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- 1 - SPECI FI CATI ON SUBSTI TUTED SPI ROKETAL DERI VATI VES AND USE THEREOF AS
THERAPEUTI C DRUG FOR DI ABETES [ TECHNI CAL FI ELD] [0001] The present
invention relates to spiroketal derivatives useful as pharmaceuti cal

agents, prodrugs thereof and pharnacologically acceptable salts thereof.
Particularly, the present invention relates to spiroketal derivatives which
inhibit Na'-glucose cotransporter 2 (SA.T2) and are thereby wuseful as
preventive or therapeutic agents for diabetes such as insulin-dependent

di abetes (Type 1 diabetes), non-in I.0= ent di abetes (Type 2

di abetes), diabetic conplications gghg?ﬁFggﬁgég caused by hyperglycem a such
as obesity, prodrugs thereof and salts thereof. [BACKGROUND ART] [0002] In
| ate years, the nunber of diabetic patients has been increasing due to
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and pharmacologically acceptable salts thereof. Particularly,
the present invention relates to spiroketal derivatives which
inhibit Na'-glucose cotransporter 2 (SGLT2) and are thereby
useful as preventive or therapeutic agents for diabetes such
as insulin-dependent diabetes (Type 1 diabetes), non-insulin-
dependent diabetes (Type 2 diabetes), diabetic complications
and diseases caused by hyperglycemia such as obesity, prodrugs
thereof and salts thereof.

[ BACKGROUND ART]

[0002] In late years, the number of diabetic patients has
been increasing due to westernization of dietary habits,
chronic lack of exercise and so on. Decrease in insulin
secretion and insulin sensitivity is observed in diabetic
patients, which is caused by chronic hyperglycosemia, further
causes elevation of blood sugar level and leads to aggravation
of symptoms. Biguanide drugs, sulphonylurea drugs,
glycosidase inhibitors, insulin sensitizers, etc., have been
used as therapeutic drugs for diabetes. However, side effects
such as lactic acidosis as for biguanide drugs, hypoglycemia
as for sulphonylurea drugs, diarrhea as for glycosidase

inhibitors have been reported, and now the development of
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t herapeutic drugs for diabetes according to new action mnmechanismdifferent
fromthese drugs is eagerly demanded. [0003] It has been reported that
Phloridzin, which is a naturally-occurring glucose derivative, inhibits
sodi um dependent glucose cotransporter 2 (SG.T2) occurring in Si site of
the renal proximl tubule, and thereby inhibits reabsorption of excessive
gl ucose in the kidney, pronotes glucose,excretion, and exhibits
hypogl ycemi ¢ action (refer to hbn-Pateng Docunent 1). Thereafter, up to the
present, tudi es,on the therapeutic drugs for. . di ahetes based on SA.T2
i bi t| ofBRESPRBENCe SFEAS T Ory CIAPESFRodCLBOIRE ~E: Teramfite- o onpounds
usabl e as inﬁibLtorg,gf SG%T% areﬁégported I n,JP 2000- 080041 Pat ent
Docunent TFCRapysly GaE665PBaEENM BEEGTAE LSS, oGRS Y1 AMPRAE Docunent
3), etc. F$ r, Phloridzin_and the c ound g scribed in the .
above- ment §ﬁé§ paten?%a BFiBﬁFPoﬁ?pﬁFgchgﬁgidg z&rﬂgzﬁg'pWBBFEW&FiE in
t hat when_t he e orally .  adm.nistered, .they are  readily hydr.olyzed by
glycosidaB?tgﬁai&?ﬁchPEélBPe§&HFqSﬁ %ﬁ&lgﬁgﬁWQ'n 'Qﬁ§§aé§&bﬂ?
phar macol qgi cal, effect thereof i medatel ﬂi ars. In. additiqn, .gs for
Phl or | dzi ACPERGPE I USRS FRSGATBRATAE ZoRISHHar n O SHTEHAE Tha bfitfone
noi ety there st rangl Lngjbi sugar, transport.er .of..the facilitated
diffusionoFygéé a 8a@a8§8§1 &iﬁﬁhﬁkﬁm §mgﬁgﬁﬁﬁ%¥ ﬁqﬂgﬁiqﬁose
concentrati in,t.he brain decr.eases when phl Qretin js admnistered to a
Cat vei nTePBPOERhaRe OF, EHSFSd MR BkE R Thoditer ey | GBS ity ef or o,
attenpts tqQ.caonvert the.conp s . taQ,. .prodrugs ve .been made for_th
pur pose O}g?.blfg\%gnteixﬁé'es&cn,s%wad exthlblF%s %y'f)%gl emic action (refer e’i:o
Non-Patent Document 1). Thereafter, up to the present,
studies on the therapeutic drugs for diabetes based on SGLT2
inhibition has been extensively performed.
[0004] For example, compounds usable as inhibitors of
SGLT2 are reported in JP 2000-080041 A (Patent Document 1),
W001/068660 (Patent Document 2), WO004/007517 (Patent
Document 3), etc. However, Phloridzin and the compounds
described in the above-mentioned patent applications are
considered to be problematic in that when they are orally
administered, they are readily hydrolyzed by glycosidase and
the like present in the small intestine and the
pharmacological effect thereof immediately disappears. 1In
addition, as for Phloridzin, there has been reported that
phloretin, which is the aglycone moiety thereof, strongly
inhibits a sugar transporter of the facilitated diffusion type
and causes bad influences such that the glucose concentration
in the brain decreases when phloretin is administered to a rat
vein (for example, refer to Non-Patent Document 2).

[0005] Therefore, attempts to convert the compounds to

prodrugs have been made for the purpose of preventing such
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deconposition and inprovi ng absorption efficiency. However, although it is
desirable that the adm ni stered prodrugs are suitably netabolized and

changed into an active conpound in or in the vicinity of the target organ,
there are so various netabolic enzynmes in the living body and there are so
many differences anong individuals that stable action cannot be devel oped
in many cases. Attenpts to convert the_gtycoside bond of the conpound to a
carbon-carbon bond have been also nmade %refer to Patent Docunments 4 to 21),

ohar mceuheatPHEERFEE ha CaPRECAERR, pBobERAHR: BBEFPoBhEta, Fovs et par on
Cocurent ShendBarOtp P00t stunfESLEES DRBUTRR: b oL gy B ot o0
oot et CBFPRBL e ERd ook, 08 KL B M p2O0UAO BElpa SR,
RS PR, BT BPTEE s
Vw04/0131$§t§b61ic enzymes in the living body and there are so many
differences among individuals that stable action cannot be
developed in many cases. Attempts to convert the glycoside
bond of the compound to a carbon-carbon bond have been also
made (refer to Patent Documents 4 to 21), but further
improvement is demanded in the characteristics as
pharmaceutical agents including activity and metabolic
stability.
[Patent Document 1]
JP 2000-080041 A
[Patent Document 2]
International Publication WO01/068660
[Patent Document 3]
International Publication W004/007517
[Patent Document 4]
US Patent Application Pub. No. 2001/041,674
[Patent Document 5]
US Patent Application Pub. No. 2002/137,903
[Patent Document 6]
International Publication W001/027,128
[Patent Document 7]
International Publication W002/083066
[Patent Document 8]

International Publication W0O04,/013118
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[ Patent Docunent 9] International Publication WO03/099836 [Patent Docunent
10] International Publication WO04/080990 [Patent Docunent 11] US Patent
Application Pub. No. 2005/0, 209, 166 [Patent Document 12] International
Publ i cati on W05/ 085237 [Patent Document 13] International Publication
W05/ 085265 [ Patent Document 14] International Publication WO05/012318

[ Patent Docunent 15] International Publigati on W05/012326 [ Patent Docunent
16] US Patent Application Pub. No. 2006/0, 063,722 [Patent Docunment 17] US
Pat ent ApplicatqpatgHQ.DUgumaQQ6@§,035,84l [ Pat ent Docunent 18] US Pat ent
Application Pub. No. 2006/0,074,031 [Patent Document 191 International

Publ i cati on W0§n0@2842 i onBat b 1ReaH TR w3 /lontegrsat i onal Publ i cati on
W06/ 008038 [ Patent Docunment 21] International Publication WO06/ 010557

[ Non- Pat ent DocypBrbnt] Ddcufden®. 1lonvest., Vol. 93, page 397, 1994 5 -
International Publication W0O04/080990
[Patent Document 11]
US Patent Application Pub. No. 2005/0,209,166
[Patent Document 12]
International Publication WO005/085237
[Patent Document 13]
International Publication WO0O05/085265
[Patent Document 14]
International Publication W005/012318
[Patent Document 15]
International Publication W005/012326
[Patent Document 16]
US Patent Application Pub. No. 2006/0,063,722
[Patent Document 17]
US Patent Application Pub. No. 2006/0,035,841
[Patent Document 18]
US Patent Application Pub. No. 2006/0,074,031
[Patent Document 19]
International Publication W006/002912
[Patent Document 20]
International Publication W006/008038
[Patent Document 21]
International Publication WO06/010557
[Non-Patent Document 1]

J. Clin. Invest., Vol. 93, page 397, 1994
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|. 14, page 388, 1983

[ DI SCLOSURE OF THE

| N\VENTI ON] [ PROBLEMS TO BE SOLVED BY THE | NVENTI ON] [0006] An object of the

present invention is to provide a

spi roket a

derivative having preferable

characteristics as

agents.

phar maceut i cal Particul arly,

an object of the

pr esent

invention is to provide a spiroketal

derivative having preferable

characteristics as pharnmaceutica
strong and sust ai ned hypogl ycem ¢

agentsssuch as
action as well

hi gh SG.T2 selectivity and
as little concern about

safety. Another QBhephteft bHBEuREREERY invention is to provide a

phar maceuti cal

such as insuligtggﬁgpdeaq.dhqpe?g
non-i nsul i n-dependent di abetes (Ty

and di seagpgseausefEbprhyaer ahyesriranguch as

se( 3¥Be 1oghabetes) and
pe 2 di abetes),

obesity.

di abetic
[ MEANS FOR SOLVI NG

conposition used for prevention or treatnment of diabetes

conpl i cations

THE PROBLEMS] [0007] We have filed a patent application for spiroketal

derivatiV@PnosngﬂgggbeébeoEvaﬁub& rhE INOBRGoNfor nul a 1]

0 RS 0 RO OR2
[0006]

QA At (CH2)n

An object of the present invention is to provide a

spiroketal derivative having preferable characteristics as

pharmaceutical agents.

Particularly,

an object of the present

invention is to provide a spiroketal derivative having

preferable characteristics as pharmaceutical agents such as

high SGLT2 selectivity and strong and sustained hypoglycemic

action as well as little

concern about safety.

Another object

of the present invention is to provide a pharmaceutical

composition used for prevention or treatment of diabetes such

as insulin-dependent diabetes (Type 1 diabetes) and

non-insulin-dependent diabetes (Type 2 diabetes), diabetic

complications and diseases caused by hyperglycemia such as

obesity.

[MEANS FOR SOLVING THE PROBLEMS]

[0007]

We have filed a patent application for spiroketal

derivatives represented by Formula (I):

[0008] [Formula 1]
Q—A
(CH\Z)n
0] OR!
O
R*0
OR?
OR3

(h

(specification of PCT/JP2006/301284,

W02006/080421). The
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(1) (specification of PCT/JP2006/301284, WO2006/080421). The 6 present

i nventors have conducted intensive studi es about these spiroketal
derivatives so as to achieve the above-nentioned objects and consequently
have found that spiroketal derivatives represented by Forrmula (I1) in
particularly have excellent characteristics preferable as pharnmaceuti cal
agents and thus conpleted the present_igvention. [0009] Mre specifically,
t hey have found that spiroketal derivatives represented by Formula (I1)

have hi ghpPELife 1RVEAELYL! HaBRd cBhuale eangn%gﬁgﬁgg gf A8 LEC BEON as

wel | as preferabl eatures In terns o Ing to one

aspect Ofsgmeonegﬁgnhekavs@&b@e soCQ@pQBnQ%hQ%%grEﬂ%dava%hﬁeds ng (1)

to (9) are provi A conpound represented by Formul a 011]

[ Formul a 853eB%sABndoconseqﬁ@anyHQag@ f@Hnﬁ'khaWh%P'f%ﬂgkéfs a chlorine

atom a fludorine atom a nethyl “group or an ethynyl group; Ar is a group

represent ﬁ@r@%aﬁ:ti%efsolrbﬁ%ﬁgnqi@'ambba FoRhulaF Tyl 3 n lﬂ)artFlQ:"ur.T.‘i.!llr."iy( Hlav
Forrmula (d): 012] [Formul a

excellent characterlstlcs preferable as pharmaceutical agents

and thus completed the present invention.

[0009] More specifically, they have found that spiroketal

derivatives represented by Formula (II) have high SGLT2

selectivity and strong and sustained hypoglycemic action as

well as preferable features in terms of safety.

[0010] According to one aspect of the present invention,

compounds described in the following (1) to (9) are provided.
(1) A compound represented by Formula (ITI):

[0011] [Formula 2]

(IT)

wherein R' is a chlorine atom, a fluorine atom, a methyl
group or an ethynyl group;

Ar is a group represented by the following Formula (a),
Formula (b), Formula (c) or Formula (d4):

[0012] [Formula 3]

(c) (d)



2 RB3"I b R(a) (b) (c) (d) 7 wherein R2 is a Cl1_6 al kyl group which may
be substituted wth one or nore hal ogen atons, a Cl_6 al koxy group which
may be substituted with one or nore hal ogen atons, a ClL_3 alkylthio group,
a‘hal ogen atom a Cl1_3 al kyl carbonyl group or a C2_5 al kynyl group which
may be substituted with -OR4; R3 is a hydrogen atomor a Cl1_3 alkyl group;
R4 is a hydrogen atomor a Cl_3 al kyl greup; provided that Ar is a group
represented by Forrmula (a) when Rl is a fluorine atom mnethyl group or an

h | , 2
B, 8o, OIS 56 TR DR S e e

trifl l e
tri uorog?EHOéxegbguRor@ fah 5§%50%E gro%p o I%O gp or “a sé]va e

is a nmeth group or a pharnmacéuti cal y ‘acce tab
7o Wl PR R s [P, Lo
foll ow Nggroup, a halogen atom, a C;.; alkylcarbonyl group or a Cs.s
alkynyl group which may be substituted with -OR*;
R® is a hydrogen atom or a C;.; alkyl group:
R* is a hydrogen atom or a C;.; alkyl group;
provided that Ar is a group represented by Formula (a)
when R' is a fluorine atom, methyl group or an ethynyl group,
and
that R®> is a methoxy group, an ethoxy group, an isopropyl
group, a propyl group, a trifluoromethyl group, a
trifluoromethoxy group, a 2-fluoroethyl group or a l-propynyl
group when R' is a methyl group
or a pharmaceutically acceptable salt or a solvate thereof.
(2) A compound represented by Formula (III):

[0013] [Formula 4]

(ITIT)

wherein Ar is a group represented by the following
Formula (a), Formula (b), Formula (c) or Formula (d):

[0014] [Formula 5]

S
\©\R2a \ S/ R’ I@

(b) (c) (d)
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Formula (a), Formula (b), Formula (c) or Fornula (d): [0014] [Fornula 5] S
zai+d RBR- (a) (b) (c) (d) 8 wherein Rea is a nethyl group, an ethyl
group, a propyl group, an isopropyl group, a tert-butyl group, a methoxy
group, an ethoxy group, a trifluoronethoxy group, a trifluoronmethyl group,
a 2-fluoroethyl group, a 2,2-di fluoroethyl group, a nethylthio group, a
chloro group, an acetyl group or an ethygyl group, R3 is a hydrogen atom or
an ethyl group or a pharmaceutically acceptable salt or a solvate thereof.

o1 " & ho o BEPTO Nherd) & BTN Gebpy; Al Ryl SR Ol R o
o an’ ot N3y BF o or BT RE maectPr cal (1 i oanan dr Fhfy B B e 7P
thereof. 5§ 4dthokP RrYRd, r 2PELSLILEHRY tABLYULRoLY),  a trifluoromethyl

group, a 2-fluoroethyl group, a 2,2-di fluoroethyl group, a

methylthio group, a chloro group, an acetyl group or an

ethynyl group,

R? is a hydrogen atom or an ethyl group
or a pharmaceutically acceptable salt or a solvate thereof.

(3) A compound represented by Formula (IV):

[0015] [Formula 6]
R1a
(L,
cc))“" ‘\\OH

HO Ao
OH (IV)

wherein R'® is a fluorine atom or an ethynyl group;
R* is a methyl group, an ethyl group, an isopropyl group, a
methoxy group or an ethoxy group
or a pharmaceutically acceptable salt or a solvate thereof.

(4) A compound represented by Formula (V):

[0016] {Formula 7]
CHj
(L,
OI/,.
O WOH

HO Aoy
OH (V)

wherein R* is a methoxy group, an ethoxy group, a propyl



[0016] [Fornula 7] CH3 Rzc O,,. 1\CHO HO OH OH (V) wherein R2c is a
nmet hoxy group, an ethoxy group, a propyl 9 group, an isopropyl group, a
trifluoronmethyl group, a trifluoronethoxy group, a 2-fluoroethyl group or

1-propynyl group or a pharmaceutically acceptable salt or a solvate
t her eof .

Ar

01, .

(5) A conpound represented by Formula (VI): [0017] [Fornula 8]
, SOHO HOOH OH (VlI) wherein #r-is a group represented by the
followng Formula (a) or Forrmula (b): [0018] [Fornula 9] Rea (a) (b)

wherein Rg28ups ai €5BpkoBy2UBroaph APYiE1avRomdR hyllS §R0RRY! adr oup, an

a

c

et hoxy group or a 2-fluoroethyl group or a pharmaceutically acceptable salt

or a sol vateriierefbthoxy group, a 2-fluoroethyl group or a l-propynyl

group
or a pharmaceutically acceptable salt or a solvate thereof.

(5) A compound represented by Formula (VI):

[0017] [Formula 8]
Cl
O/h.
0 “OH
HO Ao
OH (VI)

wherein Ar is a group represented by the following
Formula (a) or Formula (b):

[0018] [Formula 9]

(a) (b)
wherein R*® is an ethyl group, a propyl group, an
isopropyl group, an ethoxy group or a 2-fluoroethyl group
or a pharmaceutically acceptable salt or a solvate thereof.
(6) A compound represented by Formula (VII):

[0019] [Formula 10]

or a pharmaceutically acceptable salt or a solvate thereof.



(6) A conmpound represented by Fornmula (VI1): [0019] [Formula 10] Ow .,
,,00H 0 HO OH OH or a pharmaceutically acceptable salt or a solvate
thereof. 10 - (7) A conpound sel ected from

(1S,3' R 4'S,5' S, 6' R -5-chl oro-6-[ (4- et hyl phenyl ) met hyl ]

3,4 ,5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-
1(3H),2'-[2H] pyran] -3',4',5" -triol; - 10 -

(1S,3' R/ 4'S,5 S,6'R-5-chloro-3",4",5 ,6"-tetrahydro-6'-

(hydroxymet hyl ) {69[ A4cBRbBrhANGRY bEHREN ¥irbm _
spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4',5" -triol;

(15, 3' R 4'($s935RG 4RE-, 5 6NI60RY-3 - chloro-6 -{l(Ql-eahyd eyl )methyl | -
(hydroxynethyl)-6-[(4-(nethy|thio)phenyl)nethyl?*q yoymery

spi ro[ i soBenzof grag- L¢3raRydrdHepy(aglkdrdxyhe thyll)-isp)iro [ isobenzofuran-
(1S,3' R 4'S,5 S,6' R -5-chloro-3",4",5,6"-tetrahydro-6'-

( hydr oxymet By), 26~ [ i1 mytaexyphemy, Bretriylol- |

spiro[i sobenzofuran-1(3H), 2" -[2H] pyran]-3',4',5" -tri ol

(1S, 3" R 4'($5535R6'4RE-, 5-' Shl6d R)—6—[chd-oaiokaXy,@e sy, erretteidahydro-6 ' -

3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2' - (B¥prpxgmetByl)'-65' [{4r-melthylphenyl )methyl] -

(1S3 R 4S5 S,6' R -5-chl oro-6-[(4-chl orophenyl ) net hyl ] -

3,4, 5", 6pitref dslopenagofuramy-dr(Gk)met’ rI2H loyinas Ji-Sdhalz & 'wvitari-ol ;

1(3H),2' -[2H] pyran]-3',4',5 -triol;

(1S, 3' R, 4'(35533R6'4RE-,5-'6nl6d R)-F'-chilox'o-B -, 14t 158h\edr-d-ed rahydro-6 ' -
(hydroxymethyl)-6-[(4-(methylthio)phenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5',6'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-methoxyphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-ethoxyphenyl)methyl]-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran}-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-chlorophenyl)methyl]-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]}-3"',4"',5"-triol;
(15,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5"',6'-tetrahydro-6"-
(hydroxymethyl)-6-(2-naphthylmethyl)-spiro[isobenzofuran-
1(3H),2'-{2H]lpyranl]l-3',4',5'-triol;
(15,3'R,4'S,5"'S,6'R)-5-chloro-6-[(4-(2-
fluoroethyl)phenyl)methyll-3',4',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5'-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3',4',5',6'-tetrahydro-6'-

(hydroxymethyl)-6-[(4-propylphenyl)methyl]-



(hydr oxynet hyl ) - 6- ( 2- napht hyl net hyl ) - spi ro[ i sobenzof ur an-

1(3H), 2' -[2H pyran]-3',4',5 -triol; (1S,3 R 4'S 5 S,6'R) -5-chloro-6-[(4-(2-
fl uoroet hyl ) phenyl )nethyl]-3',4',5",6' -tetrahydro-6'-

(‘hydr oxynet hyl ) - spi ro[ i sobenzofuran-1(3H),2' -[2H pyran]- 3',4',5 -triol
(1S,3' R 4'S,5 S,6'R-5-chloro-3",4",5 ,6"-tetrahydro-6'-
(hydroxynethyl)-6-[(4-propy|phenyl)neLth].: 11 -

spiro[isobenzofuran-1(3H), 2'-[2H pyran]-3',4' ,5" -triol;

(1S, 3'R 4555 @&5@9&%01 3h42¢23 : .
(L R e oAl 0. e

(hydroxynpibyb)Rsmrsoﬁrso@en;oguegm0;63ku{g4 [2Hbpyran]- 3',4',5 -triol
(1S,3' R 4"'S,5' S,6' R -5-chl oro-6-[ (4-

trifluorogetheyypbenyl)preny)métng1]53164+1 601 8hyde@rihydro-6"-
(hydroxynet hyl ) - spi ro[i sobenzofuran-1(3H),2" -[2H pyran]- 3',4',5 -triol;

(1S, 3' R 4(ﬁy5r§k§m5&h§15Gépaeetybbbenzbfﬁehhyhksﬁ)chhoqQH]pyran]-

3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2' -B2Hipypantridol4' ,5 -triol; (1S,3' R 4'S,5 S, 6'R)-5-chloro-6-[(4-

trifluoronethyl phenyl)nmethyl]-3",4",5 ,6'-tetrahydro-6'-

(hydroxymeilByB) Rspi 80bI SppeRyebuEhARor036l)- [ 24~[ 2H] pyran] - 3',4',5 -triol;

(1S,3' R 4'S,5 S,6' R -6-[(4-tert-butyl phenyl) net hyl]-5-chl oro-

3,4 ,5 , 6rifetivabpdtheyphbugilomgthynyl-B-s@i'r, 6'i, 60berzahhydiro-6" -

1(3H),2' -[2H] pyran]-3',4',5 -triol;

(1S, 3' R 4(Byﬂr8x§malh§ldhbpine3isébgﬁtpﬁuraaPﬂdBﬁdnGJGTQH]pyran]-
3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-acetylphenyl)methyl]-5-chloro-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"-triol;
(1S,3'R,4'S,5'S,6'"R)-5-chloro-6-[(4-
trifluoromethylphenyl )methyl]-3',4',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-spiro[ isobenzofuran-1(3H),2'-[2H]pyran]-
3',4'",5"'-triol;
(1s,3'R,4'S,5'S,6'R)-6-[(4-tert-butylphenyl)methyl]-5-chloro-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4',5"-triol;
(1S,3'R,4'S,5'S,6'R)-5~chloro-3',4"',5",6'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-isopropylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-ethylphenyl)methyl]-5-fluoro-
3',4',5'",6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;

(1S,3'R,4'S,5'S,6'R)-6-[ (4-ethoxyphenyl)methyl]-5-fluoro-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-

1(3H),2'-[2H]pyran]-3',4"',5"'-triol;



(hydroxynet hyl ) - 6-[ (4-1isopropyl phenyl ) net hyl ] -

spi rofi sobenzofuran-1(3H),2'-[2H pyran]-3',4"',5" -triol;

(1S,3' R 4'S,5' S,6' R -6-[(4-ethyl phenyl ) met hyl ] -5-f1 uor o-
3',4',5,6'-tetrahydro-6'-(hydroxynethyl)-spiro[isobenzofuran-
1(3H),2'-[2H pyran]-3',4",5 -triol;

(1S,3'R 4'S,5'S,6' R -6-[(4-et hoxyphenwy )ypethyl ] -5-fl uor o-

3,4 ,5, 6 -tetrahydro-6' - (hydroxynet hyl)-spiro[isobenzof uran-
1(3H), 2 k’gﬁyrza@]'s% & 69R)L5L@huorold - 4',5' 6'-tetrahydro-6'-
(1S, 3' R, 4 R -5-fluoro-3',4",5 6 -tetrahydro-6"-

(hydr oxyn’(ehwkbxs}m&ﬂzmt By rmemélthg}:&bmh]yl )methyl] -

spi ro[i sobenzofuran-1 [ 2H] pyr an] -

(1S, 3'R 4s§15o§1§oﬁkn50th§ﬁh01@3H4 25'- [QH]b?&%ﬁh¥@“046 5'-triol;
(hydr oxynet hyl ) -6-[ (4- |sopropylphenyl)net yl']

spi ro[i sobeszauran- &( 8Mk, 3" R) 26l gLberb-3",4",, 5" 6"l-@etrahydro-6" -
(1S,3' R 4'S,5' S,6'R) -5- f1 uoro- 3' , 4,5 6 -tetrahydro 6'-

( hydr oxy mehgykpxgmbiyIotboxyahaaypkopllpklknyl )methyl] -

spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4",5 -triol

(1S, 3' R 4spiboPi6oBeniofdran’-1¢3H)eRralipey@an]-3',4"',5"'-triol;

(hydroxynet hyl ) -6-[ (4-i sopropyl phenyl ) net hyl ] - 5- net hyl -

spi ro[ i solgeszaf ar,ansl63H), 62 R)[-BHEAuoa]-33', 44, 58',6t'r-teitrahydro-6' -

(1S,3' R 4'S,5'S,6' R -6-[(4-(2-fluoroethyl)phenyl)nethyl]-5-

met hyl - 3' (AydSox§metrtyldhpe ¢46methypcyphemytihyiethyl ] -

spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4',5" -tri ol

(1S, 3' R 4sBirofisoRen2ofdran’- 16 3H)erai i lpydan]-3"',4"',5"'-triol;

(hydroxynet hyl ) - 6- [ (4- et hoxyphenyl ) met hyl ] - 5- net hyl -

spi ro[ i solf@Rz8f R, 41S163H), 62 R)[-3H]. @y r. &],63'- tet rehyidricol6;" -

(1S,3' R 4'S,5' S,6' R -6-[ (4-et hoxyphenyl)nethyl]-3",4",5 ,6"-

t et rahydr &hadrpnydlecthyd:ét-ﬁyl[)(451@9@w§omdmhe@mls)metrhwdﬂuﬁamethyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4~(2-fluoroethyl)phenyl)methyl]-5-
methyl-3',4"',5',6"'-tetrahydro-6"'-(hydroxymethyl)-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-3"',4"',5',6"'-tetrahydro-6"-
(hydroxymethyl)-6-[(4-methoxyphenyl)methyl]-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-ethoxyphenyl )methyl]-3',4"',5',6"'-
tetrahydro-6"'-(hydroxymethyl)-5-methyl-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(15,3'R,4'S,5'S,6'R)-3"',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-5-methyl-6-[ (4-propylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-trifluoromethylphenyl)methyl]-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;

(1S,3'R,4'S,5'S,6'R)-6-[(4-trifluoromethoxyphenyl)methyl]-



1(3H),2'-[2H pyran]-3',4",5 -triol;

(1S,3*R 4'S,5"S,6'R)-3",4",5",6"-tetrahydro-6'-

(hydr oxynet hyl ) - 5- net hyl - 6- [ (4- propyl phenyl ) et hyl ] -
spiro[isobenzouran-1(3H),2' -[2H pyran]-3',4",5 -triol;

(1S,3' R 4'S,5' S,6' R -6-[(4-trifluoronethyl phenyl)nethyl]-

3',4",5 ,6"-tetrahydro-6' (hydroxynethylﬁ35:nethyl-

sp r [|sobenzofuran 1(3H), 2' [2Fﬂpyran] , 4,5 -triol;

(1S, 3, 31S56' Bk fl_lgar. QQ%&Q )yt 3 -

3 ,4 ,5 8 -tiet rah?drge%);&%z#;(/i ro%yrrgt W]])rms mélt]hyll

spiro[iso f yRpan] il 5

(18,3 R,49@&%@%&%@8e§%§@hgéﬁzgg?ﬁ@pﬁgn[gﬁgp ﬁE?H F] '5- cﬁﬁofg}Ol

3,4 .5, @1gt et Ralydr ¢ @ 75('wdfsﬂﬁx%tn%t)hﬁﬂir{e%[-'zﬁ%%?éﬁwlqﬂ5 chloro-
1(3H), 2' -[ 2H] pyr an] - 37, 4 triol

(1S, 3" R 438, 3"'Sp6' 8)'56&&%@&@1@ kOS-%?aﬂ #§1)2-spiro[isobenzofuran-
yl)methyl] - 3,456 -t et rahydr o- 6( droxyneth) )p [ a
spi rO[Ison@'qu qvaqzh@%@)ca%] [32H]4pyr5arl]txaol4 S'-triol;

(1S,3' R 4'S,5 S, 6'R-5-chloro-3', 4 , 6' -tetrahydro 6'-

(hydr ox mttmyla)'RM['et Bl'@prGIR)ZSWC}ﬂ%tﬁbWG] (B -edhyacemptdi-an- 1(3H),
2'-[2H] pyran]-3',4',5 -triol;

(1S, 3' R, 4yS)meSh§1R)-36-, [4(4-5et, eyl plaamahymrichs |- (hydrpyte thy ) -

3,4 ,5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2' - [spHpyrisobedzofuran-t1r(i3M),, 2' -[2H]pyran]-3',4"',5"'-triol;

(1S,3' R/ 4'S,5' S, 6' R -5-chl oro- 6- [(4 ethynylphenyl)nethyl]

3',4',5 , q18,8t"Ralay dr,6-' & ,-6(" RS chimitoH 3) -, 40,150 i6s'clitacthydao-6 ' -
1(3H),2' -[2H] pyran]-3',4',5 -triol; and

(1S, 3' R, 4(Syﬁr@x@mﬁﬁh31)46—5(U&ldphﬂnﬂﬁw&ﬂdﬂ&thyl] spiro[isobenzofuran-
(hydr oxynet hyl ) - 5- net hyl - 6-[ (4- (propyn-1-yl) phenyl ) net hyl] -

spi r o[ i solRd3#0f, @' arl-2H]Px a2l I-{3ZH 4y rSdntr3ol4’ | 5' -tri ol
(1s,3'R,4'S,5'S,6'R)-6-[(4-ethylphenyl)methyl]-5-ethynyl-
3',4'",5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3"',4',5"'-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-ethynylphenyl)methyl]-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol; and
(1s,3'R,4'S,5'S,6'R)-3"',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-5-methyl-6-[(4-(propyn-1-yl)phenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol;
or a pharmaceutically acceptable salt or a solvate thereof.

(8) A compound selected from
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-ethylphenyl)methyl]-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spirof{isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'~-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-methylphenyl)methyl]-

spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;



\

or a pharmaceutically acceptable salt or a solvate thereof. (8) A conpound

selected from (15,3 R 4'S,5' S,6'R)-5-chl oro-6-[(4-ethyl phenyl) nethyl]-

3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1{3H),2' -[2H pyran] -3' ,4',5" -triol;

(1S,3' R 4'S,5 S,6'R-5-chloro-3",4",5 ,6"-tetrahydro-6'-

(hydr oxynet hyl ) - 6-[ (4- net hyl phenyl ) net-yi4 --

spiro[i sobenzofuran-1(3H),2'-[ 2H pyran]-3',4',5 -triol; 14 -

(1S, 3' R 4($s535R04RE-, 516NI60RI- 3" ci1020-8 '~ 40t AN AT @R ranydro-6' -

(hydroxynet hyl ) - 6-[ (4- (et hylt hi o) phenyl ) net hyl ] -

spi ro[ i sobagaebukmethyIhl) 62T 42kihethglthd o)phenyll)methyl ] -

(1S,3' R 4'S,5 S,6' R-5-chloro-3",4",5 ,6"-tetrahydro-6

(hydr oxymephyb) 16obehzdEuaxyphemjl, peli2dllpyran]-3',4",5' -triol;

spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4' ,5 -triol;

(15, 3' R, 4'($53933RG 4RE-, 3-' GHI60R)~B~[chd-orlohaxy algmy|, JeTetdeidahydro-6 ' -

3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2' - [ ByHpyxymetRyl4'- 65 [{4-melthoxyphenyl )methyl] -

(1S,3' R 4'S,5 S,6'R-5-chloro-3",4",5 ,6"-tetrahydro-6'-

(hydr oxy meplyb) i6ob2naafiutrayl-td BH) |, 2-'sgi2Hd[pys@ndraduyrddn-5' -triol;

1(3H),2' -[2H pyran]-3',4',5 -triol; (1S,3' R 4'S,5 S,6'R)-5-chloro-6-[(4-(2-

f I uor oet hylppBeRryl4) BeBHE, j6-' R) -4~ ch'lof'o-teet[r(aredhof/phenyl )methyl ] -

(hydroxynet hyl ) - spi ro[i sobenzofuran-1(3H),2' -[2H pyran]- 3',4',5 -triol;

(1S, 3' R, 43S,3'$56', B) -Sedhabnydr®'- 64'- (hyds oxtystertdiyldr-spdro[ isobenzofuran-

(hydr oxymnet hyl ) - 6-[ (4- propyl phenyl ) met hyl ] -

spi r o[ i soB4RHAf, @r' al2H(Pfra® 1--B2HAPy Bdnttrdols' | 5' -tri ol

(1S3 R4 S,5S,6'R-5-chloro-3",4",5,6"-tetrahydro-6'-
(1s,3'R,4'S,5'S,6'R)~-5-chloro-3',4"',5",6"'-tetrahydro-6"'-

(hydroxymethyl)-6-(2-naphthylmethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4',5"-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-(2-
fluoroethyl)phenyl)methyl]-3',4',5',6'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5"-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-propylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3"',4"',5"',6"'-tetrahydro-6"-
(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-3"',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[ (benzothiophen-2-yl)methyl]-5-chloro-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-

1(3H),2'-[2H]pyran]-3',4"',5"'-triol; and



(hydroxynet hyl ) - 6-[ (4-1isopropyl phenyl ) net hyl ] -

spi ro[i sobenzofuran-1(3H),2'-[2H pyran]-3',4",5 -triol

(1S,3’ R 4'S,5 S,66)R-3 ,4',5 ,6'-tetrahydro-6'-

(‘hydr oxynet hyl ) - 6-[ (4-i sopr opyl phenyl ) net hyl ] - 5- met hyl -
spiro[isobenzofuran-1(3H),2'-[2H] pyran]-3',4",5" -triol

(1S3 R4 S,5 S,6'R)-6-[(benzot hi ophen- 25yl-) net hyl ] - 5-chl oro-

3',4'",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2' - [ 28] pyran} S35 4’ 65R)tb-6hlo28d61P(5-ethylthiophen-2-

(1S,3' R 4'S,5' S,6' R -5-chl oro-6-[ (5-ethyl thi ophen-2-

yl ) net hyl ¥1 fne#hyb] ;8" ; tét 6ahgdr eebrahidooByrehikpxymethyl) -

Spi ro[ i sobenzofuran-1(3H),2' -[ 2H pyran]-3',4',5" -triol; or a

phar maceuspind [ ysaberpbfvransal BHYr, 24~ §oHYpyyeahheseonr. , 5( 9krAotenpound
selected from (iS, 3 R 4'S,5 S,6'R)-5-chloro-6-[(4-ethyl phenyl)nethyl]-
3',4'",5" ,6r-aephahydceubichhygr argppthplle- spiltoprsabeniohiteanhereof.
1(3H),2' -[2H] pyran] -3',4',5 -triol;

(1S, 3' R, 4( %) SAScémpypubdchedbeotdd, £rof’' , 6' -t et rahydro-6' -

(hydr oxynet hyl ) - 6- ( 2- napht hyl net hyl ) - spi ro[ i sobenzof ur an-

1(3H), 2' - [ 2&l} pYRaA] S35, 8, 65R)tbrohlorpr 6 -B'(R-4tBy3pBebyR) mgtblylldro- 6- [ (4- ( 2-
fl uoroet hyl ) phenyl )nethyl]-3',4",5",6'-tetrahydro-6'-

(hydroxynet h§f)5spbl otesvbbrdsbuban{ hydrpxemetRHLpy sadko [3sobepgofuraol-;
(1S,3' R/ 4'S,5 S,6' R -5-chloro-3",4",5 ,6"-tetrahydro-6'-

(hydr oxynef Bi) ) 26- [@HJpV@ppﬂpﬁenﬁl)ﬁetﬁyﬂpl

spiro[isobenzofuran-1(3 yran] - 3' 5'-trio

(1S, 3' R, 4(&5535R64R$. B §h§oRd é F840€9héxyﬁheﬁylﬁneﬁﬁﬁﬂ?hydro 6'-

3,4 ,5 ,6' -tetrahydro-6'-(h drox%nethyl ero[lsobenzofuran-
(hydroxymethyl)-6-(2-nap thylmethy )-spiro[isobenzofuran-

1(3H),2'-[2H]pyran]-3',4',5"'-triol;
(15,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-(2-
fluoroethyl)phenyl)methyl]-3',4"',5',6'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-{2H]pyran]-
3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-propylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-ethoxyphenyl)methyl]-
3',4',5',6"'-tetrahydro-6'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'~-[2H]pyran]-3',4',5"'-triol; and
(1$,3'R,4'S,5'S,6'R)-3"',4"',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-isopropylphenyl)methyl]-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;

or a pharmaceutically acceptable salt or a solvate thereof.



1(3H),2'-[2H pyran]-3',4",5 -triol;

(1S,3’R 4'S,5 S,6'R-5-chloro-3',4",5 ,6'-tetrahydro-6'-
(hydroxymet hyl ) -6-[ (4-i sopropyl phenyl ) net hyl ] -
spiro[isobenzofuran-1(3H), 2'-[2H pyran]-3',4',5" -triol; and
(1S,3'R 4'S,5"S,6'R-3",4'",5",6'-tetrahydro-6'-

(hydr oxynet hyl ) -6-[ (4- isopropylphenyl}nﬂmhyl] 5- et hyl -
spiro[i sobenzofuran-1(3H),2'-[2H pyran]-3',4',5 -triol; or

phar maceutoeabhy acce&&@@f@lﬁgltooan@tﬁefvaggeé966§0£he1§re£9920] Accor di ng
to anot her aspect of the present invention, pharmaceutical conpositions

contalnlngnaeﬁ@ﬂ@ﬂunghaﬂﬁaeéubgdauncbhpoam@yené1boh@aﬁaingraacompound
pharmaceutically acceptable salt or a solvate thereof which is used as a

Na+- gl ucoges€piveaspnr the apbbiréi (0) @oe(phovirdadphhdMatbubdeandiyng to stil
anot her aspect of the present invention, pharnmaceutical conpositions

cont ai ni ngcaepvapdandalteser abedlivatehehabeve whichoi€9hsed as a
pharmaceutically acceptable salt or a solvate thereof which is used for
prevent i dabrglucsed ereryd t 0dn shabied e si nindipet gf yaeen provdidd@ti c  conplications
and obesity are provided. In one enbodi nent of this aspect, diabetes is

I nsul i n- depenti¢nt di abetesdifigpto lstilihabahetheor aspactnefll thedppesdamnt

di abetes (Type 2 diabetes). [0022] According to further another aspect of
t he preseatvenhienti pharmagethddaloroppesétiiong contraéatinggadicampband(f or
exanpl e, insulin-dependent diabetes (Type 1 di abetes) or

non-i nsul desdepeadenn thebabeve( Typet2 dPaberee) pharmppengligeddiva, di abetic
conplications or obesity conprising an effective anount of a conpound
descri bedaraephabdpogaltiprt @ spdyase jhpheefavwbichcais| ysedcéprabl e salt or

a sol vate thereof
prevention or treatment of diabetes, hyperglycemia, diabetic

complications and obesity are provided. In one embodiment of
this aspect, diabetes is insulin-dependent diabetes (Type 1
diabetes) or non-insulin-dependent diabetes (Type 2 diabetes).
[0022] According to further another aspect of the present
invention, a method for preventing or treating diabetes (for
example, insulin-dependent diabetes (Type 1 diabetes) or
non-insulin-dependent diabetes (Type 2 diabetes)),
hyperglycemia, diabetic complications or obesity comprising an
effective amount of a compound described in the above (1) to
(9) or a pharmaceutically acceptable salt or a solvate thereof
is provided.

[0023] As for R!', R? and R® defined for the compounds of
the present invention:

R!' is a chlorine atom, a fluorine atom, a methyl group,
an ethynyl group, and a chlorine atom and a methyl group are
particularly preferable.

[0024] As a C;.¢ alkyl group of the C;.¢ alkyl group which

may be substituted with one or more halogen atoms in R?, a



|

is provided. [0023] As for R, R2 and R3 defined for the conpounds of the
present invention: R is a chlorine atom a fluorine atom a nethyl group,
an ethynyl group, and a chlorine atomand a nethyl group are particularly
preferable. [0024] As a ClL 6 al kyl group of the Cl1.6 al kyl group which may
be substituted wth one or nore hal ogen atons in R2, a 17 nmethyl group, an
ethyl group, a propyl group, an isoprepyly -group or a tert-butyl is
preferable. [0025] As a hal ogen atomof the Cl.6 al kyl group which may be
substi t ut ' or I Apat | flyark i's
preferablgét¥%%2 f As'aaggéghg?kgﬁsggbugngﬁPgXEﬁg§agg'ségs?ggg?gggaﬁth one
or nore hgt&gsnopt 8MBetf-Fety® M8t Pybraraule.an ethyl group, a propyl
group, an isopropyl group, a tert-butyl group, a 2-fluoroethyl group, a
trifluoropgypyl groupad®ra anaPodefi AtoRr O£ Hiyé %gualkfnp gbepalhecn[QR¢7] As
a Cl-6 al koxy group of the Cl-6 al koxy group ich may be substituted with
one or nope LaboPLtuteé@NWith BRe o2 MBLABOKY168§EHPa®bmaNiat RBXYagroup is
preferable. [0028] As a hal ogen atom of the Cl.6 al koxy group which my be
substi t ut etludtife O8CoMr i g0peeParapia.atons in R2, a fluorine atomis
preferable. [0029] As a Cl.6 al koxy group which may be substituted wth one

or nore hpbogeh at onsAs na R2,.,aabeyboyyog@p owRichNmagt bexgupseilputedawith
trifluoromethoxy group is preferable. [0030] As a Cl1.3 alkylthio group in
R2, a netbgetbromgreupalogen atoms in R?, a methyl group, an ethyl
group, a propyl group, an isopropyl group, a tert-butyl group,
a 2-fluoroethyl group, a trifluoromethyl group or a
2,2-difluoroethyl group is preferable.
[0027] As a C,.¢ alkoxy group of the C;.¢ alkoxy group
which may be substituted with one or more halogen atoms in R?,
a methoxy group or an ethoxy group is preferable.
[0028] As a halogen atom of the C;.¢ alkoxy group which
may be substituted with one or more halogen atoms in R?*, a
fluorine atom is preferable.
[0029] As a C;_¢ alkoxy group which may be substituted
with one or more halogen atoms in R?, a methoxy group, an
ethoxy group or a trifluoromethoxy group is preferable.
[0030] As a C;.3 alkylthio group in R?, a methylthio group

is preferable.

[0031] As a halogen atom in R?, a chlorine atom is
preferable.
[0032] As a C;.; alkylcarbonyl group in R?, an acetyl group

is preferable.
[0033] As a C,.5 alkynyl group of the C,.s alkynyl group
which may be substituted with -OR* in R?, an ethynyl group or a

l-propynyl group is preferable.



Is preferable. [0031] As a halogen atomin R2, a chlorine atomis

preferable. [0032] As a Cl.3 al kyl carbonyl group in R2, an acetyl group is
preferable. [0033] As a C2-5 al kynyl group of the C2.5 alkynyl group which
may be substituted with -CR4 in R2, an ethynyl group or a 1-propynyl group

Is preferable. 18 [0034] As -OR4 of the C2_5 al kynyl group which may be
substituted with -OR4 in R2, a hydroxy 1group or a nethoxy group is
preferable. [0035] As a C2.5 al kynyl group which nmay be substituted wth
-OR4 in RPgogn1et hyNnyAsOLORD &¥ thel -d ORYTWYnEl WFolS wiRl&h ahaPl e [ 0036] As
R2, a methyl group, an ethyl group, a propy group, an isopropyl group, a
tert-butybuBseiiputad2whkHorogt hyh RYr Uy ddy T | B @eshyd e hbky @
2,2-di fluoroethyl group, a nmethoxy group, an ethoxy group, a
trifluorogeblipxysopeeBerablaet hylthio group, a chlorine atom an acetyl
group, an ethynyl group or a 1-propynyl group is preferable. [0037] As a
Cl.3 al kyfogeeap i n R8s ancethylkgnelpgrsuppwhiiehahkg. bE0838ktAsukadd an
ethyl group is preferable. [0039] The "Cl.6 al kyl group” in the present
speci fi cawiieh -0OR&nbn arR,i reare thiyylanphwh akyd rmegpheyxi ngrdug 0id car bon
atons, and includes, for exanple, a nethyl group, an ethyl group, a
n- propyl grefiprabdei-propyl group, a n-butyl group, a s-butyl group, an
i -butyl group, a t-butyl group, a n- pent yl

[0036] As R“, a methyl group, an ethyl group, a propyl

group, an isopropyl group, a tert-butyl group, a 2-fluoroethyl
group, a trifluoromethyl group, a 2,2-difluoroethyl group, a
methoxy group, an ethoxy group, a trifluoromethoxy group, a
methylthio group, a chlorine atom, an acetyl group, an ethynyl

group or a l-propynyl group is preferable.

[0037] As a C;.; alkyl group in R?, an ethyl group is
preferable.

[0038] As R?, an ethyl group is preferable.

[0039] The "C;.¢ alkyl group" in the present specification

means a linear or branched alkyl group having 1 to 6 carbon
atoms, and includes, for example, a methyl group, an ethyl
group, a n-propyl group, an i-propyl group, a n-butyl group, a
s-butyl group, an i-butyl group, a t-butyl group, a n-pentyl
group, a 3-methylbutyl group, a 2-methylbutyl group, a
l-methylbutyl group, a l-ethylpropyl group, a n-hexyl group, a
4-methylpentyl group, a 3-methylpentyl group, a 2-methylpentyl
group, a l-methylpentyl group, a 3-ethylbutyl group and a
2-ethylbutyl group. Examples of preferable C;.¢ alkyl group
include a linear or branched alkyl group having 1 to 3 carbon
atoms, and a methyl group and an ethyl group are particularly

preferable. The "C;.3 alkyl group"” is a linear or branched



I

group, a 3-nethyl butyl group, a 2-nethyl butyl group, a 1-nethylbutyl group,
a 1-éethyl propyl group, a n-hexyl group, a 4-nethylpentyl group, a
3- et hyl pentyl group, a 2-nethyl pentyl group, a 1-methyl pentyl group, a
3-ethyl butyl group and a 2-ethyl butyl group. Exanples of preferable Cl1_6
al kyl group include a |linear or branched al kyl group having 1 to 3 carbon
atons, and a nethyl group and an ethyl- g9oup are particularly preferable.
The "Cl1_3 al kyl group"” is a linear or branched 19 al kyl group having 1 to 3
carbon at®meyBRNgré@eChiviay !l Y t8aBscadboRt BYbmSr 8HA, spBcEEMEh19yOmMBanan
n- propyl group and an i-propyl group. [0040] The "Cl-6 al kyl group which
may be subshéthyPBdgirdtip, aneebhylDgeolipl ogRNnapespyli grblip Ahasant
specification neans a group in which any of the hydrogen atons in the above
"Cl_6 alkyprepylpgrowy.be substituted with one or nore hal ogen atons, and
I ncl udes, for exanple, a fluoronethyl group, a difluoromethyl group, a
trifluoroh@4§l grouptha 'ICf | ualkel hgtougrwhijpch amdy f beosveshitugedupith
2,2,2-trifluoroethyl group, a pentafluoroethyl group, a heptafl uoropropyl
group, a oméil ar oneréyhayogen, abonsthior bhet byesgnbuppeaificahlionomethyl
group, a 1l-chloroethyl group, a 2-chloroethyl group, a 2,2,2-trichloroethyl
group, a pearewepl bnoehhgh gnyupf bthehbpluzopeor epewpylingtbepabaver 8Gpnret hyl
group, a di brononethyl group, a tribrononethyl group, an iodomnethyl group,
a dii odoadkWy| ggevn)), mayt bei subsdtitytegr mijth ong @mwaxe dmeldgen atoup, a
chl or oi odonet hyl group, a 3-chloropropyl group, a 3-bronopropyl group, a
3-i odopr op9fl Hhrelpdes. 2fen| exampleppahfluergmeghydpgraupr- baonopr opyl group,
a 1l-chloro-2, 2, 2-

difluoromethyl group, a trifluoromethyl group, a 1l-fluoroethyl

group, a 2-fluoroethyl group, a 2,2,2-trifluoroethyl group, a
pentafluoroethyl group, a heptafluoropropyl group, a
chloromethyl group, a dichloromethyl group, a trichloromethyl
group, a l-chloroethyl group, a 2-chloroethyl group, a
2,2,2-trichloroethyl group, a pentachloroethyl group, a
heptachloropropyl group, a bromomethyl group, a dibromomethyl
group, a tribromomethyl group, an iodomethyl group, a
diiodomethyl group, a triiodomethyl group, a bromochloromethyl
group, a chloroiodomethyl group, a 3-chloropropyl group, a
3-bromopropyl group, a 3-iodopropyl group, a 2-chloro-1-
methylethyl group, a 2-bromopropyl group, a l-chloro-2,2,2-
trifluoroethyl group, a l-bromo-2,2,2-trifluoroethyl group,
and preferred examples are a trifluoromethyl group and a
2-fluoroethyl group.

[0041] The "C;.¢ alkoxy group" in the present
specification means an alkyloxy group having a linear or
branched alkyl group having 1 to 6 carbon atoms as an alkyl
moiety, and includes, for example,, a methoxy group, an ethoxy

group, a n-propoxy dgroup, an i-propoxy group, a n-butoxy group,



trifluoroethyl group, a 1-brono-2,2,2-trifluoroethyl group, and preferred
exanples are a trifluoronethyl group and a 2-fluoroethyl group. [0041] The
"Cl-6 al koxy group” in the present specification neans an al kyl oxy group
having a |inear or branched al kyl group having 1 to 6 carbon atons as an
al kyl rmoiety, and includes, for exanple,, a nmethoxy group, an ethoxy
group, a n-propoxy group, an i-propoxy @ooup, a n-butoxy group, 20 a

s-but oxy group, an i-butoxy group, a t-butoxy group, a n-pentoxy group, a

3- net hyl bat 9xpugseYPgréu; "ehhylbutexy ggeapp. aatloaebly! Gubayy @roup, a
1- et hyl propoxy group, a n-hexyloxy group, a 4-nethyl pentoxy group, a

3- met hyl perpenyoxgr grpupa a- Bekbyhpebhesyyggeopp, aal2rmelinypeatexy group, a
3-et hyl but oxy group. [0042] The "Cl_6 al koxy group which may be substituted
w th one groupl eahalmgenyabatekyi grolip, pacsesthypetiobokgt gebupneans a group
i n which any of the hydrogen atons in the above "Cl_6 al koxy group” may be
substi t ut mehexkyhorpegoouppr e hameybplpahtory grdupnchudesethglpexaosgplye, a
fl uoronet hoxy group, a difluoronethoxy group, a trifluoronethoxy group, a
1-f | uor oeghouy ., gaoRpmeth@lpenborgt porypgr aup,-matBy2pentoxyf gronpet hoxy
group, a pentafluoroethoxy group, a heptafl uoropropoxy group, a
chl or onet Begyhytbupoxy gupuvhl or onet hoxy group, a trichl oromethoxy group, a
1-chl or oet hoxy group, a 2-chloroethoxy group, a 2,2,2- trichloroethoxy
group, a pefdadthl or oeThexyCgeoapkory aepumcwhbchpmapoke gubapituted
br ononet hoxy group, a dibrononethoxy group, a tribronomethoxy group, an
i odonet howyth one or more halogen atoms" in the present specification
means a group in which any of the hydrogen atoms in the above
"C;.s alkoxy group" may be substituted with one or more halogen
atoms, and includes, for example, a fluoromethoxy group, a
difluoromethoxy group, a trifluoromethoxy group, a
l-fluoroethoxy group, a 2-fluoroethoxy group, a 2,2,2-
trifluoroethoxy group, a pentafluoroethoxy group, a
heptafluoropropoxy group, a chloromethoxy group, a
dichloromethoxy group, a trichloromethoxy group, a
l-chloroethoxy group, a 2-chloroethoxy group, a 2,2,2-
trichloroethoxy group, a pentachloroethoxy group, a
heptachloropropoxy group, a bromomethoxy group, a
dibromomethoxy group, a tribromomethoxy group, an iodomethoxy
group, a diiodomethoxy group, a triiodomethoxy group, a
bromochloromethoxy group, a chloroiodomethoxy group, a
3-chloropropoxy group, a 3-bromopropoxy group, a 3-iodopropoxy
group, a 2-chloro-l-methylethoxy group, a 2-bromopropoxy group,
a l-chloro-2,2,2-trifluoroethoxy group, a l-bromo-2,2,2-
trifluoroethoxy group, and preferred examples are a

trifluoromethoxy group and a 2,2,2-trifluoroethoxy group.

[0043] The "C;.; alkylthio group" in the present



group, a diiodonethoxy group, a triiodonmethoxy group, a bronochl oronet hoxy
group, a chl oroi odonet hoxy group, a 3-chloropropoxy group, a 3-bronopropoxy
group, a 3-iodopropoxy group, a 2-chloro-1-nmnethylethoxy group, a

2- br omopr opoxy group, a l-chloro-2,2,2-trifluoroethoxy group, a
1-brono-2,2,2- trifluoroethoxy group, and preferred exanples are a
trifluoronethoxy group and a 2, 2, 2-tri-f buoroet hoxy group. [0043] The "Cl1_3
al kylthio group” in the present 21 specification nmeans an al kylthi o group

having a dpdepsi@itidhancded ahkylk 19HPoh§¥bﬁﬁ Ral’Pnd §21RABa2t BEE as an
al kyl  nmoiety, and specidically includes a nethylthio group, an ethylthio

group, a preRydtairyyredeupnHading- PreeyBt Baebofir ¥BmsaAd anphekeired
exanple is a nmethylthio group. (0044] The "hal ogen atom in the present

speci fi cahdoDéty | nghddepeci@icaxappiacladésuar nBehgl éAioageblipli gA atom a
brom ne atom and an iodine atom [0045] The "Cl_3 al kyl carbonyl group" in
t he presesthy®pieCs f geabppnankapsopplehkyl gaoipnghdgaaup-pavpRytBibi near or
branched al kyl group having 1 to 3 carbon atons as an al kyl noiety, and
speci fi cagtgup ncandea prefeergd @xanpleaipr apmebiiyltgiougroapbutyryl group
and an isobutyryl group, and a preferred exanple is an acetyl group. [0046]
The "C2_5[lad&yhyl grorme Tmaldbgepresen! ispthefprasent spetifibsatiort hynyl
group, a 1l-propynyl group, a 1-butynyl group, a 1-butyne-3-nethyl group,
1- pentynyingtodes, fioR- exapphgl grblpprang- buomnyh ghdopine atom, a
2-butyne-I-nmethyl group, a 2-pentynyl group, a 3-butyne-I-nmethyl group, a
3- but yne-Bromihg| agomupndaas- pedipayatgmoup, a 4-pentynyl

[0045] The "C,.; alkylcarbonyl group"” in the present

specification means an alkylcarbonyl group having a linear or

branched alkyl group having 1 to 3 carbon atoms as an alkyl

moiety, and specifically includes an acetyl group, a propionyl

group, a butyryl group and an isobutyryl group, and a

preferred example is an acetyl group.

[0046] The "C,.s alkynyl group” in the present

specification includes an ethynyl group, a l-propynyl dgroup, a

l-butynyl group, a l-butyne-3-methyl group, l-pentynyl group,

a 2-propynyl group, a 2-butynyl group, a 2-butyne-l-methyl

group, a 2-pentynyl group, a 3-butyne-l-methyl group, a

3-butyne-2-methyl group, a 3-pentynyl group, a 4-pentynyl

group.

{0047] Various stereoisomers of the compound defined as

the compounds of the present invention such as tautomers and

optical isomers, and mixtures and isolated products thereof

are included in the range of the present invention.

[0048] The compounds of the present invention may form

acid addition salts. The compounds may form salts with a base

depending on the kind of the substituent. Such salts



group. [0047] Various stereoi soners of the conpound defined as the
conpeunds of the present invention such as tautoners and optical isoners,
and m xtures and isol ated products thereof are included in the range of the
present invention. [0048] The conpounds of the present invention may form
acid addition salts. The conpounds may formsalts with a base depending on
the kind of the substituent. Such salts;32_ specifically include acid
addition salts with mneral acids such as hydrochloric acid, hydrobromc

aci d, hydégéeﬁf c2fi 1iné§ﬁ&€r58iacégdagiﬁﬁ'§aiEEdW1QHOﬁRH8EF§ geaﬂ organi ¢

acids suc orm acl aceti c acl ropronic acld, oxalic acl

mel oni ¢ aghgy §§Cﬁyafecﬂ§bﬂlcfaa§a'Chgakgbrpahelscﬁa'dgyhés balcagkéddnalic

acid, tartaric acid, citric acid met hanesul foni ¢ aci anesultoni c

aci d; ands@tt@i£cagtiq, 2Ri €81 8USB18S pRSR ﬁBkEcaSdea”Qr@hﬂ&é”helaﬁ'd The
salts formed with bases include safts w I norgani ¢ baSes such as sodi um

pOtaSSlUnkucﬂﬁﬂﬁeﬁbﬂﬁlccabﬁaunhééélé'HHhHU”bréﬁhbﬁlﬂﬂhblargéﬁb§1€a§€§dSUCh
as met hyl ani ne, ethylamine, ethanolanmine; salts with basic am no acids such

as |ysin, meLohidi agiandsaseraigmaealt Sfumbh@949hckdr t hanepeeachndr abesic
pharmaceutically acceptable various solvates and crystal pol ynorphs are

i ncluded agidhematospasnds ehrtheipreseal tchventi aeid| ORe@hahkeutesrgunds of
the present invention have strong and sustained hypogl ycem c effect and

little coacedan ebhahesusfbriy asddot hra aBagaet aminbi asipgsetacabhe as

pharmaceutical agents. The "strong hypogl ycem c action (or effect)"”

ment i onedaspatbecpaes@nandpgltiutamati agitincl Tidessaivs Lxanplewith bases
include salts with inorganic bases such as sodium, potassium,
magnesium, calcium and aluminum; salts with organic bases such
as methylamine, ethylamine, ethanolamine; salts with basic
amino acids such as lysin, ornithine and ammonium salts.
[0049] Furthermore, hydrates, pharmaceutically acceptable
various solvates and crystal polymorphs are included in the
compounds of the present invention.
[0050] The compounds of the present invention have strong
and sustained hypoglycemic effect and little concern on the
safety and other characteristics preferable as pharmaceutical
agents. The "strong hypoglycemic action (or effect)"
mentioned in the present specification includes, for example,
the hypoglycemic action (or effect) achieving 25% or more
reduction of blood glucose level at 6 hours after 0.3 mg/kg
oral administration of the compound in a study for glucose
lowering effect in db/db mice. 1In addition, "sustained
hypoglycemic action (or effect)" mentioned in the present
specification includes, for example, the hypoglycemic action
(or effect) achieving 25% or more reduction of blood glucose

level at 24 hours after administration of the compound in a



|

t he hypogl ycem c action (or effect) achieving 25% or nore reduction of

bl ood gl ucose level at 6 hours after 0.3 ng/kg oral admnistration of the
conmpound in a study for glucose Ilowering effect in db/db mce. In addition,
"“sustai ned hypoglycem c action (or effect)” nentioned in the present
specification includes, for exanple, the hypoglycemc action (or effect)
achi eving 25% or nore reduction of blaogsgl.ucose I|evel at 24 hours after
adm nistration of the conpound in a 23 study for glucose |owering effect in

db/db m ¢ r r opy, : [ kAN ' "liftle
Concer n ey t0E{ gPhfose oheP1AGTREREC, Tn BBYHE TES CAUEtIGmOt L

little Coﬁﬁéﬁ”aoéoﬁbéﬁn&fi§Phénﬁﬁbﬁédcﬁgaeﬁugﬁﬁba“h%%th@ EBRcedhUBA the

devel opnment such as genotoxic potentia nd 1 nhibitory action on

met abol i zsage £PTYTRE . me QRS L] sdPeeRhRpEA! tA¥ENthANcBMPBuhACLEASEsSO- cal | ed
prodrugs which are conpounds netabolized in the living body and converted

into the copppangsneériheraboye Eerauta whirnabdn BBapBBERBLEGALLhY the
acceptable salts thereof. Goups to form prodrugs of the conpounds of the

present i&f@géieévéﬂébﬂéﬁt gﬁeﬂpasdgéﬁbteﬁﬂciﬁo€éﬁgiambanavﬁhhiﬁitaeges
2157- 2161 (1985) and groups described in "lyakuhin no Kai hatsu”

(" Devel opaetionfonedeeapaligdigsenzyMek. 7 (nol ecul ar design), pages
163- 198, Hirokawa Shoten published in 1990. [0052] The conpounds of the
present ipyeslion canThe ppéoEhteinPyntpphyabgoVahtdudeki sdscailadpublicly

known synthesis nmethod in accordance with characteristics based on the
basi c strpeodraegsrwhhehkand obmpbandsbmtithbelized Dapendi ngvangt bedyi nd of
functional groups, it may be
and converted into the compounds of the above Formula (II) and
pharmaceutically acceptable salts thereof. Groups to form
prodrugs of the compounds of the present invention include
groups described in Prog. Med. Vol. 5, pages 2157-2161 (1985)
and groups described in "Iyakuhin no Kaihatsu" ("Development
of medicinal drugs"), Vol. 7 (molecular design), pages 163-198,
Hirokawa Shoten published in 1990.
[0052] The compounds of the present invention can be
produced by applying various kinds of a publicly known
synthesis method in accordance with characteristics based on
the basic structure or the kind of the substituents.
Depending on the kind of functional groups, it may be
preferable in terms of production technology to protect a
functional group with a suitable protecting group at the stage
of raw materials or intermediates, and desired compounds can
be obtained by removing the protecting group in the later
steps. Examples of the functional groups needed to be
protected in the production process include a hydroxyl group

and a carboxy group and examples of the protecting groups

thereof include the protecting groups described in Greene and



|

preferable in terns of production technology to protect a functional group
with a suitable protecting group at the stage of raw materials or

i ntermedi ates, and desired conpounds can be obtained by renoving the
protecting group in the later steps. Exanples of the functional groups
needed to be protected in the production process include a hydroxyl group
and a carboxy group and exanples of thez2aretecting groups thereof include
the protecting groups described in Geene and 24 Wits, "Protective G oups

in O ganigutynt hesod tect £€6008oaPEt HAN0orghna cPsYn@eldsAs "Jr AHdra haauseash and
reaction conditions at the tine of introducing and renoving the protecting

group carrhe peppsepingt etyupetecbedubesdedna@nréetLonveshionabnkegbnehegy
such as those described in the above-nentioned docunents. [0053] The
conpoundstinfe tde jitesedicingeahdonehmavengi the bptotyctihgvgtyupncandbem
dependent gl ucose cotransporter 2 (SG.T2) involved in glucose reabsorption
in the kappeyptiat&lynselevtsd. based. oA3thpagend8itidf8l) technbilogtyi on of
SA.T2 suppresses reabsorption of glucose, excretes excessive glucose to
out si de ofucteasotlyoseddeser tbgdl tadshéoabbeeapentionefif dotumanthe di abet es
and an effect of inproving insulin resistance by correcting hyperglycem a
w thout al®53leEn t o pErereenpeurds cef | she [PO&d¢nThieneénttonacgvedi ng to one
aspect of the present invention, pharnaceutical agents to prevent or treat
di seases imhibbhoiyi antiwhtyhonaso@suinngependeby ghhcbseing the activity of
SA.T2, for exanple, diabetes, diabetes-related diseases and diabetic

conpl i cat¢orsarspopteni deliSGLDR551nvetvedt ke glhapeeeseabmorntidéonTipe 1

di abet es,
the kidney (J. Clin. Invest., Vol. 93, page 397, 1994).

Inhibition of SGLT2 suppresses reabsorption of glucose,
excretes excessive glucose to outside of the body and thereby
leads to therapeutic effect on the diabetes and an effect of
improving insulin resistance by correcting hyperglycemia
without a burden to pancreatic f§ cells.

[0054] Therefore, according to one aspect of the present
invention, pharmaceutical agents to prevent or treat diseases
or conditions which can be improved by inhibiting the activity
of SGLT2, for example, diabetes, diabetes-related diseases and
diabetic complications are provided.

[0055] Here, the "diabetes" includes Type 1 diabetes,
Type 2 diabetes, and the other types of diabetes by specific
causes. The "diabetes-related diseases" includes, for example,
obesity, hyperinsulinemia, abnormality of glucose metabolism,
hyperlipidemia, hypercholesterolemia, hypertriglyceridemia,
lipidosis, hypertension, congestive heart failure, edema,
hyperuricemia and gout.

[0056] The "diabetic complications” include both acute

and chronic complications. Examples of "acute complications"



Type 2 di abetes, and the other types of diabetes by specific causes. The
"di abetes-rel ated di seases” includes, for exanple, obesity,
hyperi nsul i nem a, abnormality of glucose nmetabolism hyperlipidem a,

hyper chol esterol em a, hypertriglyceridema, |ipidosis, hypertension,
congestive heart failure, edema, hyperuricem a and gout. [0056] The

"di abetic conplications” include both-a@2e and chronic conplications.
Exanpl es of "acute conplications” 25 include hyperglycem a (ketoacidosis,
etc.), inigelb@yshypesgageemianirRetbaniBstibe skicn),sehketitsoue, biliary
system respiratory system urinary tract, etc.) and exanples of "chronic
conpl i catdoséases! yirfeteioanghopRehgkinepbodpathgsuel, ebiinapayhgystem,
arteriosclerosis (atherosclerosis, nmyocardial infarction, cerebral

i nf arcti onespbnetotrynbgsaeiner ualinasgckuacan, eetc)) andesxapplley ofn sensory
nerve, notor nerves, autononmous nerve, etc.), foot gangrene. Mjor diabetic
conpl i cat 'chsonic| adepiliebeion"r éhchogat hycrdaagébpathyehephabpatagd

di abeti c neuropathy. [0057] The conpounds of the present invention can be
used togeehiénopathy)heaapentipscdeugsikon athalvesedeandidi, amybicardial
conplications, which have different action nechani smother than SGT2
activity infiabctoon, anerabpal| ipEarctdpngs lower anmbisypetesdsilve drug, etc.
Additive effect can be expected by conbining the conpounds of the present

i nventi onogflnsiae, ethend ,dnegrorstbymbpanedensoryt Rer¥ef, coo tot aiemveshy
singly wusing the respective drugs for the above-nentioned di seases. [0058]
Exanpl es 8ftphemoufchep¥eti etgridg foptdoapereseandMaiiprnbdiaketdapl i cati ons”

whi ch can be used together include
complications include diabetic retinopathy, diabetic

nephropathy and diabetic neuropathy.

[0057] The compounds of the present invention can be used
together with therapeutic drugs for diabetes and diabetic
complications, which have different action mechanism other
than SGLT2 activity inhibitor, antihyperlipemic drugs, or
antihypertensive drug, etc. Additive effect can be expected
by combining the compounds of the present invention with the
other drugs as compared with the effect obtained by singly
using the respective drugs for the above-mentioned diseases.
[0058] Examples of the "therapeutic drug for diabetes and
diabetic complications" which can be used together include
insulin sensitivity enhancing drugs (PPARy agonist,

PPARa/y agonist, PPARO agonist, PPARa/y/d agonist), glycosidase
inhibitors, biguanide drugs, insulin secretion enhancers,
insulin formulations, glucagon receptor antagonists, insulin
receptor kinase enhancers, tripeptidyl peptidase II inhibitors,
dipeptidyl peptidase IV inhibitors, protein tyrosine
phosphatase-1B inhibitors, glycogen phosphorylase inhibitors,

glucose-6-phosphatase inhibitors, gluconeogenesis inhibitors,



insulin sensitivity enhanci ng drugs (PPARy agoni st, PPARa/y agonist, PPARS
agonist, PPARa/y/b agonist), glycosidase inhibitors, biguanide drugs,
insulin secretion enhancers, insulin formrulations, glucagon receptor
antagoni sts, insulin receptor kinase enhancers, tripeptidyl peptidase |
inhibitors, dipeptidyl peptidase IV inhibitors, protein tyrosine
phosphat ase- 1B i nhi bitors, glycogen phogghoryl ase inhibitors,

gl ucose- 6- phosphat ase i nhi bitors, gluconeogenesis inhibitors, 26 fructose

bisphosph@%@éﬁbééwsigﬁﬁwfghévaya!fnﬁfﬁﬁtéfb dpPEEHAE Caci 8NEBh Y 8FSgenase
gl ucoki nase activators, chiro-inositol, glycogen synthetase kihase-3

inhibit0rﬁhhi&i@@ﬁ@ﬂigiﬁ&@kﬂﬁ&ééd&cﬂivaﬂb£§QgﬁﬂéhifgeiHGEifgﬁj1g§ abgaHes,
gl ucagons-1i ke peptide-1 agonists, anylin, anylin anal ogues, anylin

agoni st s, sy NEEESE Lik L0h sle L SCEPA O i BHESJ0FL Sé&goRd( B1Ry¥dpeyysheL oi d
dehydr ogenase i nhibitors, aldose reductase inhibitors, protein kinase C

i nhi bi t orgludagen $ODLEkY I pEp BLAE- I €48RL OFuES! agmbégé‘ns - 3ORe ugeg’eﬂaaﬂ

ant agoni sts, transcription factor NF-KB inhibitors, IKKP inhibitors, lipid
per oxi dasggomhébs | camylif; aamyyint &fadoguededamngl dndagepisdase i nhibitors,
insulin-like growh factor-1, platelet-derived gromh factors (PDGF),

pl at el et -gRicyesreIOvtd F@céptot PakFaganasegles1p-rpasdekystessoa h factors
(EGF), nerve growth factors, carnitine derivatives, uridine,

5- hydr oxydéhynit byénaye ahhlolibi toEEB- d6doséi nedlotake snhodexods, praP8iand
TAR-428. [0059] The "therapeutic drug for diabetes and diabetic
conpl i catkbmsse caninieiexeops | fy-adniasohotyons . ad et cdfpt@f dmtdgonists,
hydrochl ori de and fenform ne are included as "biguani de drugs".
sodium channel antagonists, transcription factor NF-kB
inhibitors, IKKfB inhibitors, lipid peroxidase inhibitors,
N-acetylated-oa-linked-acid-dipeptidase inhibitors,
insulin-like growth factor-I, platelet-derived growth factors
(PDGF), platelet-derived growth factor (PDGF) analogues,
epidermal growth factors (EGF), nerve growth factors,
carnitine derivatives, uridine, 5-hydroxy-1l-methyl hydantoin,
EGB-761, bimoclomol, sulodexide, Y-128 and TAR-428.
[0059] The "therapeutic drug for diabetes and diabetic
complications" can be exemplified as follows.
[0060] Metoformine hydrochloride and fenformine are
included as "biguanide drugs".
[0061] Among insulin secretion enhancers, examples of
sulphonylurea drugs include glyburide (glibenclamide),
glipizide, gliclazide, chlorpropamide and examples of
non-sulphonylurea drugs include nateglinide, repaglinide and
mitiglinide.
[0062] The "insulin formulations" include genetic

recombinant human insulin and animal origin insulin. They are

classified into three types by duration of action, and include



}

[ 0061] Among insulin secretion enhancers, exanples of sul phonyl urea drugs

i nclude gl yburide (glibenclam de), glipizide, gliclazide, chlorpropam de
and exanpl es of non-sul phonyl urea drugs include nateglinide, repaglinide
and mtiglinide. [0062] The "insulin fornulations" include genetic

reconbi nant human insulin and animal origin insulin. They are «classified
into three types by duration of action, ,and include 27 inmediate-acting
type (hunman insulin, human neutral insulin), internmediate-acting type

(i nsuli n-fypegy 4 s f&‘é‘tiﬁ‘%%*ﬁe aﬂﬁ@rﬁ&ﬁ iﬁE&PEHS'R&n%Q“H&HtPSEt §85y14n)

i nsul i n-human Tsof en I'nsul I aqueous suspenslion, human IMSuUli'n”ZINc’ aqueous
suspensi i i Zlng. | C st ajl - j t ma
cryotall AR e fabELRG ERNE FLRRFTEA N3N ) SpPER PRELTON KBRebULT
includeagggng;&- Voghh LR SE, MghitPin- 4] 4 in jLivity
enhanci ng dr gs',°%¢§§%'§£gd%?g€% i%%%%gentégg ?téégﬁgg ﬁ#%g##%a§§ﬁ§§hg

rosiglitag,pgﬁe R a IS Ln 5 - 29 :
tesaglitazar, niﬁkﬁggéﬁw%g1%%%%?f%$é§%%2§§H%§9%?% %;egﬁgggpAégsgé%%ists

| ncl ude GY01edGeod §0BRIpINELSH ) | BEPLLTNLAPERELAGSEYbL RGB! LOrS” i nCl ude
UCL- 139. [0066] The "di peptidyl peptidase IV inhibitors" include

NVP- DPP??@A;stI%&Z,iﬁéﬂni)ﬁﬁlzixli’&é&&?éﬁgi& :225. (0067] The "al dose
reductase inhibitors" include ascorbyl ganolenate, tolrestat, epalrestat,
fidarestatgoe®y bynyl ,Theongl y&sd Bdasé | £t £51 Bérandi geN@dESdddrbose,
voglibose and miglitol.
[0064] Among "insulin sensitivity enhancing drugs", PPARy
agonists include troglitazone, pioglitazone, rosiglitazone,
PPARa/Y dual agonists include MK-767 (KRP-297), tesaglitazar,
LM4156, LY510929, DRF-4823, TY-51501, and PPARd agonists

include GW-501516.

[0065] The "tripeptidyl peptidase II inhibitors" include
UCL-139.
[0066] The "dipeptidyl peptidase IV inhibitors" include

NVP-DPP728A, LAF-237, MK-0431, P32/98 and TSL-225,

[0067] The "aldose reductase inhibitors" include ascorbyl
gamolenate, tolrestat, epalrestat, fidarestat, sorbynyl,
ponalrestat, risarestat and zenarestat.

[0068] The "y-aminobutyric acid receptor antagonists"”
include topiramate.

[0069] The "sodium channel antagonists" include
mexiletine hydrochloride.

[0070] The "transcription factor NF-xB inhibitors"
include dexlipotam.

[0071] The "lipid peroxidase inhibitors" include

tirilazad mesylate.



|

[ 0068] The "y-am nobutyric acid receptor antagonists” include topiramte.
[ 0069] The "sodi um channel antagonists” include nexiletine hydrochloride.
[ 0070] The "transcription factor NF-KB inhibitors” include dexlipotam
[0071] The "lipid peroxidase inhibitors” include tirilazad nesylate. 28
[0072] The "N-acetyl ated-a-1i nked-aci d-di pepti dase inhibitors" include
GPl -5693. [0073] The "carnitine derivatipges" include carnitine,

| evacecar ni ne hydrochl oride. [0074] The "anti hyperlipem ca drugs and

D e OTRY S oo e M S0 670 BEq B CE: LAGRT DELa ! BELUREsaREL XATP €

hydr oxynme ryl coenzyne uctase in |b| ors conpounds,

33-adrenaiﬁmfb{ggggtoinég@@éséﬁl_gyEg.act|vators, acyl coenzyne
A: chol esterol transacyl ase inhibitors, probcol, thyroid hornone receptor

agoni sts, [@@ﬁiPSterO'T@@Sﬂééiﬁiihnér@bfﬁ&&%ﬁve&“pﬁﬁélu&@'@é£9i§1n€1CrOSO”E
triglyceride transfer protein inhibitors, |ipoxygenase inhibitors,

Carnltlnele@@é@¢é§ﬂiﬁéanfagbgﬁgotﬂaébltOfS squal ene synt het ase |nhibitors,
| ow-density |ipoprotein receptor enhancers, nicotine acid derivatives, bile

aci d adsorgomng]drugs, Trs@dvmmpmﬂ:gﬁwnméedﬁ@gd éﬁ@néﬂ@ilﬁ?petﬂéhbi{r@rs
chol esterol ester transportation protein inhibitors, angiotensin converting

enzyme i ndibgéorehiengcahensi aséll tegepher antagaai Stsr egafptiel in

converting enzyme inhibitors, endothelin receptor antagonists, diuretic

drugs, cahgdboxpmétlpbgitsaryasodehaiymeyA reductase inhibitors, fibrate
compounds, P;-adrenaline receptor agonists, AMPK activators,
acyl coenzyme A:cholesterol transacylase inhibitors, probcol,
thyroid hormone receptor agonists, cholesterol absorption
inhibitors, lipase inhibitors, microsome triglyceride transfer
protein inhibitors, lipoxygenase inhibitors, carnitine
palmitoyltransferase inhibitors, squalene synthetase
inhibitors, low-density lipoprotein receptor enhancers,
nicotine acid derivatives, bile acid adsorbing drugs, sodium
conjugate bile acid transporter inhibitors, cholesterol ester
transportation protein inhibitors, angiotensin converting
enzyme inhibitors, angiotensin II receptor antagonists,
endothelin converting enzyme inhibitors, endothelin receptor
antagonists, diuretic drugs, calcium antagonists, vasodilatory
hypotensive agents, sympatholytic drugs, central hypotensive
agents, da;-adrenaline receptor agonists, antiplatelets, uric
acid generation inhibitors, uric acid excretion enhancers,
urine alkalizer, anorectic drugs, ACE inhibitors, adiponectin
receptor agonists, GPR40 agonists, GPR40 antagonists.
[0075] The therapeutic drugs for hyperlipemia and
antihypertensive drugs can be exemplified as follows.

[0076] The "hydroxymethylglutaryl coenzyme A reductase



|

hypot ensi ve agents, synpatholytic drugs, central hypotensive

agents,

a2-adrenal i ne receptor agonists, antiplatelets, uric acid generation
inhibitors, uric acid excretion enhancers, urine alkalizer, anorectic
drugs, ACE inhibitors, adiponectin receptor agonists, GPR40 agonists, GPR40
ant agoni sts. [0075] The therapeutic drugs for hyperlipem a and

anti hypertensive drugs can be exenplitied as follows. [0076]

The

"hydr oxynet hyl gl utaryl coenzyme A reductase 29 - inhibitors" include

f1 uvast ati gy pyastati e, BEEVERLPLL Rt 1 6271 ¥PSLELE Dnang-pyLaygpiatli n. [0077]

The "fibrate conpoun I nc ezaf 1 brate, ate an

[ 0078] 1T6é"£ﬁH$§£¥@hS¥ﬂ& { esfads Pt Dhtors” include TAK-475,
a-phosphon&%u phonat e derhgatlv%s speci fication of US Patent
[0079] Thﬁ?ré"#ﬁ}z" COengydTe ¢ 1l E‘é&r@&&indé'ﬁ“ﬁ?&ﬂl@é%eé&@i@f%
Cl-1011, E- 122, FCE-27677, RP-73163, MCC- 147 and DPU- 129.

I'ni fibrate.

No. 5712396).
eE£s" include
0080] The

"1 ow- denspdyr b PLPE O4d o i8ELEPbPAt&Nhancer s”  include MD-700 and LY-295427.

[ 0081] The "m crosone triglyceride transfer protein inhibitor

s" (MIP

i nhi bi torggojdg! ude oEHEDOUSKISa GSE T4 Prethd Fasd henSDECEbrsatip@Bu@ US Patent

No. 5739135, US Patent No. 5712279 and US Patent No. 5760246.

[0082] The

"anorect iRl AgS) & DShYEEhEH6 888hhORat 808AHE 6RRE LB8s290PLET 81LARTHAARE.
ephedrine, etc.), serotonin agonists (selective serotonin reuptake

i nhi bi torgs Pofeckan®l es712809gpxam ne, etc.), adrenaline-serot
(si butram ne,

oni n agoni sts

[0079] The "acyl coenzyme A: cholesterol transacylase

inhibitors" include CI-1011, NTE-122, FCE-27677, RP-73163,

MCC-147 and DPU-129.

[0080] The "low-density lipoprotein receptor enh
include MD-700 and LY-295427,
foos81l] The "microsome triglyceride transfer prot

ancers"

ein

inhibitors" (MTP inhibitors) include compounds described in

the specifications of US Patent No. 5739135, US Patent No.

5712279 and US Patent No. 5760246.

[0082] The "anorectic drugs" include adrenaline-

noradrenalin agonists (mazindol, ephedrine, etc.), serotonin

agonists (selective serotonin reuptake inhibitors, for example,

fluvoxamine, etc.), adrenaline-serotonin agonists (sibutramine,

etc.), melanocortin-4 receptor (MC4R) agonists, o-melanocyte

stimulating hormones (a-MCH), leptin, cocaine and amphetamine-

regulated transcript (CART).

[0083] The "thyroid hormone receptor agonists" include

liothyronine sodium, repothyroxine sodium.

[0084] The "cholesterol absorption inhibitors" include

ezetimibe.

[0085] The "lipase inhibitors" include orlistat.



etc.), melanocortin-4 receptor (MAR) agonists, a-nelanocyte s

timulating

hor nones (a-MCH), |eptin, cocai ne and anphetam ne- regul ated transcri pt

(CART). [0083] The "thyroid hormone receptor agonists” include

| i ot hyr oni ne

sodi um repot hyroxi ne sodium [0084] The "chol esterol absorption inhibitors”

i nclude ezetimbe. [0085] The "lipase inhibitors" include orlistat. 30
[ 0086] The "carnitine pal mtoyltransfergage-i nhibitors” include etonoxir.
[ 0087] The "nicotine acid derivatives" include nicotinic acid, nicotinic

aci d ani degogdl COMDI ,THY COEARS ¢ e [ 9OBRLt JPLr i L Lo psld 2REORDESES dr UGS”
i nclude chol estyram ne, chol estyirane and col esevel am hydrochl ori de.

[ 0089] Thenchid@dk odEsmbRisONVerting enzyne i nhibitors”" include

captoril,

enal april naleate, alacepril and cilazapril. [0090] The "angiotensin I
receptor pod@ppni st s"ThéCInieot Divd0eSad t @Er LA EXeés Y , ihObadé aniget asstum and

eprosartan nesylate. [0091] The "endothelin converting enzyne

i nhi bitors"

i ncl ude GESE@1l4d¥co€ 30358664 aMDARE , Thecomollpt Aetbhan@dept or ant agoni sts”

i nclude L-749805, TBC- 3214 and BMs-182874. [0093] For exanpl e,
consi der efo0®8 be prefEiabl®ilé hatid hedsonpiugddredst henpledent

it is
i nvention are

used in conbination with at |east one kind of drugs selected fromthe
group conshslestyyndmineyl chotesstyirghtyandhaotesgvdlagshyBPABN1oagasi. st s,

PPARa/y agoni sts, PPARy agonists, PPARa/y/b agonists,

[0089] The "angiotensin converting enzyme inhibitors"

include captoril, enalapril maleate, alacepril and cilazapril.

[0090] The "angiotensin II receptor antagonists" include

candesartan cilexetil, losartan potassium and eprosartan

mesylate.

[0091] The "endothelin converting enzyme inhibitors”

include CGS-31447, CGS-35066.

[0092] The "endothelin receptor antagonists" include

L-749805, TBC-3214 and BMS-182874.

[0093] For example, it is considered to be preferable

that the compounds of the present invention are used in

combination with at least one kind of drugs selected from the
group consisting of insulin sensitivity enhancing drugs (PPARYy
agonists, PPARa/y agonists, PPARO agonists, PPARa/Yy/d agonists,
etc.), glycosidase inhibitors, biguanide drugs, insulin
secretion enhancers, insulin formulations and dipeptidyl
peptidase IV inhibitors in the treatment of diabetes and the
like.

[0094] Alternatively, it is considered to be preferable
that the compounds of the present invention are used in
combination with at least one kind of drugs selected from the

group consisting of hydroxymethylglutaryl coenzyme A reductase



etc.), glycosidase inhibitors, biguanide drugs, insulin secretion
enhancers, insulin formulations and di peptidyl peptidase IV inhibitors in
the treatment of diabetes and the like. [0094] Alternatively, it is
considered to be preferable that the conmpounds of the present invention are
used in conbination with at |east one kind of drugs selected fromthe

group consisting of hydroxynet hyl gl utarglL coenzyne A reductase 31
inhibitors, fibrate conpounds, squal ene synthetase inhibitors, acyl

coenzyne fﬁﬁf@i@@f@[OfiﬁfaﬁéaéahﬁéﬁnaﬂhiQgﬁaléne onaHeRaktyihhPBRERGLS] N
receptor enhancers, mcrosone triglyceride transfer protein inhibitors and

anor ecti CagyLoSoeh2PR8] ATBRoDBAtEREEULFEALa8@gRALEE 2hhiBetBEgSENt invention
can be systemically or topically adm nistered orally or parenterally, for

exanpl e, iowrasesity! Yipspbeveanepeséptori 8hhanyees|, amli¥roksimeavenously and
per cut aneously. [0096] For the purpose of using a conpound of the present

i nvent i ontAsgRypepiaacenhhsfbragesteint ifAfibheors anfioafibebcaéicsakriugs.
conposition, a liquid conposition or any other formof conposition, and the
nost suit phdoes | or m nEPhdeplatvatedt bSal r egent €dof Thke ppoesastuincaht agant of

the present invention can be produced by blending a pharmaceutically
accept abl eancher spstemibahlgoapotogicallipeapmenenteradeotrably oSpecifically,
commonl y used excipi ents, expanders, binding agents, disintegrating agents,
coati ng apenéstesaddy; cbari agampfent sntphireeyalldyor spbrasaheensdyor aqueous
or a non-aqueous solvents nmay be added to prepare tablets, pills, capsules,
gr anul es, iptnemwuscupavdiyr edntiraysnohisjui dndr pgscutankesiiehy.
[0096] For the purpose of using a compound of the present
invention as a pharmaceutical agent, it can be in a form of a
so0lid composition, a liquid composition or any other form of
composition, and the most suitable form may be selected as
required. The pharmaceutical agent of the present invention
can be produced by blending a pharmaceutically acceptable
carrier with a compound of the present invention.
Specifically, commonly used excipients, expanders, binding
agents, disintegrating agents, coating agents, sugar-coating
agents, pH regulators, resolvents or agqueous Or a non-agqueous
solvents may be added to prepare tablets, pills, capsules,
granules, powders, powdered drugs, liquid drugs, emulsion,
suspension, injection agents by conventional drug preparing
techniques. Examples of excipients and expanders include
lactose, magnesium stearate, starch, talc, gelatin, agar,
pectin, Arabian gum, olive oil, sesame o0il, cocoa butter,
ethylene glycol and those commonly used.
[0097] In addition, the compounds of the present

invention can be prepared into a drug by forming a clathrate

compound with a-, PB- or y-cyclodextrin or methylated



suspension, injection agents by conventional drug preparing techniques.
Exanpl es of excipients and expanders include |actose, nagnesium stearate,
starch, talc, gelatin, agar, pectin, Arabian gum olive oil, sesane oil,
cocoa butter, et hyl ene glycol and those commonly used. [0097] In addition,
t he conpounds of the present invention can be prepared into a drug by
formng a clathrate conpound with a-,_ (33 .or y-cyclodextrin or nethylated
32 - cyclodextrin. [0098] The dose of the conmpounds of the present invention

vari es de i sease, conditions, weight, age, sex, admnistration
route, et§§ggb?gﬁgg ﬁo 1000 nmg/ kg weight/day for an adult is preferable and

0.1-200 mghkgayei aht / gay hése”8%?ﬁgéeES@thﬁfﬁmgngqgaBrQSeﬁ@”%ﬂb?h%%Sﬂ once

a day or VI d into several e~ conmpoun

present 'OXEEE%O%B?HSEE R ?§§h§%¢ bR #4130, e well¥nd pr%@“‘:@e@:“ Process

shown bel ow. ') of the preésent invéntion-can

synt hesi z S Sc 1 h 1 (@ ~o\e 11] 33
synt| OOBnSdmsEM%BEE%ESﬁRféH%\%ﬁI %%ﬁ B%KEEO 1 JEenagRo kaglbelgmrma@

for an adult is preferable and 0.1 200 mg/kg weight/day is
more preferable, which can be administered once a day or
divided into several times a day.

[0099] The compound of the present invention can be
synthesized, for example, by a production process shown below.
[0100] Compound (II) of the present invention can be
synthesized by a process shown in Scheme 1:

Scheme 1

{01011} {Formula 111}
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(1

wherein R!!® means the same as defined above for R!, P

represents an appropriate protecting group, and A is a group

represented by Formula (a), Formula (b),

Formula (d) defined above.

Formula (c) or

OH
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(11) wherein R11 neans the sane as defined above for Rl, P represents an
appropriate protecting group, and Ais a group represented by Forrmula (a),
Formula (b), Formula (c) or Formula (d) defined above. 34 [0102] The
reaction converting Conpound (lI11) to Conpound (IV) can be achi eved by
performng a reaction with a suitable protecting group introducing reagent
in a suitable solvent. The suitabl e solzwent includes THF, diethyl ether,
N, N- di et hyl f or mam de, di chl oronet hane, 1, 2-dichl oroethane, toluene and

xyl ene. Thg16%itabl e POt LLLE PN SRV PEIRGUEORTouh§20ERT ) | Pl udes a _
reagent for introducing a protecting group,  which can be renoved in an acid

condi t i ONGemB&eRd aBIV i Exh béhb@hiéeedtsytpQHEMEﬂEH?tBYkéhbfhoﬁthEhdﬁ1
met hoxynet hy chl oride, 3,4-di hydro-2H pyran, 2-nethoxypropene, and

pref erabl yu2taB180yYHtOBEIRGI §roGpdintiolifichfgessag¥ntoifakr ¥ui®bikhi s
reaction of introducing a protecting group in the presence of a suitable

base or agbUvedSpeciTHeaddtable tIElvards imd 1l ude $ITHF B4 hoxlyPl Opeer, it 1S

preferable to allow a catalytic anpount of p-toluenesulfonic acid to be

present aN,HndimetHylfboemakoie,r dachiopomanhhaepelf araedhnorsakthgnkr om about

-20C to about 50C, preferably fromabout OC to about 25C (room tenperature)

for about tdluehauard kplaheut Théosuitable eprstdtyifigrgadaptiSOroducing t o

about 2 hours. [0103] The reaction converting Conmpound (1V) to Conpound (VI)

can be acheagedtbynptulesnangeageracfoenintibdaciagi habreteakkyhli groum,

reagent in a suitable solvent and then a reaction with Conpound (V)

((3R, 4S, 5@ 6&h- 8and, be removed in an acid conditions, such as trityl
chloride, tert-butyldimethylsilyl chloride, methoxymethyl
chloride, 3,4-dihydro-2H-pyran, 2-methoxypropene, and
preferably 2-methoxypropene is used. It is necessary to carry
out this reaction of introducing a protecting group in the
presence of a suitable base or acid. Specifically, in the
case of using 2-methoxypropene, it is preferable to allow a
catalytic amount of p-toluenesulfonic acid to be present as an
acid. The above reaction can be performed normally from about
-20°C to about 50°C, preferably from about 0°C to about 25°C
{room temperature) for about 10 minutes to about 5 hours,
preferably for about 30 minutes to about 2 hours.

[0103] The reaction converting Compound (IV) to

Compound (VI) can be achieved by performing a reaction with a
suitable alkyllithium reagent in a suitable solvent and then a
reaction with Compound (V) ((3R,4S,5R,6R)-3,4,5-
tris(benzyloxy)-6-(benzyloxymethyl)tetrahydropyran-2-one).

The suitable solvent includes THF, diethyl ether,
dimethoxyethane, diethoxyethane, dichloromethane and toluene

and preferably THF and toluene. The suitable alkyllithium

reagent includes n-butyllithium, sec-butylithium,



b

tris(benzyl oxy)-6-(benzyl oxynet hyl ) tetrahydropyran-2-one). The suitable

sol vent includes THF, diethyl ether, dinmethoxyethane, diethoxyethane,

di chl oronet hane and toluene and preferably THF and tol uene. The suitable

al kyl l'ithium reagent includes n-butyllithium sec-butylithium 35
tert-butylithium nethyllithium and preferably n-butyllithium is used. The
above reaction can be perfornmed nornall ysfrrom about -78C to about 25C (room
tenperature) for about 10 m nutes to about 2 hours, preferably for about 1

hour to @@9@1batiapyfﬁm@nmeeﬁgliﬂh&am bsnayskeeakasdybx-Buffg&&%hium
described, for exanple, in a document (Carbohydr. Res page 243,

1994) . [0194hsdhE MBAStAHYE OFEs£i 6w &&mse Nsle £ 6 2mé @ @m&ynp £Mh) can be

achi eved by performng a reaction with a suitable acid catalyst in a

sui tabl e ggbyent7gageidedndnt e QR0 SEhigdtathaR ) By Hidb! e sol vent
i ncl udes THF, di met hoxyet hane, di et hoxyet hane, dlchloronethane t ol uene,

met hanol , 1et hanatesi §6paBPAROL, hatudspr prerabhylg Woxt ubeutsal weatr @b THE and
nmet hanol is used. The suitable acid catalyst includes p-toluenesulfonic

aci d, pyrapboatupt poutsl uersepddedi CVRCtdn @t Hpmeses { H8d Co@ch dmethod
trifluoronethanesul fonic acid, trifluoroacetic acid, canphorsulfonic acid,
hydr ochl odescaibdd, sabtuekampiéed, iacat documend, (gagdbpheter. aRkg., No.
p-tol uenesul fonic acid is used. The above reaction can be perfornmed
normal |y 260 phgaet 2438C10904)about 100C, preferably from about OC to about
60C for about 10 minutes to about 24 hours, preferably for about 2 hours to
about 5 hfai841l n thiThetepactionecornuervingf Compospdr ¢VI) to
Compound (VII) can be achieved by performing a reaction with a
suitable acid catalyst in a suitable solvent together with a
deprotection step. The suitable solvent includes THF,
dimethoxyethane, diethoxyethane, dichloromethane, toluene,
methanol, ethanol, isopropanol, and preferably a mixture
solvent of THF and methanol is used. The suitable acid
catalyst includes p-toluenesulfonic acid, pyridinium-p-
toluenesulfonic acid, methanesulfonic acid,
trifluoromethanesulfonic acid, trifluoroacetic acid,
camphorsulfonic acid, hydrochloric acid, sulfuric acid, acetic
acid, and preferably p-toluenesulfonic acid is used. The
above reaction can be performed normally from about -78°C to
about 100°C, preferably from about 0°C to about 60°C for about
10 minutes to about 24 hours, preferably for about 2 hours to
about 5 hours. In this step, isomerization of the spiro
moiety occurs simultaneously with cyclization, and a compound
with desired steric configuration can be obtained.
[0105] The reaction converting Compound (VII) to

Compound (VIII) can be achieved by performing a reaction with

a suitable oxidizing agent in a suitable solvent. The



noi ety occurs sinmultaneously with cyclization,

steri.c configuration can be obtained. [0105] The reaction converting

Compound (VIl) to

with a suitable oxidizing agent in a suitable solvent. The 36 suitable

sol vent

and preferably dichloronethane is used. 3gThe suitabl e oxidizing agent
i ncl udes Dess-Martin reagent, TPAP-NMO, DMSO acetic anhydride, DMSO oxal yl

chl ori de. 5, 1PHFRCS61 JLRY! 81 GRESTHGcAELIRULRURES 3Chda:flioRYEkdbig.
pref erabl y nmanganese dr oxi ed. e e per
normal |y EBPﬁéﬂQOHﬁd'%§%%%8,a§HHtp%ggéraﬂigfﬁﬁéhhéggﬁggkﬁﬁguasogsga about

25C (roomtenperature

e IS us above reacti'on "can

about "10 mnutés to a

for aboutrle hQHitaBQéoékiahlgiﬁgasbgﬁe ¢ARYRREL"8ERMTHAYRE n( YehyknkO

Compound (1 X) can be achi eved

netal reagppp-kMoa BMbbahbetsel ¥8Ayarihe, BMsbaBka19al ¥eibriifel udes THF,

di et hyl

et her, di met hoxyet hane, di et hoxyet hane, di Chl oronet hane and

tol uene, mafghheter abbyiadliFcarofiet Bk dethekur cuaeda ,Thgﬁsyﬁﬁ@iﬁe aryl

nmetal reagent includes aryl magnesium halide and aryl |it

reaction gag peeperhplyeflanghfiBkkydibaiiabeyt usé8C tehabavéve 2b&att DM
tenperature) for about 10 mnutes to about 2 hours, preferably for about 1

hour. [0184} Bhepeeasthed AeRMENiyNErcATABERAE (hEPcto SBHREURESE X) can be
achieved by performng a reactionwith a suitable reducing reagent in a

sui tabl e pek¥ephbiyhersmi b8BLE 0°C to about 25°C (room temperature) for

about 10 minutes to about 24 hours, preferably for about

1 hour.

[0106] The reaction converting Compound (VIII) to
Compound (IX) can be achieved by performing a reaction with a
suitable aryl metal reagent in a suitable solvent. The
suitable solvent includes THF, diethyl ether, dimethoxyethane,
diethoxyethane, dichloromethane and toluene, and preferably
THF or diethyl ether is used. The suitable aryl metal reagent
includes aryl magnesium halide and aryl lithium. The above
reaction can be performed normally from about -78°C to about

25°C (room temperature) for about 10 minutes to about 2 hours,

preferably for about 1 hour.

[0107] The reaction converting Compound (IX) to

Compound (X) can be achieved by performing a reaction with a
suitable reducing reagent in a suitable solvent. The suitable
solvent includes dichloromethane, dichloroethane, acetonitrile
and toluene, and preferably dichloromethane or acetonitrile is
used. The suitable reducing reagent preferably includes
trifluoroboron-diethyl ether complex and triethylsilane. The

above reaction can be performed normally from about -78°C to

ium The above

and a conpound wth desired
Compound (VII1) can be achi eved by perform ng a reaction

I ncl udes di chl oromet hane, 1, 2-dichl oroethane, toluene and xyl ene,

and

or ned
ours, preferably

y performng a reaction with a “suitable aryl
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sol vent includes dichl oronethane, dichloroethane, acetonitrile and toluene,
and preferably dichl oronethane or acetonitrile is wused. The suitable
reduci ng reagent preferably includes trifluoroboron-diethyl ether conplex
and triethylsilane. The above reaction can be perforned nornally from about
-78C to 37 about 25C (roomtenperature), preferably fromabout -40C to
about 25C (roomtenperature) for about. X3 minutes to about 6 hours,
preferably for about 1 hour to about 2 hours. [0108] The reaction

S?RYELLEI“%&}%EE%%?néﬁ%o@%eécﬁé%%"%ﬂ%éiL)%f’é{%:?a}fée%%%én‘ag%?{?? AT Edeont 1 n
i T ' ' HF :

met hanol » SEORENer Gt ShEr SerEr Ao e ok "SRpVECHS heBhed FarFBRT cagent

| ncludes pahbags um£a£RoRL 3P0 BYIRBAER 10ABuPEL! aBLHE BYbRtkde- carbon and
hydr ogen gas, boron trichloride, boron tribrom de, boron

trichloriﬂsléhgﬁthyl TﬁyliégstfeﬂpésﬁvePQiﬂg &5ﬁ§%§ﬁagg§)dksthy' et her

conplex and ethane thiol, boron trifluoridée-die er conpl ex and

di methyl gyhbblfa PRLPNoE' tAB! pridenkeihaBREA¥hbEAACHE. atRdEYBu Byani de,
sodi um et hanet hiol, and preferably palladi umcarbon and hydrogen gas, or

boron trigbi-esifengent aERERYbACHIGACAl SuitaBle dBBeARYIELIBACHAGR]N iRE
performed normal |y fromabout -78C to about 100C, préeferably frdom about

-78C to aQoyghi€akble(E820heNPErRd Us @l t491e 30Oredt NONEL Qe 8 DBIE , 24t RQUT S,
preferably for about 2 hours. In the case of reaction using

pal | adi umaeathea, andthydbegestdanolt hadr aaehiorom@yhaheceethe ssaotabyei n the
presence of a catalytic anount of an acid, specifically hydrochloric acid.
debenzylation reagent includes palladium-carbon and hydrogen
gas, palladium hydroxide-carbon and hydrogen gas, boron
trichloride, boron tribromide, boron trichloride-dimethyl
sulfide complex, boron trifluoride-diethyl ether complex and
ethane thiol, boron trifluoride-diethyl ether complex and
dimethyl sulfide, boron trichloride-pentamethylbenzene, sodium
cyanide, sodium methanethiol, and preferably palladium-carbon
and hydrogen gas, or boron trichloride-pentamethylbenzene is
used. The above reaction can be performed normally from about
-78°C to about 100°C, preferably from about -78°C to about 25°C
(room temperature) for about 1 hour to about 24 hours,
preferably for about 2 hours. In the case of reaction using
palladium-carbon and hydrogen gas, the reaction may proceed
smoothly in the presence of a catalytic amount of an acid,
specifically hydrochloric acid.
[0109] Compound (III) of Scheme 1 can be synthesized by a
process shown in Scheme 2, Scheme 3 and Scheme 4:

Scheme 2

[0110] [Formula 12]
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[0109] Conpound (I111) of Schenme 1 can be synthesized by a process shown in
Schene 2, Schenme 3 and Schene 4: Schene 2 [0110] [Formula 12] 38 C Cd d
Bromi zation | Halogenation | X1 ~& 0 Af, Br X."1 r Br (XI) (XI1) (X11)

Cl Cl Substitution ORa Hydrolysis OH Reaction RaO Br OH Br (XIV) (111
R11=Cl) wherein X1 is a hal ogen atom such as a brom ne atomand a chlorine
atom and Ra is an acyl group such as Chkgo _ al kyl carbonyl and aryl carbonyl .
[0111] The reaction converting Conpound (XI) to Compound (XI1) can be

achi eved by performng a treatnent W|th bromne in the presence of the iron
powders. SpecCfkically, it can be pe kfornmed foll ow ng a Qlet hod described in

a docunent ( Prakt._ Chem 1889 L3 2 [ 0J42] ~The reaction
converting ound (B(PF)'ZQQP” Co d (XH%%‘%GEQ ORe mﬁ ed<by perforning
a reaction-w a surtabte—rhal ogengti on reagent—»n a-suptabl e sol vent. The
sui tabl e sol vent includes ethyl acegate, ethyl acetatyg-water, and
preferably ethyl acetate is used. e suitable halogenfrion r eagent

i ncl udes N—bQ%ﬂDsuccininide-Z,Z'-(X”)

i
Cl Cl
Substitution ORa Hydrolysis
Reaction R Yo OH
Rao Br OH Br
(XIV) (: R"'=ClJ)

wherein X' is a halogen atom such as a bromine atom and a
chlorine atom, and Ra is an acyl group such as C;_g
alkylcarbonyl and arylcarbonyl.

[0111] The reaction converting Compound (XI) to Compound
(XII) can be achieved by performing a treatment with bromine
in the presence of the iron powders. Specifically, it can be
performed following a method described in a document (J. Prakt.
Chem., 1889 <2>39, page 402).

{0112] The reaction converting Compound (XII) to
Compound (XIII) can be achieved by performing a reaction with
a suitable halogenation reagent in a suitable solvent. The
suitable solvent includes ethyl acetate, ethyl acetate-water,
and preferably ethyl acetate is used. The suitable
halogenatioh reagent includes N-bromosuccinimide-2,2'-
azobis(isobutyronitrile), N-bromosuccinimide-benzoyl peroxide,
sodium bromate-sodium hydrogen sulfite, N-chlorosuccinimide-
2,2'-azobis(isobutyronitrile), N-chlorosuccinimide-benzoyl

peroxide, sulfuryl chloride-2,2'-azobis(isobutyronitrile), and



azobi s(isobutyronitrile), N-bronmosuccini m de-benzoyl peroxide, sodium

br omat e- sodi um hydrogen sul fite, N-chlorosuccini m de-

2,2' -azobis(isobutyronitrile), N-chlorosuccinimnmde-benzoyl peroxide,

sul furyl chloride-2,2'-azobis(isobutyronitrile), and 39 preferably

N- br onosucci ni m de- 2, 2' - azobi s(i sobutyronitrile) is used. The above
reaction can be perfornmed normally fraomsgpaut 25C (roomtenperature) to
about 150C, preferably from about 100C to about 120C for about 10 hours to

about 24 Peférabpgeﬁeaemnxstle&ﬂmﬁmeubeé tezageg;ﬂsomt& oﬂﬁlcﬁheﬁggsb

reaction converting Conpound (XIII) to oun be achi ev

per form ngs@q! eagid Ubdd Nr@ac bl 3b4s sérpéw&ﬁa@d rR8BRAL1Y nfﬁoﬁuaﬁé@c e
solvent. The suitable solvent includes dinethylfornmam de, acetonitri

di met hoxygghanerodih h&’émﬁéﬁé@&ﬁe% apgl MBELET BDhot, PrEdd Py @Bnﬁ%oﬁlﬁlsed

The suitabl e carboxyl ate reagen I ncl udes” sodi‘um acet at e,” potassi um acet at e

and sodi ufphenzast £ ouNth Pt Ryl diI AR &l dvodiSess Hlgrfbove
reaction can be perforned normal Iy from about 25C (room tenperature) to

about 100fprepeehBlgbkyrat sahedtit8eCtboababeut holeur to about 24 hours,
preferably for about 3 hours. [0114] The reaction converting Conpound (XIV)

to ConpoupdifBll) canThe ashcevefl bynpertonyi 06mpohAAC{KIMIW th a suitable
base reagent in a suitable solvent. The suitable solvent includes

t et rahydr gbmpannat KADVl) - sahebe atchtiegkddbef peatfiormihgna reaicdion with a
et hanol -wat er, nethanol -water, and preferably tetrahydrofuran-ethanol -wat er
I s used. $hetabliet abrboligdiateeagagenitndhudesuiddblem spdvextde, Thet assi um
hydr oxi de, |ithium hydroxi de, potassium carbonate, sodium
suitable solvent includes dimethylformamide, acetonitrile,
dimethoxyethane, ethyl acetate, and preferably
dimethylformamide is used. The suitable carboxylate reagent
includes sodium acetate, potassium acetate and sodium benzoate,
and preferably sodium acetate is used. The above reaction can
be performed normally from about 25°C (room temperature) to
about 100°C, preferably at about 80°C for about 1 hour to about
24 hours, preferably for about 3 hours.
[0114] The reaction converting Compound (XIV) to
Compound (III) can be achieved by performing a reaction with a
suitable base reagent in a suitable solvent. The suitable
solvent includes tetrahydrofuran-ethanol-water,
tetrahydrofuran-methanol-water, ethanol-water, methanol-water,
and preferably tetrahydrofuran-ethanol-water is used. The
suitable base reagent includes sodium hydroxide, potassium
hydroxide, lithium hydroxide, potassium carbonate, sodium
carbonate, and preferably potassium hydroxide is used. The
above reaction can be performed normally from about 0°C to

about 100°C, preferably 25°C (room temperature) to about 80°C

for about 15 minutes to about 24 hours, preferably for about
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carbonate, and preferably potassi um hydroxide is used. The above reaction
can be perfornmed normally fromabout OC to about 100C, preferably 25C (room
tenperature) to about 80C for about 15 minutes to about 24 hours,
preferably for about 40 - 3 hours to about 5 hours. [0115] Schenme 3 [0116]

[ Formul a 13] Chloromethylation *Br Cl Substitution ORa Reaction Br C RaO
Br (XV) (XVI) (XVI I) OH Hydrolysis *BrgoOH (I11: R'=Me) wherein Ra is an
acyl group such as Cl.6 al kyl carbonyl and arylcarbonyl. [0117] The reaction
converting £oaPOUPY AXMhtt 8 fBaPeuUNd (XVI) can be achieved follow ng a

met hod described in a docunent (J. Og. Chem, 1975, 40 (21), page 3101).
[0118] ThEoiggptlon coeahd | g Conpound ( XVI) to Compound (XVII) can be
achieved by a simlar process as that for converting Conpound (XII1I) to
Conmpound (XiMg1i n Schpp®rmulal[P319] The reaction converting Conpound (XVII)
to Conpound (II11) can be achieved by a simlar process as that for

cgggirtlgg Cbrpound (XIV) to Conpound (III% én Schene 2. 0120] Schene 4
a
[ I Cghﬂromethylatlon geztg;gr? n

Br RaO Br
(XV) (XVI) (XVII)
Hydrolysis OH

OH Br
(li: R''=Me)

wherein Ra is an acyl group such as C;.¢ alkylcarbonyl and
arylcarbonyl.

[0117] The reaction converting Compound (XV) to

Compound (XVI) can be achieved following a method described in
a document (J. Org. Chem., 1975, 40 (21), page 3101).

[0118] The reaction converting Compound (XVI) to Compound
(XVII) can be achieved by a similar process as that for
converting Compound (XIII) to Compound (XIV) in Scheme 2.
[0119] The reaction converting Compound (XVII) to
Compound (III) can be achieved by a similar process as that
for converting Compound (XIV) to Compound (III) in Scheme 2.
[0120] Scheme 4

[0121] [Formula 14]
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F F F Reduction Fornylation CHO OHC Br CH I Br OH Br (XVI | 1) (X X)
F Reduction | " OH i OHBr (Ill: Rl11=F) The reaction converting Conpound
(XVI'11) to Compound (XI X) can be achieved by perform ng a reaction with a
suitabl e reduction reagent in a suitable solvent. The suitable solvent
I ncl udes net hanol, ethanol and tetrahydrofuran. The suitabl e reduction
I ncl udes sodi um bor ohydri de, Jigjhi.um borohydride, |ithium alum num
hydri de and diisobutyl al um num hydride, and preferably sodium borohydride
or diisobutyl atum num hydride i¢ used. The above reaction can be perforned

r eagent

normal |y from apout -20C to abou
mnutes to ab 5 hbedyctign ef e
ref erence i% or thmsT®activy” t heres—3—O0
756, 2005Fﬁ1 12

can be achi evedBby performing a Péaction with a

r eagent

formylation r

DY y abOIMYBHOR nut 0 about 3 hours.

] The reactiopcanverting Conpoun

Orf ﬁfﬁ%ble organi ¢ base

in a it.abl e sol vent a hen a reaction with a suitable
(z(yéli)n ngz)

t. The suitabl sol vent i ncl udes (fXF, di et hyl et her,

m, No. 70, page
| X) to Conmpound (XX)

(XX)

50C_ preferably at| a 0C for about 10

As a

di mret hoxyet hane, di et hoxyet hane, toluene, and preferably THE is used. The

F
Reduction OH

——————

OH gy
(H1: R'1=F)
The reaction converting Compound (XVIII) to
Compound (XIX) can be achieved by performing a reaction with a
suitable reduction reagent in a suitable solvent. The
suitable solvent includes methanol, ethanol and
tetrahydrofuran. The suitable reduction reagent includes
sodium borohydride, lithium borohydride, lithium aluminum
hydride and diisobutyl aluminum hydride, and preferably sodium
borohydride or diisobutyl aluminum hydride is used. The above
reaction can be performed normally from about -20°C to about
50°C, preferably at about 0°C for about 10 minutes to about
5 hours, preferably about 20 minutes to about 3 hours. As a
reference cited for this reaction, there is J. Org. Chem., No.
70, page 756, 2005.
[0122] The reaction converting Compound (XIX) to
Compound (XX) can be achieved by performing a reaction with a
suitable organic base reagent in a suitable solvent and then a
reaction with a suitable formylation reagent. The suitable
solvent includes THF, diethyl ether, dimethoxyethane,

diethoxyethane, toluene, and preferably THF is used. The



42 suitable organi c base reagent includes n-butyllithium sec-butylithium
tert-butylithium nethyllithium
n-butyllithium2, 2,6, 6-tetranethyl pi peridine, n-butyllithium

di i sopropyl am ne, and preferably n-butyllithium2, 2,6, 6-
tetramet hyl pi peridine is used. The suitable fornylation reagent includes

di met hyl f or mam de, 1-fornyl piperidine.. The _ above reaction can be perforned
normal |y from about -78C to about 25C (roomtenperature), for about 10

Tt es o+ BgRegtt BeBRHiR bRLE! eLabb oI uhedol b2y R00hatnou s 10123)

The reacti on conver can be 'achi eved by

per f or i ngeg . bEAGY § O ! ht@rtsuhkgagﬁhaﬁmucrng@ ¥183980d,n @ sui tabl e

sol vent . ol vent inc nethano ethanop t et rahydr of ur an.
The sui taH'—Su'E?QP&EEhQHm"-QageBt 6' ggltilgﬁ'étﬁ Q%fipxs,dr ind uty'l HRhY
bor ohydride, Iithium alum num hy , erab |un1 orohy ride is

used. Thedé@@&ﬁrb??ihﬁ@ﬂecaanﬁe rQ?éEQBE? nﬂgh%§hhitkﬁﬂﬁﬂQbQU% 20C to about
50C, preferably rom about o about 25C (room tenperaturé), for about 5

m nut es teeebambtﬁffl?e egiaRh8f 85aBkKraabothe 10u it A1 £S£bPmy 8ROYEN 1 hour.
[0124] The conpound of Scheme 1 can be al so produced %y a nmet hod of the

fol | owi ngreghef® 2ncPeAeEE dImkehyrFolmamidea 1Slkothy1Bibepilinbl Orhb X2
A- X3 A Hal ogenati on Coupling

above reaction can be performed normally from about -78°C to
about 25°C (room temperature), for about 10 minutes to about
5 hours, preferably about 1 hour to about 4 hours.

[0123] The reaction converting Compound (XX) to

Compound (III) can be achieved by performing a reaction with a
suitable reduction reagent in a suitable solvent. The
suitable solvent includes methanol, ethanol, tetrahydrofuran.
The suitable reduction reagent includes sodium borohydride,
lithium borohydride, lithium aluminum hydride, and preferably
sodium borohydride is used. The above reaction can be
performed normally from about -20°C to about 50°C, preferably
from about 0°C to about 25°C (room temperature), for about 5
minutes to about 24 hours, preferably about 10 minutes to
about 1 hour.

[0124] The compound (X) of Scheme 1 can be also produced
by a method of the following Scheme 5:

Scheme 5

[0125] [Formula 15]



0 O0Bn 0" ; OBn 0 ,0Bn BnO OBn BnO OBn BnO OBn OBn OBn OBn (V1) (XX 1) (X
wherein R' neans the sane as Rl defined above, A neans the sane as defined
above, X2 represents a hal ogen atom and X3 represents a boron atom a
silyl atom a magnesiumatom a zinc atom a tin atomrespectively having a
substituent(s). [0126] The reaction converting Conpound (VIl) to Conpound
(XXI') can be achieved by performng a regction with a suitable hal ogenation
reagent in a suitable solvent. The suitable solvent includes

t et rahydr of urangidi chl or onet hane, di cghoroet hane, tol uene, agetonitrile,
and preferably Jdichloronmethane is used. The suitabl e hal ogenation reagent

i ncl udes car bofi tlet ©thl oride-triphe ph¥%phi nexd car bon A

t et rabrom de- pheny| Halvgepiene, thi'ogyl chl orgadgingt hi onyl om de, and
preferably caShan boehrachtoride~triple loerphesphi-res—or t Panylogghl oride is
used. The aBo ® rlaction can be Rgr ed normal |y from abgut |-20C to about
60C, prefd ; B A6utr 2B (r oom t enpe Y,>dear about 1
hour to about 2®Bhours, preferably abodBn1l hour to about 2 haBws. [0127]
The reaction chHFrting Conpound (XXl Jxxtyo Compound (X) can hg) achi eved by
performng a reaction with a suitable arylation agent (A-X3) in a suitable

sol vent i ghkkeinPRESehOftie SHMal$e B JoTihied JHFA, dtlanyt th suitable
| igand, a suitable base and a suitable additive. The suitable 44 solvent

i ncl udes EHhe dsmaklfaxyat Addee ,dixet PexyeL8ADS, adh@X886n atom, and X°

represents a boron atom, a silyl atom, a magnesium atom, a
zinc atom, a tin atom respectively having a substituent(s).
[0126] The reaction converting Compound (VII) to

Compound (XXI) can be achieved by performing a reaction with a
suitable halogenation reagent in a suitable solvent. The
suitable solvent includes tetrahydrofuran, dichloromethane,
dichloroethane, toluene, acetonitrile, and preferably
dichloromethane is used. The suitable halogenation reagent
includes carbon tetrachloride-triphenyl phosphine, carbon
tetrabromide-triphenyl phosphine, thionyl chloride, thionyl
bromide, and preferably carbon tetrachloride-triphenyl
phosphine, or thionyl chloride is used. The above reaction
can be performed normally from about -20°C to about 60°C,
preferably from about 0°C to about 25°C (room temperature), for
about 1 hour to about 24 hours, preferably about 1 hour to
about 2 hours.

[0127] The reaction converting Compound (XXI) to

Compound (X) can be achieved by performing a reaction with a
suitable arylation agent (A-X?) in a suitable solvent in the
presence of a suitable transition metal catalyst, a suitable

ligand, a suitable base and a suitable additive. The suitable



N, N- di met hyl f or mam de, N, N-di net hyl acet am de, di net hyl sul f oxi de,

1, 2-di chl oroet hane, toluene, xylene, ethanol, acetonitrile, water. The
suitable transition nmetal catalyst includes palladium nickel, cobalt,
i,ron. The suitable ligand includes triphenyl phosphine, tri-tert-butyl
phosphi ne, 2, 2'-bis(di phenyl phosphi no)-1, 1" -bi napht hal ene (Bl NAP)

1, 2- bi s(di phenyl phosphi no) et hane (dppe) .44 1, 3-bi s(di phenyl phosphi no) pr opane
(dppp), 1,4- bis(diphenylphosphino)butane (dppb),

1,1 -bi s(djpheqy! Eﬂeigﬁbgo)rh‘i-‘”%%eth% [dhand® §i L%]Erfo@lfetgﬁaﬁ? 'n ﬁa?e

pota55|un1acetate I um acet’ate, potassium phosp unﬁp os

di pot assi §myhy $heeRYP1 POLRRRIES,, NSﬂdaeﬁb%xgﬁaéb@sm %taSS'u”1hydr0X'de

sodi um car bonat e, pot assi um carbonat e um car onat e, triet hyI am ne,

d"SOprOpdiﬁéﬁﬂ&ﬂghﬂfoxidé dhazalijelebebatfiafl- 7tHﬁﬁ@ﬁ@nexy&
1, 5-di azabi cycl 0] 4, 3, 0] - 5-nonene (DBN), sodium’ tert-butoxi pota55|um

tert- butOétﬂsnoietaa€25hxk9mieldwaeer Then, S Uk 4 2Ph81806ELL YL LR HEBS1
t et ra- n- butyl - ammoni um brom de,” tetra-n-butyl-amoni um i odi de, sodi um

bromi de, sadhtystodh8gudeBOpasshdiuR, ORldRe1NOLABAIYTN 1@dhde. THEe suitable
arylation agent (A-X3) includes arylboronlc aci d, arylboronlc acid ester,

aryl nmagnegivabhal L8ganar YhcZuges @iryphknihi pﬁbs@hihetl Rridkrt-sultgne, and
preferably aryl boronic acid is used. The above reaction can be perforned

normal |y phespabast QC2tobabeutiphdd9Tphpephenall-y ,firomiakepnth8denko about
100C, for about 10 m nutes to about 24 hours, preferably about 1 hour to

about 16(BoNAB),As,Rebis(libaeagilehaeptipogkehahlee (dppan ,aryl ati on 45

agent (A-X3), commercially avail able reagents can be used.
1,3-bis(diphenylphosphino)propane (dppp).
1,4-bis(diphenylphosphino)butane (dppb),
1,1'-bis(diphenylphosphino)ferrocene (dppf). The suitable
base includes potassium acetate, sodium acetate, potassium
phosphate, sodium phosphate, dipotassium hydrogen phosphate,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, cesium carbonate, triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5,4,0]-7-undecene
(DBU), 1,5-diazabicyclo[4,3,0]-5-nonene (DBN), sodium
tert-butoxide, potassium tert-butoxide, tetramethylguanidine.
The suitable additive includes tetra-n-butyl-ammonium bromide,
tetra-n-butyl-ammonium iodide, sodium bromide, sodium iodide,
potassium bromide, potassium iodide. The suitable arylation
agent (A-X?) includes arylboronic acid, arylboronic acid ester,
aryl magnesium halide, aryl zinc, aryl lithium, aryl tin, aryl
silane, and preferably arylboronic acid is used. The above
reaction can be performed normally from about 0°C to about
200°C, preferably from about 80°C to about 100°C, for about

10 minutes to about 24 hours, preferably about 1 hour to about

16 hours. As for arylboronic acid preferable as an arylation
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When not comercially available, it can be synthesized follow ng a nethod
described in a reference (D. G Hall, Boronic Acids: Preparation And
Applications In Organic Synthesis And Medicines. (WLEY-VCH)). [0128] The
conpounds of the present invention can be produced by a nethod of the

foll ow ng Scheme 6: Schenme 6 [0129] [Fornmula 16] R1 1 RI1 R* / OHOH 1 X2
0" 0Bn Debenzyl ati on Hal ogenation 0 0". 45QH 0'" ., OH BnO O 0O OBn HO OH HO
- OHOBn OHOH (V) (X1 1) (XXI1'1) R11 A1l X2 A Protection | i Coupling

O"C;T’p' aS%ntO(BQXE9, 88h£€rc§€1§§ a@é%hgﬁlgx§¥£geﬁlé ESRVQEG%E%%D A 0"
When not commercially available, it can be synthesized
following a method described in a reference (D. G. Hall,
Boronic Acids: Preparation And Applications In Organic
Synthesis And Medicines. (WILEY-VCH)).

[0128] The compounds of the present invention can be
produced by a method of the following Scheme 6:
Scheme 6

[0129] [Formula 16]

Debenzylation
HO
(vn
Protection
Deprotection

—

(n

wherein R!' means the same as R' defined above, A means the

same as defined above, P represents a protecting group of a

hydroxyl group such as C;.¢ alkylcarbonyl, C;., alkoxycarbonyl,
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OHOOH OH (Il) wherein R11 neans the sane as Rl defined above, A neans
the sanme as defined above, P represents a protecting group of a hydroxyl
group such as Cl1_6 al kyl carbonyl, Cl1_6 al koxycarbonyl, 46 - aryl carbonyl,
and X2 represents a hal ogen atom [0130] The reaction converting Conpound
(M1) to Compound (XXIl) can be achieved by performng a reaction with a
sui t abl e debenzyl ati on reagent in a suitygple solvent. The suitable solvent
i ncl udes di chl or omet hane, 1, 2-di chl oroet hane, hexane, toluene, and

pref er abl rgiSQ%BBR 6r?§8 ksboré?%?gﬁﬁronﬁ%%fgé ndgp szlatlon r eagent

|ncludes rrc or on rlchlorlde di met hyl

sul fide C?PB , bor tfégkggghdgoﬁbg£p¥égeégﬁﬁﬂﬁﬁsuﬁgiézngoethane t hi ol ,

boron tri oride-diet ex and~di ne boron

trichloridgy saaaneﬁgx&@e a8N8 §8ﬂh€0bﬁy3?r§€rf§9ﬁhﬂg‘g%%%%%%%k“'%&6 The

above reactl n can per OI’ITE nor mal m abou t o about

pref erabl y &ﬁ@ﬂaameuaeb3ﬁ9¥&atlehogbaaéﬁf(&aoa'g%&m%%&hurgh Eﬂ% ab@Hé 1 hour

to about 24 hours he reaction converting Conmpoun

Conpound g%%&aaiecgalbsnecEhexﬁaeayd@eh&e&ehthan@eaqtuoaiWthro%tﬁah%ab'e
hal ogenation reagent in a suitable solvent. The suitable solvent 1 ncludes

dlnethylsué&aﬁédetoﬂhaﬁbhybhar5&@te§ab1?nalehqk%bagkhaﬂb”&%hﬁhéalfO%hée s
used. The suitabl hal ogenation reagent includes trimethylsilyl chlioride,
suitable debenzylation reagent includes boron trichloride,
boron tribromide, boron trichloride-dimethyl sulfide complex,
boron trifluoride-diethyl ether complex and ethane thiol,
boron trifluoride-diethyl ether complex and dimethylsulfide,
boron trichloride-pentamethylbenzene, sodium cyanide, sodium
methanethiol. The above reaction can be performed normally

from about -78°C to about 100°C, preferably from about -78°C to

about 25°C (room temperature) for about 1 hour to about

24 hours.

[0131] The reaction converting Compound (XXII) to
Compound (XXIII) can be achieved by performing a reaction with
a suitable halogenation reagent in a suitable solvent. The
suitable solvent includes dimethylsulfoxide, dimethylformamide,
and preferably dimethylsulfoxide is used. The suitable
halogenation reagent includes trimethylsilyl chloride,
trimethylsilyl bromide, and preferably trimethylsilyl chloride
is used. The above reaction can be performed normally from
about -78°C to about 50°C, preferably at room temperature, for
about 1 hour to about 5 hours.

[0132] The reaction converting Compound (XXIII) to
Compound (XXIV) can be achieved by performing a reaction with

a suitable protecting group introducing reagent in the



trimethylsilyl brom de, and preferably trinmethylsilyl chloride is used. The
above-reaction can be perfornmed normally from about -78C to about 50C,
preferably at roomtenperature, for about 1 hour to about 5 hours. [0132]
The reaction converting Conpound (XXII1) to Compound (XXIV) can be achi eved
by performng a reaction with a suitable protecting group introducing
reagent in the 47 presence of a suitablg;base in a suitable solvent. The
sui tabl e sol vent includes tetrahydrofuran, dichloronmethane, acetonitrile,
et hyl acetate,. di hyl f or. l.de. _The .suitabl. se _i,ncl ydes
N- et hyl rr%’?ﬁ%glnl r?gfath%]\l-sglll%@rJf% grﬁsn%oﬁ'}r iad?s%el?cabt% eqr%‘)yleé’ neT™he suitabl e
protectin I Qt.r i eRqe ' Iwﬁg tiCy, ydri cetyl
chloride,gﬁgﬁﬁyﬁe %hﬂ%%%%a?%g%gte, g%ﬂéﬂﬁlh o?%@%&ﬁo%ggggxggwgg§Eﬁ%ﬁloride,
and pref g2kl 13684iC ri IS used. e r.eact i can .
%c%tw.]lfcyqfle, A el d %meg&glﬁgg@%. PReCaN18B1e

performed norma roma to ab y “at room

t enper at UkQ . of > 0 ) W ] g I on
converti ?g*bi ;%%%@ﬁ%%ﬁn?t%%l@%@% (&Qexy)'mggll egdg?}?gvnggg%yl%%§’zngl) ar
process i r eagt 08§ n n :
[ 0134] Thg %egg iogﬁggﬁve?t?ngu%gﬁggﬁngg?§XV$E?§ gEo ouﬂggfllgﬁggn be

achi eved By RAGKOHKNG IR SR Ayl a4 RA9% FRATC He iry 2

sui tabl e solvent. The suitable solvent includes nethanol, ethanol,

et hanol - Wadralor cdRirtRRite Valtdlyl (@AY IHAE ety Valiflloride, and

t et rahydrof uran- nethanol -watér, and preferably nethanol is used. The

sui tabl e phagRraRageRicdtid WY EAHL MIWHLK! dehePabavel HERRYALAX CES,
| it hi um hydroxi de, "potassi um carbonate, sodi um carbonate, and

be performed normally from about 0°C to about 50°C, preferably

at room temperature, for about 15 minutes to about 3 hours.
[0133] The reaction converting Compound (XXIV) to
Compound (XXV) can be achieved by a similar process to the
above reaction converting Compound (XXI) to Compound (X).
[0134] The reaction converting Compound (XXV) to
Compound (II) can be achieved by performing a reaction with a
suitable base reagent in a suitable solvent. The suitable
solvent includes methanol, ethanol, ethanol-water, methanol-
water, tetrahydrofuran-ethanol-water, tetrahydrofuran-
methanol-water, and preferably methanol is used. The suitable
base reagent includes sodium hydroxide, potassium hydroxide,
lithium hydroxide, potassium carbonate, sodium carbonate, and
preferably potassium carbonate is used. The above reaction
can be performed normally from about 0°C to about 100°C,
preferably at about 25°C (room temperature), for about

15 minutes to about 24 hours, preferably for about 1 hour to
about 2 hours.

[0135] Compound (XXII) of Schemes 6 can be produced by a

method of the following Scheme 7:
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preferably potassium carbonate is used. The above reaction can be perforned
normal |y fromabout OC to about 100C, preferably at about 25C (room
tenperature), for about 15 minutes to about 24 hours, preferably for about 1
hour to about 2 hours. [0135] Conpound (XXI1) of Schenes 6 can be produced
by a nethod of the follow ng Schenme 7: 48 - Schene 7 [0136] [Fornula 17] O
|OTM5 0 TMSO OTMS R R11 R11 OTMS | OP O g (XXVI) Cyclization OP OP .,OTMS "
SCH i Op Br TMSO OTMs HO OH (1V) OIwms Cg—l (XXVI'1) (XXI'l1) wherein R11 neans
t he sane gghgljnedgfi ned above and P represents a protecting group of a

hydr oxyl gfretp—stch as CL.6 al kyl carbonyl, Cl1_6 al koxycarbonyl,

aryl carbo [0137] ti converting Conpound (1V) to Conpound

( XXV1) cambggGAchievegP§§&§§%fg?ﬁing a reaction with a suitable

al kyll'ithiumreagent in asuitable solvent and then a reaction with
Compound (XXVI1) (2,3, 4, ETMVEK s- O

(trinmethylsilyl)-Gygdgicagnodl, 5-1actone),, The suitable soIvenE11 I ncl udes THF,
di et hyl ether, dimetho yeoph@réfls di et hoXyet hane,

R OP OH
op (XXVI) Cyclization
> OTM§ ———> %'m OH
OP By TMSO A NoTMms HO~"~oH
(V) OTMS OH
(XXVII) (XXIN)

wherein R'* means the same as R' defined above and P represents
a protecting group of a hydroxyl group such as C;.¢
alkylcarbonyl, C;_¢ alkoxycarbonyl, arylcarbonyl.

[0137] The reaction converting Compound (IV) to

Compound (XXVI) can be achieved by performing a reaction with
a suitable alkyllithium reagent in a suitable solvent and then
a reaction with Compound (XXVII) (2,3,4,6-tetrakis-0-
(trimethylsilyl)-D-glucono-1,5-lactone). The suitable solvent
includes THF, diethyl ether, dimethoxyethane, diethoxyethane,
dichloromethane, toluene, and preferably THF or toluene is
used. The suitable alkyllithium reagent includes
n-butyllithium, sec-butylithium, tert-butylithium,
methyllithium, and preferably n-butyllithium is used. The
above reaction can be performed normally from about -78°C to

about 25°C (room temperature), for about 10 minutes to about

2 hours, preferably for about 1 hour.

[0138] The reaction converting Compound (XXVII) to
Compound (XXII) can be achieved by performing a reaction with
a suitable acid catalyst in a suitable solvent while

completing a deprotection step. The suitable solvent includes



di chl oronet hane, toluene, and preferably THF or toluene is used. The
suitable alkyllithiumreagent includes n-butyllithium sec-butylithium
tert-butylithium nethyllithium and preferably n-butyllithiumis used. The
above reaction can be perforned normally fromabout -78C to about 25C (room
tenperature), for about 10 m nutes to about 2 hours, preferably for about 1
hour. [0138] The reaction converting Congound (XXVII) to Conpound (XXI1)
can be achieved by performng a reaction with a suitable acid catalyst in a

sui tabl e ve eti I iy t vent
i ncl udes Zg# Tﬁ%m@ghb§¥ﬁ§§§§%ha€§%€§§§§%§§§§ 1ane dﬁ%% oroﬁ%#%aggéfhéﬁéene
met hanol, netHangh, LEARKBRAN Eop%ﬂ aRbgf e ﬁﬁ'ﬁr@fgk biyCa makt¢eRe of THF and

nmet hanol 1s used. The SUItab e aC|g cata yst |ncIu§es p- t@?uenesulfonlc

acid, pyrigdhpeHEY BE Tﬁ?UQHQSHEEHQhBladeusgﬁthaﬁﬁé“§ﬁ§@&ﬁlﬁcﬁél? _ _
trifluoromet hanesul foni c acid, trifluoroacetic acid canphor sul foni c acid,

hydrochl ophga2gke. iadlhdesCpatbiuene8uil¢ondel cidNdp 9&&5&5&Qh¥P
p-tol uenesulfonic acid is used. The above reaction can be perfornmed

normal |y t£p00eABeULFoR0E heidabaetni@Bsulpbafier aeky,from about O0C to about
60C, for about 10 m nutes to about 24 hours, preferably for about 2 hours.

In this stepr1l6e6RetBahe8i18bntBbeashidr, 0 tiBiFRUYroaeitic aiciudl,t aneously with
cyclization, and a conpound of desired steric arrangenent can be obtained.

(0139] Cosmmphdrkullfohiicwatel, Rhydsoehlethynykigr, ogpl€aticbacaaqdueediky a
met hod of the follow ng Schene 8: Schene 8
acid, and preferably p-toluenesulfonic acid is used. The
above reaction can be performed normally from about -20°C to
about 100°C, preferably from about 0°C to about 60°C, for about
10 minutes to about 24 hours, preferably for about 2 hours.
In this step, isomerization of the spiro moiety occurs
simultaneously with cyclization, and a compound of desired
steric arrangement can be obtained.
[0139] Compound (II) in which R! is an ethynyl group can
be produced by a method of the following Scheme 8:

Scheme 8

[0140] [{Formula 18]
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[0140] (Fornula 18] 50 - TMs Rita | Il Coupling Desilylation ~" ,,0Bn ~'
,,OBn ~" ,0Bn Bn0 OBn Bn0O OBn Bn0O OBn OBn OBn OBn (X) (XXVIII1) (XXIX) | |
A Debenzylation "OH OHO OH COH (Il) wherein Rlla is a | eaving group
suitable for coupling reaction (for exanple, chlorine atom brom ne atom
trifluoronethanesul fonyl oxy group, etc.) and A neans the sane as defined
above. [0141] The reaction converting Cosound (X) to Conpound (XXVII1) can
be achi eved by performng a reaction wth ethynyltrinmethylsilane in a
suitable solvent in the presence of aT®Bitable transition netal catalyst, a
suitable ligand and a suitabl e base. jjhe suitable solvent ingludes THF,

di met hoxyet hane R'fi et hoxyet hane, di oxafie, N, N-di net hyl f or man{ de,
N, N- di et hyl ace ~de, di met hyl sul f oxi 1, 2-di chl or oet han

~A kuene,

xyl ene, .
y Coupling Desilylation
- oBph —mmmm .OBn
BnO oBn BnO~~~"ogn BnO OBn
OBn OBn OBn
X xXxviin)

Debenzylation

()

wherein R!!?

is a leaving group suitable for coupling reaction
(for example, chlorine atom, bromine atom,
trifluoromethanesulfonyloxy group, etc.) and A means the same
as defined above.

[0141] The reaction converting Compound (X) to

Compound (XXVIII) can be achieved by performing a reaction
with ethynyltrimethylsilane in a suitable solvent in the
presence of a suitable transition metal catalyst, a suitable
ligand and a suitable base. The suitable solvent includes THF,
dimethoxyethane, diethoxyethane, dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, 1,2-dichloroethane, toluene, xylene,
ethanol, acetonitrile. The suitable transition metal catalyst
includes palladium, nickel, cobalt, iron. The suitable ligand
includes triphenylphosphine, 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl, tri-tert-butylphosphine,



et hanol, acetonitrile. The suitable transition netal catalyst includes
pal | adi um nickel, cobalt, iron. The suitable |igand i ncludes

tri phenyl phosphi ne, 2-di cycl ohexyl phosphino-2',4",6'- triisopropyl bi phenyl,
tri-tert-butyl phosphine, 51 - 2,2'-bis(di phenyl phosphi no)-1, 1' - bi napht hal ene
(BINAP), 1, 2-bis(di phenyl phosphi no) et hane (dppe),

1, 3- bi s(di phenyl phosphi no) propane (dppp)s1l -1, 4- bi s(di phenyl phosphi no) but ane
(dppb), 1,1'-bis(diphenyl phosphino)ferrocene (dppf), acetonitrile. The
sui tabl e base_pnsludphengiphospRiaegtat ¢ -sedapitdcaleale (BIRAP3SSI UM
phosphat e, sodi um phosphate, di potassi um hydrogen phosphate, sodi um
hydroxide1,pob§§$amﬁhaﬁgnphbdphiﬁgqbmﬁhn@aqangqg, pot assi um car bonat e,
cesium carbonate, triethylamne, diisopropylethylam ne, DBU, DBN, sodium
tert-butoxi,depip@taphienflphbsphihe)pdepahet (awpphy! guani dine. The above
reaction can be perforned normally fromabout OC to about 200C, preferably
from about ,256i6( ddpheaypehakphthot)butaheut dppd¢, for about 10 m nutes to
about 24 hours, preferably for about 1 hour to about 4 hours. [0142] The

reacti on ¢onvebtisitdiphepglptoc¥XYhbl)Eetrerocenep¢dpdf()XXa¥e toad thd 12chi eved by
performng a reaction with a suitable desilylation agent in a suitable
sol vent. The ssiittablkeebaskevdnicludelsugesasstiinanalce tattkgnalodivat @cetate,
tetrahydrofuran, and nethanol is preferable. The suitable desilylation
agent i ncpodesspomaphosphadebosatdums ptiosphadar, b dipiota ssdadimu myidydgen de,
pot assi um hydr oxi de, sodi um nethoxide, tetrabutylammoni um fl uori de,
pot assi unphbgphatie.. sTddunbbydrosddei,opotas shampdyldamoxddenosedilyn f r om about
OCto
carbonate, potassium carbonate, cesium carbonate,
triethylamine, diisopropylethylamine, DBU, DBN, sodium
tert-butoxide, potassium tert-butoxide, tetramethylguaﬁidine.
The above reaction can be performed normally from about 0°C to
about 200°C, preferably from about 25°C (room temperature) to
about 100°C, for about 10 minutes to about 24 hours,

preferably for about 1 hour to about 4 hours.

[0142] The reaction converting Compound (XXVIII) to
Compound (XXIX) can be achieved by performing a reaction with
a suitable desilylation agent in a suitable solvent. The
suitable solvent includes methanol, ethanol, water,
tetrahydrofuran, and methanol is preferable. The suitable
desilylation agent includes potassium carbonate, sodium
carbonate, sodium hydroxide, potassium hydroxide, sodium
methoxide, tetrabutylammonium fluoride, potassium fluoride.
The above reaction can be performed normally from about 0°C to
about 100°C, preferably at room temperature, for about 1 hour
to about 24 hours.

[0143] The reaction converting Compound (XXIX) to

Compound (II) can be achieved by performing a reaction with a
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about 100C, preferably at roomtenperature, for about 1 hour to about 24
hours. [0143] The reaction converting Conpound (XXIX) to Conpound (I1) can
be achi eved by performng a reaction with a 52 suitable debenzylation
reagent in a suitable solvent. The suitable solvent includes

di chl oronet hane, 1, 2-dichloroethane. The suitable debenzyl ati on reagent

i ncl udes boron trichloride, boron trilbrsgm._de, boron trichloride-di nethyl
sulfide conplex, boron trifluoride-diethyl ether conplex and ethanethiol,

boron 1 L4 pgki deadherayh o8 BR" rEaERhEX 1" LTFRRNLSULdfe DOEg

trichl oride-pentanet nzene um cyani de, un1nethaneth|o€ate The

above reaéﬁi{?abﬁé”sgﬁveﬁ"tf 9hBRdaBer AREhY orbmethaheut 1- 588;)%#%%%11%9@0

preferably fromabout -78C to about 25C (room tenperature about 1 hour

to about @ﬂehgﬁiﬁabigléébeﬁagmaﬁﬂgn(Ebhgbﬂt“@hEhuBés'%o%@nekgﬁgﬁhogﬁﬁgp can
be produced by a nethod | ow ng Schene 9: Schene 0145] [Fornul a

19] TV Bbedn! tribroRidd, Apbresi Hhehu@hde @emalhya Qﬁmf%%%bﬁ@néxo oP
0 06.. "OH PO OP 0 HO OP PO
boron trlfluorlde-dlethyl ether complex and ethanethiol, boron
trifluoride-diethyl ether complex and dimethylsulfide, boron
trichloride-pentamethylbenzene, sodium cyanide, sodium
methanethiolate. The above reaction can be performed normally

from about -78°C to about 100°C, preferably from about -78°C to
about 25°C (room temperature) for about 1 hour to about

24 hours.

[0144] Compound (II) in which R! is an ethynyl group can
be produced by a method of the following Scheme 9:

Scheme 9

[0145] [Formula 19]

R11a

A Desilylation
Deprotection

wherein R!!®

is a leaving group suitable for coupling reaction
(for example, chlorine atom, bromine atom,
trifluoromethanesulfonyloxy group, etc.), P represents an
appropriate protecting group and A means the same as defined

above.

[0146] The reaction converting Compound (XXV) to
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(XXV) QP OH (XXX) (Il) wherein Rla is a |leaving group suitable for
coupling reaction (for exanple, chlorine atom brom ne atom
trifluoromet hanesul fonyl oxy group, etc.), P represents an appropriate
protecting group and A neans the sanme as defined above. [0146] The reaction
converting Conmpound (XXV) to 53 Conpound (XXX) can be achieved by
performng a reaction with ethynyltrimgjfiylsilane in a suitable solvent in
the presence of a suitable transition netal catalyst, a suitable |ligand and

a sui tabl gf,m@aﬁndﬂamﬁ Fall gesalrie ea“%k%%gif%%ﬁﬁﬁ d Hefiorion with

tetrahydr di' met or mam I oxa uene
di met hoxy ; I et,o ui

transit o%‘tﬁéﬂiﬁtégﬁgﬁh l%ﬁ%é%éﬁ SR St %ﬂﬁta tpt‘%%ﬁwe
pref er abl %engl Eaﬁttams $38d4 £106 miitlahalisd dyaand o e 11
trlphenylp osphi ne |cyc ohexylphosphlno 6'-trilsopropy |p enyI

tri-tert-Rukylphgrhibage .2, '?hebbﬁi‘éhﬁ'ﬂ@n¥b}?08ﬁ9hhﬂelu&e§ acQ'tBﬂE@S:EQEene
(BINAP), 1, 2- bls(dlphenylphosphlno)ethane (dppe),

1, 3- bi s(diraheankaheERtian0) RIGRAMY (dtitni del, 4abR4sb phamméeﬁ?iemeek@abane
(dppb) 1,1 - bls(dlphenylphosphlno)ferrocene (dppf), acetoni ,

pref erabl )toau@h%ychg.ﬁ@&‘ﬂo&@%?cﬂh'&'n@ &nd? pre ferldbliys (et HifneNvls ivsdised.

The suitable base includes potassium carbonate, sodium carbonate, cesium
car bonat e The0@udMadd el aliréun sQaides iméPalC atal y s3OoGindNdael PdidesdiRm, assi um

hydr oxi de, potassi um phosphat e, sodi um phosphate, di potassi um
nickel, cobalt, iron, and preferably palladium is used. The
suitable ligand includes triphenylphosphine,
2-dicyclohexylphosphino-2"',4"',6'-triisopropylbiphenyl,
tri-tert-butylphosphine, 2,2'-bis(diphenylphosphino)-1,1"'-
binaphthalene (BINAP), 1,2-bis(diphenylphosphino)ethane (dppe),
1,3-bis(diphenylphosphino)propane (dppp).
1l,4-bis(diphenylphosphino)butane (dppb),
1,1'-bis(diphenylphosphino)ferrocene (dppf), acetonitrile, and
preferably 2-dicyclohexylphosphino-2',4"',6"-
triisopropylbiphenyl is used. The suitable base includes
potassium carbonate, sodium carbonate, cesium carbonate,
sodium acetate, potassium acetate, sodium hydroxide, potassium
hydroxide, potassium phosphate, sodium phosphate, dipotassium
hydrogen phosphate, triethylamine, and preferably sodium
carbonate or cesium carbonate is used. The above reaction can
be performed normally from about 0°C to about 120°C, preferably
at about 25°C (room temperature), for about 1 hour to about
24 hours, preferably for about 1 hour to about 4 hours.
[0147] The protecting group P of Compound (XXX) is
preferably an acetyl group, a benzoyl group, a methoxycarbonyl

group, an ethoxycarbonyl group. The reaction converting
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hydr ogen phosphate, triethylamne, and preferably sodium carbonate or

cesi um carbonate is used. The above reaction can be perforned normally from
about OC to about 120C, preferably at about 25C (roomtenperature), for
about 1 hour to about 24 hours, preferably for about 1 hour to about 4

hours. [0147] The protecting group P of Conpound (XXX) is preferably an
acetyl group, a benzoyl group, a methaxygarbonyl group, an ethoxycarbonyl
group. The reaction converting 54 Conpound (XXX) to Conpound (I1) can be

hi d f ] i i itable. b [ it abl.
ol vent . ubSuit: TR (Bol EaFbPRERLED neBHahE “CudRiRg BriaBlr o
tet rahydrgfyéggti e oPht 'Lﬁitgggepégfs%r {R! ¥ URLR3RIL '31’6?:%@. ’tmg :
sui t abl e Haseé” I ncT udes pot assitim car bonat &, Sodium  carBbonat e, "potassi um

hydr oxi desufm?géiég‘ E‘éf,ggQéEdEnciﬂﬂlaH”}ne‘EBEH%i dggrelréﬁgrlpr g%%%b' y potassium

carbonate Is u above reaction can be red norral |y from about

0C to abgafcr&gg&?ﬁoﬁﬁfaﬁtaagxtagg&ggte,%ﬁd( TR AR qﬁé;zﬁnoelf ofs ghoyt 1

hour to about ours, prefera r about about hour s.

[0148] CO'FHQUEQiﬁlei_eiBaE’Qi ¢HcRaaks pBtaksyin carBURatd) spaifpoduced by a
met hod of the followng Schene 10: Schenme 10 [ 0149] fFornuIa 20] 55 - R OH
Rii XZ HOBafbbhhte! BBtassith R9URbkAde, BBAiumORyEHOxAGRLYLBHLAM
methoxide, and preferably potassium carbonate is used. The
above reaction can be performed normally from about 0°C to
about 100°C, preferably at about 25°C (room temperature), for
about 1 hour to about 24 hours, preferably for about 1 hour to
about 3 hours.
[0148] Compound (II) in which R? is an alkynyl group can
be produced by a method of the following Scheme 10:

Scheme 10

[0149] [Formula 20]
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PO- OPPO- OPOP OP (XXIV) (XXXI) R R I~111 O ,,0P Alkylation Q
OP R POPO OP OP OP OP (XXXI'l') (XXXI'1'l') Deprotection\ R' Deprotection\
R>>0 O',- _ OH0,,, OHR HOHOOHOH OHOCH (Il) (I'l) wherein RL"
means the sane as Rl defined above, X2 represents a hal ogen atom and P
represents an appropriate protecting group of a hydroxyl group, and R is a
Cl 4 al kyl which may be substituted w tgs-OR4. [0150] For protecting group
P of Compound (XXIV), an ether-type protecting group such as a benzyl

group, a p-nethoxy benz§l group and an allyl group is preferable, and a
benzyl group |sR@art|cuI Iy preferabla11 [0151] The reaction converting

Conmpound ( XXl XXXI') ¢ I eved by performng a reaction
with a p-for he%?lat|o EHE (prg p- f or nyl phenyl boroni c 56
CH .
OP Coupling o Acetylation
. . - .
PO ~NOP PO ~op
oP OP
(XXIV) (XXX1)

XXX

Deprotection\

wherein R!! means the same as R' defined above, X® represents a
halogen atom, and P represents an appropriate protecting group
of a hydroxyl group, and R' is a C;.4, alkyl which may be
substituted with -OR‘.

[0150] For protecting group P of Compound (XXIV), an
ether-type protecting group such as a benzyl group, a
p-methoxy benzyl group and an allyl group is preferable, and a
benzyl group is particularly preferable.

[0151] The reaction converting Compound (XXIV) to
Compound (XXXI) can be achieved by performing a reaction with

a p-formylphenylation agent (preferably, p-formylphenylboronic
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acid) in a suitable solvent in the presence of a suitable transition netal
catalyst, a suitable ligand, a suitable base and a suitable additive. The
sui tabl e sol vent includes THF, di net hoxyet hane, diethoxyethane, di oxane,
N, N- di met hyl f or mam de, N, N-di net hyl acet am de, di net hyl sul f oxi de,

1, 2-di chl or oet hane, tol uene, xylene, ethanol, acetonitrile, water. The
suitable transition netal catalyst inclggdes palladium nickel, cobalt,
iron. The suitable ligand includes triphenyl phosphine, tri-tert-

butyl phospBig¢. i3, &' shitaghBheBYBReSRAT RAL- §réseh'caa%t Ralseng apag! NAP) ,
1, 2- bi s(di phenyl phosphi no) et hane (dppe), bi s(di phenyl phosphi no) propane

(dppp), %rénbhﬁ&ahphe@uhpaa%ahyaQ)batgﬁgteénabhag%ﬁ@ a suitable base
1, 1' - bi s(di phenyl phosphi no)ferrocene (dppf). The suitable base includes

pot assi unpAgehakaitapdeUAHAEREFEE, PRSASSi HAb1ENosPRehE, 1880L88s Phasphat e,
di pot assi um hydr ogen phosphate, sodi um hydroxi de, potassi um hydr oxi de,

sodi um cagbme@hexyebhhfssi aiethbRYedhaneGedivXag@r,bonate, triethylam ne,
di i sopropyl et hyl am ne, 1, 8-di azabicyclo[5,4,Q-7-undecene (DBU), _
1, 5- di azaRi, Nyalimk¢nhgl@briamadene N( NBEimetngilade taarilgehut oxi de, potassium
tert-butoxide, tetranethyl guanidine. The suitable additive includes
t et r a- n- batimeanyeulfokiasi, de, 2 -ddchdorroktthyhamoiluenieqdixgdengqdi um
brom de, sodiumiodide, potassium brom de, potassiumiodide. The above
reacti on eahanbé,pactaonedradenakiayekr.onThbostiiO&ble abansifOOR, mptaier ably
from about 80C to about 160C, for about 10 mi nutes to about 24 hours,
pr ef er abl gagbdystlingilndess pad laddum, 16 ilkdels. cobal%?] itioa.r efbéi on
converting Conmpound (XXXlI) to 57
suitable ligand includes triphenylphosphine, tri-tert-
butylphosphine, 2,2'-bis(diphenylphosphino)-1,1'-binaphthalene
(BINAP), 1,2-bis(diphenylphosphino)ethane (dppe),
1,3-bis(diphenylphosphino)propane (dppp).
1,4-bis(diphenylphosphino)butane (dppb), and
1,1'-bis(diphenylphosphino)ferrocene (dppf). The suitable
base includes potassium acetate, sodium acetate, potassium
phosphate, sodium phosphate, dipotassium hydrogen phosphate,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, cesium carbonate, triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5,4,0]-7-undecene
(DBU), 1,5-diazabicyclo[4,3,0]-5-nonene (DBN), sodium
tert-butoxide, potassium tert-butoxide, tetramethylguanidine.
The suitable additive includes tetra-n-butylammonium bromide,
tetra-n-butylammonium iodide, sodium bromide, sodium iodide,
potassium bromide, potassium iodide. The above reaction can
be performed normally from about 0°C to about 200°C, preferably
from about 80°C to about 160°C, for about 10 minutes to about

24 hours, preferably about 15 minutes to about 16 hours.

[0152] The reaction converting Compound (XXXI) to



Compound (XXXl 1) can be achieved by reacting a suitable base and a suitable
et hynyl ati on agent in a suitable solvent. The suitable solvent includes
THF, di met hoxyet hane, di et hoxyethane, di oxane, dichl oronethane,

1, 2-di chl or oet hane, toluene, xylene, nethanol, ethanol, and preferably a

m xture solvent of THF and nethanol is used. The suitable base includes

pot assi um carbonate, sodi um carbonate, ss0di um hydroxi de, potassi um

hydr oxi de. The suitabl e ethynyl ati on agent i ncl udes

di met hy| (éaﬂprargﬁfﬂxszxszmpxghpeeseegegbsa @géageﬁnpeacfsmr&fab&%n bSe

performed no y from about OC to about preferably from about 0OC to

about 25Cafp0gNshgFRBLA! BERYnylak 10APAYEnt0 il BULES +h® 130l vhG thoukke
preferably about 3 hours to agout 5 hours. D methyl (1-di azo- 2- oxopropyl)

phosphonatgi tHgaB! 8oageakt qh@madégirnrﬁmﬁimeﬁﬁakié*ﬁam@he&iéﬁﬁox%ffhane,
exanple, by followi ng a nethod described in a docunent (Eur. J. g. Chem,

page 821, a28@3he,[ @16BloFBRetaaGk], 01, 20AYShl bRYcERARRUNG o1 1ERL!,) A ene,
Compound (XXXI'I1) can be achieved by performng a reaction wth a suitable

base in ams¥hhabhe &Qh&ﬁal,aﬁﬁdtPQ%f@rb%§9thQﬂikWh&@ FoIWiehnabloF &y ladld nY
agent. The suitable solvent includes THF, diethyl ether, dinethoxyethane,

di et hoxyemB&Ranolt ekuased.antherehetably B&bei snusedes Thetaysianl e base

i ncludes n-butyllithium sec-butylithium tert-butylithium nethyllithium

and pref ecakbbynatkyt gblituhi ¢arbsnated. sbdaums hiyidabixa del,k ploataissg uagent

i ncl udes al kyl halide, aldehyde, ketone, and preferably alkyl halide is

used. Thehghev&ideeacThensaahabkepethpnpkdtionnagéntf inglallest - 78C t o about

25C (room tenperature), for about 1 hour to about 5 hours. 58
dimethyl(1l-diazo-2-oxopropyl)phosphonate. The above reaction
can be performed normally from about 0°C to about 120°C,
preferably from about 0°C to about 25°C (room temperature), for
about 10 minutes to about 16 hours, preferably about 3 hours
to about 5 hours. Dimethyl(l-diazo-2-oxopropyl) phosphonate
usable as an ethynylation agent can be synthesized, for
example, by following a method described in a document (Eur. J.
Org. Chem., page 821, 2003).
[0153] The reaction converting Compound (XXXII) to
Compound (XXXIII) can be achieved by performing a reaction
with a suitable base in a suitable solvent and then a reaction
with a suitable alkylating agent. The suitable solvent
includes THF, diethyl ether, dimethoxyethane, diethoxyethane,
toluene, and preferably THF is used. The suitable base
includes n-butyllithium, sec-butylithium, tert-butylithium,
methyllithium, and preferably n-butyllithium is used. The
suitable alkylating agent includes alkyl halide, aldehyde,

ketone, and preferably alkyl halide is used. The above
reaction can be performed normally from about -78°C to about

25°C (room temperature), for about 1 hour to about 5 hours.



i

[ 0154] The reaction converting Conpound (XXXIl1) or Conpound (XXXII1) to
(I'l') is a deprotection reaction and renoval of benzyl group, which

Conpeund
is prefer
reaction
sui tabl e

red as a protecting group, can be achieved by perform ng a
with a suitabl e debenzyl ation reagent in a suitable solvent.
sol vent includes dichl oronethane, 1, 2-dichloroethane. The suit

debenzyl ati on reagent includes boron trigchl oride, boron tribrom de, bor

trichlori

de-di net hyl sul fide conplex, boron trifluoride diethyl ether

G ot iyl ShOHPAL Bor ofhe  FRRRF 47D okOBERF kB G BbBsafe (EESERITPE) ani e,
sodium ngLhangh bl pkakeraNdoPEEhBEARLY (89500 <t bl GULOLkder o reaction

pent anet h
from abou
t o about
hours to

y nzene'1's USe he "abover i on can per nor mal |

oed FepoPaB Bt veeys BE0ups P e, deC brePeFEB A Al T o

B S R e R S R s s g
[ 0156] [F?%gﬂlgogéltgglé g@b@h&y ighireééeé% EBCE buedphe"2oPent .

Depr ot ect

,. ,OP 00,,,. 7lop PO -
The suitable solvent includes dichloromethane,

1,2-dichloroethane. The suitable debenzylation reagent
includes boron trichloride, boron tribromide, boron
trichloride-dimethyl sulfide complex, boron

trifluoride diethyl ether complex and ethanethiol, boron
trifluoride-diethyl ether complex and dimethylsulfide, boron
trichloride-pentamethylbenzene, sodium cyanide, sodium
methanethiolate, and preferably boron trichloride-
pentamethylbenzene is used. The above reaction can be
performed normally from about -78°C to about 25°C (room
temperature), preferably from about -78°C to about 0°C, for
about 1 hour to about 7 hours, preferably for about 2 hours to
about 3 hours.

[0155] The compound (II) in which R® is an alkynyl group
can be produced by a process of the following Scheme 11:
Scheme 11

[0156] [Formula 21]

The
abl e
on

y
-78C

nyl
11



oP OP (XXIV) (XXXIV) RI11 R11 A,. OP | CH Triflation 001/ OP OP Coupling

0 POOP POOP OP OP (XXXV) (XXXVI) R11 R11 Desilylation | Or
Deprotection 0 OOP TM5 O,,0H PO CP HOOH OP OH (XXXVI1) (Il) wherein
R11 neans the same as Rl defined above, X2 represents a halogen atom and P
and P' respectively represent an appropriate protecting group of a hydroxyl
group. [0157] The reaction converting _Cggpund (XXI'V) to Conpound (XXXl V)
can be achieved by perfornming a reaction with a suitable aryl boronic acid
in a suitable solvent igHthe presence of a suitable transition netal

catal yst, a suijiable I,i; a suitablg base and a suitable additive. The

suitable solvéht in&lQidd HF dlnethoxyethane di et hoxyet hane, di oxane,
N, N- di net hyl f mxe, N, NAObget hyl acgte di met hyl sul f oxi de,
1,2-dichloro e, tol E‘ﬁf};ﬁm xyl ene, , acetonitrile, water. The
aP'ed
—_——

sui tabl e trargi, i\gﬁ, met tal yst ongl u&gs pat'| adieprotectiockel , cobal t,
i ron. The '
PO

0

Triflation O, Coupling

- O \\ —_——

PO oP

OP
(XXXVI)

Desilylation
Deprotection

——

XXXV

wherein R'! means the same as R' defined above, X* represents a
halogen atom, and P and P' respectively represent an
appropriate protecting group of a hydroxyl group.

[0157] The reaction converting Compound (XXIV) to

Compound (XXXIV) can be achieved by performing a reaction with
a suitable aryl boronic acid in a suitable solvent in the
presence of a suitable transition metal catalyst, a suitable
ligand, a suitable base and a suitable additive. The suitable
solvent includes THF, dimethoxyethane, diethoxyethane, dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide,

dimethylsulfoxide, 1,2-dichloroethane, toluene, xylene,



sui tabl e Iigand includes triphenyl phosphine, tri-tert-butyl phosphine,

2, 2" = bi s(di phenyl phosphi no) -1, 1' - bi napht hal ene (Bl NAP),

1, 2- bi s(di phenyl phosphi no) et hane (dppe), 1, 3-bis(di phenyl phosphi no) propane
(dppp), 1, 4-bis(diphenyl phosphi no) butane (dppb),

1, 1' - bi s(di phenyl phosphi no)ferrocene (dppf). The suitable base includes
pot assi um acetate, sodium acetate, potasy wum phosphate, sodi um phosphate,
di pot assi um hydrogen phosphate, sodi um hydroxi de, potassi um hydr oxi de,

sodi um cagPRAALE, aee&aﬁiwmearha@ake 'ﬁﬁé'é&@lQéﬁP@“@f&nsiﬂSﬁh&{é@&”e
di i sopropyl et hyl am ne, 1, 8- dlazablcyclo[S 4,0] -7-undecene (DBU),

1, 5- dlazaeaeamyei4lﬁcﬂhdésngagmadﬁDﬁN)nl&ﬁéuunboban& bytrexi . dephgot assi um
tert-but oxi de, tetranethyl guanidine. The suitable addi tive includes

t etra- n- bgtytasmenitigahforhdeudebetraphebyl phagphanen tedi-d@r tSedityn
broni de, sodiumiodide, potassiumbrom de, potassiumiodide. The suitable

0- pr ot ect pngsghatip, 0, a'svlik@lliphanylphesphitogcilg 1i'nelindeh t hailledre
protecting groups such as trimethylsilyl group, tert-butyldinmethylsilyl
group, triBENAPYpYlLSRlIphisgAaphenylphekpilisiol)githagheugdppe) .
tert-butyl di phenylsilyl group; and ether protecting groups such as
met hoxynethglbdgs¢dpphengllbhsgphharxy pebbrneg(dppp )t,et r ahydr opyr anyl group,
trityl group, benzyl group, p-nmethoxy benzyl group, and preferably silane
protecting,drbipsdiphengdpghospbiab)bataeact(idppbian be performed nornmally
from about O0C to about 200C, preferably from about 80C to about 100C, for
about 10 i, Adtbdst{diabenylphosphinoliferrpcener ddppfabouThé svitabdeabout 16
hours. The aryl boronic acid can be obtained by protecting a phenolic
hydr oxyl base includes potassium acetate, sodium acetate, potassium
phosphate, sodium phosphate, dipotassium hydrogen phosphate,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, cesium carbonate, triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5,4,0]-7-undecene
(DBU), 1,5-diazabicyclo[4,3,0]-5-nonene (DBN), sodium
tert-butoxide, potassium tert-butoxide, tetramethylguanidine.
The suitable additive includes tetra-n-butylammonium bromide,
tetra-n-butylammonium iodide, sodium bromide, sodium iodide,
potassium bromide, potassium iodide. The suitable
O-protecting group of a suitable aryl boronic acid includes
silane protecting groups such as trimethylsilyl group,
tert-butyldimethylsilyl group, triisopropylsilyl group,
triethylsilyl group, tert-butyldiphenylsilyl group; and ether
protecting groups such as methoxymethyl group,
methoxyethoxymethyl group, tetrahydropyranyl group, trityl
group, benzyl group, p-methoxy benzyl group, and preferably

silane protecting groups are used. The above reaction can be

performed normally from about 0°C to about 200°C, preferably

from about 80°C to about 100°C, for about 10 minutes to about



b

group of commercially avail abl e 4-hydroxyphenyl boronic acid wth a
suitable protecting group. [0158] The reaction converting Conpound (XXXl V)
to Conpound (XXXV) can be achieved by performng a reaction with a
Suitabl e desilylation agent in a suitable solvent in the case that a silane
protecting group, which is preferred as a protecting group of a phenol
hydroxyl group, is used. The suitable gal went includes tetrahydrofuran,

di ethyl ether, dinethoxyethane, diethoxyethane, dioxane,

N, N- di et byl d t hyl d
N et B! g eqebcbosk Uk oehafidfo adbfiE 1M RULERH e acy
acetoni trpbeeony@t £61q28 npbsfSB%thedtF&fﬁ?&ﬂeekgp@na! n858d 1 cT §a§uk§§b'e

desilylation agent 1ncludes tetrabutylanmoniumfl dori pot ass

fluoride, ?réﬁé'HF‘EbHﬂétéQalﬂydEQQ@ﬂaﬁhHOKLH§dr6§9bh%n q'%oerQEOQE&ar'C
acid, sulfuric acid, trifluordacetic acid, p-toluénesulfonic acid

trlethylaalag ngﬁgggﬁlglygbtg@tlagrggbﬁg hydr ogen fluoride, and preferably
t et rabut yl amoni um fluoride is use The above reaction can be perforned

normal |y foessabout -BRE réactbetit cdRPertphgf ebapbintir prxaROYt t8C to about
25C (room tenperature), for about 10 m nutes to about 24 hours, preferably

about 15 obmpbafdt OXARVYt canhber achlie¥28] byhperEaening @oreactiog wawpound
(XXXV) to Compound (XXXVI) can be achieved by perfornming a reaction with a
sui tabl e &ritlieabde agenllylataoduagahleinaohvent tablehgolpeazenge tae a

sui tabl e base. The suitable solvent includes 62 - tetrahydrouran, diethyl

et her, di pasBoxnathangiladeephroxyethage grdugxawhich, hisdipretyired @maniade,

N, N- di et hyl
protecting group of a phenol hydroxyl group, is used. The
suitable solvent includes tetrahydrofuran, diethyl ether,
dimethoxyethane, diethoxyethane, dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, dichloromethane, 1,2-dichloroethane,
toluene, xylene, ethanol, acetonitrile, water, and preferably
tetrahydrofuran is used. The suitable desilylation agent
includes tetrabutylammonium fluoride, potassium fluoride,
cesium fluoride, hydrogen fluoride, acetic acid, hydrochloric
acid, sulfuric acid, trifluoroacetic acid, p-toluenesulfonic
acid, triethylamine-hydrogen fluoride, pyridine-hydrogen
fluoride, and preferably tetrabutylammonium fluoride is used.
The above reaction can be performed normally from about -20°C
to about 100°C, preferably from about 0°C to about 25°C (room
temperature), for about 10 minutes to about 24 hours,
preferably about 15 minutes to about 5 hours.
[0159] The reaction converting Compound (XXXV) to
Compound (XXXVI) can be achieved by performing a reaction with
a suitable triflation agent in a suitable solvent in the

presence of a suitable base. The suitable solvent includes



acet am de, dichl oronet hane, 1, 2-dichl oroethane, toluene, xylene,
acetanitrile, and preferably dichloronmethane is used. The suitable base
i ncludes pyridine, triethylamne, diisopropylethylam ne,

N, N- di met hyl ami nopyri di ne, and preferably pyridine is used. The suitable
triflation agent includes triluoronethanesulfonic anhydride. The above
reaction can be perforned normally framgabqut -78C to about 25C (room
tenperature), preferably fromabout -20C to about 25C (roomtenperature),

for abo“tb%g5§h§ﬁ£3§u59 abgggtg 1h§9£8r pag&gEgg%ﬁﬁggggg 1 hour to about 6

hour s & reaction con Conmpound

(XXVI 1) &fatﬁsxgebh§y§¢3§¥0995aorﬁ1ﬁgdﬁma%ﬁg&tegmgm%ha t&lgﬁh&p@%hgltlon

acetyl ene In a suita vent in t resence o stita ran

netal cat ghyshmifesualaiiBrohbiRifle a189L5§Ehgoéaaeha§e arshibapl e additive.

The suitable solvent includes THF, "di et hoxyet hane, di ét hoxyet hane,
di oxane, x&héhé'”BEE%EBQEBEﬂbdeanN prdearhByyaaetaTodeme tHLAR! By S4khOXi de,
1, 2-di chl of oet hane, toluene, xylene, ethano acetonitrile, water, and

preferablyhehbhhéaﬂméhuhéerﬂﬁandeegspy§§dln5het%ﬂbkﬁphﬁm&hansItlOn et al
cat al yst includes palladium nickel, cobalt, iron, and preferably palladi um

I's used. Jﬂ@s@%tb%?héthymaﬁﬂnénCNUﬂealmb&h?mﬁﬁihﬁbg%@ﬁhﬁé, hhig-tert-butyl
phosphi ne, I s(di phenyl phosphi no) -1 bi napht hal ene ( Bl NAP),

1,2- blS(dpﬁaearhemys?yrmaiﬁéhaseuéaape)The1s@1@m§iél@hﬂﬂyéphgﬁpag@@ipropane
(dppp) 63 - 1, 4- bi s(di phenyl phosphi no) but ane (dppb)
1,1 - bi s(dhpheagkphesphuoephethanesalfdppt) anharidet. abte above

reaction can be performed normally from about -78°C to about

25°C (room temperature), preferably from about -20°C to about

25°C (room temperature), for about 10 minutes to about

24 hours, preferably about 1 hour to about 6 hours.

[0160] The reaction converting Compound (XXXVI) to
Compound (XXXVII) can be achieved by performing a reaction
with trimethylsilyl acetylene in a suitable solvent in the
presence of a suitable transition metal catalyst, a suitable
ligand, a suitable base and a suitable additive. The suitable
solvent includes THF, dimethoxyethane, diethoxyethane, dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, 1,2-dichloroethane, toluene, xXylene,
ethanol, acetonitrile, water, and preferably
N,N-dimethylformamide is used. The suitable transition metal
catalyst includes palladium, nickel, cobalt, iron, and
preferably palladium is used. The suitable ligand includes
triphenylphosphine, tri-tert-butyl phosphine,
2,2'-bis(diphenylphosphino)-1,1'-binaphthalene (BINAP),
1,2-bis(diphenylphosphino)ethane (dppe).

1,3-bis(diphenylphosphino)propane (dppp).



base i ncludes potassium acetate, sodium acetate, potassium phosphate,

sodi um phosphat e, di pot assi um hydrogen phosphate, sodi um hydr oxi de,

pot assi um hydr oxi de, sodi um carbonate, potassium carbonate, cesium
carbonate, triethylamne, diisopropylethylamne, 1,8-diazabicyclo[5, 4,

0] - 7-undecene (DBU), 1, 5-diazabicyclo[4, 3,0]-5-nonene (DBN), sodium
tert-butoxide, potassiumtert-butoxide, gsetranmethylguanidine. The suitable
additive includes copper (I) iodide. The above reaction can be perforned

100C, 1 or aboneso-pirat 2eAPEEhindyBsaRETIBRBRYL: o7 201§ about 1 hour 1o

éf erably about 1 hour to

Compound 11}) “RR AePheRPLph§agheal) FERKBLERR (RRET.T mhd ¥Witdv1 €,

S1 il tanegush V3 b1 ladesphvhakh af tePREEOr BbAGuR alBRLALCCLLALLIRG! T On

after performng desi atron. rotecting group s an acyl group

such as aghagﬁﬁakegreeaiuﬁ pﬁsgpﬁxkegr§5§g§?F§FhR9h§%%§§%§gbh%%pﬂatean

et hoxycarbonyl group, deprotection an atio performed

si mul t anegygh ¥mbiyAL6L2ER1, NPoRab82GH AYatbLRaR ,SWohalhe A3Benkfed SUitable
solvent. The suitable solvent includes nmethanol, ethanol, water,

tetrahydrgaeaagiuﬁcehgabhakbe,caaﬁuﬂreaebegbxe,nﬁka@&a&lhﬁiﬂéed- The
sui t abl e base includes potassium carbonate, sodium cafbonate, potassium

hydr oxi deqi $88p¥8py ¥ ehgxhfi€nesodi, g0uiBLABY cge102Rd 4009 graRlakcRakassi um
carbonate is used. The above reaction can be perforned 64 normally from

about OC yppeboul ,§08€azabetgEabI Y, 8t 03b8UhondREe (DBAN,t eReLAL Ure), for

about 1 hour to about 24 hours,
tert-butoxide, potassium tert-butoxide, tetramethylguanidine.
The suitable additive includes copper (I) iodide. The above
reaction can be performed normally from about 0°C to about
200°C, preferably from about 80°C to about 100°C, for about
10 minutes to about 24 hours, preferably about 1 hour to about
6 hours.
[0161] The reaction converting Compound (XXXVII) to
Compound (II) can be achieved by performing a deprotection
reaction simultaneously with desilylation or performing a
deprotection reaction after performing desilylation. When the
protecting group is an acyl group such as an acetyl group, a
benzoyl group, a methoxycarbonyl group, an ethoxycarbonyl
group, deprotection and desilylation can be performed
simultaneously by performing a reaction with a suitable base
in a suitable solvent. The suitable solvent includes methanol,
ethanol, water, tetrahydrofuran, acetonitrile, and preferably
methanol is used. The suitable base includes potassium
carbonate, sodium carbonate, potassium hydroxide, sodium
hydroxide, sodium methoxide, and preferably potassium

carbonate is used. The above reaction can be performed



preferably about 1 hour to about 3 hours.

benzyl ¢

i

sui t abl e debenzyl ation reagent in a suitable solvent after conducting

desilyl ation reaction by

i ncl udes
r eagent

trichlor
conpl ex

di met hyl
sodi um

pent anet
from abo
t o about
hours to
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When the protecting group is a
roup, this step can be achieved by performng a reaction with a

t he above-nmenti oned net hod. The suitabl e sol vent

di chl oronet hane, 1, 2-di chl oroet hane. The suitable debenzylation

i ncl udes boron trichloride, bargg -tribrom de, boron
i de-di met hyl sul fide conplex, boron trifluoride- diethyl et her

PRSP ELRR spBRLI Hin SR R T e MO RRh e

f efabl '
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refSfably 28084t 20ChbaLOtL LBBRET 81 HbAYs . prm{@ﬂ a@fﬁé’ﬂ; &St

C, for about 1 hour to about 7 hours, preferably for about

?@%ﬁl‘&Obléﬁzyioéﬁé’hgcoﬁnﬂynﬂtéww be &eApevBd byXXl 1) and

S of Schenmes 10 and 11 can al so be produced by the

a sultable solvent after conducting de51lylat10n reaction by
the above-mentioned method. The suitable solvent includes
dichloromethane, 1,2-dichloroethane. The suitable
debenzylation reagent includes boron trichloride, boron
tribromide, boron trichloride-dimethyl sulfide complex, boron
trifluoride-diethyl ether complex and ethanethiol, boron
trifluoride-diethyl ether complex and dimethylsulfide, boron
trichloride-pentamethylbenzene, sodium cyanide, sodium
methanethiolate, and preferably boron trichloride-
pentamethylbenzene is used. The above reaction can be
performed normally from about -78°C to about 25°C (room
temperature), preferably from about -78°C to about 0°C, for
about 1 hour to about 7 hours, preferably for about 2 hours to
about 3 hours.

[0162] Compound (XXXVII), Compound (XXXII) and Compounds
(XXXIII) of Schemes 10 and 11 can also be produced by the
following Scheme 12:

Scheme 12

[0163] [Formula 22]

Ilyiaeioﬁ5rghgéﬁt inOP

-78C



Desilylation (XXXII1): R'" = Cl.4 alkyl which may be Rii substituted with
-OR4 Alkylation '""OP 0 POOP OP (XXXI'l) wherein Rl1l neans the sanme as Rl
defined above, X2 represents a halogen atom X5 represents a boron atom a
silyl atom a magnesiumatom a zinc atom a tin atomrespectively having a
substituent(s), P represents an appropriate protecting group of a hydroxyl
group and R" is a Cl.4 alkyl which mayw g substituted with -OR4 or
trimethylsilyl. [0164] Conpound (XXXVI1) and Conmpound (XXXII1) can be
synt hesi zed by reacting Conpound (XXIV) with a suitable p-al kynyl
substituted pheg in a suitabl.e solvent in the presence of a
suitabl e transi Itable ligand, a suitable base and
a suitabl e addj TR es THF, di net hoxyet hane,
di et hoxyet han ' N, N- di et hyl acet am de,
dinethylsquOé , et hanol
acetonitrile, A R" cat al yst includes
paIIadiunb i C ui tlabl e I'i gand i ncl udes
tri phenyl phosphi roe,
2, 2' - bi s(di phenglphosphi no) -1, 1' - bi napht@pl ene (Bl NAP)
1, 2- bi s(di phenyl phosphi no) et hane (dppe), 1. 3-bi s(di phenyl phosphi no) propane
(dppp),( p y(X?(IV) p ) (dppe) OOKVI): R“=(I'MSD yi'p p ) prop
Desilylation (XXXill): R" = C4_4 alkyl which may be

/ substituted with -OR,
Alkylation

(XXX

wherein R'' means the same as R' defined above, X’ represents a
halogen atom, X° represents a boron atom, a silyl atom, a
magnesium atom, a zinc atom, a tin atom respectively having a
substituent(s), P represents an appropriate protecting group
of a hydroxyl group and R" is a C;., alkyl which may be
substituted with -OR*! or trimethylsilyl.

[0164] Compound (XXXVII) and Compound (XXXIII) can be
synthesized by reacting Compound (XXIV) with a suitable
p-alkynyl substituted phenylation agent in a suitable solvent
in the presence of a suitable transition metal catalyst, a
suitable ligand, a suitable base and a suitable additive. The
suitable solvent includes THF, dimethoxyethane, diethoxyethane,
dioxane, N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, 1,2-dichloroethane, toluene, Xylene,

ethanol, acetonitrile, water. The suitable transition metal



1, 4- bi s(di phenyl phosphi no) but ane (dppb),

1, 1' --bi s(di phenyl phosphi no)ferrocene (dppf). The suitable base includes
pot assi um acet ate, sodi um acetate, potassium phosphate, sodi um phosphate,
di pot assi um hydrogen phosphate, sodi um hydroxi de, potassi um hydr oxi de,
sodi um car bonate, potassium carbonate, cesium carbonate, triethylam ne,

di i sopropyl et hyl am ne, 1, 8-di azabi cycl.okg, 4, 0] - 7-undecene (DBU),

1, 5-di azabi cycl o[ 4, 3, 0] - 5-nonene (DBN), sodium tert-butoxide, potassium
tert-butoxi t 1ant di it ddiitive i udes
tetra-n-ﬁ%%ﬁ%%%%ﬁn%%ﬁ? @%%1'%?ig?gg?é-%¥§5§¥ra§§%§}3ﬁ1F%é¥de:ﬂ%%dium
bromi de, sofi 5 é ot dena PRE PEGELMPE A LARshyM Ladi de, Thaygyi tabl e
p- al kynyl su st%tutg phenylat%on aggﬁ%gfﬁgﬁuﬁgé cghpou%dggrﬁ &EF%E X5 is

boroni ¢ aghgspRORONI &, 8C1H1 888 Sphe ARUPRSSHAI ABY L 881 ' ZbRfaphkhbhbHE tin,
silane, and preferably boronic acid conpound is used. The above reaction

can be pe(ﬁﬂﬁﬁ?ﬂ,nP[ﬂﬁ$i¥&§iﬁﬂéﬁ§9 os%ﬁihéﬁ@?ﬂhhé”?égﬁéyte) to about 200C.
preferably fromabout 80C to about 120C, for about 10 m nutes to about 24
hours, pfefeppblyi 18h68PhiHh8) pPOPANd 6( 8 , [0165] Conpound (XXXI1)
can be synthesi zed %géﬁgé%tiﬁg Cbn%ou%d (X&%gFF§ with a suitable base in a
sui tabl e $0kveDé(dipBehPLlphPspheasFbubaMBY elppblie protecting group is
suitably a group such as a benzyl group mhlcﬁ can stand agai nst a basic 67
condi ti ony, Thep sy & 2Phen$LpNESHhiAE)H Eé@ﬁoﬂ&héaﬂabﬁfﬁ hargd , suiedle
tetrahydrofuran, acetonitrile, and preferably nethanol 1is used. The

sui t abl e base ineludes potassiuim saebabal esodsani Haeearbonpbeaspotimssi um
hydr oxi de, sodi um hydroxi de, sodi um net hoxi de, and preferably potassium
car bonat ephéspsatle, sodium phosphate, dipotassium hydrogen phosphate,

sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, cesium carbonate, triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5,4,0]-7-undecene
(DBU), 1,5-diazabicyclo[4,3,0]-5-nonene (DBN), sodium
tert-butoxide, potassium tert-butoxide, tetramethylguanidine.
The suitable additive includes tetra-n-butylammonium bromide,
tetra-n-butylammonium iodide, sodium bromide, sodium iodide,
potassium bromide, potassium jodide. The suitable p-alkynyl
substituted phenylation agent includes compounds in which X’
is boronic acid, boronic acid ester, magnesium halide, zinc,
lithium, tin, silane, and preferably boronic acid compound is
used. The above reaction can be performed normally from about
25°C (room temperature) to about 200°C, preferably from about
80°C to about 120°C, for about 10 minutes to about 24 hours,

preferably about 1 hour to about 16 hours.

[0165] Compound (XXXII) can be synthesized by reacting
Compound (XXXVII) with a suitable base in a suitable solvent.
As for this case, however, the protecting group is suitably a

group such as a benzyl group which can stand against a basic



[

The above reaction can be perfornmed normally fromabout OC to about 100C,
preferably at about 25C (roomtenperature), for about 1 hour to about 24
hours, preferably about 1 hour to about 3 hours. [0166] Conpounds (Il) in
which R2 is an al kynyl group can be produced by a process shown in the

foll owi ng Schenme 13: Schene 13 [0167] [Fornmula 23] OH R11 HOg | R11 X2 O
~1i It 0 001, %P Coupling OCZ,,, "OR Kgal avi nyl ation PO OP PO CP oP Cp
(XXIV) (XXXVI11) RI1 R i XS | 01, Dehydrohal ogenation 01, ,, ..op

0 PO PO %%X_g{; 7K e e
defi ned %ove %D andT rj?e?spéect [ vé%g/el\r{\gp%@ésgu& rﬁgﬁgélééﬁfat %ﬁ]ﬂggﬁg
represent 5,88, 68+ 2PRhQALLEL AR O%E‘értbﬂﬁtgﬁ‘ilép %daph}sé%%wlyg h%tmano[l0168l

The reaction converting Conmpound
is used. The suitable base includes potassium carbonate,

sodium carbonate, potassium hydroxide, sodium hydroxide,
sodium methoxide, and preferably potassium carbonate is used.
The above reaction can be performed normally from about 0°C to
about 100°C, preferably at about 25°C (room temperature), for
about 1 hour to about 24 hours, preferably about 1 hour to
about 3 hours.

[0166] Compounds (II) in which R? is an alkynyl group can

be produced by a process shown in the following Scheme 13:

Scheme 13
[0167] [Formula 23]

R11

: Y O O 0

Oum, Coupling o,,, Halovinylation

0O W - "0 -
PO op POAop

oP OP

(XXIV) (XXXVI)

OO

O: Dehydrohalogenation

PO OP

OP
(XXXIX)

wherein R'! means the same as R' defined above, X? and X°

respectively represent a halogen atom, and P represents an



Conpound (XXXVI11) can be achieved by performng a reaction wth

4- acetyl phenyl boronic acid in a suitable solvent in the presence of a
suitable transition nmetal catalyst, a suitable ligand, a suitable base and
a suitable additive. The suitable solvent includes THF, dinethoxyethane,

di et hoxyet hane, di oxane, N, N-di nethylformam de, N, N-di nmet hyl acet am de,

di met hyl sul f oxi de, 1, 2-di chl oroet hane,. tg@ uene, xyl ene, ethanol,
acetonitrile, water. The suitable transition netal catalyst includes

|l adi ron. . . alyst
pal 20 Uhepieselacechibiact . oFbep o heblctigandobipl oes

2,2 -bi s(dyp yl phosfihi b, n P
1, 2- bls(dF%hgﬁylphosphlngfé?%g%%n(éﬁﬁgg£e§?§3é%T§g%ﬁ§héﬁ§lp%osphlno)propane

(dppp) , @hﬁéd(QQEVYt@WOéQH|B@)Eéhﬁaeeﬁdﬁgbberformlng reaction
1,1'-b|s(d|p enylphosphlno)ferrocene (dppf) he suitabl e base includes

pot assi unyaERt 4t 8ce 89UpH %erakenléohéialﬂﬁ‘apﬁﬁiﬂaﬁhé s5Qdedi Rhogpkat e,
di pot assi um hydr ogen phosphate sodi um hydr oxi de, potassi um hydr oxi de,

sodi um capbesehee opOhashiivAbLAr beRALELi6ASMETGaER®RAVEL,t & gLRthdTene,
di i sopropyl et hyl am ne, 1, 8-di azabicyclo[5,4, J-7-undecene (DBU),

1, 5-di azapigusdo| 4, sutabisobase ahRBNh, saedable haALtBYeQXiTke POIBSELEM
tert-but oxide, tetranethyl guanidine. The suitable additive includes

t et ra- n- bgbylengoaneIudeentTer,, difiethokythdry Tl ethd0ek tieans 00d Udkane ,
brom de, sodiumiodide, potassium brom de, potassiumiodide. The above
reacti on NaN-dbheephylsormdmbdenaNl, ¥-timethbtateRai@eqom t enperature) to 69
about 200C, preferably from about 80C to about 120C, for about 10 m nutes
to about @4dmbbby3supfekaédebl §,abddchlolmoethtoe, toluene, xylene,
ethanol, acetonitrile, water. The suitable transition metal
catalyst includes palladium, nickel, cobalt, iron. The
suitable ligand includes triphenylphosphine, tri-tert-butyl
phosphine, 2,2'-bis(diphenylphosphino)-1,1"'-binaphthalene
(BINAP), 1,2-bis(diphenylphosphino)ethane (dppe),
1,3-bis(diphenylphosphino)propane (dppp).
1,4-bis(diphenylphosphino)butane (dppb),
1,1'-bis(diphenylphosphino)ferrocene (dppf). The suitable
base includes potassium acetate, sodium acetate, potassium
phosphate, sodium phosphate, dipotassium hydrogen phosphate,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, cesium carbonate, triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5,4,0]-7-undecene
(DBU), 1,5-diazabicyclo[4,3,0]1-5-nonene (DBN), sodium
tert-butoxide, potassium tert-butoxide, tetramethylguanidine.
The suitable additive includes tetra-n-butylammonium bromide,
tetra-n-butylammonium iodide, sodium bromide, sodium iodide,

potassium bromide, potassium iodide. The above reaction can

be performed normally from about 25°C (room temperature) to
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about 16 hours. [0169] The reaction converting Conmpound (XXXVII1I1) to
Compound (XXXl X) can be achieved by performng a reaction with phosphorus
oxychloride in a suitable solvent. The suitable solvent includes

di chl oronet hane, 1, 2-di chl oroet hane, toluene, xylene. The above reaction
can be perfornmed normally from about 25C (roomtenperature) to about 200C,
preferably from about 60C to about 120@9 f-or about 10 m nutes to about 24
hours. [0170] The reaction converting Conpound (XXXl X) to Conpound (XXXII)

can be achhsieda By eIl By IEAGH Aot 8y (RliaiRhle haPe | Bod sui tabl e

sol vent. The suitable 'sol vent “includes tetrahydrofuran, t hoxyet hane,

di et hoxyesbade, 10 ikates, tot 4psat, 26ehbubst apebrefiBlgUhbalke 1basari el udes
pot assi um hydr oxi de, sodi um hydroxi de, potassiumtert-butoxide, sodium

am de. Thgbeh®Vvesreraagtson can be perfornmed normally from about 25C (room
tenperature) to about 200C, preferably from about 25C (roomtenperature) to
about 80C[0ie%9]about TKe neaEtsoh Ocahvett dg hotmpoulier eXXXWEIP)otecti ng
group is suitably a group such as a benzyl group which can stand against a
basi ¢ condompound WIEXXIK$ pant bet aohigwadpbiyspapfoamihggaonpastidébnagwigh
acetyl group, a benzoyl group, a nethoxycarbonyl group, an ethoxycarbonyl
group, dephosphdoros oxgahloomndpr dneadsuatabhe sadwehitne Pinel Sotpabbe (11) is
obtai ned. [0171] Conpound (XXXI1) can be converted into a desired 70
Compound $dlyeby applougesadiéthlpeomethiang,alclrliichliponedhanke teillepsae,
described in Schenes 10-13.

Xylene. The above reaction can be performed normally from

about 25°C (room temperature) to about 200°C, preferably from
about 60°C to about 120°C, for about 10 minutes to about

24 hours.

[0170] The reaction converting Compound (XXXIX) to
Compound (XXXII) can be achieved by performing a reaction with
a suitable base in a suitable solvent. The suitable solvent
includes tetrahydrofuran, dimethoxyethane, diethoxyethane,
methanol, ethanol, tert-butanol. The suitable base includes
potassium hydroxide, sodium hydroxide, potassium tert-butoxide,
sodium amide. The above reaction can be performed normally
from about 25°C (room temperature) to about 200°C, preferably
from about 25°C (room temperature) to about 80°C, for about

10 minutes to about 24 hours. Here, the protecting group is
suitably a group such as a benzyl group which can stand
against a basic condition. When the protecting group is an
acyl group such as an acetyl group, a benzoyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, deprotection
reaction proceeds at the same time and Compound (II) is
obtained.

[0171] Compound (XXXII) can be converted into a desired



|

[0172] The production process of the conpounds of the present invention is
not l«imted to the nethods described above. The conpounds of the invention
can be synthesized, for exanple, by conbining steps included in Schenes
1-13 appropriately. [ EXAMPLES] [0173] The subject matter of the present
invention will now be described in nore detail wth reference to the
foll ow ng exanpl es and test exanples. Howmever, the present invention shal
not be limted to such subject matter. [0174] In the foll ow ng exanples, the

respectlveoa¥899h8<%gzseyt9 Lekkegkegggpggkegmiwggg Huﬁbﬁaatqaan%%i%Pﬁe_

resonance spect rum I nt st an S spect ronet ry va
HPLC: hi gcBgs! gegBREEel AuBEnEbaMabOgnaphy. [0175] The NV M5 and HPLC

were carried out using the ol I owi ng equi pnent. [0176] NVR JEOL JNM EX- 270
(270 N*E)boﬁﬁﬂ ker ARKS r&égetﬁ%ﬁ)prB@éé@noﬁbfﬁHrMoﬁgguﬁagoo@+¥ﬂe or JEQL
JNM ECP40 (400 MHz). . LCQ manufactured by Therno Finnigan, Mcromss ZQ

”HnUfaCtUBEQsQMtvéheéﬁtQBnalg?Hb%rQlﬁ&%@het@“%ﬁ%uR%Eﬁo@%sﬁeséEQ%EBQWEter
HPLC. 2690/ 2996 (detector) manufactured by Waters [0177] Exanple 1

(15, 3" R 4aBo%eS 613 - Somipd @hds fof (fn€t Y OREDNYH ) 8BA MYL] s¥Athesized, for
3',4".5 .6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzotfuran-

1(3H) 2' - bREhpYBanby3cofbining s@kps included in Schemes 1-13

appropriately.
[ EXAMPLES]
[0173] The subject matter of the present invention will

now be described in more detail with reference to the
following examples and test examples. However, the present
invention shall not be limited to such subject matter.

[0174] In the following examples, the respective symbols
have the following meaning:

NMR: Nuclear magnetic resonance spectrum (TMS internal
‘standard); MS: mass spectrometry value; HPLC: high performance
liquid chromatography.

[0175] The NMR, MS and HPLC were carried out using the
following equipment.

[0176] NMR: JEOL JNM-EX-270 (270 MHz), Brucker ARX300
(300 MHz), Varian Mercury 300 (300 MHz), or JEOL JNM-ECP400
(400 MHz).

MS: LCQ manufactured by Thermo Finnigan, Micromass ZQ
manufactured by Waters or a Q-micro Triple Quadrupole Mass
Spectrometer

HPLC: 2690/2996 (detector) manufactured by Waters

[0177] Example 1

(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-ethylphenyl)methyl]-




[0178] [Forrmula 24] C1 1 I 00 ,O0HHO OH OH 1) Synthesis of
(4- acet oxynet hyl - 2- bronp- 5-chl oro) benzyl acetate To a solution (45 nmL) of
1- brono- 4-chl oro-2, 5- di net hyl benzene (10.0 g, 45.5 mmol) in ethyl acetate
was added N-bronosuccinimde (21.0 g, 118.4 nmol) and
2,2 -azobis(isobutyronitrile) (300 nmg), and the resultant m xture was
stirred for 20 mnutes at 100 to 120C- Thie - reaction m xture was cooled to
roomtenperature and then ethyl acetate was added thereto. The resultant
(r)nrgfle ure ugs, hhe SUC%%%K%EOMShqﬂym&mttﬁ&la}n% %L[ 130 %n%'f'a% Thﬁt
aye o OVer a s1R18
was then nesgyed: byquﬁyththBon4un@ert&q@gped pressure The obtalned crude
product (20.8 ¢g) was dissolved 1n DVF (100 nL), and sodium acetate (11.2 g,
136.5 mmolp1weg addedrbbraehoz24The resultant m xture was stirred for 3
hours at 80C. The reaction m xture was cooled to roomtenperature and then
dichloronethan% was added thereto. The m xture was then successively washed
with water and%aturated brine. The organi c | ayer was dried over anhydrous
nagnesiun1sul‘ t he solvent was then renoved by distillation under
reduced 72 ¢ 0 the resulting residue was added ethyl acetate (100
m.), and thi as stirred for 15 hours at room

HO

1) Synthesis of (4-acetoxymethyl-2-bromo-5-chloro)benzyl
acetate

To a solution (45 mL) of l-bromo-4-chloro-2,5-
dimethylbenzene (10.0 g, 45.5 mmol) in ethyl acetate was added
N-bromosuccinimide (21.0 g, 118.4 mmol) and
2,2'-azobis(isobutyronitrile) (300 mg), and the resultant
mixture was stirred for 20 minutes at 100 to 120°C. The
reaction mixture was cooled to room temperature and then ethyl
acetate was added thereto. The resultant mixture was then
successively washed with water and saturated brine. The
organic layer was dried over anhydrous magnesium sulfate, and
the solvent was then removed by distillation under reduced
pressure. The obtained crude product (20.8 g) was dissolved
in DMF (100 mL), and sodium acetate (11.2 g, 136.5 mmol) was
added thereto. The resultant mixture was stirred for 3 hours
at 80°C. The reaction mixture was cooled to room temperature
and then dichloromethane was added thereto. The mixture was
then successively washed with water and saturated brine. The
organic layer was dried over anhydrous magnesium sulfate, and

the solvent was then removed by distillation under reduced



tenperature. Undissolved material was collected by filtration, to thereby
obtain the titled conmpound (5.9 g, 38.6% . [0179] 'H NWVR (CDC13) 8: 2.15
(3H, s), 2.16 (3H, s), 5.14 (2H, s), 5.16 (2H, s), 7.42 (1H s), 7.61 (1H
s). [0180] 2) Synthesis of (2-brono-5-chloro-4- hydroxynethyl phenyl) net hanol
To a solution of (4-acetoxynethyl-2-brono-5 chloro)benzyl acetate (28.6 g,
85.2 mol) in a mxture of THE (250 nL)72e1hanoI (250 nmL.) and water (125
nm) was added potassium hydroxide (14.3 g, 256 nmol), and the resultant

mXture Waseskreed £or tiehPULE1Rin mgogeslaﬁerﬁggt'agaemg Hy§ auREatgol ed o

roomtenperature and then so vent renoved I sti i oh - under reduced

pressure. (T@ot k&), e%ﬂht itRd o' 821948 onVRia® %cici%(ie\aatf%rr (1%0%11193 ad 1Qiday /|

acetate (100 m.) this mxture was stirred for 1 hour room

t enper at Uk@mp eE‘B@'uS:%()' vgﬂa&%bauw@la Wt eaaldieGiRd fy1iddteat bﬁ‘fi‘mgrgthH
t her eby obta| n the titled compound (20.7 g, 96.6% . [0181]

4.61 (2H, +3) thér@by( ddtaih thed2itlld cmpoln® (BLH &) -3d.@F432] 3) Synt heSl s
of 1-brono-4-chloro-2,5-bis[(1- methoxy-I|-nethyl)ethoxynethyl'lbenzene Under

a_ni trogenpatggspher elytqur sebet] (508 sTisof
(2-brorm-g cglggro 4- hydroxyrrgt hyl%)ﬁenyl)ngmgno S()2'0 716, (3 87.3 $ ) 5I)l4‘

anhydr ous (BHE w9r,e sad@ded 22, methhoxy.aropare s()78.8 g1, (1823.sl) .mmol ) and
pyridiniun1p-to|uenesu|fonate (207 ng, 0.823 mmol ) at 0C, and the resultant
m xture Wwg918®] stirred EgntBebBadr of AQueRdmopst-ahliowd-aar bonate (1 M 200
m.) was added thereto, and then the resultant m xture was
hydroxymethylphenyl )methanol
To a solution of (4-acetoxymethyl-2-bromo-5-
chloro)benzyl acetate (28.6 g, 85.2 mmol) in a mixture of THF
(250 mL), ethanol (250 mL) and water (125 mL) was added
potassium hydroxide (14.3 g, 256 mmol), and the resultant
mixture was stirred for 3 hours at 80°C. The reaction mixture
was cooled to room temperature and then solvent was removed by
distillation under reduced pressure. To the resulting residue
were added water (200 mL) and ethyl acetate (100 mL), and this
mixture was stirred for 1 hour at room temperature.
Undissolved material was collected by filtration and dried, to
thereby obtain the titled compound (20.7 g, 96.6%).
[0181] 'H-NMR (CD;OD) &: 4.61 (2H, s), 4.66 (2H, s), 7.52
(1H, s), 7.70 (1H, s).
[0182] 3) Synthesis of l1-bromo-4-chloro-2,5-bis[(1-
methoxy-1-methyl)ethoxymethyl ]benzene
Under a nitrogen atmosphere, to a solution (500 mL) of
(2-bromo-5-chloro-4-hydroxymethylphenyl)methanol (20.7 g,
82.3 mmol) in anhydrous THF were added 2-methoxypropene

(78.8 mL, 823.1 mmol) and pyridinium p-toluenesulfonate

(207 mg, 0.823 mmol) at 0°C, and the resultant mixture was



!

extracted with ethyl acetate (800 nlL) containing triethylamne (2.5 nl).
The organic | ayer was successively washed with water (500 nL) and saturated
brine (500 nmL), and then dried over anhydrous nagnesium sul fate. The
sblvent was then renoved by distillation under reduced pressure, to thereby
obtain the titled conpound (33.2 g, 100% . [0183] 1H NWR (CDC13) S: 1.45
(12H, s), 3.22 (6H, s), 4.48 (2H, s),-HH3 (2H, s), 7.51 (1H, s), 7.68 (1H,
s). [0184] 4) Synthesis of (1S, 3 R 4'S,5'S,6'R)-5-chl oro-

3,4 , Srikekhakydr o- ﬁo@rsb'Sé#MQBQ§Yﬁ8EQ¥Elum carbonate (1
splro[lsobenzofuran 1( pyran]-3',4",5 -triol N—butylllthlun1(1 6 M

n- hexane §@bumqnwa§9aad@1a théredoManh WaenidéRd (UWatt UK turdTWad es at
-78C under a nitrogen atnosphere to a solution (500 nL) of 1-brono-4-

chloro-2, ektkhatlted wmithoxthy1nicthatet RO Iddzaena d Hlét@myl%ﬁ%

mmol ) in anhydrous THF, and the resultant mxture was stirred under the

same condi(i.anmigr. Z@h@ aﬂ gfic Ba?@i‘ui'vbﬁnsﬁf:cessn.vely washed with
2,3,4,6-tetrakis-O (trinet yIS|IyI D- gl ucono- 1,5-lactone (26.54 g, 56.85

mol ) in WHEer4Q500) mgs anldesa tagded ddbeiines § 5@0emL) ,Mahd ahdo ddied
resultant m xture. The reaction m xture was stirred for 1 hour, and then

wat er was oveddaahiydeiotiso mabhe sl isidFated Xt The waivextr easedhwht h di et hyl
ether. The resultant organic |ayer was then successively washed with water
and sat ur aemdvied bg, ddrdilletiodr nadeayv ete duded paes swag e dourbhdeat e. The
solvent was then renoved by distillation under reduced pressure. The
resul ti ngobtainesheud itded cogpomasl di3ssa wed 100% .m xed sol vent of THE (94
m.) and MeCH (47 nL), and p-toluenesulfonic acid (2.16 Q)
[0183] 'H-NMR (CDCl;) &: 1.45 (12H, s), 3.22 (6H, s), 4.48
(2H, s), 4.53 (2H, s), 7.51 (1H, s), 7.68 (1lH, s).
[0184] 4) Synthesis of (1S,3'R,4'S,5'S,6'R)-5-chloro-
3',4',5',6"'-tetrahydro-6,6'-bis(hydroxymethyl)-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol
N-butyllithium (1.6 M n-hexane solution, 39.1 mL,
62.53 mmol) was added dropwise over 5 minutes at -78°C under a
nitrogen atmosphere to a solution (500 mL) of l-bromo-4-
chloro-2,5-bis[(1l-methoxy-1-methyl)ethoxymethyl]benzene
(24.7 g, 62.53 mmol) in anhydrous THF, and the resultant
mixture was stirred under the same condition for 20 minutes.
A solution of 2,3,4,6-tetrakis-O-(trimethylsilyl)-D-glucono-
1,5-lactone (26.54 g, 56.85 mmol) in THF (40 mL) was then
added dropwise over 5 minutes to the resultant mixture. The
reaction mixture was stirred for 1 hour, and then water was
added thereto. The resultant mixture was extracted with
diethyl ether. The resultant organic layer was then
successively washed with water and saturated brine, and then

dried over anhydrous magnesium sulfate. The solvent was then

removed by distillation under reduced pressure. The resulting



was added thereto. The m xture was stirred at room tenperature for 15
hours, and then cooled with ice. MIBE (188 nlL) was added thereto, and the
precipitate was collected by filtration. The obtai ned solid was dried under
reduced pressure, to thereby obtain the titled conpound (12.7 g, 67.1%.
[0185] 1H NWR (CD3CD) 8: 3.44-3.50 (1H, m, 3.63-3.84 (5H m, 4.71 (2H

s), 5.11 (2H, dd, 12.3, 19.1 Hz), 7.33- 14H s), 7.55 (1H s). [0186] 5)

Synthesis of (1S.3'R 4'S,5'S56'R-3",4",5" -
tri(acet 0>ﬁéklﬁueaqqt60>§37m§t)h¥)a35 d@l.@sQlere@' G of Mlso vent Qf THF _
3,4 ,5 ,6" -tetrahydro-spiro[isobenzofuran-1(3H), pyran| To a sol ution

of (15 3' Rod' ALY an@ Weo® Q1170WR), and p toluenesulfonlc acid (2.16 g)
3,4 ,5 ,6" -tetrahydro-6, 6' bls(hydroxynethyl)

spi r of | SOheRZ aldean-theddo?’ - Rkl Y kalkre3wad s®irtedoht(*o8mg, 3.0 mml) in
DMSO (1.7 mL, 24.0 nmmol) was added chlorotrinmethylsilane (1.1 nlL, 8.4 mmol)

at room tetréﬁ@re&htm&e f@rd Ish@0RsL| LAl tHet Wod RS WAt sk UngiesEt hi s
consdition for 4 hours. The reaction m xture was concentrated under

reduced pra@ssumg,) %a¢ Hd€ddeHdrdt® I emidluhe\gredipitdtylaras rasiucaited
pressure for 15 hours. To a solution (20 nL) of the resulting residue in

THE wer e agded Nramtilop .noThBobbraindd7ssllid #dsmavlipdan@dder reduced
4- (di met hyl am no) pyridine (385 ng, 3.15 mol) at 0C, and acetic anhydride

(1.7 n, Pesstire Was tthereddeadtairomies e iitd ddedngradddntl 20 Ktg)ye. The
reaction mxture was stirred under this condition for 30 m nutes, and then
stirred - 672 1%)ar another 30 m nutes at room tenperature. Excess agqueous
phosphoric acid was added thereto, and the resultant m xture
[0185] 'H-NMR (CD,OD) &: 3.44-3.50 (1H, m), 3.63-3.84
(5H, m), 4.71 (2H, s), 5.11 (2H, 44, 12.3, 19.1 Hz), 7.33
(1H, s), 7.55 (1H, s).
[o186] 5) Synthesis of (15,3'R,4'S,5'S,6'R)-3"',4"',5'"-
tri(acetoxy)-6'-acetoxymethyl-5-chloro-6-chloromethyl-
3',4',5'",6"'-tetrahydro-spiro[isobenzofuran-1(3H),2"'-[2H]pyran]
To a solution of (1S,3'R,4'S,5'S,6'R)-5-chloro-
3',4',5',6'-tetrahydro-6,6'-bis(hydroxymethyl)-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol (1.0 g,
3.0 mmol) in DMSO (1.7 mL, 24.0 mmol) was added
chlorotrimethylsilane (1.1 mL, 8.4 mmol) at room temperature,
and the resultant mixture was stirred under this consdition
for 4 hours. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was dried under
reduced pressure for 15 hours. To a solution (20 mL) of the
resulting residue in THF were added N-methylmorpholine (3.7 mL,
30 mmol) and 4-(dimethylamino)pyridine (385 mg, 3.15 mmol) at
0°C, and acetic anhydride (1.7 mL, 18 mmol) was then added

dropwise to the resultant mixture. The reaction mixture was

stirred under this condition for 30 minutes, and then stirred



was extracted wth ethyl acetate. The organic | ayer was successively washed
with water and saturated brine, and then dried over anhydrous nagnesi um

sul fate. The solvent was then renpved by distillation under reduced
pressure. The resulting residue was purified by silica gel columm

chromat ography (devel opi ng sol vent = ethyl acetate:n-hexane (1:1)), to
thereby obtain the titled conpound (840 7g,- 53.9% . [0187] 1H NMR (CDC13) &:
1.77 (3H, s), 2.01 (3H, s), 2.05 (3H, s), 2.08 (3H, s), 4.01-4.06 (1H, :

4.25-4. 33f6%Han6kher4360mﬁ%H¢eQ at= %o%mH%km rglu&%ﬁ ﬂch§§23qgeo%§ 4 HZ)
5.25-5.31 (1H, m, 5.55-5 , 1H, s), H, 0188] 6)

Synt hesi spbs ﬁ%r&cRaéla,@ag @dﬂbﬂ3th@réio and the resultant mixture
tri(acetoxy)-6'-acetoxynethyl -5-chl oro- 6-[(4-

et hyl phenylanekittalctda 4ith efhyllelacdtaded- The organic layer was
spiro[isobenzofuran-1(3H), 2'-[ 2H pyran] To a sol ution of

(1S, 3' R 4's@cessdvBly3'watbhed with water and saturated brine, and then
tri(acetoxy)-6'-acetoxynethyl -5-chl oro-6-chl oronet hyl -

3',4",5, drifkd baeydanhydirons sR@esdiun avwlEald. 2'rhk2bpyent] wac3@8ehy,
0.58 mmol) in DWMF (2.85 nL) and water (0.15 nL) were added

4- et hyl pheeylokredobiyc ddeitd 115+4 om) unllelt neducded pressure. The resulting
tetraki s(triphenyl phosphi ne) pal | adi um (34 ng, 0.029 nmol), sodium carbonate
(184 ny, treddduedwasamhrtictireab by lsdiima wal modume dhid®matodxaptsy nmol ), and
the resultant m xture was stirred for 15 hours at 85C. The reaction m xture
was cool ed detve Llopdmgt emieregiture e tinyd tavert ate :er-hebland )( wds) )addad t her et 0.
76 The resultant mi xture was extracted with ethyl acetate (100 nmiL). The
or gani c | &pherehys obiadas $ihee i hleshedmpicund (840 mg, 53.9%).

[0187] 'H-NMR (CDCl;) &: 1.77 (3H, s), 2.01 (3H, s), 2.05

(3H, s), 2.08 (3H, s), 4.01-4.06 (1H, m), 4.25-4.33 (2H, m),

4.70 (2H, 4, J=2.3 Hz), 5.17 (2H, 44, J=21.0, 13.4 Hz),

5.25-5.31 (1H, m), 5.55-5.64 (2H, m), 7.32 (1H, s), 7.51

(lHI S) hd

{0188] 6) Synthesis of (1$,3'R,4'S$,5'S,6'R)-3",4",5'-

tri(acetoxy)-6'-acetoxymethyl-5-chloro-6-[(4-

ethylphenyl)methyl]-3',4',5',6'-tetrahydro-

spiro[isobenzofuran-1(3H),2'-[2H]pyran]

To a solution of (15,3'R,4'S,5'S,6'R)-3"',4"',5"'-
tri(acetoxy)-6"'-acetoxymethyl-5-chloro-6-chloromethyl-
3',4',5',6"'-tetrahydro-spiro[isobenzofuran-1(3H),2'-[2H]pyran]

(300 mg, 0.58 mmol) in DMF (2.85 mL) and water (0.15 mL) were
added 4-ethylphenylboronic acid (174 mg, 1.16 mmol),
tetrakis(triphenylphosphine)palladium (34 mg, 0.029 mmol),
sodium carbonate (184 mg, 1.74 mmol) and tetrabutylammonium
bromide (39 mg, 0.116 mmol), and the resultant mixture was

stirred for 15 hours at 85°C. The reaction mixture was cooled

to room temperature, and then water (10 mL) was added thereto.



1

wat er and saturated brine, and then dried over anhydrous nmagnesium sulfate.
The solvent was then renoved by distillation under reduced pressure. The
resulting residue was purified by silica gel colum chronatography
(devel oping solvent = ethyl acetate:n-hexane (1:3)), to thereby obtain the
titled conmpound (236 ngy, 69.1%. [0189] 1H NWR (CDC13) 8: 1.22 (3H, t, J=7.6
Hz), 1.75 (3H, s), 2.00 (3H, s), 2.04 (3 s), 2.06 (3H, s), 2.62 (2H, q,
J=7.6 Hz), 4.01-4.13 (3H, m, 4.22-4.33 (2H, m, 5.13 (2H, dd, J=12.2, 13.0
Hz), 5.267hiHreddl tdn®: RixPubetihs Bx82a2t83 (Rhn Dthyl Hdifte dd, J=8.4,
26 (2H, s). [0190] 7) f

13.7 Hz), 7. 7) Synthesis o

(1513'R,4K§O5'§L§:F0Tﬁe08fgé@i§'layer was successively washed with
[ (4-ethyl phenyl)nmethyl]-3 ,4",5 ,6 -tetrahydro-6'-

(hydr oxynehiRgk) abli saftusakedz drine)- dndHthén [d2ledy ¥t ahhydircus triol To a
solution of (1S,3'R 4'S,5S,6'R)-3",4",5"-

tri (acet omgpynésiameaiyarehyl Thechbovent-v44- then removed by

et hyl phenyl )net hyl]1-3',4',5",6' -tetrahydro-

spi ro[ i soageszafiuagioh( abe’ reddicey dilessat® .nMYThE. 48suleliphgi Resi@tiBanol (16
m.) was added potassium carbonate (166 ng, 1.20 mmol), and the resultant

m xt ure waasspuri€dedobyl shdikca afelr columdmodiramateogréphyr (devdlopiasy added
thereto, and the resultant m xture was extracted with ethyl acetate (50

m.). Thesoidganitc =l aytylwasevatiecc -hiexaneat(Wr:3t)9d o rtheraby tdberaindrited
over anhydrous magnesi um sul fate. The solvent was then renoved by
di still at itdtr leddeompednded 236esgur 6.9 . T3 .resulting 77 residue was purified
by silica gel columm chromatography (devel oping solvent =
di chl or ond0R&R4: met haletNMR5(ADG1s )t d: 1.22 (3H, t, J=7.6 Hz), 1.75
(3H, s), 2.00 (3H, s), 2.04 (3H, s), 2.06 (3H, s), 2.62 (2H, q,
J=7.6 Hz), 4.01-4.13 (3H, m), 4.22-4.33 (2H, m), 5.13 (2H, 44,
J=12.2, 13.0 Hz), 5.26 (1H, 44, J=8.8, 9.5 Hz), 5.52-5.63
(2H, m), 7.10 (4H, 44, J=8.4, 13.7 Hz), 7.26 (2H, s).
[0190] 7) Synthesis of (1S5,3'R,4'S,5'S,6'R)-5-chloro-6-
[(4-ethylphenyl)methyl]-3',4"',5",6'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5"'-triol
To a solution of (1S,3'R,4'S,5'S,6'R)-3'",4"',5"'-
tri(acetoxy)-6'-acetoxymethyl-5-chloro-6-[(4-
ethylphenyl)methyl]-3',4',5',6'-tetrahydro-
spiro[isobenzofuran-1(3H),2'-[2H]pyran] (236 mg, 0.40 mmol) in
methanol (16 mL) was added potassium carbonate (166 mg,
1.20 mmol), and the resultant mixture was stirred for 1 hour
at room temperature. Water (5 mL) was added thereto, and the
resultant mixture was extracted with ethyl acetate (50 mL).
The organic layer was washed with saturated brine, and then

dried over anhydrous magnesium sulfate. The solvent was then

removed by distillation under reduced pressure. The resulting



t hereby obtain th titled compound (110 ng, 65.3% . [0191] 1H NWR (CD3CD) S:
1.20 (3H, t, J=7.6 Hz), 2.59 (2H, q, J=7.6 Hz), 3.39-3.45 (1H, m,

3.62- 3. 82 ( 5H, n) 4.09 (2H, d, J=3.4 Hz), 5.10 (2H, dd, J=13.0, 20.6 Hz),
7.10 (4H, s), 7.25 (1H, s), 7.35 (iH, s). [0192] MS (ESI'): 443 [MtNa]', 863
[2MFNa] ' . [0193] Reference Exanple 1 Synthesis of

4- (2-fluoroethyl)phenyl boronic acid [-0%¥]-[Forrmula 25] n-BuLi Br 2.
B(OwW)3 HOB/ 3. HCI OH Under a nitrogen stream to a solution of

1- br ono- 4ré§1dﬁéUQ&erH¥hE1Q8”%?“§1iI%hr@QQdEQEumﬁSEEE%hEIO ? 4(10)
page 2183) (412 ny, In THE (97nL) was added a solu I On of

n-butyl i wevanbﬁlﬁghgmﬂen& 741 bh18r8hetthand.: 38 tHaRb)L éetls- g@ apd the
resultant m xture was stirred at the sanme tenperature for hour's.

Tri met hoxyherabg 68td3énMthe 8iZledMBbhpvwandadded maer %tsoa%qnd the resul tant
m xture was stirred at roomtenperature for 4.5 hours. Then, to the

sol ution ygsoaqded 20% hyi @ch5ach20a$@chQ r gyl sapt; ) MXxkdre was
extracted 3 tines with nethyl ene chloride organic |ayer was
concentrafeH, ugders=reduaeq ,psessuBe45ThaH,r a9yl Bi.BQ -Bes2dYsHWaMm )puEi.bised by
silica gel flash colum chromatography (devel opi ng solvent = ethyl

acet at e: n{bHxade J83.@1H%)), 5. aot ieHebWdgobyailg .vhe 20i.6l && )Gorrpawnd (216 ny,
63% . [0195] "H- NWR (CDC13) S: 2.99-3.18 (2H, m), 4.55-4.80 (2H, m,
7.28-8.19(44H, sm . 7.25 (1H, s), 7.35 (1H, s).

[0192] MS (ESI*): 443 [M+Nal]*', 863 [2M+Na]"*.
[0193] Reference Example 1

Synthesis of 4-(2-fluoroethyl)phenylboronic acid

[0194] [Formula 25]
F F
/[::::J//N\\// 1. n-BuLi N /J:::::(/ﬁ\\,/
By 2. BOMe);  HOsg
3. HCI |

OH

Under a nitrogen stream, to a solution of l-bromo-4-(2-
fluoroethyl)-benzene (Tetrahedron: Asymmetry, 1993, 4(10),
page 2183) (412 mg, 2.03 mmol) in THF (9 mL) was added a
solution of n-butyllithium in n-hexane (2.71 M, 0.87 mL,

2.36 mmol) at -78°C, and the resultant mixture was stirred at
the same temperature for 0.5 hours. Trimethoxyborane (0.36 mL,
3.21 mmol) was added thereto, and the resultant mixture was
stirred at room temperature for 4.5 hours. Then, to the
solution was added 20% hydrochloric acid, and the resultant
mixture was extracted 3 times with methylene chloride. The
organic layer was concentrated under reduced pressure. The
resulting residue was purified by silica gel flash column

chromatography (developing solvent = ethyl acetate:n-hexane



[0196] The conpounds listed in Tables 1-1 to 1-3 can be easily produced in
the same manner as described in Exanple 1 or in the production processes,

or by making slight nodifications to such processes that would be obvious to
a person skilled in the art. [0197] [Table 1-1] 79 - Table 1-1 ci 3H NWR
(CD30D) 6: 2.28 (3H, s), 3.42 (1H, dd, J=8.4, 9.9 Hz), 3.61-3.82 Exanple 2
O ,™H (54 m, 4.07 (2H, d, J=3.1 Hz), 809 (2H, dd, J=13.0, 20.2 Hz), 7.07
(44, HOs), 7.23 (1H, s), 7.35 (1H, s) OH M5 (ESI"): 429[IVHrNa] OH Cl

POH H VR (1C40D) 18 hetdnl3dotalid 4o Guleida Bongbuble 3:8% Gt} o9s) 4, 10

(2H, Exanpl 2H, dd, J=11.8, 715 ( ad 8 8,
14.9 Hz 1H 1 1" opy 4 i \
\ 3H—N|V?? ([61§§§ 6: 3':%8'&%R4 lﬁ() 4. 52)/9@‘53(% )ZH g’%’ [M‘Lhﬁ‘l , 3 98 4.13

(2H, m, Eegnpke ,47QpRs0d 590%4& 1}0(2H m, 6.79- 6 87 (2H n) 7.06-7.16
(2H, m, 7.23 (1H, s), 7.35
[0196] The compounds listed in Tables 1-1 to 1-3 can be
easily produced in the same manner as described in Example 1
or in the production processes, or by making slight
modifications to such processes that would be obvious to a

person skilled in the art.

[0197] [Table 1-1]



) OH MB (ESI+): 445 [MeNa]+ OH O 2, H NWVR (CD3OD) 6: 1.36 (3H,

O Hz), 3.38-3.47 (1H n), 3.58-3.81 (5H, Exanple 5 OH m,

(4H m), 6.76-6.84 (2H, n), 7.05-7.14 (2H, m), 7.23 (1H s), HO
s) OH M5B (ESI'): 436 [MeNa]' OH O 2,, OOH H NMR (CD30D) 6:

(1H M, O 3.61-3.82 (5H, m), 4.12 (2H, s), 5.11 Exanple 6 (2H,

.0, 7.0 Hz), 7.15-7.30 (5H, ™ ,797.37 (1H, s) HO OH M5 (ESI): 449

OH [0198] [Table 1-2] 80 - Table 1-2 ¢l \ / \ 3H NWVR (CD30D) S:
g1eJ¥810, 10.3 Hz), 3.61-3.82 (5H, nm), 4.31 (2H, Exanple 7 O'"
(2H_dd,J=13 019 8 k) 32 (1H_s) 7 36-7 45 (4H

H s), 7.74-7.819(3H, m) OH M5 (ESI'): 465 [M#Na]* OH

'H-NMR (CD,OD) &: 2.28 (3H, s), 3.42
(1H, 4ad, J=8.4, 9.9 Hz), 3.61-3.82
(54, m), 4.07 (2H, 4, J=3.1 Hz), 5.09
(2H, 4d, J=13.0, 20.2 Hz), 7.07 (4H,
s), 7.23 (1H, s), 7.35 (1lH, s)

MS (ESI'): 429 [M+Na]®

vakl

74
12
(1

Example 2

'H-NMR (CD,OD) &: 2.44 (3H, s), 3.40
(1H, m), 3.61-3.82 (5H, m), 4.10 (2H,
s), 5.10 (2H, dd, J=11.8, 20.6 Hz),
7.15 (4H, dd, 8.8, 14.9 Hz), 7.26 (1H,
s), 7.36 (1H, s)

MS (ESI'): 461 [M+Nal®

Example 3

'H-NMR (CD,OD) &: 3.38-3.48 (1H, m),
3.60-3.85 (8H, m), 3.98-4.13 (2H, m),
5.02-5.17 (2H, m), 6.79-6.87 (2H, m),
7.06-7.16 (2H, m), 7.23 (1H, s), 7.35
(1H, s)

MS (ESI'): 445 [M+Nal”

Example 4

'H-NMR (CD,OD) &: 1.36 (3H, t, J=7.1
Hz), 3.38-3.47 (1H, m), 3.58-3.81 (5H,
m), 3.94-4.07 (4H, m), 6.76-6.84 (2H,
m), 7.05-7.14 (2H, m), 7.23 (1H, s),
7.35 (1H, s)

MS (ESI'): 436 [M+Nal®

Example 5

'H-NMR (CD;OD) &: 3.39-3.47 (1H, m),
3.61-3.82 (5H, m), 4.12 (2H, s), 5.11
(2H, dd4, J=13.0, 7.0 Hz), 7.15-7.30
(5H, m), 7.37 (1H, s)

MS (ESI'): 449 [M+Nal”

Example 6

[0198] [Table 1-2]



!

Cl iHNWR (CD30D) S: 2.88-3.00 (2H m, 3.40-3.46 (1H, m, 3.62-3.82 (5H,
m, .Exanple 8 OH 4.05-4.16 (2H, nm), 4.46-4.66 (2H, m, 0 F 5.04-5.15 (2H,
m, 7.11-7.14 (4H, m, HO 7.26 (1H, s), 7.35 (1H S) OH Ms (ESI'): 461
[M+23] OH A 3HNWR (CD30D) S: 0.92 (3H, t, J=7.2 Hz), 1.60 (2H, dt,
J=7.2 Hz, 7.6 Hz), 2.53 (2H, t, J=7.6 Hz), 3.37-3.48 (1H, Exanple 9 OOO-l
m, 3.57-3.88 (5H m, 3.99-4.17 (2H, - Mo 5.00-5.18 (2H, m, 7.03-7.15 (4H,
HOOH M, 7.25 (1H, s), 7.35 (1H, s) Ms (ESI'): 435 [ MH1]"® oHda \ 1\
3H NWVR (CB3®De §:-23.09 (2H, td, J=4.6 Hz, J=17.9 Hz), 3.38-3.49 (1H, m,
3.61-3.84 (5H -m  4.03-4 19 (?I—I m, Exanple 10 OO OH F F 5 04-5 16 (2H,
M, 5.96 1H tt, J=4. HZC'J =56. 9 Hz) 7.18 (4H, s), 7.29 HO OH (1H, B),
7.36 (1H,|s) OH M5 ( : dl, M,EN?D %P%OIQ) 4&(11;%. g- %—?Q (AH,
5‘7113 8 ﬁ-ZDO 3. 86 E5E , 5-§>8.3 anpie;; 'H,Q;f)? {3024,
=13. s), 5.12 (2H, 44, J=13.0, 19.8 Hz),
Example G 7.32 (1H, s), 7.36-7.45 (4H, m), 7.62
(1H, s), 7.74-7.81 (3H, m)
MS (ESI'): 465 [M+Nal®
'H-NMR (CD,OD) &: 2.88-3.00 (2H, m),
3.40-3.46 (1H, m), 3.62-3.82 (5H, m),
4.05-4.16 (2H, m), 4.46-4.66 (2H, m),
Example 8 5.04-5.15 (2H, m), 7.11-7.14 (4H, m),
7.26 (1H, s), 7.35 (1H, s)
MS (ESI*): 461 [M+231"
'H-NMR (CD,0D) &: 0.92 (3H, t, J=7.2
Hz), 1.60 (2H, dt, J=7.2 Hz, 7.6 Hz),
2.53 (2H, t, J=7.6 Hz), 3.37-3.48 (1H,
Example 9 m), 3.57-3.88 (5H, m), 3.99-4.17 (2H,
m), 5.00-5.18 (2H, m), 7.03-7.15 (4H,
m), 7.25 (1H, s), 7.35 (1H, s)
MS (ESI*): 435 [M+1]1"'
'H-NMR (CD;0D) &: 3.09 (2H, td, J=4.6
Hz, J=17.9 Hz), 3.38-3.49 (1H, m),
3.61-3.84 (5H, m), 4.03-4.19 (2H, m),
Example 10 5.04-5.16 (2H, m), 5.96 (1H, tt, J=4.6
Hz, J=56.9 Hz), 7.18 (4H, s), 7.29
(1H, s), 7.36 (1H, s)
MS (ESI*): 457 [M+1]'
'H-NMR (CD,0D) &: 3.39-3.50 (1H, m),
3.60-3.86 (5H, m), 4.17 (2H, s), 5.08
(18, 4, J=13.0 Hz), 5.14 (1H, 4,
Example 11 J=13.0 Hz), 7.12-7.20 (2H, m), 7.25-
7.41 (4H, m)
MS (ESI*): 499 [M+Nal’

[0199] [Table 1-3]



|

O FFF J=13.0 Hz), 7.12-7.20 (2H, nm), 7.25- HO 7.41 (4H, n) OH MB (ESI'):
499 [M+Na]' OH [0199] [Table 1-3] 81 - Table 1-3 ci 3H NVR (CD3CD) 8: 2.57
(3H, s), 3.40- 3.47 (1H, m), 3.59-3.83 (SH, n), Exanple 12 O~" OH 0
4.16-4.27 (2H, m), 5.11 (2H, dd, J=13.0 Hz, 6.9 Hz), 7.30-7.40 (4H, HO m),
7.89-7.93 (2H, m OH MS (ESI'): 457 [MtNa]' OH CI H NMR (CD30D) 6:
3.39-3.49 (1H, n), F 3.61-3.85 (5H, m),814.23 (2H, s), 5.08 Exanple 13 0'
JOHF F (1H, d, J=13.0 Hz), 5.15 (iH, d, QJ=13.0 Hz), 7.31-7.44 (4H, m),

7. 52- HO-fang(gHB m OH MS (ESI ): 483 [MrNa]' OH C 3H NWR (CD30D) S:
1.29 (9H, 30-3 46 (14 m) "3 61-3 83 (5H n), Example 14 0 0 OH 4.09

(2H, d, J—3.8 FE), 5 7.2 Hz), 7.10-7.14 (2H, m,
7.27-7.37 (4H m 'H-NMR (CD,OD) &: 2.57 (3H, s), 3.40-
3.47 (1H, m), 3.59-3.83 (5H, m),
4,16-4.27 (2H, m), 5.11 (2H, ad,
Example 12 J=13.0 Hz, 6.9 Hz), 7.30-7.40 (4H,
m), 7.89-7.93 (2H, m)
MS (ESI*): 457 [M+Nal®
H-NMR (CD,OD) &: 3.39-3.49 (1H, m),
3.61-3.85 (5H, m), 4.23 (2H, s), 5.08
(14, d, J=13.0 Hz), 5.15 (1H, d,
Example 13 J=13.0 Hz), 7.31-7.44 (4H, m), 7.52-
7.60 (2H, m)
MS (ESI*): 483 [M+Nal’
'H-NMR (CD,OD) &: 1.29 (9H, s),
3.39-3.46 (1H, m), 3.61-3.83 (5H, m),
4,09 (2H, d, J=3.8 Hz), 5.10 (2H, ad,
Example 14 J=13.1, 7.2 Hz), 7.10-7.14 (2H, m),
7.27-7.37 (4H, m)
MS (ESI'): 471 [M+Nal
'H-NMR (CD,0OD) &: 1.21 (3H, s), 1.23
(3H, s), 2.80-2.89 (1H, m), 3.39-3.45
(1H, m), 3.61-3.83 (5H, m), 4.09 (2H,
Example 15 d, J=3.4 Hz), 5.10 (2H, dd, J=13.4,
7.0 Hz), 7.12 (4H, s), 7.27 (1H, s),
7.36 (1H, s)
MS (ESI'): 457 [M+Nal’
Example 16

(15,3'R,4'S,5'S,6"R)-6-[(4-ethylphenyl)methyl]-5-fluoro-

3',4',5',6"'-tetrahydro-6'-(hydroxymethyl)-spiro[isobenzofuran-

1(3H),2'-[2H]pyran]-3',4',5"'-triol

[0200] [Formula 26]



L

OH Ms (ESI'"): 471 [MtNa] OH CI 3H-NMR (CD30D) S: 1.21 (3H, s), 1.23 (3H
s), 2.80-2.89 (1H, m, 3.39-3.45 (1H, nm, 3.61-3.83 (5H, m, 4.09 (2H,
Example 15 'O OH d, J=3.4 Hz), 5.10 (2H, dd, J=13.4, 7.0 Hz), 7.12 (4H, s),
7.27 (1H, s), HO,! OH7.36 (1H, S) OH M5 (ESI'): 457 [M:Na]~ Exanple 16
(1S,3' R 4'S,5' S,6' R -6-[ (4-et hyl phenyl ) nmet hyl ] -5-f1 uor o-
3',4",5 ,6" -tetrahydro-6'-(hydroxynet hylgp spi ro[i sobenzof uran-
1(3H),2' -[2H] pyran] -3',4',5 -triol [0200] [Fornmula 26] 82 - F 06 ,OH HO CH
OH 1) Synthesis of 5-brono-2-fluoro-4 (hydroxynethyl)benzal dehyde
Tetramet hyl pi pgridine (0.68 g, 4.87 mmol) was dissolved in tetrahydofuran
(4.5 m). To tte regttant solution was added n-butyllithium (1.0 M
n- hexane sol b da m.) at 0C, and this solution was stirred for 15
m nutes. Thé ré m xture was cooled to -78C and a sol ution of
(2- brono- 5- F¢tor8Phenyl ) met hanol (0.50 g, 2.43 mol) in tetrahydrofuran

AD ngropmﬁse thereto. The tenperature of the

1) Synthesis of 5-bromo-2-fluoro-4-
(hydroxymethyl)benzaldehyde

Tetramethylpiperidine (0.68 g, 4.87 mmol) was dissolved
in tetrahydofuran (4.5 mL). To the resultant solution was
added n-butyllithium (1.0 M n-hexane solution, 4.88 mL) at 0°C,
and this solution was stirred for 15 minutes. The resultant
mixture was cooled to -78°C and a solution of (2-bromo-5-
fluorophenyl )methanol (0.50 g, 2.43 mmol) in tetrahydrofuran
(2.5 mL) was added dropwise thereto. The temperature of the
solution was raised over 2 hours to -40°C. The solution was
again cooled to -78°C, and then dimethylformamide (0.47 mL,
6.07 mmol) was added thereto. The temperature of the solution
was raised to room temperature, and the solution was stirred
for 30 minutes. Saturated aqueous ammonium chloride was then
added thereto, and the resultant mixture was extracted with
ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and then concentrated under reduced pressure,
to thereby obtain the titled compound (604.3 mg, quantitative).
[0201] 'H-NMR (CDCl;) &: 4.78 (2H, s), 7.46 (1H, 4,
J=10.6 Hz), 8.01 (1H, 4, J=6.2 Hz), 10.29 (1lH, s).
[0202] 2) Synthesis of [2-bromo-5-fluoro-4-
(hydroxymethyl )phenyl]methanol

5-Bromo-2-fluoro-4-(hydroxymethyl)benzaldehyde (604.3 mg,



solution was raised over 2 hours to -40C. The solution was again cooled to
-78C, and then dinethylformam de (0.47 niL, 6.07 mol) was added t hereto.
The tenperature of the solution was raised to roomtenperature, and the
solution was stirred for 30 mnutes. Saturated aqueous amoni um chl ori de
was then added thereto, and the resultant m xture was extracted with ethyl
acetate. The organic |ayer was dried avgm anhydrous sodiumsulfate, and

t hen concentrated under reduced pressure, to thereby obtain the titled

‘%95{2:‘(’2&, 2306 yin§R), GEB"aYLELYEY 1! ﬁ‘%‘é%%a%?%S%Jf%ﬁ%f@%%%‘ﬁ %)
S i - - -

o/ e e agh epbackinfor BOSRAASAE RSO "0 )
bor oyt 1 B¢ (SR EeRestirdnl chd W niFRitEATabdtY U nfih AN P A

about 3 MteRbvaB!HRN@is¥RE1at ORYEdidbe i wdd | d@de@MndBE €5, VaRa 2eed
thereto, and the Tesultant m xture was extracted wth ethyl acetate. The

organi ¢ | p¥yen1vast cCANgeatEal8d HREeAcEEHUGEEnPERAFY Bceth®e .M OBNEtIiNg
residue was purified by silica gel flash colum chromatography (devel oping
sol vent =ofgaRaBolageehvasoaBhbaneratdalfier redubeacbyeabhizen thgetit! ed
conpound (247.3 nmg, 43% . [0203] 1H NVR (CD3CD) b; 4.61 (2H, s), 4.64 (2H,
S), 7.28 rédilitinglFrddifuélzvas7pltifibld By &¥7iBaHgkl [FQ3E8A] cllufmwnt hesi s of
1- brono-4-fl uoro-2,5-bis[(1- nethoxy-1-mnethyl et hoxy)nethyl]benzene
chromatography (developing solvent = methanol:dichloromethane

(3:100)), to thereby obtain the titled compound (247.3 mg,

43%).

[0203] 'H-NMR (CD;OD) &: 4.61 (2H, s), 4.64 (2H, s), 7.28

(1H, 4, J=11.0 Hz), 7.64 (1H, 4, J=7.0 Hz).

[0204] 3) Synthesis of 1l-bromo-4-fluoro-2,5-bis[(1l-

methoxy-1l-methylethoxy)methyl]benzene
[2-Bromo-5-fluoro-4-(hydroxymethyl )phenyl]methanol

(71.3 mg, 0.303 mmol) was dissolved in tetrahydrofuran (1 mL).

To the resultant solution was added 2-methoxypropene (214.7 mg,

2.97 mmol). The resultant mixture was cooled to 0°C, and then

p-toluenesulfonic acid (1.0 mg, 0.0029 mmol) was added thereto.

This solution was stirred for 40 minutes, and then saturated

aqueous sodium hydrogen carbonate was added thereto. The

resultant mixture was extracted with ethyl acetate. The

organic layer was dried over anhydrous sodium sulfate, and

then concentrated under reduced pressure, to thereby obtain

the titled compound (111.7 mg, 97%).

[0205] 'H-NMR (CDC1;) d: 1.43 (6H, s), 1.45 (6H, s), 3.22

(3H, s), 3.24 (3H, s), 4.48 (2H, s), 4.50 (2H, s), 7.26-7.28

(1H, m), 7.59 (1H, 4, J=6.6 Hz).
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[ 2- Br onp- 5- f | uor o- 4- (hydr oxynet hyl ) phenyl ] net hanol (71.3 ng, 0.303 mmol) was
dissqlved in tetrahydrofuran (1 nL). To the resultant solution was added

2- met hoxypropene (214.7 nmg, 2.97 mml). The resultant m xture was cooled to
0C, and then p-toluenesulfonic acid (1.0 ng, 0.0029 mvol) was added
thereto. This solution was stirred for 40 m nutes, and then saturated
aqueous sodi um hydrogen carbonate was _agged thereto. The resultant m xture
was extracted with ethyl acetate. The organic |ayer was dried over

hyd | | f t gd-upd d , t
ther aby obf 208"t he ¢ FertEinbotnef (LIS B8 875 S poBLeT 1 Nk ( cocas)
4,50 (2, "5y PenirdosgPt vepariouumidly S5 2ohi; % 8 o 05e )

t h . ' 4| ' ! ! ; 4' 5! _ . - r_
{115 (bensyl o) T8 2 (Bek 2y Ty PRyl ) SPFES] segPeprogurgnr1 (an)

tetrahydrpzﬁjﬁyygﬁ@xynethyI)-spiro[isobenzofuran-1(3FD,2'- [ 2H] pyr an]
1- Brono- 4-fl uor o- 2, 5- bi s[ (1- met hoxy-1- net hyl et hoxy) net hyl ] benzene (340.5

ng, 0.850 mml)1v@somdlgsplusdold, sebighydrabuhany(2-5 nL), and the
resultant solution was cooled to -78C. N-butyllithium (1.0 M n-hexane

sol uti on, mdtRY¥18thowsmadHod 1BeaRvLEE (Baot BemgQ! ¥l 880, miB1Ghwawas then
stirred for 30 mnutes. (3R 4S,5R 6R)-3,4,5-

tris(benzygleoyylved(banzgtesnyatbylraheiabyLypyaaa- 2heneest@+é42 g, 1.191
mol ) dissolved in tetrahydrofuran (1.0 nL) was added dropwi se to the

sol ution, syhieflonedakheBosbhlr £68d-f8Pc. S -HUNIES thiainir @l & MGHARLUE AIMDNI UM

chl ori de was added
solution, 1.02 mL) was added dropwise to the solution, which
was then stirred for 30 minutes. (3R,4S,5R,6R)-3,4,5-
tris(benzyloxy)-6-(benzyloxymethyl)-tetrahydropyran-2-one
(0.642 g, 1.191 mmol) dissolved in tetrahydrofuran (1.0 mL)
was added dropwise to the solution, which was then stirred for
50 minutes. Saturated aqueous ammonium chloride was added
thereto at -78°C, and the resultant mixture was extracted with
ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and then concentrated under reduced pressure,
to thereby obtain a crude product (0.968 g).
[0207] The obtained crude product (0.968 g) was dissolved
in a mixed solvent of methanol (1.0 mL) and tetrahydrofuran
(1.5 mL). To the resultant solution was added
p-toluenesulfonic acid hydrate (29.3 mg, 0.170 mmol). This
solution was stirred for 3 hours at room temperature, and then
saturated aqueous sodium hydrogen carbonate was added thereto.
The resultant mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate, and

then concentrated under reduced pressure. The resulting

residue was purified by silica gel flash column chromatography
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thereto at -78C, and the resultant m xture was extracted with ethyl

acetate. The organic |layer was dried over anhydrous sodium sulfate, and

t hen concentrated under reduced pressure, to thereby obtain a crude product
(0.968 g). [0207] The obtained crude product (0.968 g) was dissolved in a
m xed sol vent of methanol (1.0 nlL) and tetrahydrofuran (1.5 nL). To the
resul tant solution was added p-toluenegul fonic acid hydrate (29.3 ng, 0.170
mol ). This solution was stirred for 3 hours at roomtenperature, and then

sat ur at ed( gaues b‘élﬁgdwﬂgﬂgmgéﬁh?ﬁr QQE@%@e‘{‘%hQQQﬁ%h&TSE%B- .toTtrE‘?4 2 uas

resultant m Xt u s extracted w acet ate organic

dried ovegg aﬂh?é‘ﬁé@}?'soﬁﬁ’giﬂ”21S!s'{:éi?églséﬂgrléhﬁ!ﬂx‘EﬁQEeBEr@E@dt':d@idugﬁ reduced

pressure. The resulting residue was purified by silica gel flash colum

chronatogégﬁﬁyugé (6deyefppi ng sol vent = ethyl acetate:n-hexane (15:100 to
1:4)) to thereby obtain a stereoisoneric mxture of the titled conpound

(0.29 0).[09888] The mhd abiresliséer £0é605BEbRie P1S I HiRtGPe 2P0 029VgF wasgai n
di ssolved in a m xed sol vent of nethanol (0.59 nL) and tetrahydrofuran

(0.86 nlL)againd @issbues@suhfanngxaai dohvdnat 6f mé4hidnsu, (0. 833mEyOEhawas
added thereto. The resultant m xture was stirred under ref lux for 2.5

hours, anteth&nydsefurahe(oageemuy, safdauprhydnegesutabhosabeivanyadeed
thereto. The resultant m xture was extracted with ethyl acetate. The

organi c | ayer7wag, doi etd3omeolankydr addedodheresol. f atlte Besul téed
concentrated under reduced pressure, to thereby obtain the titled conpound
(0.29 g, DD¥ureORasd] stieNdB (LBELT3reBlui. 66r( 2H5 Houds9. Gnlzkhed. 78
saturated aqueous sodium hydrogen carbonate was added thereto.
The resultant mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate, and
then concentrated under reduced pressure, to thereby obtain
the titled compound (0.29 g, 50%).
[0209] 'H-NMR (CDC1;) &: 3.64 (1H, d, J=9.5 Hz), 3.78
(1H, 4, J=11.0, 3.0 Hz), 3.81-3.88 (2H, m), 4.06 (1H, 4,
J=8.1 Hz), 4.11-4.17 (1H, m), 4.25 (1H, 4, J=11.7 Hz), 4.45
(1H, 4, J=12.1 Hz), 4.57 (1H, 4, J=12.1 Hz), 4.61-4.68 (4H, m),
4.88 (1H, 4, J=11.0 Hz), 4.90-4.96 (2H, m), 5.16 (2H, s), 6.81
(2H, 4, J=7.0 Hz), 6.93 (1H, 4, J=9.5 Hz), 7.11-7.20 (6H, 4,
J=6.6 Hz), 7.26-7.34 (13H, m).
[0210] 5) Synthesis of (15,3'R,4'S,5'S,6'R)-3',4"',5"-
tris(benzyloxy)-6'-(benzyloxymethyl)-6-(chloromethyl)-5-
fluoro-3',4',5',6'-tetrahydro-spiro[isobenzofuran-1(3H),2"'-
[2H]pyran]
(1S,3'R,4'S,5'S,6'R)-3"',4"',5"'-tris(benzyloxy)-6"'-
(benzyloxymethyl)-5-fluoro-3',4"',5',6'-tetrahydro-6-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]

(0.29 g, 0.43 mmol) was dissolved in dichloromethane (4.0 mL),



(1H, d, J=11.0, 3.0 Hz), 3.81-3.88 (2H, m, 4.06 (1H, d, J=8.1 Hz),
4.11-4.17 (1H, m, 4.25 (1H d, J=11.7 Hz), 4.45 (1H d, J=12.1 Hz), 4.57
(1H, d, J=12.1 Hz), 4.61-4.68 (4H, n), 4.88 (1H, d, J=11.0 Hz), 4.90-4.96
(-2H, n) 5.16 (2H, s), 6.81 (2H, d, J=7.0 Hz), 6.93 (1H, d, J=9.5 Hz),
7.11-7.20 (6H, d, J=6.6 Ft) 7.26-7.34 (13H m. [0210] 5) Synthesis of
(1S,3'R 4'S,5'S,6'R)-3",4"',5"-

tris(benzyl oxy)-6'- (benzyloxynethyl) 6- (chloronethyl) 5-

fluoro-3 , t 0 of. I
R ,pla Re gpﬁ) ‘E%&%Q%QE‘E_ t%g,lls?ggzlz Qle-,g% e Hadon? e thldhirdte

(benzyl ox Vi) filsu

(hydroxym)gtﬁﬁglB -bsp?r (%[SI ggr%gﬁzo#u% ?nrj%hélﬁlzt i%sl-}flpyran? 5?0 292 15 mm?sl)

Was d'SSOhﬁédrbguﬂtﬁhkoh@ﬁ%h&%”%a@4tﬂeELEt1§§eda&%xtq %h%dﬁ%%u%&aEbo%P|Ut'0”
were added carbon tetrachioride (0.33 g, 2.15 mmol) "and tri phenyl phosphi ne

(0.56 g, ZehperHRUKe. becﬁféﬂbﬁaﬁﬁaﬁéxwéer&ﬁévéaeaysahéwmaeioﬁ 5 hours
at room tenperature. Dichloronethane was renoved by distillation (about

1.5 n), aadoulten.sharL)esund Rhene¥hduecsas tiny edd die wid iputigaled I3sh
col um chronatography (devel opi ng sol vent = ethyl acetate:n-hexane

(17:100) ) sit@chhgeab¥iakhaicelug chirdoad toge@Epdynd de?ti.cbifly séi¥%ent] @211]
"H NVR (CDC13) S 3.64 (1H, dd, J=11.2, 1.6 Hz), 3.77-3.86 (3H, n), 4.06

(1H, dd, &=h9l13acktiatBzh-héxhded.(15: 1(obh|) ,Mto 4ndeebiHobtailrthet tHa)led
4.45-4.64 (6H m, 4.87-4.96 (3H m, 5.14 (2H, s), 6.82 (2H, d, J=6.6 Hz),
6.96 (1H, compodn@ 22HB).1 nwgll70%34 (19H, m. [0212] 6) Synthesis of
(1S,3’R4'S,5 S,66)R-3 ,4",5" -
[0211] 'H-NMR (CDCl;) &: 3.64 (1H, dd, J=11.2, 1.6 Hz),
3.77-3.86 (3H, m), 4.06 (1H, 44, J=10.3, 1.1 Hz), 4.10-4.15
(1H, m), 4.20 (1H, 4, J=11.4 Hz), 4.45-4.64 (6H, m), 4.87-4.96
(3H, m), 5.14 (2H, s), 6.82 (2H, 4, J=6.6 Hz), 6.96 (1H, 4,
J=9.2 Hz), 7.11-7.34 (19H, m).
[0212] 6) Synthesis of (1S,3'R,4'S,5'S,6'R)-3',4"',5'-
tris(benzyloxy)-6'-(benzyloxymethyl)-6-[(4-
ethylphenyl)methyl]-5-fluoro-3',4',5',6"'-tetrahydro-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]
(1$,3'R,4'S,5'S,6'"R)-3"',4"',5'-tris(benzyloxy)-6"'-
(benzyloxymethyl)-6-(chloromethyl)-5-fluoro-3',4"',5"',6"'-
tetrahydro-spiro[isobenzofuran-1(3H),2"'-[2H]pyran] (0.19 g,
0.273 mmol), sodium carbonate (86.9 mg, 0.819 mmol), tetrakis
triphenylphosphine palladium (15.7 mg, 0.013 mmol),
tetrabutylammonium bromide (17.6 mg, 0.054 mmol) and
4-ethylphenylboronic acid (81.9 mg, 0.546 mmol) were dissolved
in a mixed solvent of dimethylformamide (1.3 mL) and water
(0.07 mL). Using a microwave radiation reaction apparatus,
the mixture was heated to 140°C and then stirred for

20 minutes. Water was added thereto, and the resultant



tris(benzyl oxy)-6'-(benzyl oxymet hyl)-6-[ (4-

et hyl phenyl ) met hyl ] -5-fluoro-3',4',5",6'-tetrahydro-

spiro[ i sobenzof uran-1(3H), 2' -[ 2H] pyr an]

(1S,3'R 4'S,5'"S,6'R)-3",4",5" -tris(benzyl oxy)-6'-

(benzyl oxymet hyl ) -6-(chl oronet hyl )-5-fluoro-3',4',5",6"-

t et rahydr o- spi ro[ i sobenzof uran-1(3H), 2' g2H] pyran] (0.19 g, 0.273 mol),
sodi um carbonate (86.9 ng, 0.819 mmol), tetrakis triphenyl phosphine

R e P s e AP LR 0%9%%%7%@%%% ved
' a i XegogOhERs Shell RAPALEGEEONSEN Bueit, 2BlaEhER CLACEEeFLLoglS! no

a mcrowave radiation reaction appar at us, e mxture was ate

and then gthtfedefQEedOpPboyhes. %@&é@ﬁ@ﬁ?@%é@f&&é%a?%fb&é& _ta”t

87 mixture was extracted with ethyl acetat he organic | ayer ried

over anhygi@ﬂéaseélufléﬂhfé&fumﬁnéhkbﬁﬁtsgﬂﬁﬁﬁ§r@H@QelHB@ﬁP 58dYeRd =
pressure. The reSulting residue was purified lica ge l'ash col um

chr onat 0gg BRPY égéﬂgtéphﬂﬁeﬁﬁhéeﬂi5*10@2W¥|t@CEhékébQ Bs%amﬁ the: %@thd to
thereby obtain the titled conpound ( 1H NWR ( 13)

S 1.15 (@bmpbund= (1Z3Hg)m92 Bds)(2H, g, J= 7 7 Hz) 364(1H d, J= 95 Hz)
3.78-4.15 (SR M), 4.44-4°51 (24 m, 4.55-4.63 (2H, ), 4.86-4.92 (3H M,

5.10 (1H[ofd133= 13 0 Y )NMED. pdalhh 8d, 13Té3(9HHZ): 6-757(&kl ,Sh.. 5@ 94 (1H,
dJ88Hz)698720(10Hn')72 7.30 (13H, 'ny. [0214] 7) Synthesis

of (1S, 3' RKR, Sgb' $=6.R) HB)[(4-64 (1H, 4, J=9.5 Hz), 3.78-4.15 (8H, m),

ethylphenyl)nethyl]-S-fIuoro-3',4',5',6'-tetrahydro-6'-

(hydr oxynat byl 2 Spi @i, smbpenzobBrane3( BBH, 2in) [, 2K). Bpp-anp2 (3H, m), 5.10
(1H, 4, J=13.0 Hz), 5.15 (1H, 4, J=13.0 Hz), 6.75 (2H, s),
6.94 (1H, 4, J=8.8 Hz), 6.98-7.20 (10H, m), 7.26-7.30 (13H, m).
[0214] 7) Synthesis of (1S5,3'R,4'S,5'S,6'R)-6-[(4-
ethylphenyl )methyl]-5-fluoro-3',4"',5"',6'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5"'-triol

(1S,3'R,4'S,5'S,6'R)-3'",4"',5"'-tris(benzyloxy)-6"'-

(benzyloxymethyl)-6-[(4-ethylphenyl)methyl]-5-fluoro-
3',4',5',6'-tetrahydro-spiro[isobenzofuran-1(3H),2'-[2H]pyran]
(143.8 mg, 0.187 mmol) was dissolved in a mixed solvent of
ethyl acetate (4.5 mL) and methanol (4.5 mL). To the
resultant solution were added 10% palladium-carbon (30.0 mg)
and 1 N hydrochloric acid (1 drop), and then the mixture was
stirred for 2 hours under hydrogen. The resultant mixture was
filtered and then the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel
flash column chromatography (developing solvent =

methanol:dichloromethane (1:10)), to thereby obtain the titled

compound (56.6 mg, 74%).



3,4 ,5 -triol (1S3 R4'S,5 S, 6'R-3,4",5 -tris(benzyl oxy)-6"-

(benzyl oxynet hyl ) - 6-[ (4- et hyl phenyl ) met hyl ] -5-f1l uor o-

3',4",5 ,6" -tetrahydro-spiro[isobenzofuran-1(3H), 2" -[2H pyran] (143.8 ny,
0.187 mml) was dissolved in a mxed solvent of ethyl acetate (4.5 nL) and
met hanol (4.5 nmL). To the resultant solution were added 10%

pal | adi um carbon (30.0 ng) and 1 N hydrgchloric acid (1 drop), and then the
m xture was stirred for 2 hours under hydrogen. The resultant nixture was

result i ng PaPdue &2?%“%&#%@%@5 ) G 20elt 91 o S ke ooy aphy

o g e e, i o
(3H t, 9@ '(‘?L){ % 5% 1(42'24 H‘l) 3379@ Rz, % 435-(1]4H18 tHdz)J %%d"z()us

3. 64-3. 7 ( H, J 14."8 Hz)', J=14
(1H d, 3= 1%% sz)) %.11% |(_(|1L Jr—h%%'ﬁ@) Néh*ﬁ G, =D 3 )y,
7.09-7.14 (4 =6.6 Hz). [6216] (ESI™): 405 [M¢I]"

[0217] The @@qnoqqdq4h shgd wnjﬁaqug 14 can kewasily produced in the sane
manner as described in Exanple 16 or in  the productlon processes, or by

meki ng slijght gnodi fi caki QesItP. sPshmiegesses that woul d be obvious to a
person skilled in the art. [0218] [Table 1-4] 89 - Table 1-4

[0217] The compounds listed in Table 1-4 can be easily
produced in the same manner as described in Example 16 or in
the production processes, or by making slight modifications to
such processes that would be obvious to a person skilled in
the art.

[0218] [Table 1-4]
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F \ IHNWR (CDC13) S 1.37 (3H, t, J=7.0 / O Hz), 3.73-3.99 (10H, m, 5.00
(1H, d, Exanple 17 0" OH J=13.0 Hz), 5.10 (1H, d, J=13.0 Hz), Q 6.79 (2H,
d, J28.1 Hz), 6.90 (1H, d, HO J=9.2 Hz), 7.08-7.10 (3H, m) OH M5 (ESI'):
421 [M#1]' OHF \ \ "HNWR (CDC13) S 2.32 (3H, s), 3.69- / / 3.91 (6H,
m, 3.97 (2H, s), 5.06 (1H, Exanple 18 0.0 OH d, J=13.2 Hz), 5.17 (1H d,
J=13.2 Hz), 6.96 (1H, d, J=9.2 Hz), Z.@9 _HO 7.11 (5H, m) OH MB (ESI'): 390

[M' OHF 3HNWR (CD30D) 6: 1.21 (6H, d, J=7.0 Hz), 2.81-2.88 (1H, m),
341346Ta6ig|1[rl 3.63-3.67 (1H, n), 3.70-3.81 (4H ), 3.96 (2H dd,

J=14. 6, Example 19 Q& off Hz) 5. .06 (1H d, J=12.4 Hz), 5.12 0 (IH d,
J=12. 4 FE), 7 02 (1H 9.5 Hz), 7.13 (4H, s), 7.23 (1H, d, CH J=6.6
Hz) OH M3 (ESI'): 41 p : 01H—NM§ %chﬁai)ﬁg 13376(%{ s)] A79- 0
ﬁ.z)Ql gsg.l M, 5.02 ( gxarrpleﬂg%%f OO ) 0 25018 € ﬁlﬂd’ﬂ J=12.8
, . J=13.0 Hz), 5.10 (1H, d, J=13.0 Hz),
Example 17 K 6.79 (2H, 4, J=8.1 Hz), 6.90 (1lH, 4,
J=9.2 Hz), 7.08-7.10 {(3H, m)
MS (ESI'): 421 [M+1]1"
'H-NMR (CDCl;) d: 2.32 (3H, s), 3.69-
3.91 (6H, m), 3.97 (2H, s), 5.06 (1H,
d, J=13.2 Hz), 5.17 (1H, 4, J=13.2
Example 18 Hz), 6.96 (1H, d, J=9.2 Hz), 7.09-
7.11 (5H, m)
MS (ESI*): 390 [M]’
'H-NMR (CD,OD) &: 1.21 (6H, d, J=7.0
Hz), 2.81-2.88 (1H, m), 3.41-3.46
(1H, m), 3.63-3.67 (1H, m), 3.70-3.81
{4H, m), 3.96 {2H, 4d, J=14.6, 23.0
Hz), 5.06 (1H, d, J=12.4 Hz), 5.12
Example 19 (1H, d, J=12.4 Hz), 7.02 (1H, d,
J=9.5 Hz), 7.13 (4H, s), 7.23 (1H, d,
J=6.6 Hz)
MS (ESI%): 418 [M]*
'H-NMR (CDC1,) &: 3.76 (3H, s), 3.79-
3.91 (8H, m), 5.02 (1H, 4, J=12.8
Hz), 5.13 (1H, d, J=12.8 Hz), 6.81
Example 20 (24, d, J=8.4 Hz), 6.92 (1H, 4, J=9.2
Hz), 7.10-7.12 (3H, m)
MS (ESI'): 407 [M+1]1*
Example 21

(1S,3'R,4'S,5'S,6'"R)-3"',4"',5',6"'-tetrahydro-6"'-

(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-5-methyl-

spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol

[0219] [Formula 27}
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HO (2H, d, J=8.4 Hz), 6.92 (1H, d, J=9.2 OH Hz). 7.10-7.12 (3H, m OH M5
(ESI"): 407 [M1]" Exanple 21

(1S,3’ R 4'S,5 S,66)R-3 ,4',5 ,6'-tetrahydro-6'-

(shydr oxynet hyl ) - 6-[ (4-i sopropyl phenyl ) met hyl ] - 5- et hyl -
spiro[isobenzofuran-1(3H),2'-[2H pyran]-3',4",5 -triol [0219] [Fornula 27]
90 0-6 ,OHHO OH OH 1) Synthesis of . gg -

(4-acet oxynet hyl - 2- br ono- 5- net hyl ) benzyl acetate To a sol ution of

1- brono- 2, 5- bi s(chl oronet hyl ) -4- net hyl benzene (29.2 g, 108.96 muol) in DWF
(150 nL) was added sodium acetate (26.8 g, 326.89 mmol ), and the resultant
m xture was SHi r 3 hours at 80C. The reaction m xture was cooled to
room t enper at wat er was added thereto. The resultant m xture
was extracted Wth i chl oronet hane. The organic | ayer was successively
washed wit h°, Phand saturated brine, and then dried over anhydrous
magnesi umusul The sol vent was then renoved by distillation under
reduced pressuﬁe.oTo the resulting residue were added ethyl acetate (70 ni)
and n-hexane (P00 nL). This solution was stirred for 15 hours at room
tenperature. Undissolved material was collected by filtration, to thereby

obtain the titl ey spnpREBis(88. 44dacétoRYhethyl-2-bromo-5-methyl)benzyl

nnnnn

acetate

To a solution of 1-bromo-2,5-bis(chloromethyl)-4-
methylbenzene (29.2 g, 108.96 mmol) in DMF (150 mlL) was added
sodium acetate (26.8 g, 326.89 mmol), and the resultant
mixture was stirred for 3 hours at 80°C. The reaction mixture
was cooled to room temperature and then water was added
thereto. The resultant mixture was extracted with
dichloromethane. The organic layer was successively washed
with water and saturated brine, and then dried over anhydrous
magnesium sulfate. The solvent was then removed by
distillation under reduced pressure. To the resulting residue
were added ethyl acetate (70 mL) and n-hexane (100 mL). This
solution was stirred for 15 hours at room temperature.
Undissolved material was collected by filtration, to thereby
obtain the titled compound (23.4 g, 67.9%).
[0220] 'H-NMR (CDC1l;) &: 2.12 (3H, s), 2.14 (3H, s), 2.30
(3H, s), 5.07 (2H, s), 5.15 (2H, s), 7.22 (1H, s), 7.54
(1H, s).
[0221] 2) Synthesis of (2-bromo-5-methyl-4-
hydroxymethylphenyl)methanol

To a solution of (4-acetoxymethyl-2-bromo-5-

methyl)benzyl acetate (23.4 g, 74.0 mmol) in a mixture of THF
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[0220] 1H- NWR (CDC13) S: 2.12 (3H, s), 2.14 (3H, s), 2.30 (3H, s), 5.07
(2H, *s), 5.15 (2H, s), 7.22 (1H, s), 7.54 (1H, s). [0221] 2) Synthesis of
(2- brono- 5- net hyl - 4- hydr oxymet hyl phenyl ) net hanol To a sol ution of

(4- acet oxynet hyl - 2- br onp- 5- net hyl ) benzyl acetate (23.4 g, 74.0 mmol) in a
m xture of THE 91 (200 niL), ethanol (200 nlL) and water (100 nL) was added
pot assi um hydroxide (12.5 g, 222.0 mml )y, and the resultant mxture was
stirred for 5 hours at 80C. The reaction n1xture mas cooled to room

tenperatUQ$OanﬂL5hegt£Pﬁoiok§88tHﬂgsanggngég ?EPEB%t'O?dg der reduced

pressure résultrng resi d et hyl

?Eﬁ%gigtuﬁéggfﬁﬁhss QQE%EL ?g{gmggs PF ﬁﬂgagy % P?#%F?%ﬁsg& 8n§r|ed to
839 221, IH NMR CD3OD

o o o8 (BLRtRrE"fabybtS % FrefR8y"g hbpsh Ay, sBicSTimng e i MR

[ 0223] 3)w§¥n58§?ba 25 }ogﬁyg?gﬁegﬁkﬁ¥h 385 Rheh(the solvent was

met hoxy- | - met hyl') et hoxymet enzene a nitrogen atnosphere, to a

| ut f h hanol (18.0
o 7S ey g e rSheons> (B4, 6 mL., 779.0

mol ) andr@)éﬁ!l@h.ﬂbumag1595“@@%@“Eﬁ@@ﬁt Rate:9¢208. nP)/AndMRlthyadt aletagrd the
resultant mxture™was stirred for 30 m nutes. Aqueous potassSium carbonate
(1 M 20Q18b) mpgs aeldeéhbha&szttqreaaast BedrtRa E8zUl! AbluraX! YoRmias
temperature. Undissolved material was collected by filtration
and dried, to thereby obtain the titled compound (15.1 g,
88.3%).
[0222] 'H-NMR (CD;OD) 6: 2.28 (3H, s), 4.58 (2H, s), 4.61
(2H, s), 7.31 (1H, s), 7.53 (1H, s).
[0223] 3) Synthesis of 1l-bromo-4-methyl-2,5-bis[(1-
methoxy-1l-methyl)ethoxymethyl ]benzene
Under a nitrogen atmosphere, to a solution (500 mL) of
(2-bromo-5-methyl-4-hydroxymethylphenyl)methanol (18.0 g,
77.9 mmol) in anhydrous THF were added 2-methoxypropene
(74.6 mL, 779.0 mmol) and pyridinium p-toluenesulfonate
(196 mg, 0.78 mmol) at 0°C, and the resultant mixture was
stirred for 30 minutes. Aqueous potassium carbonate (1 M,
200 mL) was added thereto, and then the resultant mixture was
extracted with ethyl acetate (800 mL) containing triethylamine
(2.5 mL). The organic layer was successively washed with
water (500 mL) and saturated brine (500 mL), and then dried
over anhydrous magnesium sulfate. The solvent was then
removed by distillation under reduced pressure, to thereby

obtain the titled compound (29.2 g, 100%).

[0224] 'H-NMR (CDC1l;) &: 1.44 (6H, s), 1.45 (6H, s), 2.27
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extracted with ethyl acetate (800 nlL) containing triethylamne (2.5 nl).
The organic | ayer was successively washed with water (500 nL) and saturated
brine (500 nmL), and then dried over anhydrous nagnesium sul fate. The
solvent was then renoved by distillation under reduced pressure, to thereby
obtain the titled conpound (29.2 g, 100% . [0224] 1H NWR (CDC13) 6: 1.44
(6H, s), 1.45 (6H, s), 2.27 92 (3H, s).,9,3.23 (3H, s), 3.25 (3H, s), 4.42
(2H, s), 4.50 (2H, s), 7.29 (1H, s), 7.57 (1H, s). [0225] 4) Synthesis of

(1S,3'R 4/ S,5' $,6'R) 53 (41, 55,6 5 Letrahydro-6
6'-bis(hy&?"éky%&th?ﬁ?é%th??i 3.580(30Y959,%4. 42 (2m, s), 4.50

spiro[isoggﬁzoéyrag-%§ik%¥?'$g?z%p%zgpén3'S?:,S'-triol N-butyllithium (2.5 M

n- hexane uttoh, 3 was ‘added dropwi se over 5 m nutes at

- 78C d i t [ 0 ] 1 b Bl U~ 4'
70C undelgysll L1 09CH) AgReRLELE b [ Eohuk £05(800 By 08 LybrguDgds
i n anhydrpyg, dréﬂg Bhgbi§§H 28%vm8t §E525WQ§tﬁ§iLred under the sane

or 3 A's ut|3ﬂ o)

condi tion r m nuf es.

2,3, 4, 6- Qb et pbeoBYhzDeALHAONP3 M) D2k 8¢ bANByrbA§.-4 194 75+ 3¢ 0yh) in THF (40

m.) was theéen added dropw se over 5 minutés'to the mxture. The reaction

mxture was StNIb@eyiPitAitAU(2.8"d hDRBx8ALULB18E18AUCYS 42HFDNI UM
chl ori de was added thereto. The resultant m xture was extracted with ethyl

acetate. Jhes5esmbianka0r §AALE h?ﬁgﬁiEQSOVEQGB RYGAEES Ye!l Y 79eehghlaut

water and saturated brine, and then dried over anhydrous nmagnesium sulfate.
The sol vepit¥egent BenospABYEdtBY adbslulhiahi ¢BoUNAE) beducedompeasure. The

resulting residue was dissolved in a m xed solvent of THF
methyl-2,5-bis[(1-methoxy-1-methyl)ethoxymethyl]benzene
(26.8 g, 71.3 mmol) in anhydrous THF, and the resultant
mixture was stirred under the same condition for 30 minutes.
A solution of 2,3,4,6-0O-tetrabenzyl-D-glucono-1,5-lactone
(38.4 g, 71.3 mmol) in THF (40 mL) was then added dropwise
over 5 minutes to the mixture. The reaction mixture was
stirred for 1 hour, and then saturated aqueous ammonium
chloride was added thereto. The resultant mixture was
extracted with ethyl acetate. The resultant organic layer was
then successively washed with water and saturated brine, and
then dried over anhydrous magnesium sulfate. The solvent was
then removed by distillation under reduced pressure. The
resulting residue was dissolved in a mixed solvent of THF
(130 mL) and MeOH (65 mL), and p-toluenesulfonic acid (2.71 g)
was added thereto. The reaction mixture was stirred at room
temperature for 2 hours, and then ethyl acetate was added
thereto. The resultant organic layer was then successively
washed with water and saturated brine. The organic layer was

dried over anhydrous magnesium sulfate, and then the solvent

was removed by distillation under reduced pressure. The
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(130 m.) and MeCH (65 nL), and p-toluenesulfonic acid (2.71 g) was added
thereto. The reaction mxture was stirred at room tenperature for 2 hours,
and then ethyl acetate was added thereto. The resultant organic |ayer was
then successively washed with water and saturated brine. The organic |ayer
was dried over anhydrous nmagnesium sul fate, and then the solvent was
renoved by distillation under reduced prepgsure. The - 93 resulting residue
was purified by silica gel colum chronmat ography (devel opi hg sol vent =

oy Scola b gas il s, o IBERY S Uy g comound (5.

3. 63-3. 92 - 100 s Abaid b , 87 3H, ),
5. 17 (2H, cgﬁé,ﬁmg%gr@%? 3,‘1%%%_%? Hzr% ,s°i7f‘%"7- 7 %7t(h pzioﬁ{g erﬁa‘.t%%’z}%"%g&e( "
Synthesi s (qf, 4G1S, 3oRtflePebyoobtBin3 the tAtled compound (8.9 g, 18.9%).

tris(benzyl oxy)-6'-benzyl oxynet hyl - 6- (chl or onet hyl’) -

3',4",5", 6gobetr ahydr t i 15[ iisahe AN H ,»2'v [ pynan] To
a sol uti ogong% 1§, 3' qu-ﬁqsﬁ% @%C%b?? A],'%% ?sz AN B 236 [(BH PYY

tris(benzgl @xys-02- hanzymoxyaelosyls 34 4210 nb',- 4R HDP-GH, m),
(hydroxynet hyl ) - 5- net hyl - spiro[ i sobenzofuran-1(3H),2'- [2H pyran] (8.9 g,

13.2 mol )y .ign -di, olgl qpeewane .130Q 21,) svas 6 .3ddqaH hiony=c ad)yde (2.2 ni,
30.4 mmol) at 0C, and the resultant m xture was stirred at the sane

t enper at urzg of7ar7 .37 {eoH, #J)% Aqueous sodi um hydrogen carbonate was added

thereto followed by conducting liquid-Iiquid separation. The organic |ayer

was washedowi2t7] sat ur gt egyhtheeisdbifed 18y 8r RgANBJKBOGS 6 'RYAiI3UM4gylsfat e and

concentrat ed under reduced pressure. The
tris(benzyloxy)-6'-benzyloxymethyl-6-(chloromethyl) -
3',4'",5'",6"'-tetrahydro-5-methyl-spiro[isobenzofuran-1(3H),2"'-
[2H]pyran]

To a solution of (1S,3'R,4'S,5'S,6'R)-3"',4"',5"-
tris(benzyloxy)-6'-benzyloxymethyl-3',4"',5',6'-tetrahydro-6-
(hydroxymethyl)-5-methyl-spiro[isobenzofuran-1(3H),2"'-
[2H]pyran] (8.9 g, 13.2 mmol) in dichloromethane (300 mL) was
added thionyl chloride (2.2 mL, 30.4 mmol) at 0°C, and the
resultant mixture was stirred at the same temperature for 1
hour. 10% Aqueous sodium hydrogen carbonate was added thereto
followed by conducting liquid-liquid separation. The organic
layer was washed with saturated brine, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The
resulting residue was purified by silica gel flash column
chromatography (developing solvent = ethyl acetate:n-hexane
(1:4)), to thereby obtain the titled compound (5.88 g, 64.4%).
[0228] 'H-NMR (CDCl;) &: 2.46 (3H, s), 3.64 (1H, dd, J=1.9,
11.1 Hz), 3.77-3.90 (3H, m), 4.04-4.19 (2H, m), 4.44-4.65
(7H, m), 4.87-4.97 (3H, m), 5.15 (2H, s), 6.77-6.82 (2H, m),

7.07-7.36 (20H, m).
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resulting residue was purified by silica gel flash columm chromat ography
(deve] opi ng solvent = ethyl acetate:n-hexane (1:4)), to thereby obtain the
titled conmpound (5.88 g, 64.49% . [0228] 1H- NWR (CDCl13) S: 2.46 (3H, s),
3.64 (1H, dd, J=1.9, 11.1 Hz), 3.77-3.90 (3H, m, 4.04-4.19 (2H, m,
4.44-4.65 (7H, m), 4.87-4.97 (3H, m, 5.15 (2H, s), 6.77-6.82 (2H, m,
7.07-7.36 (20H, m. 94 [0229] 6) Synthegq s. of

(1S,3’ R 4'S,5' S,6' R -3,

trls(benz bgth 6'- (gg?ﬁ #?f ggggyb% %154'ﬂ§ 46 - ke r@hﬁqrg164. 51 _

[ (4-1sopropyl phenyl) met h Spirof |sobenzo uran-

1(3H), 2 L 4'5S, 3'1S,56' )
131 2 - kbpueanl 1 Bayd 8oL (befyabudridey) 455, 8 1360 Br-Eerfararo-s

3,4',5, @(4L@%69&%9&@p5eﬁ§hhmbawgugQB'%@Q%&éQ%%ﬁ%%‘&@%Hkm%oﬂh%%hpyran] (300

ng, 0. in a mxturé of and water (0.15 nL) were added

4- |sopropykghqnylbq@nggrgqu (142 ng, 0.87 mmol), tetrakis
tri phenyl phosphi ne pal ladium (25 ng, 0.022 mmol), sodium carbonate (138 ng,

1.3 nmmol ) and et habytukasroBiEUMLE, AViRIQ 1629 '8y 6 '®)A8F @MDIs),- and the
resultant m xture was stirred for 15 hours at 85C. The reaction m xture was

cool ed t otira@Mbeazpeoaly)-6,' -AbénzRabxyieitdiy1()16 -(lch1waemddsd jt-hereto. The
resultant m xture was extracted with ethyl acetate (100 nlL). The organic

| ayer was3'ywashed ,wei't-hetaiatydired sBmetdy 10sipddodvieyo bamzoduaian -9qdmym2 'sul f at e
and concentrated under reduced pressure. The resulting residue was purified
by silica[gd]pkirasl ¢alowmmg,clor.adaimagrigphin (edediedtapien @ £s @iMFent2 .8 e intLy)
acetate: n-hexane (1:8)), to thereby obtain the titled conmpound (160 ng,
47.6% . and water (0.15 mL) were added 4-isopropylphenylboronic acid
(142 mg, 0.87 mmol), tetrakis triphenylphosphine palladium
(25 mg, 0.022 mmol), sodium carbonate (138 mg, 1.3 mmol) and
tetrabutylammonium bromide (29 mg, 0.087 mmol), and the
resultant mixture was stirred for 15 hours at 85°C. The
reaction mixture was cooled to room temperature, and then
water (10 mL) was added thereto. The resultant mixture was
extracted with ethyl acetate (100 mL). The organic layer was
washed with saturated brine, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The
resulting residue was purified by silica gel flash column
chromatography (developing solvent = ethyl acetate:n-hexane
(1:8)), to thereby obtain the titled compound (160 mg, 47.6%).
[0230] 'H-NMR (CDC1,) 8: 1.15 (3H, s), 1.17 (3H, s), 2.28
(3H, s), 2.74-2.89 (1H, m), 3.62-3.68 (1H, m), 3.77-3.96
(5H, m), 4.06-4.15 (3H, m), 4.43-4.65 (4H, m), 4.84-4.94
(3H, m), 5.11-5.21 (2H, m), 6.72-7.31 (26H, m).
[0231] 7) Synthesis of (1S,3'R,4'S,5'S,6'R)-3',4"',5',6'-
tetrahydro-6"'-(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-5-

methyl-spiro[isobenzofuran-1(3H),2'-[2H]pyran]}-3',4"',5"'-triol
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[0230] 1H-NWR (CDC13) S: 1.15 (3H, s), 1.17 (3H, s), 2.28 (3H, s),
2.74-2.89 (1H, m, 3.62-3.68 (1H m, 3.77-3.96 (5H m, 4.06-4.15 (3H m,
4.43-4.65 (4H, m, 4.84-4.94 (3H m, 5.11-5.21 (2H, m, 6.72-7.31 (26H,
m. [0231] 7) Synthesis of (1S,3' R4S, 5 S, 6'R-3,4",5,6'-

tetrahydro-6' - (hydroxynethyl)-6-[(4-isopropyl phenyl)nethyl]-5-

met hyl - Spi ro[ i sobenzofuran-1(3H), 2' -[ 2H|g®yran] -3' ,4' ;5" -triol 95 To a
solution of (1S,3'R 4'S,5°S,66R)-3",4",5"-

tris(benzyl oxy)pg' 5( L QXY ARt ) 2 8p, 4165168 zhighrahydrox6-
[(4-isopropy|phgﬁy?)ﬁg?ﬁ¥h?§5gﬁe?%§r§sgféo Fgo éﬁzgf)urgar'lEi 3

1(3H), 21- Q9. I kit yne =0f et Ryl te_ (0.5
m.) and n%%%%ggFﬁ?glﬁ%?qmg?e(ggéégﬁ§83?ggpygaggnfqcé?bdg (%%5Iﬁg gﬁdgl N

hydrochl ok i g -2gb8rbpvipBRhv13Rd thhen - sLRe tRk it e8¢ uran -13 hours
under hdeggens ?ﬁeéyrgsglgagt ﬁigggrg mggﬁkiI%gﬁggqgﬁg%kﬁg%%Pﬁ%hfiItrate

was concepspdt ed_pngepyradycedepr AgSUDE 21 ThRACNGSYh! aNGhikAHAUSE Wahy1
purified by silica gel ?Iash col utm chr omat ogr aphy (devel opi ng sol vént =

met hanol : degbheeoqet bame ) ( And0ikthhaoll her aby @bial Rgdea tiokl @@d1aarRAMd
(10.3 ny, 12.1%. [0232] 1H NWVR (CD3CD) S: 1.18-1.24 (6H, m, 2.23 (3H s),

2. 79- 2. 88chtbonn) 108. Ag)3asd (1N, hrodnd@dr3c8aciaH,(1Mirod)98 an@2hes) . 5. 09
(2H, dd, J=12.2 Hz, 10.0 Hz), 7.02-7.15 (6H mnm). [0233] Ms (ESI'): 437

[ MeNa] +. [Re3mlixtheecaapoghderieidstted 13 habire Lndetahyideog@si.l yTher oduced in
the sane manner as described in Exanple 21 or in the production processes,
or by makiragudtiaght migduiriec #hisoffdlttereguahdpithbens e fHattraxe tdase obvi ous

to a person skilled in the art.
concentrated under reduced pressure. The resulting residue
was purified by silica gel flash column chromatography
(developing solvent = methanol:dichloromethane (1:10)), to
thereby obtain the titled compound (10.3 mg, 12.1%).
[0232] 'H-NMR (CD;OD) 8: 1.18-1.24 (6H, m), 2.23 (3H, s),
2.79-2.88 (1H, m), 3.40-3.47 (1H, m), 3.63-3.85 (5H, m), 3.98
(2H, s), 5.09 (2H, 44, J=12.2 Hz, 10.0 Hz), 7.02-7.15 (6H, m).
[0233] MS (ESI'): 437 [M+Na]®.
[0234] The compounds listed in Table 1-5 can be easily
produced in the same manner as described in Example 21 or in
the production processes, or by making slight modifications to
such processes that would be obvious to a person skilled in

the art.

[0235] [Table 1-5]
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235] [Table 1-5] 96 - Table 1-5 '"H NWR (CD3CD) 6: 2.22 (3H, s), 2.87- 2.99
m, 3.40-3.47 (1H, m, 3.66 (1H dd, J=5.76, 12.08 Hz), 3.72-3.83
m, 4.00 (2H, s), 4.47 (1H, t, Exanple 22 0'p OH F J=6.59), 4.63 (1H,
.59), 5.09 (2H, dd, J=12.35, 22.23 Hz), 7.04- HO off 7.14 (6H m OH
I"): 419 [Mm+1]' 3H NWR (CD30D) 6: 2.23 (3H, s), 3.39- 1 0 3.47 (1H,
.62-3.84 (8H, m, 3.95 Exanple 234 OH (2H, s), 5.09 (2H, dd, J=12.7
.5 Hz), 6.80 (2H, d, J=8.3 Hz), 7.00- HO7.12 (4H m OH M5 (ESI'): 425
' \el \51H-NI\/R(CD30D) 8: 1.35 (3H, t, J=6.9 0 Hz), 2.23 (3H s),
-3.49 (1H, ni Exanple 24 OO OH 3.61-3.85 (5H m, 3 91 4. 04 (4H n,
-5.18 (2H rr) 6. 74- 6. 83 (2H rr) HOQN%Q( %{; 644, ,M :
MNal|  OH 3H- NM = Bh9ot (21) 15 3. 46341 47 11}5%,“)1 ¢ (b
3H s), 2.5 7) 11, 3d393=3. 7/ Examnlze 2523 @3, |OH
.62-3.85 (5H (4H, m), 4.00 (2H, s}, 4.47 (1H, t,
Example 22 J=6.59), 4.63 (1H, t, J=6.59), 5.09
(2H, dd, J=12.35, 22.23 Hz), 7.04-
7.14 (6H, m)
MS (ESI'): 419 [M+1]®

35 2nvo
AQI:

= w - ;
I~©ow

= Noog
3

- W

w/-\

'H-NMR (CD,0OD) &: 2.23 (3H, s), 3.39-
3.47 (1H, m), 3.62-3.84 (8H, m), 3.95
(2H, s), 5.09 (2H, dd, J=12.7 Hz, 9.5
Hz), 6.80 (2H, d, J=8.3 Hz), 7.00-
7.12 (4H, m)

MS (ESI'): 425 [M+Nal’

Example 23

H-NMR (CD,OD) &: 1.35 (3H, t, J=6.9
Hz), 2.23 (3H, s). 3.38-3.49 (1H, m),
3.61-3.85 (5H, m), 3.91-4.04 (4H, m),
5.02-5.18 (2H, m), 6.74-6.83 (2H, m),
6.96-7.15 (4H, m)

MS (ESI'): 439 [M+Nal’

Example 24

'H-NMR (CD,0OD) &: 0.91 (3H, t, J=7.3
Hz), 1.56-1.64 (2H, m), 2.23 (3H, s),
2.53 (2H, t, J=7.74 Hz), 3.39-3.47
(1H, m), 3.62-3.85 (5H, m), 3.98 (2H,
s), 5.09 (2H, dd, J=12.5 Hz, 9.9 Hz),
7.00-7.14 (6H, m)

MS (ESI*): 415 [M+1]'

Example 25

H-NMR (CD,OD) &: 2.23 (3H, s),
3.39-3.47 (1H, m), 3.62-3.85 (5H, m),
4.13 (2H, s), 5.11 (2H, dd, J=12.7
Hz, 8.7 Hz), 7.13-7.19 (2H, m), 7.30-
7.35 (2H, m), 7.53-7.57 (2H, m)

MS (ESI'): 463 [M+Na]l’

Example 26

The compounds listed in Table 1-6 can be easily produced
in the same manner as described in Example 1 or 21, or in the
production processes, or by making slight modifications to

such processes that would be obvious to a person skilled in
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s), 5.09 (2H, dd, J=12.5 Hz, 9.9 Hz), HO OH 7.00-7.14 (6H nm OH M5 (ESI"):
415 ['"W#1]'" "H- NWR (CD30D) 8: 2.23 (3H, s), F 3.39-3.47 (1H, m, 3.62-3.85
(5H m, Exanple 26 0°'0 OHp F 4.13 (2H, s), 5.11 (2H, dd, J=12.7 Hz, 8.7
Hz), 7.13-7.19 (2H, m, 7.30 HO 7.35 (2H, m, 7.53-7.57 (2H, n) OH M5
(ESI"): 463 [MtNa]' OH The conpounds listed in Table 1-6 can be easily
produced in the sanme manner as described i.n Exanple 1 or 21, or in the
production processes, or by making slight nodifications to such processes
that woul ghhesppvious to a person skilled in 97 - the art. [0236] [Table
1-6] Table 1-6 1H NVR (CD30D) 8: 2.23 (3H, s), 03.42-3.48 (1H, m,
3.64-3.85[60k 1M . Expagbie 276 OH FF 4.07 (2H, s), 5.11 (2H, dd, J=12.2
F Hz, 9.2 Hz), 7.12-7.24 (6H, HO OH M5 (ESI'): 479 [MtNa]' OH C S 10,
1H NVR (GCP3pB 8-63.37-3.49 (1H, m, 3.60-3.86 (5H, m, 4.31-4.46 (2H, m,
Exanple 28 OH 5. 04-5 20 (2H m 7 04 (1H s).

'H-NMR (CD,OD) &: 2.23 (3H, s),
3.42-3.48 (1H, m), 3.64-3.85 (5H, m),
4.07 (2H, s), 5.11 (2H, dd, J=12.2
Hz, 9.2 Hz), 7.12-7.24 (6H, m)

MS (ESI'): 479 [M+Nal®

Example 27

'H-NMR (CD,OD) &: 3.37-3.49 (1H, m),
3.60-3.86 (5H, m), 4.31-4.46 (2H, m),
5.04-5.20 (2H, m), 7.04 (1H, s),
7.18-7.34 (2H, m), 7.37-7.47 (2H, m),
7.60-7.79 (2H, m)

MS (ESI*): 449 [M+1]"

Example 28

'H-NMR (CD,OD) &: 1.24 (3H, t, J=7.6
Hz), 2.75 (2H, q, J=7.6 Hz), 3.39-
3.47 (1H, m), 3.62-3.83 (5H, m),
4.20-4.25 (2H, m), 5.10 (2H, dd,
J=12.3, 7.9 Hz), 6.56-6.61 (2H, m),
7.31-7.38 (2H, m)

MS (ESI'): 449 [M+Na]®

Example 29

'H-NMR (CD,OD) &: 3.38-3.49 (1H, m),
3.61-3.84 (5H, m), 4.22-4.38 (2H, m),
5.03-5.17 (2H, m), 6.80-6.86 (1H, m),
6.87-6.93 (1H, m), 7.16-7.23 (1H, m),
7.33 (1H, s), 7.37 (1H, s)

MS (ESI*): 421 [M+Nal’

Example 30

Example 31

(1S,3'R,4'S,5'S,6'R)-6-[ (4-ethylphenyl)methyl]-5-

ethynyl-3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-

spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol

[0237] [Formula 28]
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7.18-7.34 (2H, m, 7.37-7.47 (2H, m, HO 7.60-7.79 (2H m OH M5 (ESI'):
449 [W1]" OHCA 5 1HNWR (CD3OD) 8: 1.24 (3H, t, J=7.6 Hz), 2.75 (2H, q,
J=7.6 Hz), 3.39- 3.47 (1H, m, 3.62-3.83 (5H, mM, Exanmple 29 dOH 4.20-4.25
(2H, m, 5.10 (2H, dd, J=12.3, 7.9 Hz), 6.56-6.61 (2H m, HO OH 7.31-7.38
(2H, m OH M5 (ESI'): 449 [MNa]' C S / | 3HNWR (CD OD) 8: 3.38-3.49
(1H m, 3.61-3.84 (5H m, 4.22-4.38 (ggH- m, Exanple 30 0- OH 5.03-5.17
(2H, m, 6.80-6.86 (1H m, ©p 6.87-6.93 (1H m, 7.16-7.23 (1H, m, HO
7.33 (1H s), 7.37 (1H, S) OH M5 (E51"): 421 [M:tNa]' OH Exanple 31

(1S, 3' R 4' S, 5 8, 6 R) 6- [ (4- et hyl phenyl ) net hyl ] - 5-

ethynyl -3',4", 3 et rahydr o- 6' (hydroxynethyl)

3H),2'-[2H pyran]-3',4",5 -triol [0237] [Fornula 28]

98 - OO .H

||||||

HO .

OH

1) Synthesis of (1S,3'R,4'S,5'S,6'R)-3',4"',5'-
triacetoxy-6'-(acetoxymethyl)-6-[(4-ethylphenyl)methyl]-
3',4'",5',6"'-tetrahydro-5-trimethylsilylethynyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]

Under a nitrogen stream, a solution of
(1s,3'R,4'S,5'S,6'R)-3"',4',5"-tri(acetoxy)-6"'-acetoxymethyl-5-
chloro-6-[(4-ethylphenyl)methyl]-3',4"',5',6"'-tetrahydro-
spiro[isobenzofuran-1(3H),2'-[2H]pyran] (97 mg, 0.165 mmol),
dichlorobis(acetonitrile)palladium(II) (9 mg, 0.035 mmol),
2-dicyclohexylphosphino-2',4"',6'-triisopropylbiphenyl (53 mg,
0.111 mmol) and cesium carbonate (141 mg, 0.433 mmol) in
acetonitrile (3.35 mL) was stirred for 0.5 hours at room
temperature. To the mixture was then added
trimethylsilylacetylene (0.26 mL, 1.84 mmol), and the
resultant mixture was stirred for 2 hours at 90°C. The
reaction mixture was concentrated under reduced pressure, and
the resulting residue was purified by silica gel flash column
chromatography (developing solvent = ethyl acetate:n-hexane
(1:2)), to thereby obtain the titled compound (96 mg, 81%).
[0238] 'H-NMR (CDC1l;) &: 0.24 (9H, s), 1.22 (3H, t,

J=7.5 Hz), 1.71 (3H, s), 2.00 (3H, s), 2.05 (3H, s), 2.06
(3H, s), 2.58-2.66 (2H, m), 4.02-4.33 (5H, m), 5.05-5.30

(3H, m), 5.53-5.62 (2H, m), 7.08-7.16 (4H, m), 7.23 (1lH, s),
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OH 1) Synthesis of (1S, 3' R ,5'S,6'R-3,4",5
triacetoxy-6'-(acetoxymethyl [
3'.4",5 ,6'-tetrahydro-5-trine
spiro[isobenzofuran 1(3H),2' - [
of (1S,3'R 4'S,5'S,6'R-3,4",5
chl oro-6-[(4- ethylphenyl)neth 11-3".4', 599 & -tetrahydro-
spiro[i sobenzofuran-1(3H), 2' -[ 2H pyran] (97 ng, 0.165 nmol),
di chl or obysgaceigni &yl e) pal ladiun(11) (9 ng, 0.035 mmol ),
2- dlcyclohexylphosphlno 2',4",6"-triisopropyl bi phenyl (53 ng, 0.111 mmol)
and ceS|umegggonate Q;4gyﬁgheglg3gfang)3u 4ageg@g|gnkbe6LQ(§5 m.) was
stirred for 0.5 hours at room tenperature. To the nmixture was then added
trimethyl éthghﬁﬁéhthmetﬁglaﬁi5r-rl=,-,th§n§4 -olg), 5anN@ 'R t Ha®spdrAant - xture was
stirred for ours at 90C. The reéaction mxture was concentrated under
reduced pragavbeymafdylhhe ﬁestullrsbrbenrzesfudﬁe qumurzl-f-lmh]@yr%d]l-ca gel
flash columm ch ronatograpﬁy devel opi ng solvent = ethyl acetate:n- hexane
(1:2)), tg'theregbytehbai n the titled conmpound (96 ng, 81% . [0238] 'H NWR
(CDC13) S 0.24 (9H, s), 1.22 (3H, t, J=7.5 Hz), 1.71 (3H, s), 2.00 (3H, s),
2.05 (3H, s), 2706a E3butipn 3£5%18.,688R(3AMS,8)S,4.'R3~4.'33'(3M- n), 5.05-5.30
(3H, m, 5.53-5.62 (2H, m, 7.08-7.16 (4H m, 7.23 (1H s), 99 - 7.34 (1H
S). [0239krinceypiklesi's (aketbSyteRh4/13,-%-3,(@ Etﬂ&ﬂﬂh@nyl)methyl]-
et hyl phenyl ) net hyl ] -5-et hynyl -3',4',5" ,6'-tetrahydro-6
(hydr oxymst'h ﬁP)5spﬁreﬁe&mbhwﬂmbuﬁaﬁrﬁ@@ﬁhylsquﬂqnhymﬂL-

spiro[isobenzofuran-1(3H),2'-[2H]pyran] (101 mg, 0.155 mmol)

4I
) - (4- et hyl phenyl ) met hyl ] -

yl silyl et hynyl -

Hl pyran] Under a nitrogen stream a solution

S
6-
th
2
5'-tri(acetoxy)-6'-acetoxynet hyl -

y
-[

in methanol (1 mL) was added potassium carbonate (14 mg), and
the resultant mixture was stirred for 1.5 hours at room
temperature. The solvent was then removed by distillation
under reduced pressure. The resulting residue was purified by
silica gel column chromatography (developing solvent =
methylene chloride:methanol (85:15)), to thereby obtain the
titled compound (23 mg, 36%).

[0240] 'H-NMR (CD;OD) &: 1.19 (3H, t, J=7.69 Hz), 2.58
(2H, gq, J=7.41, 7.69 Hz), 3.38-3.45 (1H, m), 3.60-3.82 (6H, m),
4.15 (2H, dd, J=14.82 Hz, 23.06 Hz), 5.03-5.14 (2H, m), 7.1
(4H, dd, J=8.23 Hz, 20.58 Hz), 7.19 (1H, s), 7.41 (1lH, s).
[0241] MS (ESI'): 411 [M+1]".

[0242] Example 32

(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-

(ethynylphenyl )methyl]-3',4',5',6'-tetrahydro-6"-

(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-

3',4',5'-triol

[0243] [Formula 29]
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3,4 ,5 -triol To a solution of (1S,3' R 4'S,5 S, 6'R-3",4",5"-
triacetoxy-6'-(acetoxynethyl)-6-[(4-ethyl phenyl)nethyl]-

3',4",5 ,6" -tetrahydro-5-trinmethylsilylethynyl -
spiro[isobenzofuran-1(3H),2'-[2H pyran] (101 ng, O0.155 nmol) in nethanol (1
m.) was added potassium carbonate (14 ng), and the resultant m xture was
stirred for 1.5 hours at room tenperatupe. -The sol vent was then renoved by
distillation wunder reduced pressure. The resulting residue was purified by
silica gel colum chromatography (devel opi ng solvent = nethyl ene

chl ori de: met hakbl (85:15)), to thereby obtain the titled conpound (23 nyg,
36% . [0240] oD 6: 1.19 (3H, t, J=7.69 Hz), 2.58 (2H, q, J=7.41,
7.69 Hz), 3.3 m, 3.60-3.82 (6H m, 4.15 (2H, dd, J=14.82 Hz,

23.06 Hz), (2By ), 7.1 (4H dd, J=8.23 Hz, 20.58 Hz), 7.19 (1H,
s), 7.41 (1FP5€)NOH[0241] M5 (ESI'): 411 [Ml]'. [0242] Exanple 32
(1S, 3" R 446 'R)-5- chloro 6-[(4-

(ethynylphenyl)nePHyI] 3 5',6'-tetrahydro-6'-
(hydroxynethylfmsplro[|sobenzofuran-l(BFD,Z'-[2Fﬂpyran]- 3,4 ,5 -triol
[0243] [Fornula 29] 100 - 1 0,0 OH HOOH OH 1) Synthesis of 4-(tert

1) Synthesis of 4-(tert-
butyldimethylsilyloxy)phenylboronic acid

A solution of 4-hydroxyphenylboronic acid (1 g,

7.25 mmol), tert-butyldimethylsilyl chloride (3.28 g,

21.76 mmol) and imidazole (2.47 g, 36.3 mmol) in DMF was
stirred overnight at room temperature. The reaction mixture
was diluted with ethyl acetate, washed with saturated sodium
hydrogen carbonate solution, then dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel flash column
chromatography (developing solvent = ethyl acetate:n-hexane
(1:1)), to thereby obtain the titled compound (1.1 g, 60.2%).
[0244] 'H-NMR (CD;0OD) &: 0.21 (6H, s), 0.99 (9H, s), 6.83
(2H, 4, J=8.4 Hz), 7.54 (2H, 4, J=8.4 Hz).

[0245] 2) Synthesis of (1S,3'R,4'S,5'S,6'R)-3',4"',5'-
triacetoxy-6'-(acetoxymethyl)-6-[(4-(tert-
butyldimethylsilyloxy)phenyl)methyl]-5-chloro-3',4"',5"',6"'-
tetrahydro-spiro[isobenzofuran-1(3H),2'-[2H]pyran]

A reaction between (15,3'R,4'S,5'S,6'R)-3',4"',5'"-
tri(acetoxy)-6'-acetoxymethyl-5-chloro-6-chloromethyl-
3',4',5',6"'-tetrahydro-spirofisobenzofuran-1(3H),2'-[2H]pyran]
and 4-(tert-butyldimethylsilyloxy)phenylboronic acid was

conducted in the same manner as that in step 6 of Example 1,
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but yl di net hyl si |l yl oxy) phenyl boronic acid A solution of

4- hydr oxyphenyl boronic acid (1 g, 7.25 mmol), tert-butyl dinethylsilyl
chloride (3.28 g, 21.76 nmol) and im dazole (2.47 g, 36.3 mmol) in DVF was
stirred overnight at roomtenperature. The reaction mxture was diluted
with ethyl acetate, washed with saturated sodium hydrogen carbonate
solution, then dried over anhydrous sodigin -sul fate, and concentrated under
reduced pressure. The resulting residue was purified by silica gel flash

o ¢her eb‘SBSEﬂ%?%B?EQXF%?ﬁ hDLReied ERbogne, 8*5%6‘3%?%?2@? ABRRA- cosoby
) (024602851 5, nodt 3008 CP@@ R’ 87pg gy =1 9 og OB (Y, 1A

triacetox ceboé yl 6- b ( 99.4.
butyldlne¥h€fs ?yloxyygﬁgﬁy L%ethgﬁf ggchloro 3 02.(gﬁ 6s) 3.92-4.16

t et rahydr i I golpengokyr 1( 2 yr n] Aipeac n ketween
(1s 3'R 4@gﬁg ﬁ?[ & b@ 40 &y @@n ah),. 8".1b2khRyr anl jA1heackizqn Behye

trl(acetogyh 6d,aQElQXB”H§W¥|5529hBOBQ @1ﬁh|ﬁ20”3th% .65 (2H, m),
3,4 -tetrahydro spi ro[ i sobenzof uran- 1( [2Fﬂpyran] and

4-(tert- bgtybdsngphyhglImboxg)pbenybboqgnlchC|d vas7.genqugt eq)i.n the sane
manner as that in step 6 of Exanple 1, - 101 to thereby obtain the titled

conpound Ywih7q yiel d3pfsyhthsis[ 82461s1bt RIMR §CDCE35'R) -8 18 (6H. s), 0.97
(9H, s), 1.74 "(3H, s), 2.00 (3H, s), 2.05 (3H, s), 2.06 (3H s), 3.92-4.16

(3H, M, 4rifcétdRy(8M- (atetdxifethkll )d5-¢R13r6-82),4'55286'CtHtrdhydzb2. 6

Hz), 5.22-5.32 (1H, m, 5.48-5.65 (2H, m, 6.73-6.82 (2H, m, 6.98-7.09

(2H, M, &-2144ngarb6Ryphehyl )methyl]-spiro[isobenzofuran-1(3H),2"'-
[2H]pyran]

A solution of 1.0 M tetrabutylammoium f£luoride in THF

(0.12 mL, 0.12 mmol) was added dropwise under a nitrogen
atmosphere and under ice cooling to a solution of
(1s,3'R,4'S,5'S,6'R)-3"',4"',5"'-triacetoxy-6"'-(acetoxymethyl)-6-
[(4-(tert-butyldimethylsilyloxy)phenyl)methyl]-5-chloro-
3',4',5',6"'-tetrahydro-spiro{isobenzofuran-1(3H),2'-[2H]pyran]
(62 mg, 0.090 mmol) in anhydrous THF (2 mL). The reaction
mixture was stirred under the same condition for 15 minutes,
and then diluted with water. The resultant mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate, and then concentrated under
reduced pressure. The resulting residue was purified by
silica gel flash column chromatography (developing solvent =
ethyl acetate:n-hexane (1:1)), to thereby obtain the titled
compound (44 mg, 84.9%).
[0248] 'H-NMR (CDC1;) &: 1.75 (3H, s), 2.00 (3H, s), 2.05
(3H, s), 2.06 (3H, s), 3.92-4.16 (3H, m), 4.19-4.35 (2H, m),

4.71 (1H, s), 5.10 (1H, 4, J=13.0 Hz), 5.18 (1H, 4, J=13.0 Hz),
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[0247] 3) Synthesis of (1S,3' R 4'S,5 S, 6'R-3,4",5"-
triacetoxy-6'-(acetoxynethyl)-5-chloro-3",4",5,6"'-tetrahydro-
6- [ (4- hydr oxyphenyl ) net hyl ] -spiro[i sobenzofuran-1(3H), 2'- [2H] pyran] A
solution of 1.0 Mtetrabutyl amoiumfluoride in THE (0.12 niL, 0.12 mmol)
was added dropw se under a nitrogen atnosphere and under ice cooling to a
solution of (15,3 R 4'S,5 S,6'R)-3",4"1§5-triacetoxy-6'-(acetoxynmethyl)-6-
[(4-(tert-butyldinmethylsilyloxy)phenyl)nethyl]-5-chloro-
3,4, etr ghy Sphr ofi ggbgnggf n- 163 25bpyhan] my(6
0. 090 nnn?)zﬁngagﬂyg?gus # 5(38 ) ggTKgﬁreégtr%n$3nkx?%r§2%as gtlﬁre “under
the sane §oggi (AN hYr F515LAUBES( 2Hang then diluted with water. The
resultant m xture was extracted mnth ethyl acetate. The organic |ayer was

dried ovep2aphydrousssogdyHthesifabe. (di3tﬁea gogcgngnﬁgeg-uadeg- reduced
pressure. The resulting residue was purlfle by ilica gel flash colum

ChrO”HtOQEEEB&eEGRyEBOPKa@eﬁekyaeEhyl)eBhEhlé%QLQUe4n Bexane tetrhhydrbe
thereby obtain the titled conpound (44 ng, 84.9%. [0248] 1H NVR (CDC13) b:

1.75 (3H, 631(42(QQlEiUorShetﬁaﬁésuﬁ@Unyibxyagﬁ@n@@ﬁme&hyl@ -92-4.16 (3H, m,
4.19-4.35 (2H m), 4.71 (1H s), 5.10 (1H .0 Hz), 5.18 (1H, d,

J=13.0 HzypitB2isbbéhzbfdtanlhl(3n)), 23~ 4&H5p§5ahaH m, 6.73-6.82 (2H, lﬂ,

7.01- 7.09 (2H, m, 7.19-7.30 (2H, m. [0249] 4) Synthesis of

(1S,3'R 4' S, 5" Sp6sBLuBiod’ ob' (15,3'R,4'S,5'S,6'R)-3",4',5"'-triacetoxy-

triacetoxy-6'-(acetoxynethyl)-5-chloro-3",4",5 ,6"'-tetrahydro-

6-[ (4- (trpflyacerekkmeehylll)oBychiprphanyld) nst'hyl'l-tetrahydro-6-[(4-

spiro[ i sobenzofuran-1(3H), 2' -[ 2H] pyr an]
hydroxyphenyl)methyl]-spiro[isobenzofuran-1(3H),2"'-[2H]pyran]
(42.4 mg, 0.073 mmol) in anhydrous dichloromethane (2 mL) was
cooled with ice, and pyridine (17.8 uL, 0.220 mmol) was added
dropwise under a nitrogen atmosphere to the solution. Then,
trifluoromethanesulfonic anhydride (18.5 uL, 0.110 mmol) was
added dropwise to the solution. The reaction mixture was
stirred under the same condition for 2 hours, and the
resultant mixture was then purified by silica gel flash column
chromatography (developing solvent = ethyl acetate:n-hexane
(1:1)), to thereby obtain the titled compound (49 mg, 94.0%).
[0250] 'H-NMR (CDC1l;) &: 1.74 (3H, s), 2.01 (3H, s), 2.05
(3H, s), 2.06 (3H, s), 3.97-4.37 (5H, m), 5.11 (1H, 4,
J=13.0 Hz), 5.19 (1H, 4, J=13.0 Hz), 5.22-5.32 (1H, m),
5.50-5.66 (2H, m), 7.14-7.33 (6H, m).
[0251] 5) Synthesis of (1S,3'R,4'S,5'S,6'R)-3"',4"',5"-
triacetoxy-6'-(acetoxymethyl)-5-chloro-3',4',5',6'-tetrahydro-
6-[(4-(2-trimethylsilylethynyl)phenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]

A suspension of (1S,3'R,4'S,5'S,6'R)-3',4',5'-

triacetoxy-6"'-(acetoxymethyl)-5-chloro-3',4"',5',6"'-tetrahydro-
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A solution of (1S,3' R 4'S, 5 S,6'R-3",4",5 -triacetoxy-

- (acetoxynet hyl )-5-chloro-3",4"',5 ,6"'-tetrahydro-6-[(4-
hydr oxyphenyl ) met hyl ] - spi ro[ i sobenzofuran-1(3H), 2" -[2H pyran] (42.4 ngy,
0. 073 nmmol ) in anhydrous dichloronmethane (2 nmL) was cooled with ice, and
pyridine (17.8 L, 0.220 mmol ) was added dropw se under a nitrogen
atnosphere to the solution. Then, trifhggronethanesul fonic anhydride (18.5
L, 0.110 nmol) was added dropwi se to the solution The reaction m xture was

stirred ugdey 4LiersaaRocoRdichhaR sl oRyIRKyI praRg1hAR riyagul Lant mixture was

t hen puri by silica gel Fash col u ograp (developlng sol vent

= et hyl t L trai t tigt | und 49
o on oop DrEpEABSPENROEReh b 2 %‘3%"” (A, 0 8 955" (an,

i 1320032)‘Wme%%if%g%%ﬁécayﬁ?ﬁe 1.3 3 Re AT "“*9*?4 7% éﬁ%g (.1“[ 0251)

5) Synthegpbaiak (2563 Rgd' 9.913 &mdlLH3’ téleihglamlne (0.05 mL,
triacetoxy-6"- (acetoxynethyl)-S chl oro- 3' 6'-tetrahydro-

6-[(4-(2- brbgﬁtﬂMbiblHh@thlgﬁthﬁ%ﬂﬁkk kﬂ%h&lphqsphlne)palladlum

spiro[ i sobenzof uran- 1( 3H), H| pyr an] suspensi on of
(1S, 3' R 4'(8.9595n§, Rs-, as,ﬁmoi) in DMF (1 mL) was stirred under a
triacetoxy-6"- (acetoxynethyl) 5-chloro-3',4",5",6"-tetrahydro 103 -

6-[(4- (trhﬁkﬂ@?@ﬁehhﬁﬂgﬁﬂbE%nEbﬁx2)Db@&%'bﬁe@hth The reaction mixture
spiro[isobenzofuran-1(3H), 2'-[ 2H pyran] (49 ng, 0.069 mol),

trimet hyl siakyltheat diidoeed@l ¥ithl wateir4l amdvlthe eeppdrt@nt mictute @WAas63 ny,
0.014 mml), triethylamne (0.05 nL, 0.358 nol) and
di chl or obiextiraichkednylikho ethiyie peaitladei .unThé308§amlic Ragbr! aasl AriadDVF (1
m.) was stirred under a
over anhydrous sodium sulfate, and then concentrated under
reduced pressure. The resulting residue was purified by
silica gel flash column chromatography (developing solvent =
ethyl acetate:n-hexane (1:2)), to thereby obtain the titled
compound (13 mg, 28.6%).
[0252] 'H-NMR (CcDCl1l;) &: 0.23 (9H, s), 1.75 (3H, s), 2.00
(3H, s), 2.05 (3H, s), 2.06 (3H, s), 3.97-4.17 (3H, m),
4.19-4.35 (2H, m), 5.10 (1H, 4, J=13.0 Hz), 5.18 (1H, 4,
J=13.0 Hz), 5.21-5.31 (1H, m), 5.47-5.66 (2H, m), 7.06-7.16
(2H, m), 7.19-7.31 (2H, m), 7.36-7.45 (2H, m).
[0253] 6) Synthesis of (1S,3'R,4'S,5'S,6'R)-5-chloro-6-
[(4-(ethynylphenyl)methyl]-3',4',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5"'-triol
The titled compound was produced in the same manner as
that in the final step of Example 1 by using
(1S,3'R,4'S,5'S,6'R)-3"',4"',5"'-triacetoxy-6"'-(acetoxymethyl)-5-
chloro-3',4"',5',6'-tetrahydro-6-f(4-(2-

trimethylsilylethynyl)phenyl)methyl]-spiro[isobenzofuran-



ni trogen atnosphere for 2 hours at 90C. The reaction mxture was then
diluted with water, and the resultant m xture was extracted with ethyl
acetate. The organic |ayer was dried over anhydrous sodium sulfate, and
t'hen concentrated under reduced pressure. The resulting residue was
purified by silica gel flash colum chromatography (devel opi ng sol vent =
ethyl acetate:n-hexane (1:2)), to therebhygqobtain the titled conpound (13
ng, 28.6% . [0252] 1H-N|\/R(CDC13) S: 0.23 (9H, s), 1.75 (3H, s), 2.00 (3H,
s), 2.05 Siy- 2 S = ( A 10 Ay 4 m, 5.10
(1H, d, Jigkh%) ? ﬁﬁi%%h As, %ﬁ%?%@z??%%ﬁaﬁ%%&%%ﬁ 47-5. 66
(2H, rr), 54082 7. 16 (2H, rr), 7.19-7.31 (2H, m, 7.36-7.45 (2H, m. [0253] 6)
Synthesis of (1S, 3 R4 S/5'S,6"R)-5-chl oro-6-

[ (4- (et hypyboheny! ) metyMr G[§0D5 8¢’ 3t§§E§h¥6HJ@2ﬁ m), 3:5973.85

(hydr oxynet hyl ) - spi ro[ i sobenzofuran-1 pyran , 4" ;5" -triol The
titled comprynd) yas. pooduged(2n, the, sanemamnerdaSJ =ibad Ha)t,hs.&hnal step
of Exanple 1 by using

(1S, 3' R 4(815' &, 6JR)330,4z)5' 7t Laazetoxy6R’ - hacet oxymet hyl ) - 5-
chloro-3,4",5 ,6'-tetrahydro-6-[(4-(2-

trinmethyl p02y$ &t hynylNPheEg1))net48d | [MyNaId.i sobenzof uran 104
1(3H),2' -[2H pyran] as a starting material. The yield was 54.4% [ 0254]

1H NVR (CD3ZB%16: 3. Exdmple (28, ), 3.59-3.85 (5H, m, 4.10-4.20 (2H, m,
5.07 (1H, d, J=13.0 Hz), 5.14 (1H, d, J=13.0 Hz), 7.14-7.46 (6H n). [0255]
M5 (ESI{): 439 {M3Na&]R,4'S,5'S,6'R)-3',4',5',6'-tetrahydro-6"-

(hydroxymethyl)-5-methyl-6-[(4-(propyn-1-yl)phenyl)methyl]-

spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol

[0257] [Formula 30]

1) Synthesis of (1S,3'R,4'S,5'S,6'R)-3'",4",5"'-
tris(benzyloxy)-6'-(benzyloxymethyl)-6-[(4-
formylphenyl)methyl]-3',4',5",6'-tetrahydro-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]

A mixture of (1S,3'R,4'S,5'S,6'R)-3',4",5"-
tris(benzyloxy)-6'-(benzyloxymethyl)-6-(chloromethyl)-
3',4',5',6"'-tetrahydro-5-methyl-spiro[isobenzofuran-1(3H),2"'-
[2H]}pyran] (568 mg, 0.822 mmol), 4-formylphenylboronic acid
(246 mg, 1.641 mmol), sodium carbonate (261 mg, 2.46 mmol),
tetrabutylammonium bromide (53 mg, 0.164 mmol),
tetrakis[triphenylphosphine]palladium (47 mg, 0.041 mmol),

toluene (2.14 mL) and distilled water (0.21 mL) was stirred



[ 0256] Exanple 33 (1S,3'R 4'S,5' S,6'R)-3",4',5 ,6'-tetrahydro-6
(hydroxynet hyl ) - 5- met hyl - 6-[ (4- (propyn- 1-yl) phenyl ) nmet hyl ] -
spiro[isobenzofuran-1(3H),2'-[2H pyran]-3',4",5 -triol [0257] [Fornula 30]
O- OH HOOH OH 1) Synthesis of (1S3 R4'S,5S,6'R-3,4",5

tris(benzyl oxy)-6'-(benzyl oxymet hyl)-6-[ (4-

fornyl phenyl )nmethyl]-3",4",5",6'-tetrahygso=5-net hyl -
spiro[isobenzofuran-1(3H), 2" -[ 2H] pyran] A m xture of

(15,3 R 43 6 5% _ o
{115 (benz) Pagc PaCpftpdaefl sBream £or 20 miputes at 150°C (microwave

3',4",5", érrh@i 480¥AN O- STHE XA CcELb GhiSORENZR4 I 880 1é@H o 2room2H| pyr an]
(568 ng, 0.822 mml ), 4-fornyl phenyl boronic acid (246 ng, 1.641 nmol),

sodi um caté@apeir&t(128] ABA Zhéfi pueh¥iedt BYr abutiybagannicaashr esindan(53 ny,
0.164 mol ), tetrakis[triphenyl phosphine]palladium (47 ng, 0.041 mmol),

t ol uene (2hidmatdpgaaghgi steleddpwayesoliferdt Flpthgs atetaed:n-hekanender a
nitrogen streamfor 20 mnutes at 150C (m crowave irradiation). The

reaction (ix8yje vestheokbg bbtacamtheemnpelatducempanddt hesspmegi,f 4ed )hy
silica gel flash colum chromatography (devel opi ng solvent = ethyl

acet at e: nfbgsame (1:3INMR o dDEI9bB:0obt arn(8he i)t | 8desoqnaundd(255 no,
419% . [0258] 1H NWR (CDC13) S: 2.27 (3H, s), 3.66 (1H dd, J=1.92, 10.98
Hz), 3.79J318%2(3Hp.AB, H4)05347973(8H, (BH, m4.,44-.0564.1053H(4H),, m4.,86-4. 94
(3H, m, 5.16-5.20 (2H, M,
4.44-4.67 (5H, m), 4.86-4.94 (3H, m), 5.16-5.20 (2H, m),
6.75-6.78 (2H, m), 7.05-7.34 (22H, m), 7.62 (2H, dd, J=1.65,
6.59 Hz), 9.88 (1lH, s).
[0259] 2) Synthesis of (1S,3'R,4'S,5'S,6'R)-3',4",5"-
tris(benzyloxy)-6'-(benzyloxymethyl)-6-[(4-
ethynylphenyl)methyl]-3',4',5',6"'-tetrahydro-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]
A mixture of (1S,3'R,4'S,5'S,6'R)-3',4"',5"-
tris(benzyloxy)-6'-(benzyloxymethyl)-6-[(4-
formylphenyl )methyl]-3',4',5',6"'-tetrahydro-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran] (255 mg, 0.335 mmol),
potassium carbonate (93 mg, 0.673 mmol), dimethyl(l-diazo-2-
oxopropyl)phosphonate (116 mg, 0.604 mmol), methanol (4.2 mL)
and THF (0.8 mL) was stirred under a nitrogen stream for
4.5 hours at room temperature. The reaction mixture was
concentrated under reduced pressure, and the resulting residue
was purified by silica gel flash column chromatography
(developing solvent = ethyl acetate:n-hexane (1:3)), to
thereby obtain the titled compound (187 mg, 74%).
[0260] 'H-NMR (CDCl;) &: 2.25 (3H, s), 3.02 (1H, s),

3.64-3.68 (1H, m), 3.78-4.16 (9H, m), 4.44-4.65 (4H, m),



|

6.75-6.78 (2H, m, 7.05-7.34 (22H, m), 7.62 (2H, dd, J=1.65, 6.59 Hz), 9.88
(1H, *s). [0259] 2) Synthesis of (1S,3'R 4'S,5'S,6'R)-3",4"',5"-

tris(benzyl oxy)-6'-(benzyl oxymet hyl)-6-[ (4-

et hynyl phenyl )nethyl]-3',4',5', 6" -tetrahydro-5-net hyl -
spiro[isobenzofuran-1(3H), 2'-[ 2H] pyran] A m xture of

(1S,3'R 4'S,5'S,6'R)-3",4",5 - tris(benkyéoxy)-6'-(benzyl oxynethyl)-6-[(4-
formyl phenyl)methyl ]-3",4",5",6"'-tetrahydro-5-net hyl -

spiro[isobeggol usane 3 3Hh) 2' s 251 pypan] 26258) 06 . §638578Mpbd;, mhot assi um
carbonate (93 ng, 0.673 mmol ), dinethyl (1-diazo-2- oxopropyl)phosphonate
(116 ng, 6€.6947ewl )24mptAanol (4.2 nL) and THE (0.8 nL) was stirred under
a nitrogen streamfor 4.5 hours at roomtenperature. The reaction mxture
was concpokenjed undey Settitesipressyrs,3tmgathesresel Rjng' [ 2sigue was
purified by silica gel flash colum chronmat ography (devel oping solvent =
et hyl acetaie(beheyboey|i63)]behoylokemebhydhtainaths't st -edteahpausdsc187
ng, 74% . [0260] 1H NMR (CDC13) 8: 2.25 (3H, s), 3.02 (1H, s), 3.64-3.68
(1H, M, BetByl-46[ (9H pmdppyd-214yd)phefH)methyl(06spdr8hidoBénkdifurah-

5.13-5.22 (2H, m, 6.76-6.79 (2H, m), 6.95-7.32 (24H, m. [0261] 3)

Synt hesi s108H{ 1%} 3[ Ri#p$rshp, 6' R) -3, 4", 5" -

tris(benzyl oxy)-6'-(benzyl oxynmethyl)-3",4',5 6" -tetrahydro-5-

met hyl - 6- [ (4- (pUoggn-d-yitpbgey| $heeayl | tgparsplebbenzofur an-

1(3%0,2'-£2Fﬂpyran Under a pitrpgen stream to a solution of

(1S, 3' R 4155535R64R5.8" 546 'B) -B1' i, 4( beNz§rdgybeszyloxy)-6" -
(benzyloxymethyl)-6-[(4-ethylphenyl)methyl]-3',4',5",6"-
tetrahydro-5-methyl-spiro[isobenzofuran-1(3H),2'-[2H]pyran]
(144 mg, 0.19 mmol) in THF (1.9 mL) was added a solution of
n-butyllithium in n-hexane (2.67 M, 78 uL, 0.208 mmol)
at -78°C, and the resultant mixture was stirred at the same
temperature for 2 hours. Methyl iodide (59 pL, 0.948 mmol)
was added thereto, and the resultant mixture was stirred at
the same temperature for 0.5 hours. The solution was then
further stirred for 0.5 hours at room temperature. Distilled
water was added thereto, and the resultant mixture was twice
extracted with methylene chloride. The organic layer was
concentrated under reduced pressure, and the resulting residue
was purified by silica gel flash column chromatography
(developing solvent = ethyl acetate:n-hexane (1:4)), to
thereby obtain the titled compound (133 mg, 90%).
[0262] 'H-NMR (CDCl;) &: 2.03 (3H, s), 2.25 (3H, s), 3.66
(1H, dd, J=1.65, 11.25 Hz), 3.78-4.16 (9H, m), 4.44-4.65
(4H, m), 4.86-4.94 (3H, m), 5.17 (2H, 44, J=1.65, 11.25 Hz),
6.76-6.80 (2H, m), 6.91-7.32 (24H, m).

[0263] 4) Synthesis of (1S,3'R,4'S,5'S,6'R)-3',4',5"',6"'-



(benzyl oxymnet hyl ) - 6-[ (4-et hyl phenyl )nmethyl]-3",4',5" ,6" -

t et rahydr o- 5- et hyl - spi ro[ i sobenzofuran-1(3H), 2' -[ 2H pyran] (144 ny, 0.19
mmol) in THE (1.9 nL) was added a solution of n-butyllithiumin n-hexane
(2.67 M 78 L, 0.208 mmol) at -78C, and the resultant m xture was stirred at
the sane tenperature for 2 hours. Methyl iodide (59 L, 0.948 mvol) was
added thereto, and the resultant m xturgowas stirred at the sane
tenperature for 0.5 hours. The solution was then further stirred for 0.5

hours at f@@ﬁéﬁ?&@@féiU(Eydﬂ)ﬁ%ékﬁﬁil)\A@Fﬁétﬁ@i—@d@?d-kg%ﬁ&ﬁh1a”d the
resultant m xture was twice extracted with nethylene chloride. The organic

llayer wasy1y ﬁ‘jﬂl9l_iiéeﬂyumdgf)iféﬂﬂﬁéﬂeﬁﬁaﬁﬁﬁéﬁrlﬁaﬁ)t,DG-EQHl]b?!ra.ﬁ]r-e& due
was purified by silica gel flash col umm chromat ography devel opi ng sol vent
= ethyl agefjatesn-bexamne (1l:4)), to thereby obtain the titled conpound (133
ng, 90% . [0262] 1H NWMR (CDCl13) 6: 2.03 (3H, s), 2.25 (3H, s), 3.66 (1H,
dd, J=1.65, 11.@%dékE)a BitTBodedbstBEamM todaddotubbohrdtly . M) mL4. 86-4. 94 (3H,
m, 5.17 (2H, dd, J=1.65, 11.25 Hz), 6.76-6.80 (2H, m, 6.91-7.32 (24H, n).
[0263] 4)(Bynshrsassob'$1e B R34, 8 555-6rRs{Bendylbxy$-6107 -
tetrahydro-6' - (hydroxynet hyl)-5-nethyl-6-[(4-(propyn-1I-
yl ) phenyl jbebhyldxgpetbyisoBenadf 61 aa’ 1tdtlraBydrda-ppmeahyy1-8-[44-5, -tri ol
Under a nitrogen stream to a solution (9.4 nL) of
(1S, 3' R 4(répn 61 Ryl 3phdhyb)methglbeaspykrokypobenzofuran-1(3H), 2" -
(benzyl oxynmet hyl )-3',4',5" ,6'-tetrahydro-5-net hyl -6-[ (4-
(propyn- 1i 38 phiezanl) t2B8Rymp- sPi.AARI swiodnz @ng premiBidtIyy Lbegradne/ r 62G8 (1S3
ng, 0.173 mmol) and pent anmet hyl benzene (258 ny,
1.74 mmol) in methylene chloride was added a solution of boron
trichloride in methylene chloride (1.0 M, 1.7 mL, 1.7 mmol) at

-78°C, and the resultant mixture was stirred at the same
temperature for 2 hours. To the reaction mixture was then
added methanol (9.4 mL). The temperature of the solution was
raised to room temperature, and then saturated aqueous sodium
hydrogen carbonate was added thereto. The resultant mixture
was extracted with ethyl acetate. The organic layer was dried
over anhydrous potassium carbonate, and then the solvent was
removed by distillation under reduced pressure. The resulting
residue was purified by silica gel column chromatography
(developing solvent = methylene chloride:methanol (9:1)), to
thereby obtain the titled compound (14 mg, 20%).

[0264] 'H-NMR (CD,OD) &: 1.99 (3H, s), 2.22 (3H, s),
3.41-3.47 (1H, m), 3.66 (1H, dd, J=5.76, 12.08 Hz), 3.71-3.84
(4H, m), 4.00 (2H, s), 5.03-5.15 (2H, m), 7.03-7.23 (6H, m).
[0265] MS (ESI"): 411 [M+1]".

[0266] Test Example 1

Evaluation of inhibitory activity against methyl-oa-D-

glucopyranoside uptake of human Na’'-glucose cotransporter




|

1.74 mmol ) in nethylene chloride was added a solution of boron trichloride
in nethylene chloride (1.OM 1.7 nm, 1.7 nmmol) at -78C, and the resultant
m xture was stirred at the sane tenperature for 2 hours. To the reaction

m xture was then added nmethanol (9.4 nlL). The tenperature of the solution
was raised to roomtenperature, and then saturated aqueous sodi um hydrogen
carbonate was added thereto. The resultpgg m xture was extracted wth ethyl
acetate. The organic |ayer was dried over anhydrous potassium carbonate,

and then t&e P! yeatsyep,)removed by distillation under reduced pressure.
The resulirﬂg——resr&%e—mas purified by silica gel colum chromatography
(devel opi pg é&ﬁé’@ﬁﬁch&ﬁtbﬂﬁﬁ:ﬁaﬁ%@ﬂ‘ﬂ%ﬁﬁ%@é&?l{) n(Jedtdr 10 thereby obtain

the titled conmpound (14 ng, 20% 02 CD30D) 6: 1.99 (3H, s),

2.22 (3H, s), PRufldn 3Sdir{ lEbNDwas- élﬁpi]lﬂeédb%‘]PéR7@1tﬂ2 aO8pki), 3.71-3.84
(4H, ™), 4.00 (2H, s), 5.03-5.15 (2H, n), 7.03 m. |[0265] MS

(ESI4): Aliptaded] deri@@@%rJﬁShuﬁéﬁ@ﬂn&li Eﬂﬁé§€1hen(@iohﬁabﬁbt gkYyaactivity

agai nst nethyl -a-D- gl ucopyranosi de upt ake of human Na' - gl ucose

cotranspotémpldOs, - syhdtiaNONEChI2hety £0ASKODStDNA Pb1hMARASSGTL
expression vector Human SG.T1 cDNA was anplified by PCRwth a cDNA |ibrary

derived f(Doyébioecospeltdl nt gapane. (CGontact)iffe® cHIEAPIad cinSoyrtd@ti ¢ DNA
prinmers and KOD+ DNA Pol ynerase (Toyobo Co., Ltd., Japan). The anplified

CDNA was imserpeRII+Tdpopeettoropy uethgrab¥opsi 18 aldapagTBusloni ng Dual
Promoter kit (lInvitrogen). E. coli conpetent cells
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
CDNA added restriction enzyme recognition sites (Eco RI 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 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, DH50) 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.
[0267] 2) Construction of human SGLT2 expression vector

Human SGLT2 cDNA was amplified by PCR with a cDNA

library derived from human kidney (Clontech) as a template,



(I'nvitrogen, TOP10) were transformed with the plasmd vector, cultured in
LB nedi um containing anpicillin (50 ng/L) to grow anpicillin-resistant

cl ones. The plasm d vector containing human SG.T1 cDNA was purified from
the clone in a standard manner (see Maniatis et al., Ml ecular doning).
Human SG.T1 cDNA added restriction enzyne recognition sites (Eco R at 5
-end, Hnd Ill at 3 -end) was anplifiediby PCR wth the plasmd vector as a
tenpl ate, synthetic DNA primers containing an additional restriction enzyne

recogni t i §pn hé €ic apa KsPime PolPakg! ¥OBE aBRA PBL§maprkefi efthe Wes4 & gest ed
with Eco R and Hind Ill and ligated into expression vector pc 3.1(-)

(1 nvitrogepyadivgesirdentéd EaooRbcRIU-Tbpd Vebtby ByRapifgDhlATobbg@hi on Kit
(Roche Diagonostics). E. coli conpetent cells (lnvitrogen, DH5z) were

transfor netdoitihl bhell Pgemeterexpt eSE OrcdELIGOmpeet O¥eLis (TPOLO)
anpicillin-containing LB nedium Human SGLT1 expression vector was purified
from thewanpi trhhsfiormedswanh thenplasmadstranderd samnared| ABR67] 2)
Construction of human SA.T2 expression vector Human SGLT2 cDNA was
anpl i fi edLBym&@Rumi conbatihdg ampiaiylder ( edmbydin hongnoki dmpyciClantech)
as a tenplate, 109 synthetic DNA priners and KOD+ DNA Pol ynerase. The
anpl i fi edresDbipantsclosest edlhetwl g d -Viepoorw ecdrorataying i mgnan THGELT T A
Cloning Dual Pronoter kit. E. coli conpetent cells (TPOLO) were transforned
with the pPHAnwdsvpurdfieduframetheéncl8ngednua standanmdnpaanpici | Humag 50
ng/L) to grow anpicillin- resistant clones. The plasm d vector containing
human SG.SGLTZ2DsPNAasdgedi Festirficbirnhengimaeregognitindasdteant&ho Hunman
SA.T2 cDNA added restriction enzyme recognition sites (Xho |

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(-)

digested with Xho I and Hind III by using a Rapid DNA Ligation

kit. E. coli competent cells (DH5a) were transformed with the

ligated expression vector and grown in ampicillin-containing

LB medium. Human SGLT2 expression vector was purified from

the ampicillin-resistant clone in a standard manner.

[0268] 3) Establishment of cell lines stably expressing

human SGLT1 or human SGLT2

The human SGLT1 expression vector or the human SGLT2

expression vector was digested with the restriction enzyme

Pvu I and transfected into CHO-K1l cells with FuGENE (Roche

Diagonostics). After the transfection, the cells were

cultured at 37°C in the presence of 5% CO, for about 3 weeks in

DMEM medium (Gibco) containing penicillin (50 U/mL, SIGMA),

streptomycin (50 mg/L, SIGMA), geneticin (200 mg/L, Nacalai

Tesque, Inc., Japan) and 20% fetal bovine serum to obtain



at 5 -end, Hnd Ill at 3 -end) was anplified by PCRwith the plasmd vector
as a‘tenplate, synthetic DNA priners containing an additional restriction
enzyme recognition site and KOD+ DNA Pol ynerase. This anplified cDNA was
digested with Xno | and Hind 111, and ligated into expression vector

pcDNA3. 1(-) digested wwth Xho | and Hnd Il by using a Rapid DNA Ligation
kit. E. coli conpetent cells (DH5a) wereloransfornmed with the |igated
expression vector and grown in anpicillin-containing LB nmedium Hunman SG.T2

expr essi ogeNe€i 8inWasspythhted1bhes. tm@o@mﬁééé | 916864 St 3Dbn &S 08€ab Iy @
standard manner. [0268] 3) Establishnment of cell lines stably expressing

human SGLdippesbungnhSeki2sGhel hugrRubeh TEGETRr R8Fe0BeYeCted BF the human
SA.T2 expression vector was digested with the restriction enzyne Pvu | and
transf ect edaloavifigiOocKe seliliamwidepehdehbEupRarbe ackiagepositi eagarAfter the
transfection, the cells were cultured at 37C in the presence of 5% CQO2 for
about 3 wemkshizD-oDVEYLaedpyraOGshae) .contai ning penicillin (50 U ni,
SIGW), streptonycin (50 ng/L, SIGVA), geneticin (200 ng/L, Nacal ai
Tesque, | h@269Japan) 4hdEea¥uétiah bbHvinbibitonyt acblbvaiy ag8inst
geneticin-resistant clones. Anong these clones, clones stably expressing
human SGLméthylhRorRRgEGtépyranessdecapedkby t he eval uating the

sodi um dependent uptake activity of sugar (rmethyl-a-D gl ucopyranoside).
[0269] 4) Eval u@elbnlihesnbtablyr ¢xpressing hymansSGLT1 or human SGLT2

met hyl - a- D- gl ucopyranosi de uptake Cell |ines stably expressing human SG.T1
or human S8DTwereHerpded inecldédweAlosuhshbirecplegies prtasBedenasiiydedisity of

30000 to 40000 cells/well and cultured for 4 to 6 days. The
medium in these plates was removed and replaced by 150 uL/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-
piperazinyl]ethanesulfonic acid and
tris(hydroxymethyl)aminomethane, pH 7.4), and the plates were
incubated at 37°C for 20 minutes. The pretreatment buffer in
the plates was removed, replaced by 50 uL/well fresh
pretreatment buffer, and the plates were incubated at 37°C for
20 minutes. Methyl-a-D-(U-'*C)glucopyranoside (6.3 mL,
Amersham Pharmacia Biotech, 200 mCi/L) was added to and mixed
with 100 mL buffer (i.e., a buffer containing 140 mM sodium
chloride, 2 mM potassium chloride, 1 mM calcium chloride, 1 mM
magnesium chloride, 1 mM methyl-o-D-glucopyranoside, 10 mM
[4-(2-hydroxyethyl)-1l-piperazinyl]ethanesulfonic acid and
tris(hydroxymethyl)aminomethane, pH 7.4), which was used as
uptake buffer. Test compounds were dissolved into uptake
buffer and these test compound solutions were used for

evaluating inhibitory activity. Uptake buffer without a test



30000 to 40000 cells/well and cultured for 4 to 6 days. The nediumin these
pl ates was renoved and replaced by 150 L/well pretreatnent buffer (i.e., a
buffer containing 140 nmM choline chloride, 2 nmM potassiumchloride, 1 nM
cal ciumchloride, 1 mM magnesi um chloride, 10 nM 2-[ 4-(2-hydroxyet hyl)-1-

pi perazi nyl ] et hanesul fonic acid and tris(hydroxynethyl)am nonmet hane, pH
7.4), and the plates were incubated at18YC-for 20 m nutes. The pretreatnent
buffer in the plates was renoved, replaced by 50 L/well fresh pretreatnent

buffer, agempbend! vhesuvBacabnNgUBSheHoRt s8TGtiBh. MoFEIELS for use in
Met hyl - a- D- (U- 14C) gl ucopyranosi de (6.3 nL, Anmersham Pharnmaci a Bi ot ech, 200

nmCi /L) wagseagddeingobasdlimhyedptakeéhinObnalabybhee 6k. eodiambuffer containing
140 nmM sodium chloride, 2 mM potassiumchloride, 1 mM calciumchloride, 1

mM  nmagnesbaiuahipeedgolit idhmeabypraplrgliucapyhaneamdemahfeiMto
[ 4- (2- hydroxyet hyl)-1-pi perazi nyl ] et hanesul foni c acid and
tri s(hydreaytaihyliannMoohbhane, chbo¥idg, inbtehdwas gsddumschlpirake.buffer.
Test conpounds were dissolved into uptake buffer and these test conpound
sol uti onsTher pretedatmentevatfiari wgsi nhmbivedr framt eachywellpt akethef f er
W thout a test - 111 conpound was used as a control solution. Mreover, for
use in npastesngnliaseplaeedpbgakasi pLykelabsestecompsadidusblusednem free
solution was prepared in the same nanner to contain 140 mM chol i ne chloride
i nst ead ofomsbdplnschhbipdeor Fhdipmefreet sedtthohf eandatheepdatdsf wemeeach
wel |l of the plates and replaced by 35 L/well test conpound sol utions,
control sbhatbahedrasodiinforesSohinubes. amhe s pitdtees were nexaveat ed at
37C for 45 m nutes. The solutions were renoved
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 magnesium chloride, 10 mM methyl-
a-D-glucopyranoside, 10 mM 2-[4-(2-hydroxyethyl)-1-
piperazinyl Jethanesulfonic acid and
tris(hydroxymethyl)aminomethane, pH 7.4). The washing buffer
was removed immediately. This washing procedure was repeated
once again, and a cell lysis solution (1 M sodium hydroxide,
0.1% sodium lauryl sulfate) was added in a volume of 30 uL per
well to solubilize the cells. 2 M hydrochloric acid (15 uL)
was added to the cell lysate in each well, and 40 uL of the
resulting solution was transferred to a LumaPlate (Packard).
The LumaPlate were left overnight at room temperature to
evaporate the solvent. The samples on the plate were measured
for their radioactivity with a TopCount NXT (Packard).
Assuming that the value obtained by subtracting the baseline
uptake level from the uptake level of the control sample was
set to 100%, the concentration required for a test compounds

to cause 50% inhibition of the uptake level (ICs, value) were

calculated from the concentration-dependent inhibition curve



and replaced by 300 L/well washing buffer (i.e., a buffer containing 140 nM
choli-ne chloride, 2 nM potassiumchloride, 1 nMcalciumchloride, 1 mM
magnesi um chl ori de, 10 mM net hyl - a-D- gl ucopyranosi de, 10 mV

Z2-[ 4- (2- hydroxyet hyl)-1- piperazinyl]ethanesul fonic acid and
tris(hydroxynet hyl ) am nonet hane, pH 7.4). The washing buffer was renoved

i mredi ately. This washi ng procedure was;yrepeated once again, and a cel

| ysis solution (1 M sodi um hydroxide, 0.1% sodium/lauryl sulfate) was added

in a vol uieiff B0rit PREr. yel lad @ AP | 29, %n&ﬁidrﬁas oM idrpcddaid ¢ acid

(15 L) was added to the cell lysate in each well, and 40 L of the
resul tingi S@dnitiom wese t£SNSd ef & eshbw &-#éﬁ@f&&%ﬁe(fﬁﬁkﬁiﬂ&r dhgettnBkl ate
were |left overnight at roomtenperature to evaporate the solvent. The
sanpl es ogGiiwe. plied eTORr falBasured ther ihRebh thadi e&cisGrirby o# ithea TopCount
NXT (Packard). Assum ng that the val ue obtained by subtracting the baseline
upt ake | evgprdsatdheveptaltgoheds opf thdep£osendl i50aRt Coasre SShowR 1R0%
the concentration required for a test conmpounds to cause 50% i nhibition of
t he upt akpavpayel 241 Gadldavalzne) were calculated fromthe
concentration-dependent inhibition curve 112 wusing ELf it ver.3. As a
result, tpe2TeonpoundsAmdng heh@rvsehtcompmends pnt e r Componntd t ©Ff show a
remarkabl e inhibitory effect on SG.T2. The I C50 values for the inhibition
of SGLT2 Etampte 42p(ecsepanitireecooppound bj,t bhelparbpdtorhver{beN4are shown
in Tables 2-1 and 2-2. [0270] Anobng the test conpounds, the conpound of
Exanpl e 48t{ghpipenipl ) et iplpdd (NydFoximétAphyds emét By iphédyl]-f-
et hyl phenyl ) net hyl - 2- (hydr oxymnet hyl ) - 4- net hyl phenyl ] - ( 3-

glucopyranose (also referred to as (1S,3'R,4'S,5'S,6'R)-5-

methyl-6-[(4-(ethylphenyl)methyl]-3',4',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5'-triol), described in the specification of
PCT/JP2006/30128, which is invented in advance by the present
inventors, was used as a comparative compound.

[0271] [Table 2-1]



gl ucopyranose (also referred to as (1S,3'R 4'S,5 S,6'R)-5-

nmet hyl - 6-[ (4- (et hyl phenyl )nethyl]-3",4",5" ,6'-tetrahydro-6'-

(hydroxymnet hyl ) - spi ro[ i sobenzofuran-1(3H),2' -[2H] pyran]- 3',4',5 -triol),
described in the specification of PCT/JP2006/30128, which is invented in
advance by the present inventors, was used as a conparative conpound.
[0271] [Table 2-1] 113 - Table 2-1 Testir®npound | C50 value (nM Test
conmpound 1C50 value (nM Exanple 1 1.3 Exanple 21 2.1 Exanple 2 1.2
Exanpl e Z@aglg. 2Exanple 3 1.3 Exanple 23 1.5 Exanple 4 1.0 Exanple 24 1.8

Exanple 5 Exanple 25 2 3 FExanple 6 1.3 Exanple 26 2.8 Exanple 7 1.7
Exanpl e ﬁes?c&npdﬁhdrfﬂleso&aﬂ;eln@(amp' €| Pt dordpoubi AL Svafliedn) Exanpl e 29 1.5
Exanpl e #6—t—2FExanphe—30—1-—3—Eqanpl - - Exanple 12 1.5
Exanpl e 1®<ampre1 Exanpl e 141.8. 4 Exanp|xarplei2’7 Exanpl 8116 1.5 Exanple 17
2.6 Exanp xamp 52 Lo Exarrp{s 1972.0 Example 22 1.1

Example 3 1.3 Example 23 1.5

Example 4 1.0 Example 24 1.8

Example 5 1.5 Example 25 23

Example 6 1.3 Example 26 2.8

Example 7 1.7 Example 27 2.6

Example 8 1.1 Example 28 14

Example 9 2.3 Example 29 1.5

Example 10 1.2 Example 30 1.3

Example 11 1.9 Example 31 2.1

Example 12 1.5

Example 13 1.7

Example 14 3.4

Example 15 1.7

Example 16 1.5

Example 17 2.6

Example 18 1.7

Example 19 2.0

Example 20 2.2

[0272] [Table 2-2]
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Exanple 20 2.2 [0272] [Table 2-2] 114 - Table 2-2 Test conpound hhSG.T2

| C50-hSGALT1 | C50 hSA.T2 selectivity value (nM value (W Conparative
Compound 1 1.6 132 83 Exanple 1 1.3 201 155 Exanple 5 1.5 425 283 Exanple
7 1.7 381 224 Exanple 8 1.1 355 323 Exanple 9 2.3 1358 590 Exanple 15 1.7
1013 596 Exanple 21 2.0 682 341 Test Exanple 2 Study for glucose | owering
effect in db/db Muse A study for glucoses|owering effect was conducted
using db/db mce (purchased from dea Japan, Inc., male, 9 to 11 weeks

old), typeamir&liabetic nodel mce. On the day of the study, body wei ghts and
bl ood gl ucose levels were nepasured prior to the start of testing.

Measurengent of the blood ¢l psmeral eyel veares gl forred using ajsinple blood
gl ucose | Hist ¥MRABAUT act ur efvde @Ryer Heald (idar e "TEXPeleZtNY) | The nice
were al ljpcated to sone groups consistijng of 5 mice each so that honpgeneity
of body MebfpHrativelComRad 9l ucoser gevel s arapg groups weyl d be| ensured.
Bl ood collection was carried out by neking an incision on the tip of the
tail and gisipngr the bl ood therefgom On thegiday of thesstudy, |the test
conpounds—were suspended_inl 0. 5% carboxynmet hyl cel | ul ose

Example 5 1.5 425 283

Example 7 1.7 381 224

Example 8 1.1 355 323

Example 9 23 1358 590

Example 15 1.7 1013 596

Example 21 2.0 682 341

Test Example 2

Study for glucose lowering effect in db/db Mouse

A study for glucose lowering effect was conducted using
db/db mice (purchased from Clea Japan, Inc., male, 9 to
11 weeks 0l1ld), type 2 diabetic model mice. On the day of the
study, body weights and blood glucose levels were measured
prior to the start of testing. Measurement of the blood
glucose levels was performed using a simple blood glucose
meter (manufactured by Bayer HealthCare, Dexter-Z II). The
mice were allocated to some groups consisting of 5 mice each
so that homogeneity of body weights or blood glucose levels
among groups would be ensured. Blood collection was carried
out by making an incisjion on the tip of the tail and taking
the blood therefrom. On the day of the study, the test
compounds were suspended in 0.5% carboxymethylcellulose

solution (CMC solution), and the dosing solutions of which



1

solution (CMC solution), and the dosing solutions of which 115
concentration was adjusted to either 0.3 ng/10 nL or 3 ng/ 10 nL were
prepared. The dosing solutions were orally admnistered by gavage for m ce
in 10 nL/kg. To the control group, only a 0.5% CMC solution was orally
admnistered in 10 nlL/kg. Blood was collected prior to or sequentially
after admnistration of test conpoundsiby above nethod. The blood gl ucose
| evel s were determ ned using a hexokinase nethod (AutoSera S G.U,

nmanuf act ugedcbyt PRti6RI wEH' 8a§80k8at6 ERtherlbds) mghr1BemEeBE reduction of
bl ood gl ucose relative to control group at each tine point after

adm ni st rath@p ofmt, eﬁéreCQﬁBFHﬂdd.V\ﬁﬁuéfﬁ&sﬂiﬁé esbo Dyt 1hes fwetOVG g1 pgluat i on.
Percent reduction of blood glucose (%9 = (blood glucose Ilevel in the

control ga@upni{sBéded-byogdvagucese mevel ihn1dhAL/kast TO Mo NEo Bt 6P
(mg/dL) }/ bl ood glucose level in the control group (ng/dL)xl OO Anong the

test conpgbods, éheycanpossdcMt Esaupliendwabcorpalgt hdmiaospewad 2h,
1, 1-anhydro-1-C[5-(4- isopropyl phenyl) net hyl - 2- (hydr oxymnet hyl ) phenyl | - S-
gl ucopyr anoseL (kRS0 BEjal rwdls tao Bred ] PR dr &' & 65&Juentially after
3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-6-[(4-
i sopropyl| pteiyisheahybh-epfi teftsobmprohdsahylaBblye2imethod. The blood
[ 2H] pyran]-3',4',5 -triol), described in the specification of
PCT/ JP200¢1304284)levihlshweseadpteominp@dl hedhgoa bgxbkénpsesmathodnvent ors,
was used as a conparative conpound. The results are shown in Tables 3-1 and
3-2. [0278hufdSera 8-GlLUllBanufactured by Daiichi Pure Chemicals Co.,
Ltd.). A percent reduction of blood glucose relative to
control group at each time point after administration of test
compounds was calculated by the following equation.

Percent reduction of blood glucose (%) = {blood glucose
level in the control group (mg/dL)-blood glucose level in the
test compound group (mg/dL)}/blood glucose level in the
control group (mg/dL)x100

Among the test compounds, the compound of Example 4
(comparative compound 2), 1,l-anhydro-1-C-[5-(4-
isopropylphenyl)methyl-2- (hydroxymethyl)phenyl]-p-
glucopyranose (also referred to as (1S,3'R,4'S,5'S,6'R)-
3',4',5',6"'-tetrahydro-6'-(hydroxymethyl)-6-{(4-
isopropylphenyl)methyl]-spiro[isobenzofuran-1(3H),2"'-
[2H]}pyran]-3',4',5"'-triol), described in the specification of
PCT/JP2006/301284, which is a prior application by the present
inventors, was used as a comparative compound. The results

are shown in Tables 3-1 and 3-2.

[0273] [Table 3-1]
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Tabl e 3-1 Test conpound Dose (ngy/kg) Percent reduction of blood glucose (%
6 hours after adm nistration Conparative Conpound 2 0.3 16 Exanple 11 0.3
45 Exanple 12 0.3 27 Exanple 17 0.3 33 [0274] [Table 3-2] Table 3-2
Percent reduction of Percent reduction of Test conpound Dose (ng/kg) bl ood
gl ucose (% blood glucose (% 6 hours after 24 hours after adm nistration
adm ni stration Conparative Conpound 2 91 16 4.9 Conparative Conpound 2
3.0 53 13 Exanple 1 0.3 42 32 Exanple 5 0.3 52 25 Exanple 7 0.3 54 42
Exanpl e 8T$b§ Exanple 9 0.3 48 28 Exanple 15 0.3 50 27 Exanple 21

0.3 51 3 Is ¢ ear fromthese results that the conpounds of the present
i nvention exhibit 25% or nmote reductiop of blood glucose 6 hours| after
compoundi Tt CResPlesent 11705 o e oo oollcon Tl 10n of -
bl ood gl ucose 24 hours after admnistration, thereby it is reveal ed that

Comparative Compound 2 0.3 16

Example 11 03 45

Example 12 0.3 27

Example 17 0.3 33

[0274] [Table 3-2]

Table 3-2

Percent reduction of | Percent reduction of
Dose (ngh) | B0 9ucose () | lod gcose (%)
administration administration

Comparative Compound 2 0.3 16 49

Comparative Compound 2 3.0 53 13

Example 1 0.3 42 32

Example 5 0.3 52 25

Example 7 0.3 54 42

Example 8 0.3 48 27

Example 9 0.3 48 28

Example 15 0.3 50 27

Example 21 0.3 51 33

It is clear from these results that the compounds of the
present invention exhibit 25% or more reduction of blood
glucose 6 hours after administration, and thus have a strong

hypoglycemic effect. Further, the compounds of the present



|

t hey have a continuous hypogl ycem c effect. [0275] Further, as

with the

conpounds of Exanples 11, 12 and 17, the conpounds of Exanples 6, 10, 13,

14, 16, 18 to 20, 22 to 27, 30 and 31 al so showed 25% or nore
bl ood glucose 6 hours after adm nistration by 0.3 ng/kg adm ni

reducti on of
strati on.

[0276] In addition, as with the conpounds in Table 3-2, the conpounds of
Exanples 2 to 4, 28 and 29 al so showed P5p6b-or nore reduction of blood
gl ucose 24 hours after administration by 0.3 ng/kg adm nistration.

[ | NDUSTRI Alv ML CABIRI M 292701 ridee PregestibAVEnt b0Bodr §YL885espi r oket al

conpounds exhi biting excellent inhibition effect on SGLT2 acti

vity or

prodrugs » hharseaptegi &ahlyieteepiah| etheétéby ibeisotevdhegotpaunds of

the present invention are useful as preventive or therapeutic
di abet es, tnkphedes - 4 etah eilnuch s elagpsgbycéemabeef£ecoupl i cati ons.
1. A conpound represented by Formula (I1): [Fornmula 1] Rl Ar

drugs for
118 - CLAIMS
Q@h. SOH O

HO OH OH @ 2791 wher eiFumihes, aa<hwith nehet compauridsiosf nExatphes al et hy |

group or an ethynyl group;

and 17, the compounds of Examples 6, 10, 13, 14, 16, 18 to 20,

22 to 27, 30 and 31 also showed 25% or more reduction of blood

glucose 6 hours after administration by 0.3 mg/kg

administration.

[0276] In addition, as with the compounds in Table 3-2,

the compounds of Examples 2 to 4, 28 and 29 also showed 25% or

more reduction of blood glucose 24 hours after administration

by 0.3 mg/kg administration.
[INDUSTRIAL APPLICABILITY]

[0277] The present invention provides spiroketal

compounds exhibiting excellent inhibition effect on SGLT2

activity or prodrugs or pharmacologically acceptable salts

thereof. The compounds of the present invention are useful as

preventive or therapeutic drugs for diabetes, diabetes-related

diseases or diabetic complications.



Ar is a group represented by the followng Formula (a), Formula (b),
Formula (c) or Fornmula (d): [Formula 2] S R2tO/ R31 / \ (a) (b) (c) (d)
wherein R2 is a CL_6 al kyl group which may be substituted wth one or nore
hal ogen atons, a Cl1_6 al koxy group which may be substituted with one or
nore hal ogen atons, a Cl1.3 alkylthio group, a halogen atom a Cl_3

al kyl carbonyl group or a C2. 5 al kynyl grgup which may be substituted with
-OR4; R3 is a hydrogen atomor a Cl1_3 alkyl group; R4 is a hydrogen atom or
a Cl.3 alkyl group; provided that Ar igagmgroup represented by Fornmula (a),
when Rl is a fluorine atom a nethyl group or an ethynyl group, and 119
that R2 is a nethoxy group, an ethoxy group, an isopropyl group, a propyl
group, a trifluoromethyl group, a trifluoromethoxy group, a 2-fluoroethyl
group or R, 1- propyétpourtd otepradent &l by Formily! (grpup or a
pharmaceutically acceptable salt or a solvate thereof. 2. The conpound
accordi ng[Ffermhbam ] represented by Formula (111): [Fornmula 3] C Ar

QJ,,. SOH O

(I1)

wherein R' is a chlorine atom, a fluorine atom, a methyl
group or an ethynyl group;

Ar is a group represented by the following Formula (a),
Formula (b), Formula (c) or Formula (4):

[Formula 2]

S
(a) (4)

(b) (c)

wherein R? is a Ci-¢ alkyl group which may be substituted
with one or more halogen atoms, a C;.¢ alkoxy group which may
be substituted with one or more halogen atoms, a C;.; alkylthio
group, a halogen atom, a C;.; alkylcarbonyl group or a C;.s
alkynyl group which may be substituted with -OR*;

R?® is a hydrogen atom or a C;.; alkyl group:;

R* is a hydrogen atom or a C;.; alkyl group:

provided that Ar is a group represented by Formula (a),
when R' is a fluorine atom, a methyl group or an ethynyl group,

and



HO OH OH (111) wherein Ar is a group represented by the followng Fornula
(a), ‘Formula (b), Formula (c) or Formula (d): [Formula 4] S R3 2a R (a)
(b) (c) (d) wherein R 2a is a nethyl group, an ethyl group, a propyl
group, an isopropyl group, a tert-butyl group, a nmethoxy group, an ethoxy
group, a trifluoromethoxy group, a trifluoronethyl group, a 2-fluoroethyl
group, a 2,2-difluoroethyl group, a +ethylthio group, a chloro group, an
acetyl group or an ethynyl group, R3 is a hydrogen atom or an ethyl group or
a phar maceut i cathyt artap abhfe t§ddy Yroup Ol aterHdsf effoup 3-adl Nes d
according to claim1 represented by 120 - Fornula (1V): [Fornul a a
R2b 01,. gré&p, OaHex&by Ogtowp, Waeteiplbaonsthyll geoipe atom or an et hynyl
group;

trifluoromethoxy group, a 2-fluoroethyl group or a l-propynyl

group, when R' is a methyl group
or a pharmaceutically acceptable salt or a solvate thereof.
2. The compound according to claim 1 represented by

Formula (III):

[Formula 3]

(III1)

wherein Ar is a group represented by the following
Formula (a), Formula (b), Formula (c) or Formula (d):

[Formula 4]

s
(b) (a)

(a) (c)
wherein R*® is a methyl group, an ethyl group, a propyl
group, an isopropyl group, a tert-butyl group, a methoxy group,
an ethoxy group, a trifluoromethoxy group, a trifluoromethyl
group, a 2-fluoroethyl group, a 2,2-difluoroethyl group, a
methylthio group, a chloro group, an acetyl group or an
ethynyl group,

R? is a hydrogen atom or an ethyl group

or a pharmaceutically acceptable salt or a solvate thereof.

3. The compound according to claim 1 represented by



R2b is a nethyl group, an ethyl group, an isopropyl group, a nethoxy group

|

or an ethoxy group or a pharnmaceutically acceptable salt or a solvate

t her eof .

4. The conpound according to claim1l represented by Formula (V):

[Formula 6] CH3 Rzc ,,,. ,OH OHO OH OH (V) wherein R2c is a nethoxy
group, an ethoxy group, a propyl group, an isopropyl group, a

trifluoronmethyl group, a trifluoronethmy group, a 2-fluoroethyl group or

1-propynyl group or a pharmaceutically acceptable salt or a solvate
t hereof . p&emdie cowpound according to claim2 represented by Fornula (VI):

[Formula 7] - 122 - 4 ~ A O0.,,. ,SOH OHO OH OH (V) wherein Ar is a

group represaniesd By the followwng Formula (a) or Fornula (b):

(IV)

wherein R'? is a fluorine atom or an ethynyl group;
R*® is a methyl group, an ethyl group, an isopropyl
group, a methoxy group or an ethoxy group
or a pharmaceutically acceptable salt or a solvate thereof.
4, The compound according to claim 1 represented by
Formula (V):

[Formula 6]

wherein R*® is a methoxy group, an ethoxy group, a propyl
group, an isopropyl group, a trifluoromethyl group, a
trifluoromethoxy group, a 2-fluoroethyl group or a l-propynyl
group
or a pharmaceutically acceptable salt or a solvate thereof.
5. The compound according to claim 2 represented by
Formula (VI):

[Formula 7]

a
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[Formula 4] Rea tO (a) (b) wherein Rea is an ethyl group, a propyl group, an
i sopropyl group, an ethoxy group or a 2-fluoroethyl group or a
pharmaceutically acceptable salt or a solvate thereof. 6. The conpound
according to claim4 represented by Fornmula (VII1): [Fornula 8 Quv, ,pQOH
O HO OH OH or a pharmaceutically acceptable salt or a solvate thereof. 7.
The conpound according to claim1 selecq ? g from

(1S, 3R 4!'S, 5 S,6'R) -5-chl oro-6-[ (4-ethyl phenyl ) net hyl ] -

3,4 ,5 ,6' -tetrghydro-6' - (hydroxynet hyl)-spiro[i sobenzof uran-

1(3%0,2' [ 2H pyrian] - 3' , 5 -triol;

(15,3’ R 4'S,5' § -chy oro-3', 4' 5,6 -tetrahydro-6' 122 -

(hydr oxynet hyl REL yIphenyI)nethyI]

spiro[isobenf%!; H -[2H] pyran]-3',4',5 -triol

(1S, 3' R 4'S, 5" 8 E&Ht chloro 3,4 ,5,6 -tetrahydro-6 -

(hydr oxyng [(4 (nethylthlo)phenyl)nethyl]

spiro[isob NoH 3H), 2' - [2Fﬂpyran] 3' ,5' -trio
(1S,3' R 4' S, 5' S, &4R) - 5-chl or ﬁ -tetrahydro 6 -
(hydroxynet hyl ) - [(4-netho§&a enyl)nethyl]

spi ro[ i sobenzofyti@reild kb, s - & 25+ H¥paPbpBeséntéd-byi he following
Formula (a) or Formula (b):

{Formula 4]

wherein R?* is an ethyl group, a propyl group, an
isopropyl group, an ethoxy group or a 2-fluoroethyl group
or a pharmaceutically acceptable salt or a solvate thereof.
6. The compound according to claim 4 represented by

Formula (VII):

[Formula 8]

or a pharmaceutically acceptable salt or a solvate thereof.

7. The compound according to claim 1 selected from
(1S,3'R,4'S,5'S,6"'R)-5~chloro-6-[(4-ethylphenyl)methyl]-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;

(1s,3'R,4'S,5'S,6'R)-5-chloro-3"',4"',5',6"'-tetrahydro-6"'-



18,3 R 4'S,5' S, 6'R)-5-chloro-6-[(4-ethoxyphenyl)nethyl]-
, 4, 5", 6" -tetrahydro-6'-(hydroxynethyl)-spiro[isobenzofuran-
(SFD,Z [2Fﬂpyran] 3,4 ,5 -triol;
1S,3 R 4S5 S,6R)- 5- chl or o- 6- [(4 chl or ophenyl ) net hyl ] -
.45 6 -tetrahydro 6' - (hydroxynet hyl ) -spiro[i sobenzof uran-
3H),2'-[2H pyran]-3',4"',5 -triol; - 122 -
S,33R 4'S, 5 S,6'R)- 5. chl or o- 3' , 4,5 ,6"-tetrahydro-6'-
ydro Xy aphg b furan-
3H) ”fﬁ p%x’?’ghr'\é- LEpRe yiﬁ%w”}lﬁéﬁgikﬁgpgfgs 6'R) - 5- chl or 0- 6- [ ( 4- ( 2-

Uoroet hehd BE éﬁé@wﬁ}al@-lfwﬁ 26—ti1@]%§£‘ Ljosﬁ 115" triol;

ydr oxynet hyl ) - spi ro[ i sobenzof uran-1 pyran]- 37,47, 5 -trio
SIRASBIIROAR ;5 shbokp-8- 631410:50’-5‘ le'[SahB’dLQeﬁrahydro 6'-
ydroxynet hyl ) - 6- [ (4- propyl phenyl ) et hyl ]

i ro[i sobepaedymet iy Bl 6 2| (@2(’ﬂ1@t/hﬁ]3i:h:30)ﬁhe15yl§méﬁhyl] -

S,3R 4S5 S,6'R-5-chloro-6-[(4-(2, 2-

| 1 uor oegpytg phestyén 2@t liyan - B(34) , 2" - 52Hupyrahyd30,6",5'-triol;
hydroxynethyl)-spiro[isobenzofuran-l(SFD,Z'-[2Fﬂpyran]- 3,4 ,5 -triol; -
23 - (IS BSRBMRMAS ISR B)ehtchbefefdl;4',5',6'-tetrahydro-6"'-
rifluoromethoxyphenyl)nethyl]-3",4",5",6"-tetrahydro-6
h
1

‘PO TR I T TR,

ydr oxynehydioxgpetioyl sobehdfmethodyBhin@lypethp¥jan] - 3',4',5 -triol;

S,3R4'S, 5 S 6" R -6-[(4-acetyl phenyl ) net hyl ]-5-chl oro-

', 4", 5 $pirtelisdhemnoBurdnyti( 3yt 2N Ippran] -3bbéhzbf utanel;

(3H),2'-[2H pyran]-3',4",5 -triol; (1S,3 R 4'S,5' S,6'R)-5-chloro-6-[(4-
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[ (4-ethoxyphenyl)methyl]-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-chlorophenyl)methyl]-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3"',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-(2-naphthylmethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-(2-
fluoroethyl )phenyl)methyl]-3',4"',5',6'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-
3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5",6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[(4-propylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-(2,2-
difluoroethyl)phenyl)methyl]}-3',4',5',6'-tetrahydro-6"'-
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-

3',4',5'-triol;



trifluoronethyl phenyl)nethyl]-3",4",5 ,6"-tetrahydro-6'-
(hydroxynet hyl ) -spiro[i sobenzofuran-1(3H),2'-[2H pyran]- 3',4",5 -triol;
1S,3'R 4'S,5' S,6' R -6-[(4-tert-butyl phenyl) et hyl ] -5-chl oro-
",4'",5 6" -tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-
1(3H),2'-[2H pyran]-3',4",5 -triol;
(1S,3'R 4'S,5' S,6'R-5-chloro-3',4",5 ,83tetrahydro-6'-
(hydroxymet hyl ) -6-[ (4-i sopropyl phenyl ) net hyI ]

spi ro[i sopggzeiw r@ﬂsléG#)eQR 12HRY6AR 6 3f ?1 5 -triol;
(1S,3'R 4 S,5 S,6' R -6-[(4- ethylphenyl)rret yI] 5 quoro-

3,45 #ritnid @Iﬂ@o i hyl3+ spi refi sobeaes '
1(3FD 2' [éiﬂpyﬁgﬂY 3' f?p%§¥frﬁgyﬂmf yL3+ 5ot 19l | sobeaephnyabo-6

(15,3'R, 4(lﬁrc5r<§:§6nelfi)h1(f‘>li(ﬁp_ﬁidﬂpi@x«sﬂﬂ@:liwyémrﬁéxlilyi131ti>)ftuo[:znaupymn]-
3',4",5 ,6"-tetrahydro-6'-(hydroxynethyl)-spiro[isobenzofuran-

1(3H) 2' :{Qrﬂpysan&rﬁolél 5 -triol;
(1S,3' R 4'S,5' S, 6 R)-5-f|uoro-3',4',5',6'-tetrahydro-6'-
(hydr oxyngty3 )R 64 [ 45 e d1VR phen( 4 retdlyylphenyl )methyl] -5-chloro-

spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4',5 -triol;

(1S, 3' R 43S, 4 5, R -tetlratoydr- 6 4- (hydboxyet thpljir opbre[ isobenzofuran-

(hydroxymet hyl ) -6-[ (4-i sopropyl phenyl )net hyl] 124 -

spi ro[ i sobE3bf 21t a2H][B¥darR] -3 2H bys ante8614' ,5' -triol ;

(1S,3' R 4'S,5 S,6' R -5-fluoro-3',4",5 ,6"-tetrahydro-6'-

(hydroxynet$iy3 )R 54 [$ 45 het hbkypheoylonet byl {4-

spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4' ,5" -triol;

(1S, 3' R 4tsiBl@xometiylphenyl brethyt hhjlir 6! 651, 6' -tetrahydro-6" -

(hydroxymet hyl)-6-[ (4-i sopropyl phenyl ) net hyl | - 5- met hyl -

spiro[iso mmtnkaszlr? E%E‘p?@&ﬁ?f?sraﬂ"lswﬂ 2ot [2H]pyran]-

(1S,3' R 4'S,5'S,6' R -6-[(4-(2-fluoroethyl)phenyl)net hyl]-5-
3',4',5"-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-tert-butylphenyl)methyl]-5-chloro-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3"',4',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3"',4"',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-ethylphenyl)methyl]-5-fluoro-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-ethoxyphenyl)methyl]-5-fluoro-
3',4'",5",6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"-triol;
(1S,3'R,4'S,5'S,6'R)-5-fluoro-3',4"',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-methylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-fluoro-3"',4"',5',6'-tetrahydro-6"'-

(hydroxymethyl)-6-[ (4-isopropylphenyl)methyl]-



|

met hyl -3',4',5 ,6"'-tetrahydro-6'-(hydroxynet hyl) -

spi ro[i sobenzof ur an- 1(3FD,2'-[2Fﬂpyran]-3',4',5'-trio|;
(1S,3'R 4'S,5' 5,6'R -3 ,4',5,6' -tetrahydro-6
(hydroxynethyl) 6- [(4 nethoxyphenyl)nethyl] 5- et hyl -
spiro[isobenzofuran-1(3H),2'-[2H] pyran]-3',4",5" -triol
(18,3'R,4'S,5'S,6'R)-6-[(4-ethoxyphenyljmmthyl]-3',4',5',6'-
t et rahydro-6' - (hydroxymet hyl ) - 5- net hyl - spi r o[ i sobenzof ur an-

1(3H), 2 o jzofuran- -
(153 R 4£§?i8g§§8$e§zofur§n igg-te%raA§398¥gan] -3',4',5"-triol;

(hydroxynpibyk)n54nstbys 6+ k§4spf@ﬁakahgmyh)ngthshltetrahydro 6'-
spi ro[ i sobenzof uran- 1(3FD 2'-[2H] pyran]-3",4",5 -trio

(1S, 3" R 4{By&rSxPn&tnpi) ¢ 6- mtinaehen?bmsh?memgth?mq by ] -

3,4 ,5 ,6" -tetrahydro-6'-(hydroxynethyl)-5-nmethy
splro[|sobﬁﬂiotﬂﬁﬁheﬂﬁ8f&r2n-@23hmy2anlzﬁ]péraﬁl gri,al';, 5'-triol;
18,3 R 4S5 S,6'R-6-[(4- trlfluoronethoxyphenyl)nethyl]

, 4", 5", 61stBtRabydr 618, 6(RydBoOXYrEBhYyk) -betbhydro-6" -

ir [ obenzofuran 1(3H),2' -[2H] pyran]-3',4',5 -triol;

53R 4(ﬁy5rﬁkﬁm5¢hﬁibebenzotmsophepyzpnbhymoh¢thy5]cBLmemhyl-
,4 5',6' -tetrahydro-6'-(hydroxynethyl)-spiro[isobenzof uran-

(3H), 2' - sikpyiaobeBzofilr8h-1(BH); 212%52H]pyran]-3',4"',5"'-triol;
1S,3'R 4'S,5' S,6'R) -5-chl oro-6-[ (5-ethyl thiophen- 2-

| ) met hyl {18, 34R, 8" 565 86l Rhiylr 6{ 8-{(2h¥dnoxpethinil) phenyl)methyl]-5-
plro[lsobenzofuran 1(3FD,2'-[2Fﬂpyran]-3',4',5'-trio|;

1S, 3' R, 4metBYS; 8" R}~ 55 hbor be8ranydso-6" - bydabhyxymetbyl) -

hydr oxynet hyl )-6-[ (t hi ophen-2-yl ) net hyl ] - splroglsobenzofuran-

(3H), 2' FppEgp;gggegzoﬂurgn ﬂKBHD 2'—[2H]pyran 3',4',5"-triol;

1S

wAHf\AU)\</-\|_\wz—\m wA

,3 R 4'S, 5 % ethglphen I)neth | ]-5-ethyn yI-
45", Glstétﬁaﬁyaré 6(RydBox¢ebhyb) - §QFF@PY§6§eﬁzofuran-

(hydroxymethyl)-6-[ (4-methoxyphenyl)methyl]-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-ethoxyphenyl)methyl]-3',4"',5',6"'-
tetrahydro-6"'-(hydroxymethyl)-5-methyl-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5'-triol;
(1S,3'R,4'S,5'S,6'R)-3',4"',5',6'-tetrahydro-6"'-
(hydroxymethyl)-5-methyl-6-[ (4-propylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5'-triol;
(1S,3'R,4'S,5"'S,6'R)-6-[(4-trifluoromethylphenyl)methyl]-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[(4-trifluoromethoxyphenyl)methyl]-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-~-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[ (benzothiophen-2-yl)methyl]-5-chloro-
3',4',5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-

1(3H),2'-[2H]pyran]-3',4"',5'-triol;



1(3%0,2'-[2Fﬂpyran]-3',4',5'-trio|;

(1S,3R 4'S,5' S,6' R -5-chl oro-6-[(4-ethynyl phenyl) net hyl ] -
3',4'",5",6"-tetrahydro-6' - (hydroxynethyl)-spiro[isobenzofuran-

1(3H) 2'-[2H] pyran]-3',4',5 -triol; and

(1S,3'R 4'S,5' S, 6' R)-3' ,4' ,5',6"'-tetrahydro-6'-

(hydr oxynet hyl ) - 5- net hyl - 6-[ (4- ( pr opyn-125/1-) phenyl ) net hyl ] -

spiro[i sobenzofuran-1(3H),2'-[ 2H pyran]-3',4',5 -triol; or a

phar maceutigad 1/, AcS et &R 28 110l 0250 SEL y@seemﬂﬁ@iepﬁenwe conpound
according to claim1l1 selected from

(1S, 3' R 49 thl 3 5; ) DY 06 6- {4 ¥ratiydrpheny( hy@t dyyhethyl) -

3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2' -dpiftpyrsojerdzoiran-1¢3W) ;2'-[2H]pyran]-3',4',5"'-triol;

(1S,3' R 4'S,5 S,6'R-5-chloro-3",4",5 ,6"-tetrahydro-6'-

(hydr oxyngt$y3 )R 64 [ A5 het VR phergh)omd hy! ]4',5',6' -tetrahydro-6"'-
spiro[i sobenzofuran-1(3H), 2" -[2H] pyran]-3',4',5" -tri ol

(1S, 3' R, A1 & K whdIhbl the of OE1Blophierh-2 671 re¢ tlahl if spHte[ isobenzofuran-
(hydr oxynet hyl ) - 6-[ (4- (et hyl t hi o) phenyl ) et hyl ] -

spi ro[ i sobe3tbf2uta2HIB¥yarR] -3 2H bys antrBolA' , 5 -tri ol

(1S,3' R 4'S,5 S,6'R-5-chloro-3",4",5 ,6"-tetrahydro-6'-

(hydr oxynet$iy3 )R 54 [ $ 45 het bRy pheh(4)ethnphenyb)methyl] -5-ethynyl-

spi ro[ i sobenzof uran- 1( 3H) yran]-3',4",5 -triol;

(1S,3' R 854' $b:®)-= Etm@v@rcal_% le yynethyl hespyrolisobenzofuran-
3,4 ,5 ,6'-tetrah dro 6' - (hydr ox neth | ) -spiro[isobenzofuran-

1(3H), 2’ {Q:Hﬂay? han%lmaralsl Qrwa/ rlol

(1S,3' R 4 S 5' % 5-chl oro-3' 6' -tetrahydro-6'-

( hydr oxy ety 64 ( %a%hﬁ ) anét Wr*yr%pﬁr b{%s%lélémvb%nlftarhyl)methyll -

1(3H), 2' £2qpyumé 5' (1S,3' R4S, 5'S, 6' Q 5-chloro-6-[(4-(2-
' tetrahydro 6'-(hydroxymethyi) -spiro{isobenzofuran-

1(3H),2'-[2H]pyran]-3',4"',5"'-triol; and
(1s,3'R,4'S,5'S,6'R)-3"',4",5",6"'-tetrahydro-6"'-
(hydroxymethyl)-5-methyl-6-[ (4-(propyn-1-yl)phenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4',5"'-triol;

or a pharmaceutically acceptable salt or a solvate thereof.
8. The compound according to claim 1 selected from
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4~-ethylphenyl)methyl]-
3',4',5',6"'-tetrahydro-6'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4"',5"-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3"',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-methylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]}-3',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5"',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[(4-(methylthio)phenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3"',4"',5"'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4',5",6"'-tetrahydro-6"'-

(hydroxymethyl)-6-[ (4-methoxyphenyl)methyl]-



fl uoroet hyl) phenyl )nethyl]-3",4",5",6"-tetrahydro-6'-
(hydr oxynet hyl ) -spiro[i sobenzofuran-1(3H),2'-[2H pyran]- 3',4",5 -triol;
%18,3'R,4'S,5'S,6'R)-5-ch|oro-3',4',5',6'-tetrahydro-6'-

hydr oxynet hyl ) - 6-[ (4- pr opyl phenyl ) net hyl ] -
spiro[isobenzofuran-1(3H), 2'-[2H] pyran]-3',4' ,5" -triol;
(1S,3'R 4'S,5' ' S,6'R-5-chloro-3',4'",5 186 tetrahydro-6'-
(hydroxymet hyl ) -6-[ (4-i sopropyl phenyl ) net hyl ] -

spiro[is an fighs
(1S, 3'R, %%5 Si%&%%&ﬂ%rg% i% -{))grak}g]r%fral?] 371855 -triol;

hydr ox yd )R & {4 45 1 S0PYOPYY 9 '@t hyd -
gp¥r0[|Zggéﬁ§tPEraE§1(3k§p2 p?Zﬁ?%??é%] 3hV41e§h@£?ﬁHényl)methyl]

(1S, 3' R 4546 3% ) -fetfdepdes hé oplieydLoyiméeEhyy) 1 spi 6| 956benzofuran-
3',4",5 ,6"-tetrahydro-6'-(hydroxynethyl)-spiro[isobenzofuran-

1(3H) 2' 1[(24-1ﬂp;qanﬂzr8]pyﬂerax5] 3rjot,s58neriol;
(18,3'R,4'S,5'S,6'R)-5-ch|oro-6-[(5-ethy|thiophen-2-

yl)nethyl (18,3 R, 5'S 53 £6 YRhySkehBor§ hydr oxysef iyl tetrahydro-6"' -
spiro[isobenzofuran-1(3H),2'-[2H pyran]-3',4',5 -triol; or a

phar mace uthydt dyyneeidepl phé €( Zahdplothplsethvpl p- sherepisoBenZbLuranpound
according to claim1l selected from 127 -

(1S, 3' R 4 SH) S 6 RHE Dy 03 6574 [ 45 et twiehenyl ) net hyl ] -

3',4",5 ,6"-tetrahydro-6'-(hydroxynet hyl)-spiro[isobenzofuran-

1(3H), 2" -(PH IR aN|SB A 65R)} tFiohloro-6-[(4-(2-

(1S,3' R 4'S,5 S,6'R-5-chloro-3",4",5 ,6" -tetrahydro-6'-
(hydroxyn@thKQethxh)ph$¢ﬁhymﬁﬁhﬁyl)3ép4Fo§fs@beh@brehudro 6'-
1(3H), 2" -[ 2H] pyran] - 3' 5 -triol; (1S3 R4 S,5S,6'R)-5-chloro-6-[(4-(2-
f 1 uor oet hehry thyfs’;pmo hisgbelazof@ra@hyﬂis%) 62! -[2H]pyran]-

3',4',5'-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3',4',5',6'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-propylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'~-[2H]pyran]-3',4',5"'-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3"',4"',5',6'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-isopropylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[{2H]pyran]-3',4"',5'-triol;
(1s,3'R,4'S,5'S,6'R)-3"',4"',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-isopropylphenyl)methyl]-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol;
(1S,3'R,4'S,5'S,6'R)-6-[ (benzothiophen-2-yl)methyl]-5-chloro-
3',4',5',6'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-[2H]pyran]-3',4',5'-triol; and
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(5-ethylthiophen-2-
yl)methyl]-3',4"',5',6"'-tetrahydro-6'-(hydroxymethyl) -
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol;

or a pharmaceutically acceptable salt or a solvate thereof.

9. The compound according to claim 1 selected from



1

hydr oxynet hyl ) -spiro[ i sobenzofuran-1(3H), 2'-[ 2H pyran]- 3',4',5 -triol;
1S,8 R 4'S,5' S,6'R-5-chloro-3",4",5",6"-tetrahydro-6'-
hydr oxynet hyl ) - 6- [(4 propylphenyl)nethyl]
piro[isobenzofuran-1(3H),2' -[2H pyran]-3',4",5 -triol;
1S,3'R 4'S,5' S,6'R) -5-chl oro-6-[ (4- ethoxyphenyl)nethyl]

, 4", 5" ,6"-tetrahydro- 6' (hydr oxynet-hyl2)7- spi ro[ i sobenzof ur an-
1(3FD,2'-[2Fﬂpyran] 3,4 ,5 -triol;
(1S,3'R 418,3 % .6, -ﬁscm-qs)asioﬂox% @-l;](t@lé%&r@nmethyl]-
(hydr oxynet hyl ) -'6- [ (4-i sopr opyl phenyl) met
spi ro[ i sapenzofsur r--HetDand ddo2d PR rokynfe tIy I Y fdPiro Pi¥bbenzofuran-
(1S,3’ R 4'S,5 S,6) R -3, }%,5 6'-te(mdhydryg?e }51 prest
( hydr oxy nitam) )2 *6- ([ yaenr om phemyl Jretdw) | - 5- met hyl -
spiro[i sobenzofuran-1(3H),2'-[2H pyran]-3',4',5 -triol; or a
phar maceutis,d 'y, 4£c,eptlE 'R )58 {chllorfo 91 vat & t Jer-ed transirdhe' conpound
according to any one of clainms 1 to 9 or a pharmaceutically acceptable salt
or a sol atyalridigmethylislpd -4 - rmapiethydinecklsel caip arspiddsdnddofidador . 11. The
conpound according to any one of clains 1 to 9 or a pharmaceutically
accept ablig 339 .t2 'or[ 2H lgotneat le- 3'her'ed ' -useibIor 128 - prevention or treatnent
of di abetes, hyperglycem a, diabetic conplications and obesity. 12. A
phar maceutlis,d ' Ran s 't .o’ Rorfpralsliowp téhe] Cbnfund according to any one of
claims 1 to 9, or a pharmaceutically acceptable salt thereof. 13. A
phar mac e tliuato edtdrplopha rgrl et higlel 41 7' pf 'eviehi 6 hgtesrrahydsad 1 6g- di abet es,
hyper gl ycem a, di abetic conplications
(hydroxymethyl)-spiro[isobenzofuran-1(3H),2'-[2H]pyran]-

(
(
{
S
(
3

3',4',5'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-3',4',5',6"'-tetrahydro-6"'-
(hydroxymethyl)-6-[ (4-propylphenyl)methyl]-
spiro{isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol;
(1S,3'R,4'S,5'S,6'R)-5-chloro-6-[(4-ethoxyphenyl)methyl]-
3',4'",5',6"'-tetrahydro-6"'-(hydroxymethyl)-spiro[isobenzofuran-
1(3H),2'-{2H]pyran]-3',4"',5'-triol;
(1s,3'R,4'S,5'S,6'R)-5-chloro-3',4"',5',6'-tetrahydro-6"'-
(hydroxymethyl)-6-[(4-isopropylphenyl)methyl]-
spiro[isobenzofuran-1(3H),2'-[2H]pyran]-3',4"',5'-triol; and
(1s,3'R,4'S,5'S,6'R)-3"'",4"',5"',6"'-tetrahydro-6"-
(hydroxymethyl)-6-[ (4-isopropylphenyl)methyl]-5-methyl-
spiro[isobenzofuran-1(3H),2'-[2H]pyran}-3',4"',5"'-triol;

or a pharmaceutically acceptable salt or a solvate thereof.
10. The compound according to any one of claims 1 to 9 or a
pharmaceutically acceptable salt or a solvate thereof used as
a Na'-glucose cotransporter inhibitor.

11. The compound according to any one of claims 1 to 9 or a

pharmaceutically acceptable salt or a solvate thereof used for



I nduced t hereby, or obesity, which conprises the conpound according to any
one of clains 1 to 9, or a pharnmaceutically acceptable salt thereof. 14. A
pharmaceutical conposition accordig to claim 13 wherein diabetes is
i'nsul i n-dependent di abetes (Type 1 diabetes) or non-insulin-dependent
di abetes (Type 2 diabetes).
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prevention or treatment of diabetes, hyperglycemia, diabetic
complications and obesity.

12, A pharmaceutical composition comprising the compound
according to any one of claims 1 to 9, or a pharmaceutically
acceptable salt thereof.

13. A pharmaceutical composition for use in preventing or
treating diabetes, hyperglycemia, diabetic complications
induced thereby, or obesity, which comprises the compound
according to any one of claims 1 to 9, or a pharmaceutically
acceptable salt thereof.

14. A pharmaceutical composition accordig to claim 13
wherein diabetes is insulin-dependent diabetes (Type 1

diabetes) or non-insulin-dependent diabetes (Type 2 diabetes).





