- 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 pharnaceuticgliy_ acceptabl e salts which are useful
as drugs. Particularly, the present invention relates to cycl ohexane
derivatives, their prodrugs and their salts which are useful as

prophyl actic or therapeutic agenSBECERICATTGNse an effect by inhibiting
Na4- gl ucose co-transporter 2 (SG.T2), for diabetes such as insulin
dependenNOWERD CXCLOHBXANE DRERIVKTIVE .o RRODRUG | THERRQE) MNR (SALT | THEREBAF ¢ t ype
I‘1 di abet es) AND AHERAPEUTH | AGEND rCONTATINING HR: SSAME IFOR DIABRTEBE caused by
hyper gl ycem a. BACKGROUND ART [0002) In recent years, the nunber of diabetic

patientngEﬁﬁlbairggigg due to the westernized dietary habits and chronic
lack of & —arfrer like. I'n diabetic patients, J the insulin secretion
and | ”S”'['oﬂoiﬁns' Ul Viphi giﬁﬁggihigégﬂﬁgn éeiiﬁtaareg'et&gtaxaﬁaﬁhxsem a and

this invites further ris | ood sugar |evels to riorate the condition

of the di t gﬁQﬁﬂﬁf f gﬂdﬂﬂﬂdﬁht ' i de drugs,
sulfonylE%gg%gfég??'gﬁggggf ase | i%@?ﬂ&iﬁ?gg , |nsulinihggg%2tance
| I OVi NG REPRRDIA GG WHHRH 1R RAVEWSAS drigit! ePardd dulardlyde taid ect s

associated wth these agents, lactic acidosis is reported for the bigunide

drugs, apgesanRodnyedtidn TR b (Yc1vhekany dedd vlitidfesANdnéial rhea is
reported for the glycosidase inhibitors, and therefore the

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 I1 diabetes), dlabetic complications and
diseases such as obesity caused by hyperglycemla.

BACKGROUND ART

[0002]) In recent years, the number of diabetic patients
has increased due to the westernlzed dietary habits and
chronic lack of exercise and the like. In diabetic patients,
ﬁ;m) 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
reslstance improving agents and the like have been used.
However, as the side effects assoclated with these agents,
lactic acldosis is reported for the bigunide drugs, and
hypoglycemia is reported for sulfonylurea drugs and diarrhea

1s reported for the glycosldase inhibitors, and therefore the



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

di abet es having a new nechani smof action different from that of these
drugs is earnestly desired. [0003) It was reported (see Non-patent Docunent
1) that phlorizin, a natural-occurring glucose derivative, inhibits
reabsorpti on of excess glucose in the kidney by inhibiting sodium dependent
gl ucose co-transporter 2 (SG.T2) presént in the Sl site of renal proxinal
convol uted tubhule and pronotes glucose excretion to exhibit |owering of
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I ntracerebral glucose concentration is reported (refer to, for exanple,
Nonpat entg) d&fdddicration to exhibit lowering of blood sugar levels,

) and since then the study of therapeutic agents for diabetes
based on the SGLT2 inhibition has been eagerly conducted.
{0004] For example, in Japanese Patent Publication
2000-080041 A (Patent Document 1), International Publication
Nos. WO01/068660 (Patent Document 2), WO04/007517
(Patent Document 3) and the like, compounds used as SGLT2
inhibitors are reported. However, since phlorizin and the
compounds described in the above-described Patent Applications
have a glucose moiety as a common partial structure, and it is

é‘:) 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 actlon
qﬁickly disappears. In the case of phlorizin, it 1s reported
that phloretin..the aglycon of the phlorizin, strongly
inhibits a sugar transporter of the facilitated diffusilon type.
For example, when phlorizin is intravenously administered to a
rat, an adverse effect of reducing the intracerebral glucose
concentration is reported (refer to, for example, Nonpatent

Document 2).



- 3 (0005] 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 i ndi Vi dual variability is considerable, in
many cases, it is difficult to provide an action of a prodrug stably.

Furt her, [0B85]conver TheR. olnt pEdgryE8spEEVEBhdsUeht decedppsiitdonoandcar bon-
carbon bond has been attenpted (refer to Patent Docunents 4 to 8). However,
further AMPESYeneRsogpting sfficiensy . ,someyaktempt,toy Gonyexd: isyohy

met abol i ¢ stabilit¥ and the |like are _demanded. Patent Docunent 1: Japanese

Pat ent PGOMPOIAF, to pFodxigs, therest. hasphbeen: sarried, oty When a

Publ i ti No. W00 68660 P | et Pat ent t 3: Int i |
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Publ i ti 2001/ 041674 A _Pat.ent t 5: US Patent Publi ti
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Pa”phletenzymes are present in a living body and individual
variability is consideérable, in many cases, it is dAifficult 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, metabollic stability and the like are
demanded.
Patent Document 1: Japanese Patent Publication 2000-
080041 A
Patenf Document 2: International Publication No.
WO01/068660 Pamphlet
;;) Patent Document 3: International Publication No.
| W004/007517 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.
WO02/083066 Pamphlet
Patent Document 8: International Publication No.

W004/013118 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 partlcularly to provide cyclohexane
derivatives which have bl ood sugar | evel4 |"owering action and furthernore
have suitable properties as drugs, such as prolonged effect, netabolic

st abi | i t yNenpateant wommrhor-b-, Glimbj Tuvest . t W3 prE@Fht {(19%€htion is to
provi de har maceut i cal ositions which are used for preventing or
treating W@%LR?P%@ HESQH i Sterieendbh: BRI type |  di abetes) and

i nsul in-independent diabetes (type Il diabetes), diabetic conplications,
and dised§€¥5§ﬁgﬂu§§m%5@%$tEﬂéﬁﬁ%kQNtw' hypergl ycem a. MEANS TO SOLVE THE
PROBLENI[ppO? As e t  of stigations by the present
I nvent or o e 2 43 bed obJects the inventors

LEEQﬁ teﬂff%@%ﬁ“ﬁfxai C‘I’S’fri‘?%g“ofa SRR Sl fi°qrm FR ST
Coventi oYy iaeRans M a%&l‘?‘g’n@a fz%‘?f Pk *?ﬁﬁé%%ﬁ#‘ém
for”U|a'(Aﬂ'oﬂf&%%”b%Fiﬁénﬁfbgénf fhvélifion is particularly to provide

cyclohexane derivatives which have blood sugar level lowering

action and furthermore have sultable 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 dlabetes (type I
diabetes) and insulin-independent Aiabetes (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]



(CRSR7) m jib Art Q(l) [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 froml to 3; Qis
selected fromQL to b represented by the follow ng formulae: [0011]
[Formula 2] 6 R5,,,,. \RLR%,. "' RARR RRRRI2 RRRRIRI Q2@
RS RS ,,aRi R4 Ra RR R2 R3 R3 4 @65 (f0012] wherein Rl, R2, R3, R4, and
R5 are each independently selected froma hydrogen atom a hydroxy group,

l|\r2
(CR°R"),

i
[}FT;;A“-
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;

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

[0011]) [Formula 2]



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 one or nore Ra, a Cl-Cl4

ar al kyl oxy group which nay be substituted with one or nore Rb, and
-OC(-ORx; Rx is a Cl1-C6 al kyl group which nmay be substituted wth one or
more Ra, an aryl group which may be substituted with one or nore Rb, a
heteroaryl group which may be substituted with one or nore Rb, a Cl-C6

al koxy group which may be substituted with one or nore Ra, or -NReRf, Arl
is an aryl ene group,ghifch may be subst t ted - 7 with one pr nore Rb, or a
pre Rb, where
at | cpglar bocycl e
.-“gﬁbstltuted

orma fuseéf- rqugvmth an arong
or an aromatic e; Ara is an ‘group whi ch
with one or ) terqq#yl whi ch ¥ be ituted with
one or nore Rb; Ra IS -ach depend d f g0wpy2 atom a
hydroxy group, a cyan goup, a nitro group a carboxy group a Cl-C6 al koxy
group which may be su ituted with one@; nore Rc, an aﬁ4 group which
may be substituted with one or nore Rd n aryl oxy group ch may be
substituted with one or nDre Rd, a heteroaryl group which Ry be
substituted with one oQ Q2 Q

RS R
A\ H 1 -\\\H‘I
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[0012] wherein

R!, R?*, R, R*, and R® are each independently
selected from a hydrogen atom, a hydroxy group,
a C;-C¢ dlkyl group which may be substituted with
one or more Ra, a C,~-C; alkoxy group which may

n:) be substituted with one or more Ra, a C;-Cj,
| aralkyloxy group which may be substituted with
one or more Rb, and -OC(=0Q)Rx:

Rx 1s a C;-C; alkyl group which may be substituted
with one or more Ra, an aryl group which may be
substlituted with one or more Rb, a hateroaryi
group which may be substituted with one or
more Rb, a C;-C; alkoxy group which may be
substlituted with one or more Ra, or -NReRf,

Ar' is an arylene group which may be substituted



Rd, a heteroaryl oxy group which may be substituted with one or nore Rd, a
nmercapto group, a Cl-C6 al kylthio group, a Cl-C6 al kyl sul finyl group, a
Cl- C6 al kyl sul fonyl group, -NRfRg, and a Cl1-C6 al kyl carbonyl group which
may be substituted wth one or nore Rc; Rb is each independently sel ected
froma Cl-C6 al kyl group which nmay be substituted with one or nore Rc, a
Cl-C6 al kenyl group which may be substi?tuted with one or nore Rc, a C3-C6
cycl oal kyl group which nay be substituted with one or nore Rc, a C7-Cl4
aral kyl group whi gitiyone br horellRy, tof el hétdronigy ldndrygrodgd, a hal ogen
atom a hydroxy group, a cyano group, a nitro group, a carboxy group, a
Cl- C6 al koxy gr ouprhifoicimayrde Eubethitutied sdith tdneoror aworwrRbh ,Rc, an aryl
group which nay be substituted with one or nore Rd, an aryl oxy group which
may be substit ut ecwhenie thendedreroanylene groaire megyr o @ufusedh nmay be
substituted with one or nore Rd, a heteroaryloxy group which may be
substituted w th oWl amRaranatia garhogyale om agl -ag3rstda t hi o gr oup,
a d-C6 alkylsulfinyl group, a d-C6 al kyl sul fonyl group, -NRfRg, a Cl-C6
al kyl carbonyl groR®t@HQI¥YHH®: be substituted with one or nore Rc, a Cl-C3
al kyl enedi ox roup, .a heterocyclyl grou -CO2RI, and -CONRI R} ;
y y 9 Aﬂa is an arylygf%upgwhi%h may be substituted 5&th
one or more Rb, or a heteroaryl group which
may be subgtituted with one or more Rb;
Ra 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 Rc, an
aryl group which may be substituted with one or
more RA, 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 heterocaryloxy group which may be
substituted with one or more R4, a mercapto group,
_:) a C;-Cs alkylthio group, a C;-Cs alkylsulfinyl
group, a C;-C¢ alkylsulfonyl group., ~NRfRg, and a
C;-C¢ 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 Re, a C;-C¢ alkenyl group which may be
substituted with one or more Rc, a C;-Cs
cycloalkyl group which may be substltuted with

one or more Rc, a C,-Cy¢ aralkyl group which may



Re 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 may
be substituted with one or nore Rd, an aryloxy group which may be
substituted with one or nore Rd, a heteroaryl group which may be
substituted wth one or nore Rd, a hét @rdaryl oxy group which may be
substituted with one or nore Rd, an amino group, a Cl-C6 al kyl am no group,
and a di (Cl-C6 alha/ls)\ﬂ?ﬁﬂd:u}'r%ﬂ'ith oner®y Jmanec R n@efeiqgan y sel ect ed
froma Cl-C6 al kyl group which nmay be substituted with one or nore hal ogen
atons, a Cl-C6 al I&S&mgr%d}if%ﬂ’@h QFéV-‘Fbe & FRANG @RAYRy tth BHEDr nore

hal ogen atons, a C7-Cl4 aral whi ch. may substi t ut ed W|th one or
mor e hal ogen atorrﬁr%’ﬂval%d@? 9 “Ihyd'r cﬁéycgrﬁﬁbm‘% gTouB BRIER, a nitro

group, an amno grou a Cl- no ou and di (Cl-

i) si A e LR F”*ﬁb T e
substituted with one or may be substitute
with one or nore FPUR™ ql‘o)\uﬁ'b ‘éﬁﬁ%%% %Rt ed with
one or more Rd; Rigds g nﬂcﬂ{B wHidh Wi heé ditls X Qiedi ch - may be

substituted with one€ or nor
with one or more Rd, a heteroaryl group which

may be substituted with one or more R4, a
heterocaryloxy 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;-C¢ alkylsulfonyl group,
-NRfRg, a C;-Cg alkylcarbonyl group which may be
substlituted with one or more Rc, a C;-C;
alkylenedioxy group, a heterocyclyl group.
-CO;R1l, and -CONRiR];
Rc 1s each lndependently selected from a halogen
atom, a hydroxy group, a cyano group, a nitro
_:) group, a carboxy group, a C;-Cs alkoxy group
| which may be substituted with one or more
halogen atoms, an aryl group which may be
substituted with one or more R4d, an aryloxy
group which may be substituted with one or more
Rd, a hetercoaryl group which may be substituted
with one or more Rd, a heteroaryloxy group which
may be substituted with one or more R4, an amino
group, a C;-C¢ alkylamino group, and a di{C,-Cs

alkyl)amino group;



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

car banoyl group, a Cl-C6 al koxycarboxy group which may be substituted with
one or nore Rc, or a Cl-C6 al kyl sul fon@l =group whi ch may be substituted
with one or nore Rc; Re and Rf, and Rf and Rg nay forma 4- to 7- nenbered
het er ocycl e t ogeiRéerlaneach Hndepgendeatly sell®dctadiidom ehi®ikCshey are
bonded, respectively; and R and R are each independently selected froma
hydrogen atom a @Ik®l gxoup ghigh wax bersubasitated iwikledns tdr one or
nore Rc, a C3-C8 cyclo- al kyl group which nay be substituted with one or
nmore Rc, and a C7iore hadiagen qtoms . ch-Rayalkexyugsoupuvbiichi t h one or
nore Rd, or a prodrug or a pharnmaceutically acceptable salt thereof. [0013]
Accordi ng to anot &Y Peanbaiil tytied mddniong o mans halngen jatgmsyi ded a
cycl ohexane derivative represented by formula (1), wherein nis 1, or a
prodrug or a phadrdocbri ARaLKEe Gnfumwhich may, e Fubsiktyited A | s
preferably -0- or -NH. Further, the substitution systemon Arl is
preferably that tAetdyRNe (QfeMorg Gaeden Atoms,. & fkPgen, 3t nd at om

adj acent to the ring atomto which the
h OXy dgroup, a cyano group, a nitro group, an

amino group, a C;-C¢ alkylamino group, and a
di(C,-Cs alkyl)amino group:
t> Re is a hydrogen atom, a C,-Cg alkyl group which

may be subgtituted 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 R4;

Rf is a hydrogen atom, or a C;-C¢ alkyl group which
may be substituted with one or more Rc:

Rg is a hydrogen atom, a C;-Cs alkyl group which
may be substituted with one or more Rc, a C;-Cg

t:>' alkylcarbonyl group which may be substituted

with one or more Rc¢, an aryl group which may be
substituted with one or more Rd, a heteroaryl
group which may be substituted with one or more
Rd, a carbamoyl group, a C,-C¢ alkoxycarboxy
group which may be substituted with one or more
Rec, or a C;-Cy 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



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 Arl is a pyridinylene group, 2,3-substitution, 3,4-
substitution, 4,5-substitution or 5,6-subtitution is preferred. Further,
when Ar' is a pyrazolyl ene group, 3, 4~ stbstitution, 4,5-substitution or
1,5-subtitution is preferred. The substituent A and the substituent
-(CR6R7) m Ar 2 may atenbd&edadhich £heynhqne bonded .arespejcddvalysc@mddi ng to
still another aspect of the present invention, there is provided a

cycl ohexane deri apd Rie dres @achd independently se £oem & 0, or a
prodrug or a - 11 pharnaceutically acceptable salt thereof. Herein, the
substitution syst &¥dsegen atom & Liabs Akt IFROR Uich JRaY be (CR6R ) m Ar 2
I's bonded to the second ring atomdeparting from the ring atomto which Q
i s bonded. For ex&whsti Mith one, on, marie. RS .o §3-Ca ¢SO substi tuti on

2 LSSl e P i, SRR St e el S B Bt on i

prefenred. Furt horue WSk Ad. Bk ho8LY RO Yhogh ToibR U O

55 subst |t on & FOPRERKIRAN Ftn He e Botel R ' CLLS Cuent A and the

Fubst1 g R o o e ALy S s (0015] 1

pref erablphed Ahenyl eRece-@4Rg to another aspect of the present

'_) invention, there 1s provided a cyclohexane derivative

represented by formula (I), wherein n is 1, or a prodrug or a

pharmaceutically acceptable salt thereof. Herein, A is

preferably -0O- or -NH-. Further, the subsgtitution 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-

h:) substitution 1s preferred and furthermore, for example, when
Ar' is a pyridinylene group, 2,3-substitution, 3,4-
gsubstitution, 4,5-substitution or 5,6-subtitution is preferred.
Further, when Ar' is a pyrazolylene group, 3,4-substitution,
4,5-gubstitution 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 cyclohexane 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 may be substitpyted with one or nore Rb). [00161 In
t he above-described fornmula (1), mis TJpreferably one, and further Ar2 is

benzof ur AT “e”;%t'icﬁiﬁt‘i& RS Skl hensit-oa HAra S dlifip, a 2, 3-

IR B it

OL nDrebe) ﬂ EQQE?Oéf7?OﬁHQthBa§%ge 8§§9|§i892§¥Po E%S ih? %%E Srred
R

tgrgfjp an(}%o&?ﬁa %ﬂtcﬁ:{‘%@%ﬁ%?} [0 a furt*erégés'%glc '{Hﬁ]e prg'se;lfxy

I nventio Hgﬁ Huge éaynguqﬁt §¥E¥# f la (1),
wherein % |% ﬁ.nézfesFHl ,&ﬂ & Ein or ﬂuﬁ hﬁ' q@? phany d‘e&rz?lgq ofﬁ)c?wa

napht hy| eiignff 1P wiferd mﬁnmae&e uany@.enay@%hay' 204 -Subara tiitalopdol yl ene
group or a pyrazolylene group nd t hése groups nay 'be substituted ‘with one

or more FNP-suligtituBldleny/ e vl tutgidy |1 B Mibt Peddidiyds group, a
benzofuranyl group, a benzothlenyl group, a benzodi oxolyl group, a

2, 3- di hy gsrreraaddl Futtis®Uwidn A is dnhinaddpaent ¢vupd’ ays-(and t hese
groups may be substituted wth one or nore Rb); and R, R2, R3, R and R5

are each subiepandor ) \3 s el futrorns, hym-mubgrmmml 010, Rx, or

D

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®R7).-
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 thlenylene group, a pyridinylene group,
an indolylene 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).

[00161] In the above-described formula (I}, m 1s
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-dlhydrobenzofuranyl 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
conpound 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); Ar¥2is a phenyl group, a naphthyl
group, a thienyl group, a benzofuranyl group, a benzothienyl group, a

benzodi of@lpal7Jor oup, 1A €hé- aBbRrdaebapibéar ghvio QI QUAL Als Ppreferred
2, 3-di hyrobenzot hi enyl group (and these groups nmay be substituted with one
or nore Rhat &g RRL R R'RAandRR® ark Rach elmiaperndeteibn dssl égted| £xomed from
a hydroxy group and -OC(-O Rx, or a prodrug or a - 13 - pharmaceutically
accept ablae hydrioxyh greufp. and020C (AJ&xdi ng to a still further aspect of the
present invention, there is provided a conpound sel ected from
(2- (4- netllf®@denzy| ) phcayiilngatoaabfuptbeyl asppgtanfstbe; present
[ 1S, 2R, 3R, 4R, 6] - 4- hydr oxynet hyl - 6- [ 3- (4- met hoxybenzyl ) -
phenyl | cjaivendione- there ils grovided a compound of the above-described
[ 2-(4-trifluoronethoxybenzyl) phenylj-5a-carba-p-D gl uco- pyranosiqe;
[ 2- (4- cy &ospaniay |(Hdnz Mhededmy M dss Igambdspin @ dGopPradsiaEt-: Ar- is
(4-chl orobenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;
enzy B RRANLeSe. IRONP.H DAABMARICASoGTeUP. a thlenylene group, a

(2 ben: ene gF _

BB R o o B i en

2T R SRR B e B RSN H S ox more
Rb);: Ar® is a phenyl group, a naphthyl group, a thlenyl 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 pharmaceutically acceptable salt thereof.
[0019] According to a still further aspect of the present
invention, there 1s 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-dihyrobenzothlenyl 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(=0Q)Rx, or a prodrug or a



pyr anosi de; [ 2-(4-nethylsul fanyl benzyl)phenyl]-5a-carba-j 3-D gl uco-
pyranosi de; [3-fluoro-2-(4-nmethoxybenzyl)phenyl]-5a-carba-p-D- gl uco-
pyranosi de; (2-(3-trifluoromethyl benzyl)phenyl]-5a-car ba-p- D gl uco-
pyranosi de; [ 2-(4-nethoxybenzyl)-4-methyl phenyl]-5a-carba-p-D gl uco-
pyranosi de; [ 2-(3-nethoxybenzyl) phenyl]-5a-carba-$- D gl ucopyranosi de;

[ 2- (4- net hoxybenzyl ) - 4- met hoxyphnnyl ] = 583 car ba- p- D- gl uco- pyr anosi de;

[ 2- (4- met hoxybenzyl ) - 6- et hyl phenyl ] - 5a- car ba- p-D-gluco - 14 - pyranosi de;
(4- netghaopecent Hcally Boanptabld -sedtc ditisa-epD- gl uco- pyranosi de;

3-fl uorobenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

3- metl®02%hzy| ) pAeopriding dar basp'ri@lglfmppﬂ-‘amm of the present

| uor o- 2- (4- net hoxybenzyl ) phe 5a- car ba- p- D- gl uco- pyranosi de;
4-rmﬂ#ﬁHQnH3Qﬂnﬂﬁh§ﬁSH§, €&QQ14MQQQPQFHﬂgﬁ ted, i de;

4-f | uor obenzyl ) phenyl ] - 5a- car ba-f - D- gl ucopyr anosi de;

(

(

f

(

( 3, 4- diretramveharzghe lmwl}eraalhémqg:h; mn,-cglp;qmide.
(4-eth Ibenzyl phen | ] - 5a- car ba- | Iuc anosi d

(4- hy *E}éﬁ-"&.iﬂﬂé? MWMMYU -

(
(

4-cya obe - glucopyran05|de
3-t r iB1SIBF ﬁdﬁ}%&#&?ﬁpﬁeﬁy‘fﬂ% - car ba- 3- D- gl uco-

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

(2-
[ 2-
[ 2-
[ 5-
[ 2-
[ 2-
[ 2-
(2-
[ 2-
[ 2-
[ 2-

pyrancside;

[2-(4-cyclopentylbenzyl)phenyl]-Sa-carba-f-D-glucopyranoside;

[2-(4-chlorobenzyl)phenyl]-Sa-carba-pf-D-glucopyranoside:

(2-benzylphenyl)-5a-carba-p-D-glucopyranoside;

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

[2-(4-cyclopropylbenzyl)phenyl] -S5a-carba-f~D-glucopyranoside;

[2-(4-n-propylbenzyl)phenyl] -5a-carba-pf-D-glucopyranoside;

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

pyranoside;

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

pyranoside;

:) [3-fluoro-2-{4-methoxybenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(3-trifluoromethylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-methoxybenzyl)-4-methylphenyl]-5a-carba-f-D-gluco-
pyranoside;

[2-(3-methoxybenzyl }phenyl]-5a-carba-f-D-glucopyranoside;
[2- (4-methoxXybenzyl)-4-methoxyphenyl]-5a-carba-p-D-gluco-
pyranoside; |

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



pyr
[ 5-
[ 2-

[ 2-
[ 2-
[ 2-
[ 2-
[ 2-
[ 2-
[ 2-
5a-
[ 3-
[ 2-
[ 2-
[ 4-
[ 2-
[ 2-
(2-

anosi de; [2-(4-am nonet hyl benzyl ) phenyl ] -5a- car ba- p- D- gl ucopyr anosi de;
nmet hoxy- 2- (4- met hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;
(4- met hoxyoar bonyl benzyl ) phenyl ] - 5a- car ba- 4- D- gl uco- pyranosi de;

(4- car banoyl 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-j1 -1* gl ucopyr anosi de;

(4-di fluoronet hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;

(4-t apyxlanoglildenzyl ) phenyl ] - 5a- car ba- $- D- gl ucopyr anosi de; - 15 -

(4- nmet hyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

( 4- met[2eX waethopxybemzy]l-)>-4-filldorophentyil) - 5hi-carba-$-P-jgluco -

c

ar ba- p- D- gl ucopyr anosi de;

met hoPyranesiferhoxybenzyl ) phenyl | - 5a- car ba- p- D- gl uco- pyr anosi de;

(4- met hoxybenzyl ) - 3- net hyl phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;

( 3- f | d@rd3+fAsoxebenayi)phenyil-Sassarbarfi-B-plycopyrappsidesi de;

(4-cycl opropyl benzyl) pyr.i di n- 3-yl ] - 5a- car ha- p- D- gl uco- pyranosi de;

( 4- calBolgpaethyibensyl) phenyd s QHQBI@PugoﬁyH&H69PG§P305ideF

(4-vin%lbenzyl)phenyl - 5a- car ba- p-.D- gl ucopyr anosi de;

[4-(2] -'élﬂ%&'&ri(rﬁnﬂ%e&émwﬁ yPRenyld r5es canba-G-BeGINcrosi de:
pyranoside;
[2-(4-methylsulfonylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside:

[2-(4~fluorobenzyl)phenyl] -5a-carha-f-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-pB-D-glucopyranoside;
[2-({3-trifluoromethoxybenzyl )phenyl]-5a-carba-p-D-gluco-
pyranoside;

[2-(4-aminomethylbenzyl }phenyl]-5a-carba-f-D-glucopyranoside;

[5-methoxy-2-{4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-

_:) pyranoside;

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

[2-(4-carbamoylbenzyl )phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-N,N-dimethylcarbamoylbenzyl)phenyl]-5a-carba-g-D-
glucopyranoside; |
[2-(4-ethoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-difluoromethoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;

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



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

met hoxy- 3- met hyl benzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;
pyrazol - 1-yl benzyl ) phenyl ] - 5a- canla-p- D- gl uco- pyranosl de;

chl or o- 4- met hoxybenzyl ) phenyl ] - 5a-car ba-fl - D- gl uco- pyranosi de;

&R B st b GRERRIORPAR L phRREA I choaat PacBoproigbinsehtialdst s
TR SRR IER T 3-8 B AR RS U oppen :myd-
ez SPRERBRB D205 BENEBRYFRBRIRRT o cal ba 5 Dy gl ubb pyr anosi de:

{2-1 }5(4s PLORYL 28aC 285D - pyranosi de;
(S)-(2-(1§(§9%§% p?oS%l%Egﬁék?gkﬁ¥k%gﬁ§%§k ]SQFC%r gFOPDP ghﬁggpyranoside;
(2-(4-cy§bgahggxhgqnzyl)-5-nethy|thiophen-3-y1]-5a-carba-(3-D—
gl ucopyranosi de; [2-(4-ethyl benzyl)-5-nethylthiophen-3-yl]-5a-carba-p-D
g'UCOpyrQQQ?hdﬁéthoxybenzyl)—3-methylphenyl]-5a-carba-ﬁ-D—gluco-

NPNNNNNNNNDNDN

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

Y

pyranoside;
[2-({3-fluoro-4-methoxybenzyl )phenyl]-5a-carba-a-D-gluco-
pyranoside;
[4-(4-cyclopropylbenzyl)pyridin-3-yl]-5a-carba-p-D-gluco-
pyranoslde;
[2-(4-carboxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-vinylbenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
{2-[4-(2,2-d1fluorovinyl)benzyl]phenyl)}-5a-carba-p-D-
glucopyranoslide;
[2-{2,3-dihydrobenzofuran-5-ylmethyl )phenyl]-5a-carba-f-D-
glucopyranoside;
[2—(3-f1uoro-4-methy1benzyl)phenyl]-5a-cqrba-ﬁ-D-gluco—
.i:) pyranoside;
[2-(4-methoxy-3-methylbenzyl)phenyl]-5a-carba-p-D-gluco-
.pyranoside:
[2-(4-pyrazol-1-ylbenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(3-chloro-4-methoxybenzyl)phenyl]-S5a-carba-p-D-gluco-
pyranoside;
[2-(3,4—methylenedioxyﬁenzyl)phenyl]-Sa-carba—ﬂ—n-gluco—
pyranoside;

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



[ 5-chl oro- 2- (4-cycl opropyl benzyl ) t hi ophen- 3-yl]-5a-car ba- p-D

gl ucopyranosi de; (1R, 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)pheﬂqu -6- (hydr oxy-

nmet hyl ) cycl ohex-4-ene-1, 2, 3-triol;

(1R 2R, 3§21R 45Rcetyfibelnkyl eI S 4aEtia P ppitiddpyrancside

(hydr oxynet hyl ) cycl ohexane-1, 2, 3, 4-tetraol;

(1R 2R 3$mﬁmemdﬁdehm1wmmﬁmhewmowmad-ﬂao-gmco-
(hydr oxyui et hyl ) cycl ohexane-1, 2, 3-triol;

(1R, 2R, 3pwRM@ide ;[ 2- et hoxy- 5- (4- et hyl benzyl ) phenyl]-5 - 17 -
(hydr oxynet hyl ) cycl ohexane-1, 2, 3, 4-tetraol;

(1R 2R 332< 6RthriEnatiothiDphentintlderia-dathan-D-gluco-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;

(1R 2R 3P¥Aangeide: 5. (4- ethylbenzyl) 2 4- di met hoxy- phenyl ] - 5-
(hydr oxynet hyl ) cycl ohexane- 1, 2, 3, 4- tetraol
%s"vm ZorhlmphensZny ety

(1R 2R, 34 ylpheny); inSarsarharfinhjglisco-
(hydroxynethy % &gﬂ ohexane-1, 2, 3-triol;

(1R 2R 3% 5-(4- ethylbenzyl) 2- met hyl phenyl ] - 5-

(hydr oxy thy cyclohexa -tetraol;

(1R 2R 3 nyL)ethyhIphangA ) -3n-carba-p-D-

(hydr oxy c@iﬁy WnelZStrlol
(1R; R,BEE&EY 4“ 4- et hyl benzyl) - 2- mat hoxyphenyl ] - 5-

e Y LS Aol b LA o cosva-o-
(hydroxy@adagﬁyagﬂdgfw@pe 1,2,3-triol;

[2-(4-cyclopropylbenzyl)-5-methylthiophen-3-yl]-5a-carba-p-D-
glucopyranoside;
[2-(4-ethylbenzyl)-5-methylthiophen-3-yl]-5a-carba-p-D-
glucopyranoside;
[5-chloro-2-(4-cyclopropylbenzyl)thiophen-3-yl]-5a-carba-f-D-
glucopyranoside;
(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, 28,35,6R)-4-[3-(4-ethylbenzyl)phenyl]-6-{hydroxy-
methyl)cyclochex-4-ene-1,2,3~triol;
(1R,2R,3S,4R.5R}-1-[3-(4-ethylbenzyl)-4-methoxyphenyl]-5-
(hydroxymethyl )cyclohexane-1,2,3,4-tetraol;
(1R,2R,358,45,6R)-4-[3-(4~-ethylbenzyl)-4-methoxyphenyl]l-6-
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,3S5,4R,5R)-1-[2-ethoxy-5-(4-ethylbenzyl)phenyl]-5-



(1R 2R, 3S,4R 5R)-1-(5-(4-ethyl benzyl)-2-trifl uoronet hoxy-

phenyl ] -5- (hydroxynet hyl ) cycl ohexane-1, 2, 3, 4-tetraol ;

(1R, 2R, 3S, 45, 6R) - 4-[ 5- (4-i sopropyl benzyl ) - 2- met hoxy- phenyl ] - 6-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;

(1R, 2R, 3S, 4S, 6R) - 4-[ 3- (4- ethylbenzyl)phenyl] 6- (hydr oxy-

nmet hyl ) cycl ohexane-1, 2, 3-triol;

(1R, 2R, 3S, 4S, 6R) - 4-[ 3- (4 hydroxybenzyl)phenyl]-6-
(hydroxydﬂwﬂyb}wmeth&@»@u@ibhzxanaﬁﬂoBﬂ 4-tetraol;

(1R 2R, 3S, 4S, 6R) - 4- (5- (4-et hyl benzyl) - 2- hydroxy% enyl ]-6- (hydroxynethyl)
cyclohexdﬂ@~2R23§wﬂﬁré ) 4 [2-ethoxy-5-(4-ethylbenzyl)phenyl]-6-
(IR 2R, 3S, 4S, 6R) 4- clopropylbenzyl)phanyl] 6-

( hydr oxy FbEdFoxye Ph?*@nPrﬂo

ek Rr?!?)@;%r%m&é R oy b5

T i s

E)ﬁeRni:q] gj&ﬁi?ﬁg&)éaﬁg 4%3/%@)%”%%%&0'&&%1 enzy )ﬁylie%gne)thoxy -phenyl]-6-

oy | o SRRV e L SR

((:>1/(|:QI gﬁeign?fg,&?ﬁt r |'oﬁ(st ﬁt ng B hé'lyra-na ar naceh'ﬁ(?hlq?'é'q' g)c%g?;glyg) sal t

therg | ﬂ%‘%‘ﬁ%%&t 2‘22""3’2?‘&%2-*453& Pl 5ing the conpound of

f%- p mp nmp g mp

t he /abovq19e 9w, i34 s %mﬂ@ [6-)( 4 &tiny1 ven 24394 22 et YA pHEn¥A0S S -

co- transporter inhibi't
(hydroxymethyl)cyclohexane-l.2.3-tr101;
(1R,2R,3S,4R,5R)-1-[5- (4-ethylbenzyl)-2-methoxyphenyl]-5-
(hydroxymethyl )cyclohexane-1,2,3,4-tetraol;
(1R, 2R, 35,48,6R)-4-[5-{4-ethylbenzyl)-2-methoxyphenyl]-6-
(hydroxymethyl Jcyclohexane-1,2,3-triol;
(1R, 2R, 35,4R,5R)-1-[5-(4~-ethylbenzyl)-2-trifluoromethoxy-
phenyl];5-(hydroxymethyl)cyclohexane—l,2,3,4-tetraol:
(1R,2R,38,45,6R)-4-[5-(4-1isopropylbenzyl)-2-methoxy-phenyl)-6-

a:> {hydroxymethyl )cyclohexane-1,2,3-triol;

(1R,2R,38,45,6R)~-4-[3-(4-ethylbenzyl)phenyl]-6-(hydroxy-
methyl)cyclohexane-1,2,3-triol;
(1R, 2R, 3S,48,6R)-4-[3-(4-hydroxybenzyl)phenyl]-6-
{hydroxymethyl)cyclohexane-1,2,3-triol;
(1R,2R,35,4S,6R)-4-[5-(4-ethylbenzyl)-2-hydroxyphenyl]-6-
{hydroxymethyl)cyclohexane-1,2,3-triol:;
(1R,2R,35,45,6R)-4-[3-(4-cyclopropylbenzyl)phenyl]-6-
(hydroxymethyl )cyclohexane-1,2,3~triol;
{(1R,2R,35,4R,5R)-1-[5-(4-ethylbenzyl)-2-fluorophenyl]-5-



[ 0022] According to still another aspect of the present invention, there is
provi ded a pharmaceutical conposition conprising the conpound of the
above-described formula (1), which is used for preventing or treating

di abetes such as insulin-dependent diabetes (type | diabetes) and insulin-

i ndependent di abetes (type |t diabetes), diabetic conplications caused by
hypergl ycem a, or obesity. [0023] Accerdigng to a further aspect of the
present invention, there is provided a nethod of preventing or treating

di abet es hatHY Y ogepsndgihediabebeg- tb¥pgoh; di abetes) and
insulin-igggggﬁﬁgﬂtid?agg es (typeell dlaBetes), °diabetic conplications

caused by(hgpgrobgcar], SR3NU-pbesiul ¥thylbefiBytiRrFIadrogienyatljensi-ng an
ef fective amount of the conpound of the above-described fornula (1), or a -

19 phar rgrgacbembyngl)eptabhexankt 1t BeBedt tearaopati ent. [0024] In the
above-described QL to b, the groups represented by Rl, R2, R3, R4 and R5
may be ea¢hRi, BHePSHERNBRY ~5-hgArexgnplthylalkydr¢iymethoxybenzilg6 al kyl oxy
group, a C7-Cl4 aral kyl oxy group or -OC(sO Rx, and particularly RlL, R2, R3,
R4 and R5phenypi]efreiebexanal-ll,Bydrdxyegraops. [ 0025] In the conpounds of the
present invention, nis preferably 1 and in this case, Ais preferably -0-
or -NH, (38d2BaBSi 48l &Ry Sphyfroxyuetbylsl- [Bodacmethoxybenizadd-descri bed
formula (1), Arl and Are may be substituted with one to four substituents
Rb and asphssyRicycdohgxapenlaled, 4ateysnoty gndup; a Cl1-Cfi al kyl group and
a C3-C6 cycl oal kyl %roup whi ch may be substituted with one to

(1R,2R,35,45,6R)-4-[1-{4-ethylbenzyl)-1H~indol-3-yl}-6-

(hydroxymethyl)-cyclohexane-1,2,3-triol,

or a prodrug or a pharmaceutically acceptable salt thereof.

{0021] According to another aspect of the present

inventlon, there is provided a pharmaceutical composition

comprising the compound of the above-described formula (I)

which is 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 dlabetes such as

insulin-dependent diabetes (type I diabetes) and insulin-

independent diabetes (type II diabetes), diabetic

complications caused by hyperglycemia, or obesity.

[0023] According to a further aspect of the present

inventlion, there is provided a method of preventing or

treating diabetes such as insulin-dependent dlabetes {type 1

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



four substituents selected froma hal ogen atom a hydroxy group and an
am no group; a Cl-C6 al kyl oxy group and a C1-C6 al kylthio group which may
be substituted with one to four substituents selected froma hal ogen atom
a hydroxy group and 3 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 Cl1-C6 al kyl group, a Cl-C6 alkyd%arbonyl group, a carbanoyl group,
a Cl-C6 al kyl aul fonyl group or a Cl-C6 al koxycarbonyl group; and Rf is a
hydr ogen phiarmaceux iChldly axiceptapleugpnltsthereofhenemopatiientoup; or a 4- to
6- menbered heterocyclyl group is preferred. [0027] Anong the group
representd®®2i4y Arl, Thetheyabove-desapibedaqQliival@ht theogroupsposed of an
aromati c carbocycl e, prgfergblx an aromatic carbocycle having 6 to 10
carbon axepresepsedady Ricl RieR’.f &' andnRl anay b enchindppandently,
napht hyl ene group. The heteroarylene group is a divalent group conposed of
an ar omatfior eXEMPIEy clfe hydronst SB1oPPa 6- to | 0- nenmbered aromatic
het erocycl e and includes, for exanple, a heteroarylene group containing a
pyrrol e & fa-Carr A%y r9FRRp. aﬂ{%'&phe#i'éﬂﬂ%?xﬁ FEOURPF ophene group, a
furan rin a__benzofuran ring, a ri,di ng ring, ,a quingline ring, an
i soqui nol Y =&y, arG maéﬂcg‘%r&&/ Ré'bﬁﬁ'zcﬁﬂi & opad; Fﬁg‘,‘r%rpr? %ol e
ring, a benzoisothiazole ring, a pyrazole ring, an indazole ring, an

ALl Bystoxy, Grenge

oxazol e € ring, an isoxazole ring, a benzoisoxazole ring,

o0 1M el 0. spoRACLERBRRRES, b ng"phPhBREL SpkhitapR, R0ER! [ 2701 e

ring. As G eNah1yd Wnd i3 'ohid UAHY, W99 ¥ 4berably -0- or -NH-,
and particularly preferred 1s -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;-Cs; alkyl group and a
C3-Cy cycloalkyl group which may be substituted with one to
four substltuents selected from a halogen atom, a hydroxy
group and an amino group; a C;-C¢ alkyloxy group and a C;-C;
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 Cr4h alkyl-sulfonyl group; a

nitro group; a carboxy group; -NReRf (wherein Re ls a hydrogen
atom, a C,-C¢; alkyl group, a C;~-Cs alkylcarbonyl group, a
carbamoyl group, a C;-C¢ alkylsulfonyl group or a (;-Cg
alkoxycarbonyl group; and Rf is a hydrogen atom or a C;-Cg
alkyl group): 5- or 6-heterocaryl 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



a napht hyl ene group and a heteroaryl ene 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 nore
preferred are a 3 phenyl ene 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 naphth®® gQroup or an azul enyl group, .and
the heteroaryl group is a pyrrolyl group, an indolyl group, a pyridyl
group, aapdi delofudesouForaeXample .nd \phepylene grnovipe@and ¢ aaphthylene
benzot hi enyl group, a furyl group, a benzofuranyl group, a thiazolyl group,
a benzot [IRONH -y | hetergaryang graun i uglivalent; gxonn amnasad group,
a pyrazolyl group, an indazolyl group, an oxazolyl oup, a benzoxazolyl -
21 groupf %F!Pﬂ'él%/ hwcé'-%em giﬂa,loa‘r'i‘m‘?ﬂqfe@zol yl

group, a ben2|n1dazol rqu a trlazo I roup, benzotrlazolyl group, a
pyri m di RH"HY e’&rg‘?ﬂ‘%&]\‘e& R & a pyridazi nyI

e e B ki e
f2u:r3t Q?Lmﬁ etq}gr"a’%”:e%illﬁg 2 % 9 dl%o%f rQu as used
her ei n %%’%oﬁ% re‘J‘y:l'rﬂ%'r %o%#jh‘ﬁé] aqu:?? al%rk%ug'r]oc}% ] g 6 carbon
bty e YAy RndEidle rfildY s dalidihiarere HAMS 8% u 1

1- WEthy”%ﬁd@hié&dié“éﬁﬁé%“ﬂ’benzoisothiazole ring, a pyrazole ring, an

‘indazole ring, an oxazole ring, a benzoxazole ring, an
isoxazole ring, a benzoisoxazole ring, an imidazole ring, a
benzoimidazole ring, a triazole ring, a benzotriazole ring, a
pyrimidine ring, a uridine ring., a pyrazine ring or a
pyridazine ring. As the Art, particularly a phenylene group,
a naphthylene group and a hetercarylene group contalning a
pyridine ring, a pyrrole ring, an indole ring, a thiophene
ring, a benzo-thlophene 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 lsoquinolyl 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



n- hexyl, 4-nmethyl pentyl, 3-nethylpentyl, 2-nethylpentyl, 1-nethylpentyl,
3-ethyl butyl, and 2-ethyl butyl, and preferable Cl1-C6 al kyl groups include,
for exanple, linear or branched chain al kyl groups having one to three
carbon atons, and particularly preferred are nethyl and ethyl. [0030] The
term " C3-C6 cycl oal kyl group' as used herein neans a cyclic al kyl group
having 3 to 8 carbon atonms and inclutedl for exanple, cyclopropyl,

cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. [0031]
The t er mgrOLpGH agl K@oxagodyl groupscd hengiolasoxazolydn grdun.odn group havi ng
a linear or branched chain alkyl group having 1 to 6 carbon atons as the

al kyl noilsidaged vl rananms 2 heanzdmlgnzo lyie gronp . & Fedpzalyl Groue .
| - propoxy, n-butoxy, s-butoxy, i-butoxy, t-butoxy, n-pentoxy, 22
3 Tt hy| (REBAPETAARRYKY SROND . A RIS, STONR AT RERSALYL [1R8TA oxy,

4- et hyl pent oxy,.  3-netyl pent oxy, 2-nethyl pentoxy, 1-nethylpentoxy, and
3-et hyl b& &&Fglz[ 2]9#ymﬁ>'te'r YLEAAZINYG, 9TORP (R Fhee detke %/Fh%tm

group having an hydr ocar bon ringrhaving 6.to 1 car bon atons and

includesﬁlforaenggw f%%ﬁ@ | @ Tgpgﬁﬂfﬂy oHR. 2 FRASDE} 9XPHE33E The term

14 car bob SHARRALERE GHFAGR i PHAPAARSIRL SR o S QP & ncl udes.

L oot ST o R L

means an g Aliod Oghd AR AL Dhdkerrdd 1 Py P Youp, a
benzodioxolyl group, or 2,3-dihydrobenzofuranyl group.

i) [0029] The term “C;-Cg alkyl group” as used herein means a
linear or branched chain alkyl group having 1 to 6 carbon
atoms and 1nc1udes, for example, methyl, ethyl, n-propyl.
i-propyl., n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl,
3-methylbutyl, 2-methylbutyl, 1l-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 "C,-Cs cycloalkyl 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, methoxXy, ethoxy, n-propoxy, 1-propoxy.

n-butoxy, s-butoxy, i-butoxy, t-butoxy, n-pentoxy,



containing the already defined aral kyl group and includes, for exanple,
benzyl oxy, 1-phenethyl oxy, 2-phenethyl oxy, 1-naphthyl nethyl oxy and

. 2-napht hyl met hyl oxy. [0035] The term ' heteroaryl group' as used herein nmeans
a D5- to lo-nenbered aromatic heterocyclyl group containing one or nore
het er oat om i ndependently sel ected fromgagn oxygen atom a nitrogen atom and

a sul fur atomand includes, for exanpl & Tury], thienyl, pyrrolyl,
i m dazol yl , p¥&§zolyl, oxazol&&: i soxazol yl, thiazolyl, isothiazolyl.
oxadi azolRymethylhutexy).y 2 -methy byoxy . demeihyilputony. dyiethnlproneeyy |

D2 g, ooty Jomnbhspod Lo bt e,
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oxygen abgghfﬁtg§ﬁnogen atom and a sulfur as the heteroaryl noiety and
i ncludes, fo exanpl e, furyloxy, thienyloxy, pyrrolyloxy, imdazolyloxy,

pyrazol yligggs joxazol mxvferhsezsazehyhesmihbeaa yl %Y ugelaSfblbbdno! v! oxy,

oxadi azol'yl oxy, thiadiazolyloxy, triazo oxYy, etrazol yl oxy, pyridinyl oxy,
pyrim di mdasy andwrdialkydXgroup having 7 to 14 carbon atoms and

) containing the already defined aryl group and includes, for

example, benzyl, l-phenethyl, 2-phenethyl, l-naphthylmethyl,
and 2-naphthylmethyl.
[0034] The term "C,-C;, 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-naphthy1mathyloxy.
[0035] The term "heteroaryl group” as used herein means a
\:) 5- to 1l0-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,
furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl., iscthiazolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, pyridyl., pyrimidinyl, pyrazinyl,
pyridazinyl, indolyl, quinolinyl, and isoquinolinyl.
Preferred heteroaryl groups are 5- to 6- membered heteroaryl
groups such as a pyrrolyl group, a pyrazolyl group, an

imidazolyl group, and a pyridyl group, and particularly the



pyri dazi nyl oxy, indolyloxy, quinolinyloxy, and isoquinolinyloxy. Preferred
heteroaryloxy groups are 5- to 6-nenbered heteroaryl oxy groups. [0038) The
term " Cl-C6 al kyl ami no group' as used herein neans an al kyl am no group
having a |inear or branched chain alkyl group having 1 to 6 carbon atons as
the al kyl noiety and includes, for exanple, nethylam no, ethylam no,
n-propyl am no, i-propylam no, n-butytaédno, s-butylam no. i-buthlam no,
t-butyl am no, n-pentylam no, 3-nethyl butylam no, 2-nethyl butyl am no,

1- et hyl lpynedzaoliyio, griows e prefdmddio, n- hexyl am no, 4-net hyl pentyl am no,
3- et hyl pentyl am no, 2-nethyl pentyl am no, 1-nethyl pentyl am no,

3- et hyl bUi003d no, The Xegwmhyayilpiynogroup”0@s0usede hegedn' teads A

al kyl')am no group” as used 24 herein neans a dial kyl am no group having a

| i near oranylorshdgrouth havind the radneady idefined sroamatish hdracarbahe two
al kyl noieties which may be the same or different. The 'di (Cl-C6

al kyl ) anigreup awyving & l}'d!aslo feaThom pfions @by |arwh moletyand ani no,

di - n- prop | am no, di-i-propyl am no, di-n- butylam no, nethyl-n- butylanlno
met hyl - J;Prd&ﬁ nof°1Fré?’Fﬁ}!qu &R%R‘Hﬁf not~ '}ﬁﬂhﬁhq’ﬂbm‘%ﬂ napht

et hyl - n- but yl - s-RQut Ian1no ethyl-l-QutyIan1no and

ethyl -t - % g‘ oXy FUOPD haS HEsdhereifsed herein

havi ng 1 ""w@t“hﬁ%ﬁé"” S8 b Bﬁr ) e Feade pkued - ¥ o
e 8 Sy LN ol BN e A e o
Z_ﬁ?thylmﬁﬁ@tﬂgfbroatom selected 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, thiadlazolyloxy, triazolyloxy.
tetrazolyloxy, pyridinyloxy, pyrimidinyloxy, pyrazinyloxy,
pyridazinyloxy, indolyloxy, quinolinyloxy, and
isoquinolinyloxy. Preferred heteroaryloxy groups are 5- to
6-membered heteroaryloxy groups.
[0038] The term "C;~-C; alkylamino group” as used herein
.:) means an alkylamino group having a linear or branched chain
alkyl group having 1 to 6 carbon atoms as the alkyl molety and
includes, for example, methylamino, ethylamino, n-propylamino,
i-propylamino, n-butylamino, s-butylamino, i-butylamino,
t-butylamino, n-pentylamino, 3-methylbutylamino,
2-methylbutylamino, l-methylbutylamino, l-ethylpropylamino,
n-hexylamino, 4-methylpentylamine, 3-methylpentylamino,
2-methylpentylamino, l-methylpentylamino, 3-ethylbutylamino,
and 2-ethylbutylamino.

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



1-met hyl butyl thio, 1-ethylpropylthio, n-htxylthio, 4-nethylpentylthio,
3-net hyl pentylthio, 2-nmethylpentylthio, 1-methylpentylthio,

3-ethyl butylthio, and 2-ethyl butylthio. (0041] The term "Cl-C6

al kyl sul finyl group' as used herein neans an al kylsulfinyl group (-SOR)
having a |inear or branched chain alkyl group having 1 to 6 carbon atons as
the- alkyl noiety and includes, for ex@fple, nethylsulfinyl, ethylsulfinyl,
n- propyl sul finyl, i-propylsulfinyl, n-butylsulfinyl, s-butylsulfinyl,

i - but yl sherednl meansba: dledkilapinongreupy havingnal lisesst byl borapched i nyl ,
2-met hyl butyl sul finyl, 1-nethylbutylsulfinyl. 1-ethylpro yIsquiniI,

n- hexyl aghfainy plkylngrepppbavitngullf tey 6, cazbent pfpmenag foef tie alkyl

2-met hyl -pentyl sul finyl, 1-methylpentylsulfinyl, 3-ethylbutyl-sulfinyl and
- 25 - 2modekipsuWiileh) mayybe thesspmener: dlfferents TR SFAEnyFs group” as
used herein _means an al kyl sul fonyl group having a _linear or branched chain
al kyl gr 83pYRdemigo) grQuE” c ApGdNdessnE oFs eXARPAR y Aimgitbylamine . i nc| udes,
for exampl e, methyl suifonyl, ethylsulfonyl, n-propyl sulfonyl,

i - propyl %#Bﬁ}lﬂﬂiﬁ%u@weuﬂ%ﬁ;&m@o bu iyr%up%mji;lmnﬁut é#sﬁrf onyl ,

kgt B ] A e
> et hyi LoBREgmemLpn MRS Rt Biion, SR L SR BR BB stwdy , ana
2: ety QU aR.- oh99) HS ARG Cn D By - 2ARASY 1 Nl s,

for exanpl e, onyroxy grdéup,
[0040] The term "C,-C¢ alkylthio 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 molety and
includes, for example, methylthlio, ethylthio, n-propylthio, 1i-
propylthio, n-butylthio, s-butylthio, i-butylthio, t-butylthio,
n-pentylthio, 3-methylbutylthilio, 2-methylbutylthio,
l-methylbutylthio, l-ethylpropylthio, n-hexylthio,
4-methylpentylthic, 3-methylpentylthio, Zﬁmethylpentylthio,
l-methylpentylthio, 3-ethylbutylthio, and 2-ethylbutylthio.
[0041] The term "C;-C¢ alkylsulfinyl group” as used herein
;:) means an alkylsulfinyl group (-SO-R) having a linear or
branched chain alkyl group having 1 to 6 carbon atoms as the
alkyl molety and includes, for example, methylsulfinyl,
ethylsulfinyl, n-propylsulfinyl, i-propylsulfinyl,
.n-butylsulfinyl, s-butylsulfinyl, i-butylsulfinyl,
t-butylsulfinyl, n-pentylsulfinyl, 3-mathylbutylsﬁlfiny1,
2-methylbutylisulfinyl, l-methylbutylsulfinyl,
l-ethylpropylsulfinyl, n-hexylsulfinyl, 4-methylpentylsulfinyl,
3-methylpentylsulfinyl, 2-methyl-pentylsulfinyl,
l-methylpentylsulfinyl, 3-ethylbutyl-sulfinyl and



ar al kyl oar bonyl oxy group, a Cl-C6 al koxycarbonyl oxy group, and a C, -Cl4
ar al kyl oxycar bonyl oxy group. Here, the Cl-C6 al kyl carbonyl oxy group

i ncludes, for exanple, an acetyloxy group, a propionyl oxy group, a
butyl yl oxy group and pival oyl oxy group, and particularly the acetyl oxy
group is preferred. The C/7-C].4 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 preferred. [0044] The Cl-C4 al koxycar bonyl oxy
group i nGA-ethylbvurylsadfiinyl . a net hoxycar bonyl oxy group, and an

et hoxycar bonyl oxy group, and preferred i s nethoxycarbonyl oxy group. The
C7-Cl4 drH143] oxycalhenitiesny “§iolp akkylankfonyk group! éas aused herein
benzyl oxycar bonyl oxy group and a napht hyi nmet hyl oxycar bonyl oxy group, and
preferr emqwnmmwmsagkﬂxmbgﬁ@mmvmgz@ Tigers] omhdxanched ahajm

atont as used herein _includes, for exanple, a fluorine atom a chlorine
atom a FEHharaummbarkna itihearhar atmss)astihe Aligy-maiety Anber ed

het er ocycl e". as used herein neans a heterocycle which nay be conpletely

SR g ThoA e Skl il SRR
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l-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¢ alkylcarbonyloxy group, a C;-Cq
aralkylcarbonyloxy group, a C;-Cs alkoxycarbonyloxy group, and
a C;-Cyy aralkyloxycarbonyloxy group. Here, the C;-Cg
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“ aralkylcarbonyloxy group includes, for
example, benzylcarbonyloxy group and naphthylmethylcarbonyloxy
group, and the benzylcarbonyloxy group 1s preferred.
[0044] The C,-C¢ alkoxycarbonyloxy group includes, for
example, a methoxycarbonyloxy group, and an ethoxycarbonyloxy
group, and preferred is methoxycarbonyloxy group. The C;-Cy,
aralkyloxycarbonyloxy group includes, for example, a
benzyloxycarbonyloxy group and a naphthylmethyloxycarbonyloxy

group, and preferred is benzyloxycarbonyloxy group.



[0048] The term 'aromatic heterocycle' as used herein neans a 5- to 6-
menbered aronmati c heterocycle containing one or nore heteroatom

i ndependent|ly selected froman oxygen atom a nitrogen atomand a sul fur
atom and includes, for exanple, a pyrrole ring, an indole ring, a thiophene
ring, a benzothiophens ring, a furan rlgg a benzofuran ring, a pyridine
ring, a quinoline ring, an isoquinoline ing, a thiazole ring, a
benzothlazole rlng, an isothiazole ring, a benzoi sot hi azol e rin

pyrazol e kGB1 an i nFRLoteTM nHalagenoRELm e a8 HFeds heaeddy Ansla %ﬁsng, an

| soxazol e ring, a _ benzoisoxazole ring, an imdazole ring, a benzoim dazole

ring, a i‘?‘? ATPIenG HURTAR At & rqwr@&)ﬁtr%m#lé’??we At aci |

ring, a p 2|ne r nd a pyridazine ring. [0049] The term "heterocyclyl
group' a 4§$%ré§ﬂﬁ; 27 a 4- to 7-nenbered haterocyclyl group

tom :;"”ﬁﬂ%‘%lgé’ﬂfa?%la TRESR S 30 dr BARRE leﬁaﬁ“ o5 te‘j”“m?" rated or
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used hereifh 4 sl RESTh SHPUhERRIESSNEGH éavmﬁﬁ'f‘e,foazia%fam&, (Cl-C3

) pyrrolidine, piperidine, and morpholine, and preferred 1is

piperidine.

[0047] The term “aromatic carbocycle” as used herein

means a 6- to l0-membered aromatic carbocycle and includes,

for example, a henzene 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 heteroatom 1ndépendent1y 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, a benzofuran ring, a
pyridine ring, a quinoline ring, an isoquinoline ring, a
thliazole ring, a benzothlazole ring, an isothiazole ring, a
benzoisothiazole ring,'a pyrazole ring, an indazole ring, an
oxazole ring, a benzoxazole ring, an lsoxazole ring, a
benzoisoxazole ring, an imidazole ring, a benzoimidazole ring,
a triazole ring, a benzotriazole ring, a pyrimidine ring, a
ufacil ring, a pyrazine ring, and a pyridazine ring.

[0049] The term "heterocyclyl group” as used hereln means



al kyl ene)-O and includes, for exanple, a methyl enedi oxy group, an

et hyl enedi oxy group and a di net hyl net hyenedi oxy group. [0051] Further, the
conpounds of the present invention include m xtures of various types of
tautomers, stereoiosnmers such as optical isomers and their isolated

| somers. [00521 The conpounds of the present invention may form acid
addition salts. Further depending on Tr%?type of the substituent, they may
formsalts with bases. Such salts include, for exanple, acid addition salts
of m ner @ 4acitgs 7-mepbexedh hérterivcydlylagréuph wiichr eontadaisd oney @xoi odi ¢
acid, sulfuric acid, nitric acid and phosphoric acid; organic acids such
as forni Box8 fetaxreatom dindensndenidiyc sediegteg from a8 @xygemn avtiom.a@ d,
succinic acid, fumaric acid, maleic acid, lactic_acid, malic acid, tartaric
aci d, ci ddjtFogeny atom pade & sfur ateom and may, beccompdaheldni ¢ aci d;

acidic am no acids such as %Epara inic acid and glutamc acid. Further,
d

salts foﬁﬁéﬁrQEQQ1°Eé§@§ﬁﬁﬁﬁ OXs QQ?¥ﬂqﬁ+ﬁ .F9Q9%N§P§niﬂ¢¥¥9§§0diun1
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tetrahydrofuryl, thienyl, tetrahydrothienyl, dioxolanyl,

If> oxathiolanyl, and dloxanyl. The subgtitution 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 *C;-C; alkylenedioxy group” as used herein
1s a divalent group represented by the formula: -0—(61-C3
alkylene)-0- and includes, for example, a methylenedloxy group,
an ethylenedioxy group and a dimethylmethyenedlioxy 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 compounds 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, hydroiliodic acid,
sulfuric acid, nitric acid and phosphoric acid; organic acids
such as formlc acid, acetic acid, propionic acid, oxalic acid,
malonic acid, succinic acid, fumaric acid, maleilc acid, lactic

aclid, malic acid, tartaric acid, citric acid, methanesulfonlc



pharmaceutically acceptable salts thereof. [0055] Further, the present

I nvention includes the conpounds 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-
cal l ed prodrugs. The groups which forg1£€e prodrugs of the conpounds of the
present invention include, for exanple, hose described in Prog. Med., 5,
2157-2161(1985) and those _ described in Devel opnent of Drugs (Nblecular

Desi gni ngicid angethanesylignie agid s pckdky anippAcidn UFhRMds of the

et hoos dERRRASIRLE ey S ity (R raings AT HBTURR of (e
case. suchit ﬁa“r’”ﬁﬁ?%s A 4t es?,.?wfty biok '“i%%q#&#%ﬁé%ﬁi ® e
Proma Lrvid&[f? P & .%%%ﬁ‘?vf’%a‘p%ﬁﬁ? 4, S ﬁibf%%”éﬁiﬁﬂ e
relelqtrjni Pgt pr o%ecﬂon |ntﬁéh%$%n8€“c€1 on sﬁ%ﬁl nclude &H(ﬁh%g%ﬁip e a %h?gxy

group and, i ARNY LhONP adiWs L HGcIR’ &4 ef*éi’% %l?d’p&nd{%%ﬁgﬁéﬁ?;ggﬁe

I ncl ude the protective groups descr1 bed eene an

G oups i Ngfhdi e swgdesis, 2nd ed. The protective group used and the
reaction conditions for introducing and elimnating the protective group

are suitapdyss pel ect aAreihdie KW doapindise oS UHe Prdduntabove- descri bed
docunent s. [0057] The conpounds ‘of t he present invention have an
" invention include 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 to the compounds represented by
the above-described formula (I) by the metabolism in a living

;:) body and their pharmaceutically acceptable salts, that is, so-
called prodrugs. The groups which form the prodrugs of the
compounds of the present invention include, for example, those
described in Prog. Med., 5, 2157-2161(1985) and those
described in Development of Drugs (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



inhibitory activity of sodi um dependent glucose transporter 2 (SGT2.) (J.
Adin. Invest., 93, 397(1994)) relating to the renal glucose reabsortion. By
the inhibition of SGT2, the glucose reabsorptionia reduces, excess glucose
is excreted and 3 hyperglycema is renmedied without giving a | oad on the
n-cells of the pancreas to bring about_a therapeutic effect on diabetes
and an inproved effect on insulin resT st@nte. [ 0058] Thus, according to one
aspect of the present invention, there is provided a drug for preventing or
treating @ FFapscth khat dhwiigrop dthinvefenaty ippetackpdbwitnianting the
SA.T2 activity, for exanple, diabetes, diabetes-related diseases and

di abetic mﬁﬂnﬂé‘?%rﬁ?c’?ﬁwe THOUR &% ey kage of the BTRFENE | ncl udes,

type | diabetes, type || diabetes and other types of diahetes due - 30 to
Sheci {1 o RARREGIAL [F (3 intornadiate Fram &b rduriipn FShRitue aq sed

i Sor der VARRIY (R R0 SRREH AR SR SRR TRt .
cdomn, - AL NE SRR ALY ORI o P KB ool Vit o oyl fe

compl o e ol B A SHIOEL SR P UGl SUR agabRES and hrori
hyper g y%ﬁgy&;ﬁ:@%@ dasA Sa A0 Sy 'r%ﬁﬁ)g f"?ﬂié ”Et‘?&t%:?&?ecﬂé fgﬁuéé”c“ as

skin, sof ITary tract spiratory system and uri ract)

d the " . pary tract, ! Y
an e ' £d¥ o e%%é;?%/, e'%%téé\fi\ﬁé‘%\ﬁp%gﬁﬁm&m y

(nephropathy and re arteriosclerosis
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introducing and eliminating the protective group are suitably

The protective group used and the reaction conditions for

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 glucose transporter 2
(SGLT2) (J. Clin. Invest., 93, 397(1994)) relating to the
renal glucose reabsortion. By the inhibition of SGLT2, the
glucose reabsorptlonia reduces, excess glucose 1s excreted and
i:) hyperglycemia is remedied without giving a load on the B-cells
of the pancreas to bring about a therapeutic effect on
diabetes and an improved effect on insulin resistance.
foos8]) 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
digseases and dlabetic complications.
[0059]) - The term "diabetes” as used herein includes, type

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



at heroscl erosi s, nyocardial infarction, cerebral thronbosis and | ower |inbo
arterial obstruction), neuro-pathy (such as a sensory nerve, a notor nerve
and an autonom c nerve) and foot gangrene. The major diabetic conplications
i nclude, for U exanple, diabetic retinophathy, diabetic nephropathy and

di abetic neuropathy. [0061] Further, the conpounds of the present invention
can be used in conbination with a diabe@%s’treating agent, a diabetic
conplication therapeutic agent, a hyperlipidem a therapeutic agent, a

hyper t endioracdfds aausamenFusithers thecdamm cldinbetesnnedatedn of action
different_than that of SG.T2 activity inhibitors. By conhining the
compound&ieases” asusad harain &pq,fqu?q.hgq;{ b itive

L
ef f ect an be expected conpared to th ffect obtaineq fromeach -, 31 -
Single adBReRIRAHARA R AAGhaRoRe iRy or L s A, YR 18 2gent s
and di abetic ompl i.cati.on therapeut.c ents/ ich are abl e i
conbi nat ﬁwqg@%@tq&lml , q%qﬁ%ﬁﬂ% 't;}ﬁaé’rﬁ%ﬁé’&s ](qﬁiltan as
PPAR y a | Sty PPAR ' P 8 i.st..and. RRAR a/y oni st),
gl ycosi dase Elrtbr%lijbdla'@'o rhg,ﬁle%%g{tyaiﬁoﬁid’e AD %311:81%%; Lﬂelah&s %ca}jémerf pé‘%ﬁ'er S,
I nsulin ‘@ﬁ%ﬁﬁf S receptor antagonists, insulin receptor
ki nase pr teﬁ?f!trlpég#?ggly peptidase Il inhibitors, dipeptidyl
pepti das nhi bi t t @ i p < InaRi=bi t 0
glycogenqgkggghorylaggiF%%?gi?g?sﬁg&gfugggg? ?%h%?gﬁgﬁgégikﬁﬁibF%o?%?d

Cenyor oo Rl AIMAL 0w, HUONE S LRI B2 IIAST =, Dy over e
gl ycogen complications. The "acute complications” include, for example,
T) hyperglycemia (ketoacidosis and the like) and infectious
diseases (such as skin, soft tissues, biliary tract,
respiratory system and urinary tract) and the “chronic
complicationg” include, for example, microangio-pathy
(nephropathy and retinopathy), arteriosclerosis (such as
atherosclerosis, myocardial infarction, cerebral thrombosis
and lower limbo arterial obstruction}, neuro-pathy (such as a
sensory nerve, a motor nerve and an autonomic nerve) and foot
gangrene. The major diabetic complications include, for
::) example, dlabetic retinophathy, diabetic nephropathy and
diabetic neuropathy.
[0061] Further, the compounds of the present inventlon
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 inventlon with the other agents, an additive effect

can be expected compared to the effect obtained from each



synt hase ki nase 3 inhibitors, glucagon-Ilike peptide 1, glucagon-Ilike
pepti de-1 anal ogs, glucagon-Ilike peptide-1 agonists, anyrin, anmyrin

anal ogs, anyrin agonists, glucocorticoid receptor antagonists,

| | p- hydroxysterold dehydrogenase inhibitors, aldose reductase inhibitors,
protein kinase Cinhibitors, y-am nobut %irlc acid receptor antagonists,
sodi um channel antagoni sts, transcripti Tactor NF-KB inhibitors, KK S
i nhibitors, |ipido-peroxidase inhibitors,

N- acet y| #ingle |agendd-dacithaliahgwe stedaesi.bitors, insulin- like growh
factor-| atel et-derived growth factor (PDGF), platelet-derived growth
fact or ﬂﬁ%ﬁ#lanalog eepﬂé@Pﬁ&PB &PeﬁﬁﬁepééFoFQPEGF)ﬂnﬂeﬂéebgﬁéﬁhh factor,
carnitlne derlvatlves uridi ne, ydrqu I-nethylh dant oin, EGB-761

bi nocl omStemRddaTdhar &, #W% aﬂﬁ?t@Z hicly ans, l& iMhe di abet es

t herapeuti ¢ ents and t etlc C Ilcatlon therapeutlc agents, the
fol | owi nd"ﬁ'ftg' qqii%&’%ﬁ]éﬁl.e'[ %g ng IV for exanpl e,
metformn _hydrochl oride and henforn1n g& i nsulin seCéetlon

pr onot er SN efr(ﬁnﬁ shch, a8 BEAR, Yo 9P8|13§xaﬁﬁ “dffyg%??%lﬁt gFPABNRI ani de) ,

l'i pizid I d ul f i ncl ude,
Por "exanpieerhak aid HEA 942 PBARSE A ATEP LR paemﬁ%e%r Bepnsulin
t d i l'in,
g:lgpg:g Ic wd%%sm%ee gr oups accorij\g '&ftaer%f rllt ﬂfr;\c/tei olnnstjh:a?
, th t H!IE@H ﬁPq HEI!E
{ﬁe negi péﬁ%gﬁﬁfnl |n- uman 1 so ane | {B““Hh ﬂé%ﬁgdﬂgﬁglrn

f) kinase promoters, tripeptiydly peptidase II inhibitors,

dipeptidyl)l peptidase IV inhibitors, protein tyrosine
phosphatase-1B inhibitors, glycogen phosphorylase inhibitors,
glucose-6-phosphatase inhibltors, gluconeogenesis inhibitors,
fructose bisphosphotase inhibltors, pyruvate dehydrogenase
inhibitors, glucokinase activators, D-chiro-inositol, glycogen
synthase kinase 3 inhibitors, glucagon-like peptide 1,
glucagon-like peptide-1 analogs, glucagon-like peptide-1
agonists, amyrin, amyrin analogs, amyrin agonists,
.glucocorticoid receptor antagonists, llfi-hydroxysteroid

::D dehydrogenase inhibitors, aldose reductase inhibiltors, protein
kinase C inhibitors, y-aminobutyric acid receptor antagonists,
sodium channel antagonists, transcription factor NF-xB
inhibitors, IKK f inhibitors, lipido-peroxidase inhibitors,
N-acetylated-a-linked-acid-dipeptidase inhibltors, insulin-
like growth factor-I, platelet-derived growth factor (PDGF),
platelet-derived growth factor (PDGF) analogs, epldermal
growth factor (EGF), nerve growth factor, carnitine
derivatives, uridine, 5-hydroxy-l-methylhydantoin, BGB-761,

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



aqueous suspension, a human neutral insulin-human i sophane insulin aqueous
suspension, a human insulin zinc aqueous suspension and an insulin zinc
aqueous suspension) and the enlonged-acting type (a human crystalline
insulin zinc suspension). [0067] "d ycosidase inhibitors' include, for
exanple, acar bose, voglibose and nigllégl [ 0068] PPAR y agoni sts of
"insulin sensitivity enhancers' includ for exanple, troglitazone,
ploglytazone and rosiglytazone, and PPAR a/y dual agonists include, for
exampl e, [4%€Fk7 (KRMQ%’,G iabejes éi‘zﬁra&qutd-f’:s@g& & b FhepRr- 4823 and

TY-51501, , and PPAR ni s clude, for e a 516. [0069
‘" Tri pept i A % E& ‘b%fﬁf I bﬁ['h%#@eq‘h’c‘l’lﬁée thgg )ég&qugarqjc{ 139.

[ 0070] Di tléghﬁésptldase I V inhibitors' |nclude, for exanple
NVP- DPP7 MK- 0431, P32/98 and TSL-225. [0071] ' Al dose reductase

o o Foog e a{ﬂ@fﬁ}%@nﬁﬂ%ﬁ%ﬁ%ﬁﬁﬁa%ﬁ*&%ﬁ SO L S

[0072] vy- ?f%ﬁdagﬁ c#ﬁgﬁ¥§fmi ntagoni sts' incl ude, for exanpl e,
odi um

t opi r amat annel  anfagoni sts' include, for exanple,

nEX|Iet|n chlorl
i ncl ude, @ exanpl (ﬁfoc?exl | potualn%-H Ooﬁrgiﬂtdrpg'operom céw:e | r%lhﬂgiiidir%
i ncl ude, {Q&1€4&NMPESE ei&ﬁbié?aélfﬁﬁﬁidﬁf%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 actiocn, that is, the
immediate~acting type {(human insulin and human neutral
insulin), the medium type (an insulin-human isophane insulin
aqueous suspension, a human neutral insulin-human isophane
insulin aqueous suspenslion, a human insulin zinc agqueous
suspension and an insulin zinc aqueous suspension) and the
enlonged-acting type (a human crystalline insulin zinc

;:> suspension).
- [0067] "Glycosidase inhibitors” include, for example,
acarbose, voglibose and miglitol. _
[o068] PPAR y agonists of "insulin sensitivity enhancers”
include, for example, troglitazone, pioglytazone and
rosiglytazone, and PPAR a/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



[0076] "N-Acetylated a-linked-acid-dipeptidase inhibitors' include, for
exanpl e, GPI-5693. [0077] "Carnitine derivatives' include, for exanple,
carnitine and | evacecarni ne hydrochloride. 9 [0078] 'Hyperlipidem a

t herapeutic agents and the hypertension therapeutic agents" which can be
used in conbination include, for exanple, hydroxynethylglutaryl coenzyne A
reductase inhibitors, fibrate conpouﬁﬁé?3 7133-adrenal i ne receptor agonists,
AMPK activators, acyl coenzyne A: choresterol acyl transferase inhibitors,
pr obucol exemplei.d UGkoddne receptor agonists, choresterol absorption

i nhibitors, |ipase inhibitors, mcrosone trigl ceride transfer protein
i nhi bi t ol®070IpoxygenBiRePEAARL: BERt1AARR £Vn né&PﬁFPE?I ipcdReper £OF

S 98 AN Y o, W B g
ranster NG o 1 nALBPES ZeCHASABR Ak aRa | T S et PR PSARBLE

angi otensin Il receptqr _antagqQni,sts ndaot hel.in.cqonverstin enzyme

P bi ¢ oPSCoRhYd: eRe erBe: SP gy SPALrgRsAk, ddderbntat;

gngglotnio%t odi] qﬁti Sﬁpt Ot eI} | Jg:m etnt S I t het.ic bl oc?i ng agents,
central hfg":)btiéﬁ' d‘vg:coa&g%% : )é'q"z hfacsj‘.r'é%gﬁ% C "?‘é’c&ﬁ%’?%zf&%rﬁ 'sts, antiplatel et
orine a7 g aqtrRblRGhNPYRTs 8580 Hefalor (e tRERhLFEaTCHIELEe oy
agoni sts tﬁgﬁﬁg%pﬁﬂ@ﬁ&&[ 0079] As the hyperlipem a therapeutic

agents an sion therapeutic agents, the followng are
i |l ustratiedr3] "Sodium channel antagonists” include, for example,

#) mexiletin hydrochloride.

[0074] "Transcription factor NF-xB inhibitors”™ include,
for example, dexlipotam.

{00751} "Lipoperoxidase inhibitors® 1lnclude, for example,
tirilazad mesylate.

[0076] "N-Acetylated a—linked-acid-dipeptidase
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
comblnation include, for example, hydroxymethylglutaryl
coenzyme A reductase inhibitors, fibrate compounds,
fs;-adrenaline receptor agonists, AMPK activators, acyl coenzyme
A: choresterol acyl transferase inhibltors, probucol, thyroid
hormone receptor agonists, choresterol absorption inhibitors,
lipase inhibitors, microsome triglyceride transfer protein
inhibitors, lipoxygenase inhibitors, carnitine palmitoyl

transferase inhibitors, squalene synthase inhiblitors, low



[ 0080] "Hydroxynet hyl gl utaiyl coenzynme A reductase inhibitors' include, for
exanpl e, fluvastatin, |ovastatin, pravastatin, cerivastatin and
pitavastatin. [0081] Fibrate conpounds" include, for exanple, D

bezafi brate, beclobrate and binifibrate. [0082] Squal ene synthase

i nhi bitors' include, for exanple, TAR 475, cc-phosphonosulfonate

derivatives (as described in US Paten@ ). 5,712, 396) [0083] Acyl coenzyne
A: chol e ter transferase inhibitor i ncl le, Cl-1011,
e 195 depalya sy pobRAt el by s eoRpEOL | PraRELEER, 1B °°itéa§$] densi 1y

[0085] M '” FUBRESR BIad PRAD, paRBERETp,, BpATiRcBoR IR PA pRIE, pl28 "
Spoc T 855 RRPRELLEs 10hdbiSRRRT  SuoTBPRRUIT" ouRes  ERARREEL. bROYBLRT (0,
(mazi naol- AEAEGREC anEorRERR, EpnterEidy Bizvas) Ik s?“i%se et ive serot onin

t ak
Eglgufrgﬁﬁggb§%§§iﬁu%& r%%ebk%&oéiﬁh is% raaﬁhbﬂﬁﬁﬁ?bcfgy%ﬂﬁQ&

the 11ke), nmel anoc receptor agoni Sts and

a- mel ano 0 lor'ad argggg e ne
anphetan?ﬁgﬁpgggﬁg?gg%trans???g?ngiiﬁ an t?heah*BQO%g%%bS Fiﬁ$%§}gfd

hor none cRaeRuLA aptadorists!, n%%@ilh%&ngehgﬁﬂltﬁndﬁ%t afisne sodi um and
| evot hyr oxi ne sodi um [0088] " Chol esterol sorption inhibitors' include,

for exappmpatBeticTvl®cking agents, central hypotensive agents, a;-

adrenergic receptor agonists, antiplatelet agents, uric acid

-j) formation inhibitors, urlc acid excretion stimulants, uriné
alkalifying agents, anorectics, adiponectin receptor agonists,
GPR40 agonlists and GPR40 antagonists.
[0079] As the hyperlipemia therapeutic agents and the
hypertension therapeutic agents, the following are 1llustrated.
[0080] *Hydroxymethylglutaiyl 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, a-phosphonosulfonate derivatives (as
described in US Patent No. 5,712,396).
[0083] “Acyl coenzyme A: cholesterol acfl transferase
inhibitors”™ include, for example, CI-1011, NTE-122, FCE-27677,
RP-73163, MCC-147 and DPU-129.
[0084] *Low density lipoprotein receptor promoters”
include, for example, MD-700 and LY-295427.

[0085] "Microsome triglyceride transfer protein



[ 0089] 'Lipase inhibitors' include, for exanple, orlistat. [0090] Carnitine

pal mtoyl transferase inhibitors' include, for exanple, etonoxir. [0091]
Ni cotinic acid derivatives' include, for exanple, nicotinic acid,
ni cotinam de, niconol and nicorandil. [0092] Bile acid adsorbents' include,

for exanple, cholestyram ne, colestilan and chol esevel am hydrochl ori de.

[ 0093] ' Angi ot ensin-converting enzyne-i3®ibitors- include, for exanple,
captopril, enalapril naleate, aracepril and cilazapril. [0094] 'Angiotensin
Il receptimhibitagei (MIP dintcibfdsord )07 imdade e foxndaayle) conpownids |

| osartan potassium and eprosartan nesylate. [0095] 'Bndothelin-converting
enzyne i rd8 lesoribadidudl Ratdht Speciddaatiian Ge@ .3 54473 9,8 5GS- 35066.

[ 0096] 'Bndothelin receptor antagonists' include, for exanple, L-749805,
TBC- 3214 Suith BT IS B0 [0 And-drtheexddiisie, in the therapy of diabetes and
the like, it is suitable that the conpounds of the present invention are
used t ogel086 lni t h oné Amonestdcsjedncduidect Sor fextamnples @dsemaddmei-sti ng of
i nsulin sen5|t|V|t enhancers (PPAR vy agonlsts PPAR a/y agonlsts PPAR 8
agoni st s, JilJ‘I!P RAMARLS drazindel «op hefinine and theH ke by s,
blguanlde drugs I nsulin secretlon‘gronnters I nsul i_n preparations and

di pept i dyfeTREAN L AIMLELH (FelpctiyeEafotanimsetake \nhibitoxre syl the

conmpounds of _the E resent invention are used together with .one or nore

agent safdBveraminel ARRRAHYsanatRi agaistmdisiRutaanineg and

the like)}, melanocortin 4 receptor (MC4R) agonists and
a-melanocyte concentrating hormones (o-MCH), leptin, cocaine-
i) and amphetamine-regulated transcript (CART) and the like.
" [0087] "Thyroid hormone receptor agonists” include, for
example, lyothyronine sodium and levothyroxine sodium.
[oo8s8) *Cholesterol adsorption inhibitors” include, for
example, ezetlmibe.
[0089] "Lipase inhibitors” include, for example, orlistat.
[0090] "Carnitine palmitoyl transferase inhibitors”
include, for example, etomoxir.
[0091] "Nicotinic acid derivatives” include, for example,
::) nicotinic acid, nicotinamide, nicomol and nicorandil.
{0092]) "Blle acld adsorbents” include, for example,
cholestyramine, colesatilan and cholesevelam hydrochloride.
[00931 "Angiotensin-converting enzyme inhibitors® include,
for example, captopril, enalapril maleate, aracepril and
cllazapril.
[0094] *Angiotensin II receptor antagonists” include, for
example, candesartan cllexetil, losartan potassium and
eprosartan mesylate.

[0095] "Endothelin-converting enzyme inhibitors” include,



coenzynme A reductase inhibitors, fibrate conpounds, squal ene synthetase

I nhi bitors, acyl coenzyne At chol esterol acyl transferase inhibitors, |ow
density |ipoprotein receptor pronoters, mcrosone triglyceride transfer
protei minhibitors and anorectics. [0099] The drugs of the present

I nvention can be adm nistered systemcally or topically or orally or
parenteral ly, for exanple, rectally, s@&utaneously, intramuscularly,

i ntravenously or percutaneously. [0100] The conpounds of the present
inventioﬁowhbthaie. C68c 34440r agpd C&H-BS06B.any formof a solid
conposition, a qui d conposi tion and anot her conposition and are nost
SU|tany[§§Bédted as Endoggeaiarrgeeptaneautgggnbstaheinglugentfpnvent|on

can be produced b |ncorporat|n a rmaceutically acceptable carrier
into theeﬁampéﬁndi -dAoens . gﬁﬂ4l#Pénﬂﬂ&nlagﬁaélflcally, a excipient, a
filler, a_ binder, a d|$|ntegrator a coating agent, a sugar-coQating agent,
a pH adj #8087 lor a sBPHbPFF@Pﬁﬁ-aﬁ@nthﬁhFBﬁrPEY eEndiabesag APAuShe or an

nvent{ ort kS pitpde < Sultaha, g e componsd C?g%”‘)”“dsr&%@h@ﬁgpéﬁiﬁﬁs
ke by hdeén%%%niw%lqﬁtéﬁ’a?a%@é%“' 35%? T R e
LSQL’EL?E'&‘)&M?%?@%C e #21%“5 'irﬁéé&%eig&araﬁ?a el Ve o,
sesame Ol bpar’§°agoRbLE!  pBARYLS] goxfgéa?%&fﬁfagw 0488 Fedtu2! 1Y
a/y/d agonists and the like), glycosidase inhibitors, biguanide

drugs, 1nsulin secretion promoters, insulin preparations and
dipeptidyl peptidase IV inhibitors.
[0098] 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 lnhibitors, fibrate compounds, sgqualene
synthetase inhihitors, acyl coenzyme A: cholesterol acyl
transferase inhibitors, low density'lipoprotein receptor
promoters, mlicrosome 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
sultably selected as the need arises. The drugs of the

present invention can be produced by incorporating a



[0101] Further, the conmpounds of the present invention can be nmade into
formul ations by formng clathrate conpounds wth a-, 0- or y-cyclodextrin
or nethylated cyclodextrin. 101021 The dose of the conpounds of the present
i nvention 3 varies depending on the disease, the status of the disease,

wei ght, age, sex and the route of admnistration, and -is preferably 0.1 to
1, 000 ng/ kg wei ght/day, nore preferabty310- to 200 ng/ kg wei ght/day and can
be adm ni stered once a day or dividedly several tines a day. [01031 The
conpoundphairmdveytdsadly iavnasptiabile adyd exs yimttiee dilwe dsonipursdds f chéy t he
production nethods as shown in the follow ng Schenmes. Further, "Bn' in the
f ol | owi nPresendrdhventidonont Spedidically .o exaipeant, a filler, a
2,3,4,6-Tetra- O benzyl - Sa- car ba- a- D- gl ucopyranose - 38 (1V) of a key

i nt er medibimdegan ’-loé“y:ﬁi‘dtiﬁifcﬂtqrb-r vemaﬂiélg idgenthe & GUIAR TRPERMIEr . [ 0105]
Schene 1 (0106] [Fornula 0 1) TBDVEC 4~ ~ H O I mi dazola HO 5 sl aps
Bn0 2 at &fempn & dz:b“ B % ‘!ﬂﬂé‘bjﬂd-%@g @9ent wikchods on con OBn

RBI ucal é%‘) (II% %%0107] First, after theqprlmary h droxy sgroup of

-gl ucal “9 ATYRNE QT SiPnadenons LAY

glr(r)rﬁltogyl M%%PO% tc{\/5\‘{0}%(%5}{erﬁﬁe gywdrox%/q{g:r%ﬁ{) %'yl prot ect ed byI genzyl

eI|mluﬂ(% élé%a P s, égl fé%, granule, dusting powders, powders,
liquids and solutions, emulslons, suspensions, injections or
the like by the conventionally employved technigques for

~—) pharmaceutical formulations. The excipients and fillers
include, for example, lactose, magnesium stearate, starch,
talc, gelatin, agar, pectin, acacla, olive oil, sesame oil,
cacao butter, ethylene glycol and other substances usually
used,
[0101] Further, the compounds of the present invention
can be made into formulations by forming clathrate compounds
with a-, B- or y-cyclodextrin or methylated cyclodextrin.
[0102] The dose of the compounds of the present invention
L:) 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 once 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-0O-benzyl-5a-carba-a-D-glucopyranose



protective group is a tart-butyldinethylsilyl group, it is elimnated by
tetrabutyl anmoni um fl uoride) to synthesize a 3,4-di-0O benzyl-D-glucal (I11).
[0108] Next, the compound (I1) can be converted to a

3,4,6-tri-0O benzyl -5a-car ba-D- gl ucopyranose (I11) via five steps [Chem
Commun., p.925 (1998)]. [0109] The conpound (I11) can be converted to
2,3,4,6 - 39 - tetra-0-benzyl - 5a- car ba- a&8-yl ucopyranose (1V) via two steps
(Li ebigs. Ann. Chem ., p.267 (1995)]. [0110] A conpound (V) can be produced
by the me{i¥) ef adkeyr ibtérmediatec gamnbe prodused . SFor Rsanplelr dms. 1,
3287 (1991)]. Further, as shown in the follow ng Schenme 2, the conpound
(V) can b&hel §olpowdngecmpanpg®h-t he conpound (1V) by a suitable oxiding
reagent (for exanple, activated DMSO in the Swern nethod or PCC, PDC,

Dess- Mar t 1A1P84i odi nafighemer ke | ke) Scheme 2 (0111] [Fornula 4] OH O
NAOBn oxi dation OBn OBn CBn OBn 08n 0OBn OBn (IV) (V) [0112] The conpound
(1V) can B81R8AvEFOEMAE 3lconpound (VI1) as shown bel ow. [0113) Schene 3
(0114] [Formula 5] OH OH X OBn 1) Yitsunebu reaction 06n \OBn

o 1 TEDMSCI 0 N
HO | imidazofe  HO l 5 steps  Bnd 2 staps .aDBa
Ho" 2) ak B Bn0™" Ba0™" (O\
TR Y 0Bn 08n 0B
D-glucal an Qi
[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 is eliminated (for example, when the
protective group is a tert-butyldimethylsilyl group, it is
eliminated by tetrabutylammonium fluoride)} to synthesize a
3,4-d41-0-benzyl-D-glucal (Il).

[0l08] Next, the compound (II)} can be converted to a
3,4,6~-tri-0O-benzyl-S5a-carba-D-glucopyranose (III) via five
steps [Chem. Commun., p.925 (1998)].

[0109] The compound (III} can be converted to 2,3.4,6-



2) hydrolysis OBn OBn 08n OBn Ain din OBn OBn OBn (IV) (VI) (V1)
X:leaving group 101151 The conpound (IV) can be derivatized to 2,3,4,6 - 40
- tetra- O benzyl - 5a- car ba- p- D- gl ucopyranose (VI), for exanple, by
perform ng hydrolysis after the Mtsunobu reaction with benzoic acid.
[0116] Next, a compound (VIIl) in which X is a halogen atom can be produced
by allowi ng a suitable hal ogenation agyef® ~ (for exanple, phosphorus

oxychl ori de, phosphorus oxybrom de, phosphorus trichloride, phosphorus

tri bron detrazOb:denzydt-Sacicarbiade-D-iglucopyransse (dV)cariaortwoetstapsom de-
tri phenyi phosphi ne, N-chl orosuccini m de-triphenyl phosphine, N
brormsucd&ﬁﬁwaé-t ANBhe FeBosp®i-#67 i(3498d3t-ri phenyl phosphine or the |ike)
to act on the corrpound T(-’Vl) 0117] Further, a conpound (VI1) in which Xis
a net had®3dOony| ox$ S BRgun {HﬂuﬁﬁﬁsHPfBﬁ?#BQ?ngHuﬁheamﬂ hod as

trifluorqnet hanesul fo 0X he i ke can be produced by aI I oW ng
met hanes (eE&HH e(5"hl:"('5'r| ‘%‘“&&%uﬁﬁes yl °°chlp(9rrk&é' TEansy r(}us

su ILEFE‘@%@@H priits 'Cgf"? =" sBioAn gnehe §E3aEw ée?em (LX)nd' of
the foll %Vc\)”mp%un%r W) can[ %11%]19[0F%r mauce%] fR om the compound {IV) by a
sultable oxiding reagent (for example, activated DMSO in the
Swern method or PCC, PDC, Dess-Martin periodinane or the like)
Scheme 2 |

) {0111] [Formula 4]

. \ 0Bn
oxidation N
et e
: 0Bn
0Bn  0Bn

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

D {0114] [Formula 5]

0Bn 1) Mitsunobu reaction
2) hydrolysis

(V) o)
\ / X:leaving group

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




(M11) [0120] wherein R11 is the sanme as the above defined Rb; and Are is
the sonme as above defined, which is an internediate of the conpound of
formula (1) can be synthesized with reference to the follow ng docunents:.
International - 41 Publication Nos. WO01/ 68660, WO01/ 074834, WO01/ 074835,
W02/ 28872, WO02/44192, W02/ 064606, y@@€/911880 and WO04/014931. (0121]
For exanple, the foll ow ng conpounds: 122] [Formula 7] 0 0 r2 R 12C OH
ROH (0 X) (X) [0123] wherein Rl12 is the same as the _above defined Rb; and
Ar2 is tHhe -kengydrdaraarhas B -Ringdmospyrancsend §ildte SoroeXMPlespound

1 L0t ARV AR 49 W S,

fol |l ow n%é%%]%%isdd[m%] (Formula 8] R13 NCAr2 N H(XI) [0126]

wher ei n ne as the above defined Rb;
[0116] Next, a compound (VII} in which X is a halogen

atom can be produced by allowing a sultable halogenation agent
(for example, phosphorus oxychloride, phosphorus oxybromlde,
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
trifluoromathanesulfonyloxy 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:

Rn_EI\Ar’
0H

VI D)

[0119] [Formula 6]

[0120] wherein R!! is the same as the above defined Rb;
and Ar’ 1s 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



and Ar2 is the sane as above defined, which is an internediate of the
conpound of fornmula (1) can be synthesized with reference to the follow ng
docunents; International Publication Nos. W01/ 16147, WO02/ 36602,

W02/ 053573, WO02/068439, W02/ 068440, W02/ 088157, W02/ 098893,

W03/ 020737 and W03/ 090783. [0127] For .annple the foll ow ng conmpound: 42
- [0128] [Fornula 9] 0 XV Ar2 113 X=X OH (X! 1) [0129] wherein X1, X2,

K el bl S AR, o I el b e o
TR T P e it e 9&3/0933&“ on No.

W03/ 000 . For exanple, the follow ng conpound: [0131] [Formula
o1 Ris. Wotg /o ad . (XI11) [0132] wherein RL5 is the same as the above

defi ned 1121 nd Ar2Fb§ FQSFﬁ? ; a?8iiogiﬁ nggwghﬁg is an internedi ate
an

of the conpound of forimu Be prepare acc I'ng 'to the foll ow ng
Scheme 4.19122] [Formula 7]

0 0
S 2 S
Ar H
R OH R OH

(%) 49
) [0123] wherein R'? 153 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 document: International Publication
No. WO04/007517.

[0124] For example, the following compound:

[0125] [Formula 8]

Rl3

(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. WO01/16147, WO02/36602, WO02/053573,
W002/068439, WO02/068440, WO02/088157, WO02/098893,
WO003/020737 and WO03/090783.

[0127] For example, the following compound:



Scheme 4 [0133] [Formula 11] - 43 OH X 1) Malkyl N 16 or 9-aryl R16 R16
1102 2) Ar2-CHO N0O2 M2 (XIV) (XV) (XIIl1) [0134] wherein R16 is the sane
as the above defined Rb; Malkyl and Maryl are each an organonetal lic
reagent such as n-butyllithium phenyl lithiumand phenyl magnesi um
brom de; X is a halogen such as chlorinpg, bromne and iodine; and Ara is
t he same as above defined. [0135] Thaf fg,'the conpound (XI'l11) can be
synt hesi zed b al | owi ng a_suitable organonetallic reagent (n-butyllithium
phenyl Iil?ﬂ%ﬁ% R Laeyhesi um bronmide or the like) to act on a conpound
(XI'V), then reacting the resulting conpound with Ar2-CHO to derivatize a
conpound (XV), and thereafter perform ngQa suitable reduction reaction
(catalytic hydrogenation using a paldtadi §m catal yst or the like). [0136]
The conpounds of the present inveng?<t 2 produced, for exanple,
according to Schenme 5 as shown bel gy chenme 5 [0137] [Fornula 121 _ att \
| Ar= Ani Art ~pOan AF [|It;un o&ﬁ@d %ﬁﬁnly4tlon ~ + att pan 1t CH r(i
ON

OBn Ain pan roan (114 (MI1) roan :"din
(x11)
[0129] wherein X', X2, X’ and X' are each a nitrogen atom

or C-R'* and one or two of X', X, ¥’ and X' are nitrogen atoms;
and R 1s the same as the above defined Rb, which is an
intermedlate of the compound of formula {I) can be synthesized
with reference to the following document: International
Publication No. W003/000712.

[0130] For example, the following compound:

[0131] [Formula 10]

s N Sar?
"
(x111)
D) [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 follbwing Scheme 4.

Scheme 4

[0133] [Formula 11]



(XVl) (oviD) [0138] wherein R11 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 be produced by condensing the conpound (1V) with the
conpound (VI11) under the conditions of the Mtsunobu reaction using an
azo reagent and a phosphi ne and then perform ng deprotection under

catal ytic hydrogenation conditions usi & a palladium catalyst or the like
or perform ng deprotection by boron trifluorjde-dinethylsulfide or the

| i ke. The azo reagents which can be used in he synt hesi s of the conpounds
of the prese i went i1pri-znigyiude, for exanpl d| et hyl azodigarh ?te,
tetranetmﬁ diNFar boxawikkargnd 1, 6., N Ar? g 1 N Ar

di met hyl - '7,h xahydre—tﬂ$~6—¥*te3ra ocink 2, 5- dhene—»aﬁﬁ T@€__phosphi nes
i ncl ude, for anpINe, tﬁlhﬁe&ml phosphi nex~"t pmutyl phosphi ne. NH;

2- (di cycl ohexyl phosphi no) bi phenyl and tri(tert-butyl)phosphine. Further,

t he conpounds(Xxi¥)the present invention € be al so synt hesi £8d by t he

Mt sunobu reaction using a phosphorane reagent. The phosphorane reagent

whi ch can be used herein includes, for exanple,

(cyanoretfipylzane) t ri byhuraliasRFOI & Gamey @30 the above defined Rb;

nmet hyl ene) tri nmet hyl phosphorane. Further, the substituent R1' of the
conpound M-Xlikyl @nd M> aatils tariel @aichofanAot gahoh@taddilc reagenty duehy a@ oup
after converting to a triflate or the like) can be also converted with the
use of an~butydddehiumg iphenyl 2dithiom and phenyln nayneaicme bromiidez X

pal | adi um catal yst. [0140] Further, the conpounds of the present invention
can be aliso aphadwgen sumh @sarqm@,riaxecorbtnomg.meo adchdosithegs and Ar? is

-) the same as above defined.
[0135] That is, the compound (XIII) can be synthesized by
allowlng a sultable organometallic reagent (n-butyllithium,
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 lnvention can be

:) produced, for example, according to Scheme 5 as shown below.

Scheme 5

[0137] [Formula 12]

g“ l!“——— | Ar’ "_q\”:
Hi tsunobu X 0 N 0
+ [ AL rnctinn dcbanzylatlnn
0Bn
Vi) 08n
(m)
[0138] wherein R is the same as the above defined Rb;

and Ar’ is the same as above defined.



shown bel ow. Schenme 6 101411 [Fornula 13] - 45 X5 Art OBn Rg R' Art
condensation 0 reactionOBn OBn OH OBn OBn (VII) (VIIl) 08ls OBn OBn (XYl)
[0142] wherein X5 is a hal ogen such as chlorine, bromne and iodine or a

| eavi ng group such as a net hanesulfonate and a trifluoromethanesul fonate;
R' is the sane as the above defined Rb;, and Ar2 is the sane as above
defined. [0143] That is, the conpound‘(é&ﬂ) can be produced by condensing

t he conmpound (VI1) with the conpound (M11) in a suitable solvent under
basi ¢ corld%3%ns. Th&hia4sds .witheh compound gfecldhic priesentc inyention ¢aanpl e,
sodi um hydri de, potassium carbonate and potassiumtart-butoxide. [0144]
Furt her , Reh@rasisath by sondanging dhe jgpmpasnsh (106 Wity the gompeand f or

exanpl e, according to Scheme 7 as 3 shown below. Schene 7 [0145] [Formula
14] - 46 (\§I3) under the conditions of the Mitsunobu reaction using an

azo reagent and a phosphine and then performing deprotection

under catalytic hydrogenation conditions 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-dione, and the
phosphines include, for example, triphenylphosphine,
tributylphosphine, 2-{dicyclohexylphosphinojbiphenyl 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 borilc
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 to Scheme 6 as
shown below.

Scheme &

[0141] [Formula 13)



OROBn 0 all \'' I or Rat H or nactlonn DO OBn + OH ACBn 0Bn OBn OOn (1V)
(Vi) # Oh A Ban OBn Dan OBh On (1111) (A1) OHR—~\ | At Rf , At A
r=y 0 0 OBn Gbhi 11* OBn OR din OBn ON 014 (111) (1Vvl I) [0146] wherein
R11 is the sane as the above defined Rb; R is a Cl-C6 al kyl group, a
C7-Cl4 aral kyl group or an aryl group: and Ar2 is the sanme as above
defined. [0147] That is, the conpoumT(5§A1) of the present invention can
be produced by condensing the conmpound (IV) with the cqmpoupd (XVII11) under
t he conditicnus!ﬁ the kfitsunobu reaction using an agf rpagenariand a

phosphi ne, theﬁ=conP§Hting t he al koxycer bonyl graU the resulting
conpound to a1 Y group by conyenthiiaidatids ho m a conpound
(XX), than ng Age- ! refn Mis [ifggetigh @ nmagnesi hal i de or the
like) to a ORA TN g onpound 9 be convertedsto a coppounddxxi), and
thereafter lelimdnating the hydroxy group and the benzyl 5

si mul taneo@Bry @Bder catal ytic hydrogenation conditionsge

I nating them
0Bn

st epwi se by V1) Vil H
( ) 0Bn OBn
xvn)
[0142] wherein X* is a halogen such as chlorine, bromine

and lodine or a leaving group such as a methanesulfonate and a
j) 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 potassium tert-butoxide.

[0144] Further, the compounds of the present invantion

can be also produced, for example, acqording.to Scheme 7 as
\:) shown below.

Scheme 7

[0145] [Formula 14])



reduci ng

the hydroxy group with trinethylsilane or the like and then

elimnating the benzyl groups with boron trifluoride- dinethylsulfide.
[0148] Further, the conpounds of the present invention - 47 can be al so

Ol1ln

produced, for exanple, according to Schene 8 as shown bel ow. Schene 8
[0149] [Forrmula 15] OH OH X1i Art CBn X~t B|t unobuB I 7) 11-al kYl O +
reaction O or B-ery] 4i OBn ,0Bn 2) Arté con OBn (I'V) (XXI1) rci
Bn Ot On OBn Ben 01111) (XX 1) J1 [0150] mhereln X11 is a. halogen at om

derivati2|ng ﬁU@npound anchsinie®' C und (XX 1) Rl onpound

R' is the same as the above defined Rb; and r2 is the same as? above
defi ned. [015&] That is, a aonpound ( XX ke synthes
ald

(XXI11) by t tsup Qtnu_ré ct Porf*stiet t he
reagent (a 0v‘r uhkyl such as n-b
on the conpmunda(XXIII) to be reacted with
conpounds of Hn? present gvityyenti on

owi ng an orgahongtallic

-CHO [0152] F er, the
H 0Bn i 08n

08n  {(Bn 0Bn 0Bn

1)) (xx)

—————

ﬁﬂﬂn #&m

o B ‘3
(ax) v

[0146) wherein R is the same as the above defined Rb; R”
is a C,-C; alkyl group, a C,-Cy( aralkyl group 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 compound (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 formyl
group by the conventional method to form a compound (XX), then
allowing Ar’-M (wherein M is lithium, a magnasium 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

wL b8t hi um or the ®Bnto act



can be al so produced, for exanple, according to Schenme 9 as shown bel ow.
Schene 9 [01531 [Formula 16] Xtl SRI(" RIBY, RII J Arr 0r3%n)t Art-CH RI't
O rej:::1 ~0O0BnOBn W roj~ "s 013n OBn't OBn OBn OBn ON OBn OBn OBn
(XXITT) (XXIV) (XVI) - 48 [0154] wherein X21 and X22 are each a hal ogen
atom R' is independently selected froqLa Cl1-C6 al kyl group; R11 is the
sane as the above defined Rb; and Ar 2 4% 1nhe sane as above defi ned. [ 0155]
That is, a hexaalkylditin is allowed to act on a conpound (XXII1) in the

pr esence €8n hep ALEed PYRANSEA .y Son oxampliey aBicserdiagntouSehem ) aghich is
then reacted with Ar2- CH2X22 in the presence of a palladiumcatalyst to
synt hesi S8O¥R O&4O%und (XVI). The hexaal kyl ditin as used herein includes,

for exanple, hex neth%lditin and hexabutylditin, and the paIIadiun1cataIyst
i ncl udes, for §E§Eﬂ&er t et raki st ri phenyl phosphi ne pal | adi um (0) and, 1, 2-

bi s(di ph orinoe ne) dichloropalladium(ll). [0156] Further, the
corrpoundi%éﬂgq Zghlrgg“g't’?[&lgﬁvention can be al so produced, for exanple,

according to Schene 10 as oH
'=' / . 1
X" Witsunobu " T l 1) N-alkyl TN
(O‘ 4 CE feaction or Waryd
T 2) Mr-CHo
I'I
(I'l) oxin H
OBn OB
xx1)
) [0150] wherein X' is 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 Mitsunobu 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)

{R"15n),




shown bel ow. Schenme 10 [0157] [Forrmula 17] B Arz OHp ~S Arr S BRn Yltsune
Rlz B } Ar aetlan Rtz BOH n BBn Rtz OHon BBn BBn ON OBn (I V) r( | ON
OH (I1X) BBn BBn I) (nV) (XI1VO [0158] wherein R12 is the sane as the above
defined Rb; and Ar2 is the sane as above defined. [0159] That is, the
conmpound (IV) is condensed with the conpound (1X) under the conditions of
the Mtsunobu reaction wusing an no Fédggﬁt and a phosphine to derivatize a
conmpound - 49 (XXV), and the&gafterzihe ket one reduction and the

el i mi nat i{@A54df t he waereingKOupadaXe” Are | sagh Audalqgen akem: hdeks

catal ytic hydrogenation conditions using a palladiumcatalyst or the |ike,
or perfoﬂﬂ@épwgm‘té@ gplestes: £50MoR CacCh AMREL aHQUP s Rl uhebBR8hydri de or
the like and then_ the_elimnation _of the hegzyl géougs w th a pal |l adi um
cat al yst SaBe¢pAgafte aboyenfstided Rbr) apa Are g?e Bt SPNG RS BRove

defined.
[0155] That is, a hexaalkylditin is allowed 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??2 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(diphenylphosphorincethane)dichloropalladium (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]

. 0
», S g
. s 1 ( I\Ar
0 A X
080 ijIF\’ ¥ tsunebu uéiﬂfk‘ R 0
¢ Ar K 0
0Bn t uuA ™

A AL e O

1] E

v (n 0Bn %Bn on(m:;n
(xv)
[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



[0160] Further, the compounds of the present invention can be also
produced, for exanple, according to Schene 11 as shown bel ow. Schene 11
(0161] [Formula 18] 0 OHO H OBn Mtsunobu R H O reaction OBn R ON
atBn OBn OBn (I V) OBn (X) OBn O0Bn (XXYl 1) ONAre SAre RLO O 0 at
OBn ON OBn ON OBn OBn OH OH (XXYI | I) (XXV'1 ) 50 [0162] wherein R2 is
the sane as the above defined Rb; ard Z is the same as above defi ned.
[01631 That is, the conpound (1V) is condensed with the conpound (X) under
t he condi(fXds and ftheveadtesh thecXetiome reduction and the elimination

of the benzyl groups are simultaneocusly performed under
catalytic hydrogenation conditions using a palladium 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.
[0160] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 11 as
shown below.

Scheme 11

[0161] [Formula 18]

0
S
Mitsunobu pi2 0

reaction
———-

0Bn

0Bn  OBn

0Bn EBn
(XxXvini)




usi ng an azo reagent and a phosphine to derivatize a conmpound = (XXVI1), and
thereafter Are-M (wherein Mis lithium a magnesiumhalide or the like) is
allowed to act on the conpound (XXVIl) to convert it to a conpound
(XXVII1), and thereafter the elimnation of the hydroxy group and the
benzyl groups is perforned sinultanquf y or stepw se under catalytic
hydrogenation conditions using a palla m catal yst or the |like to produce
a conpound (XXVI) of this invention. [01641 Further, the conpounds of the
present il Ji on c¥here BI§ dro dhe: same, as. the, above: defdned ®P:scheme 12

as shomn eIo gﬁne 12 &gﬁPgLvLFngyla 19] R13 RN x5Ar= ~Ar OBn R10

d.1{ 0 0Bn bBn CH 010 (x4) OBn
o v G0 B i b R s, "
defined. Jgbdtna M%) 'dhae" tne TREIT10KE o trle Ml t fRfHY Fdattion °1
using an azo reagent and a phosphine to derivatize a compound
(XXVII), and thereafter Ar®’-M (wherein M is lithium, a
magnesium hallde 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 1s 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]

O

Ar! .H\/-_i[\lrl

\\ 0

ﬁan OH

0Bn DBn (XI) , oH
(v =

0Bn Esn OH
X (xm
[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.

{0le7] That is, the compound (XXX) of this invention can



be produced by reacting the conpound (VII) with the conmpound (XI) in a
suitabl e solvent in the presence of a base to derivatize a conpound (XXl X)
and thereafter the elimnation of the benzyl groups is performed under

catal ytic hydrogenation conditions using a palladiumcatalyst or the |Iike
to produce the desired conpound. [0168] Further, in the production nethod of
Schene 10, the conmpound (XXXI) (wherzi®d X1, X2, X3 and X4 and Are is the
sanme as above defined) of the present invention can be synthesized by using
t he conpde@roduded iyt exshgiiingdhe gorpovnd I(YII) odddi fheorcompowsl X1 X2
=Xr2 X0,"0H OH OH O (XXXi ) (0170] Further, the conpounds of the
present i ntliop sHtahle|solvandyddethe prasenas ©f A dne8 fPto Scheme 13

as shown below. 52 - Schenme 13 [0171] [Formula 21] OH Rir i ArZ NH2 aim
Bn X (XxxAeridatize A compound (XXIX), and thereafter the elimination

of the benzyl groups 1s performed under catalytic
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!, X2, 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 %H
D (Xxx1)

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

shown below.



OBn OBn OBn OBn OBn (I1V) (XXXIl) RT A2 RL7 Art "ZNHNH ,,a0Bn ,,,alH
OBn OH OBn OBn OH OH (XXXI'V) (XXXV) (0172] wherein X is a halogen atom
R17 is the sane as the D above defined Rb; and Ar2 is the sane as above
defined. [0173] That is, the compound (XXXV) of this invention can be
produced by subjecting the conpound (I to the Mtsunobu reaction with
pht hal i i de, all owi ng hydrazi ne or net amne to act on the resulting
conpound to derivatize a conpound (XXXI1), then performng the coupling
reaction with §EEBEﬂnﬁﬂd (XXXI'I'l1) in the presence of a palladium catal yst

[for exanpl | s(dibe | i deneacet one)di -pal l adium (0) or 1,1'-
bis(diphgﬁQﬁaﬂoigﬁ' Qrgéﬁene)-dichloropalIadiunl(lI)] or a copper reagent
(for exanple, copper, iodide (l1)] to convert the - 53 compound (XXXII) to
conmpound (XXXIV), and thereafter elimnating the OHpS under

catal yti c hydrogengfjion conditions usi a palph Jét or the I|ike.
[0174) Further, th& conagrnd (XXXI'l) car®Be synth by perform ng the
M t sunobu reacti gp~ef 88N conpound (1V) 'tgoaﬁodiu azide or the like and

(XXX4 1)

A

OBn

Hisas

0Bn OBn OBn OBn
axxxin

0Bn  0Bn 0H  OH

[0172] wherein X 1s a halogen atom; R' i1s the same as the

l:> above defined Rb; and Ar? is the same as above defined.
[0173] - That is, the compound (XXXV) of thls invention can
be produced by subjecting the compound (I?) 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(dibenzylideneacetone)di-palladium (0) or 1,1'-
bis(diphenylphosphinoferrocene)-dichloropalladium (II)] or a

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



tri phenyl phosphine or the like to act on the resulting conpound. [0175]
Further, the conpound (XXXl I1) can be produced according to Schene 14 by
allowing Are-Mto act on a conmpound (XXXVI) to derivatize a conpound
(XXXVI'1) and thereafter treating the conpound (XXXVII) with triethylsilane
in the presence of a boron trifluoride- dlethylether conpl ex,
trifluoroacetic acid or the Ilke Schene312 (0176] [Formula 22] OR -CHO
RL7 ; -. Rni \ AYR" \ Arz i , XX (XXXVE)  (XXXV11) (XXX i i) [0177]
wher ei n xompaund S(FHEXEE) a%\@mun@omMIm s ant thepmatier he above
defined Rb; and Ar 2 is the same as above defi ned. 0178 Further, the

conpoundLBminat ine Sha P?W&lwu%ﬁ“tf?@%l%ﬁiﬂf Qgenatinm e,
accordi ng to Schene 15 as WﬁwfeIOW/ 54 - Schene 15 (0179] (Formul a 231
Are R g AMARIONs wRie Rpl ¥STOQF ppe like.

[0174] Further, the compound (XXXII) can be synthesized
by performing the Mitsunobu reac£ion of the compound (IV) with
gsodium azide or the like and thereafter allowing
triphenylphosphine or the like to act on the resulting
compound.
f0175] 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 thereafter
treating the compound (XXXVII) with triethylsilane in the
presence of a boron trifluoride-diethylether complex,
trifluoroacetic acid or the like.

Scheme 14

[0176]) [Formula 22]

CH
| - CHO : )
) Rn_lq S Ar .- RV @:\"
"~ P T~
X X X

(XXxv1) (XXxvii) Q)

[0177] 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.



OBn OBn OBn CGen 09 OHR g Ar2 (V) (XXXI X-1) (UxXxx-1) and/or Br 2 2
(XXXVI'11) Ryei / Ar Rlra Ar HO OBn 40H OBn ON z1)'1V - OBn OBn OH OH

(XXX X-11) (UXxX-11) (0180] wherein R1" is the sane as the above defined Rb;
and Ar is the sane as above defined. [0181] That is, a conpound (XXXX-1) can
be produced by allowing a suitable alkgl l'ithium (for exanple,
n-butyllithium or the like) to act onh 4c'Orrpound'(XXXVIII) to be reacted
with a compound (V) and catal ytically hydrogenating the obtained conmpound

(XXXI X-1) wit hSghemel 4@ um catal yst or the like. In the sane manner, a
conmpound (XXXX-11) can be directly produced by catalytically hydrogenating
t he conpd&%?%] oxmaba #3h a pal | adi um catalyst or can be produced by

acetylating the hydroxy group and then elininating the acetgxy group and
the benzyl groups by catalytic hydr&ge_._a‘t\' on~areacti on USgis) kS pa'lr’l adi um
catalyst or the like (if pecessary, an @cid such as hydroc ic acid is
dan be synt hesi zed, ffor exanple, by
fettj . eMal Publication +M01/27128.

8"!-—
=
[~]
=
E

OBn
(Xx01%-1) Xxxx-1)

and/or

(XXX¥111)
OH ﬁ
Qxix-11) (xxxx-t1)
[0180] wherein R!® is the same as the above defined Rb;
and Ar is the same as above defined.
[0181] That is, 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) with a palladium catalyst or the like. In
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



exanpl e, according to the nethod of Scheme 16 as shown bel ow. Schene 16
[0183] [Forrmula 241 0 "(Mh ~~0Bn CH3 CH3 CH On OBn Rig-~/ Rgl Rgl MON
,~\OBn Sr (XXXXI') Ot = 06n OBn OBn Bn OBn (XXXX11) (XXXXII11) Rle X23 Rig
i Are Rg Are Are-X2+ oOBn ,,,SOH 40811 0Bn = OBn ON Bn OBn OBn OBn OH OH
(XXXXTV)  ( XXXXV) (XXXX) [0184] wherein X23 and X24 are hal ogen atons; R18 is
the sanme as the above defined Rb; and %€ is the sane as above defined.
[0185] That is, a suitable alkyl lithium (for exanple, n-butyllithium or
the |ikelnteraptdpual; Subddcation:YopoWRRL/2RX%R) and is reacted with the
conmpound to derivatize a c ound, (XXXXI'1),.and the resul ti ng hydroxy
gr oup is[§g§@érted tgﬁa FRMBEYR gﬁ§¥8§} gfBubebylso produced, for

example, according to the method of Scheme 16 as shown below.

Scheme 16

[0183] [Formula 24]

CH;
) o1 Rll
. w0 3
RO —_—
..\\\\Uan
Br
(XXXK1) T 0B
0Bn OBn Bn 0Bn
X} Ol
R“ X" R“
Arl-x
) Bn %Bn 0Bn  Gan
[0184] wherein X** and X** are halogen atoms; R!? is the

same as the above defined Rb; and Ar® i1s the same as above

defined.
[0185] That is, a sultable 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 hy



56 net hyl t hi ocarbonyl ation or i m dazol ylthiocarbonyl ation, and then
deoxygenation is perforned by allow ng a radical reaction agent (for
exanple, a tin hydride reagent such as tributyltin hydride, a silane agent
such as di phenyl silane, a conbination of di phosphorous acid or diethyl
phosphite with a tertiary amne) to act on the conmpound (XXXXI'l) in the
presence of a suitable radical initiat¥® T{for exanple, 2,2'-azobisiso-
butyronitrile, benzoyl peroxide or the like) to synthe5|ze a conpound

( XXXXI | | methydithiocenbonydatdomooxximidaze lydithdocarbanylatdopenand hal i de
(XXXXI'V) under suitable halogenatlon conditions (for exanple, by

N- br onps heim ideoxy gemadifion 18 Mrf@g@!@dblbﬁmﬂd—é-ﬂi%@ Irﬂ@é-)cﬂlam%%nzyl
hal i de (X)XXIV) is reacted with an aryl halide (including an heteroaryl
hal i de) iagefte (Foas examnde o & nat&ﬂé‘lré@temry@tg Bushydf Lributyltin

gs;;gﬁwb{yﬁgﬁnyl phasphi t%g%al | adi umé&ﬁO) | ligﬁlf]ﬂp@, - mnb%ion
o166 THE %ﬁtpg'ﬂ?é’ﬁﬁnz oo m&eféﬁ%@%%%miﬁ i TR Schene 17
?]Si rs]hcc))\gnn Ig BlschsagtRloél omJon%”(}éE&rfﬂl §:Jne prese%]::e ogaa se CH
sultable radical initiator (for example, 2,2'-azobilsiso-
butyronitrile, benzoyl peroxide or the like) to synthesize a
compound {XXXXIII). Then, the compound (XXXXIII) is converted
to the benzyl halide (XXXXIV) under suitable halogenation
conditions (for example, by N-bromosuccinimide, bromine,

hydrogen bromide or the llke), and the benzyl hallde (XXXXIV)

1s reacted with an aryl hallde (including an heteroaryl

halide) in the presence of a sultable catalyst [for example,
tetrakistriphenyl-phosphine palladium (0}, 1.,2-
bis{diphenylphosphinoethane)-dichloropalladium (IX) 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.



protection (V) deoxylation BrOBnOBn (XXXXYlI) Ot ON OBn OBn Mh OBn

( XXXXYI 1) ( XXXXYI
OBn OBn OBn Celt

1) RL OH RIB X deprotection hal ogenation ,AOBn ,0OBn OBn
OBn  (XXXXI X) (XXXXI'V) [0188] wherein Rte is the sanme as

the above defined Rb; P is a protective group; X is a halogen atom and Ar2
Is the 3 sane as above defined. That hf% after the hydroxy group of a

conpound ( XXXXVI)

is protected by a’s able protective group (for exanple,

a tart-butyldimethylsilyl group, a tetrahydro-pyranyl group or the like),

h suitable al k

m (for exanple, n-butyllithiumor the Iike) is acted

on the resultin conpound .and reacted with the conpound (V) to derivatize a
conpound?8i§§iVﬁFPFmgﬁ€n?%ﬂhe tertiary hydroxy group is converted to, for
exanpl e, a thio-carbonyl oxy grup by nethylthiocarbonylation or

I m da-zol yl t hi ocar bonyl ati on.
exanple, a tin hydride reages

such as di phenyl

di phosphorous_acid with at

R“_'_\

-

Br
OOV

[0188]

is a pro

(:) same as

then a radical reaction agent (for
wSW as tributyltin hydride, a silane agent
ation of diethyl phosphite or

sil ane, a cag

0H 08n
protection 0)

0Bn ﬁan 08n  OBn
XXXV QUXXXVIID)

R* " R

deprotection

————r—

halogenation

ﬁﬂﬂl‘l

Y OBn H
OBn  OBn 0Bn  OBn
(XXXX1X) (O Y)

wherein R*® is the same as the above defined Rb; P
tective group; X is a halogen atom; and Ar? is the

above defined.

That 1s, after the hydroxy group of a compotind {XXXXVI)

is prote

cted by a sultable protective group (for example, a

tert-butyldimethylsilyl group, a tetrahydro-pyranyl group or
the like), & suitable alkyl lithium (for example,
n-butyllithlium or the like) 1is acted on the resulting
compound and reacted with the compound (V) to derivatize a
compound (XXXXVII). Then, the tertliary hydroxy group is
converted to, for example, a thio-carbonyloxy group by

methylthlocarbonylation or imida-zolylthiocarbonylation, and



the resulting compound in the presence of a suitable radical initiator (for
exanpl e, 2,2'-azobisisobutyronitrile, benzoyl peroxide) to convert it to a
conmpound (XXXXVI11). Subsequently, the deprotection is perforned to obtain
a conmpound (XXXXI X), and thereafter by suitable hal ogenation conditions
(for exanple, when X is brom ne atom t?? condi tions using

N- br onmosucci ni mi de, bromnine, carbon f{etFabromide or the like in the

presence of triphenyl phosphine), the conpound (XXXXl V) can be synthesi zed.
(0189] TH @M kAdLEal reachion) agent ofifeEjexamplexgpkdn h¥E¥4ASi ng to

Schene 18 as shown bel ow. . Schene 1 0190] [Fornmula 261 an ag8e gqn f /
gii_ \ | B93gent.sych Qﬁzt?éP?FyyﬁindEﬁ&Eéaﬁ'd@bﬁﬁi?PStPE?ntoguP? @R aN or
o e L, G Dot oo o P R 8 p il e o 017 012
diphosphorous acid with a tertiary amine) 1is allowed to act on
the resulting compound in the presence of a suitable radical
initiator (for example, 2,2’ -azobislscbutyronitrile, benzoyl
peroxide) to convert it to a compound (XXXXVIII).
Subsequently, 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), the compound (XXXXIV) can be synthesized.
[o0l189] The compound (L} can be also produced, for example,
according to Scheme 18 as shown below. |
Scheme 18

{0190] [Formula 26]

Ly
X 08n
n Art
= 0B * n Ar! n Art
08n ﬁnn 04 R™= o R'—
L) {vi - debenzylation g o
or Ui tsunaby
reaction oen "
?DH 08 0#n  OBn HoOH
HO ’ @i W
i 0Bn
0Bn OBn
i
[0191] wherein R!! is the same as the above defined Rb:

and Ar?’ is the same as above defined.

That is, the compound (L} of the present lnvention can



and Ar' is the sane as above defined. That is, the conmpound (L) of the
present invention can - 59 be produced by using the conpound (LI) or the
conmpound (LII) instead of the compound (IV) in the production nmethod of
Scheme 5. The conpound (LI) can be synthesized by the nmethod as described
in a docunent [J. Org. Chem, 63, 5668 (1998)] and the conpound (LII) can
be synthesized by the nethod as descri¥ed in a docunent (Tetrahedron, 56,
7109 (2000)] [0192) Further, the conpounds of the present invention can be
al so probecpyodugedcynpsdngatber ¢ompoundsSéhddeorothe compaunde (&EI ) 0193]
Schene 19 [0194] [Forrmula 271 R T ; Ar= 11-Z RIL Art X B M (XXXl I1)
(LYI'1) \ipskead pf khe cemprerdp(IV) dpnthe produgtion medbedyeft|an 41 -~
On a OBn OBn ON. OBn.cBn OBn OBn (Bn OBn OH N '-~ (YY) %FIY) LY) (LVI
[0195] whEhemgs Ri7 Fhe; Fempanpda{Lijccapobe g¥nthesimed kY ithe me @aﬂé as
above defined; Tf is a trifluoronethane- sulfonyl group; and Ar 2 is the
same as &2BofesgribrdyinTRafocument; iy 0%y . (ChPMcanbBe 9668uddd98Y direating

a
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 195
{0194] [Formula 27}

358010 {Lyi1)

R"
0 o
(d ou
T "0 r” V0Bn
08n 08N oBn  0Bn M
D v {Lv {wn
[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 (XXXTII) to be treated with a boric acid ester

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



conmpound (LIV) obtained by triflating the conpound (V) together with a
conpound (LVII1) obtained by allowing a suitable alkyl [ithium
(n-butyllithiumor the like) to act on the conpound (XXXI1l) to be treated
with a boric acid ester (trinmethyl borate or the like) in the presence of a
pal | adium - 60 catal yst (tetrakistripggﬁylphoxphine pal | adium or the like).
A conpound (LVI) can be produced by tr ing this conpound (LV) with boron
trichloride or the like in the presence of pentanethyl benzene or the |ike.
[ 0196] Tﬁétﬁévﬁﬁd(FetrﬁkéaEE#BBeFHéPBB#pBénesDeileﬂéumpPEséh@ LAkedtion is
not limted to the abovi descri bed _nethods. The conpounds of the present

S

e Cehegea 1 oo t0 (LR G i W‘*‘ﬂbF%isgﬁﬁ?r‘ﬁz*‘%“’;ssuﬁaipzf
t he pLFséh?)lH3EHFEBH°HoEfgﬁPE e°§GEE2bh?¥PEIPCZF|?PFP ﬁ?SFtOEIso have
Zg;g?bangngm %hﬁabegineggiuig F?@?ngﬁg gafgtitaThustybhgrﬁaceutical

For the. D3RRI axt BenibtRta ot WERaRELEY OBl HBBRonRAE Sr HBBC (o %"

i abet espLuyBRe! vaReLsn) anﬂot'&imh&ga'QQEEﬁadsast'agsegibghype |

di abet es abe |cat I'ons and obesi caus perglycema are

pr ovi dedpeboliye PirRacBonpBYGRK! 82 Eéasgb@sﬂt[9§etalgaﬁ capi gats of the

pr esent |nvent|on w | expl ai ne urt S by the fol |l owi ng
exanp|ess§ﬂ@heaized, for example, by suiltably combining the steps

included in Schemes 1 to 19.

_> EFFECT OF THE IRVENTION

[0197] The compounds of the present invention not only
have SGLT2 inhibition action but also have sulitable properties
as drugs such as metabolic stability, oral absorbability, drug
effect durablility and safety. Thus, pharmaceutical
compositions having an action of lowering blood 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 11 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 1s not limited
to thelr contents.
[0199] Each abbreviation in the following examples has
the following meaning.

NMR: Nuclear magnetic resonance spectrum (TMS internal



experinmental exanple but the present inventionis not limted to their
contents. [0199] Each abbreviation in the foll ow ng exanples has the
foll owi ng neani ng. NNR Nucl ear nagnetic resonance spectrum (TNS i nternal -
61 - standard); Ms: Mass spectronetric analysis value; HPLC Hi gh-speed

| i qui d chromat ography; [0200] NVR, N@Nﬁgd_HPLC are neasured by the foll ow ng
equi pnent. NVR JOEL JNM EX-270 (270 ), Varian Mercury 300 (300 MHz) or
JOEL JNM ECP_40Q.(400 MHz); Ms: LCQ of Therno Finigan or M cromass ZQ of
Waters; SEPR@arddoo/ 2996 (Detector) of Waters. [0201] The measur ement

conditio o&aHPLC ari as foll ows 1unless gthgrmﬁse descri bed. [0202]
Col um: - YapR SPRCATAMBLEAE ARPLESLS NBLRPé pPhase: El ution by applying a

T veoIPkGoofLpr bnett AdRBEd SRAOMBREBEAPPY: under the same cond i on
%gﬁégra?iﬁgaﬁgyog}?gﬁ%%f;ﬁ%r%hgggg%€géﬁgd@%@*@f%%?b*%¥§?n%ég%gg#fgﬁecghgrre
FgY?L?Rg%ﬁg%eﬁgﬁggl;ghgggli?gafggggg-g¥%?8:5cépyranoside
NMR: JOEL JNM-EX-270 (270 MHz), Varian Mercury 300 (300 MHz)
or JOEL JNM-ECP 400 (400 MHz):
MS: LCQ of Thermo Finigan or Micromass 2ZQ of Waters;
HPLC: 2690/2996 (Detector) of Waters.
—) [0201} The measurement conditions of HPLC are as follows
unless otherwlse described.
[0202] Column: YMC-Pack ODS-A 6.0x150 mm, 5 um
Mobile Phase: Elution by applying a gradient of from 0.1%
TFA/MeCN (5%) plus 0.1% TFA/HO (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
3;) Column Temperature: Room temperature
Detection Condition: Total plot of the entire wavelength
of 230 to 400 nm
[0203] Example 1
[2-(4-Methoxybenzyl)phenyl]-5a-carba-fi-D-glucopyrancside

(1) Synthesis of 2-(2,3,4,6-Tetra-O-benzyl-5a-carba-f-bD-
glucopyranosyl)benzolc Acid Methyl Ester
To a methyl salicylate (72 pL, 0.557 mmol) THF solution
{400 pL), triphenylphosphine (146 mg, 0.557 mmol) and

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



(1) Synthesis of 2-(2,3,4,6-Tetra-0O benzyl-5a-carba-fl-D

gl ucopyr anosyl ) benzoic Acid Methyl Ester To a nmethyl salicylate (72 L, 0.557
nmmol ) THE solution (400 L), triphenyl phosphine (146 ng, 0.557 mol) and
2,3,4,5,6-tetra- O benzyl - 5a- car ba- a- D- gl ucopyranose (200 ng, 62 0.371 nmol)
wer e added, and di et hyl azodi - car boxyl ate (DEAD, 88 pL, 0.557 nmol) was added
dropwi se thereto, and the m xture sOl #4 on was stirred at room t enperat ure
for 10 hours. The reaction m xture was concentrated under reduced pressure,
and t he QB3 FE@l)ec¥eFee afdedoupnd ddethylazpdiscarboyilates (HEAD,
chronato%raphy TLC) [devel oping sol ution-ethyl acetate:n- hexane g1:3)] to
obtain t 88 ¥t 8.857psmed ) ¥as addedodropwipeotherstrvRandDthe) mgxtureo- 1. 80
(2H, m, 2.15-2.24

1 e S et S b b L 52
BT Pl Do b b Sl A
v addedne; ShaThet, ety el dpTsied 1§ Grpbatie dnfardowés ™ ™

car ba- S- I y4el] i I r L33 Mol ) in
smal | po?#gﬁ%%%%%% r(%alg'?t’ji gr#n@&?&ri%élg%gt%ﬁ reg:iilﬁnr%r?tg%e' ath (550
for thre rs.eql r gacty Lot U S I {QqF e nature, and
t hen wat Z‘reli\%g'se (ajfd?gc} ?%e?dg&orhgn teextt?'g\gt%eg%\%gfﬁﬂgt ﬂ)}lzgg? 'a{Heg%)The organic
| ayer wa ed withye t Qdiugnhchl @i aqugou ol,ut,i,0 nd
dried (aﬁﬁ%ﬁgus mgﬁ%m %ﬁ%ﬁe)%f éﬁgbt é%bt ﬂgﬂ H3CU2. 1802224001,

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
(l1H, m), 7.10-7.50 (22H, m), 7.78 (1H, 4d, J=1.85, 7.75Hz}
MS (ESI’): 695 [M+Na]®
(2) Synthesis of 2-(2,3,4,6-Tetra-O-benzyl-5a-carba-p-D-
glucopyranosyl)benzyl Alcohol
Lithium aluminum hydride (10.4 mg, 0.274 mmol) was added
to a THF solution (360 L) of 2-(2.3.4,6-tetra—0-benzy1—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 agueous
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 obtainlthe title
compound (95 mg, 81%).

[0205] 'H-NMR (CDC1;) &: 1.60-1.80 {(2H, m), 2.16-2.22 (1H,



solvent was distilled under reduced pressure. The obtained residue was

purified by preparative TLC [devel oping solution-ethyl acetate:n-hexane

(1:3)] to obtain the title conmpound (95 ng, 81% . [0205] 1H NWR (CDCl13) 6:

1.60-1.80 (2H, m, 2.16-2.22 (1H, - 63 M, 3.46-3.74 (5H m, 4.43 (3H, s),
54 (1H, d, J-10.7Hz), 4.66 (2H, br 26) 4.81-4.96 (5H, m), 6.94-7.31 (24H,
M5 (HSI*): 667 [MtNa]' (3) Synthesi Dt

(2, 3,4, 6-Tetra-O benzyl - 5a- car ba-p- D gl ucopyr anosyl ) benzal dehyde To a

(2, 3, 413t 3t-48-O-FdnApH. 5m)cakb A3p{BHg| 8dc PySAnddH,) denFpl0a/783H0l (95

, 0.147 nmol ) dichloro-nmethane solution (1.5 . a Dess-Martin reagent

(94 ny, &.-851 (ol Pr fds 4d@da4-28d (BHe M)kt 6r-84sd-3di dR4Has™tirred at room

tenperature for .45 mputes. |psolubles were renoved fromthe reaction

m xt ure H§ BT bt i BB7aM*MAL fitrate was concentrated under reduced

pressure. The obtained residue was purified b§P%reparative TLgﬁggeveloping
sol uti on{@thhy| SYRIDe#dE Rfndrxdde 3¢ £ oy TetyasO-Denzifc So-cegbas nd (77 ny,

819% . [0206] 1'H-NVR (CDCL ) 6. 1.60Q-1.80 (2H, m), 2.17-2.23 (1H, ,
3.4{%-3.[78 (]5H, 9&?F°E¥&E“P§M?1’gf?zﬁig8}‘ﬁ%ﬁ,(d, J[leo. 7Hz), 4. 7%-4. 97m(5H, m
7.00-7.32 (22H,. ™, .7.50.(1H. dd. J-1.48. 7.83Hz)..7.83 (1lH_ dd, J-1.49,.
[7.25?;% , 1(().4 T?% 3)‘(?4)”:'éyﬁt‘%&&FE‘é’f‘bethz‘g" ba-f2p glhed”

- , 3. - - r —N-
D gl ucopﬁﬁ@?ﬁa%%y Yf-]'?r’g’p%g'xyt;%ﬁgﬁmﬁ'rrgt'%étr?ofmo'ilg gi&hé%ﬁ—m&tﬁlgpe

B glr ;E]ngla)%e%%zia dg‘;}yiﬁ%ﬁ’ % PelElMar?iletedgent (duPiig? 0.924Ctimo1)

was added, and the mixture solution was stirred at room

4.
m
2.
2.
ng

temperature for 45 minutes. Insolubles were removed from the
reaction mixture by filtration and the flltrate was
concentrated under reduced pressure. The obtained residue was
purified bj preparative TLC [developing solutionaethyl
acetate:n-hexane (1:3)}] to obtain the title compound (77 mg,
81%).
[0206] *H-NMR (CDCl1,) b: 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, 44, J=1.48,
&:> 7.83Hz), 7.83 (1H, 4d, Jwl.49, 7.58Hz), 10.4 (1H, s)
(4) Synthesis of {2-(2,3,4,6-Tetra-0-benzyl-5a-carba-f-

D-gluc0pyranosyl)phenyl]-4-methoxypheny1methanol

To a diethyl ether solution (120 uL) 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 uL, 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



nmg, 0.119 nmol ), a 4- et hoxyphenyl magnesium 0.5 M THE solution (480 L,
0.238 mml ) was added, and the m xture solution was stirred at room
tenperature for 13 hours. A saturated ammonium chloride aqueous sol ution
was added thereto and the mxture was extracted with ethyl acetate. The
organic |layer 64 was dried (anhydroungPgnesiun1su|fate) and the sol vent
was concentrated under reduced pressure. The obtained residue was purified
by preparative TLC [devel oping solution-ethyl acetate:n-hexane (1:3)] to
obt ai n t Wast Ariedc fAPbYATougcmagnesiym) sulfaye) apdnbhe spdyepthwas 60- 1. 80
(2H, m, 1.95-2.09 (1H, , 2.66 (1H, d. J-4.78Hz), 3.38-3.79 (5H m, 3.65
(1.2H, afoncengyatedgnnder regduged pyesgure,) Thegpbgajped) nesifluegwag. 7 4o
(28H, m NM5,CESL'Y: 773 [ MtNal' nt hesi g _of

5o 4. VL PHELFSSA bi) BRERPERtaxe. THh. THSvBLapingopranscnsetbyL
[2-(2,3,4,6:tetra-0O benzyl -5 Gagha- p-D-al uco-
pyrasyl)éﬁ?ﬁ&ﬁf!ﬁfﬁéfﬁgfy6&é§9ﬁn&?h3&3Fi?6gﬁﬁgF16;8873mﬁﬁgpf,(Gﬁyﬂpo-chloric
acid netgqggl solution (2 nL) containing a 20% pall adi um hydroxi de carbon
(10 ng) was’added and the rection mixture was stirred under a hydrogen

A O GO RUATE T B S R AP WL B ey

ot hanol Mo AT EFo AR e O b T8RRIy P AR R0 EHy o 3588 BT A0S,

619 . [0308b '(H-.BMR 64303304 .9389H,04)( 18, 98l6.164Q2H,5Mm)(118.73-
7.42 (28H, m)

) MS (ESI*): 773 [M+Nal®
(5) Synthesis of [2-(4-Methoxybenzyl)phenyl]-Sa-carba-f-
D-glucopyranoside
To [2-{2,3,4,6-tetra-0O-benzyl-5a-carba-f-D-gluco-
pyrasyl)phenyl]-4-methoxyphenylmethanol (66 mg, 0.0879 mmol),
hydro-chloric acid methanol solution (2 mlL) containing a 20%
palladium hydroxide carbon (10 mg) was added and the rection
mixture was stirred under a hydrogen atmosphere for three
hours. After the reaction, the reaction mixture was filltered
_;) and the filtrate was concentrated under reduced pressure, and

the obtained residue was purified by preparative TLC
[@eveloping solutione= methanol:dichloro-methane (1:10)] to
obtain the title compound (20 mg, 61%).
[0208] 'H-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 (lH, m), 3.73 (3H, s), 3.82-3.99 (ﬁH, m), 4.13-4.22
(1H, m), 6.78 (2H, 4, J=8.57Hz), 6.80-6.86 (1H, m), 6.99-7.16
(5H, m)

MS (ESI'): 397 [M+Na]”



nm, 2.02-2.10 (1H, n), 3.18-3.34 (2H, n), 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 (1H m, 6.78 (2H, d,
J=8.57Hz), 6.80-6.86 (1H, m, 6.99-7.16 (5H, m M (ESI ): 397 [MtNa]* - 65
- HPLC Retention Tine: 10.6 mnutes Exanple 2

[ 1S, 2R, 3R, 4R, 6S] - 4- Hydr oxynet hyl - 6- [ 3- (4: mat hoxybenzyl ) -

phenyl ] cycl ohexane-1, 2, 3-tri ol (1) Sy q esi s of

[ 2R, 3S, 4R 5R] - 2, 3 4- Tri abenzyl oxy
benzyl ox Rejention, Tame o,40;& Anahesy| | cycl o- hexanol To a sol ution of

3-(4- met benzy] ) - 1- br onrobenzene (155 ng, 0.559 mmol) in THE (0.80 nl),
an n- butm 2.44 H hexane solution (0.23 nL, 0.559 mml) was added
dropw se 8G.ang, . L yti Jrr O I nutes. Then,
a sol uti e Perzitdgn o e e e rdearone (200 ny,
0.373 | ﬂ?ﬁd dropW| se thereto and the reaction
m xture the reaction m xture was added a

oxt T et Eg V&gﬂ‘g&f#ﬂeﬂéﬁe%éﬁ ‘Hﬁﬁ? UL T S e
rsr:;g(raglt 5m :3| :‘at éﬁmllh ’hg'gﬁ v n?qﬁsfgﬁyn%ﬁ%&ﬁggqﬁj %tya}%ﬁ'nedapegl dﬁgs

was purified byeadrddg@ 9el chromat ography [devel opi ng sol ution-ethyl
acet at e: n- hexane 2:5)] to obtain the title conpound (80 ng, 278) as a

mxture of 1RdqigSMRyo1Hd ohSYfS ¥q4-methoxybenzyl) -1-bromobenzene
{155 mg, 0.559 mmol) in THF (0.80 mL)}, an n-butyllithium

j) 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 )cyclohexanone (200 mg, 0.373 mmol) in THF (0.70 mL) was
added Aropwise thereto and the reaction mixture was stirred
for 75 minutes. To the reaction mixture was added a saturated
ammonium chloride agueous solution and the mixture was
extracted with ethyl acetate, and the organic layer was washed
with a saturated sodium chloride aqueous scolution, and then

£:> dried over anhydrous magnesium sulfate. The solvent was
concentrated and the obtained residue was purified by silica
gel chromatpgraphy [developing solution=ethyl acetate:n-hexane
(2:5)] to obtain the title compound (80 mg, 27%) as a mixture
of 1lR-1somer and 1S-isomer.

(02091 'H-NMR (CDC1;) &: 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, 8), 3.87-3.94 (2H, m), 4.42-5.04 (8H,
m), 6.61-6.84 (4H, m), 7.06-7.40 (23H, m), 7.55-7.66 (1H, m)
(2) Synthesls of Acetlc Acid [2R,3S,4R,5R]-2,3,4-Tris-



[0209] 'H NMR (CDC13) 8: 1.82-1.92 (1H, m, 2.39-2.44 (1H nm, 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 (84 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
- 66 - benzyl oxy- 5- banzyl oxynet hyl - 1- ( 3; { 4- met hoxybenzyl) - phenyl ] cycl ohexyl
Ester To a solution of [2R 3S, 4R 5R]-2,3,4-trisbenzyl oxy-5-

benzyloxynethyl-g%i} neth?uybenz 1) gggnlec cIohexanoI (20 qg)
Eréﬁf2¥gﬁglﬂgne g%i?iﬁia acet| drlde (0. 003 nL) maslgggéhnunder
?oollng nnth |é§L FETohexy, :#é%%glwe was stirreddat roon1tenpergture
T
fc82| ing with |88 SAREIT 3%{" (R 8 BR1a2 o el %\lazPa?Lre
30 [
added t hléﬂr Sy e riﬁ 3% W%@Mﬁ?}%ﬁqﬁﬁaﬁw@%ﬂ%@ and the
Eégggbg;lﬁfﬁiﬁ 1%{1 aclne reS| ciﬁeJ \%%%)2 dfj-ide?wo)}@pr epagﬁeﬁd was
compound (4.2 r%% ﬁ{](@'%’}i lﬁ“ﬁhﬁ%&%& 6: 1.'8 ?ﬁ#mzd} 2 1d7' 2f| 3),
3 29 g ga]zxgﬁ feg)g df%gdgq?%'_{ﬁ do’diiﬂ%,wi?uﬁ&de?'éné)tnﬁj 1%73.&&'&1 mzj)dc (n.g:4ea7 En) 1H,
750 (1hydh okinfitInt ok (Cehporitadl, (6531 'Ovio HiudirHOfHon, acetyl

chloride {(0.003 mL) was added thereto under cooling with ice

:) and the reaction mixture was stirred at room temperature for
30 minutes. a saturated sodium hydrogen-carbonate agqueous
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 obtaineg 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, ®), 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, 4, J=7.8Hz), 7.65 (1lH,
s)

MS (ESI*): 794 [M+H,0)’
(3) Synthesis of [1S,2R,3R,4R,65)-4-Hydroxymethyl-6-[3-
{4-methoxybenzyl )phenylicyclohexane-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 ]cyclohexyl ester (4.2 mg), a 20%



(3) Synthesis of [1S, 2R 3R 4R, 65| - 4- Hydr oxynet hyl - 6- [ 3-

(4- met hoxybenzyl ) phenyl ] cycl ohexane-1,2,3-trios To a nmethanol (0.2 nml)-THF
(0.2 nL) solution of acetic acid

[ 2R, 3S, 4R, 5R] - 2, 3, 4-tri sbenzyl oxy- 5- benzyl oxynet hyl - 1-[ 3-

(4- met hoxybenzyl ) phenyl ] cycl ohexyl ester_(4.2 nmg), a 20% - 67 palladi um
hydr oxi de- carbon (3 ng) was added and thE Tri xture solution was stirred
under a hydrogen at nrosphere for three hours. The reaction m xture was

filteredPadd hareed dercarbon: & matle ¥agh @dded omdyithey mdaburge was
purified b reparative TL devel opi.ng sol uti gnwdi chl or anet hane: net hanol
(9: 1)] t FUMEHOR Wae Bt o hyfragen, atposphere 4o

Ta mer .
1765 (1rmaEs-y fhe; resckisfi Adptite, ian ¥iltrng 7nd thiy, wri¥rdsival 51y
Gy 5., sieptbaptzrel and By sbiafloa st g mafidiatity brj s o (2
5. (- 77 EeyRrskae e tkverobend sdufenr il enoroib i ec o ) ©
Synt hesi §9Qf1 (lz-éew%ﬁ%?%gﬁ_)ﬂg ddnd nmtlhof(\.‘rig)?%%gg) ol In a

ni trogen ‘'stream an n- I um hexane solution ./ nm) was
added dr WsteredmarsSol ution of 1- benzyl oxy-2-bronmobenzene (3.3 g, 12.64
mml) in THE (126 nL) at -18C and the m xture solution was stirred at the

same [0211] 'H-NMR (DMSO-d¢) &: 1.24 (1H, a4, J=12.9, 12.6Hz),

| 1.48 (1H, m), 1.65 (1H, dt, J»13.8, 3.3Hz), 2.43 (1H, A4t,

) 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, s8), 4.15 (1H, d, 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-f-D-gluco-

pyrasncide

(1) Synthesis of (2-Benzyloxyphenyl)-{trifluoromethoxy-
;:) phenyl)methanol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 8.7 mL) was added dropwlise to a solution of 1-
benzyloxy-2-bromobenzene (3.3 g, 12.64 mmol) in THF (126 mL)
at -78°C and the mixture sclution was stirred at the same
temperature for 15 minutes. To this solutlon, 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



tenperature for 15 mnutes. To this solution, a solution of

4-trifluoronet hoxybenzal dehyde (2.0 g, 10.52 mol) in THE (42 nlL) was added
dropwi se at -78C. The reaction mxture was stirred at the sanme tenperature
for 40 mnutes and at OC for 45 mnutes, and then a saturated anmoni um

chl ori de aqueous - 68 solution was added thereto and the m xture was
extracted with ethyl acetate. The orgdd8 c- | ayer was washed with a saturated
sodi um chl ori de aqueous sol ution and dried (anhydrous magnesium sulfate),
and t hen solatdon eais \eiledi Hhdretd wnderthe arlxtankep wakss Wit rabtad hixhned
resi due was purified by silica gel columm chromatography [devel oping

sol ut i on-edthiyll acedatst.c: (Theexarganit 1@yex washmashedheritth e sakvzated (3. 03
g, 77% as a colorless oil. [0212] 1H NWMR (CDCl3) 6: 2.98 (1H, d, Jnb.8Hz),
5.01 (2Hsodum ghlpritde aguepus @odutipnsand dried | (aphydraye 7.37 (11H, m
(2) Synthesis of 2-(4- Tr|fIuoronethoxybenzyl)phenol A 20% pal | adi um

hydr oxi d®acmeginn sulfatey). and dhany the solyenk s fistilled under

(2- benzyl oxyphenyl )-(4- trifluoronethox phenyl)nethanol (1.5 4. 01 nnDI)

| ot hamduces; DHESEIRE  u e aRhaL iR Iae oty s BUTAL ety siidaa

The m xture solutlon was stirred under a h drogen at. nosphere for 16 hours,
and t hen %ol YR FBroRa % ARRY: 4 ing @ain nf(ﬁf&ﬁ']t hereto and the

][nli(“)(;tel\g/raﬁ"ststlrregﬁf?garﬂ‘aV\ga,'S tes %%%%Malést &gisa(re ved by
[devel op M e did Sriiines, Sy es'n' hexane (1:10)] to obtain
[0212] 'H-NMR (CDCl;} &: 2.98 (1H, 4, J=5.8Hz), 5.01 (2H,
.t) s), 6.02 (1H, 4, J=5.6Hz), 6.84-7.00 (2H, m), 7.03-7.37 (1l1lH,
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 methanocl
(27 mL) and furthermore 363% HCl (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
‘1:) (0.54 g) added thereto and the mixture was stirred for 30
minutes, and then the catalyst was removed by filtratlon. The
solvent wasz distilled under reduced pressure and the obtalned
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;) &: 3.98 (2H, s), 4.83 (1H, s), 6.77
(1H, 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) Synthesis of [2-(4-Trifluoromethoxybenzyl)phenyl]-



a white solid title conmpound (1.05 g, 978). [0213] 1H NWR (CDC13) S. 3.98
(2H, s), 4.83 (1H, s), 6.77 (1H, d, J-7.7Hz), 6.89 (1H, t, J-7.3Hz),
6.99-7.13 (4H m, 7.23 (2H, d, J=8.1Hz) (3) Synthesis of

[ 2- (4-Trifluoronmet hoxybenzyl ) phenyl] - 69 - 5a-carba-p-D gl ucopyranoside In
a nitrogen stream 2, 3,4,6-tetra-0O benzyl -5a-carba-a D gl ucopyranose (400
nmg, 0.74 nmol) and tributyl - phosphi ne .28 nL, 1.11 mmol) were added to a
solution of 2-(4-tri- fluoronmethoxybenzyl)phenol (298 ng, 1.11 nmmol) in

tol uene (2.5 5id)rcanbe~PebDobilngopiranpeddeand then tetra _

met hyl azodi car boxam de (TMAD, 191 ng, 1.11 mmol) was added thereto at the
same tenper at ukB. aThdtregeni shrapm, uke3wds6-setrac@-benerilgha-sarbs-o-

graduallﬁ rﬁisin% its tegggrature to. roomtenperature. The reaction m xture
was conc@iSrycepYsanese Q29 - pPedduProl) ang, ETdBUL YA RDOSPRIDe \as

22;? Mo M%)??ﬁ@"i( 118 ',m%g'd“,”vgpgﬂ%ﬁg%&?&géﬂﬁgﬁg@“Erjg'v.%:g%{‘;]gt !
i ony . 0- : T i
i ssol ved it euBERoarBaPar T BRepbL, abs hc, aadar mislyth) Eallbdscc: Ut on. a
208 'l gdi iLd | 4 d h dth '
stirred SRud ISR BobtiRa B ek 1ddY) aBA R Rep BeEkR-T1C 1T O KLULE o

vas i1 ¢ Geiilylroalbarhhkiliae 3l hbhclg, V103 RRLGCYaY SR 20 the

obt ai ned resrdue was purl y préparati : _
(o1 RS, PR oAby ghScILA Ry Y, opo

stirred overnight while gradually raising its temperature to

) room temperature. The reaction mixture was concentrated under
reduced pressure, and the obtalned residue was treated with
silica gel column chromatography [developing solution=ethyl
acetate:n-hexane {(1:10)) and furthermore preparative TLC
[developing solutionwethyl acetate:n-hexane (1:5)]. The
obtained crude product was dissolved in a tetrahydrofuran
(1.4 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

L:) 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 (1H, 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 (1H, 4,
J=14.8Hz), 4.12-4.23 (1H, m), 6.86 (1H, t, J=7.3Hz), 6.96-7.17
(5H, m), 7.29 (2H, 4, J=8.6Hz)

MS (BSI*): 428 [M]*



, 2.00-2.11 (1H, m, 3.12-3.33 (2H, n), 3.38-3.48 (2H, m, 3.64-3.73 (1H,
, 3.93 (1H, d, J-14.8Hz), 4.07 (1H, d, J-14.8Hz), 4.12-4.23 (IH, n), 6.86
1H, t, J-7.3Hz), 6.96-7.17 (5H, m, 7.29 (2H, d, J-B.6Hz) M5 (SSI+): 428
M+ - 70 - HPLC Retention Tine: 12.7 mnutes Exanple 4

2- (4- Cycl ogent yl benzyl ) phenyl ] - 5a- carb? D- gl ucoyyranoside (1) Synthesis
f (2-Benzyl oxyphanyl) - (4-bronophenyl - thanol In a nitrogen stream an

n- butylllthlun1hexane solution (1.59 M 11.57 nL) was added dropwi se to a
sol ut i on HRLG Refantion Times okdrbmnte® 4 g. 16.72 nmol) in THE (168 ni)
at -78C iﬁ&!&ﬂ&gﬂLXture solution was stirred at the sane tenperature for 15
m nut es. ; olution, a solution of 4- br onobenzal dehyde (2.47 g, 13.34

mol ) in T -7 C. The reactlon m xture was
stirred a4<=%" 2 =l ORIt es,
and then u S ded t heret
and the ure % aa{gmé# {? ﬂﬁtwﬁt (OJ %@E%a%‘i?ﬁ Tayer was
washed mn urated sodium chloride aqueous solution and dried

(anhydr ous” magnesi um sul f at e) and t hen the sol vent mas di stilled under

reduced pressur ﬁgﬁ ﬁﬁ€¥ I ot ol umm
chromatography devgﬁbpl sol ut1on- (Sad:ﬂ;ﬁ ac 121;18&{ exane %1 'ﬁqm‘:

?gt[)féllg)tg@ltz ¥ (clszﬂps;w}ﬁ.% lm)ﬂdﬁ@ﬁ%ﬁw%%l&?ﬁlﬂ&n $£>2115] H MW
benzyloxy-2-bromobenzene (4.4 g, 16.72 mmol) in THF (168 mL)
at -78°C and the mixture solution was stirred at the same

‘) temperature for 15 minutes. To this solution, 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 aqueous 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 solutioneethyl 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, 4, J=6,1Hz), 5.01 (2H,
g), 5.97 (1H, a, J=5.9Hz), 6.86-6.99 (2H, m), 7.09-7.39 (11H,
m)
(2) Synthesls of 1-Benzyloxy-2-(4-bromobenzyl)benzene

In a nitrogen stream, triethylsilane (1.84 mL,

11.55 mmol) and a boron trifluoride-diethylether complex



s), 5.97 (1H, d, J-5.9Hz), 6.86-6.99 (2H, m, 7.09-7.39 (11H m (2)

Synt hesi s of 1-Benzyl oxy-2-(4-bronobenzyl)benzene 1n a nitrogen stream
triethylsilane (1.84 nL, 11.55 mmol) and a boron trifluoride-diethylether
conmplex - 71 (1.33 mL, 10.5 mmol) were added to a solution of (2-

benzyl oxyphenyl ) - (4- br onophenyl ) net hanol. (3.88 g, 10.5 mol) in
acetonitrile (19.5 nL) at -40C and the7}i Rture was stirred at the sane
tenperature for 0.5 hour. A saturated gotassiun1 car bonat e agueous sol ution
was addebilt33tmb, r b@ch mmol) xwvere added:he a&iselwblomsofx{Racted with ethyl
acetate. The organic |ayer was washed with a saturated sodi um chl ori de
aqueous PeRZYLORYPReRYL) r b4-PEAMOBRen¥l methaned, 3 88:9), 18n8 mmeh) t he
solvent was distilled under reduced pressure. The obtai ned residue was

puri fi ediByagetondtyilechbidnd ®h) odht o§PHprand [the misghure smasthrzady |
el oL B5EAS"uhd’ EQhbok el b0 b1 hbbt" CRTRRLR ke S tg sl 210
SR NEINC L g AR S
adied O GRY SR R Rp R0 Ao o B TRLLR 1Rt b ERRBST S PP RERRER 2
o oL cTRFRRHAS R WA £opsTirhthd b enoRShutaelodln oo o
- 78C Thgo§egbhOind 4EHEE VBSnghakbLEmainbfum sulfate), and then the
solvent was distilled under reduced pressure. The obtained
ﬂ) residue was purified by silica gel column chrﬁmatography
[developing solution=ethyl acetate:n-hexane {(1:10)] to obtain
the title compound (2.86 g, 77%).
[0216] 'H-NMR (CDCl;) &8: 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]lcyclo-
pentanol
In a nitrogen stream, an n-butyllithium hexane solutlon
(1.59 M, 294 mL) was added dropwise to a solution of 1-
i:} 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 03C for one hour, 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



sane tenperature for 50 mnutes and at OC for one hour, 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 |ayer was washed with
a saturated sodiumchloride aqueous solution and dried (anhydrous nagnesi um
sulfate), and - 72 then the sol vent ma? di stilled under reduced pressure.
The obtained residue was purified by ?lca gel colum chromat ography

[develogln solutlo - Igg acg%fte n- hexan“[déﬁﬁ%q§i+to obtain t%hptltle
conpoun

il S B A o = 1%
et hanl bc?ﬁdm‘)s*g O%)P%%F%%ew ré&‘?ﬁﬁse#o?f@-‘)e'c Jeskate noede Ldea
otirred UEEOR EarasEs e e oo “;ﬁff e D AEA o oC

potaSS|LN36¥g SP% 25 ng) was added thereto and the m xture was stirred
for 20 m nutes, an en the catalyst was filtered off. The sol vent was

distill Edﬁd’{%f reduge Eye caj’ggef[ hﬁ_o‘ptﬁ nﬁh rqﬂ du; OGS BT 'Jj ,ed by

silica ge m chr omat 0 opl Ng sol ut1on-‘et hyl
acetate: ,(15)20)6 i@—@tﬁ@' Ahen} it} QEONPRINA (HAM]Y. 929 as a
white solld 218]" 1H NWR (CDC13§261 1.44-1.84 (6H, ), 1.93-2.09 (2H, m),

?1Eﬁ ?,00(4ﬂ5k£?§n§ﬁ%%§%(%%i25{? ?k&fbﬁéﬁtyfﬂenéyfﬁbﬁéﬁbl d, J-B.lHz), 6.87
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% HCl (0.255 mL) was added thereto. 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 solutlion=ethyl

::) acetate:n-hexane (1:20)] to obtain the title compound (744 mg,
92%) as a white solld.

[0218] lH-NMR (CDC1;) 6: 1.44-1.84 (6H, m), 1.93-2.09 (2H,
m), 2.84-3.00 (1H, m), 3.95 (2H, s8), 4.76 (1H, s), 6.76 (1H,
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-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-



(5) Synthesis of [2-(4-Cyclopentyl benzyl)phanyl]-5a-

car ba- p- D-gl ucopyranoside 1In a nitrogen stream
2,3,4,6-tetra- O benzyl -5a-carba-a D gl ucopyranose (500 ng, 0.93 nmol) and
tributyl-phosphine (0.35 nm., 1.39 mmvl) were added to a solution of 2-(4 -
73 - cycl opentyl benzyl ) phenol (351 ny, 43.39 mmol) in toluene (3.1 nl) under
cooling with ice, and then tetranethylazodlcarboxan1de (TMAD, 239 ng, 1.39

CTirted SURFAPORTY ARpT R bTonnsH ) (T oRE T4 el o BSLgRe o, ¢ "

d d duced ,
zﬁ?fﬁztﬁ%m ﬁé@éﬁ%u Sofid #%ff §0 G R el "col um Eﬁfonﬁiﬁztﬁ;;ﬁy
b orude CHrEM ﬁ#ﬁ@%&ﬂi@%ﬁmﬁﬁ. LBRAST 580 ot 88 gt b (0 7 2
t et rahyd&@&aaa%ésfag T ﬁ?“ﬁ@* (Lefipdtd i éed PR U080t16n mifeife! ad um

hydr oxi de cat a ereto and the mXxture was stirred

under a Jygr SELPr&d "OFELEL§hi Ofh1 56 ﬁih&ﬁ&i niiéetaﬁﬁéfifﬁrdﬁs

filtered off. The solbent was distiTled under reduced pressure and the

obt ai nedeo r £§6m UeeBeratate | COTRY PELRELGH | i xthife [\G’&H%@Hb@ﬂtf&f&&' on-
nmet hyl ene chl ori de: nmet hanol (10:1)] to obtain the title conpound (40 ng,

588) . [ Odddér Lediibed PBéEBube, Card@- thdCohtdindd  rdsfdud ¥8s (¥rbatéd
1.93-2.07 (3H, m), 2.84-2.99 (1H, n), 3.12-3.31 (2H, m), 3.37-3.48 (2H, m,

3.62-3. AlitiHeillca3géb ¢dtumnl, cHrdriatégraphy. Pletdibping JgdTubinsn-
4.08-4.20 (1H, nm), 6.83 (1H, t, J=7.3Hz), 6.93-7.14 (7/H m
hexane:dichloromethane:acetone (12:3:1)] to obtain a crude

i) product (555 mg). The obtained crude product was dissolved 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 flltered off. The
solbent was distilled under reduced pressure and the obtained
residue was purified by preparative TLC [developing solutions
methylene chloride:methanol (10:1)] to obtain the title
compound (40 mg, 58%).

D [0219] lH-NMR (CD,;0OD) b: 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=l4.8Hz), 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 5
{2-(4-Chlorobenzyl)phenyl]-5a-carba-fi-D-glucopyranoside

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



M5 (ESI'): 413 [MH]' HPLC Retention Time: 14.5 mnutes Exanple 5

[ 2- (4- Chl orobenzyl ) phenyl ] - 5a- car ba- 4-D- gl ucopyranoside (1) Synthesis of
(2- Benzyl oxyphenyl ) - (4-chl orophenyl) - 74 - nmethanol In a nitrogen stream
an n-butyllithium hexane solution (2.44 M 10.3 nL) was added dropwi se to a
solution of 1- benzyl oxy- 2- brom)benzengr 6.0 g, 22.8 mmol) in THE (228 nl)

at -78C and the mixture was stirred at'the sane tenperature for 30
mnutes. To this qutlon, a solution of 4-chlorobenzal dehyde (2.67 g, 19.0
mmol ) in THE (F@ %as added dropwi se at -78C. The reaction nixture was

stirred at sane er at re for two % further nore C for
one hour. xate nm&sn&%aggaphg EP&manantHg nga 8%?? C 8§h| dethyl
Zélﬁéihi $EIH 'Hé 3y weR e@@éﬁgﬁf Hirhel el el e o e
Eﬁr.“?.”ted“ﬁ%?zﬂ 22 Btttz B (8 D ots 2% o0 1 A (228 WS WK

e i R O
, [.173 Bﬂ%\. ?J}Hd Mol ThisY 1%t 150 a solution

of : :
1 Benzyl oxy- chl or obenzyl ) benzene In a n|trogen stream triethylsilane

(2.8 nb, 4LeHd oFdblehzaAddnyddO (@ 67 id,! q@r Iodw 19t Y THFNq76C KD Sras( 1 84 ni,
14.6 mmol) were added to a solution of (2-benzyl oxyphenyl)-(4-
added dropwise 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 layer was washed
with a saturated sodlum chloride aqueous solutlon 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 (4.76 g, 77%).
{0220] H-NMR (CDCl;) d: 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 1l-Benzyloxy-2-{(4-chlorobenzyl)benzene

In a nitrogen stream, triethylsllane (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-bhenzyloxyphenyl)-{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 mlixture was extracted

with methylene chloride. The organic layer was washed with a



chl orophenyl ) net hanol (4.76 g, 14.6 nmmol) in acetonitrile (150 nL) at -40C
and the reaction mxture was stirred at the sane tenperature for 2 hours
and furthernore at OC for one hour. Water was added thereto and the m xture
was extracted wth methylene chloride. The organic | ayer was washed with a
- 75 saturated sodium chloride aqueous7sotution and dried (anhydrous
magnesi um sul fate), and then the solvent was distilled under reduced

pressur e.galtfifratidi SR unf SHILGT RS aqtidodd b1t 19 i3/ Eigd! UM

chromat ogr aphy [devel oping sol ution-ethyl acetate:n-hexane (1:10)] to

obtain t ydrdus MEYHEE . 9 6: 3.97 (2H,
s). I5 03“?21%1, S) ,u 6.87- 6. g;.{znﬁ(sgﬁ.ﬁ:)@?a&d (71:3%%* (tﬁH%«%@snt hesi s 01S

2- (4- Chl @idarndd it reduted iprgaiure f egle GHRIINES Wdsidud Wis 1 L,
2.43 mol ) and a boron trifluoride-diethyl ether conplex (51.3 L, 0.4 nmmol)

ver e addgrhnifiad dyisiinad deldahinm\chiduatodtapta dasvelupiaane (50.0 ng.

0.16 mmol ) in nethylene <chloride (2.0 nL) under cooling with ice, and the
react i on soliundtiom=ekhy X tacatat d ar-Hekarmur(dl 2440 ) o ashtddny s tdtgle t s
tenperature to roomtenperature. Thereafter water was added thereto under
cool i ng wiampoursl (&l 85hegmi8&¥re was extracted with nethylene chloride. The
organic | ayer was washed with a saturated sodium chl ori de aqueous sol ution
and dri ed 0Z2ithydr ousHrEMRe $CDALs)I§:at3)97 2Kt ln, thd 3 d2knts Was .87 -
distilled under reduced pressure. The obtai ned residue was purified by
silica g#l. ol (B dnronbiMinbohy (Hdlelmbing sol ution-ethyl acetate:

n- hexane (1:5)] to obtain the title
{3) Synthesis of 2-~(4-Chlorobenzyl)phenol

) In a nitrogen stream, dimethylsulfide (105.1 gL,

2.43 mmol) and a boron trifluoride-diethyl ether complex (51.3
uL, 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 title
compound (33.4 mg, 94%).

[0222] 'H-NMR (CDC1;) &6: 3.95 (2H, s), 4.60 (1H, 8), 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-fi-

D-glucopyranoside



conmpound (33.4 ng, 94% . [0222] 1H NWR (CDC13) 6: 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-p- D glucopyranoside - 76 In a
nitrogen stream 2,3,4,6-tetra-0O benzyl-5a-carba-a- D gl ucopyranose (500 ny,
0.93 mmol ) and tributyl - phoaphi ne (0_32 n., 1.39 nmol) were added to a

sol ution of 2-(4- chlorobenzyl)phenol ( 84 mg, 1.55 nmol) in toluene (2 nlL)

10, 1. 26 ol Lkl HARRRSTH ARG 4 nh &AES CE A L SoA R T o
oom t e P Y dhe LGP a3 B P L AU phdedBIRE 201 C 1O
Chr omat ogr sy Tevel oo i bt o E68 Botbtleg ot B 80 00 e
i ot yl. oA IpHto ) (30N Y, 1. ST RLP R FEOPE (E L 0 et e

conpl ex (dnd¥kr ool th® Iwi¥l| dcd\erénd dEifsh (¥ Fime thEiz6 08 éfBbdkamiase. The

reaction mxture was. stirred for 25 hours while gradually raising its
t enper at WEMAD, I8N hi¢TPE! 29 Uikol Priad heddadt ehierdts L€l0ese td@net 0 under
cooling with ice and the m xture was 0 extracted with nethyl ene chloride.
The or gantempensturées The esactidn aneturatwds sotirred fori 2@ houerous
solution and dried (anhydrous magnesi um sul fate), and then the sol vent was
di stil | edwhitiergradhekly pretsing . 1 fd ctanperatulre ctso doeomasemperaturs. by
silica gel colum chromat ography [devel opi ng

The reaction mixture was concentrated under reduced pressure,

t) and the obtained residue was treated with silica gel column
chromatography {develcping solution=ethyl acetate:n-hexane
(1:10)]. The obtained crude product was diassolved in
methylene chloride (8 mL), and dimethyl sulfide (2.17 mL, 50.2
mmol) and & boron trifluoride-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

.C) extracted with methylene chloride. The organic layer was

| wagshed 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
solutionsmethylene chloride:meéhanol {10:1)] to obtain the
title compound (122.6 mg, 35%).

[0223] H-NMR (CDsOD)} 8: 0.95 (1H, 44, J=13.2, 1l.1Hz),
1.53 (1H, m), 2.00-2.09 (1H, m), 3.20 (1H, 4, J=8.7Hz), 3.25
(1H, d, J=5.1Hz), 3.43-3.51 (2H, m), 3.68-3.71 (1H, 44, JI=3.9,



sol ution-net hyl ene chl ori de: net hanol (10:1)] to obtain the title conpound
(122.6 ny. 35%. (0223] 'HNMR (CD30OD) 8: 0.95 (1H, dd, J-13.2, 11.1Hz),
1.53 (1H, m, 2.00-2.09 (1H, m, 3.20 (1H d, J-8.7Hz), 3.25 (1H, d,
J-5.1Hz), 3.43-3.51 (2H, n), 3.68-3.71 (1H, dd, J-3.9, - 77 3.9Hz), 3.91
(1H d, J-14.7Hz), 3.99 (1H d, J-15Hz) 4,4, 15- 4.23 (1H, n), 6.85 (1H t,
J-7.5Hz), 7.03 (1H, d, J-9.0Hz), 7.08-7.23 (6H, m M (BSI'): 379 [ MH'
HPLC Retgg L nu

tion Tinme;, 1 e apple _6
(2 Benzy  breRg)) -Satal the (o F i oM hncai B8 (H) &yAnbaRe) ord- 15-
2- Benzyl phepgl , 1o a_sol ution 2; (4schl grobenzyl ) phepol (618, 5 2.83
mol) in ﬂbﬁaﬁtﬁ' (“28- rr?tj)éga( %%Bm ?'éﬂr%ﬁygf o@ dgﬁgat%f yi‘f*’-?ﬁb' my) was
added. T b X st{rred under a hydrogen atnosphere for three days,
and thenhfhggczgéfyéeémdﬁjfiItered of f. The solvent was distilled under
reduced S an f+ai ned residue was purified by silica gel colum
chronatogﬁgpﬁééfﬁéVe'%gﬁﬁgﬂg%Iution-ethyl acetate: n-hexane (1:4)] to obtain

the titl éﬁ%& : . % . 1H NWR (CDC13) 6: 3.99 (2H, s),

4.65 (1H,em§)5§é, 18 é?‘?ﬁfﬁmjgiﬁ—a‘}ﬁ ;%E.ééa (1H, t, J-7.5Hz), 7.09-7.31 (6H,
m 3 (2) fgsgs of (2-Benzyl phenyl)-5a-carba-p-D-gluco- pyranoside In a
nitrogen ,3,4,6-tetra-0-benzyl - 5a-carba-a- D gl ucopyranose (500 ng,

0. 93 ”“Dll29@&n£§iﬁﬁ$ﬂ}1Phgépéafﬁa-ﬁgbgﬁﬁﬁ@opﬁréﬁbéqﬁﬁ) were added to a

sol uti on or—2=oehzyr=
(1) Synthesis of 2-Benzylphenol

To a solution of 2-(4-chlorobenzyl)phenol (618.5 mg, 2.83
-) mmol) in methanol (20 mL), a 20% palladium hydroxide catalyst
(240 myg) 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 column
chromatography [developing solutlon=ethyl acetate:n-hexane
(1:4)] to obtain the title compound (348.4 mg, 67%).
[0224] H-NMR (CDCl,;) 6: 3.99 (2H, s8), 4.65 (1H, s), 6.79
(1H, 4, J=8.1Hz), 6.89 (1H, t, J=7.5Hz), 7.09-7.31 (6H, m)
é:> (2) Synthesis of (2-Benzylphenyl)-5a-carba-p-D-gluco-
pyranoside
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-benzyl-
phenol (256.5 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 21 hours while gradually

ralsing its temperature to room temperature. The reaction



phenol (256.5 ng, 1.39 nmmol) in toluene (2 nL) under cooling wth ice, and
then tetranet hyl azodi - carboxam de (TMAD, 239 ng, 1.39 mmol) was added
thereto at the sane tenperature. The reaction m xture was stirred for 21
hours while gradually raising its tenperature to roomtenperature. The
reaction 78 m xture was concentrated under reduced pressure, and the

obt ai ned residue was treated by silica |~ col um chromat ogr aphy

(devel opi ng sol ution- ethyl acetate:n-hexane (1:10)]. The obtained crude
product WHXtIRes wWagk cancentnahed widepreduced rﬂmlﬂzﬁeutmw m.) and a

204 pal |l adium hydroxi de catal yst (118.8 ) was added thereto and the
m xt ure wiained sesidne wasfrexad &m@&gﬁé@eﬂﬁi S WBuUrs, and then the

catalyst was filtered off. The sol vent. was distilled under reduced pressure

and the Ghramatogranty ddereloning aaiuhiony ethyje acehiaka: hexah®gr aphy
E?ﬁ/gl gglr{ggmcil(gzlﬁt} oﬁ%qylﬁ%e C orlde thanol 3%10 %Ej%_'obégl thlgeo
ii;[:é) pesnanor -t 1) mike sﬂ%l&y“(%? n) 2 J&ﬁa‘aﬁng >
(1H, % i"%“ﬂ&é‘)ﬁe %ﬂﬂ"(@? (@'aof( éﬁs)H%“s Fehd, t}‘ft@# ‘ﬁ’i?d (I\}él% ESI') > 545
[12/H(_|]4 Igoprpopy enzyl%%ﬂhenéqa] a- carm lﬁ%ﬁ% aﬂ:oeyf 5 h fitmesi s

of (2-Bengd Phdihe Jod talyitP WY If11 tered 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 (84 mg, 26%).
[0225] H-NMR (CD;OD) &: 0.95 (1H, 4d, J=12.0, 11.7Hz),
1.49-1.59 (1H, m), 2.03-2.09 (1H, m), 3.20 (1H, d, J=9.0Hz),
3.25 (1H, 4, J=5.7Hz), 3.34 (4H, s), 3.44-3.50 (2H, m)}, 3.68
(1H, 44, J=3.9, 4.2Hz), 3.94 (1H, 4, J=15Hz), 4.0 (1H, 4,
Jul5Hz), 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)
3 MS (ESI’): 345 [M+H]’
HPCL Retention Time: 10.6 minutes
Example 7
[2-(4-Isopropylbenzyl)phenyl]-5a-carba-f-D-gluco-pyranoside

{1) Synthesls of (2-Benzyloxyphenyl)-{(4-isopropyl-
phenyl)methanol
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 THP (114 mL) at

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



phenyl ) et hanol In a nitrogen stream an n-butyllithium hexane sol ution
(2.44 M 5.14 nL) was added dropwi se to a solution of 1-

benzyl oxy- 2- br onobenzene (3.0 g, 11.4 nnDI) in THE (114 nL) at -78C and the
reaction mxture was stirred at the sane - tenperature for 30 m nutes.

To this solution, a solution of 4- |sop%§pylbenzaldehyde (1.41 g, 9.49 mol)
in THE (38 nL) was added dropw se at C. The reaction mxture was stirred
at the sane te erature for one hour and furthernore at OC for. one_hour

Vat er wastOMRREATHES cEQF o3 MHRUESSt urEO vERLS SR lukleR:, R ( FOLRRIPN 88t at e.

coi ut on drisairenTRenrienedenthoat o i F4miol bk (iR (% hf ehe was

distilled under reduced ressuge The obt ai.ned reS|due was purified by

silica getdded bor EDiG [ Jfe TR ons FHREURR Haf | tirred at

iaehske(gﬂggxane (éPQ%;f%O obtgln t he t|tIe gg@awgdgﬁg 63 g 0 4%§H[0226]

o hon i, Bt he %’lddzgé?h#%ﬁoo IR

LZFFQSYLH?%ﬁ%%OXI%e cata%éhff(g%azagé' dg%gg%%afgt %ﬁg?%t%%sgﬁéHC1 (0.4

1) S Mg aachidtd shibtagohibpSon BrSHSE SR

The sol Ve(‘&nHﬁ'&roﬁib%&éﬁ&é’i&ﬂdﬁﬁlfﬂgﬂfe%ﬂﬁeﬁéﬁetl@é‘dséf@eﬂét waged residue
distilled under reduced pressure. The obtained residue was

f) purified by silica gel column chromatography [developing
solution=ethyl acetate#n-héxane (1:5)] to obtain the title
compound (2.63 g, 84%).
[0226] 'H-NMR (CDC1;) d: 1.26 (6H, 4, J=7.8Hz), 2.84-2.94
(l1H, m), 5.02 (2H, 8), 6.02 (1H, s8), 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-
isoprpylphenyl )methanol (2.63 g, 7.92 mmol) in methanol {50
Q:D mL), a 20% palladium hydroxide catalyst (263 mg) was added and

furthermore 2N-HCl (0.4 mL) was added thereto, and the mixture
solution was stirred under a hydrogen atmosphere for 15 hoﬁrs,
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 (CDCla) d: 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),



purified by silica gel columm chromatography [devel oping sol ution-ethyl
acetate: n-hexane (1:4)] to obtain the title conpound (1.31 g, 738). [0227]
1H NWR (CDC13) 6: 1.24 (6H, d, J-7.8Hz), 2.82-2.92 (1H, m, 3.96 (2H, s),
4.67 (1H, s), 6.79 (1H, d, J-9-Ot), - 80 6.88 (1H, t, 3-8.4Hz), 7.10-7.15
(6H, m (3) Synthesis of [2-(4-1sopropylbenzyl)phenyl-5a-carba- P-D
gl ucopyranoside In a nitrogen strean]'zg%,z,6-tetra-C>benzyI-5a-carba-a-
D- gl ucopyr anose (SOOIE;ﬂO.QS mnﬂ%gand tributyl-phosphine (0.35 ni, 1.39
mol ) werfe &dedl+ & a WAHZn of . X0~ %-15 oM benzyl ) phenol (315.1 ny,
1.39 mol ) _in toluene (2 nL) under cooling with ice, and then
t et r amet HhA Jaz o XREdife [ 3-1i4d soRRPRFLPeN 2 JRRAY 1ala ~GAFRRR T heret 0 at
the sane tenperature. The reaction m xture was stirred for 20 hours while
gradual |y rai sifirPielhqopyranaside to roomtenperature. The reaction mixture
was concentrated under reduced pressure and the aobtai ned resi due was
treated by sil ik &ALtTAaEM 5%%&@@%&1‘%&%@%&1%%@1
acet at e: n: hexane 1:10)], A€ obtained crude dugt issqlved in a
met hanol r]'.’I" Iﬁ"tﬁo%éﬁﬁ%% %%Q'{]t'?%’h f‘lgmolglncﬂg& g‘fﬁ#’dbﬁ,\ﬁ?ﬁ P oxi de
cat al yst ) g the .19 e sgirred under a
hydr ogen é\ql'gsswel‘\f,%f '@godﬁgtﬁés]ﬁé Zé‘gqﬁﬁt et t%@"éﬁgﬂ yalsfls%/\aé‘1 filtered off.
The solv .St r pr r | ned, r.gsy due
The o0 v oty et AT (SESE Sl PTESSY Mt S PRIGHE L )
_?8'7‘“1' Omg | &1L Y A AE 16 Nadid dridh Lod erteind¥RiPl d ddfcatt dstdmfdgrround
(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=methyl acetate:n-hexane
{1:10)]. The obtalned crude product was dissolved in a
methanol-THF (1:1) mixed solution (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,
.j> 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, d4t,
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 (1lH, dd&, J=6.6, 4.2Hz), 3.89 (1lH, 4, J=14.4Hz),
4.01 (1H, 4, J=l14.7Hz), 4.13-4.21 (1H, m), 6.84 (1H, t,



(0228] 'H- NWR (CD3OD) 6: 0.94 (1H, dd, J-12.9, 12.0Hz), 1.22 (6H, d,
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, n), 3.43-3.49 (2H, m, 3.68 (1H, dd, J-6.6, 4.2Hz),
3.89 (1H, d, J.14.4Hz), 4.01 (1H, d, J-14.7Hz), 4.13-4.21 (1H, m, 6.84
(1H, t, - 81 J-6.3Hz), 7. 02 (1H, d, J-6.3Hz), 7.06-7.15 (6H, m M5 (BSI'):
387 [MrH' HPCL Retention Time: 13.1 mi®lbtes Exanple 8

[ 2- (4- Cycl opropyl benzyl ) phenyl ] - 5a- car ba- 0- D- gl ucopyranoside (1) Synthesis
of (2- Berimfl .@HzdharW.02 (@Y opF=hy3Hz phehyie- hethafaH, lm) a ni trogen
stream an n- butylllthlun1hexane solution (2.6 M 3.5 nL) was added

dropwi se M (B3 ut 887 dM+H] benzyl oxy- 2- br onobenzene (2.2 g, 8.3 mmol) in
THE (83 nL) at -78C and the m xture was stirred at the sane tenperature for
30 m nut APCITRetantian King: 13 sbiminukesi 4-cycl opropyl benzal dehyde (1.1
g, 6.9 mol) in THE (280nL) was added dropwi se at -78C. The reaction

m xture ExAmple &d at the sane tenperature for one hour. Water was added
thereto and the m xture was extracted W t h ethyI acetate. The organlc

|ayer V\a J . 7 \ . - 3 -

dried (an 'dfoue nagne5|un1s Afat. and then the solvent was dlstllled
under dﬁg wddinels 9k Q%Xﬁ FERNONE bl 1S FOREPEYL S | i ca gel

colunn chronato evelfplng sol ution-ethyl acetate:n-hexane (1:5)] to
obtain the tit 4§E%HA#hFQ 7 9, 75% . [0229) 1H NMR (CDC13) 8: 0.65-0.69

(2H m, 0.92- q:n97 (nzitrogen stream, an n-butyllithium hexane solution

(2.6 M, 3.5 mL) was added dropwise to a solution of 1-
) benzyloxy-2-bromobenzene (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 sclution 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 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 (1.7 g, 75%).
[0229] H-NMR (CDCl1;) 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 (BSI*): 315 [M+Na]”
(2) Synthesis of 1l-Benzyloxyphenyl-2-(4-cyclopropyl-

benzyl)benzene



m, 1.86-1.90 (1H, m, 2.88 (1H d, J-6Hz), 5.03 (2H, s), 6.03 (1H d,
J-6Hz), 7.17-7.26 (5H, m, 7.32-7.35 (4H, m M (BSI'): 315 [MtNa]' (2)
Synt hesi s of 1-Benzyl oxyphanyl -2-(4-cycl opropyl - benzyl)benzene - 82 1n a
nitrogen stream triethylsilane (0.73 m, 4.6 mvol) and a boron
trifluoride-diethyl ether conplex (0.5 , 4.0 mol) were added to a
solution of (2- benzyloxyphenyl) (4- cycl6propyl phenyl ) nethanol (1.3 g, 4.0

2 the same { chbch ALFLOISH aftettbu YRR D Mo ror6 Jmied]
g%?ﬁ;?:heggﬁl5rmgéogdﬁggﬁiﬁgﬁféeT§£€Fh%£sg{§%§L@ﬁﬁﬁi?ﬁegbsgf at@% sodi um
fﬂ're‘)fél)f’geﬂﬁgﬁz%%?'s#&#?& de8racFobEft é@ﬁ%ﬁé@?[ﬁrﬁmﬁ%ﬁﬁ%ﬁmd es.Sgﬁl ws
‘;HtN Mt i exa#fsﬁﬁ%*fﬁ?imﬁ%ﬁﬁg?ﬁéf?éfﬁ 4| STEEE 18 339*“'5%%?15%0%30]
3. 08 (EEDF*%E 36 (30 Hnd Ghe B ik dct wad el e, T
(5H, '\@aﬁés‘: ef'éﬁ:i‘%'éﬁ%f)]}née‘ﬂoéi‘gtgﬁﬁ'fuf’{:hem%rﬁe ?Ey? > Jor 20 (2.2

2- (4- Cycl opropy nzy a nitrogen stream

n., 51.7 fiRhtedNd WaberOWasladde@’ tHEretst 8Nd EhoonifpdBbowakl. 1 i, 8.8
mmol ) were added to a solution of 1-benzyl oxy-2-(4-

cycl o- proggtbeoted) veoKonethyldnd. cB16ri@el) The "Bigahesclayer was

washed with a saturated gsodium chloride agqueous solution and

i) dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developling
solution=ethyl acetate:n-hexane (1:7)] to obtain the title
compound (1.2 g, 95%).
[0230] 'H-NMR (CDCl;) &: 0.63-0.67 {(2H, m), 0.89-0.94 (2H,
m), 1.84-1.87 (1H, m), 3.98 (2H, 8), 5.06 (2H, 8), 6.87-6.97
(4H, m), 7.08-7.26 (4H, m), 7.31-7.37 (5H, m)
'MS (BESI'): 332 [M+H,0]"

_:) (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 lce, 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



chloride (24 nlL) under cooling with ice, and the reaction mxture was
stirred for 23 hours while gradually raising its tenperature to room
tenperature. Water was added thereto wunder cooling with ice and the m xture
was extracted with nmethylene chloride. The organic | ayer was washed with a
- 83 saturated sodiumchloride agqueous solution and dried (anhydrous
magnesi um sul fate), and then the solvent®3was distilled under reduced
pressure. The obtained residue was purified by silica gel colum

chr omat ogsapuyatddvsbdpumgchliorddeoaqasbus sodtutiion andedxded(1:4)] to
obtain the title conpound (620.7 ng, 798). [0231] 'H NMR (CDC13) 6:

0. 65- 0. 67 (afhydrpnsOmagnésdam sulfane) , 12a88- thes the, sollvedtowag?H, s), 4. 90
(1H, s), 6.79 (1H, d, J-8.1Hz), 6.88 (1H, t, J-7.7Hz), 7.11 (2H, d,
J-8.1Hz), diptidledHunderjredppell peEegeare): The phitmiped residuehwass of
(2-(4- Cyclopropylbenzygﬁphen yl ]1-5a- carba-p-D glucopyranoside In a nitrogen
stream 2purifiedcebyasdliensge 5Qoé&NBaGBIOBﬂ§P9€GPPNaﬁ@@@eésvinﬂg 1.03
nol ) and tributy hosphi ne (0.37 dded to a_sol ution
or 2] (3" epandiphpekRuA; pePERLhci nB85aRY, (1143 Inkl porALAofhenS1Edee )
under cooling wth and th tetranethylazo- di car boxam de (TMAD, 267
my. 1.55 ﬁﬂﬂg?uﬁgs(ﬁﬁﬁea Fﬁergg the sane tenperature. The reaction

m xture was stirred fp 15 hours mglle adualliara|5|ng its tenperature to

room tenp@23ddre. T ébﬂﬁﬁﬁﬂQPF¥ﬁ) ar 8 Socéﬁc_ Healdd Gn80r0-94442Hq"
pressure,mi\r'ldlt.gg_gt_)hgl UG8, &5, 946 0825 2l €858 4 Veb" (11, s), 6.79 (1H,

_ d, J=8.1Hz), 6.88 (1H, t, J=7.7Hz), 7.11 (2H, 4, J=8,b1Hz),
D .20 (4H, d, J=7.7Hz)
MS (ESI’): 247 [M+Na)®
(4) Synthesis of [2-(4-Cyclopropylbenzyl)phenyl]-Sa-
carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (557 mg, 1.03 mmol) and tributyl-phosphine
(0.37 mL, 1.55 mmol) were added to a solutlon of 2-(4-
cyclopropylbenzyl )phenol (348 mg, 1.55 mmol) in toluene
(3.5 mL) under cooling with ice, and then tetramethylazo-
{:D dicarboxamide (TMAD, 267 mg, 1.55 mmol) was added thereto at
the same temperature. The reactlon mixture was stirred for
15 hours while gradually raising its temperature to room
temperature. The reaction mixture was concentrated under
reduced pressure, and the obtailned residue was treated with
sllica 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-dlethyl ether

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



silica gel colum chromat ography [devel opi ng sol ution-et hyl

acetate: n-hexane (1:10)]. The obtai ned crude product was dissolved in

nmet hyl ene chloride (3.5 nL), and dinethyl sulfide (1.3 nL, 30.3 mml) and a
boron trifluoride-diethyl ether conmplex (0.65 nL, 5.1 nml) were added
thereto. The reaction - 84 mxture masaféirred for 14 hours while gradually
raising its tenperature to roomtenper re, and then water was added
thereto under cooling with ice and the m xture was extracted wth nethyl ene
chl ori de. miftugieg Ha% athrred \fox b houra whiles gradnaddy Jadahng | ihs de

aqueous solution and dried (anhydrous magnesjum sulfate), and then the
sol vent wiemparatyne fq,fpqm r'@!&&iﬁ%sm’@ then gatenoes addad vas

Chi or do: hadeso e Goating it i Tad B RS o rreosng
). 1 70 P mRtRHend ludrage’ (R4 lsants’ Taver sk wyeken Jiith B o1
o bo 7. 15 HaRzEad Haasde’ gl ad Adnebugd ol i HRAE 155 i hit es
Synt hesi s (SRS RERSGH, Sl i R SRHEIO. 05 e
synt hesi 7 S SR AR SRR | Ml e e (it o

20% pal | agiyp Pl B¢ W1ica gel column chromatography [developing

solutionsmethylene chloxide: methanol (9:1)] to obtain the

D eitle compound (97.8 mg, 25%). |
[0232] 'H-NMR (CDsOD) &8: 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 (BSI'): 407 [M+Nal®

HPCL Retention Time: 12.3 minutes

Example 9
t2-(4-n—Propylbanzy1)pheny1]-Sa-carba-ﬂ-D-glucopyranoside

(:) (1) Synthesis of [2-(4-n-Propylbenzyl)phenyl]-5a-carba-
B-D-glucopyrancside
1-Benzyloxy-2-(4-cyclopropylenzyl)benzene {640.8 mg,

2.0 mmol) as synthesized in Example 8 was dissolved in
2,2-dimethylpropanol (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 flltered off. The solvent was distilled under
reduced pressure, and the obtained residue was treated by

silica gel column chromatography {[developing solution-efhyl



catal yst (64 ng) was added thereto and the m xture was stirred for two
hours under a hydrogen atnosphere, and then the catalyst was filtered off.
The solvent was distilled under reduced pressure, and the obtained residue
was treated by silica gel colum chromatography (devel opi ng sol ution-ethyl
- 85 acetate:n-hexane (1:4)]. To a solution of the obtained crude product
(348 ng) in toluene (3.5 nL), 2,3,4,6-t a- O benzyl -

5a- car ba- a- D- gl ucopyranose (557 ng, 1.03 mml) and tributyl phosphine (0.39
nL, 1.55 aRetateenchesass (hdd) ].co®pi Agsaluklipnecofkhet ﬁb%ained crude

t et ramet hyl azodi - car boxam de gTNAD, 267 nmg, . 1.55 mmol ) was added thereto at
the same PEAGEFLt (P48 mgheipckedpsRend Rt Br Bhlas248i fp Batedrar0-REBEYLani | e
gradually raising its tenperature to roomtenperature. The reaction

m xt ure WA3-€8RPANErBRrgdVGRR¥TAREERCEA5) BIsule03amAoLcandpt ai ned resi due

gﬁfui{§§g§§ﬁ§$¥§e§bé%§ﬁﬁﬂﬁéiﬁﬁég"f&fE&}3E?hﬁgiiﬁg¥ﬁé?Fﬁgbﬁﬁhﬁﬂsauc; was
caralyst opaasndyy HiC ahChBETERen, 8r RubneyERFtRE- cAEbU R B LirtEp ..
CUivent waETahe: traa TRAL) iR pgf88 HHECERL s knk Rent, HepRtpthrn,;

sol vent was distifll uce pressure, . . e was

Chi or 1 de: ThecPRaRS R miRuyE"ufs! BETFRARTEDE 20CHOKRR M1 Yralaiiey, o
252 (21 Targng. i) telipgiatse Eb, rootibabdzhpire. [} mg bRabplnl 11 1)y

(1H d, IniRFare wa@Scohébntatdalufider fellicéaSiresBurl), afadénelH ¢,

J-7i§FZ)’
obtained residue was treated with silica gel column

chromatography (developing solution=ethyl acetate:n-hexane
{1:5)]. The obtalned crude product was dissolved in 2,2-
dimethylpropanol (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 slilica gel
column chromatography [(developing solutlon=methylene chloride:

methanol (9:1)] to obtain the title compound (164.4 mg).

O

[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 Retentlon Time: 13.3 minutes

Example 10

[2-(4-Trifluoromathylbenzyl)bhenyl]—5a-carba:ﬁ-n-g;pco-




7.00-7.16 (7H, m M (ESI4): 387 [MtH = HPLC Retention Tine: 13.3 m nutes
Exanple 10 [2-(4-Trifl uoronet hyl benzyl ) phenyl ] -5a-carba-D-gluco - 86 -
pyranosi de (1) Synthesis of (2-Benzyl oxyphanyl)-(4-trifluoronethyl-
phenyl ) et hanol In a nitrogen stream an n-butyllithium hexane sol ution
(2.44 M 4.0 nm.) was added dropw se t%a§ olution of |-

benzyl oxy- 2- br onobenzene (2.6 g, 9.9 é;in THE (100 nm.) at -78C and the
reaction m xture s stirred at the sane tenperature for 30 minutes. To
this soIuEIEEﬂ__&agrlfluoronethylbenzaldehyde (1 6 g, 9.0 nnDI) was added

For two hat)s,  SYBEBREBAS,AE ok JuBe N aeaYORBY S 5 (Ard rerdSREs B Iae

extracted with e The organic Iayer was washed with a saturated
sodi um chl ori de? h&éx&iﬁsgﬁéﬁﬁélon and dried (anhydrous magnesi um sul fate),

?22.dLQERHL“SU??#Y§35%§9§P?.céiééﬁﬂcﬁﬁﬁﬁ%-ﬁﬁﬁﬁéﬁgrﬁé B HoSpnd, BpaREagh™™
S0l T on By, B el nty AR Sgabit AkbovdsRokE 3, BRI oo (2.6 o
ALY 33b?§ﬁw%qd2 &46?‘%&6)‘5@&?932760 '(3?.95?'?%, 1?1‘6"5'%@‘}%@? mp Bls) *) -
359 [MrH £78°¢ and the reaction mixture was stirred at the same
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

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 solutionmethyl acetate:n-hexane

{1:5)] to obtain the title compound (2.6 g, 82%).

P [0234) 'H-NMR (CDCl;) d: 3.01 (1H, d, J=6.3Hz), 5.02 (2H,
dd, J=11.4, 4.8Hz), 6.05 (1H, 4, 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, 6.85 mmol) in
methanol (68.5 mL), a 20% palladium hydroxide catalyst (246

mg) was added and furthermore 36% HCl (0.59 mL) was added



(2) Synthesis of 2-(4-Trifluoronethyl benzyl)phenol To a solution of

(2- benzyl oxyphenyl)-(4- trifluoronethyl phenyl)-nmethanol (2.46 g, 6.85 nmol)
in nmethanol (68.5 nlL), a 204 palladi um hydroxi de catal yst (246 ngy) was
added and furthernmore 364 HCl (0.59 nL) was added - 87 thereto, and the

m xture solution was stirred under a hyggogen at nosphere for 3.5 hours, and
then the catalyst was filtered off. Thée 'solvent was dlstllled under reduced

Chr omat ogFABR9EE det8 Hsﬁ MLSEUFBOROLER PN owes os ELRTRE, SRO4E 2. ByHEPgeB: ai n
Zh%t'(tﬂf ﬁ*}‘gg’eﬂ%’e(%e '3gs Bouty,gadctned Hhe %?PCi:r?’M?f Figkébeds)
Syt hesi SO5F | ﬁa‘%?}?%g%gfﬁi&ésnzyﬁ fidag) FauBearobsurloankte ()
car ba- p- E>?£3f13%2939?3€3 w&gbgugifégﬁeﬂgsaifigh g?%osolumno 93 ol ) and

2,3,4,6-t car pyranose

trlbutyl 3 e d olu f 2-(4-
{1 fuor orer 5ﬁ§£§§=féﬁxe ?*?%éeiﬁa”ﬂﬁiégmﬁﬁ iy abpracath heaing O/
cooling viibe)§eroapdrhianth! kir18Cbbupaand! ¢3! R9Xgr deeﬁTML\D 239 g, 1.39

nmol ) was added 3 thereto at the some tenperature he reaction m xture was
stirred fQ hour's Mflinmk lﬁygfm %: 2 ggn zﬂtssse”?eﬁﬁtviﬁ LZ r gogy
t enper at ure. t%e reaction nlxture was concentrated’ under te8ucél pressure,
and the opyginad pesidHg)veas.BoeatRd thygsil Bra)geh.oslgmsciearemngyraphy
(devel opi ng sol uti on-

7.33 (2H, 4, J=6.0Hz), 7.52 (2H, 4, JI=6.0Hz)

-

) MS (ESI'): 275 [M+Nal®
(3) Synthesis of [2-(4-Trifluoromethylbenzyl)phenyl]-5a-
carba-fi-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-(4-
trifuoromethylbenzyl)phenol (351 mg, 1.39 mmol) in toluene
(3 mL) under c¢ooling 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. YThe reaction mixture was concentrated
under reduced pressure, and the obtalned residue was treated
by silica gel column chromatography [developlng sclution=
ethyl acetate:n-hexane (1:10)]. The obtalned 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.



et hyl acetate:n-hexane (1:10)]. The obtai ned crude product was dissolved in
a nethanol -THF (1:1) m xed solution (5 nL) and a 20% pal | adi um hydr oxi de
catal yst (20 ng) was added thereto and the m xture was stirred under a

hydr ogen at nosphere for 2 hours, and then the catalyst was filtered off. -
8B The solvent was distilled under redUﬁﬁd pressure and the obtai ned

resi due was purified by silica gel colu “chromat ogr aphy [ devel opi ng

sol ution- nethylene chlorideinethanol (10:1)] to obtain the title conpound
(74 ng, '‘The)solvemb)was distiisdiynder reduced; pxessure 1amd theogry)
1.48-1.61 (1H , 2.05 (1H, dt, J-13.2 4.2Hz), 3.15-3.34 (2H, m,

3. 42- 3. 49°‘z§#nﬁ£3,r%8%@“ 1¥Rs purified by eshijsa gel golumm (op dd. J-14. 7,
28.2Hz), 4.17-4. 24 H, 1H, . di 2 7 5Hz), 7.02-7.20 (3H, m,
7.38 ( 2H,ChFomatogy: @%‘P’(‘Qﬂlnéj 3‘31‘8"’4?&7 %ﬂ&%%qﬂ? 435 [ MENa]' HPLC

(o ca. b&%#%”f&?%%%‘i”?é% PrartTiPLS durato the itle SomRAWRA(L74 e,

Synthe5|s € (2 Benzyl oxyphenyl ) - (4- net hyl sul fanyl - phenyl ) methanol In a
nitrogen s r%an1 an n-butyllithi um hexane solution (1.59 M 6.92 nL) was

moi) i n RSt e ) ANl eBion) SERT VI BRI A7 P, e

same  tenpefgl @1 T ein30nfl NEL6S- (TR, LEES $L1120Ng. uzp! Ui PEH-9134
(2H, m), 3.42-3.49 (2H, m), 3.69 (1H, 4d, J=3.9, 10.5Hz),
3.96-4.15 (2H, 44, J=14.7, 28.2Hz), 4.17-4.24 (1lH, m}, 6.87

) (1H, 4t, J=1.2, 7.5Hz), 7.02-7.20 (3H, m), 7.38 {2H, 4,

J=8.1Hz), 7.51 (2H, 4, J=8.4Hz)
MS (BSI'): 435 [M+Na)’
HPLC Retention Time: 12.3 minutes

Example 11

[2-{4-Methylsulfanylbenzyl)phenyl)-5a-carba-f-D-gluco-

pyranoslde

(1) Synthésis of (2-Benzyloxyphenyl)-(4-methylsulfanyl-
phenyl )methanol

a:) In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 6.92 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (2.89 g, 11.0 mmol) in THF (38 mL) at
-78°C and the mixture solution 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
gstirred at the same temperature for one hour, and then water
was added thereto and thg mixture was extracted with ethyl

acetate. The organic layer was washed with a saturated sodium



4- et hyl sul f anyl benzal dehyde (1.67 g, 11.0 mmol) in THE (12 nlL) was added
dropwi 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
sodium - 89 chloride aqueous sol ution %Id dri ed (anhydrous magnesi um

sul fate), and then the solvent was disti’l’l €éd under reduced pressure. The
obt ai ned resi due was purified silica gel colum chronat ography

[ devel opi Ahlesidei 8 EHGEFﬁyﬁoagsiaveand ﬁsiaﬁe(enhxﬂrope BBgRPALUM: titl e
conpound 2. 14 589 L0237 " H: NMR (CDCl%l : 47 (3H, s), 2.92 (1H, d,
J-6. OHz), B etgi tb Bothe sodventswap, Bﬁiééﬂ¢ dPEHredHF°d7 21-7.34

11H, 2 th | (4- net hyl syl f |
LAt r opeREeBRLEAY ef‘,l'ﬁe hpfainaneaeiage was,pubtEiag by, salichgad o "
trifl de: di th t d t
Sol Ut on SPLEBE,BHEGR ??95%@ iéef'alﬁaénﬁ gai%ﬁypphsﬁﬁre BRaEer o 13 o
6.3 | mL C and th t
Siirred shefanss &ﬁf?éipé cphHaAL Ind' §1ﬁ83r 88imblRar kel eoe "slNe, 50°

i nut es, t d .t t gyt h tract ed
s, BT, el A By uassmeéw%a e octed

di h | d t
sodium chlyge! 483948003 (29, :%:)ﬁrg‘a‘ﬂénsw déﬁ?&‘ {ogsy redsasuBLEaie o)

resi due ma? yr2§L9d3Qy(§%hlca)gel col utm chr omat ogr aphy [ devel opi ng
sol ution hyl "acet at e: exane (1:10)] to obtain

_ (2) Synthesis of 1-Benzyloxy-2-{4-methylsulfanyl-
) benzyl)benzene
In a nitrogen stream, triethylsilane (1.23 mL, 7.72
mmol) and a boron 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 obtalned
residue was purified by silica gel column chromatography
[developing solutlon=ethyl acetate:n-hexane (1:10)] to obtain
the title compound (1.9 g, 95%).
[0238] “!H-NMR (CDCl;) d: 2.46 (3H, s), 3.97 (2H, s8), 5.05
(2H, =), 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



the title conmpound (1.9 g. 958). [0238] "H- NWR (CDC13) 6: 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-Methyl sul fanyl benzyl) phenol In a nitrogen stream dinmethyl sulfide
(7.25 nL, 138 - 90 nmmol) and a boron trifluoride-diethyl ether conplex (2.1
m.. 8.8 nmml) were added to a solution of 1-benzyloxy-(4-

met hyl sul f anyl benzyl ) benzene (1.9 g, 5. 80mmol) in methylene chloride (15
m.) under cooling with ice, and the reaction mxture was stirred for 48
hour s whirmolyy amivd| & yboron i tilf Isoridepdiethy: ¢thenovenphexr 62 ul anl \\at er

was added thereto wunder cooling with ice and the m xture was extracted with
met hyl ene8 chimmoll: ware addeqdi to| ayRolukionaehcl-henzyboxyal4r at ed sodi um
chl ori de aqueous solution and dried (anhydrous magnesi um sulfate), and then
t he sol vargthgksulfanylpenzyllenzene ceh. %r%ss@r% mm%%)o%@dWQEUYl%%$due was
purified by S|I|ca Pel col umm chronatogr £deve|o sol ution- et hyl
acet at e: !0“@&&519P?¥%P9|? 0%%8 the jmeactiony 102391

1H NVR ( CDC1 a 3. 95 a 65- . 4.75 (1H, br 6.78
(1H, d. ( %%59 wis sgt{umdt%oa t}rs wﬁbbeﬁﬂd%wynya%a n@yﬁﬁesi s of

b 11 ogen SHRRSRREaYe E0 oF ﬁ?ﬁe@%&a@%gééb@# o SR Rerege (500 m
5800 b OE i e %mgexﬁrg DR
methylene chloride. The organic layer was washed with a
saturated sodium chloride aqueous solution and dried
(anhydrous magnesium sulfate), and then the solvent was
diétilled 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 (1.19 g, 91%).
[0239] = 'H-NMR (CDCl,) &: 2.46 (3H, s), 3.95 (2H, s), 4.65-
4.75 (1H, bxr s8), 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-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-
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 reactlon mixture was



(2 nmL) under cooling with ice, and then tetramnethylazodi carboxam de ( TMAD,
239 ng, 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 roomtenperature. The reaction m xture was - 91 concentrated under
reduced pressure, and the obtained residue was treated by silica gel colum
chr omat ogr aphy [ devel opi ng solution-étﬁ}l'acetate:n-hexane (1:10)]. The
obt ai ned crude product was dissolved in nethylene chloride (10 nL), and

di net hyl sabhcentt8ted undes3reducpdapuegsyveonandi theoobisindderiagiidueher
conplex (0.94 nm, 5.9 nnnli wer e added thereto under cooling with ice. The
reacti on Wagft treafed byi siddcaogel2gohumnschrpmatggnaphy | dexedppdng: s

tenperature_to room tenperature, and then water was added under cooling
with i ce seputipa=athylr acekatesnrhexaneniinlfddny €he ebtaingd. crnde
organic Ia¥er was washed with _a saturg&id sodi um chl ori de Squeous sol ution

and dri edPFRARGH BAE AAgRELVEMR i1 metBylenfqchinEhdendlOombdnt 2Rds distilled
ol um cHLBRERETPaIFdeadaerBoniy 63 BRPG)- and: Ay Peren ERASLMAELABEnanol
(101, A ghh A o oaaSETBLR o8, gmd ek e YRS
5123 et Bhonadg Gads 0ok i, sdpfsiy Ry 0o
7'00'7'18267EBuEL uﬁiigsbihﬁugiiy[yﬁwLing its temperature to room
| temperature, and then water was added under cooling with ice
'j) and the mixture was extracted with methylene chloride. The

organic layer was washed with a saturated sodium chloride
agqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent was distlilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developling sclutlons methylehe
chloride:methanol (10:1)] to obtain the title compound (102 myg,
28%).
[0240] 'H-NMR (CD,OD) d: 0.80-0.95 (1H, m), 1.45-1.60 (1H,
:) m), 2.00-2.10 (1H; 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, 4, 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 Tiwe: 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-



HPLC Retention Time. 11.6 mnutes Exanple 12

[ 3- Fl uor o- 2- (4- net hyl benzyl ) phenyl ] - 5a- car ba- a- D- gl uco- pyranosi de (1)

Synt hesi s of (2-Benzyl oxy-6-fluorophenyl)-(4 - 92 - methoxyphenyl) net hanol
To a THE solution (50 nmL) of 2-benzyl oxy-6-fluoro- benzal dehyde (2.25.9g, 9.8
mmol ) as described in International Publication WO 04/048335, a

4- met hoxyphenyl - magnesi um bronide THE & ution (0.5 M 21.5 m.) was added
dropwise in a nitrogen streamat roomtenperature. The reaction m xture was
stirred at roometRorgphényk)methandlhours, and then a saturated ammonium
chl ori de aqueous sol ution was added thereto under cooling with ice and the
m xture was extTacaeTHR sbletbyh (50 ank) cof Thebenzphoxyt+byELunse-washed with
a saturated sodium chloride aqueous solution and dried (anhydrous nagnesi um
sul f at e) , benzial@ehydac(2oR5egl 9a8 ninol)| AsddeadribeddinedntpraatdonalThe
obt ai ned residue was purified by silica gel colum chronatography

[ devel opi Rybibcation-Wot A4/ 0483858+ ca 4rmathoxyphenyglimagnepinmnbrovidet | e
conmpound &2.82 , 854). £0241£ 1H NWR (CDC13) 6: 3.78 (1H, d, J-12Hz), 3.80
(3H, HF98°€E#40§,(9~ 2Mz) 215508L) 1Wasdaddedodpppwiseoinl m ndtrogen2Hy) ,
6. 74-6.84 £4H, m, 7.11-7.31 (8H m (éﬂ Synt hesi s of

3- Fl uor o- 8t¥eamedkok9PBhiappPeratyree| uThenreaction mixture was stirred

(2- benzyl oxy- 6-fl uorophenyl ) - (4- net hoxyphenyl)nethanol (2.54, 7.51 mmmol) in
net hanol RPOTRPR tempegsibxre| AaFui: RyhPBkBdcaRd: 1hoBt a( 88turgredas added and

furthernore 2N-HCL (2 nml). was added thereto. The m_ xture
ammonium chloride aqueous 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 magnesium
sulfate}, and then the solvent 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 (2.82 g, 85%).
[0241] 'H-NMR (CDCl.) 6: 3.78 (1H, 4, J=12Hz), 3.80 (3H,
s), 4.98 (1H, 4, J=12Hz), 5.05 (1H, 4, J=12Hz), 6.20 (1H, 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-fluorcphenyl)-(4-

methoxyphenyl)methanol (2.54, 7.51 mmol) in methanol (20 ml),
a 20% palladium hydroxide catalyst (381 mg) was added and
furthermore 2N-HC1l (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 obtailned residue was
purified by silica gel column chromatography [developing

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



solution was stirred under a hydrogen atnosphere 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
chromat ogr aphy [devel opi ng solution-ethyl acetate:n-hexane (1:4)] to obtain
the title - 93 - conpound (1.48 g, 85%. [0242] 'H NWR (CDC13) 6: 3.76 (3H,
s), 3.96 (2H, s), 4.90 (1H, br s), 675 593 (2H, d, J-B.OHz), 6.67 (1H, t,
J-S.OHz), 6.82 (2H, d, J-9.0Hz), 7.06 (1H, dd, J-8.0, S.OHz), 7.19 (2H, d,

J-9. OHz) ddhpdiymt heki 48 o, [B85¥) uor o- 2- (4- met hoxybenzyl ) phenyl ] -

5a- carba- S-D-gl ucopyranoside In a nitrogen stream

2,3, 4, 6-t 0242 D benzyH-EMRc4CDE13) (BglIcThyi3hose) { SDO96T( 21, 98) nmdbl 90 and
trlbutyl phosphine (0.35 nL, 1.39 mmol) were added to a sol ution of

3-f | uor o- C1H( 4bxres hoxy b%hz (18 ph@nol=§ 3012 hy, 6 16 BO( B! %, | #=8 oPlizhe 62831)
under cooling with ice, and then tetra-mnethyl azodi carboxam de TMAD, 239
my, 1.39 6 )dined=RoRiEe) ¢ her@e ol Hi. td@, sim@. @ en®ePHz Ly 7. ¥hel 2Bacdi on

m xture was stirred for 20 hours while gradually raising its tenperature to
room tenp®*dt®2) The reaction mixture was concentrated under reduced

pressure, _and the obtained residue was {reated by silica col um
chr omat ogf3bhy ?2&%%9%%?H3f553uf1%%rﬁt%y(43%%?%?§¥h°ﬂﬁxhhﬁge?!l10)] The

obt ai ned crudeoggoduct was_di ssolved in a methanol -THF (1:4) m xed sol ution
(5 m) and a 2 9%&9?9?%&?Q§&Q9yst (63 ng) was added thereto.
The m xture was stlrred under. a dro en a here for 24 hours, and then

the catalyst Wi §i11Er@en§tr sot Yeht V\E\% H?‘SQTPQWJ:nﬁ%rGu a-o-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine

i) (0.35 mL, 1.39 mmol) were added to a solution of 3-fluoro-2-
{4-methoxybenzyl)phenol (323 mg, 1.39 mmol) in toluene (2 mlL)
under cooling with ice, and then tetra-methylazodlcarboxamide
{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 solutlion=ethyl acetate:n-hexane

i:) (1:10)]. The obtalned crude product was dissolved in a

| methanol-THF (1:4) mixed solution (5 mL) and a 20% palladium
hydroxide catalyst (63 mg) 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. The obtained residue was purified by silica
gel column chromatography [developling solutlonsmethylene
chloride:methanol (10:1)]) to obtain the title compound (86 mg.
24%).

[0243] H-NMR (CD;OD) &: 0.90-1.05 (1H, m), 1.45-1.60 (1H,



reduced pressure. The obtained residue was purified by silica gel colum
chromat ogr aphy [devel opi ng sol ution-nethylene chloride: nethanol (10:1)] to
obtain the title conpound (86 ngy, 24% . [0243] 'f{-MM (CD30CD) 6; 0.90-1.05
(1H, m, 1.45-1.60 (1H, - 94 m, 2. 00 2.10 (1H m, 3.17-3.35 (2H, m,
3.45-3.52 (2H, m, 3.65-3.70 (1H, % 72 (3H, s), 3.93 (2H, s), 4.15-4.25
(1H, m. 6. 67 (1H t, J.8.0Hz), 6. 76 “d, J.9.0Hz), 6.86 (1H d,
J-8.0Hz),

ni nut es | anﬁrg°1§ ESHGQE%rgEPSESGEe?hsgéékgyr$%*gg;%f?§;§2;k§§4ghﬂwél380?
pﬁéﬁgffheﬁhéﬁ ¥R TR rtP geﬁ 12 Zéﬁl BN nI0HB) K 2He hBhm AoiST8 -3 o

benzyl oxy®3: bPoRdnLABent- (3-8 HE] 9n235?5ﬂt'$HE9rgo°§fy a8 -8%56 % e
m xture s? gtbﬁQAm? ?F ngﬁe??%b same tenperature for 30 minutes. To

this solu zaldehyde (2.0 g, 11.4 mol ) was added

dr opwi se T e m xture was stirred at the 3 sane tenperature
for threeﬁﬁosééik) 2@?% ﬂﬁma er was added thereto and the m xture was

extracted h e €g | ayer was washed with a saturated
sodiun1cthL& nggxtéggskghﬁutIgn aﬁgﬂgﬁkgd (anhydrous magnesi um sul fate),
and thengkgﬁggglygnt was distilled under reduced pressure. The

[2-(3-Trifluoromethylbenzyl)phenyl]-5a-carba-p-D-gluco-

pyranoslide

.:> (1) Synthesis of (2-Benzyloxyphenyl)-(3-trifluoromethyl-
phenyl)methanol
In a nitrogen stream, an n-butyllithium hexane solution
(2.7 M, 3.4 nL.) 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 thls solution,
4-trifluoromethylbenzaldehyde (2.0 g, 11.4 mmol) was added
dropwise at -78°C. The reaction mixfure 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 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 (2.2 g, 80%).
[0244]) H-NMR (CDCl;) &: 3.03 (1H, 4, J=6.3Hz), 4.97-5.07
(ZH, m), 6.06 (1H, 4, JI=6.3Hz), 6.95-7.03 (2H, m), 7.16-7.20



obt ai ned residue was purified by silica gel columm chronat ography

[ devel opi ng sol ution-ethyl acetate:n-hexane (1:4)] to obtain the title
conmpound (2.2 g, 80% . [0244] 1H NWMR (CDC13) 6: 3.03 (1H, d, J-6.3Hz),
4.97-5.07 (2H, m, 6.06 (1H, d, J.6.3Hz), 6.95-7.03 (2H, m, 7.16-7.20 - 95
(2H m, 7.26 (1H dd, J-7.7, 2.0Hz), 7¢¢9.7.36 (4H m, 7.39 (1H d,
J-7.7Hz), 7.46-7.55 (2H, m, 7.67 (1H, &) (2) Synthesis of

(2 benzy! b48piehy Y- 46 (1 4y of= i@?ﬁﬁﬁ%b#’%ﬁ%mﬁ 648y B) . 7 53%o1 )
and 1 urt %‘%%ﬁ o 8% T8 (o7 Pt T a8t ekl nEr €7 Pl emhi vt ure eatution
vas i1l "%ﬂ %@%F@ﬁﬂ | SrELF ot e *ﬁnﬁ%%“%hzﬁﬂ%'%ﬁié‘sh?i “and Lhe
?3232?33i%35'go ut1 on- E&%ﬁ%ﬁg%%?glipééﬁiyégiyﬁﬁgiqu(é}éﬁﬁgjn %ﬁéytitle
conmpound pey 1%%1?1«&9%::1&9&451 éﬁ%%%%@l)ﬁﬂ“m&%ﬁh&i (?098161'4 d,

J-2. 0Hz), 1H,7d, J-8.1Hz), 6.86-6.90 (1H, m, 7.09-7

7.34-7. 46a(§$¥ llZdﬁﬁh(ﬁ*ﬂrékid63&aﬁaﬂf§€5(§69 ? was added and
[2-(3-Trifluoronethyl benzyl) phenyl ] -5a- carba- p-D-gl ucopyranoside In a

ni trogen fireRetmera, 369-Helr o 2 baDY YwadoaddédatReEotlb |ICOPHE LR Eut800 NU.
0.93 mmol ) and tributyl - phosphine (0.35 niL, 1.39 mmol) were added to a

sol ution sbl@t{Sntwas Stuprredeahidédbeaziyadpbgen! atmdédph@re 1£30 M20houts,
toluene (3 nlL) under cooling with ice, and then tetra-
_ 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=ethyl acetate:n-hexane (1:4)] to obtain the title
compéund (2.26 g, 96%).
[0245] ‘H-NMR (CDCl,) &: 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 (1H, s).
(3) Synthesls of [2-(3-Trifluoromethylbenzyl)phenyl]-5a-
carba-ﬁ-D-glﬁcopyranoside
;:) 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-(3-tri-
Eluoromethylbenzyl)phenol (351 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 obtained residue was treated



met hyl azodi car boxam de (TMAD, 239 ng, 1.39 mmol) was added thereto at the
'sone tenperature. The reaction mxture was stirred for 20 hours while
gradually raising its tenperature to roomtenperature. The reaction m xture
was concentrated under reduced pressure, and the obtai ned residue was
treated - 96 by silica gel columm chromat ography [devel opi ng sol uti on-et hyl
acet at e: n-hexane (1:10)]. The obtai ned 8fude product was dissolved in a

met hanol - THP (5:2) mxed solution (7 nL) and a 204 pall adi um hydroxi de

cat al yst ¥y Ssiijcaegehdeiebomhcckronateguaply Meveleping solution=ethyla
hydr ogen at nosphere for 15 hours, and then the catalyst was filtered off.
The sol veacetaks:nithexaned( Lnte) ] s edThe coptatned ccrmde t produchi wadl resi due

was purified by silica gel colum chronatograHQX [ devel opi n
o

sol uti on-dtesgleed im armethanehI MY (502))mix hﬂhi?he(gtlﬂ-) eaR@nPound
(56 ny, 144%{ [024§l 1H NMR (CD30D) 6; 0.88-1.02 (1H, n& 1.52-1.68 (1H
n, 2.10 £2% ratladium hydroxige catabyst 3p43 mg)nyaszadded therede, ),
3.74 (1H, dd, J-4.1, 10.8Hz), 3,99 (1H, .d, J-14 7Fgg, 4,18 élH, 36

J-15. 4Hz)2nd, the mistuze, was stineed wedel p hydrogéngatnespherg $om 5

1 1 bith,rhan i gt S Fledeod ek e 6 R
Syt hesi SHoF JLEEhLed TEAK tRRSa K LerSr At cnd fos o ShrRipel Fpptase)
2- br om- 4 gt 4yl PREDR! {1 P1 0a g1 BBBhan' Bntbhk L GEASH) ' PASTELEELAE0 ™)

pot assi u
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, dt, 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, 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, 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-§-D-gluco-

pyranosgide

(1) Synthesis of l-Benzyloxy-2-bromo-4-methylbenzene

To a solution of 2-bromo-4-methylphenol (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



(1.32 g, 9.6 mol) was added and furthernore benzyl bromde (1.05 nL, 8.8
nmol ) was added thereto. The m xture solution was stirred at room
tenperature for 12 hours, and then water was added thereto and the m xture
was extracted with ethyl acetate. The organic | ayer was washed with a
saturated sodium- 97 chloride aqueous solution and dried (anhydrous
magnesi um sul fate), and then the sol ve®? was distilled under reduced
pressure. The obtai ned residue was purlfled by silica gel colum

chr omat og¢hpqyigqeaqugpungsgbuumnnandt lleécéaahwdronshmgnesq.wn to
obtain the title conpound (1.72 g, g& 0247¥ 1H NWVR CDC13 6: 2.30 (3H,
s), 5.12 gnifate).capd tpem the §°éve )wag, dds iééeelﬂn ﬁr rdesﬂﬂ 41 (4H,
m, 7.45- 7.48 (2H, g nthe5|s of . (2- Benzyl oxy-5-mnmeth i phenyl) - (4-
nethoxyphEﬁ?F?HE?han e PRty HPFrEQEﬁGBPrE&ﬁlPﬂﬁiﬁiﬁﬂt9YIFF iG& B8lane

sol ution solutjon o

1-benzygo§2 EmBrS g?éﬁ?%ﬁgﬁ ﬁgﬂg Eggso&uﬁiﬂﬁﬁl?tpﬂlTH?etP§G PL) at
i nut oo, ¥ ﬂ?§t§@i033aﬁibigﬁﬁgiax§b 3¢ 3enpaBRpRAS; (4 936ra3#3§9 vas
?3ﬂ§3r§¥3f§5?§J o PR Py 87 B Sb Lk SR brife(Bh. ol Sﬁngﬁlxture

iﬁfuféiéﬁféﬁﬁ.ﬁkf?h PoPHg 728,007 - S0 TREOM ang- B¥F T R HF Bl Tl

sul fate), 4 &Qﬁn hz solvent was distilled under reduced pressure. The
obt ai ned reS| ue ' was purified by silica gel columm chromatography

(2) Synthesis of. (2-Benzyloxy-5-methylphenyl)-{(4-
methoxyphenyl Jmethanol
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 solution 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
;Z) 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 purifiéd 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, 8), 5.99 (1H, 4, J=5.6Hz),
6.80-6.88 (3H, m), 7.00-7.05 (1H, m)}, 7.13 (1H, 4, J=1.8Hz),



[ devel opi ng sol ution-ethyl acetate:n-hexane (1:4)] to obtain the title
conpound (1.46 g, 708). [0248] 1H NWR (CDC13) 6: 2.28 (3H, a), 2.88 (1H, d,
J-9.2Hz), 3.80 (3H, a), 5.00 (2H, a), 5.99 (1H, d, J-5.6Hz), 6.80-6.88 (3H,
m, 7.00-7.05 (1H, m, 7.13 (1H, d, 3-1.8Hz), - 98 - 7.19-7.34 (7H, m) (3)
Synt hesi s of 2-(4-N®thoxybenzy|)-4-neth§Iphenol To a sol ution of
(2-benzyl oxy- 5- met hoxyphenyl ) - (4- net ho §pﬁenyl)- nmet hanol (1.46 g, 4.3
mol ) in nethanol (20 m), a 20% pal | adi um hydroxi de catal yst (73 ng) was
added and7-1%T?h%4nb7E 3B HC1 (0.1 nL) was added thereto. The mixture was
stirred under a_hydrogen atnpsphere for 72 hours, and then the catalyst was
filtered 68}, thegin ofad- ﬁSFPFp@HYbﬂHHE;)Tédﬂ@ﬁﬂYﬁPBQEQFe and t he
obt ai ned resi due was rified by silic colu chromat o

[ devel opi ng soITRi%ns‘gf\‘lH‘ma'B%t é%eb?P %1“'91'?}10’559%? ﬁ ?ﬁé title

d (0.8 809 02 4 : 3H, :

goggoun E?°§$P%%“ﬁq%6[TEFﬁLH?i+g%ﬁggegsg irﬁmﬁif é&sﬁ©§ﬁ%§°€2i¥°(n), °)
6. 88-6. 94 6 4) _Sypt hesi f

Do e Met'ﬂ%iyb%"%%Pﬁiﬁéﬁﬁwéﬁmﬁ%ﬁgkeﬁ%ﬁi' B731 medoyranaened =pd o

it - 0 b | 00 :
0. 05 ol FOERASEROEE: J6¥ HEL Mo nd "RES yae pad0A St R Py  ORHC TR Rurg”] ™

| uti t t
£l L1 " Phe et vl rH@éé??ﬁ;ﬂmﬁsgﬁe,ﬂ*@ﬁgﬁﬁﬁtn<?é%r2@ nduid "BHb) thin

met hyl azogh, gap e PP fewhd HAP1 téR8a " Bee - 38ndMBbiviAE @#HECHistil1ea
under reduced pressure, and the obtained residue was purified
—) by silica gel column chromatography [developing solutionsethyl
acetate:n-hexane (1:4)] to obtain the title compound (0.8 g,
80%).
[0249] H-NMR (CDC1;) &: 2.24 (3H, s), 3.77 (3H, s), 3.89
(2H, s), 4.55-4.56 (1H, m), 6.65-6.69 (1H, m), 6.80-6.86 (2R,
m), 6.88-6.94 (2H, m), 7.11-7.16 (2H, m)
(4) Synthesls of [2-(4-Methoxybenzyl)-4-methylphenyl]-
Sa-carba-p-D-glucopyranoside
In a nitrogen straaﬁ, 2,3,4,6-tetra-0-benzyl-5a-carba-a-
;:) D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solutioh of 2-(4-
methoxybenzyl)-4-methylphencl (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 i1ts 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



thereto at the sane tenperature. The reaction mxture 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 treated by silica gel colum chromatography [devel opi ng
solution-ethyl - 99 acetate;n-hexane (1;10)]. The obtai ned crude product
was dissolved in a nethanol -THF (5: 2y APxed solution (7 nm) and a 20%

pal | adi um hydr oxi de catal yst (44 ng) was added thereto, and the m xture was
stirred uadetatelwdhexgane al hotPhit e The dbtmimned ermde hprodbuetcwaal yst was
filtered off. The solvent was distilled under reduced pressure and the

obt ai ned dtssolvedwins puméthanobyTHF| (§a2 panixedusoluhiona{ domkphand a
(devel oping solution- nethylene chloride: nethanol (10:1)] to obtain the
title conp@binpalisdiyn bwdroxjidescatalystR(4€08gh)was addeditheretel, n),
1.42-1.60 (1H, m, 2.04 (1H, dt, 1-13.4, 4.0OHz), 2.21 (3H, s), 3.17-3.32
(2H, m),andsthe BIXtUEe Wps stinre4run@qr a- hyqrosen7aﬁwosnhqne(gor s),

3.82 (1H d, J-14.7Hz),. 3.92 (1H, J-14. 7kti 06-4. 16 1H,

6. 77- 6. 824 (BPNTH) aadsthengshesﬁptﬂyst wes 7t ttpzzﬂi off . \EThesyoivento

[ MiH ' HPLC ention T| 2 mputes | e

L PRl o T L g Breﬁgvﬂengwaﬁhgi abtainedpashdues of

2-B I h 3- net henyl th ti
S benzy] HOBORIELELAGCRY (SLOL0R Gal16ohiBh) Shromagogeathy) [ daveteatngn o
4 nethoxyggfg¥ioggg Eﬁyf&ne chloride:methanol (10:1)] to obtain the

)

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, dt, J=13.4, 4.0Hz), 2.21 (3H, s), 3.17-3.32 (2H,
m), 3.43-3.51 (2H, m), 3.70 (1H, 44, J=4.1, 10.7Hz), 3.74 (3H,
s), 3.82 (1H, 4, J=14.7Hz), 3.92 (1H, 4, 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)

MS (ESI'): 389 [M+H]*

HPLC Retention Time: 11.2 minutes

Example 15

%:) [2- (3-Methoxybenzyl)phenyl]-Sa-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 mL) was added dropwise in a
nitrogen stream under cooling with ice. The mixture was
stirred at room temperature for one hour, and then a saturated
ammonium chloride aqueous solution was added thereto under

cooling with ice and the mixture was extracted with ethyl



bromde in THF (1.0 M 17.0 nL) was added dropwise in a nitrogen stream
under cooling with ice. The mxture was stirred at roomtenperature for one
hour, and then a saturated amoni um chl oride aqueous sol uti on was added
thereto under cooling with ice and the m xture was extracted with ethyl -
100 acetate. The organic |ayer was wash with a saturated sodium chloride
aqueous solution and dried (anhydrous™ nﬁg eSium sulfate), and then the
solvent was distilled under reduced pressure. The obtained residue was
purified Bgetateca Fbe orgrnis dAyeXnwas: pn;aepdw-@hom sgturakedo soddam
acetate:n- hexane (1:4)] to obtain the title conpoun 92 g, 1009@

0251] * reles{dscaguesussoliish ana deisd, ”Em,mug ramesin)
4.98-5.10 (2H, nh 1H, d, J-6. 6. 77- (1H, 6. 88-7.01 (4H,
m, 7. 19 #uésa(ce de(i esyﬁme§9§vent2"es ﬂéﬁﬁé}}sénmg eﬂo a

LS Sk R BBl ARSI B e 5
Z‘_??’??eﬁ“ﬂﬁaé”” ERPRBLRSERREY, &%Pxeibbigs ﬁaipiiotaﬁﬁtﬁwﬁn atgfat eé%mg{ist“’amés
obt ai ned ReePage (42 '%.‘tp“’%%t%%t E4138 oomBaRa. (S Foraghid
compound (92331g.  Toghyem FEEy] NNE Skt 5350 Ealie oS 978,
fé (g Ezthoxybgﬁ yﬂ)gégﬁsﬁ?zéa car f70%0(1ﬂ23 (35-5”53&3) %y%%h%§b§ °
_ {l1H, 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% HCl (0.2 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 24 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=ethyl
::D acetate:n-hexane (1:4)] to obtain the title compound (1.29 g,
100%).
[0252] 'H-NMR (CDCl:) &: 3.76 (3H, s8), 3.97 (2H, s), 4.69
{l1H, 8), 6.73-6.92 (SH, m), 7.10-7.23 (3H, m)
(3) Synthesis of [2-(3-Methoxybenzyl)phenyl]-5a-carba-p-
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 nmol) were added to a solution of 2-(3-

methoxybenzyl)phendl (298 mg, 1.39 mmol) in toluene (3 mL)



D- glucopyranoside in a nitrogen stream 2,3,4,6-tetra-0O benzyl -5a-carba- a-
D- gl ucopyranose (500 ng, 0.93 nmmol) and tri butyl -phosphine (0.35 nL, 1.39
nol ) were added to a solution of 2-(3- nethoxybenzyl)phenol (298 ny, 1.39
mmol) in toluene (3 nmL) - 101 wunder cooling with ice, and then
tetramet hyl azodi - car boxam de (THAD, 239 ng, 1.39 mmol) was added thereto at
the sane tenperature. The reaction nix¥@&ke-was stirred for 20 hours while
gradually raising its tenperature to roomtenperature. The reaction m xture
was conceuhdercdoohiing withcideprasdutben tetiranetbplazodi-carbdxamide
treated by silica gel colum chromatography [devel opi ng sol ution-ethyl
acet at e: n{T¥ARBNne2321mg0) 1. 39humob) awagdaddedecthevatet akathdi saweved in a

met hanol - THP (5:2) mxed solution (7 nL) and a 20% pal | adi um hydr oxi de
cat al yst tespepatupe.ad¥he rpactien mixture wast afdrredsfori ePchourder a
hydr ogen atnDsphere for four hours, and then the catalyst was filtered off.
The sol veWhi %BSQHFQFFlLEerEHHBQ FtﬂuEEﬁPﬂFESBﬁPetanHOQHetBBP&FﬁEHrPes|due
was purifijed béﬁSl|lca col um chronato?ra phy _[ devel_opi ng

sol uti on- FRENYE EieﬂlBFFHErﬁeFﬁSnBP“E?Bt{? °gouBG ElﬁegﬁgedtPFPﬁsBﬁﬁpound
111 , 32 02 1H aD 0.97-1,1 1.68 (1H,
gr), 2 15 1@ tB{B g%&“&d 6&-&)[1% 2"2 t§°3§°?2hﬁ ﬁ§i1§a4§°§ gei“E‘QH gr)

3.72-3. 78

J-14. 8Hz) © °T8%9§9PP¥HHH§’°%8“?E gﬂg}ﬁﬁ'ei}{'?iﬂ%%?tié Hg"
(ESI7): 3??:&3@5& e ogggggghogrldgeprégugt wagtaissolved in a

methanol-THF (5:2) mixed solution {7 mL) and a 20% palladium
hydroxide catalyst (55 mg) was added thereto, and the mixture
wag 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 (111 mg, 32%).
{0253] 'H-NMR (CD,OD) &: 0.97-1.11 (1H, m), 1.52-1.68 (1H,
m), 2.12 (1H, 4t, J=13.4, 4.0Hz), 3.22-3.39 (2H, m), 3.49-3.56
{:) (2H, m), 3.72-3.78 (1H, m), 3.78 (3H, s), 3.92 (1H, 4,
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-f-D-gluco-

pyranoside

(1) Syntheslis of 2-Benzyloxy-5-methoxybenzaldehyde
To a solution of 2-hydroxy-5-methoxybenzaldehyde (3.0 g,



Exanpl e 16 (2-(4-Met ho)ybenzyl) -4=net hoxyphenyl ] - 5a- car ba- p- D- gl uco-
pyranosi de (1) Synthesis of 2-Benzyl oxy-5-nethoxybenzal dehyde To a sol ution
of 2-hydroxy-5-nmet hoxybenzal dehyde (3.0 g, - 102 19.7 n(r)nol) in

N, N- di met hyl f ormam de (50 nl), potassium carbonate (3.27 g, 23.6 nmpl) was
added and furthernore benzyl bromde (2.6 nL, 21.7 nnol) was added thereto.
The reaction mxture was stirred at Tobﬂ?ténperature for 24 hours, and then
wat er was added thereto and the m xture was extracted with ethyl acetate.
The or ganil@®.FagmpliainwisNedinethydfommamided(59onLim phtassdumaqueous
solution and dried (anhydrous magnesium sulfate), and then the sol vent was
di stil | edcanbenateeddecdd Bred3ufemmold wWasapdded; anfljfurthermores beazmt
silica gel col.um chronato&raphy ideveloping sol ution-ethyl acetate-

n- hexane Promife; §2¢ft Blpn 2ZiheTt mnp )cUﬁﬁoeﬁG°G4FB°§9t9@0%$ﬁe peasiion NVR
(CDC13) 5: .3.80 (3H, sg, 5.15 gZH, s), 6.99 (1H, _d, J=9.0OHz), 7.11 (1H, dd,
J-3.4, o Migfure was;siirref at,yoomytsmperatuze for 2¢nhRuIss snd then

Stroam  BakeZovas; BASRA" hekats 89 SRRRASEboNRE, SSRFASTEL IGh 5. 25
TIE (0. 5 BERYIoSGoREFooas MBqRNORRAEIaXeR HEP FBBRPHGVALELS PAtUFREed |
cat ur at e tul sHEsriBe! pB0efhe, d8TubTHR bk e H  BRRYARRRR, Gnder |
cooling WybRnbEfu"dultatE) X! 4h@ PR8n 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 (CDC1;) 8: 3.80 (3H, s), 5.15 (2H, s), 6.99
(1H, 4, J=9,.0Hz), 7.11 (1H, A4d, J=3.4, 9.1Hz), 7.32-7.44 (6H,
m), 10.50 (1H, 8)
(2) Synthesls of (2-Benzyloxy-5-methoxyphenyl)-(4-
methoxyphenyl )methanol
In a nitrogen stream, to a solution 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 dropwlse under cooling with ice. The
mixture solutlion was stirred at room temperature for one hour,
and then a saturated ammonium chloride agueous solution was
added thereto under cooling with jice and the mixture was
extracted with ethyl ﬁcetate. 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



extracted with ethyl acetate. The organic | ayer was washed wth a saturated
sodi um chl ori de aqueous solution and dried (anhydrous magnesi um sul fate),
and then the solvent was distilled under reduced pressure. The obtai ned
residue was purified by silica gel columm chromatography [devel oping - 103
solution- ethyl acetate: n-hexane (1:1%{ to obtain the title conpound (2.9
g, 1009 . [0255] 1H NWR (CDC13) 6: 2.85193dH d, J-5.4Hz), 3.76 (3H, s),
3.79 (3H, s), 4.96 (2H, s), 5.99 (1H, d, J.5.4Hz), 6.74 (IH, dd, J-2.8,
9.0Hz), 6s8lutiéii=(ethyi) acét8tef lhi-hexané- {1ik}], t3. ebtaiscthéHtinjle( 3)
Synt hesi s of 2-(4-Methoxybenzyl)-4-methoxyphenol To a solution of

(2- benzy| esppeund: kéx§poen}PP3)4- net hoxyphenyl ) net hanol (2.54 g, 7.25 mol)
in methanol (50 m), . a 208 pall adi um hydroxi de catal yst (250 ng) was added
and furt he2EBle 36% HENMI). (OPGH;) das2adBclilBhedet 3=5TABZN, xBu76 (&Hs
stirred under a _hydrogen_atnosphere for 14 hours, and then _the catal yst was
filtered 89+.3TRE §3PvyeR? -wAsS8i {2Hi| 8d. uRd8P (2HucBd PJr8s4HZd, &nd4the
obtai ned r sida was purifieg by silica gel colu chr.omat ogr aphy

[ devel opi hdHso gtiaﬁgephyP-O 2o aPeBh-ReBdnt3Hi: MY} 60%n{dHn fhe title

d (1,6 199 . 561, 1H NMR (CDC13) 6: 3.74 (3H, s), 3.78 (3H
g??pgggo STQH%H29: irﬁ%“?%%? E%HS)F)G.GE-G.SG)(SH, m, g.ll-??lG (2H,(n)

() 3y bphengn o bROS R Rk bt iR IS RURkheSobaRT .0,
D- gl ucopyr anosep{ 500 48ut o Sof M Ph L neRey 1 biPUb Ve BRORPPhESY1 ) - (4-

methoxyphenyl)methanol (2.54 g, 7.25 mmol) in methanol (50 ml),
a 20% palladium hydroxide catalyst (250 mg) was added and
furthermore 36% HCl (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 (CDCl;) &: 3.74 (3K, s), 3.78 (3H, s), 3.90

Q:) (2H, s), 4.41 {(1H, br s8), 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-Sa-carba-oa-

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



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

nmet hoxybenzyl ) - 4- met hoxyphenol (340 ng, 1.39 nmol) in toluene (3 nlL) under
cooling with ice, and then tetra- nethyl azodi carboxam de (TMAD, 239 ng, 1.39
mmol ) was added thereto at the sane tenperature. The reaction m xture was -
104 stirred for 20 hours while gradually raising its tenperature to room
tenperature. The reaction m xture was- cloentrated under reduced pressure,
and the obtained residue was treated by silica gel columm chromatography
[deve|Op'991§£$dtfaﬂ'26hﬁburQGﬁﬁfléiQrQQK&ﬂEE(éa19lig iPs pehpbpstugeude
product was dissolved in a nethanol-THY (5:2) m xed solution (7 nL) and a

20% pal | aglp urd b At enipeeatatél y SThé 4be a8t 198 Smegeetle W8S cEOncentgdat8@ m xture
was stirred under a hydrogen atnosphere for 6 hours, and then the catal yst

was filtetindedl feddbedspreesureVaandi shel bbtainédr resflaaedwascesuateand t he
obt ai ned residue was purified by silica gel colum chronatography

[ devel opibg sibicai gal celibmhechrohnabtographyt [develéping) solathbheethiyhe
title conpound (128 ng, 34% . [0257] LH- NVR (CD30OD) 6: 0.94-1.08 (1H m,
1. 45- 1. 62a¢éthte mp-héxane ( (H; 10) ] . J=ThBe Ocbtaihid, cBfu@8- fréductHwan) .
3.46-3.56 (2H, m, 3.70-3.80 (1H, m, 3.73 (3H, s), 3.79 (3H, s), 3.88
(1H, d, Jdisselved Enos methanolITHR. §5iz2) miged4sdodution (¥, mLy. 8GA(&H, d,
J.3.1Hz), 6.74 (1H, dd, J=3.1, 8.7Hz), 6.80-6.88 (2H m, 7.00 (1H, d,
J-8.7Hz) , 20% 1pakladiymihydyoxbie ceatalyads( 401wy} wime addednthenetope: 10.2
m nutes Exanple 17 2-(4-thhoxybenzy|)-6-netthphenyl]-5a-carba-S—D—gIuco-
and the mixture was stirred under a hydrogen atmosphere for 6
hours, and then the catalyst was filltered 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 (128 mg., 34%).
[0257] H-NMR (CD3;OD) &: 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, s8), 3.79 (3H, s), 3.88
(1H, d, J=14.8Hz), 3.96 (1H, &, J=14.8Hz), 4.04-4.14 (1H, m),
6.67 (1H, 4, J=3.1Hz), 6.74 (1H, 44, 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—Hethoxybenzyl)-6-mothg;phany1]-5a-carba-B-D-g;uco-

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



pyranosi de (1) Synthesis of 2-Benzyl oxy-3-mathtyl benzal dehyde To a sol ution
of 2-hydroxy- 3-net hyl benzal dehyde (3.0 g, 22.07 mmol) in

N, N- di et hyl f ormam de (50 M.), potassium carbonate (3.65 g, 26.4 nmol) was
added and furthernore benzyl - 105 bromde (2.9 nL, 24.2 wool) was added
thereto. The mxture was stirred at roomtenperature for 26 hours, and then
wat er was added thereto and the m xtur®0%as extracted with ethyl acetate.
The organic | ayer was washed with a saturated sodium chloride aqueous

sol uti on ppomfldeed2(aniLdr 24s2nupot3i was addsdt echeratd.t h®het hgxtakeent was
distilled under reduced pressure. The obtained residue was purified by

sili ca gewascstirpedhatnebonyr fphperdtureofong26ohotursn- andythenctvater n-
hexane (1:4)] to obtain the title conmpound (5.0 g, 100% . [0258] 'H NWR
(CDC13) 6wad. 8adédHtheretd. Anid( 2he mixtiréctwagliixtiracted. #itith, ethyd- 7. 49
(6H, m, 7.68 (1H, dd, J-1.4, 7.8Hz), 10.26 (1H, d, J-0.5Hz) (2) Synthesis
of (2-Benagebage3- nFhbybpganikt) 1ayernwasowaghedywitht hasaturated sotidamen
stream to a solution of 2-benzyl oxy-3 nethyl-benzal dehyde (1.87 g, 8.25
mmol ) i n Thifofidenagueausssbintdpnoand- Asisdx ¢ phbidongnmagossinmni de in THE
(0.5 M 19.8 nL) was added dropw se under cooling with ice. The mxture
was stirreulfiatedenandnsbent the sedivens waer digtalipdnunderareduced anmoni um
chl ori de aqueous sol ution was added thereto under cooling with ice and the
m xt ure wRSe8RUrgect efhenpbhadnpf resdduecwashpusigindcbyapdligds fdshed with

a saturated sodium chloride_aqueous_solution_and dried
column chromatography [developing solution=ethyl acetate: n-

hexane (1l:4)] to obtain the title compound (5.0 g, 100%).

_) [0258] 'H-NMR (CDCl,) &: 2.36 (3H, s), 4.97 (2H, s), 7.16
(1H, t, IJ=7.4Hz), 7.36-7.49 (6H, m), 7.68 (1H, 4d, J=1.4,
7.8H2), 10.26 (1H, 4, 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

a saturated ammonium chloride agqueous 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 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 (2.76 g, 100%).



(anhydrous magnesium sulfate), and then the solvent was distilled under
reduced pressure. The obtained residue was purified by silica gel colum
chromat ogr aphy [devel oping solution- ethyl acetate: n-hexane (1:5)] to
obtain the title conpound (2.76 g, 1008). - 106 [0259] 'H NM (CDC13) 8:
2.36 (3H, s), 2.63 (1H, d, J-5.0Hz), 3.78 (3H, s), 4.64-4.73 (2H, m, 6.02
(1H, d, J'.S. OHz), 6.77-6.86 (2H, m ¥WO2=7.08 (1H, m), 7.15-7.21 (2H

m, 7.22-7. 28 (2H, n) 7.34-7.40 (5H, m (3) Synthesis of

2-(4- thhb&yﬁwhzyl) Hnummyupnene) d7Ta2z B&o(3H, ;) pf2.63 (1H, d

(2- benzylox -nmeth ghen - (4- et hoxyphenyl)-nethanol (2.76 g, 8.25 mol)
in nethan%* Qﬁ=)n1 o pBl) | afli 64T hyE3 ok2He mhi o6 yB2 ékﬁﬁ 4y) was added
and furthernDre concentrated hydrochl ori ¢ acid ao 27 nmL.) was added
thereto. Fme- %) ur®. WAs6s86r f28. under7 0By Tlr 8 e 1Eiﬁﬂkph3r%5 To?l1B2Hours,

and then the catalyst was filtered off. The solvent was distilled under

reduced Pgrbssliré2- naatﬁ%HoU@bip%d347554@u65§a§mburified by silica gel

cbtain the T ?ﬁgﬁa%s%ﬁ%?é‘) '“ées"' ”‘ﬁé’%‘w%& -RORRRBRERSE) 6 2. 22 (34

5 563'7785(?EH & souytEon 5 o 7- ‘Pﬁ“’éﬁd L?TS{E%FEYJZAZM“Y&(FP "

(2, (& Vet é L7y SR BHADE Y oL 7578 B H8 Al B LEORMERRRR Eo0L00 %

goﬁﬁtrgﬁ|%+?nd tﬁb? Xilgafuﬁhﬁyaroﬁgd 5cg%alys§9 Eygl$gyer§sag33gdtgna
furthermore concentrated hydrochloric acld (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 solutionmethyl acetate:n-hexane (1:4)] to obtain
the title compound (1.75 g, 93%).
{0260] 'H-NMR (CDC1,)} &: 2.22 (3H, s), 3.78 (3H, 8), 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]-
5a-carba-B-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)-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

gstirred for 48 hours while gradually ralsing its temperature



met hoxybenzyl ) - 6- met hyl phenol (318 ng. 1.39 nmmol) 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 sanme tenperature. The reaction m xture was
stirred for 48 hours while gradually raising its tenperature - 107 to room
tenperature. The reaction m xture was concentrated under reduced pressure,
and the obtained residue was treated -bly0%itica gal colum chronat ography

[ devel opi ng sol ution-ethyl acetate:n-hexane (1:10)]. The obtai ned crude
product weé rébmsteipératutelet fh8OkedtELoh; Mixtuxedwasl dbheantFakba and a
20% pal | adi um hydroxi de catal yst (72 ng) was added thereto, and the m xture
was stirrandendeedacéiidprgssuséyoanicthef obtdinéduresidaod whsntireaatedt al yst
was filtered off. The solvent was distilled under reduced pressure and the
obt ai ned byssilicawgelpoclomedchyomatogragbyy (devedophngnavdytiphyethyl
(devel oping solution- nethylene chloride:nethanol (10:1)] to obtain the
title conpgehdteiaehﬂ§§n§08};190161]Thekbhﬁﬂ@ﬁﬁﬂcmruﬂe proguct3wag2H, m,
1.74-1.88 £ , 2.33 (3H, s), 3.16-3.26 (2H, m), 3.42-3.52 (1H, m,

3.54- 3.68 QEOIlVﬁ’ﬂ ig. #mesmna -THFo£54202mized aplutiiop (FHmLg, andya
15.3Hz), 6.77-6.83 i , 6.86-6.91 (2H, n% 6. 96-7.04 n&lH n) 7.05-7.12
(2H ) NRO#Heaijadium PWNQ}‘idﬂPEEtRéYEﬁtKB mgevasoaddsdn theretpxanpl e 18
[ 2-(4- Nhthoxybenzyl)-4 f 1 uor ophenyl ].- 5a- car ba- $- D- gl uco- pyranoside (1)

Synt hesi s8Bf" thepBAXENER) W8St BEAFEpHeRPAPT(2- hYdrogen atmosphere for 4

hours, and then the catalyst was filtered off. The solvent
was distilled under reduced pressure and the obtained residue
was purified by slilica gel column chromatography [developing
solution= methylene chloride:methanol (10:1)] to obtain the
title compound (180 mg, 50%).
[0261] H-NMR (CD;OD) &: 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, s8), 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—Methoxybenzy1)—4-fluorgpheny1]-5a-carba-B-D-g1uco-

pyranoside

(1) Synthesis of (2-Benzyloxy-5-fluorophenyl)-{4-
methoxyphenyl )methanol
In a nitrogen stream, an n-butyllithium hexane soclution
{(2.44 M, 2.4 mL) was added Aropwise to a solution of 1-
benzyloxy-2-bromo-4-fluorobenzene (1.5 g, 5.33 mmol) in THF

(60 mL) at -78°C and the mixture was stirred at the same



met hoxyphenyl )met hanol In a nitrogen stream an n-butyllithium hexane
solution (2.44 M 2.4 nL) was added dropwi se to a solution of 1-

benzyl oxy- 2- br ono- 4- f | uor obenzene (1.5 g, 5.33 mmol) in THE (60 nL) at -78C
and the m xture was stirred at the sanme 108 tenperature for 30 mnutes. To
this solution, a solution of 4-nmethoxybenzal dehyde (0.6 g, 4.42 mmol) in
THE (20 nmL) was added dropw se at -78CGgdhe reaction mxture was stirred at
the sane tenperature for one hour, and then a saturated ammoni um chloride

aqueous sghiiblogsyas #ddedol ihGHRsA"IrbNEns ! KEULEAES RXROAGLIRANGEN et hy!

acet at e. erorganic ayer fed “Wi t ara ram chlori de
| d f tyheg gt h
Sl vent - asHelABxyBRfsHLahy 08T (BCROUS K242°HRLT) Uy ) (18VHILTRRS' C
fied |
puri 10 eégngﬁ?w%fﬂ%“z& o1 e tﬁ%&ﬂ%?@%s%i 28hEY
1H VR (CpEb3kaie Refiferabiurddfod nd néubizhngdthdn alatbkatdds (2H <),
6.01 (1H, d, J-4.9Hz), 6.83-6.90 (4H, n), 7.14 (1H dd, J-3.0, 9.0Hz),

7.20-7. 34 afefibn 1 eﬁloﬂabhaqusoaa éolilultgbﬁ- %aﬁ%ﬂﬂhhmmahe&by mhahepel To a
sol ution of (2-benzyl oxy-5-fluorophenyl)-(4- nethoxyphenyl)-nethanol (0.98
g. 2.90 mmikkurs washeRtractedbwlthlpthgl’@dertaltiead THehpHgaNiice 1aged st
(98 ng) was added and furthernmore 2N-HCL (1 nli) was added thereto. The

m xture weas washeddwintica satydatedn sodtumplhleride agueouss solatiben the
catalyst was filtered off. The solvent was distilled under reduced

pr essur e, andd diriedolf anhydaones magnesd amp sulfiade )hy and then the solvent

, was distilled under reduced pressure. The obtained residue

i) was purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtaln the title
compound {(0.98 g, 66%).
[0262] 'H-NMR (CDCl;) d: 2.66 (1H, Ad, J=0.8, 4.9Hz), 3.80
(3H, s), 4.98 (2H, s8), 6.01 (1H, 4, J=4.9Hz), 6.83-6.90 (4H,
m), 7.14 (1H, dd, J=3.0, 9.0Hz), 7.20-7.34 (7H, m)
(2) Synthesgis of 4-Fluoro-2-(4-methoxy-benzyl)phenol

To a solution of (2-benzyloxy-5-fluorophenyl)-(4-

methoxyphenyl)-methanol (0.98 g, 2.90 mmol)} 1n methanol (18.6

i:> 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 atmosphere for 15 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 solutionsethyl
acetate:n-hexane (1:6)] to obtain the title compound (0.55 g,
82%).
{0263} 'H-NMR (CDC1;) &: 3.78 (3H, s), 3.89 (2H, s), 4.65
(1H, br 8), 6.68-6.73 (1H, m), 6.77-6.87 (4H, m), 7.11-7.12



silica gel colum chromat ography [devel opi ng sol ution-et hyl

acetate: n-hexane (1:6)] to obtain the title conpound (0.55 g, 82% . [0263]
"H-NM (CDC13) 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, nm) (3) Synthesis of

(2- (4- Met hoxybenzyl ) - 4-fl uorophenyl ]- 5a-carba-p-D gl ucopyranoside In a
nitrogen stream 2,3,4,6-tetra-0O benzylygm-carba-a- D gl ucopyranose (500 ng,
0.93 mml ) and tributyl-phosphine (0.35 nL, 1.39 mmol) were added to a

sol ution €5H?1§ﬁ' met hoxybenzyl ) - 4-f | udr ophenol (323 ng, 1.39 mol) in

t ol uene 3 nmL) under cooling with ice, and then tetra-

et hyl azogh par heyReheg1 4 THOD 2 269-MBthdxpBeiBP] ) - Y081 8686EheaPeI €L 0 at the

sanme tenperature. The reaction mxture was stirred for 48 hours while

gradual l'y rai sigg-safhaSPPsLgiveSpytanépdetenperature. The reaction mxture
was concentrated under reduced pressure, and the obtained residue was

treated by silyfas gel tFOheMe EREANRL DTS 2P W- t EVLl OPbEfizP DL S4 L ORrBA DL
acet at e: n-hexane (1:10)]. The obtai ned crude product was "~ dissolved in a

met hanol -THFLYCopyranced ¢500thgn 0798pmoDb) and20Bipatyadphosprtinexi de
catal yst (22 ng) was added thereto, and the m xture was stirred under a
hydr ogen @0 ndSphk) el{d® fmbdbirwaveraddeddtd hensobetiahadfs2-(ds filtered
off. The solvent was distilled under reduced pressure and the obtai ned
resi due vissthoxybenzyby-4+fluorgphesol u(i323mgrel 039 aphol) [ inveddpeng
sol ution- nethylene chloride: methanol (10:1)] to obtain the title conpound
(103 ny, ©£3oml) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
T) thereto at the same temperature. The reactlion mixture was
stirred for 48 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
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
g:) 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] lH-NMR (CD,OD) 8: 0.99-1.13 (1H, m), 1.50-1.65 {1H,
m), 2.08 (1H, d4dt, J=13.4, 4.0Hz), 3.22-3.35 (2H, m), 3.50-3.57
(2H, m), 3.75 (1H, dd4, J=4.0, 10.7Hz), 3.79 (3H, s), 3.87-4.02
(2H, m), 4.11-4.21 (1H, m), 6.79 (1H, dd, 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)



[0264] 'H MM (CD30D) 8: 0.99-1.13 (1H, m, 1.50-1.65 (1H, n), 2.08 (1H, dt,
J-13.4, 4.0Hz), 3.22-3.35 (2H, m, 3.50-3.57 (2H, m, 3.75 (1H, dd, J-4.0.
10. 7Hz), 3.79 (3H, s), 3.87-4.02 (2H, m, 4.11-4.21 (1H m, 6.79 (1H dd,
Js3.1, 9.4Hz), 6.83- 6.92 (3H, m, 7.06 (1H, dd, J-4.7, 8.9Hz), 7.12-7.20
(2H, m 110 - M5 (ESI"): 415 [MrNa]' HPLC Retention Tinme: 10.9 m nutes
Exanmpl e 19 [ 2- (3- Fl uor obenzyl ) pheny! 1= 58&ar ba- D- D- gl ucopyr anosi de (1)
Synt hesi s of (2- Benzyloxyphenyl) (3-fluorophanyl)- nethanol In a nitrogen
stream aMSn{B8IV){i415 uiM+akne solution (2.44 M 5.65 nmL) was added
dropwi se to a solution of 1- benzyl oxy-2-bronobenzene (3.3 g, 12.5 nmol) in
THE (40 nHPLGt ReteptlondTime:niQ: Brwiputesi on was stirred at the sane
tenperature for 30 mnutes. To this mxture, a solution of

3-fl uor obERamPABhLBAe (1.40 g. 11.3 nmol) in THE (5 nL) was added dropwi se
at -78C. The reaction n1xture was stlrred at the sane tenperature for one
hour, and[2h&8-§a : gazydiphenyhd BeD ROPPYRANOSXHeact ed Wit h

ethyI ace anl y ] aturated sQdi um
chl ori de t(iéweo-ﬁ( §BPE Poﬂ%aﬁg §PP§H gﬂ?ﬁﬁ& EﬁgﬁiEPEﬂPQGPV&te), and
t hen the sol vent s _distilled under reduced pressure. The 3 obtained
resi due was pur ; silica gel colum chromat ography [devel oping

S 00 S5k BBl b oo LA, b PR
g, 65%. oAy, bufyll1gt
J-11.5H2) 39280M{ 15! 68 mby 1 dal) nafedlabdbwide %66335%iution of 1-

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 mikture. 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 c¢hloride

aqueous solution and dried {(anhydrous magnesium sulfate), and

then the solvent was distilled under reduced pressure. The
f:) obtained residue was purified by silica gel column

chromatography [developing scolutions=ethyl acetate:n-hexane

(1:10)] to obtain the title compound (2.26 g, 65%).

[0265] 'H-NMR (CDC1;) d: 3.00 (1H, d, J=6.3Hz), 5.57 (1H,

d, J=11.5Hz), 5.60 (1H, 4, J=11.5Hz), 6.01 (1H, 4, J=6.3Hz),

6.85-7.15 (5H, m), 7.17-7.4 (7H, m)

MS (ESI*): 308 (M)

(2) Synthesls of 2-(3-Fluorobenzyl)phenol

To a solution of (2-benzyloxyphenyl)-(3-

fluorophenyl)methanol (2.54 g, 7.51 mmol) in methanol (30 ml),



6.85-7.15 (5H m, 7.17-7.4 (7H, m M (ESI'): 308 [M4 (2) Synthesis of

2- (3- Fl uor obenzyl ) phenol To a solution of (2-benzyl oxyphenyl)-(3-

fl uorophenyl ) nmet hanol (2.54 g, 7.51 mmol) in nmethanol (30 m), - 111 a 208
pal | adi um hydr oxi de catal yst (300 ng) was added and furthernore 2N-HC1 (0.3
m.) was added thereto. The m xture solution was stirred under a hydrogen

at nosphere for five days, and then tTm;%%Ialyst was filtered off. The
solvent was distilled under reduced pressure, and the obtained residue was
purified @yzg%|p@blg@iumohmﬂnoshdenqabglﬁphy(@G@vmgbpwng added: and- et hy|
acet at e: n- hexane ( é@& to obtain the title conmpound (620 ng, 42%. [0266]
1H  fl (c;m'el)emoae tB¢L €9,3mb) vas addedgtherevoz (The MyxkErers "):

201 [MH (3) Synthesis of [2-(3-Fluorobenzyl)phenyl]-5a-carba-
D- gl ucopyfahetiem Vﬁsasﬁﬂ-FFﬁéeﬁngﬁFe&nPYmg ng agmosphense £oN —é‘él%eﬁw-a-

D- gl ucopyranose (400 % and trlbutyl hos h|ne (0.278 m_, 1.11
o ) oY 458 ket ( the Satalyst Aot {-%teF?Go?%:Benz'Eh?p oigent syas,e "1 11

| 5 nL d | th
T e héfaﬁﬁfﬁ?éam%#a 40685, a8Sentte m ita' €5e ABFaligd zaaiduerupn o a
th t 1 Xt ti f 14 . h whi
e doal T o REed By Serligar 485 O lumh shF Sna SR anbk CTagREIPRIRG on it ur e
ves concopys i eds UOERT, T 2OUER0L DL eRakARs (£700) for8PbBLAEH 1RSI fypades

treated b
compound (620 mg, 42%).

[0266]) H-NMR (CDCl,) &: 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-f-
D~-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-c-

D-glucopyranose (400 mg, 0.743 mnol) 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

z;> (TMAD, 192 myg, 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 product was dissolved in a
methancl-THF (5:2) mixed solution {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



chr omat ogr aphy [devel opi ng sol ution-ethyl acetate:n-hexane (1:10)]. The
obt ai ned crude product was dissolved in a nethanol-THF (5:2) m xed sol ution
(7 mL) and a 208 pall adium hydroxide catalyst (40 ng) was added thereto,
and the m xture was stirred under a hydrogen atnosphere for 24 hours, and
then - 112 the catalyst was filtered off. The solvent was distilled under
reduced pressure and the obtained restdik2was purified by silica gel colum
chromat ogr aphy [devel opi ng sol ution-nethyl ene chloride: nethanol (10:1)] to
obtai n thehetcatalgstpeasdfiltersd 38%)0. TRE6fbl¥entiMiasCaREPL18640. 99 (1H
dd, J-24.7, 13.2Hz), 1.45-1.62 (1H, m, 2.09 (1H, dt, J-12.6, 4Hz),

3. 16- 3. 3 (Ader npduded- fré&5safel, anyl, tRe7dbtalneddresidie/was. pur]£18493 (1H
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 bgHsitica7geB- Zo2ima3chronathGraphy' [degéBopihg] ', 385 [ M+Na]

HPLC Retention Tinme: 10.9 mnutes Exanple 20

[ 2- ( 3- Vet Aol bbhonemetbileheschiorbdepmdthanodpyilendiiddto obratunthesi s of

[ 2- (3- Met hyl benzyl ) phenyl ] - 5a- car ba- p- D-gl ucopyranoside In a nitrogen
stream 2tdtleccompeund K@fizPpu-.5388drba-- D- gl ucopyranose (413 ng. 0.743
mmol ) and tributyl-phosphine (0.233 nL, 1.15 mol) were added to a tol uene
(2.5 nL) [836@di on of M NMR f€Th@PleAzy0) BBchtH, (488 Aw24171513ndHE)as

descri bed_in_Uzbekskii Khi m cheski | _Shurnal a1984), 6, 31-4 and the like
under cooltr A8+ PR (LB, Bid 28R (LHy Gbet AyLad,Bei AHEDoxAmLlbs3¢ FVARH 108 ny,

115 rrmo ) NeS,_3.55 (28, m), 3.71 (1H, A4, J=10.7, 3.8Hz), 3.93 (1H,
d, J=14.9Hz), 4.05 (1H, &, J=14.9Hz), 4.1-4.3 (1H, m),
ﬂ> 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+Nal]®
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-0O-benzyl-5a-carba-f-
D-glucopyranose (413 mg, 0.743 mmol) and tributyl-pﬁosphine

::) (0.233 mL, 1.15 mmol) were added to a toluene (2.5 mL)

solution of 2-(3-methylbenzyl)phenol (228 mg, 1.15 mmol) as
described in Uzbekskil Khimlcheskii Zhurnal (1984), 6, 31-4
and the like under cooling w;th 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



added thereto at the sane tenperature. The reaction mxture was stirred for
15 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 columm chronmatography [devel oping - 113
sol ution-ethyl acetate:n-hexane (1;10)]. The obtained crude product was

di ssolved in a nethanol -THF (2:5) mxedlBdlution (7 nL) and a 208 pal |l adi um
hydr oxi de catal yst (40 ng) was added thereto, and the m xture was stirred
under a hygelepfon=ethpiphcetatetnshexaner ¢1: 20y ]1{ heThéhebtalabdsbrude
filtered off. The solvent was distilled under reduced pressure and the
obt ai ned peeddoct was Qissbdleddbynsal metharoleTHANM)2: 5 hrmiweédgsephyion

[ devel opi ng sol ution-nmnethyl ene chl oride: nethanol (10:1)] to obtain the title
conpound (70MLjgand48820% pa2bBadlumN\WVRILGERAE) c8talyst (46| mgd, was24. 4,
12.9Hz), 1.45-1.62 (1H, m), 2.06 (1H, dt, J-13.1, 4.0Hz), 2.27 (3H, s),

3. 15- 3. 30adael theretd2- and2theHpixfure. was(stiirved under7a hgdebgen 3. 87
(1H, d, J-14.8Hz), 3.98 (1H, d, J-14.8Hz), 4.1- 4.25 (1H, m), 6.81-6.88 (1H,
m, 6.9-7atmpspheny £or(&Lx)hours. [ andHthen the cakalystHpas Rddseredn Tine:
11.4 mnutes Exanple 21

[ 5- Fl uor cof£ ¢ 4- Faehse)BeRtyWaghdistlliedcunpgdersredycedoprpgpuresand the

Synt hesi s of 2-Benzyl oxy-I|-brono-4-fl uorobenzene Potassium carbonate (2.61
g, 18.8 nibtaiped aaaéeupowas EBF&fiBﬁ BY si)ispogels £0du®Bhenol (3.0 g,

15.7 nnnléhromggggraphy [developing solutionemethylene
chloride:methanol (10:1)] to obtain the title compound (109 mg,
') 40%).
[0268] H-NMR (CD,OD) &: 0.95 (1H, dd, J=24.4, 12.9Hz),
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, a4, J=10.7,
3.9Hz), 3.87 (1H, d, J=14.8Hz), 3.98 (1H, &, J=14.8Hz), 4.1-
4.25 (1H, m), 6.81-6.88 (1H, m}, 6.9-7.2 (7H, m)
MS (ESI'): 376 [M+NH.]*, 359 [M+H]"
HPLC Retention Time: 11.4 minutes

Example 21

i:) [5-Fluoro-2-(4-methoxybenzyl )phenyl] -5a-carba-p-D-gluco-

pyrancslide

(1) Synthesis of 2-Benzyloxy-l-bromo-4-fluorobenzene
Potassium carbonate (2.61 g, 18.8 mmol) was added to a
solution of 2-hromo—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



(15.7 nL) and the m xture was stirred in a nitrogen streamat room
tenperature for 15 mnutes. To this solution, benzyl bromde (2.69 g, 15.7
nmol ) was added dropwi se at the sanme tenperature and the m xture sol ution
was stirred at the same tenperature overnight. To the reaction m xture was
added a - 114 potassi um hydrogensul fate aqueous solution, and the m xture
was extracted with ethyl acetate. The-aktbkntc | ayer was washed with a
saturated sodi um chl ori de aqueous solution and dried (anhydrous nagnesi um

sul fate), pobdsbian hPparogeingilfats aguebis! sdlubgen,  afdacensr mixkace The
obt ai ned residue was purified by silica gel colum chronatography

(devel opiwas ertpacbadnwhthaathyloacétats.t hEhéi brgansepluper(wasl g, 98%
as a colorless oil. [0269] 1H NWR (CDC1l3) 6: 5.14 (2H, s), 6.56-6.72 (2H,
m, 2 7.WisHed2withl angati@ratedt hediamothldrBaazatiaspus- Bblatdpheant) - (4-
met hoxyphenyl) methanol In a nitrogen stream an n-butyllithium hexane
sol uti on dfied9(ahhgdtdusal hagnesidnesulifape)secahd thenl theosodirefit was
benzyl oxy- 1- br ono- 4-f | uor obenzene (1.4 g, 5.0 mvol) in THE (50 m) at -78C
and the ndkstitledsunderr vedducet presaure.t cher abtaineédr réSidusuwes. To this
solution, a solution of 4-nethoxybenzal dehyde (680 ng, 4.99 mmol) in THE
(15 nL) wesrifiedetydsdphracgeal coiunnndhromatpgrapbywbdevelppdngat t he
sanme tenperature for 1.5 hours, and then a saturated ammoni um chloride
aqueous s8Plutéanmashedare)t ker ebsadndthactitieurempaubdekdr 33t 6d ABRA et hyl
acetate. The organic |ayer was washed with a saturated sodi um chloride
aqueous s8Pufi 6R1aR4ess olil.
Y [0269) 'H-NMR (CDCl,) &: 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-butyliithium hexane solution
{1.59 M, 3.14 mL) was added dropwise to a solution of 2-
benzyloxy-1-bromo-4-fluorobenzene (1.4 g, 5.0 mmol) 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
i:) added dropwise at -78°C and the mixture was stirred at the
same temperature for 1.5 hours, 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 aquecus solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution= n-hexane:dichloro-methane:acetone (12:3:1)] to

obtain the title compound (1.41 g, 83%) as a colorless oil.



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 ution-

n- hexane: di chl or o- net hane: acetone (12:3:1)] to obtain the title conpound
(1.41 g, 838) as a colorless oil. - 115 L02701 1H NWR (CDC13) S: 2.67 (1H,
d, J.S.OHz), 3.79 (3H, s), 4.99 (2H -s}156700 (1H, d, J-3.8Hz), 6.62-6.70
(2H m, 6.81-6.86 (2H, m, 7.19-7.38 (8H m (3) Synthe5|s of

2- (4- Met hgoghenzyl ) - S*HINMR of@ttky) 8T02a630K GH, 04, 00=5.0Hz), 3.79 (3H,

(2- benzyl oxy-4-f1 uor ophenyl ) % met hoxyphenyl ) - met hanol (2.095 g, 6.19
mmol ) in Sth4r88 (28, ﬁﬂ) 5a Qoﬁiﬂalﬂadﬂuﬁlﬁﬁaﬂoxﬁdézc&bapyiﬂﬂ(Zmﬂ.ng) was
added and furthernmore 2N-HC1 (0.3 nL) was added thereto. The m xture was
stirred ufd8i-&-BPdldFenmt-ndspBede 3808 MJurs, and then the catalyst was
filtered off. The solvent was distilled under reduced pressure, and the
obt ai ned {&3i duSYREbesds pfed- (5VM9FPPBEbQ&FYEdFénﬁlﬂﬁF@ﬂﬂﬁﬁgﬂaphy

[ devel opi ng sol uti on-et acet at e; n- hexane Lgrto obtaln the title

conpound (489 n§° 3&8)1{%?927?]5 ngeem% 9BheRpl)sY4-3 g9 (2H,
%éhg; %8 9&%&1 Fhoeiyldsnetabil (.o 80 6,19 hiy h(7 phore B9 of
bt rogon EEDGa 29% DR1TAREP BB clo ge® g&"*eirﬁ% J208 BaIP YRl 2ekR eeh

0.928 mk}:ﬁﬂ@r}nr PRULK- 1107873 fr. ) Yad* Ralea %h%%e%‘i' ) -rﬂ%r paddded to a

solution O
was stirred under a 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 [developing solution=ethyl
acetate:n-hexane (1:5)] to obtain the title compound (489 mg,
34%).
[0271) H-NMR (CDCl,) 6: 3.78 (3H, s), 3.89 (2H, s), 4.88
(l1H, 8), 6.50-6.40 (2H, m), 6.80-6.88 (2H, m), 7.04 (1H, A4a,
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]-
S5a-carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-f-
D-glucopyranoge (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 temperaturea. The reaction mixture

was stirred for 17 hours while gradually raising its



2- (4- met hoxybenzyl ) -5-fl uorophenol (323 ng, 1.39 nmmol) in toluene (2.5 n)
under cooling with ice, and then tetranethyl azodi carboxam de (TMAD, 240 ny,
1.39 mol) was added thereto at the same tenperature. The reaction m xture
was stirred for 17 hours while gradually raising its - 116 tenperature to
roomtenperature. The reaction m xture was concentrated under reduced
pressure, and the obtained residue wasli®eated by silica gel colum
chromat ogr aphy [devel opi ng solution- ethyl acetate:n-hexane (1:10)]. The
obt ai ned temperapupdutd peemdiemperatura.a ThehasattIbh GZxthrei wad sol ution
(7 m), and a 20% pal | adi um hydr oxi de catal yst (40 ng) was added thereto
and the ncencertvatedt undert weduced pyedssyre. andotheecobtadned?rhedduve and
then the catalyst was filtered off. The solvent was distilled under reduced
pressur e. wFaetreatednby sééiaaegnéscpmumnueurgyaspgranhge[deﬁpmnning
chronatogra£p¥;[develop|ng solution- nethyle chl oride: methanol (10:1)] to

obt ai n t h8° entoﬁ§BHAdaesgaﬁg :n- me&$n°162729)1hpNWheCBQGE}ned ¢ryge( 1H,

dd, 3-24.4, 12.9H) % &ﬁH dt, 3- Hr)

3.17- 3. 35PF2¢P°tn7a83445891396( P ﬂnref9ﬂ6913 E 62H5)nwixsﬂ7§°éshi°&) 3.81
1H d, J-15.1 1H. d, 4.1-4.

S 8.5, 2. ??&TLFE ?ﬁgaﬂgé°%3Ha1irdi?moh;d{9xééﬂ caﬁgﬁysﬁs(éﬁsmﬂg W§§5 [N%hb]
HPLC Ret

Lo Canves Aoned, FhATesanzpn) shen plxt e, Hrs 5 Lorgd, bpder a hydrogen

atmosphere for 22 hours, and then the catalyst was filtered
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) d: 1.00 (1H, ad, J=24.4, 12.9Hz),
1.5-1.65 (1H, m), 2.04 (1H, 4at, 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
(1K, 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,
z:) m)

MS (ESI'): 415 [M+Nal’

HPLC Retention Time: 11.0 minutes

Example 22

[2-(4-Methylsulfonylbenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside

(1) Synthesls 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



pyranoside (1) Synthesis of (2-Benzyl oxyphenyl)-(4-nethyl sul fanyl -
phenyl ) net hanol In a nitrogen stream a solution of 4-nethylsulfanyl-

phenyl magnesi um bromde in THE (0.5 M 35 nlL) was added - 117 dropwise to a
solution of 2-benzyl oxybenzal dehyde (2.60 g, 12.2 mmol) in THE (24 nlL) at
0OC and the m xture was stirred at roomtenperature for two hours, and then
a saturated ammonium chloride aqueous ¥bYuti on was added thereto under
cooling with ice and the m xture was extracted with ethyl acetate. The

organi c | arepwiee toshcdotithion 5t Z-befdyiofybenzaliehyde JQUeouy,sol ution
and dried (anhydrous magnesium sulfate), and then the solvent was distilled

under reduged mmb2JSYRSTHFNE2aDMANNAE 08C|sWE +R6 Mikthr&€OwRy stirfaage

col um chr omat ogr aphy[ devel opi ng sol ution-ethyl acetate:n- hexane (1:4)] to
obt ai n t hatt robm temperatdufa. €bdrgtwdShpurs| 0and) thenNaRsatichteds: 2. 47 (3H
s), 2.91 (1H, d, J=5.8Hz), 5.03 (2H, s), 6.01 (1H, d, J-6.0Hz), 6.90-7.00
(2H, ), afmpBivm3shlotiidenpgadpusy spiationowas added thereto under

(2- Benzyl oxyphenyl ) - (4- nmet hanesul f onyl - phenyl ) net hanol in a nitrogen
stream nrepldngpwiltbnicecandi thesmigtyre was2extirarteds widheethyla sol ution
of (2-benzyl oxyphenyl)-(4- nethyl-sul fanyl phenyl ) et hanol (3.00 g, 8.92
mmol ) in AEekPtene %hPoPFGGRGES AYprawagcwashedhwithaat saturatedr sofdam
stirred at _the same tenperature for 30 m nutes. The precipitate was renoved

by filtraFfhdRTdde ARBerus: sglutlon apdsAzded Anhydmoys masnesduski de

aqueous sol%tion. The
sulfate), and then the solvent was distilled under reduced

.) pressure. The obtained residue was purified by silica gel
column chromatography[developling éolution-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) Synthesis of (2-Benzyloxyphenyl)-(4-methanesulfonyl-

phenyl)}methanol

In a nitrogen stream, m-chloroperbenzolc acid (4.40 g,
22.2 mmol) was added to a solutlion 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 temperature 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 agqueous solution and dried (anhydrous

magnesium sulfate), and then the solvent was distilled under

reduced pressure to obtain the title compound (3.18 g, 97%).



washed sol ution was extracted with nethylene chloride, and the conbined
organic | ayer was washed with water and a saturated sodium chloride aqueous
solution and dried (anhydrous magnesium sulfate), and then the sol vent was
distilled under reduced pressure to obtain the title conpound (3.18 g,

97% . - 118 [0274] 1H NMR (CDC13) 6: 3.02 (3H, s), 3.03 (1H, d, J-6.3Hz),
5.00 (1H, J-11.4Hz), 5.04 (1H, d, J-11.ptE), 6.09 (1H, d, J-6.2Hz).
6.95-7.03 (2H, m, 7. 16 7.22 (2H, m, 7.24- 7.38 (5H, m, 7.53 (2H. d,

J-8.1H2) , [d294 (2H M henéfm 5‘4”659§3ﬁ 0& 3.03 (

2-(4- thhanesu fonyl ben In"a nitrogeh s feam a %83 %élladium

ydr oxi deasel syt 5(889(IH) 2ad138RehC15(840( kK, 1a78 510l brugT ceagded to a
sol ution of (2-benzyl oxyphenyl)- (4-nmethane- sul fonyl phenyl) et hanol (3.00 g,

8.14 mol J1HD a,nU%6URR=z9f 60B6RaANOB (3R], i) ,andiethyl2ag¢enatm)(36.24), and
the mxture was stirred under a hydrogen atnDsphere for six hours. To the
reacti on m 38ufsHwam)added3s¢dHymihygesgaHed; bongde(aH] AheJ=Bi BHE)Ee was
stirred for 30 mnutes to be neutralized, and then the catalyst was
filtered ¢8). TBenthesist ofia2-{dsMethariesulionyilbdnegl)phensdre and the
obt ai ned residue was purified by silica-gal colum chronatography
[ devel opi ng sol Imi anatthoenastream, nahzgénpalladihmt hydivoaildet batalyse
conmpound (1.81 g, 85%. [0275] 1H NWMR (CDC13) 8: 3.02 (3H s), 4.06 (2H,
s). 5.00 (gsm,mg) afid736¢1HC1d(1507uBLiz]) . 78. iflol) Hwerte, addéd5Stola2Hz) ,
7.08-7.17 (2H, , 7.42 ng d, J-8.6Hz), 7.82 (2H. d, J-8.4Hz) (4)
SyntheS|sseluF3094°ﬁbﬁﬂa engvienypheny})y f#cmethape-
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
reaction 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 solutionmethyl
acetate:n-hexane (1:2)] to obtain the title compound (1.81 g,
85%).

)  [0275] IH-NMR (CDC1;) 8: 3.02 (3H, s8), 4.06 (2H, 8), 5.00
(1H, 8), 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=8.6Hz), 7.82 (2H, d,

J=8.4Hz)
(4) Synthesis of [2-(4-Methanesulfonylbenzyl)phenyl]-5a-
carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-a-
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



carba-p-D gl ucopyranoside In a nitrogen stream
2,3,4,6-tetra- O benzyl - 5a-car ba-a- D gl uco-pyranose (500ng, 0.928 nmewl ) and
tributyl-phosphine (0.35 nL, 1.39 mmol) were added to a solution of 2-(4-
nmet hyl sul f anyl benzyl ) phenol (365 ng, 1.39 nmol) in a mxture - 119 of
toluene (2 nmL.) and THE (1 nlL) under cooling with ice, and then

t et ranet hyl azodi car boxam de (WAD, 242-np191.41 aanol) was added thereto at
the sane tenperature. The reaction mxture was stirred for 25 hours while

gradual | YoFataigenk! $2 BYPSAA! 4P (2 REYTLh@SPSEBbYIRg WREH §26!1 aRaM xture

was concentrated under reduced pressure, and the ogtalne resi due was

treated bynshl tedrambthgiuEbdtBappBkamiaghYTHABY cbapRi g, 10Ul D1t Wak
acetate:n-hexane (1:4 to 1:2)]. The obtained crude product was dissolved in

a n xtur ea@@edethidpato( dtthe 28Sle TtemperatnreadndThe20¥nptibadmdsethydr oxi de
catalyst (27.2 ng) and one drop of IN hydrochloric acid were added thereto,

and the nwasuseiveedsforr 28 hodes whildr ggaduallpsphtsdngoits2. 5 hours. To
the reaction m xture was added a sodi um hydrogencarbonat e agueous sol ution
t o neut r akemperaturextor epomatdmpbrature.caTheyreactioh mixtatdeotvits The
solvent was distilled under reduced pressure, and the obtained residue was
purified bgnecehkratgdl undermredurednpvgsape.| dodeithpi nhtadoked: residaehyl ene
chloride: nethanol (8:1)] to obtain the 9 title conpound (120 ng, 31%.
[0276] 1HwARRttemten) by: sdldca( gl codumn- chromategoaphys (Gewplopisy (1H,

m, 2.03 (1H ddd, J-13.0, 4.0, 4.0Hz), 3.07 (3H, s), 3.19 (1H dd, J-8.9,
8.9Hz), 3s93utipn=g§hyljageyate:p-hpxapes§l:4Htodd:2)19. 0The oktpinedso (1N,

)

crude product was dissolved in a mixture of methanol (3 mL)
and THF (2 mL), and a 20% palladium hydroxide catalyst (27.2
mg) and one drop of 2N hydrochloric acld were added thereto,
and the mixture was stirred under a hydrogen atmosphere for
2.5 hours. To the reactlon mixture was added a sodium
hydrogencarbonate aqueous solution to neutralize the mixture,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure, and the obtailned residue was
purified by silica gel column chromatography [developing
solution=methylene chloride: methanol (8:1)] to obtain the
D title compound (120 mg, 31%).
[0276] 'H-NMR (CD,OD) &: 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, s), 3.19 (1H, &4, J=8.9, 8.9Hz), 3.28 (1H, a4,
J=9.0, 9.0Hz), 3.43 (1H, d4, J=9.0, 9.0Hz), 3.50 (1H, d4d,
Jwl0.7, 6.1Hz), 3.67 (1H, 44, J=10.7, 4.0Hz), 4.02 (1lH, 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, 4, J=8.1Hz), 7.17 (1H, 4,
J=7.5Hz), 7.18 (1H, t, J=7.5Hz), 7.48 (1H, 4, J=8.4Hz), 7.80

{1H, 4, J=8.4Hz)



J-10.7, 6.1Hz), 3.67 (1H, dd, J-10.7, 4.0Hz), 4.02 (1H, d, J-14.5Hz), 4.16
(1H, d, J-14.5Hz), 4.14-4.26 (1H, m, 6.88 (1N, t, J.6.2Hz), 7.04 (iN, d,
J-8.1Hz), 7.17 (1IN, d, Ji7.5Hz), 7.18 (IN, t, J-7.5Hz), 7.48 (1H, d,
J-8.4Hz), 7.80 (IN d, J-8.4Hz) - 120 WM (ESI'): 423 [M+H]', 440 [ MrNH4] 4,
445 [ MtNa]' HPLC Retention Tinme: 9.0 m nutes Exanple 23

[ 2- (4- Fl uorobenzyl ) phenyl ] - 5a- car ba- - B- §80cepyranosi de (1) Synthesis of

2- (4- Fl uor obenzyl ) phenol In a nitrogen stream an n-butyllithium hexane

sol ution MEL.(ESIM) : 4423 nIM+HAS, agiple d MWNII 5449 pMSRAYti on of 1-

benzyl oxy- 2- br onobenzene (2.04 g, 7.75 mmol) in THE (60 nL) at -78C and the
m Xt ure WHPLE! Retettdon Mimeand .Oeppinutiesr e for 20 mnutes. To this
solution, a solution of 4- fluorobenzal dehyde (801 ng. 6.45 mmol) in THE (10
m.) was ESsdmpler 23w se at - 78C. The mixture was stirred at the sane
tenperature for 1.5 hours, and then a saturated ammoni um chloride aqueous
sol ution \ms(admmmm@mmyalmm-mbmsm anoisidet hyl

acetate. The organic layer was washed wth a saturated sodi um chl oride
aqueous sdﬂdtlo%yamaeﬁéﬁ of CaldyFloorobegrydi)phensli ate), and then the
solvent was distilled under reduced pressure to obtain a crude product 3
(2.35 g) of theIP|FIB1G§ﬁﬁGGnGtr$6ma 25 nrbypydfithdumrhexane seduddopr oduct
i n met hanaql a 2096pa||ad|un1hydrOX|de catal yst (186 ng) was added
and furthdd eHZI\I-“Hél“MOUaﬁL)ﬂ ddgdds axopad sen &oc o sottlaniofr d-was stirred

under a h drogen at nosphere for three hours, and then the catal yst was
filtered benzyloxy-2-bromobenzene (2.04 g, 7.75 mmol) in THF (60 mL) at

D

-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 aqueous solution 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 solvent was
distilled under reduced pressure to obtain a crude product

;:) (2.35 g) of the title compound. To a solution of the obtained
crude product in methanol (15 mL), a 20% palladium hydroxide
catalyst {186 mg) was added and furthermore 2N-HC1l (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] IH-NMR (CDC1l,) &: 3.95 (2H, s), 4.72 (1H, s8), 7.77



The sol vent was distilled under reduced pressure and the obtained residue
was purified by silica gel colum chronat ography [devel opi ng sol ution-et hyl
acetate:n-hexane (1:5)] to obtain the title conpound (996 nmg, 77%. [02771
1H NWR (CDC13) 8: 3.95 (2H, s), 4.72 (1H, s), 7.77 - 121 (1H, dd, J7.9,
1.1Hz), 6.88 (1H, td, J-7.5, 1.1Hz), 6.96 (iH, dd, J8.7, 8.7Hz), 7.06-7.20
(4H, m (2) Synthesis of [2-(4-Fluorobelyl9phenyl]-5a-carba- 3-

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

D- gl ucopy{mmpsada( S§e7ry, 9.PA2) melasaptH] rtdytye7pbosphing), (6.86 (in, 1. 40
mmol) were added to a solution of 2-(4- fluorobenzyl)phenol (284 ng, 1.40

mol ) in a8l ugae.t3 elyHz)nderosonl 2og( 4] hmjce, and then
t et ramet hyl azo- di car boxam de (TMAD, 241 ngy. 1.40 mmol) was added thereto at

the sanme (2pnpesphthiésishefr 24| 40P1abr6beRZYEIPRehYLEd5ACEarBabpurs while
gradually raising its tenperature to roomtenperature. The reaction m xture
was concentr at ed-ghaeopyrancosilder essure, and the obtai ned resi due was
treated by silica gel colum chronat ography [devel opi ng sol uti on-et hyl
acet at e. n- hexankn # InBtrogdn 3§tredine 203 Md pedtetraleO phenizyl - SascatBaobived i n

a nmethanol (4 nmL)-THF (2 nL) m xed sol vent and a 20% pal | adi um hydr oxi de
cat al yst P4glucepyrandse (569 mg. 20. $28roual drandotunibutvdrphasphineher et o,
and the m xture was stirred under a hydrogen atnosphere for 1.5 hours. To
the react {®n3%i Rburt- 40cmmalYcWenesadded: ta 8o8oiuthonr ofecAchdbonat e aqueous
solution to neutralize the mxture, and the catalyst was filtered off. The
sol vent whbuerebenryd)phenel, ¢34cmg. 1.40 mmol) in toluene (3 mL)
~ under cooling with ice, and then tetramethylazo-dlicarboxamide
_) {TMAD, 241 mg, 1.40 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 21 hours
while gradually ralsing 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 obtained crude product wags dissolved in a
methanol {4 mL)-THF (2 mL) mixed solvent and a 20% 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
solution 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) &: 0.99 (1H, 444, J=12.9, 12.9,



pressure and the obtained residue was purified by silica gel colum
chromat ogr aphy [devel opi ng sol ution-nethyl ene chloride: nethanol (10:1 to
8:1)] to obtain the title conpound (153 ng, 46%. [0278] 'H NMR (CD30D) 8:
0.99 (1H, ddd, 3-12.9, 12.9, 122 12.9Hz), 1.55 (1H, n), 2.08 (1H, ddd,
J=13.2, 3.9, 3.9Hz), 3.22 (1H, dd, J=9.0, 9.CHz),.3.30 (1H, dd, J=9.0,
9.0Hz), 3.48 (1H, dd, J=8.7,, 8.7Hz)s R>HI1- (1H, dd, J=10.8, 6.0Hz), 3.70
(1H, dd, J=10.8, 4.2Hz), 3.90 (1H, d, J-14.7Hz), 4.02 (1H, d, 'J=14.7Hz),
4.20 (1H1sdegzy=1i.95 P1R, ) SHZ)os6(Bh, (d&l, tg=137Z, 55729, §-.9ﬂz§,lH- dd,
J=8.9, 8.9Hz), 7.02 (1H, d, J=8.1Hz), 7.06-7.23 (4H m Ms (ESI'): 363

[ MiH Y HPA QG Ret em) | @@, TI=%. 0 109 QoRE Pyt 8530 ERBRP! @3 24T=9.0, 9.0Hz), 3.48
(2-(3, 4- Di nret hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranoside (1) Synthesis
of 2-(3, 4¢Dipeddpxgeenzy| 3pteap, B0sd (1R[oden S&1ead), 60OHzpyt3LFdthium
hexane solution (1.59 M 4.4 nL) was added dropwi se to a solution of 1-
benzyl oxy¢ PH pré@pbdarens, (4.24z), .96 (1R|)d| nJ+HP. tB2) pid.ae (1H8Caand the
m xture solution was stirred at the sane tenperature for one hour. To this
sol ution,Jel4éo¥Ht) pn4 020 B1H; ddddti hIxYbedzad dehydc8l) 006g856(DA, mapl ) in
THE (B nL) 3 was added dropwi se at -78C. The reaction mxture was stirred

at the safe7tHpkrabup? (bH, 148, hdwBs9, aBd98Rkn 2.82t (1Hied, dmBohHa),

chl ori de aqueous sol ution was added thereto and the m xture was extracted
with ethy?-@6e?a2d. (4He B)ganic | ayer was washed with a saturated sodi um

chl ori de agueous, sol ution .
MS (ESI"): 363 [M+H]

d) HPLC Retention Time: 10.9 minutes

Example 24

[2-(3,4-Dimethoxybenzyl )phenyl]-5a-carba-f-D-gluco-pyranoside

(1) Synthesls 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 nL)
;:) was added dropwise at -78°C. The reaction mixture was stirred
at the same temperature for 1.5 hours, and then a gaturated
ammonium chloride agueous solution 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 solvent
was distilled under reduced pressure to obtain a c¢rude product
(2.38 g). The obtained crude product was dissolved in
methanel (20 mL) and a 20% palladium hydroxide catalyst (196

mg) was added and furthermore 2N-HCl (30 pL) was added thereto.



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 dissolved in nethanol (20 M.) and a 20% pal | adi um

hydr oxi de catal yst (196 ng) was added and furthernore 2N-HC1 (30 pL) was
added thereto. - 123 The m xture solution was stirred under a hydrogen

at nosphere for 23 hours, and then the X283 al yst was filtered off. The
solvent was distilled under reduced pressure and the obtai ned residue was

purified Pie shikxE@rdcsoret oR ﬁaéoaaiﬁgéap@uaefdsv&haﬁb%ansefﬂbbﬁﬁaﬁéhyl
acetate:n-hexane (1:5)] to obtain the title conpound (653 ng, 448). [0279]

"H NVR ( GESE.323 6hodr$? 43 then Bh@ScéBalyst  was O811€@tedSOEES. 78né1H, S),
6.74-6.82 (2H n), 6.78 (1H, s), 6.89 (1H, td, J-7.5, 1.1Hz), 7.08-7.17

(2H, M (2Y1Temwt hweas sdbst{P1é3, ynderetaduydd préspirayandSthe obtained

car ba- p- D- gl ucopyranoside In a nitrogen stream

2, 3, 4, 6- t réshdde beasg ypubif ted bby asil Hita cgel renbaren (Ehdomytogra8phy mol ) and
tributyl-phosphine (0.35 n., 1.40 mml) were added to a solution of 2-(3,4-
dinethoxyb®ﬂ2919phe9o$018ﬁ20ngetnyh0aﬂqh¢§etm—hexﬁneu(b:bi] tol obhein2.5 nl)
and THE (1.0 bﬂ% under cooling with ice, and then

t et r anet hifrezbltter gonparad ( Dm924i4ﬁb 1.41 mmol) was added thereto at
t he sane tenperature., The reaction mxture 3 was stirred for 22 hours while
gradual | y[@a781ng it SH-NMROACRCIad S0 3 oB2n ¢ BHpes hi U3 e85 THBH ) eBb ! | bn94n Xt ure
was concentrat ed under reduced gressure and t he obtai ned residue

treated by2Bi fta $eV3col8mStns n%fb@r%%h&zvdeﬂbboﬁrﬁﬁ (3Hy uB) onb - E?hyl
acet at e: n- Pﬁxapg (3-7); Ihfﬂo talned crf? (2H, m)

(2) Synthesis of [2-(3,4-Dimethoxybenzyl)phenyl]-5a-

carba-f-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-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 coolling with ice, ana
then tetramethylazodicarboxamide (TMAD, 242 mg, 1.41 mmol) was
added thereto at the same temperature. The reaction mixture

i:) was stirred for 22 hours while gradually raising its

temperature to room temperature. The reactlon mixture was
concentrated under reduced pressure and the obtained reslidue
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



15—

product was dissolved in a nethanol (2 nlL)-THF (2 nL) m xed solvent and a
20% pal | adi um hydroxi de catal yst (21.9 ng) was added thereto. The m xture
solution was stirred under a hydrogen atnosphere for five hours, and then
the catalyst was filtered off. The solvent was distilled under reduced
pressure - 124 and the obtained residue was purified by silica gel colum
chromat ogr aphy [ devel opi ng sol uti on- netipd ene chloride: nmet hanol (10:1)] to
obtain the title conpound (108 ng, 383). [0280] 'H- NMR (CD30D) 8: 1.01 (1H,

Sok) | A 1'-1'%1 ]ﬁ"td%ﬂ“m%ﬂ%‘% g s ad by, FLUNEE ey o 5, o

(1H, dd, chibnia éf¥eldping ldblut idhamethyiéne ch¥driddil dd,
J-10. 7, 4.1Hz), 3.7 (H, s), 78 (3H, s), 3.87 (1H, d, J-14.8Hz), 3.96

(1H, d, Jmdthd&i®l) . (¥0:1D) ] itb cﬂﬂfhin] ﬂlie&itﬂecboﬁb&ﬂid (:ﬁoianéll‘issii)’i J-8.3,
2.0Hz), 6.81 (1H, s), 6.82 (1H, d, J-8.3Hz), 6.84 (1H td, J-7.5, 1.2Hz),

7.02 (1H (oksoD- 7. SHAR-NMROGCOIOD) d¥: V.01 S(1H, Md¥d, J=13.11H3id, J-7.2,
1.7Hz) M5 (ESI'): 405 (}4+H' HPLC Retention Tinme: 9.7 mnutes Exanple 25
[ 2- (4- Et il beHtzy] )phEshz{JH bamlarda08 - (1l ubddyrd=b3idle 3(8) By8Hhksi s of
[ 2- (4- Et hyl benzyl ) phenyl ] - 5a- carba-p-D- C gl ucopyranoside In a nitrogen
stream 233U, 6lHetd@ Then2y|952HZHr b3-29 (OLH) uddpydedoSe § 498z hg,3 0484
mol ) and tributyl-phosphine (0.28 nL, 1.11 mmvl) were added to a tol uene
(2.5 n) 6WHutd®dn JoF.2, (B-2H8)) b2ndY| { Pherdd, (D8B0 0T, 6.3HZ hnoB)7@s
described in :

(1H, 44, J=10.7, 4.1Hz), 3.76 (3H, s), 3.78 (3H, s}, 3.87 (1H,

d, J=14.8Hz), 3.96 (1H, 4, J=14.8Hz), 4.19 (1H, 4dd, J=11.5,
‘) 9.0, 4.6Hz), 6.73 (1H, 44, J=8.3, 2.0Hz), 6.81 (1H, s8), 6.82

(1H, 4, J=8.3Hz), 6.84 (1lH, td, J=7.5, 1.2Hz}, 7.02 (1H, 4,

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-Ethy1banzy1)phgnyl]-Sa-carba—ﬂ-D-g;gcopyranoside

(1) Synthesis of [2-(4-Ethylbenzyl)phenyl]-5a-carba-fi-D-
-:) glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-O-bsnzyl-5Sa-carba-a-
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, WO0l1/074834 and
the like under cooling with ice, and then
tetramethylazodicarboxamlide (TMAD, 191 mg, 1.11 mmol) was
added thereto at the same temperature. The reactlon mixture

was stirred for 25 hours while gradually raising its



I nternational Publication Nos. WO04/052902, WO01/074834 and the |ike under
cooling with ice, and then tatranethylazodi carboxani de (TMAD, 191 ng, 1.11
mmol ) was added thereto at the sanme tenperature. The reaction mxture was
stirred for 25 hours while gradually raising its - 125 tenperature to room
tenperature. The reaction m xture was concentrated-under reduced pressure,
and the obtained residue was treated bp2sidica gel columm chronat ography

(devel opi ng sol ution-ethyl acetate:n-hexane (1:10)]. The obtai ned crude

product ﬁf‘{'}ﬂ? Mﬂ@%&%@oﬁ%&ﬁﬂ&kairﬁ?ﬁliﬁe@éﬁ&f Lﬁ.ifeu;rﬁ“ww and a

20% pal | ydroxi de catal yst™ (20 ng) was added thereto. e mxture was

stirred %&%eﬁtﬂ@'&&%@mﬁtf@a@a&agpias&ré, h@hd Sthénebtafhed NBes£8dbY St
I

was filtered off. The solvent was stilled under reduced pressure and the

obt ai ned wasi tieared By silpca byellsolnycbRpomatogphphy Oldeva1syiage
chloride: methanol (10:1)] to obtain the title compound (40 ng, 14% . [0281]
"H NVR (GBIt 1on=6tRel lafotdtstnfhexdnd 9(1810)1. The. 6bkaindd4bradé? (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, Prd@uéttrasiddisdelPed, id. dHiethénGl-THP2(122) mixed. 481dt2dn( 1H,
m, 6.83 (1H t, J-7.4W 6.99-7.16 (7H, m M (ESI4): 395 [M+Na]* HPLC
Retenti on{dimk) &42d3an2Ottpallé&diup| by@foxide catalyst (20 mg) was

[ 2- (4- Hydr oxybenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyranosi de (1) Synthesis of
[ 2- (4- Hydedde@cbhorebhenyThe Smixtube - was Dstinredyundesi achydrogen
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 chloride:methanol (10:1)} to obtain the

title compound (40 mg, 14%).

[0281] 'H-NMR (CD;OD) §: 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,
Jau7.6Hz), 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-Hydroxybenzy1)phény1]-5a-carba-ﬁ—D;glucopyranoside

(1) Synthesis of [2-(4-Hydroxybenzyl)phenyl]-S5a-carba-p-
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-f-
D-glucopyranoside (100 mg, 0.27 mmol) as obtained in Example 1

in dichloromethane (1.3 mL) at -78°C. The cooling bath was



Under a nitrogen atnosphere, a solution of boron tribromde in

di chl oronethane (1.0 M 0.80 nL, 0.80 mmol) was added to a solution of

(2- (4- met hoxybenzyl ) phenyl ] - 5a- carba-f- D gl ucopyranosi de (100 ng, O0.27

mmol ) as obtained in Exanple 1 in dichloronmethane (1.3 nL) at -78C. The
cooling bath was - 126 renoved and the reaction m xture was stirred at room
tenperature for one hour. The reacti on I#8ture was concentrated under
reduced pressure and the obtained residue was purified by HPLC (devel opi ng
sol ut i on-ramdwed/and the ceactiommixture wag ctkresd (At Fgomo obtain the

title conmpound (45 473). [0282] "H- NWR (CD30OD) 8: 0.92-1.06 (1H, m,
1. 47- 1. 6Ttqmperatyre ZT'JQB @QPQ'-!JH jhe reariiany um W@ 45-3.52 (2H, m,
3.71 (1H, dd, J-10.7, 4.1Hz), 3.79-3.95 (2H, m 4&? gg; 6. 65
(2H, d, Frepcapyrategngder yeduced msswggwdz qlva maiﬁe egldue . 361
M+H] * HPLC Retentj on Ti te Exa
(2 (4 oy R RS SAAR  [Hent (Lo myﬁmwmels%msi s of
2- (4- Cyanoben en 5a- carba co nosi d i trogen
[str(eamq, Argn ’éﬁ?éﬁ? é%e‘?&@? ouf, ‘b%i"}f’[iég) a'fﬂ){?ﬂ % rrg%J 0. 93
mol ) and trquH% €$ (0 35 m, 1.39 nmol) were added to a solution
of 2-(4-c H n& 3§£ 291 ny, 1.39 nmmol) in a mxture of toluene (2

) 08 T A 0 45 S s e 1 o
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 (1H, t, J=7.3Hz), 6.99-
7.16 (5H, m)
MS (ESI*): 361 [M+H]’
HPLC Retentlon Time: 8.9 minutes

Example 27

[2-(4-Cyanobenzyl)phenyl]-5a-carba-§-D-glucopyranoside

(1) Synthesis of [2-(4-Cyanobenzyl)phenyl]-5a-carba-p-
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-cyano-
benzyl)}phenol (291 mg, 1.39 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



added thereto at the sane tenperature. The reaction mxture was stirred for
14 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 chromatography [devel oping - 127
sol ution-ethyl acetate:n-hexane (1:5)] preparative TLC [devel oping

sol ution- ethyl acetate:n-hexane (1: g)f' 0 obtain a crude product (130 ny).

The obtalned crude roduct (55 ng). was dissolved in nethyl ene chlorlde
(0.50 ni)SOHy a%e;tawenxmw 1454l @M)Pm%?%

trifluori di eth et her, conplex (0.095 niL dded thereto
under aﬁéYEFQP Wﬂ|Qﬂ;uﬁ4ﬁpfe%E?Yin?ﬁ?ﬁEﬁerk@W%ﬁ?r*id3h ?%dﬂ? ai

R G e R PerATaed #as (Brotas, 65 Cf"' e
e ( ar¥gn %%8%%%%? he ety Fene SLoRLA0 £61 40 Y UokiEa, “%#gﬁ?{‘gd
[devel opi P4 £t FErnthanh i&%@f%@%%@ﬂ%@ thbLSeFE RS atethrL 1
PPN il ed o 1@%%'?%%2‘9?3‘5 il gote Blade, Ehddefo iagdt’, 1.
(ih 1 2 Ve 0@l e Peagyich alhnile '?%4 ﬁ%%d(%“eﬁ%ﬁ 0

J-8. ZFV),téhﬁgkégﬁiedfoﬁ §19$tﬂoﬁ§%§Eg%d)théﬁzwié@ﬁb$asFEE&E&@%EQQAQQ Ti ne:
10.2 m nutes Exanple

under cooling with ice and the mixture was extracted with
i) 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 puriflied by TLC
[developing solution=methylene chloride:methanol (10:1)}] to
obtaln the title compound (17.5 mg, 12%}.
[0283] ‘H-NMR (CDs;OD) &: 0.83-0.96 (1H, m), 1.44-1.60 {1H,
m), 1.99-2.07 (1lH, m), 3.14-3.32 (2H, m), 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, Je7.3Hz), 7.01 (1H, 4, J=7.9Hz), 7.11-
7.18 (2H, m), 7.37 (2H, 4, J=8.2Hz), 7.55 (2H, 4, J=8.1Hz)}
MS (BESI'): 392 [M+Nal]’
HPLC Retention Time: 10.2 minutes

Example 28

[2-(3- Trifluoromathoxybenzyl)phonyl] -5a-carba-f-D-gluco-

pyranoside

(1) Synthesis of 2-(3-Trifluoromethoxybenzyl)phenol
In a nitrogen stream, an n-butyllithium hexane solutlon

{2.44 M, 4.3 mL) was added dropwise to a solution of 1-



L
[ 2- (3-Trifl.uor onet hoaybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de (1)
Synthesis of 2-(3-Trifl uoronmethoxybenzyl)phanol In a nitrogen stream an
n-butyl lithi umhexane solution (2.44 M 4.3 nL) was added dropwi se to a
solution of 1 - 128 - benzyl oxy-2-bronobanzene (2.5 g, 9.5 mvol) in THE (95
m) at -78C and the m xture was stirred at the same tenperature for 30
mnutes. To this mxture, a solution ofy trifluoronet hoxybenzal dehyde (1.5
g, 7.9 mol) in THE (32 nL) was added dropwi se at -78C. The reaction

L S AL Bl LI
sou tm S IR O B o M B s ok il o
;gfh?ggn?as ?@eatedt y'si?%ca.geﬁﬁ%ﬁﬁ%ﬁéfJﬁgodgg%graﬁﬁg faevegopi?g .
dissolvedé%%?%gfféﬁgﬁﬁ?é?ﬁéﬁf‘%ﬁéﬂ%ﬁ%% lbgﬁ?hg?ﬁ%pﬁﬂ3g¥ogﬁdgﬁgaﬁg?y%¥@(200
Mt ure Ve Ay MORRLITE, Thd L, She SRt MY Fonlt
carbonat eaf 85 NFameCfermpeiestire L F6r [ &RG LhOEr s &ﬁﬁrfufﬂgei-ﬂ&ra‘ &tupe vas 3

stirred at roomtenperature for 30 m nutes, and then the catalyst was

filtered £di .oddchowt y eid VElseni watérl ofas Nd@ded r EHSESED Pird Sthe miWtabe
obt ai ned residue was purified by silica gel colum chronatography

[ devel opiwegs sexttactedtwith etieyhtscetdexancThid: Syganic obapen whe title
conmpound (1.40 g,

. washed with a saturated sodium chloride agueous solution and

T) dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained resldue was
treated by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)]. The obtained crude
product was dissolved in methanol (20 mL) and a 20% palladium
hydroxide catalyst (200 mg) was added and furthermore 2N-HCl
(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 reacfion mixture and the mixture was

i:) stirred at room temperature for 30 minutes, and then the
catalyst was filtered off, The solvent was distilled undex
reduced pressure and the obtained residue was purified by
'silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:5)) to obtain ﬁhe title compound (1.40 g,
99%).
[0284] 'H-NMR (CDCl;) 3: 3.99 (2H, s), 4.71 (1H, br s),
6.76 (1H, 4, J=7.9Hz), 6.92-6.86 (1H, m), 7.02-7.15 (5H, m),
7.29 (1H, 4, J=7.3Hz)

(2) Synthesis of [2-(3-Trifluoromethoxybenzyl)phenyl]-



99% . [0284] FH NVR (CDC13) 6: 3.99 (2H, a), 4.71 (1H, br s), 6.76 (1H, d,
J-7.M, 6.92-6.86 (1H, m, 7.02-7.15 (5H, m, 7.29 (1H, d, 3-7.3Hz) (2)
Synt hesis of [2-(3-Trifluoronmethoxybenzyl)phenyl] - 129 -

5a- car ba- p- D-gl ucopyranoside In a nitrogen stream
2,3,4,6-tetra- O benzyl -5a-carba-a D gl ucopyranose (500 ng, 0.93 nmol) and
tributyl-phosphine (0.35 niL, 1.39 mwl}29wse added to a solution of 2-(3-
trifluoromethoxybenzyl)phenol (373 ng, 1.39 mml) in toluene (2 nL) under

cooling with icga. ﬂgbhbﬁﬂbl5%&663%%&H¥£f&8diCarboxa”ide (THAD, 239 ng. 1.39

mmol ) was added thereto at e s tenperature. The reaction m xture was

stirred for 20 hQUs SnirbGed’ SEkaamY £ 2354 N¢-toErd SOPBEARLYLESAL SafBRDY -
tenperature. The reaction m xture was concentrated under”reduced pressure,

and the obtgluedpyeandse (500t mgat 0093bymel)i aadgeribatydrphbephihegr aphy

[ devel opi ng sol ution-ethyl acetate:n-hexane (1:10)]. The obtal ned crude
product wgs.38imbol YeA9i mmollewbasohddel €4: ) solutdonob¥eat (820 nl) and a
20% pal | adi um hydr oxi de catal yst (100 ng) was added thereto, and the
reacti on brifiveromethokyberzyhiphenohy(333emg, alud9pmmod )f dn télhenss, and
then the catalyst was filtered off. The solvent was distilled under reduced
pressure fAdmkheundéracaedingswith dae,pandf thenbye¥r&-[ devel opi ng

sol uti on-met hyl ene chl ori de: nethanol (10:1)] to obtain the title conmpound

(104 ny, methylagodivarboxmmideDtTMADG: 2893891. 030 1mmod) was4addedo (1H,

. 2'01_%hgge %th heBEQgQSigépgiﬂtugLZ BTﬁé_géigt gﬂ’mixiure was

_ stirred for 20 hours while gradually raising its temperature

T) 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;0D) &: 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, A4d, 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




3.68 (1H, dd, 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 WMs (ESI4): 429 [MtH =~ HPLC Retention
Time: 12.4 mnutes Exanple 29 - 130 - '
[ 2- (4- Ami nonet hyl benzyl ) phenyl ] - 5a- car ba- $- D- gl ucopyr anosi de acetic acid
salt (1) Synthesis of [2-(4-Am nonethyl benzyl)phenyl]-5a-
car ba- S- D gl ucopyr anosi de acetlc aci d spd¢g JThe crude product (63 ng) of
[ 2-(4- cyanobenzyl) phenyl]

[ | R85 &

27 was diLéaldcminoy L0 % et Sy et e —ane
paIIadlun&gggiexa £ cgaffyst was added thereto and the m xture sol ution was
stirr lnnkﬂ—?r—ﬁygrugen at nosphere for 23 hours. The catal yst was
f'|tered (1§nd é?ﬂtﬁ@biﬁ“éf“@ﬁ ﬁlsihihSHa fbeﬁﬁgﬂgﬁﬂeﬂffisﬁée to obtain a

crude product of an1nonet yl benzyl) phenyl ]

tetra-0-benzyl égrgan aDp P&iﬂﬂﬁﬁﬂ@élﬂ@ t{81 Sc£d Uslg1 ¢ Product was
di ssol ved in mnet hyl ene ch oride (0.55 nli) a%d ?ﬁethy sul fide (0.22 nmi,

5.1 mml) and arthererudé i pfodect dee3 dhgl vt E2Hhed-epamovensPl 1 lphdny] 86
mmol ) were added thereto wunder cooling with ice, and the m xture was

stirred ap,309)6-t8tP&-OtHeRZzY DL 582chPbASE -Dhg1LE6GFTTANOHLAE UAS Was
concentrated under reduced pressure and the obtained residue was purified

by HPLC (dbtalinedninsBkanpbe- 2Tewhandisfflved innamnmethanelaTHFa(leR)s
solution) to obtain the title conpound (19 ng). [0286] 1H NVR (CD30D) 8:
0. 85- 0. 99miterl aplvéenti2(l &B)(4akd a 20% palladium hydroxide 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)phenyl]-2,3,4,6-
tetra-0O-benzyl-5a-carba-p-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

W,

concentrated under reduced pressure and the obtained residue
was purified by HPLC (developing solutions= methanol:20 mM
ammonium acetate aqueous solution) to obtain the title
compound (19 mg).

(02861 H-NMR (CD;OD) &: 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 (2H, 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,
Je8.4Hz), 7.29 (2H, 4, J=8.5Hz)

MS (ESI*): 374 [M+H]*



, 3.14-3.67 (5H, m, 3.87- 4.07 (2H, m,
4.01 (2H, s), 4.11-4.20 (1H, m, 6.79-6.85 (1H, m, 6.99 (1H d, J-4.1H)
7.01-7.16 (2H, m, 7.25 (2H, d, -8.4Hz), 7.29 (2H, d, Jw8.5Hz) MS (ESE):
374 [M+rH = - 131 - HPLC Retention Tinme: 7.3 mnutes Exanple 30

[ 5- Met hoxy- 2- (4- net hoxybenzyl ) phenyl | - 5a- car ba- $- D- gl uco- pyranosi de (1)
Synt hesi s of (5- Met hoxy- 2- (4- met hoxybans3& )phenyl | -

5a-carba-f-D-gl ucopyranoside In a nitrogen stream

2, 3, 4, 6- t BPLG-Rebemtion STime bA. 3 minnwtespyranose (500 ny, 0.93 mmmol) and
tributyl Ehosphlne (0.35 nm, 1.39 mol) were added to a sol ution of

5- net hoxy: !ﬂﬂrleniﬁhoxybenzyl)phenol (340 ng, 1.39 mmol) as described in

| nt er nati onal Publlcat|on hbs v004/058682 S002/ 064606, 19002/ 044192 or
the |ike [H-Methexy sy1 }pheny}] - 5eecazha-prBrgluco-
tetramet hyl azo- dlcarboxan1de (TNAD 239 ng, 1.39 mmol) was added thereto at
t he sane %ﬁﬁﬁﬁgﬁiﬁﬁe. The reaction mixture was stirred for 17 hours while

e concbhlr ot Stnthdets ”Eeisdﬂgmé&i%"i‘é Bhotgbetrrlanpearide was
treated by sili hr omat o [ devel opi ng sol ution-ethyl

a
acetate:n-hexang %a§9f éTﬂegiﬂ?ﬁP“E product was dissolved in a

C”EEQT"S?{‘(TQE( 2 ‘St ftedsn KErets, ﬁfn@ febeerBronpaririaaefierts o
andera 405 3Q5HpyPAABAENESB0' B, ' BI58 HRVLF aRACcHEBACYESpRBLERYD 125

flltered

)

m, 1.88 (3H s), 1.93-2.01 (1H 1)
6
J

(0.35 mL, 1.39 mmol) were added to a solution of 5-methoxy-2-
{4-methoxybenzyl)phenol {340 mg, 1.39 mmol) as described in
International Publication Nos. WO04/058682, W002/064606,
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
f:> solution=ethyl acetate:n-hexane (l1:3)]. 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 Qistilled under reduced pressure and the
obtalned 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) 3: 0.84-0.98 (1H, m), 1.44-1.60 (1H,



of f. The solvent was distilled under reduced pressure and the obtained

resi due was purified by TLC [devel opi ng sol ution-nethylene chloride:

met hanol (10:1)] to obtain the title conpound (119 ng, 32% . [0287] 'H NM
(CD3OD) 6: 0.84-0.98 (1H, m, 1.44-1.60 (1H - 132 m, 1.98-2.06 (1H m,
3.13-3.47 (5H, m, 3.77 (3H, a), 3.82 (3H, s), 3.71-3.88 (2H, m, 4.06-4.16
(1H, m, 6.41 (1H, dd, J-2.3, 8.2Hz), ;3$8 (1H, d. J.2.1Hz), 6.75 (2H, d,
J-8.7Hz), 6.94 (1H, d, J-8.2Hz), 7.05 (2H, d, J-8.6Hz) Ms (ESI'): 405

[ MtH * HR t &Rl H Opg Tt i . 7am guge 3
[2-(4-N@tﬁgaS%égﬁo%y?gegg§f)%2én§?}?5%3§3rEE@EP%EQI%63? E??én%%rd3°?i)

Synt hesi s(9f, 4a§ ( 23 Bepzy! QEYPﬂﬁHY:h? hygdregyaeigy|in, DRyzos cafic &ﬂn'\/eaayl Ester
in a nitrogen stream an n-butyllithi umhexane solution (2.71°M 1271 m)
was addedgdpopyi ge2li9) 2 60581t [ DR, 04, ly=Per@y) OXg: 250 PHDLENZ 808 . GH2§4 O,
29.8 mml) in THY (300 nL) at -/78C and the reaction m xture was stirred at
the sane 6tespeIlR|uas fe8.3AzYy| nwies. (In, t @] sSTRBx6HEE. a solution of 4-

nmet hyl ester-benzal dehyde (4.78 g, 29.1 mol) in THE (100 nL) was added
dropwi se B (BST ) :Th05 e@#Hn mi xture was stirred Q at the sane tenperature
for one hour, and then water was added thereto and the m xture was

extract edHRl,ChRetéptionecTime: IOc7 mipabes | ayer was washed with a saturated
sodi um chl ori de aqueous solution and dried (anhydrous magnesi um sul fate),
and thenExample| 9&nt was distilled under reduced pressure. The

[2-(4-Methoxycarbonylbenzyl )phenyl]-5a-carba-f-D-gluco-

pyranoside

)

(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 solution 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 solutiqn of 4-
methyl ester-benzaldehyde (4.78 g, 29.1 mmol) in THF (100 mL)
was added dropwise at -78°C. The reaction mixture was stirred

a:) 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 reasidue was purlfied by silica gel column
chromatography [developing solution= ethyl acetate:n-hexane
(1:5)] to obtain the title compound (4.15 g, 41%).
[0238] H-NMR (CDCl;) &: 3.06 (1H, 4, J=6.2Hz), 3.91 (3H,
s), 5.02 {2H, 44, J=5.8, 11.4Hz), 6.07 (1H, 4, J=6.2Hz), 6.94-



obt ai ned residue was purified by silica gal columm chronat ography

[ devel opi ng sol ution- ethyl acetate:n-hexane (1:5)] to obtain the title
compound (4.15 g, 41%. [0288] 'H- MM (CDCl1l) 6: 3.06 (1H, d, J=6.2Hz), 3.91
(3H, s), 5.02 (2H, dd, J-5.8, 11.4Hz), 6.07 (1lk, d, J-6.2Hz), 6.94 - 133
7.00 (2H m, 7.18-7.42 (9H, m, 7.96 (2H, d, J-8.4Hz) (2) Synthesis of

4- (2- Benzyl oxybenzyl ) benzoic Acid Mtipdaz Ester In a nitrogen stream
triethylsilane (2.27 nL, 13.5 mol) and a boron tril uoride-diethyl ether

conpl ex (*'ﬁyﬁ%ﬂhyﬁ’l‘ 5. 19} ) 42°( S AdHFED 1 el ﬁéﬁ.‘“&onwé.éniié'

benzyloxyph _ roxynet hyl | benzoi ¢ acid net hyl esier_(4.15 , 11.9 mmol )
in acetonigyil thesi$)ofl 4= (D BéntyltRybéR 2L BeHbLé | RBL1das stirred at

the sane tenperature for 1.5 ours and further at OC for 30 m nutes. Water
was added therMéehyDOEStEer M Xture was extracted with nethyl ene chloride.
The organic | ayer was washed with a saturated sodium chloride aqueous

sol ution and drireda (rtwycen Sstbemesi triethiybslananR2 . 2natil | hE3 s®! vent was
distilled under reduced pressure. The obtained residue was purified by

silica geamsD) Lawd & boeveh otripbyoftideedetingl setiet ocompbek (1.52 miL,
acetate: n-hexane (1:10)] to obtain the title conmpound (2.39 g, 628). [0289]
1H NMR ( IXC18$ 1fimoB) SPeréHadded to0& &Hition S£08-[(2H d. J-5.8Hz), 6.92
(2H, d, J-7.9Hz), 7.12-7.36 (9H, m), 7.91 (2H. d, J-8.0Hz) Ms (BSI'): 333
[ MeH ' ( Demyyldeypbenyl ji-higdrpxyneaybphlbéndehe oacidcnethgl hgsteEst er
(4.15 g, 11.9 mmol) in acetonitrile (22.7 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. Water was added
thereto and the mixture was extracted with methylene chloride.
The organic layer was washed wilth a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the sclvent was dlstilled under reduced pressure. The
obtained residue was purified by silica gel cclumn
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)1 to obtain the title compound (2.39 g, 62%).
[0289] lH-NMR (CDCl;) &: 3.89 (3H, s), 4.05 (24, s), 5.02
1:) (2H, d, J=5.8Hz), 6.92 (2H, 4, J=7.9Hz), 7.12-7.36 {(9H, m),
7.91 (2H, 4, JI=8.0Hz)
MS (ESI'): 333 [M+H]"
(3) Synthesis of 4-(zéﬂydroxybenzyl)benzoic Acld Methyl
Ester
To a solutlion of 4-(2-benzyloxybenzyl)benzoic acid
methyl ester (2.39 g, 7.19 mmnol) in methanol (70 mL), a 20%
palladium hydroxide catalyst (239 mg) was added. The mixture
was stirred under a hydrogen atmosphere for f£ive hours, and

then the catalyst was flltered off. The solvent was distilled



To a solution of. 4-(2-benzyl oxybenzyl)benzoic acid nethyl ester (2.39 g,
7.19 mmol) in nmethanol (70 nt.), a 208 pall adi um hydroxi de catal yst (239
ng) was added. The mi xture was stirred under a hydrogen atnosphere for five
hours, and then the catalyst was filtered off. The solvent was distilled -
134 under reduced pressure to obtain the title conpound (1.16 g, 966).
[0290] 1H NMR (CDC13) 8: 3.89 (3H, s); B4 (2H, s), 4.76 (1H, s), 6.77
(14, d, J.8.0Hz), 6.89 (1H t, J-7.3Hz), 7.13 (2H m, 7.29 (2H d,

J. 8.4Hz) ,undé¥ fétticéd présshire b (btain : tRd3titlél] Congouivdn{ besé sgof

[ 2- (4- Met hoxycar bonyl benzyl ) phenyl ] -2, 3,

4, 6-tetra96®penzyl - 5a- car ba- p- D- gl ucopyranoside 1In a nitrogen stream
2,3,4,6-tetra- O benzyl -5a-carba-a D gl ucopyranose (1.10 g, 2.04 nmol) and
tributyl - po28@hi ne (H-NMRni(CDE1QH m;awe(:maohipd 4004 C2Hut8PN Hf76- (2-
hydr oxybenzyl ) benzoic acid nethyl ester (741.4 ng, 3.06 nmol) in toluene
(6.9 nL) (mﬂersbooﬁbhb (MEh dced=8n0HEZhenb. 82t ( Tet hy| d23d382) boXakBde
(TMAD, 526. 3.06 Mol ) was added thereto at the sane tenperature. The
reaction h?&tdﬁ@ We29 s 2l cd. f or8 28HAburs. Mhi (2Hgrdduds8yOHB)Sing its

temperature to_roomtenperatyre. The reaction mixture was concentrated
under red%%eﬁg§¥é%SL§*§ Eﬂﬂﬁl:he obtalned residue was purified by silica gel

col um chro ghz %devel sol uti on-ethyl acetate: n-hexane (1:10)]
to obtain f g ﬂp%ﬁn ﬂth@xY9%@R°“¥b99ﬁle IPRRRYLEB By 8: 1. 40

(1H, dd, J- 12 0 12. OHz), 1. 65 1.74 (1H, 2.00-2.09 (1H _m, 3.43-3.59
(2H ). 3.84 4,6-tetra-0-benzyl- 5a-carba -D-glucopyrancside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
i) D-glucopyranose (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
{l) was purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:10)] to obtain the title
compound (429.0 mg, 28%).
[0291] H-NMR (CD,OD) §: 1.40 (1H, 44, J=12.0, 12.0Hz),
1.65-1.74 (1B, m), 2.00-2.09 (1H, m), 3.43-3.59 (2H, m), 3.84
(3H, s), 4.00 (2K, s), 4.32-3.92 (8H, m), 6.91 (1lH, 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)phenyll-2,3,4,6-tetra-0O-



(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, d, J=B.OHz) (5) Synthesis of

[ 2- (4- Met hoxycar bonyl benzyl ) phenyl ] - 5a-carba-p-D gl ucopyranosi de

[ 2- (4- Met hoxycar bonyl benzyl ) phenyl ]-2,3,4,6-tetra-O - 135 -

benzyl - 5a- car ba- p- D- g3. ucopyranose (38.1 ng, 0.05 mmvl) was dissolved in a
nmet hanol - THF (2:'1) m xed solvent (1.5 mg3sand a 204 pall adi um hydroxi de
catal yst (5 ng) was added thereto. The m xture was stirred under a hydrogen

t h 2 t f'I f h
Sorezgterééé '$|I$ed u qgiéﬁﬁkéﬁﬁﬁessu{%éan o%ﬁrlneg r %gdﬁe was
purified &wsﬁs +f& ﬂﬁlaqaéeﬂansm@mat EQEPPWLJ:H&VEM% ¢ ﬁi%%mnaﬁat gyl ene
chl ori de: met han (10:1)] to obtaint itle conpoun ny, 654)

(0292] 1HMVRp4LREIn hy@réftde 00ats sfﬂ)(slméi éaé%&ékh tﬁ%re@ 03-2.09
(1H, n), 3.16-3.23 (2H, M, 3.42-3.49 m,  3.51-3.87 (IH ny, 3.95 (3H,

s), 4.00-7hd mixthré)wad- éﬁiﬁrgé uﬁéét 60hy&r@&eﬁlkkmgsgﬁafe4k3f 24- 31 (1H,
d, J-7.6M), 7.12- 7.20 (2H, m, 7.32 (2H d, J=8.4Hz 5H, d, 3-8.4Hz)

M5 (EST' )hodfs, [Midlothen ExRPEEtELyst was filtered off. The solvent
[2-(4- Carbannylbenzyl)phenyl] 5a- car ba- $- D- gl ucopyranosi de (1) Synthesis of

[ 2- (4- Carweas ydtetyl)edcunpdér 2réddcéd pressure and the obtained residue
tetra- O benzyl - 5a- car ba- p- D- gl ucopyranosi de Under a nitrogen atnosphere, a

5N- sodi urwiy dpuxi fitedgopostlich ugebneéDuih chromatographyt pdavedbptingn of

[ 2- (4- nethoxycarbonyl - benzyl ) phenyl]-2, 3.4,6-tetra-O benzyl - 5a-

car ba- p- elutboysmethrléndOchblogide: méthant) {hoelhindbb- dblkain the
title compound (12.9 mg, 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, s8), 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, 4, J=8.4Hz)
MS (ESI'): 403 [M+Nal®

Example 32

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

(1) Synthesis of [2-(4-Carboxybenzyl)phenyl]-2,3,4,6-
a:) tetra-O-benzyl-Sa-carba-fi-D-glucopyranoside

Under a nitrogen 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 mmel) in ethanol-THF
(4:1) mixed solvent (1.5 mL) at room temperature and the
mixture solution was stirred for 22 hours. Thereafter, to the
reaction mixture was added a 5N-hydrochloric acid aqueous
solution under cooling with ice to neutralize the mixture.

The resulting mixture was extracted with methylene chloride



(4:1) mxed solvent (1.5 nL) at roomtenperature and the m xture solution
was stirred for 22 hours. Thereafter, to the reaction m xture was added a
5N- hydrochl oric acid aqueous solution under cooling with ice to neutralize
the m xture. The resulting m xture was extracted with nethyl ene chloride -
136 and dried (sodiumsulfate) and concentrated under reduced pressure to-
obtain the title conpound (91.3 ny, 944% [0293] 1H—NNR (CDC13) 6: 1.42
(1H, ddd, J-12.4, 12.4, 12.4Hz), 1.55 %7 (1H, , 2.00-2.04 (1H, n)

2513 S Cloliohatiest dintohebAbirthe Baeldivbns’ 7 %)
Synthes: pBbekaed ‘s EpHRATN BRRZKLLRURYRboRng, Tof 2 1t 0-at rospner e

tetra- O bB a- car grlcopyranosi

1- hyd | .0 X

1 etyh;f’xyf’?%?% ot oy ERRRC YR 85 V1R, RaRT HBR, LaRRE: Aae 221810 . 0: 07
| d t 2 d b |

phenyl 1 - 515 $HETE 12582060, (2R, Ohy P2 Bo0KS “X!‘ig;r@%s?sw?gl (28.

mol ) in fyN-gi gBt pehf owarrudescé azmebaat mﬁoog 9Eermﬁr akurg-anén&h

reaction n1xture was stirfed for one hour en armoni a water (0.5 nl)
was addedqtgscetgzupden, m9Q! Fng2Wibh,i @c aud . yRg)m xtuere was stirred for
27 hours. The reaction mxture was concentr at ed under reduced pressure and
purified g {ESItfevei@piMepol ution- nethanol : methyl ene chloride-1:10) to
obtain the title conpound (39.1 ng, 898). [0294] 1HMtt (CI£13) 6:

le- g% (1:2ﬁ9(2)}H, Synthe81slof6[ 214 -Cakbahof}fbéne¥1(phentill] -2,3943666 (2H m,
. , S),

_ ) tetra-0O-benzyl-5a-carba-f-D-glucopyranoside

0. 06

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-0-benzyl-5a-carba-f-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= methanol:methylene
chloride=1:10) to obtain the title compound (39.1 mg, 89%).
[0294] lH-NMR (CDC1;} &: 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-

p-D-glucopyranoside



4.33-4.96 (8H, n), 6.88-6.97 (1H, n), 7.04-7.39 (25H m, 7.54-7.61 (2H, m
M5 (ESY+): 748 [MtH + (3) Synt hesi s of

L2- (4- Car banoyl benzyl ) phenyl ] - 5a- car ba- P-D- gl ucopyranoside - 137 To a
solution (3 nL) of (2-(4-carbanol ybenzyl)-phenyl]-
2.3,4,6-tetra-0-benzyl - 5a- car ba- p- D- gl ucopyranoside (39.1 ng, 0.05 mmol) in
nmet hanol - THY (2:1) solvent (3 nL), a 20% pall adi um hydroxi de catal yst (5
nmg) was added. The mixture solution wak33tfrred under a hydrogen atnosphere
for 24 hours, and then the catalyst was filtered off. The sol vent was
distilled underToedusetiuplens(Bembhhdofhé2ebdacarbiameiytienzyd) -phenylliled by
TLC [ devel opi ng sol ution-net hanol : rethylene chloride (1:5)] to obtain the
title conpoBnd, 61ekrg-09behzylF6a96arba-fiVR-GDDBGDYrancogiae (39.1dmg,
J=11.7, 11.7Hz), 1.48-1.62 (1H,mg¥, 1.96-2.08 (1H, m, 3.16-3.33 (4H, m,
3.42- 3.59.05Hmma) dnewethapodsWHFnf2:3)080dvept( B mhy) ., & SP¥(1H t,
J=7.3Hz), 7.02-7.21 (3H, m, 7.31 (2H, d, J=8.2Hz), 7.74 (2H, d. J=8.1Hz)
VB (BSI' ) Padiadinm-hydopxideccagalystTiRemad. wagi added. cThepmdxiyre

[ 2- (4- N, N- Di et hyl car banoyl benzyl.) phenyl ) - 5a-carba-fl -D gl ucopyranosi de (1)
Synt hesi s8gfutiop wasnsblirefy nRdesapoPYAERIOR) atmosphere for 24 hours,
phenyl]-2, 3,4 6-tetra-0-ben§¥I-5a-carba-§-D-gIuco-Tgyranoside Under a

ni trogen 8RAoEBABr the CALALYRFL WAS EALS6red OfF. e 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 (19.2 g, 99%).
[0295] lH-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, JI=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-carha-B-D-

5:) glucopyranoside

{1) Synthesis of [2-(4-N,N-Dimathylcarbamoylbenzyl)-
phenyl]-2,3,4,6-tetra-0-benzyl-5a-carba-g-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-f-D-glucopyranoside (45.0 mg,

0.06 mmol) as obtained in Example 32 in N,N-dimethylformamide



nonohydrate (9.0 ng. 0.07 mmol ) and 1-ethyl - 3-(3-di net hyl -

am nopr opyl ) carbodi i m de hydrochloride (12.0 ng, 0.07 mml) were added to a
sol ution of (2-(4-carboxybenzyl)phenyl]-

2,3.4,6-tetra- O benzyl - 5a- car ba- p- D- gl ucopyranosi de (45.0 ng, 0.06 mol) as
obtained in Exanple 32 in N, N-dinethylformamde - 138 (1.2 nlL) at room
tenperature and the reaction m'xture_vvai?8 stirred for one hour. A

N, N- di met hyl am ne aqueous solution (0.5 nL) was added thereto under cooling

wthice gnd t I xture was stirred fo 7 hours.. The reaction m xture was
concent r a‘ta]e%? erarg FARR femparature, Ap 9 [ ZRAghion mixture was C |

oAk A W
. 66- 1. Idt P4 e . 44- 3.
et T i et ™
SKnt hlesi sm%* %(ﬁ,%ﬁnﬁhyﬁar%am@ﬁb%%— edct . el s.

my o [ PR R IR AN e L I Bt ) 70 Derch (20
cat al stt %(% Ww#a@g@d‘gg(déﬁefor#%%%e% SO u'% |%%@m%§%%¢@i%e¥ a

hydr ogen HIPSRIESE: 16] €4 SO ANNED SARAMA Va4 gy {446y ed of .

The sol vent was dllegs | er reduced pr d ai ned’ resi due

was ., DU Rk Py TLCidkue! gebed, bl ol IEIANOL, Y M -1 78 o(1xle

(1:5)] to obtain the title conpolUn
ﬁ) m), 2.05-2.14 (1H, m), 2,83 (3H, s), 3.04 (3H, s), 3.44-3.68

(5H, m)}, 3.99 (2H, s8), 4.35-4.53 (1H, m), 4.68 (2H, s8), 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)-
phényl]-Sa-carba-ﬁ-D-glucopyranoside
To a methanol-THF (2:1) solution (3 mL) of [2-(4-N,N-

- dimethyloarbamoclybenzyl )phenyl]-2,3,4,6-tetra-0O-benzyl-5a-
carba-f-D-glucopyranoside (44.1 mg, 0.06 mmol), a 20%
palladium hydroxide catalyst (5 mg) was added. The mixture

L:D solution was stirred underla hydrogen atmosphere for 24 hours,
and then the catalyst was flltered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified by TLC {developing solutionsmethanol: methylene
chloride (1:5)}] to obtain the title compound (20.1 mg, 87%).
[0297]) lH-NMR (CD;OD) &: 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 (1lH, ¢,
J=7.2Hz), 6.98-7.15 (3H, m), 7.26 (4H, s)

MS (ESI'): 416 [M+H)"'



0297] ' H- NVR (CD3OD) 6: 0.86-1.00 (1H, n), 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, 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, a)
MS (ESI'): 416 [MHH]' - 139 - HPLC Retention Tine: 8.9 mnutes Exanple 34

[ 2- (4- Et hoxybenzyl ) phenyl ] - 5a- car ba- S- D- gl ucopyranosi de (1) Synthesis of
2- (4- Et hyoxybenzyl ) phenol In a n|trogqu§rean] an n-butyllithium hexane
solution (2.71 M 3 8 m.) was added dropwi se to a sol ution of

1- benzyl 2. mmol) in THE (90 nL) at -78C and the
m xture g‘ﬁ‘tﬁzl&] qfﬁ'ééi g?ﬁﬁ% terrperature for 30 mnutes. To
this m xt L ution of 4-ethoxybenzal dehyde (1.29 nL, 1.86 nmmol) in
THE (30 &é?gmﬁg—iggded dropmﬁse at -78C. The reaction m xture was stirred at

t he saneuiiizgiggg [ ery nas added_ heret o and
t he mixt =

S ' At Ve gLYcoRys 22 was washed
wth a saf d dried (anhydrous
magnesi um suI fate éH('hjgc‘?‘ihen {dﬁe so Ve N\?\ﬁf&ﬂ%ﬁ}ed under reduced
pressure and thg &) BRSfe # f&%ﬁi (¥%$§QE%D
chr omat ogr aphy (devel opi g so tlon et ate: n- exane ? 0 a

met hanol ~ gp] 41 i izéﬁmaefaaacao@fapm 65 ot @hish of 204 pal | adi um
hydr oxi de catalyst (147 ng) was added and furthernore 368 HC1 (0.4 nL) was

added t hel Siénzylexy 2 Bréifobeszéne M (205 ugdes. 8 ELPIER PEFOESGERE) for 24
hours, and then the catalyst was filtered off. The sol vent was

at -78°C and the mixture solution was stirred at the 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
thereto and@ the mixture was extracted with ethyl acetaté. 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 and the
obtained residue was treated by sllica gel column
chromatography [developing solutlion=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% HCl (0.4 mL) was added thereto. The
mixture was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was flltered off. The solvent was
disiilled under reduced pressure and the obtained residue was
purified by sllica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtain the title
compound (828.1 mg, 38%).

[0298) 'H-NMR (CDCl;) &: 1.39 (3H, t, J=7.0Hz), 3.93 (2H,



distilled under reduced pressure and the obtained residue was purified by
silica gel colum chronmat ography [devel oping sol ution-ethyl

acetate: n-hexane (1:5)] to obtain the title conpound (828.1 ng. 38%.
[0298) 1H NMR (CDC13) 6: 1.39 (3H, t, J-7.0H), 3.93 (2H, - 140 s}, 3.99
(2H, q, J-7.0Hz), 6.77-6.90 (4H m, 7.09-7.14 (4H m (2) Synthesis of

[ 2- (4- Et hoxybenzyl ) phenyl ] - 5a- car ba- p- i@l ucopyranoside In a nitrogen
stream 2, 3,4,6-tetra-0-benzyl -5a-carba-a- D glucopyranose (500 ng, 0.93
mol ) andg{ri I osphi 5 y NPk ) re e ol ution
of 2-(4- dﬂei hoé)';%%ngg#) p 'en'?)?"(é‘@ﬁfﬁ %’7#2&%%' idr‘:?t o?gﬁeige?(ggzeﬁﬁ) under
cool i ng Wﬁfh I ce, and then tetranethylazo-di carboxam de (TMAD, 239 ng, 1.39
nmol ) was added thereto at the sane tenperature. The reaction m xture was
stirred f 20 i ague | Si ' ek at Og I oom
tenperatu e). rIZ%% |oér’lfmp%tﬂ??%%*%%ﬁ%*gﬁ%%ﬁggdég JF%e'glﬁée pressure,
and the obtai negl gpsé anssideated by silica gel colum chromat ography

[ devel opi ng sol ution-ethyl acetate:n-hexane (1:10)]. The obtained crude
product was di Skl G ¢ ¥odit Pebam %2 18 )4 1kt elo Nbh P Lo WAl baL 42
catal yst (56 nmg) was added thereto, and the reaction mxture was stirred
under a DBySIegSPyLancseNE5e0 fiRg, 24, 93 Uimol Rnénd heri bty LapRoO¥PhiHES
filtered off. The solvent was distilled under reduced pressure and the
obt ai ned (es3SlusL ek, Parnmho ) weréei added gbd acedblutichrofagopgdaphy

[ devel opi ng sol ution-nmethyl ene chloride: methanol (10:1)] to obtain the
title conpthoxy$ddsyb)phenol (319.6 mg, 1.4 mmol) in toluene (3.2 mL)

D,

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 1ts temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained resldue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)]. The obtained crude product was dissolved in metharnol
(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 obtained 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 (2H, g), 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-



ng, 36% . [0299] 'H- NWR (CD30CD) 8: 0.89-1.03 (1H m, 1.35 (3H t,

J-7.1 M), 1.48-1.62 (1H, m, 2.02-2.11 (1H, m, 3.18-3.33 (3H nm, 3.35
(2H, 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, 6.99 141 - 7.17 (4H, m M (ESI'): 411 [ M:Na]'
HPLC Retention Tinme: 11.4 mnutes Exanple 35

[ 2- (4-Di fl uoromet hoxybenzyl ) phenyl ] - 5a-car ba- S- D- gl uco- pyranosi de (1)

Synt hesi s of 2-(4- D'fluoronethoxybenzyﬂ) enol In a nitrogen stream an

n- butyHliJH%nq{Exane solution (2.71 M 3.8 nL) was added dropwi se to a

sol uti on of ]oxy 2- bronobenzene (2.5 g, 9.5 nmol) in THE (90 nL) at

-78C and ol wnas stirred at the sane tenperature for 30
m nut es. ﬁ?‘fﬁs‘ol ' J# ll@}sol ution of 4-difluoronetboxybenzal dehyde

(1.23 nm, dded dropwi se at -78C. The
reaction %@%@%@A%t{ﬁ% 3ng mi%\gﬁ%‘?terrperature for two hours, and

t hen wat eqﬂged thereto and the m xture was extracted with ethy
acetate.%éﬁgﬂgggaﬁfc | ayer was washed with a saturated sod|un1 chl ori de
aqueous sg and_then the
sol vent ws e+ esi due was

treated bﬂiﬁéﬂ&éﬁh&el colunn chronatography [developlng solutlon et hyl

acetate: n 1:5)] to obtain a crude product. To a solution of the

obtai ned cypde g\poehésis "ofes Nepohif PerométhoRy bz PE) pRé T

In a nitrogen stream, an n-butyllithium hexane solution

{2.71 M, 3.8 mL) was added dropwise to a solution of
1-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 solutlon, 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 agqueous solution and dried (anhydrous magnesium
2:) sulfate), and then the solvent was distilled under reduced
pressure and the obtained residue was treated by silica gel
column chromatography {[developing solutionsethyl acetate:n-
hexane (1:5)] tb obtain a crude product. To a solution of the
obtained crude product in methanol (26.8 mL), a 20%.pa11adium
- hydroxide catalyst (147 mg) was added and furthermore
concentrated hydrochlorlic acid (0.4 mL) was added thereto.
The mixture solutlion was stirred under a hydrogen atmosphere
for 24 hours, and then the catalyst was filtered off. The

solvent was distilled under reduced pressufe and the obtained



hydr oxi de catal yst (147 ng) was added and furthernore concentrated
hydrochloric acid (0.4 nL) was added thereto. The m xture sol ution was
stirred under a hydrogen atnosphere for 24 hours, and then the catal yst was
filtered off. The solvent was distilled under reduced pressure and the
obt ai ned 142 residue was purified by silica gel columm chromatography

[ devel opi ng sol ution-ethyl acetate:n.hgggne (1:5)] to obtain the title
conmpound (1.03 g, 42% . [0300] 1H NWR ?CDClS) b: 3.97 (2H, s), 6.46 (1H, t,

L g 48 i B kb
L A U G ORI el 1,

0. 93 nmol ea@qﬂmglag@ﬂ-ﬂy@p ghi (G m., 1.39 mmol) were added to a
soluticnf%% 2-(4-di - FhorozetﬁgﬁfBEEQy Yphenol (350.0 ng. 1.4 mol) in

t ol uene m.) under 0} ¢ | td] 1+C &, t hgn tyl,

met hyl az&ﬁ(?g)r]boxam gg m&éﬁgﬁg rr%l Bi%gQQ%I ) \K/atsseg'(ﬁe( H’t H:ér eto at the
same t enparat,Whe) , Tiwe 77eqaH 0 Nisdalionyas ¢ B7-¢.91 fam 2G hquus, ) e
gradually raising its tenperature to roomtenperature. The reaction m xture

was concemtozat(@i, d@dg=8.aMi0cd NSNS (@K e ohtz nedir ep) due was
treated by silica gel colum chronat ography [devel opi ng sol uti on-et hyl
acetate: J=g20M2 (1: 10)]. The obtained crude product was dissolved in
met hanol (5 nL) and a 20% pal | adi um hydroxi de catalyst (69 ng) was added

thereto, (2)d Synthesis ofs2+(4Difluoromethoxybenzyl)phenyl]-5a-
_i> 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-(4-4i-
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
i:) under reduced pressure, and the obtained residue was treated
by silica gel column chromatography [developing solutioh-ethyl
acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in methancl (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 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 (10:1)] to obtain the



was stirred under a hydrogen atnosphere for 24 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 ution-nethyl ene chlori de: nethanol (10:1)] to obtain the -
143 - title conmpound (153.1 ng, 403). [0301) 'H MM (CD30D) 8: 0.87-1.01 (1H,
m, 1. 48 1.62 (1H, m, 2.01-2.11 (14 ¢ 3.17-3.34 (2H, m, 3.43-3.54
(2H , 3.67-3.73 (1H, m, 3.96 (2H, dd, J-22.9, 14.7Hz), 4.14-4.26 (1H,

R : 6. 72 éfl’iljr?etdw ﬁl—@ 83 7. @)(BH m M (ESI*): 433 [ M:Na]4 HPLC

et enti on n e'

of (2. Borld 'pﬁiﬂi?‘%'lﬁﬂﬁ?ibb @31 ik %ﬁfﬁ%fﬁ“'ﬂ AL e bt
2& lr,:t Pgﬁl)ﬁgf I tli] enzy oxy l‘gobrorm enzenéﬁt M’Iﬁ QE)lgL agjge%qmnzgen{;) :

at -78C gz r ol 4t S ir t ef adgire for
30 ni nut e%r%Tojqﬁhjlnse(%g'i ﬁr!tlllgon3J %‘)2‘0 tl(ﬁéin 0.:}]:-9..‘1243% ar?@buty benz d‘e'h%/ge (1.68
0, 10.4 ymt) wy, B4 4QiHL)e, VB £dkiegh Ale g FHe(§RAGh] O M Xture was
stirred at the sane tenperature for one hour, and then water was added
thereto afgl ¢EBI:x4aEe [(MANagRtracted with et hyI acetate. The organic |ayer
was washed wth a saturated sodium chloride aqueous solution and dried
(anhydr ouPIa REtenti o | Fhiie) . 1 P06l midieted he sol vent was distilled under
reduced pressure. The

Example 36

- [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 Aropwise 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 solution, a solution of
4-tert-butylbenzaldehyde (1.68 g, 10.4 mmol) in THF (42 mL)
wag added at -78°C. The reaction mixture was stirred at the

i:D 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
obtalned 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] 1H-NMR (CDCl,) &: 1.32 (9H, s), 2.86 (1lH, br s},
5.02 (2H, 8), 6.03 (1H, B8), 6.03-7.00 (2H, m), 7.13-7.39 (1llH,



obt ai ned residue was purified by silica gel columm chronat ography

[ devel opi ng sol uti on-ethyl acetate:n-hexane (1:5)] to obtain the title
compound (2.17 g, 60%. [0302] 'H- NM (CDC13) 6: 1.32 (9H, s), 2.86 (1H, br
s), 5.02 (2H, s), 6.03 (1H, s), 6.03-7.00 (2H, m, 7.13-7.39 (11H, - 144 -
M (2) Synthesis of 2-(4-tart-Butyl benzyl)phenol To a solution of

(2- benzyl oxyphenyl)-(4-tert- butylphenﬁ )aret hanol (2.17 g, 6.26 mml) in

met hanol (27 nmL), a 20% pal | adi um hydro dé catal yst (217 ng) was added and
furthernmore 2N-HC1 (0.52 nL) was added thereto The m xture was stirred
under a drogen at nosphere for 24 hours, and then the catal yst was

L ered - R g (LS bR 051 S e
?‘&em;e(&?ﬁéf‘ 4 g tiger’ oF G Beniiiony %% °-Lt?ti‘ 8- %5 7506 o1 (24
car b p- B ﬁﬁéhya?%é@uﬁfftéfn. F L 4 i) @%%M)Pf‘mli -

2, 3,4, 6- -

tr| butyI tp?\osp%w&]@%}i{% #Were aldfﬂ%’sto Ft so‘? (?I on of) :n
2-(4- ghen :

CO(()| [ Lgrvtﬁ | ce, an?q hen ?deq[ Es?ne ylgéso%dgaﬁ)b%&éafr’ﬁﬁd&' u%(%gn’ er1 39
ol ) wasygdach 4Ne Qe 4 ey &emea B £001924 HELESD dh&LHén Vas

stirred for 20 hours while gradual ra|5|ng Its tenperature to room
, tenperat Wie JAXAAC W) filtered off. The solvent was distilled and

, the obtained residue was purified by silica gel column
H) chromatography [developing solution= ethyl acetate:n-hexane
{1:10)] to obtain the title compound (1.3 g, 86%).
[0303] H~-NMR (CDC1,) &: 1.29 (9H, s), 3.96 (2H, 8), 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-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-tert-
i:) 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 while gradually
ralsing 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 solutionsethyl acetate:n-hexane
{1:10)}. The obtained crude product was dissolved in a

methanol-THF (1:1) mixed solvent (12 mL) and a 20% palladium



m xture was concentrated under reduced pressure, and the obtained residue
was treated by silica gel columm chromatography (devel opi ng sol uti on-et hyl
acet ate: n-hexane (1:10)). The obtained crude product was dissolved in a
met hanol - THF (1:1) m xed solvent (12 nL) and a 204 pal |l adium - 145

hydr oxi de catal yst (60 ng) was added thereto, and the m xture was stirred
under a hydrogen atnosphere for 24 haungs and then the catal yst was
filtered off. The solvent was distilled under reduced pressure and the

bt ai ned y &E#a

Fde\allelngpl r?%:l ution- mg# F@n%%%fc#%?ﬁ%% 1 to ob nmf%e

titl 1 .29
L Ot i SR, 8 ] iy
3.51 (2HtHE catalydt Wad!ds1 Vedted ofls DHadhe Sa&évéx?iﬁ w&ﬁ aﬂséﬁué&H m,

6.84 (1H m, 7.01-7.17 (5H, m, 7.26-7.28 (2H, 401 [MHHY

HPLC Ret qifdean f@dﬂbed-?pﬂeé"ﬂm end M&ﬂnad residue was %ur:l.fied
[ 2- (4- Met hyl benzyl ) phenyl ] - 5a- car ba- S- D- gl ucopyr anosi de ynt hesi s of

(2- BenzyhgxygiIenvd )gel téd Miniet dlarsihat dga Jm}t»rpg@eeﬁ B¢ an n-butyl l'ithium

hexane sol ution (2.44 M 5.65 nL) was added dropwi se to a solution of 1-
bensyl oxysahit 1omhsserertens . chloride ifethiol i (LIHE) [ 106 sbdaimtthe8C and

the m xture was stirred at the sane tenperature for 30 mnutes. To this
m xture, taltskd wompowid 465 Taidy | tekyal dehyde (1.28 g, 10.6 mmol) in THE (42
m.) was added at -78C. The reaction mxture was stirred at the sane
[0304] 'H-NMR (CD;OD) &: 0.89-1.01 (1H, m), 1.29 (9H, s),
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, 44, 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-fi-D-glucopyranoside

(1) Synthesls of {(2-Benzyloxyphenyl)-p-tolylmesthanol
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 sclution 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

solvent was distilled under reduced pressure. The obtained



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

sat urat ed sodi um chl ori de aqueous solution and dried (anhydrous magnesi um
sulfate), and then the solvent was distilled under reduced pressure. The
obtained - 146 residue was purified by silica gel colum chromatography

[ devel opi ng sol ution-ethyl acetate:n-hexgne (1:5)] to obtain the title
compound (2.3 g, 718). [0305] 1H NMR (CDC13) 6: 2.33 (3H, s), 2.87 (1H, s),

gygtzheg??% ?fﬁﬁ(%%%%?%ghen :?&I'Osgé_éL s‘g%l?&ﬁo&&go'ﬁatéaﬁbphm (2)
gzzggnég:ﬁg%ﬁ%ﬁﬁ&kiﬂrOQB%e Caiéfgii ?§§§§E&-n3%§§%@%DGi furt %%ég7 .

2N-HC1  (hed fe:; m xture was sti rred under a
hydr ogen atnD:ﬂ% h%urs and tﬁen the catalyst was filtered off.

Th I di st I t d
was puri (10305 < f. 'C‘E 8"9‘”'*%F HE UL L AR CHEL ) RO ATOLER S PETS 161 CUE
acet at e: ne2thexgne € 1930 thosgbtel@g.t@egg g ero-pngig(@lj.‘ nﬁo%,)

[0306] 4H NWVR (CDC13)- 8: 3H, 9) 5 (2 H, s) 6. 75- 6,

90 (2H, m2) 7. SyntEes{HHHE M- (@Mémf f;(piphenol
[ 2- (4- Met hyi benzyl ) phenyl ] - 5a- car ba-p ucopyranoside In a nitrogen

stream 2, 3, 4, @fd ad reoXutborr O£ @%ME@MMMW 0.93
mol ) and tributyl-phosphine (0.35 nL, 1.39 mmol) were added to a solution
of 2-(4- (kiSygpehz43 )mhebpl| ik 2uétsanol. 27 mb) ) an20%®! pabradLuml)
hydroxide catalyst (150 mg) was added and furthermore 2N-HCl
A) (0.37 mL) was added thereto. The mixture was stirred under a
hydrogen atmosphere for 24 houré. 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
(1H, s8), 6.75-6, 90 (2H, m)}, 7.09-7.25 (6H, m)
(3) Synthesis of [2-(4-Methylbenzyl)phenyl]-5a-carba-f-
E:) 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-phoéphine
{(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methylbenzyl)phenol (275 mg, 1.39 mmol) in toluene (2 mlL)
under cooling with ice, and then tetramethylazodl-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,



under cooling with ice, and then tetranethyl azodi -carboxam de (TMAD, 239
nmyg, 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, - 147 and the obtained residue was treated by silica gel colum
chromat ogr aphy (devel opi ng sol ution-etljyly acetate: n-hexane (1:10)]. The
obt ai ned crude product was dlssolved in a methanol-THF (1: 1) m xed sol vent

gEdnl_)he:rh%xfur %A&V%SA% rr edéy hﬁgér%ﬂg&/ed?\tbg i%)a \é\@%r oBre;et gnd
?egﬂceé pressure‘ﬁa e dﬁ}féfoﬂﬁg{i esl H& % é(}hﬁ%)y s?ge%a gel col um
bt ain ¢ R} CC R Rt %ﬁﬁé@’ﬁ%@%ﬁw$ 0.84-0. 97

(1H m, rﬂeﬁfﬂ?oﬁfﬂﬁ“h 1M miketd-soertl s fﬁn) ?m?c:fés by %1Hfa§$m3430 (2H,

r‘r),339 3.46 (2H m), 3.64 (1H, dd, J-10.8

(1H, Hydiokide dalthlyidt (6549%{97) Qe Haaed thiex¥td; Jeind %he dxtrdESI*):
381 (N%Na]* HPLC Retention Time: 11.4 mnutes Exanple

L e spos | o Sl i Se e, g v

fl uor onettned tdutyligite was £filtered off. The solvent was distilled

under reduced pressure and the obt;ined residue was purified

by silica gel column chromatography {developing

i) solutlion=methylene chloride:methanocl (10:1)] to obtain the
title compound (20 mg, 6%).
[0307] H-NMR (CD;OD) &: 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, 44, 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]'
HPLC Retention Time: 11.4 minutes

) Example 38

[2-(4-Methoxybenzyl)-5-trifluoromethylthiophen-3-yl]-5a-carba-

p-D-glucopyranoside

(1) Synthesls of 3-Benzyloxy-2-(4-methoxybenzyl)-5-tri-
fluoromethylthiqphene
To a solution of (3-benzyloxy-5-trifluoromethylthiophen-
2-yl)-(4-methoxy-phenyl)methanone (220.2 mg, 0.56 mmol) as
synthesized by the method described in International
Publication No. W004/007517 and triethylsilane (1,34 mL, 8.41

mmol) in dichloromethane (1.1 mL), trifluorcacetic acid (3 mL)



To a solution of (3-benzyloxy-5-trifluoronethylthiophen-
2-yl)-(4-met hoxy- phanyl ) nmet hanone (220.2 ng, 0.56 mml) as synthesized by
t he met hod described in International Publication No. WO04/007517 and
triethylsilane (1,34 nL, 8.41 nmmol) in dichloronethane (1.1 ni),
trifluoroacetic acid (3 nL) 148 was added at OC in a nitrogen stream over
five mnutes. The reaction m xture waqgﬁiired at the sane tenperature for
6.75 hours, and then triethylsilane (O nL 5.61 mmol) was added thereto.

The reac £ V6% S 75 urs
and thent'é':%ca[ea r&atagléi undg'trn a g‘uce pressure ?lLilt r‘l'hg{regﬁ ‘due

purified ﬁa&ia&mmr&%mmﬁ@tmrﬂwysm ﬂ@w& o#"g ?&ﬁy'
acet ate: n-hexane (1:10)] to obtain the title conpound (108.8 ng, 519

[0308] ' Hidivd ClXrid)tren 3!:17&1( sflaneé- OF. 4 4it., S3. 615 iflo] %ssiddédBZ (2H,
d, J-8.6Hz), 7.11 (2H, d, ), 7.16 (1H, a), 7.30-7.41 (5H, (2)

Synt hesi sthred 4- Imiém@mmrh)mfxwrélm el fivéa mlﬂmemﬁeol TO a
sol ution of (3-benzyl oxy-2-(4-nmethoxybenzyl)-5- trifluoronethylthiophene

(170. 5 ntenpekatrmed )fomn 16l 79 lvwnre) hend® {Hed cdncentsoted i wndef boron
tribrom de- dinethylsulfide conplex in dichloronethane (0.47 ni, 0.47 nmmol)
was addedretucetd @ressure ! r dflen chtatwed Thesidaes twvasn purkfied wpssilicded at
the sane tenperature for five minutes and then at OC for 11 hours. To the
reacti on gékteobmvwathoromatographyl bdeveleping solutionwetiel was extract ed

with nethylene chloride. The organic |ayer was washed with a
acetate:n-hexane (1:10)] to obtain the title compound (108.8

) mg, 51%).

i) [0308] 'H-NMR (CDCl,) &: 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-
thiocphen-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

k:) mmol) was added at -78°C in a nitrogen stream. The reaction
mixture was stirred at the same temperature for five minutes
anéd 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 agqueous solution and a
saturated sodium chloride agueous solution and dried
{anhydrous sodium sulfate), and then the solvent was distilled

under reduced pressure. The obtained residve was purified by

silica gel column chromatography {developing solution=ethyl



saturated sodi um hydrogencar bonat e aqueous solution and a

chl ori de

sat urated sodi um
aqueous solution and dried (anhydrous sodiumsulfate), and then

the solvent was distilled wunder reduced pressure. The obtained residue was

purified

by silica gel columm chromat ography (devel oping sol ution-ethyl

acetate: n-hexane (1:5)] to obtain the title conpound (117.0 ng, 908).

(0309] 1H NMR (CDC13) 8: 3.80 (3H, s), 21%997_(2H, s), 4.47 (1H s), 6.87
(2H, d, J-8.6Hz), 6.98 (1H, s), 7.19 (2H° d,

J-8.6Hz) (3) Synthesis of

(2- (4- Met

t hi ophen-%?{ﬁ/ﬂt{-eeg’,z%'l, 5 téii%@ﬁeﬁé?&’%ﬁ*’éa’%ﬁ- bipleqromppirdnd 14740 M9 o

nitrogen
0. 27 mmol
sol ution
mml ) in

t he same
for 18.5

chr omat ogr aphy

The obt ai

149

§3rean] 2,3,4,6-tetra- O benzyl - 5a-carba-a- D gl ucopyranose (146 ng,

nd tributyl-phosphine (0.10 ni, 0.41 mmi) were added to a

i AR5 R o L 0
LT P AN ST SR 5,

enfperat ur reaction mxth
3E§”éhz¥he reaction mxture was treated by silica gel columm

tehperature

devel opi ng sol ution-ethyl acetate: n-hexane (1:10 to 1:8)].

sol uti on-et ylor cet a%ﬁ-ﬁiné%iee%lﬁsﬁgmﬁ%i{%gﬁ%e"’%ﬂﬁ%ﬁt%ﬁd (47.2
S00- 570 st oS RFi 2 83 (s Heffiio BandyPisd:rbd!p-o 1

)

glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
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
[developing solutionsethyl 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] 1H.NMR (CDC1l;) &: 1.56-1.80 (2H, m), 1.96-2.10 (1H,
m), 3.40-3.70 (5H, m), 3.75 (3H, s8), 3.96 (2H, 8), 3.96-4.16
(1H, m), 4.44 (2H, s), 4.53 (1H, 4, J=11.0Hz), 4.70~-5.00 (5H,
m), 6.79 (2H, 4, J=8.6Hz), 7.06-7.38 (23H, m)
(41 Synthesis of [2-(4-Methoxybenzyl)-5-trifluoromethyl-

thiophen-3-yl]-5a-carba-f-D-glucopyranoside

In a nitrogen stream, [2-(4-methoxybenzyl)-5-tri-



1H, m), 4.44 (2H, s), 4.53 (1H, d, J-11.0OHz), 4.70-5.00 (5H, m, 6.79 (2H,
J-8.6Hz), 7.06-7.38 (23H, nm (4) Synthesis of

2- (4- Met hoxybenzyl )-5-trifl uoronet hyl -

hi ophen- 3-yi ] - 5a- car ba- p- D- gl ucopyranoside In a nitrogen stream

2-(

I

- (4- et hoxybenzyl )-5-tri - 150 -
uoronethylthiophen-3-y|]-2,3,4,6-tetﬁ_-C>benzy|-5a-carba-0-

D- gl ucopyranosi de (45.2 ng, 0.056 mmmol) s dissolved in nethylene chloride
(0.5 nL), and dinethylsulfide (0.145 nL, 3.35 nmol) and a boron

trifluor iﬁielqmueﬁhyf&hﬂapm-p‘# YR 0¥, 4 - tetgs-Omhenzyibr 2aceebatfer et o

enper ot BHETUSORYEARORI a0, A3 AP ok 036 st | rperdigrelted Fa hours, and
ndded 1 oY SR AR AR (F o el i axnmiveledhehe tho hfa R CL or e
Lo S S O R ol i BT
i) oy s AT S G o ol
?)’ L 32??‘@’(%%? @?P%%& arf ,t%a. g"%}) Mi%" %‘.”gfjséaz §1H,
7.16 (2H %ﬁﬁé—%i"s‘ﬁ%), éf?%(ﬁﬁ“a@“ﬁ%ﬁ%&g% S and st &1F):
(5 Vet norSatiehees aSdtliR Kydtogencasbonate aqueoys solution and water

i) were added thereto under cooling with ice and extracted with

(
d
[
t
[
f

methylene chloride. The organic layer was washed with a
saturated sodium chloride agueous solution and dried
(anhydrous sodium sulfate), and then the solvent was distilled
under reduced pressure. The obtained residue was purified by
TLC [developing solutlion=n-hexane:acetone {(l: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,
i:) m), 6.84 (2H, 4, J=8.3Hz), 7.16 (2H, 4, J=8.3Hz), 7.40 (1H, 8)
MS (ESI'): 448 [M]®
HPLC Retentilion Time: 12.4 minutes

Example 39

{3-Methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside

{1) Synthesls 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,



pyranosi de (1) Synthesis of 2-Benzyl oxy-6-net hoxybenzoic Acid Benzyl Ester
While stirring a mxture of 6-nmethoxysalicylic acid (5.07 g. 30.15 nmol)
~and sodi um hydride (60%ww, 3.02 g, - 151 75.38 nmol) under cooling with
ice, DM (30 M.) was added thereto. The m xture solution was stirred at the
same tenperature for 10 m nutes, and then benzyl brom de (8.95 nL, 75.38
mmol ) was added thereto over 5 mnutes d the reaction mxture was stirred
at the same tenperature for 30 m nut es roomtenperature for 2.5

aqueous 98-8 g hoﬁm °uwa[£re“ qfﬁd@a asﬁa dedem fqi&”rat S oree ?a%{}t c vas
22%;?3% TSI TR R R B ﬁ;@;tﬁ%ﬁ%tt AR ous 2odih um
o o ey g e z@w@esg. s
il e 8§ﬁﬁ“@“§ﬁ?y%%w HSE (iahed °§3ﬂ§)%;ae Rt 50
(7225 ?ilﬁaﬁn% é%%e oxy ?mt%oxy#@q%&%noq In l'&Hfzgoﬂgeann&f _
ZE L:?m(s m cgﬂﬂ?ﬁﬂf@efirhtlon O%JEZLﬁg]esn xd;ugqfryeﬁnoxy éé%‘%fbcrg%ﬁé:%%n% Jm

ester (Gas haded 3 dHRIvatda e&rﬁﬂni(tﬁrp dilorRfe Hfltbi §PAition and

water under cooling with ice, and the mixture was extracted

with ether. The organic layer was washed with water and a
saturated ammonium chloride aqueous 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)] toc obtain the title compound
(6.24 g, 59%).
[0312] 'H-NMR (CDC1,) §: 3.81 (3H, s), 5.08 (2H, s), 5.35
(2H, s), 6.55 (1H, 4, J-5.9Hz). 6.58 (1H, d, J=5.9Hz), 7.15-
7.45 (11H, m)
i:) {2) (2-Benzyloxy-6-methoxyphenyl Jmethanol

In a nitrogen stream, to a suspension 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) 1in 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 agueous solution (20

ml) was added dropwise thereto and the mixture was stirred at



tenperature over 15 mnutes. The reaction mxture was stirred for two hours
under heating to ref lux. Ethyl acetate (2 nL) 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 dropw se thereto and the m xture was
stirred at - 152 roomtenperature for 20 hours. The reaction m xture was
subjected to Celite filtration and to t filtrate was added a saturated
Rochel | e salt aqueous solution (15 m’) Tthe mxture was extracted with
ether. The organic |layer was washed with a saturated sodi um chloride
aqueous KStom %@mmttmq &P A hAurs. sdthe Feagtion mixtire 88t he sol vent
was distilled under reduced ressure. The obtalned resi due was urified by
silica g&u aé"n‘;it KibkEake oras a R

3(31 %) ]48to obt ai ej!t. 15()%9@]}3 4 751_9_1( 10(O]0g %égBéﬂ)thl—%Ng/g E(ZZECB)
Z?’zHSj ,58 “‘71]*?%‘ g ‘?Fid ? Q&#ﬁ;&?}?éf%@fgmfg lagbr Oag 778 4

Stroam  FaEhe ﬁ%ﬁﬁﬁ"“%%ﬁ%ﬁé LA RSy "
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tetra-n- dded
t her et o. e reargcq)i on m x et[j#'{e&e\;\ffa? éls-rl;‘l'r:%gl) f%%tn?jh% in?‘hmg g
tenper at Y& 31 d oy T ISP IS Ful? chromatography [developing

.) solution=ether: n-hexane (1:1)] to obtain the title compound

(4.75 g, 100%).
[0313] 'H-NMR (CDCl;) &: 2.48 (1H, t, J=6.8Hz), 3.85 (3H,
8), 4.84 (2H, 4, J=6.8Hz), 5.10 (2H, B), 6.58 (1H, 4,
J=8.4Hz), 6.62 (1H, d, J=8.2Hz), 7.20 (1H, dd, J=8.4, 8.2Hz),
7.28-7.47 (5H, m)
(3) Synthesls of (2-Benzyloxy-6-methoxyphenyl)-(4-
methoxyphenyl jmethanol

In a nitrogen stream, a solution of (2-benzyloxy-6-
methoxyphenyl)- methanol (3.52 g, 14.41 mmol) and N-

Q:D methylmorpholine N-oxide (NMO, 2.53 g, 21.61 mmol) in
dichloromethane (14.5 mL) was cocoled in a water bath, and
tetra-n-propylammonium perruthenate (TPAP, 152 mg, 0.(3 mmol)
was added thereto. 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 filtration 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 dissoclved in THF and cooled in a



1.75 hours, and then subjected to Celite filtration and the solvent was
distilled under reduced pressure. The obtained residue was treated by
silica gel colum chromatography [devel oping solution-ethyl acetate:

n- hexane (1:3 to 1:2.5)]. The obtained conpound was dissolved in THE and
cooled In a - 153 water bath, and a solution of 4- methoxyphenyl magnesi um
bromde in THE (0.5 M 30.3 nL) was ad dropmﬁse thereto in a nitrogen
stream The reaction nixture was stirr room tenperature for 1.25
hours, and then a satur&;ed Tnnniun1 chlorlde aqueous_ sol uti on was added

t heret o i'H“r% ‘Fl'énp%?dt%r@ a‘h"di?rh@ﬁﬁ‘k'gﬂ%t RELRAGNeSiYMct her . The
ol tt1 on BRARLS iR (K Wé&ééﬁﬂ@ﬂﬁﬁ%@‘&vﬁ% gé‘q‘?éﬁﬁf%s
distilled under reduc ressyr.e. The bta resi due i ed by
silica gét ‘:E'g f’f) ogr ?\fﬁ% d?#{;h%? uYﬁ‘%rF*AﬁFﬁ% ' Toom

Toon [ CAPHSEHEHR ook grodrds 4 High E %{*é%ﬁe?@pﬁﬂﬁga@h?%?;d,
iy Tl i st gt @aeaés&amnsofgzﬁil .
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reaction dﬁéﬁd’é%dﬁ&?&ﬁré qaﬁh%fm SoADER "G Prd€d) 24fak@uUr s, and

then the catal yst was ltered off. e 'sol vent was
_) then the solvent was distilled under reduce pressure. The

obtained residue was purified by silica gel column
chromatography [developing solutions ethyl acetate:n-hexane
{1:4 to 1:3.5)] to obtain the title compound (3.66 g, 72%).
[0314] 1H-NMR (CDCl,) 38: 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=7.6Hz2), 6.64
{1H, 4, J=7.6Hz), 6.80 (2H, d, J=8.7Hz), 7.10-7.40 (8H, m)
(4) 3-Methoxy-2-(4-methoxybenzyl)phenol

To a solution of (2-benzyloxy-6-methoxyphenyl)-(4-

i:) 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-HCl1l (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=aethyl acetate:n-hexane (1:4)] to obtain the title
compound (1.31 g, 89%).

[0315] 'H-NMR (CDCl;) 8: 3.76 (3H, s), 3.82 (3H, s), 3.98



distilled under reduced pressure and the obtained residue was purified by
silica gel colum chronmat ography [devel oping sol ution-ethyl

acetate: n-hexane (1:4)] to obtain the title conpound (1.31 g, 89% . (0315]
1H NWR (CDC13) 8: 3.76 (3H, s), 3.82 (3H, s), 3.98 - 154 (2H s), 4.67 (1H,
a), 6.45 (1H, 4,J.8.1Hz), 6.52 (1H, d, J-8.2HZ), 6.79 (1H, d, J-8.6Hz),
7.07 (1IN, dd, J-8.1, 8.2Hz), 7.17 (1Njegd .3.8.6Hz) (5) Synthesis of

[ 3- Met hoxy- 2- (4- met hoxybenzyl ) phenyl ] - ga-carba-p-D—gIucopyranoside In a

o, 140 Gatr P SR ibedd Tl FrboriEh o 8! NI TET0S 1)
1 but 1 G (095 G Heg i e, OGNy ok o AR .

and t et r agthy, o carlt zﬁ'gm de (THAD, 242 ng, 1.40 mmol) was added thereto
at the sane ';t]ednl%g'r;a'u?%.kbo e) reaction mxture was stirred for 1.25 hours

d 419 Wiilind { Th
Fgaii : on VI Xt ?Pé&m‘,h"s’gfﬂr Z’:;}fe[? '%ﬁ?%‘?gﬁf%§?ﬁ%{%@%ﬁ ) ° d
evel opl ng soO | - e . 0 . . e optal ne
crude pPodgct vigféﬁggﬁﬁﬁhﬁfﬁﬁ?é?ﬁ%ﬁﬁéggga;THF (1:4) mixed solution (10 m),
d 20% pal | ggl ' | dth
and a pal | g %Mo@andgﬁ?ﬁ.awta ¥ utlon"&F aﬂ?‘?ﬁﬁéﬁﬁﬁ;ﬁuﬂ the

m xture solution was stirre a hydrogen atnosphe , and

then t hgneiciptian 2425 ghdrdY B4 fmg,The, 60 maiil) V65 «HRdddd Skl Lﬁ'ﬁ?fd
a gel colum

reduced pressure and the obtained residue was purified by silic
chr omat ogcR/ent depelvdtid'®.5 mL, THF 0.3 mL), 2,3,4,6-tetra-O-benzyl-

-) 5a-carba-a-D-glucopyranose (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 cocling 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)1]1.
The obtained crude product was dissolved in a methanol-THF
(1:4) mixed solution (10 mL), and a 20% palladium hydroxide

i:) catalyst (94 mg) was added thereto and the mixture solution
was stirred under a hydrogen atmosphere for 5 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 (15:1 to 10:1}] to obtain
the title compound (121 mg, 32%).

[0316] 1H-NMR (CD;0D) &: 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, s8), 3.79 (3H, 8), 3.92 (2H, s),



sol ution-net hyl ene chl oride: methanol (15:1 to 10:1)] to obtain the title
conmpound (121 mg, 32% . [0316] 1H NWR (CD30OD) 6: 0.85-1.05 (1H, m,
1.40-1.65 (1H, m, 1.95-2.15 (1IN, m, 3.10-3.30 (2H, m, 3.40-3.55 ON. m,
3.60-3.75 (IN. m, 3.71 (3H, s), 3.79 O\, a), 3.92 O\, s), - 155 4.05-4.25
(1H, m, 6.59 (1H, d, J-B.2Hz), 6.65-6.75 (3H, nm, 7.05-7.15 (3H, m M
(ESI"): 405 (M+tH' HPLC Retention Ti ne: %g.G m nutes Exanple 40
[2-(4-thhoxybenzy|)-3-nethy|phenyl)-Ba& rba- p- D-gl uco- pyranosi de (1)

Synt hesi s of (2-Benzyl oxy-6-net hoxyphenyl)nethanol In a nitrogen stream to
a suspensﬁd%ﬁbﬁ-??thiﬁn1mﬁbuﬁﬂﬁ%nixgdrﬁde v8.2H2), 516506m7BI {3Hn MY her (30
m.), a solution of 2-benzyloxy-6-nethyl-benzoic acid ethyl eater (4.47 g,
16. 54 nnD7)°$ﬁ7e%ﬁef3¥1§miL) was added at room tenperature over 10 m nutes.

The reactj on, pixi.ure s, st.ifsyed under heating to ref lux for one hour.

Et hyl acelﬂgt(eg%gi)ﬁ)‘l%sugﬂﬁtd dropwi se to the reaction m xture under
cooling w LC d then a turated,. Rochell e salt aqueous solution (20
m.) was 2%%@% #ﬁ@?%€£°ﬁr§§ﬂ?3ef§n§ ?%ﬂuﬁ?ﬁture was stirred at room

tenper at uge Eg{ opg hour. The reaction m xture was subjected to Celite

filtrati of: filtrate was added a saturated Rochelle salt aqueous
AMe

sol ution e . YRS . _ he organic
dried (anhydrous, sgdi um sulfate), and then the sol vent was

| ayer wa

(1) 8ynthe§ia of (2-Benzyloxy-6-methoxyphenyl)methanol
T) In a nitrogen stream, to a suspension of lithium

aluminum hydride (0.82 g, 21.50 mmol) in ether (30 mL), a
solution of 2-benzyloxy-6-methyl-benzoic acld 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 mlL)
was added dropwise to the reaction mixture under cooling with
ice, and then a saturated Rochelle salt aqueocus sclution (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 agueous solution (10 mL) and the
mixture was extracted with ether. 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 silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:4)] to obtain the title

compound (3.84 g, 100%).

[0317] IH-NMR (CDCls) &: 2.20 (1H, d, J=6.6Hz), 2.40 (3H,



||
distilled under reduced pressure. The obtained residue was purified by

silica gel colum chronmat ography [devel oping sol ution-ethyl
acetate: n-hexane (1:4)] to obtain the title conpound (3.84 g. 100% . [0317]
1H NMR (CDC13) 6: 2.20 (1H, d, J-6.6H8), 2.40 (3H, ~ 156 s), 4.79 (2H, d,
J-6.6Hz), 5.11 (2H, s), 6.83 (2H, d, J-7.9Hz), 7.15 (1H, t, J-7.911z),
7.25-7.50 (5H, m (2) Synthesis of %:5ﬁ§§yloxy 6- met hyl benzal dehyde In a
ni t rogen strean1 a solution of (2 benz y-6 nethoxyphenyl) nmet hanol (3. 46
g, 15.16 mml) and N- neth I hol i ne N-oxide (N .66 g, 22.73 mol) in
di chl or onfet hathe?9 10244 )d %H i F1- B we2 By bhthﬁaﬁ% {2y o,
$h2r?Eé'ct:‘f"%mé‘#ii“uper%tPﬁ‘?ﬁfeé?ap?%m%?iaﬂgzs?@@@?ﬁgéiem“’?ir 175 hour s,
Feduce: prAbLr SYaheaLE of racpener iRt usmo Y heReaiRehY88a ool colum
88[2???%???%%9“%18%@75°' Fepn o SorEfed &, (§ASRERGARITES ). 5o (an
(it . hethoRtengeys) -nathador i €63 (s Bﬁﬁzm&ﬂ.%m%ﬁ?féheﬁyffi (4"
ot hoxy oo ERGANELLng W ORLAL Pl £ 18 07 38 3) %) faoTed’in d
wat er bal&&cﬁiﬁkéhQEE&ﬁé0016”mﬁ7“E&Qoéggfgﬂyiﬁ a water bath and tetra-
n-propyl-ammonium perruthenate (TPAP..152 mg, 0.43 mmol) was
w) 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 obtained resldue was purified by silica gel column
chromatography [developing sclutionwethyl acetate: n-hexane
(1:5)] to obtain the title compound (3.08 g, 90%).
[0318] 'H-NMR (CDCl;) &: 2.59 (3H, s), 5.16 (2H, s), 6.82
(1H, 4, J=7.3Hz), 6.90 (1H, 4, J=8.4Hz), 7.25-7.50 (6H, m),
10.73 (1H, s)
{(3) Synthesis of (2-Benzyloxy-6-methylphenyl)-(4-
“:D methoxyphenyl jmethanol
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 ammonium 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 agueous solution and



magnesi um brom de THE (0.5 M 30.3 nlL) was added dropwi se thereto. The

m xture solution was stirred at roomtenperature for 1.75 hours, and then a
saturated amoni um chl ori de aqueous sol ution was added thereto under
cooling with ice and the mxture was extracted with ether. The organic

| ayer was washed with a saturated amoni um chl ori de aqueous sol ution and -
157 dried (anhydrous sodiumsulfate), ;aad_then the solvent was distilled
under reduced pressure. The obtained residue was purified by silica gel

L, R A b M R
0 (oot il Seabilpigi, T Sl yds 170
|5 st sl o e iy (oot

e g e e R (b a5 )

and  f ur el 1D 'omfaddCl( { 753G Moo, added thereto. The mixture Was
stirred under a hydrogen atnosphere for 11 hours, and then the catalyst was

filtered [qj‘:.flg \The soh“%}/\geang%g i&zl %ﬁ{:;dﬂ’(%" rse,d‘u%echd)r‘eﬁﬁurﬂ an‘:l_ﬁg'ue

obt ai ned residue was p y silica gel colum 6hronatograﬁhy _
[ devel opiquy sd Utd«ue SIHRY), a1 ageet@Ete, i heane gHe P) s loo opfmi nat he title

conpound (1.40 g, 86%. (0320] 1H NMR (CDC13) 8: 2.28 (3H s), 3.76 (3H,
s), 3.99 J«{PH 5Hy), 4 A3 ((IH, A, F=XV. 4}, &. 755 .9¢) (416, Wy 5. S>9d3H,
7.05 (ZH; m), 7.10-7.35 (6H, m})
(4) Synthesls 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% HCl (0.36 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 11 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 solutionsethyl
;:) acetate:n-hexane (1:5)] to obtain the title compound (1.40 g,
86%).
[0320] 'H-NMR (CDCl;) &: 2.28 (3H, s), 3.76 (3H, s), 3.99
(2zH, 8), 4.61 (1H, ﬁ), 6.67 (1H, 4, J=8.1Hz), 6.70-6.85 (3H,
m), 6.95-7.15 (3H, m)
{5) Synthesis of [2-(4-Hethoxybanzyl)-3-mathy1pheny;]-5a-
carba-f-D-glucopyranoside
In a nitrogen stream, to a solution of 2-(4-methoxy-
benzyl)—3-methylphenol (318 mg, 1.39 mmol) toluene—THP_mixed

solvent (toluene 1 mL, THF 0.1 mL), 2,3,4,6-tetra-0O-benzyl-5a-



m, 6.95-7.15 (3H, mM (5) Synthesis of

(2- (4- Met hoxybenzyl ) - 3- net hyl phenyl ] - 5a- carba-4-D gl ucopyranoside In a
nitrogen stream to a solution of 2-(4-methozy- benzyl) - 3-net hyl phenol (318
ng, 1.39 mmol) toluene-THF m xed solvent (toluene 1 ni., THE 0.1 M),
2,3,4,6-tetra-0-benzyl-Sa - 158 - carba-a-D gl ucopyranose (500 ng, 0.93
mol ) and tributyl phosphine (0.35 nl,, 1532 mvl) were added under cooling
with ice, and tetranethylazodlcarboxan1 e (TMAD, 242 ng. 1.40 nmol) was

added there o0 at _fhe sanme te e. The eaction ture was stirred for
10 minut & st d ‘}Fg"lmq{* afidﬂj 3r"5'l9|]r)£éﬂérature for 23 hours.

?Siééfﬁﬁffr%%ﬁ% EHEmY 5 %ﬁ%ﬂ?@ #%*W% OL?Q.“%ed

ghg S %00 patﬁﬁﬁl umlﬁs'@% OX|d'E'd‘-l cawwj) Was %%%fe@l @Agfo ﬁnd the 4
then tne TRt A1, "HEELF 4L MadEndrotes (Q0The' S hipd b HIE Cod
pressure Qb iiih eRLANRE #6501 Masa Rgd f1 ¢ttt é'n{ﬂdéé’r %ano'-?’ PR 1)] o

chronatography [ devel opi ng sol ut1 on-net hyl ene ch ori

bt t tad 1 £5-
?1H(:il nn),tl?45 1des ( 1H, %@&éorg’ezﬂél%ﬁmll[ﬁh 2@21 (3H § '%&11:5% 30 (2H

1,5 Smiiod e radnah oy il iy il Yl L
6.91 (1H [dbveldpiity)sofutfonadthyBlhcélate:n-hexane (1:7 to 1.6)].
_ The obtalned 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 solution
was stirred under a hydrogen atmosphere for 6.5 hours, and
then the catalyst was filtered off. The sclvent 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 (55 mg, 15%).
[0321)]) lH-NMR (CD;OD) &: 0.85-1.05 (1H, m), 1.45-1.65 (1H,
) m), 2.00-2.15 (1, 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), 3.94 (1H, 4,
J=15.0Hz), 4.06 (1lH, d; J=15.0Hz), 4.05-4.20 (1H, m), 6.70-
6.80 (3H, m), 6.91 (1H, d, 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-



M5 (ESI'): 411 [MtNa]' HPLC Retention Tine: 11.2 mnutes Exanple 41

[ 2- ( 3- Fl uor o- 4- net hoxybenayl ) phenyl ] - 5a- car ba-a- D- gl ucopyranosi de (1)

Synt hesi s of (2-Benzyl oxyphenyl)-(3-fluoro-4 - 159 - net hoxyphenyl) net hanol
In a nitrogen stream an n-butyllithium hexane solution (1.54 M 6.79 nlL)
was added dropwi se to a solution of 1-benzyl oxy-2-bronobenzene (2.5 g, 9.50
nmmol) in THE (30 nL) at -78C and the mseture was stirred at the sane
tenperature for 30 mnutes. To this solution, a solution of 3-fluoro-4-

met hoxybenzal dglayse ﬁ@%ﬂl)ﬂgﬂﬁgﬂggﬂ) in THE (8 nL) was added dropw se at
-78C. The mxture was'stirred at the sanme tenperature for one hour, and

then a saturat g aTFBRirdFed Streanlle sf0rCHuty12ithivm Wakaaidd b iutales 0 and

the m xture was extracted with etHyI acetatée, and the organic |ayer was

washed wi(ihsa $Rt @.at9ehigodiasMadded idOAARY Yo g8l oG dri ed
(anhydrous magnesium sul fate), and then the solvent was distilled under

reduced Q-deazyloxiie-Miioniobehzetn 2 5\Vap, WO frinkal Yo\ iTHE § e Imifo! um
chromat ogr aphy [devel opi ng solution.ethyl acetate.a-hexane (1:5)] to obtain

the titlat copiguafd( Ehémixtle¥) wabOgZikrelt M¥RtheDsamk SempePdtuis 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, 7.2¥Fct 39 minutes.(2)ToSyiimesclutich, 2 Holutdoh raf @y 4d-phenol
To a (2-benzyl oxyphenyl)-(3-fl uoro-4-net hoxyphenyl) -
methoxybenzaldehyde (1.32 g, 8.56 mmol) in THF (8 mL) was
added dropwise at -78°C. The mixture was stirred at the same
temperature for one hour, and then a saturated ammonium
i> chloride agueous 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] I4-NMR (CDCl,) 8: 2.92 (1H, d, J=5.8Hz), 3.87 (3H,
'{:D s), 5.03 (2H, 8), 5.98 (1H, 4, J=6.0Hz), 6.85-7.10 (5H, m),
7.21-7.35 (7H, m)
(2) Synthesis of 2-(3-F1uoro;4-mathoxybenzy1)phanol
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-HCl1l {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 dlistilled under

reduced pressure and the obtained residue was purified by



met hanol (1.50 g, 4.43 mmol) nethanol solution (29 nL), a 20% palladi um
hydr oxi de catal yst (150 ng) was added, and furthernore 2N-HC (2 nlL) was
added thereto. The m xture was stirred under a hydrogen atnosphere for 15
hours, and then the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified by - 160
silica gel colum chronatography [devel ng sol ution-ethyl

acet ate: n-hexane (1:5)] to obtain tkmat#ﬂﬁ e conmpound (0.95 g, 92%. [0323]

3H NWR (CDC13 8: 3 85 (3H, 3.91 (2H(ﬁﬁ 4.69 (1H,_br s), 6.77 (1H,

dd, J-1.181 93145:@1 g#ﬂ%fm qgraphﬁ eﬂeﬂeonm sglytionyetheli s of

[2-(3- Fluoro benz n carba | ucopyrapnoside In a

n| trogen as‘f?%ﬁﬁ qg" Jrvlfq)hﬁf ?lﬁtﬁ'hov&?4 4'?&% ) bhe?d 9¢ 323
ny, 139% |ntoluene(3 m),

2,3,4,6-t a- O benzyl - 5a- car ba- a- D- gl ucopyranose (500 ng, 0.93 nnDI) and

thb?tety'r& tiii;ioé? B, 4pLeT (B 8 oty 5. A Fhof St %%o

T. 40. 5
hour o g 1 Sy 1§ TE By B VaLiEr R P 1L S8 e b L) - e
reaction - gww? ed by silica gel colum chronmat ography
(de;eloplng 3379& oh- 5ﬁ§ acet at e: n- hexang (1:6)]. The obtained crudg
258@33f|a ) I%ﬁQEFOXIdg catg?ystrﬁiﬁg}gz4&%§Q2é%g§?h€é§¥§ﬂg *g]the n?Qtu?e
was sti rred und@& éaf\?/ﬁl Qgﬁ%ﬂmﬁfﬂ two hours, and

-) In a nitrogen stream, to a solution of 2-(3-fluoro-4-

methoxybenzyl)phenol (323 mg, 1.39 mmol) in toluene (3 mL),
2,3.4,6-tetra-0-benzyl-5a-carba-a-D-glucopyrancse (500 mg,
0.93 mmol) and tributylphosphine (0.35 mL, 1.39 mmol) were
added under cooling 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 sllica gel column
chromatography (developing solution= ethyl acetate:n-hexane
9 (1:6)}. The obtained crude product was dissolved 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 atmosphere for two hours, and
then the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained reside was purified by
g8ilica gel column chromatography [developing
solution=methylene chloride:methanol {(10:1)] to obtain the

title compound (78 mg, 21%).

[0324) H-NMR (CDsOD) &: 0.85-1.05 (1H, m), 1.40-1.65 (1H,



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 ution-nethyl ene chloride: nethanol (10:1)] to
obtain the title compound (78 nmg, 21% . [0324] 3H NWVR (CD30CD) 6: 0.85-1.05
(lit, m, 1.40-1.65 (1H, - 161 nm), 1.95-2.15 (1H ), 3.35-3.60 (2H, m,
3.60-4.00 (3H m, 3.81 (3H, s), 4.05- 5 (1H m, 6.70-7.20 (7H, m M
(ESI"): 392 [M' HPLC Retention Tinme: 10.7 mnutes Exanple 42

Syntnest mbf 588781 ol B ohbyr 4 el oBorEdy )y, Bebga o] Tt Y o
added thetceh R phecasBsrRuzhet i, JFYGN8 205 Ll MANRLGCE 10 R’ ™

obt ai ned g X un CQe{+ Ng with ice over 10 mi nutes and the reaction
m xt ure ﬁgé g#$f?%ﬁq$%% m nutes, and then 2-(trinethylsilyl)ethoxynethyl

chl ori de ﬁﬂﬂqQngenéf?é sak) 1628 RYda eLhereto under cooling with ice over
he | X &

25 m nut es. reactron mxture was stirred at roomtenperature for 14.5

hours. Unﬂgamggglk?g with ice, to the reaction mxture was added water and
I Xt

the m x racted with ether and the organic |ayer was dried over

anhydr ous; gag) : : ure. The

obt ai ned th %ﬁé ogr aphy
pyranoside

(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 cooling 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 cooling with ice over 25 minutes. The
reaction mixture was stirred at room temperature for
14.5 hours. Under coolling with ice, to the reaction mixture
g:) was added water and the mlixture was extracted with ether and
the organic layer was drlied over anhydrous magnesium sulfate
and concentrated under reduced pressure. The obtained residue
was purified by silica gel flash column chromatography
[developing solution=n-hexane:ethyl acetate (3:1)] to obtain
the title product (10.8 g, 92%).
[0325] H-NMR (CDCl,) &: 0.00 (9H, s), 0.93-0.98 (2H, m),
3.73-3.79 (2H, m), 5.24 (2H, s8), 7.18-7.23 (1H, m)}, 7.34-7.38
(1H, m), 8.25 (1H, 44, J=4.7, l1.4Hz), B8.40 (1H, 4d, J=3.0,
0.6Hz)



[ devel opi ng sol ution-n-hexane: ethyl acetate (3:1)] to obtain the title
product (10.8 g, 929% . [0325] 1H NWR (CDC13) 6: 0.00 (9H, a), 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) - 162 (2)

Synt hesi s of (4-Cycl opropyl phenyl)-(3-(2-trinethyl -

si |l yl et hoxynet hoxy) pyri di n-4-yl ] nmethanojgz!f a nitrogen stream a
t-butyllithiumn-pentane solution (1.47 M 6.20 nmol) was added dropw se to

o) i 1 Bhyar STACGHEAFCRE | §CYEoaReppTpRERH P STl 2k indtngy, 0
i d -70 P '
ZEL;LFop?gpylbgﬁggfﬁgﬂgﬁe (1Fﬁgﬂg?b?%£%%nﬁﬁ%¥}!@ﬁtgfﬁg% (10 nmL) was added

thereto over 25 QuiPEroged $ELeaifR2CAi OMbufyXitfRLYASh SpéRtagleat - 70C for
two hours and at room tenperature for two hours. To the reaction m xture

was addedgoPuffbhl 1 £47 ML 20) wkbL) | Was A88Q8ASAE6pWLEENto2adsblat18hXt ure
was extracted with ether, and the organic |layer was dried over anhydrous

magnesi unpful g2 etrimétlhiylsilydethoxyméthosp) pepidine (isyvl §ed7usger
reduced pressure, and the obtained residue was purified by silica gel flash

col um chiune®R) oL agliydroey CTRP! (91 S@k )yt aen- pafeever e2snmimpesds) € e 1)] to
obtain the title product (2.17 g, 748). [0326] 1H HWR (CDC13) 8. -0.04 (9H,
8), 0.61-mMigbut@Hvas)stibréd- &t 967¢% £o1) ,onle Hour Sand Hhed .a Boatidd (2H,

m, 5.13 (2H, dd, J-22.8, 6.9Hz), 6.00 (1H, a), 6.97-6.99 (2H ),
7.20-7. 230f 24+-cyyloprdapylbenzaldéhydeHt ), 48. ¢3 10H19dmmol) in ether
_) (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
& saturated ammonium chloride agqueous 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 obtained
regidue 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] IH-NMR (CDCl;) &: -0.04 (9H, s), 0.61-0.66 (2H, m),
0.84-0.96 (4H, m), 1.79-1.90 (1lH, m), 3.48-3.59 tZH, m), 5.13
(2H, 4d, 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,
Juwd ,9Hz), 8.27 (1H, s)
(3) Synthesis of (4-Cyclopropylphenyl)-[3-(2-trimethyl-
gilylethoxymethoxy)pyridin-4-yl]Imethanone
In a nitrogen stream, Dess-Martin Periodinane (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



J-4.9Hz), 8.27 (1H, s) (3) Synthesis of

(4- Cycl opropyl phenyl )-[3-(2-trinethyl -

si |l yl et hoxymet hoxy) pyri di n-4-yl ] net hanone In a nitrogen stream Dess-Martin
Periodi nane (2.71 g, 6.39 mmol) was added to a sol ution of

(4-cycl opropyl - phenyl) -
[3-(2-trinmethysilylethoxy-methoxy)pyri i@ 42yl | met hanol (2.17 - 163 g, 5.84
mol ) in nethylene chloride (31 nL), and the reaction mxture was stirred
at room t@enperéd ummolprid. methylane ¢éhloniden(2] mhp, Dend- thet rea®tiondi nane
(0.27 g, 0.64 mmol) was added to the reaction m xture and the obtai ned
m xt ure vetxtare rvas stirved abureom|hempebaturecferfllbcheurand the
filtrate was washed with a saturated sodi um hydrogencarbonate aqueous

sol uti on ExkthResmene at the skeserMantini Bertodinaned(0022rganfybié ommokdhgnesi um
sulfate), and then the solvent was distilled under reduced pressure. The
obt ai ned Wai adedato §%¢|¥$%@t%9nam4§6u§$lﬂ%é the cbtatned mixtubgrwupay
broduct (256780 595 1 £ 399r81 1+ IRROTEBEeS) were . 51 4aoef 259 the7s. 0. 90
Yz‘ﬂ 3 %ilh‘%?qtasweé ma#;d 4gR 7 zgg'féﬂ%;tﬂ?m ﬁt&%ﬁﬁgéwcﬁbngtég ( MH
pyr di - ISR pENDRELSS, Saa%ui’%%é FFefed abdimtonbRoatieand’asind 1270"
[ri met hyi €795 | RREAERTS By e Trm ReS¥5te R REACRES %Bﬂ@é “gofvantguaty) i,
THE (49 q&ls@ffle& Hﬁé}u£§d38é&tbggs¥@§e§t'ﬁﬁe obtained residue was
:> purified by aminc silica gel column chromatography [developling
solution= ethyl acetate:n-hexane {(1l:1)] to obtain the title
product (1.96 g, 91%).
[0327] 'H-NMR (CDC1,;) 8: -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, s8), 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 (1lH, s)
(4) Synthesis of (4-Cyclopropylphenyl)-(3-hydroxy-
pyridin-4-yl}methancne
;:) p-Toluenesulfonic acid monohydrate (3.03 g; 15.9 mmol)
was added to a solution of (4-cyclopropylphenyl}-[3-(2-
trimethylsilylethoxymethoxy)pyridin-4-yl]lmethanone (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 coolad to room
temperature and a saturated sodium hydrogencarbonate agueous
solution was added threreto 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 obtained residue was



at 65C for one hour. The reaction m xture was cooled to room tenperature
and a saturated sodi um hydrogencar bonat e aqueous solution was added
threreto and the m xture was extracted with ether, and the organic |ayer
was dried over anhydrous nagnesiumsulfate. After filtration, the solvent
was distilled under reduced pressure, and the obtained residue was - 164
purified by silica gel flash colum chrggtography [devel oping

sol ution. n-hexane: ethyl acetate (2:3)] to obtain the title product (1.10 g,

L oﬁ#ﬁ#@(ﬁﬂ%ﬁg 2 #8%% oo Edadfy Eﬁ‘are@ms

§°Cs) SRl hetule hrtiyl Joptatss (P07 iy n8 geyd o U

4- trISbeq&MédﬁdtS pepgyéoxyﬂg?hylcyclo- hexyl oxy) pyri di n- 4- yl]nethanone In
a nitrogen stream  di 1 sopropy azodlcarboxylate (0.14 nL, 0.72 mmol) was

slowy adp@gz opw segt r o8 Of

(4-cycl opropy?jphenyl) (Mygbb%‘f)% d? na%f yﬁﬁne(t%%'nonf‘l)e' ({3'%9 416 {2711

(1S, 2S, 3m¥R P72 3p3- LIH?Q&PZWQM-‘.B 2de(zy| qe(ymhaicvshphedanm-s(ﬂ 20 g,
0.37 mml ), triphenyl phosphine (0.19 g, 0.74 mmol) and tol uene (1.3 nl)

under coodeWz)y th.68<7.d8e(2RACH) PN N2&t IR, V@5 J45[2R€) At 8.59001H, 4,

tenperature for three hours, and then the solvent was distilled under

reduced pJeGsédz) antiltbhe OIHAi ®kd residue was purified by silica gel flash

col um chr omat ogr aphy [ devel opi ng sol ution-n-hexane: ethyl acetate (2:3)] to

obtain thgs)itl|Synthesistof O( 26CyclopBopylphenyl)-[(3-( (1R, 2S,3S.4R,

t) 5R)-2.3,4-trisbenzyloxy-5-banzyloxymethylcycio-
hexyloxy)pyridin-4-yl]methanone
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)methanone (0.18 g.
0.74 mmol), (15,2S5,3S,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 sclvent 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 (CDC1l;) &: 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 {(1lH, 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), 8.34 (1H,
d, J=4.9Hz), 8.54 (1lH, 8)

() Synthesis of (4-Cyclopropylphenyl)-[(3-{{(1R,25,3S,4R,



[0329] LH NWR (CDC13) 6: 0.67-0.73 (2H, nm), 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, 8.34 (1H, d, J-4.9Hz), 8.54 (1H, s) (6) Synthesis of

(4- Cycl opropyl phenyl )-[3-((1R, 2S, 3S,4R, - 165 -

5R) -2, 3, 4-trisbenzyl oxy-5-benzyl oxynet hygsycl o-

hexyl oxy) pyri di n-4-yl ] net hanol  Sodi um bor ohydride (40 ng, 1.06 mml) was

dded t | Uk 4 = < *gﬁg R 5R) -2, 3, 4-
?rigben?y?oi?-gs%za%;%6§§E%¥ﬁ§?%§¥?§%¥£§Fgﬁé}g%é| |nE§§§$ﬁﬁﬁéEhanéne (0.20
g, 0.26 mmol) iﬂeiﬁﬁbﬁﬁ)ﬁ;:ﬂhina@dyﬂ@hﬁfhaﬁ9167 m.) under cooling with ice

and the reaction mxture was stirfed at roomtenperature for 14.5 hours. To

the reaction ngxdi® bdrbny@sidddeso @%9 £006 Siho £} SFasUhadeaCrgchd (0.2

m.) was added thereto under” cooling w ice and the reaction m xture was

stirred fg61dP16hNoEes4-EPclbcpPbhbFLPRENYEICTBON( 1R, 25UBS , ¥RS5RYAR] 324 -
saturated sodi um hydrogencar bonat e aqueous solution and the m xture was

stirred atrigbéhigloRyasubenk9loxihethflcgelohbrylosy)pybddihxiure was
extracted with ethyl acetate and the organic |ayer was dried (anhydrous

magnesi unyl jmeéthanonea(d. 20eqg,t be26ommol) LASTHFS(1L BZdmLidandr wetaed
pressure. The obtai ned residue was purified by silica gel colum

chronmat og{apéy hIikvehdprngoedingi whtht gk andt ghe: peabtionemiRtilrk wasobtain
the title product (0.20 g, 1004) as a diastereoneric m xture. [0330] 'H NWMR
(CDC13) 6stord&@dlatl3rdéam, tempepat8re. £8r(18.5 hpurs.30T6. 8he( 2eachilon
1.09-1.27 (2H, m, 1.68-1.84 (2H, m,
: mixture, THF was added, and concentrated sulfuric acid (0.2
:) mL) was added thereto 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
solution 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] 'H-NMR (CDC1l;) &: 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, =), 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) Synthesls of 4-[Chloro-(4-cyclopropylphenyl)methyl-
3-((1R,25,35,4R,5R)-2,3,4-trisbenzyloxy-5-



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 WMs (ESI'): 762 [MtH ' (7) Synthesis of

4- Chl or o- (4-cycl opr opyl phenyl ) net hyl -

3-((1R 2S,3S,4R 5R) - 2, 3, 4-tri sbenzyl oxy-5 - 166 -
benzyloxynethylcyclohexyloxy)pyr|d|ne é% a nitrogen strean1 t hi onyl
chloride (0.05 nL, 0.68 mmol) was adde&'to a solution of

(4-cycl opropyl phen : | |

((:gg:qoﬁgxilsojs) 3:'%rnllé:ﬁ?&:y i rret hanol 126 hIyI -i - t hyl ene

chlori de (3 o ﬁ‘@é‘w’-’ 5 h%qﬂé"‘ég'd?qﬂé’ ﬁ%&ﬂéﬁﬁ@éd at
Satur at odg X }&4%%&0224 m@%&e@&ﬁ%nﬂiﬁv ﬁfdf%’re was
extracte ﬁ 48} [; It % o

Eggnggaogg negnest ul r#’gn‘ﬁ at’e) ﬁéfé?f]_% f§i§%§ ﬁiﬁ%ﬁ;ﬁ ed ggfiﬁ;m
;:E(rao[r:a% Iog ap yeﬁgevel%%lh iol ut o -e ac hexane[h% () tl]o glt_)t al\lli\/g
(Coc1s) Sedipiu 5%%&%@%@8@%?5“%“?&%5@0% g, e

4 364, s LHET e el Ao et fofi R} ’%‘3‘“?%? SOyt -

6. 85- 6. 96 datiti o mixtuids wal® ddddd maai?uééte?d%d , 8.26-8.42 (2H m
MS (BSI'): 780[N%Fﬂ (8) Synthesis of 4- Cycl opr opy benzyl) 3-((1R 2S, 3S,

—) hydrogencarbonate agueous solution and the mixture 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
solutionsethyl acetate:n-hexane (1:1))] to obtain the title
product {0.20 g, 100%) as a dlastereomeric mixture.

[0331] H-NMR (CDC1li) 8: 0.51-0.53 (1H, m), 6.61-0.64 (iH.

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-

i:) 4.91 {(4H, m), 6.23 {0.5H, 8), 6.39 (0.5H, 8), 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 (BSI*): 780[M+H]"

(8) Synthesis of 4-(4-Cyclopropylbenzyl)-3-((1R,2S5,3S,
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,2S8,3S,4R,5R}-2,3,4-trisbenzyloxy-5-benzyloxymethyl-

cyclohexyloxy)pyridine (0.22 g, 0.28 mmol) in methylene



4R, 5R)-2, 3, 4-trisbenzyl oxy-5-benzyl oxynet hyl cycl o- hexyl oxy) pyridine In a
nitrogen stream zinc (0.14 g, 2.14 nmmol) was added to a solution of

4-[ chl oro- (4-cycl opropyl phenyl ) - net hyl ] - 3-

((1R 2S, 3S,4R, 5R) - 2, 3, 4-tri sbenzyl oxy- 5-benzyl oxynet hyl -

cycl ohexyl oxy) pyri di ne (0. 22 g, 0.28 mmol ) in nmethylene ~ 167 chloride
(4.1 m) and acetic acid (12.4 m), and e_mxture solution was stirred at
room tenperature for 14 hours. To the Teaction mxture was added et hyl

Zélﬁéﬁbi E‘Eﬁa%?iﬂé”;i?“;ewﬁgéaeﬁ%?g&ﬁﬁaﬁ Zi‘%”r:éﬁﬁ’g by 03598%[1%8%?&
th 86D a0
puri ?ted“%‘élg?# 88| SEAFERA Ehr GRARCLPRRRGAFLEOCFORI A4 BEBFRe offcclAp

i T P e
1191 SouhgaThech §2asiRat il pEhrogdnddrbhiiard R‘I}llﬁﬁuﬁnf%@@% ane g
jii??ﬁ&)}arggg)(Fgﬁpﬁgyﬂ?g@aé .sﬁ%?th)§4aﬁaSHheH)th§ 5b1bbkt @as

[4'(4'CyCE?QEQEibaeﬂﬁﬁb%p¥ﬁgﬂbaa3g¥%k Hg@ Cagﬂ§OBBEEQhP§O iﬁﬁﬁ'QS In a

ni trogen ream entane enzen a solution of

boron tri plkoeida by BEL0KhegR1 eBiafnthn&amﬂt%rapHQ rrhevh%maow was

4-(4-cycl geiaRYbRRGRKY) - héathtB:AChdRaflE PRL1713t8 obtain the title
product (0.14 g, 67%).
[0332] !H-NMR (CDCl;) &8: 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 (1lH, m),
3.44 (1H, 44, J=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, &, J=4.7Hz),
8.35 (1H, s)
(9) Synthesis of [4-(4-Cyclopropylbenzyl)pyridin-3-yl]-

5a-carba-f-D-glucopyranogide
In a nitrogen stream, entamethylbenzene (0.40 g, 2.70
i:) 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-cyclopropylphenyl)-{3-({1R,2S,35,4R,5R)~-2,3,4-
trisbenzyloxy-5-benzyloxymethyl-cyclohexyloxy)pyridine (136 mg,
'0.18 mmol) in methylene chloride (7.1 ﬁL) 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 methanol solution (1.0 M, 4 mL) was added thereto

and the reaction mixture was stirred at room temperature for

10 minutes. Insclubles were filtered and the filtrate was



tri sbenzyl oxy- 5-benzyl oxynet hyl - cycl ohexyl oxy) pyridine (136 ng, 0.18 nmol)
in nmethylene chloride (7.1 nL) at -78C and the mxture was stirred at -78C
for 3.5 hours. To the reaction m xture, nethanol (1.7 nm) was added, and
then a sodi um nethoxi de nmethanol solution (1.0 M 4 nL) was added thereto
and the reaction mxture was stirred at roomtenperature for 10 m nutes.

I nsol ubles were filtered and the filtraggwas - 168 concentrated under
reduced pressure. The obtained residue was purified by silica gel colum

bt ai n { RS TEEYER JEhBLy BSaRBAE L dRbe 5T rie\ bt S Epal TRl Bhe (82 ) ©
(i m Pteled by d118 odi DRodods Grtindooraghy ;1 advoioptly: 375 s
ta, 323 Foubtfons 468y 1dnglody PrubehinfinadoEOLS: 1) (28 otatn 86 |71
?g Egsgaf%‘géﬁé% #?p%en&§aﬁ§;eggﬁ 2 glgfglﬁcggyrgzgg?Ze Eﬁgnzlﬁefﬁanol-THF
?rglt Ez);(gcr:]aé%on bgn;n;;l)lflo enyl] Sa- car'ba0 46%%1611%01)§1}r1an%£| d%'%?%’%s n‘ngO 1
mol ) as @t af negl-1 M exemm! emPl. 1258020 0! | ol iy , hydgpxidgsceinl vmj, (7. 2

ng) was added. The m xture was stirred under a ydrogen at nosphere for 15

hours, angl, 65129, 1de(18atm) ys8, 2aes3{2yvt ezrd wf . 3 The- sossegtnmaﬁ)dlstvhled
under reduced pressure to obtain the title conpound (38 ng, 1009

(1H, 44, J=10.7, 3.8Hz), 3.90-4.03 (2H, m), 4.28-4.36 (1H, m),

"]

6.97 (2H, td, J=8.2, 1.9Hz), 7.07-7.10 (3H, m), 8.00 (1H, 4,
J=4.7Hz), 8.30 (1lH, 8)

MS (ESI*): 386 [M+H]’

HPLC Retention Time: 8.40 minutes

Example 43

[2-(4-Carboxybenzyl)phenyl)-5a-carba-pf-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 mmol) as obtained in Example 31, a 20% palladium
hydroxide catalyst (7.2 mg) was added. The mixture was

L:) 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 (CD;0OD) 8:0.86-1.00 (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, Jw7.4Hz), 7.12-7.21 (2H, m), 7.30 (2H, 4,
J=8.1Hz), 7.88 (2H, d, J=8.1Hz)

MS (ESI'): 389 [M+H]'

HPLC Retention Time: 10.6 minutes



[0334] 1H NWR (CD3OD) 6:0.86-1.00 (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, nm), 3.95-4.88
(3H, m, 6.87 (1H, t, J.13.5Hz), 7.03 (1H, d, J.7.4Hz), 7.12-7.21 (2H, m,
7.30 (2H, d, J-8.1Hz), 7.88 (2H, d, Ja8.IHz) M5 (ESI+): 389 [MtH ' HPLC
Retention Tinme: 10.6 mnutes - 169 - Exanple 44

(2-(4-Vinyl benzyl ) phenyl ] - 5a- car ba- 0-D-gggicopyranosi de (1) Synthesis of
2-(4- BronDbenzyI)phenoI In a nitrogen stream di.methylsulfide (1.83 ni,

42. 46Iﬂﬂ&! @EQ gon trifluoride-diethyl ether conplex (0.9 nL, 7.07 mol)
wer e add ution of 1-benzlyoxy-2-(4- bronDbenzyI)benzene (1.0 g.
2.83 Mol ), i _ el . ainde The
reacti on = ' S—i : o ATSing i ts

tenperatU(fL tosfﬁgﬁggf@ngaﬁu(@gafgmbﬁ Jgg JRS added theret o under
tracted wth

cooling with ice and the m xture was ex nethylene chloride. The

organi c layer v §apitecbgin s trédh U @imétnyDid gl? @gueous sol ution
S0

and dried (anhydrous magnesi um sul fate), and then the vent was distilled

under 1 egaicggl AGEP Uirfa Yoo Dt A Fibdor £86 Liife ¥1RF1 Peithdt CComy18k ! (629 g€
col um chr omat ogr aphy [ devel opi ng sol ution-ethyl™ acetate: n-hexane (1:5)]

t o obtai nmi,he7i0? | mmeDyPeers 4ddda Bo ZossmtioﬁoéﬁSi m%ﬁ@m -6: 3.92
(2H, s), 4.62 (1H, s), 6.73- 6.76 (1H m, 6.85-6.99 (1H 06-7.14 (4H,

Er)l,s ZR3gSﬂr&ﬁbbéﬁi#1melﬂfén&/01 hesys pi8d rmﬁbuprmr&h&mfuhéoehzoﬁmd

(30.0 mL) under cooling with ice. The reaction mixture was

stirred for 19 hours while gradually raising its temperature
i) 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 aqueous solutlon and drlied (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 obtailn 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 Trifluoromethanesulfonic acid (1S,2R,3S,
4R,5R) -Trisbenzyloxy-5- (benzyloxymethyl)cyclohexyl
Ester
Pyridine (205 ML, 2.53 mmol) was added to a solution of
(1S,2R,35,4R,5R)-tris-benzyloxy-5-(benzyloxymethyl) -
oyclohexanol (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)



4R, 5R) - Tri sbenzyl oxy- 5- (benzyl oxynet hyl ) cycl ohexyl Ester Pyridine (205 pL,
2.53 mol) was added to a sol ution of

(1S, 2R, 3S,4R 5R) -tri a- benzyl oxy-5- (benzyl oxynet hyl )- cycl ohexanol (300 ny,
0.557 mmol) in nethylene chloride (5.5 nL) and the m xture was cooled to 0C,
and then trifluoronethanesul fonic acid anhydride (210 L, 1.25 mml) - 170
was added thereto. The reaction nixtuuelﬂ@s_stirred at the sane tenperature
for one hour, and then a saturated sodium hydrogencarbonate agueous

ohl or1 go. VaR SASEN, HAEEEES, S inb  Eoalt IbY" {2 XRRRS, PR KEERT AR LR tHY: cosi um
oot ?gﬂsgé';'%tﬁ?'ﬁﬁﬁf%“@ﬁﬁ%%'e §hacfiguf ofhd" ehifl 3°Hbkfkaka gbaTRILCON
3b52'3 i g€§?8ﬁ8gﬁgéné§§4 ggéP“s(Q§§§§§&§Z§P§HéﬁE§a3LBQr§%8H§?&1§h§o (1H,
40, o) O figtobbimaSegbrbtteq'sed daesin Snaehnody s (e boandngy?,
4.62 (1H 4 Egaﬂiéllétgi- wﬂs79aﬁﬁ§h ﬁ'i!thfl &Qtﬁf‘&eddf 8@?63!['umd J-11.5Hz),

4.89 (1H, d; 1H "br), 7.15-7.30
(20H, m ﬁﬁ&:&ge&heifatafa&aabﬁsBaemabfaﬁyhhahan&hku§atearEauiuﬁr

gl ucopyranosidé In a nitrogen stream a solution of 1-benzyloxy-2-(4- '.~
br ono- benghipbeagcaguedtis EBlutidh, ™ARE) drie@\Vbvet RhynéBiumCeahedte) an ice

bat h, and NaH (608, 52 ng) was added thereto. The reaction m xture was
stirred arhéhgoi¢ent! @ARCcAALULE1kAr to obtain a c¢rude product (380 mg).
ﬁ) [0336] 'H-NMR (CDCl,) &: 1.83 (1H, dad, J=15.9, 14.0Hz),
2.00-2.14 (2H, m), 3.39 (1H, 44, J=9.2, 2.3Hz), 3.50 (1H, dd,
J=9.6, 2.6Hz), 3.56 (1H, dd, J=10.2, 9.3Hz), 3.75 (1H, 44,
J=9.2, 3.4Hz), 3.86 (1H, 44, J=9.5, 9.3Hz), 4.40 (2H, s), 4.50
(1H, 4, J=10.8Hz), 4.62 (1H, 4, J=11.4Hz), 4.79 (1lH, 44,
J=10.7Hz), 4.82 (1H, 4, 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-Bromobenzy1)pheny1]-5a-carbn-ﬁ-n;
glucopyranoside
In a nitrogen stream, a solution of l-benzyloxy-2-(4-
i:) 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 thls reaction mixture was added dropwise
to a suspension of trifluoromethane-sulfonic acid
(1S,2R,35,4R,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



10 mnutes, and then this reaction m xture was added dropwise to a

suspensi on of trifluoronethane-sulfonic acid .

(1S, 2R, 3S, 4R, 5R) -tri sbenzyl oxy-5- (benzyl oxy- nethyl)cycl ohexyl ester (655
ng, 0.97 mol) in DMF (2.5 nL) at -40C. The reaction mxture was stirred at
the sane tenperature for two mnutes, at from-40C to OC for 30 m nutes and
then at 0OC for one hour. To the reacti m xture was added a saturated -
171 sodium chl ori de aqueous sol ution ee'n water. The resulting solution was
extracted with ether s . washe vvith'ﬁt r and a

dth ic J

sat ur at e&%@d?‘ﬁrﬁ’&ﬂ%’r&lﬂ?é‘mt 5 orgsaori‘g#ﬁqu HRYRT d rTe Qul fate.
The residuqlo ained by distilli t sol ven s rough urified by
silica gefott Wﬁrﬁ%’ﬁﬁ%ﬁ%‘%h‘?{%eﬁh@?ﬁ1 nﬂ"éo i?ﬁﬂg’éjr%yfa%%’ét%?ﬂ: n-
h , ' 0] ' d
hexane, Cudbind SePb i, G PR o, for £ 4ESRREALS .,
Di net hyl ' 0, : r | f bde- o th
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under reduced pressure. The obtained residue was purified by silica gel

col um chéraiwad apFidé JEredEdt Ndas S@Lsdd Died il Mhefity Lén e tlEoFE4@anol
(10:1)] to obtain the title product (40.0 ny, 42.9%.

) (2.5 mL) 1in a nitrogen stream. Dimethylsulfide (0.6 mL, 13.48

mmol) and a boron trifluoride-diethyl ether complex (284 pL,
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 chloride. The organic layer was
washed with a saturated sodium chloride agueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
digtilled under reduced pressure. The obtained residue was
.:) purified by silica gel column chromatography [developing
solution-metﬁylane chloride:methanol (10:1)] to obtain the
title product (40.0 mg, 42.9%).
[0337] lH-NMR (CD;OD) &§: 0.85 (1H, q, J=13.2, J=11.1Hz),
1.44-1.59 (1H, m), 2.03-2.09 (1H, m), 3.13 (1H, 4, J=8.7Hz),
3.19 (1H, 4, J=5.1Hz), 3.23-3.26 (2H, m), 3.37-3.45 (2H, m),
3.63-3.68 (1H, 4d, J=10.6, 3.9Hz), 3.81 (1lH, 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, 4, J=9.0Hz), 7.03-7.13 (4H, m), 7.27-7.32
(2H, m)



103371 1HNMR (CD3OD) 6: 0.85 (1H, g, J-13.2, J-11.1Hz), 1.44-1.59 (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, 3.37-3.45 (2H, m, 3.63-3.68 (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 (1H d, 3-9.0Hz), 7.03-7.13 (4H, m, 7.27-7.32 (2H
m - 172 (4) Synthesis of [2-(4-Viny bermyd ) phenyl]-5a-carba-S-D

gl ucopyranoside In a nitrogen stream [2-(4-bronobenzyl)phenyl]-5a-

car ba- p- uc | de L 40, My, _ L 8S@LV LD _atQl uene (2
). and (F] DucsrRER e ot Jhebs- L TodERr1 ) Sfnpl fo6bYEkrba-p L5
tetrakis(triphq@yﬁ&&g&*ﬁﬁgg&@@]Iadiun1(0) (2.7 nmg) and 2, 6-di -
tert-butyl-4-nethyl phenol were added thereto,. and the m xture was refluxed
at 110C for 15 NP shithiggeradttdin 1 (2 L £- BESmob&w:PIl) e $£1Per at ur e
and the solvent was distilled under reduced pressure. The obtained residue

was puri féDebap - FREEGhYrEndsfdé deye! @] NG. 694 UiheD) NRAS adDEsOBVEA| e
chloride (1: 1%3% to obt?jr'lﬂt he titl(ewpr%tct (9 ny, 2{3. 78). [0338] 1H NWR
(CD30D) S8toXludife ({1 mE) , Jadi®. Oribity¥)vidylein1(36 mgH ou)l mmé®)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 dd,
J-10.6, 4tdteakistBlpHenglilkosphineipadldditm((6) (,75mgy &nd| 2¢6-d8-11.0,
1.2Hz), 5.63 (1H, dd, J-18.0, 1.2Hz), 6.61 (1H dd, J-18.0, 11.0Hz), 6.78
(1H, t, JtérB+butyV-43métihirlphenol. geke K added- thepdtésHand) thes Bsture 370
[H + HPLC Retention Tinme: 11.8 m nutes

was refluxed at 110°C for 15 hours. The reaction mixture was
cooled to room temperature and the solvent was distilled underx

)

reduced pressure. The obtained residue was purified by
preparative TLC [developing solutionsmethanol:methylene
chloride (1:10}] to obtain the title product {9 mg, 25.7%).
[0338] 'H-NMR (CD;OD) 8: 0.86 (1H, q, 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, 4.1Hz),
3.81-4.08 (2H, m), 4.09-4.16 (1H, m), 5.07 (1H, 4d, J=11.0,
1.2Hz), 5.63 (1H, 44, J=18.0, 1.2Hz), 6.61 (1H, 44, 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

{2-14-(2,2-Difluorovinyl)benzyl jphenyl}-5a-carba-f-D-

glucopyranoside

(1) Synthesis of 1-Dlethoxymethyl-4-(2,2-difluorovinyl)-
benzens
In a nitrogen stream, an n-butyllithium hexane solution

(2.44 M, 9.94 mlL) was added dropwise to diiso-propylamine



Exanpl e 45 {2-(4-(2,2-D fluorovinyl)benzyl]phenyl)-5a-carba-4-D

gl ucopyranosi de (1) Synthesis of 1-Di ethoxynethyl-4-(2,2-difluorovinyl)-
benzene In a nitrogen stream an n-butyllithium hexane solution (2.44 M
9.94 nlL) was added dropwi se to diiso-propylamne 173 (3.40 niL, 24.2 mmol)
cooled in an ice bath and then THY (20 nlL) was added thereto. The obtai ned
m xture was cooled to -78C, and diethylyfgif| uoronethyl)-phosphonate (3.62
m., 23.1 mmol) was added dropw se thereto. The reaction m xture was

ftelr ;:)ﬁ?ha ?élt eh%lg%n%mwg%é%?q(%yﬂ% Squ)ﬁ%#?ﬂ?/\./é% Tigidga%lodr opw se

thereto. Jie y&fcddqda "tndrs o Vasmpd | 6B €a g SR EvAEBSsRdar e for 50

m nutes, at’ roomtenperature for 20 mnutes and at a tenperature of 70C to

75C for o Nopite, lanlf Aottt | (R A1OAcRRAYA) Bddifondte A316Y G, ATTONI UM

chl ori de aqueous 'solution and water were adde reaction m xt'ure and

the resuli3np mod Jrwagesdded '@ESHWL Y6 LthétdEes . THE P68eHién | miLEures
washed with a saturated amoni um chl ori de aqueous sol ution and dried over

sodi um surdftetirhed dAestifelcsané atanserytEir6tfor | fivé hpinetaetanddetien
reduced pressure was purified by silica gel colum chromat ography

[ devel opi terephthaaldélyde atehodbethytaceral 1{£02 ImLp bl @immol hewast | e
conpound (1.10 g, 22% . [0339] 'H- NVR (CDC13) 8: 1.24 (6H, t, J-7.1Hz),
3. 45- 3. 68adqed], dArdpwise /tjdiétald, TheGrdacBidiimixtur® ¢dsl stirred 3Rt (2H,
d, J-8.4Hz), 7.44 (2H d, 3-8.4Hz)
the same temperature for 50 minutes, at room temperature for
__) 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 aqueous solution and dried over sodium sulfate. The
resldue obtained by distilling the solvent under reduced
pressure was purified by silica gel column chromatography
[developing solutionsethyl acetate:n-hexane (1:20)] to obtain
the title compound (1.10 g, 22%).
:) [0339] 1H-NMR (CDCl;) 8: 1.24 (6H, t, J=7.1Hz), 3.45-3.68
(4H, m), 5.27 (1H, 4d, J=26.4, 3.8Hz), 5.49 (1H, s8), 7.32 (2H,
d, J=8.4Hz), 7.44 (2H, d, J=8.4Hz)
{2) Synthesis of 4-(2,2-Difluorovinyl)benzaldehyde
In a nitrogen stream, a 2M hydrochloric acid agqueous
golution (2.5 ml}) was added to a solution 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



(2) Synthesis of 4-(2,2-D fluorovinyl)benzal dehyde In a nitrogen stream a
2H hydrochl oric acid aqueous solution (2.5 nm.) was added to a sol ution of
1-di et hoxymet hyl - 4-(2, 2-di fl uorovi nyl )benzene (998.1 ng, 4.12 mmol) in
ether (4 m.) cooled in an ice bath and the reaction mxture was stirred at
the sane tenperature for three mnutes and at room tenperature for 3.75
hours. The reaction m xture was - 174 Exfracted with ether and the organic
| ayer was washed with a saturated sodiun1hydrogen car bonat e aqueous

sol uti on @ctérﬁt#ii‘{:egtﬁ% CE‘I‘:QV?Q% il der ef%&é @Hsndfdwithed over

sodi um su vent |st|I educe pressure to obtain
d é%gaﬁg a3a5Hz

? Zgu(gkf [Qé ¢ J 80§%E€ é@“ &E? Eﬁl #13§3§n8ynthel|s of

(2- Benzylgafwf@wa)s&&mﬁ éhﬂbﬂaerﬂqu%ﬂé”&@ﬁ&f‘ﬂ:ﬂl”ew&“&hb& dvart rogen

stream a solution of 2- benzyl oxybronobanzene (1.63 g, 6.18 nmol) in THE

(4mL) wassodDE@hesulfatefC, Tnedsanvan’@uwblaiatumasxaﬁaeﬁoi-uaueaa(z 44 M
2.66 nL) was added dropw se thereto. The reaction mxture was stirred at

the sanme prepavivéutée dbtah & erhdée, cempoanhd@n a sol ution of
4-(2,2-difluorovinyl)benzal dehyde previously prepared in THE (1 M) was

added dr opgage]t her etig-NiRe (ODEASY) | &0 &1 37 U( B )\e@d st J&28d7at 3{ BRZyaNe
tenperature for 1.25 hours, and then a saturated amoni um chl ori de agueous
solution 7a49 (2HerdywaS=8ddHe){ h2c850(2Hhed| 3wt 4Hg) (i 9t B8 {BHS s¥xtracted
with ether and the organic |ayer was washed with a saturated amoni um

chl ori de &3beouSysthesisnofin{i2eBentydoxyphenyl)-[4-(2,2-difluoro-

B vinyl)phenyl Imethanol
':) 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
gsolution of 4-(2,2-difluorovinyl)benzaldehyde previously
prepared in THF (1 mL) was addeéd Aropwise thereto. The
reaction mixture was stirred at the same temperature for 1.25
hours, and then a saturated ammonium chloride agueous solution
i:) and water was added thereto. The resulting mixture was
extracted with ether and the organic layer was washed with a
saturated ammonium chloride agueous solution and dried over
sodium sulfate. The residue obtained by distilling the
golvent under reduced pressure was purified by silica gel
c¢olumn chromatography [developing solutionsethyl acetate:n-
hexane (1:5)] to obtain the title compound (1.17 g, 81%).
[0341] lH-NMR (CDC1;) 8: 2.94 (1H, d, J=6.1Hz), 4.98-5.04
(2H, m), 5.26 (1H, 4dd, J=26.4, 3.8Hz), 6.03 (1H, 4, J=6.1Hz),

6.88-7.04 (2H, m), 7.14-7.38 (11H, m)



sodi um sul fate. The residue obtained by distilling the solvent under reduced
pressure was purified by silica gel colum chromatography [devel opi ng
solution ethyl acetate:n- hexane (1:5)] to obtain the title conmpound (1.17
g, 81%. [0341] 1H NWR (CDC13) 8: 2.94 (1H, d, J-6.1Hz), 4.98-5.04 (2H,

m, 5.26 (1H, dd, 3-26.4, 3.8Hz), 6.03 (1H, d, J.6.1Hz), 6.88-7.04 (2H, nm,
7.14-7.38 (11H m - 175 (4) Synthesi§4@f _

1- Benzyl oxy-2-[4-(2, 2-di fluorovinyl)- benzyl]benzene In a nitrogen stream a

o 3. 20 dith ) SR HE MRenaetu k4 U R R R " ong
triethylsil aneet{%yﬁvlo][q?enr;&gﬁ nmmol ) was added thereto. A boron

trifluoride-di conplex (0.49 nL, 3.88 nmobl) was added dropw se
to the reactio ' I RVIcy Eﬁﬁ r gggd 4?ﬁﬁﬂg 1S
stirred at -78 r#“cﬁ( |t\l?:g%:%gmjjtf§sé a{ngpt er?ta'%etrd}gcgcﬁei ngﬁﬁ[ Ice l%o]'r 10

m nut es. _ 6¥¥H .gﬁg?ﬂﬂpﬁﬁgfﬁgﬁgﬁ B S $0} &trhedh wat er
wer e adde['s4 :t L’gﬁ'ﬁ%gnd t %mr_ sul t1 ng m xt uree(soﬁ'ﬁf%'n j\/Svgis"yext raf;[%(lj Wi th

met hyl en%m&ﬂﬁ.ﬂ@rﬁgﬂ@ W%&%‘iﬁ?% Wdbea furated sodi um

chl ori de ‘aqueous so Ion and dried over um sul T at’e. e residue

obt ai ned #p4etinsfidildie (5. 175 MY, cE2 BY amd B0 4kt U ES® Wiferd€o PUrA fi ed by
silica gal columm chronatography [devel opi ng sol ution-ethyl acetate;n-

hexane (Jpokbr t¥ificdINdELdtHYE B0 Wohpg . (0 'gp W0S8)3.848 Gl ) 1H NWVR
(CDC13) 8: 4.00 (2H, a), 5.05 (2H, s), 5.23 (1H, dd, 3-26.2, 3.SHz),

6. 85- 6. OwdLAdd8d drdPwisel(cd Hhsd rdaction wnithes sovdr five minutes
2-[4-(2,2-Di fluorovinyl)benzyl ] pheno
and the reaction mixture was stirred at -78°C for five minutes
and then under cooling with ice for 10 minutes. A sgaturated
sodium hydrogencarbonate aqueous 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 drled over
sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified by silica gel
column chromatography [developing solutionsethyl acetate:n-
hexane (1:30)] to obtain the title compound {984.5 mg, 90%).
» [0342] 'H-NMR (CDC1;) 8: 4.00 (2H, s), 5.05 (2H, s), 5.23
(1H, 4d, J=26.2, 3.8Hz), 6.85-6.95 (2H, m), 7.05-7.40.(11H, m)
{5) Synthesls of 2-[4-(2,2-Difluorovinyl)benzyl]phenol
In a nitrogen stream, a solution of l-benzyloxy-2-[4-
(2,2-Difluorovinyl)benzyljbenzene (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 dropwise thereto. The reaction mixture was
stirred at the same temperature for two minutes and under

cooling with lce for two hours, and furthermore the boron



In a nitrogen stream a solution of 1-benzyl oxy-2-][4-
(2,2-Difluorovinyl)benzyl]benzene (984.5 ng, 2.93 mmol) in nethyl ene
chloride (12 nmL) was cooled to -78C, and a boron tribrom de-dinethylsulfide
met hyl ene chloride solution (1.0 M 7.32 nL) was added dropw se thereto.
The reaction mxture was stirred at the sane tenperature for two m nutes
and under cooling with ice for two hourg -and furthernore the boron - 176 -
trifluoride-dinmethylsul fide nethylene chloride solution (4.39 nL) was added

dropwi se {ReFf) ﬂ@fuﬁ@@@%m 13.@ &' "o tHFPerrd | Ch PG fle [ §618E06n { €MPEr at ure

for 3.5 hours, then a roxi de aqueous solution and a saturated

sodi um hw.rwqmarmaﬁae&%?wf@éueﬁmaw e OrbACE £ MIRLERE

m xture was extracted wth nethyl ene chloride, and the organic |ayer was

washed Wydg agEtkredt L€ ﬁ@iém&hiéi?dﬁa@ﬂb@%r 305 Uhb@Ps ANghéhi #d over

sodi um sul fate. The residue obtaine by distilling the sol vent under

reduced pieEHu chy@soride fagieoly Soélutioncand OhUsaterabsat S6ALERY
[ devel opi ng sol ution-ethyl acetate:n-hexane (1:7)] to obtain the title

conpound KfdrodengarbOile 4@vedis b NVRLGEHES) added. PRetétb and thé2 (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-misué Hyas)extiracyed hestls méthylére (ChRofide candi thé) organld-
phenyl } - 5a- car ba-1-D- gl ucopyranoside In a nitrogen stream a solution of
2-[ 4- (2, 2 ayér eas wasthédanith | pheathr§téd ngodDut2¢hbonidei ag@dbugl nl) was
cooled in an ice bath, and NaH (608, 13 ng) was added thereto. The reaction
m xture waslytioncandtdrbed sover 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 (1:7)] to obtain the title compound (647.5 mg,
920%).

[0343] JH-NMR (CDC1,;) &: 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) Synthesis of {2-[4-(2,2-Difluorovinyl)benzyl]-
phepyl}-5a-carba-B-D-glucopyranoside
In a nitrogen stream, a solution of 2-[4-(2,62-

::) difluorovinyl)benzyl]phenol (80 mg, 0.324 mmol) in DMF (1 mL)
was cooled in an ice bath, and NaH (60%, 13 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,35.4R,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



B
tenperature for 10 mnutes, and then this reaction m xture was
dropwi se to a suspension of trifluoronethane-sulfonic acid
(1S, 2R, 3S, 4R, 5R) -tri sbenzyl oxy-5- (benzyl oxy- met hyl)cycl ohexyl

ad

est

ded

er (181

ng, 0.270 mmol) in DMF (2.5 nL) at -40C. The reaction m xture was stirred
at the same tenperature for two mnutes, at -40C to OC for 30 m nutes and

at O0C for one hour. To the reaction njx{4§e_was added a "~ 177

sat

ur at ed

sodLun1ﬁhIorid§ aqueous sol ution and materhand the mxture was extractgd

l“gé. um gﬁéeﬁa” Fad afh a”'%@fiﬁe”ﬁﬁua&ﬁé&%&éﬁgﬂ%ﬁ wiBfsaRE 8 5 e
il ca gdttXefkS ey, BRcheCead WEph BOREE, TERNCERLPBEIIHLE 1e3eE
n-hexane g&sﬂé{l 0&8@@%&%:8 aL&rQe{;a’EgPQHSE S&?.Qmﬁ EHiorigﬂ Qgﬁb&ﬁﬁge”

stream 6 ut o roduc

#L{ed by

pent anet hyh pepgsRe &8§:ﬂga réE gga%gm'coogneat 0§RB bkgalbaBgrdiagh! Vel

in nethylene c

Ing the mxture solution to -78C,

a boron gygi &ﬂb@ilﬂﬁn&eiﬂ¥|EBEVSHEOﬁhQSrSELHEbQ& ﬁ}egsﬁEeOWQZ ﬁh%if@éd added

dropwi se thereto

e reaction mxture was stirred at the sane tenperature

for 2.25 BﬁuﬁiliéﬂdgéﬂeBomﬁhﬁa&ﬁkoﬁﬂtégﬂhﬁhﬁﬁEdé@éﬂépﬂh?pﬁbiﬁtlbﬁﬂétﬁglAt

the sane tenperature, a sodi um net hoxi de net hanol solu

I on

was addedacdt&ﬁ&kSﬁrhaﬂdnthlﬁﬁaqtt@noﬁt&&hrﬁ\Miigaﬁfﬂfﬁh&ﬁtr@lﬁb 7 mg).
tenperature for 15 mnutes. The mxture was filtered and the Cfiltrate was

concent r aipdauntierogefueeieames6eBr mgand. 0848 maba)nedtr ofi dhe pesdnctified

by preparative TLC [devel opi ng

was mixed with pentamethylbenzene {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 solution (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 methanocl (0.5

ml.) was added dropwise thereto. At the same temperature, a

sodium methoxide méthanol 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

i:) 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 (CD;OD) &: 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, dd, 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), 5.40 (1H, 4d, J=27.0,

4.0Hz), 6.78-6.90 (1H, m)}, 6.96-7.30 (7H, m)
MS (BESI'): 406 [M]"



[
sol uti on- et hanol : met hyl ene chloride (1:10)1 to obtain the title product ‘
(22.1 ng, 64% . [0344] 1H NWR (CD3OD) 6: 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 dd,
Jal0.7, 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, 4.0Hz), 6.78-6.90 (1H m, 6.96-7.30 (7H, m
M5 (8SI'): 406 [M' 178 - HPLC Retentd gpglidre: 18.51 m nutes Measurenent
Condi ti ons of HPLC Col um: YMC-Pack ODS-A 6.0x150 mm 5 pm Mobil e Phase:

El ution L refi ents Ofef r - AcONH4/ H20 (958) plus 10 niM
ACONH4/ I\/qu 5%5&%’?‘1‘8 %ﬁﬂ?i&%ﬁ%ﬁ% for 20 mnutes, and

t her eaf t Qo A\EEmeRE SHNEL €L6WS Lo pHd® MM AcONHA/ MeCH (10099 ] for five
m nutes Flow Rate: 1.5 m}mnMe(menTmmmaUMe Room t enper ature

Det ection m"’gl OfmcIPAGk HSIa Of . dLES56 Nheh ! %Wel ength of 230 to 400 nm

Exanpl es 46 to 58 The target conpound was obta!ned by perform ng the sane
oper ati on Msbile  Fitas@ 9 VELIGEE6H | BP Capp By @ Sa Vgidaider UsE Pfom!t 16 mM

correspondi ng starting naterials and reagents, respectively. [0345) Exanple
46 [ 2-(2, 3-Di hydr obenzoA¢onm; /35,0 {958y bpaenyb] mMaarcoNR/MedH (5%) to

gl ucopyr anosi de
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

Detection Condition: Total plot of the entire wavelength

of 230 to 400 nm

Examples 46 to 58

The target compound was obtained by performing the same
operation as in the above-described Examples with the use of
the”corrasponding gstarting materials and reagents,
respectively.

[0345] Example 46

i;) [2-(2,3-Dihydrobenzofuran-5-ylmethyl )phenyl]-5a-carba-p-D-
glucopyranoside |

H-NMR (CDs;OD) &: 0.93 (1H, g, J=13.2Hz, J=11.4Hz), 1.49-1.58
(1, m), 2.01-2.07 (1H, dt, J=13.2, 4.5Hz), 3.12 (1H, t,
J=8.4Hz), 3.20 (1H, 4, J=9.3Hz), 3.25 (1H, d, J=4.8Hz), 3.30-
3.53 (2H, m), 3.69 (1H, dd, Jw=6.6, 4.2Hz), 3.85 (1H, 4,
J=15Hz), 3.91 (1H, &, J=15Hz), 4.13-4.21 (1H, m), 4.47 (2H, t,
Je8.7Hz), 6.59 (1H, d, J=8.4Hz), 6.83 (1H, t, J=7.2Hz), 6.89
(1H, d, J=8.1Hz), 6.99-7.15 (4H, m)

MS (ESI*): 386 [M]’



"H- NMR (CD30OD) 8: 0.93 (1H, q, J-13.2Hz, J-11.4Hz), 1.49-1.58 (1H m),
2.01-2.07 (1H, dt, J-13.2, 4.5Hz), 3.12 (1H t, J-8.4Hz), 3.20 (1H, d,
J-9.3Hz), 3.25 (1H, d, J-4.8Hz), 3.30- 3.53 (2H, m, 3.69 (1H dd, 3-6.6,
4.2Hz), 3.85 (1H, d, 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-7.2Hz), 6.89 (1H
d, J-8.1Hz), 6.99-7.15 (4H m M (ESl'33¢386 [M' - 179 - HPLC Retention
Time: 10.5 mnutes Exanple 47

2-(3-Fl <4 et 1 h - - D- gl uoo- i de | H NVR
(Covon) CRPHC RATAMHAGE Eind PRERYL] qefegl 257D, B 9 00" P atos kT ot
J-13. 2, 4E§$ﬁﬁle ‘is (3H 8), 3.18-3.32 (2H, m), 3.44-3.51 (2H, m. 3.68
(1H, dd, =55, 3.89 (1H, d, J- 15FE) 3.97 (1H, d, J-15hz),

-q&éﬁa B‘)_D_I\/iﬁég |'): 376.4

[ 2- (4- Met NRO& éhylbenzyl)phenyl] 5a- carba- $- D-gluco- pyran03|de 1H NWVR
éﬁﬂg—gﬁ—¥§?t q, J-12.9, 11.7Hz), 1.47-1.57 (1H, , 2.01-2. 08 (1H,

dt, J-13. 13. (3Hood) 1 13- 344593
3.68 (1r|qﬁéﬂﬂgwgh?°84 §Fé§ 7 ¥1H (§ﬁ §5°§ﬁ§T (%L‘a 1. ?9 i§$kz§w 3.90
(1H, d, J21647t¥10 61&4 dﬂ 23=§32, M. 282Y0 £lie ¢3nJ- 8)7F§118538§2(1H t,
J-7.5Hz), 6.95-7.15 (5H, m

(2H, m) 3.44- 3 51 (2H, m), 3.68 (1H, dd, J=6.9, 3.9Hz), 3.89

(1H, 4, J=15Hz), 3.97 (1H, 4, J=15H=z), 4.14-4.22 (1H, m),
6.81-6.90 (3H, m), 7.00-7.17 (4H, m)

MS (BSI*): 376.4 [M]”

HPLC Retention Time: 11.7 minutes

Example 48

[2-(4-Methoxy-3-methylbenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoslde

IH-NMR (CD;OD) d: 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, A4, J=6.6, 4.2Hz), 3.75

(34, s), 3.84 (1H, 4, J=14.7Hz), 3.90 (1K, d, 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 (5H, m)

MS (ESI*):389 [M+H]"

HPLC Retention Time: 11.5 minutes

Example 49

[2- (4-Pyrazol-l-ylbenzyl )phenyl]-5a-carba-p-D-gluco-pyranoside

H-NMR (CD;OD) 3: 0.95 (1H, q, J=12.9, 11.4Hz), 1.49-1.59 (1H,

m), 2.02-2.09 (iH, dt, J=12.3, 4.2Hz), 3.20 (1H, 4, J=9.0Hz),

3.23 (1H, 4, J=6.3Hz), 3.43-3.53 (2H, m), 3.67 (1H, dd. J=6.6,
4.2Hz), 3.98 (1H, d, J=14.7Hz), 4.07 (1H, d, J=15Hz), 4.16-



M5 (ESI'):389 [ MtH' HPLC Retention Time: 11.5 mi nutes Exanple 49

[ 2- (4-Pyrazol - 1-yl benzyl ) phenyl ] - 5a- car ba- $- D- gl uco- pyranosi de ' H NWR
(CD3OD) S 0.95 (1H, q, J-12.9, 11.4Hz), 1.49-1.59 (1H, m, 2.02-2.09 (IH
dt, J-12.3, 4.2Hz), 3.20 (1H, d, J-9.0Hz), 3.23 (1H, d, J-6.3Hz), 3.43-3.53
(2H, m, 3.67 (1H, dd, J-6.6, 4.2Hz), 3.98 (1H, d, J-14.7Hz), 4.07 (1H, d,
J-15FE) 4.16 - 180 4.24 (1H m, 6.49¢gglH s), 6.87 (1H, t, J-7.5Hz), 7.05
(1H, d, J-8. 1Ft) 7.14 (2H, d, J-7.5Hz), 7.35 (2H, d, J-8.4Hz), 7.56 (2H,

d 3-8 0)a 160 GHL @lgo 0t 1 EJeIRAESE) 24 skt . HELEwRE et on

Ti me: 10.

2-(3-Chl | | | 1H NMVR
ECDE%OD) eerng%r%ﬂ b?nﬂ/ 4 2W1£J%Z§ﬂ235ﬁ1§%gtﬁH dp?/ﬁj'aélomg?(m dt,

J-13. 5, )§2 3 3. 21b 0 (1H, dd, J-10.7,

41Hz) ?%%Hﬁ;‘)ﬁ %3%2‘( Lrﬁ‘sé éf“ 'EE ‘ 197 (1H 7 J-14. 8Hz)

4.15- 4. 25ud LtksT).: @186 [MeH* td, J74 11Hz) 692(1H 'd, J-8.2Hz),

7.0-7.2 (5H, m) MB (ESI'):409 [M+H *, 431 [MNa]* HPLC Retention Time:

11.25 m rgees RétéPien Shime: 10.5 minutes

[ 2- (3, 4- Met hyl enedi oxybenzyl ) phenyl ] - 5a- carba-f-D- gl uco- pyranoside 9 1H NWVR

(CD3OD) GExdmple (304, q. J-12.7Hz), 1.45-1.64 (1H n), 2.04-2.13 (1H m,

3.19-3.35 (4H, n), 3.46-3.54 (2H, n), 3.69-
[2-(3-Chloro-4-methylbenzyl)phenyl] -5a-carba-fi-D-gluco-

pyranoside

'H-NMR (CD;OD) d: 0.94 (1H, 44, J=24.4, 13.2Hz), 1.5-1.65 (1H,

m), 2.05 (lH, dt, J=13.5, 4.1Hz), 3.18~3.35 (2H, m), 3.43-3.55
(2H, m), 3,70 (1H, 44, J=10.7, 4.1Hz), 3.82 (3H, s), 3.82 (1H,
d, J=14.8Hz), 3.97 (1H, 4, J=14.8Hz), 4.15-4.25 (1H, m), 6.86

(1H, 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+Na]®

HPLC Retention Time: 11.25 minutes

Example 51

[2-(3,4-Methylenedioxybenzyl)phenyl]-5a-carba-f-D-gluco-

pyrancoslde

) 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, q, J=16.1Hz), 4.15-4.22 (1H, m), 5.86
(2H, s), 6.68 (3H, 8), 6.85 (1H, t,J=6.1Hz), 7.00-7.18 (3H, m)
MS (ESI’): 389 [M+H]'
HPLC Retention Tlme: 10.6 minutes

Example 52

[2-(4-Cyclobutylbenzyl)phenyl] -5a-carba-p-D-glucopyranoside

H-NMR (CD,OD) &: 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



3.74 (1H, m, 3.89 (2H, q, J-16.1Hz), 4.15-4.22 (1H, m, 5.86 (2H, a), 6.68
(3H. s), 6.85 (1H, t,J-6.1Hz), 7.00-7.18 (3H, m M5 (ESI*): 389 [ MtH * HPLC
Retention Tinme: 10.6 mnutes Exanple 52

[ 2- (4- Cycl obut yl benzyl ) phenyl ] - 5a- car ba- 0- D- gl ucopyr anosi de 1H NVR ( CD30D)
6: 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 - 181 1d4H m, 3.95 (2H g, J-13.7Hz),
4.13-4.24 (1H, m, 6.87 (1H, t, J.8.1Hz), 6.97-7.17 (7H, m M5 (ESI'); 425
[ MtNa] 4 engi e .13, ' S npl £, 5 :

[2- (2 Acel Soanbyl 3 Renf T oar RS BRST A KSR W) \fr®T iABy) o
84-0.98, (1 . 50-d=75 m¥-00- 2.08 (1H, m, 2.55 OR a),
15-3.3&23':%3%8%1:“&482)!%?5 '%%Sf"mh)',"?s. 65-3.70 (1H, m, 3.94-4.24 (3H, m,
89 (2H m8) . 42, 7.3Hz), 7.03 (1H, d, J.8.1Hz), 7.12-7.20 (2H

: 7.34¥%2£f§%€ﬁ3-8.ijgfnq¥?é6 (2H, d, 3-8.1Hz) MS (ESI'): 386(M+1]" HPLC
Ret ent i ongPL.0ERe fedt 10N Ui Sfe : EX20®| Rifdtes _ |
(2- (4- Met hoxybenzyl ) - 5- met hyl phenyl ] - 5a- car ba- $- D- gl uco- pyranosi de 1H NWVR
(CD30D) 8gx#mpPlels®6 (1H, m, 1.51-1.66 (1H n), 2.08 (1H, dt, J-13.2

4. 0Hz), 2732‘?3FF_§), 3.21-3.40 (2H, m), 3.47-3.56 (2H, n), 3.71-3.78 (IH

?) 1H 3%7)7 7 (3H(45hcetyPbendyh )pHenyl]dsdtbarbd-pD dthcbpydaddaits) . 4. 14-4.26

'H-NMR (CD,OD) d: 0.84-0.98 (1H, m), 1.50-1.56 (1H, m), 2.00-

0.
3.
4.
m

2.08 (1H, m), 2.55 (3H, s), 3.15-3.32 (3H, m), 3.42-3.50 (2R,
m), 3.65-3.70 (1lH, 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-Methoxybenzyl)-5-methylphenyl ] -5a-carba-f-D-gluco-

pyranoside

'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, s8), 3.21-3.40 (2H, m),

D) 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 (1H, 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

lH-NMR (CD,OD) 6: 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),



6.72 (1H, m, 6.78-6.85 (2H, n), 6.86-6.91 (1H, m, 6.97 (1H d, J-7.8Hz),
7.10-7.16 (2H, m M (ESI'): 8 [M HPLC Retention Tinme: 11.26 m nutes
Exanple 55 (2-(4- Ethylbenzyl)t i ophen- 3-yl ] -5a-carba- p- D gl uco- pyranosi de
"H-NMR (CD3OD) 8: 1.20 (1H, t, J-7.6Hz), 1.40-1.80 (1H, m, 2.04-2.09 (1H,
m, 2.59 (2H, q, J.7.58Hz), 3.19-3.55 (5H m, - 182 3.88-3.96 (1H m,
3.99 (2H, m, 6.89 (2H d, J=5.4Hz), J.{¥p .15 (5H m Ms (ESI*): 378 [M*
HPLC Retention Time: 11.9 mnutes Exanple 56

(oD 6 %ﬁﬂiﬁem_{' PR e SR e S L IR L

(5H, m, d#léé@ =15. 7Hz), 4.19-4.27 (1H m, 436(1H d, J-15.5Hz),
6. 89 (1H 6 6Hz), 7.02 (1H, s), 7.07 (1H, d, J=8.1Hz), 7.17-7.28
(4H, Ms 6gestHH Shg Jagp6Hz), 7.71 (1H, d, J-7.6Hz) MB (ESV): 400 [M +

HPLC Retentlon Time: 12.0 m nutes Exanple 57

{2-[1- (4-fibet oné oyt Do NYimet hyi] ohtwhteda- carba-S-D- gl ucopyranosi de [I ess
pol ar-i soner isolated by preparative TLC (devel oping

sol uti on: gRampIe| 56€t hyl ene chloride- 1: 10)] C 1'H NWR (CD3CD) 6: 0.40 (1H
dd, J=9.3, 0.0%), 0.56-0.66 (2H, n), 0.84-0.96 (2H, nm), 1.36-1.54 (1H ),
1.52 (3H, [ ¢Benzothiophen-2-yl)methylphenyl]-5Sa-carba-B-D-gluco-

pyranoside

l1H-NMR (CD,OD) &: 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 (lH, ad, 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 (1lH, 4, J=7.6Hz)

MS (ESI*): 400 [M}®

HPLC Retention Time: 12.0 minutes

Example 57

{2-[1-(4-Cyclopropylphenyl)ethyl jphenyl}-5a-carba-p-b-
glucopyranoside [less po;ar-isonar isolated by preparative TLC

(developing solution:methanol:methylene chloride= 1: 10)]

D '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, 4,
J=6.6Hz), 1.76-1.88 (2H, m), 3.04-3.12 (1H, 44, 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, dd, 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 (1lH, m)
MS (ESI'): 399 [M+H]®
HPLC Retention Time: 12.7 minutes

Example 58




J=6.6Hz), 1.76-1.88 (2H, n), 3.04-3.12 (1H, dd, J-10.8, 9.9Hz), 3.25 (1H
t, J=10.8Hz), 3.26-3.40 (1H, nm), 3.42 (1H, t, J=9.9Hz), 3.64 (1H, dd,
3-10.4, 4.8Hz), 4.08-4.22 (1H, n), 4.50 (1H, dd, J=12.0, 6.3Hz), 6.84-6.99

(4H, m, 6.99-7.06 (2H m, 7.06-7:28 (1H, n), 7.20-7.26 (1H, m M (ESI*):
399 [ MtH + HPLC Retention Tinme: 12.7 mnutes Exanple 58 - 183 -
(2-[1-(4-Cycl opropyl phenyl ) et hyl ] phenyl38%a~ car ba- 4- D- gl ucopyranosi de [nore
pol ar -i soner |solated by preparat|ve TLC (developlng

sol ution: p3 4 ba : rflPe Poh DB -~ 0. 56-0. 66
(2H, m, T : , ) . 1.64 (1H, m,
1.53 (3H, glaco ﬁaﬁbﬁidel[ﬁﬁré .

3.3Hz), 3.20-3. -11. 4,

6. 6Hz) , BLﬂevélbpiﬂg sdlﬁtidn ﬁeﬂhhholﬂmeﬁhflaﬁe ¢hkbrmﬂg-1 5m001H dd,
J-12.0, 6.3Hz), 6.82-7.03 (4H, m, 7.06-7.16 (4H m M (ESI'): 399 [th
HPLC Ret elH-NMR T(CIROD)257 Oi. B6t0s66EX2Hp| m)590.84-0.96 (2K, m), 1.10

[ 2- (4- Cycl opropyl benzyl ) - 5- net hyl t hi ophen- 3-yl ] - 5a- car ba- $- D-

gl ucopyr ahbt¥; dad¢ 1J=%yhi hBsPBzdi 144&yL; 641 OpYL pdayl) S83{aH: hdxy- 5-

met hyl t hi ophen- 2- ylinethanone thhi |od|dehé2 53 nL, 40.6 mmol ) was added
to a Usofubi®Rzdbi 1476yk:8fr 6pH pREnyR)133( th@ﬂ9153Ph2®Bheﬁ 5.

yl)nethanone (1 05 g 4.06 mmol ) as synthe5|zed in the sane
3. 0-3.28 (2H, m), 3.44 (1H, t, J=10.5Hz), 3.53 (1H,

dd, J=11.4, 6.6Hz), 3.73 (1H, 44, J=11.4, 2.4Hz), 4.06-4.22
(1H, m), 4.50 (1H, 4d, 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)-5-methylthiophen-3-yl)-5a-carba-f-D-

glucopyrancside

(1) Synthesis of (4-Cyclopropylphenyl)-(3-methoxy-5-
methylthiophen-2-yl)methanone
_ Methyl lodide (2.53 mL, 40.6 mmol) was added to a

{:) solution of (4-cyclopropylphenyl)-(3-methoxy-5-thiophen-2-
yl)methanone (1.05 g, 4.06 mmol) as synthesized in the same
manner as in Example 38 in THF (20 mL) under a nitrogen
atmdsphere. This solution was cooled to -78°C, and a lithium
diisopropylamide heptane-THF-ethylbenzene solutlon (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



manner as in Exanple 38 in THE (20 nlL) under a nitrogen atnosphere. This
solution was cooled to -78C, and a lithium diisopropyl am de

hept ane- THP- et hyl benzene solution (2.0 M 2.44 nL, 4.88 nmpbl) was added
thereto over 20 mnutes. The reaction mxture was stirred at the sane
tenperature for three hours. To this solution, furthernore the |ithium

di i sopropyl am de hept ane- THP- et hyl benzeigt solution (2.0 M 2.44 nlL, 4.88
mol ) was added over 20 minutes and the reaction - 184 mxture was stirred

for two hatkturdfas S6itFéed oo MR Nours) sid 08 Setutaesd\asmontes
thereto. The resulting mxture was extracted with ethyl acetate and the

organi ¢ | éboridé sobatish \wid SAded Uthérstsodi The chégul tEtngomeRtaréol uti on
and dried (anhydrous magnesi um sul fate), and then the sol vent was

di stil | edwasdextracteddwptiesstityl ddetabé sanddthesorganiaslaperi wasd by
silica gel colum chromat ography [devel oping sol ution-ethyl

acet at e: washedcwith 53 | satunated nsodium i choridepagueodsSsSohutlioBand| 0346]
1H NWR (CDC13) 5: 0.74-0.80 (2H, m, 1.00-1.06 (2H, m, 1.91-1.97 (1H m,
2.49 (3H dsied3(auhy@rpus)magnégivmi-sulfatey. 08nd 2then, the 780lwdnt 7w88 ( 2H,

d, J-8.3Hz) (2) Synthesis of (4-Cyclopropyl phenyl)-(3-hydroxy-5-

met hyl t hi bhikeél?n@@ﬁaﬂ%ﬁ%ﬂeﬁnpaﬂn$¥¥%geﬁTE@r@bh#inﬂéoreﬂiduﬂcH¢6ride
nmet hyl ene chl oride solution (1.0 M 6.4 nL, 6.4 mol) was added to a

sol uti on Perifiedcbypsbbicangel | solumnecheopatography: depateping

2-yl ) met hanpne (582 2.14 mmol)_in nethﬁlene chloride (12 3 nL) at -15C

and the r%%%??%ﬂnﬁ9ﬁﬂgieaﬁﬂgaE?FFTQﬁx¥B? bheShbuto obgater the tdbi® thereto

and the m xture extracted with
compoun&afsaé mg, 53%?@

[0346] H-NMR (CDCl;) 6: 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 (2R, &, J=7.9Hz), 7.68 (2H, d, 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)methancne (582 mg, 2.14 mmol) in methylene chloride (12

i:) 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 sodium chloride agueous solution ahd dried
(anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by sllica gel column chromatography [developing
solution=methanol:methylene chloride (1:100)] to obtain the

title compound (497 mg, 90%).

[0347] lH-NMR (CDCl;) &: 0.76-0.82 (2H, m), 1.03-1.10 (2H,



met hyl ene chloride. The organic |ayer was washed with a saturated sodi um

chl ori de aqueous solution and dried (anhydrous nmagnesi um sul fate), and then

the solvent was distilled under reduced pressure. The obtai ned residue was

purified by silica gel columm chromatography [devel opi ng

sol uti on- et hanol : met hyl ene chloride (1:100)] to obtain the title conpound

(497 nmg, 90% . [0347] 'H NMR (CDC13) -8:18% #-0.82 (2H, m, 1.03-1.10 (2H, -

185 nm, 1.93-1.98 (1H, m, 2.49 (3H, s), 6.57 (1H, s), 7.15 (2H, d,

J-8. 4Hz) m)/, Gh 4341.98 QGHB 4kk) .2.]49 8BK 1) 5)6 ($) Q) hep) s70fs (2H,

(4- Cycl opr opyl phenyl ) - [ 5- net hyl - 3-

((IR 2S, 3B, 4RERAHD) 3,7-85 | N2y oas SAReNzV1Dx80 (1H, 8)

met hyl cycl ohexyl oxy) t hi ophen-2-yl ] methanone 1In a nitrogen stream

di i soprophdlazo@ywerhimsdd e (40-Cycleprdpysiphenyl ) vEs-meithyll <3opwi se to a

m xt ure of (4éééfloproaébfhenyl)-(3-hydroxy-5-nethy|thiophen-2-

yl ) met hanone ( Ru2S 13SARNIR) - 2 (1.3 A3 bsbere pYyxy- B-enzyloxy -

trisbenzyl oxy-5-benzyl oxynet hyl cycl ohexanol (500 ng, 0.93 nmol),

triphenylphosMﬂQﬁhxikfpiéﬂBHNIEKYﬁﬁh3°EhQP1Qﬂikﬂmﬂthnnpnﬂt) under cooling

with ice. The mxture was stirred at room tenperature for 15 hours, and

then the sol verd® dafihragen atrephic didianpropyiazodicarheryiate Kl 3k d

resi due was purified _ by silic%ygel flash col unm chromat ography [ devel opi ng
dded dx

sol uti on-M hekeatt MRahY [wag A apvige Ediaimi¥tereiefe conpound (237
NS LR e ENENOR RS R DR SECRE N T
2. 44 (3Hy Nnethiatons 20360 hg M 1. o Wad1)? (1s,2s5,35,48,5R)-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 resldue was purified
by silica gel flash column chromatography [developing
sclution=n-hexane: ethyl acetate (4:1)] to aobtain the title

compound (237 mg, 33%).

[0348] 'H-NMR (CDC1,} d: 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, 8), 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, 4, J=8.2Hz)

(4) Synthesis of 2-(4-Cyclopropylbenzyl)-5-methyl-3-
'[(1R.2s.35,43,5R)-2.3,4-trisbenzyloxy-5-(benzyloxy-
methyl )cyclohexyloxy]thiophene
In a nitrogen stream, chlorotrimethylsilane (0.46 ml,

3.56 mmol) and sodlium cyanoborohydride (230 mg, 3.65 mmol)

were added to an solutlon of (4-cyclopropylphenyl)-[5-methyl-



(1H, m, 4.33-4.88 (84, m, 6.61 (1H, s), 7.01 (2H d, 3-7.9Hz), 7.05-7.35
(22H, m, 7.62 (2H, d, 3-8.2Hz) (4) Synthesis of

2- (4- Cycl opr opyl benzyi ) - 5- et hyl -

[ (1R 2S, 3S, 4R, 5R) - 2, 3, 4-tri sbenzyl oxy-5- (benzyl oxy-

met hyl ) cycl ohexyl oxy] t hi ophene In a nitrogen stream chlorotrimethylsilane
(0.46 m., 3.56 mmol) and sodi um cyano hydrlde (230 ng, 3.65 mMml) were
added to an solution of (4-cyclopropyl phehyl)-[5-methyl A~ - 186

ﬁe%§$FL§ Ifh£$1§%?%§e %&;;fh?oéhtﬁf§b?¥fﬂ%?ﬁ%h%he (237 ng, 0.30 mmol) in
SCirren R SrmEt i ORRatRv bl L fopitn- %L‘élifﬁﬁﬁﬁ*ﬁ?ﬁ%ref”%ﬁfa% the
mf?ﬂe SV@,Z? iﬂ*‘?%fﬁ%g boafehitiriols @) olundlf b081 PR %*h?%%%dﬁ'é"wﬁsl
Poet at o rEHR ERACTLOF EREUPE Gak CFRLAILACRY otC Tk HHhal bt O © (Yaa0)
1H NWR ( m@@# OcRBoP188 85 a aotﬁérgtg“aﬁ& Hne "ﬂuxéufé wagd (1H m,

5 (1 m, 1§

1.57-1.6 1.77-1.86 (1H, , 2.33 (3H, s)

3. 43- 3. 65g¢Bikctdd §o9éei£tla ffitr&t£§n4 afa ({he auvénf}‘lontheS) 4. 51 (1H,
d, J-10.8Hz); 4. 75-4. 5 (IH s), 6.92 (2H, d, J-8.1Hz), 7.10

(2H, d. JeBiirkte ﬂadadfsﬁfliaﬂkhndir(Eéd&ﬁ@&hﬁﬁéﬁsﬁfe The obtained
[ 2- (4- Cycl opropyl benzyl ) - 5-net hyl -

t hi ophen- Beylduéowss’ parpfied! bgop¥1808S§EE coODulnNEhEoga&BoGLHAPHY
pent anet hyl benzene (390 ng,

—) [developing solution= ethyl acetate:n-hexane_(l:lﬁ)] to obtain
the title compound (135 mg, 58%).
[0349] H-NMR (CDCl;) &: 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,
g)., 3.98-4.08 (1H, m), 4.44 (2H, s8), 4.51 (1H, 4, J=10.8Hz),
4.75-4.97 (5H, m), 6.55 (1H, s), 6.92 {2H, 4, J=B8.1Hz), 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 n1trogen 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,2S,35,4R,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 obtained residue was

purified by silica gel column chromatography [developing



2.63 mol ) and a boron trichloride nmethylene chloride solution (1.0 M O0.88
m., 0.88 mmol) were added to a solution of 2-(4-
cycl opropyl benzyl ) -5-net hyl -3-[ (1R, 2S, 3S, 4R, 5R) - 2, 3, 4-
tri sbenzyl oxy-5- (benzyl oxynet hyl ) - cycl ohexyl oxy] t hi ophene (134 ngy, O0.18
mmol ) in nethylene chloride (6 nmL) at -78C and the reaction m xture was
stirred at -78C for one hour. Methano! 18Fas- added to the reaction mxture
and the solvent was distilled under reduced pressure. The obtained residue
was  puridénseivnsmétplénd @ldriaéiseiiier’ a1 | fere! obtatn - ti87
sol ution-nmet hyl ene chloride: ethanol (20:1)] to obtain the title conpound
(35 ngy, 49081e [d6HppPurdt (SR Mg P34IY) S: 0.62-0.68 (2H m, 0.90-0.97 (2H,
m, 1.10-1.21 (1H m, 1.43-1.56 (1H, m, 1.82-1.95 (1H, m, 2.03-2.11 (1H
m, 2.36 (@50F). 3. 2E-AMRO(COLODMS: D Fo(RHs (BH, ®wP3 d.l90-0097 6(S, (2H,
4, J-8.4Hz), 7.11 (2H, d, J.7.9Hz) M5 (BSI"): 403 [MH  Exanple 60
(2-(4-Et hy) benzh891 521re{11y] to) ophed3 3L 334 -GEH canpa-B-82- Dl 9% opyHammE| de The
target conpound was obtained by performng the same operation as in Exanple
50 with t2e03rs2. X (1R, oo} s e3pdhdi 3K, s} ar3i2h-3e9@r (6H, an}l, r2agen{2H, [ 0351]
'H- NMR (CD30D) 8:1.10-1.22 (4H, m), 1.40-1.54 (1H, m), 2.02-2.09 (1H, m,
2.33 (3Hmk),6 H38(YPHmMY, §-98603H, & 2=, 48z)2H .k, (B2843. 387(2Mg)ni),
3.39-3.45 (1H, m, 3.52 (1H_ dd, J-10.7, 6.2Hz), 3.71 (1H, dd, J-10.7,
4.0Hz), MBAEIIJo @03 IM-RIG6. 60 (1H, a), 7.06 (2H, d, J-8.2Hz), 7.11 (2H,
d, J-8.2Hz2)

Example 60

{2-(4-Ethylbenzyl)-5-methylthiophen-3-yl]-5a-carba-p-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] 1H-NMR (CD;OD) 6:1.10-1.22 (4H, m), 1.40-1.54 (1H,

m), 2.02-2.09 (1H, m), 2.33 (3H, 8), 2.58 (2H, 4., J=7.6Hz),

3.22-3.25 (2H, m), 3.25-3.35 (2H, m), 3.39-3.45 (1H, m), 3.52

(1H, 44, J=10.7, 6.2Hz), 3.71 (1H, 44, 3-10.7, 4.0Hz), 3.83-

3.90 (1H, m), 6.60 (1H, s8), 7.06 (2H, 4, J=8.2Hz), 7.11 {(2H,
) 4, J=8.2Hz)

MS (ESI'): 393 [M+H]}', 415 [M+Na]®

Example 61

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

glucopyranoside

(1) Synthesls 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 1l-bromo-4-cyclopropylbenzene (1.8 g, 9.13 mmol) in



M5 (ESI4): 393 [ MtH] +, 415 [M+Na]' Exanple 61

[ 5- Chl oro- 2- (4-cycl opropyl benzyl )t hi ophen- 3-yl ] -5a-car ba-a-D

gl ucopyranosi de (1) Synthesis of 4-Cycl opropyl - N net hoxy-N-net hyl - benzam de
In a nitrogen stream an n-butyllithium hexane solution (1.6 M 6.0 ni,
9.59 mmol ) was added dropwi se to an solution of

1- br ono- 4- cycl opropyl benzene (1.8 g, 9.1 mml) in - 188 anhydrous THY (30
m.) at -78C over 15 mnutes. This solution was stirred at -78C for 10

I nut es, ' , '- ¢ dl I 59
?rrgr) e?n %%1@%&%“?\?\&% rgm%%ﬂgr (I\aé't c')'g‘ e re;rct | oénjsr#lilti%ioe&wa
stirred df&dmﬂal%"‘t fﬂ{r J0 MikHtes, bhd e ORI JF N W vas

added a saturate anmoni um chl ori de aqueous ‘sol ution and the m xture was

extract edivhd thexPaN, N andinéthplabes C(1 sy2rg, Ves598Nurel pVvEn THRY {15 UAL)
magnesi um sul f at e. After filtration, the solvent was distilled under

reduced pisssadded aditopwise otharatd. r cPhé uteaction mixtdréywas | stirped
colum chronmat ography [ devel opi ng sol uti on-n-hexane: ethyl acetate (4:1)]

t o obt ai nat heodm t tempenpbane £67530miNdtes . [ OB62thd HreAEL {GDGRExtGre

0.73-0.78 (2H, n), 0.97-1.03 (2H, m), 1.87-1.94 (1H, m, 3.34 (3H s), 3.56

(3H, s), wa9tadded adsatusated)ammoniur 2thloride Saguadus 230 Bybiomsandof

(5- Chl or o- 3- net hoxyt hi ophen-2-yl)-(4- cycl opropyl phenyl ) met hanone In a

ni t rogen the gpixture wastgxtragted withxethken, sandtthe ¢xgsnis bayernl, 3. 88

mol ) was added dropwi se to a

was drled over anhydrous magnesium sulfate. After filtration,

_ the solvent was distilled under reduced pressure, and the

-) obtained residue was purified by silica gel column
chromatography [developing solutions=n-hexane:ethyl acetate
(4:1)] to obtain the title compound (875 mg, 95%).
[0352] 'H-NMR (CDCl;) 8: 0.73-0.78 (2H, m), 0.97-1.03 (2H,
m), 1.87-1.94 (1H, m), 3.34 (3H, s8), 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 h-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 (1993)] 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 dropwlse 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



sol ution of 2-brono-5-chloro-3-nmethoxyt hi ophene (882 ng, 3.88 nmmol) as

synt hesi zed by the nmethod described in a docunent [L. Og. Chem, 58,

4629- 4633 (1993)] in anhydrous THY (15 nlL) at -78C. This m xture was
stirred at -78C for ten mnutes, and a solution of

4- cycl opropyl - N- met hoxy- N- net hyl benzam de (875 ng, 4.26 mmol) in THE (3 nl)
was added dropw se thereto. The reactibg®@m xture was stirred at -78C for 30
m nutes. A saturated anmoni um chl ori de aqueous sol uti on was added to the
reaction atdyyrscaﬂdtéheaﬁasuhélaﬁgathULay&ESwaétaﬁsaadovbkhann}aﬁouethyl
acet at e, the organic | ayer was dried over anhydrous magnesium sulfate.

After filmaghesiumtSelfatecnt Apeer €istrateon|nthe s6lveAd wasssure, and the
obtai ned residue was purified by silica gel colum chronat ography

[ devel opi agstiDiedi anderhesdacedt pyessacéat &and4the] obtadhedi pesiidudi wag
conpound (714 ngy, 63% . [0353] 1H NMR (CDC13) 5: 0.75-0.81 (2H, ,

1. 02- 1. O8pg2ified) by l1sPida‘fel ltblun ShBOmatographyc[dévéelopiny, 7. 10 (2H,
d, J-8.3Hz), 7.68 (2H, d, J-8.3Hz) (3) Synthesis of

[ 5- Chl or os@1¢ticyehchexpnebebhyl) acetabphéd: B}yl fo obtain the title

5a- car ba- 5- D- gl ucopyr anosi de The target conpound was obtai ned by perform ng
t he sane coppeunfioh7d4 mg, E&akPLe 59 with the use of the synthesized (5-

chl oro- 3- nethoxythlophen 2-yl)-(4- Kﬁ;lo-propylphenyl)nethanone and the

corresponﬂoagﬂeagent Q-WH@CJH:H QCEBGD)&B (2HG3mD, 65.02+1 .08, (2H,
0.88-0.93 (2H, m 21 (1H 1.61-1 1.82-1.87 (1H, m,
1.99-2. 03m$1kﬂ 3- 139§2IQH57mQ4rﬁ ﬁ? (§H7083 78- Fnglﬂj 83,87-18 62H(1H 1,
3.92 (2H a)b-s 3st 6& (gH97d( J=8. 3Hz)
(3) Synthesls of [5-Chloro-2-(4-cyclopropylbenzyl)-
thiophen-3-yl]-5a-carba-f-D-glucopyranoside
The target compound was obtalined by performing the same
operation as 1ln Example 59 with the use of the synthesized (5-
chloro-3-methoxythiophen-2-y1)-(4-cyclo-propylphenyl)methanone
and the corresponding reagents.
[0354] H-NMR (CD,OD) 8: 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, 8), 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.28.3R.6R)-6-[2-(4-Cyclopropylbenzyl)phenoxy]-4-

{hydroxymethyl )cyclohex-4-ene-1,2,3-triol

(1) Synthesis of 1-(4-Cyclopropylphenyl)methyl-2-{(1R,4R,
55,68)-4,5,6-trisbenzyloxy-3-{benzyloxymethyl)-
cyclohex-2-enyloxylbenzene

In a nitrogen stream, 2-(4-cycloprpylbenzyl)phenol and



J-8.1Hz), 7.09 (2H, d, J-8.1Hz) MS (ESI+): 425 [M:H + Exanple 62

(1R, 2S, 3R, 6R) - 6-[ 2- (4- Cycl opr opyl benzyl ) phenoxy] - 4-
(hydroxynethyl)cyclohex 4-one-1,2,3-triol (1) Synthesis of

1-(4- Cyclopropylphsnyl)nethyl 2- [(1R 4R, 5S,6S)-4, 5,

6-tri sbenzyl oxy-3- (benzyl oxymet hyl)- cycl ohex- 2-enyl oxy] benzene In a
nitrogen stream 2-(4- cycloprpylbenlehg@pnol and - 190 ‘tri butyl phosphi ne
(70 A 0.28 nnDI) were added to a solution

D e R S
t et r amet hy‘in (tzlcgd' ca‘%’o ,ié% 1]& #El%e{rﬁ)@%ﬁ) V\%s added thereto at the
for 20 hoyea *ﬁ%*ﬁ&%*ﬁi@?&%ﬁﬁ‘adﬁ?ﬁ‘eﬁ%ﬁ RLEER S B
fi11ered qiltddifeg N ¢ Hodindd® (3! di s¢3 ! 'fé’?aj%fbfﬁé{@ﬁ

i ed o) y

resi due was pur| y preparatlve [ eve1op|ng ution-e

t at e: : 29 . [0355
“HENR (bt Gl JOP dldlg Modiind W UK. (df Then 5200 L 0% Thn
M, 3.93 {eAtameth 1{{1&&0&:1&'&:%::&&1&@ o4 )mg A- P24 ]rﬁhop)%)waé’f ddaédH d.

J-11. 7THz) , 4. 46 ( J-11. 8Hz), 4.61 (1H, d,.J-10.7Hz), 4.68 (1H, d,
J-10. 2Hz)theretl? 4¥ Hhdl samd O raturd. (lﬂae %ea)cﬂib&h@xtxﬂr@ﬁv&é"t d, 0

J-10. 7Hz), 4.99 (1H d, J-11.0Hz), 5.04 (1H, br), 5.65 (1H,
stirred at the sanme temperature for 20 hours and then hexane
_i) was added thereto and the precipitate was filltered and the
solvent of the filtrate was distilled. The obtained residue
was purified by preparative TLC [developing sclution=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,

Jwl2,.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 (1H, 4, J=10.8Hz), 4.85 (1H, 4,

") 3=10.7Hz), 4.99 (1H, d, J=11.0Hz), 5.04 (1H, br), 5.65 (1H.

8), 6.8-7.4 (28H, m)

(2) Synthesis of (1R, 28,3R,6R)-6-[2-{(4-Cyclopropyl-
benzy;)phenoxy]—4-(hydroxymethyl)cyclohex—4-ane-
1,2,3-triol
In a nitrogen stream, a boron trichloride 1.0 M

methylene chloride solution (160 uL, 0.16 mmol) was added to a

solution of 1-(4-cyclopropylphenyl)methyl-2-[(1R,4R,585,68)-

4,5,6-tris-benzyloxy-3-(benzyloxymethyl) -cyclohex-2-

enyloxylbenzene (12 mg, 0.016 mmol)} and pentamethylbenzene



s), 6.8-7.4 (28H, m (2) Synthesis of (1R 2S, 3R, 6R)-6-(2-(4-Cycl opropyl -
benzyl ) phenoxy] - 4- (hydr oxynet hyl ) cycl ohex-4-ene- 1,2,3-triol In a nitrogen
stream a boron trichloride 1.0 M nethylene chloride solution (160 pL, 0.16
mmol ) was added to a solution of

1- (4-cycl opropyl phenyl ) net hyl - 2-[ (1R 4R 5S, 6S) -

4,5, 6-tris-benzyl oxy- 3-(benzyl oxymet hylygicy.cl ohex-2- enyl oxy] benzene (12 ny,
0.016 mml) and pentanethylbenzene - 191 (24 ng, 0.17 mmol) in nethyl ene

EELSQSM HWmd. 0 37 el ”&ﬂéﬁ Fiatzzci Q%%?eduﬁet?eﬁ%@?ure of
Eji gti IrFZﬁmder %c‘%\éﬁ%;ﬁe. e og@mi n%rem ue vvas pur| fsli)e%egt e
C ; 8
8L$2?La§ louzer KEKEL MUl £6) OF %@%"@{‘ A YRR RS B 23]1 (2
0. 89 fedh) n%ls tionl wad  ratgea (€6 rém éeﬂﬂeéat&r&%d @nZZ (1H dd,

J:’10. 5, 7.8Hz), 1H, d, 3-14.8Hz), 3.93 (1H, =14.9Hz), 4.11 (2H,

br s), 4.dvdit whs Jdi?s@ﬂied“u&@ef 1fhdﬂbad ErésLB&re5 the(&ﬁ:ained 1. 5Hz),
6.84 (1H, t, J-7.3Hz), 6. B.1Hz), 7.06 (1H d, J-8

6. 97- 7. 18ré@tius)wab ﬁﬂfﬁea@ﬁ mlmatt%qmt PAéveToPing: 12. *5 i nutes
Exanpl e 63 (1R 2S, 3R, 6R) - 4- Hydr oxpret hyl - 6-[ 2- (4- net hoxybenzyl ) - .
phenoxy] cyslwtbdn<meétitariol: metliyDéne chloride (1:8)] to obtain the

title compound (4.1 mg, 70%).

[0356] 'H-NMR (CD:OD) &: 0.61 (2H, m), 0.89 (2H, m), 1.83

({1H, m), 3.55 (1H, 44, J=10.5, 7.8Hz), 3.72 (1H, 4d, J=10.5,
7.8Hz), 3.89 (1H, 4, J=14.8Hz), 3.93 (1H, 4, J=14.9Hz), 4.11

(2H, br s), 4.15 (1H, d, J=7.8Hz), 4.80 (1H, 4, J=7.6Hz), 5.60
(1H, t, J=1.5Hz), 6.84 (1lH, t, J=7.3Hz), 6.93 (2H, 4,

Je8.1Hz), 7.06 (1H, 4, 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,
58,68)-4,5,6-trisbenzyloxy-3-(benzyloxymethyl)-
cyclohex-2-enyloxylbenzene
In a nitrogen stream, 2-(4-methoxybenzyl)phenol (299 mg,

1.40 mmol) and tributylphosphine (330IuL, 1.53 mmol) were

added to a solution of (15,3S5,45,5R,6R)~-4,5,6-trisbenzyloxy-1-

(benzyloxymethyl)cyclohane-1,3-diol (561.mg, 1.01 mmol) as

described in a document [Tetrahedron, 56, 7109-7122 (2000)] in

toluene {3 mL) under cooling with ice, and then



(1) Synthesis of 1-(4-Methoxyphenyl)nethyl-2-[(1R 4R _
5S,6S)-4,5,6-trisbenzyl oxy-3-(benzyl oxynet hyl )- cycl ohex-2-enyl oxy] benzene
In a nitrogen stream 2-(4-nethoxybenzyl)phenol (299 ny, 1.40 mmol) and
tributyl phosphine (380 L, 1.53 mmvl) were added to a solution of .

(1S, 3S,4S,5R 6R) -4, 5, 6-trisbenzyl oxy-1- (benzyl oxynet hyl ) cycl ohane- 1, 3-di ol
(561 ng, 1.01 nmmol) as described in-aldxwrent [Tetrahedron, 56, 7109-7122
(2000)] in toluene (3 nm.) under cooling with ice, and then - 192 -

tetranet %ﬁ?&&&&a@mé&ﬁéﬂnm (262 wgP! 1. YR sty drad ed@de® at the

sanme tenperature. The reaction mxture was stirred at the sane tenperature

for 20 haiHeretty diathd e tetiperdiiocs | harm refditl i ittt ivgd € Was
filtered and the solvent of the filtrate was distilled. The obtai ned

resi due vSlrned fAtectHy sdmé CtengpdratitemnEox 2O ewss cnty {lisy daping
solution-ethyl acetate:n-hexane (1:7 to 1:1) to obtain the title conpound
(312 ny. whil)adddd XAh@redte NMhd GIE Précipi taltd ras SH11GeBed Samdd i, ),
3.92 (2H, s), 4.19 (1H, d, J-13.6Hz), 4.36 (1H, br), 4.41 (1H, d,

J-11. 9Hz)golreit (i thie filtrfie)was! diis¥iledl, J-11.0Hz), 4.69 (1H d,
J-10.8Hz), 4.71 (1H, d, J-10.8Hz), 4.79 (1H, d, Jr10.8Hz), 4.85 (1H, d,
J-11. M), Thedhtainae] degidusiwnas puobiidd bprylilicsgélcolymn 6. 71 (2H, d,
J-8.7Hz), 6.80-7.40 (26H, m M (BSI'l: 755 [ MtNa] © (2) Synthesis of

(1R, 2S, 3R IBRMatagraphy nkdeNeleping (solution=ethyl acetate:n-hexane

met hoxybenzyl ) phenoxy] cycl ohex-4-ene-1,2,3-triol In a nitrogen stream a
bor on triblﬁ'brﬁQielﬂl% 79 obtain the title compound (312 mg., 42%).

[0357] 'H-NMR (CDCl1;) &: 3.64 (3H, s), 3.80-3.95 (3H, m),
) 3.92 (24, 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 (1H, 4,
J=10.8Hz), 4.85 (1H, d, 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+Nal*
(2) Synthesls of (1R, 2S,3R,6R)-4-Hydroxymethyl-6-[2-(4-
methoxybenzyl }phenoxy]lcyclohex-4-ene-1,2,3-triol
E;D In a nitrogen stream, a boron trichloride 1.0 M
methylene chloride solution (6.0 mL, 6.0 mmol) was added to a
solution of l1l-(4-methoxyphenyl)methyl-2-[(1R,4R,55,65)-4,5,6-
trisbenzyloxy-3-({benzyloxymethyl)cyclohex-2-enyloxylbenzene
(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

distlilled under reduced pressure. The obtained residue was

purified by silica gel column chromatography [developing



met hyl ene chl ori de solutlon (6.0 nL, 6.0 mmol ) was added to a sol ution of
1- (4- met hoxyphenyl ) net hyl - 2-[ (1R, 4R, 5S, 6S) -4, 5, 6-

tri sbenzyl oxy- 3- (benzyl oxynet hyl )cyclobex 2- enyl oxy] benzene (312 ng, 0.426
mmol) in nethylene chloride (12 nL) at -78C, and the m xture was stirred at
the tenperature for 1.5 hours. After addition of nethanol, the tenperature
of the resulting solution was raised 183 eomtenperature and the sol vent
was distilled under reduced pressure. The obtai ned residue was purified by
silica geloluiviie aletmicionthy leim dlpiidle (193) SAdtostain the

met hanol . - met hyl ene chloride (1:8)] to obtain the title conpound (37.9 ny,
249 . [ 03331 el dooun@d>JAD). B mg3. 2@Y)LH, dd, J.10.5. 8.0Hz), 3.73 (1H m,
3.73 (3H, s), 3.88 (1H, d, J.14.9Hz), 3.92 (1H, d, J.14.9Hz). 4.11 (2H, br
s), 4.16[0BsS81M, 4.3H-¥MR, (CP,0DK.51 3.B6 ({LH,].dd,7K=10.6,78.0H) .d,
J.8.7Hz), 6.84 (1H, t, J-7.3Hz), 6.99 (1H d, J.S.1Hz), 7.04 (1H, d,
J-7.5Hz) 3.73Ld 1H,2Im)} .d,3 T3, (@ik.) 8)7. B3 481 H 1Hy) &S =83 .9Hz 395 [MNalH, HPLC

Retention Tine: 10.8 m nutes npl e 64

(1R 2S, 3%.6Rm14.. [93i2()4r B R u@&.ylt)qawe\nqudei (HhHr Wy~ 4eBhy(DH, m),

cycl ohex-4-ens-1, trloII§ Synt hesi s of 3-(4-Ethyl benz phenyl bor oni c
Acid InS6d t(rlé'beﬁsstq'bl&rﬁ -L?t'ﬁ dr?‘b-f A, bl HEY - Gé%y{%nzﬁhl ) benzene

(2.19 g, 7.96 mol)_ in THE (20 cooled to -78C,_and
n- but yl | 1% -FHZex @S 1H4 &b (32%4'1\%) 3 A fBH et ah%@}%ﬁbpvﬂ-s’é’ thereto

and the n1xture solutlo 9 mas stlrre% at the same tenperature for 20
m nut es. (&H.ed -13 (1K

MS (ESI*): 395 [M+Nal’

D

HPLC Retention Time: 10.8 minutes

Example 64

(1R,25,3S,6R)-4-[3-(4-Ethylbenzyl)phenyl]-6-(hydroxy-

methyl )cyclochex-4-ene-1,2,3-triol

(1) Synthesis of 3-(4-Ethylbenzyl)phenylboronic 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 dropwisge thereto and the mixture solution
{:) was stirred at the same temperature for 20 minutes. After
additlon 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 cooling
the reaction mixture in an ice bath, concentrated sulfuric
acid (10 mL) was added dropwise thereto and the mixture
gsolution 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 solid obtailned by Aistilling the solvent under reduced



addition of trinmethyl borate (2.68 nL, 23.87 mmol), the reaction mxture

was stirred at the tenperature for five mnutes and at roomtenperature for
12.5 hours. After cooling the reaction mxture in-an ice bath, concentrated
sulfuric acid (10 nm.) was added dropw se thereto and the m xture solution
was stirred at the same tenperature for one hour. The m xture was extracted
with ether and the organic | ayer was - waghed with water and then dried over
sodiumsulfate. To a white solid obtained by distilling the sol vent under

;n'eggﬁrecei \]é."e%ﬂ{fe;at ef%fm ai ne ,?%F (?twas wa;l#g ni\';vlﬁet ht e

hexane- ety A% s ﬂjﬁéﬁ?ateﬁ‘wtﬂiﬁqﬂﬂ"'&tﬂzmr ol 2% efﬂé%ug?

reduced pressure to obtain the title conmpound (604.2

1H NWR ( GH@3 )ndianle 2 Hy¥adetate’ (i)1) 2. Gthd %Hstafhed] wht8)powadr (2H
s). 7.10-7.20 (4b ). 7 36-7.44 (24 M) 8 00-8 10 (20 1 (2 Synt hesi s

of Trifl yae eifamasddo ieanssd ;h?d%aflﬁseﬁ&o obtain the title compound
6R) - 4. 5, 6- Tri sbenzyl oxy- 3- (benzyl oxynet hyl ) cycl ohex- 1-enyl Ester In a

ni trogen @goLanmen 32PUL yl it hi um hexane solution (322 L, 0.787 nmol) was
added dropwi se to diisopropylamne (113 A 0.806 mmol) cooled in an ice

bath, and¢3%91 0.8 nitk-NMRS(eDdes) theretay (B abt F«wedhd) Ut2 osr Waa cool ed
to -78C, and a solution of (2R 3S,4R 5R)-2,4,5-trisbenzyl oxy-5-

(benzyl oxgalsyl §HT) cl Ok afzhe £ P05 A0RY . 20 3B ) ) 7 /B6HE 44 1(2H) was
added dropwi se, and the m xture was stirred at the 9 sanme tenperature for 12
m nut es. ®) sB 100-dh. X (BH5-mhl or o- 2-

(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 solution

(322 pL, 0.787 mmol) was added dropwise to dilsopropylamine

(113 uL, 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,38,4R,.5R)-2,4,5-trisbenzyloxy-5-

(bvenzyloxymethyl) -cyclohexanone (205.9 mg, 0.384 mmol) in THF

(1 mL) was added dropwise, and the mixture was stirred at the

i:) 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 thereto and the reacfion 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 aqueous soluticn and dried over

sodium sulfate. The solvent was distilled under reduces

pressure and the obtained resldue was purified by silica gel



pyridyl)triflimde (452 ng, 1.15 mmol) in THE (1.2 nL) was added dropw se
thereto and the reaction mxture was stirred at the sanme tenperature for
2.5 hours. A saturated sodi um hydrogencarbonate aqueous sol uti on and water
were added thereto to stop the reaction and the resulting m xture was
extracted with ether. The organic |ayer was washed with a saturated sodi um
chlori de aqueous solution and dried ovefgs sodium sul fate. The sol vent was
distilled under reduces pressure and the obtained residue was purified by

acet S?egﬁ' ofwl ‘anfndEBefebRETt SbERoN g THELPIOR-SEED RS FARY 0 oy,
(1H " do 3‘?9%%“ WCW%B?(&% Sfeeed 'phe "teble, dodqung Y igll e b T

47049 , 5.76-5.83 (1H, n), 7.10- 7.40 (20H m (3) Synthesus of
1- (4- st hy! zyI) 3-[(3R 4R 5S, 6S)-4, 5,

6-trisbenry§€6 - 3- (bsﬁgﬁgﬂqxgﬁgﬁﬁé)gycioa@x I @ngiﬁ: aznz§n§olg gsntéﬁogen

stream d oxan -wat e ) “Wwas ded t fure

trifluorogpt h@“ﬁéutiﬁ“'adacads(é'? 4F9Hz), 3.90 (1H, A4, J=9.7, 7.1Hz)
SS, 6R) -4, 5, 6-tri shenzyl oxy- 3 (benzyloxynethyl)cyclohex I-enyl ester {656

0. 9814 mypl 3 0 1 , mKHr 0 1
gg(4 et hyfgjer%z§/|?ﬁhgﬁ§f gﬁ?onﬁ?gcrﬁgzm) nfh ;(ién?ma? g%}é gﬁmhsm (56. 6

mg, 0.0497a®! j20RNdmyhe reaction m xture mas heated and stirred at a
tenperature of 100C to 105C for 26 hours. After cooling the reaction 3

m xture, @3patusphtlesdsdi of Lh{o-EtRyDbeReyE)SBLU(BRN4RNES,6S)-4,5,
_ 6-trisbenzyloxy-3-(benzyloxymethyl)cyclohex-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(PPhy), (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 chloride agqueous solutlion and dried over
sodium sulfate. The solvent was distilled under reduced
pressure, and the obtailned residue was purified by silica gel
column chromatography [developlng solution=ethyl acetate:n-
hexane (1:10 to 1:8) to obtain the title compound (510.0 mg,
73%).

[0361] JH-NMR (CDCl;) 5:1.19 (3H, t, J=7.6Hz), 2.58 (2H,



wat er were added thereto. The resulting solution was extracted with ether,
and the organic |ayer was washed with a saturated sodium chlori de aqueous
solution and dried over sodiumsulfate. The solvent was distilled under
reduced pressure, and the obtained residue was purified by silica gel

col um chr omat ogr aphy [devel opi ng sol ution-ethyl acetate:n- hexane (1:10 to
1:8) to obtain the title conpound (510&%6mg 73% . [0361] 1H NWVR ( CDC13)
6:1.19 (3H, t, J.7.6Hz), 2.58 (2H, " 1 , J.7.6Hz), 2.64-2.75 (1H, m,

s 92 Sen= ety gtk 18 Cno nl. Bead (i e e . Fidieh) " as
I R S0t e i B
EQFL\%/: Lnéftﬁ’ ( e(trfiefh fﬁfﬁ%ﬁwi ene- :!Ll UBH tr‘io':f & 6H"q‘trog‘g’ g%réam a
[ (3R 4R GJSi flﬁ @t abenIzy'Iso}>‘<zy)3 ?benzg/)f%xymet% H :9Hz), 4.79-5.00

fi’%ghgx n%)oxy% I et hyl ene cﬁgosr dig@(é?godnﬁ av\r}/@:)s' (F:)%o Bfe}a@%yl-%%,}'egﬁd a

BC13 nethy ene chl oride solutlon (1.OM 7.54 nL) was added dropw se

thereto. e reaction mxture wag stirred at the tenperature for ten
M nutes o) at syifihdies lof (N 2S. SECERNSA. [T (ewing eyl ) vas added
t hereto. The residue obtained by dIStI||Ing

phenyl]-6- (hydroxymethyl)cyclohex -4-ene-1,2,3-
triol
j) In a nitrogen stream, a solution of 1-{4-ethylbenzyl-3-

[{3R,4R,55,65)~-4,5,6-trisbénzyloxy-3-(benzyloxymethyl)-
cyclohex-2-enyloxy]lbenzene (494.5 mg, 0.692 mmol)} and
pentamethylbenzene (1.05 g, 7.06 mmol) in methylene chléride
(38 mL) was cooled to -78°C, and a BCl; methylene chloride
solution (1.0 M, 7.54 mL) was added dropwise thereto. The
reaction 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

1;) 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
solutionsmethanol:methylene chloride (1:10)] to obtain the
title compound (46.2 mg, 19%).
'H-NMR (CD;OD) 8: 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,0]"



C sol vent under reduced pressure was roughly purified by silica gel colum
chromat ogr aphy (devel opi ng sol ution-nethanol : nethylene chloride (1:20 to
1:10) and then purified by preparative TLC [devel opi ng
sol uti on+met hanol : met hyl ene chloride (1:10)] to obtain the title conpound
(46.2 nmgy, 19%. LH NMVR (CD3OD) 8: 1.19 (3H, t, J.7.6Hz), 2.27-2.44 (1H m,
2.58 (2H, q, J-7.6Hz), 3.44-3.68 (3H-m97 3-76-3.94 (3H, nm, 4.45-4.57 (1H
m, 5.74-5.84 (1H, m, 6.95-7.25 (8H, m M (ESI'): 372 [ MrtH20J 197 - HPLC
Ret ent i orgpiderefdn o ™ihés 14E3F uhaerds Condi tions of HPLC Col umm:
YMC- Pack ODS-A 6.0x150 nm 5 m Mobil e Phase: Elution by applying a gradient.
of from IMed@hréadRtUCcoRALELoAS of BPOE® MM AcONH4/ MeCOH (54) to 10 nM
AcONH4/ MeCH (1008) for 20 m nutes, and thereafter under the sane condition
[10 mV  Actdiihinde FUC-1Pa8k [ohS+ATé vex IS0 uies & Rate: 1.5 nl/minute Col um
Tenperature: Roomtenperature Detection Condition: Total plot of the entire
wavel engt Molpfl€ Fhase 4(Blutiéx oyl appbying a gradient of from 10 mM
(1R 2R, 3S, 4R 5R) - 1-[ 3- (4- Et 4yl benzyl ) - 4- net boxyphenyl ] - 5-
(hydr oxynet hyl ) cycl ohex aheONHY 304 {968} aplus( 10 8MhAcONH; /MeOH (5%) to
(1R 2R 3S,4R 5R} -2, 3, 4-tri sbenzyl oxy-5
(benzyl oxymet hyl ) - 1- [ 3- (10 cmMyA¢RNHIMeOH {di00d)y -£o3h 20 Ilinutesme antd| and
(1S, 2R, 3S,4R 5R) - 2, 3, 4-

thereafter under the same conditlon [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 65

(1R, 2R, 38, 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]cyclohexanol and (1S,2R,3S,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 to a solution of 4-bromo-

2-(4-ethylbenzyl)-1l-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 solutlon of (2R, 3S,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 solutlon was stirred



tri sbenzyl oxy-5-(benzyl oxynet hyl ) -1-(3-(4-ethyl -

benzyl) - 4- met hoxyphenyl ] cycl ohexanol In a nitrogen stream an n-butyllithlum
hexane solution (2.70 M 1.03 nlL) was added dropwi se to a sol ution of

4- br ono- 2-(4-ethyl benzyl) - 1-nmet hoxybenzene (908 ng, 2.98 mmol) in THY (10
m.) while being cooled to -78C. The reaction m xture was stirred at the
sanme tenperature for 10 mnutes. To t-hil®&ol ution, a solution of

(2R, 3S, 4R, 5R) - 2, 3, 4-tri sbenzyoxy-5-' (benzyl oxymnet hyl) - cyclohexanone (1.00
9, 1.86 ngpll7a Bde (R miinuttad. addRs {URMIGE i dtth %J&Mdﬁlon
was stirred - 198 at -78C for 30 mnutes. The reactlon mas st opped by

addi ti on oPpfa agsthitdté& damit®imn eithd Ol dé cagieehs ssoDhtionnanddwaBéel. The
obt ai ned solution was extracted with ethyl acetate, and the organic |ayer
was washerheav éirtabhed solutiem wascextwacted owltin sthybtacefiiate| candue
obtained by distilling the solvent under reduced pressure was purified by
si |l i ca gathe catgemlc hl ayet cgas pinysheld \ieitipi waten| and cthen hdtriedeowbre: n-
hexane (1:5 to 1:1) to obtain (1R 2R 3S,4R 5R)-2,3,4-tris-

benzyl oxys&dlurensylbatect hThe -tesbdde - ebtyinedzhy)diistilling the

met hoxyphanyl ] cycl ohexanol (0.32 g, 23% and (1S, 2R, 3S, 4R

5R) - 2, 3, 4sclventuyder yréeduced prosgare (Was -purbfied by silica gel

ethylbenzyli 4- nethoxy henyl cyclohexanol (0.89 E 649 0362Le

(1R) - | son@elumpi B3pRy [developing 801;1117 erpot ¥1gaceta (DH, rr)
2.20-2. 36 (1H, 2.55Fi2H d, J-7.6Hz 2.91 (1H, d, J-2.0Hz), 3.35-3.42
(1H, ), hexane ph:5goHl:} ta qqtaia5dl§+?Rn§S 4RGSR | 124 3d4-9rie-7Hz)

4.81 (I H, d, J-10.7Hz),

6. 78)6 84b?g¥¥i]ﬂ’%Y 4 Geneyld %%P;fh;fj?)%%gﬂﬁmmgweﬁw 1)-4-
methoxyphenyl]cyclohexanql (0.32 g, 23%) and (1S,2R,35.4R,
5R}-2,3,4-trisbenzyloxy-5-(benzyloxymethyl)-1-[3-(4-
ethylbenzyl)-4-methoxyphenyl]lcyclohexanol (0.89 g, 64%).
[0362] (1R)-Isomer: 'H-NMR (CDCl;) &: 1.17 (3H, t,
J=7.6H2), 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 (6K, 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 (1lH, dd, J=3.3, 13.7Hz), 2.43
(1H, 8)., 2.47 (2H, q, J=7.6Hz), 3.34 (1H, dd, J=0.9, 8.9Hz),
3.53-3.72 (4H, m), 3.80 (3H, s), 3.86-3,93 (2H, m), 4.41 (2H,
8), 4.49 (1H, 4, J=10.7Hz), 4.67-4.79 (2H, m), 4.83 (1H, A,
J=10.7H2z), 5.02 (1H, 4, JI=11.7Hz), 6.78 (1H, 4, JI=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,3S5,4R,5R}-1-({3-{(4-Bthylbenzyl)-

4-methoxyphenyl]-5%-(hydroxymethyl)cyclohenane-1,2,3,



(1S)-1soner: 1H NWR (CDC13) 6: 1.12 (3H t, J-7.6Hz), 1.40-1.54 (2H m,
1.78-1.88 (1H, m, 2.35 (1H, dd, J-3.3, 13.7Hz), 2.43 (1H, s), 2.47 (2H, q,
J-7.6Hz), 3.34 (1H, dd, J-0.9, 8.9Hz), 3.53-3.72 (4H, m, 3.80 (3H, s),
3.86-3.93 (2H, n), 4.41 (2H, s), 4.49 (1H, d, J-10.7Hz), 4.67-4.79 (2H, m,
4.83 (1H, d, J-10.7Hz), 5.02 (1H, d, J-11.7Hz), 6.78 (1H, d, J-8.4Hz), 7.00
(2H, d, J-7.9Hz), 7.10 (2H, d, J-7.9Hz)Z997..14-7.20 (2H, a), 7.21-7.40 (18H,
m, 7.56-7.63 (2H, m (2) Synthesis of

1R, 2R 3S, 4R, 5R) 41l 3c{14- St hyl b l) -
( :3%_%1:[(‘%#& t hyl benzyl)

4- met hoxypheny roxynet hyl ) cycl ohenane-1,2,3, ~ 199 - 4-tetraol To a

solution of (1lBe?R Fe1HRIR) of 1k, R, LW, SRY5 3, 4-trisbenzyloxy-5-
(benzyl oxymet hyl) - 1-[ 3- (4- et hyl genzyl )-4- netsk?(;)xyphenyl ]rcfcleo ze%(arfgl (50.0

nmg, O. 06?mﬁldm%le-ﬁ-m(@&Hﬁm1X-?4m)1 a 208 pal |l adi um

hydr oxi de cat al yst ng) was added and the m xture was stirred under a

hydr ogen mﬁé&?ﬁlﬂr@l@cﬁﬂ@ﬁéﬁm 80 D f;?e,r 1. 0P fino ¥y thi THE tEyimg the

catal yst, iltrate was concentrated un reduced pressure. The

obt ai ned mIfs s nEthanol fi2diy, M Q0¥ JaMadikia Hyv@te neatalyst
sol uti on- et hanol : met hyl ene chloride (1:10)] to obtain the title conpound

(20 ng. 748 md0¥EY addddVandRHDOMSttUre vaSHtirreld hufidehr )a Hydifeder34
(2H m, 2.01-2.14 (1H m, 2.60 (2H, q, J-7.6Hz), 3.39-3.46 (1H m,

3. 62- 3. 7Tatmbidphere ABAIgdH temperhtitrg Adr d)§ Mowrs. (After fibtedifig 7. 06
(2H, d, J-8.2Hz), 7.13 (2H, d, J-8.2Hz), 7.30-7.38 (2H m M5 (HSI*): 420
[ HHH2Q) * the catalyst, the filtrate was concentrated under reduced

_ pressuré. The obtained residue was purified by preparative
) TLC [developing solution=methanol:methylene chloride (1:10)])
to obtain the title compound (20 mg, 74%).
[0363] 'H-NMR (CDsOD) &: 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, 8}, 6.94
(1H, 4, J=8.4Hz), 7.06 (2H, 4, 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 pm
Mobile Phase: Elution by applying a gradient of from 10 mM
AcONH,/H;O0 (95%) plus 10 mM AcONH../W (5%) to
10 mM ACONH,/MeOH (1'00%) 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



HPLC Retention Time: 17.70 mnutes a Measurenent Conditions of HPLC Col umm:
YMC- Pack ODS-A 6.0"150 nmm 5 :n Mbile Phase: Elution by applying a gradient
of from10 mM AcONH4/ H20O (958) plus 10 mM AcONH4/ MeOH (599 to 10 niM
AcONH4/ MeCH (1008) for 20 m nutes, and thereafter under the sane condition
110 mM AcONH4/ MeOH (1008)] for five mnutes Flow Rate: 1.5 nL/m nute Col um
Tenperat ure: Room tenperature Detecti-orpggondition: Total plot of the entire
wavel ength - 200 of 230 to 400 nm Exanple 66

(1R, 2R, 3S, 4S, 6R) - 4- [ 3- (4- Et hyl begg V330 4edreid@>wheny! ] - 6-
(hydr oxynet hyl ) cycl ohexane-1,2,3-triol (1) Synthesis of

2-(4-Eth Vd )64 - met hozy-4-((1S, 2S, 3R 4R 5R)-2, 3,
4-triabe¥¥9?§§7757Tbenzyloxynethyl)- cycl ohexyl] benzene A solution of the
(1S, 2R 3F1RRPRIS A4S, 6R} L4 Syl Bthylbenzyl) -4-methogﬁmny1] -6-

5- (benzyloxynet hyl")-1-T3- (4- eThyl benzyT)-4- et hoxyphényl Jcycl ohexanol (124
nmg, 0.16 (WpddoXgmethivl hegclohekameyl 2 65 trdo®t hyl ene chloride (2 nL) was
cooled to -5C, ~and triethylsilane (0.39 ni, 2.44 mmol) was added thereto.
To the n{X}ureSynthedisoshazef4<EtirylbénziP) Ml -mdtBoxyod ) { (BS,28¢dded and
the reaction mxture was stirred at -5C for one hour, and then a saturated
sodi um hydr ogen3R 4R o5R) €2 Wiis4 sticibeben gl exy- 5 TheenzxloxymetinyX) ¢ir e was
extracted with nmethylene chloride and the organic | ayer was washed with a
sat ur at ed cyclohexyl]lbenzene

A solution of the (1S,2R,3S, 4R,5R)-2,3,4-trisbenzyloxy-

B 5-(benzyloxymethyl)-1-{3-(4-ethylbenzyl)-4-

:) methoxyphenyl lcyclohexanol (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, triofluoroacetic 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] H-NMR (CDCl3) &: 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, 38,45,6R) -4-[3-(4-Ethylbenzyl)-



sodi um chl ori de aqueous solution and then dried over sodium sulfate. The
sol vent was distilled under reduced pressure and the obtained residue was
purified by silica gel colunmm chromat ography [devel opi ng sol ution-et hyl
acetate:n-hexane (1:9)] to obtain the title conpound (10 ng, 8% . [0364]

"H MM (CDC13) 8: 1.17 (3H, t, J-7.6Hz), 1.58-1.96 (3H, nm, 2.56 (2H. q,
J-7.6Hz), 2.55-2.70 (1H, m), 3.43-3.622¢415H 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,

(11 2 35, 45, o HepSpiipadf) (36 o ardngibchyl) felbndladdls 1 hest s of

4- met hoxyphenyld -4 droxynet hyl ) cycl ohexane-1,2, 3-trial To a solution of
2- (4-ethyl benzyl ) =" 1-net hoxy-4- [(1S, 2S, 3R 4R 5R)-2, 3, 4-tris-benzyl oxy-5-

(benzyl oxymet hyd q?o%%daﬁ?@d{%%@e%ﬁlﬁlmmellbéﬁjﬂz (0.2 nL) and

met hanol (1 L), a al yst ( ) was added and

the m xt gegs SiR 4R BROL! 3 34 - fW 08 sz pigpPiier e at room tenperature for
13 hours%wg%ter fi1teringq?he catalyst, the filtrate was concentrated under

reduced pg &xﬁﬁamwf@pbnaq]ﬂmm@und iRgl, by. 003 CRRGR) | 1§ THIE

[ devel opi ng sol ution- nethanol : nethylene chloride (1:10)] to obtain the

title conppundalB. &ndtnetitdficl {(D35], & 2R 4L ul hjdrce sl ¢,
J-7.4Hz), 1.34-1.48 (iH m, 1.60-1.76 (1H, m, 1.83 (1H dt, J-13.5.

3.5Hz), Cca¥alyst6(I10Hhgiwas. &ddéd 3dnd 2the Mixtude-wasZstitred)undeb8a 3. 65
(1H, m, 3.77 (1H, d, J-4.0Hz), 3.82 (3H, s), 3.92 (2H, a), 6.91 (1H d,
J- 8. 2Hz) ,hydfdgen ladtrniddphede at room temperature for 13 hours. After

- 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 obtain the title compound (3.9 mg, 75%).
[0365] 'H-NMR (CD;OD) &: 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=4.0Hz), 3.82 (3H, s}, 3.92 (2H,
8), 6.91 (1H, 4, J=8.2Hz), 7.02-7.14 (6H, m)
MS (BSI'): 406 [M+H;0)
() HPLC Retention Time: 12.53 minutes
Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm
Moblle Phase: Elution by applying a gradient of from 10 mM
AcCONH(/H0 (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



M5 (ESI'): 406 [ MWH2O' 3 HPLC Retention Tine: 12.53 m nutes Measurenent
Condi ti ons of HPLC Colum: YMC-Pack ODS-A 6.0x150 mm 5 pm Mobil e Phase:
El ution by applying a gradient of from10 nM AcONH4/ H20 (95% plus 10 mV

AcONH4/ MeCH (58) to 10 mM AcONH4/ MeCH (100% for 20 m nutes, and

t hereafter under the sanme condition [10 MM AcONH4/ MeOH (1008)] for five
mnutes Flow Rate: 1.5 nL/m nute Col wmzoRenperature: Room tenperature - 202
Det ection Condition: Total plot of the entire wavelength of 230 to 400 nm

Exanpl € 6petettidh Torl tadhn:l Hotaal ot dft -t eionay lwiherudtip-

(hydroxynet hyl ) cycl ohexane-1. 2, 3. 4-tetraol (1) Synthesis of

( 3- Brono- 4- et hoxyphenyl ) - (4- et Ipg 2300 ey | getg@nol THP (10 nL) was added to
magnesi um (353 ng, 14.5 nmol), and furthernore 1-brono-4-ethyl benzene (2
nm, 14.5 E¥sEMpleradsy added dropwi se thereto and the mixture was heated to

reflux for oné hour. The reaction m xture was cooled to OC, and a

sol ution

of 3- br onRL-2R BSOMRER) -de 2B 1A 12-15 O 4 Bty Iven 2yl Jpheiy JH11) was added

thereto and the reaction mxture was stirred at the sane tenperature for
1.5 hour dhyBraiymetded ) cyciohedxams - b, 28 Ut -deddraodoni um chl ori de aqueous
solution was added and the resulting mxture was extracted wth ethyl

acet ate. (e e@ymthesdss afaslted@nomdr &-othiaxyphenyl)-(4-ethyl-

o

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
solution of 3-bromo-4-ethoxybenzaldehyde (2.21 g, 9.68 mmol)
in THF (5 mL) was added thereto and the reaction mixture was
stirred at the same temperature for 1.5 hours. To the
reaction mixture, a saturated ammonium chloride agueous
solution was added and the resulting mixture was extracted
with ethyl acetate. The extract was washed with a saturated
sodium chloride aqueous solution 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)] to obtain the title compound (2.83 g, 88%).
[0366] 'H-NMR (CDCl;) &: 1.22 (3H, t, J=7.6Hz), 1.45 (3H,
t, J=«7.0Hz), 2.14 (1H, d, J=3,5Hz), 2.63 (2H, q, J=7.5Hz),
4.07 (2H, q, J=7.0Hz), 5.74 (1H, d, J=3.5Hz), 6.83 (1H, 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)-



sodi um chl ori de aqueous solution and dried over magnesium sulfate. The
resi due obtained by distilling the solvent under reduced pressure was
purified by silica gel colum chronat ography [devel opi ng sol uti on-n-hexane
to n-hexane:ethyl acetate (3:1)] to obtain the title conmpound (2.83 g,
888). [0366] 'H-NHR (CDC13) 6: 1.22 (3H, t, J-7.6Hz), 1.45 (3H, t,
J-7.0Hz), 2.14 (1H, d, J-3.5Hz), 2.63 @3 -q, J-7.5Hz), 4.07 (2H, q,
J-7.0Hz), 5.74 (1H, d, J-3.5Hz), 6.83 (1H, d, J-8.4Hz), 7.17 (2H d,
J-8.1Hz), 7.20-pan¥bere3H, M, 7.56 (1H, d, J-2.1Hz) (2) Synthesis of

2- Brono- | - et hoxy- 4- (4-et hyl benzyl) 203 - benzene Triethylsilane (2.7 ni,
16.9 mol ) and Triethylsitland (@ .idenldi ey meidley amabal oxicn 2 nl, 9. 47
nol) were added to a solution of (3-brono-4-ethoxyphenyl)-(4-

et hyl phergatifinidadd -dis 3y, etthelr! complex n{ he2 ik £ree. £himmolp wé¥® M) at
0C and the m xture was stirred for three hours. Methanol (50%-water (4 niL)
was addecdded Heo raeamiwgion xafir €3 -hmine He- etlwxyphenyd kt (de was extracted
with methyl ene chloride. The extract was washed with a saturated sodium
chl ori de ekhwknhenyl inethanahd 2 &5 gr | dbHvmmokhdgie Jnethylens chlomigde

resi due obtai ned by dIStI||Ing the sol vent under reduced pressure was

purified (B0 #l) cat J¥C aoidurbhe srstmxiec wasp stirtede foxi thres kduss.n- hexane
to n-hexane-ethyl acetate [49’v4@ﬁ£} to obtaln the title conpound (2 69 g,
m&xm

1009) . [NE‘G’B“‘!JH »agipdded o M)reqcizﬂam} dxtyr
‘(] 1L O;Z) fand 21-,21&3 2:'1,-3&;@3 %qu- . l?gq(églt!( Sn.zg:ed with mett?y].ene7 OHZ) 0. 19

) chloride. The extract was washed with a saturated sodium

-> chloride agqueous 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] lH-NMR (CDCl;) &: 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 {(1H,

d, J=2.1Hz)

D (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 solution
of 2-bromo—1*ethoxy-4-(4-ethfl-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,3S,4R,5R)-2,3,4-trisbenzyloxy-5-

(benzyloxymethyl)-cyclohexanone (1.50 g, 2.80 mmol) in THF



d, J-2 . IHz ) (3) Synthesis of (IR 2R 3S,4R 5R)- and (1S, 2R, 3S, 4R, 5R) -
2,3,4-Trisbenzyl oxy-5-benzyl oxynet hyl - 1- ( 2- et hoxy- 5-

(4- et hyl benzyl ) phenyl | cycl ohexanol In a nitrogen stream an n-butylllthium
hexane solution (1.59 M 2.30 nlL, 3.66 mml) was added dropwi se to a
solution of 2-brono-I|-ethoxy-4-(4-ethyl-benzyl)benzene (1.18 g. 3.70 mmol)
in THE (9 nL) while being cooled to ~7884 The reaction nixture was stirred
at the same tenperature for one hour, and then a solution of

(2R, 3S, 4RAAR) nil,)3 was ddesd Adopwise therety andrahe |Deaxytclarhendoionss (1. 50
g, 2.80 mol) in THE - 204 (4.5 nL) was added dropw se thereto and the
react i on wasxistizrefatsti78°cdfor 1088@Mihates0 nNAnsataratedaammohddmanmoni um
chl ori de aqueous sol ution was added thereto to stop the reaction. The

r esul t i nghdioxtigiee agueana mediutiion masctadded therety tondstde theyani c | ayer
was washed with a saturated sodiumchloride aqueous solution and then dried
over magmkesattonsy| Thee remd ting mixtyme was] extraated (wikh tethyb| vent
under reduced pressure was purified by silica gel columm chromat ography

[ devel opia@tadieut At &hey organig dayere wak vashed with ghiaatirated) - i soner
(884 ng, 418) and a (IS)-isomer (740 ng, 34 4). [0368]. (1R) -1somer: 1H NWR
(CDC13) @Podiums chdigride agueqyly soluition and tthen dAxjed over;magnesijum

SIS S MEN 2% St et o A s S 0T e
0.8He) . 3,0 (o 00 I8 0ue 4 O P48 0-10, (U Mgy OF (2H ). 444
chromatography [developing solution=ethyl acetate:n-hexane
f) (1:4)] to obtain a (1R)-isomer (884 mg, 41%) and a (1S)-isomer

(740 mg, 34 %).
[0368] (1R)-Isomer: ‘H-NMR (CDCl;) §: 1.23 (3H, t,
J=7.6Hz), 1.37 (3H, t, J=7.0Hz), 1.70 (1H, 44, J=14.3, 4.1Hz),
2.20-2.35 (1H, m), 2.62 (2H, q, J=7.6Hz), 2.67-2.82 (1H, m),
3.0-3.3 (1H, br), 3.43 (1H, dd4, J=8.8, 2.0Hz), 3.71 (1H, 44,
J=9.8, 9.8Hz), 3.83 (1H, d4d, J=8.9, 4.0Hz), 3.86-4.10 (3H, m),
3.91 (2H, B), 4.44 (2H, 8), 4.48 (1H, 4, J=10.3Hz), 4.58 (1H,
br), 4.63 (1H, 4, 3-10.3Hz). 4.85 (1H, d, J=11.0Hz), 4.88 (1H,
{;) d, J=11.0Hz), 4.95 (1H, 4, J=10.8Hz), 6.75 (1H, 4, J=B.4Hz),
6.79 (2K, d, J=7.0Hz), 7.00-7.40 (24H, m), 7.53 (1H, 4,
J=2,0Hz)
(1S)-Isomer: 'H-NMR (CDC1l;) &: 1.12 (3H, t, J=7.6Hz), 1.30 {(3H,
t, J=7.2Hz), 1.40-1.55 (1H, m), 1.76 (1H, d4d, J=13.3, 13.3Hz),
2.50 (2H, q. J-?.GHZ), 2,74 (1H, dd, J=13.7, 3.2Hz), 3.38 (1H,
dd, J=9.0, 2.8Hz), 3.54 (1H, 4d4, J=9.0, 5.3Hz), 3.64 (1lH, A4,
J=10.8, 8.7Hz), 3.86 (1lH, 4d, J=9.5, 9.5Hz), 3.89 (2H, s8),
4f0'4'1 (2H, m), 4.39 (2H, s), 4.53 (1H, da, J=11,0Hz), 4.64-
4.72 (3H, m), 4.77 (1H, 4, J=11.7Hz), 4.79 (1H, 4, J=10.5Hz),



br), 4.63 (1H, d, J-10.3Hz), 4.85 (1IN, d, J-11.0Hz), 4.88 (1H, d,
J-11.0Hz), 4.95 (1H, d, J-10.8Hz), 6.75 (1H, d, J-8.4Hz), 6.79 (2H d,
J-7.0Hz), 7.00-7.40 (24H, n), 7.53 (IN, d, J-2.0Hz) (1S)-Isomer: 1H NMR
(CDC13) 6: 1.12 (3H, t, J-7.6Hz), 1.30 (31#, t, J-7.2Hz), 1.40-1.55 (1H,
m, 1.76 (1H dd, J-13.3, 13.3Hz), 2.50 (2H, gq, J-7.6Hz), 2.74 (1IN dd,
J-13.7, 3.2Hz), 3.38 (1H, dd, J-9.0,. Zgz), 3.54 (1H, dd, J-9.0, 5.3Hz),
3.64 (1N, dd, J-10.8, 8 7Hz), 3.86 (1A dd, 395 9.5Hz), 3.89 (2H, s),

j (7)7 (| N*‘Z?’ r?’l‘l47i}-§ 32£b @hﬂH 53961%‘}5 5Hz) 11"'108‘?‘)44&/6@1H 7‘? (cZ3u,”
J- 10. 47986..(&%“0T 1?752_@)336 98-7.42 (25H, , 7.67 (IN, d,

J-1. 8Hz) 4) s'ynt 4R 5R) - | - (2- Ethoxy 5- (4- et hyl -

b | t 11 25 3. 1 luti
seney IO | olfHh L L Y1700 1 1. ki seh-denpasol ut o

5- (benzyl oxynetiahayl) pRemy IPxy= fndr Sk EybycLohegahecyhopexanol (600
ng, 0.772 mmol) in%’l’:ﬁ 1@ig)andimathano ), a20%pal|ad|um

hydr oxi de catajyﬁteffabng) was added and the m xture was stirred under a
hydrogen atnosphere for 2.5 hours. After filtering the catal yst, the

filtrate was corsentgsletiomdss ¢, aRMBP;EHSRE-2, Dot -l sharesy] ekygice was
purified by silica gel columm chromat ography (devel opi ng sol ution-net hyl ene

t o et hyl Sngberwdy boxyine tiey bpndt [ £ 1ehorky 5] (4 eetitybbentyE)+i tl e conpound
(197 ny, 61%. [0369] 'H NVR (CD30D) 8: 1.18 (3H, t, J.7.6Hz), 1.43 (3H,
phenyl]cyclohexanol (600 mg, 0.772 mmol) in THF (6 mL) and
| ‘methanol (3 mL)., a 20% palladium hydroxide 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 éoncentrated under reduced pressure. The
obtained 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] 1H-NMR (CD,OD) &: 1.18 (3H, t, J=7.6Hz), 1.43 (3H,
t, J=7.0Hz), 1.60 (iH, 4d, J=14.3, 4.1Hz), 2.01 (1H, m), 2.43

D) (1H, ad, J=14.0, 13.0Hz), 2.57 (2H, q, J=7.5Hz), 3:39 (1H, a4,

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, 4d,.
J=8.4Hz, 2,.3Hz), 7.45 (lH, 4, J=2,3Hz)
MS (ESI*): 434 [M+H0]"

HPLC Retention Time: 18.71 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



t, J-7.0Hz), 1.60 (1H, dd. J-14.3, 4.1Hz), 2.01 (IH m, 2.43 (1H, dd,
J-14.0, 13.0Hz), 2.57 (2H, q, J-7.5Hz), 3:39 (1H dd, J-10.5, 9.3Hz),
3.60-3.68 (3H, m, 3.85 (2H, a), 4.03 (2H, m, 4.34 (1H, d, J-9.2Hz), 6.82
(1H, d, J-8.2Hz), 6.99 (IN, dd, J-8.4Hz. 2.3Hz), 7.45 (1H, d, J-2.3Hz) M5
(ESI"): 434 [ MH2Q + HPLC Retention Tinme: 18.71 mnutes Measurenent

Condi tions of HPLC Col um; YMC-Pack ODgGpg 6. 0x150 mm 5 pm Mobil e Phase:

El ution by applying a gradient of from10 nM AcONH4/ H20 (95% plus 10 mV

hereaf tor undel the sand. o ARG Y00 1yeck a8 miuBefy' Ala 1T

m nutes Flow Rate: 1.5 &M&,_quqgg} k3 Yl 'con B GRE i Ur €
Detection Condition: Total plot of the entire wavel engt of 230 to 400 nm

Exanpl e 68 (1R, 2R, 3S, 4%&%.4:45635{'1@&!?5 Eéretwbba&ﬁw&ahenyll 6-
(hydr oxynet hyl ) cycl ohexane-1,2, 3-tri ol 1) Synthesis of

(1R 2R, 3914% Gated- (12 SCulpmtrirte!
et hyl benzyl ) phenyl ] - 6- (hydr oxynet hyl ) cycl ohexane- 1,2,3-triol To a solution
of the (1%odkdmdSTeRpePatiixd 4-Rdons-temperature
benzyl oxy- 5- benzyl oxynet hyl - | - [ 2- et hoxy- 5- (4- at hyl benzyl ) -
phenyl ] cy deteetdon Cohdd tipn 0. Totalpillgt iof Tie (ehtine antreleidtinol (2 nl)
as obtained in Exanple 67, a 20% pal | adi um

of 230 to 400 nm

Example 68

(1R,2R,35,4S5,6R)-4-[2-Ethoxy-5-(4-ethylbenzyl )phenyl]~-6-

{hydroxymethyl)cyclohexane-1,2,3-triol

(1) Synthesis of (1R,2R,35,45,6R)-4-[2-Bthoxy-5-(4-
ethylbenzyl)phenyl]-6-(hydroxymethyl)cyclohexane-
1.2,3-triol

To a solution of the (1S,2R,3S,4R,5R)-2,3,4-tris-
benzyloxy-5-benzyloxymethyl-1-[2-ethoxy-5-(4-ethylbenzyl)-
phenyl]lcyoclohexanol (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 mixture 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 solutionsmethylene
chloride: methanol (10:1)] to obtain the title compound (42 mg,

20%).

[0370] IH-NMR (CD;OD) &: 1.18 (3H, t, J=7.6Hz), 1.25-1.50

(1H, m), 1.38 (3H, t, J=7.0Hz), 1.62 (1H, m), 1.78 (1H, m),

2,57 (2H, g, J=7.6Hz), 2.95-3.15 (1H, br), 3.25-3.33 (2H, m),

3.54 (1H, d4, J=10.8, 6.1Hz), 3.73 (1H, d4d, J=10.8, 3.8Hz),



hydr oxi de catal yst (78 ng) was added and the m xture solution 3 was stirred
under a hydrogen atnosphere for 19 hours. After filtering the catalyst, the
filtrate was concentrated under reduced pressure. The obtai ned residue was
purified by silica gel columm chromat ography (devel opi ng sol ution-nethyl ene
chl oride: nethanol (10:1)] to obtain the title conpound (42 ny, 205).

[0370] 'H- NWR (CD3OD) 6: 1.18 (3H, t,- BOZ6Hz), 1.25-1.50 (1H m, 1.38
(3H, t, J-7.0Hz), 1.62 (1H, m, 1.78 (1H, m, 2.57 (2H, q, J-7.6Hz),

2.95-3. 153 (d8t3be3  (Bm$, 38.62(2M) ) 3. bog 1tbudq, 139, Buz$, 16vd1 3. 73
(1H, dd, J-10.8, 3.8Hz), - 207 3.65-3.85 (1H, m, 3 (2H, s), 4.00 (2H,

q, J-7. OHZJH GdSlJ-QltHzli 0:84 40, &E0474418B, dal, 13:)3 37.@41HLH, & 04 (1H,
d, J=1.7Hz), 7.06 (4H, s) M5 (ESI4):401[M' HPLC Retention Tine; 12.98

m nut es JEhnTH=zk, 69.06 (4HThe)target conpounds were obtai ned by performng
the sane operatlon as in Exanple 67 or Exanple 68 with the use of the

corr esportd$ ntESI 140 Mt eri al s and reagents, respectively. [0371] Exanple
69 (1R 2R 3S, 4R, 5R)-1-[5-(4-Ethyl benzyl)-2, 4-di met hoxy- phenyl ] - 5-
(hydroxynﬂ’hﬁ}l#e’g@bﬁ@&a‘hﬁhﬂlﬁ; 213,98 tmingbes ' H-NVR (CD3CD) 6: 1.17 (3H, t,
J=7.6Hz), 1.61 (1H, dd, J=13.9, 3.eHz), 1.90-2.10 (1H, m, 2.22 (1H, dd,
J-13.9, 1552&2&252§§5EQL2&L q, J"7.6HZ), 3.32-3.42 (IH, m, 3.58-3.70 (3H,

, 3.76- 3.88 (2H, 80-(3H, s 3.84 (3H, s 4.19 (1H, d,
m 4h arget coméounds)were obéained)by parférming 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 (CD,OD) &: 1.17 (3H, t, J=7.6Hz), 1.61 (1H, dad, JI=13.9,

3.8Hz), 1.90-2.10 (1H, m), 2.22 (1H, 4d, J=13.9, 13.2Hz)}, 2.55

(2H, q, 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, s8), 4.19 (1H, 4,

Je9 . 1Hz), 6.58 (1H, 8), 7.00 (2H, 4, J=8.2Hz), 7.06 (2H, 4,

) J=8.2Hz), 7.35 (1H, 8)

MS (ESI'): 455 [M+Na)®

HPLC Retention Time: 17.83 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,O (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



J=9.1Hz), 6.58 (1H, s), 7.00 (2H, 4, J=8.2Hz), 7.06 (2H, d, J=8.2Hz), 7.35
(1H, s) Ms (ESI+): 455 [MtNa]' HPLC Retention Tinme: 17.83 m nutes

Measur enent Conditions of HPLC Col unm: YMC- Pack ODS-A 6.0x150 mm 5 pm

Mobi | e Phase: Elution by applying a graggnt of from10 nM AcONH4/ H20 (95%
plus 10 mM ACONH4/ MeOH (5t) to 10 mM AcONH4/ MeOH (100% for 20 m nutes, and

t hereaft gﬂﬁﬁ%&ﬁ@%%_on. [10 MM AcONH4/ MeCH (100%] for five

m nut es - /m nute Colum Tenperature: Room

t enper atur%mq%bmgg Gbom Aéhpetiud the entire wavelength of 230

to 400 nm

(1R 2R 3S ﬁ’e%éiﬂ)tdh (ém{diﬁ&yi bﬁﬂ?&i)gfoif’f oF r@i@%ﬂf&w&%ﬁen th
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-tri 1H- NMR (CD3OD) S: 3H, t,

J-7.6Hz), 1.24-1.48 (1H, m loH 2230 S (£db riﬁ 2.56 (2H, d 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, n)

3.79 (3tEx&mple. AL (3H, s), 6.56 (1H, s), 6.93 (1H, s), 7.01 (2H d,

J-8. 6Hz), d, J-8.6Hz) M5 (ESI'"): 416 [M' HPLC Retention Tine:

18. 26 m NUARES2R NESS4S S6RYH 4 D5HI{ 4§ By ety D) ) 4+ @imeblidEp pheift P 6- 0x150

mm S5 pm Mobi | e Phase: Elution by applying a gradient of from 10 mV
{hydroxymethyl)cyclohexane-1,2,3-triol

'H-NMR (CD;OD) &: 1.17 (3H, t, J=7.6Hz), 1.24-1.48 (1H, 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
D, (3H, s), 3.81 (3H, 8), 6.56 (1H, 8), 6.93 (1H, s), 7.01 (2H,
d, J=8.6Hz), 7.05 (2H, d, JI=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 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 AcCONH./MeOH (100%) for 20 minutes, and
{Z) 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
(1R, 2R,3S,4R,5R)-1-[5-(4-Ethylbenzyl)-2-methylphenyl]-5-

{hydroxymethyl)cyclochexane-1,2,3,4-tetraol




ACONH4/ H20 (95% plus 10 mM ACONH4/ MeCH (5% to 10 nmM AcONH4/ MeOH (100%
for 20 mnutes, and thereafter under the sane condition [10 MM i

AcONH4/ MeCH (100% ] for five mnutes Flow Rate; 1.5 niL/m nute Col umm
Tenperature: Roomtenperature Detection Condition: Total plot of the entire
wavel ength of 230 to 400 am Exanple 71

(1R 2R, 3S, 4R, 5R) - 1- (5- (4- Et hyl benzyl )~ 2o®et-hyl phenyl ] -5- (hydroxynet hyl)
cyol ohexane-1, 2, 3,4-tetraol - 209 '"HNWR (CD30D) 8: 1.19 (3H, t, J-7.6Hz),

1.70 (1H3g0 1. LMl 1, 2. :
3.7, o) B, (BhpB b T 1 USGTEL Wy, eieel, (S0 Stans mE, (Eiha
J-9.2Hz) (11 8m) 2.0 (714{ 011:)( 1H: 58 03}9 %¥) zfsﬂl(mﬁq.dm-wsﬁxﬁ, 1. 5Hz),
7.01 (1H, d, J-7. GFE) n, 2 (IH s) Ms (ESI'): 409 [NHNa]
Exanpl e 72 40lR 1R, 35, 4ﬁ¢3F§Hz4}.[53.(6¢7} E(tin tenzydd -] Yyl The(un] -&
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol 'H NWR (CD30D) 8: 1.19 (3H, t,
J-7.6Hz) ,Julo 2442) 373 (8H, (28, s}, 50-01 81K 2HE, =9 2HK) ( B195) (1R, da(2H, q,
J-7.6Hz), 2.93 (1H m, 3.34 (2H m, 3.50-3.63 (2H m, 3.75 (1H, dd,
J-10.7, 42Hm, B.SHz)217.06) (HI3A (157 6HZ)} 7. 51 ,(dHOIn) 117.42,(1H,/. 6Hz,
2.1Hz), 7.07 (4H, s), 7.11 (iH s) Ms (ESI"): 369 (MH"

8)

MS (ESI'): 409 [M+Nal*

Example 72

(1R,2R,35,45,6R)-4-[5-(4-Ethylbenzyl)-2-methylphenyl]-6-

(hydroxymethyl )cyclohexane-1,2,3-triol

'H-NMR (CD;OD) &: 1.19 (3H, t, J=7.6Hz), 1.24-1.37 (1H, 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, 44,
J=10.7, 4.2Hz), 3.86 (2H, s), 6.87 (1H, 4, 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 )cyclohexane-1,2,3,4-tetraol

lH-NMR (CD;OD) &: 1.13 (3H, t, J=7.6Hz), 1.56 (1H, 44, J=14.1,
3.9Hz), 1.94-2.04 (1H, m), 2.24 (1H, 44, 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, 8), 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-Ethylbensyl)-2-methoxyphenyl]-6-




8xempl e 73 (1R 2R 3S, 4R, 5R) - 1-[ 5- (4- Et hyl benzyl ) - 2- met hoxyphenyl ] -5- t~
(hydr oxynet hyl ) cycl ohexane-1, 2, 3,4-tetraol 'H NVR (CD3CD) 6: 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, 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, a), 3.80-3.90 (2H, m, 4.22 (1H, d, J-9. 1Ft) 6.80 (1H, d,
J-8.4Hz), 6.95-7.01 (5H, m, 7.41 (1H fq I 1. ZFE) M5 (BSI'): 425 [ MtNa]'
HPLC Retention Tinme: 11.69 m nutes nﬁﬁe 74

(1R 2R, 3S,,48, 6R) -4-[.5- J Xxyphenyi]-6 - 210 -

( hydr ozy ARFRESRIIIHREL Lo SSiss NRRE (CD3CD) 6: 1.18 (3H, t,

> do0-5. 1AFCNER ficdio)f: gm?ﬁ 85@‘%%% ﬁﬁ%ﬁ‘é‘)#’lﬁ oy
(in, da, w32 @OS%?%‘nl # 11‘%31%3&(2““75 Yafi 24450 0. 0 W

Ret ent i 5 Ju -
(iRegRI grsg A’R‘mﬁ)jﬁ fjﬁl( hyl enzﬂF) e%&fr f}uoronet?lo‘;'(g/: 3.60-3.78
phenyl | - 5(1}?}’%PXY:§W%WHI‘F)’C$P“€3<3§‘§ d2i2,; 3sf; t€I§RO LM ThE t@;geﬁngﬁrrpound

was obt ai hed by performng the same operation as in Exanpfe 67 wth the use

of the cog [P ndd, S§28 | 49 MEi)al'?a@ﬂ-Teﬁye(\Sﬁ @9372] 1H NVR (CD30D)
8: 1.17 (3H, t, J'7.6Hz), 1.73 (1H d, J-10.1H2), 2.00-2.12 (2H, m), 2.58

(2H 0, M9 G#1°) 3.QR [MH,0)"

HPLC Ratention Time: 12.33 minutes

Example 75
{1R,2R,3S,4R,5R)-1-[5-(4-Ethylbenzyl)-2-trifluoromethoxy-

phenyl]-5-{hydroxymethyl)cyclohexane-1,2,3,4-tetraol

The target compound was obtained by performing the same
operation as in Example 67 with the use of the correaponding
staring material and reagents.

[0372] 'H-NMR (CD;OD) &: 1.17 (3H, t, J=7.6Hz), 1.73 (1H,

a4, J=10.1H2), 2.00-2.12 (2H, m), 2.58 (2H, q, J=7.5Hz), 3.38

(1H, 44, J=9.3, 9.3Hz), 3.58-3.72 (2H, m), 3.66 (1H, da,

J=9.,2, 9.2Hz), 3.93 (2H, s), 3.99 (1H, 4, J=8.9Hz), 7.09 (4H,
() s)., 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 materlals 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




(1H, dd,

J-9.3, 9.3Hz), 3.58-3.72 (2H, n), 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 [ MtNa]' HPLC Retention Tinme: 13.09 m nutes

Exanpl es
operatio
mat eri al
(1R 2R 3
(‘hydr oxy
J-6. 9Hz)
3.06-3.1
3.62-3.8

76 to 78 The target conpounds were obtai ned by perform ng the

sane

n as in Exanple 68 with the use of the corresponding staring raw

s and reagents, respectively.- 2133423] Exanple 76
S, 4S, 6R) - 4- (5- (4-1 sopropyl benzyl) - 2- net boxy- phenyl ] - 6-

AR AR 2 g 8 oo e VLSRG, 21 (o1 0

O (slg1 N (321-?6-m)"3 A {eth .89 . (ﬂi55mX 13, o6l 3., 3160% , tmPHz3, 26-
5 (5H, " m, (2H"s), 6.82 (1H d, J-8.5Hy) (1H,

J-8.2, 2.2H4, (27305,“)7 131 5'5%11!0 ads (£59.9, ¢08udi M’ 3lﬂﬁmeosnprmﬂﬁe

13.07 m
(1R 2R, 3
nmet hyl ) c
1.43-1.5
2.56-2.6
Jwl0. 9,

Retentio

nutes Exanple
3 46 6RH A-4 B, (sl.ﬁ hyliberay| Joh st ) ; 66 (9 d(TRY-Ad, J=8.2,

ycl ohaxane-1,2,3-triol 1'"HNWR (CD30CD) 6: 1.24 (3H, t, J.7.5Hz),

2 (FH%) M)7.059-BLL. (8 () n), 1.85 (1H, dt, J=13.4, 3.7Hz),
8 (3H m, 3.29-3.40 (2H, m, 3.50-3.66 (2H, m, 3.80 (1H, dd,

MOHBSTI.:0A002HMIE), 7.04-7.27 (8H m) MS (ESI'): 357 [M' HPLC

n Time: 12,12 m nutes
HPLC Retention Time: 13.07 minutes

Example 77

(1R,2R,35,4S,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, 44,
J=10.9, 3.9Hz), 3.94 (2H, s8), 7.04-7.27 (8H, m)

MS (ESI*): 357 [M]*

HPLC Retention Time: 12.12 minutes

Example 78

(1R, 2R, 35,4S,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, 4at, 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+H,0]’

HPLC Retention Time: 13.70 minutes

Example 79

{1R,2R,35,4S,6R}-4-[5-(4-Ethylbenzyl) -2-hydroxyphenyl-6-

{hydroxymethyl Jcyclohexane-1,2,3-triol




Exanpl e 78 (1R 2R, 3S, 4S, 6R) - 4-[ 3- (4- Hydr oxybenzyl ) phenyl | - 6- ( hydr oxy-
nmet hyl ) cycl ohexane-1, 2, 3-triol "H NWR (CD30D) 6: 1.43-1.52 (1H, m,
1.64-1.78 (1H, m, 1.85 (1H, dt, 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, s),
6.68-6.74 (2H, m, 7.00-7.14 (5H, m, 7.20-7.25 (1H m M (ESI'): 362
[ MM H2Q' HPLC Retention Tine: 13.70 m mpazes. Exanple 79

(1R 2R, 3S, 4S, 6R) - 4-[ 5- (4- Et hyl benzyl ) - 2- hydr oxyphenyl - 6-

hydr oxynet hyl ank» 3 ot | [ S sol ution
E)f yt he )(llR, 2)|$, @%s,ﬂﬂe?%ﬁ-eﬁ(%ﬁﬂ't %lﬁlﬁ’z%/ﬁh %ﬂeﬁ%g%g& -'G!S?'hydr oxy-
met hyl ) c i Ry pREh 0 ) -in Exanple 74 -
in mgt %yrﬁgﬁﬁfﬁhg%ﬁyﬁ?&m%gﬂ%gﬁ%ﬂ?o - 78(?11:51% g!tl Br 3 Tret hyl engp

sol uti on ety cfeiohdkandas, 2050€ri 611 OpY0 Skg ! "e! Elmmeny aAScobtXine® Was

stirred at the sanme tenperature for 10 m nutes and under cooling with ice

for two {yWukfampie 1L IR Ret &%%Hﬁfﬂ&&nfl ORLP'w&§ 886364080 (078°¢c L)

was added dropwi'se thereto and the m xture solution was stirred at the sane
t enper at uied fOrBErS nethydendGdluwrion (I0d MY foy.dI0mide waad e3ddd sol ution

(0.93 nL) was added thereto. The residue obtained by distilling the sol vent
under r edircepivigpes ctlseretocsngduthé i mixbyreivagastybrredl atnthar samé ogr aphy
[ devel opi ng sol ution-ethyl acetate:n-hexane (1:4)] to obtain the title
conpound {énperature 186r 103nlhutes NARl (ODIED)cGoling7wbtB8i¢eHFox)twa. 19
(31, hours. Furthermore the BBr; methylene chloride solution (0.2
'mL) was added dropwise thereto and the mixture solution was
stirred at the same temperature for 3.5 hours, and then a
sodium hydroxide methanol solution (0.93 mL) was added thereto.
The residue obtained by distilling the solvent under reduced
pressure was purified by silica gel column chromatography
[developing solution=ethyl acetate:n-hexane (1:4)] to obtain
the title compound (3.5 mg, 9.1%).
[0374] 'H-NMR (CD,OD) 3: 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, 8), 3.54-3.59 (1H, m), 3.62-3.69 (1H, m), 3.72
(1H, dd, J=6.6, 3.9Hz), 3.80 (2H, s), 6.68 (1H, 4, JI=8.4Hz),
6.80 (1H, 44, J=8.4, 2.0Hz), 6.99 (1H, s), 7.05 (4H, s8)
MS (ESI'): 372 [M]"
HPLC Retention Time: 11.2 minutes
Example 80 ‘
(;R.ZR.38,4S,6R)-4-[3-(4-Cyclogronxlbon:xl!ngonxl-ﬁ-
(hydroxymethyl)cyclohaxana—l.2,3-triol

(1) Synthesis of 4-[3-((3aS,45,5aR,9aR,9bR)-2,2,8,8~

tetramethyl-hexahydro[l,3]dioxolo[4',5':3,4]benzo-



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 a),
3.54-3.59 (1H, m, 3.62-3.69 (1H, m, 3.72 (1H, dd, J-6.6, 3.9Hz), 3.80
(2H, s), 6.68 (1H, d, J-8.4Hz), 6.80 (1H dd, J-8.4, 2.0Hz), 6.99 (1H, s),
7.05 (4H, s) Ms (ESI*): 372 [M* HPLC Retention Tinme: 11.2 mnutes Exanple
80 (1R 2R 3S, 4S, 6R)-4-(3-(4-Cycl opropyldenzyl ) phenyl - 6-
(hydroxynet hyl ) cycl ohexane-1, 2, 3-triol (1) Synthesis of 4-[3-((3aS;

4S,5aR,9aR,9bFQ[%j£A§]§1$§i iﬂyk;?gﬁgﬁ%?fffbh§ﬁ910X0|0[4'15':314]be”20 -

213 - [1,2-d][1,3]dioxin-4-y enzyl
(1R, 2R, 3S, 45, 6Fi)rﬂ-‘i§;i§;t§961@%¥bﬂ[§¥134(1%&)'”%??%9::1%1)@@1(1-6-

(hydroxynethyl)cyc1ohexane-1,2,3-tr|o nmol )™ as obtained in

Exanpl e 7éhy@SotyhehyEfcyd1ohekahe®l NY| §otpo1 deq7 (Aglio. 88¢ kWae1)eayl ting
m xture was stirred under cooling wth ice. 2,2-D nethoxypropane (142 ng,

1. 36 Nl gbEdlhed UDE cBSaNSls P8t whscatsubivedcincN iNhitihethy{fofpambase
added to the reaction mxture. The resulting mxture was stirred at room

t enper at u( P MDDy &0dntlhieit eésubbiing miktuseedagngvirved ahderi deoddrgous
solution was added thereto to stop the reaction. The m xture was extracted
W th ethywititetese, 22-Dithetbogypropangefldasmgashedévmblyaand and dried
over sodium sulfate. The residue obtained distilling the solvent under
reduced psecscaszivelyprtdéleendgubfepicaacid BydratievEéRopghgwerel added- et hyl
acetate: n-hexane (1:4)] to obtain the title conpound (34 ng, 593).

to the reaction mixture. The resulting mixture was stirred at
room temperature for 30 minutes, and a saturated ammonium
chloride agueous 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
solutionsethyl acetate: n-hexane (1:4)] to obtain the title
compound (34 mg, 59%).

[0375] 'H-NMR (CDCl;) &: 1.11-1.24 (1H, m), 1.42 (6H, s),

1.46 (3H, s), 1.53 (3H, 8), 1.73 (1H, at, J=13.7, 3.9Hz),.

) 1.80-1.93 (1H, m), 2.94 (1H, at, 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-
{(3a5,4S,5aR,9%9aR,9bR)-2,2.8,8-tetramethyl-hexahydro-
{1,3)dioxolof4’,5':3,4]ben2o(1,2-4][1,3}dioxin-4-
vl)benzyl]lphenyl Ester
4-[3-((3a5,45,5aR,%aR,9bR)-2,2,8,8-Tetramethyl-~

hexahydro[1l,3]dioxolo[4,5':3,4]benzo[1,2~A][1,3]dloxin-4-

vl)benzyl]lphenol (34 mg, 0.08 mmol) was dissolved in methylene



(0375] 1H-NMR (CDC13) 8: 1.11-1.24 (1H, m, 1.42 (6H, a), 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, s), 6.71-6.76 (2H, m,
7.00-7.08 (5H, m, 7.19- 7.23 (1H, m (2) Synthesis of

Trifl uoronethanesul fonic Acid 4-[ 3-
((3aS,4S,5aR,9aR,9bR)-2,2,8,8-tetranEt - hexahydr o-

[1, 3] di oxol o[ 4' . 5': 3, 4] benzo[ 1, 2-d] [ T, oxi n-4- vyl )benzyl]phenyl Ester
4- (3-((3aS, 4S, 5aR 9aR 9bR) - 2 2. 8 8- Tet r anmet
hexahydr Sihkazifle dd) 4 ML) and ghe mixture dﬁ/"_L %'}jcﬁw fnder;| e84 | phenol

mxtore G qq-ed“éafm&f“' (S i G114 o .%—ﬁiﬁ%dﬁgf"oi%ﬁ??,t“e
and suco A (et “°r°“qr3?$€$éﬁ££%éifmﬁpf€ 3L 4 oo 0 88 ol o an
vt et v 1 ?%t?%%%é &m—r%wﬁmnﬁ” Fafhe (g E‘?i%?iﬁd
i cd o deE dimRels @“t%f? %Miﬁa% ﬁ'@ﬁ“@"?ﬁﬁﬁ“%ﬁ 8 Sl Ven
Sﬂfﬁi.éﬁd é’ﬂ?@’?%%if%{%ﬁ hitde, g HRE AT dadeq RREE B0, (37 oy,
). 1,55 {3 e fpagtiay) ifhelﬂ’i’&‘-lufé "%ﬁﬁﬂr&é&%‘@ itk digoyiedd (o0

(1K dt, %tf}ﬁarg Safi?he Sorgintddafdt s wasked ?#itﬁ)wat?e:?odaoéri@&' ux

7.10-7.3

D

over sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified by preparative TLC
[developing solution=ethyl acetate:n-hexane (1l:4)] to obtain
the title compound (37 mg, 83%).
[0376] H-NMR (CDCl,) 8: 1.11-1.24 (1H, m), 1.42 {6H, s),
1.43 (3H, s), 1.53 (3H, s), 1.74 (1H, 4at, 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, s8), 7.00-7.03 (2H, m)}, 7.10-7.35 (6H, m)
(3) Synthesis of (3aS,4S,5aR,9aR,9bR)-4~[3-(4-Cyclo-

propylbenzyl)phenyl]-2,2,8,8-tetramethyl-hexahydro-
) [1,3]aioxolo[4",5":3,4]benzo[1,2-d][1,3]1dioxin

In a nitrogen stream, toluene (0.5 mL)-water (0.017 mL)
was added to a mixture of trifluoromethanesulfonic acid 4-[3-
((3aS,4S,5aR.9&R.9bR)-2.z,a,a—tetramethyl-hexa-
hydro[l,3]dioxolo[4',5':3,4]benzo[1,2-4][1,3]dloxin-4-
vl)benzyl Jphenyl 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 PA(PPhy)« (8.0 mg, 0.007 mmol), and
the reaction mixture was heated at 100°C and stirred for six

hours. The reaction mixture was cooled to 0°C and water was



X
(3) Synthesis of (3aS. 4S, 5aR 9aR 9bR)-4-[3-(4-Cyclo -
propyl benzyl ) phenyl ] -2, 2, 8, 8-t et ranet hyl - hexahydr o-
[1, 3] dioxolo[4',5 :3,4]benzo[1,2-d][1,3]dioxin In a nitrogen stream
toluene (0.5 nm.)-water (0.017 nL) was added to a m xture of
trifluoronethanesul fonic acid 4-[ 3-
((3aS, 4S, 5aR 9aR 9bR) -2, 2, 8, 8-t et ranet hyk- bexa-
hydro( 1, 3] di oxolo[4'.5": 3, 4] benzo[ 1, 2-d][ 1, 3] di oxi n-4- yl)benzyl] phenyl

coter (Saila, 0GR ne TR0 a0 AT VY sy i o (7 0,
10, 0. 00%ia! hegdate | it $RE! bRYaNiE! Hag el ualt® Yadhel yHIC AN Stir1ed

for six e réactiron mxtdre was cool e er was - 215

added 1 Dgatitatee dodiinl i otddd! atfieths YH1AAGH alld Mridd Pveicelal e, and

the organic layer was washe saturate I um chl ori de aqueous

S0l ut | on gpd uif o £AYY. 30 WOLVURAAVRe TASHAA1NAN it dethiddid Lnder

reduced pressure and the obtained residue was purifi y preparative TLC
[ devel opi i e lopt@ndae:: W Yak 19 e M2 iptdpi-at iv
corrpoundb(li"‘%(fs)'fiﬁltqlr,%t ??gi‘% (0??77] "H Nwrgg}mlgﬁes%iaf%eo. g?an:H njd,ﬁ 0.629- 0. 96
(2H 1 r Taebelopiy stluthohlethil Soothtélr-hdxane(144e)q (41 ). 1.54
(3H, a), 1.74 (1H, dt, J=13.7, 3.9Hz), 1.80-1.93 (2H, m, 2.94 (1H, dt,
J-10.9, 3pidan thesH1TIN6 dotigouna (%G @B%).7H, M), 7.16-7.25 (1H. m (4)
Synthesis of (1R 2R 3S, 4S, 6R)-4-[ 3-(4-Cycl opropyl -
benzyl ) phieayizl}- 6- (hy & onmeetdycl oy @:0lesane- 582.(2H,! W)Ql 0Asdclouigso] 20,
(3aS, 4S, 5aR, 9aR, 9bR) - 4- (3- (4-cycl o-

_) m), 1.10~1.24 (1H, m), 1.42 (3H, s), 1.43 (3H, s8). 1.46 (3H,

s), 1.54 {(3H, s), 1.74 (1H, 4t, J=13.7, 3.9Hz), 1.80-1.93 (2H,
m), 2.94 (1H, d4t, 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,3S,4S,6R)-4-[3-(4-Cyclopropyl-

benzyl)phenyl]-6-(hydroxymethyl)cyclohexane-1,2,3-

triol

A solution of (3aS,4S,5aR,9%8R,9bBR)-4-[3-(4-cyclo-
propylbenzyl)phenyl]-2,2,8,8-tetramethyl-hexahydro[1,3]-
dioxolof4’,5':3,4]benzo[l1,2-4][1,3}dioxin (10 mg, 0.022 mmol)
{)  1in dloxane (0.2 mL) was cooled to 0°C and a 2N hydro-chloric
acid solution (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 agueous
solution was added thereto. The resulting solution was
extracted with methylene chloride and the organic layer was
washed with a saturated sodium chloride agqueous solution and
drlied over sodium sulfate. The residue obtalned by distilling
the solvent under reduced pressure was purified by preparative

TLC [developing solution= methanol:methylene chloride (1:10)1]



propyl benzyl ) phenyl ] -2, 2, 8, 8-t et ranet hyl - hexahydro[ 1, 3] -

di oxol o[ 4',5":3,4] benzo[1,2-d][1,3]dioxin (10 ng, 0.022 mmol) ~-J in dioxane
(0.2 nL) was cooled to OC and a 2N hydro-chloric acid solution (0.2 M) was
added dropwi se thereto. The reaction mxture was stirred at the sane
tenperature for three hours, and then a saturated sodi um hydrogencarbonate
aqueous solution was added thereto. -Thagresulting solution was extracted
wi th nmethyl ene chloride and the organic Iayer mas washed with a saturated

sodi um c d)rdg{&iq\qrt?%%ﬁg cf?@cﬁﬁfh (o]( iegy, di um sul fate. The residue

obt ai ned nt under red'uce pressure was purified by

t HL.C [ dewg] 10)] -
D6 Lo R TR OB 80 BREEE (R R Iy L
0.63-0. 68 ,2H., 4@-11 G011 98n)(2Fi 62@1 7184(2nit 5@) (1;!1,36@1 9146(22}iL M (1H m,
1.80-1.94 (2H " m,  2.54-2.66 m, 3.33-3.40 (2H m, 3.50-3.68 (2H m),
6

3.79 (1h . gid2 %61Q19i $)OHZ ,333-:93“( 2t3H S )m) 6:3%(7—31.@& t2H)Im), B2Ag 7. 2
(1H, m M (ESI'"): 386 [ MFH20]' HPLC Retention Tine: 18.49 m nut es

Measur eme(BH,.Cadl) ty=ams, ©f 3HRAHz ol3eB (- Reck €854 AOx@AD, an), 5 1n
Mobi | e Phase: Elution by applying a gradient of from10 MM AcCNH4/H20 (95%
plus 10 M\J2AcON% NEB] @9 to 10 nM AcONH4/ MeCOH (100% for 20 minutes, and
thereafter under the sanme condition [10 mM AcONH4/ MeCH (100%] for five
m nut es MOWEBL'): 385 MaLO1T e
HPLC Retention Time: 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,O (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
Q | | of 230 to 400 nm

Example 81

(1R,2R,3S,4R,5R)-1-[5- (4-Ehylbenzyl) -2-£1luorophenyl]-5-

(hydroxymethyl)cyclohexane-1,2,3,4-tetraol

(1) Synthesis of (1R,2R,3S,4R,5R)- and (1S,2R,3S,4R,5R)-
2,3,4-Trishenzyloxy-5-benzyloxymethyl-1-[5-(4-ethyl-
benzyl)-2-fluorophenyl lJcyclohexanol
In a nitrogen stream, an n-butyllithium hexane solution

(2.44 M, 0.368 mL} was added dropwise to an solution of 2-

bromo-4-(4-ethylbenzyl)-1-fluorcbenzene (0.263 g, 0.9000 mmol)



Col um Tenperature: Room tenperature Detection Condition: Total plot of the
entire wavel ength of 230 to 400 nm Exanpl e 81

(1R 2R, 3S, 4R 5R) - 1- [ 5- (4- Rhyl benzyl ) - 2-f| uor ophanyl ] - 5-

(hydr oxynet hyl ) cycl ohexane-1, 2, 3,4-tetraol (1) Synthesis of

(1R 2R 3S,4R 5R) - and (1S, 2R, 3S, 4R, 5R)

2,3, 4-Tri sbenzyl oxy- 5-benzyl oxymet hyl - ly{-p-(4-et hyl -

benzyl ) - 2-fl uorophenyl | cycl ohexanol |In a nitrogen stream an n-butyllithium

e Ao 4 AR i 1 7,
h 3. g7 ' ' ' h
Cenper at (FELrord 05 ‘Hon Hind Eofp bt Srd bel Bo Mburdy , 87 chla’ " SO

2’3’4'tri%%Q@gf%%oxﬂ'éél@§i§%l&fcﬁ9§?¥§Efiégbé§§%ggxg;990 mmol) in THE (1.5

m.) was éreto an e reaction mxture Irred for two hours.

Th td dgla & i f t i | L. d
e reac m§€k¥g§yg%§ﬂt dnéytelﬂsﬁl8?.@.9@0%&&&1? £4 Tﬁﬂ“?ﬂlﬁ?%ﬁztﬂéf e

aqueous so e resulting mxture was extract ed w

acetate. Ji@ed@' RE-ELNARA VBE réRSPESn Whiktdars ahasahedreedi #oyChleri de
aqueous solution and dried (anhydrous magnesi um sulfate), and then the

sol vent vgéursli St Thé cfedBEL£6n Ry CEELPPES SHY Caddiiei Rt 8F N@dsaErAtEdas
purified by silica gel columm chromatography [devel oping sol ution-ethyl

acet at e: namfdRém (hloride afheédtsaséli}ionoskd thé. tdsultidg. mixtand a
(1S)-isonmer (0.311 g, 46.19% of the title conpound. [0379] (1R)-Isomer:

1H NWVR ( Ghed 3gxCradtéd-witR é8hiylndcetate. The organic layer was

; washed with a saturated sodium chleride agueous solution and

j) dried {(anhydrous magnesium sulfate), and then the solvent was
distlilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:4)] to obtain a (1R)-isomer
(0.117 g, 17.3%) and a (1S)-1somer (0.311l g, 46.1%) of the
title compound.
"[0379] (1R)-Isomer: 'H-NMR (CDCl;) 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, 4, J=12,3Hz), 4.45 (2H, s), 4.58 (2H, t,

O

J=12.1Hz), 4.80-4.96 (3H, m), 6.76-6.84 (2H, m), 6.86-7.00 (1H,
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
{1H, br), 1.84 (1H, t, J=2.4Hz), 2.50 (2H, q, J=1.5Hz), 2.75
(1H, dd,-J-Z.Q. 0.9Hz), 2.93 (1H, 4, J=0.9Hz), 3.37 (1lH, 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 (264, m), 7.72-7.84 (1H, m)

(2) Synthesis of (1R,2R,35,4R,5R)-1-[5-(4-Ehylbenzyl)-2-

fluorophenyl] -5- (hydroxymethyl)cyclohexane-1,2,3,4-



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 ), 3.84-4.06 3 (4H m), 4.28 (1H d,
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, n), 6.86-7.00 (1H, n), 7.02-7.44 (23H, ), 7.52-7.60 (IN, m
(1S)-1somer: 1H NMR (CDCL3) 8: 1.13 (3H, L J 1.5Hz), 1.34-1.55 (1H, br),
1.84 (1H t, J-2.4117z), 2.50 (2H, q, J- 2.75 (1H, dd, J-2.4, 0.9Hz),
2.93 (1H, d, J-0. 9Hz) 3.37 (1H, dd. 10. 5 '6.6Hz), 3.57-3.78 (3H, ),
3.86-4.06 (3H m £0- 5.00 (8H, M), 6.80-7.60 (26H m, 7.72-7.84 (1H, m
(2) Synthesis d¥ 'i%? R 3S, 4R, 5R) - 1- [ 5- ( 4- Ehyl benzyl)-2-

[ aoroenenvL )T 6 T ORI ARG R b e L2 ARl To
;[Lnggﬁgn%yc%%Wiow%qmﬁ szg{n‘&ﬁ%no YJI'?—IFZ(l 1) m xed

fﬁ'eYE?L( f%@#‘?ﬁ*@ﬁ%@'ﬁ%%@éﬂ%ﬁ L e thiand: g%f“'?” d
[ T i sti
m nut es, dl}hﬂké&esof@éx?&y b0 i) | Afﬁ d?%’ﬁaditﬂﬁplﬁﬁl%’ Jd s distille

under re uced pressure and t o tal ne e was silica ge

col umm chg Wﬁ?ﬁ%@%d&d%&éw MOFRE el st iRd NWaS fﬁl:&&i de
(1:10)] to obtaln Itle conpound (44.6 ny, 31.6%. (0380] "H NVR

(CD30D) Rinder @ (lﬁledged -dtmdEphede 1for 6 middted) add 45héd Hneld, J-13.5,
13. 2Hz), 2.57 (2H, J-7.8Hz),  2.73 (1H dd, 313.5, 3.0Hz), 3.30-3.80 (1H,

?jli-l 3. 50 ¢dtalyisi wa]s % Ol téxedizot 3. Shhé. S61véitt was S1HCLEIEE dRdbrm), 6. 94

_) reduced pressure and the obtained residue was purified by

silica gel column chromatography [developing
solution=methanol: methylene chloride (1:10)] to obtain the
title compound (44.6 mg, 31.6%).
(0380] 1H-NMR (CDs;OD) &: 1.18 (3H, t, J=7.2Hz), 1.15-1.26
(1H, m), 1.48 (1H, 44, J=13.5, 13.2Hz), 2.57 (2H, g, J=7.8Hz),
2.73 (1H, 44, J=13.5, 3.0Hz), 3.30-3.80 (1H, m), 3.50 (1H, 44,
J-9.9, 5.7Hz), 3.53-3.66 (2H, m), 3.83-3.92 (3H, m), 6.94 (1H,
44, J=12,3, 8.1Hz), 7.00-7.25 (5H, m), 7.95 (1H, 44, J=7.8,
1.8Hz)

)  MS (BSI'): 413 [M+Na}’
HPLC Retention Time: 10.9 minutes

Example 82

(ls.2R.3$,4R,5R)-1-[5f(4-Ethy1benzy1)-z-fluorophenyll-s-

(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



dd, J-12.3, 8.1Hz), 7.00-7.25 (5H, m, 7..95 (1H, dd, J-7.8, 1.8Hz) M5

(ESI"): 413 [MtNa]' HPLC Retention Tine: 10.9 mnutes Exanple 82

(1S. 2R, 3S, 4R, 5R) - 1- [ 5- (4- St hyl benzyl ) - 2-f | uor ophenyi ] - 5- (hydroxynet hyl)

cycl ohexane-1, 2, 3,4-tetraol To a sol ution of

(1S, 2R, 3S,4R 5R) - 2, 3, 4-tri shenzyl oxy- 5-

benzyl oxynet hyl - | - [ 5- (4- at hyl benzyl ) -2-51fg uor ophenyl ] cycl ohexanol (33 nyg,

0.044 mml) as obtained in Exanple 81 in nmethanol-THF (1:1) mxture(l.4

m),.a 2 |.adi 4/ i \ ) h y xture -
%ﬁa‘ﬁ%%{%ﬁﬁﬂ?ﬁw' ax & éiwééﬁﬁ§€§]€¥€§%ﬁ9qﬂ%m§_

219 was lrre r a hydrogen at nospherte ours, and then the

catal yst ild Utaifde A £ 8ia W5ee O Sitd | hveiielolad e RS Sur e

and the obtal ned residde was purified by silica g mm chr omat ogr aphy

[ devel opijifaexl Mditisa Piddiote B VIS OBt Mdd Srd didhil lwd® b péfed he
title conpound (17.5 ng, 1008). [0381] 1H NWR (CD30D) 8: '1.18 (3H, t,

J-7.5Hz) ,ped. 3 : thons8Hz) ,
3355 Y T 0% oA G mos Ry e b e B

J- 9. OHz) ,métHind e tifirlehd TloPidéiz)1: 70 PP-to lobtadh the titbs (1H dd,
J-7.8, 2.4Hz) M5 (EST'): 413 [MtNa]' HPLC Retention Tine: 11.7 m nutes

Exanpl e ScoupduidR, QY AR ) -Beoy)r oxynet hyl - | - [ 3- (4- met hoxybenzyl ) -
phenyl ] cycl ohexane-1, 2, 3, 4-t et raol
{0381] H-NMR (CD;OD) &: 1.18 (3H, t, J=7.5Hz), 1.70-1.79
(1H, m), 1.98-2.11 (2H, m), 2.57 (2H, ¢, J=7.8Hz), 3.32-3.45
(1H, m), 3.60-3.71 (3H, m), 3.90 (2H, s), 3.94 (1H, 4.
J=9,0Hz), 6.91 (1H, dd, 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-Hydroxymathyl-1-[3-(4-methoxybenzyl)-

phenyl]cyclohexane-1,2,3,4-tetraol

The target compound was obtained by performing the same
operation aslin Example 81 with the use of the corresponding

()  starting material and reagents. |

[0382] 'H-NMR (CD;OD) &8: 1.62-1.80 (2H, m), 1.94-2.10 (1H,
m), 3.40 (1H, 4d, J=10.5, 8.7Hz), 3.62-3.72 (4H, m), 3.73 (3H,
s), 3.89 (2H, s8), 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
(1S.2R.3S,4R,5R)-S-Hydroxymathyl—l-[3-(4-mathoxybonzyl)—




The target conpound was obtained by perform ng the same operation as in
Exanple 81 with the use of the corresponding starting material and
reagents. [0382] 'H- NVR (CD30D) 8: 1.62-1.80 (2H, m, 1.94-2.10 (IN, m,
3.40 (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, n; 7.06- 7.12 (2H, m, 7.22 (1H, t,
J-7.8Hz), 7.27-7.32 (1H, m, 7.34- 7. 37 QH m MS (ESI'): 375 [M+H]' HPLC
Retention Tinme. 9.53 mnutes Exanple 84

(1S, 2R, 3pHenhpR] cfeclpbexaneel hl 3| 4 Bettaodt hoxybenzyl ) - 220 -
phenyl ] cycl ohexane-1, 2, 3, 4-tetraol The target conpound was obtai ned by
performng the %bmet@peeﬁtcgmpagnﬂnwgaaﬂbt gad\byhperformingf thpesame
corresponding starting material and reagents. [0383] 'H NVR (CD3QD) S:
1.28- 1. 44opapathen assin(Expmple 831wibhrFhesuss pfi(thet corzespondingiy) .
3.45 (1H, dd, J-11.1 6. OFE% 3.60-3.70 (3H, m', 3.73 (3H, s), 3.89 (2H,
s), 6.77- SBaBEivsrmﬂhfri4loB 4. GB‘@EPFSH) 7. 06- 7 13 (2H, n), 7.20 (1H t,

J=7.8Hz), 7.60-7.65 ( 7.68-7.70 (1H, m ESI*): 397 [MtNa]' HPLC
Ret ent i onl §3831 14 6 1|H'r“§€ges( CO3QRAp he 8528-1.44 Morh w1736 [t L,

Uyl oo maERgr 8z Y el dnasakoh), Q%”Zﬁ barS 3B hakad gam. aa, s-11.1,
L (4 EthyEbgpzy!) 3160619996° (18, 239 HE‘;Q”(%,' ago! g,gg. Q% 3 16

pot assi u

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 (1H, m)

MS (ESI*): 397 [M+Na)®

HPLC Retention Time: 14.6 minutes

Example 85

(1R,2R,35,45,6R)~4~[1-(4-Ethylbenzyl)-1H-indol-3-yl1]}-6-

(hydroxymethyl) -cyclohexane-1,2,3-triol

(1) Synthesis of 1-(4-Bthylbenzyl)-1H-indole

To a solutlon 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
obtained resldue 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] lH-NMR (CDC1,) &: 1.19 (3H, t, J=7.6Hz), 2.60 (2H,



1 —
hydroxide (2.40 g, 42.6 mmol) in ethanol (200 nL) was added and the m xture
solution was stirred at roomtenperature for tw hours. The sol vent was
distilled under reduced pressure. The residue was di ssolved in acetone (200
m.), and 1 chl oronet hyl - 4- et hyl benzene (5.28 g, 34.1 nmmol) was added
thereto. The reaction mxture was stirred at roomtenperature a whole day
and night, and then subjected to CelLtgzaiLtration and the filtrate was
distilled under reduced pressure. The “0obtained residue was purified by

acetat e Rondranebns. S CEORY #55 W eoiindy’ &9 782 (0304
(2 o) | @ QTP R 5 T 05 R S 30 29, (1 8-S 57 5y

m, 7.29_,(.2531e ,HJ-dB.qll—_i)ZQ'ﬁJ). 64 (1H, d, J-6.8Hz) (2) Synthesis of

3- Brono- |- Yl be€nzy I'ndol e A sol ution of

1- (4- et hyd - ' -8 "’[ﬁﬁ" | VR 5 dded
drf)pvm?sey(tzgegzs I%&%?ft#-?#r@ (]0(32 , %ndg%%l-& %llghr%w?goam;a at
room tenperat W go1{#9 onf % 1107 dlethy1BefBy191H-Ah dle (WL d'Q4rs, and then

poured into an’ i ce-cool ed sodi um pyrosul fufous acid aqueous sol ution. The

resul ting IoXtic J'ash DMF AAEHLY Was duda FWRIpHise Y 4 o NEEEH Cof ayer

was washed with a saturated sodi um hydrogencar bonate aqueous sol ution and a

sat ur at echyRfiindn (N 4¥ inflS, FIUEP Winc0) Ul DM IS af aYlr ous magnesi um
sulfate), and then the solvent was distilled under reduced pressure. The

resi due asmperturs al [T dddcrion wixns aiss sAd-red Fanewe Kdirs ) t he
- and then poured into an ice-cooled sodlium pyrosulfurous acid
:) aqueous solution. The resulting mixture was extracted with

ethyl acetate, and the organic layer was washed with a

saturated sodlum hydrogencarbonate agqueous sclution and a

saturated sodlum chloride agueous 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 (CDCl,) &: 1.20 (3H, t, J=7.6Hz), 2.61 (2H,

(D) a, J=7.6Hz), 5.23 (2H, s), 7.05 (2H, 44, J=8.0Hz), 7.11-7.22

(5H, m), 7.30 (1H, 4d, J=6.5, 1.9Hz), 7.57 (1H, 4d, J=6.5,

1.9Hz)

{3) Synthesis of (2R,3S,4R,5R)-2,3,4-Trisbnezyloxy-5-
benzyloxymethyl-1-[1-(4-ethylbenzyl}-1H-indol-3-yl]-
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



title conpound (1.68 g, 63% . ]0385] LH NWVR (CDC13) b; 1.20 (3H, t,
J-7.6Hz), 2.61 (2H, Qgq, 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, 1.9Hz), 7.57 (1H, dd, J-6.5,

1.9Hz) (3) Synthesis of (2R 3S,4R 5R)-2, 3, 4-Tri sbnezyl oxy- 5-

benzyl oxynet hyl - 1-[ 1- (4- et hyl benzyl )-1Hi ndol -3-yl]- cycl ohexanol In a .
nitrogen stream a solution of 3-brom-312Z4- ethyl benzyl)-1Hindole (427 ny,
1.36 mml) in THE (8 nmL.) was cooled to -78C, and an n-butyllithium hexane

sol uti on v‘%%GSMerd SRt gt%e ;?é:ﬁ%”ﬁ&hﬁaﬂﬂéuﬁédfértﬁf?étﬂmﬁr@ésr eapdi PAig

m xture - 2 was stir e sane tenperature

sol ution, gggPidh! 08 £bLaLler of R(2K) 38, 3R45k§ L2b9n1¥t9¥¥b5nz%loxy-5-
(benzyl oxymet hyl ) - cycl ohexanone (875 nm, in THP 6 n) was

added dr opyéss Myﬁb@hﬂxwyelmexﬁﬁoﬁéedaas mg78£ Gsrmhw)hmrmThe
reacti on was stopped by addition of a saturated anmoni um chl ori de aqueous

sol uti on. {Fhe mEyukas ngdded xdoopwiese &idrtheculisttubecwly! sbLerecatand t he
organi c | ayer was washed with water and then dried over sodiumsulfate. The

resi due opgd Tt wdlittdurtd J NOrid remiticit wis stopped® bpladdition ofla

col um chr omat ogr aphy [ devel opi ng sol ution-ethyl acetate:n-hexane (1:10)]

t 0 obt ai nsaturstedommontemechl@fiidepaquedds soliutionie Thearesudbbing(115

ng, 119% of the title conpound. [0386] Less Polar-Isonmer: 1H NVMR (CDCl3) 8;

1.18 (3H,mixtuge 7waszpxtraoted2with)ethiyloacetnte), andctheé2erganid- 7. 2Hz) ,

3.40-5.22 (15H, n), 7.02-7.40 (28H, m), 7.93 (1H, d, J-B.OHz

layer was washed with water and then dried over sodium sulfate.

B The residue obtained by distilling the solvent was purified by

 ) silica gel column chromatography [developing solutioneethyl
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;) 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, Je8.0Hz)

More Polar-Isomer: 'H-NMR (CDCl;) &: 1.18 (3H, t, J=7.6Hz),

2.40 (1H, m), 2.38 (2H, m), 2.58 (2H, ¢, J=7.6Hz), 3.41-5.24

) (15H, m), 6.83 (1H, 4, J=8.0Hz), 7.03-7.34 (27H, m), 7.75 (IH,

4, J=7.6HzZ)

(4) Synthesls of 1-(4-Ethylbenzyl)-3-[(1S,2S,3R,4R,5R)-
2,3,4-trisbenzyloxy-5-{benzyloxymethyl)cyclochexyl]-
1H-indole
In a nitrogen stream, triethylsilane (0.21 mL, 1.22

mmoi) was added dropwise to a solution of (2R,3S5,4R,5R)-2,3,4-

trisbnezyloxy-5-benzyloxymethyl-l-[1-(4-ethylbenzyl)}-1H-indol-

3-yl]lcyclohexanol (469 mg, 0.61 mmol) in methylene chloride (6

mL) at 0°C. A boron trifluoride-diethyl ether complex (0.093

or five mnutes. To this ’



More Pol ar-1soner: 1H NNR (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, 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- St hyl benzyl )-3-[(i S, 2S, 3R, 4R, 5R) -
2,3,4-trisbenzyl oxy-5-(benzyl oxynet hyl ) cyol ohexyl]- 1Hindole In a nitrogen
stream triethylsilane (0.21 m, 1.22 opApol) was added dropwise to a
solution of (2R 3S, 4R 5R)-2, 3, 4-

I sb - 5 | “d-J1-(A4- 1) - ' l -
gr Iyis] ggéﬁgﬁéﬁa?&bmo%@%%ﬁﬁﬁn&ﬂyi ien:e %vrﬁjﬂ;fiiﬁieéofg'nurﬁss at 0C. A
bor on € rigQlai9heI el RN pAiiee YHY Bt 16T el PR3 goll twd: A3pHHDI ) pvas
PW sé thereto over Tive mnutes and the reaction mXturée was

t?'d ip¥asiay rlﬁrdr‘bgtq'iﬁidi‘tﬁirﬂ&é AudBul HAGRIGH R faderieous

stirred atdeaf
solution was added to the‘reaction mxture and the resulting m xture was

extract e¢oithia Fldet 19 nlittre andl ihed MU 1% Indy Y1 MAfre Wag1ed W th a
saturated sodi um chl ori de aqueous sol ution and ried over sodium sulfate.

The resi @haraitdid Aty ndtlyldre Ghidigde) Verie Widfinic disast WaRSSUre was
purified by silica gel colum chromatography [devel opi ng sol uti on- ethyl

acet at e: wasHeXaiah b Eaturatedisvdiin cHlidd ke afuasis (s5Tatibn Btd -
[0387] 1H HWR (CDC13) 8: 1.17 (3H, t, J-7.6Hz), 1.87 (2H m), 2.27 (1H m,

2. 58 (2Hdred sheiHmoditmBGullfdteld, The rfesidue/ ldbhtathe® -1y dlgtiilimg
3.88-4.00 (2H, m), 4.12 (1H, t, J-8.6Hz), 4.38 (2H, a), 4.47 (1H, d,
J- 11. 4Hz)thet solvient, whder) radiidced preéssyrdwas purd file) byl 40 (ceH geall
J-10. 7Hz), 4.89 (1H, d, J-10.7Hz), 4.98 (1H, d, J=10.7Hz), 5.25 (2H d,
: column chromatography [developing solution= ethyl acetate: n-
hexane (1:15)] to obtain the title compound (232 mg, 51%).
[0387] H-NMR (CDCl,) 8: 1.17 (3H, t, J=7.6Hz), 1.87 (2H,
m), 2.27 (1H, m), 2.58 {2H, q, J=7.6Hz), 3.36 (1H, dd, I=9.0,
1.7Hz), 3.59-3.70 (2H, m), 3.88-4.00 (2H, m), 4.12 (IH, t,
J=8.6Hz), 4.38 (2H, s), 4.47 (1H, 4, J=11.4Hz), 4.54 {(1H, a4,
J=2,7Hz), 4.58 (1H, 4, J=3.1Hz), 4.80 (lH, 4, J=10.7Hz), 4.89
(1H, 4, J=10.7Hz), 4.98 (1H, 4, J=10.7Hz), 5.25 {2H, 4.
J=4.9Hz), 6.97 (2H, 4, 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 (IR.2R,3S,4S,6R)-4-[1-(4-Bthylbenzyl)-1H-
indol-3-yl]-6-(hydroxymethyl)cyclohexane-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-{(18S,28S,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 with ice and the resulting solution was



J-4.9

Hz), 6.97
7.62 (1H,
R 3

(2H, d, IwB8.4Hz), 7.05 (2H, d, J-8.0Hz), 7.08- 7.35 (24H, m,
d, J-7.2Hz) (5) Synthesis of

(1R 2R S,4S,6R)-4-[1-(4-Sthy|beazyl)-lH—

i ndol - 3-yl ] -6-(hydroxymnet hyl )cycl ohexane-1,2,3-triol In a nitrogen stream

di met hyl sul fide (0.72 nL) and a boron trifluoride-diethyl ether conplex

(0.36 nL, 2.8 mvbl) were added to a -sqi24ion of

1- (4-et hyl benzyl)-3-[ (1S, 2S, 3R,

4R, 5R) - 2. gk frdétda DRDeN! ﬁmﬁémnéuiaﬂa@t hy-i-ﬂeysi-eaﬁwl laysr dagol e (213
ng, 2.28 mml) i n nmethylene chloride (4. under cooling with ice. The

M xture spashie@ with &tsatefatéd ﬁ@@mﬁﬁeﬂﬁﬁéﬁiaéea o@d Helusioanandhen

wat er was added thereto under cooling with ice and the resulting solution
was 224 @4édacianhyiibuschiyhéstuthsnlfate) Tagdotgeni theagolveas wasshed
Wi th a saturated sodium chloride aqueous solution and dried (anhydrous
magnesi undsstinled ander heedtded spreesireas Thesobtatnedntesidaduwas
pressure. The obtained residue was purified by silica gel colum

chr omat ogpapifieédcbyl splhca gel utobummetchyomatoghaphydédewelbping (50:1)] to
obtain the title conmpound (45 ng, 418). [0388] 'H-MM (CD30D) 8: 1.17 (3H,
t, J-7.6Heolutlici=péthylepe ¢hYoride: methandb (36 1hj, to. 6btaRn, the
J-7.6Hz), 3.33 (1H, m, 3.57 (1H, dd, J-10.7, 6.1Hz), 3.69 (1H, dd, JIwlO0.7,
4.2Hz), t¥ble. gempgaundnj 455mg9 QE%D-S) 6.98-7.11 (6H m, 7.24 (1H d
J-8.0Hz), 7.30 (1H, s), 7.62 (1H, d, J-7.6Hz) WM (ESI{): 396 [MtH' The
struct ur al0F88iul ae CH-IMR d@ﬁp@ﬂhdé ol.1he(3ove, IeBcbHBdd ExBAHpIEH, are

shown in Table 1 to Table 10 L0389] [ Tabl e 1]
_) m), 1.79 (1H, m), 2 (1H, m), 2.58 (2H, q, J=7.6Hz), 3.33

{1H, m), 3.57 (1H, 44, J=10.7, 6.1Hz), 3.69 (1H, d4d, 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, s8), 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
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Example ? 0
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HO y OH
OH
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HO '!' OH
OH
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Tabl e 2 Exanpl e Structural
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HOOH - 225 -
[0390] [Table 2]
Table 2
Example Stj:-uctural Formula | Example | Structural Formula
Le ¢
0 0" °F
Example f OH Example 9 OH
’ ‘\ i wfé:
HO Y "OH HO " "OH
OH OH
LT
Exat:ple f \OH . Exal;ple f JOH
HO Y "OH HO ¥” "OH
OH OH
g, saoV
xXample .OH Example JOH F
5 [ I 10
HO
r OH Ho Y~ TOH
OH OH
Jaes
Example OH Example OH
: ﬂ N Vd
MO~ "Vou AN
OH OH
F
(LT
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* 12 +OH
HO " "OH HO
OH r OH
OH




0 7 0H12 SCH OH
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HO OHa OH OH - 226 - [0391] [Table 3] Table 3 Exanple Structural Formul a
Exanple Structural Fornmula F F NZ: F C I/ ~ Exanple O Exanple OH 13
~"CH 1B 11rvv~l~" "TINIT, HOw HOOHOH OH OHtCc Exa
- 226 -
[0391] [Table 3]
Table 3
Example |Structural Formula |Example | Structural Formula
" F F
CO T LT
-~
Example 0 Example g OH °
13 +OH 18 *
HO HO " TOH
r OH OH
OH
2 F
0 o~
Example OH Example o
14 ﬁ 19 v@a—:
HO " Y OH HO
OH r OH
OH
o.
CLC 0
Example o . Example OH
15 ~OH 20 «@
HO HO~"“ou
r OH OH
CH
' “COC
- -
Example ¢ oH ° Example Y OH °
S ealen e
HO " “oH HO " VoH
OH OH
E ) ‘ o~ .0
Example +OH Example OH ?""0
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Y~ "OH HO
OH r oH
CH




nple Example \ I Ol / 14 "OH19 OH = OHHO O OH OH OH ~IlI/ Exanple O

Exanple 15 OH 20 "OH HOOH OH OHH ~ .~ /Il I~ Exanple Exanple 16 'N CH

21 SOH HD OH HO OH OH OH Exanple OH Exanple 10H ? 17 HO 22 OH HO CH OH -
anple Structural Formula Exanple Structural

a
227 - [0392] [Table 4] Table 4 Exanp
Formula OF F OCOF (xo E xanple OH Exanple ,ON 23 S 28 HO ,e( ON ON OH OH
- 227 -
[0392] [Table 4]
Table 4
Example Structural Formula Example | Structural Formula
GASAY
F
E 1 g F Ex 1 9 ’
Xample ample
23 ~OH 28 «OH
HO v “oH HO " VOH
OH OH

) Example Example
24 ﬁOH 29
HO " YOH
OH
Example Example
25 «@\‘OH 30
- - HO - OH

OH
| L,
) Example OH Example
26 * 31
HO Y "OH
OH
_ QLT
Example OH ~N Example
27 * 32
HO v VOH
OH

{0393] [Table 5]
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Tabl e 5

"OOOI/ O Exanple %H Exanple ON 25 30 ONHOON OH OH NZ: CCOOH a 0
| 0% Exanple ON Exanple 1 HOON O 26 ON OH OH OH NH2 CCC occ Exanple
HO~-OH Exanple ~OH 27 32 ON HO OH OH OH (0393] [Table 5] - 228 -
Exanpl e Structural Formula Exanple Structural Formula | FF SO/ NN, F OO
- 228 -
Table 5
Example Structural Formula Example Structural Formula
4JAsY —IL L
F
Example g a E le F \ 9 0~
xam xamp
33 ~OH O 38 ~OH
HO < “OH HO VoM
OH OH
]
) 0 o) 948
Example OH Example 0 o
34 o 39 JOH
¥ "OH HO " YOH
OH OH
L 0
0 0" °F O O -
Example OH Example Q (o)
35 * 40 ~OH
HO Y "OH Ho " T OH
OH OH
LT 4aed
D Example 9 Example S o”
36 «OH 41 +OH
HO v “oH HO v “OH
OH OH
g
Example 9 Exampl s 9
e
37 «OH 42 ﬁm
HO v VoM HO v OH
OH On

[0394] [Table 6]

O



Exanpl e Exanple 33 %H 0 HO 38 OH OH HO OH OH 91 'k Exanple \ O/ O
Exanple SOH & O 34 39 OH HOOHOR OHO11 /~ ~~F ; 11, ~cci Ex anple \
OOF Exanple O 35 40 OCOHHO .0j:: OHF10 OH OHOHF Nz ci~iL/ \ ;1 0O
3 Exanple 10H Exanple OH 36 41 HOOHHOOH OHOCH Ol i NI O I/ Exanple
Exanpl e ON
- 229 -
Table 6
Example Structural Formula Example | Structural Formula
X0 | | OO,
ample xample
43 aOH O 48 ~OH
HO " YOH "o Y "OH
SH OH
) Example I o) I 7 Example | | NNy
44 JOH 49 JOH =
HO r” YOH HO r OH
OH OH
¢ | COCC
0 Z~F o~
Example OH Example OH
45 » 50 *
HO " "OH HO Y” "OH
OH OH
. (o)
> ALY
Example 0 Example ' 0
46 +OH 51 : JOH
HO v~ "OH HO Y~ TOH
OH OH
A
Example OH Example OH ‘
47 a 52 *
HO < ~OH HO " “OH
OH OH

[0395] [Table 7]



37 ,0H HHONe( O 42 "% OH OH OH OH 103941 (Table 61 - 229 - Table 6 Exanple
Structural Formula Exanple Structural Formula ZLI a09 / OH1 / I [/ G
Exanple SOH 0 Exanple OH 43 HO48 CHHO OHOH OH | / HN Exanple 0 Exanple
Il /) 44 "OH49 , HOHHO OH OHOH F GO01/ F 0'- Exanple Exanple 45

l~r,OH50 CH~ OHHD OH OHOHI I I 1 ") Exanple / 0 O Exanple 0 46 OH
51 OH

- 230 -

Table 7

Example Structural Formula Example | Structural Formula

o

53 OH O 58
H
o OH
D g o ‘ 0~
Example Example
54 «OH 59
" ~OH
OH OH
s
m
Example Example
55 J&OH 60
HO " ~VOH
OH

. ) =
®
Example OH ‘| Example
56 * 61
HO OH

OH

Example OH Y Example
57 o 62

OH OH
lss polar- lsomer

[0396] [Table 8]



HO OH HO OH CH pH F Exanple Exanple 47 OH 52 ,0H HO OH HO OH OH CH
[0395] [Table 7] - 230 - Table 7 Exanple Structural Formula Exanple
Structural Formula Nz~ .10 -~oy Exanple Exanple 53 OH OH 58 OH HO 11 COH
MM Pow Monmor OH Ik so J Exanple 0 Exanmple 54 OHf 59 OH OH OH OH OH OH
OH Exanpl e Exanple O

- 231 -
Table 8
Example Structural Formula Example | Stxructural Formula
Example Example
63 68
] Example Example
) 64 69
Example Example
65 70
0/
Example Example
_ D 66 ~OH 71
- HO < OH
OH
Example Example OH
67 72 *‘
HO ~"“OH
OH

[0397] [Table 9]



50H 55 60 HOOHOH OHOHOH Nk &4 S Exanpl e Exanpl e
OH OH OH Exanpl e Exanple OH 57 62
[ Table 8] - 231 - Table 8 Exanple Structural
Formula Exanple OH Exanple OH 63 |

OH Exanple 64 69 O21M

H

I\

- 232 -
Table 9
Example Structural Formula | Example Structural Formula
Example Example OH OH
73 78 “
HO " "OH
OH
) ST
Example OH Exampla
74 “ 79
HO " "OH
OH
Example BExample
75 80
Example Example
76 81
- I
Example Example HOu: OH
77 82 \/G‘
HO " OH
OH

[0398] [Table 10]

56 OH 61 Ho OH OH
aH off k OH OH OH we pow Sone

[ 0396]

Formul a Exanpl e Structural
68 OHHOOH OH OH OH I\
OH No OH OH OH OH k, OH Exanpl e Exanple O

Exanpl e



65 70 "pH HOHO OHOHOHImIl) Exanple | | Exanmple HO6, OH 66 ,0OH 71 HO
OH OHOH OH f,,OH Exanple Exanple off 67 72 HO OH HO OH OH OH [0397]
[ Table 9] 232 - Table 9 Exanple Structural Fornula Exanple Structural

Formula E\ | | Exanmple HO, / Exanple OHOH 73 ,OH 78 HOOH HO OH OH CH
ol 1" 1I° ,OH Exanple HO OH Exanple ,OH Exanple ~ ,OH 74 79 HO CH OH OH
- 233 -
Table 10

Example Structural Formula

(J

Example HO .. ~OH I
e
HO " "OH

OH

_> Example \jiii]:OH ?
84
HO OH

OH
N ::: >
Example 7
85 OH
HO " "OH
OH
[0399]) Experimental Example 1

D 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
¢DNA 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




»
F\ "~ Exanple HO'" ,,OH Exanple 75 80 OH HO OH OH HO OH OH Exanpl e Exanpl e
F* 76 ,0H81 HO' OH HOOH HOOH OH OH Nz* FI/ {/ Exanple Exanple OH 77
FKO OH OH OH [0398] [Table 10] - 233 - Table 10 Exanple Structural
Formula O Exanple HO. OH 83 OH OHO0 1ZZZ |-~ 110 Exanple HO OH 84 HO-
oM OH

- 234 -
{TOP10, a product of Invitrogen) and clones which exhibited
resistance to ampicillin were proliferated in an LB medium
containing ampicillin (50 mg/L). From the proliferated
E. coli, a plasmid was purified according to the usual wvay
(Bee Maniatis et al., Molecular Cloning). By taking this
plasmid as a template, PCR was performed by KOD+DNA polymerase
with the use of a synthetic DNA primer into which restriction
enzyme recognition 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 amplifiéd fragment was subjected to
Eco RI and Hind III digestlion, 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
(DH5x, a product of Invitrogen) and proliferated in an
ampicillin-containing LB medium to obtain a human SGLT1
{:) expression vector according to the usual 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 cDNA. Then, the amplified fragment was cloned to
pcRII-Topo vector with the use of the Topo TA Cloning Dual
Promoter kit and then introduced into E. coli competent cells
{(TOP10) and clones which exhibited resistance to ampicillin

were proliferated in an LB medium containing ampicillin (50



Example - / 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' SGLT1 Expression Vector PCR was
performed by KOD+DNA pol yneri se (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 synthesizegzpNA prinmer to anplify human SG.TI
cDNA. Then, the anplified fragment was cloned to pcRII-Topo vector wth

h f T TA ' [ f 1 nvi
and i ntr B9Eda | Ao T i B rat el R, Moot PLaBiR, wel plbbrde¥r"
L nvi t 7 : hi t : ks
prol i for SPeqtiing RE TR uaka Weli:; Py, BRI RS QUAMILA dd B 00T,
i 1 I : e .
(pggel I\/g;\?raatﬁl?gﬁgtec'g:lﬁ,n ?/'baPe?uI ar g on%) . B?Ntig%?ﬁ thiatss% glg:sl,irjn aé’i%a%y
tenpl at eof@s%&m&@maﬁ%idﬂ@i% WL rebt rieibn i Zdae Of a

synthetic DNA primer into ich restriction enzyme recognition sites had

been i nt radegad tiendHltels) Nad WaenSEatkodied &d & Hy MG Weran Eco

Rl recognition site on the upstreamside and a Hnd Il recognition site on

the dowgpNacqd Fir@nenthiaddwdd wifthe khio™ 30 Fetioghdt 190jsA%ec b @heBo0 R and
Hnd I'll digestion, and the digested fragnments were

upstream slde and a Hind III recognition slte on the

downstream side). This amplified fragment was subjected to
Xho I and Hind IXI digestion, and the digested fragments were
connected to their recognition sites of the expression vector
pPcDNA 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.
[04011] (3) Preparation of Human SGLT1 Stable Expression
Cell and Human SGLT2 Stable Expression Cell
The human SGLT1 expression vector or the human SGLT2
;:) expression vector which was digested with restriction enzyme
Pvu I was introduced into CHO-K1 cells with the use of FuGene
(a product of Roche Dlagonostics). 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 Nakalal Tesque) and 20% bovine fetal sexrum
in the presence of 5% CO; at 37°C for about three weeks to
obtain Gentlicin-resistant clones. From these clones, cells

capable of stably expressing human SGLT1 or the human SGLT2



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. colt conpetent cells (DH5a, a product of Invitrogen) and proliferated in
an anpicillin-containing LB nediumto obtain a human SA.T1 expression
vector according to the usual way. [04036 (2) Preparation of Human SG.T2
Expressi on Vector PCR was perforned by KOD+DNA pol ynerase by taking a

human Ki dfgiye deélected Chid | obtained abprasing sbathmndepénaent agsugaopl ate
with the use of a synthesized DNA prinmer to anplify human SGLT2 cDNA. Then,

t he anpl i {methyl @B gli6operanodide) pathke Taptivetyoasvahhihlaxuse of the
Topo TA Coning Dual Pronpter kit and then introduced into S. cola

conpetent[e#02F (TORY) Mexburemerst Wi e thyln{oyXucsopyraneside anpicillin
were proliferated in an LB nmediumcontaining anpicillin (50 - 235 ng/L).
Fromthe proliferated H Iwtake aIphtishttomoketlvityed according to the
usual way. By taking this plasmd as a tenplate, PCR was perfornmed by
KOD+DNA pol ynerEie hunan t $GLTE cstalyle expresslion (BHO peekds ont thehhwnhan
restriction enzyne recognition sites had been introduced to anplify hunman
SGLT2 cOIGLT2 stablenexpresalont GHRheellscvagnseedadsincacfbrwellypst ream
side and a Hind Ill recognition site on the downstreamside). This

anpl i fi edPIat@nEnt2Ben8Lby cefcd0:800xk0 £0aA00 PRY1E/VeLL o8B on, and the
o vest o IASHREN AohTaoRt ST ER, horhro ekt Fhe' siBtaLAR BhatTon i1
The connge] oor BLEES" vhs '2emoved™ahd! AOpreEfealhdnf pilker (a butfer
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)-l1l-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 uL 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
i:) sodium chloride, 1 mM of potassium chloride, 1mM of magnesium
chloride, 1 mM of methyl-a-D-glucopyranoside, 10 mM of 2-[4-
(2-hydroxyethyl)-l-piperazinyl]ethanesulfonic acid and
fris(hydtoxymethyl)aminomethane and having a pH of 7.4), there
was added and mixed 6.3 mL of methyl-a-D-(U-!‘C)glucopyranoside
(200 mCi/L, a product of Amersham Pharmacia Blotech) to
prepare an intake buffer, and a test compound was dissolved in
this intake buffer and the resulting solution was used as a

buffer for determining inhibition activity. Further, as a

control, a test compound-free intake buffer was used.



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
SA.T2 a expression vector which was digested with restriction enzyne Pvu
was introduced into CHO- K1 cells with @ use of FuGene (a product of Roche
Di agonostics). After introduction of the gene, the cells were incubated in

a DVEM ngsj e(fi‘l;d}.fé)d‘iq{ diaeS ¥ Ye 'enian@o SRR :;a]aa (B0 thal

pr oduct of SI ‘streptonycin (50 ng/L, a pro Sl gma) , GEnet|C|n
(200 ny/dpgehdd W%h@ftdwfﬁcﬁﬂpd[ﬁﬁﬂlﬁid Eb'lﬂ!lﬁﬁl% RoWaLd efritale ' BiEESP t he

presence of 5% CO2 at 37C for about three weeks to obtain

Genti ci n-ddiﬁiﬁ:ﬂrﬁg cl4UeiM of GRIERE cHIvieEde CHldtead ApBEIfe Ododiwmp! v
expressi ng human SGT1 or the human SG.T2 - 236 were sel ected and obtai ned

by usi ng chabiriael e darépararin (1 hdme sarpler Gid ansed den thos ake
activity as an index. [0402] (4) Measurenent of Methyl-a-D gl ucopyranoside

| nt ake | rddtdsrminma-Aciow t VIl piatreatidnt] miffdr wag eamowved Eom cthe or
the human SG.T2 stable expression CHO cells was seeded in a 96-well plate
to a denwdlMsofof3CtHE)Cultuifs Gilatoe|dmed vee|bufifalr forc ubsteamirokngour to six
days. Next, the nediumof the culture plate was renoved, and a pretreatnent
buf f er (arhiibitrior ataivityy wak) added ah@n remeintorofie3s hlripear welhssi um
chloride, 1 mMof calciumchloride, 1 mM of magnesiumchloride, 10 nmM of
2-[ 4- ( 2- At wasetIafl) -tio HipEndANy37°€ Kauc4s mimutes. Then, the

) buffer for determining inhibilition activity was removed and a

:) washing buffer (a buffer solution containing 140 mM of choline
chloride, 2 mM of potassium chloride, 1 mM of calcium chloride,
1 mM of magnesium chloride, 10 mM of methyl-a-D-
glucopyranoside, 10 mM of 2-[4-(2-hydroxy-ethyl)-1-
piperazinyl]ethanesulfonic acid and tris-
{hydroxymethyl)aminomethane and having a pH of 7.4) was added
in an amount of 300 uL per well and immediately removed. This
washing operation was repeated again and a cell solubiiizing
solution (1 M of sodium hydroxide and 0.1% of sodium lauryl

i:) sulfate) was added in an amount of 30 uL per well to
solubilize cells. Thereto was added 15 uL of 2 M hydrochloric

acid, and 40 pL of the obtained solution was transferred to a

Luma-plate (a product of Packard) and was left to stand
overnight at room temperature to evaporate the solvent. The
radioactivity of the sample on the plate was determined on a
Topcount {manufactured by Packard). The test compound
concentration (ICsp 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



acid and trig(hydroxynethyl)-am nonet hane and having a pH of 7.4) was added
i n an amount of 150 gL per well and then left to stand at 37C for 20

m nutes. The pretreatnment buffer was renoved and the pretreatnent buffer
was again added in an anount of 50 A per well and then left to stand at
370C for 20 mnutes. To 100 nL of a buffer (a buffer containing 140 nM of
sodium chloride, 1 nmM of potassium chH @3ade, 1nM of nmagnesium chloride, 1
nmM of net hyl - a- D- gl ucopyr anosi de, 10 niM of 2-[4-
(2- hydr oyt b trd t LB Per v B {68 hawnesa! | dp i

tria(hydroxynet hyl ) am nonet hane and having a p
and m xed(#L#Si lveéxt, IEL hyds aa Grdsal ¥ O) Enel ; O8F tROOprésént a product
of Amersham Pharnacia Biotech) to prepare an intake buffer, and a test
conpound ivaserit 5610 | asatibted temarksite SEET2 Dilibieiswsactiog. sothéi on was
used as a buffer for determining inhibition activity. Further, as a
control, EshyeshluesphondtheeSGLTRaknhhbittonnwaf thedrepiésentathernore, in
order to deternmine a basic intake in the absence of the test conmpound and
sodi um acdmpoundstak et fpresent nizven tibor Jdresdwn i | ebléal bli de i nstead

| #h 2464 thmetic software
of 7.4), there was added

of the sodium chloride was prepared in the same manner and used in the

det er mi natQ4®3] [Fable et kat nent buffer was renoved fromthe
culture plate and a buffer for determ ning
an anount of 35 p.L per well

wells of the
inhibition activity was added in
and ma?abéﬁtlio stand at 37C for 45 m nutes.

Then, th bof-fer—for—getermmm g T b tT o act TV iy Was T ernove nd a
washi ng Qhuféssr Compbuid grIGe|Valvuen (o¥ht| Tedth Gompound/| ofCse INaliuee (n¥hijori de, 2
(r:rm %Ii ggfwﬁﬁ;&;_ g\ﬂ of cal gi ugx%ﬂl&e, 1 mvho; magnegi um

Example 2 111 Example 62 7.1

BExample 8 7 Example 64 6.6

Example 11 14 Example 68 18

Example 12 138 Example 69 5.1

Example 25 31 Example 70 7.4

Example 42 7.7 Example 73 11

Example 44 16 Example 54 14

Example 55 17

INDUSTRIAL APPLICABILITY

[0404]

By the present invention, cyclohexane compounds

which exhibit the action of inhibiting SGLT2 activity or thedr

pharmmaceutically 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.



gl ucopyranosi de, 10 nM of 2-[4-(2-hydroxy-ethyl)-I-

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 amount of 300 pL per well and

i mredi ately renoved. This washing operation was repeated again and a cell
solubilizing solution (1 H of sodium hydroxide and 0.1% of sodiumlauryl C
sul fate) was added in an ampunt of 3Q pjgger well to solubilize cells.
Thereto was added 15 L of 2 H hydrochloric acid, and 40 pL of the obtained
solution was transferred to a Luna- p#g&gpga product of Packard) and was

|l eft to stand overni ght at roomtenpe to evaporate the solvent. The

radi oactiyvity qf I er4yq ned on a Topcount

( manuf actlu‘r ed (t}y %ﬁ.%%@%?ﬁoﬁ%&ﬂ ration (1C50 val ue)

whi ch inhlilJ;g a‘30_‘(_’/3) of intake, when the value obtained by deducting a basic
intake fromthe 1 ntake of the control was taken as 1008, was cal cul at ed
fromthe - 238 concentration-inhibiti urve by using an arithnetic
software (ELfit ver.3). As a result, e conmpounds of the present

I nvention exhibited remarkable SGT2 i r{hi bitLon action. The |1C50 val ues for
the SGLT2 inhibition of the represent g%FTA It &Pounds of the present

i nvention are shown in Table 11. (04 Tab 11] Table 11 Test Conpound

| C59 Value (nM Test Conpound | C50 Val ei(nl\/p Exanple 1 61 Exanple 59 8.9

Exanple 2 111 Exanple 62 7.1 Ex e . AI" Exanple 64 6.6 Exanple 11 14
Exanpl e 68 18 TTAD n
Q

D
(1)

wherein

A is -O0-, -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 1s an integer selected from 1 to 3;

O Q is selected from Q' to Q° represented by the

following formulae:

[Formula 2]



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 therapedi ¢ agents for diabetes,

di abet es-rel ated di seases or diabetic conplications. - 239 - CLAIMS 1. A
conpound represented hy formula (1) [Formula 1] Ar2 (CRBR7)m Art (A (1)
wherein Ais -0-, R -. or -NH; nghs dn integer selected fromO and 1; R6
and R7 are each indépandepnty a hyd tey] atogqor a Cl-C6 [al kyl ,group mis
an integer selected “Tto 3; Qis G fromaQl t ‘gﬁﬂresented by

t he follomﬁnqqior

R { R T R
R3 R3 R
Q' Q? Q®
RS Ry
R R
) R o R4 g2
Q* Q®
wherein

R!, R?, R®, R', and R® are each independently
selected from a hydrogen atom, a hydroxy group,
a C;-Cy alkyl group which may be substituted with
one or more Ra, a C;-Cq alkoxy group which may

_:) be substituted with one or more Ra, a C;-Cypq
aralkyloxy group which may be substituted with
one or more Rb, and -OC{=0)Rx:

Rx 1s a C;-Cg alkyl group which may be substituted
with one or more Ra, an aryl group which may be
substituted with one or more Rb, a heteroaryl
group which may be substituted with one or
more Rb, a C;-C¢ alkoxy group which may be
substituted with one or more Ra, or -NReRf,

Ar! is an arylene group which may be substituted



[Formula 2] - 240 - R 5aR | ,\R RARR RRlI R RM R RRIRI QL @ @B
R RSIARR 4 RR RaRR RBRRZ 4 X wherein R, R2, R3, Rd, and R5 are
each independently 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 one or nore Ra, a C7-C34 aral kyl oxy
group which may be substituted with —opgror nore Rob, 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 bﬁitﬁ“B@E' byt RErY RB, 088 ngaﬁBfgﬁﬁg%énﬁe gryl group

whi ch may be substituted wth one or nore al kdxy group whi ch may
be substituted WyhRcANRag" baoaabeata&euNBf& oné' by o2e @byl ene group

whi ch nmay be substituted - th one or nobre Rb, or a heteroarylene
group which may RRegdbEhit nbedr%.i—blaﬂe gfotp’ Aafdform a fused
ring with an aromatic carbocycle or an aromatic
heterocycle;
Ar? is an aryl group which may be substituted with
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 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 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 heterocaryloxy group which may be

substituted with one or more Rd, a mercapto group,

a C;-Cs; alkylthio group, a C;-C¢ alkylsulfinyl

S

group, a C;-C¢ alkylsulfonyl group, -NRfRg, and a
C;-C¢ alkylcarbonyl group which may be substituted
with one or more Rc;

Rb 1s each independently selected from a C;-C;
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 C;-C;
cycloalkyl group which may be substituted with

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



where the heteroarylene group may forma fused ring with an aromatic
carbocycle or an aromatic heterocycle; Are is an aryl group which nmay be
substituted with one or nore Rb, or a heteroaryl group which may be
substituted with one or nore Rb; Ra is each independently selected froma
hal ogen atom a hydroxy group, a cyan group, a nitro group, a carboxy
group, a Cl-C6 al koxy group which may2@4@ substituted with one or nore Rc,
an aryl group which nmay be substituted with one or nore Rd, an aryl oxy.

group which nmay bee SFibutitdtd Wilth Vit Ur MY f, a Mgyl group
whi ch may be substituted wth one or nore Rd, a heteroaryl oxy group which

may be substitut egon,! fa MiErUxy YUY, £ dRIA roup 0w nlrd-l- C6
al kylthio group, a Cl1-C6 al kylsulfinyl group, a Cl-C6 al kyl sul fonyl group,

-NRfRg, and a Clotow Kyl cadboxyt groumn, wWhigkRCgaalkexgugsdup uvkilchwi t h one
or nore Rc; Rb is each independently selected froma C1-C6 al kyl group

whi ch may be subsmayitbed subigtidnrtedt with erdec ,om MoreCRe) leemydryl oup whi ch
may be substituted with one or nore Rc, a C3-C8 cycloal kyl group which may
be substituted w tgroumestdichrmay R subt@tiduted witsh onewgr wiomh may - 242
be substituted with one or nore Rd, a halogen atom a hydroxy group, a
cyano group, a nit{Rd an aryloxy group which may be substituted
with one or more R4, a heteroaryl group which
may be substituted with one or more R4, a
heteroaryloxy group which may be
substituted with one or more Rd, a mercapto
group, a C;-C¢ alkylthio group, a C,-C;
alkylsulfinyl group, a C,-C¢ alkylsulfonyl group,
-NRfkg. a C;-C¢ alkylcarhonyl group which may be
substituted with one or more Rc, a C;~C,
alkylenedioxy group, & heterocyclyl group,
~CO2R1, and -CONRiR]:
Rc is each independently selected from a halogen
atom, a hydfoxy group, a cyano group, a nitro
i:) group, a carboxy group, a C;-Cs; alkoxy group
which may be substituted with one or more
halogen atoms, an aryl group which may be
substituted with one or more Rd, an aryloxy
group which may be substituted with one or more
Rd, a heteroaryl group which may be substituted
with one or more Rd, a heterocaryloxy group which
may be substituted with one or more Rd, an amino
group, a C;-C; alkylamino group, and a di(C,-C,
alkyl)amino group:;



group, a carboxy group, a Cl-C6 al koxy group which may be substituted with
one or nore Rc, an aryl group which nay be substituted with one or nore

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

het eroaryl group which rmay be substituted with one or nore Rd, a

het er oaryl oxy group which may be substituted with one or nore Rd, a
nmercapto group, a Cl-C6 al kylthio gropgas a C1-C6 al kylsul finyl group, a
Cl- C6 al kyl sul fonyl group, -NRfRg, a Cl-C6 al kyl carbonyl group which may be

substituted w t hgan I, o i reQu
K40 /odE Aridopendshitay Al En iy

. a
het erocycl yl group, - Rc 1's each indepenaently sel ected

froma hal ogen atxiRyia gBodipP Rhidd Hay de Wiibatittted wlith GndlldtIP, a
car boxy group, a Cl- al koxy group which may be substituted with one or

nore hal ogen at offlored haliogder atidms\hiaC T, 08y HEkorybgidbhptwhient h one or
nore Rd, an aryloxy group which nmay be substituted with one or nore Rd, a

heteroaryl group wiayCbe ayabet ittted wiitdd ond or e halvgerRhtons,
het er oaryl oxy group which may be substituted with one or nore Rd, an am no

group, a Cl-C6 al kylc3rCpo ayradikyl Jrbup whiich Gay dek\dytmtitutgdup; - 243
Rd is each independently selected froma Cl1-C6 al kyl group which may be
substituted wth erdglorone or more halogen atoms, a halogen atom, a
hydroxy group, a cyano group, a nitro group, an

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

di(C,-Cs alkyl)amino group:

Re is a hydrogen atom, a C;-C¢ alkyl group which
may be substituted with one or more Rc, an aryl
group which may be substituted with one or more
Rd, or a heteroaryl group which may be
substituted with one or more R4;

Rf 1s a hydrogen atom, or a C;-C; alkyl group which
may be substituted with one or more Rc;

Rg 1s a hydrogen atom, a C;-C; alkyl group which
may be substituted with one or more Rc, a C;-Cs

f:) 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 maylform a 4- to 7-

membered heterocycle together with the nitrogen



nore hal ogen atons, a Cl-C6 al koxy group which may be substituted with one
or nore hal ogen atons, a C7-Cl4 aral kyl group which may be substituted

wi th one or nore hal ogen atons, a hal ogen atom a hydroxy group, a cyano
group, a nitro group, an amno group, a Cl-C6 al kyl am no group, and a

di (C1-C6 al kyl)am no group; Re is a hydrogen atom a Cl1-C4 al kyl group which
may be substituted with one or nore Rcgd4é&n-aryl group which may be
substituted with one or nore Rd, or a heteroaryl group which may be

substituted with @tomrtorwhddidthidy iaren bopdled)ec TedpattiveXy Clard al kyl
group which nmay be substituted with one or nore Rc; Rg is a hydrogen atom
a Cl-C6 al kyl gr®ip and ®j arey sachs dinslepemnden bliyt Eedected from e, a Cl- C6
al kyl car bonyl group which may be substituted w th one or nore Rc, an aryl
group which nay béydnsdgen atosd & Ci-Coneaakkyhogeoupl whidkimapabgl group

whi ch may be substituted with one or nore Rd, a carbanoyl group, a Ci1-C4

al koxycar boxy gr cubstiitsitedayitd oneston mome Ha.h 20%a-0s apebo-Rc, or a

Cl- C6 al kyl sul fonyl group which may be substituted with one or nore Rc; Re
and Rf, and Rf an@lkylrgroum which may be aunbsbtddmted stiddy@ne t ogether with
the nitrogen - 244 atomto which they are bonded, respectively; and R and
R are each indep@®¥i&one Res| dade@ {Grofrq aralkyl group which may

be substituted with one or more Rd,
or a prodrug or a pharmaceutically acceptable salt thereof.
2. The compound according to claim 1, wherein n is 1,
or a prodrug or a pharmaceutically acceptable salt thereof.
3. The compound according to claim 1 or 2, wherein A is -0O-
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 1s bonded on Ar',
or a prodrug or a pharmaceutically acceptable salt thereof.
5. The compound according to claim 1, wherein n 18 0, or a
g:) 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 according 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



hydrogen atom a Cl1-C6 al kyl group which may be substituted with one or
nore Rc, a C3-C5 cyclo- alkyl group which nay 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 prodrug or a pharnmaceutically acceptable salt thereof. 2. The
conpound according to claim1, wherein nis 1, or a prodrug or a

phar maceutical ly acceptable salt thered45 3 The conpound according to claim
| or 2. wherein Ais -0- or -NH, or a prodrug or a pharmaceutically

accept abl ghisilylend aj¥mip, 4a PHelENFRiE feag Jidy 1maslyiéae grodp, Wherein
the substituent -(CR6R7)"-Ar2 is bonded to a ring atom adj acent to the

ri ng atoror @ wWyrdedlylens®sdrdupntiwhers thegeedgooups Imaprbe substitnteda
pharmaceutically acceptable salt thereof. 5. The conpound according to
claim 1, wikh edme roxr gndére Bba prodrug or a pharmaceutically acceptable salt
thereof. 6. The conpound according to claimb5, wherein the substituent
- (CR6R7) ®rAre prodxugicolr t pharmacentically acreptapbe t salt f thered®. ri ng
atomto which Qis bonded on Arl, or a prodrug or a pharmaceutically
accept abl®. sal tTheherorpound; acgarding dindenyg analiof) elatmy brko &, clains 1
to 6, wherein mi s;1, or a prodrug or a pharmaceutically acceptable salt
t her eof . Wherekn ARmisud Phenyldigrouro anpaphihyl grgups B tthipnYlaher ein
Ar' is a phenyl ene group, a naphthylene group, a - 245 thienylene group, a
pyri di ny| SFRERy JhPEREPTHERRYY FEOWR oD, PeRFOhIgRYY ITPRRe ¥roup, where
t hese grougs may be substituted _
benzodioxolyl group, a 2,3-dihydrobenzofuranyl group, or a
2,3-dihyrobenzothienyl group, where these groups may he
) substituted with one 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
R', R?*, R?, R' and R® are each independently selected from
a hydroxy group and -0C(=O0)Rx,
or a prodrug or a pharmaceutically acceptable salt thereof.
11. The compound according to claim 1, wherelin m is 1l; n 1is
1; A is -0- or -NH-; Ar! is a phenylene group, a naphthylene
D group, a thienylene group, a pyridinylene group, an indolylene
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,



with one or nore Rbo, or a prodrug or a pharmaceutically acceptable salt
thereof. 9. The conpound according to any one of clains 1 to 8  wherein
Ar2 is a phenyl group, a naphthyl group, a thienyl group, a benzofuranyl
group, a benzothienyl group, a benzodioxolyl group, a

2, 3-di hydr obenzof uranyl group, or a 2, 3-di hyrobenzothienyl group, where

t hese groups nmay be substituted witlhr @46 or nore Rb, or a prodrug or a
pharmaceutically acceptable salt thereof. 10. The conpound according to any

one of cloat ¥ prddruyy onwe pharndiceudid cally Rbceptailersalkactheratehendent | y
selected from a hydroxy group and -OC(-O Rx, or a prodrug or a

phar macelt2.cal Theacospoainide acaording dof clalilm 1Theheaedoumd dEcdgrdi g t o
claiml1l, wherein mis 1; nis 1; Als -0- or -NH; Ari is a phenylene
group, aOnapathgseacpbegydepe grouwpeny saphghyleneagppnpdi aytdienyleme, an
i ndolylene ~/ group, or a pyrazolylene group, where these groups may be
subst i t utGRPUR .t @ ERridingleneRgrony, ian dnsiekgleny @RPUm oMa#pht hyl group, a
t hi enyl group, a benzofuranyl group, a benzothienyl group, a benzodi oxol yl
group, aBPYTRZALFIENEHGEAWR Hharedigse Groups may he @Jﬂ?ﬁi’bﬂfﬁ%l"%‘bup,
where these groups ma be ubstituted with one or nore Rh; and R, R2, R3,
R4 and RPN &Xe 4 eA8 # PREBIleGTOMEM 8 NAPhtHY] QFSHP-aHd

(her cof . EREERTIGXAHHy pr&%ﬁ%@w SR ey DR ety &
benzodloxolyl 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,
or a prodrug or a pharmaceutically acceptable salt thereof.
13, A compound selected from:
[2-(4-methoxybenzy1}phenyl]-5afcarba-ﬂ—D-glucopyranoside:
[ls,ZR,3R,4R,SS]-4-hydroxymethyl-6-[3-(4-methoxybenzy1)¥
phenyl]cyclohexane-1,2,3~-trlol; _
[2-(4-trifluoromethoxybenzyl)phenyl]-5a-carba-B-D-gluco-
pyranoside;

Q:) [2-(4-cyclopentylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside:;
[2-(4—chlorobenzy1)pheny1]-5a-carba-ﬂ-D-glucopyranoside:
{2-benzylphenyl)-5a-carba-f-D-glucopyranoside;
[2-(4-isopropylbenzyl)phenyl]-5a-carba—ﬂ-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-f-D-gluco-
pyranoside;
[2-(4-methylsulfanylbenzyl)phenyl]-5a-carba~f-D-gluco-
pyranoside;



0; Arl is a phenylene group, a naphthylene group, a thienylene group, a
pyridi nyl ene group, an indolylene group or a pyrazolylene group, where these
groups may be substituted with one or nore Rb; Ar2 is a phenyl group, a
napht hyl group, a thienyl group, a benzofuranyl group, a benzothienyl

group, a benzodioxolyl group, a 2,3-dihydrobenzofuranyl group, or a

2. 3-di hyrobenzot hi enyl group, where -t [2d% groups nmay be substituted with
one or nore Rb; and Rl, R2, R3, R4 and R5 are each independently selected
froma hyzlepgoss-BH ﬁ%tﬁyﬂﬂl)ﬁeﬁﬂ%%a%ﬂﬁﬁwt ically

acceptabl e salt thereof. 13. A conmpound sel ected from
[ 2- (4- mpyrandsedds ) phenyl | - 5a- car ba- p- D- gl ucopyr anosi de;
[ 1S, 2R, 3R, 4R, 6S] - 4- hydr oxynet hyl - 6- [ 3- (4- met hoxybenzyl ) -
phenyl ] dyaH {BreaaiEhiorome thybenzyl ) phenyl ] -5a-carba-§-D-gluco-
[2-(4-trifluoronethoxybenzyl ) phenyl]-5a-carba-p-D gl uco- pyranosi de;
(4- cynyraraeideenzyl ) phenyl ] - 5a- car ba- 4- D- gl ucopyr anosi de
4- chl or obenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;
enzyl hetye thnxyhenzy ) 4 ghetiuplphentel dja-carba-f~-D-gluco-
4-1 sopropyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;
(3R¥Qﬁﬂ%$yﬁbenzyl)phenyl] 5a- car ba- 3- D- gl ucopyr anosi de;
| benzyl ) phenyl | - 5a- car ba- p D- gl ucopyr anosi de;
{121 (rmpkhoxynanayl pheagl | - Sac e bR B I gl UeenYEARoRAR e
nethylsulfanylbenzyl henyl 5a- carba D-gl uco yran05|de - 247 -
uor2 % 4-Mekh i %MRXIRPQﬁﬁ% ?ﬁtﬁ@ﬁ%%d? WRRT de;

pyranoside;

[ 2-
[ 2-
(2-
[ 2-
[ 2-
[ 2-
[ 2-
[ 2-
[ 3-

—h NN~~~ UA
- -h -h -b

D

[{2-(4-methoxybenzyl)-6-methylphenyl]-5a-carba-f-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]-Sa-carba-fi-D-glucopyranoside;
[5-fluoro-2-(4-methoxXybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-methylsulfonylbenzyl)phenyl]-5a-carba-p-D-gluco-

i:) pyranoside;
[2-(4-f1uorobenzy1)pheny1]-5a-carba-ﬂ—D-glucopyfanoaide:
[2-{3,4-dimethoxybenzyl)phenyl]-5a-carba-f-D-gluco-pyranoside;
[2-(4-ethy1benzy1)pheny1]-5a-carba-ﬂ-D-glucOpyranoside:
[2«(4-hydroxybenzyl)phenyl]-5a-carba-B-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]-Sa-carba-ﬂ-D-glucopyranoside}
[5-methoxy-2-({4-methoxybenzyl)phenyl ]-5a-carba-f-D-gluco-
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3-trifluoronethyl benzyl ) phenyl ] -5a-car ba- $- D- gl uco- pyranosi de;
4- met hoxybenzyl ) - 4- met 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- car ba- p- D- gl uco- pyranosi de;
4- met hoxybenzyl ) - 6- net hyl phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;
4- met hoxybenzyl ) - 4-f | uor ophenyl ] ~5aqggar.ba- p- D- gl uco- pyranosi de;
3 quorobenzyI)phenyI] 5a- car ba- S- D- gl ucopyr anosi de;

y&?éﬁ?ﬁ@? phenyl] 5a- car ba- p- D- gl ucopyr anosi de;
uor iOXybeezyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;

FFt tOErLl)benzy W% car%ﬁ}]@{fiﬁcopyr anosi (?dlﬁlrgﬂﬂfb% e

, 4- PyFinypodeenzyl ) phenyl ] - 5a- car ba- 4- D- gl uco- pyr anosi de;
- et hyl benzyl ) phenyl ] - 5a- carba p D-glucopyran05|de
- hydrax AR 2y %} UPNidtpyranoside;
- cyanobenzyl ) phenyl | - 5a- carba p- glucopyran03|de

- 1 i fd UQr-aN SERae A antiiny Ioernery gy 1 B d L r s guInsi de;
an1nonethy|benzyl)phenyl] 5a- car ba- 4- D- gl ucopyr anosi de;

netho&m. nzyl ) phenyl ] - 5a- car ba- p- D-gl uco - 248 - pyranosi de;
- (4- et hoxycar bonyl benzyl ) phenyl ] - 5a- car ba- p- D- gl uco-
[2-(4-ethoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;

NN SN SN SN N AN AN = AN AN TN TN SN N AN N
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[2-({4-difluoromethoxybenzyl })phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-tert-butylbenzyl)phenyl]-S5a-carba-f-D-glucopyranoside;
[2-(4-methylbenzyl }phenyl]-5a-carba-f§-D-glucopyranoside;
[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-B-D-gluco-
pyranoside;
[2-(3-fluoro-4-methoxybenzyl)phenyl)-5a-carba-f-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] -Sa-carba-8-D-glucopyranoside;
{2-{4-(2,2-difluorovinyl)benzyl]phenyl}-5a-carba-f-D-
glucopyranosgside;
[2-(2.3-dihydrobenzofuran-5-ylmethyl)phenyl]-5a-carba-f-D-
glucopyranoside;

[2-(3-fludro-4-methylbenzyl)phenyl]-5a-carba-f-D-gluco-



ranosi de; [ 2-(4-carbanoyl benzyl ) phenyl]-5a-car ba-p-D- gl ucopyr anosi de;

pyra
[ 2- (4- N, N-di net hyl car banoyl benzyl ) phenyl ] - 5a- car ba-13-D gl ucopyr anosi de;
[ 2- (4- et hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;

[ 2- (4-di fl uoronet hoxybenzyl ) phenyl ] - 5a- car ba- 13- D- gl uco- pyranosi de;

[ 2-(4-tart-butyl benzyl ) phenyl ] -5a-car ba- p- D- gl ucopyr anosi de;

[ 2- (4- met hyl benzyl ) phenyl ] - 5a- car ba- p- 248l ncopyr anosi de;

[ 2- (4- met hoxybenzyl ) phenyl ]-5-trifl uoromethylthi ophen-3-yl]-

5a- car bapyrengsidepyr anosi de;

[ 3- met hoxy- 2- (4- nmet hoxybenzyl ) phenyl | - 5a- car ba- 4- D- gl uco- pyranosi de;

[2

[2

[ 4

(2

[ 2-

(2-

(2-

(2-

[ 2-

- (4- meffkeX wbmethioky3 3vmicthylbenitlyll) phetyllsSa-Ragibes$~ Doglueesi de;
-(3-fluoro-4-nmet hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;
- (4- cypyvupnopiideenzyl ) pyri di n- 3-yl ] - 5a- car ba- p- D- gl uco- pyranosi de;
- (4- car boxybenzyl ) phenyl ] - 5a- oar ba- p- D- gl ucopyr anosi de;
(4- vi i gkl{drpyraziodsl-ylbenzyl) phen®yld-Secwarheodi-Pe-gluco -
[4-(2, 2- d|fluorOV|nyI)benzyI]phenyI} 5a- carba- S-D- gl ucopyranosi de;
(2, 3- pympaCsd&ezof ur an- 5- yl net hyl ) phenyl | - 5a- car ba- 4- D- gl ucopyr anoai de;
(3-flubro-4- nethylbenzyl)phenyl] 5a-carba-fl-D-gluco - 249 - pyranosi de;
(

4- metl RoxX p-ghlerieyidraethopyhenayl ) phepylia 5o -vaghac-@-D-gluco-
pyrancside;

[2-(3,4-methylenedioxybenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(4-cyclobutylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
f[2-(4-acetylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-({4-methoxybenzyl)-5-methylphenyl]-5a-carba-f-D-gluco-
pyranoslde;
[2-(4-ethylbenzyl)thiophen-3-yl]-5a-carba-f-D-gluco-
pyranoside;
[2-({benzothiophen-2-yl)methylphényl]-5a-carba-p-D-gluco-
pyranogide;
(R)-{2-[1~(4~cyclopropylphenyl}ethyl]phenyl}-5a-carba-p-bD-
:;D glucopyranosgide;
(S)-{2-[1-(4-cyclopropylphenyl)ethyl]lphenyl}-5a-carba-f-D-
glucopyranoside:;
[2-~(4-cyclopropylbenzyl)-5-methylthiophen-3-yl]-5a-carba-B-D-
glucopyranoside;
[2-{4-ethylbenzyl)-5-methylthiophen-3-yl]-5a-carba-f-D-
glucopyranoside;
[S-chloro-2-(4-cyclopropylbenzyl)}thiophen-3-yl]-5a-carba-p-D-
glucopyranoside:
(1R,28,3R,6R}-6-[2-(4-cyclopropylbenzyl)phenoxy]-4-



ranosi de; [2-(4-pyrazol-1-yl benzyl)phenyl]-5a-carba-p-Dgluco- pyranoside;
(3-chl oro- 4- met hoxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;
(3, 4- net hyl enedi oxybenzyl ) phenyl ] - 5a- car ba- p- D- gl uco- pyranosi de;
(4-cycl obutyl benzyl ) phenyl ] - 5a- car ba- p- D- gl ucopyr anosi de;
(4-acetyl benzyl ) phenyl ] - 5a- car ba- 4- D- gl ucopyr anosi de;

(4- met hoxybenzyl ) - 5- et hyl phenyl | =5agsgarba- p- D- gl uco- pyranosi de;
(
(

4- et hyl benzyl )t hi ophen- 3-yl ] - 5a- car ba- 4- D- gl uco- pyranosi de;

benz ?ggaﬁ& I gl uco- pyranosi de;
R) - { 2- ((1{ ? cy opﬁpyl ﬁhen IE Q% ﬁ%ﬁe%ﬁl{) aogar ba- p-D- gl ucopyr anosi de;
(S)-(2- (18 2% SRR @éﬂy{,&ﬁw oggﬂ? Jcopyr anosi de;
[ 2-(4- cyglopropylbeﬁgyl) - met Ayl t hi"ophen- 3 yI] bha cara§%§¥§

gl ucopyr phencRs ] dylotedt- ez, 2) -4l t hi ophen-3-yl ] -5a-carba-- D

gl ucopyr anosi de;

[ 5- chl or 12, (%, 380 leR)-ay Iohre thivli ben i1 Yphdny 1595-6- 1Rty -

gl ucopyranosi de; (iR, 2S, 3R 6R)-6-(2-(4-cycl opropyl benzyl ) phenoxy]-4 - 250 -

( hydr oxy et l) ) eyed lenes 4 -ene-1, ,2 ,3tiel;

(1R 2S, 3R, 6R) - 4- hydr oxynet hyl - 6- (2- (4- met hoxybenzyl ) -
(1R,2R,35,4R,5R)-1-[3-(4-ethylbenzyl)-4-methoxyphenyl]-5-

py
[ 2-
[ 2-
(2-
(2-
[ 2-
[ 2-
[ 2-
(

(hyﬂroxymethyl)cyclohexaneQI,2,3,4-tetraol;

(1R, 2R, 38,45,6R)-4-[3-(4-ethylbenzyl)-4-methoxyphenyl]-6-

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

(lR,2R,35,4R,5R)~-1-[2-ethoxy-5-(4-ethylbenzyl )phenyl]}-5-

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

(1R, 2R,3S,45,6R)-4-[2-ethoxy-5-(4-ethylbenzyl)phenyl]-6-

(hydroxymethyl)cyclohexane-1,2,3-tribl:

(1R,2R,3S.4R,5R}-1-[5-(4-ethylbenzyl)-2,4-dimethoxyphenyl ]-5-

(hydroxymethyl )cyclohexane-1,2,3,4-tetraol:

(1R,2R,35,48,6R)-4-[5-(4~ethylbenzyl)-2,4-dimethoxyphenyl]-6-

({hydroxymethyl)cyclohexane-1,2,3-triol;

(1R, 2R, 3S,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;
(1R,2R,3S,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,38,458,6R)-4-[5~(4-1s0propylbenzyl) -2-methoxy-phenyl]-6 ~



phenoxy] cycl ohex-4-ene-1, 2,3-triol;

(IR 2S, 3S,6R)-4-[ 3-(4-ethyl benzyl ) phenyl ] -6- (hydroxy- nethyl)
cycl ohex-4-ene-1, 2, 3-triol;

(1R 2R 3S, 4R 5R)-1-(3-(4-ethyl benzyl) - 4- met hoxyphenyl ) - 5-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3, 4-tetraol ;

(1R 2R, 3S, 4S, 6R) - 4- [ 3- (4- et hyl benzyl ) = 428t hoxyphenyl ] - 6-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;

(1R, 2R, 3S{ERib&xydetBy2) byelobekanetrAyRh3rtytipdhenyl ] - 5-
(hydr oxynet hyl ) cycl ohexane- 1, 2, 3, 4-tetraol;

(1R, 2R, 3S{ 1R, BR) 38, 18, 6RD oty 8-( 4-ethylbenzyl) phenyl]l-6- (hydroxy-
(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol ;

(1R, 2R, 39narhgR) cyclehexanehyl. BedzFriod:4- di net hoxypbenyl ] - 5-
(hydroxynethyl&fgolohexane:1,2,3,4-tetraol;

(1R 2R 3S{ 1R, 8R) 38. #8. 6B adiny{Bpd As WArexybensyl phesyddyi6-- G-

(hydroxynet hyl ) cycl ohexane-1, 2, 3-triql ;
(1R 2R, 3s$h?e¥5R)‘YTBFbY&39¥FPr§>Pﬁéﬂ??|')1JEJ RettfHodtienyl ] - 5-
(hydr oxy

thyl)cycl ghexane-1, 2, 3, 4-tetraol ;

(1R oR STARY oy 8. SRS ERO SanyBrd u7plthivaBRomm) sashyaroypheny 1] - 6-

(hydr oxy hyl ) cycl ohexane-1, 2, 3-triql; .

(1 2R 3ot hmishivne BT 8TatoRsRaRa L 2. Astbaineny| | - 5-

(hydr oxy ylL.lcyel ghe e, 1,2, 3,4-tetraol ; _

( 1R|, Zrl?, 3¢ ig éky 85, ﬁg ?%Bet“h)h%bgﬁz ﬁY)cafPﬁ&WWéWﬂhﬁgf AT oxymet hyl)

cycl ohexane- - ; - _ .

(1R 2R, BS?EFS&!E%‘%TBFE%(]' J-Cgtc %?Pl?é‘r?‘?ﬁ )1-'5-'t3r itﬁiﬁ&r'orret hoxy-

phenyl ] - 5764y 4RO hglhchcligheyal %5 tetr gglyy -5-

(1R 3R 3o aRy 35 RETER HS 8 R et g o ophenyd -5y )

(hydr oxy byl cloheXand-4,2,3,4-tetraol;

(1R 2R, 3?&2%%%‘- ?gsﬁegt ey ) sy R oxy -
(1s,2R,3S,4R,5R)~-1-[5-(4-ethylbenzyl}-2-fluorophenyl]-5-
(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;

(1R, 2R, 35,4R,5R)-5-hydroxymethyl-1-[3-{4-methoxybenzyl)-
phenyllcyclohexane-1,2,3,4-tetraol;

(18, 2R, 35,4R,5R) -5-hydroxymethyl-1-[3-(4-methoxybenzyl)-
phenyl]cyclohexane-1,2,3,4-tetraol; and

(1R, 2R, 35,4S,6R)-4-[1-(4-ethylbenzyl)-1H-indol-3-y1l]-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 ls 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 dlabetes, diabetic complications caused

by hyperglycemia, or obesity.

l6. The pharmaceutical compositlion according to claim 15,



met hyl ) cycl ohexane-1, 2, 3-triol;

(1R 2R, 3S, 4S, 6R) - 4-[ 3- (4- hydr oxybenzyl ) phanyl ] - 6-

(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;

(1R 2R 3S,4S, 6R) -4-[5-(4-ethyl benzyl) - 2- hydr oxyphanyl ] - 6-

(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;

(1R, 2R, 3S, 4S, 6R) - 4-[ 3- (4- cycl opr opy! ben282) phanyl | - 6-

(hydr oxynet hyl ) cycl ohexane-1, 2, 3-triol;

(1R 2R, 3SwHeéreln kheb-diabetad benzadgulindepemieny | didbetes (type I

(hydr oxynet hyl ) cycl ohexane- 1. 2, 3, 4-tetraol;

(1S, 2R, 3SMRbERes]) [ob (Mhsetlin Herdependert (tadpdesy | (type II dliabetes) .
(hydr oxynet hyl ) cycl ohexane- 1. 2, 3, 4-tetraol ;

(1R 2R, 3S, 4R 5R) - 5- hydr oxynet hyl -1 - [ 3- (4- net hoxybenzyl ) -

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

(1S, 2R, 3S, 4R, 5R) - 5- hydr oxynet hyl - 1- ( 3- (4- net hoxybenzyl ) -

phenyl ] cycl ohexane-1, 2, 3, 4-tetraol; and

(1R 2R, 3S,4S, 6R)-4-[1- (4- et hyl benzyl)-1Hi ndol - 3-yl | - 6-
(hydroxynet hyl ) - cycl ohexane-1,2,3-triol, or a prodrug or a pharnmaceutically
acceptable salt thereof. 14. A pharmaceutical conposition conprising a
conpound according to any one of clains 1 to 13, which is used as a

Na' - gl ucose co-transporter inhibitor. 15. A pharmaceutical conposition
conprising a conmpound according to any one of clainms 1 to 13, which is used
for preventing or treating diabetes, diabetic conplications caused by
hyper gl ycem a, or obesity. 16. The pharmaceutical conposition according to
claim15, - 252 wherein the diabetes is insulin-dependent diabetes (type |
di abetes) or insulin-independent diabetes (type Il diabetes).



