- 1 - SPECI FI CATI ON NOVEL CYCLOHEXANE DERI VATI VE, PRODRUG THEREOF AND SALT
THERECF, AND THERAPEUTI C AGENT CONTAI NI NG THE SAME FOR DI ABETES TECHNI CAL
FI ELD [ 0001] The present invention relates to cycl ohexane derivatives,
their prodrugs and their pharmaceutically acceptable salts which are useful
as drugs. Particularly, the present inve;}ion rel ates to cycl ohexane
derivatives, their prodrugs and their salt’s which are useful as
prophylactic or therapeutic agents, which cause an effect by inhibiting
Na' - glucose co-transporter 2 (SCLBPECITRICAITINtes such as insulin
dependent di abetes (type | diabetes) and insulin independent diabetes (type
| | di abet dQVELdi QESLQREXANE| PERIVAREVANJIPRAPBUGSTHEBBOR AYDOISAITt \THEREOF] by
hyper gl ycem a. ARACKEERRAREUART ROBN?] CONTAENENG THEr SAMEhFORUDWARBE®ESi abeti c
patients has increased due to the westernized dietary habits and chronic

lack of exgrghefcand{gye!ike. In diabetic patients, the insulin secretion
and insulrﬂ—SEﬂs#QQVTiy~are both reduced by chronic hyperglycema and this
invites furddwer) rise inhdlRdsH9amJeMalch TR 1 QY kit igé}ggl tion of

t he disea?é. Ag the therdapeutic aé%nts foregﬁa et es, biguéﬂﬁae rugs,

sul f onyl urgar Jdf ddSve 9] yg%iﬂ%dﬂ’i%@ém £HaiOs  phdewaddut €81 By ance
| nprovi ng agents and the |i ke have been used. wever, as the side effects

associ at ehoddpt dBES s SpeR twhich agté CuefWiDAs dsugeporpLet{@il1aRey bi enei de

drugs, and hypoglycema is reported for sulfonylurea drugs and diarrhea is

reported foreddret ginyeast tas ere hdit & t oo Scy@hshdbmiefderitdeives, their
prodrugs and their salts which are useful as prophylactic or
therapeutic agents, which cause an effect by inhibiting Na'’-
glucose co-transporter 2 (SGLT2), 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.

BACKGROUND ART

[0002] In recent years, the number of diabetic patients
has increased due to the westernized dietary habits and
chronic lack of exercise and the like. In diabetic patients,
the insulin secretion and insulin sensitivity are both reduced
by 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 bhigunide drugs, and
hypoglycemia is reporited for sulfonylurea drugs and diarrhea

is reported for the glycosidase inhibitors, and therefore the



-t actual condition is that the devel opnent of therapeutic agents for

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

I . ' hibit | ' f
b1 000 sugaet Bk <SR ISHPLE el IS CaBYEl CineRty | B HBbPpheufi 0Pt
di abet i 2.1 ahi bt d 0004
For exanpl oo e T e B L A R E K R

1), Interngidoned Fubbd catigl id0sari0OL{P68E6P-4Rat ent Document 2),
W04/ 007517 (Patent Docunment 3) and the I1ke, conpounds used as SG.T2

i nhi bitorsy@@s7eport et WiV ortdd e e Ny i dt et B ume PO Ndsat

described in the above-described Patent Applications have a glucose noiety
as a comuphpeurizah, Sirnatursel -eochiting glegesdededsvat prebl ennibatson oral
adm ni stration, these conpounds are easily hydrolyzed by gl ucosi dase
present i nrd¢dlesoxsmialidniof estcass ogludesd i, tleadckideey phainhtol oighgal
action quickly disappears. In the case of phlorizin, it is reported that
phl or et i n,sedicumglspendett t fluppsoréot transpontey 2 nh$GLT2) apsegent in
transporter of the facilitated diffusion type. For exanple, when phlorizin
i s intravedRistly abke reSteeral iproxinal cepvalntedctebplbetand proametey the

I ntracerebral glucose concentration is_reported érefer to, for_ exanple,
Nonpat ent gk}ﬁgﬁﬁ”ﬁxggetlon 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. WO01l/068660 (Patent Document 2), WO04/007517

(Patent Document 3) and the like, compounds used as SGLT2
inhibitors are reported. However, since phlorizin and the
compounds described in the above-described Patent Applications
have a glucose moiety as a common partial structure, and 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 acticon
gquickly 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 intravencusly administered to a
rat, an adverse effect of reducing the intracerebral glucose
concentration is reported (refer to, for example, Nonpatent

Document 2).



- 3 [00053 Then, in order to prevent such deconposition and inprove

absorption efficiency, sone attenpt to convert such conpounds to prodrugs

t hereof has been carried out. When a prodrug is admnistered, it is desired

that the prodrug be appropriately netabolized in or near a target organ to

change into an active conpound. However, ,since various netabolic enzynes

are present in a living body and |nd|V|duaI variability is considerable, in

many cases S dlff uIt ovi de an actjon of rodrug. stab

Furt her, hgb&@ nverS| i%e g@ g?d%rﬁﬁﬁﬂto?u?%eg%€W%Bﬂﬁgt%B“ aﬁgrbon-

car bon bon e e ng nt s to wever,
g %9§ﬁ§n$ﬂa$*%ﬁﬁgﬁ §553F18hoke EBBIHCRHE Bh; ngnkBrr. P

further inpr e proper I €S

retabol i o stabbhihy eAdoEgCLbe (AEEeote edsgenpagseg EOGUEeN yhonIgpanese

Pat ent Pub t1on at ent CUITEI’I'[ rnati ona

PUbl'Cat'OﬂrgﬁrugV@Q159ﬁ§§§9t5§€9h|@E Pat gaki PaguyRAt %he g&gﬁeﬁb'ﬁaal
Publ i cati on W04/ 007517 Panphl et Patent Document Pat ent

Publ i cati oapﬁﬁaéfﬂéiéif} fetFBbeNkeBOCHMBRt nBaTUS E’ai:gm; Bebhhcabi @Range
2002/ 137903 A Patent Docunent 6: I|International Publication No. V®01/827128

Panphl et Paheat apoattkne Zompotrdnat HowakePubkinaeki oarNous MBQ200833066
Panmphl et Patent Docunent 8; International Publication No. WO04/013118
Panphl et enzymes are present in a living body and individual
variability is considerable, in many cases, it is difficult to
provide an action 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
8)}. However, further improvement of the properties as a drug,
including activity. metabolic stability and the like are
demanded.
Patent Document 1l: Japanese Patent Publication 2000-
080041 a
Patent Document 2: International Publication No.
WO01/068660 Pamphlet
Patent Document 3: International Publication No.
WO04/007517 Pamphlet
Patent Document 4: US Patent Publication 2001/041674 A
Patent Document 5: US Patent Publication 2002/137903 A
Patent Document 6: International Publication No.
WO01/027128 Pamphlet
Patent Document 7: International Publication No.
W002/083066 Pamphlet

Patent Document 8: International Publication No,

WO004/013118 Pamphlet



- 4 Non-patent Docunent 1: J. din. Invest., 93, 1037 (1994) Non-patent
Docunment 2: Stroke, 14, 388 (1983) DI SCLOSURE OF THE | NVENTI ON PROBLEM TO
BE SOLVED BY THE | NVENTI ON [ 0006] An object of the present inventionis to
provi de cycl ohexane derivatives having suitable properties as a drug. An
object of the present invention is particularly to provide cyclohexane
derivatives whi ch have bl ood sugar |evel ﬁomerlng action and furthernore
have suitable properties as drugs, such as prolonged effect, netabolic
stability HR®-Pateny DPWWNBf-eJ ﬁld@j-ec,lt'w@ls'ﬁt -he Sr-edORT i B &) on is to
provi de Barnaceutlc

| conp g%ﬁ H are used far, preventing or
treating dNRRePaLeRc °§ém1 I2| n ds £ +di*88et'd283)ype | diabetes) and
insulin-in | L. di abetes), diabetic conplications,
and diseas§§g§3§%%§ 8%b§#&§]%§%§§3 hyperglycen1a MEANS TO SCLVE THE
PROBLEM [OQQBEL S stigations by the present
I nventors che bed objects, the inventors

found that %h%kqhexaneAHeBbyaEtVS§ tﬁspgﬁésea%dlh¥eﬁeaeﬁlas(kb Eé&@ ide

excel | ent actlon of inhibiting SGLT the present 1 nvention

conpl et ed. cfRAGBLxARA! detivAGaVed PAViAORRIATPAE pRlogdi® IRLe%Nta arug.
I nvention, there is provided a cycl ohexane derivative represented by

formul a (|hn bB3eelt oForme prisentd inMedition is particularly to provide

cyclohexane derivatives which have blood sugar level lowering
action and furthermore have suitable properties as drugs, such
as prolonged effect, metabolic stability and safety.
Furthermore, an object of the present invention is to provide
pharmaceutical compositions which are used for preventing or
treating 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 cyclohexane derivatives
represented by formula (I) have excellent action of inhibiting
SGLT2 and the present invention has been completed.

[0008] That is, according to one aspect of the present
invention, there is provided a cyclohexane derivative
represented by formula (I):

[0009] [Formula 1]



(CR6R7)m Art [AJn Q (I) [0010] wherein Ais -0-, -CH2-, or -NH, nis an
integer selected fromO0O and 1; R6 and R7 are each independently a hydrogen
atom or a Cl-C6 alkyl group mis an integer selected froml1l to 3; 0 is
selected fromQL to b represented by the follow ng formulae: [0011]
[Formula 2] 6 RS RS Rl RA R4 a R R R%RZ R3 RBR3 QL @ BR5 RRRL R4
RAa R R2 RBRZI WQ [0012) wherein RI, R4, and R5 are each
i ndependent |y 5

Ar

(+R6R7)m
/\1
G

|
Q

(1)

[0010] wherein

A is -0-, -CH;-, or -NH-;:

n is an integer selected from 0 and 1;

R® and R’ are each independently a hydrogen atom, or
a C;-C¢ alkyl group

m is an integer selected from 1 to 3;

0 is selected from Q' to Q° represented by the
following formulae:

[0011]) [Formula 2]



selected froma hydrogen atom a hydroxy group, a C,-C6 alkyl group which
may be substituted with one or nore Ra, a Cl-C6 al koxy group which may be

substituted with one or nore Ra, a C7-Cl4 aral kyl oxy group which may be
substituted with one or nore Rb, and -OC(=O)Rx; Rx is a Cl-C6 al kyl group
whi ch may be substituted wth one or norg Ra, an aryl group which may be
substituted with one or nore Rb, a heteroaryl group which may be
substituted with one or nore Ro, a C, -C6 al koxy group which nay be
substituted with onepgr ore Ra, or -NReRf Arl is an aryl ene group which
may be substituted - 7, M th _one or no ene group which
may be substituted with ene|qToup may
forma fused rin aromatic carb e or an aro heterocycle
Ar2 is an aryl gne be pdbsti L with Rb, or a

het er oaryl group mhfch nay b y e or ' " M2 s each
i ndependently selected fxom a hal ogen atom a hydroxy groupI a cyano group,

anitro group, a carboy group, a Cl-C6 aghkoxy group whic —gey be
substituted with one or nore Rc, an aryl 'group which may béisubstituted
with one or nore Rd, an @ryloxy gr oup mhicB may be substiky;ed w th one or
more Rd, a heteroaryl Q

RS R}
.\\\R1 .\\\R1

fo012] wherein
R', R?, R?, R*, and R® are each independently

selected from a hydrogen atom, a hydroxy dgroup,
a C-Cs alkyl group which may be substituted with
one or more Ra, a C;-C¢ alkoxy group which may
be substituted with one or more Ra, a C;-Ci4
aralkyloxy group which may be substituted with
one or more Rb, and -0C(=0}Rx;

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

Ar' is an arylene group which may be substituted



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

al kylthio group, a Cl1-C6 al kylsulfinyl group, a Cl-C6 al kyl sul fonyl group,
-NRf Rg, and a Cl1-C6 al kyl carbonyl group which nay be substituted wth one
or nore Rc; Rb is each independently sel ect ed froma Cl1-C6 al kyl group
which may be substituted with one or rore Rc, a Cl-C6 al kenyl group which
may be substituted with one or nore Rc, a C3-Ca cycloal kyl group which may
be substituted wtWigheong edrecre, Rla Gﬁ(ﬂ&%ﬁ%ﬂ«@in‘?%pgmlmh may - 8

be substituted with one or nore Rd, haI%g atom a hydroxy group, a
cyano group, a nitreigh JwY %ec%ﬁ%wyt‘b‘? p“’i%F AR | RKE oup whi ch

may be substituted th 0, e nore.  Rc, an ar ou mhlch na

substituted with oﬁ‘\éﬂ' %er%w%%%%x@r‘éf%&w lE)%‘;/‘gubst i tuted

wi th one or nore Rdr Iteﬁog“y % %ch 33(1% €Ub t| ute W|th one or
e

nore Rd, a heteroary XY group ?WF he or nore

Rd, a mercapto (#EE ébégﬁ aIkyIthlo group, a Cl C6 al kyl sul fi nyl
group, a Cl-C6 al kyl's (T fo group, -NRf Rg, a Cl1-C6 al kyl carbonyl group

whi ch may be subsfi yled gy 10RE-Rfp WRA%HRMmay? bel stbstalditleRNeAIY 9roup,
a heterocyclyl group,

one or more Rb, or a heteroaryl group which

may be substituted with one or more Rb;

Ra is each independently selected from a halogen
atom, a hydroxy group, a cyano group, a hitro
group, a carboxy group, a C;~-Cs; alkoxy group
which may be substituted with one or more Rc, an
aryl group which may be substituted with one or
more Rd, an aryloxy group which may be
substituted with one or more Rd, a heterocaryl
group which may be substituted with one or more
Rd, a heteroaryloxy group which may be
substituted with one or more R4, a mercapto group,
a C;-C¢ alkylthio group, a C;-Cs alkylsulfinyl
group, a C,;~C¢ alkylsulfonyl group, -NRfRg, and a
C.1-Cs alkylcarbonyl group which may be substituted
with one or more Rc;:

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

one or more Rc, a C;-Ciq4 aralkyl group which may



-C02Ri, and -CONRI Rj; Rc is each independently selected froma hal ogen
atom a hydroxy group, a cyano group, a nitro group, a carboxy group, a
Cl- C6 al koxy group which may be substituted with one or nore hal ogen
atons, 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 may be substituted wth orfe ®r-nore Rd, a het er oar yl oxy group
whi ch may be substituted with one or nore Rd, an amno group, a Cl-C6

al kyl anmi no group, aPR BueFttivesd Wikl 9aei ob BeHapRa. 8 h@logeneach

I ndependently selected froma_ Cl-C6 al kyl group whi ch may be substituted
with one or nore HAFYhen? BAHFEOXE FHOHR: of KOKF1Gr SERURANI & P HEYCbe
substituted with one_or_nore haéﬁgfn at ons, g g%;ci4 aral kyl gr phwhich
may be substituted J%tH’ ohedY SIrARgeR At Sris AIEOKL 5NPAF SR

hydr oxy group, a cy, égéggﬁ%if%gﬁ{%§y€§gyp¢ngnoraﬁgg eﬁ%gugn a_Cl-C6

al kyl am no group, an a am no- group; h?ﬁ ogen atom

a CL-Cs al kyl 9roupaatigfyn 1B Ry SHOSLABLE LELILE N PER She TOE Snb¥e an ary!

group which nmay be _ h one or nore "Rd, "or a heteroaryl group
whi ch may be subst gyt ﬁ&n%ff‘l&?ﬁ GroiP enfh My Se AstySt POEPeGt OM OF a

Cl-C6 al kyl group whic
with one or more Rd, a heterovaryl group which
may be substituted with one or more Rd, a
hetercaryloxy group which may be
substituted with one or more Rd, a mercapto
group, a C1-C¢ alkylthio group, a C;-C;
alkylsulfinyl group, a C;-C¢ alkylsulfonyl group,
-NRfRg, a C;-Cs alkylcarbonyl group which may be
substituted with cne or more Rc, a C;-C;
alkylenedioxy group, a heterocyclyl group,
-CO,Ri, and -CONRiRj;

Rc is each independently selected from a halogen
atom, a hydroxy group, a cyano group, a nitro
group, a carboxy group, a C;-C¢ alkoxy group
which may be substituted with one or more
halogen atoms, an aryl group which may be
substituted with one or more RdA, an aryloxy
group which may be substituted with one or more
Rd, a heteroaryl group which may be substituted
with one or more Rd, a hetercaryloxy group which
may be substituted with one or more Rd, an amino
group, a C;-C¢ alkylamino group, and a di{C,-Cg

alkyl)amino group:



may be substituted with one or nore Rc; Rg is a hydrogen atom a Cl-C6 al kyl
group which nay be substituted with one or nore Rc, a Cl1-C6 al kyl carbonyl
group which nay be substituted wth one or nore Rc, an aryl group which may
be substituted with one or nore Rd, a heteroaryl group which may be
substituted with one or nore Rd, a carbanoyl group, a Cl-C6 al koxycarboxy
group which may be substituted with one"of fore Rc, or a Cl-C6

al kyl sul fonyl group which may be substituted with one or nore Rc; Re and
Rf, and Rf and Rg Rdyisoparh independenthpesedentedr c9wl @ Cogét her with the
nitrogen - 10 atomito which they are bonded, respectively; and R and R
are each i ndependen®t§¥YLecFELHBIY Fﬁﬂ1ﬁaYhPﬁr6@BﬁtéFBﬁ?daW¥ﬁhCBnﬁlR?I gr oup
whi ch nmay be substitute ith one or nor , C3-C8 cycl o- al kyl group
whi ch may be substirf"fi’f%dg#?ﬂeﬁn@gﬁ Srm?egnclz%,cﬁ OXYCAXEUP A1 group

whi ch may be substjt ut wi L h.ope, or no Rd, or a prodr or a

phar maceutical |y ac%%gtggl%uégF%g?ﬁ%gegfgﬁ fﬁﬁlgf %ngrgFﬁggFB ah8PRer
aspect of the presept. isivenii t i vi ded derivative
represented by forn%l%T(ﬁf,gﬁﬁggg%naﬁgﬁg ??P%ﬁ %Qgrggr%éﬁé?ﬁgéﬁgﬁ

pharmaceutical Iy acgephabhg §2! holbehaPbgehChfblls , Aal gawggﬁeaﬁmﬂy 50- or
Ar y t

-NH. Further, the substitution system on I's prefera at "t he

substituent -(CROR hy@ré%k¢ §PokPNdgdcyhRoagrbig, 20N 88bageBhpt Oahhe ring
atomto which the

amino group, a C;-C¢ alkylamino group, and a

di{C;-Cs alkyl)amino group:

Re 1s 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
Rd, or a heteroaryl group which may be
substituted with one or more Rd;

Rf is a hydrogen atom, or a C;-Cs 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 one or more Rc, a (;-Ceg
alkylcarbonyl group which may be substituted
with one or more Rc, an aryl group which may be
substituted with one or more Rd, a heterocaryl
group which may be substituted with one or more
Rd, a carbamoyl group. a C,-C¢ alkoxycarboxy
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;

Re and Rf, and Rf and Rg may form a 4- to 7-

membered heterocycle together with the nitrcgen



substituent A is bonded. For exanple, when Arl is a phenylene group, an
ortho substitution is preferred and, for exanple, when Arl is a thienylene
group, 2,3-substitution or 3,4- substitution is preferred and furthernore,
for exanple, when Ar' is a pyridinylene group, 2,3-substitution. 3,4-
substitution, 4,5-substitution or 5,6-§p§;i[ption is preferred. Further,
when Arl is a pyrazolyl ene group 3,4-su itution 4,5-substitution or
1,5-subtitution is preferred substituent A and the substituent

- (CR6R7), n- Ar2 may 8@ Boﬁ&eﬁhé tPPﬁgaﬁPtPBBQﬁdatSRFPFGG}XF RﬁcéP&rng to

till anoth t of t L h d
cycl ohaxane. der i valhyandr B, BEE:Bamy 8 §Eﬁaﬁshrftye‘s§ﬂé% hoy;'mg@ or a

d - 11 Il g r
Db Putton 2yaterRiAEHBPR BeEfy X, EEIPIANA, S AL gdP " 0
~(ORORY), n-Ar2 s bagdedstackleysenonde b gma;i\gnkgepgrb. 08, {ﬂl‘ the ring

atomto which Qis bonded. For exanple, ene group, a

neta substitution igjryefgrbag dRdchf Ray SéaQBBEtlwh%EaA&hthsoﬁepyrIdlnylene
group, 2,4-substitution, 3,5-substitution, 4,6-substitution or

1,6-subtitution is oﬁrﬂaeérad Edat Bet, - amearénkynsgﬁaupndahréheﬁaygrOUD,
1, 3- substitution, 3, 4- substrtutron 4. 6-substitution or 5,7- subtitution is

preferred. Further bahgabAthitised pytazeh;leaemogéoaa” 1, 3-substitution,
3,5-substitution or 1.4-subtitution is preferred. The substituent A and the
substit uenbr- ¢CREBAYUy ér2anphabmabentiddaldyaacagtableogadtatherep@015] I n
t he above-described fornmula (1), mis preferably one. Further, Arl is
preferabl y[@0pBRenyl enchggerding to another aspect of the present
inventicn, there is provided a cyclohexane derivative
represented by formula (I), wherein n is 1, or a prodrug or a
pharmaceutically acceptable salt thereof. Herein, 2 is
preferably -0- or -NH-. Further, the substitution system on
Ar! is preferably that the substituent -(CR°R’),-Ar? is bonded
to a ring atom adjacent to the ring atom to which the
substituent A is bonded. For example, when Ar' is a phenylene
group, an ortho substitution is preferred and, for example,
when Ar! is a thienylene group, 2,3-substitution or 3,4-
substitution is preferred and furthermore, for example, when
Ar' is a pyridinylene group, 2,3-substitution, 3,4-
substitution, 4,5-substitution or 5,6-subtitution is preferred.
Further, when Ar! is a pyrazolylene group, 3,4-substitution.
4,5-substitution or 1,5-subtitution is preferred. The
substituent A and the substituent -(CR°R’),-Ar?’ may be bonded
to a ring nitrogen atom.
[0014] According to still another aspect of the present

invention, there is provided a cyclchexane derivative

represented by formula (I), wherein n is 0, or a prodrug or a



a napht hyl ene group, a thienylene group, a pyridinylene group, an

I ndol yl ene group, or a pyrazolylene group, and particularly preferred are a
phenyl ene group, a thienylene group, a pyridinylene group, and an indol yl ene
group (and these groups nay be substituted with one or nore Rb). [0016] In
t he above-described formula (1), mis preferably one, and further Ar 2 is
preferably a phenyl group, a naphthyl T %ﬁuﬁ a thienyl group, a

benzof uranyl group, a benzothienyl group a benzodi oxol yl group, a 2, 3-

di hydr obenpPbrumaseMtdraddy @cceprablgi spddbahedewifeny Hegredap, thend
partlcularlé preferred are a phenyl ,group, a benzodloxolg roug and a

2, 3-di hydr § BHE&FHFéﬁylsgﬁﬁﬁﬂ CBnAT; hes ePEPEEFAPIKahBE EDBsEUPEEAEUGRRLN one
or nore Rb) h bove-described, Ql to S ferred
that RI, RQ(C§§%%R4 §nd1£5£3?é ga A Hﬁeﬁ%ﬁﬂ%ﬁtF§“§e?58?eGeP?Bﬁ+“§ E§BWoxy
gr oup and Rx ccor Q f.urt her esent

i nventi on, E% aﬁ%gviglgéécg ﬁpq%nhonﬁeghe 86V8 5@ éF’bg e nuFﬁ (1),
wher ei n ”‘hsgﬁen leﬁe réu me% sNﬁétiéﬁklgﬁ %Q% Lreia dn

naphthylene rou Iene grou group, an |n531ylene

group or ga&a.g&gl ylwﬁaa Aaﬂo gggriafﬁ 1ﬁﬁ§;§§ y 9%8%&&& hedopi th one

nmor e pheny up, “a t |eny group, a

benzof ur angl, 59 &QBBt:.%uQS%Ot i, %nxéhbgrt%@u%nb%&z qd l6QERMOE! + UMD 4 2
2, 3-di hydr obenzof uranyl group ‘or a 2, 3- di hyrobenzot hi enyl group (and these

groups naypbersubsai. t puedhe,t Rhene Aet 181 gn Rbhdo Bpllelrd, gRBupR31 , B4 and RS

are each 1independently selected froma hydroxy group and -CC(:C»FM, or
substitution, 3,4-substitution, 4,6-substitution or 5,7-
subtitution is preferred. Further, when Ar' is a pyrazolylene
group, 1,3-substitution, 3,5-substitution or 1,4-subtitution
is preferred. The substituent A and the substituent -(CR*R’),-
Ar’ may be bonded to a ring nitrogen atom.
[0015] In the above-described formula (I), m is
preferably one. Further, Ar' is preferably a phenylene group,
a naphthylene group, a thienylene group, a pyridinylene group,
an indelylene group, or a pyrazolylene group, and particularly
preferred are a phenylene group, a thienylene group, a
pyridinylene group, and an indolylene group (and these groups
may be substituted with one or more Rb}.
[0016] In the above-described formula (I}, m is
preferably one, and further Ar? is preferably a phenyl group,
a naphthyl group, a thienyl group, a benzofuranyl group, a
benzothienyl group. a benzodioxolyl group, a 2,3-
dihydrobenzofuranyl group, or a 2,3-dihyrobenzothienyl group,
and particularly preferred are a phenyl group, a benzodioxolyl
group, and a 2,3-dihydrobenzofuranyl group {(and these groups

may be substituted with one or more Rb).



a prodrug or a pharmaceutically acceptable salt thereof. [0019] According
to a still further aspect of the present invention, there is provided a
conmpound of the above-described fornula (1). wherein mis 1; nis 0; Arl is
a phenyl ene group, a naphthylene group, a thienylene group, a pyridinylene
group, an indolylene group, or a pyrazolylene group (and these groups may
be substituted with one or nore Rb); Ar2lids-a phenyl group, a naphthyl
group, a thienyl group, a benzofuranyl group, a benzothienyl group, a
benzodi oxof 9P1gdoup, alm, the dabgde obesenite@nd! tyr @ip, i¢r is preferred

2, 3-di hyrobenzot hi enyl group (and these groups may be substituted with one
or nore Ro¥habnB - A B, R3 am Bh@ns eacd daderendepdddefalpat@ddnar from
a hydroxy group and - =OQ)Rx, or a prodrug or a - 13 - pharnaceutically
acceptableaSEY?g?ﬁgrﬂﬁgﬁg[BéQOIoﬁéﬁg?ﬁﬁng to a still further aspect of the
present | Lon, there is. provided.a conpound selected from
[2-(4-nethg§§gé zyl)p ?@QTS%ggcg?b%:%Hfﬁéﬁ AFRFGh Y gehe present

[ 1S, 2R, 3R, = 4-hy hyl.- 6= E3%(4- hoxyhenzyl ) - _ .
phenyl]cyc#@%gigﬁggl,g$§§§gﬁ%l¥koglhgd a QS&pouXH o% khe above-described

2 ) EUERATE (2Yy DEHEYLLRRINL] 1200 CREPE: (& DeOLBCO6rPYRANISATS 1

[ 2- (4-cycl opentyl ben eny 5a- car ba- ucopyranosi de;

(4- chl opoprBgyl tRBEP¥bLES2aCARBALhF1BAE! YEQBY! 2R0%h¥Bnylene group, a
enzylphenyl)-5a-carba-?é--D—g ucopyr anosi de:

b
(4-1i Sopﬁﬁﬁﬂhbﬁgwhé pYesip] - aa- Qﬁ&B@gién@‘ %J_caﬁﬁpasfaa%yéa;zolylene
(4-cycl opropyl benzyl ) phenyl ] - 5a- car ba- ( 3- D- gl ucopyr anosi de;
(4- n- prgpylipenant) phesg! frboapsambg- BeDsgbs€0pyt8A0%1iER; one or more
(4-trifluoronethyl benzyl) phenyl]-5a-carba- (3-D gl uco-

Rb); Ar’ is a phenyl group, a naphthyl group, a thienyl group,

[ 2-
(2-
[ 2-
[ 2-
[ 2-
[ 2-
a benzofuranyl group, a benzothienyl group, a benzodioxolyl
group, a 2,3-dihydrobenzofuranyl group or a 2,3-
dihyrobenzothienyl group (and these groups may be substituted
with one or more Rb); and R!, R?, R’, R! and R’ are each
independently selected from a hydroxy group and -OC(=0)Rx, or
a prodrug or a pharmaceutically acceptable salt thereof.
[0019] According to a still further aspect of the present
invention, there is provided a compound of the above-described
formula (I), wherein m is 1; n is 0; Ar! is a phenylene group,
a naphthylene group, a thienylene group, a pyridinylene group,
an indolylene group, or a pyrazolylene group (and these groups
may be substituted with one or more Rb); Ar? is a phenyl group,
a naphthyl group, a thienyl group, a benzofuranyl group, a
benzothienyl group, a benzodioxolyl group, a 2,3-
dihydrobenzofuranyl group, or a 2,3-dihyrobenzothienyl group
(and these groups may be substituted with one or more Rb): and

R, R?, R?, R* and R® are each independently selected from a

hydroxy group and -OC{=0)Rx, or a prodrug or a



pyr anosi de;
pyr anosi de;

[ 2- (4- met hyl sul f anyl benzyl ) phenyl ] - 5a- car ba- 3- D- gl uCo-

[ 3-fl uoro- 2- (4- net hoxybenzyl ) phenyl ] - 5a- car ba-j 3- D- gl uco-
pyranosi de; [2-(3-trifluoronethyl benzyl)phenyl]-5a-carba-p-D gl uco-
pyr anosi de; [ 2-(4-net hoxybenzyl)-4-nmet hyl phenyl]-5a-carba-{3-D gl uco-
pyr anosi de; [ 2-(3-nethoxybenzyl)phenyl]-5a-carba- 3-D gl ucopyranosi de;
[2-(4-nethoxybenzy|)-4-nethoxypheny|]-Sh:%%rba-p-D-gluco- pyr anosi de;
(4- met hoxybenzyl ) - 6- net hyl phenyl ] - 5a- car ba-0-D-gl uco - 14 - pyranosi de;
4- et hBRFEBRSFIELLAL Yo BoeRIAbILes £2ddr fRexeniyl uco- pyranosi de;

oo EBGHE ) ool dfsbob oo seuf ERBLGERBePRRe o che orosenc
R oty Il
i) fﬁgx-lii'eéﬁfﬁfﬁhgﬁ%)P?@&:YS}Qr?g.-efﬁ%?%fa@?s&yﬁaﬁggﬁ&as ide;
51985 AR o9, SR AR G cncsrvensy)

oy anpReATI| s eherR 0200 Ralogl ucopyr anosi de;

2_
2-
2-
2-
5_
2-
2-
2-
2_
2-
2-
2- trif

(
[ 2-(
[ 2-(
[2-(
[ 5-f
[2-(4
[2-(4
(2-(3
(2-(4
[2-(4
[2-(4 !
[2-(3 uor onet hoxybenzyl ) phenyl ] - 5a- car ba-i - D- gl uco-
[2-{4-trifluoromethoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-{4-cyclopentylbenzyl)phenyl]-5a-carba-f-D-glucopyrancside;
[2-(4-chlorobenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
(2-benzylphenyl)-5a-carba-f-D-glucopyranoside;
[2-(4-isopropylbenzyl)phenyl]-5a-carba-pf-D-glucopyranoside:;
[2-{4-cyclopropylbenzyl)phenyl]-5a-~carba-f-D-glucopyranoside;
[2-{4-n-propylbenzyl)phenyl]-Sa-carba-f-D-glucopyranoside;
[2-(4-triflucromethylbenzyl}phenyl]-5a-carba-f-D-gluco~
pyranoside;
[2-(4-methylsulfanylbenzyl)phenyl]-5a-carba-fi-D-gluco-
pyranoside;
[3-fluoro-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-({3-trifluoromethylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-methoxybenzyl)-4-methylphenyl]-5a-carba--D-gluco-
pyranoside;

[2- {3-methoxybenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[2-{4-methoxybenzyl)-4-methoxyphenyl]-5a-carba-p-D-gluco-
pyranoside;

[2-(4-methoxybenzyl)-6-methylphenyl]-5a-carba-f-D-gluco-



pyr anosi de; [ 2-(4-am nonet hyl benzyl ) phenyl]-5a-carba-f 3-D- gl ucopyr anosi de;
[ 5- met hoxy- 2- (4- met hoxybenzyl ) phenyl ] - 5a- car ba- 3- D- gl uco- pyranosi de;

- (4- et hoxycar bonyl benzyl ) phenyl ] - 5a- car ba- (3- D- gl uco- pyranosi de;

- (4- car banmoyl benzyl ) phenyl ] - 5a- car ba- (i - D- gl ucopyr anosi de;

-(4-N, N—d|nethylcarbannylbenzyl)phenyl] 5a- car ba- 3- D- gl ucopyr anosi de;

- (4- et hoxybenzyl ) phenyl ] - 5a- car ba-j 3- D-élucopyran05|de

- (4-difl uoronet hoxybenzyl ) phenyl ] - 5a- car ba- 3- D- gl uco- pyranosi de;

- (4-t er t PBERGPBEASY| ) phenyl ] - 5a- car ba- ~- D- gl ucopyr anosi de; - 15 -
- (
-(
-C

x E”EE Eﬁk?ﬁ é#ﬁ“e”ﬁsingﬁ)?2.5%ﬁ‘u%%e?ﬁ%hﬁﬁ%%ﬁﬁéibgeprp gluco-

ngghgxypg}%hgggﬁﬁgiggthsl)phenyl]-5a-carba (3- D-gluco- pyr anosi de;
(5 1 uoh B S nE kS RERE Y, BHERYry -38- BRFBE- hon gkt rpRbaRte R
§4 CYC'?Erg§¥h9F§§%BéH¥%hggﬂ ayghlséacggaga PpL ﬁﬂhuggyraxsémaa'de
- [

4- car boxybenzy eny a- ~-D-gl ucopyrano

4 V'HYtQEEZMB%QDQDYhlmé@h@ﬁ?ﬁ@nhyﬁhShHﬁQE!LQHQEhQBa -D-gluco-
4- (2, 2-di fluorovinyl)benzyl

pyranoside;

AI—|AI—|I—H—|I—|U'II—H—|I—|I—|I—H—|I—|I—|
I\)I\)I\J-bl\)l\)wm NI\)I\JNI\)I\)I\JN

phenyl) - 5a-car ba- f gl ucopyr anosi de;

[2-(4-methylsulfonylbenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-{4-fluorocbenzyl)phenyl]-5a-carba-ff-D-glucopyranoside;
[2-{3,4-dimethoxybenzyl)phenyl]-5a-carba-p-D-gluco-pyranoside;
[2-(4-ethylbenzyl)phenyl]-5a-carba-f3-D-glucopyranoside;
[2-(4-hydroxybenzyl)phenyl]-5a-carba--D-glucopyranoside;
[2-(4-cyanobenzyl)phenyl]-5a-carba-p-D-glucopyrancside;
{2-(3-trifluoromethoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-{4-aminomethylbenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[5-methoxy~2- (4-methoxybenzyl)phenyl]-5a-carba-pf-D-gluco-
pyrancside;
[2-(4-methoxycarbonylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoslde;
[2-{4-carbamoylbenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[2-{4-N,N-dimethylcarbamoylbenzyl)phenyl]-5a-carba-f-D-
glucepyranoside;
[2-(4-ethoxybenzyl)phenyl]-5a-carba-f-B-glucopyranoside;
[2-(4-difluoromethoxybenzyl)phenyl]-5a-carba-pf-D~gluco-
pyranoside;

[2-(4-tert-butylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;



, 3-di hydr obenzof ur an- 5-yl met hyl ) phenyl ] - Sa- car ba-j 3-D gl ucopyr anosi de;
-fl uoro-4-net hyl benzyl ) phenyl ] - 5a- car ba- F3- D- gl uco- pyranosi de;

- met hoxy- 3- met hyl benzyl ) phenyl ] - 5a- car ba-f - D- gl uco- pyranosi de;
-pyrazol - 1-yl benzyl ) phenyl ] - 5a- car ba- 3- D- gl uco- pyranosi de:
-chIoro-4-nethoxybenzy|)phenyl]-5q—§ rba- 3- D- gl uco- pyranosi de;

, 4- met hyl enedi oxybenzyl ) phenyl ] - 5a- ¢dar ba- 3- D- gl uco- pyranosi de;
-cyclobutylbenzylgphen | ]-5a-carba- 3-D- gl ucopyranosi de; - 16 -

- acet yPbéhzprIBHe 9!1]21%&98&93&1 pSp-grEBapPrAngdngepyranoside;

AT RO S 500 BT 0
o BB RSN, S8 DL O o e
R L e R

gl ucopyr anggtdgoshidet4- et hyl benzyl ) - 5- met hyl t hi ophen- 3-yl | - 5a- car ba- (3- D-
gl ucopyr anosi de;

[2-(4-methoxybenzyl)-3-methylphenyl]-5a-carba-p-D-gluco-

(2
-(3
(4
(4
-(3
-(3
(4
(4
(4
(4
-(b

(
(
(
(
(
(
(
(
(
(
(

s

pyrancside;
[2-(3-fluoro-4-methoxybenzyl)}phenyl]-5a-carba-a-D-gluco-
pyranoside;
[4-(4-cyclopropylbenzyl)pyridin-3-yl]-5a-carba-p-D-gluco-
pyranoside;
[2-(4-carboxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-({4-vinylbenzyl)phenyl]-5a-carba-p-D~glucopyranoside;
{2-[4-(2,2-difluorovinyl)benzyl]phenyl}-5a-carba-§-D-
glucopyranoside;
[2-(2.3-dihydrobenzofuran-5-ylmethyl}phenyl]-5a-carba-g-D-
glucopyranoside;
[2-{3-fluoro-4-methylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-methoxy-3-methylbenzyl)}phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-pyrazol-1-ylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside:

[2-(3-chloro-4-methoxybenzyl }phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(3,4-methylenedioxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside:

[2-(4-cyclobutylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;



[ 5-chl oro- 2- (4-cycl opropyl benzyl ) t hi ophen- 3-yl]-5a-car ba- p-D
gl ucopyranosi de; (IR 2S, 3R 6R)-6-[2-(4-cycl opropyl benzyl ) phenoxy] - 4-

(hydr oxynet hyl ) cycl ohex- 4-ene-1, 2, 3-triol;

(1R 2S, 3R, 6R) - 4- hydr oxynet hyl - 6- (2- (4- et hoxybenzyl ) -
phenoxy] cycl ohex-4-ene-1, 2,3-triol;

(1R 2S, 3S,6R) -4-[ 3-(4- ethylbenzyl)phenyIPﬁG-(hydroxy-
nmet hyl ) cycl ohex-4-ene-1, 2, 3-triol;

(1R 2R, 3S, #R: BEQaéetﬁlbéneymybhengyn}54-datbaxﬁpbegyhboﬁyréhﬁdidéynethyI)

cycl ohexane-1, 2, 3, 4-tetraol;

(1R 2R 3S, b&; 6Rymath@xyhepely) benmgkhydphenidlyphennkrbacp-Phgdinorynet hyl )

cycl ohexane-1, 2, 3-triol;
(1R 2R 3S, Eﬁrswsadfz et hoxy- 5- (4- et hyl benzyl ) phenyl ]-5 -
(hydr oxynet hyl ) cycl ohexane

17 -

2,3, 4-t
(1R 2R, 3S, b3, éﬁ)eﬁhﬁbeﬁﬁ&}’tgienhep%"rBéﬂ.z?Pyﬁﬁéﬁyrﬁ -B-gluco-

(hydr oxymet h Iohexane 1,2,3-triol;
(1R 2R 3S, H¥e¥ Xi

5 (4- ethylbenzyl) 2 4- di met hoxy- phenyl ] - 5-

(Il oxy e} v el PREKARGG Lo 2L RUABRLI Y - carhac-p-giuco-

(hydr oxyne hexane-1, 2, 3-triol;
(1R 2R 3S, %2?% §¥%5€5 (4- et hyl benzyl) - 2- met hyl phenyl ] - 5-

(1% 2R 35 18 ek B L% 06 Ror el Sp RS RE Ry R JRbapy} d5oa-carbarp-D-

(hydr Oxyneghﬁhépyﬁhﬁngaae 1,2,3-triol;
(1R 2R 3S, 4R 5R)-1-[5-(4-ethyl benzyl) - 2- met hoxyphenyl ] - 5-

(hydroxynmetsyljgyglohexapeidpZopydphehiyapbthyl lphenyl }-5a-carba-f-D-

(1R 2R, 3S,4S, 6R) - 4-[ 5- (4- et hyl benzyl ) - 2- net hoxyphenyl | - 6-
cycl ohexangli¢c@pBranoside:

(hydr oxynet hyl )

[2-(4-cyclopropylbenzyl)-5-methylthiophen-3-yl]-5a-carba-p-D-

glucopyranoside;

[2-(4-ethylbenzyl)-5-methylthiophen-3-yl]-Sa-carba-f-D-

glucopyranocside;

[5-chloro-2-(4-cyclopropylbenzyl)thiophen-3-yl]-5a-carba-f-D-

glucopyranocside;

{1R,25,3R,6R)-6-[2-(4-cyclopropylbenzyl)phenoxy]-4-

(hydroxymethyl)cyclohex-4-ene-1,2,3-triol;

{1R,2S,3R,6R)-4-hydroxymethyl-6-[2-(4-methoxybenzyl) -

phenoxy]cyclohex-4-ene-1,2,3-triol;

(1R, 2S,35,6R)-4-[3-(4-ethylbenzyl)phenyl]-6- (hydroxy-

methyl)cyclohex-4-ene-1,2,3~-triol;

{1R,2R,3S5,4R,5R)-1-[3-(4-ethylbenzyl)-4-methoxyphenyl]-5-

{hydroxymethyl)cyclchexane-1,2,3,4-tetraol;

(1R,2R,35,45,6R)-4-[3-(4-ethylbenzyl)-4-methoxyphenyl]-6-

(hydroxymethyl }cyclohexane-1,2,3-triol;

{1R,2R,35,4R,5R)-1-[2-ethoxy-5-{4-ethylbenzyl)phenyl]-5-



(1R 2R, 3S,4R 5R)-1-[5-(4-et hyl benzyl )-2-tril uoronet hoxy-
phenyl ] -5- (hydroxynet hyl ) cycl ohexane-1, 2, 3, 4-tetraol ;
(1R, 2R, 3S, 4S, 6R) - 4-[ 5- (4-i sopropyl benzyl ) - 2- met hoxy- phenyl ] - 6-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;
(lR,2R,38,4S,6R)-4-[3-(4-ethy|benzyl)phen¥l]-6-(hydroxy-

nmet hyl ) cycl ohexane-1, 2, 3-triol; - 17 -
(1R,2R,38,4S,6R)-4-[3-(4-hydroxybenzyl)ghenyl]-G-
( hydr oxynet Bydrexynetexhhevalohexapepl ; 2.3, 4-tetraol;

1R 2R 4 R)-4-(5-(4-ethyl benzyl)-2-hydroxyphenyl]-6-_(hydrox hyl
gyciOhéigh%fﬁ?§%33§£$%§§R?E4Y[g?etgo%y-5—Yg-gtgglgegz%l?phéngg]96¥nEt yh)

(28 39 (R ARl Sl fiavel sReomLDpnav ) ehegy} ] - ©
(1R 2R 3S, (‘%1 C'y%;[ g (45 PLDYLBEnEYL LR o1 LLhoy PPNF YL diRe tndy pheny1)-5-

(hydr oxyne bhekan

'S, 2R, 3S, -1-[ 5= 24 f -5-
(nyar oxymet I eptie L 1Sy QongRale 1 Fa o e0RERN)

1R 2R, 3S, -bc h thyleh- Z 5 - -6-
ghenyl]cycﬁgﬁggghggi?%{ggx??ep$ag+;£§ﬁ§ﬂﬁgﬁiyf¥ypgﬂZdi&ethoxy phenyl]-6
(1S, 2R, 3S, iy PRI xPmdyEly DXYyEL iégané 31 é #. 3ethpyybenzyl) -

phenyl ] cycl ohexane-1, 2, 3, 4-tetraol; an
4-[1- (4- et hiyrk pemzys ) 4R FER NdDH | 8- 4} e By hyehi ¢y et hd dhylphenyl]-5-

cycl ohexane-1,2,3-triol, or a prodrug or a pharmaceutically acceptable salt
t hereof. (W@Pddxvinethyll hgytebokemaherl a3 pecd-péttéel present invention,
there is provided a pharmaceutical conposition conprising the conpound of
t he above- OBRCZR 3%, 4Dr R} ad { [ §- ( dhe tihylsenzel) a2-me tay lphenys -6 -
co-transporter inhibitor. [0022] According to still another aspect of the
pr esent (hydroxymethyl }cyclohexane-1,2,3-triol;
(1R,2R,35,4R,5R)-1-[5-(4-ethylbenzyl)-2-methoxyphenyl]-5-
(hydroxymethyl )cyclohexane-1,2,3,4-tetraol:
(1R,2R,35,45,6R)-4-[5-(4-ethylbenzyl)-2-methoxyphenyl]-6-
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R, 2R,35,4R,5R)-1-[5-(4-ethylbenzyl)-2-trifluoromethoxy-
phenyl] -5-(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;
(1R,2R,35,45,6R}-4-[5-(4-isopropylbenzyl)-2-methoxy-phenyl]-6-
{hydroxymethyl)cyclohexane-1,2,3-triol;
{1R,2R,35,45,6R)-4-[3-(4-ethylbenzyl)phenyl]-6-{hydroxy-
methyl)}cyclchexane-1,2,3-triol;
(1R.2R,35,4S,6R)-4-[3-({4-hydroxybenzyl)phenyl]-6-
{hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,35,48,6R}-4-[5-(4-ethylbenzyl)-2-hydroxyphenyl]-6-
(hydroxymethyl }cyclohexane-1,2,3~-triol;
(1R,2R,35,4S,6R)-4-[3-(4-cyclopropylbenzyl)phenyl]-6-
{hydroxymethyl)cyclohexane-1,2,3-triol;

{1R,2R,35,4R,5R}-1-{5-(4-ethylbenzyl)-2-fluorophenyl]-5-



I nvention, there is provided a pharnmaceutical conposition conprising the
conpound of the above-described fornmula (1), which is used for preventing
or treating diabetes such as insulin-dependent diabetes (type | diabetes)
and insulin- independent diabetes (type Il diabetes), diabetic
conplications caused by hyperglycem a, or, obesity. [0023] According to a
further aspect of the present inventidh}jihére I's provided a nethod of

preventing or treating_di abetes such_as insulin-dependent diabetes (type |
di abet es) ARYAFREYMERhYLdSyeiobRragraletes - dr§fETRP1i abet es), di abetic

licati d ' begity, . which '
aam i ster KNG 2 OFr 48 PO GnBaA CoF PHACeBaaAa BT RENERIRI- Bescr | bed
f I I - h ticall t abl It th ft
pati ent. - FouSiptrmet e I5SrIBHE R de Eot 8o eI PRe g oups. repr esented by
Rl, R2, R3,,R4 R he _ ' ent Iy, .f e, hyd
group, a Cf}g6zgp §r§§§%3903p$§298?9%%§ﬁgr: k§¥o§§ %%gﬁéggﬁeﬁéé?gégR;?xgnd
partiCU|arF%gﬁ%1]B?c13§ex hedld 2R3 grecprghgrably all hydroxy groups.

[0025] In onpounds of the present invention, nis preferably 1 and in

this Case,(stQRQBStQR@Bhy—BQhFG&ox thyand -paLiisChledhbkyRedlganed is -0-.
[ 0026] In the above-described fornmula (1), Arl and Ar 2 may bé substituted

wi th one t phéayl Jeybibhbuanes 1R2,3nd -astirthe1Rbanga hal ogen atom a hydroxy
group; a Cl-C6 al kyl group and a C3-C6 cycloal kyl group which may be
substitut ed-fitlidenehydbehayl )sulstinoerBsyiglecti{ hgdroaymethgllggen atom a
hydr oxy
cyclohexane-1,2,3-triol,
©r a prodrug or a pharmaceutically acceptable salt thereof.
[0021] According to another aspect of the present
invention, there is provided a pharmaceutical composition
comprising the compound of the above-described formula (I)
which 1s used as a Na'-glucose co-transporter inhibitor.
[0022] According to still another aspect of the present
invention, there is provided a pharmaceutical composition
comprising the compound of the above-described formula (I},
which is used for preventing or treating diabetes such as
insulin-dependent diabetes (type I diabetes) and insulin-
independent diabetes (type II diabetes), diabetic
complications caused by hyperglycemia, or ocbesity.
{0023] According to a further aspect of the present
invention, there is provided a method of preventing or
treating diabetes such as insulin-dependent diabetes (type I
diabetes) and insulin-independent diabetes (type II diabetes},
diabetic complications caused by hyperglycemia and obesity,

which comprises administering an effective amount of the

compound of the above-described formula (I), or a



group and an ami no group; a Cl-C6 al kyl oxy group and a C1-C6 alkylthio
group which may be substituted with one to four substituents selected from
a hal ogen atom a hydroxy group and an am no group; a cyano group; a Cl-C6
al kyl -sul fonyl group; a nitro group; a carboxy group; -NReRf (wherein Re is
a hydrogen atom a Cl-C6 al kyl group, a_C, -C6 al kyl carbonyl group, a

car banoyl group, a Cl-C6 alkylsulfonyl‘gﬂ8up or a Cl1-C6 al koxycar bonyl
group; and Rf is a hydrogen atomor a C1-C6 al kyl group); 5- or

6- het er oarBhagmacputbeably-acgeBtaphpesalit bheveofytpyh pabiéents preferred.

[ 00271 Among the group represented by Arl, thg arylene group is a dival ent
group conpbE¥#tbi an arbrdts ARONGHRERITIPEG, Qf $0a'y BR€agBERUPFC car bocycl e
having 6 to 10 carpon ato - 22 0, and includes, for exampl e, a phenyl ene
group and EF?Eﬁﬁﬁ?ékgn%Y rodp. %he %efﬁFbé#yW@Heb&rSGﬁhiénge&Pngéﬁﬁygroup
conposed f_.an aro I c heterocycle, preferably a 6- to 10-nenbered
aromatic Hg eroty® e an ?% ¥%ﬁ%s? ?%?'exanple, a heteroaryl ene group

o L ng, Lndgl @ I} i g,
benzot hi op QQPXQrQEE¥i2§?u gﬁuban,%éféﬁgﬁggﬁﬁ ghg§?§gsuélggrigine ring, a

benzot hi ophene dgroup

qui nol i ne Io®M0eo ARk, | SPAULAPE L OE1 GF PYPR? 8 g2hi gzl g rairﬂﬂ’Rsaal}%néQU.c‘E%?lg.ﬁ

ring, an isothiazole ring, a benzoisothiazoéle ring, a pyrazol & ring,

i ndazol e raND, hPdr&XPZPEGups NY, a benzoxazole ring, an isoxazole ring, a
benzoi soxazol e ring, an imdazole ring, a benzoimdazole ring, a triazole

ring, a bepgewisiazol e Im nthe aonpounidlidge tHdbresddt dimedtiith, & P azi ne
ring or a pyridazine ring. As the Arl, particularly a phenyl ene group, a
napht hyl engr@fexgbhndl sat@t £ Ol ¥4 efRs gl CApisoptefEragla -O- or -NH-,
and particularly preferred is -0-.
[0026] In the above-described formula (I), Ar' and Ar’? may
be substituted with one to four substituents Rb and as the Rb,
a halogen atom; a hydroxy group:; a C;-Cg alkyl group and a
C3-Cy cycloalkyl group which may be substituted with one to
four substituents selected from a halogen atom, a hydroxy
group and an amino group; a C;-Cs alkyloxy group and a C;-Cs
alkylthio group which may be substituted with one to four
substituents selected from a halogen atom, a hydroxy group and
an amino group; a cyano group; a C;-Cg alkyl-sulfonyl group; a
nitro group; a carboxy group; -NReRf (wherein Re is a hydrogen
atom, a C;-Cs alkyl group, a C;-Cs alkylcarbonyl group, a
carbamoyl group, a C;-Cy alkylsulfonyl group or a C;-Cg
alkoxycarbonyl group; and Rf is a hydrogen atom or a C;-Cg
alkyl group}: 5- or 6-heteroaryl group; or a 4- to 6-membered
heterocyclyl group is preferred.
[(0027] Among the group represented by Ar', the arylene

group is a divalent group composed of an aromatic carbocycle,

preferably an aromatic carbocycle having 6 to 10 carbon atoms



pyridine ring, a pyrrole ring, an indole ring, a thiophene ring, a
benzo-t hi ophene ring, a furan ring, a benzofuran ring or a pyrazole ring
are preferred, and nore preferred are a phenylene group, a thienylene
group, a pyridinylene group and an indolyene group. [0028] Anong the group
represented by Ar 2, the aryl group is a phenyl group, a naphthyl group or
an azul enyl group, and the het eroaryl -gP®up is a pyrrolyl group, an indolyl
group, a pyridyl group, a quinolyl group, an isoquinolyl group, a thienyl
group, a bandoihciugesgrfop, examplegl gropbpnydenpegrofinr angl agneppthylene

t hi azol yl group, a benzothlazoli group, an isothiazolyl group, a

benzo-i sot @rage} y| Te oipteroayy QBPyBIOEPoEE aaﬁiVﬂéaEBIQFOQPOGBNPQﬁed
oxazolyl group, a benzoxaﬁolyl - rouE anllsoxazolyl Brou
benzoi soxa?bl g gFERMBEiGn eFﬁFﬁﬁiSF—?l- BFS ﬁraa BeAzPmi 8923 yme@bsasd
triazolyl rou ben otriaz m di n r an uracilyl
group, %ﬁ?ﬂ Fhg1 g 8ﬁﬁcyﬁgﬁy?Pga}Pﬁ}Fgﬁ Bogre§%gpgp "and as the Ar
2, a pheny p é hie u nzot.hi enyl. _group,
= bensod nefyToSrelatetokiuy, SRER b BRYLFEI S, sfma,-oﬁﬁ Bpo1€"¥ind!

2, 3-di hydr gbgnzg 5§g§gy£lg§oug bénzBEﬁES?ﬁgﬂg gﬂﬁ E %hﬁﬁ her Eﬁ fegred is a
phenyl group, a enzodi o group enz urany "group.

[ 0029] Th ky S d he S | i ggar or
br anched gg%ﬁ%&f ﬁ%ncgiggp ha@?ﬁgain?orgﬁgarEo%ﬁig?gﬁgaaﬁ%ng ?ﬁdes for

exanmpl e, nesbyhin&iiyé, gPoBPpOPE! thihzBLEPYingN- RUb¥hzotnRHLYh e rihgtyhn

t-butyl, n-pentyl, 3-nethylbutyl, 2-nmethylbutyl, 1-nethylbutyl,

1-ethy|prOﬂybthlazhzéyfiné natbshaamhuthiazatéhrhﬁgntalpyﬁaﬂelhykmﬁgtyhn
‘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 uridine ring, a pyrazine ring or a
pyridazine ring. As the Art, particularly a phenylene group,
a naphthylene group and a heterocarylene group containing a
pyridine ring, a pyrrole ring, an indole ring, a thiophene
ring, a benzo-thiophene ring, a furan ring, a benzofuran ring
or a pyrazole ring are preferred, and more preferred are a
phenylene group, a thienylene group, a pyridinylene group and
an indolyene group.
[0028] Among the group represented by Ar?, the aryl group
is a phenyl group, a naphthyl group or an azulenyl group, and
the heteroaryl group is a pyrrolyl group, an indolyl group, a
pyridyl group, a quinolyl group, an isoquinolyl group, a
thienyl group, a benzothienyl group, a furyl group, a
benzofuranyl group, a thiazolyl group, a benzothiazolyl group,
an isothiazolyl group, a benzo-isothiazolyl group, a pyrazolyl

group, an indazolyl group, an oxazolyl group, a benzoxazolyl



1- net hyl pentyl, 3-ethylbutyl, and 2-ethyl butyl, and preferable Ci1-C6 al kyl
groups include, for exanple, linear or branched chain alkyl groups having
one to three carbon atons, and particularly preferred are nethyl and ethyl.
[ 0030] The term "C3-C8 cycl oal kyl group” as used herein neans a cyclic

al kyl group having 3 to 8 carbon atons and includes, for exanple,

cycl opropyl, cyclobutyl, cyclopentyl, -~ f&ldhexyl, cycl oheptyl, and

cycl ooctyl. [0031] The term " Cl-C5 al kox group” as used herein nmeans an
al kyl oxy ggﬁﬁﬂphaépngsaxﬂﬁﬁéai gFodPanghbengniFAxaEryyYl greup.haking 1 to 6
carbon atons_as the_al k nmoi ety and. i ncludes, for exanple, _nethoxy

et hoxy, n- b?bﬂﬁ%?lyi BF%HBxya bﬁnEﬁP6Q920§Y5u95?9P |abGF6§?°l¥lb9F8??

n- pent oxy, & i i i but oxy, .2-ne % -met h Ibutoxx

L bthy! bt oRERGSEE R REMT R 0K it RYFBLAORYL §¥ byl plnbbRGLLYL group,

gt MR e o TR e (R

group as us ere P aVI ar OI'TB.

1 napht byl aria € 2Rt 19T T b0a) fﬁ*ﬁt‘%ﬁ%"&%’z 3412%‘%%9 b hs used

herein nﬁaaﬁzafhﬁéﬁyﬁlFfbuﬁroapbaaxbagozo&911§rsabb09 FLogs 399 pcogt ai ning
the al ready defined aryl group and i ncl udes exanpl e P

1- phenet hyben 2o PhEARY DY ro&pnaabtbyhn&ihyhrobaﬁﬂoﬁuaaﬁbihgkaﬁbhih [ 0034]
The term "C7-Cl4 aral kyl oxy group” as used herein neans an aryl al kyl oxy

group havi pgefetped4 antbeurehepmoasdpreestatai ng hhphahyeadyodpfi ned

aral kyl group and includes, for
benzodioxolyl group, or 2,3-dihydrobenzofuranyl group.
[0029] The term "C;-Cs alkyl group” as used herein means a
linear 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, l-ethylpropyl,
n-hexyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl,
l-methylpentyl, 3-ethylbutyl, and 2-ethylbutyl, and preferable
C,-Cs alkyl groups include, for example, linear or branched
chain alkyl groups having one to three carbon atoms, and
particularly preferred are methyl and ethyl.
[0030] The term "C3;-Cy cycleoalkyl group” as used herein
means a cyclic alkyl group having 3 to 8 carbon atoms and
includes, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl.
[0031] The term "C;-Cs alkoxy group” as used herein means
an alkyloxy group having a linear or branched chain alkyl
group having 1 to 6 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,



exanpl e, benzyl oxy, 1-phenethyl oxy, 2-phenethyloxy, 1- naphthyl nmet hyl oxy and
2- napht hyl net hyl oxy. [0035] The term "heteroaryl group"” as used herein neans
a b5- to 10-nenbered aromatic heterocyclyl group containing one or nore

het er oat om i ndependent|ly sel ected froman oxygen atom a nitrogen atom and
a sul fur atomand includes, for example,,,furyl, thienyl, pyrrolyl,

I m dazol yl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,

di I t.hi_adi |yl ., tri |yl tet |yl i dy], i mdi nyl,
oyt ezt nyl S-SR 2V b AR B o e TR oo
het I ok -
oyt o1 y1 o SR St des i g R ol 2 e b AR ey
group, and _Radhvadedtoky,NGna 23 et RMRAQN . group is preferred. [0036] The

term "aryl oxy group” as used herein nmeans an aryl oxy group having the

al ready dgfgowed aronatrhe REEmOCARRAN grouPUPaBavisea felr@1H0 nfednRORMALIRA as
the aryl noiety and includes, for exanple, phenoxy, 1-naphthoxy, and

2- napht hoxgtoup GR¥dngThe: taafoiathiel eiyeafoda@boryrany hasriused hey eign  neans a
het er oaryl oxy group having the already defined 5- to 10-nenbered aronatic

het er ocyclodrbgmowtors @nd dricdiugesonefoyr exanpd ehetptreantlom lsalegstitady If ranm an
oxygen atom a nitrogen atom and a sulfur as the heteroaryl noiety and

i ncl udes, Z-oaphdbanipl e, furyl oxy, thienyloxy, pyrrolyloxy, imdazolyl oxy,
pyrazol yl oxy, oxazol yl oxy, isoxazolyloxy, thiazolyloxy, isothiazolyloxy,
oxadi azol Il0&3B 1 t hi adThgoktgraxy C7tEiaaghykyty groupl r asompgedxhexgini di nyl oxy,

ri mdinyl oxy, razi nyl oxy, ri dazi nyl oxy, indolyloxy, quinolinyl oxy,
gﬁd ¥neanys a%y aryla%.kyly groFt)%‘/p havingy? t¥) 14 carbon yatocrlns and y y

containing the already defined aryl group and includes, for
example, benzyl, l-phenethyl, 2-phenethyl, l-naphthylmethyl,
and 2-naphthylmethyl.

fo034] The term "C,-C,4 aralkyloxy group” as used herein
means an arylalkyloxy group having 7 to 14 carbon atoms and
containing the already defined aralkyl group and includes, for
example, benzyloxy, l-phenethyloxy, 2-phenethyloxy,
l-naphthylmethyloxy and 2-naphthylmethyloxy.

[0035] The term “heterocaryl group” as used herein means a
5- to l0-membered aromatic heterocyclyl group containing one
or more hetercatom independently selected from an oxygen atom,
a nitrogen atom and a sulfur atom and includes, for example,
furvl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazeolyl, oxadiazeolyl, thiadiazolyl,
triazolyl, tetrazolyl, pyridyl, pyrimidinyl, pyrazinyl,
pyridazinyl, indolyl, quinolinyl, and isoguinolinyl.

Preferred hetercaryl groups are 5- to 6- membered heterocaryl
groups such as a pyrrolyl group, a pyrazolyl group, an

imidazolyl group, and a pyridyl group. and particularly the



I soqui nol i nyl oxy. Preferred heteroaryl oxy groups are 5- to 6-nenbered

het er oaryl oxy groups. [0038] The term "Cl-C6 al kyl am no group"” as used
herein means an al kyl ami no group having a linear or branched chain al kyl
group having 1 to 6 carbon atons as the al kyl noiety and includes, for
exanpl e, met hyl am no, ethylam no, n- prop¥lan1no. I - propyl am no,

n- but yl am no, s-butylam no, i-butylam no?~ f-butylam no, n-pentyl ani no,

3- et hyl but yl am no 2-met hyl b | am no, 1-nmethyl butyl am no,
1-ethy|prd$§?%ﬁﬁ¥ﬁi IFRERXF ?%?rﬁeﬁethylpentylanlno 3- nethylpentylanino,

R e W
al kyl gr ou?)ﬁf‘:‘gc\’/ gggéﬁ?%k%a%%?goﬁﬂé ﬁ% ‘iy ‘%%ij% a"ilﬁ?ﬂ' tﬁ%agﬁ%ég 9\5 %‘h may
be the Sagrn@%%quwﬂ ng - tth%" L {&dn c?dorﬁ‘i: kys) nz?rﬁ:[orH eH?CfJ;\HSeS for

exanpl e, am n dr e am no pr opy propyl am no,

di -n- but Yix?éﬂﬁ@e nef&yl é-!l 815?1&9 wtfyﬁa am %%an&ﬂﬁy? nﬁép%uty %m no,

i - butyl am no, y -t- bu am no. but

et hyl-l-buwd@frj no a%@tﬁ&htﬂmﬂéﬁm [ " e JRIdhdrde i

al kyl thi o group” as used herein neans an alky thio group having a |inear or

branched aiivdies &kytegs@Eploayi fodp tRavicqr H9d &1 peddpsaéfenddkyl t®iety
and includes, for exanple, methylthio, ettylthio, n-propylthio, i-

propyltrncn0¢mémbq¢em|aromatnmymeterpcyelymyét@mp whidhtydbtitabns one or

n-pentylthio, 3-nethylbutylthio, 2-nmethylbutylthio, 1-nethyl butylthio,

1- et hyl pr opyrte Hieteredlexy | sélected from an oxygen atom, a nitrogen atom
and a sulfur as the heterocaryl moiety and includes, for
example, furyloxy, thienyloxy, pyrrolyloxy, imidazolyloxy,
pyrazolyloxy, oxazolyloxy, isoxazolyloxy, thiazolyloxy,
isothiazolyloxy, oxadiazolyloxy, thiadiazolyloxy., triazolyloxy,
tetrazolyloxy, pyridinyloxy, pyrimidinyloxy, pyrazinvloxy,
pyridazinyloxy. indelyloxy. quinelinyloxy, and
isoguinolinyloxy. Preferred hetercaryloxy groups are 5- to
6-membered heteroaryloxy groups.
[0038] The term "C;-C¢ alkylaminc group” as used herein
means an alkylamino group having a linear cor branched chain
alkyl group having 1 to 6 carbon atoms as the alkyl moiety and
includes, for example, methylamino, ethylamino, n-propylamino,
i-propylamino, n-butylamine, s-butylamino, i-butylamino,
t-butylamino, n-pentylamino, 3-methylbutylamino,
2-methylbutylamino, l-methylbutylamino, 1l-ethylpropylamino,
n-hexylamino, 4-methylpentylamino, 3-methylpentylamino,
2-methylpentylamino, l-methylpentylamino, 3-ethylbutylamino,
and 2-ethylbutylamino.

[0039] The term "di(C;-Cs alkyl)amino group” as used



4- et hyl pentyl thi o, 3-nethyl pentylthio, 2-nethylpentylthio,

1-met hyl pentylthio, 3-ethylbutylthio, and 2-ethylbutylthio. [0041] The term
"Cl-C6 al kyl sul finyl group” as used herein nmeans an al kyl sul finyl group
(-SO-R) having a linear or branched chain alkyl group having 1 to 6 carbon
atons as the alkyl noiety and includes,?éor exanpl e, nmethyl sul finyl,

ethyl sul finyl, n-propylsulfinyl, i-propyfsSulfinyl, n-butylsulfinyl,
s-butylsulfinyl, i-butylsulfinyl, t-butylsulfinyl, n-pentylsulfinyl,
3- met hy! bl¥&HSA Means 2 ﬂ%ﬂ%’ﬁé%‘t&%ﬂ AR aVifig@ RAARRAY | 9| hraRghed

et hyl l.sul finyl . n-hexyl sul finyl. A-methyl | sul finyl,
3 et | TS A (R AR, oA I FIRAR S s | R 1R YRR
3-ethyl bubidreileld Wicﬁpqna:y T “ufs, Udhd AN 0e421q%{]l§|- erm

yl'sul'ton group -~ as use erein means an ‘al Kyl'sul §r oup

having a lj r %ﬁﬁﬂﬁp. ' Kk r Vi %n%?[ on atons as
t he al kyl dr%nli@gt)f?l{air@ I'nc udgrs},?dlfrhodreaée'xgﬁp é?: rré{hfa]ey'l rs]%“?eoénr&l et hyl sul f onyl ,
n- pr opyl siy;f a4 ORYLSU | =hut ylksyl_ ; - hut wl.sul fonyl ,

i -butyl sul ghy }aP!Iﬁ%y?éuﬁf%%g?%lawgggﬁtéhsglPgﬁék}agaﬁgfhéﬁb&tylsulfonyl,

2- met hy | bguthysitanfiey, me thryetdyddiyvdndid d 0 md thylr -8 -od tyF mi id!] ety -
n- hexyl sul fonyl, 4-nethyl pentyl sul fonyl, 3-nethyl pentylsulfonyl,

2- et hyl - gemtutdyianfiony, melthy Iy menindmit d o thy Brstdudyudndnoe swWdigmd , and
2-et hyl butyl sul fonyl. (0043] The group ' OC(=O Rx" as used herein includes,

f or exanplsebutyTlnGhao lethger-hiory topdamgmaup arsd EEHFIK- t -arwet Kydnciard.ony| oxy

group, a Cl-C6 al koxycarbonyl oxy group, and
[0040] The term °“C;-C¢ alkylthic group” as used herein
means an alkylthio group having a linear or branched chain
alkyl group having 1 to 6 carbon atoms as the alkyl moiety and
includes, for example, methylthio, ethylthic, n-propylthio, i-
propylthio, n-butylthio, s-butylthio, i-butylthio, t-butylthio,
n-pentylthio, 3-methylbutylthio, 2-methylbutylthio,
l-methylbutylthio, l-ethylpropylthic, n-hexylthio,
4-methylpentylthio, 3-methylpentylthio, 2-methylpentylthio,
l-methylpentylthio, 3-ethylbutylthio, and 2-ethylbutylthio.
[0041] The term "C;-C¢ alkylsulfinyl group”™ as used herein
means an alkylsulfinyl group (-S0O-R) having a linear or
branched chain alkyl group having 1 to 6 carbon atoms as the
alkyl moiety and includes, for example, methylisulfinyl,
ethylsulfinyl, n-prepylsulfinyl, i-propylsulfinyl,
n-butylsulfinyl, s-butylsulfinyl, i-butylsulfinyl,
t-butylsulfinyl, n-pentylsulfinyl, 3-methylbutylsulfinyl,.
2-methylbutylsulfinyl, l-methylbutylsulfinyl,
l-ethylpropylsulfinyl, n-hexylsulfinyl, 4-methylpentylsulfinyl,
3-methylpentylsulfinyl, 2-methyl-pentylsulfinyl,

l-methylpentylsulfinyl, 3-ethylbutyl-sulfinyl and



a C7-Cl4 aral kyl oxycarbonyl oxy group. Here, the Cl-C6 al kyl carbonyl oxy
group includes, for exanple, an acetyloxy group, a propionyloxy group, a
butyl yl oxy group and pival oyl oxy group, and particularly the acetyl oxy
group is preferred. The C7-Cl4 aral kyl carbonyl oxy group includes, for
exanpl e, benzyl carbonyl oxy group and napht hyl net hyl car bonyl oxy group, and

t he benzyl carbonyl oxy group is preferréd?ﬁ(KMA] The Cl-C6 al koxycar bonyl oxy
group includes, for exanple, _a nethoxycarbonyl oxy group, and an

et hoxycar bdn@kByybug¥dsgLlEaAd lpreferred i s met hoxycar bonyl oxy group. The

Eéagi}f‘oxgézbﬁéhﬁfzgi” 3%%'EQQ%?928E-SC¢L%&§§H%§&9§§%5§§; &y o
' - .26 451 T N
tont as EBRRRCRD: ALFREFUAESRTE) gPoBRbngv RS, LaBRrRe ok b Eghen ShPre

b . ] . . n _ 7_ d
het er ooycl SPeae B3 BA4RR 108kTR BhaBln dVEhe AATCHS RIS BSASHITARS ©
saturated ;Qr1Qakki akeb¥ g&aﬁaﬁeheh@kngﬂeai%uhggedFggglgagk%h?3,One ni trogen

and may further contain one or nore héteroato pendent selected from

an oxygen atgebpg1BullEedel ,atiopropRisaigehiy, atemtgidultehydes, for
exanpl e, azetidine, pyrrolidine, piperidine, and norpholine, and preferred

is piperidipatyl8G4Fbnyhe tebityasalBbnglcatbbaygheul@snyigd herein neans
a 6- to 10-nenbered aromatic carbocycle and includes, for exanple, a
benzene ringpantyasnafibnigal, erse me tiy 1 H{ud343u IHemtler n2 - me chpl but hesel boyel "
as used herein
l1-methylbutylsulfonyl, l-ethylpropylsulfonyl. n-hexylsulfonyl,
4-methylpentylsulfonyl, 3-methylpentylsulfonyl,
2-methyl-pentylsulfonyl, l-methylpentylsulfonyl, 3-ethylbutyl-
sulfonyl, and 2-ethylbutylsulfonyl.
[0043] The group "-0C(=0)-Rx" as used herein includes,
for example, a C;-C; alkylcarbenyloxy group, a C;-Ciy
aralkylcarbonyloxy group, a C;-Cs alkoxycarbonyloxy group, and
a C;-Cyy aralkyloxycarbonyloxy group. Here, the C;-Cq
alkylcarbonyloxy group includes, for example, an acetyloxy
group, a propionyloxy group, a butylyloxy group and
pivaloyloxy group, and particularly the acetyloxy group is
preferred. The C,;-C;4 aralkylcarbonyloxy group includes, for
example, benzylcarbonyloxy group and naphthylmethylcarbonyloxy
group, and the benzylcarbonyloxy group is preferred.
[0044] The C;-C¢ alkoxycarbonyloxy group includes, for
example, a methoxycarbonyloxy group, and an ethoxycarbonyloxy
group, and preferred is methoxycarbonyloxy group. The C;-Cj,
aralkyloxycarbonyloxy group includes, for example, a

benzyloxycarbonyloxy group and a naphthylmethyloxycarbonyloxy

group, and preferred is benzyloxycarbonyloxy group.



nmeans a 5- to 6- nmenbered aromatic heterocycle containing one or nore

het er oat om i ndependently sel ected from an oxygen atom a nitrogen atom and
a sul fur atomand includes, for exanple, a pyrrole ring, an indole ring, a
t hi ophene ring, a benzothi ophene ring, a furan ring, a benzofuran ring, a
pyridine ring, a quinoline ring, an isgqgéngline ring, a thiazole ring, a
benzot hi azol e ring, an isothiazole ring, benzoi sot hi azole ring, a

I . L d I : | i ng. xazol i ng.
Y oracote W £ ' Dot Zsum onalbash Sen s sines hatein eIAdaR a0l e
ring, a tJgi I [ , enzotri I [ X i m di [ il

g ot ot 100 0 AL 6 C o [ dofll A F dadtitnd 2l 1)

group” as Used hereiihdedis,- 27 a 4- to 7-menbered heterocyclyl group
whi ch contalns one of nore heteroatomindependently sel ected from an oxygen

atom a nidg4een atomnqeq.msul,;f_urtoatﬁmem&%?g @Qfewcqteel Yas Sy ated or

partially or conpletely unsaturated and 1 ncl xanpl e, azetidi nyl,

pyrrolidi Mdpeidi MErl W hetddRSFcd WHicPEP 04  cddp LoZ1l Y | sat (ELegp! i nyl ,
pyrazolyl, pyrazolinyl, oxazolinyl, norpholinyl, thionorpholinyl, pyridyl,

pyrazi nyl ,omp\pdrexHIg ,opWinbe tely discarmidnd@neididentd1iyone
tetrahydrofuryl, thienyl, tetrahydrothienyl, dioxolanyl, oxathiolanyl, and
di oxanyl . niherogdrstadditnmagn Hosiiewrcantdire orleter anyicd Ve igaEpt oms Not
particularly limted as far as it is the substitutable position on a carbon
atom or a imidepsgeiendtlgmse 80531 £htmm tagy mxXyYerCaa tink)y | & el mogengratuptl.  as
used herein is a divalent group represented by the formula: -O (Cl-C3
al kyl ene) -204 @andulfdiudem fand dagipides a fait mranpkl oxzefidine .,
pyrrolidine, piperidine, and morpholine, and preferred is
piperidine.
[0047] The term “aromatic carbocycle” as used herein
means a 6- to lO0-membered aromatic carbocycle and includes,
for example, a benzene ring and a naphthalene ring,
[0048] The term “aromatic heterocycle” as used herein
means a 5- to 6- membered aromatic heterocycle containing one
or more hetercatom independently selected from 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, & benzofuran ring, a
pyridine ring, a quinecline 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 pyrimldine ring, a

uracil ring, a pyrazine ring, and a pyridazine ring.

[0049] The term “heterocyclyl group” as used herein means



an et hyl enedi oxy group and a di met hyl net hyenedi oxy group. [0051) Further,

t he conmpounds of the present invention include mxtures of various types of
taut omers, stereoiosnmers such as optical isomers and their isolated

i somers. [0052] The conpounds of the present invention may form acid
addition salts. Further depending on the type of the substituent, they may
formsalts with bases. Such salts incluﬁ for exanple, acid addition salts
of mneral acids _such_as h qgtchlorlc aC|d hydrobron1c aci d, hydroiodic

acid, sul®¥ @i Qi demensE MRYIFOGHF %ﬂﬂn FHESH CP AT M RE such
f d, ti d I d,
Succi ni ¢ AGRS HAhRRALE ac'naid%"rﬁ#e@”t;ﬁv FOIRaHE o B e AT o ar o
d, y f h If d;
aci it oy gtzg.%* 313 E{S%\oélﬂ é?ﬁﬁl £m agl dij nﬁ@gﬂgeet Cabn%gy n| c aci

aC|d|c amn asparagi ni c % utam aC|c¥ Further

sal ts for kg Yddn ks fﬂféltiq.e ﬁ'é&ﬂ!éﬁk@;ﬁ%@?@é@%ﬁdj iy Bl um

pot assi um rragne3| um ca Cl um an | um™num organi c ases such

as nmet hyl ggmesx fh)é' and A 1@ich et hanahadi iginysial t difasi ¢ am no acids
such as |ysine an r'nit hine; Y%i annnnlun1§§? I§LP[OOSB] Furthernore, the

conpounds pfpeld¥z ipivase Pyrddiant i il ddwd ude, tivel dusdiatfn arazolyl,
phar maceutical |y acceptable various solvates, pol ynorphs and the i ke.

[ 0054] Fumiyrerzoltiey lconpoarsisimfl | heoppleseiiyl nveniomorpRoeingl , | pyriagit o
t he conpounds as will be described in Exanples bel ow and incl ude al
cycl ohexampyredingdt,i wesrimiaphiresknt pyirbja s iwy hpohexamsthiybedeiminul af(kyland
phar maceutical ly acceptable salts thereof.
tetrahydrofuryl, thienyl, tetrahydrothienyl, dioxolanyl,
oxathioclanyl, 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.
[0050] The term *C1-C; alkylenedioxy group” as used herein
1s a divalent group represented by the formula: -0—(61—C3
alkylene)-0- and includes, for example, a methylenedioxy group,
an ethylenedioxy group and a dimethyvlmethyenedioxy group.
[0051] Further, the compounds of the present invention
include mixtures of various types of tautomers, stereoiosmers
such as optical isomers and their isclated isomers.
[0052] The compcounds of the present invention may form
acid addition salts. Further depending on the type of the
substituent, they may form salts with bases. Such salts
include, for example, acid addition salts of mineral acids
such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acld, 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 acld, methanesulfonic



[ 0055] Further, the present invention includes the conmpounds which are
converted to the conpounds represented by the above-described formula (1)
by the netabolismin a living body and their pharmaceutically acceptable
salts, that is, so- called prodrugs. The groups which formthe prodrugs of
t he conpounds of the present invention | cl.ude, for exanple, those
described in Prog. Med., 5, 2157- 2161(19 "and those described in

Devel MD 198, kawa Sh
7590, | 00SRFLHE® 3%5%%8%3 $E8hne B luntidbentons carife Shrbaased by
| ' he, ch
oy pakbabaalRPUn YRt fgh f1IFMIPE°AdERE N ensl, L0GI ERTESERER' ©) | ©

this | nstapeey ¥0e0s RESahs safls F1ERSEnSHGEN1O3bALUE BhOHPALSSBAEL 2 y

protected wt appropriate protective gr up at e stage o arting

mat eri al Oﬁoﬁaséﬂ&ﬁrnﬁégﬁéélﬁﬁonb&l@i@ﬁ“&ﬁaOaluﬁiﬂﬂhquéal¥ée%@ﬁh“&rg&ﬂ?c
protective group can be elimnated in later steps to obtain a desifed

conpound. HhSegrouPs 26 @BtHhEUsmIRe , PEOhLTALONe | An&NEtRAREUEKIAB ; SERDtS
i nclude, for exanple, a hydroxy group and a carboxy group, and the

pr ot ect i vewitloupasidoamihesacgdsupachnasullgsihe andt echivrigepupaddescri bed
in Geene and Wits: Protective Goups in Organic Synthesis, 2nd ed. The
prot ecti veangmonupumsealtsed t he reaction conditions for introducing and
elimnating the protective group are suitably selected based on known

t echni ques[@2&h] as t héfuidhermuesy i thel catpannds f [HesHregenttonpounds of

the present invention have an inhibitory activity of sodi um dependent
gl ucose trimépptienp pnclude the hydrates and pharmaceutically acceptable

various solvates, polymorphs and the like.

[0054] Further, the compounds of the present invention
are not limited to the compounds as will be described in
Examples below and include all cyclohexane derivatives
represented by the above-described formula (I) and
pharmaceutically acceptable salts thereof.

[0055] Further, the present invention includes the
compounds which are converted t¢ 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 inventicn include, for example, those
described in Prog. Med., 5, 2157-2161(1985) and those
described in Development of Drugs (Molecular Designing) 7.
163-198, Hirokawa Shoten, 1990.

[0056] The compounds of the present invention can be
produced by applying various known synthetic methods depending
on the characteristic features based on the type of the basic

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



(SET2) (J. din. Invest., 93, 397(1994)) relating to the renal glucose
reabsortion. By the inhibition of SGT2, the glucose reabsorptionia
reduces, excess glucose is excreted and hyperglycema is renmedi ed w thout
giving a load on the n-cells of the pancreas to bring about a therapeutic
effect on diabetes and an inproved effect, on insulin resistance. [0058]
Thus, according to one aspect of the present” invention, there is provided a
drug for preventing or treating a disease or a condition, which can be

i nproved b§ FARPLPEFRgthERetBELFZONR: L§i PYetrspbeYaRpPréccirdo@idd an

di abet es-rel at ed .dhsease% ang di abetic %onBIic%tionsf &8@59% The term

"di abet es" ABRTOREA2HE BFRTPRELYGITORDLRT FRgi §58P8<°%: (P8 FtagtdBSt es and
ot her type L abetes d - . S i fLc . Fu . e term
di abet oo PaFaFEaT reanssnrerieqibienrthy b pEBHAET of Feehaghe® LECei ¢y,

hyperi nsul {,hgnha: n$ac r : | ' d yRell l3a
hggercholeggggkﬁéﬁ?é,e §p§?§??3?§g§rg§§ﬁ?a?53igéfgg?hgbqﬁggi&“ %gFggolisnl

hypertensiQeepgoegeabkainhsaaasiebhuEsmPsdﬁa§, TR¥PEFBLbSETha cBNdegBlile
[ 0060] Further, the term "diabetic conplications”™ aS used herein i'ncludes

bot h acut epgetRtteahi 2AStABUpEBHABLEonCOEBDI §ALLAAS., fBE elEMble, a
conplications” include, for exanple, hyperglycem a (ketoacidosis and the

| i ke) and hpleekirogsougi anasaschasbokyagrekpn, afdf thei pevescthbivki arvupkact ,

respiratory systemand urinary tract) and the "chronic conplications”

I ncl ude, foborexhapkegronpsodngiiodpathy pfotpbtipat byoapd descmapatihyj,

arteriosclerosis (such as atherosclerosis, nyocardial infarction, cerebral

t hr ombosi sGreene and Wuts: Protective Groups in Organic Synthesis, 2nd
ed. The protective group used and the reaction conditions for
introducing and eliminating the preotective group are suitably
selected based on known techniques such as the above-described
documents.
[0057] The compounds of the present invention have an
inhibitory activity of sodium-dependent glucese transporter 2
(SGLT2) (J. €lin. Invest., 93, 397(1994)) relating to the
renal glucose reabsortion. By the inhibition of SGLT2, the
glucose reabsorptionia reduces, 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.
[0058] Thus, according to one aspect of the present
invention, there is provided a drug 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.

[0059] The term "diabetes”™ as used herein includes, type

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



and lower linbo arterial obstruction), neuro-pathy (such as a sensory
nerve, a notor nerve and an autonom c nerve) and foot gangrene. The nmjor

di abetic conplications include, for exanple, diabetic retinophathy,

di abetic nephropathy and diabetic neuropathy. [0061] Further, the conpounds
of the present invention can be used in,gonbination with a diabetes
treating agent, a diabetic conplication™Cherapeutic agent, a hyperli pidem a

t her apeuti,c agent, hypert ensi_on t.herapeutic agen r the |jke ich has a
mechani sm 6t Sg’cetqjofrfc&iiéf/a?%sfee%t t]ﬁ%ttﬁﬁt @?e 'ﬁ?irgZ é?c%%??"?#ﬁ%? ors. By
conbi nin t | nvention W he her., agents, an
addi ti vege(#j’fm:ec %%?%&eﬁ%%%ﬁ%ﬁb%é@ %%e‘ghfébb?%%snlé%yf ?om each -
31 singl {4 oV, 'ﬁggﬁﬁg% HP62)aildera 'an@ﬁgr &g@ﬁgic
agents ang1 i aber%éidglucr:%nrrﬁ'i c%ci%(‘)n t her aafoﬂeut I C %jgﬁ%éghhl a%%ﬁjsa e"in
conbi nat i ¢y gdidnishite s o L) ehypdiStibi gh eI ddnvid Y aesbedcer St (Biigty as

PPAR y agoni st, PPAR a/y agonist, PPAR 6 agoni st and PPAR a/y/b agonist),

gl ycosi daggetidBu 0 dm0) hypd- a1l ¢le, dditfest it NdhSECF£110Fe Pradaker s,
insulin preparations, glucagon receptor antagonists, insulin receptor

Ki nase pr danpdeans;idenipepnd doutpepti dase |1 inhibitors, dipeptidyl
peptidase IV inhibitors, protein tyrosine phosphatase-1B inhibitors,

gl ycogen pHduEdhbor yl as&uizrthielyi,t dhe, teginudddab@ -t spimptldea tijnmssi tagr s1sed
gl uconeogenesis inhibitors, fructose bi sphosphotase inhibitors, pyruvate
dehydr ogererein nindgiudes bafihicsiiteseonplicattioons and hroenimsitol

gl ycogen synthase kinase 3 inhibitors, glucagon-like peptide 1,
complications. 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
complicatlions™ include, for example, microangio-pathy
(nephropathy and retinopathy), arteriosclerosis (such as
atherosclerosis, myocardial infarction, cerebral thrombosis
and lower limbo arterial obstruction), neurco-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.

[0061] 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



gl ucagon-1i ke peptide-1 anal ogs, glucagon-like peptide-1 agonists, anyrin,
anyrin anal ogs, anyrin agonists, glucocorticoid receptor antagonists,

| 1( 3- hydr oxysteroid dehydrogenase inhibitors, al dose reductase inhibitors,
protein kinase Cinhibitors, y-am nobutyric acid receptor antagonists,
sodi um channel ant agoni sts, transcriptioglfactor NF-KS inhibitors, 1KK P

i nhi bitors, |ipido-peroxidase inhibitorsy” ~

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

factor-1, & AIRT iVedRE AMIE LH2PDG), platel et-derived growth
factor (P nal 0gs,,, epi.dar nal row h factor (EGE), nerv. rowt h factor,
carniti ne[ﬁcaa%ak/at i ve?,heﬂr %&a?elete‘:f'g W}ﬂ%—iﬁe%'ﬁ%dé’ﬁﬁ)idﬁ:aq%Wm,

bi nocl onol | i de, Y—;ag TAR- -3 0 the di abetes

t her apeut iccon%iel%%gﬁaérj{ld 1ithee |"gtgiej"f [ c'@'zrr%i i%% ‘?tbnél?%g?%apﬁ? it agents, the
foll ow ng cAddUstr 0 "Bl i " d or exanpl e,
metformn cq{]ngﬂ/)cf'rdo%:tlfﬁ%i e"eg'}%é'pgigoﬁ% or M % ibg'%ﬁqj%f)nsgéﬁ%ﬁ%# secretion

pr onot er s" I | f .exa byrl gl i ckam de),
gl i pi zi de,en%%%%a%%@ﬁféc%%%pggﬁn&%'an_ ﬁp%{%u??éﬁ%&r’egggﬁné! ude,
for exanplgomaiedddiHer '€RFS habdgstNd ghikgkiiRiade. 1_‘1919.@%0"1‘5@5”' in
preparations” include reconbinant "human  instlin and ani mal -derived insulin,
and are clusfidriietk iatwys i hiresu Do upscreiori pxpictdhe, tim@infn acti on, that
is, the imedi ate-acting type (human insulin and human neutral insulin),
t he nedi umregEer dtaiorisn,s ud usdgora nre cpian ean tregon ins t 0 ubes] SuSPEresp o, a

human neutral insulin-human isophane
kinase promoters, tripeptiydly peptidase II inhibitors,

dipeptidyl peptidase IV inhibitors, protein tyrosine
prhosphatase-1B inhibitors, glycogen phosphorylase inhibitors,
glucose-6-phosphatase inhibitors, gluconecgenesis inhibitors,
fructose bisphosphotase inhibitors, pyruvate dehydrogenase
inhibitors, glucokinase activators, D-chiro-inositol, glycogen
synthase kinase 3 inhibitors, glucagon-like peptide 1,
glucagon-like peptide-]l analogs, glucagon-like peptide-1
agonists, amyrin, amyrin analogs, amyrin agonists,
glucocorticoid receptor antagonists, 11f-hydroxysteroid
dehydrogenase inhibitors, aldose reductase inhibitors, protein
kinase C inhibitors, y-amincbutyric acid receptor antagonists,
sodium channel antagonists, transcription factor NF-xB
inhibitors, IKK B inhibitors, lipido-peroxidase inhibitors,
N-acetylated-a-linked-acid-dipeptidase inhibitors, insulin-
like growth factor-I, platelet-derived growth factor (PDGF),
platelet-derived growth factor (PDGF) analogs, epidermal
growth factor (EGF), nerve growth factor, carnitine
derivatives, urldine, 5-hydroxy-l-methylhydantoin, EGB-761,

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



I nsul i n aqueous suspension, a human insulin zinc agueous suspension and an
I nsulin zinc agueous suspension) and the enlonged-acting type (a human
crystalline insulin zinc suspension). ~ [0067] "d ycosidase inhibitors”

i nclude, for exanple, acarbose, voglibose and mglitol. [0068] PPAR 'y
agonists of "insulin sensitivity enhancer % I ncl ude, for exanple,
troglitazone, pioglytazone and r05|glyta one, and PPAR city dual agonists
i nclude, for exanple, . MK-767 (KRP—297) tesaglitazar, LM 4156, LY 510929,

DRF- 4823 B8P F)- 51502s Ahe sBaP dheiapschq fgents %rfﬁr%

GW 501516. 06 "Tri p L dase_ ]| inhipit for - 33 -
exanpl e, gﬁ% [%ﬂﬁgf c?f%%%t?@?¥a¥%¥$*ﬁa§%9?€5 ﬁﬁ%l%ﬁié ?ﬁglﬁﬁﬁ, for
exanpl e, IBE:€ LAF- 237, MK-0431, P32/98 and TSL-225. [0071] "Al dose
reduct ase |n ors” include, for exanple, ascor byl gannlenate tol restat,
epal rest at restatsg I ]fgghal 1est g r%g?%@; at .
[0072] "y- An§énggutyr| C alcﬁgr%e%epqror ant ég%lr%ﬁists ?slﬁc u ‘for exanpl e

t opi r amat ey d QO3] or A6 AN it agoni sts" include, for exanple,
mexiletin hydrochlorlde [0074] "Transcription factor NF- KB i nhi bitors”
include, foos®xanpl e anifd imaisamid Wc'ﬂetildrp?iﬁi glase, il fidPhfreas

I nclude, for exanple. tirilazad nesylate. [0076] "N-Acetylated

a- i nked- abtetudeopcpfotdaseample, glyburide (glibenclamide), glipizide,
glyclazide and chlorpropamide, and non-sulfonylureas include,
for example, nateglinide, repaglinide and mitiglinide.

[0066] "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
agueous suspension, a human neutral insulin-human isophane
insulin agqueous suspension, a human insulin zinc aqueous
suspension and an insulin zinc¢ agqueous suspension) and the
enlonged-acting type (a\human crystalline insulin zinc
suspension).

[0067] *Glycosidase inhibitors” include, for example,
acarbose, voglibose and miglitol.

[0068] PPAR y agonists of "insulin sensitivity enhancers”
include, for example, troglitazone, ploglytazone 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 & agonists include, for example,
GW-501516.

[0069] "Tripeptidyl peptidase II inhibitors”™ include, for



i nhibitors” include, for exanmple, GPlI-5693. [0077] "Carnitine derivatives”

I ncl ude, for exanple, carnitine and |evacecarnine hydrochloride. [0078]
"Hyperlipidem a therapeutic agents and the hypertension therapeutic agents
whi ch can be used in conbination include, for exanple,

hydr oxynet hyl gl utaryl coenzynme A redugtgﬁe_inhibitors, fibrate conpounds,
13-adrenal i ne receptor agonists, AWK acfivators, acyl coenzyne A:
choresterol ac tr f se inhibitors, probucol, thyroid hornone receptor
agoni sts, TP ?er@ﬁféﬁégrption inhibitors, |ipase inhibitors, mcrosone

oni sts, f pLi on i nhi bi tors, bitors, m
carni tine R i Toyl © AR Bl iSe TGRS s,
oW - 34 densiiy | \pRDSPLShEs T CERPLOS, PrARTEES?, PASPLENAEaaRLE 5o

derivatives e’ aci'd adsor behts, sodi Um conjugate e acid transporter

i nhi bi tor sy o@fip] est erygly Kl LT rdd@0EiSL Bﬁﬂiﬁ?oré”hhhhﬁ%@, Y U,

converting enzyne inhibitors, angiotensin recept or antagoni sts,

endot hel | NagQeWSyF1 | famo PERNEE, | O BEEOAE, EPsPLLetaR, reLeRtO5LaRT agoni st s,
diuretics, calcium antagonists, vasodilating hypotensive agents,

synpat het i godbDEK NgpaPEE SstEEN FRsatyPOaENShA Cz@B8PEStaB2- adrenergic
receptor agonists, antiplatelet agents, uric acid formation inhibitors,

uric acid px@TElion stiyvRhdhbbutyiiike acdldk dleickyitssd agtAlgenidte eqhnicAude,
adi ponectin receptor agonists, GPR40 agonists and GPR40 antagoni sts. [0079]
As t he hypeer iganple hetepboamatagents and the hypertension therapeutic
agents, the following are illustrated. [0080] "Hydroxynethyl glutaryl
coenzyne A Q@HUEt ase "Sodium channel antagonists” include, for example,
mexiletin hydrochloride.
[0074] "Transcription factor NF-xB inhibitors” include,
for example, dexlipotam.
[0075] *Lipoperoxidase inhibitors” include, for example,
tirilazad mesylate.
[0076] "N-Acetylated o—linked-acid-dipeptiidase
inhibitors”™ include, for example, GPI-5693.
[0077] "Carnitine derivatives” include, for example,
carnitine and levacecarnine hydrochloride.
[0078] "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: choresterol acyl transferase inhibitors, probucol, thyroid
hormone receptor agonists, chorestercl absorption inhibiters,
lipase inhibitors, microsome triglyceride transfer protein

inhibitors, lipoxygenase inhibitors, carnitine palmitoyl

transferase inhibitors, squalene synthase inhibitors, low



I nhibitors” include, for exanple, fluvastatin, |lovastatin, pravastatin,
cerivastatin and pitavastatin. [0081] 'Fibrate conpounds" include, for
exanpl e. bezafibrate, beclobrate and binifibrate. [0082] "Squal ene synthase
i nhibitors” include, for exanple, TAK-475, a-phosphonosul fonate derivatives
(as described in US Patent No. 5,712, 39%& _10083] "Aryl coenzyne A

chol esterol acyl transferase |nh|b|tors i ncl ude, for exanple Cl-1011,

NTE- 122, FCE-27677 RP- 7313 47 and DPU- 129, g %Ei Low _density

| i popr ot e epgt Bt HFPRPEAREE Psrecﬁﬁ PEARFOPGFeLFanpLe® $08C3Rd LY- 295427.

i bi ¢ or soeEERRT1EE Y} BT 6, A8 PC B855EReRER “shatpioeohldaRa  BLME, arie
Speci 11 Cat 00 DS 8+ 778n 133 cor, 7470240 oy 100a240 8adnLBE| phEeclRO30)

" Anor ecti cs or exanpl é, arenaf noradrenal i ne gon 5

(mazi ndol . ; gRYBLELEE, 2BgiBEchtKR) condBERLAY! BngREl ShAsbiEbEELI Ve serotonin

retake inhibitors such ' uvoxam ne), adrenal T nserotnin agoni sts

(si butrani gggastlentif k1keéceﬁebanaﬁeagbﬁiétéeceﬂaethémEHR%oﬁgeﬂtihg and
a- nel anocyte concentrating hornones (a-MCH), |eptin, cocaine- and

anphet am nenzggel shribitepscr epiothRARI) fedepbor| akeagoh®984] aihyeoids,
hor none receptor agonists" include, for exanple, |yothyronine sodium and
| evot hyr oxcakcioni antaf0088ts’, Chakeditablingdbsppptensivahagehoss” i ncl ude,
for exanple, ezetim be. (0089] "Lipase inhibitors” include, for exanple,
orlistat. sympathetic blocking agents, central hypotensive agents, o,-
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.
[0079] As the hyperlipemia therapeutic agents and the
hypertension therapeutic agents, the following are illustrated.
[0080] "Hydroxymethylglutaryl coenzyme A reductase
inhibitors” include, for example, fluvastatin, lovastatin,
pravastatin, cerivastatin and pitavastatin,.
[0081] "Fibrate compounds” include, for example,
bezafibrate, beclobrate and binifibrate.
{0082] "Squalene synthase inhibitors”™ include, for
example, TAK-475, o-phosphonosulfonate derivatives (as
described in US Patent No. 5,712,396).
[0083] "Acyl coenzyme A: cholesterol acyl transferase
inhibitors” include, for example, CI-1011, NTE-122, FCE-27677,
RP-73163, MCC-147 and DPU-129.
[oos4} "Low density lipoprotein receptor promoters”
include, for example, MD-700 and LY-295427.

[0085] "Microsome triglyceride transfer protein



[0090] "Carnitine pal mtoyl transferase inhibitors” include, for exanple,
etonoxir. [0091] "Nicotinic acid derivatives" include, for exanple,
nicotinic acid, nicotinam de, niconol and nicorandil. [0092] "Bile acid
adsor bents” include, for exanple, cholestyram ne, colestilan and

chol esevel am hydrochl oride. [0093] "Angi gten5|n converting enzyne

I nhi bitors" include, for exanple, captoé enal april nal eate, aracepri
and cilazapril,. [0094 "Anq}oten5|n Il rece tor antagonlsts i nclude, for

exanpl e, detiidsdrmh TR bl t b gt i S0R AERAMRIR 0sERRRAURES | at e.
xanpl e, G ERARALE BUS SR GRATLE t”%l#‘%?ﬁ%eemf%%tégén. sts

| ud f J d BMsS-182874. [0097] F
Ieggrrgl g, |5(r)1’r X‘ﬁ:?é’r ?pVﬁc{%abaerfde%%%czi"lﬁﬁan I|ke it is sLi tab}e ?Lat t he

conpounds present,  inv nthn & ether w th one nDre agent
sel ected 0 he groutgmorﬁ‘g’ 3 ng ﬁw“ﬁ%m iy ?ﬁ{&"\p]\ﬁ't fd% ( PPAR

y agoni st%ofﬁ%lgg%nﬁgﬁﬁ%t{Pﬁgﬁ Sép'ime(f)fﬁf& My e gpﬂé}s and the

l'i ke), glycosi |guan| dr ugs, |nsuI|n secretion

pronot er s,sd st ih HRRH Ald Ofise Batek 1 wh pﬁ&dtd:)ﬂn?%ﬂéi@éeldﬁ&bm:?’é tQish

[0098] Further, it is suitable that the conpounds of the present invention
are used taweﬁlhﬁfomim@ﬁe AT B rn 3 Ho tnS8] PR LMt Biihe Hid Sting

of hydroxynet hyl -glutaryl coenzyme A reductase inhibitors, fibrate
conpounds, tisquallenle, melanocortin 4 receptor (MC4R) agonists and

a-melanocyte concentrating hormones (a-MCH), leptin, cocaine-
and amphetamine-regulated transcript (CART) and the like.
" [0087] "Thyroid hormone receptor agonlsts”™ include, for
example, lyothyronine sodium and levothyroxine sodium.

[0088] "Cholesterol adsorption inhibitors”™ include, for
example, ezetimibe.

[0089] "Lipase inhibitors” include, for example, crlistat.
f0090] "Carnitine palmitoyl transferase inhibitcrs”
include, for example, etomoxir.

[0091] "Nicotinic acid derivatives” include, for example,
nicotinic acid, nicotinamide, nicomol and nicorandil.

[0092] "Bile acid adsorbents” include, for example,
cholestyramine, colestilan and cholesevelam hydrochloride.
[0093] "Anglotensin-converting enzyme inhibitors” include,
for example, captopril, enalapril maleate, aracepril and
cilazapril.

[0094] "Angiotensin II receptor antagonists” include, for
example, candesartan cilexetil, losartan potassium and
eprosartan mesylate.

[0095] *Endothelin-~-converting enzyme inhibitors” include,



synt hetase inhibitors, acyl coenzyne A: chol esterol acyl transferase

i nhibitors, |ow density |ipoprotein receptor pronoters, m crosone
triglyceride transfer protein inhibitors and anorectics. [0099] The drugs
of the present invention can be admnistered systemcally or topically or
orally or parenterally, for exanple, rectally, subcutaneously,

I ntramuscul arly, intravenously or pecht% eously. [0100] The conpounds of
the present invention which are used as dQﬁ%f may be in any formof a solid

e N e L R o
can be %rjgﬁﬁﬁﬂ by inc PBSEEF%&Q £ese§¥°rpﬁaggae .nglf G tgﬁFé carrier
1 Fer o SRR 1574 ¥0n ol 0L b 14 220 2 Scoati ho' agent
Sabeous on 88T eucus oy cihBle?og ch Eel-aoyt e AlobaIRs RodOEleCt o

i nvention 14QePr GRAGG SAAIS tHdt She RPRTad' @A UHe fikildfig powders,

powders, |liquids and solutions, emulsions, suspensions, “Injections or the

like by tR@weaRMM ia@Ralde®ridditebrt GAH GRS Jromor AJERAE Wd 1Lt ed
formul ati ons. The excipients and fillers include, for exanple, |actose,

magnesi umFHoma et graiy Jonsistlihg @ dlnshlidgdendEacivity aidEnterd i ve oil,

sesanme oil, cacao butter, ethylene glycol and other substances usually

used. [01QPPpaRuKt AEbNnikEs,CPPRRUAGS SdohlEtH] cBRAR & NWESHiHNs, PPAR
«/y/d agonists and the like), glycosidase inhibitors, biguanide
drugs, insulin secretion promoters, insulin preparations and
dipeptidyl peptidase IV inhibitors.
[o098] Further, it is suitable that the compounds of the
present invention are used together with one or more 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.
[0099] The drugs of the present invention can be
administered systemically or topically or orally or
parenterally, for example, rectally, subcutaneously,
intramuscularly. intravenously or percutaneously.
[0100] The compounds of the present invention which are
used as drugs may be in any form of a solid composition, a
ligquid composition and another composition and are most
suitably selected as the need arises., The drugs of the

present invention can be produced by incorporating a



can be made into formulations by formng clathrate conpounds wth a-, 3- or
y-cycl odextrin or nethylated cyclodextrin. [0102] The dose of the conpounds
of the present invention varies depending on the disease, the status of the
di sease, weight, age, sex and the route of administration, and is
preferably 0.1 to 1,000 ng/ kg wei ght/day,_nore preferably 10 to 200 ng/ kg
wei ght/day and can be adni ni stered once Tdhy or dividedly several tines a

day. [0103] The conpounds of the present invention can be synthe5|zed for
exanpl e, BPARRGGHIEIGE ¥¥1QRQQRiEP%%s%ﬂﬁ£&?r|%?qqu$hﬁﬂqQRH9Rf

2.3 4.6 Té?%;s UREk s P S vt el R pEIaS??S%éSp fond"d e Ao

nher el 0 2 QAo 31 S Nodl, 'O (0108

2 5125 e P g % R Sl S S
conventionally used or an agueocus or nonageuous 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 employved techniques for
pharmaceutical formulations. The excipients and fillers
include, for example, lactose, magnesium stearate, starch,
talc, gelatin, agar, pectin, acacia, olive o0il, sesame oil,
cacac butter, ethylene glycol and other substances usually
used.
[01l01] Further, the compounds of the present invention
can be made into formulations by forming clathrate compounds
with a-, f- or y-cyclodextrin or methylated cyclodextrin.
[0102] 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 10
to 200 mg/kg weight/day and can be administered cnce a day or
dividedly several times a day.
[0103] The compounds of the present invention can be
synthesized, for example, by the production methods as shown
in the following Schemes. Further, "Bn” in the following
Schemes represents a benzyl group.

[0104] 2,3,4,6-Tetra-0-benzyl-5a-carba-a-D-glucopyranose



OBn OBn OBn OBn (IV) (V) [0107] First, after the primary hydroxy group of
D-glucal 1is protected (for exanple, protection with a tert-butyl-

di mret hyl silyl group), two secondary hydroxy groups are protected by benzyl
groups, and then the protective group of the prinmary hydroxy group is
elimnated (for exanple, when the proteggrve group is a

tert-butyldinethylsilyl group it is elimnated by tetrabutyl amoni um
fluoride synt he i O benz cal _ (I 0108 hbxt t he
Conpound)(gﬁg))éﬁl 4&9%9 can%be pébéhced( %gr Xample, 1in’

3.4.6-tri - gl ucopyranose (lI11) via five steps [Chem
Commun. , qgggﬂ%qiﬁégﬁéxw%ﬁk) " The conpound (I11) can be converted to
2,3,4,6 - Bhgsfetra- Qs - 5a- car ba- a- D- gl ucopyranose (1V) via two steps
[ Li ebi gs. Ann Chem ., —p. 267 (1995)]. [0110] A conpound (V) can be produced
by the netfyph@s [EeSmiidesh in a docunent [J. Chem Soc. Perkin Trans. 1,
3287 (1991)]. Further, as shown in the follow ng Schene 2, the conpound
(V) can be also produced fromthe conpound (1V) by a suitable oxiding
reagent (for exagphﬂx,actrvated DMSO in the Swern method or PC@ PDC,

Dess- Maj Beyi qciraslzan;e Qb kea) steppCh 11]; {ifarmul a 4] (382 OBn OBn
oxi dation ¢Bn |
Ko™ 2) NaH, BrBr Bno™ Ba0""

on 3 TBAF

D-glucal an aen {aw

[Formula 4]

OH
B 0Bn
S oxidation 0Bn
0Bn 0Bn
0Bn 0Bn
(1V)
[0107] First, after the primary hydroxy group of D-glucal

is protected (for example, protection with a tert-butyl-
dimethylsilyl group)}, two secondary hydroxy groups are
protected by benzyl groups, and then the protective group of
the primary hydroxy group 1s eliminated (for example, when the
protective group is a tert-butyldimethylsilyl group, it is
eliminated by tetrabutylammonium fluoride) to synthesize a
3,4-di-0-benzyl-D-glucal (I1I).

[0108] Next, the compound (II) can be converted to a
3.4,6-tri-0O-benzyl-5a-carba-D-glucopyranose (III) via five
steps [Chem. Commun., p.925 (1998)].

[0109] The compound {III) can be converted to 2,3,4,6-



OBn OBn OBn OBn (0V) (V) [0112] The conpound (1V) can be converted to a
conpound (VIIl) as shown below. [0113] Schene 3 [0114] [Formula 5] OH OH X
OBn 1) Mtsunobu reaction OBn ,,0Bn 2) hydrolysis OBn OBn OBn OBn OBn OBn
OBn OBn OBn (I V) (M) (M1) X leaving group [0115] The conpound (1V) can
be derivatized to 2,3,4,6 - 40 - tetra- C)Qenzyl 5a- car ba- 3- D- gl ucopyr anose
(VI), for exanple, by perfornlng hydronS|s after the M tsunobu reaction
with benzoic acid. Olla% Next, a compound (VII) in which X is a hal ogen
at om can bEetFHRRIATA 2P 2 1R TRA 22 3R ILBFRPYEAROERal THH ¥hanEwo (FbePS

exanpl e, Qgﬁg%ﬁipﬁdgﬁgcpégéron1d@hggphg{g§59fybronlde phosphor us

trichlorid i

tetrachl orf | pheny W’{%spm i I{ieetﬂz%tﬁd?fﬂdj%y tidP e A asphi ne,

N—chlorOSUCC|n|n1de tri

bromosucci fd fedasdd | s Yaphenobt Nes . | @skhe-§4d Phedyk phopphhge 10r358¢ |ike)
to act on the conmpound (VI). [0117 Further a conpound (M) in which Xis

a met hanesudd ONY! OXBuBEIND, @st@hmeﬁwliwywwo@mypscﬁeme 2, the
trifluoronethanesul fonyl oxy group or the |i ke can be produced
compound (V) can be also produced from the compound (IV) by a
suitable oxiding reagent (for example, activated DMSO in the
Swern method or PCC, PDC, Dess-Martin periodinane or the like)

Scheme 2

[0111] [Formula 4]

A 0Bn

0Bn

0Bn 0Bn

{0112)] The compound (IV} can be converted to a compound
(VII) as shown below.
[0113] Scheme 3

[0114] [Formula 5]

o0Bn 1) Mitsunobu reaction
2) hydrolysis

0Bn  0Bn 0Bn  0Bn 0Bn  0Bn
av) o) i)
\ X:leaving group

{0115] The compound (IV) can be derivatized to 2,3,4,6-




by al |l owi ng net hanesul fonyl chloride, p-toluenesul fonyl chloride, anhydrous
trifluoronethane-sulfonic acid or the like to act on the conmpound (IV) in a
sui tabl e sol vent under basic conditions. [0118] For exanple, a compound of
the followng fornmula: [0119] [Forrmula 61 ~Arz OH (VII!) [0120] wherein
R11 is the sane as the above defined Rb;,oand Ar 2 is the sane as above
defined, which is an internediate of the conpound of formula (1) can be

synthe5|zed with .reference to the foll owi ng docune ts: International - 41
Publ | cat | ERERBSO-NBAEI8EBE0 SHRPRTROP 1G4 ORHBEREFE5 31 ) vB6%) Saampie.

the T ol | ogf b Caspauads MY T2oT o Foran &™) M0 GEARtr ~eitiaps BeBIoh o
X) (X)) [0423kovhergig R12 is the sane as the above defined Rb; and Ar 2 is
the sane as above defined, which are intermediates of the conmpound of

formila (Kbagay be syRekes! Scdombbinar efsrsngs uarshext sbl auhasoggguren:
[0124] For exanple, th

fol | ow ngagefpedAdbe produced by allowing a suitable halogenation agent
{for example, phosphorus oxychloride, phosphorus oxybromide,
phosphorus trichloride, phosphorus tribromide, carbon
tetrachloride-triphenylphosphine, carbon tetrabromide-
triphenylphosphine, N-chlorosuccinimide-triphenylphosphine, N-
bromosuccinimide-triphenylphosphine, iodine-triphenylphosphine
or the like) to act on the compound (VI).
[0117] Further, a compound (VII} in which X is a
methanesulfonyloxy group, p-toluenesulfonyloxy group, a
trifluoromethanesulfonyloxy group or the like can be produced
by allowing methanesulfonyl chloride, p-toluenesulfonyl
chloride, anhydrous trifluoromethane-sulfonic acid or the like
to act on the compound (IV) in a suitable solvent under basic
conditions.

{0118] For example, a compound of the following formula:

[0119] [Formula 6]

R Arl

(H
(vl
[0120] wherein R!* is the same as the above defined Rb;
and Ar? is the same as above defined, which is an intermediate
of the compound of formula (I) can be synthesized with

reference to the following documents: International



[0125] [Forrmula 8] R13 \ArZ NHO (XI) [0126] wherein R13 is the sanme as
t he above defined Rb; and Ar 2 is the sane as above defined, which is an

i ntermedi ate of the conmpound of forrmula (I) can be synthesized with
reference to the follow ng docunents: International Publication Nos.

11001/ 16147, W02/ 36602, W02/ 053573, _va 2/ 068439, W02/ 068440,

W02/ 088157, W02/098893, W03/020737 ana WO03/090783. [0127] For exanpl e,

xxa- o PRI EAE BB oKotncRaphy GEE0ks AT hRd2e, widLhodiras, égind;i orn
C R14 2, | ; R' i
The same o0 RbeeRTe . MePr hrag yRTe70Peede™ ffar RERRADZEH"  neCompound

of formul synthesized wth reference to the foll ow ng docunent:
Internatigﬁ§+l/§£%??gétion No. W03/000712. [0130] For exanple, the

following geppynd:  For example, the following compounds:

[0122] {Formula 7]

0 0
<S Arl (S H
> X
R'Z OH R OH
{x (X)
[0123] wherein R'? is the same as the above defined Rb;

and Ar® is the same as above defined, which are intermediates
of the compound of formula (I) can be synthesized with
reference to the following dccument: International Publication
No. WO04/007517.

[0124] For example, the following compound:

[0125] [Formula 8]

R]3

\}K;ij;:\\Aﬁ
\N )

H
(x1)

[0126] wherein R!*® is the same as the above defined Rb;
and Ar? is the same as above defined, which is an intermediate
of the compound of formula (I} can be synthesized with
reference to the following documents: International
Publication Nos. W001/16147, WO02/36602, WO02/053573,
W002/068439, WO02/068440, WO02/088157, WO02/098893,
WO03/020737 and WQ03/090783.

[0127] For example, the following compound:



[0131] (Fornula 10) R5 Are NH2 (Xl I1) [0132] wherein R15 is the sanme as
t he above defined Rb; and Ar2 is the sanme as above defined, which is an
internediate of the conpound of fornmula (1) can be prepared according to
the follow ng Scheme 4. Schenme 4 [0133] [Formula 11] - 43 OH X 1) Mal kyl
Ris or Maryl Rts Are R's Are WZZ)NgfﬂH NO2 NH2 (XI V) (X V) (XI11)
[0134] wherein R16 is the sane as the above defined Rb; Malkyl and M aryl
are each n tal]ic reagent such as n-butyllithium phenyl [ithium
and pheny?ﬂ%géﬂﬁs i %1%L; X is a hal ogen such as chlorine, bromine and
iodine; and Ar2 is the sane as above defined. [0135] That is, the conpound
(XI'1'l) can be synthesized by allowng a sditable organonetallic reagent
(n-butyllithium phenyl lithium pher nesium brom de or the like) to
act on a conpound (XIV), then reacufng e méulting conpound with Are-CHO
to derivatize a conpound (XV), and ghere fter performng a suitable
reduction reaction (catalytic hydr At ] using a palladium catal yst or
the like). [0136] The conpounds of the present invention can be

xtn

[0129] wherein X!, X?, X* and X* are each a nitrogen atom
or C-R' and one or two of X!, X%, X® and X' are nitrogen atoms;
and R'* is the same as the above defined Rb, which is an
intermediate of the compound of formula (I) can be synthesized
with reference to the following document: International
Publication No. WO03/000712.

[0130] For example, the following compound:

[0131] [Formula 10]

2
15—l o At

/
NH,
X1
[0132] wherein R!® is the same as the above defined Rb;

and Ar? is the same as above defined, which is an intermediate
of the compound of formula (I) can be prepared according to
the following Scheme 4.

Scheme 4

[0133] [Formula 11]



produced, for exanple, according to Schene 5 as shown below. Schene 5
[0137] [Formula 12] OHR g\ Art Rai \ | Arz OBn \ Arz Mtaunobu Ri t
reaction debenzylat inn .m-din OH ro- No DH OBn 08n = 08n OH (I V) (Vill)
DBn 08n OH OH (BVI) (XVI1) [0138] wherein R' is the sane as the above
defined Rb; and Ar2 is the sane as above defined. - 44 [0139) That is, the
conpound of the present invention can 'b%3pToduced by condensing the
conmpound (IV) with the conpound (VIII1) under hhe conditions of the

M t sunobu reaction using an azo reagent and a %hosphine and then performng

depr ot ection gL Xcat allyMiadkhydr ogenat i condi tjons using a-pal Ladi um
cat al yst aqnsé Iilke or gekfasyim ng dgpr tectTon B boron R6 Ar
trifluoride-dK | sul fjde,of the |Ike.lThelazo reagents n be used

in the synthesis of Mhe %oﬁﬁa ds of the “pres#®t invention inctudeNHfor
exanpl e, diethyl azodicarboxylate, tetra thylazodicarboxanigﬁ Ed 1. 6-

di met hyl - 1, 5, 70Hdkahydro- 1, 4, 6, 7- t et razoci‘h¥2, 5-di one, and th “3 osphi nes
i ncl ude, for exanple, triphenyl phosphine, tributyl phosphine,
2-(dicyc|ohexy|phosphino)biphegy[ and tri(tert-butyl)phosphine. Further,
t he conmpodRdS$4df the wheEednt Ri nventthen same Bs dihwp abavehalsifdaed\Rivhe

M t sunobu
M-alkyl and M-aryl are each an organometallic reagent such as

n-butyllithium, phenyl lithium and phenyl magnesium bromide; X
is a halogen such as chlorine, bromine and iodine; and Ar? is
the same as above defined.
[0135] That 1s, the compound (XIII) can be synthesized by
allowing a suitable crganometallic reagent (n-butyliithium,
phenyl lithium, phenyl magnesium bromide or the like) to act
on a compound {XIV), then reacting the resulting compound with
Ar’-CHO to derivatize a compound (XV), and thereafter
performing a suitable reduction reaction (catalytic
hydrogenation using a palladium catalyst or the like).
[0136] The compounds of the present invention can be
produced, for example, according to Scheme 5 as shown below.
Scheme 5

[0137] [Formula 12]

.(_)H R"_q\ﬁrz
~_a0Bn , Mitsunobu AN 0
+ R”g‘" reaction
I ——
o
é 0Bn OH

(v Vi

1 [fii:]::ﬁN\Arz
R |
\-.
0

debenzylation
e —_—

o OH
xyep

[0138] wherein R!! is the same as the above defined Rb;

and Ar’ is the same as above defined.



reaction using a phosphorane reagent. The phosphorane reagent which can be
used herein includes, for exanple, (cyanonethylene)tributylphosphorane and
(cyano- nethyl ene)trinmet hyl phosphorane. Further, the substituent RL' of the
conmpound (XVI1) or the substituent of Ar2 (a hal ogen, or a hydroxy group
after converting to a triflate or the likg)_ can be also converted with the
use of atin reagent, a boric acid or the Iike In the presence of a

Can be ol 40 Rhuced, B deamiTs. CRmERTAOGL: § e RS 8 "R G
Ceactton &in PR e hotiene b (he dfidmNY) il GHE %%%142]

wherei n Xqyrrd) Rlaen iy oy o 161, ol M n Y AR OB udid e NI

group such as met hanesul fonate and a trifluoronethanesul onat e;

sane as t Q&@l&@é@é}&f i a BroANtiry ahd StHAE o8l i Qisp Asiddvechn [ 0143]
That is, the conmpound (XVI) can be produced by

under catalytic hydrogenation conditicons using a palladium

catalyst or the like or performing deprotection by boron
trifluoride-dimethylsulfide or the like. The azo reagents
which can be used in the synthesis of the compounds of the
present invention include, for example, diethyl
azodicarboxylate, tetramethylazodicarboxamide and 1,6-
dimethyl-1,5,7-hexahydro-1,4,6,7-tetrazocin-2,5-dicne, and the
phosphines include, for example, triphenylphosphine,
tributylphosphine, 2-{(dicyclohexylphosphino)biphenyl and
tri(tert-butyl)phosphine. Further, the compounds of the
present invention can be also synthesized by the Mitsunobu
reaction using a phosphorane reagent. The phosphorane reagent
which can be used herein includes, for example,
{cyanomethylene)tributylphosphorane and (cyano-
methylene)trimethylphosphorane., Further, the substituent R"
of the compound (XVII) or the substituent of Ar? (a halogen,
or a hydroxy group after converting to a triflate or the like)
can be also converted with the use of a tin reagent, a boric
acid or the like in the presence of a palladium catalyst.
[0140] Further, the compounds of the present invention
can be also produced, for example, according tc Scheme 6 as
shown below.

Scheme 6

[0141] [Formula 13]



condensi ng the conmpound (VII) with the conpound (VIIl) in a suitable
sol vent under basic conditions. The bases which can be used herein include,
for exanple, sodium hydride, potassium carbonate and potassium
tert-butoxide. [0144] Further, the conpounds of the present invention can
be al so produced, for exanple, according %o Schenme 7 as shown bel ow. Schene
7 [0145] [Fornula 141 - 46 00 OHO Rt ON Al H OBn Mtsunobe OR'
reaction an 0\ 0, gqBn + R11 OH non OBn OBn OBn 0Y) (%l| OBn_= Con non
OBn OBn OBn (XX (XX OHAI \ | At All Art At ;MG O YT  ArBBn OH r(n
OBn OH OBn 0Bn & ghmn(XXI) (XVLL) 146] wherein RIT S tie same as the

above defi ned is a G- yl " grouppdensEVio€ls a
aryl group; is the sa above defréavddon
0Bn OH
0Bn 0Bn
win Vi) =
0Bn  O0Bn
(xvi)
[0142] wherein X® is a halogen such as chlorine, bromine

and iodine or a leaving group such as a methanesulfonate and a
trifluoromethanesulfonate; R!! is the same as the above defined
Rb; and Ar’ is the same as above defined.

[0143] That is, the compound (XVI) can be produced by
condensing the compound (VII) with the compound (VIII) in a
suitable solvent under basic conditions. The bases which can
be used herein include, for example, sodium hydride, potassium
carbonate and peotassium tert-butoxide.

[0144] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 7 as
shown below.

Scheme 7

[0145] [Formula 14]



[0147] That is, the compound (XVII) of the present invention can be
produced by condensing the conmpound (IV) with the conpound (XVII1) under
the conditions of the Mtsunobu reaction using an azo reagent and a
phosphi ne, then converting the al koxycarbonyl group of the resulting
conmpound to a fornyl group by the conventional nmethod to forma conpound
(XX), then allowing Are-M (wherein His lithium a nagnesium halide or the
like) to act on the conpound (XX) to be converged to a conpound, (XXl), and
thereafter elimpating the hydroxy group and fhe benzyl groups

si mul t aneously e&nder catal ytic! hydrogeqatrb| cOWdi tions or & ym fating them
st epwi se by v YL wi i methyl silan the like

and then eli groups-wi th bogon trifluoride-

di net hyl sul fideZ [6%48] Furthe®, the conpounc #T'he present i on - 47
can be al so ffolficed, for exanple, according chene 8 as el ow.
Scheme 8 [0149jw[Fornula @81 o4 oH Xi1 oBn Ra RP*™1 Arr X |tsun8 Bu \ i)

Y-alkyl \ reaction, .yl + Ror 1l-aryl Wﬁ @H Cen 2) Art-chd

(xx
OR

(vin

[0146] wherein R'! is the same as the above defined Rb; R"
is a C;-C¢ alkyl group, a C;-Cyy aralkyl grecup or an aryl group;
and Ar’ is the same as above defined.

[0147] That is, the compound (XVII) of the present
invention can be produced by condensing the compound (IV) with
the compcocund (XVIII) under the conditions of the Mitsunobu
reaction using an azo reagent and a phosphine, then converting
the alkoxycarbonyl group of the resulting compound to a foermyl
group by the conventicnal method to form a compound {(XX), then
allowing Ar’-M (wherein M is lithium, a magnesium halide or
the like) to act on the compound (XX) to be converted to a
compound (XXI), and thereafter eliminating the hydroxy group
and the benzyl groups simultaneously under catalytic
hydrogenation conditions or eliminating them stepwise by
reducing the hydroxy group with trimethylsilane or the like
and then eliminating the benzyl groups with boron trifluoride-
dimethylsulfide.

[0148] Further, the compounds of the present invention



OBn 08n (IV) (XXIl1) _ OBnl = OBR OBn On 08n OBn (XX 11) (XXI') [0150]
wherein X' is a halogen atom Rl11l is the sane as the above defined Rb; and
ArZ is the sanme as above defined. [0151] That is, a conmpound (XXI) can be
synt hesi zed by derivatizing the conpound (IV) and the conmpound (XXIl) to a
compound (XXII1) by the M tsunobu reactlgﬂ and then allowing an
organonetal lic reagent (a | ower alkyl iumsuch as n-butyllithiumor the
like) to act on the coqg$un XXIII) to be reacted with Ar2-CHO [0152]

Further, t98 e xRS i AfiFoR Dty Shsiv i@, for
exanple, %%fordhﬁg_to Schene 9 as shown bel ow. Schenme 9 [0153] [Fornul a
16] X21 S Kz o (A"t5 n) 2 0 Ar2-CH2 X22 0 s9Bn ,~,~OBn ., OBn
Bn 013n On De & OBn 0Bn OBn (Xxi I1) (Xx 1Y) (XV 1) - 48 (0154]
wherein X21 and each a hal ogen atom R' is independently selected

froma Cl-i(g & KYlr il F% 1¥1is the sane as the above defined Rb; and Ar2
de

is the sane as above i ned.
OH

x'll
gH gl ~ | it - r Ar?
08N "' Mitsunobu
. 1) M-afkyl =
A i o 1 0

reaction or M=aryl

08N 08N

B
0Bn OH 2) Ar’-CHO

0Bn

v Xxi| 2 :
i 0Bn  0Bn 0Bn  OBn

(Xx111) o

[0150] wherein X' 1s a halogen atom; R'' is the same as
the above defined Rb; and Ar® is the same as above defined.
[0151] That is, a compound (XXI) can be synthesized by
derivatizing the compound (IV) and the compound (XXII) to a
compound (XXIII) by the Mitsuncbu reaction and then allowing
an organometallic reagent (a lower alkyl lithium such as
n-butyllithium or the like) to act on the compound (XXIII} to
be reacted with Ar?-CHO.
[0152] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 9 as
shown below.

Scheme 9

{0153] [Formula 16]

Ar?-CHpx22
& 0Bn

0Bn

OBn EBn
o n




[0155] That is, a hexaalkylditinis allowed to act on a conmpound (XXII1) in
the presence of a palladiumcatalyst to derivatize a conpound (XXl V) which
is then reacted with Ar2- CH2X22 in the presence of a palladiumcatalyst to
synt hesi ze a conmpound (XVlI). The hexaal kyl ditin as used herein includes,
for exanple, hexanethylditin and hexabut¥ ditin, and the palladiumcatalyst
i ncludes, for exanple, tetrakistriphenyfphosphine palladium (0) and 1, 2-

bi s(di phenyl phqsphori noet hane) di chl orgpal | adium (11)._ [0156] Further, the
conpoundsqéﬂSﬁﬁe pres@ﬁFrPEVe%?ﬁéﬂ“iégﬁ e fAN R oD 3+ Oy Ryl s

di . Sch 0 | ow. 0. 0 i I 0 ™
0 S At " adndepERAIBY, Hp1 et ARCE CTERIBIRGL qraRd LB 0 kROl br
CH OOn OB | . | 1 in R12
is the sa%eagaés atgh;él%o%\?egdggée(ﬁgﬁ%b;@ﬂa%dg?gﬂ %st &éégéan%gaggg g@gggle?i ned.

[0159] ThakfiSeg he conpound (IV) is condensed with the conpound (IX) under
the conditions of the M tsunobu reaction

[0155] That is, a hexaalkylditin is allcocwed to act on a
compound (XXIII) in the presence of a palladium catalyst to
derivatize a compound (XXIV) which is then reacted with Ar’-
CH,X** in the presence of a palladium catalyst to synthesize a
compound (XVI}. The hexaalkylditin as used herein includes,
for example, hexamethylditin and hexabutylditin, and the
palladium catalyst includes, for example,
tetrakistriphenylphosphine palladium {(0) and-1,2-
bis(diphenylphosphorinoethane)dichlorcpalladium (II).
[0156] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 10 as
shown below.

Scheme 10

[0157] [Formula 17)

H 0 <ii;:1[:%i\“Ar’
A 0BD 5 Mitsunebu P

Y Ar?  reaction R
+ pr e
1

Rk OH

e

QBn

08n  0Bn
v

(1} 0Bn
X3y}

[0158] wherein R!? is the same as the above defined Rb:
and Ar? is the same as above defined.

[0159] That is, the compound (IV) is condensed with the
compound {(IX) under the conditions of the Mitsunobu reaction

using an azo reagent and a phosphine to derivatize a compound



usi ng an azo reagent and a phosphine to derivatize a conpound - 49 (XXV),
and thereafter the ketone reduction and the elimnation of the benzyl
groups are sinmultaneously perforned under catalytic hydrogenation
conditions using a palladiumcatalyst or the like, or perfornmed stepw se by
reduction of the ketone wth sodiun1bor2 ydride or the like and then the
elimnation of the benzyl groups with a“pall adiumcatal yst to produce a

conmpound (XXM%% of the present invention. [0160] Furt her, the conpounds of
the preserftSredthetapiien | R FoRieEedutisn e the el HiRatipn

Scheme 11(:%th wn :ﬁlow Schenme 11, [01 6@9& Forw%%&% 0 H CBn
M t sunobu he benzyl Jrounsfif G WMEHT oBn
. (JQQQﬂQtlé}ﬁfﬁé%éiﬁgéién é§éﬁ£¥f§&é‘hsf§% a paf%ghfﬁ$ catalyst
or the like, or performed stepwise by reduction of the ketone
with sodium borohydride or the like and then the elimination
of the benzyl groups with a palladium catalyst to produce a
compound (XXVI) of the present invention.
[01l60] Further, the compounds of the present invention
can be also prcocduced, for example, accoerding to Scheme 11 as
shown below.
Scheme 11

[0161] [Formula 18]

S
0 (/ H

Mitsunobu p12 \

H tion
+ <i reacti
R'z/ OH 080
(x) 0Bn  OBn
(Xxvi)
OH

0Bn  0Bn
OV




OBn OBn OH OH (XXVI11) (XXVI) - 50 [0162] wherein R12 is the sane as the
above defined Rb;; and Ar 2 is the sanme as above defined. [0163] That is,

t he conpound (1V) is condensed with the conpound (X) under the conditions
of the Mtsunobu reaction using an azo reagent and a phosphine to
derivatize a conmpound (XXVII), and thergafter Are-M (wherein Mis lithium
a magnesiumhalide or the like) is allowed to act on the conpound (XXVII)

to convert ..t .to a co und_( LI ) and thereafter the elimnatjon of the
hydr oxy grlg&tgzeind theaggﬁ%fifl ﬁ(ﬁ&ﬁps’fqes Sr%"ref oarsrrgcgﬁesiarﬁﬂvfeancgeoédlﬂ%aa b'stepwi se
under cat tinC.2 d e L0Q.C LLI kng a pal |l adi um catal yst or the
like to p?%?U@% ab%o%%guﬁg&%xagl?Bgygtﬁggiﬁﬁeéntion. [0164] Further, the

g Pl 33! BeLiercotghull, Sh79, Beofppatel EIBTELS)
ééﬁ N C fompolin® (55N uRE3rAtHeNddndi® 1 onsNoeH t HeBMidd@ Mo RAEBB( X 1)
using an azo reagent and a phosphine to derivatize a compound
{XXVII), and thereafter Ar’-M (wherein M is lithium, a
magnesium halide or the like) is allowed to act on the
compound {XXVII} to convert it to a compound (XXVIII), and
thereafter the elimination of the hydroxy group and the benzyl
groups is performed simultaneously or stepwise under catalytic
hydrogenation conditions using a palladium catalyst or the
like to produce a compound (XXVI) of this invention.
[0164] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 12 as
shown below.

Scheme 12

[0165] [Formula 19]

+ N\N
N 0
on I OH
oH 0
{Xxx)
[0166] wherein X°* is the same as above defined; R'® is the

same as the above defined Rb: and Ar? is the same as above
defined.

[0167] That is, the compound (XXX) of this invention can



OH (YI U On 08n OH OH (XXIX) (XXX) [0166] wherein X5 is the sanme as
above defined; R13 is the sane as the above defined Rb; and Ar 2 is the sane
as above defined. [0167] That is, the conmpound (XXX) of this invention can
- 51 be produced by reacting the conpound (VI1) with the conpound (Xl) in
a suitable solvent in the presence of a base to derivatize a conpound
(XXI'X), and thereafter the elimnation~ st the benzyl groups is perforned
under catalytic hydrogenation conditions using a palladiumcatalyst or the

like to pr%&@qw%le%?r%%ﬁ%%%uw T@UM-}H(FZUW },withtHee peompeendn

met hod of Schenme 10, the conpound (wherein X', X2, X3 and X4 and Ar
2 is the % 3Rtk e ?ﬁv?ﬁ H’Fé %s%ﬁ?s??l%n‘?ﬁo% Rage pko

160 [ FORTASH A Sobape (ki) AT Bikenetsl if BEMRSIALH1 -0
Further, the d?ﬁ%H?%? éﬁgﬁ@gi3{§:§g§f6fmgﬁndﬁﬁbrCéQEQfY?iéO produced, for

exanple, accor
hydrogenation conditions using a palladium catalyst or the

like to produce the desired compound.

[0168] Further, in the production method of Scheme 10,
the compound (XXXI) {(wherein X', X?, X°® and X! and Ar? is the
same as above defined) of the present invention can be
synthesized by using the compound (XII) instead of the
compound (IX}.

[0169] [Formula 20]

OH OH
XXX

[0170] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 13 as

shown below.



shown bel ow. 52 - Schenme 13 [0171] [Fornula 21] OHR 7 Are NH2 ,,\OB n X
0Bn (XXXI'11) ©OBn OBn OBn OBn OBn OBn (IV) (XXXI'l) R17 ArZ R17 / Ant NH
NH ,a\OBn SOH OBn OH OBn OBn OH OH (XXXI'V) (XXXV) [0172] wherein X is a
hal ogen atom R1l7 is the same as the above defined Rb; and Ar2 is the sane
as above defined. [0173] That is, the conpound (XXXV) of this invention can
be produced by subjecting the conpound (I to the Mtsunobu reaction with
pht hal i m de, all owi ng hydrazine or nmethylanmine to act on the resulting
conmpound to deriﬁﬁﬁfﬁﬁ_iiconpound (XXXI'l'), then perform ng the coupling
reaction w C oun [11) in the presence of a palladium catal yst
[ for exan%ié?T?grrgFEWB ﬁz% f deneacet one) di - pal | adi um (0) or 1,1,-

bi s(di phenyl phosphi nof errocene) -di chl oropal l adium (I11)] or a

Ar?

(XXX

0Bn

0Bn  OBn OH %H

XXXy
( ) (XXxv)
[0172] wherein X is a halogen atom: R!” is the same as the

above defined Rb; and Ar’ is the same as above defined.

{0173] That is, the compound (XXXV) of this invention can
be produced by subijecting the compound (IV) to the Mitsunobu
reaction with phthalimide, allowing hydrazine or methylamine
to act on the resulting compound to derivatize a compound
(XXXII), then performing the coupling reaction with a compound
(XXXIII) in the presence of a palladium catalyst [for example,
tris(dibenzyvlideneacetone}di-palladium (0) or 1,1°-
bis(diphenylphosphinoferrocene}-dichloropalladium (II)] or a

copper reagent [for example, copper iodide (I)] to convert the



copper reagent [for exanple, copper iodide (1)] to convert the - 53
conpound (XXXI'l) to conpound (XXXIV), and thereafter elimnating the benzyl
groups under catal ytic hydrogenation conditions using a palladium catal yst
or the like. [0174] Further, the conmpound (XXXII) can be synthesized by
perform ng the Mtsunobu reaction of the conmpound (IV) with sodium azide or
the like and thereafter allowing triphe phosphine or the like to act on

the resultin conpaund._ [ 0175] Further, .the conpound (XXXIIgé\can be
pr oduced 38%8PHP99(F§X§JHeﬁ€ £Ampeund (%A F Vare a0 Fhseaditer conmpound

Comound. (BHEOR A, Tne R, (st boilst eI it 1R
A sl gt PORR W
XXXVI XXX 17 i i i d R
§s the) g§§éygghtﬁe abgggtgégfngheggﬁﬁghgnﬁrkgx$2§€ﬁgg§a%§ ggﬁéggggkbae
defined. [@478krFeriiialy thiae MiQERAeHES r@fdth@nPuas &iie id&g@{@g\'ﬁw (188N A& Al SO

produced, for exanple, according to Schene 15 as shown
sodium azide or the like and thereafter allowing
triphenylphosphine or the like to act on the resulting
compound.
[0175] Further, the compound (XXXIII) can be produced
according to Scheme 14 by allowing Ar’-M to act on a compound
(XXXVI)} to derivatize a compound {XXXVII) and therecafter
treating the compound (XXXVII) with triethylsilane in the
presence of a boron trifluoride-diethylether complex,
triflucoroacetic acid or the like,

Scheme 14

{0176] [Formula 22]

OH
X CHO ) )
T L e
~ o
X X X
(XXxXv1) (XXXV11) (XXXI11)
{01771 wherein X is the same as above defined:; R!? is the

same as the above defined Rb; and Ar’ is the same as above
defined.

[0178] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 15 as

shown below.



- 54 - Schenme 15 [0179] [Formula 231 Are 2g Arz 0 HG );) HOrrrx.,. anon
OBn ""OH Don Don OH OBn OBn 00n OBn OHOH R s Arz CV) (XXXI X - 1) (XXXX -
) and/or or 2 2 (XXXVIIl) Reg r Rg Ar HOOGn OBn OH OBn OBn OH OH
(XXXEX-11) (XXXX-1 1) [0180] wherein R18 is the sane as the above defined
Rb; and Ar is the same as above definedg,[0181] That is, a conpound
(XXXX-1) can be produced by allowing a suitable alkyl lithium (for exanple,
n-butyllithium Qr, the gke) to act on a conmpound (XXXVII1l) to be reacted
with a compoun n catal ytically hydrogenating the obtai ned conpound
(XXX X-1) g | talyst or the like. In the same manner, a
conpound (Q&&i&?lf?%%ﬂg%gngﬁiectly produced by catalytically hydrogenating
the conpound (XXXI X-11) with a palladiu g by

Xﬁt or can be
acetylating the [ALEL

RW_

0Bn SBn OH 04

2
Rls__%_\\ Ar X X-1) (XXX~ 1)
o
and/or
Br
H
XV Rl Ae
04 O
GXXIX-11) (XXX-11)
[0180] wherein R'® is the same as the above defined Rb;

and Ar is the same as above defined.

[0181] That 1s, a compound (XXXX-I) can be produced by
allowing a suitable alkyl lithium (for example, n-butyllithium
or the like) to act on a compound (XXXVIII) to be reacted with
a compound (V) and catalytically hydrogenating the obtained
compound (XXXIX-I) wlth a palladium catalyst or the like. 1In
the same manner, a compound (XXXX-II) can be directly produced
by catalytically hydrogenating the compound {(XXXIX-II) with a
palladium catalyst or can be produced by acetylating the
hydroxy group and then eliminating the acetoxy group and the
benzyl groups by catalytic hydrogenation reaction using a
palladium catalyst or the like (if necessary, an acid such as
hydrochloric acid is added). Herein, the compound (XXXVIII)

can be synthesized, for example, by the method as described in



hydroxy group and then elimnating the acetoxy group and the benzyl groups
by catal ytic hydrogenation reaction using a palladiumcatalyst or the |ike
(if necessary, an acid such as hydrochloric acid is added). Herein, the
conmpound (XXXVI11) can be synthesized, for exanple, by the nethod as
described in - 55 - International Publication No. WX01/27128. (0182] The
conpound (XXXX) can be al so produced, for> exanpl e, according to the nethod
of Scheme 16 as shown bel ow. Schene 16 L0183 &Fornula 24] 0 pOBn 08n CH3
CH3 CH3 cBatepnakriopaRiPybligatiopNegnWeRh/2BE2BXxXXX1) = 08n OBn 08n OBn
On GBn ( } (XXXXL11) RLE

X2 Rs Arr _Are-X24 0 n OBn OH OBn
OH OBn OB OBn ﬁmhhﬂc?ﬁ!?"‘w&)&?’@?{ X58B0He (éééeoprc’ducegr for
example, according to the method of Scheme 16 as shown below.

Scheme 16

[0183] [Formula 24]

CH:! CH3
Rw RIB
H
18_11 o o
R"™—1— _
— &&UBn @ﬁDB"
Br
XXX 1) é 0Bn H 0Bn
08n  OBn 0Bn 0Bn
(XXxx11) (XXXx111)

EBn

0Bn OBn
Xxaxiy) (xXXXV)
[0184] wherein X% and X?** are halogen atoms; R!® is the

same as the above defined Rb; and Ar? is the same as above

defined.

[0185] That is, a suiltable alkyl lithium (for example,
n-butyllithium or the like) is allowed to act on a compound
(XXXXI) and is reacted with the compound (V) to derivatize a
compound (XXXXII), and the resulting hydroxy group is

converted to a thiocarbonyloxy group by



[0184] wherein X23 and X24 are hal ogen atons; R18 is the sane as the above
defined Rb; and Ar2 is the sane as above defined . [0185] That is, a
suitable alkyl lithium (for exanple, n-butyllithiumor the Iike) is allowed
to act on a compound (XXXXI) and is reacted with the conpound (V) to
derivatize a compound (XXXXII), and the _resulting hydroxy group is
converted to a thiocarbonyl oxy group by 3656 nmet hyl t hi ocar bonyl ati on or

i m dazol yl t hi ocar bonyl ation, and then deoxygenation is performed by

al | owi ng am¢ﬁHYéhhi?éﬁépPBﬁlaﬁgeﬂt°FféWléﬁéﬁgYéFhaOFﬁﬁbﬁyaiﬁEéOFeaQEﬁt such

as tributyltin _hydride, a silane agent such as_di phenylsil ane, a .
conbinatioﬁherdﬁ%ﬁﬁ%@BﬁBiﬁﬂsiﬁcpﬁr Prge th¥laiﬁ8§ Ret 8 Tpehcal; Tpackign

amne) to act_on, the conpound I in.the presence of a _suitab
o ol | nRgrnfof HOF FRERRARY o b5 PhoshAL EeBERRE, FORR: PR s RbATLELn
eroxi de o i k n Lz T

Eonpound (&&&gﬁ?%) ?és%gﬁéér%ggﬁktgu?Hegggﬁgéﬁgﬂg¥§§§5b§§X§I%?ﬂa%hg?ion
sui tabl e hgko i dit.k @ng( ucgih-piy gi.ge,
brom ne.  PydesreepRorbaR attdar ARec AT BhGepHELD, i ODA SERPITEE)
react ed Wi ghia8) acyl abal berhbnebygbaAaa iRk et 9aiy! thbabirdeinba bbea
presence of a suitable catalyst [for exanple, tetrakistriphenyl-phosphine
pal | adi um §Q)1 taB18- rRascdiphanyl abesphtopetRangledi ghborgpabladsem (11) or
the like], and thereafter debenzylation is perforned to derivatize a
conpound (pxX¥GoniOiB86¢, Thenkaver pedoride (XXXKhY) 16R8 ) beopsodtnediby ahe

met hod of Schene 17 as shown bel ow.
compound (XXXXIII). Then, the compound (XXXIII) is converted

is

to the benzyl halide (XXXXIV} under suitable halogenation
conditions (for example, by N-bromosuccinimide, bromine,
hydrogen bromide or the like), and the benzyl halide (XXXXIV)
is reacted with an aryl halide (including an heteroaryl
halide) in the presence of a suitable catalyst [for example,
tetrakistriphenyl-phosphine palladium {(0), 1,2-
bis{diphenylphosphinocethane)-dichloropalladium (II) or the
like], and thereafter debenzylation is performed to derivatize
a compound (XXXX).

[0186] The intermediate (XXXXIV) can be produced by the

method of Scheme 17 as shown below.



- 57 - Schenme 17 [0187] [Forrmula 25] 0 OBn
Rig protection (V) deoxylalion OH ,JBn Br

OBn OF OP Ra R g OHe OBn 013n

OBn ( XXXXVI) OBn OBn

OBn
1~1\

(XXXXVIT) (XXXXVIT1) Rig OH Rig X deprotection hal ogenation

OoBn OBn OBn
OBn

OBn OBn OBn OBn on OBn OBn ( XXXXI X) ( XXXXI V)

[0188] wherein R18 is

the sane as the above defined Ro; P is

atom and Ar2 is the

group of a conpound (XXXXVI)

(for exanple,

sanme as above defi

yIdlnethyIS|IyI

% protective group; X is a hal ogen
dd” That is, after the hydr oxy

is protected by a suitable protective group

group, a tetrahydro-pyranyl group

or the li

l'ithium (for exanple,

n-butyllithiumor the

i ke)

el AL A

w0 ™~ OH
R
e protection
Br
(XXXXV1)
0Bn  OBn O8n  0Bn
XXXV D (XXXXV1i1tL)
RISL OH
deprotection halogenation
‘\\\\UBI"I
T 0Bn Y
0Bn 0By OBn  0Bn
QXXX (xXxxxv
[0188] wherein R'® is the same as the above defined Rb: P

is a protective group; X is a halecgen atom; and Ar? is the
same as above defined.

That is, after the hydroxy group of a compound {XXXXVI}
is protected by a suitable protective group {(for example, a
tert-butyldimethylsilyl group, a tetrahydro-pyranyl group or
the like), a suitable alkyl lithium (for example,
n-butyllithium or the like) is acted on the resulting
compound and reacted with the compound (V) to derivatize a
compound (XXXXVII).

Then, the tertiary hydroxy group is

converted to, for example, a thio-carbonyloxy group by

methylthiocarbonylation or imida-zolylthiocarbonylation, and



conpound and reacted with the conpound (V) to derivatize a co
(XXXXVI'l). Then, the tertiary hydroxy group is converted to,
t hi o- carbonyl oxy group by nethylthiocarbonylation or

npound
for exanple,

I m da-zol yl t hi ocar bonyl ati on, and - 58

then a radical

reacti on agent (for

exanple, a tin hydride
such as diphenylsilane
di phosphor ous aci d wi

reagent such as
a combi nation o
a_tertiary_ amne

resul ting EB%%O%nﬁaﬁﬁc?ﬁerﬁ?EEéﬂEeaanB

exanple, 2 2'-
conpound (

conpoun?
(for exanpl e

RN 1o

t4a3RAF1 §3C0 R EEEEL

%yikf?h§§

a silane agent

di et hyl phosphite or
is allowed to act on

GPF aBt@MPaki cdl T1Pnh¥
PL BoLgYA

ctlon I

8|butylt|n hydri de,

Fﬁ%gg (for
g)%éngonv |t to a

t3 obt ai n

gd shsaﬁeiﬁseiax éH'&fQ%ﬁ¥ a%ﬁQﬁ@ﬁ&%Q“orCO“d't'OnS

I's bromne atom the

con

N-br onosucgi phakHRor8a8"hBea G2ERCR téf%i&PﬁOHhﬂﬁﬁz&%%?ﬁ

presence of

tri'phenyl phosphi ne),

the conpound

1hbl$€d' 2ot B8t on

can be synt hesi zed.

[0189] Thetgéenpesntt{hy &ampbenal 8 ﬁh@dgﬁégenééroﬁxanﬁhﬁtabﬁécﬁﬁdhﬂﬂlt0

Schene 18 as shown bel ow. Schene 18 (01

0] [Formul a 26]

OHOBn ~ Arz Ar2

OBn Bn Arzififi&tbR (688 &Rample,

2,2'-azobisisobutyronitrile, benzoyl

peroxide) to convert it to a compound (XXXXVIII).

Subseguently,

the deprotection is performed to obtain a

compound {XXXXIX), and thereafter by suitable halogenation

conditions (for example, when X is bromine atom, the
conditions using N-bromosuccinimide, bromine, carbon
tetrabromide or the like in the presence of

triphenylphosphine},
[0189]
according to Scheme 18 as shown below.

Scheme 18

[0190] [Formula 26]

e Ar?
e 2
L j!! - | Ar
OH —

v :
i 0BI'I.
H GBn

08n OB
(RN}

0H

- Lt DBn
[ ; ¥ 0Bn

08n  OBn
L

debenzylation

[ ———

Mi tsunobu
reaction

EBn
{Lin

fo191]

and Ar? is the same as above defined.

the compound (XXXXIV) can be synthesized.

The compound (L) can be also produced, for example,

wherein R!'! is the same as the above defined Rb;

That is, the compound (L) of the present invention can

a



O (LI') (viii) \ debenzylativn I'lIl OBn OH or Mtsunobu reaction OBn OH OH
OBn OBn OH OH HOp~ OBn (LITI) (L) OBn OBn OBn (L11) (0191] wherein R11 is
the sane as the above defined Rb; and Ar2 is the same as above defined. That
is, the conmpound (L) of the present invention can - 59 be produced by using
t he conpound (LI) or the compound (LII) bnstead of the compound (I1V) in the
production nethod of Schenme 5. The coﬁpéund (Ll1) can be synthesized by the

net hod as described_in a docungnt [J. Og, Chey1, 63. 5668 61998£L nd t he
compound (2% IBTRERCHE E%h?ﬁ%%$z€ﬁeb%°Tﬂ%“ﬁ@tHBH R HaecrPpRaund a%gunent

[ nvent | on USRS 4 sEnr cottkends b7V by dhprie meGvar IR Be R8T 0 ne
SB?SI-I)mt b?;%&t#ﬁ?&?%{/l lsglt'g n@or?qgoul[lgl%i ) [gglrl nﬂé as%‘]:hé%izé‘&t bﬁr Ehepllnéthg(d
as described in a document [J. Org. Chem., 63, 5668 (1998}]
and the compound (LII) can be synthesized by the method as
described in a document [Tetrahedron, 56, 7109 (2000)]
[0192] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 19 as
shown below.

[0193] Scheme 19

{0194] [Formula 27]

2 ?
atr@/\“ Rl Q/\Ar
1 / 1 /
e ———

X B(OH) ;
(XXX191) (wvii)

debenzylation

——

0Bn an {H ﬁi‘l
LIV Ly Wi

{0195] wherein R’ is the same as the above defined Rb; X
is the same as above defined; Tf is a trifluoromethane-
sulfonyl group; and Ar? is the same as above defined.

That is, a compound (LV) can be produced by treating a
compound (LIV) obtained by triflating the compound (V)
together with a compound (LVII) obtained by allowing a
suitable alkyl lithium (n-butyllithium or the like) to act on
the compound (XXXIII) to be treated with a boric acid ester

(trimethyl borate or the like) in the presence of a palladium



At Art ply Art 0iTl1 OBn OBn ""OBn~~OH / ~~(\/Il- dehen zyl an 00n OBn
08n OH 0Bn OBn / 0Bn OBn OBn OBn OH OH (V) (LIV) (LV) (LVI) (0195] wherein
R17 is the sane as the above defined Rb; X is the same as above defined; Tf
is a trifluoronmethane- sulfonyl group; and Ar 2 is the sane as above
defined. That is, a conpound (LV) can be Broduced by treating a conpound
(LI1'V) obtained by triflating t he conpoung together with a conpound
(Lvin) obtalned b sui t apl e aIk lithium (n-but IIithiu or the

1ke) to st e Ce ot iateny P‘P%"B%X‘E‘?e%?%a% SEbbRPciikPY- est er
(et aki Sth FERERGPERLERT he A PAPTRREFSRFET 165 B8 LBRBCEhaPETon) “can be
produced byy| SFLLAShEDS EOTBOUE: L 0L ¥4 PRECH ! EhENboELdscrgihe | Tie

in the presence pent a enzene or Rod for

produci ng & 5mg@5#qﬁgh£gnéhgr PhESEMkel Nvention is not limted to the

above- descrlbed hods. The conpounds of the present invention can be

synthesi zefh1401 exanpifs ntrdd t N%/pmﬂ&imggtﬁ&%&ﬁmagww in
Schenes 1 to 19. EFFECT OF THE | NVENTI ON [ 0197] The conpounds of the present
i nvention peés@mt yinvention is not limited to the above-described
methods. The compounds of the present invention can be
synthesized, for example, by suitably combining the steps

included in Schemes 1 to 19.

EFFECT OF THE INVENTION

[0197] The compounds of the present invention not only
have SGLT2 inhibition action but also have suitable properties
as drugs such as metabolic stability, oral absorbability, drug
effect durability and safety. Thus, pharmaceutical
compositions having an action of lowering bleood sugar levels
which are used for the prophylaxis or treatment of diabetes
such as insulin-dependent diabetes (type I diabetes) and
insulin-independent diabetes (type II diabetes), diabetic
complications and obesity caused by hyperglycemia are provided
by the present invention.

Examples

[0198] The contents of the present invention will be
explained in further details by the following examples and
experimental example but the present invention is not limited
to their contents.

[0199] Each abbreviation in the following examples has
the following meaning.

NMR: Nuclear magnetic resonance spectrum (TMS internal



have SG.T2 inhibition action but also have suitable properties as drugs
such as netabolic stability, oral absorbability, drug effect durability and
safety. Thus, pharnmaceutical conpositions having an action of | owering blood
sugar levels which are used for the prophylaxis or treatnent of diabetes
such as insulin-dependent diabetes (type di abet es) and

I nsul i n-i ndependent di abetes (type 11 dig efes), diabetic conplications and
obesity caused QX Eyperglycen1a are provided by the present invention.
Exanpl es %he contents of the present invention will be explained in

f her d I b h I le b h
present | ?R%%k Yo X.%P%% Lopfreed SSETTRES 8bwednle. [oloe) cach -
abbrewatlﬁﬁL n ﬁf néégﬁnfﬂ%&¥8n85%§%£?8ﬂ¥£$ﬁ fol Il owi ng neani ng. NVR

Nucl ear magnhetic'Tr nce sSpécirum - 61 - standard); Ms: Mass

spectro bfo@pal YS'W' 45 add P Qfl?%lé%?jqf:.lé Wyl K OFE DO ARG

[ 0200] NI\/R[r %% gnd HPLC are measuredéa e fo ovxcﬁﬂng equi pnent . ﬁ%tie/R: JCEL

JNN1EX—27QB%%¥§héﬁg) Varian Mercury 300 (300 MHz) or JCEL JNM ECP 400 (400
of Thermo Finigan or Mcromass ZQ of Waters; HPLC. 2690/ 2996

(Det ect or )Nt : VBOEL SIN)ORR1}2 70 he2 neamBE pevar aNMMErORSYO0B0bIPLSDAr RHAS
foll ows unless otherw se descri bed.
or JOEL JNM-ECP 400 (400 MHz);
MS: LCQ of Thermo Finigan or Micromass ZQ of Waters:
HPLC: 2690/2996 (Detector) of Waters.
[0201] The measurement conditions of HPLC are as follows
unless otherwise described.
[0202] Column: ¥YMC-Pack ODS-A 6.0x150 mm, 5 pm
Mobile Phase: Elution by applying a gradient of from 0.1%
TFA/MeCN (5%) plus 0.1% TFA/H;O (95%) to
0.1% TFA/MeCN {100%) for 20 minutes, and
thereafter under the same condition [0.1%
TFA/MeCN {100%)] for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature
Detection Condition: Total plet of the entire wavelength
of 230 to 400 nm
[0203] Example 1
[2-{4-Methoxybenzyl)phenyl]-5a-carba-fi-D-glucopyranoside

(1) Synthesis of 2-(2,3,4,6-Tetra-0O-benzyl-5a-carba-f-D-
glucopyranosyl}benzoic Acid Methyl Ester
To a methyl salicylate (72 uL, 0.557 mmel) THF solution
(400 uL), triphenylphosphine (146 mg, 0.557 mmol) and

2,3,4,5,6-tetra-0-benzyl-5a-carba-a-D-glucopyranose (200 mg,



[0202] Col um: YMC-Pack ODS-A 6.0x150 mm 5 Km Mobile Phase: El ution by
applying a gradient of fromO0.1% TFA MeCN (5% plus 0.1% TFA/H20 (95% to
0.1% TFA/ MeCN (100% for 20 m nutes, and thereafter under the sane
condition [0.1% TFA/ MeCN (100% ] for five mnutes Flow Rate: 1.5 ni/m nute
Col um Tenperature: Room tenperature EEtg tion Conditign: Total plot of the
entire wavel ength of 230 to 400 nm[020 % Exanple 1

[ 2- (4- Met hoxybenz I% henyl ) - 5a- car ba- ( 3- D- gl ucopyr anosj de gl) Synt hesi s of
2 (2,3, 4, O THTT e blryste saddarin end LFtRBEsFaRbeg R BeRYSAEC ALPEARKL hy|
o o) SRS o P MhALF o442 B DBl ELL SEE-20b4 408 eh2%Bskbire
2,3,4,5, 6- : - ba- - a- 0 0 1 I
were natedSLGLEh RS LS DA AE Porh DL PRER o2 PacHoute | e fded

dropw se tP@é@%ﬁmnﬁﬂﬂxi@fe”&ééUé@ncéﬂfﬂﬁf@@ M@&eftféﬁﬁge&tpr%Eh%@Upgﬁ&ture

for 10 hours. The reaction mxture was concentrated under”reduced pressure,

and the obhdi MStaifsd dHEs VaSe PWaS | heEi BYe @ BPapREbiLat 18- LRYRL 1ayer
chromat ography (TLC) [devel opi ng sol uti on=ethyl acetate:n- hexane (1:3)] to

obt ai n t hechiéhet cgrapnd(tTAEE [BevdDiding [ H20dtidkt dMRy{ CREdBAtE:nl. 60- 1. 80
(2H, m, 2.15-2.24 (1H m, 3.48-3.64 (4H nm, 3.75-3.90 (1H, m, 3.83 (3H
s), 4.43 Kékthne) (14358 tdHpbtaid=tRe 7tit}le 4cSipdudB (628 wy, 699p:7.02
(1H, m, 7.10-7.50 (22H, m, 7.78 (iH, dd, J=1.65, 7.75Hz)
[0204] 'H-NMR (CDC1l;) 8: 1.60-1.80 (2H, m}, 2.15-2.24 (1H,
m), 3.48-3.64 {(4H, m), 3.75-3.90 (1H, m), 3.83 (3H, s), 4.43
(3H, s}, 4.53 {1H, 4, J=10.7Hz)}, 4.51-4.98 (6H, m}, 6.95-7.02
(1H, m), 7.10-7.50 (22H, m), 7.78 (1H, dd, J=1.65, 7.75Hz)
MS (ESI'): 695 [M+Na}l®
(2) Synthesis of 2-(2,3,4,6-Tetra-0-benzyl-5a-carba-f-D-
glucepyranosyl)benzyl Alcochol
Lithium aluminum hydride (10.4 mg, 0.274 mmol) was added
to a THF solution (360 uL) of 2-(2,3,4,6-tetra-0O-benzyl-5a-
carba-f-D-glucopyranosyl)benzoic acid methyl ester (123 mg,
0.183 mmol) in small portions and the reaction mixture was
stirred in an oil bath (55°C) for three hours. The reaction
mixture was cooled to room temperature, and then water was
added thereto and extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride aqueous
solution and dried (anhydrous magnesium sulfate}, and then the
solvent was distilled under reduced pressure. The obtained
residue was purified by preparative TLC [developing
solution=ethyl acetate:n-hexane (1:3)] to obtain the title

compound (95 mg, 81%}.

[0205] 'H-NMR (CDCl;) &: 1.60-1.80 (2H, m), 2.16-2.22 {1H,



M5 (ESI'): 695 [MFNa)® (2) Synthesis of
2-(2,3,4,6-Tetra- O benzyl - 5a- car ba- p- D- gl ucopyranosyl ) benzyl Al cohol

Li t hi um al um num hydride (10.4 ng, 0.274 mmol) was added to a THE sol ution
(360 L) of 2-(2,3,4,6-tetra-O benzyl -5a- carba- 3-D gl ucopyranosyl ) benzoi c
acid nethyl ester (123 ng, 0.183 nmol) i smal | portions and the reaction
m xture was stirred in an oil bath (55(3 or three hours. The reaction

m xture was_cooled to_roomtenperature, and then water was added thereto

and extracféd W th-dt gl (aletBie. 474 b3Banpe - Fa?ér(%ﬁs fasHedOw7HA) a
t t ed hi d I
il fatey, Anabthah ﬁ%‘ 530 SRt Ra2Sal Bt 'Pad Bnder 7r 3dubelir Blsur e, The |
obt ai ned Q H%I@d.by preparative TLC [develop|ng
sol ution= é%ﬁyk ace ate n- xan (1:3)] to obtaln the title conpound (95 ny,

811). [0205]}, 1H CDC13) .6 0 1 H, ,6

3. 4% 3[74 Eéh r1$er”zi‘(1 9317 3P %)%2 5% ? ?é% 8“7¥§$§a %%a(EFﬁ br s),
4.81-4.96 5H Sl'): 667 [ MtNa 3) Synth

of 2- (2 3,4 ( n%%gécﬁggﬁgégyézﬂgg?§%d3 éggIucopyranE)syI)Lengal)demdeeslrg a

2-(2,3,4.6- tetrarQQe@zvt §a4C@IPé‘tPafb%é‘EQ%Pgﬁﬁft?éi‘g&% #/aaé gohol (95

ng, O. 147 mol ) di chl oro- et hane sol ution rtin reagent
(94 my, O. ﬁﬁﬁaﬂaﬁyl)buasYaddmdohamd(bbemg1x0u1e7smhunboaiuﬁio&bLméeﬂaﬁb room

tenperature for 45 mnutes. Insolubles were renoved fromthe reaction

m xture bysélhtiahi Ob.anmL) heafbétsaMarvds reagent (94 mg, 0.221 mmol)
was added, and the mixture solution was stirred at room
temperature for 45 minutes. Insolubles were removed from the
reaction mixture by filtration and the filtrate was
concentrated under reduced pressure. The cobtained residue was
purified by preparative TLC [developing solution=ethyl
acetate:n-hexane (1:3)] to obtain the title compound (77 mg,
81%).
[0206] H-NMR (CDC1l;) &: 1.60-1.80 {(2H, m), 2.17-2.23 (1H,
m), 3.48-3.78 (5H, m), 4.44 (3H, s}, 4.54 (1H, 4, J=10.7Hz),
4.73-4.97 (5H, m), 7.00-7.32 (22H, m), 7.50 (1H, dd, J=1.48,
7.83Hz), 7.83 (1H, dd, J=1.49, 7.58Hz), 10.4 (1H, s)
{4} Synthesis of [2-(2,3,4,6-Tetra-O-benzyl-5a-carba-f-

D-glucopyranosyl)phenyl]-4-methoxyphenylmethanol
To a diethyl ether solution (120 pL) of 2-(2,3,4,6-

tetra-0-benzyl-5a-carba-f-D-gluco- pyranosyl)benzaldehyde (77
mg, 0.119 mmol), a 4-methoxyphenylmagnesium 0.5 M THF solution
(480 pL, 0.238 mmol) was added, and the mixture solution was
stirred at room temperature for 13 hours. A saturated
ammonium chloride agueous solution was added thereto and the

mixture was extracted with ethyl acetate. The organic layer



—

concentrated under reduced pressure. The obtained residue was purified by
preparative TLC (devel opi ng sol uti on=ethyl acetate:n-hexane (1:3)] to
obtain the title conpound (77 ngy, 818). [0206] 1H NWMR (CDC13) 6: 1.60-1.80
(2H, m), 2.17-2.23 (1H, ), 3.48-3.78-(%4, -n), 4.44 (3H, s), 4.54 (1H, d,
J=10.7Hz), 4.73-4.97 (5H, nm, 7.00-7.32 (22H, m, 7.50 (1H, dd, J=1.48,
7.83Hz), wa3 ditbddflaniydrdas magBékjumlOuifqtél) and(¥heSyolbentswas

[2-(2, 3,4, 6-Tetra- O benzyl - 5a- car ba- p-

D- gl ucopyreercshipited| indeneradugpfcpyessehanol ThgoohtdineAyresifiee was
solution (120 RL) of 2-(2,3,4,6 tetra-0O benzyl -5a-car ba-3-D-gl uco-
pyranosyl)E%ﬁ&%}%%H?HeP{QParﬂﬁivﬁ 189 hﬂﬁ??loaiﬂgn%@h%k%ﬁh%ﬁghﬁﬁgnesiun10 5
M THE sol ution 4480 g pnn % added, and_the m xture, sol ution was
stirred at3¢obRt e%ﬁ%?%?%?e toPlist oaPEai%\E%qu%E%a COmRBHNSn{ &hI BF; de
aqueous soﬁg&ton was added thereto and the mxture was extracted wth ethyl
acet ate. rganic |l ayer 64 was dried (anhydrous nagnesi um sul fate) and

T
ws puri r{0TY preparatie (bRl Ejeéif’%pﬁefﬁgfs%f?U{J#linﬂ"hyfbég" 8%, " Ern s
sooale ogerons LRI o Shyangye SLLASSCHR S g {15, i
SR e 6 M asiohs tgiag) < 0B G P b (el %,
Synt hesi s @f4i2¢j§ﬁpbﬁhoxybenzyl)phenyl] 5a- car ba- S
MS (ESI'): 773 [M+Nal®
(5) Synthesis of [2-(4-Methoxybenzyl)phenyl]-Sa-carba-f-
D-glucopyranoside
To [2-(2,3,4,6-tetra-0-benzyl-5a-carba-f-D-gluco-
pyrasyl)phenyl]-4-methoxyphenylmethanol (66 mg, ¢.0879 mmol),
hydro-chloric acid methancl solution (2 mL) containing a 20%
palladium hydroxide carbon (10 mg) was added and the rectlon
mixture was stirred under a hydrogen atmosphere for three
hours. After the reaction, the reaction mixture was filtered
and the filtrate was concentrated under reduced pressure, and
the obtained residue was purified by preparative TLC
[developing sclution= methancl:dichloro-methane (1:10)] to
obtain the title compound (20 mg, 61%).
[0208] 1H-NMR (CD;OD) &: 0.89-1.03 (1H, m), 1.40-1.60 (1H,
m), 2.02-2.10 (1H, m)}, 3.18-3.34 (2H, m), 3.45-3.51 (2H, m),
3.67-3.71 (1H, m), 3.73 (3H, s), 3.82-3.99 (2H, m), 4.13-4.22
(1B, m), 6.78 (2H, 4, J=8.57Hz), 6.80-6.86 (1H, m), 6.99-7.16
(5H, m}

MS (ESI*): 397 [M+Nal”



D gl ucopyranoside To [2-(2, 3,4, 6-tetra-0-benzyl -5a-car ba- p-D- gl uco-

pyrasyl ) phenyl ] - 4- met hoxyphenyl net hanol (66 ng, 0.0879 mmol ), hydro-chloric
acid nethanol solution (2 nmL) containing a 20% pall adi um hydroxi de carbon
(10 nmg) was added and the rection mxture was stirred under a hydrogen

at nosphere for three hours. After the r tion, the reaction mxture was
filtered and the filtrate was concentrated under reduced pressure, and the

obt ai ned residu s purified by preparative TLC [devel oping sol ution=
nethanol:dﬁ@ﬁeo§8%%BFﬁ8He&&T?io¥P'PoﬁlBﬁ%S?n the title conpound (20 ny,
619 . [OZOE! 'FﬁNNg (CD30D) 8: 0.89-1.03 (1H, m, 1.40-1.60 (1H m,

2.02-2.10 EXEPRAE 23 18-3.34 (2H, m), 3.45-3.51 (2H m), 3.67-3.71 (1H, m,
3.73 (3H, $)e 3pB2r3489 c63 e b rd 2 (1B (Do ZBof  J=8.57Hz) |
o 80- 6 b LAfe 2RISR (ALnefnflybelizydy 0= 57

Ret ention ghgﬁgl}gzélﬁhakhﬁé-1Eé@§DE%131

[1S, 2R, 3R, 4R; 4= ; =6-(3-(4- met hoxybenzyl ) -
phenyl]cyCKQ?exaB9n%has§stbEOkzR(éb,SnoShqsu$39&-Trisbenzyloxy-5-

[ 2R, 3S, 4R, 5R[ - 2, 3, 4- Tri sbenzyl oxy-5

benzyl oxynet hyl - beh3yléxgmeRbyYbenzgl X phneyhbaybeazyhgsneakijeyaiscl uti on of

3- (4- nmet hoxybenzyl ) - 1- bronobenzene (155 ngy, 0.559 mml) in THE (0.80 m.),
an n-butyllithi umexa3néd M hexane solution (0.23 niL, 0.559 mmol) was added
dropwi se at -78C and the m xture solution was stirred for 25
Te a scolution of 3-(4-methoxybenzyl}-l-bromcbenzene
(155 mg, 0.559 mmol) in THF (0.80 mL), an n-butyllithium
2.44 M hexane solution (0.23 mL, 0.559 mmol) was added
dropwise at -78°C and the mixture solution was stirred for 25
minutes. Then, a solution of 2,3,4-tribenzyloxy-5-(benzyloxy-
methyl)cyclochexanone (200 mg, 0.373 mmol) in THF (0.70 mL) was
added dropwise thereto and the reaction mixture was stirred
for 75 minutes. To the reaction mixture was added a saturated
ammonium chloride agqueous solution and the mixture was
extracted with ethyl acetate, and the organic layer was washed
with a saturated sodium chloride aqueous sclution, and then
dried over anhydrous magnesium sulfate. The solvent was
concentrated and the obtained residue was purified by silica
gel chromatography [developing solution=ethyl acetate:n-hexane
{2:5}] to obtain the title compound {80 mg, 27%} as a mixture
of 1R-isomer and l1S-isomer.
[0209] H-NMR (CDCl;) &: 1.82-1.92 (1H, m), 2.39-2.44 (1H,
m), 2.56-2.64 (1H, m)}, 3.34-3.39 (1H, m), 3.55-3.80 (2H, m),
3.66 (3H, s), 3.78 (2H, s}, 3.87-3.94 (2H, m), 4.42-5.04 (8BH,
m), 6.61-6.84 (4H, m), 7.06-7.40 (23H, m), 7.55-7.66 {(1H, m)

(2} Synthesis of Acetic Acid [2R,3S,4R,5R]-2,3,4-Tris-



m nutes. Then, a solution of 2,3,4-tribenzyl oxy-5-(benzyl oxy-
nmet hyl ) cycl ohexanone (200 ng, 0.373 nmmol) in THE (0.70 nmL.) was added
dropwi se thereto and the reaction mxture was stirred for 75 mnutes. To
the reaction m xture was added a saturated ammoni um chloride aqueous
solution and the m xture was extracted\gtrlethyl acetate, and the organic
| ayer was washed with a saturated sodlunlchlorlde aqueous sol ution, and
then dried over anh&ﬁrous nesi un1suILa& Ihe olvepnt was cgncentrat ed
¥irichs-§

and the obt ai nedPPBE¥dHEYRAS PHUAY P§3m8§ ek PORIPEFEAFHY

[ devel opi ng sol ug etatexn xane (2:5)] to obtain the title
conpound (80 ng, §%3§E;s¥gl§§ EStgglR-isoner and 1S-isoner. (0209]

5 ans 3o (1 njo 8 eatubish b Thr 3s38a2sE b5 4-Fhegbeibytons-Gl D,
2H, 4 - e®fiokyben Rano:
L2Es D s ?éﬁz§194yﬁﬁth§§g}hé§|glog §ckebenzla) %hgﬁgé] cgéﬁgzagbi Tris -

66 - benzyk@byméjbe@%ybenzmahhﬁb koLaoé4mﬂ¢tBﬁ&ybeaambknynaﬁanblgy%hahﬁéyl
Ester To a solution of [2R 35,4R 5R)-2, 3,4-trisbenzyl oxy-5-

ben2y|OXY”?DDY|mbi[@n(éi&ﬁlb@&mbtnamb)pbemﬁ|hny9|ab@t&&ohnhQEQiﬂE){0.003
triethylamne (0.008 nm.) and 4-di net hyl am no-pyridine (0.7 ng) in

di chl or onembaneakOadfedl undatetoeldngyditleicl. QA3 thk) reastaddetinnder
cooling with ice and the reaction m xture was stirred at roomtenperature
for two howas. stThenedastt ypbomclikopedetif@e0f8rntivonwhsundded Thiear, eacetrgder
cooling with ice and the reaction mxture was stirred at roomtenperature
for 30 miablexide £8t0P&t ®wl)swasuadAedr 6henetar bodarecaegddpgswith ice

and the reaction mixture was stirred at room temperature for
30 minutes. a saturated sodium hydrogen-carbonate aqueocus
solution was added thereto and the mixture was extracted with
dichloromethane, and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was concentrated and
the obtained residue was purified by preparative TLC
[developing solution=ethyl acetate:n-hexane (2:5)] to obtain
the title compound (4.2 mg).
[0210] 'H-NMR (CDC1;) &: 1.85 (3H, s), 2.03-2.17 (2H, s),
3.20-3.49 (3H, m), 3.60-3.72 (2H, m), 3.67 (3H, s), 3.87 (2H,
s), 4.07 (1H, 4, J=9.9Hz), 4.39-4.95 (8H, m), 6.72 (2H, 4,
J=8.6Hz), 6.99-7.40 (24H, m), 7.54 (1H, d, J=7.8Hz), 7.65 (1H,
5)
MS (ESI'): 794 [M+H,0]"
{3) Synthesis of [1S5,2R,3R,4R,6S5]-4-Hydroxymethyl-6-[3-
(4-methoxybenzyl)phenyl]cyclohexane-1,2,3-triol
To a methanol (0.2 mL)-THF (0.2 mL) solution of acetic
acid [2R,3S,4R,5R]-2,3,4-trisbenzyloxy-5-benzyloxymethyl-1-[3-

(4-methoxybenzyl )phenyl]cyclochexyl ester (4.2 mg), a 20%



solution was added thereto and the m xture was extracted with

di chl oronet hane, and the organic |ayer was dried over anhydrous nagnesi um
sul fate. The solvent was concentrated and the obtained residue was purified
by preparative TLC [devel opi ng sol uti on=et hyl acetate:n-hexane (2:5)] to
obtain the title conmpound (4.2 ng). [02 1H- NMR (CDC13) 6: 1.85 (3H, s),
2.03-2.17 (2H s), 3.20- 3 49 (3H n),'3 0-3.72 (2H n) 3 67 (3H s), 3.87
(2H, s), 4.0 & H d, J= agz 95 (8H, . .J=8.6Hz),
6.99-7. 40 P2aip i?m 9Y§£°§} HarH°§ éﬁuT9)7WGS Eéﬁed §?dNEhPE§F“f“r?94

h dr
EZM:EE1oxyBéﬁ9§f§pﬁZh§If%§%F§HexanR 4R gShFP?%% h§¥ %8% FsrfenL)-THF
(0.2 nL
(0231 Bhgkbe) She2SERLESE Hixruge wop siasepsm. pog tne siterate was
(4- met hoxyésn&xhwaeaal aﬁackﬁaezsukagﬁw réélauau)ms pa.ﬁ.l%sleﬁ?b pal I adi um

hydr oxi de-carbon (3 ng) was ad the mxture solution was stirred

under a hygg sgaaiaeswher@déOélbb&ﬁg sBQutionIhgch@asbmeenahétH&%n&aél
filtered and the filtrate was concentrated and the obtai ned resi due was

purified bysg:pjepesabbrainlthedeyehepebgpsahat ( @nFdingh! as0BEERAREeMEL hanol
(9:1)] to obtain the title conmpound (1.7 ng) as a single diastereoner.

02111 1H NMRa§DBBELHEY.S: 1.24 (1H, dd, J=12.9, 12.6Hz), 1.48 {1H m), 1.65
(I'H, dt, J=13.8, 3.3Hz), 2.43 (1H, dt, J=10.4, 4.2Hz), 3.05-3.17 (2H, m,
3.26-3.40 (@e1d), 3. 60-NMRH, (DMSO-T158¢ 3H, 28) (18, 83d( 28=13) 9, 4125602 M, d,
1=4.8F), 1.48 (1H, m), 1.65 (1H, dt, J=13.8, 3.3Hz), 2.43 (1H, dt,

J=10.4, 4.2Hz), 3.05-3.17 (2H, m), 3.26-3.40 (2H, m), 3.60

{1H, m), 3.71 (3H, s), 3.83 (2H, s), 4.15 (1H, 4, J=4.8Hz),

4.21 (1H, t, J=5.1Hz), 4.45 (1H, br), 4.60 (1H, br), 6.84 (2H,

m), 6.93-7.08 (3H, m), 7.10-7.20 (3H, m)

MS (ESI*): 376 [M+H,0]"

Example 3

[2-(4-Trifluoromethoxybenzyl)phenyl]-5a-carba-pf-D-gluco-

pyrasnoide
(1) Synthesis of (2-Benzyvloxyphenyl)-{trifluoromethoxy-

phenyl }methanol

In a nitrogen stream, an n-butyllithium hexane solution
{1.59 M, 8.7 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (3.3 g, 12.64 mmol) in THF (126 mL)
at -78°C and the mixture solution was stirred at the same
temperature for 15 minutes. To this se¢lution, a solution of
4-trifluoromethoxybenzaldehyde (2.0 g, 10.52 mmol) in THF
(42 mL) was added dropwise at -78°C. The reaction mixture was
stirred at the same temperature for 40 minutes and at 0°C for

45 minutes, and then a saturated ammonium chloride aqueous



4.21 (1H, t, J=5.1Hz), 4.45 (1H, br), 4.60 (1H, br), 6.84 (2H m,
6.93-7.08 (3H m, 7.10-7.20 (3H, m WM (ESI~): 376 [ MWH20]+ Exanple 3
[ 2- (4-Trifl uoronet hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyrasnoi de (1)
Synt hesi s of (2-Benzyl oxyphenyl)-(triluoronethoxy- phenyl)nethanol In a
nitrogen stream an n-butyllithium hexane solution (1.59 M 8.7 M) was
added dropwi se to a solution of 1- benzyﬁﬁkyiz-bronnbenzene (3.3 g, 12.64
mmol) in THE (126 nL) at -78C and the m xture solution was stirred at the
sane tenpépivtieni yas1sdgeqdutberets eRAsthgl BirsHreawas gxtaacted with
4-trif|uoronethoxybenzaldeh¥ge %%.0 %, 10. 52 nnn#) in THE giz nL) was added
P& OFIREFe éd &

dropwi se afth¥dcacehatreac layer was weghsed whEhsangaturpded ure
f 40 m nut d,at _0C f 45 m_nyt d.t t ted [

chi or i do. aHEESHE Ehger I8 BAPERURAEoTHASAN: ABRcAE LaRa | CREYRERES & was
extracted yhihe ehivLuaeghahe. e REgaRhe LAYEL YA WaRled dhLl Qagaturated
sodi um chl OF gsaquegﬁs g6fdri 81 angegrieg Fanh?&roug n&gne5|un158??ate),

dth t I St [
"osi due wat AR P BoB SR | oA oGP Rar o, “ERTERE, a8 el p Ry 1o

sol uti on=eghyl co2aRhAERrBMAR%BRAPHY 18kl el8peRb2kB1LRS ohikkaygompound (3. 03
g, 77% aS a colorless oil. ?OZEZ% "H NVR FCDE13) 6: 2.98 (¥E, d, J=5.8Hz),
5.01 (2H, agktabe?R-hékand (I17200hZko BbLB4iR. QHe( 2Hit18) compdnd 35.031F, m
77%) as a colorless oil.
[0212] "H-NMR (CDC1;) &: 2.98 {1H, d, J=5.8Hz), 5.01 (2H,
s}, 6.02 (1H, d, J=5.6Hz), 6.84-7.00 (2H, m}, 7.03-7.37 (11H,
m)
(2} Synthesis of 2-(4-Trifluoromethoxybenzyl)phenol
A 20% palladium hydroxide catalyst {150 mg) was added to
a solution of (2-benzyloxyphenyl)}-(4-
trifluoromethoxyphenyl)methanol (1.5 g, 4.01 mmol} in methanol
(27 mL) and furthermore 36% HC1l (0.33 mL) was added thereto.
The mixture solution was stirred under a hydrogen atmosphere
for 16 hours, and then cooled to 0°C, potassium carbonate
(0.54 g) added thereto and the mixture was stirred for 30
minutes, and then the catalyst was removed by 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 (1:10)] to obtain
a white solid title compound (1.05 g, 97%).
[0213] 'H-NMR (CDC1,) &6: 3.98 (2H, s), 4.83 {(1H, s), 6.77
(14, 4, J=7.7Hz), 6.89 (1H, t, J=7.3Hz)}, 6.99-7.13 (4H, m)},
7.23 (2H, 4, J=8.1Hz)

(3) Synthesls of [2-(4-Trifluoromethoxybenzyl)phenyl]-



(2) Synthesis of 2-(4-Trifluoronmethoxybenzyl)phenol A 208 pall adi um

hydr oxi de catal yst (150 ng) was added to a solution of

(2- benzyl oxyphenyl )-(4- trifluoronethoxyphenyl)nethanol (1.5 g, 4.01 nmol)
in methanol (27 mL) and furthernmore 36% HC1 (0.33 nlL) was added thereto.
The m xture solution was stirred under _a Bygrogen at nosphere for 16 hours,
and then cooled to 0C, potassiun1carbona?e (0.54 g) added thereto and the
m xture was stirred for 3 m nutes, and then the catal yst was renoved by

filtration. The 2RoFENR Rl HUGIBYRRPWAE reduced pressure and the

bt ai ned I d i fied b i | | t h

Cdevel opi g sol it dhTEHAAOSIE Gy Shasih: 1 £l 6 Hath- F PSR roa ke 25 o | d
titl 7 1 M { X4 : 4,83
(IlH, es)C ?ng?%ﬂ“%éﬁj,hd?’ %‘27@7?4%'?&'63%'9%%H, tf J:7§%i%?§%£g%ﬁ%%%§%ﬁH, n
_7- 23 (2H (. J880 H) . {B) D} Neste Sdad@-£4-drddiweiamesfoxypgngyd ) phenyl ]

69 - ba-carba-p-D glucopyranoside In a nitrogen stream

2, 3, 4, 6- t et Two£IReF sk yén H2I Pehéno D 02 98 GRY [ aNOBE hif®D) M fo¥den®vl ) and
tributyl-phosphine (0.28 nm., 1.11 mmol) were added to a sol ution of
2-(4-tri- €218 rmiethirodem etzyl Jpd enDth (£88, napd 1tHen mo@tgad n tol uene (2.5
m.) under cooling with ice, and then tetra nethyl azodi carboxam de (TMAD, 191
ng, 1.11 muaethylwesodicrchoxdretds of BNAD hel $hreg t ehpkl atw k) Wae addedi on

m xture was stirred overnight while gradually raising its tenperature to
room t enpethgreio Fhethemanentenperatunes e areacten untkture cdased

pressure, and the obtained residue was treated with
stirred overnight while gradually raising its temperature to

room temperature. The reaction mixture was concentrated under
reduced pressure, and the obtained residue was treated with
silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:10)] and furthermore preparative TLC
[developing solution=ethyl acetate:n-hexane (1:5)]. The
cbtained crude product was dissolved in a tetrahydrofuran

{l1.4 mL)-methanol (2.8 mL) mixed solution, a 20% palladium
hydroxide catalyst (40 mg) added thereto and the mixture was
stirred under a hydrogen atmosphere for 1.75 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by preparative TLC [developing solution=methylene chloride:
methanol (10:1)} to obtain the title compound (67 mg, 21%).
[0214] 'H-NMR (CD;OD) &: 0.85-0.99 (1H, m), 1.44-1.61 (1H,
m), 2.00-2.11 (1lH, m}, 3.12-3.33 (2H, m), 3.38-3.48 (2H, m),
3.64-3.73 (1H, m), 3.93 (1H, 4, J=14.8Hz), 4.07 (1lH, 4,
J=14.8Hz), 4.12-4.23 {(1H, m), 6.86 (1H, t, J=7.3Hz), 6.%6-7.17
(5H, m), 7.29 (2H, d, J=8.6Hz}

MS (ESI*): 428 [M]’



silica gel colum chromat ography (devel opi ng sol uti on=et hyl

acetate: n-hexane (1:10)] and furthernore preparative TLC [devel oping

sol uti on=et hyl acetate:n-hexane (1:5)]. The obtained crude product was

di ssolved in a tetrahydrofuran (1.4 nlL)-nethanol (2.8 nlL) m xed solution, a

20% pal | adi um hydroxi de catal yst (40 ng),qdded thereto and the m xture was

stirred under a hydrogen atnosphere for 1.75 hours, and then the catal yst

was filter ff.,.The.sol yvent . istilled under reduced pressure, and the

obt ai ned rgngugeﬁgg%ﬁégi%ﬁ@&'wgé'gréﬁngﬁﬁve TLC [ devel opi ng

sol uti on=ngp{ vl ene,chl oride: nethanol (10:1)] to obtain the title conpound

(67 no, 212&7—h§§2%4] 1H NWVR (CD3CD) 6: 0.85-0.99 (1H, m, 1.44-1.61 (1H
! v J B 7 = * : als (.H 3 Y. 3 (1H1

, 3.93 (iH— —1gZrorz), &. 0O 1, O, I A ) 7y R B W aare 1s§_1 6. 86

1H, t, J=(1$Hz) syAtBBsiecléf (2HBeRky16éx9Bneak jd. (4168 chidpheg1GESI ") 428

M'" - 70 ? aPLC Eetention Tige: 12.? xygnessi) énple Ophely 1)

2- (4- Cycl npenaybhbenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyranosi de (1) Synthesis

of (2-Benzyl oxyphenyl) - (4-bronophenyl)- nmethanol In a nitrogen stream an

n-butyl lithi um hEnaaensbrogeonstféand dh thibG¥yil)thdamatdedndr epMastoho a

solution of 1- benzyl oxy-2-bronobenzene (4.4 g, 16.72 mmol) in THE (168 nl)

at -78C anfilth® Mixildr&87soLidt Wes wddedt Arppwise theasapduttionpefatlure for 15

m nutes. To this solution, a solution of 4-bronobenzal dehyde (2.47m%, 13. 34
mmol ) in TPEREBOOKY) 2nhFomobenzene (4.4 g, 16.72 mmol) in THF {168 )

—r—~

at -78°C and the mixture solution was stirred at the same
temperature for 15 minutes. To this sclution, a solution of
4-bromobenzaldehyde (2.47 g, 13.34 mmol) in THF (50 ml) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for 30 minutes and at 0°C for 30 minutes,
and then a saturated ammonium chloride agqueous solution was
added thereto and the mixture was extracted with ethyl acetate.
The organic layer was washed with a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)] to obtain the title compound (4.08 g, 83%) as a
colorless oil.
[0215] 'H-NMR (CDCl,;) &: 2.96 (1H, d, J=6.1Hz)}, 5.01 (2H,
s), 5.97 (1H, 4, J=5.9Hz), 6.86-6.99 (2H, m), 7.09-7.39 (1llH,
m)
(2) Synthesls of l-Benzyloxy-2-(4-bromobenzyl)}benzene

In a nitrogen stream, triethylsilane (1.84 mL,

11.55 mmol) and a boron trifluoride-diethylether complex



added dropwi se at -78C. The reaction mxture was stirred at the sane
tenperature for 30 mnutes and at OC for 30 mnutes, and then a saturated
anmoni um chl ori de aqueous sol ution was added thereto and the m xture was
extracted with ethyl acetate. The organic |ayer was washed with a saturated
sodi um chl ori de aqueous solution and drized_(anhydrous magnesi um sul fate),
and then the solvent was distilled under reduced pressure. The obtained

y ol ven di d u o
o Ut onoafhDyS Lhe. Ph8Y5 Shimb§5 @Ee °QUUdR, (6 EOIBLABLER ML EE1E OP MY 4. 08
. 839 L GX13) B Re9 ed, 156, 1Hz) |
5 01 (/%H?Sb?)’?fgéggbﬁﬁf%, (ﬁggéﬁz”j’%%i AL (%H&'h}g 8 5:8%‘.’*7?’3"6‘“?{%, Zr)

(2) Synthesjs dnBeRZYL 0xYa 25 ( r b I NN 64 | (¥§?k eam
triethyl si?gnaee%ﬁ.%4 m., §1.95% %Ijgggng@?l%ﬁn tri ﬁ%%‘%ﬁreuédgl et yll‘;‘%c%er

conpl ex - &4 tid.SameltenPebatuné)foere. addedrt 0 B setutav8d0hotassium
benzyl oxyphenyl ) - (4- br onophenyl ) net hanol (3.88 9, 10.5 nmmol) in

acet oni t ri ¢t@ripd®ate ndiquasdus 48€lahtlon hwasi added tastbéireadtiah mhetsnae
tenperature for 0.5 hour. A saturated potassium carbonate aqueous sol ution
was added andtbke rmbstiuve wagtextraghedtwethi athyt avetaker acThd oirganichyl
acetate. The organic |ayer was washed with a saturated sodium chloride
aqueous sHAYET ofandagheddwithhydsaturabedesedhnnurhberide apguepes t he
solvent was distilled_under _reduced pressure. The obtai ned residue was

purified b§ekrrien grd deiedn{anhvdnreyrapaesiva enbhrhe) soprddi Bhent Bhe

acetate:n-ggfgggt(&é&O&ls%flfg&aﬁgder 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 (2.86 g, 77%).
[0216] 'H-NMR (CDC1;) &: 3.95 (2H, s), 5.03 (2H, s), 6.81-
6.92 (2H, m), 6.96-7.36 (11H, m)
{3) Synthesis of 1-[4-{2-Benzyloxybenzyl)phenyl]cyclo-

pentanol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 294 mL) was added dropwise to a soluticn of 1-
benzyloxy-2-{4-bromobenzyl)benzene (1.5 g, 4.25 mmol) in THF
(16.5 mL) at -78°C and the mixture was stirred at the same
temperature for 30 minutes. To this mixture, a solution of
cyclopentanone (357 mg, 4.25 mmol} in THF (4 mL) was added
dropwise at -78°C. The reaction mixture was stirred at the
same temperature for 50 minutes and at 0°C for one hour, and
then a saturated ammonium chloride agqueous solution was added
theretc and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride

aqueous solution and dried {anhydrous magnesium sulfate), and



the title conmpound (2.86 g, 779 . [0216] 1H NMR (CDC13) S: 3.95 (2H, s),
5.03 (2H, s), 6.81- 6.92 (2H, nm, 6.96-7.36 (11H, m (3) Synthesis of

1-[4- (2- Benzyl oxybenzyl ) phenyl ] cycl o- pentanol In a nitrogen stream an
n-butyl lithiumhexane solution (1.59 M 294 nL) was added dropwi se to a
solution of 1- benzyl oxy-2-(4-bronobenzyl)benzene (1.5 g, 4.25 mol) in THE
(16.5 nmL) at -78C and the m xture was Sti'fréd at the same tenperature for
30 mnutes. To this m xture, a solution of _cyclopentanone (357 ng, 4.25
mol ) in THEeR 4“91%)5%‘53%60‘@%5 %%W%%dalﬂnd%efeg%e%%%%ﬁrm xt R® was

stirred at the erature f nm n and 0C for one hour, and
th;n a:%ﬂ?ﬁ%ﬁ%ﬂﬁ@i f dﬂ?%r?ﬂ% éﬁﬁ%dﬂ% %%fﬁ??o%e §°Hﬂﬁﬁd there?o and

wih s sa Pl ST Clb e o 5REEL G Tﬂ%ﬁl 1ot e gt oue
nagne5|un1¢%%i@}g)toaggtaig & hepeibes gﬁ#gg@%y 25 e# co#%ﬁ%r reduced

pressure. tai ned resi ue was puri
chromat ogr apihyr-1 £eyesppi ng sol uti on=et hyl acet ate: n hexane (1:10)] to
obtain the title conpound (1.14 g, 75% as a colorless oil. [0217] 1H—NNR

(CDCL3) 6:1daf2.02 (lﬁHNMﬁ) (cHcQ) (8H.1 547- Z%QB(éﬁH’me 4 So¢/ ¢ £ 89% { 2H
m, 7.02- 7 36 (11H m (4) Synthesis of 2-(4-Cyclopenty enzyl)phenol To a

solution of.d3 [ ¢@z2K2- bﬁnzglwy@my(mh&myl]? myc’bo:pen(aml hi. 14 g, 3.19
mmol ) in nethanol (21 nL), a 20% palladi um hydroxi de catal yst (114 ng) was
added, and{4) Synthesis of 2-(4-Cyclopentylbenzyl)phenol
To a solution of 1-[4-(2-benzyloxybenzyl)phenyl]-
cyclopentanol (1.14 g, 3.19 mmol) in methanol (21 mL), a 20%
palladium hydroxide catalyst (114 mg) was added, and
furthermore 36% HCl1 (0.255 mL) was added theretc. The mixture
was stirred under a hydrogen atmosphere overnight, and then
cooled to 0°C, potassium carbonate (425 mg) was added thereto
and the mixture was stirred for 20 minutes, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure and the obtained residue was purified by
silica gel column chromatography [developing scolution=ethyl
acetate:n-hexane (1:20)] to obtain the title compound (744 mg,
92%) as a white solid.
[0218] 'H-NMR (CDCl;) &: 1.44-1.84 (6H, m), 1.93-2.09 {2H,
m), 2.84-3.00 (1H, m), 3.95 (2H, s), 4.76 (1H, s), 6.76 (1lH,
d, J=8.1Hz), 6.87 {1H, t, J=7.3Hz), 7.02-7.20 (6H, m)
(5) Synthesis of [2-{4-Cyclopentylbenzyl)phenyl]-5a-
carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-o-
P-gluceopyranose (500 mg, 0.93 mmol) and tributyl-phosphine

(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-



furthernmore 36% HC1 (0.255 nL) was added thereto. The mi xture was stirred
under a hydrogen at nosphere overnight, and then cooled to 0C, potassium
carbonate (425 ng) was added thereto and the m xture was stirred for 20

m nutes, and then the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained,Lesidue was purified by silica gel
col umm chr omat ogr aphy [ devel opi ng sol uti on=et hyl acetate: n-hexane (1:20)]

(Cocts) 5. SnEapan BafRaRevTipAengy Bany Spal, 138 Mool SRckorutpeny los
2H, , 4 . J=8. 1 1H, t, 3=7.3Hz),
g.oz-??zo %%E}(@#ﬂ(@%d%gngﬁ%é%gdegfg-{g%Cg%%%pg%$§lgenzyl)phenyl]-éa-
ba- b D- . .
carba-p ﬁ@ﬁ%ﬁm%?ﬁ§ﬁ?%g§icé @xﬂhié@g@ﬂMﬁﬁfe@@@ém?SO%.%%1m%9bé %%%I) and

2,3,4,6-tetra- O benzyl -5a-carba-a D gl ucopyranos

tributyl - phasddi fiferé o 32t Mhe lsdfe Waihpe MRE ra@lUePhé OrdasPibh | Mk Phrg- (4 -
73 - cycl opentyl benzyl ) phenol (351 ng, 1.39 mml) in toluene (3.1 nlL) under

cool i ng Wiwds i seirsed éhernidiet rvaneldyyp@eh ey boxasife {1V BempeBatire 1. 39

mmol ) was added thereto at the sane tenperature. The reaction mxture was
stirred oves ntgbih wémpergtadeal | The axSadgi o Smiehies aras ecofieri DAt ed

tenperature. The reaction m xture was concentrated under reduced pressure,
and t he obimierdredsced cpressureatand vhé holstained geésidbenmashtoaatedr aphy
(devel opi ng sol uti on=n- hexane: di chl or onet hane: acetone (12:3:1)] to obtain a
crude produth gbbEcapgel Teelwm atheenategraphydldeveheping sedietiom=na
tetrahydrofuran (0.9 nmL)-nethanol (1.8 nL) m xed solution, a
hexane:dichloromethane:acetone (12:3:1)] to obtain a crude
product (555 mg). The obtained crude product was dissoclved in
a tetrahydrofuran {(0.9 mL)-methanol{l.8 mL) mixed solution, a
20% palladium hydroxide catalyst (12.6 mg) was added thereto
and the mixture was stirred under a hydrogen atmosphere for
seven hours, and then the catalyst was filtered off. The
solbent was distilled under reduced pressure and the obtained
residue was purified by preparative TLC [developing sclution=
methvlene chloride:methanol (10:1)] to obtain the title
compound (40 mg, 58%).
[0219] lH-NMR {CD;OD) &: 0.79-0.96 (1H, m), 1.44-1.86 (7H,
m), 1.93-2.07 (3H, m), 2.84-2.99 (1H, m), 3.12-3.31 (2H, m},
3.37-3.48 (2H, m), 3.62-3.71 (1H, m), 3.86 (1H, 4, J=14.8Hz},
3.98 (1H, 4, J=14.8Hz), 4.08-4.20 (1H, m), 6.83 (1lH, t,
J=7.3Hz), 6.93-7.14 (7H, m)
MS (ESI'): 413 ([M+H]}'
HPLC Retention Time: 14.5 minutes
Example S5

[2-(4-Chlorobenzyl)phenyl]-5a-carba-f-D~glucopyranoside

(1) Synthesis of (2-Benzyloxyphenyl)-{(4-chlorophenyl})-



20% pal | adi um hydr oxi de catal yst (12.6 ng) was added thereto and the

m xture was stirred under a hydrogen atnosphere for seven hours, and then
the catalyst was filtered off. The solbent was distilled under reduced
pressure and the obtained residue was purified by preparative TLC

[ devel opi ng sol ution= nethylene chloridgznmethanol (10:1)] to obtain the
title conmpound (40 ng, 58% . [0219] 1H NWR (CD30OD) S: 0.79-0.96 (1H, m,
1.44-1.86 (7H, " &%%f 2.07 (3H m, 2.84-2.99 (1H m, 3.12-3.31 (2H, m,
3.37-3.48 (2H, lé 3.71 (1H, m, 3.86 (1H, d, J=14.8Hz), 3.98 (1H, d

J=14.8Hz), 4. 08'ﬂ1 2P ditto sﬁt:?é’a:ﬁ 1|'a!m tn-bh‘l?yﬂ':@huﬁn %:Zaﬂél éJf‘utmn
(ESI'"): 413 [ M+H ~ HPLC Re entlon Time: 14.5 mnutes Exanple

[ 2- (4- Chl of phep2y] ) PRENVHE y Sda s dddded- BrGpWLSOYEANQSESEut{dn &/niheSI s of
(2-Benzyl oxyphenyl ) - (4-chl orophenyl) - 74 - nethanol In a nitrogen stream

an n- but ylpeddyloxhexacomsbeizene (&.d4gM 2308 3umd) ) Wwas Tried22i8 opwy) setto a
solution of 1- benzyl oxy-2-bronobenzene (6.0 g, 22.8 mol) in THE (228 nl)

at -78C anmBithand >the eivdarsd ivdsed tirrdie a3arthd ey aldrpedfaiure3Eor

m nutes. To this solution, a solution of 4-chlorobenzal dehyde (2.67 g, 19.0
mol ) in THE n{ixeates . wdbe thitedsolwbiwre atsol@Ciomhef r eacti on m xture was
stirred at the sane tenperature for two hour and further nore at OC for

one hour. 4nghloxghe hyde et B- @hodt hk9 nf e k) wies TREt ¢ 2 tmll) Wah et hyl

acetate. The organic |ayer was washed
added dropwisé at -78°C. The reaction mixture was stirred at

the same temperature for two hour and further more at 0°C for
one hour. Water was added thereto and the mixture was
extracted with ethyl acetate. The organic layver 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 (1l:5)] to obtain the title
compound (4.76 g, 77%).
[0220] 'H-NMR (CDCl,;) 8: 2.94 (1H, s), 5.01 (2H, s), 5.99
(1H, s), 6.92-7.00 (22H, m), 7.17-7.41 {11H, m)
(2) Synthesis of l1-Benzyloxy-2-(4-chlorobenzyl)benzene

In a nitrogen stream, triethylsilane (2.8 mL, 17.6 mmol)
and a boron trifluoride-diethyl ether complex (1.84 mL, 14.6
mmol) were added to a solution of (2-benzyloxyphenyl)-(4-
chlorophenyl)methanol (4.76 g, 14.6 mmol) in acetonitrile
(150 mL)} at -40°C and the reaction mixture was stirred at the
same temperature for 2 hours and furthermore at 0°C for one
hour. Water was added thereto and the mixture was extracted

with methylene chloride. The organic layer was washed with a



Wi th a saturated sodi um chloride aqueous solution and dried (anhydrous
magnesi um sul fate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel colum
chromat ogr aphy (devel opi ng solution=ethyl acetate: n-hexane (1:5)) to
obtain the title conpound (4.76 g, 77% 75[6220] 1H NWR (CDC13) S: 2.94 (1H,
s), 5.01 (2H, s), 5.99 (1H, s), 6.92-7.00 (22H, m, 7.17-7.41 (11H m (2)
Synt hesi s stirSeadysoedyun- ¢H16hiaeokgaeyhs beazepeohnananatiegen stream
triethylsilane (2.8 nL, 17.6 nmol) and a boron trifluoride-diethyl ether
conpl ex (1{&dhydrocdd. Sagnesiymwendfatiddd andatBehuthensolvent was

(2- benzyl oxyphenyl ) - (4- chl orophenyl)nethanol (4.76 g, 14.6 mol) in
acetoni trifestiibedmapder redareddpraesuract i BhenpRtairedaresidneedasat the
same tenperature for 2 hours and furthernore at OC for one hour. Water was
added t heregpifhedtPe $ikicnecgohscekupncchpomaiearaphyyfdavetapéngde. The
organic |l ayer was washed with a - 75 saturated sodi um chl ori de aqueous

sol ution afetytier=ethvnhyaretitaagnexanesiisipe], tanabtadn the tdtlent was

distilled under reduced presgsure. The obtai ned residue was purified by
silica gelc%%?%ﬁﬁgcﬁﬁogﬁt%grégﬁg'[developing sol uti on=et hyl

Tri R (CoCZTE: 3. orhrobk APbRRy o8t oy ST R G odd B P R omr 7 57
(ot o) PR SE 75 Go L S pr oy onenol 1 o i trogen strean
conpl ex (5033  synthesis of 2-({4-Chlorobenzyl)phenol
In a nitrogen stream, dimethylsulfide (105.1 uL,
2.43 mmol) and a boron trifluoride-diethyl ether complex (51.3
pL, 0.4 mmol) were added to a solution of l-benzyloxy-2-(4-
chlorobenzyl)benzene (50.0 mg, 0.16 mmol) in methylene
chloride (2.0 mL) under cooling with ice, and the reaction
mixture was stirred for 19 hours while gradually raising its
temperature to room temperature. Thereafter water was added
thereto 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
{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 (1:5)] to obtain the tiftle
compound (33.4 mg, 94%).
[0222] 'H-NMR (CDCl;) &: 3.95 (2H, s}, 4.60 (1H, s), 6.75-
6.78 (1H, m), 6.86-6.92 (1H, m}, 7.07-7.27 (6H, m)
{4) Synthesis of [2-(4-Chlorobenzyl)phenyl]-5a-carba-f-

D-glucopyranoside



L, 0.4 mol) were added to a solution of 1-benzyl oxy-2-(4-

chl or obenzyl ) benzene (50.0 ng, 0.16 mmol) in nmethylene chloride (2.0 nl)
under cooling with ice, and the reaction mxture was stirred for 19 hours
while gradually raising its tenperature to roomtenperature. Thereafter
wat er was added thereto under cooling wgh 4 ce and the m xture was
extracted wth nethylene chloride. The organic |ayer was washed with a

saturat ed sodi ughch Rirf8oBAUERYSAR0! Ul 50R 80¢eLhod- pEARlNdEauz TRANGS UM

sulfate), and t e sofvent was 'di §ti'l'led under r pressure. The

obt ai ned rpsyUdeopREanpe (5600 RAY,Shl bgam@eh )cahumrebueyat pabaphine
[ devel opi ng solution=ethyl acetate: n-hexane (1:5)] to obtain the title

conpound (86.35nmgL, 92989 Md22] wae NVBAEEDED3h SoldtWon( 3, 2s)a-4. 60 (1H,

s), 6.75- 6.78 (1H, n), 6.86-6.92 (1H, nm), 7.07-7.27 (6H, m (4) Synthesis
of [2-(4- Gbhboobeerngy)phbenpbl- faodamga- 3- 5B mybdidopyr andsede {27fL}In a
nitrogen stream 2,3,4,6-tetra-0-benzyl-5a-carba-a- D glucopyranose (500 ng,
0. 93 mmol )undeirt ¢PoLLDY- phebphtae apd. 8Benl tetragephpllpzoeddcadtetamade

sol ution of 2-&?- chlorobenzgl)phenol (304 ng, 1.55 mml) in toluene (2 )
under cool { FRIAR: t B3P cRY. ahd2PhEmod ¢t vasetAgrdz sharespbakathgesapenVaD, 239
myg, 1.29 nmol) was added thereto at the sane tenperature. The reaction

m xt ure waSCRPEFRAEATPor 2BEnBEASTiQR; MEXEHEAUYRPy SFAFERPAGIPTS2PehPBrEt ure to

. h Lon m d und duced
or assuro, WBIE  FEadthotet BLPRuL tAaEoRPREF BT ER_ EpPRC ACGBPEBbIEAN

chromat ogrgply, { SE¥ELRPhELA2L Uih 9 c8hAkh + 25BLE" §hlelC%838cea pressure.
and the obtained residue was treated with silica gel column
chromatography {developing solution=ethyl acetate:n-hexane
{1:10})]. The obtained crude product was dissolved in
methylene chloride (8 mL), and dimethyl sulfide {(2.17 mL, 50.2
mmol) and a boron triflucride-diethyl ether complex (1.08 mL,
8.51 mmol) were added thereto under cooling with ice. The
reaction mixture was stirred for 25 hours while gradually
raising its temperature to room temperature, and then water
was added thereto under cooling with ice and the mixture was
extracted with methylene chloride. The organic layer was
washed with a saturated sodium chloride agueocus 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=methylene chloride:meéhanol {10:1)] to obtain the
title compound (122.6 mg, 35%).
[0223] 'H-NMR (CDsOD)} d: 0.95 (1H, dd, J=13.2, 1l1.1Hz),
1.53 (1H, m), 2.00-2.09 (1H, m}, 3.20 (1H, 4, J=8.7Hz}, 3.25

(1H, 4, J=5.1Hz)}, 3.43-3.51 (2H, m), 3.68-3.71 (1H, 4d, J=3.9,



(1:10)]. The obtai ned crude product was dissolved in nethylene chloride (8
m.), and dinethyl sulfide (2.17 nL, 50.2 nmmol) and a boron
trifluoride-diethyl ether conplex (1.08 nL, 8.51 nmol) were added thereto
under cooling with ice. The reaction mxture was stirred for 25 hours while
gradual ly raising its tenperature to rogm tenperature, and then water was
added thereto under cooling with ice and the m xture was extracted wth

nmet hyl ene de |c L aye h odi um
chl ori de éﬁﬁ%%ﬁg s%t%?'gﬂﬁ féd5¥%ﬁhyam§€s?ﬂ%gn S|%nigﬁ? g) gand t hen
t he sol ven S | | gdgain reduce FSUL €y obt ai due was
purified b@ %?I %g 3%? c%[%ﬁnﬂfﬁfoﬁhtgg?a [dzve B?ﬁg 4 ?Igﬁé thylene
chl ori de: 1 jo obtain the t|tIe conpound (122 6 nmg, 359%.
[ 0223] H?ﬁwg?n?tﬁﬁ 6% 95 (1H, dd, J=13.2, 11.1Hz), 1.53 (1H, m,
2.00-2. 09 id e *) 3.2 (Mg J=8. 7Ft) 3.25 (I'H, d, J=5.1Hz}, 3.43-3.51
(2H, m, 3.68- 3 71 (1H, Jﬁ J=3.9. - 77 3.9Hz), 3.91 (1H, d, J=14.7Hz),
3.99 (1H, ﬁde=ﬂé%8ﬂtién1£&m61ZBl(iFhlﬂ&teﬁ 85 (1H, t, J=7.5Hz), 7.03 (1H
d, J=9.0Hz), 7.08-7.23 (6H m M (ESI'): 379 [MtH' HPLC Retention Tine:
11. 7 m nutesampkan®l e 6 (2- Benzyl phenyl) - 5a- car ba- ( 3- D- gl ucopyranosi de (1)
Synt hesi s of 2-Benzyl phenol To a solution of 2-(4-chl orobenzyl)phenol (618.5
ng, 2.83 (@iB¢nivilpméimahptss28anha S aD 20Papadyeahesd dedr oxi de cat al yst
(240 ng) was added. The m xture was stirred under a hydrogen

(1) Synthesis of 2-Benzylphenol

To a sclution of 2-{4-chlorobenzyl)phenol (618.5 mg, 2.83
mmol) in methanol (20 mL), a 20% palladium hydroxide catalyst
(240 mg) was added. The mixture was stirred under a hydrogen
atmosphere for three days, and then the catalyst was filtered
off. The solvent was distilled under reduced pressure and the
obtained residue was purified by silica gel cclumn
chromatography [developing solution=ethyl acetate:n-hexane
(1:4)] to obtain the title compound (348.4 mg, 67%).

[0224)] 'H-NMR {CDC1;) &: 3.99 (2H, s), 4.65 (1H, s), 6.79
(1H, 4, J=8.1Hz), 6.89 (1H, t, J=7.5Hz), 7.09-7.31 (6H, m)
(2} Synthesis of (2-Benzylphenyl)-5a-carba-f-D-gluco-
pyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyrancse (500 mg, 0.93 mmol) and tributyl-phosphine
{0.35 mL, 1.39 mmol) were added to a solution of 2-benzyl-
phenol (256.5 mg, 1.39 mmol) in toluene (2 mL) under cocling
with ice, and then tetramethylazodi-carboxamide {TMAD, 239 mg,
1.39 mmel) was added thereto at the same temperature. The
reaction mixture was stirred for 21 hours while gradually

raising its temperature to room temperature. The reaction



at nosphere for three days, and then the catalyst was filtered off. The

sol vent was distilled under reduced pressure and the obtained residue was
purified by silica gel columm chromatography [devel opi ng sol uti on=et hyl
acetate:n-hexane (1;4)] to obtain the title conpound (348.4 ng, 67%.
[0224] 1H NWR (CDC13) 6: 3.99 (2H, s), 47§5 (1H, s), 6.79 (1H d, J=8.1Hz),
6.89 (1H, t, J=7.5Hz), 7.09-7.31 (6H m "°(2) Synthesis of
(2-Benzyl phenyl) - 5a- car ba- p- D- gl uco- pyranoside I n a nitrogen_stream

2,3, 4, 6-t&%@%&%lqw‘§hﬁ%§% R FRAHCE D R GHOF Sy, a%A 0P %mpl ) and

tributyl - hi 0.35 nL . 39 | add t | uti f
2r Ibegzgl - %%@ﬁds 1|encff§§ss. ‘fﬁ;,wals. %ﬁ%ﬂ% l%lf]msl'te ejlf%'neqee( CFC%?_ m%ﬂdgrl g(r)]oloi ng wth
ice, and t | azadi+ i de (I 9 3
e A Y L AP LT 250, o0 TR e
21 hours "Yfi'7|81‘?) 9 2dugld Yot A mdd & hdde gﬁmﬁ.{@ﬁ Uwf% t&’idéél:‘}’f@éc?m?ré‘t ure. The

- under reduce

reaction m xture was concentrate pressure, and the

obt ai ned hesiHliR MAgE €A £ tiked |dSRt9Rin COI4IML ) WHO R A% UM adium
[ devel opi ng sol ution= ethyl acetate:n-hexane (1:10)]. The obtai ned crude

product wasyaicisidey ashidlyst NEL 1B ImgiHwdsl ddadd xatbslditdrad fHet nl) and a
20% pal | adi um hydroxi de catal yst (118.8 ng) was added thereto and the

m xt ur e wasi:@hire edhgindeirredyudidgem atyhsphal eatfgspiiedrolar; 13ntbdiwen t he
catalyst was filtered off. The solvent was distilled under reduced pressure
and t he olaradl rdcen dthelum valkystpwad i fidl tares] ofth. gThe dalwercthrvamt ogr aphy
[ devel opi ng sol ution= nethyl ene chloride: nethanol (10:1)] to obtain the

distilled under reduced pressure and the obtained residue was

purified by silica gel column chromatography [developing

solution= methylene chloride:methanol (10:1)] to obtain the

title compound (84 mg, 26%).

[0225] 'H-NMR (CDiOD) &: 0.95 (lH, dd, J=12.0, 11.7Hz),

1.49-1.59 (1H, m), 2.03~2.09 (1H, m), 3.20 (1H, 4, J=9.0Hz),

3.25 (1H, 4, J=5.7Hz), 3.34 (4H, s}, 3.44-3.50 (2H, m), 3.68

{1H, dd, J=3.9, 4.2Hz), 3.94 (1H, 4, J=15Hz), 4.0 (1H, 4,

J=15Hz), 4.13-4.22 {(1H, m), 6.84 (1H, t, J=6.3Hz), 7.03 (1H,

d, J=6.3Hz), 7.06~7.24 (7H, m)

MS (ESI'): 345 [M+H]}"'

HPCL Retention Time: 10.6 minutes

Example 7

[2-{4-Isopropylbenzyl)phenyl]-5a-carba-f-D-gluco-pyranoside

(1) Synthesis of (2-Benzyloxyphenyl)-(4-isopropyl-

phenyl jmethanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 5.14 mL) was added dropwise to a solution of 1-

benzyloxy-2-bromobenzene (3.0 g, 11.4 mmol) in THF (114 mL) at

-78°C and the reaction mixture was stirred at the same



title conpound (84 ny, 26% . [0225] 1H NMR (CD30D) 6: 0.95 (1H, dd, J=12.0,
11.7Hz), 1,49-1.59 (1H m, 2.03-2.09 (1H, m, 3.20 (1H, d, 3=9.0Hz), 3.25
(1H d, J=5.7Hz), 3.34 (4H, s), 3.44-3.50 (2H, m, 3.68 (1H, dd, J=3.9,
4.2Hz), 3.94 (1H, d, J=15Hz), 4.0 (1H, d, J=15Hz), 4.13-4.22 (1H, n), 6.84
(1H, t, J=6.3Hz), 7.03 (1H, d, J=6.3Hz);797-06-7.24 (7H, m N5 (ESI+): 345

[ MMH© HPCL Retention Tine: 10.6 minutes Exanple 7

S Earreaioberayy) POENIL npAaERs e 2o LOLLORORUE RORS! Hosol 1 BKILRES ©

of (2-Benzyl oxyp I Sopropy phen ano n"a nrtrogen stream

an n-butylhiibburdbhereaRza086hvQ8 ({2444gM 9549 4mAib] ) Wad @ﬁﬁe@lsdraﬂy #8sl 0 2
sol ution of 1- benzyl oxy-2-bronobenzene ?3.0 g, 11.4 mol) in THE (114 nl)

at -78C ag8qéQearspwisenat Xy ure. Wafhs itdd @l e il Bras /SritadPpedature
for 30 mnutes. To this solution, a solution of 4-isopropyl benzal dehyde

(1.41 g, 9tKé samé)témpdiEr4B8 fby vA6 hedfledndr pavtEermbre78€. oTdhesgeact i on
m xture was stirred at the sane tenperature for one hour and furthernore at
0C for onenécheur\\atWatenswaddaddedetbevebndan@ethe xnixtunaswaext r act ed
with ethyl acetate. The organic |ayer was washed w th a saturated sodi um
chlori de aggitbacted| withnebhyl decetateanhfae oosganiypetaverswhsavashednd t hen
the solvent was distilled under reduced pressure. The obtained residue was
purified byish|aceaterated nadinporhl ogidphyareeyel spingiosopndi 8riedhyl
acetate:n-hexang él:ﬁ%; to obtain_the Sitle

(anhydrous gnesium 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 (1:5)] to obtain the title

compound (2.63 g, B84%).

[0226] lH-NMR (CDC1l;) &: 1.26 (6H, d, J=7.8Hz), 2.84-2.94

(l1H, m), 5.02 (2H, s}, 6.02 (1lH, s}, 6.90-7.00 (2H, m), 7.15-

7.34 (11H, m}

(2) Synthesis of 2-(4-Isopropylbenzyl)phenol

To a solution of (2-benzyloxyphenyl)-(4-

isoprpylphenvyl)methanol (2.63 g, 7.92 mmol) in methanol (50

mL}, a 20% palladium hydroxide catalyst (263 mg) was added and

furthermore 2ZN-HCl (0.4 mL) was added thereto, and the mixture

solution was stirred under a hydrogen atmesphere for 15 hours,

and then the catalyst was filtered off . The solvent was

distilled under reduced pressure and the obtained residue was

purified by silica gel column chromatography [developing

solution=ethyl acetate:n-hexane {(1:4)}] to obtain the title

compound (1.31 g, 73%).

[0227] 'H-NMR (CDCl1,) &: 1.24 (6H, 4, J=7.8Hz), 2.82-2.92

(1H, m), 3.96 (2H, s), 4.67 (1H, s), 6.79 (1H, 4, J=9.0Hz),



conpound (2.63 g, 84% . [0226] 1H NWR (CDC13) S 1.26 (6H, d, J=7.8Hz),
2.84-2.94 (1H, m, 5.02 (2H, s), 6.02 (1H, s}, 6.90-7.00 (2H, m, 7.15-
7.34 (11H, n} (2) Synthesis of 2-(4-1sopropyl benzyl)phenol To a solution of
(2- benzyl oxyphenyl ) - (4- i soprpyl phenyl)nethanol (2.63 g, 7.92 mmol) in

met hanol (50 nlL), a 2096pa||ad|un1hydroxbge catal yst (263 ng) was added and
furthernore 2N-HC1 (0.4 nm.) was added théreto, and the m xture solution was

?Tbl [;?Sg” = i dé%?%ﬁ%@"“?’&ﬁﬁ & it lsmedfj‘(?gdt B?QSEBEEEZES' The "
ngsglngpl L(SP)I | onesfay#] c{f acet a Sféésﬁ[a%%eleb%ﬁ) mplfel{ ao'gé%ﬁ% title
conmpound (1. 31 gb J%@pﬁgo#ﬁé\lw (CDC13) & 1.24 (6H d, J=7.8Hz),

2.82-2.92 (1H 4.67 (1H, s), 679(1H d, J=9.0Hz), - 80

6.88 (1H, t, ).-S}o]g%nSaéa(g?rE_ 3(436% Il}P%-%éHzciLe5a -carba-o-

[ 2- (4- Isopropylbenzy phenyl ucopyr anosi a nitrogen

stream 2,03, drditrardsd s - crarwﬁnol[} @ww Hd¥phihe 0. 93
mol ) and tributyl-phosphine (0.35 L, 1.39 mmvl) were added to a sol ution

of 2-(4- i@omEomil.banz3dd Impuadnolwer¥l mdded), td .8 ot Jor roff @d-Uene (2 nl)
under cooling with ice, and then tetranethyl azodi carboxam de (TMAD, 239 ny,
1. 39 mvl )iswgs gpgddentzyel athenadl t(#E Sdreng t i atmol) ffhetolasate of2 miIxX ur e
was stirred for 20 hours while gradually raising its tenperature to room
t enper at urtder cooling with ice, and then tetramethylazodicarboxamide
(TMAD, 239 mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure}
and the obtained residue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
{(1:10)]. The obtained crude preocduct was dissolved in a
methanol-THF (1l:1) mixed scluticn {14 mL) and a 20% palladium
hydroxide catalyst (127.8 mg) was added thereto and the
mixture was stirred under a hydrogen atmosphere for 15 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified by silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (97.1 mg, 27%).
[0228] 'H-NMR (CD,OD) &: 0.94 {1H, 44, J=12.9, 12.0Hz),
1.22 (6H, 4, J=6.9Hz), 1.48-1.58 (1H, m}, 2.02-2.09 (1H, dt,
J=3.9, 4.2Hz), 2.78-2.87 (1H, m), 3.12-3.24 (2H, m), 3.43-3.49
(2H, m), 3.68 (1H, 44, J=6.6, 4.2Hz), 3.89 (1H, &, J=14.4Hz),

4.01 (1H, 4, J=14.7Hz), 4.13-4.21 (1H, m), 6.84 (1lH, t,



The reaction m xture was concentrated under reduced pressure, and the
obt ai ned residue was treated by silica gel colum chromat ography

[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:10)]. The obtai ned crude
product was dissolved in a nethanol-THF (1:1) m xed solution (14 nmL) and a
20% pal | adi um hydroxide catalyst (127_8gng) was added thereto and the

m xture was stirred under a hydrogen atnDsphere for 15 hours, and then the

cat al yst s filtere f he. so d der . reduced pressure
and the o lr'esfutgge (I\HI durdT E%H%@ 571 gJe$a (:‘gl{gurm)chrorrat ogr aphy

[ devel opi é?% t,i 0 t ne chlorlde nethanol (10:1)] to obtain the
title congg%n :§9 1%BEE[3¥¢@ [0228] 'H-NMR (CD3OD) b: 0.94 (1H, dd,

J=12. 9 1 ﬁ&g P56 48-1.58 (1H, m, 2.02-2.09 (1H,
dt | 3{ Sé]“%f’%( 7 (1H, 1%!:?111%;1 3.24 (2H n), 3.43-3.49 (2H,

n), 3.68 @%Ehn g)=6. 6, 4. 2Hz), 3.89 (1H, d, J=14.4Hz), 4.01 (1H, d,

J=14. 7THz), 1 (1H m, 6.84 (1H, t, - 81 J=6.3Hz), 7.02 (1H, d,

J=6. fHZ) gﬂ@kﬁ&&ﬁﬁpﬁbe&ﬁ(iFﬁheﬂylﬁ@alé&fﬂa-ﬂﬂﬁgﬁﬂwtmﬁa@ 13.1
m nut es anpt e _ _

[ 2- (4- Cycl@py opyssettzes pheny( 2 - Ben 29t dkyphdh gl LcOpyepeDspriepyld) Synthesis
of (2-Benzyl oxyphenyl)-(4-cycl opropyl - phenyl) nethanol In a nitrogen
stream an n-butptidnyhimetiexahe solution (2.6 M 3.5 nL) was added
dropwi se to a solution of 1- benzyl oxy-2-bronobenzene (2.2 g, 8.3 muol) in
THE (83 nlL) at -Ir8@ dvid-mdgen stugamwaan Jt+outsllad thiam diereane npeluliion

(2.6 M, 3.5 mL) was added dropwise to a solution of 1-

benzyloxy-2-bromocbenzene (2.2 g, 8.3 mmol) in THF (83 mL)

at -78°C and the mixture was stirred at the same temperature
for 30 minutes. To this solution, a solution of
4-cyclopropylbenzaldehyde (1.1 g, 6.9 mmol) in THF (280mL]) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for one hour. Water was added thereto
and the mixture was extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride aqueous
sclution 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 (1:5)] to obtain
the title compound (1.7 g, 75%).

[0229] 'H-NMR (CDCl;) 8: 0.65-0.69 (2H, m), 0.92-0.97 (2H,
m), 1.86-1.90 (1H, m), 2.88 (1H, 4, J=6Hz), 5.03 (2H, s),

6.03 (1H, 4, J=6Hz), 7.17-7.26 (5H, m), 7.32-7.35 (4H, m)

MS (ESI*): 315 [M+Na]"

(2) Synthesis of l1-Benzyloxyphenyl-2-(4-cyclopropyl-

benzyl}benzene



for 30 mnutes. To this solution, a solution of 4-cycl opropyl benzal dehyde
(1.1 g, 6.9 mol) in THE (280nm.) was added dropw se at -78C. The reaction
m xture was stirred at the same tenperature for one hour. Water was added
thereto and the m xture was extracted with ethyl acetate. The organic

| ayer was washed with a saturated sodlunh?hLoride aqueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was distilled

S ST R, SR BATRE B A TR,
A e %#?’SEPPP%L‘&T%% othyr LA SHRIIE (P34 0055 0. 09

(2H, s),

. M+ e%dde‘&"@&’a ladVat/1dR 6§W2r®engyﬁ%xgpﬁén§ffﬁ &Ti NB
(ESI'): 315 [MeNa] * (2) Synthesis of 1-Benzyl oxypheny (4-cycl opropyl -
benzyl ) bergpdiroprégy 1piedy Djhé Q980 Bt { Ea®N g ! r4 &6 Mihéi aﬂ@ 5@ef§nﬂ1§riﬂe6
nmol) and a boron trifluoride-diethyl ether conplex (0.5 4.0 nmol)

wer e addedﬁ*i QniR) SOt UL 47T Qind e MAWHRNEP R Didi was stlrred at the
cycl opropyl phenyl ) et hanol (1.3 g, 4.0 mml) in acetonitrile (7 nlL) at -40C

and the m sdmk et SpettaBiiraeSostl 5 gfbwds tigd SAFEhé BMPEs adtir €°d @orl 3o hours
and furthernore at OC for 30 mnutes. Water was added thereto and the

m xt ure wasinwtes actWatew twaseaddednchehdte i aed e nigtwmre vager was
washed with a saturated sodi um chl ori de aqueous solution and dried

(anhydr ousexggrsediwsih ey lenrl ehberide. scTheergaric dlayer|eas under

reduced pressure. The obtai ned residue 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
purlfied by silica gel column chromatography (developing
solution=ethyl acetate:n-hexane (1:7)] to obtain the title
compound (1.2 g, 95%]).
[0230] H-NMR (CDC1;) &: 0.63-0.67 (2H, m), 0.89-0.94 (2H,
m), 1.84-1.87 (1H, m), 3.98 (2H, s), 5.06 (2H, s), 6.87-6.97
(4H, m), 7.08-7.26 (4H, m), 7.31-7.37 (5H, m)
MS (ESI'): 332 [M+H,01"
(3) Synthesis of 2-(4-Cyclopropylbenzyl)phenol

In a nitrogen stream, dimethyl sulfide {2.2 mL,
51.7 mmol) and a boron trifluoride-diethyl ether complex {1.1
mL, 8.8 mmol) were added to a solution of l-benzyloxy-2-(4-
cyclo-propylbenzyl)benzene (1.1 g, 3.5 mmol) in methylene
chloride (24 mL) under cooling with ice, and the reaction
mixture was stirred for 23 hours while gradually raising its
temperature to room temperature. Water was added thereto
under cooling with ice and the mixture was extracted with

methylene chloride. The organic layer was washed with a



purified by silica gel columm chromatography [devel oping sol ution=ethyl
acetate: n-hexane (1:7)] to obtain the title conpound (1.2 g, 95% . [0230]
"H-NWR (CDC13) S 0.63-0.67 (2H, m, 0.89-0.94 (2H, m, 1.84-1.87 (1H, m,
3.98 (2H, s), 5.06 (2H, s), 6.87-6.97 (4H, m, 7.08-7.26 (4H m, 7.31-7.37
(5H, m M (ESIt). 332 [MtH2Q"' (3) SWthgsls of

2- (4- Cycl opropyl benzyl ) phenol In a nitrogen stream dinethyl sulfide (2.2

7t PP A L A aamiaz o
| o- : ' I loride (24 nL
inger coo BT SRR S eI T Eeds P 35 hours

whi | e gra@»@ﬂmlre? Urltky Uedd B G Ed O MIRINJIPRI Wdsidid adas
added thereto under cooling wth'ice and the m xture was extracteéimnth

net hyl ene rijligridde by 8 102 YL | dmRimiash G BHY A aeBlLoPatdlr at ed

sodi um chl ori de aqueous solution and dried (anhydrous magnesi um sulfate),
and then tdeaualorewthdas addtsitid 4 et Haare rEdured fu eastda the obiri ned
residue was purified by silica gel colum chromat ography [devel opi ng

sol ut i on=etdmplowagkt{®2® . nnexarek }(.1: 4)] to obtain the title conpound (620.7
ng, 79% . [0231] 1H- NMR (CDC13) S: 0.65-0.67 (2H, m, 0.90-0.94 (2H, m,
1.85-1.86 [OR311), 3. 95-NARI, (ShC1h 2 (OLH5-9).676.(2H ,( 1,, ol 90}8.944)2H 6. 88
(1H, t. J=7.7Hz), 7.11 (2H, d, J=8.1Hz), 7.20 (4H, d, J=7.7Hz) M5 (ESI'):
247 [NHNaFQo 1.85-1.86 (1H, m), 3.95 (2H, s), 4.90 (1lH, s), 6.79 (1lH,

d, J=8.1Hz), 6.88 (1H, t, J=7.7Hz), 7.11 {(2H, 4, J=8.1Hz},
7.20 (4H, 4, JI=7.7Hz)
MS (ESI%): 247 [M+Nal®
(4) Synthesis of [2-{4-Cyclopropylbenzyl)phenyl]-5a-
carba-f-D-glucopyrancside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (557 mg, 1.03 mmel) and tributyl-phosphine
{0.37 mL, 1.55 mmol) were added to a solution of 2-(4-
cyclopropylbenzyl)phenol (348 mg, 1.55 mmol) in toluene
{3.5 mL) under cooling with lce, and then tetramethylazo-
dicarboxamide (TMAD, 267 mg, 1.55 mmol}) was added thereto at
the same temperature. The reaction mixture was stilrred for
15 hours while gradually raising its temperature to room
temperature. The reaction mixture was concentrated under
reduced pressure, and the obtained residue was treated with
silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in methylene chloride (3.5 mL), and dimethyl sulfide
(1.3 mL, 30.3 mmol) and a boron trifluoride-diethyl ether

complex (0.65 mL, 5.1 mmol) were added thereto. The reaction



(4) Synthesis of [2-(4-Cyclopropyl benzyl)phenyl]-5a- carba-p-D

gl ucopyranoside In a nitrogen stream 2,3,4,6-tetra-0O benzyl -5a-carba-a-

D gl ucopyranose (557 ng, 1.03 mmol ) and tributyl-phosphine (0.37 nL, 1.55
mmol) were added to a solution of 2-(4- cyclopropyl benzyl)phenol (348 ny,
1.55 mmol) in toluene (3.5 nL) under cgobhng with ice, and then

t et ranet hyl azo- di carboxam de (TMAD, 267 ng, 1.55 nmol) was added thereto at
the sanme tenperature. The reaction mxture stirred r 15 hours, while
o adual Ty THPEHH Y48 TERRearta 18 OBEY VERE S eftel B o BalBY R ER it v e
was conce HUndereo : SSWEE, | es)k was
treated vmn%‘{]n%%afl ca g%? %%en%ﬁé]gnat og‘r a%ll}?;/ flg%“%/g?%%%g‘g%%l %‘?&%ﬁ:et hyl
acet at e: n-ﬂf‘%@é\f‘o (dndd® lcodlEn @b AR CLLET 410E Q%:B%tn‘ﬂ?é s SeptVeded

net hyl ene chloride (3.5 ?ﬁ), a%d dinggﬂyl sulﬁﬁde 1.3 H{, 30. 3 nnn+? and a
boron tri fyixa il BadW | cleldieide CONMUE X0t fadic MaySr ludE 0k sHEH Oy Peldles

thereto. The reaction - 84 mxture was stirred for 14 hours while gradually

rai sing i tsatiegal adodBurh Och Do d€ NRQied b €so RitEh deandedeieqas added
t hereto under cooling with ice and the m xture was extracted wth nethylene

chl ori de. (Erhydmgan andgryes iwmss wbidiesl) W dihd atheat thiat soll wenlt uwachl ori de
aqueous solution and dried (anhydrous magnesium sulfate), and then the
sol vent wabistikked |wdiemdesdueel crpre pywssur eThd heb bl méd ere s bdue veasvas
purified by silica gel columm chromatography [devel opin sol uti on=net hyl ene
chl ori de: piRdGEkRA YW :silicay gl Folume chrenategmgphidl de@veloping 259 .
[0232] 'H NVWR (CD30OD) 8:.0.57-0.61 {2H, , 0.81-0.95 (3H
solution=meéthylene chloride: methanol (9:1)] to obtain the
title compound (97.8 mg, 25%).
[0232] 'H-NMR (CD,OD) &: 0.57-0.61 (2H, m), 0.81-0.95 {3H,
m), 1.50 (1H, s), 1.79-1.85 (1H, m), 1.99-2.03 (1H, m), 3.15-
3.33 (2H, m), 3.42-3.48 (2H, m), 3.66-3,72 (1H, m), 3.81-3.99
(2H, q, J=14.7Hz), 4.41-4.85 (1H, m), 6.80-7.15 (8H, m)
MS (ESI*}: 407 [M+Nal]’

HPCL Retention Time: 12.3 minutes

Example 9
2-{4-n-Propylbenzyl)phenyl] -5a-carba-f-D-glucopyranoside

{1) Synthesis of [2-(4-n-Propylbenzyl)phenyl]-5a-carba-
B-D-glucopyranoside
l-Benzyloxy-2-(4-cyclopropylenzyl)benzene {(640.8 mg,

2.0 mmol) as synthesized in Example 8 was dissolved in

2,2-dimethylpropancl (12 mL), a 20% palladium hydroxide

catalyst (64 mg) was added thereto and the mixture was stirred
for two hours under a hydrogen atmosphere, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure, and the obtained residue was treated by

sllica gel column chromatography [develeoping solution=ethyl



1.50 (1H, s), 1.79-1.85 (iH n), 1.99-2.03 (1H, n), 3.15- 3.33 (2H, m,

3.42-3.48 (2H, m, 3.66-3.72 (1H, m, 3.81-3.99 (2H, g, J=14.7Hz),
4.41-4.85 (1H, m), 6.80-7.15 (8H, m M (ESI'): 407 [MtNa]' HPCL Retention
Time: 12.3 mnutes Exanple 9

[ 2- (4- n-Propyl benzyl ) phenyl ] - 5a- car ba- p- D= gl ucopyranosi de (1) Synthesis of
[ 2- (4- n- Propyl benzyl ) phenyl ] - 5a- carba- (3-D gl ucopyranosi de

%ﬁ ot ﬂﬁlﬁi by ST yéle=|3ﬁz ARG S R LT D S T
% ' ' : 4 ] X
was g?ir?3%Hﬂ%%¥@{@%ﬂﬁgﬁ1EQ%ﬂdéiﬁgﬁﬁ@ dg%ﬁﬁgkﬁgggﬂﬁigfraﬁ%ﬁ?m%ﬁéﬁhiﬂ-ture

cat al yst s filtered off n i sti e reduced
pressure, Vggdncf!%%ea 5’8%?41%“00%%%3% s#fznaqj'egf b(é/i q@‘l“’ﬁ]ﬁa&b%l col um

chr omat ograibatyeipHI U NG S Wd aaretns mPl ) afsttfidedaidier (1:4)]. To
a solution of the obtained crude product (348 ng) in toluene (3.5 nL),

2,3, 4, 6-t eigaxi@ariad -ida- %&&@&@W?mmdwamﬁhi& nmedap and
tributyl phosphine (0.39 niL, 1.55 mmvl) were added under cooling wth ice,
and t hen tas7 amet Hyl 5 oo lc)arvanx aaddiad (tHéAato 287 e dankd temperawvsredded
thereto at the sane tenperature. The reaction mxture was stirred for 20
hour s whi IThegrsetiilon mixinrg was stEimradiifior 20 hoors tvwinipley gradialle
reaction mxture was concentrated under reduced pressure, and the obtained
resi due waaisiged dd-sntempaTd i gdio gt ety agie (Rt ng

sol uti on=et hyl acet at e: n- hexane
mixture was concentrated under reduced pressure, and the

obtained residue was treated with silica gel column
chromatography [(develeping solution=ethyl acetate:n-hexane
(1:5)]. The obtained crude product was dissolved in 2,2-
dimethylpropancl (15 mL)}, a 20% palladium hydroxide catalyst
(159 mg) was added thereto and the mixture was stirred under a
hydrogen atmosphere for 17 hours, and the catalyst was
filtered off. The solvent was distilled under reduced
pressure, and the obtained residue was purified by silica gel
column chromatography [developlng solution=methylene chloride:
methanol (9:1)] to obtain the title compound {164.4 mg).
[0233] 'H-NMR (CD,OD} &§: 0.88-0.94 (4H, m), 1.48-1.63 (3H,
m), 2.05-2.09 (1H, m), 2.52 (2H, t, J=7.7Hz}, 3.13-3.30 (2H,
m), 3.46 (2H, m), 3.70 (1H, m), 3.87 {(1H, 4, J=15Hz), 3.98
(1H, 4, J=15Hz), 4.60-4.88 (1H, m), 6.84 (1H, t, J=7.3Hz},
7.00-7.16 (7H, m)

MS (ESI*): 387 [M+H]"

HPLC Retention Time: 13.3 minutes

Example 10

[2-(4-Trifluoromethylbenzyl)phenyl]-5a-carba-f3-D-gluco-




(1:5)]. The obtained crude product was dissolved in 2,2- dinethyl propanol
(15 nm), a 20% pal | adi um hydroxi de catalyst (159 ng) was added thereto and
the m xture was stirred under a hydrogen atnosphere for 17 hours, and the
catalyst was filtered off. The solvent was distilled under reduced
pressure, and the obtained residue was pHFIfled by silica gel colum

chr omat ogr aphy [devel opi ng sol uti on=net hyFene chloride; methanol (9:1)] to
obtain the t|tIe C npound (164 4 ). [0233] "H- NMR (CD30D) 8: 0.88-0.94

(4H m, = m, 2.05-2.09 (1H, m, 2.52 (2H, t, J=7.7Hz),
3.13-3.30 5 7 3.98
(1H, d. J éﬂéﬂz) srng’%ge%l%g‘gﬂ@%éz%f%ﬂ@’f’ “(#l %—%ugr‘}'“%ﬁ"ﬁla (7H,
m M (ESI' : f#%&% Retention Tinme: 13. 3 n1nutes Exanpl e 10
[2-(4- Tr|fluoro enyl]-5a-carba-R-D-gluco - 86 - pyranoside (1)

Synt hesi s of (Zﬁﬁrhzxiicﬁﬁﬁl_;tﬁﬂﬂﬁre(eﬂﬁ”drf | el i 1 4 D St And B SANCiod N 2

nitrogen stream an n-butyllithi umhexane solution (2.44 M 4.0 nL) was

added dropyg et 110, M s®Imtt ) araHfaddededZypwive 2t drONBPEREENE €. 6-9, 9.9
mml) in THE (100 nL) at -78C and the reaction mxture was stirred at the

sane tenmesredylexy <2 - Bfonmenssne T2 (i, SO/ Utmmel} in THF (100 mL) at
4-trifluoronet hyl benzal dehyde (1.6 g, 9.0 mmol) was added dropw se at -78C.

The react im0 xndr ¢heasesictioed rdktidie waans thiered aiturtthed ganleo hours, and
t hen water was added
temperature for 30 minutes. To this solution,

4-trifluoromethylbenzaldehyde (1.6 g, 9.0 mmol) was added
dropwise at -78°C. The reaction mixture was stirred at the
same temperature for two hours, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
crganic layer was washed with a saturated sodium chloride
aguecus solution and dried {anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
ocbtained residue was purified by silica gel column
chromatography {developing solution=ethyl acetate:n-hexane
(1:5)] to obtain the title compound (2.6 g, 82%).
[0234] 'H-NMR (CDCl,;) &: 3.01 (1H, 4, J=6.3Hz), 5.02 {2H,
dd, J=11.4, 4.8Hz), 6.05 (1H, d, J=6.3Hz), 6.94-7.02 (2H, m},
6.96-7.16 {(2H, m), 7.24-7.33 (5H, m}, 7.44 (2H, 4, J=7.1Hz),
7.53 (2H, 4, J=8.7Hz)
MS (ESI'): 359 [M+H]®
(2) Synthesis of 2-(4-Trifluoromethylbenzyl)phenol

To a solution of (2-benzyloxyphenyl)-(4-
trifluoromethylphenyl)-methanol (2.46 g, 6.55 mmol) in
methanol (68.5 mL), a 20% palladium hydroxide catalyst (246

mg) was added and furthermore 36% HCl (0.59 mL) was added



thereto and the m xture was extracted wth ethyl acetate. The organic |ayer
was washed with a saturated sodiumchloride aqueous solution and dried
(anhydrous magnesi um sul fate), and then the solvent was distilled under
reduced pressure. The obtained residue was purified by silica gel colum
chr omat ogr aphy [ devel opi ng sol uti on=et hyl__acetate: n-hexane (1:5)] to obtain
the title conmpound (2.6 g, 82%. [0234T A1 R (CDC13) 6: 3.01 (1H, d,
J=6.3Hz), 5.02 (2H, dd, J=11.4, 8Hz), 6.05 (1H, d, 3=6.3Hz), 6.94-7.02
(2H, m), BheBeyoscapdiithay mi’FtEIﬁ?SséuHPP Wps $t41rreQHun§erJa7hmz-')>sen7 53
(2H, d, J=8,7Hz M (2) _Syn

2- (4- THfIﬁB‘f‘%ﬁ%’Pﬁ§Fbgﬁfy%)‘B BﬂBk % a}f-‘ %ﬁ SPtngSEnWFoH&ﬁ@ﬁﬁﬁ) ( 4-

N EBE%”S;?@%?ﬁ'rnpﬁﬁ%?%%lg%E?a? b, Gfst33dea’y émﬁsrséasaﬂaﬁaeﬁawﬁeﬁﬁﬁ Ings),
HCL (0.59 g ¥R8a8ddaneBst pegegeﬁdaﬂg g 6B LU 0Lyt on was Stirred

under a hydrogen atnosp ere our fe-&a al yst was

filtered 9ﬁ£om5@89§9bﬂﬁn¥d&@élgbiﬁPlESQUHFQ FEﬁgﬂcsﬁeeaﬁasutﬁeﬁaﬂethe

obt ai ned resi due was puri by siTica ge romat ogr ap

[deVe|0p|”?159§¥tt9noﬁﬁﬁih fRet et ela- BS§EC§na(%18hb go @hk?ln the tit
compound (1.49 g, 864). [0235] 1H NWR (2H, 4.72 ( s),

|l e
1H,
R b i ?Sﬁ) Hd@“?@é@%’ﬁz%ﬂwéj(és?ﬁz?%ifﬁ 74152(?““ Shendsfl of
[2-(4-TrifuB;odet bybbeHZYl ) pheaykjiHSat, J=4.8Hz), 7.08-7.15 (2H, m},

7.33 (2H, 4, J=6.0Hz), 7.52 (2H, d, J=6.0Hz)

MS (ESI*): 275 [M+Na]®

(3) Synthesis of [2-(4-Trifluoromethylbenzyl)phenyl]-5a-

carba-f3-D-glucopyranoside
In & nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-o-

D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine

(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-

trifuoromethylbenzyl)phenol (351 mg, 1.39 mmol) in toluene

(3 mL) under cocling with ice, and then tetra-

methylazodicarbexamide (TMAD, 239 mg, 1.39 mmol) was added

thereto at the same temperature. The reaction mixture was

stirred for 20 hours while gradually raising its temperature

to room temperature. The reaction mixture was concentrated

under reduced pressure, and the obtained residue was treated

by silica gel column chromatography [developing solution=

ethyl acetate:n-hexane (1:10)). The obtained crude product

was dissolved in a methanol-THF (1:1) mixed solution (5 mL)

and a 20% palladium hydroxide catalyst (20 mg) was added

thereto and the mixture was stirred under a hydrogen

atmosphere for 2 hours, and then the catalyst was filtered off,.



carba-(3-D glucopyranoside In a nitrogen stream
2,3,4,6-tetra-0-benzyl - 5a-carba-a- D gl ucopyranose (500 ng, 0.93 mml) and
tributyl-phosphine (0.35 nL, 1.39 mmol) were added to a solution of 2-(4-
trifuoronet hyl benzyl)phenol (351 ng, 1.39 mml) in toluene (3 nL) under
cooling with ice, and then tetra- nethyl azodi carboxam de (TMAD, 239 ng, 1.39
nmol ) was added thereto at the sane tenﬁérature The reaction m xture was
stirred for 20 hours while gradually raising its tenperature to room

t enper at ur'Bhe THelyentt vaa @igtittedaundencreduaeddrrensderer addceblepr essure,
and the obtained residue was treated by silica gel columm chronat ography
[developiH@b5%$%?¢oﬁ351@?ﬁyva§cBF§%§1ﬁdh%Xaﬁéliqalgy} cqghampbt ai ned crude
pr oduct di ssolved in_a nethanol -THF (1:1) m xed solution (5 n.) and a

20% pal | ad? m&ﬁ9%§?agycéﬁsvv%?9%%@ fgFu %“ad@%HhY%ﬂﬁﬁeto and the mxture
was stirre a_ hydr ogen here for our s nd then the catal yst
was fi:ter fﬁeim%éha%ﬁi Eg&g@i? gﬁ °EF§%?IF@U %Hg ?%ﬂﬂﬁ%ﬂdpﬁgésﬂgg and

t he obtal residue was purified by silica gel columm chronatography
[ devel opi ng s%lution— met hyl ene chlorlde met hanol (10:1)] to obtain the

12 oty TR o1 TOiH- MR (omdny) ol O LR, S 7 B ey, T
g?i437422313fg§£F51n§1H3 RP, (irb5d€1HJT§t9 Ji€P5g?)4 Zﬁng $:15- ?2 gg 2 %0
(3H, m, 7¢38, (mH, ﬂ,42J§84dF¥iH,7m5} $26% dlugﬂ&aéfﬁia.g, 10.5Hz),

3.96-4.15 (2H, dd, J=14.7, 28.2Hz), 4.17-4.24 (1H, m), 6.87

(1H, dt, J=1.2, 7.5Hz), 7.02-7.20 (3H, m), 7.38 (2H, 4,

J=8.1Hz), 7.51 (2H, d, J=8.4Hz)

MS (ESI"): 435 [M+Nal®

HPLC Retention Time: 12.3 minutes

Example 11

[2-(4-Methylsulfanylbenzyl)phenyl]-5a-carba-§-D-gluco-

pyranoside

(1) Synthesis of (2-Benzyloxyphenyl}-(4-methylsulfanyl-

pPhenyl)methanol

In a nitrogen stream, an n-butyllithium hexane solution
{(1.59 M, 6.92 mL) was added dropwise tc a solution of 1-
benzyloxy-2-bromobenzene (2.89 g, 11.0 mmol) in THF (38 mL)} at
-78°C and the mixture scolution was stirred at the same
temperature for 30 minutes. To this solution, a solution of
4-methylsulfanylbenzaldehyde {(1.67 g, 11.0 mmol) in THF (12
ml.) was added dropwise at -78°C. The reaction mixture was
stirred at the same temperature for one hour, and then water
was added thereto and the mixture was extracted with ethyl

acetate., The organic layer was washed with a saturated sodium



M5 (ESI'): 435 [MtNa] = HPLC Retention Tine: 12.3 mnutes Exanple 11

[ 2- (4- Met hyl sul anyl benzyl ) phenyl ] - 5a- car ba- 3- D- gl uco- pyranoside (1)

Synt hesi s of (2-Benzyl oxyphenyl)-(4-nethylsul fanyl- phenyl)nmethanol In a
nitrogen stream an n-butyllithium hexane solution (1.59 M 6.92 nL} was
added dropwi se to a solution of 1- benzyl oxy-2-bronobenzene (2.89 g, 11.0
mol) in THE (38 nL) at -78C and the m &%re solution was stirred at the
same tenperature for 30 mnutes. To this solution, a solution of

4- et hy| suFhapyieen2grgenydéotetdengand) dgiggp( pohydrpes  MAgn@Siufkhs added
dropwi se at -78C. The reagtion m xtyre was stirred_at the sanme tenperature

for one hofPltahd)ehnBRANEPER thas s24yERT HERefdShAd 1eRe YRAEr FEINTSD
t ted with ethyl t o T ' | hed wi.th t ted
Sadi om < gbrelaRsRY . TRE BBt 10aRs sl waR Bl R it Pa S bR Bt '
| fate), ' ' d A d Th
S 121), 800y A kTR RS TR Beiitn e

d | opi tignsyet hyl t @LR- : t ai titl
compound (33478 (8350 T HosBERAR SRl TRRR pheondt 42 31 87505 (1)

(11 m " (392G Ae hesi & st e e, o2 Ao 80 (207" B8 nenzene 1

a nitrogengsgrergy ,t 6i.eBhybsil ane 61023 (wh, 4.723<6.0Hz), 6.92-7.00 (2H,
m), 7.21-7.34 {11H, m)
(2) Synthesis of l1-Benzyloxy-2-{4-methylsulfanyl-

benzyl)benzene
In a nitrogen stream, triethylsilane (1.23 mL, 7.72

mmol) and a beoron trifluoride-diethyl ether complex (0.88 mL,
5.48 mmol) were added to a solution of {2-benzyloxy-phenyl)-
{4-methylsulfanylphenyl)-methanol (2.13 g, 6.3 mmol) in
acetonitrile (15 mL) at -40°C and the mixture solution was
stirred at the same temperature for 1.5 hours and further at
0°C for 30 minutes, and then water was added thereto 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 sclution=ethyl acetate:n-hexane (1:10)]} to obtain
the title compound (1.9 g, 95%).
[0238] 'H-NMR (CDCl;) &: 2.46 {(3H, s}, 3.97 (2H, s), 5.05
(2H, s), 6.85-6.95 {(2H, m), 7.10-7.35 {(11H, m)
(3) Synthesis of 2-(4-Methylsulfanylbenzyl)phenol

In a nitrogen stream, dimethylsulfide (7.25 mL, 138



mmol ) and a boron trifluoride-diethyl ether conplex (0.88 nmL, 5.48 mmmol)
were added to a solution of (2-benzyl oxy-phenyl)-

(4- et hyl sul fanyl phenyl ) - net hanol (2.13 g, 6.3 nmol) in acetonitrile (15
m.) at -40C and the m xture solution was stirred at the sane tenperature
for 1.5 hours and further at OC for 30 minutes, and then water was added
thereto and the m xture was extracted‘mPPh‘nethylene chloride. The organic
| ayer was washed with a saturated sodium chl oride aqueous solution and
dried (anH{RPblLsaMAgheRPTPR stFibleeridpdiaehyi nethes) cemploss(di 519k} ed

o e B ERY e cS0RE FhcE S TG K- S8 e %00

i i 9 950 0238] 1H- CDC : 2.46
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stirred for hours while gradually raising its tenperature to room

t enper at urgnadiit €soVBEg WTEN 1Ber k@ thOARIxEEHE | Wes \ekbragteandithe m xture
was extracted with nmethylene chloride. The organic | ayer was washed with a

sat ur at ed methylemrd| ciiloeideueolise Sorgan bt bagedrwas wéahdgdrbts aagnesi um
sulfate), and then the solvent was distilled under reduced pressure. The
obt ai ned restutetedsscdium 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 ceclumn chromatography [developing
solution= ethyl acetate:n-hexane {1:5)})] to obtain the title
compound (1.1% g, 91%}.
[0239] 'H-NMR (CDC1;) &: 2.46 (3H, s), 3.95 (2H, s), 4.65-
4.75 (1H, br s), 6.78 (1H, 4, J=7.6Hz}, 6.89 (1H, t, J=7.6Hz),
7.09-7.21 (6H, m)
{(4) Synthesis of [2-(4-Methylsulfanylbenzyl}phenyl}-5a-
carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-o-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
{0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methylsulfanybenzyl)phenol (320 mg, 1.39 mmol) in toluene
(2 mL} under cooling with ice, and then
tetramethylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was
added thereto at the same temperature. The reaction mixture

was stirred for 20 hours while gradually raising its

temperature to room temperature. The reaction mixture was



purified by silica gel colum chromatography [devel oping sol ution= ethyl
acetate: n-hexane (1:5)) to obtain the title conpound (1.19 g, 91% . [0239]
1HNWR (CDC13) S: 2.46 (3H, s), 3.95 (2H, s), 4.65- 4.75 (1H, br s), 6.78
(1H, d, 3=7.6Hz), 6.89 (1H, t, J=7.6Hz), 7.09-7.21 (6H, m (4) Synthesis of
[2-(4- thhylsulfanylbenzyl)phenyl] 5a- carba-f3-D-glucopyranoside In a
nitrogen stream 2,3,4,6-tetra-0O benzyl™- 4 carba- a D- gl ucopyranose (500 ny,
0.93 mmol ) and trlbutyl phosphi ne 0 35 m, 1.39 mmol) were added to a

sol ution ofopcentrasefyNadrrakplERef PERERYFS; 38Ddnihe] obaingd) reridyruene

30 m, ‘1 388 nﬁﬁ"@ga“%yaaaiﬁceﬁggéiEﬁiym%ﬁé §§ﬁéQ GF3BP, IP8VSHBIAGact | o
ot com t oAghRirRRESthEl AgsERtGAntherfpd 32”?5)é1ra@§h2§ﬁ#%ips& Ghger
reduced br gaaine: gad hEEsBEb%Pugﬂ RS ThdYBne"BR1BETALC] 1BV gEh! | GRage! ool um

chr omat ogr opi ng I on=e ace ate n-hexane

obt ai ned Cpggggh?gegmf&d@azgdbﬁs ved 'amgﬁﬁhxhans Bkeh'@%lgiﬂog&he and

di met hyl su a boron trif uorlde- I et et her

conpl ex (0g9é4tA1 étﬁeﬁﬂebhpWE&e(éddﬁdmtheBebommuﬂqe&eEQOEhanthQrb%% The
reaction mxture was stirred for 20 hours while gradually raising its

t enper at ur @nfierr 8661 ihgMReLAt HEe. amrdet BeAcHabAr migSuaddadsuBderred@olory

with ice and the mxture was extracted with nmethyl ene chloride. The

organi c | agerheasswahlizd gyrallualigt vadtedgsadsutenpbeatdeée to room
temperature, and then water was added under cooling with ice
and the mixture was extracted with methylene chloride. The
organic layer was washed with a saturated sodium chloride
agqueous solution and dried (anhydrous magnesium sulfate), and
then the sclvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution= methylene
chloride:methanol (10:1)] to obtain the title compound (102 mg,
28%).
[0240] 'H-NMR (CD;0OD) &: 0.80-0.95 (1H, m), 1.45-1.60 (1H,
m), 2.00-2.10 (lH, m}, 2.42 (3H, s), 3.12-3.33 (2H, m),
3.40-3.50 (2H, m), 3.63-3.70 (1H, m), 3.86 {(1H, @, J=15Hz),
4.00 (1H, 4, J=15Hz), 4.15-4.23 (1H, m}, 6.84 (1lH, t,
J=7.0Hz), 7.00-7.18 (7H, m)
MS (ESI*): 391 [M+H]"
HPLC Retention Time: 11.6 minutes

Example 12

[3-Fluoro-2-{4-methylbenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside

(1) Synthesis of (2-Benzyloxy-6-fluorophenyl)-(4-



aqueous solution and dried (anhydrous nmagnesium sul fate), and then the
sol vent was distilled under reduced pressure. The obtained residue was
purified by silica gel colum chromat ography [devel opi ng sol ution=

nmet hyl ene chl oride: net hanol (10:1)] to obtain the title conmpound (102 ny,
28% . [0240] 1H NMR (CD3COD) b: 0.80-0.95 (1H, m, 1.45-1.60 (IH, m,
2.00-2.10 (1H, m), 2.42 (3H, s), 3.12-3.82 (2H, m, 3.40-3.50 (2H, m,
3.63-3.70 (1H, m, 3.86 (1H, d, J=15Hz), 4.00 (1H, d, J=15Hz), 4.15-4.23
(1H, m, 6.84 (1mpth9xyphen21&w9tnaogl7 18 (7H, m M (ESI4): 391 [ M+H'
HPLC Retention Time: 11.6 m nutes le 12

[ 3- Fl uor o- 2- (4- H%?h?l%%ﬁz??}%ﬁbﬂ?l]5@ ngbr%ﬁ H-PeRzyitexy pyrhkasree (1)
Synt hesi s of §2 Be | oxy-6-fluoro hené } (4 - 92 - nethox pheny I%nethanol
To a THE sbBPhtabse 3 ent 6? -9« pdnd yFBRY Ga?l%?srila%ﬁzapd §a§ne ionag 9.3

et hoxypt Ryt onkbBsinPA7BAbaIS. eetsnrERb BRI wagﬁgéim) bEAZ18aded
ctirred arif oBerPEREH, (BLp ol S oRE) FRB AReRTardiRBlR, SunThiheRR

e e 3 g Tt A et

a saturat egy SPS&:IH”‘ceﬁﬁé?ﬁtdﬁeaﬁé@w%Sﬁbﬁi-é9naﬁ&dtﬂéheﬂ éaehfgeeas magnesi um
ammonium chloride aquecus solution was added thereto under
cooling with ice and the mixture was extracted with ethyl
acetate. The organic layer was washed with a saturated sodium
chloride aqueous solution and dried (anhydrous magnhesium
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 (1:5)] to obtain the title compound (2.82 g, 85%).
[0241] 'H-NMR (CDC1;) &: 3.78 (1H, 4, J=12Hz), 3.80 (3H,
s), 4.98 (1H, &, J=12Hz), 5.05 (1H, 4, J=12Hz), 6.20 (1lH, 4,
J=12Hz), 6.74-6.84 (4H, m), 7.11-7.31 (8H, m)
(2) Synthesis of 3-Fluoro-2-(4-methoxy)phenol

To a solution of (2-benzyloxy-6-fluorophenyl)-(4-

methoxyphenyl)methanol (2.54, 7.51 mmol)} in methanol (20 ml),
a 20% palladium hydroxide catalyst (381 mg) was added and
furthermore 2N-HCl (2 mL} was added thereto. The mixture
solution was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure, and the obtained residue was
purified by silica gel column chromategraphy [developing

solution=ethyl acetate:n-hexane (l:4)] to obtain the title



sulfate), and then the solvent was distilled under reduced pressure. The
obt ai ned residue was purified by silica gel colum chronmatography

[ devel opi ng sol ution= ethyl acetate: n-hexane (1:5)] to obtain the title
conpound (2.82 g, 85% . [0241] 1H- NWR (CDC13) S: 3.78 (1H, d, J=12Hz), 3.80
(3H, s), 4.98 (1H, d, J=12Hz), 5.05 (1H,_.d, J=12Hz), 6.20 (1H d, J=12Hz),
6.74-6.84 (4H, m, 7.11-7.31 (8H, m (2) nt hesi s of

3- Fl uoro- 2- (4- net hoxy) phenol To a sol ution of
(2-benzy|o??mBQFPGoﬁgpﬁénQP)ﬁéi)-nethoxyphenyl)nethanol (2.54, 7.51 mmol) in

thanol (20 m), 20% pal | adi um hydr oxi de catal yst (381 dded and
Fur t hor mor £0BR2b (2 Ty Rs(tRia) Bhoserd (Fhe Rixt ardo 4afut Pon dag0

R e e e e
ontained [ ¢8dUR, 1850 BHE)L1 S4By Tk §3, 98k el UM oRRIOTIL A0 TBNY o o

- conpoundyL3.4f,9. 85% . [0242] 'H NWR (CDC13) b: 3.76 (3H, s), 3.96 (2H
s), 4.90 (1H br’s), 6.57 (1H, d, J=8.0Hz), 6.67 (1H, t, J=8.0Hz), 6.82

(2H, d,_J=93§DHZ)s?rﬁtﬁésﬁ%Hofdfﬂ3—i‘i&oQo-Q—QHZ)netBoi:%b(e%ldqupheé@&-]QHZ) (3)
Synt hesi s of (3-Fluoxo-2-(4-nethoxybenzyl) phenyl]-

5a- car ba- 3- D- gl usgpyaaBaspdg- iﬁcéE?EEﬁQQQBeStreanl
2,3,4,6-tetra- O benzyl - 5a-carba-a D gl ucopyranose (500 ng, 0.93 nmol) and

tributyl - phosphi pg a(RiBbogkn %t3QaMmmDR)3W\8[ 6-8dded-bobang9iubhacBagba-a-

3-fluoro-2- (4-nethoxybenzyl)phenol (323 ng, 1.39 mmol) in toluene (2 nl)
D-glucopyranose {500 mg, 0.93 mmol) and tributyl-phosphine
{0.35 mL, 1.39 mmol} were added toc a solution of 3-fluoro-2-
(4-methoxybenzyl)phenol {323 mg, 1.39 mmol) in toluene (2 mL)
under ceoling with ice, and then tetra-methylazodicarboxamide
{TMAD, 239 mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained residue was treated by silica gel column
chromatography [developing sclution=ethyl acetate:n-hexane
{1:10)]. The obtained crude product was dissolved in a
methanol-THF (1:4) mixed solution (5 mL) and a 20% palladium
hydroxide catalyst (63 mg) was added therete. The mixture was
stirred under a hydrogen atmosphere for 24 hours, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure. The obtained residue was purilfied by silica
gel column chromatography {[developing solution=methylene
chloride:methanol (10:1)] to obtain the title compound (86 mg,
24%).

[0243] 1H-NMR (CD;OD) &: ©0.90-1.05 (1H, m), 1.45-1.60 (1H,



under cooling with ice, and then tetra-nethyl azodi carboxam de (TMAD, 239
ng, 1.39 nmmol) was added thereto at the sane tenperature. The reaction

m xture was stirred for 20 hours while gradually raising its tenperature to
roomtenperature. The reaction m xture was concentrated under reduced
pressure, and the obtained residue was Breated by silica gel colum
chronatography [ devel opi ng sol uti on= ethyI acetate n hexane (1 10)]. The

obt ai ned cr de_pr. duci di ssolved_in | - THFE ( m xed sol ution
(5 mL) andMa- 26%’§a?r BWE hS? roxi-dé- éa?él ry(Eﬁ (@2 ng) 4@5? é&déaﬂtv Blet o.

{he mgéiﬁ{éﬁmas% (el or P Tt BoP§n sndd APLei PoeatoRdeh - 2Pedibed

pressure. e ghta resi du puti fj.e y |I|c

chronatogrgghye[é gpuﬁg go upﬁga néthgngB h|or?d8ﬂ%%fh§n§?néi8 1?T to
obt ain thngggbﬁzgonpoggd7(§§ (8n, & [0243] 1H NMR (CD3CD) b: 0.90-

(1H, m, 1.45-1.60 (1H, - 0-2.10 (1H, m, 3.17-3.35 (2H, m,
3.45-3.52 YEH(ESBY7) : ZHD- [ MAD) (1H n), 3.72 (3H, s), 3.93 (2H, s), 4.15-4.25
(1H, m, 6.67 (1H, t, J=8.0Ft), 6.76 (2H, d, J=9.0Hz), 6.86 (1H, d, -
J=8.0Hz), HPDO-Ret8nt8bh Timd® (B3B-hind¥ds[M H HPLC Retention Tine: 10.8
m nutes Exanple 13 [2-(3-Trifluoronethyl benzyl) phenyl ] - 5a-carba- p-D gl uco-
pyr anosi deExdppbgniBesi s of (2-Benzyl oxyphenyl)-(3-trifluoronethyl- phenyl)
met hano

[2-(3-Trifluoromethylbenzyl)phenyl]-5a-carba-$-D-gluco-

pyranoside

(1) Synthesis of {(2-Benzyloxyphenyl)-(3-trifluoromethyl-

phenylmethanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.7 M, 3.4 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (2.0 g, 7.6 mmol) in THF (50 mL)
at -78°C and the mixture solution was stirred at the same
temperature for 30 minutes. To this solutioen,
4-trifluoromethylbenzaldehyde (2.0 g, 11.4 mmol) was added
dropwise at -78°C. The reaction mixture was stirred at the
same temperature for three hours, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated scdium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (developing solution=ethyl acetate:n-hexane
{1:4)] to obtain the title compound (2.2 g, 80%).
[0244] lH-NMR (CDC1l;) &: 3.03 (1H, 4, J=6.3Hz), 4.97-5.07

(2H, m), 6.06 (1H, 4, J=6.3Hz), 6.95-7.03 (2H, m), 7.16-7.20



In a nitrogen stream an n-butyllithium hexane solution (2.7 M 3.4 nL) was
added dropwi se to a solution of 1- benzyl oxy-2-bronobenzene (2.0 g, 7.6
mmol) in THE (50 nL) at -78C and the m xture solution was stirred at the
sane tenperature for 30 minutes. To this solution
4-trifluoronet hyl benzal dehyde (2.0 g, 11.4 nmmol) was added dropw se at
-78C. The reaction m xture was stirred at5the sane tenperature for three
hours, and then water was added thereto and the m xture was extracted with

T e oo o A o L (ot rgnest ﬁﬁf‘ﬁﬁf’{ ey Tand

then the sggge a mé l7d|§F I 1 2d4gnaep5 aﬂzeﬂgpr@sguré HThé obtal%ed resi due
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(1H, s) (2 esis o 3-Tri Iuoronethyl henol "To a sol uti én of

(2- benzylosy@@snyhiléaihml@&agbﬁiaae&afhmﬁsﬂykiaﬁtm§P0ha§3aaaea afa3 mmol)
I n nmethanol (50 m a 20% pal | adi um hydr oxi de catalyst (166 ng) was added

and furthfﬁﬂﬁnerﬁéﬁékﬁt%(ﬁcz rb) 26 ) addsdailedctRerds. n1waarﬁixeaketion
was stirred under a hydrogen atnosphere for 72 hours, and then the catal yst

was filteredloftionThassetyenedwandedi at hiyiedgendatmoegheed poessarRouasd t he

obt ai ned residue was purified by silica gel colum chromat ography

[ devel opi ngnd then the catalyst was filtered off. The solvent was
distilled under reduced pressure, and the obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:4)] to obtain the title
compound (2.26 g, 96%).
[0245] 'H-NMR (CDC1;) &: 4.04 (2H, s), 4.90 (1H, 4,
J=2.0Hz), 6.76 (1H, 4, J=8.1Hz}, 6.86-6.90 (1H, m)}, 7.09-7.16
(2H, m), 7.34-7.46 (3H, m), 7.50 (1lH, s}.
(3) Synthesis of [2-(3-Trifluoromethylbenzyl)phenyl]-5a-

carba-p-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-

D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
{0.35 mL, 1.39 mmol) were added to a solution of 2-{3-tri-
fluoromethylbenzyl)phenol (351 mg, 1.39 mmol) in toluene
(3 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 2392 mg, 1.39 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred for 20 hours while gradually raising its temperature

to room temperature. The reaction mixture was concentrated

under reduced pressure, and the obtained residue was treated



sol uti on=et hyl acetate:n-hexane (1:4)] to obtain the title conpound (2.26
g, 96% . [0245] 1H NWMR (CDC13) 8: 4.04 (2H, s), 4.90 (1H, d, J=2.0Hz), 6.76
(1H, d, J=8.1Hz), 6.86-6.90 (1H, m, 7.09-7.16 (2H, m, 7.34-7.46 (3H, m,
7.50 (1H, s). (3) Synthesis of [2-(3-Trifluoronethyl benzyl)phenyl]-5a-
carba-(3-D-gl ucopyranoside 1In a nitrogen stream
2,3,4,6-tetra- O benzyl - 5a-carba-a D gl uc88yranose (500 ng, 0.93 mml) and
tributyl-phosphine (0.35 n., 1.39 mmol) were added to a sol ution of
2-(3-tri- hYu%ibh@@hqebeﬁﬁ%ﬂwph@h@PNQBBQrﬁBhY1[@9Vﬁiﬁp}n9nspéuuéna etByil)
under coolin g with ice, and then tetra- nethyl azodi carboxam_de (TMAD, 239
ng, 1.39 n% Faﬁﬁs“aﬂﬁﬁﬂnethéré?b]at The ggﬁ%iF%ﬁpﬁFﬂgﬁrEr°¢H€trHﬁﬁt|on

m xture wa
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then the catalyst was ltered o The sol vent I stilled under reduced

pressure apgstiesOPi pbACEndES! HBQucHASpPEEEhEEUaRT Bhei 6818¢heA0rHENdue
chromat ogr aphy (devel opi ng sol uti on=net hyl ene chl ori de: net hanol (10:1)] to

obt ai n t hewasiphei £08@opyds{ D6cauge 14891 uhf 248t oml DiyRapRP3 CBvE10PiBg- 1. 02
(1H, n), 1.52-1.68 (1H
solution=methylene chloride:methanol (10:1)] to obtain the

title compound (56 mg, 14%).

[0246] 'H-NMR (CD,OD) &: 0.88-1.02 (1H, m), 1.52-1.68 (1H,
m), 2.10 {(1H, Adt, J=13.4, 3.9Hz), 3.20-3.38 (2H, m), 3.45-3.55
(2H, m), 3.74 (1H, 44, J=4.1, 10.8Hz), 3.99 (1H, 4, J=14.7Hz},
4.18 {(1H, 4, J=15.4Hz), 4.20-4.32 (1H, m), 6.89-6.95 (1H, m),

7.08 {(1H, 4, J=7.7Hz), 7.16-7.26 (2H, m), 7.42-7.58 (4H, m)

MS (ESI'}: 413 [M+H]®

HPLC Retention Time: 12.0 minutes

Example 14
[2-{4-Methoxybenzyl)-4-methylphenyl]-5a-carba-f-D-gluco-

pyranoside

{1) Synthesis of 1-Benzyloxy-2-bromo-4-methylbenzene

To a solution of 2-bromo-4-methylphencl (1.5 g, 8.0
mmol} in N,N-dimethylformamide {40 mL), potassium carbonate
(1.32 g, 9.6 mmol) was added@ and furthermore benzyl bromide
(1.05 mL, 8.8 mmol) was added thereto. The mixture solution
was stirred at room temperature for 12 hours, and then water
was added thereto and the mixture was extracted with ethyl

acetate. The organic layer was washed with a saturated sodium



m, 2.10 (1H, dt, J=13.4, 3.9Hz), 3.20-3.38 (2H, m), 3.45-3.55 (2H, m,
3.74 (1H, dd, J=4.1, 10.8Hz), 3.99 (1H, d, J=14.7Hz), 4.18 (1H, d,
J=15.4Hz), 4.20-4.32 (1H m, 6.89-6.95 (1H m, 7.08 (1H, d, J=7.7Hz),
7.16-7.26 (2H, m), 7.42-7.58 (4H, m M5 (ESI'): 413 [MrH' HPLC Retention
Time: 12.0 mnutes Exanple 14
(5 (4- N@thoxybgnzyl) 4- ggthylphenyl] 5a- &dr ba- p- D- gl uco- pyranosi de (1)
Synt hesi s of 1-Benzyl oxy-2-brono-4-methyl benzene To a sol ution of
2- br ono- 4- ﬁblﬁyigﬁeagueemsSSgluBien ﬁﬁélpr#ﬁdN{Nnuyﬁﬁpnylmagnaﬁiam (40 m),
potaSS|un1carbona g mol ) was added and furthernore benzyl
br oni de (iubgaﬁﬁ - g2 dnﬁBFg ﬁﬁg éBHEE“FhHFEtGistﬁélﬁﬂxpﬁﬂérSEPﬂPpﬁﬁ was
t d at t t 2_h dth dded_th t
and the m RFEFEVEES cRRPaRbEALnPAnTEstORe Hag: ap§9f¥’%éebwg§’iie%pa§e; was
washed th t eoQus s dried
(anhydrgts ﬁgﬁag #£%°S§EP§%?B§§ é av?ﬁgﬁgpﬁesggﬁgéﬁ#=mﬁgkgﬁsFPF unher
reduced [ e t [ u | c col um
ﬁpﬁéﬁfﬁ g? 4?2 gLn ﬂté?ﬁ Qﬂgh%ﬁﬁlg %b@g%ﬂnﬁyﬁi ) 8 3j§9.t0

chr omat ogr a utlon— exane

ontan theyfatle comoiniyel G, TED)s 0GR 43 NFLLCHERD 5. 6,80 (1

M, 7.45- {1#8 42Hy-8) 412) , SENbbesi 6301 142- BeNzyl 08y 75amey x| PRGNYH) 264-

nethoxyphenyl)nethanol In a nitrogen stream an n- butylllthlun1hexane

solution 7.48 (2H, m)
(2) Synthesis of {2-Benzyloxy-5-methylphenyl)-(4-

methoxyphenyl)methanol
In a nitrogen stream, an n-butyllithium hexane solution

(2.7 M, 2.75 mL} was added dropwise to a solution of
l-benzyloxy-2-bromo-4-methylbenzene (1.72 g, 6.2 mmol) in THF
{50 mL) at -78°C and the mixture solutlon was stirred at the
same temperature for 30 minutes. To this solution,
4-methoxybenzaldehyde {1.27 g. 9.3 mmol) was added dropwise at
-78°C. The reaction mixture was stirred at the same
temperature for two hours, and then water was added thereto
and the mixture was extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride aqueous
solution and dried {(anhydrous magnesium sulfate), and then the
solvent was distilled under reduced pressure. The obtained
residue was purified by silica gel column chromatography
[developing solution=ethyl acetate:n-hexane {(1:4)] to obtain
the title compound (1.46 g, 70%).
[0248] 'H-NMR (CDCl;) &: 2.28 (3H, s), 2.88 (1H, 4,
J=9.2Hz), 3.80 (3H, s}, 5.00 (2H, s), 5.99 (1lH, 4., J=5.6Hz),

6.80-6.88 (3H, m), 7.00-7.05 (1H, m), 7.13 (1H, &, J=1.8Hz),



(2.7 M 2.75 nL.) was added dropw se to a sol ution of

1- benzyl oxy- 2- br ono- 4- net hyl benzene (1.72 g, 6.2 mol) in THE (50 nlL) at
-78C and the mixture solution was stirred at the sane tenperature for 30

m nutes. To this solution, 4-nethoxybenzal dehyde (1.27 g, 9.3 mml) was
added dropwi se at -78C. The reaction mxfure was stirred at the sane
tenperature for two hours, and then water s added thereto and the m xture

was extracte Lth et acetate. The organic |ayer was washed with a
sat ur at ed éog?ghrgﬁlés%ée"équeous solution and dried (anhydrous magnesi um

culfate). g3, LheOthseisonien (b i niar destied dusssur e The

obt ai ned was par y Sirlica“ge nm ography

d | opi | ukj,0Q= t e: 1:4 ' t titl
compound (1. 46 o o780 L5388y o XRURERERR sy g b ehaRheng I 38, O
J=9. 2Hz) ﬁe%ﬂoﬁgﬁheﬁ)y’l_}a %tﬁ%ﬂols)(,l.i@%z,(ldﬂa ol T2 18 et ha®a80(088 (3H,
m, 7.00-7.05 (1H, m, 7.13 (1H, d, J=1.8Hz), - 98 - '7.19-7.34 (7/H, m (3)

Synthesis @f)2- 42kt baivbeian hydroxtibw pReAdstTqQ 783 #Q)Ukiad adlded ana
(2- benzyl oxy- 5- met hoxyphenyl ) - (4- net hoxyphenyl)- nethanol (1.46 g, 4.3

mol ) in nmeubghelrmoze 36l) HCA 30%1paill))asiasmadnddoxhéeetat.al e mAXtide Was
added and furthernore 36% HC1L (0.1 nL) was added thereto. The m xture was
stirred undes athydedgendatrnasydregear atfolsphese &od t72ehourise @aldalthen was
filtered off. The solvent was distilled under reduced pressure, and the
obt ai ned r $bedestadyspumiasi §d 1tieyed lbfda gdhec siodmenthmasaiddgtddied
[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:4)] to obtain the title
conpound (Bngey reduced pressure, and the obtained residue was purified
by silica gel column chromatography [develeping solution=ethyl
acetate:n-hexane (1:4)] to obtain the title compound (0.8 g,
80%).
[0249] 'H-NMR (CDC1;) 6: 2.24 (3H, s), 3.77 (3H, s), 3.89
{2H, s}, 4.55-4.56 (lH, m), 6.65-6.69 (lH, m)}, 6.80-6.86 (2H,
m}), 6.88-6.94 (2H, m), 7.11-7.16 {(2H, m)
{(4) Synthesis of [2-({4-Methoxybenzyl)}-4-methylphenyl]-
5a-carba-f-D-glucopyranoside
In a nitrogen stream, 2,3.,4,6-tetra-0-benzyl-5a-carba-o-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
{(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methoxybenzyl) -4-methylphenol (317 mg, 1.39 mmol) in toluene
(3 mL) under cooling with ice, and then tetra-
methylazodicarboxamide {TMAD, 239 mg, 1.39 mmol)} was added
thereto at the same temperature. The reaction mixture was
stirred for 20 hours while gradually raising its temperature
to room temperature. The reaction mixture was concentrated

under reduced pressure, and the obtalned residue was treated

by silica gel column chromatography [developing solution=ethyl



80% . [0249] 1H NWR (CDC13) S: 2.24 (3H, s), 3.77 (3H, s), 3.89 (2H, s),
4.55-4.56 (1H, m), 6.65-6.69 (1H, n), 6.80-6.86 (2H, m, 6.88-6.94 (2H, m,
7.11-7.16 (2H, m (4) Synthesis of (2-(4-Mthoxybenzyl)-4-nethyl phenyl]-

5a- car ba- p- D-gl ucopyranoside In a nitrogen stream

2,3,4,6-tetra- O benzyl - 5a-car ba-a D-qucq&granose (500 ng, 0.93 nmmol) and
tributyl -phosphine (0.35 nL, 1.39 nmol) re added to a solution of 2-(4-
met hoxybenzyl ) - 4- met hyl phenol (317 ng, 1.39 nmol) in toluene (3 nL) under
cool i ng wi BFetade :andiepraae t{de:dd) Inet Fieasbdiad Aeiso camidee RTAMASE 235 ny, 1. 39
mol ) was added_ thereto at the sane tenperature. The reaction mxture was

stirred fofif§HY&Ss i é‘eg'rhé’d’lﬁ’sl-l‘lTyFr didsigdg mipsed sadartdon L7 r a

and the. obEitned MBGHATE s el SRk aly/as | ACED) AR aiadechy SRR aphy
d | opi Luti on= | .-~ 9 t - h - 10) ... Th bt al ned

crude proddst e MHREMEK wae SritRE MR R BReppeh Aopo R A )

and & 20%pgiad Uy G52 e UedlaSloel Y4 AT IR { Nt Qo1 AL Lhe

m xture was stirred under hydr oge nosphere for hours, a en the

cat al yst Wgs qf igil®iad «Qf lundbie reh R préfsudes land @6l i a iRl GRE A RS Sur e
and the obtained residue was purified by silica gel colum chromatography

[ devel opi ngassuuHiiFraed Byt kyllare @fel10idodamie idhadala tobabily t[@éﬂ@l&iﬁlﬁ%’le
title conpound (88 ny, 249 . [0250] "H NWMR (CD3QD) S: 0.88-1.02 (1H, ,

(1. 42-1.60 GbHutith= fethy(lbre dhlolile :fhethadidd) (12.:2) }( Hd obtaidh khe3. 32
2H,
title compound (88 mg, 24%).

[0250] 'H-NMR (CD;OD) &: 0.88-1.02 (1H, m), 1.42-1.60 {1H,
m), 2,04 (1H, 4t, J=13.4, 4.0Hz), 2.21 (3H, s), 3.17-3.32 (2H,
m), 3.43-3.51 (2H, m), 3.70 (1H, dd4, J=4.1, 10.7Hz), 3.74 (3H,
s), 3.82 (1H, 4, J=14.7Hz), 3.92 (1H, A, J=14.7Hz), 4.06-4.16

(l1H, m), 6.77-6.82 (2H, m), 6.86-6.96 (3H, m), 7.06-7.15 (2H,

m}

MS (ESI*): 389 [M+H]"

HPLC Retention Time: 11.2 minutes

Example 15

[2-({3-Methoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside

{1) Synthesis of (2-Benzyloxyphenyl)-(3-methoxyphenyl)-

methanol

To a solution of 2-benzyloxybenzaldehyde (3.0 g, 14.1
mmol} in THF (50 mL), a solution of 4-methoxyphenyl-magnesium
bromide in THF (1.0 M, 17.0 nmL) was added dropwilse in a
nitrogen stream under cooling with ice. The mixture was
stirred at room temperature for one hour, and then a saturated
ammonium chloride aqueocus solution was added thereto under

cooling with ice and the mixture was extracted with ethyl



m, 3.43-3.51 (2H, nm, 3.70 (1H, dd, J=4.1, 10.7Hz}, 3.74 (3H, s), 3.82
(1H, d, J=14.7Hz), 3.92 (1H, d, J=14.7Hz), 4.06-4.16 (1H m, 6.77-6.82
(2H, m, 6.86-6.96 (3H m, 7.06-7.15 (2H, m M (ESI'): 389 [M+H' HPLC
Retention Tine: 11.2 mnutes Exanple 15
[2-(3-N®thoxybenzy|)phenyl]-5a-carba-3-D— Iucopyranoside (1) Synthesis of
(2- Benzyl oxyphenyl ) - ( 3- net hoxyphenyl ) - ~ Rafiol “To a sol ution of

2- benzyl oxybenzal dehyde ( 14.1 nnDI in THF (50 nL), a solution of
4- met hoxy pRERYARagn gpuﬁFQEPgﬁlééYFﬁ YAe Fﬁsbeﬁlwi hOanﬁ?tN§§t8@d§&dium
dropwi se in ni.trogen strea ] der ol.i W, th i The m xt was
stirred at PgBHﬁpgnﬁgPﬁPHFeSPgb ERB R8Gr rﬁ% (ﬁgﬁy§r§§§uP§€8& ni um
chloride a u 1.0 dd I aql i mnth i ce .and the
mixt ur e valaRhrele Py ‘ﬂﬁ B KDP SRR B RS S0 R KR
washed wi t §-gsatr at aflesg ggheahg%gﬁﬁeamogmgg%' 9,9 299 1l

(anhydr ous™ magnesium sul en th 'ven PStil e under

reduced p&Siﬁh\hechIBﬁa%b%BﬁQ r[@%'v@'i%p‘ﬂﬁ% ee&uﬁ:&%ﬁ—@ehw laf@ t9§le : nCOl UM
chromat ogr aphy [devel opi n§ sol Ution=et hyl acetate:n- hexane (1:4)] to obtain

the title pegRAENd (64493 #o &8R4kn the@2%ilk1eHoMBoLERCY3I). 96: 92 %o@J)H dd,
J=1.1, 6.0Hz), 3.73 (3H, s), 4.98-5.10 (2H, n), 6.03 (1H d, OHz) ,

6.77-6.82 [6326h1m, 6. B&bﬁwl(c(ﬁtli;)ﬁb 2.99- (182 6&H, Joh .42) 6S)zimzbeSBS7@f
2-(3- thhoxybenzyl)pheno To a solution of (2- benzyloxyphenyl) (3-
(3H, s)., 4.98-5.10 (2H, m), 6.03 (1H, 4, J=6.0Hz), 6.77-6.82
(1H, m), 6.88-7.01 (4H, m), 7.19-7.35 (9H, m)
(2) Synthesis of 2-(3-Methoxybenzyl)}phenol
To a solution of (2-benzyloxyphenyl)-(3-
methoxyphenyl )methanol (1.68 g, 5.24 mmol) in methanol (50 ml),
a 20% palladium hydroxide catalyst (168 mg) was added and
furthermore 36% HC1 (0.2 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 24 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by silica gel column chromatography [developing soluticon=ethyl
acetate:n-hexane {1:4)}] to obtain the title compound (1.29 g,
100%).
[0252] 'H-NMR (CDCls;) &§: 3.76 (3H, s), 3.97 (2H, s), 4.69
(1H, s), 6.73-6.92 (5H, m), 7.10-7.23 (3H, m}
{3) Synthesis of [2-({3-Methoxybenzyl)phenyl]-5a-carba-f-
D-glucepyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-o-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine

(0.35 mL, 1.39 mmol) were added to a solution of 2-(3-

methoxybenzyl)phenol {298 mg, 1.3%9 mmol) in toluene (3 mL)



met hoxyphenyl ) met hanol (1.68 g, 5.24 mmmol) in nethanol (50 M), a 20%

pal | adi um hydr oxi de catal yst (168 ng) was added and furthernore 36% HCl
(0.2 nL) was added thereto. The m xture was stirred under a hydrogen

at nosphere for 24 hours, and then the catalyst was filtered off. The
solvent was distilled under reduced pressure, and the obtained residue was
purified by silica gel colum chronatogiﬁéhy [ devel opi ng sol uti on=et hyl
acetate: n-hexane (1:4)] to obtain the title conmpound (1.29 g, 100%. [0252]
" H NVR (CD@!!Q)EIGGOQHBQ( ¥ithsjice3. @nd( XHens tetsrage thyldzosdi - ceri@x@rg e 5H,

m, 7.10-7.23 (3H, (3) Synthesis of
[ 2- (3- Met hé¥ nz?pﬁpﬁényﬂ]3§am@§ﬂﬁaﬂﬁﬁ Bﬂdgﬁuébﬁfﬁéﬁbgﬁdéhﬁ1ﬁémﬁltrogen
stream 2,3,4,6-tetra-0- benzxj-Sa car ba- a- | ucopyranose (500 ng, 0.93

mol ) and tEPBEEFELERosphbSe eeﬁtégnwﬂixfu§§ Ift%€F@daé@Edzpoh€u§§lutlon
f 2-(3- b h | t - 101
Snder(coolrhégﬁygﬁgéﬁga ﬁ%géﬁ &E%a gg% - %rﬁ%%ﬁﬁlgg & €.239

, 1.39 | t t t
xture vadhe) FERErAHI R ARETE! Rl °5’F‘%e§‘?a 8 e%?%%s.gﬁ?giﬁﬁgﬁetpr%%cr%t%&e to

roomtenpeLahluife obRSihSAC HQR alieX st t\e%at%an%gﬂs jahed W g] %ﬂﬁ&ced

pressure, and the obtalined residue was treated silica™g

chr omat ogr aamsmh%g @aynq d%%%:p fslamht%%f-attﬁyri heXante . (nlh% e The

obt ai ned crude produc di sso in a methanol-THF (5:2) m xe solutlon

(7 m) and(a.2@%pal radi @mahh@m&mecg raluet (as m)ss\eﬁs:e@d%dat hereto,

and the m xture was stirred under a hydrogen atnosphere for four hours, and
methanol-THF {5:2) mixed solution (7 mL) and a 20% palladium
hydroxide catalyst (55 mg) was added thereto, and the mixture
was stirred under a hydrogen atmosphere for four hours, and
then the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing
solution=methylene chlioride:methanol (10:1)] to obtain the
title compound (111 mg, 32%}.
[0253] 'H-NMR (CD,OD) &: 0.97-1.11 (1H, m), 1.52-1.68 (1H,
m), 2.12 (1H, dt, J=13.4, 4.0Hz), 3.22-3,39 (2H, m), 3.49-3.56
(24, m), 3.72-3.78 {1H, m}, 3.78 (3H, s), 3.92 (1lH, 4d,
J=14.8Hz), 4.05 (1H, 4, J=14.8Hz), 4.18-4.27 (1H, m),
6.72-6.92 (4H, m), 7.05-7.22 (4H, m}
MS (ESI*): 375 [M+H]’

HPLC Retention Time: 10.6 minutes

Example 16
[2-(4-Methoxybenzyl)-4-methoxyphenyl]-5a-carba-ff-D-gluco-

pyrancside

(1) Synthesls of 2-Benzyloxy-5-methoxybenzaldehyde

To a solution of 2-hydroxy-5-methoxybenzaldehyde (3.0 g,



then the catalyst was filtered off. The solvent was distilled under reduced
pressure and the obtained residue was purified by silica gel colum
chromat ogr aphy [devel opi ng sol uti on=net hyl ene chl ori de: net hanol (10:1)] to
obtain the title conpound (111 ngy, 32% . [0253] 'H NWVR (CD30D) 8: 0.97-1.11
(Il1H m, 1.52-1.68 (1H, m, 2.12 (1H d 02J =13.4, 4.0Hz), 3.22-3.39 (2H,

m, 3.49-3.56 (2H, n) 3.72-3.78 (1H,~ 3.78 (3H s), 3.92 (1H, d,
3=14.8Hz), 4.05 (1H, d, J=14.8Hz), 4.18-4.27 (1H gg 6.72-6.92 (4H, m,
7.05-7.22 L4KW] WPoORB éEsV)N Qi@erwmforHPmédReﬂéHt A - TPREASEAVB i nut es

E;?Sﬁlﬁigéﬁ %fyéfég%?m@ié?ﬁ%z%%aﬁzwaiﬁ HR s Bgk s BRaar He e S s eBEYd on
2 2 [ .

SNl ot PBEpRLAE RAXPRRT A9 ot fa® atahl2 nePelon O irhel Teachion uas
added and &mn@mag Q‘E@ﬁ‘:lad BroxhLdf 2m mée%tu%é £o or%§ﬁ§d9‘% ttﬂg&,eto

The reaction mxture was stirred at room tenperature urs t hen

water was gdegg hﬁsrshaean@hteh}stm %hHr @nWaRiR¥LERCHAY wa:&h&acgtehyk,ﬁaet ate.
The organic | ayer was washed with a saturated sodium chloride aqueous

sol uti on apédnhgii adetambydr eus obganes aayew (akewasaBd WHeR bLheateruerl was
distilled under reduced pressure. The obtained residue was purified by

silica gebodohmahtbiodet agaapliy kdevelion agdsaktitaonaahiiroaset at e:
n- hexane (1:4)] to obtain the title conmpound (4.8 g, 1009%.
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 (4.8 g, 100%).
[0254) 'H-NMR (CDCl;) &: 3.80 (3H, s). 5.15 (2H, s), 6.99
(1H, 4, J=9.0Hz}, 7.11 (lH, dd4, J=3.4, 9.1Hz), 7.32-7.44 (6H,
m), 10.50 {1H, s}
{2) Synthesis of (2-Benzyloxy-5-methoxyphenyl)-(4-
methoxyphenyl lmethanol

In a nitrogen stream, to a scolution of 2-benzyloxy-5-
methoxy-benzaldehyde (2.0 g, 8.25 mmol} in THF (50 mL), a
solution of 4-methoxyphenylmagnesium bromide in THF (0.5 M,
19.8 mL} was added dropwise under cooling with ice. The
mixture solution was stirred at room temperature for one hour,
and then a saturated ammonium chloride aqueous soclution was
added thereto under cooling with ice and the mixture was
extracted with ethyl acetate. The organic layer was washed
with a saturated sodium chloride aqueous solution and dried
{anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was

purified by silica gel column chromatography [developing



[0254] 1H NMR (CDC13) 6: 3.80 (3H, s), 5.15 (2H, s), 6.99 (1H, d, J=9.0Hz),
7.11 (1H, dd, J=3.4, 9.1Hz), 7.32-7.44 (6H, m, 10.50 (1H, s) (2) Synthesis
of (2-Benzyl oxy-5-nmet hoxyphenyl)-(4- methoxyphenyl)nmethanol [In a nitrogen
stream to a solution of 2-benzyloxy-5 nethoxy-benzal dehyde (2.0 g, 8.25
mmol) in THE (50 nmL), a solution of 4- nethoxyphenylnagne5|un1bron1de in THE
(0.5 M 19.8 nlL) was added dropw se undép3 cooling with ice. The mxture
solution was _stirred at roomtenperature for one hour, and then a saturated
armoni um cEPdRtdensqetbyd scetaten Rabexadgedlthddete ohdadncddiei kgtdieth ice
and the m xture M%U extracteg @nth ethyl acetate. The organic |ayer was
washed wi PAMROERH, {2+ dd930dP3chl ori de aqueous solutlon and dried

istilled under

5%‘33%3&‘)3?&@%%925'#L"S*&H@fﬁe@q aoijEE“aéSe 351 By - oF SPeeadode dobum
1 [ 1:1

Co obtain Ehe Pr e Ranadand "3 628 "$00s Sﬁoﬁég‘? B R BeArar 2 2. bt

125 art) ) 21 h?iHngaé?’ng“@)”gs “H“& Bs7R0ane - Xar Y,

J=4.1Hz), £-1918236 G7llg- 5)3@3x7ﬁynhhe5|s of
2- (4- Met hoxybenzyl ) - 4- met hoxyphenol To a sol ution of

(2-benzyl oxgy5- nsn?h@nﬁahanysk) 2(44- maithax:yaaaa uhmther&abx?gnéﬁoa, 7.25 mmol )

i n met hanol (50 a 20% pal | adi um hydr oxi de cat al yst 50 ng) was added

and furthernorerd68 sblutforSofl)2waenagiledytbenethoxypRefiyiui@-
methoxyphenyl )methanol (2.54 g, 7.25 mmol}) in methanol (50 ml),
a 20% palladium hydroxide catalyst (250 mg) was added and
furthermore 36% HC1l (0.25 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 14 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:4)] to obtain the title compound (1.62 g,
91%).
[0256] 'H-NMR (CDC1;} &: 3.74 (3H, s)., 3.78 (3H, s), 3.90
{(2H, s), 4.41 (1H, br s}, 6.64-6.86 (5H, m), 7.11-7.16 (2H, m)
{4} Synthesis of [2-(4-Methoxybenzyl)-4-methoxyphenyl]-

S5a-carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-a-

D-glucopyranose {500 mg, 0.93 mmol} and tributyl-phosphine
{0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methoxybenzyl)-4-methoxyphenol (340 mg, 1.39 mmol) in toluene
{3 mL) under cooling with ice, and then tetra-

methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added

thereto at the same temperature. The reaction mixture was



was stirred under a hydrogen atnosphere for 14 hours, and then the catal yst
was filtered off. The solvent was distilled under reduced pressure, and the
obt ai ned residue was purified by silica gel colum chronat ography

[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:4)] to obtain the title
conmpound (1.62 g, 91%. [0256] 'H- NWR (CDC13) S: 3.74 (3H, s), 3.78 (3H,
s), 3.90 (2H, s), 4.41 (1H, br s), 6.64186486 (5H, m), 7.11-7.16 (2H m

(4) Synthesis of [2-(4-Methoxybenzyl)-4-nethoxyphenyl] 5a-carba-R D

gl ucopyr anstidee@nfarn2fr bgensswhaiem gragua)ldyt catai@gbehsyte®peratbaea-

D gl ucopyranose (500 ng, 0.93 mmol) and tri butyl-phosphine (0.35 ni, 1.39
mol ) wer et@ddeamt beBPSERLNFEn ofNS- TRACKRPAORYBEREG| Yasg- RENRERYBALABI (340
ng, 1.39 nmol) in tol uene 3 L) under coollngymnth ice, and then tetra-

nethylazodPEQPEo?%ﬁ?ﬂ%d(?ﬁﬁ usgg apd thegohtpinedasesidig wasefseatsd t he

o adual 1y PR 81 £ycR. Sel cRpLRaR, F é%ﬁ%&as%p%gﬁ%épge&péiﬁghfs%ﬁgﬁpﬂgﬁ%ﬁvi{‘L'r2
{eated  pyCeHffestizhRk ﬁﬁdﬁnegaﬁ’fssgﬁ%pﬁﬁaeé 3%3%§8ﬁ§?1 MBS by

met hanol -1 ?&é?ﬁf*ﬁ%&m*ﬁé ‘nopfeRBL2pheT ?fi‘ﬁ’emméo&o LR Lo L Aot a®
catal yst (4fs nyau}@alaﬂdﬁgaibﬁia&ocatamgsih@w RGYr Gallaadbh’ Fcﬁdrueeer a

hydr ogen at nosphere for 6 hours en the catalyst was filtered off.
The sol vengnaWehe dhgkthiedwdsdetiteddcafdereasHyaragent RemeBpakpedsbeskdue

was purified by silica gel colum chromatography [devel opi ng
hours, and then the catalyst was filtered off. The solvent
was distilled under reduced pressure and the obtained residue
was purified by silica gel column chromatography [developing
solution= methylene chloride:methancl (10:1)] teo obtain the
title compound {128 mg, 34%).
[0257] 'H-NMR (CD;OD) &: 0.94-1.08 {1H, m), 1.45-1.62 (1H,
m}, 2.06 (1H, 4t, J=13.0, 4.0Hz)}, 3.20-3.34 (2H, m), 3.46-3.56
(2H, m}, 3.70-3.80 (1H, m), 3.73 (3H, s), 3.79 (3H, s), 3.88
{l1H, 4, J=14.8Hz), 3.96 (1H, 4, J=14.8Hz), 4.04-4.14 (1H, m),
6.67 (1H, 4, J=3,1Hz), 6.74 (1H, d4d, J=3.1, 8.7Hz), 6.80-6.88
(2H, m), 7.00 {(1H, 4, J=8.7Hz), 7.12-7.18 (2H, m)
MS (ESI*): 405 [M+H]"
HPLC Retention Time: 10.2 minutes

Example 17

[2-{4-Methoxybenzyl)-6-methylphenyl]-5a-carba-f-D-gluco-

pyranoside

(1) Synthesis of 2-Benzyloxy-3-methtylbenzaldehyde
To a solution of 2-hydroxy-3-methylbenzaldehyde (3.0 g,
22.07 mmol) in N,N-dimethylformamide (50 mL), potassium

carbonate (3.65 g, 26.4 mmol) was added and furthermore benzyl



sol uti on= net hyl ene chl ori de: met hanol (10:1)] to obtain the title conpound
(128 nmg, 349% . [0257] 'H- NVR (CD3CD) 8: 0.94-1.08 (1H, m, 1.45-1.62 (1H,

m, 2.06 (1H dt, J=13.0, 4.0Hz), 3.20-3.34 (2H, m, 3.46-3.56 (2H, m,
3.70-3.80 (1H, m, 3.73 (3H, s), 3.79 (3H, s), 3.88 (1H, d, J=14.8Hz), 3.96
(1H, d, J=14.8Hz), 4.04-4.14 (1H, m, 6.67 (1H, d, J=3.1Hz), 6.74 (1H dd,
J=3.1, 8.7Hz), 6.80-6.88 (2H, n), 7.00 L®B, -d, J=8.7Hz), 7.12-7.18 (2H, m
M5 (ESI'): 405 [MtH]' HPLC Retention Time: 10.2 mnutes Exanple 17

[ 2- ( 4- Met hbxpddey K 2~ 8- mbt, hyKpde muoll-)5yagaaddedDidlesredo . py Tiwgo gilcd uire)

Synt hesi s of 2-Benzyl oxy- 3-net htyl benzal dehyde To a sol uti on of

2- hydr oxy- Bafgefh}rEEAz 3td ERPHe teRpergture for @fohpuns . Nardditienh Watermani de
(50 nmL), potassium_ carbonate (3.65 26.4 mmol ) was added and furthernore
benzyl - 1885 Bﬂéﬁﬂdéhef%%ﬁﬂdzzh? %ﬂfﬂt)lr\'iaaya&d&é‘&rﬁﬁéﬁé‘t ylthhethnl ure
was stirred a roon1%%nperature for 26 hours r was added

dt
thereto anBSBHRBLRI xt APE RETABILr JGVEX WFFhW@FHfE W&é@? tﬁpbéﬁdéupayer
hed t hi | t dd d
(anhydr ous cHabRsde u%‘lﬁr BhpeRitedth BHaarfgal @X?‘%@&uaﬁ'a%?‘%aq&a‘ indor
reduced pEﬁ%%HF 3, THRACRh3h "¢t e' %5'l%ﬁt"‘%spﬁﬁ'sft'ﬁq_eﬁhu?l'tile!r:c?'fﬁi:) dCOI um

chromat ogra éve opi ng sol uti on=et acet ate: -

b h d a n e SBhril a 36 (3H
g)ta;“;? (egscbggafeowﬁﬁa( o5l = 1:@9‘3{%1 La2ogl 1%%@5139%@91@: g %H dg

J=1.4, column chromatography [developlng solution ethyl acetate: n-
hexane (1:4)] to cobtain the title compound (5.0 g, 100%).
[0258] 'H-NMR (CDC1;) &: 2.36 (3H, s), 4.97 (2H, s), 7.16
(1H, t, J=7.4Hz), 7.36-7.49 (6H, m), 7.68 {(1lH, 4dd, J=1.4,
7.8Hz), 10.26 (1H, d, J=0.5Hz}

(2) Synthesis of (2-Benzyloxy-3-methylphenyl)-(4-

methoxyphenyl)methanol

In a nitrogen stream, to a solution of 2-benzyloxy-3-
methyl-benzaldehyde (1.87 g, 8.25 mmol) in THF (50 mL), a
solution of 4-methoxyphenylmagnesium bromide in THF (0.5 M,
19.8 mL) was added dropwise under cooling with ice. The
mixture was stirred at room temperature for one hour, and then
4 saturated ammonium chloride aquecus solution was added
thereto under cooling with ice 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 scolvent was
distilled under reduced pressure. The obtalned residue was
purified by silica gel column chromatography [developing
solution= ethyl acetate: n-hexane (1:5)] to obtain the title

compound (2.76 g, 100%}.



7.8Hz), 10.26 (1H, d, J=0.5Hz) (2) Synthesis of

(2- Benzyl oxy- 3- net hyl phenyl ) - (4- met hoxyphenyl) nethanol In a nitrogen
stream to a solution of 2-benzyl oxy-3- nethyl-benzal dehyde (1.87 g, 8.25
mmol) in THE (50 nmL), a solution of 4-methoxyphenyl magnesi um brom de in THE
(0.5 M 19.8 nL) was added dropw se under cooling with ice. The mxture
was stirred at roomtenperature for one #08r; and then a saturated anmoni um
chl ori de aqueous squtJon was added thereto under cooling with ice and the
m xture waf0@%Plact ed "HuNMR etGRd1l:dcét ake36TheHor §dni €-F3yéiHwad.washed with

a saturated_sodi umchlqri agyeoys .sol ution_and dried nhydr.ous
nagnes?unlgﬁpf Fé#: gna tkgﬁ' gi'sgP9§ﬁﬁgaés(2§PsPiP:édoagzéﬁxrgdﬂced

Ehfiiéiﬁgr 55y R oFopreg - BEo ERr oMl ernhE° 2cbpat ok Al 2ndst T a1, (24

i i 2 76 @ 1100% ~ - %06_.[0259] 1H NVR (CDC13) 6:
g.gg'gsh’eg§}t2$%§9?EE§UEQHQJQ§fngﬁ%-g;%g 63&: E?F PR (2&, n),)e.oz
1H, d, J=5,OHz 86 02kl ] . _7.21 (2H, ),
Too. 7 28 (3 nprnongdal 8 p2ia-Mbendgohadl)  Btnebhyl pbiiof 21 (21 1)
2'(4'N@thOXybenZYb)a658§ﬁﬁibﬁh890k2—E@n@yi@k?fbOﬂeﬁﬁylpFe?glgé(4—

(2- benzyl oxy- 3- net hyl phenyl ) - (4- net hoxyphenyl ) - met hano g, 8.25 mmol)

i n et hanohe ¢B8xyphenya ) 2% tRahbadi unrbydr, osi.de aabalysh méthanBl (@8 added
and furthernore concentrated hydrochloric acid (0.27 nL) was added

thereto. The)p atpoe padlatiiomeHydpdedide hudadgen aArmesphor @wasf addeéd hadrs,
and then the catalyst was filtered off. The

furthermore concentrated hydrochloric acid (0.27 mL) was added
thereto. The mixture was stirred under a hydrogen atmosphere
for 18 hours, and then the catalyst was filtered off. The
solvent was distilled under reduced pressure, and the obtained
residue was purified by silica gel column chromatography
[developing sclution=ethyl acetate:n-hexane (1l:4)] to obtain
the title compound (1.75 g, 93%).
[0260] 'H-NMR (CDCl;) &: 2.22 (3H, s), 3.78 (3H, s), 3.93
(2H, s), 4.63 (1H, br s), 6.77-6.86 (3H, m}, 6.96-7.05 (2H,
m), 7.11-7.17 (2H, m)
{4) Synthesis of [2-(4-Methoxybenzyl}-6-methylphenyl]-

S5a-carba-f-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-c-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methoxybenzyl)-6-methylphenol (318 mg, 1.39 mmol) in toluene
(3 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added

thereto at the same temperature. The reaction mixture was

stirred for 48 hours while gradually raising its temperature



solvent was distilled under reduced pressure, and the obtained residue was
purified by silica gel colum chronmatography [devel oping sol ution=ethyl
acetate: n-hexane (1:4)] to obtain the title conpound (1.75 g, 93% . [0260]
1H NWVR (CDC13) 6: 2.22 (3H, s), 3.78 (3H, s), 3.93 (2H, s), 4.63 (1H, br
s), 6.77-6.86 (3H, m, 6.96-7.05 (2H, nl 7.11-7.17 (2H, m (4) Synthesis
of [2-(4-Methoxybenzyl)-6-nethyl phenyl J- ga-Carba-p-D-gIucopyranoside In a
nitrogen stream 2,3,4,6-tetra-0O benzyl-5a-carba-a D gl ucopyranose (500 ng,
0. 93 mol ) tangeem EEFPRIAREEERI n&he( gesstipn Bizgurspmpsweoacsadaated a
solution of 2-(4- nethox§benz%%%-6-nethﬁlphenol (318 ,. 1.39 muol) in

tol uene (BMAEF GRABFEELBFER§URLL haPde thenQPtRdACHerrgidue was treated

t hyl dj ide. (TMAD, 23 oL 39 I ded her et h
Cam t arpePt BRGL T EeT oEUPBR. AREPHPESaBarTT: { eaLeRt nag sRid Almerby L
dual | LSl it t -1 t t t ..Ih ti
rixture oSt %*é%ﬁb;ﬁfﬂ%%%ﬁ&%éﬁbﬁéduc@ﬁet??%sé‘é’lﬁ??[ ShiaenRe @Pgﬁi@&??i& dve

was treate | e (0] r ng S | =
oot at o n-asasse. 18, fheERoHET FRECTS 30 ARK EPYGL IO Rl gRATE ™

met hanol - Thgs ( Ba?) ali ¥R0ngaLHL: QR (:Etg%gs%”‘i"?% m§98w9§| hadeumeRudeeyi de

catalyst (72 ng) was added thereto, the m xfure was stirred under a

hydrogen ahf@spherfikenré wheustirzed thaert Rengatakis! avassbhlier edroff .
The solvent was distilled under reduced pressure and the obtai ned residue

was purifimBduby,sahiicahgal thel vamathsemeasgraphgredeveElfopi mhe sohlvenen=
nmet hyl ene chl ori de: met hanol (10:1)] to obtain the
was distilled under reduced pressure and the cobtained residue
was purified by silica gel column chromatography [(developing
solution= methylene chloride:methanol (10:1)] to obtain the
title compound (180 mg, 50%).
(0261] 'H-NMR (CD;OD) d: 1.16-1.35 (2H, m), 1.74-1.88 (1H,
m), 2.33 (3H, s), 3.16-3.26 (2H, m), 3.42-3.52 (1H, m), 3.54-
3.68 (2H, m), 3.74 (3H, s), 3.92-4.02 (2H, m}, 4.08 (1H, 4,
J=15.3Hz), 6.77-6.83 {(2H, m), 6.86-6.91 (2H, m), 6.96-7.04
(1H, m), 7.05-7.12 (2H, m)
MS (ESI'): 411 ([M+Nal’

HPLC Retention Time: 10.8 minutes

Example 18

[2-(4-Methoxybenzyl)-4-fluorophenyl]-5a-carba-f-D-gluco-

pyranoside

(1) Synthesis of {2-Benzyloxy-5-fluorophenyl)-(4-
methoxyphenyl }methanol
In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 2.4 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromo-4-flucrcbenzene (1.5 g, 5.33 mmol) in THF

(60 mL) at -78°C and the mixture was stirred at the same



title conpound (180 ng, 508). [0261] 1H NWR (CD3OD) S: 1.16-1.35 (2H m,
1.74-1.88 (1H m, 2.33 (3H, s), 3.16-3.26 (2H, nm), 3.42-3.52 (1H, m,
3.54- 3.68 (2H, m, 3.74 (3H, s), 3.92-4.02 (2H, m, 4.08 (1H, d,

J=15.3Hz), 6.77-6.83 (2H, m, 6.86-6.91 (2H, m, 6.96-7.04 (1H m,
7.05-7.12 (2H, m) MS (ESI'): 411 (M+Na]4 HPLC Retention Tinme: 10.8 ninutes
Exanpl e 18 [ 2-(4- Met hoxybenzyl)-4-fl uoropR&nyl ] - 5a- car ba- p- D- gl uco-
pyranosi de (1) Synthesis of (2-Benzyl oxy-5-fluorophenyl)-(4-

met hoxyphetgmperatarel fokn 3@ minhndgsn soedinisamolutdion,| ial Eolmtiewna e
solution (2.44 M 2.4 nL) was added dropwi se to a solution of 1-

benzyl oxy- 2-methoxzybengeddebydend 0( 6. §.94-3238medo| Jini THFHK 20( 8@ )niwasat - 78C
and the m xture was stirred at the same - 108 tenperature for 30 m nutes.
To thi s sokrddedndrapwdiset adn -GB°C4- nBhaoredehian dekytereowasgstarnednmabl ) in

THE (20 nL) was added drg&mﬁse at -78C. The reaction m xture was stirred at
the same t &RSefalGr LSMBETGTETROERT QRE DRYK o205k Fhered SahWEHLeS chil ori de

acetate. - TRERGRGE enigsaRe' ARESRRenan itiamawen GAdFE] tOSTELn RforPEe
saueous Sohii, MR S ERCCN G S R SRTIAN. | SH) oA Syl
oM ol RSO BN CATUOR Uil ottt
and dried (anhydrous magnesium sulfate), and then the solvent
was distilled under reduced pressure. The cbtained residue
was purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtain the title
compound (0.98 g, 66%).
[0262] 'H-NMR (CDC1,} &: 2.66 (1H, dd, J=0.8, 4.9Hz), 3.80
(3H, s), 4.98 (2H, s), 6.01 (1H, @, J=4.9Hz), 6.83-6.90 (4H,
m), 7.14 (1H, 44, J=3.0, 9.0Hz), 7.20-7.34 (7H, m)
(2) Synthesis of 4-Fluoro-2-(4-methoxy-benzyl)phenol
To a sclution of (2-benzyloxy-5-fluorophenyl)-(4-
methoxyphenyl)-methanol (0.98 g, 2.90 mmol) in methanol (18.6
mL), a 20% palladium hydroxide catalyst (98 mg) was added and
furthermore 2N-HCl (1 mL) was added thereto. The mixture was
stirred under a hydrogen aimosphere for 15 hours, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure, and the obtained residue was purified by
silica gel column chromatography [developing scolution=ethyl
acetate:n-hexane (1:6)] to obtain the title compound (0.55 g,
82%).
[0263] 'H-NMR (CDCl,) &: 3.78 (3H, s), 3.89 (2H, s}, 4.65
(1H, br s), 6.68-6.73 (1H, m), 6.77-6.87 (4H, m}, 7.11-7.12



conpound (0.98 g, 66% . [0262] 1H NMR (CDC13) 6: 2.66 (1H, dd, J=0.8,

4.9Hz), 3.80 (3H, s), 4.98 (2H, s), 6.01 (1H d, J=4.9Hz), 6.83-6.90 (4H,
m, 7.14 (1H dd, 3=3.0, 9.0Hz), 7.20-7.34 (7H. n) (2) Synthesis of

4- Fl uor o- 2- (4- met hoxy- benzyl ) phenol To a sol ution of
(2-benzyl oxy-5-fl uorophenyl)-(4- methoxyphenyl)-nethanol (0.98 g, 2.90 mmol)
in methanol (18.6 nlL), a 20% pal | adi um & oxi de catal yst (98 ng) was added
and furthernore 2N-HCO (1 nL) was added.thereto. The m xture was stirred
under a hydrdgem)at nosphere for 15 hours, and then the catalyst was
filtered off. The solvent was distilled under reduced pressure, and the

obt ai ned r dSi)due Sathasdx iefd [Rr ( &iMe thesghiengd lumt dhresrrarianphl -
[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:6)] to obtain the title
conpound (0.55 g5a-gagba{foPsglunenywRneeddes) 6: 3.78 (3H, s), 3.89 (2H,
s), 4.65 (1H, br_s), 6.68-6.73 (1H m, 6.77-6.87 (4H, m, 7.11-7.12 - 109
- (2H, m (3) syhPhésipdtgregen Gt 0yBertzfintedra-GrRsarary1ja- carba-a-
23 4, o1 otr @ RHEREE X, i 7 I BB S A S o -RREPHRR ) and
et hoxy benag 4 1 ucr sen SR L i e S SNk B2 AT D) ncer
cool i Ng Wi oty b 1NN LI GrogiRIdA 208l Gy POXE dnd TMAR 2idHe 1. 39
mmol ) was added “thereto at the sane tenperature. The reaction mxture was
stirred forgs#&ihownaemidddamflualiy icd Sidi idhed argefat ure
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred for 48 hours while gradually raising its temperature
to reom temperature. The reaction mixture was concentrated
under reduced pressure, and the obtained residue was treated
by silica gel column chromatography [developing sclution=ethyl
acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in a methanol-THF (5:2) mixed solution {7 mL}) and a
20% palladium hydroxide catalyst (22 mg) was added thereto,
and the mixture was stirred under a hydrogen atmosphere for
four hours, and then the catalyst was filtered off. The
solvent was distilled under reduced pressure and the obtained
residue was purified by silica gel column chromatography
[developing solution= methylene chloride:methanol (10:1)] to
obtain the title compound (103 mg, 29%).
[0264] 'H-NMR (CD,OD) &: 0.99-1.13 {1H, m}, 1.50-1.65 (1H,
m), 2.08 (1H, dt, J=13.4, 4.0Hz), 3.22-3.35 (2H, m), 3.50-3.57
{2H, m), 3.75 (1B, 44, J=4.0, 10.7Hz), 3.79 (3H, s), 3.87-4.02
(2H, m), 4.11-4.21 (1H, m}, 6.79 (1H, 44, J=3.1, 9.4Hz), 6.83-

6.92 (3H, m), 7.06 (1H, 44, J=4.7, 8.9Hz), 7.12-7.20 (2H, m)



to roomtenperature. The reaction m xture was concentrated under reduced
pressure, and the obtained residue was treated by silica gel colum
chromat ogr aphy [devel opi ng sol uti on=ethyl acetate:n-hexane (1:10)]. The
obt ai ned crude product was dissolved in a nmethanol-THF (5:2) m xed sol ution
(7 nmL) and a 20% pal | adi um hydr oxi de catal yst (22 ng) was added thereto,
and the m xture was stirred under a hydr&b@n'atnnsphere for four hours, and
then the catalyst was filtered off. The solvent was distilled under reduced
pressure aM8 {B8I0bt a#h2dIMBa)due was purified by silica gel col um
chronatograg E Ldevelopln solutlon— nmet hyl ene chlorlde met hanol (10:1)] to
obt ai n t heHFPEE| Beg HﬁéeﬁdTg Ag - 92B3putes§264] ' H-NVR (CD3OD) S 0.99-1.13
(1H n, 1 50-1, 65 : 2 08’ (1H, dt, J=13.4, 4.0Hz), 3.22-3.35 (2H

, 3.50- 3_§$EE%Q#L_n) 3. 75 (1H, dd, J=4.0, 10.7Hz), 3.79 (3H s),
3 87-4.02 : 6.79 1, dd J=3. 1 9. 4FE), 6. 83-
6.92 (3H, : HY - M8

[ enz 14~ 20
(ESI~) : [ M+ t egt t

(2-(3- Fluo§§%enz$?b QE&?]gga?gaP§Hz}i@?apﬁ%g%%?éﬁ%s? E?%ggh§15h63|s of
(2-Benzyl oxyphenylL}rbash! uorophenyl)- nethanol In a nitrogen stream an

n-butyl lithiumhexane solution (2.44 M 5.65 nlL) was added dropwi se to a
solution of 1- bepzyl AX¥régbhOBPLERRENEN (R-Bulyl12tRiiROhexhAe TEE1(#PoRL) at
-78C and the mixture solution was stirred at t%e sanme tenperature for 30

m nutes. T2t BasMy 5t e6emLy %@kUbdABAOBropwise to a solution of 1-

0 L OS il

benzyloxy-2-bromobenzene (3.3 g, 12.5 mmol) in THF {40 mL) at
-78°C and the mixture solution was stirred at the same
temperature for 30 minutes. To this mixture, a solution of
3-fluorobenzaldehyde (1.40 g, 11.3 mmol) in THF (5 mL) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for one hour, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)) to obtain the title compound {2.26 g, 65%).
[0265] lH-NMR (CDCl;) &: 3.00 (1H, 4, J=6.3Hz), 5.57 (1H,
d, J=11.5Hz), 5.60 (1H, 4, J=11.5Hz), 6.01 (1lH. 4, J=6.3Hz),
6.85-7.15 (5H, m}, 7.17-7.4 (7H, m)
MS (ESI*): 308 [M]"
(2) Synthesis of 2-(3-Fluorobenzyl)}phenol

To a solution of {2-benzyloxyphenyl)}-(3-

fluorophenyl)methanol (2.54 g, 7.51 mmol) in methanol (30 ml),



3-fl uorobenzal dehyde (1.40 g, 11.3 mmol) in THE (5 nL) was added dropw se
at -78C. The reaction mxture was stirred at the sane tenperature for one
hour, and then water was added thereto and the m xture was extracted with
ethyl acetate. The organic |ayer was washed with a saturated sodi um

chl ori de aqueous solution and dried (anhgdrous magnesi um sul fate), and

then the solvent was distilled under redbtdd- pressure. The obtained residue
was purified by silica gel colum chronatography [devel opi hg sol uti on=et hyl
acet at e: n- ﬁe%ﬁéepa@laﬂéPF hydsprans FﬁéaﬂYﬁ%e(éﬁﬁpﬁaddWPE @Q%Qd e5% . [ 0265]
1H NWVR (CDClSl &1H d, J=6.3 % gl =11.5Hz), 5.60 (1H,
d, J=11.5HERT BGET°F§H2 gHC3=§03p8, L) a§5a¢d? FbﬁrEE? 7The. PIXTETR m) MBS

o ool TR ok AR Bl 88 i
h | - h d I 00

otoa ond and Ehep thd srRafyBDRss oty LR 81LCE GRLRSET ﬁé%nw”ﬁﬁe“m

sol uti on “@is%lhi%ﬁduﬂaggrr?gﬁ&%ﬁogﬁg QEEBSPQEEG har o p Qﬁy§Fsia§Q fAgn

the catalyst was fTiltere ePsol vent ' was |st| unde uce

pressure, aafli‘fhedoaflagmﬂcaeabqueomn BHEbMaEE F})ﬂpﬁk' '[aava%p&a%;um
chromat ography [developing solution=ethyl acetafe:n-hexane (1710)] to

obt ai n thesblﬁtEonﬁéﬁﬁ9mnﬁcé§39enﬁrhéﬁ%%e (0266 ]1HoNNBtﬁ§HC%§L €it3e98 (2H,
s), 4.70 (1H, s), 6.75- 7.3 (8H, m WM (ESI-): 1 MH

compound {620 mg, 42%).
[0266] 'H-NMR (CDCli) 8: 3.98 (2H, s), 4.70 (1H, s), 6.75-
7.3 (8H, m)
MS (ESI"): 201 [M-H]"
{3) Synthesis of [2-(3-Fluorobenzyl)phenyl]-5a-carba-p-

D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (400 mg, 0.743 mmol) and tributyl-phosphine
(0.278 mL, 1.11 mmol) were added to a solution of 2-(3-
fluorobenzyl)phenol (225 mg, 1.11 mmol) in toluene (2.5 mL}
under cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 192 mg, 1.11 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 14 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained residue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)]. The obtained crude prcduct was dissclved in a
methanol-THF (5:2) mixed scolution (7 mL) and a 20% palladium
hydroxide catalyst (40 mg)} was added thereto, and the mixture

was stirred under a hydrogen atmosphere for 24 hours, and then



(3) Synthesis of [2-(3-Fluorobenzyl)phenyl]-5a-carba-p- D gl ucopyranoside
In a nitrogen stream 2, 3,4,6-tetra-0O benzyl -5a-carba-a- D gl ucopyranose
(400 ng, 0.743 mmol) and tributyl-phosphine (0.278 niL, 1.11 mmol) were
added to a solution of 2-(3- fluorobenzyl)phenol (225 ng. 1.11 mmol) in
toluene (2.5 nL.) under cooling with ice, and then

t etranet hyl azo- di carboxam de (TMAD, 1921hk®,-1.11 nmol) was added thereto at
the sane tenperature. The reaction mxture was stirred for 14 hours while
gradual | y thescagalystt eapefdlbteeetioofdom Thrpevavent. washdiseaddtliedn m xture
was concentrated under reduced pressure, and the obtained residue was
treat ed byusflercaeduredopusssurir endt sheaphfafidedelrepidyeswiast pomiétiled
acetate: n-hexane (1:10)]. The obtained crude product was dissolved in a

met hanol - TPE ESliyanB%édCQéPGFi@hremaﬁepréﬁbYa[QGSGQQPﬁaQiun1 hydr oxi de
catal yst (40 ) was added thereto, and the m xture was stirred under a
hydr ogen affb¥ ﬁ@PemPBPYéﬁnﬁoGP§°r&ﬁ& Fﬁéﬁaﬂoililotﬂé]C§PaPP§Pi%a§hP|Itered
of f. The sg Ent was di 5 ugsg reduced pressure and the obtained

resi due wa ﬁ Pi FPEHOUB é b ig- dol urm chr ormat ogr aphy [developing

(76 . 260028702671 ?@%@%ﬁ gt éé] W Oda? 3=3477. 1a Gugf o
(ah . a7 I et (%S /2995 3ff- g€ %1 Poifuis], (3 @ziaﬁciﬁd
g3%€ 2;?) %%g?33$%§ ERB 8. 95 Q%H Eh 6= 9077063(§Hz)"?a 630818, 27

d, J=14.9Hz), 4.05 (1H, d, J 14 9Hz}, 4.1-4.3 (1H, m),

6.8-6.95 (3H, m), 7.0-7.06 (2H, m), 7.08-7.27 (3H, m).

MS (ESI'): 363 [M+H]", 385 [M+Na]’

HPLC Retention Time: 10.9 minutes

Example 20

[2-(3-Methylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside

(1) Synthesis of [2-(3-Methylbenzyl)phenyl]-5a-carba-f-

D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-fi-
D-glucopyranose (413 mg, 0.743 mmol)} and tributyl-phosphine
{0.233 mL, 1.15 mmol} were added to a toluene (2.5 mL)
soluticn of 2-(3-methylbenzyl)phenol (228 mg, 1.15 mmol) as
described in Uzbekskii Khimicheskii Zhurnal (1984}, 6, 31-4
and the like under cooling with ice, and then
tetramethylazodicarboxamide {(TMAD, 198 mg, 1.15 mmol) was
added thereto at the same temperature. The reaction mixture
was stirred for 15 hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue

was treated by silica gel column chromatography [developing



HPLC Retention Tinme: 10.9 mnutes Exanple 20

[ 2- (3- Met hyl benzyl ) phenyl ] - 5a- car ba-j 3- D- gl ucopyranosi de (1) Synthesis of
(2-(3- Met hyl benzyl ) phenyl ] - 5a- carba-(3- D gl ucopyranoside In a nitrogen
stream 2, 3,4,6-tetra-0O benzyl -5a-carba-3- D glucopyranose (413 ng, 0.743
mmol ) and tributyl-phosphine (0.233 nL, 1.15 mmol) were added to a tol uene
(2.5 m.) solution of 2-(3-methyl benzyt)phénol (228 ngy, 1.15 mmol) as
described in Uzbekskii Khimcheskii Zhurnal (1984), 6, 31-4 and the |ike
under cool sajubibh=etbylandethér : nt-bexamet (1 a24di.cafhex abitdd neiMabuaed8 ny,
1.15 mmol) was added thereto at the same tenperature. The reaction m xture
was stirredre@uciswasufdsapivedgindaameihpard-BYFi (2 : St empaedt sodutdonoom
tenperature. The reaction m xture was concentrated under reduced pressure,

and the obfai ®ed PBYi dud0*\R3lLpdipByhEATrexiieacgirlystudOcREdn®aSgr aphy
d | opi - 11 | uti on=zet hyl tate: n-h 1:1 . Th bt ai ned
rude pr ofdteduiaeTBLeol 383 FREAMIGEHAROFETHELLITEN HRARY SoPYCRGESR 7 )
d 20% pal | adj hyd I, d talyst (4 d th t th
i xtur o vl CupBphEge KR S4% nERESen ahat SBeEPE” Par A0VEY Ao E 1a5a B en  he
cat al yst “%?ff'lgﬁéegoéggﬁt V4§ EQF¥EEﬁgﬁaﬁnﬂb§tEhhﬁgeﬂngﬁés%ﬁggcﬁﬂ Plifasure
0 uritied by silrca ge mooC

and the ai ne “resrdue was p . col romatography
oveun {To5ShA-aRaTEas 388, EeEAe, FRLERTeL- 403 At )T L2 e
12. 9Hz) , chromatography [developing solution=methylene
chloride:methanol (10:1)] to obtain the title compound (109 mg,
40%).
[0268] lH-NMR (CD;OD) &: 0.95 (1H, dd, J=24.4, 12.9Hz),
1.45-1.62 (1H, m), 2.06 (1H, 4t, J=13.1, 4.0Hz), 2.27 (3H, s),
3.15-3.30 (2H, m), 3.42-3.52 {(2H, m), 3.70 (1H, 4d, J=10.7,
3.9Hz), 3.87 (1H, 4, J=14.8Hz), 3.98 (1H, d, J=14.8Hz}, 4.1-
4.25 (1H, m), 6.81-6.88 (lH, m), 6.9-7.2 (7H, m)
MS (ESI'): 376 [M+NH,]", 359 [M+H]’
HPLC Retention Time: 11.4 minutes

Example 21

[5-Fluoro-2-{4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside

{1) Synthesis of 2-Benzyloxy-1l-bromo-4-fluorobenzene
Potassium carbonate (2.61 g, 18.8 mmol) was added to a
solution of 2-bromeo—5-fluorophenol (3.0 g, 15.7 mmol) in DMF
{15.7 mL) and the mixture was stirred in a nitrogen stream at
room temperature for 15 minutes. To this solution, benzyl
bromide (2.69 g, 15.7 mmol) was added dropwise at the same
temperature and the mixture solution was stirred at the same

temperature overnight. To the reaction mixture was added a



1.45-1.62 (1H, m), 2.06 (1H, dt, J=13.1, 4.0HZ), 2.27 (3H, s), 3.15-3.30
(2H, m, 3.42-3.52 (2H, m, 3.70 (1H, dd, J=10.7, 3.9Hz), 3.87 (1H, d,
J=14.8Hz), 3.98 (1H, d, J=14.8Hz), 4.1- 4.25 (1H, nm), 6.81-6.88 (1H m,
6.9-7.2 (7H, m) MS (ESI'): 376 [ MINH4]', 359 [MrH]' HPLC Retention Ti ne:
11.4 mnutes Exanple 21

[ 5- Fl uor o- 2- (4- net hoxybenzyl ) phenyl ) - 5a- €a#ba-j 3- D- gl uco- pyranosi de (1)
Synt hesi s of 2-Benzyl oxy-1|-brono-4-fl uorobenzene Potassium carbonate (2.61
g, 18.8 mmpblramsiumdigdrogeasuddhtei aquebus- bodmidnf,| andorhenolixtare g,
15.7 mmol ) in DMF 115.7 nL% and the m xture was stirred in a nitrogen
stream at W#ﬁoﬁﬁt@ﬁﬁéﬁétﬁﬁé f 8thyd pretiags. TEhehprgesiict leverbwasyl

brom de (2.69 g, 15.7 mmmol ) was added dropwi se at the sane tenperature and
t he n1xtur@a§BPGtwaﬁhmésSéﬁprﬁéedaﬁoﬁﬁemssﬁéor#éﬁpéﬂaﬁepé §editiight andlo t he

dded - hyd | f
Coruti on, HAueRr(EARYARPES MRONERLPELBUGTALEN PRSI LASEI 4be. SPATSBRgHAPC
I t ted_sodi l.ut d
e (anngur BhL AEGHBSREE RS By SSRRAS: noAbEEbLaLD ﬁi‘%ﬁéid‘t‘lal 8P | ed
d d I I
ol umm ch BUELERRAoRY AbveRopiocoLbil FHRcHERerEHEhY: TOsREABR AR T .

ggm)ogyfﬂ (6 égg&gg g%lexgrf.eq ¢g! %s&g ?gla thzg%ogy &Iﬁsf(ngg_% 6983914
(2-Benzyl oxy- 4- &bmeemebsnﬁhi.(4-

[0269] 'H-NMR (CDC1l,) &: 5.14 (2H, s), 6.56-6.72 (2H, m),
7.31-7.52 (6H, m}
{(2) Synthesis of (2-Benzyloxy-4-fluorophenyl)-(4-

methoxyphenyl )methanol

In a nitrogen stream, an n-butyllithium hexane soclution
(1.59 M, 3.14 mL) was added dropwise to a solution of 2-
benzyloxy-l-bromo-4~fluorobenzene (1.4 g, 5.0 mmel) in THF
(50 ml) at -78°C and the mixture was stirred at the same
temperature for 15 minutes. To this solution, a solution of
4-methoxybenzaldehyde (680 mg, 4.99 mmol) in THF (15 mL) was
added dropwise at -78°C and the mixture was stirred at the
same temperature for 1.5 hours, and then a saturated ammonium
chloride agueocus solution was added thereto and the mixture
was extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride aqueous solution ang
dried (anhydrous magnesium sulfate)}, and then the sclvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing

solution= n-hexane:dichloro-methane:acetone {12:3:1)}] to

obtain the title compound {1.41 g, B3%) as a colorless oil.



met hoxyphenyl )met hanol In a nitrogen stream an n-butyllithium hexane
solution (1.59 M 3.14 nlL) was added dropwi se to a solution of 2-

benzyl oxy- 1- br ono- 4- f | uor obenzene (1.4 g, 5.0 mol) in THE (50 m) at -78C
and the m xture was stirred at the sanme tenperature for 15 mnutes. To this
solution, a solution of 4-nethoxybenzalfﬁhyde (680 nmy, 4.99 mol ) in THE
(15 n.) was added dropw se at -78C and ® frixture was stirred at the same

tenperature for 1.5 hours and then a saturated ammoni um chl ori de aqueous
sol ution wh82%@ded t heHetMRa@DMe ) nPxt 2567 (&H. eftt r debedHad ¢ h3eFAyK 3H,

Zalﬁéihi sof bt Bo84, l@zh Sgd“’?aﬂn“’ziﬂﬁi T naspﬁ%&iL?iE?ﬁ?ihﬁ?zﬁELﬁﬁ{.ﬂS

T . .
a1 11ed" b &iT 888 S o cRYG 72 Bot By ™) devel opi ng. sol uti o
(1o ebiy ‘”ggﬂ’@ﬁ?ﬁ?eé‘ﬁe%?ﬁ-%éx%’aa%%%>9E£-ﬁ?a&°%%§e§b§ﬁ§ SR TiH
(ot oy o ol ool 36, (gt e Abafpgiy i) o o2 €70
2- (4- Met hoxy bREZYpheRy i) Uﬁé@ﬁ&ﬁ&@' 271898 ﬁ0|9t19nmﬂ51} in methanol ({20

(2- benzyl oxy-4-fl uorophenyl) - (4- nethoxyp enyl ) - net hanol (2.095 g, 6.19
mol ) in ngthanal 20€0palladiam2RYapakiadi gathygsexideocaydl wak ha@Ganehawas

added and furthernmore 2N-HC1 (0.3 nL) was added thereto. The m xture was
stirred unflerthehydreg2N-BCho$phar L) owadbalidadsthapdtbhenThehaigatiakyst was
filtered off. The solvent was distilled under reduced pressure, and the
obt ai ned rea$dstivmedpundéired hydrogen atmosphere for 16 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by silica gel column chromatography [developlng solution=ethyl
acetate:n-hexane (1:5)] to obtain the title compound (489 mg,
34%).
[0271] 'H-NMR {(CDC1;) &: 3.78 (3H, s), 3.89 (2H, s), 4.88
(1H, s), 6.50-6.40 (2H, m), 6.80-6.88 (2H, m), 7.04 (1H, 44,
J=6.6, 8.2Hz), 7.08-7.15 {(2H, m)
MS (ESI"): 231 [M-H]
(4) Synthesis of [5-Fluoro-2-(4-methoxybenzyl)phenyl]-
5a-carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-fi-
D-glucopyranose (500 mg, 0.928 mmol) and tributyl-phosphine
(0.346 mL, 1.39 mmol) were added to a solution of
2-(4-methoxybenzyl)-5-fluorophenol (323 mg, 1.39 mmol) in
toluene (2.5 mL) under cooling with ice, and then
tetramethylazodicarboxamide (TMAD, 240 mg, 1.39 mmol} was

added thereto at the same temperature. The reaction mixture

was stirred for 17 hours while gradually raising its



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

acetate: n-hexane (1:5)] to obtain the title conpound (489 ng, 34%. [0271]
"H-NWR (CDC13) 6. 3.78 (3H, s), 3.89 (2H, s), 4.88 (1H, s), 6.50-6.40 (2H,
m, 6.80-6.88 (2H m, 7.04 (1H dd, J=6.6, 8.2Hz), 7.08-7.15 (2H m M5
(ESI-): 231 [MH (4) Synthesis of [5 Fl uor o- 2- (4- met hoxybenzyl ) phenyl ] -

5a- car ba- 13- D- gl ucopyranosi de In a nitrbyen stream
2,3,4,6-tetra- O benzyl - 5a-carba-3 D gl ucopyranose (500 ng, 0.928 mmol) and
tributyl - phemparatureotgqgonn, tQmBanﬁ9r¢ weTheatdagtionamdstureowasf

2- (4- met hoxybenzyl ) -5-fl uor ophenol (323 . 1.39 mol) in tqueneESZ 5 nm)
under cool?ﬂ@cﬂﬂgﬁaFﬁg unAgTrt ReAuce tPEﬁﬁFH?PazGHﬂCﬁhﬁo?aﬁﬁéée@Tﬁk dpgo ny,

1.39 mmol) was dg 8 %he ﬁ at tg ne te erature. The reaction m xture

vas stirr SBEFoFTETRRLPE ARLEEAPEl GPLYIR o ﬂBaFPQraPE¥6[dF¥ﬁE18§%PHre to
T .

ressure, bt ERengoeanRlaerglalaih haedRR  L2H08) o PRELSBERLRBRL R oA

bt ai ned chEgdnet THS OB Bllo1 380 Ah O nBk o TERLE P25 @QE?( 3PEHeB i on

(7 ), angy a29% pahl adoym Budn ik d fhebshe(40caBlopt sorgdcubber et o

and the m xture was stirred under a hydfogen atnos hours, and

then the cag@bastnupstbi hhar ee Akkturbeyas! ¥€515:rlé’a5uﬁt1§£' Y ﬁ?d%@éfx r educed
pressure. The obtained residue was purified by silica gel

chr omat ogr apfiysprerel epirng2snbltkonangethyhetRe ehtalyde: wakhanokerdd: 1)] to
obtain the title conpound (59 ng,
off. The solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution= methylene
chloride:methanol (10:1)] to obtain the title compound (59 mg,
16%}.
[0272] 'H-NMR (CD,OD} &: 1.00 (1H, d4d, J=24.4, 12.9Hz),
1.5-1.65 (1H, m), 2.04 (1H, d4dt, J=13.4, 4.1Hz), 3.17-3.35 (2H,
m), 3.43-3.55 (2H, m), 3.65-3.75 (1H, m), 3.73 (3H, s). 3.81
(1H, 4, J=15.1Hz), 3.90 (1H, 4, J=15.1Hz), 4.1-4.22 {1H, m),
6.56 (1H, dt, J=8.5, 2.7Hz), 6.75-6.88 (3H, m), 7.0-7.13 (3H,
m)
MS (ESI*): 415 [M+Na]’
HPLC Retention Time: 11.0 minutes

Example 22

[2-(4-Methylsulfonylbenzyl)phenyl]-5a-carba-B-D-gluco-

pyranoside

(1) Synthesis of (2-Benzyloxyphenyl)-(4-methylsulfanyl-
phenyl )methanol
In a nitrogen stream, a solution of 4-methylsulfanyl-

phenylmagnesium bromide in THF (0.5 M, 35 mL) was added



169%9. [0272] 3H NWR (CD30D) b: 1.00 (1H, dd, J=24.4, 12.9Hz). 1.5-1.65 (1H,
m, 2.04 (1H, dt, J=13.4, 4.1Hz), 3.17-3.35 (2H, m, 3.43-3.55 (2H, m,
3.65-3.75 (1H, m, 3.73 (3H, s), 3.81 (1H, d, J=15.1Hz), 3.90 (1H, d,
J=15.1Hz), 4.1-4.22 (1H, m, 6.56 (1H, dt, J=8.5, 2.7Hz), 6.75-6.88 (3H,
m, 7.0-7.13 (3H n) M5 (ESI'): 415 [MtNa]' HPLC Retention Tine: 11.0

m nutes Exanple 22 [2-(4-Methyl sul fonyl benzyl) phenyl]-5a-carba-f 3-D gl uco-
pyranosi de (1) Synthesis of (2-Benzyl oxyphenyl)-(4-nethylsulfanyl -

phenyl ) met Nigt r egMmy_ | gyl f -
phenylnagnggpgﬁﬁggoﬁfdg %%ggﬁé%% ot ﬁl%e§9bibk%ggﬂgg%ggﬁ?ﬁk 3§'3?2§Qﬁse to a

sol uti on 0f1222bﬁ|916}1|)0&)‘1b‘i'ﬂ%'a|((i@h)h@.§ @4 88c Jdana 1¢nd Jc&lrénw%E'Es&%%rgg) at

OC and the m xture was stirred at roomtenperature or two hours, and then

a saturat edt sooRnitempeltathirde fagueass hsalryt,i andWahenddedattineadled under
cooling with ice and the m xture was extracted wth ethyl acetate. The

organi ¢ | agmmondsmwehiledidet hqacpasusallatisadivas addedr ittheragdeandezol uti on
and dried (anhydrous nmagnesium sulfate), and then the solvent was distilled
under reducedlipgewdthe icéhandbtthenadxtesedwaswestracitededriih ®ithiyda gel
col um chr omat ogr aphy[ devel opi ng sol uti on=et hyl acetate:n- hexane (1:4)] to
obt ai n t heacetbh&econfbendrgandt dayesyyas weshefl wHtRVR E@DOrated s2ddnm( 3H,
s). 2.91 (ggloglde agueous sclution 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 (3.91 g, 95%).
[0273] 'H-NMR (CDCl;} &: 2.47 (3H, s), 2.91 (1H, 4,
J=5.8Hz), 5.03 (2H, s), 6.01 (1H, 4, J=6.0Hz}, 6.90-7.00 (2H,
m), 7.15-7.35 (11H, m)
{2) Synthesls of (2-Benzyloxyphenyl)}-(4-methanesulfonyl-
phenyl)}methanol
In a nitrogen stream, m-chloroperbenzoic acid (4.40 g,
22.2 mmel) was added to a solution of (2-benzyloxyphenyl)-(4-
methyl-sulfanylphenyl)methanol (3.00 g, 8.92 mmol} in
methylene chloride (25 mL) at 0°C and the reaction mixture was
stirred at the same femperature for 30 minutes. The
precipitate was removed by filtration and the filtrate was
washed with a 2N sodium hydroxide agueous solution. The
washed solution was extracted with methylene chloride, and the
combined organic layer was washed with water and a saturated
sodium chloride aqueous solution and dried (anhydrous

magnesium sulfate), and then the solvent was distilled under

reduced pressure to obtain the title compound (3.18 g, 97%).



J=5.8Hz), 5.03 (2H, s), 6.01 (1H, d, J=6.0Hz), 6.90-7.00 (2H, m, 7.15-7.35
(11H, m (2) Synthesis of (2-Benzyl oxyphenyl)-(4-nethanesul fonyl -
phenyl ) net hanol In a nitrogen stream mchl oroperbenzoic acid (4.40 g, 22.2
mmol ) was added to a sol ution of (2-benzyl oxyphenyl)-(4-

met hyl - sul f anyl phenyl ) net hanol (3.00 g, 8.92 mmol) in nmethylene chloride (25
m.) at OC and the reaction mxture was- &iBrred at the sanme tenperature for
30 mnutes. The precipitate was renoved by filtration and the filtrate was
washed wi t hoa72N sodi ulpINMi opdrter .908e0B8S 030k BHi, 0B) , TBeoswashedgsol uti on was
extracted with nethyl ene chloride, and the conbined organic |ayer was
washed wit B=6aBBe)ang.80s4fldradedl.48dilumbchloritle dqudedd .Sdkz)t,i 6no0and
dried (anhydrous nmagnesium sulfate), and then the solvent was distilled
under redédéHd @redshr@izd.obt An7tR8 {RH.emdonFodhd7(-22182Y, 99% 7.24t18
[0274] 1H NWR (CDC13) S: 3.02 (3H, s), 3.03 SlH, d, J=6.3Hz), 5.00 (1H,
J=11. 4Hz), 75384 (PHK, Mg, J=53. 4RH), d6. g58-1Hp).d7-846(2Hz) d.67I98-FHB3 (2H

m, 7.16-7.22 (2H, nk, 7.24- 7.38 (5H m, 7.53 (2H, d, 3=8.1Hz), 7.84 (2H,
d, J=8.6Hzf3)(3) SEPhhRELSs off 22 AaMrthRRREYAEPBY)PEBATIIPHRER3 I n a
nitrogen stream_a 2096Ealladiun1h dr oxi de catalgst (299 ng) and 36% HC
(150 RL, 1.78 nmbP)3vwBiETeHEBgSETeam. 58| 4PfoRasfadium hydroxide catalyst

(2-benzy|oxgghenyl)-%4-nethane- sulfonylﬁhenyl)nethanol (3..00 g, 8.14 mmol)
in a mxtufé?8iMIhetRdndP¥(H6In( 8nHlet Ayl 8atBPircWEEE ALEFe%aR fhe nixture

T o ool g R IR IANRL R O gty TO the reaction
sulfonylphenyl)methanol (3.00 g, 8.14 mmol) in a mixture of
methanol (30 mL) and ethyl acetate (30 mL), and the mixture
was stirred under a hydrogen atmosphere for six hours. To the
reactlion mixture was added sodium hydrogencarbonate and the
mixture was stirred for 30 minutes to be neutralized, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:2)] to obtain the title compound (1.81 g,
85%).

[0275] 'H-NMR (CDCl;) &: 3.02 (3H, s), 4.06 (2H, s), 5.00
{({1H, s), 6.77 {1H, 4, J=7.9Hz), 6.89 (1H, 4t, J=7.5, 1.2Hz),
7.08-7.17 (2H, m), 7.42 (2H, 4, J=8.6H=z), 7.82 (2H, 4,
J=8.4Hz)
(4) Synthesis of [2-{4-Methanesulfonylbenzyl)phenyl]-5a-
carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-5a-carba-o-
D-gluco-pyranose (500mg, €0.928 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-

methylsulfanylbenzyl)}phenol (365 mg, 1.39 mmol) in a mixture



m xture was stirred for 30 mnutes to be neutralized, and then the catalyst
was filtered off. The solvent was distilled under reduced pressure and the
obt ai ned residue was purified by silica gel colum chronat ography

[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:2)] to obtain the title
conmpound (1.81 g, 85%. [0275] 'H- NMR (CDC13) 6. 3.02 (3H, s), 4.06 (2H,
s), 5.00 (1H, s), 6.77 (1H, d, J=7.9Hz)118.89 (1H, dt, J=7.5, 1.2Hz),
7.08-7.17 (2H, m, 7.42 (2H, d, J=8.6Hz), 7.82 (2H, d, J=8.4Hz) (4)

Synt hesi s of E2i1(énkbt{Ram&3ulahdnTHEFe{dy miphaendel- taoling with ice, and

car ba-R-D- gl ucopyranoside In a nitrogen stream

2, 3, 4, 6- t ethanOtpsmagpetbylaacidicarbogamddepy IMADs e 26300y, 104928medd| wasnd
trlbutyl phosphine (0.35 nL, 1.39 mol) were added to a sol ution of 2-(4-
nethylsquéﬁ?PBeﬁ??FPﬁﬁeﬁ&ltP@GEEW@ temperatury -i nThenreagitdon migtuge
toluene (2 nL) and THE gF under cogling with_ice, and then
tetranethyWéanFégFSng d§5{?ﬁﬂﬁs ?Eélﬁggr?dﬂﬁl%ﬁoFFiﬁ&§g dd&@ed thereto at
t he sane t gﬁerat he reacﬁlon m xt ur e S irred f 25 hours while

gradual | y BERG PF? PeFBQPa GPRergtugsm ¢ eFSFGFé°nTWéxF858t“3ﬁ nlxture

d duced d th d
reat od by CRNCREA=HEFE. BIGR. ERADRRRASF BBy CacOBRoBP Ay SCLaN B Cof St

2t ure SRSnEEratst b n&?ak §Q$HE%?§h gt B a8 TR oxi e
catal yst (8212e: a0 0300108 o400 AL nRYARUIYRCH 061 43610, vaeE Bddadnller et o

and the m xture was rre n at nosphere
crude product was dlssolved in a mixture of methancl (3 mL)

and THF (2 mL), and a 20% palladium hydroxide catalyst (27.2
mg} and one drop of 2N hydrochloric acid were added thereto,
and the mixture was stirred under a hydrogen atmosphere for
2.5 hours. To the reaction mixture was added a sodium
hydrogencarbonate aqueous solution to neutralize the mixture,
and then the catalyst was filtered off. The sclvent was
distilled under reduced pressure, and the obtalined residue was
purified by silica gel column chromatography [developilng
solution=methylene chloride: methanol {(8:1)] to obtain the
title compound (120 mg, 31%).

[0276] 'H-NMR (CD;0D) &6: 0.91 (1H, ddd, J=13.0, 13.0,
13.0Hz), 1.53 (1H, m)}, 2.03 (1lH, d4ad, J=13.0, 4.0, 4.0Hz),
3.07 (3H, s), 3.19 (1H, 44, J=8.9, 8.9Hz), 3.28 (1H, 44,
J=9.0, 9.0Hz), 3.43 (1H, dd, J=9.0, 9.0Hz), 3.50 (1iH, 44,
J=10.7, 6.1Hz), 3.67 (1H, d4d, J=10.7, 4.0Hz), 4.02 (1H, 4,
J=14.5Hz), 4.16 (1H, 4, J=14.5Hz), 4.14-4.26 (1H, m), 6.88
(1H, t, J=6.2Hz), 7.04 (1H, &, J=8.1Hz), 7.17 (1H, 4,
J=7.5Hz), 7.18 (1H, t, J=7.5Hz), 7.48 (1H, &, J=8.4Hz), 7.80

(1H, 4, J=8.4Hz)



2.5 hours. To the reaction m xture was added a sodi um hydrogencarbonate
aqueous solution to neutralize the mxture, and then the catalyst was
filtered off. The solvent was distilled under reduced pressure, and the
obt ai ned residue was purified by silica gel columm chronat ography

[ devel opi ng sol ution=net hyl ene chl oride: nethanol (8:1)] to obtain the
title conpound (120 ng, 31% . [0276] 1H KRR (CD3OD) S: 0.91 (1H, ddd,
J=13.0, 13.0, 13.0Hz), 1.53 (1H, m, 2.03 (1H, ddd, J=13.0, 4.0, 4.0Hz),
3.07 (3H, B (BSEI)¢1R23dAM+HI8, 944@. D¥pYH. 13, 28451 FM+Hd]’ J=9.0, 9.0Hz),
3.43 (1H, dd, J=9.0, 9.0Hz), 3.50 (1H, dd, 3=10.7, 6.1Hz), 3.67 (1H dd,
J=10. 7, 4.8HLC Retentdpn Tgme:j9.p mynmutes 16 (1H, d, J=14.5Hz), 4.14-4.26
(1H, m, 6.88 1H,_t, J=6.2Hz), 7.04 (1H, d, J=8.1Hz), 7.17 (1H, d,
J=7.5Hz), EXe@Pden23%  J=7 5Hz), 7.48 (1H, d, J=8.4Hz), 7.80 (1H, d,
J=8.4Hz) - 120 NS (ESIL;): 423 [MtH] , 440 M+NH%]', 445 [M#Na] ;. HPLC
Ret enti on {QWAA—@Luqaqhgq;yhiggﬁgxikrﬁa-car a-f-D-glucopyranoside

2- (4-Fl | ) phenyl ] - 5a- ba-.S- D- gl i.d 1) Synt hesi f
2 (4 F uor dBanzy YIREROILS £ 40 1 Eair e ABRL BVeRHuty1 | 1 hi um hoxane
luti 1.59 .9 d | ti f 1-
Egngy:ggy-g-brongkeézgﬁgk%?ggzsgg . 5%%ggF§%F%&+%§%?%ﬁi#%%agf SOIMEIRRY the

i xt iof ked f 0 1 . t hi
Torutt on o125 MEC 4% W AR dRIEP TGN 0 lto 2 Bl B0 0TS L e g
) was agdagdydoRuise ¥mcbedzentq 2Tig4 .6 Ma% Shid1)ed 2 iTHN 6AHR.) at

-78°C and the mixture was stirred at the same temperature for
20 minutes. To this solution, a solution of 4-
fluorobenzaldehyde (801 mg, 6.45 mmol) in THF (10 mL) was
added dropwise at -78°C. The mixture was stirred at the same
temperature for 1.5 hours, and then a saturated ammonium
chloride aguecus solution was added thereto and the mixture
was extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride agqueous solutlon and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure to obtain a crude product
(2.35 g) of the title compeund. To a solution of the obtained
crude product in methanol {15 mL), a 20% palladium hydroxide
catalyst (186 mg) was added and furthermore 2N-HCl (400 uL)
was added thereto. The mixture was stirred under a hydrogen
atmosphere for three hours, and then the catalyst was filtered.
The solvent was distilled under reduced pressure and the
obtained residue was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:5)] to obtain the title compound (996 mg, 77%).

[0277] 'H-NMR (CDC1l,;) &: 3.95 (2H, s), 4.72 (1H, s), 7.77



tenperature for 1.5 hours, and then a saturated ammoni um chl ori de aqueous
sol ution was added thereto and the m xture was extracted with ethyl
acetate. The organic |layer was washed with a saturated sodi um chl ori de
aqueous solution and dried (anhydrous magnesi um sulfate), and then the
solvent was distilled under reduced pressure to obtain a crude product
(2.35 g) of the title conpound. To a soli?lon of the obtained crude product
in methanol (15 mL), a 20% pal | adi um hydroxi de catalyst (186 ng) was added
and furthef hBr ed@N- FET. 400. LHZ ) wab . 88dédHt htdet 3=7The &i.tHate ®a86s{ilH;ed
under a hydrogen atnosphere for three hours, and then the catal yst was
filtered. 4¥heJsBtVend - iHE)di 2t PF-23d20nédH. r@duced pressure and the
obt ai ned residue was purified by silica gel colum chronmatograph

[ devel opi n§230l ubyorkeshy| oficéZalé- ﬁlﬁéiahénzleB??nYé]oﬁﬁapﬁrbﬁegtltIe

$O%O9ngz(199?1H Daaz/%‘!?ggg‘gz_’-l}}y NN? é?ﬁﬁ) tSd 393 (5,2H1 i)Hz)4 gzgélFiH,s)’
S (4Fi vor obensth) SiREEF #%a%gmé% (%rfg?uégﬁsfiﬁoe.aanﬁl 3SR RAERRRY-
ool ana’ D SREePYERACLRCT3YD, 53, 08 BBe S § HRAPKERBATE gﬁgsgﬂisgl Dtion
coori g wi i1 ?gﬁﬁﬂzy%) @ﬁﬁﬁ“&%’éﬁ FHerHDanded0cHTE ES-!%EF#Q*‘”S?T@A%“ Tht el 40
mol ) was aigdedobBREGL PpREnbie (380Bmgt eNPRH b ) TRCtbeaEhROQR3INKKHUre was

stirred for 21 hours 3ﬂlle gradually raising its tenperature to room

tenper at Urgnder cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 241 mg, 1.40 mmol)} was added thereto at the same
temperature. The reaction mixture was stirred for 21 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained residue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
{1:8 to 1:3)]. The cbtained crude product was dissolved in a
methanol (4 mL)-THF (2 mL) mixed solvent and a 2¢% palladium
hydroxide catalyst (18.4 mg) and a drop of 2N hydrochloric
acid were added thereto, and the mixture was stirred under a
hydrogen atmosphere for 1.5 hours. To the reaction mixture
was added a saturated sodium hydrogencarbonate agueous
sclution to neutralize the mixture, and the catalyst was
filtered off. The solvent was distilled under reduced
pressure and the obtained residue was purified by silica gel

column chromatography [developing solution=methylene chloride:

methanol (10:1 to 8:1)] to obtain the title compound (153 mg,
46%).

[0278] 'H-NMR (CD,OD) 6: 0.99 (1H, d4d, J=12.9, 12.9,



The reaction m xture was concentrated under reduced pressure, and the
obt ai ned residue was treated by silica gel colum chromat ography

[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:8 to 1:3)]. The obtai ned
crude product was dissolved in a nethanol (4 nmL)-THF (2 nL) m xed sol vent
and a 20% pal | adi um hydroxi de catal yst (18.4 ng) and a drop of 2N
hydrochloric acid were added thereto, "a 42the m xture was stirred under a
hydr ogen atnosphere for 1.5 hours. To the reaction mxture was added a
saturat ed $8dPHm) hydr BgehdHr bmiat &.8uddtis dddl. uIFdd.Ro ABeltr 3l.PH& )t he

m xture, and the catalyst was filtered off. The solvent was distilled under
reduced pPed3uféHanddi hd=8bPai Ael@Hrdsi dudOwhdHpuAlsi da9nf . sPI-PHE)geB - 48

col um chronatoaéaphy [ devel opi ng sol ution=met hyl ene chl oride: nethano

(10: 1 to 8{i¥} oBt8i At Re 7870 e3cohpbiHe @ﬂS%JﬁéP-BAG%pHFGNé]JQI—I— NVR
(i o, §%s 9% 5759858013 133 .55 B (1 a,23-84" gy 3. 52561 P18 o,
J=9.0, 9.0 1 J=8.7. 7Hz .5 H, dd, .1=10.8, .6. 0Hz),
3.70 (1H, 5%%1‘,"?@%8'8?'?92&%‘: g.ﬁgo PTE«}'&,')ﬂi§4. %H%!‘,ZM. gzsgll:h,q}ld, e )
J=14. THz) , 142 H «ddd, ;d511.4. 9.Q. o4. 8F 6. 85461 nat , & JS7o5HE) » 6. 93
(1H, dd, )3y 9?“%.}9@5,997.‘35'( Tél,’ 379328. ?Féi”?) '7308%.‘5&'(%‘4. Uﬁjs'wé%()ESI t):
363 [ M-H " CR ' i me: 10.9 ninut Exanpl e 24
[2-(%,4r%i%ggkgiyggﬁg§v?gﬂ1hgr]-5a-ca?L293?E>gluggPpSranoside (1) Synthesis
of 2-(3, 4-ikneesexybesgy! pwhenol

HPLC Retention Time: 10.9 minutes

Example 24

[2-(3,4-Dimethoxybenzyl)phenyl]-5a-carba-pf-D-gluco-pyranoside

(1) Synthesis of 2-(3,4-Dimethoxybenzyl)phenol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 4.4 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (1.74 g, 6.61 mmol) in THF (30 mL) at
-78°C and the mixture solution was stirred at the same
temperature for one hour. To this solution, a solution of
3,4-dimethoxybenzaldehyde (1.00 g, 6.02 mmol) in THF (8 mL)
was added dropwise at -78°C. The reaction mixture was stirred
at the same temperature for 1.5 hours, and then a saturated
ammonium chloride aqueous solution was added thereto and the
mixture was extracted with ethyl acetate. The organic layer
was washed with a saturated sodium chloride aqueocus solution
and dried {anhydrous magnesium sulfate), and then the solvent
was distilled under reduced pressure to obtain a crude product
{2.38 g). The obtained crude product was dissclved in
methanol (20 mL) and a 20% palladium hydroxide catalyst (196

mg) was added and furthermore 2N-HC1l {30 pL) was added thereto.



In a nitrogen stream an n-butyllithium hexane solution (1.59 M 4.4 nl)
was added dropwi se to a solution of 1- benzyl oxy-2-bronobenzene (1.74 g,
6.61 nmol) in THE (30 nL) at -78C and the m xture solution was stirred at
the sane tenperature for one hour. To this solution, a solution of

3, 4- di net hoxybenzal dehyde (1.00 g, 6.02 nnDI) in THE (8 nL) was added
dropwi se at -78C. The reaction mixture-wh33stirred at the same tenperature
for 1.5 hours, and then a saturated ammonium chloride aqueous sol uti on was
added t herEhe mih¥tune snpilutipn was sxirzetleunderhachifdrogest atmospherer ganic
| ayer was washed with a saturated sodi um chl ori de aqueous solution and

dri ed (anh§8¥Fodd hayresi anfs&heat Ehe sagalkeh vas §éﬂ$§ﬁ9d ®&S - di Thel | ed

under reduced essure &o obtai_.n a_crude _product %2 38 . The obt ai ned

crude prodﬁE%v § yresoisLdlind HBFﬁ5n5PdE§9dnE¥e§ Hrs QBQ)ﬁﬁplgetéﬁPed

hydr oxi de cata %19 gﬁ# ﬁaﬁ add d and furt ernDr g 8

added therﬁ?ﬁ PREMM-REuPE § ﬁ??oﬁe e PWPrE Bﬂa ng Hrogen

at nosphere u yst.was fil ff

2ol vent -wabde? %@rﬁﬁ P tnbaEh ReBBhPeY BrntRRnCose 2Padator 25188 ves

purified b neil L g LHAN ¢ § to [ devel opi ng sol uti on=et hyl

acet at e: n- xan%e?ﬁ ngﬁgo obéa?% H?heg???le conpound (653 ng, 449%. [0279]

1H NWMR ( . 3. ) 5(3 ) 9

6. 74- 6. 82 F%%%?ry é*ﬁjh S(%Détﬁ 8" ?{1?? . 3%5&_‘%; SRS

(2H m (212§ynfs|§1684579f(ﬁﬁ (3)4-BL ﬂﬁtbos!beﬂﬂylmheam ?3H, s), 6.89

car ba- 3-D-gl ucopyranoside In a nitrogen stream

2,3,4,6-te(1R; Ocenayh-5a- canrhaia 7.08-7.17 (2H, m)
{2) Synthesis of [2-(3,4-Dimethoxybenzyl)phenyl]-5a-

carba-p-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-S5a-carba-a-

D-glucopyranose (504 mg, 0.936 mmol) and tributyl-phosphine
(0.35 mL, 1.40 mmol) were added to a solution of 2-(3,4-
dimethoxybenzyl)phenol {342 mg, 1.40 mmol) in a mixture of
toluene (2.5 mL) and THF {1.0 mL) under cooling with ice, and
then tetramethylazodicarboxamide (TMAD, 242 mg, 1.41 mmol} was
added thereto at the same temperature. The reaction mixture
was stirred for 22 hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure and the obtained residue
was treated by silica gel column chromatography [developing
solution= ethyl acetate:n-hexane (1:3)]. The obtained crude
product was dissolved in a methanol (2 mL)-THF (2 mL) mixed
solvent and a 20% palladium hydroxide catalyst (21.9 mg) was
added thereto. The mixture solution was stirred under a

hydrogen atmosphere for five hours, and then the catalyst was

filtered off. The solvent was distilled under reduced pressure



D gl ucopyranose (504 ng, 0.936 nmmol) and tributyl-phosphine (0.35 niL, 1.40
nmol ) were added to a solution of 2-(3,4- dinmethoxybenzyl)phenol (342 ng,
1.40 mmol) in a mxture of toluene (2.5 M) and THE (1.0 nL) under cooling
with ice, and then tetranethyl azodi carboxam de (TMAD, 242 ny, 1.41 mmol)
was added thereto at the same tenperature. The reaction m xture was
stirred for 22 hours while gradual ly rai 8#Ag-its tenperature to room
tenperature. The reaction m xture was concentrated under reduced pressure
and t he obaaidntber ebitadnednarestiduet wasbpugiiifiied &l sddligen gellr owdtuogr aphy
[ devel opi ng  solution= ethyl acetate:n-hexane (1:3)]. The obtained crude
product waShgp®aspgsarPhy édﬁﬁﬁﬂaﬁéﬂg(EOWEFiPHFmFZhWEPnﬁlﬁ@dOHQQGVent and a
0@6pal|ad|un1hydrOX|de catal yst (2 was added thereto. The m xture
sol uti on wAetBapPledllnddd %° ﬁ?&?&&eﬁhﬁtﬁ6§ﬂﬁeF8mP8Pnﬁ|Jéoﬁoﬂﬁb 38%d -t hen

the catalyst was filtgred off. The §olvent was distill ed_under reduced

pLessure [92301and t hdldBRy (FRODds Paud ?és(ﬁﬂaiﬂpég H718i-Li-cd3gdl- col utm
10:1

bt ain + etk PHET copdnd 1108 Ty 2 380 4. [ 385 HioR ACBacy SE20T o1 (1H

gdgsz 19,5, %BI%P é& 65;52219§gﬁ§%H '3 239(£%% (éﬁ Jgggggjs%gruz’B 3,48

dd, d d
4 1) J$2H?3ﬁ3 CRCRINC O 49‘]ﬁ?17dd6 3 Ty 5800 g,

% éi 8Hz), (4n194a1Hs-dddy,J3lind), 3.9 43ﬁFEh) 63738(%HH d@) 33883 (3uQHz) ,
(1H, s), '6.82 (1H d, J=8.3Hz), 6.84 (1H 'td Hz), 7.02 (1H,
d, J=7.5Ha), 721@88hih, dd9el¥IH5, d}. GEak.sAz)4 @lhis t(dH,Ja?le J=11.5,
9.0, 4.6Hz), 6.73 (1H, 44, J=8.3, 2.0Hz}, 6.81 (1H, s), 6.82
(l1H, 4, J=8.3Hz), 6.84 (1H, td, J=7.5, 1.2Hz), 7.02 (1lH, d,
J=7.5Hz), 7.08 (1H, 44, J=7.5, 1.5Hz), 7.14 (1H, td, J=7.2,
1.7Hz)
MS (ESI"): 405 [M+H]"
HPLC Retention Time: 9.7 minutes
Example 25
[2-(4-Ethylbenzyl)phenyl]-5a-carba-fi-D-glucopyranoside

(1) Synthesis of [2-(4-Ethylbenzyl)phenyl]-5a-carba--D-

glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-c-
D-glucopyranose (400 mg, 0.74 mmol)} and tributyl-phosphine
(0.28 mL, 1.11 mmol)} were added to a toluene (2.5 mL) solution
of 2-{4-ethylbenzyl)phenol (236 mg, 1.11 mmol) as described in
International Publication Nos. WO04/052902, WO01/074834 and
the like under cooling with ice, and then
tetramethylazodicarboxamide (TMAD, 191 mg, 1.11 mmol) was
added thereto at the same temperature. The reaction mixture

was stirred for 25 hours while gradually raising its



1.7Hz) M5 (ESI+): 405 [MtH]' HPLC Retention Tinme: 9.7 mnutes Exanple 25
(2- (4- Ethyl benzyl ) phenyl ] - 5a- car ba- $- D- gl ucopyranoside (1) Synthesis of

[ 2- (4- Et hyl benzyl ) phenyl ] - 5a- carba-3-D gl ucopyranoside In a nitrogen
stream 2, 3,4,6-tetra-0O benzyl -5a-carba-a- D glucopyranose (400 ng, 0.74
mmol ) and tributyl-phosphine (0.28 nm., 1.11 mmol) were added to a tol uene
(2.5 nL) solution of 2-(4- ethylbenzyl)p%%%oT (236 ny, 1.11 nmol) as
described in International Publication Nos. WO04/052902, W01/ 074834 and
the |ike ubemperatiraegtei rhohctempadathee. tEhﬂaneahylazomisaubexunbde
(TMAD, 191 ng, 1.11 mmol) was added thereto at the same tenperature. The
reacti on nFRREPRtTabedsERdpE(reEPced REASSURAI | 8ngr BRaaPPVailardi Kgsidye. 125
tenperaturetoroom%e erature. The reaction m xture was _concentrated

un?er reﬁd%%ﬂ B?%%EE aﬁﬂl%ﬁﬂ 85 a?ﬁgﬂmPeghﬁﬂ@atﬁﬁgaPPga{@Evﬁ}OEFPﬂca gel
i = 10

The ont o regtaf PoRke %v%ﬁﬁ%%‘e pgé%f%é'a"i‘a?;% SFhe: SpfalRe8 Srhaes V!

sol uti on Téf‘ &%& ands a3 29% Bégaaehgg* xgﬁgééf%ﬁat ?gygﬁ) ggﬁgwfg;e@iigadded

t her et o. e ﬂ]X ure " was s |rred rogen hourss,

and then tpg gaf aéﬂgtamﬁé% bht £58 Sum© % rgﬂfdéob¥€2§¥EgSBQbT%éﬁ'gg under

reduced pressure and the talne rest due was puri evel opi ng

?Zguhéonlzgg&¥ﬁeﬂﬁefgt8r'd@hgeﬁbﬁeﬁfe(ﬁgs1lklfﬁe&bﬁﬁﬁartBehyakagnconpound

| atmosphere for 1.5 hours, and then the catalyst was filtered
off. The solvent was distilled under reduced pressure and the
obtained residue was purified by TLC [developing
solution=methylene chleride:methanol {(10:1}] to obtain the
title compound (40 mg, 14%).
[0281] 'H-NMR (CD;0D) &: 0.86-1.00 (1H, m}), 1.19 (3H, t,
J=7.6Hz), 1.45-1.62 (1H, m), 2.00-2.11 (1H, m), 2.57 (2H, q.
J=7.6Hz), 3.16-3.30 (2H, m), 3.43-3.49 (2H, m), 3.70 (1H, 44,
J=10.6, 4.1Hz), 3.84-4.02 {2H, m), 4.12-4.24 (1H, m), 6.83
(1H, t, J=7.4Hz), 6.99-7.16 (7H, m)
MS (ESI*): 395 [M+Na]l®
HPLC Retention Time: 12.3 minutes

Example 26

[2- (4-Hydroxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside

(1) Synthesis of [2-(4-Hydroxybenzyl)phenyl)]-5a-carba-f-
D-glucopyranoside
Under a nitrogen atmosphere, a solution of boron
tribromide in dichloromethane (1.0 M, 0.80 mL, 0.80 mmol) was
added to a solution of [2-(4-methoxybenzyl)phenyl]-5a-carba-8-

D-glucopyranoside (100 mg, 0.27 mmol) as obtained in Example 1

in dichloromethane (1.3 mL) at -78°C. The cooling bath was



(0281] "H NWR (CD3OCD) 8: 0.86-1.00 (1H, m, 1.19 (3H, t, J=7.6Hz),
1.45-1.62 (1H, m, 2.00-2.11 (1H, m, 2.57 (2H, 9. J=7.6Hz), 3.16-3.30 (2H,
m, 3.43-3.49 (2H, m, 3.70 (1H, dd, J=10.6, 4.1Hz), 3.84-4.02 (2H, m,
4.12-4.24 (1H, nm), 6.83 (1H, t, J=7.4Hz), 6.99-7.16 (7H, mM M (ESI'): 395
[ MFNa) © HPLC Retention Time: 12.3 minutes Exanple 26

[ 2- (4- Hydr oxybenzyl ) phenyl ] - 5a- car ba- $= D'g® utopyr anosi de (1) Synthesis of

[ 2- (4- Hydr oxybenzyl ) phenyl ) - 5a- car ba- J3- D- gl ucopyr anosi de Under a nitrogen
at nospher eremovefluandntbé peachionrmbhxburdewana dtibredosdt mena (1.0 M 0. 80
m., 0.80 nmol) was added to a solution of

[ 2- (4- met hbeYRRR2YRFBhEAY| PrSabelFba- Bheproagtdphr mhvsige ¥260 ny, 0. 27
nmol ) as obtained in Exa le | _in dichloronmethane (1.3 nL) at -78C. The
cool i ng batPrGeRtrateqd updsp,ERdynrad; REeFedEei BRANLtREUPRtRARSE: FRFEEUSt room

ﬁ 2?‘3%? Eﬁ%@%3$af§ﬁa£'8héyoﬁpﬁfﬁﬁiﬁgﬁé&aaja“ e i%??rf%ﬁ %?)%E%@dgﬁgsg opi ng
thile 020E%‘“ﬁﬁ@fwsgﬁs"%ﬁ‘?g?&“%ﬁﬁ‘ﬁ%gi# ?E&%B?gégt i o e

1.47-1. 67 03- 2 1H, 1), 3.18-3.34 (2H 3.45-3.52 (2H, M,
3.71 (1H, é%ﬁbgu% f735 'ﬁﬁHzH%g 79- 3 95 (2H, N, El 12- ?22 (?H ﬁ) (6 65m)

EﬂjH]d J=Bodb%). 6 S&A-Hﬁn tecplob) %) 0. 5229 0é {8u (o), M . 1F- 158 {14361
m), 2.03-2.11 (1H, m}), 3.18-3.34 (2H, m), 3.45-3.52 (2H, m),
3.71 (1H, 44, J=10.7, 4.1Hz), 3.79-3.95 (2H, m), 4.12-4.22
(1H, m)}, 6.65 (2H, 4, J=8.4Hz), 6.83 (1lH, t, J=7.3Hz), 6.99-
7.16 (5H, m)
MS (ESI%): 361 [M+H]
HPLC Retention Time: 8.9 minutes

Example 27

[2-(4-Cyanobenzyl)phenyl]-5a-carba-f3-D-glucopyranoside

(1) Synthesis of [2-{4-Cyanobenzyl)phenyl]-5a-carba-f-
D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-5a-carba-c-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
{0.35 mL, 1.39 mmol) were added to a solution of 2-{4-cyano-
benzyl)phenol (291 mg, 1.39%9 mmol) in a mixture of toluene
(2 mL) and THF (1 mL) under cooling with ice, and then
tetramethylazodicarboxamide (TMAD, 239 mg, 1.39 mmol)} was
added thereto at the same temperature. The reaction mixture
was stirred for 14 hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue

was treated by silica gel column chromatography [developing



HPLC Retention Tinme: 8.9 mnutes Exanple 27

(2- (4- Cyanobenzyl ) phenyl ] - 5a- car ba- (3- D- gl ucopyranosi de (1) Synthesis of

[ 2- (4- Cyanobenzyl ) phenyl ] - 5a- carba- 3- D-gl ucopyranoside In a nitrogen
stream 2, 3,4,6-tetra-0-benzyl -5a-carba-a- D glucopyranose (500 ng, 0.93
mmol ) and tributyl-phosphine (0.35 M, 1.39 nmmpl) were added to a sol ution
of 2-(4-cyano- benzyl)phenol (291 ny, 1 337 nfrol ) in a mxture of toluene (2
nm.) and THE i under cooling with ice, and then

t et r amet hyFa BEF@BFB&?H#]G@BFﬁﬁnDD hegapg (1:391nabA) PRebaragdye ThEreto at

t he sane tengerature The reaction mxture was stirred for 14 hours while
gradual |y FEF¥PARPLRE SPLHSEPRFURERYS pEBhAterPehakane. (Fré)deket PB4 XKt ure

rca by PR HRBSLOHISEpBhar ot Fandth S R 15s 25

| i =et hyl h 1; TLC el
S0l uti one bk, aRsgeRkea  APKRRR 1 2nR) bniBs BLERR] B ME) | Chngl HEHERRYTS
IQGSSbLE;nsﬂlgigggép.QQU&guf 5&”9%81Ta§n§ asghxsﬂ F?1§E§B¥E§§$gﬁgk8§ide
trifluori dFtHéEt Bwnpls&h?b 699PREX 60799mBL) Qefe FHBLA \eﬁaﬁfggdaﬁabt}ereto

under cooling wth ice. The reaction mxture was stirred at

tenperat ur gobingi ¥€thOWESs. affet PEACHRLA mYREupddgdst Beietaa HRAehomOO! i NG
with ice and the m xture was extracted with ethyl acetate. The organic

| ayer was vwempeflavil fopaFtivat Rdursodatth ehkfAr wdeegqwasuadaeduthefeand
dried (anhydrous magnesiumsulfate), and then the solvent was distilled
under under cooling with ice and the mixture was extracted with
ethyl acetate. The organic layer was washed with a saturated
sodium chloride aqueous solution and dried (anhydrous
magnesium sulfate), and then the solvent was distilled under
reduced pressure. The obtained residue was purified by TLC
[developing solution=methylene chloride:methanol (10:1}] to
cbtain the title compound (17.5 mg, 12%).
[0283] 'H-NMR (CD;0D) &: 0.83-0.96 (1H, m), 1.44-1.60 (1H,
m), 1.99-2.07 (1H, m), 3.14-3.32 (2H, m), 3.38-3.50 (2H, m),
3.67 (1H, 4ad, J=10.7, 4.0Hz), 3.93-4.13 (2H, m}, 4.15-4.22
(l1H, m), 6.85 (1H, t, J=7.3Hz), 7.01 (1H, 4, J=7.9Hz), 7.11-
7.18 (2H, m), 7.37 (2H, d, J=8.2Hz), 7.55 (2H, d, J=8.1Hz)
MS (ESI'): 392 [M+Nal’
HPLC Retention Time: 10.2 minutes

Example 28

[2-(3-Trifluoromethoxybenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside

(1) Synthesis of 2-({3-Trifluoromethoxybenzyl)}phenol
In a nitrogen stream, an n-butyllithium hexane solution

(2.44 M, 4.3 mL) was added dropwise to a solution of 1-



reduced pressure. The obtained residue was purified by TLC [devel oping

sol uti on=net hyl ene chl ori de: met hanol (10:1)] to obtain the title conpound
(17.5 nmg, 129% . [0283] 'H-NWR (CD3CD) S: 0.83-0.96 (1H, m, 1.44-1.60 (1H
m, 1.99-2.07 (1H, n), 3.14-3.32 (2H, nm, 3.38-3.50 (2H, m, 3.67 (1H, dd,
J=10.7, 4.0Hz), 3.93-4.13 (2H, m, 4.15-4.22 (1H m), 6.85 (1H, t,
J=7.3Hz), 7.01 (1H, d, J=7.9Hz), 7.11--7128 ¢(2H, m, 7.37 (2H, d, J=8.2Hz),
7.55 (2H, d, J=8.1Hz) MsS (ESI'): 392 [MtNa]' HPLC Retention Tinme: 10.2

m nutes Ekenpydo28-2-bromobenzene (2.5 ¢, 9.5 mmol} in THF (95 mL)

[ 2-(3-Trifluoronmet hoxybenzyl ) phenyl ] -5a-carba-j 3- D- gl uco- pyranosi de (1)
Synt hesi s 8t 2783 Tand | thve owix taig beag y$ § pheed| at nthe nsamegtempéeratare an

n- butyl i thi um hexane sol ution 2.44 M 4.3 nlL) was added dropwi se to a
sol uti on of°X 301pgnutpgsn,yexFhrspPdHsBERzefeSPEWE1igNn 9£f53mp|) in THE (95
m.) at -738C ﬁnd t he antu&e mai shirre? at the_same tenperature for _ 30

mi nut es. THTthitUorPReLPexYhergalarhydss (3. 5t Bif 7udr BRRdAo*PLERFaldenlid (1.5
g, 7.9 nnol; in TFE 832 nh) was adged dr@gmﬁse at -78C. The reaction

m xture wa¥28t PAAGH ARPPVREesafe ¢ Bner atif FFOFTHIR RbEEUre ¥t Pt HEFRSr e
at 0C for gnﬁhhour agd thentmater ma% adﬂed thergt% anﬁ the m xture., was
extracted @it hP&t APNCLEFRPLAHRE 6PJaRR FPRVEF RBE IWESAEETRFEnaY 92 ur at ed
sodi um chl ggi.d q ) ut§ dy.Led y Si ),
and then t heraordanodts 3G thafl 848rokhSlahAE) Cys (AR ARAT Y, ifxceaks
resi due wagast bgergdtly dikhCcatfgh aebvAReChr ARt 82haRMY: hdgue! @RkNg

washed with a saturated sodium chloride agueous solution and
dried (anhydrcous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
treated by silica gel column chromatography [developing
sclution=ethyl acetate:n-hexane (1:5)]. The obtained crude
product was dissolved in methancl {20 mL) and a 20% palladium
hydroxide catalyst (200 mg) was added and furthermore 2N-HC1l
(0.187 mL) was added thereto. The mixture was stirred under a
hydrogen atmosphere for 13 hours. Potassium carbonate

(850 mg) was added to the reacticon mixture and the mixture was
stirred at room temperature for 30 minutes, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure and the obtained residue was purified by
silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:5)] to obtain the title compound (1.40 g,
99%).

[0284] 'H-NMR (CDCl;) b: 3.99 (2H, s), 4.71 (1H, br s),
6.76 (1H, 4, J=7.9Hz), 6.92-6.86 (lH, m), 7.02-7.15 (5H, m),
7.29 (1H, 4, J=7.3Hz)

(2) Synthesis of [2-(3-Trifluoromethoxybenzyl)phenyl]-



sol uti on=et hyl acetate:n-hexane (1:5)]. The obtained crude product was

di ssolved in nethanol (20 nL) and a 20% pal | adi um hydroxi de catal yst (200
ng) was added and furthernmore 2N-HCL (0.187 nL) was added thereto. The

m xture was stirred under a hydrogen atnosphere for 13 hours. Potassium
carbonate (850 ng) was added to the reaction m xture and the m xture was
stirred at roomtenperature for 30 mnotéd% and then the catalyst was
filtered off. The solvent was distilled under reduced pressure and the
obt ai ned resi due5aasapbai-Bedgbycopyiranasdgde col utm chr onat ogr aphy

[ devel opi ng sol uti on=ethyl acetate:n-hexane (1:5)] to obtain the title
conpound (1.40 gin 8994trpoes4ptreamiR2(BDE18)ytetra-09behkylspa-¢a¥baceH, br
s), 6.76 (1H, d, J=7.9Hz), 6.92-6.86 % 7..02-7.15 7.29 (1H
d, J=7. 3+u§ eéycsyﬁrﬁeeﬁg $P0Pomg3_ 9 |wapéﬁeﬁﬁexyséhyywﬁpwbﬁfphinel29 -

side..In a nitrogen str

ga322rgitgﬁgggég %rﬁggamggggawgrB_GPGE p§Paﬁo§§q§§éﬁnnﬁf 6'§§"nnn#) and
: 3
e L uor onbe RESyRERus EndRelnah1]anEBY) (475 nBY) TF 5, hglde Lhy 234ent, (o,
cooling “‘ggd g? uﬁﬁgrtgggliﬁhraitﬂeﬁgélaéﬁﬁ'%ﬁ%ﬁ°¥%@kg¢ (TNAD 239 mg, 1.39

nmol ) was ereto at tne sane tenperature € reaction m xture was

stirred fOﬁe%QKEQHBﬁiﬁﬁknggﬁiﬁﬁakbﬂAba'§b@9mbt51t§§pﬁ§ hY" Gas! Aaheam

tenperature e reaction m xture was Concentrated re uced pressure,
and the obtabpedor Al €He Wame! keRpeFatiYeSi | red #ehcebuMhikiRhHeERLAEr aphy

[ devel opi ng sol uti on=et hyl
stirred for 20 hours while gradually raising its temperature
to room temperature. The reaction mixture was concentrated
under reduced pressure, and the obtained residue was treated
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:10}]. The obtained crude product was
dissolved in a methanol-THF (1:2) mixed solvent (10 mL) and a
20% palladium hydroxide catalyst (100 mg) was added thereto,
and the reaction mixture was stirred under a hydrogen
atmosphere for 13 hours, and then the catalyst was filtered
off. The solvent was distilled under reduced pressure and the
obtained residue was purified by TLC [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (104 mg, 26%).
[0285] 'H-NMR (CD,0OD) &: 0.86-1.00 (1H, m), 1.45-1.60 (1H,
m), 2.01-2.09 {(1H, m), 3.15-3.31 (2H, m), 3.41-3.48 (2H, m),
3.68 (1H, 4d, J=10.7, 4.1Hz), 3.88-4.11 (2H, m), 4.13-4.95
(1H, m), 6.82-6.87 {(1H, m), 7.00-7.30 (7H, m)
MS (ESI*): 429 [M+H]"
HPLC Retention Time: 12.4 minutes

Example 29




acet ate: n-hexane (1:10)]. The obtai ned crude product was dissolved in a

met hanol - THF (1:2) m xed solvent (10 nL) and a 20% pal | adi um hydr oxi de
catal yst (100 ng) was added thereto, and the reaction m xture was stirred
under a hydrogen atnosphere for 13 hours, and then the catal yst was
filtered off. The solvent was distilled under reduced pressure and the
obt ai ned residue was purified by TLC [de¥@Popi ng sol uti on=net hyl ene

chl oride: methanol (10:1)] to obtain the title conpound (104 ng, 26%.

[0285] 1H NWVR(4<RRCRpm8thP1B6niy0Pphéhlyll)5aicdbba-$ODEdHicopyrarofiagd. 09
(1H, m, 3.15-3.31 (2H, m, 3.41-3.48 (2H, m, 3.68 (1H dd, J=10.7,

4. 1Hz) , 3.eeeu141agig1$a&i, 4.13-4.95 (1H, m, 6.82-6.87 (1H, m, 7.00-7.30
(7H, m M iESI+ . 429 [N%F%‘ HPLC Retention Tinme: 12.4 mnutes Exanple 29
- 130 - [2{})h- AnPYBERERYELERZ{RY phehPLrongthylbanryb) ghavspyriaosi de acetic
acid salt (1) Synthesis of &2-(4-Aninonethylbenzyl) henyl ] - 5a-

car ba- 3- D- gl ucop§RERBsP gR- GLteerRYERRASkdet agntiey a@édpsdltict (63 ny) of

[ 2- (4- cyanobenzyl,) - phenyl ] -

0 4 6 tetra O TASOTO4S BEPRCY. 11 MEbESF ahBsl HeoKRROREREYA LGP B ki o

27 di d,i hanol - 1:2)  mixed solvent (1. d a 20%
ol | adi um Ayt b abe ERIEPy BPa=hLe SautamberBr b6 SRaPTRenh7 488! 8850l ut i on vas
stirred un&ﬁ£3fnﬁ8yﬁﬁ0ﬂ§9m31a059h§5§ ﬁ?%sgﬁvgﬁuiﬁ-angtﬁﬁﬁéiY§ﬁF“®§:%9 .

and t e t optaln a

filtered, e solvent was distrl under reduced pressure

crude prodygkedf sbZoéAraf Nt Bxhbgnzyk) phenyblod: Bydrbxide catalyst

was added thereto and the mixture solution was stirred under a
hydrogen atmosphere for 23 hours. The catalyst was filtered,
and the solvent was distilled under reduced pressure to obtain
a crude product of [2-(4-aminomethylbenzyl)phenyli-2,3,4,6-
tetra-0-benzyl-5a-carba-f-D-glucopyranoside. This crude
product was dissolved in methylene chloride (0.55 mL) and
dimethyl sulfide (0.22 mL, 5.1 mmol)} and a boron tri-fluoride-
diethyl ether complex (0.11 mL, 0.86 mmol) were added thereto
under cooling with ice, and the mixture was stirred at room
temperature for 22 hours. The reaction mixture was
concentrated under reduced pressure and the obtalned residue
was purified by HPLC (developing solution= methanol:20 mM
ammonium acetate aqueous solution) to obtaln the title
compound {19 mg}.

[0286] 'H-NMR (CDsOD) &: 0.85-0.99 (1H, m}, 1.42-1.58 (1H,
m), 1.88 (3H, s), 1.93-2.01 (1H, m), 3.14-3.67 (5H, m), 3.87-
4.07 (24, m), 4.01 (2H, s}, 4.11-4.20 (1H, m), 6.79-6.85 (1H,
m), 6.99 {(1H, 4, J=4.1H), 7.01-7.16 (2H, m}, 7.25 (2H, 4,
J=8.4Hz), 7.29 (2H, 4, J=8.5Hz)

MS (ESI*): 374 [M+H]"



tetra- O benzyl - 5a- car ba- p- D- gl ucopyranosi de. This crude product was
di ssolved in nethylene chloride (0.55 nL) and dinethyl sulfide (0.22 ni,
5.1 mmol) and a boron tri-fluoride- diethyl ether conplex (0.11 nL, 0.86
mmol ) were added thereto wunder cooling with ice, and the m xture was
stirred at room tenperature for 22 hours. The reaction m xture was
concentrated under reduced pressure ant tHE obtained residue was purified
by HPLC (devel opi ng sol uti on= net hanol : 20 nM anmmoni um acet at e aqueous
sol uti on) HBLEbRetanthent Fime: FeApwERUtEes ng). [0286] 'H- NVR (CD3OD) S:
0.85-0.99 blH’ nm, 1.42-1.58 (1H, m, 1.88 (3H, s), 1.93-2.01 (1H m,
3.14-3.67 Exgmphe 38 87- 4.07 (2H, m, 4.01 (2H s), 4.11-4.20 (ill, m,
6.79-6.85 (1H, m, 6.99 (1H d, J=4.1H), 7.01-7.16 (2H, m, 7.25 (2H, d,
J=8. 4Hz), ¥5-Metbpryq2-§4smsrhoxyhenpyl)phenyl]rpRrrarbarftb-glpre-Ret ention
Time: 7.3 mi.nutes, .Exanple 30
[ 5- Met hoxy rago oxybenzyl ) phenyl ] - 5a- car ba- 3- D- gl uco- pyranosi de (1)
Synt hesi s [ 5- 2 2- (4- mgt zyl }ph s -cahhasz 3 _
glucopyrangg?de %§£38§¥%§oégnvgtggg§?§8,é,i?6$Eéb;§¥5§8%§%§§yga9gérba-a-
D- gl ucopyranose £p0 _R.83 rputyl - phosphine (0.35 nm, 1.39
nmol ) were addedg?oggggglﬁt?oﬂﬂggbéyﬁégﬂ%éegz- (4- met hoxybenzyl ) phenol (340
ng, 1.39 mmol) ag,descri I n rnatk o _ Lcati Se .V 58682,
(P UgSgtbedeh Not LOLG! N2l s 0f ?&P%é %gﬂzg@ 5a Y8245 028

W02/ 064606, rt e 1'n toluene ntder “coolTng With
D-glucopyranose (500 mg, 0.93 mmol) and tributyvl-phosphine

(0.35 mL, 1.39 mmol) were added to a solution of S5-methoxy-2-
(4-methoxybenzyl)phencl (340 mg, 1.39 mmol) as described in
International Publication Nos. W0O04/058682, WO02/064606,
W002/044192 or the like in toluene (3 mL)} under cooling with
ice, and then tetramethylazo-dicarboxamide (TMAD, 239 mg, 1.39
mmol) was added thereto at the same temperature. The reaction
mixture was stirred for 17 hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue
was treated by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:3)]. The obtained crude
product was dissolved in a methanol-THF (1:2) mixed solvent {5
mL) and a 20% palladium hydroxide catalyst (50 mg) was added
thereto, and the reaction mixture was stirred under a hydrogen
atmosphere for three hours, and then the catalyst was filtered
off. The solvent was distilled under reduced pressure and the
obtained residue was purified by TLC [developing
solution=methylene chloride: methanol (10:1)] to obtain the
title compound (119 mg, 32%).

[0287] 'H-NMR (CD,OD) &: 0.84-0.98 (1lH, m), 1.44-1.60 (1H,



i ce, and then tetramet hyl azo-di carboxam de (TMAD, 239 ng, 1.39 mmol) was
added thereto at the sane tenperature. The reaction mxture was stirred for
17 hours while gradually raising its tenperature to roomtenperature. The
reaction m xture was concentrated under reduced pressure, and the obtained
residue was treated by silica gel colum chromat ography [devel opi ng

sol uti on=et hyl acetate:n-hexane (1:3)]- ¥B2 ebtained crude product was

di ssolved in a nmethanol -THF (1:2) m xed solvent (5 nl) and a 20% pal | adi um
hydr oxi de mat aly98-¢506mj)lHwam)addedi3-Bhare{ 6H,amnd ,t Be7redGHi,08 ) 3t 8BRE was
stirred under a hydrogen atnosphere for three hours, and then the catal yst
was filter&3H,oft, Fhélsdl88n{2Hasmdi stti.Pbed.UAdéLH: eulliced.dlesdtr eddnd t he
obt ai ned residue was purified by TLC [devel opi ng sol uti on=net hyl ene

chl ori de: deg hdnof - %H@Jl)? B8 biﬂalﬁ t Ae2-.1He)e EorpoliRH.(419Im§: 78295 .
[0287] 'H NVR (CD3OD) 6: 0.84-0.98 (1H, m, 1.44-1.60 (1H, - 132 :

1.98-2. 06 ?1% . 3d3 3938 42Hg &)y 7rr;)5 $2H7 @31J=8)6H3)g> (3H s), 3.71-3.88

2H, 6- 6 Al (1H, dd, J=2.3, 8.2Hz 6.58 (1H, d,
S:z.lmz) '68 éé% ‘(a‘“’%%“*}gﬂz (6 94 (1H, d, J=8. 2Hz)? 7.05 ((2H d,
J=8. 6Hz 405 tion Tinme: 10.7 mnutes Exanple 31
[ 2- (4- N%tE§§§§S$%%ﬁ9Fbgﬂ£?$§%he g?%a GBID-quco- pyr;n03|de (g?
Synt hesi s ﬁﬁaﬂ ééZ §enzy|oxyphenyl)hydroxynethyl] benzoic Acid Methyl Ester

In a nitr an n-butyllithium hexane sol ution
[2-(4-Methoxycarbonylbenzyl)phenyl]-5a-carba-f$-D-gluco-

pyrancside

(1) Synthesis of 4-[(2-Benzyloxyphenyl)hydroxymethyl]-

benzoic Acid Methyl Ester

In a nitrogen stream, an n-butyllithium hexane solution
(2.71 M, 12.1 mL) was added dropwise to a solutiocn of 1-
benzyloxy-2-bromobenzene (7.84 g, 29.8 mmol} in THF (300 mL)
at -78°C and the reaction mixture was stirred at the same
temperature for 30 minutes. To this mixture, a sclution of 4-
methyl ester-benzaldehyde (4.78 g, 29.1 mmel) in THF (100 mL)
was added dropwise at -78°C. The reaction mixture was stirred
at the same temperature for one hour, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing soluticon= ethyl acetate:n-hexane
{1:5)] to obtain the title compound (4.15 g, 41%).
[0288] 'H-NMR (CDCl;) &: 3.06 (1H, d, J=6.2Hz), 3.91 (3H,
s}, $.02 (2H, 44, J=5.8, 11.4Hz), 6.07 (1H, 4, J=6.2Hz), 6.94-



(2.71 M

benzyl oxy- 2- br onobenzene (7.84 g, 29.8 muol)

12.1 nm.) was added dropwi se to a solution of 1I-

the reaction mxture was stirred at the sanme tenperature for 30 m nutes.
this mxture, a solution of 4- nethyl ester-benzal dehyde (4.78 g, 29.1 mmol)
in THE (100 m.) was added dropw se at -78C. The reaction m xture was

stirred

at the sane tenperature for onel$dutr, and then water was added

in THE (300 nL) at -78C and

To

thereto and the m xture was extracted with ethyl acetate. The organic |ayer

was washed? wP@h{ BHsallr af ediBsddftdm 8H omd de7 - Auééls Gol dePoAHEAd dri ed

(anhydr ous nggnesiun1sulfat§), ?nd t hen t he soIVSnt was distilled under
¢ 8fnéale i

reduced pr@

obtain the title

ur eSYHhRes L5 cBPRGELRREPROEY L

n

chr omat ogr aphy [gg%ﬁ%gﬂhggfsolution: et hyl acetate:n-hexane (1:5)] to

(2) Synthegis: 9fafta(3- ﬁggaw efxP;g;g;aggazggggfcﬁﬁgbggébéégg Fi. k9 fL,

ni t rogen
trifluori
sol ution
(4.15 g,

solution was stirred at the same tenperature for 1.5 hours and further at
0C for 30 mgnuseg, Yateormmes)agdedcetbrietr1angd2bhe fi Xt Hee-wasc exdd agied

stream triet si | ane n
der dagthbl $tHEFeCRAREEX t61a0Z0Mhtioh loBB4 0 PL) Were added to a

BangGisi APAE gel col um

%.15 g, 419 .7[0288] 1H NWR (CDC13) S 3.06 (1H,

?;6933'&)2 !422{ o - é‘%ﬂ"%'.‘%%gﬁf'%?é%bisg‘g.iﬁéf’?ﬁﬁl#‘?ll .29%7?‘5’%:7 %,;‘F%]:g%Hz)

of 4-[(2- benzyl oxyphenyl)-hydroxynet hyl ] benzoic acid nethyl ester

18e Rz I0kyphnPL et RPatbkife tBE1 Th8hiodt adff mBEnYNEeshRrtUre

with nmethylene chloride. The organic |ayer was washed with a saturated
sodi um chlmixtlere solution was stirred at the same temperature for 1.5

hours and further at 0°C for 30 minutes. Water was added
thereto and the mixture was extracted with methyvlene 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 [develeoping solution=ethyl acetate:n-hexane
{1:10)] to obtain the title compound (2.39 g, 62%).
[0289] 'H-NMR (CDC1,) &: 3.89 (3H, s), 4.05 (2H, s), 5.02
(2H, 4, J=5.8Hz), 6.92 (2H, 4, J=7.9Hz), 7.12-7.36 (9H, m),
7.91 (2H, 4, J=8.0Hz)
MS (ESI*): 333 [M+H]*
(3) Synthesis of 4-({2-Hydroxybenzyl)benzoic Acid Methyl
Ester
To a solution of 4-(2-benzyloxybenzyl)benzolc acid
methyl ester (2.3%9 g, 7.19 mmol)} in methanol (70 mL}, a 20%
palladium hydroxide catalyst (239 mg) was added. The mixture
was stirred under a hydrogen atmosphere for five heours, and

then the catalyst was filtered off. The solvent was distilled



aqueous solution and dried (anhydrous nmagnesium sul fate), and then the

sol vent was distilled under reduced pressure. The obtained residue was
purified by silica gel colunmm chromat ography [devel opi ng sol uti on=et hyl
acetate: n-hexane (1:10)] to obtain the title conpound (2.39 g, 62% . [0289]
1H NWVR (CDC13) 6: 3.89 (3H, s), 4.05 (2H s) 5.02 (2H, d, J=5.8Hz), 6.92
(2H, d, J=7.9Hz), 7.12-7.36 (9H, m, 7. 534 (211, d, J=8.0Hz) Ms (ESI'): 333
[ MEH ' (3) énthe3|s of 4-(2-Hydroxy benle)ben20|c Acid Methyl Ester To a
sol uti on oPr@er2radRepAoRYBERYYR) beneBralhcthe kidthel cewpeprng2 (391§ 97. 19
mol) in nghginol (70 nmL), a 20% pall adi um hydroxi de catal yst (239 ng) was
added. The ture was stirred under a hydrogen at nosphere for five hours,

32&5?33&55 o Teas iy RSB (AR IE 81 § 31 85¢ ﬁﬁtﬁﬁﬁt(ﬁédbihtge% fég%l
HBN$§CD§€) ?1H36897(%;h3sb g 943"2?%%)%9 ‘;ﬁzgé(zﬁj) Bﬂgls ZHz % 04

J

(2H, d, J Hz),y M5 | 243 4) Sy pt i sgzof

[ 2- (4- N@thgxgca%%ongfggnégﬂ)pﬁengN%FmHzﬁ 758! (26! Sa0" 5-8. onz)
4,

6-tetra-@gsbengyty S Lar e p- D-gl ucopyranoside In a nitrogen stream
2,3,4,6 tetra- O benzyl - 5a- carba-a D gl ucopyranose (1.10 g, 2.04 nmmol) and

tributyl - phasphi sgnth@sig ok, [ 3-08- nabhbxyeaebadﬁmﬁehnya)pﬁéuynqnzoh 4-(2-
hydr oxybenzyl ) benzoic acid nethyl ester (741.4 ng, 3.06 nmol)

4,6-tetra-0-benzyl-5a-carba-p-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyrancose {(1.10 g, 2.04 mmol) and tributyl-phosphine
(0.77 mL, 3.06 mmol} were added to a solution of 4-(2-
hydroxybenzyl)benzoic acid methyl ester (741.4 mg, 3.06 mmol}
in toluene (6.9 mL) under cooling with ice, and then
tetramethylazodicarboxamide {TMAD, 526.5 mg, 3.06 mmol) was
added thereto at the same temperature. The reaction mixture
was stirred for 20 hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrated 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 (42%.0 mg, 28%).
[0291] 'H-NMR (CD,OD) &: 1.40 (1H, dd, J=12.0, 12.0Hz),
1.65-1.74 (1H, m}, 2.00-2.09 (1H, m), 3.43-3.59 (2H, m), 3.84
(3H, s), 4.00 (2H, s), 4.32-3.92 (8H, m), 6.91 (1H, t,
J=8.0Hz), 7.04-7.32 (25H, m), 7.87 (2H, 4, J=8.0Hz)
(5) Synthesis of [2-(4-Methoxycarbonylbenzyl)phenyl]-

5a-carba-f-D-glucopyranoside

[2-(4-Methoxycarbonylbenzyl)phenyl]-2,3,4,6-tetra-0-



in toluene (6.9 nL) under cooling with ice, and then

t et ranet hyl azodi car boxam de (TMAD, 526.5 ng, 3.06 nmol) was added thereto
at the sanme tenperature. The reaction mxture was stirred for 20 hours
while gradually raising its tenperature to roomtenperature. The reaction
m xture was concentrated under reduced fressure, and t he obtai ned residue
was purified by silica gel colum chronat®graphy [devel opi ng sol ution=et hyl
acetate: n-hexane (1:10)] to obtain the title conpound (429.0 ng, 28%.

[ 0291] 'F+bhﬁszIB&£#aﬁbaiﬁAD glupong;aﬂasé 03812. fdglz) 0. 08%. fifmol ) 7éaglH, m,
2.00-2.09 m, 3.43-3.59 (2H nﬁ 84 (3H, s), 4.00 §2H, s{, 4.32-3.92
(8H ), b&s?&vpdtln 9—5#&?&y017T E_$233) (mbredppolyest (M5 al)japdosy)
(5) Synthe5|s i &4 thhoxx grbon¥lbenzylgpheny ]-

5a- car ba- g2 %ggpﬁ% 39 umbhygeeoxide catalyst” (5 mg)  was added thereto.

Lgnéslthh@§¥ca{29E¥%Fﬁggg% Eggé k%ééf ﬁggy %%égﬁﬁ%FT%ﬁﬁéeral£ﬁ6|6éd hn a
t T, 1
o el A, o i OACEks i Tkt s SRR SAMBNILRE 2

atnnspherewggrdg tfPPH&S &Eg EEﬁﬁcEBePEéE§L¥éta Stﬁb'%BESQn Bf rel ﬁue

solvent was distilled un reduced pressure and the o talne r esi was

purified byasi phedroek ?IyﬂmlehrgaateeiaﬂhycﬁésmskegkaﬁhXS@he%er ﬁg%hylene
chl ori de: met hanol (10:1 to obtarn the title conpound g

55 i ot g ant 6 1 o Loe,
S). 4.00-4tid¥1¢2¢bmpdund. 1924928g, 65%).
[0292] 'H-NMR (CD,OD) &: 0.89-1.00 (1H, m), 1.47-1.62 (1H,
m), 2.03-2.09 (1H, m), 3.16-3.23 (2H, m), 3.42-3.49 (2H, m),
3.51-3.87 (1H, m), 3.95 (3H, s)., 4.00-4.17 (2H, m), 4.19-4.23
(1H, m), 6.87 (1H, 4, J=7.4Hz), 7.31 (1H, 4, J=7.6Hz), 7.12-
7.20 (2H, m), 7.32 (2H, 4, J=8.4Hz), 7.88 (2H, d, J=8.4Hz)
MS (ESI*): 403 [M+Nal’

Example 32

[2-(4-Carbamoy1benzyl)phenyl]—5a—carba-ﬁ-D-glucopyranoside

(1) Synthesis of [2-{4-Carboxybenzyl)phenyl]-2,3,4,6-

tetra-0-benzyl-5a-carba-f-D-glucopyranoside

Under & nltrogen atmosphere, a 5N-sodium hydroxide
aqueous solution (0.15 mL) was added to a solution of [2-(4-
methoxycarbonyl-benzyl)}phenyl]-2,3,4,6-tetra-O-benzyl-5a-
carba-f§-D-glucopyranose (100.0 mg, 0.13 mmol) in ethanol-THF
{4:1) mixed solvent (1.5 mL) at room temperature and the
mixture sclution was stirred for 22 hours. Thereafter, to the
reaction mixture was added a S5N-hydrochloric acid aqueous
solution under cooling with ice to neutralize the mixture.

The resulting mixture was extracted with methylene chloride



(1H, m, 6.87 (1H, d, J=7.4Hz), 7.31 (1H, d, J=7.6Hz), 7.12- 7.20 (2H, m,
7.32 (2H, d, J=8.4Hz), 7.88 (2H, d, J=8.4Hz) M5 (ESI'): 403 [M+Na]' Exanple
32 [ 2-(4- Carbanoyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyranoside (1) Synthesis
of [2-(4-Carboxybenzyl)phenyl]-2, 3,4, 6-

tetra- O benzyl - 5a- car ba- p- D- gl ucopyranosi de Under a nitrogen atnosphere, a
5N- sodi um hydr oxi de aqueous sol ution (6.318ént) was added to a sol ution of

[ 2- (4- net hoxycarbonyl - benzyl ) phenyl ]-2, 3, 4, 6-tetra- O benzyl - 5a-

car ba- p- D- ghdcépyiedndsedduo selfgte). addmeonrent rattiesdn cindiH- re@ickd ni xed
solvent (1.5 nlL) at roomtenperature and the m xture solution was stirred
for 22 houP¥essHEELeAPt ePLaly ithe tiddet compevadur(®lnds meddSd ¥ .

5N- hydrochl ori ¢ acid agueous sol ution under cooling with ice to neutralize
the mixtur&0298d resul tH MR (GRGF= ds dxtRaddBd dddn detdRyMend2cHl.ori de -

obtai i ho it 4RSS compatad -601 i ™o ady 08 -Posds) 1R e Cerird, da: (2hys
1H, ddd, J=12.,4..12.4  12.4Hz), o1.55-1.67 (| H_ b, ,2.00-2. Q4 ,
L S el Pl 207 Ty, SgJZH.ﬁI_"é’))s,'34.9§5-(%.1{92m2)8H,6‘ , @ 2‘:('1&?75',13“3‘2?. 3H),

L2 e AR % T 5 Gy 70 (0 (2

tetra- O bepgyl 82+ sarPgo priggh ticopyr anosi de Under a nitrogen atnosphere,
1- hydr oxybenzotri zol e nonohydrate (9.0 ng, 0.07 mmol) and

#Tglt )hyl - 3- (39di nByRYhesaw BepToRYlu)-carbascyThaa zRiJ phehkari-ge 3( 4260 my, 0: 07

tetra-0O-benzyl-5a-carba-f-D-glucopyranoside

Under a nitrogen atmosphere, l-hydroxybenzotrizole
monohydrate (9.0 mg, 0.07 mmol) and l-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide hydrochloride {(12.0 mg, 0.07 mmol)
were added to a solution of [2-(4-hydroxycarbonylbenzyl)-
phenyl]-2,3,4,6-tetra-0O-benzyl-5a-carba-p-D-glucopyranoside
{(45.0 mg, 0.06 mmol) in N,N-dimethylformamide (1.2 mL) at room
temperature and the reaction mixture was stirred for one hour,
and then ammonia water (0.5 mL)} was added thereto under
cooling with ice and the mixtuere was stirred for 27 hours.
The reaction mixture was concentrated under reduced pressure
and purified by TLC (developing solution= methancl:methylene
chloride=1:10) to obtain the title compound {(39.1 mg, 89%)}.
[0294] 'H-NMR (CDCl;) &: 1.31-1.49 (1H, m), 1.62-1.76 (1H,
m), 1.96-2.08 (1H, m), 3.39-3.66 (2H, m}, 4.02 (2H, s).
4.33-4.96 (8H, m), 6.88-6.97 (1H, m), 7.04-7.39 (25H, m),
7.54-7.61 (2H, m)
MS (ESI*): 748 {M+H]"
(3) Synthesis of [2-(4-Carbamoylbenzyl)phenyl]-5a-carba-

B-D-glucopyranoside



were added to a solution of [2-(4-hydroxycarbonyl benzyl) -

phenyl]-2, 3,4, 6-tetra- 0O benzyl - 5a- car ba- R- D- gl ucopyranoside (45.0 ng, 0.06
nmol) in N,Ndinethylformamde (1.2 nL) at room tenperature and the
reaction mxture was stirred for one hour, and then ammnia water (0.5 i)
was added thereto under cooling with ice and the m xtuere was stirred for
27 hours. The reaction mixture was concédfrated under reduced pressure and
purified by TLC (devel opi ng sol uti on= net hanol : net hyl ene chloride=1:10) to
obtain the titleTooapsuhdtisd. 13myl.)86%) [2-f 8284rbaiolyReZPC)3phényl ] -
1.31-1.49 (1H, m, 1.62-1.76 (1H m, 1.96-2.08 (1H, nm, 3.39-3.66 (2H, n),
4.02 (2H, 8)3.44633e2ra60(BEnzyjl -56a- &arbaQB PiBlurppyrafédsida (GASH, my),,
7.54-7.61 ESI'): 748 & 3) Synthesis of

[2-(4-Carb nﬁ9|w@ﬁ%9|§ph@ﬁthn9& HFbd2: 3 Bolyendofyr akdsi @e 20%137 To a

solution (3 4 car_banol y

2, 3h4 6|tePP&lEQEHW29F 53x&gpbga5a%ynﬁuk% &9&n§§%d@déﬁg -1 e ™EXEHTeol ) in
t THF : L 20% t st 5
e e aukanuEkh RRs! GlactRghhsk AoBvaRRorR]atResbReRR, $050 2 WS yrer o

for 24 houcsy AR LASNCLBg Gabelust 1498 Ll Skd g, Thaaqlveny, vas

distilled reduced presSsure and alned re € "was purlfled by
TLC (devel u metRan e | a the
1L (et 845 gL eRpTeLIRL FELOM GRS oI ESLCESBH 49, gl
J=11.7, 1lpﬁﬂikledlb38wﬁc6%d@%@loﬂhngls%ﬁu%igﬁ ﬁéﬂhaﬁba %e%ﬁg&e%% (4H m,
3.42- 3 59" ( 2H, 65-3.73 (1H

chloride (1:5)] to obtain the title compound (19 2 g, 99%).

[0295] 'H-NMR (CD;OD) &: 0.92 (1H, 4d, J=11.7, 11.7Hz),

1.48-1.62 (1H, m}, 1.96-2.08 (1H, m), 3.16-3.33 (4H, m), 3.42-

3.59 (2H, m}, 3.65-3.73 (1H, m), 3.93-4.26 (3H, m), 6.87 (1lH,

t, J=7.3Hz), 7.02-7.21 (3H, m}, 7.31 (2H, 4, J=8.2Hz), 7.74

{2H, 4, J=8.1Hz)

MS (ESI*): 388 [M+H]’

HPLC Retention Time: 8.0 minutes

Example 33

[2-(4-N,N-Dimethylcarbamoylbenzyl)phenyl]-5a-carba-f-D-

glucopyranoside

(1) Synthesis of [2-(4-N,N-Dimethylcarbamoylbenzyl)-
phenyl]-2,3,4,6-tetra-0-benzyl-Sa-carba-f-D-gluco-
pyranoside
Under a nitrogen atmosphere, l-hydroxybenzotrizole

monohydrate (9.0 mg, 0.07 mmol) and l-ethyl-3-(3-dimethyl-

aminopropyl)carbodiimide hydrochloride (12.0 mg, 0.07 mmol)
were added to a solution of [2-(4-carboxybenzyl)phenyl]-
2,3,4,6-tetra-0O-benzyl-5a-carba-f3-D-glucopyranoside {45.0 mg,

0.06 mmol) as obtained in Example 32 in N,N-dimethylformamide



t, J=7.3Hz), 7.02-7.21 (3H, m, 7.31 (2H, d, J=8.2Hz), 7.74 (2H, d,
J=8.1Hz) M5 (ESI'): 388 [MtH' HPLC Retention Tinme: 8.0 mnutes Exanple 33
[ 2- (4- N, N- Di et hyl car banoyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de (1)
Synt hesi s of [2-(4-N, N-D net hyl car banoyl benzyl) -

phenyl ]-2, 3,4, 6-tetra- O benzyl - 5a- car ba- p- D- gl uco- pyranosi de Under a

ni t rogen atnosphere, 1-hydroxybenzotrizol¥ monohydrate (9.0 ng, 0.07 nmol)
and 1-ethyl -3-(3-di net hyl - am nopropyl ) carbodiim de hydrochl oride (12.0 ny,
0. 07 mmol ) {1 wernL hdaiedreom at emperaburefafid- tHe caebokybrnaykiphenyas-
2,3,4,6-tetra- 0O benzyl - 5a-car ba- (3- D- gl ucopyranoside (45.0 ng. 0.06 mmol)
as obt ai neStiRCEk aFF cone ROUN. l\l—ﬂilﬂe‘gh@'im% hahp@ine aggeoys. aoimylan room
t enperature and the reaction nmixture was stirred for one hour,

N, N- di met h{® ari e/ dﬂﬁ%oﬁgd%%lE??Bﬁt°(@n%eﬁtﬁ°%é§“%dﬂéﬂhth%?eFBduHB%r cool i ng
with ice and the mxtu for urs actjion mxture was
concent r at®®&t* rw?%diégﬁr%$e€%ﬁr%?g%%uﬁﬁr|f | B?acgigBa?gf#EEGTf%?
(dovel opt gyraLhkL 8 TGAHDOL LIS IN E0Ee Gl LGS 4L qhOpg0 2 1 the tIt €
(i my. FEpetLeg Phesiddveithifl srfuiodtinginadoling iy dyg {0t 2
6.91 (1H {¢nidrvadi)ioy- P4-doBBik 2hk ﬂiti@5é5$$o&nd7?§4[§*$$, 96%) .

[0296] 'H-NMR (CDC1l;) &: 1.42-1.52 (1H, m), 1.66-1.78 (1H,

m), 2.05-2.14 (1H, m}, 2.83 (3H, s), 3.04 (3H, s), 3.44-3.68

(5H, m), 3.99 (2H, s), 4.35-4.53 (1H, m), 4.68 (2H, s), 4.83-

4.94 (3H, m), 6.91 (1H, t, J=7.3Hz), 7.04-7.36 (27H, m)

MS (ESI*): 776 [M+H]®

{2) Synthesis of [2-(4-N,N-Dimethylcarbamoylbenzyl)-

phenyl]-5a-carba-f-D-glucopyranoside
To a methanol-THF (2:1) solution (3 mL) of [2-(4-N,N-

dimethylcarbamclybenzyl)phenyl]-2,3,4,6-tetra-0-benzyl-5a-

carba-f-D-glucopyranoside (44.1 mg, 0.06 mmol), a 20%

palladium hydroxide catalyst (5 mg) was added. The mixture

solution was stirred under a hydrogen atmosphere for 24 hours,

and then the catalyst was filtered off. The solvent was

distilled under reduced pressure and the obtained residue was

purified by TLC [developing solution=methanol: methylene

chloride (1:5)] to obtain the title compound (20.1 mg, 87%).

[0297] 'H-NMR (CD;0OD) &: 0.86-1.00 {(1H, m), 1.45-1.58 (1H,

m), 1.98-2.06 (1H, m), 2.95 (3H, s), 3.03 {3H, s}, 3.13-3.49

{(5H, m), 3.62-3.68 (1H, m), 3.88-4.21 (3H, m), 6.91 (1H, t,

J=7.2Hz), 6.98-7.15 (3H, m), 7.26 (4H, s)

MS (ESI'): 416 [M+H]'



(2) Synthesis of [2-(4-N, ND nethyl car banoyl benzyl ) -

phenyl ] - 5a- car ba- p- D- gl ucopyranosi de To a nethanol -THF (2:1) solution (3
m.) of [2-(4-N,N di met hyl car banol ybenzyl ) phenyl]-2, 3, 4, 6-tetra-O benzyl - 5a-
car ba- p- D- gl ucopyranoside (44.1 ng, 0.06 mml), a 20% pall adi um hydroxi de
catal yst (5 ng) was added. The m xture solution was stirred under a
hydrogen at mosphere for 24 hours, and-théR the catalyst was filtered off.
The solvent was distilled under reduced pressure and the obtai ned residue
was puri f HBECbReTeGtidev&Liwpi:ng - Somdnugesnet hanol : net hyl ene chlori de
(1:5)] to obtain the title conpound (20.1 ng, 87% . [0297] 'H NWR (CD3CD)
6: 0.86-1. Bdample g 1 .45-1.58 (1H, n), 1.98-2.06 (1H, m, 2.95 (3H s),
3.03 (3H, s , 3.13-3.49 (5H n) 3.62-3.68 (1H, n) 3.88-4.21 3H m, 6.91
(1H, t, - pAy Ethgxy ) hl -5a-garbasf-b copgranoside [ MH ' -
139 - HPLC 5 tenélon Tlne

[ 2- (4- ELhoi benz V?5E8ﬁ§ﬁ] %a%cZkbgigyﬂgggﬁgggngﬁﬁgpge f%) ﬁynthﬁ5|s of
2-(4-E

sol utton (o 70 4 8 8 8rpblncs RrbeR” dfaph BATVa i Bir, Konnpp HOLOEHER®

1- benzylox¥ 25 QrganengE? 8%5 aﬁ e% ﬁr bLeIQOT Esggg gt -78C and the

m xture sol utlon was stir sane erature 0 mnutes To

this m xtufLebeazwbseyLan%moﬁeﬁ&aaéyg@néahdebygemfn&l@ﬁtmia §6ompRY) N

THE (30 nlL) was ~added dropw se at e reaction’'m xture was stlrred at
the same tggpenatergnd ofnd WikoWrs  sGDGt 158 Wit ££11¥PSd 28 ehe same

temperature for 30 minutes. To this mixture, a solution of

4-ethoxybenzaldehyde (1.29 mL, 1.86 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 water was added
theretoe and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride
aqgueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure and the
obtained residue was treated by silica gel column
chromatography {developing solution=ethyl acetate:n-hexane
(1:5)]. To a methanol solution (26.8 mL) of the obtained
crude product, a 20% palladium hydroxide catalyst (147 mg) was
added and furthermore 36% HCl1l (0.4 mL} was added thereto. The
mixture was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtain the title
compound (828.1 mg, 38%).

[0298] 'H-NMR (CDC1l;) &: 1.39 (3H, t, J=7.0Hz), 3.93 (2H,



thereto and the m xture was extracted wth ethyl acetate. The organic |ayer
was washed with a saturated sodiumchloride aqueous solution and dried
(anhydrous magnesi um sul fate), and then the solvent was distilled under
reduced pressure and the obtained residue was treated by silica gel columm
chr omat ogr aphy [devel opi ng sol uti on=et hyl acetate:n-hexane (1:5)]. To a
met hanol solution (26.8 mL) of the obtaih&® -crude product, a 20% pal | adi um
hydr oxi de cat al yst 5147 ng) was added and furthernore 361 HCL (0.4 nl) was
added ther®lo.3TR8 (AHxt dreIndsOBE)sredTdnGePOa{ Alldr BYen7aPRodphdr é4Hor 24
hours, and then the catalyst was filtered off. The solvent was distilled
under redu®éd pressure and the obtained residue was purified by silica gel
col um chr omat ogr aphy [ devel opin sol ution=eth acet ate: n-hexane (1:5)] to
Béﬁ% Bérg4

I
obtain thel#)t| eSYR iRdofs nEFhSBW@nFEééBPenHlNNRa('eBE!?Q)'Bb: 1.39
(3H _t, J=7.0Hz), 3,93 (2H, - %ﬁo s), 3.99 (2H, q, J=7.0Hz), 6.77-6.90 (4H,
M), 7.09-7.14 (4P IHHFOPEF2RORIAGsi s of
2- (4- Et hoxybenzyl ) phenyl ] - 5a-carba-p-.,D; gl uc rangsj de_| ni t rogen
Stroam 2050 4. o TaIBE B hesct; S6S0 Mot h. S TP RLERT S eter o e ke BE 8
mol ) and §ri - [ 35 d ol ution
of 2} (4 R raRubERYEHRaRY Eh00 flg c0tbs dmd?) THH) cMELELPE BB EAEN U Gy
cooling wt#, ssemrand, s5epmbel ragBLNYhacQ- d5Car Boxaei s of THAP4-239 ng, 1.39
mmol ) was added thereto at the sane tenperature. The reaction m xture was
stirred fostROxPPEREY1YWWheéRoUr fdual bymgai $i BOmnbS )t EAPLHREBHE (9. ROAM)

t enper at ur e.
under cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 239 mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained residue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)1. The cobtained crude product was dissolved in methanol
(5 mL}) and a 20% palladium hydroxide catalyst (56 mg) was
added thereto, and the reaction mixture was stirred under a
hydrogen atmosphere for 24 hours, and then the catalyst was
filtered off. The solvent was distilled under reduced
pressure and the obtalned residue was purified by silica gel
column chromatography [developing solution=methylene
chloride:methanol {(10:1)}] to obtain the title compound (133.5
mg, 36%}).
[0299] 'H-NMR {CD;OD} &: 0.89-1.03 (1H, m), 1.35 {3H, t,
J=7.1Hz), 1.48-1.62 (1H, m), 2.02-2,11 (1H, m), 3.18-3.33 (3H,
m), 3.35 (2dH, s), 3.44-3.52 (2H, m), 3.68-3.74 (1H, m),

3.81-4.02 (4H, m), 4.13-4.23 (1H, m), 6.74-6.87 (4H, m), 6.99-



The reacti

on m xture was concentrated under reduced pressure, and the

obt ai ned residue was treated by silica gel colum chromat ography

[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:10)]. The obtai ned crude
product was dissolved in nethanol (5 nL) and a 20% pal | adi um hydr oxi de
catal yst (56 ng) was added thereto, and the reaction m xture was stirred
under a hydrogen atnosphere for 24 hodr%4land then the catal yst was
filtered off. The solvent was distilled under reduced pressure and the
obt ai ned r&stdu¢4Masmpurified by silica gel colum chronatography

[ devel opi ng sol uti on=net hyl ene chloride: methanol (10:1)] to obtain the
title conp¥8ndESI3B: SA1hy[Me$38]” [0299] 1H NVR (CD3OD) b: 0.89-1.03 (1H,

1. 35 (3H,

m, 3.35 (ﬁ%csyetsnuoa Eime2Hllapt mingges. 74 (1H, m,

4.13-4.23
411 [ M+Na]
[2-(4-Difl
Synt hesi s
n-butyllit

solution o

-78C and t
m nut es.

m

t, J=7.1Hz), 1.48-1.62 (1H, nm), 2.02-2.11 (1H, m), 3.18-3.33 (3H,

3.81-4.02 (4H, m,

m, 6.74-6.87 (4H, n), 6.99 - 141 - 7.17 (4H m M (ESI'):

ention Tine: 11.4 mnutes Exanple 35
uoronethoxybenzyl phenyl] 5a- carba p- D-gluco-.p ranosi de (1)
b4+ I3 : JDERZY ' sgl8fPaam  an

E|¥n1hsx§ne solut{oni (2'71 Nl“3;8VnL) was added dropwi se to a

| oxy- 2-bronobenzene (2.5 g, 9.5 mol) in THE (90 nm.) at

gf ‘sgg‘ﬁnégiﬂt bEN Y3 - B&Eﬁﬁ?goﬁéthﬁﬁyﬁéﬂ‘éyﬂEﬁB‘ﬁr ture for 30

I on sol ut
In a nitrogen stream, an n-butyllithium hexane solution

(2.71 M, 3.8 mL) was added dropwise to a solution of
l-benzyloxy-2-bromobenzene (2.5 g, 9.5 mmol) in THF {90 mL) at
-78°C and the mixture solution was stirred at the same
temperature for 30 minutes. To this solution, a solution of
4-difluoromethoxybenzaldehyde (1.23 mL, 1.86 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 water
was added thereto and the mixture was extracted with ethyl
acetate. The organic layer was washed with a saturated sodium
chloride aqueous sc¢lution and dried (anhydrous magnesium
sulfate}, and then the solvent was distilled under reduced
pressure and the obtained residue was treated by silica gel
column chromatography [developing solution=ethyl acetate:n-
hexane (1:5)] to obtain a crude product. To a solution of the
obtained crude product in methanol (26.8 mL), a 20% palladium
hydroxide catalyst (147 mg) was added and furthermore
concentrated hydrochloric acid (0.4 mL} was added thereto.

The mixture solution was stirred under a hydrogen atmosphere
for 24 hours, and then the catalyst was filtered off. The

solvent was distilled under reduced pressure and the obtained



4-di f |l uor onet hoxybenzal dehyde (1.23 nL, 1.86 mmmol) in THE (30 nlL) was added
dropwi se at -7BC. The reaction mxture was stirred at the sane tenperature
for two hours, and then water was added thereto and the m xture was
extracted with ethyl acetate. The organic | ayer was washed with a saturated
sodi um chl ori de aqueous solution and dried (anhydrous magnesium sulfate),
and then the solvent was distilled underl¢®duced pressure and the obtained
residue was treated by silica gel colum chronat ography [devel opi ng

sol ut i on=e¥¢giduecvas cPurifitednby (gibi¢at gebbealwmn chudwapeguaphy To a

solution of .the. obtained crude Eroduct i n methanol (26.8 nL), a 20%
pal | adi um LGP AP AT cEP P hienTakhy hydcabhatagachesaact (F ¢ Réd nbpeobtain

Colutton vike SHFFFEeoRErad hyoPagen dekbephore for o4 hours, and ihen the
and the onparaeh' °" Tasf-hum dEoclar §ir? (FECH #1 i ca TR (B b T
The (111 e Tompttary 16 o8y CPuloo | PRTCRIHY | Rk Bl of Y8 st g9 ey ™ @
708 (21 1O36MYY TGz h s - 1B L PRt gy o))

Synthesis pfg[@ut#- D fl uoronmet hoxybenzyl ) phenyl ] - 5a-
car ba- p- D- gl ucopyranoside In a nitrogen stream

2,3, 4,6-tefzp- Gperuysidaogal hag &-&ﬂiwﬁ@m’éﬂlﬁ@ﬁfbéﬁﬂﬁl VBhefly 3- 580l ) and

tributyl -phosphine (0.35 nL, 1.39 nmmol) were added to a sol ution of

2-(4-di - carba-p-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-

D-glucopyranose (500 mg, 0.93 mmel) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-d4i-
fluoromethoxybenzyl)phenol (350.0 mg, 1.4 mmol) in toluene
(3.2 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred for 20 hours while gradually raising its temperature
to room temperature. The reaction mixture was concentrated
under reduced pressure, and the obtained residue was treated
by silica gel column chromatography {developing solutlon=ethyl
acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in methanol (5 mL) and a 20% palladium hydroxide
catalyst (69 mg) was added thereto, and the mixture solution
was stirred under a hydrogen atmosphere for 24 hours, and then
the catalyst was filtered off. The sclvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing

solution=methylene chloride:methanol (10:1)] to obtain the



f | uor omet hoxybenzyl ) phenol (350.0 ng, 1.4 mol) in toluene (3.2 nL) under
cooling with ice, and then tetra nethyl azodi car boxam de (TMAD, 239 ngy, 1.39
nmol ) was added thereto at the sanme tenperature. The reaction m xture was
stirred for 20 hours while gradually raising its tenperature to room
tenperature. The reaction m xture was concentrated under reduced pressure,
and the obtained residue was treated byl43lica gel columm chronmatography

[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:10)]. The obtai ned crude
product watitdeéssonpeunin(B8hanwy,(80#1) and a 20% pal | adi um hydr oxi de
catal yst (69 ng) was added thereto, and the m xture solution was stirred
under a hybea3géh atnnsﬁﬂnﬂﬁ?f&ﬂﬂsgn)héurg 8Ant.6hehlHt hw)calaktPsl.6As{1H,
filtered off. The_ solvent was di stllled under reduced sressure and the

oﬁtaired_r%%idﬁeoﬁag b&rﬁ#ﬁfdm)by FﬂFrga?éeﬁﬁHelﬂhﬂ éhAdmit 84r 4BHy m)h
13 P Einéoﬁhd(% f}B 9§ (g5, [8a0ry- 20 R dehbiy Ogteaé?z% 01
E%E RS 333(1'??-1 (?3* ot" (3 H%H%éH 5ob3-3: 24, ol ) 1), 55

, 6. 72 ( I=74 -7.25 (SH, m WNMs (ESI4): 433 [ MtNa] ~ HPLC
Retentlon #ﬁh&ﬁsi )G'ﬁiiziegéa anpl e 36

[ 2-(4- textHFy&th@gﬁ¥L$?h@@Mgl 92- gapkankal- 9l ucopyranoside (1) Synthesis
of (2-Benzyl oxyphenyl)-(4-tert-butyl - ﬁeny met hanol In a nitrogen stream
an n-butyltk&ﬁpyg1§gxane sol ution

[2-(4-tert-Butylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside

{1) Synthesis of (2-Benzyloxyphenyl)-(4-tert-butyl-

phenyl)methanol

In a nitrogen stream, an n-butyllithium hexane solution
{(2.44 M, 5.65 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene {3.3 g, 12.5 mmol) in THF (126 mL) at
-78°C and the mixture solution was stirred at the same
temperature for 30 minutes. To this solutlion, a solution of
4-tert-butylbenzaldehyde (1.68 g, 10.4 mmcl) in THF (42 mL)
was added at -78°C. The reaction mixture was stirred at the
same temperature for one hour, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride
aqueous scolution 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
(1:5)] to obtain the title compound (2.17 g, 60%).
[0302] 'H-NMR (CDCl;) d: 1.32 (9H, s), 2.86 (1lH, br s),

5.02 (2H, s), 6.03 (1H, s), 6,03-7.00 (2H, m), 7.13-7.39 (11H,



(2.44 M 5.65 nL) was added dropwi se to a solution of 1-

benzyl oxy- 2- bronobenzene (3.3 g, 12.5 mol) in THE (126 nL.) at -78C and the

m xture solution was stirred at the sanme tenperature for 30 mnutes. To

this solution, a solution of 4-tert-butyl benzal dehyde (1.68 g, 10.4 nmol)

in THE (42 nL) was added at -78C. The reaction mxture was stirred at the

sane tenperature for one hour, and then W#er was added thereto and the

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

a saturatew)sodiumchloride aqueous solution and dried (anhydrous magnesi um

sulfate), and then the solvent was distilled under reduced pressure. The

obt ai ned ré%idueSMBEhﬁﬁ%ﬁfP§d2b94sFPF§aBB§Y1bGnaﬁﬁ)Pbﬁﬂ@hatography

[ devel opi ng sol uti on=et hyl acet ate: n- hexane l to obtain the title

conpound (2.17 g?oe@q&olTb%ﬁa]°E+4%mk@%%1%9§§vkﬁn 11ao(4oterty 2. 86 (1H br

s), 5.02 ) , . 7.13-7.39_(11H, m

(2) SWnthe@?gb%?g§n¥£?T%£%a%ﬂi Beh yﬂ)p e% |mW8fl 18| metbangt (27 mL)

(2- benzyl oxy ter but hen 2.17

met hanol (37£€f ¥$i£$§bgm %yﬁﬁﬂfﬁhghyﬁ¥5i¥ﬁé @Q?Z @%? Y?%? aﬂfgmﬁg added and

furthernor Sead r T. ure red
EofPhEllof Eﬁere fgﬁ. 53 ﬂﬁg Llg 88ed '8 Pﬁe £64" Srn @ii%hi

under a hydrogen atnps e cata

filtered offg %@frﬁghvﬁﬂa ﬂ%ﬁfhbéﬁda@ﬁgﬁpﬁ?feoP ?'Q@thS?deSn&ﬁﬁh n

purified by silica gel r omat ogr ap devel opi ng sol ufi on= et hyl

acet at e: n- ﬂ@éaastaiﬁsﬂomastelgbéaea bLee tithe genveﬁﬂdwéé 819t 180y ahQ303]
'H- NMR (CDC13) b: 1.29 (9H, s), 3.96 (2H, s),

the obtained residue was purified by 91lica gel column
chromatography [(developing solution= ethyl acetate:n-hexane
(1:10)] to obtain the title compound (1.3 g, 86%).
[0303] 'H-NMR (CDCl,) &: 1.29 (9H, s), 3.96 (2H, s), 4.65
(1H, s), 6.75-6.91 (2H, m), 7.09-7.32 {(6H, m)
(3) Synthesis of [2-{4-tert-Butylbenzyl)phenyl]-5a-

carba-f-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-c-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-tert-
butylbenzyl)phenol (334 mg, 1.39 mmol) in toluene (2 mL) under
cooling with ice, and then tetramethylazo-dicarboxamide (TMAD,
239 mg, 1.39 mmol) was added thereto at the same temperature.
The reaction mixture was stirred for 20 hours whille gradually
raising its temperature to room temperature. The reaction
mixture was concentrated under reduced pressure, and the
obtained residue was treated by silica gel c¢olumn
chromatography [developing solution=ethyl acetate:n-hexane
{1:10)]. The obtained c¢rude product was dissolved in a

methanol-THF (1:1) mixed solvent (12 mL) and a 20% palladium



(1H, s), 6.75-6.91 (2H, m, 7.09-7.32 (6H m (3) Synthesis of

[ 2-(4-tert-Butyl benzyl ) phenyl]-5a- carba-3-D glucopyranoside 1In a nitrogen
stream 2, 3,4,6-tetra-0-benzyl -5a-carba-a D gl ucopyranose (500 ng, 0.93
mol ) and tributyl-phosphine (0.35 L, 1.39 mmvl) were added to a sol ution
of 2-(4-tert- butyl benzyl)phenol (334 ng, 1.39 nmmol) in toluene (2 nlL) under
cooling with ice, and then tetranethylaz%ﬁﬁltarboxan1de (TMAD, 239 ng, 1.39
nol ) was added thereto at the sane tenperature. The reaction m xture was
stirred fohydpoxddescarplesyr 480anygy waaj afddegdi theretper andr theomisture
tenperature. The_ reaction mxture was concentrated under reduced pressure,
and the o¥e%i FEiTFed| Bidesad RYdRP8EN LY tRPFPRETFOEPANHOUERS oRBE0EREBY

L?ﬁéﬁL?r'z tndresbelatinéa 2EtRRare Eféa?fhﬁ§1ﬂixéﬁts§$§eﬁ§%?42€%e§r233 2
20%

nlxtgﬁe : |§8%¥|rre Eédég gﬁﬁ%?%@éygé?n%gﬁag%ggaﬁ?si gﬁoﬁPgrséﬁaf%ﬁ th ?he
cat al yst Ine%iggegafféolamﬁ éﬁ# e§£0§€§gﬁ¥itagbggog ann reduced pressure

and the ob resrdue was puri a gé chr omat ogr aphy

E??YS'88%3%%%%9*§%*ﬁ@fﬁﬁ%?“5eeﬁééﬁ}ﬁékﬁﬁfﬁs%gi”EES‘%913?59§QF§?5?EﬁftEf,
1.29 (9H, §itlelc§1§péu15§ fé*ﬂ m§) ., 18%94-2.11 (1H, n), 3.19-3.34 (2H m,
3.45- 3.51 (2H 1H, dd, J= 108 4.5Hz), 3.95 (2H, m), 4.19 (1H,

PWW6' 84 (Etdr!ao&l] 7. 01’#1«#1?2 (@D,08) . 57- 858 9- P8o{2thuMm) Moy (E§! (91, 48%,
1.53-1.59 (1H, m), 2.04-2.11 (1H, m}, 3.19-3.34 (2H, m), 3.45-
3.51 (2H, m), 3.71 (1H, d4d4, J=10.8, 4.5Hz}, 3.95 (2H, m}, 4.19
(1H, m), 6.84 (1H, m), 7.01-7.17 (5H, m}, 7.26-7.28 (2H, m)
MS (ESI'): 401 [M+H]’
HPLC Retention Time: 13.7 minutes

Example 37

[2-{4-Methylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside

(1) Synthegls of (2-Benzyloxyphenyl)-p-tolylmethanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 5.65 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (3.3 g, 12.54 mmol) in THF (126 mL)
at -78°C and the mixture was stirred at the same temperature
for 30 minutes. To this mixture, a solution of 4-
methylbenzaldehyde (1.28 g, 10.6 mmol) in THF (42 mL) was
added at -78°C. The reaction mixture was stirred at the same
temperature for one hour, and then water was added thereto and
the mixture was extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride agqueous
solution and dried (anhydrous magnesium sulfate), and then the

scolvent was distilled under reduced pressure. The obtained



HPLC Retention Time: 13.7 mnutes Exanple 37

[ 2- (4- Met hyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyranoside (1) Synthesis of
(2- Benzyl oxyphenyl )-p-tol yl net hanol In a nitrogen stream an n-butyllithium
hexane solution (2.44 M 5.65 nlL) was added dropwi se to a solution of 1-
benzyl oxy- 2- bronobenzene (3.3 g, 12.54 nmol) in THE (126 nL) at -78C and
the m xture was stirred at the sane tehp%?%ture for 30 mnutes. To this

m xture, a solution of 4- nethyl benzal dehyde (1.28 g, 10.6 nmol) in THE (42
M) was ateeddae wascpurhfiedabyi shlicat ged easuwmn| cheematoghaprbime
tenperaturf@for one hour, and then water was added thereto and the m xture

was extract28VetPRIRGNGPLULPRFEtRT 2GR RPN - REFBRE WAL : RAdhER RPERIR

Sl Tarey . BRE PRERS: RRmDEBRgehe  Rag® arabhr T ed under -+ educed pressure The
RTINS BRI T SR R R R
50057 (n €2 %) (530 9, OEP 1) (O BRBRCE TR Nl 9507098, 70 0, 2. (9 )
Synthesis p}y2- (%}/f%@yi@eafyb)pmeﬁet?{ggéré?Q% ?‘fifé@ﬂo?f

(2- benzyl oxyphen - p-t ol yl net hanol nmol ) in nethanol (27 nl),

a 20% pal | adi umrhyslroxideiéat 8t y 6t -bdRdy IExy¥REnpfeg- ety iHEtRERHD! €
2N-HC1 (0.37 nL} was added thereto. The m xture was stirred under a

hydrogen a{1pspaer€.idrmudl hoiinsme8hdnbbep2vhaLgat al yo% paslalithiered of f.
The sol vent was distilled under reduced

hydroxide catalyst (150 mg) was added and furthermore 2N-HCl
{(0.37 mL) was added thereto. The mixture was stirred under a
hydrogen atmosphere for 24 hours, and then the catalyst was
filtered off. 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 (617 mg, 70%).
[0306] 'H-NMR (CDC1,) &: 1.55 (3H, s), 3.95 (2H, s), 4.65
{lH, s), 6.75-6, 90 (2H, m}, 7.09-7.25 (6H, m}
(3) Synthesis of [2-(4-Methylbenzyl)phenyl]-5a-carba-f-

D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-Sa-carba-o-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methylbenzyl)phenol (275 mg, 1.39 mmol) in toluene (2 mL)
under cooling with ice, and then tetramethylazodi-carboxamide
(TMAD, 239 mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours

while gradually raising its temperature to room temperature.

The reaction mixture was concentrated under reduced pressure,



pressure and the obtained residue was purified by silica gel colum
chromat ogr aphy [devel opi ng sol uti on=et hyl acetate:n- hexane (1:10)] to
obtain the title compound (617 ng, 70%). [0306] 'H NWR (CDC13) b: 1.55 (3H,
s), 3.95 (2H, s), 4.65 (1H, s), 6.75-6, 90 (2H, M, 7.09-7.25 (6H, mM (3)
Synt hesi s of [2-(4-Methyl benzyl) phenyl)-5a-carba-$- D gl ucopyranoside In a
nitrogen stream 2,3,4,6-tetra-O benzyt-Bhl carba-a- D gl ucopyranose (500 ng,
0.93 mmol ) and trlbutyl phosphine (0.35 nL, 1.39 mvol) were added to a

sol uti on o#n@-the %btﬁ&$%@n§?$}%%@ﬁ@@s(?ﬂ@aﬁgd by 39ikikod)geéh eolumne (2 nl)
under cooling with ice, and then tetranethyl azodi -carboxam de (TMAD, 239

my, 1.39 nTRFIMIERITARRY |Aeyelepindfelubken-ethyl acetate TRehexsaRe| on
Foom t emper i 1 6 °hee @Bt Pind wesivte cotbdSe et Aleealuntornr fhuced
ohr onat 0gr'S arzcafé“ﬂv%p& PLop e%’%ﬁgé FoRt R b D ated e Tadfus T
(8 ) and EERLEE EArARist, AP NG wlls PaaBEA"PRGr2f0T adatnd AEREREE 0T
fhen e Wt aTyirTeachhasEcs ;*?f?@#?@e%%‘@%?@aﬁ%%%“ﬁéﬁﬁﬁ 304 Enefi"C

reduced pr@ﬁé%@t@ﬂf‘si magbfﬁw@ﬂeaeéfﬁue RS SYLVvéhEdva®Yasititheqel colum
chromat ogr aphy [devel opi ng sol ution=nethyl ene chloride: methanol (10:1)] to

obt ai n t heundért | fe @OEPAUPLe { 20r&Tand % he [ O30dInedt NI QEH5RY Surfr8dal. 97
(1H, m, 1.44-2.03 (1H
by silica gel celumn chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (20 mg, 6%).
[0307] 'H-NMR (CD;0D) &: 0.84-0.97 (1H, m), 1.44-2.03 (1H,
m), 1.96-2.03 (1H, m), 2.22 (3H, s}, 3.13-3.30 (2H, m), 3.39-
3.46 {2H, m), 3.64 (1H, d4d, J=10.8, 4.5Hz), 3.95 (2H, m), 4.12
(1H, m), 6.76-6.81 (1H, m), 6.92-7.03 (5H, m}), 7.06-7.11 (2H,
m)
MS (ESI'): 381 [M+Na]l’
HPLC Retention Time: 11.4 minutes

Example 38
[2-{4-Methoxybenzyl)-5-trifluoromethylthiophen-3-yl]-5a-carba-

B-D-glucopyranoside

{1) Synthesis of 3-Benzyloxy-2-(4-methoxybenzyl)-S5-tri-
fluoromethylthiophene
To a solution of (3-benzyloxy-S-triflucromethylthiophen-
2-yl)-{4-methoxy-phenyl)methanone {220.2 mg, 0.56 mmol) as
syntheslized by the method described in International
Publication No. WQ04/007517 and triethylsilane (1.34 ml, 8.41

mmol) in dichloromethane (1.1 mL), trifluorocacetic acid {3 mL)



m, 1.96-2.03 (1H, m, 2.22 (3H, s), 3.13-3.30 (2H, mM, 3.39- 3.46 (2H, M,
3.64 (1H, dd, J=10.8, 4.5Hz), 3.95 (2H, m, 4.12 (1H, nm, 6.76-6.81 (1H,
m, 6.92-7.03 (5H m, 7.06-7.11 (2H, m M5 (ESI'): 381 [ MtNa] + HPLC
Retention Tine: 11.4 mnutes Exanple 38

[ 2- (4- Met hoxybenzyl ) -5-trifl uoromet hylthj ghen-S-yI]-Sa-carba- S-D-gl ucop
ranosi de (1) Synthesis of 3-Benzyl oxy- 2 ﬁ net hoxybenzyl )-5-tri -

fl uoronet hyl t hi ophene To a sol ution of

(3- benzyl orgs sadded| abr Oifetiy|a midpiegen Ziygean over Hokye priomyt §sret Helmone
(220. 2 ny, nthe5|zed bgithe met hod descri bed in

IntFrnatloﬁ%i?tkﬂﬁlmiﬁfPBﬁ V@bﬁ?ﬁézl 7tEﬁdS???eFﬁ9§§FF§HEe(f9§46ni? 8.41
' 3 148

ndded at ORSTEE L FRE Y %%ﬂ(é#a’éﬂiﬁr%e%iawﬁﬁﬁ‘é?nﬂ%e° RARLETR R ER R
was stlrreg%€£e£ge SelE £§%gg£g%u&§x%8£81ﬂgg 599¥£3d ggd Bhena%rlethyI5|lane

(0.9 m, 5 mol) was here € reactron n1x ure was stirred at

the same teRSEpinee ! £6- 1Pe /95 NRYASs a?ﬂdtP@aneﬁﬁ«@&fm%é&?gd”ﬁﬂﬁér reduced

pressure. ained residue was pufrified

chromat 0gr ppAYcEAeysbORLAE, SOTHE T OBERLAN ré&f&é‘éewﬁs hﬁlﬁf\ﬁ!ﬂéé 6?) Liwca
obtain the title conpound (108.8 ngy, 51% . [0308]

(3H, s), 3g&P &@tums)chboRdtodPhbhg) [dévELopLhly Solﬁfﬁaﬁklaihyi 11 (2H d
J=8.6Hz), 7.16 (1H, s), 7.30-7.41 (5H, m

acetate:n-hexane (1:10)] to obtain the title compound (108.8
mg, 51%).
[0308] 'H-NMR (CDC1;) d: 3.79 (3H, s), 3.96 (2H, s), 5.04
(2H, s), 6.82 (2H, 4, J=B.6Hz), 7.11 (2H, 4, J=8.6Hz), 7.16
(1H, s), 7.30-7.41 (5H, m)
(2) Synthesis of 2-(4-Methoxybenzyl)-5-trifluoromethyl-

thiophen-3-0l

To a solution of (3-benzyloxy-2-{(4-methoxybenzyl)}-5-
trifluoromethylthiophene (170.5 mg, 0.45 mmol) in
dichloromethane (4.5 mL), a solution of boron tribromide-
dimethylsulfide complex in dichloromethane (0.47 mL, 0.47
mmol) was added at -78°C in a nitrogen stream. The reaction
mixture was stirred at the same temperature for five minutes
and then at 0°C for 11 hours. To the reaction mixture, water
was added and the resulting mixture was extracted with
methylene chloride. The organic layer was washed with a
saturated sodium hydrogencarbonate agueous solution and a
saturated sodium chloride aqueous sc¢lution and dried
(anhydrous sodium sulfate), and then the solvent was distilled

under reduced pressure. The obtained residue was purified by

silica gel column chromatography [developing solution=ethyl



(2) Synthesis of 2-(4-Methoxybenzyl)-5-trifluoromethyl- thiophen-3-o0l To a
sol ution of (3-benzyl oxy-2-(4-nmethoxybenzyl)-5- trifluoronethylthiophene
(170.5 ng, 0.45 nmmol) in dichloronmethane (4.5 nlL), a solution of boron
tribrom de- dinethylsulfide conplex in dichloronmethane (0.47 nmi, 0.47 nmol)
was added at -78C in a nitrogen stream The reaction mxture was stirred at
the same tenperature for five mnutes ~alPthen at 0C for 11 hours. To the
reaction m xture, water was added and the resulting m xture was extracted
with net m%mt%mdam@nemb 3) hahpcobspdn ®he washed ommplouad JAtLTr.4t ang,
sodlun1hydr%€encarbonate aqueous solution and a saturated sodi um chloride
aqueous sof Yon and dried (anhydrous sodium sul fate), and then the sol vent
was distilled under reduced pressure. The obtained residue was Burlfled by

silica gel [@¥UMmM chroﬁayy§réﬁﬁﬁlphe@el%pﬁmg(%%Juﬁ)on%eﬁﬁy(zﬂ 180, 4.47
11 909
Fo300] - anie:b(cﬁ)alé t9ig0a tidrb S8t 6. S8TPRRT 6 0h Do TPan Y8 -

(2H d, J=8 6.98 (1H, 8), 7.19 (211, d, J=8. GFE) (3) Synthesis of
[ 2- (4- thhoxybenz | )-5-trifluoronethyl -

(i ophen- 3y} |- Zghthlalolop Fbgegzyéfﬁaﬁ 2yif-5 B?i#f&&i‘&ﬂ&?ﬁgf'e In a

nitrogen s ream tetra enz ucopyranose (146 ng,
ol ution of 2o (£ RIS By ) 2E Ht %8%?%%9%%“%‘?9 joreasy 0 o 0,41

glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-o-
D-glucopyranose (146 mg, 0.27 mmol) and tributyl-phosphine
(0.10 mL, 0.41 mmol) were added to a solution of 2-(4-
methylbenzyl)-5-trifluoromethylthiophen-3-0l1 (117 mg, 0.41
mmol) in toluene (0.85 mL) under cooling with ice, and then
tetramethylazodicarboxamide (TMAD, 70 mg, 0.41 mmol)} was added
thereto at the same temperature. The reaction mixture was
stirred at room temperature for 18.5 hours. The reaction
mixture was treated by silica gel column chromatography
[developlng sclution=ethyl acetate: n-hexane (1:10 to 1:8}].
The obtained product was purified by preparative TLC
{developing solution=ethyl acetate:n-hexane (1:8)] to obtain
the title compound (47.2 mg).
[0310] lH-NMR (CDC1;) &: 1.56-1.80 (2H, m), 1.96-2.10 (1H,
m), 3.40-3.70 (5H, m}, 3.75 (3H, s), 3.96 (2H, s), 3.96-4.16
(1H, m), 4.44 (2H, s), 4.53 (1H, d, J=11.0Hz), 4.70-5.00 (S5H,
m), 6.79 (2H, 4, J=8.6Hz), 7.06-7.38 (23H, m)
(4} Synthesis of [2-(4-Methoxybenzyl)-5-trifluoromethyl-

thiophen-3-yl]-5a-carba-pf-D-glucopyranoside

In a nitrogen stream, [2-(4-methoxybenzyl)-5-tri-



mml) in toluene (0.85 nL) under cooling with ice, and then

t et ranet hyl azodi carboxam de (TMAD, 70 ng, 0.41 nmol) was added thereto at
the sane tenperature. The reaction mxture was stirred at roomtenperature
for 18.5 hours. The reaction mxture was treated by silica gel colum
chromat ography [devel opi ng sol uti on=et hyl acetate: n-hexane (1:10 to 1:8)).
The obt ai ned product was purified by prdddati ve TLC (devel oping

sol uti on=et hyl acetate:n-hexane (1:8)] to obtain the title conmpound (47.2
mg) . [ 031G Ludkdddr ¥ IXH B)pleen 13 56t I1- B3 (£ - te trd-@Ooén 2P { H&h canda-f-
3.40-3.70 (5H m, 3.75 (3H, s), 3.96 (2H, s), 3.96-4.16 (1H m, 4.44 (2H
s), 4.53 (Diglupopwmaneside y2 gngo ¢5196 myols was (HsselvgdsisHy)
7.06-7.38 (23H,_ m (4). Synthesis of [2-(4-Methoxybenzyl)-5-trifluoronethyl -
t hi ophen- JGAHYIANG FHRHLGR of AcH P n&‘?@éii‘!‘%ﬂbﬂﬁ'%i/%% 6Q r b ML,

[ 2- (4- Met hoxybenzyl)-5-tri - 150 - |

[ uor onet A ThABHTEh 20914 500 SrtEheE I eisineh. itk gomplex (0.07

D- gl ucopyr anosj 45 0.0 I s dissolved jn t hy| ene | ori de
(o5 nt} g U S o DL e e Raedehgx S Gader dosi it WEGIVISE® Cihd
trifluoride:di I | £X. 7 0 d eto
under coolqleenegcl'ﬁﬁ W%%?@e%#g%gn? E(%l}% s\/\%ge %@%%Eg r?h]gggaéng&é

tenper at urg fited i da mévﬁt@@ %t{lﬁgbéfafmnféﬁpf‘é %ﬁfsz‘oa%&%ﬂ&wa?, and

then a saturated sodi um hydrogencarbonate aqueous sol ution and water were

added t hergdq, Aded SR in thyd érg@aﬂf%éﬁ% rRaisshav 4o u RS AVacd Swat Pr i de.

The organic | ayer was washed wt sat ur at ed sodi um chl ori de aqueous

Zpl ;Jt: Fndamicéirdcmiaa (EERE O usn @Ol s BLd aifth 2e6l AXEreAiCaSOLd O tNAS
1 STI e

methylene chloride. The organic layer was washed with a
saturated sodium chloride aqueous solution and dried
(anhydrous sodium sulfate), and then the solvent was distilled
under reduced pressure. The obtained residue was purified by
TLC [developing solution=n-hexane:acetone (1:1)] to obtain the
title compound (12.2 mg, 49%).

[0311] 'H-NMR (CD,OD) &: 1.15-1.35 (1H, m), 1.40-1.65 (1H,
m), 1.95-2.15 (1H, m), 3.15-3.35 (2H, m}, 3.35-3.60 (2H, m},
3.65-3.80 {(1H, m), 3.75 (3H, m), 3.90-4.06 (1H, m), 4.01 (2H,
m), 6.84 (2H, 4, J=8.3Hz), 7.16 (2H, 4, J=8.3Hz)}, 7.40 (1lH, s)
MS (ESI'): 448 [M]"

HPLC Retention Time: 12.4 minutes

Example 39

[3-Methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside

{1) Synthesis of 2-Benzyloxy-6-methoxybenzoic Acid
Benzyl Ester
While stirring a mixture of 6-methoxysalicylic acid

(5.07 g, 30.15 mmol) and sodium hydride (60% w/w, 3.02 g,



under reduced pressure. The obtained residue was purified by TLC

[ devel opi ng sol uti on=n- hexane: acetone (1:1)] to obtain the title conpound
(12.2 ng, 49% . [0311] 'H- NWMR (CD3OD) 5: 1.15-1.35 (1H, m, 1.40-1.65 (1H,
m, 1.95-2.15 (1H, m, 3.15-3.35 (2H, m, 3.35-3.60 (2H, n), 3.65-3.80 (1H,
m, 3.75 (3H, n), 3.90-4.06 (1H, nm, 4.01 (2H, m, 6.84 (2H d, J=8.3Hz),
7.16 (2H, d, J=B.3Hz), 7.40 (1H, s) NSIPESI4): 448 [M' HPLC Retention
Time: 12.4 mnutes Exanple 39

[ 3- Met hoxy*2-3&1 - Iho xyrider \¢ophidry |4itBa-ize b PME X3P vt} was anddéde (1)
Synt hesi s of 2-Benzyl oxy- 6-net hoxybenzoic Acid Benzyl Ester While stirring
a mi xt ur e Gremtit hdOs MiXNTE sRlutiqn wis gtixrad gwopthe afameodi um

hydride (60% w w, 3.02 g, - 151 75.38 nmol) under cooling with ice, DVF (30
) was adfPeRIIR FOIn RIS <A i PiemdRengy ) (Reemide 68 s3pnk.

tenperaturge f 10 i nut es ngd then benzyl om de (8.95 75. 38, ol )
was added 75'511@%{'3" oW rﬁ"f{fﬁ‘ﬂ&%ﬁ?"[%&‘{%% iwumﬁt%%% 83T at

t he sane ture. far. I nut.es t. room.tenperat for 2.5 hours.
To the r egrgtmg{n:aem% af rsglr\irg%éna_ detgleaass a_eu(rata‘ii"qepd3 raa%xr‘rﬁ)yf %Lt#(grr?%éu% Eielv

sol uti on ad poil AediilreGA0!4I0 N4 thdyss . anh Hife el fod Gy ElFact ed
with ether. e organic layer was washed wth water and a saturate

anmoni UM G DT diife A RS0l 4l | iindH it T et A0 Nl BIPs St vl bl 4id ©) -
and then the solvent was distilled under reduce pressure. The obtained
resi due Wagatds ididsk Bboling with ice, and the mixture was extracted

with ether. The organic layer was washed with water and a
saturated ammonium chloride agqueous solution and dried
{anhydrous sodium sulfate), and then the solvent was distilled
under reduce pressure. The obtained residue was purified by
silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:10 to 1:5)] to obtain the title compound
(6.24 g, 59%).
[0312] lH-NMR (CDCl;) &: 3.81 (3H, s), 5.08 (2H, s), 5.35
(2H, s}, 6.55 {(1H, 4, J=5.9Hz), 6.58 (1H, 4, J=5.9Hz), 7.15-
7.45 (11H, m)
{2) (2-Benzyloxy-6-methoxyphenyl)imethanol

In a nitrogen stream, to a suspensicn of lithium
aluminum hydride (0.88 g, 23.14 mmol) in ether (35 mL}, a
solution of 2-benzyloxy-6-methoxybenzoic acid benzyl ester
(6.2 g, 17.80 mmol) in ether (20 mL) was added at room
temperature over 15 minutes. The reaction mixture was stirred
for two hours under heating to reflux. Ethyl acetate (2 mL)
was added dropwise to the reaction mixture under cooling with
ice and then a saturated Rochelle salt aqueous solution (20

mL) was added dropwise thereto and the mixture was stirred at



silica gel colum chromat ography [devel opi ng sol uti on=et hyl

acetate: n-hexane (1:10 to 1:5)] to obtain the title conmpound (6.24 g, 599%.
[0312] "H- NWR (CDC13) 8: 3.81 (3H, s), 5.08 (2H, s), 5.35 (2H, s), 6.55
(1H, d, J=5.9Hz), 6.58 (1H, d, J=5.9Hz), 7.15- 7.45 (11H m (2)

(2-Benzyl oxy- 6- met hoxyphenyl ) net hanol In a nitrogen stream to a suspension
of lithium alum num hydride (0.88 g, 23524 -mol) in ether (35 nlL), a

sol ution of 2-benzyl oxy-6-met hoxybenzoic acid benzyl ester (6.2 g, 17.80

mol ) in adeal tetpadaturnFaddar iurH0MTHE MG 18e noMefudd wadsut es. The
reaction mxture was stirred for two hours under heating to ref |ux. Ethyl

acetate (Zudjectwss taddml idreopfiill ISterd toi diheanrdeand i the i X trateingey adddd ng
with ice and then a saturated Rochelle salt aqueous solution (20 nlL) was
added dr opatsgatest Rarheld € Eall agreowmssaliutriraad @5 -mllb2and ode
tenperature for 20 hours. The reaction m xture was subjected to Celite
filtrati ofigtdrneo Wwase etinached whsthhdldier SheranganiRockaer wag t aqueous
solution (15 nlL) and the m xture was extracted with ether. The organic

| ayer was ¥ FIGN [ SR RS E ABH R B ABRRYTU S S kb anthd
o7 (NS S A SISl ANLINT L Saeny vas, sty Lo nder
eI OTe! 00BN LG SLOBL S Bl LSRRI L IS L ed bt he
J=6.8H2) , 3 8% ¥ by i1k dhd 2o dimd Tl ograhy Fhevdrofinmy (1H d.
solution=ether: n-hexane (1:1)] to obtain the title compound
(4.75 g, 100%).
[0313] 'H-NMR (CDC1;) &: 2.48 (1H, t, J=6.8Hz), 3.85 (3H,
s), 4.84 (2H, 4, J=6.8Hz}, 5.10 (2H, s}, 6.58 (1lH, 4,
J=8.,4Hz), 6.62 (1H, 4, J=8.2Hz), 7.20 (1lH, dd4, J=8.4, 8.2Hz),
7.28-7.47 (5H, m)
{3) Synthesis of (2-Benzyloxy-6-methoxyphenyl)-(4-
methoxyphenyl)methanol
In a nitrogen stream, a solutlion of (2-benzyloxy-6-
methoxyphenyl)- methanol (3.52 g, 14.41 mmol) and N-
methylmorpholine N-oxide (NMO, 2.53 g, 21.61 mmol) in
dichloromethane {14.5 mL) was cooled in a water bath, and
tetra-n-propylammonium perruthenate (TPAP, 152 mg, 0.43 mmol)
was added theretc. The reaction mixture was stirred for 20
minutes at the same temperature and at room temperature for
1.75 hours, and then subjected to Celite flltration and the
solvent was distilled under reduced pressure. The obtained
residue was treated by silica gel column chromatography
[developing solution=ethyl acetate: n-hexane (1:3 to 1:2.5)].

The obtained compound was dissolved in THF and cooled in a



J=8.4Hz), 6.62 (1H, d, 3f8.2Hz), 7.20 (1H, dd, J=8.4, 8.2Hz), 7.28-7.47
(5H, m (3) Synthesis of (2-Benzyl oxy-6-nethoxyphenyl)-(4-
met hoxyphenyl )methanol In a nitrogen stream a solution of (2-benzyl oxy-6
met hoxyphenyl )- nethanol (3.52 g, 14.41 mol) and N net hyl nor phol i ne
N-oxide (NMO, 2.53 g, 21.61 nmmol) in dichloronethane (14.5 nL) was cool ed
in a water bath, and tetra-n-propyl amddidum perruthenate (TPAP, 152 ny,
0.43 mml) was added thereto. The reaction mxture was stirred for 20
m nut es atwater Jeandh { empdrat spbukioh af roome ehpeyphtenelhagnedid® hours, and
then subjected to Celite filtration and the solvent was distilled under
reduced prizamide IhdTHt &R ned. r3Gi Juel Wwasas radded dyopwiseathpretolimm
chronat ography [devel opi ng sol uti on=ethyl acetate: n-hexane (1;3 to
1:2.5)]. aHel RS XMoo unth S1akeaf ke Vel tyr e antt B @ Bt niceem 153
water bath, and a solution of_4- nethoxyphenyl magnesium bromde in THE (0.5
HiEph 62 Hoire, i g *

M 30.3 mYeTREFEIS Thophi et & Thid rIRYEH LS MG eact i on
I xt t d. at t .25 h dth
Satur at e SO A Bl P dho LETRE Pt o, VER- IR FRL 0t r oom
t enper at urtﬁe@&%ﬂf‘r %ﬁd’riﬁu@’aﬁiﬂiﬁ#@%f é’iﬁﬁ:@hc@é@&rwirgl?eetﬁéxg?mﬁé ayer was
saturat e c u

washed wit . anmoni um oride “aqueous solution and dried

(o0t VS )20l ihed AT SOt i 84t o

(o oorar Y L UehonLan 66 ecer U aiH St SERLd), Lie 1:2.9)
then the solvent was distilled under reduce pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution= ethyl acetate:n-hexane
{1:4 to 1:3.5)] to obtain the title compound (3.66 g, 72%).
[0314] 'H-NMR (CDCl,) &: 3.78 (3H, s), 3.81 (3H, s), 4.28
(1H, 4, J=11.7Hz), 4.99 (1H, 4, J=11.5Hz), 5.06 (1H, 4,
J=11.5Hz), 6.33 (1H, 4, J=11.7Hz), 6.61 (1H, 4, J=7.6Hz), 6.64
(14, 4, J=7.6Hz), 6.80 (2H, 4, J=8.7Hz), 7.10-7.40 {8H, m)
(4} 3-Methoxy-2-(4-methoxybenzyl)phenocl

To a solution of {2-benzyloxy-6-methoxyphenyl)-{4-

methoxyphenyl)-methanol (2.13 g, 6.08 mmol) in methanol (50
mL), a 20% palladium hydroxide catalyst {(0.32 g) was added and
furthermore 2N-HC1 (1.8 mL} was added thereto. The reaction
mixture was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:4)] to obtain the title

compound (1.31 g, 89%).

[0315] 'H-NMR (CDC1.) 6: 3.76 (3H, s), 3.82 (3H, s}, 3.98



[0314] 1H NWR (CDC13) 8: 3.78 (3H, s), 3.81 (3H, s), 4.28 (1H, d,

J=11.7Hz), 4.99 (1H, d, J=11.5Hz), 5.06 (1H, d, J=11.5Hz), 6.33 (1H, d,
J=11.7Hz), 6.61 (1H, d, J=7.6Hz), 6.64 (1H, d, J=7.6Hz), 6.80 (2H, d,
J=8.7Hz), 7.10-7.40 (8H, m (4) 3-Methoxy-2-(4-nmethoxybenzyl)phenol To a
solution of (2-benzyl oxy-6-nethoxyphenyl)-(4- nethoxyphenyl)-nethanol (2.13
g, 6.08 mmol) in nmethanol (50 nl), a-2@%Apal | adi um hydroxi de catal yst (0.32
g) was added and furthernore 2N-HC (1.8 nL) was added thereto. The
reacti on (r2lt wle Was$Zt(idH,ed)underdia {r adged=at bz phe6e520(184 Aours, and
then the catalyst was filtered off. The solvent was distilled under reduced
pressure aiwd 124z Jobtbaitfed WbsiduelsfasHZour i%.i09d (BH .sidd calgfell cdi 1BHE) ,
chromat ogr aphy [devel opi ng sol ution=ethyl acetate:n-hexane (1:4)] to obtain
t he tit|e7-c18?/rﬂd&hdd(a1.33%f-g6,ﬂ@9%. [0315] 'H NMR (CDC13) 8: 3.76 (3H, s),
3.82 (3H, s}, 3.98 .- 154 (2H, ...4.67 (1H s), 6.45 (1H,. d,J=8.1Hz), 6.52
i 0 43 orisyntperd s AY 13 Mt AP ey R S DSRER b ) 7. 17
(1H, d, J=8.6Hz) (g? n hesgé_of 3- Met hoxy- 2- (4- met hoxybenzyl ) phenyl | -

5a- carba- 13-D- Q17 55;%5 58~ Fe YGPPY TS, stream to a solution of

- h -2-(4- h I . ) ] -
e 5oy vent CRoPu TS SN R B, Pyt B A
ot O3 0 Helrht RNl 4 S oy D D mnoAN A (R i 35
t et r amet hy Az qridaxanede .GTMAD, A2 o0 .M mYy 4G 1 )s Mast 2R, dhsfet 0 at

the sane tenperature. The
5a-carba-a-D-glucopyrancse (504 mg, 0.94 mmol) and

tributylphosphine (0.35 mL, 1.40 mmol) were added under
cooling with ice, and tetramethylazodicarboxamide {(TMAD, 242
mg, 1.40 mmol) was added thereto at the same temperature. The
reaction mixture was stirred for 1.25 hours under cooling with
ice and then at room temperature for 22 hours. The reaction
mixture was treated by silica gel column chromatography
[developing solution=ethyl acetate:n-hexane (1:10 to 1:5}].
The obtained crude product was dissolved in a methanol-THF
(1:4) mixed solution (10 mL), and a 20% palladium hydroxide
catalyst (94 mg) was added thereto and the mixture solution
was stirred under a hydrogen atmosphere for 5 hours, and then
the catalyst was flltered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing
solution=methylene chloride:methanol {15:1 to 10:1)] to obtain
the title compound (121 mg, 32%).

[0316] 'H-NMR (CD,OD) &: 0.85-1.05 (1H, m), 1.40-1.65 (1H,
m), 1.95-2.15 {(1H, m), 3.10-3.30 (2H, m), 3.40-3.55 (2H, m),

3.60-3.75 (1H, m), 3.71 (3H, s). 3.79 (3H, s}, 3.92 (2H, s),



reaction mxture was stirred for 1.25 hours under cooling with ice and then
at roomtenperature for 22 hours. The reaction mxture was treated by
silica gel colum chromatography (devel opi ng sol uti on=et hyl
acetate:n-hexane (1:10 to 1:5)]. The obtai ned crude product was dissol ved
in a nmethanol-THF (1:4) mxed solution (10 nL), and a 20% pal | adi um

hydr oxi de catal yst (94 ng) was added -t Hér%et-o and the m xture solution was
stirred under a hydrogen atnosphere for 5 hours, and then the catal yst was
filtered offa5-rhe2%ol Mentmwase Bt§1H edl, under2i2pyceos P+ €SBHIr E3mNdn} he
obt ai ned residue was purified by silica gel colum chronatography

[ devel opi ity 0501 Lk% ofBietmly| ene chl ori de: nethanol (15:1 to 10:1)] to obtain
the title conpound (121 32%9 . [0316] 'H NWR (CD30D) 8: 0.85-1.05 (1H,

m, 1.40- ﬂ%s@sﬂq) E?‘lgsuz 15 (1H, rr) 3.10-3.30 (2H, m, 3.40-3.55 (2H,
m, 3. 60 1H, 1 (3H S). 79 (3H, s), 3.92 (2H, s), - 155
4.05- 4. 25 i éﬁt wﬁ?aﬁ(%$m JEWﬁﬁﬂte% 65-6.75 (3H, nm), 7.05-7.15 (3H
m M (ESI'g g |y% ' HPLC Retention Time: 10.6 ninutes Exanpl e 40

[ 2- (4- Met - 3- nethylphenyl] 5a- carba- S-D-gl uco- pyranoside (1)

Synt hesis Q I phenyl ,nltrqgen stream to
a suspensidn et her (30

4-Methgs _ met : c i
m), a s%#ﬁéﬁgggﬁ%%Z benzyloxy 6- nethyl ben20|c acid ethyl ester (4.47 g,
I

16. 54 mmo (15 nm) was added at room
(1) Synthesis of (2-Benzyvloxy-6-methoxyphenyl)methanol

In a nitrogen stream, to a suspension of lithium
aluminum hydride (0.82 g, 21.50 mmel) in ether (30 mL)}, a
solutlon of 2-benzyloxy-6-methyl-benzoic acid ethyl ester
{4.47 g, 16.54 mmol} in ether (15 mL) was added at room
temperature over 10 minutes. The reaction mixture was stirred
under heating to reflux for one hour. Ethyl acetate (2 mL)
was added dropwise to the reaction mixture under cooling with
ice, and then a saturated Rochelle salt aqueous solution (20
mL) was added thereto dropwise and the mixture was stirred at
room temperature for one hour. The reaction mixture was
subjected to Celite filtration. To the filtrate was added a
saturated Rochelle salt aqueous solution (10 mL) and the
mixture was extracted with ether. The organic layer was
washed with a saturated sodium chloride aquecus solution and
dried (anhydrous sodium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
sclution=ethyl acetate:n-hexane (1:4)] to obtain the title

compound (3.84 g, 100%).

[0317) H-NMR (CDC1;) &: 2.20 (1H, 4, J=6.6Hz), 2.40 (3H.



tenperature over 10 minutes. The reaction mxture was stirred under heating
to ref lux for one hour. Ethyl acetate (2 nlL) was added dropwi se to the
reaction m xture under cooling with ice, and then a saturated Rochelle salt
aqueous solution (20 nL) was added thereto dropwi se and the m xture was
stirred at roomtenperature for one hour. The reaction m xture was
subjected to Celite filtration. To the fislét ~rate was added a saturated
Rochell e salt aqueous solution (10 nL) and the mnmixture was extracted with
ether. The)orgamisc (2w.erd was-6 varded svtih @msatdy ated sodigmehl ori de
aqueous solution and dried (anhydrous sodium sulfate), and then the sol vent
was di stidd7ed®Hzider? NedUcdt, pr.esBr.eHzlhe nlsihead rie due) was  purified by
silica gel colum chromat ography [devel opi ng sol ution=et hyl

acet at e: n-(l#FdxanSYnth€is @HIA-Benzaloxyi6-me thorimnmh idR8Aleg, 100% . [0317)
1H- NMR (CDC13) b: 2.20 (1H, d, J=6.6Hz), 2.40 (3H. - 156 s), 4.79 (2H, d
J=6.6Hz), 5.11 @BHa oltregen ctyeat, ajsplygtdpn 1% 2-benzyloxy7.69Hz)

7.25-7.50 (5H, (2). Synthesis of 2-Benzyl oxy-6-net hyl benzal dehyde In a

ni trogen %% eé’éﬂ]i)t‘l“lﬂﬂkﬁ"c(lZ (Ferfhy |%x yL.%- 1%@@&%3”“) net hanol (3. 46
g, 15.16 mmu and N net hyl norphol i ne N-oxi de (NVO, , 22.73 mml) in
di chl or onﬂ@rﬁ&&"@f@qﬂ})"% -idey WYy \FrtSS Datd A “t“éztlr%

The' ronct ANCRHORRRE A Tt Ful) es R0 1 gt b b A A bn s
and then ? @S&d?ﬁ% g@t %ed:f dttl_{ tat%n (aﬂﬂpt h | vy "Rintﬁ Vs ngrl t| LlﬁEd under

reduce pres resi ue was “pur’i si'lica ge
added thereto. The reaction mixture was stirred at the same

temperature for 1.75 hours, and then subjected to Celite
filtration and the solvent was distilled under reduce pressure.
The obtalned residue was purified by silica gel ceolumn
chromatography [developing solution=ethyl acetate: n-hexane
{1:5)] to obtain the title compound (3.08 g, 90%).
[0318] 'H-NMR (CDC1;) &: 2.59 (3H, s), 5.16 (2H, s), 6.82
(11, 4, J=7.3Hz), 6.90 (1H, 4, J=8.4Hz), 7.25-7.50 (6H, m),
10.72 (1H, s)
{3) Synthesis of (2-Benzyloxy-6-methylphenyl}-(4-

methoxyphenyl )methanol

In a nitrogen stream, a solution of 2-benzyloxy-6-
methoxybenzaldehyde (3.08 g, 13.6 mmol) in THF (10 mL) was
cooled in a water bath, and a solution of 4-methoxyphenyl-
magnesium bromide THF (0.5 M, 30.3 mL)} was added dropwise
thereto. The mixture solution was stirred at room temperature
for 1.75 hours, and then a saturated ammonilum chloride agueous
solution was added thereto under cooling with ice and the
mixture was extracted with ether. The organic layer was

washed with a saturated ammonium chloride aqueous solution and



chr omat ogr aphy [ devel opi ng sol uti on=ethyl acetate: n-hexane (1:5)] to
obtain the title conpound (3.08 g, 90% . [0318] 1H NMR (CDC13) 6: 2.59 (3H,
s), 5.16 (2H, s), 6.82 (1H, d, J=7.3Hz), 6.90 (1H, d, J=8.4Hz), 7.25-7.50
(6H, m, 10.73 (1H, s) (3) Synthesis of (2-Senzyl oxy-6-nethyl phenyl)-(4-
met hoxyphenyl ) nethanol In a nitrogen stream a solution of 2-benzyl oxy-6
nmet hoxybenzal dehyde (3.08 g, 13.6 mmol9) ¥ THE (10 nm.) was cooled in a

wat er bath, and a sol ution of 4-methoxyphenyl- magnesi um brom de THE (0.5 M

30.3 nl) visiedideankydvans essodHar cswligte) nisadrthen| the osolwentivased at
roomtenperature for 1.75 hours, and then a saturated amoni um chl ori de
aqueous Bk} b daindem FePEF Lt REGSRIFE c oot LRF 2N e crasbiduacvasi xt ur e
was extracted wth ether. The organjc |ayer was washed with a saturated
amoni um c‘?ﬁ%’r%galﬁ%e%{él‘é%l%? om° W-grﬁe/maﬁ‘?fi”é@ %n%@%\’%@ Bei um

sul fate), L ol v as_..distil)ed under. uced pressure. The
obt ai ned r%gxgﬁégﬁéégﬁ%ﬁr+?§£%F Y §?%+%@99Lf'%dﬂ%n%’%ﬁfoﬁ%t%@%%%ﬂyéhe

[ devel opi ng; | Ut i on=eth et at €4 exane (1:6 to 1:5)] to obtain the
title codﬁ%ﬁﬁ%&éﬁéégEfﬁl%%@gg %bBﬁ% %EFLNNR (CDC13) & 2.38 (3H, s), 3.80

3201, sy CEPRR (T o i, 1RL S B0 A it P B e e 47 D og,
7.10-7.35 (fitl ) £401 s esd ssdf ( i ( 4a Mesboxyhienyy! 3 - Go neifyl ghenol  To a
solution of (2-benzyl oxy-6-nethyl phenyl)-(4- nethoxyphenyrf-nethanol (2.39
g, 7.15 nmmpd)1lisHap! herwd (B9, 4, J=11.2Hz), 6.75-6.90 (4H, m), 6.90-
7.05 (2H, m), 7.10-7.35 (6H, m)
(4) Synthesis of 2-(4-Methoxybenzyl)-3-methylphenol
To a solution of (2-benzyloxy-6-methylphenyl)-(4-
methoxyphenyl)-methanol (2.39 g, 7.15 mmol) in methanol (50
mL), a 20% palladium hydroxide catalyst (0.36 g) was added and
furthermore 36% HC1 (0.36 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 11 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure and the cobtained residue was purified
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:5)] to obtain the title compound (1.40 g,
86%).
[0320] lH-NMR (CDCl;) 6: 2.28 (3H, s), 3.76 (3H, s), 3.99
(2H, s}, 4.61 (1H, s), 6.67 (1H, 4, J=8.1Hz), 6.70-6.85 (3H,
m), 6.95-7.15 (3H, m)
(5) Synthesis of [2-(4-Methoxybenzyl)-3-methylphenyl]-5a-
carba-p-D-glucopyranoside
In a nitrogen stream, to a solution of 2-(4-methoxy-
benzyl)—3-methylphenol (318 mg, 1.39 mmol) toluene-THF mixed

solvent (toluene 1 mL, THF 0.1 mL), 2,3,4,6-tetra-O-benzyl-5a-



m.), a 20% pal | adi um hydr oxi de catal yst (0.36 g) was added and furthernore

36% HCO (0.36 nL) was added thereto. The m xture was stirred under a

hydr ogen at nosphere for 11 hours, and then the catalyst was filtered off.

The solvent was distilled wunder reduced pressure and the obtai ned residue

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

acet ate: n-hexane (1:5)] to obtain the t conpound (1.40 g, 86%. [0320]

1H NVR (CDC13) & 2.28 (3H, s), 3.76 (3H, s%, 3.99 SZH, s), 4.61 (1H s),
6.67 (1H, @arBagx1Ppyglugopyrangse §HCO By, B.83-mme3)(8pd n} (5) Synthesis

ot agen 2%%@@%@%‘%@%%?&@%5“éﬂ{ié 39 RS Loy e, d9tEa Kb AR oo, (518"
, 1.39 : - ' THF M.

D05 4 oot OBl g HEDE” 166, "hif o R RaNEPhy R ALHERE Boltns AET (Ruubp T ha

mol ) and n&!i puky! RRGSPhLAE £8ad3 Pherdt3%aPfMPhd Y&BHE wggﬂggﬁge%é cegbing

with ice, and tetranethyl azodi carboxam de ( TMAD, 242 mol ) was

added thergigcioh RigeHiBet PARCEAI HFEQ £6£ 166REHHPE GhabY' BoWRgngt yitRd for
10 m nute under cooling with ice and then at roomtenperature for 23 hours.

The reactipfe #h&tthénvas toeat empyrathieargel 280hsaPsChr OBt PgAGPIYN
[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:7 to 1:6)]. The obtained
crude produtkituns wassbreatednbp sklbasoyelHeoldwhn 3¢hpomadogohphnt (4 nl),
and a 20% pal | adi um hydroxi de catalyst (66 ng) was added thereto and the
m xt ure soldevehoping stivtidnaethylaabgtiabgen-bheragphéle7f be B:8)hours, and
The obtained crude product was dissolved in a methanol-THF
{(1:3) mixed solvent (4 mL), and a 20% palladium hydroxide
catalyst (66 mg) was added thereto and the mixture scolution
was stirred under a hydrogen atmosphere for 6.5 hours, and
then the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained reside was purified by
silica gel column chromatography [developing
sclution=methylene chloride: methanol (10:1)]} to obtain the
title compound (55 mg, 15%).
[0321] 'H-NMR (CD;OD) 8: 0.85-1.05 (1H, m), 1.45-1.65 {1H,
m}, 2.00-2.15 (1H, m), 2.21 (3H, s}, 3.15-3.30 (2H, m), 3.40-
3.55 (2H, m), 3.65-3.75 (1H, m), 3.72 (3H, s)., 3.%4 (1lH, 4,
J=15.0Hz), 4.06 (1H, 4, J=15.0Hz), 4.05-4.20 (1H, m), 6.70-
6.80 (3H, m), 6.91 (1H, 4, J=8.2Hz), 6.95-7.10 (3H, m)
MS (ESI'): 411 [M+Na]}®

HPLC Retention Time: 11.2 minutes

Example 41
[2-(3-Fluoro-4-methoxybenzyl)phenyl]-5a-carba-a-D-

glucopyranoside

{1) Synthesis of (2-Benzyloxyphenyl)-{(3-fluoro-4-



then the catalyst was filtered off. The solvent was distilled under reduced
pressure and the obtained reside was purified by silica gel colum
chromat ogr aphy [devel opi ng sol uti on=nethyl ene chloride: nmethanol (10:1)] to
obtain the title compound (55 ng, 15% . [0321] 1H NWR (CD30OD) 6: 0.85-1.05
(1H m, 1.45-1.65 (1H m, 2.00-2.15 (44 m, 2.21 (3H ), 3.15-3.30 (2H
m, 3.40- 3.55 (2H, m, 3.65-3.75 (1H, r%, 3.72 (3H, s). 3.94 (1H, d,
J=15.CHz), 4.06 (1H d, J=15 OHz 4.05-4.20 (1H, m, 6.70- 6.80 (3H m,
6.91 (1H d, J=.?ﬁ%ﬁ?YQPiﬁﬁ%fﬁfﬁ?%ﬁffn) M5 (ESI'): 411 [M:Na)® HPLC
Retention Tine: : ! E§gg¥|e _ .

[ 2- (3-Fl uoro-4- rr%%h%xy 1gﬂr}gz‘%ﬁ} phenyl |~ fﬁc%r%uaﬁya%ﬁtrbjf%olbeﬁ%%%ssl%uiﬁgn
Synthesi s of {2-¥Bergy o) epyd ) adBed | #f6Hefse 0% -sIRLPLYPOENY! ) met hanol

In a nitrogen stream an n-butyllithium hexane sol ution 1.54° M 6.79 nL)

was added ﬂmﬁ%@-@-@@ém&ﬂ:&ﬂz&ie d2 bengy| ©x80 2ubs Pyopenigre(§@-mu g, 9. 50

nmml) in THE (3 at -78C and the m xture was stirred at the sane

tenperat urge I CSAnd et i xkard ivass Ytilrir@l ot SPleidane Qfeng;é‘ﬂabtq&%- 4-
met hoxybenzal dehyde (1.32 g, 8.56 mpl) in THE (8 nL) was added dropw se at

-78C. The floxti0 enivasted i r rBal this heobatbon | epsshitien fof DAL BoLE ;4 and
then a saturated amonium chloride aqueous sol ution was added thereto and
t he m xt umeethexytenzabdedyde t Ol e3yy, a@ei@tmmobhdin HEHBr fimk) |eger was
washed with a saturated sodi um chl ori de aqueous sol ution and

added dropwise at -78°C. The mixture was stirred at the same

temperature for one hour, and then a saturated ammonium
chloride aquecus solution was added thereto and the mixture
was extracted with ethyl acetate, and the organic layer was
washed with a saturated sodium chloride aqueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane {1:5)] to obtain the title
compound {2.79 g, 96%}.
[0322] 'H-NMR (CDC1;) d: 2.92 (1H, 4, J=5.8Hz)}, 3.87 (3H,
s), 5.03 (2H, s), 5.98 (1H, 4, J=6.0Hz), 6.85-7.10 {(5H, m),
7.21-7.35 (7H, m)
(2) Synthesis of 2-(3-Fluoro-4-methoxybenzyl)phenol

To a (2-benzyloxyphenyl)-{3-fluoro-4-methoxyphenyl}-
methanol (1.50 g, 4.43 mmol) methanol solution (29 mL), a 20%
palladium hydroxide catalyst (150 mg) was added, and
furthermore 2N-HC1l (2 mL)} was added thereto. The mixture was
stirred under a hydrogen atmosphere for 15 hours, and then the
catalyst was filtered off. The solvent was distilled under

reduced pressure and the obtained residue was purified by



dri ed (anhydrous magnesi um sulfate), and then the solvent was distilled
under reduced pressure. The obtained residue was purified by silica gel

col um chr omat ogr aphy [ devel opi ng sol uti on=et hyl acetate:n-hexane (1:5)] to
obtain the title conpound (2.79 g, 96% . [0322] 1H NWR (CDCl13) 6: 2.92 (1H,
d, J=5.8Hz), 3.87 (3H, s), 5.03 (2H, s), 5.98 (1H, d, J=6.0Hz), 6.85-7.10
(5H, m, 7.21-7.35 (7H, m (2) Synthesib6®f-

2- ( 3- Fl uor o- 4- net hoxybenzyl ) phenol To a

(2- benzyl ogypheayyel( 8ofllmnr ontomatbgraphenydeveophagokofhtbOngethy4d3 mmol )
met hanol solution (29 nL), a 20% palladi um hydroxi de catal yst (150 ng) was
added, andacétataennberafdl HCi5()2 tb)ohbhsindtbe theilet compbendi XODuLs was
stirred under a hydrogen atnosphere for 15 hours, and then the catalyst was
filtered o?2%)The solvent was distilled under reduced pressure and the
obt ai ned residue was purified by - 160 silica gel colum chromatography

[ devel opi n§0282B Lt i on=cHTMR {EHCARA: A hax8he(3H; 55) .t 3. Bbt h2H. t 8. t At 68
conmpound (0,95 g, 299 . _[0323] 1H NVR (CDC13).8: 3.85 (3H_ _s),. . 3.91 (2H

o Pa'eo Puly Br ) Bi73 (SHr 48, S=1.i. B:OHe). BoBATE.87 (AH, W
7.09-7.16 Zgé_g) éSE ﬁWntgesis of [2-(3-Fluoro-4-nethoxybenzyl)phenyl]-

5a- carba- 13* rh o] 9 anBéide In a nitrogen stream to a solution of

2.5 2, 6. telh o RERCYoEa #5) B2°TStr Harary md pidPERh by Tob B TR 17 "o
tributyl phosphing, (0, #Ba%:plgPaciPPtindElfe

In a nitrogen stream, to a solution of 2-(3-fluoro-4-

methoxybenzyl)phenol (323 mg, 1.39 mmel) in toluene (3 mL),
2,3,4,6-tetra-0-benzyl-5a-carba-a-D-glucopyranose {500 mg,
0.93 mmol) and tributylphosphine (0.35 mL, 1.39 mmol) were
added under cocling with ice, and tetramethylazodi-carboxamide
(TMAD, 242 mg, 1.40 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 40.5 hours
while gradually raising its temperature to room temperature.
The reaction mixture was treated by silica gel column
chromatography [developing solution= ethyl acetate:n-hexane
(1:6)]. The obtalned c¢rude preoduct was dilssolved in a
methanol-THF (1:2) mixed solvent (6 mL), and a 20% palladium
hydroxide catalyst (65 mg) was added thereto and the mixture
was stirred under a hydrogen atmeosphere for two hours, and
then the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained reside was purified by
silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the

title compound (78 mg, 21%).

[0324] 'H-NMR (CD;OD) 6: 0.85-1.05 (1H, m), 1.40-1.65 (1lH,



added under cooling with ice, and tetranethyl azodi-carboxam de (TMAD, 242
nmg, 1.40 nmol) was added thereto at the sane tenperature. The reaction

m xture was stirred for 40.5 hours while gradually raising its tenperature
to roomtenperature. The reaction mxture was treated by silica gel colum
chr omat ogr aphy (devel opi ng solution= ethyl acetate:n-hexane (1:6)]. The
obt ai ned crude product was dissolved in ¥1nethanol -THF (1:2) ni xed sol vent
(6 nmL), and a 20% pal | adi um hydroxi de catal yst (65 ng) was added thereto
and the mmjurk.9%a2.35i (1Bd mhdeB.a5hydédgeRHatmbsphebe-2000t WBHhom)s, and
then the catalyst was filtered off. The solvent was distilled under reduced
pressure ahd8the3Bbtal ned-PBstdddwhiHpum)fi €d70y7-30| (2H. gBP) col um

chr omat ogr a h( %dgvelo iﬁal+solution:nethylene chl oride: methanol (10:1)] to
obtain théSt{k %)éoer‘&J {78 ngy, 214). (0324] 'H NMR (CD3COD) 6: 0.85-1.05
(1H, m, 1.40-1.65 (1H - 161 ,.1.95-2.15 (1H, nm), 3.35-3.60 (2H, m,

3. 60- 4. 00 ¥BRE Fgtentian ?é@ﬁ’s%-l.'@ DYLes (1H, ), 6.70-7.20 (7H, m) M

(ES1+): 39% ! %1 Hgkc Retention Tinme: 10.7 mnutes Exanple 42
[ 4- (4- Cycl zyl ) pyridin-3-yl]-5a-carba-S D gluco- pyranoside (1)

(3es"g, oBbalheCrsl ofEbuY) Benty £} AR 2 - BUCLRLRE BORL RIS Y e

added ther§§9an0§i&gdroxypyridine (4.97 g, 52.3 nmmol) was added to the

(1) Synthesis of 3-(2-Trimethylsilylethoxymethoxy)-

pyridine

Sodium hydride (3.85 g, 96.3 mmol) was washed with
hexane and dimethoxyethane (90 mL]) was added thereto.
3-Hydroxypyridine (4.97 g, 52.3 mmol) was added to the
obtained mixture under coolling with ice over 10 minutes and
the reaction mixture was stirred for 10 minutes, and then
2-(trimethylsilyl)ethoxymethyl chloride (10.0 mL, 56.5 mmol)
was added thereto under ccoling with ice over 25 minutes. The
reaction mixture was stirred at room temperature for
14.5 hours. Under cooling with 1ce, to the reaction mixture
was added water and the mixture was extracted with ether and
the organic layer was dried over anhydrous magnesium sulfate
and concentrated under reduced pressure. The obtained residue
was purified by slilica gel flash column chromatography
[developing solution=n-hexane:ethyl acetate (3:1)] to obtain
the title product (10.8 g, 92%).
[0325] 'H-NMR (CDC1,) &: 0.00 (9H, s), 0.93-0.98 (2H, m),
3.73-3.79 (2H, m), 5.24 (2H, s), 7.18-7.23 {1H, m), 7.34-7.38
(1H, m), 8.25 (1H, dd, J=4.7, 1.4Hz), 8.40 (1H, dd, J=3.0,

0.6Hz)



obt ai ned m xture under cooling with ice over 10 m nutes and the reaction

m xture was stirred for 10 mnutes, and then 2-(trinmethylsilyl)ethoxynethyl
chloride (10.0 nmL, 56.5 mMmml) was added thereto under cooling with ice over
25 mnutes. The reaction mxture was stirred at roomtenperature for 14.5
hours. Under cooling with ice, to the reaction m xture was added water and
the mxture was extracted with ether andl62he organic |ayer was dried over
anhydrous nmagnesium sul fate and concentrated under reduced pressure. The
obt ai ned r é28) dueSyntibeplisi PEelldbgysilbbrapydphehyd-£8kGantechmethydgr aphy

[ devel opi ng sol uti on=n-hexane: ethyl acetate (3:1)] to obtain the title
product (10.8 g, SbrydethozympthoxyipRrridbrt4yysimgthanpdy, s) 0.93-0.98
(2H, m, 3.73-3.79 (2H n; 5.24 2H ﬁ 7.18-7.23 (1H, 7.34-7.38

(1H ny, 8.25 (1kp ﬂdﬂiﬁra en gtg 0 ?E¥#1aahiﬁm3nopenbaeﬁu) - 162

ST g1 at hoxSRbuRoay) bos fdi e abyp Bhenﬁi.)# {’aﬁ ﬁdéeﬁmﬁmégﬁset Fgaf Sqlution
& ol it oneFof- 52 PEPLARER if%yﬁ?? SrbbrttstheRstypibitentd 1975 r?‘-” e te
o oy m§gg°$§rzﬁs§%um%uat(§; VgL 298 NS T U ol

stirred at our, and solu

4- cycl oprolgykggféabgﬁhwﬁrf%ddfﬁtgu766}: 1908Hhd Aduf! Nela €iidh a?*?%%&?or

t heret o over m nut es e reactli on m xture vvas stirre _
two hours gpdsatyedepropelipehahuneniyae (WwaboygrsioTest Mol ¢aghi epnBrxture

was added a saturated anmoni um chl ori de aqueous sol ution, and the
(10 mL) was added thereto over 25 minutes, and the reaction
mixture was stirred at -70°C for two hours and at room
temperature for two hours. To the reaction mixture was added
a saturated ammonium chloride agueous solution, and the
mixture was extracted with ether, and the organic layer was
dried over anhydrous magnesium sulfate. After filtration, the
solvent was distilled under reduced pressure, and the cbtained
residue was purified by silica gel flash column chromatography
[developing solution=n-hexane:ethyl acetate (2:1)] to obtain
the title product (2.17 g, 74%).
[0326] 'H-NMR {CDCl,)} &: -0.04 (9H, s), 0.61-0.66 (2H, m),
0.84-0.96 {(4H, m), 1.79-1.90 (1H, m), 3.48-3.59 (2H, m), 5.13
{2H, 44, J=22.8, 6.9Hz), 6.00 (1H, s), 6.97-6.99 (2H, m),
7.20-7.23 (2H, m}, 7.48 (1H, d, J=4.9Hz), 8.18 (1H, 4,
J=4.9Hz), 8.27 (l1lH, s)
{3) Synthesis of (4-Cyclopropylphenyl)-[3-(2-trimethyl-
silylethoxymethoxy)pyridin-4-yl]lmethanone
In a nitrogen stream, Dess-Martin Perliodinane (2.71 g,

6.39 mmol) was added to a solution of (4-cyclopropyl-phenyl)-

[3-{2-trimethysilylethoxy-methoxy)pyridin-4-yl]methanol (2.17



m xture was extracted with ether, and the organic | ayer was dried over
anhydrous nmagnesium sulfate. After filtration, the solvent was distilled
under reduced pressure, and the obtained residue was purified by silica gel
flash col um chromat ography [devel oping sol ution= n-hexane:ethyl acetate
(2:1)] to obtain the title product (2. 1%6 749 . [0326] "H NWMR (CDC13) S:
-0.04 (9H, s), 0.61-0.66 (2H, , 0.82 6 (4H, , 1.79-1.90 (1H, m,

(2t . 9:28: Bhommpdy, sfyme ‘r’gd%et‘? hior?aﬁ“éébmLS%%lﬁlﬁﬁ%dreayuogﬁ%
Slﬁ;IgSEnynegﬁoxy B%P giﬁr§f %?n%¥ﬁéggﬁ§B¥Fﬁg 9%'%?% sbP&g th%gss Martin
Peri odi nang,, ﬁnZ%erF %ﬂe”BBL:L l@@%tﬁﬂdﬁgrwainﬁﬁla”t(boﬁvoi_; 0.64 mmol)

(4- cyclopropy
[3-(2- tr'”EEEY§ah¥heEB0%Me"§hﬁ€%lbﬂ¥ﬁ&ﬁhﬂr& thWEBQaBBka&ﬁea7m1x£ﬁ§e Has>- 84

nmml ) in nethylene chloride (31 nL), and the reaction mxture was stirred

at room t egperaLEr eotol . . holiedl s. InEBLtBeEBDREret RE1PBS8EaMARAI RKBET i Odi Nane
(0.27 g, 0.64 nmol) was added to the reaction m xture and the obtained

m xture wagilgtatéedakowadhbdhatith. al Baehvhtea weteuhi hiyaredensdrbbfate
filtrate was washed with a saturated sodi um hydrogencarbonate aqueous
sol uti on aagueosat spatitdlopodndmackhtnrdéedndediumdchhveidaenhndr drsedagnesi um
sulfate), and then the solvent was distilled under reduced pressure. The
obt ai ned reveduanbhmdropar magodshymastihfate)i candethenl the shlyentowaaphy
[developing sol ution= ethyl acetate:n-hexane (1:1)] to obtain the title
product (1dbstilledoynder reduced pressure. The obtained residue was
purified by amino silica gel column chromatography {developing
solution= ethyl acetate:n-hexane {(1l:1)] to obtain the title
product (1.96 g, 91%).
[0327] 'H-NMR (CDCl,) 6: -0.04 (9H, s), 0.76-0.90 (4H, m),
1.05-1.12 (2H, m}, 1.92-1.98 (1H, m), 3.56-3.62 (2H, m), 5.17
{2H, s), 7.09-7.13 (2H, m), 7.19-7.21 (1H, m), 7.67-7.71 (2H,
m), 8.40 (1H, 4, J=4.67Hz), 8.65 (1H, =)
(4) Synthesis of (4-Cyclopropylphenyl)-{3-hydroxy-
pyridin-4-yl)methanone
p-Toluenesulfonic acid monohydrate (3.03 g, 15.9 mmol)
was added to a solution of (4-cyclopropylphenyl}-[3-(2-
trimethylsilylethoxymethoxy)pyridin-4-yl]methanone (1.96 g,
5.30 mmol) in THF (49 mL) and the mixture solution was stirred
at 65°C for one hour. The reaction mixture was cooled to room
temperature and a saturated sodium hydrogencarbonate aqueous
solution was added threretce and the mixture was extracted with
ether, and the corganic layer was dried over anhydrous

magnesium sulfate. After filtration, the solvent was

distilled under reduced pressure, and the obtained residue was



[0327] 1H-NWR (CDC13) S: -0.04 (9H, s), 0.76-0.90 (4H, m, 1.05-1.12 (2H,
np, 1.92-1.98 (1H, m, 3.56-3.62 (2H, m, 517 (2H s), 7.09-7.13 (2H, m,
7.19-7.21 (1H, m, 7.67-7.71 (2H, nm), 8.40 (1H, d, J=4.67Hz), 8.65 (1H, s)
(4) Synthesis of (4-Cyclopropyl phenyl)-(3-hydroxy- pyridin-4-yl)nethanone
p- Tol uenesul foni ¢ aci d nonohydrate (3.03 g, 15.9 nmol) was added to a

sol ution of (4-cycl opropyl phenyl)-[3-(2-164 -

trimethyl silyl ethoxymet hoxy) pyridin-4-yl]nethanone (1.96 g, 5.30 mol) in
THE (49 nlpuendiélepy ¥iulieasgelt EDAsHAGoShinhl 6HroMbt68Cabhy PaevBIBpinghe

reaction mxture was cooled to room tenperature and a saturated sodi um
hydr ogencasbbhutienandhexranesekhyiloacenatad{red3) hr evedbtand the nixllere was
extracted with ether, and the organic |ayer was dried over anhydrous
magnesi um pubfact. (Afd6rgii B7kati on, the solvent was distilled under
reduced pressure, and the obtained residue was - 164 purified by silica gel
flash col uk@3281 omat ogHapMR [(€BE1:0D ng. 8800 u8H 0H2H, heXand: 82hLL LACERH: e
(2:3)] to obtain the title product (1.10 g, 87%. [0328] 1H NVR (CDC13) 8:
0.80-0.86 12H 1nf7-2-83- {146 12 7-4P-71287{2Ho3m) 147 . AP (}H1844,29=F2R: n),
7.42 (1H, dd6 J=5.2, _0.6Hz), 7.63-7.68 §2H m, 8.24 ng dB J=5.2Hz), 8.59
(1H, d, J%eSBE})y, 718313-68(2H) p) & R¢nbills B J=5-.2Hz), 8.59 (IH, 4,
(4- Cycl opr gpyl Ee yli-[ -(g , 2S, 3S, 4R
5R)-2,3,4-3?¥sg ﬁgyl %yig- iﬁéyﬁ&xynethylcyclo-
hexyl oxy) pyti di nz4- hapone nLLr ﬁ eam
diisopropyréiodi%gFﬁgégﬁét§E(6$1£§§%3959§§9 EQP§iéaggLf6&Fyzgdagd4§ropmﬁse
to a mxture of 5R}-2,3,4-trisbenzyloxy-5-benzyloxymethylcyclo-
hexyloxy)pyridin-4-ylimethanone
In a nitrogen stream, diisopropylazodicarboxylate
(0.14 mL, 0.72 mmol) was slowly added dropwise to a mixture of
(4-cyclopropylphenyl)-{3-hydroxypyridin-4-yl)methancne (0.18 g,
0.74 mmol), (15,28,3S,4R,.5R)-2,3,4-trisbenzyloxy-5-
benzyloxymethylcyclohexanol (0.20 g, 0.37 mmol},
triphenylphosphine (0.19 g, 0.74 mmol) and toluene (1.3 mL)
under cooling with ice. The reaction mixture was stirred at
room temperature for three hours, and then the solvent was
distilled under reduced pressure and the obtained residue was
purified by silica gel flash column chromatography {[developing
solution=n-hexane:ethyl acetate (2:3)] to obtain the title
product (0.20 g, 71%).
[0329] 'H-NMR (CDC13) &: 0.67-0.73 (2H, m), 1.00-1.06 (2H,
m), 1.39-1.47 (1H, m), 1.81-1.88 (1H, m), 2.09-2.16 {(1H, m),
3.37-3.58 (5H, m), 4.36-4.51 (6H, m), 4.76-4.86 (3H, m), 6.98-
7.07 (4H, m)}, 7.13-7.35 (19H, m), 7.62-7.66 (2H, m), B.34 (1H,
d, J=4.9Hz), 8.54 (1H, s)

(6) Synthesis of (4-Cyclopropylphenyl}-[3-((1R,2S,3S5,4R,



(4-cycl opropyl phenyl ) - (3-hydroxypyridi n-4-yl)met hanone (0.18 g, 0.74 nmmol),
(1S, 2S, 3S,4R, 5R) - 2, 3, 4-tri sbenzyl oxy-5- benzyl oxynet hyl cycl ohexanol (0.20 g,
0.37 mmol ), triphenyl phosphine (0.19 g, 0.74 muvol) and toluene (1.3 nl)
under cooling with ice. The reaction mxture was stirred at room
tenperature for three hours, and then the solvent was distilled under
reduced pressure and the obtained residuéédas purified by silica gel flash
col um chr omat ogr aphy [ devel opi ng sol uti on=n-hexane: et hyl acetate (2:3)] to

obtain the titlesryr-@duGts -tidbemz ya by - 5-G22Sy 1 bvid® hy@R§tA)o-8: 0. 67-0. 73
(2H, n), 1.00-1.06 (2H, ), 1.39-1.47 (1H, ), 1.81-1.88 (1H, m), 2.09-2.16

(1H, m, 3.37-3heEylopy )pyrifdidc-44ydlmedHanml, 4.76-4.86 (3H, m, 6.98-
7.07 (4H, m, 7.13-7.35 (19H, m, 7.62-7.66 (2H, m, 8.34 (1H, d, J=4.9Hz),
8.54 (1H, s) (6) SsdaumedbiorobydirddeyUépmapylpRénympl))3waslRAASAIS04R, - 165
- 5R}-2,3,4-trisbenzyl oxy-5-benzyl oxynet hyl cycl o-
hexyl oxy) pyeilditdon wi| fd-g¥sdie - PsedydipheeydHyd Si-dd 1@ Sy$S . ARSRITA -)3 s
added to a solution_of (4-cyclo-propylphenyl)-[3-((1R 2S, 3S, 4R 5R)-2, 3, 4-
tri shenzyl SH-SBeBETIR SR PR RS SRR Byt ddgirdtone. (0. 20
g, 0.26 mml.), in THE (1.37 ). and ter . (Q.6 éﬁ%) under cooli with ice
and the reX&t]f"S%hﬂi“f’ é%\/&éngst irbr'lzgg“gP]\’)Od'ﬁI& érla%rgllﬁora whehirs. To
the reacti I Xtyr E o C ra ul furi.c jd. (0.2
nm) was adggd 6?1 hé“&'gt gmtﬂi-rll‘;’?erc cé‘&%%ggﬂvﬁht ﬁqﬁec%%gﬁg’tht Fg%%g}&qnoﬁiﬁ%%eur"%sv\as
stirred forsté,gr@dh”%gei-ooﬁo tteamg)e R G 4G 150 o Xt URR 3R 39384 3n
saturated sodi um hydrogencar bonate aqueous

mixture, THF was added, and concentrated sulfuric acid (0.2

mL) was added theretc under cooling with ice and the reaction

mixture was stirred for 10 minutes. To¢ the obtained reaction

mixture was added a saturated sodium hydrogencarbonate aqueous

sclution and the mixture was stirred at room temperature for

10 minutes. The resulting mixture was extracted with ethyl

acetate and the organic layer was 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 (3:2)] to obtain the title product (0.20 g, 100%) as a

diastereomeric mixture.

[0330)] 1H-NMR {CDC1l,) o&: 0.47-0.53 (1H, m), 0.58-0.63 (1H,

m), 0.80-0.92 (2H, m), 1.09-1.27 (2H, m), 1.68-1.84 (2H, m},

3.32-3.64 (5H, m), 4.34-4.53 (4H, m), 4.70-4.88 (5H, m), 5.84

{0.5H, s), 5.96 (0.5H, s}, 6.85-6.97 (3H, m), 7.05-7.35 (21H,

m), 7.43-7.48 (1H, m), 8.20-8.24 (2H, m)

MS (ESI*): 762 [M+H]"

(7) Synthesis of 4-[Chloro-(4-cyclopropylphenyl)methyl-

3-((1R,2S8,35,4R,5R)})-2,3,4-trisbenzyloxy-5-



solution and the m xture was stirred at roomtenperature for 10 m nutes.
The resulting m xture was extracted with ethyl acetate and the organic

| ayer was dried (anhydrous magnesi um sulfate), and then the sol vent was
distilled under reduced pressure. The obtained residue was purified by
silica gel colum chronmatography [devel opi ng sol uti on=et hyl acetate: n-
hexane (3:2)] to obtain the title producté§0-20 g, 100% as a

di astereoneric mxture. [0330] 1H NMR (CDC13) 6; 0.47-0.53 (1H, m,

0.58-0.63 (1H, ©benzP18RyfedRylidbclohexyl6Ry)Ip?riG2ide ), 1.68-1.84 (2H, m),
3.32-3.64 (5H, m, 4.34-4.53 (4H, m), 4.70-4.88 (5H, m, 5.84 (0.5H s),

5.96 (0.5H, s), Bn8%-Bi8Fo¢ahl shyeam, 06hTosEl (Ghtbriad, (¥.a3-MLAS0(68, M),
8.20-8.24 (2H, m MS (ESI'): 762 | MH + (7) Synthesis of

4-[ Chl or o- mmobycw@progﬁeghbnya)ﬁeﬂhyion of (4-cyclopropylphenyl)}-([3-
3-((1R 2S, 3S, 4R, SF% 4- trlsbenz¥lgxg-5 - 166 -

benzyloxynéih%b%?e §hé§y58iy?p9ﬁﬁd Résbepzylaxyrdgkansylesimethvdny|

chl oride (0.05 , 0.68 mmuol) mas added to a_sol ution of
( 4- cyclopr%&?iﬁ%%ﬁ?i?xfépYridln -yllmethanol (0.20 g, 0.26 mmol) in

2S, 3S b |
ggéﬁbhexyl%éggﬁg%?ﬁlﬁhﬁ°%ﬁ?§e ﬁa owfgouﬁgenzxﬁggﬁ th ﬁcenﬂPﬂyFBﬁe
hl d 3. d | th t d, _at
foo%“tefrp(er#‘é%la?’égf‘g?ste G5 ER8ERo e TEbPn, EEpRRER IR FhF | P A8 TR e g che
saturated EQ%%H ?hy ﬁ?ﬂ?@ﬁﬁégpg saaguggyﬁrgegatggaiaﬁd the mxture was

extracted W ene chlori and the organic ayer was dried

(anhydr ousy, yRonEshUgY BhAEEChquaBs! B8Rut 16nSahyeBhe "Rt LS khked under

reduced pre talne resi due was
extracted with methylene chloride and the organic layer was

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 (1:1)] tco obtain the title
product (0.20 g, 100%) as a diastereomeric mixture.

[0331] 'H-NMR (CDCl;) &: 0.51-0.53 {1H, m), 0.61-0.64 (1H,

m), 0.83-0.93 (2H, m), 1.10-1.18 (1H, m), 1.66-1.77 (3H, m),

2.15-2.27 (1H, m), 3.30-3.66 (5H, m), 4.38-4.55 (4H, m), 4.83-

4.91 (4H, m), 6.23 (0.5H, s), 6.39 (0.5H, s), 6.85-6.96 (3H,

m), 7.11-7.33 (21H, m), 7.54-7.58 (1H, m), 8.26-8.42 (2H, m)

MS (ESI'): 780[M+H]’

(8) Synthesis of 4-(4-Cyclopropylbenzyl)-3-((1R, 2S5, 35S,
4R,5R)-2,3,4-trisbenzyloxy-5-benzyloxymethylcyclo-
hexyloxy)pyridine
In a nitrogen stream, zinc (0.14 g, 2.14 mmol) was added

to a solution of 4-[chloro-(4-cyclopropylphenyl)-methyl]-3-

((1R,28,35,4R,5R}-2,3,4-trisbenzyloxy-5-benzyloxymethyl-

cyclohexyloxy)pyridine (0.22 g, 0.28 mmol) in methylene



purified by silica gel columm chromatography [devel oping sol ution=ethyl
acetate: n-hexane (1:1)] to obtain the title product (0.20 g, 100% as a

di astereoneric mxture. [0331] LH NWR (CDClS) 8: 0.51-0.53 (1H, m,
0.61-0.64 (1H, m, 0.83-0.93 (2H, m, 1.10-1.18 (1H m, 1.66-1.77 (3H, m,
2.15-2.27 (1H, m, 3.30-3.66 (5H, m, 4.38-4. 55 (4H, m, 4.83- 4.91 (4H, m,
6.23 (0.5H, s), 6.39 (0.5H, s), 6.85-6-98673H, m), 7.11-7.33 (21H, m,
7.54-7.58 (1H, m, 8.26-8.42 (2H, m M (ESI'): 780[MtH]' (8) Synthesis of
4- (4- Cycl ophdpylidenfyl)l- 8L()( &rd28c8%ic acid (12.4 mL), and the mixture

4R, 5R) - 2, 3, 4-tri sbenzyl oxy- 5- benzyl oxynet hyl cycl o- hexyl oxy) pyridine In a
ni t rogen sﬁpéaﬁﬂ°ﬁlﬁés(§t1¢r§d Qtleanﬁpmmagaauaedforo1& é@ﬂﬁﬁlonT@fthe

4-[ chl oro- (4-cycl opr gpyl phenyl ) - net hy I%

((1R 2S, 3SF&RC Ryngméx uFP|§E§n99P8§ye hHén??PG?ﬁﬁePH?lihe mixture was

) and scHRFREHCREthrs’ %aﬁfsfg‘taﬁdﬁyﬁaoaeizﬁa?s%%?%hﬁﬁﬁﬁ%%z MRS 884, oom
and cho i GEdP8 JACRSUESne RabiResaECEuRRE Y, Hnd BRRer BRL B ThnsoRES" ©
sol ution aﬂgaggiiggucegg¥dEgﬁﬁcgﬁg$ﬁéngF§H'fghﬁ)ongthﬁeQeEE gobégnt was

distilled un ressure. ai ned residue was uri

silica gel EQL_!EEB?EB?OEEE.QQE‘?‘?Q_X bOgURhOBLRanatOLY CPB?O‘F?%WSM&(%Q [0332]

acet at e: n- hexane to obfain the title produ

1H NMR (CDgélhtgonQeﬁﬂgﬂ Géetakle : ﬁlheﬂaﬁ@ l?@)ﬁzﬁo oBkaih Bheltl®ielH m,
1.70-1.85 (2H , 2.15 (1H, , (1H, dd, J=9.1, 2.5Hz),
3.53-3.70 b&Hdu&k (8.84 g2Hs74) .
[0332]) 'H-NMR (CDC13) &: 0.57-0.62 (2H, m), 0.86-0.92 (2H,
m), 1.51-1.59 (1H, m}, 1.70-1.85 (2H, m), 2.08-2.15 (1H, m),
3.44 (1H, 44, J=9%9.1, 2.5Hz), 3.53-3.70 (4H, m), 3.87 (2H, 4,
J=1.6Hz), 4.42-4.54 (4H, m), 4.71 (2H, 4d, J=17.6, 10.7Hz),
4.83-4.93 (3H, m}, 6.90-7.34 (25H, m), 8.11 {(1H, d, J=4.7Hz),
8.35 (1H, s)
(9) Synthesis of [4-(4-Cyclopropylbenzyl)pyridin-3-yl]-
5a-carba-p-D-glucopyranoside
In a nitrogen stream, entamethylbenzene (0.40 g, 2.70
mmol )} and a solution of boron trichloride in methylene
chloride (1.0 M, 1.00 mL, 1.00 mmol)} was added to a solution
of of 4-(4-cyclopreopylphenyl)-{3-((1R,28,3S,4R,5R}-2,3,4-
trisbenzyloxy-5-benzyloxymethyl-cyclohexyloxy)pyridine (136 mg,
0.18 mmol) in methylene chloride (7.1 mL) at -78°C and the
mixture was stirred at -78°C for 3.5 hours. To the reaction
mixture, methanol (1.7 mL) was added, and then a sodium
methoxide methancl solution (1.0 M, 4 mL}) was added thereto

and the reaction mixture was stirred at room temperature for

10 minutes. Insclubles were fliltered and the filtrate was



J=1.6Hz), 4.42-4.54 (4H, m), 4.71 (2H, dd, J=17.6. 10.7Hz), 4.83-4.93 (3H
m, 6.90-7.34 (25H, n), 8.11 (1H, d, J=4.7Hz), 8.35 (1H, s) (9) Synthesis
of [4-(4-Cycl opropyl benzyl) pyridin-3-yl]- 5a-carba-p-D glucopyranoside In a
nitrogen stream entanethyl benzene (0.40 g, 2.70 mmol) and a sol ution of
boron trichloride in nethylene chloride (1.0 M 1.00 nL, 1.00 mml) was
added to a solution of of - 168 -

4- (4-cycl opropyl phenyl)-[3-((1R 2S, 3S, 4R, SR) - 2, 3, 4-

tri sbenzyl orpednbeargtoxpderhyedogedopergkuxy) py Thei pbtaldednyesidue8wasnl )
in methylene chloride (7.1 nL) at -78C and the mxture was stirred at -78C
for 3.5 hopnsified: by sdddcpogelnicriyma, Chﬁpmaﬁﬁgr@phr rdpviedepdaded, and

t hen a sodi um et hoxi de net hanol sol ution %é n.) was added thereto
and the re8eiPbhcRrxMgtBYRgaeschipEddss M8s P@%péﬁaﬂdﬂetPonthnn¢HGtes

I nsol ubles _ were filtered and the filtrate was - 168 concentrated under
reduced prELELPePTPABCELARPNEE r @3¥due was purified by silica gel col um

832???%58#? Seéf'oﬁﬁi;ﬁ?es‘)' 00 Eéamgfgé'e,ﬁ? Ly RAR (000 %%t 838855628 b5 °
(2 0y58.9.85,4240 (i OSSR cR B3Satedhal %ﬁ’ G B3y o0
B2 hin e T e ol
M5 (ESI"): (386 bitHh=1bPEC Bekanyi 0B 3bue: 08- 49uT RYL€S.28-4.36 (1H, m),
6.97 (2H, td, J=8.2, 1.9Hz), 7.07-7.10 (3H, m), 8.00 (1H, d,
J=4.7Hz), 8.30 (1H, s)
MS (ESI*): 386 [M+H]'
HPLC Retention Time: 8.40 minutes

Example 43

[2-{4-Carboxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside

To a methanol-THF solution (10 mL-5 mL)} of [2-(4-
methoxycarbonylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside
{72.0 mg, 0.1 mmel) as obtained in Example 31, a 20% palladium
hydroxide catalyst (7.2 mg) was added. The mixture was
stirred under a hydrogen atmosphere for 15 hours, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure to obtain the title compound (38.2 mg, 100%).
[0334] 'H-NMR (CDs;OD)} $:0.86-1.00 (1H, m), 1.51-1.58 (1H,
m), 2.01-2.11 (1H, m), 3.16-3.34 (2H, m), 3.43-3.50 (2H, m),
3.67-3.73 (1H, m), 3.95-4.88 (3H, m), 6.87 (1H, t, J=13.5Hz),
7.03 {1H, 4, J=7.4Hz), 7.12-7.21 (2H, m), 7.30 (2H, 4,
J=8.1Hz), 7.88 (2H, 4, J=8.1Hz)

MS (ESI*}: 389 [M+H]’

HPLC Retention Time: 10.6 minutes



Exanpl e 43 [ 2- (4- Car boxybenzyl ) phenyl ] - 5a- car ba- S- D- gl ucopyranoside To a
nmet hanol - THF solution (10 nL-5 nl) of [2-(4-

met hoxycar bonyl benzyl ) phenyl ] - 5a- car ba- 3- D- gl ucopyranoside (72.0 ng, 0.1
mmol ) as obtained in Exanple 31, a 20% pal | adi um hydroxi de catal yst (7.2
ng) was added. The m xture was stirred under a hydrogen atnosphere for 15
hours, and then the catalyst was filteréf9off. The solvent was distilled
under reduced pressure to obtain the title conmpound (38.2 ng, 100% .

[ 0334] 1H ENBmpCE3@®) 5:0.86-1.00 (1H, m, 1.51-1.58 (1H, m, 2.01-2.11
(1H, m, 3.16-3.34 (2H, m, 3.43-3.50 (2H, m, 3.67-3.73 (1H, n), 3.95-4.88
(3H, m, 6[I87(AtMinylbenz3ljphenyl] -63-carbadp-D=gldeppyrandadiade?l (2H, n),
7.30 (2H, d, J=8.1Hz), 7.88 52H d, J=8.1Hz) MS (ESI'). 389 [M+H' HPLC
Retention fide: §Unﬁhﬁﬁﬁﬁt8§ 1693I0E?Q#ﬂP§14&hen°1

[22{24Brwo2}%Li’ﬁ?i?%{aﬁgﬁﬁitir?ggnﬁ?g?% ﬁ?w B5AY aRNELAp: Sar PRaBLeL 83 mt. |
42. 46 '
wer 6 ag‘J‘l‘éd%?SE 33P0 B8R l‘é‘%Bheﬁf%iily’fédet 'ﬁsﬁ%ﬁsl&ﬁ | FRBRIE N (@Iho”gf’)
2.83

oo b gebthﬁgi CQeQ %ﬁde%ggﬁo&?§£wﬁFg nggéépgﬁz &lgfng |I ©

reacti on m xturé was |rre

tenper at ur g &gbgggghﬁﬁﬂﬂﬁéﬁkuﬁﬁ 0a Hbhes WA hiﬁ WﬁstQﬂgﬁeEQe ﬁriﬁ er

cool i ng mnt I ce an e mxture ma ‘extracte ene oride. The
organi c | aygp,yearyeahadr'bB12ngalikl $8e. The reaction mixture was

stirred for 19 hours while gradually raising its temperature
to room temperature, and then water was added thereto under
cooling with ice and the mixture was extracted with methylene
chloride. 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 (1:5)] to obtain the title compound (527 mg, 70.8%).
[0335] 'H-NMR (CDCl,) &: 3.92 (2H, s), 4.62 (1H, s), 6.73-
6.76 (1H, m), 6.85-6.99 (1H, m), 7.06-7.14 (4H, m), 7.35-7.40
(2H, m)
(2) Synthesis of Trifluoromethanesulfeonic acid (1S,2R,3S,

4R,5R)-Trisbenzyloxy-5-(benzyloxymethyl)}cyclohexyl

Ester

Pyridine (205 uL, 2.53 mmol) was added to a solution of
(15,2R,35,4R,5R)-tris-benzyloxy-5- (benzyloxymethyl) -
cyclohexanol (300 mg, 0.557 mmol) in methylene chloride
(5.5 mL) and the mixture was cooled to 0°C, and then

trifluoromethanesulfonic acid anhydride {210 pL, 1.25 mmol)



sodi um chl ori de aqueous sol ution and dried (anhydrous magnesium sulfate),
and then the solvent was distilled under reduced pressure. The obtai ned
residue was purified by silica gel colum chromatography [devel oping

sol uti on=et hyl acetate: n-hexane (1:5)] to obtain the title conpound (527
ng, 70.8% . [0335] =H NWMR (CDC13) b: 3.92 (2H, s), 4.62 (1H, s), 6.73- 6.76
(1H, m, 6.85-6.99 (1H n), 7.06-7.14 (4MOny, 7.35-7.40 (2H m (2)

Synt hesi s of Trifluoronethanesul fonic acid (1S, 2R, 3S,

4R 5R) - Tr i yhenagddedy thefiedozy| Fognaeartionc dxssayre wEst st iPypeiddiate th205
.LL, 2.53 mmol) was added to a sol ution of

(| s, 2R, 3S, SRUSRTeMpeFakatey EOry one( B@h‘zfyl @Mﬂ@ﬂ B s@piireteda seditsoo ny,
0. 557 nnol%yln net hyl ene chl ori de and the m xture was cooled to 0C,

and t hen ArPEERSREPRRAL S AANSOY a@P&u§HH?dW?&ea@§f@ Fhﬁref°2§“ﬁnﬁmf 170

for one. holLXEGA HRdn <X L2CHAR B L0o BRGHY It SUSAE M Bonathendombaded - = ©
| uti dded.th t d t xt t ed t h t hyl

cohl or i do. TReIR1RYE=YRs  HASTER el ”rv%g??f@&%d{ FoYahan oo pot asei um

hydrogensuhkgggpgggg%gtgol é&fe%%sa'égl fﬁ%t“u% ed qlu‘i@te‘&hls Igli%?ll agueous

sol uti on oVer esi um sul e so vent was IIed to

b r d e OS i 03 nes u
B e LGl & G eaat: Wit T o O

dd, J=9. 6rnd. 6blken?. %s( hlﬂsttiti,lea—& %bt%m%Hé) cradéd %Hucﬁtd(aab—&g%

3. 4FE) 3.86 (1H, dd, J=9.5, 9.3Hz), 4.40 (2H, s), 4.5
[0336] 'H-NMR (CDC1;) &: 1.83 (1H, 44, J=15.9, 14.0Hz),
2.00-2.14 (2H, m), 3.39 (1H, dd4, J=%.2, 2.3Hz), 3.50 (1H, ad,
J=9.6, 2.6Hz}, 3.56 (1H, dd, J=10.2, 9.3Hz), 3.75 (1lH, 44,
J=9.2, 3.4Hz), 3.86 (1H, 44, J=9.5, 9.3Hz), 4.40 (2H, s}, 4.50
{1H, &, J=10.8Hz}, 4.62 (1H, d, J=11.4Hz), 4.79 (1H, d4d,
J=10.7Hz), 4.82 (1H, d4, J=11.5Hz), 4.89 (1H, 4, J=10.7Hz),
4.92 (1H, 4, J=10.7Hz), 5.33 (1H, br}, 7.15-7.30 (20H, m)
{(3) Synthesis of [2-(4-Bromobenzyl)phenyl]-5a-carba-p-D-

glucopyranoside
In a nitrogen stream, a solution of l-benzyloxy-2-(4-

bromo-benzyl)benzene (386 mg, 1.46 mmol) in DMF (1 mL) was
cooled in an ice bath, and NaH (60%, 52 mg) was added thereto.
The reaction mixture was stirred at the same temperature for
10 minutes, and then this reaction mixture was added dropwise
to a suspension of trifluoromethane-sulfonic acid
(1S, 2R,3S,4R,5R) -trisbenzyloxy-5-(benzyloxy~ methyl)cyclohexyl
ester (655 mg, 0.97 mmol) in DMF (2.5 mL)} at -40°C. The
reaction mixture was stirred at the same temperature for two
minutes, at from -40°C to 0°C for 30 minutes and then at 0°C

for one hour. To the reaction mixture was added a saturated



(1H, d, J=10.8Hz), 4.62 (1H, d, J=11.4Hz), 4.79 (1H, dd, J=10.7Hz), 4.82
(1H, d, J=11.5Hz), 4.89 (1H, d, J=10.7Hz), 4.92 (1H, d, J=10.7Hz), 5.33
(1H, br), 7.15-7.30 (20H, m (3) Synthesis of

[ 2- (4- Bronobenzyl ) phenyl ] - 5a- carba-j 3-D- gl ucopyranoside In a nitrogen
stream a solution of 1-benzyl oxy-2-(4- brono-benzyl)benzene (386 ng, 1.46
nmmol) in DMF (1 nmL) was cooled in an tck7bath, and NaH (60% 52 ng) was
added thereto. The reaction mxture was stirred at the sane tenperature for
10 m nut esso@bdmt bRDofhde agqaebusnsolution and wdded.dr Dhai sesulleifng
suspensi on of trifluoronethane-sulfonic acid

(i's, 2R 3S, 4R B6RLonr wabenzxyragyel- vbehzetbgy, ardhyhecyrpashérylayest was( 655
ng, 0.97 nmmol) in DMF (2.5 nL) at -40C. The reaction mxture was stirred at
the sane teaghedtwithfwateroand ausaturatedr sadiyncechyogtdeorgaeonsnut es and
then at OC for one hour. To the reaction m xture was added a saturated -
171 sodiuﬁPéHFbPPdGnﬁq9§6ﬁ§ QBPEtﬁﬁﬂiﬂﬂdSR&féFe Th@hﬁegaﬁiﬁﬁg obspine8n was
extracted with, ether ani c Wi water and a

sat ur at ed Eﬁd?hﬁ?E%F%P?d@hﬁqﬁﬁﬁﬁg“tsUPﬁt Sholid BRTLBL60oPYesHLbRPsaPLat e
Th d bt d t | d b

Si'i ca gel SoLERni: £HW8 ?5%?%5hbaﬁﬁsggPiﬁsxggigfﬁﬁP%ﬁEQEYXyB sket&arn.

h 1: d 2 d

pr oduct  wele %?égo BonP R FRCChFRabCREoMSL (oo, R)Y BsCN TS cam

Di met hyl su gtg$né§:§rg§%| éoééctgggg>deﬁgofvéaregeﬁatﬁggeﬁedenﬁ gyl et her

conmpl ex (2t . wer e ed thereto un I ng W I'ce. The
reaction myxtyrgryesnshi hiedoheh <erBaM!sS Bihbengiadughib¥ (0.6 mL, 13.48

mmol)} and a boron trifluoride-diethyl ether complex (284 uL,
2.2 mmol) were added thereto under cooling with ice. The
reaction mixture was stirred for 25 hours while gradually
raising its temperature to room temperature, then water was
added thereto under cooling with ice and the mixture was
extracted with methylene chleride. 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=methylene chloride:methanol (10:1)] to obtaln the
title product (40.0 mg, 42.9%).

[0337] 'H-NMR (CD,OD} &: 0.85 (1H, q, J=13.2, J=11.1Hz),
1.44-1.5%9 (1H, m), 2.03-2.09 (1H, m), 3.13 {(1H, 4, J=8.7Hz),.
3.19 (1H, d, J=5.1Hz), 3.23-3.26 (2H, m), 3.37-3.45 (2H, m),
3.63-3.68 (1lH, dd4, J=10.6, 3.9Hz), 3.81 (lH, 4, J=14.4Hz)},
4,10 (1H, 4, J=14.4Hz), 4.09-4.18 (1H, m), 6.79 (1H, t,
J=7.5Hz), 6.96 (1H, d, J=%9.0H2), 7.03-7.13 (4H, m), 7.27-7.32

(2ZH, m)



raising its tenperature to roomtenperature, then water was added thereto
under cooling with ice and the m xture was extracted wth nethyl ene
chloride. The organic |ayer was washed with a saturated sodi um chl ori de
aqueous solution and dried (anhydrous magnesi um sulfate), and then the
solvent was distilled under reduced pressure. The obtai ned residue was
purified by silica gel colum chromatogradpRy-[ devel opi ng sol uti on=net hyl ene
chl oride: methanol (10:1)] to obtain the title product (40.0 ny, 42.9%.
[0337] 1H MR ( CBgaihes1is0085 [@-H4 -Finy2bdn2yl)phbnift])-Sa-tatbalf59-(1H m,
2.03-2.09 (1H, m, 3.13 (1H d, J=8.7Hz), 3.19 (1H, d, J=5.1Hz), 3.23-3.26
(2H, m, 3.37-3.g3ucpRyraposiges3-3.68 (1H, dd, J=10.6, 3.9Hz), 3.81 (1H, d,
J=14.4Hz), 4.10 (1H, d, J=14.4Hz), 4.09-4.18 (1H, m, 6.79 (1H, t,
J=7.5Hz), 6.96 (IM adnijzogepyptreaps. t2:184¢bpomppenzy3iphesyll-SA- n) 172
(4) Synthesis of [2-(4-Vinylbenzyl)phenyl]-5a-carba-p-D glucopyranoside In
a nitrogen<arbaafy DF 91pgopYsABEEAse Y ARemgl | O5894c BMEA ) pWBsy ddesaVefodnde

(527 SHATRD R ) Vb Do S g )
2,6-di - = -4- , i .
2,01 SRR TSR0 RS 910, 2 nle e Sg
tenperat urg Se?ggte)h&gls— Q'—Mx%?ﬁgg’%gxe%it Lhelred aﬁ'&%@{rfge?%g‘be,ld ala® ;t%‘ér frixtiGe

obtained re S puri y preparative vel opin

sol ut | on-TghBanak) kel hend 108! 6k Tes (Rodfhl {#n@PLEhBeib mikberdrduct (9

cooled to room temperature and the solvent was distilled under

reduced pressure. The obtained residue was purified by
preparative TLC [developing solution=methanol:methylene
chloride (1:10)] to obtain the title product (9 mg, 25.7%).
[0338] 'H-NMR (CD,OD) &: 0.86 (1H, g, J=12.0, 11.7), 1.42-
1.55 {(1H, m), 1.96-2.03 (1H, m), 3.10-3.19 (2H, m), 3.22-3.25
(2H, m), 3.36-3.44 (2H, m), 3.63 (1H, 44, J=10.6, 4.1lHz),
3.81-4.08 (2H, m), 4.09-4.16 (1H, m), 5.07 {(1H, d4dd, J=11.0,
1.2Hz), 5.63 (1H, 44, J=18.0, 1.2Hz), 6.61 (1H, dd, J=18.0,
11.0Hz), 6.78 (1H, t, J=7.3Hz), 7.03 (1H, 4, J=6.3Hz), 7.02-
7.24 (6H, m)

MS (ESI'): 370 [M]*

HPLC Retention Time: 11.8 minutes

Example 45

{2-[4-(2,2-Difluorovinyl)benzyllphenyl}-5a-carba-p-D-

glucopyranoside

(1) Synthesls of 1-Diethoxymethyl-4-(2,2-difluorovinyl)-
benzene
In a nitrogen stream, an n-butyllithium hexane solution

(2.44 M, 9.94 mL) was added dropwise to diiso-propylamine



[0338] 'H- NMR (CD30D) 6: 0.86 (1H, g, J=12.0, 11.7), 1.42- 1.55 (1H, m)
1.96-2.03 (1H, m, 3.10-3.19 (2H, m, 3.22-3.25 (2H, m, 3.36-3.44 (2H
3.63 (1H, dd, 3=10.6, 4.1Hz), 3.81-4.08 (2H, m, 4.09-4.16 (1H, m, 5.07
(1H, dd, J=11.0, 1.2Hz), 5.63 (1H, dd, J=18.0, 1.2Hz), 6.61 (1H, dd,
J=18.0, 11.0Hz), 6.78 (1H, t, J=7.3Hz), 7.03 (1H, d, J=6.3Hz), 7.02- 7.24
(6H m M (ESI+): 370 (M+ HPLC Retenti A3Trne: 11.8 minutes Exanple 45
{2-[4-(2, 2-Di | uorovi nyl )benzyl ] phenyl } - 5a- car ba- p- D- gl ucopyranosi de (1)
Synt hesi s @8 .20Dmgt h@Ady2emmpll-}4co212ddiinl aor deenplakth badz ¢henl THE fi20r ogen
stream an n-butyllithium hexane solution (2.44 M 9.94 nL) was added
dropwi se t BLdi was- pAdpdl hexeto.17The( 9bigiped mixrumgpWasceolod@din an ice
bath and then THE (20 nl) was added thereto. The obtained m xture was
cool ed to tP8E783Rd @m@t% t?emlf(bebmw;hghbsm@mb@nw%mnﬁz mR3. 1

B

di et hy| t 4.2 L th t
e g it HisbBER Ve
room ¢ empes ALGR cha a1 AT hERCAILAY1ERIROIAL U ol 2106 18oT5Cyf

r
hour s Af T € reaction mxtare tura ed annnnlun1 (o Fbrlde

aqueous sobL kAN g2BHwRES thiRER 02ddg4 et Eg%@%ibﬁa&&kQﬁre”%Eu%‘Eii‘!}@dt he

resulting mxture s extracted with e
the same temperature for 50 minutes, at room temperature for

m,

20 minutes and at a temperature of 70°C to 75°C for 34 hours.
After cooling the reaction mixture, a saturated ammonium
chloride aqueous solution and water were added to the reaction
mixture and the resulting mixture was extracted with ether.
The organic layer was washed with a saturated ammonium
chloride agueous solution and dried over sodium sulfate. The
residue obtained by distilling the solvent under reduced
pressure was purified by silica gel column chromatography
[developing solution=ethyl acetate:n-hexane (1:20)] to obtain
the title compound (1.10 g, 22%).
[0339] 'H-NMR (CDCl;) 6: 1.24 (6H, t, J=7.1Hz), 3.45-3.68
(4H, m), 5.27 (1H, 44, J=26.4, 3.8Hz), 5.49 (1H, s}, 7.32 (2H,
d, J=8.4Hz), 7.44 (2H, 4, J=8.4Hz)
(2) Synthesis of 4-{(2,2-Difluorovinyl)benzaldehyde

In a nitregen stream, a 2M hydrochloric acid aqueous
solution (2.5 mL) was added to a sclution of l-diethoxymethyl-
4-(2,2-difluorovinyl)benzene (998.1 mg, 4.12 mmol) in ether
{4 mL} cooled in an ice bath and the reaction mixture was
stirred at the same temperature for three minutes and at room

temperature for 3.75 hours. The reaction mixture was



The organic | ayer was washed with a saturated amoni um chloride aqueous
solution and dried over sodiumsulfate. The residue obtained by distilling
t he sol vent under reduced pressure was purified by silica gel columm
chromat ography [devel opi ng sol ution= ethyl acet at e: n-hexane (1:20)] to
obtain the title compound (1.10 g, 22%. L0339] 1H NMR (CDC13) 6: 1.24 (6H,
t, J=7.1Hz), 3.45-3.68 (4H, m, 5.27 (1H dd, J=26.4, 3.8Hz), 5.49 (1H, s),
7.32 (2H, d. J=8.4Hz), 7.44 (2H, d, J=8.4Hz) (2) Synthesis of

4- (2, 2- Di f PEETBOLAl yB&h: slthery @Bd| fhe RLORDEEN LayeEaasa wamhiedd Wadh & i c
aci d aqueous solutlonggz 5 n) was added to a solutlon of 1-di et hoxynet hyl -

4- (2, 2- di f FREHERERG PR ?ghé‘Y@%e{l F@rognase agueons sodation, apd) acgo) ed
i i ce bath and.th t t d at_th t t
for three AREHTEEEAn FogiSRoGhLoEH e‘éﬁaﬁaﬁ%%f SPLgtHEM oang SRIEE ol on ¢

- h d I hed
Mthn SapaPARRyseTARERC, RS Bh1TRRE wAR] a3 08,31 A bR HediRag ashe
sat ur at ed ?nggggghkgrlggaggu%p%§ % h%@ gnd drled over sodium sul fate.
was e

The sol ven st under uce pressure to obtain a crude

conpound. §9§§9g51H'Mwﬁiﬁ%%i¥%R§%’583 g(%?H(g 25 3Llp537 5H§)5HF; 49 (2H,

d, J=8.4Hz (2H, d 3) S nthés )
(2- Benzyl oxypbeqeh) - B4- 02824dizh,ugr.es imyl 4, pheeyhhzmet hanel (h|,aghitrogen

stream a sol ution of 2- benzyl oxybronobenzene (1.63 g, 6.18 mml) in THE
(4m) was (g¢ol egyh@hesdE, ofnd 2aBefzhlbxphehyam-haxgne 2sdifiluetol2. 44 M
vinyl)phenyl]methanol
In a nitrogen stream, a solution of 2-

benzyloxybromobenzene (1.63 g, 6.18 mmol) in THF (4mL) was
cooled to -78°C, and an n-butyllithium hexane solution (2.44 M,
2.66 mL) was added dropwise thereto. The reaction mixture was
stirred at the same temperature for 25 minutes, and then a
solution of 4-(2,2-difluorovinyl)benzaldehyde previously
prepared in THF (1 mL)} was added dropwise thereto. The
reaction mlxture was stirred at the same temperature for 1.25
hours, and then a saturated ammonium chloride aqueous solution
and water was added thereto. The resulting mixture was
extracted with ether and the organic layer was washed with a
saturated ammonium chloride agqueous solution and dried over
sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified by silica gel
column chromatography [developing solution=ethyl acetate:n-
hexane {1:5)] to obtain the title compound (1.17 g, 81%}.
[0341] IH-NMR (CDC1;) 8: 2.94 (1H, 4, J=6.1Hz), 4.98-5.04
(2H, m), 5.26 (1H, dd, J=26.4, 3.8Hz), 6.03 {(1H, 4, J=6.1Hz),

6.88-7.04 (2H, m), 7.14-7.38 (11H, m)



2.66 nmL) was added dropwi se thereto. The reaction mxture was stirred at
the sane tenperature for 25 mnutes, and then a solution of

4- (2, 2-di fl uorovi nyl ) benzal dehyde previously prepared in THE (1 nL) was
added dropwi se thereto. The reaction mxture was stirred at the sane
tenperature for 1.25 hours, and then a saturated amoni um chl ori de aqueous
solution and water was added thereto.-Thé3resulting m xture was extracted
with ether and the organic |ayer was washed with a saturated amoni um

chl ori de aféd¢ousSyokthests efdldBeadydesy-2sddi i, ulifl&fleordhdnyddi-due
obt ai ned by distilling t he sol vent under reduced pressure was purified by
silica gel col uharégnldbanaghaphy [ devel opi ng sol uti on=et hyl acetate: n-
hexane (1:5)] to_obtain the title conmpound (1.17 g, 81*%. [0341] 1H NWR
(CDC13) S: 2.94 InHp Bityegenpireamggassolution of) (2sbepzyipxyphenyl}s. 4,
3.8Hz), 6.03 ng d J:6.1Ft1 6.88-7.04 gZH na, 7.14-7. 38 *élH, m - 175
(4) Synt hesfs 3?2IfEBﬂE9V69¥-}fPﬁgFi}imﬁFP HBFO&'n}ﬁ)gfbénfﬁl ehledB In a
nitrogen stream a solutign of onxghenyl

[4- (2, 2-f | BSFBYILADP) CPhER F?nétlﬁgi?gsntz“ sigogled. ‘2')2_ i8IS i A net hyl ene
onori de {18 khy$831680 £9.19 1003028 ahih5' DMboLhARS, (ReFLLEl, 3295

nmol ) was a oron‘trifruori er conplex (0. 49

. 3.88 "BBkon R3raddedadi APMLAGI! 8chBR EEAGLEQN (1 {bURE O¥Chs! kiBL]l Nutes

and the reaction mxture was stir or five mnutes

under cool ;a8 WahBdi 88ohRisd0tBl BHbCScabtishUnakedreSadbrmeydr fgaatREPONAL €
aqueous solution and water were added thereto and the resulting m xture

sol ution waggexheagkgedtWohhmixture was stirred at -78°C for five minutes
and then under cooling with ice for 10 minutes. A saturated
sodium hydrogencarbonate agueous solution and water were added
thereto and the resulting mixture solution was extracted with
methylene chloride. The organic layer was washed with a
saturated sodium chloride agqueous solution and dried over
sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified by silica gel
column chromatography [developing solution=ethyl acetate:n-
hexane (1:30)] to obtain the title compound (984.5 mg, 90%).
[0342] lH-NMR (CDC1;) 8: 4.00 (2H, s), 5.05 (2H, s), 5.23
(1H, dd, J=26.2, 3.8Hz), 6.85-6.95 (2H, m), 7.05-7.40 (1l1H, m}
{5) Synthesis of 2-[4-(2,2-Difluorovinyl)benzyl]phenol

In a nitrogen stream, a solution ¢f l-benzyloxy-2-[4-

{2,2-Difluorovinyl)benzyl ]benzene {(984.5 mg, 2.93 mmol)} in
methylene chloride {12 mL) was cooled to -78°C, and a boron
tribromide-dimethylsulfide methylene chloride solution (1.0 M,
7.32 mL} was added dropwlse thereto. The reaction mixture was
stirred at the same temperature for two minutes and under

cocling with ice for two hours, and furthermore the boron



met hyl ene chloride. The organic |ayer was washed with a saturated sodi um
chl ori de aqueous solution and dried over sodiumsulfate. The residue
obtained by distilling the solvent under reduced pressure was purified by
silica gel colum chronmatography [devel opi ng sol uti on=et hyl acetate: n-
hexane (1:30)] to obtain the title conpound (984.5 ng, 908). [0342] LH NWR
(CDC13) S: 4.00 (2H, s), 5.05 (2H, s),-5128 -(1H dd, J=26.2, 3.8Hz),
6.85-6.95 (2H, m, 7.05-7.40 (11H, m (5) Synthesis of

2-[ 4- (2, 2- briEdueyidey AibetryippAdide megthydeneogbdozrideamplatdonuti on of
1-benzy|oxy-2-&4- SZ,Z-D'quorovinyI)benzyI]benzene (984.5 ng, 2.93 nmol) in
net hyl ene &Rl 8Pi BE)( Yasnpidgss dxgerdger §heygto -andhg peashion mixture
tribrom de-di nethyl sul fi de et hyl ene chl ori de solutionpgl.o M. 7.32 nlL) was
added dropWF§e3FﬁéF890?tTﬁBeré i GRMREXAGNECWEST StPr FOYTS: thePsAme

tenperature nut.es _and under §golin Wi th lce for t hours, and

for t m
furthgrnDr§°ngmbgggﬁ°¥l§?6aguFPPFI§8}P Ofi ?I?GFPF&&?QEFHI &8ffe chloride
20O SRS S5 B R SHEORLE M 1

stirred at eratu hena~ sodi um hydroxXi de

aqueous SolikkealilsaesttubRbaT IR HEHILRAORATBEIARA 8nA0YRRUS SALYL ON

was added thereto an m xture was exfracte net hyl ene ch

and the orgagke whayqhshad wathed wokhratpzal soaiesd e8dbyiuehhguiedasaqueous
solution and dried over sodiumsulfate. The residue obtained 'by distilling

the sol vengold€ebnr addca¢iraessere seasupUsullirade .by Thiel reaigeke eBtdARed
chr omat ogr aphy [devel opi ng sol uti on=ethyl acetate:n-hexane (1:7)] to obtain
the title pgnaderdl1(164g. TheUsol9eHr. under reduced pressure was purified
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:7)] to obtain the title compound (647.5 mg,
90%).
[0343) 'H-NMR (CDCl;) 6: 3.98 (2H, s), 4.62 (lH, s), 5.24
(14, dd, J=26.2, 3.8Hz}, 6.78 (1H, d, J=8.1Hz), 6.84-6.%94 (1H,
m), 7.04-7.32 (6H, m}
(6} Synthesisg of {2-[{4-(2,2-DPifluorovinyl)benzyl]-
phenyl}-5a-carba-f-D-glucopyranoside
In a nitrogen stream, a solution of 2-[4-(2,2-
difluorovinyl)benzyl]lphenol (80 mg, 0.324 mmol) in DMF (1 mL)
was c¢ooled in an ice bath, and NaH (60%. 13 mg) was added
thereteo. The reaction mixture was stirred at the same
temperature for 10 minutes, and then this reaction mixture was
added dropwise to a suspension of trifluoromethane-sulfonic
acid (1S.,2R,3S,4R,5R)-trisbenzyloxy-5-{(benzyloxy-
methyl)cyclohexyl ester (181 mg, 0.270 mmol) in DMF (2.5 mL)
at -40°C. The reaction mixture was stirred at the same

temperature for two minutes, at -40°C to 0°C for 30 minutes and

at 0°C for one hour. To the reaction mixture was added a



[0343] 1H NWR (CDC13) b: 3.98 (2H, s), 4.62 (1H, s), 5.24 (1H, dd, J=26. 2,
3.8Hz), 6.78 (1H. d, J=8.1HZ), 6.84-6.94 (1H, m, 7.04-7.32 (6H m (6)
Synt hesis of {2-(4-(2,2-Difluorovinyl)benzyl]-

phenyl ) - 5a- car ba- p- D- gl ucopyranoside 1In a nitrogen stream a solution of
2-[4-(2,2 difluorovinyl)benzyl]phenol (80 ng. 0.324 mmmol) in DW (1 nL) was
cooled in an ice bath, and NaH (60% 13 k%Y was added thereto. The reaction
m xture was stirred at the sane tenperature for 10 mnutes, and then this
reacti on nsaturetedssodduwd ciiopirdee agueaususpdnsion end water and the
trifluoronethane-sulfonic acid (1S, 2R 3S, 4R 5R)-tri sbenzyl oxy-5-(benzyl oxy-
met hyl ) cycimakérye waseextracted with7ethesl ) and bhe ezgenic) layer- ¥8€. The
reaction mxture was stirred at the sane tenperature for two m nutes, at
-40C to ocvpshedowithuvasean@ndaf GetPsptefe sSROMM TH1LRE dLe 2EIECONST Xt ur e
was added a - 177 saturated sodiun1%gloride a%ueous sol uti on an% wat er. and

the i xtuP8LREL°BxAPGAEdefi PNeLt RAL U FULfatEr ganPe FEFd AR OPtAABRE]
ith t . t di hl or.i d | uti d dri.ed

Sodi um su Pt 88731408, $He”BhnERE o LG F HRRAS prERe Y Dokt Pyrasica” "
d d g £ I

[devel opt ni7o8r et an B oP1Eitn, StirShnat 6hrdhy © THUPI ORI LATL I Bh o Ly

product (1§0e7.88)- n-hBx@n@i {1999N S$id PHBad ﬂe‘xfbéi@g@r%% PHBo OF P,

product was mxed w th pentanethyl benzene (188 ny _
nitrogen sghegMapdodknsaltyedm, neBehay/(enesad! AMbd§ 6atSoFlkhe PrbALcEOO! i Ng

the m xture solution to -78C, a boron trichloride nethylene chloride

solution (%a8 Mix@a4witth) péatamethylbenzene (188 mg, 1.27 mmol) in a
nitrogen stream and dissolved in methylene chloride (2.5 mL).
After cooling the mixture solution to -78°C, a boron
trichloride methylene chloride sclution (1.0 M, 0.42 mL} was
added dropwise thereto. The reaction mixture was stirred at
the same temperature for 2.25 hours, and then methanol (0.5
mL) was added dropwise thereto. At the same temperature, a
sodium methoxide methanol solution (1 M, 1.26 mL) was added
dropwise, and the reaction mixture was stirred at room
temperature for 15 minutes. The mixture was filtered and the
filtrate was concentrated under reduced pressure and the
obtained residue was purified by preparative TLC [developing
solution=methanol:methylene chloride {(1:10)] to obtain the
title product (22.1 mg, 64%}).
[0344] 'H-NMR (CDsOD) &: 0.82-1.04 {(1H, m), 1.44-1.64 (1H,
m), 1.98-2.12 (1H, m), 3.12-3.28 (2H, m), 3.40-3.54 (2H, m),
3.69 (1H, &d, J=10.7, 4.0Hz), 3.89 (1H, d, J=14.8Hz), 4.02
{1H, 4, J=14.8Hz), 4.10-4.26 (1H, m), 5.40C (1H, dd4, J=27.0,
4.0Hz), 6.78-6.90 (1H, m)}, 6.96-7.30 (7H, m)

MS (ESI'): 406 [M]’



added dropwi se thereto. The reaction mxture was stirred at the sane
tenperature for 2.25 hours, and then nethanol (0.5 nlL) was added dropw se
thereto. At the sanme tenperature, a sodium nmethoxi de nethanol solution (1
M 1.26 nL) was added dropw se, and the reaction m xture was stirred at
room tenperature for 15 mnutes. The mxture was filtered and the filtrate
was concentrated under reduced pressure &4A8 the obtained residue was
purified by preparative TLC [devel opi ng sol uti on=net hanol : met hyl ene
chlori de (HPLG) Retendiirai Timee 18i.Cllemgnudest (22.1 ny, 64% . [0344] 1H NMR
(CD3OD) S: 0.82-1.04 (1H, m, 1.44-1.64 (1H m, 1.98-2.12 (1H m,

3. 12- 3. 28 Mepsugpment §opddriops ofy HPLE 69 (1H, dd, J=10.7, 4.0Hz), 3.89
(1H, d, J=14.8Hz), 4.02 (1H_.d, J=14.8Hz), 4.10-4.26 (1H, m, 5.40 (1H, dd,
J=27.0, 4.6p3ypmng ¥YCsPegk PAS-A 6.6x3507mye S7Mm ) MS (ESI;): 406 [M' -

ol urm:* YW BHER BB, SRS Ofinb Vs SRBNSH Do SPREEEL BEL Frof 8 AgpfA ng a
N ACCHAT NeGH (10009 1 or "IN Rt T, Bt i A KNI MERR () '8 10
v/ mi nute Col um Tenper at dce oo Fermerd FEO R ERE A RGP F o,
plot of the entire wavel eRglehea?tet3dnder?®Be"Pame condition [10 mM
AcONH,/MeOH {(100%}] for five minutes

Flow Rate: 1.5 mL/minute

Column Temperature: Room temperature

Detection Condition: Total plot of the entire wavelength

of 230 to 400 nm

Examples 46 to 58

The target compound was cbtained by performing the same
operaticn as in the above-described Examples with the use of
the corresponding starting materials and reagents,
respectively.

[0345] Example 46

[2-(2,3-Dihydrobenzofuran-5-ylmethyl)phenyl]-5a-carba-p-D-

glucopyranoside

'H-NMR (CD,OD) &: 0.93 (1H, g, J=13.2Hz, J=11.4Hz), 1.49-1.58
(1H, m), 2.01-2.07 (1H, 4t, J=13.2, 4.5Hz), 3.12 (1H, t,
J=8.4Hz), 3.20 (1H, 4, J=9.3Hz), 3.25 (1H, 4, J=4.8Hz), 3.30-
3.53 (2H, m), 3.69 (1H, dd4, J=6.6, 4.2Hz), 3.85 (1lH, 4,
J=15Hz), 3.91 (1H, 4, J=15Hz)}, 4.13-4.21 (1H, m}, 4.47 (2H, t,
J=8.7Hz), 6.59 (1H, 4, J=8,4Hz), 6.83 (1lH, t, J=7.2Hz), 6.89
(1H, &, J=8.1Hz}, 6.99-7.15 {4H, m)

MS (ESI'): 386 [M]®



Exanples 46 to 58 The target conpound was obtained by perform ng the sane
operation as in the above-described Exanples with the use of the
correspondi ng starting naterials and reagents, respectively. [0345] Exanple
46 [2-(2,3-D hydrobenzofuran 5-yl et hyl ) phenyl ] - 5a- car ba- p- D

gl ucopyranoside 'H NVR (CD30OD) 5: 0.93 (1H, q, J=13.2Hz, J=11.4Hz),
1.49-1.58 (1H, m, 2.01-2.07 (1H, dt,-JxT13.2, 4.5Hz), 3.12 (1H t,
J=8.4Hz), 3.20 (1H, d, J=9.3Hz), 3.25 (1H, d, J=4.BHz), 3.30- 3.53 (2H, m,
3.69 (1H, dHaLCIRetéentdopHT)ime3. 8%.01HMingtes)J=15Hz), 3.91 (1H, d, J=15Hz),
4.13-4.21 (1H, m, 4.47 (2H, t, J=8.7Hz), 6.59 (1H, d, J=8.4Hz), 6.83 (1H,
t, J=7. 2FE§+EHEQQ__21H d, J=8.1Hz), 6.99-7.15 (4H, m M (ESI'): 386 [M"'
179 - HPLC Retention Tinme: 10.5 m nutes Exanple 47

[ 2- ( 3- Fl uoLd-43nELugrReAzpethydbenyyd) phenid 1n 5a-garba-BrRndlgorde ' H NVR
(CDBCD) S: _0.99 (1H, q, J=12.6Hz), 1.48-1.59 (1H, n), 2.04-2.10 (1H dt,
3=13. 2, 42%%413“0 (3H, s)318332 (2Hrr)344351(2H m, 3.68

211?4 gdzzj(ﬂﬁ%(gﬁ%;%‘l%égg’og%z "ﬂ) 1350de2) 5f‘%) ﬁf’%“wég( ééﬁﬁzn”s'?es 4
[M* HPLC Repgnbi 9 Thie: qtl- B_Ebﬂ%ﬁei.zﬁéﬁqpb?1§8(3H, s), 3.18-3.32

(2H, m}, 3.44-3.51 (2H, m), 3.68 (1H, dd4, J=6.9, 3.9Hz), 3.89
(lH, d, J=15Hz), 3.97 (1H, 4, J=15Hz), 4.14-4.22 (1H, m},
6.81-6.90 (3H, m), 7.00-7.17 (4H, m)

MS (ESI'): 376.4 [M]®

HPLC Retention Time: 11.7 minutes

Example 48

[2- (4-Methoxy-3-methylbenzyl)}phenyl]-5a-carba-g-D-gluco-

pyranoside

'H-NMR (CD;0OD) d: 0.94 (1H, g, J=12.9, 11.7Hz), 1.47-1.57 (1H,
m), 2.01-2.08 (1H, d4dt, J=13.2, 4.2Hz), 2.12 {(3H, s), 3.18-3.34
{2H, m), 3.45-3.52 (2H, m), 3.68 (1H, 44, J=6.6, 4.2Hz), 3.75
(3H, s), 3.84 (1H, 4, J=14.7Hz), 3.90 (1H, 4, J=14.7Hz), 4.14-
4,21 (1H, m), 6.76 (1H, 4, J=8.7Hz), 6.83 (1H, t, J=7.5Hz),
6.95-7.15 (SH, m)

MS (ESI®):389 [M+H]®

HPLC Retention Time: 11.5 minutes

Example 4%

[2-(4-Pyrazol-1-ylbenzyl)phenyl]-5a-carba-p-D-gluco-pyranoside

'H-NMR (CDs,OD) &: 0.95 (1H, q, J=12.9, 11.4Hz), 1.49-1.59 (1H,
m), 2.02-2.09 {(1H, dt, J=12.3, 4.2Hz), 3.20 {(1H, &, J=9.0Hz),
3.23 (1H, &, J=6.3Hz), 3.43-3.53 (2H, m), 3.67 (1H, 44, J=6.6,

4.2Hz), 3.98 (1H, 4, J=14.7Hz), 4.07 (1H, 4, J=15Hz), 4.16-



[ 2- (4- Met hoxy- 3- net hyl benzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de ' H- NVR
(CD3OD) S: 0.94 (1H, q, J=12.9, 11.7Hz), 1.47-1.57 (1H, m, 2.01-2.08 (1H,
dt, J=13.2, 4.2Hz), 2.12 (3H, s), 3.18-3.34 (2H, m, 3.45-3.52 (2H, m,
3.68 (1H, dd, 3=6.6, 4.2Hz), 3.75 (3H, s), 3.84 (1H d. J=14.7Hz), 3.90
(1H, d, J=14.7Hz), 4.14- 4.21 (1H, m, 6.76 (1H d, J=8.7Hz), 6.83 (1H t,
J=7.5Hz), 6.95-7.15 (5H, m) MS (ESI'):3880[tM+H ' HPLC Retention Time: 11.5
m nutes Exanple 49

(2-(4- Pyra20241{yHbem2ylﬁphénylﬂ15340a6b§38(mﬂgluconynéHGQLdé.OSFKNHR
(CD30D) 5: 0.95 (1H, ¢, J=12.9, 11. 4Hz®%;LIZ 1.49-1.59 (1H, ), 2.02-2.09 (iH,
dt, J=12.34d.4J28z1Hz3,20. (lﬁH(ZH,. d=9Jefz pHz) 3. 233{51 2Hg dj=@=8M#AHZ)3. 43-3. 53
(2H, n), 3.67 (1H, dd. J=6. 42Hz%5 3988 d, J=14.7Hz), 4.07 (1H, d,
J= 15Hz) 47 66 (Z§@ dy. aa(iﬁz)m" 68491H1ps)s) 8-828F1H1HS )t J=7.5Hz), 7.05
(1H, d, % g 14, (2H, f J=7.5Hz), 7.35 (2H, d, J=8.4Hz), 7.56 (2H,
d, J=8. 4H2345 Egs Y15 [MEBHYS (14 ) MB (ESI'): 411 [MrH' HPLC Retention
Time: 10.5 anp
[2-(3-Ch|opgbg-hﬁ?ﬁ9gg8ﬁzgﬁ?ﬁﬁeﬁgrf-§$98593a-3-D-gIuco- pyr anosi de 1H NVR
(CD30D) S: 1 dd, 3244 13.2Hz), 1.5-1.65 (1H, m, 2.05 (1H, dt,
J1354 3.35 (2H, n), 3.43-3.55 (2H, m), 3.70 (1H, dd, J=10.7,

T ?2,,% !j:hi};rgh 8hethbeflzyd ThReRPE) - 53- 3hrbhth-f- g1548-8H2)

4.15-4 Lo i)y, O
pyranoside

'H-NMR (CD,OD) &: 0.94 (1H, d4, J=24.4, 13.2Hz), 1.5-1.65 (1H,

m), 2.05 (1H, d4t, J=13.5, 4.1Hz), 3.18-3.35 (2H, m), 3.43-3.55
(2H, m), 3.70 (1lH, 44, J=10.7, 4.1Hz), 3.82 (3H, s), 3.82 (1H,
d, J=14.8Hz), 3.97 (1H, &, J=14.8Hz), 4.15-4.25 (1H, m), 6.86

(1B, td, J=7.4, 1.1Hz), 6.92 (1H, 4, J=8.2Hz), 7.0-7.2 (5H, m)
MS (ESI*):409 [M+H]', 431 [M+Nal’

HPLC Retention Time: 11.25 minutes

Example 51

[2-(3,4-Methylenedioxybenzyl}phenyl]—5a—carba-B-D-gluco-

pyranoside

'H-NMR (CD,OD) &: 1.01 (1H, g, J=12.7Hz), 1.45-1.64 (1H, m),
2.04-2.13 (1H, m), 3.19-3.35 (4H, m), 3.46-3.54 (2H, m), 3.69-
3.74 (1H, m), 3.89 (2H, ¢, J=16.1Hz), 4.15-4.22 (1H, m)}, 5.86
(2H, s}, 6.68 (3H, &), 6.85 (1H, t,J=6.1Hz), 7.00-7.18 (3H, m)
MS (ESI*): 389 [M+H]'

HPLC Retention Time: 10.6 minutes

Example 52

[2-(4-Cyclobutylbenzyl)phenyl]-5a-carba-f-D-glucopyranogide

'H-NMR (CDsOD) &: 0.81-0.96 (1H, m), 1.45-1.61 (1H, m), 1.78-
2.37 (7H, m}, 3.15-3.34 (5H, m), 3.40-3.55 {(2H, m), 3.66-4.76



(1H, td, J=7.4, 1.1Hz), 6.92 (1H, d, J=8.2Hz), 7.0-7.2 (5H, m M5
(ESI*):409 [MtH ', 431 [MtNa]' HPLC Retention Tinme: 11.25 mnutes Exanple
51 [ 2-(3. 4- Met hyl enedi oxybenzyl ) phenyl ] - 5a- car ba- {3- D- gl uco- pyranosi de

1H- NMR (CD30D) 6: 1.01 (1H, g, J=12.7Hz), 1.45-1.64 (1H, m, 2.04-2.13 (1H
m, 3.19-3.35 (4H, nm), 3.46-3.54 (2H, m, 3.69- 3.74 (1H, m, 3.89 (2H q,
J=16.1Hz), 4.15-4.22 (1H, m, 5.86 (2H 18},-6.68 (3H, s), 6.85 (1H,
t,J=6.1Hz), 7.00-7.18 (3H, n) MS (ESL'): 389 [MtH ' HPLC Retention Ti ne:
10. 6 m nut é4H,Exanpl3e 952 (2H, g, J=13.7Hz), 4.13-4.24 (1H, m), 6.87 (1H,
(2-(4-Cycl obutyl benzyl ) phenyl ] - 5a- car ba- 3- D- gl ucopyr anosi de 1H NVR ( CD30D)
b: 0.81-0.%6 {%£B.1lHg).16497+7617( IAH .m0} 1.78- 2.37 (7H, m), 3.15-3.34 (5H,
m, 3.40-3.55 (2H, ), 3.66-4.76 - 181 (1H m, 3.95 (2H, q, 3=13.7Hz),
4.13-4.24 MBH(ESE ) 6. szs(mm J =8.1Hz), 6.97-7.17 (7H, m) M (ESI'): 425
[ MkNa] ' HPLC Retention Tine m nutes Exanple 53

[ 2- (4- Acetypﬁgnfﬁl?ﬂﬁéﬁﬁlFiyg C&Pbé BiBYdeFcopyr anosi de ' H NVR (CD3CD) 6:
0.84-0.98 (1H m,  1.50-1.56 (1H m), 2.00- 2.08 (1H m), 2.55 (3H s),

3.15-3. 32 £3aMple 42-3.50 (2H m, 3.65-3.70 (1H m, 3.94-4.24 (3H m,
4.89 (2H, . 3Hz),, 7.03 (1H. d 2-7.20 (2H,

m, 7.34

2.08 (1H, m)}, 2.55 (3H, s}, 3.15-3.32 (3H, m), 3.42-3.50 (2H,
m), 3.65-3.70 (1H, m), 3.,94-4.24 (3H, m), 4.89 (2H, s), 6.86
(1H, t, J=7.3Hz), 7.03 (1H, 4, J=8.1Hz), 7.12-7.20 (2H, m),
7.34 (2H, 4, J=8.1Hz), 7.86 (2H, 4, J=8.1Hz)

MS (ESI"): 386[M+1]"

HPLC Retention Time: 9.8 minutes

Example 54

[2-(4-MethoxXybenzyl)-5-methylphenyl]-5a-carba-f-D-gluco-

pyrancside

'H-NMR (CD,OD) &: 0.92-1.06 (1H, m), 1.51-1.66 (1H, m}, 2.08
{1H, dt, J=13.2, 4.0Hz), 2.32 (3H, s), 3.21-3.40 {2H, m),
3.47-3.56 (2H, m), 3.71-3.78 (1H, m), 3.77 (3H, s), 3.84 (1H,
d, J=14.2Hz), 3.95 (1H, 4, J=14.2Hz), 4.14-4.26 (1H, m), 6.68-
6.72 (l1H, m), 6.78-6.85 (2H, m), 6.86-6.91 (1H, m), 6.97 (1H,
d, J=7.8Hz), 7.10-7.16 (2H, m)

MS (ESI*): 388 [M]'

HPLC Retention Time: 11.26 minutes

Example 55

[2-(4-Ethylbenzyl)thiophen-3-yl]}-5a-carba-f-D-gluco-pyranoside

'H-NMR (CDsOD) §: 1.20 (1H, t, J=7.6Hz), 1.40-1.80 (1H, m),

2.04-2.09 (1H, m), 2.59 (2H, g, J=7.58Hz), 3.19-3.55 (5H, m),



HPLC Retention Tinme: 9.8 mnutes Exanple 54

[ 2- (4- Met hoxybenzyl ) - 5- met hyl phenyl ] - 5a- car ba- 3- D- gl uco- pyranosi de | H NVR
(CD30D) 6: 0.92-1.06 (1H, n), 1.51-1.66 (1H, m, 2.08 (1H, dt, J=13.2,
4.0Hz), 2.32 (3H, s), 3.21-3.40 (2H, m, 3.47-3.56 (2H, m, 3.71-3.78 (1H
m, 3.77 (3H, s), 3.84 (11}, d, J=14.2Hz), 3.95 (1H, d, J=14.2Hz),
4.14-4.26 (1H, n), 6.68- 6.72 (1H n, -6188-6. 85 (2H, n) 6.86-6.91 (1H, m,
6.97 (1H, d, J=7.8Hz), 7.10-7.16 (2H, m M (ESI'): 388 [M' HPLC Retention
Time: 11.28.BBndt8s (Eﬁanpne 8599 (2H, m), 6.89 (2H, 4, J=5.4Hz), 7.06-
(2-(4-Ethyl benzyl)thi ophen-3-yl]-5a-carba-p-D gl uco-pyranosi de 'H NWR
(CD3OD) S: 71120(9 WM J=7.6Hz), 1.40-1.80 (1H, m), 2.04-2.09 (1H m,
2.59 (2H, 3,19-3.55 (5H, m, - 182 3.88-3.96 (1H m, 3.99

! »pz)
(2H m, 6.59(F§F|)d 5™y, 7.06- 7.15 (5H, m) M5 (ESI'): 378 [M' HPLC

Ret ent 9 | e .56
[?ngzggﬂigBﬂEnR?%ﬁpfgéBﬁ FBHén%&?BSE;EHFﬁﬁ-J-D-gIuco- pyranosi de 1H NMR

(CD30D) S: ;1.04 1g n) 1.40-1.80 (1H, m), 2.08-2.16 (1H m, 3.14-3.67
(5H m, 4-%

, J=15.7Hz), 4.19-4. 27 (1H ), 4.36 (1H d, J=15.5Hz),
0 glga\g 53 ggulrz) 7.17-7.28

pyranoside

'H-NMR (CD;0D) d: 1.04 (1H, m), 1.40-1.80 (1H, m), 2.08-2.16
(1H, m), 3.14-3.67 (5H, m), 4.14 (1H, 4, J=15.7Hz), 4.19-4.27
(1H, m), 4.36 (1H, 4, J=15.5Hz), 6.89 (1H, 4d, J=8.1, 6.6Hz),
7.02 (1H, s), 7.07 (1H, 4, J=8.1Hz), 7.17-7.28 (4H, m}, 7.63
(1H, 4, J=7.6Hz), 7.71 (1H, 4, J=7.6Hz)

MS (ESI*): 400 [M]*

HPLC Retention Time: 12.0 minutes

Example 57

{2-[1-(4-Cyclopropylphenyl)ethyllphenyl}-5a-carba-f-D-

glucopyranoside [less polar-isomer isolated by preparative TLC

(developing solution:methanol:methylene chloride= 1: 10)]

H-NMR (CD,OD) &: 0.40 (1H, 44, J=9.3, 9.0Hz), 0.56-0.66

{2H, m), 0.84-0.96 {2H, m), 1.36-1.54 (1H, m), 1.52 (3H, d,
J=6.6Hz), 1.76-1.88 (2H, m), 3.04-3.12 (1H, 4d, J=10.8, 9.9Hz),
3.25 (1H, t, J=10.8Hz), 3.26-3.40 (1lH, m), 3.42 (1H, t,
J=9.9Hz), 3.64 {(1H, 44, J=10.4, 4.8Hz), 4.08-4.22 (1H, m),

4.50 (1H, 44, J=12.0, 6.3Hz), 6.84-6.99 (4H, m), 6.99-7.06 (2H,
m), 7.06-7.28 (1H, m), 7.20-7.26 (1H, m)

MS (ESI*): 399 [M+H]"

HPLC Retention Time: 12.7 minutes

Example 58




M5 (EST'): 400 [M' HPLC Retention Time: 12.0 m nutes Exanple 57

{2-]1-(4-Cycl opropyl phenyl ) et hyl ] phenyl ) - 5a- car ba- 3- D- gl ucopyranosi de [I| ess
pol ar-i soner isolated by preparative TLC (devel oping

sol uti on: met hanol : net hyl ene chloride= 1: 10)) |IH NVR (CD30D) 6: 0.40 (1H,
dd, J=9.3, 9.0Hz), 0.56-0.66 (2H, m, O. 84 0.96 (2H, m, 1.36-1.54 (1H m,
1.52 (3H, d, J=6.6Hz), 1.76-1.88 (2H, " n} 3704-3.12 (1H, dd, J=10.8,

9. 9Hz), 3.25 (1H, t, J=10.8Hz), 3.26-3.40 (1H, m, 3.42 (1H, t, J=9.9Hz),
3.64 (1H, ={@-dycioprepylphesyl)eprhyliphenyl)-56-¢carbadf-D3=12. 0,

6.3Hz), 6.84- 6 7 06 7 28 1H, n) 7.20-7. 26
(1H, rr) H = :' ) [ 5 's i = 2 58
- 183 - { eth 1P ﬁn -S—D—

gl ucopyra SOFatad Ry : devel opi ng

?E’L”t irr;m 3‘3%2}3899@%@3' neocrg'l 50 %%H(zgdoz"]jﬂ% E%D?g%) 43"10é2qP$H?6m,
é gﬁt§skg ngB 3@ 6%%% 61 ;60%3§?1E1w4 ﬂjﬁio(%ﬁt($v Sgg?1%3ﬁ2 : J 11 4,
6.6Hz), 3. 336(éﬁb)dd1 #sli éa ¥1ﬁFE%% 420@34823 a4l 6L1242504(%H dd,

J=12.0, 6.3Hz), 6.82-7.03 (4 6-7.16 (4H, m M5 (ESI'): 399 [NHW
HPLC RetenBL@HzTL”352@23YZH109H¢5m), 3.44 (1H, t, J=10.5Hz), 3. 53 (1H,
dd, J=11.4, 6.6Hz), 3.73 (1lH, 44, J=11.4, 2.4Hz), 4.06-4.22
(1H, m), 4.50 (1H, dd, J=12.0, 6.3Hz), 6.82-7.03 (4H, m),
7.06-7.16 (4H, m}
MS (ESI'): 399 [M+H]"
HPLC Retention Time: 12.7 minutes
Example 59
[2-(4-Cyclopropylbenzyl)-S-methylthiophen-3-yl]-5a-carba-p-D-

glucopyranoside

(1) Synthesis of (4-Cyclopropylphenyl)-(3-methoxy-5-

methylthiophen-2-yl)methanone

Methyl iodide (2.53 mL, 40.6 mmol) was added to a
solution of (4-cycloprepylphenyl}-(3-methoxy-5-thiophen-2-
vl)methanone (1.05 g, 4.06 mmol) as synthesized in the same
manner as in Example 38 in THF (20 mL) under a nitrogen
atmosphere. This solution was cooled toc -78°C, and a lithium
diisopropylamide heptane-THF-ethylbenzene solution (2.0 M,
2.44 mL, 4.88 mmol) was added thereto over 20 minutes. The
reaction mixture was stirred at the same temperature for three
hours. To this solution, furthermore the lithium
diisopropylamide heptane-THF-ethylbenzene solution (2.0 M,

2.44 mL, 4.88 mmol) was added over 20 minutes and the reaction



Exanpl e 59 [ 2-(4-Cycl opropyl benzyl ) -5-net hyl t hi ophen- 3-yl]-5a-carba-13-D

gl ucopyranosi de (1) Synthesis of (4-Cyclopropylphenyl)-(3-nethoxy-5-

met hyl t hi ophen- 2-yl ) net hanone Methyl iodide (2.53 nL, 40.6 mml) was added
to a solution of (4-cyclopropylphenyl)-(3-nethoxy-5-thiophen-2- yl)methanone
(1.05 g, 4.06 mmol) as synthesized in the same nmanner as in Exanple 38 in
THE (20 nlL) under a nitrogen atnosphere: 184hts sol ution was cool ed to -78C,
and a lithium diisopropylan de heptane- THF- et hyl benzene solution (2.0 M
2.44 nL, 4mggtpwel yagastigged £pR&Er &We Beurs20apdngt satuThded @EEENHMN Xt ur e
was stirred at the sane tenperature for three hours. To_this solution,

furt her nor EnLRELAR: APAHEIAN] ¥BFr BFFLINTHETRERT andDeHEESIAFABGN PAHE VTS Ut i on

2.0 M 2.44 ni, 4. dded t h t -
1527 M xt uPBSWAELEARERGAVRSP ERBYRoREE tahRaRs APG: SESRTATIRTER WOl ori de
| ut d ed t |t t d t h et hyl
Soetat o andiRed w&%ﬁe%eﬁéw o 2B P r i e aeathy =BGt atc ARdr | d
calvent woldiBAl Aflyqebletnaslokila ”%}12?%"}?2' “Th" hRhhng" Boavent a8
purified b&i%t&iﬁ@dgﬁhd89|EEHuE@ﬁO?EEQQEQEhY EQEVQBQQE?Qd selYuenwashy!

acet at e: n- hexane (1: to obtain the title conpoun 53% . [0346]

1H NWVR ( CDgh2) F@edlb s@l&@a( 3B1 EbluﬁanOth‘oﬂﬁtG%Haphg) ,[dév%lnis:.% (1H m,
2.49 (3H, s). 3.81 (3H, s), 6.62 (1H, s), 7.08 7.68 (2H,
d, J=8.3Hzkolution=ethyl acetate:n-hexane (1:5)] to obtaln the title
compound (589 mg, 53%).
[0346] 'H-NMR (CDC1l;) &: 0.74-0.80 (2H, m), 1.00-1.06 {2H,
m), 1.91-1.,97 (1H, m), 2.49 (3H, s), 3.81 (3H, s), 6.62 (1H,
s), 7.08 (2H, d, J=7.9Hz), 7.68 (2H, 4, J=8.3Hz)
(2} Synthesis of (4-Cyclopropylphenyl)-(3-hydroxy-5-
methylthiophen-2-yl}methanone
In a nitrogen stream, a boron trichloride methylene
chloride solution (1.0 M, 6.4 mL, 6.4 mmol) was added to a
solution of {4-cyclopropylphenyl}-(3-methoxy-5-methylthiophen-
2-yl)methanone (582 mg, 2.14 mmol) in methylene chloride {12
mL) at -15°C and the reaction mixture was stirred for one hour.
Water was added thereto and the mixture was extracted with
methylene chloride. The organic layer was washed with a
saturated scdium chloride aqueous sclution 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=methancl:methylene chloride (1:100)] to obtain the

title compound {497 mg, 90%).

[0347] H-NMR (CDC1;) &: 0.76-0.82 (2H, m), 1.03-1.10 (2H,



(2) Synthesis of (4-Cyclopropyl phenyl)-(3-hydroxy-5-

nmet hyl t hi ophen-2-yl ) nmethanone In a nitrogen stream a boron trichloride
nmet hyl ene chl oride solution (1.O M 6.4 nL, 6.4 mol) was added to a

sol ution of (4-cycl opropyl phenyl) - (3-nmethoxy-5-net hyl t hi ophen-

2-yl)met hanone (582 ng, 2.14 mol) in nmethylene chloride (12 nlL) at -15C
and the reaction nixture was stirred forl®he hour. Water was added thereto
and the m xture was extracted with nethylene chloride. The organic |ayer
was washedm™hit h- 83-3aP8r 41Hd Bddi arft@h( 3 vdé)aqéeéas(éﬁhuﬁﬂenTaﬁé d2Hed

(anhydr ous _magnesi U sulfg é 8 then the solvent was distilled under
reduced pr8sstrl:4HRd- obt aHre r ddE%nA82) pult#s PRI (BY sPPica gel colum

chromat 091 290 [ S5yEhRRLR%oe 2l -%0935%99?6%%?39% EBRL15 6. 0. 70.0. 89
(iH o)) 715 (ohF1RG25 435, 3R, 7 52537 o Pgoeh Eip ey 8- BaniTbonil ) (3
Synt hesi s of (4F§¥gﬁgEéQEinE§ﬁib%%xy it %ﬂ&h ?0¥1]methanone

((1R 2S,3S,4R 5 4=tris enz

”Ethy|CyC|OheXy|PKYAtHiﬂﬁbgénzsfféﬂﬁthéﬂ?Q@pr6?¥§ Qb&i@ﬂfﬂo§§i§€€1(o 27
di i sopropyl azodi car boxyl ate (0. 27 , was added dropwise to a

m xture ofmn(41cys| mroopywabeaisd(rbydLoxyts- Aeihythboophen- 2-
yl ) met hanone (360 ng, 1.39 mmol), (1S, 2S, 3S, 4R, 5R)-2,3,4- trisbenzyl oxy-

5- benzyl oxyaethylopebphphenyyl | 500-ngdrox935-meohylthibphenybphosphi ne (365
ng, 1.39 nmmol) and toluene (3.1 nlL) under cooling with ice. The m xture was
stirred atylimethanone (360 mg, 1.39 mmol}), (1S,2S5,35,4R,5R)-2,3,4-
trisbenzyloxy-5-benzyloxymethylcyclohexanol (500 mg, 0.93
mmol), triphenylphosphine (365 mg, 1.39 mmol) and toluene (3.1
mL) under cooling with ice. The mixture was stirred at room
temperature for 15 hours, and then the solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel flash column chromatography [developing
solution=n-hexane: ethyl acetate {4:1}] to obtain the title
compound (237 mg, 33%}.
[0348] 'H-NMR (CDC1l;) &: 0.70-0.73 (2H, m), 0.99-1.02 (2H,
m), 1.35-1.50 (1H, m), 1.64-1.72 (1H, m), 1.87-1.94 (1H, m),
2.07-2.14 (1H, m), 2.44 (3H, s), 3.36-3.56 (5H, m), 4.07-4.,13
(1H, m), 4.33-4.88 (8H, m), 6.61 {(1H, s}, 7.01 (2H, 4,
J=7.9Hz), 7.05-7.35 (22H, m), 7.62 (2H, d, J=8.2Hz)
(4} Synthesis of 2-(4-Cyclopropylbenzyl)-5-methyl-3-
[(1R,25,3S,4R,5R)-2,3,4-trisbenzyloxy-5-(benzyloxy-
methyl }cyclohexyloxy]thiophene
In a nitrogen stream, chlorotrimethylsilane (0.46 mL,

3.56 mmol) and sodium cyanoborohydride (230 mg, 3.65 mmol}

were added to an solution of (4-cyclopropylphenyl)-[5-methyl-



tenperature for 15 hours, and then the solvent was distilled wunder reduced
pressure and the obtained residue was purified by silica gel flash colum
chromat ogr aphy [devel opi ng sol uti on=n-hexane: ethyl acetate (4:1)] to
obtain the title conmpound (237 ny, 33% . [0348] 1H NWR (CDC13) S 0.70-0.73
(2H, m, 0.99-1.02 (2H, ), 1.35-1.50 (1H, m), 1.64-1.72 (1H, m), 1.87-1.94
(1H, m, 2.07-2.14 (1H, m, 2.44 (3H, -s}863-36-3.56 (5H, m, 4.07-4.13

(1H, m, 4.33-4.88 (84, m, 6.61 (1H, s), 7.01 (2H d, J=7.9Hz), 7.05-7.35
(22H, m, 3-0621R2kis,ds,drR85RKzp,3(4)tBysbhagsyionaf-5-

2- (4- Cycl opr opyl benzyl ) - 5- met hyl - 3-

[ (1R, 2S, 3ShdrzRpxgmBthyicysheoheyydrxylthhophehe2yyl imethanone (237 mg,

met hyl ) cycl ohexyl oxyj t hi ophene 1In a nitrogen stream chlorotrimethylsilane
(0.46 nL, 8.88 mwol) Andasedproitaidsdébombiydnnder( 290ling wigh dwel Rndwere
added to an solution ofm&4 cycl opropyl phenyl)-[5-nmethyl - 186 -

3-((1R 2S, tBe4RresREign3r XFPF@b@ﬁEyE&%Frsd at 0°C for one hour.

2§25¥L???Fﬁé?§ ReLrtLP=eak MR AAAY chekRO ARG FDECPABRUFRMARe was | |
[ d 0 h | hi d dth

i xt Ure waEeodaBred g ?éieéﬁw?é9¥F?? el ook Re LB R Teht Shoche

filtrate W@ile Stk bed 4908t gdUGRH D esaULen T08saRtal e hidug oS

purified by SiTica gée um chr ormat o eve oping so on="¢e

?ﬁfkﬁ;f(n P%é?ﬂﬁe(% éoﬁkrggigghﬂbgfiﬁﬁeatbéheﬁe?gﬂﬁuEﬂr6$§§og9apﬁg (1H[0§;9]
1.57-1.65 (&Ebeﬂbp1ﬁg7Ebiu%@oﬁlHetﬁkl acetate:n-hexane (1:10)] to obtain
the title compound (135 mg, 58%).
[0349] 'H-NMR (CDC1l;) &: 0.58-0.65 (2H, m), 0.86-0.94 (2H,
m), 1.23-1.28 (1H, m), 1.57-1.65 (1H, m), 1.77-1.86 {1H, m),
2.06-2.12 (1H, m), 2.33 (3H, s}, 3.43-3.65 (5H, m), 3.93 (2H,
s), 3.98-4.08 (1H, m), 4.44 (2H, s), 4.51 (1H, 4, J=10.8Hz),
4.75-4.97 (5H, m}, 6.55 (1H, s), 6.92 (2H, 4, J=8.1Hz), 7.10
(2H, 4, J=8.1Hz}, 7.18-7.37 (20H, m)
{5) Synthesis of [2-(4-Cyclopropylbenzyl)-5-methyl-
thiophen-3-yl]-5a-carba-f-D-glucopyranoside
In a nitrogen stream, pentamethylbenzene {390 mg,
2.63 mmol) and a boron trichloride methylene chloride solution
{1.0 M, 0.88 mL, 0.88 mmol) were added to a solution of 2-(4-
cyclopropylbenzyl)-5-methyl-3-[(1R,25,3S5,4R,5R)-2,3,4-
trisbenzyloxy-5-(benzyloxymethyl)-cyclohexyloxylthiophene (134
mg, 0.18 mmol) in methylene chloride (6 mL) at -78°C and the
reaction mixture was stirred at -78°C for one hour. Methanol
was added to the reaction mixture and the solvent was

distilled under reduced pressure. The obtalned residue was

purified by silica gel column chromatography [developing



2.06-2.12 (1H, m, 2.33 (3H, s), 3.43-3.65 (5H, m, 3.93 (2H, s), 3.98-4.08
(1H, m, 4.44 (2H, s), 4.51 (1H, d, J=10.8Hz), 4.75-4.97 (5H, m, 6.55 (1H,
s), 6.92 (2H, d, J=8.1Hz), 7.10 (2H, d, J=B.1Hz), 7.18-7.37 (20H, m (5)
Synt hesi s of (2-(4-Cycl opropyl benzyl)-5-net hyl -

t hi ophen-3-yl]-5a-carba-(3-D gl ucopyranoside 1In a nitrogen stream

pent anet hyl benzene (390 ng, 2.63 nnnl)'a%@7a'boron trichloride nethyl ene
chloride solution (1.0 M 0.88 nL, 0.88 nmol) were added to a sol ution of
2- (4- cycl splopyprnenehylenaechypridp¢erhasoldS(3R: 3R] - to3ohtain the

tri sbenzyl oxy-5-(benzyl oxynet hyl ) - cycl ohexyl oxy] t hi ophene (134 ngy, 0.18
mmol ) in nﬁ%g99eﬁ@mEﬁFBPi 85(®In %50 --78C and the reaction mxture was
stirred at -78C for o hour. Methangl was added to the reaction m xture

and t he s?l93ﬁ93mas iFstMR EDRBer Feﬂué%dopﬁﬁséaﬁe.mTheOGBPaPﬂga f 85i due
SO S alalps
Sot ut | oncnd hy PuhE-Enes, F5H: cRhandr %858 351 VAP o & B Brel- BB (4 CoMyound
35 , 49 3 ' X 620,68 \ , 049050,97 H
. 1010- 19093 {rE g 1 W S SEI60 oft 073028030800 (Bl 20300074080

, 2.36 , 3¢28- 3,90 £6 3394 +LgH , 76163 H, 6. 2H,
g? .7:8,4(ﬁz§ , ??‘ﬁ f%ﬁ 3?'3(2?5‘3@?}1’N%’(%‘éﬁ-‘?':{z%s?[ﬁ/?ru(ééiaﬂ g'gogﬁz()
[ 2- (4- Bt hyligepggl) y 5-4@s hyeifpj ophen- 3-yl ] - 5a- carba- S-D- gl ucopyranosi de The

target conpound was obtained by performng the same operation as in Exanple
59 with thexespief sbhe correspondi ng

[2-{4-Ethylbenzyl)-5-methylthiophen-3-yl]-5a-carba-f-D-

glucopyranoside

The target compound was obtained by performing the same
operation as in Example 59 with the use of the corresponding
starting material and reagents.

[0351] 'H-NMR (CDiOD) 6:1.10-1.22 (4H, m), 1.40-1.54 (1H,
m), 2.02-2,.09 (1H, m), 2.33 (3H, s), 2.58 (2H, 4, J=7.6Hz),
3.22-3.25 {(2H, m)}, 3.28-3.35 (2H, m), 3.39-3.45 (1lH, m), 3.52
(1H, 44, J=10.7, 6.2Hz), 3.71 (1H, 44, J=10.7, 4.0Hz), 3.83-
3.90 (1H, m), 6.60 (1H, s), 7.06 (2H, 4, J=8.2Hz), 7.11 (2H,
d, J=8.2Hz)

MS (ESI*): 393 [M+H]', 415 [M+Nal®

Example 61

[5-Chloro-2-{4-cyclopropylbenzyl)thiophen-3-yl}-5Sa-carba-p-D-

glucopyranoside

{1) Synthesis of 4-Cyclopropyl-N-methoxy-N-methyl-
benzamide
In a nitrogen stream, an n-butyllithium hexane solution
(1.6 M, 6.0 mL, 9.59 mmol) was added dropwise to an solution

of 1-bromo-4-cyclopropylbenzene (1.8 g, 9.13 mmol) in



starting material and reagents. [0351] 1H NWVR (CD30OD) 6:1.10-1.22 (4H, m,
1.40-1.54 (1H, m, 2.02-2.09 (1H, m, 2.33 (3H, s), 2.58 (2H, d, J=7.6Hz),
3.22-3.25 (2H, m, 3.28-3.35 (2H, m, 3.39-3.45 (1H, m, 3.52 (1H, dd,
J=10.7, 6.2Hz), 3.71 (1H, dd, J=10.7, 4.0Hz), 3.83- 3.90 (1H m, 6.60 (1H,
s), 7.06 (2H, d, J=8.2Hz), 7.11 (2H, d, J=8.2Hz) MS (ESI'): 393 [MtH]', 415
[ MiNa] ' Exanpl e 61 - 188 -

[ 5- Chl oro- 2- (4-cycl opropyl benzyl ) t hi ophen- 3-yl]-5a-car ba- p- D

gl ucopyr anashgér¢as At ha0i mLof at- €787 ©prwgay | 1 N-mEnuoxy - N-Tiet d1y$e Liebhaani de
In a nitrogen stream an n-butyllithium hexane solution (1.6 M 6.0 i,
9.59 mmol )Wﬁassﬁﬁnﬁﬁddﬁbpmﬂgectfﬁlarﬂ%dminu@ﬁ oﬁnd a SOlUtion of N,N'-

1- br ono- 4- cXcIo Ibenzene % g i in % anhydr ous THE (30
n) at -78&iBGERO %Huf@%me hY%“ eﬁuf oﬁz ﬂ/as sPPrPEgly; in7KEF; (151p0)

i) 1 T (23558 23R8 88y bHeHP bini o SO HEPRPBLOTHILKEHER, RSP FLEFETuas
stirred aLrpgmteOneralurect 0,300 hakkes, TonbhenLeRethodo Kt yLe, as

added a sa ur Arum chl ori dé aqueous” Sol Ufi on an e m xture was

extracted yhlhagabers enfutbeegr Qﬁn‘ﬂbﬁi{xﬁyéﬁl oP28edidanyeEoRay 8RO

magnesi um sul fat e tration, the so vent s di st under
reduced pregsUnextaPd ¥H8 eRPtabPed wEShUHEnMRS RHAI i;hédomr/,aﬁuzl i&y%'

col utmm  chronat ogr aphy [ devel opi ng sol ution=n- hexane: ethyl acetate 4:1)]

to obtain 488 &riée 608POHNHYABSAsMaghed4um sulfate. After flltration,
the solvent was distilled under reduced pressure, and the
obtained residue was purified by silica gel column
chromatography [developing solution=n-hexane:ethyl acetate
{4:1)] to obtain the title compound {875 mg, 95%).
[0352] 'H-NMR (CDC1;) &: 0.73-0.78 (2H, m), 0.97-1.03 (2H,
m), 1.87-1.94 (1H, m}, 3.34 {3H, s), 3.56 (3H, s), 7.08 (2H,
d, J=8.3Hz), 7.60 (2H, 4, J=8.3Hz)
{2) Synthesis of (5-Chloro-3-methoxythiophen-2-yl)-(4-

cyclopropylphenyl)methanone
In a nitrogen stream, an n-butyllithium n-hexane

solution (1.6 M, 2.43 mL, 3.88 mmol) was added dropwise to a
solution of 2-bromo-5-chloro-3-methoxythiophene (882 mg, 3.88
mmol) as synthesized by the method described in a document [L.
Org. Chem., 58, 4629-4633 (19%3)] in anhydrous THF {15 mL) at
-78°C. This mixture was stirred at -78°C for ten minutes, and
a solution of 4-cyclopropyl-N-methoxy-N-methylbenzamide (875
mg, 4.26 mmol) in THF (3 mL) was added dropwise thereto. The
reaction mixture was stirred at -78°C for 30 minutes. A
saturated ammonium chloride aqueous solution was added to the

reaction mixture and the resulting mixture was extracted with



[0352] 1H NWR (CDC13) 6: 0.73-0.78 (2H, m, 0.97-1.03 (2H, m, 1.87-1.94
(1H, m, 3.34 (3H, s), 3.56 (3H, s), 7.08 (2H, d, J=8.3Hz), 7.60 (2H, d,
J=8.3Hz) (2) Synthesis of (5-Chloro-3-nethoxythiophen-2-yl)-(4-

cycl opropyl phenyl ) ret hanone 1In a nitrogen stream an n-butyllithium

n- hexane solution (1.6 M 2.43 nlL, 3.88 nmml) was added dropwi se to a

sol ution of 2-bronD-5-chIoro-3-nethoxyfhi%%héne (882 ng, 3.88 mmvol) as
synt hesi zed by the nethod described in a docunent [L. Og. Chem, 58,
4629- 4633 €1b¥d) pecprafpnyardusheHprganif Jayer wagcdripdsoiext apbydasus

stirred at -78C for ten _mnutes, and_a solution of
4- cycl opr oPFIRRSHBPNSRIERL et nPEHERZ AL GE2LA?E. ke E03¥eRfoFRSin THE (3 nl)

dded ' h . Th [ ' [ d - f
mnutes. ANLAPN LA RARE N FaRNERROPF AR AR Re0REds EPB PBYo4RETaFREI s 1HE
ti 1 Xt th | L1 ] t t ' -.189 th
ncetate, aRArthEedr BanPT 8 cbbyaBodbiby Ry Rt fub PR Cakk bRt cul ot .

Ao 1) t5814PRonthena0bUENb LGS ABLELLL! 4. UdoLar BlUSEH BRESTUEEe and the

obt ai ned residue was puri y silicag Funm chromat ogr a

[developingomﬁghﬂgigafg-m xaggggt hyl acetate (4:1)] to obtain the title
conpound (714 ng, 63% . [0353] "H NWMR (CDC13) 6: 0.75-0.81 (2H,

)
1.02-1. 08 N \Th. 8. 90.63 6,78 §1hb. %) oa? 2H
d, J=8.3FE¥§§$?%g)(2FLQ§?&g§§.BFE3)225 %yﬁ$hgé§§ Bu, OmfD 43bR-2loa” (3R,

[ 5- Chl or o-&3(41cyeloppepylfaenayl,)3.80 (3H, s), 6.78 (1H, s}, 7.10 (2H,
t hi ophen-3-yl]-5a-carba-(3-D gl ucopyranosi de The target conpound was
obt ai ned b#, pgeBoBHENg Thé8s&rH, 4, J=8.3Hz)
(3) Synthesis of [5-Chloro-2-{4-cyclopropylbenzyl)-
thiophen-3-yl]-5a-carba-pf-D-glucopyranoside
The target compound was obtained by performing the same
operation as in Example 59 with the use of the synthesized (5-
chloro-3-methoxythiophen-2-yl)-{4-cyclo-propylphenyl)methanone
and the corresponding reagents.
[0354] ‘H-NMR (CDiOD) &: 0.63-0.66 {(2H, m), 0.88-0.93 {2H,
m), 1.15-1.21 (1H, m), 1.61-1.67 (1H, m), 1.82-1.87 (1H, m),
1.99-2.03 (1H, m), 3.22-3.57 (4H, m), 3.70-3.74 (1H, m), 3.87-
3.91 (1H, m), 3.92 (2H, s), 6.86 {(1H, s}, 6.97 (2H, 4,
J=8.1Hz), 7.09 {(2H, 4, J=8,1Hz}
MS (ESI'): 425 [M+H]’

Example 62

(1R, 2S,3R,6R)-6-[2-{4~Cyclopropylbenzyl )phenoxyl}-4-

(hydroxymethyl)cyclohex-4-ene-1,2,3-triol

(1) Synthesis of 1-(4-Cyclopropylphenyl)methyl-2-[ (1R, 4R,
55,65)-4,5,6-trisbenzyloxy-3-(benzyloxymethyl) -
cyclohex-2-enyloxylbenzene

In a nitrogen stream, 2-(4-cycloprpylbenzyl)phenol and



operation as in Exanple 59 with the use of the synthesized (5-

chl or o- 3- et hoxyt hi ophen-2-yl)-(4-cycl o- propyl phenyl ) net hanone and the
correspondi ng reagents. [0354] 1H NMR (CD30D) 6: 0.63-0.66 (2H, m,
0.88-0.93 (2H, m, 1.15-1.21 (1H, n), 1.61-1.67 (1H n), 1.82-1.87 (1H, m,
1.99-2.03 (1H, m, 3.22-3.57 (4H, m, 3.70-3.74 (1H, m, 3.87- 3.91 (1H, m,
3.92 (2H, s), 6.86 (1H, s), 6.97 (2H d.199=8.1Hz), 7.09 (2H, d, J=8.1Hz) MS
(ESI"): 425 [MtH]' Exanple 62

(1R 2S, 3R, 6R)bét{LphdspNchep( ppyibenayb 3 pheoDyxyywede added to a solution
(hydr oxynet hyl ) cycl ohex-4-ene-1,2,3-triol (1) Synthesis of
1-(4-Cyc|o@fob&$phﬁz§$)ﬁﬁﬂh9L526fFEF5ﬁPEHZYIOXY) 3-

5S, 6S)-4,5,6-tri sbenzy oni 3- (benzyl oxynet h % cycl ohex- 2- en¥loxy]benzene
In a ni trog%ﬁn%ﬂ@ame?hy Jey@leb%y%éﬁ% ilé e‘ﬁﬁlv 8n@95 l1@91

tributyl phosphine (70 L, 0.28 mmp dded to a_soluti

(is, 4R 5S, cﬁige %Fl@(ﬂ@ﬁ???ﬁiy%JS OfgenQQ?Bxynﬁ?hyP?é?cPéﬁéxféggﬂéﬂ (51
ng, 0.095 mol descri g i n_a docupent J, g em., 63 5668- 5671
(1998)) |%“t5?b%ﬁ%e(§§@0 LWL YniRder oseP hingi ¥hth ceanGHPhEH

g:;;aggage#%fﬁgég %exggggg ﬁgﬁga?ﬂgeeggqaggz?rggd gfyhggg: ggﬁ;e£2$ure
(7l ored abiefhfo! SEToHE eRRe KEAPBIARHRLITIERS DNHDANPREELEEL 2SS o
residue 1 PHE4 T LedtRY Qéﬂ@aféﬁ?¥ﬁaiﬁﬁé[FSfeb@phBGréoéﬂﬁ'Eﬁeﬁtﬁ¥kane
acetate: n-hexane (1:5) to obtain the title conpound (44

was added thereto and the precipitate was filtered and the

solvent of the filtrate was distilled. The obtained residue

was purified by preparative TLC [developing scluticn=ethyl
acetate:n-hexane (1:5) to obtain the title compound {44 mg,

62%).

[0355] '‘H-NMR (CDCl,) &: 0.54 (2H, m), 0.84 (2H, m), 1.75

{1H, m), 3.82-3.92 (3H, m), 3.93 (2H, s), 4.19 (1H, 4,

J=12.5Hz), 4.35 (1H, br}, 4.41 (1H, 4, J=11.7Hz), 4.46 (1H, d.

J=11.8Hz), 4.61 (1H, 4, J=10.7Hz), 4.68 (1H, 4, J=10.2Hz),

4.72 (1H, 4, J=10.5Hz), 4.79 (l1H, 4, J=10.8Hz), 4.85 (1H, 4,

J=10.7Hz), 4.99 (1H, 4, J=11.0Hz)}, 5.04 (1H, br}, 5.65 (1H,

s), 6.8-7.4 (28H, m)

(2) Synthesis of (1lR,25,3R,6R)-6-[2-(4-Cyclopropyl-
benzyl)phenoxy]-4-(hydroxymethyl)cyclohex-4-ene-
1,2,3-triol
In a nitrogen stream, a boron trichloride 1.0 M

methylene chloride solution (160 pL, 0.16 mmol) was added to a

solution of l-(4-cyclopropylphenyl)methyl-2-[{(1R,4R,55,68)-

4,5,6-tris-benzyloxy-3-(benzyloxymethyl)-cyclohex-2-

enyloxylbenzene (12 mg, 0.016 mmol) and pentamethylbenzene



62% . [0355] 'H-NMR (CDC13) 8: 0.54 (2H, m, 0.84 (2H, m, 1.75 (1H, m,
3.82-3.92 (3H, m, 3.93 (2H, s), 4.19 (1H, d, J=12.5Hz), 4.35 (1H, br),
4.41 (1H, d, J=11.7Hz), 4.46 (1H d, J=11.8Hz), 4.61 (1H, d, J=10.7Hz),
4.68 (1H, d, J=10.2Hz), 4.72 (1H, d, J=10.5Hz), 4.79 (1H, d, J=10.8Hz),
4.85 (1H, d, J=10.7Hz), 4.99 (1H, d, J=11.0Hz), 5.04 (1H, br), 5.65 (1H
s), 6.8-7.4 (28H, m) (2) Synthesis of t1F®S; 3R 6R)-6-(2-(4-Cycl opropyl -
benzyl ) phenoxy] - 4- (hydr oxymet hyl ) cycl ohex-4-ene- 1,2,3-triol In a nitrogen
stream a bpaomgtrochfomndz)lifi kethelégeeorlohidei sosopn)i an ¢28¢CL, 0. 16
mmol ) was added to a solution of

1- (4- cyclo@ﬂ@p?hﬁh@h¥t?ﬁﬁtﬁ9ﬁ stirred mtsthgspame temperature for 1.5

4,5, 6-tris-benzy on¥53 benzgloxynethyl cycl ohex-2- enyl oxy] benzepe (12 ny,

0. 016 nmol FoRRA- peht heE: AYABERPBNRE mﬁ§§an?é4 FBe Sempegrabiye AEnthfyl ene
hi d 300 h

ey ot s 28Put tThg*Sq TP Lon B0, ERSaP b EooRetRlnsFataRe %aﬁpiﬁature of

th | t | uti . d.t t th t

distilled ﬁh@g?gfeﬁﬁ%3@1“?§%i§?23“?ﬁ§ EROUESTBELELHES 2Nt ePtF?BaSBy e
t d | | h 1:8)1 t

bt orn  hefeiue (GHE BRLIS; R, B BReREEaRigL HEETYRREISIARG 1 (108 19

g)i00589 ggbhuﬂlon1m§§haﬁéb mth¥§e§§ éﬂkbrﬁée {I19}§ tZ §B¥£1y3tﬁglng(2ad’

br ). 4. 1.4 3b clardaatta) . AgBOI6AN. d. Jo7 BH) . 5.60

[0356] 'H-NMR (CD;OD) &: 0.61 (2H, m), 0.89 (2H, m), 1.83
(1H, m), 3.55 (1H, dd, J=10.5, 7.8Hz), 3.72 (1H, dd4, J=10.5,
7.8Hz), 3.89 (1H, 4, J=14.8Hz), 3.93 (1H, &, J=14.9Hz), 4.11
(2H, br s), 4.15 (1H, 4, J=7.8Hz), 4.80 (1H, d, J=7.6Hz), 5.60
(1H, t, J=1.5Hz}, 6.84 (1H, t, J=7.3Hz), 6.93 (2H, 4,
J=8.1Hz), 7.06 (1H, d, J=8.2Hz)}, 6.97-7.18 (3H, m)

MS (ESI*): 405 [M+Na]’

HPLC Retention Time: 12.5 minutes

Example 63
(1R, 2S,3R,6R) -4-Hydroxymethyl-6-[2-(4-methoxybenzyl) -

phenoxy]cyclohex-4-ene-1,2,3-triol

(1) Synthesis of 1-(4-Methoxyphenyl)methyl-2-[{1R, 4R,
55,65)-4,5,6-trisbenzyloxy-3-{benzyloxymethyl)-
cyclohex-2-enyloxy]lbenzene
In a nitrogen stream, 2-(4-methoxybenzyl)phencl (299 mg,

1.40 mmol) and tributylphosphine (380 uL, 1.53 mmol) were

added to a solution of (1S,35,45,5R,6R)-4,5,6-trisbenzyloxy-1-

(benzyloxymethyl)cyclohane-1,3-diol (561 mg, 1.0l mmol) as

described in a document [Tetrahedron, 56, 7109-7122 (2000)] in

toluene (3 mL) under ccoling with ice, and then



(1H, t, J=1.5Hz), 6.84 (1H, t, J=7.3Hz), 6.93 (2H, d, J=8.1Hz), 7.06 (1H,
d, J=8.2Hz), 6.97-7.18 (3H, mM M (ESI'): 405 [ MtNa] + HPLC Retention Ti ne:
12.5 m nutes Exanple 63

(1R 2S, 3R, 6R) - 4- Hydr oxynet hyl - 6- [ 2- (4- et hoxybenzyl ) -

phenoxy] cycl ohex-4-ene-1, 2, 3-tri ol (1) %ynthesis of

1- (4- Met hoxyphenyl ) net hyl - 2-[ (1R, 4R

5S, 6S)-4,5,6-tri sbenzyl oxy- 3- (benz nmet hyl ) cIohex 2- enyl oxy] benzene
In a ni tro@%tr@wmaaof@ cmm zﬁbh@@loll( 2onpRgl) 1was added and
tributyl phosphine (380 L, 1.53 mmol) were added to a solution of

(1S, 3S, 4S, HrenEse 428 B ‘Er?%’B"enE?’FB?éaFurfben???o‘k?%?%?\‘)’&%FBﬁ‘an@aﬁ 3-di ol

(50000} ih rﬁt‘)%ﬁ”“% At ""éh?%e%ﬁ%h SRRt R RS T P LHSUHA R Ched ghedane ;122
2

Sare t onpotaY FUSEd ORALES, (284, £ érégl%%%?r‘a%s fEFRerd8rashoRe LT

fpr 20 hog%%F?ﬂg%tg@nt gﬁfgftr%@é @?Qe&igpfiféglsand t he preC|p|tate was

filtered sol ven trate tilled. The obtained

residue WZ"{'IF] %Bﬁéﬁ%@yrééid&é‘ G&& ﬁﬁfﬁf‘ﬂedcﬁfr%‘f‘iﬁ?&éaﬁéi £k OP1 NY

sol ution acet at e: n- hexane : to obtain the title conpound

312 , )
592 (3h 4‘??’)‘”%‘*19 (Th ?%‘M?GHZ )Sﬁ‘l‘é‘?‘?“i‘H“&E%S*ﬁeﬁigffﬁ Bolash 1.

3=11. 9Hz) , (B: A6tg 1 1, tJ A8t 81 ) thd. bt (d Hofipodrd 1( 832 )mg, 4459) (1H, d,

J=10.8Hz), 4.71 (1H, d, J=10.8Hz), 4.79 (IH d,
[0357] 'H-NMR (CDC1;) &: 3.64 (3H, s), 3.80-3.95 (3H, m),
3.92 (2H, s), 4.19 (1H, 4, J=13.6Hz), 4.36 (1H, br), 4.41 (1H,
d, J=11.9Hz), 4.46 (1H, 4, J=11.8Hz), 4.64 (1H, 4, J=11.0Hz),
4.69 (1H, 4, J=10.8Hz), 4.71 {(1H, 4, J=10.8Hz), 4.79 (1iH, 4,
J=10.8Hz), 4.85 (1H, 4, J=11.0Hz), 4.99 (1H, 4, J=11.0Hz),
5.05 (1H, br), 5.67 (1H, s}, 6.71 (2H, 4, J=8.7Hz), 6.80-7.40
(26H, m)
MS (ESI'): 755 [M+Na]l]”
(2) Synthesis of (1R,2S,3R,6R)-4-Hydroxymethyl-6-[2-(4-

methoxybenzyl)phenoxylcyclohex-4-ene-1,2,3-triol
In a nitrogen stream, a boron trichloride 1.0 M

methylene chloride solution (6.0 mL, 6.0 mmcl) was added to a
solution of 1-(4-methoxyphenyl)methyl-2-((1R,4R,585,6S5)-4,5,6-
trisbenzyloxy-3-(benzyloxymethyl)cyclohex-2-enyloxy]benzene
(312 mg, 0.426 mmol) in methylene chloride (12 mL) at -78°C,
and the mixture was stirred at the temperature for 1.5 hours.
After addition of methanol, the temperature of the resulting
solution was raised to room temperature and the solvent was

distilled under reduced pressure. The obtained residue was

purified by silica gel ceolumn chromatography [developing



J=10.8Hz), 4.85 (1H, d, J=11.0Hz), 4.99 (1H, d, J=11.0Hz), 5.05 (1H br),
5.67 (1H, s), 6.71 (2H, d, J=8.7Hz), 6.80-7.40 (26H m Ms (ESI'): 755
(MENW (2) Synthesis of (1R, 2S, 3R, 6R)-4- Hydr oxynet hyl - 6-[ 2- (4-

met hoxybenzyl ) phenoxy] cycl ohex-4-ene-1,2,3-triol In a nitrogen stream a
boron trichloride 1.0 M nethylene chlorjde solution (6.0 nL, 6.0 nmol) was
added to a solution of 1-{4- nethoxypeezy}g Thyl 2-[ (1R 4R, 58 6S) - 4 5, 6-
trisbenzyloxi 3- (benzyloxynethylﬁi cl ohex- 2- enyloxykbenzene (312 , 0.426
mmol ) in nBPhyFéar=chpthpiele¢mot ;eﬁ? chaeridgnfle é]nF?t8P§aﬁﬁst§F|rred at

the tenperature for h Af t ddition of nethanol, the tenperature
of the resg?giﬁgc°§BPHPPogg&ag Plir s 3%30 room tenperature and the sol vent

i1 ca gel [RAPAIm chr OBt Q70D Ac0 dpphigr ity o§d . CTFR; S, 2B omBY 1 o0 BY
24% (0358 “%‘L@Eﬁﬂcé‘ﬁ:m%o%(*?'ﬁ)]st’ R T et A L L i 1

373,31 g, a2 W}ﬁ%ﬁ;y d.2=44n9F 8, o, 98. {81t mI=14, BYEY g Ay (2H br

J=8.7Hz), 6.8% (i, %, J4T77ﬁE§) 66799(éﬁH ad, JJ§87ﬁEH) 67894 (t&H, ¢d,
J=7.5Hz), 7.10 (2H, d, J=8.9Hz), 7.13 (1H m MB (ESI*): 395 [ M:Na] ~ HPLC

Retenti on Jepe3Hui0, 8eubaui{eH, BxaopBelfi4), 7.04 (1H, 4, J=7.S5Hz), 7.10
(1R,28,38,6R)-4-[3-(4-Ethy|benzyl)phenyl]-6-(hydroxy-

(2H, d, J=8.9Hz), 7.13 (1H, m)

MS (ESI*): 395 [M+Nal®

HPLC Retention Time: 10.8 minutes

Example 64
(1R,25,35,6R)-4-[3-(4-Ethylbenzyl )phenyl]-6-(hydroxy-

methyl)cyclohex-4-ene-1,2,3-triocl

(1) Synthesis of 3-(4-Ethylbenzyl)phenyvlborcnic Acid

In a nitrogen stream, a solution of l-bromo-3-(4-
ethylbenzyl)benzene (2.19 g, 7.96 mmol} in THF (20 mL) was
cooled to -78°C, and an n-butyllithium hexane solution (2.44 M,
3.42 mL) was added dropwise thereto and the mixture sclution
was stirred at the same temperature for 20 minutes. After
addition of trimethyl borate (2.68 mL, 23.87 mmol), the
reaction mixture was stirred at the temperature for five
minutes and at room temperature for 12.5 hours. After coolilng
the reaction mixture 1n an ice bath, concentrated sulfuric
acid (10 mL) was added dropwise thereto and the mixture
solution was stirred at the same temperature for one hour.
The mixture was extracted with ether and the organic layer was
washed with water and then dried over sodium sulfate. To a

white so0lid obtained by distilling the solvent under reduced



met hyl ) cycl ohex-4-ene-1,2,3-trio]. (1) Synthesis of

3-(4- Et hyl benzyl ) phenyl boronic Acid In a nitrogen stream a solution of
1- brono- 3- (4- ethyl benzyl)benzene (2.19 g, 7.96 mmol) in THE (20 nL) was

cooled to -78C, and an n-butyllithium hexane solution (2.44 M

3.42 nl) was

added dropwi se thereto and the m xture solution was stirred at the sane
tenperature for 20 mnutes. After addi thth of trimethyl borate (2.68 ni,
23.87 mol ), the reaction mxture was stirred at the tenperature for five

m nut es arRFEESYERMILpRAed Urexare-abhel reeptater (10 : EboPimg) .

m xture in an ice bath oncentrated sulfuric acid (10 M) . was
dropwi se tHEFERLS HRP tHEL HRSR T AR |'E}9%nt%s°2'f?+'§%‘g %‘E’}-%

t enper at ure, f.or. one hou

tBRereacti on
added

ﬂéwgﬁngashed

and

organ!cleﬁﬁﬁh ??aﬁﬁﬁﬁéﬁwﬂggké%éﬁg:Fﬁﬁﬁf}ﬁéhﬁﬁgfq%t%%%gdgtﬂfﬁﬁ1§%V$%$e. To
resour o Wa° ARl BRe R Edad0dy BEeLiE, 0P VAl ehe [EFLEE T onactna

filterated Jhed t bt ai ned solid was washed w th hexane-
(éﬁﬂiaiﬁga aﬁ?fé powder was dried under reduced pressure to

(10:1). The

et hyl acetate

btain they4i n . 320 59 1 bt o5k 22
?3H?I'? , 35[7‘?%%?,?%?? gﬁR( Qgﬁc\%%@%ﬁ@%-%ﬁt%{ %'}\I@%D%g%z(% ' m,
7.36-7.44 q2Hy=7Hz B, 0P: 67 102K 2H6) M7 (L) -Byné hesm s mf, 7.36-7.44 (2H,

Trifluoronethanesul fonic Acid (3R 4R, 5S,

6R) - 4, 5, 6-mY j sbedays oky - G2 pemyyl oxynet hyl ) cycl ohex- 1-enyl Ester In a

nitrogen stream an n-butyllithium hexane sol ution

(2) Synthesis of Trifluoromethanesulfonic Acid (3R,4R,5S,

6R)-4,5,6-Trisbenzyloxy-3-(benzyloxymethyl)cyclochex-

l-enyl Ester

In a nitrogen stream, an n-butyllithium hexane solutiocn

(322 uL, 0.787 mmol) was added dropwise to diisopropylamine

(113 L, 0.806 mmol) cooled in an ice bath, and THF (0.8 mL)

was added thereto. The obtained solution was cooled to -78°C,

and a solution of (2R,3S8,4R,5R)-2,4,5-trisbenzyloxy-5-

{benzyloxymethyl}-cyclohexanone {(205.9 mg, 0.384 mmol) in THF
{1l mL) was added dropwise, and the mixture was stirred at the
same temperature for 12 minutes. A solution of N-(5-chloro-2-
pyridyl)triflimide (452 mg, 1.15 mmol} in THF (1.2 mL) was
added dropwise theretc and the reaction mixture was stirred at
the same temperature for 2.5 hours. A saturated sodium
hydrogencarbonate aqueous solution and water were added
thereto to stop the reaction and the resulting mixture was
extracted with ether. The organic layer was washed with a
saturated sodium chloride agueous solution and dried over
sodium sulfate. The solvent was distilled under reduces

pressure and the obtained residue was purified by silica gel



(322 ILL, 0.787 mol) was added dropw se to diisopropylamne (113 .tL,
0.806 mml) cooled in an ice bath, and THE (0.8 nL) was added thereto. The
obt ai ned solution was cooled to -78C, and a solution of

(2R, 3S, 4R, 5R)- 2, 4, 5-tri sbenzyl oxy-5- (benzyl oxynet hyl)-cycl ohexanone (205.9
ng, 0.384 mml) in THE (1 nL) was added dropw se, and the m xture was
stirred at the sane tenperature for 12 Hhutes. A solution of
N-(5-chloro-2- pyridyl)triflimde (452 ng, 1.15 nmol) in THE (1.2 nl) was
added dr opw#bemn heheonabodraphyr bdevebopingt spduthdensethyddagetataensane
tenperature for 2.5 hours. A saturated sodium hydrogencarbonate aqueous
sol uti on anexraRe eflntPetadyed) tﬁe9%tei@ot%%obit¥e feBpenad Ah6lt hemg.
resulting m xture was extracted with ether. The organic | ayer was washed
with a sa®3¥hted sodi um chloride aqueous sol ution and dried over sodium
sul fate. The_solvent was distilled ugder reduces ﬁéessure and the obtai ned

relsi due \Na%‘)%?]?]fied b?'é‘?’ﬁi d&DGdp) - 0108 6Q62 i € bon‘ﬁi ogiaﬁﬂy%?ﬂ%vb?%pi ng
i on= ' n. 1:1 1:8 | |
?QGEF20293%?%32§?EEg%@o?ddkfiﬁgf?éd%12§£gf 5:%Bf§%30t§§2,5ﬁ§;55f28%§?EEO?SH
. 3.70 ed=0,9. 97 3,9 32997, o7 32,4, 54
U oy s Bl 8 TELro2a 30 U, ) 200 Ta by 4y

Synt hesi s #f4d- {dofft hyf} benzyl)-3-[ (3R 4R, 55, 69) -4, 5,
6-tri sbenzyl oxy- 3- (benzyl oxynet hyl ) cycl ohex-1-enyl ]- benzene In a nitrogen

stream digxﬁne-gﬁﬁeﬁeéﬂaiéf(iZ(mi&tm9§beﬁﬂﬁfﬂ-3o[aanixhuss,eé)-4,5,
trifluoronethanesul fonic acid (3R 4R

6-trisbenzyloxy-3-{benzyloxymethyl)cvclohex-1l-enyl]-

benzene

In a nitrogen stream, dioxane-water (10:1)(12 mL) was
added to a mixture of trifluoromethanesulfonic acid (3R.4R,
55,6R)-4,5,6-trisbenzyloxy-3-(benzyloxymethyl)cyclohex-1-enyl
ester (656 mg, 0.981 mmol), K;PO; (250 mg, 1.18 mmol), KBr (140
mg, 1.18 mmol}, 3-(4-ethylbenzyl}phenylboronic acid (283 mg,
1.18 mmol) and PA(PPh;), (56.6 mg, 0.049 mmol), and the
reaction mixture was heated and stirred at a temperature of
100°C to 105°C for 26 hours. After cooling the reaction
mixture, a saturated sodium chloride aqueous solution and
water were added thereto. The resulting solution was
extracted with ether, and the organic layer was washed with a
saturated sodium chleride aqueous solution and dried over
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 1:8) to cobtain the title compound (510.0 mg,

73%).

[0361] H-NMR (CDC1;)} 8:1.19 (3H, t, J=7.6Hz), 2.58 (2H,



5S, 6R)-4,5, 6-trisbenzyl oxy- 3- (benzyl oxynet hyl ) cycl ohex-1-enyl ester (656
ng, 0.981 mmol), K3PG3 (250 ng, 1.18 mmol), KBr (140 ny, 1.18 nmol),
3-(4-ethyl benzyl ) phenyl boronic acid (283 ng, 1.18 mmol) and Pd(PPh3)4 (56.6
ng, 0.049 mmol ), and the reaction mxture was heated and stirred at a
tenperature of 100C to 105C for 26 hours. After cooling the reaction

m xture, a saturated sodium chloride aguetfus sol ution and water were added
thereto. The resulting solution was extracted with ether, and the organic

| ayer was @uas¥rel. §lzh, a2. 6atr 2% etilBodinbim ThEor (HE, addieods8 sB| ub i Bz hnd
dried over sodiumsulfate. The solvent was distilled under reduced
pressure, anfh t G obddi ndw8 r2si JuBHhhs %)uW'f-'i! et b{1Bi |mta 3e?2 tHump).

chronatograph¥ devel opi ng_sol uti on=eth acet at e; n- hexane (1:10 to 1:8) to

obtain thettd RorfRundE?sio. 6-3z) . 7 0/61 {h‘ﬁsl? ' fE NV EDC14) 45 ﬁ2119
3H, t, J=7,6 9 6 64-2, 7 54 (1H,
éld J=8.9,8 5@&8 (§’§64 (1#1%?“39 é 54 gz}%) dg 31Q. %ﬁhm"}ﬁ 530%2(

(2 (gﬂwdﬁ%a Farsyoz i () 673200 aHSR. ido 88k (a g

5.85-5.92 6.73-6.82 (2H, m, 6.98-7.42 (26H, m (4) Synthesis of
(1R 2S, 3S, ) 4- [3 (4- Et hyl benzyl ) -

h | ) - 6- d I 3ralra j t
phenyl ) - oy r csymmidul ) CuE! perod: 8856w 24313t {4 kehfBeRiypoen stream a

[ (3R, 4R, 5S, 65) - 45100091 | | SDERFAFOX ﬁn@tﬁ%ﬁf@%&%ﬂéﬁibyéﬂe-l,z,}
cycl ohex- 2- enyl oxy] benzene (494.5 nd
triol
In a nltrogen stream, a solution of 1-{4-ethylbenzyl-3-

((3R,4R,55,65})-4,5,6-trisbenzyloxy-3-(benzyloxymethyl)-
cyclohex-2-enyloxyl]benzene (494.5 mg, €¢.692 mmol) and
pentamethylbenzene (1.05 g, 7.06 mmol} in methylene chloride
(38 mL) was cooled to -78°C, and a BCl; methylene chloride
solution (1.0 M, 7.54 mL) was added dropwise thereto. The
reacticn mixture was stirred at the temperature for ten
minutes and at -70°C for 1.5 hours, and then methanol {20 mL)
was added thereto. The residue obtained by distilling the
solvent under reduced pressure was roughly purified by silica
gel column chromatography [developing
solution=methanol:methylene chloride {1:20 to 1:10) and then
purified by preparative TLC [developing
solution=methanol:methylene chloride (1:10)] to obtain the
title compound (46.2 mg, 19%).
'H-NMR (CDOD) &: 1.19 (3H, t, J=7.6Hz), 2.27-2.44 (1H, m),
2.58 (2H, g, J=7.6Hz), 3.44-3.68 (3H, m), 3.76-3.94 (3H, m),
4.45-4.57 (1H, m), 5.74-5.84 (1H, m), 6.95-7.25 (8H, m)

MS (ESI'}: 372 [M+H;01"



pent anmet hyl benzene (1.05 g, 7.06 mmol) in nmethylene chloride (38 nL) was
cooled to -78C, and a BC13 nethylene chloride solution (1.0 M 7.54 nL) was
added dropwi se thereto. The reaction mxture was stirred at the tenperature
for ten mnutes and at -70C for 1.5 hours, and then nethanol (20 nL) was
added thereto. The residue obtained by distilling the solvent under reduced
pressure was roughly purified by silical%®l~ col um chromat ography

[ devel opi ng sol uti on=net hanol : net hyl ene chloride (1:20 to 1:10) and then
purified D§PkE Rerertien TTanedel@l dpi mnutes ut i on=net hanol : net hyl ene
chloride (1:10)] to obtain the title conmpound (46.2 ng, 19% . 'H NMR

( CD30D) 6Mqaa@rfewttcoad#t%?a§ °§ BOLG 44 (1H, n), 2.58 (2H, q, J=7.6Hz),
3.44-3.68 (3 ,376394[&) 4.45-4.57 (1H, n), 5.74-5.84 (1H m,
6. 95-7. 25 (%?ium VB¢ Rpek . O $2A[M‘ilr2 § mmg gy MM P C Retentlon Time: 18. 37

T oo | o AL EE e a8l L hesn %oy "EEo1ILh T b 0BT ERE ot DRr o 2y ) 70
o e ) Therearrer Ve ol 29539 BYY .t.oﬁﬁf‘w‘é%nk}f#%@%{w%&“

(100%] for five minutes fbom%@mﬂﬂédm(mm £ WD EIRRAt Wi Room

tenperature Detection Condition: Total plot of the entire wavel ength of 230
to 400 nm thereafter under the same condition [10 mM

AcONH,/MeOH (100%)] for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature
Detection Condition: Total plet of the entire wavelength
of 230 to 400 nm

Example 65

(1R,2R,3S,4R,5R)-1-[3-{4-Ethylbenzyl)-4-methoxyphenyl]-5-

(hydroxymethyl )cyclohexane-1,2,3,4-tetraol

(1) Synthesis of (1R, 2R,3S,4R,5R)-2,3,4-trisbenzyloxy-5-
{benzyloxymethyl)-1-[3-(4-ethylbenzyl)}-4-methoxy-
phenyl]lcyclohexanol and (15,2R,3S5,4R,5R)-2,3,4-
trisbenzyloxy-5-(benzyloxymethyl)-1-[3-(4-ethyl-
benzyl) -4-methoxyphenyl]cyclohexanol

In a nitrogen stream, an n-butyllithium hexane solution

{2.70 M, 1.03 mL) was added dropwise t¢ a solution of 4-bromo-

2-{4-ethylbenzyl)-l-methoxybenzene (908 mg, 2.98 mmol) in THF

{10 mL) while being cooled to -78°C. The reaction mixture was

stirred at the same temperature for 10 minutes. To this

solution, a solution of (2R,35,4R,5R)-2,3,4-trisbenzyoxy-5-

(benzyloxymethyl)-cyclohexanone (1.00 g, 1.86 mmol) in THF (2

mL) was added dropwise and the resulting solution was stirred



Exampl e 65 (1R 2R 3S, 4R 5R)-1-[3-(4-Ethyl benzyl) - 4- met hoxyphenyl ] - 5-

(hydr oxynet hyl ) cycl ohexane-1, 2, 3,4-tetraol (1) Synthesis of

(1R 2R, 3S,4R 5R) -2, 3, 4-tri sbenzyl oxy-5

(benzyl oxymet hyl ) - 1-[ 3- (4- et hyl benzyl ) - 4- met hoxy- phenyl ] cycl ohexanol and
(1S, 2R 3S,4R 5R) -2, 3, 4- trlsbenzyloxy 5- g&inzyloxynethyl)-l-[S-(4-ethyI-
benzyl) - 4- nethoxyphenyl]cyclohexanol Itrogen stream an n-butyllithium

hexane sol ution 2.70 1.03 m) mas added dropmnse to a solution of
4-brono- 23F4=%8 Iﬁféfhz%ﬂ Yﬂjin‘%ﬁ%oxy'ﬂ%z@ﬁ‘?? ‘f\fbe stappedndty addion (10

m.) while bging ¢ g &o - 78C, achlo ' rr.ed t th
Saie't enpePht fresFOFals n?%?aﬁummhiﬂri S oPalrihs’ SolBEieRopntyvat

o hs ol Tk Gopafiaba SOERLYGKYARs CREPAULONVITHIYELRGLChOREXROONERG - OO0 O

1.86 mmol) I OpwW S€ an I'ng so6l Ution was

stirred - 11-1?@ ani@clégﬁﬁv%g‘ WHLRSa JhEn"REELEORN §hé50395$ﬁb¥v dition

of a. saturated a nium or1 de aqueous sol ution an wat er ai ned

sol ution wasaeuh' sai £l t hrebhybs§ebabbradhda bPeaesfaniengaype VWas washed
with water and then dried over sodiumsulfate. e residue obtained by

distillingséeentohne@st HodatedepHesSupeegayr puydsipdr by ed1byasykica gel
col um chromat ogr aphy [devel opi ng sol uti on=et hyl acetate:n- hexane (1:5 to

1:1) to obtelumhlE&hPéndbodFaphy- PA8vdlbpisg sclution=ethyl acetate:n-

benzyl oxy-5- (benzyl oxynet hyl ) - 1- [ 3- (4- et hyl benzyl ) - 4-

met hoxyphelmgkausgc{ bhextool: 1D. B8 gbt288) ( BRA2ZR1IBS 2BRITRIRZ , 3, 4-tris-

5R) -2, 3, 4-trisbenzyl oxy-5-(benzyl oxynet hyl )-1-[ 3-(4-

et hyl benzybgnzyhexyioXyphenyyleyrnebbxhhol - [9- 89-othBlibpnzyl)-4-
methoxyphenyl]cyclohexanol (0.32 g, 23%) and (1S,2R, 3S,4R,
5R)-2,3,4-trisbenzyloxy-5-(benzyloxymethyl)-1-[3-(4-
ethylbenzyl)-4-methoxyphenyl]cyclohexanol (0.8% g, 64%}).
[0362] (1R}-Isomer: 'H-NMR (CDCl;) &: 1.17 (3H, t,
J=7.6Hz), 1.80-2.00 (2H, m}, 2.20-2.36 (1H, m), 2.55 (2H, 4,
J=7.6Hz), 2,91 {(1H, 4, J=2.0Hz), 3.35-3.42 (1H, m), 3.65-4.05
(10H, m), 4.41-4.45 (3H, m}, 4.59 (1H, 4, J=10.7Hz), 4.81 (1H,
d, J=10.7Hz), 4.87 (1H, 4, J=10.7Hz), 4.90 (1H, 4, J=10.7Hz),
6.78-6.84 (3H, m), 6.99-7.20 (6H, m), 7.20-7.40 (18H, m)
(1S)-Isomer: 'H-NMR (CDCl;) &: 1.12 (3H, t, J=7.6Hz), 1.40-1.54
(2H, m), 1.78-1.88 (1H, m), 2.35 (1H, 4d, J=3.3, 13.7Hz)}, 2.43
(1H, s), 2.47 (2H, g, J=7.6Hz), 3.34 (1H, 4d, J=0.9, 8.9Hz),
3.53-3.72 (4H, m), 3.80 (3H, s}, 3.86-3.93 {(2H. m), 4.41 (2H,
s), 4.49 (1H, 4, J=10.7Hz), 4.67-4.79 (2H, m), 4.83 (1H, 4,
J=10.7Hz), 5.02 (1H, 4, J=11.7Hz}, 6.78 (1H, 4, J=8.4Hz), 7.00
(2H, 4, J=7.9Hz), 7.10 (2H, 4, J=7.9Hz), 7.14-7.20 (2H, m),
7.21-7.,40 (18H, m), 7.56-7.63 (2H, m)
{(2) Synthesis of (1R,2R,35.4R.5R}-1-[3-(4-Ethylbenzyl)-

4-methoxyphenyl] -5-{hydroxymethyl)cyclchenane-1,2,3,



[0362] (1R)-lsomer: "H NMR (CDC13) S: 1.17 (3H, t, J=7.6Hz), 1.80-2.00 (2H,
m, 2.20-2.36 (1H, m, 2.55 (2H, d, J=7.6Hz), 2.91 (1H, d, J=2.0Hz),
3.35-3.42 (1H, m), 3.65-4.05 (10H, m), 4.41-4.45 (3H m), 4.59 (1H, d,
J=10. 7Hz), 4.81 (1H, d, J=10.7Hz), 4.87 (1H d, J=10.7Hz), 4.90 (1H d,
J=10. 7Hz), 6.78-6.84 (3H m, 6.99-7.20 (6H m, 7.20-7.40 (18H, m
(1S)-1somer: 'H NWR (CDC13) b: 1.12 (3H'%® J=7.6Hz), 1.40-1.54 (2H m,
1.78-1.88 (1H, , 2.35 (1H, dd, J=3.3, 13.7Hz), 2.43 (1H s), 2.47 (2H, q,
J=7.6Hz), 334(#6%?101309 89Hz) 353372(4H m, 3.80 (3H, s),

3.86-3.93 (2H, 441 ( d J 10. 7Hz), 4.67- 2H,

4. 83 (1H fj J= an%l %19312 ‘(‘QM 1Ry 2% R) g 7 ‘t”)f‘hr %"-‘31?1%819?9%5' 7m())o

(2H, d, 9Hz%}_?7 10 ﬂ %17 I—%)ll 1417)_29_(2H m, 7,21-7.40 (18H,

M, 7.56- 7%%“? x‘ﬁi‘e'i‘g‘{%th ‘é% y1b

1R 2R 3S, 4

g nethoxyﬁﬁ%%y Yé?%é%if- cycf&%enaﬁ% 1, 20%7 mmﬂbb in T%%t‘ao? To a
| ut 3y 4-

Cbenzyl oxyit ih é‘?‘%ﬁ Zhé"mb’enzér%@ﬁ%%%ﬁ%fi?ﬁh%mﬁ%%?o%ae‘;%%o? (50.0

ng, 0.067 M®ing )rbzﬂ-é'"-:a(i&bé and) 196 tn{RE eE Ohad 2s tlired &Q&feﬁaéh?aﬂg@

hydr oxi de catalyst (10 ng) was added and the m xture was stirr

hydrogen #inesgere &t rosm tanperature for 15 howrs, Alfesrffiiestigg the
catalyst, the filtrate was concentrated under reduced pressure. The

obt ai ned rigsé dreet abgspurtie eft byrpt @ pedsit corecentLa f ek e dgr meduced
sol uti on=net hanol : net hyl ene chloride (1:10)] to obtain the title conpound
(20 ny, 744es§W353] The NIR {ODSDyeBidde 2Pag Irifidd7bpHepdrdbide 84
TLC [developing sclution=methanol:methylene chloride (1:10)]
to obtain the title compound (20 mg, 74%).
[0363] 'H-NMR (CD3;OD) &: 1.22 (3H, t, J=7.6Hz), 1.65-1.84
(2H, m), 2.01-2.14 (1H, m), 2.60 (2H, q, J=7.6Hz), 3.39-3.46
(1H, m), 3.62-3.75 (4H, m)}, 3.82 (3H, s), 3.94 (2H, s), 6.94
(1K, 4, J=8.4Hz), 7.06 (2H, d, J=8.2Hz), 7.13 (2H, 4,
J=8.2Hz), 7.30-7.38 (2H, m)
MS (ESI%): 420 [M+H,0]"
HPLC Retention Time: 17.70 minutes
Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 5 um
Mobile Phase: Eluticen by applying a gradient of from 10 mM
AcONH,/H,0 (95%) plus 10 mM AcONH,/MeOH (5%) to
10 mM AcCONH,/MeOH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
AcONH,/MeOH (100%)] for five minutes
Flow Rate: 1.5 mL/minute

Column Temperature: Room temperature

Detection Condition: Total plot of the entire wavelength



(2H, m, 2.01-2.14 (1H, m, 2.60 (2H, g, J=7.6Hz), 3.39-3.46 (1H m,
3.62-3.75 (4H, m, 3.82 (3H, s), 3.94 (2H, s), 6.94 (1H, d, J=8.4Hz), 7.06
(2H, d, J=8.2Hz), 7.13 (2H, d, J=8.2Hz), 7.30-7.38 (2H, m M5 (EST'): 420

[ MFH2O ' HPLC Retention Tine: 17.70 ninutes Measur enent Conditions of HPLC
Col um: YMC-Pack ODS-A 6.0x150 mm 5 'nn Mobil e Phase: Elution by applying a
gradient of from10 nM AcONH4/ H20 (95%2% Ugs 10 mM AcONH4/ MeCH (5% to 10
nmv AcONH4/ MeCH (100% for 20 m nutes, and thereafter under the sane
condition [10 mM AcONH4/ MeOH (106%%3‘1 oo f4Q% DM nutes Flow Rate: 1.5

mL/ m nute Col unn Tenperature: Roomtenperature Detection Condition: Total

pl ot of tFEEamRLe S&avel ength - 200 of 230 to 400 rim Exanple 66

(1R 2R, 3S,AS
( hydr oxy me D>

2- (4- Et hyl hen 4R 5 2 3,
4-trisben &Q’J '{1 &( c eZSl 23% benzene A solution of the
(1S, 2R 38 F@

5- (benzyl oxyrret h)}"ftl% A%é rdle'set hy b%]lge AZyer%t]hg?(eS/tp er/ 1c o‘hexanol (124

mg, 0.16 mol) afp ol 111)9-0'231-@&3:1[3% éﬂ%ﬁj {2 m) was
cooled to -5C, “and tr|ethyIS|Iane (0.3 nL 2. 4Qy ) vas égﬁ%d t hereto.

To cyclohexyl]benzene

A solution of the (1S8,2R,3S, 4R,5R)-2,3,4-trisbenzyloxy-
5-(benzyloxymethyl)-1-[3-{(4-ethylbenzyl)-4-
methoxyphenyl]cyclohexanol (124 mg, 0.16 mmol) as obtained in
Example 65 in methylene chloride (2 mL) was cooled to -5°C,
and triethylsilane {(0.39 mL, 2.44 mmol) was added thereto. To
the mixture, tricofluoroacetic acid (0.12 mL, 1.6 mmol) was
added and the reaction mixture was stirred at -5°C for one
hour, and then a saturated sodium hydrogen-carbonate was added
thereto. The resulting mixture was extracted with methylene
chloride and the organic layer was washed with a saturated
sodium chloride agqueous solution and then dried over 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
(1:9)] to obtain the title compound (10 mg, 8%}.

[0364] lH-NMR (CDCl;) &: 1.17 (3H, t, J=7.6Hz), 1.58-1.96
(3H, m), 2.56 (2H, q, J=7.6Hz), 2.55-2,.70 (1H, m), 3.43-3.62
(5H, m), 3.78-4.00 (6H, m), 4.43 (2H, s), 4.44 (1H, 4,
J=9.9Hz), 4.56 {1H, 4, J=10.8Hz), 4.82-4.93 (3H, m), 6.75-6.82
(3H, m), 6.99-7.18 (9H, m), 7.20-7.38 (15H, m)

(2) Synthesis of (1R,2R,35,45,6R}-4-[3-(4-Ethylbenzyl}-~



the m xture, triofluoroacetic acid (0.12 nL, 1.6 mmol) was added and the
reaction mxture was stirred at -5C for one hour, and then a saturated
sodi um hydr ogen- carbonate was added thereto. The resulting m xture was
extracted with nethylene chloride and the organic | ayer was washed with a
saturated sodium chloride aqueous solution and then dried over sodi um

sul fate. The solvent was distilled unde0deduced pressure and the obtained
residue was purified by silica gel colum chromatography [devel opi ng

sol uti on=et hyl dcatedthexyphengrid - §-1(1)drcxymeitail) ayvea digxane-dnpbund (10 ny,
8% . [0364] 1H NMR (CDC13) 8: 1.17 (3H, t, J=7.6Hz), 1.58-1.96 (3H, m,
2.56 (2H, q, J=B-6maprl 2.55-2.70 (1H, m, 3.43-3.62 (5H, m, 3.78-4.00 (6H
m, 4.43 (2H, s%, 4.44 (1H, d, J=9.9Hz), 4.56 &1H, d, J=10.8Hz), 4.82-4.93
(3H, m), 6.75-6T822 Egljutipn @fg@-targthyfibenpyld -AoretdeXyrsy n) (2)

Synt hesi f (1R 2R 3S 43, 6R) -.4-] 3-(/4- Et hyl 1) - 201 -

4¥getﬁz;§dﬁ Iﬁs%§%¢é%hé%&ﬂ#n%nAj {iﬁﬁéﬁigg?eg' 3-triol To a solution of

2- (4- et hyl l.).-1- haxy- 4- 1S 3R 4R, -2 3,4-tris-hb I =B

(benzy| oxyHEIRT R TGS R T B h o (s o0 7 TR LY (B ang
th I 0/ | _adi h i_d tal . dded and

The m xt ur'® aaadt At A Ty EOC o o Bt Bt 2 U e For

13 hOUr s. il eel |eP A0 Joi® Rl Yo 0 ikt SRS SOURR G ginder

reduced pressure. e ai ned resi due was puri by preparative

[ devel opi RgrasQldén HtmITPHRAO At R &hp el tred & drl ' 1H))Hodr®s Obtagigat he
title conpound (3.9 ny, 75%.

filtering the catalyst, the filtrate was concentrated under

reduced pressure. The obtained residue was purified by

preparative TLC [developing solution= methanol:methylene

chloride (1:10)] to cobtain the title compound (3.9 mg, 75%).

[0365] 'H-NMR (CDiOD) &: 1.23 (3H, t, J=7.4Hz), 1.34-1.48

(1H, m), 1.60-1.76 (1H, m), 1.83 (1H, dt, J=13.5, 3.5Hz),

2.48-2.66 (3H, m), 3.30-3.38 (2H, m), 3.42-3.52 (1H, m), 3.58-

3.65 (1H, m), 3.77 (1H, 4, J=4.0Hz), 3.82 (3H, s), 3.92 (24H,

s), 6.91 (1B, 4, J=8.2Hz), 7.02-7.14 (6H, m)

MS (ESI'): 406 [M+H,0]"

HPLC Retention Time: 12.53 minutes

Measurement Conditions of HPLC

Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm

Mobile Phase: Elution by applying a gradient of from 10 mM
AcONH,/H,0 {95%) plus 10 mM AcONH,/MeOH {(5%) to
10 mM AcONH,;/MeCH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
AcONH,;/MeOH (100%)] for five minutes

Flow Rate: 1.5 mL/minute

Column Temperature: Room temperature



[0365] 1H NMR (CD30D) 8: 1.23 (3H, t, J=7.4Hz), 1.34-1.48 (1H m,
1.60-1.76 (1H, m, 1.83 (1H, dt, J=13.5, 3.5Hz), 2.48-2.66 (3H m,
3.30-3.38 (2H, m, 3.42-3.52 (1H, m, 3.58- 3.65 (1H, m, 3.77 (1H d,
J=4,CHz), 3.82 (3H, s), 3.92 (2H, s), 6.91 (1H, d, J=8.2Hz), 7.02-7.14 (6H,
m M (ESI+): 406 [ MtH2Q]' HPLC Retentiop Tine: 12.53 m nutes Measurenent
Condi tions of HPLC Col um: YMC-Pack QODS- 0%.(%I5C)nn] 5 i m Mobi | e Phase:

El ution by applying a gradient of from 10 nM AcONH4/ H20 (95% plus 10 mV
ACONH4/ MeOHPe 5ot ion Gondit henHEPREPL2b08T Fhe ebtiFauvavelangth
thereafter under the sane conditigg éﬁg mV, AcONH4/ MeOH (100% ] for five
mnutes Flow Rate: 1.5 ni/ni nut e®EofdfnteehPlrMure: Room tenmperature - 202

Eetection7§§ggiégogz Total plot of the entire wavel ength of 230 to 400 no
Exampl e 6 —2R-3S, 4R 5R) - 1- [ 2- Et hyl - 5- (4- et hyl benzyl ) phenyl ] - 5-
(hydroxymet fwl ) gysk ohgxaRe- Ry £LE 2Pk - o £ 1 SYRLDES]

( 3- Br ono- 4=etto s added to

magnesi Um (3odr&%ymd fnp1 18PE oheRBfle f U1 5 her ADE ¢ Labj ONO- 4- et hyl benzene (2

nm., 14.5 xture was heated to ref

lux for opg)housynthesigasti p9-BLIhL £- ¥BBoL 19-P&.-epng1a solution of

3-bronn-4-ethoxy5%nzaldehyde (2.21 g, 9.68 nng??éﬂy 9- P4- o thf
phenyl)methanol

THF (10 mL) was added to magnesium (353 mg, 14.5 mmol),
and furthermore l-bromo-4-ethylbenzene (2 mL, 14.5 mmol) was
added dropwise thereto and the mixture was heated to reflux
for one hour. The reaction mixture was cooled to 0°C, and a
sclution of 3-bromo-4-ethoxybenzaldehyde {(2.21 g, 9.68 mmol)
in THF (5 mL)} was added thereto and the reactlon mixture was
stirred at the same temperature for 1.5 hours. To the
reaction mixture, a saturated ammonium chloride agqueous
solution was added and the resulting mixture was extracted
with ethyl acetate. The extract was washed with a saturated
scdium chloride agueous sclution and dried over magnesium
‘sulfate. The residue obtained by distilling the solvent under
reduced pressure was purified by silica gel column
chromatography [developing solution=n-hexane to n-hexane:ethyl
acetate (3:1)] tco obtain the title compound (2.83 g, 8B%).
[0366] 'H-NMR (CDCl,;) &6: 1.22 (3H, t, J=7.6Hz), 1.45 (3H,
t, J=7.0Hz), 2.14 (1H, 4, Jd=3.5Hz), 2.63 (2H, q, J=7.5Hz),
4.07 (2H, q, J=7.0Hz), 5.74 (1H, 4, J=3.5Hz), 6.83 (1lH, 4,
J=8,4Hz), 7.17 (2H, 4, J=8.1Hz), 7.20-7.30 (3H, m), 7.56 (1H,
d, J=2.1Hz)

{2) Synthesis of 2-Bromo-l-ethoxy-4-(4-ethylbenzyl)-



in THE (5 nmL) was added thereto and the reaction m xture was stirred at the
sane tenperature for 1.5 hours. To the reaction m xture, a saturated
anmoni um chl ori de aqueous solution was added and the resulting m xture was
extracted wth ethyl acetate. The extract was washed with a saturated

sodi um chl ori de aqueous sol ution and d[i§&3oyer magnesi um sul fate. The

resi due obtai ned by distilling t he sol ve under reduced pressure was
purified by silica colum chronmat ography [ devel opi ng sol uti on=n- hexane
t o n-hexane: et hyPen g@@?ate (3:1)] to obt ai n the t|tIe compound (2.83 g,

?g;@. om§?326]141ﬁF¥R‘d{“(’:?C%§éFﬁ) ‘1’2 gﬁst ?Hzﬁé? 3 435%3(2H tiq
o5 re) b %ﬁlég’?&dgsﬂﬁ%%‘?'fzLﬁggfﬁ"“f’?ex ‘&-%@4@)'%%13.2?35?
2- Bromo- | - ehRQXY+4- E4SSHB¥&Bﬁn6¥|§3 ngﬁo 4b€@ﬁSQ§pﬁéh?&h¥{§'lane (2.7 n,

16.9 mmol ) and a boron trifluori | et hyl ether conple 2 m., 9.47

mol ) wer eqtAg ﬂ ﬂeh?l?‘mé@hﬂhb@.n(Qf aé3gbr@Wa%ﬁb*ﬂ?xmhﬁ@xhh&ﬁe chloride
et hyl phenyl ) net hano g, 8.44 mmol) in nethylene chloride (20 nmL) at

0C and the ﬁbxhﬂﬁea%ﬁ§°@téﬁdeéhé0miifﬁ§€'ﬁ9§r§tlrﬁ@ﬁh§89|tﬁﬁ@%ﬁh&@%@r (4 m)
was added to the reaction mxture and the resulting m xture was extracted

wi th met hyMebranchl ¢608¢-walterexdr ab) was wddbdadtw thearsatttioahefixedirem
chl ori de aqueous solution, and then dried over magnesium sulfate. The
resi due obémfinthdebyeduidtihbi ndxthresvhsenktuadted wétthcmétpydeser e was
purified by silica gel colum

chloride. The extract was washed with a saturated sodium

chloride aqueous solution, and then dried over magnesium

sulfate. The residue obtained by distilling the solvent under
reduced pressure was purified by silica gel column
chromatography {developing solution=n-hexane to n-hexane-ethyl

acetate [4%(v/v)]) to obtain the title compound (2.69 g, 100%).

[0367] 'H-NMR (CDCl;) d: 1.22 (3H, t, J=7.6Hz), 1.45 (3H,

t, J=7.0Hz), 2.62 (2H, q, J=7.6Hz), 3.85 (2H, s), 4.06 (2H, q,

J=7.0Hz), 6.79 (1H, 4, J=8.4Hz), 7.00-7.15 (3H, m), 7.36 (1lH,

d, J=2.1Hz)

(3) Synthesis of (1R,2R,3S,4R,5R)- and (1S, 2R, 3S,4R,5R)-
2,3,4-Trisbenzyloxy-5-benzyloxymethyl-1-[2-ethoxy-5-
{4-ethylbenzyl)phenyl]cyclohexanol
In a nitrogen stream, an n-butyllithium hexane solution

{1.59 M, 2.30 mL, 3.66 mmol) was added dropwise to a soluticn

of 2-bromo-l-ethoxy-4-{(4-ethyl-benzyl}benzene (1.18 g, 3.70

mmol) in THF (9 mL) while being cooled to -78°C. The reaction

mixture was stirred at the same temperature for one hour, and

then a solution of {(2R,35,4R,5R)-2,3,4-trisbenzyloxy-5-

{(benzyloxymethyl)-cyclohexanone (1.50 g, 2.80 mmol) in THF



chr omat ogr aphy (devel opi ng sol uti on=n-hexane to n-hexane-ethyl acetate
[4%v/Vv)]} to obtain the title conpound (2.69 g, 100%. [0367] 1H NMR
(CbC13) S 1.22 (3H, t, J=7.6Hz), 1.45 (3H, t, J=7.0Hz), 2.62 (2H, q,
J=7.6Hz), 3.85 (2H, s), 4.06 (2H, q, J=7.0CHz), 6.79 (1H, d, J=8.4Hz),
7.00-7.15 (3H, m, 7.36 (1H, d, J:2.1f3%0é3 Synthesis of (1R 2R 3S, 4R 5R)-
and (1S, 2R 3S,4R 5R)- 2, 3, 4-Tri sbenzyl oxy-5-benzyl oxynet hyl - 1-[ 2- et hoxy- 5-
(4-ethy|beEzyI) E enyl ] cycl ghexanol In a nitro&gn stream an n-butéllithium
hexane. sol (i 13rmL] 1968 #fded 387 apwise sthahets aBd BhEcRSAFbAARsBiKbuEe
solution of 2-prono:l-ethoxy:4:(4-ethyl-benzyl)benzene (1,18 g, 3.70 mol)
in THE (9 Y15 ﬁﬁi?ﬁe%e?ﬁg"zéoq efoé’f ae %Utﬁ% rehac?artd’rFaéﬁq{t R stirred
at the sa at ur r r n e uiiLo
(2R,3S,4Rﬁ§%3$g?§§4é#?lg gnggﬁgﬁggﬁ-w?%e%%%%@xﬁ%%?%ﬁ%}g%y%F%ﬁeE%ﬁone (1.50
g, 2.80 nﬂPéQctﬂoHTEEThgQéesﬁftﬁnﬁiﬁiﬂﬁﬁrédgﬁg.gﬁ?P&b%%gtnfEﬁtthgg the
reaction mxture was stirred at =78C for 10 m nutes. sat ur at ed” anmoni um

chloride agiepafe SOANY | PRe VE8BgaR 81 4PET Sfs tWaShOR wD€n heagthipPAtedne
resulting mxture was extracted with ethyl acetate, and the organic |ayer

was washedsydilim acEBbHLdé eslqueOds Usd Lt 06 h d€nAaLIROH SAEDL At b9BraRdghB8iudr | ed
over magnesium sulfate. The residue obtained by distilling the sol vent

under redsEflaps essThe nasiduei dbedibydsbyi dbsgellinguthe sblosnatoghaehy
[ devel opi ng sol uti on=et hyl acetate:n-hexane (1:4)] to obtain a (1R)-isoner
(884 ny, 4équeed prédSire seaerpulrifdedyby3dilica98B3¢oldmr- | sonmer: ' H NVR
(CDC13) b: 1.23 (3H, t,
chromatography [developing solution=ethyl acetate:n-hexane
(1:4)] to obtain a (1R)-isomer (884 mg, 41%) and a (1S)-isomer
(740 mg, 34 %}.
[0368] (1R)-Isomer: 'H-NMR (CDCli} &: 1.23 (3H, t,
J=7.6Hz), 1.37 (3H, t, J=7.0Hz), 1.70 (1H, 4dd, J=14.3, 4.1lHz),
2.20-2.3% (1H, m), 2.62 (2H, q, J=7.6Hz), 2.67-2.82 (lH, m),
3.0-3.3 (1H, br), 3.43 (1H, 4d, J=8.8, 2.0Hz), 3.71 (1lH, 44,
J=9.8, 9.8Hz), 3.83 (1H, 44, J=8.9, 4.0Hz), 3.86-4.10 (3H, m),
3.91 (2H, s), 4.44 (2H, s}, 4.48 (1H, 4, J=10.3Hz}, 4.58 (1lH,
br), 4.63 (1H, 4, J=10.3Hz), 4.85 (1H, &, J=11.0Hz), 4.88 (1H,
d, J=11.0Hz}, 4.95 (1H, 4, J=10.8Hz), 6.75 {(1H, 4, J=8.4Hz},
6.79 (2H, 4, J=7.0Hz), 7.00-7.40 (24H, m), 7.53 (1lH, 4,
J=2,0Hz)
(1S)-Isomer: H-NMR (CDCl,) &: 1.12 (3H, t, J=7.6Hz}, 1.30 {3H,
t, J=7.2Hz), 1.40-1.55 (1H, m), 1.76 {(1H, dd, J=13.3, 13.3Hz},
2.50 (2H, q, J=7.6Hz), 2.74 (1H, dd, J=13.7, 3.2Hz), 3.38 (1H,
dd, J=9.0, 2.8Hz)}, 3.54 (1H, 44, J=9.0, 5.3Hz), 3.64 {(1lH, a4,
J=10.8, 8.7Hz), 3.86 (1H, 44, J=9.5, 9.5Hz), 3.89 (2H, s},
4.0-4.1 (2H, m}, 4.39 (2H, s), 4.53 (1H, 44, J=11.0Hz), 4.64-

4.72 (3H, m), 4.77 (1H, 4, J=11.7Hz), 4.79 (1H, 4, J=10.5Hz),



J=7.6Hz), 1.37 (3H, t, J=7.0Hz), 1.70 (1H, dd, J=14.3, 4.1Hz), 2.20-2.35
(1H, m, 2.62 (2H, q, J=7.6Hz), 2.67-2.82 (1H, n), 3.0-3.3 (1H, br), 3.43
(1H, dd, J=8.8, 2.0Hz), 3.71 (1H, dd, J=9.8, 9.8Hz), 3.83 (1H, dd, J=8.9,
4.0Hz), 3.86-4.10 (3H, m), 3.91 (2H, s), 4.44 (2H, s), 4.48 (1H, d,
J=10.3Hz), 4.58 (1H, br), 4.63 (1H, d, J=10.3Hz), 4.85 (1H, d, J=11.0Hz),
4.88 (1H, d, J=11.0Hz), 4.95 (1H, d, 3=2058Hz), 6.75 (1H, d, J=8.4Hz),
6.79 (2H, d, J=7.0Hz), 7.00-7.40 (24H, m, 7.53 (1H, d, J=2.0Hz)
(1S) - | somes: 87TH{NNR @CDIEI)0 .BHZ)., 12 .(8H, ( 1H, X7 F+¥),7THz B0 §3%B-7142 (25H,
J=7.2Hz), 1.40-1.55 (1H, m), 1.76 ng, dd, J=13.3, 13.3Hz), 2.50 (2H, q,
J=7.6Hz), Rm}747(6R (48, §19-2.8¥z3Hz), 3.38 (1H dd, 3=9.0, 2.8Hz), 3.54
(1H, dd, J=9.0, 5.3Hz), 3.64 (1H, dd, J=10.8, 8.7Hz), 3.86 (1H, dd, J=9.5,

9.5Hz), 3. 39)(2HSY§)thes4sooi ilezﬂR AR, §§)(-il|=|[25 thoxys 5-114 - eghyl-
J=11.0Hz), 4. 64- 472() n)& 1H, d, J=11.7Hz). 4.79 (1H, d,
J=10.5Hz). - 205PeRzg})phanyd]-5= 16Y§ﬁ??‘¥m&t§§1()fﬁ°1&he§aﬁf b2 3.6, 98- 7. 42
(25H, m, 7.67 (14, .d =1.8Hz) (4) Synthesis of

(1R 2R, 3S, 4R 5R) A1rE5TBPhoxy- 5- (4- et hyl -

beneyl) phenyl ] - SebXSLEIYRRLAY bhoYshobRxaaeak: Snfe 2, 4. hekbdBbeltyd QU 1 0"

of (1R 2R 3S, 4R rispe OoXy-
(o TR . Tl s g checanl (60
i 1 BRIy SgRhecte b, ST, v, 1 e <
filtrate vwagtpaneenisamed ,uadeosr pauaadinmebyuroxifee catalyst (60 mg)
was added and the mixture was stirred under a hydrogen
atmosphere for 2.5 hours. After filtering the catalyst, the
filtrate was doncentrated under reduced pressure. The
cbtained residue was purified by silica gel column
chromatography {developing solution=methylene to methylene
chloride methanol [12%(v/v)]} to obtain the title compound
(197 mg, 61%).
[0369] 'H-NMR (CD,OD) 8: 1.18 (3H, t, J=7.6Hz), 1.43 (3H,
t, J=7.0Hz), 1.60 (1H, dd, J=14.3, 4.1Hz}, 2.01 (1H, m}, 2.43
(1H, dd, J=14.0, 13.0Hz), 2.57 (2H, g, J=7.5Hz), 3:39 (1H, 44,
J=10.5, 9.3Hz), 3.60-3.68 (3H, m), 3.85 (2H, s), 4.03 (2H, m),
4.34 (1H, 4, J=9.2Hz), 6.82 (1H, 4, J=8.2Hz), 6.99 (1H, 44,
J=8.4Hz, 2,3Hz), 7.45 (1H, &, J=2,3Hz)
MS (ESI'): 434 [M+H,0]"
HPLC Retention Time: 18.71 minutes
Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 35 pm

Mobile Phase: Elution by applying a gradient of from 10 mM

AcONH4/H,0 (95%) plus 10 mM AcONH,/MeOH {(5%) to



obt ai ned residue was purified by silica gel columm chronat ography
{devel opi ng sol uti on=net hyl ene to nethylene chloride nethanol [12%Vv/vV)])
to obtain the title conmpound (197 ng, 611). [0369] 1H- NWR (CD30D) S: 1.18
(3H, t, J=7.6Hz), 1.43 (3H, t, J=7.0Hz), 1.60 (1H, dd, J=14.3, 4.1Hz), 2.01
(1H, m, 2.43 (1H, dd, J=14.0, 13.0Hz),_2.57 (2H, q, J=7.5Hz), 3:39 (IH,

dd, J=10.5, 9.3Hz), 3.60-3.68 (3H m; 2B5 (2H, s), 4.03 (2H, n), 4.34
(1H, d, J=9.2Hz), 6.82 (IH d, J=8.2Hz), 6.99 (1H, dd, J=8.4Hz, 2.3Hz),
7.45 (1H, d, J=2.3Hz) M5 1&9nM)AcONH.Madib @003 ERetzhmigmte swe and. 71

m nutes Measurenent Conditions _of HPLC Columm; YMC-Pack ODS-A 6. Ox150 mm 5
(un Mobile Phase: El uti ontB§TeRpFT ngndeyrtiae cfame s cordhtion nid 0 stiNM4/ H20

(95% plus 10 nmM AcONH4/ 5% to -. 20 10 mM AcONH4/ MeCH (100% for 20
m nutes, and thereafter '\gﬁ%{é‘%‘/ﬁ?@}géﬂﬁcﬁﬂdifﬂ%ﬁﬁ% ULQSONHA/ MeOH
(100%] f fiv inujes Hlow Rate: 1.5 nl/mnute Col um Tenperature: Room
tenperatuﬁ%bf%t€%€%bn{C%HB#??%%F£?OtaI pl ot of the entire wavelength of 230
to 400 nm .

(1R 2R, 35,5‘? -4'5%‘5‘3%?%%?5-'3 o BT RERE ¥ Bhenyl 1-6- (hydr oxymet hyl )

cycl ohexaneyde e Brdh | @bndit iGNt REeaE Blof 1 2h3%eAti BB whvh 2eklbRxy- 5 (4-
et hyl benzyl ) phenyl | - 6- (hydr oxynet hyl ) cycl ohexane-

of 230 to 400 nm

Example 68

{1R,2R,35,45,6R)-4-[2-Ethoxy-5-(4-ethylbenzyl)phenyl]-6-

(hydroxymethyl)cyclohexane-1,2,3-triol

(1) Synthesis of (1R,2R,3S,4S,6R)-4-[2-Ethoxy-5-(4-
ethylbenzyl)}phenyl]-6-(hydroxymethyl)}cyclochexane-
1,2,3-triocl

To a solution of the (1S,2R,35,4R,5R)-2,3,4-tris-
benzyloxy-5-benzyloxymethyl~-1-[2-ethoxy-5-(4-ethylbenzyl)-
phenyl]cyclohexanol (402 mg, 0.517 mmol)} in THF (4 ml) and
methanol (2 mL) as obtained in Example 67, a 20% palladium
hydroxide catalyst {78 mg) was added and the mlxture solution
was stirred under a hydrogen atmosphere for 19 hours. After
filtering the catalyst, the filtrate was concentrated under
reduced pressure. The obtained residue was purified by silica
gel column chromatography [developing sclution=methylene
chloride: methanol (10:1)] to obtain the title compound (42 mg,

20%).

[0370] 'H-NMR (CD,OD) &: 1.18 (3H, t, J=7.6Hz), 1.25-1.50

{l1H, m), 1.38 (3H, t, J=7.0Hz), 1.62 (14, m), 1.78 (1H, m},

2.57 {2H, q, J=7.6Hz), 2.95-3.15 (1H, br), 3.25-3.33 (2H, m),

3.54 (1H, 44, J=10.8, 6.1Hz), 3.73 (1H, 44, J=10.8, 3.8Hz),



1,2,3-triol To a solution of the (1S, 2R 3S,4R 5R)-2, 3, 4-tris-

benzyl oxy-5- benzyl oxynet hyl -1 - [ 2- et hoxy- 5- (4- et hyl benzyl ) -
phenyl ] cycl ohexanol (402 ng, 0.517 mmol) in Tiff (4 mM) and nethanol (2 ni)
as obtained in Exanple 67, a 20% pal | adium hydroxi de catal yst (78 ng) was
added and the m xture solution was stirred under a hydrogen atnosphere for
19 hours. After filtering the catalyst,z?ﬁe'filtrate was concentrated under
reduced pressure. The obtained residue was purified by silica gel colum
chr omat ogr 3ph§-Bd8bekdBi n®)soPuBBoh2Het Ayl eAc00cKRB:i Ge: IJmdrRHAJl 61611)] to
obtain the title conBound (42 ng, 2099.. [0370] "H NVR (CD30D) b: 1.18 (3H,
t, J=7.6Hz$1H1 95 d=Be4HEl} 6np2 {1Hg @dy JF8-3=7201HR) . 17694( {1 nf; 1.78

1H, m), 2.57.(2H g, .J=7.6Hz). 2.95-3.15 (1H, br), 3.25-3.33 (2H m),
g.54 ?)1H, Sa?-ééigrs?-g.‘i’lziﬂ?: %?73 (1H, dd,(leo.g? 3. 8Hz), - 287 3@65—3.85

1H ™, 3,83 _ oH q, J=7.0Hz), 6.81 (1H, d. J=8.4Hz), 6.94
ElH, onll)j, J’ég.é{gg;‘fﬁ%‘}%ﬁ??&((m, LTy 7)Hz), 7.06((4H, s) MB :

(ESI"): 4015M.c ﬁﬁ%ghﬁgBﬁ?&iﬁ@:T%g?éal ig8tQknhutes Exanples 69 to 74 The

target conpounds were obtal ned pertormng the sane operation as in

Exanpl e 67gQamb¥a8Pk6 €8 Wyt h the use of the corresponding starting
naterials'aﬁdJreagEﬁr§‘_—TEspectiver. [ 0371] Exanple 69

(1R 2R 3S, 4R SR THel 5ai"§eEt Byhbengds ) weréd- §btEiRedYpphsayEbrRing the

same operation as in Example 67 or Example 68 with the use of
the corresponding starting materials and reagents,
respectively.

[0371] Example 69

(1R,2R,35,4R,5R)-1-[5-(4-Ethylbenzyl)-2,4-dimethoxy-phenyl]-5-

(hydroxymethyl )cyclohexane-1,2,3,4-tetraol

'H-NMR (CDsOD) &: 1.17 (3H, t, J=7.6Hz), 1.61 (1H, dd, J=13.9,
3.8Hz), 1.90-2.10 (1H, m), 2.22 (1H, d4d, J=13.9, 13.2Hz}, 2.55
{2H, g, J=7.6Hz), 3.32-3.42 {(1H, m), 3.58-3.70 (3H, m}, 3.76-
3.88 (2H, m), 3.80 (3H, s}, 3.84 (3H, s), 4.19 (1H, 4,
J=9.1Hz), 6.58 (1H, s), 7.00 (2H, 4, J=8.2Hz), 7.06 (2H, 4,
J=8.2Hz), 7.35 (1H, s)
MS (ESI*): 455 [M+Na]"
HPLC Retention Time: 17.83 minutes
Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 5 um
Mobile Phase: Elution by applying a gradient of from 10 mM
AcCONH,/H,0 (95%) plus 10 mM AcONH,/MeOH (5%) to
10 mM AcONH,/MeOH (100%) for 20 minutes, and
thereafter under the same condition [10 mM

AcONH;/MeOH {(100%)] for five minutes



(hydr oxynet hyl ) cycl ohexane-1, 2, 3,4-tetraol 1H NWR (CD30OD) 5: 1.17 (3H, t,
J=7.6Hz), 1.61 (1H, dd, J=13.9, 3.8Hz), 1.90-2.10 (1H, m), 2.22 (1H, dd,
J=13.9, 13.2Hz), 2.55 (2H, q, J=7.6Hz), §a3?'3-42 (1H, m), 3.58-3.70 (3H
M, 3.76- 3.88 (2H, n), 3.80 (3H, s), 3.84%(3H s), 4.19 (1H d, J=9.1Hz),
6.58 (1H, %&’ 7.00 (2H, d, J=8.2Hz), 7.06 (2H, d, J=8.2Hz), 7.35 (1H, s) NS
(ESI'): 4551PknRA‘E:HALE BIYBAPNSS Time: 17.83 minutes Measur ement

Condi tions qf HPLC g0|U”“3uYNC‘§%Ck S-A 6.0%50 nm 5 pm Mobil e Phase:
El ution by S8pPMPndeEPEFaE Ese SPOM SHPFEAMITRcONHA/ H20 (959 plus 10 mM

AcONH4/ MeCHL (59, . & AcON G1Q0Y% r L nu

thereafter B%gg%téﬁg §§§gykéﬁgpr#%%%§Tgl#%lékc%ﬁﬁ4%%§gkﬁ%&%ﬁ%%ﬁgﬁéﬁh five
mnutes - 208 - Flow Rate: 1.5 ng/gnmonut @ .Calhgmyprenperature; Room
tenperature Detection Condition: Total plot of ?he entire wavel ength of 230
to 400 nm he 7@

(1R, 2R, 3S, S 6R-4-15- (4- Et hyl benzyl ) - 2, 4- di net hoxy- phenyl ] - 6-

(hydr oxynmethgl, p&y g5Qkgx 8R9~4-2 53{Ur-E@hy1bkhzMYR -0 @DineThokyl bHehkt1 1t-6 -
J=7.6Hz), 1.24-1.48 (1IH, m, 1.52-1.82 (2H, m, 2.56 (2H d, J=7.6Fz),
2.86-3. 08 (hydrokymeihy4)3dy2doheane)1,2..48+8161 (2H ), 3.68-3.84 (3H m,
3.79 (3H, s), 3.81 (3H, s), 6.56 (1H, s), 6.93 (1H s), 7.01 (2H, d,

J=8. 6Hz), THOSMR2{CDMDYB. AHA)7 (3H, t, J=7.6Hz), 1.24-1.48 (1lH, m),

1.52-1.82 (2H, m), 2.56 (2H, 4, J=7.6Hz), 2.86-3.08 (1H, m),
3.24-3.29 {(1H, m), 3.48-3.67 (2H, m), 3.68-3.84 (3H, m), 3.79
(3H, s), 3.81 (3H, s), 6.56 (1H, s), 6.93 (1H, s), 7.01 (2RH,
d, J=8.6Hz), 7.05 (2H, 4, J=8.6Hz)
MS (ESI*): 416 [M]’
HPLC Retention Time: 18.26 minutes
Measurement Conditions of HPLC
Column: ¥YMC-Pack ODS-A 6.0x150 mm, 5 um
Mobile Phase: Elution by applying a gradient of from 10 mM
AcONH,/H,0 (95%) plus 10 mM AcONH,/MeOH (5%) to
10 mM AcONH;/MeOH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
ACONH,/MeOH (100%)]) for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature
Detection Condition: Total plot of the entire wavelength
of 230 to 400 nm

Example 71

{lR,2R,35,4R,5R)-1-[5-(4-Ethylbenzyl)-2-methylphenyl]-5-

(hydroxymethyl)cyclohexane-1,2,3,4-tetraol




M5 (ESI'): 416 [M' HPLC Retention Tinme: 18.26 m nutes Measurenent
Condi ti ons of HPLC Col um: YMC-Pack ODS-A 6.0x150 mm 5 m Mbil e Phase;

El ution by applying a gradient of from10 nM AcONH4/ H20 (95% plus 10 mV
ACONH4/ MeCH (5% to 10 mM AcONH4/ MeCH (100% for 20 m nutes, and

t hereafter under the same condition [10 ACONH4/ MeCH (100% ] for five
m nutes Flow Rate: 1.5 nl/minute Col um erature: RmmtammaUMe

Det ecti on Cbndltlon Total plot of the entire mavelegg of 230 to 400 nm
Exanpl e 71 H@m 2@%§D4R55R)1419( $3H4- ErhyFBefBFD) - - 78t K}Hphady| J-

B St T L e
3 ¥ S e s O, S B

J=7.6, 1.5 1 41 1276 3 H 0 oy
409 [N%hb]kté ZﬁZQ é 257 fon)=4)0Hd) 017 (94, (41 50h. 2#242 6160 (¥h,Maa(ES!")

(1R, 2R, 3S, 557681 ﬂ Bﬁz64 FL byl benzyh) - 3= ﬂeshybphenmb](ﬁn m), 7,42 (1H,
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol ' H NVR (CD30OD) (3H,
J=7.6Hz), 4)24-1.37 (1H, m), 1.59-1.81 (2H n), 2.30 (3H, s) 2.57 (2H, q,

3=7.6Hz), 2.93
MS (ESI*): 409 [M+Nal]”

Example 72

{1R,2R,35,48,6R)-4-[5-(4-Ethylbenzyl)-2-methylphenyl]-6-

(hydroxymethyl)cyclohexane-1,2,3-triol

'H-NMR (CDsOD) §: 1.19 (3H, t, J=7.6Hz), 1.24-1.37 (1lH, m),
1.59-1.81 (2H, m), 2.30 (3H, s), 2.57 (2H, q., J=7.6Hz), 2.93
(1H, m), 3.34 (2H, m), 3.50-3.63 (2H, m), 3.75 (1H, ad,
J=10.7, 4.2Hz), 3.86 (2H, s). 6.87 (1H, d, J=7.6Hz), 7.03 (1H,
d, J=7.6Hz, 2.1Hz), 7.07 {(4H, s), 7.11 (1H, s)

MS (ESI"): 369 [M-H]"

Example 73

{1R,2R,3S,4R,5R)-1-[5-(4-Ethylbenzyl)-2-methoxyphenyl]-5-

{(hydroxymethyl)cyclochexane-1,2,3,4-tetraol

'H-NMR (CD;OD) 8: 1.13 (3H, t, J=7.6Hz), 1.56 (1H, dd, J=14.1,
3.9Hz), 1.94-2.04 (1H, m), 2.24 (1H, 44, J=13.9, 13.2Hz), 2.51
(2H, g, J=7.5Hz), 3.24-3.37 (1H, m), 3.57-3.63 (3H, m}, 3.74
(3H, s), 3.80-3.90 (2H, m), 4.22 (1H, 4, J=9.1Hz), 6.80 (1H,
d, J=8.4Hz), 6.95-7.01 (5H, m), 7.41 (1H, 4, J=1.2Hz)

MS (ESI'): 425 [M+Nal®

HPLC Retention Time: 11.69 minutes

Example 74

{1R,2R,35,45,6R)-4-[5-(4-Ethylbenzyl}-2-methoxyphenyl]-6-




(1H, m, 3.34 (2H, m, 3.50-3.63 (2H, m, 3.75 (1H, dd, J=10.7, 4.2Hz),
3.86 (2H, s), 6.87 (1H, d, J=7.6Hz), 7.03 (1H, d, J=7.6Hz, 2.1Hz), 7.07
(4H, s), 7.11 (1H, s) M5 (ESI-): 369 [MH - Example 73
(JR 2R, 3S,4R 5R)-1-[ 5-(4- Et hyl benzyl ) - 2- met hoxyphenyl ] -5- (hydroxynet hyl)
cycl ohexane-1, 2, 3,4-tetraol 'H NWVR (CD3OD) 6: 1.13 (3H, t, J=7.6Hz), 1.56
(1H, dd, J=14.1, 3.9Hz), 1.94-2.04 (1M 2Hy,-2.24 (1H dd, J=13.9, 13.2Hz),
2.51 (2H, q, J=7.5Hz), 3.24-3.37 (1H, m, 3.57-3.63 (3H, m, 3.74 (3H, s),
3.80-3.90 (hydreyymathyl)cpuclghezagetlz ¢, 3gtgdol1H, d, J=8.4Hz), 6.95-7.01
(5H, m, 7,41 £1H d, J=1.2Hz) M5 (ESI"'): 425 [MtNa]1l HPLC Retention Ti ne:
égﬁﬁqp)7@: 1.18 (3H, t, J=7.6Hz), 1.24-1.50 (1H, m),

11. 69 m nut
(nyr oxymetnye) Ly BPoRalan® 1. 2 87 Xeb 1L PRAreRehecey o8-31 o ity m,
2005 1 T1f A3 §58, D03k (s jorThi g3 b, 3 6054, 75
G/ o8 o gl LT a0 GRS el el ©

Retention digg: (14, 33aM fubes, BxamRhe 49501-7.11 (SH, m)
(1R 2R, 3S, 4R 5R)-1-[5- (4- Et hyl'benzyl Y- 2-tri f| uor onet hoxy-

phenyl ] - 5- g8y droxyretdwd ) pylighiexane-1, 2, 3, 4-tetraol The target conpound
was obt ai ned by perform ng the sane

HPLC Retention Time: 12.33 minutes

Example 75

{1R,2R,35,4R,5R)~1-[5-(4-Ethylbenzyl)-2-trifluoromethoxy-

phenyl]-5- {(hydroxymethyl )cyclcohexane-1,2,3,4-tetraol

The target compound was obtained by performing the same
operation as in Example 67 with the use of the corresponding
staring material and reagents.

[0372] 'H-NMR (CDsOD) &: 1.17 (3H, t, J=7.6Hz), 1.73 (1H,
d, J=10.1Hz), 2.00-2.12 (2H, m), 2.58 (2H, q, J=7.5Hz), 3.35
(1H, 4ad, J=9.3, 9.3Hz), 3.58-3.72 (2H, m), 3.66 (1lH, 44,
J=9.2, 9.2Hz), 3.93 (2H, s), 3.99 (1H, 4, J=8.9Hz}, 7.09 (4H,
), 7.13 (2H, m), 7.69 (1H, 4., J=1.4Hz)

MS (ESI'): 474 [M+Nal®

HPLC Retention Time: 13.09 minutes

Examples 76 to_78

The target compounds were obtained by performing the
same operation as in Example 68 with the use of the
corresponding staring raw materials and reagents, respectively.

[0373] Example 76

(1R,2R,35,45,6R}-4-[5-(4-Isopropylbenzyl}-2-methoxy-~-phenyl]-6-

(hydroxymethyl)cyclohexane-1,2,3-triol




operation as in Exanple 67 with the use of the corresponding staring

mat eri al and reagents. [0372] 1HNWR (CD3CD) O 1.17 (3H, t, J=7.6Hz), 1.73
(1H, d, J=10.1Hz), 2.00-2.12 (2H, m, 2.58 (2H, q, J=7.5Hz), 3.35 (1H, dd,
J=9.3, 9.3Hz), 3.58-3.72 (2H, m, 3.66 (1H, dd, J=9.2, 9.2Hz), 3.93 (2H,

s), 3.99 (1H, d, J=8.9Hz), 7.09 (4H, s),.7.13 (2H, m, 7.69 (1H, d,
J=1.4Hz) MS (ESI ): 474 [M+Na]' HPLC Retehtion Time: 13.09 ninutes Exanpl es
76 to 78 The target conpounds were obtained bé perform ng the sane

oper atilon d5-NMR BGhe9Dd @8 Wi-2R (RH.ufe dFétR Z)@oﬂlr-8§pénd=i2nd 1&.amdng raw
[ ' 73] . Ex 7

(1R 2R 35, hesarf BT K2 FL0 0 oBbTELRsy I FHo Bt ngxDE pRekg) { 1B, m). 3.26-

R e T L e e o A STt

3023, 85 {ope P 2aFe7aR (AR QT8 BR= T 00 IR0k 5B

J=8. 2, 2'25?i““£§2ﬁ§§31%715H(5ﬁ1 m)S (ESI'): 400 [M' HPLC Retention Time:

13. 07 m nutes

(IR 2R 35 4S, bRS1% { 3tdat- Byl benzyl ) phenyl | - 6- (hydr oxy-
nmet hyl ) cycl ohexane-1, 2, 3-triol 1H NWR (CD30D) 6: 1.24 (3H, t, J=7.5Hz),
1.43-1.53 g81C Retentibi- Tim8: (1B, oM midAuBls(1H, dt, J=13.4, 3.7Hz),
2.56-2.68

Example 77

(1R,2R,35,45,6R)-4-[3-(4-Ethylbenzyl)phenyl]-6-{hydroxy-

methyl)cyclohexane-1,2,3-triol

'H-NMR (CD,OD) &: 1.24 (3H, t, J=7.5Hz), 1.43-1.53 (1H, m),
1.61-1.78 (1H, m), 1.85 (1H, dt, J=13.4, 3.7Hz), 2.56-2.68
(3H, m), 3.29-3.40 (2H, m), 3.50-3.66 (2H, m), 3.80 (1H, 4d,
J=10.9, 3.9Hz), 3.94 (2H, s), 7.04-7.27 (8H, m)

MS (ESI*): 357 [M]"

HPLC Retention Time: 12.12 minutes

Example 78

(1R,2R,35,45,.6R)-4-[3-(4-Hydroxybenzyl)phenyl]-6-{hydroxy-

methyl)cyclohexane-1,2,3-triol

'H-NMR (CD;OD) &: 1.43-1.52 (1H, m), 1.64-1.78 (1H, m), 1.85
(1H, 4t, J=12.5, 3.7Hz}, 2.55-2.66 (1H, m), 3.33-3.40 (2H, m),
3.50-3.64 (2H, m}, 3.76-3.84 (1H, m), 3.88 (2H, s8), 6.68-6.74
{2H, m), 7.00-7.14 (5H, m), 7.20-7.25 {(1H, m)

MS (ESI'): 362 [M+H01"

HPLC Retention Time: 13.70 minutes

Example 79

(1R,2R,35,45,6R)~4-[5-(4-Ethylbenzyl) -2-hydroxyphenyl-6-

{(hydroxymethyl)cyclohexane-1,2,3-triol




(3H, m, 3.29-3.40 (2H, m, 3.50-3.66 (2H, m, 3.80 (1H, dd, J=10.9,
3.9Hz), 3.94 (2H, s), 7.04-7.27 (8H, n M5 (ESI'): 357 [M' HPLC Retention
Time: 12.12 mnutes Exanple 78

(1R 2R, 3S,4S, 6R) -4-[ 3- (4- Hydr oxybenzyl ) phenyl ] - 6- (hydr oxy- net hyl)

cycl ohexane-1,2,3-triol 1HNWR (CD30D) S;.1.43-1.52 (1H m, 1.64-1.78 (1H,
m, 1.85 (1H, dt. J=12.5, 3.7Hz), 2.55-5?36'(1H, m, 3.33-3.40 (2H, m,
3.50-3.64 (2H, , 3.76-3.84 (1H, m, 3.88 (2H, s), 6.68-6.74 (2H, m,
7.00-7.14 (5H, g}n @, ppryogsn( streap. VB friniion3gf thrHLR. 2RPBE.RStention
Time; 13.70_m nutes  Exanple 79

(1R 2R, 35, 88) 6y ) 3 (4-CAPRLRGPEYAy Ry e LRONYBREBR Ay 6-4 BYARSH5xy et hy! )

cycl ohexane-1,2,.3-triol - 212 n.a,ni.tro stream., a sql.ution.of .th

(IR oR 35, Hetnegipvi1Bhexahiern, iof 3% 5o 10N8D, Ry B Prepla. sy by e

met hyl ) oycl, ohgxane-1, 2,3-triol Q 209. 1. |), as.obtained. i.n, Exanpke 74
o ot byl o EREBPLE. 71 1 PeshyIgag Shleb1ATekt B HeBsRioaehsronds E
solution (1nf M B8r3lndbilyYere addede s 0PY 5oyl NI 81 omBcuhbeaghagur e vas
stirred at the sanme” tenperature for 10 m nutes and under cooling with ice

for two hgubpwibhr tRerERbe ahle tBB mikRube! ¢Ae &hliorede a%olthel @Ame0. 2 nl)
was added dropw se thereto and the m xture solution was stirred at the sane

t enper at ur gefnperdtarboEes, 18nMinhee sa andodnderhydodinde withhdeel £2@! thioon
(0.93 nL) was added thereto. The residue obtained by distilling the sol vent
under reduhedrs. Furthermore the BBr; methylene chloride solution (0.2
‘mL) was added dropwise thereto and the mixture scolution was
stirred at the same temperature for 3.5 hours, and then a
sodium hydroxide methanol soluticon (0.93 mL) was added thereto.
The residue obtained by distilling the solvent under reduced
pressure was purified by silica gel column c¢hromatography
[developing solution=ethyl acetate:n-hexane (l:4)] to obtain
the title compound (3.5 mg, 9.1%).
[0374] 'H-NMR (CDsOD) &: 0.87-0.98 (1H, s), 1.19 (3H, t,
J=7.8Hz}, 1.39-1.52 (1H, m), 1.59-1.66 (1H, m), 1.78-1.83 (1H,
dt, J=13.5, 3.6Hz), 2.56 (2H, q, J=7.8, 7.5Hz), 2.96-3.07 (1H,
m), 3.34 (1H, s), 3.54-3.59 (lH, m), 3.62-3.69 (1H, m), 3.72
(1K, dd, J=6.6, 3.9Hz), 3.80 (2H, s), 6.68 (1H, 4, J=8.4Hz},
6.80 {1H, dd4, J=8.4, 2.0Hz), 6.99 (1H, s), 7.05 (4H, s)
MS (ESI%): 372 [M]’
HPLC Retention Time: 11.2 minutes

Example 80

(1R,2R,35,48,6R)-4-[3-(4-Cyclopropylbenzyl)phenyl-6-

(hydroxymethyl)cyclohexane-1,2,3-triol

{1) Synthesis of 4-[3-((3a$,4S,5aR,9aR,9bR)-2,2,8,8-

tetramethyl-hexahydro[l,3]dioxolo[4',5":3,4]benzo-



pressure was purified by silica gel columm chromat ography [devel oping

sol ution=et hyl acetate:n-hexane (1:4)] to obtain the title conpound (3.5
ng, 9.1%. (0374] 'H NWR (CD30D) 6: 0.87-0.98 (1H, s), 1.19 (3H, t,
J=7.8Hz), 1.39-1.52 (1H, m, 1.59-1.66 (1H, m, 1.78-1.83 (1H, dt, J=13.5,
3.6Hz), 2.56 (2H, q, J=7.8, 7.5Hz), 2.96-2307 (1H, m, 3.34 (1H, s),
3.54-3.59 (1H, m, 3.62-3.69 (1H, m, 3.7 (1H, dd, J=6.6, 3.9Hz), 3.80

(2H, s), 6.68 (1H, d, J=8.4Hz), 6.80 &éH, dd, J=8.4, 2.0Hz), 6.99 (1H, s),
7.05 (4H, s) M5 GEsPhFJ[é7§JF@PﬂiHPECY PenevédPheRel 11.2 ninutes Exanple

80 (1R 2R 3S, 4S, 6R).-4-[ 3-.(4- I I | ) ph | - 6-

(hygroxynethyl)c ¢ oﬁngﬁgﬁ§S§§é? Fﬁg¥(H?Q§E§§%YﬁgéF¥?8PhenY1'6'

Cet r anot hy | ERERARVHPGPY LI He3PURRERe 2 2 31 BdRTe (472Pg . 0-136 mmol) as
1,2-d] [ 1, 3Ldi 0XiR- 4= | Lbahenal ) .

ElR,z§!és,ik?%%??ﬁ-?&YF%QE§§¥O¥?b§ﬁ%yF%Sﬁg%yFﬁe1“ N.N dimethylf°rmaﬁlde_

(hydroxyme(hyh1.§yahahekaneekudtinly dktuté Ws 3138 e@minkeds codligighed in
Exanpl e 78 was dissolved in N,N-dirnethyl formam de (1 nL) and the résulting

m xture wagighi te8d UQ@QLDQﬁ@EhBQFprbEnECQ145,&gg nEBROMMRI9PanRa (142 ny,
1.36 Mol ) and successively p-toluenesul fonic acid hydrate (2 ng) were
added to bBlieceesived® Bi-toluenekhdfiondid kicid Wydrate \(@smgt)i Wead alddedoom

tenperature for 30 mnutes, and a saturated amoni um chl ori de aqueous

sol uti on wae aHdetlebbédenomixisirep t fhe resalitdng MHetomret was s&dreed adt ed

with ethyl acetate, and the organic |ayer was washed with water and dried

over sodi ugpom temperature for 30 minutes, and a saturated ammonium
chloride aqueous solution was added thereto to stop the

reaction. The mixture was extracted with ethyl acetate, and

the organic layer was washed with water and dried over sodium

sulfate. The residue obtained distilling the solvent under
reduced pressure was purified by preparative TLC [developing
solution=ethyl acetate: n-hexane (1:4)] to obtain the title

compound {34 mg, 59%).

[0375] 'H-NMR (CDCl3) &: 1.11-1.24 (1H, m), 1.42 (6H, s},

1.46 (3H, s), 1.53 (3H, s), 1.73 (1H, dt, J=13.7, 3.9Hz),

1.80-1.93 (1H, m)}, 2.9%4 (1H, dt, J=4.0, 11.0Hz), 3.59-3.92 (7H,

m), 4.85 {(1H, s}, 6.71-6.76 (2H, m), 7.00-7.08 {5H, m), 7.19-

7.23 (1H, m)

{2) Synthesis of Trifluoromethanesulfonic Acid 4-[3-
({3a5,45,5aR,%aR,9bR)-2,2,8,8-tetramethyl-hexahydro-
[1,3}dioxolo[4',.5':3,4]1benzof[l,2-4]1[1,3]1dioxin-4-
yl)benzyl]lphenyl Ester
4-[3-((3as,45,5aR,9%9aR,9bR)~2,2,8,8-Tetramethyl-

hexahydro[l,3]dioxolo[4',5':3,4]1benzo(1,2-d1[1,3]dioxin-4-

vl)benzyl]lphenol (34 mg, 0.08 mmol) was dissolved in methylene



sul fate. The residue obtained distilling the solvent under reduced pressure
was purified by preparative TLC [devel oping solution=ethyl acetate:

n- hexane (1:4)] to obtain the title conpound (34 ng, 594). [0375] 1H NWR
(CDC13) 5: 1.11-1.24 (1H, nm). 1.42 (6H, s), 1.46 (3H, s), 1.53 (3H, s),
1.73 (1H, dt, J=13.7, 3.9Hz), 1.80-1.93 (1H, m, 2.94 (1H dt, J=4.0,
11.0Hz), 3.59-3.92 (7H, m, 4.85 (1H,-s3146-71-6.76 (2H, m, 7.00-7.08 (5H,
m, 7.19- 7.23 (1H, m) (2) Synthesis of Trifluoronethanesul fonic Acid 4-]3-
((3aS, 4S, 5aR1828Rd8bRY- 8, ALY, Bndethamatikylirbeyabydt@rred under cooling

[1, 3] di oxolo[4',5":3, 4] benzo[ 1, 2-d] [ 1, 3] di oxi n-4- yl)benzyl]phenyl Ester

4-[ 3- ((3aSwdthSae9aRPEbRIiLAe2(858mdet Dalket bl ), 2-[N,N-

hexahydr o[ 1, 3] di oxol o[ 4' ,5"': 3, 4] benzo[ 1, 2-d] [ 1, 3] di oxi n-4- yl)benzyl] phenol
(34 ngy, 0.B8shhpifluarcnietbahesdlinnydl Apinnépyr2dineckBdrinde (0086ni) and
the m xture was stirred under cooling wth ice. Pyridine (15 ng, 0.19
mol ), 2- [mmqﬂ)bi@p@rsﬂpggssﬁﬁ@hanﬂsurﬂém9t¥ﬁhamépgpwraﬂﬁee(34 mg) ¥ege6
mol ), and successively N, N-di met hyl am nopyri di ne ) were added thereto
and t he reﬁ@@ﬁ@ntﬁﬁ¥?59eaﬂﬁst§?lF?éﬁt&PnrGbﬁF“FﬁnﬂéFaggiérPGraﬁorﬁpﬂutes,
and water was added theretg to, stop the _reaction. §ﬁnixture was extracted

with net hyF@RBeTR@RPERi §8TaAl MiBUEPganPRd| ¥pEpTWHEsSwaSAER FheReha: &P and
N e
Sgl,/(;“"’” eLRYLr26E' 8hE' PnlCERYEnid FhietOwlB GhinehG1th! L8£E2 BRY 4124 MU
over sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified by preparative TLC
[developing solution=ethyl acetate:n-hexane {1:4)] to obtain
the title compound (37 mg, 83%).
[0376] 'H-NMR (CDC1,;) &: 1.11-1.24 (1H, m), 1.42 (6H, s},
1.43 (3H, s), 1.53 (3H, s}, 1.74 (1H, dt, J=13.7, 3.9Hz),
1.80-1.93 (1H, m), 2.96 (1H, d4t, J=11.1, 3.6Hz), 3.59-3.92
(5H, m), 3.98 (2H, s), 7.00-7.03 (2H, m), 7.10-7.35 (6H, m)
(3) Synthesis of (3aS,4S,5aR,%aR,9bR)-4-[3-(4-Cyclo-
propylbenzyl)phenyl]-2,2,8,8-tetramethyl-hexahydro-
[1,3)dioxolo[47,5":3,4]benzo[1,2-4]1[1,3]dioxin
In a nitrogen stream, toluene (0.5 mL)-water (0.017 mL)
was added to a mixture of trifluoromethanesulfonic acid 4-[3-
{(3aS,45,5aR,%9aR,9bR)-2,2,8,8-tetramethyl-hexa-
hydro[l,3]dioxolo{4',5’:3,4]benzo[l,2-d][1,3]dloxin-4-
vl)benzyllphenyl ester {38 mg. 0.068 mmol), K;PO, (65 mg, 0.31
mmol), sodium bromide (7 mg, 0.068 mmol), cyclo-propylboronic
acid (9 mg, 0.10 mmol) and Pd(PPh;),; (8.0 mg, 0.007 mmol), and
the reaction mixture was heated at 100°C and stirred for six

hours. The reaction mixture was cocled to 0°C and water was



[0376] 3H-NMR (CDC13) 6: 1.11-1.24 (1H, m), 1.42 (6H, s), 1.43 (3H, s),

1.53 (3H, s), 1.74 (1H, dt, J=13.7, 3.9Hz), 1.80-1.93 (1H, m, 2.96 (1H,

dt, J=11.1. 3.6Hz), 3.59-3.92 (5H, m, 3.98 (2H, s), 7.00-7.03 (2H, m,

7.10-7.35 (6H, mM (3) Synthesis of (3aS, 45, 5aR, 9aR, 9bR)-4-[ 3-(4-Cycl o

propyl benzyl ) phenyl ] -2, 2, 8, 8-t et ranmet hyl - hexahydr o-

[1, 3] di oxol o[ 4", 5" : 3, 4] benzo[ 1, 2-d][1, 3] d8xFn in a nitrogen stream

tol uene (0.5 nL) water (0.017 nlL) was added to a m xture of

trifluoromsddedeheretioc afh¢ Fesxlting solution was extracted with

((3aS, 4S, 5aR, 9aR, 9bR) - 2, 2, 8. 8-t et r anet hyl - hexa-

hydr of 1, 3]G¢8Yél6€$t3$ec3a@FbéﬁfongzndF[}EXPﬁ'U%ﬁnﬂﬁﬁhﬁﬂ)ﬁéﬁbyﬁlphenyl

ester (38 ny, 0.068 mml ), K3PO4 0.31 _mml), sodium brom de (7 ng,

o 068 mol Fﬂ*&f@F&%F&&ﬁ“ﬁbF&%’Ei n%eguﬁgsq}“fé e SrdesiEeR3) 4 (8.0
ng, 0.007 he r t|o m xture d at, 100C and .stirred

for six hgnﬁéhmT qF@%@tIO W@nﬁagafogﬁé&qﬁge§c Pquﬁg% 215

added t her ul t|o X cted et h tate, and

Fhe-or gani B-PEFEF S,ALRAERe %bst% Relinng MRt it oF BEerdidive

- sol ution apdedy h%@eﬁé%&ﬁgsg@hﬁ ggL%%hﬁ uEE%t%%'V%” éW%%bslsh | gg under

reduced press re an obtain res e was aratlve TLC

[ devel opi n t = n-Rexare( ] to obtain the title
conpound (%8%§%§ %%%)%HQ%%7%% ﬁﬁﬁﬁR(h% %%3)%§4b0 62-0.68 (2H, n), 0.89-0.96

B Ay 4 ot S ) glofan iy ol Gt 5
J=10.9, 3.RhZ)1.3059-249§ 168Hm)M) 1. a2963ﬁ 0%), (1H43WX3H7 59-71296( X35, M
s}y, 1.54 (3H, s), 1.74 (1H, dt, J=13.7, 3.9Hz), 1.80-1.93 (2H,
m), 2.94 (1H, dt, J=10.9, 3.6Hz), 3.59-3.96 (8H, m), 6.96-7.07
(7H, m), 7.16-7.25 (1H, m)
(4) Synthesis of (1R,2R,35,45,6R)-4-[3-(4-Cyclopropyl-
benzyl)phenyl]-6-(hydroxymethyl)cyclohexane-1,2,3-
triol
A solution of (3aS,45,5aR.9%9aR,9bR}-4-[3-(4-cyclo-
propylbenzyl}phenyl]-2,2,8,8-tetramethyl-hexahydro[1,3]-
dioxolo[4',5':3,4]benzo[1,2-4][1,3]dloxin (10 mg, 0.022 mmol)
in dioxane (0.2 mL) was cocled to 0°C and a 2N hydro-chloric
acid soclution (0.2 mL) was added dropwise thereto. The
reaction mixture was stirred at the same temperature for three
hours, and then a saturated sodium hydrogencarbonate agqueous
solution was added thereto. The resulting solution was
extracted with methylene chloride and the organic layer was
washed with a saturated sodium chloride aqueous solution and
dried over sodium sulfate. The residue obtained by distilling

the solvent under reduced pressure was purified by preparative

TLC [developing soluticn= methanol:methylene chloride (1:10)]



(4) Synthesis of (1R 2R 3S,4S,6R)-4-[3-(4-Cycl opropyl -

benzyl ) phenyl ] - 6- (hydr oxynet hyl ) cycl ohexane-1,2,3- triol A solution of

(3aS, 4S, 5aR, 9aR, 9bR) - 4-[ 3- (4-cycl o-

propyl benzyl ) phenyl ] -2, 2, 8, 8-t et ranet hyl - hexahydro[ 1, 3] -

di oxolo[4',5":3,4] benzo[ 1, 2-d][1, 3]dioxin glo ng, 0.022 mmol) in dioxane
(0.2 nL) was cooled to OC and a 2N hydro2é&fhloric acid solution (0.2 mL) was
added dropwi se thereto. The reaction mxture was stirred at the sane

t enper at ur tof obtalinethehtatde grmpohed 44séat mgat éd¥3edi um hydr ogencar bonat e
aqueous solution was added thereto. The resulting solution was extracted
with met hyl@A@83h! ori 3R t({D0PJakk cOlL 6P . 68s (2Hasmed @i Oh-8 .98t (RH: ed

sodi um chl ori de agueous solution and dried over sodium sul fate. The residue
obt ai ned b di 3t AEring2 (AE sBlveht édnder 8r bdlce®)prds8lréd -Rds (BHri Mled by

ti TLC |.opi Lution= h | : et hyl hl ori 1.10)] -
D16 to obfaPA-Ehot Kife: Binpdand-G418 NgH,o1dy 3t B87aT B RIR MopIEEToS
0.63-0. 68 , , 9.91-Q.9 H, 1.,42-1.52 (I 1.62-1.78 (1H
in), 1.80- iigﬂf %H, 9#&'82@49%?@6 ?1?1,3 #5*3?33-&.‘5&'%%5 &)%'3?‘ o-g. 68
(2H, m, . 3 7%1_915 g? J=10.9, 3.9Hz), 3.93 (2H, s), 6.85-7.16 (7H m,
7.21-7.26 Zl Cony ﬂB ESI : 386 [ MFH20]' HPLC Retention Tinme: 18.49 m nutes

Measur enen kE{ O f @ol utm: YMC- Pack ODS-A 6.0x150 mm 5 m Mobil e
Phase: El uitd?ggﬁg?; ng??/?n[gﬁgk%r]adi ent of from10 mM ACONHA/ H20 (95% pl us

10 mM AcONgBs, e ER8YohOTime: 18.49 minutes

Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm
Mobile Phase: Elution by applying a gradient of from 10 mM
AcONH,;/H,0 (95%) plus 10 mM ACONH,/MeOH (5%) to
10 mM AcONH,/MeOH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
AcONH,/MeOH (100%)] for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature
Detection Condition: Total plot of the entire wavelength
of 230 to 400 nm

Example 81

(1R,2R,35,4R,5R)-1-[5~(4-Ehylbenzyl)-2-fluorophenyl]-5-

(hydroxymethyl)cyclohexane-1,2,3,4-tetraol

(1) Synthesis of (1R,2R,3S,4R,5R)- and (1S,2R,35,4R,5R)-
2,3,4-Trisbenzyloxy-5-benzyloxymethyl-1-[5-(4-ethyl-
benzyl)-2-fluorophenyl]lcyclohexanol
In a nitrogen stream, an n-butyllithium hexane solution

(2.44 M, 0.368 mL) was added dropwise to an sclution of 2-

bromo-4-{(4-ethylbenzyl)-1-fluorobhenzene (0.263 g, 0.9000 mmol)



10 mM ACONH4/ MeOH (100% for 20 mnutes, and thereafter under the sane
condition [10 nM AcONH4/ MeCH (100%] for five mnutes Flow Rate: 1.5

mL/ m nute Col um Tenperat ure: Room tenperature Detection Condition: Total
pl ot of the entire wavel ength of 230 to 400 nm Exanple 81

(1R 2R 3S, 4R 5R) - 1-[ 5- (4- Ehyl benzyl ) - 2-fl uor ophenyl ] - 5-

(hydr oxynet hyl ) cycl ohexane-1. 2, 3, 4-tetra@l7 ¢1) Synthesis of

(1R 2R 3S,4R 5R) - and (1S, 2R, 3S, 4R, 5R)

2, 3, 4- Tri shenathew -(3.kemzy)l ety netdtgl ahdl hé4mekbiike solution was

benzyl ) - 2-fl uorophenyl]cycl ohexanol |In a nitrogen stream an n-butyllithium
hexane sol sttilowe@ a4 te GadE8 tempersd vadd g rdrtopnwibesinso arfosdihits on of 2-

br ono- 4- (4- et hyl benzyl ) -1-fl uorobenzene (0.263 g. 0.9000 mmol ) - 217 in

et her (3. 0selptden.7@Cspdntden @ikt sdinis-bengyd oxti3red at the sane
tenperature for two hours. To this solution, a _solution of

2,3, 4-t ri smedhFhcFalohexanen (0% fex A 00 Mmgd )g 1m0 T (el YLy WASE (1.5
nL) was added thereto and the reaction m xture was stirred for two hours.

The reacti G4 egsted and HERT oy MiKtyre &S Shidhednia d¥%e
ut th |t t t t th et
acetate. T %%Saﬁ. BacRs Wik e b et S R de
| | f
Sol vent 325‘“““' q’rf 3’% (a%%g‘reg%%r@g@?‘? HE e Febhn A0 WIS S

purified b%&%'éﬁ%%é&%edﬂwfﬂﬂ‘é%H}%W&ﬂﬂﬁﬂRﬂy h%@ygfﬁﬁdﬁﬁ layer was

washed with a saturated sodium chloride aqueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distillied under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:4)] to obtain a (lR)-isomer
(0.117 g, 17.3%) and a {1S)-isomer (0.311 g, 46.1%) of the
title compound.

(03791 (1R}-Isomer: ‘H-NMR (CDCl;) &: 1.15-1.32 (3H, m),
1.81-1.92 (1H, br), 2.20-2.38 (2H, br}, 2.62 (2H, q, J=9.8Hz},
3.07 (1H, br), 3.40-3.55 (1H, m), 3.66-3.80 (2H, m), 3.84-4.06
{4H, m)}, 4.28 (iH, 4, J=12.3Hz), 4.45 (2H, s), 4.58 (2H, t,
J=12,1Hz), 4.80-4.96 (3H, m), 6.76-6.84 (2H, m)}, 6.86-7.00 (1lH,
m), 7.02-7.44 (23H, m), 7.52-7.60 (1H, m)

(1S)-Isomer: 'H-NMR (CDCl;) &: 1.13 (3H, t, J=1.5Hz), 1.34-1.55
(l1H, bxr), 1.84 (1H, t, J=2.4Hz), 2.50 (2H, g. J=1.5Hz), 2.75
(1H, ad, J=2.4, 0.9Hz), 2.93 (1H, d4, J=0.9Hz}, 3.37 (1H, 44,
J=10.5, 6.6Hz), 3.57-3.78 (3H, m), 3.86-4.06 (3H, m), 4.40-
5.00 (8H, m), 6.80-7.60 {(26H, m}, 7.72-7.84 (1H, m)

(2) Synthesis of (1R, 2R,3S,4R.5R)-1-[5-{(4-Ehylbenzyl)-2-

fluorophenyl]-5-(hydroxymethyl)cyclohexane-1,2,3,4-



sol uti on=et hyl acetate:n-hexane (1:4)] to obtain a (1R)-isonmer (0.117 g,
17.3% and a (1S)-isoner (0.311 g, 46.1% of the title conpound. [0379]
(1R)-Isoner: 1H NWR (CDC13) 8: 1.15-1.32 (3H, m, 1.81-1.92 (1H, br),
2.20-2.38 (2H, br), 2.62 (2H, q, J=9.8Hz), 3.07 (1H, br), 3.40-3.55 (1H,
m, 3.66-3.80 (2H, m), 3.84-4.06 (4H m, 4.28 (1H, d, J=12.3Hz), 4.45 (2H
s), 4.58 (2H, t, J=12.1Hz), 4.80-4.96-(3H8 n), 6.76-6.84 (2H, n), 6.86-7.00
(1H, m, 7.02-7.44 (23H, m, 7.52-7.60 (1H, m (1S)-Isoner: 1H NWR (CDC13)
6, 1.13 (3H, t, &etrada), 1.34-1.55 (1H br), 1.84 (1H, t, J=2.4Hz), 2.50
(2H, q, J=1.5Hz), 2.75 (1H, dd, J=2.4, 0.9Hz), 2.93 (1H, d, J=0.9Hz), 3.37
(1H, dd, J=10.5To6a6mixtuge5%803ut8oa3bf fLR,3R8654486 5R3H2Z.3).4-4. 40- 5. 00
(8H, m, 6.80-7.60 (26H, m, 7.72-7.84 (1H, n} (2) Synthesis of

(1R, 2R, 3S, AR1ERpNEZYLoXY4 SERENEFdoyymethyl-1-[5-(4-ethylbenzyl)-2-

fl uorophenyl ]-5-(hydroxynet hyl )cycl.ohexane-1,2,3,4 - 218 - tetraol To a

m xture soﬁ&PPEﬁPBPnUiﬂFZR}?éP&RP?ﬂ)1??3,mg' 0.361 mmol) in methanol-THF

1 uor ophen i} &y c PARERRAGHVERFL (79, W)567 Al Pa oAb RILEPRRTEL: 1) i xed
soLvent (20t 101 BR0) B o, B oot AhE° ol 05
s, S08abIeD Sy cBRe R atBRal . 30 §3bulS SR gl 2 1L 2
coL 4T o0 ARG kel EAREOUU G 2sscl o RITRRE Vg HLAMNNR G o
reduced pressure and the obtained residue was purified by
silica gel column chromatography [developing
solution=methancl: methylene chloride (1:10)] to obtain the
title compound (44.6 mg, 31.6%).
[0380] 'H-NMR (CD;OD) 6: 1.18 (3H, t, J=7.2Hz), 1.15-1.26
(1H, m), 1.48 (1H, d4d, J=13.5, 13.2Hz), 2.57 (2H, q, J=7.8Hz),
2,73 {(1H, 44, J=13.5, 3.0Hz), 3.30-3.80 (1H, m), 3.50 {(1lH, da,
J=9.9, 5.7Hz), 3.53-3.66 (2H, m), 3.83-3.92 (3H, m), 6.94 (1H,
dda, J=12.3, 8.1Hz), 7.00-7.25 (5H, m), 7.95 (lH, d4d, J=7.8,
1.8Hz)
MS (ESI'): 413 [M+Nal’
HPLC Retention Time: 10.9 minutes

Example 82

(15,2R,35,4R,5R)-1-[5-(4-Ethylbenzyl)-2-fluorophenyl]-5-

(hydroxymethyl )cyclohexane-1,2,3,4-tetraol

To a solution of (1S,2R,35,4R,5R)-2,3,4-trisbenzyloxy-5-
benzyloxymethyl-1-[5-{4-ethylbenzyl)-2-
fluorophenyl]cyclohexanol (33 mg, 0.044 mmol) as obtained in
Example 81 in methanol-THF (1:1) mixture(l.4 mL)}, a 20%

palladium hydroxide catalyst (7.5 mg) was added. The mixture



[0380] 1H- NMR (CD3OD) 6: 1.18 (3H, t, J=7.2Hz), 1.15-1.26 (1H m), 1.48
(1H, dd, J=13.5, 13.2Hz), 2.57 (2H, g, J=7.8Hz), 2.73 (1H, dd, J=13.5,
3.0Hz), 3.30-3.80 (1H, m, 3.50 (1H, dd, J=9.9, 5.7Hz), 3.53-3.66 (2H, m,
3.83-3.92 (3H, m, 6.94 (1H, dd, J=12.3, 8.1Hz), 7.00-7.25 (5H, m, 7.95
(1H, dd, J=7.8, 1.8Hz) MS (ESI+): 413 [MtNa]' HPLC Retention Tine: 10.9

m nutes Exanple 82 (1S, 2R, 3S, 4R 5R)-1-[ 81f4-Et hyl benzyl ) -2-fl uor ophenyl) - 5-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3,4-tetraol To a solution of

(1S, 2R, 3S, #BsS5Rt42rgdM undeshen nyidmogeh atmosphere for 2.5 hours, and

benzyl oxynet hyl - 1- [ 5- (4- et hyl benzyl ) -2- fl uorophenyl]cycl ohexanol (33 nyg,

0. 044 mmol they sbeaicadaliyst Basnglid t@reidn ofdt.hadble- FaRvent] was dlwtdlled
m.), a 20% palladi um hydroxide catalyst (7.5 ng) was added. The m xture -
219 was sPPﬁﬁéerﬁﬁgﬁdapﬁvﬁﬁﬁg@na@@nﬁ@ﬁh@@éaﬂ§P52IﬁsﬁéﬁﬁsWﬁén@urﬂﬁéﬁdthe
catal yst was filtered Qff. The s ent was distilled wunder reduced pressure

and the obP¥i fdd F@sgﬁéeq®&§mﬁu 8@ togy |é§q@& qgﬁqﬁﬂ?Qﬁﬂﬁiﬂﬁrbgraphy
itle  conBByRAReL7Re thYdeRgoRL "e%r%?qeﬁ%ﬁ RECCARH o the Fatde e
-7, Sphfobaf’ (1755 5,‘@7113%’%% 0 ,“3(53 (20 5) “alon (h . 0o o),
C 9L (U ggaolsle 3, AR, o0V s S O, ol Eo(dbtn Fors

(1H, m), 1.98 2.11 (2H, m), 2.57 (2H, g, J=7.8Hz), 3.32-3.45

(l1H, m), 3.60-3.71 (3H, m}, 3.90 (2H, s}, 3.94 (1H, 4,

J=9.0Hz}, 6.91 (1H, 4d. J=12.3, 8.1Hz), 7.02-7.12 {5H, m),

7.53 (1H, 44, J=7.8, 2.4Hz)

MS (ESI'): 413 [M+Nal’

HPLC Retention Time: 11.7 minutes

Example 83

{1R,2R,35,4R,5R)-5-Hydroxymethyl-1-[3-(4-methoxybenzyl) -

phenyllcyclohexane-1,2,3,4-tetraol

The target compound was obtained by performing the same
operation as.in Example 81 with the use of the corresponding
starting material and reagents.

[0382] H-NMR (CD.OD) 6: 1.62-1.80 (2H, m), 1.94-2.10 (1H,
m), 3.40 (1H, 44, J=10.5, 8.7Hz}, 3.62-3.72 (4H, m), 3.73 (3H,
s), 3.89 (2H, s), 6.70-6.82 (2H, m), 7.00-7.03 (2H, m), 7.06-
7.12 {(2H, m)}, 7.22 (1H, t, J=7.8Hz), 7.27-7.32 (1H, m), 7.34-
7.37 (1H, m)

MS (ESI*): 375 [M+H]"

HPLC Retention Time: 9.53 minutes

Example 84

{18,2R, 35,4R,5R) -5-Hydroxymethyl-1-[3-{4-methoxybenzyl) -




HPLC Retention Time: 11.7 mnutes Exanple 83

(1R 2R, 3S, 4R, 5R) - 5- Hydr oxynet hyl - | - [ 3- (4- et hoxybenzyl ) -

phenyl ] cycl ohexane-1, 2, 3,4-tetraol The target conpound was obtai ned by
perform ng the sane operation as in Exanple 81 with the use of the
corresponding starting material and reagents. [0382] 'H NVR (CD30D) 6:
1.62-1.80 (2H, m, 1.94-2.10 (1H, m), 3240 (1H, dd, J=10.5, 8.7Hz),
3.62-3.72 (4H, m, 3.73 (3H, s), 3.89 (2H, s), 6.70-6.82 (2H, m, 7.00-7.03
(2H, m), 7pbenylltycipHexgne-2.22 3 AHtetradd7. 8Hz), 7.27-7.32 (1H, m), 7.34-
7.37 (1H m M (ESI'): 375 [MtH' HPLC Retention Tinme: 9.53 m nutes
Exanpl e 84 (1S, 2RheStargsk) comppingdx yast RPLagnpg. by. perkoxydagz fhe sameo -
phenyl ] cycl ohexane-1, 2, 3, 4-tetraol __The target conpound was obtai ned by

per f or m ngOPREALANE GFeddt Exrdmpds S1ewathy dhg1 ufge oh fdeysorespending

correspondin tartin erial and reagents. [0383] 'H NWR (CD3OD) 6:
1.28-1. 44 Ef%?tﬁfﬁ T@§%‘§P ,GP% F99f§P§ﬁz), 2.35 (1H, dt, J=13.5, 3.0Hz),

3.45 (1H, =11.1, ,6. .6Q-3.70 (3H. m)., .3.73 (311, .s), .3.89 (2H
s), 6?77- 33§§%@2H,.n,ﬁ%§$%29¢€éﬁﬁlﬁf 3r%%7?og§7ﬁi§'(§&; #r?%;ﬂég'(fmf t,
J=7.8Hz), 7.6Q- Ho eMym 17 - 68 747 a( &H, SI,0) 11397 L MENal. HPLC
RetentiZJn ‘?[i-gg:'afg%( %'ﬁ&%é”'a@@ﬁé’qgg%' 3%1{% '(%'45) (1%9' dLi' Na_]ll'l'
6.0Hz), 3.60-3.70 (3H, m), 3.73 (3H, s), 3.89 (2H, s), 6.77-

6.82 (2H, m), 7.00~7.05 (1H, m), 7.06-7.13 (2H, m), 7.20 (1H,
t, J=7.8Hz), 7.60-7.65 (1H, m), 7.68-7.70 (1lH, m)

MS (ESI%): 397 [M+Nal"

HPLC Retention Time: 14.6 minutes

Example 85

4-[1-(4-Ethylbenzyl)-1H-1ndol-3-yl]-6-(hydroxymethyl) -

cyclohexane-1,2,3-tricl

{1) Synthesis of 1-{4-Ethylbenzyl)-1H-indole

To & solution of indole (4.0 g, 34.1 mmol}, potassium
hydroxide (2.40 g, 42.6 mmol) in ethanol (200 mL) was added
and the mixture solution was stirred at room temperature for
two hours. The solvent was distilled under reduced pressure.
The residue was dissolved in acetone (200 mL), and 1-
chloromethyl-4-ethylbenzene (5.28 g, 34.1 mmol) was added
thereto. The reaction mixture was stirred at room temperature
a whole day and night, and then subjected to Celite filtration
and the filtrate was distilled under reduced pressure. The
cbtained residue was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:500)] to obtain the title compound (3.8 g, 47%).

[0384] 'H-NMR (CDCl1;) &: 1.19 (3H, t, J=7.6Hz), 2.60 (2H,



4-11-(4-Et hyl benzyl)-1Hi ndol - 3-yl ] -6- ( hydr oxynet hyl ) -

cycl ohexane-1, 2, 3-triol (1) Synthesis of 1-(4-Ethylbenzyl)-1Hindole To a
solution of indole (4.0 g, 34.1 nmol), potassium hydroxide (2.40 g, 42.6
mmol ) in ethanol (200 m.) was added and the m xture solution was stirred at
roomtenperature for tw hours. The solvent was distilled under reduced
pressure. The residue was dissolved in a2&tene (200 nm.), and 1

chl oronet hyl - 4- et hyl benzene (5.28 g, 34.1 mmol) was added thereto. The
reaction mgxt U= .\68z )st isr.2ad (@H.r @m teerqler(ayr @d,a Mstmlle dayred ri.g, and
then subjected to Celite filtration and the filtrate was distilled under
reduced prd28urd, T .o6dlztlai Ted® Tr-dsi2@ud SFas mjur i7f.i28d (3 ,sid.i ce8ydlHzdal um
chromat ogr aphy [ devel opi ng sol uti on=et hyl acetate: n-hexane (1:500)] to

obt ai n t he 7t-iédl d lEonmsouda6(-883)g, 47% . [0384] 'H- NVR (CDC13) S: 1.19 (3H,
t, J=7.6Hz), 2.60 (2H, - 221 g, J=7.6Hz), 5.27 (2H, s), 6.53 (1H dd,
J=3.1, 0.7#2), 7Sy3thesds @f F=Premorl-f4gpthyipensy) -Ji-indede 14 d.
J=8.0Hz), 7.64 (1H _.d, . J=6. ) . (2) hesi g . of

3-Brono- | - (4-eth I88&??}95H9gﬁééﬂg'eﬁﬁﬁgkﬁng JgeH-indole (2.0 g,

1- (4-ethyl henzyl) - 1Hi.nd 0.9, 8.50 1) Jn (20 m) adde
dropwi se t g%)sg%'\? ')oﬁnog)l'&bf(ér% ﬂg')( &ef6 aﬁ@%‘%.dggp%e) 2':ion""Dﬁff’ °rﬁ_)°%at
room tenp . (Rhg reactizo niéﬁ e . ined.fior .t ours, and then
pour ed intggﬁhﬁﬁgbj§dgﬁegﬁgogr%§1pyrgguf$€?%§g(§gi&L)aéﬂégﬁgmgolution. The

2 S PR R T MR RAh, ArSAE 8 SAPIRRLT,
and then poured into an ice-cooled sodium pyrosulfurous acid
aqueous solution. The resulting mixture was extracted with
ethyl acetate, and the organic layer was washed with a
saturated sodium hydrogencarbonate agqueocus solution and a
saturated sodium chlcoride aqueous solution and dried
{anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The residue was
recrystallized from ethyl acetate. and n-hexane to obtain the
title compound (1.68 g, 63%).

[0385] H-NMR (CDC1l,) &: 1.20 (3H, t, J=7.6Hz), 2.61 (2H,

q, J=7.6Hz), 5.23 {(2H, s), 7.05 (2H, 44, J=8.0Hz}, 7.11-7.22

(5H, m), 7.30 (1H, 44, J=6.5, 1.9Hz), 7.57 (1H, dd, J=6.5,

1.9Hz)

{3) Synthesis of (2R,3S8,4R,5R)-2,3,4-Trisbnezyloxy-5-
benzyloxymethyl-1-[1-(4-ethylbenzyl)-1H-indol-3-y1l]-
cyclohexanol
In a nitrogen stream, a solution of 3-bromo-1-{4-

ethylbenzyl)-1H-indole (427 mg, 1.36 mmol} in THF (8 mL) was

cooled to -78°C, and an n-butyllithium hexane solution (1.6 M,

0.89 mL, 1.43 mmol} was added thereto. The reaction mixture



saturated sodi um chl ori de aqueous solution and dried (anhydrous magnesi um
sulfate), and then the solvent was distilled under reduced pressure. The
residue was recrystallized fron1ethy| acetate. and n-hexane to obtain the
title conpound (1,68 g, 63%. [0385] 'H NWVR (CDC13) 8: 1.20 (3H, t,
J=7.6Hz), 2.61 (2H, q, J=7.6Hz), 5.23 (2H, s), 7.05 (2H, dd, J=8.0Hz),
7.11-7.22 (5H, m, 7.30 (1H dd, J=6.5, 21229|=|z) 7.57 (1H, dd, J=6.5,

1.9Hz) (3) Synthesis of (2R 3S,4R 5R)-2, 3, 4-Tri sbnezyl oxy- 5-

benzyl oxyneasy |stinred Atetthd mmq/memmamm«a Fopt [Eivy aighbemol To this
nitrogen stream a solution of 3-brono-I-(4- ethylbenzyl)-1Hindole (427 ny,
1. 36 nmol ) siodubHEN.8 am_aolxmtsiorbcﬁﬁ d®R .35 ARG SRImE ah %M%hqnqﬂwmane
solution (1.6 M _ 0.89 ,.1.43 Mol ) was added thereto. The reaction
mxture - i??nﬁﬁi9¥¥mqqﬂﬁ}kﬂCKQﬁQQﬁﬁﬁ?QQ9nk§¥ﬁtﬂ&?fkﬁ53lmﬂ9¥ﬁrﬁﬂe¥HFTb this

sol ution, sol lil‘ng 03@051; é&g SRerré* e tét?r :‘I}sfgﬁer{lz en%FK?E St(1§1‘66%3t
(benzyl oxy I Yo was
dded d t t d at - Cf
react i ornoﬁé?“f?t gsﬁe%wsyﬁ‘aﬁagiieoﬁ@% 2k 3nr wpac imﬁ%?m ARgdenadteaus
| ut t th
§?g;n: gnl ayer vaas ms%rﬂnc?ﬂu}ﬁi]%v\%c}éiffd e@h{%@ip‘ﬁg“ ehﬂof/%r{r]y eﬁnﬁaés ]fﬁ ‘(Ia'he
resi due obyaliRed-Pyyl %hdeﬂﬂddﬂaci he 5Pl teRf1 V@:%q%lﬁé Figth %e Hiddifi Jel

col um chromat ogr aphy [devel opi ng sol uti on=eth acet at e: n- hexane (1:10)]
to obtain 34yRss R a¥adrSiTBli {1850 fllr aédl%h@ﬂddﬁlaarsvegl 3baiafAMBhlEAta.

nmg, 11% of the title

The residue obtained by distilling the solvent was purified by

silica gel column chromatography [developing solution=ethyl

acetate:n-hexane (1:10)] to obtain a less polar-isomer (354 mg,

34%}) and a more polar-isomer (115 mg, 11%) of the title

compound.

[0386] Less Polar-Isomer: ‘H-NMR (CDCl;) &: 1.18 (3H, t,

J=7.2Hz), 1.93 (2H, m), 2.40 (1H, m), 2.61 (2H, q, J=7.2Hz),

3.40-5.22 (15H, m), 7.02-7.40 (28H, m), 7.93 (1H, 4, J=8.0Hz)

More Polar-Isomer: ‘H-NMR (CDCl;) &: 1.18 (3H, t, J=7.6Hz),

2.40 (1H, m}, 2.38 (2H, m), 2.58 (2H, q. J=7.6Hz), 3.41-5.24

(15H, m), 6.83 (1H, d, J=8.0Hz), 7.03-7.34 (27H, m}, 7.75 {1H,

d, J=7.6Hz)

(4) Synthesis of 1-{4-Ethylbenzyl}-3-[(1S,2S, 3R, 4R,5R)-
2,3,4-trisbenzyloxy-5-{benzyloxymethyl)cyclohexyl]-
1H-indole
In a nitrogen stream, triethylsilane {(0.21 mL, 1.22

mmol) was added dropwise to a solution of (2R,35,4R,5R)-2,3,4-

trisbnezyloxy-5-benzyloxymethyl-1-[1-{4-ethylbenzyl)-1H-indol-

3-yvyllcyclohexanol (469 mg, 0.61 mmcl) in methylene chloride (6

mL) at 0°C. A boron trifluoride-diethyl ether complex (0.093



conpound. [0386] Less Polar-Isomer: 'H NWVR (CDC1l3) 6: 1.18 (3H, t,

J=7.2Hz), 1.93 (2H, m, 2.40 (1H m, 2.61 (2H, q, J=7.2Hz), 3.40-5.22
(15H, m, 7.02-7.40 (28H, m, 7.93 (1H, d, J=8.0Hz) More Pol ar-I|soner:
"H-NMR (CDC13) 6: 1.18 (3H, t, J=7.6Hz), 2.40 (1H, m, 2.38 (2H m, 2.58
(2H, q, J=7.6Hz), 3.41-5.24 (15H, n), 6.83 (1H, d, J=8.0Hz), 7.03-7.34
(27H, m, 7.75 (1H, d, J=7.6HZ) (4) Syn?Résrs of

1-(4-Ethy|benzy|)-3-[(1S 2S, 3R, 4R, 5R) -

2,3, 4- trismbnzyldﬁymﬁoabemzyl@ﬂﬁ#@tﬂybﬁ@j@boméﬁybko odemddive minateist r ogen
strean1 triethylsilane (0.21 n, 1.22 mmvol) was added dropwi se to a

sol uti on oan@zRh35r¢Rc5an2m3x¢ure was stirred at 0°C for two hours. A

trisbnezyl oxy-5-benzyl oxynet hyl -| -[ 1- (4- et hyl benzyl ) - 1Hi ndol -

3-yl]cycl ofié gﬁerteemgdaegm B¥8To Ibengden auReUSH selfd ops was pddedoc. A
b trifl de-dieth th 0.093 - .223 I
Bt L i W

Sol uton wEEAARERD P4 LhnrERAeRa, ShEVE AR on AN EHBRT Ta3E Y e s
extracted Wh%ﬂeﬁ%ﬁ%hege saL00ieds SHG uiF 4R, d%ygr ous ¥31 E&‘io‘ﬂ'

saturated sodi um chl oride aqueous sol ut1on an ovVer i um su ate

The resi dug -9hhabped t,%aq t'sll.xllEE'&Qe t hepgohyen ugn%rtaﬁ.@w%g' rai%%iti&&n\gas
purified by silica gel colum chromatography [devel opi ng sofution= eth

acetate: ntnBexaigent: dnbbr! Pe@Ricalan p&la%sh&-bl %a%oﬁ'ﬁ%li.&q_eﬁz%?{ 381 12h el

[0387] '"H- NWR (CDC13) S: 1.17 (3H, t, J=7.6Hz), 1.87 (2H, , 2.27 (1H, m,

2.58 (2H, @oldmi. chZzpmaogdtaphidt [dévelﬁ@iﬂg solution— ethyl acetate: n-
hexane (1:15}] to obtain the title compound (232 mg, 51%).
[0387] 'H-NMR (CDCl,) &: 1.17 (3H, t, J=7.6Hz), 1.87 (2H,
m), 2.27 (1H, m), 2.58 (2H, q, J=7.6Hz), 3.36 (1lH, dd, J=9.0,
1.7Hz), 3.59-3.70 (2H, m), 3.88-4.00 (2H, m}, 4.12 (1H, t,
J=8.6Hz), 4.38 (2H, s), 4.47 (1H, 4, J=11.4Hz), 4.54 (1H, 4,
J=2.7Hz), 4.58 (1H, 4, J=3.1Hz), 4.80 (1H, 4, J=10.7Hz), 4.89
(1H, 4, J=10.7Hz), 4.98 (1lH, 4, J=10.7Hz), 5.25 (2H, 4,
J=4.9Hz)}, 6.97 (2H, d, J=8.4Hz), 7.05 (2H, 4, J=8.0Hz), 7.08-
7.35 (24H, m), 7.62 (1H, 4, J=7.2Hz)
(5) Synthesis of (1R,2R,3S,45,6R)-4-{1-(4-Ethylbenzyl)-1H-

indol-3-yl]-6-{hydroxymethyl)cyclchexane-1,2,3-triol
In a nitrogen stream, dimethylsulfide (0.72 mL)} and a

boron trifluoride-diethyl ether complex (0.36 mL, 2.8 mmol)
were added to a solution of 1-{(4-ethylbenzyl)}-3-[(1S, 28, 3R,
4R,5R)-2,3,4-tris-benzyloxy-5-(benzyloxymethyl)cyclohexyl]-1H-
indole (213 mg, 2.28 mmol) in methylene chloride (4.7 mL)
under cooling with ice. The mixture solution was stirred at

room temperature for 64 hours, and then water was added

thereto under cooling wlth lce and the resulting solution was



1. 7Hz), 3.59-3.70 (2H, m, 3.88-4.00 (2H, m, 4.12 (1H, t, J=8.6Hz), 4.38
(2H, s), 4.47 (1H, d, J=11.4Hz), 4.54 (1H, d, 3=2.7Hz), 4.58 (1H, d,
J=3.1Hz), 4.80 (1H, d, J=10.7Hz), 4.89 (1H, d, J=10.7Hz), 4.98 (1H, d,
3=10.7Hz), 5.25 (2H, d, J=4.9Hz), 6.97 (2H, d, J=8.4Hz), 7.05 (2H, d,
J=8.0Hz), 7.08- 7.35 (24H, n), 7.62 (1H, d, J=7.2Hz) (5) Synthesis of

(1R 2R 3S, 4S, 6R) - 4- [ 1- (4- Et hyl benzyl ) - TH224 -

i ndol - 3-yl]-6-(hydroxynet hyl ) cycl ohexane-1,2,3-triol In a nitrogen stream
di et hyl suledtdaqted; it metthyldne ghlanifdaior iThe dirganilc ekdwer cmapl ex
(0.36 nL, 2.8 mobl) were added to a sol ution of

1- (4- et hyl wq _vg‘t[l-( B satuygated sodium chloride aqueous solut.ion and

4R 5R) -2, 3,4-tris-benzyl oxy-5-(benzyl oxymet hyl ) cycl ohexyl]-1H_indole (213
mg. 2. 28 miBied f AR RAdNAS IR (BHIEAHS) AN A ST RS The
m xture sol yti stjrred at oom tenperatyre for 64 hours,_and then

wat er was fgﬁﬁqﬁr d&%rﬁ@%%lﬁﬁ?g*%?%‘ itcjg‘edrﬂyttqilé‘er%s‘iﬁﬁlrw STt on
was - 224 _ext.ract wi t.h net hyl.ene ori.de. The organic.|layer was washed
with a sat &% 1é"a es‘%&iyurﬁlc Gt i el é:qo&glgllps cglo]iou qtoorf’rga ¥ o[fqeevaél ]?Oé’njr{‘y%lr ous
magnesi um f gle) vent [Stddd. r

pressure. é['ugfb:'tq%ﬁ %%ﬁcﬁfﬁvﬁ%iﬁr i#%c?rgiyl S(:Eitéglg Eer%ecoolf%rfnw%e
chromat ogr aphy d dMIRRIAY a5 At iQngyet hyl ene chloride: nethanol (50:1)] to

obtain the title compound (45 ny, 41%. [0388] 'H- NMR (CD30D) S: 1.17 (3H,

t, J=7.6Hz)y, 6 (1H, 1 1 5.1 12 1K, M Heefl,
J=7. 6Hz), ).Of?]?aq(lﬁ, mfln%g%?(%%h@gdé'n?ﬂ%{ %Hé' ?Hz;B 7?;.?6'5%8)('(1&1,'6%,(5“:'10.7,

4.2Hz), 3.%0-,3.188%9 IHH,Mm) 5294 AHH ,S)m) .6.0&&.(ZH,(&], J97.6Hz24 {133 d,
J=8.0Hz), 7.30 (1H, s), 7.62 (1H, d, J=7.6Hz)
{(1H, m), 3.57 (1H, 44, J=10.7, 6.1Hz), 3.69 (1lH, dd, J=10.7,
4.2Hz), 3.76-3.88 {(3H, m), 5.29 (2H, s), 6.98-7.11 (6H, m},
7.24 (1H, 4, J=8.0Hz), 7.30 (1H, s), 7.62 (1H, d, J=7.6Hz)
MS (ESI*): 396 [M+H]®
The structural Formulae of the compounds of the above-

described Examples are shown in Table 1 to Table 10.

[0389] [Table 1]

Table 1
Example Structural Formula
L
Example ' 0
HO v oH
OH
AW
Example
2 'l'ﬁOH
HO +"“OH
OH




M5 (ESI'):

HO OH OH - 225 -
Exanpl e Structural

OH HO OH OH OH 0 0 Exanpl e, OH Exanpl eeH295H9 OH HO-Of OH OH OH 0 C1

396 [ M+H] '
descri bed Exanples are shown in Table 1 to Table 10.
1 Exanpl e Structural
(0390]

The structural
Formula LO | -~

Formula F /1 /

{0390] ([Table 2]

For mul a

Table 2
Example Structural Formula | Example | Structural Formula
Lr ¢
0 Q" °F 0
Example Example \V
\\OH \\OH
3 8
HO v VOH HO ~ “OH
OH OH
LC |
Exanle \OH xagple LOH
HO. ’[ilOH HO . /[::LOH
OH OH
L, SAeY
Example OH Example JOH F
5 10
HO ~“OH HO YO
OH OH
SAGE
Example .OH Example _OH
6 ’ 11 *
HO " VOH HO < ~oH
OH OH
F
(LT
Exar;nple OH Example 0 0~
v@ 12 +OH
HO " v"VoH HO
OH r OH
OH

Formul ae of the conpounds of the above-
[0389] [Table 1] Table
Exanple OH 0O HO OH OH Exanple CH 2

(Tabl e 2] Table 2 Exanple Structural
lc OOF 0 Exanple OH Exa8pleOH 3 HO

0 F



Exanpl e, OH Exanple o OHF F 5 HOOHHO OH OHOH O/ 0 1 S Exanple 6CH
Exanple T OH 11 HO/I OH HO- 4000 CHOH OH F a | Exanple v Exanple 0/ O
7 OH12 CHHO _ OHHO OH H O OH - 226 - [0391] [Table 3] Table 3 Exanple
Structural Fornmula Exanple Structural Formula FFFI/ I/ F,~ O1l o~
Exanple O ExanpleOH 13 OH18 HOOHHO OH OH OHF Exanple 1/ 0 1,OH O
Exanple O 14 19 ,,OH O: HO _ OH HO OH-OA426 -
[0391] [Table 3]
Table 3
Example | Structural Formula |Example | Structural Formula
T F F
(Y
o 0~
Example C Example OH
13 ~OH 18 ‘/@
HO HO ¥ "OH
£ OH OH
OH
F
Example OH Example 0
14 ﬁ 19 WOH
HO =" “OH HO
OH r oM
OH
oL
CL o
Example 0 Example OH
15 ~OH 20 /@
HO HO * "0OH
r OH OH
OH
RCAS!
Example @ OH ° Example OH ©
16 /@\ 21 *
HO ~oH HO o
OH OH
‘ o) ‘ 0~ .0
O 83
Example ~OH Example oH | 0
17 HO 22 *
¥ OH HO
OH £ O
CH




OH O X101/ Exanple O Exanple %H 15 ,0OH 20 HO Noe OH HO = OH OH OH
O F~ OO Exanple OH Exanple OH 16 21 HO OH HO OH OH OO0 | |
Exanple ,OH Exanple OOH 'O 17 HO 22 OHHO OH OH OH - 227 - [0392]
4] Table 4 Exanple Structural Formula Exanple Structural Formula OF
FO~O0OI/ FF Exanple, OH Exans |eOH 23 HOOHHO OH COHOH O1 O ~I
NH3+ Exanpl e OH Exanpl e OH AcO- - 227 -
[0392] [Table 4]
Table 4
Example Structural Formula Example Structural Formula
¥
F
0 F o F
Example LOH Example .OH
23 28
HO, ,[:lOH HO oH
OH OH -
QU
0 o~ 0 NH,+
Example OH Example JOH AcO-
24 ) 29
HO. ,[:lOH HO " on
OH OH
Example OH Example \OH
25 v 30 |
HO. ’E::LOH HO. ,E::LOH
OH OH
Xample xample
. +OH 31 JOH O
HO. ,[::LOH HO. I:IOH
OH OH
Example _OH Example OH O
27 * 32
HO. ,E;:LOH HO " VoH
OH OH

[0393] [Table 5]



24 OHHOOH OHO4d O/ OO O Exans | eOH Exanple ,0H HOOH HOOH OH OH -l
O

|l O/ OHOO1 ExanpleOH Exanple OH0 26 HOOHHO OH OHOH O 1 i \ I/
NH2 Exanple OH N Exanple OH O 27 32 HO0,40 OH HO OH OH OH [0393] [Tabl e 5]
- 228 - Table 5 Exanple Structural Fornula Exanple Structural Fornmula [/ FF
S\ Ol i WF\ Il I/ Exanple tOH O Exanple OH 33 HOOH HO ~I OH OH OH
O:~nl / QA | Exanple OH Exanple 0 0 - 228 -
Table 5
Example Structural Formula Example Structural Formula
JAsN L
F |
0 N\ ¢ Mg 0~
Example LJOH O Example \OH
33 38 *
HO. ,[:lOH HO. ’[=10H
OH OH
b
0 o’ 9as
Example OH Example 0 o
34 A 39 i JOH
HO
¥~ YOH HO " ~OH
OH OH
LT
A LT
0 O" °F -
Example OH Example 0 0
HO ¥ "OH Ho " Y OH
OH OH
LT 9aed
E 1 g E 1 9 o
xample xample
v \/G:OH - /G:OH
HO " on HO " on
OH OH
g
0 N0
Example OH Example OH
37 * 42 *
HO ~on HO oM
OH OH
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34 39 ,0HHO OH HO OH OH off Exanmple O OH O F Exanple 0 O

35 40 OH

HOOH OH OH F Exanpl eOH ExanpleOH 36 41 HOOHHOOH OHOHd 0/ 1

Exanpl e of f Exanple OH 37 HO OH HO OH OH OH
Formul a Exanpl e Structural

6 Exanple Structural

[0394] [Table 61 -
Formula O I i

229 -

,OH O Exa 8ple OH 43 HOHOO—lO—lO—lO—lNZZngarrpIeO Exanpl e N

Table &
Example Structural Formula Example Structural Formula
L o LU
Example OH O Example <OH
43 * 48
HO A OH HO " OH
C:)H OH
A
Example 0 Example N™"%
a4 V@OH 49 JOH =
HO " YOH HO ¥ "OH
E)H OH
SRSY: COCL,
Example ? o F Example o~
- \/@:OH p +OH
HO ~ "OH HO v "OH
OH OH
0
SRS (LT
Example 0 Example ' 0
46 ~OH 51 ~OH
HO " OH HO " OH
OH OH
COCC CC
Example OH Example CH ‘
47 - 52 N
HO <" OH HO -~ ~OH
OH OH

{0395] [Table 71

HO OH
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44 OH49 OH HOOHHOOH OHOHF A O F 1/ 1 O ExanpleOH Exanple 45 HO
OHHO OH OH OH Exanple 0 Exanple \e 0 46 CH51 OH HOOH HO OH OH OHF I~
i i Exanple OH Exanple OH 47 52 HO OH HO OH OH OH 03951 [Table 7] - 230 -
Tabl e 7 Exanple Structural Fornula Exanple Structural Formula | | ~ ~ o
Exanple OH 0 Exanple OH 53 58 off HO off OH OH OH nore pol ar-i soner
Exanple O O Exanple \ | 0 | / - 230 -
Table 7
Example Structural Formula Example Structural Formula
Example o4 O Example )
53 " 58 " “oH
CH OH
"o - OH maore polar- isomer
OH
‘ 0 ‘ vl
Example Example
54 »OH 59
S
QP
Example OH Example
55 i 60
HO * TOH
OH

Example Example
HO
T "OH

Example
57

Example
62

OH OH

less polar- jsomer
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54 OH59 OH OHOH OHOH OH OH Exanple OH Exanple OH 55 60 HO OH OH OH
OHOHS/ \ C&101/ Exanple OH Exanple OH 56 HO OH OH OH CH OH o~ O
Exanpl e of f Exanple OH 57 OH 62 OH OH OH OH CH | ess polar- isoner [0396]
[ Table 8] - 231 - Table 8 Exanple Structural Fornula Exanple Structural
Formula \' I 0/ O- :XOH Ex 6 ple OHEx 68 1e rA OHHOOH OHCOH OH o
Exanpl e OH Exanpl e 6k 69 HO OH - 231 -
Table 8
Example Example
Example Example
63 68
Example Example
64 69
Example Example
65 70

66 JOH 71

Example O ‘ Example

Example
67

Example
72
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OHHOH OH OHoff O Exanple Exanple "0 65 HO" ,OH70 ,OH HOOH HOOH OH
OHO\ \ Exanple Exanmple HO, OH 66 "OH 71 HO OH HO OH off OH L O Exanple
HO . ,OH Exanple ,OH 67 72 HO OH HO OH CH OH [0397] [Table 9] - 232 -
Tabl e 9 Exanple Structural Fornula Exanple Structural Forrmula Exanple 0 /
Exanple OH 73 HO' ,O—|78C]-|HOC]-|HOO-2| OH OH 0j KI Exanple OH Exanple H

74 79 HO OH HO H 32 -
Table 9
Example Structural Formula Example Structural Formula
SRGW
Example Example OH
73 78 -‘
HO -~ oH
OH
LT
Example Example OH
74 79 “
HO v "OH
OH
Example Example
75 80
Example Example
76 81
Example OH Example
77 ‘ 82
HO
v "OH
OH
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OHOH 1 0 Exanple HO' ,OH Exanple 75 80 ,,OH OHHO OHOHOH \ | \
Exanple O Exanple F/ / 76 ,0H81 HO, ,OH HOOH HOOCH OH OH FI/ Exanple
OH Exanple HO 77 HO OH HO OH OH OH (0398] (Table 10) - 233 - Table 10
Exanpl e Structural Fornula O Exanple JHO OH 83 HO OH OH Exanple ,CH 84
HO .: O O

- 233 -
Table 10
Example Structural Formula
Example
83
Example
84
Example
85
[0399] 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



OH Exanple 85 OH HO OH OH (0399] Experinental Exanple 1 Test for
Confirmng Action of Inhibiting Human Na'-d ucose Co- transporters (SG.T1
and SG.T2) (1) Preparation of Human SG.T1 Expression Vector PCR was
performed by KOD+DNA pol ynerase (a product of Toyobo Co., Ltd.) by taking a
human smal |l intestine-derived cDNA library (a product of Clontech) as a
tenplate with the use of a synthesized BRA priner to anplify human SGLT1
cDNA. Then, the anplified fragment was cloned to pcRII-Topo vector wth
the use of (FOPdfo BAPRSasiviaty diudnvirtamaesy) land (clonesd whiichyfexhikitasyen)
and introduced into E. cola conpetent cells - 234 (TOP10, a product of

| nvi t r ogen)FeHA¢ t@NGite S WATBH CbAFidm tede pealditaradad i@t iLH imediaime
proliferated in an LB nedlun1 co tainin anp|C|II|n (50 mg/L). Fromthe
prol i f er at &eREAIOING a3 Cid; q-f )ied FEOE then Phod- s atashl way

Lorpl ate, céq%ézsia'p %ﬁt‘%“m&qﬁd HA TR e, o Ry °
s TR i W AT, B 4,
Flheregg\?mms r%%n“?’lgl gls) %n‘l"%ﬁ? Lé%%‘ltl I ed f ment Oq-\fxdgsdq% bjlldgé{ W?J@é%%ngn
Hind 111 digest g wddhe deasiaadd Wﬁné&erﬁuto which restriction
enzyme recogniticn sites had been introduced to amplify human
SGLT1 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 ITIYI digestion, and the digested fragments were
connected to the 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 Diagonostic). The connected
expression vector was introduced into E. coli competent cells
{DH50., a product of Invitrogen) and proliferated in an
ampicillin-containing LB medium to obtain a human SGLT1
expression vector according to the usunal way.
[0400] (2) Preparation of Human SGLT2 Expression Vector
PCR was performed by KOD+DNA polymerase by taking a
human kidney-derived cDNA library (a product of Clontech) as a
template with the use of a synthesized DNA primer to amplify
human SGLT2 c¢DNA. 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. c¢oli competent cells
(TOP10) and clenes which exhibited resistance to ampicillin

were proliferated in an LB medium containing ampicillin (50



connected to the 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 Di agonostic). The connected expression vector was introduced into
E. coil competent cells (DH5a, a product of Invitrogen) and proliferated in
an anpicillin-containing LB nediumto obtaln a human SG.T1 expression
vector according to the usual way. [0400F PZI Preparation of Human .SG.T2
Expressi on Vector PCR was perforned by KOD+DNA pol ynerase by taking a

human ki dn@@/ddr-i v&FosDriRe |H¥r°éri¢e(r&t|ﬁdodbctcodﬂ -anmle?tﬁﬂ)ldaé\'aéi pugfliede
with the use of a synthe5|zed DNA ner to anpl i human SG.T2 cDNA. Then,
t he arrpllfla€6’°rrrdd-§ﬁe “%8 \Fé’éﬁorp 1A%H4 1#¢ Fse of the

T TA C t d d to E.

conpet ont GRS f%%%%d%ér lbarh?@a:r%&{‘) s B ot 0 S 1
lif I 50 - 235 /L

From the pfBl e%t'ﬁ&%&* ﬂm#ﬁ@ﬁ' "B B e ey ewget o”?he)

usual way. yrretrgqllg_ltq_g, s e@ %%{H %e % Q“%@&@ﬁﬂiﬁﬁﬁ%‘p. uns Whl

KCD+DNA po e use a synthetic

restricti 0 DRAZ Y P £ aRFRHY tdmdwi% b@.@ @%dd&ﬁlﬂw@ﬂt@ %ﬁplﬂﬁey hurman
SG.T2 cDNA (a fragnent added with Xho | recognition site on the upstream

side and auldsteelan s1AROFNE IOMiTid 41N rdeRd gnd¥WRH 988 Yrdehe Thi s
anplified fragment was subjected to Xho I and Hind Il digestion, and the

di gest ed f degferireanesddedannatiied ainpllilfdied Feeientt Wassishes eftddao
expression vector pcDNA 3.1(-) with the use of the Rapid DNA Ligation Kkit.
The conneched Iexmde $idndn TMdC iddrgesad.onnt amduche idligesfed diragments were
connected 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.
[0401] (3) Preparation of Human SGLT1 Stable Expression
Cell and Human SGLT2 Stable Expression Cell
The human SGLT1 expression vector or the human SGLT2
expression vector which was digested with restriction enzyme
Pvu I was introduced into CHO-Kl1l cells with the use of FuGene
{(a product of Roche Dilagonestics). 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 Nakalaji 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



conpetent cells (DH5a) and proliferated in an anpicillin- containing LB
mediumto obtain a hunman SGLT2 expression vector according to the usual

way. [0401] (3) Preparation of Human SGLT1 Stabl e Expression Cell and Human
SA.T2 Stable Expression Cell The human SGLT1 expression vector or the hunman
SALT2 expression vector which was digest ith restriction enzyne Pvu

was introduced into CHO- KL cells with th e of FuGene (a product of Roche
Di agonostics). After introduction of the gene, the cells were incubated in
a DVEM nedifing Sptescited %‘?d @B%’o‘} ‘?:o‘?ﬁ(a‘i‘?ﬂ-‘i% $Rian | dependenty FEgan
product of Slgna stre cin é%% ng/L a roduct of Sigma), Geneticin
(200 ng/L D LA EREr EAD 308 Tiraks oﬂ/&%%m 3230 1Rde# in the

presence of 2 at about three k ohtain

Gent i Gi n- 1 8 q5 Zj)ut ol oldd Miashitamens oo IR - el o sty
expressing human SGTL or t ﬁ%?j %ﬁﬁ: sel ected and obt ai ned
by using sodi um dependent éﬁgér (et %} ucopffanoside) I nt ake
activity as an i Rggx hun{M%L'ﬁﬂ)sﬂ@?@é” sé)_LoerQ'Eﬁb"cé‘Iﬁ G Capy iRt de

I ntake Inhibition Activity The human SG.T1 stable expression CHO cells or

the human TP Staple SPression Y c&lls was seeded im @ 96-well plate
to a density of 30,000 to 40,000 cells/well and incubated for four to six

days. Next ,pXdie nislidandeisite ofudt LGEO ptat £0 VOG0 I €DV bve BCardd pPr et r eat nent
buffer (a buffer containing 140 mM of choline chloride, 2 mM of potassium
chl oride, Jlindviledtedl Horintoin of o dejx 1dahé of Nexgne Sthuen rodd Durm def tH€® M of
2-[4-(2- hydroxyet hyl) - 1- pi perazi nyl ] et hanesul f oni c
culture plate was removed, and a pretreatment buffer {(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)-l-piperazinyl]ethanesulfonic
acid and tris(hydroxymethyl)-aminomethane and having a pH of
7.4) was added in an amount of 150 uL per well and then left
to stand at 37°C for 20 minutes. The pretreatment buffer was
removed and the pretreatment buffer was again added in an
amount of 50 plL 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, 1 mM of potassium chloride, 1lmM of magnesium
chloride, 1 mM of methyl-a-D-glucopyranoside, 10 mM of 2-[4-
(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic 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)glucopyrancside
{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 solutlon was used as a

buffer for determining inhibition activity. Further, as a

control, a test compound-free intake buffer was used.



acid and tris(hydroxynet hyl)-am nonet hane and having a pH of 7.4) was added
i n an amount of 150 L per well and then left to stand at 37C for 20 m nutes.
The pretreatnent buffer was renoved and the pretreatnent buffer was again
added in an anount of 50 ILL per well and then left to stand at 37C for 20
m nutes. To 100 nL of a buffer (a buffer _containing 140 nM of sodium
chloride, 1 nMof potassium chloride, In®Pdf nagnesium chloride, 1 nM of

nmet hyl - a- D- gl ucopyr anosi de, 10 nM of 2-[4-

(2- hydr oxyé‘ﬂﬁ?hﬁmﬁeperi@zlwﬁ%t%wmﬁmec abagigndntake in the

tri s(hydrox%get hyl ) am norret hane and having a pH of 7. 4) there was added
and ni xed GP§eRcePidhgy testpcomppra@d, a@%o a@?@b%ﬂﬁ ake butfedyuct

82@2‘323“&%@% AL Rsed don Rl q%%&ﬂ%ﬁ%@%ﬁ 8 iﬁﬁsén was
F

ggﬁtrgls i ?‘ corrp&?ng’trt% rger%ldﬁn%la e ui‘stl(r%nwas u\s/lat 4 “%t#q%f—jurtt fernore, in

order to d‘ﬁ%% @nﬂ%a 135 C "I‘?lteagﬁéf}e%en%b%% oI | nes}eﬁcorl §eand

sodi um a basi ¢ Nt ake DUf f er taining 14 e Tnst ead
of the sodiyi sCllOrHEe HATUREERARY Iand '&eb%%%ﬂrmer eHidniisAthd N the

determ na-tion. The pretreatnent buffer was renoved fromthe wells of the

culture pl3he i394 13n0 W ftqrvift@r WiB! Ydlad NG anRinddidnitoR 2% YLl petaeaqded in
an armount of 35 L per wel and was left to stand at 37C for 45 m nutes.

Then, the abwdf fels fl%tdettoersmaym@ﬂ Byei ben48ChiiHlit¥sWasTheADVeHeand a
washi ng buffer (a buffer solution containing 140 mM of choline chloride, 2

nmv of pot adsiftferc ifloar idéderinimiingl iodlidiidmonhlaartiidd ty WasMremoveghesidia

chloride, 10 nM of nethyl -
washing buffer (a buffer solution containing 140 mM of choline
chloride, 2 mM of potassium chloride, 1 mM of calcium chloride,
1 mM of magnesium chloride, 10 mM of methyl-a-D-
glucopyranoside, 10 mM of 2-([4-(2-hydroxy-ethyl)-1-
piperazinyl ]ethanesulfonic acid and tris-
{hydroxymethyl)aminomethane and having a pH of 7.4} was added
in an amount of 300 uL per well and immedlately 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 pL per well to

solubilize cells. Thereto was added 15 pL of 2 M hydrochleric

acid, and 40 puL of the obtained solution was transferred to a

Luma-plate {a product of Packard} and was left to stand
overnight at rocom temperature to evaporate the solvent. The
radicactivity of the sample on the plate was determined on a
Topcount {manufactured by Packard). The test compound
concentration (ICse 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 calculated from the



gl ucopyranosi de, 10 nM of 2-[4-(2-hydroxy-ethyl)-1-

pi per azi nyl ] et hanesul fonic acid and tris- (hydroxynethyl)am nonet hane and
having a pH of 7.4) was added in an anount of 300 L per well and

i mredi ately renoved. This washing operation was repeated again and a cel
solubilizing solution (1 Mof sodium hydroxide and 0.1% of sodi um | auryl
sul fate) was added in an anount of 30 L 8\ell to solubilize cells.
Thereto was added 15 L of 2 M hydrochloric acid, and 40 L of the obtained
sol uti on we@oReentratier-inhibition prare PH pFbR@canorrPRRatF apftviase
left to stand _overnight at_roomtenperature to evaporate the solvent. The

radi oact i vi t5EHFE tHRT sdhpl ABnB tFeSPl bt et HRsCARRRRGH et ohle PESBEBLNt
fact db kard).., The test t i 0
Wi ch i CLPETHEMS PRk SREnrRaRLe\aekes ohRsThLEL B8 "atkEeR s ng™iE basi ¢
oLk 1o le, bkt B 4 0ScERAY 83 AR Ry lORtyBs At o
- - y using an arithnetrc
f i CI .
Coventt on STIRSIEE 92 ule PrdfR intoREEATDAN B! I PABRETML. e tor

the SAT2 ipguditi plawictPe)representative conpounds of the present
i nvention are shown in Table 11. [0403] [Table 11] Table 11 Test Conpound
| CsO Value (nM Test Conpound | C50 Val wghfeMi1 Exanple 1 61 Exanple 59 8.9

Exanple 2 111 Exanple 62 7.1 Exanple 8 7 Exanple 64 6.6 Exanple-11-.14
Exanpl e 68 |1fest Compound | ICs, Value (nM) | Test Compound | ICs, Value (nM)
Example 1 61 Example 59 B.9
Example 2 111 Example 62 7.1
Example 8 7 Example 64 6.6
Example 11 14 Example 68 18
Example 12 18 Example 69 5.1
Example 25 31 Example 70 7.4
Example 42 7.7 Example 73 11
Example 44 le Example 54 14
Example 55 17

INDUSTRIAL APPLICABILITY

[0404] By the present invention, cyclohexane compounds
which exhibit the action of inhibiting SGLT2 activity or their
pharmaceutically acceptable salts can be provided. The
compounds of the present invention are useful as prophylactic
or therapeutic agents for diabetes, diabetes-related diseases

or diabetic complications.



Exanple 12 18 Exanple 69 5.1 Exanple 25 31 Exanple 70 7.4 Exanple 42 7.7
Exanple 73 11 Exanple 44 16 Exanple 54 14 Exanple 55 17 | NDUSTRI AL
APPLI CABI LI TY [ 0404] By the present invention, cycl ohexane conpounds which
exhibit the action of inhibiting SGT2 activity or their pharnmaceutically
acceptabl e salts can be provided. The conpounds of the present invention
are useful as prophylactic or therapeuti2@%agents for di abetes,

di abet es-rel ated di seases or diabetic conplications. - 239 - CLAIMS 1. A
conmpound represented by fornula (1} [FoChAIMS1] Ar2 (CR6GR7)m Art Q (1)
wherein Ais -0-, -CH2-, or -NH; nis an integer selected fromO and 1; Re
and R7 are leach Bncop@peyas Ineprepentege byatfermyla £131-C6 al kyl group mis

an integer selected froml to 3; is selected fromQ. to 5 represented by

the fol | oiFRF ™A lae:
Ar?

((}79697)m
/\1
e

|
Q

(1)

wherein

A ig -0-, -CH;-, or -NH-;

n 1s an integer selected from 0 and 1;

R® and R’ are each independently a hydrogen atom or
a C;-Cq alkyl group

m is an integer selected from 1 to 3;

Q is selected from Q' to Q° represented by the
following formulae:

[Formula 2]



[Formula 2] - 240 - RR RIRS RL RARARA R RR RBRRR Q@ @B R Rs
ORT RIL RRAR R RIRZ 4 S wherein Rl, R2, R3, R4, and R5 are each

i ndependently selected froma hydrogen atom a hydroxy group, a Cl-C6

al kyl group which may be substituted with one or nore Ra, a Cl-C6 al koxy
group which may be substituted with onezgr nore Ra, a C7-Cl4 aral kyl oxy
group which may be substituted with one ? fore Rb, and -OC(=ORx; Rx is a
Cl-C6 al kyl group which may be substituted w th one or nore Ra, an aryl
group which may be stlituted with one_orf nore Rb, a heterqgaryl group

whi ch may be substitutéed |with_one or miR g a Cl-C6 al koxy i{group whi ch may
be substituted with one Sre Ra, or - IeRR1group

whi ch nmay be substltut-
R

E&Rthis an ar

o

R? R4
i Re . R 7 Re
R® R3 R3
Q! Q2 Q?
5 5
R R 1
.\\\R‘I ,\\F{
4 4
R R2 ? : R?
“
Q* Q°

wherein

R', R?, R?’, R!, and R® are each independently
selected from a hydrogen atom, a hydroxy group,
a C;-C¢ alkyl group which may be substituted with
one or more Ra, a C;-Cqs alkoxy group which may
be substituted with cne or more Ra, a C;-Cpq
aralkyloxy group which may be substituted with
one or more Rb, and -0C(=0)Rx;

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

Ar' is an arylene group which may be substituted



- 241 wth one or nore Rb, or a heteroarylene group which nmay be
substituted with one or nore Rb, where the heteroarylene group may forma
fused ring with an aromatic carbocycle or an aromatic heterocycle; Are is
an aryl group which may be substituted with one or nore Rb, or a heteroaryl
group which may be substituted with one qr, .nore Rb; Ra is each independently
selected froma hal ogen atom a hydroxy up, a cyano group, a nitro
group, a carboxy group, a Cl-C6 al koxy group which may be substituted with
one or nore Rc, an Y&rih PoRF IRES Fhy He SRREGHNTHLERS B P or  nore

Rd, an aryl oxy group_whi.ch may be substituied with one or nore Rd, a
heteroaryl group MWW%&%L%&%%%&%? i HER P O dPere &P a

n | . .
mor capto group. o G T e st ot bl rdln LR, Cup

Cl1- C6 al kyl sul f onyl - éﬁ%% z | car whi ch
may be substituted %ﬁ%%teﬁgﬁ%ﬁ e CJ?C %@ﬁ%iﬁeﬁﬂ%ﬁ%el ected

froma Cl-C6 al kyl g Abxd. may be substituted with one or nmore Rc, a
Cl-C6 al kenyl group which ray be substituted with one or nore Rc, a C3-Ce

cycl oal kyl group W higB¥nb@r§ubsiroupt @Hivwht hayoBe @ubErieuRed ¥i€h Cl4
aral kyl group which may

one or more Rb, or a heteroaryl group which

may be substituted with one or more Rb:

Ra is each independently selected from a halogen
atom, a hydroxy group, a cyan¢o group, a nitro
group, a carboxy group, a C;-C¢ alkoxy group
which may be substituted with one or more Rc, an
aryl group which may be substituted with one or
more RdA, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl
group which may be substituted with one or more
Rd, a hetercaryloxy group which may be
substituted with one or more Rd, a mercapto group,
a C;-C¢ alkylthio group, a C;-Cs alkylsulfinyl
group, a C;-Cs alkylsulfonyl group, -NRfRg, and a
C,:-Cs 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 Rec, a C,-Cg alkenyl group which may be
substituted with one or more Rc, a Cs-Csa

cycloalkyl group which may be substituted with

one or more Rec, a C,;-C,y aralkyl group which may



- 242 Dbe substituted with one or nore Rd, a halogen atom a hydroxy group,
a cyano group, a nitro group, a carboxy group, a Cl-C6 al koxy group which
may be substituted with one or nore Rc, an aryl group which may be
substituted with one or nmore Rd, an aryloxy group which nmay be substituted
with one or nore Rd, a heteroaryl group ch may be substituted wth one or
nore Rd, a heteroaryloxy group which ma substltuted with one or nore
Rd, a mercapto group, a CL-C6 alkylthio grou a Cl- al kyl sul f onyl
group, a CL-C6 al kyl%lﬁwi'ﬂ?% withygrng o “Eﬂ_r?:ﬁz‘%i I 1 REF IR gr oup

whi ch may be substltuted th.one or_nore Rc, a Cil- al kyl enedi oxy group,
a heterocyclyl groupa Fﬁ GE%V maa %arfos %5%'#’1 Y ﬂﬁ%ntly

| ected f hal t
group, a carboxy gr %%‘JP AR ST Uy BT BB RELRD |
one or more  hal 09eR} AP, <@k e AOHNAD TP I@é‘bséﬁté’ffﬁ with one

or nore Rd, an aryloxy group which nay be substituted wth one or nore Rd,
a heteroaryl group v¥ddp RRYide e B t3lesh 1 hédl GRELRT of®! &r FRibra

het er oaryl oxy group which my be substituted with one or nore Rd, an am no

group, a Cl-C6 al kylm) nin Gidpmoxyrgedupli wiilcK tay | ey | 1858 AL QEedp;
with one or more RA, a heteroaryl group which
may be substltuted with one or more Rd, a
heteroaryloxy group which may be
substituted with one or more Rd, a mercapto
group, a C,-Cs alkylthio group, a C;-C;
alkylsulfinyl group, a C;-Cs alkylsulfonyl group,
-NRfRg, a C;-Cs alkylcarbonyl group which may be
substituted with one or more Rc, a C;-C;
alkylenedioxy group, a heterocyclyl group,
-COzRi, and -CONRiRjJ:

Rc is each independently selected from a halogen
atom, a hydroxy group, a c¢yano group, a nitro
group., a carboxy group, a C;-C¢ alkoxy group
which may be substituted with one or more
halogen atoms, an aryl group which may be
substituted with one or more R4, an aryloxy
group which may be substituted with one or more
Rd, a heteroaryl group which may be substituted
with one or more Rd, a hetercaryloxy grcoup which
may be substituted with one or more R4, an amino
group, a C;-C¢ alkylamino group, and a di(C,;-Cg

alkyll}amino group;



- 243 Rd is each independently selected froma Cl-C6 al kyl group which may
be substituted with one or nore hal ogen atons, a Cl-C6 al koxy group which
may be substituted with one or nore hal ogen atonms, a C7-Cl4 aral kyl group
whi ch may be substituted wth one or nore hal ogen atons, a hal ogen atom a
hydr oxy group, a cyano group, a nitro group, an amno group, a Cl-C6

al kyl ami no group, and a di (Cl-C6 al kyl?) @&h*ho group; Re is a hydrogen atom
a Cl-C6 al kyl group which nay be substituted with one or nore Rc, an aryl
group whi ch may be R ieaghdinderendrniply melectel &yom actieiCoaryl group

whi ch may be substituted wwth one or nore Rd; Rf is a ha/dro%(lan atom or a
Cl- 6 al kyl group w1 A5PUR Whiih inay Re \FUtsbhiertrd e e @Fis a

hyd t Cl- C6 al k whi ch b bstituted wit

mre R a CLCh  aMBRS ARG GHRATF uih O ey SbEOR oUEPLE AL (h one or
Re, I | ch b bstituted wth Rd

ot oroai yi - or bup wilhh Ty R G ed ISR i g T B9dh Seohsy Doy
, Cl-C6 al k ' ) ' Y

more e, or a CL- o8 SrirA T AneE SO Ao e S B AU N one

or nore Rc; Re and Rf; 1 angh&¥o2Nth R0 HBYod&t Mo, 1L Ha1dGeWei&sh, a

het erocycl e together wth the nitrogen
hydroxy group, a cyano group, a nitro group, an

amino group, a C;-C¢ alkylamine group, and a
di{C;-C¢ alkyl)amino group;:

Re is a hydrogen atom, a C;-Cg alkyl group which
may be substituted with one or more Rc, an aryl
group which may be substituted with one or more
Rd, or a hetercaryl group which may be
substituted with one or more Rd;

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 one or more Rc, a C;-Cq
alkylcarbonyl group which may be substituted
with one or more Rc, an aryl group which may be
substituted with one or more Rd, a hetercaryl
group which may be substituted with one or more
Rd, a carbamoyl group, a C,-C¢ alkoxycarboxy
group which may be substituted with one or more
Rc, or a C,-Cs alkylsulfonyl group which may be
substituted with one or more Rc;

Re and Rf, and Rf and Rg may form a 4- to 7-

membered heterocycle together with the nitrogen



- 244 atomto which they are bonded, respectively; and R and R are each
I ndependently selected froma hydrogen atom a C -C6 al kyl group which may
be substituted with one or nore Rc, a C3-CB cyclo- al kyl group which may be
substituted with one or nore Rc, and a C7-Cl4 aral kyl group which may be
substituted with one or nore Rd, or a prqodrug or a pharmaceutically
acceptable salt thereof. 2. The conpoﬁn&4éc60rding to claiml1l, wherein nis

1, or a prodrug or a pharmaceutically acceptable salt thereof. 3. The
compound accor di ng @BFof Fomwhish theph&rg porded.. respeatiyelysr apdbr odr ug

or a pharmaceutical]ly acc%PtabIe sal.t  thereof. %: The canpound according to
claim?2 or 3, wher & 3%k R @& iqasdhd ™ Ar 54 G&%é&‘%&d ring
atom adjacent to the ying atqmto jch t spbsti t uent i s_bonded on Arl,
or a prodrug or a pﬁ%’r‘#é’é%ﬁ'tiqcéﬂrq'yaa dégf a%f‘%yj;aﬁmf%e%joé} m%ﬁ.'obﬁ‘le conpound
according to claim re] 141540, .Qf rodr r A_pha utically
acceptabl e salt the%@%%ggd%hd; "}ci}rlr]p(?l?%d ogcg%r% r#é:qt% (ﬁ%'apf‘n é?gg\ﬁerei n the

substituent -(CR6R7 2 4 Il rting from
( ) A idsr%ggﬂfeiﬁ%ﬁ %Aa%?‘oes%‘ifﬁﬂif LA daRarting

the ring atomto whic on or a prodrug or a

phar maceutical | y aceaptfiles iRl tardd & @9 ¢, Gralk® 1C YRR GIAH g to any
one of clains 1 to 6, wherein mis 1, or a prodrug or a pharmaceutically

acceptabl e salt themeofsubstitiied ¥R RGheA@IOMb g KD, any one of clainms 1
to 7, wherein Arl is a phenyl ene group, a naphthylene group, a
or a preodrug or a pharmaceutically acceptable salt thereof.
2. The compound according to c¢laim 1, wherein n is 1,
or a predrug or a pharmaceutically acceptable salt thereof.
3. The compound according to claim 1 or 2, wherein A is -0-
or -NH-, or a prodrug or a pharmaceutically acceptable salt
thereof.
4. The compound according to claim 2 or 3, wherein the
substituent -(CR®R”),-Ar’ is bonded to a ring atom adjacent to
the ring atom to which the substituent A is bonded on Ar',
or a prodrug or a pharmaceutically acceptable salt thereof.
5. The compound acceording to claim 1, wherein n 1s 0, or a
prodrug or a pharmaceutically acceptable salt thereof.
6. The compound according to claim 5, wherein the
substituent -(CR°R’),-Ar?’ is bonded to the second ring atom
departing from the ring atom to which Q is bonded on Ar?!,
or a prodrug or a pharmaceutically acceptable salt thereof.
7. The compound acceording to any one of claims 1 to 6,
wherein m is 1,
or a prodrug or a pharmaceutically acceptable salt thereof.

8. The compound according to any one of claims 1 to 7,

wherein Ar' is a phenylene group, a naphthylene group, a



- 245 thienylene group, a pyridinylene group, an indolylene group, or a
pyrazol yl ene group, where these groups nmay be substituted w th one or nore
Rb, or a prodrug or a pharnaceutically acceptable salt thereof. 9. The
conpound according to any one of clainms 1 to 8 wherein Ar 2 is a phenyl
group, a naphthyl group, a thienyl group,, & benzofuranyl group, a
benzot hi enyl group, a benzodioxolyl group a 2, 3- dlhydrobenzofuranyl group,

W Lh one or SRR AERS o drtt G o B g Jp%%%i‘%?é%t“ =
h f. 10. T d f cl
RL R2, Ro.Che B eV Ed G s VRS e e 10, o4 b TR,

and - OC(=0 a pharmaceutically acceptable salt thereof.
11. The co&%@ﬁn IE%&%? ﬁggfﬁgblain1l, wherein mis 1; nis 1; Ais -0- or

-NH AT T gy %Fdﬁ/flf‘d‘eoﬂré’ afdGA {1 £NP a&ééb‘lpalff?té‘éff‘yiﬁé‘ﬁe&fpulo: a

pyrldlnylene group, an indolylene group, or a pyrazolylene group, where

these groups, may g cﬁiﬁﬁﬁidﬂ&lteﬁﬂ:d&diﬁm%% Qny e R ANAims B fhehyl group,
a naphthyl group, a thienyl group, enzof uranyl group, a benzot hienyl

group, a benroxBix@nd igr @Uphenyd, Frobiphy @ eehteiyd hdudl GUEhi@nyad
2, 3-di hyrobenzot hi enyl group, where these groups may be substituted with
one or nor egidup arad bdtizofRPramlRy] d¥owmd RPpenz gednyhdgpaumplend| y sel ect ed
froma hydroxy group and - OC(=0) R,

benzodioxolyl group, a 2,3-dihydrobenzofuranyl group, or a

2,3-dihyrobenzothienyl group, where these groups may be
substituted with ocne or more Rb,
or a prodrug or a pharmaceutically acceptable salt thereof.
10. The compound according to any one of claims 1 to 9,
wherein

rR', R?, R?’, R! and R’ are each independently selected from
a hydroxy group and -0C(=0)Rx,
or a prodrug or a pharmaceutically acceptable salt thereof.
11. The compound according to claim 1, wherein m is 1; n is
1; A is -0- or -NH-; Ar! is a phenylene group, a naphthylene
group, a& thienylene group, a pyridinylene group, an indoclylene
group, or a pyrazolylene group, where these groups may be
substituted with one or more Rb: Ar? is a phenyl group, a
naphthyl group, a thienyl group, a benzofuranyl group, a
benzothienyl group, a benzodioxolyl group, a 2,3-
dihydrobenzofuranyl group, or a 2,3-dihyrobenzothienyl group,
where these groups may be substituted with one or more Rb: and
R', R?, R*?, R* and R® are each independently selected from a
hydroxy group and

-0C{=0)Rx,



- 246 or a prodrug or a pharmaceutically acceptable salt thereof. 12. The
conpound according to claiml1l, wherein mis 1; nis O0; A' is a phenylene
group, a naphthyl ene group, a thienylene group, a pyridinylene group, an

i ndol yl ene group or a pyrazolyl ene group, where these groups may be
substituted with one or nore Rb; Ar2 is_a_phenyl group, a naphthyl group, a
t hi enyl group, a benzofuranyl group, a‘b@ﬁ?ofhienyl group, a benzodi oxolyl
group, a 2, 3-di hydrobenzofuranyl group, or. a 2,3-dihyrobenzothienyl_ group,
wher e t hes®Tgrod3LaRY B & harmanestt WGald o AesPiatte Reltihereofy, R3,

R4 and R5 agre egch independentl | ected f.rQqm a hydroxy groyp and |
Noctooy e, 155, AR PO da A 00 S o BRSO % ot bs 13
A conpound sel.egted frg

[ 2- (4- et h&XyB&nzyT) ShB%PY-l%B?chBEPj'3%“8?88835}?8%0%88?* 2 thienylene
[1S, 2R 3R, -4- TRt -Fdys (Amatbeny | s

phenyl ] cycllb?ﬁ(g@dné ?&%’i%fﬁ%fﬁﬁﬁw g(}o[u'i; &l )SH- arouP or a .

[ 2- (4-trifl4e0MRNRRND D PRA Y -l Rdpy Bidy WP suDH BN with
(2-(4-cycl opentyl benzyl )'phenyl ] - 5a- car ba- 3-D- gl 'ucopyr anosi de;

[ 2- (4- chl olopfeeRay maRe Y ;] 233- §8r BapReRydl Yyeony!, aR0RhPALhyl group. a

2- benzyl phenyl) - 5a- car ba- p- D- gl ucopyr anosi de;

(4-1 soprppeniyanzifouphe ry Ijenbfiardng 10 -Jd-dipic ep Weanilenyl group, a
(4-cycl opropyl benzyl) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

(4- n- pr depzodioKoliyie myicupha-ac & Ba-d-H¥dyldbeopafanesiyde ,group, or a
(4-trifluoronethyl benzyl) phenyl]-5a-carba-3-D gl uco- pyranosi de;

(4- met hyl, Suididayyiobemag thlleawll jgr¥mpcamiene hysec gropwpsan@ey de

substituted with one or more Rb; and R', R?, R’, R! and R® are

(
[ 2-
[ 2-
[ 2-
[ 2-
[ 2-

each independently selected from a hydroxy group and -0C{=0)Rx,
or a prodrug or a pharmaceutically acceptable salt thereof.
13. A compound selected from:

[2-(4-methoxybenzyl )phenyl]-5a-carba-f-D-glucopyranoside;
[15,2R,3R,4R,658])-4-hydroxymethyl-6-[3-{4-methoxybenzyl)-
phenyl]lcyclohexane-1,2,3-trlol:

[2-(4-trifluoromethoxybenzyl }phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(4-cyclopentylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside:
[2-{4-chlorobenzyl)phenyl]-5a-carba-fi-D-glucopyranoside;
(2-benzylphenyl)-5a-carba-f-D-glucopyranoside;
[2-(4-isopropylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-cyclopropylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-n-propylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-trifluoromethylbenzyl)phenyl)-5a-carba-p-D-gluco-
pyranoside;
[2-(4-methylsulfanylbenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside;



247 - [3-fluoro-2-(4-nmethoxybenzyl)phenyl]-5a-carba-p-D gl uco- pyranosi de;
3-trifluoronethyl benzyl) phenyl]-5a-carba-p-D gl uco- pyranosi de;

4- met hoxybenzyl ) - 4- net hyl phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;

3- met hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

4- met hoxybenzyl ) - 4- met hoxyphenyl ] - 5a- i?rba p- D- gl uco- pyranosi de;

4- met hoxybenzyl ) - 6- net hyl phenyl ] - 5a- 8 ba- p- D- gl uco- pyranosi de;

4- nethoxybenzyl) 4- quorophenyI] 5a- car ba- p- D-gluco tﬁyran05|de

3- f | uodFodARATAsFe VA -mefheamanzyip rhenyddySan D-gluco-

3-

met h%JI ber}lﬁé”g ienyl | - Sa- car ba- p- D- gl ucopyran05| de
| uoro ‘ybenzyl ) phenyl | - 5a- carba p- D-gluco- pyranoside;

T B SR S o R i B e
, 4- dlgﬁggﬂéﬁggﬂ;yl)phenyl] 5a- carba p- D-gluco pyran05|de
et hyFbenzyl) phenyl ] - 5a- car ba- p D-glucopyran05|de

hydr ey hengad g RO AR -D - gluco-
cyangbeﬁzyl)phenyl] 5a ca?%r g ucopyran03|de p-D-gluco

tr|f&ﬁ@ﬁ@nﬁﬁhnxybenzyl)phenyl] 5a- car ba- p- D- gl uco- pyranosi de;
am nonet hyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

met hoxy -[ 2-((4--Rithospaii 1) il -5 -caihar-f-D-g 1itdpyrancside ;

[2-(4-methoxybenzyl)-4-methoxyphenyl]-5a-carba-f-D-gluco-

4
-(
- (
- (
- (
-(
- (
- (
- (
- f
- (
- (
- (
-(
- (
- (
- (
(

4-
4-
3
4-
4-
4-
3-
4-

L L e Y e L L Lo Lo T B Vo o L L F s L BN e L B |
U'II\)I\)I\JNI\)I\)I\.)NU'II\)I\)NI\)I\)I\)NI\)

pyranoside;
[2-(4-methoxybenzyl)-6-methylphenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-{4-methoxybenzyl)-4-fluorophenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(3-fluorobenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(3-methylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[5-fluoro-2-(4-methoxybenzyl)phenyl]-5a-carba--D-gluco-
pyranoside;
[2-(4-methylsulfonylbenzyl)phenyl}-5a-carba-p-D-gluco-
pyranoside;
[2-(4-fluorobenzyl)phenyl]-5a-carba-pf-D-glucopyranoside;
[2-{3,4-dimethoxybenzyl)phenyl]-5a-carba-f§-D-gluco-pyranoside;
[2-{4-ethylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-{4-hydroxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-{4-cyanobenzyl)phenyl] -5a-carba-f-D-~glucopyranoside;
[2-(3-trifluoromethoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-aminomethylbenzyl)phenyl]-5a-carba-p-D-glucopyranoside;

[5-methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-



248 - pyranosi de; [2-(4-methoxycarbonyl benzyl ) phenyl]-5a-carba-j 3-D gl uco-
ranosi de; (2-(4-carbanoyl benzyl) phenyl ] -5a-car ba- p- D- gl ucopyr anosi de;
-(4-N, N-di net hyl car banoyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;
- (4- et hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;
- (4-di fl uoronet hoxybenzyl ) phenyl ] - 5a- car ba- R- D- gl uco- pyranosi de;
-(4-tert-buty|benzyl)phenyl]-5a-carbal§bﬂig1ucopyranoside;

- (4- et hyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

- (4- mret hBEEBHRSAGDNenyl | -5-tri fl uoronet hyl t hi ophen-3-yl]-

- car ba- p- D- gl ucopyr anosi de:
3- met hoxy- 221t g FhoXaslen pHens 71 lheny bh- &= tagpads=D 194eRsi de;
- (4- met hoxybenzyl ) - 3- met hyl phenyl ] - 5a- car ba-j 3- D- gl uco- pyranosi de;
- (3-1 uor Y= benzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;

R
‘j‘ ﬁé?Ll%é S e e R g dlifconsslds;
g \(llzng @‘P][‘ uor ow%%%@%‘jﬁ%@%é@%wﬂﬁbdﬁ I%%%%?/r anosi de;
3-

QJI\JNI\)I\)I\)N‘<

, 3-di #ds p-yl met hyl ) phenyl ] - 5a- car ba- 3-D- gl ucopyr anosi de;
fl uoro-4- nethylbenzyl)phenyl] 5a- car ba- p-D- gl uco

[2-(4-ethoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;

L L e e L L e L L 'S 3 P Ve L Lesn L Las b o I

M BN

-
(
- (
[
(
(

[2-(4-difluoromethoxybenzyl)phenyl]-5a-carba-f3-D-gluco-
pyranoside;
[2-{4-tert-butylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-methylbenzyl)phenyl]-5a-carba--D-glucopyranocside;
[2-(4-methoxybenzyl)}phenyl]-5-trifluoromethylthiophen-3-yl]-
5a-carba-f-D-glucopyranoside:
[3-methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-({4-methoxybenzyl)-3-methylphenyl]-5a-carba-f-D-gluco-
pyranoside;

[2- (3-fluoro-4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[4-{4-cyclopropylbenzyl)pyridin-3-yl]-5a-carba-§-D-gluco-
pyranoside;
f2-{4-carboxybenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[2-{4-vinylbenzyl)phenyl]-5a-carba-f-D-glucopyrancside;
{2-[4-(2,2-difluorovinyl)benzyl]phenyl}-5a-carba-f-D-
glucopyranoside;
[2-{2,3-dihydrobenzofuran-5-ylmethyl)}phenyl]-5a-carba-f-D-
glucopyranoside;

[2-(3-fluoro-4-methylbenzyl)phenyl}-5a-carba-p-D-gluco-



- 249 - pyranoside; [2-(4-nethoxy-3-nethyl benzyl)phenyl]-5a-carba-3-D gl uco-
pyranosi de; [2-(4-pyrazol-1-yl benzyl)phenyl]-5a-carba-j 3-D gl uco-
pyranosi de; [ 2-(3-chl oro-4-nethoxybenzyl ) phenyl]-5a-carba-p-D gl uco-
pyranosi de; (2-(3,4-nethyl enedi oxybenzyl ) phenyl]-5a-carba- 3-D gl uco-
pyranosi de; [2-(4- cyclobutylbenzyl)phenyE »ba- car ba- p- D- gl ucopyr anosi de;
[ 2- (4- acet yl benzyl ) phenyl ] - 5a-carba-R-D-§ ucopyran03|de

(4- met hox benz |.)) - 5- met hyl phenyl ] - 5a- car ba- 3- D- gl uco- pyranosi de;

(4- et hyP i‘ophen- 3- yI] 5a- car ba- 3- D- gl uco- pyranoside

(

[ 2-

[ 2-

[ 2- benzotglo gen 5& th 3?% | - p D- | ugo- ra osi de;
(R-(2-]1- 2 %‘P)é nﬁn&%&’?ﬁy 3‘3@%&% %5'&%? ﬁ /r anosi de;
(S)-{2-[1- ggr%%% g@gpylphenyl)ethyl]phenyl} 5a car ba-4-D glucopyran03|de
(2- (4-cycl 6propyl benZyl ) - 5- net hyl t hi ophen- 3-yl ] - 5a- car ba-f 3- D-

gl ucopyrangsi_ S‘i py2ale b1 RGN ) phie R N s RN B3 vy iy car ba- p- D-

gl ucopyr anacsi
[ 5- chl or o- Byfrdne¥alienr opyl benzyl ) t hi ophen- 3-yl ] - 5a- car ba- 3- D-
gl ucopyranosi de; (1R, 2s, 3R 6R)-6-[2-(4-cycl opropyl benzyl ) phenoxy] -4

[2-(3-chloro-4-methoxybenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(3,4-methylenedioxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-{4-cyclobutylbenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[2-{4-acetylbenzyl)phenyl]-5a-carba-p3-PD-glucopyranoside;
[2-{4-methoxybenzyl)-5-methylphenyl]-5a-carba-ff-D-gluco-
pyranoside;
[2-{4-ethylbenzyl)thiophen-3-yl]-5a-carba-fi-D-gluco-
pyranoside;
[2-{benzothiophen-2-yl)methylphenyl]-5a-carba-f-D-gluco-
pyranoside;
{R)-{2-[1-(4-cyclopropylphenyl)ethyllphenyl}-5a-carba-f-D-
glucopyranoside;
(S)-{2-[1~(4-cyclopropylphenyl)ethyl]jphenyl}-5a-carba-f-D-
glucepyranoside;
[2-{4-cyclopropylbenzyl)-5-methylthiophen-3-yl]-5a-carba-f-D-
glucopyrancside;
[2-(4-ethylbenzyl)-5-methylthiophen-3-yl]-5a-carba-f-D-
glucopyranoside;
[5-chloro-2-{4-cyclopropylbenzyl)thiophen-3-yl]-5a-carba-pf-D-
glucopyranoside;

(1R,28,3R,6R}-6-[2-{4-cyclepropylbenzyl )phenoxy]-4-



- 250 - (hydroxynet hyl)cycl ohex-4-ene-1,2,3-triol;

(1R, 2S, 3R, 6R) - 4- hydr oxynet hyl - 6- [ 2- (4- et hoxybenzyl ) -

phenoxy] cycl ohex- 4-ene-1, 2, 3-triol;

(1R, 2S, 35, 6R) - 4- [3 (4- ethylbenzyl)phenyl] 6- (hydr oxy-

met hyl ) cycl ohex-4-ene-1, 2, 3-triol;

(1R 2R 35, 4R, 5R) - 1- [ 3- ( 4- et hyl benzyl ) - 4- #@Choxypheny! | - 5-

(hydr oxymet hyl cyclohexane 1,2,3,4-tetraal;

(1R 2R 35S, 48vsyoxymethyl )ausiahar A jene ethAaiHadi | - 6- (hydr oxynet hyl )

cycl ohexan

(1R 2R, 3S, iéj%éssft‘{ f%th“oﬂ)’ %r‘t’ﬁ’“éﬁwlb &A% haRResbenzyl) -
hyd | t
Elé, ngégekl@%% C[%%% OXy- %"%4 y:{-benzyJ]') phenyl ]-6- (hydroxynet hyl)
| oh
((:{(I:? gR?ggng%kS%Sgﬁ SGqJZ e_t[h3yl 4er$zt)n}sl néiz Yc}' )%ﬁ%n&ly]phen)ﬂ%dgoxy-
(hydr oxy metgay! R4l ehel. ¥4 ejiﬁqol

(1R 2R 3S, 4S, 6R) - 4y?g'(4 et hyl benzyl)- 2, 4- di 'met hoxyphenyl ] - 6-

(hydr oxynmet(h ,)2rc\ad  afre arme-1l- (23 -3- 4-félgiylbenzyl) 4-methoxyphenyl]-5-
(1R,2R,3S,4R,5R)-1-[5-(4-ethy|benzyl)-2-nethy|phenyl]-5-

( hydr oxy net(hpdrepsimiananeyic bk xhriet I ao)3, 4-tetraol;

(IR 2R, 3S, 4S, 6R) -4-[ 5- (4- et hyl benzyl ) - 2- et hyl phenyl ] - 6-

(hydr oxynet(iyR ,)2®,d s aR)--14 -1, B~ (t4-ietlhylbenzyl ) -4 -methoxyphenyl] -6 -
(1R 2R, 3S, 4R, 5R) - 1-[ 5- (4- et hyl benzyl ) - 2- net hoxyphenyl ] - 5-
(hydroxyneﬂhﬂ@ﬂgﬂﬂmﬂﬁb&%ﬁpxpkPH?HﬂQQﬁké&ﬂ3 -triol;

(1R 2R, 3S, 4S 6R 455(4 ethylbenzyl) 2- met hoxyphenyl ] -

(hydr oxymetR HReR -1 A B-athasry-5-(4- EthYlbenzYl)Phe“Yll -5-

(1R2R3S4R5R 1-[5- 4eth enzyl -2tr|fluororrethoxy-

phenyl ] - 5- (W@r’gﬁﬁyﬁ{ﬁ c,c?/]tﬂg'@?ﬁ’yd'ﬁg"l 123 AEETRAL:

(1R 2R, 3S, %. 6,'3)12_,%_4,54§ Ofr[%oyelt enz IQ (24 Werpzyﬁryp}lenyl] 6-
(hydroxymethyl)cyclohexane-1,2,3-triol;
{1R,2R,35,4R,5R)-1-[5-(4-ethylbenzyl}-2,4-dimethoxyphenyl]-5-
(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;
(1R,2R,35,45,6R}-4-[5-(4~ethylbenzyl)-2,4-dimethoxyphenyl]-6-
(hydroxymethyl }cyclohexane-1,2,3-triol;
(1R,2R,35,4R,5R)-1-[5-(4-ethylbenzyl)-2-methylphenyl]-5-
(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;
(1R,2R,35,45,6R)-4-[5-{4-ethylbenzyl)-2-methylphenyl]-6-
(hydroxymethyl)cyclohexane-1,2,3-triol;
(l1R,2R,3S5,4R,5R)-1-[5-(4-ethylbenzyl)-2-methoxyphenyl]-5-
(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;
(1R,2R,35,45,6R)-4-[5-(4-ethylbenzyl)-2-methoxyphenyl]-6-
(hydroxymethyl)cyclohexane-1,2,3-triol;
(1R,2R,35,4R,5R)-1-[5-(4~ethylbenzyl)-2-trifluoromethoxy-
phenyl]-5-{hydroxymethyl)cyclohexane-1,2,3,4-tetraol;

(1R,2R,35,45,6R)-4-[5-(4-isopropylbenzyl)-2-methoxy-phenyl]-6-



- 251 - (hydroxynet hyl)cycl ohexane-1, 2, 3-triol;

(1R 2R, 3S,4S, 6R) -4-[ 3- (4- et hyl benzyl ) phenyl ] - 6- (hydr oxy-

nmet hyl ) cycl ohexane-1, 2, 3-triol;

(1R 2R 3S, 4S, 6R) - 4-[ 3- (4- hydr oxybenzyl ) phenyl ] - 6-

(hydroxynet hyl ) cycl ohexane-1, 2, 3-triol ;. 51 -
(1R,2R,35,4S,6R)-4-[5-(4-ethy|benzyl)-Z-ﬁy&roxyphenyl]-G-

(hydr oxynet,byl.) cycl ohexane-1,.2, 3-triol; .

(1 2R 5, 4 BYaRR e Sy B &, P e - o-

(hydr oxyne | L&Y GlO -1, 2,-3-tr i Qh el _
(1R 2R 3S, ZE’%E?‘ ?5&%‘?}%& %y 2 N2y F)cg-hﬁ’-lﬂel‘}oz SAREEAYL IS 6 - (hydroxy
(hydr oxymetayh) 6y ehelienanank-4,, %, 4-telilaal ;

(1S, 2R, 3S,4R 5R)-1-[5- (4- et hyl benzyl ) -2-fl uor ophenyl ] - 5-

(hydr oxyneyhyl, bey glsolaexarg--14-2.33.(4-heidrdybenzyl ) phenyl ] -6 -
(1R 2R, 3S, ZR, 5R) - 5- hydr o>ﬁ<k?/rret hyl - 1-[ 3- (4- net hggyggnzyly) -

phenyl ] cycliah@tergmbtiyd. )eyicalohadane-1,2, 3-triol;

(1S, 2R, 3S, 4R 5R) - 5- hydr oxynet hyl -1 - [ 3- (4- net hoxybenzyl ) -

phenyl ] cycl(aRe2Rnas] 48, 8R)—tet[5adl4;- ety 1benzyl) - 2-hydroxyphenyl] -6-
4-[1-(4-ethyl benzyl)-1H1indol - 3-yl ]-6-(hydroxynet hyl) -

cycl ohexanéhyd2o3ymeitbly l Jovcd owecdmey 1012 .8 ftlrdblodaceut i cal |y acceptabl e salt
thereof. 14. A pharnmaceutical conposition conprisin% a conpound according
to any one {3R.2Rai3Fs 48 .68 )13 - [vii{dr avs Lepa@pad benzyd ) pienddsle 6co- t r ansport er
i nhibitor. 15. A pharnaceutical conposition conprising a conpound according
to any one (bydxrxymethvid cysloferamne-4d .gsdd tdPLlipreventing or treating

s S o K S L T e N T R
(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;
(15,2R,35,4R,5R)-1-[5-(4-ethylbenzyl)-2-fluorophenyl]-5-
{hydroxymethyl)}cyclohexane-1,2,3,4-tetraol;

(1R, 2R, 3S,4R,5R)-5-hydroxymethyl-1-[3-(4-methoxybenzyl)-
phenyl]cyclohexane-1,2,3,4-tetraol;
(15,2R,35,4R,5R}-5-hydroxymethyl~1-{3-{4-methoxybenzyl)-
phenyllcyclohexane-1,2,3,4-tetraol; and
4-[1-{4-ethylbenzyl)-1H-indol-3-yl1]-6-{hydroxymethyl) -
cyclohexane-1,2,3-triol,

or a prodrug or a pharmaceutically acceptable salt thereof.
14. A pharmaceutical composition comprising a compound
according to any one of claims 1 to 13, which is used as a
Na'-glucose co-transporter inhibitor.

15. A pharmaceutical composition comprising a compound
according to any one of claims 1 to 13, which is used for
preventing or treating diabetes, diabetic complications caused
by hyperglycemia, or obesity.

16, The pharmaceutical composition according to claim 15,



- 252 wherein the diabetes is insulin-dependent diabetes (type | diabetes)
or insulin-independent diabetes (type Il diabetes). 17. A nethod of
preventing or treating diabetes such as insulin-dependent diabetes (type |
di abetes) and insulin- independent diabetes (type Il diabetes), diabetic
conplications caused by hyperglycem a or §%$S|ty, whi ch conpri ses

adm nistering a therapeutlc effective amd of a conpound according to any

one of clains 1 to to aepatlent
wherein the diabetes is insulin-dependent diabetes (type I

diabetes) or insulin-independent diabetes (type II diabetes}.
17. A method of preventing or treating diabetes such as
insulin-dependent diabetes (type I diabetes) and insulin-
independent diabetes (type II diabetes), diabetic
complications caused by hyperglycemia or obesity, which
comprises administering a therapeutic effective amount of a

compound according to any cne of claims 1 to 13 to a patient.



