLC
2690/ 2996 (Detector) of Waters. Exanple 1

(2S, 3R, 4R, 5S, 6R) - 2-[ 3- (Benzo[ b] t hi ophen- 2-yl et hyl ) -

napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydropyran-3,4,5-triol (1) Synthesis
of (Benzo[ b]thi ophen-2-yl)-(4-brono- napiy hal en-2-yl) nethanol Under a
nitrogen atnosphere, an n-butyllithium hexane solution (1.6 M 2.04 nm,

3. 27 mol incdsdedddd dhep@ichemes a tsokuti on of benzot hi ophene (0.48 g, 3.58
mmol ) in anhydrous THE (10 m) at -78C over 5 mnutes. The reaction

sol uti on Exa@pless stirred at -78C for 10 minutes, and then at room
tenperature for 20 mnutes. A solution of 4-

br ononaph&fR3kdne- 2- cEhparartgats (of 78he¢ prgsant nimygnthon awhldirbes THE (5
m) was added dropw se to the resu[ting reaction mxture at -78C and
stirred aexPtg&nedr inndurshes. detgilfrebrehbei 6ALlAPYLDIcexampaear andd
amoni um chl ori de agueous sol ution was added and the resulting m xture was
ext r act ed*RETAMENLA}y PX8MReLS BRY the Brgsprt fayepthas &ﬁsﬁ@g wiihtgd
saturated so iunlchlorid% aqueous solution and then dried with anhydrous
magnesi umtSuItPELE. CRPEEP P tration, the solvent was distilled under

duced d t.he, obtained resid ified by sili | flash

col urm. chi 032Pdgr aphy e RRBEAEEtE3h 1R LlE e BT 1wt ag, Hampips hdf he (11 e
d . £3 A ' . 2.72 (1H, d, J=3. ,

g?rznz)m(JEH, té‘l‘ 93§§9£'§ﬂg’)/?“e7?’(1a;/’%?)1H, i?ﬁ??%%?éas(m 7n'),(1$. 52- 7?178 (93E,Z)n),

NMR: Nuclear magnetic resonance spectrum (TMS internal
standard);
MS: Mass spectrometric analysis value;

HPLC: High-performance liquid chromatography:;

[0126] NMR, MS and HPLC were measured by the following
equipment.

[0127] NMR: JOEL JNM-EX-270 (270 MHz) or Brucker ARX 300
(300 MHz);

MS: LCQ of Thermo Finigan or Micromass ZQ or Quattro micro of
Waters;

HPLC: 2690/2996 (Detector) of Waters.

Example 1

(2S5,3R,4R,5S,6R)-2-[3-(Benzo[b]lthiophen-2-ylmethyl) -

naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-triol

(1) Synthesis of (Benzo[b]thiophen-2-yl)-(4-bromo-
naphthalen-2-yl)methanol
Under a nitrogen atmosphere, an n-butyllithium hexane
solution (1.6 M, 2.04 ml, 3.27 mmol) was added dropwise to a

solution of benzothiophene (0.48 g, 3.58 mmol) in anhydrous

THF (10 ml) at -78°C over 5 minutes. The reaction solution



7.77 (1H, d, J=7.5 Hz), 7.83 (1H, d, J=7.8 Hz), 7.84 (1H, s), 7.92 (1H, s),
8.21 (1H, d, J=8.1 Hz) (2) Synthesis of

2: (4- Bronmonapht hal en- 2-yl net hyl ) benzo- [b]thi ophene In a nitrogen stream
triethylsilane (0.48 m, 3.01 mmol) and a boron trifluoride-diethyl ether
conplex (0.34 m, 2.71 muol) were add_ed“fjr_opwi se to a solution of
(benzo[ b] - thiophen-2-yl)-(4-bronmonapht hal en-2-yl)nmethanol (1.0 g, 2.71
mol) in gakhgkereeahladr i-08°C38ofl)0ahifttedNean@aghéfNat Nbgbr € was stirred
at roomtenperature for three hours, and then a 50% net hanol aqueous

sol uti on ¢emperawaseadded 2Onthinukesher Awstodutdan adddd t hereto and the

m xture was extracted 41 wth nethylene chloride. The organic | ayer was
washed w biromongphartiicd@nsodi-gardaildehydeaddsdds mdol Gt.ildnmaed )dined
(anhydrous magnesium sulfate), and then the solvent was distilled under
reduced pﬁ@bﬁ’dv‘-‘@usTﬂ'é‘FoKﬁaFﬁédWﬁésﬁd@@d\/moppursﬁf ited the gelsudaigsl col um
chromat ogr aphy [devel oping sol ution=ethyl acetate : n-hexane (1:40)] to

obt ai n t h&egictien mnqﬁc@mffda(to-gz g, aB§g. 6%-1“1“?@12'9] 18P\ Y ADELow:s 4. 34
(2H, s), 7.05 1H5u2§ %tz 7.48-7.59 (2H, m, 7.66-7.79 (5H,
m, 8.19 F?ch Jre 1PnHEFx6§feSy ﬁ@§p§a6@d ammonium chloride aqueous

(3R 4S,5S, 6 3- (Ben th|o

yl met hyl ) f8 %-htﬁé?ﬁ’eﬁ’(af ﬁ%]% ?’1 Egﬁﬁlt&?? gixture was extracted

EeBﬁty'y??.nyﬁttﬁyﬁhé%kx 'S Lf"”ﬁ% P RrSends” neie3 Bt MRN8 45808

2 (B by orBRSSRERAI LR %’1“?” SRS ASHFSHFn S HGHEn and then dried with
anhydrous magnesium sulfate. After filtration, the solvent
was distilled under reduced pressure and the obtained residue
was purified by silica gel flash column chromatography [n-
hexane : ethyl acetate (10:1)] to obtain the title compound
(1.0 g, 75.6%).
[0128] 'H-NMR (CDCl;) &: 2.72 (1H, 4, J=3.9 Hz), 6.22 (1H, 4,
J=3.6 Hz), 7.17 (1H, s), 7.25-7.36 (2H, m), 7.52-7.70 (3H, m),
7.77 (1H, 4, J=7.5 Hz), 7.83 (1H, 4, J=7.8 Hz), 7.84 (1lH, s),
7.92 (1H, s), 8.21 (1H, 4, J=8.1 Hz)
(2) Synthesis of 2-(4-Bromonaphthalen-2-ylmethyl)benzo-

[bl]thiophene
In a nitrogen stream, triethylsilane (0.48 ml,

3.01 mmol) and a boron trifluoride-diethyl ether complex (0.34
ml, 2.71 mmol) were added dropwise to a solution of (benzo[b]-
thiophen-2-yl)-(4-bromonaphthalen-2-yl)methanol (1.0 g, 2.71
mmol) in methylene chloride (30 mL) at 0°C. The reaction
mixture was stirred at room temperature for three hours, and

then a 50% methanol aqueous solution (1 ml) was added and

further water was added thereto and the mixture was extracted



(0.81 g, 2.29 mol ) in anhydrous THE (15 m) at -78C over five mnutes. The
reaction mxture was stirred at -78C for 5 mnutes, and then a sol ution of
3.4,5-trisbenzyl oxy-6- benzyl oxynet hylt etrahydropyran-2-one (1.36 g, 2.52
mmol) in anhydrous THE (10 m) was added dropw se thereto at -78C and the
reaction solution was stirred at -78C fqgr 2 hours. To the obtained reaction
m xture was added a saturated ammoni um ghlorlde aqueous solution and the

m xt ure waithxmeahyadnei thlodidehyl Taehergandct heyergaascwhayed washwashed
with a saturated sodi um chloride agqueous solution, and then dried wth
anhydr ous satigmetednsedifimt ehléktide fghepasi snluthen apflvdmtiedas distilled
under reduced pressure and the obtained 42 residue was purified by silica
gel f|ash(gohmﬂﬁogﬁrmﬁgnggﬁamhyulpnthéxaned thehythacepaventl19as)] to obtain
the title conpound (1.4 g, 759. [0130] 1H-NMR (CDC13) S: 3.47 (1H, d,

J=10. 5 Hzypisgid2edjpndes) reéumd( PResgurg=10Thepbtained repidye was. 0 Hz),
4.10-4.28 (44, m, 4.35 s), 4.46 (1H, d, J=11.7 Hz), 4.59 (1H, d,

J=12 Hz), PHr?glFQHbYdSl:‘r-"-fG SeNzF°1HmB8CP§PF“a§?9r§PbY Mﬁveaomaslo 8 Hz),
6.66 (2H, d, J= % 6. 94 t, S . 5 Hz),
7.21-7. 3sse?csﬁl°Hret17 Aoapeta F Jn7h9xapﬁ) <174821(m Btaawtlzer&}!:lq. 68
(1H, d, J= 1H 7.80 (1H, d, J=7.8 Hz), 7.89 (1H, d, J=1.8
Hz), 8. 63°8Tﬂ°un (§ éé g SN%%?ESI' ): 836 [M:Na] + (4) Synthesis of

AT i QI*ﬁW"@”@E’fB SBensy 3y 82, 7-05 (1H, 5, 7.23-

benzyl oxygeghyl Lat r gy dsoR¥ 8059 (21, m), 7.66-7.79 (5H, m), 8.19 (1H,

d, J=8.1 Hz)

(3) Synthesis of (3R,4S,55,6R)-2-[3-(Benzo[b]thiophen-2-
ylmethyl)naphthalen-1-y1]-3,4,5-trisbenzyloxy-6-
benzyloxymethyltetrahydropyran-2-ol

Under a nitrogen atmosphere, an n-butyllithium hexane

solution (1.6 M, 1.58 ml, 2.53 mmol) was added dropwise to a

solution of 2-(4-bromonaphthalen-2-ylmethyl)-benzo{b]lthiophene

(0.81 g, 2.29 mmol) in anhydrous THF (15 ml) at -78°C over

five minutes. The reaction mixture was stirred at -78°C for

5 minutes, and then a solution of 3,4,5-trisbenzyloxy-6-

benzyloxymethyltetrahydropyran-2-one (1.36 g, 2.52 mmol) in

anhydrous THF (10 ml) was added dropwise thereto at -78°C and
the reaction solution was stirred at -78°C for 2 hours. To

the obtained reaction mixture was added a saturated ammonium
chloride aqueous solution and the mixture was extracted with
diethyl ether and the organic layer was washed with a
saturated sodium chloride aqueous solution, and then dried
with anhydrous magnesium sulfate. After filtration, the

solvent was distilled under reduced pressure and the obtained



In a.nitrogen stream triethylsilane (0.34 m, 2.06 mmol) and a boron
trifluoride-diethyl ether complex (0.24 m, 1.89 nmol) were added dropw se
to a solution of (3R, 4S,5S, 6R)-

2-[ 3- (benzo[ b] t hi ophen- 2-yl net hyl ) napht hal en-1-yl ] -3, 4, 5-

tri sbenzyl oxy-6-benzyl oxynet hyl t et rahydrppyran-2-ol (1.4 g, 1.72 mmol) in
nmet hyl ene chloride (15 m) at OC. The reaction mxture was stirred at room
t enper at ure sfigruet wa sh @oars, £ izdd byt fsdd iwat @e lwdd asdid ed Lumar eha omad ogriapagyt ed
with nethylene chloride. The organic |ayer was washed with a saturated
sodi um chllerihg¢xangueoedshydl @dedatend 1d:ildd (taniepdrdns theaFdddieumonponade) |
and then the solvent was distilled under reduced pressure. The obtai ned
resi due wdd -ud-fi%®F )by silica 43 gel colum chromatography [devel opi ng
sol uti on=et hyl acetate n-hexane (1:10)] to obtain the title conpound

g, 80.29% [0139131] ' FHNWR (€ERED)) & 47 (W, J. 33410 25 3 ) . 33652 slé

%zgs g) 1H, %dog\i’(—%; rﬁzliﬁ Jﬂlgdz"lﬁ)z (!lé )§7fg%§ #é%*) %4%7‘(91 09§:q4H4 rﬁ) 4g. |j§o

é 7J57i4g)ljz 2%2) 7?0(3 17(|(3%'H 87‘ §76H7(1§‘0 ?2:5’&)1 %éd ( )15’95)( 19‘7 %‘8 glﬂz
éfo"%\/kr %(é yﬁit 04 %2))=% 38 hn,8: 3), (g7 4147=8 4 H2)

M5S (ESI') hesi's “of

(2S, 3R, 4R 55,6R) [3(%%n ] thi ghe 7o
2- ylnethyl)ﬁaphtha)en 1- % %phydroxynetﬁ§ltetrahyéro- pyran7354H§)frioI I n

a nitrogen sl qam, W m?ﬁ—'W'sswzf)' d9.03.5 193 (anh bRNGN7 Wl (sl edeadeihy
ether conplex (1.75 m, 13.8 mvl) were é dropwi se to an ‘sol’ution of
(2S, 3R 4Ry, GRe22-(%, a, 3-7.2 Hz), 7. 68 (1H, 4, J=7.8 Hz), 7.75 (1H,

s), 7.80 (1H, 4, J=7.8 Hz), 7.89 (1H, 4, J=1.8 Hz), 8.63 (1lH,

4, J=8.7 Hz)

MS (ESI’): 836 [M+Nal’

(4) Synthesis of (2S,3R,4R,5S,6R)-2-[3-(Benzo[b]thiophen-
2-ylmethyl )naphthalen-1-y1]-3,4,5-trisbenzyloxy-6-
benzyloxymethyltetrahydropyran

In a nitrogen stream, triethylsilane (0.34 ml, 2.06

mmol) and a boron trifluoride-diethyl ether complex (0.24 ml,

1.89 mmol) were added dropwise to a solution of (3R, 4S,5S,6R)-

2-[3-(benzo[b]lthiophen-2-ylmethyl)naphthalen-1-y1]1-3,4,5-

trisbenzyloxy-6-benzyloxymethyltetrahydropyran-2-0l (1.4 g,

1.72 mmol) in methylene chloride (15 ml) at 0°C. The reaction

mixture was stirred at room temperature for two hours, and

then water was added thereto and extracted with methylene

chloride. The organic layer was washed with a saturated

sodium chloride aqueous solution and dried (anhydrous

magnesium sulfate), and then the solvent was distilled under

reduced pressure. The obtained residue was purified by silica



(benzo[ b] t hi ophen- 2-yl net hyl ) napht hal en-1-yl]-3,4,5- trisbenzyl oxy-

6- benzyl oxynet hyl t et rahydropyran (1.1 g, 1.38 mol) in anhydrous nethyl ene
chloride (30 m) at OC and the reaction mxture was stirred at room
tenperature for three days. Water (10 ml) was added thereto and the
resulting mxture was then extracted th§1 met hyl ene chl oride. The organic
| ayer was washed with a saturated sodiuhl ori de aqueous sol ution and

dried wit GeankyduAus chRRgRatoyFapul’ 2h8ve16pi Ry EblitabheBtniNeagatyeat : Was
distilled under reduced pressure, and the obtained residue was purified by

silica geh-nkkape ¢al:aon]choosbtaghaphy kaetbytempoafboride g,medhasel
(30:1)] to obtain the title conmpound (0.35 g, 58.2%. - 44 (0132] 1H NMWR

(CD30D) S1033G3-3. 51 {BHIMRY) (cBeBI- 3:83.42H(14M a,339200( 2Huzg, 3T88-Hz),
4.40 (2H, s), 4.90 (1H, d, J=9.3 'Hz), 7.11 (1H, s), 7.20-7.30 (2H m,
7.44-7.493(96, (6H, %)644.09741H4HA,nP=10.81HEIH, 4d37J48H4 Bi}), 48527((HH, d,
J=8.1 Hz) Ms (ESI"): 459 [M+Na]+ Exanple 2

(2S, 3R, 4RA5SJ6RP- 3- H3) (54F630(dHendo[ B+ Ri Bphen4269| (1H, 4, J=10.8 Hz),

met hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydropyran-3,4,5- triol (1)
Synt hesi s4eB8714(-262(BHremlox$ebRy (SH f AnyPFr742 Hedor 6b8AZzERAH. | . aJn7t Bogen
stream 4-fluorobenzenethiol (2.5 m, 23.4 nmol) and

2- br ono- 1712dHEBt hdxPét haHes(3. 8P, (2B, 74mBrY - ReHeé) - addéd-7o38 §baHum
met hoxi de net hanol _sol ution &&AS M 74.9 m 37.4 mmol ) .under cogling with
ice and tM& rdactidnoRi f2Hr e™as7-6Pi (2Hd 89 -t Reb8afbHs eflperafuPelFbr 10

mnutes, gnd thel <), 7.82 (1H, 4, 3=7.5 Hz), 8.38 (1H, 4, J=8.4 Hz)

MS (ESI'): 820 [M+Nal’

(5) Synthesis of (2S,3R,4R,5S,6R)-2-[3-(Benzo[b]thiophen-
2-ylmethyl)naphthalen-1-yl]-6-hydroxymethyltetrahydro-
pyran-3,4,5-triol

In a nitrogen stream, dimethylsulfide (3.5 ml) and boron
trifluoride-diethyl ether complex (1.75 ml, 13.8 mmol) were
added dropwise to an solution of (2S,3R,4R,5S, 6R)-2-[3-

(benzo[b]thiophen-2-ylmethyl)naphthalen-1-y1]-3,4,5-

trisbenzyloxy-6-benzyloxymethyltetrahydropyran (1.1 g, 1.38

mmol) in anhydrous methylene chloride (30 ml) at 0°C and the

reaction mixture was stirred at room temperature for three
days. Water (10 ml) was added thereto and the resulting
mixture was then extracted with methylene chloride. The
organic layer was washed with a saturated sodium chloride
aqueous solution and dried with anhydrous magnesium sulfate.

After filtration, the solvent was distilled under reduced

pressure, and the obtained residue was purified by silica gel

flash column chromatography [methylene chloride : methanol

(30:1)] to obtain the title compound (0.35 g, 58.2%).



heated and refluxed for five hours. The reaction m xture was concentrated
under reduced pressure, and added with cold water. The m xture was
extracted with ether. The organic |ayer was washed with a saturated sodi um
chl ori de aqueous solution, and then dried with sodiumsulfate. After
filtration, the solvent was distilled ynder reduced pressure, and the
obt ai ned residue was purified by silica gel colum chromat ography

[ devel opi pg1389l ut i onlrptNme ecmiont)e 5: B-B8xane1( 13R0) )t 030kbaBnsthe2hitle
compound (4.52 g, 89%. [0133] 'H- NWR (CDC13) 5: 3.05 (2H, d, J=5.4 Hz),
3.35 (6Hm)s)3.20491H1HA.t J=325HZ )bz}t . 46. $3H( 28] ,t 4. 339(@HH2)1 ¥=813(2H,
dd, J=8.7, 5.1 Hz) 45 (2) Synthesis of 5-Fluorobenzo[b]thi ophene Under a
ni trogen HEdwsPhéte(1Hol §pho pﬁ@rﬂe3QCKaH(1@)g)7 $4s7ad8ed2He BAhydr 6ds
chlorobenzene reflux

1- (2, 2-di é i?gth?PsuﬁféﬁyR}H4 Phuérébéngéﬁe 8¢2370(4H.18.59fol) Heds added
to the reﬁge%hﬁgxsolg%é ﬂgﬂ¥a 1.5 hours, and the obtained sol ution was

heated to The reaction m xture was cooled to room
tenperatu & aEd éhen an organic | ayer was separated. To the pol yphosphoric

acid Iaye‘ ed water and extracted with nethylene chloride. A
organic | a . at ur at ed sodi um
chl ori de er filtration,
the solvgp h,v ' . ' : 5e3|due
was pur|f ed Joum ofr=et hyl

acetate tgiggxane (1.50)] to obtaln the t|tIe conpound (420 ng 1599 .

(1) Synthesis of 1-(2,2-Dimethoxyethylsulfanyl)-4-
fluorobenzene

In a nitrogen stream, 4-fluorobenzenethiol (2.5 ml, 23.4
mmol) and 2-bromo-1,l-dimethoxyethane (3.0 ml, 25.7 mmol) were
added to a sodium methoxide methanol solution (0.5 M, 74.9 ml,
37.4 mmol) under cooling with ice and the reaction mixture was
stirred at the same temperature for 10 minutes, and then
heated and refluxed for five hours. The reaction mixture was
concentrated under reduced pressure, and added with cold water.
The mixture was extracted with ether. The organic layer was
washed with a saturated sodium chloride aqueous solution, and
then dried with sodium sulfate. After filtration, the solvent
was distilled under reduced pressure, and the obtained residue
was purified by silica gel column chromatography [developing
solution=ethyl acetate : n-hexane (1:20)] to obtain the title
compound (4.52 g, 89%).
[0133] H-NMR (CDC1,) 8: 3.05 (2H, 4, J=5.4 Hz), 3.35 (6H,
s), 4.49 (1H, t, J=5.4 Hz), 6.85 (2H, t, J=9.0 Hz), 7.31 (2H,

dd, J=8.7, 5.1 Hz)



[0134] 'H- NWR (CDC13) 8: 7.10 (1H, dt, J=8.7, 2.4 Hz), 7.27 (1H, dd, J=12.6,
7.2 Hz), 7.45-7.54 (2H, m, 7.77 (1H, dd, 3=8.7, 4.8 Hz). (3) Synthesis of
4- Br ononapht hal ene- 2- car bal dehyde Under a nitrogen atnosphere, an oxal yl
chloride nethylene chloride solution (2.0 M 4.88 m) was diluted with

met hyl ene chloride (40 m), and dinethylgsul foxide (0.9 m, 12.7 nmol) was
added dropwi se thereto at -78C. To this solution, a solution of

(4- br ononépht $zh tines s yoF - heF haoodberido [II5] thidpl®8nemnl ) as synt hesi zed
according to a docunent [J. Med. Chem, 37, 2485(1993)] in nethylene
chloride (10 mMYnggx aapdtdogenprimesphere | (PodYRhesphomie aekdt(h dl xture
was 46 stirred at -78C for 15 m nutes and -45C for one hour, and then
triethyl fifeadded ke apbydrang| ¢hligsoberizenelr obdf sBl) t heVR4Qrand stirred at

OC for 30 mnutes. To the reaction solution, a saturated amoni um chl ori de

aqueous sEPHHPBRARs] - heddadhemtRaeye Bavt 11 heprbl Litd ohlvesorsateRf ed with
cat ur at od 4o Gm L; 8 PBRT hoHBBLEORLR 6] othe e tH LS PO EATh ARSI f at e
Ao et DS Aok Y TR Bl AL el e LB B, ey o and the
S L D e g A a2 10 1
(1 5 (FRATRE e R et ey S, B e

polyphosphoric acid layer was added water and extracted with

methylene chloride. All organic layers thus obtained were

washed with water and a saturated sodium chloride agqueous

solution and dried with sodium sulfate. After filtration, the

solvent was distilled under reduced pressure, and the obtained

residue was purified by silica gel column chromatography

[developing solution=ethyl acetate : n-hexane (1:50)] to

obtain the title compound (420 mg, 15%).

[0134] 'H-NMR (CDCl1;) &: 7.10 (1H, dt, J=8.7, 2.4 Hz),

7.27 (1H, 44, J=12.6, 7.2 Hz), 7.45-7.54 (2H, m), 7.77 (1H, 44,

J=8.7, 4.8 Hz).

(3) Synthesis of 4-Bromonaphthalene-2-carbaldehyde

Under a nitrogen atmosphere, an oxalyl chloride

methylene chloride solution (2.0 M, 4.88 ml) was diluted with

methylene chloride (40 ml), and dimethyl sulfoxide (0.9 ml,

12.7 mmol) was added dropwise thereto at -78°C. To this

solution, a solution of (4-bromonaphthalene-2-yl)-methanol

(1.15 g, 4.88 mmol) as synthesized according to a document [J.

Med. Chem., 37, 2485(1993)] in methylene chloride (10 ml) was

added dropwise over 10 minutes. This reaction mixture was



[ b] t hi ophen-2-yl)methanol In a nitrogen stream an n-butyllithium hexane
solution (1.6 M 1.68 m, 2.68 mmol) was added dropw se to a solution of
5-f | uorobenzo[ b]thi ophene (410 ny, 2.68 mml) in THE (10 m) and the
reaction solution was stirred at the sane tenperature for 10 m nutes. To
this solution, a solution of 4-brononaght hal ene-2-carbal dehyde (600 ny,
2.55 mol) in THE (5 m) was added dropwi se at -78C. The obtained m xture
was stirseirpédtie sask tRIMarfRmimtfed dn JuBICs foandneh@dua, aadur at ed
ammoni um chl ori de aqueous sol uti on was added and the m xture was extracted
wi t h et hethefThtrbethviamingef 4 wasmlwazhed mmoh) awasit addedddsopwvisechl ori de
aqueous solution and - 47 dried (anhydrous magnesi um sul fate), and then the
sol vent wkkeretstanhfledtinded atdot:dqr esminutie oftaitiexl ressitthon was
purified by silica gel colum_chromatography [devel oping sol ution=ethyl
acetate . Selpbi@he f1Sabyratedopmpemivhechleride campeens %68@th@n 639 .
[0136] ' H NMVR_( CDClgg 8: 2.75 (1H, d, J=3.9 Hz), 6.20 (1H, ~d, J=3.6 Hz),
7.04 (1H,2adgedjapdothe Eeﬂi}tlfrg 130kytion)way extragte d‘ﬁltla—‘ge'shﬂzef?e Hz) ,
7.48-7.63 , 7,68 (1H dd, 82-7.94 , 8.21
(1H, d, Jdéfar’% (53-‘h%y§f%g+g %?Y%r(%é%r%ma%hvme‘ﬁaaem%@ﬂ%)
quorobenzo blt phe en strea riet ane. (0O, n1 2.11
ol ) andSSEBerRaL PSR, “%f° 198 FOFCetNE rSebRbIeE (Fpdsaffea 9igh o)
wer e adde £4:b h

v - (5- f Toaagy @n%gi[ ]L‘ch £hdi EEEfRES %‘tr‘nb?h?‘l’z]e ohyenh s Heiilisd

nEtherneuﬁ&éPrfg&uéég ﬁ}éséﬁrQF:éﬂ& the PHEiEIVBSsidue was purified
by silica gel column chromatography [developing solution=ethyl
acetate : n-hexane (1:20)] to obtain the title compound (890
mg, 78%).
[0135] 'H-NMR (CDC1;) &: 7.66 (1H, t, J=7.7 Hz), 7.78 (1H,
t, J=8.0 Hz), 8.21 (1H, 4, J=8.0 Hz), 8.27-8.33 (3H, m), 10.11
(1H, s)
(4) Synthesis of (4-Bromonaphthalen-2-yl)-(5-fluorobenzo-

[b]thioﬁhen-z-yl)methanol
In a nitrogen stream, an n-butyllithium hexane solution

(l.6 M, 1.68 ml, 2.68 mmol) was added dropwise to a solution
of 5-fluorobenzo[blthiophene (410 mg, 2.68 mmol) in THF |
(10 ml) and the reaction solution was stirred at the same
temperature for 10 minutes. To this solution, a solution of
4-bromonaphthalene-2-carbaldehyde (600 mg, 2.55 mmol) in THF
(5 ml) was added dropwise at -78°C. The obtained mixture was
stirred at the same temperature for two hours, and then a
saturated ammonium chloride agqueous solution was added and the
mixture was extracted with ether. The organic layer was

washed with a saturated sodium chloride agqueous solution and



stirred a roomtenperature for two hours. A saturated sodium hydrogen
carbonat e aqueous sol ution was added and the m xture was extracted with

net hyl ene chl oride. The organic |ayer was washed with a saturated sodi um
chl ori de aqueous solution and dried (anhydrous magnesi um sul fate), and then
the solvent was distilled under reduceq.pressure. The obtained residue was
purified by silica gel colum chronmat ography [devel oping sol ution=ethyl

acetate :apiBaxaafh{drsQs) hatfeshbhimi Bulhatéht | anacenvAUbHe ( 580vaHL WAL .
[0137] 'H NMR (CDC13) 8: 4.32 (2H, s), 7.02 (2H, dt, J=9.0, 2.4 Hz),

7.25-7.82d4édilnpd 8nd6r(tkkduded)pleBstize. ( 6Th&yabbasheédotesidue was

(3R, 4S,5S,6R) -3, 4, 5-Tri sbenzyl oxy-6 48 -

benzyl oxyperhyflied- pg- 651fitaogebenadfinht bhopinehegraphy [developing

yl met hyl ) napht hal en- 1-yl Jtetrahydropyran-2-ol In a nitrogen stream an

n- but yl | i shiluliihexetibydohgektate ¢ 1nchipkageollml0) 1. 66 ahbajinwsbeatiilbile
dropwi se to a solution of

2- (4- br onBABPAYVRAL| €AB0- pP. nBPRYF) - 5-f | uor obenzo[ b] t hi ophene (520 ngy, 1.41
mml) in THE 815 m) %%-_78C and the reaction mxture was stirred at the
sane tenpéPaBbde for NMR Ut@C13700t h2s 780k YHi o, d=3ePulkdn 6§20 (1H,
3,4,5-trisbenzyl oxy-6- benzyl oxynet hyl -t et rahydropyran-2-one (83 ,.1.55
mol ) in dTHé=%38nﬁ??mag'gédéaHdpgbmjgé?'?heznfxggye %a%lsfigreﬂ?a?9=3%80
for one h : d aturgted_a [ hLor i agueoys__s ti was added
t her et tgygtoaathg=§e§ct?oﬁ.H?ﬂgnﬁegg%?ohg h?ﬁtuﬁg' s6§xfk ct 88 wi th

AT VR I T et o g e b e
solvent wag) @iRthkked YRASL (4ECANERINRPAERN1EN-IG1ROERY PFdsLesi due was
fluorobenzo[b]thiophene
In a nitrogen stream, triethylsilane (0.18 ml, 2.11

mmol) and a boron trifluoride-diethyl ether complex (0.25 ml,
1.94 mmol) were added to a solution of (4-bromo-naphthalen-2-
yl)-(5-fluorobenzo[b]-thiophen-2-yl)methanol (260 mg, 0.65
mmol) in methylene chloride (10 ml) at 0°C and the mixture was
stirred a room temperature for two hours. A saturated sodium
hydrogen carbonate aqueous solution was added and the mixture
was extracted with methylene chloride. The organic layer was
washed with a saturated sodium chloride agqueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate : n-hexane (1:100)] to obtain the title
compound (520 mg, 80%).
[0137] 'H-NMR (CDC1;) &: 4.32 (2H, s), 7.02 (2H, dt, J=9.0,
2.4 Hz), 7.25-7.82 (7H, m), 8.20 (1H, 4, J=9.0 Hz)

(6) Synthesis of (3R,4S,5S,6R)-3,4,5-Trisbenzyloxy-6-



purified by silica gel columm chromatography [devel oping sol ution=ethyl
acetate : n-hexane (1:20)] to obtain the title conpound (770 ngy, 66% .
[0138] 1H- NWR (CDC13) S: 3.48 (1H, d, J=10.8 Hz), 3.52 (1H, s), 3.75 (1H
d, J=10.2 Hz), 4.00 (1H, d, J=10.5 Hz), 4.05 (1H, d, J=10.5 Hz), 4.10-4.28
(4H, m, 4.34 (2H, s), 4.47 (1H, d, JFUB O Hz), 4.59 (1H, d, J=12.0 Hz),
4.76 (1H, d, J=10.8 Hz), 4.88 (2H, s), 4.97 (1H, d, J=10.8 Hz), 6.67 (1H,
d, J=6.9 Hz), beezginxym¢tpxm 2 3- 152il¢°3¢bemgﬁ[b&rhiwphsntzH t, J=7.5
Hz), 7.57 (1H. dd, J=8.7 , 7.80 (1H, d, J=8.1 Hz),
7.87 (1H, s), Yémezhaimna@htbaée? #zyldift59ﬁyﬁ§9pyrep 2-o0l

(3R 4R, 5S,6R) -3, 4, 5-Tri sbenzy

benzyl oxymet hyl L5 FSnegerﬁBrﬁgﬁﬁﬁﬁ[bFPhPoBHEXlélthlum hexane solution

7T ethyl S Rade oo P18 Tttt ?Erf%“i#%éﬁﬁy%%% 838 A0 PP orPag. BPRERYPPet her
| ” d | .
?gg"ﬁ%xséggpe% 3*| bgfm% ?%‘Eh%ylﬁﬁ gqbg‘%%}y’?%iyﬁéi#hf’ggb%Zt’ébf] thaPBBERS o-
2 0.93
Ln%f)lfﬁ gé?éy gggﬁc%ﬂérlgag ?g ?Pfa6X8£5E#L§@y zgggr Hdn$§ ur & mg stlrred
at roonltﬁqa%h§EUh%sf%&1&w@dha%r§he gaﬂet%eaparaéhyeaksé $8dhyAuYdr ogen

car bonat e agueous sol ution was added. The obfal ned m xture was extracted

with nethyl enesclbaiitden,aadsbhatebdanicc 31, ayeL tyaspuashedxylkh a saturated
sodi um chl ori de aqueous solution and then dried with sodiumsulfate. The

sol vent wagndiysbiklyinedhyndeetiratyaedpypaasaube @8d5t hg,obt asnamongstiflue was

purified by silica gel colum chromatography (devel opi ng sol uti on=et hyl

acetate : THF (3 ml) was added dropwise. The mixture was stirred at -
78°C for one hour, and a saturated ammonium chloride aqueous
solution was added thereto to stop the reaction. The reaction
mixture was extracted with ether, and the organic layer was
washed with a saturated sodium chloride agueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate : n-hexane (1:20)] to obtain the title
compound (770 mg, 66%).
[0138] 'H-NMR (CDC1l;) &: 3.48 (1H, d, J=10.8 Hz), 3.52 (1H,
s), 3.75 (1H, 4, J=10.2 Hz), 4.00 (1H, 4, J=10.5 Hz), 4.05 (1H,
d, J=10.5 Hz), 4.10-4.28 (4H, m), 4.34 (2H, s), 4.47 (1H, 4,
J=12.0 Hz), 4.59 (1H, 4, J=12.0 Hz), 4.76 (1H, 4, J=10.8 Hz),
4.88 (2H, s), 4.97 (1H, 4, J=10.8 Hz), 6.67 (1lH, 4, J=6.9 Hz),
6.94-7.07 (4H, m), 7.22-7.37 (19H, m), 7.43 (1H, t, J=7.5 Hz),
7.57 (1H, 44, J=8.7, 4.8 Hz), 7.75 (1H, s), 7.80 (1H, 4, J=8.1
Hz), 7.87 (lH, s), 8.64 (1H, 4, J=8.7 Hz)

(7) Synthesis of (3R,4R,5S,6R)-3,4,5-Trisbenzyloxy-6-



hexane (1:20)] to obtain the title conmpound (550 ng, 73% . [0139] 'H NWR
(CDC13) S 3.43 (1H, d, J=10.2 Hz), 3.79- 3.93 (6H m, 4.10 (1H, d, J=10.5
Hz), 4.35 (2H, s), 4.51 (1H, d, J=12.0 Hz), 4.62 (1H, d, J=12.3 Hz), 4.69
(1H, d, J=10.8 Hz), 4.89-4.92 (4H, m), 6.50 (2H, d, J=7.2 Hz), 6.94-7.07
(5H m, 7.21-7.59 (20H, m), 7.74 (1H &) .,- 7.83 (1H, d, J=8.1 Hz), 8.38
(1H, d, J=8.4 Hz) (8) Synthesis of (2S, 3R 4R, 5S, 6R)-2-[ 3-(5-Fl uorobenzol[ b] -
t hi ophen- 2- y| ipenizylpxyplethalle2-13y|(P-&lhapadobepaet bythiophen-2-
tetrahydropyran-3,4,5-triol Under a nitrogen atnosphere, dlnethylsulflde
(1.72 M) an¥leelbydd naphithadendd: arﬂdftﬁyraéyﬁ@pwﬁm ex (0.86 m, 6.8 50
nmol ) were added to a solution of (3R 4R 5S, 6R)-

tri shbenzyl oxy- 6- Beﬁz?FGf?ﬁEPh?FrfaPS FEiFFHXFSBéﬁEG[Sf 19 m1, 1.21

ot ﬁi’f‘gﬂe%ﬂ“ PRl £180P R Gar LERGI g CAAFRY e R e o BOMRIB 4N A Phre as
5d h d d

car bonat o Lado IS IS BPaE! BRIRRS tgdaea%éﬁaét?n§§8ﬁ<§8 AR RS B3GR e m ot ur ¢

was extr aghed oAl oL BYkeRs ARbor ARy Toe 9L gaNEe LaygE RS  washed with a

sat urat ed So0di um e aqueous solu Fon nd &% th sodi um

sul fate, ’Bg tﬁ'ﬁ% %fnt 9L yh R t B9/ Wegtagyl%ﬁallghsiLg}L?@e%Bgﬁ&dﬁ%g#%‘éﬂ ErS Sure.

The obt ai ne res ue was pur| I ca gel "colum tograp

itle compadoaterad es maoh) 18, HsAY ERe, sRERRIRE) (6 ubibe B 67 aﬁ“? s
gt 90 (1H, rdactdoh @diltluretwdd ((HHrred & YddmlHenberktthre Hoxr ! tv70 Q’ﬂodﬁd"

and then a saturated sodium hydrogen carbonate aqueous

solution was added. The obtained mixture was extracted with

methylene chloride, and the organic layer was washed with a

saturated sodium chloride aqueous solution and then dried with

sodium sulfate. The solvent was distilled under reduced
pressure, and the obtained residue was purified by silica gel

column chromatography [developing solution=ethyl acetate : n-

hexane (1:20)] to obtain the title compound (550 mg, 73%).

[0139] 'H-NMR (CDC1;) &: 3.43 (1H, d, J=10.2 Hz), 3.79-

3.93 (6H, m), 4.10 (1H, 4, J=10.5 Hz), 4.35 (2H, s), 4.51 (1H,

d, J=12.0 Hz), 4.62 (1H, 4, J=12.3 Hz), 4.69 (1lH, 4, J=10.8

Hz), 4.89-4.92 (4H, m), 6.50 (2H, 4, J=7.2 Hz), 6.94-7.07 (5H,

m), 7.21-7.59 (20H, m), 7.74 (1H, s), 7.83 (1H, 4, J=8.1 Hz),

8.38 (1H, 4, J=8.4 Hz)

(8) Synthesis of (2S,3R,4R,5S,6R)-2-[3-(5-Fluorobenzofb]-
thiophen-2-ylmethyl)naphthalen-1-yl]—-6-hydroxymethyl-
tetrahydropyran-3,4,5-triol

Under a nitrogen atmosphere, dimethylsulfide (1.72 ml)

and a boron trifluoride-diethyl ether complex (0.86 ml, 6.8



J=8.7, 2.1 Hz), 7.09 (1H, s), 7.37 (1H, dt, J=8.7, 2.1 Hz), 7.44-7.49 (2H,
s), 7.63-7.73 (3H m, 7.80 (1H, d, J=6.0 Hz), 8.28 (1H, d, J=8.7 Hz) M5
(ESI™): 477 [NHNa]4 Exanpl e 3

(2S, 3R, 4R, 5S, 6R) - 2- [ 3- (Benzo[ b] t hi ophen- 2-yl net hyl ) - 4-

met hoxynapht hal en- 1-yl | - 6- hydr oxynet hyl et r ahydr opyran-3, 4, 5- triol (1)
Synt hesi s of 2, 4-Di brono- I-nethoxynaphthalene Under a n|trogen at nosphere,
bromi ne (am8&)nherk93daednmblh wasuaddadofo (3RSARYEE9BRIE3, 4,5~

1- met hoxynapht hal ene (15.3 g, 96.4 mmol) in nethyl ene chlori de (450 M) at
room t enperasbeazylbky-6veent@loxkgmneehyl¥he [Beébtifdnorbkeneo[vds stirred at
room tenperature for two hours, then a saturated Na2S206 aqueous sol ution
was addedtandphee -2i-yflme¢hywdd naphthefled-W-h ] tekrbhydrepyithor ( 80 fbe
organi c | ayer was washed with a saturated sodi um chl ori de aqueous sol ution
and dri ed0.f&nmndddud nmamgridyiliemes ghflardde ddd tmidmndesr swioddmg waisth ice.
distilled under reduced pressure to obtain the title conmpound (29.4 g,
98%) . [017hp ImarbRopCBExIVrs: wasogtizpedsyat yosm- remperakura) for7. 91 (1H,
s), 8.12-8.20 (2H, (2) Synthesis of _4-Bronp-I|-nethoxynapht hal ene- 2-
carbaldeh?dé ﬂﬁYﬁ n| PBgénS§FP§éﬁﬁdaﬁ°ﬁlBﬂtpYﬂFPHPHnPﬁ§¥aﬁét§oPEPPBHS (1.6
M 56.9 nm was _.added dropw, se to a sol utiqgn

2, 4- dubroﬁBlPtﬁBPhﬂﬁﬁ RIPRENYPERE eseléng wyEhglGapARd; ﬁheTWEXEErSOHaﬁ1) at

- 78C and gggra %%%I%Etglme %1@%2 8 orgge.

The organic layer was
washed with a saturated sodium chloride aqueous solution and
then dried with sodium sulfate, and thereafter the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=methylene chloride : methanol (40:1)] to obtain the
title compound (140 mg, 46%).

[0140] 'H-NMR (CD,OD) &: 3.51-3.80 (5H, m), 3.90 (1H, 4,
J=6.0 Hz), 4.39 (2H, s), 4.90 (1H, 4, J=9.6 Hz), 7.01 (1H, dt,
J=8.7, 2.1 Hz), 7.09 (1H, s), 7.37 (1H, d4t, J=8.7, 2.1 Hz),
7.44-7.49 (2H, s), 7.63-7.73 (3H, m), 7.80 (1H, 4, J=6.0 Hz),
8.28 (1H, 4, J=8.7 Hz)

MS (ESI*): 477 [M+Nal]®

Example 3

(25,3R,4R,55,6R)-2-[3-(Benzo[b]thiophen-2-ylmethyl)-4-

methoxynaphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-

triol
(1) Synthesis of 2,4-Dibromo-1l-methoxynaphthalene

Under a nitrogen atmosphere, bromine (9.88 ml, 192.8
mmol) was added to a solution of l-methoxynaphthalene (15.3 g,

96.4 mmol) in methylene chloride (450 ml) at room temperature



at the sanme tenperature for 30 mnutes. To this mxture, N N
dinmethylformam de (8.9 m, 115.1 mmol) was added at -78C. The m xture was
stirred at the sane tenperature for three hours, and then a saturated
ammoni um chl ori de aqueous. sol ution was added thereto and the m xture was
extracted with ether. The organic |ayer.was washed with a saturated sodi um
chl oride aqueous solution and dried (hﬁ%&d?ous magnesi um sul fate), and

then the Rlevenly Yanudier. | ok WdRit Iduasd upeeHal &tithiea At aiodad residue
was purified by silica gel colum chronmat ography [devel opi hg sol uti on=et hyl

acetate : temperait@re( ¥ol) ltvicd MU ,n thed @ she ugateaungd 508 agheoks’ -
[0142] 1H NMR (CDC13) 5: 4.15 (3H, s), 7.64-7.79 (2H, ny, 52 8.16 (1H, s),

8. 26- 8. 29 spAktimn, whe. 2ddeHams) th?) mSwtureswasokextracted with

Benzo[ b] t hi ophen- 2-yl - (4-brono-| - met hoxy- napht hal en-2-yl)nethanol In a

ni trogen stetdghenan ch-lloatiye .i t TThemodrgeaie dalyetri eas (Washeld wath a , 9. 90
nmol ) was added dropwi se to a solution of benzothiophene (1.33 g, 9.90
mmol ) in BEEura@ed sogiiun/ @b loanide lpguesast isod utivhuaadvdsisd rred at the
sane tenperature for 10 mnutes. To this m xture, a solution of 4-brono-I
met hoxy nagnhaidaews? megniesigehsyd fates .gand. 4Bemithe iselveRt was nl) was
added dropwi se at -78C. The reaction mxture was stirred at the sane

t enper at udd sitdd Lego UREGTs Tesiveech @ eg suggt raoldadnmbheumidheocomporgdeous
solution was added thereto and the m xture was extracted with ether. The
organi c | 4¢8r 4 Was 9R&Ihed with a saturated sodium chloride aqueous sol ution
and dried ganhydrous gagnesiun1su|f§$e and then the solvent was distilled

),
under redd@dd1gressur H-NMR boPelned:r dsiPQud3H. s), 7.59-7.65 (2H, m),
7.91 (1H, s), 8.12-8.20 (2H, m)

(2) Synthesis of 4-Bromo-1l-methoxynaphthalene-2-
carbaldehyde

In a nitrogen stream, an n-butyllithium hexane solution
(1.6 M, 56.9 ml, 91.1 mmol) was added dropwise to a solution
of 2,4-dibromo-1l-methoxy-naphthalene (30.3 g, 95.9 mmol) in
THF (1,800 ml) at -78°C and the reaction mixture was stirred
at the same temperature for 30 minutes. To this mixture, N,6N-
dimethylformamide (8.9 ml, 115.1 mmol) was added at -78°C.
The mixture was stirred at the same temperature for three
hours, and then a saturated ammonium chloride agueous solution
was added thereto and the mixture was extracted with ether.
The organic layer was washed with a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution=ethyl acetate : n-hexane

(1:8)] to obtain the title compound (3.85 g, 15%).

[0142] 'H-NMR (CDCl3) &: 4.15 (3H, s), 7.64-7.79 (2H, m),



was purified by silica gel colum chromatography [devel opi ng sol ution=et hyl
acetate : n-hexane (1:4)] to obtain the title conpound (3.12 g, 83%.

[0143] "H- NWR (CDC13) S: 3.08 (1H, d, J=4.8 Hz), 3.91 (3H, s), 6.58 (1H, d,
J=4.1 Hz), 7.14 (1H, s), 7.28-7.35 (2H, m, 7.57-7.69 (3H, m, 7.77-7.81
(1H, m, 7.95 (1H, s), 8.10-8.25 (2H, (4) Synthesis of

2- (4- Brono- | - met hoxynapht hal en- 2-yl - nmettyl) benzo[ b] t hi ophene |n a nitrogen

stream t@[q%h%h§%ggﬁ$ Qgg%&gﬁzg ﬁ%HQ gnqlgggquqlgqrgq trifluoride-diethyl

et her conplex (1. : .54 mmol) were a ropwi se to a solution of 53
- benzo[ b]itshi efRedd e BN Y IR ﬂ@pgtlm('@%r%moWl)—ﬂﬁtt%&?'- (3.1 g9,

7.76 mol) in nmethylene chloride (60 ) at OC and the reaction m xture was

stirred at ro@@AphtdHIMAIANA J@thand1hours, and then a 50% net hanol aqueous
solution (1 mM) was added and furthernmore water (30 m) was added thereto.

The resulting mDat &ar @aivasgext sacead , Wahhn-bethylenhichl hexdae sdduthen
organic | ayer was washed with a saturated sodium chl ori de aqueous sol ution
and dri ed ( 1(.&nM,dreozs mipgréeSioummell)f sas) added drepwiilse tol wesblwadion of
distilled under reduced pressure. The obtai ned residue was purified by
silica gebenclobiviophement(dgr3sphyy, [9deve mmpiln)g ins CHEt i(@0=allhyktacaBaC eand
n-hexane (1:50)] to obtain the title conmpound (2.38 g, 80% . [0144] 1H NWR
(CDC13) 8:ithe gmaciHonsmixture wag sirrpdoat the sgpne temperalgre2forn),
7.56-7.75 (5H, m, 8.13-8.21 (2H,
10 minutes. To this mixture, a solution of 4-bromo-1-
methoxynaphthalene-2-carbaldehyde (2.5 g, 9.43 mmol) in THF
(30 ml) was added dropwise at -78°C. The reaction mixture was
stirred at the same temperature for two hours, and then a
saturated ammonium chloride aqueous solution was added thereto
and the mixture was extracted with ether. The organic layer
was washed with a saturated sodium chloride agqueous solution
and dried (anhydrous magnesium sulfate), and then the solvent
was distilled under reduced pressure. The obtained residue
was purified by silica gel column chromatography [developing
solution=ethyl acetate : n-hexane (1:4)] to obtain the title
compound (3.12 g, 83%).
[0143] 'H-NMR (CDC1;) &: 3.08 (1H, 4, J=4.8 Hz), 3.91 (3H,
s), 6.58 (1H, 4, J=4.1 Hz), 7.14 (1H, s), 7.28-7.35 (2H, m),
7.57-7.69 (3H, m), 7.77-7.81 (1H, m), 7.95 (1H, s), 8.10-8.25
(2H, m)
(4) Synthesis of 2-(4-Bromo-1l-methoxynaphthalen-2-yl-
methyl)benzo[b]thiophene
In a nitrogen stream, triethylsilane (2.48 ml, 15.5

mmol) and a boron trifluoride-diethyl ether complex (1.08 ml,

8.54 mmol) were added dropwise to a solution of



(5) Synthesis of (3R 4R 5S, 6R)-2-[3-(Benzo[ b]thi ophen-2-

yl nmet hyl ) - 4- net hoxynapht hal en-1-yl]-3,4,5-tris-

benzyl oxy- 6- benzyl oxynet hyl t et rahydropyran-2-ol In a nitrogen stream an
n-butyllithi um hexane solution (1.6 M 1.09 m, 1.75 nmol) was added
dropwi se to a solution of 2-(4-brono-d-gget-hoxynapht hal en-2-yl net hyl) -
benzo[ b] t hi ophene (610 ng, 1.59 mml) in THE (9 M) at -78C. The reaction
m xture mhsnspﬂbﬂébiaphﬁne2sx#e(ﬂehpemat&r@etprYﬂBPbthﬁﬁsneQ and to this
solution, a solution of 3,4,
trlsbenszéQ?eGhﬁéﬁ%yKéx%eﬂhyﬁtéﬁrﬂﬂyéﬂolﬁymﬁﬁhzléﬁé cbdorige (8078lhmpl) in
THE (3 m) was added dropwi se and the resulting mxture was stirred at -78C
for two hdtir8’ C pandt thert BRAGRIOR BT WRE CHRDr§ BECERAedtsT@YN Ut i on was added

thereto to sto t he reaction, The obt d reaction xture was extracted
Wi th et hePeRBRGAtHE, Eoan Fu0) Qg?&ffswagn?vagﬁsa & BReameXhanaloadoeantumn

fﬂ'ef’fii)?ge‘%ﬂfaﬁiga?iﬁnh avARaaReefcahiod tbFa sngggg?’ﬁ§5%B"4§?5P@35 QEFSE% was
eetate. RUABOLHERFetE)) “RhY Re Rl TRG i RR b e REEC AR RS SR, Vuk oy ™ o4
o 16 (11 ey Lone” ptetydE, (el b ofagfin, Q%Y?%)Z‘Z’gyn?hslgﬁgs‘é%““ ?

(3R, 4R 5SsQRL+3tka- EQQEER[QLHBEQBQeﬁgaeouS solution and dried
yl met hyl ) - 4- met hoxynapht hal en- 1-yl ] tris-

ben2y|OXY(ﬁnB98§bh§Xh§Ph€%hhﬁt%@hfﬁ&@?Yraﬂd|BhénnthéoggmvéhEeﬂﬁb
triethylsilane (0.33 , 2.04 nmol) and a boron trifluoride-diethyl ether
conpl ex (Qi&4ilfled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate : n-hexane (1:50)] to obtain the title
compound (2.38 g, 80%).
[0144] 'H-NMR (CDC1l;) &: 3.95 (3H, s), 4.41 (2H, s), 7.04
(1H, s), 7.22-7.33 (2H, m), 7.56-7.75 (5H, m), 8.13-8.21 (2H,
m) |
(5) Synthesis of (3R,4R,5S,6R)-2-[3-(Benzo[b]Jthiophen-2-
ylmethyl)-4-methoxynaphthalen-1-y1}-3,4,5-tris-
benzyloxy-6-benzyloxymethyltetrahydropyran-2-ol
In a nitrogen stream, an n-butyllithium hexane solution
(1.6 M, 1.09 ml, 1.75 mmol) was added dropwise to a solution
of 2-(4-bromo-1l-methoxynaphthalen-2-ylmethyl)-
benzo[blthiophene (610 mg, 1.59 ﬁunol) in THF (9 ml) at -78°C.
The reaction mixture was stirred at the same temperature for
five minutes, and to this solution, a solution of 3,4,5-
trisbenzyloxy-6-benzyloxmethyltetrahydro-pyran-2-one (940 mg,

1.75 mmol) in THF (3 ml) was added dropwise and the resulting

mixture was stirred at -78°C for two hours. A saturated



1.12 *mol

) were added dropwi se to a solution of (3R 4R, 5S, 6R)-

2-[ 3- (benzo[ b] t hi ophen- 2-yl nmet hyl ) - 4- net hoxynapht hal en-1-yl ] -

3:4,5-tri
mmol) in
at roomt
obt ai ned

dried wt
[ devel opi

conmpound
6.51 (2H,

(1H, d, J58 d?%)cwiﬂr%%ﬁg’%%

(1.6 m)
mol ) wer

sbenzyl oxy- 6- benzyl oxy- net hyl t et rahydropyran-2-ol (859 ny, 1.02

nmet hyl ene chloride (17 m) at OC. The reaction mxture was stirred

enperature for one hour, and tden water (20 nl) added thereto.

m xture was extracted with nethylene chloride, and the organic
| ayer wagnmmestiau wihlipridegtagusioas sediuthoshwarsi @ddgdudbesredol ol sitopand

The

h sodium sul fate. The solvent was distilled under reduced pressure
and the offh& Fe@atdOMdue Thes Phaimesy reqr tdion adxfarec yagmexdrasiedogr aphy

n solutlon ethyl acetate : n-hexane (1:10)] to _obtain the title

fh sfhen,y angl gghe [°(§P&’6’]1° IJFW (‘VGBCI’:?Fth ¥izh 2 sgturefiedny)
67 (

AL B o%b?cfa%%ﬁ e i ek

(ool it Aot OOPABHAY SRkt gz,

”Ethylenen@@éﬁén@ﬁ(ﬁl%)qihxﬂ@ﬁﬁ%;%QQ%anfﬁl%hcbﬁ%ounﬁh?Bﬁgaﬁb'0@4@5Xture was

stirred at roomtenperature for three days, then water (10 m') was added

under cooliglq s th i cenafidr {OSCIIXMoIr S WRs42%6 3208 W)L N 6TREYL 87

chl ori de.

(27H, m), 7.87 (1H, s), 8.16 (1H, 4, J=7.5 Hz), 8.63 (1H, 4,

J=8.7 Hz)

(6) Synthesis of (3R,4R,5S,6R)-2-[3-(Benzo[b]lthiophen-2-
ylmethyl)-4-methoxynaphthalen-1-y1]-3,4,5-tris-
benzyloxy-6-benzyloxymethyltetrahydropyran

In a nitrogen stream, triethylsilane (0.33 ml, 2.04

mmol) and a boron trifluoride-diethyl ether complex (0.14 ml,

1.12 mmol) were added dropwise to a solution of (3R,4R,5S,6R)-

2-[3-(benzo[b]thiophen-2-ylmethyl)-4-methoxynaphthalen-1-yl]-

3,4,5-trisbenzyloxy-6-benzyloxy-methyltetrahydropyran-2-ol

(859 mg, 1.02 mmol) in methylene chloride (17 ml) at 0°C. The

reaction mixture was stirred at room temperature for one hour,

and then water (20 ml) added thereto. The obtained mixture
was extracted with methylene chloride, and the organic layer
was washed with a saturated sodium chloride agueous solution
and dried with sodium sulfate. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing solution=ethyl

acetate : n-hexane (1:10)] to obtain the title compound (517

7 Hz 8. 39
l§ﬁ Eﬁd5§r6ﬁ% éanyFEQHfo[b]%hlophen-

2 e bR %'eka R RERBs pher 81 <5idefly PRGeR, de



organi c |
and t hen

ayer was washed with a saturated sodium chloride aqueous solution

dried with sodiumsulfate, and thereafter the sol vent was

distilled under reduced pressure. The obtained residue was purified by
silica gel colum chronmatography [devel opi ng sol uti on= net hyl ene chl ori de

met hanol (20:1)] to obtain the title co und (82 ng, 28% . [0147] 'H NMR
(CD30D) 8: 3.49-3.90 (7H, m, 3.94 (3H, ; 4.48 (2H, d, J=6.0 Hz), 7.11
(1H, s), m®g2261%%6 (7H, m, 8.16- 8.19 (1H, n), 8.33-8.36 (1H, nm M5 (ESI-):
465 [M1]- Exanmple 4 (2R 3S, 4R, 5R, 6S) - 2-'Hydr oxynet hyl - 6- [ 3- ( 5- met hoxybenzo

56 - [b]thoapben-2-yl tetNMet ) fepdtHaldens1sghht evr abyHr opyr, as- 814 (34, 4ij, ol

Synt hesi s of 1-(2,2-Di nethoxyethyl sul fanyl) -4-net hoxy- benzene Under a

ni t rogen

2- brono-1, 1-di net hoxyet hane (3.25 m ,
met hoxi de ( AHt hAnoP=8el7utizdn (0.5 M 80.0 ni

ice. The
m nut es,

washed w
wi th sodi
r educed

deffoSpHan e, 6493eh6Xy @6 ena)hi 81 183(0H, @, J28.0 H@dl) 8aAd

reaction mxture was stirred at the sane tenperature for 10

27.5 mmol) were added to a sodi um
40.0 mml ) under cooling with

(1)

(ZddSynéherdst 84 (&SveR. ﬁ§x5§@ﬁRﬁr@e[ﬁ0&5§nz¢ﬁélﬁéé99h6ﬁ m xture
was concentrated under _reduced pressure and c ter _was added. The

resul ting nlx?uyemﬁégyeifﬁa@F§B°%VPﬁPBFH€Fen énﬁlﬂhé BY§EAREMEEDEL - was

th a at.ed sodi u r|d aqueous solution and then dried
sEFseD 3 e ek

um s YArgpyEanc 5ﬁ° the solvent was distilled under
Pressupfaednd hRer88La! DeoLERLANS ¥ERePHE I LLEE 1Y T1lECR 9e!
and a boron trifluoride-diethyl ether complex (0.79 ml, 6.23
mmol) were added to a solution of (3R,4R,5S,6R)-2-[3-
(benzo[b]lthiophen-2-ylmethyl)-4-methoxynaphthalen-1-yl1]-3,4,5-
trisbenzyloxy-6-benzyloxymethyltetrahydropyran (515 mg, 0.62
mmol) in methylene chloride (10 ml) under cooling with ice.
The reaction mixture was stirred at room temperature for three
days, then water (10 ml) was added under cooling with ice and
the mixture was extracted with methylene chloride. The
organic layer was washed with a saturated sodium chloride
aqueous solution and then dried with sodium sulfate, and
thereafter the solvent was distilled under reduced pressure.
The obtained residue was purified by silica gel column
chromatography [developing solution= methylene chloride :
methanol (20:1)] to obtain the title compound (82 mg, 28%).
[0147] 'H-NMR (CD;OD) §: 3.49-3.90 (7H, m), 3.94 (3H, m),
4.48 (2H, 4, J=6.0 Hz), 7.11 (1H, s), 7.22-7.76 (7H, m), 8.1l6-
8.19 (1H, m), 8.33-8.36 (1H, m)

MS (ESI"): 465 [M-1]°

Example 4

(2R, 3S,4R,5R,6S)-2-Hydroxymethyl-6-[3-(5-methoxybenzo-




col unn ch
to obtain

(2H, d, J
(2H, d, J
5- Met hoxy

(10 g) was added to anhydrous chl or obe

m Xt ure

was added T : S
thre@b1l ux overnight. The reaction was cooled to roomtenperature,

heated to
and 57 t

nmet hyl ene

and a satur at ®@nzedieum chloride aqueous solution and dried with sodi um

sul fate.
pressure,
chr omat og

romat ogr aphy [devel opi ng sol uti on=ethyl acetate : n- hexane (1:
the title conmpound (5.30 g, 93%. [0148] 'H NWR (CDC13) 8: 3.

=5.6 Hz), 3.33 (6H, s), 3.70 (3H, s), 4.47 (1H t, J=5.6 Hz),
=8.8 Hz), 7.39 (2H, d, J=8.8 Hz) (2) Synthesis of

20)]
00
6. 85

benzo[ b] t hi ophene Under a nitrﬁggn at nosphere, pol yphosphoric acid
e

Rk Ay @Rt hl1én - TR Huhears

ol 2 0t

e Wa

ne (150 m). To the resulting
48 0p9rand 3,425, mmol)
OT Tt ar

hen the organic |ayer was separated. To the pol yphosphoric acid

| ayer, wat(arn syntheddd afd it-{e,ebbDidmettoxgetthiy0BulEany@)t-uaameedowyt h
chloride. Al organic |layers thus obtained were washed with water

After filtration, the solvent was distilled under reduced
and t Nedelst ai nédrogendaé¢masphpuei f kedebhiogybeoaegelthiodl (AM07

raphy [devel opi ng sol ution=ethyl acetate : n- hexane (1:40)] to

obt ai n t h&lti 25 Oc emedun@ngdl 21 byoneod) 1 -dioesdpxyetReRe( (BC28) m3., 3755 (3H,

s), 7.00
7.73 (1H,
(4- Bronon
ni trogen
nmol ) was

(1H, dd, J=8.8, 2.4 Hz), 7.26 (2H, m), 7.44 (1H d, J=5.5 Hz),

mgrol )y were pgded3jtosgnsieddugm gethoxide methanol solution (0.5

gfhthalen-2-y|)-(5-nethoxybenzo- [b]thioghen-Z-yb%nethanoL In a
. &R ice-6 fheirggckion 36

r 88mP A -n49uly Mo YRdeax £/ 140U M

added dropmﬁsi to_.a soluytion .
mixture was stirred at the same temperature for 10 minutes,

and then heated to reflux for five hours. The reaction
mixture was concentrated under reduced pressure and cold water
was added. The resulting mixture was extracted with ether,
and the organic layer was washed with a saturated sodium
chloride aqueous solution and then dried with sodium sulfate.
After filtration, the solvent was distilled under reduced
pressure, and the obtained residue was purified by silica gel
column chromatography [developing solution=ethyl acetate : n-
hexane (1:20)] to obtain the title compound (5.30 g, 93%).
[0148] 'H-NMR (CDC1;) &: 3.00 (2H, 4, J=5.6 Hz), 3.33 (6H,
s), 3.70 (3H, s), 4.47 (1H, t, J=5.6 Hz), 6.85 (2H, 4, J=8.8
Hz), 7.39 (2H, 4, J=8.8 Hz)
(2) Synthesis of 5-Methoxybenzo[b]lthiophene

Under a nitrogen atmosphere, polyphosphoric acid (10 g)
was added to anhydrous chlorobenzene (150 ml). To the
resulting mixture, 1-(2,2-dimethoxyethylsulfanyl)-4-
methoxybenzene (5.2 g, 22.7 mmol) was added under refluxing
over 1.5 hours and the reaction mixture was heated to reflux

overnight. The reaction was cooled to room temperature, and



of 5-net hoxybenzo[ b]t hi ophene (388 ng, 2.36 mmol) in THE (6 m) at -78C and
the reaction solution was stirred at the sane tenperature for 10 m nutes.
To this solution, a solution of 4-brononapht hal ene-2-carbal dehyde (530 ny,
2.25 mmol) in THE (4 m) was added dropw se. The reaction m xture was
stirred at the sane tenperature for twgshaurs, and then a saturated
anmoni um chl ori de aqueous sol ution added and the m xture was extracted with
et hyl acethér. tHaéeonggahcclapger waassepahatedw t o atbat poaypdosphonic

chl ori de aqueous solution and dried (anhydrous magnesi um sulfate), and then
t he sol veacidatayefrstvated wadeaddeduand phesshteingfesobubiondwaesi due was
purified by silica gel colum_chronat ography [devel oping 58 sol ution=et hyl
acetate - extheqbad ‘(’J.Ltllom?thﬁlébﬁaﬂhlt)ﬁéd@rtIéllc@mnhﬁ laysraythggoy
[0150] "H- NWMR (CDC13) b: 2,62 (1H d, J=4.0 Hz), 3.83 (3H _s), 6.22 (1H d,
J=3.8 Hz)© 'ea%ef(l1VPradwa§h8d8Wl§h5Wﬂ*z'?r qfn@oa quréyedﬁqéimH d, J=2.5
Hz), 7.52- n% 7.83-7.88 % n} & 8. 22 élH d, J=8.1
HzZ) (4) sﬁh%ﬂﬁ% E 6@“ Y. B?%%ﬁabh Rdi Qﬁ-%@y‘r’hEPhWS‘lB sulfat

et hoxy bERSBEb) £ hf BERERCD: ?ﬁQ’f%&ﬁ%ﬁ?&%%_eﬁb”%t%f%%bﬁ RsE edudgacy” )
aceton trPEeetRe 1A Y %‘é*%‘?{“@?ﬁ' Rbedaut Tapne FRsa by S Re S

e, b O TRBE A oL, B by NSRSt Dt o0

extract edneyhhd Ei02b) CE a&ﬁtaIHetHé 980t fe | BYRPoYRS w.sbeg, Wed 9 a
[0149] 'H-NMR (CDC1;) &: 3.51 (3H, s), 7.00 (1H, dd, J=8.8,
2.4 Hz), 7.26 (2H, m), 7.44 (1H, 4, J=5.5 Hz), 7.73 (1H, A4,
J=8.8 Hz)
(3) Synthesis of (4-Bromonaphthalen-2-yl)-(5-methoxybenzo-

[blthiophen-2-yl)methanol
In a nitrogen stream, an n-butyllithium hexane solution

(1.6 M, 1.48 ml, 2.36 mmol) was added dropwise to a solution
of 5-methoxybenzo[blthiophene (388 mg, 2.36 mmol) in THF (6
ml) at -78°C and the reaction solution was stirred at the same
temperature for 10 minutes. To this solution, a solution of
4-bromonaphthalene-2~-carbaldehyde (530 mg, 2.25 mmol) in THF
(4 ml) was added dropwise. The reaction mixture was stirred
at the same temperature for two hours, and then a saturated
ammonium chloride aqueous solution added and the mixture was
extracted with ethyl acetate. The organic layer was washed
with a saturated sodium chloride aqueous solution and dried
(anhydrous magnesium sulfate), and then the solvent was

distilled under reduced pressure. The obtained residue was

purified by silica gel column chromatography [developing



sodi um t hi osul f at e agueous solution and a saturated sodium chloride aqueous
solution and dried (anhydrous magnesium sulfate), and then the sol vent was
distilled under reduced pressure. The obtained residue was purified by
silica gel colum chronmatography [devel opi ng sol uti on=et hyl acetate :

n- hexane (1:10)] to obtain the title comgund (130 ng, 52% . [0151] 1H NWR
(CDC13) b: 3.84 (3H, s), 4.32 (2H, s), 6.91 (2H, dd, J=8.8, 2.5 Hz), 6.98
(1H, s), BEolatibd=ethyl-Acetdate : n-Bexangl (13H0)d) to7 ob¥ain7Ihe3Mitde, 8. 19
(1H, d, J=8.2 Hz) 5) Synthesis of (2R 3S, 4R 5R)-3,4,5-Trisbenzyl oxy-2
benzyl oxy eempEungl [(F255 Mgt Hhdbenzo[ b] t hi ophen- 2-

yl met hyl ) napht hal en- 1.yl ] tetraydropyran-6-ol 59 In a nitrogen stream an
n-but yl | i tIRiLkP®Ihexane BoNMR| 6GDCL4). :M2.6231 1H#., d0. 96 4mPoHE Juas -83dé8H.
dropwi se tqQ a sqlution of 2-(4-brqnonaphthal en-2-vyl_-nethyl)-5-

et hoxybe o -0 dend (578 1 F20 748 "8ol Ut Hon AL Ie B3 8t - Sai2)788-3d ¢ he
reaction ruxtur tirred at e._s enper.at.ur or 10 mnutes_and to
ot o] U{Pil(yg{n 5] e JHr & J8 SHTG, HOTEALY G50 w0 .AYLGS 63

3,4,5-tri zyl\,oxy- G- | oxynet hyl - rahydr Qpyr an-.2-one (267 ny, 0.50
mmol) in %%%n'(%')m %.'%gq%a&)si’g% 2 o AR BT o 82 o Pone
hour, and S rat | Yy _ i us _ i Vas added to stop
t he react i(%n). %ﬁe%ls:irgr?e)? ;’(relﬂagﬁa(lr)n%li:lsagﬁ} I g%%mgs§g>b[léﬁtggig\é\%m th ethyl
acetate and ngﬁﬁ; | 1oMpsnwashed with a saturated sodium chloride
aqueous solutﬁgﬁean dfﬁgéﬁ¥§%ﬁ§ rgﬁg magnesi um sul fate), and then the

sol vent was dlsﬁh|%6%i%&@%Fnr%QE%%ﬁ, RuepsBmenaphenabkealneginegsdue was

purified by silica gel colum chromatography [devel opi ng sol uti on= et hyl

acetate methoxybenzo[b]thiophen-2-yl)methanol (260 mg, 0.65 mmol) was
added dropwise to an solution of trimethylsilyl iodide (0.46
ml, 3.26 mmol) in acetonitrile (10 ml) at 0°C over two hours,
and the reaction mixture was stirred at the same temperature
for one hour. A saturated sodium hydrogen carbonate aqueous
solution was added and the resulting mixture was extracted
with ethyl acetate. The organic layer was washed with a
sodium thiosulfate aqueous solution and a saturated sodium
chloride aqueous solution and dried (anhydrous magnesium
sulfate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography [developing solution=ethyl acetate :
n-hexane (1:10)] to obtain the title compound (130 mg, 52%).
[0151] 'H-NMR (CDC1;) &: 3.84 (3H, s), 4.32 (2H, s), 6.91
(24, 44, J=8.8, 2.5 Hz), 6.98 (1H, s), 7.14 (1H, 4, J=2.5 Hz),
7.51-7.61 (3H, m), 7.70-7.79 (3H, m), 8.19 (1H, 4, J=8.2 Hz)
(5) Synthesis of (2R,3S,4R,5R)-3,4,5-Trisbenzyloxy-2-

benzyloxymethyl-6-[3-(5-methoxybenzo[b]thiophen-2-

ylmethyl)naphthalen-1-yl]tetraydropyran-6-ol



n- hexane (1:4)] to obtain the title conpound (279 ng, 73% . [0152] 1H NMR
(CDC13) 8: 3.46-3.50 (2H, m, 3.74 (1H, d, J=10.6 Hz), 3.82 (3H, s), 4.00
(1H, d, J=10.4 Hz), 4.05 (1H, d, J=10.4 Hz), 4.10-4.28 (4H, m, 4.34 (2H,
s), 4.47 (1H, d, J=11.9 Hz), 4.59 (1H, d, J=11.9 Hz), 4.76 (1H, d, J=10.8
Hz), 4.88 (2H, s), 4.96 (1H, d, J=10..8slz), 6.67 (1H, d, J=7.3 Hz),
6.88-6.98 (4H m, 7.04-7.09 (2H, m, 7.21-7.35 (16H, m, 7.42 (1H t,
J=7.2 Hz), 7.53I01&l nitrggén8stiréamy7. 8 (ibiityllivthiem liéxhane, sgigtdoniz),
7.88 (1H, d, J=1.6 Hz), 8.65 élH, d, J=8.7 Hz) (6) Synthesis of
(2R,38,4RK$R§-E,4953Trmébeﬁz§ Omyog) was added dropwise to a solution
benzyl oxynet hyl - 6- [ 3- (5- net hoxybenzo b]thithen-Z 60 -
yInethyl)ﬁﬁpﬁtﬁérEﬁQTOQPPPEPFéﬁ9d?Oﬁir@ﬁthﬁ h-Rftrogen stream
trimethylsilane (0.09 .0.58 L) and a boron trifluaride-diethyl ether
conpl ex (U?Bgﬁx ?nzﬁfggthﬁBP9eﬂﬁgz?aéd@8't%'éss%mﬁ%goﬁnoTHF (15'm1)

(2R 3S,4R 5R) -3,4,5-_trisbenzyl oxy-2-benzyl oxynet hyl - 6-[ 3- (5- met hoxybenzo-
[ b] t hi oph@ﬁ-27§lmml5%p?ﬁ?%qjé?f¥fmﬁﬁq 3R 1 gito|the S@mey 0. 29

at 'Léoim”t ERREYEEEReC EPE AT Min oo mt hdnthe & oFRHAPLOT by BRL IS BeB R e:
wih et ﬁ??éﬁg”%%FE?#%%?8%%3@?329%%%?@%%?2?*%E%’%iéﬁéﬁi?aﬁ’ﬁf 2880 ur at ed
gy

sodi um ch hde agyeqys tiQn deery Wi i ; ol vent
was distik?gg ﬁ%de?'?gdﬂgggv %ﬁegggré? gﬁg'tﬁgﬂ%bfgggggbre5|gﬁglaggﬁ%ﬁrified

by silicasgelregOhtM760 FEY UHAMBuE JeUFd Wi 3ol tdd Wmddinim acet ate :

n- hexane ?1:6)? to obtalnqgﬁ% title conpoungp(271 ng, 80% .
chloride aqueous solution was added to stop the reaction. The
obtained reaction solution was extracted with ethyl acetate
and the organic layer was washed with a saturated sodium
chloride aqueous solution and dried (anhydrous magnesium
sulfate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography [developing solution= ethyl acetate :
n-hexane (1:4)] to obtain the title compound (279 mg, 73%).
[0152] 'H-NMR (CDC1;) &: 3.46-3.50 (2H, m), 3.74 (1H, 4,
J=10.6 Hz), 3.82 (3H, s), 4.00 (1H, 4, J=10.4 Hz), 4.05 (1H, 4,
J=10.4 Hz), 4.10-4.28 (4H, m), 4.34 (2H, s), 4.47 (1H, 4,
J=11.9 Hz), 4.59 (1H, 4, J=11.9 Hz), 4.76 (1H, 4, J=10.8 Hz),
4.88 (2H, s), 4.96 (1H, 4, J=10.8 Hz), 6.67 (1lH, 4, J=7.3 Hz),
6.88-6.98 (4H, m), 7.04-7.09 (2H, m), 7.21-7.35 (16H, m), 7.42
(1H, t, J=7.2 Hz), 7.53 (1H, 4, J=8.8 Hz), 7.75 (1H, s), 7.79
(14, 4, J=8.0 Hz), 7.88 (1H, 4, J=1.6 Hz), 8.65 (1H, 4, J=8.7
Hz)
(6) Synthesis of (2R,3S,4R,5R)-3,4,5-Trisbenzyloxy-2-

benzyloxymethyl-6-[3-(5-methoxybenzo{b]thiophen-2-



[0153] 'H NMR (CDC13) 6: 3.42 (1H, d, J=10.2 Hz), 3.63- 3.99 (9H m, 4.09
(1H, d, J=9.9 Hz), 4.35 (2H, s), 4.52 (1H, d, J=12.2 Hz), 4.63 (1H d,
J=12.2 Hz), 4.69 (1H, d, J=10.8 Hz), 4.87-4.96 (4H, m, 6.50 (2H, d, J=7.3
Hz), 6.88 (1H, dd, J=7.2, 2.4 Hz), 6.95-6.99 (3H, n), 7.05-7.10 (2H, m,
7.21- 7.30 (15H, m, 7.37-7.50 (2H m, 53 (1H d, J=8.8 Hz), 7.60 (1H
s), 7.74 (1H, s), 7.82 (1H, d, J=7.7 Hz), 8.37 (1H, d, J=8.2 Hz) (7)

Synt hesi s of FAReIhydRn2BhERR12nH1dK0NeRIFANYdEopFrah-

met hoxybenzo[ b] t hi ophen- 2-yl net hyl ) napht hal en-1-yl ] -

t et rahydr opyr anig, 4, hitrogenUstieeam, nitrimgéhyasihanbel 6. 0ddmallhybsaBfi de
(0.66 M) 61 and a boron trifluoride-diethyl ether conmplex (0.33 m, 2.62
mol ) wer amaddeenido aa bogiont itad fahiof2Re38i4RhFR) e8hér5complex (0.041 ml,

tri sbenzyl oxy- 2-benzyl oxymet hyl - 6-[ 3- (5- met hoxybenzo-

[ b] t hi oph&n32- Pmedt)hyeren addedaltenal spllptdonanfdl 8By B&n4R25R)nB, 405262 nmol )
in nmethylene chloride (4 m) under coolin with ice. The reaction m xture
was stirré&lépepéﬂﬁpxﬁéﬁpéﬁ&?ﬂﬁ@xﬂﬂﬁthﬁﬁeg'@éyé?'QﬁahPH¥ﬁeaZ§aturated sodi um
hydr ogen carbonate aqueous sol uti on was_added under cooling wth ice and
the m xt ut®lkRdophenserydmpithylipapptbadenniloridéetradroPyaancorafer was
washed with a saturated sodium chloride aqueous solution and dried with
sodi um sullP4PeMdang -2feAmele 1BomedRylgAe ghderifed (dndddateliced Pressure

[devel opi RGaeator: BAEELR, VERStireRe® rhbm EAnPerab ity Bob CBf: AR ho”
{1t e cOMRaNG L5 oMb dkeal Gbiflnt Hy o FTRUPboflncd Hudoid (31 M-

3.69-3. 80
solution was added. The resulting mixture was extracted with

methylene chloride, and the organic layer was washed with a
saturated sodium chloride aqueous solution and dried with
sodium sulfate. The solvent was distilled under reduced
pressure, and the obtained residue was purified by silica gel
column chromatography [developing solution=ethyl acetate :
n-hexane (1:6)] to obtain the title compound (271 mg, 80%).
[0153] 'H-NMR (CDCl1l;) &: 3.42 (1H, 4, J=10.2 Hz), 3.63-
3.99 (9H, m), 4.09 (1H, 4, J=9.9 Hz), 4.35 (2H, s), 4.52 (1H,
d, J=12.2 Hz), 4.63 (1H, 4, J=12.2 Hz), 4.69 (1H, 4, J=10.8
Hz), 4.87-4.96 (4H, m), 6.50 (2H, 4, J=7.3 Hz), 6.88 (1lH, 44,
J=7.2, 2.4 Hz), 6.95~-6.99 (3H, m), 7.05-7.10 (2H, m), 7.21-
7.30 (15H, m), 7.37-7.50 (2H, m), 7.53 (1H, 4, J=8.8 Hz), 7.60
(1H, s), 7.74 (1H, s), 7.82 (1H, 4, J=7.7 Hz), 8.37 (1H, 4,
J=8.2 Hz)
(7) Synthesis of (2R,3S,4R,5R,6S)-2-Hydroxymethyl-6-[{3-(5-
methoxybenzo[b]thiophen-2-ylmethyl)naphthalen-1-y1l]-
tetrahydropyran-3,4,5-triol

Under a nitrogen atmosphere, dimethylsulfide (0.66 ml)



m, 3.90 (1H, d, J=11.6 Hz), 4.37 (2H, s), 4.90 (1H, d, J=9.5 Hz), 6.87
(1H, dd, J=8.8, 2.5 Hz), 7.04 (1H, s), 7.19 (1H, d, J=2.4 Hz), 7.43-7.49
(2H, m, 7.57 (1H, d, J=8.8 Hz), 7.63 (1H, s), 7.73 (1H, s), 7.79-7.82 (1H
, M, 8.27 (1H, d, J=9.3 Hz) M5 (ESI'): 489 [MtNa]' Exanple 5

(2S, 3R, 4R 5S, 6R) - 2- [ 3- (5- Et hyl benzo[ b] 1 ijjophen- 2-yl -

nmet hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydr opyran-3,4,5- triol (1)
Synt hesi s anfd & p2r2nDitmdtfimoydideyiddeithyiy eXhérechyiplelxerffedd dider.&2
nitrogen atnosphere, 4-ethyl benzenethiol 62 (3.50 mM, 25.4 mmol) and

2- br ono- 1 mmodi) mmenrex padiedn& o( 3. §O#Mt10270§ 28I, BSwdRe 5S&dd8d 4.§-a sodi um

nmet hoxi de nmet hanol solution (0.5 81.4 m, 40.7 mol) under cooling with
ice. The tFé&@PPéﬂlﬁF‘YrGréeR&é’leY&rGHEé §armetbepybangee for 10

m nutes, and then heated _to ref lux for five_ hours. The reaction mxture

was concenbrlihd@phrase -¥dmetbyl ﬂr@§§9¢§aléﬁdl Yo/l §ehapby drapYZaned21The
resultlngpglxture maspﬁ tracted th ebg nd t he 3 %anlc | ayer. was washed
r d

with a saffdrafed®?s88 &HIHFF&? £8Ge&03°Ld Gt#énm& Bedd SRPLAgodi um
sul fate. er, filt

he sol.vent was d d _under reduced
pressure gﬁ& ngobtgﬁﬁea eag l&&e“ﬁé@“ﬁ&r FFea §r§§ Fga Q8™ col um

Chr ot oo ICEARER, 20 e SN AR Sancl R R 0 o
i il e, s e Sl S 0
with ice and the mixture was extracted with methylene chloride.
The organic layer was washed with a saturated sodium chloride
aqueous solution and dried with sodium sulfate, and then the
solvent was distilled under reduced pressure and the obtained
residue was purified by silica gel column chromatography
[developing solution=methylene chloride : methanol (30:1)] to
obtain the title compound (85 mg, 65%).
[0154] 'H-NMR (CD;OD) &: 3.51-3.63 (3H, m), 3.69-3.80 (5H,
m), 3.90 (1H, 4, J=11.6 Hz), 4.37 (2H, s), 4.90 (1H, 4, J=9.5
Hz), 6.87 (1H, 44, J=8.8, 2.5 Hz), 7.04 (1H, s), 7.19 (1H, A4,
J=2.4 Hz), 7.43-7.49 (2H, m), 7.57 (1H, 4, J=8.8 Hz), 7.63 (1lH,
s), 7.73 (1H, s), 7.79-7.82 (1H ,m), 8.27 (1H, 4, J=9.3 Hz)
MS (ESI*): 489 [M+Nal]®
Example 5

(25,3R,4R,55,6R)-2-[3-(5-Ethylbenzo[b]thiophen-2-yl-

methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-

triol
(1) synthesis of 1-(2,2-Dimethoxyethylsulfanyl)-4-ethyl-
benzene

Under a nitrogen atmosphere, 4-ethylbenzenethiol



(2) Synthesis of 5-Ethyl benzo[b]thi ophene Under a nitrogen atnosphere,

pol yphosphoric acid (10 g) was added to anhydrous chl orobenzene (150 m).
To the resulting solution, 1-(2,2-dinhoxyethyl sul fanyl)-4- ethyl benzene
(5.31 g, 23.5 nmol) was added under refluxing over 1.5 hours and continued
heating to ref lux overnight. The reactdpn mxture was cooled to room
tenperature, and then the organic |ayer was separated. Water was added to
the pol yfglBo$gharli,c 25ci4d mimenidr aawdd 2-freromesul, tli-dd meithbxye thane €3t.13aatled Wit h
nmet hyl ene chloride. Al organic layers thus obtained were washed with water
and a sat @7atdetmoddi Werec ifdseid & caduEedd ugo methoxided me¢thagod s laddonm
sulfate. 63 After filtration, the solvent was distilled under reduced

pressure, (8nd the 8dbthiMed 4%di Mo ladinger toedibg witthcdcgel ThH6 umm

chr omat ography [ devel opi ng sol ution=ethyl acetate : n- hexane (1: 20)] to

obt ai n t h&e&c I@%W C"@Sgé?tgirI?@%at the1 seme I‘-'I—eNPRr@GBGES .29 (3H,
t, J=7.6 Hz 2. 76 (2H, g ‘ﬂég 7.18-7.28 40 (1H d J=5.4
Hz), 7.641 mn%)esﬁ a%i( n fpea §°HfFf@-§5‘ §§» ¢ RayhL hgfics.

(4- Brormn 3 al en-2- (5- eth Iben %%]sthl ophen-2-yl)net hanol I n

ni trogen FF@ hoaf IW%% qﬂﬂq? 8P8Fgoﬁe€fc§ TESERTR a?d30

nmol ) was %_%e%ﬁ% (():pg e td%e% soI t| gu?_ttl‘% e;nh Ib%nzw%l%] t h Ia%@a (373 ny,

2.30 nnDI) ea |on SO utlon Wes ostirred at

78 7% R S8 B 0TI SRR ke

added drOQWhiﬁma%hiaygdé”H&déBﬁ§‘?ﬂ&dﬂﬂHﬁ'Hdﬁ‘ﬁfied with sodium sulfate.
After filtration, the solvent was distilled under reduced
pressure and the obtained residue was purified by silica gel
column chromatography {[developing solution=ethyl acetate :
n-hexane (1:20)] to obtain the title compound (5.31 g, 93%).
[0155] 'H-NMR (CDC1l;) &: 1.22 (3H, t, J=7.6 Hz), 2.62 (2H,
q, J=7.6 Hz), 3.08 (2H, 4, J=5.6 Hz), 3.36 (6H, s), 4.51 (1H,
t, J=5.6 Hz), 7.12 (2H, 4, J=8.3 Hz), 7.32 (2H, 4, J=8.3 Hz)
(2) Synthesis of 5-Ethylbenzo[b]thiophene

Under a nitrogen atmosphere, polyphosphoric acid (10 g)

was added to anhydrous chlorobenzene (150 ml). To the
resulting solution, 1-(2,2-dimthoxyethylsulfanyl)-4-
ethylbenzene (5.31 g, 23.5 mmol) was added under refluxing
over 1.5 hours and continued heating to reflux overnight. The
reaction mixture was cooled to room temperature, and then the
organic layer was separated. Water was added to the
polyphosphoric acid layer and the resulting mixture was
extracted with methylene chloride. All organic layers thus
obtained were washed with water and a saturated sodium

chloride aqueous solution and dried with sodium sulfate.



was stirred at the same tenperature for two hours and at -20C for 30

m nutes, and then a saturated amoni um chl ori de aqueous solution was added
and the m xture was extracted with ethyl acetate. The organic |ayer was
washed with a saturated sodium chloride aqueous solution and dried
(anhydrous nmagnesium sulfate), and thersthe solvent was distilled under
reduced pressure. The obtained residue was purified by silica gel colum
chr onat ogAdley [Eddvaiadgiong sbhusbdweathyhsadesaﬁéled nndexamed(ted)] to

obtain the title conpound (780 ng, 90% . [0157] '"H NMR (CDC13) 8: 1.24 (1H,
t, J=7.6 RXpsspre3 @pd, the op_*valtleﬂz):eszdme vap, pyrifipdebmpy pildcaszgeiH, d,
J=3.1 Hz), 7.14 (2H, s), 7.52-7.70 M, 7.83-7.93 (3H, M, 8.22 (1H, 64

_ d, J=8. gofpmn  ghropateeraphyr [deye Bpéﬁanaaﬁeﬁapenezhyﬂnépﬁtp)tesa n-
ethylbenzo[blthlophene Ln a nitrogen stream triethylsilane (0. 63 m, 3.93
moi ) and &*88Fol 1 A0PIludO QBT %pp Eihep eewgpe;ad(éOz?fins 25%16 mmol )
were added to a solutjon_of 4 brq naphtha

yl)-(5- eth?l@éﬂzo[b] tHhi e QF%H) thaﬁgl(?VSOt J=7. QGHZﬁWDP)7Fn(2H

t hyl hi t 0 th t t
Toom t emp@eaPare o B e sk Branee 9. R T TE B AT
nmet hanol Q&%I aqd ga%qh (%p Ju%)3aﬁwéthe m Xture was extracted Wi th

nmet hyl ene 'C ri de. he ordani‘c | ayer s washed with a saturated sodi um

chl ori de u t ib@N (an [o]° gnes e), and
t hen the sgﬁvggy%aggkglg?l(aegrgﬁgggp&gggggg ngEZU?E b%ﬁgiugg?glned resi due

was purified @B]%hﬁb@ﬁeﬁeb -¢al)H@RhagBrOMat ography [devel opi ng sol ution=
n- hexane)] to obtain't
In a nltrogen stream, an n-butyllithium hexane solution

(1.6 M, 1.44 ml, 2.30 mmol) was added dropwise to a solution
of 5-ethylbenzo[b]thiophene (373 mg, 2.30 mmol) in THF (15 ml)
at -78°C, and the reaction solution was stirred at the same
temperature for 5 minutes. To this mixture, a solution of
4-bromonaphthalene-2-carbaldehyde (515 mg, 2.19 mmol) in THF
(5 ml) was added dropwise at -78°C, and the resulting mixture
was stirred at the same temperature for two hours and at -20°C
for 30 minutes, and then a saturated ammonium chloride aqueous
solution was added and the mixture was extracted with ethyl
acetate. The organic layer was washed with a saturated sodium
chloride aqueous solution and dried (anhydrous magnesium
sulfate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography [developing solution=ethyl acetate :
n-hexane (1:9)] to obtain the title compound (780 mg, 90%).
[0157] 'H-NMR (CDC1l;) &: 1.24 (1H, t, J=7.6 Hz), 2.63 (1H,
d, J=3.1 Hz), 2.73 (2H, q, J=7.6 Hz), 6.23 (1H, 4, J=3.1 Hz),

7.14 (2H, s), 7.52-7.70 (4H, m), 7.83-7.93 (3H, m), 8.22 (1H,



title conpound (460 ng, 62% . [0158] 1H NWR (CDC13) S: 1.27 (1H, t, J=7.6
Hz), 2.73 (2H, q, J=7.6 Hz), 4.34 (2H, s), 7.10 (1H, s), 7.13 (1H, d, J=7.6
Hz), 7.48-7.79 (7H, m, 8.19 (1H, d, J=8.3 Hz) (5) Synthesis of
(3R 4R 5S,6R) -3, 4, 5-Tri sbenzyl oxy- 6-
benzyl oxynet hyl - 2- [ 3- (5- et hyl benzo[ b] t-higgphen- 2-yl - net hyl ) napht hal en-1-yl 3
tetrahydropyran-2-ol In a nitrogen stream an n-butyllithium hexane sol ution
(1.6 M 04833rB.31H33 nmol ) was added dropwi se to a solution of
2-(4- bronnnaphtalen 2-yl met hyl ) - 5- ethylbenzo-[béthlophene g460 ng, 1.21
mrol ) in THE ?Iﬁtﬁﬁflﬁt°f7§C(4Tﬁ§°W€BéPP6H31ﬁPX o¥&meEBY4drPred at the same
tenperature for five mnutes 65 and to this solution, a solution of
3, 4, 5- tr|sben%§h8%9e82°$BA§9P899ﬁ9thItetrahydro pyran-2-one (844 ng, 1.57
mmol) in THE (5 s added, dr opwi The rgictlon solution_was stirred
at -78C for flvEnnPnﬁﬁggoﬁﬁB ﬁtgﬁ?ﬁ fﬁﬂeﬁﬁﬁﬁﬁ ech? of? Bl agdedds solutlon
was added to the . reaction..The ure was.extracted
oyl acePhd) afid: AoboEPRarrrt a0t a8 teb bR o heh eoBR iF ol B2 LomEum
chloride , o] ied oy nd

ﬁ 8@8 WZ %g&:é inﬁ@g bl & sgi @XSQ ?egﬁgﬂ}?éﬂn#- Sﬂhgﬁéﬂn a0

t hen t he so St under uce ai ned“r esi due
f L 0HB t t hyl
hootate | VI RY-Sthibefeb 63! Lot ?ﬁ?‘%??f* BlnoSTr 26 00RGT 205, 00

0159] 1 2 6 Hz
52518 (RCUglyfiods2onigb, (I5Ta0 ) o°C s (B, oo o1
(2H, d, JmZx@ufB)wa@ Qﬂlfzbh ht io@mztehgéraZHQé foﬁ4tﬁ§éé1h6ﬁrs7 SPo(1H, d,
J=8.3 Hz), 7.75 (1H, s),

the obtained solution was added methanol (10 ml) and water (30
ml) and the mixture was extracted with methylene chloride.
The organic layer was washed with a saturated sodium chloride
aqueous solution(and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution= n-hexane)] to obtain the
title compound (460 mg, 62%).

[0158] 'H-NMR (CDCl,;) &: 1.27 (1H, t, J=7.6 Hz), 2.73 (2H,

q, J=7.6 Hz), 4.34 (2H, s), 7.10 (1H, s), 7.13 (1H, 4, J=7.6

Hz), 7.48-7.79 (7H, m), 8.19 (1H, d, J=8.3 Hz)

(5) Synthesis of (3R,4R,5S,6R)-3,4,5-Trisbenzyloxy-6-
benzyloxymethyl-2-[3-(5-ethylbenzo[b]thiophen-2-y1-
methyl)naphthalen-1-yl]tetrahydropyran-2-ol

In a nitrogen stream, an n-butyllithium hexane solution

(1.6 M, 0.83 ml, 1.33 mmol) was added dropwise to a solution

of 2-(4-bromonaphtalen-2-ylmethyl)-5-ethylbenzo-[blthiophene

(460 mg, 1.21 mmol) in THF (15 ml) at -78°C. The reaction

mixture was stirred at the same temperature for five minutes



7.79°'(1H, d, J=7.9 Hz), 7.89 (1H, d, J=1.7 Hz), 8.62 (1H, d, J=8.6 Hz) (6)
Synthesis of (3R 4R 5S, 6R)-3, 4, 5-Tri sbenzyl oxy- 2-

benzyl oxynet hyl - 6-[ 3- (5- et hyl benzo[ b] t hi ophen- 2-

yl met hyl ) napht hal en-1-yl Jtetrahydropyran In a nitrogen stream
triethylsilane (0.60 m, 3.78 mml) andsm boron trifluoride-diethyl ether
conplex (0.127 m, 1.32 mmpl) were added to a sol ution of

(3R 4R, 5S26@) tp Ahgs (59l3ycion @ Eod Ry lodx B e SmErisbedzys-oxympi-benz o-

[ b] t hi ophen- 2-yl net hyl ) - napht hal en-1-yl ] tetrahydropyran-2-ol  (1.06 g, 1.26
mol ) in REOHRLORTMERIH tRE Ry GO Py ans@eoneTH 8 44 BiGi dn S FIMedd vidks
stirred at _QC for .qne hour gxthen 66 a_ 50% net hanol aqueous solution (20
m)was add&d (Pt o.WaPnélddre@ TOPYG Sfi-xt dRe \ﬁ&?cé?i'PPaE‘P&g‘t\ki"Ph W@t hyl ene

chloride and the organiog Ifa%er was washed with a saturated sodi um chloride
4E8;

aqueous sSHIEEER &R ! t FI¥EIPLRPEGFT e, aTRatUbRE et aMRARIBMSt | | | ed

under redugqe, RS ;at%uee[o ed ﬁto*l%t‘l%a'sv)%]%d aldalad %ﬁy s¥3p, Rl TGl +R%pS! | ‘rfx%: gﬂ

col utm chromatogra vel opl Ng ol"ut on=et tate ™" n-hexane

t bt ai dLle s odo 2% S: 1.26
(G Eetd SOOI kgdied i i) abtb] R
3.60-4.00 nid la‘&&g wdsl haghed whidn3 dHaht utated 2daith chi168ide’2 (3H,
m, 4.82-4.98 (4H m, 6.50 (2H, d, J=7.2 Hz), 6.85-7.85 (27/H, m, 8.37

(1H, d, %Q%-e%dﬂz)sdﬂl)ti%mtd}ﬂﬁi&i@cd (anhydrous magnesium sulfate), and
(2R, 3S, 4R, 5R, 6S) - 2- Hydr oxynet hyl - 6- [ 3- ( 5-

et hyl benz ajhent hephaivant medshydistaphiddaedelr Heliuced pressure. The
t et rahydropyran-3,4,5-triol

obtained residue was purified by silica gel column

chromatography [developing solution=ethyl acetate : n-hexane

(1:9)] to obtain the title compound (1.06 mg, 100%).

[0159] 'H-NMR (CDCl1l3) &: 1.25 (3H, t, J=7.6 Hz), 2.72 (2H,

q, J=7.6 Hz), 4.35 (2H, s), 3.45-4.78 (12H, m), 4.89 (2H, s),

4.92-4.98 (1H, m), 6.67 (2H, 4, J=7.2 Hz), 6.94 (2H, t, J=7.2

Hz), 7.01-7.44 (21H, m), 7.59 (1H, 4, J=8.3 Hz), 7.75 (1lH, s),

7.79 (1H, 4, J=7.9 Hz), 7.89 (1H, 4, J=1.7 Hz), 8.62 (1lH, 4,

J=8.6 Hz)

(6) synthesis of (3R,4R,55,6R)-3,4,5-Trisbenzyloxy-2-
benzyloxymethyl-6-[3-(5-ethylbenzo[b]thiophen-2-
ylmethyl)naphthalen-1-yl]tetrahydropyran

In a nitrogen stream, triethylsilane (0.60 ml, 3.78

mmol) and a boron trifluoride-diethyl ether complex (0.17 ml,

1.32 mmol) were added to a solution of (3R,4R,5S,6R)-3,4,5-

trisbenzyloxy-6-benzyloxy-methyl-2-[3-(5-ethylbenzo-

[b]thiophen-2-ylmethyl)-naphthalen-1-yl]tetrahydropyran-2-ol

(1.06 g, 1.26 mmol) in methylene chloride (20 ml) at -40°C.

The reaction mixture was stirred at 0°C for one hour, and then



Under a nitrogen atnosphere, dinethylsulfide (2.66 mM) and a boron
trifluoride-diethyl ether conmplex (1.03 m, 8.12 nmmol) were added to a
solution of (3R 4R 5S, 6R)-3, 4, 5-

tri sbenzyl oxy- 2- benzyl oxymnet hyl - 6-[ 3- (5- et hyl benzo[ b] -

t hi ophen-2-yl net hyl ) napht hal en-1-yl ] tet rghydropyran (670 ng, 0.81 mmol) in
nmet hyl ene chloride (4 m) under cooling with ice. The reaction m xture was
stirred ala BOGNmedhamod! agaebas o3 utdaps (2anall)vas adde® rvhelhetol. agheous
solution (20 mM) was added under cooling with ice and the m xture was

ext r act ed rewiutlit imst milxdgrec Wasr iegd ratitedowdahi metthydengaschieatide wndh a
saturated sodi um chl ori de aqueous solution and dried with sodium sulfate,
and then tthe sadaaic iayed sl waghgddaiith g7 satugated geddsiy ehlpmdde

obt ai ned residue was purified by silica_ gel colum chronmat ography

[ devel opi RGUSENS: FEATECRy B8Re dTdRboMidd SofduRafylfese: 1) Fheo SoBVERH t he
o, 2 TR, et B8 s btk
7. 40- $385 PRERENR Y. s egs Sed oy °§’f°(“fﬁ°9§?H%’)Y 1sV315etRg °)
20 S B A AR LTl i Mgy o
- Table 1c§mpound (670 mg, 65%).

[0160] H-NMR (CDCl1l;) &: 1.26 (3H, t, J=7.6 Hz), 2.71 (2H,

q, J=7.6 Hz), 3.42 (1lH, 4, J=10.3 Hz), 3.60-4.00 (6H, m), 4.09

(1H, 4, J=10.3 Hz), 4.35 (2H, s), 4.46~4.72 (3H, m), 4.82-4.98

(4H, m), 6.50 (2H, 4, J=7.2 Hz), 6.85-7.85 (27H, m), 8.37 (1H,

d, J=8.2 Hz)

(7) Synthesis of (2R, 3S,4R,5R,6S)-2-Hydroxymethyl-6-[3-(5-
efhylbenzo[b]thiophen-2—y1methyl)naphthalen-1—y1]-
tetrahydropyran-3,4,5-triol

Under a nitrogen atmosphere, dimethylsulfide (2.66 ml)

and a boron trifluoride-diethyl ether complex (1.03 ml, 8.12

mmol) were added to a solution of (3R,4R,SS,6R)-3:4,5-

trisbenzyloxy-2-benzyloxymethyl-6-[3-(5-ethylbenzo[b]-
thiophen-2-ylmethyl)naphthalen-1-yl}ltetrahydropyran (670 mg,

0.81 mmol) in methylene chloride (4 ml) under cooling with ice.

The reaction mixture was stirred at room temperature for 1.5

days, and then a 50% methanol aqueous solution (20 ml) was

added under cooling with ice and the mixture was extracted

with methylene chloride. The organic layer was washed with a

saturated sodium chloride aqueous solution and dried with

sodium sulfate, and then the solvent was distilled under



Compound 1 OH 0 HOOH OH S Conmpound OH 2 0O F HO OH OH 0 Conpound 3 _
O OHHOOH OHS Compound OH 4 OO HOOH OH S Compound OH5 0 HO OH OH

[0163]

By operating the same procedure as in the above-

- 67 -

reduced pressure. The obtained residue was purified by silica

gel column chromatography [developing solution=methylene

chloride : methanol (50:1)] to obtain the title compound (119

mg, 32%).

[0161] 'H-NMR (CD;OD) &: 1.26 (3H, t, J=7.6 Hz), 2.71 (2H,

q, J=7.6 Hz), 3.45-3.65 (3H, m), 3.66-3.82 (2H, m), 3.89 (1lH,

d, J=12.1 Hz), 4.39 (2H, s), 4.90 (1H, 4, J=9.6 Hz), 7.05-7.15

(2H, m), 7.40-7.55 (3H, m), 7.58-7.66 (2H, m),

7.78-7.85 (1H, m), 8.24-8.32 (1lH, m)

MS (ESI'): 487 [M+Na]®

7.37 (1H, s),

The structures of the compounds of the above-described

Examples will be shown in Table 1.

[0162] [Table 1]



descri bed Exanpl es, the conpounds of the present invention as 69 set forth
in the Tabl e bel ow were prepared with the use of the corresponding starting
materials and reagents. [0164] [Table 2-1] Table 2 'H NVR (CD30D) 6:
3.50-3.63 (3H m, 3.69-3.80 (2H M, S 3.99 (1Hdd,J=11.7, 1.9Hz), 4.40
(2H,s), 4.90(1H, d, Conmpound OH J=9.6Hzg /.09 (1Hs), 6 0 C

7.21(1H,dd, J=8.6, 2.0Hz), HO OH 7.42-7.51 (2H mM, 7.62-7.74 OH (4H m,
7.79-7.83 (1H, M, 8.28 (1H, ) M (ESI Tabl493 [ M+tNa]4 'H NWVR (CD3CD) 6:
2.37(3H, S s), 2.56(Y4Hbrs)—345(t ) 54396 —m, 4.40 ,OH
(2H,s), 4.81(1H,d,J=9.[2Hz), Conpoun 6 .02(1H,dd, HO 7 OH
J=8.4, 1.5Hz), 7.35-7./45 OH (3H, (AH, d, J=8. 4Hz) ,
7.65(1H,s), 7.71-7.78(1H m, 8.1 3 [M:Na]' 70 - [0165]
[ Tabl e 2-2] Complound

Compound
2

Compound
3

Compound
4

Compound
5

[0163] By operating the same procedure as in the above-

described Examples, the compounds of the present invention as



'H- NVR (CD30D) 8: 2.38(3H, S's), 3.51-3.63 (3H, ), 3.69- 1 3.81 (2H M,
3.90(1H, d, OH J=12, 1Hz), 4.22(2H,s), 4.88 O Conpound HO (1H, d, J=9.6 Hz),
6:56(1H, d, 8 OH J=3.4Hz), 6.63(1H d,J=3.4 OH Hz), 7.39-7.48(2H m,
7.57(1Hs), 7.64(1Hs), 7.78(1H d,J=9.5 Hz), 8.25 (1Hd,J=9.5Hz) MS
(ESI'): 423 [M+Na] 1H NVR (CD3OD) Si. kg23(3H,t, S J=7.5Hz),
2.75(2H,q,J=7.5 Hz), 3.51-3.63(3H, m, 3.69- 0 ' OH

3. 81( 2H, npes. SQCIH dnJthe. DabdepbehdwHdrkRe) prdap28ea@Hyith #he9ousel df tBeCH
J=9.0Hz), 6.56(1H,s), 6.65 OH (1H,s), 7.42-7.45(2H, m, 7.57(1H, s),

7. 65(1H, s):orrxaspe(l@ﬁqna stariipy, mgtgsiaq._s_HaudJEgagp@):s M5 (ESI"): 413 [M1]-
[0166] Experi nment al anple 1 Test for Confirm ng Action of Inhibiting Human
Na' - d uco$81€41] ﬂ?éﬁ%ﬁo?téﬂs (SGLT1 and SGLT2) (1) Preparation of Hunan
SA.T1 Expression Vector PCR was perforned by KOD+DNA pol ynmerase (a product
of Toyobo Co., Ltd.) by taking a hunt®®%%ef| intestine-derived

'H-NMR (CD,OD) §: 3.50-3.63
(3H,m), 3.69-3.80 (2H,m),
3.99 (1H,dd,J=11.7, 1.9Hz),
4.40 (2H,s), 4.90(1H, 4,
J=9.6Hz), 7.09 (1H,s),
7.21(1H,dd,J=8.6, 2.0Hz),
7.42-7.51 (2H,m), 7.62-7.74
(4H,m), 7.79-7.83 (1H,m),
8.28 (1H,m)

MS (ESI*): 493 [M+Na]l®

Compound
6

H-NMR (CD,OD) &: 2.37(3H,
s), 2.56(1H,brs), 3.45(1H,
m), 3.54-3.90(5H,m), 4.40
(2H,s), 4.81(1H,d,J=9.2Hz),
6.89 (1H,s), 7.02(1H,dd,
J=8.4, 1.5Hz), 7.35-7.45
(3H,m), 7.48 (1H,s), 7.54
(14,d4,J=8.4Hz), 7.65(1H,s),
7.71-7.78(1H,m), 8.11(1H,m)
MS (ESI*): 473 [M+Na]®

Compound
7




cDNA’library (a product of Clontech) as a tenplate with the

synt hesi zed DNA prinmer to anplify human SG.T1 cDNA
fragnment was cloned to pcRII-Topo vector

Dual Promoter kit (a
conpetent cells 71
exhi bi ted

resi stance to anp

product of

the anplif

use of a

i ed

with the use of a Topo TA C oning

I nvitrogen) and introduced into E. coi
(TOP10, a product -ofgl nvi trogen),
icillin were proliferated in an LB nedi um

and cl ones whi ch

contaln|nboéﬁﬁﬂcifhbhe(SBZﬁg/L) Fromthe proliferated E. coli, a plasnid
was puri fifed—accordinmg to the usual—way (seeMamatis et—at——wiecul ar
Cl oning). |By taking this plasnld as a teppi-aMR (PCRDIa$: p2rIdatied by
KOD+DNA pal yner ase wi|t h € Sa_synt bet i s SINA . BBI 1B, )Nt @.6hECh
restrictign enzynme rnecog had gegp | 2 hgdusgedl B{Qﬁp|lfy human
SGLT1 cDNA (a fragment added hith an Eco égqﬁggltlog ) 2}%
upstream gide and a Hnd Ilp Bnltlon >|t BhHE T ea rde). This
anplified fbggl Ahaas §ebi ad to Eco ROMHnY J5hé HeE) . of &{ttHeR t 0
connect tH %ste fraghents €4 their éedgsa)i.0n0.6B{HE, bfI=8xpr ess| on
vector pdDNA 3:1(-) [(a produdt of Invitrogen) w3d7the(zsan)of a Rapild DNA
Ligation kit (a prodyct of Roche Di agnost qsg7ﬁﬁh%) cqng;gﬁpg expressf on
vector wasg introduced into E. coil conpeten uct |of
I nvitrogen) and prolliferated in an anpicil ? ?%FﬁﬁﬁfglgHggﬁﬁB %EggUWltO
obtain a |human SGLT] expression vector a¢ éé?d@r&r%<§ﬂﬁhe usual way. [0167]
(2) Preparlation of Himan SG.T2 Expressi on| MEc{RBFI'PCRIZMSIM3dribr med by
KOD+DNA pgtynerase by takinmga houmankrdney=derivedcbNA—+ibrary (apr oduct
of Clontegh) as a ténplate with the use OHaNMR/NtOPe@Praéd DNA3{3H.ter to
anplify S J=7.5Hz), 2.75(2H,q,J=7.5

Hz), 3.51-3.63(3H,m), 3.69-

3.81(2H,m),3.89(1H,d4,J=12.0

Hz), 4.23(2H,s), 4.89(1H.,4,

Comﬂfund J=9.0Hz), 6.56(1H,s), 6.65

(1H,s), 7.42-7.45(2H,m),

7.57(1H,s), 7.65(1H,s),

7.78(1H,d,J=8.4Hz), 8.25

(14,4, J=9.0Hz)

MS (ESI"): 413 [M-1]"

[0166] Experimental Example 1

Test for Confirming Action of Inhibiting Human Na'-Glucose Co-

transporters (SGLT1 and SGLT2)

(1) Preparation of Human SGLT1 Expression Vector

PCR was performed by KOD+DNA polymerase (a product of
Toyobo Co., Ltd.) by taking a human small intestine-derived
cDNA library (a product of Clontech) as a template with the
use of a synthesized DNA primer to amplify human SGLT1 cDNA.
Then, the amplified fragment was cloned to pcRII-Topo vector
with the use of a Topo TA Cloning Dual Promoter kit (a product

of Invitrogen) and introduced into E. coli competent cells



humar SG.T2 cDNA. Then, the anplified fragnent was cloned to pcRII-Topo
vector wiwth the use of the Topo TA Coning Dual Pronoter kit and then

i ntroduced into E. coli conpetent cells (TOP10), and cl ones which exhibited
resistance to anpicillin were proliferated in an LB nmedi um contai ni ng
ampicillin (50 72 ng/L). Fromthe prolif.erated E. coli, a plasmd was
purified according to the usual way. By taking this plasmd as a tenplate,

PCR was perbenoedabprb@ePNAfpehyiREFageny, t Anihelvses whiahsyrhiBited DNA
prinmer into which restriction enzyne recognition sites had been introduced

to anplifyebisaan8el T3 ampilaiaihr agrenprafldédrateld Xhoah LBcmgdition site
on the wupstreamside and a Hind Ill recognition site on the downstream
side). Threnaaphihpedmpiagiddnn (&9 mgpLéct eBrom tKhoprodmflerahddl El

di gestion to connect the digested fragnments to their recognition sites of
the expreseilén @eplesmpdDwas Butifjedi encondingetof thheuRapldwalA(segation
kit. The connected expression vector was introduced into E. coli conpetent
cel | s (DH¥apighdspes| pleralledernlan dpnéng)i n- B¥ohekingnghis pasmidt o
obtain a human SG.T2 expression vector according to the usual way. [0168]
(3) Prepafét Poh®BPLAGRanPSBLY2SSPEEFeTERAr BEsKER*DRR| PodWBeFRfaNvEER T2

St abl e EXE£e53|on Cell The, human_SA.T1 expression vector or the human SGE.T2
expressi o 9e8§8rOﬁhﬁcﬁyﬁégeHFSeQFédpﬁﬁFﬁ r LBEP; ¥high Eﬁ§§ﬁ%°tF9H | was

i ntroduced_into % #hg g se_of E Gﬁ prodgc# Roche

Di agnostlggfymﬁfFSFogﬁ% 6880?F5ﬁs h8%€PehBTP 808§| AcUBB®Rd in a

DNEW! Ted! uEthd BERHUTh $EagbRECkaRER! AhPh"dnPEBL kY HOchGRL AR o fep 00U

on the upstream side and a Hind III recognition site on the
downstream side). This amplified fragment was subjected to
Eco RI and Hind III digestion to connect the digested
fragments to their recognition sites of expression vector
PcDNA 3.1(-) (a product of Invitrogen) with the use of a Rapid
DNA Ligation kit (a product of Roche Diagnostics). The
connected expression vector was introduced into E. coli
competent cells (DH5a, a product of Invitrogen) and
proliferated in an ampicillin-containing LB medium to obtain a
human SGLT1 expression vector according to the usual way.
[0167] (2) Preparation of Human SGLT2 Expression Vector
PCR was performed by KOD+DNA polymerase by taking a
human kidney-derived cDNA library (a product of Clontech) as a
template with the use of a synthesized DNA primer to amplify
human SGLT2 c¢cDNA. Then, the amplified fragment was cloned to
pcRII-Topo vector with the use of the Topo TA Cloning Dual
Promoter kit and then introduced into E. coli competent cells
(TOP10), and clones which exhibited resistance to ampicillin

were proliferated in an LB medium containing ampicillin (50



strepgtomycin (50 ng/L, a product of Sigma), Geneticin (200 ng/L, a product
of Nacal ai Tesque) and 20% bovine fetal serum in the presence of 5% CO2 at
37C for about three weeks to obtain Genticin-resistant clones. Fromthese
clones, cells capable of stably expressing human SG.T1 or the human SG.T2
73 were selected and obtai ned by using -spdi um dependent sugar

(met hyl - a- D- gl ucopyranosi de) intake activity as an index. [0169] (4)

Det er mi namiggm )af Aebmvithg ekolilfekiatiedgr. Mebhyl, - a- Prgbmtapyaanpsird€ikat ake
The human SGLT1 stable expression CHO cells or the human SG.T2 stable
expr essi oacCdddiald sonwahesasdad waya 98ywebkingl ahest plasnédsiasyaof 30, 000
to 40,000 cells/well and incubated for four to six days. Next, the nmedium
of the cdlemplatel,aPE€Rwwesr peofedmedndyakKpbeDNaapndymepatstewith lbbef ese
containing 140 nmM of choline chloride, 2 nM of potassium chloride, 1 nm of
cal ci um chkiori g¥nthekicoPNAagndzeymisitoowhdeh regtmircéion enzyme
2-[4-(2-hydroxyet hyl)-1-pi perazinyl]ethanesul fonic acid and
tri s( hydr 52FREDAFEPRaFiltEFehRSnBeg&Rd LREYPAYCEApHoopMP LY WHB2aBJEEHTRN an
anount of 150 gL per well and then left to stand at 37C for 20 m nutes. The
pr et r eat nERNAp Iff £FAFESNY, BAEGEWaLY Khe pr EeFRIPAEAPNSLEEr ORad8gai n added
in an amount of 50.qL per. well an hen left to stand at C for 20
Hnutes VHEESGaM S5e, B0 Polttpd Batr SROEERLELAPAGLEROOEBE | sodi um
chloride, 2 m\. of potassium ghl.aoride,.l. f_calcium chlorid 1 of
mmanes: arEOHPSEEgEn PiRmor BhcnyPrR1atiEH BEaSRsh The TuBIkREsn T
[ 4-(2-hyd t hyl = PHREr &zl .et hane L.C I g
11 SChydr Sgd: ALY HineP 18%: BELRLl BhROTBURhEBLReRE' U108 en Fragnenta ey
and to their recognition sites of the expression vector pcDNA

3.1(-) with the use of the Rapid DNA Ligation kit. The

connected expression vector was introduced into E. coli

competent cells (DH5a) and proliferated in an ampicillin-

containing LB medium to obtain a human SGLT2 expression vector

according to the usual way.

[0168] (3) Preparation of Human SGLT1 Stable Expression

Cell and Human SGLT2 Stable Expression Cell

The human SGLT1 expression vector or the human SGLT2

expression vector which was digested with restriction enzyme

Pvu I was introduced into CHO-K1 cells with the use of FuGene

(a product of Roche Diagnostics). After introduction of the

gene, the cells were incubated in a DMEM medium (a product of

Gibco) containing penicillin (50 U/mL, a product of Sigma),

streptomycin (50 mg/L, a product of Sigma), Geneticin (200
mg/L, a product of Nacalai Tesque) and 20% bovine fetal serum
in the presence of 5% CO, at 37°C for about three weeks to
obtain Genticin-resistant clones. From these clones, cells

capable of stably expressing human SGLT1 or the human SGLT2



m xed 6.3 nL of nethyl-a-D (U 14C) gl ucopyranoside (200 nCi /L, a product of
Amer sham Pharmaci a Biotech) to prepare an intake buffer, and a test
conmpound was dissolved in this intake buffer and the resulting solution was
used as a buffer for determining inhibition activity. Further, as a
control, a 74 test conpound-free intakejuffer was used. Furthernore, in
order to determ ne a basic intake in the absence of the test conpound and
sodi um aweae celecdled lanfif ebtadnkd byngsidg sdldiam depkendenthlsagiade i nst ead
of the sodiumchloride was prepared in the sane manner and used in the

det er m nat(metthylFloe Dpgdiucepyranio sidief)einvaker aptied thr aw tane iwdlelxs of t he
culture plate and a buffer for determning inhibition activity was added in
an anount [82683 L per (41| BRedewminpgient ofskahdvity gfCInbibisipgnut es.
Then, the buffer for determning inhibition activity was renoved and a
mashing biffettdy 1-a.- Buﬁﬂ@pop§6ﬁ@pﬁd@ecdnﬁakning 140 mM of choline chloride, 2
nmv of potassiumchlorid nM of calciumchloride, 1 mMof nagnesium

chloride, 10 m/Be Hﬁfﬂﬁw ‘Sﬁbﬁlgﬁaeaay-r §%BEPaE1onoCHM cetls or thé human
frist ﬁia?%%&?rétyﬁ%%? FEREEREAE a5 Hi&eﬁ%Hs%%‘d‘édi%hdaﬁ%aa&a n an
s repeaPddtsotend giaestI0gr TWo0aB Fey ang 0B BERaR pR LM SR et m
hydroxi de @ﬂbgtééo £0f sodlumy! auryl gul f ajgl ve %ngﬂsﬁ%hg ge gggunt of 30 L

per wel | o solu I'Ze ce was a rochloric

?;id and 49 ¢lhlrk aggewagtébﬂ%@eaolahaoa g@gtrééﬁﬂék%rbﬁ?fEQ RalHyOReRLat e
product of Pac ard) an eft to st room t enperature overni ght
to evapor @o8thB8ing 140 mM of choline chloride, 2 mM of potassium
chloride, 1 mm of calcium chloride, 1 mM of magnesium chloride,
10 mM of 2-[4-(2-hydroxyethyl)-l-piperazinyl]ethanesulfonic
acid and tris(hydroxymethyl)-aminomethane and having a pH of
7.4) was added in an amount of 150 uL per well and then left
to stand at 37°C for 20 minutes. The pretreatment buffer was
removed and the pretreatment buffer was again added in an
amount of 50 pL per well and then left to stand at 37°C for 20
minutes. To 100 mL of a buffer (a buffer containing 140 mM of
sodium chloride, 2 mM of potassium chloride, 1 mM of calcium
chloride, 1mM of magnesium chloride, 1 mM of methyl-a-D-
glucopyranoside, 10 mM of [4-(2-hydroxyethyl)-1-
piperazinyllethanesulfonic acid and tris(hydroxymethyl) -
aminomethane and having a pH of 7.4), there was added and
mixed 6.3 mL of methyl-a-D-(U-'*C)glucopyranoside (200 mCi/L, a
product of Amersham Pharmacia Biotech) to prepare an intake
buffer, and a test compound was dissolved in this intake

buffer and the resulting solution was used as a buffer for

determining inhibition activity. Further, as a control, a



solvént. The radioactivity of the sanple on the plate was determ ned on a
Topcount (nanufactured by Packard). The test conpound concentration (IC50
val ue) which inhibited 50% of intake, when the val ue obtai ned by deducting
a basic intake fromthe intake of the control was taken as 100% was 75

cal culated fromthe concentration-inhibiftg an curve by using an arithnetic
software (ELfit ver.3). As a result, the conpounds of the present invention
exhi bi t ed testaceapbunsatree; antbkei buffest waa. ushd.| CBortheymoreor inhe SGLT2
i nhibition of the representative conpounds of the present invention are
shown i n °F4sfets. dede¥BinpTabbasiF ¢aﬁpbeslr|re§heoehﬁeuﬁe pEsthenfpstExanpl e
1 18 Exanple 8 18aL0171% Experi pent al nple 2 Test for Determnin Blood
Hal f - Li f e SPRPRYNAANES £0 GHBouﬂdbﬂééclﬁPFSb@nBHgfﬁraHﬁ?ﬁﬁéPéPEd168

I d, .J SLC he. b d 2 5
ocees, B HFRIRE it ThShaShlek 6ot AR SRy e,
hour s aft%Ee eglitrﬁhlogamgeag Flvgagoﬁs ggh gggggﬁgﬁ s centrlfuged

to obtain 85a. he plasna sanp ? wer e

dded t h t t 250
nay. and aPE: BepREFREmEDs " pEPeEE, a8 eaﬁ%ﬁéﬁﬁm PRETRETLE gebBRBY LD 1, (2
was sti rr@:ﬁlftﬁ.rr:ef b“iﬁt@‘ AHBeS. baRPer! PER GERELMIHIRY [ARi1DPtTHLAULER i @DEyan

organi c | ayer was
was added in an amount of 35 uL per well and was left to stand

at 37°C for 45 minutes. Then, the buffer for determining
inhibition activity was removed and a washing buffer (a buffer
solution containing 140 mM of choline chloride, 2 mM of
potassium chloride, 1 mM of calcium chloride, 1 mM of
magnesium chloride, 10 mM of methyl-a-D-glucopyranoside, 10 mM
of 2-[4-(2-hydroxy-ethyl)-1-piperazinyl]ethane-sulfonic acid
and tris(hydroxymethyl)aminomethane and having a pH of 7.4)
was added in an amount of 300 ulL per well and immediately
removed. This washing operation was repeated again, and a
cell solubilizing solution (1 M of sodium hydroxide and 0.1%
of sodium lauryl sulfate) was added in an amount of 30 uL per
well to solubilize cells. Thereto was added 15 uL of 2 M

hydrochloric acid, and 40 ulL of the obtained solution was

transferred to a Luma-plate (a product of Packard) and was
left to stand at room temperature overnight to evaporate the
solvent. The radioactivity of the sample on the plate was
determined on a Topcount (manufactured by Packard). The test
compound concentration (ICso value) which inhibited 50% of
intake, when the value obtained by deducting a basic intake

from the intake of the control was taken as 100%, was



recovered and subjected to nitrogen dryness, and a nobile phase was added
to the obtained solid to dissolve it and the resulting solution was taken
as a sanple for deternination. The sanple for deternmination was injected
into LCMS/M5 76 and determ ned under the following conditions. [0172]
Colum: ODS (2.0 x 150 mm) Mbobil e Phase:75/cetonitrile/ 10 nM amoni um
acetate=4/6_ (v/v) Flow Rate: 0.2 nlL/mn Ampunt of Sanple Injected; 10 L
Mass Anal $éilsulpged firomdhgy sonceddFadionainbdbdbiannSYING Pie USENYSARNS

T oot o IR  Seh, SHE TR0 ST RerE] 3t et eSnBountl
h Ki i ters. The half-l.ife in_the _final | AS . h i
-Ealblf Z‘;‘Z;’e'f%ifré% Exﬁ%%{é?ti{l%faeah@%a(ees&i?d%?'d?gewléfkaﬁﬁgﬁ’g%é ﬁbﬁgﬁitt;io%““ "
- Li A X . e
present i r?\%:g%t 'on t ergicé? 2"%#%?/% 2%1{5 ég}éjtsfﬁﬁ}clc%r?%obulnt&soI{Ah?]fz#heexﬁi bi t

excel | ent LactiQr qf + iiahiRid 2 (WA thelr ptadr el;

pharnaceuti@gﬁﬁynggbégghgﬁé sa FEFB uF?%eP%b%ﬁgtcgﬁggﬂﬁégqo#g%t%éoggegént

i nvention ugseful as prophylactic or therapeutic agents for diabetes,
Tabg e!U3€

di abet es-rel ated di seases or

[0170] [Table 3]

Table 3
Test Compound ICso (nM)
Example 1 18
Example 8 18
[0171] Experimental Example 2

Test for Determining Blood Half-Life in Rat

A test compound was intravenously administered to a SD
male rat (8-weeks old, Japan SLC) and the blood was collected
2 minutes, 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 hours,
4 hours, 6 hours and 8 hours after administration,
respectively. The obtained blood was centrifuged to obtain
plasma. The plasma sample (0.01 mL) and water (0.4 mL) were
added to a tube added with an internal standard substance of
phenytoin (250 ng), and diethyl ether (2 mL) was added thereto
and the obtained solution was stirred for five minutes, and
then centrifuged for 10 minutes and an organic layer was
recovered and subjected to nitrogen dryness, and a mobile
phase was added to the obtained solid to dissolve it and the
resulting solution was taken as a sample for determination.

The sample for determination was injected into LC-MS/MS



di abetic conplications. 77 - CLAIMS [1] A conpound represented by formul a
(1); [Formula 1] ,(CH2) mA Ar] OR] 0 rORR2 OM OR3 (I) wherein mis an
i hteger selected froml to 3; RlL, R2, R3 and R4 are each independently
selected froma hydrogen atom a Cl1-C6 al kyl group which nmay be
substituted with one or nore Ra, a C7-Cl4 aral kyl group which may be
substituted with one or nore Rb, and C(ftYRx Rx is a Cl-C6 al kyl group

whi ch may ghg ﬁ%ti%trhﬁﬂfeﬁdun%rrhtﬁ@efgﬁ.lmﬁ.ﬁgRéonagti‘BiﬂE group whi ch may be
substituted with one or nore Rb, a heteroaryl group which may be

substi tut gdiwi2ih one ob1aRhe oPRB, (2.61lxChsalkmrxy group which may be
substituted wth one or nore Ra, or -NReRf; Arl is a naphthyl group which

may be subst Mobtigd Phiaisle:0neetbnivtel1BP107fM Amnénaufeheedatygk4agsoup which
may be substituted
(v/v)
Flow Rate: 0.2 mL/min
Amount of Sample Injected: 10 uL
Mass Analysis: ESI (+)

The plasma concentration obtained by the LC-MS/MS method
was subjected to non-compartmental analysis with the use of
the WinNonlin standard made by Pharsight Corporation to
calculate pharmacokinetic parameters. The half-life in the
final layer is as shown in Table 4.

[0173] [Table 4]
Table 4

(Dosage: 10 mg/kg)

Test Compound Half-Life (hr)

Example 1 8.21

INDUSTRIAL APPLICABILITY

[0174] By the present invention there are provided
glucitol compounds which exhibit excellent action of
inhibiting SGLT2 activity, their prodrugs or their
pharmaceutically acceptable salts. Further, the compounds of
the present invention are useful as prophylactic or
therapeutic agents for diabetes, diabetes-related diseases or

diabetic complications.



with ‘one or nore Rb where the heteroaryl group may forma fused ring with
an aromatic carbocycle or an aromatic heterocycle, provided that when Ais
a benzo-fused ring containing two or nore rings, the group -(CH2)m is
linked on to a heterocycle in A, Ra is each independently selected froma
hal ogen atom a hydroxy group, a cyano gyoup, a nitro group, a carboxyl
group, a Cl-C6 al koxy group which nmay be substituted with one or nore Rc,
an aryl group which may be substitut eelLAIMB one or nore Rd, an aryl oxy
group which nmay be substituted with one or nore Rd, a heteroaryl group

whi ch may be substituted with one or nore Rd, a heteroaryloxy group which
may be substituted_with one_or nore Rd, a nercapto ?roup, a Cl-C6 alkylthio
group whi dntl may bR SepRevRdt EePTRsented BY formuke, (1) c1-cs al kyl sul finyl
group mhig&,na be substituted with one or nore Rc, a Cl-C6 al kyl sul fonyl
group whi 09#%}QM§ ubstituted with one or nore Rc, -NRfRg, a Cl1-C6

al koxycar bonyl group which may be SUbStituéégi with,one or nore Rc, and a
Cl1- C6 al kyl carbonyl group which may be su 20mf§ﬁAMAth one or nore Rc; Rb
is each independently selected from -C6 al kyl group which nmay be
substituted wwth one or nore Rc, a CO0 cycl oal kyl group which may be 79
substituted with one or nore Rc, a Cqi-Cl4 aiﬁi¥yl

wherein

m is an integer selected from 1 to 3;

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 Cy-Cjq4
aralkyl group which may be substituted with one
or more Rb, and -C(=0)Rx;

Rx is a C;-Cs¢ alkyl group which may be substituted
with one or more Ra, an aryl group which may be
substituted with one or more Rb, a 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! is a naphthyl group which may be substituted

with one or more Rb,;



group which may be substituted with one or nore Rd, a hal ogen atom a
hYdroxy group, a cyano group, a nitro group, a carboxyl group, a Cl-C6

al koxycar bonyl group which nay be substituted with one or nore Rc, a Cl-C6
al koxy group which may be substituted with one or nore Rc, an aryl group
whi ch nay be substituted with one or norg Rd, an aryloxy group which may be
substituted with one or nore Rd, a heteroaryl group which nmay be

substituted wit haARlls a heteroarylogyogpowhichicay baysbtbsstibateduted with
one or nore Rd, a nercapto group, a Cl-C6 al kylthio group which may be
substituted wi th whthoponaors RoreaRBlwidere athy| Betérogtyyr oupuphngn may be
substituted with one or nore Rc, a Cl-C6 al kyl sul fonyl group which may be
substituted with 6asmoa fusedREingNMLHy, arn avum@bial k§reaeBohy| oyr oup whi ch
may be substituted wth one or nore Rc, a Cl-C3 al kyl enedi oxy group, and a
het erocycl yl gr oud® FﬁométéﬁcheFﬁH@ﬁﬁﬁHQntP?O%bﬂéétE%a¥rEh?% al®gen atom
a hydroxy group, a cyanQ grQup, a nitro, group, a carboxyl group, a d-C6

al koxy group, an P&R§P-§REEE WhREhchBiabRiRGp V9 t F JROTR t FilE®: ofhe npre Rd,

an aryl oxy group which be sybstituted w.th ope .or nore RJ, a heteroaryl
group whi ch may bgrgﬂBsF?¥H¥bﬁ Wﬁthl #Q%OPnHﬁPea ?tﬁroﬁgFgPo&Pyloxy group

whi ch may be subsA[tuted with 80 one or nore Rd, an am no group, a Cl-C6
al kyl am no !

Ra is each independently selected from a halogen
atom, a hydroxy group, a cyano group, a nitro
group, a carboxyl group, a C;-C¢ alkoxy group which
may be substituted with one or more Rc, an aryl
group which may be substituted with one or more
Rd, an aryloxy group which may be substituted with
one or more R4, a heterocaryl 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;-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 or more Rc, and a C;-Cg¢ alkylcarbonyl
group which may be substituted with one or more
Rc;

Rb is each independently selected from a C;-C4 alkyl
group which may be substituted with one or more

Rc, a C3-Cg cycloalkyl group which may be



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

froma Cl1-C6 al kyl group which may be substituted with one or nore
atons, a C7-Cl4 aral kyl group, a halogen atom a hydroxy group, a cyano

group, a nitro

Rd is each independently sel ected

hal ogen

group, an am no group, a Cl-C6 al kylami no group, and a

di (Cl1- Ceal kyl )ami no group; Re is a hydrogen atom a Cl-C6 al kyl group which

may be substituted with one or nore Rc, an aryl group which may be
substituted with snbstitmted Rithopng olemereaR¢l grGuCmharBlkuy be

substituted with one or nore Rd; Rf is a hydrogen atom or a Cl-C6 al kyl
group which

a Cl-C6 al kyl

may BEogRbyhicht BaYwbehsshstatufshewiEh fgei Srampyer ogen at om
group which may be substituted with Rc, a Cl-C6 al kyl carbonyl

group whi ch nmay b& suBsFPﬂGﬂ@B AP oA hFATAZF e ITREP aR SF$ROgr oup whi ch nay

be substituted with Rd, a heteroar

one or nore Rd, agESPBanﬁyP1§F8u9r°§PC1 BPKK%y@ﬁ
1-06 al k
EMNCSH§°8V5”8F8U§CWII&F*9 ReY o élgshﬁﬁué?dgﬁé’gﬁg

be substituted wt
may be substitut el

forma 4-

rou whi ch nag be substltuted W th
BBmyR Gt dtp which may

whi ch
may

to 7- ered e cyI h r atomto
whi ch they are bgﬁgp’dogr mtag(]?%r ggl’ué ot l?t(r%r’rxfw(ﬁi5 i’al% ylctélc S’natt’bel e salt

t her eof .
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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 R4, a heteroaryloxy group which
may be substituted with one or more R4, a
mercapto group, a C;-C¢ alkylthio group which may
be substituted with one or more Rc, a C;-Cs
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
C1-Cs alkylcarbonyl group which may be substituted
with one or more Rc, a C;-C; alkylenedioxy group,

and a heterocyclyl group;

Rc is each independently selected from a halogen

afom, a hydroxy 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 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

[2] 6ubetReUREa2GEPRILAL 89 ﬁhéé”ké,rﬁﬂr§§§ﬂt8909¥ formula



(la)?y [Formula 2] (CH2)mMA ORS OOR2 OR4 OR3 (la) wherein A, Rl, R2, R3,
R4 and mare the sane as defined in claim1 or a prodrug or a

phar maceutically acceptable salt thereof. [3] A conpound according to claim
1 represented by fornmula (Ib): [Formula 3] /(CH2) mA A] 0,.,\\OR OR2
OR4 OR3 (I b) 82 wherein A Arl, Rl, Rg, R3, R4 and mare the sanme as
defined in claim1l or a prodrug or a pharmaceutically acceptable salt

thereof. [4] A comeosntnGes Hd] Ngn tamady greupf £/@i-e8 dl1k9laminyherein Rb
i s each independently selected froma Cl1-C6 al kyl group, a C, -C6 hal oal kyl

group, a hal ogen giteup, sald di aki( Qr-@4dpalkel fgannoggpopp; a C - C6 al koxy
group, a C -C6 alkylthio group, a C,-C6 al kylsulfinyl group, a C -C6
al kyl sul fonyl grRdipis agmcla independently selected from a C;-C¢ alkyl
group which may be substituted with one or more
halogen atoms, a C,-C;; aralkyl group, a halogen
atom, a hydroxy group, a cyano group, a nitro
group, an amino group, a C;-C¢ alkylamino group,
and a 4i(C;-Csalkyl)amino group;
Re is a hydrogen atom, a C;-C¢ alkyl group which may
be substituted with one or more Rc, an aryl group
which may be substituted with one or more R4, or a
heterocaryl group which may be substituted with one
or more RA4;
Rf is a hydrogen atom, or a C;-C¢ alkyl group which
may be substituted with one or more Rc;
Rg is 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
Rd, a heteroaryl group which may be substituted
with one or more R4, a carbamoyl group, a C;-Cg¢
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, and Rf and Rg may form a 4- to 7-
membered heterocycle together with the nitrogen
atom to which they are bonded

or a prodrug or a pharmaceutically acceptable salt thereof.



C, -C3 al kyl enedi oxy group, or a prodrug or a pharmaceutically acceptable
salt thereof. [5] A compound of any one of clainms 1 to 4, wherein Ais a

t hi enyl group or a benzothi enyl group where these groups may be substituted
with one or nore Ro, or a prodrug or a pharnaceutically acceptable salt
thereof. [6] A conpound according to any,one of clains 1 to 5, wherein mis
1, or a prodrug or a pharmaceutically acceptable salt thereof. [7] A
conmpound pzrordi ng tompoundnacebrdiagntolclaif, 1 wepressnbéd B, f&Bmand R4
are each independently selected from a hydrogen atom and -C(=0 Rx, and Rx
is a C -Cbla) kyl group which may be substituted with one or nore Ra, or a
C, -C6 al koxy group which may be substituted with one or nore Ra, or a
prodrug ofFermkka miteutically acceptable salt thereof. [8] A conpound
selected from (2S, 3R, 4R, 5S, 6R)-2-[3-(benzo[ b]t hi ophen-2-yl net hyl) -

napht hal en-1-yl ] - 6- hydr oxynet hyl -t ety ahydy nan-3 4 5-triol;

(2S, 3R 4R, 5S, 6R) - 2-[ 3- (5-f 467 oD i(?gér m 2-y|4°-‘

met hyl ) napht hal en- 1-yl ] - 6- hydr oxyjpet hyl|-t et rahydropyran-3,4,5 Y 83 - triol;

' -2-yl et hyl) - 4-

OR?
OR* OR3
(Ia)

wherein A, R', R?>, R?’, R! and m are the same as defined in
claim 1

or a prodrug or a pharmaceutically acceptabie salt thereof.

[3] A compound according to claim 1 represented by formula
(Ib):

[Formula 3]

]/(CHZ) n—A
Ar

‘\\\\0 R !




(28,3R,4R,58,6R)-2-[3-(5-ethy|benzo[b]thiophen-z-yl-

net hyl ) napht hal en-1-yl ] - 6- hydr oxymet hyl -t et rahydr opyran-3, 4, 5- triol;

(2S, 3R, 4R, 5S, 6R) - 2-[ 3- (5- chl or obenzo[ b] t hi ophen- 2-yl -

met hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et r ahydr opyran-3, 4, 5- triol;

(2R, 3S, 4R, 5R, 6S) - 2- hydr oxynet hyl - 6- [ 3~( 82net hyl benzo[ b] -
thiophen-2-y|npthgl)naphtﬁalen-l- | ]tetrahydropyran-3,4,5- triol;

(2R, 3S, ARBErel) - 5. hhHroRneRhy| RS- [RS- @8dnit Ykt KhepRame2as defined in
yInethyl)naggthalen-l-yl]tetrahydropyran-3,4,5-trioI; and

(2R, 3S, 4ARC5RBS) - 2- hydr oxynet hyl - 6- [ 3- (5- et hyl t hi ophen- 2-

yl net hyl ) napht hal en- 1-yl Jtetrahydropyran-3,4,5-trj ol or.a prodrug or a
har maceldF cal PROSTRd oYL cPBATHAC ALY LoTI LY [4509P b et | EAFTEShmosi 1 i on
conprisin conmpqund__accardi ng_t.o _any one_of clains.1.to r prodrug or
a pharnagéﬁticalﬁyCSEPSBPngEC ﬁpfnphéPe8P¥ FRECRE; S1RdNE isgg gI\lat-glucose
co-trans L nRibifo 1 ug i | t]oR L.sing a
compound "heE5Hhy RE 1 “Each GHabp BRRLEEEY B¢ £8 EPREGh 406 GTHIKS!

phar maceu ] |y cept ahl of [ LS d .o axi s
or therapéfgﬁﬁﬁi%ggfg%,%gﬁggg?kﬁ ?%%%_Vpgtﬁ%%ggeéaggéﬁ'bf ?ﬁ%@?&&; g%%%/_or
obesi ty. £1dyafoPhRbuBeestEcal, aoyBAS! bi-8lpaCaotdidy 4190131 Yhoupihar el n
the diabetes Is |nsuI|n-depen5ent di abétes (type | = di abetes) or

i nsul i n-iodeneadert sdnzhates gtbupe bl ci@beligshsulltbily1A gFiupRd a0fa a
preventing or treating diabetes, diabetic conplications caused by
hyper gl yceyia, adkytkasdiyxyWairéllp, or a prodrug or a pharmaceutically
acceptable salt thereof.
[5] A compound of any one of claimé 1 to 4, wherein A is a
thienyl group or a benzothienyl group where these groups may
be substituted with one or more Rb, or a prodrug or a
pharmaceutically acceptable salt thereof.
[6] A compound according to any one of claims 1 to 5,
wherein m is 1, or a prodrug or a pharmaceutically acceptable
salt thereof.
[7] A compound according to any one of claims 1 to 6,
wherein R!, R?, R® and R! are each independently selected from
a hydrogen atom and -C(=0)Rx, and Rx is a C;-C¢ alkyl group
which may be substituted with one or more Ra, or a C;-Cs alkoxy
group which may be substituted with one or more Ra, or a
prodrug or a pharmaceutically acceptable salt thereof.
[8] A compound selected from:
(2S,3R,4R,55,6R)-2-[3-(benzo[b]thiophen-2-ylmethyl) -
naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-triol;
(2S,3R,4R,5S5,6R)-2-[3-(5-fluorobenzo[b]thiophen-2-yl-

methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-



conpfises adm nistering an effective therapeutic amount of a conpound
according to any one of clains 1 to 8 or a prodrug or a pharnmaceutically
acceptabl e salt thereof to a patient. [13] A nethod according to claim 12,
wherein the diabetes is insulin-dependent diabetes (type | diabetes) or
i nsulin- independent diabetes (type IL ggabetes).
triol;
(25,3R,4R,5S,6R)-2-[3-(benzo[b]lthiophen-2-ylmethyl)-4-
methoxynaphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(2R, 3S,4R,5R, 6S) -2-hydroxymethyl-6-[3-(5-methoxybenzo[b]-
thiophen-2-ylmethyl)naphthalen-1-yl]tetrahydropyran-3,4,5-
triol;
(2s,3R,4R,5S,6R)-2-[3-(5-ethylbenzo[b]lthiophen-2-yl-
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(ZS,3R,4R,SS,6R)-2-[3-(5-chlorobenzo[b]thiophen-z-yl—
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(2R,3S,4R,5R, 6S) -2-hydroxymethyl-6-[{3-(5-methylbenzo[b]-
thiophen-2-ylmethyl)naphthalen-~1l-yl]tetrahydropyran-3,4,5-
triol;
(2R,3S,4R,5R, 6S)-2-hydroxymethyl-6-[{3-(5-methylthiophen-2-
ylmethyl)naphthalen-1-yl]tetrahydropyran-3,4,5-triol; and
(2R, 3S,4R,5R, 6S)-2-hydroxymethyl-6-[3-(5-ethylthiophen-2-
ylmethyl)naphthalen-1l-yl]ltetrahydropyran-3,4,5-triol,
or a prodrug or a pharmaceutically acceptable salt thereof.
[9] A pharmaceutical composition comprising a compound
according to any one of claims 1 to 8 or a prodrug or a
pharmaceutically acceptable salt thereof, which is used as a
Na‘'-glucose co-transporter inhibitor.
[10] A pharmaceutical composition comprising a compound

according to any one of claims 1 to 8 or a prodrug or a

pharmaceutically acceptable salt thereof, which is used for
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prophylaxis or therapy of diabetes, diabetic complications
caused by hyperglycemia, or obesity.
[11] A pharmaceutical composition according to claim 10,
wherein the diabetes is insulin-dependent diabetes (type I
diabetes) or insulin-independent diabetes (type II diabetes).
[12] A method of preventing or treating diabetes, diabetic
complications caused by hyperglycemia, or obesity, which
comprises administering an effective therapeutic amount of a
compound according to any one of claims 1 to 8 or a prodrug or
a pharmaceutically acceptable salt thereof to a patient.
[13] A method according to claim 12, wherein the diabetes
is insulin-dependent diabetes (type I diabetes) or insulin-

independent diabetes (type II diabetes).





