- 1 - SPECI FI CATI ON NOVEL G.UCI TOL DERI VATI VE, PRODRUG THEREOF AND SALT
THERECF . AND THERAPEUTI C AGENT CONTAI NI NG THE SAVME 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 invention relates to glucitol derivatives,
their prodrugs and their salts which ark useful as prophyl actic or

t herapeutic agents for diabetes such as insulin dependent diabetes (type |
di abetes) and insulin independent WEGETEATI?Npe 11 diabetes), diabetic

conplicatiqns. and di ses_such obesi t aused by hyperglycemia b

i nhi biting W%Vﬂalm%%éﬁ%%o‘?’{:ﬁ%"ﬁﬁ\?@ er%%éé@}ﬂ%@&ﬁ&ﬁ@ﬁffmé] I'n
recent years, ANRe THERAFEUFL G iAGENT COVTAINING THES SAME: FQRePIMABETES t he
westerni zed dietary habits and chronic |lack of exercise and the like. In

di abetic ppeighEs;, FiBgpi nsulin secretion and insulin sensitivity are both
reduced Tdue to chronic hyperglycema and this invites further rise in

bl ood sugpsobeyel s t orHet present eihPen€oodli +é oAtk E@e?ﬂﬁéfﬁéf- As the
t herapeutic agents for diabetes, biguanide drugs, sulfonylurea drugs,

gl ycosi dagerivat e8! €heds, proavhgs ah@StRbapCcphhbRke¥LBdcagepts and the
| i ke have been used. However, as the side effects associated with these

agents, &ecéptabledpailssi gshiepoairedubeful hasbdgugsde davgscudadly, the
hypogl ycem a is reported for sulfonylurea drugs and diarrhea is reported for
t he gl ycopreéserti nhirBhtaba, raendtebetef glacibel 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 II 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. 1In 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 sm of 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
reabsor pti on of excess glucose in the kidney by inhibiting sodium dependent
gl ucose co-transporter 2 (SG.T2) preseﬁtzih the Si site of renal proxinal

convol Ut egetubt! eoddfl PLRTPL etnafl UROSELEAELSRLER LR EROLRbbLOeLL0g: o

bl ood sugar Tevels, ~and since he™s er apeutt ¢ agen

di abet es S ;g%ﬂ L nhLpi L] begn |y e [ 0004]
For exanp?gf ?%agggéﬁgge a%e%tﬂéﬂb+%§§?ﬁgﬁm §€0%$€%§%4%1§??€%§2n?r cunent
1), Inter L opal [ I ON; Pat ent Docunent 2),
V004/QO?S?@A%Fg?eE§@%%C§ﬁ%%€ %§h§§5n¥%gﬂ?i%%,ﬁg%%bounds used as SGLT2

i nhi bi t or po@ g r epor ted. wdPWeSErtdd | Sed ASH A8Lk vt HILGMSE 1§ halaPn ora

adm ni stration, these conpounds are easily hydrolyzed by gl ucosi dase

present ipnibeisiRl | ai RABSEADE08EurtRg! §kEcos8daé ROVt PYA! NRRREBOLSA
action quickly disappears. } In the case of phlorizin, it is reported that

phl or et i nre4bSorpll ¥k 0B ObxEHEs PHLAESEE Nin SEROMRLAné b Pi 1 5h 8bSHIA _
transporter of the facilitated diffusion type. For exanple, when phlorizin

i s intraveseushydepehdest egbdcdoe acod atranspontwerse(St¢fez preseflicing the
i ntracerebral glucose concentration is reported (refer to, for exanple,
Non- pat enthe Detustté @f . réRQD5prdhemali Convobitéd DllLYEEt andcprof608OSI tion

and glucose excretion to exhibit lowering of blood sugar levels,
) 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. WO01/068660 (Patent Document 2), WO04/007517
(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



I nprove absorption efficiency, sone attenpt to convert such - 3 conpounds
to prodrugs thereof has been carried out. Wien a prodrug is adm nistered,
it is desired that the prodrug be appropriately netabolized in or near a
target organ to change into an active conpound. However, since various
metabolic enzynmes are present in a living body and individual variability
I's considerable, in many cases, it is diffrcult to provi de an action of a

prodr ug stahbYunBl" tBeprolasC ULELDORaR LEBE YaGaBllpyRonduyt e

conpound carbon- as been attenptée efer to Patent

DOCU”EHFngag?RSSis Hang e ek uhl Nk &gpﬁggﬁgaattgkttQﬁfpkgea&hbegeas a

drug, in activity, netabolic stability and the e are emanded.

Pat ent DogypBBpriatdapapetanbaieth FHbbircakhen a2Q@4430¢hn AtBaltRhge
Docunent 27" International Publication No. V®01/068860 Panphl et Pat ent

Docunent 3htbnhfr AathoeakoRpbuhaadt | aBwbler, VAAAR0Gak1 oRanriitaboRaient
Document 4: US Patent Publication 2001/041674 A Patent Docunent 5: US

Pat ent Puéhkggéboaraog%ééaﬁQoinAa Rakveny Peaymanld Gndikti@uaati onal
Publ i cati on . W01/ 027128 Panphl et Pat ent cunent 7: International

Publ i cati parNabi1¥892/4@8203a6iGarabhet, Rat pahyDeawernt i% iknaerFalcuarako
Publ i cati on No. WO04/013118 Panphl et Non-patent Docunent 1. J. din.
| nvest ., PBov3@é- 404act994) of a prodrug stably. Further, the
conversion of the glycoside bond of the compound to a carbon-
carbon bond has been attempted (refer to Patent Documents 4 to
i 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: Internatlonal 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 2002/137903 A
Patent Document 6: International Publication No.
W001/027128 Pamphlet
Patent Document 7: International Publication No.
W002/083066 Pamphlet
Patent Document 8: International Publication No.
WO04/013118 Pamphlet
Non-patent Document 1: J. Clin. Invest., 93, 397-404 (1994)

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



Non- pat ent Docunment 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 having suitable
properties as drugs. The object of the present invention is particularly to
provide glucitol derivatives which have4blood sugar |evel lowering action
and furthernore have suitable properties as drugs such as prolonged effect,
et abol i cpps@RbskY ePdraR! elivenTToRt hernore, the object of the present
invention is to provide pharmaceutical conpositions which are used in the
prophyl axpropREM! ROT BRY sof.vEbahet eRESERPER$IONSUl | n- dependent di abet es

(type | dirabetes) and 1 nsulin-independent di abetes (type Il diabetes),

di abeti c coopéicati orrshangb féSEaSEStBE ChréSeRbeshient Lan'SES BY provide
hyper gl ycem a. MEANS TO SOLVE THE PROBLEM [ 0007] As the result of strenuous

i nvest i gagleestby GBeivAtesest havAgt sustapler peopéptaebi ayediligs. The
above-described objects, the inventors found that the glucitol derivatives

representepjeytf ofnthea presbaveiaxentiont iSGhdZtioctlarliyobo pebirvdey, and
the present invention has been conpleted. [0008] That is, according to one
aspect ofgluheipodsdarivabieasi vhichhhaeei blpodvsdgdralevabpoliaderepgesent ed
by formula (I) [0009] [Formula 1] 5 /(CH2) mA Ar'

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

i 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.

[0008] That is, according to one aspect of the present
invention, there is provided a compound represented by formula
(1)

[0009] [Formula 1]



OR 0 OR2 OR4 OR3 (I) [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 nmay be substituted with one or nore Rb, and -C(=O) Rx; Rx
is a Cl-C6 al kyl group which nmay be subsiituted wth one or nore Ra, an
aryl group which may be substituted wth one or nore Rb, a heteroaryl

group which nmay be substituted with one or ry _Rb, a C1-C6 al koxy group
whi ch may be substituted wth one or egﬁgb or -NReRf; Arl is a naphthyl
group which nmay be substituted mﬁthA?ﬁe or nore Rb; Ais a heteroaryl group
whi ch may be substituted w th one of nore Rb where the heteroaryl group may
forma fused ring with an aromatic ¢ rbocycb 1or 6 an aromatic heterocycle,
provi ded that when Ais a benzo-f ri ntaining two or nore rings,
the group -(CH2)m is linked on(}’0 a heterocycle in A, Ra is each

i ndependently sel ected from a haljogen

[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 C;-Ciy4
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 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 RbD ;

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



atom a hydroxy group, a cyano group, a nitro group, a carboxyl group, a
Cl-C8 al koxy group which may be substituted with one or 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 heteroaryl group which nay be
substituted with one or nore RU a heteroaryl oxy group which may be
substituted with one or nore a nefcé@pto group, a Cl-C6 al kylthio group

whi ch b bstit ut ed t 1- |.f |

o eh e be S suhoBh #@ﬁa&ﬁ“ﬁhﬁegﬁaosw T8 cppgvide 8 t%tawa?ﬁséﬂ”ﬂs'n”y group.
which may be substituted w.t e _or

o koxycarbonst o Btk Es s F1Ba° chL AR P paS tial P BRES, FlﬁgFe £8e and a

CL-Go kg o bonyl i ol 1 U PUGFNS b gt oy e R

substituted with gne or nore Rc, a C3-C8 cycloalkyl group mhlch may be
substituted with orie or nore Rc, a C7-Cl4 aral kyl group which may be

substituted withpgngg o%agﬁrgggggenaeﬂghggg%igégghaﬁggégég?é%gggﬂp, a cyano 7

group, a nitro group, a car grou group which

may be substitutedt@mtha gg@rgkyngggugc adc g;ngﬁ yagh gpowhi ch may be
substituted with one or noie Rc; an aryl gr e substituted

with one or nore B#oud) a carboxyl group, a C;-Cg 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 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;-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
C,:-C¢ alkoxycarbonyl group which may be substituted
with one or more Rc, and a C;-C¢ alkylcarbonyl
group which may be substituted with one or more
Rc;

Rb is each independently selected from a C;-Cs alkyl
group which may be substituted with one or more
Rc, a C3-Cg cycloalkyl group which may be
substituted with one or more Rc, a C;-Cy4 aralkyl
group which may be substituted with one or more

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



aryl oxy group which may be substituted with one or nore Rd, a heteroaryl
group which may be substituted with Rd, a heteroaryl oxy group which nay be
substituted with one or nore Rd, a nercapto group, a Cl-C6 al kylthio group
which may be substituted with one or nore Rc, a Cl-C6 al kyl sulfinyl group
whi ch may be substituted with one or more Rc, a Cl-C6 al kyl sul fonyl group
which may be substituted mnth one or ot € Rc, -NRng a Cl-Co6

a C1-C3

al kyl car bonyl i ch u

al kyl enedi oxy gréﬁpﬁﬂpand a ?f cly% %ﬁ%ﬁﬁ#¥$2 ac% |h3%pendently
sel ected froma 1 N1 G QR QMﬂ%%£EQ tro
group, a car boxyr@ig;roup a %?ngw‘g%% b‘?l(g)up al?]e groﬁ(l'f)d\/\‘;ﬁil may be

substituted with ghe OF mdPéerEd, aa@rggyagkgxgr8gguﬁhwﬁgcgama?eb§ubst|tuted
with one or nore Rd, a heteroaryl group may be substitufed with one or

nore Rd, a heter%yipwtaacwtmﬁ@ FRYmbEe SPStAh Ui Leh WyEHupone or nore
Rd, an am no group, a Cl-C6 al kylamno group, and a di(Cl-C6 alkyl)an1no

group; Rd is eachyhiélepraené | yubset £€6€6a fw LM dorkd -66 MbKY! R, 8angroup whi ch
may be substituted with one or nore hal ogen atons, a C7-Cl4 aral kyl group,

a hal ogen atom &ryvekyxyronpuphich CH&yobgr SutPst Bt it éd Owith Odile an am no

group, a Cl-C6 al kyl am no group, and a di (Cl-C6al kyl)am no group;
or more Rd, 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;-Cg¢ 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 Rd, an aryloxy group which may be substituted
with one or more Rd, a heteroaryl group which
may be substituted with one or more Rd, a
heteroaryloxy group which may be substituted with
one or more Rd, an amino group, a C;-C¢ alkylamino
group, and a di(C;~C¢ alkyl)amino group:

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



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 one or nore Rd,
or a heteroaryl group which nmay be substituted with one or nore Rd; Rf is
a hydrogen atom or a Cl-C6 al kyl group which nay be substituted with one
or nore Rc; Rg is a hydrogen atom a Cl-C6 al kyl group which may be
substituted with Rc, a Cl-C6 al kyl car borf/l~ group whi ch may be substituted

LD one o Moo oRbun it Lngl obe, MbED: ERoRe TSRS ALY (L 2
more ke or a c1-PRTSVE SEPHEROPSS ERaTRYL GrSHE b e flath il none
et erocycl e toget REeTi EhPTREORTt PE9GR aroretS BEPel  Rob Er 8 bonded or
prodrug or a phargpsgpti sa! bmiA6Cc§RLEP! €as icg:ggﬁgq%minhpg%%hpeccording to
anot her aspect of the present invention, there 1s provided a Conpound
represented by fospal a ditg);céglkthgﬁgho[596q5ba 21 / IV (CH2)mA OR O
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 Rd4;
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;-Csg
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):



OR2 OR4 OR3 (la) [0013] wherein A, Rl, R2, R3, R4 and mare the sane as
above defined, or a prodrug or a pharmacol ogically acceptable salt
thereof. [0014] According to a further aspect of the present invention,
there is provided a conmpound represented by formula (Ib); [0015] [Formula
3] /(CH2) mA A] 0O MA\OR' OR2 roe OR4 OR3 (I b) [0016] wherein A
Arl, Rl, R2, R3, R4 and mare the sane a5 -~ 10 above defined, or a prodrug

or a pharﬁﬁﬁﬁyf ?ﬁéfﬂuf&cf ptable salt thereof. [0017) According to a stil
further aspect” of the present invention, there is provided a conpound

represented by fornmula (lc): [0018]_[ For _4£hg)n}A O,,,.,FOR OrR2
OR4 OR3 (&
OR!
0O
OR?
OR* OR®
(Ia)
[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]
) Ar'

\\\\\0 R !

(Ib)

[0016] wherein A, Ar!, R!, R?, R?®, R! and m are the same as



(lc) [0019] wherein A, Rl, R2, R3, R4 and mare the sane as above defined,
or a prodrug or a pharnmaceutically acceptable salt thereof. [0020]
Preferably, Rb in the present invention is independently selected froma
Cl-C6 al kyl group, a Cl-C6 hal oal kyl group, a hal ogen atom a hydroxy
group, a cyano group, a Cl-C6 al koxy gr, ﬁup, a Cl-C6 alkylthio group, a
Cl-C6 al kylsulfinyl group, a Cl-C6 alk sul fonyl group, and a C1-C3
a'ky|enedhﬁ&VeQ&QFﬂneﬁoogé]aApk§dPﬁ§f8£aQ|ﬁhérhgbéﬁikcgiQypaeEeﬁtable
benzot hi enyl group where these groups may be substituted with one or nore
Rb. [0022§ak¢rthergeee, min the present invention is - 11 preferably 1. In
addition, Rl, R2, R3 and R4 are each independently selected froma hydrogen
atom and {§FP) Rx, anslccbdisgat&la Bral kKyfustwep abpebtney bRe Spbesehtt ed
with one or nore Ra, or a Cl-C6 al koxy group which may be substituted with
one or noigv&AtibRAD28heAs fibepeotnavddai 86mpdeandi fephesphesanbyi peemnuian,
for exanple, the follow ng conpound can be il lustrated:

(2S, 3R, 4R(58) 6R) - 2- [ 3- (benzo[ b] t hi ophen- 2-yl net hyl ) -

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

(2S, 3R, 4R[ 681 8R) { RofBulB- #luor obenzo[ b] t hi ophen- 2-yl -

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

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

met hoxynapht hal en- 1-yl | - 6- hyd | - t{Clb)gropyAan- 3, 4, 5-

[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;-Cg
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



triol; (2R 3S, 4R 5R, 6S)-2-hydroxynet hyl - 6-[ 3- (5- met hoxybenzo[ b] -

t hi ophen- 2-yl met hyl ) napht hal en-1-yl ]t et rahydropyran-3,4,5- triol;
(2S, 3R, 4R, 5S, 6R) - 2-[ 3- (5- et hyl benzo[ b] t hi ophen- 2-yl -

nmet hyl ) napht hal en-1-yl | - 6- hydr oxynet hyl -t et rahydr opyran-3,4,5- triol;
(28,3R,4R,58,6R)-2-[3-(5-ch|orobenzo[p]&?igphen-z-yl-

nmet hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl =tet rahydr opyran-3, 4,5- triol;

(2R, 3S, 4%15&&.535?? hydr Ofﬁ{”&&@ﬂ:i@n} R{(,5Rr*et RY| bHeaz®{ Rlre each
t hi ophen-2-yl net hyl ) napht hal en-1-yl |t etrahydropyran-3,4,5- triol;

(2R, 3S, 4R e Penaenbydr sxYat &y | £Forh 3a (PydEs Goh t St SR Nerd 2-dR=0)Rx, and
yl met hyl ) napht hal en- 1-yl ]t et rahydropyran-3, 4,5-triol; and

(2R 3S, 4RDPR 6 - ;T dmaxyreyiyhpbwh3chSmayhpet BubpReAuted with one or

yl met hyl ) napht hal en- 1-yl Jtetrahydropyran-3,4,5-triol. [0024] According to

anot her argeetRaf dheapcpsmntlkoryelicbap, whiehemay peoyudedizuledr maawut i cal

conposition conprising the above-descri bed conpound, a prodrug or a

phar maceuneadbt ymareeRaabl e salt thereof which is used as a Nat-glucose

co-transporter inhibitor. [0025] According to a further aspect of the

present [0@23]ion, tAzrthescgmpouniddirechidedeaieuthe Preosposinvemtion,

conpri sing the above-descri bed conpound, a prodrug or a pharmaceutically

accept abl fosa¢xampie eothehfehlowing ecompoundecaprophil tustratedher apy of

di abet es |for exanpl e, insulin- dependent diabetes (type |I diabetes) and

i nsulin-i p3RdeRE 5S,6R)-2-[3-(benzo[b]lthiophen-2-ylmethyl) -
naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-triol;

) (2S5,3R,4R,55,6R)-2-[3-(5-fluorobenzo[b]lthiophen-2-y1-
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;

(2S8,3R,4R,5S,6R)-2-[3-(benzo[blthiophen-2-ylmethyl)-4-
methoxynaphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(2R,3S5,4R,5R,6S)-2-hydroxymethyl-6-[3-(5-methoxybenzo[b]-
thiophen-2-ylmethyl)naphthalen-1-yl]tetrahydropyran-3,4,5-
triol;

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

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

(25,3R,4R,55,6R)-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]tetrahydropyran-3,4,5-

triol;

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



di abetes (type Il diabetes)], diabetic conplications caused by

hypergl ycem a, or obesity. [0026] According to a still further aspect of the
present invention, there is provided a nethod of preventing or treating

di abetes [for exanple, insulin-dependent diabetes (type | diabetes) and

I nsul i n-i ndependent di abetes (type Il_mg&apetes)], di abetic conplications
caused by hyperglycem a, or obesity, I'ch conprises adm ni stering an

effecti V@wl Aaph thea BROVE-FERES ¢ ety Gesmatiil 3 24 5 OeF Ul O ared

pharmacol ogi cally acceptable salt thereof to a patient. [0027] In the

above- des(ar s, £10/5R)) 6%) {2 )hy di elymé tiy1 - RN { (5)e t Y EL I Opten + BpT esent ed
by Rl, R2, R3 and R4 include, for exanple, a hydrogen atom a Cl-C6 al kyl

group, a ¥lmdihyh) kaptyt Kl €i- b Ky t St valpydo sy &8 a1 28 kytigr oup, a Cl-C6 13
al kyl car bonyl group, a C7-Cl4 aral kyl carbonyl group, a Cl-C6 al koxycar bonyl

group and] ®Z¥} Cl4 armddogdidng ardamdtigmowyspecthese treo e st be
substituted with one or nore substituents, each independently selected from

a hal ogeniratemtien hythery igrmopyidedla Gohatrkaoeu gical, cempidis B6ion
al kyl car bonyl group, a carboxyl group, an am no group, and a substituted
am no gr ceqguprisinmg , the abhBvernde Ry ke d ycomprmdt canprodr @ -@b al kyl car bonyl
group is preferred, and a hydrogen atomis particularly preferred. [0028]
I n the alRPharnreetiicalivractertanle salt bthexedftwhigckdisesedfag axanpl e,
one to four same or different substituents, for exanple, one to four
substi t udfd s EaEPse FRePEPRSRAnEede [iadidd totom a hal ogen atom a hydroxy
group; a Cl-C6 al kyl group, a C3-C8 cycl oal kyl %FO%P, a Cl-C6 al kyoxy
[0025] According to a further aspect of the present
) 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;-Cg

alkoxy C;-C¢ alkyl group, a C;-C;q4 aralkyl group, a C;-C¢



group, and a Cl-C6 alkylthio group (these four groups may be substituted
with one to four substituents selected froma halogen atom a hydroxy
group, and an am no group); a nethyl enedi oxy group; a cyano group; a Cl-C6
al kyl sul fonyl group; a Cl-C6 al kyl sul fonyl ami no group; a nitro group; a
car boxyl group; a substituted am no g[ng;_and a 4- to 6- nenbered

het erocyclyl group. [0029] In the above-described fornulae, A may be

substi t ut gelkya EBresRY L Ogtep , SANE, A, déféﬁ?ﬂéaﬁﬁ@ﬁ%it §86hp, af @{-@Gx anpl e,
one to four substituents, each independently selected froma hal ogen atom

a hydr oxyagk&%pcadbbhy E6gabliyy| an@r QUe,- @, @r@kﬁ!Qk?@bfwbnﬁloljﬁouﬁ. Cl-Co
al kyl oxy group and a Cl1-C6 alkylthio group (these four groups may be

substit utedes®i §hoape iayf bersabPsittiveat witrachei otdependestibytsehentsed 14
froma hal ogen atom a hydroxy group and an am no group); a nethyl enedi oxy
group; a egénoipdeppndantlyCéebet&yequFfomya hglogen, abom]- &6hydroxy

al kyl sul fonyl am no group; a nitro group; a carboxyl group; a substituted
am no grogpoup, 5a Of -G redikiosyegrolgt, eao &y yCe grlityl cartsbrey ¥ -gtaus,; nenber ed
het erocycl yl group. [0030] The group represented by A includes, for
exanpl e, carpygxydl grogpoupn aminodorgupgrangd, aasppstilyitgdoapina ggoupol yl
group, an isoqui nolyl group, a t hi enyl group, a benzothienyl group, a furyl
group, a BenRbf R’anR’ gnduB;. @ hyvzogsylatpwgy @ Gelzoahkptohybogydup, an
i sot hi azol yl group, a benzoisothiazolyl group, a pyrazolyl group, an

i ndazol yl 9rgubups nhebgarefly| andoaphydrogenoatonl & pavbpcudariyoxazol yl
group, a benzoi soxazolyl group, an imdazolyl group, a benzoim dazolyl
group, a P¥eEeBr9f.group, a benzotriazolyl

) [0028] 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;-Cs 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;-C¢ alkyl
group, a C;-Cs cycloalkyl group, a C;-Cs alkyloxy group and a
C:-C¢ alkylthio group (these four groups may be substituted

with one to four substituents, each independently selected



group, a pyrimdinyl group, a uracilyl group, a pyrazinyl group, a
pyridazi nyl group, an imdazopyridyl group, a triazolopyridyl group, and a
pyrrol opyridyl group, and furthernore preferred are a thienyl group, a
benzot hi enyl group, a furyl group, and benzofuranyl group, and noreover
preferred are a thienyl group and a beni?thienyl group. Wien Ais a
benzo-fused ring containing two or nore-rings, the group -(CH2),- in the

above- deSEfb.heal ﬁawgéﬁeatémcoanﬁ9&§6x9ngré@paaxh&tsﬁogmﬁs gfoep)LOQ?»l] The
term"Cl-C6 al kyl group” as used 1n this  specification nmeans a straight- or

branched- ﬁ@ﬂhﬁléﬁé&ioﬁ? O§BouPpfVvhNByand OgboGpf e ncplcgrr&mgdsm@o%@qs for
exanpl e, net hyl eth n- propyl, i-propyl, n-butyl utyl, i-butyl,
t-butyl, gRowghtva, c;idgeahkbhumlfon&lmtlhbl thb)b s & ARt Buowp; a 15

1- ethylpropyl n- hexyl, 4-nmethyl pentyl, 3-nethylpentyl, 2-net ylpentyl

1- nethylpeafubxyﬁ gibubbuaybuagdleueéhybhﬂﬁdlgro@@ﬂ ar st esred-famGBrahky!
groups include, for exanple, straight- or branched-chain al kyl groups
havi ng onketerdsirg: grauppnandoasd-abd pamémbeted| yepesedeyerdl ageodpt hyl and

ethyl. [0032] The term "C3-C3 cycl oal kyl group” as used in this
speci fi cai 00B0 hreans aTkg cgraupl kgprgsenpedcy gy theudesarban esampbe and
I ncl udes, for exanple, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cycl ohept gl ppndotyt| gootpl . ah0088p1¥hegreum "&lpyhidykogyoygpoup” as used in

this specification neans an al kyl oxy group having a straight- or

br anched- ghdnalyl kgroygpoupnhispgyinntyl ogsoup cad bbihienphsgneupt he al kyl

noi ety and i ncludes, for exanple, nethoxy, ethoxy, n-propoxy, i-propoxy,

n- but oxy, bensetbikenyl - guevry, at fygydxgroup, a benzofuranyl group, a

) thiazolyl group, a benzothiazolyl group, an isothiazolyl group,

a benzoisothiazolyl group, a pyrazolyl group; an indazolyl
group, an oxazolyl group, a benzoxazolyl group, an isoxazolyl
group, a benzoisoxazolyl group, an imidazolyl group, a
benzoimidazolyl group, a triazolyl group, a benzotriazolyl
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;)p- 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, l-methylbutyl,



n- pent oxy, 3-nethyl butoxy, 2-nethyl butoxy, 1-nethylbutoxy, 1-ethyl propoxy,
n- hexyl oxy, 4-nethyl pentoxy, 3-nethyl pentoxy, 2-nethyl pentoxy,
1-met hyl pent oxy and 3-et hyl but oxy. [0034] The term "C7-Cl4 aral kyl group" as
used in this specification neans an aryl al kyl group having 7 to 14 carbon
atons and containing an aryl group and chludes for exanple, Dbenzyl,

1- phenet hyl , 2-phenet hyl, 1-naphthyl net and 2- napht hyl net hyl. [0035] The

term " C7- L4t Ry BH KD PXY lgrﬁélﬁyla84%@€lhyrpéﬁrt§1 spardthgBpeRbyEaNs an

arylalkyloxy group having 7 to carbon atons and contai ning the above

defined apah&ihyDpeneyl and- m@@hylﬂpént{rp,r BXSRy Fou LN Zah @X¥ - e dhplsaey byl oxy,
2- phenet hyl oxy, 1-naphthyl nmethyl oxy and 2-napht hyl - net hyl oxy. [0036] The

term"ar yhAn@rpoeteptedsed- N allkiyd Hbouppetntiadei ofofeagampneqr yl group
havi ng an aronmatic hydrocarbon ring having six to ten carbon atons and

I ncl udes, stfaiglekangt ebrahehgd -claimpdlikyl gneups agiimy|oné 0037thdfee term
"heteroaryl group” as used in this specification neans a 5- to 10-nenbered
aromat i ¢ detieowcycdéms, amduparbitalarhy preferredrardahetlopl oandneepebhdent |y
selected froman oxygen atom a nitrogen atomand a sul fur atom and
I ncl udes, [0@32 gxanpl eThé uteam YCi-€gycycpyalky ¥yl grouplaas| yked pur ahbbyl
oxazol yl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl,
triazol yl speeifiecatidn peansys, cypyicnatkyy| groyp adzaning pyto daizcaybon
indolyl, quinolyl and isoquinolyl. Preferred heteroaryl groups are 5- to 6-
menber ed hb@m$o®m@l1@¢b@@@$suﬁhrasxampy¢ro¢¥¢lgpnmmyla cygtebetyl. group, an
i m dazolyl group and a pyri dyl ?roup and

cyclopentyl, cyclohexy cycloheptyl and cyclooctyl.

) [0033] The term "C;-Cs 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;, 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, 1l-phenethyl, 2-phenethyl, l-naphthylmethyl and 2-
naphthylmethyl.

[0035] The term "C;-C;; 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.

[0036] The term “aryl group” as used in this



particularly preferred is a pyrazolyl group. [0038] The term "aryl oxy group"”
as used in this specification nmeans an aryl oxy group having the above
defined aromatic hydrocarbon group having six to ten carbon atons as the
aryl noiety and includes, for exanple, phenoxy, 1 } naphthoxy and

2- napht hoxy. [0039] The tern1"heteroa[yg Xy group"” as used in this
specification neans a heteroaryl oxy gro § havi ng the above defined 5- to

10- menber gl @ PI@d £ LoMGhEARE V&R | &rPl OPold | kAlvi kAR ABoRREIEr NDIe
het er oat om sel ected from an oxygen atom ~a nitrogen atomand a sul fur as

the het erppdybcaPbéh Yrfg havehgdesx £Ort&Xa8RESonf toheXdnat PheDYHEXY,
pyrrolyloxy, imdazolyloxy, pyrazolyloxy, oxazolyloxy, isoxazolyloxy,

thi azol yl fay, exafp e AZohoh XY, 1 oxash el Ya®ay2 -hapathazol yl oxy, 17
triazolyloxy, tetra-zolyloxy, pyridinyloxy, pyrimdinyloxy, pyrazinyloxy,
pyridazi npd@xy] i ndolThexyerm utiotéerydxly duishp? sosjunsed | imytioxy. Preferred

het eroaryl oxy groups are 5- to 6-nenbered heteroaryl oxy groups. [0040] The
term " Cl-$ifecd kytatiow meanp"aasS- usedld mmétberedpacomatati haterasgcbic
al kyl am no group having a straight- or branched-chain al kyl group having
one to sigroup boontaimingsonéher ahdyé hetetgatond indépepdentdy sahepted
nmet hyl am no, et hyl am no, n-propylam no, i-propylam no, n-butylam no,
s- but yl anfnom an boxy¢em atomt - bunytrogen, atepeand| ansudbfur atom and
3-nmet hyl butyl am no, 2-nethyl butyl am no, 1-nethyl butyl am no,
1- et hyl propglade sio, £or hexgmphe nofunyhet tiyieenl y| pvirnolyl 3- imidgzpent yl an no,
2- et hyl pentyl - ani no, 1-nethyl pentyl am no,

pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,

) 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, 1-
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,



3- ethyl butylam no and 2- ethyl butylam no. [0041] The term "di (Cl-C6

al kyl )am no group" as used in this specification neans a dial kyl am no group
havi ng strai ght- or branched-chain al kyl groups each having one to six
carbon atons as the two al kyl noieties which may be the sane or different.
The "di (C1-C6 al kyl)am no group” includes, for exanple, dinethylamno,

di et hyl am no, di-n-propyl am no, di-i--pkbpyl am no, di-n-butyl am no,

ot vl 1 BRI IR e iR E o e ey, A Y Loy
I M R AR e
he- a ky it Suguats BRI, L P Rer gL M PO, (ot S ™
- butyl ¢ o aRmple e d dry Yol Madde® B or 3. ot byl butyl Lhi o,

LTt il R OBy nhens] gy S U il o

2- et hyl butpddiFi@ ARG 2 nildid i Witdyi1amidP Foup 1dvang 'kt el o4 finyl

group” as used in this specification neans an al kyl sul finyl group (-SOR)

having  &:@nicHedlichaiin kNnaRahef-duipinavilng lord AP 18V ida-ie dt@ni das carbon
atons as the al kyl noiety and i1 ncludes, for exanple, nethylsulfinyl,

et hyl sul finy lalky 1P nadd s ldid Yilnc 1 uadd , 0 BdrS Wxidnipile, AretHyilasdsidd Nyl .
s-butylsulfinyl, i-butylsulfinyl, t-butylsulfinyl, n-pentylsulfinyl,
ethylamino, 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,



3-net hyl butyl sul finyl, 2-nmethyl butylsulfinyl, 1-nmethyl- butylsulfinyl,
1-et hyl propyl sul finyl, n-hexylsulfinyl, 4-nethyl pentylsulfinyl,

3-met hyl pentyl sul finyl, 2-nmethyl- pentylsulfinyl, 1-nmethylpentylsulfinyl,
3-ethyl butyl-sulfinyl and 2-ethylbutylsulfinyl. [0044] The term "Cl-C6

al kyl sul fonyl group” as used in this sEecification means an al kyl sul f onyl
group having a straight- or branched-ch8in al kyl group having one to six

b I | ' f hyl sul f |,
S LR ARSI OOt R SEOTRR I
- ! 1 , Ix - u ,
3- me'ﬁlyl “buty sliﬁl?%%yl%l Bg%?ﬁ%bu% y?'gﬁ#)l?]%’ Oﬁyér%?ﬁ%f)%%% - sul fo%yl :
1-et . h .
R T e e
1- met hy| pff@ﬁﬂfiﬁf@%{i%@gg AVAORY VLR 5y fﬁnxétggg%ﬁtﬂmwvt yl sul fonyl .

[ 0045] The group ™ as used 1n this Ication includes, for

exanpl e, fifet Ky SRR DONYS -m&t Rty tld, af ahsYVheehoREYLtRIQUP, @
Cl- C6 alkoxycéﬁggﬁil i’group andna %g- i4 %?a]kyloxycarbggél group. Here, the

Cl-C6 alkydaarbeonyyl €hfePahdch ugdesy1befyEXI®! €, an acetyl group, a
propi onyl group, butyryl group and pivaloyl, and particularly preferred is

an acetyl[@4sp. The e Glermr ot ks CENBEIBI 1 BHOLP gridepUdes, udéed xanpl e,
benzyl - car bonyl group and napht hyl met hyl carbonyl group, and preferred is a
benzyl cartioly | spe ©ipich 0Ddh] mdlirs CAn Collay koX YE B PO Ngto@p OUPSOFR) UNESingOr
a straight- or branched-chain alkyl 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,



exanpl e, a nmethoxycarbonyl group and an et hoxycarbonyl group, and preferred
I s a met hoxycarbonyl group. The C7-Cl4 aral kyl oxycarbonyl group incl udes,
for exanple, a benzyl oxycarbonyl group and a napht hyl net hyl oxycar bonyl
group, and preferred is a benzyl oxycarbonyl group. [0047] The term "hal ogen
atom' as used in this specification includes, for exanple, a fluorine atom
a chlorine atom a brom ne atom and anl?odi ne atom [0048] The term"4- to

7-menber ed het.erocycl e used i.n _this specification nmeans a heterocycle
whi ch rnal;?jEj ﬁ'geetcr%% %qte‘fe'k/sua]zfacfn@ﬁa‘t e:g Ko Yp@?’lﬁpyglr Ivloﬁort‘@hpq%‘flg y unsaturated
and cont gj qnﬁ ' and may further contain one or nore heteroatom
independgﬁgﬁglée %%éé#&h m an oxygen atom a nitrogen atom and a sul fur
atom and i es, f egaQRJeﬂ_ ey digls, ol . pi peridine and
nmor phol i nfed,miaéjng pr ef g:hree i's 220 iiﬂt‘“z(p}dr}erdl;.%:'i r?esfjse[sr(f?gad]q.J [Itﬁiels?er m "aromati c

photi ne, and rred | piperi 6. ' q
car bon rl%’%%é?ﬁ%ﬂ N4 @?SS,D%E 'e%?atrﬁe;f(irla,”ﬁaar@l- Bealkglégrﬂﬁﬂgfre

aromatic and I ncludes, for anple, a nzene ring and a

napht hal efgyug | 19 1095 U iRy { SOy OB dfp NeJ .08 ChekoRPouPBELD hi s

specification neans a'5- to 6- menbered Taromati ¢ Heterocyc contal ni ng one

Or MOre het@npalai 4 NEARSD AR 11 RBLRSH by DB Al OXESR ALGIR @ -t f 0gen

atom and a sul fur atom and includes,” for exanple, a pyrrole ring, an indole
ring, a tdugphed¥pdiyil. gréup SaiddapPhens: rdipfe [ Widhddigh Grdighnzqf uran

ring, a pyridine ring, a quinoline ring, an isoquinoline ring, a thiazole
ring, a hereotdupE dfoup Ndbutdiry S iy il lpialéyl, and particularly

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



benzoi sot hi azole ring, a pyrazole ring, an indazole ring, an oxazole ring,
a benzoxazole ring, an isoxazole ring, a benzoisoxazole ring, an im dazol e
ring, a benzoimdazole ring, a triazole ring, a benzotriazole ring, a
pyrimdine ring, a uracil ring, a pyrazine ring and a pyridazine ring.

[ 0051] The term "substituted am no grQu%B as used in this specification

I ncl udes, for exanple, -NReRf (wherein Re is a hydrogen atom a Cl-C6 al kyl
group, a pipébiaikylcarbonyl 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 mayoboom a 4-The ernhersifhtied ecoeyeh eringetderusedhihahehpst rogen
atomto which they are bonded). [0052] The term "Cl-C3 al kyl enedi oxy group”

as used ispetdfscapbonfineahson 65 todlyamenbepe@uaronat eseshetohyrihig
formula: -O (Cl-C3 al kylene)-O and includes, for exanple, a - 21
met hyl eneanéxinglaodes , afioet éyaepee| oaybgnoepe aniing andnat hgphrbhdlexyg group.
[ 0053] The term "heterocyclyl group” as used in this specification neans a
4- to 7-neimered heterocyclyl group which contains one or nore heteroatom
i ndependently selected froman oxygen atom a nitrogen atom and a sul fur
atom and b@950be conplke etermalarenadiorhgterocydtle brasonpeédt &hythibsat ur at ed
and includes, for exanple, azetidinyl, pyrrolidinyl, piperidinyl,
pi per azi ngpechficatybn neansazal §t, tonb damenbeyed apgmatdcyhetpypayolenyl ,
oxazolinyl, norphorinyl, thionorphorinyl, pyridyl, pyrazinyl, pyrimdinyl,
pyri dazi ngpntakekngephgl enchareochetergatomeindependenty, seheetigf, from
t et rahydr ot hi enyl, di oxol anyl, oxothiol anyl, and di oxanyl .
an oxygen atom, a nitrogen 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;-C¢ alkylcarbonyl group,
a carbamoyl group or a C;-Cs 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,;-C; alkylene)-0- and includes, for example, a



The substitution position on the heterocyclyl group is not particularly
limted as far as it is the substitutable position on a carbon atomor a
nitrogen atom [0054] Further, the conpounds of the present invention
i'nclude tautoners, mxtures of various types of stereoiosners such as
optical isomers and their isolated isoners. [0055] The conpounds of the
present invention sonetinmes formacid &ddrtion salts. Further depending on
the type o

f.. the substituent, they sonetines formsalts with bases. Such
ol ts” ot ngd fkt Etn. 4 e ARl ok (@12 "aci desuch s
hydrochl otJ ¢ i h obrom c acid, hydroiodic acid, sulfuric acid, nitric
SOt enddiod SR

acid and rg acids such as formc acid, acetic acid,
ropi oni ¢ j oxal i ' Lc i, i ' fumgric acid,

Pral gi o acE(g[,%éj} actic '12169', a:,cézgr"al‘{%étgéc}'llocﬁﬁ:ﬁggt aﬁj:l%gl%aciagf %gs!legir ic e;r%[l , 22

met hanes | £: ALY esul | Yok | di ' ' such as

aspar agi ;%%@%Héiigl anﬁ"‘g{}ﬂ?i‘gﬁ ?a%i d{@%ﬁ(ﬂ@%eégﬂéﬁm%mﬁﬁ%ses.

nclude Splicn &R ANRE N oD aRGFe RUELLAPL R YUrlilp S GRET Y e TEROKSST UM

calciumand alumnum salts with organic bases su as net’hyl am ne,

1o D S e SntLec 44D e AT e S g

and ornithine; and ammonium salts. e conpoun of the

present - bansgii 28 1| ysleudheedyck st ARt Pha e £l § YuRESERE 0L @

various sol vates, polynorphs and the like. [ ] Further,” the conpounds of
the preseqddiiweNidos, HoL é&ﬁmﬁiéthihﬁfaiﬁyag: Asywi || be described

in the Exanples below and include all glucitol derivatives

piperidinyl, piperazinyl, 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,



represented by the above-described formula (I) and their pharmaceutically
acceptable salts. [0058] Further, the present invention includes the
conpounds which are converted to the conpounds represented by the
above-described formula (1) by the nmetabolismin a living body and their
pharmaceutically acceptable salts, that,is, so-called prodrugs. The groups
whi ch formthe prodrugs of the conpounag of the present invention include,

for exanph&thdhes€1£oEETadEd aMa PEERandb1 foric Zdovd 2164{d 985 mend those
described in Devel opnent of Drugs, 7 (Molecular Designing), 163-198

Hi r okavwa SH0d€Nsudi¥ %8s &@@é@&imﬂcc&mm FlutdieiPreeeal | PueERéSN can be
produced by applying various known synthetic nethods depending on the

charactersgits fenhedesitinskasos iheltgpes@its heibasiforgkeietvases the
substituent. In this instance, when there is 23 a case such that the group

i s preferabtly 8¢osediad, ébassiuappmagiesivn prodbeinmeagd coapumintuhe St age
of the starting material or an internediate froma production techni que

Vi ewpoi ntsalte pithectgarigrivagesasutk @4 imetiayramime | a¢ehylaneps amdobt ai n
a desired conpound. The groups which require protection in the production
step i ncl etleanddbamixanpsal te whykr bayigranpnanalc hds asbeh yas gl psipne aamldt he
protective groups for these groups include the protective groups described
in G eenermbthiMes, amid oaremeoniem Galps.in Organic Synthesis, 2nd edition.
The protective group used and the reaction conditions for introducing and
el i m nati h@o%6ee prot urthernprrp the comnpeinds sf cthedesentt on known

techni ques such as the above-described docunents.
invention include the hydrates and pharmaceutically acceptable

) 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. 1In this instance, when there is



[ 0060] The conpounds of the present invention have an inhibitory activity
of sodi um dependent gl ucose transporter 2 (SGT2) (J. din. Invest., 93,
397(1994)) relating to the renal glucose reabsortion. By the inhibition of
the gl ucose reabsorption, excess glucose is excreted and hyperglycema is
remedi ed without giving a load on the n-cells of the pancreas to bring
about a therapeutic effect on di abetes 3Ad-an I mproved effect on insulin

resi stancg. oL 000 ol isar 2060T SLAG {0 G3Fe ASPREEy o BECPEESREN AgVent] on

there is prOV|de canent pre rea I Sease or a

condi tion, 5§E n @g g%?g for
exanpl e, d%@%e e?£é9¥g ?%du%lggggiingt di abet |%a€%%%F%%atlons
[0062] Thgat&riai dbﬁbéﬁe§ téSmé@Lat beF LM arﬁié@%@tléﬂpﬁecﬁnﬂqaéetes type
Il di abetes and ot her types of diabetes due - to specific causes.

Further, H@wﬁ@im"dtﬁ@%@été@tﬁ@dgr&hﬁe@ﬁ%eaémﬁfﬁabeaeiﬂ iggkyde, for
exanpl e, obesity, hyperinsulinism saccharonetabolic disorder,

hyper | i pi glegp @, to NYIPEALN0h €86 61 Pé@NESMpHYRE! t Ik Y§ES WS WRich require
|'i pogranul omatosis, hypertension, congestive heart failure, edems,

hyper ur i cgfd gectlén Joult thé OpPSdutiéMestep NEnéblide , df @beékampoapl dcati ons”
as used herein include both acute conplications and chronic conplications.

The "acutiey@pe®yi geonpnandi actateoxyDrgesappl £nd th@eppbyeenine (§edapsi dosi s
and the like) and infectious diseases (such as skin, soft tissues, biliary
tract, reepithéseygsyspeninotiudei tiaeyprobetyieadgtdbepscaesaribed in
conplications"” include, for exanple, mcroangi o-pathy
Greene and Wuts, Protective Groups 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
inhibitdry 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 P-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



(nephropat hy and retinopathy), arteriosclerosis (such as atherosclerosis,
myocardi al infarction, cerebral thronbosis and |ower |linbo arteri al
obstruction), neuro-pathy (such as a sensory nerve, a notor nerve and an
aut onom ¢ nerve) and foot gangrene. The major diabetic conplications

i nclude, for exanple, diabetic retinppggtpy, di abeti c nephropat hy and

di abeti c neuropathy. [0064] Further, th@ conpounds of the present invention

can be usgd dge&ahl Al s W tFAHiAbaRs ddlptidhRaey - rélatigbetic
conplication therapeutic agent, a hyperlipidema therapeutic agent, a

hyper t ensi i ddeyapaiitide @afdite i 1lteludd k& othiditrisce 2 JBOSREY sm of action
different than that of SG.T2 activity inhibitors. By conbining the

conpoundshyfeifsulEsaN! ¢dyEHddie BdL 1d &l ¥ dyeie g aitffer Bip Pathiad Ve
effect can be expected conpared to the effect obtained fromeach 25 -

si ngl e aggfierddhdinss thaykerli £ cangpert BO§Eycdhedendi abellepoghranapemate sagent s
and diabetic conplication therapeutic agents" which are usable in

conbi nat ifpertdnslion f adorexedpive hewmtt ifaishns | ieddnya, anfpererScémieh as
PPAR y agoni st, PPAR a/y agonist, PPAR S agonist and PPAR a/y/S agonist),
gl ycosi dased igdhithi t ors, bi guani de drugs, insulin secretion pronoters,
I nsulin preparations, glucagon receptor antagonists, insulin receptor
ki nase pricng®ls, trifepthemy|theepteémnsdilabetiln wamylsca tdiqrept iab/lused
peptidase IV inhibitors, protein tyrosine phosphatase-1B inhibitors,
gl ycogen I@rssighoinglhide iboitlbi acute counikiosat rphaphahiseniahi bit or s,
gl uconeogenesi s inhibitors, fructose bisphosphatase inhibitors, pyruvate
dehydr ogegrmplications. The "acute complications” include, 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 inhibitors. 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



I nhibitors, glucokinase activators, D-chiro-inositol, glycogen synthase
ki nase 3 inhibitors, glucagon-like peptide 1, glucagon-Ilike peptide-1
anal ogs, glucagon-like peptide-1 agonists, anyrin, amyrin anal ogs, anyrin
agoni sts, glucocorticoid receptor antagonists, 11(3-hydroxysteroid
dehydrogenase inhibitors, aldose reductase_inhibitors, protein kinase C
I nhi bitors, y-am nobutyric acid receptor antagonists, sodi um channel

ant agoni s§sngléaagéentptihoghtaaboxveNdikBaseshi bitors, |1KK (3 inhibitors,

| i pi do- peroxi dase inhibitors, N acetyl ated-a-I|inked-acid-di peptidase

I nhi bitorg006d3ul i n-1The "diabehesatherapeupiatafentsleandedigbetid fact or
(PDGF), platelet-derived gromh factor (PDGF) anal ogs, epidermal growth
factor (EShhpliheatvtogr bhelrapeotdac, aganhsli whicHeareatisabde dni di ne,

5- hydr oxy- 1| - met hyl hydant oi n, EGB-761, binoclonol, sul odexide, Y-128 and
TAR- 428. @émbin@tspnAdinthudei alfercexamplaepeinsulagensensindvihg diabetic
conplication therapeutic agents, the followng are illustrated. [0067]

" Bi guani dendangsetsi fishcteasf @PABxaNpyenise; fBPAR no/hyayardiEtor iIRFARad
phenform n. [0068] Ampbng "insulin secretion pronoters”, sulfonyl ureas

i ncl ude, agonkshnphd, PEARbary A& dgdnizincl sgdv)siddseiimdidhitatscl azi de and
chl or propam de, and non-sul fonyl ureas include, for exanple, nateglinide,
repagliniBégﬁﬂﬂlﬁﬁtﬂﬁPBﬁhdéPSPéGBQFeCFﬁ§&PPnP§P@9§P§§hoh§5uﬂhﬁlude
reconbi nant hunman_  insulin and ani mal -derived insulin, and_are classified
into thrBECBRERPICREC0AAIFGICH TRECPLRE BPLagPRARLSL haRsnding Fgceptor

I mredi ate-acting type (human insulin _and human neutral . .
kinase“promoters, tripeptiydyl peptidase II inhibitors,

) dipeptidyl peptidase IV inhibitors, protein tyrosine
phosphatase-1B inhibitors, glycogen phosphorylase inhibitors,
glucose-6-phosphatase inhibitors, gluconeogenesis inhibitors,
fructose bisphosphatase inhibitors, pyruvate dehydrogenase
inhibitors, glucokinase activators, D-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 f inhibitors, lipido-peroxidase inhibitors, N-
acetylated-o-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.



insulin), the nmediumtype (an insulin-human i sophane insulin aqueous
suspensi on, a human neutral insulin-human isophane insulin aqueous
suspensi on, a human insulin zinc aqueous suspension and an insulin zinc
aqueous suspension) and the enlonged-acting type (a human crystalline
insulin zinc suspension). J [0070] "d ycosidase inhibitors" include, for
exanpl e, acarbose, voglibose and m gl7i t0l.” [0071] PPAR y agoni sts of

"insulin $gpgkYi vity gohgREcasabetd§! HHErapOht £5298LRL st hRA! thazone,
pi ogl ytazone and rosiglytazone, and PPAR a/y dual agonists include, for

exanpl e, ghKpé€ic(KBRp29éhtibasapbrhpéaticllgdhps, kKeS5:d928wibkgra4823 and
TY-51501, and PPAR 8 agonists include, for exanple, GW501516. [0072]

"Tri pepti dyhupepkitdase Il inhibitors" include, for 27 - exanple, UCL-139.

[0073] "Dipeptidyl peptidase IV inhibitors" include, for exanple,

NVP- DPP728806 2AF- 237, "BKgld4nide Pd2Gg8" anflcIGle 228or £RAMB1e’, Ahdesormeduct ase

I nhi bitors" include, for exanple, ascorbyl ganolenate, tolrestat,

epal r est ahydkodalestide, andophenifbrmpanal restat, risarestat and zenarestat.

[0075] "y-Am nobutyric acid receptor antagonists" include, for exanple,

t opi ranat §00p08076] " Sanbng Chasntinaseagehiehspromoteds; , f sulfragpheeas

mexi l etin hydrochl oride. [0077] "Transcription factor NF-KB inhibitors”

i ncl ude, ihedudranylos, edanpilgot giyburide (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



[ 0078] "Lipoperoxidase inhibitors" include, for exanple, tirilazad
nesy[ate. [0079] "N-Acetyl ated a-Ilinked-aci d-di pepti dase inhibitors”

i nclude, for exanple, GPI-5693. [0080] "Carnitine derivatives" include, for
exanple, carnitine and |evacecarni ne hydrochl oride. [0081] "Hyperlipidem a
t herapeutic agents and the } hypertens'gn t her apeuti c agents” which can be
used in conbination include, for exanplé, "hydroxynethyl glutaryl coenzyne A
reduct ase, i nhi bi t _fibrate conmpounds, 133-adrenaline receptor agonists,
AVPK acti%%%%égé'gﬁé %%%hzyne A. chol esterol acyl transferase inhibitors,

probucol , [§§y5pi d  horgmns, ¥ BEEPI N ROMUSt By GHPIISSEEFH! ARSEE | OFbr

Inhibitors, [lipase inhi'bitors, mcrosone triglyceride transfer protein

i nhi bi t or gxahh POXYGEPASEP 7 9EA DI LOFS23¢2rMkL 6 081 Pap 32 ) 9| andraosies8se
i nhi bitors, squalene synthase inhibitors, |ow 28 density |ipoprotein

receptor poefRiers, TAI@3dd) fedbttasdeihMabiyess”bihelaaed Fb30rdiiSle,
sodi um conjugated bile acid transporter inhibitors, cholesteryl ester

transfer psedbebPl Lahobéhate, BOULrOsEaAt| NepaIVestahy £DdyHestabi bitors,
angiotensin Il receptor antagonists, endothelin converting enzyne

i nhi bi t or soredAdl heponaleespadl Absagestatsandi zegarestatcal ci um

ant agoni sts, vasodil ati ng hypotensive agents, synpathetic bl ocking agents,

central hypoysnsive atenininobutyadiceRRyidi GdcRpRVI0anAeYdndist s "aninidihdes| et
agents, uric acid formation inhibitors, uric acid excretion stinmulants,
uri ne al kborfexagphgentepinaoateti cs, adi ponectin receptor
[0076] "Sodium channel antagonists” include, for example,
) 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,
Bs-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



agoni sts, GPR40 agoni sts and GPR40 antagonists. [0082] As the hyperlipidem a
t herapeutic agents and the hypertension therapeutic agents, the foll ow ng
are illustrated. [0083] "Hydroxynethylglutaryl coenzyme A reductase
inhibitors” include, for exanple, fluvastatin, |lovastatin, pravastatin,
cerivastatin and pitavastatin. [0084] "Flbrate conpounds" i ncl ude, for
exanpl e, bezafibrate, beclobrate and~bZ8iftibrate. [0085] "Squal ene synt hase

(ns vty o fronilee i B eas bl A nar Ry f@clﬁéﬁﬁedf\““t”es
NTE: 150, R ET A e d WS Bse, BT CRRHBA i R

[obse] * WTREE R BEIESES | AR n‘h‘-’“% g 295027

[ 0088] protein 29 tors (MIP

i nhi bi t org)nid N rle, af 91 o E&REPh & #s the
speci 1 ool Verte FgLotemiih St P aiLs epivhe = 279 % 246 and the
like. [0(@%}151?é}%ﬁ§tifsreéé§ié@eanfﬁo&i@f@| con@skIe8Rl NSonveFedignal i ne
agoni sts (nazindol, ephedrine and the like), serotonin agonists (selectlve

ser ot oni rler[ emmﬂbbt&@é S Sniddthébin | toEe@EHoNednt 856t d NSBI@Edt Ics,
agoni sts (s tramne and the |ike), nelanocortin 4 receptor (MAR)

agoni st's caermbinﬁn ngeh BAGEY1 £t € PNELHGd Bl 4 11h N HyEhEsnd BvdA§ent £pt i n, cocai ne-

and anphet am ne-regul ated transcript (CART) and the |like. [0090] "Thyroid

hor none repeid the 6O déSKindcageitts f cfentral hypotensive agents,
a;-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



exanpl e, |yothyronine sodiumand | evot hyroxi ne sodium [0091] "Chol esterol
adsorption inhibitors"” include, for exanple, ezetimbe. [0092] "Lipase

I nhi bitors" include, for exanple, orlistat. [0093] "Carnitine pal mtoyl
transferase inhibitors"” include, for exanple, etonoxir. [0094] "N cotinic
acid derivatives” include, for exanple, ,qnicotinic acid, nicotinam de,

ni conol and nicorandil. [0095] "Bile aC|3 adsor bents" include, for exanple,

chol estyr aphigit 608! eatr | 8Anapdt608) esenel aqehydspchkanpde, cbfB8thds _
"Angi ot ensi n-converting enzynme inhibitors" include, for exanple, captopril

enal apri | agaigateibadagfipthe spdcifilcazaphisl of] Y3 HateNtgiNgenss mid, 135,
recept or antagoni sts” include, for exanple, candesartan cilexetil, |osartan
pot assi unsand2, 2pe oS8l 760, pe6yaalethe009RE . " Endot hel i n-converti ng enzyme

i nhi bitors” include, 30 - for exanple, CGS-31447 and CGS-35066. [0099]

"Endot hel [posegept or aicEOct 5¢S” include, f6Ff exxmpPeé e, airdd@8dhe- TBC- 3214
and BM5-182874. [0100] For exanple, in the therapy of diabetes and the

i ke, it neradréabhlenéhagohhstsofpamhddodf ephedriesenandi hkenllike)are used
together with at | east one agent selected fromthe group consisting of
i nsul i n ssesotomihyagohaater §selPARvg agootehin PPARKe/ ynhgbhaters, sRBAR S
agoni sts, PPAR a/y/S agonists and the like), glycosidase inhibitors,
bi guani deasdfligspxaminé)n adrentildn: pepobben sagomssts n( pibphraninasandd
di peptidyl peptidase IV inhibitors.
the like), melanocortin 4 receptor (MC4R) agonists and
o-melanocyte concentrating hormones (o-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,



[0101] Further, it is suitable that the conpounds of the present invention
are used together with at | east one agent selected fromthe group

consi sting of hydroxynethyl-glutaryl coenzynme A reductase inhibitors,
fibrate conpounds, squal ene synthetase inhibitors, acyl coenzyne A

chol esterol acyl transferase inhibitors, |ow density |ipoprotein receptor
pronoters, mcrosone triglyceride traﬁs?gr“protein I nhibitors and

anorectic??g[%%gﬁ%lghe$€§ygf49§ %#& AEESSEggé NVvention can be admnistered

systeni ca opr ca or orally or  parenterally (for exanple, rectally,
subcut anepygdy; i Nt reEESI 1Y rd g PSS JorPf s 38T Cil @RI #0r [ 0103]

The conpounds of the present I nvention which are used as drugs nmay be in

any form gfagps8! i d-£09peS| 1903814 | 4RI BMEOIPHSTL1 On and anot her
conposition, and the nost suitable formis selected as necessary. The drugs

of the preseny i nventdPreLaiple, PIOMKSdBrdfif BHU b andlthe
pharmaceutically acceptable carrier into the conpounds of the present

inventioniikeeciti £8l syit@PLEXERRt Ethe Sompdheds &f Ph&dpreseénti sintegrator,
a coating agent, a sugar-coating agent, a pH adjustor, a solubilizing agent
whi ch is igeenNEDdh Oabé | Yse&ld Etlo@é tRer aGLER USt Ole 9D aSMEONGen | ¥y€1écted added
to the conpounds of the present invention to prepare tablets, pills,

capsul es, fgoantthe, gdosh | Gonpbstieng, opoimieisin sensitisvaty enhahcens,
enmul si ons, suspensions, injections or the like by the conventionally

enpl oyed (BRARI flugporiidts PIFFARMGEYt lagdhikes)ulPPRROBS agbhtsexGi PPRRt S and
fillers include, for exanple, |actose, nmagnesi um stearate, starch

a/y/d 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



talc, gelatin, agar, pectin, acacia, olive oil, sesane oil, cacao butter,

et hyl ene gl ycol and other substances usually wused. [0104] Further, the
conmpounds of the present invention can be nade into fornulations by form ng
clathrate conpounds wth a-, |- or y-cyclodextrin or nethyl ated

cycl odextrin. [0105] The dose of the cgnpounds of the present invention
vari es depending on the disease, the St tus of the di sease, weight, age,

sex and thea ke Ofcaty nhatipthple Gifier BLESHAD! Yofbduhds lofthau! ko

wei ght/ day, nore pre day and can be

adm ni Stgﬁxg?s%}ﬁgeiﬁvéjﬁﬁ'i@ﬁ. dégééffiiaaffy,eréﬁ dxEB5iéntaya D161 The

conpound present invention can be synthesized, for exanple, by the

producti op; f@IN0ds @bsSRENGrabstOVa E84P7lg TAGe£OTPRUSESaBL cbhe1Rg esent

i nventions can be synthesized by the method as shown in Schene 1. 32 -

Scherme 1 {4408] iFﬁﬁn&a Stoh, : a, sdIEBM R2nRldg&ie FHickBos\! KA A OBn OBn
deoxylation Br (I11) n OBn OBn

conventionally used or an aqueous or nonagueous 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 oil, 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 o-, P- 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.



(1'V). R12 R11 R12 R11 debenzylation 0 ,,,\\0Bn OH 0 OBn CH OBn OBn OH OH
(V) (VI) [0109] wherein R11 and R12 are the sane as the above defined
substituents on Arl; and Ais the same as above defined. [0110] That is, an
alkyllithium (for exanmple, n- butyllithiumor the like) is allowed to act on
a conmpound (I111), and then reacted mﬁtgza conpound (I1) to obtain a
conpound (1V), and then a silane reagént’“(for exanple, triethylsilane or
the like)giSedl! pwed to act on the conpound (I1V) in the presence of an acid
(for exa , fluoroacetic acid, a boron trifluoride-diethyl ether
conpl ex ofpibg]! [K&Im3Ba 69 derivatize a conpound (V) and thereafter,
debenzyl ation 1s perforned by catal ytic hydrogenation reaction in the
presence of a palladiumcatalyst, a method of using a Lewis acid (boron
tribrom de, boron trichloride, boron trichloride dinmethylsulfide conpl ex,
a boron trifluoride-diethyl ether gypl ex and et hanethiol, a boron

N
trifluoride-diethyl ether c0 “and di ret hyl sul fide or the like) or the
like to produce a conmpound (VI).

Further,Rtﬁe gonpound (I1) can be
synt hesi zqt, ROr exanpl e, d as 5 i ped in_a docunent

-,

[ Car bohydr )« 43 (1994)], and th (I'TA) can be
synt hesi zgd, , @Bn t OBnnet hod as
an deoxylation
Br ‘“QOBH
)
) 0Bn
’ 0Bn  0Bn
(V)
R]Z R]] R]2 R]]

debenzylation

-

0B

H 08Bn N
0Bn  OBn OH OH

(V) (VI)

[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
(III), 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)



descri bed in patent docunents (International Publication Nos. WUO01/27128
and W04/013118). [0111] The conpounds of the present invention can be al so
produced by the nethod of Schenme 2. 34 - Schenme 2 [0112] [Formula 6] 0 O
alBn R" R" Rtz R® = OBn CH3 CH3 OBn OBn \ \ (Il1) /OHO0 ,aa®Bn Br (Vil) OBn
oBn OBn (Ml) RI2 R" Kk R CH3 R12 R z R -X A AX2 o0~OBn .,,\a0Bn O
0\OBn 0 OBn OBn OBn ©OBn OBn OBn OBn Bn (Ix) (x) (x 1) RI2 Rtt O

sV OH ﬁgjﬁerivatize 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 ether
complex and ethanethiol, a boron trifluoride-diethyl ether
complex and dimethylsulfide or the like) or the like to
produce a compound (VI). Further, the compound (II) can be
synthesized, for example, by the method as described in a

) document [Carbohydr. Res., 260, 243 (1994)], and the compound

(III) can be synthesized, for example, by the method as
described in patent documents (International Publication Nos.
W001/27128 and WO04/013118).
[0111] The compounds of the present invention can be also

produced by the method of Scheme 2.



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

hal ogen atoms. 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 conmpound (I1) to obtain a conmpound (VII1), and then a silane
reagent (for exanple, triethylsilane'o@4tﬁe like) is allowed to act on the

conmpound ),in the presence of an acid (for exanple, trifluoro- acetic
acid, a bngLh 2fluoride-diethyl et her conplex or the like) to derivatize

a conpoungoﬁhéh. ;ggmﬁggpggnd (I'X) is converted to a compound (X) by

sui tabl e ha ogenétlon conditions (for exanple, N bronosuccinimde, brom ne,
hydrogen bronmi de or the like mheq)X1 is a bromne aton), and then the
conmpound (X) is reacted with a hetjgroaryl halide (A-X2) in the presence of
a suitable palladiumcatal yst an enedrfter, debenzylation is perforned by
catal yti c hydrogenation reactio injthe presence of a palladiumcatalyst, a
nmet hod of using a Lewis acid ri bromi'de, R'boron trichloride, a boron
trichl ori de-di gt hyhsul fide ¢ X, a08¥or on X i el di et hyl ether
conpl ex and et [ ngomgm t@ghf | uori de di et her conpl ex and
dimethylsulfid Ke) or the like to e2a conpound (VI) of the
present inventijon. her, the ébdpound (VIT) can| bg synthesjzed, for
exanpl e, by thx

H  OH
v

[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.



[ 0115] The above-described internediate (X) can be produced by the
follow ng nmethod. - 36 - Schene 3 [0116] [Forrmula 7] 0 ,1~06n R2 R1l' R 2
Rt OBn\ \ OP OBn OBn OH protection (11) deoxylation OH 0 ,,,\\0Bn Br
(XI1) =0Bn OBn OBn (X111) RI2Z RR R2 R R2 R OP\ OH\ \\ XT
deprotection hal ogenation O a OBn 0Bn \W\OBn 0 OBn OBn OBn OBn OBn 0Bn
OBn OBn OBn (XIV) (V) (XV) (X) [0117T ﬁﬁefein R11 and R12 are the sane as

e oo Finee SubRlt ey oo bt (oS3 8l e sbovel P
butyllithium or the like) is allowed 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 haligde (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.



[0118] That is, the hydroxy group of a compound (XIl) is protected with a
suitable protective group P (for exanple, a tert-butyldinethylsilyl 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 conmpound, and then reacted with a conpound (Il) to derivatize a
conpound (XI11). Then, a silane reagent3ffor exanple, 37 triethylsilane or
the like).is allpwed to act on the conpound (Xl I1) in the presence of an
acid (foﬁ¥3¥3¥%ﬁg, trifluoroacetic acid, a boron trifluoride-diethyl ether
conplex e ivatize a conpound (XIV). Then, deprotection is
perfornedq;fgin ﬁ%ggggodﬁgund (XV), and thereafter the obtained conpound
i s subjected to suitable halogenatiogp conditions (conditions of using N
br omosucci ni m de, brom ne, carbon tetjfjabrom de or the like in the presence
of tri phenyl phosphine) to synthesizg-a~e8ffound M [0119] The conpounds of
the present invention can be also produced bxnthq]nethod of Schene 4.
Schenme 4 [0120] [Fornula 8] R12 R \' Br OBn H (CF3CO) 20
(Xvi1) g1z Y

\\ 0Bn  OBn
N OH protection

N ~ -

~

deoxylation

0Bn 0Bn
XIV) v (x)

[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,



Bn 0,,,,\06n OBn OBn (XVI) = OBn 08n OBn (XVIIl) R13 R12 Rl | 13 R12
Rl11 RIZ2 RR1 SRI3~AX\ A\ ~\ A debenzylation 0 aOBn 0 opOBn 0 ,JH OBn
Bn OH OBn OBn OBn OBn OH OH (X 1 X) (XX) (V 1) - 38 [0121] wherein R' and
R12 are the sane as the above defined substituents on Art; R13 is each
I ndependently selected froma Cl-C6 alkﬁ group (for exanple a butyl group
or the like); Ais the sane as defi néd33bove: and X is a hal ogen at om

[0122] 'ftPEEEE Eé!ﬁah? tPetHéeffﬁé? 9k alfawé@bks Qeéeon(iﬁé g¥RpBhLAd

sodi um acetate or t , an acid anhydride (for exanple

trifluoropgeity §Hh¥Hé'9§eQén&Qeof'Kﬁ)abidatfeﬁeéxéﬁgﬁét on a conpound
(XVl), and then reacted with a conpound (XVII the presence of a

suitabl e Leye$uaebacét ok a@ié”pheboﬁoﬂofEﬂfiubfiﬂéfaﬂétﬂyﬁtQihe@ther conpl ex
or the like) to obtain a conpound (XVI11). Then, the conpound (XVIII) is
reacted webhpeResaatkyl dikep €bodefxddPige a compound (XIV). Then,
deprotection is performed to obtain a compound (XV), and
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]

R12 R

\\\\

(CF3C0) ;0 (Xvirn)

0Bn 0Bn

0Bn %Bn




hexabutylditin or the like) in the presence of a suitable palladium
catalyst to derivatize a conpound (XIX) which is thereafter reacted with
A-CH2- X (wherein Ais the sane as defined above; and X is a hal ogen aton
in the presence of a suitable palladiumcatalyst to obtain a conpound (XX).
Thereafter, debenzylation is perforned 8% catal ytic hydrogenation reaction
in the presence of a palladiumcatal yst;® a nethod of using a Lewis acid

(boron trﬁ&g i de, t¥¢§%&e£ﬁi§h'ehhd 32 %ﬁgp&%% e loQr igle- dipgtchy! sul fide
i yl' e

conpl ex, a boron tr uori de-di et er conplex and ethanethiol, a

boron tridd#ffédesdbst DvheRtBConCRIV Q2 aNd LLBR! aSpeAdER Oy sbiectele) or
the like to produce a conpound (VI). [0123] The nethod for producing the

conpoundsg & tdec, Rie ARk 1l ¥R QFolrS eR@mpheT Taeguttglt g2 oabove- ¢eecr i bed
met hods. The conpounds of the present invention can be also produced, for

exanpl e, Pykspi tAbLY ¢RBDSAMBIakh@esti@BY abd%e:; ane %da@ iadh HAW RaheMsm.l to
4. Exanpl es 0124] The contents of the present invention will be explained

in furthefopeipils byIfhﬁeé@éé@wngixexaﬁ@I;ﬁﬁe_w%e exped | SNt 16 XeaPé es but
the present invention is not limted to their contents. [0125] Each

abbrevi at { por | exahiplé 9l Eoding exatate€sohashet DEké Pl | o agiaecanhpdri R

Nucl ear magneti c resonance spectrum (TMS internal standard); MS. Mass

spectrome(for eRanpies vaistuobPhEetit ghnpedf Ddevocethéequikefhismat ography;
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



[0126] NMR, M5 and HPLC were neasured by the follow ng equipnent. [0127]
NVR: JCEL JNM EX-270 (270 MHz) or Brucker ARX 300 (300 MHz); Ms: LCQ of
Therno Finigan or Mcromass ZQ or Quattro mcro of Waters; HPLC. 2690/ 2996
(Detector) of Waters. } Exanple 1
(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 et r ahydr opyran-3,4,5-triol (1) Synthesis
of (BenzoiQéi@aﬁ@hfﬂ-gﬁglgcﬁémg§0ﬂnton@phthaIen-2-y|)nethano| Under a
ni trogen at nosphere, an n-butyllithiumhexane solution (1.6 M 2.04 m,
3. 27 mol gxymsi1@gdded dropwi se to a solution of benzothi ophene (0.48 g, 3.58
nmml ) in anhydrous THE (10 m) at -78C over 5 mnutes. The reaction
solution g@124@s stirmes édntdifs fe ke Hpredest anced teen abil Dove
tenperature for 20 mnutes. A solution of 4-
br omonaphakpaa ened2isarbatiehydet 4019 3bwl thd. #d1powing i examphbydrand THE (5
m ) was added dropwise to the resulting reaction mxture at -78C and
stirred a¢xpeBiméntalvexamplés bdd the presénhdninveitition fssabur aimited
ammoni um chl ori de aqueous solution was added and the resulting m xture was
extract edtowthéitli ebhyénesher, and the organic |ayer was washed with a
saturated sodi um chl ori de aqueous sol ution and then dried with anhydrous
magnesi uni8L2S &t e. AfEach fabbrewiabion hin sche efnllowbngli st ahp bels unaler
reduced pressure and the obtained residue

the following meaning.

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

(2S,3R,4R,55,6R)-2-[3-(Benzo[blthiophen-2-ylmethyl) -

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

(1) Synthesis of (Benzo{blthiophen-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



was purified by silica gel flash colum chromatography [n- hexane : ethyl
acetate (10:1)] to obtain the title conpound (1.0 g, 75.6% . [0128] 'H NWMR
(cbCc13) 8: 2.72 (1H, d, J=3.9 Hz), 6.22 (1H, d, J=3.6 Hz), 7.17 (1H, s),
7.25-7.36 (2H, m, 7.52-7.70 (3H, m, 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-Brononapht hal en-2-yl net hyl ) benzo- [b]thi ophene In a nitrogen stream

triethyl beéén@t:(Préé g*c, -%Q:l #8010 aich A 10F Ahd Mt desghh et hyl et her

conplex (0.34 nm, 2. mmol ) were added dropwi se to a solution of

(benzo[ b] terh @&fh@f‘er(ﬁ:)2()4mbﬁ@ﬂ@§aphAh§bBﬁtiou|bfrEthanOI (1.0g, 2.71
nmmol ) in nethylene chloride (30 nL) at OC. The reaction mxture was stirred

at room terprovaphethaleh8r2ecapbaidenpde (ben3ambQl3nkiihmmol ) agneous
solution (1 mM) was added and further water was added thereto and the

m xt ur e washpdtoast BHF415 mi) hwaet agiliededecbpwisdetoThheorganiltihgyer was
washed with a saturated sodi um chloride aqueous sol ution and dried
(anhydr ouseaegbeni Mixsukéate) - 78w dr@enstheredlatent 788@s fodi dwid [hedirgnder

reduced pressure. The obtained residue was purified by silica gel colum
chr omat ogfaptblye [ deaetdbpnnyixtureat i ansethyatedeammenium- phlangédélaqoepuso
obtain the title conpound (0.82 g, 85.6%. [0129] 'H- NMR (CDC13) S: 4.34
(2H, s), Fobatian, way, added- and3ghe2kesn]ting4@iztege( whls efktracéed7. 79 (5H,
m, 8.19 (1H, d, J=8.1 Hz) (3) Synthesis of
(3R,45,55Wgt@_gigghygegtbgg}tan@pﬁbﬁ_grganic 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 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 (CDCls) &: 2.72 (1H, 4, J=3.9 Hz), 6.22 (1H, d,
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-
[blthiophene
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



yl met hyl ) napht hal en-1-yl]-3,4,5-tri sbenzyl oxy- 6-

benzyl oxynet hyl t et r ahydr opyran-2-ol Under a nitrogen atnosphere, an
n-butyllithiumhexane solution (1.6 M 1.58 m, 2.53 mvol) was added
dropwi se to a solution of

2- (4- br ononapht hal en- 2-yl net hyl ) - benzo[bhthiophene (0.81 g, 2.29 nmmol ) in
anhydrous THE (15 m) at -78C over firvélninutes. The reaction mixture was

tirred af iy t f s
soney|oro R FRERTARSA, Ml Esodc AP Sysalotlghineds Sshidbempihon
(10 M) veg:addedadsgarbicchier £he aau%3§£>§aﬂuti&ﬁ 46@C&}BasOl Uti on vas

stirred at ours To the“obtal ned reaction mxture was added a

Saturatedgéﬂﬂ?&faﬂk ﬁQ%Hééﬂ@maHHEP&§e§0|&ﬁdoﬂhéﬁdtﬁgesgl%éﬂfew&@s extract ed
with diethyl” ether and the organic [ayer was washed with a saturated sodi um

chloride aﬂyﬁfyﬁeQOhﬂaéﬁnreaaéeahsfegéﬁfé WhE SHPyIROdSreagassi wassul fate.
After filtration, the solvent was distilled under reduced pressure and the

obt ai ned ﬁ@rlfﬁéﬂdb§ &@ileargéleéobﬁmﬁlbhﬁ@mgebgfaﬁﬁﬁ p@événoﬁhﬁ§natography
[ n-hexane : ethyl acetate (10:1)] to obtain the title conpound g,

75% . [0188]uttbhbBthEDCA8etAte3: 4 - ﬁékhné (1740) D t8)obBadrR {tRE tifle 3. 74
(1H d, J=10.2 Hz), 3.98 (1H, d, J=9.0 Hz). 4.10-4.28 (4H, . 4.35 (2H.

S), 4.46 EdtbodndledlsZ 52)854659,(1H d, J=12 Hz), 4.76 (1H d, J=10.8
Hz), 4.88 (2H, s), 4.97 (1H d, J=10.8 Hz), 6.66 (2H, d, J=7.2 Hz), 6.94

(20 0 Jrondole), | PeOSMEcptly <8, Sute), (TnplsT, 33,6300 nr)s T da6 1N 1
7.80 (1H, 7d33J¢ZH3 ily), 774897(34, (2H, Jm), 87He§;78793(%HH m), 8.19 (1H,
) d, J=8.1 Hz)

(3) Synthesis of (3R,4S,5S,6R)-2-[3-(Benzo[b]thiophen-2-
ylmethyl)naphthalen-1-yl1]-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]thiophene

(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 agqueous 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



=8.7 Hz) M5 (ESI+): 836 [ MtNa]+ (4) Synthesis of

, 3R, 4R, 58, 6R) - 2- [ 3- (Benzo[b]thiophen-

| met hyl ) napht hal en-1-yl]-3,4,5-tri sbenzyl oxy- 6-
zyIoxynethyltetrahydropyran In a nitrogen stream triethylsilane (0.34
m, 2.06 mol) and a boron trifluoride-di ethyl ether conplex (0.24 m,
1.89 mmol ) were added dropwi se to a sol Utd on of (3R 4S,5S, 6R)-

2-[ 3-(ben [ e t hyl h n
o ShlneyFEESRAR, QBEepoge i B bY MARULLENcRaYh) paind coronassarapty |

met hyl energbheghfe ¢lethy)l ate®&teTi®0k €3¢t k8NobEAXhUEReWRSt3kI EbRPoBAAGr OOM
tenperature for two hours, and then water was added thereto and extracted
with methyhepeg, chkgyide. The organic |ayer was washed with a saturated
sodlun1chlor|de aqueous solution and dried (anhydrous magnesium sulfate),
and then {he359! ventmagmedi &dpndi 20' 6““@3517 raguced RI-A3SW &iz)Thes obi af ned
residue was purified by silica col um chr omat ogr aphy [developlng

sol uti on=gyhyB.agef(ake dan- bexane H&)lOB]QBO(QHLadn the.0i k¢ ,canpound261. 1
g, 80.29%. [0131] 1H NWR (CDC13) 5: 3.42 (1H, d, J=10.2 Hz), 3.66- 3.96
(6H, m, ¢489 @}k, 4d35J¢28,2shiz) 4.463T1H2HA,sP=14.531He)H, 4.89 J2H2. @ ,Hz),
4.63 (1H, d, J=12 Hz), 4.69 (1H, d, J=10.8 Hz), 4.87-4.96 (4H, m, 6.50

(2H, d, J3#12 Hz), @.96 (2H, 4, J=1088 HZ)2 KizBB8 T2H3 6€1H, 4)977(aH,(dH, d,
J=7.5 Hz), 7.21-7.30 (17H, m, 7.37-7.50 (2H, m, 7.60 (2H, s), 7.68 (1H,
d, J=7.8 Be)10.87HZ},( 8HE6sS)2H7. 82 (*M.2dHz)77659Kz) 2H3. 88 (%M. 5deJT8 Hz)
M5 (ESI'): 820 [ MtNa] + (5) Synthesis of

(2S, 3R, 4R758p6RpH2- A3- gBZn20HB)t hi7eRRe~33 (18H, m), 7.42 (1H, t, J=7.5

) Hz), 7.62 (1H, 4, J=7.2 Hz), 7.68 (1H, d, 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 (1H,
d, 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-yl]-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]thiophen-2-ylmethyl)naphthalen-1-yl]-3,4,5-
trisbenzyloxy-6-benzyloxymethyltetrahydropyran-2-o0l (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



2-yl met hyl ) napht hal en-1-yl ] - 6- hydr oxynet hyl t etrahydro- pyran-3,4,5-triol In
a nitrogen stream dinethylsulfide (3.5 nm) and boron trifluoride-diethyl
et her conplex (1.75 m, 13.8 mmol) were added dropwi se to an sol ution of
(2S, 3R 4R, 5S, 6R)-2-[3- (benzo[b]thiophen-2- yInethyl)naphthalen-l-yl]-3,4,5-
tri sbenzyl oxy- 6- benzyloxynethyltetrahydropyran (1.1 g, 1.38 nmmol) in
anhydrous nethyl ene chloride (30 M) at48C-and the reaction mixture was

and the S8/ ”%E%Hpe FhiaEoatanht (e P TP indlbiokdtn b ndEcalPREe "Tre ©

Sﬁgaglfehﬁﬁﬁ ) ?2§Slﬁ%828§F§§$§Eﬁ% SPLEDE,UOnEBLAR, £F 100 B2 8}325?”d
by il cal éi?l*?|22hr§€ﬂﬁﬁﬁ (85 30hg [ . ndr cRaTinPoRrde 2 Ra hanol -

(coach) &5 FoeEH o 5t OF ?9‘“’" PIERO B by A o2 b HE

é 22 (ZEgdféﬂ 4298 ﬁ%g 6§ ?1ﬁ hE)J Izlﬁz?%tk gb SZH2067 391625 Hﬂlh

J=8.1 Hz) 4 b ﬁE&b %4H45Q&LN%“@b Eﬁanﬁ|eJ27 2 Hz), 6.96 (2H t, J=7.8,
(2S, 3R 4R, 5S, 6R) - [ uor obenzo| b]thlophen- Syl -

met hyl ) naphbhal¢n- 1 ¥B] {@uhudr oxyget hyh, t @t rabydsogynany3z4-%-3br(ehu(1)
Synt hesis of 1- 2,2-Di nethoxyethylsulfanyl) 4- fluorobenzene
m), 7.37-7.50 (2H, m), 7.60 (2H, s), 7.68 (1H, 4, J=7.8 Hz),
7.74 (1H, s), 7.82 (1H, 4, J=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-yl]-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%).



In a nitrogen stream 4-fluorobenzenethiol (2.5 mM, 23.4 mmvol) and
2-brono-1, 1-di net hoxyethane (3.0 m, 25.7 mmol) were added to a sodi um

met hoxi de nmet hanol solution (0.5 M 74.9 m, 37.4 mml) under cooling with
ice and the reaction mxture was stirred at the sane tenperature for 10

m nutes, and then heated and refluxed fqr five hours. The reaction mxture
was concentrated under reduced pressuré,” and added with cold water. The

m xture ract echgn t The qrgankceha e ht
saturateg?g%g?ln1chlogrg%hggﬁg%gg)sgfu?fgg,béa Y?ﬁéﬁQZfigggajsﬁ%%o ?ﬁm
sulfate. pjtes dpl fuatian, gthe selhvent sowesudi g4i 1 hedoundg;, aedyceds
pressure, and the obtained residue was purified by silica gel colum
chromat oggaphy7[ devehnpi 8y, gobutronseibul aget atesa-7n4bexans fd:, 20).f4ato
obtain the title conmpound (4.52 g, 89% . [0133] 1H NWMR (CDC13) 8: 3.05 (2H,
d, J=5.4 #izy4 8485 @6t 7.8), (4H494(1b=8t 4 HZY,48H2Y, (6H54(2H=8t1 #=29. 0 Hz),
7.31 (2H, dd, J=8.7, 5.1 Hz) - 45 (2) Synthesis of

5- Fl uor obesz 0EBIt hi opdeneMiMalEr a ni trogen at nosphere, pol yphosphoric acid
(10 g) was added to anhydrous chl orobenzene (150 m ). Under refl uxing,

1- (2, 2-di Braipigerhyl sul fanyl ) - 4-f| uorobenzene (4.0 g, 18.5 mmol) was added
to the resulting solution over 1.5 hours, and the obtained solution was
heat ed t o(R8f 3Ru%R,b68¢6Ri)gRt [ 3F{5-Fdaorbbengpiblithinpbensdlgd-t o room
tenperature, and then an organic |ayer was separated. To the pol yphosphoric
aci d | ayemethyladdptithaien-angldx6rhydsdxwinethyietbyrehydrhpyriage3 Al l5-
organic | ayers thus obtained were washed with water and a saturated sodi um
chlori de Ag§dedus

) (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 (CDCl;) &: 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)



solution and dried with sodiumsulfate. After filtration, the solvent was
distilled under reduced pressure, and the obtained residue was purified by
silica gel colum chromat ography [devel oping solution=ethyl acetate :

n- hexane (1:50)] to obtain the title conpound (420 nmg, 15% . [0134] 1H NWR
(CbC13) S 7.10 (1H, dt, J=8.7, 2.4 F@)457;27 (1H, dd, J=12.6, 7.2 Hz),
7.45-7.54 (2H, m, 7.77 (1H, dd, J=8.7,74.8 Hz). (3) Synthesis of

4- Br omonappj hayeftes £1 § 26 Pas e eob eSSl b Pri dpiwaied at nosphere, an oxal vyl
chloride nethylene chloride solution (2.0 M 4.88 m) was diluted with

met hyl ene chl orgige£ 49 M irogé dimdipndrsipenypieodphdrie aci®. 7Lom®) ) was

added dropwi se thereto at -78C. To this solution, a solution of

(4- br onongpit dddedet @- yhhyaeshignchlotdbdbzgne 4 BS0 D) ) andynt hesi zed
according to a docunent [J. Med. Chem, 37, 2485(1993)] in nethyl ene
chl ori de ¥dfluwkinypsl - 62drdd demthvspe tivel sdDf amyll) €4~ £ b sSobemzénen m Xt ure

was 46 stirred at -78C for 15 mnutes and -45C for one hour, and then
triethylad ne ¢4. 0805, mBO1L B wasl addad toldele droegpul sing tdeletomnovetirred at
OC for 30 mnutes. To the reaction solution, a saturated amoni um chl ori de
aqueous sblathoumrsnsanddtiee abtaihedrsclhitiony vas beabtedato exefeted with
nmet hyl ene chloride. The organic | ayer was washed with water and a
sat ur at edovehighthl ofhederegatbor mbkturernwasncoeléddtoi rdomsodi um sul f at e.
After filtration, the solvent was distilled under reduced pressure, and the
obt ai ned tempelnatvae ., pandfthen &y ergamic gbayenl wan sepanatedr aphy the
[ devel opi ng sol uti on=ethyl acetate : n-hexane (1:20)& to obtain the title
conpound P@byphosphoric acid layer was added water and 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. 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 (CDCl13) &: 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 (1lH, 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



ng, 78% . [0135] "H NWMR (CDC13) 8: 7.66 (1H, t, J=7.7 Hz), 7.78 (1H, t,
J=8.0 Hz), 8.21 (1H, d, J=8.0 Hz), 8.27-8.33 (3H, m, 10.11 (1H s) (4)
Synt hesi s of (4-Bronmonapht hal en-2-yl)-(5-fl uorobenzo-

[ b] t hi ophen-2-yl)methanol In a nitrogen stream an n-butyllithium hexane
solution (1.6 M 1.68 m, 2.68 mmovl) @aisaned dropwi se to a solution of
5-fl uor obenzo[ b] t hi ophene (410 ng, 2.68 mol) in THE (10 m ) and the

reaction s pilena¥esy gl Ifd B riiifi i and RPLALEWLE oh@ nbirTi Riges. To
this solution, a solution of 4-brononaphthal ene-2-carbal dehyde (600 ng,

2.55 mmol thén ttkethiplamhinaacs addel, dzopyi mmod) wd8Caddead abbpwhed mi xture
was stirred at the sanme tenperature for two hours, and then a saturated

amoni um ¢hépétdeangueeisraed! ati oft s axylagirmitkd he Tdr itidrceadsiaxt ract ed
with ether. The organic |ayer was washed with a saturated sodi um chloride

aqueous ssbltitbonand ddtudated émmoyilumushhaghdsi agusotsase)lutand wasn t he
solvent was distilled under reduced pressure. The obtai ned residue was
purified bfdedl and teé resubhbingrsotvbfjonphys| ertedopedgwithl metbhyptenfyl
acetate : n-hexane (1:10)] to obtain the title conpound (680 ng, 699%.
[0136] ' HehMR{i@BC13The: opgasi¢iHayer vas. washed €ikD vater dpdja3. 6 Hz),
7.04 (1H, dt, J=9.0, 2.4 Hz), 7.11 (1H, s), 7.33 (1H dd, J=9.3, 2.7 Hz),
7.48-7. 63sgbprakpd godfupiechlgridg=aqueousgseiptigngrandodrief] withg. 21 (1H,
d, J=8.4 Hz) (5) nt hesi s _of 2-(4-Brononaphthal en-2-yl nethyl)-5-
f | uor obensefbpmhFBpFeke. After filtration, the solvent was distilled
under reduced pressure, and the obtained residue was purified
3 by silica gel column chromatography [developing solution=ethyl
acetate : n-hexane (1:20)] to obtain the title compound (890
mg, 78%).
[0135] 'H-NMR (CDCl;) &: 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]thiophen-2-yl)methanol
In a nitrogen stream, an n-butyllithium hexane solution
(1.6 M, 1.68 ml, 2.68 mmol) was added dropwise to a solution
of 5-fluorobenzo[b]thiophene (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 aqueous solution was added and the

mixture was extracted with ether. The organic layer was

washed with a saturated sodium chloride aqueous solution and



In a.nitrogen stream triethylsilane (0.18 m, 2.11 mvol) and a boron
trifluoride-diethyl ether conmplex (0.25 m, 1.94 nmol) were added to a

sol uti on

of (4-bronp- napht hal en- 2-

yl)-(5-fl uorobenzo[ b] -thi ophen-2-yl)nmethanol (260 ng, 0.65 mol) in
met hyl ene chloride (10 m) at OC and thggnixture was stirred a room

tenperature for two hours. A saturated

di'um hydrogen carbonate aqueo

sol ution &@iead¢sﬂh§aéohaem§gﬁag&ﬁm E@ifﬁ%é?achﬁé vhER %ﬁ%hﬁbﬁﬂénﬁhhﬁﬁ

The organic layer was

a saturated sodium chl ori de aqueous

us
de.

sol ution aRdtidnikeaduhaBhydeaueeargressuiesul fREehbrantetineBstiBaesS@RXENt Was
distilled under reduced pressure. The obtained residue was purified by

silica gepugelrien bbr@ﬁn&@argamycbdamal@araﬂatagkaghynfabbbho@aﬁgate ;

n- hexane

1:100)] to obtain the title conpound (520 ng, 80% . [0137]

" H NWVR

(CDC13) 8so4udon2Bthy)l, aée@dte2k, ndhexdn8. 01:18)4 o) obtalh- Th82t(the M,
8.20 (1H, d, J=9.0 Hz) (6) Synthesis of (3R 4S,5S,6R)-3,4,5-Trisbenzyl oxy-6
48 - benzgbmpyurdhylesd- [nd- ( $9&l)uor obenzo[ b] t hi ophen- 2-

yl met hyl ) napht hal en- 1-yl Jtetrahydropyran-2-ol In a nitrogen stream an
n-butyl |i fbagehexane's-aiMrt i @DCY;). 6:M2.05971HI,, 4]. 353n90HE )was .2dd¢dH,

dr opw se

to a solution of

2- (4- br omdnagkBhéal 8z-)2- Y. 0Ode AHl,) 45~ f UelrObeBzd[ HgHhi Gphénd€ 1H( 520 ,nq.- 33. 41
THE (15 ml) at -78C and the reaction mxture was stirred at the
same tenpdéddtudd.f d=918.n2ndt H2) . TA -4Bi-g . 68| (RHonm)a Jol68t i(dH .04,
3,4,5-trisbenzyl oxy-6- benzyl oxymet hyl -tetrahydropyran-2-one (835 ng, 1.55
mmol ) in ITRET(34ni8) Bads ddd@d7dPdphidHem) Th8.Rilx{dHe flas IsBi-drH&)at - 78C
for one h?%s and a saturated amoni um chl ori de aqgueous

mml) in

)

Synthesis of 2-(4-Bromonaphthalen-2-ylmethyl)-5-
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 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 (1:100)] to obtain the title
compound (520 mg, 80%).
[0137] 'H-NMR (CDC1;) &: 4.32 (2H, s), 7.02 (2H, 4dt, 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-



sol ution was added thereto to stop the reaction. The reaction mxture was
extracted with ether, and 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 reduced pressure. The obtai ned
residue was purified by silica gel col um chromatography [devel oping

sol ution=ethyl acetate : n-hexane (1:20)] to obtain the title conpound (770

g, 66% . [0138hzylodiyetGHELI)- [8-(3-48uokidbetizol Bl dghlen-2-52 (1H,  s),
3.75 (1H, d, J=102 Hz), 4.00 (1H, d, J=10.5 Hz), 4.05 (1H, d, J=10.5 Hz),

4.10-4. 28 (4Hylmeth4134aphthalken-4-41 1t rathydrdplzad -9zl 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=@n9aHhlitrogedd strédm(4dn m)}buty224ith3am heHane) solwtionlH, t,
J=7.5 Hz), 7.57 (1H, dd, J=8.7, 4.8 Hz), 7.75 (1H, s), 7.80 (1H, d, J=8.1
Hz), 7.87 (01, Ms) 0.9 7641, 1H,. 56, mimd.)7 wids) addedSdropedise dfo a solution

(3R 4R, 5S,6R) -3, 4, 5-Tri sbenzyl oxy-6 49 -

benzyl oxy et Ryl(42Hronchaphtivadlear2efyil]-meitiytldr-52£1luorobenzo[b] thiophene

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

tri et hyl si(ls5a20emgQ. 19 41 mmbl)1 inmMHF) (Ar5d md )b@tor 78 Cf Andr tHe- deathybnet her
conplex (0.124 m, 1.11 mol) were added to a sol ution of

(3R 4R 5SMEREtuTeq was tstiiginedz @tosthes -siemez Hegpemeattiarie. Zor3-105 mfiinydesbenzo-

[ b] t hi ophen-2-yl met hyl ) - napht hal en-1-yl | tetrahydropyran-2-ol (770 ng, 0.93
mol ) in fet WienSsdmtdange & o lvtisn o 3THe 5-tadebiens Wiowyinbe was stirred
at roomtenperature for two hours, and then a saturated sodi um hydrogen

car bonat e PERF¥I@X YRS Y It et hydaepyrane o908 S Snima.urle Shadmed)r dat ed
mn%h 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 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 (1:20)] to obtain the title
compound (770 mg, 66%).

[0138] !H-NMR (CDCl1l;) &: 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 (1H, 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 (1H, s), 8.64 (1H, 4, J=8.7 Hz)

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



nmet hyl ene chl oride, and the organic |ayer was washed with a saturated

sodi um chl ori de aqueous solution and then dried wwth sodiumsulfate. The
solvent was distilled under reduced pressure, and the obtained residue was
purified by silica gel colum chromatography [devel opi ng sol uti on=et hyl
acetate : n- hexane (1:20)] to obtain tq? title conpound (550 ng, 73%.
[0139] 1H NMR (CDC13) S: 3.43 (1H, d, J=10.2 Hz), 3.79- 3.93 (6H m, 4.10

(1H, d, J=10. 5eh§%loﬁyﬁ5tﬁ?tL2313 455£1ﬁ6fbbeﬁzoﬂElQthbﬁkn -62 (1H d,
J=12.3 Hz), 4.69 (1H d, J=10 , 4.89-4.92 (4H, m), 6.50 (2H, d, J=7.2

Hz), 6.94-7.0¢14&thyl MapHtBdién59- 92@tbtﬂ&hy3r3ﬁYféﬁi s), 7.83 (1H, d,

J=8.1 Hz), 8.38 (1H, d, J=8.4 Hz) (8) Synthesis of

(2S, 3R, 4R, 5S, 6RIn 2a [ Bi tPogdénos bbeamp[ briethylsilane (0.19 ml, 1.21

t hi ophen- 2-yl net hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl -

t et r ahydrmpygl naBd4aSevdronl tthfidnoaidet dbgehyat ebsehecomplere(bylduhnl| de
(1.72 M) and a boron trifluoride-diethyl ether conplex (0.86 m, 6.8 50
mrol ) wer &. atideniol d wesel aflded bbd A3RPLBRLHGN66% - B3R, BR,55,6R)-3,4,5-
trisbenzyl oxy- 6- benzyl oxymnet hyl - 2-[ 3- (5-f | uor obenzol b] -

t hi ophen- ryshenhyldxyipht hahenloxynethytaRybs opyrfhu¢E6benge- 0.68 Mol ) in
nmet hyl ene chloride (15 m)under cooling with ice. The reaction m xrure was
stirred atbiltbirpbepe?ayimethyl)2napithslenhnyh] tatuphyddopparan?hgdir ogen
car bonat e agqueous sol ution was added under cooling with ice and the m xture
was extré&g7edmgit . A8t mpbdheiohmethyéenghehboyidec(layml )ats0°GasHBe with a
saturated sodi um chl ori de aqueous solution and then dried with sodlum

sul fate, BRBCthEReBLKERTEh¥WASoISHdFTrefadt doom teapenddaire dnic deVp i e.

The obt ai ned resi due was .
) 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 (CDC1l;) &: 3.43 (1H, 4, 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 (1H, 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, d, J=8.1 Hz),

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

(8) Synthesis of (2S,3R,4R,5S,6R)-2-[3~-(5-Fluorobenzo[b]-
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



purified by silica gel colum chromatography [devel oping sol ution=nethyl ene
chloride : nethanol (40:1)] to obtain the title conpound (140 ng, 469%.
[0140] 1H- NWR (CD3OD) S: 3.51-3.80 (5H, m, 3.90 (1H, d, J=6.0 Hz), 4.39
(2H, s), 4.90 (1H, d, J=9.6 Hz),; 7.01 (1H, dt, J=8.7, 2.1 Hz), 7.09 (1H,
s), 7.37 (1H dt, J=8.7, 2.1 Hz), 7.4454.49 (2H s), 7.63-7.73 (3H m,
7.80 (1H, d, J=6.0 Hz), 8.28 (1H, d, J=8.7 Hz) Ms (ESI'): 477 [ MtNa]'

Exanpl e 3nidd) 3AR SR t@-d BdReiwsd s W nphew; 2s yérpidyd )s4-
met hoxynapht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydr opyran-3,4,5- triol (1)

Synt hesi st ®f sz EP®-be®Ey hengtieihf head ee- (et usrsbéi HYEH] at nospher e,

bromne (9.88 m, 192.8 nmmol) was added to a sol ution of

1- met hoxytraqdy e €pey (riidt By D) nafift Ha Tew! ) - y 1] teet toh pdieostax | 085¢ 49, M ) at

roomtenperature 51 over 10 minutes. The reaction m xture was stirred at
room tenpes@immel j ointmethplese thetoradsa{ LbamdduNd2s?cCoodqunegowd thsdlagl.i on
was added and the m xture was extracted with nethylene chloride. The
or gani ¢ | Byerrewst ivsetkmirde was sst reed dats athemn témperateuse uborns sol ution
and dried (anhydrous magnesium sul fate), and then the solvent was
di still ed?2 unddays edtieen] dresturated sidiim hydregen ecavhpmare ag@eous g,
989 . [0141] 1H NMR (CDC13) 6: 4.00 (3H, s), 7.59-7.65 (2H, m, 7.91 (1H
s), 8.12-sehotiom wag FddeSywndensicooiing Bibib-1ceramndxiine phi ktee cvas
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 (40:1)] to obtain the
title compound (140 mg, 46%).
[0140] 'H-NMR (CD,OD) &: 3.51-3.80 (5H, m), 3.90 (1H, d,
J=6.0 Hz), 4.39 (2H, s), 4.90 (1H, 4, J=9.6 Hz), 7.01 (1H, 4t,
J=8.7, 2.1 Hz), 7.09 (1H, s), 7.37 (1H, 4dt, 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

(2S,3R,4R,58,6R)-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 l1-methoxynaphthalene (15.3 g,

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



car bal dehyde In a nitrogen stream an n-butyllithium hexane solution (1.6
M 56.9 m, 91.1 mmol) was added dropwi se to a solution of

2, 4- di brono- | - net hoxy- napht hal ene (30.3 g, 95.9 mvl) in THE (1,800 nl) at
-78C and the reaction mxture was stirred at the sane tenperature for 30
mnutes. To this mxture, N N dinethylgﬁrnanide (8.9 mM, 115.1 mol ) was
added at -78C. The mixture was stirred the sane tenperature for three

hours, an@vEBeﬁoamiﬁh%EﬁtedT%%”Q%b%Eh%B'ﬁ&k@ﬁr@quﬁgu§t§9k%h'ﬁﬁ rém added
thereto and the m xture was extracted with ether. The organic |ayer was

washed W tBmpegaltuirat €drSethiolMouts0r ithen addaeusateduiiags,dindqgticlots
(anhydrous magnesium sul fate), and then the solvent was distilled under

reduced pee3attion WAe added Aed rEY duxtves ek bkedabted wi¢d gel colum
chr omat ogr aphy [devel opi ng sol uti on=ethyl acetate : n-hexane (1:8)] to

obt ai n t hmethilleneodpaoviddel. 8The oto¥hic] A0h4elr ¥WHsNWRshedCkI)thSa 4. 15 (3H,
s), 7.64-7.79 (2H, m, 52 8.16 (1H s), 8.26-8.29 (2H, m, 10.52 (1H, s)
(3) Synt heaitarafteBesosdilmt lthdphdde? ayuepbsbsotntionetahdx driedpht hal en- 2-yl)
met hanol In a nitrogen stream an n-butyllithium hexane solution (1.6 M
6.2 nm, 9.(afhydwbolswasgasddhnd sulfiate )t,0aadsdtheni aheokollvemtomaisophene (1. 33
g, 9.90 mol) in THE (20 m) at -78C and the reaction m xture was stirred
at the saddstdipjedannderf amedut@dripretsssireTdot bbsannxthee tidkleolcomponndf
4- bronmo-| net hoxynapht hal ene- 2- car bal dehyde (2.5 g, 9.43 nmol) in THE (30
m) was ad@@d4dgopWBsd .at - 78C. The reaction mixture was stirred at the
sane tenperature for tmo hours, and then a

[0141] 'H-NMR (CDC13) d: 4.00 (3H, 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-1-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,N-

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 agqueous 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 (CDC1;) &: 4.15 (3H, s), 7.64-7.79 (2H, m),



saturated ammoni um chl ori de aqueous sol ution was added thereto and the

m xture was extracted with ether. The organic |layer was washed with a
saturated sodi um chl ori de aqueous solution and dried (anhydrous nagnesi um
sulfate), and then the solvent was distilled under reduced pressure. The
obt ai ned residue was purified by silica_gel colum chronatography

[ devel opi ng sol ution=ethyl acetate : n>Hexane (1:4)] to obtain the title
conmpound §3342(9y 8§?@.8[ 84381 24 H BYR )eb: 08.¢1H, d, J=4.8 Hz),
3.91 (3H, s),(g.58 1H, g J—4.T(sz,‘(‘§.'14i§(ig,”s?'§l: §.§28-7.35 (2H 1),
7.57-17. 69(§?Fk;ym;heZiZ7oE- §énﬁélr'b1%ioéh@ﬁ-(zl{;h-%Lb?oﬁezﬁhaéth&:’:?‘»_ m (4)
Synt hesi s of 2-(4-Brono-I|-nmethoxynaphthal en-2-yl - nethyl)benzo[ b]Thi ophene
In a nitrogenng%ﬁgﬁglehtheymyhgthaﬁgl(2.48 m, 15.5 nmol) and a boron
trifluoride-diethyl ether conplex (1.08 m, 8.54 nmol) were added dropwi se
to a solution ofn53 nibeogehbitheanhesan 2nybut¢ibi OADuh - hekaREYysaphtighen- 2-
yl)methanol (3.1 g, 7.76 mmol) in nmethylene chloride (60 mM) at OC and the
reacti on pixsuvMe @ag Mli,reedoammbdPnwateapaedt arephoset w6 40863ut@sH bhen a
50% met hanol aqueous solution (1 m) was added and furthernore water (30
n) was pdfgdthhepréfe (Ne3Begyl bi.ng MnYLYr enWegFexboagmi¢dawi thgedreidy! ene
chloride, and the organic | ayer was washed with a saturated sodi um chl ori de
aqueous sbthat reacahdndmigtduréawhygdsbisredgaesthen saméatenpeaatdurbefiorhe
solvent was distilled under reduced pressure. The obtai ned residue was
purified b9 mihiitesgel Tookhirs whrbumeogaapbyutienebbptAgromo-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 agqueous solution was added thereto
and the mixture was extracted with ether. 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 (1:4)] to obtain the title
compound (3.12 g, 83%).
[0143] 'H-NMR (CDC1l;) &: 3.08 (1H, d, 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-l-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



sol uti on=et hyl acetate : n-hexane (1:50)] to obtain the title conpound

(2.38 g, 80%. [0144] "H NWR (CDC13) S: 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)

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

yl met hyl ) - 4- met hoxynapht hal en- 1-yl ]-3,_4g5-Lris-

benzyl oxy- 6- benzyl oxynet hyl t et rahydropyran-2-ol In a nitrogen stream an

n- but yl | i bémzi] bekhabeplsehd? + ph- (4 ibHoi - 1-08thbxydaghthabeh-2as added

dropwi se to a solution of 2-(4-brono-I-mnmethoxynaphthal en-2-yl met hyl) -

benzo[ b] t¥l ppéthané¢B103 ndy, gl. 3976mmndl) nifiHRetByhéheathldstde ThHe maacti on

m xture was stirred at the sane tenperature for five mnutes, and to this

sol ution,at 6 Widnthd Paktion mixture was stirred at room

tri sbenzyl oxy- 6-benzyl oxnet hyl t et rahydr o- pyran-2-one (940 nmg, 1.75 mmol) in

THE (3 nljemperatidee fepphwechewndst handetheni ag50#i rethanpdsagueened at - 78C

for two hours. A saturated - 54 ammoni um chl ori de agueous sol uti on was

added t hepelatiens{dpml) hwasecaddednandthusbharneser wateroh3fi Rldrwagas

extracted wth ether, and the organic |ayer was washed with a saturated

sodi um chaddedethetebos sﬁhﬁtFéﬁugﬁanerméHtPEﬁhVéFoG§trﬁﬁ§ﬁ€sWEﬁh5uIfate)

and then the solvent was distilled under reduced pressure, The obtai ned

resi due wagthyiteRreeghhgride; cardgkhecordaRicntanatoyrapigspadvEishi ag

sol uti on=et hyl acetate n- hexane él &g to obtaln t he t|tIe conpound (859

mg, 649) . safpqated: FQRIW(@:BE% d 8ug 8alydpen ﬁ? 8ré6d7. 67 (27H, M,
d, . J=7

87 (1H, g%hygrous magne51um sulgg%é)s and(%ggn the solveg%)was

) distilled 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 (CDCl;) &: 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]thiophen-2-
ylmethyl)-4-methoxynaphthalen-1-yl1]j-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[b]Jthiophene (610 mg, 1.59 mmol) 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



(6) 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 etrahydropyran In a nitrogen stream
triethylsilane (0.33 m, 2.04 nmol) and a boron trifluoride-diethyl ether
conplex (0.14 m, 1.12 nmmol) were added dropwi se to a sol ution of

(3R, 4R, 5S, 6R) - 2-[3-(benzo[b]thiophenfzgﬁ net hyl ) - 4- met hoxynapht hal en- 1-yl ] -
3,4,5-tri X c y et : Lah o] - 8 1.02
ol ) i n CaPRAf e énppEIAgy aGlkolE) B LGOS RUAGR. EneLerbl?d BRoes: T e
at room t egRerahbk€ohQ’ @HE BBHAinedNdehBeRoWaheXt(28 Whi addedctBareto. The
obtained m xture was extracted with nethylene chloride, and the organic

|l ayer wagivRSBetev,tBna $AbUb2LEH1800hyBYCHASr WHShEAURPYR 8O0LHELUPAteand
dried with sodium sul fate. The solvent was distilled under reduced pressure
and the obbaltmdcheésiriide WaGepusi Ebedtiby ahbi agieel (efhytaroalr omat ogr aphy

[ devel opi ng sol uti on=ethyl acetate : n-hexane (1:10)] to obtain the title
compound fadghebdum BYLfELY)., hAd4ChehHthWRsOoTHERB)whs dib2i4188 (RGQEr M,
6.51 (2H, d, J=7.5 Hz), 6.93-7.67 (26H, m, 8.18 (1H, d, J=8.7 Hz), 8.39
(1H, d, Jr8ddckld) préssByertheThe obta2BedRréRiBbe6Ras2piBifBedzblybktihiophen-
2-yl met hyl ) - 4- met hoxynapht hal en- 1-yl ] - 6- hydr oxynet hyl -

t et r ahydr gp}r ani8md, Bhiromaltogmdphya [ detredgphngt sodphtop=ethydt hgksalei de
(1.6 M) and a boron trifluoride-diethyl ether conplex (0.79 m, 6.23

mol ) wer 8-hddedet 61a63dl tivi obhtefin( BRe4Ri5Ie6RpmpoBd (859 mg, 64%).

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

[0145] 'H-NMR (CDCl;) 6: 3.45-4.98 (20H, m), 6.66-7.67
) (274, m), 7.87 (1H, s), 8.16 (1H, 4, J=7.5 Hz), 8.63 (1lH, A4,
J=8.7 Hz)

(6) Synthesis of (3R,4R,5S,6R)-2-[3-(Benzo[b]thiophen-2-
ylmethyl)-4-methoxynaphthalen-1-yl]-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]lthiophen-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 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 (1:10)] to obtain the title compound (517



tri sbenzyl oxy- 6-benzyl oxynet hyl t et rahydropyran (515 ng, 0.62 nmol) in

net hyl ene chloride (10 m ) under cooling with ice. The reaction m xture was
stirred at roomtenperature for three days, then water (10 nl) was added
under cooling with ice and the mxture was extracted wi th nethylene
chloride. The organic |ayer was mashed ith a saturated sodium chloride
aqueous solution and then dried with soalunlsulfate and thereafter the
solvent wag, d¢st) !l ed under reduced pressure. The obtained residue was
purified by silica gel colum chronmatography [devel opi ng sol ution=

net hyl enefgidori de rptigrol(oped, i) b: t 9. 9bt i ggt rtutlhf: cenppun@ln(&a ng,
28%) . [0147] 1H NVR (CD3OD) 6: 3749-3. 90 (7H, . 3.94 (3H, n); 4.48 (2H
d, J=6.0 ¥j).5 HA)L, (dh3s).67. 226H, 70) ( 781, 181 (118, 1é; 8:&97(Hkﬂ,n3 38. 33-8. 36
(1H, m M (ESI-): 465 [M1]- Exanple 4

(2R, 3S, 4R BR, 65) - 2=8tydrBxynet hyl - 6- [ 3- (5- met hoxybenzo - 56 -

[ b] t hi ophen-2-yl net hyl ) napht hal en-1-yl]tetrahydropyran-3,4,5- triol (1)
Synt hesi s(Df Syrihé&sik nef ho2§e3Ry4RUSS b)) J 2 4F 3re( Benzye [ bitziophéhnder a
nitrogen atnosphere, 4-nethoxybenzenethiol (3.07 m, 25.0 mol) and

2- brono- 1, 1- d2 meiheklyel hatemé Bhosynaphtiraben nhoy) 1 wer by ddoeyvime thylsodi um
nmet hoxi de net hanol solution (0.5 M 80.0 ml, 40.0 nmol) under cooling with
i ce. The reacté¢bmahydirepyramas.4tbrtetioht the sane tenperature for 10

m nutes, and then heated to ref lux for five hours. The reaction mxture
was concentrat ddndemed RiEERRERN prtmesprersd Ebnethnteplfide (1.6 ml)

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]thiophen-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-




was added. The resulting m xture was extracted with ether, and the organic
| ayer was washed with a saturated sodium chloride aqueous solution and then
dried with sodiumsulfate. After filtration, the solvent was distilled
under reduced pressure, and the obtained residue was purified by silica gel
col um chr omat ogr aphy [ devel opi ng sol uti on=ethyl acetate : n- hexane (1:20)]
to obtain the title conmpound (5. 30 g,'géﬂbf' [0148] 1H-NWMR (CDC13) S: 3.00

- H

(2H, d, J35. =5 Z)

6. 85 (2H,T }Q =5 P i —, —J=0- yxan §,§,§E
5-thhoxyggggg[b]thiophene Under a nitrogen atnosphere, pol yphosphoric acid
(10 9) ded to anhydrous chl orobenzene (150 m). To the resulting

m xture, %1625§n@ha§&9%¥e&bxh§9Lbafﬁ)élthaﬁyeﬂgweﬂ@sﬂﬁne4L§l_ezhgxy22- 7 mmol)
was added undei refluxing over 1.5 hours and the reaCtion m xturé was
heated to ref pkH%enavernight. The reaction was cooled to roomtenperature,
and - 57 then the organic |ayer was separated. To the pol yphosphoric acid
layer, water wagnadéed andrbBenoBtmbBpHesel ULLRABtHBRybEXZEABERLOWM (8. 07

met hyl ene chloride. Al organic layers thus obtained were washed with water
and a sat mngt ed.9oaimel) ahboRi-BeomaLequsdifktihosyedhdndr i(8d 26 Wh ,sadi.Bm
sulfate. After filtration, the solvent was distilled under reduced
pressure, mand )t kerebtadead tbeai doa@ivas mptihbkiad e thiahotasgthtioal Yoms

chr omat ogr aphy [devel opi ng sol uti on=ethyl acetate : n- hexane (1:40)] to
obtain th#,t80l.6 mdnpdond fuhol )gundet) coofl@hgOwi'th MR .( CDE:3)rea@ctionl (3H,
s), 7.00 (1H, dd, J=8.8, 2.4 Hz), 7.26 (2H, m, 7.44 (1H, d, J=5.5 Hz),
7.73 (1H, mdxture 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, d, 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]thiophene

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



J=8.8 Hz) (3) Synthesis of (4-Brononaphthal en-2-yl)-(5-nethoxybenzo-

[ b] t hi ophen-2-yl)nmethanol In a nitrogen stream an n-butyl!lithium hexane
solution (1.6 M 1.48 nl, 2.36 nmol) was added dropwi se to a solution of
5- met hoxybenzo[ b] t hi ophene (388 ng, 2.36 mmol) in THE (6 nl) at -78C and
the reaction solution was stirred at the sanme tenperature for 10 m nutes.
To this solution, a solution of 4- broﬁ%naphthalene 2- car bal dehyde (530 nm,

2. 25 nmol n E T 8%?H S
stirred télltelnt ﬁgésa%%tnemrcr)pelr ture %gr %E t%?rs % &%%h?&g[ sat ur at e\é&a
anmoni UMgehl50n iy %%zaQ%%% %:%'sUfa'darédaQ%d t?a'&d o‘b"c%i'i'ﬂé&t WA WaSn Sdg acted with

ethyl acetate. The organic |ayer was washed wth a saturated sodi um

chlori de c3q4ae4eds Mith @R thd eid th1orafaydr aus dMajddAtidlas and then
the solvent was distilled under reduced pressure. he obtalned resi due was

purifi ed Jptadinlelac wed@l wahem wathoRRItRE ARRAY af dRMRIriidd) suiiwp! uti on=et hyl
acetate n-hexane (1:10)] to obtain the title conmpound (725 ng, 77% . [0150]

1H NVR (GRChelide aduedulsliHolwt ibid dhdHaried $d th3doditm swiddtelH, d, J=3.8
Hz), 6.95 (1H, dd, J=8.8, 2.5 Hz), 7.10 (1H, s), 7.15 (1H, d, J=2.5 Hz),

7.52-7. 6t fOLtratidn/. Ghe (SHHvent was9dictHl1ld dhddtr (Hdudkd J=8.1 Hz)
(4) Synthesis of 2-(4-Brononaphthal en-2-ylnethyl)-5- fluorobenzo[b]thiophene

In a nitpagesuxter,cand (thebobtaimed halsdidu? wals Purified by silica gel

met hoxybenzol[ b] t hi ophen- 2-yl ) net hanol (260 ng, 0.65 mvol) was added

dr opw se doduam shirvmadogxfaphy rfelewelopiylg isodiutd onz-e4thyl acetate : n-
hexane (1:40)] to obtain the title compound (1.1 g, 30%).

3 [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, 4,
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[b]thiophene (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
extracﬁed 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



m, 3.26 nmmol) in acetonitrile (10 mM) at OC over two hours, and the
reaction mxture was stirred at the sane tenperature for one hour. A
saturated sodi um hydrogen carbonate aqueous solution was added and the
resulting mxture was extracted wth ethyl acetate. The organic |ayer was
washed with a sodiumthiosulfate aqueo solution and a saturated sodi um
chl ori de aqueous solution and dried (anhydrous magnesi um sulfate), and then

t he soIvegBlWQ§OQL§Q FleqC@QQQ@ reﬂUﬁ@Qaner?gnggl {Qeo%Q%ﬁhn%ﬁer%ikqge was

purified by silica ge col umtm chr omat ogr aph evel opi ng sol ut 1 on=et hyl

acetate pohe¥ang thgOHb tQ7@?taln the title conpound (130 ng, 52%.
[0151] 1H NMR (CDC13) b: 3.84 (3H, s), 4.32 (2H, s), 6.91 (2H dd, J=8.8,

2.5 Hz), 980?“" S) *u /Mt éﬁtlﬂ 84=3..82HthH, & 53=4-.81ue3H 3me3 (3A0-7.79
(3H m, 8.19 (1H, d, J=8.2 ('5) SyntheS|s of

(2R, 3S, 4Rs)R) 6324, 51ﬁr|abe|:r7=)al @xy{zZ 6.95 (1H, d4d, J=8.8, 2.5 Hz), 7.10
benzyloxynethyl-6-[3-(5-nethoxybenzo[b]thiophen-2-

yl met hyl ) taght Bal,err-. 15y I(IHet day d=QpBr H2-)6- al. 52-52 65! {38, nimt)r,0geB3s7r.8@8m an
n-butyllithiumhexane solution (1.6 M 0.31 m, 0.50 mvol) was added
dropwi se {@Ha mQl,ut7i.o3 (AH,2-s()4- Isr.aeorfaht Aal ge821yH=znet hyl ) - 5-

nmet hoxybenzo[ b] t hi ophene (173 ng, 0.45 mmmol) in THE (15 m) at -78C and the
reaction I1f¥j)t Syathesist ofr @d (dt- Bromosaphthbdeperaydmethgid ):6-m nutes and to
this solution, a solution of

3, 4, 5-t ri shenfyuoxpbenizedbjiitidpmbengl - t et r ahydr opyran-2-one (267 ng, 0.50
nmml) in THE (2 mM). The reaction solution was stirred at -78C for one
hour, and a sat dRatedizdmegenustrenmor i(debaquenaphsbhlenod-wad -48ded to stop

the reaction. The obtained reaction solution was extracted with ethyl
acet ate 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 agueous
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 (CDCl;) &: 3.84 (3H, s), 4.32 (2H, s), 6.91
(2H, 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-methoxybenzol[b]lthiophen-2-

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



and the organic | ayer was washed with a saturated sodium chloride agueous
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 ution= ethyl acetate

n- hexane (1:4)] to obtain the title con?ound (279 ng, 73% . [0152] 1H NWR
(CDC13) 6: 3.46-3.50 (2H , 3.74 (1H,°¥,” J=10.6 Hz), 3.82 (3H, s), 4.00

S“ A NET e L %%ﬁ’st%eeénl o BByt ét%sé“?%é’éé? r%eluﬁﬂ 50,
4. && é“ﬁ 5@ 3ﬂ1@@ Qﬂ%o‘ﬁmokfu%é%'ﬁ@ded5d¥§#ﬁU§eCEOQEJééﬁJ#Qon

6 88 6. 98 (4H, . 7.04-"7.09 (2H , 21-7.35 7.42 (1H t,

1=7.2 M Ky | e R S Wy,
7.88 (1H)°fd72§311'(b23ﬂ6|5‘zc§i’as 65%%)23'71 =8, H—:‘? (6) Syn'g hesi s of )

(2R 3S, 4%&@0}&%&&%]&11&@1{% @r73 mg, 0.45 mmol) in THF (15 ml)
benzyl oxynet hyl - 6- [ 3- ( 5- nethoxybenzo[b]thlophen 2 - 60 -

yl met hyl )araphigrel aadlthlal E:%tab%'.%ﬁr ﬁ.mkrtﬁﬁ}el #a8 Bithir2dan at! k®@Msame
trinmethylsilane (0.093 , 0.5 mrol ) and a boron trifluoride-diethyl ether

conpl ex ({enpelratdure &&2 Mmmh)nun&rse atlard tthizs sWLEHiewh Ofa solution of
(2R, 3S,4R, 5R) -3, 4,5- trisbenzyl oxy-2-benzyl oxynet hyl - 6-[ 3- ( 5- net hoxybenzo-

[ b] t hi opreent &\t miedded Zyrilaphit Hea] bean Zly hd Fytnedt trepich tetwraydrapyrdrie4db-ore 0. 29

mmol ) in nethylene chloride (3 m)at OC. The reaction mxture was stirred
at room tEfsemas urte. Sommyile) hiourTHF aid nljen &'heatnesatteichrs cab Lt dord meEgen
carbonat e aqueous solution was added. The resulting m xture was extracted
with netdhdmresd ct or18f€, famd onke houganiand ay satwaateds hehoniitim a

| chloride agqueous 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 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 (279 mg, 73%).
[0152] 'H-NMR (CDC1l3;) &: 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 (1H, 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
(1H, 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,53)-3,4,5-Trisbenzyloxy-2-

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



saturated sodi um chl ori de aqueous solution and dried with sodiumsulfate.
The solvent was distilled under reduced pressure, and the obtained residue
was purified by silica gel colum chronatography [devel opi hg sol uti on=et hyl
acetate : n-hexane (1:6)] to obtain the title compound (271 ng, 80%.
[0153] 1H-NWR (CDC13) 8: 3.42 (1H, d, Jg40.2 Hz), 3.63- 3.99 (9H, m, 4.09
(1H, d, J=9.9 Hz), 4.35 (2H, s), 4.52 (IH, d, J=12.2 Hz), 4.63 (1H, d,
J=12.2 Hz), 4yBRethiill)napHtiiflén- tﬁyl]ﬂeﬁfaﬂy&ﬁoﬁﬁfhnn) 6.50 (2H, d, J=7.3
Hz), 6.88 (1H, dd, J=7.2, 2.4 Hz), 6.95-6.99 (3H, nm), 7.05-7.10 (2H, m,
7.21- 7.30 (15HInm}, n¥tB8Jgen SOtf&4n, MrimetidyldHlane (68083Hn), .58 (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 smoédl | 28ndSa4Ro 56N 66riPliydlidaydbehlyyl 6efBet S5ecomplex (0.041 ml,

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

t et rahydr ©py2ammgl), Berei addedder a solutgen af nbaRhdsec4RdbRRtByHRsHEfi de
(0.66 M) 61 and a boron trifluoride-diethyl ether conmplex (0.33 m, 2.62
mol ) wer Erigbenzydosysatbensyiloxynothps- 4R| 3R{ S3matBoxybenzo-

trisbenzyl oxy- 2- benzyl oxynet hyl - 6- [ 3- ( 5- met hoxybenzo-

[ b] t hi ophé&Rl %hyPPtb?hy?)'YLaﬁhltth@@\Pllﬂ}@-]-?@tlaﬁi&l'ﬁ@byaﬁﬂr?nxvaﬁf,5'9.1262 mol )
i n nmethyl ene chloride g under cooling wth ice. The reaction m xture
was stlrréa4étmgooﬁ}29eﬁﬁél t ih emebhylenpeechbgsidanfi3tmdhat 92€ ur &l sodi um
hydr ogen carbonate agueous sol ution was added under coolin with jce and

the m xt uF&3GaIOBXPIRELE] VFFhSF%Fﬁ?@eﬂE EAPBr FERPErFRUC S §aRi BPPaleR T nas

washed with_a saturated so Q ori de ueous solution and drled with
sodlunlsuP?gtEheana BALRTR % so ium hydrogen carbonate aqueou

) 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 (CDCl,) &§: 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 (1H, 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,6S5)-2-Hydroxymethyl-6-[3-(5-
methoxybenzo[b]thiophen-2-ylmethyl)naphthalen-1-yl]-
tetrahydropyran-3,4,5-triol

Under a nitrogen atmosphere, dimethylsulfide (0.66 ml)



solvent was distilled under reduced pressure and the obtained residue was
purified by silica gel colum chronatography [devel oping sol ution=nethyl ene
chloride : methanol (30:1)] to obtain the title conpound (85 ng, 65%.
[0154] '"H- NWR (CD3CD) S: 3.51-3.63 (3H, m, 3.69-3.80 (5H m, 3.90 (1H, d,
J=11.6 Hz), 4.37 (2H, s), 4.90 (1H, d, é%g 5 Hz), 6.87 (1H, dd, J=8.8, 2.5
Hz), 7.04 (1H, s), 7.19 (1H d, J=2.4 7.43-7.49 (2H, m, 7.57 (1H, d,
J=8.8 Hz) and- §3pbibh tﬁlflﬁofﬁdélhheﬁhy17eiﬁe¥ 88mpikk. b.38. AT, (2He2d,
J=9.3 Hz) M5 (ESI'): 489 [MtNa]' Exanple

(25, 3R, 4Rm§§1§R)ze£e[édﬁédEtbyhbgami;mbhhbﬁphm,sthR,5R) -3,4,5-

nmet hyl ) napht hal en- 1-yl ] - 6- hydr oxynet hyl -t et rahydr opyran-3,4,5- triol (1)
Synt hesi stplisbenZy2ofy iRt beny el byxymakthanyb) f 3- €5 bk thbrpBEngoUnder a

ni trogen atnosphere, 4-ethyl benzenethiol 62 (3.50 mM, 25.4 mmol) and

2- br ono- 18] tdhiephenyethamethglI-nhphtRZ18nAboY) ] veteahgddedpyyean $2di7um

net hoxi de net hanol solution (0.5 M 81.4 m, 40.7 nmmol) under cooling with
ice. The mieaOtR62 mmal)r inwaetbyilenedchlothédesbdeml gnprdaruceoiidngl0

m nutes, and then heated to ref lux for five hours. The reaction m xture
was concewitht édeund@herzedactiiopr mixtinee wad stbrdedaatrroem added. The
resulting mxture was extracted wth ether and the organic | ayer was washed
with a satempesdturedfam threei dayaquesndsthehuai satundtddi eddiiamh sodi um
sulfate. After filtration, the solvent was distilled under reduced
pressure hWdrppenogazbapdtecaguaeugasoputionedapyadieficunger 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 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, 4,
J=2.4 Hz), 7.43-7.49 (2H, m), 7.57 (1H, 4, J=8.8 Hz), 7.63 (1H,
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,5S,6R)-2-[3-(5-Ethylbenzo[b]lthiophen-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



col um chr omat ogr aphy [ devel opi ng sol uti on=ethyl acetate : n-hexane (1:20)]
to obtain the title conmpound (5.31 g, 93%. [0155] 1H NWR (CDC13) S 1.22
(3H, t, J=7.6 Hz), 2.62 (2H, q, J=7.6 Hz), 3.08 (2H, d, J=5.6 Hz), 3.36
(6H, s), 4.51 (1H, t, J=5.6 Hz), 7.12 (2H, d, J=8.3 Hz), 7.32 (2H, d, J=8.3
Hz) (2) Synthesis of 5-Ethyl benzo(b]thigphene Under a nitrogen atnosphere,
pol yphosphoric acid (10 g) was added to "anhydrous chl orobenzene (150 m).

To the } resybt 19 26l.4t 1 )lahd 2-BrEmdoxy et aYmethoapelthate g3hYl Ranzene
(5.31 g, 23.5 nmol) was added under refluxing over 1.5 hours and continued

heating t @7r,ef mnel )owere @lddedTh® a eaddiuanmeitkbtidewms thanodd siod utdom
tenperature, and then the organic |ayer was separated. Water was added to
the pol ypbosphgrisa.acmd,| aper7 amdl)hendesukbondne ¥tithe iwes &heracted with
nmet hyl ene chloride. Al organic layers thus obtained were washed with water
and a sat meatédosodiizturehwars dkiagedoas Shleusiame dedperadare tflorsodi um
sulfate. 63 After filtration, the solvent was distilled under reduced
pressur e, lannindesht ande dhess ihdiad eda s opmeiffluad floy Siilviec hogads . ¢ Fhem
chr omat ogr aphy [devel opi ng sol ution=ethyl acetate : n- hexane (1:20)] to
obt ai n t heeactionc ovipdwre @Wasogogcend¥pated onder rddnved ODessure. and (3H,
t, J=7.6 Hz), 2.76 (2H, ¢, J=7.6 Hz), 7.18-7.28 (2H, m, 7.40 (1H d, J=5.4
Hz), 7.64col@Hwager wapgadfed.d, Theg resyditing) mdyureswasofextracted
(4- Brononapht hal en- 2-yl ) - (5- et hyl benzo- [b]thiophen-2-yl)nethanol 1In a
ni trogen ¥ithagthex e iqnganhchaxier yeisuveshed wad-thy a1 satugated 30
mol ) was added dropwi se to a sol ution .
sodium chloride aqueous 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 (1:20)] to obtain the title compound (5.31 g, 93%).
[0155] 'H-NMR (CDC1,;) &: 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.



of 5-ethyl benzo[ b]thi ophene (373 ng, 2.30 mmol ) in THE (15 mM) at -78C, and
the reaction solution was stirred at the sane tenperature for 5 mnutes. To
this mxture, a solution of 4-brononaphthal ene-2-carbal dehyde (515 ng, 2.19
mmol) in THE (5 m) was added dropwi se at -78C, and the resulting m xture
was stirred at the same tenperature for two hours and at -20C for 30

m nutes, and then a saturated ammoni um @RI 6ri de aqueous sol ution was added

and the Mh¥tdEee1aeraXibACt ekbilyEhBbas 38FLR1 210 ANANAEYARLAYLAYET VaS

washed with a saturated sodium chloride aqueous solution an ried

(anhydrOuﬁraﬁgﬁfélUthSHhEabﬁiaiﬁéé_Eéﬁﬂdﬁéewﬁg!yﬁﬁifﬂﬁa QPS%E&&@Q gader
reduced pressure. The obtained residue was purified by silica gel “colum

chronatogeamﬁmn[eﬁyshaebgga§HBUIaevé@b Yhgas8lateon=ehpexaosetate9}:] nto
obtain the title conmpound (780 ng, 90% . [0157] 'H NWR (CDCl13) S: 1.24 (1H,

t, J=7.6 héxand- 63:08h] td, oBtdid tHEe, t2t18 €dMpoUndl¥d.98Hg),, 26333 (1H d,
J=3.1 Hz), 7.14 (2H,'s), 7.52-7.70 (4H, n), 7.83-7.93 (3H, m, 8.22 (1H, 64

- d, 328-30!14313%(4) Syni-hast s(@ici2)(4: Bioponapht hal ep=3- ¥! meYyhybh), 78- (2H,
et hyl benzo[ b] t hi ophene In a nitrogen stream triethylsilane (0.63 m, 3.93
mmol ) andga beroe Heif | aoasde-dBe( byl m)her.comphBx @Q. 350k, Hz3., 16 .810I )
were added to a solution of (4-brono-naphthal en-2-
yl)-(5-et hyHbenio[ B} 78hi(@Hhed- 2dyB) AeHhanol (780 ng, 1.96 mmol) in
met hyl ene chloride (20 m)at OC and the reaction mxture was stirred at
room t enpéBat Bypthesishpée (HeBromofaphthalehtarpad-$5-ethydbeagoadded
met hanol (10 m) and water (30 m) and the m xture was extracted with
met hyl ene chl épddkiophen-2-yl)methanol
j In a nitrogen 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 agqueous
solution was added and the mixture was extracted with ethyl
acetate. 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 (1:9)] to obtain the title compound (780 mg, 90%).
[0157] 'H-NMR (CDCl;) 6: 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,



The organic | ayer 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 colum chronmatography [devel opi ng sol uti on= n-hexane)] to obtain
the title conmpound (460 ng, 629%. [015§h 1H- NWR (CDC13) 6: 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 1 Hg) 348 48-Hzy9 (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 oxy(®f hsynehd St € Soft By| bepzenbhaphoREEEN 22 Yyimethyl) -5~

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

n-butylIithiu@iﬁ¥%@@§z§pﬁrthgaphéﬂe6 M 0.83 m, 1.33 mmol) was added
dropwise to a solution o

2- (4- bromonapht ah eq- i Yyt o§éMys trdamt iyt Derrer § bl dhe ophees ml469.9y, 1.21

mml) in THE (15 m) at -7/8C. The reaction mxture was stirred at the sane
t enper at ufuo I pramdve voHohesriBlueniddéodisthysoéthédncompieku{00R70h1,

3,4,5-trisbenzyl oxy-6- benzyl oxynet hyl t etrahydro-pyran-2-one (844 ng, 1.57
mmol ) i n 2THE fubob) )weme added tooavwsstutite ofaCi+bromolnaphbhaden-3tirred
at -78C for five mnutes and a saturated ammonium chloride aqueous sol ution
was addedyl p- 65 epthpiberac{bdnthTophene2eyldmebhanhate(Wa8 mytracPéd with
ethyl acetate and the organic |ayer was washed with a saturated sodi um
chl ori de magufois methyieneaohldridd (20hmil)atisotmgnedithe stddetiin and
then the solvent was distilled under reduced pressure. The obtained residue
was puri findgtaye swascatrredoptinnoonhtempengtupayfpdevhresi hgussl ut Ton=et hyl
acetate : n-hexane

\ 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 (CDC1l;) 8: 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

J Hz), 7.48-7.79 (7H, m), 8.19 (1H, 4, J=8.3 Hz)

(5) Synthesis of (3R,4R,5S5,6R)-3,4,5-Trisbenzyloxy-6-
benzyloxymethyl-2-[3-(5-ethylbenzo[b]thiophen-2-yl-
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-[b]lthiophene

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

mixture was stirred at the same temperature for five minutes



(1:9)] to obtain the title conpound (1.06 ng, 100% . [0159] 'H NWR (CDC13)
8: 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, n), 6.67 (2H, d, J=7.2 Hz), 6.94
(2H, t, J=7.2 Hz), 7.01-7.44 (21H m, 7.59 (1H d, J=8.3 Hz), 7.75 (1H,
s), 7.79 (1H, d, J=7.9 Hz), 7.89 (1H, J=1.7 Hz), 8.62 (1H, d, J=8.6 Hz)
(6) Synthesis of (3R 4R 5S, 6R)-3, 4, 5- Trlé%enzyloxy-z-

benzyl oxymeid o &Hi% (Solaitndber ddijdtlioapledn-32-4,5-trisbenzyloxy-6-
yl met hyl ) napht hal en-1-yl Jtetrahydropyran In a nitrogen stream

tri et hyl sideavzsr1(okydie iy 1 t3 tASahydrad -)p yareoh -2 ooveo r( 84di fdgyorli .- aimetly liret her
conplex (0.17 m, 1.32 mmpl) were added to a sol ution of

(3R 4R, 5STER) -(3, /113- vias shbiwl/|dvopwi-deenz yilhex yremetthydn Zd1xt{ivrewad benzo-

[ b] t hi ophen- 2-yl net hyl ) - napht hal en- 1-yl ]t etrahydropyran-2-ol (1.06 g, 1.26
mol ) i n rtindesnatch 18Cd€of2®ine) mahuté8CandThesatachited ammbuiamwas
stirred at OC for one hour, and then - 66 a 50% net hanol aqueous sol ution
(20 m ) washdddddie Rarur@is Belutiequiwasngdded hoe step dber awaet idn.n The

net hyl ene chloride and the organic |ayer was washed with a saturated sodi um
chlori de TeQeddeN sHARULM ARl eRtinartad wWidddialhwulagcgtatermmd& diheent  was
distilled under reduced pressure and the obtained residue was purlfled by
silica gelorgaindeh lavesmatay lied aetd chisifurasiag isadiamm ahlassida e :

n- hexane (1:9)] to obtain the_ title conpound (670 ng, 65% . [0160] " H NWR
(CDC13) Saquesgiy F9lytiopand gnied mousq mapgnesguygy sulfate).1andy,
J=10.3 Hz), 3.60-4.00 6H5ﬁ2 4. 09 (1H J=10, 3 Hz), 4.35 (2H s)

4. 46- 4. 7ZQR§q qbe SP nt s distilled under reduced ‘pressure.

) 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 (CDC1;) &: 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 (1H, 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,5S,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,5S5,6R)-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



(4H, m, 6.50 (2H, d, 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- Hydr oxynet hyl - 6-[ 3- ( 5-

et hyl benzo[ b] t hi ophen- 2-yl et hyl ) napht hal en-1-yl ] -
tetrahydropyran-3,4,5-triol Under a nitrogen atnosphere, dinethylsulfide
(2.66 mM) and a boron trifluoride-diethpd ether conplex (1.03 m, 8.12
nmmol ) were added to a solution of (3R 4R 5S, 6R)- 3, 4, 5-

trisbenzyhoxys2meehanboxuaaebuk- Soflatlidnet dyl hanwagbhdded thereto. The

t hi ophen- 2-yl net hyl ) napht hal en-1-yl ]tetrahydropyran (670 ng, 0.81 nmol) in

met hyl enerebhotidg mdxtureundsr extohictgdwwiilthi methyIbkaer eadbrddeniandur e was

stirred at roomtenperature for 1.5 days, and then a 50% net hanol aqueous
solution tAe prpands lagdedwandeashed wighwat Batazaszed sbdiunxchileride

extracted wth nethylene chloride. The organic | ayer was washed with a

sat ur at edagodous cbllotide agdedwsedowithosodndmdsudfiateth Thedisodvenltf at e,

and then the solvent was distilled under - 67 reduced pressure. The

obt ai ned wesi distiddedunnfiexdreduceld paesguirec @ndntihehodtraiogdapiegidue

[ devel opi ng sol uti on=nethyl ene chloride : nethanol (50:1)] to obtain the

title conpegngurifdednlhy sidgical gedlroiMmuvRhremetogrephy. 1devedioping)=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

(1H, d, §91-2t1-°Hz=)3th11390(32ﬂtes) nshegxapeH(1d9)J=gopoltpiny the. ritde (2H,

m, 7.40-7.55 (3H, 7.58-7.66 (2H, n) 7.37 (1H, s), 7.78-7.85 (1H, m,

8. 24- 8. 32cPPpOuRA WB7PE59 ) 65887 [ MrNa]' The structures of the conpounds of

the above-described |

[0160] H-NMR (CDCl3) o6: 1.26 (3H, t, J=7.6 Hz), 2.71 (2H,

) q, J=7.6 Hz), 3.42 (1H, 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-z-ylmethyl)naphthalen—l-yl]-
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]tetrahydropyran (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 agqueous 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



Exanples will be shown in Table 1. [0162] [Table 1] 68 - Table 1 S Conpound
, OH HOOH OHS Conmpound OH 2 0 F HOOHOH 0 S Conpound 3 0 "OH HO
S Conpound 4 0 OH0O- HOOH OH S

- 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 (1H,
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), 7.37 (1lH, s),
7.78-7.85 (1H, m), 8.24-8.32 (1H, m)
MS (ESI*): 487 [M+Nal’

The structures of the compounds of the above-described

Examples will be shown in Table 1.

[0162] [Table 1]



Compound OH5 O HO OH OH [0163] By operating the sane procedure as in the
above- 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)
8: 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, d, Conpound OH J=9. 6Hz)® 7'09(1H s) 6 OC

7.21(1H,dd, J=8.6, 2.0Hz), HO OH 7. 42,&6‘% , 7.62-7.74 OH (4H m,
7.79-7.83(1H,n), 8.28 (1H M M5 (ESI") 9% [I\/Hrl\la] ' H- NVR (CD3OD) 6:
2.37(3H, S s), 2.56(1H, brs), 3.45(1H, M, 3.54-3,90(5H n], 4.40 OH (2H ),
4.81(1H,d, J=9. 2Hz), Compound O 6. §9 ? H dd, 7 HO CH J=8. 4,
1.5Hz), 7.35-7.45 OH|(3H nm, 7.48|(1K y, J=8. 4Hz), 7.65(1H, s),

Compound
1

Compound
2

e

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



7.71-7.78(1H, ), 8.11(1H, m MS (ESI'): 473 [M:Na]' 70 - [0165] [Table 2-2]
1H NVR (CD30D) 8: 2.38(3H, S's), 3.51-3.63 (3H,m, 3.69- 1 i | 3.81 (2H m,
3.90(1H,d, 0 ,OH J=12, 1Hz), 4.22(2H,s), 4.88 Conpound HO (1H, d, J=9.6 Hz),
6.56(1H, d, a OH J=3.4Hz), 6.63(1H d, J=3.4 OH Hz), 7.39-7.48(2H,m),
7.57(1Hs), 7 64(1H's),  7.78(1H d,J=9.5 Hz), 8.25 (1H d, J=9.5Hz) MS

(ESI ): 423 [MNa]' 1H NVR (CD3OD) 8- $923(3H,t, J=7.5Hz), 2.75(2H,q,J=7.5

) i sadn ety %ﬁ%&b%ﬁ%(%%é é%%%#i #engthd o (4 e
Zlﬁzdﬁ“gé%%%@%n‘?ﬁé P STl LTRSS B e 1 Test for

Confirm ngyfgsioprPhidnpipiti ng Human Na' -G ucose Co- transporters (SG.T1
and SGLT2§JO

Table 2

'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+Nal*

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,dqd,
J=8.4, 1.5Hz), 7.35-7.45
(34,m), 7.48 (1H,s), 7.54
(1H,d,J=8.4Hz), 7.65(1H,s),
7.71-7.78(1H,m), 8.11(1H,m)
MS (ESI*): 473 [M+Nal®

Compound
7




(1) Preparation of Human SG.T1 Expression Vector
Toyobo Co.,
CDNA library (a product of Clontech) as a tenplate with
Then,

KOD+DNA pol ynerase (a
i ntestine-derived
t he
anplified fragnent wa
TA d oni ng Dual Prono

product of

use of a synthesized DNA prinmer to anplify human SGLT1 cDNA

s cloned to pcRII-
ter kit (a product

PCR was perfornmed by
Ltd.) by taking a human

o vector with the use of a

snmal |

t he
Topo

of Invitrogen) and introduced into

E. coli cquopesgntTedlles 2-241 (TOP10, a product of Invitrogen), and clones
whi ch exhibited —resistance to anpicillin were proliferated in an IB di um
containipg gnpicilg!n (50 nmg/L). From the |pgokms efc,66) B zﬁgbk3ﬁa plﬁsnid
was purifijed accordi ng tqo-tNiexys Svay (9e [ al ., ecullar
d on}ong). By taking tﬁi S as yt (errpﬁ%at g?g#f%—? %/ag(gge'r"?()r%niéédg'by
KOD+DNA pol ymer ase wilt h fse of ~a synt/Retilc (B br i3r@P (LHe - whi ch
restriction enzyne rlecognitiedq $H es had |Fedd.lHe ) oduced 2Hos hnpd 188y human
SGLT1 cDNA (a fragnent added wifh an Eco RI(1H6@QQ8a6!é Ak)Si 6€56 O1H fde
upstream sj demRfInd Hi nHO LeOQRNI ti on Sth=e3.8BZS heg éﬂﬂ\y@sﬁrgggn side). This
anplified fragnnt was subjec?gd to Eco R gnd_H pd 1]1 di sstlbn to
connect the digested | fragnents to their ré?@ n?t%gﬁ7§V“§§'g *expressijon
vector pcDNA 3. 1(-) |(a product of |nvitradedy (Wt#)t He 6dddéHos) a Rapid DNA
Ligation kit (a product of Roche D agnosti|cs)78(THed, sensedkeéd &x3H essijon
vector was int(rjoduceld_;ntotga pglgn gonpgpﬁqm,qebL?gﬁghﬁa, a prggﬂﬁ:t?f
I nvitrogen) an roljifera I I Cl % I
obtain g %unan SELTl expression vectgP acé%#gFﬁgqfo4?he%ﬁ§§5 way. F01671
(2) Preparjation of Hyman SGLT2 Expression %gﬁhﬁﬁ (CD,OD) &: 1.23(3H.t,
) OO !S J=7.5Hz), 2.75(2H,q,J=7.5
/ Hz), 3.51-3.63(3H,m), 3.69-
o .OH 3.81(2H,m),3.89(1H,d,J=12.0
Compound | HO Hz), 4.23(2H,s), 4.89(1H,4,
9 Y OH 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),
7.78(1H,d,J=8.4Hz), 8.25
(1H,d,J3=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



PCR was perfornmed by KOD+DNA pol ynerase by taking a human ki dney-derived
CDNA library (a product of Clontech) as a tenplate with the use of a

synt hesi zed DNA prinmer to anplify human SG.T2 cDNA. Then, the anplified
fragnent was cloned to pcRII-Topo vector with the use of the Topo TA
Cloning Dual Pronoter kit and then intggduced into E. coll conmpetent cells
(TOP10), and clones which exhibited resistance to anpicillin were

proliferategpid, ag #ﬁb&@é‘tugfct)ﬁ'{rﬁtféé@n ”péﬁdléi&é§owﬂ¥ch”§!cllﬁb1{:é@mthe

proliferated E. coi a plasmid was purified according to the usual way. By

t aki ng t hi&spsesned €8 &npi@ﬂpiﬁﬁewef%f‘@ﬁlf)@féﬂé@'eﬂn byn KEBPHRDMY BR! yer ase
with the use of a synthetic DNA priner into which restriction enzyne

recogni ti @ntaigsndagmpeenl 1k psloiceg/ L p. anptém Yt he o BiEd2at6®NA (a
fragnent added with Xho | recognition site on the upstream side and a Hind

11 recogtblipnasplesmidtiiigs porDEiédaatsdE@ing Tho SthaphshaBdwhy agseat was
subjected to Xho | and Hind Il digestion to connect the digested fragnents

to their Masbavisi et alt esMoletbbaexQlessn®)N. VeBy otaPLhlAthBs 1prasmidh t he
use of the Rapid DNA Ligation kit. The connected expression vector was
i ntroducedlsi attemplabé] PCRnpas epérfethed (BFHROD-eDNA ppol yherasedwith an
anpicillin- containing LB nediumto obtain a human SG.T2 expression vector
accor di ngthe uHe ofual syayhef0dGBRA (Brifeepinte i wnich FesenicGGldd Stabl e
Expression Cell and Human SGLT2 Stabl e Expression Cell The hunan SG.T1
expr essi ogny@ee orecergnhtiomnaht os Nad eaen etrtoedueed oto wamphifshumaest ed
wWth restriction enzyne Pvu | was introduced into CHO KL cells with the use
of FuGeneSGLT1 cDNA (a fragment added with an Eco RI recognition site
) 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 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



(a product of Roche Diagnostics). After introduction of the gene, the cells
were incubated in a DVEM nedi um (a product of G bco) containing penicillin
(‘50 U nL, a product of Sigma), streptonycin (50 ng/L, a product of Signa),
Geneticin (200 ng/L, a product of Nacal ai Tesque) and 20% bovi ne fetal
serum in the presence of 5% CO2 at 37C for about three weeks to obtain
Genticin-resistant clones. Fromthese-cf8nes, cells capable of stably

st ng- sodt/t Hepdai: -8, oL PHERRL A D & ucbpy?%%%r?l L e S BRERERRYT Y
ﬁ/Z][ F;I I-gij%(c?ll}(i:op ?&a?lg)é;%%g@ %ak‘;@%-.gr%% %&ﬁﬁ/ﬁ jf%g{gg%ﬁ%sgl on CHO
gg-mélﬁr %ﬁ@?e to'a ﬁgﬁg}?§§é§%é%ﬁ%% ﬁfgkgg?%§§?§%1*ﬁ$¥§$?Sﬁfgﬁ |ncu§%ted

for four §@ $idysleyseideha pPemdBoi M Afnidle rEMELELL P ALS2 removed,

and a pretreatnent buffer (a buffer containing 140 nM of chol i ne chlorlde

2 MM of pedaSeh il oshd Ptédenad m&fm@f&am&hwrarﬁlﬁl fy MRén "BEDEST UM
chloride, 10 nmM of 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid

and tri s(&ynK oxy nBi &ythen Bnad@e@thiafe e havé ey PIbPf site 49n Waige added in
an anount of 150 L per well and then left to stand at 37C for 20 m nutes.

The pr et repsé teedm bsf deran@sa HEN@VEII abécd fiei PLioh reptaess twéfer was again
added in an anount of 50 L per well and then left to stand at 37C for 20

m nut es. dowd©Oredmoside puf fPiig sartpl {£ied ofit agmeny Wwdd b pécte@dtem
chloride, 2 mMof potassiumchloride, 1 nMof calcium chloride, 1nmM of
magnesi unXiod| Dranié@, HIindM DI degéytion ko connect the digested fragments
) 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 SGLTZ2 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



gl ucopyranosi de, 10 nM of [4-(2-hydroxyethyl)-1- piperazinyl]ethanesul fonic
acid and tris(hydroxynethyl)- am nonet hane and having a pH of 7.4), there
was added and mixed 6.3 nL of nethyl-a-D (U 14C) gl ucopyranosi de (200 nG /L,
a product of Amersham Pharnacia Biotech) to prepare an intake buffer, and
a test compound was dissolved in this intake buffer and the resulting

sol ution was used as a buffer for deteffining inhibition activity. Further,

" “orderidie BUiGrE i SURRHIRALE R AR R ERE b orpoin
. - . . 40, : !

not aad oreTErEo R LR R TH R SR FAPuR A brEbunte AR APRRRG Used o
the deterpgygdion. The pr%é@ﬁgtét ¥ A’@ﬁ.\?:ﬁ?vﬁ.fﬁﬁ%if@n I'l's of

the culture plate and a buffer ermning | bition activity was

added in @%@ﬁfP%ﬁiDﬁ%%?e? %ﬁﬂ%#?ﬁé fggawgs |l eft to stand at 37C for 45

m nut es. etermning inhibition activity was renoved

and a washi ng be{d efuman BELTEN €18 | SEp oL A Yo 1401 TV OF €h@! hiktfan

chloride, 2 mMof potassiumchloride, I nMof calciumchloride, 1 nM of

nmagnesi UngGr »rs €eb1d Oe Xt & s 1 NoHO acdX D UsP Yoo @St den 409 §Mre 0f
2-[4-(2-hydroxy-ethyl)-1-piperazinyl]ethane-sulfonic acid and

tri s(hydrpxyeetty!d adeneirey hees o have Ngo po P ©d1 Vs AyelVagnadded in an
amount of 300 L per well and imediately renpoved. This washing operation

was repeaimcubgeed, fandfeur ced | s50l Adysi zi Mgz ol the omeddu 6f BRdi um

hydr oxi de and 0.1% of sodium |l auryl sulfate) was added in an anpunt of 30 L

per wel |cabtene uplate ewasl temovddd) eand vasppelttesla iiheyt bhifPeM (a buffer

) containing 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)-1-piperazinyl]ethanesulfonic
acid and tris(hydroxymethyl)-aminomethane and having a pH of
7.4) was added in an amount of 150 pL 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-
piperazinyl]lethanesulfonic 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



hydreochloric acid, and 40 L of the obtained solution was transferred to a
Luma-pl ate (a product of Packard) and was left to stand at roomtenperature
overnight to evaporate the solvent. The radioactivity of the sanple on the
pl ate was determ ned on a Topcount (manufactured by Packard). The test
conpound concentration (1C50 val ue) which inhibited 50% of intake, when the
val ue obtained by deducting a basic intafe- fromthe intake of the control

° y i «e of Lhe o
oo e by e SSBoufiE: fae A LU E AL ONAL QI SRR ASIRGE g | O
y ! ! (El e
SoTP oS dlr 1S MESGRne W R0 IOUL LG SRAAE £ S Tend HRAY L1 o7
d ' [ s i T . 0 le 3
Sonr o Sedtoduifa PARE SRad S DR 26 4N s e e yndipd Dl 4d TRl © 3]
Experi mengal o pimd ec@lJlf‘fde forsfeierde i Rloadt Hlfstdd& dds Rat A test

conpound was I ntravenously admnistered to a SD nale rat (8-weeks old,

Japan SLGrapuwirddeid! and yife GRAASESE 8sha LFBOUESthe dB FakREnatlbol NUtes, 30

ninytes, 1 hour, 2 hours, 4 hours, 6 hours and 8 hours af;er _
admi ni st refé Ofce t ASPERS Y DVE £ T v D PhiFe D! 998 Vaise GRILT & feBeghd 0 obtain

pl asma. The plasnma sanple (0.01 nmL.) and water (0.4 nL) were added to a tube

added W tduBturdtgraed aidngdaydEsedstan@etdrmining inhibition activity
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)-l-piperazinyl]ethane-sulfonic acid
and tris(hydroxymethyl)aminomethane and having a pH of 7.4)
was added in an amount of 300 pL 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 puL of 2 M
hydrochloric acid, and 40 uL 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



phenytoin (250 ng), and diethyl ether (2 nL) was added thereto and the
obt ai ned solution was stirred for five mnutes, and then centrifuged for 10
m nutes and an organic |ayer 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_.agga.sanple for determ nation. The
sanple for determnation was injected into LCMS/ M5 76 and determ ned under
t he fol | ove X aoret tfooms . the 0dode iGotaton ARG {121 i on 1adkrven)bwbis 116y Rinase:
Acetonitrile/ 10 mM amoni um acetate=4/6 (v/v) Flow Rate: 0.2 niL/m n Anount
of Sanpl extitjleet i SOf Rraré/hCBLANR wer s3) ESIAL 49 Oésult astiee cxomponm@ds i on
obt ai ned by the LC- M5/ M5 nethod was subjected to non-conpartnental analysis
with the afsethd presentiyimeen tionterhith it ed deengrifitales | FET Corpgoiat thon t o
cal cul at e pharnmacokinetic paraneters. The half-life in the final layer is
as shown agtimgbi e The [IAse3yajlwgs| ox) thabFELT2 (bobihdtion af/ kB Test
Compound Hal f-Life (hr) Exanple 1 8.21 |NDUSTRI AL APPLI CABILITY 2 [0174]
By the prRERFRSEHARMIVOCIMRIENEF L% rigie depsefucinenitinpArRIsShgiz hin

exhi bit excellent action of inhibiting SAT2 activity, their prodrugs or

t hei r Table 3.

[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



pharmaceutically acceptable salts. Further, the conmpounds of the present

I nvention are useful as prophylactic or therapeutic agents for diabetes,

di abet es-rel ated di seases or diabetic conplications. -77- CLAIMS [1] A
conpound represented by fornmula (la): [Formula 1] (CH2)mA ORL OOR2Z OKR4
OR3 (la) wherein mis an integer selected from1l to 3; R3, R3, R3 and R are
each independently selected froma hydV®egen atom a Cl1-C6 al kyl group which

ma be substjtuted w e or 4 .aralk | group which ma
b subet 4t et and yrdsn dindpr iRty Sgnaltadd ' orouP Y
benzo[ bl t n- 2- I I b t en- 2-yl

5- nétLoxyﬂ%gﬂyﬁ[b]tﬁl §gﬁlg quggLy}:ﬂégﬁgo[blthyophen 2-yl,

5-chl or o- beqaﬂl N-23 thio

5- met hyl -t hi'ophe ;&L&P&? rf’h"sf %fyophenr%ﬂéf}] l@‘h egé"p a]‘FZerra%eut ically

acceptabl e salt thereof [@J7¢% conpound according to claim1l1 represented by
formula (Ib):

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

R

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

4 [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.



-78- [Formula 31 (CH2)mA O .,,,.OROR2 OR4 OR3 (IC) wherein A RL. R2,
R3, R4 and mare the sane as defined in claiml1l or a pharmaceutically
acceptabl e salt thereof. [3] A compound according to claim1 or 2, wherein A
is benzo[b]thiophen-2-yl. or a pharma¢kutically acceptable salt thereof.
[4] A compound according to any one of clainms 1 to 3, wherein mis 1, or a
phar maceutical |y acceptable salt thg;igégs [5] A conmpound according to any
one of claims 1 to 4, wherein R1, ) and R4 are each independently
selected from a hydrogen atomand -C(=O Rx. and Rx is a Cl-C6 al kyl group
whi ch may be substituted wth one or nore Ra, or a Cl-C6 al koxy group which
may be substituted with one or nore Ra, or a pharmaceutically acceptable
salt theradf. -7% ddipcundnrepressctediind foxmmla (Ia):

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

napht hal dfokemdlla @-Jhydr oxynet hyl -t et rahydr opyran- 3, 4, 5-tri o!;

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

met hyl ) napht hal en- 1-yl ] - 6- hydg Qy | - *prop}kan-3,4,5- triol;

(2S, 3R, 4R, 5S, 6R) - 2- [ 3- (benz® -2-yl methyl) - 4-

OR!

OR?
OR* ORS®
(la)
wherein

m is an integer selaected 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-Ciq
aralkyl group which may be substituted with one
or more Rb, and -C(=0)Rx;

A 15 benzolb]lthiophen-2-yl, 5-fluoro-benzo[b]thiophen-
2-yl, 5-methoxy-benzo[b]thiophen-2-yl, 5-ethyl-
benzo[blthiophen-2-yl, 5-chloro-benzo[b]thiophen-2-yl,
S-methyl-benzo[b]thiophen-2-yl, 5-methyl-thiophen-2-yl,
or 5-ethyl-thiophen-2-yl;

or a pharmaceutically acceptable salt thereof.

[2] A compound according to claim 1 represented by formula

(Ib):



et hoxynapht 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- ( 5- net hoxybenzo[ b] -

t hi ophen-

2-yl met hyl ) napht hal en- 1-yl ] t et rahydropyran-3,4,5- triol;

(2S, 3R, 4R, 5S, 6R) - 2-[ 3- (5- et hyl benzo( b]%8hi 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 -

met hyl ) n -yl ]-6-hydroxynet hyl -tetrahydropyran-3.4,5- triol;"’
RS

(2R 3S,4
t hi ophen-

(2R, 3S, 4R, SR, 65) - 2- hydr oxyne ELAY

yl met hyl)

yl met hyl)
accept ab
conmpound -
accept ab
i nhi bitor.

hydr oxynmet hyl - 6-[ 3- ( 5- net hyl benzo[ b] -
2-yl met hyl ) napht hal en- 1- yI]tetrah 2£§pyran 3,4,5- triol;

h{Tnﬂjfhen-Z-
in- 3, 4, 5- tr|oI and

napht hal en-1-yl | te

napht hal en-1-yl Jte T .n-3,4,5-triol, or a pharmaceutically
e salt thereof. [7] A pharfaceutical conposition conprising a
-8a- according to any one 1f Cl%bgfké to 6 or a pharmaceutically
e salt thereof, which i -glucose co- transporter
(B] A pharnaceutlcal S np05|t|on conprising a conmpound according

to any one of claims 1 to 6 or a phar vceutlcally accept abl e salt thereof,

2 di abetes, diabetic
dp besity.

wherein A, R!, R?, R?, R and m are the same as defined in
¢claim 1

or a pharmaceutically acceptable salt thereof.

[3] A compound according to claim 1 ox 2, wherein A is
benzo{blthiophen-2-yl. or a pharmaceutically acoaptable salt

thereaof,

[4] A compound according to any one of claims 1 to 3,

wherein m is 1, or & pharmaceutically acceptable salt thereof.

[5] A compound according to any one of claims 1 to 4,
wherein R}, R?, R? and R! are each independently selected from
a hydrogen atom and -C(=O)Rx, and Rx is a C;-C4 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

pharmaceutically acceptable salt thereof.



[9] A pharmaceutical conposition according to claim8, wherein the diabetes
I s insulin-dependent diabetes (type | diabetes) or insulin-independent
di abetes (type Il diabetes). 7.
[6] A compound gelected from:
(28,3R,4R,55,6R)-2-[3-(benzo[b]lthiophen-2-ylmethyl)-
naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-triol;
(28,3R,4R,58,6R)-2-(3-(5-fluorcbenzo{blthiophen-2-yl-
methyl)naphthalen-1l-yl]l-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(28,3R,4R,55,6R)-2-[3-(benzo[b]thiophen-2-ylmethyl)-4-
methoxynaphthalen-1-yl]-6é-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(2R,3S,4R,5R,6S5)-2-hyAroxymethyl-6-[3- (5-methoxybenzo[b]-
thiophen-~2-ylmethyl)naphthalen~l-yl]tetrahydropyran-3,4,5-
triol;
(2S,3R,4R,55,6R)-2-[3~-(5-ethylbenzo(b]lthiophen-2-yl-
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;
(2S,3R,4R,55,6R)-2-[3-(5-chlorobenzo[b]thiophen-2-yl-~
methyl)naphthalen-1-yl]-6-hydroxymethyl-tetrahydropyran-3,4,5-
triol;’
(2R, 38,4R,5R,6S)-2-hydroxymethyl-6-[3-(S-methylbenzo([b]-
thiophen-2-ylmethyl)naphthalen-1l-yl]tetrahydropyran-3,4,5-
triol;
(2R,3S8,4R,5R,68)-2-hydroxymethyl-6-[3-(5-methylthiophen-2-
ylimethyl)naphthalen-1i-yl]tetrahydropyran-3,4,5-triol; and
(2R, 38,4R,5R,68) -2~-hydroxymethyl-6-[3-(5-ethylthiophen-2-
ylmethyl)naphthalen-1-yl]tetrahydropyran-3,4,5-triol,

or a pharmaceutically acceptable salt thereof.

(71 A pharmaceutical composition comprising a compound
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according to any one of claims 1 to 6 or a pharmaceutically
acceptable salt thereof, which is used as a Na'-glucose co-

transporter inhibitor.

[8] A pharmaceutical composition comprising a compound
according to any one of claims 1 to 6 or a pharmaceutically
acceptable salt thereof, which 1is used for prophylaxis or
therapy of diabetes, diabetic complications caused by

hyperglycemia, or obesity.

[9] A pharmaceutical composition according to claim 8§,
wherein the diabetes is insulin-dependent diabetes (type I

diabetes) or insulin-independent. diabetes (type II diabetes).



