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The present invention relates to pharmaceutically
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obesity, because of their ability to inhibit Na‘'-glucose
cotransporter 2 (SGLT2).

BACKGROUND ART

[0002] In recent years, the number of diabetic patients
has increased due to westernized diets and a chronic-lack of
exercise, etc. In diabetic patients, chronic hyperglycemia
causes reductions in both insulin secretion and insulin
sensitivity, which in turn will cause elevation of blood
glucose levels and lead to exécerbation of symptoms. Drugs
conventionally used as therapeutic agents for diabetes include
biguanides, sulfonylureas, glycosidase inhibitors and insulin-
resistance improving agents. However, adverse side effects of
thesé drugs have been reported; for example, lactic acidosis
for biguanides, hypoglycemia for sulfonylureas, and diarrhea

- for glycosidase inhibitors. It is now strongly desired to



2 devel op therapeutic agents for diabetes that depend
on a new nechanismof action which is different from
those conventionally proposed. [0003] Phloridzin, a
natural |l y-occurring glucose derivative, is reported
to produce a hypoglycem c effect. by inhibiting

sodi um dependent gl ucose cotransporter 2 (SG.T2)
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Docunent 3) and so on. However, phloridzin and t
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a problemin that, when adnministered orally, they are
lnhe@dltllytghmc@lme@ loyl utcoss ea ateiadrs o myft iginy dos itdas &k idiney and in
the like present in the small intestine, and hence
aCP&éPﬂ#m@sé%amW egeFleddional ( sefef dinpa tidmte Pogruyment 1) .
in.the case of phloridzin, its |l ycon phloretin is
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attenpts have been nade
are reported in JP 2000-080041 A (Patent Document 1),

International Publication No. W0O01/068660 (Patent Document 2),
International_Publication No. WO04/007517 (Patent Document 3)
and so on. However, phloridzin and the compounds disclosed in
these patent épplications have a problem in that, when
administered orally, they are readily hydrolyzed by the action
of glycosidase or the like present in the small intestine, and
hence rapidly lose their pharmacological effects. Moreover,.
in the case of phloridzin, its aglycon phloretin is reported
to strongly inhibit sugar transporters of the facilitated
diffusion type. For example, there is a report showing that
phloretin produces an adverse effect of reducing intracerebral
glucose levels when intravenously administered to rats (see,
e.g., Nonpatent Document 2).

[0005] For these reasons, attempts have been made to



3 convert these conmpounds into their prodrug forns
with the aim of avoiding such digestion problens and
i mprovi ng absorption efficiency. However, although it
is desired that prodrugs when adm nistered are

preci sely nmetabolized into aci ve conpounds in or
near their target organs, stable effects are often
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still remains a demand for further improvements in their
pharmaceutical properties, including activity and metabolic

stability.
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SCOLVED BY THE | NVENTI ON [ 0006] An object of the
present invention is to prow de -a spiroketal
derivative having pharmaceutically preferred
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induced diseases such as diabetes including insulin-dependent

diabetes mellitus (type I diabetes) and non-insulin-dependent
diabetes mellitus (type II diabetes), diabetic complications
and obesity.

MEASURE TO SOLVE THE PROBLEMS

[0007] As a result of extensive and intensive efforts
made to achieve the objects stated above, the inventors of the
present invention have found that a spiroketal derivative of
Formula (I) has excellent inhibitory activity against SGLT2.
This finding led to the completion of the present invention.
[0008] Namely, according to one aspect of the present

invention, there is provided a compound of Formula (I):



(CH2)h 0 OR 0 R40 ORZ OR3 (1) [ 00101 wherein R1,
R2, R3 and R4 are each independently selected froma
hydrogen atom a Cl-C6 al kyl group which may be
substituted with one or nore Ra, a C7-Cl4 aral kyl
group which may be substitwed -w th one or nore Rb,
and -C(=0)Rx; Rx represents a Cl-C6 al kyl group which
i.tyt.ed with one or nore Ra, an aryl group
IWJ ;[,E%EE' 14 liﬂstltuted with one or nore Rb, a
heteroaryl group which may be Subﬁtlt ed W|th one or

nore Rb, a Cl-C6 al koxy group sk
substituted with one or m)rer NReRf, Ar |

represents an aromati c car bga ring which nmay be
substituted with one or (Gblbg Roy”or an aromatic
heterocyclic ring which y be substlguted W th one
or nore Rb; Qrepresents -VYCHZ BR or
-(L)p-(CH2) m; mrepresents ¥ eger selected fromO
to 2, n represents gphntege ected from1l and 2,
and p represents an in ectegrkrom 0 and 1; L
represents -0-, -S- or -NR5-, R5 is selected froma

~ hydrogen atom a Cl-C6 al kyl gi@RD which nay be
substituted with one or nore Ra, and -C(=0)Rx; 6 A
represents an aryl group whi cHlomy be substituted with
one or nore Rb or a heteroaryl group which may be

[OﬁﬂgﬁtltUtewhereln R', R?*, R’ and R* are each independently
selected from a hydrogen atom, a C;-C¢ alkyl group which may be
substituted with one or more Ra, a C;-C;4 aralkyl group which
may be substituted with one or more Rb, and -C(=0)RxX;

Rx represents a Ci-CG alkyl group which may be
substituted with one or more Ra, an aryl group which maylbe
substituted with one or more Rb, a heteroaryl group which may
be substituted with one or more Rb, a C;-Cs alkoxy group which
may be substituted with one or more Ra, or -NReRf;

art represents an aromatic carbocyclic ring which may be
substituted with one or more Rb, or an aromatic heterocyclic
ring which may be substituted with one or more Rb;

Q represents -(CHy)p-(L)p- or -(L)p-(CHy)p-:

m represents an integer selected from 0 to 2, n
represents an integer selected from 1 and 2, and p represents
an integer selected from 0 and 1;

L represents -0-, -S- or -NR®-

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

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



with one or nore Rb, wherein the aryl group or the
heteroaryl group nmay form a condensed ring together
with the aromatic carbocyclic ring or the aromatic
heterocyclic ring; Ra is independently selected froma
hal ogen atom a hydroxyl group,-a cyano group, a
nitro group, a carboxyl group, a Cl C6 al koxy group
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hyddopylardgooyp, @regmaaigoduppya hei tsed s dwp £da Wed b gl
or nore Rc; Rb is independently selected froma Cl-C6
grduy Yyroufs akkekynayobp whibchi mayetewstthstmeutednwieh one
Rc, a C3-C8 cycloal kyl group which may be substituted
°1iM“tCI1Feorﬁ§ orathpeY RITowp cthih fraerle  ralplwted with one or
upstituted with one or nmore Rc, a C2-C6 al kynyl
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whﬂdﬁﬂmdyﬂﬁﬁiéMﬂﬁtiﬁﬁtéH WX db d%rﬁgfg(ﬁﬁ>”a C,-Cs
alkylsulfinyl group which may be substituted with one or more
Rc, a C;-C¢ alkylsulfonyl group which may be substituted with
one or moré Rc, -NRfRg, a C;-C¢ alkoxycarbonyl group which may
be substituted with one or more Rc, and a C;-Cs alkylcarbonyl
group which may be substituted with one or more Rc;

Rb is independently selected from a C;-Cs alkyl group
which may be substituted with one or more Rc, a C3-Cs
cycloalkyl group which may be substituted with one or more Rc,
a C;-C¢ alkenyl group which may be substituted with one or more
Rc, a C,-C¢ alkynyl group which may be substituted with one or
more ﬁc, a C;-Cy4 aralkyl group which may be substituted with
one or more Rd, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a carboxyl group, a C;-C¢ alkoxy group

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



group which may be substituted with one or nore Rd, a
het er oaryl oxy group which may be substituted with one
or nore Rd, a mercapto group, a Cl-C6 al kylthio group
whi ch may be substituted with one or nore Rc, a Cl-C6
alkylsulfinyl group which rmay; be substituted with one
nore Rc, a Cl-C6 al kyl sul fonyl group which may be

stltuted with one or nore Rc, -NRfRg, a Cl-C6
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or nore Rd, an am no group, a Cl-C6 alkylan1no group,

allsﬁasalépnyd;lg@@u@l wnll)c@mm dpreo ymb SR tiut AN GERINARNY Iof more
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y u Cl- C6 aIkyI am no group;
Whiéﬁrégpgsenggg @H§8$8§ewlﬁbo%Pea°€1m85ea Ryl agCous
i b stit d Wi t h e or nore Rc, an ary
alﬁ?%ﬁgeﬁﬂg¥ﬂ grgﬁg H§u8§PF?S}XE §FPHPoN8YGr anpre Rd,
he@éréc?él?ieﬁgybrgﬁBUp whi ch may be substituted wth
one or

Rc is 1ndependently selected from a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a C,-C¢ alkoxy group, an aryl group which may be
substituted with one or more Rd, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl group which may
be substituted with one or more Rd, a heteroaryloxy group
which may be substituted with one or more Rd, an amino gfoup,
a C;-C¢ alkylamino group, and a di-(C;-C¢ alkyl)amino group;

"Rd is independently selected from a C:1-C¢ alkyl group
which may be substituted with one or more halogen atoms, a
C,-Cy14 aralkyl group, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, a C;-C¢ alkylamino group,
and a di-(C,-C¢ alkyl)amino group;

Re represents a hydrogen atom, a C1-Cs alkyl group which

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



Rf represents a hydrogen atomor a Cl-C6 al kyl group

whi ch may be substituted with one or nore Rc; and Rg

represents a hydrogen atom a Cl-C6 al kyl group which
may be substituted with Rc, a Cl-C6 al kyl car bonyl

group which may be substitutegl with one or nore Rc,

an aryl group which my be substitutedbmﬁthbong or ;
nore Rd, a heteroaryl grou whi ch e substitute
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are attached, or a prodrug there
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Accordi ng to another aspect of the presen
mayn\bentsdubs t itheread i it ®d deg @-Qnamﬂﬂgcﬁi‘bsﬁymu?%ﬁli}i which

(la): [0012] [Formula 2] QA Ari (CH2)n OR1 O
may HedGubRtitiR3d ba)td orfe O Andrevrd £idn Aityl Qrdup which

Rl, R, R3, R4 and A are as
may be substituted with one or more R4, a heteroaryl group
which may be substituted with one or more R4, a carbamoyl
group, a C;-C¢ alkoxycarbonyl group which may be substituted
with one or more Rc, or a C;-C¢ alkylsulfonyl group which may
be substituted with one or more Rc, or

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

heterocyclic ring together with the nitrogen atom to which
they are attached,
or a prodrug thereof, or a pharmaceutically acceptable salt
thereof.
[00111 According to another aspect of the present

invention, there is provided a compound of Formula (Ia):

[0012] ([Formula 2]




defi ned above, or a prodrug thereof, or a
pharmaceutically acceptable salt thereof. [0014] In
the present invention, Arl is preferably a benzene
ring or a thiophene ring (each of which may be
substituted with one or nore Hp)- Likewise, mis
preferably 1, and nis preferably 1. Moreover, Rl, R2

and R4_are .ea [ en gntl sglecged from
[wogen atOYFTEHE %5(1 O§ ﬁ pFef%?%%yaﬁe as
- group which nay be substltuted with one
dé%lég%zg ebr C, -C6 al koxy group which nay be
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thdredd N0 atomthat is 2 atons apart fromthe ring
atomdirectly attached to the substituted glucito

[o@naup. For rexaiel ré@éﬂ%l%ﬂvéﬂ%ﬂ%nhe@&enﬁsrFESfe@ably a
net a-substituted formis preferred; when Arl is a

bepyfend NEng id1y,a &t opimatistring ethach ofs Wlisidh Uiad e
2,6-substituted formis preferred. Alternatively,
sulisdri tArled widht inephlenanona RP) a Rikestilset,i mutied pweferably
3,5-substituted formis preferred. The substituted
L.glagéi wolisgmsigf erabivhd suMorieovem, R(CHR).mBR amdy Rieare each
i attached to a rin nltrogen atom [0016] According to
rweer &jeqarest fnpm é&@ﬁogqrh\petmm &nd tHel0)Rx, and
r.ovi ded qnpound of Fornula (1b - 10 - [0017]
x[p BS rnfeé%]a 2 G-t 2ERPY ngpoup ‘c#»l@h PAgY be substituted

with one or more Ra, or a C;-Cs alkoxy group which may be
substituted with one or more Ra.

[0015] In a preferred substitution mode, Ar! has a
substituent -(CH;),-A on its ring atom that is 2 atoms apart
from the ring atom directly attached to the substituted
glucitol group. For example, when Ar' is a benzene ring, a
meta-substituted form is preferred; when Ar! is a pyridine
ring, a 2,4-substituted, 3,5-substituted or 2,6-substituted
form is preferred. Alternatively, when Ar! is a thiophene
ring, a 2,5-substituted or 3,5-substituted form is preferred.
The substituted glucitol group and the substituent -(CH;)n-A
may be attached to a ring nitrogen atom.

[0016] According to yet another aspect of the presenf

invention, there is provided a compouhd of Formula (Ib):



OP2 OP3 (Ib) [0018] wherein n represents an integer
selected from1l and 2; Arl represents an aromatic
carbocyclic ring which may be substituted with one or
nore Rb, or an aromatic heterocyclic ring which may
be substituted with one or none Rb; Wrepresents -OZ
or a hal ogen atom Z represents a hydrogen atom an
gr or. a _henzyl group; P1, P2. P3 and P4 are
[éggﬂ#i Aggﬁgﬁﬂght sel ected froma hydrogen atom an
acyl group or a benzyl group; and —s\is defined
above. This conpound is useful,  f exanple, as a
synthetic internmediate for the cp ound of the present
i nvention represented by For a8 (]). As used herein,
the term "acyl group" j name for groups
represented by RCO aﬂé oconpdsses a fornyl group, a
Cl- C6 al kyl carbonyl grou an acetyl group, a
propi onyl group), an aryl A g@éDB (e.g., a
benzoyl group, a naphthoyl dPoup),)- 11 a C7-Cl4
ar al kyl carbonyl group (e.g.,|a benzyl carbonyl group)
and so on. [0019] APC@din not her aspect of
the present invention, S pro (ypa a
pharmaceuti cal conposition for :Zuse as an Na+-gl ucose
cotransporter inhibitor, which @Wﬁbrises a conpound
of the above Fornmula (1) or (la) or a prodrug
thereof, or a pharnaceuticalIY|@yceptabIe salt
thereof. [0020] According to yet’ anot her aspect of the
present

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

ar! represents an aromatic carbocyclic ring which may be
substituted with one or more Rb, or an aromatic heterocyclic
ring which may be substituted with one or more Rb:

W represents -0-Z or a halogen atom;

2 represents a hydrogen atom, an acyl group or a bénzyl
group;

P', P?, P’ and P* are each independently selected from a
hydrogen atom, an acyl group or a benzyl group; and
Rb is as defined above. This compound is useful, for ekample,
as a synthetic intermediate for the compound of the present
invention represented by Formula (I). As used herein, the
term "acyl group” is a common name for groups represented by
RCO- and encompasses a formyl group, a C;-Cg alkylcarbonyl
group (e.g., an acetyl group, a propionyl group), an

arylcarbonyl group (e.g., a benzoyl group, a naphthoyl group),



i nvention, there is provided a pharnmaceutica
conposition for use in preventing or treating
di abetes (e.g., insulin- dependent diabetes nellitus
(type | diabetes) or non-insulin- dependent diabetes
mellitus (type Il diabetes)) 35 _hypergl ycem a,
di abetic conplications induced thereby, or obesity,
whi ch conprises a conpound of the above Formula (1)
a -Cr)ATH LEY KRR QRY | hGF @R , (819 . phaboReElergagnyl group)
acceptable salt thereof. [0021] According to yet
aﬁﬂuﬁ$kﬂnaspect of the present invention, there is
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al kyl car bonyl group, a C7-Cl4 aral kyl carbonyl group,
use AN GFevsdnarvoriredfng, diaketes de @4, insulin-
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or (Ia) or a prodrug thereof, or a pharmaceutically acceptable
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[0021] According to yet another aspect of the present
invention, there is provided a method for preventing or
treating diabetes (e.g., insulin-dependent diabetes mellitus
(type I diabetes) or non-insulin-dependent diabetes mellitus
(type II diabetes)), hyperglycemia-induced diabetic
complications or obesity, which comprises administering to a
patient a therapeutically effective amount of a compound of
the above Formula (I) or (Ia) or a prodrug thereof, or a
pharmaceutically acceptable salt thereof.

[0022] In the above Formulae (I) and (Ia), groups defined
as R', R?, R? and R® include, for example, a hydrogen atom, a

C:-Cs alkyl group, a C;-C¢ alkoxy-C;-C¢ alkyl group, a C;-Ciq4



and a Cl-C6 al kyl carbonyl group. A hydrogen atomis
particularly preferred as Rl, R2 , R3 and R4 . [0023]
In the above Forrmulae (1) and (la), Arl may be
substituted with the same or different 1 to 4
substituents, for exanple,-wphpch are each
independently sel ected froma halogen atom a
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[ 0024] Anong the groups defined as Arl, the aromatic
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carbocyclic ring containing 5 to 6 carbon atons,
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furan ring or a pyrazole ring, and nore pre era
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[0025] In the above Forrmulae (I) and (lI'a), A may be

hadohehi bitioad & hiydridaylameoup ;dial fgreptalky P Froup, a Ci3-Cq
substituents,
cycloalkyl group, a C;-C¢ alkoxy group and a C;-Ce¢ alkylthio
group (these 4 groups may be substituted with 1 to 4
substituents selected from a halogen atom, a hydroxyl group
and an amino group); a methylenedioxy group; a cyano group; a
C1-C¢ alkylsulfonyl group; a C;-C¢ alkylsulfonylamino group; a
nitro.group; a carboxyl group:; a substituted amino group; and
a 4- to 6-membered heterocyclyl group.
[0024] Among the groups defined as Ar', the aromatic
carbocyclic ring preferably refers to an aromatic carbocyclic
ring containing 5 to 6 carbon atoms, including a benzene ring.
The aromatic heterocyclic ring preferably refers to a 5- to
6-membered aromatic heterocyclic group, including a pyrrole

ring, a thiophene ring, a furan ring, a pyridine ring, a

thiazole ring, an isothiazole ring, a pyrazole ring, an



for exanple, which are each i ndependently sel ected
froma halogen atom a hydroxyl group; a Cl-C6 al kyl
group, a C3-C8 cycloal kyl group, a Cl-C6 al kyl oxy
group and a Cl1-C6 al kylthio - group (these 4 groups nay
be substituted with 1 to 4 -suBstituents which are
each independently selected froma halogen atomor a
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carboxyl group; a substitute group;
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group, an azulenyl group, a pyrrolyl group, an

ringdolay Ifuyraouringy i id\Wyiawle @l told Wordtdkebly a
i soqui nolinyl group, a thienyl group, a benzothienyl -
begzeme, rdnd,.umrylthjrophgnen heny afrurampgrapae,ring.
t hi azol yl rou benzot hi azol yl group, an
[0028tlhi azol g@uﬂboae Formuileet Hildzaingd (JedupA may be
yrazol yl_group, an indazolyl group, an oxazoly
“S’FG&ﬁutédbéﬁE&atm Wamg Qdp diaﬁafeirﬁ»ztazlmtw 3 gﬁuhﬁ:tlfalents

ben20|sqxazol gr oup, an |n1dazo

foﬁeﬁf gmple, chgpg@bqu H ggﬂﬁif)sq}ected from a
halB3E8, CBht, 2 gvf@;p%«zfiﬁp rofeli g Cischy vgyi“&wu@r oBSa-Co

d I |l o d .
cygli&???(%? %Q%ru' y E%ﬁ(e*er}lf%?gé)r l?%“ h% O dr %Eg,ylthlo
grdupaRithlyk ar %%up% H&lyewa' o tuaceqbwt?{ i qayly

group, a furyl” group and a benzo ran group, and
subBre tpeater wad cir @rd RRRMY lingk de@lttlliﬂ Qe MR XM &

a benzothi enyl group. [0027] used herein, the term
hal6ge66 atbhy brgmohydriosdydr §roup or an amino group); a
methylenedioxy group; a cyano group; a C;-Cg alkylsulfonyl
group; a C;-C¢ alkylsulfonylamino group; a nitro group; a
carboxyl group; a substituted amino group; a 5- or 6-membered
heteroaryl group; and a 4- to 6-membered heterocyclyl group.
[0026] Groups defined as A include, for example, a phenyl
group, a naphthyl group, an azulenyl group, a pyrrolyl group,
an indolyl group, a pyridyl group, aiquinolinyl group, an
isoquinolinyl group, a thienyl group, a benzothienyl group, a
furyl gioup, a benzofuranyl group, a thiazolyl group, a
benzothiazolyl group, an isothiazolyl group, a
benzoisothiazolyl group, a pyrazolyl group, an indazolyl
group, an oxazolyl group, a benzoxazolyl group, an isoxazolyl

group, a benzoisoxazolyl group, an imidazolyl group, a

benzoimidazolyl group, a triazolyl group, a benzotriazolyl



to a linear or branched al kyl group containing 1 to 6
car bon atonms. Exanpl es include nethyl, ethyl,

n- propyl, i-propyl, n-butyl, s-butyl, i-butyl,
t-butyl, n-pentyl, 3-nethyl butyl, 2-nethylbutyl,

1- net hyl butyl, 1-ethyl propy}, 1a-hkexyl, 4-

nmet hyl pentyl, 3-nethyl pentyl, 2-nethyl pentyl,

- et hyl N L 3re ut yI._and 2-et hyl butyl, ,
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[0029] As used herein, the term"C2-C6 al kynyl group”
andefrore trefdrimehrame & rptrexied qatdumyla tloignyl group and a
containing 2 to 6 carbon atons. Exanpl es include
begzipthdlenyll growmy| ,  2-propynyl, 1-butynyl, 2-butynyl
and 3-butynyl. [0030] As used herein, the tern1"C3-C§'
[00¢d|]oal kyl A§r 8§62 hedrdny ttheg teyd i"€1afkydlkybugroup” refers
Exanpl es i ncl ude
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grodp containing 1 car bon ons.
2 -mREhYd SR N OXY meRHyABet yY, PR 1 dr dPyAP O ohexyl, 4-
n- bu ox;lllfﬁg-but (’)nfy, i-butyg'xy, t - but f}ﬁyﬁ pent 63)2{))',

me%h?ﬁb@hk@QL0&¥meﬁ%ﬁﬂ@éﬂﬂﬁﬁHtQﬂheﬁkﬁﬂﬂéﬁ@fﬁHtqﬁ&ethylpentyl,
1- et hyl propoxy, n-hexyl oxy, 4-methyl pentoxy,

| 3-3thytlbyltyantaaxy 2 -2thB1btyant OrRY¥eferred C;-C¢ alkyl groups

are, for example, linear or branched alkyl groups containing 1

to 3 carbon atoms, With methyl and ethyl being particularly
preferred.

[0028] As used herein, the term "C,-C¢ alkenyl group”
refers to a linear or branched alkenyl group containing 2 to 6
carbon atoms. Examples include ethenyl (vinyl), l-propenyl,
2-propenyl (allyl), propen-2-yl and 3-butenyl (homoallyl).
[0029] As used herein, the term “Cz-Cg alkynyl group”
refers to a linear or branched alkynyl group containing 2 to 6
éarbon atoms. Examples include ethynyl, 1l-propynyl,
2-propynyl, 1l-butynyl, 2—bufynyl and 3-butynyl.

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

Examples include cyclopropyl, cyclobutyl, cyclopentyl,



1- met hyl pent oxy and 3-et hyl but oxy. [0032] As used
herein, the term"C7-Cl4 aral kyl group” refers to an
aryl al kyl group containing 7 to 14 carbon atons,

whi ch contains an aryl group. Exanples include benzyl,
1-phenet hyl, 2-phenethyl, 1-ngghthyl methyl and
2-napht hyl net hyl . [0033] As used herein, the term

xR e fBmsoatdne” LR v
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term "heteroaryl group"” refers a 5- to "10-nenbered
s -dudvRiy,C IhahAraey,Clt -bu P, GIPa g, ik Hy BRioxy,
het er oat ons i ndependently sel ected from an oxygen
2 -giediny 1 urtioxyo g 6 netthip lanct ok ys Ul F Wt 1o gostP I hexy Loxy ,
include furyl, thienyl, pyrrolyl, imdazolyl,
4 -ppithydippint agyaz -yl thiyd persmez,0l 2Hme thy lamol toxy ,
i sot hi azol yl, oxadi azolyl, thiadiazolyl, triazolyl,
1-pethyleeptoxyy ang Pyiethplbiutiakimyl , pyrazinyl,
pyri.dazinyl, indolyl, quinolinyl and isoquinolinyl. )
[Oﬁﬁéﬂerred ﬁ§t€F8§r§Pr§F8up§h§réegm t &76CrnedFadé&yl group

ref %&E%Pﬁ%%&ﬁrﬂ%lﬁl’q{ %@@S%%‘”. &ﬁ{&”%ﬁﬁm atoms,
wndel Bonka' hel o rTht sekhe, BRRROLRE roFipds, Yeasyl
1-95@HQ%h§§tebsp%%nethyl, 1-naphthylmethyl and
2-naphthylmethyl.

[0033] As used herein, fhe term "C,;-C,4 aralkyloxy group”
refers to an arylalkyloxy group containing 7 to 14 carbon
atoms, which contains the already-defined aralkyl group.
Examples include benzyloxy, 1l-phenethyloxy, 2-phenethyloxy,
l-naphthylmethyloxy and 2-naphthylmethyloxy.

[0034] As used herein, the term "aryl group” refers to an
aryl group having an aromatic hydrocarbon ring containing 6 to
10 carbon atoms. Examples include phenyl, l-naphthyl and
2-naphthyl.

[0035] As used herein, the term "heteroaryl group” refers
to a 5- to 1l0-membered aromatic heterocyclic group containing
one or more heteroatoms independently selected from an oxygen
atom, a nitrogen atom and a sulfur atom. Examples include

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



an aryl oxy group whose aryl noiety is the

al ready-defined aromatic hydrocarbon group contai ni ng
6 to 10 carbon atons. Exanples include phenoxy,

1- napht hoxy and 2- napht hoxy. [0037] As used herein,
the term "heteroaryl oxy grouple refers to a
heteroaryloxy group whose heteroaryl noiety is the
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i ndol yl oxy, quinolinyloxy and isoquinolinyloxy.
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het er oaryl oxy groups. [0038] As used herein, the term
beigig gartiGubar hp prefprredefers to an al kyl amino
roup whose al kyl noiety is a linear or branched :
08‘9 10 gr ouﬂ*ﬁ:d*ﬁ%i MeRein + dthe ciemon’ anoRaxyY EQ(W'ésreferS to
am no, ethylam no, n-propylanmn
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refers to a dial kyl'am no group whose two al
almsaly-afef Aled the AN Glietbdfed %Eorha@ﬂarh@tei%@f@ﬁf@ group

al kyl groups
containing one or more heteroatoms selected from an oxygen
atom, a nitrogen atom and a sulfur atom. Examples include
furyloxy, thienyloxy, pyrrolyloxy, imidazolyloxy,
pyrazolyloxy, oxazolyloxy, isoxazolyloxy, thiazolyloxy,
isothiazolyloxy, 6xadiazolyloxy, thiadiazolyloxy,
triazolyloxy, tetrazolyloxy, pyridinyloxy, pyrimidinyloxy,
pyrazinyloxy, pyridazinyloxy, indolyloxy, quinolinyloxy and
isoquinolinyloxy. Preferred heteroaryloxy groups.are 5- to
6-membered heteroaryloxy groups.
[0038] As used herein, the term "C;-Cs alkylamino group”
refers to an alkylamino group whose alkyl moiety is a linear
or branched alkyl group containing 1 to 6 carbon atoms.

Examples include methylamino, ethylamino, n-propylamino,

i-propylamino, n-butylamino, s-butylamino, i-butylamino,



containing 1 to 6 carbon atons. Exanples of the
"di-(Cl-C6 alk I)am no y group" include

di met hyl am no, diethyl am no, di-n- propyl am no,

di -i-propyl am no, di-n-butylam no, nethyl-n- _
but yl am no, nethyl -s-butyl am pp, -net hyl -i - butyl am no,
met hyl - t-butyl am no, ethyl-n-butylam no,
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et hyl propyl thi o, n-hexylthio, 4-nmethylpentylthio,

[0339dt hy| peAsy usleido he2edmt, hythee eyt idd,- (C;-Cs alkyl)amino
1-met hyl pentylthio, 3-ethyl butylthio and
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"Cl-C6 al kylsulfinyl group” refers to an
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i,near, or _branched al kyl group containing 1 to 6

|
°°B§P58ﬁn§t&n§9 Ex&A5ROE iatoMfde FEARPLES PEnfhe "di-(Ci-Ce
BRI By R PP B, o1
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[0040] As used herein, the term “"C,-C¢ alkylthio group”
refers to an alkylthio group whose alkyl moiety is a linear or
branched alkyl group containing 1 to 6 carbon atoms. Examples
include methylthio, ethylthio, n-propylthio, i-propylthio,
n-butylthio, s-butylthio, i-butylthio, t-butylthio,
n-pentylthio, 3-methylbutylthio, 2-methylbutylthio,
l-methylbutylthio, l-ethylpropylthio, n-hexylthio,
4-methy1penty1thi§, 3-methylpentylthio, 2-methylpentylthio,
1-methylpentylthio, 3-ethylbutylthio and 2-ethylbutylthio.
[0041] As used herein, the term "C;-C¢ alkylsulfinyl
group” refers to an alkylsulfinyl group (-SO-R) whose alkyl
moiety is a linear or branched alkyl group containing 1 to 6

carbon atoms. Examples include methylsulfinyl, ethylsulfinyl,

n-propylsulfinyl, i-propylsulfinyl, n-butylsulfinyl,



[0042] As used herein, the term"Cl-C6 al kyl sul fonyl
group" refers to an al kyl sul fonyl group whose al kyl
noiety is a linear or branched al kyl group contai ni ng
1 to 6 carbon atons. Exanples include nethyl sul fonyl,
et hyl sul fonyl, n-propylsul fopngl, i-propylsulfonyl,
n- butyl sul fonyl, s-butylsulfonyl, i-butylsulfonyl,
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al koxycar bonyl group, a C7-Cl4 aralkyloxycarbonyl
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group include an acetyloxy group, a propionyl group,
3-gtbylpuyly lguddd nydd and (@ -edihpllbugiydism 1 fidintytl .an acet yl
roup being particularly preferred. Exanples of a
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groyp and a naphthylnethylcarbonyl group, wth a

grsesfzyrregpsanwo o disvd- Eomatleigrap Whoge [addwd] moiety is

a EéP%%%ﬁ%&? C}ﬁﬁﬁéﬁ]lﬁéycarbon%l grr:s Incgﬁg%b%arbon
Q
ol B Y T R R0 b Ry R oSk RPe By e b s REP e
n-%g%ﬁ?ﬁﬁh&%&&?ﬁboqxg}b y%uﬂ@%ﬁX3\MqF utylsulfonyl

yl methyl oxyc grou

s-Bﬁ@gigq&ea&ao Yl budhAWR 1B prtefb%rt&q%ulf[o%%ﬂ As
used herein, the term "hal ogén ‘at on

n-pentylsulfonyl, 3-methylbutylsulfonyl,
2-methylbutylsulfonyl, l-methylbutylsulfonyl,
l-ethylpropylsulfonyl, n-hexylsulfonyl,
4-methylpentylsulfonyl, 3-methylpentylsulfonyl,
2-methylpentylsulfonyl, l-methylpentylsulfonyl,
3-ethylbutylsulfonyl and 2-ethylbutylsulfonyl.

[0043] As used herein, "-C(=0)-Rx" encompasses a C;-Cg
alkylcarbonyl group, a C;-C,;4 aralkylcarbonyl group, a C;-Cg
alkoxycarbonyl group, a C,;-C;; aralkyloxycarbonyl group and the
like. Examples of a C;-C¢ alkylcarbonyl group include an
acetyloxy group, a propionyl group, a butyryl group and a
pivaloyl group, with an acetyl group being particularly
preferred. Examples of a C;-C,;; aralkylcarbonyl Qroup include

a benzylcarbonyl group and a naphthylmethylcarbonyl group,

with a'benzylcarbonyl group being preferred.



enconpasses a fluorine atom a chlorine atom a

brom ne atom an iodine atomand the |ike. [0046] As

used herein, the term"4- to 7-nenbered heterocyclic

ring” refers to a heterocyclic ring which nmay be

conpletely saturated or partighly or conpletely

unsaturated and which contains one nitrogen atom and

may further,_ contain one or nore heteroatons ]
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' i.m.dazol e ring, ,.a triazole ring, a
copbTSset i BatarAtal o prehedie O pomed ety saturatea
[ : I5 r rj [ ring. 49] As . .
2n, Mol SRS PR el R T ey Bheain

on€NeeRREEE het¥rRRtomih §ntieh R TR R NIRIYL oxygen

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

azetidine, pyrrolidine, piperidine and morpholine, with
piperidine being particularly preferred.

[0047] As used herein, the term "aromatic carbocyclic
ring” refers to a 6- to 10-membered aromatic carbocyclic ring.
Examples include a benzene ring and a naphthalene ring.

[0048] As used herein, the term "aromatic heterocyclic
ring” refers to a 5- to 6-membered aromatic heterocyclic ring
containing one or more heteroatoms independently selected from
an oxygen atom, a nitrogen atom and a sulfur atom. Examples
include a pyrrole ring, an indole ring, a thiophene ring, a
benzothiophene ring, a furan ring, a benzofuran ring, a
pyridine ring, a quinoline ring, an isoquinoline ring, a

thiazole ring, a benzothiazole ring, an isothiazole ring, a



Cl-C6 al kyl group, a Cl-C6 al kyl carbonyl group,
carbanoyl or a Cl1-C6 al koxycarbonyl group; and Rf
represents a hydrogen atom or a Cl-C6 al kyl group, or
Re and Rf may forma 4- to 7- nenbered heterocyclic
ring together with the nitroggg atomto which they
are attached, and the |ike. [0050] As used herein, the

term"Cl- C3 al kyl enedi oxy group” refers to a divalent
beRzHF FePAZERIR FEM thPYFHRME 109 ( @n @ndazole ring, an

o I in B RA I e tadxazote Zing, a
i_nmt t-hyl.enedi o 0 00511 As_used herein .
b%qheéqté%ﬁgw%nlg eIrelgiéij/cl y 13‘510%%°£e retets R o eanﬁQlTJoéamle ring,
~YRIRA ; er j (eIt} ' . CO t
a sat ur at eegqrolrn%p'ara?iciﬁiy&olgl comﬂ%’% ulr"gjtccfe%{e?alﬁi g. a

urMiiGle GAHA NS A Amd T eifd QRIS ddWane ly
sel ected froman oxygen atom a nitrogen atom and a
[opulofllur  at a@ uedTble2® inCltHde tR4R I"Yubdtituted amino group”
pyrrolidinyl, piperidinyl, piperazinyl, pyrrolyl,
enicomp@asaed ,-NRERIzalliendin R azspndsenty ra129fd1rdden atom, a
oxazol i nyl, norpholinyl, thionorpholinyl, pyridinyl,
C1pQ¢ axlkyl , gpyup i @i CyHGs pRkiydearbphyl group, carbamoyl or a
hexanet hyl enei m no, furyl, tetrahydrofuryl, thienyl,
Cit€s rabyeryearonyl growpi aayd, RExuebreosanys andydrogen atom
di oxanyl. 21 _Such a heterocyclic group nmay be
°rs@b§t1r¥at%]ak3é3c FFQUP s 5 t Re u2r@®| RE pray t formon #tsto 7-

carbo r nitrogen. aton(s). 0052]. As used herein,
m 8rte§r %e.tl;?é:to&}%:glw )ﬁ% _er ety they rgﬁ:wn atom to
QR SRIEL B Al L RIS, teronvel e
of01oTD! By MBRLUERLRS 380 VALRD E0rE LR
graupM réfers to a divalent group represented by the
formula -0-(C,-C; alkylene)-O-. Examples include a
methylenedioxy group, an ethylenedioxy group and a
dimethylmethylenedioxy group.
[0051] As used herein, the term.“heterocyclyl group”
refers to a 4- to 7-membered heterocyclic group which may be
completely saturated or partially or completely unsaturated
and which contains one or more hetefoatoms independently
selected from an oxygen atom,.a nitrogen atom and a sulfur
atom. Examples include azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, pyrrolyl, imidazolyl, imidazolinyl, pyrazolyl,
pyrazolinyl, oxazolinyl, morpholinyl, thiomorpholinyl,
pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
hexamethyleneimino, furyl, tetrahydrofuryl, thienyl,

tetrahydrothienyl, dioxolanyl, oxathiolanyl and dioxanyl.



nitrogen atomand a sul fur atom Exanples include
azeti di nyl oxy, pyrrolidinyloxy, piperidinyloxy,
pi per azi nyl oxy, pyrrolyloxy, imdazolyloxy,
i m dazol i nyl oxy, pyrazolyloxy, pyrazolinyl oxy,
oxazol i nyl oxy, norpholinyl oxyzi thi onorpholinyl oxy,
pyri di nyl oxy, pyrazinyl oxy, pyrimdinyloxy,
ri dazi nyl oxy,. hexanet hyl enei m noxy, . furyl oxy,
SRR A ARHHATXATAS SHHRMADRE THT LGSR 17 brdmbxy,
i |. anyl,0x oxat hi ol anyl ox nd di oxanyl oxy. Such
SR 1 e P D LRt TR G A Lrgaen atom(S)
titutakl e L on J.ts .c QR Qr nitr n "
(LU 2 P W60 61 PR ARy gou
reflel® toEndasy Yrduff el & o {OB Pindid Qi

stereoi soners ~ such "‘as tautoners and optical 1soners.

helt@RRAly d1i & ¥ & 38HTh iy BUTRUHPBHL e 1P & HFESEUA or

invention may forman acid addition salt. Dependi ng on

palritd alllyp@rofcaipidtid e nins d ther g il wiidhecdi sy one or
invention may also forma salt with a base. Specific

mognea ineltes-oaft amsc hirale praideri ot kel eartient] ficbint iah @@tden atom, a
with mneral acids (e.g., hydrochloric acid, '
nigyegedr @tiom agid a sdfvinditomci Bxaspllesr iocladed,
‘nitric acid, phosphoric acid), wth organi ¢ acids _
azedigdinylogay Pyt idinylexnci Birprbpinyilexyci piperazinyloxy,
oxal.i¢ acid, malonic 22 acid, succinic acid, fumaric
PYZECGY Lodi¥ei dHAaFO LA A%Ye ddifazeinyel o o PHEAZQYoxXY
acid, .citric acid, qgth nesulfonk&} cid,
PYEARQA4L ic O 2D TS SR h MOSRR O TR I Yaci ds
. t a'#k. %p ] i ..Litemﬁse oo
enSropo R ¢ D O, bl PR “parmatnyiony.
Wi 15R 2R GARY C mtﬁx l%ne'n&%%{y',' ﬁ&?ﬁ%ﬁ! m
pynagnesighl cal cl um a_§h1nuﬁ), sal't's w th r'gani c
t RIS S Flhry 18NY tMTieMs1 oY ATy SIIRIMNURNAS)
dioxolanyloxy, oxathiolanyloxy and dioxanyloxy. Such a
heterocyclic group may be substituted at any substitutable
position on its carbon or nitrogen atom(s).
[0053] The compound of the present invention also
includes mixtures or isolated forms of various stereoisomers
such as tautomers and optical isomers.
[0054] In some cases, the compound of the present
invention may form an acid addition salt. Depending on the
type of substituent, the compound of the present invention may
also form a salt with a base. Specific examples of such a
salt include acid addition salts with mineral acids (e.g.,
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric

acid, nitric acid, phosphoric acid), with organic acids (e.g.,

formic acid, acetic acid, propionic acid, oxalic acid, malonic



salts with basic amno acids (e.g., |ysine,

ornithine), as wel | as amoni um salts. [0055]

Mor eover, the conmpound of the present invention also

i ncl udes hydrates, various pharnmaceutically acceptable

sol vates and pol ynorphic crysialline fornms, etc.

[0056] It should be noted that the conpound of the
resent |nvent|o is.not |imted to the compounds

2%y’ FMaRG @Fidhs MRISIF 1af1. lartiq acia,
m%iﬁ%hl e%é¥t rﬁ“;ééi Lg%ﬁﬁgéhraggfes of_the %?ﬁic acid,
etﬁ%h%%uﬂfyxig %Bﬁ%‘%%& Wil RIAHRY anBXFggk%_

enconpasses ~ so-ca prodrugs, 1.% S Tquﬂ

asgraetrret AAld, 26 dtami¥d W 1idit.0 EQQBQP‘.PQ? 8kahB$s gb8¥ea salt

ormula (I) or their pharnaceutrca y accepta

fo&&bﬁsw1Ehaﬁph%%eﬂﬁd@TﬂﬁéﬂkaﬂnyWﬂﬂ$.Qd@#?%ﬂfg Hdi®s ( (f.g.,
conmpound of the present invention include those foun

sodiufl, 0potisdiug! magnediumle&lZlith,( ¥ Minwd salts with
"I yakuhi n no Kai hatsu (Devel opnent of

orBhadcabeskiscdlesg’. , welthyl afriinlesC @ty l@asing)) .ethianolamine) ,
163-198, published in 1990 by Hirokawa Publi shing
satgs, widpabasigossiinph@cddispdend.of lylsdner.evamtithine), as
invention can be prepared by appl yi ng vari ous known
weddnafe §MQIoRdUR§S1tS .23  depending on its
characteristics based on the skeletal structure or
[0DRali ype oMoLEB¥ertubhe. CPRPSBRE e&stbe PHependi Agveation
t he t e of cti onal Qu is technical
a15Bei bR, bYARALEs AT oRim Bhasmacepions WK Rogeptable
I () r he stage of tartrng
SO§U%%§?a?n 5899%°rg%ﬁ%e%#§3%§9 1£ta§§%mﬁn s case,

[ObaglprOteC&E”'hgﬁngbgagoQSd EﬁﬁgvgﬂelEoﬁBSuﬁHbg%qgﬁgt

step to obtain esi red conpou
present invention is not limited to the compounds shown in the

Example section described later, and it encompasses all
spiroketal derivatives of the above Formula (I) and their
pharmaceutically acceptable salts.

[0057] Moreover, the present invention also encompasses
so-called prodrugs, i.e., compounds that are metabolized in
vivo into'compounds of the above Formula (I) or their
pharmaceutically acceptable salts. Examples of prodrug-
forming groups for the compound of the present invention
include those found in Prog. Med. vol. 5, pp. 2157-2161 (1985)
and "Iyakuhin no Kaihatsu (Development of Pharmaceuticals)”
vol. 7 (Molecular Design), pp. 163-198, published in 1990 by
Hirokawa Publishing Co., Japan.

[0058] The compound of the present invention can be

prepared by applying various known synthesis methods,



For exanple, a hydroxyl group or a carboxyl group can
be given as a functional group required to be
protected during the production process. Protecting
groups for these groups include those found in
"Protective Goups in Organicp3Synthesis" 2nd edition,
witten by G eene and Wits. The type of protecting

up, to be used, as well as reaction conditions_  for

ro
dgRATG I EH FRFRSETIF 1R DRTRL TR nghYr Vel Akl
b | t.e b d t ech

stihs e Edkxﬁs 0,58 2 a@lﬁ%ﬁ? DORE FRpes.

;&!mﬁ € nhl itor .
ctlvrﬂke aga| nst o%l#mf pen en %]19‘.?15 4 P is ‘IYechnlcally

preHd AHBPINO TS 'pro €eE- Tedli d gﬁ’&&é’%&ﬁ%#&%e‘nth ,3,Suitable

reabsor ption |n the kidn

prdtedtint GrofiPbt tHONtdd V¥ A+ 3Qildg REEVEN 51 Sé‘xgaa{t an

reabsor pti on and renoves excess sugar fromthe body

internaliaine Eighee dnt hbispedses tokf @ot¥ttdndPfrR®%up can be
and an inproving effect on insulin resistance through

repovest tiimorthedf  dulperqierce ndttepni tdhabitaapp ydewi vey ¢daisbund .
to pancreatic R cells. [00601 Thus, according to one

Fogs prampdfe .t e hydmsritl drpumtdoms cdraxys graowp dsth e given:
phar maceutical preparation for preventing or treating
asgjas A ignado RAURD eI ke deh ttﬁe ppteged qtuning tihe
|nh|b|t|on of SGALT2 activity, e. , di abet es,
rPANcHIOn RIAGESRF di §68§8§téﬁél ar-sbl@tsl @°€O|¥]5‘Ie|5@atglré’ﬂ§s

he elnm he term' dlabetes enco asses
4%%§§q ﬁﬂ%ﬂﬁiﬁé? 4 Qﬁ%ﬂﬁﬁ%ﬁ; LIPSt HL O

f | K
SY‘iiltfs—'%%be es- re rIet % Isgqafs%aso og%q arlesev‘\gf Sasﬂ% "fﬁﬁer%e type

o@%%t%tlwgfdwlﬂdqgm ‘%sedab%' Wllcad'sbw&'égo% conditions
net abol i sm™ Ryperli pi

for introduction and removal of the protecting group may be
selected as appropriate based on known techniques such as
shown in the above document.

[0059] The compound of the present invention has
inhibitory activity against sodium-dependent glucose
cotransporter 2 (SGLT2) involved in glucose reabsorption in
the kidney (J. Clin. Invest., vol. 93, p. 397, 1994).
Inhibition of SGLT2 prevents sugar reabsorption and removes
excess sugar from the body to thereby produce a therapeutic
effect on diabetes and an improving effect on insulin
resistance through correction of hyperglycemia without
applying any load to pancreatic P cells.

[0060] Thus, according to one aspect of the present
invention, there is provided a pharmaceutical preparation for

preventing or treating diseases or conditions which can be



hyper chol esterol em a, hypertriglyceridem a, abnornal
lipid netabolism hypertension, congestive heart
failure, edemn, hyperuricem a and gout. [0062] As
used herein, the term"di abetic conplications”

i ncl ude both acute conplicatigas_and chronic
conplications.. Exanples of "acute conplications”

_t “dewzpefgaff&ﬁéfswﬁ&%ég?ﬂ;ye syeissetes
LA ARt e AL 0P
[dHe&r]oang' oRal %e %eq."‘él g:at rr‘1¥’“cf1at'b q‘-ﬁ%ar té’r?dompasses

arterioscl er OSI S ) at er OSC er osi s,

typd & it g@ff"f C&i%%é@“’eénd A SM {%/Pes of diabetes
u3|o

arterial occ neuropat hy {(e.g sens

wilt®l \sPecifildle S MRFy . Al RRMsE nQ:‘h\éest')ermf OQiabete related
gangrene, etc. Major diabetic conplications inclu

didiedlais "C ITRIIUENIA! FBor dhakslid C owedy atﬁyp@f%sulmemla
di abeti c neuropat hy. [0063] The conpound of the

abmrogserdt danberitydrra treayment atoo hiessm USegbd 1l windeEniiod j on
with any therapeutic agent for diabetes, diabetic
hypemsihcd#ts tero Ldwyizer |hypeiehy gy cdryibemiens i abnomim X hLlipid
depends on a different nechani smof action other than
mejtabadiiSon hyfPesthiens ian i \Gangestiiare dwds thathidute otddama,
drugs,. the conpound of the present invention can be
hy, igemia aégggﬁﬂ?wuce an additive effect on these

i seases, ich is greater than either one al one.
“’?’5%34] Exaftl 856t Terfier dpeutt ecr"hgé’mabﬁ&rwduco?a@tléscatlons

1n%rlud%| %q:gle Q:Igjlco ::T'I[:)JTO(:na J.OaVSa an qOI{‘J[(SZ:ngn% rHel(‘gathDS

use or ulTh s

aﬁﬁ@é P
PPARa/ y/' S Ia‘?é?ﬁ setpscagﬁﬁﬁ]ﬁycc%%{asesl "}%/t%}-lﬁfcemla (e.g.,

ketiodeaRiodas ) | NTiHddt iR qlddpIuaskin ,n%laf.tn tissue, biliary
system, respiratory system and urinary tract infections), etc.
Examples of “chronic complications” include microangiopathy
(e.g., nephropathy, retinopathy), arteriosclerosis (e.g.,
atherosclerosis, heaft infarction, brain infarction, lower
extremity arterial occlusion), neuropathy (e.g., sensory
nerves, motor nerves, autonomic nerves), foot gangrene, etc.
Major diabetic complications include diabetic retinopathy,
diabetic nephropathy and diabetic neuropathy.

[0063] The compound of the present invention may also be
used in combination with any therapeutic agent for diabetes,
diabetic complications, hyperlipidemia or hypertension, which
depends on a different mechanism of action other than

inhibition of SGLT2 activity. When combined with other drugs,

the compound of the present invention can be expected to



formul ati ons, glucagon receptor antagonists, insulin
receptor Kkinase stinulators, tripeptidyl peptidase |
inhibitors, dipeptidyl peptidase |V inhibitors,
protein tyrosine phosphatase-1B inhibitors, glycogen
phosphoryl ase inhibitors, gl pgose-6-phosphatase
i nhi bitors, gluconeogenesis inhibitors,
fryct ose- bi sphosphat ase i nhi bjtors, ruvat e . .
PREARRR b RAE CTYRI B 176, O TR ALeeages variah is greater
- chj.q] nosit ol cogen synthase kinase-3
t |ﬁh?%i 59§fhg J%g%%%llike peptide-1, glucagon-Iike
dgg%'de-l Y gqﬁ{ ' ide- A40 | St,S
[ any 1| n, amylin ar%’aﬁ gggs,caaany %fré%}d%ﬁil%t ’erflt Uiabetes or

AiHBERACO ddngPl T4 BLSP OF a A BUOTY S Srr ?TPination use include,

11(3- hydroxysteroid dehydrogenase in Itors, aldose

foredieingsice | NI Ssedd i Bidrs Kidage, PPARY RigdRfiSts, PPARa/Y
y-am nobutyric acid receptor antagonists, ‘sodium

agolranste , ARARIOREgRIrS,s e, alPPRR Aty ONagont 8t s\NF- KBycosidase
inhibitors, IKK(3 inhibitors, |ipid peroxidase
inhifpifios s bidvacieled atietbulin rHetraragbgligeptinkaskein
inhibitors, insulin- like growh factor-1I,
fogml@tdionsor i gatFaguwtedentar aniREists, insulin receptor
.ol atel et-derived growth factor (PDGﬁLg?nalogs,_ )
kiggise StMulftRtis rEciRaRE 433 pentcidas ¢ ribv inhiiitars ,
.carnitine derjvatives,. urjdine, ) ]
UBSRIHARY, PERIAGRAhy L AP L (Rds 7 PEOt TS
I i de,.r-.128 and TAR-428. 26 006 I1lustratiyve,
pﬁ§é§ﬁ§?gse'lﬁa%é%ﬁ%ﬂhﬁﬁﬁﬁ: SHRIFH PR %asf inhibitors,

es of

gl | Gét-i6c- gggﬂﬂactlaéé Orﬁlrﬁ;bg.rt?no%sf ,gﬁ}&ﬁqﬂ%o?qoeggésﬁd inhibitors,

I guani I'ncl ude ne n

s VARBU L INE t "
£ rRiRRR s B i pHIA A t ad e SHH ifb 1S E %eyb%%eogenase

those of the sulfonylurea type su

inhahiikere ,ag1dRiok iHladd G vatdrisS! aZidei ithositol, glycogen
chl orpropam de, as well as those of the non-
synthase kinase-3 inhibitors, glucagon-like peptide-1,
glucagon-1like peptide-1 analogs, glucagon-like peptide-1
agonists, amylin, amylin analogs, amylin agonists,
glucocorticoid receptor antagonists, 11f-hydroxysteroid
dehydrogenase inhibitors, aldose reductase inhibitors, protein
kinase C inhibitors, y-aminobutyric acid receptor antagonists,
sodium channel antagonists, transcription factor NF-«kB
inhibitors, IKKB inhibitors, lipid peroxidase inhibitors,
N-acetylated-a-linked-acid-dipeptidase inhibitors, insulin-
like growth factor-I, platelet-derived growth factors (PDGF),
platelet-derived growth factor (PDGF) analogs, epidermal
growth factors (EGF), nerve growth factors, carnitine
derivatives, uridine, 5-hydroxy-l-methylhydantoin, EGB-761,

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



sul fonyl urea type such as nateglinide, repaglinide and

mtiglinide. [0068] "Insulin formrul ati ons" enconpass

both reconbinantly produced human insulin and

ani mal -derived insulin. Such formul ations can be

divided into three groups depgnding on the | ength of

their duration: fast-acting fornulations (e.g., human
i nsulin); _internediate- actln

|
L00BENLI Bt o 0E gt LV SRABHGR 1] S0 PHAREDSTAR AgERE for
L S R G R S e
[ 09635 aque@Bﬁgﬁ%ﬁﬁ?@%“°ﬁnclﬁ%%'h@t%'%&l%qﬂ %gochlorlde and

suspensi on) ong-acting fornu
thHE@&mghystalllne insulin zinc suspension). [0069]
*d ycosidase inhibitors” include acarbose, voglibose

[o8Bd M gl i t 0ltnsh@9A0kecketgbguegnsihicians” theskUde the
PPARy agoni sts such as troglitazone, pioglitazone and

suldsnglliurezao typePRARM yasugl ybwgide S{ §1 sbéhc BemiMie Y67glypizide,
(KRP-297), tesaglitazar, LM4156, LY510929, DRF-4823
glandaﬂdsla@ﬁ chd ompiriopamideéARasagelilstias thosle @F the non-
GW501516. [0071] "Tripeptidyl peptidase |
sulfpppiluges” typel syeh2as. natiegldnideQ0 repatliipdte dyld
eptldase 'V inhibitors" include NVP-DPP728A,
mlEA912§? eMK- 0431, P32/ 98 and TSL-225. [0073] "Al dose
ctase | phibitors” include ascorbyl ganvolenate,
[Opgsﬂestat EBEPFégtg?rmPFaéﬁegﬁaten§8WB?ﬁ§lb°th

ar est and .,zen estat

reBgﬂﬁnﬁﬁg%iyprg HEF ES@SBt&PS& 398Hpsﬁg'mﬁicpﬁﬁéved

insulin. Such formulations can be divided into three groups
depending on the length of their duration: fast-acting
formulations (e.g., human insulin, human neutral insulin);
intermediate-acting formulations (e.g., insulin-human isophane
insulin aqueous suspension, human neutral insulin-human
isophane insulin aqueous suspension, human insulin zinc
aqueous suspension, insulin zinc aqueous suspension); and
long-acting formulations (e.g., human crystalline insulin zinc
suspension).

[0069] "Glycosidase inhibitors” include acarbose,
voglibose and miglitol.

[0070] "Insulin sensitizers” include PPARy agonists such
as troglitazone, pioglitazone and rosiglitazone, PPARa/y dual
agonists such as MK-767 (KRP-297), tesaglitazar, LM4156,
LY510929, DRF-4823 and TY-51501, as well as PPARd agonists
such as GW-501516.

[0071] "Tripeptidyl peptidase II inhibitors” include



topiramate. [0075] "Sodi um channel antagoni sts”

i nclude nexiletine hydrochloride. [0076]

"Transcription factor NF-KB inhibitors" include

dexl i potam [0077] "Lipid peroxidase inhibitors"

include tirilazad nesylate. $9078]

"N Acetyl at ed-a-| i nked- aci d- di pepti dase inhibitors”
Uq Q§3 de GPI-5693. [0079] "Carnitine derivatives"

Ry de carnitine and | evacecarnine hydrochloride.

0Q80] Exanpl, "th t t, f. . L
I, 5 SR R g tronee
Pt I
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xynethy glutaryl coenzy ase

[o'o"/'ﬁ']b' tors »ahigdisat ¢eGRRALRAS Il’l(l%%.t%qrsﬁ'n QR@J%q' LGyl

agoni sts, AWMPK activators, acyl-coenzyne estero

gl AR Y Didii1e sYADUGDl aartd Wil 0 SOFETNe, |
receptor agonists, chol esterol absorption inhibitors,

pohiaflaes tiathi hiilsdrestat e ladddtgtyceri de transfer

protein inhibitors, |ipoxygenase inhibitors,
[00addi ti ne ﬁa+kminybutyaﬂefacaéerecephoblhntagoﬁmuaEEnEnclude
synthase inhibitors, |lowdensity - 28 |[|ipoprotein

topizamadge - -promoters, nicotinic acid derivatives, bile
aci d blndln% resins, sodi umdependent bile aC|d
[0073dsport er PﬁHP@iFB?@neéhéPé§E@PéBt§stémcﬂﬁéﬁsp@#nletlne
Y%EOtE1 |nh|b|tors angi ot ensi n-converting enzyne
1ogAd angiotensin Il receptor antagonists,

hel “. b dot hel
(0BTt or | aniRgRFEiBt iR, CAErOT NECKPo I EAtagan Lhglude
de&ii%@%%ﬂﬁor anti hypertensives,

[0077] "Lipid peroxidase inhibitors” include tirilazad
mesylate.
[0078] "N-Acetylated-a-linked-acid-dipeptidase

inhibitors” include GPI-5693.

[0079] "Carnitine derivatives” include carnitine and
levacecarnine hydrochloride.

[0080] Examples of a “therapeutic agent for
hyperlipidemia or hypertension” available for combination use
include, for example, hydroxymethylglutaryl coenzyme A
reductase inhibitors, fibrate compounds, P;-adrenergic receptor
agonists, AMPK activators, acyl-coenzyme A:cholesterol
acyltransferase inhibitors, probucol, thyroid hormone receptor
agonists, cholesterol absorption inhibitors, lipase inhibitors,
microsomal'triglyceride transfer protein inhibitors,
lipoxygenase inhibitors, carnitine palmitoyl transferase.

inhibitors, squalene synthase inhibitors, low-density



synpat hol yti c agents, central -acting

anti hypertensives, a2-adrenergic receptor agonists,
antiplatelet agents, uric acid production inhibitors,
uric acid excretion stimulators, wurine alkalizers,

anorectics, ACE inhibitors,_agd ponectin receptor
agoni sts, GPR40 agoni sts and R40 ant agoni st s.
[0081] Illustrative exanples of a therapeutic agent

lipgpr °F'F)¢|éé1r FeFeddfira P&P"Wp%?rst efdiCOt ifde acidhldegiyatives,
[0082] Hégroxynetg%{%hutar coenzyne A reduct ase

b A FoPINGLRE Gy RSPslandt bl le acia
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1nfifh R, AhdhBrendlilcondlat iﬁ%‘ﬁ‘%{a Si%é"e?. Lrdiaes
anéyekkﬁ§1§t§&e§e%%$&%k @%t %@%%@%@ %%ﬁ%blin converting

Acyl -coenzyne A: cChol esterol acyltransterase

enkzhebihBi D] b&%'U@%dQEh%Ql% rdbeptdd ah%agdfiéts, diuretics,
RP- 73163, MCC- 147 and DPU-129. [0086] "Low density

callcpapr ahtéagohgeept, Ok apiodiliatos” anititlyipee tRsiQ@sand
LY-295427. [0087] "M crosonal triglyceride transfer

syppatbbiy29c agentist, o centhMaR -iactiihigt anht)ihypetitedsives,
conpounds as described in, e.g., United States Patent

a2 hedrengr@icsreggnkoroaganis6360an8iplobeBet agents, uric
"Anorectics" include adrenaline/ noradrenaline

acagoRrreflyctdog. inkdpikeals élﬁ‘ﬁ@dlaicﬁé) excxedion stimulators,
agoni sts %selectlve ser.otoni n_reupt ake i nhibitors )

ur%88h3&§a#F 96?an?ﬂ8fe°§&F§naﬁFﬁeF 1DASRTS - agoidiPongctin

reggp%br %bgﬂig%gﬂni%n4o agonists and GPR40 antagonists.

[0081] Illustrative examples of a therapeutic agent for
hyperlipidemia or hypertension are as follows.

[0082] "Hydroxymethylglutaryl coenzyme A reductase
inhibitors" include fluvastatin, lovastatin, pravastatin,
cerivastatin and pitavastatin.

[0083] -“fibrate compounds” include bezafibrate,
beclobrate.and binifibrate.

[0084] "Squalene synthase inhibitors” include TAK-475 and
a-phosphonosulfonate derivatives (United States Patent

No. 5712396).

[0085] ;Acyl-coenzyme A:cholesterol acyltransferase
inhibitors” include CI-1011, NTE-122, FCE-27677, RP-73163,
MCC-147 and DPU-129.

[0086] - "Low-density lipoprotein receptor promoters”
include MD-700 and LY-295427.

[0087] "Microsomal triglyceride transfer protein



nmel anocortin 4 receptor (MCAR) agonists, a-nel anocyte

concentrating hornones (a-MCH), leptin, as well as

cocai ne- and anphet am ne-regul ated transcripts (CART).

[0089] "Thyroid hornone receptor agonists” include

| i ot hyroni ne sodi um and | evot Byroxi ne sodi um [ 0090]

"Chol esterol absorption inhibitors" include
. ezetimbe. [0091] "Ljpase inhibitors" include :
infydihidkors (MR Anhiditershe WMgdegonperderasdescribed
. inhibitors".  1include etonoxir. [0093]_ "N cotinjic acid
haer® VPati \}F&l‘t‘?‘ﬂc#ﬂfee%ipc%tt‘?rh’? é\"ls a %fglrﬁ%otﬂﬂa?ﬁ?)%,and
fgdg) | and nicorandil. [0094] "Bile acid binding

resins” include chol estyram ne, colestilan and

evel am | Qu=i de, 9 . .

Lo el AR Se i Maranatine/ noradrspatine
agoMilsdld | e gnal j § | e AFEP! 1d e A8 qﬁﬁg{

[OOQ%F "(/fngilqot grr%[édilnndlqa'L rg%:%p?%t ant'agéoenl st srfi4 nc udiéétS
(sedrdrsiard aerdtiondgl ideudtedd tathiiessd Wid s fluvoxamine),

eprosartan nesylate. [0097] "Endothelin-converting
adaenalid nefsdrdtwrsin idydnidets Qe P1444 Mtk £aE3ne3p066. -

30 [0098] "Endothelin receptor antagonists” include
mellandgRiF in ABCIZEPt cand MEMR )1 8. s 1 0,0 S meBya rvaeyy tof -~

exanple, in treating diabetes or the like, it would
copeeptatading dammanss t(ve Mdhpourabtoin t s wekkserd cocaine-

invention in conbination with at | east one drug
angde [APhEF FHAR eI WIS ddrdisaniRf of (BRTnsul i n

itizer e.g.., PPARy agoni st, a PPARa/y agoni st,
[oi%gaARS agSH&gF%ig %ormoﬁ% receptor agonistéi f%clude

liothyronine sodium and levothyroxine sodium.

[0090] "Cholesterol absorption inhibitors” include
ezetimibe.
[0091] "Lipase inhibitors” include orlistat.

[0092] "Carnitine palmitoyl transferase inhibitors”
include etomoxir. |

[0093] "Nicotinic acid derivatives” include nicotinic
acid, nicotinamide, nicomol and nicorandil.

[0094] "Bile acid binding resins” include cholestyramine,
colestilan and colesevelam hydrochloride.

[0095] “Angiotenéin-converting enzyme inhibitors” include
captoril, enalapril maleate, alacepril and cilazapril.

[0096] "Angiotensin II receptor antagonists” include
candesartan_cilexetil, losartan potassium and eprosartan
mesylate.

[0097] "Endothelin-converting enzyme ihhibitors" include

CGS-31447 and CGS-35066.



PPARa/y/ S agoni st), a glycosidase inhibitor, a

bi guani de, an insulin secretagogue, an insulin
formul ati on and a di peptidyl peptidase IV inhibitor.
[0100] Alternatively, it would be preferable to use
the conpound of the present gpvention in conbination
wth at | east one drug selected fromthe group

consj sting, of a droxynet hyl gl utaryl coenzyne A

IQQghitaseiEHQQﬁqékgnng#?Eﬁ%¥eaEBﬁEBBHHFSa d8Gdngge L-749805,
e i nhibit acyl - coenzynme A: chol estero

T%%ﬁﬁén%rf%%'f%ﬁ%ﬂ or, a lowdensity |ipoprotein

FPpLor p&gnq{ , j omgl i glycerjde transfer
[dprotei n inhi'bi a‘é{ ozfgdéﬂaa%[pﬁeo’rgic i%:l.[eagr[%i%ﬁ%%eetes_ or the
1081 TRC S (R b DTERAE SLOTk A o 1e LSS Bompd@E NS4 Ofhe

can be adm ni stered systen1cé?|y or tOpICé? y via

pr¥sdint Oiveerdfidiar A &M idSt fon wiK 8 €CI&hst one drug
subcut aneous, intranuscul ar, i ntravenous,

sl CHER BB ) tHd Uoup B2 SOInd/SEE a$n dinsulin sensitizer
phar maceuti cal preparation, the conpound of the

(epreeserd HRARINtaigom iy, lae PPORM/yabgdniBt) anpPad®sageflist, a
- _dosage form sel ected fromsolid conpositions, |iquid

PRARep(YE Pt AgeBiafd ,oehglycospdeisei dndibdsoappropiigaaide, an
 for the intended purpose. The pharmaceuti cal
1nsteddy fewie tctgagiee prass éimsuhiverfiommn atidre gn@pardtpeptidyl
(5{ blendhﬂg the compound of 31 the present invention
PRt e deth iRt 5 acceptable carrier(s). Mre

i fically, the compound of the present_ invention
[ he suplbarmttd Waidh domionid e PRstamais £o use the
t r i nders I sintegrating agents, coatin

co%gﬁ{?lgd’e osfsutkghaer bresent Y 1&\%%%5%orb#thﬁgq‘&1é'}%ﬁlon w:ngth at least
o0 ld4hi |geﬁre% afl . ;P_qn- qugg_%;ss q{ ecgés and so

on, ar#d t enﬁ‘ or nul at etg{ ust ng IS?lst an ar"(slrl %C nlaques
hydHok 151 tid el SRRSAYRS A FdUl85se inhibitor, a
fibrate compound, a squalene synthase inhibitor, an
acyl-coenzyme A:cholesterol acyltransferase inhibitor, a
low-density lipoprotein receptor promoter, a microsomal
triglyceride transfer protein inhibitor and an anorectic.
[0101] The pharmaceutical preparation of the present
invention can be administered systemically or topically via
oral route or parenteral (e.g., intrarectal, subcutaneous,
intramuscular, intravenous, percutaneous) route.
[0102] For use as a pharmaceutical preparation, the
compound of the present invention may be formulated into any
desired dosage form selected from solid compositions, liquid
compositions and other compositions, as appropriate for the

intended purpose. The pharmaceutical preparation of the

present invention can be prepared by blending the compound of



powders, solutions, emulsions, suspensions,
injections, etc. Exanples of excipients and extenders

include, for exanple, |actose, magnesium stearate,
starch, talc, gelatin, agar, pectin, gum arabic,
olive oil, sesane oil, cacaq hytter, ethylene glyco

and other conmmonly used materials. [0103] Also, the
conpound of the present invention may be nodified to
the  AreReR hclv¥eBhieBipdthdPharmaceugicaily agceptable

- | pdextrjn or nmethylated cycl odextrin before being
C%ﬁ% g’fgd ’)[thﬂuﬂp IRkl the cumpiingl of thegresent

' ' i d ding. t he di sease or .
SR thche Qe RRE 91t dmon DS netptoncs,
i 0 ' The adu ose_ |S
IS0 D DiEherar il Sifake/ cEfa* pgcasencs.
. 0 we Y
R s o
f EbVERt | e z
o D € O Cer LoPhl 1684 “ T 1ng
s gl danrd [ i qilkes chimpe Upgb Dé t & hepﬂ%?néa%&yf@él Ofranules,
can be synthesized as shown in Schene 1: Schene
powqerin7|sqdRrinis, 4milsions OBnudbenRdns 121 R&ILiERY. etc.

R11 r
Examples of excipients and extenders include, for example,

lactose, magnesium stearate, starch, talc, gelatin, agar,
pectin, gum arabic, olive o0il, sesame oil, cacao butter,
ethylene glycol and other commonly used materials.

[0103] Also, the compound of the present invention may be
modified to form an inclusion compound with, e.g., a-, B- or
Y-cyclodextrin or methylated cyclodextrin before being
formulated.

[0104] The dose of the compound of present invention will
vary depending on the disease or symptom to be treated, body
weight, age, sex, the route of administration, etc. The adult
dose is preferably 0.1 to 1000 mg/kg body weight/day, more
preferably 0.1 to 200 mg/kg body weight/day, given as a single
dose or in divided doses.

[0105] The compound of the present invention can be
synthesized, for example, as shown in the production schemes
below.

[0106] The compound of the present invention can be

synthesized as shown in Scheme 1:



R11 CH1 OP (IV) OH RL OP,.0Bn OH Br OP Br BnO OBn

(1) (rrr) 013n MR12 R12 11 |'~ CHO Rii OHR
cyclization oxidation O OBn ,.0Bn O O BnO BnO OBn
OBn OBn OBn NO (VIl) R12 HRI2 Ri ~~ ARIlL ~/ A

coupling reduction ,0Bn . O4,BnOHOOH OBn - OH

Bn OH (VIl1) [0108] wherein R11 and R12 have the

same neani ng as defined above for substituents on
S¢ € Ais as defined above, and P represents a
rqotectin roup .for a hydroxyl group. [0109] More
[ogﬁggif& 8%W§}aaﬁ@er Compound (11) is

0]
Sou
12 BnO - OBn R12
/R R12 OBn R11_(§/\ oP
A . \Y; .
RH— /] OH Rn_-// op ™ Sp
o & - o~ ~-0Bn
Br OP gy BnO_\ogn
OBn
n ()
V)
R12
R11r/ OH
cyclization o oxidation
(Vi
coupling reduction
(Vi)
[0108] wherein R!! and R!? have the same meaning as defined

above for substituents on Ar', A is as defined above, and P
represents a protecting group for a hydroxyl group.

[0109] More specifically, after Compound (II) is
protebted with a protecting group P (e.g., a trityl group, a

tert-butyldimethylsilyl group or a tetrahydropyranyl group,



protected with a protecting group P (e.g., a trityl
group, a tert-butyldinethylsilyl group or a
t et rahydr opyranyl group, 33 preferably a group
renovabl e by the action of an acid), the resulting
Conpound (I'l'l) is treated withjan alkyllithium (e.g.,
n-butyllithium sec-butyllithiunm) and reacted with
Compound (I1V) to obtain Compound (V). In the presence
prgfergitlohce gyfoup stemawableadunttiiee.agtion of an acid), the
triethylsilane), Conpound (V) is then treated with an
regyiiding Fompaynd doTrnETa)ce‘tﬁ ctreated ofitoragh alkyllithium
trifluoride-diethyl ether conplex) and converted into

(ecGrpo @YY L i Ymwet BiP U riekd Hdhumy) (and FepG RS wibth
cofRing, Y et CRPSREY loonpBu e, vresenas oF
ofURR A, 6 YR G (RO e, compouna
(V)R Her! (Hx ditiRin WM GAPRAN 0 (Mg S Sy MdHberic acia

oxC dloHoyss tt ralF 1 AU AR HiSI et e - QWb 136 1 P’ XBhverted into
tribromde, boron trichloride, boron

Cofmpiotin/dor(ividg-,dissailowest vy daretidX withPr oxidizing agent
trifluoride-diethyl ether conplex plus ethanethiol,
(ebgr.on Desisf-Maortiiche -rohiagfemtl, EtHAdY-NMDYpIDMS(Hdtetic anhydride)
di met hyl sul fide) to prepare the conmpound of the _
topobtain iCermeuingh.(VEI )sholfhds cbmppuonddishebn@empedndato
(1) and &L%) can be synthesized as described, for
Compommide (VIIFI). by freai@ant yeith zo mefalpgRagentoaicings a
Car bohydr. Res., val. 260, p. 243, 1994,
Crigaged: Feasent.0 frgiloned dymonhedztlationr @s¢ht, through
l.nventi o an al sq .be .prepared as shown in the
Caf SR §YSERRNEF 198, 11 &5 prepence oF 'a' palladium
catalyst or a technique using a Lewis acid (boron tribromide,
boron trichloride, boron trichloride-dimethylsulfide complex,
boron trifluoride-diethyl ether complex plus ethanethiol,
boron trifluoride-diethyl ether complex plus dimethylsulfide)
to prepare the compound of the present invention. It should
be noted that Compounds (II) and (IV) can be synthesized as
described, for example, in J. Org. Chem., vol. 29, p. 2034,
1964 and Carbohydr. Res., vol. 260, p. 243, 1994,
respectively.

[0110] The compound of the present invention can also be

prepared as shown in the following Scheme 2:



[0111] [Formula 5] R12 R12 R12 R11 ~~ OH R11 X1 A-X2
R11 r A / halogenation 0", "OBn (X) / O BnO OBn BnO
OBn BnO OBn 613n 613n OBn (VI) (IX) (XI) R12 R11 ~/
A debenzylation/ O"' ,0H OHOOH OH [0112]
wherein R11 and R12 have the §anMe nmeani ng as defined
above for substituents on Arl, Ais as defined above,

X1 represents a hal ogen atom and X2 represents a
Sjﬁmﬁgéi atom or B(ORL13)3, wherein RL3 represents

ydr.og or lower alkyl. [0113] More specifically,
[og&ﬂﬂouigofvp}ai§]treated with ~an appropriate
halogeq?ting agent (e.g., N-bramdsuccimde, carbon R12
ound (I is then

tetraprom de). The resulting |
q1fe @Ht h Conpound (ﬁaLLﬁffbe ¥t esene€ of an, ¢ A
riate [.um cat to obtain Co upd -
fo I om%%@dgl)r/'%&epenzyl%.' OB J. ?(b{]hr ough Y., OBn
e hydrogenafTBB in presence of a oy
BnO i catal yst or &n¢ Y qoBnusi ng a LeBh@ acityg
(bog tTibrom de, boron tri @Bnoride, boron OBn

trichloride- dinethylsulfide conplex, boron _
trifVidori de-diethyl ether doXplex plus ethanethiqky
boron trifluoride-diethyl ether

1n_n_
debenzylation R

[0112] wherein R' and R'? have the same meaning as defined
above for substituents on Ar!, A is as defined above, X!
represents a halogen atom, and X2 represents a halogen atom or
B(OR'®);, wherein R'® represents hydrogen or lower alkyl.
[0113] More specifically, Compound (VI) is treated with
an appropriate halogenating agent (e.g., N-bromosuccimide,
carbon tetrabromide). The resulting Compound (IX) is then
reacted with Compound (X) in the presence of an appropriate
palladium catalyst to obtain Compound (XI), followed by
debenzylation, e.g., through catalytic hydrogenation in the
presence of a palladium catalyst or a technique using a Lewis
acid (boron tribromide, boroﬁ trichloride, boron trichloride-
dimethylsulfide complex, boron trifluoride-diethyl ether

. complex plus ethanethiol, boron trifluoride-diethyl ether

complex plus dimethylsulfide) to prepare the compound of the



conpl ex plus dinmethylsulfide) to prepare the conpound
of the - 35 - present invention. [0114] The conpound
of the present invention can also be prepared as
shown in Schenme 3. [0115] Schene 3 [0116] [Fornula 6]
0 ~OBn 0 R11 R12 R12 R 12 0_OBn protection OBn \~
Br cyclization R' Br a Rl1 Br (I V) ,0H N~~J POO

OBn OHBr OPBr BnO OBn ( X I I ) (X1 I I) OBn (X I
prepent3iRVeNRI®ORI2 R 12 \ / R12 Sn-R13 RSN'R13 1 /-A
R11 Br R13 RI1 X1 RL ~A 2 (XVIl) 0. ,OBn 0-,. , OBn

[0d&b2] 0 OBnThenGomBAUBAD ofnGheoBFesBR tOBAVERt 10BN can also be
prepared as shown in Scheme 3.
[0115] Scheme 3
[0116] [Formula 6]
o)
R'2 BnO OBn I\A\/1

. R12 : .
”A protection (v OBn ——Br cyclization

RY'— '=-Br an%L _ 7 OH
'/\Z —_— R ’/l\(' Bl’ PO - \OBn
'.. OH Br
OP Br BnO OBn
Xi) X1 OBn
(X1V)
13 3
R12 R'3 12R\ /R
/’/ S/n---R13 ANGEUN 13
R”—%—;;—Br \ i3 Rﬁ_:EﬁL R
R 2 2
—_
OBn OBn
OBn BnO ~"~0Bn
OBn
(xXv) (xvi)
R12
A A
‘ debenzylation R”—f/-\é—/
_—
% .OH
HO < OH
OH
[0117] wherein R!' and R!? have the same meaning as defined

above for substituents on Ar', R'? represents lower alkyl, A is
as defined above, P represents a protecting group for a
hydroxyl group, and X! represents a halogen atom.

[0118] More specifically, after the hydroxyl group of

Compound (XII) is protected with an appropriate protecting



(XV) (XVI) (XI) R12 debenzylation R® OH 0 HOOH OH
[ 0117 ] wherein R11 and R12 have the sane neani ng as
defi ned above for substituents on Arl, R13 represents
| ower alkyl, Ais as defined above, P represents a
protecting group for a hydroxyl-group, and X1
represents a hal ogen atom [0118] More specifically,

af t er t he hydr ox ou Compound (Xllg%Si
IR et it 1R aelF Jaﬁgi‘ﬁr 9"&& e HritEctiHy BEimerls Pyl
axgfigtya TSRy Sl e quliFing gompouna

‘%ﬂ*ﬁjh. TR ghiv raqﬁﬂ%epijﬁﬁv‘“ﬁt%h Ak B g
?J%q:\y;leﬁ]cttrﬁ v t&&%@@i&dﬂ 1) t%fqéé’@te@m%dcomrﬁound

e presence or ansence a Sl | ane reage

(IO Go dedisidorgdAna - (XEaMPouRd Q:KE%ﬂe%entclée%r absence of

treated with an acid (e.g., trifluoroacetic acid or

a kaneme todddeiny i @e-dli Etﬂhﬁ.et&IﬂQﬁl@{'@ﬂ SXoripblied | MEIV) is
Conmpound (XV), followed by treatnent with a

thieex aaldatledi with rart kecipl geenre dfrifiuapdaidtacid or boron
pal | adi um catal yst to obtain Conpound (XVlI). In the

tnifdsemigieofd iat haplp redpive rataompelldxaldi ton deat iatey Slgmpound  (XV),
Conmpound (XVI) is then treated with Conmpound (XVII)

foldawed by dagasment With # diexasddkyhdidainy dgirecthieopnesence of

synt hesi ze the conpound of the present invention.

an[ GPRIPPEIE (o MR IgN (Rt dvederfto iaRicHln SiPrRanng sGVI) -

In %he presence of an appropriate palladium catalyst, Compound
(XVI) is then treated with Compound (XVII) to derive Compound
(XI), followed by deprotection to synthesize the compound of
the present invention.

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

prepared as shown in the following Scheme 4:



prepared as shown in the follow ng Schene 4: 37 -

Schene 4 [0120] [Formula 7] R12 R12 R12 R11 -X R11 ~~
CHORL1 CHO |~J CHOr O HBr OH Br OP Br (XVIII) (XX
(XX) O~0Bn R12 R12 R12 BnO OBn 1 | e-1 OH reduction

protection R11 C' OBn RL %R A,( r-y OP Br OP Br
OH Br  (XXI) (XXI) (XXII1) IﬂZAlZ 12 A1 ARRL
RL A ' iOHcyclization debenzylation R11 POO OBn ---

Schemeyh 0, ,. BnO OBn BnO OBn O OH OBn OBn HOOHhOH
| X 1) 0121 ] wherein R' and R12 have the
[é]a%ﬂe] m\&‘rﬂ(r 1§sgdefi ned

R12 R12
R" /A—CHO F‘”,/:j CHo A" //J—CHO
. .
OKH\/ OH Br OP Br

(xix) C(XX) 0

(XvI i) jj\\OBn
12
R12 R'2 R'* BnO ~~OBn

%A '
/4 OH reduction i1 <% protection gi_& ﬂ (yy ©OBn

R11 __\ R
AR AP T O .

OP Br OH Br
(xx1) (xxin) (xXxiin)
R2 R12
S A R12
e WA R”—://’——/ A A
“Pon Cyclization 7 debenzylation R'— "

Po_I — PP -_—
o .OBn o o) OBn OH
BnO~"~oBn " ¥~ "OBn Ho Xy,
OBn n OH
(xXx1v) (x1)
[0121] wherein R'' and R'? have the same meaning as defined

above for substituents on Ar', A is as defined above, P
represents a protecting group for a hydroxyl group, and X
represents a halogen atom.

[0122] ° Compound (XVIII) is brominated with an appropriate
brominating ogent (e.g., bromine, N-bromosuccimide) and its
hydroxyl group is protected with an appropriate protecting
group P (e.g., a trityl group, a tert- -butyldimethylsilyl
group, a tetrahydropyranyl group), followed by using a
Grignard reagent or the like to obtain Adduct (XXI). The
resulting hydroxyl group is removed by being treated with a

silane reagent (e.g., triethylsilane) in the presence of an



above for substituents on Arl, A is as defined above,
P S represents a protecting group for a hydroxyl
group, and X represents a hal ogen atom [0122]
Compound (XVI11) is bromnated with an appropriate
brom nating agent (e.g., bromgge, N-bronosuccim de)
and its hydroxyl group is protected W th an

appropriate protecting group P (e.g., a trit grou
ac4d der-Gout wr&:ﬁ%{qm%qqtﬂ agisLpr baxan élﬁﬂeﬁ%mzamdlethyl

oup f.ol | owed u3|n a Grlgnard rea ent or the
et?ﬁ ‘)lo@p&t?l’%?l rT-°A >6qe")P° & ReGeSRArY. the

enov.ed 1yo(be| trea.teSFvvltha si | ane

S S 1Y ey 1R R QT

B o] CAIBE 3 E00 s
in( ¥K! sanlef MRS HY é\td%ﬁ'l ll}y(g e H A I PUKAE & '

again to give Conpound ( XXII e reacti on between

betRiERAU tStplohuvld s Y y<drld ) XISI IF)e r f HEEonvBrshens 8% compound

manner as shown in Schenme 3 for the reaction between
(XRawpounds Cowipcand ((X1)l ):LS Do forned siontHy o antither as

(XXI'V) into Conpound (XI) is perforned in the sane
showmndn &chesteo\dn flor Shec mmn3rerari drhe ft @onpyaimh (fIV) into
- Compound (XIV) into Conmpound (XV). [0123] The
Com@w@@ndxaf) -the present invention can also be

prepared as shown in the foll ow ng Schenme 5: 39 - '

Wé@ﬁdrre 5 [ BRg4Foppeird 2L3thrl Presert2 iRvenkionRran-'also be

prepared as shown in the following Scheme 5:



R11 ~'* OH R11 debenzyl ation hal ogenation 0''' ,.0OBn
00". OH011 1,0H BnO O O OBn HO OH HO OH OBn OH OH
(VI) (XXV) (XXVl) R12 R12 protection Rlcouplng P ' '
X. deprotection X1 R11 ~~ (CH2), m(L)p-A PO OP
POOPOPOP (XXVI 1) (XXVI _134) . R12 R11 ~/
(CH2)m (L)p-A i 0. OH 0 HOOH OH[01251 wherein
R' and Ri g have the same neaning as defined above for
uents on Arl, L, m p and A are as defined
resents a hal ogen atom [0126]
“ggﬁbﬁuﬂgn u;lal?idebenzylated, e.g., through

catal yti c hydrogenation in the presence of a palladium

R12
Rn_':/\/\ OH R”r/ OH
o A halogenation
o B
BnO ~"~0Bn
OBn
(W)
protection

XXV
CHo)n—(L)y—A
deprotection (CH2)m=(L)p
[0125] wherein R!! and R!? have the same meaning as defined

above for substituents on Ar!, L, m, p and A are as defined
above, and X' represents a halogen atom.

[0126] Compound (VI) is debenzylated, e.g., through
catalytic hydrogenation in the presence of a palladium
catalyst or a technique using a Lewis acid (boron tribromide,
boron trichlpride, boron trichloride-dimethylsulfide complex,

boron trifluoride-diethyl ether complex plus ethanethiol,

boron trifluoride-diethyl ether complex plus dimethylsulfide),



catal yst or a technique using a Lewis acid (boron
tribrom de, boron trichloride, boron
trichloride-dimethyl sul fide conpl ex, boron
trifluoride-diethyl ether conplex plus ethanethiol,
boron trifluoride-diethyl ethggp conpl ex plus

di net hyl sulfide), - 40 and the resulting Conpound

aéﬁ?&ﬁ%;ge%%fg%ggdéghsgﬂégﬁigfgkﬁ%ﬁjHéfgagahféeéi'éppropriate
sERERERGE 7y PEEROR T vt TS 1 gt Sffae) wien o

ndidgEinctitly MEREHe 81 Prbrifethyi SRy P enpELEder
tﬁHﬁBﬁhyf&i%ﬁF'b%%ﬁiﬁ%&&%?rW#Eéiﬂ'C&%ﬁ&@ﬂd I)..(&fter each

resul ti ng npound ( ) reacted wt or on

hydisky{ E. groupheayf BPE e Cpp6tdtéd wieh &% esSPESpPiatd
appropriate palladiumcatal yst -(e.g., palladium

prceict img DRR)p 0. @l | edmadceeyy, greast ed vetbh-a
Gignard  reagent i.n the presence or absence of copper
butylotimethyksi byl egnewp Vel the resstkting t Gompound (XXVII) is
nucl eophilic reagent (e.g., phenol, aniline,
reafitsphanioth boeremic pet@nce. @f . denylerenicpacidki im the
carbonate) to obtain Conpound (XXVIII). This conpound
PLARPIHE rAt RRREPRE e R kladin oppbahnsbf (¢ hg. . palladium
resent jnvention. Ol%é% The conpound of the present

aqehANft i P dah 5 AbEETIReb% Bl eahbkth YhtRhe Grignard
rfollowin cheme 6: - 41. - Schenme_6 [0128] or mul a

FITLD- (TP A FERRT i Th ARG (OF TRRFT g HAEIe 4 OF
alternatively, reacted with a nucleophilic reagent (e.g.,
phenol, aniline, thiophenol) in the presence of a base (e.g.,
potassium carbonate) to obtain Compound (XXVIII). This
compound may be deprotected to prepare the compound of the
present invention.

[0127] The compound of the present invention can also be

prepared as shown in the following Scheme 6:



XL X1 0 (XXIX) (XXX) OBh OBnOOBn (L)p-(CH2)mA 1
(LDp-(CH2)MmA (1V) OBh HO Ar protection PO Ar X1 X1
(XXXI) (XXXI1)  (L)p-(CH2)mA (L)p-(CH2)mA Art 1 PO
cyclization Ar deprotection HOO OBn pO OBn BnO OBn
BnO OBn OBn OBn (XXXI | 1)_(QXV) (L)p-(CH2)mA
Art 0" .OH HO OH OH [0129] wherein R13 represents
an ester group, Arl, L, m p and A are as

Schemendy. above, P represents a protecting group for a

r,0X r o nd X1 represents a hal ogen atom
[0{%%3101 Ykﬂgﬁui% 9dnt (e.g.. dimethylformanide),
Compound (XXIX) is react ed with a nucl eophilic

reagept~(E. g., phenol, ) e 6Chdd) ;A hi ophenol
ani | benzyqoélﬁ*lf\ge) in tr esence of r4dysdtw
(eRrdY. , Pot asst um car bonaR¥) o obt ai n | -

0o

(XXIX) (XXX) ﬁosn
BnO
" "0Bn
p~(CHo)m, p~(CHa)m (V) 6Bn
HO protectlon PO

(XXX) ' (XXX
—(CHo)m=A (L)p_(CHZ)m_A
PO i ati
cyclization deprotection
. \OBn . \an —_—
BnO
Y "OBn OBn
OBn
(XXX
(L)p~(CHa)m~A

[0129] wherein R!? representé an ester group, Ar', L, m, p
and A are as defined above, P represents a protecting group
for a hydroxyl group, and X! represents a halogen atom.

[0130] In a solvent (e.g., dimethylformamide), Compound
(XXIX) is reacted with a nucleophilic reagent (e.g., phenol,
benzyl alcohol, thiophenol, aniline, benzylamine) in the

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



42 Conpound (XXX), followed by ester reduction and

protection of the resulting hydroxyl group to obtain

Compound (XXXI1). The conversion of Conpound (XXXl 1)

into Conpound (XXXIV) is perfornmed in the same manner

as shown in Scheme 4 for the ,conversion of Conpound

(XXI'I'l1) into Conpound (XlI). Conpound (XXXIV) may be

deprotected to prepare the conpound of the present
Camprpd oﬁm)o'lsgql ¢ hprMerbirediecpienernd protection of

i nvention can al so be prepared as shown in the

1y 1 S5THHHg ISt HEFRF oY ScHetiP 719 (AR in Fepmeewnd of XXX THO  The
H.G_ X X1 \R11 XXXVI XXXVI
covestRn o PoRRh O RES denownd L) Hia
' I X)) AAA POGI+- RL1 G
pebeciiig T fndyddng, B B4 APt gt oh o - the
co(n)%%rirxxs%%ﬂ 'of %mpﬁﬂg‘nﬁn&)@ﬁ )'_anll.ooéon%hnc@n(m .( -X>(%>r990und

(XXXIV) may be deprotected to prepare the compound of the

present invention.

[0131] The compound of the present invention can also be
. prepared as shown in the following Scheme 7:
Scheme 7

[0132] [Formula 10]

OH
G__CHO G G
\ 'Y { A — \ ,»/\A —_—
X1 \R“ x1§——'/\R11 X1Y_XR11
(XXXV) (XXXVI) (XXXVII)

0

oW

BnO —~0OBn

@ oA —— rT A -
' R xR

OXXXVII) (XXXIX)




43 [0133] wherein R' has the sane neaning as defined

" above for substituents on Arl, Grepresents -0-, -S-
or -NP-, P represents a protecting group for an am no
group, Ais as defined above, and X1 represents a
hal ogen atom [0134] Conpounds4XXXV) is treated with a
Gignard reagent or the |like to give Conpound
S ), followed by using a reducing agent such as

l°t Bi3dt hyI si Whg&Eeds B té‘r’*ﬁ B daRe o8udNg )as Pefined above

ng@ynd IS treated with a base such as LDA and then
foFké §&¥ﬁuﬁﬁt§xppaﬁ§'to obERFRSEBASonRd - ( XRXVPF| ' NP-,

fO"Ogﬁﬁ b& Eégeatlon of th% h %@?x¥l gro to ob§$|gs
th
aedha U A e Y ep B BER LS. Ao hal BB 3 s rmound.
III I d. ( I
LO§2%101 bt oG orEBIRE by ’-L%?%%%S%@ siE brlBhar® reagent
orl B¥eNtiige th043%%k E@%ﬁ@%ﬁﬂPQ&§xﬁﬁ)th%d@f%ﬂ@& by using a

i nvention can al so be prepared as shown in

reflocioy agenthemenSas %%1et$@h%ﬁﬂa&e[Qb3@bﬂHiHW@HMbdﬁﬂd

R11 R11 R11 NV/<OP N--/(OH <coupling PO N cyclization
(XXXVNIN./ NrRPs Coolap&andOBs EFkat&BnwithBaheBa Baen(OBs LDA
and then treated with oxirane to obtain Compound (XXXVIII),
followed by protection of the hydroxyl group to obtain
Compound (XXXIX). The conversion of Compound (XXXIX) into
Compound (XXXX) is performed in the same manner as shown in
Scheme 4 for the conversion of Compound (XXIII) into Compouﬁd
(XI). Compound (XXXXI) may be deprotected to prepare the
compound of the present invention. |

[0135] The compound of the present invention can also be

prepared as shown in the following Scheme 8:



(XXXXI'T) OBn OBn  ()(XXXI 1 1) (XXXXI'V) R11 R11 1 ial
hal ogenati on N11 ~ N X coupling N NA deprotection 0
Bn OO0 ."Bn BnOO _ OBn BnO OBn OBn OBn R11
(XXXXV) (XXXXVI) N ~/~A 11 ,N 011. .,CH O HO _ H
OH [0137] wherein Rll has thggsane neaning as defined
above for substituents on Arl, A is as defined above,
Xl represents a S hal ogen aton1 and P represents a

ive group for a hydroxyl group. [0138]

w%l%f BERIEE bound (20000 1)+ 15 cyel ized and

deprotected in the presence of g acid such as Rl
p-tol ygnesul fonic acid to g| und ( XXXXI'V) ., A&
resul Li:fng conpound is tregded /]Ye\OH

agant/~(Twp eXSMI'® tri et hyjss

P®{}¥&£MyIS|IyI brom de and I¢Wb) in an
appropriate solvent (forprxg %Bdl met hyl sugf@xi OB
di Wll)forrram de and the |ikej t "yi ve :

chl ori de,

WNZ a hal QgaBat i ndi

(XXXXI1)

halogenation coupling
BnO
(POXXVI)
[0137] wherein R'' has the same meaning as defined above

for substituents on Ar', A is as defined above, X' represents a
halogen atom, and P represents a protective group for a
hydroxyl group.

[0138] Compound (XXXXIII), which is prepared by a
coupling reaction using Compound (XXXXII), is cyclized and
deprotected in the presence of an acid such as
p-toluenesulfonic acid to give Compound (XXXXIV). The
resulting compound is treatéd with a halogenating agent (for
example triﬁethylsilyl chloridé, trimethylsilyl bromide and
the like) in an appropriate solvent (for example

dimethylsulfoxide, dimethylformamide and the like) to give



45 Conpound (XXXXV). Thereafter, the resulting
conpound is reacted with boronic acid (for exanple,
phenyl boronic acid and the like) in the presence of a
pal | adi um cat al yst (for exanple palladium acetate,
DPPF and the like) to give Coggound (XXXXVI). By
deprotection of the resulting conpound, the conpound

f th ti b duced. [0139] How
Cpih A BERD ¢ #E%g'ﬁ%”f&%a i P A e M
d th b t | trated
r%S%téedx;“nJ@ S O 5T rtemp R ot eIt i ¢ ppia ana

e ?‘? ‘ﬁféjsséﬂ%nes { %aﬁf’%% Yehabfor examole

pal. OGP oA dVEN DY Wld e TLORDPT sy b@é’rnoééhesq

nore detail by way of the foll ow ng exa es an

(xesav es, ByMllephore@ tioh bft ehded els@1ltiifigt cbh@owape the
of the invention. [0141] In the follomnng exanpl es,

campdinridlud thermtesaite imsereidnathpaoprdddeduc! ear
magneti ¢ resonance spectrum (TMS i nternal st andard),

[ONB9 Inass spest rtonpimeparsendhdPlccmpuiugld pdr ftirempiesent
l'i quid chromat ography. [0142] NMR, M5 and HPLC were

inyeaduroad issinet tlHanited dw rithe iembodimetitss {04Hrddd above.
JEOL JNM EX-270 (270 MHz) or Brucker ARX300 (300 M)
Fogy eyampdie vaheuSempsondf e ryiesrdl iIveegRrocan also be

NHz ﬂwnm HnlanLagm WAt ers m cronass
SY%’é?’&S %1 Q/tga: e e dtepfetigicluded in

sd %%%S Water%.2690/2996 (det ector)

EXAMPLES
[0140] The present invention will be further described in
more detail by way of the following examples and test examples,
which are not intended to limit the scope of the invention.
[0141] In the following examples, individual symbols are
‘as defined below:

NMR: nuclear magnetic resonance spectrum (TMS internal
standard), MS: mass spectrometry, and HPLC: high performance

liquid chromatography.

[0142] NMR, MS and HPLC were measured using the following
instruments.
[0143] NMR: JEOL JNM-EX-270 (270 MHz) or Brucker ARX300

(300 MHz) or Varian Mercury 300 (300 MHz) or JEOL JNM-ECP400
(400 MHz)

MS: Thermo Finigan LCQ or Waters micromass ZQ or Q-micro
Triple Quadrupole Mass Spectrometer

HPLC: Waters 2690/2996 (detector)



46 - Exanple 1

1, 1- Anhydro-I| - G [ 5- (4- et hyl phenyl ) net hyl -

(hydr oxymet hyl ) phenyl ] - (3- D- gl ucopyranose 1)

Synt hesi s of (2-brono-4-hydroxynet hyl phenyl ) net hano

Under a nitrogen stream to a golutlon of 2-Dbrono-

terephthalic acid (5.0 g, 20. % mmol) in THE (50 m), a

THE solution of BH3 (1.09 M 74.9 m) was added
Exampdw de at OC and the m xture was stirred at room

tenperature for 4 hours. After addition of THE-water

1.ArAphydra-i-Cdd1t4@thnlphenydameatdyiridt ure was.

extracted_w_th ethyl acetate. The organic |ayer was
(hydroxvaethyimienyid hriradiugapynanase and t hen

1 >§§w€%&a€ﬁ 55 [a%dq%‘f@% Sﬁ%&g@%ﬁnﬁ%@i ¥ han
gel vel op solut

h (d
et hyFJ acet gt 2 r%%ag;eglgr (eyf"mZ) %Qc § g‘* tﬁ%l t°ift r&e-d)romo-

oIk (20| S AN MY ) ¢ e

soiu@1é§?éf §H§46§159h§ +43;92§%?hgg%SQEFZd48r6551sg)at 0°C and

thé- h&&ﬁﬁr% ﬁaﬁl%&h&&@ﬁ QY Ry D it®ire VI £ hours.
nitrogen stream to a solution of ‘trityl chloride
Aftet. 2ddg.tidh @IMIHF)-watér( 3-1kN9MtroAthis solution, the
hydr oxynet hyl phenyl ) met hanol (4.1 g, 18.9 nmmol) in DW
re@t2iom jnixttuiret walsamixteracied mithd Bthymacde taitd .DMitRe
(369.2 ng, 3.02 mml) were added and the m xture was
orgapicedayer ¥ashdmied gvero@mhysimemsamagnesiivm sulfate and
reacti on m xture was evaporated under reduced
thﬁPe§¥éP8rtaé'etdeHW@rt redygede Pregsyrends removacttde solvent.

n&% | ene chl oride. The qrganic | ayer was
The resu g residue was purified by silica gel column

chromatography (developing solution = ethyl acetate:n-hexane
(1:2)) to give the titled compound (4.1 g, 92%).
[0144] 'H-NMR (DMSO-ds) d: 4.48 (4H, t, J=5.1Hz), 5.27 (1H,
t, J=6Hz), 5.37 (1H, t, J=5.7Hz), 7.31 (1H, 4, j=7.8Hz),
7.45-7.49 (2H, m)

MS (ESI*): 240 [M+Nal®
2) Synthesis of 2-bromo-1,4-bis(trityloxymethyl)benzene

Under a nitrogen stream, to a solution of trityl
chloride (11.58 g, 41.6 mmol) and (2-bromo-4-
hydroxymethylphenyl)methanol (4.1 g, 18.9 mmol) in DMF (12
ml), triethylamine (5.8 ml, 41.6 mmol) and DMAP (369.2 mg,
3.02 mmol) were added and the mixture was stirred for 18 hours
at room temperature. The reaction mixture was evaporated
under reduced pressure to remove the solvent and then

extracted with methylene chloride. The organic layer was



47 washed with water and saturated aqueous sodi um
chloride, dried over anhydrous magnesi um sul fate, and
t hen evaporated under reduced pressure to renove the
solvent. The resulting residue was purified by silica
gel colum chromat ogr aphy (dey¢l oping solution =
ethyl acetate: n-hexane (1:2)) to give the titled

HPPL Gk 00l Sl WENES DA S 20 arsen
h f
°V?r4 athy Qt%efﬁ"&%sﬂ’%a}%" FURAR Sy e (poRgiad under
retdru'ctée gﬁ: Stream )t@%c)vt et haehysdd' QP%{t‘gn %h%l % ‘itlng residue

nitrog to a so IOﬂO

wald! %Qfﬂﬂﬂl)é'@%ﬂ)i&@ Q_fézle%l(tgn"ép 031 r%;?t%;IH{P | ()dé\neloplng

tol uene a cycl ohexane so t|o
sol @il W |eJtthly1urao(é?ca9c% :M-hedahd (10236 fHBﬂley@Stl?éjOﬁOkled

dropwi se at room tenperature and the solutlon was
cosipoun@d (2ar4 3f) rmsxyt.es. This solution was added

dropwi se at -78C to a solution of 3,4,5-trisbenzyl oxy-
[0846Henzy| oxirRy [ §DeLy)abrdraRer qail- ahe I=14MHzy, 70.226-7.34

mml) in toluene (1.5 m) and the m xture was stirred
(23dH.t MY .sdé 7 tTerfFer(@i2ir.e mflor 30 minutes. After

addition of water, the reaction m xture was extracted

WSER tBesyis adeBatde 5 HFd s -Degavilexvmpferbansy hawsmathy 42 - (2, 5-

1§2turated aqueous sodium_ chloride, dried over

L phemyildite trahy dneRy Tanaforok ed under

redu essyre to renove th solve t. The resultlng
r esi ﬁag oFad PUrTPSSR B TERM o0 SOAHHT Promel 1, 4-

ST A A )
BT A SEMEACRR S Sl]0.9 .

363 92, ( bH36t mmdb19: ¥d8) adtie@0 dropwise at room temperature and

the solution was stirred for 30 minutes. This solution was
added dropwise at -78°C to a solution of 3,4,5-trisbenzyloxy-
6-(benzyloxymethyl)tetrahydropyran-2-one (140 mg, 0.26 mmol)
in toluene (1.5 ml) and the mixture was stirred at the same
temperature for 30 minutes. After addition of water, the
reaction mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous magnesium sulfate, and then
evaporated under reduced pressure to remove the solvent. The
" resulting residue was purified by silica gel column
chromatography (developing solution = ethyl acetate:n-hexane
(1:5)) to give the titled compound (242 mg, 80%).

[0146] 'H-NMR (CDC1;3) &: 3.34 (1H, t, J=9.3Hz), 3.46-3.51

(3H, m), 3.78 (1H, 4, J=10.8Hz), 3.92 (1H, t, J=9.3Hz), 4.00-



48 4.05 (1H, m, 4.08-4.16 (3H, m, 4.31 (2H, s),
4.41 (1H, d, J=12.3Hz), 4.49-4.58 (2H, m, 4.77-4.84
(3H m, 6.75 (2H, d, J=7.2Hz), 6.95 (2H, t,
J=7.2Hz), 7.02-7.07 (1H, m, 7.11-7.32 (35H, m,
7.47-7.59 (12H, m, 7.69 (1H 48,.J=7.5Hz) M5 (ESI+)
1184 [ MtNa] + 4) Synthesis of 1, 1-anhydro-1-C][2,5-

b hyd th h 4,6-tetra- O benzyl - (3-D
a. glsﬁ&a  Blosd- Qe & (1 e biededis o SR G .

J=ﬁi s@?frz t§|4:;%?fr&‘3riﬁy (%!{vnw)bf &- ?/l o%%%&h 2")o| 6(27|zt52 (2H, 4,
Jggﬁ% ?QDIQ%H? gﬁ?‘bor%{#)trlfl L#:r c?e7t ']g{'hi/?f)s'let 1-7.32

(3%91”p'm€)’( 6297-7 $231H0) WS RYME A AL AN the

m Xture was stirre t 'th mﬁmmumfor

hour msAf(eer 5t 1 {1 BRI [RLNDF for an additional 1 hour,
wat er was added and the reaction m xture was

4 )esyhatleed swiolth 1mat-iWniaro-hl-@-de.5-The organic |ayer
was washed with saturated aqueous sodi um chl ori de,

big hgdrowxgineShyil)pivedys ¥y st , WM tetifaalos beads 1P -
evapor at ed under reduced pressure to renove.the

glycbpymanosiee resulting residue was .purified by
silica gel columm chromat ography (develqping sol ution
= et Hpdezcat aﬂérngh@xart@e(am 4P 8o sgilwut iome ofi t | ed
npound (77.5 , 56% 0147] 1H—NNR (CDC13) b:
3. é éztS‘l?Peprloaty-ﬁPfqz pxyme thyls 204 2,35, m
g - 4. %8 %ﬁ 4. 40 63 (6H,_ m, 4.83- 95 3H
blﬁ)‘ Y30 )é’h?S’Y(l ﬁe%ﬁhﬁr@@ﬁa@r%ﬁﬂ mgg 0.21
1 [gHNg é) nt nesi
mmé% nhy&F%pp} Fﬁ e § nﬂﬁ% eré%hylsllane (36 pl, 0.23
mmol) and boron trifluoride diethyl ether complex (29 pul, 0.23
mmol) were added at -40°C and the mixture was stirred at the
same temperature for 1 hour. After stirring at 0°C for an
additional 1 hour, water was added and the reaction mixture
was extracted with methylene chloride. The organic layer was
washed with saturated aqueous sodium chloride, dried over
anhydrous magnesium sulfate, and then evaporated under reduced
pressure to remove the solvent. The resulting residue was
-purified by silica gel column chromatography (developing
solution = ethyl acetate:n-hexane (1:4)) to give the titled
compound (77.5 mg, 56%);
[0147] 'H-NMR (CDC1l;) &: 3.62-3.71 (1H, 4, J=11.1Hz),
3.77-3.92 (3H, m), 4.07-4.18 (3H, m), 4.40-4.63 (6H, m), 4.83-
4.95 (3H, m), 5.17 (2H, s), 6.75 (2H, s), 7.06-7.31 (25H, m)
MS (ESI'): 681 [M+Na]®

5) Synthesis of 1,l1l-anhydro-1-C-[5-formyl-2-



49 -

(hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl - (3-D

gl ucopyranose Under a nitrogen stream to a solution

of 1, 1-anhydro-1I-

C—[2 5- bi s- (hydr oxymet hyl ) phegyl 1-2, 3,4, 6-tetra- O benz
(3-D gl ucopyranose (77.5 ng, O. 12 mml) in

T2 ) s b
gltu@‘g&,s,r ﬁeeiandthe m xture was stirred for 30

addition of water, the reaction nm xture

was el %Hh%é}%r{“’é@éa%{‘e tCJIl L1 8¢ ¢ C?q:r glarh -anhydro-1-

| ayer was th saturated aqueous so

c-qh, &iies - my&%%tnrgm& @%%'@@MJ%%erﬁ%ﬁ. B-D-

t hen evapor at ed under pressure to renove

gladdopgitancEe (AW tidld 0 .83 Gt MWRSin Mﬂr{yﬁhé’ycﬁidff@e (1.5
gel colum chromat ogr aphy (devel oping solution =

m19t, hle sacMeaattel m-pgedand ahied )Dedderi (74 .12 g 1 lEA8 mmol) was
conpound (25.2 my, 339 . [0148] 1H NMR (CDCl3) S: 3. 66
addeld, at, roh).t@Hperakui®e JRrdb themixjurel Wi &tlirfelH, for 30
M, 4.15-4.27 (2H, n), 4.47 (2H dd, J=12, 21.3Hz),
mipug®es(. 2I—|Afé|erJﬂ@Ql$H9)‘l of gatetrH, tue iteactalsln) mix4u®e was
SFH S), 5.24 (2H, s), 6.77 (2H d, J=6.9Hz),
ex r%tﬁdls'ltéeﬂlewlepelwozmd(elsHThﬁ) orgapic( 1pyes) was
7 87. (1H 8Hz 9.85 (1H ) I\/S(ESI+) : 679
](‘: uf m ghle J5ie(,4 dried over

an%t I?%_Iop niél ) %/dr oxy glal(?%ar ox%met h% gEhe(gyIIJder 3 educed

d
pr% %gl grl%r?flltr{ (hyg:r oxyrrgt‘}éﬁ Bhgﬁ)‘?l fefugt nrgofgts?‘guﬁ gas
pueiFtled( By QﬁthﬁPg%ﬁ?QQﬁﬁmEz%ﬂ%dﬂ&té&f%ﬁ%ﬂ“?&évéfbplng
di et hyl éther (O.

solution = ethyl acetate:n-hexane (1:4)) to give the titled
compound (25.2 mg, 33%). |
[0148] 'H-NMR (CDC1;) 6:_3.66 (1H, 4, J=10.8Hz), 3.76-3.95
(3H, m), 4.08-4.11 (1H, m), 4.15-4.27 (2H, m), 4.47 (2H, 44,
J=12, 21.3Hz), 4.65 (2H, 4, J=10.8Hz), 4.88 (1H, 4, J=10.8Hz),
4.95 (2H, s), 5.24 (2H, s), 6.77 (2H, 4, J=6.9Hz), 7.03-7.15
(3H, m), 7.19-7.41 (18H, m), 7.53 (1H, s), 7.87 (1lH, d,
J=7.8Hz), 9.85 (1H, s)

MS (ESI*): 679 [M+Nal®
6) Synthesis of 1,1l-anhydro-1-C-[5-(4-
ethylphenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-2,3,4,6-
tetra-0O-benzyl-f-D-glucopyranose

Under a nitrogen stream, to a solution of 1,1l-anhydro-1-
C-[5-formyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-

D-glucopyranose (25.2 mg, 0.038 mmol) in diethyl ether (0.3



50 m), a THE solution of 4-ethyl phenyl magnesi um
bromde (0.5 M 153 .1, 0.077 mmol) was added at 0C
and the m xture was stirred for 3 days at room
tenperature. After addition of water, the reaction

m xture was extracted with ethyl _acetate. The organic
| ayer was washed with saturated aqueous sodi um
chlorlde dri ed over anhydrous magnesi um sul fate, and

herf Wapfd?ld%*e’c%rﬂj%rh%ﬁweah%wareeqm chpoeidee(0.5 M,

ol vent ultlng resi due wps purified by silica
ellt:'olq,l'lﬂjj7 ¥ Rl bprRg Sheuftigture was

) he SR B
w3 Y %a%ﬁ% @@%@@#ﬁﬁ%ﬁd Wigh Gy poetate.
h@%rd@;ﬁcfls];a’%(ésk gﬁaé( zlul_iisl'g%d wAith 4%& éjsed 7a<%\g %.\_%fodlum
ch1d2.adn éBléﬁ”HJgﬁ“éhﬂydrous magnesium sulfate, and then

1, 1- anhydro- | - G [ 5- (4- et hyl phenyl ) net hyl - 2-
evabodapedeinidy pheinddd prekshre S et Red -dtdént. The

gl ucopyranose Under a nitrogen stream .to a solution
regfulkt ihcgntesirdnd -was purified by silica gel column :

C-[ 5- (4- et hyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phe
chxpinat ographys - (tdstved-ap-insh B0 Ly t3dd ¢f eyl st {2 Jhexane

,..0.031 nmmol) in acetonitrile (1 n),

“??“ét A Givandhes tdfled apapanns )( 23ar$d "bbr &0%) .

trifluoride dieth et her_ conpl ex 0. 031 mmol

[0}é°d added %fNMEfOéCBﬁH”Hf’e i )3’(3Ur(é3 strstq‘r7r -z, thé3 (2H,

T ne 7 Aot i A f)Si 2-#;* ¥r 2t S G ot &er 96 (31,
m)ggbgghg%30§h3n1 ‘ch orlde :led 5&@fh ﬂhydf%h(%hﬂ %£ed
J=TRdRes)UMssyl7 abgs, and SN (1m, s), 6.67 (2H, s), 7.00-7.47
(25H, m)

7) Synthesis of 1,1l-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-benzyl-f-D-
glucopyranose

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

C-[5-(4-ethylphenyl)hydroxymethyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-pf-D-glucopyranose (23.3 mg, 0.031 mmol)
in acetonitrile (1 ml), triethylsilane (5.8 ul, 0.037 mmol)
and boron trifluoride diethyl ether complex (3.8 pul, 0.031
mmol) were added at -40°C and the mixture was stirred at the
same temperature for 2 hours. After addition of water, the
reaction mixture was extracted with methylene chloride. The

organic layer was washed with saturated aqueous sodium

chloride, dried over anhydrous magnesium sulfate, and then



- 51 evaporated under reduced pressure to renove the

solvent. The resulting residue was purified by silica

gel colum chronatography (devel opi ng sol ution =

ethyl acetate:n-hexane (1:10)) to give the titled

conmpound (18.9 ng, 83%. [01591 1H NWVR (CDC13) 8: 1.15

(3H, t, J=7.5Hz), 2.55 (2H, @, J=7.2, 7.8Hz), 3.63

(1H, d, J=9.3Hz), 3.77-3.81 (1H, dd, J=3.6, 3.9Hz),
e@ma(tﬁql upder3, Wl(qw BYes PGS (Ql—remx)ve 4109 sqldeént. The

d, J=10.8Hz), 4.06-4.11 (2H m, 4.47 (2H d, J=12Hz),
repyding r%ldﬁq?%ur#m (B, Sishicay @il (el umn

d, J=4.8Hz), 5.17 (2H,_ dd, J=5.1,
crEpgHaTaphy (el idpinahusion Dot qésh oy Mprane
6 Na t i
(1(%?)3nh °dr7gol%e[ %%]thi%fyn 9 %re{e]tfhy? mg, 83%).

Og%[?gng?ﬁyk%ﬁ EEME |-c (4(@i{hyosheny1of)*?z’ 2.55 (2H,

> 2 | h | 6- e |
a. [Tgu[zy Z %% g’ééﬁs‘?i(‘{%])rg &y .i 92232#‘) eH 25 Q} A, aa,

J=Glel 3.amk) et qaet, ats? (]3 fﬁs) (1%P% ,' 'ﬁd,i.'}”‘i‘zn, s), 4.00
catal yst (2 ng) was add Under a hydrogen

(1at, mds plJedl®,. 8H) - elade-on 11 XtaH e s std7 red, fdr £12uz),
hours at roomtenperature and then filtered to renove

4 .60 (@3k.aldystJ= 1261381z )di st.id4 i(ngi,ofd) t he ssol (vent andre3bz),
reduced pressure, the resulting residue was purified

4.8¢ di2H.cq.gd=4.882im SchrTorftogdabhyy <(5ddvellepiattz), 6.71 (2H,
sol ution = nethylene chloride:nethanol (10:1)) to

ng\Té -OH& )i 61 @& ~dorfgodr?$H.9 M ny, 292;/@.(2[H0151] }H—7N5I\S/R
CD:3 =7. 5Hz . , g, J=7.5,
( )(35111 éy%i‘ﬂrﬁﬂi 3, 64)(1H dd, J=6Hz),

8)1§;§ﬁ§f% %@ 1”h h%%x%?H C?%S %4 et %@pﬂggylfaééiyl 2-‘.
(hydroxymethyl)phenyl]-f-D-glucopyranose

To a solution of 1,l-anhydro-1-C-[5-(4-ethylphenyl)-
methyl-z-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0—benzyl-B—D-
glucopyranose (18.9 mg, 0.025 mmol) in methanol (1 ml) and
ethyl acetate (1 ml), 10% palladium catalyst (2 mg) was added.
Under a hydrogen atmosphere, the reaction mixture was stirred
for 5 hours at room temperature and then filtered to remove
the catalyst. After distilling off the solvent under reduced
pressure, the resulting residue was purified by silica gel
column chromatography (developing solution = methylene
chloride:methanol (10:1)) to give the titled compound (9.8 mg,
99%).
[0151] 'H-NMR (CD;0OD) &6: 1.19 (3H, t, J=7.5Hz), 2.57 (2H,
g, J=7.5, 7.8Hz), 3.41-3.47 (1H, m), 3.64 (1H, dd, J=6Hz),

3.73-3.83 (4H, m), 3.95 (2H, s), 5.11 (2H, 4d, J=7.8, 12.3Hz),



- 52 -.7.06-7.12 (4H n), 7.16-7.23 (3H m M5 (ESI+)
: 387[Mtl]+ HPLC retention tinme: 11.4 mnutes <HPLC
condi tions> Col unm: YMC-Pack ODS-A 6.0 x 150 mm 5 m
Mobi | e phase:- 20 minute gradient from 0. 1% TFA/ MeCN
(599 + 0.1% TFA/H20 (95% t.o g3 1% TFA/ MeCN (1009,
followed by 5 mnute e|Uti?2083§$rF}he sa?e e
condjition 0. 1% TEA/ MeCN ow rate: 1.

7 n(?gﬁ# n%?e?élél' uftt -t érp&rat dBe{3HeoMm t enper at ur e

' di t] . taqtal plot summed over the
Eﬁ: ??%éogﬁégﬂe’:wg:{% ﬁg*'n]gﬁ of 230 to 4|OO nthlxarzrpI e 2
1, 1- AphyEr Qe aSe l 55 (23 benzot hi ophen nmet hyl - 2-
(hydr oxyﬁe?%%?%%‘g%ﬁ?? 3|- %ic g'F szlgi()’g'#%%ose I
¢ NeSh&i -an ro-1-C[5-(2-
<benzothi%ﬁﬁ%%%f%hydrgxynethyl-2-(hydroxynethy|)phenyl]
- 2, Ldhdind £1¥Mc DGR ZyDs (8- H- @l yic en;@ﬁo% Lnder a

nitrogen stream to a soluti ong;@léa hi oleEne

51. MoWL1d. BbseMD) indtE iedt £rolfXeh A/MeCN (5%

bt butyl i thi um (%. 71 M 130 T, 0. 352 7 (5%)
+ il Tieds/ Bl e SdN oMY 98 1SAUTFA/BE AN 1018 )T HIN SRS by 5

stirred for 10 m nutes. After stirring at room
miatfise real Wit eort orn@r nihneit seme tdend BETERHN( 0 N Kt P £/ MEGN

cooled to -78C, and a solution of 1,1-anhydro-|I-
(180%)9- f or ny! - 2- (hydr oxymet hyl ) phenyl | -2, 3, 4, 6-tetra- O

benz;Q -(3- Dl ucospyrano_se (207 ng, 0.315 mmol) in THE

(450 PR \Fatarddd 5 Mlomdimite hereto. After stirring at

roomagTﬂggégé#H%g;¥ﬁfg: room temperature
Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm
Example 2

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

(hydroxymethyl)phenyl];B—D-glucopyrahose

1) Synthesis of l,1-anhydro-1-C-[5-(2-
benzothiophenyl)hydroxymethyl-z-(hydroxymethyl)phenyll-
2,3,4,6-tetra-0-benzyl-B-D-glucopyranose

Under a nitrogen stream, to a solution of benzothiophene
(51.8 mg, 0.386 mmol) in THF (750 ul), a hexane solution of n-
butyllithium (2.71 M, 130 ul, 0.352 mmol) was added dropwise
at -78°C and the mixture was stirred for 10 minutes. After
stirring at room temperature for 30 minutes, the reaction
mixture was cooled to -78°C, and a solution of 1,1-anhydro-1-
Ce[5—formyl-2-(hydroxymethyl)phenyl];2,3,4,6-tetra-0-benzyl-B-
D-glucopyranose (207 mg, 0.315 mmol) in THF (450 pl) was added

dropwise thereto. After stirring at room temperature for 1



53 hour, saturated aqueous ammoni um chl ori de was
added and the reaction mxture was extracted with
ethyl acetate. The organic |ayer was washed with
sat urat ed aqueous sodi um chloride, dried over
anhydrous nagnesi um sul fate, apd_then evaporated under
reduced pressure to renove the solvent. The resulting
residue was purified by silica gel chromatography
h%ﬂ'ev@%ﬁ?d:eé%la:ﬁuwsz asner L ue ethitar ideh svameadde®)dnd the
ive the titled conpound (266 ng) as a
re@i C& SY RN MaF é"’?‘i’FaQ}ftj%ﬁ]tWJttdt ﬁrélxﬂf dAeetqte52The

I1H NVR.(CDC13) 2.45 (0 d, J=3.8Hz 2.56 (0.4H,
organgc, v%a h(()qji Wih faturated aguqoys sfdium
enfPlog ikt of b S neesin goltali apa then
e w%%a%%%‘é Under %e%@‘e‘?o pﬂfévh(rf‘l% ety dhe Fugt. he
reBlilh o3k edh aRen oS iphagle thal 14N ymet 4gghen}‘f matography

benzot hi ophenyl ) net hyl - 2- (hydr

(déveabbangOsbanzilon( 3- [BtHyIC QRLAIRSE - NdIGle § 1NiF) OGN give
stream to a solution of 1 1- anhydro-| -

th@-ﬁit@%dbeom@bhmﬂphemﬁlhmhyé@O&y@ﬁhﬁﬂeﬁ&omer mixture in
(hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-tetra- O benzyl - (3-D
qugn@d@pﬁﬂanoyée4249 ng, 0.315 mmol) in acetonitrile (3
m), triejhylsilane (60 |, 0.376 nmml) and boron
[011|5i2f]I uori deH-NNMRt (§PCLthdr CoMpl é2.6H2 K, 0=33BHzpl 2.56
re added at -40C_ and the m xture was stirred at the
(Oséﬁe FenﬂeﬂapﬁFé f§r62 3n88r § 1Haf Mg, 3ddiStiBe®70f(2H, m), 3.90

at yr.at aguequs tassium carbonate,the reaction
(1ﬁ.I tig 3 )

7as Cex Q@F d #i-OR-4rRPl (3HeeMited e do6§arfiddl, m),
a.B3Y§" gWAgsyasfgd W Lh sgpurated agueqys . 4 g3, 8Hz), 6.11

(0.6H, 4, J=4.0Hz), 6.68-6.76 (2H, m), 7.00-7.40 (21H, m),
7.40-7.70 (5H, m)
[0153] 2) Synthesis of 1,l-anhydro-1-C-[5-(2-
benzothiophenyl)methyl—z-(hydroxymethyl)phenyl]-2,3,4,6-tetra-
O-benzy;-B-D-glucopyranose

| Under a nitrogen stream, to a solution of l,l-anhydro-1-
C-[5-(2-benzothiophenyl)-hydroxymethyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0—benzyl-ﬁ-D-
glucopyranose (249 mg, 0.315 mmol) in acetonitrile (3 ml),
triethylsilane (60 pl, 0.376 mmol) and boron trifluoride
diethyl ether complex (42 pl, 0.331 mmol) were added at -40°C
and the mixture was stirred at the same temperature for 2
hours. After addition of saturated aqueous potassium
carbonate, . the reaction mixture was extracted with ethyl

acetate. The organic layer was washed with saturated aqueous



- 54 sodiumchloride, dried over anhydrous nmagnesi um

sul fate, and then evaporated under reduced pressure

to renove the solvent. - The resulting residue was

purified by silica gel chromatography (devel oping

solution = ethyl acetate:n-heygane (1:4)) to give'the

titled conpound (103 ny, 42% as a diastereoner

m xture. [0154] 1H NVMR (CDC13) S 3.66 (1H, dd, J=1.8,
S°Pf%|ﬂh dgy (driediPver Rniydmous pnagre Sipn guliate, and

thrﬁn’ eXazpfr(al ’d é{n%ﬂéﬂiﬁeéjzp%git%gz) i%jwﬁg%é zs;(l)lvent
Th%i%%%’]l@f“(ljgz 1%%%&% pfﬁlfdl 134}’ 10’517’142‘3: 913 4. 95
obirdhia H?%ra%réﬁﬁ (1 eﬁq’pd‘é‘gl%%l}%em THe ”“é‘ gaspdé(tﬁife iJj-hexane
(14495 léglw%hmlﬁe@a&m oty (31-073 g L) g B

d, J=7.9Hz) 3) Synthesi

dlbsleﬁ@hMﬁﬁthjﬁhﬁﬁg(z benzot hi ophenyl ) net hyl -
2- (hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyranose Under a

[onisrlogen stHeMMR (oD@l spldit iaseof(1H,1-@nhywdriod, 11.1Hz),

C- [ 5- (2- benzot hi ophenyl ) net hyl - 2- (hydroxynethyl)phenyl
3. PO 218,466t t =3a-70- Hdn2Hz)(,3-3D-8¢ Uddhy raéanosk-9.30. B JHHz) ,

0396 mmol) and pent anet hyl benzene (60.6 ny, 0.409

3. ﬁﬁnl()lHi n4d.dide9-SHEnet Ha®é-(42 18 )(3Ha m)Q M.21 (1H, 4,

di chl oronet hane sol ution of boron trichloride (400 I,
J= 664@52H1TDI4) 2fad Wddéd d=1678H2zAnd 4 t4H5e (m&tlﬁewvasz 2Hz),

irr t t sane .tenperature for hour. Afte
4. gé (tlﬁon f ng'tohaw&l)' théar é&@tl &h ﬂv&%rzél%s 4\/vz§r]ﬂéd-H d,
_ n1te er,a or.at ﬂ gg uced
J‘%?é&?%Se %%reﬁ%$e?9%2 ng% % éy uﬁfsﬁg TH&gdjdde 19
(1?2?8{?;1351'_2‘?%1%, iz '(%e,r a%flf%‘L%R%Qfalﬁ%z()‘%e\ée.'g%p'(fl%, s).
7.06-7.36 (23H, m), 7.50 (1H, 44, J=7.2, 1.4Hz), 7.61 (1H, 4,
J=7.9Hz)
3) Synthesis of 1,l-anhydro-1-C-[5-(2-benzothiophenyl)methyl-
2-(hydroxymethyl)phenyl]—ﬁ-D—glucopyranose
Under a nitrogen stream, to a solution of 1,l-anhydro-1-

C-[5-(2-benzothiophenyl)methyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0O-benzyl-B-D-glucopyranose (30.7 mg, 0.0396.
mmol) and pentamethylbenzene (60.6 mg, 0.409 mmol) in
dichloromethane (2 ml), a 1.0 M dichloromethane solution of
boron trichloride (400 pl, 0.400 mmol) was added at -78°C and
the mixture was stirred at the same temperature for 1 hour.
After addition of methanol, the reaction mixture was warmed to
room temperature and evaporated under reduced pressure to

remove the solvent. The resulting residue was purified by

thin-layer chromatography (developing solution =



vy

- 55 nethanol : di chl oronet hane (1:10)) to give the

titled conpound (10.4 ng, 63.8%. [0155] 1H NMR

(CD30D) S: 3.44 (1H, ddd, J=9.0, 5.3, 3.5Hz), 3.65

(1H, dd,'J=11.6, 5.3Hz), 3.72-3.86 (4H, m, 4.27 (2H,

s), 5.10 (1H, d, J=12.7Hz), 5544 _(1H, d, J=12.7Hz),

7.07 (1H, s), 7.18-7.37 (5H, m, 7.66 (1H, dd, J=1.5,

7.0Hz), 7.72 (1H, d, J:8.II—|ziI M5 (ESI+) : 414 [M +
meghanglerdiEher emekhane Gl i Gl ebo g thentitledscompound

| um: - YMC- Pack ODS-A 6.0 x 150 nm 5 m Mobil e phase:

“gg“m'?ﬂn f3r8%l ent from 0. 1% TFA/ MeCN (5% + 0. 1%

(99 E e el ur FOMEnAEPORE St & ﬁ&olf? Aad 'c,?g“@,do s,
3Rl 1% b et bty Dk by Cohd | ML, ™), 4.27

I d _ [ | gth_
(zgi]?,t %Jgdptsg.tldfogm &’;ﬁ%%ﬁ‘%ﬂ‘f,‘ M€ 14 VENE! EOLI{2NAE ) 5 09

(1h,1-Anhydngdz Gi 5('&!-6' 'E?)t,hof.\’ef&‘e(%) r@i,hyj-_:]%'5, 7.0Hz), 7.72
(hydroxymet hyl ) phenyl ] - (3- D- gl ucopyr anose 1)
(18y,ntdhes=8 .afHzl), 1- anhydro-1-C- [ 5- (4-
met hoxyphenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) phenyl ] - 2
, 3, 4MS- (ESTIra<: O4hdnzyl]* ( 3- D- gl ucopyr anose Under a
nitrogen stream to a solution of 1,1-anhydro-|I-
C- [ SHP&Cmyplet2n(tiyodr dxiyrest y2 )pheimdtles?, 3, 4, 6-tetra-O-b
enzyl - (3- D-gl ucopyranose (2.01 g, 3.06 mmol) in
<Ha’iLé'¥ Ppndditiens 24 ),

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

Mobile phase: 20 minute gradient from 0.1% TFA/MeCN (5%)

4+ 0.1% TFA/H,0 (95%) to 0.1% TFA/MeCN (100%), followed by 5

minute elution under the same conditions (0.1% TFA/MeCN
(100%))
| Flow rate: 1.5 ml/minute
Column temperature: room temperature
Detection conditions: total plot summed over the entire
wavelength range of 230 to 400 nm
Example 3

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

(hydroxymethyl)phenyl]-B-D-glucopyranose

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

-Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-formyl—2-(hydroxymethyl)phenyl]-2,3,4,6-tetra—0-benzyl-B-

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



56 a THE sol ution of 4-methoxyphenyl magnesi um brom de
(0.5 M 12.24 m, 6.12 mol) was added at OC and the
m xture was stirred for 2 hours and 30 m nutes at
roomtenperature. After addition of water, the
reaction mxture was extractegewth ethyl acetate.
The organic | ayer was washed mﬁth saturated aqueous

§S&tun1c rlde ri eq over drous magnesi um

fdt d‘tcH?en tg'b‘?% obliﬂ“é’s%%r%ot% M,
t t The sul t re3|d

purl ¥ﬁed ng Si 0%'2) geals (fud;Jm ch n@f‘ggﬁglﬁhylxture was

0 T St 9 W L i PR, ncee

addHiMR (dD6kde 18 Tﬁleﬁ%éa]d'ﬁld:h ml.D&L&léz as?’ e@&é&ﬁﬁ:ed with
s), 3 78-3.90 (3H m, 4.08-4.11 (2H, ,

ettdtl, dfetath 89Th3Hor§anic1Qa§@%)wa§ washél wikh 2a®hrated
(iH s), 6.67 (2H, . 7.06-7.48 (25H m

agleoiuse Sosliadm chlorlde dried over anhydrous magne51um
1,1-anhydro-|-C—[5-(4-nethoxypheny|)nethyl-
sulifiadieox yamet e leorapdrai el Airfidere treaiuddie pmds<uir-dD-to remove

gl ucopyranose Under a nitrogen stream to a solution
th@fsplyfaﬁhydwbe|result1ng residue was purified by silica gel

[ 5-(4- nethoxyphenyl)hydroxynethyl 2- (hydroxynet hyl ) p
COHW ]c hrema tography { devedeaing sodufiigsopy redadle JcEtmte : n-

g inhrdlade b el rddeduisipaii ool 4. s20).

il d 4 .
o o, P Tk e on
t S t t a dlt
e R R, H A o

4. @at hekene chy-a 3¢ )The . 16r qazzrﬂf c 5@3{ N G Mﬂsfg%d WY (2m,

sat ur at ed ‘aqueous sodi um chlor’i i ed over
m)anhydeous asaqnresi,um)sul fate, and then evaporated

under reduced pressure to renove the solvent. The
2) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)methyl-2-
(hydroxymethyl)phenyl]—2,3,4,6-tetra—0-ben2yl—B-D-
glucopyranose

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

C-[5-(4—methoxyphenyl)hydroxymethyl—z—(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0O-benzyl-f-D-glucopyranose (270 mg, 0.353 mmol)
in methylene chloride (2.7 ml), triethylsilane (281 ul, 1.764
mmol) and boron trifluoride diethyl ether complex (47 pnl, 0.37
mmol) were added at -40°C and the mixture was stirred at the
same temperature for 15 minutes. After addition of water, the
reaction mixture was extracted with methylene chloride. The
organic layer was washed with saturated aqueous sodium

chloride, dried over anhydrous magnesium sulfate, and then

evaporated under reduced pressure to remove the solvent. The



57 resulting residue was purified by silica gel
columm chr omat ography (devel opi ng sol ution = ethyl
acetate: n-hexane (1:10)) to give the titled conpound
(260 ng, 90% . [0157] 'H NWMR (CDC13) b: 3.63 (1H, d,
J=9.3Hz), 3.69 (3H, s), 3.7753%.81 (1H, dd, J=3.9,

3. 6Hz), 383(1H s), 3.86 (1H, s), 3.92 (2H, s),

re&u%.?::%ﬁlH“r) Si u\;%ovtafgz fffg%%%%fglca Jnl_glz_q.‘g %q:_}%};mxs iH
ché'g%%éaﬁ%‘f;%y 5(_ (%_\&%10%1 %%7.8::(%}_' = rﬁtq“é% g%c?fzﬂ:é - -hexane

(1\%1?)2:;@,%rgolﬁe?é-r[esq%ﬁ&?e]%_lhco%? p%enyl ‘;QJIFSI - 0%) .

et h Rngse y-k
A OOV P S U SOERES o 51 3.0 (an

s )Teshaxyshey | (1et fd - Zriﬁmr%m)hylswnodd 23)3 4 %6 (1m,
tetra-O benzyl - ( 3- Dgl ucopyranose (280 ng, .

s)mol.p2i {21t gnol3.(db (TH, and .Hlfwlslﬁ&)etaia)dh nM (2H, m),
10% pal | adi um catal yst (28.7 ng) was added and 2N HCT
4.@75.(2H,) drad=fLaHzher 4added.1Hnder, & . dlydramed, J=12.3Hz),
at nosphere, the reaction mxture was stirred for 45
4-ﬁi4nl§tlg‘9 & Poshzlenfer8® Ur2d.arfy tdvedn 8HA )t .ered & o 2H, dd,

rempve the catalyst. After distilling off the sol vent
I=dkdér Pedfi@dd 6p|5\é’§§ur7é’ (45 mMIsul6t-i9%y (286 dle Imbs 3Hz),

ri f| ica gel colum chromat ography
7. ?geJel '(%éHsoI"Utl on = nethyl ene chlori de: net hanol

o el B ST bRl itdmsgar -
el tod8 iy Lt gl 2,0 U ).

6. 7974 @8562HtiBh of’ 113~ Ank§akd3tH1 B [5- (4-
methoxyphenyl)methyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-
benzyl-B—D-glucopyranose (280 mg, 0.381 mmol) in methanol (1
ml) and ethyl acetate (1 ml), 10% palladium catalyst (28.7
mg) was added and 2N-HCl (15.2 pl) was further added. Under a
hydrogen atmosphere, the reaction mixture was stirred for 45
minutes at room temperature and then filtered to remove the
catalyst. After distilling off the solvent under reduced
pressure, the resulting residue was purified by silica gel
column chromatography (developing solution = methylene
chloride:methanol (10:1)) to_give the titled compound (114 mg,
98%).

[0158] 'H-NMR (CD;OD) &: 3.36-3.42 (1H, m), 3.60 (1H, dd,
J=6Hz), 3.70 (3H, s), 3.71-3.79 (4H, m), 3.88 (2H, s), 5.02
(2H, 44, J=12.3, 7.8Hz), 6.74-6.78 (2H, m), 6.79-7.08 (2H, m),

7.12-7.18 (3H, m)



- 58 - M5(ESI+) : 383[M+ HPLC retention tine: 9.62
m nutes <HPLC conditions> Colum: YMC-Pack ODS-A 6.0
Xx 150 mm 5 m Mobil e phase: 20 m nute gradient from
0.1% TFA/ MeCN (5% + 0.1% TFA/ H20 (95% to 0.1%
TFA/ MeCN (100%, followed by §8 @inute elution under
the sane conditions (0.1% TFA/ MeCN (100% ) Flow

rat e; I/ m Col unm tenperature: room
tenngéﬁngBﬁgbggﬁﬁ&n conditions: total plot sumred
over Pﬂ'ﬂi% HUltent 1 08PN ¢ ANGG Yo P30 tO 400 Nm
Exanpl e 4 -

<H§Lt-QQnN§Ug{dﬁg§-[5-(4-isopropylphenyl)néthyl-z-
(hydr oxymet hyl ) phenyl ] -(3- D gl ucopyranose 1)
Synt keshugmnaf vicl-paiiy dpe-In €[5 450 mm, 5 u
i sopropyi phenyl ) hydr oxymnet hyl - 2- (hydr oxynet hyl ) phenyl ]
- 2, Bobifet phazed RONAMINULR BrAMEORY FHHRS D . 14NEGA MeCN (5%)
nitrogen stream a solution of 4- _
+ Br.dRoTFAFHaPy ( DBRIete 021220Fy/M2BR. 6200%Y),) EB1TbRed by 5
(242 nl) was cooled to -78C,_and a hexane sol ution of
mipupet elluitijenymnder. dheMsaie. Tondiltivas qddad QFAYMeDN
thereto. The reaction mxture was stirred at the sane
(108&ddrature for 1.5 hours. A solution of
1, 1- gnhydro-1-C- [ 5-formyl - 2-
(hyd?gQénE?ﬁﬁF)&hénVPYmQPgﬁﬁ,6-tetra;C>benzyI-(3-D—
gl uc ranose 56.28 %, 85.39 mmol ) in THE (232 m)
was gg%@ﬂn §F8 Rr8&UaRd TREMntRMBPEakdEestirred at
-78 .5 h . oLat urat ed agyeous ammni um - ,
ot oPPBeekinagehds s BEby, gL 818 Sufined oV the entire
wavelength range of 230 to 400 nm
Example 4

1,1-Anhydro-1-C—[5-(4-isopropylphenyl)methyi-z-

(hydroxymethyl )phenyl]-f-D-glucopyranose

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

Under a nitrogen stream, a solution of 4-
bromoisopropylbenzene (27.20 g, 136.62 mmol)in THF (242 ml)
was cooled to -78°C, and a hexane solution of n-butyllithium
(2.67 M, 54.37 ml) was added dropwise thereto; The reaction
mixture was étirred at the same temperature for 1.5 hours. A
solution of 1,1-anhydro-1-C-[5-formyl-2-
(hydroxymethyl)phenyl]-2,3,4,6—tetra-0-benzyl—B-D-
glucopyranose (56.08 g, 85.39 mmol) in THF (232 ml) was added
dropwise and the mixture was stirred at -78°C for 1.5 hours.

Saturated aqueous ammonium chloride was added to stop the



- 59 reaction. The reaction m xture was extracted
wth ethyl acetate. The organic |ayer was washed with
saturated aqueous sodium chloride, dried over
anhydr ous magnesi um sul fate, and then evaporated
under reduced pressure to rgngge_the solvent. The
resulting residue was purified by silica gel colum
chromat ogr aphy (devel opi ng sol ution = et hyl
TeAhifn- n e Ffactipmmiktang was extradted oo ethyl
57.78 ¢,.87% as a . diastereoner mxture. [0159]
G\ Eﬁélgrgénlf LRAYEFHWAF WhRshieg Wity sefunatesHaqueous
2.75-2.81 (1H, '

. 31=3, 2.15 (0.4H d, J=3,6Hz),
so?%%dl‘%_%ﬁ_%\?jéi;e,( 1 J(.?S ’o%ggéxhr_)ﬁ%rctle%_" mqﬁr’leﬁj_.m_gg%ﬁate » and

tl’%ﬂg’(ﬁ@p&f%ﬁ? 'tﬁat’?edfr %.3%!}{.]%@% épxzsezéfzﬁr% 2\.2% (%élﬁefvn%’gt}(% 5q_?lvent .

THY rdsuidESiss 14 114
1,1- ;nhydrr'gb?l i c-f[gs‘fez A5 propyI Phery §HFF 981 column

chdonit& e} dewdespidg Lok foit &t r@fr&ij%t!é&:%-hexane

gl ucopyranose Under a nitrogen stream
(1L 3)-)ardey dyiord -the [tht{¥ed compound (57.78 g, 87%) as
|sopropylphenyl)hydroxynethyl-2-(hydroxynethy|)phenf?]
diaste3ebnten atinctuRenenzyl - (3- D- gl ucopyranose (2.186 g
2.81 mmol ) in dichloronethane (28 m), triethylsilane
[0059J4 i, 1M-BMR (@DC):hrt Borlen (taH .f Idord=te wdizot,hyd. 08
et her conplex (0.38 m, 3.00 nmol) were added at -40C
(Oa 88 .t Ko Wi53-FHE Ma? - r(Cedttht d.t e Bl t.erdpetsatarasd (1H,
for é.S hours. After addition of saturated aqueous
M) 50Bad3idmbdarbhat® . thd 6-dadiS dfHy Mlur ¢t - 4t - 64 (4H, m),
tra teﬂ i th methyl ene chl orjde. The organic |ayer
4'\%_34' s e’iy’wimt)h Satifra-éd e‘qzﬁleoﬂ‘s) sodidfncR4or(ldh, m).,
6.84_8deavqQhy 2 gydr_ i es| sulfate, and then
evaporatgé un% r Fggécgg%gpﬁégghrgnto renove the
Z)SQbﬁQﬁbsiEh%frQ§QL%h%9d&%§ﬁqQ§[@Qﬁ4-isopropylphenyl)methyl-
2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-benzyl—B-D-
glucopyranose
Under a nitrogen stream, to 1l,1-anhydro-1-C-[5-(4-
isopropylphenyl)hydroxymethyl-z-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0-benzyl-f-D-glucopyranose (2.186 g, 2.81 mmol)
in dichloromethane (28 ml), triethylsilane (2.24 ml, 14.02
mmol) and boron trifluoride diethyl ether complex (0.38 ml,
3.00 mmol) were added at -40°C and the mixture was stirred at
the same temperature for 1.5 hours. After addition of
saturated aqueous potassium carbonate, the reaction mixture
was extracted with methylene chloride. The organic layer was
washed with saturated aqueous sodium chloride, dried over

anhydrous magnesium sulfate, and then evaporated under reduced

pressure to remove the solvent. The resulting residue was



60 purified by silica gel colum chromat ography

(devel oping solution = ethyl acetate:n-hexane (1:5))

to give the titled conpound (1.81 g, 85% . [0160]

1H NWR (CDC13) S 1.16 (6H, dd, J=6.9, O0.8Hz),

2.77-2.81 (1H, m, 3.65 (1H g, -J=11.0, 1.6Hz),

3.78-3.87 (3H, m, 3.95-4.01 (3H, m, 4.06-4.15 (2H,
.,_4.4% (2H,. .d, J=12.1Hz), 4.56-4.63 (2H, , 4.64

P“?fﬁ,leg, ¥4 544 4%39@6(13|%°1r'r)“?n dhrpmatagraphy jdeyeloping

3 , ..08-.6. H, , (.00-7. 25H, 3 .
S%yﬁt%h%%‘)si:s%&?wﬁ f‘%ﬁﬁ%\%&@r{}{e@a{%@ ((41-‘%;)0? rtgﬁ’ Fglvemthg titled

I 1) - | o
cogﬁfﬁ&g?¥%§gg$%GYf%ﬁgﬁyI]-1-D—g|ucopyranose To a

byt i on ot apdy - .Gl 36( 4+ -6.
[oiigggr opyl ph%‘:;l?/l\ljﬂ)2 mg?hgli% 2-6( hi/ldflgx;‘/(r?gt'hﬁ%'pﬁ]er?ylg]’- 2'35,}%,) ’

2.67tetBa- (Quberqy, 3(FsD-(amuceRyr arase o 117%HE) 2-33435-3. 87
mmol) in nethanol (11 ni) and ethyl acetate (11|ﬁ%,

(3HQ0%mp3l Bagis+a.0at gI3Est m)Q. 22 08)-4.3s (28dech) Undeys g2, 4,
hydrogen at nosphere, the reaction mixture was stirred
J=flar. 1HzNoun .56 -HoGiB t(@Mpemit,uie 6and 1Ehes )f,i l4.@med . 940 (3H, m),
renove the catalyst. After distilling off the sol vent
5.4ARdéRH. eddced =pr7e$suld,. 4Hz9 .r s 6i8t-ibnF 1Ir d2HdumMay . 00-7.31
urified by silica gel columm chromat ography
gﬁevgpoping solution = nethylene chloride: met hano
(10:1)) to give the titled_ conpound (0.75 g, 80%.
3 éY@I}‘efHSN tedz@ppydror17€-(6r (40 1sepsopyiphenyl) -methyl -

2-$nf8rxTReshyy) eibny 11305 B- ghpbohyraboss (21 o), 5. 11

(5 i efop B0yl 14 13572
isopropylphenyl)methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-
O-benzyl-f-D-glucopyranose (1.78 g, 2.34 mmol) in methanol (11
ml) and ethyl acetate (11 ml), 10% palladium catalyst (0.22 g)
was added. Under a hydrogen atmosphere, the reaction mixture
was stirred for 1 hour at room temperature and then filtered
to remove the catalyst. After distilling off the solvent
under reduced pressure, the resulting residue was purified by
silica gel column chromatography (developing solution =
methylene chloride:methanol (10:1)) to give the titled .
compound (0.75 g, 80%).
[0161] 'H-NMR (CDs,OD) &: 1.21 (6H, d, J=6.9Hz), 2.82-2.86
(1H, m), 3.43-3.47 (1H, m), 3.64 (1H, dd, J=12.1, 5.8Hz),
3.74-3.81 (4H, m), 3.95 (2H, s), 5.11 (2H, dd, J=19.5,
12.4Hz), 7.11 (4H, s), 7.16-7.22 (3H, m)

MS (ESI'): 401 [M+1]1"

HPLC retention time: 12.1 minutes



+l

HPLC retention tinme: 12.1 mnutes - 61 - <HPLC
condi ti ons> Col um: YMC-Pack ODS-A 6.0 x 150 mm 5 m
Mobi | e phase: 20 minute gradient from0.1% TFA/ MeCN
(599 + 0.1% TFA/H20 (95% to 0.1% TFA/ MeCN (1009% ,
followed by 5 mnute elutioncyunder the sane
condi tions (0.1% TFA/ MeCN 6 %) Flowrate: 1.5
MIMnMe(mentamaauue roomtenperature
<HB&Ce @an@litd@ndi>* i ons: total plot summred over the
entire vvavelenthra e of 230 to 400 nm Exanple 5

1, 1- ShI0G- | Po;ﬁr&pyﬂ PPN . St A - 2-

A S wg%“e% TR LSRRGS s reasmecy (s4)

- BESREAEB BYE) ofL g%‘?k@*@é@%&@%ﬁﬁ%ﬁ hé%%ﬁz%y .
mlwutt %?‘rih e;iméir?é:oﬁbronocy%l opropy en ne (1;(1\({ eCN

(11;@%])3 mmol) in ether (21 m), 1,2-dibronoethane (0. 014
6 mmol ) was added. The reaction m xt ure was
stlrpg@wa&atkqongeﬁnghghM&% for 1.5 hours and then
cooled to 0C, followed by dropw se addition of a
sol uCodamaf tempeddltydeq- lroom temperature
C[5-fornyl -2- (hydroxynet hyl ) phenyl]-2,3,4,6-tetra-ODb
enzybetéctogl wongditdonse (totHl glot Eammed ovier @hielentire
(21 m). After stirring at OC for 1 hour, saturated
vaygleagsh aange of 239 do ddOvaan added to stop the
reaction. The reaction mxture was extracted tw ce
Pher. The organic | ayer was washed

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

(hydroxymethyl )phenyl]-f§-D-glucopyranose

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

Under a nitrogen stream, to a suspension of magnesium
(0.27 g, 11.11 mmol) and 4-bromocyclopropylbenzene (2.00 g,
10.15 mmol) in ether (21 ml), 1,2-dibromoethane (0.014 ml,
0.16 mmol) was added. The reaction mixture was sfirred at
room temperature for 1.5 hours and then cooled to 0°C,
followed by dropwise addition of a solution of 1,1l-anhydro-1-
C-[5-formyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-benzyl-f-
D-glucopyranose (5.10 g, 7.77 mmol) in ether (21 ml). After
stirring at 0°C for 1 hour, saturated aqueous ammonium
chloride was added to stop the reaction. The reaction mixture
was extracted twice with ether. The organic layer was washed

with saturated aqueous sodium chloride, dried over anhydrous



wi th saturated agqueous sodium chloride, dried over
anhydrous 62 magnesium sul fate, and then evaporated
under reduced pressure to renove the solvent. The
resulting residue was purified by silica ge

chr omat ogr aphy (devel opi ng sogption = n-

hexane: acetone (3:1)) to give the titled conpound

maig%ﬁfl's%.t#r! sdﬁ%t&,gozal%hhle%%%aléo%]fs ?Srtqg?{ 5%£1ic§$q?ressure
3. 6 . 62-4.15 (7H, . 4.43-4.64 (4H, _.
t°ﬁjﬂ“£§’§6ﬁ’%€%ﬁﬁm, T??lffe%.“;P(’?H?eﬁf, uegwag gugdfied by

(% : - - 4 | - 2)
signel S ey, Naefdshd' sortitiod :
heSAfleO RN QA D Rty | 543 - Sy 1
%6-eot etra-O ggz%)ﬁ(ﬂgglaﬁc%%%&@n ra 4 (§ b g
861%i)t.r ogen stream to 1, 1-anhydro-|-GC[5-(4-
. cycl opropyl phenyl ) hydr oxynet hyl - 2- (hydr oxynet hyl ) pheny
[0l1)62]2, 3, 4, GHtRMR a¢ COOENZ Y :- (03553 .WOMBNGHE, (0b.8%3 .92 (2H,
6.66 Mol ) in dichloronethane (67 m), triethylsilane
m)(,51305m11,. 823.(181, mminl )2 .dred (dF,0rd ,t rd<f3 .68t )de Aiest-tyylis (7H,
et her conmplex (0.91 m, 7.18 nmmol) were added at -40C
m)and - ¥R 4mbdt Uridl .wa .st4-Bfedt .0 (3o sune X.dPp&.&AWr(@H, m),
for 1.5 hours. After addition of saturated aqueous
5. d8ras$Buhléar Bdnatbe 6 5t16e 6% ddHi.ofM )i 6t-B5e 7 ds (26H, m)

t ted with nethylene chlaoride. The organic |ayer
2’%&’5‘% S O 11hm?'~s‘ Y8 tagudsud 4sodi um chl ori de,

L T )k R e SR
<SSR ben kI BERABRR R e pur e by =1 ea

et hyynaee! at AiRrBe¥aNetelaf),) tb0191Yanha b hled 15-(a-

conmpound (4.27 g, "85%.
cyclopropylphenyl)hydroxymethylf2—(hydroxymethyl)phenyl]-
2,3,4,6-tetra-O-benzyl—ﬁ—D-glucopyranose (5.16 g, 6.66 mmol)
in dichloromethane (67 ml), triethylsilane (5.30 ml, 33.18
mmol) and boron trifluoride diethyl ether complex (0.91 ml,
7.18 mmol) were added at -40°C and the mixture was stirred at
the same temperature for 1.5 hours. After addition of
saturated aqueous potassium carbonate, the reaction mixture
was extracted with methylene'chloride. The organic layer was
washed with saturated aqueous sodium chloride, dried over
anhydrous magnesium sulfate, and then evaporated under reduced
pressure to remove the solvent. The resulting residue was ’
purified by silica gel column chromatography (developing
solution = ethyl acetate:n-hexane (1:4)) to give the titled
compound (4.27 g, 85%).

[0163] 'H-NMR (CDC1l;) &: 0.56-0.58 (2H, m), 0.86-0.90 (2H,



[0163] 1H NMR (CDC13) S: 0.56-0.58 (2H, m, 0.86-0.90

(2H, 63 m, 1.74-1.84 (1H, m, 3.63-3.67 (1H m,
3.77-3.86 (3H, m, 3.94 (2H,.s), 3.99 (1H, d,

J=10.4Hz), 4.07-4.14 (2H, ), .4.45 (2H, d, J=12.1Hz),
4.56-4.63 (2H, m, 4.85-4.90 (3H. m, 5.11- 5.20 (2H,

n), 6.68-6.71 (2H m, 6.83-6.86 (2H, n), 6.97 (2H

J=8. 2Hz). 09-7.31 (21H, q? %2 Synthe3|s of
m)lr 2 -2yl |U¢I{sn)(43 63-3.6 H, 3.77-3.86 (3H, m),

Célf?@b )Lﬁg%ee%ﬁ?&@da ekt ff}eh PR %P aas
By & Pl oy en‘k/ﬁ%&%{% (BB H piiehe 5-11-

s o oot 4y Dbty AT T % o7 o
4, mmia) g i Cﬁ'dyomlh%el m), al0M

dlchloronethane sol ution of oron trichloride (33.26

3)Msynthef s8R )1 Vearfidad al-c /8L @nd the mixture was

stirred at the sane tenperature for 2 hours. After

cyad@ipriopy 19pheminaraihK1L85- (Hyardsind Ral ) giedy K A5 b -

was warned to room tenperature and evaporated under
gluedpystingseessure to renove the solvent. The resulting
residue was purified by thin-layer chromatography
(devlndem@ g¢itaoigem strearhanal adisciilwriemetdfarie, 1-anhydro-1-
1:10)) to give the titled conmpound (0.67 g, 509%.
C-[ @rdé] crmmqmmnﬂ ) m;tsylo 264 Ky oxgme thydly) thegyl] -
(r? m, 3.40-3.47 (1H, m, 3.61
m 63 etr?—szPn@ls )D géurwpsrr@esw(s&ﬂznﬁs 3 943 {(3fHmmo1)
J 12.4Hz) , ! rgp
n?@g %xér'l;ltbeﬂzenf, 2(§ (93|q r.",{3|z (rrggl+)) J.n l'fll\ﬂ methane
(185 ml), a 1.0 M dichloromethane solution of boron
trichloride (33.26 ml, 33.26 mmol) was added at -78°C and the
mixture was stirred at the same temperature for 2 hours.
After addition of methanol (185 ml), the reaction mixture was
warmed to room temperature and evaporated under reduced
pressure to remove the solvent. The resulting residue was
purified by thin-layer chromatography (developing solution =
methanol:dichloromethane (1:10)) to give the titled compound
(0.67 g, 50%).
[0164] 'H-NMR (CD;OD) &: 0.59-0.64 (2H, m), 0.87-0.94 (2H,
m), 1.82-1.87 (1H, m), 3.40-3.47 (1H, m), 3.61 (1H, 44,
J=12.1, 5.8Hz), 3.74-3.83 (4H, m), 3.94 (2H, s), 5.09 (2H, dd,
J=20.3, 12.4Hz), 6.94-6.97 (2H, m), 7.05-7.08 (2H, m), 7.19
(3H, m)
MS (ESI*): 398 [M]*

HPLC retention time: 11.4 minutes



HPLC retention tinme: 11.4 mnutes - 64 - <HPLC
condi ti ons> Col umm: YMC-Pack ODS-A 6.0 x 150 mm 5 Eun
Mobi | e phase: 20 minute gradient from0.1% TFA/ MeCN
(5% + 0.1% TFA/ H20 (95% to 0.1% TFA/ MeCN (100% ,
followed by 5 mnute elutionggnder the sane
conditions (0.1% TFA/ MeCN (100%) Flowrate: 1.5

nute Col urm tenperature: room tenperature
<P§3‘tdg] 'Bflltc‘tﬁﬁﬁ’tlons total pl ot summed over the

entl’r&;]%hlu\é\% ﬁ@g_t% Qﬂ)esp?)bpfﬁzf %500 nm an‘pl e 6

P A A gy s o
+ Ohydr appYEE, by|()98E§‘n¥b] 0213, ‘bFﬁ/h%bha(Qo%%')Zy'f’g(léerd by 5

glucopyranose obtained in Exanple 5 (1.68

mifite) alRftidd SafdetredtHd d@&&&!&idﬁtlfbr{g )(oﬂrﬁ% PN/ /MeCN
acetate (10 mM). To this solution, 10% pall adi um

(10@tggl)yst (0.21 g) was added. Under a hydrogen
at nosphere, the reaction mxture was stirred for 1.5
hour Flaw madm:t dndemdt/mmimuwted then filtered to renove
the catalyst. After distilling off the solvent under
r edu€edumpr &empegatiure :r goent itegpegwitdue was purifi ed
by silica gel col umm chr omat ogr aphy (devel opi ng
sol uPedfction: ppnaid 1oa§ o iod@lmptliedn slummest Pver ¢he entire

titled conmpound (0.65 g, 73%. [0165] 1H NWMR
a?’éé%@) 16619@20(35’3‘%%470 Q@ 1.57-1.64 (2H, m),
Exmdde¢55 (2H M, 3.43-3.49 (1H m, 3.65 (1H dd,

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

(hydroxymethyl )phenyl]-f-D-glucopyranose

1,1-Anhydro-1-C-[5-(4-cyclopropylphenyl)-methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-benzyl-f-D-
glucopyranose obtained in Example 5 (1.68 g, 2.21 mmol) was.
dissolved in methanol (10 ml) and ethyl acetate (10 ml). To
this solution, 10% palladium catalyst (0.21 g) was added.
Under a hydrogen atmosphere, the reaction mixture was stirred
for 1.5 hours at room temperature and then filtered to remove
the catalyst. After distilling off the solvent under reduced
pressure, the resulting residue was purified by silica gel
column chromatography (developing solution = methylene
chloride:methanol (10:1)) to givé the titled compound (0.65 g,
73%).
[0165] 'H-NMR (CD,OD) &: 0.92 (3H, t, J=7.4Hz), 1.57-1.64
(2H, m), 2.50-2.55 (2H, m), 3.43-3.49 (1H, m), 3.65 (1H, d4d,

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



J=11.8, 5.5Hz), 3.75-3.85 (4H, m, 3.95 (2H, s), 5.09
(2H, dd, 65 - J=19.2, 12.4Hz), 7.04-7.22 (7H, m M5
(ESI+) : 401 [M1]+ HPLC retention tine: 12.3 minutes
<HPLC condi ti ons> Col um: YMC-Pack ODS-A 6.0 x 150 mm
5 pm Mobil e phase: 20 minute ggadient from0.1%
TFA/ MeCN (5% + 0. 1% TFA/ H20 %95% to 0.1% TFA/ MeCN
(100%, followed by 5 minute elution under the sane
I=dhdi 4 ilAAH2), 198 T N (THA00D9) Flow rate: 1.5

m / m _put Lum tenperature: roomtenperature
Det e o‘%sgﬁdi #P&ngﬁﬂldt al plot summed over the

ent i vel ength range of 230 to 400 nm Exanple 7
T KRR dh (R 2 e mAeE 2.

I@)@rw.t}x! Jphenyl ] - (3- D- gl ucopyranose 1)
< Synt hesi s of >g

r ono- 4- (et hyl phenoxy) - benzoi ¢ acid

met No 1 ufii:e ML xS }pg 20
2- br or?D- 4-f1 uoro- benzgl)::g g‘ci%dq;ngt hlyr)l0 Mt & W88 ny,

2. 09MamRl)k iphadehy Hoows Y v ety |
(256 ng, 2.09 mmol) and potea(sgézi%grgez:nz}r t%.r?zr% teby(1 SSIIﬂr{gbfeCN (5%)

+ 2.0 mrol/)H,0e(9580ded Bt 180QFRY BEPRT ¥doR) febheyRdabyy
stirring under a nitrogen atnosphere for 16 hours at

5 m80Cte Eim trieac uintlermnithiel rsams Tob@iltadnand,o .afg &iFaA /MeCN
addi tion of saturated agueous amoni um chl ori de, was

(10Ré&n)extracted with ethyl acetate. The organic |ayer
was washed with saturated aqueous sodium chl oride and
dri efl8Verasgdi dmSsmlyaiautart er

Column temperature: room temperature

Detection ponditions: total plot summed over the entire
wavelength range of 230 to 400 nm
Example 7 |

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

(hydroxymethyl)phenyl]-f-D-glucopyranose

1) Synthesis of 2-bromo-4-(ethylphenoxy)-benzoic acid methyl
ester

To a solution of 2-bromo-4-fluoro-benzoic acid methyl
ester (488 mg, 2.09 mmol) in anhydrous DMF (15 ml),
4-ethylphenol (256 mg, 2.09 mmol) and potassium carbonate (289
mg, 2.09 mmol) were added at room temperature, followed by
stirring under a nitrogen atmosphere for 16 hours at 160°C.
The reaction mixture was cooled and, after addition of
saturated aqueous ammonium chloride, was then extracted with
ethyl acetate. The organic layer was washed with saturated
aqueous sodium chloride and dried ovef sodium sulfate. After

filtration, the solvent was distilled off under reduced



filtration, the solvent was distilled off under
reduced 66 pressure and the resulting residue was
purified by silica gel colum chronatography
(devel opi ng solution = ethyl acetate:n- hexane (1:20))
to give the titled conpound-(485-ng, 65% . [0166]

"H NVR ( CDC13) S 1.26 (3H, t, J=7.6Hz), 2.67 (2H, q,

oy B Jand de 12Ebin flag “hyoidue Juta publ £3eh rrpibsca el

P R IR LARYS ) BREAG ITRE ORI~ ehiEh acetate:n-
nddOUEn. 261 PO JBe S0l I ORISR (55 o 058 -

(et hyl phenoXy) - benzoi c ac

t,ol u ti
U(;[;HTHDI? B:AE ?TIF\IAWMRUgcb@%‘S‘?”@ 5(3%72%)(:?}? V\ilg_s gddeegsw 27 (2m,

q . driepmierez At 3 ./8C. (3He sy eastddng Xt UL, RS, Sé'é{leg & (2m,
-78C for 1.5 hours and at room tenperature for

m)hoUlr-s.9 -The2 & eleBH.i om) M'Kias & MEsS d caplediigpi n to - 78C,
foll owed by addition of 1N hydrochloric acid (0.2 m)

2)a§an§hﬂaiq:pﬂ5&ﬂﬁbrdmu}¢<ﬁnﬂethylphénﬂxyWﬁhbnyl]methanol
extracted wth ethyl acetate. The organic |ayer was
wash¥@def @h nddmagsne ¢ tapaoou s o edisehudthiloor icde 2attomo- 4 -

over sod|um sul fate. After filtration, the
(eg:b‘y é’l‘i’tel\ﬁ&‘é' qikenz9isy asid metderl resthered 39 ersUrte 268 mmol)

mf:%?" uI t Wﬁe vvasvgl%gl fi. e%é@b)l%qslg#é% Q;f}q)uIBAL (11,
0.?§gt ﬂrr'%e @4%%% ( ]%')f'?i ive tf%%lget IPegS%%S ‘.’“[‘f'he
reAEzi@HE%ix%ggé %%g’?t%gr%azfg?%hﬁ én% (%;% ﬁéppsdand at
rO?E‘Stt %fﬂ%f%?%{] tﬁslgfllg ?filogtr Ryl phefoks T phen, M *5rER: Has
cooled again to -78°C, followed by addltlon of 1N hydrochloric
acid (0.2 ml) and ether (3.5 ml). The reaction mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium chloride and dried over sodium
sulfate. After filtration, the solvent was distilled off
under reduced pressure and the resulting residue was purified
by silica gel column chromatography (developing solution =
ethyl acetate:n-hexane (1:5)) to give the titled compound

(78 mg, 94%).

[0167] 'H-NMR (CDC1;) &: 1.25 (3H, t, J=7.6Hz), 2.65 (2H,
q, J=7.6Hz), 4.71 (2H, s), 6.91-6.97 (3H, m), 7.15-7.21 (3H,
m), 7.39 (1H, 4, J=8.4Hz)

3) Synthesis of (2-trityloxymethyl)-5—(4—ethylphenoxy)-phenyl
bromide

Under a nitrogen stream, to a solution of [2-bromo-4-(4-



Under a nitrogen stream to a solution of

[ 2-bronp-4-(4 - 67 - ethyl phenoxy) phenyl ] net hanol (493
ng, 1.61 nmol) in a mixture of anhydrous DVF (5 m)
and net hylene chloride (5 m), trityl chloride (492
mg, 1.77 mmol ), triethylam neg40.247 m, 1.77 mmol)
and 4-di net hyl am nopyri dine (50 ng) were added. The

f
ot P AR Y Ran LR e Jor (443 10 (heb T Gt lorin A mixture
h acetate _ The organic
o RV ) S el il U ) e
chiRrq'd.§ & trr@e,' gd ﬁvﬁr{rnoi (L]{: Sqlﬁi ] at Af(tﬂ?r:j?e"ﬂ ml, 1.77

iTtration, sol've | o
u t
w00 A B A 8T SR acea. e

aeey S0 RiikE uxe sto%n Rt il é%fa?@:ilgz 1:9)1)2 h :
reto gi ve #he titled conﬁbund (880 ny ngbo é%ﬁ ours

AftErNERdi€DCh3ofSwakezb thid r*e’acl:‘.l.znﬁ Wﬁxtlﬁ-ee Yds2 Iéxtr‘:&cted
J=7.6Hz), 4.19 (2H s), 6.91-7.34 (15H n). 7.49

witBHethy)l, acef4td .68ThéHorghndy Sypthewhas Whshed w1th
3,4,5-tris-benzyl oxy- 6- benzyl oxynet hyl - 2- [ 5-
satyratied paueosny) sdium whdoyieieh angh dnileld etvieah \sdidd
an- 2- ol Under a nitrogen stream to a solution of (2
SUAf?¢9|ox%ﬁﬁﬁﬁyf}lsratnoathyhphenbxgyphway|dbsbmiﬂed off
wg 1.39 mmol) in anhydrous THE (15 nm), a
un S%aﬁ used: PGﬁ"S&“r enapg; \rhiei FRiSYHtAnds Tesigiugy wais, purified
. Z. ded. dropwi se at -78C and the m xture
oy, g4 L4 FR o3 Forie” frranaLoarabhy, 4 dessionion Redution -
e Ly rishenz y-
etﬁggngg gégnebhy eFréi g?ép§?aﬁl o%é g%flﬁﬂ cpmpgund
(88B0hY, |gg%qnhydrous THE (1.5 mM) dropMAse at -78C and
the résufting solution was stirred at the sane

[olesperat urgrfMMr LQCBBIYI8S: 1.25 (3H, t, J=7.6Hz), 2.65 (2H,
q, J=7.6Hz), 4.19 (2H, s), 6.91-7.34 (15H, m), 7.49-7.53 (6H,
m), 7.64-7.68 (1H, m)
4) Synthesis of 3,4,5-tris-benzyloxy-6-benzyloxymethyl-2-[5-
(4—ethylphenoxy)-2-trityloXymethy1phenyl]tetrahydropyran-z-ol
Under a nitrogen stream, to a solution of (2-
trityloxymethyl)-5-(4-ethylphenoxy)phenyl bromide (766 mg,
1.39 mmol) in anhydrous THF (15 ml), a hexane solution of
n-butyllithium (1.6 M, 0.92 ml, 1.47 mmol) was added dropwise
at -78°C and the mixture was stirred for 15 minutes. To this
solution was added a solution of 3,4,5-trisbenzyloxy-6-
(benzyloxymethyl)tetrahydropyran-2-one (751 mg, 1.39 mmol) in
anhydrous THF (1.5 ml) dropwise at -78°C and the resulting
solution was stirred at the same temperature for 10 minutes.

After addition of saturated aqueous ammonium chloride, the



After addition of saturated aqueous anmoni um chl ori de,
the 68 reaction mxture was extracted with ethyl
acetate. The organic |ayer was washed with saturated
aqueous sodium chloride, dried over anhydrous sodi um
sul fate, and then evaporatedggnder reduced pressure
to remove the solvent. The resulting residue was

ca ge chr omat ogr aph

%;éeve gg. i ‘i%+ u‘f?%nex“ggﬁg? a‘&‘s?%t %t}ﬁl; f eﬁ%ﬁéi‘é?i 7Bhe
oAfafldoide A%G‘? R e Eﬁ#ﬁ? 15904 s5pasup,
CHFRE) a5 30-500P dfithatlys ?‘ié’fﬁ*“ ol D ama spen

e\f@po:ﬁat%h farrde £ 4J:?tal,'éiucé"a % ?Srzémove the solvent. The
1, 1- anhydro-| - G [ 5- (4- et hyl phenoxy

resuidring nesdidie phe) i 2 fed @yt§iif09§’§fzé’d{&§n D-
gl ucopyranose Under a nitrogen stream t0O ution
chofory thdrdphy-(developing solution = etth acetate: n -hexane
benzyl oxy- 6- benzyl oxynet hyl - 2- [ 5- (4- et hyl phenoxy) -
(3= )y Itox y@esten yish eyt Je et e aiyaliro y( 616 anDJ {3y, nrg,
- . 0.54 mol) , in methyl ene chloride (10 ni),
l0t1r6|9e1t hyI si THnNMRO(6D61m OOl GX2 (A )t .ant-TFMA D, (62 (2H,
nmol ) were added at 0C, followed by stirring
'at‘T‘r oél’ﬁzt)enﬁer"‘é’c'l?r S% il Wbl 3 - 814105 AdkH & itoh, of . 25-4.39
urate o) tassi um carbonate, the reaction
(5§¥a 4 théac(lto Whh dretdnA e @H.omoe 6 BR-7.59 (42H,
)organlc Iayer was washed with saturated aqueous sodi um
chl oride, dried over anhydrous sodium sul fate, and ]
t or d ,u duct SSur Q.renove the
>) %?ﬂth%\éq'l%hg%t fieslu:jdtqllqllr éir(r%egll Sfj & eMS ed:ff\ YHRREIRKY Sﬂ% ca
( h§lr oSdhy 19 h'b‘l’x@atngr-azo by, 4 %e\iz%lt‘}@ R 529N ¥ s
et hyl acet at e: n- hexane
glucopyranose

Under a nitrogen stream, to a solution of 3,4,5-tris-

| benzyloxy-6-benzyloxymethyl-2-[5-(4-ethylphenoxy)-2-
trityloxymethylphenyl]tetrahydropyran-2-ol (547 mg, 0.54 mmol)
in methylene chloride (10 ml), triethylsilane (0.095 ml, 0.60
mmol) and TFA (0.046 ml, 0.60 mmol) were added at 0°C,
followed by stirring at room temperature for 2 hours. After
addition of saturated aqueous potassium carbonate, the
reaction mixture was extracted with methylene chloride. The
organic layer was washed with saturated aqueous sodium
chloride, dried over anhydrous sodium sulfate, and then
evaporated under reduced pressure to remove the sdlvent. The
resulting residue was purified by silica gel column
chromatography (developing solution = ethyl acetate:n-he#ane

(1:4)) to give the titled compound (405 mg, 99%).



[ [ . 69
1:4)) to give the titled conpound (405 ng, 99%
EOl?%)] 1H NVR (CDC13) 1.22 (3H, t, J=7.6Hz), 2.62 (2H,
q, J=7.6Hz), 3.59-3.87 (4H m, 4.04-4.21 (3H m,
4.41-4.68 (4H, n), 4.81-4.95 (3H m, 5.11-5.24 (2H,

. 6.77-6.91 (4H, , 6.95 (H._ d, J=1.9Hz),
9?01-7.36 (22H,( m N?(ESH) - 772 [ MFNa] + 6)

[ = -l - C. [ 5-(4-et hyl phenoxy) - 2-
LT oxymet TR G030 @,Faeéég?xﬁnl sed“fotlln). 2,62 (an,
[ aaph -1,-C- [ 5-(4-et enoxy) -
T or bR gt T REny T (s W) o foPRadtrbokah. ha. po - 41-4. 60

ngse 9 , 57 [y Ln I xture of
(oapyr 200904 (99730, &) 27sTIRLY 2B TaM15)" Ce0p7-6.91 (an,

mpal é 2 umEatal yst1. 6499, M) o yas §8’d?§'zHU”rﬁa;Sast o ed

hydr ogen at nosphere, the reaction mXxtufe

for IS h@SE)at 7@omMM«nperature and then filtered to
renove the catalyst. After distilling off the solvent

6 Jurfitenrthesiis euff pt chsarleydidiel f@Spb 1 | .{lgefﬁ}%j_ﬁﬁ@n&@f )-2-
purified by silica gel columm chromat ography

o Ty o ve the ] el foe e S e Bagp.

[017f° B+ tiemad) 1S:1-Brwyq3H, 14G- [B-7( SHEdhy oshoxy ) - 2-
RN PR TR

Tox ) PRyl (utran
BB b L RS i oo
R S| 8 gL ice 251 TR amiapmenyatalyst
(4@©tH@UOMas added. Under a hydrogen atmosphere, the reaction
mixture was stirred for 12 hours at room temperature and then
filtered to remove the catalyst. After distilling off the
solvent under_réduced pressure, the resulting residue was
purified by silica gel column chromatography (developing
solution = methylene chloride:methanol (10:1)) to give the
titled compound (195 mg, 88%).
[0171] 'H-NMR (CD3;0D) &: 1.23 (3H, t, J=7.6Hz), 2.63 (2H,
a4, J=7.6Hz), 3.40-3.46 (1H, m), 3.63-3.85 (5H, m), 5.10 (2H,
m), 6.87-7.03 (4H, m), 7.14-7.28 (3H, m)
MS (ESI*): 411 [M+Nal*

Example 8

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

hydroxyethyl)thiophen-3-yl]-B-D-glucopyranose

1) Synthesis of (4-bromo-thiophen-2-yl)-(4-ethyl-phenyl)-
methanol

Under a nitrogen stream, to a solution of 4-bromo-2-



Under a nitrogen stream to a solution of 4-brono-2 -
70 thiophenecarboxal dehyde (10.0 g, 52.3 mmol) in
anhydrous THE (100 m), a hexane sol ution of
n-butyllithium (1.6 M 34.35 m, 55.0 mvl) was added
dropwi se at -78C over 5 mnutes. - After stirring at

t he sane tenperature for 10 m nutes, sol uti on of

thrﬁo)%rh\ag’o =Carhs egyadlrb‘%gw‘{;e ((]'lllge r%’ac% o:g "?rﬁgzllt{]rjjerp vﬁ;rg%’ é°us THF
(199 i3 Phexddlis 1 Gy O“tafl AP M, 34,35

sat ur aqueous anmont um C

mleXtSrSa? Gehotyt Ry %ddquque isd t Or-gpi %vjeg'y%r gl\ﬁ@%&es

washed w th ‘sat urat us sodium <chlo

AR sAIMANY S tTRARE S AMB Sirigd Gty ﬂélerlo %e{ﬁﬁpiég ed

under reduced pressure to renove the solvent.

soledtilon BE reYyrdud Whse thyfliddiabiy Sid.ixa g8s QP'nHﬁHD.) in THF
chr omat ogr aphy (devel opi ng sol ution = ethyl

(5ac eﬂat was laddaie driobwli®)e). t Thei veatlitohi migtugenragndtirred
(7.1 g, 45% . [0172] 1H-NWMR (CDC13) S: 1.24 (3H, t,

atJ-78GGE¥9r224EogIH and), aZtét @dHitqen)of. SHtlhirafed3aqueous
(1H, s), 6.76 (1H, s), 7.14 (1H s), 7.20 (2H d,

amy‘gsluquz)Chlprt}ﬂe( 2Masd thﬁlB el’ﬂz'—)aczi)edsyﬁtﬂies&@}df acetate. The
4- br.omp- 2- (4- et hyl - phenyl ) - met hyl - t hi ophene Under a

°rr$|aﬂ16’gé«ﬁY§trr &A% Washeds grigh cﬁ?télrra(%%raaﬁﬁous sodium

hi qphe I 4- et hen - et hanol (7,10 g, 23.
' Q'?’ drés ﬂ%ﬁ% Voo A g hasLan ﬁu(étﬁﬁneg. iagifh then
bor on trlfluorlde

ev%til) arpeg n‘bllng)?r( ?%)crﬁ%q pr&ssu M% etsﬁlv&gt The

I f 2 h
S B8 0 S B o
chi8aaltl ES'n?é Y{@RWAS RN 3184 1Wnt L VE%FM N tate: n-hexane

chl ori organi ¢ | ayer was washed with saturate

(laCllOQQU?co gadielFhehtardléa ddnipdhney qr7 .anky,drasuss .
nagne3|un1sulfate and
[0172] 'H-NMR (cDC1l;) &: 1.24 (3H, t, J=7.5Hz), 2.42 (1H,
s), 2.65 (2H, q, J=7.5Hz), 5.93 (1H, s), 6.76 (1H, s), 7.14
(1H, s), 7.20 (2H, 4, J=8.1Hz), 7.32 (2H, 4, J=8.1Hz)
2) Synthesis of 4—bromo+2-(4-ethy1-phenyl)-methyl-thiophene
Under a nitrogen stream, to a solution of (4-bromo-
thiophen-2-yl)-(4-ethyl-phenyl)-methanol (7.10 g, 23.9 mmol)
in methylene chloride (70 ml), triethylsilane (4.6 ml, 28.7
mmol) and boron trifluoride diethyl ether complex (3.33 ml,
26.3 mmol) were added at 0°C, followed by stirring at room
temperature for 2 hours. After addition of 50% methanol-water
(1 ml), the reaction mixture was extracted with mefhylene
chloride. The organic layer was washed with saturated aqueous

sodium chloride, dried over anhydrous magnesium sulfate, and

then evaporated under reduced pressure to remove the solvent.



t hen evaporated under reduced pressure to renove the
solvent. 71 The resulting residue was purified by
silica gel colum chronat ography (devel opi hg sol ution
= ethyl acetate:n-hexane (1:50)) to give the titled
compound (3.4 g, 51% . [0173]74HNWR (CDC13) S: 1.23
(3H, t, J=7.5Hz), 2.63 (2H, g, J=7.5Hz), 4.06 (2H

s), 6.70 (1H, s), 7.02 (1H, s 7.14 (4H s)
Thgyﬁpﬁ@§q§qg residue was puri ied by silica gel column

chfogna]tbr%%&g (%ﬁy&l Iphe%r{:et n le-)a:ﬁhlb?d.h%.rgetate :n-hexane
2S5BS NN IR Y IS G 50 O
[oh3ill 0 My MR8 ?éﬁéﬂ)dré‘)p"f 2 B, 7t8CJO\9er5!-gc? o263 (2H,

m nut es. Adter the reaction mxture was stirre

,fQL73@,H&1 nutese 3 2H1E 30! i qu etdy| eng o 4 es(107 14
4 m) was a{dded dl‘ngI sgs)at -78C( The ér)eactl on }Pl )
(awassyarmed to roomtenperature and stirred for 3

hours. After addition of water, the reaction m xture
3)Weyntheisiac iofd 2wi[3h beidier-.5 -W(el - t3R1phenN9metdsy] ) thiophen-
- washed with saturated aqueous sodium chloride, dried
2-grdethanpdr ous sodium sulfate, and then evaporated
under reduced pressure to renove the solvent. The
resuPnday Pedilddegeas sgaeam, edoby-bﬁbmangéK4-colunn
- chromat ogr aph develo ing solution = ethyl acetate:n-
eth¥lrheny i ¥‘IY & (3-89 Somdud "(@15)5 lgl anhydrous
%80 . k&%74 1H—NNR CDC13) S:.. 1.23 (3H, t, J=7.
TH 60( A ézeg H5 ao nls éﬂzf mé)gﬁaézﬁdQ¢d dropw1se
(1H §|Z<)>v§rlg iﬁlPt%‘f 4)1&]% I:@# Sr%e'ctlon mlzture was

t
st?r?%gngiygfﬁyf§ ygghﬁEML%eQE Qy*Hg gglutlon of ethylene

oxide (10 ml) was added dropwise at -78°C. The reaction
mixture was warmed to room temperature and stirred for 3
~hours. After addition of water, the reaction mixture was
extractea with ether.' The organic layer was washed with
saturated aqueous sodium chloride, dried over anhydrous sodium
sulfate, and then evaporated under reduced pressure to remove
the solvent. The resulting residue was purified by silica gel
column chromatography (developing solution = ethyl acetate:n-
hexane (1:9)) to give the titled compound (2.55 g, 78%).
[0174] = . 'H-NMR (CDC1;) d: 1.23 (Bﬁ, t, J=7.5Hz), 1.60 (1H,
s), 2.63 (2H, g, J=7.5Hz), 2.96 (2H, t, J=6.3Hz), 3.80 (2H, t,
J=6.3Hz), 4.00 (2H, s), 6.62 (1H, s), 7.14 (4H, s)

4) Synthesis of 3—bromo—5—(4-ethy1phenyl)-methyl—z-(z-
trityloxyethyl)thiophene

Under a nitrogen stream, to a solution of 2-[3-bromo-5-



Under a nitrogen stream to a solution of 2-[3-bronp-5

- 72 - ((4-ethyl phenyl) et hyl)thi ophen-2-yl]-ethano

(2.55 g, 7.84 mol) in a mxture of anhydrous DVF (15

m ) and methylene <chloride (15 m), trityl chloride

(3.29 g, 11.8 mmol ) was addegh TJo this solution,

triethylanine (1.64 m, 11.8 nnol) and

4-di et h n1nopyr|d|ne (77 ng, ) were added
(G < B P Ta Ry YAAaRhe Rz Yo Rhpral 400 Fhorg 4 7. 84

hggrs. Af t.er addi tj on_of. water e reaction m xture

Pali&Furg of AnhyAToNs OMF :Jrllc'f’e mlph ang ggfihylene
cn e ST b, AR TS e Pnon) was
aafaeg a’i‘bOEhlghgoiﬂ{:éSHt ’é@ie%ﬁihhhﬁg ? f64umef11 8 mmol)

uced pressure and the resulting resi

BUL &4 R thYd afiliinlopd rd @i neO! (4N nfg " QTR y
an(devel opi ng SOll?oli)gn :met h(y acet%ﬁ exgnge(rf: f(%d)ed at

0°¢0 gihee ddictidn eslieaiRouidk BB d aB188°c [FO¥ A nours.
IHNWR (CDC13) S 1.22 (3H, t, J=7.5Hz), 2.62 (2H, q,
- Affer. BHA) tidn96f( Rtelr,, Ihe Idactidn?mikdre! was extracted
J=6.3Hz), 4.00 (2H, s), 6.60 (1H, s), 7.12 (4H, s),
withipethglefeHchdpride.37THe 40r¢dhticnlays)y ®ysntwashsedowith
3,4,5-tris-benzyl oxy- 6-benzyl oxynet hyl - 2-[ 5-
satyratpr(l paEsPUEmSEdyum chlordidey apdy driield) oivieap lsodisumy
|1- tetrahydropyran-2-ol Under a nitrogen stream to a
sulfptei oppbEes- ;%ﬁﬁagl??4 the solvent was distilled off

. t hyl th 2-trit I t hyl )t hi ophene
unafrzgga B BBk A RSB KB T pucsi
but

by 785128855 L 8 ubhe fhaPlitoanoRhy  Gewe 11t il SR:IIYF&PQ -
otH98, JHALEEE, hohednd 141 88)) 105 BiSp SRR Scnpoune
(3.60 g, 81%).
[0175] 'H-NMR (CDC1;) &: 1.22 (3H, t, J=7.5Hz), 2.62 (2H,
q, J=7.5Hz), 2.96 (2H, t, J=6.3Hz), 3.26 (2H, t, J=6.3Hz),
4.00 (2H, s), 6.60 (1H, s), 7.12 (4H, s), 7.12-7.27 (9H, m), .
7.37-7.40 (6H, m)
5) Synthesis of 3,4,5-tris-benzyloxy-6-benzyloxymethyl-2-[5-
(4-ethylphenyl)methyl-2-(2-trityloxyethyl)thiophen-3-yl]-
tetrahydropyran-2-ol

Under a nitrogen stream, to a solution of 3-bromo-5-((4-

ethylphenyl)methYl)-2-(2—trityloxyethy1)thiophene (1.45 g,
2.55 mmol) in anhydrous THF (40 ml), a hexane solution of n-
butyllithium (1.6 M, 1.76 ml, 2.81 mmol) was added dropwise at
-78°C and the mixture was stirred for 15 minutes. To this

solution was added a solution of 3,4,5-trisbenzyloxy-6-

(benzyloxymethyl)tetrahydropyran-2-one (1.50 g, 2.81 mmol) in



(benzyl oxymnet hyl )t et rahydr opyran-2-one (1.50 g, 2.81
mmol) in 73 anhydrous THE (10 ml) dropw se at -78C
and the resulting solution was stirred at the sane
tenperature for 10 mnutes. After addition of
saturated aqueous ammoni um chigride, the reaction

m xture was extracted with ethyl acetate. The organic
| ayer was washed with saturated aqueous sodi um

anaand&ﬂucfe THE i P ®er dnapmirsus §i apds fhearesuditdng
t.ed d reduced pressure to renove the

e A SRR Hen
h t.oqr evel o sol uti
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. J=b. 4Hz), 3.75-4.08 (8H,

chtlor\lﬂé Sldbied R :Hﬁhy‘ihrohg n?dﬁesﬂmﬁ@:u(l]fﬁtéj and then
J=6.6Hz), 4.87 (2H q. J=3. 3Hz), 4,95 (1H,

evaporated unddyr rebdce’) pres¥hirelto SxﬁemoZreDa:ﬁe Fo1RBHt. The
m M5 (ESI+) : 1049 [ MtNa] + 6) Synthesis of

resul-tdimigy desildu@ wWas( puatifiiledogndi)l-dnet [ydl- 201lumn
(2- hydr oxyet hyl ) -t hi ophen-3-yl]-2, 3,4, 6-tetra- 0O benzyl
chrgabo gxiapdap | Idsivesde pdmde s ad utiitono ge e tdinle mye ttak ex n-hexane
solution of 3,4,5-tris-

(15202y| doy HVgerh SiyikechRorpound 4 letMyIg.b&sA) ) - 2- (2
ro&z%%'ot AR “i?p%?a% CENTE i AR %31”) 2;1 T (1m,
| t t
o LGSl a3, %%z(‘%ﬁ@ o o Sl 4% Gl .50

R 38 BT i
4.48 (2H, t, J=7.5Hz), 4.60 (1H, 4, J=7.2Hz), 4.66 (1H, 4,
J=6.6Hz), 4.87 (2H, q, J=3.3Hz), 4.95 (1H, 4, J=6.6Hz), 5.25
(1H, s), 6.84 (1H, s), 7.02-7.31 (39H, m)

MS (ESI*): 1049 [M+Nal®
6) Synthesis of 1,l-anhydrd-l—c—[5-(4—ethyl—phenyl)—methyl-z—
(2-hydroxyethyl)-thiophen-3-yl]-2,3,4,6-tetra-0-benzyl-f-D-
glucopyranose

Under a nitrogen stream, to a solution of 3,4,5-tris-
benzyloxy-6-benzyloxymethyl-2-[5-(4-ethyl-benzyl)-2-(2-
trityloxy-ethyl)-thiophen-3-yl]-tetrahydropyran-2-ol (1.70 g,
1.68 mmol) in methylene chloride (60 ml), triethylsilane (0.30
ml, 1.85 mmol) and diethyl ether complex (0.234 ml, 1.85 mmol)
were added at 0°C, followed by stirring at room temperature

for 2 hours. After addition of saturated aqueous potassium

carbonate, the reaction mixture was extracted with methylene



carbonate, the reaction mxture was extracted with
nmet hyl ene 74 chloride. The organic | ayer was washed
wi th saturated aqueous sodium chloride, dried over
anhydr ous magnesi um sul fate, and then evaporated
under reduced pressure to renpxe_the solvent. The
resulting residue was purified by silica gel colum
chronatography (devel opi ng solution = ethyl
1§Pe nThexaﬁsanef dpyerowgisy washed: wiltdd sesmpaded aqueous

1 849 . [0177] 1H-NMR (CDC13) S 1.19 (3H, t,
S°Sh flozidsy sluied ougr rﬁnhvai@zl% wr{%umnsulsfaage and
H%’Hexafgrﬁﬁﬁs%@ndﬁ%w CE%, RIS (g Tlipts the Solvent.

mnf; Al gl gtadd ol %srr‘%*md@ tgfé s?:zlﬁm% s<k Eahy
ch%o%%tg%pp%s A‘hé‘be%.’é% (gEg%g)Jtz.L’a'ng [e“\l'hﬁgg] qzc%'tate n-hexane

(199)hhey Yi%¥e the titled a (1.14
11aMw30--C—(ieﬁwF%ﬁ%ﬁ)( ﬁlhz?%)

[ohydnoxyet hYi)NMRI pEbEeD;)3-8¢ [1-.03 g uq;opw-a;n%‘ifz) Udes-2. 59
a nitrogen stream to a solution of 1,1-anhydro-]I

(38.[ &) (. 43ei2yI3plomny( I LHTRY, | -32-602-(yElr @y ety ) ophers- 3. 81
3-yl]- 2,3,4,6-tetra- O benzyl - (3- D gl ucopyranose (1.14

(34, m)463nﬁﬁkﬂ 12 { 6&nhydr,o4s 18et(H ere H7Q3HY ,(HA 50 (2H,
m ), pentanethyl benzene (1.25 g, 21.9 mmol) was added

ddat J=$36., BoO8F )tr i4olbl00r(i2lle ™)1446 86 (2H4. @,mipis). Ak, 4.93
further added, followed by stirring at -78C for 2

(1Houfs. I5Pr&HZddditt-i68n (dH . mEDhaoB8 ((RE .s@.vaim3 . Mzd . 7.03

duced pressure and the resultin

(2 ohg g daBHza T P08 Efﬂs.ﬂcg-ga Hadhagn1627. 55" (e m)

chr ogat phy ,§ge ng sol ution = nethyl ene
chloggdgggé anoégI g% Q§§ to give the titled conpound

)(gggtﬁgs1§9%%'1[qlgﬁhyﬁngchc??iogkh§l %h%gyﬁs meEhyl 2-(2-

hydroxyeth&l) -thiophen-3-yl]- p-D-glucopyranose '
Under a nitrogen stream, to a solution of 1,1l-anhydro-1-

C-[5-(4-ethylphenyl)methyl-2-(2-hydroxyethyl)thiophen-3-yl]-
2,3,4,6-tetra-0-benzyl-f-D-glucopyranose (1.14 g, 1.46 mmol)
in anhydrous methylene chloride (50 ml), pentamethylbenzene
(3.25 g, 21.9 mmol) was added at -78°C. Boron trichloride
(14.6 ml, 14.6 mmol) was further added, followed by stirring
at -78°C for 2 hours. After addition of methanol, the solvent
was distilled off under reduced pressure and the resulting
residue was purified by silica gel column chromatography
(developing solution = methylene chloride:methanol (20:1)) to
give the titled compound (350 mg, 59%).

[0178] 'H-NMR (CDﬁHﬂ 6: 1.20 (3H, t, J=7.5Hz), 2.52-2.64

(3H, m), 2.93-3.03 (1H, m), 3.34-3.37 (1H, m), 3.61-3.83 (5H,



(3H, m, 2.93-3.03 (1H, m, 3.34-3.37 (1H, m,
3.61-3.83 (5H, 75 nm), 3.96-4.05 (4H, m, 6.67 (1H

s), 7.09-7.15 (4H m M (ESI+) : 407 [N%1]+ Exanpl e
9 1,1-Anhydro-I-GC[5-(4-biphenyl)-nethyl - _
hydroxynethyl]phenyl] (3 D- gl ygopyr anose 1) Synt hesi s
of 1, 1-anhydro- I-C—[2 bIS-

dr o t hen 3- Iuco ranose
m B RRANS | AL TV 1 €T 1 ﬁétmap%ﬁwqug oy,
| ucopyranose synthesized in

Exarrptl"ﬁI (%sqg 3}53 (tg gagmml )pyand pent Ztmst hyl benzene
E g 8. 95 mml) were dissolved in dichloronethane
*E%%gﬁﬁ?rt To this solution, under a nitrogen stream a
1 Jl.wy@xqulof@@gmﬂéﬂmg nPpren trichi oride

(895 m, 8.9 nd the
hydrehyire thA. Jpdryad -0 cRipy e ature for 2

hours.” Aiter addition of methanot (48 m ), the
1)r syeithes I8 Xifurle MWathhwifomEd-d-g 7, GuBigenper at ure and
evaporated under reduced pressure to renobve the
(hydirveryme tHyd )ipdentl Ing -Degyj lduwwpyanoss | fi ed by
thin-layer chronmatography (devel oping sol.ution =
rret handi-Aghyidrer-dmst-H@né -(bl:s6)(hytdorogiywe thiydl )tphtelnyd 1-2, 3,4, 6 -
mpound (0. 18 g, 679@ [0179] 1H NMR (CD3OD) S:
teﬁrmosbe@zaﬂ-ﬁﬁ B9 yc@pnas@S(elHyntmeswema@ Sxampe 1
n% 2H, s 13 (2H, dd, J=12.6, 19.5Hz)
(0759397 87 903mad) ﬁ@d( @§nfame thyd hepezene Al . §y3nt91e§ 95 mmol)

we%%yé?%%%%ll)npmﬁj&}gl“%r ty hﬁlt‘llﬁa "3)acefl§ thdspsolution,

una YCAPYY QQ%%%n stream, é 1.0 M dichloromethane solution of

boron trichloride (8.95 ml, 8.95 mmol) was added at -78°C and
the mixture was stirred at the same temperature for 2 hours.
After addition of methanol (48 ml), the reaction mixture was
warmed to room temperature and evaporated under reduced
pressure to remove the solvent. The resulting residue was
purified by thin-layer chromatography (developing solufion =
methanol:dichloromethane (1:6)) to give the titled compound
(0.18 g, 67%). |
[0179] 'H-NMR (CD;OD) 6: 3.47-3.50 (1H, m), 3.63-3.69 (1H,
m), 3.75-3.85 (4H, m), 4.63 (2H, s), 5.13 (2H, 4d, J=12.6,
19.5Hz), 7.23—7.37 (3H, m)

MS (ESI*): 299 [M+1]"
2) Synthesis of 1,l-anhydro-1-C-[5-chloromethyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra—0-acetyl-B-D-
glucopyranose

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



Under a .nitrogen stream to a solution of
1, 1-anhydro-I - 76 -
C-[2,5-bi s(hy' droxynet hyl ) phenyl ] - (3-D- gl ucopyr anose
(100 ng, 0.34 mmol) in DVBO (0.19 nm, 2.68 nmol),
chlorotrinethylsilane (114_14¢ 0.91 nmol) was added
dropwi se at room tenperature and the m xture was
stlrred at the sane tenperature for 1.5 hours. To the
rdrchs irsoldudr pimeg thatl kghenst 1 1A 0npglefdonmstandde (100 mg,
conponents N- met hyl nor pholine (0.74 m, 6.70 mol),
0.84 y‘trhrﬁlﬁfb 9 Fhdk 42 ff Tl mehdozafr Heekhylsilane

h dded
‘1 rh ﬁ@m. aﬁ]y §Ut w@w&g'%rg;oé 1SS o WM | (aMeFature and
f dd f t
aqueous 503" oreldg\etr(e )91%"'}]68 o%%lsa(a!ﬁdjﬁrﬁa)feort]h hours.
t
Td 43 | Audd ’ﬁf&fu S o) g oL, 95 g ddfle

m). The organic ayer was s

corpbdrEatY AN Ghe HHBRIHIAG fEN (cdﬂﬁ igke, (el. 79 )mmdiﬂ edy_

over sodiumsulfate, and then concentrated under

difediBAGMITRESH R 1N g 4109y | 0SB4 eaiciue Was dudtfd ethhydride
by flash col um chronatography (devel opi ng sol ution =
(Oet3f2y Imlac & .a85% mmdie) avere( Hden) )sdquegi bl Iyheardd tdied mixture
conpound (122.9 ng, 76% . [0180] 1H NWR (CDC13) S: _
wasp, Mi(n;}qd on iz DE3H, ur Arb 10 (ilutss. 2AG8ef3dddition
s), 3.99-4.08 (1H, m, 4.24-4.37 (2H, m, 4.61 (2H,
°fs,)Sa'cssnflEIZLees1 mv(esws ModismsEis g de 1 M) AmDwatzg (1 ml),
,. 1.38-7.47 (2H, rr) 3) Synthesis of
thf feé‘mW’o "ll’i’f'-{r@ WasigsHaRAYehetifh ethyl acetate (10 ml1).

e S

aq%fe[o% cHl %olyrl)é%‘re%ﬁlﬁori'dﬁ)f&r S eI S D RYRH Sosiymy silfate, and
th'éﬁ gon%%%af(e%' RinHe4C PRGNS b el thlgemlt}.ng

| uene
re31due was purified by flash column chromatography

(developing solution = ethyl acetate:n-hexane (1:2.5)) to give
the titled compound (122.9 mg, 76%).
[0180] 'H-NMR (CDC1l;) &: 1.74 (3H, s), 2.01 (3H, s), 2.05
(1H, s), 2.08 (3H, s), 3.99-4.08 (1H, m), 4.24-4.37 (2H, m),
4.61 (2H, s), 5.12-5.34 (3H, m), 5.56-5.67 (2H, m), 7.22-7.28
(1H, m), 7.38-7.47 (2H, m) |
3) Synthesis of 1,l-anhydro-1-C-[5-(4-biphenyl)-methyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-0-acetyl-f$-D-
glucopyranose

Under a nitrogen stream, to a solution of 1,l-anhydro-1-
C-[5-chloromethyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-
acetyl-f-D-glucopyranose (250 mg, 0.516 mmol) in toluene

(2.5 ml), triphenylphosphine (20.3 mg, 0.078 mmol), palladium



(2.5 m), triphenyl phosphine (20.3 ng, 0.078 mmol),

pal | adium 77 acetate (8.7 ng, 0.039 mmol),

4- bi phenyl boronic acid (204 ng, 1.03 muol) and

pot assi um phosphate (219 ng, 1.03 mml) were added.
The reaction m xture was heateg to 80C and stirred for
15 hours. After addition of water and ethyl acetate,

s St G L T e e St e m.
1.9 B9 e Bovll dithn pHdddiflad @b Wen LYEPOUALES vere

‘under duced pressure tor

added. du@h@ﬂ§eBHE&BheQ1§¥ugha§gscﬂ%%quh%%r%%a&o%ﬁép?¥%rred for

(devel opi ng solution = ethyl acetate: hexane

150hairishe hftb@daaaﬁﬁgaﬁdo@2agt€& aﬁa%%thgql%gbt%%eNN%he
(CDC13) S 1.71(3H s), 2.00 (3H,

reacitiop3ixturet Wit (Wddhed ,w14:h2%a4:u?1531(e'ﬁ'| acjﬁeo@s 1570d1um
(2H, dd, J=12.5, 25.8Hz). 5.26-5 33 (2H ), 5 58-5 63

chabu;den) THRelbrgaldc( Ghyemn) wag. d9iéd4éveHmahesium sulfate,
7.51-7.58 (4H, m 4) Synthesis of

fil tersdhpyado-thed [eB3rapbda i nridenetteduc®d pressure to remove
(hydr oxynet hyl ) phenyl ] - (3- D- gl ucopyranose To a

theoisglivemtof The- aﬁﬁyéﬂé wag- psrifipdpbenflashe cloylmn
2- (hydroxynet hyl ) phenyl ]1-2, 3,4, 6-tetra-O acetyl - p-D-

chgPREsFraRiTe (C2ye haping A5 whion T P HSChARA S Prexene

0. 326 |
(1a&aédtggégf%%¥3%53¥3ﬁé§té§&§f‘ﬂ%ixi%ﬁo.Wéﬂgﬁ erature
1 t.h t
o8 00ur A (CBERL N 8 3§€etsa?t o L H ol 2-05
(3H2Y &N "‘@So‘ﬁas(gs‘?fje‘gf)th S%t “raktned .%%'5—45 th H, m), 5.17

chl ori'de "and over nagne3|u

(24, | w&at iyen 2 .she 230lgvent, %%&%n%@t(rﬁi eghundersd %d%%ect 2H,
pressure. The resulting residue was purlfled by flash

m)Gohums - 7¢ BuoBHYgWARNY? .(3devrel4api (g, S@l)ut ins1=7.58 (4H, m)

nmet hanol : net hyl ene
4) Synthesis of 1,1-anhydro-1-C-[5-(4-biphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose

To a solution of 1,1-anhydro-1-C—[5-(4-biphenyl)-methyl-

2-(hydroxymethyl)phenyll-2,3,4,6-tetra-O-acetyl-pf-D-
glﬁcopyranose (280 mg, 0.465 mmol) in methanol (3.0 ml),
potassium carbonate (45 mg, 0.326 mmol) was added and fhe
mixture was stirred at room temperature for 1 hour. After
addition of water, the reaction mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
aqueous sodium chloride and dried over magnesium sulfate.
After filtration, the solvent was concentrated under reduced
pressure. The resulting residue was purified by flash column

chromatography (developing solution = methanol:methylene

chloride (1:15)) to give the titled compound (84 mg, 42%).



chloride (1:15 to give the titled conmpound (84 ny,
429% . 78 ([018)2% 1H NVR (CD3OD) b: 3.40-3.51 (1H, m,
3.63-3.69 (1H, m, 3.75-3.84 (4H, m, 4.04 (2H, s),
5.11 (2H, m, 7.20-7.31 (6H, nm), 7.37-7.42 (2H, m,
7.50-7.58 (4H, m M (ESI+) @ 457 [MtNa] + Exanple 10
1, 1- Anhydro-1 -G [5-(4-((S)-tetrahydrofuran-3-yl oxy) phe

[ Ul -2-(h P) phengt 40¢3- Bl gl dopy) anBse3-1)69 (1H,
Qﬁé%&l 2 (hFdP%%&ﬁéﬁh? Jpend %-E4-begzylog§-phenyl)

MR TS5 B 4 oL bk s el Gl T - 9) 5 5. 511 oM o) A 90-7. 31

(G SUEPRYEROEH IR 7 o0 56 (am, m)
(hy-drb@(y(rglhw:) ﬁggggmﬁﬁ 4,6-tetra-0O acetyl -(3-D

gl ucopyranose a propri ate reagents, t?eds?ne Ve
fnfprdure as used in Exanple 9 was repeate 0 g
Ethe thdtmI(gd conmpound. [0183] 1HNWR (CDC13) S 1.70
1,(13An8)dro 0B () ( (D Dot s dﬂﬁuéﬁ_ﬁjmxﬁggenyl ).
3.94 (2H, S), 4, 01-4.09 (IR, M, & 25 4. o0 (zr1, 115
mﬁm%ﬂw,hmowﬁﬂd,pMyﬂF&ﬁ%}%é&é@
5.24-5.33 (1H, m, 5.53-5.66 (ZH . 0. 85- 0. (2H,
1ImSynthegd.s7 of7 I, IGnhYdods LS| [9- (4 -Gfen APtddal-prdny1 ) -
nt hesi s of
mef,Ylaﬁhi@W@ﬂOxyqﬂihyiﬂnmmnﬂwpﬁﬁmw@Jﬁﬁﬁéﬁréio-acetyl-B~D-
hydr oxynet hyl ) phenyl ]-2, 3,4, 6-tetra- O acetyl -3-D
gl&%@@ﬁﬁ“gﬁ@se To a solution of 1,1-anhydro-I-GC[5-(4-
benz ongpge yl ) net hyl - 2- (hydr oxynet hyl ) phenyl ] - 2, 3, 4,
6- t e?’F&P o} agéF%‘PY@§9D1gpuéépy’§1&;ﬁ’é’9@§¢BH?ﬁ@g, | o.( §7m )
' iyxture  qf HE (7 and nmet hano ,
(h?ga%%ghgggyghpbgpg §@,E,4,%-tetra—0—acetyl-B-D-

glucopyranose and appropriate reagents, the same procedure as

used in Example 9 was repeated to give the titléd compound.
[0183] 'H-NMR (CDC13) 6: 1.70 (3H, s), 2.00 (3H, s), 2.05
(3H, s), 2.07 (3H, s), 3.94 (2H, s), 4.01-4.09 (1H, m), 4.23-
4.36 (2H, m), 5.04 (2H, s), 5.15 (2H, dad, J=12.6, 25.9Hz),
5.24-5.33 (1H, m), 5.53-5.66 (2H, m), 6.85-6.94 (2H, m),
7.03-7.47 (10H, m)

Ms (ESI*): 655 [M+Na].+
2) Synthesis of 1,1-anhydro-1-C-[5-(4-hydroxyphenyl)methyl-z-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-Q-acetyl—B—D—
dlucopyranose

To a solution of 1,1-anhydro-1-C-[5-(4-
benzyloxyphenyl)methyl—z—(hyd:oxymethyl)phenyl]—2,3,4,6-tetra—
0-acetyl-B—D—glucopyranbse (250 mg, 0.57 mmol) in a mixture of
THF (7 ml) and methanol (7 ml), 10% palladium catalyst

(200 mg) was added. Under a hydrogen atmosphere, the reaction



(200 ng) was added. Under a hydrogen at nosphere, the
reaction 79 mxture was stirred at 35C for 12 hours
and then filtered to renove the catalyst. After
distilling off the solvent under reduced pressure,
the resulting residue was pury§ied by silica ge
col um chromat ogr aphy (devel opi ng sol ution = ethyl
acetate n- hexane (1.]); to give the titled conpound
mlE‘ 9‘§err@’as Fohrred Bd41350 KRR d@Dbevyseand tbep3Bilépred to

regfve g? %&gl@fﬁs né%tgrggisgiéél§gkpf%)thg gglgggp under
5.24-5.33

reéhgg% 1’%@%9}5 dd’the ]':Z?f%é.t%g)g?f s e gragg puri L E?y’ silica
geﬁ)coiuhﬁ Eh%%m&%%gr%%hys(%%@éi%plniﬁgdfﬁﬂ¥%k 3) ethyl

hesi s

acétéis?“%%‘sﬁe‘“%?%""- RO e T e upd; (493 ma,

goghetra- O acetyl-(3-Dglucopyranose To a sol ution of
1, 1- anhydro-I-C [ 5-(4-
[0hgdi oxyphetyymet hybe 2:)( by dnorpngahy| snhenylol- 3.3%, 4,56) 2.05
tetra-O acetyl-(3-D glucopyranose (190 ng, 0.35 mol
(3Hn BMF @301 X 3H, (R)) p3t.0BudEs ulsf)oniac 0aci4d 09 (1H, m), 4.23-
tetrahydrofuran-3-yl ester (102 ng, 0.42 mol) and
4.36s{gHvcidbordab® (187 sy, 6.43 rabl.) dder d=added 28ndHz),
the m xture was stirred at roomtenperature for 12
5-88uPs33 AfHer MdadPt B8nSob6waRH:, M)he 6rd3chi-d8 Ki2Ht.umd, 6.98-

S tracte th_et acetate. The organic | ayer
§g sh@g tﬁ%ﬁgagﬁrgggd Edueous sodi um chl ori de and

drregsoyﬁé spdry tﬁ%&éﬁﬁﬁg After filtration, the The

sol vent mas contce under reduced pressure

S T TR L U -

chr omat ogr ap pi ng so
yloxy) - phenyl) methyl-2-(hydroxymethyl)phenyl]-2,3,4,6-tetra-

7.

O-acetyl-fB-D-glucopyranose

To a solution of 1,l-anhydro-1-C-[5-~(4-
hydroxyphenyl)methyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-0O-
acetyl-B-D—glucopyraﬁose (190 mg, 0.35 mmol) in DMF (3 ml),
(R)-p-foluenesulfonic acid tetrahydrofuran-3-yl ester (102 mg,
0.42 mmol) and cesium carbonate (137 mg, 0.42 mmol) were added
and the mixture was stirred at room temperature for 12 hours.
After addition of water, the reaction mixture was extracted
with ethyl acetate. .The organic layer was washed with
saturated aqueous sodium chloride and dried over sodium
sulfate. After filtration, the solvent was cbncentrated.under
reduced pressure. The resulting residue was purified by flash
column chromatography (developing solution = ethYl acetate:n-

hexane (1:2)) to give the titled compound (170 mg, 79%).



hexane (1:2)) to give the titled conpound (170 ng,
79% . 80 [0185] "HNWR (CDC13) S: 1.71 (3H, s), 2.00
(3H, s), 2.04 (3H, s), 2.07 (3H, s), 2.12-2.21 (2H,
m, 3.84-4.08 (7H, m, 4.22-4.36 (2H, n), 4.85-4.93
(1H, m, 5.16 (2H, dd, J=12_5gg 25.7Hz), 5.24-5.33
(1H, m, 5.53- 66 (2H n) 6.74-6.81 (2H
7.10 19 (2H, (1H s) Ms
oS, 63k mmfucws@i,mwsl. TE I (1,5, 2.04

(:\}5 ﬁ?nhydre(’%yl()ﬁhe é(@fb?%i?i%ﬂ%%?mﬁe@ .74, m),

%|2uc40 ro ’I "gs[ 845 (4(§3 t(e]t aﬁ“))d'rosf uran (2:}{ dd, J=12.5,
25V'7@1’9’)) p%erhy‘t')s"ée}*‘(ylgzrﬁ)hycg%'?té‘é" dﬁge'}&’ ] &P % 81 (2m,

tetra-O ‘acetyl gl ucopyranose and appropriate

m)l,eqaent-s . o B ey prvoqqdu;rqga Ai5edh) N Bl By s
)repeat ed to S(l ve th)e titled corST(pound )| 10186] 1H NI\%

(CD3M9) (Bs12)0063528MeRE]* M, 3.39-3.49 (1H m,
3.60-3.98 (11H, m, 4.92-5.00 (1H, m, 5.10 (2H, m,
4)6 SyGrth@sid (aFH,1 ,1M)-anhyifo~ 118 ([2H, ( 49( ( SN -t thatbydxdfuran-3-
m M (ESI+): 467 [ MrNa] + Exanpl e 11
YlDXWWAmumMiMﬁmBqHYKﬂE(@ﬁ&hxsnmahywdmphﬁnyrﬂ1ﬂﬂmy)phe
nyl) -
ghﬁﬂﬂ@ﬂraﬁﬂ@ﬁydroxynﬁthyI)phenyl] (3- D-gl ucopyr anose
UBIH% 1,1- anhydro | -C[5-chlo

(hyd thy-ARgdR9-12 C3, UM %—ét(él-@e&@@tfwdrplﬁyran 3-
BRI Al 1 oo
a1 5 G ST g gy b BobE P TesheRtoy (ppyysame
prdedtrday WealEn 'Bxa.rr&rl:LOQ(%J_a'zs Pepeated to give the titled
compound.
[0186] 'H-NMR (CD;OD) &: 2.00-2.28 (2H, m), 3.39-3.49 (1H,
m), 3.60-3.98 (11H, m), 4.92-5.00 (1H, m), 5.10 (2H, m), 6.76-
6.84 (2H, m), 7.08-7.15 (2H, m), 7.17-7.25 (3H, m)

MS (ESI*): 467 [M+Nal’

Example 11

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

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

Using 1,1-anhydro-1-C-[5-chloromethyl-2-
(hydroxymethyl)phenyl]-2,3,4,6-tetra-O-acetyl-p-D-
glucopyranose and appropriate reagents, the same procedure as
used in Example 10 was repeated to give the titled compound.
[0187] 'H-NMR (CD3;OD) &: 2.01-2.29 (2H, m), 3.39-3.49 (1H,
m), 3.60-4.01 (11H, m), 4.92-5.00 (1H, m), 5.10 (2H, m),

6.77-6.84 (2H, m), 7.08-7.16 (2H, m), 7.17-7.25 (3H, m)



6.77-6.84 (2H, m, 7.08-7.16 (2H, m, 7.17-7.25 (3H,
m 81 - M5 (ESI+) : 467 [ M+Na] + Exanple 12

1, 1- Anhydro-1-C-[5-(4-et hynyl phenyl) et hyl - 2-

(hydr oxymnet hyl ) phenyl ] -(3- D gl ucopyranose 1)

Synt hesis of 1,1-anhydro-|-C-§b-{4-
trifluoronethanesul f onyl oxyphenyl ) net hyl - 2-

(hydggéxgﬁgggL)QE9n¥th§13,4,6-tetra-C>acetyI-(3-D—

gl uc

E Anhydr o- 1 - G- [ 5- (4- hydr oxyphenyl ) met hyl - 2-
—E%ﬂ%3+oxyﬂethyl)phenyl]-2,334,6-tetra-C>acetyI-(3-D—
1,9 UGERArIASe R DY iy bR thy A (L85 Mo, 0. 341

Mo~ Was df ssofved 11T anfiydrous netnytene chl ori de
(hy3r@xFmethiQ ) phiting 19Q/8UD-Gluddpifland s t rogen stream
pyri di ne . N0 ed at room

1)tswn&hahubeofaﬂd1LQnHy@&kﬂnBthmﬁqw;fonic aci d
anhydride (0.086 m, 0.511 nmmol) was further added

trdifdpereae tham elsed fony oxXypheny Wae tdiyir-2ed  for 2
hours at roomtenperature. After distilling off the
(hydrexymeihyds) phesyddd 2pBe ds e tiriee O-esel tiyiln@ -Desi due

was S purified by flash col utm chromat ogr aphy
9lpgep¥raprs§ sol ution = ethyl acetate:n-hexane (1:1))

to give the titled caonpound (217 ng, 94% . [0188]

1H NVRLC&pBYSFosl-€-1§-(4nhysroxyphgnyipmedhyly 205

(nyBEoxyethg LI phedi 159 33815 - ¢ g -Bapr ety 17 f-ba3 |

14y Rprebnotsy Syhrhbaiphid 1f) mxunbly 18 (62 oD, B.sa1 mmor)
wa%LEE%%?¥b§h|aﬁyB%B§ﬁ9$hghﬁﬁ%%&qﬁhgyEh%b&q%%rQEX%EBH%L) To
this solution, under a nitrogen stream, pyridine (0.083 ml,
1.02 mmol) was added at room temperature, and
trifluoromethanesulfonic acid anhydride (0.086 ml, 0.511 mmol)
was further added dropwise. The reaction mixture was stirred
for 2 hours at room temperature. After distilling off the
solvent under reduced pressure, the resulting residue was
purified by flash column chromatography (developing solution =
ethyl acetate:n-hexane (1:1)) to give the titled compound (217
mg, 94%).

[0188] 'H-NMR (CDCl;) &: 1.70 (3H, s), 2.00 (3H, s), 2.05
(3H, s), 2.07 (3H, s), 3.97-4.15 (3H, m), 4.23-4.37 (2H, m),
5.17 (2H, 44, J=12.6, 25.9Hz), 5.24-5.33 (1H, m), 5.54-5.66
(2H, m), 7.13-7.33 (7H, m)

2) Synthesis of 1,l-anhydro-1-C-[5-(4-
trimethylsilanylethynylphenyl)methyl-2-(hydroxymethyl)phenyl]-

2,3,4,6-tetra-0O-acetyl-f-D-glucopyranose



2,3,4,6-tetra- 0O acetyl - (3-D-glucopyranose 82 Under a
nitrogen stream 1, 1-Anhydro-I1-C-[5-(4-

trifl uoronmet hanesul f onyl oxyphenyl ) net hyl -

(hydr oxymnet hyl ) phenyl ] -2, 3,4, 6-tetra- O acetyl - (3-D

gl ucopyranose (212 ng, 0.314 gpol),
trinmethylsilylacetylene (0.089 m, 0.628 mmol),

fjiri:ﬁltlﬁ'{‘iﬁﬁms‘%?’?’so S ﬁ%@#wmpgf&gmm(hio?gu-
i o A gt ﬂwaw?wsﬁfm@‘%z% stirred a
%J’%% W@.ﬁﬂexw? ol TR e S e B e

gAY Larl Ve ( IBS d:?g%tﬁnéﬁ} 3r@fﬁgeﬁ?g?§’ff%+?cetylene

sodium chl ori de an ver i um Ssu

(d.iddg ad1 0rp. 3¢ mMbVENtL MBS & ated upflery rff“"rﬁ'ﬁ&'l) and

pressure. The resul ti ng residue was purified by

4101 1 Pob I B IS P o S stered Pl o E0hit { O, & g NY4 . 016 mmo1l)

acetate: n-hexane (1:2)) to give the titled conpound

we(r@5 migge A8%ro [tHEROnikituke; GARGHIbUS DMF2I I M) Sas added
1.70 (3H, s), 2.00 (3H, s), 2.05 (3H, s), 2.07 (3H,

ang) the gt (Wi shirre@Rrt ABT EdM, 4houxsl6 TREl, reaction
dd, J=12.6, 25.2Hz), 5.24-5.33 (1H, n), 5.51-5.66

mleizurem)waw Gl uted V(mbrln whter7 @l (epiiragted . wB5th e iyl

(2H, ’dr%x Synt hesi s _of
acftftfnhy §- Pr@apg( 4ﬁé’9ﬁyW§'{5pWéﬁ§ille}inE&J-ﬁ§/ll spturated aqueous

so%ﬂ%nhmwl )é)h(g %41] é ove suocci)lp n{ asnl.i)].sfeateuSI rA ter.
- hyl
p enyJ] Sll 2y$!6° Ve%lnrwl‘%hacecf ﬁ&%‘ﬁ%ﬁ%%é

pr%ﬂgﬁﬁﬂg'a&ﬁe E%@gﬁQﬁﬁg Egglﬁﬁgewg #Fig@Sb&bggﬁ%Q column

Exanpl e 9 was repeate to glvet
chromatography (developing solutlon = ethyl acetate:n-hexane

(1:2)) t6 give the titled compound (95 mg, 48%).
[0189] 'H-NMR (CDC13) &: 0.23 (9H, s), 1.70 (3H, s), 2.00
(3H, s), 2.05 (3H, s), 2.07 (3H, s), 3.93-4.08 (3H, m), 4.23-
4.37 (2H, m), 5.16 (2H, 4d, J=12.6, 25.2Hz), 5.24-5.33 (1H,
m), 5.51-5.66 (2H, m),. 7.04-7.18 (4H, m), 7.22 (1lH, s), 7.35-
7.42 (2H, m)
3) Synthesis of 1,1-anhydro-1-C-[5~(4-ethynylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose

Using 1,1-anhydro-1-C-[5-(4-
trimethylsilanylethynylphenyl)methyl-2-(hydroxymethyl)phenyl]-
2,3,4,6-tetra-0O-acetyl-pB-D-glucopyranose and appropriate
reagents, the same procedure as used in Example 9 was repeated
to give the titled compound.

[0190] 'H-NMR (CD;OD) &: 3.40 (1H, s), 3.41-3.49 (1H, m),



[0190] "H-NWR (CD3OD) S: .3.40 (1H, s), 3.41-3.49 (1H
nm, 83 3.62-3.70 (1H, m, 3.72-3.85 (4H, m, 4.01
(2H, s), 5.11 (2H m, 7.17-7.25 (5H, m, 7.34-7.40
(2H m M (ESI+) : 383 [M1l]+ Exanple 13

1, 1- Anhydro- I - C [ 5- (4-hydroxyghenyl ) met hyl -
(hydroxynethyl)phenyl] (3- D gl ucopyranose Using

- h I 2
3 R ety oA .55 4G & ’”“oa%e%%(%s.u (21,
0 an
’ngfg§¥p§?§§%F§§SéﬂfsL%ﬁﬂ%'@éﬁgﬁgﬁh ure as used in

to give the titled conpound.
[0191] f%ﬁNNz §§§CE§9§] 3.39-3.52 (1H, ?), 3.81Q§F71
Ex@kple M3 3.72-3.85 (4H, m, 3.90 (2H s 5.1 ,
n, g 64-6.74 (2H, m, 6.97-7.06 (2H, m, 7 15-7.25
1, A3Hnhipd S 1(-IESI[5)- (4 -3 @rdd¥sieh v IBREENA
1, 1- Anhydro-T-CG[5-(4-pyrazol-1I-yT- pnenyl)nethyl
(hﬁrﬂmmmﬂtmynwphmaw%wg@wdp@mro%@ose 1)
Synthesi s of 4-pyrazol-1-yl-phenyl'boronic acid Under a
ni t r ygéngstr, damnhydra-delCutliserf 40hylirokyphenyl )methyl-2-
br omophenyl ) - 1H pyrazole (995 ng, 4.46 mmol) in
(hyArpHyYes YHHPh€DdePP 3a 4héxded rselOtiaicert ydf-p-D-
n-butyllithium(l.6 M 2.79 m, 4.46 mol) was added
914rgpyirancse sypthesdred 4nj Exongle 10hendsappropriate

h I dded
regiRBEFe. the, SaMECPRges AUt ARoRs60 M Feerplend: see repeated
to(§1gg e 9 1%éegngﬁ@P°pg nhydrous THE (8 m). After

t

irring at erature for 1 hour, the

[0G63§tT ON MXLGKE Y&S,oth) 5°©9.35-3.52 (1H, m), 3.61-3.71 (1H,

m), 3.72-3.85 (4H, m), 3.90 (2H, s), 5.10 (2H, m), 6.64-6.74

(2H, m), 6.97-7.06 (2H, m), 7.15-7.25 (3H, m)
MS (ESI*): 397 [M+Nal*

Example 14

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

(hydroxymethyl)phenyll-B—D-glucopyranose

1) Synthesis of 4-pyrazol-l-yl-phenylboronic acid

Under a nitrogen stream, to a solution of 1-(4-
bromophenyl)—lH-pyrazole (995 mg, 4.46 mmol) in anhydrous THF
(12 ml), a hexane solution of n-butyllithium (1.6 M, 2.79 ml,
4.46 mmol) was added dropwise at -78°C. After stirring at the
same temperature for 1 hour, this solution wés added dfopwise
at -78°C to a solution of trimethyl borate (1.07 ml, 9.37
mmol) in anhydrous THF (8 ml). After stirring at the same
temperature for 1 hour, the reaction mixture was stirred at

room temperature for one day and a night. After addition of



roomtenperature for one day and a night. After
addition of - 84 saturated aqueous anmoni um chl ori de,
the reaction m xture was extracted with ethyl
acetate. The organic | ayer was washed w th saturated
aqueous sodi um chl oride and. dgied over magnesium
sulfate. After filtration, the solvent was
concentrat ed under reduced pressure. The resulting

saturated akﬁé’é?%?r |aF‘f"lﬂi‘1t_5’§“ fqrﬁﬁl%ﬂ&ﬁ W HEQ?(F&H(SE{T aryrwture was
B Ty T Tl RS ORI R L3RR wsnes
mm%@t#é%sﬁ%%@ LY NG ATIY, A

1 aﬁkIEUIfgﬁ% [Mt%ﬁér2kl§¥ggﬁgghs the solvent was

ro-| pyrazol -
cohb@h%&%&kﬁ?hmﬂetztﬁnﬂﬂﬁﬁﬁiﬁﬁﬁﬁﬂﬁ%phe@ﬁk]r@gugzghgcgggidue
anose Using 4-pyrazol yl - phenyl boroni c aci

wa$, pudifi@do by flash column chromatography (developing
C-[ 5-chl or onet hyl - 2- (hydr oxynet hyl ) phenyl'] -2, 3, 4, 6-t et

sollat@onaeemelthiyd-ehie] ldhdepyidenaed hamnd 1A (T Jattd give the
reagents, the sane procedure as used in Exanple 9 was
timépéabempbungl«@1Mhmgmtﬂﬁ&) conmpound. [0193] 1H NWR
g 3 40-3.52 (1H, m, 3.61-3.70 (1H m,
[0 922 3 85 HWMM(CHCDQ (52H6 .45~ 65501 (1A, mdd, 715827664 (4H,
6. 46- 6. 52 % 19-7.39 (5H, m,
m)7 5’97? 135,304, CEIp g ﬁ? (1H. Q. VSL-B¥zd) : 425
[N%l | e
kﬁh§gégnp c g E4* hbt hoxyphenyl ) et hyl - 2-
2)(§%gt91)é¥:n%t B hPRe Al ot 3 D ¢ GR35 o1 A -
ylﬁhén@&“%@&ﬂfl—9—h%&%&b&§h@%ﬁ¥ﬁh%ﬁ@n&%ﬁn$Lb2§lucopyranose
Using 4-pyrazol-l-yl-phenylboronic acid, 1,1l-anhydro-1-
C-[5-chloromethyl-2- (hydroxymethyl)phenyl]-2,3,4,6-tetra-0-
acetyl-B-nglucopyranose and appropriate reagents, the same
procedure as used in Example 9 was repeated to give the titled
compound.
[0193] 'H-NMR (CD;OD): 3.40-3.52 (1H, m), 3.61-3.70 (1H,
m), 3.72-3.85 (4H, m), 4.05 (2H, s), 5.11 (2H, dd, J=12.6,
19.8Hz), 6.46-6.52 (1H, m), 7.19-7.39 (5H, m), 7.59-7.72 (3H,
m), 8.12-8.17 (1H, m)
MS (ESI*): 425 [M+1]"

Example 15

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

(hydroxymethyl)phenyl]-B-D-glucopyranose

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

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



(hydr oxymnet hyl ) phenyl ]-2,3,4,6-tetra-O acetyl-(3-D -
85 - gl ucopyranose Under a nitrogen stream to a
solution of 1,1-anhydro-I-
C- [ 5-chl or onet hyl - 2- (hydr oxynet hyl ) phenyl ] -2, 3, 4, 6-t et
ra=0- acetyl-(3-D glucopyranogg (200 ng, 0.41 mml) in
anhydrous THE (1.0 m), a THE solution of lithium
tetrachl orocuprate (0.1 M 0.124 m, 0.012 mmol) and
91NSPRYRANRRE ol i di none (0.16 m, 1.64 mol) mere added

ol
- e DRERoen SR E@%ﬁ%ﬁ@ﬁ&%%%ﬁ% by aplyaro-1-
t
S G SR IR 4 i Ya-o-

ac%& 1dRY p -3t B pFirios A (R0 ﬁgpreactlon nlxﬁn aqM¥drous THF

rochloric acird (2 m), ur

(1e>9t mAgt,ed WiHED s%tlmfdloape;fatﬁthihﬁn t@ﬁ%rﬁd@@{ap% (0.1 M,

washed wi th saturated aqueous sodium chlori

0 .dri4ech1QV @r. oMeg R lYMasid fl\B-In%th rrdllididdrN. (o e m1, 1.64
sol vent was concentrated under uced pressure. The

mmod 3 U veineg adeeidd daropaa s ra tf irexﬂmbyte‘xdpwatﬁﬁeurmz\ THF solution
chr omat ogr aphy (devel opi ng sol uti on = et hyl
Ofaéem&ttéowylb@mwén(a@r@)s)imo byiomd det H® .t25 IMed lcaPpaund was
% 699 . [0195] 1H-NWR (CDC13) 6: 1.73 (3H, s),
ad eGldEQHW1§)e 02'6@5 Mputes at gRomiemperatg®.2. Jhe
% (3 s), 4.01- .4.07 (1H, m, 4.27-4.37
re §H1OH.) ’m1§_t11§e( Iilq’s §t13:rP£1 gp;z)roogl z:fmp@ga,tud:e for one day
=12. 3 , 5 -5.3 57-5. 67
an%‘zﬁ naH% s.%%{-‘ 73657%&#1‘8 2§_Bygroeh orig egﬁd é? ml),
th%'%@gﬁ%l &#;apg%_%%ss%Ptggégﬁghyit@tﬁ}py% acetate. The

orGlyde E&g@&h?@? PIgRAelr Wl Lot el Aheo ! Watum

chloride and dried over magnesium sulfate. After filtration,
the solvent was concentrated under reduced pressure. The
resulting residue was purified by flash column chromatography
(developing solution = ethyl acetate:n-hexane (2:3)) to give
the titled compound (13 mg, 6%).
[0194] 'H-NMR (CDCl;) &: 1.73 (3H, s), 2.01 (3H, s), 2.05
(3H, s), 2.08 (3H, s), 2.80-2.95 (4H, m), 3.79 (3H, s), 4.01-
4.07 (1H, m), 4.27-4.37 (2H, m), 5.13 (1H, d, J=12.3Hz), 5.21
(1H, 4, J=12.3Hz), 5.27-5.34 (1H, m), 5.57-5.67 (2H, m), 6.80
(2H, 4, J=8.6Hz), 7.07 (2H, 4, J=8.6Hz), 7.14 (2H, s), 7.25-
7.26 (1H, m)
2) Synthesis of 1,l-anhydro-1-C-[5-(4-methoxyphenyl)ethyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose

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

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



(hydr oxymnet hyl ) phenyl ]-2,3,4,6-tetra-O acetyl-(3-D 86

gl ucopyranose and appropri ate reagents, the sane

procedure as used in Exanple 9 was repeated to give

the titled conpound. [0195] 1H NWR (CD3CD): 2.70-2.90

(4H, m, 3.38-3.44 (1H, m,. g¢57-3.78 (8H, m, 5.02

(1H, d, J=12.3Hz), 5.07 (1H, d, J=12.3Hz), 6.74 (2H,

d, J=8.7Hz), 7.03 (2H, d, J=8.7Hz), 7.10 (2H m, -
glycppyranose and @eRropriatsy yedgentshl ddel-sammdriogedure as

w the structural formulae of the conpounds

usailta Ekaip e B, G BRI EO BIS difo ida.ed iaqmgpund.
o105 e el LB ol AR L R 63 e cam,
o S Loe ST DM A 2 g (o
AN SRl N B AL SR A GRL HE e RR

(Zﬂ,OnQ,CH_Egaqng E)O~ ,,OH HO OH HO OH OH CH
Exanple 3 fO,OH Exanple 8 0'" ,OH HO HO OH OH

MS (ESI*): 402 [M]*

Tables 1-1 and 1-2 show the structural formulae of the
compounds prepared in the above examples. The compounds
listed in Tables 1-3 to 1-8 can also be feadily prepared in
the same manner as shown in the above examples or production
schemes with or without minor modifications obvious to those

skilled in the art.

[0196] [Table 1-1]



Table 1-1

Example 6

Example 7

Example 8

Example 9

Example 10

Example 1

Example 2

Example 3

Example 4

Example 5

[Table 1-21]

[0197]



o, ~I I~ i Exanmple 15 0,---- OH HO OH OH
[0198] [Table 1-3] 89 - Table 1-3 1H NVR (CD30D) 8:
2.28 (3H, s), 3.41-3.50 (111, m), 3.62-3.68 (1H m,
3.75-3.83 (4H, m), Exanple 16 0' OH 3.95 (2H, s),
5.10(2H, m), HO 7.04-7.10 (4 o), 7.17-7.22 OH (3H,
mM OH M5 (ESI+): 395 [ MtNa] + 1H NMR (CD30D) 8: 2.08
3H, s), 3.44-3.51 (1H, n), 3.63-3.69 (1H m,

Ta®les 13284(4H m), 3.98 Exanple 17 O o OH HN Il (2H, s),

5.10 (2H| m), 6.96 HO O (1H, |d, J=7.6Hz), 7.17-7.25

OH (4H, M), 7. : g | OH MB (ESL+): 438

[MeNa] + 4> 1H: }"3.40-3.50 O (1H, m,

23, 62%3 ot (1H, | Exafpl e 18 OO OH 3.74-3.84 (4H,
ple dY(oH % 0 (2H, ™| 5.87(2H, s),

Example 12

Example 13

Example 14

Example 15

[0198] [Table 1-3]



HO OH 6.67-6.70 (3H, n), 7.21(3H, s) OH M5 (ESI+):
425 [ M#Na] + 1H NMR (CD30D) 6: 3.37-3.50 (1H, n),
3.62-3.68 (1H, m), N 3.74-3.84 (4H, n), 4.10 (2H,
Exanple 19 O OHs), 5.11 (2H, n), 7.24 (3H, HOs),
7.41 (2H, d, J=8.1Hz), OHZ7.$2 (2H d, J=8.1Hz) OH M5
(ESI +): 406 [M+Na]+ CI 1H NVR (CD30D) 8: 3.40-3.51
1H, m) 3.63-3.69 (1H, m), C 3.73-3.84 (4H, ),

Tabpleg }-34  Exanple 20 O .OHsS). 5.11 (2H, .

7.13-7.17 HO O (1H, m, 7.2u (3H, 7.36- OH 7.41
(2Hm OH MB (E Rk [ EAbop) 781 2 131y ).
90 - Tabl ! ?;1%386 7%51(4]? 835432 L
J=6.9F% : 613 &9 I m
Eﬁé?ffé.é 93 - sT)
3.99 (2H, %‘k’ﬂ 757 %2

ER 3"3?3%%5 F

(ESI +): 4

(1H ny, 'H-NMR (CD,OD) &: 2.08 (3H, s),
3.44-3.51 (1H, m), 3.63-3.69

(1H,m), 3.75-3.84(4H,m), 3.98

(2H, s), 5.10 (2H, m), 6.96

(1H, d, J=7.6Hz), 7.17-7.25

H (4H, m), 7.36-7.38 (2H, m)

OH MS (ESI+): 438 [M+Na]*

Example 17

'H-NMR (CD;OD) &: 3.40-3.50
(1H, m), 3.62-3.68 (1H, m),
3.74-3.84 (4H, m), 3.91(2H,
s), 5.10 (2H, m), 5.87(2H, s),
6.67-6.70 (3H, m), 7.21(3H, s)
MS (ESI+): 425 [M+Nal®

Example 18

'H-NMR (CD,OD) &: 3.37-3.50
(1H, m), 3.62-3.68 (1H, m),
3.74-3.84 (4H, m), 4.10 (2H,
s), 5.11 (2H, m), 7.24 (3H,
s), 7.41 (2H, 4, J=8.1Hz),

: 7.62 (2H, d, J=8.1Hz)

OH MS (ESI+): 406 [M+Na]*

Example 19

'H-NMR (CD,OD) &: 3.40-3.51
(1H, m), 3.63-3.69 (1H, m),
3.73-3.84 (4H, m), 3.99 (2H,
s), 5.11 (2H, m), 7.13-7.17
(1H, m), 7.24 (3H, s), 7.36-
X '7.41 (2H ,m)

OH MS (ESI+): 449 [M+Nal®

Example 20

[0199] [Table 1-4]



3.71-3.85 (4H, m), 4.10 (2H, Exanple 22 00, OH F s),
5.11 (2H, ), 7.25 (3H, n), HO 7.37-7.45 (2H, m,
7.52-7.60 OH (2H, m) OH M5 (ESI+): 427 [Mr1]+ 1H NMR
(CD30D) S: 3.40-3.50 i O (1H, m, 3.62-3.70 (1H, m,
Exanple 23 0. .OH F F 3. 73-3.35 (4H, n), 4.03 (2H, F
s), 5.11 (2H, n), 7.11-7.36 HO OH (7H, OH MBS
a&)Esu) 443 [ Mr1]+ 1H NVR (CD30D) 8: 2.43(3H, s), i S
1?813450 (1H m. 3.62-3.68 Examale 24 0' OH (1H,
, 3.72-|3. . 85 (4H n) 3.96 1503 42kl3g)3ﬂ
OH 7.12-1. —51-6')9}1220 531 'i‘r
(CD30D) €: (a 92_ 5
Exanpl i M), 339§b ( H $), 3k
Eé?ﬁﬁ%%ﬁ, KQH Q@ W5 (dEah+) 5. B8P3 2H, m),
[ ME1] + OH 6917-6.8abt m,1m), 1HIVVR. 14
(CD30D) S: (28, 59- 37740 ((BH, m),
3.71-3. 86 | |MS (ESI+): 403 [M+1]*
'H-NMR (CD;OD) &: 3.39-3.50
(1H, m), 3.61-3.71 (1H, m),
3.71-3.85 (4H, m), 4.10 (2H,
Example 22 s), 5.11 (2H, m), 7.25 (3H, m),
: 7.37-7.45 (2H, m), 7.52-7.60
(2H, m)
MS (ESI+): 427 [M+1]*
'H-NMR (CD,OD) &: 3.40-3.50
(1H, m), 3.62-3.70 (1H, m),
3.73-3.85 (4H, m), 4.03 (2H,
Example 23 s), 5.11 (2H, m), 7.11-7.36
y (7H, m)
OH MS (ESI+): 443 [M+1]"
H-NMR (CD,OD) &: 2.43(3H, s),
3.38-3.50 (1H, m), 3.62-3.68
(1H, m), 3.72-3.85 (4H, m),
Example 24 3.96 (2H, s), 5.10 (2H, m),
_ 7.12-7.25 (7H, m)-
OH MS (ESI+): 405 [M+1]"
'H-NMR (CD;OD) &: 3.38-3.51
(1H, m), 3.58-3.70 (1H, m),
Example 25 3.71-3.85 (4H,m), 3.99 (2H, s),
5.11 (2H, m), 7.15-7.29 (7H, m)
MS (ESI+): 393 [M+1]*
[0200]

[Table 1-5]




Example 26 0 ,OH's), 5.12 (2H, m), 7.20-7.49 (6H, m,
7.68 (1H, s), 7.71- OH 7.83 (3H, n) OH MS (ESI+): 431
[ MNa] + 1H NVR (CD30D)- S: 3.40-3.48 OH (1H, m),
3.60-3.70 (1H, n), Exanple 27 O OH 3.72-3.86 (4H, m),
4.00(2H, s), 4.56 (2H, s), 5.d4 (2H n), HO OH
7.15-7.32 (7H, nm) OH MBS (ESI+): 411 [M:NaJ+ | |
1H NVR (CD30D) S: 3.39-3.48 F (1H n), 3.62-3.68

Tapbif dy5 3.75- Exanple 28 0. OH 3.84 (4H.m, 3.99

(2H,s), 5. 11 (2Hn) 697(2 t, J=8.8Hz), HO OH
7.19-7.23 (5H, afiyOH | B NB@ (C{'M%M I HNPR49
(CD30D) ¢: 2. plK.48) 1:|‘-|59d -794gHg m),
. 61-3 x%m7d1' (H. ans 47673(%3"4

E3iT2) 26 S ohH, (27H b
gﬁ ol ;{ & > b (%#N\?ﬁl? e osg) ”‘
6F3 “OH 19@‘(’% )

:'._

1
5 [
2.27 (3H s), &H42 3 48 (1
3.75-3.8% (4H, m, Exanple
" t ’1HJ NMR @D’ OD)/ 6lU3 /4044 48
(1H, m), 3.60-3.70 (1H, m),

5. 10( 2H,
(4H m
3.72-3.86 (4H, m), 4.00(2H, s),
Example 27 4.56 (2H, s), 5.11 (2H, m),
7.15-7.32 (7H, m)

MS (ESI+): 411 [M+Nal®

'H-NMR (CD,OD) &: 3.39-3.48
(1H,m), 3.62-3.68 (1H,m), 3.75-
3.84 (4H,m), 3.99 (2H,s), 5.11
(2H,m), 6.97 (2H, t, J=8.8Hz),
7.19-7.23 (5H, m)

MS (ESI+): 399 [M+Nal]®

Example 28

'H-NMR (CD;OD) &: 2.25 (3H,s),
3.40-3.46 (1H, 4d, J=9.8,
8.7Hz), 3.61-3.67 (1H, m),
3.70-3.84 (4H, m), 4.03 (2H,
s), 5.10 (2H, m), 7.12-7.20
(7H, m)

5H MS (ESI+): 395 [M+Na)*

Example 29

'H-NMR (CD,OD) &: 2.27 (3H, s),
3.42-3.48 (1H, m), 3.62-3.68
(1H, m), 3.75-3.85 (4H, m),
3.95 (2H, s), 5.10(2H, m), 6.99
(3H, t, J=7.1Hz), 7.10-7.22

H (4H, m) :

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

Example 30

[0201] [Table 1-6]




OH M5 (ESI+):

373 [ M+1] +

[0201] [Table 1-6] 92 -

Table 1-6 0 1H NMVR (CD30D) 6: 3.42-3.48 (1H, m,
3.62-3.68 (1H, m), 3.76-3.79 (4H n), 3.96 Exanple 31
0~ ,,OH (2H,s), 5.03 (2H, s), 5.11 (2H m,
6.83-7.22 (3H m), HO OH 6, 7;22 (4H, m), 7.28-7.41
OH (5H, m) MS (ESI+): 465 [ M1 1H NMR ( CD30D) 6:
3.42-3.48 F F (1H m, 362368(1H m, Exanple 32

Taple 1-604 3.76-3.84 (4H, m),

4.00 (2H,

s), 5.10 (2H

m,

H d,

m M (ES|+)
(1H, m,

6. 84-
M5 ( ESI +)|:
F J=6. 5H2),

3.55-3.673 (1

Epgurle §1 |( 2H,

6. 94 HOO—|(2H

| 69-
8 -“29.%'41
J=4.
3. 62- 3.

m,

20,
Fé‘&gza%ﬁg@g

BXampt e, &
1F|(2d
2H, d, OHelB8-bPHR2) (4H, GH-, 77151(77H,41
+ 1H NVR (66DapD) 6:
8 (1H, ),

ey’

SZH C@)

’11

w0 65155 Su (k.

3. 40-3.51

MS (ESI+): 465 [M+1]"

Example

32

"|MS (ESI+):

'H-NMR (CD,OD) &: 3.42-3.48
(1H, m), 3.62-3.68 (1H, m),
3.76-3.84 (4H, m), 4.00 (2H,
s), 5.10 (2H, m), 6.84-6.94
(2H, m), 7.22-7.26 (4H, m)
395 [M+1]°

Example

33

'H-NMR (CD,OD) &:
J=6.5Hz), 2.92 (1H, 4,
J=6.5Hz), 3.34-3.41 (1H, m),
3.55-3.62 (1H, m), 3.69-3.77
(4H, m), 3.91 (2H, s), 4.41
(1H, d, J=6.5Hz), 4.58 (1H,
d, J=6.5Hz), 5.04(2H, 4,
J=6.5Hz), 7.09-7.15(7H, m)
MS (ESI+): 405 [M]*

2.83 (1H, 4,

Example

34

'H-NMR (CD;OD) &: 3.40-3.51
(1H, m), 3.62-3.68 (1H, m),
3.74-3.84 (4H, m), 4.06(2H,
s), 5.11 (2H, m), 7.19-7.27
(3H, m), 7.32-7.36 (1H, m),
7.67-7.71 (1H, m), 8.35-8.37
(1H, m), 8.44 (1H, 4,
J=1.7Hz)

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

Example

35

'H-NMR (CD;OD) &: 3.08 (3H,
s), 3.41-3.48 (1H, m), 3.62-
3.68 (1H, m), 3.74-3.80
(4H,m), 4.13 (2H, s), 5.11
(2H,m), 7.22-7.27 (3H, m),
7.49 (2H, 4, J=8.3Hz), 7.85
(2H, d, J=8.4Hz)

MS (ESI+): 437 [M+1]"

[0202]
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3.74-3.84 (4H, m,

HO 7.67-7.71 (1H, m,

(1H, d, OH J=1.7Hz)

(CD30D) 6: 3.08 (3H,

| 03.68 (1H, m,
4H M), 4.13 (2H, s),
ey

Ta -7.49 (2H, d, J=8.

4.06(2H, N s),
7.19-7.27 Exanple 34 0 OH (3H, m,

8. 35- 8.
MS (ESI
s),

5.11
3Hz) ,

3. 43
3.74-3.80 Exanple 35 0~ OH O

(2H m,

5.11 (2H, m,
7.32-7.36 (1H, m,
37 OH.(1H, m), 8.44
+): 360[ Mrl]+ 1H NVR
3.48 (1H, m), 3.62 1 i

7.22-7.27 (3H, m,
7.85 OH (2H, d, J=8.4Hz)

MS (ESI+)|: 437 [Mkl]+

(CD3CD) §:
3.74-3.84 (4H,
(2H m,

221

M on
6.12 (1H, s),

R%(ESI+)

[0202

7.26-7

N (1H,
3 (2H,
O oH

SNS (ESTapplmo3TMOL]". . .

[ Table 1-7] 93 - Table
Hlabk (dB,08) 3. §3103369:

( ©Hm3., 85, dAH, 8y, (4,87, 3.75-
Blas Rkkira), 3.49 (FHOsPH 512
(B65@)[ Mr1de= 7L HIMNVR), 8.40
H, a,63-3868)(1H n.
5.12
6.89-7.02 (2H, m,

(.22- 1.2

Example 37

'H-NMR (CD;OD) &: 3.40-3.50

(1H, m), 3.63-3.68 (1H, m),
3.74-3.84 (4H, m), 4.13 (2H,s),
5.12 (2H, m), 6.12 (1H, s),
6.89-7.02 (2H, m), 7.22-7.24
(2H, m), 7.31-7.34 (2H, m),
7.40 (1H, 4, J=7.5Hz)

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

Example 38

'H-NMR (CD,OD) &: 3.39-3.46
(1H, m), 3.60-3.66 (1lH, m),
3.72-3.82 (4H, m), 3.89(2H, s),
5.07 (2H, m), 6.56-6.67 (3H,
m), 7.01-7.06 (1H, m), 7.18-
7.20 (3H, m)

MS (ESI+): 397 [M+Na]l*

Example 39

'H-NMR (CD;0D) &: 3.42-3.48

(1H, m), 3.62-3.68(1H, m),
3.74-3.84 (4H, m), 3.98(2H, s),
5.05-5.18 (3H, m), 5.70 (1H,
dd, J=17.6, 1.1Hz), 6.68 (lH,
dd, J=17.6, 11.0Hz), 7.15-7.23
(5H, m), 7.32 (2H, d, J=8.2Hz)
MS (ESI+): 407 [M+Nal*

Example 40

'H-NMR (CD;OD) &: 3.49-3.56

(1H, m), 3.69-3.75 (1H, m),
3.81-3.91 (4H, m), 3.93 (3H,
s), 4.13 (s, 2H), 5.17 (2H, m),
7.26-7.31 (3H, m), 7.39 (2H, 4,
J=8.2Hz), 7.98 (2H, d, J=8.4Hz)
MS (ESI+): 439 [M+Na]l®

[0203] [Table 1-8]




HO OH (2H, m,

J=7.5Hz) MB(ESI+):

7.31-7.34 (2H,

398 [ Mr1] + 34 1H NMR ( CD30D)

OH 7.40 (1H d,

S:

3.39-3.46 (1H, m, 3.60-3.66 (1H m, 3.72-3.82 (4H

m, 3.89(2H, s), Exanple 38 o .OH 5.07 (2H, m,

6.56-6.67 (3H, HOmM, 701796(1H m, 7.18- OH

7.20 (3H, m OH MBS (ESI+): 397 [MNa] + 1H NVR (CD3OD)

8: 3.42-3.48 (1H, n),362368(1Hn) 3.74-3.84
Tapd®| 1mB_ 3. 98(2H s), 5.05-5. 18 (3H , 5.70 (1H

Exanpl e 39 0. oH.dd, J=17. 68 -3,

OH dd, J#17.6, 7. 15 ,3

(2H, d, J=8. S 075_{; ﬁl

CI» 8: 3.048 68 O'o (11 5 08 h

%%%Dﬁiﬁ L% . . 3,,,,97

4.13 (s, , Oi2H, m, .lrlQ@ﬂz? 29-98. $1H,( ,

7.39 (2H} d, OPH =8, 2Hz), 7| 9% (a2l d, J=8.4Hz) |v5

(ESI+): 439 [ MtNa] + [ 0203] [ﬁmbumsi+8]‘ﬁﬁ {Mdedyl*e 1-8

Example 42

J=17.5, 4.6Hz),
m), 3.59-3.85 (5H, m

),
),

Hz},

'H-NMR (CD,OD) 6:3.08 (2H, td,
3.39-3.50 (1H,

3.99
5.95
7.11~

Example 43

(2H, s), 5.11 (2H, m
(1H, tt, J=56.5, 4.6
7.34 (7H, m)

MS (ESI+): 423[M+1]*}
'H-NMR (CDC1,) §:
J=7.63Hz), 2.20(3H,
(1H, brs), 2.56 (2H,
J=7.63Hz), 3.19 (1H,
J=7.25Hz),

4,25 (1H, brs),

17.93Hz), 6.97 (1H,s
(4H, dad, J=8.01,
7.14 (1H, s)

MS (ESI'):

s),

q.,
d,

)

423 [M+Nal

1.17 (3H, t,

2.54

3.66-4.00 (8H, m),
4.54 (1H, s),
5.02 (2H, d44,J=12.69,
. 7.00
12.97Hz),

44

(3H, m),
12.1Hz),
4.01 (2H, s),

'H-NMR (CD,OD) &: 3.36-3.47
3.64 (1H, dd, J=5.8,
3.74-3.83 (4H, m),
5.05-5.16 (2H,

Example m), 7.18-7.23 (7H, m)
MS (ESI'): 441 [M+1]®

Example 45

[0204] [Table 1-9]




1H NVR (CD30D) S: 3.42-3.51 OH (1H, n), 3.62-3.68
(1H, m), 3.75-3.84 (4H, m), 4.08 (2H 41 Op" .OH O
s), 5.06-5.17 (2H, ), 7.21- Exanple 7.27 (3H, m,
7.33 (2H, d, HO OH J=8.2Hz), 7.93 (2H, d, OH
J=8.2Hz) M5 (ESI+): 425 [MrNaps F 1H NVR ( CD30D)
5:3.08 (2H, td, F J=17.5, 4.6Mz), 3.39-3.50 (1H, O

3.85 (5H, m), 3.99 Exanple 42 (2H, s), 5.11
Tgpﬁqiiﬁ 5.95 HO OH (1H. tt, J=56.5, 4.6Hz), 7.11- OH

7.34 (7H, m MHENMR 1 KEINOR) ( €DC2336 S(3H, s),
1.17 (3H t, 03 3H,-3s37 AHG4m) ( 1H64b(EY, da,
2.56 (2H q, 0J€5148, d2.ABE) J=3.25+¥ )83 (4H,
3.}625- 6)0 ( 81, 413):442298g13¥ b¥)s) 5.14 (BY 44,

Ex(a.T ’es‘s H &2 .60 217@2977 25 (3H,
(1H s). | 780

:8‘“b-17 $2- A4 2H, MmN 7§ 791
s) MB (ESI+): 428 [ M+Na] Flr#%f\/ng CDBQD) & 3. 36-3. 47
(3H, m| 3.64' (1H, dd, J=5.g|"5 (ESI"): 401 [M+1

'H-NMR (CD,OD) &: 1.41 (3H, 4,
J=6.59Hz), 3.40-3.47 (1H, m),
3.61-3.67 (1H, m), 3.74-3.83
(4H, m), 3.98 (2H, s), 4.74-4.81

Example 47 (1H, m), 5.04-5.15 (2H, m),
7.15-7.27 (7H, m)
MS (ESI*): 425[M+Nal®
[0205] Test Example 1

Evaluation of inhibitory activity against methyl-a-D-

glucopyranoside uptake of human Na‘'-glucose cotransporter

(SGLT1 and SGLT2)

1) Construction of humaﬁ SGLT1 expression vector

Human SGLT1 cDNA was amplified by PCR with a cDNA
library derived from human small intestine (Clontech) as a
template, synthetic DNA primers and KOD+ DNA Polymerase
(Toyobo Co., Ltd., Japan). The amplified cDNA was inserted
into pcRII-Topo vector by using a Topo TA Cloning Dual
Promoter kit (Invitrogen). E. coli competent cells
(Invitrogen, TOP10) were transformed with the plasmid vector,
cultured in LB medium containing ampicillin (50 mg/L) to grow
ampicillin-resistant clones. The plasmid vector containing
human SGLT1 cDNA was purified from the clone in a standard

manner (see Maniatis et al., Molecular Cloning). Human SGLT1



12.1Hz), 3.74-3.83 (4H, n), Exanple 44 Op 1.0H 4.01
(2H, s), 5.05-5.16 (2H, m, 7.18-7.23 (7H m HO OH
MS (ESI+) : 441 [Mtl]+ OH N CN Exanple 45 00 OH HO
OH OH [0204] [Table 1-9] - 95 - Table 1-9 1H NMWR
(CD30D) S: 2.56 (3H, s), 3.4dg3.47 (1H- m), 3.64 (1H
dd J=5.8, 12.1Hz), 3.73-3.83 (4H Exanple 46 00" 1OH
4.08 (2H, s) 5.10 (2H, dd, J=12.6, 19.8Hz),
GD?‘Az.?dﬂez’s r@mrl %%zm sr@cpsmf(lm sitesy (@ror Rfy at 5 -

en?_|4&12<1§HrPIJ'\/Eat\(]ESI-+ 401 4‘_:!5\ + lH NNR %%Sc‘)@.téal theg-plasmid
velpthy @ﬁlg Eeapyrie 4758%%%5'% m“é Bﬁlge%g "pohtatping an
adF@%&g o & Js%x c?tlz.o%ﬂé'nz%e géc%%nl":t%lon) 51%5[ %’*‘]KBD+ DNA
Polymerase. This amplified cDNA was digested with Eco RI and
Hind III and ligated into expression vector pcDNA3.1(-)
(Invitrogen) digested with Eco RI and Hind III by a Rapid DNA
Ligation kit (Roche Diagonostics). E. coli competent cells
(Invitrogen, DH5a) were transformed with the ligated
expression vector and grown in ampicillin-containing LB
medium. Human SGLT1 expression vector was purified from the
ampicillin-resistant clone in a standard manner.
[0206] 2) Construction of human SGLT2 expression vector
Human SGLTZ-cDNA was amplified by PCR with a cDNA
library derived from human kidney (Clontech) as a template,
synthetic DNA primers and KOD+ DNA Polymerase. The amplified
CcDNA was inserted into pcRII-Topo vector by using a Topo TA
Cloning Dual Promoter kit. E. coli competent cells (TPO10)
were transformed with the plasmid vector, cultured in LB
medium containing ampicillin (50 mg/L) to grow ampicillin-
resistant clones. The plasmid vector containing human SGLT2
cDNA was purified from the clone in a standard manner. Human
SGLT2 cDNA added restriction enzyme recognition sites (Xho I
at 5'-end, Hind III at 3'-end) was amplified by PCR with the
plasmid vector as a template, synthetic DNA primers containing
an additional restriction enzyme recognition site and KOD+ DNA
Polymerase. This amplified cDNA was digested with Xho I and

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



Eval uation of inhibitory activity against nethyl -

gl ucopyr anosi de uptake of human Na+- gl ucose
cotransporter (SG.T1 and SG.T2) 1) Construction of
human SG.T1 expressi on vector Human SGLT1 cDNA was
anplified by PCRwWth a cDNA g7lLbrary derived from

hunan small intestine (d ontech) as a tenplate,
nthetic i mers_and KOD+ DNA Pol ymerase  (Toyobo )
gssted o haaﬁfﬂn)f Hid i e P e R i BARkd RNA Ligatlon
to RI T a
kl'ﬂ;PonE? cFogi, 8 fﬂﬁﬁﬂl%ggﬁ l“s'<3§8a ) VBt gﬁpo%arﬂ@d With the
11&Iarf;é'or e%q:réists}rg;%@e [h%ﬁtog{)ngfigl \I’qgllﬁ J@'lr-lacfsqrhtaining

LB( ﬁ'@ g‘-) flgmgﬁo‘é’GL%Ep bﬁgkbhglbﬁs ggi_:?%tr gﬂ% %zlrljf-q%d from

vector contal nin

thl%u lainfp R4 1YV ANS HHRE dibrie SR tchn JEH SarfRie.
Mani atis et al., Mdlecular Coning). Human SAT1 - 96

[ocbNA added 3r)e$:tsrta@,u|1@mmym ce1Qgniinie® sYdAY EEPressing
Rl at 5 - end, Hnd IIl at 3 -end) was anpllfled by

huRGR SIGLIT 1t loer MUman($Gnmxnor as a tenplate, synthetic
DNA prinmers containing an additional restriction
enzy®ber byogmi 1SGIT 1s iexpremsd oODeddidk oRoltheetasmn SGLT2
This anplified cDNA was digested with Eco Rl and Hind
expresgien W@ﬂt@(}” waso dbgasdesd o thedther paahwA3:tljon enzyme Pvu
(InV|trogen) ested with Eco R and Hind |11 2¥
R&& dTBRRLec H&’F%CtHO( I’Sdcl?@llisagﬁﬁsth%E)NE HRagdig
%btro DH5a) were transforned

Dlﬂgp oﬁﬁéqs gatgﬁt &s§ BHS§88F6Pnath§rSﬁﬁlﬁnwere
cuiqgl%lllln399§talnl LBFF?%%SUP OE???Q glr about 3 weeks in

expreSS|on vector wa

BRI (AN r BBl AN (e srom.
st¥epitdmycin (50 mg/L, SIGMA), geneticin (200 mg/L, Nacalai
Tesque, Inc., Japan) and 20% fetal bovine serum to obtain
geneticin;resistant clones. Among these clones, clones stably
expressing human SGLT1 or hﬁman SGLT2 were selected by the
evaluating the sodium-dependent uptake activity of sugar
(methyl-a-D-glucopyranoside).
[0208] 4) Evaluation of inhibitory activity against
methyl-a-D-glucopyranoside uptake

Cell lines stably expressing human SGLT1 or human SGLT2
CHO were seeded in'96—well culture plates at a density of
30000 to 40000 cells/well and cultured for 4 to 6 days. The
medium in these plates was removed and replaced by 150 puL/well
pretreatment buffer (i.e., a'buffer containing 140 mM choline

chloride, 2 mM potassium chloride, 1 mM calcium chloride, 1 mM

magnesium chloride, 10 mM 2-[4-(2-hydroxyethyl)-1-



Human SGLT2 cDNA was anplified by PCR with a cDNA
library derived fromhuman ki dney (C ontech) as a
tenplate, synthetic DNA priners and KOD+ DNA

Pol ymerase. The anplified cDNA was inserted into
pcRI .- Topo vector by using a Jgpo TA d oning Dual
Pronoter kit. E. coli conpetent cells (TPOLO) were
transfornmed with the plasmd vector, cultured in LB

PipedashradretNanes Wisndiq 1agiq ?Gldfrg/ L) to grow
| in- si.stant clones. The plasm d vector
tr, %R#‘X#Wﬁﬁ’é’ %%Wmm%é’}bﬂr %) e G dhe iﬂelates were
N d nner. . Huma
sofoifed ol 0 Rt BRoRThr ™Sl gefpatufhd Buccer
| ) jfje P it
e e R G L AR bk
n s [
oSO, 8 L 5 AR UE 17 o
20afBhiftiesd cwehymadbgeate*t)\gltdwﬂﬁa!no%&%e Fdlsn% lnlrJ
and ligated into expression vector pcDNA3.
Amdirghaine @hairtna cXfao Bi otedhHi b0 kciby, )usiazg a@dl'e’aolt% @N‘a mixed
Ligation kit. E. coli conpetent cells (DHca) were
withad9lomie thufifelr t(Hee .l,i gated fexrproentiadiminecti@o a sodium

grown in anpicillin-containing LB nmedium Human SGLT2
Chégpidesi @nmile podasadamp Ghilorddef,r dmmM lk@lcium chloride, 1 mM
anpicillin-resistant clone in a standard manner.

mappesHPm3FhEerase. s Amdit methydi-lo-D-gdaicopasiaposide, 10 mM
expressin human SG.T1 or human SG.T2 The human SGE.T1
“'1%8&’9?8%&%9?&9 ~gr Pﬁﬁ’@rﬁ&&&ﬂlée@zneé%&ﬁ@%% ﬁwld and

erf S bk Rintr BT oS tkifecr Bt it BB pRa Heed as

e QRAOBERESS) nAbL LB, BrALEE!b90sel DE0CFhL it Sre

ultured at 3

buteeks ahl PNEMeNMRAEMebEpRaal 0318020 ReRl Glskld Eoe0
Un, SIGW),

- evaluating inhibitory activity. Uptake buffer without a test

compound was used as a control solution. Moreover, for use in
measuring baseline uptake in the absence of sodium, sodium-
free solution was prepared in the same manner to cbntain

140 mM choline chloride instead of sodium chloride. The
pretreatment buffer was removed from each well of the plates
and replaced by 35 uL/well test compound solutions, control
solution or sodium-free solution, and the plates were
incubated at 37°C for 45 minutes. The solutions were.removed
and replaced by 300 uL/well washing buffer (i.e., a buffer
containing 140 mM choline chloride, 2 mM potassium chloride,
1 mM calcium chloride, 1 mM maénesium chloride, 10 mM methyl-
a-D-glucopyranoside, 10 mM 2-[4-(2-hydroxyethyl)-1-

piperazinyl]ethanesulfonic acid and



streptomycin (50 ng/L, SIGW), geneticin (200 ng/L,

Nacal ai Tesque, Inc., Japan) and 20% fetal bovine

serumto obtain geneticin-resistant clones. Anong

t hese clones, clones stably expressing human SG.T1 or

human SG.T2 were selected by the evaluating the

sodi um dependent upt ake activ ?y'of sugar

(et hyl - a- D- gl ucopyr.anosi de). [0208] 4) Eval uation of
tyishilydooxyeethyl | ambyaneshane, pH 7.4). The washing buffer

nmet hyl - a- D- gl ucopyranosi de uptake Cell lines stably
was Fraray e Hmedliad@ V. oThisnwasBGnE prod@diares weaedatpheated

in 96-well culture plates at a density of 3.0000 to
ORI 1 IRk C gisrselyion (b ¥ skeditum Tiedroxide,

dium.in these plates was renoved and replaced by 150

0. /ﬁa_rai_“brleatwaf et 3t k oraq jadded gl feglume of 30 uL per
) L B N A S P
waglla‘arde%e’tqut &iﬂ'#ﬁﬂedrionx§e%%'3éﬂ ,98arid 40 uL of the

pi per azi nyl ] et hanesuloni ¢ aci

retsm&(imgdrmdww@gﬁﬁq%gg@% [/ g, L e

pl ates were incubated at ord%g né%ﬁ)ul%l%as. e (Packard).

Thie! SRR Wwaid alefth oddtd Yt & Wason| QJ% |
repl aced by 50 gL/ well ofreshlp‘J pretreatnent bu aetrl'}reantdp

evalperpitat eherarod ventibarhe a8hmpibsf 8h tRA PLAYkES |
Met hyl - a- D- (U- 14C) gl ucopyr anosi de (6.3 nL,ﬁnl Anergﬁgnpeasured

foph&hedei araBiicEedii,viago widil & Twak cashite XY itk dvaoed

with 100 nmL buffer (i.e., a buffer containing 140 nM
Asgymiing th@itorthge valuelopdtedswidu iy subrtirdet ihgrMhe baseline

cal ciumchloride, 1 mM magnesium chloride, 1 nmV
uptakgyleyep rofopeavpdiake leyedVof the control sample was
se%4-g2-p%grox§%th | )-1-pi perazinyl ] ethanesul fonic acid

n&® PP&¢ny .oﬁv?ﬂﬁﬂ?ﬁr)a&ﬁi%ﬂ?@ahl&ﬁ@,d §1Qr7 a4)testhicempounds
e S . ake buffer. Test conmpounds were

togﬁég% vgggi% g&b E&Q@ of thg upta%e evel (ICs, value) were
calculated from the concentration-dependent inhibition curve
using ELfit ver.3. As a result, the compounds of the present
invention were found to show a remarkable inhibitory effect on
SGLT2. The following table shows the ICs, values of
representative compounds of the present invention, as measured
for SGLT2 inhibition.
[0209] [Table 2]

Table 2

Test compound ICsy (nM)

Example 1 4.2

Example 2 4.0

Example 4 5.0




buffer and these test conpound sol utions were used for
evaluating inhibitory activity. Uptake buffer w thout
a test conpound was used as a control solution.
Moreover, for use in nmeasuring baseline uptake in the
absence of sodium sodium _fneg solution was prepared
in the sane manner to contain 140 nM choline chloride
inst ead of sodiumchloride. The pretreatnment buffer
_§&¥§ﬂ3lﬁh;APELIGABLLJ¢¥Mﬂ| of the plates and repl aced
5 [LL/ test comnpound ,sol uti contro
[0%103“ on o oé’ l?ﬁ}el“& éné’&nl}ﬁo&w e eﬂwé:bﬁ ROy ifdn of
d at _37C for 45 nut The. sol ut.i ons were
st aiatet Rt s B0 G R RAg ErLcally
acldep%a’bl% le tHe oqil n| Q}am\é Czl]‘no' lgltgan{l' '?ﬂ?'/}lbltory

mVi"pot assi um chl ori C|un1ch or 1
ef'f%%e%nu @Cﬁwzordéiﬁzvﬂt@ nMngt E)Shpoﬁn@'sg b¥CRRYr 3PA3kie:
mMl 2- [ 4- (2- hydr oxyét hyl) -
1nl§)|e}ih€tr1®ﬂ Ritle] @iz eFWdAiive EEd %ﬁﬂmﬁ%dtlc or therapeutic
tri s(hydroxynet hyl)am nonet hane, pH 7.4). The washi ng
aglenftfse If orwald abertessd diapedied-dlelatll AVsHid1®r diabetic
procedure was repeated once again, and a cell lysis
cogpilicadions -M sodi um hydroxi de, 0. 1% sodi um | auryl
sul fate) was added in a volunme of 30 L per well to
solubilize the cells. 2 Mhydrochloric acid (15 L)
was added to the cell lysate in each well, and 40 L of
the resulting solution was transferred to a LumaPl ate
(Packard). The LunmaPlate were | eft overni ght at room
tenperature to evaporate the solvent. The sanpl es on
the plate were neasured for their radioactivity with
a TopCount NXT(Packard). Assum ng that the val ue
obt ai ned by subtracting the baseline uptake |evel
fromthe uptake |l evel of the control sanple was set
to 100% the concentration required for a test
conmpounds




to cause 50% i nhibition of the uptake |evel (1C50
value) were calculated fromthe
concentrati on-dependent inhibition curve wusing ELfit
ver.3. As a result, the conpounds of the present
invention were found to shqQw;gqrenarkabl e inhibitory
effect on SGE.T2. The follow ng table shows the I C50
val ues of representative conpounds of the present
i nvention, as neasured forCWEMS jnhibition. [0209]
[ Tabl e 2] Tabl e 2 Test compound 1C50 (nM Exanple 1
4.2 Exanple 2 '4.0 Exan”ple 4 5.0 100 - | NDUSTRI AL
APPLL CABI LI TY ent invention enables the
‘prov#‘sn CORPeHT d[sﬁl%}%ll? aaf:)(ﬁédunds, prodrugs t her eof
[F%E:m‘& arqaceutically acceptable salts thereof, which
ave an excellent inhibitory effect on SGT2
activity. The conpounds of the pregent, invention are
al so effective as prophyl acti g—s her'apeuti c agents
for diabetes, diabetes-relat d d1| sease or diabetic
conplications. 101 - CLAI M5 ﬁ onpound of Fornul a
(1): [Formula 1] QA (@H;)%)n
\

o)

OR!’

R*0

wherein R!', R?, R? and R* are each independently selected
from a hydrogen atom, a C;-C¢ alkyl group which may be
substituted with one or more Ra, a C;-C;, aralkyl group which
may be substitufed with one or more Rb, and -C(=0)Rx;

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

aArt represents an aromatic carbocyclic ring which may be
substituted with one or more Rb, or an aromatic heterocyclic
ring which may be substituted with one or more Rb;

Q represents -(CH;)p-(L)p- or -(L)p~(CHz)n-;

m represents an integer selected from 0 to 2, n
represents an integer selected from 1 and 2, and p represents

an integer selected from 0 and 1; -



(Rl R40 OR2Z OR3 (I) wherein Rl, R2, R3 and R4 are
each independently selected froma hydrogen atom a
Cl-C6 al kyl group which may be substituted with one
or nore Ra, a C7-Cl4 aral kyl group which nmay be
substituted with one or noreih, -and - C(=0) Rx; Rx
represents a Cl1-C6 al kyl group which may be

substituted with one or nore Ra, .an aryl group which
may erep§GE§P&Fung'mr§ﬁ e DR fore Ro, a heteroar 1

. Whj bsi | d with ,
1 & R hEls e BFali ThY e St "ehtul R S apY oroup
< . I t [
e R =it e el SR FRES BB Ol G Rx:

”DreARerQEséﬁtgfQHBEEQIh@E%ﬁ?g%%%hﬁqp%gngewghﬁgtq%ﬂted with

be substituted with ong of no presents

one( GE2hBreL RB- 02" a- hetRroGHI Mgrop” GRieHERES B2 substituted

integer selected fromO to'2, n represents-an integer
wishl eaktedrf morel RBNdwheraifh RheCRIr§ICHiIr upAdr theJ®eteroaryl

selected fromO and 1; 102 - L represents -0-, -S- or
grohBSmayREors selkeatiedskbdomiaghydigegheraivdaith ahela@omatic

al kyl group which may be substituted with one or nore
carhocyadicCri@gRer Ahecpremaftis heterpcygldap nimigch nmay

be substituted with one or nore Rb or a heteroaryl

gr ouPawkBchnAgpepdenpyt Fedeegednwframoaehgloggneatom, a

gherein the aryl group or the heteroaryl
hydroxyl group, a c%ano group, a nitro group, a carboxyl
group, a C;-C¢ alkoxy group which may be substituted with one
or more Rc, an aryl group which may be substituted with one or
more Rd, an aryloxy group which may be substituted with one or
more RA, a heteroaryl group which may be substituted with one
or more Rd, a heteroaryloxy group which may be substituted
with one or more Rd, a mercapto group, a C;-C¢ alkylthio group
which may be substituted with one or more Rc, a C1-C¢
alkylsulfinyl group which may be substituted with one or more
Rc, a C;-C¢ alkylsulfonyl group which may be substituted with
one or more Rc, -NRfRg, a C;-C¢ alkoxycarbonyl group which may
be substituted with one or more Rc, and a C;-C¢ alkylcarbonyl
.group which may be substituted with one or more Rc;

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

Rc, a C,-C¢ alkynyl group which may be substituted with one or

more Rc, a C,-C;4 aralkyl group which may be substituted with



group may form a condensed ring together with the
aromatic carbocyclic ring or the aromatic
heterocyclic ring; Ra is independently selected from
a hal ogen atom a hydroxyl group, a cyano group, a
nitro group, a carboxyl groyps a Cl-C6 al koxy group
whi ch may be substituted with one or nore Rc, an aryl
group which may be substituted with one or nore Rd,
ongn oFr Yoy Rer.oup habiademgtde subwdrexyld gredp ore eyano
nore Rd, a heteroaryl group which may be substituted
ITHUR, Gh@LtHO QIR 2 £HRVFBardAVE), ¢ g Cahatkoxdygroup

he substltute e or nore Rd, a nercapto group
which may he iy t&fgﬂ&ﬁ[l I APenBF BWLERG | (3R AFNE tHFoup

A/ q%%s%ﬁeutseu oe;}é w %ll}ml S&'c{g&'&%" %f?cgg aV\rIIP acr.hyfa:é/y group
e a%”ﬂwe%tawﬂcwz 1 SR D Dot
whe U Ry e eﬁla@ttﬁlp&% ¥t or MYk K- @

al ylcarbonyl .group which may be su stltuted W't h

he®Re ATy Bﬁ:ou%b wWhSL dH GR3e e bk S AL E B f 4P B2 or more
Cl-C6 al kyl group which nay be substituted with one

RAQr anmexrdaptoa dZDUE8 £ \GH0al KykyDtioup §bbehp WRichemay be
substituted with one or nore Rc, a C2-C6 al kenyl

suppsdiyt ubieidc wirtdy dne substdreutRed e th -Cpeabkybsuefifgl group
C2-C6 al kynyl group which may be substituted with one
which meie bRc sudb sttt da il thy longr eup meltiec iRavaya 1k -Ce
substituted with 103 one or nore Rd, a hal ogen atom
aliyhsydseny 1o 9sayp &f@ﬁha‘aYgrb@uﬁub&tmtmt@dgmr@ qne or more
car grou a Cl- al koxy group which may be
subg‘%ﬁ@vea‘ 1t'ﬁ6 Hcm%nlﬁ: 9%?P%rw1@?dw B ch
S bs uted wi.th one _or n a o)
su%¥iQ t\/\/nl(i tth v e “FuBES &%d n%ﬁf)?x’ﬁ%?]é%(‘éayl aJroup
wha efnagr Ye s%%%atweﬁﬂ WIh %%eswsfrdo&tg %L W Ik 088 or
alkylenedloxy group, a heterocyclyl group, and a
heterocyclyloxy group;

Rc is independently selected from a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a C;-C¢ alkoxy group, an aryl group which may be
substituted with one or more Rd, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl group which may
be substituted with one or more R4, a heteroaryloxy group
which may be substituted with one or more R4, an amino group,
a C;-C¢ alkylamino group, and a di-(C;-C¢ alkyl)amino group;

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

C,-Cy4 aralkyl group, a halogen atom, a hydroxyl group, a cyano

group, a nitro group, an amino group, a C;-C¢ alkylamino group,



het er oaryl oxy group which may be. substituted with one
or nore Rd, a nercapto group, a Cl-C6 al kylthio group
whi ch nmay be substituted with one or nore Rc, a Cl-C6
al kyl sul finyl group which may be substituted with one
or nore Rc, a Cl-C6 al kyl sulifpgnyl group which may be
substltuted with one or nore Rc, -NRfFRg, a Cl1-C6

alkylcarbonx grgﬁg whi ch nay be substituted with one
angy anede ( TKGE) iR ySeeBRhy | group whi ch may be
subst i t ut ed mnth one or_ nore Rc, a Cl-

al ky §n§&P5§Fe§F§uﬁ h§q595§Pb@¢gWylanguF6 %HHY%_QiruP which
| R t t
o BT, Ty 5 LRI S50, s
e S o D B oo

wh‘i'&:h”ﬁlra? B s%%s'«t&wél@@e WP vm; group ?% ;substi tut ed

one or nore Rd, a heteroaryl ‘ch may be

subskEtQEQQegthSoge ?Gr%%%% Bdonf ekl icgasy ! L3y ' G:bup

whi ch may be substitutfed with one or noré Rd, an anino

whithUpay ®eChubs taltitledTivia hgioned oraidre ®c;( Ghdlh
al kyl )am no group; Rd is independently selected froma

- C1- CBRgalckpiregeats awhiydrogey beomybat ich iCehMtgh dxd®up which
or nore hal ogen atons, a C7-Cl4 aral kyl group, a

malyabegsnbstdiutedhyditdx R .greo ;- Ca alkybcaxpieny] group which
nitro group, an amno group, a Cl-C6 al kyl am no group

mayohe. syRgta tyitedCyith sneyloramore Fcougn REYilegresgnthich
a hydrogen atom_a Cl-C6 al kyl group which may be

maé’uB?t Fflgtsé&twtﬁﬂ Yid o Pngp & R&reaﬁdarﬂ W}S’W%IﬁrOuP

b b t.h
wnfBh.Rax; VE° sibasT ttech iap Bhes Qemore: 5wt Faghengl
grgp&yl Qdcb 6 ae.lmo%%%glsb&ﬂdrzo& wahlcrpl onqaya b%l'_s%aostituted

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

Re and Rf, or Rf and Rg may form a 4- to 7-membered
heterocyclic fing together with the nitrogen atom to which
they are attached,
or a prodrug thereof, or a pharmaceutically acceptable salt
thereof.

2. The compound according to claim 1, wherein R!, R?, R® and
R* are each independently selected from a hydrogen atom

and -C(=0)Rx, and Rx is a C;-Cs alkyl group which may be
substituted with one or more Ra or a C;-C¢ alkoxy group which
may be substituted with one or more Ra, or a prodrug thereof,
or a pharmaceutically acceptable salt thereof.

3. The compound according to claim 1, wherein R!, R?, R?® and

R! are each a hydrogen atom, or a prodrug thereof, or a



whi ch may be substituted with one or nore Rc; and Rg

represents a hydrogen atom a Cl-C6 al kyl group which

may be substituted with Rc, a Cl-C6 al kyl carbonyl

group which may be substituted with one or nore Rc,

an aryl group which may be sypstituted with one or

nore Rd, a heteroaryl group which may be substituted

with one or nore Rd, a carbanoyl group, a Cl-C6
PhANMAGRAIAAY ARRP YRRk Tt b’él%m% tuted with

one nore Rc r a Cl-C6 al kyl sul fonyl group which
4emy HE SR AFSATH hE Db RROE Glakgs dhdo 3.

Rf.,_ .or JRfi and _Rg,may.forma 4- to 7-nenbered :
e Al R8P Ry TSdEnRe oERn Ehé APOFOYaRnE: SRR each

] tnpd%y 0 ergof , or_a

Of\gﬂ;&rq%ahceuti cb:ﬁr Iesyl%asti:tglggf%bq e“P{sta t&{? ﬂc;eltjg‘béﬁe T hoelo a prodrug
H n . 1 ai , . ,
e e I I S R el e,
5.at omraRd corpddiX actitdPhd TR daly Ghedlde/ lc1Gmp Whighy,

may be substituted with one or nore Ra or a Cl1-C6
whalredxy ngricu diichp vy bersubPrddthef tiddedmne o a

nore Ra, or a prodrug thereof, or a pharmaceutically
phaco@steatiiicaldly adweapdbled. sallte tdopamd according to

claim1, wherein Rl, R2, R3 and R4 are each a
6 .hydr 8§en compoungt acqausdngy tcha@nsobfoneprofa cligiims 1 to 4,

pharmaceutically acceptable salt thereof. 4. The
whegieddumd ifc dor At (RF D ridhesiead aiak al Rhmrmaceutically

wherein Arl is a phenyl ene group or a thienylene
acEeRtRPlea 87 1ot RGHeaf may be substituted with one or

7.1 S0 BB S et PR TROSH U
wh@?%i%nﬁzﬂfhggakﬁg éubgtituent -Q0-A on its ring atom that is
2 atoms apart from the ring atom directly attached fo the
substituted glucitol group, or a prodrug thereof, or a
pharmaceutically acceptable salt thereof.

8. The compound according to any one of claims 1 to 7,
which is represented by Formula (Ia):

[Formula 2]

5R3
(la)

or a prodrug thereof, or a pharmaceutically acceptable salt



wherein mis 1 and pis 0, or a prodrug thereof, or a
phar maceutically acceptable salt thereof. 6. The
compound according to any one of clainms 1 to 4,
wherein nis 1, or a prodrug thereof, or a
pharmaceutically acceptableigg L thereof. 7. The
conpound according to any one of clains 1 to.6,
mhereln Arl has the substituent -Q A on its ring atom
&°%i's 2 atons apart fromthe ring atomdirectly

9atta edtot(l;ar ubsti #ted glucitol group, or a
*pr od 5 OMREFEST S€r*C 4) dPHceutical |y acceptabl e

SoL ¢ et e ORI AR G s O o
(hﬁ%ﬁ Qtpﬁerr@rlf -W)g’i%#ar%el%%%cgql yO;{gc(eIp?Zibl e

sal t 1136 f_c
1,1-36%3%1?:&%??5-( e_?hyl phgnyl) }ﬁqﬂtﬁ?"féﬁyl 2-

( hiy@ydseristiyly) phringnyl-Ip- -Jﬁgﬁtﬂidwhﬂéqs e,
1, 1- anhydro-I| -G [ 5-(2-benzot hi ophenyl ) net hyl -
( hy dnoiyemhipdirpphedy [5~R4Bmgithosyphangdgmethyl - 2 -
(hydroxymethyl)phenyl]-B-D-glucopyranose,
1,1-anhydro-1—C-[5-(4-isopropylphenyl)methyl-2-
(hydroxymethyl)phenyl]-pB-D-glucopyranose,
'l,l-anhydro-l-c-[5-(4-cyclopropylphenyl)methyi-z-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-n-propylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose, |
1,1-anhydro-1-Cj[5-(4-ethylphenyloxy)-2-
(hydroxymethyl)phenyl]-pf-D-glucopyranose,
1l,1-anhydro-1-C-[5-(4-ethylphenyl)methyl-2-(2-
hydroxyethyl)thiophen-3-yl]l-f-D-glucopyranose,
l,1-anhydro-1-C-[5-(4-biphenyl)methyl-2-
hydroxymethyl]phenyl]-B-D-glucopyranose,
l,1-anhydro-1-C-[5-(4-((S)-tetrahydrofuran-3-
Yloxy)phenyl)methyl-2-(hydroxymethyl)phenyl]-pf-D-
glucopyranose,
1l,1-anhydro-1-C-[5-(4-((R)-tetrahydrofuran-3-
yloxy)phenyl)methyl-2-(hydroxymethyl)phenyl]-f3-D-
glucopyranose,
1,l1-anhydro-1-C-[{5-(4-ethynylphenyl)methyl-2-

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



1, 1- anhydro- I - C [ 5- (4- met hoxyphenyl ) net hyl -

(hydr oxymet hyl ) phenyl ] - R- D- gl ucopyr anose,

1, 1-anhydro-1-C-[5-(4-isopropyl phenyl) net hyl -
(hydr oxymnet hyl ) phenyl ] - 13- D- gl ucopyr anose,

1, 1-anhydro-1- G [5-(4-cycl oprepyl_phenyl) nmet hyl -
(hydroxynethyl)phenyl] R—D—glucopyranose

1, 1-anhydro-1-C[5-(4-n- propylphenyl)nethyl
(hydﬂo%yﬁ@bﬂ@ﬂppﬁeﬁwﬂi- ﬂa@ydpgﬂxnhgnxismethyl-z-

(h?ﬁfegnh%dro ({]g%ﬁéhgrenyloxy) 2-
hydrgxgy%ﬁ§Wﬁfﬁ'&pﬁe 9¥FP aﬁyl)ne3%¥hﬁﬁa' methYl 2-
(et Bl "39%1%8’& GhiTA
L e T A
(h?hﬂ%&@h@%ﬁQ&@ph nglg4ﬁ -D-glucopyrano

1- anhydro-1-C ((R- tetrahydrofuran 3-

yl oxy), phannkhFet-hyc-25¢ hmdh@m&ﬁwln&ahmxh]yﬁﬁ
gl ucopyr anose,

(hdteoaymedhyl) phepyi(4 feDrylyicopemunbeet, hy! -

. (hydr oxynet hyl ) phenyl ] - R- D- gl ucopyr anose, 107 -

1, 1- dnkydnbyldrG-[15C(4 5hy draxpethaeidopieniyll)madthyl -2 -

(hydr oxymet hyl ) phenyl ] - (3- D- gl ucopyr anose,
(hzdxoaﬁmyﬁhalnpcepyla4 pPraluicopyyaphseyl ) met hyl - 2-

(hydr oxynet hyl ) pheny £ j. 3- D- gl ucopyr anose,

1, 1- énﬂnyaPBYFre-ElchJL né@héstﬁaw}p}leﬁnwcyphenyl)methyl 2-

(h§5¥9§9§ ngp 239% k glu%L%ggg¥gggese
1,1-anhydro-1-C-[5-(4-cyanophenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,l-anhydro-l—c-[5-(3,4-dichlorophenyl)methyl—2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1l,1-anhydro-1-C-[5-(4-ethoxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-trifluoromethylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-l—C-[5-(45trifluoromethoxyphenyl)méthyl-z-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methylsulfanylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-chlorophenyl)methyl-2-
(hydroxymethyl )phenyl]-B-D-glucopyranose,
l,1-anhydro-1-C-[5-(naphthalen-2-yl)methyl-2-

(hydroxymethyl)phenyl]-p-D-glucopyranose,



1, 1- anhydro- I - C [ 5- (4- et hyl phenyl ) net hyl - 2

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

1, 1- anhydro-1-C-[ 5- (3- acet am dophenyl ) net hyl - 2-

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

1, 1- anhydro-I-C- [ 5- (3, 4- methypgnedi oxyphenyl ) net hyl - 2-

(hydroxymethyl)phenyl]-(S-D-gIucopyraﬂolse,2

1, 1- anhydro-1-C [ 5-(4- h I t -

(hydboty RBRRGEPattaRy Pl 3 BYGFALaBFR bEBeny  Imethyl-2-

1.1-anh - l= G- [ 5+ (3 ,4-di ghl h I t hyl - 2-
o GRS Ay FRSRIA - P3oDU5PRIB A PaRbse,

1,1- 2 las G [ 5+( 4+ | - 2-

(hyat oy aaBi o Foney oA B s M dbe thv1 -2- |

P 6 4ot KT henyl ) net hyl - 2

R R PP enIA T P ob b BE e Faoce, ™

1, 1- - 5c(4stibt thyl - 2-
Lot e e B e

(hdtoaghgdhell) phenyi1(4p7ethyLssbi@aybeleny! ) met hyl - 2-
(hydr oxynet hyl ) phenyl | - (3- D- gl ucopyr anose,
1, 1- anhydnbyBr6-5¢€¢45cliBomephgpheaglhmetByl-2-
(hydr oxymnet hyl ) phenyl ] - (3- D- gl ucopyr anose,
(hydroxwhetihyll) pGepyl(in8pPtbdhenpgrahpset hyl - 2-
(hydroxynethyl)phenylk-iS-D—glucopyranose, 108
1, 1- AnhyanbByfAre-is5Ce4Snydrbepa¥lryyphenyl) methyl-2 -
§h¥droxynethxléphen%lk-R-D-glucopyranose,
- (hydyoxymothyl) peepy 1l 1B+ PoglBpREVYRRRE.MY | - 2-
(hydr oxynet hyl pFe yl.1- R-D-gl.u rangse,
Y h o ARbY e ReBY S5 Lo ng Pt En b ReRRp L ImetnyL -2-
(h{B¥ 9L RETRL DY bhRAGTY b= B35 PudbyGRRYHaL0se,
l,1l1-anhydro-1-C-[5-(4-(2-fluoroethyl)phenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(pyridin-3-yl)methyl-2-
(hydroxymethyl)phenyl] -f-D-glucopyranose,
1,i-anhydro-l—C-[5-(4—methanesulfonylphenyl)methyl-z-
(hydroxymethyl)phenyl]-B-D-glucopyranose,
1,1l-anhydro-1-C-[5-(pyridin-4-yl)methyl-2-
(hydroxymethyl)phenyl]-p-D-glucopyranose,
1,1l-anhydro-1-C-[5-(1H-indol-2-yl)methyl-2-
(hydroxymethyl)phenyl] -B-D-glucopyranose,
1l,1-anhydro-1-C-[5-(3-hydroxyphenyl)methyl-2-
(hydroxymethyl)phenyl]-B-D-glucopyranose,
1,l-anhydro-1-C-[5-(4~vinylphenyl)methyl-2-
(hydroxymethyl)phenyl]-f-D-glucopyranose,
1,1-anhydro-1-C-[5-(4-methoxycarbonylphenyl)methyl-2-

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



1, 1- anhydro-I - C [ 5- (3- et hyl phenyl ) net hyl -

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

1, 1- anhydro-1-C-[5-(3-benzyl oxyphenyl ) net hyl -

(hydr oxymet hyl ) phenyl ] - R- D- gl ucopyr anose,

1, 1-anhydro-1-C[5-(2, 4- diflqggophenyl)nethyl

(hydr oxynet hyl ) phenyl ] - R—D—glucopyranose

1, 1-anhydro-I -C- [ 5-(4-(2-fl uoroethyl)phenyl) net hyl -

( hydrbﬂymhmr)qyﬁe@i 05+ wrthmpm’tmm@@ methyl-2-
1- anhydro-I|-C-[5- (pyrldln 3-yl) et hyl -

‘Wﬁ@%’lwl PR IIgGARRANRRSS e, %na
(hydag%ﬁéﬁ]-%ﬂr)opﬁe- -ﬁ] ey h%nesu%n% )l)ph Yy 2)_methyl_
AL i
%hid?ozydr%ﬁydﬁ% &T“TL rl%f"ﬁt%ééﬁé)n me2thyl 2-
( }?dyoéﬁméq:r 1y t(rﬁrtﬁffg p_ 2 gn! ri'i‘:é,lcg%Jral%ose

droxynethyl)phenyl] opyranos

1, 1- anhydiaehlyded-3- @4[\5 W-Rb_errylz) et hyl -
(hydr oxynet hyl ) phenyl ] - R—D—glucopyranose

trifluatioeding 1l ypteny 1 e B0 oadars ey ) )@mwl P-g-D-
(hydr oxymet hyl ) phenyl ] - p- D- gl ucopyr anose, a

gliacopydansrse-,| - C- [ 5- (4- car boxyphenyl ) net hyl -
(hydroxynethyl)phenyl]-(3-D—gIucopyranose, and
, 1- aﬂh§dﬁ@hwﬂ¢Dka ~C4-[ 62, (2-¢ithiylphesiyly) imetieaiy-2-net hyl
- 2- hydroxynethyl)phenyl] (3- D gl ucopyr anose,
(hy droxamedhyl) )-pexazind ety Prdémglnesryyianp se ,

1l,l-anhydro-1-C-[5-(4-acetylphenyl)methyl-2-
(hydroxymethyl)phényl]-ﬁ-D-glucopyranose, and

| 1,1-anhydro-1—C-[5—(4-(1-hydroxyethyl)phenyl)methyl-zf
(hydroxymethyl)phenylj—B—D-glucopyranose,

or a prodrug thereof, or a pharmaceutically acceptable salt

thereof.

10. A compound of Formula (Ib)ﬁ

[Formula 3]




D

hydr oxynet hyl ) - 4- met hyl phenyl ] - ( 3- D- gl ucopyr anose,
, 1-anhydro-1-C[5-(4-(2, 2, 2-
rifluoroethyl)phenyl)nmethyl-2-(hydroxynet hyl) phenyl] -
3-D gl ucopyranose,
, 1-anhydro-1-C-[5-(4-ethylLph gyL)nEthyI-
(hydr oxynet hyl ) pyrazi n-3-yl ] - ? D-glucopyranose,
1, 1- anhydro-I-C-[5-(4-acetyl phenyl ) met hyl -
(hydWBﬁyﬁéPhylfﬁﬁéﬁﬁPPI€359-gnﬁéﬁsrréﬂégetedndrom 1 and 2;
1, 1- an ydro-1-C-[5-(4-(1-hydroxyet hyl ) phenyl ) net hyl - 2-
(hyd Bxyﬁ%%?ﬁ% n?r‘P]a’(%m‘#h‘F UEBPYPEYIesEC THRgawhich may be
%h L€ f, or harnageutlcally accept abl e salt
T FrfFadt BYSRatieofnsegegyoLic
n P. ) 10 wherei
rlxép?éégétgg n6%L%88§F§§éle% g&t Sht1 oﬁngofe RRé|

" DI S28h5<38nREOTBL 5o EaEbHSEgbbﬁ LB, Wi ch may be

substitu one or or “an ‘aromati c
het620£¥ bbGentsnd WHEEBgERY aREmSURAL hEYE G rBubo2"8 benzyl
nor e Eb VVrepreEgntsg-C>% OP ﬁalogenggto % enzy
grbﬁpsesents a hydrogen atom an acyl group or a benzyl
group; P1, P2. P3 and P4 are each independently
sel et eP¥,r @h and P* are each independently selected from a

(
1
t
!
1

hydrogen atom, an acyl group or a benzyl group; and

Rb is as defined in claim 1. |
11. A pharmaceutical composition for use as an Na'-glucose
cotransporter inhibitor, which comprises the compound
according to any one of Claims 1l to 9, or a prodrug thereof,
or a pharmaceutically acceptable salt thereof.
12. A pharmaceutical composition for use in preventing or
treating diabetes, hyperglycemia, diabetic complicafions
induced thereby, or obesity, which comprises the compound
according to any one of claims 1 to 9, or a prodrug thereof,
or a pharmaceutically acceptable salt thereof.
13. The pharmaceutical composition according to claim 12,
wherein diabetes is insulin-dependent diabetes mellitus (type
I diabetes) or non-insulin-dependent diabetes mellitus (type
II diabetes).
14. A method for preventing or treating diabetes,
hyperglycemia-induced diabetic complications or obesity, which
comprises administering to a patient a therapeutically
effective amount of the compound according to any oﬁe of

claims 1 to 9, or a prodrug thereof, or a pharmaceutically



hydrogen atom an acyl group or a benzyl group; and Rb

is as defined in claim1. 11. A pharnaceutica

conposition for use as an Na+-glucose cotransporter

i nhi bitor, which conprises the conpound according to

any one of claims 1 to 9, or,q;prodrug thereof, or a

phar maceutically acceptable salt thereof. 12. A

pharmaceuti cal conposition for use in preventing or
aceephfbhg grdbetbBereRfper gl ycem a, diabetic

conplications_ induced thereby, or _obesity, which )
15coinP@e@eFHQdc8ﬁﬁ869&n9a§€oFéﬁﬁ@ L4 alhesgdnofligbgites 1is
.. 1 to 9. or rodru her eof., . or har maceuti cal |y
ingpd iprapPendsht PHaPetAs F8114tB5 N s REcd ke tes) or non-
. si-tL.on or.di t Laibm 12, ,.wherein _di abete
in g QIRRS b b AR aRRE HaaPY e R, Beda Thusi (e8| dypatapetess.

nsu Irabet’es e
di abet es) or non-insulin-dependent di abetes nellitus
(type |1 diabetes). 14. A nethod for preventing or

treating diabetes, hyperglycemnm a-induced diabetic
conplications or obesity, which conprises

adm nistering to a patient a therapeutically
effective amount of the conpound according to any one
of clainms 1 to 9, or a prodrug thereof, or a
pharmaceutically - 111 - acceptable salt thereof. 15.
The nethod according to claim 14, wherein diabetes is
i nsul i n-dependent diabetes nellitus (type | diabetes)
or non- insulin-dependent diabetes nellitus (type |

di abetes).



