- 1 - SPECIFI CATION 1- TRIO- D- GLUCI TOL DERI VATI VES TECHNI CAL FI ELD
[0001] This invention relates to 1-thio-D-glucitol derivatives which
inhibit the activity of sodi um dependent gl ucose cotransporter 2
(SGE.T2) concerned with glucose -reabsorption in the kidney. BACKGROUND
ART [0002] It is believed that chronic hyperglycem a decreases insulin
secretion and |lowers insulin sensitiyiiyl further causing increases in
bl ood gl ucose | evel s and aggravating Tdiabetes. Hyperglycema is

considered to be a major risk f . |'i cati ons of diabetes.
Thus, maintaining blood sugar aggéﬁiﬁiééﬁﬁﬁgeel seens to inprove
insulin sensitivity and;,s €§S | cations of

di abet es. Bi guani des, s&l gg?lér%%ﬁ?iﬁﬁﬁgﬁgﬁﬁgggggﬁhibitors, and

i nsulin sensphiglhErdery have so far been used as therapies of
di abet es. However, adverse reactions or side effects have been

- reportedfogoeh as Tyd i iGnRGtdenl sellates Neo i guan deg1uci¥Begl ycem a for
t he sul fonylureas, and diarrhea and serious hepatic function disorder

for the geytvoativee winlvliintidit HABC&ct VLGS dDleddivnl-depkn@ént

di abetes, which have new nechanisns of action different fromthose of
t he conve@Aticosel cotrangporder Ae{SGhE2) ochmeaiowesl opidd. gl@8068e Phl ori ai n,
which is a glucosp derivative isolated fromnatural products, was
shown t oTPARBBFPLIoR Iedheok3dOnsl. of excess glucose in the kidney and
pronote the excretion of | ucose, exhibiting an anti hypergl yeemc
action (non-pgﬁgﬁﬁRQPNQmﬁgﬂﬁents 1 and 2). Then, this reabsorption of

gl ucose %@302] It is bhelieved that chronic hyperglycemia decreases
insulin secretion and lowers insulin sensitivity, further
causing increases in blood glucose levels and aggravating
diabetes. Hyperglycemia is considered to be a major risk
factor for complications of diabe;es. Thus, maintaihing blood
sugar at a normal level seéms'to-imprqve insulin sensitivity
and suppress the onset of complications of diabetes.
Biguanides, sulfonylureas, glycosidase inhibitors, and insulin
sensitizing agents have so far been used as theraples of
diabetes. However, adverse reactions or side effects have
been reported, such.as lactic_acidosis for the biguanides,
hypoglycemia for the sulfonylureas, and diarrhea and éerious
hepatic Ffunction disorder for the glycosidase inhibitors.
Eence, drugs for treatment of diabetes, which have new
mechanisms of action different Erom those of the conventional
drugs, are desired tc be developed. |
(000631 Phlorizin, which is a glucose derivative isolated
from natural products, was\shown to inhibit the reabsorption
of excess glucose in the kidney and promote the excretion of

glucose, exhibiting an antihyperglycemic action {(non-patent



shown to be ascribed to sodi um dependent gl ucose cotransporter 2
(SA.T2) present at the Si site of the renal proxinmal tubule

(non- patent docunent 3). Since the administration of phlorizin, a
specific SGLT inhibitor, to rats with diabetes was denonstrated to
pronote glucose excretion to urine and produce an antihyperglycemc
action, SG.T2-specific inhibitors have been regarded as new target

mol ecul es for therapies of diabetés. [0004) Against such a background,
nuner ous phiorizin- related conmpounds have been studi ed, and O aryl

gl ucdetweenthal aarsb il .di Beews ethipateahsodptdorent dluoodd wasHowever ,
when orally adm nistered, O aryl ucosi des have their glycoside

| i nkehewh ke dre ARERiiber F‘IﬂgF?éé‘éﬁd‘g%%e?ﬁ@’é‘erﬁlﬁwsﬁhéo‘sﬁﬁnﬁpoﬁﬁkst ine,
and in the unchanged form are poor in absorption efficiency. Thus,

t hei f bﬁ"%‘d?%lbsprfﬁ%%@& r%}}@vﬁﬂoﬁ#é‘ﬁt‘?f theodipnad pEREIPah kUl i ssued

BRI s O A TR BRI AR T
o, ScqRfpeBNl] O sl sioundphoyatgl, o NS ALKl g ghoflescr ! bod

G aryhs Chapesd Qs e dMicl %ﬂh@téhﬁ%ﬁﬁ%’é’%ﬁﬁ?ﬂ eeerihd hfpgse

docunents (patent docunents 12 are anor phous substances in

rrany?ﬁaé@@e a0 i iy el cRRAE NRE LGN C HGLIRRWeAE FEE! PEhiBLtors
probl emati cal (patent docunment 12). For this reason, these conpounds

needeavé Obdien areairmidd asdnewgeahnget meldtwnliest Folre therapiaesies such as
phenyl al ani ne and proline (US Patent US6774112), Accordingly,
conpdiabeteshi ch have 3 excellent crystallinity, whose purification.
storage and  pharmaceutical manuf.acturing are easy, and which are easy
Lo  RARRAL as AFAGSt RECB AchAFkground, nimerous phiosizin-

related compounds have been studied, and O-aryl glucosides
have been disclosed (patent documents 1 to 11). Howevér,.when
orally administered, O-aryl glucosides have theilr glycoside
linkagé hydrolyzed ﬁith B-glycosidase present 1n'the sinall
intestine, and in the unchanged form, are poor in absorption
efficiency. Thus, iheir prodrugs are under devéloﬁmént.
10005} A report hés been issued of compounds which are
. 0-aryl glucosides converted inte chemically stable C-aryl
glycosides (patent document 12). Compounds having the glucdse
portion directly bound to aryl or hetercaxyl, as described
above, have aléo.been reported {patent documents 13 to 15).
However, C-aryl glycosides, vhich are the compounds disclosed
in these documents (pétant documents 12 to 15), are amorphous
‘substances iﬁ many cases, and thus their pharmaceutical |
manufacturing is problematical {patent ﬁocuﬁent 12). For this
‘reason, these compounds needed to be crystallized together
with suitable amino acids such as phenylalanine and proline

{US Patent USG774112J. Accordingly, compounds. which have




[ 0006] There have been reports of nethods for. producing aryl

5-t hi 0- $- D- gl ucopyranosi de (0-aryl 5-thio-R D-glucoside) or heteroaryl
5-thio-fl-D glucopyranosi de (0-heteroaryl 5-thio- 13-D gl ucoside)
derivatives having 5-thioglucose and aryl or heteroaryl bound via

D- gl ucosi de (patent documents 16 to 17). The SG.fi-inhibiting action
of these conpounds is also reported - (patent docunents 18 to 19). As
seen in the report (patent docunent 16), however. glycosyl ation

conpl et ebycali {d9¥ crivy ﬂaﬁQinQQi}?V&Rés&fpdfﬁirc%%&th”_sﬁﬁﬁ@?éii agato the
type of sugar, and the reaction conditions permtting.glycosylation

from gl ugnsﬂna@@mmalbmamgﬁhbedrm%ti&@gda#aﬂs end( ¥8Q¢éh dbB¥seadpaie have
been no nmethods for producing 1-thio-D-glucitol derivatives having

'5-t hi ogl hendébe amgl daruggr,y werer rhqueredring directly bound, and there
have been no reports of 1-thio-D-glucitol derivatives. Sone of the
conpoundit8bheoin iThare davedbeancheponts @fl Methodsafpeapyodesing
subjected to clinical trials, and there is a possibility that new
drugs foarylreathintd -&fF sdiigbpyeaneside Hd-vomieScithivyp R=glutdssddel t he
future. However, during clinical trials in humans, their devel opnent

may becof MeteTeannl dothdensd-PoalenpPoaranosigde 40-HebepEoaryk dmidinds
ni.sm of action, but _ havin hitherto inexi stent

havi t
o ol B e a0 a2 i Re s {55t Sov T Girihioplufggecrtd Sryl % *ar

J. din. . | 80. 1Q37. 1987. Non- d R
0 O pbtESheyy Veypr e Ry A oS GRER 16 o S

d t mid: |42 i 49
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{patent documents 18 to 19). As seen in the report (patent
document 16), however, glycosylation completely differs in the
behavior of the reaction agcording to the type of gugar, and
the reaction conditions permitting glycosylation from glucese
cannot be applied to thioglucose. '
[d007] Thus., there have been no methods for producing
l-thio-D~glucitol derivatives having 5-thiocglucose and an aryl
or hetero ring directly bound, and there have Deen no reports
of l-thio-D-glugitol derivatives. Some of the compounds shoﬁn
in patent documents 1 to 15 have a;ready been subjected to
clinical trials, and there is a posgibility that new drugs for
treatment of diabetes will be commercially avallable in the |
future. However, during clinical trials in humans, their
development may become difficult for some reason, and thus a
group of compounds having the same medhanism_of-action, but
having a hitherto inexistent new skeleton are needed.
Non-patént'docﬁment 1: Rossettl, L., et al. J. Clin. Invest.,
Vol. 80, 1037, 1987

Non-patent document 2: Rossettl, L., et al. J. Clin. Invest,,



Pat ent docunent 2: European Patent Application Publication No. 0598359
Pat ent docunent 3: International Publication No. WX1/ 068660 panphl et
Pat ent docunent 4: International Publication No. WX1/016147 panphl et
Pat ent docunent 5: International Publication No. WO01/ 074834 panphl et
Pat ent docunent 6: International Publication No. W01/ 074835 panphl et
Pat ent docunent 7: International Publication No. WO02/ 053573 panphl et
Patent docunent 8: International Pdbfization hb. W021068439 panphl et
Pat ent docunent 9: International Publication W02/ 068440 panphl et
Pat ent documnent 10' | nt er nat i ¥&vhi  BUb 143k éﬁ3Mo W002/ 036602 panphl et
Pat ent .docunent | nternational, PublicatiqQn No. WO02/088157 panphl et
PatentN&HCQﬁEﬁFt1§°CPﬁ?%Fn%i|%ﬁﬂﬂ-'Pﬁbhléﬁfﬁﬂn No. ChébB1/ BDYESE- - ﬂéﬁphlet
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Pat ent docunent 17: International Publication No. WO041089966 panphl et
Pat ent docunent 18: International Publication No. WO04/014931 panphl et
Pat ent docunent 19: International Publication No. WO04/089967 panphl et
DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SCOLVED BY THE | NVENTI ON
[0008] It is an object of the present invention to provide a hitherto
I nexi stent new 1-thio-D-glucitol conmpound which inhibits the activity
of sodi um dependent glucose cotranspgrter 2 (SGT2) related to glucose
reabsorption in the kidney, pronotes the excretion of urine sugar, and

exhibits an -antihyperglyceghg: Asddiy4 !t is another object of the.
present invention to provigg aﬁﬁ%xceﬁient I nhi bitor selective for

SGLT2 aciipdrity doblmbfitSiht | IANOHNAN RRI1CPLLALcAPER 85 S Wo0 4 /b8 EON to
provi de a conpound which has excellent «crystallinity, whose

purification, storage and ppampmtewiti cal manufacturing are easy, and
which is easy to handle as a drug. It is a further object of the
present Rahesrtt idocutnenpr 09t dEnermatijonclf Fubpiodtutomgid hét004 /080990
1-thin-D-glucitol conpound and 6 - provide its internediate. MEANS FOR
SOLVI NG THE PROBLEMS [ 0009] pamnehlefvent ors of the present invention
diligently conducted searches and studies in an attenpt to solve the
above prisHieds dogymenited bt t Internptdiongdy Epbdlgakiemdie ¢ J10044044488t i on
of directly binding an aryl_or hetero ring to a 5-thio-glucose, and
have found that a 1-thi o-D BPW®Y derivative obtained by this method

e o BRI UeARLhe" 5] A oA SPhI21odPiSn RO D 415588 1 ©
pamphlet
Patent document 18: International Publication No. W004/014931
_ pamphlet
Patent documént 19: International Publication No. WO04/083967
| pamphlet
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION _
[0008] It is an object of thé present invention to provide
a hitherto inexistent new i-thio-D-glueitol compound which
inhibits the activity of sodium-dependent glucose
cotransporter 2 (SGLT2) related to glucose reabsorption in the
kidney, promotes the excretion of urine sugar, and exhibits an
antihyperglycemic action. It is another objéct of the present
invention to provide an excellent inhibitor selective for
SGLT2 activity. It is still another object of the present
invéntion to provide a compound which has excellent
crystallinity. whose purification, storage and pharmaceutical
manufacturing are easy, and which is easy to handle as a drug.

It is a further object of the present invention to provide a

method for producing the l-thio-D-glucitol compound and



the present invention. It has also been found that the
1-thio-D-glucitol derivative of the present invention is also
satisfactory in crystallinity. Thus, this derivative need not be
co-crystallized with an amino acid or the like, its purification,
storage and pharnmaceuti cal manufacturing are easy, and is suitable for
handling as a drug. [0010] Enbodi nents of the 1-thio-Dglucitol
derivative of the present inventién-(hereinafter referred to as "the
conpound of the present invention") will be described below. [0011] An
enbogirdeideofitbhenpsasediatevention relates to a 1-thin-D-glucitol
conpound of the followng fornmula I, or a pharmaceutically acceptable
sal t ther ¥BANSOFOR SOLVENG THE tHROBLEMSpound or the salt: [0012] Re RS
RB  ROSAt ReR 7gRRoOo R30 ""ORL OR2 - 7 (0013) (where R, R2,
R3 al@OR%lare The inyentnrslidf dbenpresanll taventign eliddweatAydr ogen

atom a Cl fi. al kyl group, -CQR2Ra2, -CORbl, or a C7.12 aral kyl group
opt i &?mtgﬂbg?"t"?ﬁ]?%% WA sadies dpr ensabterpicit SPsteedbed from t he

O CURRERRE R ISRS! A KRR M T SO PR B2
ccn R BEB A tb, p RVl HAUARY o U of SEESE S L
denotse3 ;3B -bhes8s, %4nd ndw Pouna that a 1-thio-D-glucitol
derivative obtained by this method has an excellent action of
inhibiting SGLT2. This finding has led to accomplishment of
the present invention. It has-aiso been found that the
1-thio-D-glucitol derivative of the present invention is also
satisfaétory in crystallinity. Thus, this derivative.need not
be co-crystallized with an amino acid or the like, its
purification., storage and pharmaceutical manufacturing are
easy, and l1s suitabie for handling as a drug.
{0010]  Embodiments of the 1-thio-D-glucitel derivative of
the present lnvention (hereinafter referred to as “the
compound of the present invention”) willl be described below.
[O0D11] An embodiment of the present invention relates to a
1-thio-D-glucitol compound of the following formula I, or a
pharﬁaceutically acceptable salt thereof. ox a hydrate of the‘

'compound or the salt:

[0012]




Arl represents an arylene group, a heteroarylene group, or a
het erocycl oal kyl ene group. Are represents an aryl group, a heteroaryl
group, or a heterocycloal kyl group, and R5, R6, R7, Re, RO and Rio are
the sane or different, and each represent (1) a hydrogen atom (ii) a
hal ogen atom (iii) a hydroxyl group, (iv) a Cl.6 al kyl group
optionally substituted by one or norg substituents selected fromthe
group consisting of a hal ogen atom and a hydroxyl group, (v) -(CH2)mQ
{where fOeBDt es Ewhexre ®JerRbf R0 &ama4R® amd Cher ppmesentdi£fehi@nt, NH2,
-N02, -CN, -CO2H, -SOBH, -OR' -CO2Raa - CONH2, -CONHr4, -CONRa6Ra5-
CCRdl anmh rwsentsmbydrom Re3om, -ths(e:e)myl- NEODR3, -CNRE2 R4,
- NHCONH2, - NHS02ROQ, - NHR86, or -NRa7Ra7 (where Rd3, Rao, Ras, Re6, and
R$7 each ?@pne%nf‘ 7- @laﬁr“algli’kygr'@"%u@t#@?alrléfpﬁtﬂ?éﬁ%“he@:lb!f|°f@ kyl
group o tlonal Rai and

Rd4 eac 'F‘%’E)?e%‘g?ﬁt S"%II‘E%: gg%gl\étgﬁlg%bg gtr}’(‘??tgfg"-’?r SPR?F’ZB?%&Ip"fé‘phenyl
: Ra -

epr oscip 8ot drdif oy r%a%g-r@f%heﬁm FougSPhesRnes 91 C: 6ratp) . (vi)

- O (CH2)Lm),

repgese%ts g hyec‘iwoxyl g?oup - d %gﬁgi 5?%%; C%r\]ﬁq&aﬂY]CO\IRRaQ

- Co WLOut 8l o2 phdiyiahroup) NRa12Ra12 or - NHCO2Rd5 (where Rae, Rag,
Ral0 Ra I and Ra12p each represent a Cl-6 alkyl group, Ra2 represents

a Cl_s al kyl AQrepsssaitisonalchy) supsidonsies, py- A -Nmio1@sg) at or{s), and R
represent a Cl.6 al kyl group, a C7.10 araikyl group, a phenyl group,
or a C3-Bycl aikylomr-d@p)) nCHLCH )(whaRd fwHdenot&E amplielsayers of G3_7
cycl oal kyl group optionally substituted by one or nore substituents
sel ect el $?omthe group consisting of a hal ogen atom a hydroxyl

droup. Ar' represents an arylene group, a heteroarylene group,
or a heterocycloalkylene group,

Ax? represents an aryl group. a heteroaryl group, or a
heterocycloalkyl group, and

R®, R®, R7, ®R®, R® and R' are the same or different, and
each represent (i) a hydrogen atom, (ii) a halogen atom, {1iii)
a hydroxyl group, (iv) a Cy.s alkyl Qroup optionaliy'
snbstituted by one or more substituents selected from the
group cnns:.sting of a halogen atom and a hydroxyl dioup,
{v) -({CH;)m-Q {where m denotes an integer of 0 to 4, and Q
‘represents -CHG, -NH,, -NO;, -CN, -COMH, -SO:H., -OR®, -CORY, -
CONH,, -CONHR™, -CONR®R®®, -COR™, -0CcOR*?, -SR°!, -SOR®?, -SOR*%,
“NHC(=0)H, -NHCOR®, -NHCO;R™, -NHCONH,, -NHSO,R®*, -NHR*®,
or -NR¥R* (where R*, R™, R™, R*®*, and R*’ each represent a Cj.
alkyl group, R** represents a C:.s alkyl group optiocnally
substituted by a halogen atom(s)., R%, R%, R% and R* each
represent a Cy.¢ alkyl group, a Cj.i aralkyl group, a phenyl

group, Or a Ca; cycloalkyl group, and R®, R**, R*® and R** each



a ClL.6 alkyl group, and -ORa'"'3 (where R413 represents a G _6 al kyl
group); an aryl group optionally substituted by one or nore
substituents selected fromthe group consisting of a halogen atom: a
hydr oxyl group, a Cl_6 al kyl group, and -ORal4 (where R 4 represents a
Cl~s al kyl group) ; a C -la araikyl group optionally substituted by
one or nore substituents selected fromthe group consisting of a

hal ogen atom a hydroxyl group, a Cl.6 alkyl group, and -ORal5 (where

Ral5 represents a C1. Kyl roup): or a_heteracycl oal kyl group

opt i ol?leéf%ief 28 & ?hﬁt ggkﬁ 55?1"59'0 @ r%ﬂ‘eélyé'u BEOPP et s BBt ed from the
grou f&&&@hsting of a halogen atom a hydroxyl group, a Cl-6 al kyl
grouB{_an “0Ral6 (where Ral6 represents a ¢ _6 alkyl group)'), (viii)

- $H g vhere (BR, IRPIES qirerd f'_defoRb2! Ky 1,08 P4l ealyl Yang

substituted by one or nore substituents sel ecte fromthe group

. consigt idepreked tBakOHLAr kPN gribu}y,dI-@oyl , 0rGif®, -co8k® 6 addn,, gL oup,
and -ORao (where R417 represents a C2.6 alkyl 9 - group)), (ix) a C3-7
cycl cONgR™ gr-aNRSHR Unal- Ny, s R 'yt etiRBYROAe or -NECGRSUNSHeeent s
selected fromthe group consisting of a halogen atom a hydroxyl
grouR™a RY, 6RHl kyR* "o @l REtfdeaCR reDr¢sent @ Rals aldmlegentp, a Cl- 6

al kyl_group), (x) an aryl group optionally substituted by one or nore
substR t RIS EER tE e §2 for BAKY R eIEPRI PRIGINAYN§UBEtAtRERS RN 2atom a

2 C1 Rstiagt Sepmhe): £ XS EPERn A it B LoBEPBRal fyCEUbSt | ¢ ut ed
by Ol e BB A SpIRhEC L B2 RS BEPRRL RN D 0
20 SRS adds o HoBERH)e 42 ohch g guly 071"

optionally substituted by one or more substiltuents selected

from the group consisting of a halogen atom, a hydroxyl group,

a ¢;.¢ alkyl group, and -OR*** (where R™® represents a C;¢ alkyl

group): an aryi group optionally substituted by one or more

substituents selected from the group <onsisting of a halogen

atom, a hydroxyl group, a Ci alkyl group, and -OR*" (where

R represents a C;.s alkyl group): a Crjo aralkyl,grouﬁ

optionally substituted by one or more substituents seledted

from the group consisting of a halogen atom, a hydroxyl group,

a Cig alkyi group, and -OR*"” (where R*® rePrésents a Ci.g alkyl

group): or a heterocyclealkyl group optionally substituted by

cne or more substituents selected from the group consisting of

a halegen atom, a hydroxyl group, a €;-s alkyl group, 'atmi.-»::ntw‘f‘i6

‘{where RS represents a Ci; alkyl group)}, |

{viil) ~NHRY {where RS represents a Crio aralkyl Qroup

optionally substituted bylone or more Substituents_selected

from the group consisting of a halogen atom, a hydroxyl group,

a Ci.¢ alkyl group, and -OR*? (where R®’ represents a Cis alkyl



substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl.6 al kyl group, and -ORa2l (where Rau represents a .
Cl.6 al kyl group), (xiii) a heterocycloal kyl group optionally
substituted by one or nore substituents selected fromthe group
consisting of a halogen atom a hydroxyl group, a Cl.6 al kyl group,
and -ORa22 (where Ra22 represents a-@&-%6 al kyl group), (xiv) a C2-6

al kenyl group, or (xv) a CZ-6 al kynyl group). Another enbodi nent of
the presgibupnpyention relates to a 1-thio-D-glucitol conpound of the
following formula IA, or a pharnmaceutically acceptable salt thereof,

or a hydrdxé ef Ci.-hecychogidyid gmoupheptabnalPOddistiGuteR B Bhe drt Are
RO Roo a AFITgto R3ID,, IORt OA2 A (0015] (where R-, R2, R3 and
R4 are tRereafubdtitngnty aalectgdd foaehthe pgeaahicanaipddogenfatiom a
Cl 6 alkﬁg&group, -CO2Ra2, -CORAL, or a C7_12 aral kyl group optjonally
subst i t uP@dCEFIoREON or2 A GrPYBnt 3 %Ehe%%ﬁiﬁfﬂﬂﬂﬂﬂ?hénerﬁﬁﬁ

G ol kPl R e s S e Core 20878 S50t by Cgroup. A C7l0
Lo BRSO e s SubSREBSER o B ez (e
denotes uRieehtO sPidSea £rom the group consisting of a halogen
atom, a hydroxyl group, a C;.¢ alkyl group, and ~OR*? (where
R*** represents a C;.; alkyl group), |
(x%1) a Cy_1o aralkyl group optionally substituted by one or
" more substituents selected from the group consisting of a
halegen atom, a hydroxyl group, a Ci.s alkyl group, and -OR®"
(where R**® represents a Ci.; alkyl group).
{xii) a heterocaryl group optionally suhstituted by one or more
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a Ci.s alkyl group, and -QR*! (where
R** represents a C;.x alkyl group),
(xili) a heterocycloalkyl group oétionally substituted hy one
or more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a €, alkyl group, and -OR™??
{where R*** represents a Cj.¢ alkyl group),
(xiv} a Cz-s alkenyl group, or
{xv) a C;.s; alkyny) group).
Another embodiment of the present inventilon relates to a
1-thio-D-glucitol compound of the foliowing formula IA, or a
pharmaceutically acceptable salt thereof, or a hydrate of the

compound or the salt:

[0614]



3), Arl represents an arylene group, a heteroarylene group, or a

‘het erocycl oal kyl ene group, Are represents an aryl group, a heteroaryl
group, or a heterocyal oal kyl group, and 126 , R', Rig, R, RO and Ri o'
are the sanme or different, and each represent (1) a hydrogen atom
(ii) a halogen atom (iii) a hydroxyl group, (iv) a CL-6 al kyl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a hal ogen at omhd a hydroxyl group, (v) -(CH)mQ
(where mdenotes an integer of 0 to.4, and Q represents -CHO - NH2.
-N®2, -CM -CO2H, - SO3E, - ORGL, -CIQRaS, - CONH2, -CONHR', - CONRar Ras,
-CORdl, -OCORd2, geSRBE, -SQRe2, -S0aR03, - 11 -NHC(=OH, -Ni CORd3,

- NHCO2Rd4, - NHCON 4, -NHRa6, or - NRa'Ra' (where Raa, Rao,
Ras, Rad; @it a Cz_ 6 alkyl group, R 1 represents a
substituted by a hal ogen aton{s), R61 Rae
a ClL.6 al kyl group, a C7-1o aral kyl group,
dmﬁh C3-7 cycl oal kyl group, and Ref, Reg, Rea and Re4
each represerfigoa Cl1_6 al kyl group, a phenyl group, or a tolyl

group)), (vi) -%)(C}Q)n1-Q (where m denotes an integer of 1 to 4, and
Q represents a h\droxyl group, -CO2H, -0Rc2, -CO2Rad, -CONH2. -
CONHRa9, -CONRal Ral 6, -NH2, -NHRall. -NRal2Ral2 or - NHCO2Rd6 (where
Rae Rq@oRal]0 Raywaage ARl 2 REACK: e@r fdcite &Hd somdl oY d9E@UPent RC2

- represents a Cl1.6 al kyl group optionally substituted by a hal ogen

~ at on( @nd eadhReééprepess anthiair@hen althyl group, atkyfl -dmupgr akkyk®2gr oup, -
a phenyl . roup, or a C3_7 cycloai kyl group)), (vii) -OR (where Kf
repre '.a 68347 Coye | arad Mesl @roup oppionnbl?ysuhﬁﬁihuhﬁﬂeawbpnene or

nore substituents sel ected
or more substituents selected from the group congisting of a

a phenylﬁaojro 3

halogen atom, -NO; and -OMe [where R*? represents a Ci.s alkyl
group, and RFl‘represents a Cig alkyl group, a Cy.;0 aralkyl
group, or a phenyl group), |
A represents -(CH,)n-, -CONH(CH:;)n-, -NHCO(CH;)n-, -O~, -
§-, ~NH-, Or.h(CHz}nCH=CH- (where n denotes an integer of 0 to
3), |
Ar' represents an arylene group, a heteroarylene group,
| or a heterocycioaikylene group,
Ax? represents an aryl group, a heteroaryl gfoup. of a
heterccyeloalkyl group, and
R®, RY, R”. R*, R’ and R are the same or different,
and each represent (i) a hydrogen atom, (ii} a halogén’atom,
(i1i) a hydroxyl group, (iv) a Ci.; alkyl group optionally
substituted by one or more substituents selected from the
group consisting of a halogen atom and a hydroxyl group,
(v) -{CH;)m-Q {where m denotes an integer of 0 to 4, and Q
- represents '-cuo. -NH,, -NO,, -CN, -COH, ~S0;H, -OR®, -CORY, -

CONH,, -CONHR™, -CONR™R®, -CORY, -OCOR®, -SR®!, -SOR®?, -SO,R*,



fromthe group consisting of a halogen atom a hydroxyl group, a Cl_6
al kyl group, and -ORal 3 (Where Ral 3 represents a Cl1.6 al kyl group); an
aryl group optionally substituted by one or nore substituents sel ected
fromthe group consisting of a halogen atom a hydroxyl group, a Cl_6
al kyl group, and -ORal4 (where Ral4 represents a Cl_6 al kyl group); or
a C7-1a aral kyl group optionally substltuted by one or nore
substituents selected fromthe group consisting of a hal ogen atom a
hydr oxyl gHQpPsO0)R, Gumarky|-Npomup™ , aniRCaRE) s -NHSeLR Rat NHR¥pr esent s
a Cl-6 al kyl group), (vi ii)d-NHRO (where RO represents a C7.1a aral kyl
group 12 NBYR Oriathieres BBt iRflt &I° bR Oneamt R7reach betpnasemts as6ect ed
fromthe group consistipg of a halogen atom a hydroxyl group, a Cl-6
al kyl groapkyYangroWRa R (YRresemSE Refresablil sorpums entd@naldioup) ),
(ix) a C3_7 cgcl oal kyl group opti onal I% subgtituted, by onegyor nore
subst i t uefRESELFREGEPH PoRotRgeyr 8tPREDhsi®t 1 Ny of Pa 2REl BgefagPom a
hydr oxyl grou a C3,,6 alkyl. group, and - ORal where ! represents a
& 6°a ky ReBFBeest T x5 mitn SR8, 8oFr natrigtndEreR: o Mo or
nore subgtituen ect r h u i Stieag s relo)

atom a h%?{dﬁw‘%r%ﬁéﬁ:" %l‘fpgagllyiyﬁrgé%’u%ﬁg% i&sl'ﬂiwﬁgazk R§ (é'h
represent gegrbdeft a kL, H1ayR) gr&iﬁjfu) & & @r@é&@ﬂ, @rouprgpyi onal Iy
substituted by one or " nore’substituents selected fromthe group

consi sti ngrehpy), hal ogen atom a hydroxyl group, a Cl.6 al kyl group,
and -ORxD (where R 20 represents a Cl -6 al kyl group), (xii) a

het er oar yKvgh oup- 0FHyariabl y { ehésé i Utdethdyesoan dntepee ol ubstd t4yeans

selected fromthe group consisting of a hal ogen atom a hydroxyl

group, a O seprégdnty cuhydnosylOBRaup ( wedH . -OR®?, -CO,R*, -CONH.. -
CONHR®, -CONR™R*!°, -NH,, -NHR®™,K -NR*?R%Z, or -NHCOR® (where
R, R*, RY®, R*!, and R*? each represent a Ci.; alkyl group,
R®® represents & C;.s alkyl group optionally substituted by a
halogen atom(s), and R represent a Ci.¢ alkyl group, a Gy
aralkyl group, & phen}ii group, or a C;; cycloalkyl group)},
(vii) ~OR! {where Rf represents a Ci.; cycloalkyl group
opticnally s.ubstituted by one or more substituents selected
from the Qroup consisting of a halogen atom, & hydroxyl group,
a €; alkyl group, and -OR*'? (where R*" represents a C.¢ alkyl
group); an aryl group optionally substituted by one or more |
substituents selected from the group congisting of a halogen
atom, a hy&roxyl group, a Ci.¢ alkyl group, and -OR™* (where
R*Y represents a €, alkyl group); or a Cyis aralkyl group
optionally substituted by one or more substitﬁents seiected
from the group coﬂsisting of a ha:_!.-ogen'atom, a hydroxyl group,
a Ci.¢ alkyl group, and -OR™® (where R*'® represents a Ci.¢ alkyl
group),

{viii) ~NHR® {where R represents a C;.;, aralkyl group



Ra21l represents a Cl-6 al kyl group), or (xiii) a heterocycloal kyl group
optionally substituted by Poe or nore substituents selected fromthe
group consisting of a halogen atom a hydroxyl group, a Cl-6 alkyl
group, and -ORa22 (where R422 represents a Cl.6 al kyl group)]. The
first concrete enbodi nents of the present invention relate to the
1-thin-D-glucitol conmpounds of the fogrmula | ox |A where Ar' is an
aryl ene group, or the phar maceuticalll acceptabl e salts thereof, or

t he hyd th - 13 f the ab nbodi t f th t
| nven! PBYORBLAY cSPREITHESL B 678, BF [BPFD SUOTAANIR G RSBl o |
. I A Arl | hy,l th

phar madSl S| §e SRR AR B o2 ACRalbol a0l SRRSO wrfbe .
; = £ B N ot SFf
ol htod e PREV poal pAIECIRT LR, £ PRRLRRE d S PARRY

accept @ngpggl't- thereof, or the hydrate of the conpound or the salt,
in which Alis -(CH)n-, -CONH(CH2)n-, -0-, or - (CH2)nCH CH (where n
denot eg18) kntegetylodlkyl Proupnephton&Dhe déurstitaitdd @ypoasesi:
-invention relates to the 1-thio-Dglucitol conpound, or the

phar remerei sabbyiteereptsdlested ttrbhethef group tdwndhadriatge odif at he
conmpound or the salt, in which Ais -Ciz-. Another enbodinment of the
pr esenhailagent abem cd hptraxyl group.t i 6:-p- gliyd tasouronpadndORYY t he
phar maceuti cal | acceptabl e salt thereof, or the hydrate of the ‘

compour¥hgret Re= LePresentsyd Sa-sAP3kyd 9remehyl group, a thienyl group,

benzot dRAnpP SFEhCTLeuD SR HOREIZ| FROGFLERESd Y e e BBep, a
PYrr ol uhngtR¥Benl 81 AAY Yol R gRoRY’ 8504 ¥t HPLWR o hatogen

atom, a hydroxyl group, a Ci.¢ alkyl group, and ~OR™® {where
ral? fepresents a Ci.¢ alkyl group),
{x1) a Cy.10 aralkyl group optionally substituted by one or
more substituents selected from the group consgisting of a
halogen atom, a hydroxfl group, a Ci.s alkyl group, and -OR®*®
(where R*® represents a Ci.¢ alkyl group},
(xii)} a hateroaryl group optionally substituted by one.or more
substituents selected from the growp consisting of a halegen
atom, a hydroxyl grcup,la Ci-g alkyl_' group, and -0R*?! (whers
R*! represents a C;. alkyl group), or
(¥1ii) a heterocycloalkyl group 0ptionﬁlly substituted by one
or more substituents seledted from the Qroup consistiné of é
_halogen atom, a hydroxyl group, a Ci.s alkyl group, and -OR*2
(ﬁhere RA22 repre_sénts_a Ci.s alkyl group)}.

The first concrete embodiments of the present invention
relate to the 1—thio-D;glucitol compounds of the formula I or
IA where Ar' is an arylene group, or the pharmaceutically

acceptable salts thereof, or the hydrates of them.



pyridyl group, a pyrimdinyl group, a pyrazinyl group, or an

| soxazol yl group. The first concrete enbodi nent of the present
invention relates, in particular, to a 1-thio-Dglucitol conmpound of
‘the following formula 11, or a pharmaceutically acceptable salt
thereof, or a hydrate of the conpound or the salt (hereinafter
referred to as "the first concrete emtpdinent (1)"); 14 - (0016] RC
RD) RBRG RF R40 $ R30r ()RS RA RE OR2 'E (00171 (where R, R2, R3

and R4 are tlgmesafethe Abbier@odinwidscag¢hihep gﬁé@éﬁt aiﬁ%iﬁ%ﬁn atom
a Cl-6 al kyl group, -CQ2Raz, -CORbl, or a 07.12 aral kyl group

opt i onalteisuesstiot thedlbyhdeeD - glludited sohpbuhidesf stise | fdmed af Toext he

group consisting of a halogen atom -NOz.and -ONe (where Rae

repr eserit’s wWne€k Brilkyla pheomienendrehd orps ewmphithydefe @ralryloyroup,
a C7-,.0 aral kyl group, or a phenyl group), at least one of RA, RB, R
and FI)rtﬁﬁwﬂ&@ﬁm§°§0ﬁ9ﬁﬁbbﬁnac%ﬁnﬁﬁblﬁnéaﬂﬁetb@ﬁé@fofﬂﬁtﬁﬂﬁ dwdrake sane
or different, and each represent (i) a hydrogen atom (ii) a hal ogen

atom (i9%)th eaCHVHPBR9|°§r ,83%%) a c1_6 alkyl group optionally

Subst |48 20 uRlE ShnTRISoTuSE el SR H LA e 47

‘(C}Q)rnfg%(fM%ﬁﬁﬁ—BLgiﬂeigélqanhﬂﬁﬁﬂﬁrOthRetBhérmaceutlcally
acceptable salt thereof, or the hydrate of the compound or the
salt, in which A ig -(CH;)n-, -CONH(CH;)n-, -0-, or -
{CH,}nCH=CH- {where n denctes an integexr of 0 to 3).

Another embodiment of the present invention relates fo
the 1l-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound ox the
salt, in which A is -CH,-.

Another embodiment of the present invention relates to
the 1-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt, in which Ar® is a phenyl group, a thienyl group, a
benzo[blthiophenyl group, a thienol2,3-blthicphenyl group, a
benzofuvranyl group, a benzothiazolyl'group, an indelyl group,
a pyrrolyl group, an imidazolyl group, a pyrazolyl group, a
pyridyl group, a pyrimiainyl group, a pyrazinyl droup, or an
isoxazolyl group. |

' The First concrete embodiment of the present invention
relates, in particular, te a l-thio-D-glucitel compound of the
foliowing formmla I, or a pharmacautically-acceptable salt
thereof, or a hydrate of the compound or the salt (hereinafter

referred to as "the first concrete embodiment (1}7):



and QA represents -NH2, -CO2H, -ORS, -CO2Ra3, -CONH2, - CONHRa4, -
CONRa5Ra5, -COR41, -0CORd2, -SRal, -SORez, -SOzR83, -NHC(=OH, -
NHCOR13, - HHCO2Rd4, - NHCONH2, - NHSO2Ra4, -NHRa6, or -NRa7Ra7 (where
Rai, Rao, RaS, Rah, and Raj each represent a Cx_6 al kyl group, Rat
represents a Cl_6 al kyl group optionally substituted by a hal ogen
aton(s), Rdl, Rdz, Rd3 and Rd4 each represent a C1_6 al kyl group, a
07.16 aral kyl group, a phenyl groug? or a C3.7 cycloal kyl group, and
Ref, Rae, R63 and Re4 each represent a Cl-6 - 15 al kyl group, a phenyl
group[08|15é tolyl group)), [0019] (vi) -0-(CH3)m -Q {where m denotes
an integer of 1 to 4gcand Q represents a hydroxyl group, -CO2H, -

- OR02, -C02Ra8 9, -CONRaloR 1 , -NH2, -NHRal1,
-NRal2RalL2 or a, Reg, Ralo Rall. and Rat a each
represent g¢ @E‘Z represents a Cl.6 al kyl group
optionally ifuted by a ha{fogen aton(s), and Rds represent a Cl-6
al kyl  groupgiga~C7t ar al kyl group, a phenyl group, or a C3-7
cycl oal kyl grouphkiz [0020] (vii) -ORE.{where Rf represents a C3-7
cycloal kyl group ogptionally substituted by one or nore substituents
sel ected fromthe group consisting of a hal ogen atom a hydroxyl
group, a Cl.6 alkyl group, and -ORal3 (where Ral3 represents a ClL.6

Subet ABREARL <cfultal 7 oHy A" SBRCK, st 48 FRRCE= XEREERR: atom a

hydr o p 'l]%; u a all gpeesent s
a Cl. éyl EEPH re}r(j‘?)l"fj%lpfIﬁ:orE?l %%Bagg?lgyl grléﬁs)a 0 glrg’l SUDST | fut ed .
by onecog®, mé»ﬁ:easél?ﬁlzlf&@ﬂ;tﬁ. ebapt Gﬂtiéﬁﬁﬁiﬁ%tﬂiﬂi&tﬁéﬁsbﬁ bﬁg of a.
hal ogen atom a hydr oxyl group, a Cl-6 al kyl” group, ant]. -

(wher erRadber sgbestnicnits GklectklyEramotpg )group consisting of a

halogen atom, ~NO, and -OMe {where R*? represents a C;.; alkyl
group, and R°! represents a C;.s alkyl group, a C;.3 aralkyl
group, or.a phenyl greup),. '

at least one Of R"} R®, R® and R® represents a hydrogen
atom, and the other of them are the same or different, and
each represent (i) a hydrogen atom, (ii) a halogen atom, {iii)
a hydroxyl group, {(iv) _a'Cl-a alkyl group optionally
substituted by one oi' more substituents selected from the
group consisting of a halogen atom and a hydroxyl group,
[0018) {v) -{(CHy)m-Q* {where m denotes an integer of 0 to 4,
and Q* represents -NH;, -CO;H, -OR®!, -CO,R*?, écounz, -CONHR™, -
CONR™R*, -COR™, -OCOR™?, -SR°’, -SOR®?, -SOR*’, -NHC(=O)H, -
NHCOR®’, -NHCO,R™, -NHCONH;, _NHSO,R®, -NHR, or -NR“R* (where
R*, R, R*, R, and R* each represent a Ci alkyl. group, R
re?resenté a 'Cl-a alkyl group opti:l.onally substituted by a
halogeﬁ atbm( s), R, R*®?, R*® and R* each represent a C;.¢ alkyl
group, a Cr.10 aralkyl group, a phenyl group, or a Ci_q

cycloalkyl group, and R®!, R®®, R®® and R®** each represent a Ci.g



[0021] (viii) -NHRO (where R9 represents a C7-1.0 aral kyl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a halogen atom a hydroxyl group, a ClL 4 alkyl
group, and -ORH17 (where Hall represents a Cl1-6 al kyl group)), (ix] an
aryl group optionally substituted by one or nore substituents selected
fromthe group consisting of a hal ogenls 16 atom a hydroxyl group, a
Cl s al kyl group, and -ORal9 (where Ral9 represents a Cl1_6 al kyl

group), OAiIkPD2Piodx) & Phengnogyehpal éyla A Yloupnal,ly substituted

by one or nore substituents selected fromthe group consisting of a

hal ogen a{otsh hydrviXy|-03{GHp)m -Gl {Grhahiey h‘ gdenpiesnan - GRata( wifele
Ra22 represents a Cl1_6 al kyl group), and RE. R? and RG are_the sane or
di ff er ent toahd 40DZET repoieseatseschydredyia dnoimoge Ol omORT i ) ~GPR*,

opt | onal | 50t 11CoNER"Dy “sRBRe R, o whs RS o-SBT S TE0 OF rom ( he
9100 m EOP S G RC By [ i ayertor G0Ny caflh Foumsatan O

- COrasR SR EEEo iRl P bnasR Y ackri kel ol
ol Feo, B FRC set Y Bl uen BRGKIYS, ang X" ragfe e ¥ 40HF
represent %?u%a%@,l }(}ygrgmyp gf’&&ﬂ,orkmﬂrbén?!b?EQE %eg,_.b,y @&_hal ogen

aton(s), Rd3 and ~Rd4 each répreSen _6 alkyl group, a
C7. 10 ar akb¥yiogLipp,.grpumhgnyl group, or a C3_7 cycloal kyl group, and

Rol, R67, RG3 and Re4 each represent a Cl.6 al kyl group, a phenyl

group, orl[a020dblyl (@ridup)PR® {where R® represents a C;.; cycloalkyl
group opticnally substituted by one or more substituents
selected from the group consgisting of a halogen atom, a
hydioxyl group, a Ci.¢ alkyl group, and -OR*® (where R*?
represents a Ci.¢ alkyl group}: an aryl group optiocnally
substituted by one or more substituents selected from the
group congisting of a halogen atom, a hydroxyl group. a Ci.¢
alkyl group, and ~oR?4 (where R repfesents a €5 alkyl

- group): or a C;,, aralkyl group optionally substituted by one

or more substituents selected from the group consisting of a

halogen atom, a hydroxyl group, a Ci.s alkyl group, ang -OR™®
{where R®® represents a C;.¢ alkyl group)},
[o021] (viii) ~NHR® {where RY represents a C;y¢ aralkyl

group optionally substituted by one or more substituents
selected from the group c¢onsisting of a halogen atom. a
hydroxyl group, a Ci.¢ alkyl group, and -OR*’ {where R*!
represents a Cr.¢ alkyl group)}.

{(1x} an aryl group optionally substituted by one or moré

substituents selected from the group consisting of a halogen



[00251 (vi) -O(CH2)mM -Q (where mi denotes an integer of 1 to 4, and
Q represents a hydroxyl group, -C02H -ORa2,.-CO2Ras, -CONHZ,
-CONHRa9. -CONRal Ral o -NH2, -NHRall, -NRal2Ral2 or - NHCO2Rds (where
Rae, Ras, Hal o Rall, and Ral2 each represent a CL.6 al kyl group, RO
represents a C1_6 al kyl group optionally - 17 substituted by a hal ogen
aton(s), and RS represents a Cl.6 _ glkyl group, a C7.10 aral kyl group,
a phenyl group, or a C37 7 cycloal kyl group)), [0026] (vii) -ORE

wh C3.7 | kKyJ ti tituted b
e or 2hBPe BUBLE PHEh 0 el Bored FLBR (RO odB o0t o THBEE a
hal aidt I : 6 kyl : d -OR33 (wh
Rglggér&e}grgggﬁ sea %ra.i?iéﬂ %}ngr 8%8&) éné%ryl g; 838 og?i onal |y (where
substi {gped; by one A H%&o%%%hl!&?ﬂtéfé@ﬁ Q:‘?ﬁﬁd:nfarlil'}‘;sﬂ%istgi:ﬁt@d

consisting of a ogen atom a hydroxyl group, a Ci. al kyl group,
and - OBg' anéWerfeoRAThoRAteeaths sal6dtéd aftonh tHY Qullip doksideimg al Kyl

group optionally substituted by one or nore substituents selected from

t he gr efipachabogén rmtaxi, @ hiy@irogeh gtoup, aa [Gids @ikylggeopp,a CLl. 6 al kyl
group, and -ORal5 (where Ral5 represents a Cl.6 alkyl group); or a
het er aepdl c@R¥ | (wirexg B3Pt repakEpntabat C1-atakkyly gneapdr. Apfe
substituents; sel,ected fromthe group.consisti na of a halogen atom a

“hydroxyl grBimpR adtd R% azecihegranp, Onndit (W&re Rald represents

ar iﬁlk?ﬁ%é’r‘ up GG EAEEp =S i) B AV EEPRRE. ROt éﬁﬁ%ﬁﬁﬁgtﬁ%@?f”—m
o oup, S0k " ELATE R GR ROBR O A e R BegPccni < a o6

alkyl gLe¥Bhd11y substituted by one or more substituents selected

from the group consigting of a halogen atom and a hydroxyl
group,

{oo24] (v) =({CH3)m-Q {where m denotez an integer of 0 to %,
and O represents -CHO, -NHz;, -NO,, -CN, ~COH. -SO.H, -OR™, -
CO,R*, -CONH,, -CONHR™, -CONR™R®, -COR™, -OCOR®, -SR®!, -SOR®?,
-S0;R®?, -NHC({=O)H, -NHCOR®, -NHCO,R®®, -NHCONH;, -NHSO,R*, -
NHR*, or -NR*'R™ (where R*, R, R, R*, and R¥ each
represent a Ci-¢ alkyl group, R%? represents a Ci¢ a.‘_l.kyl group
optionally substituted by a halogen atom(s}, R*, R%, R™ ana
R" each represent a .Cl.ﬁ alkyl group, a Cr.ie aralkfl group, a
phenyl group, or a Cs.; cycloalkyl group, and R®*, R%, R** and
R*! each represent a Ci-s alkyl group., a _;_:henyl group. or a
tolyl group)}l. _

[0025] (vi) =0-(CH;)m'-Q" {where m’ denotes an_intege_i' of 1
‘t0 4, and Q' represents a hydroxyl group, -CO,H, -OR%?, -CO,R®,
'-CONH;, -CONHR®®, -CONR™R™°, -NH;, -NHR®!!, -NR*?R*Z, or -
NHCO,R®® (where R®®, R*®, R, R‘n. and R°? each represent a Ci.

alkyl group, R°? represents a C;.g alkyl group optionally



[0028] (ix) a C3-7 cycloal kyl group optionally substituted by one or
nore substituents selected fromthe group consisting of a hal ogen
atom a hydroxyl group, a Cl.6 al kyl group, and -ORal5 (where Rals
represents a Cl-6 al kyl group), - 18 [0029] (x) an aryl group _
optionally substituted by one or nore substituents selected fromthe
group consisting of a halogen atom a hydroxyl group, a ClL 6 al kyl
group, and -ORale (where Rale represemts a Cl.6 al kyl group), [0030]
(xi) a C7_10 aral kyl group optionally substituted by one or nore

substi t uaiibstdeiteticByf aonaldgerp rativm(eQNsShali RY ebprasbategercaf om a
hydr oxyl group, a Cl-6 al kyl group, and -ORa2o0 (where Ra20 represents

a Cl. 6 alddHylggeropp, &0031] awvealkylaghetpr oargiengrlogroupt,i onadl §s.7
substituted by -one or nore substituents selected fromthe group
consi st i myadfoalkyhabogen) At om a hydroxyl group, a Cl.6 al kyl group,
and -ORa2l (where Ra2l represents a_Cl 6 al kyl group), [0032] (xiii) a
het-erpcy_cllod%ﬁllyl gr(%f))op?ﬁor{z&’lhleye §fjﬂéﬁﬂw5b9 Gre BYCHIAEYL
Dbt L Vel S RSbe, L O e Ryt ot SL g ol R alegsp e om @
T8 2 Mo Pk B8 ot B S R, Al B2 O
7S AERYES grbfy d-CL DB SRS Blpte hor 8 11
CorD: reaEenes & ShE SLVL Sl cuinteye graih ptiamiuntoner gt
r epr esentgibz dixdregeByabng) of hdted GRIbsALONen8s ¥l ©xbdd from the

group consisting of a halogen atom, a hydroxyl group, a Cis

alkyl group, and -OR*** (where R** represents a C,.; alkyl

group); a Cs.jo aralkyl group optionally substituted by one or

more substituents selected from the group_consisting of a

halogen atom, a hydroxyl group, a Cba.alkyl group, and ~OR*°®
(where R*'® represents a Ci;.s alkyl group); or a
heterocyclcalkyl group optionally substituted by one or more
substiltuents selected from the group consisting of & halogen
atom, a hydroxyl group, a C;.¢ alkyl group, and -OR™® {where
R®¢ represents a C;.s alkyl group)}.
[002?] {viii) -NHRY {where RY represents a C;;¢ aralkyl
group optionally substituted by one or more substituents
selected from the group consisting of a halogen atom, a
hydroxyl group, a Ci.s alkyl group, and -OR*’ {where R*!7
represents a Ci¢ alkyl group)},
[00281 _ {ix} a Ci-s cycloalkyl group optionally substituted
by one or more gsubstituents selected from the group consisting
of a halogen atom, a hydroxyl group, 4 Ci.g alkyl groub,

and -OR™?® (where R*® represents a Cy.¢ alkyl group),



group, a Cl1.B alkyl group, -0-(CH2)m -Q (where mi denotes an i nteger
of 1 to 4, and Q represents a hydroxyl group, -CO2H, - 19 -0Rc2,
-CORa8, -CONH2, -CONHRag, -CONRa' Ral o, _N$2, -NNRau - NRal2Ral2 or

- NHCO2R45 (where Rae, Ras, Rata, Rail, and Ral2 each represent a Cl 6
al kyl group, RO2 represents a Cl.6 al kyl group optionally substituted
by a hal ogen aton{(s), and R55 reprggents a Cl.6 al kyl group, a C7_10
aral kyl group, a phenyl group, or a C3..7 cyvloal kyl group)), or -QOne
{ wher repyesepks Al | ituted by a
hal og@r(lﬁf agt]] on( s)(,ﬁsogﬁaa?%%.]gfgbug ﬁ%logé?_ggp%%?%#%% u%’g’tei ;& Et ed by
one Glork@bstibGbhty esd TeGRlE ot theMykbep VEOMPISONS Y8 By of a

hal ogen atom a hydroxyl group, a Cl,6 al kyl group, and -ORal5 (where
Ra; 5 hedpescateona £lhddvddyl gponp)) a B apkgbemniQuys, ad coril®atom a
hal ogen atom _ a hydroxyl group, a Cl1.8 al kyl group, or -ORf2 {where
Rf 2 rleinesecRfS meptesents ky|Cigr aljxydpgionp)ly substituted by a hal ogen
aton(s), or a C7-10 aral kyl group optionally substituted by one or
mor e £08939dt i t uéli} acfeot afalkyin greup renfplanaidivs subgtétutedabvgen
atom a hydroxyl group, a Cl_6 al kyl group, and -ORe35 (where Ral8
repr &8&nE Q“Eé_% Fk ?u%BQﬁuﬁP}eﬁﬁegngrﬁﬁ the erRuR Fanrsdstangs efent
and each.represent a .hydrogen atom a halogen atom a CLl.8 al kyl
grouf® O-Q%Qc?gmf'v\h%rré‘y ‘%ﬁ?’&é‘prgggé‘ﬁf saagti.%ﬁg'ﬁyqr‘ij}pduﬁngpt‘ 6 nal |y
subst dpaddy m( a represents (i) a hydrogen
atom(%’%‘:él&)('?b g hafg%‘g%%fk‘(%ﬁ ?’%‘}‘thgg? T group, (iv) a Cl1_8 alkyl
gr oug geijonal ks 3 $UDHd dddtRi-Ay ERbfa PUP At dtadt edebget €d Trom

RO orr a
the ‘group consisting of a hal'ogén atonm and a hydroxyl group,~ [OCB6J
(\Clj)E Oﬁ@&ﬁ;m@:&w@@ﬁﬁmm @elakted! 96h Bhe Oyfduph condidtPngepEesents

) , .-NO2, -CN, -C02H, -S03H, -O0ORcl1,

a halogen atom, a hydroxyl group, a C,.¢ alkyl group, and -OR®**
{where R®*?* represents a Cq.g alkfl group),

[0032] (x1ii) a heterocycloalkyl group optionally
substituted by one or more substituents selected from the

group consisting of a halogen atom, a hydroxyl group, a Ci

alkyl group, and -OR*? (where R*?? represents a C;.¢ alkyl

group),

[0033] . {xiv) a Cz;.s alkenyl group; or

[0034] {xv) a C a;kynyl group].

{0035] another embodiment of the present invention relates _

to a 1-thio-D-glucitol compound of the formula II, or a
pharmaceutically acceptable salt thereof, or a hydrate of the
compound or the salt (hereinafter referred to as “"the first
concrete embodiment (1)-17), in which |

R* and E° are each a hydrogen atom, -

R® represents a hydrogen atom, a haldgen atom, a hydroxyi
group, a C;.s alkyl group, -0-{CH,)m‘'-Q° {where m" denotes an

integer of 1 to 4, and Q' represents a hydroxyl group, -CQ.H,



20 COZRa3, - CONH2, -CONHRa4, - CONRasRab, -CORdl, -000842, -SRel,
-SORe2, -S2Re', -NHC(=O)H, -NHCORd3, -NHCO2Rd4, - NHCONH2, - NHSO2Ra',
- NHRab, or -NRa7Ra7 (where Rai, Rao, R Rah, and Rai each represent a
Cl 6 al kyl group, Ref represents a C-6 alkyl group optionally
substituted by a hal ogen aton(s), Re' R42, Rai and Rd' each represent
a Cl 6 al kyl group, a C,.1le aral kyl gridup, a phenyl group, or a C3_7
cycl oal kyl group, and Rol, Reg, Rai and Re4 each represent a Cl_6

al kyl gr owR®? a R, GCOHH,, OfCONHRD), WoaNrRstiRr)®, FARg7)-NBRY, -
-0-(CH2)M-Q _ {where mi denotes an integer of 1 to 4, and, Q

r epr esentNR*¥RAVdr oxy FNEEQRS” (vdesie R® 7 RPRR, 20ONRY e@INHReO,
- CONRaboRal 0, -NH2, -NHRall -Nal2Ral2 or, - NHCO2Rds (where Rae, Rag,
Ral 0, RJ'CePXie§eR% 8 Eachelept P o RO wPraseptegrofips RHEY} epfid@¥ent s

oDt AR, B B8 B el
, Cs. 03 i - OR
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by one or nore subatituents selected fromt group consisting of a

hal ogen at,0i afaiygll caddumaPtionalTy. Substkiktal WP ondndz- RRd4 (where
Ral4 represents a Cl.6 alkyl group); a C7_10 aralkyl group optionally

subst i t utsrbant teeater sehected uhrdni tihenigrospl eohsilstimgndtha gadogen
consisting of a halogen atom a hydroxyl group, a Cl1_6 al kyl group,
and - ORalatom.2® hpdmexyl Rareup e® dhenadkylCgreun) kaud grarip) |(wbera
R*® represents a C;.; alkyl group),
®® represents a hydrogen atom, a halogen atom, a hydroxyl
group, a Ci., alkyl group, or ~OR™ {where Rf? represents a Cig
alkyl group optionally substituted by a halogen atom(s), or a
Cr-10 aralkyl group optionally suhstifuted by one or more
substituents selected from the group comsisting of a hélogen
atom, a hydroxyl group, a C;.¢ alkyl group, and -OR*® (where
R**® represents a Cj;.¢ alkyl group},
| R® and R® are the same or different; and eac¢h represent a
hydrogen atom, a halogen atom, a Ci.¢ alkyl group. or -OR™
(where R*® represents a C,.¢ alkyl group optionally substituted
by a halogen atom(s)), and
R® represents (i) a'hydrogen atom, (ii) a halogen atom,
(iii) a2 hydroxyl group, (iv) a Cis alkyl group-opiionally
substitutéd by one or more substituents selected from the
group congisting of a halogen atom and a hydroxyl grbup;

[0036] (v) -(CH;)m-Q {where m denotes an integer of 0 to 4,

and Q represents -CHO, -NH., ~ND,, -CN, -COM, -SO.H, -OR®, -



‘heterocycl oal kyl group optionally substituted by one or nore
substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl.6 al kyl group, and -ORal6 (where Ral6 represents
a Cl-6 alkyl group)), 10039] (viii) -NHR9 {where Rg represents a Cr/-la
aral kyl group optionally substituted by one or nore substituents

sel ected fromthe group consistinggof a hal ogen atom a hydroxyl
group, a Cl.6 al kyl group, and -ORal7 (where Ral7 represents a ClL.6

al kyEO%a?gg)_é%ly{hOO{%Wg a Zsr{iyd péééeyl g(?egg@zopt_ 'g?ﬂal |__¥0Raz

subst dne or nor'e substituents sele ffomthé group’

CoNSLgbLIMY, Ofp®( LW LIeNEoRM, anmd | e, 2 - tkyl group,
and %gg?g (V\h%(?(ejtga}fe represents a (E.‘,&lmé aIIg!F(y gzr'oug)ii,56 i(i)}JIOZfl] (x) an

aryl NgRUYP o@PtHRIRRT V wHee RPUL @4 DIR*ONR6G! an@rEe’selshi tuents sel ected
fromthe group consisting of a halogen atom a hydroxyl group, a Cl.6

al kyfregresent andc- ORAEY) @tbeape REt sapepsesents &.Lhalkydl lgyougr oup)
(00423 (xi) a C7.19 aral kyl group optionally substituted by one or
nor eoptbetatle reubsis tartiedd byt enhahegen cuene(ensi £ nR%f RY awd ogen

atom ,a hydroxyl group, a Cl.6 alkyl group, and -08620 (where Ra2o

4

repr Bsef@sharepresankyd Gro @Kyl GURIP . (Ri v)1m AF&LEYSaBFPURF cip
~optiopally substituted by one 05_ npre substituents selected fromthe
gr ouBPEBRL| EXPHRy AT & Ghian GYEACRLEH MRy B8R Ryrodh, - R C1a8dal ky !

gr oupes and. - ORa21’ ere Ra r.epresents Cl-6 al kyl group), or
P04 BRFE: FoReRaett CRyeroR Ug BFOuR. op BT Sty B B ed by one
or u ' nts selected fromthe - 22 group consisting of a

hal ggéﬁygtgﬁﬁwydroxyl group, a Cl1.6 alkyl group, and -ORa22 (where

Re22 o8By gsent vy Cloq o, il -0 9" Qifdire m’ denotes an integer of 1
to 4, and Q° represents a hydroxyl group, -CO,H, -OR®®, -CO,R,
-CONH,, -CONHR®, -CONR™R®°, -NH,, -NHR®™, -NR®?R*?, or -
NHCO,RY® (where R®®, R*®, R¥°, R™!, and R*? each represent a Ci;
alkyl group, R% represents a Cl.a alkyl group optionally
substituted by a hdidgen atom{s), and R* represents a Ci.¢
alkyl group, a Cq;1p aralkyl group, -a phenyl group, or a Cj.;
cycloalkyl group)}, |
[0035] (vii) -OR® {where R’ represents a Cs.7 cycloalkyl
group optionally substituted by o::ie or more substituents
selected from the group consisting of a halogen atom; a
hydroxyl. group, a C;.; alkyl group, and ~OR*® (where R***
re'preaents a Ci.s alkyl group}; an aryl groﬁp optionally
substituted by one or more substituents selécted frdm the
group consisting of a halogen atom, a hydroxyl group, a Cis
alkyl group, and -OR* (where R** represents a Ci.¢ alkyl
group) ; a.C;;_m aralkyl group optionally substit_uted by one or
mofe substituents selected from the group consisting of a

halogen atom, a hydroxyl group, a Ci_s alkyl group, and -OR%!®




. [ 0045) Anot her enbodi ment of the present invention relates to the
1-thio-D-glucitol conmpound, or the pharnaceutically acceptable salt

t hereof, or the hydrate of the conpound or the salt, according to the
first concrete enbodinent (1)-1 (hereinafter referred to as "the first
concrete enbodinment (1)-2"), in which RB represents a hydrogen atom a
Cl 6 al kyl group, -oRfl (where Rf' replesents a Cl.6 al kyl group
optionally substituted by a hal ogen aton(s)), or a halogen atom and R
r epr esent gultesy drdyaepriesents Aydr.oxalkyr @ioupdi ofR&' {where Rel
represents a Cl1_6 al kyl group optionally substituted by a hal ogen
aton(s), eter@¥cd®@aikyilkgrogpooptbpialdalsupstithsedt by eohdyon merss
nore substituents selected fromthe group consisting of a hal ogen
atom a h@@h%&wuegrm;selacesdesfrqn Kifre TP, G&néiSMQSOivm&BéLQH@IIS

represents a Cl-6 al kyl grou 0046) Anot her enbodi nept of the
present |%Wh¢|%H‘Yrdél°a‘ﬁ’ésgrPH 1-¢ rﬁ]é% @rﬁb‘i’tfofm@o‘l’ﬁ% d(‘“'tt?rrec he
phar mace 1ga epta |l e sa]t.thereaof, or the hydrate of the
conpound rebsant s & Wd?%"{'og’fcf{‘? For st concr ete errbodl ment (1)-1

h f b
ﬁ;df' ogen t\ééogmf?r]?;ﬁéﬁhgl ogg%% et FI |ﬁﬁﬂa%ﬂ Foxyl 7df’oup i \S;)(ia) :
ClL. 8 al ky#f«%ﬁr#tbﬁge 2203 b¥nsEubstdd (L)l%f%n@’ 6ok BRESL BHbS}d uent s

sel ected gr oup consi st| ng hal ogen atom and a hydroxyl

SLD, ” HndRS by i ' g )

(xiii) -SifoxsXigtoupSORaR, ..( aVky} SRS, anavi-pRPHRIerd QG401 (xvii)

-NRa7Ra7 (where Rai, Ra4,. Ras, Ras, and R'' each represent a Cl1_6

al kyl gr ougpréxentree@ €anadkyl Giréum] kyl group

| {00401 {(ixX) a Cs.7 cycloalkyl group optionally substituted

by one or more substitueﬁts gelected from the group consisting
of -a'halogen atom, a hydroxyl group, a C;; alkyl group,
and -OR™® (where R™® represents a Cis alkyl group),
foo41} (x) an aryl group optionally substituted by one or
more substituenté selected from the group consisting of a
halogen atom, a hydroxyl group, a Ci-s alkyl group, and ~OR%1?
(where R**® represents a Ci. alkyl grOup)',
[oo42]) (i) a Ci10 aralkyl' group optionally substituted by
cne or more substitﬁents selected from the group consisting of
a halogen atom, a hydroxyl group, a Ci.¢ alkyl group, and -OR™
{(where R*® represents a C;.¢ alkyl group},
[0043] (xil) a heteroaryl group optionally substituted by
one or more substituents selected from the group consisting of
a halogen afom, a hydro;:jrl group, 4 Ci-s alkyl group, and -OR*?*
{where R®**! represents a C;. alkyl group), or

[0044] {xiii) a heterocycloalkyl group optionally

substituted by one or more substituents selected from the



optionally substituted by a hal ogen aton(s), Rdl and Rd2 each

represent a Cz_6 al kyl group, a C,.1o aral kyl group, a phenyl group,

or a C3_7 cycloal kyl group, and Rml, R2 and Rea each represent a. Cl-6
al kyl group, a phenyl group, or a tolyl group), (0049) (xviii)

-0 (CH2)M -Q (where mi denotes an integer of 1 to 4, and Q represents
a bydroxyl group, -COZR -OR72, -. @d2Rae, -CONHI, -CONRRa9, -CONRal Ral o
wu2 -NHRWor -NR4 2Ralz (where R'a, Rag, RaL, Rai'', and Ral2 each

repre Sl = lof G d I epr a flouf akkyl . group
opt i o%’gﬁ?a‘;ﬁiﬁ%%’@éé’ Sy S‘uﬁgﬁg‘éeﬁ‘?oﬁ?s’ﬁﬁﬁ,-“?&o?g%“?x'i §E<) Hledl {wher e

R ~ rapkgsegisup, Ghd -OrCF0akkike RYOUPemiidantal lay caybatikyut ed by one
or nore substituents selected fromthe group consisting of a hal ogen
at om gaocuhydr oxyl group, a Cl-6 al kyl group, and -ORal 3 - (where R'13
represents a Cl-6 al kyl group); an aryl group optionally substituted
by on&8845hor e Andfthan emboslimenscofdtite mradant Jroyeptdonsrelabes of a
hal ogen ato a hydroxyl group, a Cl-6 alkyl group, and -OReld (where
8314 F@pFB@g}ﬂ‘t@"f’a"@.’-@% cgmBoPRd, LE 7R eugleadlyptional |y

consi SPPRGCERLS B34 Y SetonPPath ArEISL &yt i hen CERPEURRKT Hioup,
ot or SETr AP HRARETE S S TR8E, Seftend PR f 0 o 4
by oS PFESHTa Bl Sfbri " 8a0TI0L0 £RASY Borlihee BrBBRIARR: 0 0L 10
a Cl.@13Lky), of@uMion [ 0051) (xx)an aryl group optionally substituted
by one or nobre substituents selected fromthe group consisting of a
hal ogen at gmrepreydnteyh Byordger dtbonfi @ kyl. GIRYD, gPEsD - GRRED

(where Rf* represents a Ci.¢ alkyl group optionally substituted

by a halogen atoﬁ(s)), or a halogen atom, and

R® represents a hydrogen atom, a hydroxfl group, or -ORF!

{where R represents a Ci.¢ alkyl group optionally substituted

by a halogen atom(s), or a Cy.0 aralkyl group'optipnally

substituted by one or more substituents selected from the

group consisting of a halogen atom, a hydroxyl group, a Ci.s

alkyl group, and ~OR*® (where R*® represents a C;.¢ alkyl

‘group}}. ' |

[0046] Another embodiment of the present invention relates

to the 1-thie-D-glucitol compound, or the pharmaceutically

acceptable zalt thereof, or the hydrate of the compound or the‘

salt, according to the first concrete embodiment (1}-1.or the

first c¢oncrete embodiment {(1})-2, in which

R® represents (1) a hydrogen atom, (ii) a halogeh atom,
{1i1) a hydroxyl group. (iv) a Cis alkyl group optionally
subgtituted by one c¢r-more substituents selected from the

group consisting of a halogen atom and a hydroxyl group,



(where Rals represents a Cl.6 al kyl group), [0052) (xxi) a 07.10

aral kyl group optionally substituted by one or nore substituents
selected fromthe group consisting of a halogen atom a hydroxyl
group, a Cl.6 al kyl group, and "ORa20 (where Ra2 represents a Cl_6

al kyl group), [0053) (xxii) a heteroaryl group optionally substituted
by one or nore substituents selected2B8remthe group consisting of a
hal ogen atom a hydroxyl group, a Cl-6 al kyl group, and -ORa2l1 (where
Ra21 represenys a Gi) 6-Gi.Kyl (@LPUPIRS Or (COOPAICHRYI,I i(vidi) -CONHg,

het erocycl oal kyl group optional ly substituted by one or nore
substitudirs seORER¥d (DM TENR*BFoupxidnst@RT ng{xfih 1Q0QRIEN (iddh) a
hydr oxyl group, a Cl.6 al kyl group, and -OR 112 $Vhere R22 represents
a Cl.6 arR®. d#évﬂ) 5?@355]*ﬁh0t$ﬁwﬂeﬁﬂﬁﬁﬁiﬂBﬁﬂHB it he present

i nvention rel ates 1-thj,0 comgoun

phar macedPPA&H| y fi’é‘@é‘p’t a‘lﬂpe f"’??i'é?(ﬁ% . %evh§dr'at%r8d03 t f@ch

o T FRPEBREBRE s ARG i nﬁf*‘?(l agrfeiﬁ%g%ﬁﬁﬁﬁcﬁé %&5@%# o
6 S B EBhat iy ol B R B0 patbltd Aol Hl Rt (4ath O
ﬁ%regtxifjrt"ﬁ’g%,m@(%) bo%ﬁﬂpﬁ@%%' - oflag o RRARIOGENE! O
(ix) -COyERaB, 6%)a-EONRATIRRIKE ar @Eﬁmand get) r@OLRA2R=*( ¥hih)

-SRe', (Xiv) ZSORa?2, (xv)" - SO2Re3, “(xvI ) -NEFRa6 [ 00561 (XVi4.)

- NRa7Ra7 répesentas, CRe' alkBagrdids % phdnRat jreash of epresBal groGb)6
al kyl group, RCrepresents a Cl_6 al kyl group optionally substituted by

a hal ogeri0agod( s) . (Reliknd-RAZHemh-Q T efwhezenm‘adebotesl &yl imregsy, a

C7_10 aral kyl group, a phenyl
of 1 to 4, and Q" represents a hydroxyl group, -CO.H, -OR®, -
CO.R*®, -CONH,, -couHR“, -CONR™°R™®, -NH,, -NHR'', or -NR*?R*
{where R*®, R*, R*'®, R*, and R™? sach represent a Ci alkyl -
group, andHR“’represents a C;.s alkyl group optionally
gubstituted by a halogen atom(s))},
[00501 (xix) -OR* {where R’ represents a Ci.; cyclealkyl
group optiocnally substituted by one or more substituents
selected from the group consisting of a halogen atom, a
hydroxyl group. a C;.¢ alkyl group, and -OR®™ (where R*'3
rapresents a Cj.¢ alkyl group): an aryl group copticnally
substituted by cne or more substituents selected from the
group consisting of a halogen atom, a hydraxyl group. a Cig
alkyl group, and ~OR™* (where R*'* represents a C,.¢ alkyl
group); & Cy.;p aralkyl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, & Cj-s 8lkyl group, and -OR™®
{(where R*'® represents a Ci.s alkyl group): or a

heterocycloalkyl group optionally substituted by one or more



group, ox a C3_7 cycloal kyl group, and Re', Rae and Rea each represent
a Cl_e al kyl group, a phenyl group, or a tolyl gxoup), [0057] (xviii)
-0 (CH2)mM -Q (where mi denotes an integer of 1 to 4, and Q represents
a hydroxyl group, -CO2H, -OR Z, CQ2Ras, - CONHz, -CCNHRag, - CONRK" Ral o
_NH2, -NHRall, or -NRal2Ral2 (where Res, Rd9, Re-', Re"1 and Ral2 each
represent a ClL 6 alkyl group, andyic2 represents a Cl -6 al kyl group
optionally substituted by a hal ogen aton{s))), [0055] (XIX) - ORP2
{ wher guBRE1 EGPHES Ok Pedtdel Fhofi thadbyby S5MLORld AIld na3ubahi t ut ed

by one or nore substituents selectéd fromthe group consisting of a

hal ogaftoml O8) hpdr el Qdurll QUR, dalky® ghdyd, HrdIPORMT (whBad3 (where
Ral3 represents a Cl-6 alkyl group); or a heterocycloalkyl group

opt i oma¥’l yepnbséntsit@dc;by alkgl0groupeysubstituents sel ected fromthe
group consisting of a halogen atom a hydroxyl group, a Cl-6 alkyl
_group [08hd]- ORa{Bx] vireraxryda B onpgpretorslly CiuigstElitiated dyoope) pror

[ 0059] (xx) a heterocycloal kyl group optionally substituted by one or
nore §Q§§tFFG%E%%“%%#QxﬁQ%FQﬁﬁﬂn%Fﬁ@ ghoupreahstenaimsingt o Ral ogen
atom _a_hydroxyl group,. a Cl-6 al kyl group,_and - 26 ORa22 (\where-
Rg22 P8pPE&BnRsoR: ¢ W%H‘W’Il @FBHB) aThesfaMErl GRAURt @n8np0Bi ment of

h | |
1t i $9BEER, f‘fﬁ?éé%%%eh i SR riRrn) BBk Cormia 11T or a

h || b| f d d
P na08HR % LBE R P 1 GPier ar iy OGS anedlopPa Y ERRE Shut AL AT O
(2) Sbnbogﬁokoﬁﬁi§§E§¥¥iué%¥§ $eABcRea”®rom the group consisting of

a2o

a halogen atom, a hydroxyl group, a C;.s alkyl group, and -OR
(where R®®® represents a Ci.; alkyl group),
[0053] (xxii) a heteroaryl group optionally substituted by
one or more substituents selected from the group consisting of
a halogen atom, a hydroxyl group, a C,-¢ alkyl group, and -OR®*
(where R®?! represents a Cj., alkyl group), or
[0054] (xxiii} a heterocyc¢loalkyl group obtionally
substituted by one or mere substltuyents selected from the
group consisting of a halogen atom, a hydroxyl group, aHCLG
alkyl group, and -OR*?? (where R"*’ represents a C;; alkyl
groupl.
[0055] Another embodiment of the present invention relates
to the l-thio-D-glucitol compound, or the pharmaceutically

' acceptable salt thereof, or the hydrate of the compound or the
salt, according to the first concrete embodiment (1)-1 or the
first concrete émbndiment {1}~2, in which

R® represents (i) 2 hydrogen atom, {ii) a halogen atoﬁ,

(1ii) a hydroxyl group, (iv)} a C;.z alkyl group optionally

_Substituted by one or more substituents selected from the



Rifla R3C OR, OR2 lit [0061] [where Rl, R2, R2 and R4 are the sane
or different, and each represent a hydrogen atom a Cl1_6 al kyl group,
-CRRa2, -COx1l, or a C7_12 aralkyl group optionally substituted by one
or nore substituents selected fromthe group consisting of a hal ogen
atom -NO2 and -Owe (where Rae represents a Cl1_6 al kyl group, and R41
represents a Cl1_6 alkyl group, a C7_16 aBatkyl group, or a phenyl
group), Rif and Rl are the sane or different, and each represent a

hydr ogen ageoup acded noeihiogdma aalnyglemxatorgrm,a aydrosyal &ybup gr oup,
or -ORfl (where Rfl represents a Cl.6 al kyl group optionally
substituted by &rhat@hEn avoi(sOR or (wiid AD,&FY| Kylliigr eQNWpt i onal |y
substituted by one or nore substituents selected fromthe group

consi sti ng{&%) a-GRIHRTEA basbmccww?&“ar of&d) gr@aRy;, alxdn)$ -OCRRM grgdpi)
and - ORal5 é where Rals - ﬁresengi a C3_6 al kyl group)), Ara
represent s -8Rt hi éxFY) gT%Qﬁ’:) va(%‘é z thi SFNaAyrNERreup, a

Ej?loﬁg?[ gnS;ﬁééhl ophe :L rogl%.1 r{&m‘%ur pyl agr l%az%%ylbggéoml azoI yl
o oup. or gﬁﬁ’?%%?&pe? i ée&%s‘i“ﬁssugnﬁf%%‘eﬁ %w%sr %r FareRy.
2“‘&16?2 SPLesEElLy bRk ™ AplRA AT, i’“ SE SR
R A %F%%L%ﬁﬁ??éﬁ?’f?f S et rfﬁf’é"%’?lﬁm e
substi t uenysoe8pl e6# &fl Ci.7 cycloalkyl group, and R*, R* and R* each
represent a Ci.¢ alkyl group, a phenyl group. or a tolyl group),
[0057] (xviii) ~O0-({CH;}m'-Q' {where m’ denotes an integer
of 1 to 4, and Q° represents a hydroxyl group, -~CO;H, -OR%, -
CO,R™, -CONHp, -CONHR™, -CONR®°R*'®, -NH,, -NHR*!, or -NRZR*:
(whexe R*®, R*, R*¥?, R*!!, and R*? each represent a C;; alkyl
group, and R°® represents a Ci.¢ alkyl group optiomally
substituted by a halogen atom(s)}},
[00581 (xix) -OR™ {where R’ represents a Ci.; cycloalkyl
group optionally substituted by one o}: more substituents
selected from the group consisting of a haleoyen atom, a
hydroxyl group, a Cis alkyl group, and -QR*® (where R®"
represents a C;s alkyl group):; or a heterocycloalkyl graup
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxfl group,
a Cy.¢ alkyl group, and -OR*® (where R™® represents a C;; alkyl
group)}, or
l6059] _(xx) a heterocycloalkyl group optionally substituted
by one or more substituents selected from the grdup_conaisting

of a halegen atom, a hydroxyl group., a C;¢ alkyl group, and -



fromthe group consisting of a halogen atom a hydroxyl group, a Cl-6

al kyl group, and -ORal9 (where Rpl9 represents a Cl-6 al kyl group), or
a heteroaryl group optionally substituted by one or nore substituents

selected fromthe group consisting of a halogen atom- a hydroxyl

group, a Cl-6 alKyl group, and -ORe31 (where Ra2l represents a Cl_6

al kyl group)]. The second concrete gnbodi nent of the present invention

relates to the 1-thio-Dglucitol co%pound of the formula | or - I A where

her bR o VERES 1N r dRePASE oS Cobrauhiicel SHPPal ) The second
conrete eRRglLIEN Olodlis PLERBHNEIN 0L e UL GkALERALO (e

1-thio-Dg conmpound,” or t maceltical 1y acceptabl'e salt

t here o] t : c ufc e [ ' Ais

L (GofnsoCEpLRgeny R iogiar iR Tlefo g AR ooy SollBblhal |

concr gietBEbgi IBR Pl Ed MR €38Nt ok NY ephdARacdi® 1Ay b&c@%ﬁhbfé'ar’
to a 1-thio-D-glucitol conmpound of the followng forfrula I'V, or a

phar meagut tR&teys AcEe aBidratel bf ther eshpowid adhwhedtsalref t he conpound
or the salt: [0062] RROARL ~27a/ RO6 Ric ft30'. ORZ IV {0063]

[ wher éhfteif@fté8 wafthiedrio wise "sheefirsti ddrermyite embodimenh represent
a hydro?en atom a Cl_6 al kyl group, -CO2Ra2, -CORbl, or a C _12

aral kfR)greup optionally substituted by one

[0060]

Zye

)

[06611  ([where R', R?*, R® and R' are the same or different,
and each represent a hydrogen atom, a C;.; alkyl group. -COR*?,
~-COR®', or a Ci.;; aralkyl group optionally suhstituted.by one
of more substituents selected from the group consisting of a
haiogen atom, -NO, and ~OMe (where R*? represents a Ci.¢ alkyl
group, and R® represents a C;.¢ alkyl group, a Co_jo aralkyl
group, or a phenyl group), |

R* and R! are the same or different, and each represent a
hydrogen atom. & halegen atom., a hydroxyl group, a C;.s alkyl
grbup, or -OR®™* {where R’ represents a C;.s alkyl group
optionally substituted by a halogen atom{s), or a C;.yy aralkyl
group optionally sﬁbstituted by cne or more substituents
selectéd from the group consisting of a halogen atom, a

hydroxyl group, a Ci.s alkyl group, and -OR®® (where R*®



or nore substituents selected fromthe group consisting of a hal ogen
atom -NO2 and -Owe (where Reg represents a C2_6 alkyl group, and Rb
represents a Cl.6 al kyl group, a C7_,0 aral kyl group, or a phenyl
group), Ar4d represents a thienylene group, a benzo(b]thiophenyl ene
group,- or a pyridylene group, Raoa and R23a are the sane or different,
and each represent a hydrogen atom -azhal ogen atom a hydroxyl group,
a CL.8 alkyl group, or -ORa3 (where R C3 represents a C,.6 al kyl group
opti onal | yemmmdidrtisutaed, Ry adkPBl @RipAt,on(s)). RL and Rl are the sanme or
different, and each represent a hydrogen atom a hal ogen atom a Cx_8
al kyl -group, @ EPpBesémtwere R engllr greops @ Waindo [4 khliophenpl
optionally substituted by a halogen aton(s)), and RF represents (i) a
hydr ogen gtap. @ ithianbéRodeni thimphenylo groupi, ) aabéyziOxgdnyy Greupi v)
a Cl1-6 al kyl group optionally substituted by one or nore substituents
sel ect ed g rhgAZzotdiagedp 6P staThdsioldhgreyen %IENW%?&Y%iQ?ﬁ@P@X?P

group, ('s C02H (Vi) -OR' 1, (Mi CIQRaS viii) -CONH2. (ix)
- CONHRa4, 1 Rsé BxPY ra ITOuD; B&t@h@zz g59yR+) & - SR1.

o) Rae O%i%hgmgﬁgha(éﬁ%@m ¥ R%?faui’e BF ko @%%%01 A eup:
represents a i Gl gt SOUROULRAGE! 1 SHURLLL Utk ke ghogel:

aton(s), R11 and represen

ar al kyl h g 1 Y, u d

and RG3 g%gmré%regsgﬁ%l’ha Eoﬂgloé)'{q(aitgélr ogpﬁygk‘gﬁg%y#r%%%u% cgpl gﬁg{llyl

group), (gevddp,) oxrO-0RFR)(RiheDe ﬁVghQ'é@rEheHEQO&Q& @rancx%jl:r.e@%ugf 1to 4,

and Q represents a hydroxyl group, -C021 - Ra$, -
optionally substituted by a halogen atom{s)),

R'** represents a hydrogen atom, or amn aryl group
optiomally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,
a Ci.g alkyl group, and -OR™!® (where R*! represents a Ci.s alkyl
group). or a heteroaryl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a C;.¢ alkyl group, and -OR*®

{where R**

represents a Ci.s alkyl group}l.

The second concrete embodiment of the present invention
reiatas to the i-thio-D-glucitol compound of the formula I or
JA where Ar' is a hetéroarylene group, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
galt.

The second concrete embodiment of the present invention
further relates to the l-thio-D-glucitol compound, or the
pharmaceutic¢ally acceptable salt thereof, or the hydrate of
the compound or the salt. in which A is -(Cug)n- {where n

denotes an integer of 0 to 3).



CONH2, - CONHRao, -CONRul oRaso -NH2, -NHRa", or _NR&",Ra2 (where Ra.
Rap, Ral, Rall, and Ral2 each represent a C-s al kyl group, and Rc2
represents a Cl_a al kyl group optionally substituted by a hal ogen
aton(s))), (xix) -ORfF2 (where Rf2 represents a C3_7 cycl oal kyl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a hal ogen aton% a hydroxyl group, a d _s alkyl
group, and -ORal3 (where Ran repre ®nis a CL.6 al kyl group); or a

het erocycl gal kyl group optionally substituted bz ~one or nore

subst i tuer?ﬁ’%e %cé’g@e&"PF‘gﬁF?h%‘" HentoRsi $hengregenty MyRfettom a
hyd L kyl d wh R t

-ayci"%'-yfaai%"“&ﬁoasﬂ g8t 50 e poaa PRy P PO Ut ey,

bstid 30 t.h
cono SR BHiule 1v7or Bt B Ly S B EAR L AC S.
and -{PRa% s ( WEehenYaZatEP6£SAIY %cﬁhpgun(i o2l kb gapEp | - Anot her

enbodi ment of the pfesent invention relates to the 1-thiio-D-glucitol
comporgubf the formula TV, or the pharnmaceutically acceptable sal t
thereof, or the hydrate of the conmpound or the salt, in which RE
represents a hydr atom a halogen atom a Cl1_8 al kyl group, or

. -ORc3 (where RELE dsefits a CL.6 al kyl group optionally substituted
by a _hal ogen a ., foll owi ng are enbodi nents of the

pharﬁ%Eb pr i t he conpound of the present invention: One
_enbodlnent the presenﬁ i nvention conprises any of .the

¢i toR! conpounds, the pharmaceutically acceptable salts
thereof or gf%e hydrates of the conpounds or the salts described
above. Another“enbodinent of the present invention is an

{00631 {where R, RZ,.R3 and R* are the same or different,
and each represent a hydrogen atom, a Cy.s alkyl group, -CO,R*?,
-CORP!, or a C;_;» aralkyl group optionally substituted by one
or more substituents selected from the group consisting of a
haiogen atom, -NO, and -OMe (where R*2 represents a C;.s alkyl
group, and R° represents a Ci.s alkyl group, & Cq.io aralkyl
group, or a phenyi group),

Ari represents a thienylene group, a
benzo[b]thiophenylene group, or a pyridylene group,

R?®* and R?'® are the same or different, and each represent
a hydrogen atom, a halogen atom, a hydroxyl group, a C;.s alkyl
group, or -OR®® (where R® represents a C;.¢ alkyl group |
opticnally substituted by a halogen atom(s)),

R’ and R* are the same or different, and each represent a
hydrogen.afom, a halogen atom, a C;.s alkyl grouﬁ; or -0R®
(where R® represents a Ci.¢ alkyl group optionally substituted

.by a halogen atom{s}), and

R" represents (i) a hydrogem atom, (ii} a halogen atom,



inhibitor of the activity of sodi um dependent glucose cotransporter 2,
the inhibitor containing any such 1-thio-D glucitol conpound.

phar maceutically acceptable salt thereof, or hydrate of the conpound
or the salt. Another enbodi nent of the present invention is the

I nhi bitor containing any of the above 1-thio-D-glucitol conpounds,
pharmaceutically acceptable salts thegeof, or hydrates of the
conpounds or the salts, and serving as a drug for prophylaxis or

treat mentiil) G ah@resyldyaded estive & el , alReaSgrowp shtilaldlay
conplication. Another enbodi ment of the present inventionis a - 31
phar macesubsditutedpbysbong anymafe tdubsiiduentst hebedked uirdnolthe
conpounds, pharmaceutically acceptable salts thereof, or hydrates of

t hem i rgworbiossisistingt bfas hakogeromeomphadnackydiexyl gpiaapt.ed from
the group consisting of insulin sensitizing agents, which are selected

fromth @mﬂ@zﬂcoh%iht'r% of(‘FﬁQR'ﬁ%Eom §viil PP#FQ’%sz agoni st s,

PPAR-b agoni st S, .3 PPAR- a/ y/ oni st S; Y,COSi da i nhif
bi guani a‘e'g‘ i Qgse(&‘r)et FB %3%24 did §8R| nsél"lii’r p?fé%%r at? 1‘1%“ and

di papti dyl..pep jg ein bi.to Eeno he kment of the present
I nventi or‘#qa E eu'tl ! 6§§ﬁ$| Si ‘6 J;;\hy t he above

1-thi o- [bg} awﬂaonpounds pharmaceutical ly acceptable salts
t her eof rates of them in conbination with at |east one

phar maceyjy el # eCrab [ OpAst hg,, §reaPe CORSE c k
hydroxyerrﬁ hyl gl ut a?ﬁl CeA’ (r)%ﬂduct age | nﬁlﬁbl to?ﬁfé%r@{ aate1 6cg'}rp :lL.IndS

squal enegeay hase ddptidaien®esa 8Ly aliefs QRIS bpiabnadey! éz&@é‘ﬁﬁft@ﬁe

inhibitors, low density |ipoprotein receptor accelerators, mcrosone

triglycesy dve Halpgeheatpmos B rR™ aid [R® oeach anshmeeardctal €5 alkyl
group, a Cq,.p aralkyl group, a phenyl greoup, or a Cs.y
cycloalkyl group, and R®', R®* and R*® each represent a Ci.¢
alkyl group, a2 phenyl group, or a tolyl group),
(xviii) -0-(CH;)m’'-Q' {where m’ denotes an integer of 1 to 4,
and Q' represents a hydroxyl group, -COzH, ~OR%*, -CO.R*®, -
CONH;, -CONHR, -CONR™'R*™®, -NH;, -NHR*!, or -NR™R*? (where
R*®, R*, R*°, R*™, and R*" each represent a C; alkyl group,
and R% repreéents a Cr.e alkyl group opticnally substitutea by
a halogen atom(s}}},
(xix) ~OR¥ (where R*® represents a Ci.; cycleoalkyl group
option;lly substituted by one or more substituents selected
from the group conslsting of a halogen atom, a hydroxyl group,
a C;.¢ alkyl group, and ~OR*™?® (where R*’ represents a Cis alkyl
group): or a heterocycloalkyl group optionally substituted by
one or more snbstituents selected from the group consisting of

a halogen atom, a hydroxyl group, a Ci.s alkyl group, and -OR*!®

216
R

(where represents a C,.; alkyl group)}; or

(xx) a heterocycloalkyl group optionally substituted by one or



The foll ow ng are enbodi nents of the nethod for producing the conpound
of the present invention: An enbodi nent of the present invention
relates to a nmethod for producing a 1--thio-D-glucitol conmpound of the

following formula I, or a pharnmaceutically acceptable salt thereof, or
a hydrate of the conpound or the salt [0064) 32 - Rs AS R& R4AO S Ar' A
Ar2 Rs g7 Rla R3Q,. "FOR OR é0065] the nmet hod conprising the

st eps of adding to a thiolactone o? the following fornula VIII nore
than 1 equi nt of a.(il nard reagent of the following formula |IX

Lo obiBFFe & SEOAUERN G At AOHE GONSARCLRS odi f o

Schend Ay AR cH h%e%v? a4 o %%%iﬁ”ﬁiogﬁ‘é fpd el ot
I Toob RSy e = oRrE s P e Qane or i frerent:  and
each represgytna:Chnbodlittkht 068UPhe PR edcht 1RRERTOh rePatds to

the l-thio-D-glucitol compound of the formmla IV, or the

pharmaceutidally acceptable salt thereof, or the_hydfate of

the compound or the salt, in which R® represents a hydrogen

atom, a halogen atom, a Cy; alkyl group, or -OR® (where R™

represents a C;.¢ alkyl group opticnally substituted by a

halogen atom(s)).

The following are embodiments of the pharmaceutical
comprising the compound of the present invention:

One embodiment of the present invention comprises any of
the 1-thio-D-glucitol cnmpounds._the pharmaceutically
acceptable salts thereof, or the hydrates of the compounds or
the salis described above.

Another embodiment of the present invention is an
inhibitor of the activity of sodium-dependent gluceose
cotransporter 2, the inhibitor contéining any such 1-thio-D-
glucitol compdund. pharmaceutically acceptable salt thereof,
or hydrate of the compound or the salt.

Another eﬁbodiment of the present invention is the
inhibitor containing any of the above 1-thio-D-glucitol
dompounds. pharmaceutically acceptable salts thereof, or
hydrates of the compounds or the salts, and sefving as a arug
for prophylaxis or treatment of diabefes, diahetes-reiated _
disease, or ﬂiabetic complication,

Another embodiment of the present invention is a



07.12 aral kyl group optionally substituted by one or nore substituents
- selected fromthe group consisting of a halogen atom -NO2 and - Ow
(where Ral represents a Cl.6 al kyl group), X represents a hal ogen
atom and Art, Ara, R5, R6, R7. R RO and R10 are as defined in the

formula |I. Another enbodi ment of the present invention relates to the
above- nmenti oned net hod, wherein before3the step of adding the Gignard
reagent of the formula I X to the thiolactone of the forrmula VIII to

obtai n a phapmnaceutiocabaumpii8ing a&nf of 3the exjwivenllethioced- FBAdROX R30
represents a C1_8 al kyl group or a C3- 7 cycloal kyl group, and X

r epr esent sompoundgerphamiceudigdddy acoeptablaiwwidst dhexrepLt herf ornul a
VII1. Another enbodi ment of the Eresent i nvention relates to a nethod

for produb¥AgaBed -ehiBhamglidoicoBPLRarpoRif bt athe 388l PBRi ng fornula |.
82&52?8 SFhecedt et HaR-tRe e ne ot TG ebeads 1T, SR futiRao
compound 5 n?%ﬁ%ﬂ%%i& R EBTRE T R 0 T P BroBBiai o °
TPy s achbatBRERS O ARy daParatdy EAS 9&43%5".9“1%%%&‘1%&%“ .
depr ot eot E‘M‘ i TR S S G R
accordancai\ynaﬂm@@ foldudiim@ecretion accelerators; insulin
préparations; and dlpeptidyl peptidaée IV inhibitors.

Another embodiment of the present inventicn is a
pharmaceutical comprising any of the above 1-thio-D~glugitol
compounds, pharmaceutically acceptable salts thereof, or
hydrates of them, in combination with at least one
pharmaceutical selected from the group consisting of
hydroxymethylglutaryl-CoA reductase inhibitors, E£ibrate
compounds, sgualene synthase inhibitors, acyl-CoA:cholesterol
acyltransferase inhibitors, low density lipoprotein receptor

| accelerators, microsome triglyceride transfer protein
inhibitors, and anorectics.

The following are embodiments of the method for producing
the compound of the present invention:

An embodiment of the present invention relates to a
method for producing a 1-thio-D-glucitol compound of the
following formula I, or a pharmaceutically acceptable salt
théreof. or a hydrate of the compound or the salt:

[0064]



schene: [0070] RCRe R Ra FIB 'Be Rs Al140 S'Ea s 8140 S Are Re YRA Y
RA RO RI30' ""OR31 Da RO Rt30.. ,ORit OF112 Rio ()R12 X xi X
[0071] where Y represents a hydrogen atom or a hydroxyl - 34 group
{provided that if Y is a hydrogen atom the 1-position is of
S-configuration), Rt1l, R12, R 3 and RL4 are the sane or different, and
each represent a Cl-6 al kyl group,_-Si Ral3, -CH2CH=CH2, or a Cr7_12
aral kyl group optionally substitufed“by one or nore substituents

sel ected fromthe ggoup consisting of a halogen atom -NO2 and.-Owe

- (where Rat Bsent's a &1_6 al kyl group), Are, R, R9 and R1O have the
same neani ngs, as t mula 1, and RA, R8, Rc and R' have the sane
meani e TAST gla Tl [0072] Aa represents -CH(W (CH2)n' -

- CONH( CH2) n4, Ror=@¥f (where Wrepresents a hydrogen atom O a

hydroxyIHQ?o 5, “0OR' denot es an i nt eger of 0 to 3, and n' denotes an
integer of 0 OR% 2), Ea represents -CHO -CO2H, or -CH2X, and Da
represents -(CHa)n Li, -(CH2)n' MgX, -CH2PPh3' X, - CH2PQ( ORa23),

- epr o, 1 gﬁf‘fx%fx“ﬁfr%ﬁr#epreiﬁé Lifes; A HULE B b 3. and o
denot &3, afy 1 9 c0kQ £91 Pdwind Wikl PetefobDolnkd £2 15 ~OHQ the

conpo
equivalent of a Grignard reagent of the followlng formula IX

to obtain a compound V, reducing the compound V, and if
desired, deprotecting the resulting compound, in accordance
with the following scheme:

[o0661

R10 5.0

s
i om:OHH | n a
vin g~ Rmas
X '
[0067] [where R**, R'?, R'® and R are the same or different,

and each represent a C,_s alkyl group, -SiR*';, ~CH;CH=CH,, or a
Cs.12 ar_alkyl group optionally substifuted by one or more
substituenis selected From the group congisting of a halugen
atom, -NO, and -OMe {where R represents a CJ_-g alkyl group), X
represents a halogen atom, and Ar', aAr?, R, R®, R’, R’, R’ and
R are as defined in the formula I.

Another embodiment of the present invention relates to
the above-mentioned method, wherein before the step of adding
the Grignard reagent of the formula IX to the thiolactene of

the formula VIII to cbtain a compound V, about 0.8 to 1.2



with the reagent XT in which Da is -(CHB)n'Li, -(CH2)n' MgX, -
CH2PPh34X", or -CH2PQ(ORa23) to obtain the conmpound XlII in which Aais
-CHW(CH2)n' -, or -CH=CH, if Ea is -CO2H, the conpound X is condensed
with the reagent Xl in which Dais -(CH2)nNH2 to obtain the conpound
XIl in which Aa is -CONH(CH2)n-, or if Ea Is -CH2X, the conpound X is
~condensed with the reagent Xl in whB8h-Da is -SnBu4 to obtain the
conmpound XIl in - 35 - which Aa is -CH2. The followi ng are enbodi nents
of an i efretvetimtse afn Rgx (efhakpreseptedactng abey ampopnodrod Che
present invention: An enbodinent of the present invention relates to a
conpound a¥icliopdkid| gookpg and nlizeptesenter aahahtgen atrasgdf isomrdded
hydrate of the conpound or the salt: [0074] Rs R5 Re ti Ar2 R240 S A
RO Y R7t®i the fpgglactepe) ofrbhe xformuranFAFI [ where Y represents a

hydrogen atom or. a hydrqxyl rou rovided that if Y is a hydrogen
a%/om gt he 1_%‘1}1{quﬁ%%pgiﬁﬁng%‘gnﬁ}%p@%qqy% inYRRtERY T Feq_—\}ét@ 5gd R24

"o oSl RS B8 o BN cheligese @, 3, O
o1 oUp OPLisSeLY skl W1 6 Ryl Rlo IRy SLLLEIS o st e Trom

thereof, or a hydrate of the compound or the salit:

[oce8]

[ooeg] the method comprising the step (1) of adding to a
compound.of the formula X a reagent of the formula XI to
obtain a compound XII, and the step (2) of further reducing
the compound XII, 1f Y is a hydroxyl group, to obtain a
compound, in which Y is hydrogen, in a P type-stereoselective
manner., and the step of daprotecting the compound obtained in
{1) or {2), if desired, in accordance with the following

scheme: -

[0070]

{0071} where Y represents a hydrogen atom or a hydroxyl



and Reg each represent a Cl1.6 al kyl group, and Rel represents a Cl_6
al kyl group, a C7-1o aral kyl group, or a phenyl group], provided that
if Yis a hydrogen atom R21, R22, R23 and R' are not hydrogen atons
at the same tine; and the other synbols are as defined in the
~aforenmentioned formula T]. The conmpound of the formula XiIl, where Y
is a hydrogen atom and R21 to R24 zgare the substituents other than
-Sigel 3 or. -CH2CH=CH2, overlaps the aforenentioned conpound of the

present dupy Qb9 dedMt Bat 3L t%q%%te%gdgggffﬂeaﬁ% S{hd Ol”ﬁ%!{lq:i%ﬁt. onl y

functi‘ons as"the 1nterne unctions as the tinal product

whi ch jigs ofas-aehicYguetPesind or its prodrug. Another enmbodi nent of the
present invention relates to a conpound of the following forrmula XV,

or a salt whey edf, RP andWdrate e tdumec M @IFde@Entheandl dac 0076] Rc
RRR 8240 Sa Ey pg 1'ORR1 OR22 XIV [0077] [where Y represents a

hydr ogmpreisemton &; hyalioxy| grammup SiRfoyvi deH,QHwH,), f oX¥ asCajhydrogen
atom the 1-position is of S-configuration), E represents -CHO -CQO2H,
- C02 R4 le owroRR24pt bpnatlntahs tiCuted Bikghegpoupirne - CH2Ma (where Ma
represents a hydroxyl group or a halogen atom, a 1, 3-di oxol an-2-yl
gr oup,Substdtuents geanched | Lxam fhe groupRgonskeBlng P RA hadpgenhe sane
meani Eom> -iﬂgztg?d_-bbie {where R*' represents a C;.¢ alkyl group).
ar?, R*, R’ and R! have the same meanings as in the formula I,
and R*, R®, R® and R° have the same meanings as in the formula
II,
[6072] Aa represents ~CH(W){(CHz)n'-, -CONH{CH,)n-, or -
CH=CH- (where W represents a hydrogen atom or a hydroxyl group,
n denotes an integer of 0 tv; 3, and n' denotes an integer of 0
to 2),
| Ea represents -CHO, -CO;H, or -CH,X, and
Da represents -{(CH;}n’'Li, -(CH;)n'MgX, -CH.PPh;'X", -
CH,PO(OR***), -{(CH,)nNH., or -SnBu, (where X represents a
-'halogen atom, R represents a C;s alkyl group, n denotes an
integef of 0 to 3, and n’_denotes an integer of 0 to 2},
[0073] | provided that i1if Ea is -CHO, the compound X reacts
with the reagent XI in which Da is -{CH;)n‘Li, —(CHz)n;ng, -
CH,PPhs*X", or -CHPO(OR"®) to obtain the compound XII in which
Aa is -CH{W)(CH;)n'-, or -CH=CH-,
if Ea is ~CO;H, the compound@ X 1s condensed with the
reagent XI in which Da is -(CHz)nNH; to obtain the compound XII
in which Aa is -CONH(CH;)n-, or |
if Ea 1s ~CH,X, the compound X is condensed with the

reagent XI in which Da is -SnBuy to obtain the compound XII in



formul a X111, and RA, Re, R and RD have the sane neanings as in the
formula 11]. Another enbodi nent of the present invention relates to a
conmpound of the following formula XV, or a salt thereof: [0078] - 37 -
Rh20 ~ G GBa G-/ Gab &Z Ca2 C3c xv [0079) [where Ar5 represents a

t hi enyl group, a benzo(b)thiophenyl group, a benzofuranyl group, a
benzot hi azol yl group, a pyridyl groups 3® -.a phenyl group, G represents
a hal ogen atom & represents a hydrogen atom or a hydroxyl group, and
Q2. repreags aa Rydeogen atomor represents -an oxo group together
with G, G3a represents a hydrogen atom a hal ogen atom a hydroxyl
group; a Cl.5 d&hleyfogilowpngpireormaidodimentsi it an bytermedizteoie the
substituents selected fromthe group consisting of a hal ogen atom and
a hydr oxy|megi@gh forSRrogueingGOlee ompsGRRa2S; thoRitesante rinveRA26n :
represents a Cl-6 alk grou and Rhl represents a Cl-6 al kyl group

or a C7_16 ar amypmgpé@pe%tq%rﬁw prﬁpgttl foventign zelaliefyd® aton(s)):

an aryl group o tlonaII substituted one_or nore substituents
sel ected f gEotp cBﬁ%%%‘ﬂ’\ﬂg 6’[““(‘ anAf bl erPTtd ekl HAETERYr or
group, a Cl. I and -_ B% _Ral9 represents a Cl.6
al kyl grodib)h %FI% ﬁgt gﬁgaﬁ;wpo ' iﬁry substituted by one or
nmore substf sel ect ed fromthe group consi sting of a hal ogen

atom a hy roxyl group, a Cl.6 alkyl group, and -OR 21 (where R121
RB

[0075] [where Y represents a hydrogen atom or a hydroxyl
group (provided .that if ¥ is a hydrogen atom, .the l-position
is of S-coufiguration}, and

R¥, R?, R™ and R** are the same or different, and each
represent a hydrogen atom, a Ci.s alkyl group, -SiR*;, -
CH,CH=CH,, -CO;R*?, ~COR", ox a C;.;; aralkyl group optionally
substituted by one or more substituents selected from the |
group consisting of a halogen atom, —Noz' and ~OMe {where R*!
apd R* each represent a C;.; alkyl group, and R represents a
Cy-¢ alkyl group, a Cj-1q aralkyl group, or a phenyl group),
provided that if ¥ is a hydrogen atom, R**, R*?, R?® and R™ are
not hydrogen atoms at the same time; and the other symbols are
as defined@ in the aforemgntioned formula I]. The compound of
the formula XIII, where Y is a hydrogen atom, and RZ to R*
are the subétituents other than FSiR“H or -CH,CH=CH;, overlaps

the aforementioned compound of the present invention. This is



represents a Cl.6 al kyl group), Gan and G3C are the sane or different,
and each represent a hydrogen atom a hal ogen atom a hydroxyl group,
a CL.6 alkyl group, or -OM (where Rae represents a Cl1L_6 al kyl group
38 - optionally substituted by a hal ogen atom(s)), &4 represents a Cl_6
al kyl. group optionally substituted by a halogen aton(s), or a hal ogen
atom and Rha represents a Cl_6 alkgf group or a C7_10 aral kyl group
wherein each substituents are optionally substituted by a hal ogen

aton(s SMROD rese invention wll
now beg%l%scrl bet%EEr% Tet gﬁpbﬁggﬁé%%ﬂp%%ggpg \g/\%a?ﬁﬁas been

exenpl i {1 &t diitdeul G1aBS£aRCL £XPEMAd Mt ld19R3 gioaﬁstt@ﬂ.f@h Uged in
the present invention are intended to illustrate the specification-and
the scapead®fidd ecpdiui® o@ndtsheyodtey. of fered without limtation.

[ 00811 The term "aryl group" refers to a nonocyclic or condensed

pol ycycl i ¢ Zarcnhen enbpdineatbof the gprdmenindgnvenaidh redabes o ens, and
may be exenplified by a phenyl group, a naphthyl group (including a

1- naphetnpoupd e die £o2lawphghformekaofny. srpensalsnyheyeofip,omm

i ndenyl group, an indanyl group, an azul enyl group. a heptal enyl

group, B e fof dhenworgesag. oA brRSALf oup, a naphthyl group, an
indenyL €ﬁp, an i ndenyl group, and an azul enyl group are preferred,
and a %%ﬂ yl  group and a phenyl group are nore preferred. 100821 The
term "heteroaryl grqup" refers to a nonocyclic or condensed-ring
aromatic heterocH§Ii gg®up containing one or nore hetero-atons

sel ected from O, ¥ N. If the aromatic heterocyclic group has a
conden%ﬁg rin%, [ gl udes :

RZ0
ORe2
XV
[06077] [where ¥ rapresents a hydrogen atom or a hydroxyl

group (provided that if Y is a hydrogen atom, the 1-position
is of S-configuration),

E represents -CHO, -CO;H, -CQ,R*?* (where R®** represents a
Ci-s alkyl group)., -CHM* (where M* represente a hydroxyl group
or a halogen atom), a 1,3-diokolan*2-yl group, or a 1,3-
dioxan-2-yl group,

.R“; R*?, R®”® and R** have the same meanings as in the
formula XIII, and

R*, R®, R° and R® have the same meanings as in the formula
IIl. _

Another embodiment of the present invention relates to a
compound of the following formula XV, or a salt thereof:

[0078]



a partially hydrogenated nonocyclic group. Exanples of such a

het eroaryl group include a pyrazolyl group, a thiazclyl group, 39 an

i sot hi azolyl group, a thiadiazolyl group, an imdazolyl group, a furyl
group, a thienyl group, an oxazoiyl group, an isoxazolyl group, a
pyrrolyl group, an imdazolyl group, a (1,2,3)- and (1,2,4]-triazolyl
group, a tetrazolyl group, a pyran group, a pyridyl group, a
pyrim di nyl group, a pyrazinyl groﬁh,“a pyri dazi nyl group, a quinolyl
group, gRipy |squ|@egI group a benzofuranyl group, an isobanzofuranyl
group, an kgt greupy af 1 soi ndol yl group, an indazolyl group, a

1 benzotri azolyl group, a benzoxazolyl group, a
benzoth|Q§ 0 @tizo[ b] t hi ophenyl group, a

t hi eno[ 2, -b]thb. , roup, a (1,2)- and (1, 3)-benzoxathiol group,
a chronenyl group, a 2- ¥xochromanyl group, a benzothi adi azol yl group,
a quinolizinyl grQup, a phthalazinyl group, a naphthyridinyl group, a
qgui noxal i nyl groug,” a qui nazolinyl group, a cinnalinyl group, and a
car bazqlopl7agr oup [ wh&88 Hr Thepieseh bet £rxtianvialgtwapgr aup” refers to a
het erocycl oal kyl group having 3 to 12 atons and contai ning one or nore
bet er o-teinzwg by thiopleenyl oyrdip,S aabdnbofdbasyhrapupap alasso refers, for
exanple, to a cyclic am no group having one or nore nitrogen atons in
the ri mgnzattiispolvhatitoupos AWiidyl ghneupr ¢mra phenydn gxevrs and

sul fur atons, Exanples of the heterocycloal kyl group include a

nnrphal:ng éﬁfﬁﬁPereﬂﬁspérpﬂ#ﬁ?ﬁ“gﬂ%@b- a plpﬁra2|nyL Proup a

1 .

oxol anyl gr Bt gﬂ;\%’?‘) 1 BSRBhEte A in B pYBPBD, SR n b eyl

TRt RS T SO
with G?,

6% represents a hydrogen atom; a halogen atom; a hydroxyl
group: 4 Ci.s alkyl group optionally subsiltuted by one or more
substituents selected from the grouﬁ consisting of a halogep
atom and a hydroxyl group; -SR®¥; -SOR™*®; -SO,R**°; -OR™ (where
R*® repregents a C;.¢ alkyl group, and R™ represents a Ci.s
alkyl group or a C;,.;o aralkyl group optionally substituted by
a halogen atom(s}); an aryl group optionally substituted by
one or more substituents selected from the group consisting of
a halogen atom, a hydroxyl group, a C;.; alkyl group, and -OR™'?
(where R*'® represents a Ci.s alkyl group); or a heteroaryl
group opticnally subétituted by one or more substituents
_selected from the group consiéting of a halogen atom, a
hydroxyl group, a Ci.¢ alkyl group, and -OR"?' (where Ra2!
represents a C,.¢ alkyl group),
G and G are the same or different, and each represent i
a hydrogeﬁ.atom, a halogen atom, a hydroxyl group, a C;.s alkyl 1

group, or -OR® (where R represents a C;.¢ alkyl group



- 40 hand, and bonded to -A- on the other hand. Exanples of the

aryl ene group include a phanyl ene group, a naphthyl ene group

(i ncluding a 1-naphthyl ene group and a 2-napht hyl ene group), a
pent al enyl ene group, an indenyl ene group, an indanylene group, an
azul enyl ene group, a heptal enyl ene group, and a fluorenyl ene group. A-
phenyl ene group, a naphthylene groupg .an indenyl ene group, an

i ndanyl ene group, and an azul enyl ene group are preferred, and a

napht b €116, S 0HR B 1 2uRBE MY 8 Sha P AHofa(395€ Preferred. [0085] The

g ! .
term "Heteroaryl ene group”™ reters toa divalent” aromatic heterocyclic

group bondegt tapRafahii UGl Jl@@ild%oﬁﬁé?g?fom Afrktidnded by - A

on the other hand. Exanples of such a oaryl ene group include a

pyr azoh YhEnReyegl Gitem{a) ,t Bradahyl Htd), aad i sot hl azol yl ene group, a
t hi adi azol yl ene group, an im dazolylene group, a furylene group, a

t hi enyl ene lﬁ’ﬁorﬁprmmsaaobylseaékglogmummr lss @vazodyakkel grmyp a
pyrrol yl ene group, an i m dazolylene group, a (1,2,3)- and

(1. 2, Mhareiyy daghe subgtdtipents are roptdiopeddy gudbapitatedrignyd ene group,
a pyranyl ene group, .a pyximdinylene group, a pyrazinylene group, a
pyri dd¥iRgehetag{&dp, a. quinol yl ene group, an isoquinolyl ene group, a

ar oup, an ERRIUEE, of criE BRIRRIGEDY) TTC 2 O oup, o o
oroup. [WSET0L | ARG, BeRHB e BEERE 1 S kB el BeflorsBed oE sire' L' o
Crron LS, $itle Sor 1BMPELN U Al B Exbifprobluad il ene
napht hyri divhd & 183994Bnsafdli &eerdl IAcRR.08E0LE. tRe terms used in

the present invention are intended to illustrate the

specification and the scope of the claims, and they are

offered without limitation. -

[0081] The term “aryl group” refers to a monocyclic or

condensed polycyclic aromatic hydrocarbon group having & to 15

carbon atoms, and may be exemplified by a phenyl group, a

naphthyl grcup {including a l-naphthyl group and a 2-naphthyl

group}, & pentalenyl group, én indenyl group, an indanyl group,

an azulenyl group, &a heptalenyl group, and a flucrenyl group.

A phenyl group, a naphthyi group, an indenyl group, an indanyl

group, and an azulenyl group are preferred, and a naphthyl

group and a phenyl group are more prefexzed.

[o0082] The term “hetercaryl group” refers to a monocyclic

or condensed-ring aromatic heterccyclic group containing one

or more heterxo-atoms selected from O, § and N. If.the

aromatic heterocyclic group has a condensed ring, it inciudes

a partially hydrogenated monocyclic group. Examples of such a

heteroaryl group include a'pyrazolyl group, 4 thiazolyl group,



qui nazol i nyl ene group, a cinnolinylene group, and a Carbazolyl ene
group. [0086] The term "heterocycl oal kyl ene group” refers to a

di val ent heterocycl oal kyl ring group bonded to a 5-thiosugar residue
on one hand, and bonded to -A- on the other hand. Exanples of such a
het er ocycl oal kyl ene group include a norpholinylene group, a

pi peri di nyl ene group, a piperazinyl ene 39reup, a pyrrolidinylene group,
an azepi nyl ene group, a thionorpholinylene group, an oxol anyl ene
group, an @palbeRfazel¥lgroupi axehdadlerel gl grupnGra idiasapiyene
group. [00871 In the conpound of the present invention, depending on
the type ofgrAnp', anfurgl |gmiun he thiesydudseup Lear dRZEIRE gaoup R axan
be bound onto this group. [00881 The term"C2-6 al kyl group” refers to
a strai ght lspxarodyl [retthed® Eyarolylkgrowp oudh hiawddeg ol yilo 9GovRs ban
atonms, and nmay be exenplified by a pethyl group, an ethyl group, an
n-propyl grdug;3an @@%BF {%M4kﬁﬁﬁhéz°§ﬂln9§ﬁ¥94 @r?ﬁﬁ?a%%4Y1|gBBEPyla

Cert Camy) - GYERRYLLORNRA IR 1B HpR 8 MeeEHY By 92°3pana
Cirai gt SHRRMEYE poil o e iR SRRy B SiEiadiFoBhehBycen 1o,
doubl e bo“‘is@@ﬂiﬂéﬁfgg:?oﬁ & %‘h%@ui‘éﬂgf %?r%\%nq Mo tl%ob%?g'ﬂgié%ﬁ

an et henyl up, a prope group, Yl group

term"C2-c rah eNgh DMy rg&fo%s 2 Qséiﬁ@wﬁ grdb,n a9 1RAARS _
chain allphatlc hydr ocar bon group having a - trlple bond and havi ng
2 to 6 carkgbupt ombmmamlwgmhptlecbayzmﬁw ggeapp. aa
propynyl group, and a butynyl group.

benzoxazolyl group, a benzothilazolyl group, a

benzo[blthiophenyl group., a thienol[2,3-blthiophenyl group, a
{1,2}~ and {1,3)-benzoxathiol group, a chromenyl group, a 2-
oxochromenyl group, a beanzothladliazolyl group, a guinolizinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group. a cinnolinyl group,
and a carbazolyl group.

[00683] The term "heterocycloalkyl group” refers to a
heterocyclioalkyl group having 3 to 12 atoms and containing one
or more hetero-atoms selected from O, 8 and N. This group
alsb refers, for example, to a cyclic amino grbup having one
or more nitrogen atoms in the ring, and optionally containing
ohne or more oxygen atoms and sulfur atoms. Examples of the
heterocycloalkyl group include a morpholino group, a
piperidinyl group, a piperazinyl group., a 1-pyrrolidinyl group,
an azepinyl group, a thiomorpholino group, an oxolanyl group,
~an oxanyl group, a dioxeclanyl group, and a dioxanyl group.
[0084] The term "arylene group” refers to a divaient

aromatic cyclic group bonded te a S~-thiosugar residue on one



(00911 As the "hal ogen atont, a fluorine atom a chlorine atom a
brom ne atom or an iodine atomis naned. [0092] The term 4C7_10

aral kyl group' refers to an arylalkyl group having 7 to 10 carbon
atonms, and may be exenplified by a benzyl group, and a phenyl et hyl
group. [00931 The term C7-12 aral kyl group optionally substituted" in
.the definitions of Rl to R4, R| tQ@gRl4 and R21 to R24 refers to a
substituted or unsubstituted aral kyl group having 7 to 12 carbon

t ' tes, f.Qr. " :
Subst PPROS, SHEThLAMERIRe (UL LRCChE JEndE i, DERURGILE of T TV

-NQ2. sepdendbgrdils MMEhRIS @dphdhshbhdedtons, & rdMr¥hiyn@nat 8Pbyup N2, and
-CWb.aEgan%Ieg J?gthe substi?&teg CV_%Eogfalk;?&grogg-Pnc udgpa

4- net haxpghedzyd groumplachyd efedigiBiip oxiyd e 224 napiingl ehed gebhp) phenzyl
group, and a 4-nitrobenzyl group. [0094] The term "Cl.s al kyl group
opt i opahktglesopiend (dmeip, ref dngenyleang ugstup utard iodanydeket groapd al kyl
group having i to 8 carbon atons. The substituents for the Cl_e al kyl
gr oupanafABubERY benegROURIb St hepsatenybere tgxPUR .o@mGhé@ group consisting
of a hal ogen atom and a hydroxyl group. The preferred nunber of the
subst TLHPFARY LR JBPUR-ond PRERYISNG STOWR.c pPaPRERBIGNE TP The

al ogen atons are a chliéine aton1anqha quogine atom and

f
Pt Bheladeny ot i 18 TaRrvTred TEalT HRY, Be any pAgAERs

bsti ' [ f b :
EcanpPdub e YHE okl BRC o BabptRybepd Utorll Bo¥ 3 liahy1 e
triflgg&gﬁeapglmofg eyl | uoronet hyl group, a 1,1,1-trifluoroethyl
group, a ~1,1,1-trifluoropropyl group, a 1,1,1-trifluorobutyl group, a

1, 3- dithbuen opr ophe - dern "PéRerdabyleny YoPdkpt @R t8 ahusvaxyet hyl

group (such as a 1-hydroxyethyl group), a
arocmatic heterocveclic group bonded to a 5-thiosugar residue on
one hand, and bonded to -A- on the other hand. Examples of
such a hetercarylene group include a pyrazolylene group, a
-thiazolylene group, an isothiazolylene group, a
thiadiazolylene graup, an imidazolylene group, a furylene
group, a thienylene group, an oxazolylene group, an
isoxazblylene group, a pyrrolyvlene group, an imidazclylene
group, a {1,2,3}- and (l.2,4)~trlazaolylene group, a
tetrazolylene group, a pyranylene group, & pyvridylene gi‘oup, a
pyrimidinylene group, a pyrazinylene group, a pyridazihylene
group, a quinolylene gréup, an isoguinolylene group, a
benzofuranjlene group, an .isoben.zofuranylene group, an
indolylene group, an isoindolylene group, an indazolylene
group, a benzoimidazolylene group, a benzotriazolylene group,
a benzoxazolflene group, a benzothiazeolylene group, a -
benzo[b]thiophénylene group, a chromenylene group, a
Z2-oxochromenylene group, a4 benzothiadiazolylene group, a

guinolizinylene group, a phthalazinylene group., a



hydr oxypr opyl group, and a hydroxybutyl group. Preferred are a
trifluoronethyl group, a difluoronethyl group, a 1,1,1- trifluoroethyl
group, a 1, 3-difluoroprop-2-yl group, a hydroxynethyl group, and a
hydr oxyet hyl group. More preferred are a trifluoronmethyl group, a

di fl uoronet hyl group. a 1,1,1- trifluoroethyl group, a hydroxynethyl
group, and a hydroxyethyl group. [009%1 The term ' C3_7 cycl oal kyl
group' refers to a cyclic alkyl group having 3 to 7 carbon atons, and

may be eXQ‘I&iﬁ]ﬂtfhinﬂdiﬁyl@nSY%f ORY lquian@ual 1Ay t¥ke OPkdagd, & oup, a
cycl opentyl group, a cyclohexyl group. and a cycl oheptyl group. A

cycl opr opyiuigraaep.ingleyel gbotyy) grcdnmoldngyehepgnéyd, g and a

cycl ohexyl group are preferred, and a cycl opropyl group, and a

oycl obut ylcapbaze Lydenaogeopp ef erred. [0096] The term "Cl.6 al kyl group
optional ly substituted by a_hal ogen aton&; " refers to a substituted
or unsubsti®d®édd alk¢| tFBuhekarasyALlond kB LeBe hEFORR orReLere thudber of
the subst]

t ut.ing hal ogen ato i S or nore._ Th referred nunber of
the subst idAUgtnAPERERCRELRAR. £hng GRoRG; Bonded cbo i\ -£B1PE0gAT The
referred hal,ogen _atons are.a chlaqri omand a _flugrine.atgm and

ﬁor e pref A ea %P B8P ﬁ%n%t oafﬁ& %?i‘i’%figéo 5$'t?1'é Elfﬁ)g%hlﬁft bardr 6

al kyl gro | nGl.ude -.a | f a_di hyl group,
andya %,11 -%ﬂ# F#ugfog%%§lAzggfggﬁéﬁﬁgpaﬁgg$g?eTﬂgééé;$§é¥g§%7gbygIpaPkyI
group opt ixRNoY ingUBAL] gﬂs@ﬁ" 4 S RleT10Ang18HBSEHEMS % YiperatBal bab ed
cycl oal kyl group havi ng to 7 carbon atons. Thé substituents  for the
cycl oal kylgm@u@ypar gretol 0a0RNEl &ie HoRpSUBSt hkepthplene| iy &rom the

group consisting of a hal ogen atom a hydroxyl group, a Cl_6 alkyl
group, andchi@RmiphObinyDehd egrqiialan oxolanylene group, an oxanilene
group, a dloxolanylene group, and a dioxanilene group.
[Go87] In the compound of the present invention., depending
on the type of aArl, not all of the three substituents R®, R®
and R’ can be bound onto this group.
[0088] The term "Ci.s alkyl group” refers to a gtrailght
chain or branched chain alkyl group having 1 to 6 carbon atoms,
and may be exemplified by a methyl group, an ethyl group. an
n-propyl aroup, an isopropyl group, an n-butyl group, an
igebutyl group, a tert-butyl group, a sec-butyl group, amn n-
pentyl group, a tert-amyl group, a 3-methylbutyl group, a
neopentyl group, and an n-hexyl group.
[o089] _ The *erm "C,.; alkenyl group” refers tola straight
chain or branched chain alliphatic hydrocarbon group having &
double bond and having 2 to 6 carbon atoms, and may be
exemplified by an ethenyl group. a propenyl group, and a
butenyl group.
[(0090] The term "C,., alkynyl group” refers to a straight

chain or branched chain aliphatic hydrocarbon group having a



and Ral3 each represent a Cl.6 al kyl group). [0098] The term "aryl
group optionally substituted" refers to a substituted or unsubstituted
aryl group. The substituents for the aryl group refer to one or nore
substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl.6 al kyl group, and -ORal4 (or -. ORa'9) (Ral4 and
Ral9 each represent a Cl-6 al kyl grsgup). The preferred substituents
are a halogen atom a hydroxyl group, a Cl.4 alkyl group, a methoxy

h I
R e A R gro%?m;h???ﬁor*é%% t?*ﬁ* daff 6 21 group
4- hyd@g@m@ﬂg@ygd g&cgﬂ)eggy% %hogyﬁfggfﬁ 0" [ggggh The term

"Gr-10 aral kyl group optlonally substi tut s to a substituted
or unsughiviugedupl al kyl group having 7 to 10 carbon atons. The
substituents for the aralkyl group refer to one or nore substituents
sel ectiéd3filom t Ae theuthaloges sttonf, od flbotigermiairoma hiptinsy|
group, a Cl.6 alkyl group, and -0OlZal5 (or -ORal7 or -CORa20) .(Ral5,
Ral7 @&tgmRaa0brehne raigmnsant aa @m%nal &yom gi%upi)medl'he preferred

substituents are a halqggn ato hydrox_yle%§ a Cl.4 al kyl group,
a net 18872 1gr ouFhe JkRE® N Gt iaorTR AT e S LEf tPhé“sﬁ%%%ﬂ]ﬂtJed

O ertn By P B L A8 TELURAEROE, SN0 3 3,
hli "h I [ 1
oubot PEAETY: 0D T T pretydbeFUT bEGT, 10 BOSY  Peberbaryl Y
group 'Egg subs.?.llé a‘(_gr tﬁafﬁfrﬂﬁﬂ s?ﬁtﬁgag?ggeﬁ“{’&%ﬁ' nor e

substltuents se rom the gr oup consi ogen atom a

hydr oxyl tﬁ&oﬂaflﬂiﬁﬂerﬁs A 86081, RANGLq F@RA2And 1o gl ot Cl.5
al kyl group). The preferred substituents are
to a substituted or unsubstituted zralkyl group having 7 to 12
carbon atoms. The substituents for the C;.;z; aralkyl group are
one or more substituenfs selected from the group consisting of
& halogen atom, -NO;, and -OMe. The preferred substituent is a
chlorine atom, -NO;, and -OMe. Examples of the substituted
. Cq1z aralkyl group include a 4-methoxybenzyl group, a
3.4~dimethoxybenzyl group, a 4-chlorobenzyl group, and a
4-nitrobenzyl grbup.
[GD94] The term "C;.s alkyl group optionally substituted”
refers to a substituted or unsubstituted alkyl group having 1
to 8 carbon atoms. The sqbstituents for the ;.5 alkyl group
are one or more substituents selected from the group-
conslsting of a halecgen atum and a hydroxyl group. The.
preferred number of the substituting halogen atoms is 1 to 6,
more prefefably 1l to 4. The preferred halogen atoms are a
¢chlorine atom and a fluorine atom., and more prefarably a
£fluorine atom. .The préferred number of the substituting

hydroxyl groups is 1 to &, more preferably 1 to 3, Examples



a hal ogen atom a Cl.4 al kyl group, a nethoxy group, and an ethoxy
group. A nethyl group and an ethyl group are nore preferred. Exanples
of the substituted heteroaryl group include a 4-nethylthiazol-2-yl
group, a 2-nethylpyridin-5-yl group, a 1-nethylpyrazol-4-yl group, a
1- et hyl pyrazol -4-yl group, a 1-nethylpyrrolyl group, a
2-nmet hyl i m dazol yl group, and a 4-net4moxyi ndolyl group. [01011 The
term "het erocycl oal kyl group optionally substituted refers to a

substi t utefl tiie Wabgkstutaded, , helleflo vl ikgiuge oa prriffeacttirithiyaent s
for the heterocycloal kyl group refer to one or nore substituents

sel ect ed drramp,.t lee ddfdupromatiel igqupud, & Hallofehrafbupreetipyldgropp . &
group, a Cl1 6 alkyl group, and ORal6 (or -or 2) (Re'6 and R822 each
representtdl. Grt@:iéllvéyrogr@nﬂ gIoup preefledr.dd trifbsoiobkiys gncapa a

hal ogen atom and a C1_4 al kyl group, of which a nethyl group and an
et hyl gr obp"“é’riélh’ﬁﬂfepﬁpﬁf%rY%oHrmi‘:B(-arﬁaF’é’é‘re?‘YFﬁ'éhﬂﬂb%#?l!mvt &

et hor o859 Brol PSSR as) o o hveRaRYE mfpﬁmgr?i‘f’ea??? :
bI f h | i

Sor b oD Ay BT Soahf, il d MidbaSBuRbESpkol Mer Bl LAt 0S

or a salj Saaqitém%%@ﬁgic f@kﬁ‘, Piﬁwu%iohaehpﬂe égd'y@ Salt, a

pot assi um a cal Ci an anmoni um sa 1 umi'num™ sal t,

triethyl Wld&f‘o%%hﬁrﬂ. ?ﬂoﬁﬁeté‘tﬁis-ﬂiﬂl%&ﬂﬂébﬁ -28y] bg%dﬁﬁ‘t & 4
formate, a trifluoroacetate, a naleate, a tartrate, a citrate, a

st ear at e, hRrvigMietale, gabup! hand U iytiokyedhyllagtetp ONMoe prgfesosmt e,
a gl ucoheptonate, a benzoate, a nethanesul fonate, an ethanesul fonate,
a 2-hydraxey & Hfari€dubtomatiyl agimnreresiifioogbmathyl group. & 1,1,1-
trifluorcethyl group., a hydroxymethyl group, and a
hydroxyethyl group.
10095] ' The term "Ci;.; cycloalkyl group” refers to a cyclic
alkyl group having 3 to 7 carbon atoms, and may be exemplified
by a cyclopropyl group. a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, and a cycloheptyl group. A
cyclopropyl group, a cyclebutyl group, a cyclopentyl group,
and a cyclchexyl group are preferred, and a cyclopropyl group,
and a oyclobutyl grouwp are more preferred.
[0096] The term "Ci1.¢ alkyl group optionally substituted dy
a'halogen atom{s)” refers to a substituted or unsubstituted
alkyl grouﬁ having 1 to 6 carpon atoms. The number of the
substiioting halogen atoms is 1 or mere. The preferred number
of the substituting halogen atoms is 1 te 6, more preférably 1
to 4, The preferred halogen atoms are a chiorine atom and a
fluorine atom, énd more preferably a fluorine atom. Examples

of the substituted C,.s alkyl group include a trifluoromethyl

group, a difluoromethyl group, and a 1,1.1-trifluoroethyl



par at ol uenesul fonate, a lauryl sulfate, a nalate, an aspartate, a
glutamate, an adipate, a salt with cysteine, a salt with

"N-acetyl oystei ne, a hydrochl oride, a hydrobrom de, a phosphate, a
sulfate, a hydriodide, a nicotinate, an oxalate, a picrate, a

t hi ocyanate, an undecanoate, a salt with an acrylic polynmer, and a
salt with carboxyvinyl polymer. [0103} The term"salt" refers to a salt
with an alkali netal, an alkaline earth metal, amonium or

al kyl aggpﬂbum a salt with a mneral acid, or a salt with an organic
acid, Bu includes a salt other than the pharnmaceutically acceptable

salt. [[gag41 Si nfl?es%o'fcﬂ?h%x%%ﬁwﬂsgféﬁbidﬁﬁro@i%dilﬁt es of the

present invention nay have a chiral center, they are present as

vari ouguBkestetEANEFSf s ARAR! sABELStubedro®iudsimstaemmeynds and
I nternmedi ates of the present invention are also present, for exanple,

as ket eyehoklkplitgumnis havdingodetp 3ocarbmi &twensconphengsbamituents

i ntermedi ates of the present invention - 47 are present as geonetric

i soner §ofELtherayclhdlhyd) orvugs refae to ormpd ol maosred subsédteditses of the
present invention include all of the above-nentioned individual

i soner §ebaates ExoRsthy gnow@nroneisting\so4ia halogeRoRtoma fhe Test

Exanpl es _of fered bel ow, the _conpounds of the npresent inygntion;show
iu

the acPYOFP¥YLioTeUh: 17 (Gireg HLAELaBEPUR 2R < e pfdent (¥l ucose
coLr angRgT kRS LS TApISaeg Lo Shupgeeetagiporption n the kidney,
o CIODPELC DSl 5585, Bl ShaBEp S A ghAl focore
't R‘;te”t kBNa s@Ss¥dllcdf dienshbed 16QP6E CASY YWY PhE eXC_e| l'ent in
subgtituents for the aryl group refer t¢ one or maore
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a €Ci-s alkyl group, and -OR*! (or.-
0R“9) (R*™¥ and R*?® each represent a Ci.¢ alkyl group). The
preferred subsiituents are a halogen atom, a hydroxyl group. &
Ci-¢ alkyl group, a methoxy group, and an ethoxy group.
Examples of tha substituted axyl group include a 4-
chlorophenyl group, a 4-fluorophenyl group, a 4-hydroxyphenyl
group, and a 4-methoxjphenyl group.
[0099] The term "Cr.10 aralkyl gzoup optionally substituted”
refers to a substituted or unsubstituted aralkyl group having
7 to 19 carbon atoms. The substituents for the aralkyl group
refer to one or more substituents selected from the group
consisting of a halogen atom, a hydroxyl group. a C;.g alkyl
group, and -OR™ (or -OR* or -oR*?’} (R*®, R*? and R each
represent a C;-s alkyl group). The pfeferred substituents are
a halegen atom, a hydrbxyl group., a C;.4 alkyl group, a methoxy

- group. and an ethoxy group. Examples of fhe substituted Ci. g9



t hey have high crystallinity, their purification, storage and

phar maceuti cal manufacturing are easy, and they are easy to handle as
drugs. O the conpounds of the present invention, the conmpounds of the
formulas I, ITA II, IlIl and IV, in which Rl to R4 are hydrogen,

exhibit very high crystallinity. [0107] Anong conventional gl ucitol
conpounds were many anor phous subst adages, which needed to be
crystallized together wth suitable am no acids, such as phenyl al ani ne

and praldanakyldeioi PHALG@S e'td GRIthFRRBEASTYN §heu US Patent _
US6774112). However, the conpounds of the present invention having

gl uci t ol diowthexybenepl oghent) ca g \Whilodbbaneyhi ghdyp cramt a l4-ne, and
t hus need not be co-'crystallized with am no acids. [01081 For exanple,
gl uci t ol clomepheaylxthdsgroded in US Patent US6515117 are descri bed
as glasaéi and theé have low crystallinity. On the other hand, the
compoundV 1P lof t KaesBerpy, dierarqarydnSronrbePhdenally wuhiaiditugrdar e
colorlessifomdery crgstals havi ng a nelting gpint of 79.0 to 83.0C
[01093 Giefens taoa,spbstitytedgr Hasugstityteqphetanoaryly Grovge
preferrgﬂaenb dinents._of .the co und oﬁ the present invention wll
be enumcii HBELGUPRES 150 TIP (T ROARILZ PURIEETSE Y &8 g hore
exanpl es A 8 -é r& .n t 4 0 a@ 3,
pref er abﬁﬂ};s ntge‘}rtors , - 2‘?‘8- 9 &Egrgé%%%ﬁig)%r? |E]n 8 _glr'1 of 0
to 3, Ri&hk’ adhyaozy?) g..%np,( Qo,NCHIi GYB6H S dndlersi=es (gmet | nt eger
of O to 3, preferably'n =0 or 1), and -0-.

represents a C;.s alkyl group). The preferred substituents are

a halogen atom, a ¢,., alkyl group, & methoxy group, and an

ethoxy group. A methyl group and an ethyl group are more

preferred. Examples ¢of the substituted heterocaxyl group

ihclude a 4-methylthiazol-2-yl'group, a Z-methylpyridin-5-y1

group, a l-methylpyrazol-4-yl group, a l-ethylpyrazol-4-yl

group, a l-methylpyrrolyl group, a 2-methylimidazolyi group,

and a 4-methoxyindolyl group.

[01l01] The term "heterocycloalkyl group optionally

substituted” refers to a substituted or unsubstituted

heterocycloalkyl group. The mubstituents for the

heterocycloalkyl group refer to one or more substituents

selected from the group consisting of a halogen atom, a

hydroxyl group, a Cie alkyl group, and -OR™® (or -OR**?) (R™®

and R**? each represent a C; alkyl group). The preferred

suybgstituents are & halogen atom and & C;., alkyl group, of

which a methyl group and an ethyl group are more preferred.

Examples of the substltuted heterocycloalkyl group include a

4-methy1piperazin-1-yl group, and a 4-ethylpiperazin~l-yl

group.



[0112] The nore preferred exanple of Ais -CH2-. [0113] In the fornul as
| and | A the preferred binding position of A-Ar2 is at the

net a- position with respect to the thiosugar. [0114] The preferred
enbodi nents of the compounds of the fornula Il according to the
present invention will be nentioned below [0115) In the formula (I1),
& and Rc are preferably hydrogen_ajgns. [01153 The preferred
substituent as RBis a hydrogen atom a hal ogen atom a hydroxyl

group, #3213 al layl é%ég

integerfb to @ﬁ %%e ergﬁérm?é% lﬁhaghcgpﬁgéggen Q%Q%?%le
group, tSRHalt GRQE anCé'!?EQﬁ méﬁ\iHZ,an QONERI e o&ENR da@l 0. - NH2,

- NHRai ', - 4 9 14RuRal2, or - NHCORRds (where Rae Rag Ral 0 Rall, and

Ral2 eammoriamr,coenalhyChmaonty) grsily, wReh hepigssal Sadidl or @l kyl
group optionally substituted by a hal ogen aton{s), and A65 represents

a Cl 6 saMylwigihown, oarg&pitoaatidl kKExapgpdap, inchhdnyd syrdiom selta aC3. 7
cycl oal kyl group)), or -QAtl (where Rtl represents a Cl-6 al kyl group

opt i onMiassivys tSalitcd BHlaiwnl $Rfdh Ato@pPnigh aalty, 13n alamipurgr oup
optionally substituted by one or nore substituents selected fromthe
group cﬁﬁérsﬁ ﬁ&i&f‘—'hé(lﬁ‘a?‘%%‘l’f“a?% B PFESRER - gRoBpPRigRate 6 &) ky|

Lot AGead bl A HeHaeetl S BhkechOdlD)
ificcc):%Rga (ﬁgp%tg gslépgé:gﬁﬁag abov%ﬁéi\ﬁé?& par FF%‘@%‘?‘?@%&& gr%?l gr a
methyl HAUbichatd, 0% Beudbffte OTa H1UBIHAPESNAEBYPa benzoate, a
methanesulfonate, an ethanesulfonate, a
2-hydroxyethanesulfonate, a benzenesulfonate, a
paratoluenesulfonate, a lauryl sulfate, a malate, an aspartate,
a'glutamate, an adipate, a salt with cysteine, a salt with
N-acetylcysteine, & hydrochloride, a hydrobromide, a phosphate,
g sulfate, a hydricdide, a niccotinate, an oxalate, a picfate,
a thiocyanate, am undecanoate, a salt with an acrylic polymer,
and a salt with carboxyvinyipolymer.
[0103] The term "salt"” refers to a salft with an alkali
metal, an alkaline earth metal, ammonium, or alkylammonium, a
salt with a mineral acid, or a salt with an organid acid, but
includes a salt other than the pharmaceutically acceptable
.salt.
[0104] Since some of the compounds and intermediates of the
present invention may have a chi;al center, they are present
as variong diastereomers or enantiomers. Some of the
cbmpounds and intermedlates of the present invention are also'
present, for example, as keto-enol tautomeré. Moreover, some

of the compounds and intermediates of the present invention



[01181 The preferred substituent as Ris a hydrogen atom a hal ogen
atom a hydroxyl group, a Cl.6 al kyl group, or -ORf2 (where R22
represents a Cl1-5 al kyl group optionally substituted by a hal ogen
aton(s); or a C-10 aral kyl group optionally substituted by one or
nore substituents selected fromthe group consisting of a hal ogen
atom a hydroxyl group, a Cl1_6 alkyl-gtoup, and -0OR815 (where Ral s
represents a Cl.6 alkyl group)). [01191 Preferably, R is a hydrogen
atom a hysfed)prlesentURs g@bmétiilc OLsinedsy (@-8UPm, aNJr@ak k) Chag| Yihe
preferably, a hydroxyl group or a nmethoxy group. [01201 The preferred
subst i t uentomguRdsaaddREnbe emédiia tsmef the poesent f fivwerticndnedole
represent a hydrogen atom a halogen atom a Cl-a al kyl group, or

-OR 7 (whexld RE7 thepaboveatment ingl iadiyidgadupsoprromud yigineest af ed
by a hal ogen aton{(s)). [01211 Preferably, RE and RF are hydrogen atons
or fluorindeMatonrs, 101223 The preferred substituent. as RGis a

hydr ogen ato a hal ogen atom_ a hydroxyl grou a Cl, 3 alkyj
optional | a%t i tu?‘éd’gb}lo% hovb o Qﬁsf{'gf"ﬁeﬁ{‘%‘m%%&f&?mﬁ éFnl

P of or od 01° (REROEAS F5I HRRPAAC doscans) ohey ofE e IeT 8Fa ky)
gr oup opt'ﬂﬁﬁdﬂfﬁ#b%y ybefubiy P éydiuﬂiogggﬁﬂagﬁfw geeel ected from

t he group consi's en atom an group.

Part'CU|af&dtﬂHH§b%&E89 t§GL?2Pmiémﬁtéﬁw%%pggﬁBOQEhféaﬁﬁd%?%id%ﬂihSQHé0py|
group, or a hydroxynethyl group 01241 her preferre ubstituents

as e are -Kihidy,- @Rflcan_pEEvbde pﬂaaﬂdﬁeutiﬁhhﬁ@exc&ENEﬂﬁ8&5thGCRI11
_OCORa2, _SRel .

"effect of preventing or txeating diabetes diabetes-related

group

digeages or diabetic complications.

[0106] Furthermore, the compounds of the present invention,
as will be described concretely below, are excellent in that
they have high crystallinity, their purification, storage and
Pharmaceutical manufacturing are easY. and they ars eagy 1o
handle as drugs. Of the compounds of the present invention,
the compounds of the formulas I, IA, II, III and IV, in which
R' to R* are hydrogen, exhibit very high crystallinity.

[el1e7] Among conventional glucitol compounds were many
amorphous substances, which needed to be crystallized together
with saitable ﬁmino acids, such as phenylalanine and proline,
during pharmaceuntical manufacturing (US Patent US6774112}.
Howe#er. the compounds of the present invention having
glucitol converted into l-thio-glucitel are highly crystalline,
and thus need not be co-crystallized with amino acids.

[0108] For example., glucitol compounds Xa described in US
Patent US6515117 are described as glassy, and they have low

crystallinity. On the other hand, the compounds Xb of the



SORe2, -SO2Ra, _NRRafi. or _NRa7Ra7 (where Rai, Rag, Ras, Rah, and Raj
each represent a Cl.6 alkyl group, R 1 represents a Cl-6 aIkyI group
optionally substituted by a hal ogen aton(s), RlL and R42 each represent
a d-5 alkyl group, a C7.10 aral kyl group, a phenyl group, or a C3-7
cycl oal kyl group, and R61, Re, and Rai each represent a Cl_6 al kyl
group, a phenyl group, or a tolyl - ggoup). 101253 Preferred of them are
-Cx2H, -ORal, -CQ2Ra3, -SRel and NRa7Ra, (where Rat, Rai, Rol and Raj

are aspgebbfedifbOy®lon MY qukﬁibygpﬁéiéﬁiEﬁkéﬂd%r%rﬁﬁbgoﬁﬁw&éﬁyp1 an
et hoxy group, 51 an isopropyl oxy group, a nethythio group, and - CO2Me.

(0126] cﬁrﬁeﬁlﬁrﬁ@iﬁf% FHingUPBEn8SoR074 S0 ¥ E@HYrol-Q  (where m
denotes an integer 1to 4, preferably M F 1 or 2, and Q
represéfd8sd hydroxyl group, -CRH, -ORe, -CQ2Ra, - CONH2, - CONHRa",
-CONRIoR I 0, -NH2, -NHR' or -NRal2Ral? EWhere a2, Rag Ralo, Roll and
Rel2 each represent a -6 al kyl group d R represents a Cl-6 al kyl
group optionally substltwm-- by onm(s))). [0127] Preferred
CONMe2, -O CH2CH2OH, and
- O CH2CH2NMWe2. [0128] Clh Op‘-f“%éﬁd substituent as. Rois -ORf2
(where Rf2 represents a é{ | kyl group optionally substituted
by one or nore substituents s&Hected froMstZe@ group. consisting of a
hal ogen atom a hydroxyl group, a Cl.6 al ¥¥/Z=8roup, and - ORal3 (where
13 T gpigagn! o 'ﬁnep]p:%f.@rlﬂéld ShBHBLmeRt s dof Al webeahﬁybfgmap

optionally Substitu by one or nore substituents selected fromthe
group peasasti Nvetanhalidgepe ahoferatdy Bewaw. group, a CL-6 al kyl
group, and -ORal6 (where Ral6 represents a C7-6 alkyl group)), or a
het er o¢peiLddl Kyl Trgrichep Sapdnudnal LyasdbiA j tpiefednedaaannianr 6 A

. are -(CH;)n- (where n denotes an integer of 0 to 3, preferably
= 1 or 2), -CONH(CH;)n- (where n denntes an integer of 0 to

3, preferably n = 0} or -(CH,;)nCH=CH~ (where n denotss an
inteéar of 0 to 3, preferably n = 0-or 1), and -0-,
[0112] The more preferred example of A is -CH,-.
[0113] In the formulas I and IA,.the preferred.binding
pogition of A-Ax? is at the meta-position with respect to the
thiosugar. |
[0114] The preferred embodiments of the compounds of the
formula II according to the present invention will be
mentioned below. |
[0115) in the formuwla {II), R* and K° are preferably
“hydrogen atoms. |

101161 ~ The preferred substituent as R® is 2 hydrogen atom,
a halogen atom, @& hydroxyl group, a C;g alkyl group, or
~0-{CH,)m' -Q* (where m’ denotes an integer of 1 tbf€,
preferably m' = 1, and Q' represents a hydroxyl group, -CO:H.

-OR%?, -CO,R%®®, -CONH,, -CONHR™, -CONR*R%*°, .NH,, -NHR!, -



substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl-6 al kyl group, and -ORa22 (where e2 represents a
Cl.6 al kyl group). [0129] Preferred of themare a -0-C3-7 cycl oal kyl
group, a - O-heterocycl oal kyl group, and a heterocycl oal kyl group.
Particularly preferred are a tetrahydropyranyl oxy group, a

cycl opentyl oxy group, and a norphol i no4®roup. [0130] Preferred

enbodi ments of the conpound of the fornmula - 52 111 according to the
present i NREARY DN o |INHES REN(ivbeze BE| oBY®, RYT31R™Fn amd R°bT each
(rerr), Ar 3 preferabké regresents a thienyl group, a

benzo[ bl t AepPPRER Tyloup alkyRhoehnap2 B- BePEe3pNeh\d CQrooapkyd group
benzof uranyl group, a_ benzot hi.azol yl roup, an indolyl g&ou , a
pyrrolyl @PE&éﬁa¥%¥iﬁﬂ“ﬁ&%ﬁp§ﬁdgpﬁuﬁ,haé%%ﬁﬂi%ﬁﬂ@%ﬁ)grBéﬂ, a ﬁ?PFﬂ@?nts
group, a pyLimdinyl qroup, . a. pyraziayl qroup, or_an isoxazolyl group.
(0132] Fag é@&iggﬁy ngWhPCﬁ“éﬁén?ﬂ3§§u§§PPBﬂeﬁtgh%ﬁy & CUR °8r Bup,
are the sane | f+F.e0e each preferably represent a hydrogen
~atom a hgT6g céﬂ%ﬁﬁy¥agkyaggiylggroup, a Cl1.8 alkyl group, or a Cl-6

al koxy grogpel ((ie3d R* Abgréserdtd H &Y/ aﬂk?!!pgrbﬁ?iépﬂcﬁ{ﬂrl&e‘j that at

| east one of Raa, R9a and 03 be an aryl group optionally Substituted

by one orsap£€) suted iBU@Nha1886RCAEENM{d PMdh& cgrgummgﬁl Yriodg of a
hal ogen atom a hydroxyl group, a Cl1_6 al kyl ngUp, and - ORal9 (where

Ral9 reprepeidvmaldCkubstlikubedghpuie o mbietsaboatyhegtsupelpitiegnal |y
substituted by one or nore substituents selected fromthe group

consi sti nfroh the age coasdsating hyliraxhdalagesupton, Ca. Byatrdxyl @rouyy,.
and -OR421 (where Ra' represents a Cy,-6 alkyl group), and the other
be each & FuydrdldeH STOWP . aandl vgRN §¥ real%{_@eam?ﬁn'g?ow«jx-mﬂml
Cl.6 a'k°§¥oﬁgfﬁﬂl
[0117] Preferably, R® is a hydrogen atom, a Ci.s alkyl group,
a halogen atom, a C;-s alkoxy group, or -0-CH,-Q’ ([where Q'
represents -CO;H c;sr ~CO,R*® (R*® is as defined abovell, and
particunlarly preferably, a methyl group. a chlorine atom. or a
methoxy group.
[0118] The preferred substituent as R° is a hydrogen atom,
a halogen atom, a hydroxyl group, a C;.s alkyl group, or ~OR%?
{where R'® reprasents a C;.s alkyl group optionally substituted
by a halogen atom(s):; or a Cy4.q0 aralkyl group optionally
substituted by one or more substituents selected from the
‘group consisting of a halogen afum, a hydroxyl group, a Cig
alkyl group, and -OR*'¥ (where R®” represents a C;.¢ alkyl
group)}.
[0119] Preferably. R" is a hydrogen atom, a hydroxyl group,
or a C;.¢ alkoxy group, and particularly preferably, a hydroxyl
group or a methoxy group.

[0120} The preferred substituent as R® and Rf ave the same



(0134] Preferred enbodi nents of the conpound of the fornmula 1V
according to the present invention will be nentioned below. [0135] in
the formula (1V). Ar' preferably represents a thienylene group, a
benzo(bj t hi ophenyl ene group, or a pyridylene group. It is preferred
that RR0 R21a R and Rz, which are the. substituents on the Ar4 group,
be each a - 53 hydrogen atom a hajggen atom a hydroxyl group, a Cl.g
al kyl group, or a Cl-6 al koxy group. R is preferably the sane as any

of thaqse dm@sme%%,t Qﬁapéséﬁ;fggrt e s UsAregan BPom| 043010

preferre oncrete conpound presént “invention are |7 sted

bel ow.at{dm) =l c2-/ABLRYEIr gréup | Joxf 4-oi"hy{varizy IRFP haiprdsdirtlshianeD,
glucitol (1S)-1, 5-Anhydro-1-[3-(4-ethoxybenzyl)phenyl]-I-

t hi o- RXHyicigranp( d5r1dn&l Py hynilsoe 4 tuted bi- Behadbhernaforyig et hyl | -

. 4-met hoxyphenyl | -1-thio-D-glucitol (1S)-1,5-Anhydro-|-[4-chloro-3-(4
et hoxyldEk#dyll ) ph&erpiferabini oR 8f tare hydrogen atoms or fluorine
(1S)-1, 5- Anhydro-1-(3-{4-et hoxybenzyl) - 4-

met hox@ny| ] - 1-t hi o- D-gl uci t ol
| S)-1, 5- Anhydro-1-[3-[(1-benzot hi en-2-yl)nmethyl] - '
b ohi Ay | Ther hFatbF ErG e tnt Lttent’ ab K* T8 '3 hydzogen atom,

o) e B! B Sal fFalSReL Qiotly 7ot BB Vhliy1 group
éﬁg%&ﬁ?ﬁ?@?ﬁ%@&@ééP&?%%éF&&hﬁ%%ﬂﬁp%&l%bgé"EEBQ§¥Euents selected

(1'S) - lgsRemf\tied l&iﬂ"_bll?{ 3ohbis PR %fgiae%-aaa)gbhnﬁww and a hydroxyl

6- met hoxypheny 1-thin-D-glucit

(1S) - lgfmuwnhydro-1 - [ 3- (4- et hoxybanzyl) -6

- 10123] Preferred of them is a halogen atom, a hydroxyl
group, or a Ci.¢ alkyl group optiqnally substituted by one or
more substituents selected from the group consisting of a
halogen atom and a hyf@roxyl group. Particularly preferred is
a methyl group, an ethyl group, an isopropyl group, or a
hydroxymethyl group.
[0124) Other preferred substituents as R° are -CO;H, -OR*,

- -CO;R*, -CONH,, -CONHR™, -CONR*R®, -COR™, -OCOR™, -SR*, -
SOR®%, -SO,R®, -NHR*, or -NR™R* (where R™, R, R*®, R®, émd
K*” each represent a Ci.s alkyl group, R&'represents a Cig
alkyl group optionally substituted by a halogeh atom(s), R®
and R*® each rapresent.a Ci.s alkyl group, a C;.;p aralkyl group,
a phenyl group, or a Ci.; cycloalkyl group. and R®', R* and R®**
each represent a Ci.¢ alkyl group, a phenyl group, or a tolyl
group). _

- {0123] Preferred of them are -COH, -OR*, -CO,R**, -SrR*! and
-NR*'R*’ (where E°!, R, R°! and R¥ are as defined above).

Particularly preferred are a methoxy group, an ethoxy group,



hydr oxyphenyl ] -1 -t hi o- D- gl uci t ol

(ZS)-1, 5- Anhydro-1-[4, 6-di net hoxy- 3- (4-

at hoxybenzyl ) phenyl ] - 1-t hi o- D- gl uci t ol

(1S}-1, 5- Anhydro-1-[ 3-(4-ethoxybenzyl)-4 - 54 -

fl uor ophenyl ] -1-t hi o- D-gl uci t ol

(15)-1. S- Anhydro- 1- ( 3- (4- et hoxybenzylJ -3 -

hydr oxyphenyl | - 1-t hi o- D- gl uci t ol

(1S) - 1, 5- Anhyicgroprbpidesh| grou, (£ metiiyfthdor grdup, and -CozMe.
ethoxybenz | )] phenyl ) -1-thi n-D-gl uol t ol e

(1S)-1, 5- lo- |-pzh@ﬁ|5r%f%m(® fSupgitdtyent as R° is -0-(CHz)m’-Q"

et hoxybenzyl ) phenyl ].- 1-t hi o-D- gl uci t ol
e

et hoxyben%%%]en 7 I -t | 0- Bi g;l uci ;y o -COH, -OR:, -COR®®, -
(1) Q)r WP - 2H, 2
met hyl phenydr 1- tﬁgﬁmlgggl u??ﬁ%hty(glf.‘ﬁ)cﬁi&? Albele 05 1 - 1dediil a0 o(w’fle(r% ﬁaa'

dlnethoxybenzﬁr)p

(19)-1, 5- Aphydg ﬂﬂli(am-clarﬁa@ h sent & C . 1
et hoxybenzy?/)phenyl | -l -t hi n- Dé#ﬁmrelfre ent a C;.¢ alkyl group, an

(19) -1, 5- Arvhysl ése}&s(%%moamyﬂzgfauﬁ optieonally substituted by a
met hoy- 4- net hyl phenyl) 1-thi o-D-gl uci tol

(1S) -1, 5- Andlydyem- latbB{&43%: but yl benayl ) - 4-
chl oropheuyl ]-1-thio-Dglucitol
(1S) - 1, 5- Aftiadrlo- | - Prefaroed-GE (thefl waeo~B-CHCOMe, -0-CH,COH, -O-
et hoxybenzyl ) phenyl ) - 1-t hi o- D- gl uci t ol
oiFe

(15)-1,5- Noe} . [@TC@&CMM andn - 9= CHIGHNHO: )
?;éif“lngt hoxy gn%ll_%)j g%rjlaq(:) %tgl(qg su%stituent as R° is ~OR™ {where R™
?Fts;]yllb gnz l | en PI_}%'?%G%%Z{:}C]. group cptinnally substituied by

one or more substituents selected from the group consisting of
a halegen atom, a hydroxyl group, a Cj;.¢ alkyl group. and -OR*'?
(where R*? rep_reaénts a Ci.¢ alkyl group): or

& heterocycloalkyl aroup opticnally substituted by one or more
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a C;.; alkyl group, and -OR**® (where
R™® represents a C,.s alkyl group)}, or

& heterocycloalkyl group optionally substituted by one or more
subétituents selected from the group éonsisting cf a4 halogen
atom, a hydroxyl group, a C;s alkyl group, an.d -OR**? (where
R*?? represents a C;.s alkyl group).

[0_129] Preferred of them are & -0-Ci.; ¢ycloalkyl group. a -
O-heterocycloalkyl group, and a heterocycloalkyl group.
Particularly preferred are a tetrahydropyranyloxy group, a
cyclopentyloxy group, and a mbrpholino group. |

[0130]' Preferred embodiments of the compound of the formula



met hyl t hi obenzyl ) phenyl ] - 1-t hi n- D- gl uci t ol

(1S)-1, 5- Anhydro-1-(4-chloro-3-(4 - 55 -

hydr oxybenzyl ] phenyl ) - 1-t hi o- D- gl uci t ol

(1S)-1, 5- Anhydro-1| -[4-chl oro-3-(4-

et hyl benzyl ) phenyl J- 1-t hi o- D- gl uci t ol
(1'S)-1,5-Anhydro-I-[4-chloro-3-(4_ g5 .

i sopropyl benzyl ) phenyl ] - 1-t hi o- D gl uci t ol

(1S)-1,.5:Ap ro-1-[4-c rQ-3-(4- :

et hoxy-I g%t ﬁ§¥%€él)j2'§ﬁ)%%e%‘f]p&f%teﬁio}ﬁvaflﬁ%??ovul be mentioned below.
(15)-1 ydr oppl -dids (bl @XYRERTY| A0 pRuee -

et hyi F{) Jéﬁﬂyr] e trﬁi gféngﬂ i ?to?( p3yl A6y %¥%14" represents a

(1) - 1Ry drypy ﬁﬂsld;{ ,E) % [Helzogp2 Qigfibgﬂe@yll |grgiglyld thienoi2,3-

4- chl or opheny i o-D-glucit

(1S) - 1nPeidpsknorl -debaphl & belzbfuehhyXyhenayl Ja Genzothiazolyl

met hoxyphenyl ] - 1-t hi o- D- gl uci t ol

(tS) - 1lgbeviphyam oind¢ By Lridmx @ eyryblyd, §roup, an imidazolyl group,
di hydr oxyphenyl ] - 1-t hi o- D- gl uci t ol :

(1S) - 1aspyrageiyl Y9H@I.4-3c PEYILEEAZ9T9uUE- netthdynidinyl group, a

nmst hyl phenyl y-1-thio-D-glucitol (15)-1,5-Anhydro-1-[4-chl oro-3-(4-
et hyl bBFE9FI0BL BBy e MY FSP¥RRPRY D TR 1 ol

(1S)- 19%%@%‘ ?’?f %ia%;]i(%"’:“%glag{ﬁmg_ (vﬁiicioijarr%p)‘:hgeg% L):i?ﬁents on the

met hox i tol

(19)- 1A}§:‘e%- &?iﬂ%ﬁgég_ggfagﬁé h%’]}‘ e/ ¥adren?, "8hACE¥%eft preferably

met hyl p ucrt

et hoxSBE wath 8 hypehodbyl SReR0R BEedey dhom, o midrerrl rowe, 8

havi ngo e oapet ot o By By e O hi & subst it uent  produces

the adyepsage 1If Ar® is a thienyl group, it is preferred that at
least one of R’, R™ and R'® be an aryl group optionally
substituted by one or more substituents selected from the
group consisting of a halogen atom, a hydroxyl group, a Ci
alkyl group, and -OR*’ (where R*'” represents a C;.; alkyl
group), or a hetercaryl group optionally'substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hyvaroxyl group, a C;.¢ alkyl group, and -OR**
(where R™*! represents a Ci.; alkyl group), and the other be
each a hydrogén atom, a halogen atom, a Ciz alkyl group, ;}r a
- Cy-5 alkoxy dgroup. | _
[0134} Preferred embodiments of the compound of the formula
v ac:dording to the present invention will be .ment:l.oned below.
[0135] In the formula (IV). Ar' preferably represents a
thienylene group, a benzo[b]-thiophenyiene group, or' a
‘pyridylene group. It is preferred that R®®*, R?™, R’ and %,

which are the substituents on the Ar* group, be each a



- 56 that the yield and selectivity for synthesis of this

Internmedi ate are better than the conpound | acking this substitueet,

[ D137] Concretely, in the nethod for producing the internediate of the
formula XV (for exanple, Schene 8 indicated below), the yield in
Friedel -Crafts reaction is high, If t@@ desired product is the
conpound of the fornula XV where Ar5 i's a phenyl group at the

B?Léa@?ii Zayér%fv:a“re%@a GG T AFLAARH ALER. | SohEReotel (S o BYRYT
nier ned) SE28R0[ OFre T AR, THebet dFnd BPREEAPLL A Ty, o, 4h0°
the compoy dthﬂs&’nhcﬁ[h'e@']as {tf‘ao @E%@Scﬁ%neﬂg?&&é Qeher with &

(corresponding to t conmpoun nd the conmpound in

which Gz' [ande@2 avmeegpr ﬁa%@%&seré@eréeﬁ@mmnﬁQhrehgreeeaeund 1A
of Schene 8) have good crystallinity in many cases, and can be easily

- recryst al linfedtasncareri ostedmadeis. [0139) The preferred enbodi nent s
of the internediate of the formula XV according to the present
invention wi |l (b8)-hehtAwmetrdd-d\8- (0&4B¥1béndy b) pleenyjrdrghigrDup,
Gad preferably represents a hydroxyl group; a Cl.8 al kyl group
optionaIIW1§G§§Pltuted by one or nore substituents sel ected fronrthe
group consistin

g a hal qgen atomand a h dro%%?f qﬁfup, -SR S

“SORa25; SCRRA2§) -1 ¥ -Arydrq-jrdds (Ryeth Pii% whenydlsla| kyl group,
and Rnl pr -6 al kyl group or a C7-10 aral kyl group
optionall§%§86§ #H?%ﬂo y a hal ogen aton(s)), and nore - 57 preferably

represents a Cly8) 34 kyla@iQiR, R YA L beRWBEhL N 2% 1 Jnethy1] -
4-methoxyphenyl]-1l-thic-B-glucitol
(15)—1,5-Anhydro-1~[4-chioro-3~(4-
ethoxybenzyl)phenyll~1-thio-D~glucitol
(18)-1,5-Anhydro-1-[3~{4-ethoxybenzyl)-4-
methoxyphenyl]-I-thio~D~glucitol
(15)-1,5-Anhydro-1-[3~[(1-benzothien-2-yl)methyl]-
4—chloropheny1]-1-thio-D~glucitol
{18)-1,5~Anhydro-1~[3-j{l-benzothien-2-yl}methyl]-
phenyll-1-thio-D-glucitol
(1S)-1,5—Anhydro-1~[3-{4-ethoxybenzyl)—6—methoxy~
phenyl]-1-thio-D-glucitol |
(1S}-1,5-Anhydro-1-[3-[{1-benzothien-2-yl)methyl]-
6-methoxyphenyl]-1-thio-D-glucitol
(18)-1,5-Anhydro-1-[3-{4-ethoxybenzyl)-6-
hydroxyphenyl]~1-thio—D-glucitol.
(18)-1,5-Anhydro-1-[4,6-dimethoxy-3-{4-
athoxybenzyl)phenyi]-1-thio-D-glucitol

{15}-1,5-aAnhydro-1-[3-{4-ethoxybenzyl)-4-



by a hal ogen aton{s), -SMe, -SOwe, -SO2Me, or a Cl.5 al koxy group
optionally substituted by a hal ogen atom or a benzyl oxy group
optionally substituted by a hal ogen atom The position of substitution
by Gaa is preferably the pars-position with respect to the |inker. The
ot her synbols are as defined in the fornula XV, but nore preferably,
&3" and G3c are the sane or difprﬁpg, and each represent a hydrogen
atomor a fluorine atom (01411 I1f"°Ar5 is a benzo[blthi ophenyl group,

a benzof uranyl oyp enzot hiazolyl. group, or a pyridyl group, G3a
Gab a “°§83¥3ngift&ﬁ%£§§(ﬂg 8sent a hydrogen atom a hal ogen atom

a hydroxyl up, ¢ 8 - Kyl gr,0 _al koxy group. [01423
If Ar5 is égéﬁi gh?/l gr%%)t?}it[%gap'rég'?g%}é%’%%f %Ba be an aryl group
opt i oRAlsh-YS ir{ yt 1821, e substituents selected fromthe
group“?gnéfggﬁﬁgy%r gﬂﬂg%ﬁggﬁﬂ‘é?gﬁ? a hydroxyl group, a Cl.6 alkyl

group, and(16Raids{AeFEro-A-Ia-eabescht g2 a5 (41 BLaddaldg-group); or a
heteroaryl group optionally substituted by one or nore substituents
sel eceeHoxibenzyhpplgemyel] -Conrtiis-prglatliaobal ogen atom a hydroxyl
group, a CL-6 alkyl group. and -CRaal (where Rezl represents a C, _6
al kyl  gro@p¥)-and-BRiydra- IGid -abdorhe3sadef moxhhf4-erent, and each
represent a hydrogen atom a hal ogen atom a Cl-8 al kyl group, or a-
Cl.6 &Wh@%?bgﬂémk?bkﬁﬂxﬁﬁ-Lmﬁ?#Q§Dpﬂéﬂ§i§%ly a phenyl group. Various

met hods for _produci ng the conpounds of the resent invention wll be
descri bed fﬁgbé%a§TAéh§4Rﬂ“%ﬂﬁﬂ'E °rﬁb§'f$h?$iRFQtﬁThose i|lustrated.

So f th h - t D-glucitol derivati
o oy RERBEFDRRS TIPS |11 GRSy PARELFaE which can be formed by
addi ng One(1§991Y?lﬁﬂﬁyéﬁoffjﬂaJ(hLQkHHkQEeﬁE5fW)Q-Ci'gnard reagent to

methylphenyl]-1l-thio-D~-glucitol

{18)-1,5~-Anhydro-1-[4~chlor0o-3-(3,4-
dimethoxybenzyl )phenyl]l-1-thio-D-glucitol

(13)-1,5~Anhydro-1-[4-£h1oro-3-(4-
methoxybenzyl)phenyl]-1-thio-D~-glucitol

{1S)-i,5-Anhydro-1—13«(4-etnoxybenzy1}-s- _
methoy~-4-methylphenyl}-1-thio-D-glucitol

{18)-1,5-Anhydro-1-[3-(4-t-butylbenzyl)-4-~
chlorophenyl]-1-thio~D~glucitol

{(1S)-1,5-Anhydro-1-[4-chloro-3-(2-fluoro-4-
-ethoxybenzyl)phenyl]-1-thio-D-glucitol

~ (1S)-1,5-Anhydro-1-]3-[(1-benzothien-2-yl)methyl]~

4,6-dimethoxypheny1]—1-thio-D-glucitol

(1S)-1,5-Anhydro-1-[4-chloro-3-(4-
methylbenzyl )}phenyll-1-thio-D-glucitol

(18)-1,5-anhydro-1-{4-chloro-3-(4-
methylthiobenzyl)phenyl]-1-thio-D~glucitol

(18) -1, 5-Anhyfro-1-[4-chloro-3-(4-



gl uconol act one derivatives (patent docunent 12). However,
1-thio-glucitol of the present invention was not successfully produced
by net hods performed under the sanme conditions as nentioned above. The
i nventors have found, as a result of eager studies, that
1-thio-glucitol is produced by nethods enploying the conditions

descri bed below. (Method 1 for produckhg the conpound of the present

i nvention) The conpound of the fornula V is obtained fromthe
conpouncdcheirddybenaii) phehiy Al ¢ bothyiwiD-giditth® conpound of the fornula
VI1I (thiolactone) by the nethods shown in Schenes 1 to 3. Then, the
conpound of t{H& }-dr.fuhahydre- I etrodloaiect3-i{d- necessary, further
deprotected, as shown in Schenme 4, whereby the conpound of the fornula
| can beeBrddhaneyl)vhenwdi hbotbio-Bygkusddiodi ng t he conpound of the
formula Il A (aglycon) .is _shown in Schemes 5 to 6, and the nethod of

synt hesi zi ng $4 - logrp8tinarer 1 e B2 ¥#r1 (thiol actone) is shown
in Sch 9. S : bon-carbon | i nk i tion 1

bot weon SRTERAAY IR L) RIBEEDL: L1 hprD- dhidEone B R e ATt Arz
As 10 3- Art 140 814 32 RZ RO Qi t IIARL

9- 111CR11 hs@ﬁ'%?&“ﬁ%&%%bp'ﬁ%%ééi 4 59 q [0145] Schee 1
where X LER5aR%Ehy0aRLe9 fEnShP - £5AY-B- ki uBiegine,

{i8)-1,.5-Aphydro-1-13-{4-ethoxybenzyl)-6-hydroxy-4-

methylphenyl]-1-thio-D-glucitol
{18)-1,5-Anhydro-1-(3-[{1-henzofuran-2-yljmethyl]-
4-chlorophenyl]-1~thio-D-glucitol
' (18)-1,5-Anhydro-1-[4-chloro-3-(4-ethoxybenzyl)-6-
methoxyphenyl] -1-thio-D-glucitel
{158)-1,5-Anhydro-1-[3-(4-athoxybenzyl)}-4,6-
dihydroxyphenyl]-1-thio-D-glucitol
(18)-1,5-Anhydro-1-[3-(4-ethylbenzyl)~6-methoxy-4-~
methylphenyl]-1-thio-D-glucitol |
{18)-1,5-Anhydro-1-I4-chloro-3-{4-
ethylbenzyl)-&-methoryphenyll-1-thio-D-glucitel
{1S}-1,5-Anhydro-1-[4-chloro-3-(4-isopropylbenzyl)-6-
methoxyphenylj-1-thio-D-glucitol
 (1S)-1,5-Anhydro-1-[3-(4-methylbenzyl)-6-methoxy-4-
- methylphenyl]-1-thio-D-glucitel
(18)-1,5-anhydro-1-[3-{4-isopropylbenzyl}-6-
methoxy~4-methylphenyl]-1-thio-D-glucitol
The Iintermediates of the formula XV accoxrding to the
present invention is characterized by having the substltuent -

OR™*. 7Possession of this substituent produces the advantage



i odine or chlorine, Arl represents an aryl, heteroaryl or

het erocycl oal kyl group, and the other synbols have the sane neani ngs
as given above. As shown in Schene 1,the conpound V can be obtained by
addi ng a thiolactone (conpound VIII) to a Gignard reagent prepared
froman aryl halide, a heteroaryl halide, or a haterocycloal kyl halide
(compound Il A) and nmagnesium The anmggnt of the Gignard reagent added
to the thiolactone is about 2 or nore equivalents, nore preferably

about 2 enuivkl Galeiel anaDauLed r o A6 Qtrkd QT dT ph9s 0D ai 1 abou

1 equi val ent e desired conpou reaction tenperature on

‘this occastimd® dteta@eabbyte20thi® BRL coipoinaSAb¥RDhg! BRAHT €paring.
the Gignard reagent, diethyl ether, tetrahydrofuran or diglyne is

nanmed. Asaowgtigadinitive, a catal ytic anmount of iodine or

1, 2-di bronoet hane may be used. The reaction tenperature on this

occasi onf?E3726C t CohBs@€Ltely; einr tind ymeth@d £oX0PCodLO1HGltHe aryl
lithium a heteroaryl lithiumor a heterocycloal kyl lithium which has
been synitearmaddare ofcibei fgrmpke JOhdiard epampdnd Echeme b8 um r eagent

selected from n-butyl Iithium tert-but¥l lithium and nmesityl |ithium
(2, 4, 6- t¥rHAaRAD hedeW) i theudjiedd ingirigdebriraiiseLagsitioneds: highp

e oM B S P S l de e MY 2Ly Pt e
(0, OIS 303 AR SRR e ML SRATBoRR LR B it eomRE e
e I SOAGED i B BLEE: Lo feMEor Wit oRE) SorhaEIg e 1
reacti Onpgsition isomers (ortho-substituted products) are formed by
using this method. |
[0138] Furthermore, of the intermediates of the formula XV
according to the present invention, the compound in which 6%
represents an oxo group together with G° (corresponding to the
compound Ilio of Scheme 8) and the compound in which G2 and G2
are hydrogen atoms (corresponding to the compound IIA of
Scheme 8) have good crystallinity in many cages, and can be
éasily recrystallized as colorless powders. _
{81391 The preferred embodiments of the intermediate of the
formuls XV according to the present invention will be
mentioned below.
[{0140] If Ar® is a phenyl group, G** preferably regresents a
hyéroxyl group: a C,.s alkyl group opticnally substituted by
one or more substltuents selected from the group consisting of
a halogen atom and a hydroxyl group: -SR*¥; -SOR™®; -S0,R™:
or -OR™ (where R®?® represents a Ci.¢ alkyl group, and RM
represénts a Ci.¢ alkyl group or a C;. i aralkyl group

optionally substituted by a halogen atom{s)}, and more



bet ween agl ycon and 5-thiosugar [0147] RS a (RGBR5 R8 R5 1 R 1) ii-qgu
Art V9 7 Are F19 2) 2Cul LICu R7 2 RRIOII IIA8 R5 Re t 8140 S
yo Rl40 g Ar AX"" JRe H 1 110 R130" oRtt R 30" "opll VIII OR12 OR12
V [0148] Scheme 2 where Ari represents an aryl, heteroaryl or

het er ocycl oal kyl group, and the other synbols have the sane neani ngs
as given above. As shown in Schene 2, nmpound V can al so be

synt hesi zed by adding a metal halide,”for exanple, copper (I) iodide

Pt er ooy RSTRER LT ERPERFESAE i bun BETHr %535%33%{%% e npa e

f i on,
and reactiha threbdn SF A YT CHRRBGaoMe e F%Q@?ﬁ‘t’%a“o.”
Lerper al Ui gl RYoh gL SRR S by ha1 Bubh | MM GE W haliory

pr ef er abl Cto -20 As a so use n this reaction
et her, tej:roaﬁ:y%eﬁaﬁam?rsﬁm:wdﬂ@ by RaARIUogdRedkorh e ThESPbELHon

I|th|un1reagent is added - 61 dropwi Se to a suspension of copper

i odi de oroﬁ:wblsmd:htmbndhy G is preferably the para-position with
réspect to the linker, The other symbols are as defined in
the formula XV, but more preferably, Gm’and G*® are the same
or different, and each represent a hydrogen atom or a fluorine
atom.
[6141] If Ar® is a benzo[b]thiophenyl group, a benzofuranyl
group, a henzothiazalyl group, or a pyridyl group, G*, G* and
G*° preferably each represent a hydrogen atom, a halogen atom,
a hydroxyl group, a ¢v* alkyl group, or a Ci. alkoxy group.
[0142] If Ar® is a thienyl group, it is preferred that G**
be an aryl group optionally substituted by one or more
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a Ci.s alkyl group, and -OR™’ (where
R™? represents a Cj.; alkyl group); or a heterocaryl group

optionally substituted by one or more substituents selected

from the group conslsting of a halogen atom, a hydroxyl gioup,'

a Ci.s alkyl group, and -OR*¥ (where R®*! represents a C;s alkyl

group), and G and G are the same or different, snd each

represent a hydrogen atom, a halogen atom, a C,.s alkyl group,

or a Ci.¢ alkoxy group.

10143] Ar® is preferably a phenyl group.

vVarious methods for producing the compounds of the

present invention will be described in detail below, but are

not limited to those illustrated. 8o far, there has been a



and diethyl ether, whereby the conplex 11' can be prepared. The
reaction tenperature is -78C to DC, preferably -25C to OC Then, the
thi ol actone VIII is added under the sane conditions as in Schenme 1, or
the conplex Il" is added to the thiolactone VIII, whereby the conpound
V can be obtained. Scheme 3i Carbon-carbon |inkage formng reaction 3
bet ween agl ycon and 5-t hi osugar [014%% _R7405 Oso HX 1) R MgX R30M
R140 S O Fi11 ."ofill V QRiz R130", ",OR' OR12 RS Re Rl LAr 9Rs

A R0 1 KPPBTSHA SIS Yo PRERYEF AR (EHh (T AV LR iBary o
h K | C3-7
Cych oal EyPERY otp SHPndE AR RTEE ol o e Bl by BotlBgTnd o

gi ven abguevaldet "Bt Nad ShAWRi1kR SENERCasy £ - URfrATRaGBALNEgber  of
t he equivalents of the conmpound Il A which is necessary for the

reacti ogludbad &SRS tadrdviaRevebi ppatéppaidbdnentlaki)ng However,

l-thio-glucitol of the present inventlon was not successfully
produced.by methods performed under the same conditions as
mentioned above. The inventors have found, as a result of
eager studies, that l-thio-glucitol is produced by methods
employing the conditions described below.

{Method 1 for producing the compound of the present invention)
The compound of the formula V is obtained from the
compound of the formula IIA {aglycon) and the compound of the
formula VIII (thilolactone) by the methods shown in Schemesg 1
| to 3. Then, the compound of the formula V 1s_reduced and, if
necessary, further deprotecried, as shown in Scheme 4, whereby
the compound of the formula T can be produced. The method of

synthesizing the compound of the formula 1IIA (aglycon) is
shown in Schemes 5 to 8, and the method of synthesizing the
compound of the Fformula VIII (thiolactone) is shown in Scheme
9, |
Scheme 1: Carbon-carbon 1inkage formingiieaction 1

between aglycon and 5-thicgsugar

[0144]
& 8 5
(e - :
XA wR RMO—~_.S._0  R“0O w“
R : R
A Hﬁio\" “opit Rﬁlo\"
vin OR™ OR'2



advant age of the fact that the thiolactone VIIl does not react 62 with
1 equivalent of a Gignard reagent, about 0.8 to about 1.2
equi val ents, preferably about 0.9 to about 1.0 equivalent, of R OWX
is added to the thiolactone VIII. As the Cl_s al kyl magnesi um hal i de on
this occasi on, isopropyl magnesium chloride, isopropyl magnesi um

brom de, or t-butylmagnesium chloridggis suitable. As the C3.,

cycl oal kyl magnesi um hal i de, cycl ohexyl magnesi um chl ori de, for exanpl e,
S naned{OQQS? sol vent usedqdigt pyl ether, tetrahydrofuran or the
like is "suitable. The reaction tenperature is preferably -20C to 25C

Then, a G'i gngrérd eaGidgiedelitRl @PAALHgEA R dMe xpERAdNdy! bfomsne added,
whereupon the thiol actone selectively reacts With X mnthout reactlng

Wi t h t heiBaMgXor nehilcatine ,addédrepiddedtie anr asyllt, hebdrddeydes red
conpound V can be obtai ned. The anount of the Gignard reagent | X can
be adj ushetiedegpnlbrailkywin grivup,r agdi tkel etimamtsywiballse hdwsi the sampound
V. About 1 equivalent of the Gignard reagent I X is sufficient to
obtai n WB8DLNGs eafi YAaMtabeverhe desired conpound. The preferred

solvent on this occasion is dieth et her or tetrah¥grofuran and the
reaction terrp%?a?lél‘?"é"-ljs!" aBI*%heZWEQ}l%@ cam P pEained F¥ance

expensi BT hrEH 41%% S opetuER B v+ S SGBES A TBB8ET bl ¢ to

2nd dopr é?sé#?%"r w4, b 085 & Ve I LI RE B 0L "

R240S Arheeeﬁﬁéy5§55¥¥¥ﬁ“ﬂﬁﬂid%n(Eghﬁbﬁﬁﬂr¥ﬁh) and magnesium. The
amount of the Grignard reagent added to the thiolactone is
about 2 or more equivalents, more preferably about 2
equivalents to about 2.2 equivalents in order to obtain about
-1 equivalent of the desired compound V. The reaction
temperature on this occasion 1z preferably -20°C to 25°C., As a
.solvent for preparing the Grignard reagent, diethyl ether,
tetrahydrofuran or diglyme is named. As an additive, a
catalytic amount of iodine or 1,2-dibromoethane may be used.
The reaction temperature on this occasion is 25°C to ;50“0.
preferably 40°C to 100°C.
[0146] An aryl lithium, a heteroaryl lithium or a
haeterocycloalkyl lithium, which has been synthesized by
reacting the compound IIA and a lithium reagent selected £rom
n-butyl lithium, tert-butyl lithium, and mesityl lithium
(2,4,6-trimethylphenyl lithium) at -78°C to -20°C, does not
react with the compound VIII. However, magnesium bromide |
(MgBr;) is added to the aryl lithium, the heteroaryl lithium
or the heterocycloalkyl lithium to prepare a Grignard reagent,

which can be reacted with the compound VIII. As a solvent



V--->h R/ Ro Ru R230°" OR21 HO 0822 OH XI'll la [0153] Schene 4
where the synbols have the sane neani ngs as gi ven above. Then, as
shown in Schene 4, the conpound V is reduced to be capable of

synt hesi zi ng the conpound Xi Il of the present invention in a fi

t ype- stereosel ective manner. As a reducing agent suitable for this
reaction, Et3SiH i-Pr3SiH or Ph2Silggl. i s used, and BF3St2o0, CF3COCH,
or InCl3 is named as a Lewis acid. As a solvent, there is naned

Ch'oroﬁg%ﬁliﬁdt£1§‘¥éﬁﬁ¥ negﬁ%%ﬁ&?”é%ﬁéfe’téﬁ d?&%h%%ﬁ og'ﬁﬁ y|

eth i oxane. tetr or a t m Xt ur e of ese

SO'Ven&ike'ﬂstﬁ%ﬁEdfﬂkﬂﬁ'ﬁﬂé KR3eki8A, témﬁ&ﬂﬂﬂﬂﬂﬂ%sare formed as
by-products at a rate of several percent to 154. By conbining reagents

or reag;_-bggr§gj_yer§@°c keweygs, the proportion of the by-products can
be decreased. A preferred reagent as the reducing agent is Et3SiH or

i -Pr3Si H neckemeref eCabbyn 8t Winksageformiagereadthisnthe Lew s
acid is BFapBt20 or CFaCOCH, nore preferably BF3Et20, The reaction

t enper hetween sagBoOn @b G -thlekugably -40C to OC. Anmong others, the
selection of the solvent is inportant, and the Suitable solvent is
prefer&Big7hcetonitrile, or a mixture with acetonitrile, such as
acetonitrile-chloroformor acetonitrjle- dichlqronmethane. [0154] R2' to
R24 are renoved from - CR23 to - OR24(of tﬁ@ - compound Xl 11 of the

pr esent |nventa%n q¥!a riate metrds, ;rby the substituents are
converted oxyI ps to
t he presen ILfCUR 20

¥ht ai n the conpound | a of
%nd R24 are benzyl

groups OI‘ F!"’
w
H5 BB
H‘140 HMO
OHR7 H”
9130\ ’0R11 R13o\‘ R R11
-3
Vil ‘OR'2 on1
[0148) ' Scheme 2

where Ar' represents an aryl, heteroaryl or
heterocycloalkyl group, and the ather symbols have the same
meanings as given abova.

As shown in Scheme 2, compound V can alsc be synthesized
by adding a meta; halide, for example, copper {I) iodide or
cesium chloride, to an aryl lithium, a hetercaryl lithium or a
heteracycloalkyl lithium, which can be prepared in the same
manner as mentioned above, to form a complex {(compound IL1’) by
transmetalation, and reacting this complex with the compound
VIII, The reaction temperature during the preparation of such
a lithium rveagent is preferably -78°C to ~20°C. As a solvent
used in this reaction, diethyl ether, tetrahydrofuran or the

like is named. Then, the resulting lithium reagent is added



4- met hoxybenzyl groups, for exanple, R21 to R24 can be renoved by
catal ytic hydrogenation in a hydrogen atnosphere with the use of a
catal yst such as pall adi um activated carbon, pall adi um hydroxi de, or
pl ati num pall adi um acti vated carbon. As a solvent used in this
reacti-on, there can be naned nethanol, ethanol, isopropanol, ethyl
acetate, and acetic acid. Alternatively, R21 to R24 can be renoved by
using a Lewis acid such as HC13, BCf3 Me2S, BBr3, Al Cl3, CF3CACH, or
Tf OH. Exanples of a solvent used in this reaction are chloroform

di chl or §¥ePHARE, tacatIsRension @fechppest hedlde an sepduss ghiaridend

ani sole. Ad isablx, t.he reaction tenperature is, -78C to 40C. [0156] |If
R23, R2INSRSILTRYL BULEY o WHALAPYythapconpep dEciean e pEaRRYEd- caused
to act on themin dinethyl sulfoxide jo isgnerize them (-CHH CHCH3),
wher eaf T8 Fﬁ@cFé%F?‘E%%‘%L?pQ'S cdf ©&% SbvedrsFetri e #9eCofo

hydr ochl @i c .aci.d 2 @) rnatively, 1 tq R24 can be
renmoved %b 'ugﬁﬁﬁi‘ ?@?Fgﬁgﬂ%$%?°“?4§#§§h§f4?5§8§15$g§ﬁ it 15%88%um
activat gdn@3EPoRs | Agt e off¢ i (e S S1+8CHhd C

aci d, p-tgﬁuenggﬁlg%ﬁPgsgii Equgte?edg&%?%hfdﬁﬁeghyﬁggf i%gr?%éacid.
As a sohwepladeefle VII1)ivhdr@ASt itBR, comgbena v idsh v @bRuhneaher, or
tetrahydrofuran is nanmed. Advisably, the reaction tenperature is 25C
to 100C. Schgorefe 3kt tadbbnotasyoh hEhikddy) foimiagl yeastpomti on 65 -
[0157] R MR Rs ~'~ --~=- - ~- Ark 6--r'" x x or e Ar Rs R7 n-9uU R
X a HO heRigedr 8g1lycoiOHGA 5 ~thROskgar010

[0149]
30
H'MO S 4] 1) RSOMQX H140 F; Mg;:
4
‘OR™2 R'%0" “OR"
Vil OR'2
RB
RQ
RTO
XMg H7A
fols0] ' Scheme 3

where Ar' represents an aryl, heteroaryl or
heterocycloalkyl group, R“’represents a Ci.s alkyl group or a
Cy.7 cy¥cloalkyl group, and the other symbols have the same
meanings as given above.

The method shown in Scheme 3 can decrease the number of
the equivalents of the compound IIA, which 1s necessary for
the reaction, with respect to the thiolactone VIII. Taking

advantage of the fact that the thioclactone VIII does not react



E—— e T T

RRe Ilib reduction Rs 5i- ~Ar Af Ra x R7 Ha q10 I|id [0158] Schene 5
where A" represents -(CHZ)n'- (n' denotes an integer of 0 to 2),
-CH=CH, or -CxC-, Arl represents an aryl, heteroaryl or

het er ocycl oal kyl group, and the other synbols have the sane neani ngs
as given above. .If Ais -(CH2)n- (n denotes an integer of 1 to 3) in
the conmpound Il A as the internediate, this conpound can be

synthesized with reference to Intesngdi-onal Patent Publication
W0127126. Alternatively, the internediate Il1d can be produced in

accor daptih W (huRvReERL Sor (2108 grfareP Heuwad ), | abbat f 0 88Eb iddonta
Gignard reagen with the use of 1 equival ent of magnesi um by the

met hod 1 deseyuikvadenlhaycprébéedtby iateiut, Ot.Betooapouhdi | d aeqguivairemntd

into a nonoaryl lithiumwth the use of | equivalent of n-butyl

| i t hi unodR¥rgX -butadded ttoi the Theolacteowmilldi.al Ay theGilabl e conpound
Ik is added to the Gignard reagent or the nonoaryl |ithium whereby

a conpakkyimagnesduhehayiencen /s ogsagiepl viAepreRHINGORaGH M eact i on,
di et hyl ether or tetrahggrofuran i s naned. Preferably, the reaction

t enper AMAREYde .. 1SCPFOPYINRINGTLIN PESOTLdPheRT FBYEBHIR s s
cxcanpl DT 15 SULRERI of AF (5B CacPHeLORLREAEh R BRI PPd can
e SISy B BELE U3 R, LEBCHAR D o
solvent used, diethyl ether, tetrahydrofuran or the like is
sultable. The reaction temperature is preferably -20°C to 25°C.
Then, a Grignard reaction IX prepared from the compound IXIA is
added, whereupon the thiolactone selectively reacts with IX
without reacting with the R MgX initilally added, with the
result that the desired compound V can be obtained. The
amount of the Grignard reagent IX can be adjuSted depending on
the reguired amount ¢f the desired compound V. About 1
equivalent of the Grignard reagent IX is sufficient to obtain
about 1 eqguivalent of the desired compound. The preferred
solvent on this occasion is diethyl ethef or tetrahydrofuran..
and the reaction tempefature 1s preferably'—20°c to 25°C.
[01511] In accoerdance with the above-described method, the
nqmber of the equivalenis of the expensive compound IIA can be
reduced, and 1t has become possible to syntheslze 1-thio-
glucitol.efficiantly.
Scheme 4: Reduction reaction and deprotection reaction

[0152]



di chl oronet hane, acetonitrile, or a solvent m xture of these solvents.
Preferably, the solvent mxture with acetonitrile, such as
acetonitrile-chloroformor acetonitrile- dichloronethane, is nanmed. The
reaction tenperature here is - 60C to 25C, preferably -30C to 25C.
Scheme 6: Method 2 of synthesizing the aglycon portion [0161] As c AS
Ra Ari R~t XAA~~A R7T MRRO R8 7 RRoO0 lie HOB Are As Il A HO
Rlo A=0, NH Hf [0162) Schene 6 wher &3M-represents -0- or -NH, Art
represents an aryl, heteroaryl or heterocyel oal kyl group, and the

ot her synbols have the sane neanhpgs as given above. A conpoqu ti%sis
coupled to an aryl boric aci d.Ré hgteroaryl boric acid or R

het er ocycl oal ri cid derimdli g bl .t h the use qf
catal yst or a@dggn%gg% ta § A Fgeeéeﬁ\é!}%:_gﬂ Eoba % £y~
conpound I A where Ais -0:- dr \H &% be obtained. Asithe, phlladiim
catal yst, Pd2(0Ac)2, RP'dBE) ZORPal | adi um acti vat ed B8 bqn, OH

dba: di benzyl i dene acet one, @R%Pd(PPh3)4, for exanple, isQtned. 67 As
the copper catalyst, Cu(OAcu® is preferred. Exanples of tlae base used
are t-BuX. Na2CQO3, !c2CO2, KOH, pyridine, or

[0153] Scheme 4

where the symbols have’the same meanings as given above.

Then, as shown in Scheme 4, the ¢ompound.v is reduyced to
be capable of synthesizing the compound XIII of the present
invention in a § type-stereoselective manner. As a reducing
agent suitable for this reaction, Bt:SiH. i-Pr;8iH or Ph,SiHCl
is used, and BF;'Et;0, CFi:COOH, or InCl, ig named as a Lewils
acid. As a solvent, there is named chloroform,
dichloromethane, agetonitrile, ethyl acetate, diethyl ether,
1,4-dioxane, tetrahydrofuran, or a scolvent mixture of thesge
solvénts. In this reduction reaction, o compounds are formed
as by-products at a rate of several percent to 15%. By
combining reagents or reaction solvents, however, the
proportion of the by-products can be decreased. A preferred
reagent as the reducing agent is Ei.SiH or i-Pr;SiH, more
preferably Et,SiH. A reagent preferred as the Lewis acld is
BF;*Et,0 or CF,COOH, more preferably BF,-Et;0. The reaction
temperatture is -60°C to 25°C, preferably -40°C to 0°C. Among
ofhers, the selection of the solvent la important., and the
suitable solvent is preferably acetonitrile, or a mixture with
acetonitrile, such as acetonitrile-chloroform or acetonitrile-
dichloromethane.

[0154] R? to R* are removed from -OR** to -OR?** of the



triethylamne. As a solvent used in this reaction, there is naned

chl orof orm dichl oronet hane, N, N-di net hyl formam de, tetrahydrofuran

di oxane, or di nmethoxyethane. Schenme 7: Method 3 of synthesizing the

agl ycon portion [0163] R5 friedet-Crafts 85 Re A5 Re ps reaction Re M
Are -~- e Are Are Rs sssludin® n~ ~ prZ Rs 7 COORe R7T OR o R7 Rau
Hg Ith R~oRs Ili lij R5 FIB Bramination Are Rs R7 RIO N A A=CH2,
X=Br [0164] Schenme 7 where Arl reﬁr@%eﬁts an aryl, heteroaryl or

het er ocycl oal k Eﬂ&roup, and the other synbols have the sanme nmneani ngs

as gi vef® | XI5Te@d] topaPreseRbcty i ion: by ARRTBRFLASE e CMffounds
IR G T I R
POl YT e LS 47 HRREA, RECEBAB o L URTSLIRNR, Sy dRLASS; TIE
e PR L Ca A 0 B ey Rpodeos (e
br om naj Gk MBI y1 g26hbY ¢! ¥or SbREpAL MR, £ &5 3t WD dhoved
by catalytic hydreogenation in a hydrogen atmosphere with the
use of a catalyst such as palladium activated carbon,
palladium hydroxide, or platinum-palladlum activated carbon.
As a solvent used in this reaction., there c¢an be named
methanol, ethanol, isopropanol, ethyl acetate, and acetle acid.
Alternatively, R® to R* can be removed by using a Lewis acid
such as BCl,;, BCl;'Me.5, BBrsi, AlCl;, CFi;COOH, or TEOH.
Examples of a solvent used in thls reaction are chloroform,
dichloromethane, acetonitrile, disthyl ether, tetrahydrofuran,
and anisole. Advisably. the reaction temperature is -78°C to
40°C.
[01561] 1f R*, R**, R* and R* are allyl groups (-CHzcﬁ=CH2},
t-BuOK is caused to act on them in dimethyl sulfoxide to
isomerize them (-CH=CHCH;}. whereafter the lsomerized groups
can be removed with the use of hydrochloric acid or HgCl,/HgO.
alternatively, R*! to R* can be removed by using, for example,
Pd{PPh.},;, PACl,, or palladium aativated.cérbon in the presence
of an organic acid such as acetic acid, p-toluenesulfonic acid
hydrate, or N,N'-dimethylbarbituric acid. As a solvent used
4n thisg reaction, acetonitrile, diethyl ather, ox
tetrahydfofuran is named. Advisably, the reaction temperature
"~ is 25°C to 100°C.

Scheme 5: Method 1 of synthesizing the aglycon portion



pot assi um brom de, hydrogen brom de, or N-bronosuccinimde (NBS)

wher eby a conpound |11 A can be produced. As a solvent used here,

chl orof orm di chi or omet hane, CF3COOH, or acetic acid is preferred.
Further, the m xture NHS-CF3000H H2SO4 is nore preferred. Schene 8:
Met hod 4 of synthesizing the aglycon portion [0165] R6 R} R6 RS
FriedebCraf e 6 R5 R& Are Bromnatlon i reaction R~ ----- Arl Are s
reduction 7 Br ~ Rono IlA R R7 Re Al RRollk Ilrn HOOO A~ R9 Ito
lIn RRo [0166] Scheme 8 where Arl fé%#%§ents an aryl or heteroaryl
group, QEHP&Be ot her synbol s have the' sane neani ngs as given above. If
t he substh nts R5 and R5 of the raw material Ilk or Iln are both

al koxy groups, for exanple, the reaction procgeding according to
Schene 7 npy Lg ul& in a decline in poyiﬁmn1%electiFWty for

brom nati on, -iIinafto btain the desired oduct ficiently. In
this case @S Bhowned n Schene 8, hghogenakiod/Ts Rhed in the first
st ep, foIIowéﬁbby n-Buliiedel - Craft eaction aﬁﬂ*uedu ¥on. This manner
is preferredya because the _caonmp gd | kK can be coduced in a higher
yiel d. The reaction condit P8f&At ot each reaction” conply with Scheme 7.
Schene 9: Synt hesis of thiolactﬂdé (0167] - 69 s B R8

reduction R
—_ iﬁ? Qﬁang
X ME-A

b -}

[0158] Scheme 5

where A' represents ~{CH;)n'- (n' denvtes an integer of 0
to 2), -CH=CH-, or -CsC-, Ar' represents an aryl, heteroaryl or
heterocycloalkyl group, and the other symbols have the same
meanings as given ahove.

If A is ~(CHz)n- (n denotes an integer of 1 to 3) in the
compound IIA as the intermediate, this compound can be
gynthesized with reference to International Patent Publication
W00127128. Alternatively, the intermediate IId can be
produced in accordance with Scheme 5,

[0159] A compound ITa is formed into a Grignard reagent
with the use of 1 equivalent of magnesium by the methed
described above. Alternatively, the compound IIa is formed
into a monoaryl lithium with the use of 1 equivalent of
n-butyl lithium or tert-butyl lithium. Then, a commercially
available coﬁpound ITh is added to the Grignard reagent or the
monoaryl lithium, whereby a compound XIIc can be synthesized.
Ag a solvent used in this reaction, dlethyl ether or
tetrahydrofuran is named. Preferably, the reaction

temperature is -78°C to 25°C.



S OH 3,4-1) HP, S OTHP AcO isOH . H20 AcO 1) NaOw A QAc Aca 1,0At 2) -
NaH OAc OAc P11- R4X Ilia llib 8140 5 OTHP PPTS 8140 5 OH pMSO Ac20
8140 S 90 R 3 OR11 r H130 'OR11 R130811 OR12 OR12 OR12 111C lid NC
[0168] Schene 9 where the synbol s have the sanme nmeani ngs as given

above. The conpound VIII can be synthesized by reference to Yuasa,
H, st al.. J. Chem Soc. Perkin ‘I'_rgﬁrhs._ 1, 2763, 1990. Alternatively,
t he conpound VIII can be synthesized 1n accordance with Schene 9 to be

d g | ow. _[0169 he hyd I - I ti f

St LR PR R

Publ i cat,i 1 - I ' 1t h '

PO S R OS2 sBATBD ik Elt CEChEAALD B SHOLEGLRERO 0P

under UL S.bw_% geLdl Cui Ol 1:0Rdmpolifl £X¥4NPAR néd @y’%ﬂﬁé%.?é&'. group

is protécted with a tetrahydropyranyl group wth the use o

3, 4- di hgdraeHeRYEalcid udedHR) traRd reatelionNesr )OS @JCHOH, or
nonohydrate, or pyridini um paratol uenesul fonate (PPTS), to synthesize

a conmeld 14| wameéds. aAsokveslvensted fthernehils nhemetli ohlobbfbrm,

di et hyl f or mam de, tetrahydrofuran. di oxane, dinethoxyethane,

chl or ofddcinl odombkbhaneet deategnidiritiel, uorreai sohvent . m{x0thid®] ofhdéhesehe
acetyl groups of the conpound Illb are - 70 renoved. Renoval of the
acetyl splyepdscarPrrfarabtlah ndbeusphyent mixture with acetonitrile,

such as acetonitrile-chloroform or acetonitrile-
dichloromethane, is named. The reaction temperature here is -

60°C to 25°C, preferably -30°C to 25°C.

Scheme 6: Method 2 of synthesizing the agliycon portion

[0161]
HsRs RS H® RB
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[0162] Scheme 6

where M reprasents ?O- or -NH-, Ar' represents an aryl,
heteroaryl or heterocycloalkyl group, and the other symbols
have the same meanlngs aé given above..

‘A compound Ile is coupled to an arylboric acid,
heterocarylboric acid or heterocycloalkylboric aéid Gerivative
IIf with the use of a palladium catalyst or a copper catalyst
in the presence of & base, whereby a compound IIA where A
is -0~ or -NH- can be obtained. As thé palladium catalyst,
Pa,{0Ac),, Pd(dba),, palladium activated carbon,

dba:dibenzylidene acetone, or PA{PPhy},, for example, is named.



a base such as sodi um net hoxi de, sodi um hydroxi de, |ithium hydroxide,
pot assi um car bonate, cesium carbonate, or triethylam ne. Mthanol.

et hanol, or hydrous nmethanol can be used as a solvent. Then, R11-RI4X,
for exanple, benzyl brom de, benzyl chloride, allyl brom de, or nethyl
iodide, is caused to act with the use of a suitable base, whereby a
conpound lily can be obtained. Exagpé.;:s_ of the base are triethylam ns,
N- et hyl - N, N-di i sopropyl am ne, pyridine, potassium carbonate, calcium

car bonat i carhb sodi dride, potassiu hydri de odi um
met hoxi a%, %ﬁ%#’%ﬁ&?ﬁ%g BFéfg'l’E@dﬁ a%gsprﬁg%r5%$'as??‘ﬁﬂ¥gﬁ? b%%as%',

cal ci um QAE areC ar e, d i [ de. a sol vent
used in ﬁélés) r_eactair%n,% E%b%- dllb%et yltf(zo(?pﬁémﬁ@gf u&%%%%r (?fxﬁfan, _

di oxane, t@fetriTmRiiDRXY CAd oD s d SrdiREed THE LRES I OILE e RkYeeissS - 20C
to 25C [0171) Then, the protective group at the 1l-position of the
conpoundndnd® dis.aredgored Gochbbediie thar@poy Nddibethy Ep6rmanimn! e, the

THP group can be renoved by treating the conpound Illc with PPTS in
met hanol tetradéneduraRi, ndlibyane heorx chipmbidx¢yiskhdnes treated with a
sui tabl e oxidi zi ng agent, whereby a thiolactone VIII can be produced.

The preferredubend Ziingletipdtd efefynthealzing sthe Gigliycan perkjon

sul f oxi de-acetic anhydride, Dess-Martin periodinane, or I RX, and the
reaction 01(%11lperature is 0OCto 406C. (Method 2 for producing the
conpound of the present invention) The conmpound | of the present

i nvention, where Ais -(CH2)n- (n denotes an integer of 1 to 3), can

al so be 71 .. synthesized by the method shown in Schenme 10. A different

met hod E@ ' oduci fgc‘ﬁi%‘f'ﬁlﬁ hetic i mfernegitate VA of Schgme AF0 | sR%shown

in scheng ) R raduction @
—_——-u‘—_ﬂn—+
coc RE m @ R? ‘7 ~ .ﬂ"’ R°
. R? R

W W@ O , *
lg " R® i j
R‘ID
R3 Re
Bromination R
—— () ()
i A e
HA
A=CHp, X=Br
[01641] " Scheme 7

where Ar' represents an aryl, heteroaryl or
'heterocycloalkyl group, and the other symbols have the same
meanings as given ahove.

Friedel-Crafts react:l,on_ is carried out using compoundsa
IIg and IIh, whereby a compound IIi can be obtained. As a
Lewis acid used in this reaction, ALCi,, CF,CQOH, or Ethlcig is
named, As a solvent, there is ramed chloxoform,
dichloromethane, or toluene. The reaction temperature used
here is -30°C to 60°C, preferably -15°C to 25°C. Then, a
compound IIj can be obtainef by the same method as the

reduction shown in Scheme 5. Further, the compound IIJ is



Scheme 10; Method 2 for producing the conpound of the fornula | [0172]
B At 5 HOs R5 M ReRI Br y CHOH+ Er z O T 8140 R~ 0 1Ip 0 8140
SOVONORt1 Ollg R13& '"OR11 OR12 OR32 IVa Rs V(11 Re Re Re r At
Re e()MH Are Rs |Va R740 S OHRGHO R140 OHCH2)n' Rlo RtOR ~ R RlaOR12
LAr'tRe OR12 IVb Y-(GR2)n~ Rio 1Vc 1) Eta Et3SIN, SF3EtEt2 O Ilr Y =
Br BF3Et20 \2) 11s Y = MyBr or LE WgikS.a RBRe Re Re Re Ry SRAR9
R 40 S R7 CHO 8140 S R~ (1H2), fio Rio _ R40 -ky R130' CR11 Ils-r Rt30

, OR11 C}téﬁﬁi \J§es&%§Bﬁtbeﬂeéf¥%e£§?5§£§§1%f%ﬁixz | s8aTwh GHdmide,

[0173) ere represents an aryl heferoaryl group, Y
represegpéméhémumﬂvy%mah@q1h?daﬁffﬂwuﬁﬂmidd J orON-biBhoShctinintas

Compound Its, and the other synbols have the sane neani ngs
(NBS), whereby a compound IIA can he produced. As a solvent
used.here, chloroform, dichloromethane, CFiCO0H, or acetic
acld is preferred. Further, the mixture Nss-cracoon-azé;m is
more preferred.

Scheme 8: Method 4 of synthesizing the aglycon portion
[0165])

5
Friedel-Crafis

3
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Br Ry ——— A

97 7 10
llk R g R
HO,C Fl o
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[0166] Scheme 8

where Ar' represents an aryl or heteroaryl group, and the
other symbols have the sawe meanings as given above. '

If the substituents R® and R® of the raw material Ik or
Iin are both alkoxy groups, for example, the reaction
proceeding according to Scheme 7 may result in a decline in
position selectivity for bromipmation, failling to obtain the
desired product efficiently. In thils case, as shown in Scheme
8, halogenation is perfermed in the first step, followed by
Friedel-Crafts reaction and reduction. This manner is
preferred, because the compound IIA can be produced in a
higher yield. The réaction conditions for each reaction
comply with Scheme 7.

Scheme 9: Synthesis of thiolactone
[0167]



as given above. A commercially available conpound lip is heated under -
72 reflex, together with ethylene glycol and p-toluenesulfonic acid
nonohydrate, in toluene or benzene to forma conpound Ilqg. The
reaction tine at this time is 1 to 24 hours, and it is advisable to
perform a dehydration operation using a Dean- Stark apparatus or the

| i ke during the heating. Then, in the- €&nme manner as described in the
af orenenti oned Production Exanple 1, a Gignard reagent of the
conpound liqg is prepared, and then the thiolactone VIII is added,

wher eby a conpound IVh obtarned [01741 hbxt an explanatron
will be qkb one%%d:ﬁl corrpoqﬂ de‘f?Of t he
present invention fromt o nd | Va. st t he_et @i egoet al
group of tA&c IVa is rem)ved 49 h %tho épleto obt ai n

a conpound | VhOAGHydrochI oric acid, p-tol uleésuI fonic a hydr at e,
acetic acid, peagghloric acid, or Ph3CBF4 i §gpnaned as the used |n
this reaction. Methanol, ethanol, acetone, dichloronethane, water,

a mxture of themis naned as a solvent. The reaction terrperature |s

pr ef er abl yi4 Qe | 51 T ound | Vb

Gignard Hreag nt jor organ%ljrrgth uﬂ:?lq?s, whi ch carP"EﬁQ red rom a
commer ci al IRPaverT abrte br oni ne herl wiO' Ve 110R'by the sane nerlod “oR'
descri bed in thertorenmenti oned Producti grt®Exanple 1, Schene 4, Og!?
whereby a conpoypd W can be synthesi zed.y i et hyl ether

t et rahydr of uran, or di net hoxyet hane is naned as a solvent used in thrs
reaction. The reaction tenperature is -78C to 25C. [0176] Further, the
hydr oxyl groups in the conpound IVc are reduced in the sane manner as
descri bed (A1BHE af or ement i on&gheme 9

where the symbols have the same meanings as given above.

The compound VIII can be synthesized by reference to
Yuasa, H., et al., J. Chem, Soc¢. Perkin Trans. 1, 2763, 1990,
Alternatively, the c¢ompound VIII can be synthesized in
accordance with Scheme 9 to be described below.
[0169] The hydroxyl group at the l-position of a compound
IITa {can be produced with reference to International
Publication WO04/106352 pamphlet) is protected with a
protective group which is resistant to basic conditilons and is
capable of deprotection under neutral or acidic conditions.
For example, this hydroxyl group is protected with a
tetrahydropyranyl group with the use of 3,4-dlhydro-2H-pyran
(3.4-DHP), and p-~toluenesulfonic acid monchydrate, or
pyridinium—baratoluenesulfonate (PPTS), to synthesize a
eompound IIIb. As a solvent used in this reaction, N,N-
dimethylformamide, tetrahydrofuran, dioxane, dimethoxyethane,
chloroform, dichloromethane, or toluene is namedf

[0170} Then, the acetyl groups of the compound IIIb are



- 73 Production Exanple 1, Schene 4, whereby the conpound | of the
present invention can be produced. [0177] it is also possible to

synt hesi ze the conmpound | of the present invention fromthe conpound
IVa by a different route. First, the thiosugar hydroxyl group of the
conpound IVa is reduced, and then the ethyl eneacetal group is renoved,
wher eby the conpound VA can be obtaipggd. The reaction conditions for
these reactions conply with the above-described nmethods. Then, the

d VA ded d rd
o or gahent v uneBEve £ oend e °“”y?*=eancs§ o RE TR, IS e
! 1 h
pr csencs St SYAEHE Sedt bt ek he | et hykoktfs a7
conpoungyhrsefade p%essfmmzeﬁrbeﬁawe Loyt arboagd, | Bzt hi s reaction,

BF3Et 20, CFSCOOH or InCl3 i's naned. As a solvent, there is naned

chl or of@fﬁtwmﬁ@mmm@no;ﬁcaimﬂw | or asrdaoﬁglﬂ«@mandm da ®eof
t hese solvents. Preferably, a solvent mxture with acetonitrile, such.

as acetwsed tas | -slvenaf, orrhen, attiRAKL rEbe-extimgller Genizianbyronsdaaned.
The reaction tenperature used here is -60C to 100C, preferably -10Cto
60C. Schemzyll ichlvatiided Bddydybhrovsde; ey imathydedodideVAis| GaT8id R& RS
eR~ R5 8140 S Art X 1) n-BuU R140 CHO R7 2 OM MR13C OR11 ) R130

OR12 omt v th[eopﬁg] ofcRefiiliable opsayh herRbY AcpPERRWARS %th yl or

heteroar ro
é% éﬁ%alnéﬁ Examples of the base are triethylamine,

N—ethyl-N,N-diisopropylamina, pyridine, potassium carbonate,
caleium carbonate, cesium carbonate, sodium hydride, potassium
hydride, sodium methoxide, and t-EuQK. The preferred bases
are potassium carbonate, caleium carbonate, cesium carbonate,
and sodium hydride. As a solvent used in this reaction,
N,N-dimethylformamide, tetrahydrofuran, dioxane, or
dimethoxyethane is named. fThe reaction temperature is -20°C to _
25°C,
{0171} ‘Then, the protective group at the l-position of the
compound IIIc is removed to obtain a compound IIId. PFor
example, the THP group can be removed by treating the compound
IIIc with PPTS in methanol or ethanel. Finally, the compound
I114 is treated with a suitable oxidizing agent, whereby a
thiolactone VIII can be produced. The preferred oxidizing
agent used in this reaction is dimethyl sulfoxidefacetic
anhydride, Dess-Martin periodinane, or IBX, and the reaction
temperature is 0°C to.40°c.
{Method 2 for producing the compound of the present invention)
The compound I of the present invention, where A

is ~{CHz)}n- (n denotes an integer of 1 to 3), can also be



ot her synbols have the sane neani ngs as given above. Moreover, the

I nternmedi ate VA can be synthesized by treating a conpound Va with
n-BuLi, and then adding N, N dinethylformam de, as in Schene 11. As a
solvent used in this reaction, tetrahydrofuran or ether is named. The
reaction tenperature is preferably -78C to 25C. (Method 3 for
produci ng the conpound of the present Tﬁﬁbntlon) The conmpound | of the
present invention, where Ais -CH2-, and Rs is a functional group such
as - CORd orsynthemized pr the unekhod ahawe dpnBrbems el0 by AudilEfenendn of

Stille cou Iln%S&Es pi net ., et al. Angew. Chem  Int. Ed. En%I voI
43, 4704, OfE] Bmg‘lkingm\g%mtl'@rﬁ% ippermediage A qf|S¢

508, 1986) éﬁg& of ﬁ g Vb shown in Schenme 12, or by way of an
I nt er medi at’& | B din 13. Scheme 12: Method 3 for producing

BroE o0 X Rk SEhEpe Ty f%hé%gg% xgr"%i) ol Fe Ré@&.ﬁ’%ﬁsfﬁ “%Ril
Vili ORI2 Qi i¥dfRe Re Rs Re RS VAr2 RS | RI40 8 Art BUGSR2 R140 5
Snsu 1t Rio 7R = - R7 3----- It RI3W PR |1 R13Q " ,' OHL1 Pd

catal yst QGhZ2GR12

1) EtgSiH,
BFELO ifr ¥ =8r

lis Y = MgBror L <

RS R?
HQ
{CHa)p RO
H "R :
reduction
OH12
VA
[0173] Scheme 10

where Ar! represents an aryl or heterocaryl group, Y
represents a bromine atom in a compound IIr, or MgBr or Li in
a compound IIs, and the other symbols have the same meanings
as given above.

A commercially avallable compound IIp is heated under



Va Vb Re R5 Re R4() S Arl AAte RO R7 File 830,. ""OR OR2 | ArCH2
E0181] Schene 12 where Arl represents an aryl or heteroaryl group, X
represents a chlorine atomor a bromne atom and the other synbols
have the sane neani ngs as given above. A commercially avail able
conpound Ila is forned into a G&Gignard reagent by the nmethod descri bed
in the aforenmentioned Production Mghad 1, Scheme 5, with the use of 1
equi val ent of magnesiuim Alternatively, the conpound Ila is forned

O A Sethel! ek PRt duygelichal bOpliti BN RNIE ot

al. Angew. Chem E 2451,

al . Angayiq @BhyarbteFdinEegluen®! or AShnzhd3 to2 @ aAcompbRAdndzy! | |
is added to the resulting reagent, whereby a conpound IVd can be '
obt ai nethe Weamstibhe thmdr akythps otfimeofist he toceapnonds | \éhd sitf aduced in
the sane manner as described in the - 76 Production Method 1, Schene
4, whersbsisabdensoupdrfarnan dshydratdwnedpeFfhthent heingprpdiewh-Va i s
treated with Bu6Snz and a pall adium catal yst, so that a conpound Vb
can be Siark,apraratusert ke phiea durhngatheybeatied- i Theli.s ipesbei on,
Pd2(C¥m22, Pd(dba) 2, or Pd(PPh3)4 is naned. Toluene_ is_preferred as a
sol ventSang, FapReT, ggc fesRTieHh oithithee atorgpentioned Xradpgddonthen, the

conpound Vb .and a_c ound.lit are tr ed with a palladiumcatalyst,

wher eb&'d’f%g’lfoﬂpoﬁngﬁgﬁ?r‘? h’éeaq)ef%etsé’ﬁte %%‘RVSHFPS?’in@aﬁf%el%ﬂﬁer?é’ﬁ d. As

the palafiyill, the thiolactone VIII is added, whereby a compound IVa
can be obtained.
[0174] Next, an explanation will be 6ffered for one route
for producing the compound I of the present invention from the
compound IVa. First, the ethyleneacetal group of the compound
IVa is removed with an acid to be able to obtain a compound
IVb. Hydrochloric acid, p-toluenesulfonic acid monchydrate,
acetic acid, perchloric acid, or Ph;CBF; iz named as the acid
used in this reaction. HMethanol, sthanol, acetone,
dichloromethane, wate#, or a mixture of them is named as a
solvent. The reactlon temperature is preferably 25°C to 100°C,
[0175] Then, the compound IVb is added to a Grignard |
reagent or erganolithium IIs, which can be prepared from a
commercially available bromine derivative IIr by the same
method as described in the aforementioned Production Example 1,
Schemeé 4, whereby a compound IVc can be synthesized. Diethyl
ether, tetrahydrofuran, or dimethoxyethane is named as a
solvent used in this reactlon. The reaction temperature
is -78°C ta 25°C.
[0176] Further, the hydroxyl groups in the compound IVc are

reduced in the same manner as described in the aforementioned



catal yst used in this reaction, Pd2(0OAc)2, Pd(dba)2, Pd(PPh3)4, or
PdC12(PPh3)2 is naned. As a solvent, toluene, tetrahydrofuran, or

N, N-di met hyl f ormam de is nanmed, and the reaction tenperature is 40Cto
120C. [0183] Rs R5 6 R5 E135iH, R R ~ OH R7 CHO BF3Et 20 8140 $ A7 OH
brom na bon R 30 6130. '"OR7/1 Ra0-0 ,OR.i OR12 ont2 NOlva R& Rs s
RFRe aRRBuaSn Are RO Ri $ & 11ZRIGRAOS$S A~' A2 | RD RI40 R7
R7 RO R130 '"ORii |'d catalyst RB0 OR OR ORL IVf | A=CH2 [0164]
Scheme 13 RR8ABCRiON BRpgLlehtls SENBRG| 4 or VRRFR L INA CHPEGHNdahdOt HEne
ot her synbol s have, t he sane neaipi ngs as given above. The conpound | of
the presenPTRAGRht FBYPREPY 8G %& r?aucgﬁoduced by Stille coupling of

2010 et |V B SRR AN A SR sihRSSRETE

[0186] Firghe ngs@e{fE”ﬂWAmQLro%“Er%In 2nEOBBRYAhd rd By a aifferent
route. First, the thiosugar hydroxyl group of the compound
IVa is reduced, and then the ethyleneacetal group is removed,
whereby the compound VA can be obtained. The reaction
conditions for these reactions comply with the above?described
methods. Then, the compound VA is added %o the IIs compound,
which ig a Grignardé reagent or organcolithium, so that a
compound Vx can be obtained. Fuarther, the compound Vx is
reacted with Et;8iH, i-Prs8iH, or Ph,S$iHCl in the presence of a
Lewis acid to reduce the hydroxyl group, whereby the compound
I can be synthesized. As the Lewis acid used in this reactionmn,
BF;*Et;0, CFi;CO0H, or InCl; is named. As a solvent, there 1is
named chloroform, dichloromethane, acetonitrile, or a selvent
mixture of these solvents. Preferably, a solvent mixture with
acetonitrile, such as acetonitrile-chloroform or acetonitrile-
dichloromethane, is named. The reaction temperature used here
is -60°C to 100°C, preferably -10°C to 60°C.

Scheme 11: Method for synthesizing intermediate VA

[0178]

) nBuli RY“O
_...—.._»

R .
o 2) DMF RN

[0179] Scheme 11



reduced under the sane conditions as in Schenme 4, whereby a conpound

| Ve can be obtained. Then, the hydroxynethyl group of the conpound | Ve
is brom nated, whereby the internediate |Vf can be synthesized. As a
met hod used in this brom nation, a conbination such as PPh3-CBr4 or
PPh3- N- br onosucci ni m de can be used. Alternatively, the hydroxynethyl
group of the conpound W is sulfopajed with nmethanesul fonyl chloride,
p-tol uenesul fonyl chloride, or trifluoronethanesul fanyl chloride in

e P o SR PR e R A RO "ok M Dbl SR Ol e
acetoni&ﬂﬂéﬁs@%&@hﬁéhﬂ{e deld ¢ ,Qx&ﬂﬁﬁrﬁﬂ1gi€énd+w@, e is naned. As
Va , K2C33, K y

t he base, 2 OH, pyridine,” or triethylamne is preferred.

(Method 4 f Gloreboduci tHe t Detamute oh tha peesenthdswad iygn) The
conpound | of the present invention, where Ais -(CH2)n"- (n" denotes

an i nt ageatdhgOat eo@pound-Va ori th\l-Buldanahd tlhes heddireg MW-utilization
of Suzuki coupling (Belliaa, F., at al. Synthesis, vol. 15, 2419,

2004, Miypekhylfdrmamide) . as Cherichiépe. livolAs 36 sqRA®nt 18e8) Lbytihnby of a
conpound Vc shown in Schenme 14. Schene 14: Method 4 for producing the
conpouFgagtivne tesrahydrefiyragor ethgr kg named. RIBRSIRBCREOR A || Rto
8140 S Ar7 x 1) n8i WRtaO S A7 B(OH) 2 Ilu Base AP R 30 OF O 2)

B( ORLk)t®rwezatureors prefavatdy A8 6Nt #&C-va VC Arz Rs

(Method 3 for producing the compound of the present invention)

The compound I of the present invention, where A iz -CH,-,
and R® is a functional group such as -COR® or -CO.R®, in
particular, can ba synthesized by utilization of S5tille
coupling (Espinet, P., et al. Angew. Chem. Int. Ed. Engl. vol.
43, 4704, 2004; Stille, J.K., Angew. Chem. Int. Ed. Engl. vol.
25, 508, 1986) by way of a compound Vb shown in Scheme 12, or
by way of an Iintermediate IVf shown in Scheme 13,

Scheme 12: Method 3 for producing the compound of the
- formula I

[0180]



Ra R5 Ra N Ala R4O S Art A j(AQJ z RD Cu(OAc)2 R7 RI0 FIZU', ON OR2
| A= CH2, O NH etc [0188] Schene 14 where Arl represents an aryl or
het eroaryl group, A" represents -0- or -NH, A" represents a bond,
-CH2- or -CH=CH, R Kk represents a Cl-c, alkyl group, and the other
synbol s have the same neanings as given above. To a conmpound Va in
tetrahydrofuran, n-butyl lithiumis addé® -and a tri{C3.5

al koxy) borane (B(ORI k)) is caused to act. The reaction tenperature on
this occasion is -78C to 25C. Then, by treatnment with hydrochloric

~acid or the |ike, Ra bggpjic acid derivative Vc can beésynt heBiShbd.
[0189] Then, orrpgﬂéaiqlc_and_a_wcmoqu flu are t edBFstR®h a
pal | adi um cat xi N t hegppesenee a Ui evr; fhereby—t#re

conpound | of tH present invenfiofi can be obfai neaH l:’Exarrpl es of a

sol vent used ih thjs reactigg,a -ﬁﬂ(aneﬁwﬁé ni“oRl'l e, tol uene,
di met hoxyet hane, tetrahydrofuran, N Ndi met hyl fegéam de,

di neet hoxyeet hane/ wat er, et hatlib Rhat er, and tol yane/ ethanol. As the
base, t-BuOK, Na2C03, K2C03, KOH, pyridine, or triethylamnine isR®
preferred. - 79 Exanpl esgpf the palladium catal yst mre palla
activated carbon, Pc)z, Pd(dba) 2, Pd(PPh3) d Pdcf . In
the case of,i.he react i nvVolgy t heyt d whi gl A'Rtti s

- CH=CH-, thgréga O ddict B 1y 7t gu%e-nﬂpeﬂﬂljal-d»the

prig onvert
formula I, where Aig., -CoHA-, by the met e yiag on cat aPdsatalyst
hydr ogenat i on BBwAYT nORKe Product i on Iﬁ% ubﬂ
OR
Vb
RB
R0 AH*’
Rm
fol81] Scheme 12

where Ar' represents an aryl or hetercaryl group, Y’
represents a chlorine atcm'or a hromine atom, and the other
symbols have the same meanings as given above.

A commercially available compound IIa is formed into a
Grignard reagent by the method described in the aforementioned
Produation Method 1, Scheme 5, with the use of 1 equivalent of
magnesiuim. Alternatively, the compound IIa is formed inte an
ate complex with the use of i-PrMgCl-LiCl (Kitagawa, K., et al.
Angew, Chem. Int. Bd. EBngl. vol. 39, 2481, 2000; Knochel, P.,
et al. Angew. Chem. Int. Ed. Engl. vol. 43, 3333, 2004). A
compound VIII 1ls added t¢ the resulting reagent, whereby a
compound IVd can be obtained. Then, the hydroxyl group of the

compound IVd is reduced in the same manner as described in the



Met hod 1, Schene 4. (0190] By enploying the nethod shown in the
Production Method 1, Schene 6, the conpound |I of the present invention
(A =-0- or -NH) can be obtained fromthe conpound Vc and a conpound
liv. (Method 5 for producing the conpound of the present invention)

The conmpound | of the present invention, where Als - CONH(CH2)n- or
-NHCOQ(CH2) n- (n denotes an integer @f O to 3), can be produced by a
met hod perforned via an internediate Vd shown in Schene 15, or

net hod a1l NEaE gl t \ﬁbéh"‘”& §P herre 15:
Met hodpggé pro uéctﬁlr? t%ebco%ou%d%q A %or"?‘r’@l‘:)aﬁ Yglé% I§&80 Re
RS Ar grm%ﬁcéﬁ Oﬁ%teﬁu Eﬁe Sofiping \JaP&MQ@!ceated YREBUBNM b, by g~ ge Ar
1 n-Bu2My R7 CQ2t Bu laa He He Ari R140 5 C2t-Bu VI C]—IRlau"
, OR11 pEBﬂé’auhx\/g:atJélﬁt?;SLsH, tBk8 Gt Zomp oudd vb can be synthesized.

As the palladium catalyst used in this reactlon, Pd;(0Ac);,

Pd(dba);, or Pd(PPh;), is named. Toluene is preferred as a

solvent, and the reaction temperature is 60°C to 120°C.

[0182] Then', the compound Vb and a compound 1It are treated

with a palladium catalyst, whereby the compound I of the

present invention can be synthesized. 2As the palladium

catalyst used in this reaction, Pd,(OAc)., Pd{dba),, Pd(PPh;),,

or PACl;(PPhsi); is named. As a solvent, toluene,

tetrahydrofuran, or N,N-dimethylformamide is named, and the

reaction temperature is 40°C to 120°C,.

[0183]

“OR!
OR?
| A=CHs

Pd catalyst

[0184] Scheme 13
where Ar' represents an aryl or heteroaryl group, and the
other symbols have the same meanings as given above.

The compound I of the present invention can also be



Rs RS Re R Art R140 S Ar$ X 1) n"BuLi R1403 R7 COCH ---~* R 2) CO2
Re Al3 a" ,,eOR11 Rt3p' 120R11 /, RS OR12 OR HN-~(CH2)n Rlo Va Vd
Il'w RS RS Re At |Ar }RO A0 S R7 CONH(CH2)n* 10 R30N' "OR OR2 Ib
[0192] Schene 15 where Ar' represents an aryl or heteroaryl group, and
the other synbols have the sane neanin%s as given above. A conpound
Ily is treated using an ate conplex i~ BUZNgLi whi ch can be prepared

fromn-BuLi and i-PrMgCd or i-PrMyBr, whereby an organonetallic
reagent ||BpEO%grdhdY Pe&Othiégr@%g@ﬂnlﬂﬂ%£&eﬁéa AdE¥r tand AN
thiolactone VIII,. whereb ound an be_obtained. Then, the
hydroxyl -o%g4an [?qm?opé&uéianggﬁ%Q W] ianditions as in Schene

4, and ster cted,to Cld hydr ol yisi s,

wher eby a ﬁ@?%%ﬁyllgﬂb 85?? ?F@ 5§hbﬁb ﬁPﬁgé ! Eh%s a

sol vent us ion, there is naned dloxane acetonitrile,
t ol uene, J‘%jljf'ﬂ'(v) {lﬂetﬁhgg‘%g t et rahydr of uran, N, N-di net hyl f or mam de,

o AL APROELcL st ek oryl glodpldeeseLabonnt 18 402, el

t he car boxyéd€calivhder the same conditions as in Scheme 4, whereby a
compound IVe can be obtained. Then, the hydroxymethyl garoup
of the compound IVe is hrominated, whereby the intermedilate
IVE can be.aynthesized. As a method uzed in this bromination,
a combination such as PPhy-CBr, or PPh;-N-bromosuccinimide can
be used. Alternatively, the hydroxymethyl group of the
compound IVe is sulfonated with methanesulfonyl chloride,
p-toluenesulfonyl chloride, or trifluoromethanesulfonyl
c¢hloride in the presence of a base., and then hrominated with
the use of NéBr or LiBr. As a golvent used here, chloroform,
dichloromethane, acetonitrilie, diethyl ether, tetrahydrofuran,
or dloxane is named. As the base, Naz;CO;, K,CO;, KCH, pyridine,
or triethylamine is preferred,
(Hethod 4 for producing the compound of the present invention)

The compound I of the present invention, where A
is -{CH,)n"- (n" denotes an integer of 0 to 2}, -0-, or -NH-,
can be synthesized by utilization of Sﬁzuki coupling (Bellina,
F., et al. Synthesis, vol. 15, 2419, 2004, Mivaura, N., et al.
Chem. Rev., vol. 95, 2457, 1995} by way of a ¢ompound Ve shown
in Scheme 14,
Scheme 14: Method 4 for producling the compound of the

formula I

[0187]



derivative Vd can be synthesized by treating a conpound Va wth

n- BuLi, and then bubbling a carbon di oxi de gas. Tetrahydrofuran or

di ethyl ether is naned as a solvent used in this reaction, and the

reaction tenperature is -78C to 25C. [01931 Then, the conmpound Vd and

an amine |1w are subjected to dehydration condensation, whereby the

conpound I b of the present inventiofg can be obtained, As a sol vent

used in this reaction, chloroform dichloronethane, or N N

dinmethyl formam de is preferred. Preferred as a dehydration R8

condensation agent is N, N-dicycl ocarbodiimde (DCC), N-ethy

N - 3-di net hyl am nopr opyl car bodi | made hydrochl or | /@

N. N-car bonyl di i midaz®l e (CDT), or WSC/ 1- hygsox

nonohydr at e. Thé:i ctlon t enper at ure used
: A el

enzo “Tﬂa ol
S OOuao cherre

: paduci ipp-Bré CB B{chyy mul a éa

RS As Rs 115] CJrt Ras Art 6 COON f ea ra‘h?gerrent HCI

. 13 oﬁi@a Bar2 e dORTIRG RS Re a Be 113 R
R140 NH2 HQRC JGhi2) 1 r Rt 0 ANHGQ CHp) R | x 87 Rlc R13Qf1ip R3O
0111 OR12 I's A [0195] Schene 16 whgge AXx; represe aryl or
het eroaryl group, anﬂﬁtheaa HA" Ho

3]

R v Cu{OAc),

RO R®
Rm
R30™ “OR!
OR?
| A=CHa, O, NH efc
[0188] Scheme 14

where Ar' represents an aryl or hetercaryl group, A"
represents -0- or ~-NH-, A" represents a bond, -CH;- or -CH=CH-,
R'* represents a C:;¢ alkyl group, and the other symbols have
the same méanings as glven above.

To a compound Va in tetrahydrofuran, n-butyl lithium is
added, and a tri(C,.; alkoxy)borane {B(OR™)) is caused to act.
The reaction temperature on this occasion 1s -78°C to 25°C.
Then, by treatment with hydrochleric acld or the like, a boric
acld derivatlve V¢ can he synthesized.

[0189] Then., the compound Ve and a compound IIu are treated
with a palladium catalyst in the presence of a suitable base,
whereby the compound I of the present invention can be
pbitained. Examples of a solvent used in this reactilon are
dioxane, acetonitrile, toluene, dimethoxyethans,
tetrahydrofuran, -N,N-dimethylformamide, dimethoxyethane/water,
ethancl/water, and toluens/ethanol. As the base,.t-BuOK.

Na;CO0s, K;CO;, KOH, pyridine, or triethylamine is preferred.



ot her synbols have the sane neani ngs as gi ven above. In Schene 16,
SOC12 or (CQC3.)2 is caused to act on a conpound Vd in a solvent to
forman acid chloride of the conpound Vd. Chl oroform or

di chl oronet hane is named as the solvent used in this reaction. In the
presence of n-BU4ANBr, sodium azide is gguged to act on the acid
chloride to forman acid azide derivative of the conpound Vd. This

derivat i t d flux, together with t-butanol . whereb
comound VEXRHRLER (i B LA FaPRTER® (41, 8 tratof AP LIV S

sol vent us | 0t hi ti t- car r 00)..0f. .1 he
conmpound Vggf—'gg?érrm})%égﬁgyiz' 'ﬁ]%a dt-m1 Af ,P%‘ﬂﬁ ‘Euﬁ%ﬁ%&égygl,)g%ﬁerle ythtae
conmpound V n j r i E$r €l i W
reaction i rs:ag%y%fgtc{?re?dﬁ ggpdlgﬁowg[%i@% gﬁﬁ g.hgw ltégtlfﬁ?)ohyndl aVi
and a carbogilég- ackKk Ideactien ?Hbaﬁé{‘: eshrl bl Udrileaitb@NiAeHdeRsat i on,
wher eby the conmpound Ic - 83 of the present invention can be obtai ned.
As a sol veobmpowstd dfh Y Toreathi N, wisdshear20 g -Jiiph Wyorhehaasho®r
N, N dinethylformram de is preferred. Preferred as a dehydration
condensat | palpipegton sxa¢diydicy bydragamaition dhoWdCAn theePhyduction

N - 1-di met hyl am nopr opyl car bodi i m de hydrochl ori de (W5C),

N, N- car bon¥ipthedi HaAshemeCdl.), or WSC/ 1- hydr ozybenzotri azol e

nonohydrate. The reaction _tenperature used here is OC to 60C.  _[0197]
If the subsPiP@bnt MY euplogingpkhermethofighaym e thg, Productinmaryl

h | i f th d i [ i
Pyl oxyl oFBERSS Y ARG gr SBB. SoPPOntE 9 de PEBRORE s MTPRUPbe
f d it | Kyl ati i e i [
Subst 1 tuenthi s 07 1" seBL 8T dbERL £ht AL EmbBuld ! {5 AOF 5
group is ESﬂﬁ&ﬁﬁhV!le nmet hyl bronpacetate in the presence of a base,

(Method 5 for producing the compound of the present invention)

The compound I of the present inventiocn, where A is -
CONH(CH:)n- or -NHCO(CH,}n- (n denotes an integer of 0 to 3},
can he produced by a method performed via an intermediate Vi
shown in Scheme 15, or a method performed via an intermediate
VEf shown in Scheme 16.

Scheme 15: Method 5 for producing the compound of the
formula I '

[0191]



whereby a conmpound Id can be obtained. As a solvent for use in this
reaction, dioxane, acetonitrile, toluene, dinethoxyethane,
tatrahydrofuran, or N N-dinethylformam de is naned. As the base,
Na2C03, K2CO3, KOH, pyridine, or triethylamne is preferred. [0198]
Then, the nethoxycarbonyl group is hydrolyzed by a nethod well known
to people skilled in the art, wherepy the conpound Id can be converted
into a carboxylic acid. Alternatively, the conpound Id is subjected to
dehydration condensation using a prigaryw®ani ne or a secondary anine,
wher eby the conpound Id can be convefX into an am de derivative,
Further alternatively, the carbonyl anahe conpound Id is
reduced, whereby the conmpound Id cafl beﬁ?gbﬁverted i ngn an al cohol. - 8

4 -- [0199]fi Rs p$ t' AralyBtu COgMR%a~4re Are RAO S A OH
ROSAO ‘%@87—%£§E’”’Ré%'om Rag(A) OR OR2 OR2 |

ld Re R5 RO Ari Are R20 COON (hydrol ysis) WEBLMIRAG,EP#8IRI O O R20
CONRat oRam (hydrol ysis and amination) R3O0 , ORl CH Oifd r educti on) OR2
|l e [0200] Schene 17

2} HCI

1)n-Buli  RM0
,_'___"..

. RB
2} C02 H1 30\\‘ ",
ORe @ Re
HN—{CHsin g[1o
vd {CHan g
Iw
Rﬂ
RQ
CONH(CHz}n™~

{0192] Scheme 15

where Ar‘-represents an aryl or heteroaxryl group, and the
other symbols have the same meanings as given above.

A compound IIy is treated using an ate complex i-
PrBu:MgLi, which ¢an be prepared from n-BuLi and i-PrMgCl or
1-PrMgBr, whe:ehy an organometallic reagent Ilaa can be
prepared. This reagent Ilaa is added to the thiolactone VIII,

whereby a compound IVg can be obtained. Then, the hyvdroxyl



The conpound of the present invention can inhibit sodium dependent

gl ucose aotransporter 2 (SAT2) (3. din. Invest., vol. 93, 397, 1994)
related to glucose reabsorption in the Kkidney. [0201) By Inhibiting
SA.T2, the compound of the present invention can suppress reabsorption
of sugar and excrete surplus sugar out of the body, thereby treating
di abetes. Thus, this conpound can coridct hypergl ycem a wit hout
exhaustion of the pancreatic p-cells due to glucose toxicity, and

i nprove i grolpniseseduesd ainde2Ghie Hameecondbtionsaw limBehenend, and
provi des a drug for preventing or treating diseases or states, which
can be afBepotheeh-BytYhiRhian ig enblactedity %ﬁlqygyﬂ?°1ﬂﬁisexanple

di abet es, di abetes-rel ated dlsease%aand di abetjc co Ilcatloni5 e,

Ij hebt erm & | F@P@sa ?ﬁg‘P‘Eﬂ&iq W d r%(BEFE‘ﬁe V‘%B‘;a 9 iStYEi'ﬁheF
The ?B?Zb?\% e piigedh wid oo IR rRact ol Thir o) Siudle §i°§3‘1‘fses' |
Ybor chol I&%%?trﬁ?gorg@i\l Cra;ﬂ%%éﬁﬁ?{!lé abnorﬁ%{ﬂy:#lggg ITEf abol i sm

hyper chol esterol em a, " hyper glycer

hypertens wahagﬂeaﬁ?ifaﬁnémﬁ difleltHb Ry e BHSIE/wABAE! WihapBl fwatds,

gout. [0203] Here he "di abet'i c conplications" are C|aSSIerd i nt o

acute conpld ¢3lhens/etrandll ONAG ERETPACLR! | fBiwnicTARiIGICHy@rochloric
conplications” include, for exanple, hyperglycem a (ketoacidosis,

etc.), anecidf,eoti ORLAUILHEENANedOf Adtesnat ivllyi athe teardoxylic acld

respiratory, and urinary tract infections). The "chronic

conpl i cat idgFdvakave U¥e, canrbeeymihesizafichpatngaipaha @vephrogayay,

retlnopatQ%%h g[%§£i98§A5”é§2é5bubhling a carbon dioxide gas.
Tetrahydrofuran or diethyl ether is named as a sclvent used in
this reaction, and the reaction temperature is -78°C to 25°C.
[0193] Then, the compound Vd and an amine IIw are subjected
to dehydration condensation, whereby the compound Ib of the
preaent invention can be obtained. As a solvent used in this
reaction, chloroform, dichleromethane, or N,N-
dimethylformamide is preferred. Preferred as a dehydrétion
condensation agent is N,N-dicyclocarbodiimide (DCC), N-ethyl-
N°-3-dimethylaminopropylecarbodiimide hydrochloride (WsC),
N,N-carbonyldiimidazole (CDI), or WSC/l-hydroxybenzotriazole
monochydrate. The reaction temperature used here is 0°C to 60°C.

Scheme 16: Method 5' for producing the compound of the

formula I

[0194]



(at heroscl erosis, nyocardial infarction, cerebral infarction,
obstructive arteriosclerosis of |lower extremties, etc.), nerve danage
(sensory nerve, notor nerve, autonom c nerve, etc.), and foot

gangrene. Main conplications are diabetic retinopathy, diabetic
nephropat hy, and di abeti c neuropat hy. [0204] Al so, the conmpound of the
present invention can be used in.cggbination with drugs other than
SA.T2 activity inhibitors and having different actions of mechani sm
such as a drug forgstreatnment of diabetes, a dr for treatment of

di abetic conpli yon, a HUaE for treatnent yperlipidema, and a
drug for, treat of h ﬂj 1 1 conbin t he gﬁfpound of the
prese t 9N Hfﬁgééfﬁifﬂgﬁu S, - Nither tiVe efshect due to
conbined1u§. can be expected as co re Bt h the effects obtained by
their i RV gualOfses in the above 8 easfs.Of0205] Exanpl es of "the
drug for tredfent of diabetes and the dr@Rj%for treatnent of diabetic
conpl i cati on"vawhi ch can be wused jointly afre insulin sensitizing agents
(PPARy agonists. PPARy/y agonists, BPARy agonists, PPARIx/y/$

agoni st s, etC.ﬁs, %ﬁ ycosi dase | nhi pt{ors, biguani R%sulin secrdtion
accelerators, iftgNin preparation gRBcagon recep ant agoni s
i nsulR'PTrecedt o npgse HBEHCHMOr Ao tri RGPt g8 HERTCH R
i nhi bitors, pepli dyl peptidae |V inpibitors in tyrosinéHm
phosphatagse~}B“oRtli bi tors, gl ycogen phosphrPoyl™ase“orhi bitors,
gl ucose- 5- phggphat ase i nhi bitors, gluconeogenegg i nhibitors, fructose
bi sphosphat age inhibitors, pyruvate dehydr ogenase i¢ nhi bi t ors,
gl ucoki nase activators, D kairoinositol, glycogen synthase kinase 3
‘inhibitors, glucagon-Iike peptide-1, glucagon-like peptide-|I
anal ogues,

[0195] Scheme 16

where Ar' represents an aryl or hetervaryl group, and the
other symbols have the same meanings as given above.

In Scheme 16, S0C)l, or {COCl), is caused teo act on a
compound Vd in a scolvent to form an acid chloride of the
compound Vd. Chloroform or dichloromethane is named as the
solvent used in this reaction. In the presence of n-BusNBr,
godium azide 1is caused to act on the acid chloride to form an
acid azide derivative of the compound Vd. This derivative is
heated under reflux, together with t-butanol, whereby a
.compound Ve can be obtained. Chloroform or toluene 1s

- preferred as a solvent used in this reaction, The t-
butoxycarbonyl Qroup {Bog¢} of the compound Ve is removed by
treatment with a suitable acid, whereby a compound VE can be
obtained. The preferred acid for use in this reaction is
hydrochloric acid or CFiCQOH. | |
_[0196] Then, the compound Vf and a carboxylic.acid IIx are

subjected to dehydration condensation, whereby the compound Ic



gl ucagon-1li ke peptide-1 agonists, anyrin, anyrin anal ogues, anyrin
agoni sts, glucocorticoid receptor antagonists, 113-hydroxysteroid
dehydrogenase inhibitors, aldose reductase inhibitors, protein kinase
C inhibitors, y-am nobutyric acid receptor antagonists, sodi um channel
ant agoni sts, transcription factor NF-KB inhibitors, |IKKP inhibitors,

| iquid peroxidase inhibitors, N-acefy@@téd-a-linked-acid-dipeptidase
inhibitors, insulin-like growmh factor-1, platelet-derived growh
factor (PBEFtheppresert - Herantdergcam Ref abtain¢PpCRAF agRalveuksused

epi dermal growh factor (EGF), nerve growh factaor, carnitine
derivati vég‘, %HFFdFﬁﬁf’t%‘-’ y PO RFAt oy h?%?ﬁ%ﬂ?‘%ﬁﬁaqe@?’r Hel-761,

phar macou s EEEF Eiunitas i SrsRvatis, inrenad pa o relvditith
di ab | | | A | 0R: 7
PN e R s g S e R G 5 e

0208] O prha_gi ' ' : f d
( ] N g ?iﬁé Eﬁ#ﬂﬁ%ﬁﬁﬁ&cﬁ%ﬁ@hﬂﬁi&é Shydro%ﬂldi@)&'eﬁ {@ae) nane

are glyburid gl i beho I pi zide, gliclazide, an

chl or pr opandearssty @ widd AN Yoy , NaFERSC AL st Agivehizderiazole
repaglinide, and mtiglinide. [0209] The "insulin preparations" include

geneti cal MpnoRgarace! edrHy Factistl tampasatiidblsstEtiated lisngedi to dorese
preparations are classified into 3 types according to the duration of
action, nd®dBy] an Ifmthe atubstitentt Rpe RhuRhn R%,n8llen R*Avemrcheeut r al
insulin), an internedi ate-action type (insulin-human isophane insulin
suspensi oRrYAunhateroarsl. amdgiteroprrhaalsnh ey iafks dhen cotppend o,
hunman insulin zinc  suspension, insulin zinc suigension),

d
pr ol onged-tR€t PERSERY phAYRIHAR diSy & BVAFREYL ngTRYR &5 R0 §H§§gnggﬁﬂ§f

its substituent conversion can he performed by its alkylation
or acylation. An example in which the substituent is a

~ hydroxyl group is shown in Scheme 17. The hydroxyl group is
reagted with methyl bromoacetate in the presence ¢f a base,
whereby a compound Id can be cobtained. As a sclvent for use
in this reaction, dioxane, acetonitrile, toluene,
diméthoxyethana. tetrahydrofuran, or N,N-dimethylformamide 1s
named. As the base, Na,C0;, K.CO;, KOH, pyridine, or
triethylamine is preferred.
[0198] Then, the methoxycarbonyl group is hydrolyzed by a
method well known to people skilled in the art, whereby the
compound Id can be converted into a cafboxylic acid.
Alternatively, the compound I4 is subjected to dehydration
-condensgatlon using a primary amine or a secondary amine,
wheraby the compound Id can be converted into an amide
derivative, Further alternatively, the carbonyl group of the
compound Id is reduced, whareby the compound Id can be

converted into an alcohol.



[0210] As the 'glycosidase inhibitors', acarbose, voglibose, and
mglitol are naned. [0211) OF the '"insulin sensitizing agents", the
PPARy agonists naned are troglitazone, pioglitazone, and
rosiglitazone. the PPARa/y dual agonists nanmed are MK-767 (KRP-297),
Tesaglitazar, LMA156, LY510929, DRF-4823, and TY-51501, and the PPAR6
agoni sts naned are GM501516, etc.- 8402121 As the "tripeptidyl
peptidase Il inhibitors", UCL-139, etc. are naned. - 88 [0213] As the
"di peptfigdgb jpepti dase 1V inhibitors", NVP-OPP728A, LAP-237, P32/98,
and TSL-225 are named. 10214] As the "al dose reductase inhibitors”,
ascorbyl ganolenate, toirestat, epalrestat, fidarestat, sorbinil

ponal restat, risarestat, and zenarestat. [0215] As the "y-am nobutyric
acid receptor gntagoniﬁss", topiramate, etc. ar e n;ﬁed.F§02161 As the

sodi um channeP a sts", gexiéﬁkﬁne hydr oc i de tc, are naned.

[ 02173 3 Gon T ASHOr AF- xgng-nfi i t ipapam  etc.
7 e " | i proa—perd%i dase 1 fhi i t ré,'nkirilazé

;e naned. [0219¥2%8s t he

nesil a

e

¢ . 3 y b1
"N—acety?at »a- | i nked- aci d-di pepti dase ‘?ﬁ%i cﬁ%," GPl - 5693, etc.
are naned. 201 As the 'carnitine derivativ , carnitine,

Jevaeecar ni e hydrochl ori de, etc. are naned. Eﬂanples of the drug for
treatnment of hyperlipiderda @hd gshe drug for treatnent of

hypertensi on’ whi ch can B egr concpm_tg_g,t_li%&ﬁ&y P
gg?;g?ggg%E{LELEEZptl- 1 &gl b1 1O NR2 Jgg%w%mﬁ%gﬁﬁﬂﬂﬁﬁhmm

CH,OH (reduction)

[10200] Scheme 17

The compound of the present invention can inhibit sodium-
dependent glucose cotransporter 2 (SGLT2) {J. Clin, Invest.,
vol. 93, 397, 1994) related to glucose reabsorption in the
kidney.
[0201]} By inhibiting SGLT2, the compound of the present
invention can suppress reabsorption.of sugar and excrete
surplus sugar out of the body, thereby treatiné diabetes.
Thus, this compound can correct hyperglycemia without
exhaustion of the pancreatic fi-cells due to glucose toxicity,
and improve insulin registance.

[0202] Hence, the present invention provides a drug for
preventing or treating diseases or states, which can be
ameliorated by iahibiting the activity of SGLT2, for example,
diabetes, diabetes-related diseases and diabetic complications.

Here, the term "diabetes” includes type 1 diabetes



AMPK activators, acyl-CoA: chol esterol acyltransferase inhibitors,
probucol, thyroid hornone receptor agonists, cholesterol absorption

inhibitors, lipase i-nhibitors, mcrosone triglyceride transfer protein
i nhibitors, |ipoxygenase inhibitors, carnitine palmtoyl transferase
I nhi bitors, squal ene synthase inhibitors, |ow density |ipoprotein

receptor accelerators, nicotinic acid-désivatives, bile acid
adsorbents, sodium coupled bile acid transporter inhibitors,

chol est er yhetiitus| reyed & qiabetes mabibtd®) ssnd at@eat eppen 6onverting
enzynme inhibitors, angiotensin Il receptor antagonists, endotthelin
converti ngdéabghesidnd ia mrther cadsebel i n receptor ant agoni sts,
diuretics, calcium _antagonists, vasodilative antihypertensive agents,

synpat hetic bl BR&ki réflakfdifss redatedafdl 02885 i ednpd iEEAT BE agent s,
o bi tor SCORFLEY ot PR By nEPAFETSL SeAHAS SNEREPPILAB. agent s
Bgon sts.  RFACEMATIRAT: JnedPhBIREE Lk 4fEP o IR s Rer pita,

5 Tovi o ARborREt 184 itancTish, “RBEH oA PRChERsKTDs et |
hydr oxymelely ) Grul! agdudOhyRauChRsR1a ] BIgAYS, © T uvastatin,

| ovastatin, pravastatin, érivastatin, and pitavastatin are naned.

(0222] As fbgosfi br ersormmindiabebedaddip Bicat itae obiat 8LasdNEed
binifibrate are nanmed. (0223] As the 'squal ene synthase inhibitors",

TAK- 475, ahdteaaphbs phuspisidatdoateandr chednie oomddR.catisidss) are named.

[0224] As the "acyl - CoA: chol esterol acyltransferase inhibitors”,

Cl -1011, NTE- 12Phe FGE\WES TompREcAB168s™ NOGIle, for example,
hyperglyecemia {ketoacldosgis, etc.), and infections {dermal,
soft tissue, billary tract, respiratory, and urinary tract
infections).

The "chronic complications” include, for example,
microanglopathy (nephropathy, retinopathy). arterlosclerosis
(atherosclerosis, myocardial infarctien, cerebral infarction,
obstructive arteriosclerosis of lower extremities, etc.),
nerve damage (sensory nerﬁe, motor nerve, autonomic nerve,
etc.), and foot gangrene.

Main compiications are dlavetic retinopathy, dlabetic
nephropathy, and diabetic neuropathy.

{02041 Also, the compound of the present imnvention can be
used in combination with drugs ecther than SGLT2 activity
inhibitors and having different actlons of mechanism, such as
a drug for treatment of diabetes, a drug for itreatment of
diabetic complication, andrug for treatment of hyperlipidemia,
and a drug for treatment of hypertension. By combining the

compound of the present invention with the other drugs, an



and DPU- 129 are nanmed. [0225] As the 'low density |ipoprotein receptor
accel erators”, MD- 700 and LY-295427 are naned. [0226] As the "m crosone
triglyceride transfer protein - 90 inhibitors (NTP inhibitors) , the
conpounds described in USP 5739135, USP 5712279 and USP 5760246 are
named. [02273 Exanples of the "anorectics" are adrenergic-
noradrenergi c agents (e.g., Mzindolggand ephedrine), serotonergic
agents (selective serotonin reuptake inhibitors, e.g., Pluvoxam ne),

adr ene g8 Bes SRS dud 48] o FbBULEE RIP e Kiphar Rl ggocor i

recept or agoni st's, e-stinulat1ng hornmone (a-MCH),

| epti NcoRPare@ G 18-t GRSl BBtALné€ MY AR 139 aRb) (6669) 1n
[ 02281 Exanpl es of the "thyroid hornone receptor agonists" are

| i ot hyehanapeve ollissgasayd | evot hyroxi ne sodi um [0229) An exanple of the
"chol esterol absorption inhibitor” isezetimbe. [0230] An exanpl e of
the "l iipas®]i nhiExamrles oiorithet dtug 162 3hisatmend tolfc dlabebesi aed

pal mtoyl transferase inhibitors" is etonoxir. 10232] Exanples of the
" ni cot thecdued of we rtineptimead ofr dlabethbe i eanpldsiation"cwhinhntak be

ni conol, and nicorandil. 02331 Exanpl es of the "bile acid adsorbents”
are cBpeédtjoinkie ane| Hinnsepaditising caganda HPRABY haavnkats. [ 0234]
Exanpl es of the "angi ot ensi convertin%Penzyne i nhibitors" are

Capt or PPARGAL|AGNLSTHa| BRRRO agomtidfs.| FPARE/ V(Y IAgPRdsite. pb9sbae

Cxarn 8iySbeidfoe SBETHT, ProbSSEELET MBI R ghe, contesarter

medoxOofkbeierators, insulin preparations, glucagon receptor
antagonists, insulin receptor kinase ac¢elerators, tripeptidyl
peptidase II inhibitors, dipeptidyl peptidase IV inhibitors,
protein tyrosine phosphatase 1B inhibitors, glycogen
phosphorylase inhibitors, glucose-4&-phosphatase irhibitors,
gluconeagenesis inhibitors, fructose bisphosphatase inhibitors,
pyruvate dehydrogenase inphibitors, glucokinase activators,
D-kairoinositol, glycogen synthase kinase 3 inhibhitors,
glucagon-like peptide-1, glucagon-like peptide-1 analogues,
glucagon-like peptide-l1 agonists, amyrin, amyrin analogues.
amyrin agonists, glucocorticeid receptor antagonists,
11R-hydroxysteroid dehydrogenase inhibitors, aldose reductase
inhibitors, protein kinase C inhibitors, y-aminobutyric acid
receptor antagonlsts, sodium channel antagomnists,
transcription factoxr NF-B 1nhibitors, IKKP inhibitors, liguid
peroxidase inhibitors, N-acetylated-o-linked-acid-dlpeptidase
inhibitors, insulin-like growth factor-I, platelet-derived |
growth factor (PDGF}, platelet-derived growth factor (PDGF}
analogues, epidermal growth factor {EGF), nerve growth factor,

carnitine derivatives, uridine, S5-hydroxy-l-methylhydantoin,



[ 0236] Exanples of the "endothelin converting enzynme inhibitors" are
CGS- 31447 and CGS-35066. - 91 [0237] Exanples of the "endothelin
receptor antagoni sts" are L-749805, TBC-3214, and BMs-182874. (0238]
In the treatnment of diabetes, etc., for exanple, the conpound of the
present invention is considered to be greferably used in conbination
with at |least one drug selected fronrt#%® group consisting of insulin
sensitizing agents (PPARy agonists, PPARa/y agonists, PPARS agoni sts,
PPARa/ y/ S B@gfmilth.s vimecbrpmoy| yeukederids nf-3i28er andpTdKadt®les, insulin
secretion accelerators, insulin preparations, and dipeptidyl peptidase

| V i nhi bi t 33281 023dheafed LaYLng cPRarngequt 1G4S gEPBhPYR Y AHFDLE use
th d qof t - t i ' ' nbi nat,i Lt h I t

dr g el ectudhe dshEE: SrshRUREE < ALRETRRAPOR) RBe TR RoF yi - con
reduct ase #ég%éﬁéﬁywif %&QPFEEG ?@@gﬂﬂﬂﬂﬁﬁﬁﬁqualene synt hase i nhibitors,

acyl - CoA: c erol — acyltrans se | itors, |low density

| i popr ot ei mﬁfﬁept Ofxg Q&gehgg_&&gﬁJ@degﬁ %rér%?sgmghi &&E@éﬁf&idf‘%gﬂ;der

protein i ors, and anorectics. ( pharmaceut | ca t he

present i nygsH#dtmisAdreenamedl ni stered systenically or locally by an
oral route or a parenteral route such as intrarectal, subcutaneous,

i ntranuscut @208) nt r Hfehes *AnsPELR U sdrtion adceler@8dds3™ ) n order to
use the compound of the present invention as a pharmaceutical, any
form suchsebfanylsgieas newmegoarei alyburidegligl ibenpdanide), gkirdmidet her
conposition, nmay be enployed, and an optimumformis selected as

required. ghtelagidennead: charreropdidn cand DopvsHLEony berease nameduced

by blendiqg a pharmaceutically_acceptable carrier with the
are nateglinide, repaglinide, and mitiglinide.

{02091  The "insulin preparations” include genetically
engineered human insulin and animal-derived insulin. These
preparations are clasgified inte 3 types according to the
duration of action, namely, an immediate-action type {human
insulin, human neutral insulin)}, an intermediate-action type
{(insulin-human isophane insulin suspension, human neutral
insulin-human isophane insulin suspension, human insulin zinc
suspension, insulin zinc suspension), and a prolonged-actiaon
type {(human crystalline insulin zin¢ suspension),

[0210] As the "gliycosidase inhibitors™, acarbose, voglibase,
and migiitol are named,

[0211]) Of the "insulin gensitizing agents”, the PPaARY
agonists named are troglitazone, pioglitazone, and
rosiglitazone, the PPARo/Y dual agonists named are MK-767
(KRP-297), Tesaglitazar, LM4156, LY¥510929, DRF~4823, and
TY-51501, and the PPARD agonists named are GW-501516, etc.
[0212] Az the "tripeptidyl peptidase II inhibitors”,

UCL-13%, etc. are named.



“=-"92 conpound of the present invention. Concretely, an excipient, a

bul ki ng agent, a binder, a disintegrant, a coating agent, a sugar
coating agent, a pHregulator, a solubilizing agent, or an aqueous or
nonaqueous sol vent, any of which is in common use, is.added to the
conpound of the present invention. The resulting m xture can be
formed, by a comon pharmaceutical . ggnufacturing technique, into a
dosage formsuch as tablets, pills, capsules, granules, a powder, a

solutio i qui ' | ection.

Beampl clo 5] nd ne SH8, ATHERERR HAHARERR YRR AR BCC st um
stearatﬁvpfﬁﬁﬁdbat@a@-.-zgel 343/ 960%na REEI s AEaChimed!ive OFl .
sesane oil, cacao butter, éthy ene glycol, or any other material in

common p@nd 0243s /&haber'aaaoyelﬁead&teasmmtimtaisrbea@é@ﬁaﬁt i nvention
can be pharmaceutically manufactured by form ng an inclusion conpound

W th a-gafplaate.Ccitoledetat| nepaliedtiay atfddaregthodexdrbinil 0243] The
dose of the conpound of the present invention differs according to the
di seasepomgimeshat, rddprastghi  andjesenamesgat.of a patient, or the route
of admnistration to the patient. For adults, the dose is preferably
0.1 to QTN ny/Aeg thedyyvwtigiuhulay lemecédpreceptnrt yardagond s260 . ny/ kg
body weight/day, which can be adm ni stered once daily or in several

di vi ded*"PRATAMATE & tFy. BERPPIRL- [0244] - (Preparation Exanpl es]

For o Mok PR 300 SRR S0 OGRS Saflean (e
hydrochlioride, etc, are named.
[0217] As the “transcription factor NF-xB inhibitors”,
dexlipotan, etc. are named.
[0218] As the “lipid peroxidase inhibitors,”™ tirilazad
mes;late etc. are named.
[0219} As the “N-acetylated-o-linked-acid- dipeptidase
inhibitors,” GPI-5693, etc. are named.
[0220] As the "carnitine derivatives”, carnitine,
levacecarnine hydrochloride, etc. are named.

Examples of "the drug for treatment of hyperlipidemia and

the drug for treatment of hypertension” which can be used
concomitantly are hydroxymethylglutaryl-ColA raductase

inhibitors, fibrate compounds, f:-adrenergic receptor agonists,

AMPK activators, acyl-CoA:cholesterol acyltransferase
inhibitors, probucol, thyrold hormone receptor agonists,
cholesterol absorption inhibitors, lipase inhibitors,
microsome triglyceride transfer protein inhibitors,
lipoxygenase inhibitors, carnitine palmitoyl transferase
inhibitors, sgualene synthase inhibitors, low density

lipoprotein receptor accelerators, nicotinic acid derivatives,



Preparati on Exanple 1 Synthesis of
2,3,4,6-tetra-0-benzyl -5-thi o-Dglucono-1,5- |actone

3, 4-Di hydro-2Hpyran (1.5 nmL, 16.5 mmol) and p- tol uenesul fonic acid
nonohydrate (104 ng, 0.549 mml) were added to a chloroform (40 nlL)
solution of 2,3,4,6-tetra-O acetyl-5-thio-D glucopyranose (2.0 g, 5.49
mmol) and stirred at roomtenperature r ‘one hour. The reaction

m xture was  _added with a saturated sodi um bi carbonat e aqueous sol ution
and extra®dds RFLA 2BFORAY Sy SofdvEr Feppiel RipAHd dFanspatierashed

ith bri e dried wth hyd [ | f < Af h

desi coant  RLIPEFDES oS Rates T, Bt Gho tERREAS AP AN O APOARLERES t ho
| t i il | |

ot ot ogr SaGIBERHEEE SoRreiVing'Shayill) LELELOYES! R fiEnsdR) 4ET

anor phous E%EE@?%ﬂréhfﬁégﬂEQEQQ'%hﬁbthelin convert%ﬁ? iifyqé inhibitors,

2,3,4,6-tetra-0O acetyl -5-thi o-D gl ucopyranose (2, 02451 en

a 25 Wt % SQehddRmaRE hOoxXéEep sy Writdigondsts , Miiufe ©fcs MEHDecium Met hanol
was added to a nethanol (40 M.) solution of tetrahydro-2H pyran-2-yl

2, 3,4, 6-t clahdaGonsety| -veddiidddivel daoplivpaosendred ajentandsyginpatipstfor
three hours. After a little amunt of dry ice was added to neutralize
t he reacti ddockirgudeenthe gadutaldly acking cankihypmdmnsisecdgenbe,
obt ai ned residue was dissolved in N, N-dinethylformamde (20 nmL). This
sol uti on was-addeneririspwiesceptoraagospetsi amnidipladeileth hgantde (1.3 g,

32.9 mmol ; 60@60i|% and N, N-di nethylformam de (4 nl) 94, while
i ce- cool ed UTAPPERNERES HARRIGOLSH .« MELE AL XTI don StisNIAteRBerat ure

for 20 m LS EuEE R0l eEbl 4 Gudlor 2055 el hlTRYrsD om de (5.0
adiponectin receptor agonists, GPR40 agonists, and GPR40
antagonists.

As the drug for treatment of hyperlipidemia and the drug
for treatmenht of hypertension, the following pharmaceuticals
aré illustrated by example:

[0221] As the "hydroxymethylglutaryl-CoA reductase
inhibitorsg,"” fluvastatin, lovastatin, pravastatin,
cerivastatin, and pitavastatin are named.

[10222] Ag the “£ibrate compounds”, bezafibrate, beclobrate,
and binifibrate are némed. _

{0223] As the "squalene synthase inhibitors”, TAK-475, and
c-phosphonosulfonate derivatives (USP 5712396) are named.
[0224] As the acyl-CoA:cholesterol acyltransferase
inhibitorg”, CI-1011, NTE-122, FCE-27677, RP-73163, MCC-147,
and DPU-129 are named.

[0225] As the "low density lipoproteln receptor
accelerators”, MD-700 and LY-235427 are named,

[0226] As the "microsome friglycerlide transfer protein



m xture was stirred at roomtenperature for 12 hours, added wth
‘methanol (5 nmL.) and stirred for 30 mnutes. After the reaction m xture
was added with an iced water and extracted w th ethyl acetate, the
organi c | ayer was washed with brine and dried with anhydrous nagnesi um
sulfate. After the desiccant was filtered off, the residue obtained by
evaporating the sol vent under reducgﬁ pressure was purified by silica
gel colum chromat ography (hexane-efHyl acetate =6:1) to obtain

tetrah dro-2F+€gran-2-yl 2,3,4,6-tetra-0-benzy] -5- thio-D Iuc%gyranose
(3.36 gnbobbiely (fftednadbdders)psbhe 9OWR dggecribed in US

(5. 50 §7814E WA Agrodadn nie ST4F4S F Aimef' (518 mp. 2. 06 mol)
and et igagh ; (58 lldngiay o8 ihkedalbeB0G L 40 OMLS-oTRe T eaction

m xt ure was" cool oom tenperature and sol'v was

concenﬁgﬁa&&nﬁgc Qfeditaed el §5| Mgz YodoigRrleppdaringl hyl acetate.

After IS soO I on Wwas washéd wth a saturatéd sodi um bi carbonat e
aqueougeBOt b d 105 A hdtisN € sel boh@e Uid sk oM M YekeUsnhiBOLEsE UM
sul fate. After the desiccant was filtered off, the residue was

purifi edgby Bluvaeangale)qobdrenehgboes ey tpivrgichaganeset hyl
acetate=3:1) to obtain 2, 3,4,6-tetra-0O benzyl-5- thio-D glucopyranose
(2. 89 {Sibytmanines efccdl.omedsnocoybiml4 rek3PUATVRMCARY Apbnists,
CHLOROFORM D) 8 41.3, 67.8, 71.6, 73.0, 73.2, 75.6, 76.2, 81.9, 82.9,
84. 4, a2pebanaoyta-stimmlating7hormongs(a-ME D, 1Ex¢in, ang. gpcalse s,
137.8, 138.3, 138.8. A m xture of 2,3,4,6-tetra-O benzyl-5-thio-D

gl . ucofff anmehetanige-regnlgseq bransering hAART)roxi de (47 M) and

20! LGN SSplp) SR LR AR TG aablodd V>

are liothyronine sodium and levothyroxine sodium.

[0229] An example of the "cholesterol absorption inhibitor”
is ezetimibe.

[0230] An example of the "lipase inhibiter” is orlistat.
[0231) Among the “carnitine palmitoyl transferase
inhibitors™ 1s etomaxir.

10232] Examples of the "nicotinic acid derivatives” are
nicotinic acid, nicotinamide, nigcomol, and nicorandil.
[0233] Examples of the "bille acid adsorhents™ are
colestyramine, celestilan, and colesevelam hydrochloride.
[0234] Examples of the "angiotensin converting enzyme
inhibitors” are Captoril, enalapril maleate.'alacgpril, angd
cilazapril.

-[0235] Examples of the “anglotensin II receptor
antagonists” are candesartan cilexetil, losartan potassium,
eprosartan mesilate, and olmesartan medoxomil.

[02361 Examples of the ‘endbthalin sonverting enzyme

inhibitors”™ are C3S5-31447 and CGS5-35066,



wat er and extracted with ethyl acetate, and the organi c phase was
washed with water, a saturated sodi um bi carbonate aqueous sol ution,
brine and dried with anhydrous nagnesium sul fate. After the desiccant
was filtered off, the residue obtained by evaporating the solvent
under reduced pressure was purified by silica gel columm
chromat ogr aphy (hexanet et hyl acetate= 6tf? fo obtain a colorless oily
title conpound SZ 39 82%. |HNM(200 MHz, CHLOROFORM d) b ppm 3. 70
(d, J=4. g les, of) the enﬂytheb’gx -repepkofaniagpnis gy’ -

L oo b Balidfra! 1 (1 20 B (05
Syt hear s SREEL T or b *ﬁ?ﬁf’grtﬁaﬁﬁéﬁe‘g&sﬁuco > ﬁaﬁﬁ%@ﬂg’&anﬁ}e
1 i 4- 1H NVR
(300 Vi CEPBERIERRE ond Baadit (RvBhEEEn 2 fiiberBlX BolRe 1N I, )
H 3.81 - §r8§e£§$lf ﬁﬁedlfﬂ-domﬁiﬁﬁtﬁﬂh @ifﬁ ?gliéﬁst $n58d£§% sgléﬁtad

4.74 (d, J=11.2 Hz,
7.11 - 7. 3@3:61&[1 tKe m&lﬂwﬂsiseriaaabet mghﬁea@&m&izi% a§¥ﬂt§e§p@@f

1- br ono- 3- (4- et hoxybenzyl ) beozene A 2.6 M n-butylithi umhexane sol ution

(5.8 nl) wagonddes, PPRRuM xgonfsoé, SPYRRIewbanetel cPRRRE/ /9, aGof<Ss,
nol) and tetrahydrofuran (30 nL) at -78C. After the m xture was
stirred foeto.b. h@UY@OSiﬂﬁSﬁrﬂﬂh%@ﬂ@busanbiguﬁnﬂgeasoﬂm@ﬂéﬁnoﬁecretion
3- bronnbenzaldehyde (2.65 g, 0.0243 nol) was added, and _ further
stirred foPCESlAFatREs. t’d‘%ﬁr% preppEabiony Mud (Hepepdidyl peptidase

IV inhibitors.

[0239] Alternatively, it is considered preferable to use
the compound of the present inventioﬁ in combination with at
least one drug selected from the group consisting of
hydroxymethylglutaryl-CoA reductase inhibitors, fibrate
compdﬁbds,'squalene synthase inhibitors, acyl-CoA:cholesterol
acyltransferase inhibitors, low'density lipoproteln receptor
accelerators, microgsome triglyceride transfer protein |
inhibitors, and anorectics.

[p240) The pharmaceutical of the present invention can be
administered systemically or locally by an oral route or a
parenteral route such as intrarectal, subcutaneous,
intramuscular, intravenousg or percutaneous route.

[0241] In order to use the compound of the present
invention as a pharmaceutical, any form, such as a solld
composition, a liquid composition, or any other composition,
may be employed, and an optimum form is selected as required.
The pharmaceutical of the present invention can be produced by

blending a pharmaceutically acceptable carrier with the



roomtenperature. After the reaction m xture was added with a

saturated ammoni um chl ori de aqueous solution and extracted wth ethyl
acetate, the organic |ayer was washed with brine and dried with
anhydrous magnesium sul fate. After the desiccant was filtered off, the
resi due obtained by evaporating the solvent under reduced pressure was
purified by silica gel colum chrogatography (hexane:ethyl acetate=7:1
to 5:1) to obtain colorless oily (3-bronophenyl) (4-

th 0 02 ' : m.,

0. 0250 ARy EPLII sicdpify Qunplitbion T EBhcroREly Sl iYL 1
to a chlprpial EE??éltm—h vifketi 08 @fsintegrant. a coating agent, a

( 3- br omophenyl’) (4- et hoxyphenyl j net hanol ~ (3.92 g, 0.012% nol) at -60C.

After shgar asbditingpryeheyr a pleré@ardtaf, = @lolubdnivaiygV\agsss, téx room
tenperature. After the reaction mxture was added with a saturated - -
sodi unax aadposaie cayuenagiuesal usobvemind anyt rdc twhdchv th Ehl combai m t he
organic |l ayer was washed with brine and dried with anhydrous magnesi um.
sul f at ase, Afs crddeie tiedihec gnnponrd fof tidredosisentt Aavepticdue deai ned by
evaporating the solvent under reduced pressure was purified by silica
gel cofF Ero micdgrep pan hexbeaned iy & eoamesspharmageuticabt ain a

Lo R 5 e ol B,

57,0 kb sl Slgfesa dotton 0Bl oR e e 0% -

> b SPREFLn  SEt bp RO R AR SO P e O M
excipient and the bulking agent are lactose, magnesium
stearaté, starch, tale, gelatin, agar, pectin, acacia, olive
oll, segame o0il, caca¢ butter, ethylene glycol, or any other
material in common use.
[0242] Alternatively, the compound of the present invention
can be pharmaceutically manufactured by forming an inclusion
compound with a-, f- or y-cyclodextrin or methylated
cyclodextrin.
[0243] The dose of the compound of the present invention
differs according to the dissase, symptoms, body weight, age,
or sex of a patient, or the route of administration tc the
patient. For adulta, the dose is preferably 0.1 to 1,000
mg/kg body weight/day, more preferably 0.1 to 200 mg/kg body
weight/day, which can be administered once dally or in several
divided portions daily. |
Examples
[0244]-
[Preparation Examples]

Hereinbelow, preparation examples for aglycon moieties of



to a mxture of benzo(b]thiophene (6.6 g, 0.049 nol) and
tetrahydrofuran (66 nL) at -78C. After stirred for 0.5 hours, the
reaction m xture was added with a tetrahydrofuran (50 nL) solution of
5- br onp- 2- net hoxybenzal dehyde (10.0 g, 0.047 nol), further stirred for
five mnutes and warned to room tenperature. After the reaction

m xture was added with a saturated amoni um chl ori de aqueous sol ution
and extracted with ethyl acetate, the?drganic phase was washed with
brine and dried with anhydrous magnesium sul fate. After the desiccant
was filtetkd cébgounids rdsitihee pobsantethant i poratiesgrihedsol vent
under reduced pressure was purified by silica gel colum

chr onat ogPEEPHCLHeokn FxasPie lacet ate=6:1) to obtain pale yellow
crystal (1-benzothien-2-yl)(5-brono-2- nethoxyphen I)nethanoltéll.B g,
699 . (02%1‘]'thqfh’e‘h,°ﬁ£t23§i'ﬂv%I@?’ﬁrﬁfijﬂ?wir?‘ﬁ‘g‘li?'ﬁﬁalﬂﬁgnﬁ]z 14.10
m., 0.03@1 I% wer e added sequentially to a chloroform (110 nli)

sol ution ?Gﬁgh enzot hi en- 2-y1) (5- bronmo- 2 net hoxyphenyl ) net hanol (1.2

g, 0.0321 nol ), af_s:daG..Abte z AP stirred for 0.5
hours, a satur%é%xP%ﬁﬁ%ﬁﬁﬂZHg%3%?@0&%3%'ggbééﬁgpgﬁﬁﬁgi%h& s added. The
m xture ] Cc o] gC

washed ﬁ%u%ﬁ%‘gfgan ﬁmﬁehﬁddlﬁkggﬂ%\na%‘?%mﬁ Igf?s' ggg%gswﬁﬂfgm ate.

The resi dyga@dt@d NEEHGrOEIRA" Qb EL | NEo BN 0£UR]SY 41 60HEEER -d eSSUr e

was purified by silica gel columm chromatography (hexane: et hyl
acet at e=38cddyl -6 -HHid-p-glucbbgranedouiel, d 4,845.39 nady) asd asyideay

crystal. "H NWVR (300 MHz, CHLOROFORMd) & ppm 3.84 (s. 3 H) 4.17 (a, 2
H) 6.76 (df do@n Admperbtdre/ £0t ¢me Houd. 7The redcBYox muiwkusde wasc5 (d,
J=7.8 Hz, 1 7.73 (d, J-7.8 Hz, 1 '
added with a gaturated godium bicarbonate agueous solution and
extracted ﬁitn chloroform, and after the organic layer was
washed with brine, it was dried with anhydrous magnesium
sulfate. After the desiccant was filtered off, the residue
obtained by evaporating the solvent under reduced pressure was
purified by silica gel column chromatography (hexane:ethyl
acetate=1:1} to obtain pale yellow amorphous tetrahydro-2H-
pyran-2-yl 2,3.4,G-tetra-O-acetyl-5-thio~D—glucopyranose (2.56
g).
[0245]

Then, a 25 wi% sodium methoxide solution (9.11 mL, 0.53
mmol) in methanol was added to a methanol (40 mL} solution of
tetrahydro-2H-pyran-2-yl 2,3,4, 6~tetra-0O-acetyl-5-thio-D-
glucopyrancse (2.5 g), and stirred for three hours. After a
little amount of dry ice was added to neutralize the reaction
mixture, the reaction mixture was concentrated. The obtained
raesidue was dissolved in N,N-dimethylformamide (20 mL). This
solution was added dropwise to a suspension of sodium hydride

{1.3 g, 32.9 mmol; 60% oil) and N,N-dimethylformamide (4 mlL)



EZ 332. 334 (M", M2) [02521 Preparation Exanple 5 Synthesis of

2- (5- brono- 2- chl or obenzyl ) - 1- benzot hi ophene Oxalyl chloride (3.78 ni,
0.0441 mml) and N, N di nmet hyl formam de (0.06 nL) were added to a
chloroform (20 M.) solution of 5-bronop-2-ohl orobenzoic acid (10.0 g,
0.0425 nctl). After the reaction mxture was stirred at room
tenperature for one day, the reactp@n-m xture was evaporated under
reduced pressure. The obtained yellow oily substance was dissolved in

chl or ofR{Te (28 ddoleB)i SASBAH 1) Y taddealL SEQPYI $&s Lo fBrrdd Hicur e of
N, O di met hoxyhydr oxyl am ne hydrochl oride (4.56 g, 0.0468 nol),

tri et hybai fendelrhthrel fo@ 088RiNRtes ANt Y @oefleant658°arignd or 15

m nutes, while nmaintaining the reaction tenperature at 50C to 10C.
After sdded otitfobeylnbrondde ($eb reacid.cnmmolur efiwasredrtiog t o room
tenperature. After water gzo m.) was added to the reaction m xture,

t he 9oMidkykmiwag HdrrRds ascpaemt bempanptune foFad2chpuyer afdedwashed
with a saturated sodi um bi carbonate aqueous solution and brine, and

t hen d¥ied MAHHRNGh |G Bhd ARGNESIERRS A% MAPRERS: hrftedsiW¥@ant was
obt af rEe2E R, ST, §ok. ARG, LA A Henehnrie PAGEASEE oo 709
pur i1 | PaE SRR, 0hE oPaSnde sl WS PRthebGELh Hrde 10V

littl egd @ dﬂé@ﬁfﬂﬁy%ﬂggﬁf(a{%g(%%%ﬂ%@ﬂ@a%@.Ofaﬁ% qﬂ%‘ 2-chl oro- N

met hoxy- N- met hyl benzam , 88 no SO the interna
tenper adgi ot wipl rQetedd- 38E, TN FRATUOBbIRLYEE ByVas stirred at

-15C for one hour and carefully added
evaporating the solvent under reduced pressure was purified by
gilica gel column chromatography (hexane:ethyl acetate =6:1)
to obtain tetrahydro-2H-pyran-2-yl 2,3,4,6-tetra-O-benzyl-5-
thio-D-glucopyranose {3.36 g, 96% for three steps).
{0246]

A mixture of tetrahydro-2H-pyran-2-yl 2,3,4,6-tetra-0-
benzyl-5-thio-D-glucopyranose {3.30 g, 5.15 mmol), pyridinium
p~toluenesulfonate (518 my, 2.06 mmol) and ethanol (58 mL) was
stirred at 80°C for two hours. The reaction mixture was cooled
to room temperature and the solvent was concentrated. The
obtained residue was dissolved in ethyl acetate. Aftexr this
solution was washed with a saturated sodium bicarbonate
agueous solution and brine, it was Qried with anhydrous
magnesium sulfate. After the desiccant was filtered off, the
residue was purified by silica gel columﬁ chromatography
{hexane:ethyl acetate=3:1) to ohtain 2,3,4,6~tetfﬁ—0-benzyl—5-
thio-D-glucopyranose (2.8% g, quant) as a colorless crystal.
3¢ 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,



Wi th a saturated ammoni um chl ori de aqueous sol ution and deposited
insolubles were filtered off with celite. After the filtrate was
extracted with ethyl acetate, the organic |ayer was washed with 1M
hydrochl oric acid, a saturated sodium bicarbonate agueous sol ution,
brine, and then dried with anhydrous rragqj\r;v:si um sul fate. After the
desiccant was filtered off, the solvent”™fwas evaporated under reduced
pressure to _obtain 5-brono-2-chl orobenzal dehgde (8,19, 95% as a pale

yel low cryst&d-0 THRE - faslt®etl i & +e At 8reddfidn W tbut

i ficati . 2 1.6 - it hi h It 26.9 nL
Pited to o xPuPEREPERCRb o of vhieo i ire PaDBRATL SR Zong T "
t et r ahydr of | ] i far,0.5
hour o, 1 o SRBprdnBly B2, 87 4k 57 Slel 1 BERerfid s Slidd A7 AE)
sol ution ofany RceERelanEPlr PAOLEIY dlideudestPrPed, a® . bln Finpeadure

stirred for further five mnutes. The reaction mxture was warned to
room tenpefoat URehodfber THee readtibf miktits ava sddede aivht Anaiced

sat urated anmoni um chl ori de aqueous sol ution and extracted wth ethyl
acet at e, thwaterganicephrgetedsvitds syl thebatae amhdlichergamiiedphiast
anhydrous magnesium sul fate. After the desiccant was filtered off, the
resi due obt¥shaashed wibthovakeng & matasayed: sodben Rigurhamateec agueeushins

purified by _silica gel colum_ chromatograph hexane: et hyl
acet at ele:sﬂlutELB’nobgﬁilﬁep@P% drhadth widm ?“RYXI‘("‘S magnesium sulfate.

(0235)  ThdiFves: Sub; ApgiotRee v {FRERRL sk L A hag e orathihiy

.rml ) vere added SeHENERE! ddddh? ide? 268084 Llfediire was purified by

s$1lica gel column chromatography (hexane:ethyl acetate=6:1) to
obtain a colorless olly title cdmpound (2.3 g, 82%).
lH NMR [200 MHz, CHLOROFORM-d4) & ppm 3.70 (d, J=4.8 Hz, 2 H)
3.86 ~ 4.02 (m, 2 H) 4.09 - 4.22 (m, 2 H) 4.40 ~ 4.68 (m, 7 H)
4.83 (4, J=11.4 Hz, 1 H} 7.12 - 7.41 (m, 20 H)..
{0247]
Preparation Example 2
Synthesis of 2,3,4,6-tetra-0-{4-methoxybenzyl)-5-thio-D-
glucono-1,5~lactone

Synthesis was performed in a similar manner as in
Preparation'Example 1 using 4-mefhoxybenzy1 chloride in place
of benzyi bromide.
H NMR {300 MHz, CHLGROFORM—d) $ ppm 3.60 - 3.66 (m, 2 H) 3.77
- 3.81 {m, 12 H} 3.81 - 3.9%1 (m, 2 H} 4.01 - 4.15 {(m, 2 H)
4,29 - 4.58 {m, 7 H} 4.74 (4, J=11.2 Hz, } H) 6.78 - 6.30 (m,
8 H) 7.03 - 7.10 (m, 2 H) 7.11 - 7.30 (m, 6 H).
{02481

Preparation Example 3



solution of (1-benzothien-2-yl)(5-bronmo-2 chlorophenyl) nethanol (10.2
g, 0.0288 nol) at -15C. The reaction mxture was warned to room
tenperature and stirred at the tenperature for ten hours. After the
reaction mxture was added with a saturated sodi um bi carbonate aqueous
solution, the organic phase was separated, washed with brine and then
dried with anhydrous nmagnesi um sul $ate. After the desiccant was
filtered off, the residue obtained by evaporating the solvent under

r educefn sl e ronb-5i ed-dyhsiybetdydobenzehdrm chr omat ogr aphy

t hexane: ethyl acetate=60:1) to obtain a colorless oily title conpound
(5.5 g, 542.6 M NvVRut$LOtMin n6 { ppM Al BOrdsn, adidd 6. 96 -
7.06 (m | H 7.22 -7,37 (m 4 H 7.43 (d, J=2.3 Hz, | H 7.64 - 101
- 7. 7ho (anmixtyre7 of2 4-bromophenetold (2.7 3BoOMPIA33BSI M@NE 340( MH4) .
[0256) Preparation Exanple 6 Synthesis_ of

1- ( be¥eSrahgAr °§m5?@n63ﬁ vh} e hoxXih Enz VA S ban Zdvee mipdarel WBEoNi de

“33'0 w248 2 P ﬁ%ﬁa%ﬁ?%ﬂt%@r%v@mﬁu&%g ﬂémwwbmrm%?m um
050

M N g? ﬂ&nﬂﬁeglrzﬁé%@ggﬁgﬁzhfftéssd lrﬂgjgnalc rrgera %gd%rl]g S rredrr?oz gnS

hour SruAthesC Sreaair@a fw&yrﬁn(&é& o Wi REW SdabPibheniastd %

m xture and the resultant solution was stirred for one hour.

resul +6dig tenpRaiafiuival e Aeed itHee redcalon dhl RPui® wiY aldded hQI&hYIaOXy 3-
br omobenzal dehyde (7.1 g, 98% as a pale yell ow powder. [0257) Then,
1.6 Mamimahdd ismmondumerhher badd LHduevu2 3ol utipnwasd exitexbtteni a m xture

of 4-bronophenetole (7.3 g, 0.037 not) and
with ethyl acetate, the organic layer was washed with brine

and dried with anhydrous magnesium sulfate. After the
desiccant was filtered off, the residue ohtained by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate=7:1 to
$:1) to obtain colorless oily (3-bromophenyl){(4-
ethoxyphenyl)}methanol (3.94 g, 90%).

[0249]

Then, BEt;SiH {(4.09 mL, 0.0256 mol) and BFyEf,0 (1.47 wi,
0.0116 mol)} were added seguentially to a chlornform'(zz mL)
solution of (3-bromophenyl)(4-ethoxyphenyl)methanol (2.92 g,
0.0128 mol} at -68°C. After stirred for one hour, the reaction
solution was warmed to room temperature. after the reaction
mixture was added with a satura;ed sodium carbonate agueous
solution and extracted with chloroform, the oxganic layer was
waghed with brine and dried with anhydrous magnésium sulfate.
After the desliccant was filltered off, the residue obtained by
evaporating thé solvent under reduced pressure was purified by

silica gel column chromatography (hexane:ethyl acetfate=50:1)



tetrahydrofuran (70 nL) at -78C, After stirred for 0.5 hours,

4- benzyl oxy- 3- bronobanzal dehyde (7.0 g, 0.024 nol) in a
tetraliydrofuran (70 nL) solution was added and further stirred for 15
m nutes, and the reaction m xture was warnmed to room tenperature.
After the reaction m xture was added mﬁ%h_a saturated. anmoni um

chl ori de aqueous sol ution and extracted’ with ethyl acetate, the
organi ¢ phase washed wi th brine d dried wth hydr Qus., magnesi um
sulfate. XorEPLERR & FRicles® widvr FF?E%WPR?‘%“\H He B Bdud®Bbt ai ned by
evaporatig u [ ed, pressur.e puri fi by 1 ica
gel coIunngchﬂgnggé%ﬁﬂﬁhyQgﬁﬁ?ﬁﬁggﬁéaﬁy$ Eﬁﬂﬂ%ﬁ%ﬁziFl)J?g'SdE62 3 ain
col orl ess30kY (£ 4- 4 benzy | @x ks 3aRrognaheny | g 4 . &f yphgnyl ypet hap
(8.7 g. 88%._f 25%) jq125?;4%, xg'BgihH_'?g. 7'%, %.45042 prgﬁx') ggnd B%ésEt%of()zj
nm, 0.02% gwi Javesres asidad seayent bsl Ly7t 08 apehl0mof or.me( 2077k ?m, 2
sol ution of [4-(benzyl oxy)-3-bronophenyl] (4 ethoxyphenyl)nethanol (8.7
9. 0.021 ®m9l) at -15C. After stirred for one hour, the reaction

m xture was warned to room tenperature. After the reaction m xture was
added wi t H08503at ur at ed sodi um car bonat e aqueous sol uti on and extracted
with chloroform the organic |ayer was washed with brine and dried

wi t h anhy8rebarabior Faanmle fate. After the desiccant was filtered
off, the residue_obtained b evaporating t he sol vent under yeduced

pressure TABERERTTi VY L ibmomg -dsmetBrRvRen R e teZ R Ry ophene

(8.5 0 quant) - EHINFPYCIO0 TR REKBREFeRRFaioms isneLh) bed SS4RE 1L

o) Rk et 8 iptghibned o s 7, 008 Hha§ dha- 6
tetrahydrofuran (66 mL) at -78°C. Afiter stirred for 0.5 hours,
the reaction mixture was added with a tetrahydrofuran (50 mkL)
solution of S-bromo-2-methoxybenzaldehyde (10.0 g, 0.047 mol),
further stirred for five minutes and warmed to room
temperature. After the reaction mixture was added with a
saturated amﬁonium chloride aquecus sclution and extracted
with ethyl acetate, the organic phase was washed with brine
and dried with anhydrous magnesimm sulfate. After the
desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purlfied by
silica gel column chromatography {hexane:ethyl acetate=6:1) to
obtain pale yellew crystal {(l-benzothien-2-yl)}{5-bromo-2-
methoxyphenyl)methanol (11.3 g, 69%%).
jo251]

Then, Et;8iH (106.3 mi., 0.0642 mol} and BFsyEt0 (4.16 mL,

0.0321 mol) were added sequentially to a chleroform {110 mL)

selution of (l-benzothien-2-yl){5-bromo-2-

 methoxyphenyl)methanol (1.2 g, 0.0321 mol) at -15°C. After the



[ 0259] Preparation Exanple 7 Synthesis of
1- brono- 3- (4- et hoxybenzyl ) - 4- met hoxybenzene Preparation was performed
in a simlar manner as in Preparation Exanple 3 using

5- br onp- 2- net hoxybenzal dehyde and 4-bronophenetole. '"H NVR (300 MHz,
CHLCRCFCRN@d) 6 ppm1.40 (t, J=7.0 Hz, 3 H 3.79 (s, 3 H 3.85 (s. 2
H 4.01 (q, J-7.0 Hz, 2 H 6.72 (d,886J=8.6 Hz. 1 H) 6.81 (d, J=8.7 Hz,
2 H 7.09 (d, J=8.1 Hz, 1 H - 103 7.13 (d, J=2.5 Hz, 1 H 7.27 (tad,
3=8. 6, mfAturd wab Heirrk82662 Frepanatd 0R E4eiPhee8 Syalkgsi s of

1- brorno- 3- (4-ethoxybenzyl ) - 6- met hoxybenzene Preparation was perforned
i N a PivdrbomenagquasusnsoBiehat atdsoaddednpl PThé misitiga was
3- br onp- 4- net hoxybenzal dehyde and 4- bronophenetole. 'H NVR (300 MHz,
CHLO?@MQI)EGSWMM thaor¢forng—a1d Hhe @ra)mie BRags, wids [jashedb (s, 3
H 4.01 J=7:0 Hz, 2 6.78 - 6.85 3 H 7.03- 7.10(m 3 H -
7.35 (Wt *&ri@wndlthﬁn B?-e@zatﬂemmrowzwag?w@m sk faddrat i on
o e L Bl ARSI BB AR oL
IR IR R N Yk
7.65 ‘(ﬂ@ﬁgﬁeﬁghh}thcth%e=3g.fy fénoﬁkaf@ %ﬁt%%zcoﬁgﬁﬁyh (W84 g,

92%) as a yellow crystal. |

1H NMR (300 MHz, CHLOROFORM-d} & ppm 3.84 (s, 3 H) 4.17 (s, 2

H) 6.76 (4, J=8.7 Hz, 1 H) 7.01 (&, 1 H) 7.19 - 7.37 (m, 4 H)

7.65% (d, J=7.8 Hz, 1 H) 7.73 (&, J=7.8 Hz, 1 H}

EI 332, 334 (M', M+2)

[0252]

Preparation Example 5

Synthesis of 2-(5-bromo-2-chlorobenzyl)-l-benzothiophene

Oxalyl chloride (3.78 miL, 0.0441 mmel) and N,N-

dimethylformamide {0.06 mL) were added to a chloroform {20 mL)

solution of 5-bromo-2- chlorobenzoic acid (10.0 g, Q. 0425 mol}.

After the reaction mixture was stirred at room temperatura for

one day, the reaction mixture was evaporated under reduced

pressure. The obtained yellow oily substance was dissolved in

chloroform (20 mL). This solution was added dropwise to a

mixture of N,O-dimethoxyhydroxylamine hydrochloride (4.56 g,

0.0468 mol}, triathylamine (12.3 mL; 0.0882 mol) and

chloroform (50 mL} for 15 minutes, while maintaining the

reaction temperature at 5°C to 10°C., After stirred for 15

minutes, the reactlon mixture was warmed to room temperature.

After water (20 mL) was added to the reaction mixture, the



(02621 Preparation Exanple 10 Synt hesis of

2- (3- br ono- 4- met hoxybenzyl ) - 1- benzot hi ophene Preparation was perforned
in a simlar manner as in Preparation Exanple 4 using

3- br onp- 4- net hoxybenzal dehyde. and benzo(b)thi ophene. 'H NVR (300 MHz,
CHLOROFORMrd) 8 ppm 3.89 (s, 3 H 4.15¢s,.- 2 - 104 H 6.86 (d, J=8.4
Hz, 1 FD 7 01 (s, 1 H 7.16 - 7.35 (m 3 H 7.48 (d, J=1.9 Hz, 1 H

7.64 - 7. ﬂ&cllgkx %%‘ﬁ%?égéﬁéa aha Bhe Rgddte Bk as W%ghed

(0263) Preparatlon nt hesi s of

1- br ono- Bﬂ%rxefah@axheawa) séaﬁnﬁhmdmwmr&zaqaeoeéeeamﬁm A@$ brine,
performed in a simlar manner as in Preparation Exanple 3 using

5- br ono- 2 akdditienh dxyeé nebtid enig@roasdméghe simp hankfatlee.  Afteb/RKL00

MHz, CHLOROORMi1l) 5 ppm1.39 (t, J=7.0 Hz, 3 H 3.80 (s, 2 H 3.82
(s, 3 H 3le@dceent3way ﬂimm(e;p Qﬁ? @hmzsoa_zvem; was Ryaporateyd endsr-

6. 85 (n1 2 ) 7.02 - 7.12 (m H El 350. 352 (M,

M+2) . Pcpﬂepaﬁaﬂl% t%&hﬁmi@ fzbgywnésﬁ:%l%wro- -methoxy -N-

s AT R I S
A ?A%%@%@Wﬁw@ R, (300, e
J=7.0 Hz, [%25316 79 - 6.96 (m 3 H)

LiAlH,(1.47 g, 0.0388 mol) was added little by little to
a tetrahydrofuran {108 mL} solution of 5-brome-2-chloroe-N-
methoxy-N-methylbenzamide (10.8 g, ©.0388 mol) sSo that the
internal temperature did not exceed -10°C. The reaction
mixture was stirred at -15°C for one hour and carefully added
with a saturated ammonium chloride agueous solution and
deposited insolubles were filtered off with celite. After the
filtrate was extracted with ethyl acetate, the organic layer
was washed with 1M hydrochloric acid, a saturated sodium
bicarbonate agueous solution, brine, and then Aaried with
anhydrous magnesium sulfate. After the desiccant was filtered
off, the solvent was evaporated under reduced pressure to
obtain 5-bromo-2-chlorobenzaldehyde (8.1 g, 95%) as a pale
yellow crystal. This was used in the next reaction without
purification.

[0254])

1.6 M n-butylithium hexane solution {26.9 mL} was added
to a mixture of benzoiblthiophene (5.8 g, 0.043 mol) and
tetrahydrofuran (58 mL) at -78°C over 20 minutes. Aftex
stirred for 0.5 hours, the mixfure was added with a



7.05 - 7.16 (m 2 H 7.19 - 7.32 (m 2 H. R 309, 311(W, M2).

[ 0265) Preparation Exanple 13 Synt hesis of

1- (benzyl oxy) - 4- br onp- 2- (4- et hoxybenzyl ) benzene - 105 Synthesis was
performed in a simlar manner as in Preparation Exanple 6 from

3- br ono- 2- hydr oxybenzal dehyde. rH I(}INR (200 MHz, CHLORCFORMd) 8 ppm
140(tJ68Hz 3H) 390(s 4.01 (g, J=6.8 Hz, 2 H 5.03 (s,

HI 72 - Bﬁ 02 - g H& 15-743(m7H).
C 0pb6  erF IR EPEBEE Lafh W £O3aRBopE By bromo--
1-b 4: et fl b b
chi or (0% f%ﬂgaz%@e%v g Bty Rl RER AT . Be e
b 2 ol
\(/:\ﬁlrgro orm %%B‘En%ro% srtei%?:ttgéﬁf@?% ree Otﬁr&ﬁ%to r%ﬂ)‘w g?l )oio?al ned
by evappeshtiige! NSV eRe ¥BEEE:6HSARCORY %%ucaaa\éaswﬁtﬁsgl ved in

chloroform (10 nL). To this solution, 2,5- difluorophenetole (3.4 g,

0. 021 4amalch teds amscetum nth 1dydde alquﬁbﬁunhﬁhh'oimdear(cﬂ SXxtFacte@214 nol)
was added portion wise at -10C over five mnutes. After the reaction
m xt uwd thaethyli acethte, BB« grgandchphase was i washadtdithwkrindded. This
was extracted with chloroformthree tinmes. After the conbined organic

Iayera%&stﬂaﬁhéﬁi%ﬂtWﬂ@#ﬂﬂﬂhﬁqﬁ@ﬁﬁoﬂﬁaneﬁiwm skiate. pAfher thewas dried

W th drous magnesjum sul fate. After _the desjccant was filtered
of f, %&XPEEPHU@" bf’a“?%‘?fdoffaf v&BBrﬁ??ﬁﬁ“?h%b%Wféﬁthunder reduced

pr essg&gg\ﬁfgaf;g}f% {1'&%2 %veﬂ% 985 au%&”ﬂr&é‘élﬂ.@%%%r %Ql@ﬁfied by

(hexan
' - silica gel column chromatography (hexane:ethyl acetate=10:1)

to obtain pale yellow oily (l-benzothien-2-y1)(5-bhromo-2-
chlorophenylimethancl (10.3 ¢, 71%).
[0255]

Then, EBt,8iH (9.2 mL, 0.058 mol) and BF3EBEt,0 (3.6 mL,
0.029 mol) were added sequentially to a chloroform (110 mL)
solution of {l-benzothien-2-yl)(5-bromo-2-
chlorophenyl)methanol {10.2 g, 0.0288 mol) at -15°C. The
reaction mixture was warmed to room temperature and stirred at
the tamperature for ten hours. After the reaction mixture was
added with a saturafed godium bicarbonate aqueous solutilon,
the organic phase was separated, washed with brine and then
dried with anhydrous magnesium sulfate. After the desiccant
was filtered off, the residue obtained by evaporating the
solvent undexr reduced pressure was purified by silica gel
column chrnmatographf {hexane:ethyl acetate=60:1) to obtain a
colorless oily title compound (5.5 g, 56%).

Y NMR (300 MHz, CHLOROFORM-A) d ppm 4.30 (5, 2 H) 6.98 - 7.06
(m, L H) 7.22 -7,.37 (m, 4 H) 7.43 (d, J=2.3 Hz, 1 H) 7.64 -



to obtain (5-brono-2-chlorophenyl) (4-ethoxy-2.5-

di f1 uor ophenyl ) net hanone (5.59 g, 709% as a colorless crystal. [0267)
- 106 Then, EtaSiH (5.93 nL, 0.0371 nol) and BF3' St20 (2.83 i,
0.0224 nol) were added sequentially to a chloroform- acetonitrile
(1:1; 60 nL) solution of (5-brono-2- 1 )
chIorophenyl)(4-ethoxy-2.5-dif|uoropheH%I)nethanone (5.58 g, 0.0149

not) at ...The reagtign_m xture S d to room tenperature,
stirred ?%‘r”ignhogrgsagd?g]ﬁr E%P ;&'4\5,'%%&4;3 further three hours. After
t he reactd ' re e | a saturated sodi um carbonate

B0 BB | S3BIMeAFC adidh)

aqueous sol ut’ chloroform the organic | ayer was
washed W ftgyggyrine and dried with anhydrous magnesium sul fate. After
the desiccant was filtered off, the. residue obtained by evaporating
t he sol vemtegaidan oheduangi@ressure was purified by silica gel colum
chromat ogr aphy (hexanatethyl acetate=10tl) to obtain a colorless oily

title cormpmundsd3. 8£91- (REHzyldk M2 -b2oto Mz { 4 GhtFFHadyd)) venppne 1. 46
(t, J=7.0 Hz, 3 H 3.98 (s, 2 H 4.08(q, J-7.0 Hz, 2 H 6.71 (dd,
J=11.3, 7.1 HBenziylHprams@e (€31 JIL1 08025, gok} was Hydded do a7m3gtune 3
H. Bl 360(M). 362(Mt2), 364(M+4). (0268] Preparation Exanple 15
Synt hesi Sfof3-bugmems-hysreayeerzaliemiex 530 gl udr &Bem8A ) benzene

Synt hesi s was per f or ned g% a simlar nethod as in_ Preparation Exanple

14 usi ng BEFESMSYZamnpRiBRetadide d8-%afd 2251 THBE bpRHASHEM | H NVR

(300 Wiz, HLORGEOR 0) 2 PR g L Pl HHomabne 3 70%t )
at room temperature and stizrred for 2.5 hours. BAn ice-water
mizture (100 mL) was poured to the reaction mixture and the
resultant solution was stirred for ome hour. A resulting
precipitéte was filtered and dried to obtain 4-benzyloxy-~3-
bromobenzaldehyde (7.1 g, 298%) as a pale yellow powder.
[0257]

Then, 1.6 M n-butyllithium hexane solution (22.9%9 mL) was
added to.a mixture of 4-bromophenetole (7.3 g, 0.037 mol) and
tetrahydrofﬁran {70 mL,) at -78°C. After stirred for 0.5 hours,
4-benzyloxy-3-bromohenzaldehyde (7.0 g, 0.024 mol) in a
tetrahydrofuran {70 mL} solution was added and further stirred
for 15 minutes, and the reaction mixiure was warmed to room
temperature. After the reaction mixture was added with a
saturated ammonium chloride agueocus solution and extracted
with ethyl acetate, the organic phase was washed with brine
and dried with anhydrous magneslum sulfate. After the
desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by

silica gel column chromatography (hexane:ethyl acetate=4:1) to



7.18 - 7.35 (m 3 H - 107 - El 342(M 3, 344(M+2), 346(1+4). (0269)
Preparati on Exanple 16 Synthesis of 1-brono-4-chloro-3-(3-chloro-4-

et hoxybenzyl ) benzene Synthesis was perfornmed by a simlar nethod as in
Preparati on Exanple 14 using 5-brono-2-chl orobenzoic acid and

2-chl orophenetole. 1H NWVR (300 MHz, CHLOROFORMd) 6 ppm 1.46 (t, J=7.0
Hz, 3 H 3.96 (s. 2 H 4.08 (q. Jg4.0 Hz, 2 H 6.85 (d, J=8.4 Hz, 1 H)
6.95 - 7203 (m 1 H 7.18 (d. 3=2.2 Hz, 1 H 7.23 - 7.33 (m 3 H).

(027 e ' le6y _ | Sa C -

l-brg%r)é):E=l gﬁ(gg%%jé%%?r@ I )[_%4?(?#&%%8?@%%;e%gérqglnrﬁhhegglg (v?/as perfornmed by

a si gchakypRERED ﬁé%ﬂdholPR%Q@r?ll9@%E¥§”D|e_14 usi ng

5- br ono- 2- net hyl benzoi ¢ acid synt hesi zed in reference to

| nt efoasBonal Patent Publication WO01271281 and phenetole. '"H NVR (200

MHz, CHLOROFORMd) 6 ppm 1.40 (t, 3-7.0 Hz, 3 H 2.1B (s, 3 H 3.86

(s, 2 H %néh, (Br81H7.(6.znL?2 t)o4k Hol) Gnd7 BFyELLOH26 ¥, 7.07 (m 3
7.17 - 7.30 (m 2 H. El 304(M), 306(M+-2). (0271] Preparation

ExamBl. 821 gmalht wexe sadsed sequedtdathy oto-38-qrloradiors HGRywbhzyl ) benzene

Synt hesi s mas@ggrforned by a simlar nethod as in Preparation Exanple

14 uSPAYLEOR okl 4= ansvdeard oBcbEeRepheryL] (108 -
ethoxyphenylimethanol (8.7 g, 0.021 mol) at -15°C. After
stirred for one hour, the reaction mixture was warmed to room
temperature. After the reaction mixfture was added with a
saturated soedium carbonate agueous solution and extracted with
chloroform, the organic layer was washed with brine and dried
with anhydrous magnesiuvum sulfate. After the Qesiccant was
filtered off, the residue obtained by evaporating the solvent
under reduced pressure was purified by silica gel column
chromatography (hexane:ethyl acetate=10;1) to obtain a
colorless olly title compound (8.8 g, quant). '

'H NMR {300 MMz, CHLOROFORM-Ad) & ppm 1.40 (t, J=7.0 Hz 3 H)

3.42 (s, 2 H) 4.00 (g, J=7.0 Hz, 2 K) 5.12 (s, 2 H) 6.78 -

6.87 (m, 3 H) 6.98 - 7.10 {(m, 3 H) 7.27 - 7.50 (m, 6 H}.

[0259]

Preparation Example 7

Synthesis of 1-bromo-3-(4-ethoxybenzyl)-4-methoxybenzene
Preparation was performed in a simlilar manner as in

Preparation Example 3 using S5<bromo-2-methoxybenzaldehyde and

4-bromophenetole.

'H NMR (300 MHz, CHLORdFORMvd) ) ppm 1.40 (t, IJ=7.0 Hz, 3 H)

3.79 {8, 3 H) 3.85 (s, 2 H) 4.01 (g, J=7.0 Hz, 2 H) 6.72 (4,

J=8.6 Hz, 1 H) 6.81 (4, J=8.7 Hz, 2 H) 7.0% (&, J=8.,7 Hz, 1 H)



1, 3-di met hoxybenzene. zH NMR (200 MHz, CHLOROFORMd) 5 ppm 3.79 (s, 3
H 3.80 (a, 3 H 3.95 (s, 2 H 6.36 - 6.53 (m 2 H 6.94 (d, J=8.4 Hz,
Il H 7.13 - 7.28 (m 3 H). [0272] Preparation Exanple 19 Synt hesis of
1- br ono- 4- chl or o- 3- (4- net hoxybenzyl ) benzene Synthesis was perfornmed by
a simlar nethod as in Preparation_EgﬁﬁpLe 14 using

5- br ono- 2- chl orobenzoic acid and ani sole. 1H NVR (300 MHz,

706 - 7 1511 a3 S Tae 1) Gt 0 =B 63035 B Rt on Evampl e

20 Synt hesisgf 1-brono-4-chloro-3-(4-tent-butyl benzyl)benzene
Synt hesi s was perfornmed by a simlar nethod as in Preparation Exanple

14 using ﬁ%%yéyy%i%ncgkgﬁgbgngoic acid and tert-butyl benzene. 'H NWR
(200 MHz, LOROFORMd) S ppm 1.31 (s, 9 H 4.03 (s, 2 H 7.11 (d,

J=7.9 Hz,s¢hitNesis?df- 14b3dmé 3 - 04 Hdthdx§DékylPF e pas tlidtybdnem e 21
Synt hesi s of 1-brono-4-chl oro-3-(4-nethyl benzyl)benzene Synthesis was
perfornmed by @repirazionewasdpestomedPrimpar astimdhaEoammer lak Wi ng
5- br ono- 2- chl or obenzoi c. acid and toluene. 1H NVR (200 MHz,
CHLOROFORR*epamitiom Exasple, 3 usdngl Bdreomo-2 -methoxybgnzapiphyde. apd(m
4 H) 7'184Sb£Q£§%h&L2£o§eﬁ)' El 294 (M), 296 (M2).

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.40 (t, J=7.0 Hz, 3 H)

3.83 (s, 2 H) 3.86 (s, 3 H) 4.01 (g, J=7.0 Hz, 2 H) 6.78 -

6.85 {m, 3 H) 7.03 -~ 7.10 {m, 3 H) 7.35 {4, J=2.2 Hz, 1 H}.

EI 320, 322{M', M+2).

[0261]

Preparation Example 9

Synthesis of 2-(3-bremobenzyl)-l-benzothlophene

Preparation was pe:formed in a similar manner as in

Preparation BExample 4 using 3-bromobanzaldehyde and

benzo[blthiophene.

'H NMR (300 MHz, CHLOROFORM-d)} 6 ppm 4.19 (s, 2 H) 7.02 (s, 1

H) 7.15 -~ 7.47 (m, 6 H) 7.6% ~ 7.70 (m, 1 H) 7.71 - 7.77 (m, 1

H).

BT 302, 304{M", M+2).

[0262]

Preparation Example 10

Synthesis of 2-(3-bromo-4-methoxybenzyl)-1l-benzothiophene

Preparation was performed in a similar manner as in
Preparation Example 4 using 3-bromo-4-methoxybenzaldehyde and

benzo(blthiophene.

lH NMR (300 MHz, CHLOROFORM-d) & ppm 3.89 (s, 3 H) 4.15 (s, 2



[02751 Preparation Exanple 22 Synthesis of

1- br ono- 4- chl or o- 3- (4- net hyl t hi obenzyl ) benzene Synthesis was perforned
by a simlar method as in Preparation .Exanple 14 using

5- br ono- 2- chl or obenzoi ¢ acid and th3.o0anisole. 'R HVR (300 MHz,
CHLOROFORMd) b ppm 2.47 (s, 3 H 4.01 (s, 2 H 7.06 - 7.14 (m 2 H)
7.17 - 7.32 (m 5 H). [0276] Prepggation Exanple 23 Synthesis of

1- br ono- 4- chl or o- 3- (4- et hyl benayl ) benzene Synthesis was perforned by a

I m kgr h as_a eparAat ivo '
sim kgr gTRENPY, a5 Ny i enanft iy Blaﬁg%%)“ﬂlﬁ g7, 35 ((ElOOBMI!I%,

5-bronn-2-ch?oroben20|c aci d ‘and enzene. XxXH NWMR

CHLORQ@RVR() 381 ppraal, 28 Hyt 7.637-77t0 Bml)1 B) 6809~ I=%977¢hz, 12 H
4.02 (s, 2 H 7.04 - 718 (m 4 H 7.18 - 7.32 (m 3 H E 308(9+),

310(WH2). (02771 Preparation Exanple 24 Synthesis of

1- brono- 4-chl oro- 3- (4-i sopropyl benzyl ) benzene Synthesis was perforned
by aEdi ABRar33&td, #+2An Preparation Exanpl e 14 using

5- br ono- 2- chl or obenzoi ¢ acid and cunene. 'H NVMR (200 MHz,
CHLORORERIF d) 5 ppm 1.22 (s, 3 H 1.26 (s, 3 H 2.79 - 2297 (m | H
4.02 &a, 2 7.05 - 7.32 (m 7 H. 120 - E 322(M), 324 M2). [0278]
Pr ep&FSPABAT ERA M AREE ddnt hesi s of

2_(5E§E%Hgé§écg 0{5%§§g@d§f¥iﬂ%% g&%ﬂenzyl)-4,6-dimethoxybenzene

Preparation wag performed in a similar mannef as in
Preparation Example 3 using S-bromo-2,4-dimethoxybenzaldehyde
and 4-bromophenetole. '
1§ NMR (200 MHz, CHLOROFORM-4) d ppm 1.39 (t, 3=7.0 Hz, 3 H)
3.80 (s, 2 H) 3.82 (s, 3 H} 3.88 (s, 3 H) 4.00 (g, JI=7.0 Hz, 2
H) 6.47 (s, 1 H) 6.75 ~« 6.85 (m, 2 H) 7.02 - 7.12 (m, 2 H)
7.17 (s, 1 H)

EI 350, 352 (M, M+2).

[0264]

Preparation. Example 12 |

Synthesis of 1-hr0m043-(4-ethoxybenzy1)-4-f1uorobenzene

Prepavation was performed in a similar manner as in
Pfeparation Example 3 using 5-bromo-2-fluarobenzaldehyde and
4-bromophenetole. |

- 1H NMR {200 MHz,.CHLOROFORM-d) § ppm 1.40 (t, J=7.0 Hz, 3 H)
3.88 (s, 2 H) 4.0) (g, J=7.0 Hz, 2 H) 6.79 - 6.96 (m, 3 H)
7.05 - 7.16 (m, 2 H) 7.19 - 7.32 (m, 2 H),

EI 309, 31LIM", M+2).
[0265)
Preparatidn Example 13

Synthesis of 1-(benzyloxy)—4-bromn—2~(4—ethgxybenzy1}benzene



Synthesis was perfornmed in a simlar manner as in Preparation Exanple
5 using benzofuran in place of benzothi ophene. '"H NMR (200 MHz.
CHLOROFORMd) 6 ppm4.20 (s, 2 H 6.40 - 6.46 (m 1 H) 7.13 - 7.54 (m
7 H. SI 319 (W, 321 (M+2). [0279] Preparation Exanple 26 Synthesis
of 1-brono-3-(4-ethoxybenzyl)-6-nethoxy-4- nethyl benzene Brom ne (3.87
m., 0.076 nol) was added dropw se af to a mxture of

4- met hoxy- 2- net hyl benzcic acid (10 g, 0.060 nmol), Fe (0.20 g, 3.61
nmol ) and chI6ﬁﬁﬁﬁ9Pﬁ#E1Uﬂﬂ19¢rﬁﬁﬁmﬁﬂ91ﬁea FABEI B PARD&TUAS i®s warned to

&,Simaéﬁg%,efﬁ%‘f%%ghéﬁ%’%éP%%t%‘é-—eqdma%? %EP(E'—&@%&%%H’% | houl f &t b
200 nL ' ' | | '

Arter ¢ he iaBRC b fre” ToriA G BargLh R oS RBE. 38l nec
by evaporatggethg g &f-d.308GedPEESE UGS MBS 7 pcTgyghall i zed

R § :
from net hanol twi ce o obtal 57bronn-4- met hoxy- 2- met hi 'yl benzoi c acid
(4.96 g, S4% (02388} 7Ab3er nalivly, 25HYr Qs 4= L4 X 2-7Mehy| benzoi ¢

acid can be synthesized from4'-hydroxy-2'-nethyl acet ophenone as a -
111 stargoask)materi al. Potassium carbonate (0.720 ng, 5.21 mctl) and
nmet hyl 1odide (0.542 g, 3.82 mmpl) were added to an acetone (10 nlL)

sol ut i on RrfeprathionoEya@pleetyl acet ophenone (0.552 g, 3.47 mmol) and
stirred at roomtenperature for 12 hours. tlethyl iodide (0.24 g, 1.73

mol ) waFmithesds 88dédbronemt tahd onroxBulé-EBOREaR ¥ to ref lux for two

hours. After
difluorobenzyl }benzene

Oxalyl chloride (1.89 mL, 0.0220 mol} and N.N-
dimethyiformamiae (0.03 mL) were added to 5-bromo-2-
chlorobenzoic acid {5.0 g, 0.06212 mol) in chloroform (10 mL)
and stirred for three hours. The yvellow ¢il obhtained by
evaporating the solvent under reduced pressure was dissolved
in chloxroform (10 mL). To this solution, 2,5-
difluorophenetole (3.4 g, 0.0214 mol) was added and then
aluminum chloride (2.9 g, 0.0214 mol) was added portion wise
at -10°C over five minutes. After the reaction mixture was
stirred at 5°C for two hours, an iced water was added. This
was extracted with chloroform three times. After the combined
organlc layer was washed with 1M hydfochloric acid, water,
brine, it was dried with anhydrous magnesium sulfate, After
the desiccant was filtered off, the residue cbtained by
evaporating the solvent under reduced pressure was purified by
silica gel column chrométography (hexane:ethyl acetate=10:1})
to obtain (5-brome-2-chlorophenyl){4-ethoxy-2,5-
difluorophenyl)methanone {5.59 g, 70%) as a colorless crystal.
[0267] |



cooled to roomtenperature, the solvent was evaporated under reduced
pressure. After chloroformwas added to the residue, insolubles were
filtered off and the filtrate was concentrated to obtain

4' - met hoxy- 2' - net hyl acet ophenone (0.51 g). Than, ozone (0.79 g, 1.27
mmol ) and NaBr (0.13 g, 1.27 mmol) were added to an acetone (4 nlL) -
water (4 nL) solution of 4'- msthqxyy 2' -nmethyl acet ophenone (0.21 g,
1.27 mol ), and stirred at roomtenperature for one hour. After water

ayer el en sl ol S e Sbd L on . st BB AR R

car b%%ﬁéﬁiﬁ?‘}“%&%&' W84 ﬂkﬂ:@fﬂg{%ﬁ?@odﬁ' sﬂlmfo hydrous

magnesi um sul fate. After th esl was fi tered the solvent

was E‘é@}.@@tﬂl@nq&r 1'396601%') HERRUh bE 9BLBrBmd 2 m xture (0.28 9g)
of 5'-brono-4'-nethoxy-2'-nethyl acetophenone and

3' - brefIvrophem®il) Gy e2hoxpt hys atitlopiophenyl Thathadode (8381 (0. 26 Q)
of 5'-bronp-4'-nmethoxy-2'-nmethyl acet ophenone and

3' - brioyetdd muEijhety 42C - mThky kaaet b anixielnee wasd dadment bo HE&oOMNaCOC|
solution (3 nL) and potassi um hydroxide (0.92 g) and heated to ref |ux
for 2t@ngeguarisirelf sgdrced| Sort2 s wadpetaryed, at he5iCedori on ni xture
was nade acidic wwth 2M HC1, After the m xture was extracted with

et hy | EHIReF Ehrefe hoPFganiAt tova e E8aGELrR S ¥ t4reL MascRI9%8Ri ne and
Lo S agtbncti BRI AR R B Eroflfl | 1 dootccan
oncer SR Uo7, MeghoE OB U0 RO T
(02Nl o B8l EpCEmAY Seidb s s (ehle %Sf*f%%ﬁb&

desiccant was filtered off, the residiue obtained by

evaﬁorating the solvent under reduced pressure was purified by

silica gel column chromatography (hexane:ethyl acetate=10:1)

to obtajin a colorless oily title compound (3.8 g. 71%).

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.46 (t, J=7.0 Hz, 3 H)

3.98 (s, 2 H) 4.08 (g, J=7.0 Hz, 2 H)} 6,71 {(dd, J=11.3, 7.1 Hz,

1 H) 6.82 (ad, J=11.3, 7.1 Hz, 1 H) 7.18 = 7.38 (m, 3 H).

EI 360(M"), 362(M+2), 364(M+4).

(0268

Prepération Example 15

Synthesis of l-bromo-4-~chloro-3-(4-ethoxy-3-

fluérobenzyl)benzéne

S8ynthesls was performed by a similar method as in

Preparation Example 14 using 5-bfomo—2-chlor0henzoic acid.and

z—fluorophenetole.

lH NMR (300 MHz, CHLOROFORM-d) 0 ppm 1.44 (t, J=7.0 Hz, 3 H)

3.97 (s, 2 H) 4.09 {(g. J=7.0 Hz, 2 H) 6,79 ~ 6.95 {(m, 3 H)

?-18 -~ 7.35 (m' 3 H)



phenetole by a simlar nethod as in Preparation Exanple 14. "H NMR
(300 MHz, CHLOROFORMd) 6 ppm 1.40 (t, 3=7.0 Hz, 3H 2.19 (s, 3 H)
3.82 (s, 2 H 3.87 (s, 3H 4.00 (q, J=7.0 Hz, 2 H 6.71 (s. 1 H 6.77
- 6.83(m 2H 6.95- 704 (m 2H 7.24 (s, 3 H. E 335W,
337(Mt2). (0282) Preparation Exanplgog7HSynthesis of

1- br ono- 4- chl or o- 3- (4- et hoxybenzyl ) - 6- " net hoxybenzene A suspensi on of

2- brono-5- he 85.0,.,13. nmol ; synthesized in reference to
Interna#ﬁbﬁgk?gggen$glﬁéé%§%xﬁ#qd#+§50109122), pot assi um car bonate (1.89
g, 13.7 l,), n-Bud4N (50 ng, 0.137 mol ), nethyl iodide (1.28 ni,
20. 6 nnélg aﬁd N, N-di net hyl formam de (8.0 nL) was stirred for two

hours. ARdn28d+\8heE 180ged and the obtained mxture was extracted
W th ethyFbacetate tﬁ?@%y The conbi ned organic phase was washed with

brine arsqm@hbeﬂ!swah1W%nmaengmcﬁyéf@i@- After the desiccant
was filtered off, the residue obtained by evaporating the sol vent

under r ethosybphegdlbenz@se - 113 purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate-95:5) to obtain colorless oily

2- br onp- 5- chiSgnbhesis| was (perbripedy) @ Fhehlanxedhod lasodnde (1. 23 ni,
15.1 mmol) and N, N-di net hyl formam de (2 drops) were added to

4- et hox FFeRasrtion ckyanple d 4 usingy Snhxeny - 2 relkinrahsmgodc achil) angd
stirred for_ five hours. The yellow oil obtained by evaporating the

sol vent A PTPRREREECH R essure was dissolved in chioroform (5 ni). To

L S04k N, (08 ot BRSO3, A8 L o 38740 B 2 L
chloride (g Q4,92 gP- 2. 680(q, VR .394eY PORY I eV &€ J=8.4 Hz, 1 H)
6.95 ~ 7.03 (m, 1 H} 7.18 (4, J=2.2 Hz, I H} 7.23 - 7.33 (m, 3
H).
(02701
Preparation Example 17
Synthesis of l-hromo-3-{4-ethoxybenzyl)}-4-methylibenzene
Synthesis was performed by a similar method as in
Preparation Bxample_14 using 5—bromo—2-methylbenzoic acid
(synthesized in reference to International Patent Publication
WO0127128} and phenetole.
H NMR (200 MHz, cni.onors-onn-d) d ppm 1.40 (t, J=7.0 Hz, 3 H)
2.18 (s, 3 H) 3.86 (s, 2 ﬁ) 4.00 {q, Jd=7.90 Hz, 2 H) 6.?6‘-
$.87 (m, 2 H) 6.94 - 7.07 (m, 3 B) 7.17 - 7.30 (m, 2 H).
EI 304{¥"), 306(M+2).
{0271]
Preparation Example 18
Synthesis of l-bromo-4-chlore-3-(2,4-dimethoxybenzyl)benzene
Synthesls was performed by a similar method as in

Preparation Example 14 using 5-bromo-2-chlorobenzoic acid and




at -10C over five mnutes. After stirred at 5C for one hour, the
reaction mxture was to roomtenperature and stirred for 13 hours. The
reaction m xture was poured into an iced water and extracted with
chloroformthree tinmes. After washed with 1 M hydrochloric acid,

water, brine, the conbined organic |ayer was dried wth anhydrous
magnesi um sul fate. After the desicoant was filtered off, the residue
obtai ned by evaporating the solvent under reduced pressure was

purifhg@-@ﬁmeuﬁokﬁagngéﬁéca gel col um chromat ogr aphy (hexane: ethyl
acetate=9:1) to obtain (5-brono-2-chloro-6-nmethoxyphenyl) (4-

et hoxyphamer! X 2ebhER N eCKUOROFARM-3)%6 ppmas cPd Ofd 5 HYr BsBal (s, 18283]
Then, Et3SiH (1.62 M., 10.1 mmol) and BF3-tt20 (0.772 nL, 6.09 nmol)
wer e &bdéd %Sedsenti H) |1 §-3% a efiordof.oRnH} AcBtohdi rd+d 4 Hzl; 116)M)

sol ution of (5-brono-2-chloro-6-

net hoxydierny 7y 8- &rnoXyBhenyl ) net hanone (1.50 9, 4.06 mml) at -5G
The rﬁ% % gn m xture was warmed to roomtenperature and stirred for 16
hour s.!Y&72dr the reaction mixture was added - 114 with a saturated

sodi u lution and extracted with chloroform the
organ?%esggggi&ﬁ E%éﬁﬁg% @fth brine and dried with anhydrous magnesi um
sul fa tﬁL& BEe Qﬁéh§ﬁéggu$ﬁ§h%'Eheﬁsﬂh8£iyeﬁ{§¥nﬁ§ﬂé$ Obta'“ed by

evaporati ng t sol'vent und pressur silica

gel col umsgh&ﬁ&ﬁi@%&@%éf@ﬁ@h%gt Bykineeha! fedbd Jas 4R Obt ain a
colorless oily title conpound (1.48 g, 998). 1H NMR (200 MHz.

CHL ORPrEpiirdt 16n pRRadp ¥® 14 using G-bEomd- k) chborobdieoiz Heid Qdd(s. 2
H 4.01 (g, 3=7.0 Hz, 2 H 6.77 6.87 (m 2 H 6.90 (s, 1 fl) 7.03 -
7.12 (amisplE) 7.29 (s, | H). 91 354(Mw4). 356(M+2), 358(M4). [0284)
1H NMR (300 MHz, CHLOROFORM-d) & ppm 3.80 (s, 3 H} 3.99% (s, 2
H) 6.82 - 6.89 (m, 2 H) 7.06 - 7.13 (m, 2 H) 7.19 - 7.30 {(m, 3
H}.
[0273]
Preparation Exampla 20
Synthesis of l-bromo-4-c¢hloro-3-{4-tert-butylbenzyl)benzene
Synthesis was performed by a similar method as in
Preparation Example 14 using 5-bromo-2-chlorobenzoic acid and
tert-butylbenzene.
lH NMR (200 MHz, CHLOROFCRM-d) & ppm 1.31 (s, 9 H) 4.03 (s, 2
H) 7.11 (a4, J=7.9 Hz, 2 H) 7.22 -~ 7.37 (m, 5 H).
[0274]
Preparation Example 21
Synthesis of l-bromo-4-chloro-3-(4-methylbenzyl )benzene
Synthesis was performed by a similar method as in
Preparation Example 14 using 5-bromo-2-chlorobenzoic acid and

toluene.

'H NMR (200 MHz, CHLOROFORM-d) & ppm 2.33 (s, 3 H) 4.02 (s, 2




Preparati on Exanple 28 Synthesis of

1- br ono- 4- chl or o- 3- (4- et hyl benzyl ) - 6- nmet hoxybenzene Synt hesis was
performed in a simlar manner as in Preparation Exanple 27 using

4- et hyl benzoic acid in place of 4-ethoxybenzoic acid. 1H NVR (300 MHz,
CHLOROFORM D) 6 ppm 1.22 (t, J=7.6 Hz, 3 H 2.62 (q, J=7.6 Hz, 2 H)
3.87 (s, 3 H 3.97 (s, 2 H) 6.91 (5.18% +) 7.04 - 7.18 On. 4 H 7.32
(s, 1 H. 81 338, 340, 342 (M M2, M4). [0285] Preparation Exanple
29 Synt Hsi7s 06f ~ 17 bk &nign 4-& H)orTo18. ¢ 471 8dptmpyd Bbnzyl ) - 6-
nethoxybenzene Synthesis was perforned in a simlar manner as in
Preparaﬁloﬁ Exéﬂp) %ﬁﬁlkﬂﬁ%d'4 | sopropyl benzoic acid in place - 115 -
of 4- eig%éég nzoic acid. "1li NMR (300 MHz, CHLOROFORMd) S ppm 1.24 (d,
J 7. 0 ﬁb 2.82 - 2294 (m 1 H 3.87 (s, 3 H 3.97is, 2 H 6,91

N%ﬁ 14r5f5a9?65§%]%%“§g%ra PénYEignéfe éOHéynFLegfg 0?54, 3%6 ()e
1
en2Y lsngs 6 OGP~ £ bl IVEHIBRBY B ¢ é-mé%ﬁim@ﬁ#gygﬁﬁ§l SyBhbgseS was

performed in a simlar manner as In Preparat 3 usli ng
4-benzyl oxy- 8yRERER 6-wd idutdaehedl 89hy0e1hin i A as in
3- bronobenzal dehyde. 1H NMR (300 MHz. CHLOROFORMd) S ppm 1.40 (t,
3=7. 0( Herepaiihtidn 1fxdmplel 1) udifig Gsbranﬂzﬂcmz(dhenkairwablzd and)
5.12 (s, 2

thioanisole.

lH WMR (300 MHz, CHLOROFORM-d) d ppm 2.47 (s, 3 H) 4.01 (s, 2

H) 7.06 - 7.14 (m, 2 H) 7.17 - 7.32 (m, 5 H).

[0276]

Preparation Example 23

Synthesis of l-bromo-4-~chloro~3-{4-ethylbenzyl)benzene
Synthesis was performed by a simllar methed as in

Preparation Example 14 using 5-bromo-2-chlorobenzeic acid and

ethylbenzene.

‘H NMR (200 MHz, CHLOROFORM-d) 8 ppm 1.23 (t, J=7.7 Hz, 3 H)

2.63 (g, J=7.7 Hz, 2 H) 4.02 (s, 2 H) 7.04 - 7.18 {m, 4 H}

7.18 - 7.32 (m, 3 H) |

EI 308{M"), 310(M+2).

(0277)

Prepa;ation Example 24

Synthesis of l-bromo-4-chloro-3-(4-isopropylbenzyl)benzene
Synthesis was performed by a simlilar method as in

Freparation Example 14 using 5-bromo-2-chlorobenzoic acld and

cumene.

'H NMR (200 MHz, CHLOROFORM-d) & ppm 1.22 (s, 3 H) 1,26 (s, 3

H) 2.79 - 2.97 {(m, 1 H) 4.02 (s, 2 H) 7.05 - 7.32 (m, 7 H).



H 6.76 is, 1 H 6.77 - 6.85 (m 2 H 6,96 - 705 (m 2 H 7.Z7 (s, 1
H 7.30 - 7.44 (m 3 H) 7.45 - 7.53 (m 2 H. El 410(W, 412(MW2).

[ 02871 Preparation Exanple 31 Synthesis of

1- brono- 2, 4- (di benzyl oxy) - 5- (4- et hoxybenzyl)benzene A suspension of

5- brono- 2, 4- di hydroxybefl zoic acid (5.0 g, 0.0215 noll, potassium
carbonate (9.B g, 0.0710 nmoll, n-_ByNI(79 ng, 0.215 mmmol ), benzyl

brom de (8.4 nmL, 0.0710 nol) and N, N-di net hyl formam de (40.0 nlL) was
stirreg.f 0 i ced water was added and the obtai ned m xture
was exg%ag%%ggrgﬁgﬁﬁgtf?p'acetate tw ce. The conbi ned organi c phase was
washedigbydybrine and dried w th anhydrous nagnesi um sul fate. - 116
After the desiccant was filtered off, the residue obtained by

evapor piepgratoon daenileurder reduced pressure was dissolved in
tetrahydrofuran (150 nL). This solution was cooled to -15C and Li Al H4
(1. 22 gynthéSPY odtd- {fadradded-thilotebdyzyllhdnzofultiaber t he m xture was
stirred at -5C for 1.5 hours, LiAIH4 (0.41 g. 0.011 nol) was further
added. The $yakthézis Was peyfopmedsinri egiimilaCHamnegn@shdhr and
carefully added with a_saturated amoni um chl ori de agueous sol uti on,
and r eBEEPRERtiom FSTamnles Snapdng; berrefuran 14 tHace pfe. After the
fiItra%e Mﬁg extracted with ethyl acetate, the organic |ayer was
washed PERFP LR ochloric acid, a saturated sodi um bi carbonate

Ul fat o T LB 3B ctBptR0RbrEl SR £ H0BG LohREutE e the
al conor™t 151 o T B (T T e ment enct on i chout )
purifigatsea. (M*), 321 (M+2).
[0279]
Preparation Exauple 26
Synthesis of 1-bromo—3-(4-ethoxybenzyl)-6-methoxyv§-
methylbenzene
. Bromine {3.87 mL, 0.076 mol) was added dropwise at 5°C to
a mixture of 4-methoxy-2-methylbenzoic acid (10 g, 0.060 mol},
Fe (0.20 g, 3.81 mmol) and chloroform (10 mL). After the
reaction.mixture was warmed to rcom temperature, i1t wag
stirred overnight. After chleroform (600 wlL) was added, this
suspension was washed with 10% sodium hydrogensulfate (200
mLx2) and brine, and dried with anhydrocus magnesium sulfate.
After the desiccant was fillrered off, the pale yellow powder
obtained by evaporating the solvent under redﬁced pressure was
recrystéllized from methanol twice to obtaln 5-bromo-4-
methoxy-2-methylbenzolc acid (4.96 g, 34%}.
[0280])
Alternatively, 5—bromo~4-methoxy-2-methylbenﬁoic aclid can’

be synthesized from 4°'-hydroxy-2'-methylacetophenone as a



[0288] Manganese dioxide (1V)(13.1 g, 0.150 nol) was added to a

tol uene (150 nL) solution of 5-brono-2, 4-(di benzyl oxy) benzyl al cohol
(12.1 g). This mxture was stirred at roomtenperature for 15 hours and
further stirred at 80C for four hours and at 100C for two hours.
Manganese dioxide (1V) (4.0 g) was further added and the m xture was
stirred at 100C for four hours. The3lfxture was cooled to room
tenperature and insolubles were filtered off with celite. The solids

obt ai nedstaEtinghaaterdalng Rofassivm gagbopater @29 M9+ Sedlf FHM-Y
m xed solvent of hexane - eth acetate to . obtain 5-brono-2, 4-

oy Phleu il ey 4 Bl bR
in P[epa?%é% g%&nﬂkg 38?# ﬁé?fpﬂ?qT' é%@?i?ﬁ%%ﬁﬁﬁﬁQQ%ghyge

[ T

oo 5 abf1357 By @8*3?&“’3’%9?3@335?4&%( ieoy 3?“%“%15*??%%)
4.96 (S héhx.@ 5n@17.h§§ 5.&11&& m@)%% g 1175')rm§ai & Bl dabka/- 02 -

7.10 (m 2 31°525(M )" BI7( MhD). 10290]

Prepar at gom @amﬁ&u&a ﬁa@t Heétéd Of FreFIAHOFIT- lﬁﬁbhnwrél NRAERRE- 5- (4-
nmet hyl benzyl ) benzene Oxalyl chloride (3.43 ni, 0.0400 mmol) and N, N-

di met hyl ¢wsYeadnitie rodmdtemperatuee adted siod vehltowakoevagpdtatdd unslelrut i on

of 4-nmet hoxy-2-net hyl benzoic acid (5.0 g, 0.0300 nol). After the

r eact i onreduaad pressusei.r raften achdomnfeompevas vaddédrio dine wegildue he

react] Oniggéfuebnfasmﬁsereev%?.?.{:g}:gg gfn:‘g earndr %%gc?fgltrate was concentrated
to obtain 4'-mathoxy-2'-methylacetophenone (0.37 g). Then,
oxone (0.79 g, 1.27 mmol) and NaBr (0.13 g, 1.27 mmol} were
added to an acetone (4 mL) - water (4 mkL) solution of 4'-
methoxy-2'-methylacetophenone (0.21 g, 1.27 mmol), and stirred
at room temperature for ocne hour. After water and ethyl
acetate were added to the reagction mixture, the organic layer
was separated and washed with water, a saturated sodium
carbonate aqueous solution and brine and dried with anhydrous
magnesium sulfate. After the desiccant was filtered off, the
solvent was evaporated under reduced pressure to obtaln 4:1
mixture (.28 g] of 5‘-bromo-4'«methoxy—2'-methylacetophenone
and 3'—hromo¥4'-methoxy-z'-methylacetophenone. Then, 4:1
mixture (0.26 g} of 5 '-bromo-4'-methoxy-2'-methylacetophenone
and 3’-bromo-4’-methoxy-2’'-methylacetophenone was added with
5% NaOCl solution (3 mL) and potassium hydroxide (0.92 g) and
heated to reflux for 2.5 hours. After cooled to room
temperature, the reaction mixture was made acidic with 2M HCIL.

After the mixture was extracted with ethyl acetate, the

organic phase was washed with 1M HCLl, brine and then dried



pressure. The obtained yellow oily substance was dissolved in

chl oroform (60 nL). Toluene (3.52 nlL, 0.0330 nol) and al um num chl ori de
(8.02 g, 0.0601 nol) were added to this solution while cooled on ice,
and the reaction m-xture was stirred for three and a half hours while
keeping the reaction mxture cooled ice. After 5% hydrochloric acid
was added to the reaction m xturgysand extracted with chloroforn1 t he
organi ¢ phase was washed with 10% hydrochloric acid, water,

sat umttﬁ.dgaﬁgamen&@g %ﬁ;ﬁ‘i‘fﬁ%s Sﬂtﬁ%‘ ‘%zaea&@s%bgﬁt wﬁ‘é’ d“ ed

wi t h “anhydr olis” nagnesi um su After si ccant -

Fil t%ﬂ.@.@eﬁ&& of fP 185 It R AbRRInbY S&‘a@@éﬁ&ﬁa‘&ﬂd“&hes‘éb‘ﬁﬁhtunder
reduced pressure was purified by silica gel = colum chronat ography

(hexanaset bydnosdt ptemiirel walsowabhaa nwiyie | mowhaidly to obtain 5-

(4- met hoxy- 2- net hyl phenyl ) (4-net hyl phenyl ) net hanone (4.26 g, 58.9%.
SH NBRoft806 9 - hekhoGH IREHORNbenz61ppacd 30112 md) Hs A 4£21psle8s H) 3. 86
(s, 3H 6.74 (dd, J=8.5, 2.56 Hz, | H) 6.81 (d, 4=2.6 Hz, 1 H 7.21 -
7.27ppwder.H) 7.31 (d, J=8.4 Hz, 1 H 7.64 - 7.71. (m 2 H ESI mz =
263 NHNa% Et3SiH (8.5 m,, O. 0531 nol ) was added to a m xed sol ution
of chPéfdflorm (8 nL) and acetonitrile (32 mL) of (4-nethoxy-2- nethyl

ded ur oBiFRe HHF | s e BaHAR Lo~ 18T ¥ Zocém?\q%‘%ze&? E%BeSnar fred 1o
it Greas iRl s e teRar d el (£ 5 i 959800 g dcabE Sl ut on
PhasEheaatole Pl f b Bl Yes AehahCal Lh Qﬁﬂ*f%ﬁé‘ gt i ¢
sul fahemAfﬁt% vobe, deRIoROPBRMVAS S'ﬁﬁn‘?rle.ch@f(ft,, bhe,beabdug @pt ai ned by

2.19 (s, 3 B) 3.82 (s, 2 H} 3.87 (s, 3 H) 4.00 (g, J=7.0 Hz, 2

H) 6.71 (s, 1 H) 6.77 - 6.83 (m, 2 H) 6.95 - 7.04 (m, 2 H}

7.24 (s, 1 H).

EI 335(M"). 337(M+2).

[0282]

Preparation Example 27

Synthesis of 1-bromo-4-chloro-3-(4-ethoxyben2yl)§6—

methoxybenzene

A suspension of 2-bromo-5-chlorophenol (2.85 g, 13.7

mmol;: synthesized in reference to Intermational Patent

Publication WO0109122), potassium carbonate (1.89 g, 13.7

mmol), n-Bu(NI(5D mg, 0.137 mmol), methyl iodide {(i.28 mlL,

20.6 mmol} and N,N-dimethylformamide.(8.0 mL) was stirred for

two hours. An iced water was added and the obtained mixture

was extracted with ethyl acetate twice. The combined organic

phase was washed with brine and driéd with anhydrous magnesium -

gulfate. After the desiccant was filtered off, the residue

obtalned by evaporating the solvent uhder reduced pressure was



evaporating the solvent under reduced pressure was purified by silica
gel columm chromat ogr aphy- ( hexane: et hyl acetatewl5:1) to obtain
colorless oily 4-nmethoxy-2-nethyl-I|-(4- methyl benzyl)benzene (3.89 g,
97% . 'H NWR (300 MHz, CHLOROFORMtd) & ppm 2.21 (s, 3 H 2.31 (s, 3 H
3.78 (s, 3 H 3.88 (s, 2 H 6.65 - 6.74 énl 2 H 6.97 - 7.03 (m 3H)
7.03 - 7.11 (m 2 H R 226 (M) 119~ BLS was added dropwi se to an
acetic acid (35 nL) solution of

4- met hoxy-Bunkfiiied by saliea h%%é?&%}%é’#f@ﬁétMFﬁﬂhzoﬂwa ethyd. The

reacti on m xture maspﬁtlrred at 110C for two_hours. After the reac |on

n\ﬁtrre vwﬁ?%ﬁﬁﬁ%? ﬁﬁt%pr?&ﬂIQP%ﬂﬁﬁQQﬁ odh¥; eabhamr e FHATeFHFP
bi car bonat e ?%&@53%3?31 a%ﬁ‘&&% i ﬁﬁﬁéﬁﬁg‘;&“ﬂ Loty ?r?ﬁydmgﬂjl =i
bt ai ned B/ 33%"%8@??%“‘?‘%2&%0 B Bt ahER Lo L epioieRsLale

purified byejidd. % g8! 180% Uifo £ QI RIAGHBB B Ym( Tgxnaﬂ Sﬁ@yétﬁ%faaks::ﬁ
1) to obtain a yell om10|ly title conpound (4.21 g, 808). aH NWR (300

MHz, CHLORGRRMolkst ppie 2rAQ o 013 bhe2isda (vy ébaﬁﬁrdtﬂﬂé the 2 H)
3.87 (s, 3H 6.71 (s. 1 H 6.94 - 7.11 (m 4 H 7.26 (s, 1 H. E 304
(M), 306 ddiv@nt upd22lyefuepdrmtdssuriex wanl did8obyed hixsichlefroform (5
1- brono- 2- met hoxy- 4- net hyl - 5- (4- ethyl benzyl ) benzene The title conpound
was synt he@)z-edTbytlaismnllmiqmt loghderoformr spntiaro 10x mhp| ef 32- usi ng
et hyl benzene in place of toluene.
bromo-S-chloroanisole {2.94 g, 13.3 mmol) was added and then
aluminum chloride (2.07 g, 15.5 mmol) was added poxtion wise
at -10°C over five minutes. After stirred at 5°C for one hour,
the reaction mixture was to room temperature and stirred for
13 hours. The reaction mixture was poured into an iced water
and extracted with chloroform three times. After washed with
1 M hydrochloric acid, water, brine, the comblned organic
layer was dried with anhydrous magnesium sulfate. After the
desiccant was filtered off, the resldue obtained by
evaporating the solvent under reduced pressure was purified by
NH type silica gel column chromatography {hexane:ethyl
acetate=9%:1} to cobtaln (5-bromo-2-chloro-6-methoxyphenyl){4-
ethoexyphenylimethanone (1.53 ¢, 31%}) as a colorless crystal,
[0283] ‘ |
Then, Et38iH (1.62 mL, 10.1 mmol) and BFyBti:0 {0.772 mL,
6.02 mmol) were added sequentially to a chloreoform -
acetonitrile (1:1; 16 mL) solution of (5-bromo-2-chloro-6-
nethoxyphenyl} (4-ethoxyphenyl )methanone {1.50 g, 4.06 mmol) at

-5°C. The reaction mixture was warmed to room temperature and

stirred for 16 hours. After the reaction mixture was added



1H NWR (300 MHz, CHLOROFORMd) 8 ppm 1.22 (t, J=7,6 Hz, 3 H 2.20 (s,
3 H 2.61 (q, J=7.6 Hz, 2 H 3.85 (s. 2 H 3.87 (s. 3 H 6.71 (s, |

H 6.97 - 7,14 (m 4 H 7.27 (s, 18). E 318 (M). [0292} Preparation
Exanple 34 - 120 - Synthesis of 1-bronp-2-nethoxy-4-nethyl-5-(4-

i sopropyl benzyl) benzene The title conpound was synthesized by a
simlar nethod as in Preparatio anpl e 32 using cunene in place of
t ol uene. xH NWVR (300 NPE CHL M d) 5 ppn11 22 (s 3 H 1.24 (s, 3

H 2, 2 81 3, (s 3 FD 6.71
(6, Sy & sphedes 80 5pR 88 efiuondPe SatgghidoSuffor N
322 (M 2). é?gg
2-(4-et ﬁ%‘%ﬁﬁ%p éﬁ%ﬁggﬁ%ro%?% ﬁg{&bgﬁ eneﬁ?gs% &‘gﬁt% nol ) was
addeglr 4z @ncs WERSASWLBhOAnHPARGS WRdnbEiAA) saldat el r@mt@r:oftuaan (50 ni)
and heated to reflux. Subsequently, a tetrahydrofuran (300 nlL)
sol wésivaentl waso Rl deeedydbhenzgre ek ddeScoh8abi@ampy) was added for
two hours at roomtenperature. After stirred at roomtenperature for
1.5 dvaperatiimg thactsbidvent xinder Wweaiucedo ped ssord Gvas dpar tEtad ydr of ur an
(100 nL) solution of 2-benzyl oxybenzal dehyde (100 g, 0.471 nol) was
adde#iLt¥igra @isd dedumn phremategraphy f(hexane:AEhYd, acetatesiladn nmi xture
was poured into a saturated annonlun1chlor|?e Egueous sol ution. After
t

t he ¢R>RQH4§HW§Sc@%?F&E?%d°$&YrF%ﬁ#ﬂMCQwQQPQQe c phase was

washed with brine and then drled\g
H NMR (200 MHz, CHLOROFORM-d) ppm 1.40 (t, J=7.0 Hz, 3 H)

3.87 (s, 3 H) 3.93 (s, 2 H) 4.01 (g, J3=7.0 Hz, 2 H} 6,77 -
5.87 (m, 2 H) 6.90 {5, 1 H} 7.03 - 7.12 {m, 2 H) 7.29 (s, 1 H).
BEI 354{M' ), 356(M+2), 358(M+4).
[0284]
Freparation Example 28 _
Synthesis of l-bromo-4-chloro-3-(4-~sthylbenzyl)-6-
methoxfbanzene

Synthesis was performed ln a similar manner as in
Preparation Example 27 using 4-ethylbenzoic acid in place of
4-ethoxybenzoic acid.
N NMR (300 MHz, CHLOROFORM-a) d ppm 1.22 (t, J=7.6 Hz, 3 H)
2.62 (q, J=7.6 Hz, 2 H) 3.87 (s, 3 H) 3.97 (s, 2 H) 6.91 (s. 1
H) 7.04 -~ 7,18 (m, 4 H) 7.32 (&, 1 H}.
EI 338, 340, 342 {M', M+2, M+4}.
[0285].
Preparation Example 29
Synthesis of 1-bromo-4-chloro-3-{4-iscpropylbenzyl)-6-
methoxybenzehe |
| Synthesis was performed in a similar manner as in

'Preparatipn Example 27 using 4-isopropylbenzoic acid in place



anhydrous magnesium sul fate. After the desiccant was filtered off, the
resi due obtai ned by evaporating the solvent under reduced pressure was
purified by silica gel columm chromat ography (hexane-. et hyl
acetate=95:5) to obtain (2 - 121 -

benzyloxyphenyl)(4 ethylphenyl)nethanol (152 g) as a colorless solid.
'H-NI\/R(CDC13) 8 23(t J 7.6Hz, 3H)T H%4(q, J=7.6Hz, 2H). 2.90(d,
J-5.611z, ép 6. 03(d 1H, J=5.GHz), 6.90- 7.37(m 12H)
Then a nlﬁfuieﬁ%#°% qnaeéﬂ Gﬁ9§henyl)(4 et hyl phenyl ) met hanol (78.5gq),

10% pal | adi um activated carbo g égi concentrated hydrochloric acid
(10. 4 ni) Brd¥MFet3HhdHz (@gé'oﬁﬁf t4 rﬂ%luﬁ&er(dhyﬂ'r?)g‘érﬁ%{ fodPher e

therg?mrgfegp\i/;s el (5t iﬁnhﬁgéﬁ (Rotad o2 40 s Ak Eeai“f{?: hap'B>
comound (a6 ()2 Gt dOR PeS Lo P E A Coc] ) 8 ppm 1. 21(t,

J=7.7Hz, @) as2, 6?541 3%67 (M2, M2 H+4’f 00 (s, 2H), 4.64(s, 1H),
6.77-7.18(m 8H). ST3(MHH),  (0294) Preparation Exanple 36 Synthesis

of 3-(4- ethxﬁwhenyloxy) br onobenzene A suspension of 3-bronophenol (2.3
g, 13.3 mmol ), 4-ethyl phenyl boronic acid (1.0 g, 6.67 nmol),

nol ecul ar Peeparatih (Evbmblg) 30Cu(OAc)y (1.21 g. 6.67 mmol) and
chloroform (25 M.) was stirred at roomtenperature for three m nutes
and adde8ynthesis iafi hrhenzyd okg-8-brgmemit (AAeitdiorybeazylhty- The

i nsol ubles were filtered off with celite after the m xture was stirred
for 15 hoUpthvibengense fi|trate was concentrated,

Synthesis was performed in a similar marner as in
Preparation Example 3 using 4-benzyloxy-3-bromo-6-
methylbenzaldehyde in place of 3~bromobenzaldehyde.

'H NMR (300 MHz, CHLOROFORM-d) 3 ppm 1.40 (&, J=7.0 Hz, 3 H)
2.17 (s, 3 H) 3.82 (s, 2 H) 4.00 (g, J=7.0 Hz, 2 Hj 5,12 {s, 2
H) 6.76 (s, 1 H) 6.77 - 6.85 {m, 2 H} 6.96 - 7.05 {m, 2 H)
7.27 (8, 1 H} 7.30 - 7.44 (m, 3 H) 7.45 ~ 7.53 {(m, 2 H). EI
410(M* ), 412(M+2).

[0287]

_ Preparation Example 31
Synthesis of l-bromo-~2,4-(dibenzyloxy)-5-(4-
ethoxybenzyl)benzene

A suspension of 5-bromo-~2,4-~dihydroxybenzoic acld (5.0 g,
0.0215 nmol), potaésium carbonate (9.8 g, 0.0710 mol), n-

- BugNI(79 mg, 0.215 mmol), benzyl bromide (8.4 mL, 0.0710 mol)
and N,N-dimethylformamide (40.0 mL) was stirred for 60 hours.
Bn iced water was added anf the obtained mixture was extracted
with ethyl acetate twice. The combined organic phase was

washed with brine and dried with anhydreus magnesium sulfate.



the residue was purified by silica gel colum chromatography

(hexane: ethyl acetate=95:5) to obtain 1.89 g of a colorless - 122 -
oily title conpound. ElI 276(M), 278(Mt2). (02951 Preparation Exanple
37 Synthesis of 3-brono-5-(4-ethoxybenzyi)pyridine A tetrahydrofuran
solution (25 nmL) of 3,5-dibromo pyridine (5 g. 0.0211 nol) was added
dropwi se to a mxture of a tetrahyggofuran solution (21.1 nL) of IM

i sopropyl magnesium chloride and tetrahydrofuran (10 nL) at 4C for 15

Xt e e R e e S o T BB “ana

StirrefaboiratihyNehe lsS1 VMY indtht eeahiBear §6s sk wHsXdi@oM@egadded
with water while cooled on ice and extracted wth ethyl acetate, the

or ganije pesanyasor@sded vd il Neniansb Bit1esh Walsh coBhiydr eys-rgegnesi um
sulfate. After the desiccant was filtered off, the residue obtained by
evaporad BgARHe Solazzgt. ®ROSR3rmdll edapralbad dldddepbyi Lietldy silica-
gel colum chromat ography (hexane: ethyl acetate =1:1) to obtain

( 5- br fikeyr the neligtyre (waetdtdoyeleay! »o#t [Howll .G5h0urg, F¥BJHaAs a
yellow oi |y substance.%i02961 Then, hrifluoroacetic acid (12.5 ni,

0. 162 (forty} FasOaBbbdmobt ofRT Sexther affedor FhR S6PGEABR Bixture

(50 empge degs il docethoiglieniid rehandh (el fidla ol ) one
TR R L T R
Wi th 3hewduBYss TRERESE 1Rerdd ¥t® with celite. After the filtrate

was eXtracted with ethyl acetate, the organlc layer was washed

with 1M hydrochloric acid, a saturated sodium bkicarbonate

aqueous solution and brine and then dried with anhydrous

magnesium sulfate. The solvent was avaporated under reduced

pregsure after the desiccant was filtered off to obtain

5-bromo-2,4~{dibenzyloxy}benzyl alcohcl (12.1 g). This was

used in the next reaction without purlfication.

[0288]

Manganese dloxlde (IV)(13.1 g, 0.150 mol} was added to a
toluene (150 mL) solutlon of 5—bromo-2,4-(dibenzyloxy)benzyl
alcohol {12.1 g). This mixture was stirred at room |
temperature for 15 hours and further stirred at 80°C for four
hours and at 100°C for two hours. Manganese dioxide (IV) (4.0
g) was Further added and the mixture was stirred at 1¢0°C for
four hours. The mixture was cooled to room temperature and
insolubles were filtered off with celite., The solids obtained
by concentrating the filltrate were recrystallized from a mixed
solvent of hexane - ethyl acetate to obtain 5-bromo-2,4-

(dibenzyloxy)benzaldehyde (3.6 g, 43%} as a colorless powder.



- 123 After the desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by silica
gel colum chromat ography (hexane.;ethyl acetate =5:1) to obtain the
title conpound in a colorless needle form(1.83 g, 77%. [0297] 1H
NVR (300 MHz, CHLOROFORMD) 5 ppm1.41 (t, J=6.99 Hz, 3 H 3.90 (s, 2
H 4.02 (q, T=6.99 Hz. 2 H 6.85 (d,”7J=8.70 Hz, 2 H) 7.07 (d, J=8.70
Hz, 2 H 7,59 (t, J=2.02 Hz, 1 H 8.40 (s, 1 H 852 (s. 1 H ESI mz
= 292( MrH} 9289k (Mk2+H). [ D298) Preparation Exanpl e 38 Synthesis of

o 147ty berH TSR P i B B )
(heptaneaﬁ¥g§$%ﬁ§%gg¥§%§ eﬁﬁgﬁgegggﬁgfécélﬂégﬁ# sigégﬁkfb852pnngr)
whi | e Cookﬁﬂbgﬂzd%lg'&ﬁ%ﬁdl%ﬁ%ét iﬁoggﬁéérﬁlerﬁtﬂﬂoﬁnoi)@hzﬂﬂﬁ?h r. This

~sol ution was ropw se to a tetrahydrofuran solution (10 nL) of

(3- br omophg ity apﬁ@';&&hy@mbﬁoﬁénﬁ-a?-%pm'm (8Ndyshisneg a Hoom
t dde

tenperature for one hour. After e reaction mxture was a wth a
sat ur at ediasgofs une whlamildd¢gagueous Bo) W2 i avsiel gscoal Yl BNOT cis arxd
extracted wth ethyl acetate, the organic phase was washed with brine
and dri edHl 6h5anbydriadt wadnesi 6aB8ulmat2 HAfT.@2 t+-h@ . l8eéhccari) was
filtered off, the residue obtained by - 124 evaporating the sol vent

under reddced prestiir@mdd Birified by
EI 525(M"). 527{M+2).

[0290]
Preparation Example 32
Synthesis of 1l-bromo-2-methoxy-4-methyl-5-(4-
methylbenzyl)benzene

Oxalyl chleride (3.43 mL, 00,0400 mmcl) and N,N-
dimethylformamide (2 drops) were added to chloroform (60 mL)
solution of 4-methoxy-2-methylbenzoic acid (5.0 g, 0.0300 mol).
After the reactlon mixture was stirred at room temperature for
one hour, the reaction solvenf was evaporated under reduced
pressure. The obtained yellow oily substance was dissolved in
chloroform (60 wmL)}. Toluene {3.52 mL, 0.0330 mol) and
aluminum c¢hloride (8.02 g, 0.0601 mol)} were added to this
solution while cooled on ice, and the reactlion mixture was
stirred for three and a half hours while keeping the reaction
nixture coaled ice. After 5% hydrachlorie acid was added to
the reactlion mixture and extracted with chleoroform, the
organic phase was washed with 10% hydrochloric acid, water, a
saturated sodium bicarbonate aqueocus solution and brine, and

dried with anhydrous magnesium sulfate. After the desiccant



silica gal colum chromatography (hexane:chloroform=20:1) to obtain a
colorless oily title conpound (0.41 g, 50% 6/Z mxture). 1H NMR (300
MHz, CHLOROFORMtd) & ppm 1.17 - 1.30 (m J=7.41, 7.41, 7.41 Hz, 3 H)
2.56-2.72 (m 2 H 3.47 - 3.68 (m 2 H 570 - 6.63 (m 2 H 7.04 -
7.46 (m 8 H). Bl 300, 302 (M, 14+2). [02991 Preparation Exanple 39
Synt hesi s of 3-bruno-7-(4-methyl bepgy!,) - 1- benzot hi ophene An :
acetonitrile (30 ntL) solution of 7-(4-nethyl benzyl)-1- benzothi ophene

(1. 244gg §1£9e££@'aff\@stréd%giﬁhéhob%@:?éﬁfwwa@o@a@%_?gltﬁé g, 5.72

mml ) and stirred at room tenperature tor two hours. e solvent was

evapogal ¢éntngivder reshinedl Pressute vag ﬁgﬁﬂm Wiyt Rigt byl gaget ate.
U _

After washed wth 20 wt % sodi um t hi os at e aqueous sol ution and

bri negolliven chgamiicyqigdy Waexdneedtlrl haceitatdr-Quis Iyagoesbtaisul f at e.
After the desiccant was filtered off, the residue obtained by
evapovaliog ¢hky sbiveatthaxyd@rmestivipberyssure was purified by silica
gel colum chromat ography (hexane: ethyl acetate -100:1- 50:1) to obtain

a col éAresshybrkenelnethanoagnbdudt 90. 91 . 569 . 1H NVR (300 MHz,
LTI ko Bl heckbrpbathy b o 4570, 8 of Hed o 2
(M. 52} g6 B(2MPL &)l 61720 (aa 03081 s B, & ufF, 1Oy 6.81 (a, a=2.6

Hz, 1 H) 7.21 - 7.27 (m, 2 H) 7.31 {4, J=8.4 Hz, 1 H) 7.64 -

7.71 (m, 2 H)

ESI mfz = 263 {M+Na)

EL:6iH (8.5 mL, 0.0531 mol) was added to a mixed solution
of chloroform (8 mlL) and acetonifrile {32 mL) of (4-methoxy-2-
methyl phenyl)(4-methylpheayl)methanone and BFyEt0 (4.5 mbL,
0.0354 mol) was added dropwise while cocled on lce. The
reaction mixture was warined to room temperature and stirred at
5¢°C for one hour. After the reaction mixture was added with a
saturated sodium bicarbonate aqueoﬁs solution and extracted
with ethyl acetate while cooled on ice. the organic phase was
wagshed with brine and dried with anhydrous magnesium sulfate.
After the desiccant was filtered off, the residue cohtalned by
evaporating the solvent under reduced pressure was purified by
sillca gel column chromatography-{hexane:ethyl acetate=l5:1)
to obtain colorless olly 4-methoxy-2-mathyi-1—(4- |
methylbenzyl)benzene (3.89 g, 97%).

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.21 (=, 3 H} 2.31 (s, 3
H) 3.78 (s, 3 H) 3.88 (s, 2 H) 6.65 - 6.74 (m, 2 H) 6.97 -
7.03 {(m, 3H) 7.03 - 7.11 {(m, 2 H}

EI 226 (M')



$n@" "OBn OBn [0301] Synthesis of 2,3,4,6-tetra-0-benzyl-1-C|[3-(4-

et hyl benzyl )] phenyl ] - 5-t hi o- D- gl ucopyranose A m xture of nmagnesium (55
ng, 2.25 nmol), 1-brono-3-(4 ethyl benzyl)benzene (496 ng, 1.80 mmol ;
synthesized in reference to International Patent Publication
W0127128) and tetrahydrofuran (2.0 ng? was heated to ref lux for one
hour. The reaction mixture was further%tirred at roomtenperature

for one hour and then cooled to OC. To this sol ution,

Lot r ahydr BFuMaF @0s0 AToRRLEe b &t afekle goie: f350MhbRgiuton of

t hi o- D- gl -1.5- t 5 0,901 | d d i d

REBSREER e A R AT S e DB IR SO W
dded.with t d . i hi id | uti d

ext ract ed Pt h D Fe g Tept: BIRCUEA WA RHAE TS B8 a8 deMod il BAUGR! ne

and orf edaptil pRlHABTRIRTALL Y A VIEPNaRS JRELECARLIES

filtered the res I ned by evaporating the solvent under

reduced ppRS$HE CaNlSesititddtedd vi¥nSetheR AQdtAQ Uhe SRGANREOSHAEN Yray
(hexane: ethyl acetate =5:1) to obtain the title conpound (440 ng, 65%

as a col ophshedorith wibaitareted kodiMin (BQthi¥dhateHagRebGRVEA uiqrpm
1.19 (t, J=7.6 Hz, 3 H 2.59 (q, J=7.6 Hz, 2 H 3.04 (s, 1 H) 3.48 -
3.57 (m ané)brndlrddriddle@ith anbydizoud mdgndsitm dnlfate. 1 Afiterl H)
3.88 - 126 4.17 (m 6 H) 4.41 (d, J=10.1 Hz, 1 H 4.52 (s, 2 H 4.65
(d, J=10tReHiesiceyniywgE filtesednpfB, Hhe Waidug phtapned by 7. 03 -
7.2 (m 10 H 7.22 - 7.36 (m 14 H) 7.47 - 7.57 (m 2 H. ESI nmz =
773 (M+rNaFvapegpbing the solvent under reduced pressure was purified by
' silica gel column chromatography (hexane:ethyl acetate=15:1}

to obtain a yellow oily fitle compound (4.21 g, 80%}.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.20 {s, 3 H) 2.31 (s, 3

H) 3.85 (s, 2 H) 3.87 (s, 3 H) 6.71 (s. 1 H) 6.94 ~ 7.11 (m, 4

H) 7.26 (s, 1 H). |

EI 304 (M'), 306 (Ms+2).

[0291]

Preparation Example 33

Synthesis of l-bromo-2-methoxy-4-methyl-5-(4-

ethylbenzyl}benzene |

The title compound was syntheslized by a similar method as

in-Préparation Example 32 using ethylbenzene in place of

toluene.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.22 (t, J=7.6 Hz, 3 H)

2.20 (s, 3 d) 2.61 (g, J=7.6 Hz, 2 H} 3.85 (s, 2 H) 3.87 (s, 3

H) 6.71 (s, 1 H) 6.97 - 7.14 (m, 4 H) 7.27 (s, 1 H).

EI 318 (M').

[0292)

- Preparation Example 34



Exanple 2 Synthesis of 2,3,4,6-tetra-0O benzyl-1-C[3-(4-

et hyl benzyl ) phenyl ] -5-t hi o- D- gl ucopyranose via ate conplex A mxture
of 1-brono-3-(4-ethyl benzyl)benzene (1.0 g, 3.63 mol) and di et hyl
ether (10 nL) was cooled to -78C and added with 2.6 M n-butylithium
hexane solution (1.4 nL) in an Ar ‘atonsphere. After stirred for 20

m nutes, the reaction mixture was ywgy med to -20C and stirred for 45
m nutes. This solution was added J?opmﬁse to a suspension of Cul (347

suépens? ‘QQQ%ne g%ﬂéur? f*%%}dﬁop gé'ggé?tfggu;ﬁd TPe was heat ed

up to ;9 e =ARWhH e addition, the suspension was stirred at
-15C fér%S‘%n% nuteés%')a di et et her (4 0 nmL) solution of

2.3,4,6-tetfras Ql&q@zxebméohhaw& Q}mﬁéﬂya@t 8R1 § & ImédEhod - a6l

mmol ) was added dropw se, and the m xture was stirred for 20 m nutes.

After imePremastdian Exatple BASusiiecumdne dnspliucet 6f foIWEREIN

chl ori de aqueous solution and extracted with ethyl acetate, the

or gani tH MNRS{E30aNHzg S CHIOROFORM+d Ned ppeth dr.2ed(witd @BphyRoUs,n@gnesi um
sulfate. After the desiccant was filtered off, the residue obtained by
evaporBi i A2k H8 .s@ Wan® - 8hder 92 ethuceld Hr SsH5r ébﬁasz Bur3i82dy Xilica

gel colum chromato aphg (hexane; ethyl acetate =4:1) to obtaln t he
title Bhrdolhd §1.208) &s?8 - 1996 @ & HWsd -0 y Jubbt fhce? Hhe NMVR

spectr ccordeq, wth that of Exanple 1. Exanple 3 [03033 BnO S
o b G T |

EI 322 (M'). 334 (M+2),
[0293]
Preparation Example 35
Synthesis of 2-{4-ethylbenzyl)phenol

1-Bromo-4-ethylbenzene (6.69 g, 0.036 mol) was added to a
suspension of magnesium (17.2g) and tetrahydrofuran (59 mL)
and heated to reflux. Subseqguently, a tetranydrofuran (300
mL) solution of l-bromo-4-ethylbenzene (97.9 g, 0.52¢% mol) was
added for two hours at room temperature. After stirred at
room temperature for 1.5 hourg, the reaction mixture was
cooled to 4°C and a tetrahydrofuran {106 mL} solution of
2-banzyloxybenzaldehyde {100 g, 0.471 mol) was added for one
hour. After stirred for two hours, the reaction mixture was
poured into a saturated ammonium chloride aqueous solution.
After the mixture was extracted with ethyl acetate, the
organic phase was washed with brine and then dried with .
anhydrous magnesium sulfate. After the desiccant was filtered
off, the residue obtained by evaporating the solvent under
reduced pressure was purlfied by silica gel column

chromatography (hexane:ethyl acetate=95:5) to obtaln (2-



[0304] Synthesis of (1S)-1,5-anbydro-2,3,4,6-tetra-0O benzyl-1-[3-(4-
et hyl benzyl ) phenyl )-1-thio-D-glucitol A dichloronethane (20 nliL)
solution of 2,3,4,6- tetra-O

benzyl -1 - C-[ 3- (4- et hyl benzyl ) phenyl ]-5-1 hi o- ]) gl ucopyranose (410 nyg,
0.546 mml) was added sequentially wwth Ft3SiH (0,523 nL, 3.28 mmol)
and BF3Et 30 (0.276 nL, 2.18 mol) at~” -3%E and stirred for 0.5 hours.
After the reaction mxture was added with a saturated sodi um

bi car bonaPERZELREVRhERY 1L ( 4P thydghenyi dRe Ekanet H 187 GloPsr /) coherless
organi ¢ phase.was washed wth brine and then dried wi th anhydrous
nagne3|unF83$Pate After the desiccant mas filtered off, the residue

ooriTied oF N@*?@@éfbie%gééﬁm"l;ﬁe@t ity AR g nplz d

1 629
colorl oss 2 pa(AL IR GHL, W) |l b%&“'?é‘%’%"wﬁﬁ(@%%% Ao B, 80507 o
(t, J=7. 67FE7(§ H2up:. 59 (q, J= 7 6 Hz, 2 H 3.05 - 3.16 (n] 1 H 3.53

(t. J=8.9 Fz, 1 H 3.67 - 3.99 (m 8H) 4.47 (d, J=70.0 Hz, 1 H) 4.53
(s, 2 H 4.60 then3sifiituis ok QR-BeSzylodyferyn) @) 6.62 - 6.69 -

128 (m 2 H 7.00 - 7220 (m 10 H 7.22 - 7.36 (m 16 H. EST mlZ -
757 ( MtNapthpppliedyD)idéxha0]l (P8afple 20f03dbladiy@m Sctivated caon CH M
[ 0306] SyntheS|s of (1S)-1,5-anhydro-I-[3-(4-ethylbenzyl) phenyl]-1-
5.249}), concentrated hydrochloric acid (10.4 mL) and methancl
(850 mL) was stirred under hydrogen atmosphere at room
temperature for 24 hours. After filtering off the ingolubles,
the filtrate was evaporated under reduced pressure and then,
the residue was distilled under reduced pressure to obtain the
title compound (56.8 g) as a colorless oil.
lH-NMR{CDC1l:) & ppm 1.21(%t, J=7.7Hz, 3H), 2.62{g., J=7.7Hz, 2H),
4.00 {s, 2H), 4.64(s, 1H), 6.77-7.18(m, 8H).
EI 213(M+H).
[0294]}
FPreparation Exampie 36
Synthesis of 3-(4-ethylphenyloxy)-bromcbenzene
& suspension of 3-browmophenol (2.3 g, 13.3 mmol),
4-ethylphenyl boronic acid (1.0 g, 6.67 mmol), molecular sieve
4AI(14.7 g), cu{Okc); (1.21 g, 6.67 mmol) and chloroform
(25 mL) was stirred at room temperature for thrge minutes and
added with triethylamine (3.6 mL)} and pyridine (2.7 mL}. The
insolubles were filtered off with celite after the mixture was
stirred for 15 hours. After the filtrate was concentrated,

the residue was purified by silica gel column chromatography

{hexane:ethyl acetate=95:5) to obtain 1.89 g of a colorless



thio-D-glucitol 1 Mdichloronethane (4.08 nL) solution of BBr3 was
added dropwi se to a dichloronethane (20 nlL) solution of (1S)-1, 5-
anhydro-2, 3, 4, 6-tetra-p-benzyl -1 -(3-(4-ethyl benzyl ) phenyl ] -1-
thio-D-glucitol (200 ng, 0.272 mvol) at -78C. After stirred at this
tenperature for 2.5 hours, the mxture was added with nethanol (5.0
n) and pyridine (3.0 nlL) sequenti ¥.. This mxture was warnmed to
room tenperature and concentr at ed. e obtained residue was purified

by silj g 'Hm& omat ogr aphy (chl orof orm net hanol =10:1) to
obtainb%iyc§+%$?ess éﬁ%g%hous title conpound (23 ng. 238). "H NMR (300

MHz, }ﬁﬁg%PQ 19 (t, J=7.6 Hz, 3 H 2.58 (g, 3=7.6 Hz, 2
H) Z.gg-f- 3.03 )ﬁnﬁl ﬁg 23 20 - 3.28 (m 1 H 3.60 (dd, J=10.3, 9.0 Hz,
1 H 3{#9s513.78 (m 3 H 3.88 - 3.98 (M 3 H) 7.09 (brs, 5H 7.17 -
7.23 (m 3 H. ESI mz = 397 (MtNa), 313 (MH). Exanple 5 129 - [0307)
8n0 OHPré&patatld@BrExabiple BG308] Synt hesis of
2,3,4.6-tetra-0-benzyl -1-C-[ 2- met hoxy- 4- net hyl -

(4- et hexyeewis )qgfh anttion®-5hil A- SthpxiEnaslNeyslidinee drops of

1, 2-di brornoet hane were added to a m xture of nmagnesium (41 ng, 1.67

mol ), 1- brdnbeBrahrdnafereseoiniien (4R My of SefhilBEA®ene (0. 51 g,
1.51 | d  tetrahydrof 2 nL fter heated t | ux f

nour, PPHALTR Xt MxO2aR) BRLY vos ordied dSmvies EGomh RERPRISISR € Lo
Preparg 8o LR S50 $ut foh St 521 U W 1a 58Pyt tndnessum

chloride and tetrahydrofuran (10 mL} at 4°C for 15 minutes.

Aftér stirred at room temperature for 2.5 hours, the reaction
mixture was added with 4-ethoxybenzaldehyde (2.93 wmL, 0.0211
mol) and stirred for further 1.5 hours. After the reaction
mixture was added with water while cooled on lice and extracted
with ethyl acetate, the organic phase was washed with brine
and dried with anhydrous magnesium sulfate. After the
desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate =1:1)
to obtain (5~bromopyridine-3-yl)(4-ethoxyphanyl)methanol (5.0-
g, 77%) as a yellow olly substance.

[0256]

Then, trifluaorcacetic aéid (12,5 mL, 0.162 mol) was added
dropwise to a c¢hloroform solution of (S5-bromopyridine-3-vl)(4-
ethoxypnéﬁyljmethanol (2.5 g, 8.11 mmol) and Et;SiH (5.1 mL,
40.6 mmol) at 4°C and stirred at room temperature for 2.5
hours. -The reaction mixture was added with water and
extracted with chloroform. After washed with brine, the

organic phase was dried with anhydrous magnesium sulfate.



m.) of 1.0 Mi-propy], magnesium chloride and the prepared Gignard
reagent were added dropw se sequentially to a tetrahydrofuran (5 niL)
solution of 2,3,4.6-tetra-0-benzyl-5- thio-D glucono-1,5-1actone (0.76
g, 1.38 mmol) while cooled on ice and the m xture was stirred for 30
m nutes. After the reaction mxture was added with a saturated
amoni um chl ori de aqueous sol ution anf¥xtracted with ethyl acetate,
the organic phase was washed with brine and dried wth anhydrous

magnesi unhfdarf tihe degiqgant,wagesSidbaned &L f i themefidup, obtialnedbile

obtained b eva orating the solvent under reduced pressure was
purified S%/laEPF E%“%eﬁfgf‘ccﬁ%’?“éhmiﬁﬁ?oﬁ? 'ﬁwg e WRF| PuLitied &Y

(300 i, ST TR TR Gioiaifureths. lating SubdiaBMege SbIF
310, 72 HE® ?bﬁé*ié%ztﬁlf gipopda®in ot dipchs hegale fobh, f153%

7.43 (m 26 Hhy ykanple 6 10309) BnO B Bn0O OHn OBn Synthesis of
(15)-1, S—anhydro 2,3,4,6-tetra- O benzyl -1-(2- ‘

nethoxy 4{oebhyl - 5- (4- ethoxybenzyl)phenyl7 | -thi o-D-glucitol An
acetonitrile (18 nL) solution of 2,3,4,6-tetra-0

benzyl -1 - CH( fMRet o \WHE MetHnpROFORN=-DY O pae121) henykp:.$9 Hz, 3 H)
thio-fl-glucopyranose (840 ng, 1.04 mmol) was added sequentially with
8t 351H (03438 fhe, 2.HD 4w Y aand=BF39 8820 2 (0} W&M{(4,1758.A00R3, at
-18C and stirred for an hour. After the reaction m xture was added
with a safdr2+@84 &3dids8-70 Hz, 2 H) 7.59 (t, J=2.02 Hz, 1 H) B.4D (s,

1 H) 8.52 (s, 1 H)
ESI m/z = 282(M+H), 294(M+2+H).
[0298]
Preparation Example 38
Synthesis of 1-bromo-3-[(2E or Z}-3-(4-ethylphenyl)prop-2-en-
l-yl]lbenzene

A mixture of (4-ethylbenzyl)triphenylphosphonium chlicoride
{(3.52 g, 8.44 mmol)} and tetrahydrofuran (20 mL) was added with
2M lithium diisopropylamine {(heptane
/tetrahydrofuran/ethylbenzene sclution, 4.2 mL, 8.4 mmol)
while coocled on ice and stirred at room temperature for one
hour, This solution was added dropwise to a tetrahydrofuran
solution (10 mL) of (S-bromophenyl)acetaldehyde {0.56 g, 2.81
mmel), and stirred at room temperature for one hour., After
the reaction mixture was added with a saturated ammonium
chloride aqueous solution while cooled on ice and extracted
with ethyl acetate, the oxganic phase was washed with brine
and dried with anhy&rous magnesium sulfate. After the

desiccant was £iltered off, the rasidue obtained by



bi car bonat e aqueous solution and extracted with ethyl acetate, the
organi ¢ phase was washed with brine and then dried wth anhydrous
magnesi um sul fate. After the desiccant was filtered off, the residue
obt ai ned by evaporating the solvent under reduced pressure was
purified by silica gel colum chromatography (hexane: et hyl
acetate=4:1) to obtain the title _cpppaund (640 ny, 77% . 1H NMR (600
MHz, CHLOROFORMd) S ppm 1.35 (t, J=6.88 Hz, 3 H 2.21 (s. 3 H 3.02 -

Yoy Hrpotheih bld, splvenfOuplier xdduqeh Bresturt Jhetolfifada ¥y
4.86 (§112cd)gét Wbiathn chidhatdg ﬁg (Hexahddctfozdrork L80(1) & H
6.90 (0, J-7.34 Hz, 1T H 709 710 (m B H 733 735 (n 15 H)

HST M bBafd2a (dohddies oIigmMelield &&dcing H@ .21 GO 50%,, ByEOH [0312]
Synthesis of (1S)-1, 5-anhydr'o-1-(3-(4-ethoxybenzyl)-6-nmethoxy-

4- met hyiptrerey) ) -1 -thio-D-glucitol A m xture of

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

[ 2- met bBXNMR - (30 hWMHZ- CELORDBRRMed) v Jquine 1y [1]7- 2- 1hBO- Dn, gF+tidlol (630
ng, 0.792 mmal%_li 20t pal | adium hydroxi de on activated carbon (650 np)
and et hytlackt4h diz.13 M) 2-56cRardl (M D KL 3- 4fas It £Pr &0, uAdE)

Tt et 2Bct TR it g B3dr Q47T {Feckmor 15 W)th ool te and the filtrate

was cggcgg&ra&&ﬂ.mﬂleﬁ%qi ned residue was purified by silica gel
[0299]
Preparation Example 39 |
Synthesis of 3-bromo-7-{(4-methylbenzyl)-1-benzothiophene

An acetonitrile {30 wL) solution of 7-(4-methylbenzyl)-1l-

benzothiophene (1.24 g, 5.20 mmol) was added with
N-bromosuccinimide (1.01 g, 5.72 mmol) and stlirred at room
temperature for two hours. The sclvent was avaporated under
- reduced pressure and diluted with ethyl acetate, After washed
with 20 wt¥ sodium thiosulfate aqueous solution and brine, the
organic phase was dried with anhydrous magnesium sulfate,
After the desjccant was filltered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
gilica gel column chromatography (hexane:ethyl acetate =100:1-
50:1) to obtain a colorless powdered title compound (0.92 g,
56%). |
14 NMR (300 MHz, CHLOROFORM-d) o ppm 2.31 (s, 3 H) 4.12 - 4.26
fm, 2 H) 7.07 - 7.23 (m, 5 H} 7.37 - 7.50 (m, 2 H} 7.72 (4,
J=7.46 Hz, 1 H}.
BI 316, 318 (M', M+2).

Example 1



col um chr omat ogr aphy (chl or of or m net hanol =10:1) to obtain a

col orl ess powdery title conpound (280 ngy, 818) as 0.5 hydrate. 1H NWR
(600 MHz, METHANOL- a4) b ppm 1.35 (t, J=6.9 Hz, 3 H 2.17 (s, 3 H)
2.92 - 3.01 (m 1 H 3.24 (t, J=6.71 Hz, 1 H 3.54 - 3.60 (m 1 H
3.72 (dd, 3=11.5, 6.4 Hz, 1 H 3.81 (s,é3 H 3.83 (s. 2 H 3.94 (dd.
3=11.5, 3.7 Hz, 1 H 3.97 (q, J-6.9 ‘k%% ZH 4.33 (s, 1 H 6.77 (d,
J-8.3 Hz, i Fg 6.76 (s. I H 6.95 (d, 3=8.3 Hz, 2 ft) 7.10 (s, 1 H),
gsl mz =19890} MrHHa+), - 132 493 (MFCH3C02-). nip 155.0-157.0C. Anal .
Cal cd for C23H3106S' 0.5H2O0 C, 62.28; H, 7.06. Found: C, 62.39; H
7.10. Exanmple 8 BnO S OCH BnO' 'OBn OBn [0314]

Synt hesi sg ra- O benzyl -1-C-[ 2- (benzyl oxy) - 5- ( 4-

et hoxybenzyl ). | ]-5-thi o-D gl uoopyranose Three drops of _
1,2-dibro "were added to a m xture of magnesium (175 ng, 7.20
mmol ), 1-(benzyl oxy)-2-brono-4-(4- ethoxybenzyl)benzene (2.29 g, 5.76
nmal ) and tetrahydrofuran (6.0 nL) and this mxture was heated to ref
| ux for ogﬁ @fgr. The reaction m xture was cooled to room tenperature,
and tetr 9 furan (5.0 nmL) of 2,3,4,6-tetra-0O benzyl-5-thio-D

g vcono | STaLBELEDSA 1 8 4, 2, deruthlvdfiylied G qpu se Lo U <

solution a r‘oém t'enper at r. After the

reaction gtﬁ&gﬁ@nﬂﬁﬁ)%?#ﬁﬁ}r@_%btﬁi§aﬁU§fﬁéab§¥HHaghuﬁ] chl ori de aqueous

sol ution and extracte h et hyl acetate,
A mixture of magnesium (55 mg., 2.25 mmol)., l-bromo-3-(4-

ethylbenzyl)benzene (496 mg, 1.80 mmol; synthesized in
reference to International Pétent Publication W0O0127128) and
tetrahydrofuran (2.0 ml) was heated to reflux for one hour.
The reaction mixture was further stirred at room temperature
for one hour and then cooled to 6°C. To this solutioﬁ, a
tetrahydrofﬁran (5.6 mL) solution of 2,3,4,6-tetra-O-benzyl-5-
thio-D~glucono-1,5-lactone (500 mg, 0.90]1 mmol) was added
dropwise and stirred at room temperature for one hour. After
the reaction mixﬁure was added with a saturéted ammoenium
chloride agueous solution and extracted with ethyl_acetate,
the organic phase was washed with brine and dried with
anhydrous magnesium sulfate. Aftef the desilccant was filtered
off, the residue obtained by evaporating the solvent under
reduced pressure was purifisd by silica gel column
chromatography (hexane:ethyl acetate =5:1) to obtain the title
compound {440 mg, 65%) as a colorless olly substance.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.19 (t, J=7.6 Hz, 3 H)
2.59 (g, J=7.6 Hz, 2 H) 3.04 (s, 1 H) 3.48 - 3.57 {(m, 1 H)

3.64 (44, J=10.1, 2.7 Hz, 1 H) 3.74 (d, J=10.1 Hz, 1 H) 3.88 -



t he or
magnes
obt ai n
purifi
=6: 1)

powder .
133 3.
4 74 (p

gani ¢ phase was washed with brine and dried with anhydrous

ium sul fate. After the desiccant was filtered off, the residue

ed by evaporating the solvent under reduced pressure was

ed by silica gel colum chromat ography (hexane:ethyl acetate

to obtain the title conmpound (1.48 g, 59% as a pale yell ow
1H NM (300 MHz, CHLCRCFCF&4Q§ 6_ppm 1.38 (t, J=7.0 Hz, 3 H)

48-371(m2 377-410(m9|—|)451(brs 2H)459

cst-32 . de i) 4 laPhd To=ioh R20aily #50 65.5% milalRs (6,

"CBn

Ofi [ Q16 7Sblﬁt hESH)S ofgA LS. 13,551ihnh§dm) 8,87 4 G 18 1{ar,02banzylok- [ 2-
| oxy) - (4 et hoxybenzyl ) phenyl]-1-thio-D-glucitol A chl oroform
(8.0 nl-) 7acd ametomiBMyite2d 8 F.86) (Mol wti BN Pf47 - 7.57 (m, 2 H).

(benzy

2,3,4,
et hoxy
added

(0.494
reacti
sol uti
with br
desi cc

6-tetra-0-benzyl -1-C[2-(benzyl oxy)-5-(4-

BES3IzpV ¥y phenVi ] (MxHa).Lo- D- gl ucopyranose (850 ng, 0.914 nmmol) was

sequentially with Et3SiH (0.933 nL, 5.84 mvl) and BF3' Et 20
[#3923 90 Mol ) at -20C and stirred for one hour. After the

on m xture was added with a saturated sodium bicarbonate aqueous
&feBR4eedtracted with chloroform the organi ¢ phase was washed

SrEngage  oF (e ot s O BB b Al Felf by "evaporat i ng 1 he

ethylbenzyl)}phenyl]-5-thio-D~glucopyranose via ate complex

A mixture of l-bromo-3~(4-ethylbenzylibenzene (1.0 g,
3.63 mmol) and diethyl ether (10 mL) was cooled to -78°C and
added with 2.6 M n-butylithlum hexane solution {1.4 mL) in an
Ar atomgphere. Affter stirred for 20 minutes, the reaction

mixture way warmed to -20°C and stirred for 45 minutes. This

solution was added dropwise to a suspension of Cul (347 mg,

1.82 mmol) in diethyl ether {10 mL) using a canule. The

suspension turned black during the dropwise addition and it
was heated up to -%°C., After the dropwise addition, the
suspension was stirred at -15°C for 15 minutes, a diethyl
ethar (4.0 mL} solution of 2.3,4,6-tetra-0O-benzyl-5-thio-D-
glucono-1,5-lactone (671 mg, 1.21 mmol) was added dropwise,
and the mixture was stirred for 20 minutes. After the
reaction mixture was added with a saturated_ammonium chloride
aqueous solutlon and extracted with ethyl adetate. the organic
phase was washed with brine and dried with anhydrous magnesium
sulfate. After the desiccant was filtered off, the residue
obtained by evaporating the solvent uﬂder reduced pressure was
purified by silica gel column chromatography (hexane;ethyl

acetate =4:1} to obtaim the title éompound (l1.0g9) as a

t he



sol vent under reduced pressure was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate=8:1) to obtain the title conpound
(810 ny, 97% as a colorless powder substance. iii NWVR (300 MHz,
CHLOROFORM D) b ppm 1.36 (t, J=7.0 Hz, 3 H 3.04 - 3.18 (m 1 H) 3.54
(t, J=8.4 Hz, 1 H 3.65- 3.76 (m | 134 H) 3.77 - 4.06 (m 8 H 4.40
- 4.73(m 5H 4.83 - 5.12 (m 5 Hy 8282~- 6.87 (m 5 H 6.92 - 7.46

(m 27 H. ESI mz = 879( MrNa) Exangle 10 [0317} HO HOS5 1 1 HO OH
OH [0318]cclofieREspilyf substance. The NMR spectrfum accorded with that

(1S)-1, 5-anhydr’' o-1-[5-(4-athyl benzyl )*2_hydr oxy
phenyl )-1-‘{%%6‘-339&% ftol A mixture of

(18)-1,5-Q%§§%h%-%,3,4,6-tetra-C>benzyI-I-

[ 2- (benzyl -5- (4- et hoxybenzyl ) phenyl )-1-thio-D-glucitol (810 ny,

0. 954 mmﬂ@03d%Q%)palIadiun1hydroxide on activated carbon (800 ng} and
ethyl acetate (5.0 nL) - ethanol (5.0 nL) was stirred under hydrogen
at nrosphere at roomtenperature for 46 hours. The insol ubl es of
reaction m xturg @ eed off with celite and the filtrate was
concent r at B@ Thg” ~Obtarned residue was purified by silica gel colum
chr omat ogr aply Bbpr of orm net hanol =10:1 to 5:1) to obtain a

col orl ess powdedgp title conmpound (202 ng, 534) as 0.7 hydrate. 1H NWMR
(300 MHz, METHANOL-d4) S ppm 1.37 (t, J-7.0 Hz, 3 H 2.94 - 3.05(m 1
H 3.22 - 3.29 (m 1 H 3.60(m 1H 3.69 - 3.88 (m 4 H 3.90 - 4.04
(m 3 H 4g5p44qd, J=10.6 Hz, 1 H)

Synthesis of (18)-1,5-anhydro-2,3,4,6-tetra-O-ben2yl-1-[3-(4-

ethylbenzyl)}phenyl]-1-thio-D-glucitel
A dichloromethane (20 mi) solution of 2,3,4,6- tetra-o0-

benzyl~1-C~[3-(4-ethylbenzyl)}phenyl]-5-thio-D-glucopyranose

(410 mg, 0.546 mmol} was added gequentially with Etx;SiH

{0,523 mi, 3.28 mmol) and BF;Et,0 (0.276 mL, 2.18 mmol)

at -18°C and stirred for 0.5 hours. After the reaction mixture

was added with a.saturated sodium bicarbonate aqueous soclution

and extracted with chloroform, the organic phase was wéshed

with brine and then dried with anhydrous magnesium sulfate.

After the desiccant was filtered off, the regidue obtained by

evaperating the sclvent under reduced pressure was purified by

sllica gel column chromatography (hexane:ethyl acetate=10:1)

to aobtain the title compound (250 mg, 62%) as a colorless

powder subgtance.

'H NMR (300 MHz, CHLOROFORM-d) d ppm 1.19 (t, J=7.6 Hz, 3 H)

2.59 {g, J=7.6 Hz, 2 H) 3.05 - 3.16 {m. 1 H) 3.53 (t. J=8.9 Hz,
-1 H) 3.67 - 3.99 (m, 8H) 4.47 (4, J=10.0 Hz, 1 H) 4.53 (3, 2

H) 4.60 {4, J=10.7 Hz, 1 H) 4.85 - 4.94 {m, 3 H) 6.62 - §.69



6.71 (d, J=8.2 Hz, | H 6.76 - 6.90 (m 3 H.7.03 - 7.15 (m 3 H). ESI
mz = 429 (MtNa), 405 (MH). np 145.0-150.0C. Anal. Calcd for
C22H2805S0. 7 HZO. C, 61.00; H, 6.86. Found: C 60.81; 135 - H, 6.89.
Exanple 11 [03191 QL A BnO S Bn0O "OBn OBn [0320] Synthesis of
(1S)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -1 -[ 4-

chl or o- 3- (4- et hoxy- 2- net hyl benzyl ) p |]-1-thin-D-glucitol Five drops
of 1, 2-di bronoet hane were added to a m xture of magnesium (1.11 g, 45.7
mol ), 2-(5; -2- chlor,aphenyl ) -, 1,.3-4j oX e (9. 36.5 mmmol )
and tetﬁﬁhyﬁﬁgfggéﬁ)(Qagﬁﬁ)Qﬁangbt%fsﬁﬁgifhggéﬁhégheggegafo ref lux for
two ho =l tgh i Xxture was cooled to roomtenperature, and
tetrahygé%#ﬂbﬁn (ﬁ@péﬁﬁﬁﬁgx2,3,4,6-tetra-C>benzyI<5-thio-D—
gluconoﬁﬂqfhdgguiyyq 5¢0.14 g, 36.5 nmol) was added dropwise to this
solution and stirred at roomtenperature for 30 mnutes. After the
react i obxampdairg was added with a saturated ammoni um chl ori de aqueous
solution and extracted with ethyl acetate, the organic phase was
washed ®3¢5brine and dried with anhydrous magnesium sul fate. After

t he desiccant was filtered off, the residue obtained by evaporating
the sol vent un ed pressure was purified by silica gel colum

chr omat eg e:ethyl acetate=4:1 to 3:1) to obtain a colorless
anor phougip23reh 6-tetra- O benzyl -1-C-[4-chl oro- 3- - '
(1, 3-di oxol 2-yl ) phenyl]-5-thi o-D gl ucopyranose (11.81 g,

[0306]
Synthesis of (18)-1,5-anhydro-1i-[3-{4-ethylbenzyl) phenyl]-1l-
thio-D~glucitol

1 M dichloromethane (4.08 mL) solution of BBr; was added
dropwise to a dichloromethane (20 mL) solution of (18)}-1,5-~
anhydro-2,3,4,6-tetra-0-benzyl-1-[3- (4-ethylbenzyl)phenyl]-1-
thio-D-glucitol {200 mg, 0.272 mmol} at -78°C. After stirved
at this temperature for 2.5 hours, the mixture was added with
methanol (5.0 ml) and pyridine (3.0 mL) sequenﬁially. This
mixtyre was warmed to room'temperature and concentrated. The
obtained residue waé purified by silica gel column
chromatography (chlﬁroform:methanol =10:1) to obtain a
colorless amorphous title compound {23 mg, 23%).
'H NMR (300 MHz, METHANOL-d;) & ppm 1.19 (%, J=7.6 Hz, 3 H)
2.58 {g, J=7.6 Hz, 2 H) 2.95 - 3,03 (m, 1 H) 3.20 -~ 3.28 {m, 1
H) 3.60 (44, J=10.3. 9.0 Hz, 1 H) 3.70 -« 3.78 {m, 3 H} 3.88 -
3.98 {m, 3 H} 7.09 (brs, 5 H) 7.17 - 7.23 (m, 3 H).
ESI m/z = 397 (MsNa), 373 (M-H). "

Example 5



87% . 136 - [0321] ~CIl Sn0O S CH OM\ BnO' '0Bn OBn [0322) 'H NWR

(300 MHz, CHLOROFORMd) 6 ppm 3.06 (s, 1 H 3.47 - 3.58 (m 1 H) 3.64

(dd, 3=10.0, 2.9 HE, 1 H 3.83 - 421 (m 9 H 4.48 - 4.56 (m 3 H)

4.66 (d. J=10.6 HE, 1 H 4.82 - 4.97 (m 3 H 6.15 (s, 1 H 6.77 (dd,

J=7.9, 1.5 Hz, 2 H 7.08 - 7.21 (m S5 _H 7.23 - 7.37 (m 14 H 7.55

(dd, J=8.4, 2.5 HE, 1 H 7.92 (d. J=2?8" Fz, 1 H). Then, 6M

hydrochlot %ﬁld (120 nL) was added to a tetrahydrofuran (50 miL)

sol ution -tetra- O banzyl -1 -

C- (4-chl oro- 3- (103 | Oxgl age-2-y1l) phenyl | - 5-thi o-D- gl ucopyr anose (6.01

g, 8.12 mmol) oI ed, and stirred at roomtenperature for

two days. Sikée 2 ‘ xture was added with an iced water and

extracted wgigi~etpg, acetate and the organi c phase was washed with a

saturated sodioBa bi carbonate aqueous solution, brine and dried with

anhydrous nmagnesium sul fate. After the deS|ccant was filtered off, the

resi due obtained by evaporating the solvent under reduced pressure was

purified pysgdfica gel colum chronatography (hexane:ethyl

acetate=3:1) to obtain colorless anorphous

2, 3, 4, 6- t yritheizeREY 25 B, €; 6 4tetti®-benzyl-1-C-[2-methoxy~4-methyl-

f ormyl phenyl ) -5-thi o- D- gl ucopyranose (4.53 g. 80%. [0323] - 137 -
{4-ethoxybenzyl)phenyl]-5-thlio-D-glucopyranose

Five drops of 1,2-dibromcethane were added to a mixture
of magnesium (41 mg, 1.67 mmol}, l-bromo-s-(4wethoxybenzy1)-6-
methoxy-4-methylbenzene (0.51 g, 1.51 mmol) and
tetrahydrofuran (2 mL). After heated to reflux for one hour,
this mixture was allowed to stand still to room temperature to
.prepare a Grignard reagent. A tetrahydrofuran solution (1.40
mL) of 1.0 M i-propyl magnesium chloride and the prepared
Grignard reagent were added dropwise sequentially %o a
tetrahydrofuran (5 mkL) solution of Z,3,4,6-tetra-0O-benzyl-5-
thio-D-glucono-1,5-lactone (0.76 g, 1.38 mmol) while cooled on
‘ice and the mixture was stirred for 30 minutes. After the
reaction mixture was added with a saturated ammonium chloride
agqueous solution and extracted with ethyl acetate. the organic
- phase was washed with brine and dried with anhydrous magnesium
sulfate. After the desiccant was filtered off, the residue
obtained by evaporating the solvent under reduced pressure was
purified by silica gel column chromatography {(hexane:ethyl
acetate =4:1) to obtain (0.76 g. 68%) a yellow oily titls

compound.,

‘H NMR (300 MHz, CHLOROFORM-d) & ppm 1.37 {t, J=6.92 Hz, 3 H)



C Bna S OHCHO 8n " '"OBn OBn (0324] 'H MR (300 MHz, CHLOROCFORM d) 6
ppm3.14 (s, 1 H 3.43 - 3.58 (m 1 FD 3.63 (dd, J=10.0, 2.6 Hz, 1 H
3.87 - 4.16 (m 5 H 4.45 - 4.72 (m FD .80 - 5,05 (m 3 H 6.73
(d, J=7.8 Hz, 2 H) 7.02 - 7.43 (m 19 H) 7.74 (dd, J=8.4, 2.5 Hz, 1 H
8.06 (d, J=2.5 Hz, 1 H 10.39 (s, 1 H. Then, 2.6 Mn-butylithium
hexane solution (1.6 m) was added 3@ a mi xture of

1- br ono- 4- et hoxy- 2- et hyl benzene (0.94 g, 4.37 mmol) and
tetrahygrnf uran I B3 nlbiat 4786 (ff tez 151 iv.e8d - Bossopa, houwsy 41m
~mxture was added with a tetrahydrofuran (10 M) sol ution of

2, 3,4, 6t§ et2 H) 0@z \ld,| JE10472hlnr o H) 4.71 {d, J=5.75 Hz, 1 H)
fornylphenyl)-5-thio-D—gIucopyranose(1.52 g, 2.18 mmol), and, further
stirredd{t¥ 20t Hdmes 3 HAd6t he r ebctI dm.nidbt Bde was warned to room
tenperature. After the reaction mxture was added wth a saturated
anmoni URFEMRIS i%e aqueous solution and extracted with ethyl acetate,
t he orgﬁ%@fhase was washed w th brine and dried wi th anhydrous
magnesi fate. After the desiccant was filtered off, the residue
obt ai ned by ewnpQ

ng_bhe sol vent under reduced pressure was
purified by §i|

:@ ol um chromat ography (hexane: ethyl acetate
=2:1) t8m00D 6-tetra- O benzyl -1 -C {4-chl oro- 3-[ (4- et hoxy- 2-
nethylpheg*y*¥'yg@pxy)nethyl)phenyl) 5-t hi o- D- gl ucopyranose (1.72 g,
954) as a yel bewv anor phous di astereoner m xture. [0325) - 138 Then,
an acetonitrile (20 nL) solution of 2.3,4,6-tetra-
0- benzyl -1 -C {4-chl oro- 3-[ (4- et hoxy- 2-

Synthesis of (1S8)-1,5-anhydro-2.3,4,6-tetra-0-benzyl-1-{2-

methoxy-4-methyl-5-(4-ethoxybenzyl)phenyl]-1-thio-D-glucitel
An acetonitrile (18 mL} golution of 2,3,4,6-tetra-0-
benzyl-1-C-[2-methoxy-4-methyl-5-(4-athoxybenzyl)phenyl]-5-
thlio-D-glucepyrancse {840 mg, 1.04 mmol) was added
segquentially with Et;SiH (0.415 mL, 2.60 mmol) and BFyEt:0
{0.198 mL, 1.56 mmol) at -18°C and stirred for an hour. After
the reaction mixture was added with a saturated sodium
bicarbonate aqueous solution and extracted with ethyl acetate,
the organic phase wag washed with brine and then dried with
anhydrous magnesium sulfate. After the desiccant was flltered
off, the residoe obtained by evaporating the solvent under
reduced pressure was purified by silica gel column
chromatography (hexans:ethyl acetate=4:1) to obtain the title
compound {640 mg, 77%).
"M NMR (600 MHz, CHLOROFORM-d) & ppm 1.35 (t, J=6.88 Hz, 3 H)
2.21 (s, 3 H) 3.02 - 3.21 (m, 1 H) 3.55 {t, J=9.40 Hz, 1 H)
31.71 (s, 1 H) 3.74 - 3.97 (m, 10 H) 4.01 {s, 1 H) 4.45 - 4.56

(m, 3 H) 4.60 (d, J=10.55 Hz, 2 H) 4.86 (s. 2 H) 4.90 (4,



met hyl phenyl ) (hydr oxy) met hyl ] phenyl ) - 5-t hi n- D- gl ucopyranose (1.72 g,
2.06 mmol) was added sequentially with Et3SiH (1.98 ni, 12.4 mmol) and
BFaEt zo (1.04 nmi, 8.27 mmol) while cooled on ice. After stirred for
one hour, the reaction mxture was warnmed up to roomtenperature and
stirred for three hours. After the reaction mxture was added with a
saturated sodi um carbonate aqueous sdi3dti-on and extracted with ethy
acetate, the organic |layer was washed with brine and dried with

anhydr ousJ#h@ &S iHen slulHlate 58AFt &r 74 hm desiH)c#nBOwdd, f T+7eXedHz off H)t he
resi due obtai ned by evaporating the solvent under reduced pressure was
purified PyP%ititadYdm.cSl Hin7. ehr onbtByri@hyl5 Hdxane: et hyl acetate
=5:1) to gbtain (1%&;},5-

anhydr o- 2B8T 2042 181 OMsBE#Y1 - 1- [ 4- chl or o- 3- (4- et hoxy- 2-
nethylben§¥_ggpegyl]-l-thio-D—glucitol (1.01 g, 61% as a colorless
powder. 'K ? 00 MHz, CHLOROFORMtd) b ppm 1.40 (t. J=7.0 Hz, 3 H)
2.14 (s, o %?.01 - 312 (m 1H 3.48 (t, J=8.9 Hz, 1 H 3.65 - 4.06

(m 10 H) 4. 4.61 (m 4 H 4.80 - 491 (m 3 H 6.58 (dd, J=8. 2,
2.5 H, 1 H 6.88 - 6.76 m, 2 H 6.81 (d, 3=8.4 Hz, 1 H 6.48 (a,
J=2.2 Hz, 1 H)s7' - @c (m 21 H. Exanple 12 [03263 "I HO e019 C1
0 HO OHho 0 ynt hesi s of

9 .
yer-Only- [ 4- chl or o- 3- (4- et hoxy- 2- :

met hyl benzyl ) ptaenyl ] -1-thio-D-glucitol An anisole (10 nL) sol ution of
(1S)-1, 5-anhydro-2, 3,4, 6

[0312]
Synthesis of (1S}-1,5-anhydro-1-[3-(4-ethoxybenzyl)-6-methoxy-
4—methylphenyl]—l-thio-D-giucitol

A mixture of (1S)-1,5-anhydro-2.3,4,6-tetra-0-benzyl-1-
[2-methoxy~-4~-methyl-5-{4-ethexybenzyl )phenyl]-1-thio-D-
giucitol (630 mg, £.792 mmol), 20% palladium hydroxide on
activated@ carbon (650 mg) and ethyl acetate (10 mL) - ethanol
{10 wlL) was stirred uhder hydrogen atmosphere at room
temperature for 66 hours. The insolubles in the reaction
mixture were filtered off with celite and the filtrate was
concentrated. The obtained residue was purified by silica gel
column chromatography (chloroform:methancl =10:1) to aobtain a
cclorless powdery title compound (280 mg, 8l%) as 0.5 hydrate.
1H NMR (600 MHz, METHANOL- d:) & ppm 1.35 (t, J=6.9 Hz, 3 H)
2.17 (s, 3 H) 2.92 - 3.01 (m, 1 H) 3.24 (t, J=8.71 Hz, 1 H)
3.54 - 3.60 (m, 1 H) 3.72 (44, J=11.5, 6.4 Hz, 1 H) 3.81 (s, 3
H) 3.83 (s, 2 H) 3.94 (ad, J=11.5, 3.7 Hz, 1 H) 3.97 (g, J=6.9
Hz, 2 H) ¢.33 (5, 1 H) 6.77 {AQ, J=8.3 Hz, 2 H} 6.76 (s, 1 H)

6,99 (4, J=8.3 Hz, 2 H) 7.10 (s, 1 H). ESI m/z = 452 (M+NH4+),



tetra- O benzyl - 1-[ 4- chl or o- 3- (4- et hoxy- 2- et hyl benzyl ) phenyl ] -
1-thin-D-glucitol (0.99 g. 1.23 mmol) was added with AJC13 (0.83 g,
6.19 nmol) at roomtenperature and stirred for 30 mnutes. The
reaction m xture was added with an iced water and extracted with ethyl
acetate and the organi c phase was washed with 1M hydrochloric acid, a
saturated sodi um bi carbonat e aqueous 3@ ution, brine and dried with
anhydrous magnesium sulfate. After the desiccant was filtered off, the
resi due g%? Myaﬁiabzegapﬁpaibgg tﬂg?qpbveﬂﬁ H” é d pressure was
purified |I|ca gel um c%ronato ra oro r m et hanol
—10 1) t@, ﬁgbgsn 8ue®! Q| %%Sz%mﬁphWéﬁ tF&ﬁrﬁiCQim%n(ig(ﬁﬁ rra 160% 'R
NMR (300 NPE MVETHANOL - d4) 8 ppm 1.37 (i, J-6.9 Hz, s, 3 H
2.90 - EEﬁﬂmﬁla 8l H) 3,14 - 3.24 (m 1 H) 3. 54 (dd, J 10 3 9 2 Hz, 1
3.60 - 3.76 (m 3 H) 3 86 - 4.06 (m 5 H 6.66 (dd, J-8.6, 2.7 Ft,
| H 6.7803%R1J-3.0 Hz. 1 H 6.85 - 6.95 (m 2 H 7.19 (dd. J"8.2, 2.2
Hz, 1 H 7.35 (d, J-82 Hz, 1 H. ESI mz = 461 (M:Na), 437 (MH,
Exanpl e 13 [ 0848 6 > Bnos ~~~ Bno" "OBn OBn (0329]
Synthesis of (1) gdro- 2, 3, 4, 6-tetra- O benzyl -1 - [ 3-[ 4-
(4-tetrcd benzyl | phenyl]-1-thio-D-glucitol 2.6 M

n-butyl it RjAw Ee solution (0.8 nL) was added to a m xture of
1- br ono- 4- %4 Qﬂ%ra ydr opyr anyl oxy) benzene (0.545
[0314]

Synthesis of 2,3.4,6-tetra-0-benzyl-1-C-[2~(benzyloxy)}-5-(4-
ethoxybenzyl)phenyl]-5-thioc-D-glucopyranose _

Three drops of 1,2-dibromoethane were added to a mixture
of magnesium (175 mg, 7.20 mmol), 1-(benzyloxy)-2-bromo-4-{4-
ethoxybenzyl)benzene.(2.29 g, 5.76 mmol) and tetrahydrofuran
(6.0 mL) and this mixture was heﬁted.to ref;ux for one hour.
The reaction mixture was cooled to room temparature, and
tetrahydrofuran (5.0 mL)} of 2.3,4.6—tetra—0—benzyi-5-thio—D—
gilucono-1,5-lactone (1.6 g, 2.9 mmol) was added dropwise to
this solution and stirred at toom temperature for one hour.
After the reaction mixture was added with a saturated ammonium
chloride aqueous solution and extracted with ethyl acetate,
the organic phase was washed with brine and dried with
anhydrous magﬁesium sulfate. After the desiccant was filtered
off, the residue obtained by evaporaiing the solvent under
reduced pressure was.purified by silica gel column
chromatography (hexane:ethyl acetate =6:1) to obtain the title

compound (1.48 g, 59%) as a pale yellow powder.

" MMR (300 MHz, CHLOROFORM-4) d ppm 1.38 (t, J=7.0 Hz, 3 H)



g, 2.12 mmol ) and tetrahydrofuran (6 nL) at -78C. After stirred for
1.5 hours, a tetrahydrofuran (8 nL) solution of
2,3,4,6-tetra- O benzyl -1-C-(3-fornyl phenyl)-5-thio-D

gl ucopyranose(0.70 g, 1.06 nml) was added and further stirred for
three hours, and the reaction m xture was warned to room tenperature.
After the reaction mxture was added Wi33h-a saturated ammoni um

chl ori de aqueous solution and extracted wth ethyl acetate, the

organi ¢ phet® ek MadRed2wHE h3pf T ne 4 &t @i 8dBki An3AnkhEs ok HadnéSi um
sul fate. After, the _desiccant s_fi]tered off, the resjdu tain by
evapor at i hg‘{t#e Q’bl \?eﬁ[ti gnggr'\rl\gd%?:e{!“'pﬁegls)upeb\%/azspu iﬂjeé' 68}; - s?i’ﬁlgca
gel colu ch&g&gtography (hexane-ethyl acetate =2:1) to obtain
2,3,4,6-tetra- enzyl -1 -G [3-[(4-(4-

t et rahydr r |0 p hydr oxy) met hyl ] phenyl | - 5-t hi o- D-
gIucopyrg%gggﬂ?%.G?bg,Qg%g?)([0330] Then, an acetonitrile (8 nlL)

sol ution efandpis 4 6-tetra-O benzyl-1-C[3-[(4-(4

t et r ahydr opyranyl oxy) phenyl ) (hydr oxy) net hyl ] phenyl ]-5-thio-D - 141

gl ucopyr ap@ses5)J 0. 67 g, 0.802 mmol) was added sequentially with Et3SiH
(0.78 nL, 4.90, grol ) and BF3& 20 (0.41 nL, 3.27 nmol) at -15C. After
stirred for one hour, (e Teaction mxture was warmed up to room

t enper at ue@ Ayt~ redt"for three hours. After the reaction m xture
was added whdhaogat urated sodi um carbonate aqueous sol ution and
extracted witho#t hyl acetate, the organic |ayer was washed wth brine
and dried with anhydrous magnesi um sul fate. After the desiccant was
filtered off, the residue obtained by evaporating the sol vent under
reduced p(f§?§ge was purified by silica gel colum chromat ography
(hexane-ethyl ‘acetate =4:1) to obtain a

Synthesis of (18}-1,5-anhydro-2,3.4,6-tetra-0-benzyl-1-{2-

{benzyloxy)-5-(4-ethoxybenzyl)phenyl]-1-thio-D-glucitol

A chloroform 8.0 mL) and acetonitrile (8.0 mL) solution
of 2,3,4,6-tetra-0-benzyl-1-C-[2-{benzyloxy)-5-(4~
ethoxybenzyl)phenyl]-5-thig-D-glucopyrancse (850 mg, 0.974
mmol) was added sequentially with Et,S5iH (0.933 mL, 5.84 mmnol)
and BFyBEt,0 {0.494 mL, 3.90 mmol) at -20°C and stirred for one
‘hour. After the reaction mixture was added with a saturated
sodium bicarbonate agqueous solutlion and extrxacted with
chloroform, the organic phase was washed with brine and then
dried with anhydrous magnesium suifate. After the desiccant
was filtered off, the residue obtained by evaporating the
solvent under reduced pressure was purified by silica gel
column chromatography (hexane:ethyl acetate=8:1) to obtain the
title compound (810 mg, 97%) az a colorless powder substance.
'H NMR (300 MHz, CHLOROFORM-d) d ppm 1.36 (t, J=7.0 Hz, 3 H)
3,04 -~ 3,18 (m, 1 H) 3.54 (t, J=8.4 Hz, 1 H) 3.65 - 3.76 (m, 1



col orl ess powdered title conpound (0.37 g, 57% . 1H NWR (300 MHz,
CHLOROFORMd) 6 ppm1.66 - 1.81 (m 2 H 1.88-2.02 (m 2 H 3.05 -
3.15(m 1 H 3.47 - 3.54 (m 3 H 3.64 - 4.00 (rn, 10 H 4.33 - 4.42
(m 1 H 4.46 (d, J=9.95 Hz, 1 H) 4.52 (s, 2 H) 4.60 (d, J=10:41 HE 1
H 4.84 - 493 (m 3 H 6.60 - 6.67 (m 2 H 6.72 - 6.79 (m 2 H 6.99
- 7.19(m 8 H 7.20 - 7.35 (m 16-H34 HSI m Z = 824( MtNH4) . Exanpl e
14 [0331]] 0 HOSI 0 HO "OH OH (0332) Synthesis of

(1S)- 1, SHpnByy O< |14 [0 [(4r,(4 H) 4.40 - 4.73 (m, S H) 4.83 - 5.12 (m, &

t et r ahydr opyr anyl exy) benzyl ] phenyl )-1-thi o-D-glucitol An anorphous
title coHpotngl (1% +ay) (wgsSoH)abne? by7 a6 (2 27sE).l ar method as in
Exanple 7 from (1S)-1, 5-anhydro- 2, 3, 4, 6- )

t et ra- O B8hzayl z |= [ (M+Na)t et r ahydr opyr anyl oxy) benzyi | phenyl | -
1-thin-D-glucitol. Exanple 15 [0333] o0 a o [0334] Synthesis of

2,3, 4, 6-E8mMRleo M | y| -| - G [ 4-chl oro- 5- (4-
ethoxybegﬁ%L%-Z-nethoxyphenyl]-5-thio-D—gIucopyranose Three drops of
1, 2-di br hane were added to a nixture of magnesi um (171 ng, 7.03
mmol ), 1-brome -8-4 4- et hoxybenzyl) - 6-net hoxybenzene (2.0 g,
drofuran (5 nL} and this m xture was heated to

[0318]
Synthesis of {1S)-1,5-anhydro-1-[5-(4-ethylbenzyl}-2-hydroxy |
phenyl]-1-thio-D-glucitol

A mixture of (15)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1~
[2-(benzyloxy) -5-(4-ethoxybenzyl)phenyl]-1-thio-D-glucitol
(810 mg, 0.954 mmol), 20% palladium hydroxide on activated
carbon (800 mg} and ethyl acetate (5.0 mL) - ethanol (5.0 mL)
was stirred under hydrogen atmosphere at room temperature for
46 hours. The insolubles of reaction mixture were filtered
off with celite and the filirate was concentrated. .The
obtained residue was purified by silica gel column
_chromatography {chloroform:methanol =10:1 to 5:1) to obtaln a
colorless powdery title compound (202 mg, 53%) as 0.7 hydrate.
'H NMR {300 MHz, METHANOL-43,) & ppm 1.37 {t, J=7.0 Hz, 3 H)
2.94 - 3.05 (m, 1 H) 3.22 - 3.29 {m, 1 H) 3,60 (m, 1 H} 3.69 -
3.88 (m, 4 H) 3.90 - 4.04 (m, 3 H) 4.33 (4, J=10.6 Hz, 1 H)
6.71 (d, J=8.2 Hz, 1 H} 6.76 - 6.90 {m, 3 H) 7.03 - 7.15 (m, 3
H). ESI m/z = 429 (MsNa), 405 (M-H). mp 145.0-150.0°C. Anal.

Calcd for C,oHz0550.7 H,0: €, 61.00; H, 6.86, Found: C, 60.81;



for 30 mnutes. The reaction m xture was cooled to room tenperature,
and tetrahydrofuran (20 nL) of 2,3,4,6-tetra-0-

al Iyl -5-thio-Dglucono-1,5-1actone (1.5 g, 4.22 mvol) was added
dropwi se to this solution and stirred at room tenperature for two
hours. After the reaction m xture was _added with a saturated anmmoni um
chl oride aqueous solution and extracl®® with ethyl acetate, the
organi ¢ phase was washed wth brine and dried with anhydrous nmagnesi um
sul fate. Haf feB®-the desiccant was filtered off, the residue obtained by
evaporatiﬁg thenzglvent under reduced pressure was purified by silica
gel colu T ography (hexane ethyl acetate-6:1 --a 5:1) to obtain
t he titl%oé% ound (1.41 g, 53% as a pale - 143 - yellow oil. 10 NWR
(300 MHz, E@RCFCRN¥d) 6 ppm1.39 (t, J=7.0 Hz, 3 H 3.36 - 3.47 (m
1 H 3.49 - 4.10 4.10 - 4.44 (m 4 H 4.84 - 4.97 (m 2 H
5.08 - 5§%§u ] 5,60 (m 1 H 5.75 - 6.07 (m 3 H 6.78
(d, J=8. 2] 6.92/ (s, 1 H  7.03 (d, 3=8.6 Hz, 2 H 7.32 (brs, 1
H PSI nf zBf@ 65308M+Na), 655(M+2+Na). Exanple 16 Synthesis of
(1S)-1,5-anhyd™®-2,3,4,6-tetra-Oal |yl - |- [ 4-

chl oxo- S- (4- et hoxybenzyl ) - 2- met hoxyphenyl )-1-thi o-D-glucitol A

chl oroform (20 nmL) - acetonitrile (20 nL) sol ution of

2,3,4, 6-tléx32810 al | yl -1 - C-[ 4- chl or 0- 5- (4- et hoxybenzyl ) - 2-

met hoxyphenyl ] -5-thi n-D- gl ucopyranose (1.41 g, 2.23 mmol) was added
sequent | 8¥ngheisis of 36L%) (L. S-ankydro3243 nho6 ) tetna BFMENZE1-14143 M,
8.92 mml ) at -15C and stirred for one hour. After the reaction

m xt ur e \RAdox@ddd ($i ehhex¥ 4 Welhyd bepayliiphernk bokrdthdloa®uedusital ut i on

and extracted_with_chloroform he organi ¢ phase s, washed with brine
and t hen drieg%%FtﬂrOPS of 1,2-a1 romoe%hane ere added to a mixture

of magnesium (1.11 g, 45.7 mmol), 2-{5-bromo-2-chlorophenyl]}-

1,3-dioxolane (9.64 g, 36.5 mmol) and tetrahydrofuran (20 mL)
and this mixture was heated te reflux for iwo hours. The
reaction mixture was cooled to room temperature, and
tetrahydrofurﬁn (15 mL) of 2,3,@,6~tetra-0—benzyl-5-thio-D—
gluccno-1,5-lactone {10.14 g, 36.5 mmol) was added dropwlse to
this solution and stirred at reom temperature for 30 minutes,
After the reaction mixture was added with a saturated ammonium
chloride agueous solution and extracted with ethyl acetate,
the organic phase was washed with brine and dried with
anhydrous magnesium sulfate. After the desiccant was filtered
off, the residue obtained by evaporating the solvent under
reduced pressure was purified by silica gel column
chromatography (hexane:ethyl acetate=4:1 to 3:1) to obtain a
¢olorless amorphous 2,3,4,6-tetra-O-benzyl-1-C-[4-chloro-3-
(1,3-dioxelan-2-yl)phenyll-5-thio-D-glucopyranose (11.81 g,
87%).



anhydrous magnesium sul fate. After the desiccant was filtered off, the
resi due obtai ned by evaporating the solvent under reduced pressure was
purified by silica gel colum chronat ography (hexane:ethyl acetate=10;
1) to obtain the title conpound (895 ng, 65% as a col orl ess powder
substance. 114 NWR (300 MHz, CHLOROFORMd) b ppm 1.39 (t, J=7.0 Hz, 3
H 2.953.04(m 1H 3.21 - 3.30 (my34 H) 3.41 - 3.79 (m 5 H 3.81
(s, 3H 3.84 - 420 (m 811) 4.25 - 4.42 (m 4 H 4.81 - 491 (m 2 H
5.09 - Sé%ﬁ§ﬁq 6 H 534 - 552 (m 1H 579 - 6.04(m 3 H 6.78
(d, J=8 2 FD 6. 87 (s, 1 H 7.03 (d, - 144 - J=8.9 Hz, 2 H 7.21
(brs, I H ESI B837( M+Na) , 639( M+2+Na). Exanple 17 SyntheS|s of
(1S)-1.5-an,.k 4 ghl or o- 5- (4- ethoxybenzyl)

2- met hox hilo-b-glucitol [0335) O f C 0 Hph SHO"OH OH
[0336] A nBxd'Une ” -1.5-anhydro-2, 3,4,6-tetra-Oal l yl -1-(4-

: chIoro-5-(4-etHHMybenzyI)-2-nethoxypheny|]-1-thiorD-gIucitol (100 ng,
0.163 mml ), tetral cis(triphenyl phosphine)palladium (38 ng. 0.0325
mmol), N, N -dinmethyl barbituric acid (203 ng, 1.3 nmol) and
tetrahydr%gzr?n (1.0 nL) was stirred under Ar atnosphere at 90C for
1.5 houré F er the reaction mxture was cooled to roomtenperature,

i 1 et nylt TR 0! A ki Rart RN DR SR 4 B AR R R

dried W t{, 1 #) 3.64 {44, J=10.0, 2.9 Hz, 2 H) 3.83 - 4.21 {m, 9 H)

4,48 - 4.56 (m, 3 H) 4.66 (d, J=10.6 Hz, 1 H) 4.82 - 4.9%7 (m,
3 H) 6.15 {s, 1 H) 6.77 (44, J=7.9, 1.5 Hz, 2 H) 7.08 -~ 7.21

(m, 5 H} 7.23 - 7.37 (m, 14 H) 7.55 (d4, J=8.4, 2.5 Hz, 1 H)

7.82 (4, J=2.5 Hz, 1 H).

Then, 6M hydrochloric acid (120 mL) was added to a
tetrahydrofuran (50 mL)} solution of 2,3,4,6-tetra-O-banzyl-1-
C-[4-chloro-3-(1,3-dioxolane-2-yl)phenyl]-5-thio-D-
glucopyranose (6.01 g. 8.12 mmoel) while ice-coeled, and
stirred at room temperature for two days. The reaction
mixture was added with an iced water and extracted with ethyl
acetate and the organic phase was washed with a saturated
sodium bicarbonate aqueous solution, brine and dried with
anhydrous magnesium sulfate. After the desiccant was filtered
off, the residue obiained by evaporating the solvent under
reduced pressure was purified by silica gel columnm -
chromatography (hexane:ethyl acetate=3:1) to obfain dolorless
amorphous 2,3,4,6-tetra-0O-benzyl-1-C-(4~chloro-3-
formylphenyl)-5-thio-D-glucopyranose (4.53 g, BO%);

[0323]



anhydrous magnesium sul fate. After the desiccant was filtered off. the
resi due obtai ned by evaporating the solvent under reduced pressure was
purified by silica gel colunn chromatography

(chl orof or m net hanol =7. 0: 1-+5:1) to obtain the title conpound (63 ny,
85% as a col orl ess powder substance. H NVR (600 MHz, METHANOL- dy) 6
ppm1.35 (t, J-6.9 "Hz, 3 H 2.92 - ~318h {m 1 H 3.22 (t. J=8.9 Hz, 1
H 3.583 - 3.59 (m 1. Hy 3.72 (dd, J=11.7, 6.7 Hz, 1 H 3.82 (s, 3 H
3.88 - 3.95 (m 3 H 3.99 (q, 3=6.9 FE 2 ff) 6.19 (d, J=8.7 Hz,
2H)6.985(m “ ¢d, J=8.71 Hz, 2 H 7.20 (s, 1 H. ESI mz ="
477 (M+Na) Q _LNfF +hb) 453 (MH), 455 (M+2-H). np 177.0-179.0C
Exanmple IS PU§3Q fon Bn(c) SO BnC ""OBn OBn (0338] Synthesis of
(1$)-1, 5-anhydr >3 3, 4, 6-t et r a- O benzyl - | - ( 4-

chl oro-3-(t- butoatycarbonyl)phenylI-I-th|n D-glucitol 2,6 M
n-butylithium hexane solution (1.72 nL) was added to a m xture of 1.0 M
i -propyl r@gaddi um brom de tetrahydrofuran solution (2.23 nL) and
tetrahydrofuran (9 nL) at -5C. After stirred for 0.5 hours, the

reacti on rhHxtMRe {388 Méno| GHL.OROFORBCAANY priulcll M4 tis.a 1t Hﬂrahyﬂrﬂfmr%

(4.0 m) solutlon of t-butyl 5-brono-2-chlorobenzoate (542 ny
mmol ). Af tlér &t F’r’rédﬁ?om%ejﬂ@lﬂo 3 ﬁeHFah}d‘f‘bf%r%% 1% GGIVLY‘ §o’l’l|t i on

?rImIZ) 3\/\;56 : tefaaa?ageﬂ‘f‘ )ts[]'; % fed P Oﬁg”?%' n:?n%* Af(td((é4:30ﬁe r]éﬁct on

mxture wgy adged Wytlsary, 19 w) 7.74 (ad, J=8.4, 2.5 Hz, 1 H) 8.06 (4,

J=2.5 Hz, 1 H) 10.39 (s, 1 H).

Then, 2.6 M n-butylithium hexane solution (1.6 mL) was
added to a mixture of l-bromo-4-ethoxy;2-methylbenzene {0.94 g,
'4.37 mmol) and tetrahydrofuran {12 mL} at -78FC. After stirred
for one hour, the mixture was added with a tetrahydrofuran
(10 mL) solution of 2,3,4,6-tetra-O-benzyl-1-C-{4-chloro-3-
formylphenyl)-5-thio-D-glucopyranose(1.52 ¢g, 2.18 mmol), and,
further stirred for 20 minutes, and the reaction mixture was
warmed to room temperature. Afier the reaction mixture was
added with a saturated ammonium chloride agueous solution and
extracted with ethyl acetate, the organic phase was washed
with brine and dried With anhydrous magnesium sulféte. After
the desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate =2:1)
to obtain 2,3,4,6-tetra-0-benzyl-1-C-{4-chloro-3-{(4-ethoxy-2-
methylphenyl) (hydroxy)}methyl}phenyl}-5-thioc-D-glucopyranose
{1.72 g, 95%) as a vellow amorphous diastereomer mixture.

[0325]



sat urated anmmoni um chl ori de aqueous sol ution and extracted wth ethyl
acetate, the organic phase was washed with brine and dried with
anhydrous magnesium sul fate. After the desiccant was filtered off, the
resi due obtained by evaporating the solvent under reduced pressure was
purified by silica gel columm chromat ography (hexane-ethyl acetate
=5:1) 146 'to obtain 2,3, 4, 6-tetra-XB&enzyl-1-C (4-chloro-3-(t-

but oxycar bonyl’) phenyl ] - 5-t hi o- A- gl ucopyranose (60 ng, 104). ESI mz =
789( M+Na) , ioslf Mkt ldrde tBhgBride chorml praoiutidnToE 2,3¢8f entétrde (1.0
m.) solution of 2,3,4,6-tetra-0O benzyl-1-C-[4-chloro-3-(t-

but oxye shéraml ) Ipter{A -chd.othi- 8- D 4t eidupsy-erose (60 ng, 0.0782 mol) was
added squentially with St3stH (0.031 nL, 0.195 mmol) and BF2' Bt 20
( 0. 015mekhy Ipherw Ifdydrery) methy b Bheny kk- Stdd o Br g1ucoppuarose he

reaction mxture was added with_a_  saturated_sodi um carbaonate aqueous

sol uti bh BhFart -Hgdmod ) ¥aFyeRRe IR Tt ¥dthndEsSHEddc &S
- . At t . t t Lth | tate, th
O GaniBhi cpind ML) 2ORCAPREEH e A e EOGMIPLh SRR B Sfagnesi um
sul fatg, Al er Atftﬁ‘éfdﬁiffé’tgtfg@% d 'h&%‘i:‘?dtﬂfaf re&@@i&&%ﬁkﬁ:&o%@' ned by
nder te urrtie

evaporating the solvent u uced pressure was p by 'silica

gel c%m@mf@ QY AP empBLX BRLe BANY | st 136R/P R r—3hidel Ro@b ai N the
title conpound (26 ngy. 449 . [03391 1H NWR (300 MHz, CHLOROFORM d) b

ppm 1. §itds, titk Heabtion m3xBhre (Was ladded Witk a3s64utited $Hafurhb -
3.77 (m 1 H 3.78 - 4.06 (m 5H 4.48 - 4.67 (m 4 H 4.84 - 4.95
(m 3 thrbondid doiuecds/ sbdption Sand etndctRAOLth7elhylnacédtade,l. 24 -
7.46 (m 15 H) 7.77(d, J=2.02 Hz, 1 H. ESI ms = 768(MtNa),
770( Mrihelgrgarpidverl ¥as washed with brine and dried with
anhydrous magnesium sulfate. After the deslccant was filtered
off, the residue obtalned by evaporating the solvent under |
reduced pressure was purified by silica gel column
chrbmatogréphy {hexane:ethyl acetate =5:1) to obtain (18)-1,5-
anhydro-2,3,4,G—tetra-o-banzyl-l-[4-chlor6-3-(4-ethoxy—2-
methylhenzyl)phenyl]-1-thio-D-glucitol (1.01 g, 61%) as a
colorless powdex.
IH NMR (300 MHz, CHLORQFORM-d) & ppm 1.40 (t, J=7.0 Hz, 3 H)
2.14 {s, 3 H) 3.01 - 3,12 {m, 1 H) 3.48 {t, J=8.9 Hz, 1 H)
3.65 -~ 4,06 {(m, 10 H) 4.46 - 4.61 (m, 4 H) 4.80 -~ 4,91 (m, 3
H) 6.58 (44, J=8.2, 2.5 Hz, 1 H) 6.68 - 6.76 (m, 2 H) 6.81 (4,
J#B.é.ﬁz. 1 H) 6.98 {4, J=2.2 Hz, 1 H) 7.10 - 7.39 {(m, 21 H}.
Example 12

[0326]

cl 0
Ho”TjIJgD:/!PI 1
HO" Y “OH '

OH



[03401 - 147 - CUtL eno S| g Bn0" OSn O 06n [0341] Synthesis of
(I1'S)-1, 5-anhydro-2, 3,4, 6-tetra- 0O benzyl -1-[ 4-

chl aro-3-j [ (4-ethyl phenyl)am no] car bonyl ] phenyl ]-1-thio-D gl ucitol
After a tetrahydrofuran (2.0 nL) solution of (1S)-1, 5-

anhydr o- 1- (4- chl or o- 5- (4- et hoxybenzyl ) - 2- met hoxyphenyl | - 1-
thio-D-glucitol (30 ng, 0.040 nmol) wals?%added with concentrat ed
hydrochlorlc acid (1.0 nL), the reaction mxture was stirred at room
tenperatuf% #8}t 24 hours and at 40C for two hours and then added Wi th

SﬁFihrﬁﬁi FhEnedi el deiRl S antichde 1! raniionic 2308 EHv 066, the
1S)-1, 5-

Sahyar o Y ERA el Tl En  EBPRAIGR LT P O eyl |- f 19

thio-D-glucitohy {0344l (1hehr) solution of (18)-1,5-aphydro-2,3,4,6-

| -ethyl-3-(3- dlnethylan1nopropyl)car bodiim hydrochlorlde (13
0. 069 mtétmibéimrlmmanénlatazplm dthoiy- zom%aymhiywmamqed

to a chl orof orm sol uti on of

(15) - 1, 5- artyie <D Rcitoll ¢0r.a90gbenzad -nmdll- elalsonddad with AlCl,

car boxyphenyl ]-1-thio-D-glucitol and 4-ethylaniline (13 ng, 0.104
ol ) . Af {@r83tg/ ried Sammodd matenpen at empefadiur] andussirre@eforadl i on
m xture was diluted with chloroformand the organic phase was washed
with a sarinutes. sGheureartiobontitaire vag added with an iced water

and extracted with ethyl acetate and the organic phase was
washed with 1M hydrochloric acid, a saturated sodium
bicarbonate agueous golution, brine and dried with anhydrous
magnesium sulfate. After the desiccant was filtered off, the
residue obtained by evaporating the solvent under reduced
pressure was purlfied by silica gel column chromatography
{chloroform:methanol =10:1) toc aobtain a colorless amorphous

' title compound (55 mg, 10%).
*H NMR (300 MHz, METHANOL-d() & ppm 1.37 (t, J=6.9 Hz, 3 H)
2,17 (s, 3 H) 2.90 - 3.01 (m, 1 H) 3.14 - 3,24 (m, 1 H) 3.54
{ad, J=10.3, 9.2 Hz, 1 H) 3.60 - 3.76 (m, 3 H) 3.86 - 4.06 {m,
5 H) 6.66 (a4, J=8.6, 2.7 Hz, 1 H} 6.75 (d, J=3.0 Bz, 1 H)
6.85 - 6.95 (m, 2 H) 7.19 (dd, J=8.2, 2.2 Hz, 1 H) 7.35 (4,
J=8.2 Hz, 1 HJ.
ESI m/z = 461 (M+Na), 437 (M-H).
Example 13

[0328]



aqueous solution, brine and dried with anhydrous nmagnesi um sulfate.
After the desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by silica
gel colum chromat ography (hexane ethyl acetate =4:1) to obtain the
above anilide compound (22 ng). 1H NWMR (300 MHz, CHLOROFORM-d) 5 ppm
1.26 (t, J=7.15 Hz, 3 H 2.65 (0. /- 67 Hz, 1 H 3.06 - 3.24 (m 1 H
3.50 - 3.61 (in, 1. H 3.71 (dd, J=9.87, 3.03 Hz, 1 H 3.78 - 4.09 (m

6 H 4.52 4, t, 3=10.34 Hz, 2 H 4.84 - 4.98 (m 3 H 6.75
- 6.85 @' 68 - 6 (m 25 H 7.72 (d, J=2.02 Hz, 1 H). ESI
mzZ = o(M H) . pale yell ow powder. Exanple 20 [0343] cI HO HO'" OH
oH [osﬂﬂé PR hesi s of (1S)-1,5-anhydro-1-[4-chloro-3-[[(4-

ethylphenyl?anina]carbonyl]phenyl]-l-thio-D—gIucitol Trifl uoronet hane
sulfonic acid (0.1 nL) was added to a m xture of

" (1S)-1,5-anhydro-2,3,4,6-tetra-0O benzyl -1-(4
chlorot%3%?l4-athylphenyl)anino]carbonylIphenyl]-l-thio-D— glucitol (20

1, 0, Q55ePLY o L SRS Oy i ol BB £ (0
oL e S BT BB e gpaai gl 20 ol
o s LarEls TR, RS slecalh LD easden) o
After ghRixture of 1-bromo-4-{4-tetrahydropyranyloxy)benzene (0,545
g, 2.12 mmol) and tetrahydrofuran (6 mL) at -78°C. After
stirred for 1.5 hours, a tetrahydrofuran {8 mL} solution of
2,3,4,6-tetra-0-benzyl-1-C-{3-formylphenyl}-5-thio-D-
glucopyranose(0.70 g, 1.06 mmol) was added and further stirred
. for three hours, and the reaction mixture was warmed to room
temperature. After the reaction mixture was added with a
saturated ammonium chloride aqueous soluticn and extracted
with ethyl acetate, the organic phase was washed with brine
and dried with anhydrous magnesium sulfate. After the
desiccant was filtered off., the reslidue cbtained by
evaporatring the solvent under reduced pressure was purified by
silica gel column chromategraphy (hexans:ethyl acetate =2:1)
to obtain 2,3,4,6-tetra-0O-benzyl-1-~C~[3-[(4-(4-
tetrahydropyranyloxy)phenyl) (hydroxy)methyl]phenyl]-5-thio-D-
glucopyranose (0.67 g, 76%).
[0330)
Then, an acetonitrile (8 mL) solution of 2,3,4,6-tetra-0O-
benzyl-31-C-[3-[(4-{4~

tetrahydropyranylozy)phenyl) (hydroxy)methyl ]phenyl]}-5-thio-D-



e

desiccant was filtered off, the residue obtained by evaporating the
sol vent under reduced pressure was purified by silica gel colum
chromat ography (cbl orof orm net hanol -10:1) to obtain a colorless
powdered title conmpound (6 ng, 54% . 1H NMR (600 MHz, METHANOL-d4) S
ppm 1.23 (t. J=7.57 Hz, 3 H 2.64 (g, 3=7.79 Hz, 2 H 3.00 - 3.07 (m
111) 3.27 It, J=8.71 Hz, 1 U 3.59 - 3.64 (m 1 11) 3.73 - 3.82 (m 2
H 3.89 (d, J-10.09 Hz, 1 FD 3.95-(ddy J=11.69, 3.44 Hz, | H 7.20 (d,
J:8.25 Ft, 2 H 7.47 (s, 2 7.53 (s, 1 H 7.56 (d, J=8.71 Hz, 2 H).

SSSI 4 | 3451
2 f&%&%ﬂak {64 Qﬁ'\%nﬂ“é\laéoz GiRloQn! @88 E@&Q@rseq@&?ﬂm:ﬁyﬂﬂ:ﬁ

sno s . can 03461 Synthesis of

(19) -1, mprhud(o; 28 3ny, 6 lof m@)baﬂaybpéﬁﬁr (0.41 mE, 3.27 mmol) at
(hydroxynet hyi ) phenyl 1-1-thi o-D-glucitol A chloroforn1(35 m.) -

acet oni t+15°¢.( ¥ty stdhuwedofionf one hour, the reaction mixture was
2,3,4,6-tetra- O benzyl -1-C- (3-fornyl phenyl)-5-thio-D gl ucopyranose
(4 0 g, BB WS Fomﬁgoﬁdﬁwmﬁ ey ?tﬁ\ﬁf%‘ﬁd Brghres puns. 36. 3
nor al.) %H%:HF7Et20 3 1 n, 24.2 mol) -15C. After stirred for 1.5
hour s, oo &R FrHc?ﬁr‘Bi’“é\‘thEe m&%ﬁhwétga?u?%W%ﬁ?ﬁim

D o S AUE R ASEe Y il SRR P O oS
magnesi ﬁé‘&r{g%hﬁc f‘ﬁr&{' % é’sfiflé&%% ¥2gnk! Aﬁ&*dﬁ‘é’%éﬁf 1iphe solids

obt ai ne vapor a ent “under reduce essure were washed

with he)@ﬁﬁrd&b@é' magRba  fim- Vi fatld, ORERLD X &ést,ic%afi&masnéuéé’r&g

77% as a col orl ess powder substance.
off, the residue obtained by evaporating the solvent under

reduced pressure was purified by silica gel column
chromatography (hexane:ethyl acetate =4:1) to obtain a
colorless powdered title compound (9.37 g, 57%).

1H NMR (300 MHz, CHLOROFORM-d) § ppm 1.68 - 1.81 {(m, 2 H)
1.88-2.02 {m, 2 H) 3.05 - 3.15 {m, 1 H) 3.47 - 3.5% (m, 3 H)
3.64 - 4,00 {m, 10 H) 4.33 - 4.42 (m, 1 H) 4.46 {4, J=9%9.9% Hz,
1 H) 4.52 (s, 2 H) 4.60 (4, J=10.41 Hz, 1 H} 4.84 -~ 4.93 (m, 3
H) 6.60 - 6.67 (m, 2 H) 6.72 - 6.79 {m, 2 H) 6.99 ~ 7.19 (m, 8
'H) 7.20 - 7.35 (m. 16 H). ESI m/Z = 824(M+NH4).

Example 14

[0331]

SUSNe
HO s O
HO" “OH .

OH

[0332]
Synthesis of (15)-1,5-anhydro-1-[3-[4-{4-
tetrahyﬂropyfanyloxy)benzyl]phenyl1-1-thio-D-glucitol

An amorphous title compound (18 mg) was obtained by a



i H NVR (300 MHz, CHLOROFORMd) 8 ppm 3.07 - 3.18 (m | H) 3.55 (t, 1
H 3.72 (dd, 3 H 3.78 - 4.01 (m 5H 4.46 - 4.69 (m 6 H 4.87 -
4.96 (m 3 H 6.69 (dd, J'-7.69, 1.48 H3, 2 H 7.07 - 7.45 (m 22 H).
Exanple 22 [0347] Bng S Br BnO """'~Bn 051 (0348) Synthesis of
(1S)-1, 5-anhydro-2, 3, 4. 6-tetra- O benzyl - 1-[ 3-

(bronmonet hyl ) phenyl ] - 1-t hi o- D- gl ucijtggd - Met hanesul fonyl chloride (0.018
M.) and triethylamne (0.021 nL) ware added to a tetrahydrofuran (1.5
M) sobithd O rftrHobShsleR- ﬂﬁax%;&-ﬁ,ﬁﬁn ﬁafsgtﬁasoahﬁgaﬂzi ;33,6

(hydr oxymet hyl ) phenyl ]-1-thin-D-glucitol (100 ng, 0.155 mol) " at 4C.
The r epstirDIHatizmle 1WES - $1 - ( £ et BitaHyOdve R Lakit) Benz 91 ] hirBel Jhour s
and diluted with ethyl acetate. After washed this with a saturated
sodi unl bikckr{ibrgliuveidgdeous sol ution and brine, this mxture was dried
wi t h anhydrous magnesi um sul fate. After the desiccant was filtered off
and t exapdek® was evaporated under reduced pressure to obtain
(1S)-1. 5-anhydro - 151 -

2,3, 4,833} a- 0- benzyl - | - [ 3- (et hanesul f onyl oxynet hyl ) phenyl ] -

1-thi o-D-glucitol (150 ng). Then, a m xture of (1S)-1, 5-

anhydro-2. 3, 4, 8 f n&Fnzyl-l--[&

(et hanesyl~ ylI') phenyl ]-1-thio-D-gllucitol (150 ng), LiBC
(40 nmg, 0.%@ ; and acetone (3 nmL) was stirred at roomtenperature
for tmofﬁbvrsawfiﬁer the reaction mxture was concentrated, ethyl
acetate and water were added. After organic |layer was separated, it
was washed with brine and

(0334]
Synthesis of 2,3.4,6-tetra-0-allyl-1-C-[4-chloro-5~{4~
ethoxybenzyl)-2-methoxyphenyl]~5-thio-D-glucopyranose

Three drops of 1,2-dibromoethane were added to a mixture
of magnegium (171 myg, 7.03 mmol), l-bromo-4-chloro-3-(4-
ethoxybenzyl)-6-methoxybenzene (2.0 g, 5.62 mmol) and
tetrahydrofuran (5 mL} and this mixture was heated to reflux
for 30 minutes. The reaction mixture was cooled to room
temperature, and tetrahydrofuran (20 mL) of 2,3,4,6-tetra-0-
allyl-5-thie-D-glucono-1,5-lactone (1.5 g, 4.22 mmol) was
added dropwise to this solution and stirred at room
tenperature for two hours. After the reaction mixture was
added with a saturated ammonium chloride agueouns solution and
extracted with ethyl acetate, the organic phase was washed
with btine and dried with anhydrous magnesium sulfate. After
the desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
silica gel colump chromatography (hexane:ethyl acetate=6:1 —

5:1) to obtain the title compound (1l.41 g, 53%) as a pale



dried wi th anhydrous magnesium sul fate. After the desiccant was
filtered off, the residue obtained by evaporating the solvent under
reduced pressure was purified by silica gel colum chromatography
(hexane: ethyl acetate =5:1) to obtain the title conpound (70 ng, 64%.
1H NVR (300 MHz, CHLOROFORMd) S ppm 3.06 - 3.17 (m 1 H) 3.55 (t,
J=8.94 Hz, 1 H 3.72 (dd, 1 H 3.78~- 14302 (m 5 H 4.41 - 4.65 (m 6
H 4.85- 496 (m 3 H 6.66 - 6.72 (m J=7.46, 2.02 Hz, 2 H 7.10 -
7.51 (m #&1¥w &9, mz = 726( MrtNH44) , 728( Mr2+ NH4') Exanple 23
[0349] BnO s N Bn0""OBn ©OBn ]D3501 Synthesis of

(1S) - 1, 5- S MR o-31,08 MEZ6- CHLORCEDRMATY |5 ppMm31[ 69- (t, J=7.0 Hz, 3 H)
met hyl -1 H pyrrol -2-yl)net hyl ] phenyl]-1-thio-D-glucitol A m xture of
(15)2 1, 5- 3 adhytib AT, 44, 8. Hot Pad®) bk -(m.. 1755)- 4.0 - 4.44 (m, 4

LIRSS L B BoA T Pt TR o,

I ri [ | i pal | , ). 042 )
LRI A B 3
60C f or ei ght ﬁ%’ur@'ggﬁér' letb?%g(%ﬁse' cif?ﬁ)stered of f, the residue
obt ai ned By1ceNsentgsat iipgnkhe Gggﬁﬁxfawhwps purified by silica ge

col um chr omat ogr aphy (hexane: ethyl acetate =5:1) to obtain the title
conpound E#&fiplergie 95% . [ 0351]

Synthesis of (15)-1,5-anhydro-2,3,4,6-tetra-0-allyl-1-[4-
chloro-5-(4-ethoxybenzyl)-2-methoxyphenyl]-1-thio-D~glucitol

A chloroform {20 mL) -~ acetonitrile (20 mL) sclution of
2,3,4;6-tet£a~0-allyl~1-C-[4-chloro-5-(4-ethuxybenzyl)-2-
methoxyphenyl]l-~5-thio~D-glucopyranose (1.41 g, 2.23 mmol) was
added geguentlally with Et.SiH {2.16 mL, 13.4 mmol) and BFsEL,0
(1.13 mL, 8.92 mmol) at -15°C and stirred foxr one hour., After
‘the reaction mixture was added with a saturated sodium
bicarbonate agqueous golution and extracted with chloroform,
the organic phase was washed with brine and then dried with
énhydrous magnesium sulfate. After the desiccant was filtered
off, the residue obtained by esvaporating the solvent under
reduced pregsure was purified by silica gel column
chromatography (hexané:ethyl acetate=10:1) to obtaln the title
compound (895 mg, 65%) as a colorless powder substance.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.39 (t, J=7.0 Hz, 3 H)
2.95 - 3.04 {(m, 1 H) 3.21 - 3.30 {m, 1 H) 3.41 - 3.79 (m, 5 H}
3.81 (s, 3 H) 3.84 - 4.20 {(m, 8H) 4.25 - 4.42 (m, 4 H} 4.81 -
4.91 (m, 2 H) 5.08 - 5.33 {m, 6 H) 5.34 - 5.52 {m, 1 H} 5.79 ~
6.04 (m, 3 H) 6.78 (d, J=8.9 Hz, 2 H) 6.87 (s, 1 H) 7.03 (4,



1H NWVR (300 MHz, CHLOROFORMd) S ppm 3.04 - 3.16 (m 1 H 3.32 (s, 3
H 3.53 (t, J=8.70 Hz, 1 H) 3.67 - 3.75 (m 1 H) 3.75 - 4.00 (m 7 H
4.46 - 4.56 (m 3 H) 4.60 (d, J=10.57 Hz, 1 H 4.84 -.4.96 (m 3 H)
5.89 (dd, J=3.73, 1.55 Hz, 1 H) 6.04 (t. 3=3.03 Hz, 1 H 6.49 - 6.54
(m 1 H 6.70 (dd, J=7.62, 1.71 Hz, 2 H 7.05 - 7.18 (m 7 H 7.22 -
7.36 (m 14 H 7.39 - 7.46 (m 1 H. ESI mZ = 710( M-H), 732( M+Na) .
Exanpl e 24 Synthesis of (1S)-J..5-afdMd#dro-|-[3-((1-nethyl-IH pyrrol-2-
yl ) met hyl ] phenyl ]-1-thio-D-glucitol [0352] HON HD'' 'OH OH [0353]
Tri fl uoF<he leme 2sHl)f Bnkt €orsl, (DM} nl) was added to a - 153 mixture

t
of (1S)-1,5-anhydro-2, 3,4,6-tetra-0O benzyl-I-[3-((1-
met hy| -B3+ gz &1 637¢MyNad hy63ptérdaNali-t hi o- D-gl ucitol (190 nmg),
triflugroacetic acid (1.0 n.), dinethylsulfide (0.6 nL), mcreso
(0.16 M3*HE dt’hanedithiol (0.04 M) at -15C. After stirred for 15

m nut es, _t.he i xtur S de | th.a saturated di um bi car bqnat e

aq ueousgysrbﬁq'lﬁﬁ n °§ng 1§$f glg’t %%‘ lé‘tlaﬂcﬂa‘gﬁgt' at gg'ﬁémﬁtfﬁiﬁy I"ayer
was washe ] rat adli I gar bonat e aqueous sol ution, brine
and drﬁggﬂﬁﬁkhgg%ﬁégﬁgug €ﬁ%§ﬂg§#g#¥§tﬁTate. After the desiccant was
filteredhspdf), the residue obtained by evaporating the solvent under

reduced pressure was purified by silica gel colum chromatography
(chlorofornlngtbangLélo' ) to obtain a colorless powlered title

conpound (16 -O: 0B54)

]

[03368]

A mixture of (1S}-1,5-anhydro-2,3,4,6~tetra-0-allyl-1~{4-
chloro-5-{4-ethoxybenzyl)-2-methoxyphenyl]-1-thio-D-glucitol
(100 mg, 0.163 mmol), tetrakis({triphenylphosphine}palladium
{38 mg, 0.0325 mmol}, N,N'-dimethyl barbituric acig (203 mg,
1.3 mmol) and tetrahydrofuran (1.0 mL} was stirred undexr Ar
atmosphere at 90°C for 1.8% hours. After the reaction mixture
was cooled to room temperature, added with a saturated sodium
carbonate aguecus sclution and ektracted with ethyl acetats,
the organic phase was washed with brine and then dried with
anhydrous magnesium sulfate. After the desiccant was filtered
off, the residue cbtalned by evaporating thé solvent under
reduced pressure was purified by silica gel column
chromatoaraphy {chloroform:methanol=10:1-+5:1} to obtain the
title compound (63 mg, 85%) as a colorless powder substance.
1H NMR (600 MHz, METHANOL- Q) & ppm 1.35 (t, J=6.9 Hz, 3 H)
2,92 - 3.00 (m, 1 H) 3.22 {t, J=8.9 Hz, 1 H} 3.53 - 3.59 (m, 1
H) 3.72 (@44, J=11.7, 6.7 Hz, 1 H) 3.82 (s, 3 H) 3.88 - 3.95 {m,



R e i RN AR

1H NMR (300 MHz, METHANOL-d4) S ppm2.92 - 3.05 (m 1 H) 3.19 - 3.29
(m 1 H 3.39 (s, 3H 3.59 (t, J=9.64 Hz, 1 H 3.68 - 3.83 {m 3 H)
3.86 - 4.02 (m 3 H 5.80- 587 (m 1H 594 (t, J=3.11 Hz, 1 H)
6.55 (d, J=1.87 Hz. 1 K) 7.03 (dd, J=6.99, 1.71 Hz, 1 H 7.12 - 7.28
(m 3 H. HSI mzZ = 372(MtNa). Exanple 25 103553 OMo BnO B | Nom °
Bntf "OBn OBn [03561 Synthesis of

(19) -1, 5-anhydro-2, 3, 4, 6-tetra- O benzyjs |- (3-((4-

met hoxy-1 Hi ndol - 1-yl ) met hyl ] phenyl ]-1-thin-D-glucitol An

N, N- dl metgh fr§WHdu¥0 ) 2SR UEI ot y 4e e (83
ng, O. 56?1 irf’?m?)gwas a d-(gd vaﬂtmﬁ %og?uén %dﬁ'dgag(ﬁggh%. 20%263 énﬁlm " 60%
oi |) andishiryesk ata,r Q. tzangerl abure §oro @D N mt‘egsﬂh?ﬁ sopption was
added with an N, N- di methyl formami de (2.0 nmL) solution o

(15)-1, S{EnRy ] 0479 (M+2+Na), 453 (M-H), 455 (M+2-H). mp 177.0-179.0°C.
2,3,4,6-tetra-0-benzyl -1-[3-(br' onmonet hyl ) phenyl ]-1-thio-D glucitol
(200 ny, Ega®BPeni®| ), stirred at roomtenperature for three hours, and
added with water. This was extracted with ethyl acetate and the
organi ¢ £8§37)was washed with brine and dried with anhydrous magnesi um
sulfate. After the_degiccant was filtered off, the residue obtained by
ent under reduced pressure was purified by silica
;rephy (hexane: ethyl acetate =4:1) to obtain the
0357) 1H NWMR (300 MHz, CHLOROFORM-d) 8 ppm

gel col pig
title como

[0338]
Synthesis of (15)-1,5~anhydroe-2,3,4,6-tetra-0O-bengyl-1-[4-
chloro-3-(t-butoxycarbonyl)}phenyl]~1-thio-D-glucitol
2.6 M n-butylithium hexane solution (1.72 mbL)} was added
to a mixture of 1.0 M i-propyl magnesium bromide
tetrahydrofuran solution {(2.23 mL) and tetrahydrofuran (9 mL)
. at -5°C. After stirred for 0.5 hours, the reactlon mixture was
.cooled to -78°C and added with a tetrahydrofuran (4.0 wmkL)
svlution of t-butyl 5-bromo-~2-chlorobenzoate (542 mg, 1.86
mmo)) . After stirred for one hour, a tetrahydrofuran (3.0 mL)
sglution of 2.3,4.6—tetra—o-benzyl-S—thio-D;glucono-l.5—
lactone (430 mg, 0.7%8 mmol) was added and further stirred for
15 minutes. After the reaction mixture was added with a
saturated ammonium chloride aquecus scolution and extracted
with ethyl acetate, the organic phase was washed with brine
and dried with anhydrous magnesium sulfate. After the
desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by

silica gel column chromatography (hexane:ethyl acetate =5:1)



- 3.56(m 1H 3.66- 3.74(m 1H 3.76 - 3.92 (m 5 H 3.95 (s, 3
H 4.46 (d, 3=10.10 Hz, 1 H) 4.52 (s, 2 H 4.59 (d, J=10.57 Hz, 1 H)
4.84 - 4.93 (m 3 H) 5.25 (4, J=2.49 Hz, 2 H) 6.46 - 7.39 (m 29 H).

SST mz = 793(M-NH4) Exanple 26 [0358) OH s | ~I BnO Bpfl " "'OBn
OBn [0359] Synthesis of
(1'S)-1,5-anhydro-2, 3.4,6-tetra- 0O benzyl -1-[3-((4-

hydr oxyphenyl ) met hyl ] phenyl ] -1 -thi 348 glucital - 155 The title
conmpound (253 ng) in the formof colorless oil was obtained from
(4- br oho péietioby )2 -3t pl-tdtrat Byban i whel - (-1 i-ey)loand3- (L -
2,3,4,6-tetra- O benzyl -1-C-(3-fornyl phenyl)-5- thio-Dgluc ranose
(2. SOgl}“WEHJ%ﬁbﬁqYér)Pﬁﬁpﬁéa Bstihrip Begiicopyranosy (RR psool&t

?E?@‘g%/d% rna"l%[’)a *‘é‘a 5 79%%'*5*75%1 P ?1243(E 4. 558(r7n8 §2H)14.1é25 ;

70 3 3ol 2 S Sl B AP,

740 (“ﬁ%iom,%,%zsLQQQPQ-%é}&leQQ@QQ Bloro-3-(t-
butoxycarbonyl)phenyl]~5-thio-D-glucopyrancse {60 mg, ©.0782
mmol) was added sequentially with Et;SiH (0.031 mL, 0,195
mmol) and BFEL0 (0.015 mL, 0.117 mmol) at -40°C. After
stirred for 1.5 hours, the reaction mixture was added with a
saturated zodimm carbonate agqueous solution and an organic
solvent was concentrated under reduced pressure. After the
residve was extracted with ethyl acetate, the organic layer
was waéhed with brine and dried with anhydrous magnesium
sulfate. After the désilccant was filtered off, the residue
obtained by evaporating the solvent under reduced pressure was
purified by silica gel column chromatography (hexane:ethyl
acetate =5:1) to obtain the title compound {26 my, 44%).
[0339]
1B MMR {300 MHz, CHLOROFORM-A4) & ppm 1.61 (5, 9 H) 3.08 -~ 3,21
{fm, 1 H) 3.51 - 3.64 {m, 1 H) 3.66 -~ 3.77 {(m, 1 H) 3.78 - 4.06
(m, 5 H) 4.48 - 4.67 (m, 4 H) 4.84 - 4.95 (m, 3 H) 6.75 (ad,
J=7.54, 1,79 Hz, 2 H) 7.08 -~ 7.20 {m, 5 H) 7.24 - 7.46 (m, 15
HY 7.77 {4, J=2.02 Hz, 1 H). ESI m/z = 768(M+Na), 770(M+2+Na).
Example 19
[0340]



OBn [0361) Synthesis of

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

(2- met hoxy- 2- oxyet hoxy) benzyl ] phenyl ] - 1-t hi o-D- gl ucitol An
N, N- di met hyl ormam de (5 nlL) solution of (1S)-1, 5-
anhydro-2, 3,4,6-tetra- O benzyl -1-[3-[ (4-

hydr oxyphenyl ) met hyl ) phenyl ) -i-thi o- R4gl uCitol (364 ng, 0.504 nmol)

was added wi th potassium carbonate (91 ng, 0.660 rmmol) and net hyl

bronpacetate (0.

i, 0.610 mmol) at 4C and stirred at room

tenperatﬁg ous. After the mxture was added with water and
extracte t agetjiate, the organic |ayer was washed wth brine
and dri edB®t T a@8mydr ous” ) 156 ‘magnesi um sul fate. After the desiccant

was filtered 8PF, the residue obtained by evaporating the sol vent

under

reduced pressure was purified by silica gel colum

Ohr omat ogr aphy (hexane: ethyl acetate =4:1) to obtain a colorless oily
cpoptiind (334 ng, 83% . [0362] 1H N +1R (300 MHz, CHLOROFORM d)
b ppm3.05 - 3.15 (m 1 H 3.52 (t, J=8.94 Hz, 1 H 3.66 - 3.75 (m 1
H 3.75 Sy&tﬁﬁ?#snoflﬁlsm-14546nhydrdﬁ2Aﬁn&.@-ﬁpt#aBG berz@b- {-h4-3 H)
6.79 (m 4 H 6.98 - 7.19 (m aH 7.22 - 7.36 (m 16 H). ESI

title

6.60 -

m Z 817(%hdeno-3-H{ddprsbydrhenghpamitadaarbon®ll pRacytbnl - teke-Dr03641

glucitol

After a tetrahydrofuran (2.0 ml) solution of (18)-1,5-
anhydro-1-]4-chloro-5-{4-ethoxybenzyl)-2-mathoxyphenyl)]-1-
thio-D-glucitol (30 mg, 0.040 mmol) was added with
concentrated hydrochloric acid (1.0 mL)}, the reaction mixture
was stirred at room temperature for 24 hours and at 40°C for
two hours and then added with ethyl acetate. This was washed
with water, brine and driled with anhydrous magnesium sulfate,
After the desiccant was filtered off, the solvent was
evaporated the under reduced pressure to obtain (15)-1,5-
anhydro-2,3,4,6~tetra-0-benzyl-1-{4-chloro-3-carboxyphenyl]l-1-
thio-D~giucitol.

[0342]

Then, l-ethyl-3-{3-~dimethylaminopropyl}carbefliimide
hydrochloride (13 mg., 0.06% mmol)} and 1fhydroxybenzotriazole
(2 mg, 0.069 mmol)} were added to a chloreform solution of
(18)-1,5~anhydro-2,3,4,6-tetra-0-bengyl-1~[4-chloro-3-
carboxyphenyli-1-thic-D-glucitol and 4-ethylaniline {13 mg,
0.104 mmol). After stirred at room temperature for 21 hours,
the reactioﬁ mixture was diluted with chleoroform and the

organic phase was washed with a zaturated sodium bilcarbonate



Synt hesis of (15)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-I-[3-[4-

(car boxynet hoxy) benzyl ] phenyl ]-1-thio-D-glucitol A water - nethanol
-tetrahydrofuran (1:3:3, 1.4 M) solution of

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

(et hoxycar bonyl net hyl oxy) phenyl ] met hyl ] phenyl ]-1-thio-D- giucitol (180
mg, 0.226 mmol) was added with_l ggi um hydroxi de nonohydrate (11 ny,
0.27 mml) and stirred at roomtenperature for 30 mnutes. The

rea%u%%u@ XbYhe1 YRS ﬁ?ﬂﬁ‘%a&ﬂ@ic‘ﬁif&)& wadd] Bl O InagHh 3 deposi ted

residue was extracted wt et hyl acetate. ter the 0organic | ayer was

vashed pitle) DAf6er fHY dbsliedant! PadnBYDEQNSE BXGNeTeradh fake, the
desiccant was - 157 filtered off and the solvent was evapoarated under

r edwbathingiic byueeahorabting ntid adiivene andppunaddd«d pibsid was a

col orl ess powder. 1H NMR (300 MHz, CHLOROFORMd) 6 ppm 3.04 - 3.15 (m
1 Hpwifded3by8sihicd 491 Tdlmn Th¥OmabpgFaphy 4(Mdxanakefhylm 3 H) 4.55
4.63 (m 3 H 4.82 _4.95 (m 3 H 6.65 (dd, J=8.00, 1.48 Hz, 2 H 6.76
(d, aregage AA:1) Hy gooain thes@bove aniijde pspmpgund (2HD3g)MOR4), 779
(MH. Exanple 29 [0365] o~ . Bno sn0'sOBn OBn [03661 Synthesis of
( 15)1H NBRy {308y ¥H2 , SCHLQRQEQRM- ) HehpP| 112§ Afy-I=7.15 Hz, 3 H) .

2 (i et SEhng)- g opag ey ol g 4 D gl o) A
1 H) 3.71 (44, J=9.87, 3.03 Hz, 1 H) 3.78 - 4.09% (m, 6 H} 4.52
{s, 2 H) 4.62 (t, J=10.34 Hz, 2 H) 4.84 -~ 4.98 (m, 3 H) 6.75 -
6.85 (m, 2 H) 7.08 -~ 7.56 (m, 25 H) 7.72 (4, J=2,02 Hz, 1 H).
ESI m/2 = 769(H-H). pale vellow powder,
Example 20

[0343]
o

s N

MO
Ho" Yy o ©
OH -

[0344]
Synthesis of {15)-1,5-anhydro-1-[4-chloro-3-[[(4-
ethylphenyl)aminojcarbonyl lphenyl]-1-thio~D~-glucitol
Trifluoromethane sulfonic acid (0.1 mlL)} was added to a
mixture of (1S)-1,5-anhydro-2,3,4,6-tetra~O~benzyl-1-{4-
chloro-3-[[{4-ethylphenyl)amino]carbonyllphenyl]-1-thio-D-
glucitol (20 mg, 0.025 mmol), trifluorcacetic acid (0.5 mkL),
dimethylsulfide (0.3 mL), m-¢resol (0.08 mL) and ethanedithiol
(0.02 mL) at -15°C. After stirred for 15 minutes, the mixture
was added with a saturated scdium bicarbonate aqueous solution

and extracted with ethyl acetate. The organic layer was



tetra- O benzyl -1 -(3-(4-(carboxynet hoxy) benzyl | phenyl | -1-thi o-
D-glucitol (149 ng, 0.191 mol) was added with a tetrahydrofuran
solution (0.19 nL, 0.382 nmol) of 2M di net hyl am ne,

1- et hyl - 3- ( 3-di met hyl am nopr opyl ) carbodi i m de hydrochl ori de (44 ng,
0.229 mmol ) and 1-hydroxybenzotriazole (31 ng, 0.229 mol ). After
stirred at roomtenperature for ¢t.84Rours, the reaction m xture was
diluted with chloroform and the organic phase was washed with water,
brine aréghedi wdthwirt satmhythd s diambdcanbonatat agueriue solisgigasi ccant
was - 158 filtered off, the residue obtained by evaporating the

sol ventbri&?dﬁpﬂr Eameedv_viswﬁs%qm@w ﬂlﬁﬂpﬁﬁémb@;‘sﬁﬂ%h%@%?ﬂ&ﬁm
corpon PR AR UESEE L 4 TR R b o bR B i o 6 pom
_Hj43.6(g "’.apg%ﬁhgmtﬁi’ ?831%"“% “l“%%."b%%? °e£}n§§ei".t%’if i &’Er‘”"(i#g@aﬁg 4. 56
6. 76 - BRI AL py S o g iplly, tgitgtfforml poghingt a0ty

M2 = 825 Meb) a EX20PL &8 Godd3td t1ENE SBRpaeia ﬁqﬁr&. L 83691

Synt hesis of (1S)-1,5-anhydro-2,3,4.6-tetra-0O benzy -IF13-

([[4- (2eNndrdiggabhybia i smesiaNoD-Qe Y] & hspiy |1 928 el ] pkenyblnd; 3 )
thin-D-glucitol A tetrahydrofuran solution (2 nmL) of (IS)-1,5-anhydro-

2.64 (g, J=7.79 Hz, 2 H) 3.00 - 3.07 (m, 1 H) 3.27 (¢, J=8.71
Hz, 1 ®} 3.59 - 3.64 {m, 1 H) 3.73 - 3.82 (m, 2 H) 3.89 (d,
J=10.09 Hz, 1 B) 3.95 (44, J=11.69, 3.44 Hz, 1 H) 7.20 (d,
J=8.25 Hz, 2 H) 7.47 (8, 2 H) 7.53 (=, 1 H) 7.56 (d, J=8.71 Hz,
2 H). ESI m/2 = 438{(M+Na), 440{M+2+Na). colorless powder.

Example 21

[0345]

[0346]
Synthesis of {(18S)-1,5-anhydro-2.3.4,6-tetra-O-benzyl-1-{3-
{hydroxymethyl)phenyl]-1-thice-D-glucitol

A chloroform (35 mL) - acetonitrile (35 mL]) solution of
2,3,4,6-tetra-0-benzyl- 1-C-( 3-formylphenyl)-5-thio-D-
glucopyranose (4.0 g, 6.05 mmol) was added seguentially with
Ets8iH (5.8 mL, 36.3 mmol) and BF+Et;0 (3.1 mL, 24.2 mmol)
at -15°C. After stirred for 1.5 hours, the reaction mixture
was added with a saturated sodium bicarbonate aqueous solution

and extracted with chloroform, the organic phase was washed



2,3,4.6-tetra- O benzyl -1-[3-[4-[2-(di _net hyl ant no) - 2-

oxoet hoxy] benzyl ] phenyl ]-1-thio-D-glucitol (88 ng, 0.109 mmol) was
added with 1.2)1 borane tetrahydrofuran conplex (0.54 nL) at 4C and
stirred at roomtenperature for two hours. The reaction mxture was
cooled to 4C, added wi th nethanol and concentrated. 1,4-Dioxan (1.0
m.) and 6M HCL (0.5 nlL) were - 159 igglded to the obtained residue and
stirred at 40C for two mnutes. This m xture was added with 2M aqueous

sodi Umyy B 0PI &l GariP | ditii e ﬁ%haﬁnhgaeéay%ﬁagﬁestmp%u%ﬁ@ Nés AU

extracted with ethyl acetate. The organic layer was washed W ith brine
and dritBd Be&sDoadmy Gf FiMmeted JiFsuthet €01 A{d evtaihedadey ccant was
filtered off, the residue obtained by evaporating the solvent under
r educedvapesstieg vids moliviendd uhder Ntk dyged prdcarge werel washed
chromat ogr aphy (hexane: athyl acetate =1:1) to obtain the title
conpoundth4Bexgne Sﬂﬁléylagcmt@@leorﬂ@sé teodhiain HhvR1t3S0 chtipound
CHLOROFORM d) 5 6 H 2.68-2.81 (m 2 H 3.04 - 3.16 (m 1
H) 3.583¢2, 96—37£b 3% 2 |<=°|(J¢)0r3666 powden yhstangg. 3. 76 - 4. 10 (m 9 H
4. 47 (d J=10, 19 Hz, (s, 2 H 4.60 (d, J=10.72 4 84
- 4. 94EAMB {§00 ditiz, FE%'G@F?R%&MMQPW o7 M) 361§2(m=6181ﬂ (-’m5

7.00 7 3 1 52 76
Exanpl & 31§[%g]7%;374_|)l'3‘h%1'83' B Tagn 4 @%;Pﬂ' %}ﬂt 4585, oA BB,
g[[z-(5§hyngox;gﬁﬁ% )@&yfbﬁgnylfﬁefﬁyrlﬁﬁz Ay 48, Hg. 2 HY 7.07 -
'7.45 {m, 22 H}.
Example 22

{0347]

BnQ

Bno™
OBn

[0348] _
Synthesis of (15)-1,5-anhydro-2,3.4,5-tetra-0-benzyl-1-[3-
(bromomethyl)}phenyl]~1-thio-D-glucltol

Methapesulfonyl chloride {0.0l1B mL) and triethylamine
{0.021 mL) were added to a tetrahydrofuran (1.5 mL) Solution
of (18)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1~[3~
(hydroxzymethyl)phenyl]-1-thio-D-glucitel {100 mg, 0.155 mmol)
at 4°C. The reaction mixture was stirred at room temperaturé
for three hours and dlluted with ethyl acetate. After washeﬂ
this with a saturated sodium bicarbonate agueous solution and
brine, this mixture was dried with aﬁhydrous magnesium sulfate.
After the desiccant was flltered off and the solvent was

evaporated under reduced pressure to ecbtain (18)-1,5-anhydro-



‘glucitol A tetrahydrofuran (2.5 nL) solution of (1S)-1,5-anhydro-
2,3,4,6-tetra-O benzyl -1-[3-[4=(2-net hoxy-2 - 169 -

oxoet hoxy) benzyl ] phenyl )-1-thio-D-glucitol (102 ng, 0.128 mml) was
added with LiAnd4 (12 ng, 0.321 noral) at 4C and stirred for 2.5 hours.
After water was added dropw se. 28% ammoni um sol uti on was added and
the insolubles were filtered off.~-Th& f4ltrate was extracted with
ethyl acetate and the organic |ayer washed with brine and dried with
anhydr o@s 3, Apgrestrean Gitdnyd - 1AL 8 e(mé ticartesi ftvmyl oxgmethiyl gpleen ¥k f- t he
sol vent was evaporated under reduced pressure to obtain the title
conpound -t2d0-Rydluei tole dIis0l ms‘é cr'El’sﬂTaI a mxrwRe (@H0( M1, 5-
CHLOROFORM d) 8 m3.06 - 3.14 (m F& 3.52 (t, J=8.86 Ft 1 FD 3.67
- 3.74 en{lmrwzsgﬁ &-teiga-Ompensyiyl-U347 (d 3=9. 95 Hz, 4.52
(s, 2 Q.72 Hz

(2 i mgthané sl depyhekme thy 1yphenyi - et %g‘alwcit?i ?lgcé‘?ﬂ)(m 16
of ) 2E§I &Hé% gga %Mq\"]@i?ﬁ Wun?i?”B{xﬁ acetén 37[25 rrg\fl was gg%:r?:%l:dsggt hesi s
ot oY SR ABMSAAR Ro TUhTs ) AR AECEea i desganert oo
¢ 7 i sk, S selentebi bl et (S 20
CHLOROFOilyk ) ¢ 51 it kvadk0 separdt8d99itizeasd wlshed with brine and

dried with anhydrous magnesium sulfate. After the desiccant

was filtered off, the residue obtained by evaporating the

solvent under reduced pressure was purified by silica gel

column chromatography (hexane:ethyl acetate =5:1} fo obtaln

the title compound (70 mg, 64%),

1H NMR (300 MHz, CHLOROFORM-d} & ppm 3.06 ~ 3.17 (m, 1 H} 3.55

(t, J=8.94 Hz, 1 H) 3.72 {44, 1 H) 3.78 ~ 4.02 (m, 5 H) 4.41 -

4.65 (m, 6 H) 4.85 - 4.96 (m, 3 H) 6.66 - 6.72 (m, J=7.46,

2.02 Hz, 2 H) 7.10 - 7.51 (m, 22 H).

ESI m/z = 726 (M+NH;*), 728(M+2+ NH,")

Example 23

[0349]

OBn

[0350]
Synthesis of (18)~1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-{3-[(1~
methyl~1H-pyrrol-2-yl)methyl]phenyl]-1-thio-D-glucitol

A mixtore of (15)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-l-



2.98 - 3.18 (m 1 H 3.29 - 3.47 (m 2 H 3.56 - 4.05(m 12 H 4,06 -
4.43 (m H 4.77 - 491 (m 2 H 5.07 - 537 (m 7 H 5.79 - 6.04
(m 3 H 6.81 (d, J=8.86 Hz, 2 H 7.04 (d, J=0.86 Hz, 2 H) 7.72 (s, 1
H 8.41 (d. J=1.86 Hz, 1 8.70 (d, J=2.18 Hz, 1 H). ESI mz = 568
(MtH), 590 (MtNa). Exanple 33 0374) N 1 (0375) Synthesis of

(1S)-1, 5-anhydro- 2, 3, 4, 6-tetra-QaB¥I;l-'[5-(4-
ethoxybenzyl)pyridin 3-yl]-1-thin gI ucitol Acolorless oily title

(Zlogngtgd (ég:%goggyéﬁf@h%'}?%][ gb%:?igeg 5189 to1 (200 mg, 0.282 mmol),

t hoxyb 94 |
by SPEREEVARYL L Ekibur s catrdy 11 BLEORE LAY 0 1 SEY mubrfen, o 6
ppm 1t4:(is(<h&nénéy%déﬂea@ed@neﬁi%%na&sﬂﬁ {9 wgHo 13 Glno1d78. 94 Hz,
1H)3.30-3.44(m 1 H 3.49 - 4.05 (m 12 4.15 (dd, 31205
5.98 mdiby&ohéxﬂﬂphoﬁblﬁ&d)IHip&eﬂyﬂ(3@ mg 4. ©20487 nmdd) ,5k88s7 5. 42

(m 7H 5.78-6.03(m 3 H 6.81 (d, J=8.70 Hz, 2 H 7.03 (d, J-8.70
Hz, 2md), 1.48 fmel)l, H}s@):42268dng,) 06795 mnid11]8 aldd, 12 4Fliokiash (51 Z =
552(M+H). Exanple 34 0376] 162 - NO Ho s I' HO '"DH OH [03771
mL) was stirred at 60°C for eight hours. After insolubles are
filtered off, the residue obtained by concentrating the
filtrate was purified by silica gel column chromatography
(hekane:ethyl acetate =5:1} to obtain the title compound {190
mg, 95%). o
[03511]
1E NMR (300 MHz, CHLOROFORM-d) & ppm 2.04 - 3.16 (m, 1 H) 3.32
(s, 3 H} 3.53 (t, J=8.70 Hz, 1 H} 3.67 - 3.75 (m, 1 H) 3.75 -
4.00 {m, 7 H) 4.46 - 4.56 {m, 3 H) 4.60 (4, 3=10.57 H;, 1 H}
4.84 - 4.96 (m, 3 H) 5.89 {ad, J=3.73, 1.55 Hz, 1 H) 6.04 (t,
J=3.03 Hz, 1 H) 6.42 - 6.54 (m, 1 H) 6.70 {44, J=7.62, 1.71 Hz,
2 H) 7.05 - 7.18 {(m, 7 H) 7.22 - 7.36 {(m, 14 H) 7.39 - 7.456 (m,
1 B). ESI m/Z = 710({M+H}, 732(M+Na}.
Example 24
Synthesis of (18)-1,5-anhydro-1-[3-f{{(l-methyl-l1H-pyrrol-2-

v1)methyl]lphenyl]-1-thio-D-glucitol

[0352]

[0353])
Trifluoromethane sulfenic acid (0.2 mlL) was added to a



Synthesis of (1S)-1,5-anhydro-|-[5-(4-ethoxybenzyl)pyridin-3-
yl)-.1-thio-D-glucitol A colorless powdery title conmpound (71 ng, 73%
was obtained from (1S)-1,5-anhydro-2,3,4,6-tetra-Oallyl-1-[5-(4-

et hoxybenzyl ) pyridin-3-yll-1-thio-D-glucitol (137 ng, 0.248 mml) by a
simlar nethod as in Exanple 17. 1H NVR (600 MHz, METI|ANCL-d4) 5 ppm
1.36 (t, J=7.18 Hz. 3 H 3.01 - 3-065m 1 H 3,23 - 3.27 (m 1 H
3.60 (dd, J~10.32, 8.94 Hz. 1 H 3.71 - 3.78 (m 2 H 3.84 (d, JclO 55
Hz, 1 HmixBu2a efB(W)(ms&ﬂiﬂyd&oga GQ4, 6=-Tetfati-behzadl -0-83-1 (6-85 (m
2H 7.10 - 7.13 (m 2 H 7.64 (t, J=2.06 Hz, 1 H 8.28 (d, J=2.29 Hz,
1 H) 8.3wthal- JHQDQQEW-Z-NMmetES&]phﬂn?lBQIZ{m-Na-)D,'QEM(tml—u19Exarrp| e
35 [0378] \- " 0379£ Synt hesi s of

(1S)-1, dehyailél@%omc%t%twéﬂo( |- PymL) , [ @imethylsulfide {0.6 mL},

et hyl benzyl) th|o hen-2-yll-1-thio-D-glucitol An yellowoily title
conpoun&-EEo8° g Qhﬁ/a“ﬂv\gé%%ﬂlﬁ@&dig’éh?l (0.04 mL} at -15°C. After

i | ar SPECRBA Buci FL A T8ospa e wi S « eAPirefedm o)
DR 555 plgdehongte dinigons’ pitutioncaila Bntigotpd i indyl (0

H) 3(2)9ace‘ﬂ:a%§ ('I‘He Ja:lg‘)aniczfayefl #&s (&le%d'bwi‘i:hgg ?aﬁupgtl_édnessc%ili'ﬂ%ndf’ 09

5.
g 7( mﬁggrbbﬂlaﬁe 85(1&6’0115] -s'i;lﬁ%iHZn,, ﬁrﬂle 73195' drﬂadl@:i(tm aﬁh?ﬁrouig nf z
magnesium sulfate. After the desiccant was filtered off, the

IIOO'

raesidue obtained by evaporating the solvent under reduced
pressure was purified by silica gel c¢olumn chromatography
(chloroform:methanol=10:1} to obtain a colorless powdered
title compound {16 mg, 17%).

{0354]

1H NMR {300 MHz, METHANOL-d,) 6 ppm 2.92 - 3.05 (m, 1 H) 3.19 -
3.29 (m, 1 H} 3.39 (s, 3 H} 3.59 (t, J=9.64 Hz, 1 H} 3.68 ~
3.83 {m, 3 H) 3.86 - 4.02 (m, 3 H) 5.80 - 5.87 (m, 1 H) 5.94
{t, J=3.11 Bz, 1 H) 6.55 (d, J=1.87 Hz, 1 H} 7.03 (&4, J=6.99,
1.71 Hz, 1 H) 7.12 -~ 7.28 {m, 3 H), ESI m/2 = 372(M+Na).

Example 25
[0355]
=\ OMe
BnO S N
Bn0" “OBn
OBn
[0356]

Synthesis of (1S)}-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-[3-{(4-
methoxy-1H-indol~1-yl)methyl]lphenyl]-1-thio-D~glucitol

An N,N-dimethylformamide (1.0 mL} solution of 4-methoxy



Exanple 36 [0380] S HO5 HO."OH OH[0381] Synthesis of

(1%) - 1. 5-anhydro-1-[5-(4-ethyl benzyl)thi ophen-2- yl.]-1-thio-Dglucitol
A col orl ess powdery title conpound (570 ng. 92% was obtained from
(I1'S)-1,5-anhydro-2,3,4,6-tetra-OCallyl-I-[5-(4-
ethylbenzyl)thiophen-2-y|]-1-thio D-glucitol (890 ng, 1.64 mol) by a
simlar nethod as in Exanple 17. téyNR (300 N+E METHANOL- d4) 6 ppm
1.20 (t, J=7.62 Hz, 3 H 2.60 (q, 7.62 Hz, 2.92 - 3. 03 (n1 1H

o, o1 dyot Bs b 4.8 dyly s ngﬁ%hﬁiﬁﬂo%o%ﬁmﬁ gl 5
C.5° p9-“oghed it Vo Bt R of ol Spprbritl m’f ’
Bng' "200RRnulésn ﬁﬁ@@u&tmbh%& @éae?a %ﬁtﬁahewa-Obenzyl-l-C-(B [(E

or Z)- 2 (4- ethyl phenyl)vinyl] phenyl}-5-thio-D gl'ucopyranose A m xture
of (4-dagmbyhpehayhamidehenyd mids gbeat uon chf of ishe-1 ,(sk-ebhy@res. 93 nmol )

and tetrahydrofuran (20 nL) was added with
2,3,4,6-tetra-0-benzyl-1-[3-(bromomethyl)phenyl]-1-thio-D-
glucirol (200 mg, 0.282 mmol), stirred at room temperature for
three hours, and added with water. This was extracted with
ethyl acetate and the organic layer was washed with brine and
dried with anhydrous magnesium sulfate. After the desiccant
was fFiltered off, the resgidue obtained by evaporating the
solvent under reduced pressure was purified by silica gel
column chromatography (hexane:ethyl acetate =4:1) to obtain
the title compound (290 mg).
[0357]
1H NMR (300 MHz, CHLOROFORM-d) & ppm 3.05 ~ 3.14 (m, 1 H) 3.46
- 3.56 (m, 1 H) 3.66 - 3.74 (m, 1 H) 3.76 -~ 3.32 {m, 5 H) 3.95
(s, 3 H) 4.46 (d, J=10.10 Hz, 1 H) 4.52 (s, 2 H) 4.59 (d,
J=10.57 Hz, 1 H) 4.84 - 4.93 (m, 3 H) 5.25 (4, J=2.49 Hz, 2 H)
6.46 - 7.39 (m, 29 H). ESI m/z = 793(M+NH,)
Example 26
[0358]

OH
BnD
Bro" ™y "0Bn

OBn

[0359]
Synthesis of {18)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[3-{(4-

hydroxyphenyl )methyl Jphenyl]-1-thio-D-glucitol



2M l'ithium dii sopropyl am ne (heptane / tetrahydrofuran / ethyl benzene
solution, 2.0 nL, 4.0 mol) while cooled on ice and stirred at room
tenperature for one hour. This solution was added dropwi se to a
tetrahydrofuran solution (10 niL) of

2,3,4,6-tetra- O benzyl -1-C (3-fornyl phenyl )-5-thin-D gl ucopyranose
(0.52 g, 786 pnol) and stirred at TobRf tenperature for one hour. After
the reaction mxture was added with a saturated anmoni um chl ori de
aqueous sol uthentine |compewndd (8031 me) ainl e rEroredfinvcbRoeleyd ekt at e,
the organic phase was washed with brine and dried wth anhydrous
magnesi HAFsOPFatred Agnes (rbrouephenery Wb Hivk-digetylsilabe reS|due

pur 11642 b§7g?a&é%é“%%{l&m%%'eﬁﬁgﬁar‘e‘%ﬁf ik LS SBBERYP) et at o= 1

to 3:1 t | orl il o
M e ur o p 20 PP RSt A" 12 b ok 4 SR bl 83 8 Bfaltiply ©
248214(m2H)290-310(mJ3855Hz,1H)347-371(m2
3.78°°4.21 (m 5 H) 4.41 - 4.73 (m 4 H 4.80. 165 4.99 (m 3 H

6.50 - §¢9 =85 (
Exanpl e§38ﬁM?gg%§? lﬂHz? %}D&B&@#&E} %ﬁ[O?éS] gyfi]t hggl 5101?4*“?.)52
(18) 1, 5tanh¥dr%25-3,,£h,@)t@tm-obemy(mj -1 3#) (K750~ 3.97 (m, 6 H)
Z) - 2- (4- et hyl phenyl ) vi nyl ] phenyl }-1-thi n- D-g|UCItO| An acetonitrile (20
m.) sol 4t.4dn-od.2% I, B Ht 4356 ~ 4.74 {m, 3 H) 4,84 - 4.94 (m, 3 H)
6.62 - 6.70 (m, 4 B) 7.00 {4, J=8.70 Hz, 2 H) 7.06 - 7.20 (m,_
6 HY 7.21 - 7.41 (m, 16 H)
ESI m/fz = 740 [(M+NH;).
Example 27

[0360]

eUohe

BrO" “OBn
OBn

[0361]
Synthesis of {18}-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-{3~[4-
(2-methoxy-2-oxyethoxy)benzyl]phenyl]-1-thio-D-glucitol

An N, ,N-dimethylformamide {5 mnL}) solutiqn of (18)-1,5-
anhydro-2,3,4,6~tetra-O-benzyl-1-[3[ (4- |
hydroxyphenvylimethyllphenyli-1-thio-D-glucitol (364 mg, 0,504
mmol) was added with potassium carbonate (91 mg, 0.660 mmol)
and methgi bromoacetate (0.058 ml, 0.610 mmol} at 4°C and
stirred at room temperature for five hours. After the mixture
was added with water and extracted with ethyl acetate, the

organic layer was washed with brine and dried with anhydrous



benzyl -1 -C{3-[(E or z)-2-(4-ethyl phenyl)vinyl]phenyl}-5-thio-

D- gl ucopyranose (0.49 g, 642 Esnol) was added sequentially wwth Et3SiH
(0.35 m., 1.92 mmwol) and BF3'Et20 (0.20 m., 1.28 nmol) at -10C and
stirred for 10 minutes at the sane tenperature. After the reaction

m xture was added with a saturated sodium carbonate aqgueous sol ution
and extracted with ethyl acetate,. jkge._organi c phase was washed with

bri ne and dried wi t h anhydrous nagnesium sul fate. After the desiccant

was fhlﬂ% o5y oGl ghPE. r%%t%%etﬁptEEQ%QcQXTQ%ﬁPQHﬁTd¥%dtB%fsokﬁgnt

under pressure was I Ca ge

chr owe%&mhbbeasﬁaaeb téw %E?etﬁelholgeﬂpt&h&bﬁ rédidyd €ss
powdery title conpound $/'Z m xture) | H NVR (300 MHz,

CHL ORGGRMusl): ﬁaﬁpﬁhﬁiﬁﬁed lﬂy?sﬁ.lii@a Feh) colurh- &ﬂcﬂné(ﬁﬁgr% 3.04 -
3.18 (m 1 H 3.47 - 3.62 (m 1 H 3.68 - 4.02 (m 6 4.45 - 4.66
(m 4 (Hexénd5eth$l O8cétats #ﬂ:15J#90btﬁi80a(ablémléséidily titda (m 27
H. ESI mM2 = 769 - 166 - (MtNa). Exanple 39 [0386] HO 8 \ Hd" .",ON
OH [ G3¥®pungy kBRéshg, o¥33{NS) - 1, 5- anhydro-1-{3-[2-(4

et hyl phenyl ) et hyl ) phenyl }-1-thi o-D-glucitol 20 wt % pal | adi um hydr oxi de
on actHQﬁét d carbon (300 ng) was added to an ethanol (5 nL) solution
of (1S)-1.5-anhydro- tetra-Q benzyl - 1-{ 3- H&F or Z7)-

ot hyl AR, YARY| Vithe roRLCHORARM: 3. §1 DER: 3197 01 7015 (Fo1 TWBaI §-5and ¢ he

at mospher § g3l .t e 3y 5§ &8 "‘-’aﬁ.slléb?t VUHLRS WD L 398 (m, 10 B)
4.41 - 4.64 (m, 6 H) 4.83 - 4.95 (m, 3 H) 6.60 - 6.79 (m, 4 H)
6.98 - 7.19 (m, 8 H) 7.22 - 7.36 (m, 16 H). ESI m/% =

817(M+Na).

Example 28
(03631
VCOEH
s A
BnCF ™y “0Bn
OBn
[03641]

Synthesis of (18}-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-[3-{4-
{carboxymethoxy)benzyl lphenyl] -1-thio-D-glucitol

A water - methancol -tetrahydrofuran {1:3:3, 1.4 mL)
solution of (lS}~l.5-anhydro-2,3.4,6—tetra-0-benzyl-1-[3-[[4f
(methoxycarbonylmethyloxy)phenyl Imethyl]phenyl]~1-thio-D-
glucitol (180 mg, 0.226 ﬁmol) way added with lithium hydroxide
monohydrate (11 mg, 0.27 mmol) and stirred at room temperature
for 30 minutes. The reaction mixture was made.acidic by
adding 10% HCl and the deposited residue was extracted with
ethyl acetate. After the organic layer was washed with brine

and dried with anhydrous magnesium snlfate, the deslccant was



hydrogen. After stirred for at roomtenperature for three days,

I nsolubles in the systemwere renoved by cellte filtration. The

resi due obtai ned by evaporating the solvent under reduced pressure was
purified by silica gel colum chromatography

(chl orof or m net hanol =10: 1) to obtain a colorless powdery title
conpound (13 ng, 8*). iH NVR (300 VHE7 METHANOL-d4) 6 ppm 1.20 (t
J=7.62 Hz, 3 H 2.59 (q, J=7.62 Hz, 2 H 2.85 (s. 4 H 2.95 - 3.07 (m
1 H 3€piteres X mnd] tHe 305*43nt WEB §uapoRrdted egder Sredigad 3 H)
3.95 (dd, J=11.42, 3.65 Hz F%@? 00 - 7.12 (m 5 7.13 - 7.28 (m 3
H) . ESI PRPSSUre o oitkdn ti;s?t% &) compoisl d 148 mpe3Bs) @y e AllylOo OH

10 i i g [0 S
F_
O AAROAST (U AR B %
N Z
T, 91 e, L4661 7 WAL e 58

heated toaref (mix 3f}p;r 4.8 hoyrss The sepsts ops njad Urral@a,ceoksdus 0
room tenperature, and tetrahydrofuran (5 m) of 2, '3,4,6-tetra-O

al 1yl - 52th) o6 Pr@l (&,07e-8. 36t ga¢ £ OHB87 (0 I~ 06 36hn), RASHRAESI sdzopwi se
to this solution and stirred at roomtenperature for 30 mnutes. After
t he reaZ®8 ofM+NBaur §\sai{Matded wWith a saturated anmoni um chl ori de

aqueousEﬁg&lHﬂ o} and extract ed

[0365]

QL

BnD" “OBn
OBn

[0366] |
Synthesis of (18)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-[3-[4-
[2-({dimethylamino}-2-oxoethoxy)benzyllphenyli-1-thio-D-
glucitol

| A chloroform solution (2 mL) of (15)-1,5-anhydro-2,3,4,6-
tetra-0O-benzyl-1-(3~[4-(carhoxymethoxy}benzyliphenyll-1l-thic-
D-glucitol {149 mg, 0.1%1 nmol) was added with a
tetrahydrofuran solution (0.19 mL, 0.382 mmol) of 2M
dimethylamine, 1l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (44 mg, 0.229 mmol) and l-hydroxybenzotriazole
{31 mg, 0.229 mmol}. After stirred at room temperature for
1.5 hours, the reaction mixture was diluted with chloroform
and the organic phase was washed with water, brine and dried

with anhydrous nagnesium sulfate. After the desiccant was



with ethyl acetate while cooled on ice, the organic phase was washed.
with brine and dried with anhydrous nagnesi um sul fate. After the
desiccant was filtered off, the residue obtained by evaporating the
sol vent under reduced pressure was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate =4:1) to obtain a colorless oily
title conpound (42 ng, 7% . 1H NMR {534 MHz, CHLOROFORMd) 6 ppm 1.16 -
1.30 (m 3 H 2.55-2.72 (m 2 H 2.90- 3.03 (m 1 H 3.31 - 4.44 (m

é62';) _fﬁg@red 4,&4 (t'He %eEQLdg ggb%%ﬁxé@ l_%ymev%?'d}:aﬁiﬁg h@'%&ﬂ&éﬂt ES:")

Mz m 6ffef M*é@icecﬁiﬁ:e(slyhhb wa8 Spur Fxeu® Iy 411[0396p1 AdidhO Al[yl O
"OANyl QAIlyt (0391] Synthesis of

(1S) - 2cBrdm&tagptaphyO(hkekahele fhphhyehimte (=3:202E0 obtain the title

Z) - 3- (4- et hyl phenyl ) prop- 2-en-1-yl ) phenyl )-1-thio-D- glucitol An

acetonb@mw¢wnékikﬂ®fﬁmlﬁﬁﬁdn of 2,3,4,6-tetra-0O al 1yl -1-G (3-[(2E or

Z) 3- (4 ethflphenyl)prop-Z-en-l- yl ] phenyl ) -. 5-thi o- D- gl ucopyranose (42
bl ) was added sequentially with Et351H (35 L, 218 gznol) and

BF3Et20 (20 L 145 E% 10C and stirred for 10 mnutes at the sane

t erper B FMR (390 MHzne LOROFORMTA ) (&, mmds 9518 3 Bh 3 0% chfr & od

sodi u arb ueous ;s d e ate,
the orBon t0F ayar MndMinangd t oA BFr At e Sk 3r08hhy A thie
magnestum suk & s A Geos! b, dpshPoRe WaS sl [hsT 81 4. 58 he 4 5 due
obt ain by evaporating the

{m, 3 H) 4.85 - 4,93 (m, 3 H) 6.65 (dd, J=7.93, 1.55 Hz, 2 H)

6.76 - 6.83 (m, 2 H) 7.01 - 7.18 (m, 8 H) 7.22 - 7.35 {m, 16

H). ESI m/Z = 825(M+NH,).

Example 30
[0368]
O-.,/"\H/
S I
BnO
and" "OBn
OBn
[0369]

Synthesis of {1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[3~
[[[4-(2~N,N-dimethflaminoethyl)oxy]phenyl]mathyl]phenyl]-1-
thio-D-glucitel

A tetrahjdrofuran solution (2 mL) of (18)-1,5-anhydro-
2,3,.4,6-tetra-0O-benzyl-1-[3-[{4-[2-{dimethylamino}-2-
oxoethoxylbenzyl]phenyli-l-thio-D-glucitel (88 mg, 0.109 mmol)
was added with 1.2M borane tetrahydrofuran complex (0.54 mL)
at 4°C an& sfirred at room temperature for two hours. The
reaction mixture was cooled to 4°C, added with methanol and

concentrated. 1,4-Dioxan (1.0 mi) and 6M HCl (0.5 mL) were



sol vent under reduced pressure was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate=10:1 to 8:1) to obtain a
colorless oily title conpound (28 ng, 70t). 1H NMR (300 MHz.
CHLOROFORMd) 8 ppm 1.17 - 1.30 (m J=7.62, 7.62, 7.62 Hz, 3 H)
2.57-2.71 (m 2 H 2.95- 3.05(m 1 H 3.26 (t, J=8.86 Hz, 1 H 3.50
(d, J=6.68 Hz, 2 H 3.58 - 3.91 (m 5H 3.94 - 421 (m 3 H 4.23 -
4.44 (rn. 3 H 4.84 - 4.95 (m 2H)58.069 - 5.52 (m 8 H 5.71 - 6.46
(m 6 H 7.09 - 7.29 - 169 - (m 8 H. BSI mz = 583 (MtNa). Exanple 42
[ 03921 adizd('c GHie OHtalfsd3teSididasid safired) at, Boan Medr awb- ( 3- (( 2E
or Z)-3-(4- ethyiphenyl)prop-2-en-1-yl)phenyl}-l-thio-D-glucitol A

t et r ahy@¥HA%n ngmwi§€wmiw Fiddefisyiih32y aqyesysy sodium

Iyl - - drq-1-(3- - 3-(4-et hyl ph I - 2-
R LI
tet ' | ' ' 11 9
L5 A AL S el L e 1
Ly el S RS ofie R B 2 aep L

whil e copé afbsitdsn® waBCrol88ReE offA3Ra e sWaBRCdpAied Bye and dried
wi t h anhydrous nagnesium sulfate. After the desiccant was filtered

of f, thevapmtaliihg ehbakbetdeldy GVENOAiduted Peesalive nfay nslari reduegd

pressure was purified by silica gel colum chromat ography

(chl or oiidriypeetdidricia=gel 1ol hum t dlaromatragriaphlyl dhexase:athyl acetate
=1:11] to obtain the title compound (43 mg. 50%) as a colorless
solid.
1H NMR {300 MHz, CHLOROFORM-d) ® ppm 2.35 (s, 6 H) 2.68-2.81
(m, 2 H) 3.04 - 3.16 (m, 1 H) 3.52 (t, J=8.70 Hz, 1 H) 3.66 -
3.76 {m, 1 H) 3.76 - 4.10 (m, ¢ H) 4.47 (d, J=10.10 Bz, 1 H)
4.52 (s, 2 H) 4.60 (d, J=10.72 Hz, 1 H)} 4.84 - 4.94 (m, 3 H)
6.65 (ad, J=7.85, 1.32 Hz, 2 H) 6.72 - 6.81 (m, 2 H) 7.00 -

7.18 {m, 8 H} 7.20 - 7.36 (m, 16 H). ESI m/Z = 794(M+H).

Example 31
[0370]
UG
BnQ
BnO" Y "OBn
OBn
[0371]

Synthesis of {1S)-1,5-anhydro-2,3,4,6~tetra-0-benzyl-1-[3-
[[[4—(Z-hydrpxyethylloxy]phanyl]methyl]phenyl]-1—thiu-D-
glucitol

A tetrahydrofuran (2.5 mL) solution of (18)~-1,5-anhydro-

2,3,4,6-tetra-O-benzyl-1-[3-[4-(2-methoxy-2-



performed by silica gel columm chromat ography (NH silica gel,

chl or of orm net hanol =9: 1) to obtain the title conpound (13 ng, 72k). 1H
NVR (300 MHz, METHANOL-d4) d ppm 1.14 - 1.27 (m J=7.98, 7.98, 7.98
Hz, 3 H 2,54-2.68 (m 2 H 2.95- 3.05(m 1 H - 170 3.22 - 3.30 (m
1 H 3.51(d, J=6.37 Hz, 1 H 3.56 - 3.68 (m 2 H) 3.70 - 3.83 (m 3
H 3.95 (dd, J=11.35, 3.57 Hz, 1 H)1¢p.-72 - 6.59 (m 2 H) 7.07 - 7.30
(m 8 H. ESI mlz - 423 (MtNa), 399 (MH. Exanple 43 [0394] HO s Hq

propyf¥& %eny )Qéﬂ%?: %ﬁﬁﬁpﬁﬁ ilfﬁiéuﬁi rHa%%aa élﬁ% hﬁ (§- gs4y! phenyl)

ucito al 'adi um hydr oxi'de on

t t f
oL VOOL P ok, YSRaag et 1, 26, 85458 | 2afL4rco Bt | ©

Z) - 3- (St bidwd ﬂhﬂ'ﬂ)d JEphopra- emﬁtqd Jeitery vhs| allbed- dfb@#m t @sg( 13 ny,
32 pnnol) and the atnosphere inside the systemwas substituted with

hydr ogammomfure rsiutrioad wher added r and thenpasatlubd esoweraot thysred
i nsolubles in the systemwere renoved by celite filtration. The

resi duefbHot Fhgc§lbyrate Mo fRitpated wdtheathyhdesetalricudl fhéssure was

purified by silica gel colum chromatography chlorofornlnethanol =9:1)
to obPEIFIC JRAVRY HEshEEMeEY PF%#%aQRﬁ%ﬂﬁ%ﬁ& % 90U 14 NVR (600

e TR A8 S o s ot et P R,
B 3'64s$i%eﬁ%:u%§3%ma§o%§tgﬁ uﬁder reduced pressure to_obtain the

title compound (100 mg) a& a colorless crystal.

1H NMR (300 MHz, CHLOROFORM-d) 8 ppm 2.06 - 3,14 (m, 1 H) 3.52

(t, J=8.86 Hz, 1 H) 3.67 - 3.74 (m, 1 H) 3,77 - 4.04 (m, 11 H)

4.47 (4, J=9.95 Hz, 1 H) 4.52 (s, 2 H) 4.60 (d, J=10.72 Hz, 1

H) 4.86 - 4.93 (m, 3 H) 6.62 - 6.68 (m, 2 H) 6.73 - 6.79 (m, 2

H) 7.02 - 7.18 (m, 8 H) 7.21 - 7.35 (m, 16 H), ESI m/% =

784 (M+NH4).

Example 32

{03721

[0373} |
Synthesis of 2,3,4,6-tetra-9-allyl-1-C-{5-(4-
ethoxybenzyl)pyridin-3-yl]-5-thio-D-glucopyranose

Grignard reagent was prepared from 3-bromo-5-(4-
ethoxybenzyl)pyridine (1.83 g, 6.26 mmol) by a similar method
as in Example 15 and the title compound (508 mg, 29%) was

obtained as a brown oily substance.



H 3.71 - 3.82 (m 3 H 3.95 (dd. .7=11.46, 3.67 Hz, 1 H 7.05 - 7.12
(m 5H 7.124 - 7.25 (m 3 H. ESI nmz s 425 (MtNa), 171 - 401 (MH).
Exanple 44 [03961 s \ / OKti~c "o [0397) Synthesis of .
2,3,4,6-tetra-0-allyl-1-C[7-(4-methyl benzyl)-1-

benzot hi en- 3-yl ] -5-thi o- D- gl ucopyranose Five drops of

1, 2- di br onoet hane were added to a -nmi%¢flure of nmagnesium (77 ng, 3.19
mol ), 3-brono-7-(4-nethyl benzyl)-1- benzot hi ophene (0.92 g, 2.90 nmol)
and t et IRHNR dfag0aMHES NHLORGIMORM-i ) dnppmuled 0abt hebied o ¢izr,efs Hux for
30 mnutes. The reaction mxture was cool ed to roomtenperature, and

t et r ahy®ir ¥ ur a?n](BS (Fﬁ_) 100123329 6-3 &% 4P@ &l Byl 3556 ht md (15 (m, 12

ol utt o) vbn 1€ " dord i AC8) Zhel L17 th-00 AP ol Sehber At (fré?'?io
;nm:g;?usﬂ A‘I'n '%'{l I:Ig;eaqu %Llsgg%rluélt%ﬂr’]e(qm*lla% gxgrg:gf\gdﬁvh\?fh?aq%ﬁ ‘acet at e,
?rggnggl um su fate V)a%ege \é\%g?)cgéalrl mgd;ldf':fj{llt'er ey aﬁ?%g“fg:g due

obt ai negl.pyi g uapYY B, ngstiy/Sol vl skg), egugREhay essUr e vas
purified by silica gel columm chromat ography (hexane: et hyl

acet at egédhlpld @3 obtain a yellow oily title conpound (0.76 g, 898). 1H
NVR (300 MHz, CHLOROFORMd) 8 ppm 2.31 (s, 3 H) 3.21 (dd, J=11.81,
6.06 Hzf0oA74) 3.29 (s, 1 H) 3.46 - 3.93 (m 6 H 3.96 - 172

[0375]
Synthesils of {(18)-1,5~anhydro-2,3.4,6-tetra-0O~allyl-1-[5-{4~-
ethoxybenzyl)}pyridin-3-yl)-1-thio-D-glucitol

A colorless olly title compound (137 mg, 28%) was
obtained from 2,3,4,6-tetra-0-benzyl-1-C-[5-(4-
ethoxybenzyl)pyridin-3-yl]l-5-thio-D-glucopyranose (508 mg,
0.894 mmol) by a similar method as in Example 16. _
iH NMR (300 MHz, CHLOROFORM-d} & ppm 1.40 (t, J=6f99 Hz, 3 H)
2.93 - 3.06 (m, 1 H) 3.25 {t, J=8.94 Hz, 1 H) 3.30 - 3.44 (m,
1 H) 3.49 -'4.05_(m, 12 H) 4.15 {(dd4, J=12.05, 5,98 Hz, 1 H)
4.24 - 4.42 (m, 3 H) 4.80 - 4.92 (m, 2 H) 5.08 - 5.42 (m, 7 H)
5.78 - 6.03 {m, 3 H) 6.81 (d, J=8.70 Hz, 2 H) 7.03 (d, J=8.70
Hz, 2 H) 7.48 (s, 1 H) 8.42 (dd, J=16.16, 2.18 Hz, 2 H). ESI
m/%Z = 552(M+H).,
Example 34

[0376]



4.02 (m J=4.66 Hz, 2 H 4.15 - 4.26 (m 4 H 4.30 (d, J=5.75 Hz, 2 H
4.42 (dd, J=12.12, 5.91 Hz, 1 H) 4,57 - 4,78 (m 2 H 5.10 - 5.40 (m
7H 580-6.08(m 3H 7.05- 7.17 (m 5H 7.32 (t, 1 H 7.63 (s
1 H 8.19 (d. J=7.46 Hz, | R). ESI mz = 615 (M:Na), 591 (MH).
.Exanple 45 [0398] [0399] Synthesis of

(19)-2,3,4,6-tetra-Oal lyl -1, 5- anhyggp-1- (7- (4-

net hyl benzyl ) - 1- benzot hi en-3-yl ] -1-thio-D-glucitol The title conpound
(86% was sy Gy a simlar nmethod as in Exanple 16 from
2,3,4. 84 -1 -CG[7-(4-

nmet hyl ) - 1- benzot hi en-3-yl]-5-thin-Dglucopyranose. 1H NVR (300
Mz, CH &M d) 6 ppn12 31°(s, 3 H 2.99 - 3.10 (m 1 H 3.27 -

3. 40 (m 2 3.66 - 3.87 (m 5H) 4.00 (d, J=5.15 Hz, 2 H) 4.15 -

4.26 (m 4 H 4.31 (d, 3=6.84 Hz, 2 H 4.40 (dd, J=12.05, 5.83 Hz, 1
H _4.63,:-4 82 {m 2 K 5. 09 . 5.37 (m 7 ro 5.86 - 6.07 (m 3 H 7.04
71775 H 7032 (t, 1 H 7.41 (s, 1 H 7.89 (d, J=7.93 Hz, 1Iﬂ.

Eﬁl 10%%&5£%§%nheshgkgfg??g?hﬁyép ﬁgquqh ¥%§05X§EEF%1FE%%% +§ 1%@"

benzotplfnli*ﬁdd-ﬁL%ﬂﬁd1tglglu0|tol The title conpound (76*) was
synt hesi zed as a co | ess

A colorless powdery title compound (71 mg, 73%) was
obtained frem (1S)-1,5-anhydro-2.3,4,6-tetra-0-allyl-1-[5-(4-
ethoxybenzyl)pyridin-3-yl}-1-thio-D-glucitol (137 mg, 0.248
mmol) by a similar method as in Example 17.
1H NMR (600 MHz, METHANOL-d;) 6 ppm 1.36 {t, J=7.18 Hz, 3 H)
3.0l ~ 3.05 (m, T H) 3,23 - 3,27 (m, 1 H) 3:.60 {dd, J=10.32,
8.94 Hz, 1 H) 3._?1 - 3.78 (m, 2 H} 3.84 (d, J=10.55 Hz, 1 H)
3.92 - 3.97 (m, 3 H) 3.99 (g, J=7.18 Hz, 2 H) 6.82 - 6.85 (m,
2 H} 7.10 ~ 7.13 (m, 2 H} 7.64 (t, J=2.06 Hz, 1 H) B.28 (4,
.J=2.29_ Hz, 1 H) 8.34 (4, J=2,2% Hz, 1 H). ESI m/Z = 392(M+Na),
390{M-H).

Example 35
[0378]

[0379] |
Synthesis of (18)-1,5-anhydro-2,3,4.6-tetra-0-allyl-1-[5-{4-
ethylbenzyl)-thiophen-2-yll-1-thio-B-glucitol

An yellow oily title compound (890 mg, 94%) was cbtained

from 2-bromo-5-{(4-ethylbenzyl)thiophene (1.0 g, 3.55 mmol) by



powder by a simlar nethod as in Exanple 17 from (1S)-2, 3, 4, 6-

tetra-Oallyl-1,5-anhydro-|-[7-(4-matbyl benzyl)-1-benzot hi en-

3-yl]-1-thio-D-glucitol. 1H NVR (300 MHz, METHANOL-d4) S ppm 2.26 (s, 2
3.03 - 3.14 (m 1 H 3.32 - 3.40(m 1H 3.62 - 3.72 (m 1 H 3.77

(dd, J=11.50, 6.37 Hz, 1 H) 3.93 - 4,06 (m 2 H 4.14 (s, 2 H 4.32
(d. J=10.26 Rz, 1H)701-717(| 635'H)733(t1|—|)748 (s. 1H
7.90 (d, 3=7.3L Hz, mz = 439 (M:Na), 415 (M H). Conpounds

of the préimiiaz Hﬁﬂqﬂoﬁssﬁﬂmﬁxﬁp%ﬁ% *%Iqrﬁav\n]ﬁg tabl es were obt ai ned

b erf | ar boye | e n
Cﬁrfesp%&?«w% {260 307, R BRBEBRUCIR £ oo, 2t 4 B AP A A o3 Bl
resent , i i d h ab Ie akenal in
Do 12-Fhals) TAHZ M 2DY) Sl YD LMD CR)5e28 B, 3?%’1
rlrp,:LQEE fﬁﬁgt %'%ﬁ%'#'ﬁ 3.Mo. éﬂ‘lH 5"\@)(:3% NHZ4. OGHL(MCRM 4)o% P18l r
3.05-3, ta( nn, HH) L. 3513(4 41;8 QH?, gkms 5792;onmtorzd (RNO23H995 (o9 SH). 3% 47
(d, J=10. 0 Hz,1 H 4,53 (s, 2 Bn(c)' OBn H 4.60 (d, J=10.7 Hz, | H)
4.85.4. 9m, (6 HBIE)50 0615 .6.662m,6168) (3 72H) &.050-(Hh,26( H) 16187, @2, 7. 36
(nt, 16 H. ESI mlZ = 757 (M:Na). nip 100.0-102.5C 111 NWMR (300 MHz,
CHL OROFORM BY fﬁz.pplmﬂ)oﬁ 851 (88 {¢3.42cH00 HH) J.87 2. 9316 Gni74 ). 111)

3.52 Congound (1, =886 W H) 3.64 - 3.76 (m 111) 3.76 2 Bno 4.07
(m 9 Bz (71,568 9(*433‘6912 | ' H) 4.52 (s, 2

Example 36

[0380]

[0381] |
Synthesis of (18)-1,5-anhydro-1-[5-(4-ethylbenzyl)thiophen-2-
¥1l]l-1-thio-D-glucitol

A colorless powdery title compound (570 mg, 92%) was
obtained from (15)-1,5-anhydro-2,3.4,6-tetra-0-allyl~1-[5-(4-
ethylbenzyl)thiophen-2-yl]-1-thio-D-glucitol (890 mg, 1.64
mmol} by a similar method as in Example 17.
1H NMR (300 MHz, METHANOL-d4) & ppm 1.20 (t, J=7.62 Hz, 3 H}
2.60 {(q, J=7.62 Hz, 2 H) 2.92 - 3.03 (m, 1 H) 3.19 {t, J=8.86
Hz, 1 H) 3,50 - 3.63 (m, 2 H) 3.72 {dd4, J=11.58, 6.45 Hz, 1 H)
3.93 (dd, J=11.50, 3.73 Hz, 1 H) 4.03 (t, J=4;97 Hz, 3 H) 6.58
- 6.67 (m, 1 H) 6.83 (4, J=3.57 Hz, 1 H) 7.08 - 7.17 {m, 4 H},
ESI rﬁ/z = 403 (M+Na), 379 (M-H).

Example 37



Brt O

6.80 (M 4H)6.97-7.21(m 811)7.22 7.39 (m 1611). ESI mZ= 773 (M-Na).
CHLOROFORM d) 8 ppm 1.38 (t,1-6.88 Hz, 311) 3.00.3.15
H 3.50 d , O (t, J=8.94 Hz,1 H 3.70 (dd, 1=9.86,2.98 Hz, 1

NVR (600 MHz,

(in, 1

11) 3.

OBn H) 4.60 (d, J=10.57 Hz, 114) 4.93 - 4.97 (m 3 H ~OBn 6.59-

75.3.80 (m 2 H 3.82 -3.99 (m 611) 4.06 Conpound BnO 5 (d,

1H

J=15.59 J[z,1 H) 4.47 - 4.53 (m 3 He4.59 (d, 3 J=1055 Hz, | H) 4,82 -
4.88 (m 2 H 4.89 (d, BnO "OBn J=10.55 Hz,1 H) 6.70 (d, J=6.88 Hz,

2

H)

6.74 fwgiy, J =8.71 Hz, 2H) 7.03 (d, J=8.71 Hz, 2 H 7.09 - 7.37 (m
21 H. ESI n? O7(N%hb) np 126.0-128. 0tcol orl ess powder. 1H NWR
(600 MHz, CHLO 8 ppm 1.37 (t, J-6.88 Hz, 3 H 3.05 - 3.11 (m
I H) 3,30 1 H 3.70 (dd, J=9.63, 2.75 Hx, 1 Compound 1 O
g 10~ 6 3.84 - 3.92 (m 3 H 3.92 - 4Bnt7 $ 3,99
(m 3 Hp 1 H 452 (s, 2 BnO" ""OBn H 4.59 (d,

1=10.55 Hz, OB"H) 4.85 (s, 2 H) 4,89 (d, J=11.00 Hz, 111) 6.67 - 6.75

(m 41 1) 6.83 (d, OBn J=8.25 Hz, 1H)7.02-7.18 (n6 8H)7.22-7.35 (m 14
H. ESI miL = 803(MrNa). t) O IH NVR (600 Mz, CHLOROFORM d) 6 ppm
Conpoub@B3&1 1.37 (t, J=7.11 11z, 311) 3.07 -3.15 (m 1 H) 3.54 5 BnO

(t, J

=9.17 Hz, 1 H) 3.62 - 3.99 (m 11 H 4.47 4,62 (m 611) 4.84 -

4.93 (fynthegls ofl 2,2.4) 6¢hetran® bereph A -A2-H{E e8! ZhtZ- 4-803( M+Na) .
- 175 BrQ-. ,.. 0O, -.1R NVR (300 M|z, CHLOROFORMd) 6 ppm Conpound $
£ 1’ 3cePITIEtierL NN Y] phonGY) -5t G LpcApTSanost

A mixture of (4-ethylbenzyl)}triphenylphosphonium chloride
(1.64 g, 3.93 mmol) and tetrahydrofuran (20 mL) was added with
2M lithium diiscpropylamine (heptane / tetrahydrofuran /
ethylbenzene solution, 2.0 mL, 4.0 mmol) while cooled on ice
and stirred at room temperature for one hour. This scelution
was added dropwise to a tetrahydrofuran solution (1¢ mL) of
2,3,4,6~tetra-0O-benzyl-1-C-(3~-formylphenyl)-5-thio-D-
glucopyranose {0.52 g, 786 umol) and stirred at room

temparature for one hour. After the reaction mixture was

added with a saturated ammonium chloride agueous solution

while cooled on i1ce and extracted with ethyl acetate, the
organic phase was washed with brine and dried_with anhydrous
magnesjum gulfate. After the desiccant was filtered off, the
residue obtained by evaporating the solvent under reduced
pressure was purified.by-silica gel column chromatography
(hexane:ethyl acetate=6:1 to 3:1} to obtain a colorless oily
title compcound (0.49 g, 82%, E/Z mixture).

1# NMR (300 MHz, CHLOROFORM-d) & ppm 1.10 - 1.32 (m, 3 H)
2,48-2.74 (m, 2 H) 2.90 - 3.10 (m, J=38,55 Hz, 1 H) 3.47 -
3.71 (m, 2 H) 3.78 - 4,21 (m, 5 H) 4.41 - 4.73 (m, 4 H) 4.80 -



6 BnO -3.62(m | H)3.62-3.75(m 1H) 3. 76- 4. 03 Bn0" 018n (m 8H) 4. 40- 4. 67
(m5H) 4.82-5.12 (m5H) OBn 6.62-7.42(m 3211). ESI m Z = 879( MNa) .
[0403) 1H NMR (300 MHz, CHLOROFORMid) d ppm | 1.35

(t,J=6, 92H2, 314) 3. 06-3. 15 (m 1H)3.52 Conpound 0 0 O- (t, 1=8,86 Hz, 1 H)
3.64 - 3.98 (m14 H) 4-45 7 BnD S 4.62 (m 4 H 4,71 (s, 214) 4.84 -
4,93 (m 3H) 645(s 1H 6.63 ~6%2"(m 4H 6.99 - 7.34 (m BnO'

OBn 17 37 (d,1=4.35 Hz, 4 H), EST niZ = OBn 828(N%NI 4) yeIIow
aiL FO |~P?x||\k¥'(3'bé”|\/+ﬁz5°c:HLéR&%oﬂMd3 g3 - 7-61° (m. 27 H):

1.38(t, J %](inﬁ[ﬁcp 3.13(m 1H) 3. 46 Conpound S -3.54

(n1IF03 4.45-4.53 8 BnO (m 3 11) 4.59 (d, 1=10.72 Hz, 1
H 4.84 & 4. ( BnO ~"DI 3n 3H)6.65-6.77(m 4H)6.96-7.34 (m 23 M
OBn ESI na 1 Na). colorless powder. IH NWVR (300 MHz,

CHLCRCFCE@@ 6 ppm OBE O1.38 (t, J=6.92 Hz, 3 H 3.02 - 3.14 (m 1
H 3.51 ﬁ =8.70 Hz,1 H 3.66 - 4.05 (m 1011) 4.47 (d, Conpound BnO
3 ° 1=10. 26 Hz, Y 4.52 (s, 2 H 439 (d,1=10.41 Q

Hz, 1H) 4. 83- )66s, 2H) 6. 64- Bnt]" "OBn 6.74 (m 4 H) 6.84 -

6. 91 (n1 @Bn 27 H. ES) nfZz = 874(M+NH4) . col orl ess

powder. Big" N ‘Q 7 CHMLOROFORM d) 6 ppm F 1.43 (1, 3=6.88liz, 3
H 3.06 - 3.1206mm 113) 3.51 C O- (t,3=8.94 Hz, 1 H) 3.70 (dd,
Ja9,63, 2.75 Hz,1 H) 3.75- 3.81 (m 2H) 3.83-4.06(m8 H 4.49 Co 10
ound BnOS | 4.55 (m 3 H 4.59 (d, J=1035 Hz, 1 H 4.84

[0385]
Synthesis of {(18)-1,5-anhydro-2,3,4,6~-tetra-0-benzyl-1-{3-[{E
or Z)-2-{4-ethylphenyl)vinyl]phenyl}-1-thico-D-glucitol

An acetonitrile (20 mL) solution of 2,3.4,6-tetra-0-
benzyl-1-C-{3-{{E or Z)}-2-{4-ethylphenyl)vinyl]lphenyl}-5-thioc-
D-glucopyranose (0.49 g, 642 pmol) was added seqguentially with
Et,SiH (0.35 mL, 1.92 mmol) and BFyEt,0 (0.20 nlL, 1.28 mmol) at
-10°C and stirred for 10 minutes at the same temperature.
After the reaction mixture was added with a saturated sodium
carbonate aqueous solution and extracted with ethyl acetate,
the organic phase was washed with brine and dried with
anhydrons magnesium sulfate. After the desiccani was f£iltered
off, the residue obtained by evaporating the solvent under
reduced pressure was purified by silica gel column
chromatography (hexane:ethyl acetate=8:1) to obtain a
colorless powdery title compound (0.31 g, 66%, E/Z2 mixture).
1K NMR (300 MHz, CHLOROFORM-d} & ppm 1.13 - 1.31 (m, 3 H)
2.46-2.72 (m, 2 H) 3.04 -~ 3,18 {m, 1 H) 3.47 - 3.62 (m, 1 H)
3.68 - 4.02 (m, 6 H) 4.45 ~ 4.66 {m, 4 H) 4.85 - 4.96 (m, 3 H)

6.49 - 6.80 (m, 3 H) 6,92 - 7.62 {m, 27 H). ESI m/z = 769



F 4,94 (m 3 H 6.63 (dd, 1=10.55, 6.88 Hz, | H) BnO", "08n 6.69 (d,
J=6.88 Hz, 2 H 6.77 (dd,1=11.23, 7.11 OBn Hz,1 H) 7.08 - 7.38 (m 20
H . ESI ma = 843(M+Na). col orl ess powder. 176 1H NMR (600 MHz,
CHLOROFORM d) S ppm F 1.40 (t,J=7.]1Hz, 314)3.01-3.11 (mIH3.50 C
0"- (t, J=8.94 Hz,1 H 3.69 (dd, J=9.63,2.75 Hz,1 Conpound 5 H) 3.75 -
3.80 (in, 2 3.81- 3.95 (m 4 H)1899 - 71 BnO 4.07 (m 3 H 4.49 -

: H)
4.53 (m 3 H 4.58 (d, n0' "DBn 1=10.55 |
m,l.gmngqﬁ 93(tn, 311)6.65-6.90 OBn (m 5 11) 7.09 - 7.36 (m 21
S

li). mZ = 825(M+Na). col orl ess powder. 1H NVR (600 MHz,

CH @) 38 ppm C 1.42 (t,J=6.88Hz,3H)3.03-3.16 (m IH)350 (t,
J=8.94 Hz, | H) 3.69 (dd, 1=10.09, 2.75 Hz,1 Conpound S H) 3.73 - 3.81

( 2 388.182 - 3.95 (m 4 H 4.02 12 BnO (q, J=7.03 Hz, 2 H 4.48 -
4.54 (m 3 H 4.58 (d, Bn0" ., OBn 1=10.55 Hz, 1 H) 4.82 - 4.90 (m 3
H 6.63 n (m3H)6.91(ddd, J=8.25, 2.29 Hz,1I1)7.07- 7.36 (m 22
H . ESlo 1H NWVR (300 MHz, CHLOROFORM d) 8 ppm 138 (t,
3=6, 99 Hz,3H).2. 22(s, 6- 3. 14 Corrpound j ~1 (~1H 332 (t,1=8.86

Hz, 111%° '3098""'4 00 (m 13 BnO 10 H) 4.46- 4,54 (m 3 H 4.60 (d,
J=10.72 Hz,”™1 Bn0" s'OBn H)4.84.4.93(m 3H)6.67-6.76(m 4H) 6. 92- OBn
6.98 (m2H)7 08-7.35(m 21H). ESI mf Z= 782(M+Na), col orl ess powder.
[0404][013I!-3I7I}II\/R (600 MHz, CHLOROFORM-d) 6 ppm
Synthesis of (1S)-1,5-anhydro-1-{3-[2-(4~
ethylphenyl}ethyl |phenyl}-1-thio-D~glucitol
26 wt% palladium hydroxide on activated carbon (300 mg)
was added to an ethanol (5 mL) solution of (18)-1,5-anhydro-
2,3,4,6-tetra-0-benzyl-1-{3-[(E or Z)-2-(4-
ethylphenyl)vinyllphenyl}-1-thio-D-glucitol (0.30 g, 401 pmol)
and the atmosphere inside the system was substituted with
hydrogen, After stirred for at room temperature for three
déys, insolubles in the system were removeg'by celite
filtration. The residue obtained by evaporating the solvent
under reduced pressure was purified.by_éilica gel column
chromatography (chloroferm:methanol=10:1) to obtain a
colorless powdery title compound (13 mg, 8%).
1H NMR (300 MHz, METHANDL-d4)_5 ppm 1.20 (t, J=7.62 Hz, 3 H)
2.59 (g, J=7.62 Hz, 2 H) 2.85 (s, 4 H) 2.95 - 3.07 (m, 1 H)
3.21 - 3.28 (m, 1 H) 3.54 - 3.68 (m, 1 H) 3.69 - 3.83 (m, 3 H)
3.95 (dd4, 7=11.42, 3.65 Hz, 1 H) 7.00 - 7,11 (m, 5 H} 7,13 -
7.28 {m, 3 H). ESI m/z = 411 {M+Na}, 387 (M-H).
Example 40
[0388]



3.01-3.13 (m 1H) 3.49 (r, J=8.94 Hz,1H)3.65 C - 3.59 (m1 H 3.71(x,
3 H 3,73 - 3.78 (m 2 H) Conpound s 3.76 (s, 311) 3.80-3.96 (m
48)4.01-4.07(m 1 14 BnO H) 4. 45-4.53(tn, 311) 4. 59(d, J=11. OOHz, 111) 4. 83
- 4.92 (m 3 H 6.30.(dd, J=8.25,2.29 Hz,1 8n0' OBn H) 6.41 (d, 1=2.29
Hz, 1'H 6.11 (d,1=8.25 Hz, 1 OBn t).6.84 (d, J=8.25 Hz, 1 H) 7.10 -
7.35 (m 21 H. ESI ma = 818(M+NFI4 T O 1HNMR (300 MHz,

CHWROF( 3RM d) Spp
conpound BnO -

>~(m 1 H 3.50 (t, J=8.86 Hz,1 H) 3.66
3,76 (s, 3 H 3.76 - 3.99 (m 6 H 15 4. &

- 4.14 Ly NN 3 H 4.59 (d, BnO "OBn
1=10. 72Hz, 1H)4. ,m 95 (m3H)6 63-6.82 OBn
(m 4H) 7, B 3E( r@AlgH) . ESI f Z= 788( MENH4) . 177 111 NVR (600 Mz,

CHLOROFORM d) &gpm 1.35 (t,1=6.88 Hz; 3 H) 2,21 (s, 3 H 3.02 - 3.21
OO(m I H 3.55 (t,1=9.40 Hz, 1 H 3.71 (s, I H gl | 3.74-3.97
(nl011)4.01 (s, 111)4.45-4.56 (m Conpound 1 B BnO 3 H 4.60 (d,
J=10.55g#m9)2 H 4.86 (s, 2 H 4.90 (d,1=10.55 Hz,1 H) 6.58 - 6:36 (m
5 H 6.90 (4, BnO 013n OBn |7.341.12,111) 7.09 - 7.19 (m 511) 7.23 -
7.35 (Symthbksik) of E3| 3 pd 76 e Sddha~((Malllily) - 160t OB EEXE qrovEdes- (421 NWVR
(300 MHz, CHLOROFORMd) S ppm 1,39 (t, J=09 Hz, 3 H 218 (s, 3 H 2,93
- 3. 08 sitliylphengd) pEpB- 27¢11; 138l Iphidnyl}D531B0e 3D 7qlugdpy@amesend S | H)
3.80 (s, 3 Iii) 3.83 - 4.05(m 6 H 4.08.4.51
ive drops of 1,2-dlbromoethane were added to a mixture
of magnesium (1,11 g, 45.7 mmol), l-brome-3-[{2E oxr 2)-3-(4-
ethylphenyl)prop-2-en-1-yl)benzene (0.401 g, 1.33 ﬁmol) and
tetrahydrofuran (7 mL) and thig mixture was heated to reflux
for 1.5 hours. The reaction mixture was cooled to raom
temperature, and tetrahfdrofuran {5 mL) of 2,3,4,6~-tetra-0-
allyl-5-~thio-D-glucono-lactone {0.38 g, 1.06 mmol} was added
dropwise to this solution and stirred at room temperature for
30 minutes. After the reaction mixture was added with a
saturated ammonium chloride agueous solution and extracted
with ethyl acetate while cooled on ice, the organic phase was
washed with brine and dried with anhydrous magnesium sulfate.
After the desiccant was filtered off, the residue obtalned by
evaporating the solvent under reduced pressure was purified by
. silica gel column chromatography {(hexane:ethyl acetate =4:1)
to obtain a coloriess oily title compound (42 mg, 7%}.
1R NMMR {300 ¥Hz, CHLOROFORM-d) O ppm 1.16 - 1.30 (m, 3 H)
2.55-2.72 (m, 2 H) 2.90 - 3.03 {m, 1 H) 3.31 - 4.44 (m, 16 H)
4.52 - 4,94 (m, 2 H) 5.09 - 5.49 (m, 6 H) 5.80 - 6.05 (m, 5 H)
.29 - 6.45 {m, 1 H) 7,08 - 7.32 (m, 6 H) 7.42 - 7.52 (m, 2 H).

ESYI m/z = 599 {M+Na), 575 {M-H).



17 Via,. O4~ (in, 5 611) fl.~ 5,38 - 5.58 (m1li) 5.77 6.07 (m 3 H)
6.66 (s, 1 H 6.75 (d, J=8.70 Hz, 2 H 6.94 (d, J8.70 Hz, 2 H) 7.16
(s,1 H. BSI ma = 617(MrNa). 111 NVR (300 MHz, CHLOROFORM d) 6 ppm O
1.26 (s, 9H)2.93-3.20(m 1H) 3.51(t,J=8.94 Conpound B | 1 Hz, 1 H) 3.63 -
3.93(m 6 H 3.93 - 4.03 (m | H 18 BnO 4.06-4+17 (in, 111) 4.45-
4.54 (a, 3H)4.59(4, Ono' ' OBn 1= | H 4.84 - 4.93 (m 3 H
6.69 (dd, OBn J=8.00, 1.48 Hz, 4%'7 04 - 7.38 (m 2511). ESI mz =
819 (%@%@Q qgﬂorless powder . I O 111 NWR (300 MHz, CHLOROFORM d) 6
ppm 13 %6.99 Hz, 3 H) 3.03 - 3.15 (mIH3.50 Conpound Ono B |
(t, Jp§adfy 117, 1 H) 3.65 - 4.06 (m 10 H 4.46 19 BnO OBn F 2 4.62 H)
6.69 (d,1- 8 08 Hz, 211) 6.91(t,J=8.63 Llz,~ OBn 1 H 7.09 - 738 (m
J-1.00 Hz, 21 M « “oil 111 NMR (300 MHz, CHLOROFORM d) 8 ppm
Gl 2.25-243 : Q4% 3. 13(m 1H) 3. 46- Cbnpound Bh0O S 3.54 (m 1
H 3 88% 13 (m 8 FD 4. 47 - 4.53 (m 20 311) 4.59 (d, 3=11.04 Hz,1
11) 4. S92 qamyl 3 Ono ' OBn Ti) 6.67- 6.72 (m2H)7.02(s, 4H)7.08-7.35
OBn (m 21 NMaWESI miZ = 772(M+MB4), 774(M+2+NH4), col orl ess powder. -
178 - [04051 1H NVR (600 MHz, CHLOROFORMid) S ppm C S

2.42(s, 3H) 3. 05-5.12(m 1H 3.51(1,3=8.94 Hz,1 H) 3.70 (dd, J=9.86,2.98
Hz, 1;49¢3; 74 Conpound BnO $ | | 3.82(m 2H) 3. 82- 3. 92(m 311) 3. 93- 401
(m 039 4. 07 (d, J4513Hz, 1H) 4. 48- 4. 54(m 3

Synthesis of {18)-2,3,4,6-tetra-0-allyl-1,5-anhydre-1-{3-[{2E

or Z)-3-(4-ethylphenyl)prop-2-en-l-yllphenyl}-i-thio-D-
gluciteol
An acetonitrile (3 mL) solution of 2,3,4.6—tet£a~0-

allyl-1-C-{3-[{2E or Z)~-3-{4-ethylphenyli)prop-2-en-1-
v¥liphenyl}~5-thio-D-glucopyranose {42 mg, 72 pmol} was added
sequentially with Et;SiH (35 pL, 218 umol} and BF;Et20 (20 uL,
145 pmol) at -10°C and stirred for 1O minutes at the same
temperature. After the reaction mixture was added with a
saturated sodium carbonate aqueous solution and extracted with
ethyl acetate, the organic layer was washed with brine and
dried with anhydrous magnesium sulfate. After the desiccant
was filtered off, the residne obtained by evaporating the
solvent under reduced pressure was purified by silica gel
column chromatography (hexane:ethyl acetate=10:1 to 8:1} to
obtain a colorless oily title compound (28 mg, 70%).

iH NMR (300 MHz, CHLOROFORM-&) & ppm 1.17 - 1.30 {m, J=7.62,
7.62, 7.62 Hz, 3 H} 2,57-2.71 (m, 2 H) 2.%95 ~ 3.05 (m, 1 H)
3.26 (t,‘J=8.86_Hz, 1 H) 3.50 {4, J=b.68 Hz, 2 H} 3.58 - 3.91
{m, 5 H) 3.94 -~ 4.21 {m, 3 H) 4.23 - 4.44 (m, 3 H) 4.84 - 4.95

{m, 2 H) 5.09 - 5.52 {m, 8 H) 5.71 - 6.46 (m, & H) 7.09 - 7.29



BnO .0Bn H) 4.59 (d, 1=10.55 Hz, 1 H) 4.82 - 4.87 (m 2 H OBn 4.89 (d,
J=10.5511x,1 H 6.70 (d, 3.7.34 Hz, 2 H) 7.00 - 7.38 (m 25 H). ESI
mZzZ = 804(M:NH4). colorless powder. G i O 1H NMR (300 MHz,
CHLOROFORM D) 6 ppm g j 1.29 (d, J=6.06 Hz, 6 H 3.04 - 3.14 (m 111)
3.50 Conpound BnO (t, 1=8.70 Hz, | H 3.65 - 4.11 (m 8 H) 4.38 22
Bn"OBn 4.63 (m 511) 4.83 - 4.92 (m 3 H) 6.65.6.77 (m OBn 3 H 6.99
- 7.37T (m 24 H. EST mMz = 821 (M-N#$§2? vyell ow powder C 1H NWR (300
MHz, CHLOROFORM d) 6 ppm 1.19 (1,1=7.54 Hz, 314) 2.58 (q, J-7.77 Hz, 2
H  Conpdwnd8BHY. EII Gd/z 3.583 (RpKap) 3.50 (t, J=8.70 Hz,1 H 3.66 23
- 4.14 (in,8H)4.46-4.53(m 3H)4.59(d, Bn0O'" 'OBn
J=10. 72HExamMpdeg8424 92(m 311)6.66-6.72 OBn (m 2 H) 7.00 - 7.36 (m 25
H. EST mZ = 791(M+Na), pale yell ow powder. 1H NVR (300 MHz,
CHLOROFORIPER 18 ppm " Q 1.18 (s, 311) 1.21 (s,3H)2.77-2.89(m IH)
3.05-3.13 (m1H) 1, J=8 2, 1H) 3. 66 Conpound BnO S -415
(m 8H) 4. 46- 4. 24 1=10. 72 Hz, 1 H 4.83 - 4.92 (m 3 k1)

i 857132 Hz, 2 H 7.06 (s, 4 H 7.08 - 7.36 (m

S| = 805(MtNa). colorless powder. C 0 1H NWR (300
Mz, CHLOROFOH 6 ppm 1.40 (t, J-6.99 Hz, 311) 2.14 (s, 3 H 3.01 -
3.12 Conpound BnO S (m 1 H 3.48 (t1=8.86 Hz, 1 H 3.65 - 4.06 (m 25
10H) 4. 46. 4. 61(m 411) 4. 80-4.91(in,314) BnO' "OBn 638(dd, 3=8.24, 2.49
Hz, 1 R 6.68 - 6,76 (m 2 OBn H 6.81(4,1=8.39 Hz,1 H 6.98 (d, J=2.18
1341 [0393]

Synthesis of {15)-1,5-anhydro-1-{3-{(2E ox Z)-3-{4-

) 4:89

athylphenyl)prop—z-en-l-yl]phenyi}-l-thio-D-glucitol

A tetrahydrofuran {3 mL) solution of {1S)-2,3,4,6-tetra-
0-allyl-1,5-anhydro-1-{3-[(2E or %)-3-{4-ethylphenyl)prop-2-
en-l-yllphenyl}-1-thio-D-gluciteol {26 mg, 46 pmol) was added
with tetrakis(tr;phenylphosphine) palladium (11 mg, 9 wmol)
and 1,3-dimethyl barbituric acid (58 mg, 370 pmol) and heated
to reflux for 2.5 hours. After the reaction mixture was added
with a saturated sodium carbonate agueous solutlon and
extracted with ethyl acetate while cooled on ice, the organic
phase was washed with brine and dried with anhydrous magnesium
sulfate. After the desliccant was filtered off, the residue
obtained by evaporating the solvent under reduced pressure was
purified by silica gel column chromatography
(chloroform:methanol=10:1). Further purification was
performed by silica gel column chromatography (NH silica gel,
chloroform:methanoln9§1) to cbtain the title compound {13 mg.
72%).
iH NMR (300 MHz, METHANOL-d:} & ppm 1.14 - 1.27 (m, J=7.98,
7.98, 7.98 Hz, 3 H) 2.54-2.68 (m, 2 H) 2,95 - 3.05 (m, 1 H)



H 710.7.39 (m 21 H). colorless powder. 179 C IH NWR (300 Mz,
CHLOROFORM D) 6 ppm 3.14 (s, 2 H 3,43 - 338 (m1 H) 3.63 (dd,
Conpound BnO S 1 CHO 1=9.95, 2.64 Hz, 111) 3.87- 4,16 (m 5 H) 4,45 28
OH 4.72 (rr, 4 H 4.80 - 5.05 (in, 3 H 6.73 (d, J=7.77 BnO OBn Hz, 2
H 7.02 - 743 (m 19 H 7,74 (dd, J=8.39, ~8n 2.49 Hz,1 H) 8.06 (d,
J=2.49 Hz, | H 10.39 (s, 1 H) ,_ ngorless anor phous. 1H NMVR (300 IVHz,
CHLCRCFCRN1d) 6 ppm C 3.06 (s, 1 3.47 - 3.58 (n11 H) 3,64 (dd,

J=10. 8 1 3,.83:4.,2 H) ouyn m

4. 66 3?3’% ks H%‘) fl ﬁl} 38", 7%64}’0‘?'%) 1 g’E{)’ 150;1%856“% 6 77

(dd, 1.4 / 2 1 1) 37 ( 14 Br1l0

(00, 2% Piggh 4945, 00,/ 308 200 Nq PRSI B0 I by 10

EST g z72= -76L 56Mthi2) 2 B9l 9réess ANY Qaous. H) L 08P mAx NM i3 (300 MHz,

CHLOROFORM d) 6 PPm O~~ 0~ Conpound BnO

136(t (M~ )9213993M2H}7(s, 3H) 3. 04-3. 19 28 BnO OBn 4.771 512 (m 5I1i)

6551- .5 7.51 (m31 H (ESn5 H) i//Z OBn 893(M-Na). colorless oil. 1H

NVR (E3GOnpildz 43CHLOROFORM d) 6 ppm 0 G 0 1.35 (t, J=6.99 Hi z, 311)

3 01- 3.16 (m 111) 3,53 (t, 1=9.01 Hz, 1H)3.65-3.74(m 111) 3. 78(s, 3
mpolA##48n0 S | H)3.81-4.08(.,811)443-4.56(m 4H) 4.59 29 (d, J=10. 88

Ft, 114) 4,8 L~89 (d, J=10.72

[0395]
Synthesis of (18)-1,5-anhydro-1-{3-[3~{(4-ethylphenyl) propyl}
phenyl}-1-thio-D-glucitol |

20 wt% palladinm hydroxide on activated carbon (20 mg)
was added to an ethanol (2 mL) solution of (1S)-1,5-anhydro-1-
{3-[{2E or Z)-3-(4-ethylphenyl}prop-2-en-1l-y1l]phenyl}-1-thio-
D-glucitol {13 mg, 32 umol) and the atmosphere inside the
system was substituted with hydrogen. After stirred for at
room temperature for two days, insolubles in the system were
removed bf celite filtration. The residue obtained by
evaporating the sclvent under reduéed pressure was purified by
sllica gel column chromatography {chloroform:methanol=9:1} to
obtain a coclorless powdery title compound (8 mg, 62%).

- 1H NMR (600 MHz, METHANQL-&,} & ppm 1.20 (t, J=7.57 Hz, 3 H}
1.87 - 1.94 {m, 2 H) 2.56-2.53 (m, 6 H) 2.98 - 3.03 (m, 1 H)
3.26 {t, J=8.25 Hz, 1 H) 3.59 - 3.64 {m, J=10,32, 8.94 Hz, 1
H} 3.71 - 3.82 (m, 3 H) 3.95 {(4d, J=11.46, 3.67 Hz, 1 H) 7.05
- 7.12 (m, 5 H)Y 7.14 - 7.25 {(m, 3 H). ESI m/z = 425 (M+Na},



BnO OBn Hz, 111) 6,68 (dd, S=7.77,1.71 Hz, 411) 6.89 (s,1 OBn H) 7.00
(d, J=8.39 Hz, 2H) 7.06 - 7.20 (m 511) 7.21- 7.38 (m 141.1). ), ES
mZ = 837(MNa). | N NMR (300 Mz, CHLOROFORMId) S ppm O G Q

1.39(t, 1=6.99 Hz, 31i)2.95-3. 04(m 1H) 3. 21- 3.30 (m 111)3.41- 3.79

(m 5H) 3. 81(s, 32) Conpound ~~C S 3.84 - 420 (m 8H) 4.25 - 4.42 (m 4
H 4,81.4.91 (m 2H)5.09-5.33(m 6R) 5 3552(m 1H) 30 ~~O O 5. 79- 6. 04
(m 31)86. 78£d 348. 86Hz, 2H) 6. 87 (s, 1 H) 7.03 (d, J=8.70 Hz, 214)

7. 21(brs40 {(¥-Hi£S| ink = 637 (MrNa), 639 (M-2+Na). - 180 BnD - OB n
OIH NNR£§300 Nﬂﬁ CHLCRCFCRN¢d) 8 ppm Conmpound BnO 3 1.36 (t,1=6.99
He % (m | H 3.46 - 32 4.03 (m10 H) 4.44.4.62 (m 5 H

4.76 q#Qégl BnC‘ an 7H) 6.47 (s,IH)6.61-6.78(m411)6.94-7.37 OBn
(fl, 31 1 olorless oil, IHNW (300 MHz, CHLOROFORMd) 5 ppm 1.15
(t, Jn¥V.54 H, 3 H 3H) 2.54 (q, J=7.54 Hz, 2H) 3.06-3.16

(m 1H) 3. 49 4. 07 Cb s 08 (m 11 H 4.45 - 4.65 (m 5 H 4.84 -
4.94 (m 3 Bn 6.69 - 6.76 (m 3 M 6.94 (a, 4 H 7.07 -
7.19 (m W 2 - 7.35 (m 14 H. ESI mZ = 801( M+Na).

colorless oil .Fi%%ﬁ&(SOO MHz, CHLOROFORMd) 6 ppm O C 1.14
(t,1=7.54 FE/\§'FD 2.54 (g, J=8.13 Hz, 2 H Conpound g 306 - 3.16 (m
111) 3.53 (t 5=93914z, 111) 3.64. 33 BnO 4.13 (m 1011) 4.46.4.65 (m
511) 4.8iP 95 (m SnO "OBn 3H)6.64-6.72 (m2H)6.87-7.35(m 2411).
@Bn ESI 391]821 (MtNa). colorless oil.

Synthesis of 2,3,4,6-tetra-0-allyl-1-C-[7-(4~methylbenzyl}-1-
benzothlien-3-yi]-5-thio-D-giucopyranose

Five drops of 1,2-dibromoethane were added to a wmixture
of magnesium (77 mg, 3.19 mmol}, 3-bromo-7-(4-methylbenzyl)-1-
benzothiophene {(0.92 g, 2.90 mmol} and tetrahydrofuran (5 mL)
and this mixture was heated to reflux for 30 minutes. The
reaction mixture was cooled to room temperature, and
tetrahydrofuran (5 mL) of 2,3,4,6-tetra-0-allyl-5-thio-D-
glucono-1,5-lactone (0.51 g, 1.45 mmol} was added dropwise to
this solution whille cooled on ice and stirred at room
temperature for 30 minutes. After the rsaction mixture was
added with a saturated ammoniunm chloride agqueous solution and
extracted with ethyl acetate, the organic phase was washed
with brine and dried with anhydrous magnesium sulfate. After
the dssicdant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
silica gel column chromategraphy (hexane:ethyl acetate=4:1) to
obtain a yellow oily title compound (0.76 g, B89%).
1H NMR (300 MHz, CHLOROFORM-d) & ppm 2.31 {s, 3 H) 3.2l (dad,
J=11.81, 6.06 Hz, 1 H) 3.29 (s, 1 H) 3.46 - 3.93 (m, 6 H) 3.96



1H NMR (300 MHz, CHLOROFORMid) 6 ppm C 0.34-0.38 (m 91 1) 0.47 (s,
9H) 0.51 (s, 911) 0.53 (s, 9 H) 1.56 (t, J-7,54 Hz, 3 H 2.96
(q,1=7.51 Hz, 2 H) 3.30 - 3.45 (m 1 H 3.63 (t,1=8.16 Hz, | Conpound
SMIO S 34 H)3.82-4.08 (m 3H) 4. 14 (s 3H) 4.29(dd, SM7O" OTMB J=10. 41,
3.73 Hz, 1 H 4.35 (d, 1=3.57 Hz, OTNB473(d 1=10. 96 Hz, 1 H)
7.20 (s,1 H 7.42 - 731 (m 411) 70%?_51 ESI m Z=749( MrNa) .
[0407] { 1H NMR (300 MHz, CHLOROCFORIMfd) 5 pme Cl 1.15(d, 3=6. 84

i R R B AN g
132 U kg0 o B 6 Gk 5 ot 1 30 1

CHL ORQ pgm. ( (s, 1).37%%7
COrrpourﬁ“SRgL ?? §J—g 9302@"1 87 3#)% -364 ng%g H'Z 33]&(@4%’% 367B§10 4.64
(in, gm) s4u§47:34. 9151 (1 rH) 37 Fd)z %6916H778(I@ ﬁi BnOr 4503& Hx ﬁ391 (s,
411) 7.07 - 7.20 (m 5 H 7.22 - 7.36 OBn (m 14 H).

787( ME)S4) m/@0k0o6LBseM+Nanpy (EeaugM-H31 NVR (300 MHz, CHLOROFORM d) b ppm
1.15 (s, 3H) 1. 17(s, 3H) 2, 23(s, 3H) 2. 70-2.86 Conmpound / | | (m 1 H)

3. 03. Exa0piem 45H) 3.55 (t, J=8.94 Hz, | 37 BnOH)3.64 .4.08 (m 10 H)
4.43 - 4.66 (m 5 H 4.80 - BnO' OBn 4.95 (m 3 H) 6.67 - 6.78 (m 3 H)
6.95 ([$3981H) oOBn 7. 05 7.19 (m 511)7.21- 7.37 (m 1411).ESIMZ =

815( MtNa) . pal esyel | @ armr phous.

\‘\\s\/\d\-
/\/o \'F\

[0399]
Synthesis of (18)-2,3.4,6-tetra-0-allyl-1,5-anhydro-1-{7-(4-
methylbenzyl)}-1-benzothien-3-yl]-1-thio-D-glucitol

The title compound (86%) was synthesized by a similar
method as in Example 16 from 2,3,4,6-tetra-0-allyl-1-C-[7-(4-
methylbenzyl}-l-benzothien-3-yl]-5-thio~D-glucopyranose.
185 NMR (300 MHz, CHLOROFORM-d} & ppm 2.31 (s, 3 H) 2.99 - 3.10
(m. 1 H) 3.27 - 3.40 (m, 2 H) 3.66 - 3.87 {m, 5 H} 4.00 (d,
3%5.75 ¥z, 2 H) 4.15 - 4.26 {m, 4 H) 4.31 {4, J=6.84 Hz, 2 H}
4.49 (da, J=12.05, 5.83 Hz, 1 H) 4.63 - 4.82 {m, 2 H} 5.09 -
5.37 (m, 7 H) 5.80 -_6.07 (m, 3 H} 7.04 - 7,17 {(m, 5 H) 7.32
{(t. 1 H) 7.41 (s, 1 H) 7.89 (d. J=7.93 Hz, 1 H). ESI m/z = 599
(M+Na).
Example 4§

[0400]




1H NMR (300 MHz, CHLOROFORM-d) b ppm G 1.26 (t,1=7,15 Hz, 3 H) 2.65
(g, J=7.671-17, 1 H J H3.06 - 3.24 (m1 H 3.50 - 3,61 (m 114)
3.71(dd, Conpound B n0O S N-f J=9,87,3.03 Hz, | H 3.78 - 4.09 (in, 6
H 4.52 (s, 38 Or 2 H 4.62 (t,1=10.34 Hz, 2 H 4.84 - 4.98 (rn 3 H)
BnO ,. UBn 6.75 - 6.85 (m 2 H 7.08 - 7.56 (m 2511) 7.72 (d, ©OBn
J=2.02 Hz, 1 H. ES' mZ = 796(N¢HL.1QgIQ yel low powder. U 113 NMWR
(300 MHz, CHLOROFORM4) b ppm Conmpound gnO S COH 3. 06-3. 29
(m1H)3.77-4.12(m 8 A@ 39 O 4.68(m 4H) 4.84-5.00(m 2H) 7. 01. 7. 45( an,
BnO "OBn 23 H) j¢Bn GL71H NVR (300 MHz, CHLOROFORM-d) 5 ppm 1.61 (s,
nt~{13) 3.51.3.64(m 1 Conpound gnQ S
H)3.66-3.Z% -En . 78-4.06(m5H) 4.48 4.67 (m 4 H) 4.84 - 495 (m 3 H
6. 75 (dd, w24, 40 BnO OBn O 1.79 Hz, 211)7.08-7.20
(mB5H)7.24-7.46(m ORn 15 H) 7.77 (d, 1=2.02 Hz,1 H), ESI mZ =
768( MENH4) . 182 1H NWR (300 MHz, CHI OROFORMd) 6 ppm e. |l oar,
1.13-1.3ﬁ@qg3r02.46-2.72(n12F03.04- Canmpaund gn0 3.18 (m 1 H 3.47 -
3.62 (m 44T 368 - 4.02 (m 6 41

BnH) 4. 4 4 49 9-r 0 (6. 92 - 7.62
29H)H). t5366(2“"’[:’&:8 %ﬁ?mﬁ%ﬁ%&é 735&6@??“%3%%{%1% NVR (300 IVI(—|;n
CHL OROF G D 1L ¥y 11 22- hioJrlg Rtk 3 11) 2.62 (4, J=7.62 Hz, 2 H)

The title compound (76%) was synthesized as a colorless

powder by a similar method az in Example 17 from (1§5)-2,3.4,6-
tetra-0-allyl-1,5-anhydro-1-[7-(4-methylbenzyl)-1-benzothien-
3-yl]~i-thio-D-glucitol.

1H NMR (300 MHz, METHANOL-d.} & ppm 2.26 (s, 2 H) 3.03 - 3.14
(m, 1 H) 3.32 - 3.40 {m, 1 H) 3.62 - 3.72 {m, 1 H) 3.77 (44,
J=11,50, 6.37 Hz, 1 H) 3.93 - 4.06 (m, 2 H) 4.14 (s, 2 H) 4.32
(4. 7=10.26 Hz, 1 H) 7.01 - 7.17 (m, 5 H) 7.33 (t, 1 H) 7.48
{s, L H) 7.90 (4, 3=7.31 Hz, 1 H). ESI m/z = 439 (M+Na}, 415
(M~-H).

Compounds of the present invention shown in the following
tables were obtained by performing the similar operations as
in the above E#amples using corresponding starting mataerials
and reactants., Compounds of the present invention obtajined by
the above Ezxamples are also shown in Table 1.

[0402]

Table 1



2.91 - 3.03 (m I H 3.20 (t,1=9.01 Hz, 1 H S (, 3.43-3.79
(m 5H)3.90-4.07(m 6H) 4. 09- Conpound 4.18 (m1 H) 4.24.4.41 (m 3 H)
4.92 - 5.02 42 (m2H)5.09-5.32 (m 611) 5,5 6(m1 H 5.79 - 6.05
(m 3 H 6,61 (d,1=3.57 Hz,1 H 6.85 (4, J= Nz, | H 7.07- 7.16
(m 4H. ESI mz =:563 (M:Na). yeIIow0|I IH NVR (300 MHz,
CHLOROFORMd) 6 ppm 1.21 (t, J= .61 (q, J=7.56 Hz, 2 H
Conpound gnQ $ 3,06 - 3.15 (m 1 ll—i) 3, 53 (t J~,94 Hz, 1 H 43
3,68.3.98 (m 8 H) 4.47 - 4.54 (m 311) 4.61 (d, Bno "OBn J=10.41
.87-4.94(m 3H)6.61- OBn 6.67 (m 2 H) 7.01- 7.39 (m_2611). ESI
(MFNa) . col orl ess powder, 1H NVR (300 MHz, CHLORCFORMtd){ 5 ppm
3 (M| HyBuchPatFordh@d M 2H) 3156  'NileMBOME tieharéPaRandis8 7 (
(m 4 H) 4.11- 4.20 44 (m 1 H) 4.25 - 4.43 (m 3 H)} 4.63
u*’\ 04804, 95(m 2115169 T40(nTrJ.
00-7,39(m 8H). ESI mz— B MR RQECDRMW)&)PPIM
i CROFORM (6 31, 190@&7@:9 352)@@?@11:,}&2#1)
. sr&imwalm 3718 M, W) 3774 -

1
0-
3.

1.t PR 7.08 - 7.% - (ijn, 15
J:B;‘.%OZ d%‘éd?bm. ESI ni §, 90 - i‘@%(m-iﬁlﬂm( 00
6) 6 ppm 1.21 (t, 736(m, 16 )- ES mJ’Z 757 (M+Nz). mp

100.0—102.5°C.

1H NMR (300 MHz, CHLOROFORM-d)  ppm
1.38 (4, J=6.99 Hz, 3 H) 2.93 - 3.17 (m, 1 H) 3.52
(t, 1=8.86 Hz, 1 H) 3.64 - 3.76 (m, 1 H) 3.76 -
4.07 {m, 9 H) 4.46 (4, 1=9.95 Hz, 1 K) 4.52 (s. 2
H) 4.60 (d, J=10.57 Hz, 1 H) 4.83 - 497 (m, 3 H)
6.59 - 6.80 (m, 4 H) 6.97 - 7.21 (m, § H) 7.22 -
OBn 7.39 (m, 16 H). ESI m/Z = 773 (M+Na).

Compound
2

1 1H NMR (600 MHz, CHLOROFORM-d) 6 ppm
1.38 (t, J=6.88 Hz, 3 H) 3,00 - 3.15 {m, 1 H) 3.50
{t, J=8.94 Hz, 1 H) 3.70 (dd, =9.86, 2.98 Hz, 1
1) 3.75 - 3.80 (m, 2 H) 3.82 -3.99 (m, 6 H) 4.06
(d, J=15.59 Hz, 1 H) 4.47 - 4.53 (m, 3 H) 4.59 (d,
3=10.55 He, 1 H)} 4.82 - 4.88 (m, 2 H) 4.89 (d,
J=10.55 Hz, 1 H) 6.70 (d, J=6.88 Hz, 2H) 6.74
(d, J=8.71 Hz, 2 H) 7.03 {4, I=8.71 Hz, 2 H) 7.09
- 7.37 (m, 21 H). ESI my/Z = 807(M+Na). mp
126.0—128.0°C, colorless powder,

1H NMR (600 MHz, CHLOROFORM-d) 6 ppm
1.37 (t, }=6.88 Hz, 3 H) 3.05 - 3,11 (m, 1 H) 3.50
{t, 1=8.94 Hz, 1 H)3.70 (dd, J=9.63,2.75 Hz, 1
H)3.76-3.84 {m, 6 H) 3.84 - 3,92 (m, 3 H) 3.92 -
3.99 (in, 3 H)4.45 (d, J=10.09 Hz, 1 H} 4.52 (5,2
H) 4.59 (d, J=10.55 Hz, 1 H)4.85 {s, 2 H) 4.89 (d,
J=11.00 Hz, 1 H) 6.67 - 6,75 (m, 4 H) 6.83 (d,
J=8.25 Hz, 1 H) 7.02 - 7.18 (m, 8 H) 7.22 - 7.35
(m, 14 H). ESIw/Z = 803(M+Na).

Compound
3

Compound
F.]

TH NMR (600 MHz, CHLOROFORM-d)  ppm
1.37 {t, 1=7.11 Hz, 3 H) 3.07- 3.15 (m, 1 H) 3.54
(t, J=9.17 Fiz, 1 H) 3.62 - 3.99 (m, 11 H) 4.47 -
4,62 (m, 6 H) 4.84 - 4.93 {m, 3 H} 6.61 - 7.41 (m,
27H). ESIm/Z = 503(M+Na),

Compound
5




enC)Bn J=7.54 Hz, 3 H 2.65 (q,

2 H 3.58 (t,

| H) 3. 69- 3. 85(m 311) 3. 89-4. 16(rn, 3H) 46 4.41-4. 62

(m5H)4.79-4.85(m 3H) 6. 65(d,
n (m2H) 7.26-7.35 (m 15 H) 7.40 -
col orl ess powder.

ESI nx/z

J=8.86 Hz, Conpound BnO

BJ-7.62 Hz, 2H) 7.01-7.12 (m 3H) 7. 16- 7. 22
7.71(in, 6 H).
1H NMR (300 MHz, CHLOROFORM-d) 6 ppm  1.66-1.81

743 (M#Na) .

(m2H 1.88-2.02(m 2H)3.05- 3,15 (m|1171-’)347 359 (m 3 H) 3.64 - 4.00

Conpoung
H 4.52
H) 6.60
7,20 -

NMVR (30(
6H) 3. 06-
(m 1H) 3.
(m 5H) 4.
(m 16 K

1.35

4.7 L1

mo—S
(s, 211
6.67
(i
ChinZound(
Cogrpou
75- 3. 98
83-4. 93
) . ESI

VHz, CH

© \lll 16 rl) 433—4: 44_\
) 4.60 (d, J=10.41 Hz, 1
(m 2 6.72 OBn 6,79

‘B2 - 4.70 B
(m 311)@Br61-6. 75(in,4 O
mZ = 808( MtNH4) . col orl

+i4)y—4A46—(d—3=9-95—47

I
H) BnO "08n 4.84 - 4.93 (m
6.99 - 7.19 m811

'11i ; Y i ;1;%33%& %R%J e
& 176
bl

626" 3?’*29(‘??{ %879%”?) 3/

ess powder. (0409] 1H NWVR ( 3(

ORCOECR

hd) 6 ppm 3 00-3.13(m3

3

11)3 30-3.44(m 411)3 67- |

3.89(m 511) 3, 94- 4. 05 (m 311) 4. 15-4. 24(m Conpound 1 H) 4.33 (d, J=5.75

Hz, 2 H)

4. 37 -

4.466 (m 1 H

Ll\ 77n

49 O 4.77-
(m 2H) 5. 1045345(m7|—|)5 8- ~~ O 06.06 (m 3 H

4. 87
19 -

7. 7.39 (m 714)
[ a2 Lz |

7.53 (ddg;
7.82(d, J

—8. 3911

Compound
7

OE:’)‘IC:’)!_I—:‘I

\JUU,.A.\J\J =

z, 1H) 8. 08(’s, 1H) . FSI mf Z=

1=7 LN
J L= 1 _I_|7'

A\ ZE] Ty

1H NMR (300 MHz, CHLORCFORM-d) § ppm
1.35(,J=692 Hz, 3H) 3.06 - 3.15 (m, 1 H) 3.52
(t, 1=8.86 Hz, 1 H} 3.64 - 3,98 (m, 14 H} 4.45 -
4.62 (m, 4 H)4.71 (s, 2 H) 4.84 - 4.93 (m, 3 H)
6.45 (s, 1 H) 6.63 - 6.72 (m, 4 H) 6.99 - 7.34 (in,
17 H) 7.37 {d, J=4.35 Hz, 4 H), ESI m/Z =
B28(M+NH;). yellow oil.

Compound
8

1H NMR (300 MHz, CHLOROFORM-d) 6 ppm
1.38 {t, }=6.99 Hz, 3 H) 3.03 - 3.13 (m, 1 H) 3.46
- 3.54 (m, 1 H) 3.66 - 4.00 (m, 10 H) 4.45 - 4.53
(m, 3 H) 4.59 (d, 1=10.72 Hz, 1 H) 4.84 - 493 (m
3H)6.65- 6.77 (m, 4 H) 6.96 - 7.34 (m, 23 H),
ESI m/Z = 791(M+Na). colorless powder,

3

Compound
9

TH NMR (300 MHz, CHI OROFORM-d) & ppm
1.38 (1, I=6.92 Hz, 3 H) 3.02 - 3.14 (m, 1 H) 3.51
(1, J=8.70 Hz, 1 H) 3.66 - 4,05 (m, 10 H) 4.47 (d,
J=10.26 Hz, 1 H) 4.52 (s, 2 H) 4.5% (d, J=10.41
Hz, 1 H) 4.83 - 4,94 {m, 3 H) 5.06 {5, 2H) 6.64 -
6.74 (m, 4 H) 6.84 - 6.91 (m, 1 H) 6.96 - 7.38 (m,
27 H). ESI 0/Z = 874{M+NH4). colorless
powder.

Compound

10

BnQ
BnO"

1H NMR (600 MHz, CHLOROFORM-d) & ppm
1.43 (t, J=6.88 Hz, 3 H) 3.06 - 3.12 (m, 1 H) 3.51
(t, 1=8.94 Hz, 1 H) 3.70 (dd, Ja9.63, 2.75 Hz, 1
H) 3.75 - 3.81 (m, 2 H) 3.83 - 4.06 (m, 8 H) 4.49 -
455 (m, 3 H) 4.59 (d, }=10.55 Hz, 1 H) 4.84 -
4,94 (m, 3 H) 6.63 (dd, =10.55, 6.88 Hz, 1 H)
6.69 (d, 1=6.88 Hz, 2 H) 6.77 (dd, J=11.23, 7.11
Hz, 1H)7.08 - 7.38 (m, 20 H). ESI m/Z =

843(M+Na). colorless powder.




593( M+Na) .

Conmpound S |

4,66(m 5H) 4. 81- 4. 97(m 3H) 6. 58- 7. 50(m

m Z=791(1).
CHLOROFORM d) 6 ppm Conpound S 2.88 (s,6H)3.05-3.16 (m 1H)3.41-4.01(m
BnO 8H) 4. 39- 4. 64(m 5H) 4. 84- 4. 90(m

ESI
8 pp
- 3,
(m3
ESI

6 pp
(t, m
On0

Hz, 2
mz
ppm
1 H
(d,

4. 84

m Z=772( MrNa) .

col orl ess powder .

2.98 -

colorless oil. DBn - 184

OBn col orl ess 0l

1H NMR (300 MHz, CHLOROFORM d) 8 ppm
3.18 (m 511) 3.40 - 4.02 (m12 H 4,36 -

Bni
i

"OBn 28 H. FAB

| Ne- | HNMWR (300 Mz,

50 Boo

51 BnO OBn 6.52 -7.37 (m 28 H).
0 1H NVR (300 MHz, CHLOROFORM d)

M 3.05[- 3.15 (m 1 A 3.52 (f,[J=& 94 Hz, T H) 3.66 Conpoung BnO
y5 (m 1 H 3.75 - 3.98 (m 10 H1NMR (s00416IcB20KOROMMYS B 4. 95
) 6. 60- 6. 79(m 4H)  BnO BN 6. 98 T4TD W1 8k 3122 73 36(uf, WH) 180 1)

Bn nZ[= t, J=8l94 FVRTY BOQddy 9,63, IS BRAFORM d)
hEon@ogndgd 6 1) 305 - 3.8@(nd, 4 H) A1 H).950m| 4 )29 -3. 52
1=8186 HA 4.0 () 3 Y549~ 352 [m,8318.58 @onpound 53

m 3 H) %5 19.9% Hez, YHPRE2 -4.93 (m.a) IBAGS - @Bh 1.55

6.76-6. 83(m DER7. 01- 7. 18(m OBHmgI i) 7.69 -FB6.(m2135. BRI mis H) . |ES|
E' g25( MNHA) . col or | ess sol i d. [SAPRRIE) 360edeRAOwESE OROFORMV d) 6

2 354 6H)}-2.68-2 81{+n2H)' 3043 16—(in——H)—352 (4 1=8 OHZ,

3.66 -[|3.76 (m | H) CorrpoundB 4. 47

> 00
ok bl oty Bt

- 4.94 - e

@, J—894Hz 1 H) 3.69 (dd, I=10.09, 2.75 Hz, 1

Compound H) 3.73 - 3.81 (m, 2 H) 3.82 - 3.95 (m, 4 H) 4.02

12 (q, J=7.03 Hz, 2 H) 4.48 - 4.54 (m, 3 H) 4.58 (d,
I=10.55 Hz, 1 H) 4.82 - 4.90 (m, 3 H) 6.63 - 6.75
(m, 3 H) 6.91 (dd, J=8.25, 2.29 Hz, 1 H) 7.07 -
7.36 (1, 22 H). ESIm/Z = 841(M+Na).
1H NMR (300 MHz, CHLOROFORM-d) 5 ppm
1.38 (1, J=6.99 Hz, 3 H) 2.22 (5, 3 H) 3.06 - 3.14

Compound (m, 1 H) 3.52 (t, 1=8.86 Hz, 1 H) 3,68 - 4.00 (1,

'3 10 H) 4.46 - 4,54 (m, 3 H) 4.60 (d, }=10.72Hz, 1
H) 4.84 - 4.93 (m, 3 H) 6,67 - 6.76 {m, 4 H) 6.92 -
6.98 (m, 2 H) 7.08 - 7.35 (m, 21 H), ESIm/Z= |
782(M+Na). colorless powder.

[0404]

1H NMR (600 MHz, CHLOROFORM-d) 5 pprm
3.01 - 3.13 (m, 1 H) 3.49 (¢, 7=8.94 Hz, 1 H) 3.65
-3.69 (m, 1 H) 3.71 (5, 3 H) 3.73 - 3.78 (m, 2 H)
Compound 3.76 (s, 3H) 3.80 - 3.96 (m, 4 H} 4.01 - 4,07 {m, 1
4 H) 4.45 - 4.53 (m, 3 H) 4,59 (d, J=11.00 Hz, 1 H)
4.83 - 4.92 (m, 3 H) 6.30 (dd, J=8.25, 2.29 Hz, 1
H) 6.41 (4, J=2.29 Hz, 1 H) 6.71 (4, }=8.25 Hz, 1
H) 6.84 (4, J=8.25 Hz, 1 H) 7.10 - 7.35 {m, 21 H).
ESI m/Z = 818(M+NIH,).
1H NMR (300 MHz, CHL OROFORM-d)  ppm
3.01 - 3.16 {m, 1 H) 3.50 (t, J=8.86 Hz, 1 H) 3.66
-3.72 (m, 1 H) 3.76 (s, 3 H) 3.76 - 3.99 (m, 6 H)
c"“’fg”"" 4.02-4.14 (m, 1 H) 4.46 - 4,53 (m, 3 H) 4.59 (4,
121072 Hz, 1 H) 4.82 - 4.95 (m, 3 H) 6.63 - 6.82
(m, 4 H) 7,01 - 7.36 (m, 23 H), ESI ny/Z =
788(M+NHy).




Bn (m 3 H 6.65 (dd,1=7.85, t.32 Hz, 2 H 6.72 - 6.81(m2H 7.00-7.18
{m 8H) 7.20-7.36 (m 16 H. ESI m2 = 794(M+H). colorless solid, 1H
NVR (300 MHz, CHLOROFORMtd) 6 ppm ~ 3.06-3.14 (m I H)3.52(t, 1=8, 86
Hz,1H3.67 OH- 3.74 (m 1 H 3.77 - 4,04 (m 11 H 4.47 (d, Conpound
BnO3 Z 1=9.95 1Lz, | H) 452 (s, 2 1L) 4.60 (d,1=10. 72 Hz, 55 BnO "OBn
1H) 4. 86- 4. 93 (m3H)6 62-6.68(m 2H) -GBH 633-6.79 (m 211)

7.02- 7. B{m8HHhF+—2+—F~35(m—16—H—ESE mz =—FS4{-M-NH4)——-coet-ofrtes
solid. 4 165 - |[01101 1H NWR (600 MHz, NWHRERERMIE) CRLOROFORM-813 ppm3.| 12
(m 1 Hy 3.50 (jt,

1=9.17, Hz, | H) 3.70 0LIYJ=CBBSE6)2. 0%, IHy3.02-33)
2 7(111,13)@25((@#;9@ 18) 94 (£ 4 H)
9«1 (.20 H) A.0D(3, Iy 4461y 4.56(my ¢
6119 GHBr?d'{)“@BEF g)l‘t-ﬁﬁSﬂs
. 676 ,gg{)p,gn P 1H)
6.87 (d,| J=9.17 Hz, IQ}BG 94(s, 1H) 7. Ol(t zsgg ng {3?’5
Hz, | H| 7.12 -| 7.16 (m 1=9.17 Hz, cplo 23
- 7,35 (m__16 |H 7.54 (d, J779R41H %7 (d, J87I Hle) E$]
mZ = 815(M+Na);, np 133.0- 135.0C col of Iess powder. 1H NWR (600 MHz,
CHLOROFQRVd) § ppm 3.92 - 3.14 (m 1 HH SMBI3(0MHZEBLOROIGRM-0ppm3 | 70
o (dd, (J=9.63,] 2. 75 Hz, j| Hy 3, 7§ - 3. DB3Y (=609 MHe, BPel8 (5 BYXH0 308 iz,
| H 4.24 - 4.30 ~ (m, 1 H) 3.27 (t, }=9.01 Hz, 1 H) 3.50 - 3.77 (m, 6
Compound 0 H) 3.80 (s, 3 H) 3.83 - 4,05 (m, 6 H) 4.08 - 4.51
17 NP (0, 5 H) 4.82 - 4.95 (m, 2 H) 5.06 - 5.34 (m, 6 H)
0 S 5.38 - 5.58 (m, 1 H) 5.77- 6,07 (m, 3H) 6.66 (s, 1
g H) 6.75 (d, 1=8.70 Hz, 2 H) 6.94 (d, J=8.70 Hz, 2
H)7.16 (s, 1H). ESIm/Z = 617(M+Na).

O

P

1H NMR (300 MHz, CHLOROFORM-d) 8 ppm
1.26 {s, 9 H) 2.93 - 3.20 {m, 1 H} 3.51 {t, }=8.94
Hz, 1H)3.63 - 3.93 (m, 6 H) 3.93 - 4.03 (m, 1 H)
406 - 4.17 (m, 1 H) 4.45 - 4.54 (m, 3 H)4.59 (d,
1=10.57 Hz, 1 H) 4.84 - 4.93 (m, 3 H) 6.69 (dd,
1=8.00, 1.48 Hz, 2 H) 7.04 - 7.38 {m, 25 H). ESI
m/z = 819 {M+Na), colorless powder.

Compound
18

1H NMR (300 MHz, CHLOROFORM-d) 0 ppm
1.38 (t, J=6.95 Hz, 3 H) 3.03 - 3.15 G, 1 H) 3.50
(t, J=8.86 Hz, 1 H) 3.65 - 4.06 (m, 10 H} 4.46 -
4.62 {m, 4 H) 4.82 - 4.93 (m, 3 H) 6.45 - 6.61 (m,
2 H) 6,69 (d, }=8.08 Hz, 2 H) 6.91 (1, J=8.63 Hz,
1H) 7.08 - 7.38 (m, ¥=1.00 Hz, 21 H), colorless
oil

Compound
19

1H NMR (300 MHz, CHLOROFORM-d) & ppm
2.25-231(s,3H)3.04-3.13 (m, 1 H)3.46 -
354 (m, 1 H) 3.66 - 4.13 (m, 8 H) 4.47 - 4.53 (m,
3 H)4.59 (d,J=11.04 Hz, 1 H) 4.84 - 4.92 (m, 3
H)}6.67-6.72(m, 2 H) 7.02 (5, 4 H) 7.08 - 7.35
{m, 21 H), ESI w/Z = 772{M+NH4),
774(M+2+NH4). colorless powder.

Compound
20




Conpound BnO S 4.31.4.39 (m 1 H 4.48 - 4.54 (m 3 H 458 (d,

powd
3.53

57
1=10-55 Hz, 1H)4.81-4.91(m 3H) 6. 70(d, )0 OBn J=734 Hz, 2 H) 695 (s, | H)
707 (1, 1=7.57 Hz, 2 O-n H)7.11-1.42(m21H) 7.56(d, J=7.79Hz, 1H) 7.68
(d, J=7.79 Hz, | M ES] nX/Z = 819(MtNa). np 140.0-143.0C. colorless
er. |HNW (600 WMHz, CHLOROFORM -d) 6 ppm 3.08 - 3.14 (in, 1 H)
(t,” J-494 Hz, 1 1i) 3.71 (dd, J--9.63,2.75 Hz, 1 H 3.77 - 3.88
2 H) 3.88-3.97 (m 3H) 4. 16. 4. 28BnT2H) 4. 48(d, Conpound BnO e08rt 8

(m

3=9,63 Hz1 H) 4.52 (s, 211) 4.59 (d, J=11.00 Hz, 58 1 H) 4.85 - 4.91
(m J0405.67 (d, J=6.88 11z, 2 H BnO6.97 (s, IH)703—709(m
1=6.[65,"6.6p Hz,— 27 10— 716 (Tm JTI) 79— (rr19tTt)y—7-57 (d,
J=7.]79 Hz, | to 7.68 (d, J=8.25 Hz, PQMR@@NHMLG PEORMMES ppyak S| ow
solijd. 1H NVR (600 Mz __PROBQRM 2413 (83 BARS5 él%(imélmfs(nl—w
(mnéll)3.53-3.58m311 3. 74( 3”1)% Oderlc 13, 3985%5 163Hz, 2
Conpldumoudd ) BAOY 4. m. 4 519:5¢ 1 g 4 Bn0
4.54 (nat 3 H 7' (m 2H) 4. 83340 437 (=10, (d,
3=6./88 Hz, . 4 (m 2 H ¢ERH 970 h
7.6 (m 3 H. EST Mz = 815(M+Na). By 50T & 1H
NMR |(300 Mz, CHLOROFORMd) 6 ppm cb% +13H t,
J=9.]17 Hz J:h 363 Jnrmmlndj \
~4.341(m 131%) 4, 44- 4. 64(m513)4 82-4)95 60 BnOS {m 3 6.47 (s, 1 H
6.72 (d, J=p.33 Hz, 8 gs, 2 ﬁb 7,58 7. 67
(m | BhO oBh 111). q@q@%m %‘%‘1 ﬁ%@;ﬁ
Compound | BNO {t, J=8.70 Hz, 1H)365 -4.11 (m,81—l)438-
22 BnO' 4.63 (m, 5 H) 4,83 - 4.92 (m, 3 H) 6.65 - 6.77 (m,

3 H)6.5% - 7.37 (in, 24 H). ESI m/z =
{(M+Na). yellaw powder

821

Compound
23

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.19 (t, J=7.54 Hz, 3 H) 2.58 (g, ¥=7.77 Hz, 2 H)
3.04 - 3.13 (m, 1 H) 3.50 (1, J=8.70 Hz, 1 H) 3.66
- 4.14 (m, 8 H) 4.46 - 4.53 (0, 3 H) 4.59 (4,
J=10.72Hz, 1 H) 4.84 - 492 (m, 3 H) 6.66 - 6.72
{m, 2 H) 7.00 - 7.36 {m, 25 H), ESIm/Z =
791(M+Na), pale yellow powder.

Compoung
24

1H NMR (300 MHz, CHLOROFORM-d) & ppm
118 (s, 3H)1.21 (5, 3H)2.77-2.89 (m, 1 H)
3.05 - 3.13 (m, 1 H) 3.51 (t, J=8.86 Hz, 1 H) 3.66
-4.15 (m, 8 H)4.46 - 4.54 (m, 3 H) 4.59(d,
J=10.72 Hz, 1 H) 4,83 - 4.92 (m, 3 H) 6.69 (dd,
J=7.85, 1.32 Hz, 2 H) 7.06 (5, 4 H) 7.08 - 7.36 (m,
21 H). ES] m/Z = 805(M+Na). cclorless
powder.

Compound
25

1H NMR (300 MHz, CHLOROFORM-d) 5 ppm
1.40 {t, T=6.99 Hz, 3 H) 2.14 (s, 3 H) 3.01 - 3.12
(m, 1 H) 3.48 (1, }=8.86 Hz, 1 H) 3.65 - 4.06 {m,
10 H) 4.46 - 4.61 (m, 4 H) 4.80 - 4.91 (m, 3 H)
6.58 (dd, j=8.24, 2.49 Hz, 1 H) 6,68 - 6,76 (m, 2
H)6.81 (d, J=8.39 Hz, L H}6.98 (d, J=2,18 Hz, 1
H) 7.10 - 7.39 (m, 21 H). colorless powder.




1H NMR (300 MHz, CHLOROFORMd) & ppm C
3.56 (m1 H 3.66 -

/ 3.03.3.15 (m 1 H) 3,46 -

Conpound $ | 4.02 (m 6 H 4,11- 4.29 (in, 214)
4.48 - 4.63 (m 61 BnO O 4H)4.83-4.93(m 3H)6.28(s,IH6,71(dd, BnO OBn
J=8.16, 1.32 Hz,2H)7.04-7.19(m6H)7.22- OBn 7.43 (m19 H). ESI nut =

798( M-NH4) .

pi nk  powder .

1H NMR (300 MHz, CHLOROFORM d) 8 ppm

3.07-3.15 (m | H) 3.53(t,.1=8. 94Hz, IH ABB - -3. 75 (m 111) 3. 78-4.00 (m

511) 4. 07-4._17 (‘nml'_\mm_d Bn0Q_ S/

(m-2 H. 4.46 - 4. 54 (m 3 H._4.60
< L 7 AN T 4

(4,1=1037 Hz, {62 1H) 4.86 - 4.93 (m3H)6.65-6.71(m 1=734, Bn0" OBn
1.94 Hz|2H) 6. 79(d, J=3. SOHz, 1K) 7.@16- 7, 17| {6ERMR(B00 }Ht) CHLOROFORM) & ppm
(m1711) 7.47 47.53 (m1 8-7. 65(#3.1&&5,81148.43-.5@(@mﬂ)3?93.(ﬁs| m
= 790 (rbé couraf 'ﬁré (gébl] 1H=DIAR26888 1W)3 87 CHISIRCFERMSA)
ppm 1.2 M% J=7"182 of 2.562Y(q, PBT2.(624 WrA.802505 (i, 3H) 873, 1=7.27 03
(m 1S) 3] 20(t, 359. v (3 Conpound  |Hz52 By T.02 - 731378, 10) 7.54 (i, 1=8.39,
3,90.4.07 (m 6 H 4.09 8 (m 1H) 4. pusdHzh H) 632 49 Hzpl BPI0ASA (s2H)
63 ~ 0 5A9-5.32 (m 6H)5.'50-5. 66(m 111) 5| Hocolrles apepphogs.H) 6. 61 (d,
J=3.57 Hz, 111) 6.85 (d, J=3.42 Hz, 1H7,07-7.16(m 4H).ESIm z= 611
(M:Na) . [yelTowloiT. 1IH NVR (300 MHZ, e 6 AN
J=&86 Hz, | 3,66 - 3.76 (m L H 3. 67106\( &) 305
. 45-4.54(H) 3 ) 7, (1 LB B 1 i h s s, Dk
H 6.67(dd, 456 (m, 3 H) 4.6 (d, 1=10.57 Hz, 1 H) 4.82 -

27 4.97 (m, 3H) 6.15 (5, 1 H) 6.77 (dd, J=7.85, 1.48

Hz, 2H)7.08 - 7.21 (m, 5H) 7.23 - 7.37 (m, 14
H) 7.55 (dd, 1=8.39, 249 Hz, 1 H} 792 {d, I=2.49
Hz, 1 H). ESI m/z = 761 {M+Na). colorless
amorphous,

[0406]

Compound
28

1H NMR (300 MHz, CHLOROFORM-d) & ppm
136, J=6.92Hz, 31 2,17 5,3 3.04 -3.1%
(m, 1 H) 3.47 - 4,17 (m, 10 H) 4.42 - 4.66 (m, 5 H)
4.77-5.12 (m, 5 H) 6.55 - 7.31 (m, 31 H). ESI m/Z
= 893(M+Na). colorless oil.

Compound
29

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.35 (1, 1=6.99 Hz, 3 H) 3.01 - 3.16 (m, 1 H) 3.53
{t, J=9.01 Hz, 1 H) 3.65 - 3.74 (m, 1 H) 3.78 (5, 3
H) 3.81 - 4.08 (m, 8 H) 4.43 - 4.56 (m, 4 H) 4.59
(d, J=10.88 Hz, 1 H) 4.85 (5, 2 H) 4.8 (4, }=10,72
Hz, 1H) 6.68 (dd, J=7.77, 1.71 iz, 4 H) 6.89 (s, 1
H) 7.00 (d, J=8.39 Hz, 2 H) 7.06 - 7.20 (m, 5 H)
7.21 - 7.38 (m, 14 ). ), ESI m/Z = 837(M+Na),

Compound
30

1H NMR (300 MHz, CHLOROFORM-d) 5 ppm
1.39 (1, J=6.99 Hz, 3 H) 2.95 - 3.04 (m, 1H) 3.21 -
3.30 (m, 1 H) 3.41 - 3.79 (m, S H) 3.81 (5, 3 H)
3.84 - 4.20 (m, SH) 4.25 - 4.42 (m, 4 H) 4.81 - 4.91
(¢, 2H) 5.09 - 5.33 (m, 6 H) 5.34 - 552 (m, 1 H)
5.79 - 6,04 (m, 3 H) 6.78 (d, J=8.86 Hz, 2 H) 6.87
(s, 1 H) 7.03 (d, J=8.70 Hz, 2 H) 7.21 (brs, 1 H).
ESm/z = 637 (M+Na), 630 (M+2+Na).

z
5



OBn H) 6,90 (s, | H) 7.03 - 7.41(m 24 H. ESI nfL 791(MNa). 187 1H
NVR (300 MHz, CHLOROFORM:d) 8 ppm 3.04.3.16 (m 111) an (5,3 11) 3.53
(t, Jk8.70 Hz,IH)3,67-3.75 (m 10)3.75-4.00 (m 7H) Conpound Bn0 S N
4.46 - 4.56 (in, 3 H) 4.60 (d, J=10.57 Hz, 1 H) 65 %4.84 - 4.96 (m 3
H 5.89 (dd, J=3.73,1.55 1141 Bn0" OBn H) 6.04 (t, J=3.03 Hz,1 H) 6.49
- 6.54 (m 1 H OBn 6.70 (dd, Jf?lgﬁ,_l.?l Hz, 2 H 7.05 - 7.18 (m 7

H 7.22 - 7.36 (m 14H) 739-7.46(m

I1).ESI mZ= 710(14+11),
d) 8 ppm 3.06-3,17
ound S, .3.75 (m | H 3.77{ 4.01

3 kw%%&? Hzi—l)l
= ¢ CBn
156, 53,17 ( 46
24 L By s 1 H)
: i% E&& s ﬁﬂ%é%z 0

{ 635
ORM d) 0Bnppm  1.40 (1, {}ﬁﬁ@&gﬂcsﬁod.—b 2:93 - 3.06
8.94 Hz, 1H) 3. 30- 3. 44(m I|H) 3. 49-

3
1
Compuund 3 4 4.05 m 12 H)
4.1% 24 (-4, 42 (m 3 H 4.80 4.92)(m 2.M5.08 67 ' O- 5.42 (m (71
6—03—{m—3—H—6-8+—(d—3=8-A0—Hz—2H 7083 (c+-34=8—F0Hz{ 2 H
7.43 (s, | |H) 8,42 (dd, 1=16.16,2.[18 Hz, 2 H. ESI m Z = 552(14+H IN
~ NWVR|[(300 M{z, CHLORQFORM d) a ppm |1HNMR (300 MHz, CHLOROFORM-d) § ppm
72.31(s, 311)[2. 99- 3. 1& ) 3. 40(1(tA=7.54 Hz, I H} 2.22 (s, 3H) 2.54 (g,
Gompound ¥=7.54 He, 2 H) 3.06 - 3.16 {m, 1 H) 3.49 - 4.07
22 BnO (m, 11 H) 4,45 - 4.65 (m, 5 H) 4.84 - 4.94 (m, 3 H)
Bro N 6,69 - 6.76 (m, 3 H) 6.94 (s, 4 H) 7.07 - 7.19 (m, §
OBn H) 7.22 - 7.35 (m, 14 H). ESI m/Z = 801(M+Na),
colorless oil.

N

1H NMR (300 MHz, CHLOROFORM-d) § ppm
1.14 {t, J=7.54 Hz, 3 H) 2.54 (¢, }=8.13 Hz, 2 H)
3.06 - 3.16 (m, 1 H) 3.53 (1, J=8.78 Hz, 1 H) 3.64 -
4.13.(m, 10 H) 4,46 - 4.65 (m, 5 H) 4.83 - 4.95 (m,
3 H)6.64 - 6.72 (m, 2 H) 6.87 - 7.35 (m, 24 H).
ESI m/z = 821 (M+Na). colorless oil,

Compound
33

1H NMR {300 MHz, CHLORCFORM-d) 3 ppm
0.34 - 0.38 (m, 9 H) 0.47 (s, 9 H) 0.51 (s, 9 H) 0.53
(s, 9 H) 1.56 (t, J=7.54 Hz, 3 H) 2.96 (g, }=7.51
Hz, 2H)3.30- 3.45 (m, 1 H) 3.63 (1, J]=8.16 Hz, 1
H)3.82 - 4.0B (m, 3 H) 4.14 (5, 3 H) 4.29 (dd,
1=10.41, 3.73 Hz, 1 H) 4.35 (d, J=3.57 Hz, 2 H)
4.73 (d, §=10.96 Hz, 1 H) 7.20 (s, 1 H) 7.42 - 7.51
{m, 4 H) 7.62 (s, L H). ). ESI m/Z = 749(M+Na),

Compound
34

[0407]

1H NMR (300 Mz, CHLOROFORM-d) & ppm
1.15 (d, J=6.84 Hz, 6 H) 2.72 - 2.85 (m, 1 H) 3.06 -
3.15(m, 1 H) 3.53 (t, J=0.17 Hz, 1H) 3.64 - 4.11
-] (5 10 H) 4.44 - 4.63 (m, 5 H} 4.83 - 4,93 (m, 3 H)
6.67 (d, 1=7.69, 1.48 Hz, 2 H) 6.89 (5, 1 H) 6.94 -
7.36 (m, 23 H). colorless oil.

Compound
35




SH 3.66- 3.87 (m 5H 4.0D(d, J=5.75 Hz, 2 H) Conpound ~/° 0 S
4.15 - 4.26 (m 4 H 4.31 (d, 3=6.84 H2-,21-1) 4.40 68 (dd,
J=12.05,5.83 Hz, 1 H) 443 - 4.82 (m 2 H CO
5.09-5.37(m 7H) 5. 80- 6. 07(m 3H) 7. 04 1~0 -
7.17(m 5H) 7, 32(1, 1H) 7, 41(s, 1H) 7. 89(d, J=7.93 Hz, | H). ESJ mz = 599
(MtNa) . yellow powder. I N NWVR ( 303 gHz CHLOROFORM d) S ppm 2.28 (s,
3 H 3.07 - 3.16 (m |. H 353 (t 18 Conpound gnd / N Hz,1 H) 3.68
- 3.97(m 6 H) 449 -4763 (in, S H T1g 4.86 - 491
(m 2H) ¥. 99(d, B==3. 11 Hz, 2H)6.68 BnO'
6.16 (id, J51. 211Hz,| OBnl H) 6. 92- 7. 00(m
15 H).| ESI m ¥ = 711( M (0
d) 6 p ngenéiEB:;‘o s6(n
H 3.76.3%392 (m 5 [1)]3.95 (s, 3 H)
| ' H) 4] 52 (S’EE'H)M §OBd, BnO' OBn|g
H 5.25 (d, ©Bn 1=2.0B% Hz, 2H) 6. 46- 7. ?
VR (300 M-z, | CHLOROFORMId) S ppm 3. 17 (m 111) 3. 47360(m1
H) 3. 66—3—99—-m—61+)- #11{5 3 H—4 -w*ﬁ4 20—+r—5—Hy—Conpotre—g| f
4,84 -14:95 (in, 3 H 6,60. 6.73 (m Pp11) 6.97 71 BnO N
7. 20(rﬁ 68) 7. 19 7, 49( 1711) 7. 78- . 87( H NBR (300 Gz, CHIﬂROFORMd)ﬁppm
| H) 8. 3p- 8. 43( fn é : 1156 31i) ZIE(ATDRMB ) 3 HY ST Rsia)
pal e yh{;dn@%ng (m, 1 H)3.03-3,20(m, 1 H)3. 5(1,]-3941‘[2 1
37 H) 3.64 - 4,08 (m, 10 H) 4.43 - 4,66 (m, 5 H)4.80 -
4,95 (m, 3 H) 6.67 - 6.78 (m, 3 H) 6.95 (s, 4 H)
7.05 - 7.19 (m, 5 H) 7.21 - 7.37 (m, 14 H}. EST vZ
= 815(M+Na). pale yellow amorphous.
1H NMR (300 MHz, CHLOROFORM-d} & ppm
1.26 {1, J=7.15 Hz, 3 H) 2.65 (g, J=7.67 Hz, 1 H)
3.06 - 3,24 {m, 1 H) 3.50 - 3.61 (m, 1 H) 3.71 (dd,
Compound §=5.87, 3.03 Hz, 1 H) 3.78 - 4.09 (m, 6 H) 4.52 (s,
38 2 H) 4.62 (t, J=10.34 Hz, 2 H) 4.84 - 4.98 (m, 3 H)
6.75 - 6,85 {m, 2 H) 7.08 - 7.56 (m, 25 H) .72 (d,
§=2.02 Hz, 1 H). ESI m/Z = 796(M-H). pale yellow
powder,
1H NMR {300 MHz, CHLOROFORM-d) & ppm
Compound 3.06-3.29(m, 1 H)3.77 -4.12 (m, 8 H) 4.46 -
39 4.68 (ra, 4 H) 4.84 - 5.00 {m, 2 H) 7.01 - 7.45 (m,
23 H).
1H NMR (300 MHz, CHLOROFORM-d} & ppm
1.61 (s, 9 H) 3,06 - 3.21 (m, 1 H) 3.51 - 3.64 (m, 1
Compound H) 3.66 - 3.77 (m, 1 H) 3.78 - 4.06 (m, 5 H) 4.48 -
40 4,67 (m, 4 H) 4.84 - 4.95 (m, 3 H) 6.75 (dd, J=7.54,
1.79 He, 2. H) 7.08 - 7.20 (i, 5 H) 7.24 - 7.46 (m,
15 H) 7.77(d, }=2.02 Hz, 1 H). ESIm/Z =
TER(WANH4),




1H NMR (300 MHz, CHLOROFORMid) S ppm N 3.05 - 3.15 (m 1 H) 3.52 (t,
J=8.94 Hz, | H 3.66 33.75(m | H 3.75 - 4.01 (in, 5 H 4.28 (s, 2
H Conpound BnO N 4.46 (d,1=9.79 Hz,1 H) 4,52 (s, 2 H 4.60 (d, 72
1=10.72 Hz, | H) 4.85 - 4,95 (m 3 H) 6.55 - 6,62 BnO OBn (m
2H) 6.98-7.37 (m 22 H 7.49 (s,1B)8.57 OBn (d, J=4.97 Hz, 2 H), ESI
mZ = 731(M+Na), 709(MH).  1H NMRo(300 MHz, CHLOROFORM d) 6 ppm
3,05-3.16 (m1H)3.48-3.56 (m 1H) 366~ 3,75 (m 1 H 3,77.3,99 (m 5
7 H) Corpound 4. 45 - 4F55 (m 3 H) 4.60 (d, I=10.57 |
8n0 N -4.95 (n6 3H)6.62(d,J, 6.84Hz, 211)7.02-7.19 Bn: 0Bn
2D - 7.42 4m 1611) 8. 36| (HINMR (TG4 CHLABIFARMA) &ppd0 { 8. 47
mZ = 7B30EMRSAm, 3 HR4SIVRTY GODHMY -
4360p ¥ 1O SA 7. 6HZ3. Bin2l BBL4T,-3:62 (1B HAH) 2168 24.05(m, 6
%5 ; 3. 2BHY4AS - 1.664m, 3 HBO.8F /96 (1, AWM 849~ 114 HO
LH) S, 7 % ( H) 3. PoB0(mg3 BYH.2 -17.62 o, G H). ESI m/z = 769
,bH) 7. 17-7. 23(m 31i ). ESI rﬁ(@ﬂztmh@?oﬂewwmqﬂ 373 (MH. |H NWR
ETHANOLd4) 6 ppm 1. 35

I-l)’) OD_Q.DQI&IMQ 10__ 29 Cnormmound. S 1 1 (ro 1 3 59
I_L m . e =T wllpvwlu—w i~ \j\AT ]

T

(dd 3- 102,9.1 Hz, 111) 3. 69 - 3.78 75 HO(m 3 H 3.88 (s, 214) 3.90 -
4.04 (m 314) 680 (d, HO 'OH J=8.7Hz,2H)7.04-7,11(m 313)7.14-7,25(m
OH 3 H408S| mz = 413 (I\/I+Na) 3389 (MH) 189 1H NWVR (300 MHz,
VETHANO=dA)—6 ppnTi36—Ci+—7—(t 3= — Hy 2794 =303 t14)
3.22 (t, 1HNMR(3ODM-IZ CHLOROFORM-d} & ppie

1.22 (1, J=7.62 Hz, 3 H) 2.62 (q, }=7.62 Hz, 2 H)
2.91 - 3.03 (ra, 1 H) 3.20 (t, J=0.01 Hz, 1 H)
3.43-3.79 (m, 5 H) 3.90 - 4.07 (m0, 6 H) 4.00 -
4.8 (s, 1 H) 4.24 - 4.41 (m, 3 H) 4,92 - 5.02
(m, 2 H) 5.09 - 5.32 (m, 6 H) 5.50 - 5.66 (m, 1
H) 5.79 - 6.05 (m, 3 H) 6.61 (d, }=3.57 Hz, 1 H)
6.85 (d, J=3.42 Hz, 1 H) 7.07 - 7.16 (m, 4 H).
ESIm/z = 563 (M+Na). yellow oif,

Compound
42

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.21{t, J=7.62 Hz, 3 H) 2.61 (q, I=7.56 Hz, 2 H)
3.06-3,15 (m, 1 H) 3.53 (1, J=8.94 Hz, 1 H)
3.68 - 3.98 {m, 8 H) 4.47 - 4.54 (m, 3 H) 4.61 (d,
J=10.41 Hz, 1 H) 4.87 - 494 (m, 3 H) 6.61 -
6.67 {m, 2 H} 7.01 - 7.39 (m, 26 H). ESI m/Z =
757(M+Na). colotless powder,

|

1H NMR {300 MHz, CHLOROFORM-d)  ppm
2.91-3,03 (m, 1 H) 3.19 - 3.40 (m, 2 H) 3.56 -
387 (m,6 H)3.92-4.02(m, 4 H)4.11-420
{m, 1 H)4.25 - 4,43 (m, 3H) 4.63 - 4.68 (m, 2
H)4.80-4.95 (m, 2H)5.09- 548 (m, 7H) 5.81
- 6.04 (m, 3 1) 7.00 - 7.39 (m, 8 H). ESImfZ =
554(M-+NH4). pale yellow oil,

Compound
43

Compound
44

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
1.61 (s, 9 H) 3.06 - 3.21 (m, 1 H) 351 - 3.64 {m,
1 H) 3.66 - 3,77 (m, 1 H) 3.78 - 4.06 (m, 5 H)
4.48 - 4.67 (m, 4 H) 4.84 - 4.95 (m, 3 H) 6.75
(dd, J=7.54, 1.79 Hz, 2 H} 7.08 - 7.20 (m, 5 H)
7.24 -7.46 (m, 15H) 7.77 (8, 3=2.02 Hz, 1 H),
ES1 nyZ = 755(M+Na).

Compound
45




Conpound Hp S| | J=8.2 Hz, 1 H) 3.57 (dd, J=103, 9.0 Hz,1 11) 3.65 t6
~3.78(m | H) 3. 89-4. 05(m 5H) 6. 86(d, . 1. : 8.7 HO OH

Hz, 2H) 7. 08(d, J=8. 7Hz, 2H) 7. 16-7.23(m2 OHH) 7.32 (d,1 H. ESI nmz =

447,449 (MkNa). np  79.0-83 OC. [04131 1H NVR (300 MHz, METHANOLd4) 6
ppm 1,35 (1,1=7.0Hz, 311)2.91-3.01(m 111)3.18-3.25 i OO/ (m | H)

3.57 (dd, J=10.3, 9.0 Hz, | H 3.68-31%8 €onpound $ i | | 3 N) 6.76_(d,
J(=8 7117}, 2.H 683 d 3.890 - 4.02 7.8 7 Hz (| HO "OHH 703 - 711
.3

OH H) | ESI mz = 443 (M+Na) 419
Mz, RENWM M5 fpd 1.20 (t,
3. 22| {=1,5462,338.285 kg 2 B) 358 (8 JRIB6 Mz 61
S 11 zﬂnéssrssﬁ(m,mssp Hi6 B, 78) -
m .5, 3. 7AME- 452 (;:::3H166&(d 2
1 HO " OH| (bBsO1™H) " ' =g. 7|62

, 7.00(dd J48.7,2. amkn, 1H)7.04{d, |é‘32ﬂ)ﬂ|§ 6 b %1(21,
ESI mz |= 443 (MtDla), np 130.0-130.5C. Z(’é’ RYSE™ 1 4 b
ppm 1.37 _HO O~| (t,1=7.0 Hz, 3 H) 2.94 -]3. 051rrL| H) 3 22 -3-29
Conpound HOS I{1I (m 1 H 3.60 (m 111) Liﬂ

4.04 (m| 314) 4|33 (d, 1=10.6 Hz, 114) 6.

6.76-6.90(Fn 3 H 7.03 - 7. m  OHy
405 (M H) . mp 145.0450. GC] NJOSVﬁBOO e
‘ 9" (m 3

(t, J=7-(P°P4§;”"§ B)O"2: - H) 3 Hy.52 (s, 2 H) 4.60 (d, =10.41 Hz, 1 H)
BnO’ 4.84 - 4.93 (m, 3 H) 6.60 - 6.67 (m, 2 H) 6.72 -
OBn 6.79 (m, 2 H) 6.99 - 7.19 (m, 8 H) 7.20 - 7.35
(m, 16 H). ESI n/Z = 824(M+NH4). colorless
powder,

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.56 - 1.66 (m, 2 H) 1.68 - 1.92 (m, 6 H) 3.06 -
3.14 (m, 1 F)3.52 (1, 3=8.86 Hz, 1 /) 3.67 -
3.74(m, 1 H)}3.75 - 3.98 (m, 7H} 4.42- 470
(m, 5 H) 4.83 - 4.93 (m, 3 H) 6,61 - 6.75 (m, 4
OBn H) 6.98 - 7.19 (m, 8 H) 7.19 - 7.34 (m, 16 H).
ESI m/Z = 808(M+NH4). colorless powder.

| | |

Compound
48

[0409]

—

1H NMR (300 MHz, CHLOROFORM-d} & ppm
3.00-3.13 (m, 3 H)3.30 - 3.44 (m, 4 H} 3.67 -
3.89 (m, 5 H) 3.94 - 4.05 (m, 3 H}4.15 - 4.24 (m,
1H) 4,33 (4, J=5.75 Hz, 2 H) 4.37 - 446 (m, 1 H)
4.77 - 4.87 (m, 2H) 5.10 - 545 (m, 7H) 5.81 -
6.06 (m, 3 H) 7.19 - 7.39 (m, 7 H) 7.53 {dd,
J=8.63, 1.63 Hz, 1 H} 7.70 (d, J=7.62 Hz, 1 H)
7.82(d, J=8.39 Hz, 1 H} 8.08 (5, 1 H}. ESIm/Z =
393(M+Na). colorless powder.

Compound
4%

1H NMR (300 MHz, CHLOROFORM-d) 8 ppm
2.98 - 3.18 (m, 5 H) 3.40 - 4.02 (m, 12 H) 4,36 -
4.66 (m, 5 H) 4,81 - 4.97 (m, 3 H) 6.58 - 7.50 (m,
28 H). FAB m/Z=791(M). colorless oil.

Compound
50




Conpound 3 | 3=8.8 Hz, 114) 3.51 -3.59 (m1 H) 3.66 - 3.79 (m 80 HO
(m

-s 4H) 3.81 (s, 3 H 3.84 (s, 3 H 3.88 - 4.01 3H) HO OH 4.
4.32 (stt,1 H 6.57 (s,1 H 6.75(d, 3=8.7 OHHz, 2 H 7.03 (s, 1
7.04 (d, J=8.71Jz, 2 H. ESI nilz 449 (M+Na). np 158 0- 160. OC.
1H NWMR (300 Miz, ML3THANQLd4) 6 ppm 1,35 Conpound VS (t, J=7.0

21-
H)
190

Hz, 3

H 2.91- 3.03 (m 1 H 319325I13Q~H0(m1H)358(de103, 9.0

Hz, 1H)3.68-3,79 al (m 3 H) 3.86 - 4,04 (m 5 H _6.77-6.82 (m 211)
OH H 6.95-7p4 (m 111)7.07--7.12 (m{2H)7.15-7.24 (in, 213). ESJI nfz =
431(]141+Na)| np 60. 0- 65. OC 1H NVRI(300 MHz, METHANOL-dc) & ppmg. 35
OH, . Oi (t} J=6.9 11z M. - | 2HBK gﬂmocm@mgﬁ.dg npound
HO 3 my ) E) B 5e(dd. =) 42, NBGOHLE B o) 13)H413 488 (o,
=6. 9 :ﬁb‘iﬂf | 8n@. 8T(1 . 04 87 8 HYU. 300 60n) 5 G 4.84 — 490 (m, 3 H}
(m 2A) 7'06- 1. 184anRH cﬁ;%]rﬂz 424 (hmmyamﬂasﬂwsi)m/zmmawoo MHz,
METHANOL- d4) 6 ppmn40 F (t, J=7. 1ctitmessilH) 2.94-3.04 (m111) 3|23
(t, |[@d 0 - p=8.9 Hz, 1 H 3.58 (dd, |J=103, 8.9 Hz, | H) 3.67 Conpound
| -13.79 (m 3 H) 3.94 (dd, Jh11,5, |3.2 Hz,1 H) 3.96 83 HO 6 - 4|04
(m [27Fy 4707 (q, I=7. I'"'Hz, 2TL)6. 79 (dd, OO FJ=I1—2, 7~ Itz 1 H
6.87 (dd, JF11.2, 7.1 Hz,1 1i) OH 7.20 (d,1-2.3 H2,1 H) 7.24 (dd|
)=8.13,23 Hz, 1 H) 7.35 (d, 1=8.8 Hiixhna (30033, THLOROFBRM( 459
(MH). np 7p.0.76. 0C. 0414 H)k@@ee@mmmmws\mg& &pm 1. 38
Compound s -3.75 (m, 1 H) 3.75 -3.98 (m, 10 H) 4.41 - 4,64
52 (o, 6 H) 4.83 - 4.95 (m, 3 H) 6.60 - 6,79 (m, 4 )
| 6.98-7.19 (m, 8 H) 7.22 - 7.36 (m, 16 ). ESI
m/Z = 817(M+Nz). colorless ail.
1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
2.96 (s, 3 H) 3.05 (s, 3 H) 3.06 - 3.14 (m, 1 H)
3.52 (1, §=8.86 Hz, 1 H) 3.68 - 3.74 (m, 1 H) 3.76
Compound -3.96 (m, 7 H) 4.44 - 4.54 (m, 3 H) 4.56 - 4.63
g3 | BnO (m, 3 H) 4.85 - 4.93 (m, 3 H) 6.65 (&, 1=7.93,

BnO" " 1.55 Hz, 2H) 6.76 - 6.83 (tn, 2 H) 7,01 - 7.18 {m,
8 H)7.22 - 7.35 (m, 16 H), ESI m/Z =
825(M+NH4), colorless solid.

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
2.35 {5, 6 1) 2.68 - 2.81 (m, 2 H)'3.04 - 3.16 (m, 1
H) 3.52 (t, J=8.70 Hz, 1 H) 3.66 - 3.76 (m, 1 H)
3,76 - 410 (m, 9 H) 447 (d, J=10.10 Hz, 1 H)
4.52 (s, 2 H) 4.60 (4, 7=10.72 Hz, 1 H) 4,84 - 4.94
(n, 3 H) 6.65 (dd, J=7.85, 1.32 Hz, 2H) 6.72 -
6.81 (m, 2 H) 7.00 - 7.18 (m, 8 H) 7.20 - 7.36 (m,
16 H). ESI myZ = 794(M+H). colorless solid,

Gompound | gno
54 8n0"

3.06 - 3.14 {m, 1 H) 3.52 (, I=8.86 Hz, 1 H) 3.67
-3.74 (m, 1H) 3.77 - 4.04 (m, 11 H) 447 (4,
1=9.95 Hz, 1 H)4.52 (s, 2 H) 4.60 (d, 1=10.72 Hz,
1 H) 4.86 - 4.93 (m, 3 H) 6.62 - 6.68 {m, 2 H)
6.73 - 6.79 {m, 2 H) 7.02 - 7.18 (m, 8 H) 7.21 -
7.35 (m, 16 H). ESI m/Z = 784(M+NH4).
colorless solid.

Compound | g0
5 BnG"

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm | -




F (t,1=7.1Hz, 3H) 2. 94-3.03(m 1H)3.23(t, d C),, J=8.7Hz,1 H) 3.55 -
3.61 (m 1 H 3.67 - 3.79 (m Conpound | | 3 H) 3.94 (ad, J=11.7, 3.4
Hz, 1 H 3.98 - 4.02 (m 84 HOS" 6.96 (t,0 7112,1 H 7.19 7.27 (m
214) 7.34) (d, HO DIl J=83 I1z,1 H. ESI nVz c 465 (M:Na), 467 OH
(Mr2+Na) , 441 443 (M¥2-M np 73.0- 81,0. 191 1H NMVR (600 Mz,

(MH,
METHANOL-dd) S ppm 1.40 (t, J=6.9-HB53 H) 2,96 - 3.03 (m | H) 3,23
(f, J=8.9 Hz,1 H) 3.58 (dd, J _10.3, 8.9 Hz,1 H 3.68 i 3.80 (m
311) 3. 9404t D=11.7, 3.4 Hz, 1. H)3 9% 5 .4. 04 (m 2 H) 4.06 (q, J=6.9
Hz, 215—693T(d—Conpound—HO-3=8-5 : , 1
H 7.16 85 HOl OH (d, J=2,3 Hz, OH
J=7,8 Hz,1 M |ESI mz = 481 (
(MH 459 (M2- 14), 461( M
C21H24¢ 05S" 0.[5H2Q.. Cg.5 -3
(300 Mz, NETHARRY-d¥) B ppm I.38 | lmms-msnzlmsn,zmsg@
(t, J=6| 8linodd) 2,%%,69", 3] ’)@B,??» 3.03(m 1 10, SSGEP Oy MRS, 3 H 89 (d3-2600( M
H 3.5 (@é 1= , | H 86 3. 6&15133«79)(63%&%23)397((1}399172 H)
3.93 (¢d, J=7}9, HO 3.7 Hz, 1 H)|r, 99) 624 (5,2 FHIV.06 (047.57 e, BB) (M
211) 6]96 OH -7.04 (m 2H) 7. 05- 7. 15( m 39456738 HzA2D) 7.12 MENHg), 1=9403
(MH). \£1H NVR}(600 Mz, METHANOL-d4) b| Hp@Hp7.2u, FOS7HR, 0) 723735 m, |
(ml 17-3.%4(ru,11)3. 55(dd, Conpoupid HBZ56(d31-8.79Heid H) 7.6F4d, 3881 - F 75
?p 3.771(s, 3 HO S H) 3. 78(s, 3H) 3| 881 B). BS(mME 2 BL5(®l+He) upl133.0~
135.0°C. colorless powder.
1H NMR (600 MHz, CHLOROFORM-d) & ppm
3,02~ 3,14 (m, 1 H) 3.51 (t, =894 Hz, 1 H) 3.70
(dd, J=9.63, 2.75 Hz, 1 H) 3.76 - 3.92 {m, 4 H)
3.96 (d, J=10.55 Hz, 1 H) 4.24 - 4,30 (m, 1 H)
432 - 439 (m, 1 H) 4.48 - 4.54 (m, 3 H) 4.58 (4,
3=10.55 Hz, 1 H) 4.81 - 4,91 {m, 3 H) 6.70 (4,
J=7.34 Viz, 2 H) 6.95 (s, 1 H) 7.07 @, 3=7.57 Hz, 2
H) 7.1 - 7.42 (m, 21 H) 7.56 (d, J=7.79 Hz, 1 H)
7.68 (d, 1=7.79 Hz, 1 H). EST m/Z = 819(M+Na).
mp 140.0—143.0°C. colorless powder.
1H NMR (600 MHz, CHLOROFORM-d) & ppm
3.08 - 3.14 (m, 1 H) 3.53 (1, J=8.94 Hz, 1 H) 3.71
(dd, J=9.63,2.75 Hz, 1 H) 3.77 - 3.88 (m, 2 H)
3.88 - 3.97 (m, 3 H) 4.16 - 425 (m, 2 H) 448 (4,
1=9.63 Hz, 1 H) 4.52 (s, 2 H) 4.59 (4, 1=11.00 Hz,
1 H) 4.85 - 4.91 (m, 3 H) 6.67 (4, J=6.88 Hz, 2 H)
16.97 (s, 1 H} 7.03 - 7.09 (m, J=6.65, 6.65 Hz, 2 1)
7.10- 7.16 (m, 3 H) 7.19 - 7.42 {m, 19 H) 7.57 (4,
J=7.79 Hz, 1 H) 7.68 (d, J=8.25 Mz, 1 H). ESI
m/Z = 785(M+Na). pale vellow salid.

Compound
57

Compound
58

1H NMR (600 MHz, CHLOROFORM-d} é ppra.
3.09 - 3.15 {m, 1 H) 3.53 - 3.58 {m, 1 H) 3.66 -
3,74 (m, 1 H) 3.81 (s, 4 H) 3.91 (¢, }=9.63 Hz, 2
H) 3.98 - 4.04 (m, 1 H) 4.09 - 4.10 (m, 2 H) 4.48 -
4.54 (m, 3 H) 4.58 - 4.67 (m, 2 H) 4.83 - 4.92 (m,
3 1Y 6.69 (d, 3~6.88 Hz, 2 H) 6.84 - 6.94 (m, 2 H)
7.07 - 7.35 (m, 21 H) 7.45 - 7.66 (m, 3 H), ESI
miZ = 815(M+Na). colorless powder.

Oompound
59




87 HO' OH 0" J=8.3,2.3 Hz, 111) 6.52 (d, 1=2,3 Hz,1 11) 6.90 (d,

3=8. 3Hz, 1H) 7. 09(d, 3=2. 3Hz, 1H) 716(dd, OH J=83,2.3 Hz,1 H) 730 (d, J=8.3
Hz,1 H. FSI niz a 463 (M:Na), 465 (M+2+Na), 439 (MH). 1H NVR (600

MHz, METHANOL. dd) S ppm} 2.96 - 3.01 (m 131) 3.21 - 3,25 (m 1 H

3.57 (dd, G O- )=10.3, 8.9 Hz, 111) 3.66 - 3.74 (m 3 H 3.75 (s, 3

Conpound HO 3 f H) 6.8193 2 (d, J387.Liz 2 H 7.09 d3J 8.7 Llz, 214)

88 7.18 - 7.22 (m 211) 732(d 328 3 1z, 131). ESI HO "OH miz = 428

(M+N,IT—l4'T4OTM+?"—NH47 09 (M O H), 411 (M2-1Ip. np 7L.0.74.pC

Analj. Cal cd f or HZSCIE‘@qC 58. lfﬁéﬂﬁ( ﬁﬁz c%ﬁb%m&:ay?ﬁpﬁfs' | 4,

535,/ 1H NMR (600 Mz

3
1, 35(t, 1S. 9Hz, 3H) 2. 17(F 3 2. 2 :I EP |
Sl A T %g Lkl
16’a Hz,’zmm”?', <" DBNG. 77(d, J= 8ﬁls o1 H) ‘5 635

——

(qJ
(d, g =8.3 Hz, 211) 7088 (s, 1H). ESI mg ~ 45 (N)++NH4 ), 493

MkGH5CO ), | mp  155. 0-157.0C, Anal , Calcd for C23H3006S0. 5H20: q
62" 8 - 7WU" Fotnd- G G%’ngf H1— +0—n TWVWJ\%GG Hz-—IVEFHA dC])
8p|cm129 (s, 9H)290305(mIH)3é31)97Hle)CI358
(dd,) J=10.1, 8.7 Hz, 4 . 3CH NMR @00-MHz, CHRPBORARM-438 Sptn (dd,
)=11. 4, 15 Hz, 114) 4_030 1%%?}(&%5%3ﬁé(m,24?§%(16?
7. 37 CoRipould H).. 81 P axde ) M H)

L - H) 3H)6.28(s, 1 z'l'}ﬁ.‘?l (dd,

437 | Orba( 21 ' A”gf'L'sJ 332}12, 1) 7.04 - 7.19 (m, 6 H) 7.22 -

7.43 (m, 19 H). ESI n/Z = 798(M+NH4). pink
powder.

1H NMR (300 MHz, CHLOROFORM-d) 4 ppm
3.07 -3.15 (m, 1 H) 3.53 (1, J=8.94 Hz, 1 H) 3.68
-3.75 (m, 1 H} 3.78 - 4.00 (m, 5 H) 4.07 - 4.17
{m, 2 H) 4.46 - 4.54 (m, 3 H) 4.60 (d, J=10.57 Hz,
1 H) 4.86 - 493 (m, 3 H) 6.65 - 6.71 (m, )=7.54,
BnO" 1.94 Hz, 2 H) 6,75 (d, J=3.89 Hz, 1 H) 7.06 - 7.17

oBn . {(m, 7H)7.24 - 740 (m, 17 H) 747 - 7.53 (m, 1
H)7.58 - 7.65 {m, 1 H} 8.48 - 8.52 {m, 1 H). ESI
m/z = 790 (M+H). colorless powder.

Compound | Bno
62

[0411]

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.22 (1, 1=7.62 Hz, 3 H) 2.62 (q, }=7.62 Hz, 2 H)
O 2.91 - 3.03 (m, 1 H) 3,20 (1, J=0.01 Hiz, 1 H) 3.43
Compound | oS &8 ) |-379 (m, 5H)3.90- 4.07 (m, 6 1) 4.09 - 418

63 ey (m, 1 H) 4.24 - 441 (m, 3 H) 4.92 - 502 (m, 2 H)

A0 o 509 - 5.32 {m, 6 H) 5.50 - 5.66 (m, 1 H) 5.79 -
PN 6.05 (m, 3 H) 6.61 {d, J=3.57 Hz, 1 H) 6.85 (d,
=3.42 Hz, 1 H) 7.07 - 7.16 (m, 4 H), ESI m/z =

£11 (M+Na}. yellow oil.

1H NMR (300 MHz, CHLOROQFORM-d) & ppm
3.53 (t, J=8.86 Hz, 1 H) 3.66 - 3.76 (m, 1 H) 3.67
-3.74 (m, 1 H)3.77 - 4.00 (m, 5 H) 4.18 (5, 2 H)
4.45 - 4,54 (m, 3 H) 4.60 (d, }=10.57T Hg, 1 H)
4.86 - 4.94 (m, 3 H) 6.67 (dd, 1=8.00, 1.32 Hz, 2
H)6.90 (s, 1H) 7.03 - 741(m, 24 H). ESIm/Z =
791(M+Na). J

Compound
64




C23H29C104S: C, 63.22; H 6.69. Found: C,
| 7~/ 1H NVR (300 MHz, METHANOL-44) 6 Fpm1.36 | t

2.93 - 3,05
J=10,3, 9,0
(m2H HO
M ESI rn/z

(m |
Hz,

"OH 6,97 (t,
= 465 (M+Na),

88, 7=11.5,
09- 7. 130Bm 2H) 7. 15. 7, 19
J=2.3 Hz, 1 H) 7.33 (d, 1
(ME2+Na), 425 (M H) 427

J=8.9 Hz, 1 H)

62.82; H, 6.64.

(0415] C
(1, J=7.0 Hz, 3 H)
H 3.18 - 3.27 Conpound HO (m 1 H) 3.58 (dd,
111) 3.67 - 3.78 91 F (m3H) 3.89-4.04 (m5H)6.58-6.69
7.11- 7.24 (m 2H 7.33 (d, OH 1

441(MH) 18% ~1H NVR (300 MHz, MB'PHANOL-d4) 6

f
3. 58(dd, J=

fy 3.16 (B, }HPB 325,33 Hy 353(,0r8.70
213411@ m, 39@3 400 m, 7iH)
& : (2 3913) <7 Ha, ld@ (

%%

649 g@l rPH)%?,H)

86

8 ppm2 93 -

3.99 (md ~ 3 H 6.69 94

3.64 CorrpOL

nd HOS ® 1 1i) 3.66 3.18 (m
THESMB-{300MH,
70843, {Tc(m 1HM-54 (858,78 Uiz, I:H)Zﬁ 18
-3.75 (m, 1 H) 3.77 4.01 (m, 5 H) 443 (5, 2 H)
4,46 - 4.56 (m, 3 H) 4.60 (d, J=10.57 Hz, 1 {)
4.85 - 4,94 (m, 3 H) 6.67 (dd, 1=7.93, 1.40 Hz, 2
H) 7.00 - 7.19 (m, 6 H) 7.21 - 7.51 (m, 18 H) 7.71
(d, 1=731 Hz, 1 H) 7.97 {d, }=8.08 Hz, 1 H). S}
wW/Z = T64{M+H), 786(M+Na).

Compound
87

1H NMR (300 MHz, CHLOROFORM-d) 6 ppm
1.40 (1, }=6.99 Hz, 3 H) 2.93 - 3.06 (m, 1 H) 3.25
{t, 1=8.94 Hz, 1 H} 3.30 - 3.44 (m, L H} 349 -
4.05 (m, 12 H) 4.15 (dd, I=12.03, 5.98 Hz, 1 H}
4.24 - 4.42 {m, 3 H) 4.80 - 4.92 (m, 2 H) 5.08 -
542 (m, 7 H) 5.78 - 6.03 {m, 3 H) 6.81 (¢, 3=8.70
Hz, 2 H) 7.03 {d, 1=8.70 Hz, 2 H) 748 (s, 1 H)
842 (dd, 1=16.16, 2.18 Hz, 2 H). ESI m/Z =

556 M+H)

Campound
68

1H NMR (300 MHz, CHLOROFORM-d) & ppm
231 (s, 3 H) 2.95 - 3.10 (m, 1 H) 3.27 - 3.40 (m, 2
H) 3.66 - 3.87 (m, 5 H) 400 (d, =5.75 Hz, 2 H)
4.15 - 4.26 (m, 4 H) 431 (d, J=6.84 Hz, 2 H) 4.40
{dd, J=12,05, 5.83 Hz, 1 H) 4.63 - 4.82 (m, 2 H)
5.09 - 5.37 {m, 7 H) 5.80 - 607 (m, 3 H) 7.04 -
7.17 (m, 5 H) 7.32. (1, 1 H) 7.41 (5, 1 H) 7.89 (d,

=7.93 Hz, 1 H). ES] m/z = 599 (M+Na). yellow
powder.

Compound
89

1TH NMR (300 Mz, CELOROFORM-d) & ppm
228 (s, 3 H} 3.07 - 3.16 (m, 1 H) 3.53 (1, }=8.78
Hz, 1 H) 3.68 - 3.97 (m, 6 H) 4.49 - 4.63 (m, 5 H)
4.86 - 4.91 (m, 2 H) 4.99 (¢, J=3.11 Hz, 2 H) 6.68
(dd, =7.85, 1.63 Fiz, 2H) 6.76 (4, }=1.24 iz, 1
H) 6.52 - 7.00 (m, 2 H) 7.08 - 7.19 (m, 6 H) 7.23 -
7.44 (m, 15 H). BSIn/Z = 711(M+H).

3 CHLOROFORMI4)  @op |

0D HEOHDGROFOBM(®I 8 poe 1 " 4,




MR (300 MHz, METHANOL-44) 6 ppm 1.20 (t, 1=7.62 Hz, 3 H 2.59

Cl IHN
(q, J=7.62 Hz, 2 H 2.94 - r,c Conpound HO5 3.03 (m 1 H) 3.18 - 3,27
(m | H 3.57 (dd, 95 J=10.26, 9.01 Hz, | H) 3.66 - 3.78 (tn, 3 H 3.93
HO' ' "OH (dd, J=11.50, 3.57 Hz,1 H) 4.03 (s, 211) 7.06 - OH 7.11 (m 4
H 7.17 - 7.25 (ut, 2 H 7.33 (d, J=8.08 Hz, | H). ESI ink = 431, 433
(MtNa), 407 (M H).. 1H NMR (300. Mg METHANOL-44) 6 ppm 1.20 Cl
(s,3H) 1, 22(s,311) 2. 76-2.92(m 1H) 2. 94 Conpound 3.03 (m1 H) 3.19 - 3.27
(mlg;qg,JSB(dd J=10.1, 9S HO 9.2 Hz, 111) 3.66 - 3.79 (m 3 H 3.94
(ddL]1 HO OH3 6 Hz. 1 H 403 (s 2 H 706715 (m 4 7.17
OH | 7.26 445 447 M+Na) 421 (M H>
1H NVR (3oq 00 MHz, CHLOROFORM:d) 8 pp
(t,]P=6.9Hz, {%ﬁfﬁ.. 11)| 3.54
(d Capblhd. o5y 86 |- 4. 06
5 W 6.68° . ;ag° HY OH
E(mzH)Bnn ‘Od, J=8, 2, 2-2 S 1 ). Es
tnib & 4613 " 1+No¥B0 437 (M H). An Y2EH20: C
58.59: H, 6,33, Found: C, 58.28: 11 "10416) lH NNR(300 MHg,
VETHANCL- 4) 6 ppm 17 35(t;J=7.0H m—FO . O
1H) 8. 22. 3. 27(m 1H) 359(dd, 5=10. 3, 8. 9% Pl’m
1H) B. 69- 3. 88( m 4H) 3. 894, 03( 3H)J§: %n- Y 160 (s,
11 - 6.80 (m H) _?(.* Eﬂ% LH).
ES] ?"878% B : H“&.go&:'é‘? 3. a. ?87(1:1
Bno" ™ -~ |1H)836- 843(111.11—1)865 8.73 (m, 1 H), ESI
OBn 10/Z = 708(M+H), 730(M+Na), pale yellow
powder.
IH NMR (300 MHz, CHLOROFORM-d) 3 ppm
3.05 - 3.15 (m, 1 H) 3.52 (t, J=8.94 Hz, 1 H) 3.66 -
3.75 (m, 1 H)3.75 - 4.01 (m, 5 H) 4.28 (5, 2 H)
Gompound 4.46 (4, }=9.79 Hz, 1 H) 4.52 (s, 2H)} 4.60 (d,
72 121072 Hz, 1 H) 4.85 - 4,95 (m, 3 H) 6.5 - 6.62
(m, 2 H) 6.98 - 7.37 (m, 22 H) 7.49 (s, 1 H) 8.57
(d, J=4.97 Hz, 2 H). EST m/Z = 731(M+Na),
TOS(M+H).
1H NMR (300 MHz, CHLOROFORM-d} § ppm
305-3.16 (m, 1 H) 348 - 3.58 (m, 1 H) 3.66 -
3,75 (m, 1H) 3.77 - 3.99 {m, 5 H} 4,15 (s, 2 H)
Compound 4.45 - 4,55 (m, 3 H) 4.60 (d, }=10.57 Hz, 1 H) 4.84
73 - 4.95 (m, 3 H) 6.62 (d, J=6.84 Hz, 2 /) 7.02 - 7.19
{n, 6 1) 7.20 - 7.42 {m, 16 H) 8.36 (d, J=2.64 Hz,
1H) 8.40 - 847(111,1!{)867(5,11—1) ESIm/Z =
731{M+Naj.
1H NMR (300 MHz, METHANOL-~d,) 3 ppm 1.19
{t, 1=7.6 Hz, 3 H) 2.58 (q, 1=7.6 Hz, 2 H) 2.95 -
Compound 3.03 (m, 1 H) 3.20~ 3.28 (m, 1 H) 3.60 (dd, 1=10.3,
4 9.0 Hz, 1 H) 3.70 - 3.78 (m, 3 H) 3.88 - 3.98 (in, 3
H) 7.09 (brs, 5 H) 7.17 - 7.23 (m, 3 H). ESI m/z =
397 (M+Na), 373 (M-H).
1H NMR (300 MHz, METHANGL-dy) & ppm 1.35
(t, J=7.0 Hz, 3 H) 2,92 - 3.03 (m, 1 H) 3.19 - 3.28
Gompound (m, 1 H) 3.59 (dd, J=16.2, 9.1 Hz, 1 H) 3.69 - 3.78
75 {m, 3 H) 3.88 (s, 2 H) 3.90 - 4.04 (m, 3 H) 6.80 (d,
1=8.7Hz, 2H) 7.04 - 7.11 (m, 3 H} 7.14 - 7.25 (m,
3 H). ESImfz = 413 (M+Na), 389 (M-H).
.




Cal cd for C22H2806S0.5H20: C, 61.00; H, 6.86. Found; C, 60.81; H,
6.89. |H NMR (600 MHz, METHANOL- d4) 6 ppm

135(t, J=6. 9Hz, 3H) 2. 92-3.00(m 1 H)3.22(t, 3=8.9 Hz, 114) 3.53 - 359
(m 1 H 3.12 (dd, o G O 1=11.7, 6. 7THz, 111) 3. 82(s, 3H) 3. 88-3. 95(m 3
Conpound S H) 3.99 (g, 3=6.9 Hz, 2 H) 6.79 (d,1=8.7 Hz, 2 H 99 HO
6.98 (s, 1 H 7.06 (d, J=8.71Hz, 2"Hf®7.20 (a, | H). HO "OHESl wit =

477 ( Wr2+=Na) 453 (WOt 455 (W2 —Tap—177-0-17970C.
Anal , C22H27C106S 0, 7H2O, Gl 56 95 H 6.10.  Found: C,
56.89; (11, 5, 98. 600 MHAH MR |
1.35(t,[9=7. 1H 98(M I3, 19
(m 1H) 3.68p@ENng SH 3
3.97 ( 2 H 4
6.76 ( | H 7
mz = 186. Q
MVETHA : =7. 6Hz, 3 11) 2. 58(q, 3=7. 6Hz, 2
Conpou 02 (m 114) 3 1 , L _H) 338 _101 HA S
(dd, J=10.3, 9,2 Hz,1 H 3.67 - 3.89 ( .94 HO OH (dd,
J=11,5,3.7 Hz,1 H 4.25 (m 1 H 6.76 6.96 - 7.09 (m 4 H)
7.12 (s,[d419). ES) niz = 441(M:Na), 4 1H NVR (300 MHz,

1="2_

VETHANGE—64)—8r-ppm-1-23—0—C—(+ 262 —I=7-6217-2 H)

2,93 - fConpoungd 1 1-3.07 (m 1 H 3. 21 Mﬂ(ﬁoﬁﬁﬁzmh%&,a@?aépmws H)
(1, 3=7.0 iz, 3H) 2.91 - 3.01 (m, 1 H) 3.18 - 3.25
(m, 1 H) 3.57 (dd, J=10.3, 9.0 Hz, 1 ) 3.68 - 3.76
(m, 3 H) 3.79 (s, 3 H) 3.84 (5, 2 H) 3.89 - 4,02 (m,
3H) 6.76 (d, 1=8.7 Hz, 2 H) 6.88 (d, J=8.7 Hz, 1
H)7.03 - 7.11 (m, 3 H) 7.17 (dd, J=8.6, 2.3 Hz, 1
H). ESIm/z = 443 (M#Na), 415 (M-H). mp 89.0-
95.0°C.

Compaound
1

1H NMR {600 MHz, METHANOL-d;) 3 ppm 1.33
{t, }=7.1 Hz, 3 H) 2.90 - 2.98 {m, 1 H) 3.22 (t,
1=8.9 Hz, 1 H) 3.51 - 3.61 (m, 1 H) 3.65 - 3.74 (ad,

=11.5, 6.4 Hz, 1 H) 3,76 - 3.84 {m, 6 H) 3.91 (dd,
J=11.5, 3.7 Hz, 1 H) 3.96 (g, J=7.1 Hz, 2 H) 431
(brs, 1 H) 6.77 (d, J=8.7 Hz, 2 H) 6.85 (d, ]=8.7
Hz, 1 H) 7.00 (dd, J=8.7, 2.3 Hz, 1 H) 7.04 (d,
J=8.7 Hz, 2 H) 7.16 (brs, 1 H). ESI m/z = 443
(M+Na). mp 130.0-130.5°C,

Compound
78

1H NMR (300 Mz, METHANGL-d4) b ppm 1,37
{t, J=7.0 Hz, 3H) 2.94 - 3.05 (m, 1 H) 3.22 - 3.29

| (m, 1 H) 3.60 (m, 1 H) 3.69 - 3.88 (m, 4 H) 3.50 -
4.04 (m, 3 ) 4.33 (d, }=10.6 Hz, 1 H) 6.71 (4,
J=8.2 Hz, 1 H) 6.76 - 6.90 (m, 3 H) 7.03 - 7.15 (m,
3 H). ESI m/z = 429 (M+Na), 205 (M-H). mp
145.0-150.0°C.

Compound
79

1H NMR (306 MHz, METHANOL-d,) § ppm 1.34
(t,J=7.0 Hz, 3H)2.88-2.99 (m, 1 H} 3.22 (3,
1=8.8 Hz, 1 H) 3.51 - 3.59 (m, 1 H) 3.66- 3.79 (m,
4H) 3.81 (s, 3 H}3.84 (s, 3H} 3.88 - 4.01 (m, 3 H)
421432 (m, LH) 6,57 (s, 1 M} 6.75 (4, }=8.7
Hz, 2 H) 7.03 (s, 1 H} 7.04 (d, J=8.7 Hz, 2 H), ES1
m/z = 449 (M+Na). mp 158.0-160.0°C.

Compound
80




102 S\ \ 3.70- 4.09 (m8H)4.25-4.39(mIH)6.99- 7.18 (m 5 H) 7.27 (s,1
H. EST miz = 461 140" "OH (MtNa). AnalL Calcd for C22H27Cl10SS 4T20: OH
C, 56.70; H 6.50. Found; C, 56.40; H 6.45. IH NWR (600 MHz,

METHANO sd{) 6 ppm1.21 0 f d (d,J=7.3Hz, 6H)2.79288(m 1 13)294-3.01
Compound f (in, I H 3.23 (1, J=8.9 Hz, 1 H 333 - 3.61 (m | 103 HO 8
H)3.69-3.76 (m 214)3.82(s, 311) 3. 4.022 HO"OH(m 3 H) 4.24 - 4.36
(at, 1H) 6.99 (s,1 H 7.05 - OH7.14 (m4H 7. 24(s, | H).ESIm z=475
(MrNE). IH NVR (600 WHz, METHANOJTd4) 8 ppm 2.16 O, S

(s, BH)Z 27(s, 3H) 2.94-2.99(1 ,1H)3.24(m Conpound 1 H) 3.55.3.60 (m 1
H B.72 (dd, J=11.5, 6¢ \5)3 mﬂmemmmm@mmmppﬁlss Hz,
104 H S HQj. (s, 1(Hr7.6Hg3H)A91 2109 (71 HP3.19-82504 [((m 2
H) pCampognd | MV ), 403 mwg)ﬁa(dggswar,gsm,m_ﬁmsmiaoo
MHz{ MBY' TT : ppm 1.20(s, 3Him 331 885 3tf4Am1 iEE B2 (@R 86 O
(m LH) 294-2. 9 m01114)3 25(m 1H) 3.5 Ul [5'6’121%1 7159724 1z, |

H B.72 (dgl, J=11.2, 6.6 Hz, 105 4@, . ESIm/z = 431 (M+Na). mp 60.0-65.0°C.
.grl(m6H)3. 94(dd, J=113, 3. 9 HO' OH Hz, 111) 6,76 (s, 1 Hy 7.00

(4, F3=83—H—2H—OH—+-08—(-e+1=8-3 1z —2+1) 7.—1&(3, I—H)—EST—|z =
455 M+Na),|J431 (MH. 111 NWR (600|MHx, METHANOLdAg) 6 ppm 1.23
iz, 3 H 2.64 |‘Sq’ 1=7, 79 | Fd NMR (B0 MHz, METHANOL-d,) 3 ppm 1.35

0 o (t,J=6.9 Hz, 3 H) 2.89 - 2.98 (m, 1 H) 3.16- 3,24
(m, 1 H) 3.36 (dd, }=10.2, 9.0 Hz, 1 H} 3.60 - 3.76

c“”‘;;""d HO (m, 3 H) 3.83 (bs, 2 H) 3.88 - 3,95 (m, 1 H) 3.98
HO" Y (a, J=6.9 Hz, 2 H) 6.69 - 6.80 (n, 3 H) 6.96 - 7.04
OH (m, 2 H) 7.06 - 7.15 (m, 2 H). ESI m/z = 424
(M+NH4), 405 (M-H),

1H NMR (600 MHz, METHANOL-d,) & ppm 1.40
(t,J=7.1 Hz, 3 H) 2.94 - 3.04 (m, 1 H) 3.23 s,
328.9 Hz, 1 H) 3.58 (dd, 7=10.3, 8.9 Hz, 1 H) 3.67
-3.79 (e, 3 H) 3.94 (44, J=11.5, 3.2 Mz, LH) 396

°°“‘§;““d - 4.04 {m, 2 H) .07 (g, J=7.1 Hz, 2 H) 6.79 {dd,
J=11.2, 7.1 Hz, 1 H) 6,87 (dd, J=11.2, 7.1 Hz, 1 H)
720{d, 7223 Hz, 1 H) 7.24 (dd, J=8.3, 2.3 Hz, 1
H) 7.35 (d, =8.3 Hz, 1 H). ESI mi/z = 483 (M+Na),
459 (M-H). mp 72.0-76.0°C.

[0414]
1H NMR (600 MHz, METHANOL-d,) 5 ppm 1.38
(, J=7.1Hz, 3 H) 2.94 - 3.03 (m, 1 H) 3.23 (¢,
J=8.7 Hz, 1 H) 3.55 - 3.61 (m, 1 H) 3.67 - 3.79 (m,

Gompound 3H) 3.94 (dd, =117, 3.4 Hz, 1 H) 3.98 - 4.02 (m,

9 2 H) 4.06 (g, J=7.1 Hz, 2 H) 6.85 - 6.92 (m, 2 H)

6.96 (1, =8.7 Hz, 1 ) 7.19 - 7.27 (m, 2 H) 7.34 (4,
J=8.3 Hz, 1 H). ESI m/z = 465 (M+Na), 467
(M+2+Na), 441 (M-H), 443 (M+2-H). mp 73.0-
8LO'C.




O H 3.00-3.07 (m 1H)3.27(t,1=8.71 Hz, 1H)3.59 Conpound S N HO 3.64 (m

1 H 3.73 -

3,82 (in,

2 H 3.89 (d, 108 HO' OH J=10.09 Hz,
(dd, 1=11,69,3.44 Hz,1 H OH 7.20 (d, J=8.25 Hz,
733 (s,1 H 7.56 (4, 1=8.71 Hz, 2H).ESTmvE 438( M+H),

| TT) 3.95
2 H) 7.47 (s, 2 H
440( Mr2+H)

colorl ess powder. 311 MAR (300 MHz, METHANOL-d4) 6 ppm 1.20 (t, J=7.62
H2, 3 H) 259(q J=7.62 Hz, 2 H ~CGMound HO 2.85 (s, 4 H 2.95 - 107
oy T ' (oU0 i, A7 MEVESE

107 H J=11.42, 3.65 Hz, 1 H) |} 085 Thopddh iy (- 13-
7.28 EST nl z (4+Na),4 &0 1 58 @R TOhOeSHPoYNIeEs 111
NVR ( . RO, 20 ¢ do (ul 5 -:‘?% 11_3%1 eilﬁé% 1994 (m
2 H) ﬂ 03( ny 1H). 3pe 9 %m@.d;&g@}ﬁ@%a% H,
1 H 3 HZ =8 03 @& 18 9.3 Bz, 149 736 83 (M
3 H 3.  1AbINEBOH3. 67 OH He, 1&&&1&@}&,1%1&0%)27@&,@@735(@ 3 1)
ESl mz = 425 (MrNad 401 (MH), col Qu+7ss, 1 RSPz =481 (MVRa) &8

METHANOL d4) % ppm 1.19 (t, 3=1.79 Hzmszw),zsﬂmema),yﬁmummm@-
Conpoynd HO 5§ 2.96 - 3.02 (m1 H 3. 22),46BOPA-K)nmA 7948-82D°6 Anfidchlcd 16
J=10,32,8.94 |Hz, 110 3.70.3.77 (m 3]CPIIPACESSORKRO: CB3.8; §.5.0rFoud1 )
7.08 (s. 411) 7.14 (d, 3=7.79 Hz. 2 11,538 (d. 1=7.7 2_H).
ESI nyZ = 397(M+Na), 373(MH). colorljess powder. - 196 111 NWR (300
M1z, |VETHANQL- d4) 8 ppm

Compound
86

1H NMR (300 MHz, METHANOL-d,) 3 ppm 1.35
(t,J=6.9 Hz, 3 H) 2,17 (s, 3 H) 2.93 - 3.03 (m, 1 H)
3.19 - 3.28 (m, 1 H} 3.59 (dd, }=102, 9.0 Hz, 1 H)

3.68 - 3.79 (m, 3 H) 3.89 {bs, 2 H) 3.93 (dd, J=7.9,

3.7Hz, 1 H) 3.97 (g, 2 H) 6.74 - 6.82 (m, 2 H) 6.96
- 7.04 (m, 2 H} 7.05 - 7.15 {m, 3 H). ESI m/z = 422
(M+NH4), 403 (M-H).

Compound
87

1H NMR {600 MHz, METHANOL-~d,) § ppm 2.94
-3.00 {m, 1 H) 3.17 - 3.24 (m, 1 H} 3.55 {dd,
3=10.3,8.9 Hz, 1 H} 3.61 - 3.75 (m, 4 H} 3.77 (s, 3
H) 3.78 (s, 3 H) 3.88 - 3.98 (m, 2 H) 6.42 (dd,
J=8.3, 2.3 Hz, 1 H) 6.52 {d, ]=2.3 Hz, 1 H) 6.90 (d,
J=8.3 Hz, 1 H) 7.09 (d, J=2.3 Hz, 1 H) 7.16 (dd,
=8.3, 2.3 Hz, 1 H) 7.30 (d4, J=8.3 Hz, 1 H). ES]
w/fz = 463 (M+Na), 465 (M+2+Na), 439 (M-H).

Gompeund
Ba

1H NMR (600 Mz, METHANOL- d;} é ppm
2.96 -3.01 (m, 1 1) 3.21 - 3.25 (m, 1 H) 3,57 (dd,
J=10.3, 8.9 Hz, 1 H) 3.66 - 3.74 (m, 3H) 3.75 (5, 3
H) 3.93 (dd, J=11.5, 3.7 Hz, 1 H) 3.98 - 4.05 (w, 2
H) 6.82 {d, 1=8.7 Hz, 2 H) 7.09 (4, }=8.7 Hz, 2 K)
7.18 - 7.22 (m, 2 H) 7.32 {d, J=8.3 Hz, 1 fI). ES}
mfz = 428 (M+NH,'), 430 (M+2+NH,*), 409 (M-
H), 411 (M+2-H). mp 71,0-74.0°C. Anal. Caled foy
C20H23CH058: C, 58.46; H, 5.46. Found: C,
58.36; H, 5.55,

Compound
89

1H NMR (600 MHz, METHANOL- dy) 6 pp
135 (1, 1=6.9 Bz, 3 H) 2.17 (5, 3 H) 2.92 - 3.01 {m,

1H)3.24 (1, J=8.71 Hz, 1 H) 3.54 - 3.60 (m, 1 )
3.73 (dd, J=11.5, 6.4 Hz, 1 H) 3.81 (s, 3 H) 3.83 (s,
2H)3.94 (dd, J=11.5, 3.7 Hz, 1 H) 3.97 (g, }=6.9
Hz, 2H) 4.33 (s, 1 H) 6.77 (d, 1=8.3 Hz, 2 H) 6.76
(s, 1 H) 6.99 (d, J=8.3 Hz, 2 H) 7.10 (s, 1 H). ESI
m/z # 452 (M+NH,"), 493 (M+CH;CO,). mp
155.0-157.0°C, Anal. Calcd for
C23H30065-0.5H20: C, £2.28; H, 7.06, Found: C,
62.3%; H, 7.10.




syl I OH2.94 - 3.03(m 1H 3,20- 3.28(m 1 H 3.54 - Canpound
HO 3.65 (m 111) 3.68 - 3.78 (m 3 H) 3.89 - 3.95 (m 110 HO' "OH 3 H)
4.55 (s, 211) 1.05 - 7.11(m 2 H 7.12 - 7.28 OH(m 7 H. E S mz =
377(M+H), 375(MH). pala yellw powder. 1H NWMR (300 MHz, METHANOL-d4) 6
ppm 1.14-1.27 (m 3H) 2.54-2.68(m 21i)2.95- Conpound HO s 3.05 (m 111)
3.22 - 3.30 (m1 H 3.51 (d, 16ggzl7ll—|z | H)3.56-3.68 (m 2H)

3.70.3.83 (m 3M HO "C]—I395(d J=11.35,3.57 Hz, 1 H 5.72 - 6.59

(m OH H) 7.07 - 7.30 (m 8 H- )

yel ljow oi | .{ [0418] 1H NVR (600 Mz, ﬂ“}ﬁ’bgﬂ)%’;ﬁy
Hz, |3 H) 2.063 (q, J=7.79 Hz, 2 H) | SR 1H) 3250
(m|zl)3.2sét 1= 518: 78 .

Hz, 1 Cpippognd3s, dd N Hz .

H) .9%65@5 11 O—|708(d]4 (’]4

2 H| 7.21 |(t HOI=T. 7OHHz, 1 H). ESI . b A,ﬁ

(300 MHz, METHANOPH4) 6 ppm  Conpourgsiss 4sgcg9

2.71 (q,1=7.62 Hz, 2 H) 3.01-3. 15 |(smB2: i .64 26- 3 Z

" OH 407~ - 5H) 7 22 7. 66(H8H)}-—ESHr-2=383—OH(MNa)- mimﬁu.%,

col orl ess anorphous. IH NWVR (300 MHz, METHANOL-d4) 6 Mn 2.94 - 3.03
(m | 3.20.3.28 (m1 I1) 355 - Conpound O r | 3.64 (m 1111) 3.69 -

H)
3.79(@H1S3 H) 3.87 (s 3 H) 114 HO S 3.90-3.98 (jr, 111) 4.03
(s, 2T 7087 HA(M T HO O H 738735 (m5StD—7-89=7-95(m2Hh, ESI
OH i/ Z = 427(M+Na), 403(M H). pal e {yel |l ow
1H NMR (300 MHz, METHANOL-d,} 8 ppm 1.36
{1, J=7.0 He, 3H) 2.93 - 3,05 (m, 1 H} 3.18 - 3.27
(m, 1 H) 3.58 (dd, J=10.3,9.0 Hz, 1 H) 3.67 - 3.78
(m, 3 H) 3.89 - 4.04 (m, 5 H) 6.58 - 6.69 (m, 2 H}
6,97 (t, 1=8.9 Hz, 1 H) 7.11 - 7.24 (m, 2 H) 7.33 (d,
1 H). ESI m/z = 465 (M+Na}, 441 (M-H).

1H NMR (300 MHz, METHANOL-d,) & ppm 2.28
(s, 3 H) 2.94 - 3,02 (m, 1 H) 3.18 - 3.26 (m, 1 H)
3,57 (dd, 1=10.2, 8.9 Hz, 1 H) 3.65 - 3,77 (m, 3 H)
3.93 (dd, J=11.4, 3.7 Hz, 1 H) 4.02 (s, 2 H) 7.02 -
710 {m, 4 H) 7.16 - 728 (m; 3 1) 7.29 -7.35 {m, 1
H). BSI m/z = 412,414 (M+Na), 393 (M-H),

Compound
82

1H NMR (600 MHz, METHANOL-d,} & ppr 2.43
(s, 3 H) 2.95 - 3.03 (m, 1 H) 3.23 (¢, 1=8.7 Uz, 1 H)
3,58 (dd, J=10.3, 8.9 Hz, 1 H) 3.68 - 3.7 (m, 3 H)
3.93 (dd, =115, 3.2 Hz, 1 H) 4.00 - 4.09 (m, 2 H)
7.09 -7.13 (m, 2 H) 7.15 - 7.19 {m, 2 H) 7.21 (dd,
3=8.3,2.3 Hz, 1 H) 7.23 (d, J=2.3 Hz, 1 H) 7.33 (4,
3=8.3 Hz, 1 H). ESI m/z = 449 (M+Na), 451
(M+2+Na), 425 (M) 427 (M42-H).

Combound
93

1H NMR (300 MKz, METHANOL-4;) 8 ppm 2.93
-3.05 (m, 1 H) 3.18 - 3.28 (m, 1 H) 3.54 - 3.64 (m,
1 H) 3.66 - 3.78 (m, 3 H) 3.89 - 3.99 (m, 3 H) 6.69
(4, J=8.6 Hz, 2 1) 6.99 (4, }=8.6 Hz, 2 H) 7.15 -
7.22 (m, 2 H} 7.31 (d, 1 H). ESI mfz = 419
(M+Na), 395 (M-H).

Campound
24




powder . 197 1H NWR (300 MHz, METHANO rde) 8 ppm O

1.61-1.76(,2H) 1.93-2.05(m 2H) 2. 94- Conpound HOS 0 3.03 (m | H 3.20 -
3.27 (ml H 3.51- 3.64 (m 115 311)3.68-3.79(m 311)3.84-3.98(m 5H)
D"'t]H445-454(m1H)681-688(in,2H)7.04-O—I
7.13(m3H) 7.14-7.25(m 3H) . ESIm Z= 469(M Na), 445(MH). pale yellow oil.

(m 2H) 1 72=t 8Pt 4tHt—64—1—194 (..."“M 95=3 \ ":1")&21-3.2
(m Conpound HO S | H 3.60 (dd, J=10. - 3.80
HO' "OH (m 3knB. 87(s 3.91(miH Obdd)ﬁppmnﬂ
4.77(m|114) 6. 78-6. 79 719 (rr 71%26’{2 23“)4)94 ES
MZ = 45MiNa) 150 der. 11 AR
ppm O PO, 96 - H§> | H) 3.21 - X H)
HO 1=10| 09, 9. 11 H® T HPH3. 71- 3. 79 (
(m 2 H 3.88 s, > 3. 04 (dd, 1-11.
211) 6.182-6.88({m2H) 7.05-7.12 (m 3H)
429(MrNa), _405( M H), colorless powder.;
ppm i [O-N 2.97 (s, 3H)2.99-3.04(m 1H)3 07(s,3H) Conpound HOy
3. 63-3./68(m 114) 3. 74- 3. 82(m3R)3 88 i | 8 MR4300 MiB, METHANEL .5 b pran T
6.87 (d, 1=8,71 13z, 2 H L 7. 06| s, 33122 (5| 19 Bl 0.97 ¢, 6 By 2,84 24
311) . QB.cologtess powdg 3.03 (m, 1 M) 3.19 - 3.27 (m, 1 H) 3.58 (d4, J=10.1,
% HO 9.2 Hz, 1 H)3.66 - 379 {m, 3 H) 3.94 {dd, J=11.4,
Ho' 3.6 Hz, 1 H) 4.03 (s, 2 H) 7.06 - 7.15 (m, 4 H) 7.17
& -7.26 (m, 2 H} 7.33 (d, 1 H). ESI m/z = 445 447
(M+NNa), 421 (M-H).
1H NMR (300 Mitz, METHANOL-d¢) 8 ppm 1.37
{t, =6.9 Hz, 3 H) 2.17 (s, 3 H) 2.90 - 3.01 (m, 1 H)
3.14 - 3.24 (m, 1 H) 3.54 (dd, J=10.3, 9.2 Hz, 1 H)
Compound 3.60 - 3.76 (m, 3 H) 3.86 - 4.06 (m, 5 H) 6.66 (dd,
pa 1=8.6,2.7 Hz, 1 H) 6,75 (d, 1=3.0 Hz, 1 H) 6.85 -
6.95 (m, 2 H) 7.19 (dd, 1=8.2, 2.2 Hz, 1 M) 7.35 ,
J=8.2 Hz, 1 H). BSI m/z = 461 (M+Na), 437 (M-
H). Anal. Caled for C22H2705CIS 0.6H20: C,
58.59; H, 6,33. Found: C, 53.28; H, 6.10.
[0416]
5 1H NMR (300 MHz, METHANOL- d.) 4 ppm
1.35 @, }=7.0 Hz, 3 H) 2.08 (s, 3 H) 2.92 - 3.04 (m,
1H)3.22-3.27 (m, 1 H) 3.59 (dd, J=10.3, 8.9 Hz,
Corrpound 1H) 3.69 - 3.88 (m, 4 H) 3.89 - 4.03 (m, 3 H) 4.29
o8 {d, J=10.57 Hz, 1 H) 6.60 (s, 1 H) 6.73 - 6.80 (m, 2
H) 6.95-7.02 (m, 2H) 7.04 (s, 1 H). ESIm/z =
443 (M+Na), 419 (M-H). wp 183.0-187.0°C. Anal,
Calkd for C22H28068-0.5H20: C, 61.00; H, 6.86.
Found: C, 60.81; H, 6.89,
1H NMR (600 MHz, METHANOL- d;) & ppm
1.35 (1, 1=6.9 Hz, 3 H) 2.92 - 3.00 (m, 1 H) 3.22 {t,
1=8.9 Hz, 1 H) 3,53 - 3.59 (m, 1 H) 3.72 (dd,
J=11.7, 6.7 Hz, 1 H) 3.82 (s, 3 H) 3.88 - .95 (m, 3
Compound H) 3.99 (q, J=6.9 Hz, 2 H) 6.79 (d, 1=8.7 Hz, 2 H)
99 6.98 (s, { H) 7.06 (d, J=8.71Hz, 2 H) 7.20 (s, 1 H).
ESImn/z = 477 (M+Na), 479 (M+2+Na), 453 (M-
H), 455 (M+2-H). mp 177.0-179.0°C. Anal, Caled
for C22H27CI068-0.7H20: C, 5695; H, 6.10.
Found; C, 56.89; H, 5.98.

NVR (600 MHz,

gty

METHANO rd4) 8 pp

57167




O~ 1H NMVR (300 MHz, METHANO, dd) 8 ppm O @i 1.35 (t, 3=6.99
Hz, 3H)2.92-3.00 (m 1H) 3.17 Compound j | - 3.25 (m | H) 3.57
(dd, 1=10.18, 9.09 Hz, i H) k2l 119 HO 3 3.68-3.78
(i n, 60) 3. 88-4.02(m 511) 4. 68(s, 2 HO " OH
H) 6. 73-6. 80(m 3H) 7. 09- 7. 18(m 414) . ESI OH mi Z = 501( M¥Na), 477(M11). -
98 -- O SOH 1H NMR (300 MHz, METLANQLd4) 6 ppm 1.35(t, 1=6. 991
z,3H)2.91-3.00(m 18) 3. 17 Conpound j 0 10~ - 3.25 (m 1 H) 3.57 (dd,
14726, 9.01 Fz, T H) 120 HO 3.66-3. 77(m 3H) 3. 88-4. 03(m 5H) 4. 63(5S), 2
qH H) 6. 73- 6. 82(m 3H) 7. 07- 7. 19(|1HAMR £8) MEOVEMANOIAG] 6 Mrha) |
3 H) . col orl e crysorl~_Bd NVRIEEGO=RHEz, NG RRANDDS @y ) BB2.pom | CI 0~
| (s, 6|H 2.76 (] .| 2 Hip.20(nad H) 362 - 3.98 (m, 1 HY 3681 3P (8492 (t,
| Bamaqund; (E) Corfpound HIN) 3920d.32118, MHH;I}Q)S (cBJ=e’9 3 76 (m
1) 3003 1;,9» @h—l "(dd, J=11. 4%z 3DR1 g 0% %)% 07
J=5. 5QH7, 2H) { 6.87 (m 2 H)6‘766181=871ﬁ122 Hﬂ }/&fﬁ IF H 23
'H) 7. 32(|d, J=8. 25 Hz,

| H). ESI QE% %
or | ess povvder JH NMR (600 MHz, 2 Ad) 6 ppm g 2. 96- 3 01
41 LDN

2299 o [ Coaraa
IS A ARC 1 oo Rre—11o y

"fuéfééotﬁqu\g'fovs 89 122 (s, 4 H) 3.94 (dd, J=11.46. 3. 67 112 1 H)
b (s, K TH NNJR (3000MHz, mmmhmmnb)nlm 7.16
123 (m tJ-?pazémwwmzssmMmmz( 600

Yy 13D 3.58
¢ 101 @fﬁs 92Hz 1H)367 3,85 (m, 7 H) 3.94
(dd, J=11.5,3.7 Hz, 1 H) 4.25 - 4,39 (m, 1 H) 6.76

(s, 1) 6.96 - 7.0 (m, 4 H) 7.12 (s, 1 H). ESI m/z
= 441(M+Na), 417 (M-H).

1
1
J

6|

ﬁA'\

b=

AW TN WERE N D
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1H NMR (360 MHz, METHANOL-d,) 8 ppm 1.23
{t, 3=7.6Hz, 31} 2.62 (0, =76 Hz, 2 H) 2.93 -
3.07 (m, 1 H) 3.27 (t, J=8.8 Hz, 1 H}3.60 {t, 1 H)
3.70- 4.09 (m, 8 H) 4.25 - 4.39 (m, 1 H) 6.99 -
7.18 (m, 5 H) 7.27 (s, 1 H). ESI m/z = 461
(M+Na). Anal. Caled for C22H27CIOSS H20:
C, 56.70; H, 6.50. Found: C, 56.40; H, 6.45,

Compound
102

1H NMR (600 MHz, METHANOL-d;} d ppm 1.21

(d, =73 Hz, 6 H) 2.79-2.88 (m, 1 H} 2.94 - 3.01

(m, 1 H) 3.23 (1, J=8.9 Hz, 1 H) 3.53 - 3.61 (m, 1

| H) 3.69-3.76 (m, 2 H) 3.82 (3, 3H) 3.91 - 4.02
(m, 3 H} 4.24 - 436 (m, 1 F) 6.99 (s, 1 H) 7.05 -

7.14 (m, 4 H) 7.24 (s, 1 H). ES1 m/z = 475

{M+Na).

Compound
103

1H NMR (600 MHz, METHANOL-4,) 5 ppm 2.16
(s,3 H) 2.27 (5, 3 H) 2.94 - 2.99 (m, 1 H) 3.24 (m,
1 H)3.55 - 3.60 (m, 1 H) 3.72 (&d, F=11.5, 6.4 Hz,
1H)3.77 - 3.90 (m, 6 H) 3.94 (dd, J=11.5, 3.7 Hz,
1H) 6.76 (5, 1 H) 6.97 (m, 2 H) 7.00 - 7.04 (m, 2
H)7.11 (s, 1 H). BS1 m/z = 427(M#Na), 403 (M-
H).

Compound
104




3,40 (m 3 H) 3.69 (dd, 1=10.09, 9.17 Hz,1 H 3.80 (dd, J=11.69, 6.65
Hz, 1H) 3.94 (dd, Conpound S J=10.09, 8.71 Hz, | H 4.00 (dd,
J=11,46,167 123 HOHz, 1 H) 4.04 (d,140.55 Hz, 1 H 714 - 7.20 (m HO
"OH 1H)7.21-7.29 (m 5 H 7.30 - 7.35 (m111) OH 7.51 (dd, 1=8.48,1.60
Hz, | H 7.69 (d, 1=8.25 Hz, 1 H 7,84 (d, J=8.25 Hz,1 H) 8.13 (s, 1 M
ESI mZ = 433 +Na . pate ell ow owder.19%14 NWR (600 MHz, METHANOLd4) 6
ppm 2.92 - 2.97 (in, 111) 3.17 - 3.22 (m114) 3.55 (dd, OH J=10. 09,
.17 He, Ibaby}3. 66 3,75 (m 3 H) 3.90 Compound | 24 HO ' _(dd.
J=11. 46 (367 Ha—t—H—3—99—f-s—2—H)—7- 07 : :
7.15 - 1.23 (m) 3 H 7.27 (4, OH J=825
H. pal¢ yelldwoil. 199 LH NVR (600 @Ds OB,
2.94-3. q)O(m L11) 3. 04 301 Co 'm(,;,,lrﬁ)g,ggm -
3. 61(1 1) Eoboutt 69 25) HO 313}%331;@ 1.4 8.6 Hz,
2143.90{3. 96 HJO H6.84. 6. 91 m)ai.‘r B»J?m,taaa)agz(dagj-im 3211)
OH 7.13|- 7.36 |(muoAt"d@s] miz=454( M*N;blz 5.06 {50198 70Yd] 88,3 A PHPO0)
in NVR (600 MHd, METHBMOL-d4) 6 ppm N~ P7.85d1ss.5M, L H)933 8, DH), ESkm/z =
(M 11i)3.19-3.25(m | Conpound 1266 HO Sis5(M+N)HB)(MBHE7 ) 3.82 d(s, 4
H 389, 3.95)(m | H) 6.67$6.74 HO H(m 2 H 6.99.7.07 (m 21i)

7.11 - 71.26 (m|{ 4 H. OHESJ m Z=412(MrNa). onl orkss avvk% 1H NWR
(600 MHZ, METHANOL -d4) 6 ppm 1H mﬂbﬂ{z,ME‘Fl)'HAN L-d)  ppm
cl 1234, 1..7 57 Hz, 3 H) 2.64 {g, 1=7.79 Hiz, 2 1)
3.00 - 3,07 (m, 1 H) 3.27 (1, J=8.71 Hz, 1 H) 3.59
Compound -3.64 (m, 1 H) 3.73 - 3.82 (m, 2 H) 3.89 (d,
108 1=10.09 Hz, 1 H) 3.95 (dd, J=11.69, 344 Hz, 1 H)

7.20 (d, J=8.25 Hz, 2 H) 7.47 (s, 2H) 7.53 (s, 1
H) 7.56 (d, I=8.71Hz,2 H). ESIm/Z =
438(M+H), 440(M+2+H), colorless powder.

1H NMR (300 MHz, METHANOL-d4) 4 ppm
1.20(t, 1=7.62 Hz, 3 H) 2.59 (g, J=7.62 Hz, 2 H)
2.85(s,4H)2.95-3.07(m, 1 H}3,21 -3.28(m, 1
H) 3.54 - 3.68 {m, 1 H)} 3.69 - 3.83 (in, 3 H) 3.95
(dd, }=11.42,3.65 Hz, 1 H) 7.00- 7.11 (m, 5 H)
7.13 - 7.28 (m, 3 H). ESI m/z = 411 (M+Na), 387
(M-H). colorless powder.

Compound
107

1H NMR {600 MHz, METHANOL-d,) 8 ppm
1.20(t, J=7.57 Hz, 3 H) 1.87 - 1.94 (m, 2 H) 2.56
-2.63(m, 6 H)2.98- 3083 (m, L H)3.26 (%,
J=8.25 Hz, 1 H) 3.59 - 3.64 (m, ¥=10.32, 8.94 Hz,
1H)3.71 - 5.82 (m, 3 H} 3.95 (dd, J=11.46, 3.67
Hz, 1H) 7.05 - 7.12(m, 5 H} 7.14 - 7.25 (m, 3 H).
ESI m/fz = 425 (M+Na), 401 (M-H). colorless
powder,

Compound
108

1H NMR (600 MHz, METHANOL.-d;) 4 ppm
119(1,)=7.79 Hz, 3 H) 2.58 (q, J=7.70 Hz, 2 H)
2.96 -3.02 (m, 1 H}3.22 - 3.27 (m, 1 H) 3.59 (dd,
§=10.32, 8.94 Hz, 1 H)3.70 - 3.77 (m, 3 H) 3.88 -
3,97 (m, 3H) 7.08 (s, 4 H) 7.14 (d, I=7.79 Hz, 2
H) 7.25 (d, 1=7.79 Hz, 2 H). ESIm/Z =
357(M+Na), 373(M-H). colorless powder.

Compaund
109




02.91-2.98 (m 111) 3.17.3.23(m111)3.56(1,
J=9. 6Hz, 1H) 3. 67- 3. 78(m 3H) 3. 82(s, 3H) Conpound $ ' 3.91 (dd, 1=11.5,3.7
Hz,1 H 4.11- 4.20 (m 2 127 HO5 H) 6.92 (d, J=7.8 Hz, 1 H) 6.98 (s,
1 H) 7.16 - HO ""OH 7.26 (m 4 H) 7,60 (d, Y7.8 Hz, 114 7,68 (d, CH
1=7.8 Hz,1 M ES| mz = 455 (M:Na)4431(M H). nmp 91,0-105.0C. 11-1 NMR
(300 Mz, M ETHML3L-d4) 5 ppm 2H§g 3.95 (m 11) 3.20-3.27 (m1 H 338
(dd, Corrpound PC 1=10. 3, H)s 69-3.83 (m2H) 3.93 128 HO S
(dd 197
(m |(m 211). ESI mz - 459 (M OH
461 153 8R (30 NN, METBAROER) 5 T HANOL - d4)
6 ¢ . -3,64(3103(&;111)1)33206@29 1H)6@epound HO S
a || CSndon A 70 - 3)88{Mm, 1808633790, 3 ~3.98 (m,
308( miig) 4| 2 -g, 06(s, 1H) 7. 10 | By SRR 1708 0, EAT) 7D Bom-| 7. 75
(m{ 2 H). 425 OH (MNa) | (7 HD 39 B/ZL6B7QGH)208MH). NVR |( 300

., METRANOLrd4) b ppm 2.92 - 3. Ofel{yviiwpdsider.3. 25 (1, J=8.9 Hz,| 1 H)
3.92 - 3.65 (m1 H 3.72 (dd, 1=11]4, 6.5 Hz,| H) 3.76 Conpound {$ 3.87
(m{411)-3.93 (dd_1=11.4_3 6 Hz [l _11) 416 130 HO/ (his, 2 H)
4.31- 4.43 (m | H 6.92 (d, 1-&6 HﬁE, HO OH1 H 7.03 (s, 111) 7, 12.
7.35 (m 411) 7.59 - 7.78 OH (M 21ANMRESI0 MAZ MEMBNOLMYGpm | 1 O7. 5
9gloc. I | 114 - 1.27 (m, 3 H) 2.54 - 2.68 {m, 2 H) 2.95 -

Gompound 3.05 (m, 1 H) 3.22 - 3.30 (m, 1 H) 351 (d, J=6.37

" Hz, 1 H) 3.56 - 3.68 (m, 2 H) 3.70 - 3.83 (m, 3 H)

3.95 {dd, J=11.35,3.57 Hz, 1 H} 5.72 - 6.59 (m, 2

1 H) 7.07 - 7.30 (m, 8 H). ESI m/z = 423 (M+Na),
399 {M-H), yellow oil.

[0418]

-
1H NMR (600 MHz, METHANOL-dy) § ppm

1.23 (1, J=7.57 Hz, 3 H) 2.63 (g, }=7.79 Hz, 2 H)
2.95-3,04 (m, 1 H)3.23 (¢, }=8.71 Hz, 1 ) 3.56

- 3.61 (m, 1 H) 3.69 - 3.78 {m, 3 H) 3.94 (dd,
I=11.46, 3.67 Hz, 1 H) 6.84 (dd, 1=8.02, 2.52 ¥z,

1 H) 691 (¢, 3=8.35 Hz, 2 H) 6.95 - 6.98 (m, 1 H)
7.08 (d, 1=7.79 Hz, 1 M) 7.18 (d, J=8.71 Hz, 2 H)
7.27 (1, =779 Mz, 1 H). ESI m/Z = 399(M+Na),
TS,

Compound
12

1H NMR (306 MHz, METHANOL-d,)  ppm
1.29 (t, 1=7.62 Hz, 3 H) 2.71 (q, }=7.62 Hz, 2 H)
3.01-3.15(m, 1 H)3.28-3.36 (m, 1 H) 3.62 -
4.07 (m, 5 H} 7.22 - 7.66 (m, 8 H). ESI m/z = 383
{M+Na), 359 (M-H). colarless amorphous,

Cempound
113

TH NMR (300 MHz, METHANOL~d,) 5 ppm
2.94-3.03 (m, 1 1) 3.20-3.28 (m, 1 1) 3.55 -
3.64{m, 1 H) 3.69 -3.79 (m, 3 H) 3.87 (5, 3 H)
3.90-3.98 (m, 1 H) 4.03 (s, 2ZH} 7.08 - 7.14 (m, 1
H}7.18 - 2.35 (m, 5 H) 7.89 - 7.95 (m, 2 H). ESI
m/Z = 427{M+Na), 403(M-H). pale vellow
powder,

Compound
1i4




O/ O1H NWR (300 MHz, METHANCL-d4) 6 ppm Conmpound =~ 2.89 - 3.00 (m |
3.22 (m 1 H 3.51 - 3.96 (in, 131 HO$ 10 H) 4.04 - 4.19 (m 2 H)
62 (s, 111) 6.97 (s,1 H737-7.28 (m 3 H 7.58 - 7.73 (in,2H.ESI HQ
Mz = 485 (MrNa), 461 (MH). OHcl V 1H NWMR (309 MHz, METHANOL-d4) b
94- 3.05(| n, 1H) 3. 18- 3. 28(m 1H) 3-58(dd, Conpound HO S 1 _10.2, 8.9

H 3.66.3.83 (m 311) 194 132 ¥&d~1=115, 3.6

2.
1
1'_') 164 ’m/LH 2 LN O Ol 640 (o 11N 10 Z =1 (i 7 I_ST

LU . T T, T LI\ AT U FYUT(9h L1l 1T —Ir]J ELEDREE " LA T 'I'V'l

143 OH|(MrNa), 445 (M#2+Na). [OK421] 1H NMR (300 MHz,
METHANCL - d4) ppm 2. 96 3.04 (m 111)) QBiIdR 02 METHANGI6d,) Bpin

(m 1H) B. 70-5. 81(i t, 4(.L ?_&q’pound Ho1g6 (n, 230 1.9% 9205 mgEHES41 H)

4. 21( S| Conpblind§ -, ‘ 'oOH (1 031@ 11’?)33?@ 3277(n331-10ﬁ=1’51¢ﬁﬁ4)(m7 36
- 7.430 (my5l 0) Cd 1 62 (d J=3.73 Hz ?%@3H73%3( (@, )7 6

-803(m 111) 8. 44-% 4G WP1H) . ESI nf z= 430

(300 MHz, METHANOL-d4) 8 ppm 2, 95- 3. 07 @ ﬂ%{ﬁ%? ')
\ 3.66/(m 2H) 3.70- 3.83 (m 3H) 3. 95(dd® 1

3.73 Hp, 114){4.12 (s, 2 H 6.79 (c,. | 134 3=3.57 He, 1HL714- 36

(m SHy 7.48 {7.57 HO. OH (m )=8.32,{1.17 Hz, 2 H. EST mz = 451 PH
(MkNa) | 427 (M H). colorless powder, Aridl NMR (590 dBHizf METIERGPRADAB20. 3120
C, 63.57; H |5.72. Found: 63.89; H1H.-887m 23)072-1.82(m,4H)LB4.
\[> 1.94 (m, 2 H) 2.95 - 3.02 (m, 1 H)3.21 -3.28 {m,
Compound | o 1 H) 3.6 (dd, J=10.32, 8.94 Hz, 1 H) 3.70 - 3.80
119

. (m, 3H)3.87(s,2H) 3.91-3.97 (m, 1L H)4.71 -
OH 4.77 (m, 1 H) 6.73 - 6,79 (m, 2 H) 7.03 - 7.10 (m,
3 H)7.15 - 7.24 (m, 3 H). ESIm/Z = 453(M+Na).
colorless powder.

1H NMR (600 MHz, METHANOL~d,} 4 ppm
2.96 - 3.00 (m, 1 H) 3.21 - 3.26 (m, 1 H) 3.59 (dd,
1=10,09, .17 Hz, 1 /) 3.71 - 3.75 (m, 3 H) 3.82 -
3.87 (m, 2H) 3.38 (s, 2H) 3.94 (dd, )=11.46, 3.67
Hz, 1 H) 3.98 - 4.02 {m, 2 H) 6.82 - 6.88 (1n, 2 H)
7.05-7.12 (m, 3 H) 7.15 - 7.24 (m, 3 H), ESI my/Z
= 4Z8(M+Na), 405(M-H), colorless powider.

Compound
117

\ﬁ 1H NMR (600 MHz, METHANOL-d,) § ppsn
Q Oy [297(5,3H)2.99-3.04 (m, 1 H} 3.07 (5, 3 H)
Compound | i~ 8 ‘ ' 363 -3.68{m, 1H)3.74-3.82 (m, 3 H)3.88 -

118 L 3,94 (m, 3 H) 4.74 (s, 2 H) 6.87 (d, J=8.71 Hz, 2
HO OH H) 7.06 - 7.14 (m, 3 }) 7.16 - 7.24 (m, 3 H).
OH colorless pawder,

[0419]

1H NMR (300 MHz, METHANOL-d,) 3 ppm
1.35 (¢, ¥=6.99 Hz, 3 H) 2.92 - 300 {m, 1 /) 3.17
-3.25 (m, 1 H) 3.57 (dd, J=10.18, 9.09 Hz, 1 H)
3.68 - 3.78 (m, 6 H) 3.88 - 4,02 (m, 5 H) 4.68 (s, 2
H) 6.73 - 6,80 (m, 3 H) 7.09 - 7.18 (1, 4 H). ESI
m/Z = 501(M+Na), 477 M-H).

Compound
119




0 MHz, MEITi ANOL.d4) S ppm 2.95-3.04
-3.28.(m 1H) 3.54- Conpound f{p S 3.64 (m 1 H 3.69 - 3.81
.94 (dd, 135 S S J-11.35, 357 Hz,1 H) 4.19 (s, 2 0) 7.00 (s,1
H HO ' OH 7.14 (d, 3564Hz |'H 7.16 - 7.33 (nt, 4 H 7.37 OH
1=5.13, 0.47 Hz, | . ESI mZ = 431 (M+Na), 407(MH). colorless
er. 1H NMVR (300 Mz, I\/ETHAN%@Q S ppm 2.92-3.05 (m |H)3.19-3.29
10)3,39(s, 3 compound Ha S 59 (t,1-9.64 Hz, | H 3.68 - 3.83
3 IT) {136 3.86-4.02 (m 30) 5. 8035 97(m 10) 5. 94(t, HO "OH ﬂB 11
H 665 (d, J=1.87 B4 | H 7.93 (dd, J=6.99,1.71 Hz,1 li) J.12 -
H. OH ES pilg,; 372( MiRENMRIEONWR, CSTTOLAMAL -4, \VEpphi ANb_ 44)
; 0H).-3. 21135 A9¢H99IEy SHEBI1 Cithto, LIHG-13. 66 (m
(dd, 133’21(@ 1 89p.JHd, 1502629 Bz 1D 1H) 4. 44
611) 7.886:3.7 (o3 %824 (m,51H) 4R 1 500 .

. Y B (h
“thgey m 1.36 (t, 073749 (m. 43DF51 (§ n, 1
3. 23HA4- 3. 27o(m(1§I1pEI) 3. 64 (((jd, J-N{%’%ZWB‘*‘”M ‘HHGW‘GWU nd HO S
3.71- 378 (m 2 H 3.84 (d, J=]0.55 H2, 111) 138 3.92-3.97
q

OOOO

SR}
e

AA'D/—\
EBE

=
QT N -

3
%5

&

al

—

N

(o)

!

~F oo~
0 :
N
H
-
<
N
=
T
A\

=
0
§

A
2 av)

o3 Tk
b
E

%}JUQTTﬁL‘U I_IL_'—LII} J—OE'
85(m 2H) 7. 14- 7. 13(m2H)7 64(t,

o5(m 2K 7 DEH NMR (680 Mz, METHABIORSLY dhpm3=2] 29 Hz,

7234 (3 1 -'-5396%) H)RP6 - 38 of | ess
13, 16DPRRL J£8.3 35762 Hz, | 3 H)
J-1032,894Hz, 1H) 3.68 - 3.76 (m, 3 H) 3.93
(dd, }=11.46, 3.67 Hz, 1 H}4.01 (s, 2 H) 4.07 ¢,

J=5.50 Hz, 2 H) 6.83 - 6.87 (m, 2 H) 7.08 - 7.12

(m, 2 H) 7.18 - 7.23 (m, 2 H) 7.32 (d, J=8.25 Hz,
1 H), ESE /7 = 468(M4 ), 470(M+2+H),

colorless powder.
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TH NMR (600 MHz, METHANOL-d,) 5 ppm
o X |296-3.01 (m, 1H)3.22- 3.26 (m, 1 H) 3.59 (dd,
Q 3=10.08, 9,17 Hz, 1 H) 3,71 - 3.79 (m, 6 H) 3.89

°°“;";;”“d Ho (s, 2 H) 3.94 (dd, T=11.46, 3.67 Hz, 1 H) 4.6 (s,
HO"~" O 2 H) 6.81 - 6.85 {m, 2 H) 7.05 - 7.13 (m, 3 H)
OH 7.16 - 7.23 (m, 3 H). ESI m/Z =457 (M:+Na).
pale yellow oil,

1H NMR (600 MBz, METHANOL-dy) 8 ppma
2.98-3.07(m, 2H)3.07-3.13(m, 1 H)3.33 -
3,40 (m, 3 H) 3.69 (dd, J=10.09, 9,17 Hz, 1 H)
3.80 (dd, I=11.69, 6.65 Hz, 1 H) 3.94 (dd,
J=10.09, 8.71 Hz, 1 H) 4.00 {dd, J=11.46, 3.67
Hz, 1 H)4.04 (d, J=10.55 Hz, 1 1) 7.14 - 7.20 {m,
1Hy721-7.29(m,5H)7.30-7.35 (m, 1 H)
7.51 (dd, J=8.48, 1.60 Hz, 1 H) 7.69 (d, J=8.25
Hz, 1H) 7.84 (d, }=8.25 Hz, 1 H}8.13 (s, 1 H).
ESI m/Z = 433(M+Na).  pale yellow powder.

Compound
123

1H NMR (600 MHz, METHANGL-d4) 8 ppm
2.92-297 (m, 1 H)3.17-3.22(m, 1 H) 3,55 (dd,
J=10.09,9.17 Hz, 1 H)3.66-3.75 (m, 3 H} 3.90
{dd, }=11.46, 3.67 Hz, 1 H) 3.99 (s, 2H) 7.07 {d,
J=17%Hz, 1HY715-7.23 (m, 3HY 7.27 (4,
J=8.25 Hz, 2 H) 7.88 (d, 1-8,251-!2 Z H). pale
yellow oil,

Cotnpound
124




2.92-303(m 1H)3.19(t,1=8.86 Hz,IH3.50 S 3.63 (m 214) 3.72 (dd,
J=11.58, 6.45 Hz,1 H Conpound HO S 3.93 (dd, 1=11.50, 3.73 Hz, 11i)
4.03 (t,1=4.97 139 HO'" OH Hz, 3 H) 6.58.6.67 (rn,1 H 6.83 (d, 1s3.57
Hz, 111) 7.08 - 7.17 (m 411). ESI mz = 403 (MtNa), OH 379 (MH).

col orl ess powder. Anal. Calcd for Cl19H240452: C, 59.97, H, 6. 36.
Found: C, 59.93, H 6.33. 202 - ¢0422]-111 NWVR (300 MH , MEFHANOL-d,)
b ppm2.26 (s,2H) 3, 03. 3. 14(m 1 H) 3 32-3 40(m.3H) -~ Conpound HO g/ \
3,62 -4 3.72 (m 1 H) 3.77 (dd, J-11.50Q,637 Hz,1 140 H) 3.93 - 4.06 {(m
2 H 4.14 (%R14) 4.32 (4, HO I OH J+iQRMRs00MI), METRANOLY) 8ppm S |Fn
7.33 (it, 1 H| OH 7,48 (s, 1 (790 d.94 J300. (w11 Ki3.041 3\ (s SH) A1i2- 439
( M+Na) ’Co#‘lab%nrgMM col o@ i 042@3 1 He3.564 Barn| EHYB.64F 88T (nb( L
of a éusqgﬂa ORa(prdt-eia~coheent r at i on3 3.0y 38 rof Hr 3685 (L2 8BS0 396 sth
bor der] me rape gl es (brush bord (o, FED 684 NG9 M(eh? H) 503 -BBRAA, 2 H)
preparjed fol | pwing &he method descri hddd i MtdmabELFEMZAAMNIBI ochem ,
Vol , 201, O ause 301, 1984) was prei nedBskis@avdr- 37C for two minut€s,
150 L [of a reaction mxture which was a m xture of a test conpoun

di ssolved 1n (DVBO final concentration: I¥), 100 nmM rmannitol, 100
nmvi NaSCN or KSCN, 10 nM HZPES/ Tris pH 7.4, D-glucose (final
concent[roq’tzio n: 0.1 mMy) and 1 ClL of D-[6-3H glucose (Anersham was
added to thi's. After performng a reaction at 37C for five seconds, 1
mL of lan ice icooled reaction term nating solution (150 nM Nad . 14 v
HEPES/|Tri s

1H NMR (600 MHz, METHANOL-d,} 8 ppm
2.85 (s, 6 H) 2.93 - 3.01 (m, 1 H) 3.19-3.25 (m, 1
H) 3.57 (dd, J=10.1, 9.2 Hz, 1 H) 3.68 - 3,78 (m,
3 H) 3.82 (s, 2H) 3.89 - 3.95 (m, 1 H) 6.67 - 6.74
(m, 2 H) 6.99 - 7.07 (m, 2 H) 7.11 - 7.26 {m, 4 H),
ESI m/Z=412(M+Na). colorless powder.

Cormpound
126

1H NMR (600 MHz, METHANCL-d,) & ppm
2.91-2.98 m, 1 H)3.17 - 3.23 (m, 1 H) 3.56 @,
729.6 Hz, 1 H) 3.67 - 3.78 (m, 3 H) 3.82 (s, 3 H)
3.91 (ad, J=11.5, 3.7 Hz, 1 H) 4.11 - 4.20 (m, 2
H) 6.92 (d, J=7.8 Hz, 1 H) 6.98 (s, 1 H) 7.16 -
7.26 (m, 4 H) 7.60 (d, J=7.8 Hz, 1 H) 7.68 (d,
3=7.8 ¥z, 1 ). ESI m/z = 455 (M+Nz), 431 (M-
H). mp 91.6-105.0°C.

Compound
127

TH NMR (300 MHz, METHANOL-4,) 5 ppm
2.93 - 3.05 (m, 1 H) 3.20-3.27 (m, 1 H) 3.58 (dd,
)=103, 9.0 Hz, 1 H) 3.69 - 3.83 (m, 2 H) 3.93
(dd, J=11.5, 3.6 Hz, 1 H) 4.35 (s, 2H) 7.01 - 7.05
(m, 1 H) 7.19 - 732 (m, 3 H) 7.35 - 7.41 (m, 2 H)
.63 -7.77 (m, 2 M), ESY ny/z = 459 (M+Na),
461(M+2+Na), 435 (M-H). mp 105.0-115.0°C.

Compound
128

1H NMR (300 Mz, METHANOL-d,) & ppm
2.95 - 3.05 (m, 1 H) 3.21 - 3.36 {m, 1 H) 3.60 (dd,
1=10.3,9.0 Hz, 1 H) 3.70 - 3.81 {m, 3 H} 3.50 -
3.98 (m, 1 H)4.23 (5, 2H) 7.06 (s, 1 H) 7.19 -
734 {m, 6 H) 7.62 - 7.75 (m, 2 H). ESI m/z = 425
(M+Na), mp 159.5-160.0°C.

Compound
128




pH 7.4. 0.3 nmM phiorizin) was added to the reaction mxture to
termnate the reaction, and BBW was i nmedi ately separated by rapid
filtration using a nenbrane filter (HAWPO2500 having a pore size of
0.45 pa, MIlipore). The nenbrane filter was washed three tines with
4.5 nL of the ice cooled reaction termnating solution. After the
menbrane was dried

sufficiently,

?{(%di oactivity was neasured with a

liquid 203 scintillation counter eckman) to quantify the amount of
gl ucps a N : ation
of clonpound{at which glucose uptake WwgsNMR (B0 MHzOEEDYANGA S b 6P Val ue)
was cal cul ated assum ! g _the gl yeese| agat-akpeom)il H)0.as (1,11be9 BeldiH) 3 D.- ?f t he
conppunds tp be 100% i r @83 l(h,S1 K32 $duolan Ui, 6.5 Bihl By Ri6-
[ 0428)eribetsk ¢ d'ﬁ(a S PI-‘D&S’}‘@W (H51=11.606 Hz{l)ﬂmlﬁnjpl 76
0.320 1BONpPo nmpBund 1AWs,@. 13301 - Géthjon UHYE.92@8, 188.§ 59
[ 042[7) Test | Ex " §Honi nj of hurrqri H@0F {5, HHY7. 117836 (B8GLHIZ.58n 878
i ntrioduction therggf I nto expressi oimdd) BH mdpwaY WeNmmg&hience | (NM
0003¢3) wasj|reverse-transcripted fr/@0Gman small intestinal nRNA
t hen—anplifi
1H NMR (300 MHz, METHANOL-ds)  ppm
Compound 2.89 - 3,00 (m, 1 H) 3.22 (m, 1 H}3.51- 3.96 (m,
731 10 H)4.04 - 4.19 (s, 2H) 6.62 {5, 1 H) 6.97 (&, 1
H)7.17 - 7.28 (m, 3 H) 7.58 - 7.73 (m, 2 H). BSI
m#z = 485 (M+Na), 461 (M-H).
TH NMR (300 MHz, METHANOL~d,)  ppm
294 -3.05 (m, 1 1) 3.18 ~ 3.28 (m, 1 H) 3.58 (dd,
Compound 1=10.2, 8.9 Hz, 1 H) 3.66 - 3.83 (m, 3 H) 3.04
132 (dg, I=11.5, 3.6 Hz, 1 H) 4.16 - 4.32 {m, 2 H)
6.40 (5, 1 Hy 7.10 - 7.51 (m, 7 H). ESI m/z = 443
(M+Na), 445 (M+2+Na).
|
[0421}
1H NMR (300 MHz, METHANOL-d,) 3 ppm
2.96 - 3.04 (i, 1 H) 3.22 - 3.29 (m, 1 H) 3.56
3.64 (m, 1 H) 3,70 - 3.81 (i, 3 H) 3.94 {dd,
Compound J=11.42, 365 Hz, 1 H) 4.21 (5, 2 H) 6.94 - 6.97
133 (m, 1 H) 7.18 - 7.33 (m, 4 H) 7.36 - 7.43 (m, 1 H)
762 (4, 1=373 Hz, 1 H) 7.85 - 7.90(w, 1 1) 7.96
-8.03 (m, 1 H)8.44 - 849 (m, 1 H). ESIm/z =
430 (M+H). yellow powder.
1H NMR (300 MHz, METHANOL4,) 8 ppm
2,95 -3.06 (m, 1 H) 3.22 - 3.29 (m, 1 H) 3.57
3.66 (m, 2 H) 3.70 - 3.83 (m, 3 H) 3.95 (dd,
J=11.50,373Hz, 1H)4.12 (5, 2H) 6.79 (d, .
°°"1’§:““d J=3.57 Hz, 1 H) 7.14 - 7.36 (m, 8 H) 7.48 - 7.57
(m, }=8.32, 1.17 Hz, 2 H). ESI m/z = 451
(M+Na), 427 (M-H). colorless powdes, Anaj,
Caled for C23H240482:0.3H20: C, 63.57; H,
5.72. Found: C, 63.89; H, 5.63.




I ntroduced into pCW-tagSA from Stratagene Corporation. Human SG.T2
sequence (NM 003041) was prepared from human nephric nRNA as with the
above nmethod, and then introduced into pcDNA3. 1+hygro fromInvitrogen
Cor poration. Each cloned sequence was confirnmed to be identical with
the reported - 204 - sequence. Preparation of CHO Kkl cell stably
expressi ng human SAG.TlI and human™ S5 > CRO-KI cells were transfacted

Wi th t

Li pof ¢ 2000 (I nvitrogen Corpof SSI on cel | s
were ¢ sence of gen k
(SGLT2 50N ﬂgﬁ 5‘%tr u ns.
Cells k

gH ex
in tth Sodi unt depen &%}5{‘ est
inthe calls expr essi ng ler e
used i|n the dodi um dePendent sugar up vﬂl@r t estj.
Cell stwere incubated in 1 nmL of a pret ution(140m\/l
chol i chlordide 2 M KC 1 nM CaCl] nv
Tris, |pH 7.4)[ for 20 minutes. The pretreatment buffer sol ution was
renovegd and %00 L of an pt.ake buf f e[ HICNMRFBOVIMIG, MESHANODH 6 psie
(et h§ | -a- D jgl ucopyr anos \i (97-BOSTIm, 1H)3.19-3.29 (m, 1 H)3.39(s,3
et hyll ogs R | UpRpy*and 1 ¥y fpmmﬁrlammm,mm.s@a + 3.83 (o Hpr
SGE.T2 ?\'Bu%bltion 2'y mv| K&il-,4.02 (ed FOA@P 27.8 A mprH @J(R 10
MM HEPESTS il T g Tod) vier e addbb3.1hHa 14P64KeE, I-8ETH, O
perfolmed at { 37C for m nut es (SG_Tgig Jﬁﬁggﬁb 1 g bHhB LA~ 7@@@1?2}) rfter
the 1feactior, cells e washed wit h{E! T2M¥hi ng buffer (10| mM
met hyll - a- D- gliucopyr anosi de, 140 nmM chpl i ne chI oride, 2 nM
IH NMR (3(00 mamm?oud%? ppm
2.95-3.05(m, } 21-328(m, 1H)3.55-
-°°"1’;‘;”"" 3.66(m, 1 H)S.ng 3.83 (m, 3 r(ns.94 (dd,
11=11.50,3.57Hz, 1 H) 444 (5, 2 H) 7.24 - 7.52
(m, 6 ¥} 7.85 ~ 7.95 (in, 2 H).
1H NMR (600 MHz, METBANOL-d,) 6 ppm
1.36 {1, 1=7.18 Hz, 3 H) 3.01 - 3.05 (m, 1H) 3.23
-3.27 (m, 1 H) 3.60 (44, J=10.32, 8.94 Hz, 1 )
3.71-3.78(m, 2 H) 3.84 {d, J=10.55 Hz, 1 H)
0""1";;”"" 392-397 %m, 3 g)) 3.99 Eq, 3=7.18 Hz, 2 H) 6.82
- 6.85 (m, 2 H) 7.10 - 7.13 (m, 2 H) 764 1,
J=2.06 Hz, 1 H) 8.28 (d, }=2.29 Hz, 1 H) 8.34 (d,
122,29 Hz, 1 H). ESI m/Z = 392(M+H), 390(M-
H). colorless powder.
1H NMR (300 MHz, METHANOL~d,) & ppm
1.20 {t, J=7.62 Hz, 3 H) 2.60 (q, J=7.62 Hz, 2 H)
292- 303 (i, 1 H) 3.19 (1, 1=8.86 Hz, 1 H) 3.50
~ 3,63 (m, 2H) 3.72 (dd, J=11.58, 6,45 Hz, 1 H)
Gompound 3.93 (dd, 1=11.50, 3.73 Hz, 1 H) 4.03 (¢, }=4.97
139 Hz, 3 H) 6,58 - 6.67 (m, 1 H) 6.83 {d, }=3.57 Ha,
1H)7.08 - 7.17 (m, 4 H). ESI m/z = 403 (M+Na),
379 (M-H). colorless powder. Anal. Caled for
C19H240482: C, 59.97; B, 6.36. Found: C,

| 59.93; H, 6.33. ]




KCIl, 1 mMCaCl2. 1 nM MCl2, 10 MM HEPESJS MM Tris, pH 7.4) tw ce and
dissolved in 400 iL of 0.2 M NaOH solution. After Aquazole 2 (Perkin
El mer Corporation) was added and m xed well, - 205 radioactivity was
measured with a liquid scintillation counter (Heckman Coulter
Corporation). A buffer for uptake which contained no test conpound was
prepared as a control group. Anaoizer buffer solution for uptake
containing choline chloride in place of NaCO was al so prepared for

basi coaptpke. [04281 In order to determ ning an | C50 val ue, the test

Corrlﬁ%% Ao u_r:ndngML LLII fghl_n ocnncaentrati ance _and fJ:u:J~ r at i on

of the conmpound at which gl ucose uptak§°§£§“THﬁTE|ted by 50% (I¢50
value) as ¢onpared with gl yegse up.ﬂkﬁmm&md,mommbmﬁhzgﬁceup was
calcul ated| The resulgs t es] (s 3.03 3 ivh(m, h HY4B2 3.4).(m] TP 9)

206 cohablg! 3 _Conmy  Fufran SGL362 -GN (i3 78 GldT7E11.3045.386L. T1 | SGLT2
Conpoupg 74 HP 1 2.8 COrrpoereB 5496@3@%@4141@921114 oung 76
0.080 1.2 1460 " €ofmpeund 77 0. 690 £01Hp(. 0
115, 4 Conmpound T 0.370 2.7 7.2 78% ﬁééﬂ% Iﬁl@JWZ’Oo%Lrpound
81 00.600 6/5 10.9 Conpound 82 3.7 Hy pIBYRTPogder0. 030] 1. 5

48.71__Co und 84 0.170 2.1 12.5

104231
Test Example 1

After 50 ulL of a suspension (protein concentration:
4 mg/mL) of rat kidney brush border membrane vesicles (brush
border membrane vehicle: BEMV) prepared following the method
described in a decument (Anal. Biochem., Vol, 201, Clause 301,
1984) was preincubated at 37°C for two minutes, 150 pL of a
reaction mixture vhich was a mixture of a test compound
dissolved in DMSO (DMSO final concentration: 1%). 100 mM
mananitol, 100 mM NaSCN or KSCN, 10 mM HEPES/Tris pH 7.4,
D-glucose (final concentration: 0.1 mM) and 1 pCi of D-[6-°H])
glucoae (Amersham) was added t¢ this. After perfoxming a
reaction at 3730 for five seconds, 1 mL of an ice cooled
reaction terminating solution (150 mM NaCl, 10 mM HEPES/Tris
pH 7.4, 0.3 mM phlorizin) was added to the reaction mixture to
terminate the reaction, and BBMV was immediately separated by
rapid f£iltration using a membrane filter (HAWP02500 having &
pore gize of 0.45 pm, Millipore]). The membrane filter was
washed three times wlth 4.5 mL of the ice cooled reaction

~ terminating solution. After the membrané was dried

sufficlently, radicactivity was measured with a liquid




Compound 85
0.080 0.2 2
Conmpound 92
0.250 0.3 1
Compound 98
1.520 4.4 2

1.270 6.1 4.8 Conpound 86 0.060 1.1 18.3 Conpound 88

8 = Conpound 89 0.065 6.3 97.5 Conmpound 91 0.110 1.7 15.5
0.030 0.2 7.7 Conpound 93 0.021 0.4 21.0 Conpound 94
3
0

Compound 95 0.028 0.6 22.3 Conpound 96 0.062 7.3 116.3
.015 0.1 6.5 Conpound 0.032 5.6 178.6 Conpound 100
.9 [04301 207 Conpound "0.040 2.6 63.1 Conpound 102

0.040 3.5.86 d 103 .0.069 23.9 347.9 Co d 104 0.034 1.0
2o s IR HOstey ¢Bagiman) Shsaint LTy he18080 oF o

ML R R e R R T A

Conpoun °4§£132'910 Conpound 138 33.000 Conpound 139 114.000 [0431]

| NDUSTRI AL

PLI CABI LI TY
The concentration of compound at which glucese uptake was

inhibited by 50% (ICs5, value) was calculated assuming the

glucose uptake without the addition of the compounds to be

1060%

[042

5]

The results are shown in Table 2.

[0426]

Table 2
Compound No. ICso MM}
Compound 75 1.600
Compound 76 0.32¢0
Compound 7% 0.220
Compound 127 0.350
Compound 128 0.790
[0427)]

Test Example 2

Cloning of human SGLT1 and human SGLT2 and introduction

thereof into expression vector

Human SGLT1 sequence (NM_000343) was reverse-{ranscripted

from human gmall intestinal mRNA, then amplified, and then

introduced into pCMV-tagBiA from Stratagene Corporation. Huwan

SGLT2 sequence (NM_003041) was prepared from human nephric

ﬁRNA as with the above method; and then introduced into

peDNA3. 1+hygro from Invitrogen Corporation. Fach cloned

sequence was confirmed to be identical with the reported




According to the present invention, 1-thio-Dglucitol conpounds which
exhi bit sodi um dependent gl ucose cotransporter (SG.T2) inhibitory
activity and hypoglycem c effect by pronoting urinary glucose
excretion can be provided and thus a therapeutic drug for diabetes due
to a novel skeleton which is not known conventionally can be provided.
Besi des, 1-thio-D- glucitol deri gaii ves of the present invention has
good crystallinity, and therefore, they do not require
cacrify@nbbzation with amno acid, etc., and they are easy to be
purifi‘ed, stored and made into pharnaceutlcal preparations and are

sui traparheiohabsd! cHg-RE @W tIASURkP2ESBLAG Usiman SHITL agBAIMS [1)
A 1-thio-D-glucitol conpound o e folTowng Tormula T, or a
phahumaauSGLER| y acceptable salt thereof, or a hydrate of the conpound
or the salt; RR RS R} Rao Sor' A~-Re R7 RRO R30" "ORS OR2 [where
R, R2, RHOaKl R4liscwerr Ltransiwctedf Wéthnthea]h@n@acﬁﬁl-'ﬂe@r@sent a
hydrogen atom a Cl.6 al kyl group, -CO2R62, or a C7_12 aral kyl
gro@ﬁmﬂﬂtﬁﬁﬁﬁPl?xBH%§?*QQn¥ﬁF soRsigg H%P6f3§¥E@$ﬂﬁtﬁﬂﬂW5 sel ected from

r oprdaEs58%8, Corafrgtidh bup SUEL elprabeiah s vate SEIEMSE or oup,
® ooy o) Rrsenfbct i pfier Aol BBnad) °Hﬁ¢y5%5rﬁ?% 5 (SR Wher e n
den%ke§h%nch5899£a9io9 &f’sdﬁ pg/mh to select resistant strains.,

Cells were obtained using sugaxr uptake specifiec activity as an

index 1in the following system.

Sodium-dependent sugar uptake inhibition test in the cells
Cells stably.éxpressing human SGLT1 and human SGLTZ ware
used in the sodium-dependent sugar uptake activity inhilbition
test, Cells were incubated in 1 mlL of a pretreatment buffer
solution (140 mM choline chloride, 2 w4 KCL, 1 mM CaCl;, 1 mM
MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4) for 20 minutes. The
pretreatment buffer solution was removed and 200 pL of an

uptake buffer containing test compounds (methyl-q-D-

glucopyranoside countaining [!'C] methyl-a-D-glucopyranoside
{0.1 mM for SGLT1 inhibition, 1 mM for SGLT2 iahibition), 140
mM NaCl, 2 mM KCL, 1 mM CaCl, 1 mM MgCl,, 1G mM HEPES/5 mM
Tris, pH 7.4} vwere added, and uptake reaction was performed at
37°c for 30 minutes (SGLTLl} or for one hour (SGLT2}. After the
reaction, cells were washed with 1 mL of & washing buffer (10
mM methyl-c¢-D-glucopyranoside, 140 mM choline chloride, 2 mM
KCl, 1 mM CaCl,, 1 mM MgCl,, 10 nM HEPES/% mM T;is,-pH 7.4)
twice and dissolved in 400 pL of 0.2 M NaOH solution, After

- Aguazole 2 (Perkin Elmer Corporation) was added and mixed well,



Art represents an arylene group, a heteroaryl ene group, or a

het erocycl oal kyl ene group, Ar2 represents an aryl group, a heteroaryl
group, or a heterocycloal kyl group, and R5, R6, R7, Re, RO and R10 are
the sane or different, and each represent (i) a hydrogen atom (ii) a
hal ogen atom (iii) a hydroxyl group, (iv) a Cl.6 al kyl group
optionally - 209 substituted by onepgw nore substituents selected from
the group consisting of a hal ogen atom and a hydroxyl group, (V)

- (OB) mr&h{ vher BrityeRat asasireat LK é’fl:ﬂ;din %cialﬁﬂllﬂatiﬁﬂr@&ﬁ{ﬁe&
-CHO -NH2, -NO2, -CN, -CO2H, -SQBH, -OrRA, 2Ra3, - CONH2, - CONHRa4.
- CONRa5 [ﬁéchﬁiﬁdﬂqulﬂk@d@d&por&ﬁﬂbn ) - SERGAE feBCBRe 3up talw-l@(m.@)lﬂ

- NHCOR@3, - NHCO2Rd4, - NHCONR2, -NHSC2Re4. -NHRa6, O - NRa' Ra7 (where
Res, RagenRdbnedRind, tesmid cﬁmpogadhwmmmeeh a@l%coatkql gronn., Ref
represents a Cl.6 al kyl group optionally substituted by a hal ogen

at o s) Angghedpuifesr sodukdoncien uw'@adf@mtaéneygacapk%e g%l&ri%

C7 | o aral kyl group, a phen grou C3 7 cycl oa] kyl group, and
Pﬁ%"% Q!i‘wcleg@ﬁ glléﬁ C?%”i jbaéliﬁypp?jf“%ﬁp, a phenyl

group, ?é Qﬁ oI yl group)} (vi) O(CHZ)m Q (where m denot es an

i nt eger iy to 4, and represents a hydroxyl group - -ORc2,

- ﬁazcaggds (C\S\ﬂH @H%%%T%%%%%ch repr esent ai%ﬁﬁézaﬁrkyl

group. wESCus&PAE YIS st1tdble AbhNbe UL I ARAIhY SYURSEAEREOLDY 2
hal ogen aton(s), and RS represent a C1_6 al kyl group, a C7_10 aral kyl

group, afptkeydompound a0’ whiEB. Fleycs@algtdkedw@aspLhhib{tvéd )by Gtm (where
Rf represents a C3.7 cycloal kyl group optionally substituted by one or
nore sub¥Cist wahtue) ses epimghreld erhthhglygcose wprekest(ili@idf ia bheogen
atom a hydroxyl group,

control group was calculated. The results of the test are

shown in Table 3.
{0429]




a CL.6 al kyl
group); an ar

group,

yl

nore

substituents selected fromthe group consisting of a hal ogen

hydr oxyl
a Cl.6 al kyl
by one or

gr oup,
group);

a Cx_6 al kyl

gr oup,

group,
a C .1 aral kyl

nore substituents sele
hal ogen atom a hydr oxyl

group - 210

and - ORal4 (where

Ral4d re
optionally su

and -ORal3 (where Re'3 represents a Cl.6 al kyl
group optionally substituted by one or

atom a
presents
bstituted

_fromthe group consisting of a
a O _& al kyl group, and -QRals (where

Ral s agfrg§ents a Cl-6 alkyl group); or a heterocycl oal kyl group
optign _?v_substituted by one or nore substituents selected fromthe
gr OYCciPBEnE N Glma SHITQIEIMAYOfmaR B¥LFOX ) gr WELT1As6S Al l(<y! i)
gr oup,—and—=ORati6— ("t t6-Tgpresernt =6 Tatkyt up)y ), (viii
ONp VETTHONRS B, i enr esdn %Fgf7_1.aLaLkgglgzzhpﬁwgpLL@ﬂéEEy_sHbstituted
by dn€cmpoungdr @5 slubst i t deh3® sel eqted fRdntthe grijoup cols¥sting of a
hal qgesmps@a 7& |hydr oxyl, ogg oup, |a Cl 6 alkyl grdup, and.sORI 117 (where
Ral resentsTa O— @ alkyr—Tr N = rou
opti 4f§£§ZZUt%¢na§§§£%aff nore shboti-tuedts sel'eifed gmtﬁe
gr oupCempmdt 7hq of a 1084bgen atlom  alR9el oxyl droup,tif-€1. 6 bl kyl
gr oypcomptdndaOrel [a  (whererdnl8 represents,n Cl. 6 {al kyl group),| (x) an
aryl ponarty jupgyTruteg by one. TOTe | SUDSCiTHEnts| sel ect ed
from- ‘ﬁ!gﬁga-ggnqsks{§ﬁ£§%fAaf“c'egen——%ggg;Aa ."drexgé;géeun, a Cl_6
al kyll Cepransd hd - ORa16-F%her e 19 repfedents d C_ 618F§il ar oup) ,
(xi)| ecfigouh@d 82 dl kyl gsowmpo optionally swubséituted by onea.er npre
sub fEENﬁﬂ&ﬁf ghected The grjoup congisting i a NRgl9gen fatom a
hy driexapt §g£u§§ ﬂt{22£££$§§n -gr-edp—ane— égng éﬂhe#e-aaég—%epfesents a
Cl_§ gomeungy 8] LngiEligahﬁtEI yl gr®ub optidnally3€ubstitiuted by
one joComgmd 85 1.270 6.1 4.8

Compound 86 0.080 1.1 18.3

Compound 88 0.080 0.2 2.8

Compound 89 0.065 6.3 97.5

Compound 91 0.110 1.7 15.5

Compound 92 0.030 0.2 7.7

Compaund 93 0.021 0.4 21.0

Compound 94 0.250 0.3 1.3

Compound 95 0.028 6.6 22.3

Compound 946 p.082 7.3 1146.3

Compound 98 0.015 0.1 6.5

Compound 99 | 0.032 5.6 178.6

Compound 100 1.520 4.4 2.9

[0430]




substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl.6 al kyl group, and -ORa2l (where Ra7l1 represents
a ClL 6 alkyl group), - 211 (xiii) a heterocycloal kyl group optionally
substituted by one or nore substituents selected fromthe group
consisting of a halogen atom a hydroxyl group, a C3-6 al kyl group,
and -ORa22 (where R22 represents 246 al kyl group), (xiv) a ca-r,

al kenylrorou TV —a G2 6 atkymyt—uor = = citol
corrpoﬁﬁ sl ..d(ifi, .(nx\?—ngoﬁr’mll i AWM abl e
salt tH&omgpundrlod | hydrafeP4% the ¢onpound®d¥ the dalt: 8§-6RBA |R R40
5 Ar A7 dayﬁpomﬁ'lo_ﬁi o' Fi 306és " OR1 | A 2fwhere R{', Bdy.%3 and R4

are th i fiferemnt o acth T T epress T hyuTr ogeTiLaL om Cl.6
| kvl CoF uﬁ)L{.@g 2 nnglegw_m iy al kl Ztnu?\ r?gﬂsnn_éq_t
al kyl d P OCL CORM o ona-Hy

{ w38 d96 Jor nor B-9%Rubst it ents sblkted from t48€-8r ou

subst i t| RoBg
consi st|icegpohnd 2allogen atody -NO2i{and - OMp.A where{Rae repgesentis a

Cl 6 al e janad R=_T TSEMY a CI-0, abﬂw' | oup;” 7-X0
ar a| ky| ~of B| |u'(9&ra'r28 a_nhnn_\n;_l[ @%n\ _ repr e%'gm s— (CHR2) n_‘q'&l

- CONH( RDPﬁd\I‘ilizl XGETH&‘%;LPT $-. -NH2.%r - (OH) noHéeH (Where n
denot eq compbaicedan (of O to.148). Ar' [represemts an anyl ene group, |a
het ero rﬂﬁ@@n@ﬁ

' 0.890 4.3 : 4.7
Compound 132 0.437 4.4 8.9
Compound 134 2.910 _ -
Compound 138 33.000 - —_
Compound 139 114.000 - —

[0431]
INDUSTRIAL APPLICABILITY

According to the present invention., l-thio-D-glucitol
compounds which exhibit sodium-dependent glucose cotransporter
(SGLTZ).inhibitory activity and hypeglycemic effect by
promoting urinary glucose excretion can be provided and thus a
therapeutlic drug for diabetes due to a novel skeleton which is
not known conventionally ¢an be provided. Begides, l-thio-D-
gluecitol defivatives of the present invention has good
crystallinity, and therefore, they do not reguire
cocrystallization with amino acld, etc., and they are easy to
be purified, stored and made into pharmaceutical preparations

and are suitable for handling as a pharmaceutical product.




- 212 - or a haterocycl oal kyl ene group, Ar2 represents an aryl group, a
het eroaryl group, or a heterocycloal kyl group, and RS, R6, R7', Re',
R9' and R1' are the sane or different, and each represent (i) a
hydrogen atom (ii) a halogen atom (iii) a hydroxyl group, (iv) a
Cl_3 al kyl group optionally substituted by one or nore substituents
selected fromthe group consistizag of a hal ogen atom and a hydr oxyl
group, (v) -(CH2)m Q (where mdenotes an integer of 0 to 4, and Q
represents -CHO, -NR2, -NO2, -Mape$ZH -SBH -OR', -CX2Ra3, -
CONH2, - CONHRaa, - CONRasRas - CORdl, -OCORd2, -SR1, -SORa2, -SOARa3,
-NHC(=O) H, - NHCORA3, -NHCO2R44, -NHCONH2, - NHSO2Re4, -NHRa6, or -
NRe7Ra7 (where Rai, Rao, Ras, Rah, and Raj each represent a Cl_6 al kyl
grouft] RoIArJa-ptmrn-s;Ialcﬁ:]:o& abinpbugdm:f) ps i foidldwings dostiniat £d by a
hal ogen aton{s), Rd, Rae, Rd3 and Rd4 each represent a Cl 6 alkyl
gr oWy, aap@ﬁrmaszpumyalgymemtqmmﬁaltgrtbapeom or G3_lrydnadieoaitky |
group, and Ref, Reg, Rai and Rao each represent a C1 6 al kyl group, a
pherijie GompUng: ox #B?y?a“fgroup)) (vi) -O-(CH2)m -Q (where mi denotes
an integer of 1 to 4, and Q@ represents a hydroxyl group. -CO2H,
-ORa2, - CQ2Ras, ﬁtCNH@, - CONHRa9, -CONRazRal o. -NH2, -NHRall
-NRal2Ra12, B K d5 (where Rae Rae, Ral0 Rall and Ral2 each

| Rjroup, R(c)2 represents a Cl1_6 al kyl group
optional I'y stfbsiwtut@gh by a hal ogen atonm(s), and Res represent a Cl.6
al kylﬁa g.0¢ 1 “aral kyl group, a phenyl group, or a C3_,
cyclo raoa )), (vii) -ORe (where Rf represents a C3.7 cycl oal kyl
group optig aIIy substituted by one or nore substituents sel ected -
213 fromthe'group consisting of a hal ogen atom a hydroxyl group,

[where R', R?, R® and R* are the same or different. and each
represent a hydrogen atom, a C,.¢ alkyl group, -CO.R*?, -COR™,
or & Cr.yz aralkyl group optionally substituted by one or more
substituents selected from the group ceonsisting of a halogen
atom, -NO, and -OMe (where R* represents a C;.; alkyl group,
and R™ represents a Ci.¢ alkyl group, a Cj.io aralkyll group, or
a phenyl group),

A represents -(CH,)n-, -CONH(CH:)n-, -NHCO(CHZ)_n-—, -0-, =~
5-, -HH-, or -'(CsznCH=CH- {where n denotes an integer of 0 to
3),

ar! represents an arylene group, a heteroarylene group,
or a heterocycloalkylene group.

Ar? represents an aryl group, a heteroaryl group, or a
-heterocycloalkjrl group, and

R®, R°, R’, R®, R® and R are the same or different, and
each represent (i) a hydrogen atom, (i1) a halogen atom, (iii)

a hydroxyl group, (iv) a C;.g alkyl group optionally



a Cl-6 al kyl group, and -ORal3 (where Ral3 represents a Cl-6 al kyl
group); an aryl group optionally substituted by one or nore
substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl-6 al kyl group, and -ORal4 (where Ral4 represents
a Cl-6 al kyl group); or a C7_1 aral kyl group optionally substituted by
one or nore substituents selected {rzgethe group consisting of a

hal ogen atom a hydroxyl group, a Cl-6 alkyl group, and -OR415 (where

Rat repregBpistardd ¥y ey lor Go@HPIubétitidntNsTIRcWackeoRarhepr esents
a C7.10 aral kyl group optionally substituted by one or nore

substi t ugpbap sebrecisrding rEMat halggenpatemsamt ia) uydiroxylabhogep, atom a
hydroxyl group, a C _6 alkyl group, and -ORe7 (where Ral7 represents a
d -6 al k¢¥r) gtCiyM-0 (where EXdmated eal Kntegevupfopt tond) land Q
substituted by one or nore substituents selected from tBQe group,

consi st i Hgroesent § o @lfbn dom -¥0hy dC8xy FCGtbup,SCHC1=-8R Al kyCOR dup:,

and -ORala (where Rale represents a Gl-6 al kyl, group), (X n aryl,
group opCPHHa | FAWSSt 4 t 1 oneCoR rmrgcoédzbst‘ﬁ?uent‘goé"eﬁec‘tsé’dﬁ yom
‘the group sistin z hal N_aato ydr 40up ¢Cl-6 al kyl
group, aﬁﬂﬁegiég&(Wﬂgﬁgn@RarﬁﬂﬁgbﬁééeﬁHgC§N€HF6' 9ﬁggr6HB€T‘(?F) a
Cr- la ar a7 ophi onal | y,asuhski t Ry r upstituents
sel ect edﬁ %m %‘@‘%Foﬁp 'c%gs'l é?t i h;ﬁi’of %HE%I o%%%ﬁaf%)nﬁe%n%yér gk‘)?l

| . 2 4 a Cl.6
group, ag 3;.@ %{M, Qf@%pmn'tg?% @1.5( Mﬁﬁfaﬁe@%{]@gi%ﬂ%&l§ a

al kyl group ) a heteroaryl group option ubstituted by one or
nore 214gsypsbstutdtEp S eadehed hAtemldne o oup2copR¥i ghangdokaanhal ogen

atom a hydroxyl group, a Cl.6 al kyl group, and -ORa2l (where Ra2l

repr esenteppesén®d a@ldy] aQkeOpproap, a C;.10 arailkyl group, a phenyl
group, or a C;7 cycloalkyl group, and R®', R®?, R*® and R* each
represent a Ci¢ alkyl group, a phenyl group, or a tolyl
group)},
{vi) ~0-{CH:)m'-Q" {where m’ denotes an integer of 1 to 4, and
Q' represents a hydroxyl group, -CO.H, -OR®?, -CO,R*®, -CONH;, -
CONHR®®, -CONR*‘R®®, -NH,, -NHR™, -NR*ZR*Z, or -NHCO.R® (where
R*, R¥, R™®, R*!, and R*'? each represent a C;.¢ alkyl group,
R™ represents a C;.¢ alkyl group optionally substituted by a
halogen atom(s}, and R® represent a C; alkyl group, a Ciyo
aralkyl group, a phenyl group, or a Cs.; cycloalkyl group)},
{(vil) -OR* {where R® represents a Cj;.y cycloalkyl group
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,

a Cj.s alkyl group, and -OR™? (whers R*®

represents a Ci.s alkyl
group}; an aryl group optionally substituted by one or more
gubstituents selected from the groﬁp -cbnsisting of a halogen
atom, a hydroxyl group, & C;¢ alkyl group, and -pR34 (where

R*M represents a C;.¢ alkyl group): a Cs..0 aralkyl group



(xiii) a heterocycl oal kyl group optionally substituted by one or nore
substituents selected fromthe group consisting of a halogen atom a
hydroxyl group, a O.g alkyl group, and -ORO2 (where Ra22 represents
a Cl.6 alkyl group)]. [3] The 1-thin-D-glucitol conpound, or the
pharmaceutically acceptable salt thereof, or the hydrate of the
conpound or the salt according_tgq&lﬁjn11 or 2, wherein Ar' is an
arylene group. [4) The 1-thio-b-glucitol compound, or the

h cal |y b of d h
e e i T A e i i LA

phenyighetnd’ §bup lcch d1aRhy bens ﬁéfbﬁbn[5¥bMIh%.%YEBBQYE}Qk&&ﬁ%ﬁL

conpound, or the pharmaceutically acceptable salt "thereof, or

hydr at e, ofalibfl apfgln@na ~-bRe® sRbér@ ot didierdsendBy a0Qg (OA1EYRI M5 |
to 4, wherein Ais -(CH2)n-, -CONH(CH2)n-, -0-, or -(CH2)nCH=CH (where
n dgnotpy; asr i attegeroafrclotdk) . grGip Tt iorndlily Bupktdktroed coyrpound,

or the pharmaceutically acceptable salt thereof, or the hydrate of the
conponadenrmeire s ititacodsdeagectedfiranclsf grlosipneonsistingwerein A
Is -CH2-. - 215 171 The 1-thio-D-glucitol conpound, or the l6

phar frebelegen| atom o @c AYOXBRFLsErOUP het dof¢ XM @reiar apedorOR e
conmpound or_the salt according io any one of claims 1 to 6, wherein
Ar 2 fehere Bon HeRnesents, & und kﬁo%;‘ff“%“aenzo[ bl t hi ophenyl group, a

LI SBOAZH7; B RREN B B s Brpfp, oL a0l
oV SEBLHbn gL A i ] 01 CHR, om0 IO BpnoBE 20 Y, |
‘;?' ;P%rﬁgtﬁé’rgf%nﬁ: ddns 18t 1i8gPBar AeeL1dd &t dvonfC GERyaRbRySaktolper eof

a C.¢ alkyl gi:oup, and -OR™’ (where R* represents a C,.; alkyl

group)},

(1x) a C3.y cycloalkyl group optlonally substituted by one or

more substituents selected from the group conslsting of a

halogen atom, a hydroxyl group, & Ci.; alkyl group, and -OR®®

(where R™® represents a Ci;.s alkyl group}.

(x) an aryl group optionally substituted by one or more

substituents selected from the group consisting of a halogen

atom, a hydroxyl group, a €,.¢ alkyl group, and -ORﬂ” {where

R1® represents.a C;.s alkyl group), |

{xi) a Cy.p0 aralkyl group optionally substituted by one or

more substlituents selected £from the group consisting of a

halogen atom, a hydroxyl group, a C;.; alkyl group, and -OR*®

{where R%° represents a Ci.s alkyl group),

{(xii1} a.heteroaryl group optionally substituted by one or more

substituents selected from the group consisting'of a halogen

atom, a hydroxyl group, a C;.s alkyl group. and ~OR**! (where

R*** represents a €;.s alkyl group),



hydrate of the conmpound or the salt: RC RDRe Ra ROS RARE Rao "
oR OR2 n [where R, R2, R3 and R are the sane or different, and each
represent a hydrogen atom a Cl_6 al kyl group, _CQ2Ra2, - CORM or a
Cr_12 aral kyl group optionally substituted by one or nore substituents
sel ected fromthe group consisting of a halogen atom -NO2 and - Ove
(where Rae represents a Cl.6 al kyl -~ gd¥up, and R61 represents a Cl.6

al kyl group, a C -lo aral kyl group, or a phenyl group), at |east one
of RA, R$¥1RE) amchRBrugyeEsadkylaghyap oepbionsldiv sazhatﬁhet@@m Qer R,
Re, RC and R are the sane or different, and each represent

hydr ogenO&t BeFe (#4133taitu921£6 sepgrbgd nEERT®, MR i95PPa cﬁpa%s&wé g%uf*p
| k t | | bst |t ut a2
Subst |« (BRTRSeR i T BeRRY GFOND: corfer s AN LoBRoRa 8r 2B o and
hyd t i nt f Ot
?1 gn(r:lm_( er’epresenl{egrﬁﬁ&g@) mEZJH‘ éié‘ffi QEB%‘Z)E;;S_%&ILE, e?]gO\laRd4, ?

CONRasRa SCRa2, -S2Re3, -NHC(=OH, -
NHCORd3, §-NRg¥Rcf4 %ngéﬁﬁlﬂs% _NHRaa, or -Nr7Ra3 (where
Rai , Rao¢x¥psa &ah, a]g@qwliajgrga h.repr esent a d _6 alkyl group, Rat
represents a Cl.6 al kyl "group optionally substituted by a hal ogen
aton(s), Rd1l, Rd2, R43 and Rd4 each represent a ClL 6 al kyl
[2) A l-thio-D-glucitol compound of the following formula
IA, or a pharmaceutically acceptable salt thereof, or a

hydrate of the compound or the salt:

[where R', R, R’ and R' are the same or different, and each
represent a hydrogen atom, a Ci.s alkyl group, -CO,R*?, -COR™,
or a C;.3; aralkyl group optionally substituted by one or more
substituents selected from the group consisting of a halogen
atom, -NO, and -OMe {where R represents a Cj;.¢ alkyl group,
and R® represents a C,.¢ alkyl group, a Ci.;o aralkyl group, oz
2 phenyl group}.

A represents -(CH,)n-, -CONH(CH;)n-, <NHCO(CH;)n-, -O-, -
$-, -NH-, or -{(CH;)nCH=CH~ (where n denotes an integer of 0 to
3).

Ar? represents an arylene group, a heteroarylene group,



group, a C7_10 aral kyl group, a phenyl group, or a C3.7 cycloal kyl
group, and Ri, Reg, Rea and Ro4 each represent a C1 6 al kyl group, a
phenyl group, or a tolyl group)), (vi) -O(CHz)mM-Q (where m denotes
an integer of 1 to 4, and Q represents a hydroxyl group, -CO2H, -OR',
- CO2Ra8, - CONH2, -CONHRa9, -CONRf hORal0O-NH2, -NHRal3, _NRal2xal2, or -
NHCO2Rd5 (where Raa, Ras, Ra' Ralj;, and Ral2 each represent a Cl-6

al kyl group, Rae represents a Cl_6 al kyl group optionally substituted

by a hal d resent a C1_6 alkyl group, a C7.10
ar al Ey Slfq%ﬁ?fé%gj?al gpgusrﬁﬁg a C3_7 cycloalkyl group)), (vii)

(ORe (wheg Bop:RRLRRENAR Arf drdi) AkltlrBa YD g POy Ok |

substituted by one or nore substituents sel ected rom t he group
conshéténgc@flaaN@tiogaaupt, oahda hydroxyl group, a d.-(, alkyl group,
and , - ORel3 (V\/nere Ral3 represents a C1_6 alkyl group); an aryl group
opti onal I9* suk$t,i Rit.e@®by R¥neamt RIBr arestthet samenes &rtBmteadt fromt he
group consisting of a halogen 217 atom a hydroxyl group, a Cl_6 al kyl
gr oupnd agakch CRpesamite{d) Rahydregersatns d 1d)- @ halkgengabem); or a
07.10 aral kyl group optionally substituted by one or nore substituents

sel etitl) ar Y 1g9FePPeohdV 3t # g -ofalkHalgsgur P§APRalkYdr oxyl
0 3B et B Db AR BRTERL o
Sféhﬁna‘hﬁai‘f%’ﬁbﬁ%%e 2208 Bagﬁgé’éo fror éﬁydro%&&i‘%ﬁ' 305(1 ef Qf’[?yf e
o1 Bl SUfenTRRgT (MREEE fp Yok e Ao e o Y MEENL b1 ebt o
fron}:éﬁfegé&w) Qs siveg Ofo,2 DaNggesoH, -80.H, -OR?, -CO.R*, -
CONHz, -CONHR™, -CONR™R**, -COR™, -OCOR™, -SR™, -SOR®?, -S50,R*,
-NHC(=O}H, -NHCOR%®, -NHCO,R™, -NHCONH,, -NHSO,R**, -ﬁHR“, or -
NRYRY (where R*, R*, R*®, R, and R¥ each represent a C;.g
alkyl group, R® represents a ¢i.s alkyl group optionally
substituted Ey a halogen atom(s), R¥, R%¥, R® and R™ each
represent a C;.s alkyl group, a Cy.jp aralkyl group, a phenyl
group, or a Cs; cycloalkyl group, and R®', R°?, R®® and R** each
represent a C;.¢ alkyl group, a phenyl group, or a tolyl
group)},
{(vi) ~0-{CH;)m'-Q' {where m’' denotes an integer of 1 to 4, and
Q' represents a hydroxyl group., -COzH, -OR%, -CO.R*, -CONH;, -
CONHR®®, -CONR™°R®'®, -NH,, -NHR*!, -NR*’R**?, or ~NHCO,R® (where
R®®, R%, Rr0, R34, Iand R*? each represent a ). alkyl group,
R represents a C;.s alkyl group optionally substituted by a
halogen atom(s), and R® repregsent a C;s alkyl group,. a Cr.i0
aralkyl group, a phenyl group, or a C;.; c¢ycloalkyl group}},
(vii) -OR* {where R’ represents a C;.; cycloalkyl group

opticnally substituted by one or more substituenis selected



atom a hydroxyl group, a Cl.6 al kyl group, and -ORal9 (where Ral9
represents a Cl1_6 al kyl group), or (x) a heterocycl oal kyl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a halogen atom a hydroxyl group, a Cl.6 alkyl
group, and -OR 622 (where R22 represents a C1_6 al kyl group), and R1,
RP and RG are the same or different, apg each represent (i) a hydrogen
atom (ii) a halogen atom (iii) a hydr oxyl group, (iv) a Cl_a alkyl

group op a t €,40 S%Qﬁﬁlt q@ﬁ; from

t he groﬁ%%@o%§¥s ?ﬁgﬁ ?&ﬂH qé%%%ato%$g§%§n rof#l gro%ﬁ §L§9P
-(CH2) m he S | gel; Q93 p e

L3 & ey g - genetotied 45 ppteitg WErCR,

-CCNRRStgrOGﬁE@|an-iiirﬂgrdﬂﬁ,optSGﬁaiiy sPP2R0Gat el 'oReHor- AbIESRd' |

- NHC020. - NHCONH2, - NHSO2Re4, -NHRA6, 218 or -NR n7R | (where Rai, R
Res, Rd6 subsdiRagntsicde lapiress diromatbd_groap kgdngistimg RE mehatsgens a

Cl-6 alkyl group optionally substituted by a hal ogen aton(s) Rai Rae
Rd3 and RAgmeaghhydeqxykcgroup.Ca 61al AYkyYrotgup a aod J:@Rar al(kyﬁrgr oup,

a phenyl _group, or a C3.7 cyoloal kyl group, and R g Rs3 and Ra4

each refresERPrasents &Gy adkydp grqupheny® ﬁr%{v agpl Y%cﬂ%ﬂ“}?

20, bt SME 55 oL ol i e
Rgg\l HE:S ﬁa 0] Ig%ﬁf%%ftéggﬁ%fesrege%%ﬁ 'Tﬁo"b aalﬂ%aer 5 1(1%@6'1%‘2
ton( o) CaireraskyL ot i AkEo"hdre ST dddiontt 8 L PEEL
a phenyl ggbagp, or a C3-7 cycloal kyl group)),
{(viii)} -NHR® {where RY represents a Cj.1p aralkyl group
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,
a C;.s alkyl group, and -OR*'" (where R*’ represents a C;.s alkyl
group)},
(ix) a Cj.; cycloalkyl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group., a C;.¢ alkyl group, and -OR™?
(where R*® represents a C;.¢ alkyl group},
{x) an aryl group optionally substituted bf Dne or meore
substituents selected from the group consisting of a halogen
atem, a hydroxyl group, a Ci.; alkyl group, and -OR*® (where
R*® represents a C, ¢ alkyl group),
(x1} a Cy.16 aralkyl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a C;.s alkyl group, and -OR*?®

(where R**® represents a Ci.s alkyl group),

(#ii} a heteroaryl group optionally substituted by one or more



(vii) -ORf (where Rf represents a C3..1 cycloal kyl group optionally
substituted by one or nore substituents selected fromthe group
consisting of a halogen atom a hydroxyl group, a Cl.6 alkyl group,
and -OCRal3 (where Ral3 represents a Cl.6 alkyl group); an aryl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a halogen at®mg a hydroxyl group, a Cl.6 al kyl
group, and -ORal4 (where Ral4 represents a Cl.6 alkyl group) ; a C7_10

ar al kifhs 81 Oibht S R F2URS thb UGPSR Yo HindPo8 8URELLGEENT S
selected fromthe group consisting of a hal ogen atom a hydroxyl

grouatomg & hfdwedded oious. aand - OReYE dwigs e dRElSorePr ¢aneis a Cl. 6
al kyl group), or a heterocycl oal kyl group optionally substituted by

one RP?'npspresdistd taients adRiydcyedup) pat he group consisting of - 219 a
halo%en atom a hydroxyl group, a Cl.6 al kyl group, and -ORal6 (where
Rel6{xept bserhetera@ycdogikyl group)9ptionilly sukRIitwiedebR onepresents
a C7_1 aral kyl group optionallg substituted by one or nore

subsPFt feRe sSulf eldiisnt s sederhedgfbep B guqumh gorpigtABToBEn2atom a

hydroxyl group, a Cl.6 alkyl group nd - iI' (where Rail_represents
a g g?‘?("%glkyl&nb'r cﬂ,&y)d,ro ' lxi) Qﬁiﬁﬁf_?é c@lcf d%?t% tgﬁ:db‘]?p BB?LBQ%IZI y

subs y r_Jiore subs e ecte romthe group
conské%‘#zﬁ%d%f aIOerh?reﬁs%é’gr? 2 Stne giﬁdr@@fﬁgfcup, a Cl.6 al kyl group,
and -ORal6 (where R'18 represents a Cl1.6 al kyl group), (x) an aryl
group optionally substituted by one or nore substituents selected from

the gspup C@Ral 3L kRS0 Ob- F1Lddd 10 ompoRRY , AoBY EA Yharlfdidut 12atiyb al kyl
group, and -ORal9 (where  R19 represents a Cl.6 al kyl group), (Xxi) a

C7- | acaeptityl e YD tORITiel3! by SHdShydrHisd dFy thee cofpotiRdcop Uttsd | t uent s
sel ected fromthe group consisting of a
salt according to claim 1 or 2, wherein Ar' is an arylene

group.

[4) The l-thio-D-glucitel compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt according to claim 1 or 2, wherein Ar' is a phenylene

group or a naphthylene group.

[51 The l-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
galt according to any one of claims 1 to 4, wherein A

is «({CH;)n-, -CONH{CH;)n-, -0-, or =~{CH;)nCH=CH- {where n

denotes an integer of 0 to 3).

[6] The l1-thio-D-glucitel compound, or the pharmaceutically
‘acceptable salt thereof, or the hydrate of the compound or the

salt according to any one of claims 1 to 4, wherein A is -CH,-.



hal ogen atom a hydroxyl group, a Cl.6 al kyl group, and -ORa20 (where
Ra20 represents a Cl.6 al kyl group), (xii) a heteroaryl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a halogen atom a hydroxyl group, a Cl.6 alkyl
group, and -ORa2l (where Ra21 represgn%s a Cl1.6 al kyl group), (xiii) a
het er ocycl oal kyl group optionally sudb tPt Ot ed by one or nore
substituents selected fromthe grou consisting of  a halogen atom. a

hydr oxyl lgtbup, Thet ol adRrgh ol afPeuRd. o ey PhrEpacerbi el s
a G.b alkyl gr ) i a C2-6 _alkenyl _group,.or, - 220 - V. C2 6
al kynyl 5F%ﬁ§ﬁ@g?§]g?ﬁﬁ ﬁg?$ﬁ°-1}%ﬁ ﬁgﬁtﬁpdgaﬁ%o c#h?HCQWR?un%¥°} the
phar maceut.jgall pt ab. rofh f 2t
corrpoundu‘;to‘flrlcttaﬁ-lé}\é Oggﬁﬁsa{é@oéﬁ fng% éfggll%rgning Q\Aﬁ%rgl n ajﬁld C g%ea each
a hydrog iy r eRr e e F1 WG, 0ge o] Wﬁn QMp, &

hydr oxyl E“t'ﬂlgroug],gra Ei. a al kylfg?’oup, -0 %ﬁ%) m}}%l% ere % ' denotaes an
i nteger ahikrnd] 24 3-8Peh{bphény e sithip ,2ahpehasvhran el grod@d2d - OR 2,

- C02Ra8, -CONH2, -CONHRa9, -CONRal Ral o, -NH2, -NHRa2l1 ai2Ral2, or

- NHCO2 Rd efndottet aZaByl RagouiRatan iRdslyangrbap? 2asyrrell epengp,aafl. 6
al kyl group. Rt12 represents a Cl1.6 al kyl group optionally substituted
by a hal dgeilazodyls ground Rdvragnlategroupa &1pBridyl/lgmpugupa a C7-1 a
aral kyl group, a phenyl group, or a C2.7 cycloal kyl group)), or -ORf'
{wher e REFHMF AR §TaUR & PYRASARYdr SYRUBpt PHNAN | isaXARAIMlUEERUBY a
hal ogen aton(s), or a C7.10 aral kyl group optionally substituted by
one or nmore substituents selected fromthe group consisting of a

nal ogen oM & A, 910Uy R Gl ild e B2 Bor 1A RL bhutilher ©

Rats repr nts X
II, or a pharmaceutically acceptable galt thereof, or a

hydrate of the compound or the salt:

[whers R!, R’, R’ and R’ are the same or different, and
each represent a hydrogen atom, a C;.; alkyl group, ~COR*, -
COR™, or a C;.; aralkyl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, -NO; and -OMe (where R** represents a Ci.s alkjrl
group, and R™ represents a C,.s alkyl group, a Cj.;o aralkyl
group, or a phenyl group).

 at least one of R*, R®, R® and R® represents a hydrogen
atom, and the other of R*, R®, R® and R® are the same or

different, and each represent (1) a hydrogen atom, {ii) a



RD represents a hydrogen atom a hal ogen atom a hydroxyl group, a
Cl1_8 al kyl group, or -OR2 {where Rf2 represents a Cl1.6 al kyl group
optionally substituted by a hal ogen aton(s), or a C7-la aral kyl group
optionally substituted by one or nore substituents selected fromthe
group consisting of a halogen atom a hydroxyl group, a Cl_6 alkyl
group, and -ORal5 (where Rats regpgsents a CL.6 alkyl group), RE and
RF are the sane or different, and each represent a - 221 hydrogen

t I ,

SLOMPAMB U 01 ol P (S 6 GHESE Bk

t t
Gty “8?55%‘?%& ¥ o B gﬁbﬁﬁeg‘a%ﬁ%‘:‘éﬁ?‘.ﬁ%n"ﬂ@ Elbst tut ed

by orgremi tier @rauBSI:bﬁslﬁléﬁlgSQife@t adibgen hbem SAQUR WRNLS:EHI ng of a
hal ogen atom and a hydroxyl group, (v) -(CH2)m Q (where m denotes an

i ntegafowgf, 0 to 4, and Qrepresents -CHO -NH2, -NO2, -CN, -CO2H,
-SBH, -ORcl, -CXR2Ra3, -CONH2, -CONHRa4, -CONRasRas, -CORd1, - OCCe,
_SRel, - SQRA42- (CHMS{WhNEE(m@&!}OW@ﬂ?d&thNHCOIRﬂMo AHGOND,

- NHSOZRe4, -NHRa6, or -NRa?Ra7 3(\,here Raj, Rao, Ras, R46, and Raj each
r epr 5 eRepzesants ey ~§Pdlp,-0% r'éiﬂzgsent‘§0&'1'l®l 'ﬂcﬁﬁﬂiﬁl gT oup
optiopnal Ly ,ssubstifuted by,a halaqgen egr’r( s% R41 Rae Rd3 and Rd4 each
reprm R C1-GORT kyrOHip, ~SRGr_ T8PRT al k§P2Ryr ouhH yI~ group,

cL 6 *‘%?'a%@ dift S Affontty e §‘@for§ﬁﬂ“§3‘?§a§%ﬁ‘*’?€*‘)twﬁ=‘%@%€se“t )
Lo () el penngie GhalRPOLERCPbPLEOSE Plc . i BRfipT Re)

repr eseht’s a hydroxyl gr oup, ¢~ CONHRAO,
f&%@ ts” AHE, - AkAl Yy To%'%%ﬁam{: sum ®yer e Rae Rag
RalORa a

nd Ral2 each represent "a
halogen atem{s). R®, R*, R® and R‘“ each represent a C,.¢ alkyl

group, a Cr.j¢ aralkyl group, a phenyl group, or a Cj.;
cycloalkyl group, and R°*, R®?, R*® and R™ each represent a C.¢
alkyl group, a phenyl group, or a tolyl group}},

{vi) -O-(CH:)m'-Q" {where m' denotes an integer of 1 toc 4,
and Q' represents a hydroxyl group, -CO,H, -OR®?, -CO,R*®, -
CONH,, -CONHR*®, -CONR™R™°, -NH,, -NHR*?, -NR*?R*?, or -
NHCO,R%® (where R*®, R®, R*Y, R**, and R*? each represent a C;.
alkyl group, R°® represents a C,.s alkyl group optionally
substituted by a halogen atom(s}. and R*® represent a Cp, alkyl
group, & Ci.ip aralkyl group, a phenyl group, or a Ci;—
cycloalkyl grbup)}.

(viij -OR? {where R® represents a Cs;.; cycloalkyl group
optionally substituted bf one or more substituents selected
from the group consisting of a halogen ataom, a hydroxyl group,
a Ci.¢ alkyl group, and ~OR™® (where R*Y represents a C;.¢ alkyl
group):; an aryl group optionally substituted by one or more

substituents selected from the group consisting of a halogen



al kyl group, RO2 represents a Cl.6 al kyl group optionally substituted
by a hal ogen aton(s), and Rds represents a Cl1.6 alkyl group, a C7_1
aral kyl group, a phenyl group, or a C3_7 «cycloal kyl group),}, (vii)
-ORf {where Rf represents a C3-7 cycloal kyl group optionally
substituted by one or noré substituents selected - 222 fromthe group
consisting of a halogen atom a hydroxyt group, a Cl1_6 alkyl group,
and -ORal3 (where R113 represents a C.(, alkyl group); an aryl group

P oup corb VR hEHEGRy BYGtiEy O BEL° aIRUEPLLOST nd ClAEI S bkl | e
group, ang* CBidsknbere cRpiaikAP RS arGl 6.3 lkra18y2ugreug C7. 10

aral kyl group optionally substituted by one or nore substituents

sel ect ed ogviemallle uBEPiLONEd Ty HheObrambae ogots ol tuanta: RMedeetsl
group, a O _6 alkyl group, and -CRals (where Ral5 represents a Cl.6

al kyl  grimem) ther gaotipt emsietiant lofl aghalipgept atem) |a/ gudrsytlugedupy
one or nore substituents selected fromthe group consisting of a

hal ogen @& &ms alkydr srenp grant, -QR*E1 (SherryR¥§roepresants @RLG allpbre
8816 represents a Cl1.6 al kyl group)), (viii) -NHR9 (where RO represents
a C7.10 &T&®Y}.group optionally substituted by one or nore '
substituents eIecSed fJon1the ggou consistin% of gen atom a

|

hydroxyl gr oupViid! cINBRG {Bhers, ButeRhsFentRa 87 Nhea(ra’?é’ (179F8HPesents
Cl.6 al kyl ' -7 L oal ky! tj onall

Subst it e spRaTE s ey, B Al RroRokY e At Fabsse

| e |

ond Rl the BEREHEEOR Ny BE OB IOGER Peorf o st dets GEBUY:

group optd @pal hykgubgiédpy! e&lsladay-ow QUhERECR3 Ubsp 3t a5 €L §Chekyirom

the group consisting of a hal ogen
group)},

(ix) an aryl group optionally substituted by one or more
substituents selected from the group tonsisting of a halogen
atom, a hydroxyl group, a Ci.g alkyl group, and -OR™? (vhere
R*? represents a Ci.¢ alkyl group). or

{x} a heterocyclcoalkyl group optionally substituted by
one or more substituents selected from the group consisting of
a halogen atom, a hydroxyl group, & C,.s; alkyl group, and =-0OR**?

{where R%*?

represents a C;¢ alkyl group)}, and

R®, R and R® are the same or different, and

each represent (i) a hydrogen atom, (ii) a halogen atom,
{111) a hydroxyl group, (iv) a C;-s alkyl group optionally |
substituted by one or more substituents selected from the
group consisting of a halogen atom and a hydroxyl group.

(v} ~(CH;)m-Q {where m denotes an integer of 0 to 4, and
Q represents -CHO, -NH,, -NO;, -CN, -CO.H, -SO;H, -OR®, -COR™,
-CONH,, ~CONHR™, -CONR“R*, -COR™, -OCOR*, -SR*', -SOR%, -

SO,R®’, -NHC(=O)H, -NHCOR®, -NHCO,R®, -NHCONH;, -NHSO,R®, -NHR™,



atom a hydroxyl group, a Cl1_,$ alkyl group, and -ORals (where Ral9
represents a Cl.6 al kyl group), (xi) a C7-lo aral kyl group optionally
substituted by one or nore substituents selected fromthe group
consisting of a - 223 halogen atom a hydroxyl group, a Cl.6 alkyl
group, and -ORaz (where Ra20 represents a Cl_6 al kyl group), (xii) a
het eroaryl group optionally substizugted by one or nore substituents
selected fromthe group consisting of a halogen atom a hydroxyl

gr OUppr a-MRETR™al ehibra! RAID, R ARORREL. e @R J2ohl repRegsait 8 8, 1. 6

al kyl group), or (xiii) a heterocycloal kyl group optionally substituted
by onikyl gmng,s®5Strdpresteatseheci gdaikwin dadvagroptponaldiysti ng of a
hal ogen atom a hydroxyl group, a Cl.6 al kyl group, and -0022 (where
8622 swpsticoritesl HYCh Badbgen gtous), [RFY] Ffe R¥t bnd' R ghobi t ol
conpound, or the pharmaceutically acceptable salt thereof, or the

hydr afepxstseante & Snpoddlydr STPRP ., sl%r-mcaorikng Fooud aignphienier ei n R8
represents a hydroge

n ato a Cl.6 alkyl group,,-ORLI whegre Rfl
r epr eFEHR: PICE S Wplﬁgiﬂﬁf}ﬁl T Hhalang gﬂjﬁst Tutd ang B hareRen
aton(s or_.a hg] ogen. ato and RD represents a_hydro atom a
nydr GATEeT R & Gr-s SRKTL FERER e RANTI SEaRPs QECR BORTkyl or oup
Opti%‘{’ )substitut ed by a hal ogen atom(s), or a C2-1o aral kyl group
opti ona % ‘substituted by one or nore substituents selected fromthe

group congjssy i hah 09 * BRI anela64aalkyl
gr oup, agg}f)&%s@{mrgé%%ﬁﬁﬁs?ms ﬁ:ﬁ&%%ﬁ%@?’ a?oa'p)t?. 4['111

The laidigr- Refirésient GORPaLGRyL Qrduls Riacapcasicaliy,reccept abl e
salt thereof, or the hydrate of the conpound or the salt according to
cl ai nTOMH,Qr -CONHRMer eCONR®1°R?!?, -NH,, -NHR*?, -NR*?R*?, or -
NHCC.R?® (where R°®, R®®, R®!®, R*!, and R**? each represent a C;.
alkyl group, R°? represents a Ci., alkyl group ophticnally
substituted by a halogen atom{s), and R*® reﬁresents a Cr
alkyl group, a Cq;.i¢ aralkyl group, a phenyl group, or a Ca.g
cycloalkyl group}}l, |
(vii) -OR® {where Rf represents a C;.; cycloalkyl group
optionally substituted by one oxr more substituents selected
from the group consisting of a halogen atom, a hydroxyl group.
a Ci.s alkyl group, and -0K*** (where R®'® represents a C;. alkyl
group); an aryl group optionally subs_tituted by one or more
substi_tuents selected £rom the group consisting of a halogen
atom, a hydroxyl group, a Ci;.s alkyl group, and -OR*** (where
pal4 represents a C;.s alkyl group): a C;.i0 aralkyl grbup
optionally substituted by one or more substltuents selscted
from the group consisting of a halogen atom, a hydroxyl group,
a Cy.¢ alkyl group, and -OR™® (where R®® represents a C;.5 alkyl
group): or a heterocycloalkyl group optionally substituted by

opne or more substituents selected from the group consisting of



- 224 RGrepresents (i) a hydrogen atom (ii) a halogen atom (iii) a
hydr oxyl group, (iv) a ClL.8 alkyl group optionally substituted by one
or nore substituents selected fromthe group consisting of a hal ogen
atom and a hydroxyl group, (v) -COSH, (vi) -ORol, (vii) -CO2R 3, (viii)
-CONH2, (ix) - CONHR'. (x) -CONRabSRa6, (xi) -CORd1, (xii) -OCORd2,
(xiii) -SR1, (xiv) -SORe2, (xv) -S2Rag,.(xvi) -NHRa6, (xvii) -NR 7Ra7
(where Rai, Rao, Ras, Rah, and Raj each represent a Cl1_6 al kyl group,
I

h
Rat repr { C al ky, onal S it b hakegen
at om( s),%sti%lg nRéggrgécﬁ lllS'F%for ser% abC1.96b}a/'I5k§ jr'o%%%a’ é%'.%lo%h
aral kyl grmidte 220heBytesanpsite A, 21kF217 gewap ol kyl group, and Ref,
Rae and R3 each represent a Cl.6 al kyl group, a phenyl group, or a
tolyl group), (¢Aviii }yNAR ((GiHere RE réphenenvd adenql esr@ilkyNiggap of 1
to 4, and Q represents a hydroxyl group, -CO2H, -ORc2, -CO2Ra8
- CONH2, -op@NdRallyConRatzitured -UY iche cokHRatd, sobst NReditRp Kb Ioiede Raa
Rag, Ralo Rau, and R112 each represent a Cl-6 al kyl group, and Rae
r epr esentfrom thecgnpry| copdigting iadhal halogert ftemed Bypdresyd ggeup.
aton(s).}), (xix;( -OR (where Rt represents a, 3-7 cycloal kyl grOtPJ{fc)
opt i onal 18 Caesh 3KV Yt 8BOWY - AR o10Ror d WBEESt RT uch?Rr&es st df Cifer 8dkVhe
group consi sting of a hal ogen atom a hydroxyl group, a Cl-s alkyl
group, arﬁi""-"@i‘eng (where Ral3 represents a Cl.6 al kyl group); an aryl
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{where R*® represents a Cy.; alkyl group),

{x) an aryl group optionally substituted by one or more
substituents selected from the group donsisting of a halogen
‘atom, a hydroxyl group, a Cis alkyl group, and -OR*? (where
R*? represents a Ci.¢ alkyl group).

(xi) a Cs.1s aralkyl group opticnally substituted by one
or more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a C;.¢ alkyl group, and -OR*?®
(where R*?° represents a Cj.¢ alkyl group),

(x1i) a heteroaryl group optionally substituted'by one or
more substituentsz selected from the group conslsting of a
halogen atom. a hydroxyl group, a C;.¢ alkyl group, and -gR*2
{where R*?! represents a Cj.¢ alkyl group),

(xiii) a heterocycloalkyl group optionally substituted by
one or more substituents selected from the group conslsting of
a halogen atom, a hydreoxyl group, a Ci.s alkyl group, and -OR**?
(where R**? pepresents a C;.¢ alkyl group).

{xiv) a C;.4 alkenyl group, oOr



a ClL.6 al kyl group, and -OR'"" (where R'-' represents a Cl,6 alkyl
group); or a heterocycloal kyl group optionally substituted by one or
nore substituents selected fromthe group consisting of a hal ogen
atom a hydroxyl group, a Cl.6 al kyl group, and -ORel6 (where Ral 6
represents a Cl.6 al kyl group)), (xx) an aryl group optionally
substituted by one or nore substhbyents selected fromthe group
consisting of a halogen atom a hydroxyl group, a Cl.6 al kyl group,
and -CRal r pr, t,s a CL_6 al kyl group), (xxi) a C7_10
ar al kyl g?%& op??ﬁﬁ%ﬁﬁghghﬁgﬁﬁ¥ﬁfed by one or nore substituents
sel ected fromthe group consisting of a halogen atom a hydroxyl
group, a C1 6 alkyl group, and -ORa2 (where Razo represents a CI. (,
al Kyl egr oup)rhe XxithiocabhglesLes V| cafipuiihOPlororakl pharRatéhticshby one
or nore substituents selected fromthe group consisting of a hal ogen
at omacaepydblrybalt otierani(l of ahky hyvdrate, cfinche @itbund@veer ¢hBa21
represents a Cl1.6 al kyl group), or (xxiii) a heterocycloal kyl group
opt i saditl acsapding utedlalm dhe whermdne substituents sel ected fromthe
group cong}lstin%if of a hal ogen atom a hydroxyl group, a Cl1_6 al kyl
group, an¥ -ThF aRAectacia hydpausan®edon.Cl 6 al kyl group). (12] The
1-thin-D—ggucitoI conpou har maceuti cal |y acceﬁtable sal t
r

d, th

t her eof , TSR aRFR TS @ gﬁdFﬁéeEoﬁﬁ nd® QRYOsED EXPR QRCBYIMEFY 0 clai m
11, wh [ t ' h ii) .azhal t
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consrEHREE P¥ Pieo Of TP o BRb-euRlts 3 NS 'ARC BT,
- ORcLopé, i oo, f382 Ra@gﬂﬁ%/,i | JICONHRENHZ, coNRd°R=CONERRRA,  -wpgr=+'CONRasRas (i)
-CORdt, (xii) -0OCORd2, (xlii) -SRO,

NR*ZR*?, or -NHCO,R® (where R*®*, R*®, R, R®M, and R*? each

represent a Ci.; alkyl group, R°Z represents a Cy.¢ alkyl group
optionally substituted by a halogen atom(s), and R represents
a Ci.g alkyl group, a cfdo aralkyl group, a phenyl group. or a
Cs.; cycloalkyl group}}, or -OR®! {where Rf' represents a C;
alkyl group optionally substituted by a halcgen atom{s), or a
Cy.1» aralkyl group optionally substituted by one or more
gubhstituents selected from the group consisting of a halogen
atom, a hydroxyl group, a Ci.s alkyl group, and ~OR*® (where
R*"® represents a Ci¢ alkyl group),

RP represehts a hydrogen atom, a halogen atom, a hydroxyl
group, a Cj.s alkyl group, or -OR* {where R%? represents & Ci.g
alkyl group optionally substituted by a halogen atom{s}, or a
Cs.10 aralkyl group optionally substituted by one or more
subgtituents selected from the g:oﬁp consisting of a halogen
atom, a hydroxyl group, & Ci¢ alkyl group, and ~OR®® (where
Ral.i

represents a Ci.¢ alkyl group),

R® and Rf are the same or different, and each represent a



(xiv) -SOR02, (xv) -SO2Re3, (xvi) -NHR66 (xvii) -NRa2Ra2 (where Rai,
R'4, Ras, Raft, and Raj each represent a C _a al kyl group, Rol
represents a Cl1_6 al kyl group optionally substituted by a hal ogen
aton(s), R6' and Rd2 each represent a Cl.6 al kyl group, a C7.10

aral kyl group, a phenyl group, or a C3_7 cycloal kyl group, and Rol,
Reg and Rea each represent a Cl.6 gl kyy group, a phenyl group, or a
tolyl group), (xviii) -0-(CH2)m -Q {where nl denotes an integer of 1

it " el SRR Pa QK ol PP, s ThbY RGBS, e
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represents a Cl.6 al kyl group optionally substituted by a hal ogen

aton(s)) by @xhalogéRlZtdmdey)e B represents a C3_, cyel oal kyl group
optionally substituted by one or nore substituents selected fromthe
group consi st Rigregresdutisodd) at hpdregdy drimny,l (dridum, haloGén Gatdriy |
group, and -ORal3 (where Rain represents a Cl-6 al kyl group); or a
het er ocydiiddilk ¢l hgévesybpyzamal |(ivoubsfisuablly bygrome aptisnad ly
substituents selected fromthe group consisting of a halogen atom a

hydr oxyl l-‘%'tbiﬂﬂ,tuéeéﬂ%‘ W& \AT Wﬁp?“&ﬁaitlﬁ%ﬁ? T?Jv&@r‘@ EEPB! f“Blﬁlr esent s
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Lt i O- Deflidplrbbn EQTRAUNI Al Nonbol |0, NUchRs MUl shopl ! Lope!, dc

. ) ., 8CO,R*?,
phar mac | I'y accepta salt thereotf, or a hydrate of the cf)rrpound

or the salgonuRl RibNiga¢, RAEONR*MS, RSor™, -0CORY, -SR°!, -SOR®?, -
SO,R%3, -NHC(=0)H, -NHCORY, -NHCO,R%, -NHCONH,, -NHSO,R®*‘, -NHR®S,

or -NR*R?* (where R*®, R*, R*, R*, and R* each represent a Cig
alkyl group, R°1. represents a C,;.¢ alkyl group opticnally
substituted by a halogen atom{s), R™, R, R® and R™ each
represent a C;-¢ alkyl group, a Cs.i aralkyl group, a phenyl
group, or a Ci;.; cycloalkyl group, and R*, R*?, R*’ and R™ each
represent a Ci.¢ alkyl group, a phenyl group, or a tolyl
group}},

{vli) ~O-{CH;)m’'-Q° {where m® denotes an integer of ] to 4,
and Q' represents a hydroxyl group, -CO;H, -OR%, -CO,R*, -
CONH;, -CONHR*’, -CONR®°R*°, -NH;, ~NHR*'!, -NR*MR*?, or -
NHCOR® (where R®®, R*, ®R*°, R*', and R™'? each represent a Cj
alkyl group, R“2 repregents a Ci.s alkyl group optionally
substituted by a halogen atom(s}. and R® represents a Ci.e
alkyl group, a Cj.;p aralkyl group, a phenyl group, or a Cj.;
cycloalkyl group)l,

{vii) -OR® {where R* represents a C;.; cycloalkyl group

optionally substituted bY one or mors substituents selected



Riga Ra0" "",OR ORE (where Rl, R2, R3 and R4 are the sane or
different, and each represent a hydrogen atom a Cl-6 al kyl group,
-COZRa2, CORb2, or a C7-12 aral kyl group optionally substituted by one
or nore substituents selected fromthe group consisting of a hal ogen
atom -NO2 and -Owe (where Rae represents a Cl.6 al kyl group, and Rb
represents. a Cl.6 al kyl group, a 53 10 aral kyl group, or a phenyl
group), & and Rl are the sane or %ferent and each represent a

h d ) | )
or " ZEFh BhRChztp T aHE Gl aci‘g%géﬁz FESHE 2 Funch Bous?” 1P
Substa' eyt eglgylagﬁahﬁg%aat-@ﬁe) (vRbr8 72! pogrdldotls agrc%paaﬁgruonal ly
substi tute one or nore substituents selected fromthe group

C0n3|g§:b|!1?g Oﬁnaabﬁi OgiduR ldpBionallydEQEEt 1 SR OAWP . bR dnk Grakiexe group,
and 5 (where Ral5 represents a Cl-6 al kyl group)?, Ar3 represents

a thisabgltignenps sebemzel Hxdm ghleegybupgeonpiseindicne halobeihi ophenyl
group, a benzofuranyl group, - 228 a benzot hiazolyl roup, an i ndol yl
gr ougtom, par hplyoxyt camoupan @ iCricdaibyyl gyeemp, ard pyOREZol(whegroup, a

pyrid group, a pyrimdinyi group, azinyl group, or an
i soxﬁﬁjl yepyesepts RrLianP s Sreuphe §aéem)ra1‘mlﬂﬁﬁ*ér grPvPand each
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group); or a heterocycloalkyl group optionally substituted by

one or more substltuents selected from the group consisting of
a halogen atom, a hydroxyl group, a C;.; alkyl group, and -OR™S¢
(where R*® represents a Cj;.¢ alkyl group)},

(viii} -NHR® {where R represents a C;.;; aralkyl group
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,
a Cj.¢ alkyl group, and -OR*’ (where R®'? represents a C;.¢ alkyl
group)},

{ix) a Ci.7 cycloalkyl group optionally substituted by one
or more substituents selected from the group consisting of a
halogen atom, a hydroxyl group. a Ci.¢ alkyl group, and -OR™®

2% represents a Ci.s alkyl group).

(where R
(x) an aryl group optionally substituted by ohe or more
substituents selected f£from the group consisting of a halogen
atom, a hydroxyl group, a Ci.¢ alkyl group, and -OR*® {where
R34 represents a Cy.¢ alkyl group),
(xi} a Cq.1s aralkyl group optionally substituted by one

or more substituents selected from the group consisting of a



a Cl.6 al kyl group, and -ORal' (where R81' represents a Cl.6 al kyl
group), or a heteroaryl group optionally substituted by one or nore
- substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl-6 al kyl group, and -oRa2l1 (where Raz' represents
a Cl1.6 alkyl group)). (14) The 1-thi o-D-glucitol conmpound, or the
pharmaceutically acceptable salt th#*of, or the hydrate of the
conmpound or the salt according to Claim1l or 2, wherein Arl is a

het er oahglegen aframup.a [BroXg? drotp p-H-Glycilkyl gooppundndoror®t
pharnaceutlcalhx acceptabl e salt thereof, or the hydrate of the
conpounéWhere R kapregeddsdang:-soa kel @IONpherein A Qs - (CH2) n-
(where n depotes an integer of 0 to 3 (16 ) A 1-thin- E)glu0|tol

conpound of {¥$§k(ﬂIhﬂHQHQaFB#nﬂFﬁPPIQE%¥ﬂn%%ﬁﬂuﬁW9§GéGFt8§I Yy WK abl e
LAl oL P TR i Y
byt orabtedh G eGP E B, ]5‘%91 S580e5 S Sty
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CL. 6 al kyl  geOuD) aamta%c %Si}??isgﬁ:@ Spralonsh 197 UBstfrded by
ar' al kyl group, or a phenyl grou
one or more substituents selected from the group consisting of
a halogen atom, a hydroxyl group, a Ci.s alkyl group, and -OR**

(where R*?? represents a C;.¢ alkyl group).

[1G] The 1l-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt according to claim 9, wherein

R® represents a hydrogen atom, a Ci.¢ alkyl group, -OR®
(where R®! represents a Cy.s &lkyl group optionally substituted
by a halogen atom{s)), or a halogen atom, and

R® represents a hydrogen atom, a hydroxyl group, or -OR™
{where R’ represents a Ci.¢ alkyl group optionally substituted
by a halogen atom{s), or a C,.;p aralkyl group optlonally
substituted by one or more substituents selected from the
group consisting of a halogen atom, a hydroxyl group, a CL;
alkyl group, and -OR®'® (where R represents a C;.s alkyl

group)}.

[11] The l1l-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the

salt according to claim 9 or 10, wherein



Art represents a thienylene group, a benzo(blthiophenylene group, or a
pyridyl ene group, R20a and R216 are the sanme or different, and each
represent a hydrogen atom a hal ogen atom a hydroxyl group, a Cl.0

al kyl group, or -OR' (where R13 represents a Cl.6 al kyl group
optionally substituted by a hal ogen aton(s)), R and RK are the sane or
different, and each represent a- pygrogen atom a hal ogen atom a CL O
al kyl group, or -OR'" (where RC3 represents a Cl.a al kyl group

optional | !égsfléﬁéstéﬁt%dfit)y‘aah{?&@@@@ a”éd?ﬁf( S0i4) anﬂa%gssp&eéﬁnts (i) a
hydrogen atom (ik) a halogen atom (iiil a hydroxyl "group, (|v) a

d . s (aikyl agnpapoopl imralg,y (isybat Clyt 8TkPy grsuprlopBiionalllystituents
selected fromthe group consisting of a hal ogen atom and a hydroxyl

ar ouppbét)l.tutww ¢ne Jor GRee, slbst L tuGiRRASslqatiad FroBOMHR, (i X)
-CONHRa' , 230 ; - CONRg5Ra5, (Xi) -CORdl, (Xii) -OCORd2, (xiii)
- SRaBrogK; V?H‘-ﬁ- Oﬁ )W)haJSGERaQtOWXWQ BNB@FBJKK&‘GHOPE'NRMRa

(where Rai, each represen al kyl ~ group, Rcl
r epr esent $¥3 Cﬁoﬂé*-altk’y‘l’ gPBup é ?-F-éna?‘gifgzubé‘fzr’tldt ed':ONS‘y'a(#&} ogen

ar SF&@PH& ouaa’?d -BRER ARG res?%“%s?fﬁe 5%@?“&3[]?53%&3 drat,
R e ] ) )

ol yOGYSunf R avi ) z?%j‘iafﬁ#f% e mGenot es an int eger of 1

to 4, a%@i §epﬁfeﬁm qwﬁeggdﬁoxyhaqrgmp R{or l\ﬁ% al% i CO2R",

CO\IHZ Ra9, t o -NH21 - NHR 11 al?2 (Wnere Raa
Ras, regkasBaéla @eng mya AR, enF’e&%p&eaeﬁtSGaaéMIanfgfmgro@ﬁd Rae

represents a Cl.6 al kyl group optionally substituted by hal ogen

at omepklipnally substituted by a halogen atom(s) , R*® and R* sach
represent a Ci.¢ alkyl group, 2 C,.yp aralkyl group, a phenyl
group, or a Cs.; cycloalkyl group, and R®*', R* and R®® each
represent a Ci.; alkyl group, a phenyl group, or a tolyl group),

{xviii) -O-{CH;)m'-D' {where m’ denotes an integer of 1
to 4, and Q' represents a hydroxyl group, -CO.H, -03“2, -CO;R*,
~-CONH;, -CONHR*®, -CONR™R™®, -NH,, -NHR®', or -NR™?R™? (where
R*®, R*®, R*®, R*M, and R*? each represent a C,.¢ alkyl group,
and R®? represents a C,.; alkyl group optionally substituted by
a halogen atom(s})},

(xix) -OR®* {where Rf represents a Ci.; cycloalkyl group
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,

a Cp.s alkyl group, and -OR*® (where R*? represents a C;-s alkyl
group): an aryl group optlonally substituted by one or more |
substilituents selected from the group consisting of a halogen
atom, a hydroxyl group, a C;.¢ alkyl group, and —OR’“. (where

R** represents a Ci. alkyl group}; a Cs.i0 aralkyl group

optionally substltuted by one or more substituents selected



(xix) -OR"" (where Rf2 represents a C3., cycloalkyl group optionally
substituted by one or nore substituents selected fromthe group

consi sting of a halogen atom a hydroxyl group. a Cl.6 alkyl group,
and -ORal3 (where Ral3 represents at Cl.6 al kyl group); or a

het er ocycl oal kyl group optionally substituted by one or nore
substituents selected fromthe group consisting of a. halogen atom a
hydroxyl group, a Cl-6 alkyl group,. 33d ~ORal 6 (where Ral6 represents
a Cl.6 alkyl group)); or (xx) a heterocycl oal kyl group optionally

SUbStl { Ut DheOYo oBRESLEHRD 4 UPLS ARCRLER, | RORAEANDY Yiup,

consisting of a gen atom group, a

and - CRagZ, { Wigha GEdupSPaRselt'd (Ghe e RRY rapPEBbats 231c,.] Bikylhe

1--this-D-glucitdol conmpound, or the pharmaceutically acceptable Salt

t her eof , g@dug e diy dr Ak€efbciORoL£DNEAD Wi oblt@onadly 26O tiwied ®ycl ai m
16, wherein R1l' represents a hydrogen atom a halogen atom a Cl1_8

al kyl grens ocmnmoréRsdbgthenente Felapeds dron ah€lgboap kgdngistimg of
optionally substituted by a hal ogen aton(s)), [1B] The

1- t hi o- - ®D-kp fdemolatomapauhudrexyl farqirar maceut AdkYLygrowr e mub|-ORSH] t
thereof, or the hydrate of the conmpound or the salt according to claim
1, wher et ¥Re4fe REonpERRESRBLS ot ot e RIMYRoHTOMB) dr oup consi sting of

oo 1 TGS L Bl §HO8YSrtiohdiny sUBSRT¥Ea Sy "dne or more
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E}lf‘%l- &ﬁ%ﬁb@ﬁ:@;@&é— ahbpr oaBef¥-ditdugyoenzyl ) phenyl ] - 1- t hi o-
{#x1) a Cy.p aralkyl group optionally substituted by one
or more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a Ci.s alkyl group, and -OR°

{where R**®

represents a €. alkyl grqup),

{xxi1i) a hetercaryl group optionally substituted by one
or more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a Ci.s alkyl group, and -OR**
(where R**' represents a C,.¢ alkyl group), or

(xxiii) -a heterocycloalkyl group optionally substituted
by one or more substituents selected from the group consisting
of a halogen atom, a hydroxyl group. a (Ci-¢ alkyl group,

and -OR**? (where R**® represents a C;.s alkyl group).

[12] The l-thio-D-glucitol compound, or the pharmaceuntically
acceptable salt thereof, or the hydrate of the compound or the
salt according to c¢laim 11, wherein

R® represents {1) a hydrogen atom, {ii) a halogen atom,

(111} a hydroxyl group, (iv) a Ci.s alkyl gzroup optionally



-232- [191 The 1-thio-Dglucitol conpound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the conpound or the salt
according to claim1l1l, wherein the 1-thio-Dglucitol conmpound of
formula | is selected fromthe group consisting of nbo Me 051 HO S
HO" OHbH) Mo nme, Bt HOSf ~ HO~ "OH OH Mo M HO9 1 M-~ Y 'CH
OH MO O Et HOS HO OH OHangh, Cl Ho HO'OH, OH- 233 [201 The
1-thio-D-glucitol conpound, or the pharnmaceutically acceptable salt

1" b sPEatdE U Baobgh I ERPREHIEE SRR sRgROLH"Y 0oL
fr oMyt Bp SN s GHY 'oF ldBalbgen atom and a hydroxyl group.

(v) -CO:M, (vi) -OR™, (vil) -CO,R™, {viiil) -CONH,, (ix) -
CONHR*, (x) -CONR™R*, (xi) -COR*, (xii) -OCOR*’, (xiii) -SR*,
(xiv) ~SOR*?, (xv) -SO,R®*, (xvi) -NHR*,

(xvii) -NRR* (where R*’, R*, R*, R**, and R*” each
represent a C;_s alkyl group, R* represents a €, alkyl group
optionally substituted by a halogen atom(s), R™ and R® each
represent a C;.; alkyl group, a Cj.;o aralkyl group, a phenyl
group, or a Ci; gycloalkyl group, and R®, R®? and R®® sach
repraesent a Cy.; alkyl greup, a phe.n_yl group, or a tolyl group).

(xviii) ~0-{CH;)m'-Q° {where m' denotes an integer of 1
to 4, and Q' represents a hydroxyi group, -COH, -OR%, ~CO.R"®,
-CONH,, -CONHR*®, -CONR¥°R*®  .NH,, -NHR*'!, or ~NRA2RE12 (where
R*®, R*, R™?, R®'!, and R®? each represent a C;.¢ alkyl group,
and R°® represents a C;.¢ alkyl g¢roup optionally substituted by
a halogen atom(s))},

{xix) -OR™? {where R™ represents a C;.; ¢ycloalkyl group
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,
a Ci¢ alkyl group, and ~OR*? (where R*? represents a C;.¢ alkyl
group};: or a heterocycloalkyl group optionally substituted by
one or more substituents selected from the gi:oup consisting of
a halogen atom, a hydroxyl group, a Ci.s alkyl group, and -OR*®

(where R

represents a C;.; alkyl group})}, or
(xx) a heterocycloalkyl group optionally substituted by
one or more substituents selected from the group counsisting of

a halogen atom, a hydroxyl group, a C;¢ alkyl group, and -OR**?



et HOsf i HO'" "OH} OH Mo C OBl Hp 3 HO'ox OHand WMo / C
HO8 &zy, HO,,CHdAi , -234- [21] A pharmaceutical conprising the
1-thio-D-glucitol conpound, the pharmaceutically acceptable salt

t hereof, or the hydrate of the conpound or the salt according to any
one of clains 1 to 20. [22} The phﬁrnaceutical according to claim 21,
which is a pharmaceutical for prép §Faiis or treatnent of diabetes,

di abetes-rel at ed di sease, or diabetic conplication. [23] A

phar nad@BereaR CoFPPFeFeRES e Ci-¢ RS¥D gFO¥Plol  conpound, the
pharmaceutically acceptable salt thereof, or the hydrate of the
conpound or the salt according to any one of <clains 1 to 20, in

mound . | 0 o
Comer oda" A N A BBR b1 808 oPPARREN (5 o ERTASHLAG RO AR DT OV
group 1Ggnsipst hg%_ei:macé’@ﬁ%mgfa@g%gltam&%&@!%ﬁm' Slor @ PPAR- 8

agonist and a P alyl/ 8 agoni ycosi dase I nhibitor; a
bi guanif@irate bESHhéNcs@sdRid Ut aneckanator; an insulin

fwhere R*, R?, R® and R* are the same or different, and
each represent a hydrogen atom, a Ci.s alkyl group, -CO.R*Z, -
COR™, or a Cj.;; aralkyl group optionally substituted by one or
more substituents selected from the group congisting of a
halogen atem, -NO, and -OMe (where R*® represents a C.s alkyl
group, and R™ represents a C;.; alkyl group, a C;.;p aralkyl
group, or a bhenyl group),

R® and R' are the same or different, and each represent a
hydrogen atom, a halogen atom, a hydroxyl group, a C;.s alkyl
group, or -ORf! [where R®*! represents a C;.¢ alkyl group
optionally substituted by a haloéen atom(s), or a Cj.;p aralkyl
group nptionélly'subétituted by one or more substituents
gelected from the group conslsting of a halogen atom, a
hydroxyl group, a Ci.¢ alkyl group, amnd -OR'® (where R®
represents'a Ci.s alkyl group)l,

Ar® represents a thienyl group, a benzo(b]thiophenyl

group, a thienol2,3-blthiophenyl group, a benzofuranyl group,



preparation; and a dipeptidyl peptidase IV inhibitor. 1241 A

phar maceuti cal conprising the 1-thio-D-glucitol conpound, the
pharmaceutically acceptable salt thereof, or the hydrate of the
conpound or the salt according to any one of clainms 1 to 20, in
conbination with at | east one pharnmaceutical selected fromthe group
consisting of a hydroxymnet hyl glutgygyl- CoA reductase inhibitor, a.
fibrate conpound, a squal ene synthase inhibitor, an acyl -

CoA: cQob&oidiifila 3@yt GRBEHST AR CLAMM P (oup? 110 ﬁﬁaiyiygﬂ;%gp%?t ein
receptor accelerator, "a nicrosene triglyceride ransier protein

| nhi bihDiazdild, YroAPQr ACHYEazdPpl d¥oite! Rodyhaaynr ?éuabngaa
1-thin-D-glucitol conpound of the following fornula I, or a

phar npgeinidiayly grougpt abperaaityl tdenanf oromnaibygaabeydf gidwg conmpound
or the salt: -235- 8 R5 Ra RAOS Ar, A2~ RO A R7 ROB830" "OR OR2
| wher ei n BF1andrR*® dranthdRisaRED oar diffedent neandl neathni remreseartpr i si ng
the steps of: adding to a thiolactone of the following fornmula VIII

nor e @ Harinegaiuiateens BARladeR| keRd & duaioKyds SEREPS oft| Gwe k¥ lor nul a

| X to obtain a coppound V; reducing the conpound V; and if desired,

depr o¥ERYR n P HOR e IMeTsy Roo sBFsFents aatter WP t he fol | owi ng
SCheUEbtiE%é?iy‘%%bstituted by a halogen atomi{s)), and

R*®® represents a hydrogem atom, or an aryl group
optionally substituted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,
a Cig alkyl group, and -OR**® (where R*’ represents a Cj.s alkyl
group), or a heteroaryl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a C;.s alkyl group, and -QR2%

(where R**' represents a Ci.; alkyl group)].

fl4] The 1-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt according to claim 1 or 2, wherein Ar! 1s a heterocarylene

group.

[15] The l-thico-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
8alt according to claim 14, wherein 3 is -(CH;)n- {where n

denctes an integer of ¢ to 3).

[16] A 1-thlo-D-glucitol compound of the following formula

IV, or a pharmaceutically acceptable salt thereof, or a



~ Rl40 S 0O8140 SAr AAz R (HR7 RIOR13 V'OR1I1 R RS R6 R130" .
QRLI1 OR12 z VIII Ar1l AA2RR RV XMy R7T RROIX where R, R2, R
and R14 are the sanme or different, and each represent a Cl-5 al kyl
group, -SiRa'3, -CH2CH CH2, or a C7_12 aral kyl group optionally
substituted by one or nore substituents selected fromthe group
consisting of a halogen atom -NOZ d -owe (where Ral represents a
Cl 6 alkyl group) ,.X represents a halggen atom and Ar', Ar2, R5, Re,
R7, R ﬁé%e REOthpecquPARRd iy §he &adth 1. [261 The method according
to claim 25, wherein before the step of adding the Giignard reagent of
the formula I X to,fhe®® 236 gthiolactone of the formula VIII to obtain
a conpound V, abB 0. k2 equival ents of R30OMgX (R30 represents a
Cl_e al kyb » cl oal kyl group, and X represents a

hal ogen ato added to khe thiolactone of the formula VII1I. (27] A
nmet hod f orgsp# L&Q a 1-thin-D-glucitol conmpound of the follow ng
formula I, or l%har maceutically acceptable salt thereof, or a hydrate
of the conpoun r the salt: R R RB RAOS Art ARS R/IARI0 R3 V
,,,ORL OR2 | wher®in Arl, Ar2, A and R1-R10 are as

[where R!, R?, R® and R* are the same or different, and
each represent a hydrogen atom, a Ci.s alkyl group, -CO.R*?, -
COR™, or a Cj.1, aralkyl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, -NO; and -OMe (where R** represents a Ci.¢ alkyl
group, and R™ represents a Ci.; alkyl group, a C-;-m aralkyl
group, or & phenyl group),

Ar' represents a thienylene group, a
benzo[b]thiophenylene group, or a pyridylene group,

R** and R?'* are the same or different, and each represent
a hydrogen atom, a halogen atom, a hydroxyl group, a C,.3 alkyl
group, or ~OR® (where R®™ represents a C,.; alkyl group
optionally substituted by a halogen atom(s)),

R’ and R* are the same or different, and each represent a
hydrogen atom, a halogen atom, a C;.s alkyl group, or ~OR®
{where R®® represents a C;.; alkyl group optionally substituted
by a halogen atom(s}), and

R" represents (i} a hydrogen atam, (1i) a. halegen atom,
{iii) & hydroxzyl group, {iv) & C;.s alkyl aroup optionally
substituted by one or more substituents selected from the
group consisting of a halogen atom and a hydroxyl group, (v) -

COH, (vi) -OR®', (vii) -CO,R**, (viii) -CONH,, (ix) -CONHR™,



defined in claim1l1, conprising the steps of; (1) adding to a conpound
of the followng fornula X a reagent of the followng fornula Xl to
obtain a compound XII; and (2) further reducing the compound XlII, if Y
is a hydroxyl group, to obtain a conpound, in which Y is hydrogen, in
a type-stereoselective manner; and if desired, further deprotecting

t he conpound obtained in (1) or_( i n accordance with the foll ow ng
schene: RCRc RDRB RDRBRS 4Ar Rl4o0 5 Ea Re Rla0 S RO Aa Y RAY

RA R 1 a 1 ~ ar13 ORY7, @R12 OR1Ze1 X X, X11 -237-
wher eP’?ﬁr%NeRs%S ggﬁgd?%%{en' a{)’gjr"r%‘)or'oéc%yd'r o&%]llidr 0 ('pr%('\hv ed that

I f Y &Sped h a geom lyppe& tion is of S-configuration), R11
R12 F§%Fahdvggﬁ g?? tHe(g§ﬁ§ opﬂ i fferent, and each represent a Cl-6
al kyl (@00, -NRBF&E13, - CH2CH=CH2, O a C-12 aralkyl group optionally
substituted by one or nore substituents selected fromthe group

consi kel ®=*a Rl Og¥n R, 0mnd- N2 catl rebkesuhere &gl dwgnesents a

01.6 al kyl group), Are, R8, RO and R10 have the same neanings as in

cl ai ngroumnR°RirepFBerRsaamd CRR hakyl t greowm nep e Iiys sabsthtotadm B, Aa

represents -CHW (CH2)n'-, -CONH(CH2)n-, or -CH=CH (where W

r epr ke ra halagedr adom(at onRYr andhitf ergh yepupsemt a Cis alkyl
group, a Cj.iy aralkyl group, a phenyl group, or a Ci.
cycloalkyl group, and R**, R®? and R*} each represent a Ci.s
alkyl group, a phenyl group, or a tolyl group},
(%viii) -O-{CH,)m'-0' {where m' denotes an integer of 1 to 4,
and Q' represents a hydroxyl group, -CO;H, -OR®, -CQR™, -
CONH,, -CONHR®, ~CONR™R™°, -NH;, -NHR**', or -NR™2R*Y* (where
R*?, R*, R*Y, R*! and R**® each represent a ;. slkyl group,
and R°? represents a C,.¢ alkyl group optionally substitnted by
a halogen atom(s))}.
(xix) -OR™ {where R™ represents a Ci.» cycloalkyl group
optionally substifuted by one or more substituents selected
from the group consisting of a halogen atom, a hydroxyl group,
a Cj;.g alkyl group,.and -OR** (where Rﬁj represents a Cj;.; alkyl
group); or a heterocycloalkyl group optionally substituted by
one or more substitueats selected from the group consisting of
a halogen atom, a hydroxyl group, a Ci¢ alkyl group, and -OR™®
(where R*® represents a C,.¢ alkyl group)}; or
{xx) a heterocycloalkyl group optionally substituted by one or
more substituents selected from the group consisting of a

halogen atem, a hydroxyl group, a C;.¢ alkyl group, and -OR%2

(where R*? represents a C;.¢ alkyl group].



denotes an integer of 0 to 3, and n' denotes an integer of 0 to 2), Ea
represents -CHO, -CO2H, or -CH2X, and Da represents -(CR2)n'Li, -
(Cf12) n' MgX, -CH2PPh3+X , - CH2PO_(@Ra23) , - (CH2) nNH2, or -SnBul
(where X represents a hal ogen atom 23 represents a Cl_6 al kyl

group, n denotes an integer of 0 to 3, and n' denotes an integer of O
to 2), provided that if Ea is -CHO, the conpound X reacts with. the
reagent XI in which Dais -(CH2)n'Li, -(CH)n" MgX, - CH2PPh3' X-, or

- CH2PC(ORa23) to obtain the conpound XII in which Aa is
-CHW(CH2)n'-, or -CH=CH, if Eais -CO2H, the conpound X is condensed
with the reagent Xl in which Dais -(CH2)nNH2 to obtain the conpound
XIl  in which Aa is -CONH(CH2)n-, or if Ea is -CH2X, the conpound X is
condensed with the reagent XT in which Da is -SnBu4 to obtain the
compound Xl in -238 - which Aa is -CH2. [281 A conpound of the
follomﬁnqéﬁﬂrnul X1l ereof, or aggx rate.of the

conpound t he ?t."ﬁggééﬁﬁgihkég%grFogpoﬁfﬁo Sy RRABAS e RasR L 1Y

i oup ( FPETEAEE et 11 PSR nyth ogh ‘A OH CEnes 1ERberPIBHAG BF the

g;lacgg];ih%%rl‘%t iaoc'}:)dr&qgg Red: « Rédn Bc::z?’ A8 Led pa eretphreesseanqzes o I%érfoegreennt ;
atom, a halogen atom, a Cis alkyl group, or -OR®® (where R%
represents a Ci-5 alkyl group optionally substituted by a

halcogen atom(s}).

(181 The 1-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt according to c¢laim 1, wherein the compound is selected:
from the group consisting of

{15) -1, 5-anhydro-1-[3~{4-ethoxybenzyl) -6-methoxy-4-methyl
phenyl]-1-thio-D-glucitol,

{18) -1, 5-anhydro-1-[4~chloro~3-(4-methylbenzyl)phenyll-1-thio-
D-glucitol,
{18)-1,5~anhydro-1~-[4-chloro-3-(4-methylthiobenzyl)phenyl}-1-
thio-D-glucitoel, and

{18)-1, 5-anhydro~1-[4-chloro-3~{4-ethylbenzyl)phenyl]j-1-thio-

D-glucitol,



represent a hydrogen atom a Cl1_6 al kyl group, -SiRal3, - CH2CH=CH21
-CC2Ra2, -CORel, or a Cl-12 aral kyl group optionally substituted by
one or nore substituents selected frgmthe group consisting of a

hal ogen atom -NO2 and -Owe (where Ral and Ra2 each represent a ClL 6
al kyl group, and R61 represents a Cl-6 alkyl group, a C7_10 aral kyl
group, or _a phenyl group), provided that if Y is a hydrogen atom R21,
R11, p2l and R21 are not hydrogen atons at the sanme tine; and the

ot her synbols are as defined in claim11. [29] A conpound of the
followng formula XIV, or a salt thereof, or a hydrate of the conmpound
or the salt: -239- - - Re RDRB R240 SE YO RA R3O' 11, RR1 OR22

Chat 11w T 6 PHER SR DRI A s PR N e iRy 1 BBRME
represent Ssal%reb%he Er&BeLdf Mt%h?po%%a‘brr&@rsﬁﬂeiﬁc&cﬁn @}cﬁﬂﬂl Kyl

group), -CH2Ma (where Ma represents a hydroxyl group or a haI ogen

atom, a 1wﬁefh1ﬁ>thbantﬁKyD ~gnmiip] compound ofl faxant2t ¥ seieotad rRA1 th&kgeoup
R23 and R2801t11@l\éa ﬁfsarre meanings as in claim28, and RA, RB, R and R
have the same Heam gs as in claim8].

and
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[20]  The 1-thio-D-glucito]l compound, or the pharmaceutically acceptable

salt thereof, or the hydrate of the compound or the salt according to claim 1,

wherein the 1-thio-D-glucitol compound of formula I is selected from the group

hY

consisting of

and
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(21] A pharmaceutical comprising the l-thio-D-glucitol
compound, the pharmaceutically acceptable salt thereof, or the

hydrate of the compound or the salt according to any one of
claims 1 to 20,

122] The pharmaceutical according to claim 21, which is a
pharmaceutical for prophylaxis or treatment of diabetes,

diabetes-related disease, or diabetic complication.

(23] A pharmaceutical comprising the 1-thio-D-glucitol
compound, the pharmaceutically acceptable salt thereof, or the
hydrate of the compound or the salt according to any one of
claims t to 20, in combination with at least one
pharmaceutical selected from the group consisting of an
insulin sensitizing agent, which 1s selected from the group
consisting of a PPAR-y agonist, a PPAR-o/y agonist, a PPAR-§
agonist and a PPAR-o/y/8& agonist; a glycosidase inhibitor; a
biguanide; an insulin secretion accelerator; an insulin

preparation; and a dipeptidyl peptidase IV inhibitor.

[24] 2 pharmaceutical comprising the l-thioc-D-glucitol
compound, the pharmaceutically acceptable salt thereof, or the
hydrate of the compound or the salt according to any one cf
claims 1 to 20, in combination with at least one
pharmaceutical selected from the group consisting of a
hydroxymethylglutaryl-CoA reductase inhibitor, a fibrate
compound, & squalene synthase inhibitor, an acyl-
CoRh:cholesterol acyltransferase inhibitor, a low density
lipoprotein receptor accelerator, a microsome triglyceride

transfer protein inhibiteor, and an anorectic,

[25] A method for producing a l-thio-D-glucitol compound of
the following formula I, or a pharmaceutically acceptable salt

thereof, or a hydrate of the compound or the salt:
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| wherein Ar'!, Ar?, A and R'-R"Y are as
defined in claim 1, comprising the steps of:
adding to a thiclactone of the following formula VIII
more than 1 equivalent of a Grignard reagent of the following
formula IX to obtain a compound V;
reducing the compound V; and
if desired, deprotecting the resulting compound, in

accordance with the following scheme:

o
5
RQ
L)
XMg R7 R10
IX

where R“, Ru, R and R! are the same or different, and
each represent a Ci-y alkyl group, —SiRa%, -CHsCH=CH,, or a Cy-1;
aralkyl group opticnally substituted by one or more
substituents selected from the group consisting of a halecgen
atom, -NO; and -OMe (where R* represents a Cp.¢ alkyl group), X
1 2 5 6 7 8 9
represents a halogen atom, and Ar -, aAr®, R’, R, R’, R°, R” and

R® are as defined in claim 1.

[26] The method according to claim 25, wherein before the

step of adding the Grignard reagent of the formula IX to the
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£hiolactone of the formula VIII to obtain a compound V, about
0.8 to 1.2 equivalents of RmMgX (R*® represents a C, alkyl
group or a Ci_; cycloalkyl group, and X represents a halogen

atom) 1s added to the thioclactone of the formula VIII.

(27] A method for producing a l-thioc-D-glucitol compound of
the following formula I, or a pharmaceutically acceptable salt

thereof, or a hydrate of the compound or the salt:

! wherein Ar!, Ar?, A and R!*-R' are as
defined in c¢laim 1, comprising the steps of;
{1} adding to a compound of the following formula X
a reagent of the following formula XI to obtain a compound
XII; and
{(2) further reducing the compound XIT, if Y is a hydroxyl

group, to obtain a compound, in which Y is hydrogen, in a B

type-stereoselective manner; and

if desired, further deprotecting the compound obtained in

(1) or (2), in accordance with the following scheme:
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ﬁhere Y repiesents a hydrbgen atom or a hydroxyl group
(provided that 1f Y is a hydrogen atom, the l-position is of
S-configuration),

rR!', R'Y, R' and RY are the same or different, and each
represent a Ci-¢ alkyl group, -SiR®y, -CH,CH=CH,, or a Ci.1»
aralkyl group optiocnally substituted by one or more
substituents selected from the group consisting of a halogen
atom, -NO, and -OMe (where R* represents a Cj-g alkyl group),
ar?, R%®, R® and R' have the same meanings as in claim 1, and R,
RE®, R® and R® have the same meanings as in claim 8,

Aa represents -CH{W) (CH;)n’-, —-CONH(CH;)n-, or -CH=CH-
(where W represents a hydrogen atom or a hydroxyl group, n
denotes an integer of 0 to 3, and n’ denctes an integer of 0
to 2},

Fa represents —-CHO, -CO;H, or -CHX, and

Da represents - (CHy)n’Li, -{CHz)n’MgX, -CH,PPh3'X™, -
CHQPO(ORﬂ3), -~ {CHz})nNHs, or -5nBuy {where X represents a
halogen atom, R323 represents a Ci-g alkyl group, n denotes an
integer of 0 to 3, and n’ denotes an integer of 0 to Z},

provided that 1f Ea is -CHO, the compound X reacts with
the reagent XI in which Da 1s -(CHz)n’Li, -(CH;In’MgX, -
CH,PPh;'X™, or -CH,PO(OR*?) to obtain the compound XII in which
Aa is -CH(W) {(CHy)n’-, or -CH=CH-,

if Ea is -COzH, the compound X is condensed with the
reagent XI in which Da is - (CH;)nNH; to obtain the compound XII
in which Aa is -CONHI{CH;)n-, or

if Ea is -CH;X, the compound X is condensed with the

reagent XI in which Da is -SnBu, to cbhtain the compound XII in
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which Aa is -CH;.

[28] A compound of the following formula XIII, or a salt

thereof, or a hydrate of the compound or the salt:

‘e

OR21

OR22
Xl

[where Y represents a hydrogen atom or a hydroxyl group
(provided that if Y is a hydrogen atom, the l-position is of
S-configuration}, and

R21

, R??, R? and R* are the same or different, and each
represent a hydrogen atom, a Ci_¢ alkyl group, ~SiR®,, -
CH,CH=CH,, -COR%*, -CORP!, or a Ci.1z aralkyl group optionally
substituted by one or more substituents selected from the
group consisting of a halogen atom, -NO; and -OMe (where R3?
and R* each represent a Ci¢ alkyl group, and R® represents a
Ci-¢ alkyl group, a Cr.10 aralkyl group, or a phenyl group),
provided that if Y is a hydrogen atom, R®', R*?, R*?® and R? are
not hydrogen atoms at the same time; and the other symbols are

as defined in claim 1].

[29] A compound of the following formula XIV, or a salt

thereof, or a hydrate of the compound or the salt:
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[where Y represents a hydrogen atom or a hydroxyl group
(provided that if Y is a hydrogen atom, the l-position is of
S-configuration),

E represents —-CHO, -CO,H, -CO,R*** (where R*¥* represents a
Ci-s alkyl group), ~CH;M* (where M® represents a hydroxyl group
or a halogen atom}, a 1,3-dioxclan-2-yl group, or a 1,3-
dioxan-2-yl group,

R°Y, R??, R?’ and R have the same meanings as in claim 28,

and

R*, RB, R® and R have the same meanings as in claim 87.





