- 1 - SPECI FI CATI ON C- PHENYL 1-THI OGLUCI TOL COVPOUND TECHNI CAL FI ELD [ 0001]
The present invention relates to G phenyl 1-thioglucitol conpounds which
have an inhibitory effect on the activity of sodi um dependent gl ucose
transporter 1 (SG.T1) involved in absorption of glucose and other sugars in
the small intestinal epithelium or alternatively, which have not only such
an inhibitory effect on SGT1 activity but also an inhibitory effect on
the activity of sodi um dependent glucose transporter 2 (SG.T2) involved in
gl ucose reabsorption in the kidneyspr@BAKEREIHIP ART [ 0002] When peopl e
suffer fromdi abetes, their fasting blood glucose |evels reach 126 ng/dL or
nore. Even if fasting bl go@HEgivECcasaHTOCEUS Mt c@MPaounpa nor mal range, sone
peopl e exhibit postprandi al bl ood glucose |evels as high as 140 to 200
ng/ dL and are di agnosed as having inpaired glucose tol erance (hereinafter
referred to as IGlN. It has been considered that the risk of cardiovascul ar
di sor der sTEGHNDEAL eHUEED by del aying the onset of diabetes fromIGI, and
several supportive findings for this have been obtained. For exanple, the
Da Q ng I@o@hyl D abetes Study carried out in China in 1997 has reported
that progression of IGI into Type Il diabetes is significantly suppressed
by diet and exBheipere$ert ihvernpibenteDatesehd C)phlAayd tasthiohdneitol
medication is - 2 effective, an a-glucosidase inhibitor, acarbose, which
compounds which have an inhibitory effect on the activity of

sodium-dependent glucose transporter 1 (SGLT1l) involved in
absorption of glucose and other sugars in the small intestinal
epithelium, or alternatively., which have not only such an
inhibitory effect on SGLT1 activity but also an inhibitory
effect on the activity of sodium-dependent glucose transporter
2 (SGLT2) involved in glucose reabsorption in the kidney.

BACKGROUND ART

[0002]

When people suffer from diabetes, their fasting blood
glucose levels reach 126 mg/dL or more. Even if fasting blood
glucose levels fall within a normal range, some people exhibit
postprandial blood glucose levels as high as 140 to 200 mg/dL
and are diagnosed as having impaired glucose tolerance
(hereinafter referred to as IGT). It has been considered that
the risk of cardiovascular disorders can be reduced by
delaying the onset of diabetes from IGT, and several
supportive findings for this have been obtained. For example,
the Da Qing IGT and Diabetes Study carried out in China in
1997 has reported that progression of IGT into Type II
diabetes is significantly suppressed by diet and exercise (see

Non-patent Document 1). As a case where medication is



i nhi bits sugar hydrol ases to del ay sugar absorption fromthe snal

I ntestine has been reported to suppress the devel opnent of Type Il diabetes
fromIGT and further significantly suppress the onset of hypertension (see
Non- pat ent Docunent 2). [0003] In view of the foregoing, to suppress the
onset of diabetes, it is inportant to control |GI by diet therapy,

exerci se therapy and nedi cation. [0004] 2Nevert hel ess, when peopl e suffer
fromdi abetes, it comes to be necessary to control their blood glucose

| evel s atefféctiveesanDiapdteegsidabasinhlibytboreatedrbysdi ewhticbr apy and
exerci se ghe(apﬁ; however, when sufficient effect is not obtained by these
t her api esinhtbitat fegaruBydpelaeneseho dpdeysFugart REspRREAPRafromathe
intestinal epithelium sodium dependent glucose transporter 1 (SGT1) is
expr essedSBaly hPEﬂSt+P%qhéﬁc9?ePtrPBOEHSantPhﬁPPBEE$§ §bpyvEevedpemantg upon
sodium and_plays a_role in active transport of glucose or galactose in the
smal | int®&tTHee #ﬁeﬁé?B?E?siframuEﬁgeaggkgHrthﬁﬁnﬁégﬁéchéaﬁlﬁe suppr essed,
| GT may be prevented or treated Based on this cancept, e{razole

deri vat i vBYPPFRRFB| IRRgOREET1 Of DYRPETLE TSRS & MPbRatEs o pmen; 2) -

Docunent s & ég 6). [0006] Furthernore, sodi um dependent glucose transporter
2 (SGLT25 P éxpressed at a high frequency in the kidney. d ucose once

ELItered by t3§ gbonggéki Ls %eabSOERed ¥ia SGLT2 - gh (gee Non- pat ent
cunent 3). WhBnVaf TERPnAPHPEBE Fs tdfPRPEEEF 4 EoRPEHePEC rat s,
sugar excéfg.ggegptgtuigngmbgrtant to control IGT by diet therapy,
exercise therapy and medication.
[0004]

Nevertheless, when people suffer from diabetes, it comes
to be necessary to control their blood glucose levels at all
times. Diabetes is basically treated by diet therapy and
exercise therapy: however, when sufficient effect is not
obtained by these therapies, medication must be chosen.

[0005]

On the mammalian small intestinal epithelium, sodium-
dependent glucose transporter 1 (SGLT1) is expressed at a high
frequency. It is known that SGLT1 serves depending upon
sodium and plays a role in active transport of glucose or
galactose in the small intestine. Therefore, if glucose taken
from a meal can be suppressed, IGT may be prevented or treated.
Based on this concept, pyrazole derivatives inhibiting SGLT1
activity have been reported (see Patent Documents 1 to 6).
[0006]

Furthermore, sodium-dependent glucose transporter 2
(SGLT2) is expressed at a high frequency in the kidney.

Glucose once filtered by the glomeruli is reabsorbed via SGLT2



facilitated to induce a hypoglycem c action. Fromthis, an SGT2-specific

I nhi bitor has been considered as a target nolecule serving as a novel

t herapeutic agent for diabetes (see Non-patent Docunent 4). In these
circunstances, studies have been conducted on SAT2 inhibitors, and various
types of O0-aryl glycoside derivatives have been provided (see Patent
Docunents 7 and 8). [0007] Accordingly,3if SG.T1 and SG.T2 activities can
be inhibited sinultaneously, a novel type of therapeutic agent for

di abet es ¢amebNoprpaitgad, Dalgumknitas ) not Woem yapoSERTaninhibihgpetigl yceni a
suppression action ascribed to SGT1 inhibition but also progressive

hypogl ycepimindsiteneds&pi BdabesisGraLs.i sHgBrt eFeretdonsjintgp urd neows
C-phenyl glucitol derivatives with selective inhibitory activity against
SGA.T2 havéapddatpépdr tedipduse Pah§99998§ﬁmé@tagFi°Womeé§Pm thpaengn
1-thioglucitol derivatives strongly inhibiting both SGE&T1 and SET2 have
not vyet BEER2repsciédc LobAYLtopahagt besbusensifderes: &snat itdxdetPubl i cati on
No. W)2002/098893 Patent Document 2: [nternational Publication No.

W2004/ 018932CPife fETBIBGNERt 33NOVRLethETPBRAL 10uBIGERSt EOF Kdabgtes

W02004/ 018491 Pat ent Docunent 4: |International Publication No. .
WO2004/ 019658 Non-patent Document 4). In these circumstances, studies

have been conducted on SGLT2 inhibitors, and various types of
O-aryl glycoside derivatives have been provided (see Patent
Documents 7 and 8).

[0007]

Accordingly, if SGLT1 and SGLT2 activities can be
inhibited simultaneously, a novel type of therapeutic agent
for diabetes can be provided, which has not only postprandial
hyperglycemia suppression action ascribed to SGLT1 inhibition
but also progressive hypoglycemic action ascribed to SGLT2
inhibition.

[0008]

Up to now, C-phenyl glucitol derivatives with selective
inhibitory activity against SGLT2 have been reported (see
Patent Document 9); however, C-phenyl 1-thioglucitol
derivatives strongly inhibiting both SGLT1 and SGLTZ2 have not
yet been reported.

[0009]

Patent Document 1: International Publication No.
W02002/098893

Patent Document 2: International Publication No.
WO02004/014932

Patent Document 3: International Publication No.



Pat ent Docunent 5: International Publication No. W2005/121161 Patent
Docunment 6: International Publication No. W2004/050122 Patent Docunent 7:
Eur opean Patent Publication No. 0850948 Patent Docunent 8: International
Publicati on No. WO2001/068660 Patent Docunent 9: International Publication
No. WOR2001/027128 Non-patent Docunent 1: Pan XR, et al. D abets Care, vol.
20, p. 534, 1997 Non-patent Docunent 27 4. -L. Chiasson, et al. Lancent,

vol . 359, p. 2072, 2002 Non-patent Docunent 3: EE M Wight, Am J. Physiol.
Renal . Phy{oR2@04/0d8491280, p. F10, 2001 Non-patent Docunent 4: G
Toggenburger, et al. Biochem Biophys. Acta., vol. 688, p. 557, 1982

DI SCLOSURE COF PHEentVERTuORNRRAEBL EMt eTOaRE o3@lVED B CEHE dnNWENTI ON [ 0010]
The present invention ains to provide C phenyl 1-thioglucitol conpounds
whi ch preWOR004i/8B81088 or suppress postprandial hyperglycenmia in diabetes
through inhibition of SGT1 activity to suppress absorption of glucose and
other - 5 sugBasenth@ogumedtt S5i:nJateredtiongde Pulildscatdon da.de C phenyl
1-t hi oglucitol conpounds expected to serve as prophylactic and/or

t her apeut 92898216 di abetes, which have not only a suppressive effect

on absorption of %Iucose . . .
Patent Document 6: International Publication No.

WO02004/050122

Patent Document 7: European Patent Publication No.
0850948

Patent Document 8: International Publication No.
WO02001/068660

Patent Document 9: International Publication No.
W02001/027128

Non-patent Document 1: Pan XR, et al. Diabets Care, vol.
20, p. 534, 1997

Non-patent Document 2: J.-L. Chiasson, et al. Lancent,
vol. 359, p. 2072, 2002

Non-patent Document 3: E. M. Wright, Am. J. Physiol.
Renal. Physiol., vol. 280, p. F10, 2001

Non-patent Document 4: G. Toggenburger, et al. Biochem.
Biophys. Acta., vol. 688, p. 557, 1982

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010]

The present invention aims to provide C-phenyl
l1-thioglucitol compounds which prevent diabetes or suppress
postprandial hyperglycemia in diabetes through inhibition of

SGLT1 activity to suppress absorption of glucose and other



and ot her sugars but also an excretory effect on urinary sugars through
I nhibition of both SGT1 and SG.T2 activities. MEANS FOR SOLVI NG THE
PROBLEMS [0011] As a result of extensive and intensive efforts nmade to
overcone the problens stated above, the inventors of the present invention
have found that C phenyl 1-thioglucitol conmpounds having a specific side
chain at the end of the aglycon nmoiety $hereinafter referred to as "the
conpounds of the present invention") have an excellent inhibitory effect on
SA.T1 actswgays. orThe teresantveinwentcien afurtiebi aimy ® fpcdévide both SGE.TL
and SGLT2 activities. This finding led to the conpletion of the present
i nventi onC-pleénp]l 1Nbhipgluchtopr egmnoundseexpeated doreerwe ae a C phenyl
1-thioglucitol compound of the following fornula (1) or a pharmaceutically
accept abl prephylantieofnd/on hherapeutheragents| for3fiipbetesl awhichiO Y-Z H
SOX H'""OH OH(l) 6 - [0014] wherein X represents a hydrogen atomor a
Cl. 6 al kyhayeonpt onlyepr 84PRYresgive. 6f6pRY| eReahEouptdpn- of ( glBFAse(wherein
n represents an integer of 1 to 5), and

and other sugars but also an excretory effect on urinary

sugars through inhibition of both SGLT1 and SGLT2 activities.

MEANS FOR SOLVING THE PROBLEMS

[0011]

As a result of extensive and intensive efforts made to
overcome the problems stated above, the inventors of the
present invention have found that C-phenyl 1l-thioglucitol
compounds having a specific side chain at the end of the
aglycon moiety (hereinafter referred to as "the compounds of
the present invention”) have an excellent inhibitory effect on
SGLT1 activity, or alternatively, have an inhibitory effect on
both SGLT1 and SGLT2 activities. This finding led to the
completion of the present invention.

[0012]

Namely, the present invention is directed to a C-phenyl
l-thioglucitol compound of the following formula (I) or a
pharmaceutically acceptable salt thereof or a hydrate thereof:
[0013]

[Formula 1]

HO

HO
HO"

OH

("



Z represents - CONHRA or - NHCONHRB (provided that when Z represents
-NHCONHRB, n is not 1), wherein RA represents a Cl.6 al kyl group
substituted with 1 to 3 substituents selected fromthe group consisting of
a hydroxyl group and -CONH2, and RB represents a hydrogen atomor a Cl.6

al kyl group substituted with 1 to 3 suEgtituents selected fromthe group
consi sting of a hydroxyl group and -CONH2. "[0015] |In another enbodi nent,
the present invention is directed to such a C phenyl 1-thioglucitol
conmpound 6P0&4]1phar maceutical |y acceptable salt thereof or a hydrate
thereof, wherein Y is a CL.6 alkylene group, and RB is a hydrogen atom or
a Cl_6 al kyl gvBapeinb¥t Fepre§eRtsh aa hAnagen afdum®s)a Ci-00abky} nayewp.
anot her enbodi nent, the present invention is directed to an inhibitor of
sodi um depende®t TEPHESSB LSt RafssoPLEY 1ENESEIPYP 8t i-Pir FH2hRr c AWREERERSes

t he above C-phenyl 1-thioglucitol conﬁoung or a pharmaceutically

accept abl B T&PFeERBEE Ao AL CHGHr Ofe 1t A& @3f 88dan active ingredient.

[0017] In yet_another enbodinment. the ntginvention is - 7 directed to
an i nhi bi tor of EOPReSSatam GONBRIeRT GNUCONAR" {(RRapiat that sthem )2
activity and sodi umd t glucose  transporter 2 (SG.T2) activity, which
conprisesrﬁﬁﬁeﬁﬁBgﬁ '@ggﬁgﬁgl'lgtﬁfoﬁ?ﬁcigol compound or a pharnaceutical |y

acceptabl e, salt thereof or a hydrate thereof as an active
wherein

R* represents a C;.¢ alkyl group substituted with 1 to 3
substituents selected from the group consisting of a hydroxyl
group and -CONH,, and

R® represents a hydrogen atom or a C;.¢ alkyl group
substituted with 1 to 3 substituents selected from the group
consisting of a hydroxyl group and -CONH,.

[0015]

In another embodiment, the present invention is directed
to such a C-phenyl 1-thioglucitol compound or a
pharmaceutically acceptable salt thereof or a hydrate thereof,
wherein Y is a C;.¢ alkylene group, and R® is a hydrogen atom
or a C;.¢ alkyl group substituted with a hydroxyl group(s).
[0016]

In yet another embodiment, the present invention is
directed to an inhibitor of sodium-dependent glucose
transporter 1 (SGLT1) activity. which comprises the above
C-phenyl l1l-thioglucitol compound or a pharmaceutically
acceptable salt thereof or a hydrate thereof as an active
ingredient.

[0017]

In yet another embodiment, the present invention is



ingredient. [0018] In yet another enbodi nent, the present invention is
directed to a prophylactic or therapeutic agent for diabetes, which

conpri ses the above C- phenyl 1-thioglucitol compound or a pharmaceutically
acceptabl e salt thereof or a hydrate thereof as an active ingredient.
ADVANTACES OF THE I NVENTI ON [0019] The present invention enables the

provi sion of C-phenyl 1-thioglucitol tdﬁpbunds whi ch have an inhibitory
effect on SGAT1 activity, or alternatively, which have not only such an

i nhi bi t orgitected ba o Inhabitort 9fbhethl sedianm-Appphdeny génfese on SG.T2
activity. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [0020] The termnms and
phrases uSEBNERPELAT ate(BEEThedagsivéEyoard spdbpmrdependeniy gtucesal kyl
group” is intended to nean_a linear _or branched al kyl group containing 1 to
6 carbon BF8REPOTERENPI £3CEKR) uBELAVIEY hyFhEFBUFOMRA1IELRY Ehgr BBBYEa n- propyl
group, an_i sopropyl grougl a_n-butyl group, an isobutyl g[oug a tert-butyl
group, a SeBR ﬁY@Ilg BB HcﬁtﬁénF9Wp§PBGp°§n6 pharmagepiigp &Voup. [ 0022]
The term"Cl 6 | ene, group” iis intepnded to an a_ dival ent group fornmed
by rennviﬂﬁcﬁﬂEghgérﬁﬁgﬁ %gSE?SfCSFanHY§F6%?o SrEEfGa§IE9Ia§Fgﬁﬁ. Exanpl es
I ncl ude a.nethx&ggg group, an ethylene group, a trinethylene group, a

t et r amet hyP'8h&
[0018]

In yet another embodiment, the present invention is
directed to a prophylactic or therapeutic agent for diabetes,
which comprises the above C-phenyl 1-thioglucitol compound or
a pharmaceutically acceptable salt thereof or a hydrate
thereof as an active ingredient.

ADVANTAGES OF THE INVENTION

[0019]

The present invention enables the provision of C-phenyl
l1-thioglucitol compounds which have an inhibitory effect on
SGLT1 activity, or alternatively, which have not only such an
inhibitory effect on SGLT1 activity but also an inhibitory
effect on SGLT2 activity.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020]

The terms and phrases used herein are defined as follows.
[0021]

The term "C;.¢ alkyl group” is intended to mean a linear
or branched alkyl group containing 1 to 6 carbon atoms.
Examples include a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, an isobutyl group,

a tert-butyl group, a sec-butyl group, a n-pentyl group and a



group, a pentanethyl ene group, a hexanethyl ene group, a propane-1, 2-diyl
group and a butane-1,2-diyl group. [0023] The phrase "Cl1 _6 al kyl group
substituted with 1 to 3 substituents selected fromthe group consisting of
a hydroxyl group and -CONH2" is intended to nean a Cl-6 al kyl group whose
hydrogen atons are replaced with 1 to 3 substituents selected from at |east
one of a hydroxyl group and - CONH2. Exanples include a hydroxynethyl group,
a hydroxyet hyl group, a 2- hydroxy-1,1-dinmethylethyl group, a

1, 3- di hydRroR§¥pd GEPWDI propan-2-yl group, a 1, 3-di hydroxy- 2-

hydroxyne hé ﬁropan 2-yl group, a carbanoyl net hyl group and a

2- car bano }I group. [0024] In addition, the tern1 "phar maceutical |y
accept abl e salé" ts i n{ ended to nean, for exa a salt with an al kal i
metal, an alk ??n eEﬁrt 1ﬁe?é¥y SﬂﬁDﬂFBHPorlﬁn 3FE9p§ﬂnﬁﬁlﬂﬁFnoP a salt
with am nclude_ a sodiumsalt, a

I d d. ,Ex
pot assi u %%?i gﬁgéPu 8€ntgn%§hﬂ¥ﬁPgﬁP ﬁ?drﬁﬂeBIEﬁPﬂuﬁ1§§F ony

5 R ARl et Rl T
o0, O B iRbhend SLEIBSCE FRbhasfulHER BPh G0t poBBmphYspE"L e
peveoet s Soble, STEAMERRSORL agalh, oTREFMAREIILLE BLEuST b °

2- hydr oxy ona e sa onate

RS S e e SR Y B TR
[0023]

The phrase "C;.¢ alkyl group substituted with 1 to 3
substituents selected from the group consisting of a hydroxyl
group and -CONH,"” is intended to mean a C;.s alkyl group whose
hydrogen atoms are replaced with 1 to 3 substituents selected
from at least one of a hydroxyl group and -CONH,. Examples
include a hydroxymethyl group, a hydroxyethyl group, a 2-
hydroxy-1,1-dimethylethyl group, a 1,3-dihydroxy-2-
methylpropan-2-yl group, a 1,3-dihydroxy-2-
hydroxymethylpropan-2-yl group, a carbamoylmethyl group and a
2-carbamoylethyl group.

[0024]

In addition, the term "pharmaceutically acceptable salt”
is intended to mean, for example, a salt with an alkali metal,
an alkaline earth metal, ammonium or an alkylammonium, or a
salt with a mineral acid or an organic acid. Examples include
a sodium salt, a potassium salt, a calcium salt, an ammonium
salt, an aluminum salt, a triethylammonium salt, an acetate

salt, a propionate salt, a butyrate salt, a formate salt, a

trifluoroacetate salt, a maleate salt, a tartrate salt, a



acetyl cysteine, a hydrochloride salt, a hydrobrom de salt, a phosphate
salt, a sulfate salt, a hydroiodide salt, a nicotinate salt, an oxal ate
salt, a picrate salt, a thiocyanate salt, an undecanoate salt, a salt with
an acrylate polynmer and a salt with a carboxyvinyl polyner. [0025] The
term "hydrate" is intended to nean a pharnmaceutically acceptable hydrate of
any conpound of the present invention or? a salt thereof. Wen exposed to
air or recrystallized, the conpounds of the present invention or salts
t her eof nB}tabser Balhwi ot gtearatenepdlly Ravucgdoatiecsaddt.e@nor form
hydrates. Such hydrates also fall within the scope of the present
i nvent i onethydseFcinpteesadte oApStAbionade seditned glasopptensagitesant
i nvention have a chiral center, they nmay be present in the form of
di ast er eoBBHSOBEPEARLAL FAAErs2 BEREOBERPSARTs andethaneswddonsds 6Rlthe
present invention nai al so be Rresent, for exanple, as keto-engl tautoners.
Mor eover , @3BoREPEBRFBLAQRAtEn Gkt ePnBaPILESXF L thRBESUELORA tienPédti-o” may be
present as geonetrical i somers (E-form Z-forn). Thus, .the conpounds and -
10 i nt er REBFENESUSEOPALepFALENt 9 RVERLIERCENLEAPALS S8 tof & HEUTXBove
I ndi vi dual hgogers ind m xt rss t hereof . [0027 tPref %red e diments will
be given BBL6RtPoFtfe acBﬁBS fdSaof- -t RE F@?&kﬁ enFértti-oft 9 tep
preferred gqpodiment;gh+8 5813, M998 3t eysh @94, a salt with -

acetylcysteine, a hydrochloride salt, a hydrobromide salt, a

phosphate salt, a sulfate salt, a hydroiodide salt, a

nicotinate salt, an oxalate salt, a picrate salt, a

thiocyanate salt, an undecanoate salt, a salt with an acrylate

polymer and a salt with a carboxyvinyl polymer.

[0025]

The term “hydrate” is intended to mean a pharmaceutically

acceptable hydrate of any compound of the present invention or

a salt thereof. When exposed to air or recrystallized, the

compounds of the present invention or salts thereof may absorb

moisture to thereby have adsorbed water or form hydrates.

Such hydrates also fall within the scope of the present

invention.

[0026]

Since some compounds and intermediates of the present

invention have a chiral center, they may be present in the

form of diastereomers or enantiomers. Some compounds and

intermediates of the present invention may also be present,

for example, as keto-enol tautomers. Moreover, some compounds

and intermediates of the present invention may be present as

geometrical isomers (E-form, Z-form). Thus, the compounds and



A preferred enbodinent of Yis a CL.6 al kylene group, and nore preferably a
C2_4 al kyl ene group. [0030] When Z is -CONHRA, a preferred enbodi nent of RA
is a Cl.4 alkyl group substituted with 1 to 3 substituents selected from
the group consisting of a hydroxyl group and - CONH2. Likew se, when Z is
-NHCONHR3, a preferred enbodinment of RBis a Cl1_4 alkyl group substituted
with 1 to 3 hydroxyl groups, and nore - pleferably a C1_4 alkyl group
substituted with a hydroxyl group. [0031] How to prepare the conmpound (I)

of the préstarmediabesonf ®hel pbeserpl Anhvedtinonnengonpass| aBdl ol ttheway of
sone exanples, but is not limted to the particular cases illustrated

bel ow. [8bgye Ppdp¥idupdnippwerduprdimiKsusespshadecf) of the present

i nvention wherein Xis a hydrogen atomor a CL.6 alkyl group, Yis a C2.6
al kyl ene §PB2p] and Z is - CONHRA can be synthesized in the follow ng
manner. [0033] In the _schenme shown below, Y' represents a single bond or -
11 a Cl.4 aIk%FSﬁSrﬁﬁeuﬁwdelﬁﬁBtRQWlﬁﬁibﬁ gayeBebeRevws ERE &he different,
each represent a _hydrogen atomor a Cl.4 al kyl group, A represents a

chl ori ne SPBRPYRAS BfogPﬁepﬁ?ﬁﬁPtaﬁBVPﬁé18?her synbol s are as defined
above. [O?%ghal[Fornula 2] RL BnOA Step 1 BhOYL1 OH IRR201~1 RO

A preferred embodiment of X is a hydrogen atom.
[0029]

A preferred embodiment of Y is a C;.¢ alkylene group, and
more preferably a C,., alkylene group.
[0030]

When Z is -CONHR®, a preferred embodiment of R* is a C;_,
alkyl group substituted with 1 to 3 substituents selected from
the group consisting of a hydroxyl group and -CONH,. Likewise,
when Z is -NHCONHR?, a preferred embodiment of R® is a C;.,
alkyl group substituted with 1 to 3 hydroxyl groups, and more
preferably a C;.4 alkyl group substituted with a hydroxyl group.
[0031]

How to prepare the compound (I) of the present invention
will be explained in more detail below by way of some examples,
but is not limited to the particular cases illustrated below.
[0032]

Preparation Procedure 1

The compound (I) of the present invention wherein X is a
hydrogen atom or a C;.¢ alkyl group, Y is a C,., alkylene group,
and % is -CONHR® can be synthesized in the following manner.
[0033]

In the scheme shown below, Y' represents a single bond or



BhnOS X R~ YYiOHBnOS\X BnO "OBn ( Ill) _ BnO" "OBn OBn (I1) Pd OBn
(I'V) RL Step 2 BnOY NHRA Step 3 RAN HZ S R2 O reduction, deprotection
BnO X BhO" "OBn OBn ( V) HOY--~- NHRA HOS X HO' "OH OH (1) 10035]
(1) Step 1 (Heck reaction) Conpound (11) and ol efinic carboxylic acid (I111)
may be subjected to Heck reaction in the presence of a palladium catalyst,
a phosphine ligand and an appropriate'b&ée'To synt hesi ze conpound (1V).
Exanpl es of a pal | adium catal yst —used ;or t hi s purpose include palladi um
acetate, at€tnaRisyienphanpiphoBpMmm@)Pal widiahmmay dwenhie deameacst one

pal | adi um__bi s(tri phenyl phosphi ne) pal | adi um di chl ori de,

bi s(tricyei&hexonphosprhn&ppaeisgaitudm dvdrogendatahdr a2x:-4 alkyl group,
pal | adi unf acti vat ed carbon. Exanples of a phosphine |igand _include

t ri phenyl PhBSBREA&NARISt FRLPTiREt AFPPheRYR) PREBEREnALOM.| REd $Be eXhrpl es of
a base avail abl e for use_include triethylam ne,

N- et hyl - NSKBP S oBFEpfFaffhdneBoRE¥Pum “carbonate, cal ci um carbonat e,

cesiun1caE88g%He, and pot assi um

[Formula 2]

(V)

YI_NHR*  gtep3

(o) reduction, deprotection
_—

[0035]

(1) Step 1 (Heck reaction)

Compound (II) and olefinic carboxylic acid (III) may be
subjected to Heck reaction in the presence of a palladium
catalyst, a phosphine ligand and an appropriate base to
synthesize compound (IV). Examples of a palladium catalyst
used for this purpose include palladium acetate,
tetrakis(triphenylphosphine)palladium, dibenzylideneacetone
palladium, bis(triphenylphosphine)palladium dichloride,

bis(tricyclohexylphosphine)palladium dichloride, and



t - but oxi de. Exanples of a solvent available for use in the reaction include
acetonitrile, toluene and tetrahydrofuran. The reaction tenperature ranges
fromOC to ref lux tenperature, or mcrowave may be used instead. [0036]
(2) Step 2 (Conversion into am de) Conmpound (1V) may be condensed t hrough
dehydration wwth an am ne (RANH2) to giive conpound (V). Exanples of a
solvent preferred for use in this reactlior i ncl ude chi or of orm

di chl oronet hane, and N, N-di net hyl f ormam de. Exanples of a dehydration
condensi npablediup/activatedocarhpn . puliyamples mef (Rlephosphine ligand

N, N -di cycl ohexyl carbodii mde (DCC), N-ethyl-N -3-

di net hyl akrabpdepyréphepuiPhrarhhpar 8BA| 5Fi8é2(Wethylphenyl)phosphine.

car bonyl di i m dazol e (CDI%, and WSC/ 1- hydroxybenzotri azol e nonohydrate. The
reacti on behpeiaeur eXpRPLAFsOEadcPRrERgBY 1L RBALOECEOUBEBCINFADI®] (3) Step 3
(Reduction and Deprotection{ Co ound_g\o obt ai ned above may be

cat al yti chFE§thh{arépenalicg hzigﬁlﬂ-éa §PpEPPYLaginen pPiasEAPRct i vat ed
carbon, pall adi um hydroxi de, or. platinum pall adi upiactivated carbon) under
a hydrogeﬁaﬁPﬂﬁgﬁﬁerEagﬁlﬂgugﬁrBBEP ﬁ'rESEEPWoﬁarQﬁBaaébeﬁEQIBPFGﬁSé Mt he
sanme time hereby giving the - 13 coppound (| f th resent invention.
Above al IF'{’Bg?T‘éé?um%fE%W/};‘?%oo%a? b%?#%?n%a?‘f%%*%h}%yﬁ‘?’gx‘?%% 1R Heferred
as a catalyst,.Exanples.of _a solvent.available for .use_.in hi s._reaction
"ot ude nEPAGHEPR SRRLAGE, SFebRPUFARAR: EoRYPRe aBAaEetraBYAFEERERR: and

[n e)r(rggr Z? L*ﬁgi %etfag &Sﬁ;te-rlr-l%%rart%%%t Iroar}lgte%rrpfe{oaré u6°% rt%nqreesf qu[xon?:ern?l%gature,

or microwave may be used instead.
[0036]

(2) Step 2 (Conversion into amide)

Compound (IV) may be condensed through dehydration with
an amine (R*NH,) to give compound (V). Examples of a solvent
preferred for use in this reaction include chloroform,
dichloromethane, and N,N-dimethylformamide. Examples of a
dehydration condensing agent preferred for this purpose
include N,N’-dicyclohexylcarbodiimide (DCC), N-ethyl-N'-3-
dimethylaminopropylcarbodiimide hydrochloride (WSC), 1,1'-
carbonyldiimidazole (CDI), and WSC/l-hydroxybenzotriazole
monohydrate. The reaction temperature in this case ranges
from 0°C to 60°C.

[0037]

(3) Step 3 (Reduction and Deprotection)

Compound (V) obtained above may be catalytically
hydrogenated using a catalyst (e.g., palladium/activated
carbon, palladium hydroxide, or platinum-palladium/activated
carbon) under a hydrogen atmosphere to cause olefin reduction

and debenzylation at the same time, thereby giving the



tenperature, with roomtenperature being preferred. [0038] During
debenzyl ation, it is also possible to use an acid such as BCl3, BCl3Me2S,
BBr3, Al Cl3, CF3COOH or TfOH Exanples of a solvent available for use in
this reaction include chloroform dichloronethane, acetonitrile, diethyl
ether, tetrahydrofuran, dinethyl sulfide, and anisole. Above all, it is
preferable to use CF3COOH, TfOH and ethdmedi thiol in di net hyl sul fide. The
reaction tenperature desirably ranges from-78C to 40C. [0039] Preparation
Pr ocedur ecémphundofpounsi the piresketpiaventipnventbovewhdiein X is a
hydrogen atomor a Cl_6 alkyl group, Yis a C2_6 alkylene group, and Zis
- NHCONHRBPadhagdumyachavpted carbha P3l Paliladinmnhydroxidend ss prefersiedwn
bel ow, the synbols are as_defined above. [0040] - 14 - [Fornula 3] R BnO
A Step 4 BACR-cavprysR: FExapples R a-sylvenpnaysilabpp: fpraaae(im) BnO'
"OBn OBn 1) Pd OBn (Ml ). Step 5 HO YZ reduction, deprotection S IN HO
X HO' " s reaction include methanol, ethanol, isopropanol, ethyl
acetate, acetic acid, and mixed solvents thereof. The
reaction temperature ranges from room temperature to reflux
temperature, with room temperature being preferred.
[0038]
During debenzylation, it is also possible to use an acid
such as BCl,, BCl;Me,S, BBr;, AlCl;, CF;COOH or TfOH. Examples
of a solvent available for use in this reaction include
chloroform, dichloromethane, acetonitrile, diethyl ether,
tetrahydrofuran, dimethyl sulfide, and anisole. Above all, it
is preferable to use CF;COOH, TfOH and ethanedithiol in
dimethyl sulfide. The reaction temperature desirably ranges
from -78°C to 40°C.
[0039]
Preparation Procedure 2
The compound (I) of the present invention wherein X is a
hydrogen atom or a C,.¢ alkyl group, Y is a C,.¢ alkylene group,
and Z is -NHCONHR® can be synthesized in the following manner.
In the scheme shown below, the symbols are as defined

above.

[0040]



OH (1) [0041] (4) Step 4 (Heck reaction) Conpound (11) and al kenyl urea
derivative (VI) can be converted into conpound (VIl) by Heck reaction as
shown in Step 1. [0042] (5) Step 5 (Reduction and Deprotection) Conpound
(VIl) obtained above may be deprotected through catalytic hydrogenation or
wth a Lews acid as shown in Step 3 to give the compound (I) of the
present invention. [0043] Preparation Brocedure 3 The conpound (1) of the
present invention wherein Xis a hydrogen atomor a Cl1_6 al kyl group, Y is
-O (CH2) niFozmula B4 - CONHRA can be synthesized in the follow ng nmanner. In
t he schene shown bel ow, R3 represents a Cl-6 al kyl group, and the ot her
synbol s are as defined above. [0Qﬂﬁ%§- 15 - [Formula 4] Ste®'6 r OMOM BnO
1= S reduct i 8nQdepr ot e oANSYIAI  BnO CH

CHO ( I1X) D OBJOH X Bho-~1\T BnO QBn &'“0Bn  OBn
(VI11) OBnBf g, B0~y 20( G Y OR < CH3) nx NH RA
Step 10 BnO' 0 (V1) BnO" ‘

OBn (1) Pd OBn (VII)

Step 5

reduction, deprotection
—_—>

[0041]

(4) Step 4 (Heck reaction)

Compound (II) and alkenylurea derivative (VI) can be
converted into compound (VII) by Heck reaction as shown in
Step 1.

[0042]

(5) Step 5 (Reduction and Deprotection)

Compound (VII) obtained above may be deprotected through
catalytic hydrogenation or with a Lewis acid as shown in Step
3 to give the compound (I) of the present invention.

[0043]

Preparation Procedure 3

The compound (I) of the present invention wherein X is a
hydrogen atom or a C;.¢ alkyl group, Y is -O-(CH;)n-, and Z is
-CONHR* can be synthesized in the following manner.

In the scheme shown below, R’ represents a C;.¢ alkyl
group, and the other symbols are as defined above.

[0044]



Step 6 S Step 9 BnO S\ deproteclion O BnO X hydrolysis, X BnO ' OBn

am dation BhOOBn ( XIV ) A-(CH2)nJ OR33 OBn (XI11) RANH2 OBn (XI1) [0045]
(6) Step 6 (Coupling) An aryl halide may be treated with an organonetallic
reagent (e.g., n-butyllithium sec-butyllithium tert-butyllithium to
prepare aryl lithiumreagent (1X). To this reagent, internediate conpound
(MII1) may be added to give conpound-(XP. -Exanpl es of a sol vent avail abl e
for use in the reaction include tetrahydrofuran, diethyl ether, and

tol uene. [Mhermebat4dn tenperature ranges from-80C to room tenperature,
preferably from-78C to -gSC Alternatively, 1 equivalent of neta
magnesi um may be used t repare Grignard reagent (IX). Exanples of a

sol vent avai | adb r 6 AMPhe rea j-pedvudeseb et rahydr eb bet hyl
et her, and_ digk L ennl 004 ctw&mmaﬁﬂmﬁbpr t ec ~Lonmpound
(X) obtain¥d Ab ”“dl%@géﬂj@,, ﬂ;gﬂﬂ ont *BuVE2SI H of PIf23i HC1 nmay*be

reacted in ﬂeo@P nce of a LeMAsoaC|d(MO prepar e conpoﬂﬁhcﬁjfﬁ(mExanples
of a Lewis acid avallable for use in this reaction include BF3Et20
CF3000H, - 16 and InCl3. Exanples of a solvent include chloroform

di chl oronet hane, acetonitrile or nPxed sol vents thereof an® preferred are
m xed solvents with ase i perasUeM as acet dn? "ﬁ?d*%rwbm

acetoni tril@edichlor etc. Th&eacih ure in_teptgocasg
ranges from-6oC tO X hydrolysis,

BnO | 'OBn amidation ~ BnO" Y} " (XIv)
A—(CH,)n” "OR® 0Bn (X RANH, OBn

(X

[0045]

(6) Step 6 (Coupling)

An aryl halide may be treated with an organometallic
reagent (e.g., n-butyllithijium, sec-butyllithium,
tert-butyllithium) to prepare aryl lithium reagent (IX). To
this reagent, intermediate compound (VIII) may be added to
give compound (X). Examples of a solvent available for use in
the reaction include tetrahydrofuran, diethyl ether, and
toluene. The reaction temperature ranges from -80°C to room
temperature, preferably from -78°C to -25°C. Alternatively, 1
equivalent of metal magnesium may be used to prepare Grignard
reagent (IX). Examples of a solvent available for use in the
reaction include tetrahydrofuran, diethyl ether, and diglyme.
[0046]

(7) Step 7 (Reduction and Deprotection)

Compound (X) obtained above and Et3;SiH, i-Pr;SiH,
t-BuMe,SiH or Ph,SiHCl may be reacted in the presence of a

Lewis acid to prepare compound (XI). Examples of a Lewis acid

available for use in this reaction include BF3;Et,0, CF3COOH,



pr ef er abl

y from-30Cto 25C. (0047] (8) Step 8 (Al kylation) Conpound

and reagent (XIl) may be reacted under basic conditions to give conpo
(XI1'1). Exanples of a base preferred for use in this reaction include
sodi um car bonat e, potassium carbonate, potassium hydroxi de, sodium hy

pyri di ne,
acetonitr
N, N- di net
to 100C.

be conver
ester noi
in this

and triethylam ne. Exanples of .a solvent include dioxane,
Il e, toluene, dinethoxyethane, ~tetrahydrofuran, and
h Ifornﬁnide. The reaction _tenperature preferably ranges fro
?%64§TC 19) BEZemple s  Qfdfospdivendnd nativds iheredHAFBund (X1 1)
ed 1nto a _correspondin carboxylic gcid. through hydral ysi
fonianepcthiane . BoRGPRELAL e ERa B #edoFOIVEREE pREFEPFedantr

' i ncl ud ' b Lithi hyd i de, d
nydr oxi ePERRTTLRRcTRD) BHERG. SBIADE Bovor 1aeCHr9BAEE SHRCFRAB AEL hanol

et hanol ,

Cemor af uf S vaPEFhTRSon PRREEUER, CRoEBehEr- 1088 S entormiBhShee dEra s

obt ai ned
RANH2 as

Step 3.

(XI)

und

dri de,

m 20C
can
of the
use

i um

ction
hus

b - d i d h h d ' '
B5, REpRREYE  8MapBhe,: SOTRONNYS( Sl LSS BRlenat B 3,
Conpound[ég%g%rgggybgrggnygbséxkér5§xdihe titled compound (1) as shown in

[0047]

(8) Step 8 (Alkylation)

Compound (XI) and reagent (XII) may be reacted under
basic conditions to give compound (XIII). Examples of a base
preferred for use in this reaction include sodium carbonate,
potassium carbonate, potassium hydroxide, sodium hydride,
pyridine, and triethylamine. Examples of a solvent include
dioxane, acetonitrile, toluene, dimethoxyethane,
tetrahydrofuran, and N,N-dimethylformamide. The reaction
temperature preferably ranges from 20°C to 100°C.

[0048]

(9) Step 9 (Hydrolysis and Amidation)

Compound (XIII) can be converted into a corresponding
carboxylic acid through hydrolysis of the ester moiety under
basic conditions. Examples of a base preferred for use in
this reaction include potassium carbonate, lithium hydroxide,
sodium hydroxide, and triethylamine. Examples of a solvent
include methanol, ethanol, ethyl acetate, or mixed solvents
thereof with water. The reaction temperature preferably
ranges from 20°C to 100°C.

The carboxylic acid thus obtained can be converted into

compound (XIV) through condensation with R?NH, as shown in



Preparation Procedure 4 The conmpound (I) of the present invention wherein X
is a hydrogen atomor a C1_6 al kyl group, Yis -O(CH2)n-, and Z is

- NHCONHR$ can be synthesized in the followi ng manner. In the scheme shown
bel ow, Y2 represents a C2.5 al kylene group, and the other synbols are as
defined above. [0051] 18 - [Formul a 5] iep | Step 12 1) n-BuLi etc. BnO ~
OMOM BnO OMOM 2) (XVI) reduction, deproté€ction Br \ S0 BnOS OH X X BnOn
Bn0" OBn XV) é BnOBn OBn (XVIlI) OBn (XVI) O Step 14 Step 13 BnO ~ OH
subst dui ofteRaéti on BnO i 0-Y2 N deprotection of phthalimde Bn0 Si \X -
0 BnO S i[gbgg?no OBn "OBn Br y2-N BnO08n - ) (XI) 1 OBn 0 (XIX) (XVII

)
(10) Step 10 (Deprotection)

Compound (XIV) can be converted into the titled compound
(I) as shown in Step 3.
[0050]

Preparation Procedure 4

The compound (I) of the present invention wherein X is a
hydrogen atom or a C;.¢ alkyl group, Y is -O-(CH;)n-, and Z is
-NHCONHR® can be synthesized in the following manner.

In the scheme shown below, y? represents a C;.s; alkylene
group, and the other symbols are as defined above.

[0051]



Oe 8nO 1l p-y2-NH2 Step 15 BnO O Y2-NNRHH BnO S ~\ conversion into
urea BnOS ~\ X X BnO OBn 1) 1,1 -carbonyldiimdazole etc. BnO '0OBn OBn
(XX) 2) NH2ZRB OBn (I) O B Step 16 HOO Y2 HH R deprotect ion HO S HO CH
OH (I) [0052] (11) Step 11 (Coupling) Starting from conmpound (XV) (which
can be prepared according to Internatiﬁnal Publ i cati on No. WO06/073197) and
conmpound (XVI), the sanme procedure as’'s 1in Step 6 may be repeated to
synt hesi ze conmpound (XVI1). [0053] (12) Step 12 (Reduction and

Depr ot ect L BAFMEbAPBANd (XVI1) may be treated in the sane manner as shown in
Step 7 to reduce the hydroxyl group and renove the protecting group,

t hereby synt hesi zing conpeuhd (XI). - 19 Conpound (Xh%Mnay&@hgo be

SyntheSiZﬁé]&iif%%?DMO§hgwﬂm@bove- [ 0054] BrO 0
Br \\’X > BnO

BnO/\LS(\/(O Bno\" ,
(Xv) N OBn
BnO OBn XVil)

OBn (

reduction, deprotection

o

(XVI)
0] Step 14
BnO OH Step 13 2 deprotection of
3 substituion reaction BnO AN 0N pﬁfr::lﬁié%no
—————— -
BnO X 0 BnO °©
BnO I Br_Yz_N;/\Q BnO" OB,:
(X1) d {XIX)
(XVIIl)
Step 15

conversion into urea

/

1) 1,1-carbonyldiimidazole etc.

2) NH,R®
R
v R
Step 16 HO /] oY H H
deprotection _ HO S \\x
HO" ™y "OH
OH
(n
[0052]

(11) Step 11 (Coupling)

Starting from compound (XV) (which can be prepared
according to International Publication No. W006/073197) and
compound (XVI), the same procedure as shown in Step 6 may be
repeated to synthesize compound (XVII).

[0053]

(12) Step 12 (Reduction and Deprotection)

Compound (XVII) may be treated in the same manner as
shown in Step 7 to reduce the hydroxyl group and remove the

protecting group, thereby synthesizing compound (XI).



(13) Step 13 (Substitution reaction) Conpound (Xl) and reagent (XVIII1) may
be reacted under basic conditions to give conpound (Xl X). Exanples of a
base preferred for use in this reaction include sodi um carbonate,

pot assi um car bonat e, potassi um hydroxi de, sodi um hydride, pyridine, and
triethylam ne. Exanples of a solvent include dioxane, acetonitrile,

t ol uene, di net hoxyet hane, tetrahydrofuﬂéh and N, N-di net hyl f ormam de. The
reaction tenperature preferably ranges from 20C to 100C. [0055] (14) Step
14 (Depr ofewppondof Xgit mavi milge) beosyodhesixer) ian® tiepdi7ashesnhpdores or
met hyl hydra2|ne may be reacted in an appropriate solvent to give am ne
(XX). Ex&RPBAd of a solvent preferred for this purpose include nethanol,
et hanol , tetrah drofuran, water, and m xed solvents thereof. The reaction
t enper at ur e raﬁééé BESR AdokSuPEkpéiAioPne Te§CctdeR) preferably from room

tenperature to_60C. 0056 15) Step 15 (Con rs on_into urea) Conpound
(X;? nayube trSSFBﬂuﬁbtRxé% %Pﬂéﬁ??&gpﬁg &8&&& tmgﬁh@;Nﬁ?REtF€?§9ﬁgRéglze
conmpound carbon | ati_n ent used for th ur pose
el ude 103526 SRRt aasai e, SOMRPERGONATH ohESREP P RuPE, aahace |
tri phosgene. _In t reactign, S de rabl.e to .use base ch as
Lty eRaseRstll Gokctge B shusl e EPPnénc Gy e8GR SaTDOPALE used
for this § %Bose |ncIu e _chl or of

h .
tet r ahydr BPGPARIUR Kok ﬁg?ﬁﬁfspﬁa%a&m RGO e n At SyeFddes
al ter nat i yelyqs glxed 0L Y80t ;A 0R188.  ERUnBLES BE 4S8G1 BRe! ShESTal Xed

sol vents
dioxane, acetonitrile, toluene, dimethoxyethane,

tetrahydrofuran, and N,N-dimethylformamide. The reaction
temperature preferably ranges from 20°C to 100°C.
[0055]

(14) Step 14 (Deprotection of phthalimide)

Compound (XIX) and hydrazine hydrate or methyl hydrazine
may be reacted in an appropriate solvent to give amine (XX).
Examples of a solvent preferred for this purpose include
methanol, ethanol, tetrahydrofuran, water, and mixed solvents
thereof. The reaction temperature ranges from room
temperature to 100°C, preferably from room temperature to 60°C.
[0056]

(15) Step 15 (Conversion into urea)

Compound (XX) may be treated with a carbonylating reagent
and NH,R® to synthesize compound (XXI). Examples of a
carbonylating reagent used for this purpose include 1,1°'-
carbonyldiimidazole, p-nitrophenyl chloroformate, and
triphosgene. In this reaction, it is desirable to use a base
such as triethylamine, pyridine or N-methylmorpholine.

Examples of a solvent used for this purpose include chloroform,



chl orof or M N, N- di net hyl f or mam de, chl orof orm di met hyl sul f oxi de, and

t et rahydr of uran/ N, N-di net hyl f ormam de. The reaction tenperature ranges from
roomtenperature to 80C. Wen the reaction proceeds slowy, a higher
tenperature can be wused. [0057] (16) Step 16 (Deprotection) Conmpound (XXI)
may be deprotected in the sane manner a% shown in Step 3 to synthesize the
titled conmpound (I) [ 0058] Preparatio %rocedure 5 Preparati on procedure
for internmediate (I How t o prepare internedi ates gll) and (VII1) which are
required ﬂb?hb9§9§P5 ABA- of ethehzerpburare| V- Brdine BN&§@ﬁWamPﬁ@en?P§n\Mll
be illustrated below, In the foll schepe, D1 represents Li or

and the othBetRyLH8PLEgxidgs 8€f?i§8r EbV@ly[0@5§Fd S?ivenFPoFﬁﬁFéog] Step
L, 810 SR 1% E00ePBeol By best i, duxen Sefvafk OO S 5 B0 S8
| GBn (Xéhio}o thbk,§989m39h§3%8r%3m§89,ACBEQ%S B%H/ 1metgyl
sulfoxide, and tetrahydrofuran/N,N-dimethylformamide. The
reaction temperature ranges from room temperature to 80°C.
When the reaction proceeds slowly, a higher temperature can be
used.
[0057]

(16) Step 16 (Deprotection)

Compound (XXI) may be deprotected in the same manner as
shown in Step 3 to synthesize the titled compound (I).

[0058]

Preparation Procedure 5
Preparation procedure for intermediate (II)

How to prepare intermediates (II) and (VIII) which are
required for preparation of the compound (I) of the present
invention will be illustrated below. In the following scheme,

D' represents Li or MgBr, and the other symbols are as defined
above.

[0059]



S hydroxyl groups S~~ D ABn0O OHOHd XBnOX |_B:0"0B, Bha 00 OBn X
OBn (XXV) OBn (I1) (XXIV) D =Li or MgBr [0060] (17) Step 17 (Coupling)

I nt er medi at e conpound (XXII) may be treated with an organonetallic reagent
(e.g., n-butyllithium sec-butyllithium tert-butyllithiun) to prepare an
aryl lithiumreagent. To this reagent, thiolactone (XVI) nmay be added to
gi ve conpound (XXII11). Exanples of a sol'vent available for use in the
reaction & cl ud tg%rahydrofuran, di et hyl ether, and toluene. The reaction
t enper at ur €°FRHgBs®from -80C to room tenperature, preferably from-78Cto
-25C. [0061] (18) Stepp%8 (Acid hydrol ysis) The ag&%gl gr oup |P(ponpound
(XXI'1'1) rneeyo ydr ol ygedi. W th hydrochlor aC|d tholuenesu

nonohydr at e the +Hke—to_prepar esoo : |
preferred for "t | purp ude t gior apy s an ethanol,&©-~ Tsho

wat er, or m xad sol vent s,pherepf,. The remeti on tenperature rangms fron14C
to roon1tenperature wth Bim tenperat urgxiei ng preferred. Thejypgaction

time will vary - 22 depéndlng on the reaction tenperature, but |t ranges
froml1l to 24 hours. [0062] (19) Step 19 sfefmupl i ng)
Step 19 reduction of

——— P~

_I_
X
( XXIV) D'=Li or MgBr

hydroxyl groups

[0060]

(17) Step 17 (Coupling)

Intermediate compound (XXII) may be treated with an
organometallic reagent (e.g., n-butyllithium, sec-butyllithium,
tert-butyllithium) to prepare an aryl lithium reagent. To
this reagent, thiolactone (XVI) may be added to give compound
(XXII1). Examples of a solvent available for use in the
reaction include tetrahydrofuran, diethyl ether, and toluene.
The reaction temperature ranges from -80°C to room temperature,
preferably from -78°C to -25°C.

[0061]

(18) Step 18 (Acid hydrolysis)

The acetal group in compound (XXIII) may be hydrolyzed
with hydrochloric acid, p-toluenesulfonic acid monohydrate or
the like to prepare compound (VIII). Examples of a solvent
preferred for this purpose include tetrahydrofuran, ethanol,
methanol, water, or mixed solvents thereof. The reaction
temperature ranges from 4°C to room temperature, with room

temperature being preferred. The reaction time will vary



A 4-hal o- bronobenzene derivative may be treated with 1 equival ent of
n-butyllithium sec-butyllithium tert-butyllithiumor the |ike to prepare
nonol i t hi um conmpound (XXIV). Exanples of a solvent available for use in the
reaction include tetrahydrofuran, diethyl ether, and toluene. The reaction
tenperature ranges from-80C to roomtenperature, preferably from-78Cto
-25C. The reaction tinme preferably rénggs'fron15 to 30 m nutes.

Al ternatively, 1 equivalent of netal magnesium may be used to prepare
Gignard 9@RgRAing o8 \hhe FRarpie’ beMReXayEft BV%i%EbFQHGGF fizem h tRe
reaction include tetrahydrofuran, diethyl ether, and diglyne. Next,
internedi%fehﬁﬁﬁiound (VI11) may be added to conpound (XXIV) to prepare
conmpound {égg% The reaction tenperature ranges from-80C to room

t enper at ut e, ;eferably from-78Cto -25C. [0063] (20) Step 20 (Reduction

of hydroxyl gr ) < Conmpoun X%%% obt ai ned above may be reacted under the
condi tions shogﬁgfnsgf%pfg E%SBP 3fe the titled conpound (I11). [0064]

() canbe shr Hiatech- afBREEEREAEFTobAEs Rey, BoOHEEREE] Wiin)a “art o™
Ki 2 . j . d b
or epar ed SaabrasBETEe (f2Buegsebenath CLEEL R EREBRL [ Forhura 7] step

22 AcO~, Par bt §P1 2eniufiCEPARE 98REOLECLHLOPar RbE6LE PRium compound

(XXIV). Examples of a solvent available for use in the
reaction include tetrahydrofuran, diethyl ether, and toluene.
The reaction temperature ranges from -80°C to room temperature,

preferably from -78°C to -25°C. The reaction time preferably
ranges from 5 to 30 minutes. Alternatively, 1 equivalent of
metal magnesium may be used to prepare Grignard reagent (XXIV).
Examples of a solvent available for use in the reaction

include tetrahydrofuran, diethyl ether, and diglyme. Next,
intermediate compound (VIII) may be added to compound (XXIV)

to prepare compound (XXV). The reaction temperature ranges
from -80°C to room temperature, preferably from -78°C to -25°C.
[0063]

(20) Step 20 (Reduction of hydroxyl groups)

Compound (XXV) obtained above may be reacted under the
conditions shown in Step 7 to prepare the titled compound (II).
[0064]

Preparation Procedure 6
Preparation procedure for thiolactone (XVI)

Compound (XVI) can be synthesized as described in Yuasa,
H., et al. J. Chem. Soc. Perkin Trans. 1, page 2763, 1990.

Alternatively, compound (XVI) can be prepared according to the



ACO' “7J '"QAc protection of AcO ~YJ QAc OAc hydroxyl groups QAc (XVla)
(XVIb) S OTHP Step 23 S OH Step 24 S O BnBnO 7"' OBn deprotection 8 8 0 7
0Bn oxidation B B O70Bn OBn OBn OBn (XVlic) (XVId) (Xvl) [0066] (21) Step
21 (Protection of hydroxyl group) The hydroxyl group at the 1-position of
conpound (XVla) (which can be prepared Agccor ding to International

Publ ication No. WO04/106352) is protected with a protecting group which is
resistant to_basic conditions and is deprotectabl e under neutral or acidic
condi ti on§°1EBWiBZafPEMer he hydroxyl group is protected with a
tetrahydrgwrggyl group using 3, 4-di hydro- 2H pyran (3, 4-DHP) and

p-tol uene Pohic acid nonohydrate or pyridiniumtol uenesul fonic acid
(PPTS) to Exnthisiéz conmpound (XVIb). Exanples of a solvent avail able for
use in thtE°FBYLRi 8d i nclude N, N-di met hyl f or mami de, tetrahydr of ur an,

di oxane, di nmet hoxyet hane, chloroform dichl orgtrreézhane, and toluene. [0067]
(22) Stepa bt ect isgppoand RE -OHHP Negéér%tectﬁ&e acetyl groups are
renmoved. For..femmyal [ eg%gv ggg, Uch'as sodi um met hoxi de,
sodi um - 24" hyggoxi de€oEEier ofi um hydr qxicde, potassi um carbonate, cesium
carbonate or tr)ethyl T RY IR be usg&},)and a solvent such as methanol,

et hanol or aqueous nethanol may be u eg. Renoval of the acetyl groups nmay

be followed by Lr diept h benzy Step 24
BnO g E(‘)a]-hgedeprotection BnO é oH oxidation  BnO S+©
BnO ‘OBn BnO' OBn BnO' ‘OBn
OBn OBn OBn
(XVIc) (XVid) (XVI)
[0066]

(21) Step 21 (Protection of hydroxyl group)

The hydroxyl group at the l-position of compound (XVIa)
(which can be prepared according to International Publication
No. WO04/106352) is protected with a protecting group which is
resistant to basic conditions and is deprotectable under
neutral or acidic conditions. For example, the hydroxyl group
is protected with a tetrahydropyranyl group using 3,4-dihydro-
2H-pyran (3,4-DHP) and p-toluenesulfonic acid monohydrate or
pyridinium-toluenesulfonic acid (PPTS) to synthesize compound
(XVIb). Examples of a solvent available for use in this
reaction include N,N-dimethylformamide, tetrahydrofuran,
dioxane, dimethoxyethane, chloroform, dichloromethane, and
toluene.

[0067]
(22) Step 22 (Deprotection and Protection)
Next, the acetyl groups are removed. For removal of the

acetyl groups, a base such as sodium methoxide, sodium



brom de or benzyl chloride using an appropriate base to give conpound
(XVlic). Exanples of a base include triethylam ne,

N-et hyl - N, N-di i sopropyl am ne, pyridine, potassium carbonate, calcium
carbonate, cesium carbonate, sodium hydride, potassium hydride, sodium

met hoxi de and t-BuOK, with potassium carbonate, calcium carbonate, cesium
carbonate and sodi um hydride being preférred. Exanples of a sol vent

avai lable for use in this reaction include N, N-dinethylformam de,

t et rahydrbydranjidedi bkxbhéymahgddprbdhoxpetaaacumTherbeaseteonceedpmr at ur e
ranges from-20C to 25C. [0068] (23) Step 23 (Deprotection) Next, the

pr ot ecti ngagbonpteat orhtriephylampnei maydbprusedt ednfloagsedventipsuah axvid).
For exanple, conpound (XVlic) may be treated in nethanol or ethanol wth
p-t ol uene®@Ehanpé. aetHanphopydparecss pethapelr Bayyvbet HEe®HP Removml $0069]
(24) Step 24 (Oxidation) In the final_step, conpound (XVid) may be treated
with an 5Perapetule9b6RPBFNAY REchPliBvpHep¥r ETEALHRAEL WAED( RONEYL Exanpl es
of an oxidizing agent preferred for use in this reaction_ include dinethyl
sulfoxideb§€@%8€ 9RhharrEd, chperidfnPEindpaRi BBPRIRELIaSRIPABR. tPhE1VEact i on

tenperature - 2 5 - ran?es fromOC to_40 .1%9070 The conpounds, of the
present i AOBRPPBA (KKIG/ ¢ Eﬁiﬂﬂpl%ﬁt?@iQ§%? e HrirbRelaming pti on

from the digestivg \toaglo Abternativel v, the compaynds of the present

calcium carbonate, cesium carbonate, sodium hydride, potassium
hydride, sodium methoxide and t-BuOK, with potassium carbonate,
calcium carbonate, cesium carbonate and sodium hydride being
preferred. Examples of a solvent available for use in this
reaction include N,N-dimethylformamide, tetrahydrofuran,
dioxane, and dimethoxyethane. The reaction temperature ranges
from -20°C to 25°C.

[0068]

(23) Step 23 (Deprotection)

Next, the protecting group at the l-position is
deprotected to give compound (XVId). For example, compound
(XVIc) may be treated in methanol or ethanol with
p-toluenesulfonic acid monohydrate or PPTS to remove the THP
group.

[0069]

(24) Step 24 (Oxidation)

In the final step, compound (XVId) may be treated with an
appropriate oxidizing agent to prepare thiolactone (XVI).
Examples of an oxidizing agent preferred for use in this
reaction include dimethyl sulfoxide-acetic anhydride,

Dess-Martin periodinane, and IBX. The reaction temperature



i nhibit both SGLT1 and SG.T2 activities to inprove |Gl through not only
suppression of glucose absorption but also excretion of urinary sugars,
t hereby allowi ng prevention or treatnment of diabetes. [0071] Thus, the
conpounds of the present invention can be used as active ingredients in
SA.T1 or SGT2 inhibitors or in prophylactic or therapeutic agents for
di abet es, diabetes- related di seases and>di~abetic conplications. [0072] As
used herein, the term "di abetes" enconpasses type | diabetes, type |
di abet es, ramgeot hieomt giiestofaaficabetes with specific etiology. [0073] As
used herein, the term"di abetes-rel ated di seases” includes obesity,
hyperi nsul®®e®d a, abnornmal carbohydrate nmetabolism hyperlipidem a,
hyperchol esterol emi a, hypertriglyceridema, abnormal |ipid netabolism
hypertensi on, Thengempoyrdseaftthai puesentdinvenhypnr inhibitaS&hBlgout .
[0074] As used herein, the term "diabetic conplications” can be classified
i nt o acutactbvipty ctiei snBpuess calvapsecahpprphippnErom| phesfigeggiveAcut e
conplications” include hyperglycema (e.g., ketoacidosis), infections
(e.g., sktmactof tAltiemnatively arfhe sseppoynd sl rthergresanenyentiomary
tract infections), etc. %0076 " Chronic gong[ications" i ncl ude
m cr oangi bpaipit (kogh SChEphabPabelT2r acthvphaiag) toaimprpvgcieloshsopghy. |
not only suppression of glucose absorption but also excretion
of urinary sugars, thereby allowing prevention or treatment of
diabetes.
[0071]

Thus, the compounds of the present invention can be used
as active ingredients in SGLT1 or SGLT2 inhibitors or in
prophylactic or therapeutic agents for diabetes, diabetes-
related diseases and diabetic complications.

[0072]

As used herein, the term “diabetes” encompasses type I
diabetes, type II diabetes, and other types of diabetes with
specific etiology.

[0073]

As used herein, the term "diabetes-related diseases”
includes obesity, hyperinsulinemia, abnormal carbohydrate
metabolism, hyperlipidemia, hypercholesterolemia,
hypertriglyceridemia, abnormal 1lipid metabolism, hypertension,
congestive heart failure, edema, hyperuricemia and gout.

[0074]
As used herein, the term "diabetic complications” can be

classified into acute complications and chronic complications.

[0075]



at heroscl erosis, heart infarction, brain infarction, |lower extremty
arterial occlusion), neuropathy (e.g., sensory nerves, notor nerves,

aut onom ¢ nerves), foot gangrene, etc. Major conplications are diabetic
retinopathy, diabetic nephropathy and diabetic neuropathy. [0077] Wth the
ai m of enhancing their action or reducig% their dosage, the conpounds of
the present invention nay al so be uséd“™n conbination with any drug
(hereinafter abbreviated as a partner drug) which depends on a different
mechani sm of aBERER eemBLiepk#honahi bpeilvfeohyBerylyeemsa fe.getivity, such
as a therapeutic_agent for diabetes, a therapeutic agent for diabetic

conpl i catkekeachdoshs) hypRERrpiaBki t€agent SKaD . h§pbtekipsueagbiliagy
antiobesity agent, a diuretic and/or an antithronbotic agent. In this case,
there i s FBSTERT t REFBATBROTY hEYELAMNGNEf VRARPRY stEAPRgIPRECESAPSINASEE -t he
pr esent invenﬁion and its partner drug(s). They may be adm nistered to a
target, e PREe sinmultaneously or with a tinme interval (s). The conpound of

h . . d i : : b 4 i q
Soparat e for mi GRFGRLCcBRPRAPRELORRG LBETRE: DECKoRngSOPRERRAN Ends o nay
be adm nistered as,a single f nHIatign contgining bgth active I ngredients.
The - 27 RHBREORAERY T ERIPORPERY) nag ThEXE8PEIEERS2E ABplopri ate on the
basi s of tFﬁir clinically psed,doses. %Lkemﬁ e, .the ratio. bet%pen t he
Conpound SENPRESEIEEERESY (IBREEoRRERECTH8T o PERSP TOFAGES]-ORay 1B¥Eel oct ed

| at dninj h t f
adm ot reEoRm Phebtret el botTugiond pBuBeBRFRY, L3791 he oBBRBFYat i on of
drugs, etge FoL, f5RBR! Rer¥lE" LOROhBRIE! nbvlE)20FLBksLhEdehs , NUFRN.

part ner
Major complications are diabetic retinopathy, diabetic

nephropathy and diabetic neuropathy.
[0077]

With the aim of enhancing their action or reducing their
dosage, the compounds of the present invention may also be
used in combination with any drug (hereinafter abbreviated as
a partner drug) which depends on a different mechanism of
action other than inhibition of SGLT1 or SGLT2 activity, such
as a therapeutic agent for diabetes, a therapeutic agent for
diabetic complications, an antihyperlipidemic agent, a
hypotensive agent, an antiobesity agent, a diuretic and/or an
antithrombotic agent. In this case, there is no limitation on
the timing of administering the compound of the present
invention and its partner drug(s). They may be administered
to a target, either simultaneously or with a time interval(s).
The compound of the present invention and its partner drug(s)
may be administered as two separate formulations containing
the respective active ingredients or may be administered as a

single formulation containing both active ingredients. The



drug(s) may be used in an anmobunt of 0.01 to 100 parts by mass relative to 1
part by mass of the conpound of the present invention. [0078] Exanples of
a therapeutic agent for diabetes include insulin formulations (e.g., aninal
insulin fornulations extracted from bovine and swi ne pancreases; hunman
insulin fornulations synthesized by genetic engineering techni ques using
E. coli or yeast cells; insulin zinc; "pPdtamne insulin zinc; insulin
fragnents or derivatives (e.g., INS-1), oral insulin fornmulations), insulin
resi st anc@osage oof npanpeer sdrigs gnay ppegseélacbed as apprbpriatecoh the
(preferably hydrochloride salt), rosiglitazone or a salt thereof

(pr ef er abPgshal efit thebrt§liml gably tagsededoess 01 Dikewiisd,70Me ratimgl it azar
(TAK-654), Metaglidasen (MBX-102), Naveglitazar (LY-519818), MX-6054,

Bal agl i t ae®kee¢MNERg1a9mpqun@ j0f Al 3nyesepbARyvenbiheRt and PPARyPARtRGHNI St S,
PPARy/ a dual agonists, a- glucosidase inhibitors (e.g., voglibose, acarbose,
m gl itol,dreg{ g) i nay ehe wgﬁgh@@e@s(@par?pﬁh@heofﬁ?njchﬂetaﬁgﬁt ntobBeormi n

or salts thereof (e.g., hydrochloride salt, fumarate salt, succinate
salt)), iduinhstered:i Bhe sFewie a0bradpinlisbrgtiprasthegiseasg, or

t ol butam de, glibenclam de, gliclazide, chlorpropam de, tolazam de,

acet ohexaf¥BRtop| o bpytaeeted. gthacpPrpipatigpi pf z8B8IS gl §BGz0IEIT
repagl i ni de, senaglinide, nateglinide, nitiglinide or calciumsalt hydrates

t her eof ) , S¥PRRPL agBRPR Ehe Bt ah? aBBnPIPLnigLpred, L8 cpEBAN agBRAFERET (€. g. |
P, Bl bhd S B AN BERIE (SAR At 6t
GSK—?lGng%laggyéiPoagoBAE Sb§em§ss of the compound of the present
invention.
[0078]

Examples of a therapeutic agent for diabetes include
insulin formulations (e.g., animal insulin formulations
extracted from bovine and swine pancreases; human insulin
formulations synthesized by genetic engineering techniques
using E. coli or yeast cells; insulin zinc; protamine insulin
zinc; insulin fragments or derivatives (e.g., INS-1), oral
insulin formulations), insulin resistance-improving agents
(e.g., pioglitazone or a salt thereof (preferably
hydrochloride salt), rosiglitazone or a salt thereof
(preferably maleate salt), Rivoglitazone (CS-011) (R-119702),
Sipoglitazar (TAK-654), Metaglidasen (MBX-102), Naveglitazar
(LY-519818), MX-6054, Balaglitazone (NN-2344), T-131 (AMG131),
PPARyY agonists, PPARy antagonists, PPARy/a dual agonists, a-
glucosidase inhibitors (e.g., voglibose, acarbose, miglitol,
emiglitate), biguanides (e.g., phenformin, metformin, buformin
or salts thereof (e.g., hydrochloride salt, fumarate salt,

succinate salt)), insulin secretion stimulators (sulfonylureas



pram intide), phosphotyrosi ne phosphatase inhibitors (e.g., sodium
vanadate), dipeptidyl peptidase IV inhibitors (e.g., conpounds described in
W02/ 038541, NVP-DPP-278, PT-100, P32/98, Vildagliptin (LAF-237), P93/01,
Sitagliptin (MK-431), Saxagliptin (BV5-477118), SYR-322, MP-513, T-6666,
GRC-8200), 13 agonists (e.g., AJ-9677, AzZ40140), gluconeogene5|s

i nhibitors (e.g., glycogen phosphorylasé”ﬁnhlbltors gl ucose- 6-phosphat ase
i nhi bitors, glucagon ant agoni sts, fructose-1, 6- bi sphosphatase inhibitors),
SALT (sodi(emggl. utodbutanmtidens gdibencliamiidei,t gldcle.zdde ,c ailonpilepdecidei, bed
in WO04/014931, WO04/089967 and W06/ 073197, T-1095, Sergliflozin

( GSK- 8696821 azaBkdegoecetol€kamife, WEYclopyranGael 7yl imePiBi6e2148,
AVE2268, SAR7226), 110-hydroxysteroid dehydrogenase inhibitors (e.g.,
conpoundsgdépiriifed gAYbWE0EE05166PagRNTi8498 sendOBi3Ade),, ngrRYld ndgeni st s
(e.g., PSN 632408, APD 668), adiponectin or agonists thereof, |IKK

i nhi bi t or®itégdinids- 2g68plcANmMK saditi hydaedes| dpeneoti)esiGPRAGc @agiomiisdei,ng
agents, somatostatin receptor agonists, glucokinase activators (e.g.,

Ro- 28- 167§?R4Baﬁ@ﬁéﬁppésﬁﬁpa§ép ﬂnﬁﬁﬁﬁ@GP§ @gogistsr |(iestgat.,, GKP-1962), and
DGAT-1 inhibitors. - 29 - [0079 nmpl es _of a therapeutic agent for

di abeti c GEBmpMRealiigad Lutddedd §|G@éé)ne§6@Pa§éd@nH£6?ﬂ@ﬁ§)(éegendln-
tolrestat, epalrestat, zenarestat, zopolrestat, n1na|restat fidarestat,
CT-112), Adur EFPBBP%FLéef kARor BINSA0IThaRddl 8 . 3NEGEE 4(d..¢7)Nkgs, OJE-3, BDNF,

neurotrophin_ production/secretion stinmulators), neuranagenesis stinulators

(e.g., Y-138}, #Kéopﬁﬂvbﬁ%rgléé& AIEdANs ageristfed®-S-e;  LY-333531)),

AGE i nhi bi tors % ALT946 %edln
pramli 3 e), phospho yro ine phosphatase inhibitors (e.g.,

sodium vanadate), dipeptidyl peptidase IV inhibitors (e.g.,
compounds described in W002/038541, NVP-DPP-278, PT-100,
P32/98, Vildagliptin (LAF-237), P93/01, Sitagliptin (MK-431),
Saxagliptin (BMS-477118), SYR-322, MP-513, T-6666, GRC-8200),
B3 agonists (e.g., AJ-9677, AZ40140), gluconeogenesis
inhibitors (e.g., glycogen phosphorylase inhibitors, glucose-
6-phosphatase inhibitors, glucagon antagonists, fructose-1,6-
bisphosphatase inhibitors), SGLT (sodium-glucose
cotransporter) inhibitors (e.g., compounds described in
W004/014931, WO04/089967 and W006/073197, T-1095, Sergliflozirn
(GSK-869682), GSK-189075, KGT-1251, KGT-1681, KGA-2727,
BMS-512148, AVE2268, SAR7226), l11B-hydroxysteroid
dehydrogenase inhibitors (e.g., compounds described in
W006/051662, BVT-3498, INCB13739), GPR119 agonists (e.g.,
PSN-632408, APD-668), adiponectin or agonists thereof, IKK
inhibitors (e.g., AS-2868), AMPK activators, leptin
resistance-improving agents, somatostatin receptor agonists,
glucokinase activators (e.g., Ro-28-1675), pancreatic lipase

inhibitors (e.g., orlistat, ATL-962), and DGAT-1 inhibitors.



pyr at oxat hi ne, N-phenacyl thi azolium brom de (ALT766), ALT-711, EXO 226,
Pyridorin, pyridoxam ne), active oxygen scavengers (e.g., thioctic acid),
cerebral vasodilators (e.g., tiapride, nmexiletine), somatostatin receptor
agonists (e.g., BIM3190), and apoptosis signal-regulating kinase-1 (ASK-1)
inhibitors. [0080] Exanples of an antihyperlipidem c agent include statin
conpounds (e.g., pravastatin, sinvastati2? -lovastatin, atorvastatin,
fluvastatin, itavastatin, rosuvastatin, pitavastatin or salts thereof
(e.qg., sofibpomedalt, calcium salt)), squal ene synthase inhibitors (e.g.
TAK-475), fibrate conpounds (e.g., bezafibrate, clofibrate, sinfibrate,
clinofibrate), Ex@Aplenhobi aotbefapgutidvagentbéprEfliabetiibe), ani on
exchange resins (e.g., cholestyram ne), probucol, nicotinic acid drugs
(e.g., nicomplicatienstintiudet Ajfosecvedpehaseeinpibhtossefelg.(e.g.,
soysterol, y-oryzanol), CETP inhibitors (e.g., Torcetrapib, JTT-705,

JTT- 302, pgtat, gppathnestater senabestpti ororahrestats wpénglreptati m be).
[0081] - 30 Exanples of a hypotensive agent include angiotensin- converting
enzyne i nhi@arestate. §T-1¢4pt opeproteanhapr factoge| apdi pphanagrst ensin |
antagonists (e.g., candesartan cilexetil, |osartan, eprosartan, valsartan,
teInisarthh?repgbééagtanNGFasﬂga?taﬁPNEziP@HFPEHOPWAK-536)), cal ci um

ant agoni st s ée.g:, nanidiE[ne, n[fedigine am odi pi ne, ef oni di pi ne,

ni car di pi FEYAupbiaBésanrerafReftopuha Qrﬁé:gp?urﬁééeﬁBﬁﬁkﬁlFﬁFmElé?QSQ,
ALO671, N P-121 and cl oni di ne, 0082{ Exanpl es of an antiobesit¥eagent

i ncl ude Céﬁtgar)Y—lza), PKC inhibitors (e.g., ruboxistaurin mesyla
LY-333531)), AGE inhibitors (e.g., ALT946, pimagedine,
pyratoxathine, N-phenacylthiazolium bromide (ALT766), ALT-711,
EX0-226, Pyridorin, pyridoxamine), active oxygen scavengers
(e.g., thioctic acid), cerebral vasodilators (e.g., tiapride,
mexiletine), somatostatin receptor agonists (e.g., BIM23190),
and apoptosis signal-regulating kinase-1 (ASK-1) inhibitors.
[0080]

Examples of an antihyperlipidemic agent include statin
compounds (e.g., pravastatin, simvastatin, lovastatin,
atorvastatin, fluvastatin, itavastatin, rosuvastatin,
pitavastatin or salts thereof (e.g., sodium salt, calcium
salt)), squalene synthase inhibitors (e.g., TAK-475), fibrate
compounds (e.g., bezafibrate, clofibrate, simfibrate,
clinofibrate), ACAT inhibitors (e.g., Avasimibe, Eflucimibe),
anion exchange resins (e.g., cholestyramine), probucol,
nicotinic acid drugs (e.g., nicomol, niceritrol), ethyl
icosapentate, plant sterols (e.g., soysterol, y-oryzanol),
CETP inhibitors (e.g., Torcetrapib, JTT-705, JTT-302, FM-VP4),
and cholesterol absorption inhibitors (e.g., Ezetimibe).

foo81]



antiobesity agents (e.g., dexfenfluram ne, fenfluram ne, phenterm ne,

si butram ne, anfepranone, dexanfetam ne, nmazindol, phenyl propanol am ne,
cl obenzorex; MCH receptor antagonists (e.g., conpounds described in

W06/ 035967, SB-568849; SNAP-7941, T-226296); neuropeptide Y antagonists
(e.g., CP-422935); cannabi noid receptor antagonists (e.g., R nonabant
(SR-141716), SR-147778); ghrelin antagosiOsts; 11(3-hydroxysteroid
dehydrogenase inhibitors (e.g., BVT-3498, |INCB13739)), pancreatic |ipase
i nhi bitors (e.EBxampiéssofita hppbtésg)iyveDadgént inbilbdeomsgibB8nagoni sts
(e.g., AJ-9677, AZ40140), peptidic anorectics (e.g., leptin, CNTF (ciliary
neur ot r opbdrvénting) ¢nzymel anhibbkonsn(agoni sceptepgil, enalapript,

FPL- 15849), and feeding deterrents (e.g., P-57). [0083] Exanples of a

di uretic detapdtl xanahghetensinalilvantagopgistst hkeobr oncasdesartansal i cyl at e,
t heobrom ne calciumsalicylate), thiazide formulations (e.g., ethiazide,
cyclopentﬂibﬁxqéiltrl@ﬁﬂﬁgﬂﬁthPHfPééFtﬁydrEQESQFﬁﬂhbatﬁé@isartan'

hydr of | umet hi azi de, - 31 - bentyl hydrochl orot hi azi de, penflutizide,

pol yt hi aziHeesarkehyctasprartae), aaalrantans(EABNE3Hd) muFralrdnd (e. g.,

spi ronol actone, trianterene), carbonic anhydrase inhibitors (e.g.,
acetazolaﬂ?ﬁ%??nkﬁFﬁrbﬁeﬁzen@éﬂ#ﬂbﬁaﬁﬁden#ﬁﬁﬁﬂpaﬂﬁen§mleé?§}Pe'

chl orthal i done, nefrusi de, indapam de), azosem de, isosorbide, ethacrynic
aci d, pir%f%ﬂ%éé?lﬁﬁnePbﬁPH@}Péﬁﬁ)'fBPéééﬁiH@.cPéBBﬁi opRRRPFeéCo-an
antithronbotic agent . include_ heparin rin sodium, _heparin

cal ci um H%Y?EB% Fﬁl§8diEﬁ?7#9%15658f§%;aHFFaESE?(e?Q§,c%&PiQFPﬁ'potassiwﬁ,
antlthron?bggzse.g.,

Examples of an antiobesity agent include central
antiobesity agents (e.g., dexfenfluramine, fenfluramine,
phentermine, sibutramine, amfepramone, dexamfetamine, mazindol,
phenylpropanol amine, clobenzorex; MCH receptor antagonists
(e.g., compounds described in W0O06/035967, SB-568849;
SNAP-7941, T-226296);: neuropeptide Y antagonists (e.g.,
CP-422935); cannabinoid receptor antagonists (e.g., Rimonabant
(SR-141716), SR-147778); ghrelin antagonists;
11B-hydroxysteroid dehydrogenase inhibitors (e.g., BVT-3498,
INCB13739)), pancreatic lipase inhibitors (e.g., orlistat,
ATL-962), DGAT-1 inhibitors, B3 agonists (e.g., AJ-9677,
AZ40140), peptidic anorectics (e.g., leptin, CNTF (ciliary
neurotrophic factor)), cholecystokinin agonists (e.g.,
lintitript, FPL-15849), and feeding deterrents (e.g., P-57).
[0083]

Examples of a diuretic include xanthine derivatives (e.g.,
theobromine sodium salicylate, theobromine calcium salicylate),
thiazide formulations (e.g., ethiazide, cyclopenthiazide,

trichlormethiazide, hydrochlorothiazide, hydroflumethiazide,



argatroban, X nel agatran, Dabigatran, Odiparcil, Lepirudin, bivalirudin,
Desirudin, ART-123, ldraparinux, SR-123781, AZD- 0837, MCC-977, TG\ 255,
TGN 167, RW-58436, LB-30870, MPC-0920, Pegmnusirudin, Org-426751),

t hronbol ytic agents (e.g., urokinase, tisokinase, alteplase, natepl ase,
nont epl ase, pamteplase), platelet aggregation inhibitors (e.qg.,
ticl epi di ne hydrochl oride, cilostazol,” éﬁhYI | cosapentate, beraprost

sodi um sarpogrel ate hydrochloride), factor Xa inhibitors (e.g.,

Fondapar i hertyBaydsochdggothiazidp, yanflotizEre12p81ythApesdban, Razaxaban,
LY-517717, MN- 102, Cctaparine, O am xaban, EMD-503982, TC- 10, CS-3030,
AVE- 3247, mebhysligBhiazide ). 1982} -addasperena EarvutapépnsdéasedB. (al so known
as activated thronbin-activatable fibrinolysis inhibitor [TAEIq%)

i nhi bi t or SPLEOROlaayppeggiripmigyene) pNcagbpniroesbydraseninhdbdsapsunds of
the present invention are provided_in the formof pharnmaceutical .

prepar at i bRs9- vapretiazeipmidss - - chrorghengenesuitorarhdgs fesmpyatians
solutions may be selected as appropriate. In_this case, a pharmaceutically
accept abl &2-8ar r FBLPEFRARIAGNE EéfFHEG@ﬁmréP@BPaE}QﬁﬂPeézeﬁegaéﬁ'a carrier
i ncl ude connnnlg,used exci pients, extenders, binders,  disintegrating
agents, cb8PFAP é@%nt%FhEGSXP;EOQFFﬂg RyERtenifn. aBpHetarddesopBfi | i zers, or
aqueous or. non-agyeous solvents. The conpounds of the present invention and
these carfFPEPSSHEYe-he fornulated into tablets, pills, capsules, granules,
powder s, ég%gﬁions, enul si ons, suspensions, injections or other dosage
fornmns. [Ob Al so, the conpounds of the present invention may be

Examples of an antithrombotic agent include heparin (e.g.,
heparin sodium, heparin calcium, dalteparin sodium, AVE-5026),
warfarin (e.g., warfarin potassium), antithrombins (e.g.,
argatroban, Ximelagatran, Dabigatran, Odiparcil, Lepirudin,
bivalirudin, Desirudin, ART-123, Idraparinux, SR-123781,
AZD-0837, MCC-977, TGN-255, TGN-167, RWJ-58436, LB-30870,
MPC-0920, Pegmusirudin, Org-426751), thrombolytic agents (e.g.,
urokinase, tisokinase, alteplase, nateplase, monteplase,
pamiteplase), platelet aggregation inhibitors (e.g.,
ticlepidine hydrochloride, cilostazol, ethyl icosapentate,
beraprost sodium, sarpogrelate hydrochloride), factor Xa
inhibitors (e.g., Fondaparinux, BAY-59-7939, DU-176b, ¥YM-150,
SR-126517, Apixaban, Razaxaban, LY-517717, MLN-102, Octaparine,
Otamixaban, EMD-503982, TC-10, CS-3030, AVE-3247, GSK-813893,
KFA-1982), and plasma carboxypeptidase B (also known as
activated thrombin-activatable fibrinolysis inhibitor [TAFIal)
inhibitors (e.g., AZD-9684, EF-6265, MN-462).

[0085]
When the compounds of the present invention are provided

in the form of pharmaceutical preparations, various types of



i ncluded within, e.g., a-, 13- or y-cyclodextrin or nmethylated cyclodextrin
to inprove their solubility. [0087] The dosage of the conpounds of the
present invention will vary depending on the di sease or synptomto be
treated, body weight, age, sex, the route of adm nistration, etc. The daily
dosage for adults is 0.1 to 1000 ng/ kg body weight, preferably 0.1 to 200
my/ kg body weight, and nore preferably 321 to 10 ng/ kg body wei ght, given as
a single dose or in divided doses. EXAMPLES [0088] The present invention
will be fdoshge flesmsi budhi asnmepdidet anil bpluajont mhg bel kelertedetsr ence
exanpl es, exanples and test exanples. [0089] - 33 - Reference Exanple 1
Pr epar at i apppbpRidte, 6-Iret thai O ¢asey| a Sphanmaceyt icahlty laécepbab bae
(compound (XVI)) [0090] [Formula 8] BnO"" "7J "OBn OBn (XVI ) [0091] (1)
Pr epar at i earsierés) amgir a18e- per dncorpprated4, Examples of such a
tetra-O acetyl -5-thi o-D-gl ucopyranose To a sol ution of _
2,3, 4, 6-t 6aFaieraénecinds. campoply| usegyryadpéentso gxtsndergmpbindgrs.
chloroform (40 nm.), 3, 4-

disintegrating agents, coating agents, sugar-coating agents,

pH adjustors, solubilizers, or aqueous or non-agqueous solvents.

The compounds of the present invention and these carriers may

be formulated into tablets, pills, capsules, dgranules, powders,

solutions, emulsions, suspensions, injections or other dosage

forms.

[0086]

Also, the compounds of the present invention may be
included within, e.g., a-, P- or y-cyclodextrin or methylated
cyclodextrin to improve their solubility.

[0087]

The dosage of the compounds of the present invention will
vary depending on the disease or symptom to be treated, body
weight, age, sex, the route of administration, etc. The daily
dosage for adults is 0.1 to 1000 mg/kg body weight, preferably
0.1 to 200 mg/kg body weight, and more preferably 0.1 to
10 mg/kg body weight, given as a single dose or in divided
doses.

EXAMPLES
[0088]

The present invention will be further described in more

detail by way of the following reference examples, examples

and test examples.

[0089]



di hydro-2H-pyran (1.5 nL, 16.5 moL) and p-tol uenesul fonic acid nonohydrate
(104 ng, 0.549 mmoL) were added and stirred at roomtenperature for 1 hour.
After addition of saturated aqueous sodi um bicarbonate, the reaction

m xture was extracted wth chloroform and the organic |ayer was washed
with saturated aqueous sodium chloride and then dried over anhydrous
magnesi um sul fate. After filtering of f 88e - desiccant, the sol vent was
distilled off under reduced pressure and the resulting residue was purified
by silica gel RebeuencehEwampdgr aphy (hexane:ethyl acetate = 1:1) to give
the titled conmpound (2.56 g) as a light-yell ow anorphous substance. [0092]
(2) PrepaPuepanabioneefalyds 8- 9HtpyranO2bgnzylss4thio-D-glucono-1,5-

tetra- O benzyl -5-thi o-D-gl uco ¥ranose - 34 Next, to a solution of
tetrahydrbaQFpp9réﬁomP9PnQ,SXQ,6) tetra- O acetyl - 5-t hi o- D- gl ucopyranose (2.5
g) in nethanol (40 nl), a 25 wt % nethanol sol ution of sodi um net hoxi de
(0.11 niL, [0098% molL) was added and stirred for 3 hours. A small amunt of
dry ice was added to neutralize the reaction m xture, which was then
concent r af BaT™Yhad Bédsul ting residue was dissolved in N, N-dimethylformani de
(20 mL). This solution was added dropwi se to a suspension of sodi um hydri de
(1.3 g, 3§TE§ S._060%in oil) in N Ndinethylformamde (4 nlL) under ice
cool i ng. reactflon m xture was stirred at roomtenperature for 20

m nut es anq?ﬁée 0, %ﬂ to 4C, followed by addition of benzyl bromde (5.6
g, 32.9 mmoL). The_réaction mxture was stirred at roomtenperature for 12
hours and net han TS m.) was added thereto, followed by stirring for 30
mnutes. After (@XMiYion of ice-cold water, the reaction mxture was
extracted with

[0091]

(1) Preparation of tetrahydro-2H-pyran-2-yl 2,3,4,6-
tetra-0-acetyl-5-thio-D-glucopyranose

To a solution of 2,3,4,6-tetra-0O-acetyl-5-thio-D-
glucopyranose (2.0 g, 5.49 mmoL) in chloroform (40 mL), 3,4-
dihydro-2H-pyran (1.5 mL, 16.5 mmoL) and p-toluenesulfonic
acid monohydrate (104 mg, 0.549 mmoL) were added and stirred
at room temperature for 1 hour. After addition of saturated
agueous sodium bicarbonate, the reaction mixture was extracted
with chloroform, and the organic layer was washed with
saturated agueous sodium chloride and then dried over
anhydrous magnesium sulfate. After filtering off the
desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 1:1) to give the
titled compound (2.56 g) as a light-yellow amorphous substance.
[0092]

(2) Preparation of tetrahydro-2H-pyran-2-yl 2,3,4,6-

tetra-0-benzyl-5-thio-D-glucopyranose



ethyl acetate, and the organic |ayer was washed with saturated aqueous

sodium chl oride and then dried over anhydrous nagnesium sulfate. After

filtering off the desiccant, the solvent was distilled off under reduced

pressure and the resulting residue was purified by silica gel colum

chr omat ogr aphy (hexane: ethyl acetate = 6:1) to give the titled conpound

(3.36 g, 96% 2 steps). [0093] (3) Prepdration of

2,3,4,6-tetra- O benzyl -5-thio-D glucopyranose A m xture of

t et rahydr o- 2H-Negxtin-Roya goButiient efr hetrabpgdrgt 2B-piiranb2gllic@pPr Anbse

(3.30 g, 5.15 mmolL), pyridinium p-toluenesul fonate (518 ng, 2.06 mmolL) and

et hanol (E8trea)OnacetyBs5-thiprBdgducepyranpese hdubsg) Tha meibahoh (#Qture

was cooled to roomtenperature and the solvent was concentrated. The

resul ti ngmkesi @u5 Wikt onetbaned saluthon afesadéummmpthoxdfat ( Bnlha®Llwashed

w th saturated aqueous sodium bicarbonate and saturated aqueous sodi um

chl ori de, 0aP® mRRh) dvpedadded apAh§aistednfighedi DAVEEf A eSMatl c2MeYNE er j ng

off the desiccant, the residue was guritied by silica gel colum )

chr omat og?aphyY (heRatiasetfgedatet Reutradize fhegreacthent pikturee oMpdahd

(2.89 g, guant. as a colorlegs crystal. 13C NVR (125 Mz, CHLOROFORM d) 8
sl

41.3, 67.#as7ihgn eangentyated.,;olhie Egsulting gregidue was fdigsgleed 1y 7,
127.8, 127.9, ..128.0, 128.3, .128.4, 8.5, 137.8, 138.3, 138,8._ [0094] (4)
Preparati% b?lQ?EPX}%QF@??ég€>gaﬂzvﬁ 5-t¢ﬁ%ﬁ[ﬁ°{ﬂ§&ﬁﬂmﬂﬁ§5@¢§kﬂone A

mxture Oérgpéi§é6igegrgﬁ&%&ﬁQ%XL_gftngigh hydride (1.3 g, 32.9 mmol;

60% in o0il) in N,N-dimethylformamide (4 mL) under ice cooling.
The reaction mixture was stirred at room temperature for 20
minutes and then cooled to 4°C, followed by addition of benzyl
bromide (5.6 g, 32.9 mmoL). The reaction mixture was stirred
at room temperature for 12 hours and methanol (5 mL) was added
thereto, followed by stirring for 30 minutes. After addition
of ice-cold water, the reaction mixture was extracted with
ethyl acetate, and the organic layer was washed with saturated
agqueous sodium chloride and then dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the
solvent was distilled off under reduced pressure and the
resulting residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 6:1) to give the titled
compound (3.36 g, 96%; 2 steps).
[0093]

(3) Preparation of 2,3,4,6-tetra-0O-benzyl-5-thio-D-
glucopyranose

A mixture of tetrahydro-2H-pyran-2-yl 2,3,4,6-tetra-0O-
benzyl-5-thio-D-glucopyranose (3.30 g, 5.15 mmoL), pyridinium

p-toluenesulfonate (518 mg, 2.06 mmoL) and ethanol (58 mL) was



gl ucopyranose (2.82 g, 5.07 mmolL), dinethyl sulfoxide (47 m.) and acetic
anhydride (39 nL) was stirred at roomtenperature for 12 hours. After
addition of ice-cold water, the reaction mxture was extracted with ethyl
acetate. The organic |ayer was washed with water, saturated agueous sodi um
bi carbonate and saturated agueous sodlun1chlor|de and then dried over
anhydrous magnesium sul fate. After flrt@ﬁlﬁg off the desiccant, the sol vent
was distilled off under reduced pressure and the resulting residue was
purified Syisrédcatged°C cidmnh hohronat diveapiea ctienamexdine wasetcmioded 6: 1)
to give the titled conmpound (2.3 g, 82% as a colorless oil. 1H NWR (200
MHz, CHLOROROP®Rdrespepatergoand, thbeqsglyentowas3gongpnirgged.02Tien 2 H)
4.09-4.22 (m 2 H 4.40-4.68 (m_ 7 4.83 (d, J=11.4 Hz, 1 H) 7.12-7.41
(m 20 Hyresebbitng residepcwasxaipre Ye@rébaﬁEPYénagﬁtate This

2- [ 4- (benzy] oxy) - 5- br ono- 2- nethg phenyl ]-1, 3- di oxol ane (conpound (XXl 1))

[ 0096] [F%%%mngyassweﬁh?dlm b sﬁtumk@)i pgBOYYS 6991Webafsarbeﬁa§ﬁ

1-[ 4- (benzylox%é 2- net hyl phenyl | et hanone To _a sol utio

4' - hydr ox§29:' 8 PH?F%Qe?éﬂﬁ%ﬁﬁn§°?$u®6°ﬁl°r?@ewn6P? tHeN ﬁFa?ﬁePH9Ffornan1de

(20 nL), potassium carbonate . .
nhydrous magnesium sulfate. After filtering off the

desiccant, the residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 3:1) to give the titled
compound (2.89 g, quant.) as a colorless crystal.

3c NMR (125 MHz, CHLOROFORM-d) & 41.3, 67.8, 71.6, 73.0,
73.2, 75.6, 76.2, 81.9, 82.9, 84.4, 127.5, 127.7, 127.8, 127.9,
128.0, 128.3, 128.4, 128.5, 137.8, 138.3, 138.8.
[0094]

(4) Preparation of 2,3,4,6-tetra-0O-benzyl-5-thio-D-
glucono-1,5-l1lactone

A mixture of 2,3,4,6-tetra-O-benzyl-5-thio-D-
glucopyranose (2.82 g, 5.07 mmoL), dimethyl sulfoxide (47 mL)
and acetic anhydride (39 mL) was stirred at room temperature
for 12 hours. After addition of ice-cold water, the reaction
mixture was extracted with ethyl acetate. The organic layer
was washed with water, saturated aqueous sodium bicarbonate
and saturated aqueous sodium chloride, and then dried over
anhydrous magnesium sulfate. After filtering off the
desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 6:1) to give the
titled compound (2.3 g, 82%) as a colorless oil.

'H NMR (200 MHz, CHLOROFORM-d) & ppm 3.70 (d, J=4.8 Hz, 2



(3.66 g, 26.4 mmol ), benzyl bromde (2.7 nL, 22.4 mol) and n-Bu4N (0.75
g, 2.03 mol) were added and stirred at room tenperature for 14 hours. The
reaction mxture was diluted wth saturated aqueous amoni um chl ori de under
ice cooling, followed by addition of water and ethyl acetate to separate
the organic layer. The organic |ayer was yashed with 20 wt. % aqueous sodi um
t hi osul fate and saturated aqueous sodi un? chloride, and then dried over
anhydrous magnesium sul fate. After filtering off the desiccant, the sol vent
was di sti MHed - 864 Hdm.r &dibedt A%kt %e @hd 2 D) restt4 B rlmi dudimas
purified by silica gel colum chromatography (hexane:ethyl acetate = 8:1 -.
6:1) to giv@X H&t i'-'%l]éld 4 Spodndl)( 5 G2 ¢, - 4T Im.- Zfudhk- ) as a col orl ess
powder. 1H NVR (300 MHz, CHLOROFORMd) 6 ppm 2.55 (s, 3 H 2.57 (s, 3 H)
5.11 (s, 299°5d.78-6.86 (m 2 H) 7.30-7.47 (m 5 H 7.75 (dd, J=7.93, 1.09
Hz, 1 H. [009 2) Preparation of 4-(benzyl oxy)-5-brono-2-net hyl benzoic
acid To a solu 'eSF(rS%“%- ‘[%g‘afﬁ’éﬁzﬁ oxy) - 2- met hyl phenyl ] et hanone (20.9 g,

87.1 mol )__in _acet.one 0 m), a salutio f_ NaBr 9..8 , 95.9 Mmpl) in

wat er (100 TAPPT Ak CSY OE‘%%O' [rﬁ_)(ba?ﬁﬁﬁ@?%’ﬁé%r)%ﬁo&?o'r?e"éﬁmgégﬁﬂﬁakel «cBimpound,

Al drich) 9.0.a, 95.9 mol ded and stirred at roomtenperature for

2.5 houréﬂoﬁ?él%n agﬁ%'ﬁ’%’trz& mg m xed with a solution of sodium

sulfite (%%ogh]in wat er (50 nmL) under ice cooling, followed by addition of
ethn

wat er and acetate to separate the organic |layer. The organic | ayer
was washeqFx@rt"nll%O 9v]t.% aqueous sodium sul fite and saturated aqueous sodi um

chl ori de,
BnO
O

o)
( XXIT)

[0097]
(1) Preparation of 1-[4-(benzyloxy)-2-

methylphenyl Jethanone

To a solution of 4’'-hydroxy-2’'-methylacetophenone (3.06 g,
20 mmol) in N,N-dimethylformamide (20 mL), potassium carbonate
(3.66 g, 26.4 mmol), benzyl bromide (2.7 mL, 22.4 mmol) and
n-Bu/NI (0.75 g, 2.03 mmol) were added and stirred at room
temperature for 14 hours. The reaction mixture was diluted
with saturated agqueous ammonium chloride under ice cooling,
followed by addition of water and ethyl acetate to separate
the organic layer. The organic layer was washed with 20 wt.%
agueous sodium thiosulfate and saturated agueous sodium
chloride, and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the solvent was distilled
off under reduced pressure and the resulting residue was
purified by silica gel column chromatography (hexane:ethyl

acetate = 8:1 — 6:1) to give the titled compound (5.05 g,



and then dried over anhydrous magnesium sulfate. After filtering off the
desi ccant, the solvent was distilled off under reduced pressure to give a
m xture (27.2 g) of 1-[4- (benzyl oxy)-5-brono-2-net hyl phenyl ] et hanone and
1-[4- (benzyl oxy) - 3-brono- 2- et hyl phenyl ] et hanone. To this m xture, a 5%
sol ution of sodium hypochlorite (300 nL, 255 nmmol) and a solution of

pot assi um hydroxi de (4.80 g, 85.3 nmml) 3h water (10 nL) were added and
stirred at 120C for 1 hour. The reaction mxture was cooled to room

t enper at uquaaftd )f ialst er e¢lordess| pewderhe preci pitated i nsol uble product, to
which 2N hydrochloric acid was then added. After extraction with ethyl - 38
acetate, the OHg¥MRc(BOgeMHpasCHRORQEORMtH) 28I ppur 2chbof ¢ 3ad) d2ahd (s,
saturated aqueous sodium chloride, and then dried over anhydrous magnesi um

sul fate. Af

r 5fillt d8i.n@d Hf 61-A8-6d8Si ddani2, HIhd -38-Vert? s & $1)i 11.68 of f

under reduced pressure and the resulting residue was washed w th nmet hanol
to give {88t PEed@3corp8ndz(18. H#)g, 59% 2 steps) as a colorless powder.
1H NWVR (300 M4z, DMSO-D6) 8 ppm 2.45-2.57 (m 3 H) 5.28 (s, 2 H 7.18 (s,
H 7.31-7!88%84h 5 H 8.03 (s, 1 H 12.83 (brs, 1 H). [0099] (3)
Preparation of 2-[4-(benzyl oxy)-5-bronp-2- neth IQP%P | 1.-1, 3-di_oxol ane To a

suspensi on of 420bEFSPRERANLOE. B0 fo{Pene) dn2oieE

Mg MeFAYA BEnzgi 7

mol) in chl.groform (80 nL), oxalyl <chloride (5 m., 56.9 mml) and

N, N- di met i

rmam de (6 drops) were added and stirred at roomtenperature

for 1 hour. The, Leagti,g Il Kee (403 ERIGSAUAL S0 st rgiii e eiRd B0 -5

(20.9 g, 87.1 mmol) in acetone (300 mL), a solution of NaBr

(9.86 g, 95.9 mmol) in water (100 mL), water (200 mL) and

Oxone® (oxone monopersulfate compound, Aldrich) (59.0 g,

95.9 mmol) were added and stirred at room temperature for 2.5

hours. The reaction mixture was mixed with a solution of

sodium sulfite (20 g) in water (50 mL) under ice cooling,

followed by addition of water and ethyl acetate to separate

the organic layer. The organic layer was washed with 20 wt.$%

aqueous sodium sulfite and saturated aqueous sodium chloride,

and then dried over anhydrous magnesium sulfate. After

filtering off the desiccant, the solvent was distilled off

under reduced pressure to give a mixture (27.2 g) of 1-[4-

(benzyloxy)-5-bromo-2-methylphenyl]ethanone and 1-{4-

(benzyloxy)-3-bromo-2-methylphenyl]ethanone. To this mixture,

a 5% solution of sodium hypochlorite (300 mL, 255 mmol) and a

solution of potassium hydroxide (4.80 g, 85.3 mmol) in water

(10 mL) were added and stirred at 120°C for 1 hour. The

reaction mixture was cooled to room temperature and filtered

to collect the precipitated insoluble product, to which 2N

hydrochloric acid was then added. After extraction with ethyl

1



br ono- 2- et hyl benzoyl chloride. Next, to a suspension of N O

di net hyl hydr oxyl am ne hydrochloride (5.55 g, 56.9 mmol) and triethylam ne
(15 mL, 103 mml) in chloroform (60 nL), a solution of

4- (benzyl oxy) - 5- br ono- 2- net hyl benzoyl chloride in chloroform (60 nL) was
added dropwi se under ice cooling and stlrred at roomtenperature for 1
hour, followed by addition of water and8Hl or of or m under i ce cooling to
separate the organic layer. The organic Iaéer was washed with saturated

aqueous sBGPEﬁFBvc&PBoﬁ&Eénéﬁdl§H?ErHPédwéﬁ e6u¥yishditinhygrrshil@gicand t hen
dried over anh drous magnesium sulfate. - 39 _After filtering aoff the

desi ccant atfe ESI§éﬁPr%é§ddP9PPPP§dSOSFPmuﬁBéPrPQ&uCéB dptBedydgied give
4- (benzyloxg% g gno N- nethox Egg%hylbeﬁzanlg To, a solgtlon of this
product i AVEFHRDPY 6°HE)maBPFﬁF w1aP HybFeHet 1teRing @t 7they) ) was

dded at - 10C and, sti d th t f 1h Th t
mixture wigS as?%paz #%ﬁsp%vay&?a%ﬁ"ﬁw%”&is@ ‘érf%orl%éﬁgdrg e tion of
et hyl acetate to seggrgbe }ge ? ganlce g The o h Y&l uas shed
with I N hYaPEERFSr PRAAEPE, TeEREGFELH®8) BchPﬁ 15 d §§PGP89

h d yLtate.

Ator Ti1BoyEnghSy %%%%‘adsgﬂﬁeéﬁﬁ”@Eegsg%ééﬁa&?i%@iﬁ%m 305" sotast ©

reduced pég@@ﬁge to give 4-(benzyl oxy) - 5-br ono- 2- nethylbenzaldehyde To a
sol ution I'sS product in toluene (120 ni), ethylene glycol (30 nmL, 517

addet and heat Sdtaero? aRef S L YA 2 a2 Fbelihe st PR 5 et Bt us.

Ethyl acetayg »aiaaqged 1t @)t Re 3rleafcts'40rtnm >St tﬁ)e é%3 separatg) t{e 9f 9an-&

| ayer. The organic l'ayer was washed ter, saturated sodium
bi car bonayeygnd saturated aqueous

[0099]

(3) Preparation of 2-[4-(benzyloxy)-5-bromo-2-
methylphenyl]l-1,3-dioxolane

To a suspension of 4-(benzyloxy)-5-bromo-2-methylbenzoic
acid (16.6 g, 51.7 mmol) in chloroform (80 mL), oxalyl
chloride (5 mL, 56.9 mmol) and N,N-dimethylformamide (6 drops)
were added and stirred at room temperature for 1 hour. The
reaction mixture was concentrated to give 4-(benzyloxy)-5-
bromo-2-methylbenzoyl chloride. Next, to a suspension of N,O-
dimethylhydroxylamine hydrochloride (5.55 g, 56.9 mmol) and
triethylamine (15 mL, 103 mmol) in chloroform (60 mL), a
solution of 4-(benzyloxy)-5-bromo-2-methylbenzoyl chloride in
chloroform (60 mL) was added dropwise under ice cooling and
stirred at room temperature for 1 hour, followed by addition
of water and chloroform under ice cooling to separate the
organic layer. The organic layer was washed with saturated
aqueous sodium bicarbonate and saturated aqueous sodium

chloride, and then dried over anhydrous magnesium sulfate.



sodi um chl oride, and then dried over anhydrous nmagnesium sulfate. After
filtering off the desiccant, the solvent was distilled off under reduced
pressure, and the resulting residue was purified by silica gel colum
chromat ography (hexane:ethyl acetate = 5:1) and further purified by NHtype
silica gel colum chromatography (chloroforn) to give the titled conpound
(12.8 g, 71% 3 steps) as a colorl ess pofder. 1H NMR (300 MHz, CHLOROFORM d)
Sppm2.34 (s, 3 H 3.92- 4.19 (m 4 H 5.15 (s, 2 H 5.87 (s, 1 H 6.74 (s,
1 H 7.27Aftep fi¥terine) oSfHfh&, desiccanti) theSsolvent 848, A350i10k4).
[ 0100] Reference Exanple 3 Preparation of
(1S) - 1, 5-effiyandep BedugedcpPrasenpenk9| givg24-(benzyloxy)-5-bromo-N-
(benzyloxy)-5-(4-bronobenzx|)-4-n¢thy|phenyl]-l-thio-D— glucitol [0101]
[ For nul a BefheRy-Brdime phylbgpeamidepn Toph S¢babin (af thippredest oin
2,3,4,6-tetra-()benzyl-I:C-[2- .
(benzyl oxVHE5(1303mY) ox bi BRI VMY pumiRERL Y EREAS| [1596hBe- BL - J| BEBRYr¥ASse To
a sol ution of 2-L4- bgnzyloxy@;S-bronD-Z- met hyl phenyl ] -1, 3-di oxol ane (12.9
g, 36.9 nAddsdatT C and sfirred at the same température for 1 hour.
The reaction mixture was diluted with 1N hydrochloric acid,
followed by addition of ethyl acetate to separate the organic
layer. The organic layer was washed with 1N hydrochloric acid,
saturated sodium bicarbonate and saturated aqueous sodium
chloride, and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the solvent was distilled
off under reduced pressure to give 4-(benzyloxy)-5-bromo-2-
methylbenzaldehyde. To a solution of this product in toluene
(120 mL), ethylene glycol (30 mL, 517 mmol) and
p-toluenesulfonic acid monohydrate (0.50 g, 2.58 mmol) were
added and heated under reflux for 1.5 hours using a Dean-Stark
apparatus. Ethyl acetate was added to the reaction mixture to
separate the organic layer. The organic layer was washed with
water, saturated sodium bicarbonate and saturated agueous
sodium chloride, and then dried over anhydrous magnesium
sulfate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure, and the resulting
residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 5:1) and further purified by NH-type
silica gel column chromatography (chloroform) to give the
titled compound (12.8 g, 71%, 3 steps) as a colorless powder.
'H NMR (300 MHz, CHLOROFORM-d) 6 ppm 2.34 (s, 3 H) 3.92-

4.19 (m, 4 H) 5.15 (s, 2 H) 5.87 (s, 1 H) 6.74 (s, 1 H) 7.27-



(100 m), 2.67 Mn-butyllithiumin hexane (14.5 nL, 36.9 mvl) was added
dropwi se at -78C under a nitrogen atnosphere and stirred at the sane
tenperature for 30 mnutes. Then, a solution of
2,3,4,6-tetra- O benzyl -5-thio-Dglucono-1,5- lactone (9.77 g, 17.6 mmol) in
tetrahydrofuran (40 nL) was added dropwi se and stirred at the sanme
tenperature for 15 mnutes. After addi #%o of saturated agueous anmmoni um
chloride, the reaction m xture was extracted with ethyl acetate. The
organi c |ayet (Ms DaBhed- W2t hssal ulht ed aqueous - 41 ammoni um chl ori de and
sat urated aqueous sodiumchloride, and then dried over anhydrous magnesi um
sulfate. AfterEfTImézing348ff3%fe(Meld)ecant, the solvent was distilled off
under reduced _pressure and the resulting residue was purified by silica gel
col um chk®h@® bgr aphy (hexane: ethyl acetate = 3:1 -. 2:1) to give the
titled conpound (10.6 g, 739 _as_a colorless and transparent anorphous
substance. 'H FS06C MEBamRLe CROFORM d) S ppm 2.39 (s, 3 H) 3.46- 3.72 (m

6. 66 6. 90PrspaseTon 8b. P185-Tnd Q?éﬁ‘mgez%g : %39%?%%5?—@%1‘13%;%?’5[%4?0
ggzgggioxggégg}%éﬁiP?é?ﬁggﬁ%+%ﬁ3%9?§lgf?h$é£§§éSE%%§$?g¥6ééig} gé sol ution

of 2,3,4,6;tet aiC>benzyI-I-C-[2
(benzylox%}g%}fi,B-dioxolan-2-yl)-4-nethylphenyl]-5-thio-D— gl ucopyr anose
(11.1 g, é&lélﬂnbl) in tetrahydrofuran (100 nmL), 6N hydrochloric acid (100
m.) was added Under ice cooling and stirred at roomtenperature for 12

hours. Aﬁfﬁ&rﬁgfétiBT of

[0102]

(1) Preparation of 2,3,4,6-tetra-O-benzyl-1-C-[2-
(benzyloxy)-5-(1,3-dioxolan-2-yl)-4-methylphenyl]-5-thio-D-
glucopyranose

To a solution of 2-[4-(benzyloxy)-5-bromo-2-
methylphenyl]-1,3-dioxolane (12.9 g, 36.9 mmol) in THF
(100 mL), 2.67 M n-butyllithium in hexane (14.5 mL, 36.9 mmol)
was added dropwise at -78°C under a nitrogen atmosphere and
stirred at the same temperature for 30 minutes. Then, a
solution of 2,3,4,6-tetra-0O-benzyl-5-thio-D-glucono-1,5-
lactone (9.77 g, 17.6 mmol) in tetrahydrofuran (40 mL) was
added dropwise and stirred at the same temperature for 15
minutes. After addition of saturated aqueous ammonium
chloride, the reaction mixture was extracted with ethyl

acetate. The organic layer was washed with saturated aqueous



wat er under ice cooling, the reaction m xture was extracted wth ethyl
acetate. The organic | ayer was washed with saturated aqueous sodi um

bi carbonat e and saturated aqueous sodiumchloride, and then dried over
anhydrous magnesium sulfate. After filtering off the desiccant, the sol vent
was distilled off under reduced pressur and the resulting residue was
purified by silica gel colum chromatography (hexane:ethyl acetate = 2:1)
to give the titled conpound (10.1 g, quant.) as - 42 - a light- yellom10|ly
conpound. aTHONNRm(SBéOWHQe éﬂgcﬂéﬁéﬁ9¢6F GqﬁﬁﬁPﬁ 6@d€§m @hﬁPrGGﬁl aB 70 (m
2 H 3.84-4.29 % é 97 (m F% 6. 62-6.82 (m
3 H) 6.99thergd Fer VPBT ?né‘@ £ers, “‘fgnﬁflfﬁ' Gﬁlc‘-etel H} tE‘Sl Hiem%ﬁs
(M+Na) . ( Pre aratl n of I 6-tetra-

bonryl 1 - POE( £hRSOFSIGFaRL 4 tBRoRBRURDY: o3, Hach ﬂﬁﬁényffff Snce e Bogedci t ol
To a solutlon of 1 ronobenzene , . 25. rahydr furan
(50 i), BTEISRFA. BﬂfinFﬁﬁ RiEAR e &ﬁéﬁumﬂa FeTi3skg 88ded

dr opwi se at -78C nder a % en atnoseg Then, a solutlon o;
2.3 4 6-16PL HmE;C romatograp Rexane:e acetate = 3: 2:1) to

b I 1- C— hyl h I
benzyl 1 GaL KRETFALEBN %mayar 4 ol Y ABET Bl & H 3ol gy anose
stirred aErEH% ﬁggﬁttﬁﬂBgéﬁBHresLBEt ﬁc m nutes. After addition of sat ur at ed

aqueous armoni B SChil 61 e reaction 'mxture was extracted with ethyl
hiori de and saf (MK o FYG RS BEPRGrORPCO TR BN F6E0Ss ATRIET

3.72 (m, 2 H) 3.86-4.22 (m, 8 H) 4.43-5.00 (m, 8 H) 5.10 (s, 2
H) 5.92 (s, 1 H) 6.66-6.90 (m, 3 H) 7.00-7.38 (m, 23 H) 7.57
(brs, 1 H).

ESI m/z = 847 (M+Na).
[0103]

(2) Preparation of 2,3,4,6-tetra-O-benzyl-1-C-[2-
(benzyloxy)-5-formyl-4-methylphenyl]-5-thio-D~-glucopyranose

To a solution of 2,3,4,6-tetra-0-benzyl-1-C-[2-
(benzyloxy)-5-(1,3-dioxolan-2-yl)-4-methylphenyl]-5-thio-D-
glucopyranose (11.1 g, 13.5 mmol) in tetrahydrofuran (100 mL),
6N hydrochloric acid (100 mL) was added under ice cooling and
stirred at room temperature for 12 hours. After addition of
water under ice cooling, the reaction mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated aqueous sodium bicarbonate and saturated aqueous
sodium chloride, and then dried over anhydrous magnesium
sulfate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure and the resulting residue
was purified by silica gel column chromatography (hexane:ethyl

acetate = 2:1) to give the titled compound (10.1 g, quant.) as



then dried over anhydrous magnesium sulfate. After filtering off the

desi ccant, the solvent was distilled off under reduced pressure and the
resul ting residue was purified by silica gel colum chromatography

(hexane: et hyl acetate 3:1 - 2:1) to give a crude conpound (8.89 g) as a
yel | ow anor phous substance To a solutlon of this crude conpound (8.89 g) in
acetonitrile (60 nL), Et3SiH (4.6 nL, 2824 ol ) and BF3Et20 - 43 (2.88 mi,
22.7 mmol) were added at -10C under a nitrogen atnosphere and stirred at

t he sane fehpghhitvedlowroRdyntampeynd. The reaction ni xture was warned to
room tenperature and chloroform (30 n) was added thereto, followed by
stirring for H9MRUIIN0 Mz, CHIHRORORMIAE D wrat el:l-feaqdenus'i gbdiunhl-

bi carbonat e under ice coolin the reaction mxture was extracted with
chIorofor%17¢hémor§aﬁﬂc3kﬁ9e2 %8s (Rashel) witt A6- éa?@réﬂedsaﬂueéu§4séd?ém
blcarbonate and_saturated _aqueous _sodiumchloride, and then dried over

anhydr ous ﬁagﬁegﬂuﬁ16§uﬁf§?e(mAf?eﬁ)fﬁl?8r7naeoKP t B8 Hésic€An{brehelsol vent

was dIStI;|ed of f under 5educed pressure and the resulting residue was
purified B %Prpéa(ﬁel LeBlamn chromat ogr aphy (hexane:ethyl acetate = 15:1

-0 10:1) to gi tit nd (2.34 g, 20% 2 steps) as a colorless
and transparen¥§£ ?ﬁhougSg Eﬁgﬁﬁx 1H NVR (300 MHz, CHLOROFORMd) S ppm

2 14 (s, ﬁogé4?.o5 3.18 (m 1 H) 3.55 (t, J=8.63 Hz, 1 H) 3.64-4.10 (m 7
4. 48- m 5H 4.81-5.13 (m 5 H 6.71-6.95 (m 4 H 7.03- 7.52 (m

2 H . BSI Mz 3982 LML 324 (1M21NBRLnnyhD593] 3Re" Bl eREE 5P € 4
benzyl-1-[2-(benzyloxy)-5-(4-bromobenzyl)-4-methylphenyl]-1-
thio-D-glucitol

To a solution of 1,4-dibromobenzene (6.08 g, 25.8 mmol)
in tetrahydrofuran (50 mL), 2.67 M n-butyllithium in hexane
(10.0 mL, 25.8 mmol) was added dropwise at -78°C under a
nitrogen atmosphere. Then, a solution of 2,3,4,6-tetra-o0-
benzyl-1-C-[2-(benzyloxy)-5-formyl-4-methylphenyl]-5-thio-D-
glucopyranose (10.0 g, 13.0 mmol) in tetrahydrofuran (30 mL)
was added dropwise and stirred at the same temperature for 15
minutes. After addition of saturated aqueous ammonium
chloride, the reaction mixture was extracted with ethyl
acetate. The organic layer was washed with saturated aqueous
ammonium chloride and saturated aqueous sodium chloride, and
then dried over anhydrous magnesium sulfate. After filtering
off the desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 3:1 — 2:1) to
give a crude compound (8.89 g) as a yellow amorphous substance.

To a solution of this crude compound (8.89 g) in

acetonitrile (60 mL), Et;SiH (4.6 mL, 28.4 mmol) and BF;Et,;0



Preparation of (1S)-1,5-anhydro-2, 3,4, 6-tetra-0O benzyl-I-][2-

(benzyl oxy) - 5- (4-chl or o- 2- net hyl benzyl ) - 4- met hyl phenyl ]-1- thio-D gl ucitol
[0106] - 44 - [Forrmula 11] BnhOCI BnO S\ I \ Bn""OBn OBn [0107] To a
solution of 2-brono-5-chlorotoluene (2.59 g, 12.6 mmol) in tetrahydrofuran
(20 nmL), 2.64 Mn-butyllithiumin hexaag (4.6 m, 12.2 nmmol) was added
dropwi se at -78C under an argon atnosSphéere. Then, a sol ution of
2,3,4,6-tetra-0o

benzyl - 1- [ 88 (hlenzY? ok ymmal} oveye - added hgt phtdlC JurBleh|a-15 txpgropyr anose
(3.19 g, 4.08 mmol) in_tetrahydrofuran (20 nL) was added dropw se. After
addi ti on atmo@RpRereapd ehi¥Ted aki kpereafastenperatuBewfPr &P hpinytesat e
and the organic |ayer was dried over anhgdrous magnesi um sul fate. After

filtering'@fFeRfloRsTLEEATS VAR ¥BFYeft taEoamst ERPREAbIFe AR reduced
DL eSS SOt OELESULbLAE | oot duag RurLLlede by MRS ool iga oel
el o T OGS U o AP 0l S SRR (300 0
(0,52 I Ao ABH VEBEr28080:801 06 VORE pa,0LLARORDLELPRORIET S o0
aqueous sgdi Um. + & S PR"EA S0 HOFEEm! Core B idihid NEag &R OV dUREL i thES
saturated aqueous sodium bicarbonate and saturated aqueous
sodium chloride, and then dried over anhydrous magnesium
sulfate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure and the resulting residue
was purified by silica gel column chromatography (hexane:ethyl
acetate = 15:1 — 10:1) to give the titled compound (2.34 g,
20%; 2 steps) as a colorless and transparent amorphous
substance.
'H NMR (300 MHz, CHLOROFORM-d) o ppm 2.14 (s, 3 H) 3.05-
3.18 (m, 1 H) 3.55 (t, J=8.63 Hz, 1 H) 3.64-4.10 (m, 7 H)
4.48-4.69 (m, 5 H) 4.81-5.13 (m, 5 H) 6.71-6.95 (m, 4 H) 7.03-
7.52 (m, 27 H).
ESI m/z = 922 (M+NH4), 924 (M+2+NH4).
[0105]
Reference Example 4
Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-
(benzyloxy)-5-(4-chloro-2-methylbenzyl)-4-methylphenyl]-1-
thio-D-glucitol

[0106]



extracted with ethyl acetate and the organic |ayer was dried over anhydrous
magnesi um sul fate. After filtering off the desiccant, the solvent was
distilled off under reduced - 45 pressure and the resulting residue was
purified by silica gel colum chromatography (hexane:ethyl acetate = 10:1)
to give the titled conmpound (1.39 g, 39% as a colorless and transparent
armor phous substance. 'H NMVR (300 MHz, -CHMOROFORMId) S ppm 2.15 (s, 3 H 2.21
(s, 3 H 3.06-3.18 (m 1 H 3.48-3.61 (m 1 H 3.62-3.92 (m 6 H)
3.95-4. 07[Formalal) 12]45-4.64 (m 5 H) 4.73-4.94 (m 3 H 5.00- 5.14 (m 2 H)
6.52-6.65 (m 1 H) 6. 75 6. 89 (n1 3 H 6.95-7.50 (m 26 H). [0108]
Ref erence Exanplgn®._P at
(1S)-1, 5-anhydro- 2, 3
4

(benzyIOXé)-

of
0- benzyl -1 - {2-
oxyprop-1-en-1-yl)benzyl]-4- nethyl phenyl }-
1-thio-D rmula 12] BnO OH S O Bn0O Bn "OBn OBn [0110]
To a sol uti ﬁé , 5-anhydro-2, 3, 4, 6-tetra- O benzyl -
1-[2-(bean? - ronDbenzyI)-4-nethyIphenyl]-l-thio-D— glucitol (1.0
g, 1.10 mmol) in tonitrile (11 nL), vinylacetic acid (227 ng, 2.64
mol ), palladiumll) acetate

[0107]

To a solution of 2-bromo-5-chlorotoluene (2.59 g, 12.6
mmol) in tetrahydrofuran (20 mL), 2.64 M n-butyllithium in
hexane (4.6 mL, 12.2 mmol) was added dropwise at -78°C under
an argon atmosphere. Then, a solution of 2,3,4,6-tetra-0-
benzyl-1-C-[2-(benzyloxy)-5-formyl-4-methylphenyl]-5-thio-D-
glucopyranose (3.19 g, 4.08 mmol) in tetrahydrofuran (20 mL)
was added dropwise. After addition of water, the reaction
mixture was extracted with ethyl acetate and the organic layer
was dried over anhydrous magnesium sulfate. After filtering
off the desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by NH-type
silica gel column chromatography (chloroform) to give a crude
compound (3.44 g) as a yellow amorphous substance.

To a solution of this crude compound (3.44 g) in
acetonitrile-chloroform (1:1, 76 mL), Et3SiH (1.8 mL,

11.4 mmol) and BF3;Et,0 (0.53 mL, 4.16 mmol) were added at 0°C
under a nitrogen atmosphere and stirred at room temperature
for 2 hours. After addition of saturated aqueous sodium
bicarbonate under ice cooling, the reaction mixture was
extracted with ethyl acetate and the organic layer was dried

over anhydrous magnesium sulfate. After filtering off the

desiccant, the solvent was distilled off under reduced



(49 ng, 0.218 mmol), tri-0Otolyl phosphine (135 ng, 0.218 mmol) and
triethylamne (558 ng, 5.51 mmpl) were added and reacted at 120C for 20

m nutes using a Biotage nmicrowave system The - 46 reaction mxture was
evapor at ed under reduced pressure and the resulting residue was purified by
silica gel colum chromatography (hexane:ethyl acetate = 5:1 - 1:1 -. 1:2)
to give the titled conmpound (598 ng,‘GG@)‘as an orange-yel |l ow anorphous
substance. 1H NMR (300 MHz, CHLOROFORMd) S ppm 2.15 (s, 3 H 3.00- 3.34 (m
3 H 3. 35pHeggurenagdHyhe uesulbingnresidpeqwas- pugsfied) by s)1ice796116 (m
2 H 6.00-6.26 (m 1 6.33-6.50 (m 1 H) 6.68-7.51 (m 31 H. ESI mz =
909 (M H)colymn 1ghrematpgraRhEx bhpXane: pEhparacebatef= 10:1) to give

N-al lyl -N -(2-hydroxy-1, 1-dinmeth Iethyl%urea [0112] [Fornula 13] 0O HONAN~
HH [oil1BpeTHi 1%6lﬁ?m6ﬂu%@ élfg?aﬁrn% t1. 8sge 98l8riese)apft  chi orof orm
(60 mL), triethylanine (4.9 nL, 35.5 mmol) was added and 4-nitrophenyl
chloroforﬁﬁﬁ%s? TRt gam Epaoﬂﬂn??bﬁégnc?hen added at 4C, follomed by
stirring for 1 hour. To this reaction mxture, a solution o

2- ami no- 2- met Y PR JiR Miz 559*5‘ RQFQRMnb) )0 iBpm: 17 drfbf‘(ﬁm?é{)m_% 2das(sdded
at the safe,, tenper3trgeand sk "5eds 2ok gL 2tyiOgmihegPesatre, e
3.95-4.07 (m, 1 H) 4.45-4.64 (m, 5 H) 4.73-4.94 (m, 3 H) 5.00-
5.14 (m, 2 H) 6.52-6.65 (m, 1 H) 6.75-6.89 (m, 3 H) 6.95-7.50
(m, 26 H).
[0108]
Reference Example 5
Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-{2-
(benzyloxy)-5-[4-((1E)-3-carboxyprop-l-en-1-yl)benzyl]-4-
methylphenyl}-1-thio-D-~glucitol

[0109]

[Formula 12]

[0110]

To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-
1-[2-(benzyloxy)-5-(4-bromobenzyl)-4-methylphenyl]-1-thio-D-
glucitol (1.0 g, 1.10 mmol) in acetonitrile (11 mL),
vinylacetic acid (227 mg, 2.64 mmol), palladium(II) acetate
(49 mg, 0.218 mmol), tri-O-tolylphosphine (135 mg, 0.218 mmol)
and triethylamine (558 mg, 5.51 mmol) were added and reacted

at 120°C for 20 minutes using a Biotage microwave system. The



reaction solvent was distilled off under reduced pressure and the resulting
residue was purified by silica gel columm chromatography (hexane: ethyl
acetate = 1:1 -. - 47 chloroformnethanol = 10:1) to give the titled
compound (1.09 g, 24% as a yellow oily conpound. 1H NWVR (300 MHz,
CHLOROFORM d) 8 ppn11 26 (s, 6 H 3.55 (s, 2 H 3.71-3.80 (m 2 FD
4.85-5.08 (m 2 5 08-5.24 (m 2 H ~ 46,7.5 91 (m 1 H. ESI nmz = 195
(M+Na) . [0114% nple 1 Preparation of

(1S)-1, 5- HAARGE gn|mggtﬁygrygy gy@nofthggunder reduced pressure and the
hydroxy-l 1- di et hyl et hyl ) am no] - 4- oxobut yl ) benzyl ) - 4- nethylphenyl]

1-t hi o- Dﬁﬁaempg[msﬁue[ FéﬁnepalfachHbYNSP-leaﬂa gel celympo HO' "' OH OH
(0116] (1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O

benzyl - | - Fhrepategrarhy- ShéﬁapelthXl[PQeﬁ?&ﬁoxy5111'* 1:1 — 1:2) to

et byl pheRgVe. EhenfuLed omparndo (198ogr| Hsgr as an orange-yellow

19-1,5 h t et Ob |
g-{é-(ben%@P%Qb?ug FHbF?TEE gacarbggigrop | - en-1-yl ) benzyl ] - 4-

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.15 (s, 3 H) 3.00-
3.34 (m, 3 H) 3.35-4.18 (m, 8 H) 4.45-4.68 (m, 5 H) 4.82-4.95
(m, 3 H) 4.97-5.16 (m, 2 H) 6.00-6.26 (m, 1 H) 6.33-6.50 (m, 1
H) 6.68-7.51 (m, 31 H).

ESI m/z = 909 (M-H).
[0111]

Reference Example 6
Preparation of N-allyl-N’'-(2-hydroxy-1,1-dimethylethyl)urea
[0112]
[Formula 13]

o

I40\4><NJLTrA\¢7

H H
[0113]

To a solution of allylamine (1.5 g, 26.3 mmol) in
chloroform (60 mL), triethylamine (4.9 mL, 35.5 mmol) was
added and 4-nitrophenyl chloroformate (6.09 g, 30.2 mmol) was
then added at 4°C, followed by stirring for 1 hour. To this
reaction mixture, a solution of 2-amino-2-methylpropanol
(2.58 g, 28.9 mmol) in chloroform (3 mL) was added at the same
temperature and stirred overnight at room temperature. The
reaction solvent was distilled off under reduced pressure and

the resulting residue was purified by silica gel column

chromatography (hexane:ethyl acetate = 1:1 —



met hyl phenyl )-1-thio-D-glucitol (410 ng, 0.449 mol) in chloroform (4.5
m.), 2-am no-2-nethyl-I-propanol (100 ng, 1.12 nmol),

1- hydr oxybenzotri azol e nonohydrate (114 ngy, 0.846 mmol) and

1- et hyl - 3- (3-di et hyl ami nopropyl ) carbodiim de - 48 hydrochloride (162 ny.
0.846 mol ) were added and stirred overpight. After addition of water, the
reaction mxture was extracted with chﬁ roform The organic | ayer was
washed with saturated aqueous sodium chloride and then dried over anhydrous
magnesi urfateFefrmpehanel o1 tigl bi ko tgkve delke ckhhted t RMRAMRRNt was
distilled off under reduced ressure and the resulting residue was purified
by silicalhe?? i Lﬁﬁ]%brﬁ%rﬁtlb‘g}]a%vﬁfiﬂx%?f@%‘m‘}i acetate = 1:1 - 1:2) to
give the titled conpound (200 q&; 45%%2as an oran eéyeIIOM/ oi |y compound.
1H NVR (300 Mz NMBH (GRE-M8% o \CHE-QRIRORM el ) © ppm)l - 261 5.5 6 1B 19-5P d=.3. 16

BEEES £ RURERL 0 YIRUNE AT W T
) ob "t g Ry 1, 5,70 B2 (0 05T (m 20l e

(1S)-1, 5-anhy =1 -] 2-hy X o ¢- {4-
[(2-hydroxy-1ﬁ%ghfﬁé%hylg§ﬁy%§£mé 0] - 4- oxobut yl ) benzyl ) - 4-
nmet hyl phe Li4ﬂ-thio-D-glucitol To a sol ution of

(1S)-1, 5-anhydro- 2, 3, 4, 6-tetra-0-benzyl -

1-[2- (benzyl oxyda -%4-1(1E)-4-[(2-hydroxy-|,1-
dinethylethyl)aﬁ?ﬁ% %4-oxobut-l-en-l-yl)benzyl)-4-

met hyl phegyd dada £ 16.0- &k 9f wglpl 5 {498y dBo - P- 123 JaPLAy L 5- (£Lpanp(2(6 ),

pal | adi um hydroxi de (200 ng) was added and
hydroxy-1,1-dimethylethyl)amino]-4-oxobutyl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

[0115]

[Formula 14]

[0116]

(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-[2-(benzyloxy)-5-(4-{(1lE)-4-[(2-hydroxy-1,1-
dimethylethyl)amino]-4-oxobut-1-en-1-yl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-
1-{2-(benzyloxy)-5-[4-((1E)-3-carboxyprop-1-en-1-yl)benzyl]-4-
methylphenyl}-1-thio-D-glucitol (410 mg, 0.449 mmol) in
chloroform (4.5 mL), 2-amino-2-methyl-l-propanol (100 mg, 1.12
mmol), l-hydroxybenzotriazole monohydrate (114 mg, 0.846 mmol)

and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide



stirred overnight at roomtenperature under a hydrogen atnosphere. After
the reaction mxture was filtered through celite, the solvent was distilled
of f under reduced pressure - 49 and the resulting residue was purified by
silica gel colum chronmat ography (chloroformnethanol = 5:1) to give the
titled conpound (86 ng, 83% as a color Iess powder. NVR and M5 data are
shown in Table 1-1. [0118] Exanple 2 Prgparatlon of

(1S)-1, 5- anhydro-1-{2-hydroxy-

hydr oxy- Ih¥ﬁ§696%9ﬁ%@ﬂy }53 ﬂﬁthbk% ﬁyPTﬁﬁQnU?rﬁ added and stirred

R SLEH A HSRP S Ao W A LR80T
15)-1, 5- d
(ben)zyl 3 %g rﬁ‘iél 8*%1-%6?95?%3%‘: 4-Th® QRAATSS -Jayer was washed with

§P¥g;g§§r?gﬁgﬁéFﬁ9|3ﬂ% lEth¥|bﬁg%n%ﬁ%#ﬁgégggkéLéﬁgéﬁérﬁﬁgcgﬁﬁfe as shown in
Dl e Ay ERab RAh L CafL L Te ARt e B SRR
Was repla&gglgéégt? %HL”SoEVQEEhxés a§395988868k9'under reduced
pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 1:1 — 1:2) to
give the titled compound (200 mg, 45%) as an orange-yellow
oily compound.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.26 (s, 6 H) 2.16 (s,
3 H) 3.05-3.16 (m, 3 H) 3.49-3.61 (m, 3 H) 3.64-3.98 (m, 6 H)
4.00-4.13 (m, 1 H) 4.49-4.65 (m, 5 H) 4.81-4.94 (m, 3 H) 4.99-
5.11 (m, 2 H) 5.55-5.62 (m, 1 H) 6.04-6.20 (m, 1 H) 6.39-6.49
(m, 1 H) 6.71-6.83 (m, 3 H) 6.92-7.46 (m, 28 H).
ESI m/z = 1005 (M+Na).
[0117]

(2) Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{4-
[(2-hydroxy-1,1-dimethylethyl)amino]-4-oxobutyl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-
1-{2-(benzyloxy)-5-(4-{(1lE)-4-{(2-hydroxy-1,1-
dimethylethyl)amino]-4-oxobut-1-en-1-yl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol (190 mg, 0.193 mmol) in
ethanol (6 mL), palladium hydroxide (200 mg) was added and
stirred overnight at room temperature under a hydrogen
atmosphere. After the reaction mixture was filtered through

celite, the solvent was distilled off under reduced pressure



"H NWR (300 MHz, CHLOROFORMd) 8 ppm 1.18 (s, 3 H 2.17 (s, 3 H) 3.06-3.19
(m 3H 3.48-4.12 (m 12 H) 4.49-4.64 (m 5 H 4.81-5.11 (m 5 H)
5.99-6.22 (m 2 H) 6.42-6.52 (m 1 H 6.72- 6.85 (m 3 H 6.93-7.03 (m 2 H)
7.06-7.44 (m 26 H. - 50 - ESI mz = 1021 (M+Na). [0121] (2) Preparation
of (1S)-1,5-anhydro-|-(2-hydroxy-5-[4-(4-

([ 2- hydr oxy- | - (hydr oxynet hyl ) - 1- ret hylret*fyI-] ani no} - 4-

oxobut yl ) benzyl ] - 4- net hyl phenyl }-1-thi o-D-gl ucitol The same procedure as
shown i n &xdnphe 1¢2Uultbegrepehdeed was puvified byt silliicanpelindoléfinng, 36%)
as a colorless powder, except that

(1S) - 1, 5- ehngmaboerapy 6({ celerofppeamethanp?.= 5:1) to give the titled
(benzyl oxy) - 5- (4-( IE)-4-[52-hydroxy-1,1-dinethylethyl)anino]-

4- oxobut - FOBROYDY| ;%6n'2w) 2% heafyppreh9riesst ppwdergl MR and S data aced
with (1S)-1,5-anhydro-2, 3,4,6-tetra-O benzyl -1 -

{2- (benzyPBRy§oewR41p (Tehle ttd. hydr oxy- | - (hydr oxynet hyl ) - 1-

met hyl et h ILanino}-4-oxobut-|-en-l-yl)benzyl]-4-nethy|phenyl}-

1-thio-D—ép t81ol. NVR and MB data are shown in Table 1-1. [0122] Exanple 3
Preparation of 15%-1, -anhydro-1|-{2-hydroxy-5-[4-(4-(]2-

hydroxy-l,l-bi%%ﬂ? 1®x$met hyl ) et hyl ] am no} - 4- oxobut yl ) benzyl | -

Aa_lgmgzyl P Eé‘éia%iéﬁ"SED(9&3‘955QLanLQ&ES’l1LFSEH%§-‘O>1:$]-5-H[4-H?4-Ni fig_l HO S
hydroxy-1-(hydroxymethyl)-1l-methylethyl]amino}-4-
oxobutyl)benzyl]-4-methylphenyl}-~1-thio-D-glucitol
[0119]

[Formula 15]

[0120]

(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-{2-(benzyloxy)-5-[4-((1lE)-4-{[2-hydroxy-1-
(hydroxymethyl)-1l-methylethyl]amino}-4-oxobut-1l-en-1-
vl)benzyl]-4-methylphenyl}-1-thio-D-glucitol

The same procedure as shown in Example 1(1) was repeated
to give the titled compound (310 mg) as a light-yellow
amorphous substance, except that 2-amino-2-methyl-1-propanol
was replaced with 2-amino-2-methyl-1, 3-propanediol.

'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.18 (s, 3 H) 2.17 (s,
3 H) 3.06-3.19 (m, 3 H) 3.48-4.12 (m, 12 H) 4.49-4.64 (m, 5 H)
4.81-5.11 (m, 5 H) 5.99-6.22 (m, 2 H) 6.42-6.52 (m, 1 H) 6.72-

6.85 (m, 3 H) 6.93-7.03 (m, 2 H) 7.06-7.44 (m, 26 H).



OH [0124] (1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0O

benzyl -1 -(2-(benzyl oxy)-5-[4-((1E)-4-([2-hydroxy-1,1 - 51 -

bi s( hydr oxynet hyl ) et hyl ] am no} - 4- oxobut - | - en- 1-yl ) benzyl ] - 4-

met hyl phenyl }-1-thi o-D-glucitol The sanme procedure as shown in Exanple 1(1)
was repeated to give the titled conpou ﬁ (290 ng, 70% as a light-yellow
powder, except that 2-amni no-2-nethyl-[- g opanol was replaced wth
trls(hydroxyneth¥l)an1nonethane 1H NWVR (600 MHz, CHLOROFORMd) S ppm 2. 19
(s, 3 H 3.06-ES1®/zny B02f My¥ak.05 (m 15 H) 4.45-4.69 (m 5 H)
479494 gnl 3 H 4.97-5.11 (m 2 H 6.09-6.23 (m 1 H) 6.48 (d, J=17.88
Hz, [60 1384(m4|—|)692702(m2|—|)709 7.44 (m 25 H. ESI mz

?1%?3? gwgﬁﬁid 0 25&%@%&%§%e§9r§1%29 0 -anhydro-1-{2-hydroxy-5-[4-(4-

o£§b3¥3[?§é%;?%?9égée¥% net?¥ % §¥01EE§¥BX%?BPY%%%m%%ﬂ% ﬁrocedure as
Zgogncgrd$¥§§€{%l&é%&z&fixﬂeﬁ%@%ﬁfPhégy95yf-£H tbtg u019gPound (45 my, 28%

cep

Eﬁf%zgl o) heysd?‘ie{f%ﬁé-ﬁ-??éaﬁré}r%”ﬁ%fd BN Ah g Topestes
wi on (15 g RiTaytAECRE¥ALY gﬂﬁgﬂﬁgwggnzgﬂ_ B Qe 5 Rl

E?sgﬁsgfgégﬁé%EyF§§ng fan?n%L?nﬂ%gﬁ -#-énsltﬁngenzy?Tz%l 1-[2-

met hyl phepydzy1 b2y 9= 8- phugi ig) - 4Nb/Bzaﬂ9d£/§x§laia1aa§mébﬁwetﬁy1)amlno]-
4-oxobut-l-en-1-yl}benzyl)-4-methylphenyl]-1-thio-D-glucitol
was replaced with (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-
{2-(benzyloxy)-5-[4-((1E)-4-{[2-hydroxy-1-(hydroxymethyl)-1-
methylethyl]amino}-4-oxobut-l1-en-1-yl)benzyl]-4-methylphenyl}-
1-thio-D-glucitol. NMR and MS data are shown in Table 1-1.
[0122]

Example 3

Preparation of (1S)-1,5-anhydro-1-{2-hydroxy-5-[4-(4-{[2-
hydroxy-1,1-bis(hydroxymethyl)ethyl]amino}-4-oxobutyl)benzyl]-
4-methylphenyl}-1-thio-D-glucitol

[0123]

[Formula 16]

[0124]
(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-

benzyl-1-{2-(benzyloxy)-5-[4-((1E)-4-{[2-hydroxy-1,1-



Table 1-1. [0126] Exanple 4 - 52 Preparation of
(1S)-1-[5-(4-{4-[(2-am no-1, 1-di net hyl - 2-
oxoet hyl ) am no] - 4- oxobut yl } benzyl ) - 2- hydr oxy- 4- net hyl phenyl | -
1, 5-anhydro-l-thio-D-glucitol [0127] [Fornmula 17] HO HON- NH2 S~ ~I O
HO H"OH OH [0128] (1) Preparation of .(1S)-1-[5-(4-{(1E)-4-[(2-am no-1, 1-
di net hyl - 2- oxoet hyl ) am no] - 4- oxobut -1 -'e Jifyl}benzyl)-z-
(benzyl ox )-4-nethy|phenylh-1 5-anhydro-2, 3,4,6-tetra-0O
benzyl - 1- PhE6bIAEPEYMEShY Fhe thaidapinedddr exabusndnani-A -BraReneyL( 1 f-was
repeated to give the titled conmpound 8183 ng, 45% as a colorless oily
conpound, Me¥REHPhERYL I 21 54PAG-D-BLBRFEOL- propanol was repl aced with
2-anino-2-neth¥ggro i onam de.. 1H NVR (600 VHz CHLCRCF?RN1%) 6 p§n11.57 (s,
6 H 2.15 (s, HFame pregedyre ag ghows pp Exagplend (14 wgsfepegsegy,
J=11. 46 1, 4.46-4.73 (m_5 4.78-4. 96 3 H 4.96- 5.1 m 2 H)
6. 04- 6. ZE%?n?lgnghgééité?ch?W}pog}‘ﬂ) (é.§87!“§.’8&%()nF53aH}1§h§oY?ié§W(m 2 H)
7'08_7'43p$’w e%? ngeE Itgg% 5—%8%Ko£gkmglhyl—l-propanol was replaced

with tris(hydroxymethyl)aminomethane.

'H NMR (600 MHz, CHLOROFORM-d) & ppm 2.19 (s, 3 H) 3.06-
3.23 (m, 3 H) 3.47-4.05 (m, 15 H) 4.45-4.69 (m, 5 H) 4.79-4.94
(m, 3 H) 4.97-5.11 (m, 2 H) 6.09-6.23 (m, 1 H) 6.48 (4,
J=17.88 Hz, 1 H) 6.64~-6.84 (m, 4 H) 6.92-7.02 (m, 2 H) 7.09-
7.44 (m, 25 H).

ESI m/z = 1036 (M+Na).
[0125]

(2) Preparation of (1S)-1,5-anhydro-1-{2-hydroxy-5-[4-(4-
{[2-hydroxy-1,1-bis(hydroxymethyl)ethyl]lamino}-4-
oxobutyl)benzyl]-4-methylphenyl}-1-thio-D~glucitol

The same procedure as shown in Example 1(2) was repeated
to give the titled compound (45 mg, 28%) as a colorless powder,
except that (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-
(benzyloxy)-5-(4-{(1E)-4-[(2-hydroxy-1,1-dimethylethyl)amino]-
4-oxobut-l-en-1-yl}benzyl)-4-methylphenyl]-1-thio-D-glucitol
was replaced with (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-
{2-(benzyloxy)-5-[4-((1E)-4-{[2-hydroxy-1,1-
bis(hydroxymethyl)ethyl]amino}-4-oxobut-l-en-1-yl)benzyl]-4-
methylphenyl}-1-thio-D-glucitol. NMR and MS data are shown in
Table 1-1.

[0126]

Example 4



[0129] (2) Preparation of (1S)-1-[5-(4-{4-[(2-am no-1, 1-

di net hyl - 2- oxoet hyl ) am no] - 4- oxobut yl } benzyl ) - 2- hydroxy 4- met hyl phenyl ] -1,
5-anhydro-1-thio-D-glucitol - 53- The same procedure as shown in Exanple
1(2) was repeated to give the titled conpound (59 ng, 59% as a colorless
powder, except that (1S)-1,5-anhydro-2 % 4, 6-tetra- O benzyl -1 -] 2-

(benzyl oxy) - 5- (4- {(1E) 4- [(2 hydr oxy- 1, f dlnethylethyl)anlno]

4- oxobut -1 -en-1- { } benzyl 1 4- et hyl phenyl ] - 1-t hi o- D- lucitol was replaced
with (1S)Prepargiiopief. 41§) 2lah15n&)41{i 8 fefmino-1 dlmethyl 2-

2- oxoet hyl ) anlnog 4- oxobut -1 - en- I-X Lben ) - 2- (benzylox )-4

nethylpheﬂ???tEY Yamhpal of 2080RUEYL &PPRZ beﬁzbde9¥Hr6 EﬁtQYéEP?BYl]NNR and
M5 data are_shown _in Table 1-1. 0130£ Exanpl e 5 Preparation of

(1S)-1, 5- 5nhyﬂ%¥1ﬂrf’2lh§mex9 Slkﬁl(‘-a [ (2-

hydroxy 1 1- t hyl et hyl ) am no] - 4- oxobut yl } - 2- net hyl benzyl ) -

4-rrethy| ph%g Tel thio-D-glucitol [0131] [Formula 18] H HON ---'OH HO S
H" 0132] ) Preparation of (15)-1,5-anhydro-2,3,4,6-tetra-0O
benzyl -1 Oﬂ? Ir"B‘é ?y y) - 5- (4-{(1E)-4-[ (2- hydroxy-1, 1-

di met hyl et hyl ) ami no] - 4- oxobut - | - en- 1-y} - & et hyl benzyl ) - 4-

N “NH,

[0128]

(1) Preparation of (1S)-1-[5-(4-{(1E)-4-[(2-amino-1,1-
dimethyl-2-oxoethyl)amino]-4-oxobut-1l-en-1-yl}benzyl)-2-
(benzyloxy)-4-methylphenyl]-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-thio-D-glucitol

The same procedure as shown in Example 1(1) was repeated
to give the titled compound (183 mg, 45%) as a colorless oily
compound, except that 2-amino-2-methyl-l-propanol was replaced
with 2-amino-2-methylpropionamide.

'H NMR (600 MHz, CHLOROFORM-d) § ppm 1.57 (s, 6 H) 2.15 (s,
3 H) 3.12 (d, J=7.34 Hz, 3 H) 3.46-4.02 (m, 8 H) 4.06 (4,
J=11.46 Hz, 1 H) 4.46-4.73 (m, 5 H) 4.78-4.96 (m, 3 H) 4.96-
5.13 (m, 2 H) 6.04-6.26 (m, 2 H) 6.39-6.56 (m, 2 H) 6.67-6.85
(m, 3 H) 6.90-7.03 (m, 2 H) 7.08-7.43 (m, 26 H).

ESI m/z = 1017 (M+Na).
[0129]

(2) Preparation of (1S)-1-[5-(4-{4-[(2-amino-1,1-
dimethyl-2-oxoethyl)amino]-4-oxobutyl}benzyl)-2-hydroxy-4-

methylphenyl]-1,5-anhydro-1-thio-D-glucitol



met hyl phenyl ]-1-thio-D-glucitol To a solution of

(1S)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -

1-[ 2- (benzyl oxy) - 5- (4- chl or o- 2- net hyl benzyl ) - 4- net hyl phenyl ] -
1-thio-D-glucitol (661 ng, 0.755 mmol) in 1, 4-dioxane (10 nm.), - 54 -
vinylacetic acid (0.15 m, 1.81 nmmol), _his(tricycl ohexyl phosphine)pall adi um
dichloride (172 ng, 0.233 mml) and cesSPum car bonat e (836 ng, 2.57 mmol)
were added and stirred at 160C for 2 hours using a Biotage nicrowave
system After Thiei same brocedureated shewbuin Exapplenl(R)ovadereppatedacti on
m xture was extracted with ethyl acetate and the organic |ayer was dried

over anhyBeogivenbbfeditiAeducrapeungs (89 mal.t &9%%g as fa iRl T AAWERTL t he
pal | adi um catal yst through celite, .the solvent was distilled off under
reduced p?%%%BFthQFe(F%guit5n§nPE§FGU%'%aér6pE?FFPe@‘B9n§Y1réa[§el col um
chr omat ogr aph ihexane:ethrl cetate = 4:1) to Eive a crude conpound_ (577
ng) as a (Pgﬁ%Y-9§Ypbﬁféﬁﬁ bhBYs4slbsrBRdEox KNl hafimeRbYietR¥liembBAAD t hus
bt ai ned (324 j nst f . )
P15 AR 550 55 AT B ey aanenya -1 thto-p-stuoiton
benzyl oxy)-5-[4-((1F)-3-car rop-1l-enp-1-yl)benzyl]-4- .
gethtihé%%?}F%P}%%%E%ﬁbFﬁc(?gf¥9éﬁg'{ﬁéegiﬁl'%Fgéééﬁ$én8§1'%hgﬁﬂeFHYERanple
1(1) was repeategd Lve.the titled.co un 43 , 21099 . 1H N 300
s, SLARARIBIL fhobe £ ETHD S e
. 03-3. P - .97 4. m
4. 43- 4. 71‘“‘%@3’@1’&%“&“]1}4?@ nﬁ?ﬁ]rgg%}.ﬁ,ég:cgq?-{b%eyﬁ-ijgg}g; 3(m 1H
6.04-6. 241 do) Gofl® dih M add dFe dndlhn OuSrdoRd {1, 30 M. [0133]
[0130]
Example 5
Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{4-[(2-
hydroxy-1,1-dimethylethyl)amino]-4-oxobutyl}-2-methylbenzyl)-
4-methylphenyl]-1-thio-D-glucitol

[0131]

[Formula 18]

[0132]

(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-[2-(benzyloxy)-5-(4-{(1lE)-4-[(2-hydroxy-1,1-
dimethylethyl)amino]-4-oxobut-l-en-1-yl}-2-methylbenzyl)-4-
methylphenyl]-1-thio-D-glucitol

To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra~-O-benzyl-
1-[2-(benzyloxy)-5-(4-chloro-2-methylbenzyl)-4-methylphenyl]-

1-thio-D-glucitol (661 mg, 0.755 mmol) in 1,4-dioxane (10 mL),



(2) Preparation of (1S)-1,5-anhydro-|-[2-hydroxy-5-(4-{4-

[ (2- hydroxy-1, 1-di net hyl et hyl ) am no] - 4- oxobut yl } - 2-

met hyl benzyl ) - 4- met hyl phenyl]-1-thio-D-glucitol - 55 The sane procedure as
shown in Exanple 1(2) was repeated to give the titled conpound (22 ng,
939% , except that (15)-

1, 5-anhydro- 2, 3, 4, 6-tetra- O benzyl - | - [22@béenzyl oxy) - 5- (4-

{(1E)-4-[ (2- hydroxy 1, 1- di et hyl et hyl ) am no] - 4- oxobut -1 -en- 1-
yI}benzyl?imyhecmyi@heﬂyd](Q-lhimLE>gl&bimmblhas replaced mﬁth

(1S)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -|-[ 2- (benzyl oxy) -

{(1E) 4- [Qnshynx@quqhQXﬂlnh@ﬁghbnﬁypyéhaﬂb?m4dbqbbqudeehl12 mg,

yl}-2 nethylbenzyl% 4- et hyl phenyl ] - 1-t hi o- D-gl uci t ol %43 ng%. NVR and Ms
data are %h%ﬁ\h RO )ab@lédlcq_ﬂ‘{"ﬂlgﬁ}‘bo&h@rp(é?’ Pgepdrali BROS) were

(1S)-1-{5- 3-{[(2- hydroxy-1, 1-

di net hyl e2 é %o%'am@ﬁqw‘aniﬁ@}%rm@ﬂm:;ﬂ Jusing it Bdotage

nethylphenyl} 1, 5 anhydro-1-thio-D-glucitol [0135@ [ Formula 19] 0 HO NxNOH

HO S ~ ~ IME§F %}pmto eqjsé) AL Fptyprated aqueous

i et hyl GRH? “%ﬁ’%ﬁ%@ e arBion. @ﬁXEuy?)Baﬁzmré.cted with

ggﬁgirloxgﬁpg EEéQﬁﬁfggQXé}tﬁé5o%SQX9£°1ayer Was grled over anhydrous
magnesium sulfate. After filtering off the desiccant and the
palladium catalyst through celite, the solvent was distilled
off under reduced pressure. The resulting residue was
purified by silica gel column chromatography (hexane:ethyl
acetate = 4:1) to give a crude compound (577 mg) as a
light-yellow amorphous substance.

Further, the crude compound thus obtained (324 mg) was
used instead of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-{2-
(benzyloxy)-5-[4-((1E)-3-carboxyprop-l-en-1-yl)benzyl]-4-
methylphenyl}-1-thio-D-glucitol, and the same procedure as
shown in Example 1(1) was repeated to give the titled compound
(43 mg, 10%).

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.26 (s, 6 H) 2.17 (s,
3 H) 2.25 (s, 3 H) 3.03-3.19 (m, 3 H) 3.46-3.65 (m, 3 H) 3.63-
3.94 (m, 6 H) 3.97-4.10 (m, 1 H) 4.43-4.71 (m, 5 H) 4.74-4.95
(m, 3 H) 4.98-5.17 (m, 2 H) 5.64-5.73 (m, 1 H) 6.04-6.24 (m,
1 H) 6.43 (d, J=14.77 Hz, 1 H) 6.55-7.54 (m, 30 H).
[0133]

(2) Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{4-
[ (2-hydroxy-1,1-dimethylethyl)amino]-4-oxobutyl}-2-

methylbenzyl)-4-methylphenyl]-1-thio-D-glucitol



To a solution of (1S)-1,5-anhydro-2, 3,4, 6-tetra-0O benzyl -

1-[ 2- (benzyl oxy) - 5- (4- br onobenzyl ) - 4- net hyl phenyl]-1-thio-D- glucitol (318
ng, 0.351 mol) in acetonitrile (3.5 nL.), - 56 -

N-al lyl-N -(2-hydroxy-1, 1-di net hyl et hyl )urea (181 ng, 1.05 mmol),

pal | adiun(l1) acetate (20 ng, 0.0912 rrrml) tri-O tolyl phosphine (70 ny,
0.231 mml ) and triethylamne (0.24 nt, 51 75 mmol ) were added and stirred
at 120C for 20 minutes wusing a Biotage m crowave system After the reaction
sol vent was dTkei$ame preceddce aEdﬁb@ﬁnpi@sguﬂ@plEhé(Zésuasingpeﬂésﬂdue
was purified by silica col utm chr omat ogr a (chloroform - chl orof orm
net hanol t°591Y? Bhe th%ﬁércoﬁﬂ9pﬂﬂe62%ymﬂH-B?%é sPFF@BtgéhaéoK&ﬁh‘
chronatogrﬁg (chloroform-. chloroform _nethanol 50:1) to ?lve t he

titled cb o%laY?{?ﬂzné 4460/&e’a'§aa°rP€|H¥Y}éFré%‘éHﬁPﬁﬂé%YéuBs 4nce. 1H NMR
e R e
Pregazgt ?Yéibf'egsggggt%lﬁgﬁ?Ygﬂ E%%TDESFUHP yé? (‘-ﬁ/ﬁ#ﬁced[viﬁb] (2)
ﬂLFﬁt |hy|hgfﬂ§%%1 5 ; deEyll it }E?l%eir §g§ﬁggyf;§$§afgggleOXY; 2h(:vr_1 |n
Eeanl o 11 o1 hat T EReHPRRoRy 5T of R PRbRY it XRRBaAG* CatoRgE - Soss
O S i S e BN
4‘°X°bUt‘hMﬁ“a&ayhébEQ%X'éré BRLGY! PRepyblal thi o-D-glucitol

[0134]

Example 6

Preparation of (1S)-1-{5-[4-(3-{[(2-hydroxy-1,1-

dimethylethyl)aminocarbonyl]amino}propyl)benzyl]-2-hydroxy-4-

methylphenyl}-1,5-anhydro-1-thio-D-glucitol

[0135]

[Formula 19]

[0136]

(1) Preparation of (1S)-1-{5-[4-((1E)-3-{[(2-hydroxy-1,1-
dimethylethyl)aminocarbonyl]amino}prop-l-en-1-yl)benzyl]-2-
(benzyloxy)-4-methylphenyl}-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-thio-D-glucitol

To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-
1-[2-(benzyloxy)-5-(4-bromobenzyl)-4-methylphenyl]-1-thio-D-

glucitol (318 mg, 0.351 mmol) in acetonitrile (3.5 mL),



was replaced with (1S)-1-{5-[4-((1E)-3-{[(2-hydroxy-1, 1-
di net hyl et hyl ) am nocar bonyl ] am no} prop-1-en-1-yl)benzyl]-2 - 57 -
(benzyl oxy) - 4- net hyl phenyl ) -1, 5- anhydro-2, 3, 4, 6-tetra- O
benzyl -1-thio-D-glucitol. NVR and M5 data are shown in Table 1-1. [0138]
Exanpl e 7 Preparation of (18)-1-(5-(4-{:|‘|§,,;ﬁ
[ (am nocar bonyl ) am no] pr opyl } benzyl) - Z- Wydroxy- 4- net hyl phenyl ] -1,
5-anhydro-I-thio-D-glucitol [0139] [Fornula ZOL O HOi i NKNHR S H HO
HO "' OH MrrllpisN]-(2yhpdepu¥ali dndémethplethys)prep3(181 mg, 1.05
[ (am nocar boni/l ) am no pro%l benz¥l % 2- gbenzyl ox&-4- ]
net hyl phef9ei) 1 BahhaGdpn( I3 acetpter 426 Banz Q| OPI2hmpol) . gtgdirPol The same
procedure as shown in ExanBIe 6(1) was regeated to give the titled conpound
(200 ny, 5Q4ylRROSPHEREOH/Bi Mg, LofddumloldxeBpt tFhgthylamine (0.24 mL,
N-al 'yl -N -(2-hydroxy-1, 1- dinethylethyl)urea was replaced with allylurea.
'H NMR (3bo7RHEmobh eRErORifE] BNEpALt2TTISA(3t 320)Carep-28 minykes 1 H)
3'42-4'13uggkglg EQOéagg_ﬁizgo&gbeSSS%tgm?8-£E€£} the reaction solvent
was distilled off under reduced pressure, the resulting
residue was purified by silica gel column chromatography
(chloroform — chloroform:methanol = 50:1) and further
purified by NH-type silica gel column chromatography
(chloroform — chloroform:methanol = 50:1) to give the titled
compound (137 mg, 40%) as a light-yellow amorphous substance.
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.21 (s, 6 H) 2.14 (s,
3 H) 3.06-3.18 (m, 1 H) 3.45-3.62 (m, 2 H) 3.62-3.99 (m, 8 H)
4.01-4.13 (m, 1 H) 4.32-4.70 (m, 5 H) 4.79-5.17 (m, 6 H) 5.52-
5.65 (m, 1 H) 5.96-6.12 (m, 1 H) 6.31-6.43 (m, 1 H) 6.70-6.84
(m, 3 H) 6.89-7.46 (m, 28 H).
ESI m/z = 997 (M+H).
[0137]

(2) Preparation of (1S)-1-{5-[4-(3-{[(2-hydroxy-1,1-
dimethylethyl)aminocarbonyl ]Jamino }propyl)benzyl]-2-hydroxy-4-
methylphenyl}-1,5-anhydro-1-thio-D-glucitol

The same procedure as shown in Example 1(2) was repeated
to give the titled compound (20 mg, 30%) as a colorless powder,
except that (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[2-
(benzyloxy)-5-(4-{(1E)-4-[(2-hydroxy-1,1-dimethylethyl)amino}-
4-oxobut-1l-en-1-yl}benzyl)-4-methylphenyl]-1-thio-D-glucitol
was replaced with (1S)-1-{5-[4-((1E)-3-{[(2-hydroxy-1,1-

dimethylethyl)aminocarbonyl ]amino}prop-1l-en-1-yl)benzyl]-2-



(m 5H 594-6.12 (m 1 H 6.39 (d, J=16.16 H 1 H 6.67-6.84 (m 3 H)
6.86-7.46 (m 28 H). ESI mz = 947 (MtNa). 58 - [0141] (2) Preparation of
(1S)-1-[5-(4-{3- [(am nocar bonyl)am no] propyl } benzyl) - 2- hydr oxy- 4-

met hyl phenyl]-1, 5-anhydro-I-thio-D-glucitol The sane procedure as shown in
Exanple 1(2) was repeated to give the tsitled conpound (51 ng, 52% as a

col orl ess powder, except that (1S)-1f5-3nﬁydro-2,3,4,6-tetra-0-benzy|-I-[2-
(benzylox¥%-5-(4-{(1E)-4-&(2-2€dr0x -1, 1-di met hyl et hyl ) am no] -

4- oxobut - (DeRZY19xYbehzpe byl 9h¥1%hén§r?nQY@ﬁPozD3gl4uéi'!ietramﬁs repl aced
with (1S)-1-[5-(4-{3- [éaninogarbony%%aninogﬁéo yl } benzyl ) - 2- (benzyl oxy) - 4-
net hyl pheR§NFY3; 5- BRkgaPogdugigos. 1 HNR-and y‘fatat@ﬁ%-@mﬂ!ubfit?ﬂblwl\ﬂ and
M5 data are_shown in Table 1-2. [0142] Exanple 8 Preparation of

(1S)- 1, 5- Anhydro- | - [ 2- hydr oxy- 5- (4- {5-[ ( 2-

hydroxy-1,1-di get hyl et hyl ) am no] - 5- oxopent yl } benzyl ) - 4-

met hy| pheh%?gfthi o-D-glucitol [0143] [Formula 21] 0 HONOH S H HO HO

o O Example 7
Preparation of (1S)-1-([5-(4-{3-
[ (aminocarbonyl)amino]propyll}benzyl)-2-hydroxy-4-
methylphenyl]-1,5~anhydro-1-thio-D-glucitol
[0139]

[Formula 20]

0
HO O O NJKNHZ
HO NS "
HO" ™y~ “OH
OH
[0140]

(1) Preparation of (1S)-1-[5-(4-{3-

[ (aminocarbonyl )amino]propyl}benzyl)-2-(benzyloxy)-4-
methylphenyl]-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-thio-D-
glucitol

The same procedure as shown in Example 6(1) was repeated
to give the titled compound (200 mg, 53%) as a yellow oily
compound, except that N-allyl-N’-(2-hydroxy-1,1-
dimethylethyl)urea was replaced with allylurea.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.15 (s, 3 H) 3.06-
3.18 (m, 1 H) 3.42-4.13 (m, 10 H) 4.32-4.75 (m, 5 H) 4.78-5.22
(m, 5 H) 5.94-6.12 (m, 1 H) 6.39 (4, J=16.16 H, 1 H) 6.67-6.84
(m, 3 H) 6.86-7.46 (m, 28 H).

ESI m/z = 947 (M+Na).



[0144] (1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0
benzyl -1 -{2-(benzyl oxy)-5-[4-((1E)-4-carboxybut-I|-en-1-
yl ) benzyl ] - 4-nmet hyl phenyl }-1-thio-D-glucitol - 59 The sane procedure as
shown in Reference Exanple 5 was repeated to give the titled conmpound (470
ng, 92% as a brown oil, except that vinylacetic acid was replaced with
4-pentenoic acid. 1H NVR (300 MHz, CH-ORBFGRMId) 8 ppm 2.20 (s, 3 H) 2.33-
2.55(m 4 H 3.02-5.13 (m 19 H 5.45-5.93 (m 2 H 6.70-7.46 (m 31 H).
ESI mz =[Q221(MH). [0145] (2) Preparation of
(1S)-1, 5-anhydro-2, 3,4,6-tetra-O
benzyl -1 -[ 2- (béR2yPogparatian{ ofE(16)FL12{hyfhAekP-1, 1-
di et hyl et hyl ) am no] - 5- oxopent -1 - en- 1-yl } benzyl ) - 4-
met hyl phebyapinocarbonyy) aninel prapyddhenpyddeduhydaoxyhdwn in Exanple 1(1)
was repeated to give the titled conpound (410 ng, 81% as a |ight-brown
oil, excepthyhphepyd)-1,5-anhydre-2-8hiogDralngitobenzyl -1-{2-
(benzyl oxy)-5-[4- ((1E) - 3-car boxyprop-|-en-1-yl ) benzyl ] - 4-
met hyl phenyl } - ThehFane Brocedsrevas FRpracén hxempies)(2)swas repeated
anhydr o- 2 3,4L6-tetra-C)benzyI-I-(2-(benzy|ox¥?-5-[4-((1E)-4-
car boxybut| 9&Ke1Ehe) kdtred] compound Rdng.- PANI D 3IRIQBIes s PoyEeR 300
MHz, CHLOROFORM d) 8 ?§n¥1.28 %Sh 6 H 2.12- 2.54 (nb 7 H 2.85-5.15 (m 21
HY 5.39-58%8ePH, thafy (§5¥y1l751anhydrozz. gy 4. kstepra-0-beRgYLiviNAP - [ 0146]
(benzyloxy)-5-(4-{(1E)-4-[(2~hydroxy-1,1l-dimethylethyl)amino]-
4-oxobut-l-en-1-yl}benzyl)-4-methylphenyl]-1-thio-D-glucitol
was replaced with (1S)-1-[5-(4-{3-
[ (aminocarbonyl)amino]propyl}benzyl)-2-(benzyloxy)-4-
methylphenyl]-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-thio-D-
glucitol. NMR and MS data are shown in Table 1-2.
[0142]
Example 8
Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{5-[(2-
hydroxy-1,1-dimethylethyl)amino]-5-oxopentyl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol
[0143]

[Formula 21]

HO
HO"

[0144]
(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-
benzyl-1-{2-(benzyloxy)-5-[4-((1E)-4-carboxybut-1l-en-1-

yl)benzyl]-4-methylphenyl}-1-thio-D-glucitol



(3) Preparation of (1S)-1,5-anhydro-|-[2-hydroxy-5-(4-(5-

[ (2- hydroxy-1, 1-di net hyl et hyl ) am no] - 5- oxopent yl } benzyl ) - 4-

nmet hyl phenyl]-1-thio-D-glucitol - 60 The sane procedure as shown in Exanple
1(2) was repeated to give the titled conpound (92 ng, 41% as a colorless
powder, except that (1S)-1,5-anhydro-2,3,4,6-tetra-0O benzyl-I-][2-

(benzyl oxy) -5- (4-{(1E) - 4- [(2 hydr oxy- T, f dlnethylethyl)anlno]

4- oxobut -1 -en-1-yl } benzyl) - 4- met hyl phenyl ]-1-thi o-D-glucitol was repl aced
with (1S)-1, 5- '&hﬁyea@ezpsoqeeur-@t f8- €hpwnz§n- Reference Example 5 was

[ 2- (benzyloxy) 5-(4-((1B)-5-[(2-hydroxy-1, 1-

di met hyl e¥ape3hatnbp- SlﬁﬁobéﬁttFt ﬁd109WPBBHQyK}7Q mg, 92%) as a brown

met hyl phenyl ]-1-thi o-D-glucitol. NVR and M5 data are shown in Table 1-2.
[0147] BExhhpl ex0ePtepiht VERYSRCR LS. actdaRa§dFePLarednyditBxy- 5- (4- {3- [ ( 2-
hydr oxy-1 di met hyl et hyl ) am no] - 1- met hyl - 3- oxopr opyl } benzyl ) -
4-nethy|pﬁeﬂ???eﬂ°%%|ﬁcfﬁglucitol [0148] [Fornula 22] O N~NOH S HHp HOH

HO O OH (0149] (1) Preparation_of anhydro 2,3,4,6-tetra-0o
H R (300 MHz, CHLO OF RM 2d) ppm .20 (s, 3 H) 2.3

3-
2.55 (m, 4 H) 3.02-5.13 (m, 19 H) 5.45-5.93 (m, 2 H) 6.70-7.46
(m, 31 H).

ESI m/z = 923 (M-H).

[0145]

(2) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-[2-(benzyloxy)-5-(4-{(1E)-5-[(2-hydroxy-1,1-
dimethylethyl)amino]-5-oxopent-1-en-1-yl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

The same procedure as shown in Example 1(1l) was repeated
to give the titled compound (410 mg, 81%) as a light-brown o0il,
except that (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-{2-
(benzyloxy)-5-[4-((1E)-3-carboxyprop-l-en-1-yl)benzyl]-4-
methylphenyl}-1-thio-D-glucitol was replaced with (1S)-1,5-
anhydro-2,3,4,6-tetra-0O-benzyl-1-{2-(benzyloxy)-5-[4-((1E)-4-
carboxybut-l-en-1-yl)benzyl]-4-methylphenyl}-1-thio-D-glucitol.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.28 (s, 6 H) 2.12-
2.54 (m, 7 H) 2.85-5.15 (m, 21 H) 5.39-5.90 (m, 2 H) 6.71-7.47
(m, 31 H).

ESI m/z = 1018 (M+Na).

[0146]

(3) Preparation of (1S)-1,5-anhydro-1-{2-hydroxy-5-(4-{5-

[(2-hydroxy-1,1-dimethylethyl)amino]-5-oxopentyl}benzyl)-4-

methylphenyl]l-1-thio-D-glucitol



benzyl - | - {2- (benzyl oxy)-5-[4-((E)-2-carboxy-I -

et hyl et henyl ) benzyl | - 4- net hyl phenyl }} - 1-t hi o- D-gl uci tol The sane procedure
as shown in Reference Exanple 5 was repeated to give a crude mxture (280
ng) containing the titled conpound, except that vinylacetic acid was
replaced - 61 - with crotonic acid. %IIXR (300 MHz, CHLOROCFORMd) 6 ppm

2. 17 (s, 3H)247 254(m3H)306 11(m11|—|)444512(m10
6.05- 6.09 (m 1 H 6.71-7.46 (m 31 H). ESI mz = 933 gl\/HrNa) [0150&(2)
Prepar ati on of Tir§ 5§2me sPEPRGERES 228 ﬂh%w¥e%9a5¥?mple 1(2) was repeate

R R U e e
\é\/gisoileggg‘%‘?‘ll % X’%‘Z@e {‘ﬂ{f %T%W%‘gﬁ‘pgg‘sarOiéotﬁgralgf’/?‘?ﬁzﬂeg Fx'as a
bensyl -1 - (B8 %&ﬁ%}' 55 B ¢ b 1 DOBTay R ol dingthPistny1) amino) -
{18 T e R P RS %Jéhégé)pgn 'ucﬁ}{%‘&%‘é}ﬁimgﬁﬁgg%Egluci“l
LHwe (057 wer i B dletti iy SFparednda B 2 s B tdpe ot BaRzh 91 101 L0
a5 of Fnzbg %—i‘} é‘%'?ﬁ?‘é?fﬁél égm’%}‘g’ét%% 1f|£—l|) 46633(218§ (H)m 3 H)
6-97'7-46d£ﬂ%tﬁ§l€?hyf§&nﬂﬁ&]ESJQQépéﬁ%“ﬁlen 1999}benzy1)-4-

methylphenyl]-1l-thio-D-glucitol. NMR and MS data are shown in

Table 1-2.

[0147]

Example 9

Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{3-[(2-

hydroxy-1,1-dimethylethyl)amino]-1-methyl-3-oxopropyl}benzyl)-

4-methylphenyl]-1-thio-D-glucitol

[0148]

[Formula 22]

[0149]

(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-{2-(benzyloxy)-5-[4-((E)-2-carboxy-1-
methylethenyl)benzyl]-4-methylphenyl}}-1-thio-D-glucitol

The same procedure as shown in Reference Example 5 was
repeated to give a crude mixture (280 mg) containing the

titled compound, except that vinylacetic acid was replaced



(3) Preparation of (1S)-1,5-anhydro-|-(2-hydroxy-5-(4-(3-
((2-hydroxy-1, 1-di met hyl et hyl ) am no) - 1- net hyl - 3-

oxopropyl ) benzyl) - 4- met hyl phenyl ) - 1-t hi o-D-gl ucitol The sane procedure as
shown in Exanple 1(2) was repeated - 62 to give the titled conpound (31 ng,
48% as a col orl ess powder, except tha

(15)-1, 5-anhydro-2, 3,4, 6-tetra- C>benzy|-|-[2-

(benzylox%}LE]Pl §r9|§%gﬁ299§32 hydr oxy- 1, 1- di et hyl et hyl ) am no] -

4- oxobut 4- met hyl phenyl]-1-thio-D-glucitol was repl aced
‘[Mzt?bfaﬁ?w éxi)gn M?(Zg l\?T(tetra Obebin_z {-g-ppm 2.17 (s, 3 H) 2.47-
?r‘e{"ﬁtyP%LE% B nPolD. 3T Do forl KOR Sha"Retadeiohig howd®i i) $a85s 1.2,
hydr oxy- 1 ?58 ﬁe%ﬁyf’é?‘ﬁé{?%hﬁﬂéﬁ §‘%§égro§yf‘?ﬁéﬁ£§’l s oot

nethylphenyl] %S 93 D_gl gglkgl (0153] [Fornmula 23] HOO NY,-,0H S HO H
"OH OH [0154 {tlﬁ“ Br eparat i on o ‘(1S)-1, 5-anhydro-2, 3,4, 6-tetra-O

benzyl -1-{g % Tnzyl oxy)-5-[4-((E)-2-carboxyet henyl ) benzyl ] - 4-

nethylpheny} -thi o-D-gl ucitol

(2) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-[2-(benzyloxy)-5-(4-{(1E)-3-[(2-hydroxy-1,1-
dimethylethyl)amino]-1-methyl-3-oxoprop-l-en-1-yl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

The same procedure as shown in Example 1(1) was repeated
to give the titled compound (120 mg, 15% (2 steps)) as a
colorless o0il, except that (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-{2-(benzyloxy)-5-{4-((1E)-3-carboxyprop-l-en-1-
yl)benzyl]-4-methylphenyl}-1-thio-D-glucitol was replaced with
(1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-{2-(benzyloxy)-5-[4-
((E)-2-carboxy-1-methylethenyl)benzyl]-4-methylphenyl)}-1-
thio-D-glucitol.

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.33 (s, 6 H) 2.19 (s,
3 H) 2.40-2.52 (m, 3 H) 3.07-3.17 (m, 1 H) 3.48-4.07 (m, 10 H)
4.44-4.63 (m, 5 H) 4.83-5.10 (m, 5 H) 5.48 (brs, 1 H) 5.81-
5.86 (m, 1 H) 6.73-6.81 (m, 3 H) 6.97-7.46 (m, 28 H).

ESI m/z = 1004 (M+Na).
[0151]

(3) Preparation of (1S)-1,5-anhydro-1-(2-hydroxy-5-(4-(3-
((2-hydroxy-1,1-dimethylethyl)amino)-1-methyl-3-
oxopropyl)benzyl)-4-methylphenyl)-1-thio-D-glucitol

The same procedure as shown in Example 1(2) was repeated



The sanme procedure as shown in Reference Exanple 5 was repeated to give the
titled conmpound (365 ngy, 74% as a |light-yellow powler, except that

vinyl acetic acid was replaced wth acrylic acid. - 63 1H NWVR (300 MHz,
CHLOROFORM D) 6 ppm 2.16 (s, 3 H 3.05- 3.19 (m 1 H) 3.47-4.12 (m 7 H)
4.52 (s, 6 H 4.80-5.12 (m 5 H) 6.25- % 38 (m 1 H 6.73-6.82 (m 3 H)
6.95-7.47 (m 28 H 7.60-7.73 (m 1 H). [0155] (2) Preparation of

(1S5)-1, 5- anh dro-2 4,6-tet

benzyl -1 - éb@ﬁz§h§x§}t§e@4cP@PEPn§ (32 Medr #8F)1 a8 @ colorless powder,

gLFE;P%L§ﬁ§¥f£€ HRAL Bi8) O0; B Baniy@rda e doRob ShEF 5250 BRBRNL A~ ERampl e 1(1)
bonder - okbepzyEngy) T3 1 bLETH §3fg9°H§9£g§§fé??ag rekng]eEps ) Anake] -
Eé;£5F3ﬁ2h3$¥%93FL?oééfglxipﬁ%ﬁQxéip BekpEienptulir L thig?p-glucitor

o bowye: sy FORLALER, MRRAEIS). %é§ SPREQAYROSYIC L 6 2EpEFL-6; bﬁwﬁY&3éo Mz,
gHzgRgFng%d}b%892§biyg65£%32 1§(§Sh¥§§?g% LR gzlgz(n] 0 s 75 (s, 3

E%S? ?55 anﬁ gﬁg % Pghﬁgﬂégég_%:%%i?gieBaBQBbQBPOE en-1- yl}benzyl) -4-
[(2- hydr0m¥thyipﬂéﬂ?iEfhEEHXBlBﬂgmehléoqxogmm@yéa@q@gya%Fa are shown in

nmet hyl phenyl ] -1 glucitol The sanme procedure as shown In anple 1(2)
was repeaipggiet -9ive the titled conpound (84 ng, 46% as a colorless
powder ,

[0152]

Example 10
Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{3-[(2-
hydroxy-1,1l-dimethylethyl)amino]-3-oxopropyl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol
[0153]

[Formula 23]

[0154]

(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-{2-(benzyloxy)-5-[4-((E)-2-carboxyethenyl)benzyl]-4-
methylphenyl}-1-thio-D-glucitol

The same procedure as shown in Reference Example 5 was
repeated to give the titled compound (365 mg, 74%) as a
light-yellow powder, except that vinylacetic acid was replaced

with acrylic acid.



except that (1S)-1,5-anhydro-2,3,4,6-tetra-0O benzyl-1-[2-

(benzyl oxy)-5-(4-{(l1 E)-4-[(2-hydroxy-1, 1-di net hyl et hyl ) am no] -

4- oxobut -1 -en-1-yl } benzyl) - 4- et hyl phenyl ]-1-thio-D-glucitol - 64 was
replaced with (1S)-1.5-anhydro-2, 3,4, 6-tetra-O benzyl -1 -

[ 2- (benzyl oxy)-5-(4-((1E)-3-[(2-hydroxy-1, 1-

di met hyl et hyl ) ami no] - 3- oxopr op-1 - en- 1-ylI'Fbenzyl ) - 4-

net hyl phenyl]-1-thio-D-glucitol. NVR and M5 data are shown in Table 1-2.
[0157] Exanpl é NMRor (@ dHon GHLQRAFORM 51 hrthyahm-3 -@-(8/.dro#) B (06 2- [ ( 2-
hydroxy- 1, 1- di net hyl et hyl ) am no] - 2- oxoet hoxy} benzyl ) -4- net hyl phenyl ] -

1-t hi o- D- gt H2i {18} %‘/OligS%(""?Fﬁr | §mpay B) él(ﬂ*,%,& 4SBP:5H12H¥J“HO'5' oH

(benzyi o) - 6L ERyRr SRyl: (hetholyhat Roke) flendl febhgPy 747 (m, 28 H)
nethylphepyhé;ﬁ-ighg-a-£> hucopyranose To a sol ution of
1- br ono- 4- (et hd Tho y? énzene (1.55 g, 7.13 mmol) in tetrahydrofuran

(7.5 nL), &1?% M n-butyllithiumin hexane (2.58 niL, 6.9 nmol) was added
dr opwi se 5 - bC under a nitrogen atnosphere. Then, a

(2) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-o0-
benzyl-1-[2-(benzyloxy)-5-(4-{(1E)-3-[(2-hydroxy-1,1-
dimethylethyl)amino]-3-oxoprop-1l-en-1-yl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

The same procedure as shown in Example 1(1) was repeated
to give the titled compound (342 mg, 88%) as a colorless
powder, except that (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-
{2-(benzyloxy)-5-[4-((1E)-3-carboxyprop-1l-en-1-yl)benzyl]-4-
methylphenyl}-1-thio-D-glucitol was replaced with (1S)-1,5-
anhydro-2,3,4,6-tetra-0O-benzyl-1-{2-(benzyloxy)-5-[4-((E)-2-
carboxyethenyl)benzyl]-4-methylphenyl}-1-thio-D-glucitol.

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.36 (s, 6 H) 2.16 (s,
3 H) 3.05-3.19 (m, 1 H) 3.48-4.09 (m, 10 H) 4.34-5.12 (m, 10
H) 6.23 (d, J=16.32 Hz, 1 H) 6.75 (s, 3 H) 6.95-7.59 (m, 29 H).
[0156]

(3) Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{3-
[(2-hydroxy-1,1-dimethylethyl)amino]-3-oxopropyl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

The same procedure as shown in Example 1(2) was repeated
to give the titled compound (84 mg, 46%) as a colorless powder,
except that (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-{2-
(benzyloxy)-5-(4-{(1E)-4-[(2-hydroxy-1,1-dimethylethyl)amino]-

4-oxobut-1l-en-1-yl}benzyl)-4-methylphenyl]-1-thio-D-glucitol



solution of 2,3,4,6-tetra-0O benzyl-I-C-[2-(benzyl oxy)-5-

for nyl - 4- met hyl phenyl ] - 5-t hi o- D- gl ucopyranose (1.80 g, 2.30 mmol) in
tetrahydrofuran (10 nL) was added dropwi se and stirred at -78C for 10

m nutes. After addition of saturated - 65 aqueous ammoni um chl oride, the
reaction mxture was extracted wth ethyl acetate. The organic |ayer was
washed with saturated aqueous sodi um-—cHK4ori de and dried over anhydrous
magnesi um sul fate. After filtering off the desiccant, the solvent was
distiIIedwanrapHecedeuutbd(pSéstubeaahudrheZ.Beéuﬁttagraegkbaazyﬂs1purified
by silica gel colum chronato?ra phy (hexane:ethyl acetate 3:1 ->1:1) to
give the [2r{bedzydarplnd-(4-L QE)5396(asthy@¥Yo@/énnrphous subst ance. 1H
NVR (300 MHz, CHLOROFORMd) 8 ppm 2.19 (br. s., 3 H 3.46 (s, 7 H

3.89-4. o3d{lmtbywtmlwami%1( OROPFOR: $4epd1 yitbenzgliy4-1 H) 4.73-4.97
(m 4 H 4.99-5.22 F%@S 79- 5.95 & 6.66-7.39 (m 31 H. ESI mz
= 942 (I\/I#Rﬁ)’-hYleEBE]— tdythiepBratiuehte (1@112 1arsd Mydrta 2xe sshpvirtin- O
benzyl-l-% ibenz oxy) - 5- (4- hydr oxybenzyl ) - 4- net hyl phenyl ] - 1-

t hi o- D- gl G@P -an acetonitrile solution of 2,3,4,6-tetra-0O benzyl-1I-
C-[ 2- (benzyl oxy) - 5- (hydr oxy[ 4- ( met hoxymet hoxy) phenyl ] net hyl } -

4- nethylpﬁé i 5-t hi o- a- D- gl ucopyr anose obtai ned above (410 ny), Et3SiH
(0.214 nm, 1 34 nnoié and BF3Et 20 (0.062 nL, 0.491 nmmol) were added at -15C
and stirred atE¥ABPL&ndlienperature for 10 minutes. After addition of

chl or of or t he eactl war t Ca BF 2 0.062 n,
6 491 rmoPFepagat featy hbBhr b ST atREaBa- by 2r RYRFRGYT o (4o lhrmbees. after
hydroxy-1,1-dimethylethyl)amino]-2-oxoethoxyl}benzyl)-4-

methylphenyl]-1-thio-D-glucitol

[0158]

[Formula 24]

[0159]

(1) Preparation of 2,3,4,6-tetra-0O-benzyl-1-C-{2-
(benzyloxy)-5-{hydroxy[ 4- (methoxymethoxy)phenyl]methyl}-4-
methylphenyl]-5-thio-o-D-glucopyranose

To a solution of l-bromo-4-(methoxymethoxy)benzene
(1.55 g, 7.13 mmol) in tetrahydrofuran (7.5 mL), 2.67 M
n-butyllithium in hexane (2.58 mL, 6.9 mmol) was added
dropwise at -60°C under a nitrogen atmosphere. Then, a
solution of 2,3,4,6-tetra-0O-benzyl-1-C-[2-(benzyloxy)-5-
formyl-4-methylphenyl]-5-thio-D-glucopyranose (1.80 g, 2.30
mmol) in tetrahydrofuran (10 mL) was added dropwise and

stirred at -78°C for 10 minutes. After addition of saturated



addition of saturated aqueous sodi um bi carbonate under ice cooling, the
reaction mxture was extracted with chloroform The organic |ayer was
washed with saturated agueous sodium- 66 chloride and dried over anhydrous
magnesi um sul fate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure and the resulting residue was purified
by silica gel colum chronmat ography (He?éhé:ethyl acetate = 4:1) to give
the titled conpound (0.420 g, 409 as a colorless oil. ""H NWR (300 Mz,
CHLOROFORRMEY§OBS ppmmoniym ghlgrigie3 phe geagtipn miKfuge7was. e8trarctgdH)
4.09-4.15 ( 1 H _4.43-4.66 m 5 H 4.68-4.74 (m 1 H 4.80-4.95 (m 3 H)
4. 98- 5. 11W%g}’ ethyy gcgbates7 Yhg angapicpagay was)washedrwit®n of
(1S)-1, 5-anhydro-2,3,4,6-tetra-0O ] .
benzyl - | - $3tRERESY| 8AYFOYS| so@suneChdRFideoRB6: ASefHENEY| prtydrous
nethylphen%lé- 1-thio-D—quci%£I To_a. suspensi on of .
(18)_1,5_5 g 8?699,§?&F6-Fetr _tgr filtering off the desiccant, the
benzyl -1 -[ 2- (benzyl oxy)- 5- (4-hydraxybenzyl) - 4- net hyl phenyl | - 1-
thio-D—gI%8?§8PQO§F§iﬁéﬁ§égiﬁg ?§§6XH§?rOF?é&cgﬁnp¥e§ﬁ8rﬁp%9és§Pﬁn1carbonate
(147 nmg, 1.06 |)_in, 2.5 n) .. hyl .bronoacet at 139 ng, 0.912
nol ) andre§3}gg§gt§ﬁﬁﬁ§¥Fi&ﬁ?iBHFéglfgehﬁ)s Fgaagﬁzdcgﬁa&gtirred at room
tenperature for 7 hours. After addition of ter, the reactjon mxture was
extract ed® ?'ﬂa‘éf’%FpéXet( ?ﬁ.an?hgghg gaﬁ%a}‘é‘gyér 3\1\215 vva£hgg t?\”é%t%?%t ed
aqueous sgodj I d,drie er .angh I After
aqueous sog ¥y EBRELAR 192051 e470yChsaydsols, AAMBBRLU SHbERLAeRA (C
pressure and the 062Ul 360t £ S diodBFoRA] T8%pm 2.19 (br. s., 3 )

3.46 (s, 7 H) 3.89-4.03 (m, 2 H) 4.47-4.56 (m, 2 H) 4.64 (d,

J=11.35 Hz, 1 H) 4.73-4.97 (m, 4 H) 4.99-5.22 (m, 5 H) 5.79-

5.95 (m, 1 H) 6.66-7.39 (m, 31 H).

ESI m/z = 942 (M+Na).

[0160]

(2) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-
benzyl-1-[2-(benzyloxy)-5-(4-hydroxybenzyl)-4-methylphenyl]-1-
thio-D-glucitol

To an acetonitrile solution of 2,3,4,6-tetra-O-benzyl-~1-
C-[{2-(benzyloxy)-5-{hydroxy[4- (methoxymethoxy)phenyl]methyl}-
4-methylphenyl]-5-thio-a-D-glucopyranose obtained above (410
mg), Et;3SiH (0.214 mL, 1.34 mmol) and BF3Et,0 (0.062 mL, 0.491
mmol) were added at -15°C and stirred at the same temperature
for 10 minutes. After addition of chloroform, the reaction
mixture was warmed to 0°C and BF3Et,0 (0.062 mL, 0.491 mmol)
was added thereto, followed by stirring for 30 minutes. After
addition of saturated agueous sodium bicarbonate under ice

cooling, the reaction mixture was extracted with chloroform.

The organic layer was washed with saturated aqueous sodium



by silica gel columm chromatography (hexane:ethyl acetate = 4:1) to give
the titled conmpound (0.230 g, 83% as a colorless - 67 - oil. 1H NWR (300
MHz, CHLOROFORMd) 6 ppm 2.16 (s, 3 H 3.06- 3.17 (m 1 H 3.45-4.13 (m 10
H 4.34-4.72 (m 7 H 4.79-4.96 (m 3 H) 4.96-5.11 (m 2 H 5.19-5.24 (m 1
H 6.55-7.49 (m 31 H. HSI mz = 933 %NHNH4). [0162] (4) Preparation of
(1S)-1, 5-anhydro-2, 3, 4, 6-tetra- O - 656 -
benzyl-I-[2-(benzy|oxy)-5-é4-{2-[(2-hydroxy-1,1-

di net hyl ech¥pradenapd2dsiedt ARy} pRhAYGrus.- maghpspuangulfatet hidERyl ucito
To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra-0O benzyl -

1-{ 2- (benf¥lL6R¥ing- pAf( phapfpgigecansxobhfoR9)BeREyWpS4distilled off

met hyl phenyl } - 1-thi o-D-gl uci tol synthesized above (210 ng, 0.229 mmol) in
THE (1 niyhdew ReercRasPREasHT§nandt theegegltipg residugonps. PAFiéiedool i ng
to 4C, the reaction mxture was neutralized with 1N HCl and extracted with
et hyl aceP¥t 811i¢ReI8LgSALEMPaGBFoRasogneRBY hheKarg: ath¥ddasatied8s=sodi um
chl ori de an? dried,oveg anhédﬁoa; nagnesiug1sulfate, followed by filtering
off the d&3tdchRt 9i¥Fic BEI VARLSHaSOPOBRFI G- 420" 9undl) 88uBcqopPELEaFe (o
give a coloiless liquid residue (230 ng). [0163] (5) To a solution of the
resul ti ng®°tesidue in chloroform (2.0 nL), 2-anino-2-nethyl-I-propanol (31

, 0.344 mmol ), 1. hydroxybenzotriazol drate (53 ng,. 0. 344 ol d
T othyl -3 (- o by S0 EE o ORA Rl OB B ok od s 1) 3080 ) "

3.18 (m, 1 H) 3.75-3.98 (m, 4 H) 4.09-4.15 (m, 1 H) 4.43-4.66
(m, 5 H) 4.68-4.74 (m, 1 H) 4.80-4.95 (m, 3 H) 4.98-5.11 (m, 2
H) 6.52-7.47 (m, 31 H).

[0161]

(3) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-{2-(benzyloxy)-5-[{4-(2-methoxy-2-oxoethoxy)benzyl]-4-
methylphenyl}-1-thio-D-glucitol

To a suspension of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
benzyl-1-[2-(benzyloxy)-5-(4-hydroxybenzyl)-4-methylphenyl]-1-
thio-D-glucitol obtained above (256 mg, 0.304 mmol) and
potassium carbonate (147 mg, 1.06 mmol) in DMF (2.5 mL),
methyl bromoacetate (139 mg, 0.912 mmol) and
tetrabutylammonium iodide (5 mg) were added and stirred at
room temperature for 7 hours. After addition of water, the
reaction mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride and dried over anhydrous magnesium sulfate. After
filtering off the desiccant, the solvent was distilled off
under reduced pressure and the resulting residue was purified
by silica gel column chromatography (hexane:ethyl acetate =

4:1) to give the titled compound (0.230 g, 83%) as a colorless



(66 nmg, 0.344 mmol) were added sequentially and stirred for 2 - 68 hours.
After addition of water, the reaction mxture was extracted with

chl oroform The organic |ayer was washed with saturated aqueous sodi um
chloride and then dried over anhydrous magnesium sulfate. After filtering
off the desiccant, the solvent was distilled off under reduced pressure
and the resulting residue was purified ﬁy Silica gel colum chronmat ography
(hexane: ethyl acetate = 1:1) to give the titled conpound (150 ng, 67% as a
col orl essodlly conpound. 1H NWVR (300 MHz, CHLOROFORM-d) 6 ppn11 31 (s, 6 H
2.17 (s, 3 H_3.07-3.16 (m 1 H 3.49-3.63 (m 3 H 3.64-4.09 (m 7 H
4.25-4.69 (m ’;HH;MM @pq sMH22. H)HHDmFQltM Q)x10.ppm 12,161 (9, HHIL-B.06E (m 2
H 6.51-6.82 (m F% . ESI mz = 945 gw%hn) [0164] (6)
Prepar at i dn! Bf(Tis} )53aﬁﬁyﬂr63I(T2 E9d ox§-B4¢4.72- (m,

[ (2- hydroxy- |nethylethyl%an1no -2- oxoethoxi}ben

met hyl phe r] 1H hfo? B gt bti {8F Fhe) sambopPoéddimre ésl\‘{éhémﬁﬁrﬁ ERafPBre 1(2)

was repea%i to give the titled conpound (40 ng, 50% as a colorless
powder , c%bt that (1S)-1, 5-anhydro-2,3,4,6-tetra-0O benzyl-I-]2-

(benzyl oxy) - 5- {* E) - 4. % 2- oxy- 1, 1-di net hyl et hyl ) am no] -
4- oxobut -1 - en- §§§I %énzy 4§ﬂ%§ﬁyfphenyl]-l-thio-D-gIucitol was repl aced

W th (1S)-é g ?nhydro 2,3,4,6-tetra- O benzyl -1 -
[2-(benzy[ Y ?-5-(4-{2-[(2-hydroxy-1,1-dinethylethyl)anino] 2-

oxoet hoxy) benzyl ) 4 et byt eRgnyt] 15} 1105 Paghyai ob: 5 NYRsapd: ABodat a are

benzyl-1-[2-(benzyloxy)-5-(4-{2-[(2-hydroxy-1,1-
dimethylethyl)amino]-2-oxoethoxyl}benzyl)-4-methylphenyl]-1-
thio-D-glucitol

To a solution of (1S)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-
1-{2-(benzyloxy)-5-[4-(2-methoxy-2-oxoethoxy)benzyl]-4-
methylphenyl}-1-thio-D-glucitol synthesized above (210 mg,
0.229 mmol) in THF (1 mL), 2M NaOH was added and stirred at
50°C for 3 hours. After cooling to 4°C, the reaction mixture
was neutralized with 1N HCl1l and extracted with ethyl acetate.
The organic layer was washed with saturated aqueous sodium
chloride and dried over anhydrous magnesium sulfate, followed
by filtering off the desiccant. The solvent was distilled off
under reduced pressure to give a colorless liquid residue
(230 mg).
[0163]

(5) To a solution of the resulting residue in chloroform
(2.0 mL), 2-amino-2-methyl-l-propanol (31 mg, 0.344 mmol), 1-
hydroxybenzotriazole monohydrate (53 mg, 0.344 mmol) and 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride

(66 mg, 0.344 mmol) were added sequentially and stirred for 2



[ Tabl e 1-1] Exanple Structural forrmula NVR, M5Ss HI H NWR (600 Mz,
METHANOL-d4) 6 ppm HO N OH 1.25 (s, 6 H1.82-1.89 (m 2 H 2.08 (s, 3 H 9
Oll 2 13-2.17 (m2H) 2.57(t,J=7.57Hz,2H)2.96- H3.02 (m 1 H 3.26 (t,
J=8.71 Hz, | H 3.54 - 3.62 HOH (m 3 H 3.73 (dd J=11.46, 6.42 Hz, |
3.81 OH3.86 (m 3 H 3.94 (dd, J=11.46, 3.67 Hz, I H 4.30 (d, J=10.55
Hz, | H 6.60 (s, 1 H 6.99 - 7.03 (ﬁ16§ H 7.04 - 708 (m 3 H. ESI mz =
556 (M¢Na). H 1 H NWR (600 MHz, METHANOL-d4) 6 ppm HO/ NH 1 .22 (s, 3 H)
1,83 - 1.kouxsy Afijer, éGBiJ'(tsiOIBCH) wa@ear.l the) reatipw mixture was
(n12F02 58(t, J=7.79Hz, 2H) 2 &&1 1 H 3.26 (t, J=8.94 Hz, 1 H) 3.56 -
3.67 2 FﬁXtI}FKQ@ %AFD ghygrqﬁqrmj Qﬂprgﬁnﬁp}%?YQF}WaSlWEShQ§4W¥KHS(rn 3
H 3.94 (dd J=11.46, 3.67 Hz, 1 H_ _4.29 (d, J=10.55 Hz, | H 6.61 (s, | H)
6.99 - %tU{%mqq@%wS 16?9%ur3k§hhsrh¢9—§a9(meﬂ) drr-ieﬂ PVRER (600 Mz,
NETHANC]_G%?‘ pm HO N~OH 1.84-1.93 . 2.08 (s, ?221-227(m
2 HOS Iﬁrwszﬂﬁ@n%ﬁlum—?%ﬁa'r—e 2’* e12 te%lm QA h% 3.26 (t
J=8.71 Hz F%aS 55 - ég£ OH_ 3.76 S 3 79 -
3.87 (m @eﬁ} »h. (Hee %9413 %S @1%’71Hedl°f-§ ynder ge 905%6 55 | H
6.60 (s, IE% 99- 7. 10&2} ESIgi z=588 (MtNa H 0~ 1H NVR (600 NPE
VETHANOL - BE§ S 3UEp T R ) g(EeS’o‘dF& a%zpurifésd(mi 3144ca, @81(3 3
H) column chromatography (hexane:ethyl acetate = 1:1) to give the

titled compound (150 mg, 67%) as a colorless oily compound.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.31 (s, 6 H) 2.17 (s,

3 H) 3.07-3.16 (m, 1 H) 3.49-3.63 (m, 3 H) 3.64-4.09 (m, 7 H)

4.25-4.69 (m, 7 H) 4.84 (s, 2 H) 4.91 (4, J=10.72 Hz, 1 H)

5.01-5.11 (m, 2 H) 6.51-6.82 (m, 5 H) 6.90-7.46 (m, 26 H).

ESI m/z = 945 (M+Na).

[0164]

(6) Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-(4-{2-
[(2-hydroxy-1,1-dimethylethyl)amino]-2-oxoethoxyl}benzyl)-4-
methylphenyl]-1-thio-D-glucitol

The same procedure as shown in Example 1(2) was repeated
to give the titled compound (40 mg, 50%) as a colorless powder,
except that (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-
(benzyloxy)-5-(4-{(1E)-4-[(2-hydroxy-1,1-dimethylethyl)amino]-
4-oxobut-1l-en-1-yll}benzyl)-4-methylphenyl]-1-thio-D-glucitol
was replaced with (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-
[2-(benzyloxy)-5-(4-{2-[(2-hydroxy-1,1-dimethylethyl)amino]-2-
oxoethoxyl}benzyl)-4-methylphenyl]-1-thio-D-glucitol. NMR and

MS data are shown in Table 1-2.

[0165]



HO 6 0 2.15-2.22 (m 2H)2.58(t,J=7. 79Hz, 2H)2.95- 4 HO'"OH 3.02 (m | H 3.26
(t, J=8.94 Hz, | H) 3.56 - 3.60 (m | H) 3.74 (dd, J=11.46, 6.42 Hz, | H)
3.79 - OH3.87 (m 3 H 3.94 (dd, J=11.46, 3.67 Hz, 1 H 4.29 (d J=10.55
Hz, | H 6.60 (s, | H 6.99 - 7.09 (m 5 H. ESI mz = 569 (MNa). H IH NVR
(300 MHz, METHANOL-d4) 6 ppm SO '-K-OH 1.26 (s, 6H) 1.80 - 1.94 (m 2 H)
2.10 (s, 3 H HO2.12-220 (m 2 H) 2.2460%s-3 H 2.50 - 2.60 (m 2 H 2.91
- 3.01 (m | H 3.23 (t, J=8.94 Hz, | H 5 HO'""OH OH 3.48 - 3.60 (m 3 H
.62 - 3.Brabhe 2-H) 3.92 (dd, J=11.35, 3. 73 Hz, | H) 4.26 (d, J=10.41 Hz,
H 6.64 (s. | H 673 (d J=7.77 Hz. 6.83 - 6.91 (m 2 H 6.98 (s,
|_|)

3

|

| H. ESI = 570 600 MHz, I\/ETHA 6 ppm HOJNU- N
o 1 25 (oA P 1 sk Sttt JomliE (590 MTE Rheretsy PPE LV
J=7.79 Hz,{ 2 H) R.95 - 3.02 (m | H) .3 05 6 1@tNMRJ®?Mﬂ1MEiFHAIQOIH)4)®p@5-3 28
(m 1 . HO~ : IrR (51 6 Hhyy- 3231‘?&(11(6@)203@]?@69 6. 42
OHI H 3.79 -3, 3c94 (dd, 21-‘ &176@2“ 57 22 B0 (d,

s, 1 H 6.96 - 7.12 ? 26“‘% 71 %)62(\/|+H).-
“#%anpl e Structural 1 6(m 0 1M 46367 NH2 |

430(‘d,J 1055Hz, 1 H)660(s 1 H)699-7.03
(m, 2 H)7.04 - 7.08 (m, 3 H). ESI nv/z = 556
(M+Na).
1H NMR (600 MHz, METHANOL-d4) & ppm
N\ﬁ\OH 1.22 (s, 3H) 1.83-1.90 (m, 2 H) 2.08 (s, 3 H)
2.17-2.21 (m, 2 H) 2.58 (t, J=7.79 Hz, 2 H) 2.96 -
3.01 ({m, 1 H) 3.26 (t, J=8.94 Hz, 1 H) 3.56 - 3.67
(m, 5 H) 3.73 (dd, J=11.46, 6.42 Hz, 1 H) 3.81 -
3.85(m, 3 H) 3.94 (dd, J=11.46, 3.67 Hz, | H)
4.29 (d, J=10.55Hz, 1 H) 6.61 (s, 1 H) 6.99 - 7.03
{m,2 H)7.03 - 7.10 (m, 3 H). ESI n/z = 548 (M-
H).

1H NMR (600 MHz, METHANOL-d4) 8 ppm
1.84-1.93 (m,2H)2.08 (s, 3H)2.21-2.27(m, 2
H) 2.60 (t, ]=7.57 Hz, 2 H) 2.95 - 3.01 (m, 1 H)
3.26 (t, J=8.71 Hz, 1 H) 3.55- 3.61 (m, 2 H) 3.69 -
3.76 (m, 6 H) 3.79 - 3.87 (m, 3 H) 3.94 (dd,
J=11.46,3.67Hz, 1 H)4.29 (d, ]=10.55Hz, 1 H)
6.60 (s, 1 H) 6.99 - 7.10 (m, 5 H). ESI m/z = 588
(M+Na).

1H NMR (600 MHz, METHANOL-d4) § ppm
1.44 (s, 6 H) 1.82 - 1.92 (m, 2 H) 2.08 (s, 3 H)
2.15-2.22 (m, 2 H) 2.58 (t, ]=7.79 Hz, 2 H) 2.95 -
3.02 (m, 1 H) 3.26 (t, J=8.94 Hz, 1 H) 3.56 - 3.60
(m, 1 H) 3.74 (dd, J=11.46, 6.42 Hz, 1 H) 3.79 -
3.87 (m, 3 H) 3.94 (dd, J=11.46, 3.67 Hz, 1 H)
429 (d, 1=10.55 Hz, 1 H) 6.60 (s, 1 H) 6.9 - 7.09
(m, 5 H). BSI m/z = 569 (M+Na).

1H NMR (300 MHz, METHANOL-d4) 5 ppm
1.26 (s, 6 H) 1.80 - 1.94 (m, 2 H) 2.10 (s, 3 H)
2.12-2.20 (m, 2 H) 2.24 (s, 3 H) 2.50 - 2.60 (m, 2
H)2.91-3.01 (m, 1 H) 3.23 (t, ]=8.94 Hz, 1 H)
3.48 - 3.60 (m, 3 H) 3.62 - 3.81 (m, 4 H) 3.92 (dd,
J=11.35,3.73 Hz, | H) 426 (d, }=10.41 Hz, 1 H)
6.64 (s, 1 H) 6.73 (d, 1=7.77 Hz, 1 H) 6.83 - 6.91
(m, 2 H) 6.98 (s, 1 H). ESI m/z = 570 (M+Na).

1H NMR (600 MHz, METHANOL-d4) & ppm
1.23 (s, 6 H) 1.65 - 1.77 (m, 2 H) 2.07 (s, 3 H)
2.57 (t, 1=7.79 Hz, 2 H) 2.95 - 3.02 {m, 1 H) 3.05
(t, J=7.11 Hz, 2 H) 3.25-3.28 (m, 1 H) 3.51 (s, 2
H) 3.55 - 3.64 (m, 1 H) 3.74 (dd, J=11.69, 6.42 Hz,
1 H)3.79 - 3.88 (m, 3 H) 3.94 (dd, J=11.69, 3.90
Hz, 1 H) 4.30 (d, J=10.55 Hz, 1 H) 6.60 (s, 1 H)
6.96 - 7.12 (m, 5 H). ESI m/z = 549 (M+H).




HO8 H1.72 - 1.79 (m 2 H 2.08 (s, 3 H 258(t J:7 57 7 Hz, 2 H) 2.99 -
3.12 (m3H)329-3.33 (m | H HO "'OH 3.62 - 8('m | H 3.74 - 3.95
(nt, 5H) 4.33 (d, OH J=10.55 Hz, | H) 663(s | H 6.97 - 7.09 (m 5 H)
ESI ink = 499 (MrNa). O 1H NVR (600 MHz, METHANOL-d4) S ppm HO ~. N OH 1.24
(s, 6 H 1.55- 1.62 (m 4 H) 2.07 (s, 3 H | | H2 13-2. 19
(m 2H) 2. 54-2.60(m 2H) 2. 95 HO 3.02 (m - 78) -3.26 (t, J=8.94 Hz, 1 H) 353 -
3.61 8 HO" OH(m 3 H 3.73 (dd, J=11.46, 6.42 Hz, | H 3.81 - OH 3.87 (m
3 H) 3.94[08661J=11.46, 3.67 Hz, 1 H) 4.29 (d, J=10.55 Hz, | H) 6.60 (s, I
6.97 - 7.02 (m 2 H 7.03 - 7.07 (m 3 H.ESI mz =570 (MNa). O IH
NVR (600 WEebleEYHANOL-d4) S ppm HO OH 1.09, 1.10, 1.13, 1.14 (each s, 6 H)
1.24 (d, J=6.88 HHz, 3 H 2.07 (s, 3 H 2.31 - 2.40 (m 2H 2.96 S 3.01
(m 1 H 3,09 317 (mH) 3,27 (+ J=8 71 HOQ H''OHHz | H) 338 -
3.48 (m 2|Efample$s (t, Sﬂ'&cﬁ&alHtormulaO-lH) 3 73 (dd, JNMR.AMS 6.42 Hz, |1 H)
3.81 - 3. 8%—fm—3—H—3-95(dd—I=11—46—36lFHr—+H—4-29 {d—I=16-55 Hz,
| H 6.60 {s, | H 7.00 - 7 z F 556

(M:Na). 0 |H NWMR|(600
(s, 3 H 2

(m | H 3]24,HOI8 (t
H Y ""OH 8.94 H

TONN)NIS  ppirH NMO (@8 IBHE, MELBANGS:d4B pbp 2} 05

H 2. 80 (t|1792796¥2Hr08R, H) 238 ©8757 3| 00
8. | H) 3.48 [Hs 212299 3% ®6 A -33:m01 B5| 10

;| H)on-B-HIZ (dd, J=11. 46, 61388 348 (m, | HE)74-3.95 (m, 5H)4.33 (4,

[ 1=10.55Hz, 1 H)6.63 (s, 1 H) 6.97-7.09 (m, 5

H). ESI m/z = 499 (M+Na).

O - 7.12 (m 3 H.ESJ m
t

1H NMR (600 MHz, METHANOL-d4) 3 ppm
124 (s, 6 H) 1.55- 1.62 (m, 4 H) 2.07 (s, 3 H)
2.13-2.19(m,2 H)2.54-2.60 (m, 2 H)2.95 -
3.02 (m, 1 H) 3.26 (t, ]=8.94 Hz, 1 H) 3.53 - 3.61
(m, 3 H) 3.73 (dd, J=11.46, 6.42 Hz, | H) 3.81 -
3.87 (m, 3 H) 3.94 (dd, ]=11.46, 3.67 Hz, 1 H)
429 (d, ]=10.55Hz, 1 H) 6.60 (s, 1 H) 6.97 - 7.02
(m, 2 H) 7.03 - 7.07 (m, 3 H).ESI m/z = 570
(M+Na).

1H NMR (600 MHz, METHANOL-d4) & ppm
1.09, 1.10, 1.13, 1.14 (each s, 6 H) 1.24 (d, J=6.88
Hz, 3H)2.07 (s, 3 H) 2.31 - 2.40 (m, 2 H) 2.96 -
3.01 (m, 1 H)3.09-3.17 (m, 1 H) 3.27 (t, J=8.71
Hz, 1 H) 3.38 - 3.48 (m, 2 H) 3.58 (t, J=9.63 Hz, |
H)3.73 (dd, J=11.46, 6.42 Hz, 1 H) 3.81 - 3.89 (m,
3 H)3.95(dd, J=11.46,3.67 Hz, 1 H) 4.29 (d,
J=10.55 Hz, 1 H) 6.60 (s, 1 H) 7.00 - 7.05 (m, 2 H)
7.07 - 7.12 (m, 3 H).ESI m/z = 556 (M+Na).

1H NMR (600 MHz, METHANOL-d4) & ppm
1.16 (s, 6 H) 2.05 (s, 3 H) 2.39 (d, J=7.57 Hz, 2 H)
2.80(t, J=7.57THz, 2 H) 2.93 - 3.00 (m, 1 H) 3.24
(t,J=8.94 Hz, | H) 3.48 (s, 2 H) 3.56 (dd, J=10.55,
8.94 Hz, 1 H) 3.72 (dd, J=11.46, 6.88 Hz, 1 H)
3.79-3.87 (m, 3 H) 3.93 (dd, ]=11.46, 3.67 Hz, 1
H) 427 (d, }=10.55Hz, 1 H) 6.58 (s, 1 H) 6.97 -
7.01 {m, 2 H) 7.03 - 7.09 (m, 3 H). ESI m/z =542
(M+Na), 520 (M+H).

10

1H NMR (600 MHz, METHANOL-d4) & ppm
126 (s, 6 H) 2.01 (s, 3 H) 2.90 - 2.95 (m, 1 H)
321 (t, J=8.94 Hz, 1 H) 3.50 (s, 2 H) 3.52 (dd,
1=10.55, 8.94 Hz, 1 H) 3.67 (dd, I=11.46, 6.42 Hz,
1 H)3.74 - 3.80 (m, 3 H) 3.88 (dd, J=11.46, 3.67
Hz, 1 H)4.24 (4, J=10.55 Hz, 1 H) 4.33 (s, 2 H)
6.55 (s, 1 H) 6.79 (d, J=8.71 Hz, 2 H) 6.96 - 7.01
(m, 3 H). ESI m/z = 544 (M+Na), 522 (M+H).

"




OH3.79 - 3.87 (m 3 H 3.93 (dd, J=11.46, 3.67 Hz, | H) 4.27 (d, J=10.55
Hz, | H 6.58 (s, | H 6.97 - 7.01 (m 2 H 7.03 - 7,09 (m 3 H. ESI nmz =
42 (MtNa), 520 (MtH). O IH NWR (600 MHz, METHANCL-d4) S ppm HO O-NCCOH
.26 (s, 6 H 2.01 (s, 3 H 2.90- 2.95(m | H H3.21 (t, J=8.94 Hz, | H
.50 (s, 2 H 3.52 (dd, HO J=10. 55, 8.94,Hz, 1 H 3.67 (dd, J=11.46, 6.42
Hz, 11 HO "OHI H 3.74 - 3.80 (m 3 Hy 3.88 (dd, J=11.46, 3.67 OHHz, 1
H 4.24 (d, J=10.55 Hz, | H 4.33 (s. 2 H 6.55 (s, | H 6.79 (d, J=8.71 Hz,
2 H 6.96[016791 (m 3 H). ESI mz = 544 (MNa), 522 (MeH). 71 - [0167]

For mul ati on Ex$nEIe Pre aratiog procedure A drug (any conmpound of the
present invent! 818t 4PReE*aMPLR | act ose nonohydrate, crystalline

cel | ul ose car bpx nethxlc | | ul ose cal ci um and hydr oxypropyl cel | ul ose,

f ol | owed Bﬁeﬁ?Fﬂg?ﬁﬁ Ph SeﬁPF?. The ground mixture is mixed for 1 minute in

irri d th i th for 4 8_mi )
2 S 0E1 09, O UARE" 800 LORRORRATESL RS ML Bondol Rt o 9O llayt oo
granul ar g%ﬁeia&§osé'ﬁ¥§9hg§£898h érgggaiﬂkﬁée¥8%1§98sé'eved dry granul ar
an e g a Vv-1yp

powder magnesium stearate aré m usin e blender at 30 rpm

for 3 ”i”Hé?ﬁoxg$§t§gg?&ifﬁléQ%a%ﬁPEEEhiQﬂdt gg;g?&gkpggécgﬁﬁﬁﬁ6§§56d and

nol ded in a rot etting Ine to pre a tablet

wei ght ~of f3990a9da9g Sriﬁ‘li%ﬁb ifll 3"Ri88 . Of e gg%c%ﬁﬁ_l)d'amx?ﬂ:@ { odh sk dyal

i ngredi ents are use I'n the“anounts I ndicate
for 1 minute in a stirring granulator and then granulated with

5
1
3

water for 4 to 8 minutes. The resulting granular product is
dried at 70°C for 40 minutes. The dry granular powder is
sieved through a 500 pum sieve. The sieved dry granular powder
and magnesium stearate are mixed using a V-type blender at 30
rpm for 3 minutes. The granules for tabletting thus obtained
are pressed and molded in a rotary tabletting machine to
prepare tablets with a tablet weight of 200 mg and a tablet
diameter of 8 mm (round). The individual ingredients are used
in the amounts indicated in Table 2.

[0168]

[Table 2]

Formula for tablets containing 100 mg drug:
Contents per tablet:

Drug 108.35 mg
Lactose monohydrate 38.65 mg
Crystalline cellulose 22.00 mg
Carboxymethylcellulose calcium 20.00 mg
Hydroxypropylcellulose 10.00 mg
Magnesium stearate 1.00 mg

200.00 mg

{0169]



[0168] [Table 2] Formula for tablets containing 100 ng drug: Contents per
tablet: Drug 108.35 ng Lactose nonohydrate 38.65 ng Crystalline cellul ose
22.00 nmg Carboxynet hyl cell ul ose cal cium 20.00 ng Hydroxypropyl cel |l ul ose
10.00 mg Magnesium stearate 1.00 ng 200.00 ng [0169] - 72 - Test Exanple 1
(1) doning of human SGLT1 and human SGLT2 and their introduction into
expression vectors A human SG.T1 sequend@ (-NM 000343) was reverse-
transcri bed and anplified from human small intestine mRNA, and then

i ntroduced i nt BepEMixampgbd L Strat agene). Likewi se, a human SG.T2 sequence
(NM_003041) was prepared fromhuman Kkidney nRNA in the sane manner and

i ntroducelil) n€bonpuPNOE. huhggr §GLTAvandohoman $GETRndndi dbelircl oned
sequences were confirmed to be identical with the sequences reported.

[0170] (2intreducbhonfiCHo kRKkpreksbiont upFyoEgpressi ng human SAEA.T1 and human
SA.T2 The human SGLT1 and human SG.T2 expressi on vectors were each
transfected i nhohamankEGEEL| segupngel ( NMLLOPEABAewaE0OEVEFESrt rogen). The
cells were cultured_ in the presence of 500 g/nL geneticin (SG.T1) or
hygronyciﬁrﬁpﬁﬁﬁiW99 gpdsampdified from human small intestine mRNA, and

then introduced into pCMV-tag5A (Stratagene). Likewise, a
human SGLT2 sequence (NM_003041) was prepared from human
kidney mRNA in the same manner and introduced into
pcDNA3.l+hygro (Invitrogen). The individual cloned sequences
were confirmed to be identical with the sequences reported.
[0170]

(2) Creation of CHO-kl cells stably expressing human
SGLT1 and human SGLT2

The human SGLT1 and human SGLT2 expression vectors were
each transfected into CHO-K1 cells using lipofectamine 2000
(Invitrogen). The cells were cultured in the presence of 500
ug/mL geneticin (SGLT1) or hygromycin B (SGLT2) to select
resistant strains and specific activity of sugar uptake in the
system shown below was used as an indicator to obtain SGLT-
expressing cells.
[0171]

(3) Inhibition test for sodium-dependent sugar uptake in
cells

The cells stably'expressing human SGLT1 or human SGLT2
were used for an inhibition test of sodium-dependent glucose
uptake activity.
[0172]

Pretreatment buffer (140 mM choline chloride, 2 mM KCl, 1



resistant strains and specific activity of sugar uptake in the system shown
bel ow was used as an indicator to obtain SGT- expressing cells. [0171] (3)
I nhi bition test for sodi um dependent sugar uptake in cells The cells stably
expressi ng human SGT1 or human SGLT2 were used for an inhibition test of
sodi um dependent gl ucose uptake activity. [0172] Pretreatnent buffer (140
mM choline chloride, 2 MM KCl, 1 - 73~ CaCl2, 1 nM Mgd 2, 10 mM HEPES/ 5

mM Tris, pH 7.4) was added _in _a volune of 200 L to human SGLT1-expressing
cel s and™ §fClyo huwth M zr2 10k P SEPES /Se s THiS | @ied ) iwasupsgdesh for

20 mnutes. The_ pretreatnent buffer was renoved and replaced wth uptake
buf f er codRafnvaguaet eft 288npbuke pumal febRyrexpresgingopgldfodnde2 mL

t ai ni 14C |l a-D gl ' 14 Had, .2 M KC1, 1 nmV
1o 1 B hiern SohE> RrpeeRal BOPFESe. Fhlionai PN LogBPAtAoH: To5 20 or
SG.T1 and_Zog El far SA.T2. t ake reacti on was erfgrne at 37C _for 30
minutes (BE%E5So The RS fRegtRsnt AYETeT (e CLelovet and e e der o

hed i | ' buf f 10 _nM hyl - D-al de, 140 niM
Chol i ne. cHESP! BRtaBS) BhREsR cofkat iR FeRl) ppRpoulan (Ao MERBERT 1 1) o
H7.4) i | f 20Q L, f SELT1 f SE.T2, dth
G ssol vedor -4 BESBRFRRGRISSI (EPBHACTSRAL Uf SIMGEIHE SRP00 L for SCLTZ). A
i i d ' ' " ' d ' |- h t
[1urd SchBhEbbak ghok ALl 11 ELTRY wiS, 205 38 iRl VAL, 14 BucRghy..
SGLT1 or ?olhﬂuhgpﬁgygthh|@££8? Bﬁugtis in a volume of 75 pL for SGLT1

and 200 pL for SGLT2. Uptake reaction was performed at 37°C
for 30 minutes (SGLT1l) or 1 hour (SGLT2). After the reaction,
the cells were washed twice with washing buffer (10 mM methyl
o-D-glucopyranoside, 140 mM choline chloride, 2 mM KC1l, 1 mM
CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4) in a volume
of 200 uL for SGLT1 and 2 mL for SGLT2, and then dissolved in
a 0.2 M NaOH solution (75 ulL for SGLT1 and 400 pL for SGLT2).
A liquid scintillator (Perkin Elmer) was added and mixed well
with each sample, followed by measurement of radioactivity
using a microBETA for SGLT1 or a liquid scintillation counter
for SGLT2 (Beckman Coulter). For the control group, uptake
buffer containing no test compound was prepared. Moreover,
another uptake buffer containing choline chloride instead of
NaCl was also prepared for basal uptake.

[0173]

For determination of ICs, values, test compounds prepared
at 6 appropriate concentrations were used and their
concentrations required for 50% inhibition of the amount of
sugar uptake (ICs, values) were calculated relative to the

amount of sugar uptake in the control group (100%). The test



for SGT2 (Be
cont ai ni ng no
cont ai ni ng ch

ckman Coulter). For the control group, uptake buffer
test conmpound was prepared. Moreover, another uptake buffer
oline chloride instead of NaC was al so prepared for basal

upt ake. [0173] For determ nation of 1C50 values, test conpounds prepared

at 6 appropri
for 50% i nhib
calcul ated re
(100% . Thest

[ Tabl e 3] Exanp

31 4 47 4917
test for hypo
(1) Prepald@ab
Charl es R ver

ate concentrations were used and their concentrations required

ition of the anpbunt of sugdt uptake (1C50 val ues) were

| ative to the anmount of sugar uptake in the control group

d¢s obrainedearret shobmaiimeFadmle Shown in Table 3. [0174]

| e human SG.T1 human SGT2 (nM (nM 1 11 17 2 22 21 3 35

4120 99 6 22 32 8 79 38 [0175] Test Exanple 2 Confirmation

glycenic effect in streptozotocin- induced diabetic nodel rats
g &8f diabetic nodel rats SD/IGS rats at 7 weeks of age (nale,
Laboratories Japan Inc.) were fasted for about 16 hours and

Example human SGLT1 human SGLT2
(nM) (nM)
1 11 17
2 22 21
3 35 31
4 47 49
5 20 99
6 22 32
8 79 38
[0175]

Test Example 2

Confirmation test for hypoglycemic effect in streptozotocin-

induced diabetic model rats

(1)

Preparation of diabetic model rats

SD/IGS rats at 7 weeks of age (male, Charles River

Laboratories Japan Inc.) were fasted for about 16 hours and

then injected with 50 mg/kg streptozotocin (STZ) via the tail

vein under ether anesthesia to prepare diabetic model rats.

Similarly, another group of SD/IGS rats was injected with 1.25

mmol/L citric acid in physiological saline (1 mL/kg) via the

tail vein under ether anesthesia to prepare normal control

rats. At one week (8 weeks of age) after injection of STZ or

1.25 mmol/L citric acid in physiological saline, the rats were

provided for an oral glucose tolerance test.

[0176]

(2) Oral glucose tolerance test



then injected with 50 ng/ kg streptozotocin (STZ) via the tail vein under
et her anesthesia to prepare diabetic nodel rats. Simlarly, another group
of SDNIGS rats was injected with 1.25 mml/L citric acid in physiol ogical
saline (1 nL/kg) via the tail vein under ether anesthesia to prepare norma
control rats. At one week (8 weeks of 3 e) after injection of STZ or 1.25
mml /L citric acid in physiological salifie, the rats were provided for an
oral gl ucose tolerance test. %0176% §2 Oral Iucoig tol erance test - 75
After the ratsPhEPE F%@tEGtFo eLBohfs189dnh59Fs2 BPGg gPBUES -weFB9ach oral |y
adm nistered with a dr kg suspen i % aqueous
carboxyne?ﬁ?PEEIVﬁFﬁsgag 29@8 éFW6H1g§ﬁ EgcanaFBP Zioﬂg/ﬁﬂg orally
adm ni stered wné % é g%ueous CMC so utlon one, ; ﬁ (Egh s after
drug adnFHPREPAEROA™ & §rudo83UE8 H: P8R 8§Y8Fﬁ§¥ f&d18r8FPy ni stered
and bl ood |1 ec in.total ef n1n| ration (O
hour) and® §?§§28 wﬁif éhg gﬁgg%élagfégpowgf § aRi?sggﬂg %tefﬁ ?EhBlood
was col |l ectgdgr o] t S_.slpus e

§t§dsk Qgh%Bﬁs Ele QL%Mgng{ agloﬂa oft é‘cﬁh?ﬁgée Cen{\?{; fuged to

anest hesi a u5|n epari n-coa Col I'ectT on

SniziL?éﬁeﬁ?ﬂaﬁ?ﬁt?“%ﬂﬁcose5%9?8$%2?832*&%3%v§25QW %ﬁ%%b%ért??ndust ies,
Ltd. Jaaaminlleeéeaesﬁhnslbba wa&eeau&gceaahxeoslﬁsggkg ¢hf e6ka1.bl ood

glucose | evel s neasured between 0 and hour in eac rug group were
anal yzed B¥rbRe hta gfgy@ﬁhsEEEEQGnth f8leyl aha bhesargasundegnphg bl ood

gl ucose-tine curve
hours after oral administration.
{0177]

Blood was collected from the orbital venous sinus of each
rat under ether anesthesia using a heparin-coated blood
collection tube, and centrifuged to separate plasma. Plasma
glucose concentrations were quantified by measurement with a
Glucose CII-Test Wako (Wako Pure Chemical Industries, Ltd.,
Japan). To determine the intensity of hypoglycemic effect,
blood glucose levels measured between 0 and 1 hour in each
drug group were analyzed by the trapezoidal method to
calculate the area under the blood glucose-time curve (AUC),
followed by basal subtraction to obtain a blood glucose

increment (AAUC). The results are expressed as a decrease in

AAUC relative to that of the control group and are shown in
Table 4.

. {0178]



foll owed by basal subtraction to obtain a blood glucose increment (AAUC).
The results are expressed as a decrease in AAUC relative to that of the
control group and are shown in Table 4. [0178] - 76 - (Table 4] STZ
rat-OGIT (2 g/Kg) % nhibition Exanple AAUCO-|Ih (nmgh/dL) @ ng/Kg 1 70.4
2 65.4 360.8 466.5 6 69.2 | NDUSTRI Alg APPLI CABILITY (0179] The present
i nvention can be expected to provide a prophylactic or therapeutic agent
for diabei?s ﬁhig&pconprises, as an active ingredient, a C phenyl
1-thioglu 88 ound having a suppressive effect on absorption of

gl ucose and other sugars through inhibition of the activity of SAT1

(sodi um dependent glucose transporter 1) expressed in the small intestinal
epi thel ium WMoreover,| STe yEeGBET i (Wegkeon| can be expected to provide a
prophyl actic|or therapeut|C%fnﬁﬁglﬁign di abet es which conprises, as an

active ingredE&amplg |C itol conmpound having not only such
|0@lﬁL %%hcl)’pé £

an effect baged on inhlbl actiyity, but also an excretory
effect on urH-pary—sdgars—b dM3A"nhi bition of the activity of SGE.T2

1 0.4
2 65.4
3 60.8
4 66.5
6 69.2

INDUSTRIAL APPLICABILITY

{0179]

The present invention can be expected to provide a
prophylactic or therapeutic agent for diabetes which comprises,
as an active ingredient, a C-phenyl 1l-thioglucitol compound
having a suppressive effect on absorption of glucose and other
sugars through inhibition of the activity of SGLT1 (sodium-
dependent glucose transporter 1) expressed in the small
intestinal epithelium. Moreover, the present invention can be
expected to provide a prophylactic or therapeutic agent for
diabetes which comprises, as an active ingredient, a C-phenyl
l1-thioglucitol compound having not only such an effect based
on inhibition of SGLT1 activity, but also an excretory effect
on urinary sugars based on inhibition of the activity of SGLT2
(sodium-dependent glucose transporter 2) expressed in the

kidney.



(sodi um dependent gl ucose transporter 2) expressed in the kidney. - 77 -
CLAIMS [1] A C phenyl 1-thioglucitol conpound of the following fornmula (I)
or a pharmaceutically acceptable salt thereof or a hydrate thereof:
[Formula 1] HOY-Z HOS ~ X HO""OH OH (1) wherein X represents a
hydrogen atomor a Cl1_6 al kyl group, Y represents a Cl.6 al kyl ene group or
-O(CH2)n- (wherein n represents an integer of 1 to 5, and Z represents

- CONHRA or - NHCONHRB (provided that when Z represents -NHCONHR8, n is not
1), wherein RA represents a Cl_6 al k)ﬁL%p substituted with 1 to 3
substituents selected fromthe group consisting of a hydroxyl group and
-CONH2, and RB represents a hydrogen atomor a Cl.6 al kyl group substituted

ith ' I fr. h | St f, hyd I
or oup and | LacndzC PR Tt BRESIPCIRR SOt Fotps.ts ovdrdiny o
| ai 1 ' I I I f
o Tt BhaPeie TSy Bt BatRy Aot chiataY el BB or &
hydrate thereof:

[Formula 11

HO Y—Z
HO
HO"
OH
(N
wherein

X represents a hydrogen atom or a C;.¢ alkyl group,

Y represents a C;.¢ alkylene group or -0O-(CH,)n- (wherein
n represents an integer of 1 to 5), and

% represents -CONHR* or -NHCONHR® (provided that when 2
represents -NHCONHR®, n is not 1),
wherein

R* represents a Ci.¢ alkyl group substituted with 1 to 3
substituents selected from the group consisting of a hydroxyl
group and -CONH,, and

R® represents a hydrogen atom or a C;.¢ alkyl group
substituted with 1 to 3 substituents selected from the group
consisting of a hydroxyl group and -CONH,.
[2] The C-phenyl 1l-thioglucitol compound according to claim 1
or a pharmaceutically acceptable salt thereof or a hydrate
thereof, wherein Y is a Ci.¢ alkylene group, and R® is a

hydrogen atom or a C;.¢ alkyl group substituted with a hydroxyl



hydrogen atomor a Cl.6 al kyl group substituted with a hydroxyl 78 -
group(s). [3] An inhibitor of sodi umdependent glucose transporter 1
(SGE.T1) activity, which conprises the C phenyl 1-thioglucitol conpound
according to claiml or 2 or a pharnaceutically acceptabl e salt thereof or
a hydrate thereof as an active ingredi [4] An inhibitor of both

sodi um dependent gl ucose transporter 1 SGLTl) activity and
sodlun}dependent gl ucose transporter 2 (SG.T2) activity, which conprises

t he C—pheﬂ?PuR $hrogl ucitol conpound according to claiml1 or 2 or a
pharnaceui acce alt .ther of or. a_hydrate thereof as an_active

bIe
Pnar ed ent 3 ST spt AZRREBHTPEopF o o0 FRaAapetrrata égHF°F8rt6PQSBP§§erwﬁ|ch
oD, b AL L S g a2 o
active i”@&%ﬂ%ﬁﬂ& according to claim 1 or 2 or a pharmaceutically
acceptable salt thereof or a hydrate thereof as an active
ingredient.
{[4] An inhibitor of both sodium-dependent glucose transporter
1 (SGLT1l) activity and sodium-dependent glucose transporter 2
(SGLT2) activity, which comprises the C-phenyl l-thioglucitol
compound according to claim 1 or 2 or a pharmaceutically
acceptable salt thereof or a hydrate thereof as an active
ingredient.
[5] A prophylactic or therapeutic agent for diabetes, which
comprises the C-phenyl 1l-thioglucitol compound according to

claim 1 or 2 or a pharmaceutically acceptable salt thereof or

a hydrate thereof as an active ingredient.





