- 1 - SPECIFICATION 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 (SGA.T2) concerned with
gl ucose reabsorption in the kidney. BACKGROUND ART [0002] It is believed
that chronic hyperglycem a decreases insulin secretion and |owers insulin
sensitivity, further causing increaseslitn blood glucose |evels and
aggravating diabetes. Hyperglycema is considered to be a major risk

factor for conplications of di abesFECIFICETIONI ntaining blood sugar at a
normal | evel seens to inprove insulin sensitivity and suppress the onset of
conplications of diabet esl-THQUxGIIES] TGUIDERENAFBAES gl ycosi dase
inhibitors, and insulin sensitizing agents have so far been used as

t her api es of TEREMECRs FHoWRver, adverse reactions or side effects have
been reported, such as |actic acidosis for the biguanides, hypoglycema for

the sul fRRALE eas, Thiel Lhvenhien sreilates ote 1hthberR-glweitoh di sorder for
the glycosidase inhibitors, Hence, drugs for treatment of diabetes, which
have nev&le%ﬁ%ﬂﬂ‘f%‘?rsw’b*cﬁc%‘?lb%b%ﬁft%‘? ALY HRY t Abseodiurndepsndent onal

der [ vat | TSR LR SATRI T 17 ol SHFBALCEANORERSQ (AP L GINERFSI ¢ the
reabsor pt | f,excess gl uco in the kidney and pronote the excretion of

gl ucose,ééex sl%rl‘oﬂlhag}]a a%??ﬁkygi?aycerﬁC action (non-patent - 2 docunents 1

and 2). Then,gihispd@gpsgspt i on of gl ucose was

[00D2] It is believed that chronilc hyperglycemia decreases
insulin secretion ané 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 diabetes. Thus, maintaining bleood
sugar at a normal level seems to improve 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 serious
hepatic function disorder for the glycosidase inhibitors.
Hence, drugs for treatment of diabetes, which have new
mechanisms of action different from those of the conventional
drugs, are desired to be developed.

[0003] 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 (SG.T2)
present at the Si site of the renal proximl tubule (non-patent docunent
3). Since the adm nistration of phlorizin, a specific SGT inhibitor, to
rats with diabetes was denonstrated to pronote gl ucose excretion to urine
and produce an anti hyperglycem c action, SAT2-specific inhibitors have
been regarded as new target nol ecul es por therapies of diabetes. [0004]
Agai nst such a background, numerous phlorizin- related conpounds have been

StUdiEddoéﬂﬂeﬁkérX'aﬁhUQQ%id@ﬁenbavﬂiéeféaﬂé§£F9§69 &??é?ﬂ&oQQCHHE”FS 1to
11). However, when orally admnistered, O aryl glucosides have their

gl ycosi gRowhi Bkase A¥erabraedoWisbiailumrdleyepsieads & 1RRERN totFahlipoT¥alr
intestine, and in the unchanged form are poor in absorption efficiency.

Thus, thei(sGpradr pgesenhe widehedSielsapeenlt. thie02@nlhlAproxdmalhasabhaen i ssued
of conpounds which are O-aryl glucosides converted into chemcally stable
C-aryl {(gbijepakdas @peueentddiunesindd)th€oapmindsthaviog dhe gl ucose
portion directly bound to aryl or heteroaryl, as described above, have al so
been repbloedzipat enspecddienBSLT3 inbibitor  Hiwevrarts &idhydighedesi des,

whi ch are the conpounds disclosed in these docunents (patent docunents 12
to 15), vapedemenghsaseds tos pronese glugapec gxesetdnd toudrine and
pharmaceutical nmanufacturing is probl ematical atent docunent 12). For
this rBESBHCet RBsANEIRYEERII YFERdEd Ch 198 . c 2-Ispesd filggdphdbitersh
suitabl e am pno acids such as phenyl al ani ne _and _prol.i ne US Pat ent
Use7741%3ye Reesr HPH&F{}‘P%GﬁpgﬁﬁdéérﬁﬁitcH’OP@\?é‘lPSs fogy tberaries ¢St al linity,
whose patigigation, storage and pharmaceutical manufacturing are easy, and
whi ch af2@8%5§%t0 handl e as drugs, were required.

[0004] Against such a background, numercus phlorizin-
related compounds have been studied, and O-aryl glucosides
have been disclosed (patent documents 1 to 11). However, when
orally adminigtered, O-aryl glucosides have their glycoside
linkage hydrolyzed with P-glycosidase present in the small
intestine, and in the unchanged form, are poor in absorption
efficiency. Thus, their prodrugs are under development.
[0005] A report has been issued of compounds which are
O-arvl glucosides converted into chemically stable C-aryl
glycosides (patent document 12). Compounds having the glucose
portion directly bound to aryl or heterocaryl, as described
above, have also been reported {patent documents 13 to 15).
However, C-aryl glycosides, which are the compounds disclosed
in these documents (patent documents 12 to 15}, are amorphous
substances in many cases, and thus their pharmaceutical
manufacturing is problematical (patent document 12). For this
reason, these compounds needed to be crystallized together
with suitable amino acids such as phenylalanine and proline

{(US Patent US6774112). Accordingly, compounds, which have



(00061 There have been reports of nethods for producing aryl

5-t hi o- p- D- gl ucopyranosi de (0-aryl 5-thio-p-Dglucoside) or heteroaryl

5-t hi o- p- D- gl ucopyr anosi de (0-heteroaryl 5-thio- p-D-glucoside) derivatives

havi ng 5-thi oglucose and aryl or heteroaryl bound via p-glucoside (patent

docunents 16 to 17). The SGET-inhibiting action of these conpounds is also

reported (patent docunents 18 to 19)- 3As seen in the report (patent

docunent 16), however, glycosylation conpletely differs in the behavior of

t he r eac#awl laaooralyotd Xl it y pfhoe Sugaif i gl o hes t@fdde candaondi tions

permtting glycosylation fromglucose cannot be applied to thioglucose.

100071 THhesrymeadeartel dely andresfacioimaidcie faasyy ahd iwigicH -die cedeyl tiei t ol

~derivatives having 5-thioglucose and an aryl or hetero ring directly bound,
and t hehandbhee dsedlruds + ofere sceqifired hi o- D-gl ucitol derivatives. Sone of

t he conpounds shown in patent docunents 1 to 15 have al ready been subjected

to clidi%6krialBhermdaverkesns repets i ingthads fray pFeducing
treatment of diabetes will be commercially available in the future.
However ,axl iSmrhelia f -l g kuaanyr ane sidea - am 15 - tdehas foghwrfuagrsidsdcone
difficult for sone reason, and thus a group of conmpounds having the sane
mechani S detE@aadyl Rnthipnd Ry Fuaanyranes e (Qdnterepmidel TtidHar e
needed. , Non-patent docunent 1: Rossetti, L., et al. J. din. Invest., Vol
80, 103P Progpaesiidses S/ havigg Qathiloglucqge And Aryd (9F | nvest .,
- 4 Vol. .79 15%_0, 198 ‘Ié% at.ent 5gﬁment 3: @{Iai Y. eqt9 al..J. din.
| nvest . A&k§iEoaryd b§§17nd71 (%aqleﬂﬁo nEftent Hacment A% ke Apjp]ﬂ'l cation
Publ i catyydh dir- 98RF ¥ ng action of these compounds is also reported

{patent documents 18 to 19). As seen in the report (patent

document 16), however, glycosylation completely differs in the

behavior of the reaction according te the type of sugar, and

the reaction conditions permitting glycosylation from glucose

cannot be applied to thioglucose.

[0007] Thus, there have been no methods for producing

l1-thio-D-gqlucitol derivatives having 5-thioglucose and an aryl

or hetero ring directly bound, and there have been no reports

of 1-thio-D-glucitol derivatives. Some of the compounds shown

in patent documents 1 to 15 have already been subjected to

clinical trials, and there is a possibility that new drugs for

treatment of diabetes will be commercially available in the

future. However, during clinical trials in humans, theilr

development may become difficult for some reason, and thus a

group of compounds having the same mechanism of action, but

having a hitherto inexistent new skeleton are needed.

Non-patent document 1: Rossetti, L., et al. J. Clin. Invest.,

Vol. 80, 1037, 1987

Non-patent document 2: Rossetti, 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. WO01/016147 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
Pat ent docunent 8: International Publication No. WO02/ 068439 panphl et
Pat ent docunment 9: International viddhl i79at ilGrioNo.198A02/ 068440 panphl et
Pat ent docunent 10: International Publication No. W02/ 036602 panphl et
Pat ent ddéomepatént dotementi dmaKaRabli dati et H3.. \AO0ZIG8B1 Shversanphl il .
Pat ent docunent 12: International Publication No. W01/ 027128 panphl et
Pat ent docunment 13: US Patent Ap@Bi.ca®7on1P9dl i cation No. - 5 - 2001/ 0041674
Pat ent docunent 14: International Publication No. WO04/013118 panphl et
Pat ent dotafemt documentr hat FerapepnpPreant oiPRbicabdenoBubddcapinphliet
Pat ent docunent 16: Internatbgggg4gublication No. W04/ 014930 panphl et

Patent document 2: European Patent Application Publication No.
0598359
Patent document 3: International Publication No. WO01/068660
pamphlet
Patent document 4: International Publication No. W001/016147
pamphlet
Patent document 5: International Publication No. W001/074834
pamphlet
Patent document 6: International Publication No. WO01/074835
pamphlet
Patent document 7: International Publication No. WO02/053573
pamphlet
Patent document 8: International Publication No. W002/068439
pamphlet
Patent document 9: International Publication No. W002/068440
pamphlet
Patent document 10: International Publication No. W002/036602
pamphlet
Patent document 11l: International Publication No. WO02/088157
pamphlet
Patent document 12: International Publication No. W001/027128
pamphlet
Patent document 13: US Patent Application Publication No.



Pat ent docunent 17: International Publication No. W04/ 089966 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 SOLVED BY THE | NVENTI ON [ 0008] It
I's an object of the present invention to provide a hitherto inexistent new
1-thio-D-glucitol conmpound which inkiBits the activity of sodi um dependent
gl ucose cotransporter 2 (SG.T2) related to glucose reabsorption in the

ki dney, pronotes the excreti20Dlofoaxliémt sugar, and exhibits an

anti hyperglycemc action. It is another object of the present invention to
provi de Paifeastc dioicamenitn 1i4si tIovtegmladdionad Poblig@tipradic .viW004 401314 8st i | |
anot her object of the present invention to provide a conpound which has
excel lent crystallinity, whmPhdhalfication, storage and pharnaceutica
manuf acturi ng are easy, and which is easy to handle as a drug. It is a

furt her P88£8¢t decumedty ddse din ferpaddiongl: Fubldnaddon Neot MW 4/A89%5%uci ng
the 1-thio-D-glucitol conpound and - 6 - provide its intermedi ate. MEANS FOR

SOLVI NG THE PROBLEMS [ 0009] PARPH ntors of the present invention

di I'i gent]| onduct ed .searches and, studi.es in.an attenpt so)J ve the above
probl e g*&é‘%aﬁ%:élﬂ'leﬁt dy &'liff&?é:a@a'a&‘ %’é{bﬂ&far n B%e’pé&éﬁ c?r}%"farbdi rectly
bi ndi ng an aryl or hetero riﬁghtélé% 5-t hi o- gl ucose, and have found that a
1-thio-D-glucitol derivative gbtat hed by this nmethod has an excell ent

acti on @b+ N igRichid®h t59 12 1n Rl i0HA9 PR il fdh 3E ORI d SVBYs &

pamphlet

Patent document 18: International Publication No. WO004/014931
pamphlet

Patent document 19: International Publication No. WO04/089967
pamphlet

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0008]) It is an object of the present invention to provide

a hitherto inexistent new l-thio-D-glucitol 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 object of the present

invention to provide an excellent inhibitor selective for

SGLT2 activity. It is still another object of the present

invention 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 1l-thio-D-glucitol compound and



the present invention. It has al so 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 am no acid or the
like, its purification, storage and pharmaceutical manufacturing are easy,
and is suitable for handling as a drug. [0010] Enbodi nents of the
1-thio-D-glucitol derivative of the_pgesent invention (hereinafter referred

to as "the conmpound of the present invention") will be described bel ow
[ 0011] f@gdi ningér&gsigEgsent invention relates to a
1-t hi o- g uci tol ™ conpoun he following fornula |, or a

pharnaceutl p a or a hydrate of the conpound or
the salt: é?saféﬁ égﬁﬁfg%)%ﬁﬁ‘ﬁﬁgﬁﬂégs - OR2 - 7 [0013] [where

R, R, and R e r hydr ogen
APRLCE dg:@io 6Pal k;"fﬁég r%%g,s@afs 8f ehé E BQEnt ﬁﬂdeﬁeiagrg%gsgt%gp

opti onatdiyasebed i sdaeehdy ane seﬁaméelﬁuaﬁt ai:tlé‘iﬂbﬁ e8! 86liod tham the group
consisting of a halogen atom -NO2 and -Ove (where Rat represents a Cl1 6

al kyl stsowp, problléhs . r oy eserdsukt Cltewl ddcoFarya £ hetHéd afat Kyl  group,
or a phenyl group), A represents -(CH2)n-, -CONH(CH2)n-, -NHCQ(CH2)n-, -0-,
-S-, - Nvkeparatiah2)hGiicteetpwhbipdindeant asyanornhegeroofkifig to 3), Ar'
represents an aryl ene group, a heteroarylene group, or a
het er ocyctivbd kgleresgr oapd have found 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 also been found that the
l1-thio-D-glucitol derivative of the present invention is also
satisfacteory 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 is suitable for handling as a drug.
{0010} Embodiments of the 1-thio-D-glucitel derivative of
the present invention (hereinafter referred to as "the
compound of the present invention”) will be described below.
[o011] An embodiment of the present invention relates to a
1-thio-D-glucitol compound of the following formula I, or a

pharmaceutically acceptable salt thereof, or a hydrate of the

compound or the salt:

[0012]




Ar 2 represents an aryl group, a heteroaryl group, or a heterocycl oal kyl
group, and R5, R6, R7, R8, R9 and R10 are the sane or different, and each
represent (i) a hydrogen atom (ii) a halogen atom (iii) a hydroxyl group,
(iv) a Cl1-8 alkyl group optionally substituted by one or nore substituents
selected fromthe group consisting of a halogen atom and a hydroxyl group,
(v) -(CH2)m Q (where mdenotes an inteder of 0 to 4, and Q represents -CHO
-NH2, -NO2, -CN, -CO2H, -SG8H, -ORO, -CO2Ra3, CONH2, -CONHRa4, - CONRa5Ras,
CCORd' , [003GR2. -leReke FECRB2, RSGHRAR® arbHEheOphime. MrCAREFerohHOO R |
-NHCO\IHZ - NHSO2Ra4, -NHRa', or -NR a7Ra7 (where Rai, Rao, Ras, Rah, and Ra'
each repids @achs repr@senitky hydnagerRaltomepredant alkydl draiky |- a.8h,
optlonallg%5 % ubstituted by a hal ogen aton(s), Rdl Rd2 Rd3 and Rd4 each
1.

represemn @ A Kyid-1griFddKvd Oroup Milgﬂalg‘r}btﬁplb%timw b¥yrangp, or a
C3_7 cy cloalré group, and Ral, Rae, Rea and Re4 each - represent a Cl.6

al kyl gPgupwe WhRHL tHeREs sslestes) )ﬁr°“gr‘8l?p)9)r°‘3(ﬁ/|9°n%ﬁtt@% AL @ (where
MCRaz.  PedeRE '“te N 8 rQS L oafea Rl ToRNABENtY o Lrre FHHDRa12 or
- NHCO2Rd S mhere Ra9 Ral)Rail, _.and each rep sent a I- aIkI
group, % pr‘e&nélsg W#‘é?@%?&ﬁ%ﬁﬁ%%‘é%y st iAG Y

hal t Cl_6 al kyl : C7_10 IkI
g?oag?“g%%ga%rg%z%h,%%% PG 2 Lo allyl o, & O mazahge .
represents apCle é l(ﬁg K%c Hup -8Bk Eﬁlig_SL&ﬁﬁééﬁé? Ipy oRg. or nore

cte r o) 0

substituents sel on1t group co i ng gen atom a

O A K O R e B Py o8RO Sror e

to 3).

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

Ar? represents an aryl group, a hetercaryl group, or a
heterocycloalkyl group, and

R®, R®, R’, R®, R® and R! are the same or different, and
each represent (i) a hydrogen atom, {il} a halogen atom, (iii}
a hydroxyl group, (iv) a C,.s alkyl group optionally
substlituted by one or more substituents selected from the
group consisting of a halogen atem and a hydroxyl group,
{(v) -{CH,)m-Q {where m denotes an integer of 0 to 4, and Q
represents -CHO, -NH,, -NO,, -CN, -COH, -S0.H, -OR®', -CO,R*, -
CONH,, -CONHR**, -CONR**R**, -COR™, -0COR%, -SR®, -SOR*’, -SO;R®},
-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;.¢ alkyl group optionally
substituted by a halogen atom(s), R*, R**, R®® and R* each
represent a C;.¢ alkyl group, a C;.p aralkyl group, a phenyl

group, or a Ci.; cycloalkyl group, and R®', R®), R®* and R® each



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) ; a C7_1 aral kyl group optionally substituted by one or
nore substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl_6 alkyl group, and -ORal5 (where Ral5 represents a
Cl.6 alkyl group); or a heterocycloal Byl- group optionally substituted by
one or nore substituents selected fromthe group consisting of a hal ogen
atom a Iepdresent ¢ dips sl Grodwyl grihenylargrowW@Rakee & whelel Ral6
represents a Cl.6 al kyl group)), (viii) -NHRg (where R9 represents a C7_10
aral kyl 9398 }optionally substituted by one or nore substituents sel ected
fromthe group consi sting of a halogen atom a hydroxyl group a Cl-6 alkyl

gr oup, éﬁ& Oﬁblﬁﬁbﬁﬂerg RAYReTepFies 8RNSO tESCENG 1attRgeETy © éré@pﬁ) apdy) a
C3 7c nal |y substit by o or e substituents
sel ectg rr rﬁ%’&%@p%&f@’@fﬁrﬁ}yﬁpg 'uclg'%%oggf? gﬁomc%qkﬁidrcﬁl@” %rgup a

Cl.6 al a®up, mher jar E ents a hgy roup),
(x) an rbupcglgﬁ stituted b or rﬂ)rre%'é i

sel ecte air ot hgagr o ﬂJCO Sthi2g group, a
Cl.6 aIE&I 3?gupﬁ ahdH %éd(&hergg ﬂafg%%§%§§§e %}Q& % uP'group)

(xi) a §22]Tpﬁ{' &its O@PG ﬁih‘?fa%fé’u 9§£i6H£f9¥b¥uﬂﬁ€iL9ﬁteHD?gm a

substltuents ected romthe gro sting O ogen a

hydroxyhaagwem Aol 2ldnd fgﬁoy@pr@@ént Qado, Avke1egFedh rapEesents a

Cl.6 al kyl group), (xii) a heteroaryl group optlo 'y~ subsfifuted by one or
nor e Sl&b:‘&tlﬂ{tﬁe@r%lﬁﬂ eF iyt iy 109 7diD Oreifa mnﬁlcﬁjdlﬂﬂaﬂyﬁ ¥ ggen, atom a

hydroxyl group, a Cl.6 al kyl group, and -ORa2l (where
(vii) -OR®* {where R’ 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 Ci.¢ alkyl group, and -OR®*'® (where R®® represents a C;.¢ alkyl
group): an aryl group optionally substlituted 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); a C;.i¢ aralkyl group
optionally substituted by one or more substituents selected
from the group consisting ¢f a halogen atom, a hydroxyl group,
a Cys alkyl group, and -OR™® (where R®!° represents a C;.s alkyl
group)}: or a heterocycleoalkyl 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; s alkyl group)l}.

{viii) -NHR? {where R®° represents a C, 1o aralkyl 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;.s alkyl



Ra21 represents a Cl -6 al kyl 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 Cl.6 al kyl group, and
-ORa22 (where Ra22 represents a Cl1 6 al kyl group), (xiv) a C2_6 al kenyl
group, or (xv) a C2.6 al kynyl group]. Another enbodi ment of the present
invention relates to a 1-thio-D-glucito® eonmpound of the follow ng fornula
TA, or a pharmaceutically acceptable salt thereof, or a hydrate of the
conpound grotihg¢}salt: 10014] 10 - RPRa' FAV 16 R40 S Ar' A Al Rs' R7' Rlo
R30'~~ OR1L OR2 IA (0015] [where R1, R2, R3 and R4 are the sane or
di fferent {ixand €achcyepraiknl grhyor opthonadiy aubstétaltiedl byr one, oxrCO2Ra2,
-CORM or a Cr_12 aral kyl group optionally substituted by one or nore
substi t uefPEesdnbatafuehbm ﬁﬁéegtedpfz;gmsfcbei gyoup gonmiktdes afom -NO2 and

-OMe (where Rae represents a Cl-f, alkyl group, and Rol represents a C .6
al kyl groﬁ§1°aeﬁ7a Bmarﬂlkyﬂr°§Yéuﬁr°BP'aapﬁenyﬁlﬁﬂéuﬁfouﬂcréBﬂeS@Rts

-(CH2) n-, q—}_g CO% g: NH- - (CH2) nCH=CH-
(where n AL FRPEGEPREF B Core e}kyi groub)’

(x) 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),

(xi) a Cy.;0 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 -OR2°
(where R*?® represents a C;.; alkyl group).

(xii) a heteroaryl group opticnally substituted by one or more
substituents selected from the group consisting ef a halogen
atom, a hydroxyl group, a Ci.s alkyl group, and -OR**! (where
R**! represents a C;.¢ alkyl group),

(xii1i) a heterocycloalkyl group optionally substituted by one
or more substituents selected from the group consisting of a
halegen atom, a hydroxyl group, a C;.4 alkyl group, and -OR?2

R**? represents a C;.¢ alkyl group),

{where
{xlv} a C,.s alkenyl group, or
(xv) a C,.s alkynyl groupl.

Another embodiment of the present invention relates to 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:

[0014]



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 Rs', R6 , R7', RO, R9, and R10' are the
same or different, and each represent (1) a hydrogen atom (ii) a hal ogen
atom (iii) a hydroxyl group, (iv) a Cl_a alkyl group optionally
substituted by one or nore substituents igel-ected fromthe group consisting
of a hal ogen atom and a hydroxyl group, (v) -(CH2)m Q {where m denotes an
integer of 0 to 4, and Q represents -CHO -NH2, -NOG2, -CN, -CO2H, -SGBH,
.).

-OR-, -CQ2Ra3, CC]\IH%6 R¥CONRasRas - CORd1, -OCORd2, -SRel, -SORa2,
-SO02Re3, - 11 ) Rd3, - NHCO2Rd4, - NHCONH2, - NHSO2Re4, - NHR46,
or - NRa? : ¥-gfah, and Raj each represent a C ._6

al kyl group; epylsernt SAa~§  (j alkyl group optionally substituted by a

hal ogen aton(s),| Rl, {RAIA" Rd3 @mW Rd' each represent a Cl.6 alkyl group, a
C -lo aral kys gfc.v,“aoﬁhenyl group, or a C3..7 cycloal kyl group, and Rel,
Reg, Rea and Re4 gach "represent a Cl.6 al kyl group, a phenyl group, or a
tolyl group)), (V@F?-O(CH2)mM-Q (where nmi denotes an integer of 1 to 4,
and Q represents a pydroxyl group, -C02H, -OR02, -CQ2Ra6, -CONHZ, -
CONHRa4, -CONRai oral o, -NH2, -NHRall, NRal2R&12 or -NHCO2.R45 (where Ras
Rag Ral o Rau, and Ral2 eachlrﬁﬁgesgnt a Cl.6 alkyl group, R2 represents a
Cl. 6 al ky[98iBlip opiVBRERI § subst ik uBBE By are helle eamat oI ffarenRds
represent a_Cl.6 al kyl group, a C -lo aral kyl grou a_phenyl group,.,,0r a
C3_, cyclﬁﬁﬁk9?cﬂrﬁﬁéf?ge“FvFi?Y-EﬁﬁerﬁéP@'RE Eéﬁrgggﬁﬁsg§° L?'E?é?éalkyl

OrouD OPLLGRRL| bW LR B OBl TBEEGRUFTL! LUBTLECBRLTbgenlr O £
or more substituents selected from the group consisting of a
halogen atom, -NO; and -OMe (where Raz.represents a C;.¢ alkyl
group, and Rm'represents a Ci¢ alkyl group, a C;.ip aralkyl
group, or a phenyl group),

A represents -{(CH,)n-, -CONH{CH;)n-, -NHCO(CH,)n-, -0-, -
S-, -NH-, or -(CH,)nCH=CH- (where n denotes an integer of 0 to
3).

art represents an arylene group, a hetercarylene group,
or a heterocycloalkylene group,

Ar? represents an aryl group, a heteroaryl group, or a
heterocycloalkyl group, and

R*, R®, R, R®, R* and R' are the same or different,
and each represent (i) a hydrogen atom, (ii} a halogen atom,
(iii) a hydroxyl group, {(iv) a C;_3 alkyl group optiocnally
substituted by one or more substituents selected from the
group consisting of a halogen atom and a hydroxyl group,
{v} -(CH2)m-Q {where m denotes an integer of 0 to 4, and Q
represents ~CHO, -NH,, -NO,, -CN, -CO.H, ~-SOs;H, -OR®', -COR*, -

CONH,, -CONHR™, -CONR*>R**, -COR%*, -0OCOR%?, -SR®!, -SOR®?, -SO,R%*,



a Cl-6 alkyl group, and -ORal3 (where Ral3 represents a C1_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 alkyl group); or a C7_10
aral kyl group optionally substituted by one or nore substituents sel ected
fromthe group consisting of a hal ogen dlom a hydroxyl group, a Cl-6 alkyl
group, and -ORal5 (where Ral5 represents a Cl_6 alkyl group), (viii) -NHRO
(wher e RO-NEQ(eQEHi s-BHCODRT Y aldCoyRgr oMBCONEZ, oNHEOR{, y -NHBAY.i tout ed by
one or nore substituents_selected fromthe group consisting of a hal ogen
atom a HYRT8RYI(whansm R a RY'.6RAT k\B**gr aug, R¥n¢achRaEDresemte RELT:
represents a Cl-6 alkyl  group)), (ix) a C3_7 cycloalkyl group optionally
substit utatkyy greuBr RnprepIeisenitsueénCs-ss al&atle grovpmoptdagraddy consi sti ng
of a halogen atom  a hydroxxl group, a C1.6maI§¥; rqup, .ang, -ORala (where
Ral8 reprédeptituted. Byapihplepeupptonis) anRary® gr dip 8pfi Bnalgach
substituted by one or nore_ . substituents _selected fromthe group consisting
of a hal CHERFOSER AcChy cRBEYT SFOUB; 3 Enib AHAUNYLIFREFP arft PRSEAL (wher o

Ra Cl | kyl , ' Cr. Kyles ' |1
ubst | {ut SHORY- ot BrC> ot ECLIDLET LBRPUP CRRi Ra of Fom e  BRALD CEReToti ng
f hal hyd , I , - 2 wh
Ra20 r oprieehy SeREea GUA RERYY SERHB: (& elivf SEbufl HE pORRIEE T Cnal 1)

substi t ut 90@% ?ne or nore substituents selected fromthe group consisting
of a halogen atom a hydroxyl group, a Cl-6 alkyl group, and -ORa2l1 (where

Ra2l repregent soa( &l fin algy ! (& P)m* Uenotes an integer of 1 to 4, and
Q’ represents a hydroxyl group, -COH, -OR®?, -CO,R*®, -CONH,, -
CONHR*®, -CONR™°R*!®, -NH,, -NHR*?!, -NR*?R*?, or -NHCO,R* (where
R, R*, R*°, R?!, and R*!? each represent a Ci.s alkyl group,
R®* represents a C;.¢ alkyl group optionally substituted by a
halogen atom(s), and R“‘represent a Ci.¢ alkyl group, a Ci_yo
aralkyl group, a phenyl group, or a Ci.;» cycloalkyl group)},
{vii) -OR®* {where Rf represents a C;.; 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):; an aryl group optionally substituted by one or more
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a C,.4 alkyl group, and -OR?* (where
R4 represents a C,.¢ alkyl group); or a C,;.;p aralkyl 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),

(viii) -NHR® {where RY represents a C;.,, aralkyl group



(xiii) a 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 -ORa22 (where Ra22 represents a
Cl.6 al kyl group)]. The first concrete enbodi nents of the present invention
relate to the 1-thio-D-glucitol conpounds of the formula | or |A where Arl
is an arylene group, or the pharmaceuti d® |-y acceptable salts thereof, or
the hydrates of them - 13 One of the above enbodi nents of the present

I nvent i onoptébnadiyt subktitutkdob® ghecpromorenpobsdidhenites sedecitad or | A
where Arl is a phenylene group or a naphthyl ene group, or the

phar maceufreml theagreppabbasigtinghefesf hadpgehe alipiy. aehydroxyd gooppund or
the salt. Another enbodinent of the present inyention relates to the

1- t hi o- D- 8l Goist 8LKE&NEEAHR, 8Rdt NBRphak WheEet RCal FPrasenssanl 61sapdkyl
thereof, or the_hydrate of the conpound or the salt, in which Ais
-(CH2)n-,9rQENNéCH2)n- -0- or - (CH2)nCH:CH- (mhere n denotes an integer

of 0 to 3 fnotEer EE ﬁ of the sen i nve n relates to
1hthiofD-L%§ h?o 3€oﬁ§8 f g 958“Bh3d BBG&FEaF EB@B@a Ve°§§IPr

- CH2- .
Lrer 0T b SRRl LIS RPUROUI Ok o8 LpkWihgat b
ther eor Dﬂ“%héﬂ'hf} 58P odolvanexbd B laR o8 dai BRGERL PRG0N

phenyl gyﬁfrﬁlohmegx r868HPs & Cbenégkg gkgggenyl group, a

t hi enof 2, phenyT group, a en roup, a benzothi azolyl
group, an(k?dSBYBrﬁiOHPoupaoﬂiibﬁEihygEﬁBEti@ﬁtbﬁ‘Q§28h$|erﬁBEe a pyrazolyl

group, a pyridyl group, a pyrimdinyl group, a pyrazonyl group, or an
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,.¢ alkyl group),

(i) a Cq.10 aralkyl 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),
(x1i) 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
(xiii) 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)l.

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.



| soxazol yl group. The first concrete enbodi nent of the present Invention
relates, in particular, to a 1-thio-Dglucitol conpound of the follow ng

formula I'l, or a pharnaceutically acceptable salt thereof, or a hydrate of
t he conpound or the salt (hereinafter referred to as the first concrete
enmbodi mrent (1)"): - 14 - [0016] RC RDRBRG i i | RF RAO SRARE R3
"TOR ORZ2 Il [0017] [where R1, R2, R31and R4 are the sane or different,

and each represent a hydrogen atom a Cl.6 al kyl group, -CQ2Ra2, -CORM or

a C7-12 aral kghe g6 OUPh@PabOGE! EMboabmbhtyt 68 bleOpLes@htNBhOefitiPshi t uents
selected fromthe group consisting of a halogen atom -NO2 and -Owe (where
Rae represkatss at&Cltlhe al kyhiogbeghuchihdl Rhompepndsesfit tha €irmuabkyl ogroup, a
C7-10 aral kyl group, or a phenyl group), at |east one of RA, RB, RC and RD
represenis whéwelrhygeris & @ghergnkeneggwivpromfa trimphtinelense geoup oror
different, and each represent (i) a hydrogen atom (ii) a hal ogen atom
(iii) athgdehasmageatpcally)aacentgbiekgalyr therepti onul the budsateut ed by
one or nore substituents selected fromthe group consisting of a hal ogen

at om and®f Heirexypogrdupr theossit¢v) - (CH2) m QA (where m denotes an

i nteger of 0 to 4,
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, in which A is -(CH;)n-, -CONH{(CH:)n-, -0O-, or -
(CH;)nCH=CH- {where n denotes an integer of 0 to 3).

Another embodiment of the present inventicn relates to
the 1-thio-D-glucitel compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt, in which A is -CH,-.

Another embodiment of the present inventlon relates to
the 1-thio-D-glucitol compound, or the pharmaceutically
acceptable salt therecf, or the hydrate of the compound or the
salt, in which Ar? is a phenyl group, a thienyl group, a
benzol[b)thiophenyl group, a thiencol[2,3-b]Jthiophenyl group, a
benzofuranyl group, a benzothlazolyl group, an indolyl group,
a pyrrolyl group, an imidazolyl group, a pyrazolyl group, a
pyridyl group, a pyrimidinyl group, a pyrazinyl group, or an
isoxazolyl group.

The first concrete embodiment of the present invention
relates, in particular, to & l-thio-D-glucitol compound of the
following 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)7):




and QA represents -NH2, -CO2H, -ORc', -CO2Ra3, -CONH2, -CONHRa4, -
CONRasRas, -CORdl, -OCORfl2, -SRal, -SORe2, -S02Re3, -NHC(=OH, - NHCORdSs,
- NHCO2Rd4, - NHCONH2, - NHSO2Re4, -NHRa6, or -NRa'Ra' (where Rai Rao Ras Rae
and Ra' each represent a Cl-6 al kyl group, Rd represents a Cl.6 al kyl group
optionally substituted by a halogen atonm(s), Rdl Rdz Rd" and Rd4 each
represent a C1_6 al kyl group, a C -ir amalkyl group, a phenyl group, or a
C3.7 cycloal kyl group, and Rol, Reg, RO3 and Re4 each represent a Cl.6 - 15
al kyl grougsi@) phenyl group, or a tolyl group)), [0019] (vi) -O(CH2)m -Q
{where mi denotes an integer of 1 to 4, and Q represents a hydroxyl group,
-C2H, -OR 02' -CO2R&O \H2 CCNyRaQ - CONRal oRal 0 - NH2, -NHRall
-NRel2Ral2 or - NHCO2RCE 4w aza Rag Ral o Rau and Ral2 each represent a
a_6 alkyl group, L§g§H51 6 al kyl group optionally
substituted byH T 0’0 ), Rd5 represent a Cl_6 al kyl group, a
C7. 1o aral kyl grg R ph@hyl group a C3_ 7 cycloal kyl group)}, [0020]
(vii) -ORf (wher®ORf sents a C3_ 7 cycl oal kyl group optionally
substituted by one ofPRipre substituents selected fromthe group consisting
of a hal ogen atom a h¥droxyl group, 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 hal ogen
atom a hyslgoxyl orputper@ K. &, aRRyandrRUprenthe GRaded dnvherfer e,
represents a Cl1.6 alkyl group); or a C7_10 aral kyl group optionally
substi t utaed byacimerepresent sUbpdidyentstam| ested,fabkyl hgrgupyp-CcosEFsti ng
of a halogen atom a hydroxyl group, a Cl.6 alkyl group, and -ORal5 (where
Ral5 repre@@Rit's arCa. 6;abkgtralbkplpyyoup 00ptiogally ) subiRbt¢hbér by Rgne
represents a C7_10 aral kyl

or more substituents selected from the group consisting of a

halogen atom, ~NO, and -OMe {(where Razzrepresents a Ci.g alkyl
group, and R"! represents a C;.; alkyl group, a C;.,, aralkyl
group, or a phenyl group),

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 halegen atom, {iii)
a hydroxyl group. {iv) a C,.s alkyl group optionally
substituted by one or more substituents selected from the
group ceonsisting of a halegen atom and a hydroxyl group,
[0018] (v) ~{CH;)m-Q* {where m denotes an integer of 0 to 4,
and Q* represents -NH,, -COH, -OR°!, -CO,R**, -CONH,, -CONHR*!, -
CONR*R**, -COR¥, -OCOR®?, -SR®!, -SOR®?), -SO,R*?, -NHC(=0)H, -
NHCOR®?, -NHCO,R%, -NHCONH,, -NHSO,R®‘, -NHR*, or -NR*'R* (where
R**, R*, R®®, R*®, and R* each represent a C,.¢ alkyl group, R
represents a Ci.¢ alkyl group coptionally substituted by a
halogen atom(s), R¥, R®, R* and R% each represent a C,.¢ alkyl
group, a Cq.;¢ aralkyl group, a phenyl group, or a Ci,

cycloalkyl group, and R*', R®?, R®® and R®! each represent a C.



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 -ORal7 (where Ral7 represents a Cl_6 alkyl group)), (ix) an aryl group
optionally substituted by one or nore substituents selected fromthe group
consisting of a halogen - 16 atom a hydroxyl group, a Cl_6 al kyl group,
and -ORal9 (where Ral9 represents a G -1® al kyl group), or [0022] (x) a

het er ocycl oal kyl group optionally substituted by one or nore substituents
sel ect ed ALkyltHeogpoua pheayit gegupof o2 hakegend akeup)d . hydroxyl group, a
Cl1 6 al kyl group, and -OR a22 (where Ra22 represents a Cl.6 al kyl group),
and RE, Re0aAl R &wvi)t ho-¢EHp)ml-@l f {wwhert mandehdbes] aprathtegeresent (i)
a hydrogen atom (ii) a halogen atom (iii) a hydroxyl group, (iv) a ClL 8
al kyl grotp 4epandn@l | yepussentat adhydronlogravpe sGBsHit teRts sEPek’ed
fromthe grou consisth%g of a hal ogen atom and g, hydr ox group, [0024]

(V) - (CH2) FPRL Tt VIR ‘denofENRaNRT nt eg¥Hz of ~NHR G 4,"N%1°n%1|*?§2re‘|?)¥esents - CHO,
0 a8 W Pl SR SR g
cach ropt BLERL §EoRbe Bl yRRFARRRL A GoopANa SToue BUABA Y oup
optt onal | usubELLLghfy O fatoLBRBhEISS) ke P A o TUsa
a k1 r ofee o G AU ot Fibitins B0t 650 (o) m -
(where m oge00heRy2NgLBhEYS, OF 1

[0020] (vii) -OR' {where R represents a C;_; 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®!® (where R*!?

represents a Cj;.¢ alkyl group): an aryl group optionally

substituted by one or more substlituents selected from the

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

al4 represents a Cy.¢ alkyl

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

[0021] (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 C;.¢ alkyl group, and -OR®*’ (where R*'7
represents a C;.¢ alkyl group)},

{ix) an aryl group optionally substituted by one or more

substituents selected from the group consisting of a halogen



to 4, and Q represents a hydroxyl group, -C02H, -OR62, -CO2Raa - CONHZ,
-CONHRa9, -CONRrlCRaia, -NH2, -NHRall, -NR412Ral2 or - NHCO2RdA5 (where Raa
Rag Ral o, Rail, and Ral2 each represent a Cl-6 alkyl group, Reg represents
a ClL 6 alkyl group optionally - 17 substituted by a hal ogen atom(s), and
Rd5 represents a Cl-6 al kyl group, a C7_10 aral kyl group, a phenyl group,

or a C3-7 cycloal kyl group)), [0026]‘(@||Y ORf {where Rf represents a C3-7
cycl oal kyl group optionally substituted by one or nore substituents

sel ect ed #EeM t AehPABORYE0AEPYPI n@ 6f-saahkVdgaroupenpnd -ARAF oky¥hegeoup, a
Cl-6 al kyl ,group, and -ORal3 (where Ral3 represents a Cl-6 al kyl group); an
aryl grou® opF?BﬁﬁF??tSsﬂbgtﬁtﬁ%ﬁﬂlb9rBHE oroﬁnre substltuents sel ected from

oroup. anfOS2RRI 3 (hRbre RePArpERFLEaRKYLAsEres Gk Phajibuspbsh erted

| kyl | | b b I d
I et Hiib i T hiEfLfs
al kyl gro P ﬂg gg%lgtpémhgr E@E§ gggﬁgntg bﬁeaﬁkghk§%°g oup); or

het er ocycl 0a p Option y il ubstltuents

sel ected %ﬁgn16ﬁﬁngEQHQEEE?sMS§%QQeQEﬂaThQ|egenalﬂ%ingrgﬁgéd ?E&I group, a

Cl. 6 al kyl group, and 16 ( 6 represen group)),

[0027] (viii) pNHRE QWaewRe RPe’ BRECSRALSOR &Zr%@raﬁel Kyghg group optionally
substituted by one or nore substituents selected fromthe group consisting

of a hal ogep28yom éacﬁygégf¥beﬂfovﬂ) a ﬁ%ﬂﬁogbkyhtamOUPli@nd hefRadgén( Where
Ral7 represents a Cl group)), 28] (ix) a C3-7 cycloal kyl group

optional | ytempstiiuyed hwreﬁylogrﬁﬁpe $mb$tat gent alkehegiredpf romthe group
ConSIStlngptionally substituted by one or more substituents selected
from the group consisting of a haleogen atom and a hydroxyl
group,
[0024] (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®!,
CO;R*, -CONH,, -CONHR®™, -CONR®*R**, -COR™, -OCOR%, -SR®!, -SOR®?,
-SO,R®**, -NHC(=0O)H, -NHCOR*®, -NHCO,R®*, -NHCONH,, -NHSOR®!,
NHR*®, or -NR*'R* (where R**, R*, R*®, R*®, and R¥ each
represent a Ci¢ alkyl group, R®* represents a Ci;.¢ alkyl group
optionally substituted by a halogen atom(s)}, R*, R%*, R® and
R* each represent a C;.s alkyl group, a C;.10o aralkyl group, a
phenyl group, or a Ci.; cycloalkyl group, and R, R®?, R®® and
R*! each represent a C;.4 alkyl group, a phenyl group, or a
tolyl group}},
{oo2s] {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*Y, -NR*'?R*?, or -
NHCO,R®® (where R®®, R?®, R®®, R*!, and R®? each represent a C;.¢

alkyl group, R°? represents a C,.s alkyl group optionally



of a hal ogen atom a hydroxyl group, a Cl_6 al kyl group, and -ORals (where
Rate 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 Cl.6 al kyl group, and
-ORal9 (where Ral9 represents a Cl.6 al kyl group), [0030] (xi) a C7_10
aral kyl group optionally substituted byl orfe or nore substituents sel ected
fromthe group consisting of a halogen atom a deroxyl group, a Cl.6 alkyl
group, ansubsRhzetedwhra Ralodespatomhss.aand. B altepregents) a [BO31] (xii)
a heteroarr%ﬁfroup optionally substituted by one or nore substituents

sel ected 2 t BECYPoud Eonsia¥2HEY bfIrelmal dRHLRYbrITeMPy ?Hx§| Cyroup, a
Cl 6 al kyl groug and -ORa21l (where Ra2l represents a Cl.6 al kyl group),
[0032] (xFY$0aLlk¥ieFBeYR) dal kyl group optional |y substituted by one or

@ijoi:;fk’st,%%%?ti Ev89) rebf “Grieiee %%%?g%%%?% o REIE et o 8
ci-6 ' . 0034
C2. o al kPR ebbronRbsEt kbt ndr g Buaphent - oo REspBaL AR B bent | bn-
| -k hio- | - f
phar maceuf Lo T3 aE Bl ShHCbESlp°RRRALRPLRY bRop RbTUaRn brel B ound or

the salt ﬁfﬁf@wffa%uﬁef §rﬁ§e,-§ sﬂkgiag,ggnﬁpfiaﬁa -6ﬁmr%ﬁeﬁabﬂﬁﬁment in

whi ch RA a Re” aré each roge RB represents a hydrogen atom a
hal ogen afé’ﬁi-eé‘eﬂt’gra;(&ll.st aiﬁym, geofsp) 8 ahKikydr g¥Bup- GptEHRATNyQ {where
(0] (0]

denotes an integer , and E? represents a hydroxyl group, -CO2H,
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):; a C;.10 aralkyl 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?1®
(where R*'®° represents a C;.s alkyl group); or a
heterocycloalkyl group optionally substituted by one or more
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a C;_¢ alkyl greup, and -0R%!® (where
R*'® represents a C;.¢ alkyl group)},
[0027]) {viii) -NHRY {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 Ci.s alkyl group, and -OR*’ (where R®!7
represents a C;_.¢ alkyl group)},
[0028] (ix) a Ci.7 cycloalkyl group coptionally 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,.¢ alkyl group),



- 19 -0ORa2, -CQ2Ras, -CONH2, -CONHRe9, -CONRaloRalo -NH2, -NHRall, -
NRal2Ral2 or -NHCO2Rd5 (where Rae, Rag Ralo Rall and R312 each represent a
Cl.6 al kyl group, Roe represents a Cl1L 6 alkyl group optionally substituted
by a hal ogen aton(s), and Rd5 represents a Cl.6 al kyl group, a C7_10

aral kyl group, a phenyl group, or a &7 cycl oal kyl group)), or -OR' (where
Rfl represents a ClL.6 aIkyI group optTonal ly substituted by a hal ogen

t 1 I t | | bstituted b

Cubst 11 USRS ol oo 3 °‘53m’ R, e R Y T 8
hyd d .- CRal wh 5 t

O’ Bt st (ished B 4 d:d’een SRR S RATYRE iR a hydr oxyl

o7 oup o RRr et g[??’ﬁf%éﬁ’*ﬁylo?% feh Ry %ffefmps-c%r% BT group

opti onal lvme%bﬁalﬁt e Be e Lic rm(?g_@j]b otdéﬁnt s selected fromthe group
ro

conS|st|ng of a halogen atom a hy p, a ClL.6 al kyl group, and

-ORal5 (Weeiog Ral(sinery esent ﬁrﬁlﬁ'}lGQQ*bEiﬁl og&QBBhlﬁEsaBQtB%u%a bge same
or dlfferent and each represent a~ hydrogen atom a halogen atom a Cl_$

al kyl 000eD o rOfor@REUb Mt RTeh tRC 3 JIRRIRTE HromR Bk Grajdy e R ignal |y
substituted by a halogen aton(s)), and RG represents (i) a hydrogen atom

(i) a Rabajeyedn @vom,(id hydrdxdr @odupdr @I, .4 ialkyl Gcdml kada grorip’

optionally substituted by one or nore substituents selected fromthe group

consi st i(mipeate R*Halreperesendm and;a fikydxydrompdup, [0036] (v) -(CH2) m Q
(where mdenotes an integer of 0 to 4, and Qrepresents -CHO -NH2, -NO2,
-CN, - CO®e31]SC3H,(%xidAcla het2m@argi2Rdup CNHDNaldeNsRbE t i todadRas,
-CORdl, -OCORd2, -Sr'. -SORe2

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),

[0032] (xiii) a heterocycloalkyl 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),

[0033] (xiv) a C;.¢ alkenyl group, or

[0034] {xv) a C;.s alkynyl groupl.

[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)-1"), in which

R* and R® are each a hydrogen atom,

R® represents a hydrogen atom, a halogen atom, a hydroxyl
group, a C;.g alkyl group, -0-(CH;)m'-Q" {where m’' denotes an

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



-S02Re3, -NHC(=OH, -NHCORd3, -NHCO2Rd4, -NHCONH2, -NHSO2Re4, - NHRa6, or
-NRa' R (where Rai, Rao, Ras, Rah, and Ra7 each represent a C,.6 al kyl

group, Rcl represents a C,.6 alkyl group optionally substituted by a

hal ogen aton(s), Rdl, Rd2, R43 and Rd4 each represent a C1_6 al kyl group, a
C,_,0 aral kyl group, a phenyl group, or a C3_7 cycloal kyl group, and Re',
Rae, Rai and R04 each represent a C1-61& kyl group, a phenyl group, or a
tol yl group)g, [0037J (vi) -O(CH2)mM -Q {where mi denotes an integer of 1
to 4, and-@R“nepCOskiits -EOMd: oxGONHRYUp, - COBBIHR ‘CRoNH,, CENRRE ., ~CONH2,

- CONHRa9, - Ral oRal o, - NHZ, -NHRaI',N;NRg%FRa}g, or NHCKQBQ (where Ras,
Rag, RalONRTRART. apn FNHOORCh(vwheresBht RO B alRYyl. gedpR ¢lepresent s
a Cl.6 al kyl groug optionally substitufed by a hal ogen aton(s), and Rd5
repr esentSERrEIeBt 3| ks BLBYH, IHOVP. | B argPIRsetSuR G- 1 QWP or a

C3_7 I kyl 003 1) -OR2 {wh t C3 7
O oo LPSELH A BB FOPRLe0 e i e ST, 50 B2 i
| ected f th I SLI f I t d I ,
ool o5 Lram e SROGATSLoEL 19 a0l A 8o DAERY SHOLP °.,
I j [ tut b £ ' ted f
STl o ol OPLUOh Yo RSB ¥ Do G o ubB e g chegt oS from

group, anghyg oﬁﬂ\hﬁ@i&%ﬂl??@ﬁﬁﬁEEI:ﬁtédCﬂJ}rGaahgibgﬁgr Q¥Bh s?‘é 419

aral kyl group optionalTy substftuted by one o nor e stituen sel ected
fromthe @J.?Aé%x%&ﬁ@zlitdf&ﬂfoﬁtiJI?APﬂ?%L%Mt@tJHOEfWﬂe BOUréd C .6 al kyl

group, and (where Rats represents a Cl-6 al kyl group); or a

het er ocyc @B k¥tu&h 08Ps8pet084a! ko UBREI %ﬁ&ﬁﬁ B¥n8N8tohghBECa BHBSHEAhUENt S
selected fromthe group consisting of a hal ogen

atom, a hydroxyl group, a C;; alkyl group, and -OR*"®* (where
R*® represents a Ci.¢ alkyl group)},

R represents a hydrogen atom, a halogen atom, a hydroxyl
group, a C;.s alkyl group, or -OR®? {where Rf? represents a C;.
alkyl group optionally substituted by a halogen atom(s), or a
Cr-.10 aralkyl 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),

RE and Rf are the same or different, and each represent a
hydrogen atom, a halogen atom, a Ci.¢ alkyl group, or -OR®
(where R’ represents a Ci.¢ alkyl group optionally substituted
by a halogen atom(s)), and

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

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

and Q represents -CHO, -NH,, -NO,, ~CN, -CO,H, -SO;H, -OR%,



atom a hydroxyl group, a G _6 al kyl group, and -ORal6 (where Rath
represents a Cl.6 al kyl group)), (0039] (viii) -NHRO (where RO represents a
C7.).0 aral 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 -ORal 7 (where ? represents a Cl-6 al kyl group)),
(00401 (ix) a C3_7 cycloal kyl group © QOhaIIy substituted by one or nore

substituents selected fromthe group consisting, of a halogen atom g
hydr oxyFOgRoup,~CONEz . 6 - SPRYR" gr o1 N { D gﬂ%za C3_6

PNBnR — OREER (mhePeORal- e “SBpres

| kyl e3 [0 I ' I tituted
mor & sUbSErFent SCArBIHed SR e g eonsi e or -MSaRage atom a
hyd avfaral Kyl : d -fRat. Qs (wh +Ral9 t
G 6 a MR G BB et A8 R0 RET R or D T BRI 'y subst ¢ ut ed
nal ogenTaPEaB el Fose MRV, SEoRHy 5 BACEe R ¥ G AR B TMR e Razo
repr e.seB?%&agghlg gl 19LPLY ’bg'[ Q043h el )at%nh‘;ét)e,r Qar yl pgr o gply onal Iy
substituted by ne or nore substituents selected fromthe §roup consisting

of a hghko it N rXY]. ¢ HOUP 56 &l&yl, drUkyiaidodgiaal (where
Ra21l repreg%{]l?t S 1?1351. 6&2'?kyl lg? oup),, og:rc[gopo44] d?%(/%ﬁ 1) a ﬁ(&t e@r}&ycl %al Kyl

group opheaqal hyouplbsli Uicgd, Ry RuPbSnd weht spSel peX egdf rom t he
- 22 group consisting of a halogen atom a hydroxyl group, a C1_6 al kyl

group, &Y eddia'rernudiartt RAZY _§ eNiesEgfowp Cla fplediyl gs@sip)or [H045]

Anot her enbodi nent of the present invention relates to the

1-t hi o- Beducigwouupddnpound, or the pharmaceutically
[0037] (vi) -O-(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*?R*}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 RY represents a Ci.g
alkyl group, a C;_;p aralkyl group, a phenyl group, or a Cj;.;
cycloalkyl group)},

[0038] (vii) -OR® {where R® represents a Cs;.; cycloalkyl
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;.4 alkyl group):; an aryl group optionally
substituted by one or more substituents selected from the
group consisting of a halocgen atom, a hydroxyl group, a Cig
alkyl group, and -OR** (where R®"* represents a C;.¢ alkyl
group); a C;.;p 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*!®



acceptabl e salt thereof, 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 Cl1_6 al kyl group, -OR El (where Rfl represents a Cl.6

al kyl group optionally substituted by a hal ogen aton(s)), or a hal ogen
atom and R represents a hydrogen atom 238 hydroxyl group, or -ORf1 {where
Rfl represents a Cl.6 al kyl group optionally substituted by a hal ogen
atom(s), twher&RMO mepré&yenysoapCopt abkel| groapbst bruaed by one or nore
substituents selected fromthe group consisting of a hal ogen atom a

hydr oxyl hgtempecrcBlabkydl gybuproppionalilyCRabsStithted Ryléneeprenenes a
C1.6 alkyl group)). [0046] Another enbodi ment of the present invention
rel ates Q%b%?@¢4ﬁ¥h$osﬁig¢beﬁt5¥°@ohb©u§§°ubrCﬁhéiﬁhhﬂﬁa@ﬁuﬁlbalpgen
acceptable salt thereof, or the hydrate of the conpound or fhe
accordlnga¥thh% ¥Y¢§?x¥6nﬁF%?B efibbuti ndkkYL 19T2uBy 2RE @Rrst(ﬂBﬂ€Pete
enbodi nent,, (1 resents 5) a hydrogen atom (ii) a hal ogen

atom (i) eﬂ&%?%&?? @r%hﬁ f vV} grevr Ialkyl ?roup optional ly

of 2 hal o 4l om abtt ST hy Sy | CGIHR, B TaBTeRtnrn) & 7 a0 HSALRYY ) - R ,”g
1) %&% ééf“’s\ﬂ%#*@%ad@fﬁ“ %&05%’%‘5335??“#%%

[ 0048] ( cfw EZ@%'&S F6& R@bnsgé%ngaéf gaﬁalg gnRQi:oﬁany represent

a Cl 6 a gr oup, represents a group” optiona

substltutéghfgk 1 Ng+egsn at e saikfel' ?gggpﬁdgngac@RawepﬁﬁéggtRa?Cl.6 al kyl
group, 1o aral kyl group, a pheny

represents a C;.s alkyl group)}.

{0040] {ix) a C;.; 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 Ci.s alkyl group),

[0041] (x) an aryl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a C;.¢4 alkyl group, and -OR®!?
(where R®Y represents a C,., alkyl group),

[0042] (xi) a Cy.10 aralkyl 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 -QR*?°

{where R*?°

represents a C;.s alkyl group},

[0043] (xil) a heterocaryl 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 Ci;.s alkyl group), or
[0044] {x1ii) a heterocycloalkyl group optionally

substituted by one or more substituents selected from the



group, or a C3_, cycloal kyl group, and Ra', Reg and Rea each represent a
Cl.6 al kyl group, a phenyl group, or a tolyl group), (0049] (xviii)

-0 (CH2)M -Q {where ml denotes an integer of 1 to 4, and Q represents a
hydroxyl group, -CO2H. -OR C2, - (C02Ra8, -CONH2, -CONHRa9, -CONRalORalo,
-NH2, -NHR411 or -NRal2?Ral2 (where Rae,Bag RalO Rall and Ral2 each
represent a Cl-6 al kyl group, and Re' répresents a Cl.6 al kyl group

optionally substituted by a_hal ogen aton{s , [0Q50 Xi X) -ORf (where Rf
Pt eoant S aURSEen e EF LBEL T S oRALROSh UL | § BURTORKY BAOHP- OReCoR or o
substituep selected_fromike gr consi sting of .a halogen,atom a

hydr oxyl %i%ﬁb,QESQRLGa%§k5§hgrogggggﬁdg-CRﬁfgrgﬁﬁgFa ﬁakﬁg Pé%?gsents a
Cl 6 alky% gﬁégp); an aryl group optionally substituted by one or nore
substi t uet s [ected fromthe group consisting of a hal ogen atom a

hydr oxyl Pé@H?] a-cinéEgé%k¥hb8§£y?ntaBE tﬁﬁaﬁéeéﬁﬁﬁrEn@@ﬁéiBEDEEESEEé a

Cl 6 al ky group); a 0 ara group optronally substitute y one or

or e SUbSﬁétHﬁ@t§—§ﬁi§cbe§1ﬁ69ﬁblh@oﬂﬁ@ﬂﬁd908§i§hénﬂh92m§ceﬁﬁhegiﬂyat0”1 a
hydr oxyl group, a Cl-6 al kyl group, and -ORal6é (where Rals represents a

Cl-6 al kyhc@sptible O5adt HRbLEOEYCbPatKY| hgapaPeOpEi €RA! bympulinlii byt eHeby
one or nore - 24 substituents selected fromthe group consisting of a

hal ogen &bt acbyddbixyl tgr ohe, far&t- bontkytegempbpdimadt- ORa16 (where Rals
represents a Cl-6 alkyl group)) , [0051] (xx) an aryl group optionally
substi t ut Edebyinatter rebeeredbtoi asehtbBesEirstedoficoerehemyodipendnsi sting
of a halogen atom a hydroxyl group, a Cl1_6 al kyl group, and -ORn19 (where
Ral 9 représen2l)a U1 whdehyl group), [0052] (xxi) a C7_10 aral kyl group
optional Iy substituted by .
R® represents a hydrogen atom, a C,.¢ alkyl group, -OR™
(where R'! represents a C;.¢ alkyl 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;.10 aralkyl group optionally
substituted by one or more substituents selected from the
group conslisting of a halogen atom, a hydroxyl group, a Ci.g
alkyl group, and ~OR®”® (where R*'® represents a Ci.s alkyl
group)}.
{00461 Another embodiment ¢f the present invention relates
to the l1l-thioc-D-glucitol compound, or the pharmaceutically
acceptable salt therecof, or the hydrate of the compound or the
salt, according to the first concrete embodiment (1)-1 oxr the
first concrete embodiment (1}-2, in which
R represents (i) a hydrogen atom, (ii) a halogen atom,
(iii) 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,



one or nore substituents selected fromthe group consisting of a hal ogen
atom a hydroxyl group, a Cl.6 al kyl group, and -ORa20 (where Ra20
represents a Cl1_6 al kyl group), [0053] (xxil) a heteroaryl group optionally
substituted by one or nore substituents selected fromthe group consisting
of a halogen atom a hydroxyl group, a Cl1_6 alkyl group, and -ORa2l (where
Ra21 represents a Cl1.6 al kyl group), or 430054] (xxiii) a heterocycl oal kyl
group optionally substituted by one or nore substituents selected fromthe
group conk0847dg of (w)haCogen &rdm -@RHyd(wiy) gCOR™,a{€ii6) aCRWH.gr oup,
and -OR 422 (where R 222 represents a Cl 6 aIkyL group) . [00% ] Anot her
enbodi nenfisd tGENHRESerd®)i mEOMR R s ell #dds - COB thd xtidthhi-RAORST uc{ xbil)

conpound, or_the pharnaceg%icallﬁ acceptabl e salt thereof, or the hydrate
of the com®Bund (FLWheSORal ¢ , (¥etor ¥Ry t ol ¥WE) 1 1HER "concret e enbodi ment

1)-1 he first t dj ment -2 i i ch,,RG ts (i
hytr ogen KOBABI (i ) (RVAKD ogBRE R on{ Wigke (§7a Ryt Begi By oupRo(R) e 6

al kyl group 9 tiopall sug tituted by_gne or nor subz;itu ts sel ected

from the TBESSERER CimaPLkY hgSEPUR- hEM 0 GEPTREARLIAE & 11y T, (v)

- CO2H, i), OR Vi )z 3, (VijL) - H ' = 6IONHRA4 4>

| CONRas RIS BEAPA i FTERE p bk g feombel) RESHAY Reidden )

- SO2R03, L)z 6 (O W - ' Ra7 ¥f§g d Ra'

gafhon;FF%éégéiigkﬁgégLélgg?¥é§é¥BPde§F§§f%§%ﬁ'Sanfc%;@ g?ﬁ%L g?@%%ejznt )
| u e 8

CE-G alkyyrgg ﬁp?faacg?i%cg?a?bgﬁ9grgﬁggﬁé Sﬂ§h§l' gﬁou%?d§?0a88%$$

cycl oal kykegtayantandcRat a1Rea uB,ed Pyl PFREEN o L1t Rl kol PUP,

a phenyl group, or a tolyl group),
{0049] (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*ZR*?
(where R*®, R*®, R*!?, R*', and R*? each represent a C;_ alkyl
group, and R* represents a C,.¢ alkyl group optionally
substituted by a halogen atom(s))},
[0050] {xix) -ORf {where R' represents a Ci_; cycloalkyl
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®"?
represents a C,-¢ alkyl group): 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 C; o alkyl
group): a Ci.,0 aralkyl group opticnally 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,.s alkyl group): or a

heterocycloalkyl group optioconally substituted by one or more



[0057] (xviii) -O(CH2)m -Q@ (where m denotes an integer of 1 to 4, and Q
represents a hydroxyl group, -CO2H4 -ORaz, - CO2Rae, -CONH2, - CONHRa9,
-CONRa"Ral 0 -NH2, -NHRall or -NRalzRal2 (where Rea, Rag, Ralo, Re" and Ral2
each represent a Cl-6 al kyl group, and R 2 represents a Cl-6 al kyl group
optional Iy substituted by a hal ogen atonjs))), [0058] (xix) -ORf2 (where
Rf 2 represents a C3-7 cycloal kyl group optionally substituted by one or

H33$0§?ES%+%ﬁg9£'éeE§e S%ﬁ%%itera??at “esﬁr°”%ﬂs§2%%§%&ﬁgiﬁlfgll§f %'gﬁﬁiﬁg%%g”‘g ]
Cl-6

one o mor SR PY ﬁ%ﬂ?ﬁeé? L0 Fronr iRy BB, AR, BRSO vhbhE ogen
atom a hydﬁo%%bgg ?ﬁef agroup }ﬁ& brgggg?'(and -OR416 (where Ral6

represents a xX) a heterocycl oal kyl group

optional | poggpsti tutﬁﬂ) ] 89?10erBbeoﬁt'%hhﬁ.!?”bﬁb%QH%ﬁ%@ﬁ b50BhEN8rgr oup
consisting of a halogen atonmi a hydroxyl group;, a al kyl group, and -

26 ORa2ZméybesenRe2BuefpsesenbatadCiromakky! gebapphonmet&hg%fcancr ete
enbodi ment of the present invention also relates, in particular, to a

1- t hi o- D-wavegén! atompounﬂydﬁbxymegf:ohbov\anglJ},oamuya bupor and ~OR?1®
phar maceutically acceptable salt thereof, or a hydrate of the conpound or
the salt (ﬁherelRﬂfteepreéentedatGlasaihglfgrsuP¢oncrete enbodi mrent  (2)")=
[0060] R RHRaa / JI R4A0 S Ara Rsa Rt (a

[0052] (xx1) a C;.10 @aralkyl group optlionally substituted by

one or more substituents selected from the group consisting of

a halogen atom, a hydroxyl group, a Ci.s alkyl group, and -QR2%°

(where R*?°

represents a C;-¢ 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 C;.s alkyl group), or
[0054] (xxiii) a heteroccycloalkyl group optionally
substituted by one or more substlituents selected from the
group consisting of a halogen atom, a hydroxyl group. a Cj;.g
alkyl group, and -OR**? (where R*** represents a C,_s alkyl
group) .
[0055] Another embodiment of the present lnvention relates
to the 1-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 embodiment {1}-2, in which

R® represents (i) a hydrogen atom, (ii) a halogen atom,
(1ii) a hydroxyl group, (iv) a C,.s alkyl group optionally

substituted by one or more substituents selected from the



R30 "FFOR, OR2 Il [0061] [where R, R2, R2 and R4 are the sane or
different, and each represent a hydrogen atom a Cl1_6 al kyl group, -CO Ra2
-CORb1l, or a C7_12 aral kyl group optionally substituted by one or nore
substituents selected fromthe group consisting of a halogen atom -NO2 and
-Ove (where Rae represents a C1_6 al kyl group, and Rbl represents a Cl1.6

al kyl group, a Cr-l1o aral kyl group, or 23 phenyl group), RH and R are the
same or different, and each represent a hydrogen atom a hal ogen atom a
hydr oxyl g¥euwp, cengistingkgf aghalpgenratarfandwachgdrexylegrevpnts a Cl. 6

al kyl group optionally substituted bg a hal ogen.aton{s), or a C7-1o aralkyl
group optional (¥} suBRH + Uted bhPRone bYikbreCQfbsti {vidhis -S@NHzied fromthe

200 LS i3 L 8k i Bl B PP
A T e T N
croue AR SRR LAt T G R )
o SR SRR P RS, A oo

- ORG3 ( ﬁ{%}ii%@ﬁéﬂiﬁu@e@%@ &l ﬁé{iﬁgéﬂugtom)%b?“ﬁ“ 3 Rst :ééﬁﬁd by a

hal ogen ato nd Rloa represents a hydrogen atom or an aryl group

optional | Yestdsént Ui €, DYa DRE1 OfroRHE 8UBSYJ tatanhsy SelRilpd a fpieRghe group

consisting of a halogen atom a hydroxyl group,
group, or a Ci;.; cycloalkyl group, and R®, R*? and R*® each
represent a C;.¢ alkyl group, a phenyl group, or a tolyl group),
[0057]) (xviii) -O-(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*!, or -NR*!’R*!?
(where R*®, R*®, R*?, R*!, and R*? each represent a C;; alkyl
group, and R°® represents a C,.¢ alkyl group optionally
substituted by a halogen atom(s)))}.
[0058] (xix) -OR®? {where R?? 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 C;.s alkyl group, and -OR**?® (where R
represents a C;_¢ alkyl group); or a heterocycloalkyl group
optionally substituted by one or more substiftuents selected
from the group consisting of a haleogen atom, a hydroxyl group,
a Cy.¢ alkyl group, and -OR¥® (where R™® represents a C;.¢ alkyl
group)}, or
[0059]} {xx) a heterocycloalkyl 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 -



a Cl.6 al kyl group, and -ORal9 (where Ral9 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 al kyl group, and -ORa21 (where Raze represents a Cl.6 al kyl group)].
The second concrete enbodi nent of the present invention relates to the

1-t hi o-D-gl ucitol conpound of the forfuP& I or | A where Arl is a
heteroaryl ene group, or.the pharmaceutical | acceptabl e salt thereof, or

t he hydr &% “of (Where dpoukePbesenks asft-« FheYLegbPdPLoncrete enbodi ment of
the present invention further relates , to the_ 1-thio-D-glucitol conpound, or

the phar maceutheafigshccentipte embedinenrtopt theipresgnt aiovertiene

d th lt, ip which Alis_-(CH2)n: d ' f
0155y alap Fafites, o BorE e b netRl bt RIS PeOpnELERt SopBaksgn ™ ©

| ates, | td 1-1 hi o= | uci tol h foll.ow

formita 14 G A Aand tefudal ' S8, Tts ShafPRBRNET e} 1t FogtREafle oo
th | £ t 0" .,0ORL OR2
IVe (ngggi i\/\ﬁfet%ée%falér %@g«%}f%%?@%eé%%%u@? g??‘f%?e%?}gsand each
represent e Y 0968 S rfedled @ékVEhSrPHP%$'EERE?@t%S?ﬁggﬁimQﬁta Cr_12

aral kyl group optionally substituted by one nore su Ituents sel ected
fromthe ggrpup, consisting of a

[(0060]

1]

[0061] [where R', R?, R® and R' are the same or different,
and each represent a hydrogen atom, a C,.s alkyl group, -CO,R%*?,
~-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 C;.s alkyl
group, and R“‘represents a Ci.¢ alkyl group, a C;.y0 aralkyl
group, or a phenyl group),

R" and R! are the same or different, and each represent a
hydrogen atom, a halogen atom, a hydroxyl group, a C, alkyl
group, or -OR™' {where Rf! represents a C;; alkyl group
optionally substituted by a halogen atom(s), or a C;.ip 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*!®



hal ogen atom -NO2 and -Owve (where Ra2 represents a C1_6 al kyl group, and
Rol represents a Cl.6 al kyl group, a C7_16 aral kyl group, or a phenyl
group), Ar4d represents a thienylene group, a benzo(b]thiophenyl ene group,
or a pyridylene group, R20a and R2la are the sane or different, and each
represent a hydrogen atom a hal ogen atom a hydroxyl group, a Cl.8 al kyl
group, or -ORa3 (where RO3 represents-a2@l-6 al kyl group optionally
substituted by a hal ogen aton(s)), R3 and RK are the same or different, and
each represgpnésentéydr 0genazkeln gaotph dgen atom a Cl-$ al kyl group, or

-OR03 (where R' represents a Cl1.6 al kyl group optionally substituted by a
hal ogen at on{ sA¥® reprddentoprastirmtenyl )gzouy.drodemae Dl tiiéphenykl ogen
atom - 29 (iii) a hydroxyl group, (iv) a Cl.8 alkyl group optionally
subst i t utgriowy. odctbienef 2. subithiaphenyicreupd arbaneafurgnylipgtonpi sting
of a hal ogen atom and a hydroxyl group, (v) -CO2H, (vi) -ORcl, (vii)

- CO2Ra3, §v¢?¢§°tQiREElY}|9¥°“EI»FF@&“d?%¥l EIRHB5R@5?YF¥°1EEFEFOU?X|#?

- OCORd?2, (XIII% - SRel Xiv) - (XV) -S02Re3, &XVI -NHRa, (xvii)
_NRa7Ra7 YD eCckaf, 9xaKP- RssPY?éﬁ°1$F1d9Fa}1Pea€hPY§b ¥LcAFORPEC126 al kyl

el ogen RBHIEKITRY Sgﬁa%a?ai'a%ﬁa?g Esgﬁ&'a"%"r'!m k5Pragpsup, 98580: 10
Ray Eéthiigfe 2 BEE ERnts up,g SR i en iy F%e'egretoﬁ?)) e
N PN IR SR e e
CONRa" Rag LoapHZer - N (vRlereNRRZ RAIA dSIEF € a ¢, alkyl group
optionally substituted by a halogen atom(s)), and
R'°® represents a hydrogen 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 Ci.¢ alkyl group, and -OR™? (where R**® represents a C,.¢ alkyl
group), or a heteroaryl 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%*%

represents a Ci:.¢ alkyl group}l.

The second concrete embodiment of the present invention
relates to the l1l-thio-D-glucitol compound of the formula I or
IA where Ar' is a heteroarylene group, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt.

The second concrete embodiment of the present invention
further 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 A is -(CH;)n- (where n

denotes an integer of 0 to 3).



Ras, Rag, Ral0, Rall and Ral2 each represent a Cl_6 al kyl group, and Roe
represents a Cl.6 al kyl group optionally substituted by a hal ogen
aton(s))), (xix) -ORfF2 (where R12 represents a C3.7 cycloal kyl group
optionally substituted by one or nore substituents selected fromthe group
consi sting of a halogen atom a hydroxyl group, a Cl1_6 alkyl group, and
-ORal3 (where Ral3 represents a Cl_6-alkRyF group); or a heterocycl oal kyl
group optionally substituted by one or nore substituents selected fromthe
group consi stThey sfcond hepugeeatat empodingmit oxd| tiye oppesaentTlifvehkybdbngr oup,
and -OCR ai6 (where Ral6 represents a CL.6 al kyl group)); or (xx) a
het er oc &3kl &8/ %ﬁcﬁﬂﬁ%&ﬁQﬁﬁélI90s%b%tth%@e%-%&UGhbongONBounﬂnpé the
substituents selected fromthe group consisting of a halogen atom a
hydr oxyl f}RIing karmala  l3Y. Rbud, Phagracsubicallycrecepbabiepsalbnts a
Cl.6 al kyl group)._ Anather enbodi nent of the_present invention relates to
the 1-t %%C{#Uc‘ﬁ dt thPH FRACTRARS 9%/, tRe FHET: phar naceutical |y
acceptaqd% t thereof, or the hydrate of the conpound or the salt, in
whi ch RL Tepresents a hydrogen atom a halogen atom a Cl_e al kyl group, or
-ORo3 (where Rc3 represents a Cl.6 al kyl group optionally substituted by a
hal ogen aton{(s)) 2gheHﬁBL/ Wi,.RY are enbodi nents of the pharnmaceutica
conprising the c d bf tthexpresent invention: One enbodi nent of the
present R% t] i Jany of the 1-thio-D-glucitol conpounds, the
phar maceuti calfl y [ acceptabl egsalts thereof, or the hydrates of the conpounds
or the s&bgp‘ CHiped above. Anot her enbodi nent of the present invention
It

is an inhi vy the activity of sodi um dependent gl ucose
v
(00631 [where R', R?’, R® and R* are the same or different,

and each represent a hydrogen atom, a C;.s alkyl group, -CO,R*?,
-COR™, or a C,.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 C;.s alkyl
group, and R" represents a C:;.; alkyl group, a Cj;.;0 aralkyl
group, or a 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,.; 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 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 atom, {il)} a halogen atom,



cotransporter 2, the inhibitor containing any such 1-thio-D glucitol
conpound, pharnmaceutically acceptable salt thereof, or hydrate of the
conmpound 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 thereof, or hydrates of the conpounds or
the salts, and serving as a drug for préBhylaxis or treatnment of diabetes,
di abetes-rel ated disease, or diabetic conplication. Another enbodi nent of
t he presebiiihvantydnoxglagroBn. phadnaceisi sdkytogpeupi agtiopadlyt he above
1-thio-D-glucitol conmpounds, pharnmaceutically acceptable salts thereof, or
hydr at es s¥bshbbpted kpnen@apronoret pubstituentsnselontieduoani the sel ected
fromthe group consisting of insulin sensitizing agents, which are sel ected
fromthe FOP CeRFiFEinggobf appalogendkeBt 3Nd pPAYAr9x%godrevB; PPAR- &

agoni sts and PPAR-a/y/ & agonjsts; glycosidgse inhibitors: biguanides;
i nsul i n sE€} e‘t‘?%racé’él’er‘ E%rs; (Y?ﬁghl Tﬁol%?epfa?éﬂbm?oﬂhdr di pepti dyl

phar macedt 1k “CONETe; (i ansOBR Fe. abBYE 160K o SRRIcrPEPR EonRE, °

phar maceut j.cal | gce ke salts theneof, or,,h es of them in
conbi nat i o%ﬁii\ﬁ't Kxgﬁl gg?? ane x‘;p)har c‘i?eu‘t ig%i)se%@%ﬁd fromthe group

consistingkyii)hyﬁﬁﬂﬁyﬂethylglutaryI-CbA reductase inhibitors, fibrate
conpounds, squal ene synthase inhibitors, acyl-CoA: chol esterol
é&ﬁyq_erators,

acyl transfggase p#hi Rrt orges | g dgngi RY 'ééﬁﬂ?rfgﬂé‘séﬁ t@r,

m crosone triglyceride transfer protein 1nhibitors, and anorecti'cs. The

fol I ow ngyas&p eMRedirepeseflt st B cR! RAdy10GrRuRdeptA%nally substituted
by a halogen atom{s), R* and R¥ each represent a C;.; alkyl
group, a Cs.3 aralkyl group, a phenyl group, or a Cji.y
cycloalkyl group, and R®!, R®? and R®® each represent a Ci_g
alkyl group, a phenyl group, or a tolyl group),
{xviii) -C-(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*'', or -NR*?R*? (where
R*®, R*®, R*°, R*!, and R*!? each represent a C;.s alkyl group,
and R°? represents a C,.s alkyl group optionally substituted by
a halogen atom(s})}},
(xix) -OR®*? {where Rf?! represents a C;.; 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*'® (where R®!’ represents a C,s alkyl
group}: or a heterocycloalkyl 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¥®

Rﬂls

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

(xx) a heterocycloalkyl group optionally substituted by one or



t he conpound of the present invention: An enbodi nent of the present

I nvention relates to a nethod for producing a 1-thio-Dglucitol conmpound of
the following formula I, or a pharmaceutically acceptable salt thereof, or
a hydrate of the conmpound or the salt: [0064] - 32 - O R RS R40 S Ari Arz
RO R7 RLU R30 ~" "ORl OR2 [0065] the nethod conprising the steps of
adding to a thiolactone of the foIIoﬂﬁﬁ@ ormula VIII nore than 1

equi valent of a Gignard reagent of the followwing formula I X to obtain a
conpound W?r¢eﬁﬁ@?ﬁgtﬂﬁétéoﬁﬁéeﬁ&e¢,fﬁﬁ@ the gesppegongdgtdngceitng the

resul ting congound i n accordance wth the follow ng schene: k20661 R6 R5

R3 8140 RARA48N Ahem. pa ARFAREXYEEFOUR102 R130R1KYERITORE RANRIZOR (OR71 } 2
RS 1 OR WLLL XMpuh ALe RO 12V, R RIOLX booes? [where R', R 2, R13 and
R14 are t hER€EReRor GPPFEPEALS 2ahirecqlKYLeBFRYBAr a C1 6 al kyl group,

or mor e subst i FRHEET SEPBRAEHeRFoRF: HiSoPOts s lr A LA T
the 1-thio-D-glucitol compound of the formula IV, or the
pharmaceutically acceptable salt thereof, or the hydrate of
the compound or the salt, in which R" represents a hydrogen
atom, a halogen atom, a Ci.s alkyl group, or -OR°® (where R®
represents a C;.; alkyl group optionally 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 compounds, the pharmaceutically
acceptable salts thereof, or the hydrates of the compounds or
the salts described above.

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

Another embodiment of the present invention is the
inhibitor containing any of the above l-thio-D-glucitol
compounds, pharmaceutically acceptable salts thereof, or
hydrates of the compounds or the salts, and serving as a drug
for prophylaxis or treatment of diabetes, diabetes-related
disease, or diabetic complicatiocn.

Another embodiment of the present invention is a



atom -NO2 and -Owve (where Ral represents a Cl.6 al kyl group), X represents
a hal ogen atom and Arl, Are, R5, R6, R, R R9 and RI10 are as defined in

the formula I. Another enbodi ment of the present invention relates to the
above-nenti oned net hod, wherein before the step of adding the Gignard
reagent of the formula I X to the thiolactone of the fornmula VIII to obtain

a conpound V, about 0.B to 1.2 - 33 e&qdilval ents of R3OMyX (R30 represents a
Cl 0 alkyl group or a C3- 7 cycloal kyl group, and X represents a hal ogen
aton) is Phidrwacegtitalt noopuitsdng aryt b€ tbenabavel Lt thAnoPheduedbodi nent
of the present invention relates to a nethod for producing a
1- t hi o- D-¢PMRPRRfS c ocRPBLRACBRLLFAL1Y opFEAPRAPLE AL ES| theregf. or
pharmaceutically acceptable salt _thereof, or_a hydrate of the conpound or
t he salt:hY@E%§¥56°ﬁS e oipgePmpanabion with g§oleaghoopgoso] the met hod
conprising the ste 1% of ;adding_to a, . conpound of the formula X a reagent
of "The't oartiageEPstal fa1 BOEeonEAnntngs FEOURGoPhat SEaRS OF Spondibhe:
reduci ng un% I# if.Yds_a h 8 oxyl .group, .0 obtain a conpound,
ot o SIS RERPBYcRofie ' fadel rae HPLBEPalERYR chE BPERL.G (Fo Erep
of deprotecti t he d obt ai ned iﬂﬂﬂ&%) r (2%, I.f degjed, in
accordanc%g'é\f{]%t{'ﬂ% gglrr?gg\#nb agy " e [ ]a'%l § ists. wARe'%

agonists and PPAR-0/Y/d agonists; glycosidase inhibitors;

biguanides; insulin secretion accelerators; insulin

preparations; and dipeptidyl peptidase IV inhibitors.

Another embodiment of the present invention is a
pharmaceutical comprising any of the above l-thio-D-glucitol
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, fibrate
compounds, squalene 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 1l-thio-D-glucitol compound of the
following formula I, or a pharmaceutically acceptable salt

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

[0064]



Ro RB Ro RBR8 RI40S Ea a Al40 S! Are R YRAY RARL R130. "ORl1 Da'
RO R130,. ORi1 OR12 R10 OR12 X XI XI'l [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), Rl1l, R12 R13 and R14 are the
sane or different, and each represent a Cl.6 al kyl group, -SiRal3,
-CH2CH=CH2, or a C7_12 aralkyl group-optZi onally substituted by one or nore
substituents selected fromthe group consisting of a halogen atom -NO2 and
-Ove (where Ral r ts .Rt1_6 al kyl group), Are, Re, R and R10 have
t he sanme neani ngs as t jmula 1, and RA, R8, Rc and RD have the sane
meani ngs BYRALS Fep-8 R [0072] Aa represents -CHW (CH)n' -,
- CONH( CH2) n-, CHRCH (RWere Wrepresents a hydrogen atom or a hydroxyl
group, n dgmpte mognteger of 0 to 3, and n' denotes an integer of 0O to
2), Ea represent$52CHO -CO2H, or -CH2X, and Da represents -(CH2)n'Li,
-(CH2) n' MgX, -CH ﬁth'X—, - CH2PQ(ORd23), -(CH2)nNH2, or -SnBu4 (where X
represents a halogén atom Ra23 represents a ClL 6 al kyl group, n denotes an
i nteger of0@65d 3, the methHedotempamnsingeyhe stefst 0£2pAddihg0%3] apr ovi ded
that if Ea is -CHO the conmpound X reacts w th the reagent Xl in which Da
is -(CH2)bhidlactorl) of Mhixe folHRwPPhE' Rormula- CHRPOGORa28haholobtain the
conmpound XIl in which Aais -CHW(CH)n'-, or -CH=CH,

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:

[o066]
R0 §._.0
-
R130" “OR R6 8
OR™ H ’H
vil HQ
A
XMg K7 &0
IX
[0067] [where R!'!, R'?, R!? and R!* are the same or different,

and each represent a C; ¢ alkyl group, -SiR*;, -CH,CH=CH,, or a
C;.12 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}, X
represents a halogen atom, and Ar', Ar®, 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 tc the thiolactone of

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



if Ea is -CO2H, the conpound X is condensed with the reagent Xl in which Da
is -(CRR)NNH2 to obtain the conmpound XIlI in which As. is -CONH(CH2)n-, or

if Ea is -CH2X, the conpound X is condensed with the reagent Xl in which Da
is -SnBu4 to obtain the conmpound XIl in - 35 - which Aa is -CH2. The
foll owi ng are enbodi nents of an internediate in the nmethod for producing
the conpound of the present invention:33 An enbodi nent of the present

invention relates to a gonpounqoof the following fornula XiIl, or a salt
t her eof equivadenyigr efeROMPhd RO rpebmeisents ha Gabtalkpb7dToms @6 ®eCi-Are O
Ar2 RR40 SYR7Z. RROR R230O0Rzi OR22 XIIl [0075] [where Y represents a

hydr ogen XS DIEEL HER SRy | angrHuEePEesenbeda t halogen vatamy hydedded atom
the 1-positjon _is_of S—configuratig&% and _R21, R22, R23 and R24 are the
sane or tQi FRer EhtolaRtoBgcAT FBEr £9ERP1E Nyddogen atom a CL 6 al kyl group,

CSi Ral3, - i ) , ) | kyl i onal |
s?h??i?utedCg%ggﬁétgpmﬁgaiﬁgﬁﬁsP%f?gkt?géégggzéé%P%%ﬁPPﬁﬁegégégp%BgHg?gti%g
- - Ra Cl. 6
ol Kyl | greEE0azE AT B OB R RS r L s DG ks B sERBoSRE FORRE yt “oroup,
or a phf@iioﬂiggpﬁggpﬂigv&degrtQa?h?%ggcbﬁtif?%§§ogﬁge?%gﬂheRgéitRz2’ R23

and RT4 are n ogen atons a sane he "ot'her "synbol s are
thereof, or a hydrate of the compound or the salt:

[0068]
T
9
R‘0 ’ AR
R H10

"»'IOR*I
OR?
|
[0069] the method comprising the step (1) of adding to a

R3Q™

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, if Y is a hydroxyl group, to obtain a
compound, in which Y is hydrogen, in a  type-stereoselective
manner, and the step of deprotecting the compound obtained in
(1) or (2), if desired, in accordance with the following

scheme :

[0070]

[0071] where ¥ represents a hydrogen atom or a hydroxyl



as defined in the aforenmentioned formula I]. The conpound of the formula
Xill, where Y is a hydrogen atom and R21 to R24 are the substituents other
than -Si Ral3 or -CH2CH=CH2, overlaps the aforenentioned conpound of the
present invention. This is - 36 because the fornmer conmpound not only
functions as the internediate, but aLsg functions as the final product
which is an active conpound or its pro #ug. Anot her enbodi nent of the

pr esent inventifn re% tes to a cgngound of the follomﬁng formula XIV, or a
salt ther®otuP ofPLOV %ﬁ&a?‘éa'ﬁfifh BN oRRArager ndten; ¢ the o789 REIORD RB

R240 S E Y 230 L. | OR2 2 XIV [00771 [where Y represents a hydrogen
at om or ai%%o%$°n5+%‘ﬂﬁa%b?'ﬁf2ded that if Y is a hydrogen atom the
1-position ispaf Siconfisgur atian E.tept n - - H, - 24
(where Ra24 rZ%r ésgnt'sri{a %E&Ghal é}ﬂe 5?‘&8}6"‘?‘%— é%ZﬁgE?\?ﬁgge@'Naanrdg%géents a
hydr oxyl s al o t a ] di, oXob@ N gr.qup, ~or._.a 1,3

di oxan- 2-1% gro':l'.}g)]',E ﬁzqf'slg%ﬁg%\%pm}lsﬁ%vé' t h%ﬂzsarreéﬁr%éa%?ngs Cg'smi n the

Formul a M4d1x@NdgFbup F%ptfsnaﬂﬂyRsuﬂéyftﬁ@@dseyeoﬂ?aamaérés in the formla
[1]. Another enbodi nent of the present invention relates to a

substituents selected from the group consisting of a halogen
atom, -NO, and -OMe (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
11,
[0072] 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’' 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, R2%3 represents a C;.s alkyl group, n denotes an
integer of 0 to 3, and n’' denotes an integer of 0 to 2),
[0073] provided that 1f Ea is -CHO, the compound X reacts
with the reagent XI in which Da is -{CH;}n’'Li, -(CH;)n'MgX, -
CH,PPh;*X", or -CH,PO(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 -(CH;}nNH, to obtain the compound XII
in which Aa is -CONH(CH;)n-, or

if Ea 1s -CH;X, the compound X 1s condensed with the

reagent XI in which Da is -5SnBu, to cbtain the compound XII in



compound of the followng fornula XV, or a salt thereof: [0078] - 37 -
Rh20~-4 Gsa G- Gab & &, Gsc [0079] [where Ar5 represents a thienyl group,
a benzo(b]thiophenyl group, a benzofuranyl group, a benzothiazolyl group,
a pyridyl group, or a phenyl group, Gl represents a hal ogen atom &
represents a hydrogen atom or a hydroxyl group, and &, represents a

hydr ogen atom or represents an oxo greup5tegether wth &, G3a represents a
hydrogen atom a hal ogen atom a hydroxyl group; a Cl.8 al kyl group

opti onal Iynsewshatig edchy. one or nore substituents selected fromthe group
consisting of a halogen atom and a hydroxyl group; -SRa2s; -SORa25;
_SQ2Raz2s; - OR'THehforlowitg areresbodimentd Of ahhyingesmpdiand Rnl the
represents a Cl1.6 alkyl group or a C 7-1o aral kyl group optionally
substi t utreeitlyd Bohapooducinonthke)compoundg| ofrthe ppesentl igvenbiont ut ed by
one or nore substituents selected fromthe group consisting of a hal ogen
atom a hydroxdh® ¢nbedimentiof thaypresenp inventoppivelatpsr torRal9
represents a Cl1.6 alkgl group); _or a heteroaryl group optionally

subst i t ut SMBRUREOHr h%r%o%ﬁﬁg%ﬁﬂu%%F@UI%e¥E£¥ed°¥r6n$? & §henpcEendFsting
of a halogen atom a_ hydroxyl group, a Cl.6_al kyl group, and -ORa2l1 (where
Ra2i repf deElkate ﬁ.@x%ll ﬁ?ﬁ{p%’gﬁ‘ap‘% e 334tE3c are the sane or different,
and each {gggf ent a hydrogen atom a hal ogen atom a hydroxyl group, a

Cl. 3 al ky up, or -ORa3 (where RGa represents a Cl.6 al kyl group - 38 -
RB
RQ
R'l 0
[06075] [where Y represents a hydrogen atom or a hydroxyl

group (provided that if ¥ is a hydrogen atom, the l-position
is of $-configuration), and

R*', R**, R*” and R*" are the same or different, and each
represent a hydrogen atom, a C;.¢ alkyl group, -SiR*;, -
CH,CH=CH,, -CO,R*?*, -COR®', or a C,.1, aralkyl group optionally
substituted by one or mere substituents selected from the
group consisting of a halogen atom, -NO, and -OMe (where R*
and R%*? each represent a C;.¢ alkyl group, and R represents a
Ci.¢ alkyl group, a C,.;0 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 the aforementioned formula I]. The compound of
the formula XIII, where Y is a hydrogen atom, and R?*’ to R*
are the substituents other than -SiR®!; or -CH.CH=CH,, overlaps

the aforementioned compound of the present invention. This is



optionally substituted by a hal ogen aton(s)), &4 represents a Cl.6 al kyl
group optionally substituted by a hal ogen atonm(s), or a hal ogen atom and
Rh2 represents a Cl.6 alkyl group or a C7_10 aral kyl group wherein each
substituents are optionally substituted by a halogen aton(s). EMBCODI MENTS
OF THE | NVENTI ON [ 0080] The present invention will now be described in
detail, but is not limted to what has ﬁgbﬁ'exenplified. The definitions and
exenplifications of the terns used in the Rresent invention are intended to
i || ustratkecpBsespbei fPE@LTroficBRaURAeNeEopRLYf fHRELdPAENES &€ they are
offered without Limtatjon. éOOBlL The term ' aryl group' refers to a .
monocycl i tPbRIMeShatRiseBUEoRYEPcFPRCELBRE: RE kDB §LBRBORTEAYGS WRIFRgLS to

15 b t d lified b h | , ht h
aroup. (i nePUBPREYE SOMBRHPAy PEQEBROPERAHSS- naphthyl oroup) . a pental eny
, i nd ' | | hept al |
roup, and a 1RuerARE Bpp8fane iy She BrastR MRk ¥ Pdln an BBrdeny
goub. aNobREANNE o8 OB, £3TYoR9ng7 hEKL0KRUD BECAPLEAR! Lad:oRRd B o
g a phenyl g 0 e

napht hyl roup an roup are nore préferred. term

"heteroary&dggggpofrgﬁgréoﬁﬁoananggc¥ﬁgigalgg condensed-ring aromatic
het erocyclic group containihg one or nore hetero-atons selected fromO, S

and N. Ifrghegjaromatic heterocyclic group has a condensed ring, it includes
a partially hydrogenated nonocyclic group. Exanples of such a heteroaryl
group include a pyrazol @ group, a thiazolyl group, - 39 an isothiazolyl
group, a thiadi azol g2 geQum® an i m dazolyl group, a furyl group, a thienyl

group, an oxazolyl gr

Y RA
RZ0' ‘OR?!
O H22
XV
[6077] [where ¥ represents a hydrogen atom or a hydroxyl

group (provided that if ¥ 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-dioxolan-2-yl group, or a 1,3-
dioxan-2-yl group,

R*, R*, R® and R* have the same meanings as in the
formula XIIY, and

R*, RE, R® and R? have the same meanings as in the formula
II].

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

[0078]



i soxazolyl group, a pyrrolyl group, an imdazolyl group, a (1,2,3)- and
(1,2,4)-triazolyl group, a tetrazolyl group, a pyranyl group, a pyridyl
group, a pyrimdinyl group, a pyrazinyl group, a pyridazinyl group, a

qui nolyl group, an isoquinolyl group, a benzofuranyl group, an

i sobenzof uranyl group, an indolyl group, an isoindolyl group, an indazolyl
group, a benzoi m dazolyl group, a benzd%rtazolyl group, a benzoxazolyl
group, a benzothiazolyl group, a benzo[b]thiophenyl group, a

t hi eno[ A" ph@ groypdeaa (1,2)- and (1, 3)-benzoxathiol group, a
chronmenyl gr¢ fir omenyl group, a benzot hi adi azolyl group, a

qui nol i zi nylA_greup, _z qadzi nyl group, a naphthyridinyl group, a
quinoxaliﬁ?l group,<a uwazol i nyl group, a cinnolinyl group, and a

car bazol yl group.Gi 008%] fe term "heterocycl oal kyl group’ refers to a

het er ocycl oal kyl group having 3 to 12 atons and contai ning one or nore
hetero-atons selected fromO, S and N. This group also refers, for exanple,

to a cyclig gﬂino ro%P haw ng one or nore nitrogen atons in the ring, and
opti onal 18P A tainliqﬁbe S o SREES PPy én EREGHY La9FOURf & atons. Exanpl es
of the . heterqcycloalkyl group include a norpholino group, a piperidinyl
group, é’eﬂzﬁé&é%ﬁ}fﬁpﬁ'ﬁg,gﬁgﬂgpﬁ;{b?rf%‘?ﬁg‘?g'bﬁt)tﬂfo‘g%h %zepi nyl group, a
t hi onor phal.i ro an_oxol anyl gr , ..an oxanyl grou a_di oxol anyl
aroup. TshdA A Yo A endih A AP ST e s o o
di val ent arqgagggrggkhkg g{ﬁgﬁogﬁgpgﬁohp a 5-thiosugar residue on one - 40
- on 't he other

hand, and bonde and. Exanples of the arylene group

| nol ude a phepyl-gRecgtaith, o HIRRYIM BRen0LAUR HYdDkydl HEdkpl BRRNGRYI ene

group and a 2-naphthylene group), "a pental enyl ene group,” an"i ndenyl ene
group, aRepgr¥lEtH<LNE Wfdtdyen atom or represents an oxo group together

with G?,

G** represents a hydrogen atom; a halogen atom; a hydroxyl
group: 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; -SR®®°; -SOR**®; -SO,R*%*; -OR™ (where
R**® represents a C;.¢ alkyl group, and R™ represents a Ci.g
alkyl group or a Cy_j0 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;.s alkyl group, and -QR3!®
(where R*® rapresents a Ci.¢ alkyl group); or a heteroaryl
group optionally substituted by one or more substituents
selected from the group consisting of a haleogen atom, a
hydroxyl group, a C;.¢ alkyl group, and -OR**' (where R** )
represents a Ci.; alkyl group), ]

G® and G°° are the same or different, and each represent 1
a hydrogen atom, a halogen atom, a hydroxyl group, a C;.s alkyl

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



an azul enyl ene group, a heptal enyl ene group, and a fluorenylene group. A
phenyl ene group, a naphthyl ene group, an indenylene group, an indanyl ene
group, and an azul enyl ene group are preferred, and a napht hyl ene group and
a phenylene group are nore preferred. [0085] The term "heteroaryl ene group”
refers to a divalent aromatic heterocy%Iic group bonded to a 5-thi osugar
resi due on one hand, and bonded to -A- 8n "t he ot her hand. Exanpl es of such
a heteroaryl ene group i ncl ude a gyrazol | ene group, a thiazolylene group,

an i sot hi 82b}9Pahey gFBRptibuted; bui a-BRYyPERR 8FBRPS)An i ni dazol yl ene group,
soxarol yl ene GF FREFSRARNTE G e Uik e (R LAY e b Dhpred, by
1,2, 3)- d (1,2, 4)-tri |yl t et |yl ,
éyrany?eln%"@?ﬁag?hagb%'ﬁ% e geglrea%{,s%‘én B5P8m ahfly| zng”sr?,[,gt‘pa ]

razi nyl ene ggou ri,.dazi e r a _qui.n en Q n
Pgoqyinglylengﬁgr%ﬁg%e%%nggnéb?%ﬁa%@ﬁgﬁegggggpP%éﬁ'g%%ﬁeﬁgggﬁygggFéﬁg gr oup
gn ! ndplﬁﬁgf'@?.ﬂr(g&@h Stk t? GQR\E%( | pg ?g}?fgnai‘ﬂ%' QQB&Q&EL@Q@ bgr ?Up’ a
enzoi m dazol yl ene group, a benzot hi azo ene group, a benzoxazolyl ene

group, a.ﬁ@pggégigggmyggne group, a benzo[b]thi ophenyl ene group, a
chronenyl ene group, a -oxochronenyl ene group, a benzot hi adi azol yl ene

group, a qui neMBEDIMERTS OF OPRE BnphithebRzi nyl ene group, a - 41 -
napht hyri di nyl ene group, a qui noxalinyl ene group, a quinazolinylene group,

a cinnol i pyb&oe gr oPhe phEsént CanpeAeiyhenelyr aoR. be088SErIbadt ghm
"het erocycl oal kyl ene group” refers to a divalent heterocycloal kyl ring

group bondetlatd, abbtt béosoygalimiteddte whabtnRababdenasafehpbiiedeB0 - A- on the
other hand. The definitions and exemplifications of the 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 6 to 15
carbon atoms, and may be exemplified by a phenyl group, a
naphthyl group {including a l-naphthyl group and a 2-naphthyl
group), a pentalenyl group, an indenyl group, an indanyl group,
an azulenyl group, a heptalenyl group, and a fluorenyl group.
A phenyl group, a naphthyl group, an indenyl group, an indanyl
group, and an azulenyl group are preferred, and a naphthyl
group and a phenyl group are more preferred.
foog2] The term "hetercaryl group” refers to a monocyclic
or condensed-ring aromatic heterocyclic group containing one
or more hetero-atoms selected from O, S and N. If the
aromatic heterocyclic group has a condensed ring, it includes

a partially hydrogenated monocyclic group. Examples of such a

heteroaryl group include a pyrazolyl group., a thiazolyl group,



Exanpl es of such a heterocycl oal kyl ene group include a norpholinylene
group, a piperidinylene group, a piperazinylene group, a pyrrolidinylene
group, an azepinylene group, a thionorpholinylene group, an oxol anyl ene
group, an oxanilene group, a dioxol anyl ene group, and a di oxanil ene group.
[0087] In the conpound of the present invention, depending on the type of
Arl, not all of the three substituents B9, -R6 and R7 can be bound onto this
group. [0088] The term"Cl.6 al kyl group” refers to a straight chain or
branched ahmaisothkgiolydugrbap| ng thiadbazalpbngadbops, anabnidaygohel
exenplified by a nethyl group, an ethyl group, an n-propyl group, an

i sopropyl gyeapp, a afunybugydugr oapthienyl sgboupl gnoapazalyér grbupyl agroup, a
sec-butyl group, an n- pentyl group, a tert-anyl group, a 3-nethyl butyl
group, a isespeelyl group, ﬁnEY§ﬁ°£¥he§yPU@r o@p. iphdeeplyhegrenm " &2. 6

al kenyl group" refers to a straight _chain or branched chain aliphatic
hydrocarbb%:gr%hb aadi by 4 4dobbplazedbyd FRevUBRavRngedragodyLapbshPat 8ns, and

may be exenplified by an ethen roup, a propenyl group, and a butenyl
group. | Ny eI RY "QQPSrgﬂéingFoﬂgouﬁ"BYEE@?éinlag PrBi gt chain or
branched chai n, al j phatic hydrocarbon oup having a,- 42. triple bond and
navi ng 2 PE LAY hOA AR P T 2bRY L FEREPY 1 FeBUh)OLHLeBRINTY SFoup,
PronYT, ShGHRnOIh Sor Bl YN pBA UL O e B! o SELRRRGRURIR
0081 b SETAETudoREL bl U 1SLERGLHY Rofy) Ahithandspye havino 7
phenyl et hy}o@hOUR- benzoimidazolyl group, a benzotriazolyl group, a

benzoxazolyl group, a benzothlazolyl group, a

benzo[blthiophenyl group, a thieno(2,3-b]lthiophenyl group, a

(1,2)- and (1,3)-benzoxathiol group, a chromenyl group, a 2-

oxochromenyl group, a benzothiadiazeolyl group, a guinolizinyl

group, a phthalazinyl group, a naphthyridinyl group, a

guinoxalinyl group, a quinazeolinyl group, a cinnolinyl group,

and a carbazolyl group.

[0083] The term “hetercocycloalkyl group” refers to a

heterocycloalkyl group having 3 to 12 atoms and containing one

or more hetero-atoms selected from O, S and N. This group

also refers, for example, to a cyclic amino group having one

or more nitrogen atoms in the ring, and optionally containing

one or more oxygen atoms and sulfur atoms. Examples of the

heterocycloalkyl group include a morpholino group, a

piperidinyl group, a piperazinyl group, a l-pyrrolidinyl group,

an azepinyl group, a thiomorpholino group, an oxolanyl group,

an oxanyl group, a dioxolanyl group, and a dioxanyl group.

[0084] The term "arylene group” refers to a divalent

aromatic cyclic group bonded to a S5-thiosugar residue on one



[0093] The term "C7_12 aral kyl group optionally substituted® in the
definitions of R to R4, R11 to R14 and R21 to R24 refers to a substituted
or unsubstituted aral kyl group having 7 to 12 carbon atons. The
substituents for the C7_12 aral kyl group are one or nore substituents

sel ected fromthe group consisting of halogen atom -NO2, and -Owe. The
preferred substituent is a chlorine at and - Owve. Exanples of the
substituted C7 12 aralk% group i ncl ude a 4 nethoxyben 14grou

3, 4- dlnet%%&QbeﬁE | bgRae hPBrBB%nQ§Fe§rBGP? aﬂﬁz %lzgdﬂﬁ%gyl

00 T "
o oubsti raretens ahehLirrited & RyPharBas hhohR, § AEBREhYLPRSoxPERe The
SUbSt'tue81§ciﬁﬁiﬁglstlnﬁa@#%ﬂ&%gﬁgugro ®afgc 05 ﬂgéﬁtﬁgighgggﬁgﬁﬁhsegeCted

m t he group con 0gen atom an yur ox

f t '
br of or abl RO PEeATioha g e dR; & 1 2%8§§2ﬁ€59F2 2 IppdoPiendlifouey .
fluorine &SO&umﬁ;ﬂsﬁ@ Bf@ﬁﬁr39|ﬁeﬁtaiéﬂ9iéﬁé gkedp, ThRapaef erred number of
the substitutin ydroxyl groups 1S 6, nore preferably 1 to 3.

Exanpl es flﬁl@reﬁfléﬂe ?ﬂbﬁﬁ:l tut %&i‘gfb W OUD 4PN 11681 énd I dFdnipr onet hyl

group, a difluoronethyl group, a 1,1, 1-tri Iuoroethyl group, a

1,1, 1-triih udidenppyhe 0gbolp , dad, indahyléheogebupy| agaosf, agulenylene

1, 3-difl uoroprop-2-yl group, a hydroxynethyl group, a hydroxyethyl group
(such as erdupysrexyeefigiredouand a napbthyyenepyrogpoapd anghanpydnexybut yl
group. Preferred are a trifluoronethyl group, a difluoronethyl group, a
1,1, 1- trg¥ouprace morgrpuefenrdd3- di fl uoroprop-2-yl group, a hydroxynethyl
group, and a hydroxyethyl group. Mre preferred are a trifluoronethyl
group, a ﬂ@$$@ironeTh9|tgr@upheﬁeqogrxlene group” refers to a divalent

aromatic heterocyclic 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 greup, an isothilazelylene group, a
thiadiazolylene group, an imidazolylene group, a furylene
group, a thienylene group, an oxazolylene group, an
isoxazolylene group, a pyrrolylene group, an imidazolylene
group, a (1,2,3)- and (1,2,4)-triazolylene group, a
tetrazolylene group, a pyranylene group, & pyridylene group, a
pyrimidinylene group, a pyrazinylene group, a pyridazinylene
group, a quincolyvlene group, an isoquinolylene group, a
benzofuranylene group, an 1lsobenzofuranylene group, an
indoliylene group, an isoindolylene group, an indazolylene
group, a benzoimidazolylene group, a benzotriazolylene group,
a benzoxazolylene group, a benzothiazolylene group, a
benzo[b]lthiophenylene group, a chromenylene group, a
2-oxochromenylene group, a benzothiadiazolylene group, a

gquinolizinylene group, a phthalazinylene group, a



trifluoroethyl group, a hydroxynethyl group, and a hydroxyethyl group.

[ 0095) The term "C3.7 cycloal kyl group' refers to a cyclic alkyl group
having 3 to 7 carbon atons, and may be exenplified by a cyclopropyl group,
a cycl obutyl group, a cyclopentyl group, a cyclohexyl group, and a

cycl oheptyl group. A cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, and a cycl ohexyl group are prefdldred, and a cycl opropyl group, and
a cyclobutyl group are nore preferred. [0096) The term "Cl_6 al kyl group
opt i onal | yaphbbyriainglese grbapogangainokalinyeénesgiroup,sdbstituted or
unsubstituted alkyl group having | to 6 carbon atons. The nunber of the
substi t utquinaaddijeylenengrospl arcinnelinidepeefeonpd andber of the
substituting halogen atons is 1 to 6, nore preferably 1 to 4. The preferred
hal ogen atanpazaelylbenal grovp.atomand a fluorine atom and nore preferably
a fluorine atom Exanples of the substituted Cl.6 al kyl group include a
trifluoroh@®®§l grThe, tarﬂlFPEBPEﬁEYﬁ}PaékﬁéﬁneaﬁHOEP¥ xrefersi tpudr oet hyl -
44 - gro g [0097] The term"C3 7 _cycloal kyl group opt|onallé substi t ut ed”
refers to %V%H%%Fl?ﬁF%HOSYcﬁﬂ§ﬁ5¥%|FﬁﬂgdgreyelBSPQ9ﬂ §PoGp5h bilrgugaro 7
carbon atons, . The substi

t | f t
more substPFHERE O NG C gg f?ﬁﬁF?ﬁQHB?GU 5c3 éPlﬂb égﬁgﬁﬁﬁgnOQSOﬁ{ a

2§§L°?ZLr€’§%‘ﬁ$l%5‘ S 5°Yf88@éﬁﬁset SFREBaTPRABRELS opt) onal |y
Subotl U SRLEE B L% "é? upor REHeE AR HRAL! bEbEE. (ot by BeRR nd I8ne

fromthe growp, caNsisLb¥a®hyfeh@! §860p, an azepinylene group, a

thiomorpholinylene group, an oxolanylene group, an oxanilene
group, a dioxolanylene group, and a dioxanilene group.

(60871 In the compound of the present invention, depending
on the type of Ar', not all of the three substituents R®, R®
and R’ can be bound onto this group.

[0088] The term "C;.¢ alkyl group” refers to a straight
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 group, an isopropyl group, an n-butyl group., an
isobutyl group, a tert-butyl group, a sec-butyl group, an n-
pentyl group, a tert-amyl group, a 3-methylbutyl group, a
neopentyl group, and an n-hexyl group.

[0089] The term "C,.¢4 alkenyl group” refers to-a straight
chain or branched chain aliphatic hydrocarbon group having a
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 aljiphatic hydrocarbon group having a



atom a hydroxyl group, a Cl.6 al kyl group, and -ORal4 (or - ORal9) (Rd14
and Ral9 each represent a Cl1_6 al kyl group). The preferred substituents are
a hal ogen atom a hydroxyl group, a Cl_4 alkyl group, a methoxy group, and
an et hoxy group. Exanples of the substituted aryl group include a 4-
chl orophenyl group, a 4-fl uorophenyl grS%PL a 4-hydroxyphenyl group, and a
4- met hoxyphenyl group. [0099] The term "C7.10 aral kyl group optionally
substituted’ _refers to_a substituted or unsubstituted aralk%L group havi ng
r

7 to 10 cEFiRIe BoRE. AP NavibRy 2 kAt S FRYPPRALPEEKINAGPBYPPerefer to one
or nore substi ft3 sel ecte fr0£1the group consi sting of a hal ogen atom
a hydroxy?x%WB%£$ ed BY 631 RTAYNET (FHOUR N2 - PEERENY L 9T PR 1 73R 20Ra2)
(Ralbs, 7.2 20 each represent a Cl.6 al kyl group). The preferred
substitEﬁ% Eygf%ﬁggoﬁ%Togen atom a hydroxyl group, a Cl.4 al kyl group, a

k] of ST nel e 5 O Cas vt Pa iELdor RS BUBR, B LRERRLe" o,

a 4~ chl oTbsiizYa 9 e Afor, Tor Cah OLOBIREYAELRY 15 %hakBa [ 01001 The term

"het eroaryl group optionally substituted” efers to a substituted or

unsubsti t pi@sh pet erpré Ytefih OU@, ., Jf-UBAL IMRIY™S déifertd & GBI H3F VA 11 0UP
refer to one or nore substituents selected fromthe group consisting of

hal ogen gi®ip Ka OXYto 01 @UarBoilafomé KYandr fap, béNexemRait1é8oBE a
represents a Cl.6 al kyl group). The preferred substituents are a hal ogen

atom a (Hedzyl kgtowgp pumnd aa nphényYe thiplpgréap. an et hoxy group. A nethyl
group and an ethyl group are nore preferred. Exanples of the substituted
het eroary[0@edLp |Thod uderm 2Cyei dallydz @iy lopricumlly substituted”
2-met hyl pyridin-5-yl group, a 1-nethyl pyrazol-4-yl group, a

1- et hyl pytmzeihe sdgfinitions of R' to R*, R'' to R and R* to R* refers

a

to a substituted or unsubstituted aralkyl group having 7 to 12
carbon atoms. The substituents for the C,.;; aralkyl group are
one or more substituents selected from the group consisting of
a halogen atom, -NO,, and -OMe. The preferred substituent is a
chlorine atom, -NO,, and -OMe. Examples of the substituted
Cqi.12 aralkyl group include a 4-methoxybenzyl group, a
3,4-dimethoxybenzyl group, a 4-chlorobenzyl group, and a
4-nitrebenzyl group.

[0094] The term "C,.3 alkyl group optionally substituted”
refers to a substituted or unsubstituted alkyl group having 1
to 8 carbon atoms. The substituents for the C;.s alkyl group
are one or more substituents selected from the group
consisting of a halegen atom and a hydroxyl group. The
preferred number of the substituting halogen atoms is 1 to 6,
more preferably 1 to 4. The preferred halogen atoms are a
chlorine atom and a fluorine atom., and more preferably a
fluorine atom. The preferred number of the substituting

hydroxyl groups is 1 to 6, more preferably 1 to 3. Examples



group, a 1l-methylpyrrolyl group, a 2-nethylimdazolyl group, and a

4- met hoxyi ndol yl group. [0101] The term "heterocycl oal kyl group optionally
substituted” refers to a substituted or unsubstituted heterocycl oal kyl
group. The substituents for the heterocycloal kyl group refer to one or nore
substituents selected fromthe group consisting of a hal ogen atom a
hydroxyl group, a ClL_6 al kyl group, anmd43ORalfi (or -ORa22) (Ral6é and Ra22
each represent a Cl.6 al kyl group). The preferred substituents are a

hal ogen atHnthedsebiitutefyC: gratkylogroupi theiudet Aytrifdupramdthnlet hyl
group are nore preferred. Exanples of the substituted heterocycl oal kyl
groupiluﬂIREPa.a4dh§4%9¥®m9bhg¥iﬁr9uvk ar bup, Lahullyoseaihpl peraupbn- a-y
group. - 46 0102] . The term "pharnaceutical|ly acceptable salt"” refers to a
salt withlah- &t KBl F19R¥ProRyl a9KaPP ned ehr L nl nEEhf LuoRaRBRY inprepp. 2

al kyl ammopi u salt wth a mneral acid, _or a salt wth an organic acid.
Exanpl es el YORRT oRT ¢a¥ , 95°UB ot AsRY FRPERPEthYL cHFePBmM 2al t, an

ammoni um.sa an algninum atri anmon sal t n acetate, a

pr opi onatlyé%d”_‘%ﬁ?Y tETO%P¢ g?'lﬁél?eés aatﬁwé’é?’éﬁﬁtﬁﬂe?r&ﬁ@r elte, a

| 2t obi orarErSkbEFbEn JpEbGE! Chia 8 BYSELRFbALy FlaEbUp, *EFAFE foa hre

et hanesul gt fuo A8 LGN CIHLEENA Ca1 B1ude GHAERYY L PARBS UL oN1al g, 2
benzenesul fonate, a paratofuenesulfonate, a laufyl“sulTate, a nalate, an

aspar t at ey £1 GhHSORY £, gAuBdi Rat €3- 21 BRhbr¥btHpCYSYEi §oud, Salt With

N-acetyl cysteine, a hydrochloride, a hydrobrom de, a phosphate, a sulfate,
a hydri odilroymmié €0%1 NgESup ANaRd oh ahParaxPethl Egraup i Mo ke férred

undecanoate, a salt with an acrylic pol yner,
are a trifluoromethyl group, a difluoromethyl group, a 1,1,1-
trifluorcethyl group, a hydroxymethyl group, and a
hydroxyethyl group.
[0095] The term "Ci.; cycloalkyl group” refers to a cyclic
alkyl group having 3 te 7 carbon atoms. and may be exemplified
by a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, and a cyclcheptyl group. A
cyclopropyl group, a cyclobutyl group, a cyclopentyl group,
and a cyclohexyl group are preferred, and a cyclopropyl group,
and a cyclobutyl group are more preferred.
[0096] The term "C; ¢ alkyl group optionally substituted by
a halogen atom(s)” refers to a substituted or unsubstituted
alkyl group having 1 to 6 carbon atoms. The number of the
substituting halogen atoms 1s 1 or more. The preferred number
of the substituting halogen atoms is 1 to 6, more preferably 1
to 4. The preferred halogen atoms are a chlorine atom and a
fluorine atom, and more preferably a fluorine atom. Examples

of the substituted C;.¢ alkyl group include a trifluoromethyl

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



and a salt wth carboxyvinyl polyner. [0103] The term"salt' refers to a salt
with an alkali netal, an alkaline earth nmetal, ammonium or al kyl amroni um
a salt with a mineral acid, or a salt with an organic acid, but includes a
salt other than the pharmaceutically acceptable salt. [0104] Since sone of
the conpounds and internediates of the ,present invention may have a chiral
center, they are present as various diadstereoners or enantioners. Sone of
the conpounds and internedi ates of the present invention are also present,
for exanpPE®URs keto-enol tautomers. Moreover, sone of the conpounds and

nter e, 5 Y R SRR LIRS AT G RLSpPLERSEhRRT, OO
oresent 56RO LSl 1Bl Look hU6sPRRNECIERL BRElyLBLMLGNCl | somers and

bel ow, t@;cﬁggg§¥ﬂd§rgﬁptHgvgﬁssgnkoi9VSHEBQﬁu§PSMb§heTﬁ@tédﬂéﬂifﬁ%%iijz)

inhibiting t Ivity of sodl um dependent glucose cotransporter

rel ated tgofl H6OS8yE ESRIRY P! EPBubNrbbBr KbUBRY o2NHof8NslbEYiE8ents
pharmaceuticals excellent in the effect of preventing or treating diabetes,

di abet es-s81@t€6a fr6macRe §fodpabehses€onB! beahi RASogbA186bmFuat her nore,
t he conpounds of the present invention, as will be described concretely

bel ow, arkyé&rseylegtoup,tac,; ¢t ARkybhayeolpghanaysortPi pbry~orME)r (R3??
purification, storage and pharnaceutical nmanufacturing are easy, and they
are easy and R¥Adeéachsrepugsentf atfigscalbkplindsoup)the present invention,
the conmpounds of the formulas I, IA II, Ill and IV, in which Rl to R4 are
hydrogen, [@&®8bi t VvBrg hegh Cayylaprewptgptionally substituted” refers
to a substituted or unsubstituted aryl group. The
substituents for the aryl group refer to one or more
substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a Ci.s alkyl group, and -OR*!! (or -
OR**?) (R*'* and R®'® each represent a C,.; alkyl group). The
preferred substituents are a halcgen atom, a hydroxyl group, a
C;-4 alkyl group, a methoxy group, and an ethoxy group.
Examples of the substituted aryl group include a 4-
chlorophenyl group, a 4-fluorophenyl group, a 4-hydroxyphenyl
group, and a 4-methoxyphenyl group.
[0099] The term "Cs.y0 aralkyl group optionally substituted”
refers to a substituted or unsubstituted aralkyl group having
7 to 10 carbon atoms. The substlituents for the aralkyl group
refer to one or more substituents selected from the group
consisting of a halogen atom, a hydroxyl group, a C;.s alkyl
group, and -OR™® (or -OR® or -OR**®} (R*®, R*7 and R*° each
represent a C;.s alkyl group). The preferred substituents are

a halogen atom, a hydroxyl group, a C;.4 alkyl group, a methoxy

group., and an ethoxy group. Examples of the substituted C;_ 4,



[ 0107] Among conventional glucitol conpounds were many anor phous

subst ances, which needed to be crystallized together wth suitable am no
aci ds, such as phenyl al ani ne and proline, during pharnmaceuti cal

manuf acturing (US Patent US6774112). However, the conpounds of the present
i nvention having glucitol converted into 1-thio-glucitol are highly
crystalline, and thus need not be co-crdpst-allized with ami no acids. [0108]
For exanple, glucitol conpounds Xa described in US Patent US6515117 are
descri bedazalikiasgypupndnthagehavae-methogypenaklli grbup,Oa 3hd-ot her hand,

t he conpounds Xb of the - 48 present invention being 1-thio-glucitol are
colorIessdpmaubpyybenyyiabsohaving4achébrbhgnpwnngroﬁp79aﬁdta 3. 0C. [0109]
Cl OBt HOZ HC 'OH OH Xa; Z=0O Xb; Z=S [0110] The preferred enbodi nents of
t he conpoGh&Qr@PhPhEleﬁhEéeﬁFOHEvent|on wi || be enunerated bel ow. [0111] In
the formulas | and |A, grefegred exanples of A are -(CH2)n- (where n
denot es ahOifPdger Bheotesms’ hﬂF@FBFEHﬂygrﬁuE EPGFOBP 1¥C€NH€ Enked\where n
denotes an i.nteger refera g é CH=CH (where n
denotes ah® fPﬁ?eEBraoﬁubsFétgteﬁrBFePQSF SﬁltuéeGrth reR Y109r°F9112] The
nor e pref red nulas | and I A__the

preferred FnﬁFﬁa%EBBEPgﬁoﬁoﬁftRCHﬁEtFEOQFY hEQHBParB%Q it8n R Ly BOF&ct to
the thiogygaty+[241d] sIN&cRLE' &L Eﬁdtﬁgb890H5n53n8§sE9%gc8¥p%uﬂ%io%f the

atom, a hydroxyl group, a C;.¢ alkyl group, and -OR*?! (R*%!
represents a C;. alkyl group). The preferred substituents are
a2 halogen atom, a C;.s4 alkyl group, a methoxy group, and an
ethoxy group. A methyl group and an ethyl group are more
preferred. Examples of the substituted heterocaryl group
include a 4-methylthiazol-2-yl group, a Z-methylpyridin-5-yl
group, a l-methylpyrazol-4-yl group, a l-ethylpyrazol-4-yl
group, a l-methylpyrrolyl group., a 2-methylimidazelyl group,
and a 4-methoxyindolyl group.

[0101] The term “heterocycloalkyl group optionally
substituted” refers to a substituted or unsubstituted
heterocycloalkyl group. The substituents for the
heterocycloalkyl group refer to one or more substituents
selected from the group consisting of a halogen atom, a
hydroxyl group, a Ci.¢ alkyl group, and -OR*® (or -OR%?2) (R*!®
and R**? each represent a Ci.¢ alkyl group). The preferred
substituents are a halogen atom and a C,.4 alkyl group, of
which a methyl group and an ethyl group are more preferred.
Examples of the substituted heterocycloalkyl group include a
4-methylpiperazin-1l-yl group, and a 4-ethylpiperazin-l-yl

group.



formula Il according to the present invention will be nentioned bel ow
[0115] In the formula (11), RA and Rc are preferably hydrogen atons. [0116]
The preferred substituent as R8 is a hydrogen atom a hal ogen atom a

hydr oxyl group, a CL_8 al kyl group, or -C)(CHZ)WI-Q (where m denotes an
integer of 1 to 4, preferably m = gﬂg represents a hydroxyl group,
-C2R, -OR 2, -CO2Raa, - CONHZ2, CCNHRa CCNRa"Ra" -NH2, -NHRall, - 49

NRa12Ra12 NHOCRRAS ( wh L2 t
N Bt oS, EHeLCaEnaBats iy ot TR sR1EY, rhBBEET .

o ok oP8la*baTkoke A" IR ER" RE00° o Bhidadng 'as%a& T
(where Rzémﬁéﬂgﬁﬁe%% g}%gjgnﬁbﬂhpgrgueaeew al by 1?1%9 | L ad eﬁy e of

hal ogen ato or a ara group |onal y su stltutéd

mor e subsgawemehsshes&sqniy aeahhe @;E&Wl&&“fﬁé:\ll\g&g 8fs ?ab&hogsftatgm a

hydr oxyl group, a .6 al kyl group, and ere Rals represents a

Cl. 6 al kypot&584ah) saiellz] cBiehamalkyt, RBnl &nﬁlom{.@fnogﬁ'itat an aquﬁlnﬁmal kyl

group, a halogen atom a Cl.6 al koxy group, or - 2-Q [where Q

represent §al€Pd efieCAzRaAmoRagm saa%, déﬁlﬁ@dtéb@Yeh]pr@@donQQ6t|ﬁU|ar|y

preferably, a nethyl group, a chlorine atom or a nethoxy group. [0118] The

pref erredbatpsatéyeant farmites a hydfigerosoenates, halmdbsated ona Batyxcdoxy!

group, a Cl1 B alkyl group, or -OR12 (where Rf2 represents a Cl.6 al kyl

group optaonadtkatsubst steardtebyaashakcdgeneat em sthydsuactnate,armal kyl group

optionallX substituted by one or nore substituents selected fromthe
actobionate, a gluconate, a gluccheptonate, a 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, a hydrochloride, a hydrobromide, a phosphate,
a sulfate, a hydricdide, a nicotinate, an oxalate, a picrate,

a thiocyanate, an undecanoate, a salt with an acrylic polymer,
and a salt with carboxyvinylpolymer.

[0103] The term "salt” refers to a salt with an alkali
metal, an alkaline earth metal, ammonium, or alkylammonium, a
salt with a mineral acid, or a salt with an organic 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 chiral center, they are present

as various dliastereomers or enantiomers. Some of the

compounds and intermedlates of the present invention are also
present, for example, as keto-enol tautomers. Moreover, some

of the compounds and intermediates of the present invention



group consisting of a halogen atom a hydroxyl group, a Cl1_6 al kyl group,
and -ORal5 (where Rats represents a Cl.6 alkyl group)). [0119) Preferably,
RD is a hydrogen atom a hydroxyl group, or a Cl.6 alkoxy group, and
particularly preferably, a hydroxyl group or a methoxy group. [0120] The
preferred substituent as RE and RF are the sane - 50 or different, and each
represent a hydrogen atom a hal ogen -atddm- a Cl1_8 al kyl group, or -ORc3
(where Rai represents a C1_ 6 alkyl group optionally substituted by a

hal ogen aapa(presentOddlyebnetenabligomBsakd-Rorar, ezhy¥dimagen Phosp tlie
fluorine atons. [0122] The preferred substituent as RGis a hydrogen atom
a hal ogencanpoundshgodoiuktegmedpates afCth8 prkpengr donpentpbnodaklyde
substituted by one or nore substituents selected fromthe group consisting
of a hal ogdh of ohhandbevayuenkjbnedr dngivideald] ippmersr addomikhumessod

hal ogen atom a hydroxyl group, or a Cl-a al kyl group optionally
substitutEleBy one or nore substituents selected fromthe group consisting
of a hal pgen_atom an r ox roup. Partrcularly preferred is _a nethyl
group, anl@t®l grods, wa%1|§epﬁéayp éPoEBe oesh EH?HP&??W@Fﬁ?FGQr885°WE0124]
O her preferred substitu S as R are - CON

- CONHRe 4, EE@CRPHREY 5 6%?% EPERAS, i“léﬁ&tm“ §@Ezth386§§é§1tmﬂﬁa ,
-NRa' Rr' i sent a Cl 6 aIkyI

e R (abeetaL. e eﬁiﬂsrkgr BPdapaheBeRtehE "aiRERFer ci by
hal ogen a&e&&).sgggﬁgﬁ;lpgcﬂég 2SR LADEE P hoRsElrBalbh b BERUEy BT 0

aral kyl group group, grou and Reg and
Rea kidney, and can provide pharmaceuticals excellent in the
effect of preventing or treating diabetes, diabetes-related
diseases or dliabetic 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
rharmaceutical manufacturing are easy, and they are easy to
handle as drugs. Of the compounds of the present invention,
the compounds of the formulas I, TA, II, III and IV, in which
R' to R' are hydrogen, exhibit very high crystallinity.
[0107] Among conventional glucitol compounds were many
amorphous substances, which needed to be crystallized together
with suitable amino acids, such as phenylalanine and proline,
during pharmaceutical manufacturing (US Patent US6774112).
However, the compounds of the present invention having
gluclitol converted into 1l-thio-glucitol are highly crystalline,
and thus need not be co-crystallized with amino acids.
[0108] For example, gluciteol 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



each represent a Cl_6 al kyl group, a phenyl group, or a tolyl group).
[0125] Preferred of themare -CO2H, -OR CL, -CO2Ra', -SRO and -NRa'Ra
(where Rol, Rai, Rol and Ra' are as defined above). Particularly preferred
are a nethoxy group, an ethoxy group, - 51 an isopropyloxy group, a
nethythio group, and -CO2Me. [0126] O hgr preferred substituent as Ro is
-0-(CH2)mM -Q@  (where m denotes an integer of 1 to 4, preferably mM =1 or

bguﬁ%ggoprr: 24 %%%a@iﬁﬁ&‘z’?giﬁhrg%lﬁ%-éf%?&zealarmﬁg}sr 8e p%%eﬁxlol Ra
R&12 Cl R_C2 Cl.6

Spoup opt acﬁF%gg ﬁ%g?%?ﬁ?eﬂeg§ yﬁggggeﬁfa?gh? }?)8568 gsﬁnéfe?erred gf Y
them are §FC2Me, -0- CH2C2H, -0- CH2CONMe2, - O CH2CH2O0+, and

- O CH2CH2 Nb2 [ 0128 ] OQther preferred substltuent as RGis -CR f2 (where
Rf2 represents a C3_7 cycloal kyl group~optildnz QEfbstituted by one or

nmore substituents sel ected f'_{omth% gr @ ng of a hal ogen atom a
Where Ral3 represents a

hydr oxyl group, a Cl.6 al kyl™groy 3
Cl 6 al kyl group); or a heterocyoloakaI group optionally substituted by one
or nore substituents sel ect edHd't Omt HBHgr oup consisting of a hal ogen atom
a hydroxyl group, a Cl.6 al kyl grogg, and - where Ral6 represents a

6 al kyl group)), or a heterocycl oal kyl grogﬂi" ionally substituted by
one or nore substituents selected fromthe group consisting of a hal ogen
atom a hlQEbRYyl grBoag, pretirsed| kypbodiveptsant tlBRagompohade oRakRe
represents a Cl.6 al kyl grou i 0129] Preferred of themare a -0-C3.7
cycl oal kyPrggen, i%ventlﬂ@tﬁg ty 9oapk9¢rgteépbebﬁﬂ a heterocycl oal kyl

group.

[0i11] In the formulas I and IA, preferred examples of A
are -{CH;)n- (where n denotes an integer of 0 to 3, preferably
n=1ocr 2), -CONH(CH;)n- (where n denotes an integer of 0 to
3, preferably n = 0} or -(CH;)nCH=CH- (where n denotes an
integer of 0 to 3, preferably n = 0 or 1), and -O-.

[0112] The more preferred example of A is -CH,-.

[0113] In the formulas I and IA, the preferred binding
position of A-Ar® 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 formula (II), R® and R® are preferably
hydrogen atoms.

[0116] The preferred substituent as R® is a hydrogen atom,
a halogen atom, a hydroxyl group, a C;.s alkyl group, or
-0-{CH;)m'-Q' {where m' denotes an integer of 1 to 4,
preferably m’ = 1, and Q' represents a hydroxyl group, -CO.H,

-OR%?, -CO,R%®, -CONH,, -CONHR®’, -CONR™°rR%?, _NH,, -NHR*',



Particularly preferred are a tetrahydropyranyl oxy group, a cyclopentyl oxy
group, and a norpholino group. [0130) Preferred enbodi nents of the conpound
of the formula - 52 1I1l according to the present invention will be
mentioned below. [0131] In the fornula (111), Ar3 preferably represents a
t hi enyl group, a benzo[b]thi ophenyl grou a thieno[2,3- b]thiophenyl group,
a benzofuranyl group, a benzothiazolyl‘ {#cﬂm) an i ndolyl group, a pyrrolyl

group, an im.dazolyl group, ra zol up, pyridyl gro a
pyrim di nyﬁmgﬁgép ox -PICR2RTY @pro.r . Baél)%azBﬁ/Llr gn@ugyﬂ[eggn] Rea,
R9e and Rl10a which are the substltuents HN the group, are the sane or

di fferent re&ﬁﬁség@happefﬁelaéﬂfﬁ’yl GEOPes Bnt %ell'ﬁﬁﬁ%%?] Rtons LR EFPRt om a
b cptighatay Fe iS?iE?/l&P%r P, Ratogem RSAE Rone S0H Ploa, S PORASRRERL 02
el oct od fr Stk %&%’é'ro%%' ind Serfgebr Ay R2PEEER apoRrSaThy AFBHSY BFop, a
or & hot ecodr S OnPalRY 3 BRI Bt tut ed by one or more substi fuents

sel ected thpmt 1C 0 h n | group, a
Cl.6 alkylbgrodgﬁm%rrfgLtfr £ ké%é g?eéﬁabf ?ggggsgﬁ?gﬁg°éﬁméﬂéﬁﬁg| groug)

and the otshsrstb.%ut@aclayaahma%?@a JALRM( 53 ;haoger,a, oakaiikg _§rabgy! group,
or a Cl_6 al koxy group 0134] Preferre enbodlne s of the Conpound of the

fornula bytasaandiyngube tifeteaep9nbnenveninode \Wults the udkitld FadrRlaow.
[0135] In the formula (1V), Ar4 preferably represents a thienylene group, a

benzo[ b] t frephehyl gfeugpr evpsictiag RFEr adWadbeged atom, ta hyrdroxydr garduphat
R20a, R 21a, R and R,

a C;.¢ alkyl group, and -OR®'® (where R

represents a C;.¢ alkyl
group)}.

[0117] Preferably, RP is a hydrogen atom, a C;.5; alkyl group,
a halogen atom, a C;-¢ alkoxy group, or -0-CH,-Q' [where Q'
represents -CO,H or -CO,R*® (R®® is as defined above}], and
particularly 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®? represents a C;.s alkyl group optionally substituted
by a halogen atom(s); or a Cy ;o aralkyl group opticnally
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)}.

[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 are the same



whi ch are the substituents on the Ar4 group, be each a - 53 hydrogen atom
a hal ogen atom a hydroxyl group, a CL.5 alkyl group, or a Cl-6 al koxy
group. R is preferably the same as any of those nanmed as the preferred
substituents as RG [0136] The preferred concrete conpounds of the present
invention are |isted bel ow. . 5O .-

(1S)-1, 5- Anhydro-1-[ 3-(4-ethyl benzyl)phenyl]-1-thlo-D glucitol

1S)-1, 5- Anh -1-13-(4-eth b | ) ph 1]1-1- thio- | uci t ol
(191 T parueRerahe. | 428 BRSH RREHbRAE 4L hepn®aRed, 8 Hlrogen
4-met h | 1- -thioyDsgluci t ol 1a)ed, R A -1-14-¢hl -3.(4
etngyggﬁggﬁﬁﬁhényfT-égFK%ggggg ScPFgrgk ‘Qﬂuﬂﬂyqﬁﬁ reﬁéegengéoa C£5

(191 404 BebupSohf SRR RIGE bl BASRUel b5l v o

(1S)-1, 5- _ enz I en-
4-chl oroppgnyh - 1-t Bi-@rlyrabGi t R and RF ydrogen atoms or fluorine

re

(1S)-1, 5- Anhydro-1-[3-[ (1-benzot hi en-2-yl)nmetiyl]-" phenyl]-1-thio-Dglucitol
(1S)-1, 5- Apbygro-1-[ 3-(4-et hoxybenzyl ) - 6- net hoxy- phenyl]-1-thio-D-glucitol
(1S)-1, 5- Anhydro-|-[3-[(1-benzothi en-2-yl)nethyl]-
6- met hoxypbenyl] - 1- rheopPegbieetokubslk Bruénd- ABNREr s | a [ Byddogehoxybenzyl ) - 6
hydr oxyphenyl]-1-thio-D-glucitol (1S)-1,5-Anhydro-I-[4, 6-di net hoxy- 3-(4-
et hoxybenayhapbgeni atdémt haohPdgbueilt glroup, or a C;.s alkyl group
(1S)-1, 5- Anhydro-1-[ 3-(4-ethoxybenzyl)-4 - 54 -

optionally substituted by one or more substituents selected

from the group consisting of a halogen atom and a hydroxyl

group.

[0123] Preferred of them is a halogen atom, a hydroxyl

group, or a C;.g alkyl group optionally substituted by one or

more substituents selected from the group consisting of a

halogen atom and a hydroxyl 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®,

-CQ,R**, -CONH,, -CONHR*!, -CONR*R**, -COR*, -OCOR*?, -SR®!, -

SOR®?, -SO0,R**, -NHR*®, or -NR*'R*" (where R*, R*!, R®*®°, R®*®, and

R*’ each represent a C,.s alkyl group, R°* represents a Cj.

alkyl group optionally substituted by a halogen atom(s), R“

and R* each represent a Ci.s alkyl group. a C,;.ip aralkyl group,

a phenyl group, or a Cs;.; cycloalkyl group, and R®!, R®*? and R®**

each represent a Ci4 alkyl group, a phenyl group, or a tolyl

group).

[0125] Preferred of them are -CO,H, -OR®!, -CO;R**, -SR®' and

-NR*>R*" (where R%!, R??*, R®! and R* are as defined above).

Particularly preferred are a methoxy group, an ethoxy group,



fl uorophenyl]-1-thio-D-glucitol (1S)-1,5-Anhydro-1-(3-(4-ethoxybenzyl)-4-
hydr oxyphenyl ] - 1-t hi o- D- gl uci t ol

(1S)-1, 5- Anhydro-1-[4-chl oro-3-(2,5-di fluoro-4

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

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

et hoxybenzyl ) phenyl |- 1-t hl o- D-gl uci t oI~ 31 -

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

et hoxybenay| yphpngpyloxyhiogrobpgl acmeghythic group, and -CO;Me.

(1S)-1, 5- Anhydro-1-[3-(4-ethoxybenzy I% 4 methylp henxll 1-t hi o- D-gl ucj t ol
(1S)-1, 5- hAKeEAO- 1- 3hgﬁ|argfgrggd4su stituent as R™ 1s -0-(CH;}m'-Q'

di met hoxybenzyl ) phenyl ] - 1-t hi o- D- Iu0|tol (1S) 1, 5- Anhydr o- I-(4 chloro 3 (4-
met hoxybe ‘zpﬁyﬁhgtnyﬁfnft@ﬁ. Gnpigitegeroief 1 to 4, preferably m’ = 1 or

glf%lé Exéﬂay&[gF%p%fg%ﬁfgggoﬁﬁaapﬁyé) §°g5tPO§8?§PELQ§?F?eg%| hIorophenyI]-

1-t hi o- D-g i tol x91, 5 Qrd - [4=chl 0 3;1(2 fI_ r,gr4u 28
ethoxybenzé bhe §§ fhl ?ﬁ%lrolﬂuf °NHR NR (vhere R*®,

E11§)di1m§,t x§pag;1)1/ a&-[%‘ ZSH;QC ﬁ%ﬂgﬁf@@ygs]c,&ﬁ%ya&k&ﬂl %rzfmtﬁﬂ oarnod3 (4-

thylb H@ﬂ?@é t 4-
gt hg;l tﬁlno?odenzyl )phenyl ] 1 t%aqull Id}gd&%ﬂ&ﬁqwq&étiﬁlﬂﬁ By @
(15)-1,5- ﬁahwgéﬁ atbfighhoro-3-(4 - 55 -

hydroxybenzyl phenyl]-1-thio-D-glucitol (1S)-1,5-Anhydro-I-[4-chloro-3-(4-
[0127] Preferred of them are -0-CH,CO,Me, -0-CH,COH, -0O-
CH,CONMe,, -0-CH,CH,O0H-, and -0-CH;CH,NMe,.
[0128] Other preferred substituent as R® is -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 C;.s alkyl group, and -OR™?

(where R

represents a C;.¢ alkyl group): or

a heterccycloalkyl 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;.¢ alkyl group)}, or

a heterocycloalkyl 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;.¢ alkyl group).

fo129] Preferred of them are a -0-C;.; cycloalkyl group, a -
O-heterocycloalkyl group, and a heterocycloalkyl group.
Particularly preferred are a tetrahydropyranyloxy group, a
cyclopentyloxy group, and a morpholino group.

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



et hyl benzyl ) phenyl]-1-thio-D-glucitol (1S)-1,5-Anhydro-1-(4-chloro-3-(4
I sopropyl benzyl ) phenyl ]-1-thi o-D gl ucitol

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

et hoxy- met hyl benzyl ) phenyl ] - 1- t hi o- D- gl uci t ol

(15) -1, 5- Anhydro-1-[ 3-(4- ethoxybenzyl) 6 hydroxy 4-

nethylphenyll 1-thio-D-glucitol

(1S)-1, 5- Anhydro-1-[3-[(1-benzofuran-2- I)neth | ]
4- Ch|0ropﬁ§ﬁypycprpﬁpg_ ItE (Ryjesent nvention will be mentioned below.

(1S)-1, 5- Anhydro-1-[4-chl oro- et hoxybenzyl)
nethoxyphéﬂ}gf 11-tnit8- BhSIESFWHﬁa(ﬂéfIﬂ SAﬁthH?SeFaPéY(H98Fﬁ8§95§n2yl) 4, 6-

?ilgidlrloéyf\ﬂiiéri‘ %itf’giv?hl[} Hﬁ%ﬁiﬁﬁf@hﬁ@?&ﬁ%ﬁ- ° thienol2, "
met hy! pheg %Hé g-D—% el 19l pel bk lagy A up, betlo¥ndataidn
ethylbenzyl % }yﬁ 8HFI] 1-1 B—BPX&I P P ¥
Lo 0. O GO, Oph Eii“‘g)%fi%ﬁs%ﬁ“% & P IO 0l PAREAUEREDY d5oup.
”?thy|phe%YE%5$z5F&?éE% C'EO§B§ g%zyffug, a pyrimidinyl group, a

(is)-1,5 sopr

net hoxy- 4g ggggyh?megybhpl b anDigbuaizbak1Theolpt er medi ates of the fornula
XV according to present invention iS characterized by having the

substituepb1320R2. R¥ssE@Si ARd Ok hi gheeRsaté UeRé Snpdvtesehbe aflvenéage -
56 that the yield and selectivity for synthesis of this internediate are

better thae’tdeoeppatedthackamg dhi diffebeht | uand. ehOA3plrefonabtyel y, in
t he met hod for producing the
represent a hydrogen atom, a halogen atom, a hydroxyl group, a
Ci-s alkyl group, or a Ci_¢ alkoxy group.
[0133] If 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 gelected from the

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

RalQ Ral9

alkyl group, and -0 (where represents a C;.4 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 -QR?%
(where R**! represents a C;.; alkyl group)., and the other be
each a hydrogen atom, a halogen atom, a C;.z alkyl group, or a
Ci-s alkoxy group.

[0134] Preferred embodiments of the compound of the formula
IV according to the present invention will be mentioned below.
[0135] In the formula {IV)}, Ar! preferably represents a
thienylene group, a benzo[b]thiophenylene group, or a

pyridylene group. It is preferred that R?**, R?*, R’ and R%,

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



internediate of the formula XV (for exanple, Schene 8 indicated below), the
yield in Friedel-Crafts reaction is high. |If the desired product is the
conmpound of the formula XV where Ars is a phenyl group at the para-position
with respect to the Ilinker, only the para-substituted products are forned
and few position isonmers (ortho-substitufed products) are formed by using
this nethod. [0138] Furthernore, of the i™ternedi ates of the fornula XV

according,tq the present invention, the co und i.n which G2.. represents an
oxo g oupPYE5EERBr 2EPMy @ NAIGEERs B5RMnG 1 HREY I FRSRRTd 3 1% i &Home 8)

and the c ound _in i ch ..and ar g1, hydr.ogen at correspondi ng.to
t he corrpoé)g:gugl' A%5: @ 6ﬁef?§“§’)’qhg\];%&dodﬁ1(‘: r%lfstpa‘lg#"?‘ﬁqw né}h%nﬂgs%%,mg%d
can be eagi (o [ iz a I I 0139],cThe preferred
enbodinen?g %¥0%§e5¥%%§rﬁgdﬁaeeig%gfgggﬁi%P%%ﬁg “&%%%%h#ﬁg topthe pr esent

i nventionpyhhkjbe FRAt 'be%y r2e0WonldMAY cohplindsS ot A Prlleiit, G3a

preferably represents a roxyl group; a yl" group”optionally

substitut edvBytienCa®e (RS eqUBRIbiUeNts selected fromthe group consisting
of a halogen atom and a hydroxyl group; -SR a25; -SORa25; _SO2Ra25; or

-ORh1 (where Reig)repseaghydira-al.(8-qldkethg1®enzyanNghhBnly1 y-apriesenps a CL. 6
al kyl group or a C7-10 aral kyl group optionally substituted by a hal ogen
aton(s)), ganginmopte - 57 preferably represents a C1_8 al kyl group optionally
substituted by a hal ogen atonm(s), -SMe, -SOwe, -SO2Me, or a Cl.6 al koxy

group opti onal K¥S3uhsbi-tnhgdroy la [Bal{dgethaxyivemzyd )ipdenyldx\i - group
optionally substituted by a hal ogen atom The position of substitution by
G3a i s pr&haépabrglugdtpdra-position with respect to the linker. The other

synbols are as defined in
(15)-1,5-Anhydro-1-[3-[{(1l-benzothien-2-yl}methyl]-

4-methoxyphenyl]-1-thio-D-glucitol
(1S)-1,5-Anhydro-1-[{4-chloro-3-{4-
ethoxybenzyl)phenyl]-1-thio-D-glucitol
(1S)-1,5-Anhydro-1-[3-(4-ethoxybenzyl)}-4-
methoxyphenyl)-1-thio-D-glucitol
(1S})-1,5-Anhydro-1-[3-[(1-benzothien-2-yl)methyl]-
4-chlorophenyl]-1-thio-D-glucitol
{1S)-1,5-Anhydro-1-[3-[(l-benzothien-2-yl)methyl]-
phenyl]-1-thlo-D-glucitol
{1S)-1,5-Anhydro-1-[3-{4-ethoxybenzyl)-6-methoxy-
phenyl]-1-thio-D-gluciteol
{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
(1S)-1,5-Anhydro-1-[4,6-dimethoxy-3-(4-
ethoxybenzyl)phenyl]-1-thio-D-glucitol

{(15}-1,5~Anhydro-1-[3-(4-ethoxybenzyl)-4-



the formula XV, but nore preferably, G 3b and G3c are the sanme or different,
and each represent a hydrogen atomor a fluorine atom [0141] If Ars is a
benzo[ b] t hi ophenyl group, a benzofuranyl group, a benzothiazolyl group, or
a pyridyl group, G3', G 3b and G3c preferably each represent a hydrogen
atom a hal ogen atom a hydroxyl group, a Cl.6 al kyl group, or a Cl.6

al koxy group. [0142] If Ars is a thienf@4group, it is preferred that G36
be an aryl group optionally substituted by one or nore substituents

sel ect ed floorbpbegyalplethdiosDi-gduefitalhal ogen atom a hydroxyl group, a
Cl.6 al kyl group, and -ORal9 (where Ral9 represents a Cl_6 al kyl group); or
a heteroaryl gfd&p-lopthobyidre-dullSti(duestiokybenaydr) -Mor e substituents
selected fromthe group consisting of a halogen atom a hydroxyl group, a
Cd _6 al kyhydrespphanayllokathionBegdurdtolr epresents a O _6 al kyl group),
and Gab and G3c_are the sane or different, and each represent a hydrogen

atom a hal ogehl8? ok Sadekydre-fy|l 4gehdpro-gr (2. 8194 fAMesey 4gr oup. [ 0143]
Ar5 is pregerablg a phenyl group.. Various nethqods for producing the
conpounds®bRO¥KR nﬁ?iéBRF“W%JéﬂfFBﬁ°WPFElB€i&8§Cribed in detail below, but
are not limt o.those,illustrated, .So r,.there has been a - 58 report
t hat D-glucitofgﬁiFFvgfﬁgggdf ﬁEBZ4§§H}ﬁ5§F§éé30?§u°595r"I gl ucopyr anosi de
whi ch can LR _Qn i f aryl lithiumor an aryl
Gignard ?gga%ﬁﬁgﬁgY?éPﬁggkgﬁagtgﬁégggr ggﬁﬁ&gg (patent docunent 12).

However, 1-th%ggggggnggpﬁégbhgaggg? Qbrgnggggkgﬂiggg_qqt successful ly

produced by ne per un e Sane rtions as nmentioned above.
The 'nvenéeﬁax?sgﬁzw?sﬂengi]alr-%lgggénoblu%a%& studies, that

1-thio-glucitol is produced by ne S
(1s)-1,5-Anhydro-1-[3-(4-ethoxybenzyl}-4-
methylphenyl]l-1-thio-D-glucitol
{18)-1,5-Anhydro-1-[4-chloro-3-(3,4-
dimethoxybenzyl)phenyll]l-1-thio-D-glucitol
{1S)-1,5-Anhydro-1-{4-chloro-3-(4-
methoxybenzyl)phenyl]-1-thio-D-glucitol
(1S)-1,5-Anhydro-1—[3—(4-ethoxybenzyl)-6—
methoy-4-methylphenyl]}-1-thio-D-glucitol
(1S)-1,5-Anhydro-1-[3-(4-t-butylbenzyl)-4-
chlorophenyl]l-1-thio-D-glucitol
(18)-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]j-
4,6-dimethoxyphenyl]-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-glucitol

{18)-1,5-Anhydro-1-[4~-chloro-3-(4-



enpl oyi ng the conditions described below (Method 1 for producing the
conpound of the present invention) The conpound of the formula Vis
obtained fromthe conpound of the formula Il A (aglycon) and the conpound of
the fornmula VIII (thiolactone) by the nethods shown in Schemes 1 to 3.
Then, the conpound of the fornula V is reduced and, if necessary, further
deprotected, as shown in Schene 4, wher €y - the conpound of the fornula |
can be produced. The nethod of synthesizing the conpound of the formula Il A
(agl ycon) hggrogiybenziyl ) phleaydd -3 -tthis - Dagd uchidodet hod of synt hesi zing the
conpound of the formula VIII1 (thiolactone) is shown in Scheme 9. Schene 1:
Car bon- car bon Kl&Rade St-énhiydgFor-daddi-ehlorobdtvden agl ycon and 5-t hi osugar
[0144] R6 RS 88 My 06 R5 R8 R9 Ar7 Are RO plP OM 1405 O R740 S Art AAr2
R7 Rl O OHeth¥lbengyl)phenyld-RriyriocR-ghugdtoloOR ORt2 OR12 VIII V - 59 -

[ 0145] Schene 1 where X _represents a hal ogen atom especially brom ne,
i odi ne or chl ofitRd-1aAP AEosdrd 4afhdoFe-3nddder oaryl or  heter ocycl oal kyl

dhown' i n SERBREPYIERDYIIREERY N dat e S5EHAay . adding A ¢hiol act one
(compound V11,69 3 € hAR3a4e 9299 h1oro-3-(4-
ethoxy-methylbenzyl)phenyl]-1-thio-D-gluciteol
(18)-1,5-Anhydro-1-[3-(4-ethoxybenzyl)-6-hydroxy-4-
methylphenyl]-1-thio-D-glucitol
{15)-1,5-Anhydro-1-[3-[(1l-benzofuran-2-yl)methyl]-
4-chlorophenyl]-1-thio-D-glucitol
{1S8}-1,5-Anhydro-1-[4-chloro-3-(4-ethoxyhenzyl)-6-
methoxyphenyl]-1-thio-D-glucitol
{18)-1,5-Anhydro-1-[3-(4-ethoxybenzyl)-4,6-
dihydroxyphenyl]-1-thio-D-glucitol
(1s)-1,5-Anhydro-1-[{3-(4-ethylbenzyl)-6-methoxy-4-
methylphenyl]-1-thio-D-glucitol
(18)-1,5-Anhydro-1-[4-chloro-3-(4-
ethylbenzyl)-6~-methoxyphenyl]-1-thio-D-glucitol
(1S)-1,5-Anhydro-1-[4-chloro-3-{4-isopropylbenzyl)-6-
methoxyphenyl]-1-thio-D-glucitol
{1S)-1,5-Anhydro-1-[3-(4-methylbenzyl)~-6-methoxy-4-
methylphenyl]-1~thio-D-glucitol
(18)-1,5-Anhydro-1-[3-(4-isopropylbenzyl)}-6-
methoxy-4-methylphenyl]l-i-thio-D-glucitel
The intermediates of the formula XV according to the
present invention is characterized by having the substituent -

OR™. Possession of this substituent produces the advantage



prepared froman aryl halide, a heteroaryl halide, or a heterocycl oal kyl
hal i de (conmpound Il A) and magnesium The anount of the Gignard reagent
added to the thiolactone is about 2 or nore equivalents, nore preferably
about 2 equivalents to about 2.2 equivalents in order to obtain about 1
equi val ent of the desired conpound V.;Hg%rgaction tenperature on this
occasion is preferably -20C to 25C. As a "solvent for preparing the Gignard

reagent, diethyl etggé, t et rahydraof yran or diglyme is naned. As an
addi tive, thate yiedda AgdhSedeatddilty &ory syhf diSmy be used.

&
The reacti,on te rature on this casi,on i s 25C to 150C. referably 40C to
| 00C. [01&8]“;!{!5‘%%% AT G’rﬁth‘&rh b 'ﬁcﬁ"}%%ﬂo&ﬂ“g&%t cycl oal kyl
lithium ' een synthesized by reacting the conpound Il A and a
Iithiun1r§gggﬁggﬁgpgdted from n-butyl lithium tert-butyl lithium and

mesi tyl |irphkgy (Zc%ﬁgﬁ:%ﬁ:ie'ﬁ,hwnp%%ylmétihtow@r%ﬁrgnq%rfg{’ @*%?C’ does not

react with the conpou 'l "However, nagnesi um 2) is added

to the aryhtbrhBii®ce! B heleereRAmiLa iXhi(WHr WxanpAdetcRinmee!goal kyl | ithium
to prepare a Gignard reagent, which can be reacted with the conpound VIII.

As a sol veRlica®@d Bbeadw) lthe yRad i o0 FEieddyiceihes, réget b di8f HigR. or
the like is nanmed, and the reaction tenperature is preferably -20C to 25C.

Schenme 2: I€athendesifed lprivdagd fier Bhrg dompehind o Hisd A YOO whvid

5-thiosugar [0147] RS R1 Rs RS Re 1) n-BuLi RB A1 Are a X Ar7 A Ar20Rs 2)

2-Cc L | @&rf fsRa2phenyl group at the para-position with respect to the
linker, only the para-substituted products are formed and few
position 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 G%
represents an oxo group together with G? (corresponding to the
compound IIo of Scheme 8) and the compound in which G? and G2
are hydrogen atoms (corresponding to the compound IIA of
Scheme 8) have good c¢rystallinity in many cases, and can be
easlly recrystallized as colorless powders.
{0139] The preferred embodiments of the intermediate of the
formula XV according to the present invention will be
mentioned below.
fo149] If Ar® is a phenyl group, G’® preferably represents a
hydroxyl group:; a C;.s alkyl group opticnally substituted by
one or more substituents 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 R™
represents a C;.¢ alkyl group or a C;.;0 aralkyl group

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



RRIITAII" RRERB 1 Rl40 SO R140 SA AAe R H Ro R 18130 ORn
8130 O V., OR12 OR12 VIII V [0148] Schene 2 where Arl represents an aryl,
het eroaryl or heterocycl oal kyl group, and the other synbols have the sane
meani ngs as gi ven above. As shown in Schene 2, conpound V can al so be
synthesi zed by adding a netal halide, f exanpl e, copper (1) iodide or
cesiumchloride, to an aryl lithium a heteroaryl lithiumor a

het er ocycl oal kyl i thium which can be prepared in the sane manner as

ment i oned PABEGE ALy F&Rﬁeé%?plaeﬁl(ﬂcér%%é'&n@qqug ARt ianaddshetuh skl tireding
reacting this congqplex with the c ound_ VII1. The reactign tepperature
during t h8YpPeParesesn asendson ~2Me+ ﬁi%er'edgf‘@ﬁgei'soﬁr@f gi‘éb OF¥C to
-20C. As a_solven us in thi,s.reaction, diethyl ether, tetrahydrofuran or
the I keSFBuRaRRY oMLY Brbhedeittd s¥ ' Nelodem Aot oo’ R PRy
dropw se S i fe bR el (o] l.ym ri ket hyl

et her, mhé?EQS ?ﬁgqgﬁﬁ%ﬁggsﬁﬁ cgﬁ'egpg eﬁaﬁgiﬁae¥h§&$%§ct?§ﬁ ?Q%%g?g ure is

-78C to 0Gs %&%E%&%QE!OhZ%Q'QQa P€ prdESraB 18 E8M B ACA OPSs M 1 dn i F1E¥ded

under the sa
respect to the linker. The other symbols are as defined in

the formula XV, but more preferably, G°° and G’ are the same
or different, and each represent a hydrogen atom or a fluorine
atom.
[0141] If Ar® is a benzo[b]thiophenyl group, a benzofuranyl
group, a benzothiazolyl group, or a pyridyl group, G**, G and
G*° preferably each represent a hydrogen atom, a halogen atom,
a hydroxyl group, a C;.y alkyl group, or a C;.4 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 C;.s alkyl group, and -OR*'? (where
R*!® represents a C,.¢ 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 ¢;.s alkyl group, and -OR**! (where R**' represents a €, alkyl
group), and G'® and G are the same or different, and each
represent a hydrogen atom, a halogen atom, a C; alkyl group,
or a Ci.¢ alkoxy group.
[0143] Ar® is preferably a phenyl group.

Various methods for producing the compounds of the

present invention will be described in detail below, but are

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



conditions as in Schene 1, or the conplex Il' is added to the thiolactone
VIIl, whereby the conpound V can be obtained. Schene 3: Carbon-carbon

| i nkage form ng reaction 3 between aglycon and 5-thiosugar [0149] R30M 9X
R1d0O S 0 1) R3OWX 8140 S O30 R130°,. .,~OR11 OR 12 R13p . OR11 VIII OR12
RORS R8 /~I~R Art L,grz 1y 8140 S 7 A RI0O 2) RS R8 8130,. ,ORli R e
OR12 Af7 AAre RB V XMy R RI0O |X [0150 Schene 3 where Arl represents an

aryl, heteroaryl aor heterocycloalkyl q{oup, R30 represents a Cl.3 al kyl
group or FePC¥Ft7 WAY Snddpcifdy riie%?ﬁ’ iﬁ@fbtcﬁ’é} t%eyrﬂiﬁ? sAed Held ane

ks P Ml R AL B O 1 oo

eacon, bt GaTRES AT LSO U QR Sigmsue et The

Gignard @%ﬂ%ﬂﬁ léﬂ%&ﬁ ‘héifé%é%%&& (patent document 12)}. However,
l-thio-glucitol of the present invention 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-thilio-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 cobtained from the
compound of the formula IIA {aglycon) and the compound of the
formula VIII (thiolactone) by the methods shown in Schemes 1
to 3. Then, the compound of the formula V 1s reduced and, if
necessary, further deprotected, as shown in Scheme 4, whereby
the compound of the formula I can be produced. The method of
synthesizing the compound of the formula IIA (aglycon) is
shown in Schemes 5 to 8, and the method of synthesizing the
compound of the formula VIII (thiolactone) is shown in Scheme
9.
Scheme 1: Carbon-carbon linkage forming reaction 1

between aglycon and 5-thiosugar

[0144]

Mg RE
R9 14 > 14
RO S 0 R0

FI‘IO

Rlao\" "IORH R130\"
vii OR™ OR'2



1.2 equivalents, preferably about 0.9 to about 1.0 equivalent, of R30MgX is
added to the thiolactone VIII. As the C1_8 al kyl nagnesium halide on this
occasi on, isopropyl magnesium chloride, isopropyl nagnesi um brom de, or
t-butyl magnesium chloride is suitable. As the C3_7 cycl oal kyl magnesi um
hal i de, cycl ohexyl magnesi um chl oride, for exanple, is named. As a solvent
used, diethyl ether, tetrahydrofuran or %%he-like is suitable. The reaction
tenperature is preferably -20C to 25C. Then, a Gignard reaction |IX
prepared f{oamstlhe conmpound | | Adleemeadded, wher eupon the thiol actone
selectively reacts wwth I X wthout reacting with the RBOMgX initially
added, with theheresd treprxsents dedialediesomiound st alcl Yo Bromiare . The
anount of the Grignard reagent | X can be adjusted depending on the required
anount of lofdnge s ehlesinsundyy. TADSeEentscqni Raldnt heterivaredi gmar d
reagent 1 X is sufficient to obtain about 1 equivalent of the desired
conpound. heffergcacdioadkyls @nmm. i ke sdhey Gymkols havg e sansy
tetrahydrofuran, and the reaction tenperature is preferably -20C to 25C.

[0151] In“&@@ﬁﬁﬁﬁh@@\ﬂ#ﬂ?qtﬂPQHﬁwe-described met hod, the nunber of the
p0ssi bl o to SyAEHEHE DR NEERR dui s GRIEhY (AR iR o
e o RS DI Tk BB B o oo
R7 Rlo %par%%r'&@ an Wl%e ,Xlal Ih(-itae,ror:u:'yl halide, or a
heterocycloalkyl halide (compound IIA) 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 1s 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-dibromcethane may be used.
The reaction temperature on this occasion is 25°C to 150°C,
preferably 40°C to 100°C.
[0146] An aryl lithium, a heterocaryl lithium or a
heterocycloalkyl lithium, which has been synthesized by
reacting the compound IITA and a lithium reagent selected from
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 heterocaryl lithium
or the heterocycloalkyl lithium to prepare a Grignard reagent,

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



[ 0153] Schene 4 where the synbols have the sanme neani ngs as given above.
Then, as shown in Schene 4, the conpound V is reduced to be capable of
synt hesi zi ng the conpound Xl Il of the present invention in a (3

t ype- stereosel ective manner. As a reducing agent suitable for this
reaction, Et3SiH i-Pr3SiH or Ph2Si HCl %@ used, and BF3Et 20, CF3COOH, or
InC1l3 is naned as a Lewis acid. As a solvent. there is nanmed chl orof orm

di chl oro han oni.trile e I etate, dieth ther, 1, 4-dioxane,
tetrahyd?@%ﬁ?a%? ggié 28 9§%Phﬁixq§Fg fe%hggé t%%F%QFﬁ%EJﬁﬁ¥% ié% &@ uction

react | on, 1 3x§OIBOHASY SnlOLR redBRLIPEANELA LAt e Of several

percent to By conbining reagents or reaction solvents, however, the

proportio Y- BRO S be decreased. A preferred reagent as the
reduci ng gﬁgﬁ?EPElEtBEpﬁgggai%§$§SiH, nore preferably Et3SiH A reagent

preferred as tBenkM@ 3.actarbén-EaB66ROL2hKkA58 CECHMiAR' PeRERIBRAR! y BF3EL 20
The reaction tenperature is -60C to 25C, preferably -40C to OC. Anong

ot hers, tbgtﬁebﬁchbmpc@h aha soltwabkulgari nportant, and the suitable sol vent
is preferably acetonitrile, or a mxture with acetonitrile, such as
acetonitribe4ghl oroformor acetonitrile- dichloronmethane. [0154] R21 to R24
are renoved from-0OR21 to -OR24 of the - 64 conpound XIlIl of the present

i nvention by appropriate nethods, whereby the subshituents are converted
into hydroxyl gropps to, be able to obta

invention. [ i 1 RaeBR23 and Y N2yl | groups or
4- met hoxybenzy 0 Hﬁor‘ex!ﬁplelﬁﬁ R ORI be removed by
cat al yti ¢ hycogenat inz)a?%drogen at\yrosgher egwi t/haot he use of a catal yst
such as pal | adi actRVat ed car bon, I
A s .
RS R
= ) ke
R0—~_S._0  R"“0 \‘A’ R
OHFF R10
R130\" "’0H1 1 H130\“ "'0R1 1
VIl 0H12 0‘R12
v
[0148] Scheme 2

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

As shown in Scheme 2, compound V can also be synthesized
by adding a metal halide, for example, copper (I) iodide or
cesium chloride, to an aryl lithium, a hetercaryl lithium or a
heterocycloalkyl lithium, which can be prepared in the same
manner as mentioned above, to form a complex (compound II') by
transmetalation, and reacting this complex with the compound
VIII. The reaction temperature during the preparation of such
a lithium reagent 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



pal | adi um hydr oxi de, or platinum palladium activated carbon. As a sol vent
used in this reaction, 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 BC13, BC13Me2S, BBr3, Al1Cl3, CF3COOH, or TfOH.
Exanpl es of a solvent used in this reaction are chl oroform

di chl oronet hane, acetonitrile, diethyl” &lher tetrahydrofuran, and anisole.
Advi sably, the reaction tenperature is -78C to 40C 10156] If R21, R22, R23
and R24 adEOBWVL§E §PoBpSUEPERSLPRCPE) coppepy trdidecatissasimachlonidrem i n
di met hyl sulfoxide to |sonerize them ( CH:CHCHS& whereafter the isonerized
groups cahdpdieERBicathtern VRETERE BFEhQBWB&ﬁFo ¢ §a8Pdber PRgERZRAYO,
Alternatively, R21 to R24 can be renoved_ by usin for_exanple, Pd(PPh3)4,
PdC12, orThal Feart#PRctrPRPEALUREDLA rﬁat%et‘br%én%ef@rrwyor gahfFctacid
such as acgtic Cld II:E]éatol nesulfonlc acid hydrate,

NN - di meBffd b3 Laggonesgitsdnil oy adifed wridess the s,
acet oni t b gay g ﬁgygseanggygﬁlelg {pRhyAEob R ckS 8aMed. AdUssaR! ot he

reaction tenperature iS5 synthe3|2|ng t he
aglycon p 5 LalAr2} Re X

anuﬁﬁiéngEfﬁé)XFE? %b?ﬁﬁegctﬁé ?éﬂggPPglglgén é& 05@86 uctlon R6
Ra Scheme 3: Carbon-carbon linkage forming reaction 3

between aglycon and 5-thiosugar
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[0150] Scheme 3

where Ar' represents an aryl, heteroaryl or
heterocycloalkyl group, R’ represents a C;.s alkyl group or a
Cs-7 cycloalkyl 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 is necessary for
the reaction, with respect to the thiolactone VIII. Taking

advantage of the fact that the thiolactone VIII does not react



Do Are Aie RO X RC -AROIlid [0158] Schene 5 where A" represents
-(CH2}n' - (n' denotes an integer of 0 to 21, -CH=CH, or -C=C, Arx
represents an aryl, heteroaryl or heterocycloal kyl group, and the other
synbol s have the sane neanings as given above. If Ais -(CH2)n- (n denotes
an integer of 1 to 3) in the conpound I|lA as the internediate, this
conpound can be synthesized with refér&%fcé to International Patent
Publication WO0127128. Alternatively, the internediate lid can be produced
in accor dehEl i eautypadaptsof| §16ulapardnEeadent, aabsutofndd tenA®o8tG i gnard
reagent wth the use of 1 equival ent of naanesiun1by the method described

above. Al tefngfPi¥pdentfie PERHSLARLY| 80PUt Br Aed® PRPHTalndn&IMdValepti um
b, 5 el R R

he s ool verkY TeaBRRER napaler P HREFCRYsRs SRR, Topo-phyiiaaRsiiPan s
Then. "t hethEbBERK, 1EoFEBFLhilnabMRTbEbN e, Sz (RCPhey ltgnpaltin 1050,
PhZSiHCl,cﬁearfﬁenﬁgesuhggsgﬁéprﬁéea&g cf@tgxéfﬁggﬁfgmahn fﬁﬁbuagiggnpound

I1d can be synthesized. Lewi s acid “thi's Teaction, Et 20
CF3COOH, gyc1bRéikglhaghan®dm AR18r8akYCRbr bREMB1ES 23NRHmER.OTRE04M

di chl oronet hane, acetonitrile, or a solvent mxture of these solvents.

Pref er abl yo1{¥ 88t S@be@Nt aibxhiit eethil, acat @AY Brbeuran or the like is
suitable. The reaction temperature is preferably -20°C to 25°C.
Then, a Grignard reaction IX prepared from the compound IIA is
added, whereupcon the thiolactone selectively reacts with IX
without reacting with the R’MgX initially 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 required amount of the desired compound V. About 1
equivalent of the Grignard reagent IX is sufficient to obtain
about 1 equivalent of the desired compound. The preferred
solvent on this occasion is diethyl ether or tetrahydrofuran,
and the reaction temperature 1s preferably -20°C to 25°C.
[0151] In accordance with the above-described method, the
number of the equilvalents of the expensive compound IIA can be
reduced, and it has become possible to synthesize l-thio-
glucitol efficiently.

Scheme 4: Reduction reaction and deprotection reaction

[0152]



such as acetonitrile-chloroformor acetonitrile- dichloronmethane, is naned.
The reaction tenperature here is - 60C to 25C, preferably -30C to 25C
Schenme 6: Method 2 of synthesizing the aglycon portion [0161] Re rRS Re RS
Re XR MRS op XAr7. Aize Re RRDIlie HO Are Re ITAB A= 0, N\H HO
RIOlit [0162] Schene 6 where Mrepresents -0- or -NH, Art represents an
aryl, heteroaryl or heterocycloal kyl grolp; and the other synbols have the
same neani ngs as given above. A conpound Ile is coupled to an aryl boric
acid, heteroarylboric acid or hetﬁgocycgoalkylborlc acid derlvatﬁye %

with the use of a pall adi um caéglyst Ra copper catalyst | RS

of a base, where a_gaonpound | ng -NH C
t he pal | adi urﬁe?:%F%'f & d@a dm::\d\"

dba: di ben¥yl T dene acetone or JPd ‘Ph3ﬁﬁ° for exanple, is._ C
copper catal yst, CU(CM&?Q i & preR&rred. Exanpl es of thHO‘b'se ‘Q8ed are
t-BuOK, Na2C03, K2CO3, KOH, gmféidine, or triethylamne. ADH sol vent used
in this reaction, there is ygpmed chloroform dichl oronet hale,

N, N- di met hyl f or mam de, tetrahydrofuran, dioxane, or dinethoxyethane. Schene
7: thhodlalgglsynthe5|2|ng tgchem Gon portion [0163]

where the symbols have the same meanings as given above.

Then, as shown in Scheme 4, the compound V is reduced to
be capable of synthesizing the compound XIII of the present
invention in a pf type-stereoselective manner. As a reducing
agent suitable for this reaction, Et;5iH, i-Pr;SiH or Ph,SiHC1l
is used, and BF; Et;0, CF;COOH, or InCl: is named as a Lewls
acid. As a solvent, there is named chloroform,
dichleoromethane, ac¢etonitrile, ethyl acetate, diethyl ether,
1,4-dioxane, tetrahydrofuran, or a solvent mixture of these
solvents. In this reduction reaction, a compounds are formed
as by-products at a rate of several percent to 15%. By
combining reagents or reactilon solvents, however, the
proportion of the by-products can be decreased. A preferred
reagent as the reducing agent is EtsSiH or 1-Pr;SiH, more
preferably Et;SiH. A reagent preferred as the Lewis acid is
BF;*Et;0 or CF;CO0OH, more preferably BF;'Et,0. The reaction
temperature is -60°C to 25°C, preferably -40°C to 0°C. Among
others, the selection of the solvent 1s important, and the
suitable solvent is preferably acetonlitrile, or a mixture with
acetonitrile, such as acetonitrile-chloroform or acetonitrile-
dichloromethane.

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



R5 Friedel-Crafts R5 He RS R8 Rs reaction RS Rs Are Art Are s reduction Art
Are Re Re RR RT COCl RT ORRO R7T RO 119 AreRs j Ilh Rto Ili Il RS Rs
Bromination R X Art A Are Re Rta |II1A A=CH2, X=Br [0164] Schene 7 where
Arl represents an aryl, heteroaryl or heterocycloal kyl group, and the other
synbol s have the sane neanings as given above Friedel -Crafts reaction is
carried out using conpounds Ilg and 17 1e4 wher eby a conpound Ili can be
obtained. As a Lewi s acid used in this reaction, A1Cl13, CF3COOH, or EtAl1Cl12
i's named compoandoRIddt ofi Hvee Aresemted nyenddemohy, apuTaTniediee Methwdsor

tol uene. The reaction tenperature used here is -30C to 60C, preferably -15C
to 25C. THBRTeRY ChRpSuhetltuents wEreowonvieatesy iHe hydraretih gFoiws He

reducti on shomm in Schene 5. Further, the conpound Ilj is - 68 bron1nated

posi t i on- D& 8bdey &py obLiaiy Erh(‘r’mq?é‘l’%’(?dii A e PLEsands SinanHian

e producd1SAd a sGfvEnt: BoedRhedBa & GHER CYREEE A OTRREThanc, 'c'Fé\c%%l
or acetic4-methoxybenzyl groups, for example, R* to R?* can be removed
by catalytic hydrogenation in a hydrogen atmosphere with the
ugse of a catalyst such as palladium activated carbon,
palladium hydroxide, or platinum-palladium activated carbon.
As a solvent used in this reaction, there can be named
methancl, ethanol, isopropanol, ethyl acetate, and acetic acid.
Alternatively, R* to R?** can be removed by using a Lewis acid
such as BCl;, BCl3;'Me,S, BBri:, AlCl., CF3;COOH, or TfOH.

Examples of a solvent used in this reaction are chloroform,
dichloromethane, acetonitrile, diethyl ether., tetrahydrofuran,
and anisole. Advisably, the reaction temperature is -78°C to
40°C.

[0156] If R?*, R??, R?® and R* are allyl groups (-CH,CH=CH,},
t-BuOK is caused to act on them in dimethyl sulfoxide to
isomerize them (-CH=CHCH;}, whereafter the isomerized groups
can be removed with the use of hydrochloric acid or HgCl,/HgO.
Alternatively, R?' to R* can be removed by using, for example,
P4A(PPhs;),, PdCl,, or palladium activated carbon in the presence
of an organic acid such as acetic acid, p-toluenesulfonic acid
hydrate, or N,N'-dimethylbarbituric acid. As a solvent used
in this reaction, acetonitrile, diethyl ether, or
tetrahydrofuran is named. Advisably. the reaction temperature
is 25°C to 100°C.

Scheme 5: Method 1 of synthesizing the aglycon portion



acid is preferred. Further, the m xture NBS-CF3000H H2SO4 is nore
preferred. Schenme 8: Method 4 of synthesizing the aglycon portion [0165]
Rs,~( Rs Friedel-Crafts RS Rs RS Brom nation Rs qri reaction ' q reduction
(ci Br r A2 RsIIA RR7T RB St RT RLIIk urn 0O HX®2C Are R9 No IIn Rl
[0166] Schene 8 where Arl represents an aryl or heteroaryl group, and the
ot her synbol s have the sane neani ngs dSQﬁ'Ven above. If the substituents R5
and RO of the raw material Ilk or 11n are both al koxy groups, for exanple,
the react [BAS 7br oceedi ng according to Scheme 7 may result in a decline in
position selectlvhty for bromnation, failing to optain the desired product
efficiently Rd i s case, as shown in Schemess 8, Bhal ogengtion is perforned
in the flrst , f M91 owed by Friedel- Crafts ctio d reduction. This
nmenner is g gder becallse the ¢o ﬁu A o ed in a higher
yield. The rfead’ on g@aditions for reac i OIR”, orrpl Yq!wi th Schene 7.
Schene 9: Syntq§§|s of thiolactone A@?] - 69 § EH 3,4-DHP, S OTHP AcO

c
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[0158] Scheme 5

where A’ represents -{CH;)n'- (n’' denotes an integer of 0
to 2}, -CH=CH-, or -C=C-, Ar' represents an aryl, heteroaryl or
heterocycloalkyl group, and the other symbols have the same
meanings as given above.

If A is -{CH;)n- {(n denotes an integer of 1 to 3) in the
compound IIA as the intermediate, this compound can be
synthesized with reference to International Patent Publication
WO0127128. Alternatively, the intermediate IId can be
produced in accordance with Scheme 5.

[0159] A compound IIa is formed into a Grignard reagent
with the use of 1 equivalent of magnesium by the method
described above, Alternatively, the compound Ila is formed
into a moncaryl lithium with the use of 1 equivalent of
n-butyl lithium or tert-butyl lithium. Then, a commercially
available compound IIb is added to the Grignard reagent or the
monoaryl lithium, whereby a compound IIc can be synthesized.
As a solvent used in this reaction, diethyl ether or

tetrahydrofuran is named. Preferably, the reaction

temperature is -78°C to 25°C.



AcO 'O Ac AcO~- ""QOAt 2) NaH QAc OAc R11- R4X Illa lllb R 40 S OTHP PATS
R140 5 OH DMSO Ac20 R1405 ORI 30',. ,OR11 10 8130.,. V OR' 10 R 30,. VOR11
OR12 OR12 OR12 111C I EId VIl [0168] Schenme 9 where the synbols have the
same neani ngs as given above. The conpound VIII can be synthesized by
reference to Yuasa, H, et al., J. Cheq; Soc. Perkin Trans. 1, 2763, 1990.
Al ternatively, the conpound VIII can be synthesized in accordance wth

Scheme 9 to_he _described bel ow. [0169] _The hydroxyl group at the 1-position
of a conpb@hBOl| || aTheRn bbeproaReERanlls L&f P@Hé@ nPﬁF@ﬁhaFeGﬁéﬁd

Publ i cati on / 35 ected with prot | rou

which is F’é&%wg h%’(-)'? %é@?g)igj()rﬂﬁ) ﬂ%ﬁ%&ﬁm fOT; ¥ afPey 3&'& der
neutral or __aci I L on exa h dr r s protected
Wih o BE AngBrSS, P UPEES mhcp fofing' dra, %%&w%t%ﬁp

(3, 4- DHP) a p e 15C Iy
pyr|d|n|un}pgﬁgtgFﬁg%egﬁﬁﬁbkggg %g%ED?%Qé$n?héSF§g Etﬂ%oéﬁ%&ﬁgw 178, As a
solvent u act éﬁﬁ%ﬁgh furan

di oxane, 3?%%%?%%9% éﬁe Aéﬁﬁ(ﬁ%r%ﬁégrfyﬂaﬁoronet ane, or to uene S naned
[0170] Thamchweoﬁ\eehahegr Qéﬁ%cﬁfltfz:ﬁ.iecOGEOHn@ollkr@ﬁtahﬁxtu?:@ oFeRed.
Renoval of the acetyl groups can be perforned using a base such as sodi um
met hoxi dego3@dhul. hypFroReEgb1Y | t théeNsoveh OXhiRtupet #$EhUALE86RVERL Be, CESI UM

carbonate, or triethylamne. Methanol, ethanol, or hydrous nethanol can be
such as acetonitrile-chloroform or acetonitrile-
dichloromethane, 1s named. The reaction temperature here is -
60°C to 25°C, preferably -30°C to 25°C.

Scheme 6: Method 2 of synthesizing the aglycon portion

[0161]
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[0162] Scheme 6

where M represents -0- or -NH-, Ar' represents an aryl,
heterocaryl or heterocycloalkyl group, and the other symbols
have the same meanings as given above.

A compound IIe is coupled to an arylboric acid,
hetercarylboric acid or heterocyclecalkylboric acid derivative
ITIf with the use of a palladium catalyst or a copper catalyst
in the presence of a base, whereby a compound IIA where A
is -0- or -NH- can be obtained. As the palladium catalyst,
Pd,{0OAc),, Pd(dba},, palladium activated carbon,

dba:dibenzylidene acetone, or PA(PPh,;},, for example, is named.



used as a solvent. Then, R11-R16X, for exanple, benzyl brom de, benzyl
chloride, allyl bromde, or nethyl iodide, is caused to act with the use of
a suitable base, whereby a conmpound Illc can be obtained. Exanples of the
base are triethylamne, N-ethyl-N, Ndiisopropylam ne, pyridine, potassium
carbonate, calcium carbonate, cesium carbonate, sodium hydride, potassium
hydri de, sodi um net hoxi de, and t - BuoK. - Thé preferred bases are potassium
carbonate, cal cium carbonate, cesium carbonate, and sodium hydride. As a
sol vent udé&dthe CoPPere satakyst N QAR }Ef BERERTTES - -t cExampdesf of ahe

di oxane, %% di net.hoxyet hane i s naned. The reaction tenperature is -20C to

25C. [017PRSthaFed eprto"tBé{QK'véqagFQEtp BaCQap e KOHp o BFEAGADE: PRe conpound
[11c i qQbt dllld.. F th P

be. 1 efroved T EHRRS Eéscsns"ﬁﬁﬁgntl PFE, i tpoTe ﬁ"??&f’t‘?gnyﬁ e5F dfhanol .
Fi nally, | th bl t,
whereby’ aneFeEoBAtE o | AR Yl AR S S " ngent

used in tRig @@S S hydri de, Dess-Martin
perlodlnanestr%&1 ﬁﬁﬂgﬁglthe reactlgﬁiquﬁﬁgggﬁﬁ#glfgpoc to 40C. (Method 2

for produci ng HafeaITAAUNle®holNg B?e§§ﬂﬁ:hgglﬁﬂhb0@he BgayeamP Ut bn0l the
present invention, where Ais -(CH enoteS an integer 1 to 3), can
al so be -[6153§ynthe3|zed by t he nethod shown in Schene 10. A different

met hod for producing a synthetic internediate VA of Schenme 10 is shown in
Schenme 11. Schenme 10: Method 2 for producing the conpound of the fornmula l
E0172]
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[0164] Scheme 7

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

Friedel-Crafts reaction is carried out using compounds
ITg and IIh, whereby a compound IIi can be obtained. As a
Lewis acid used in this reaction, AlCl,, CF.COCH, or EtAlCl, is
named. As a solvent, there is named chloroform,
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 obtained by the same method as the

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



RS RS fi BAr RAIR5S HO-s RMJ Rs AAre D O~~~ 1a S\ Br R7 CHO H+ Br R
J SDRDHRr O 08140 RR3SOOCRt1 Ilp Ilqg "13D,. ORtt DR12 OR12 IVa RS
R3 RS VIII Rfi + R6 A1 Art Are Rs |va --~ R140 S R~ CHO R140 S OHRY
OHCH2) " Rio 8130, OR11 RB R130'. '"OR71 OR12 Are RO OR12 IVb Y-(CIRlo W
1) Et3SiH Et3SiH BF3Et20 IIr Y = O BEgEt O 2) H+ Its Y = MgBr or L_ 3 2

R6ER5 6 5 R6 R6 R5 R6E A1RRO SAR9 ap S R C?O~Rta0 S 11 OHCH21n' R10
Rao R7 A' 8130 11 11 30 1. 30! OR12 12 VA
onl %%jrp ﬁ?ﬁR Js"cf. %ﬁﬁf%ﬁ HS%%%%E@P#% :';12"9% PTHILe bar vl
group, éoeéjé @Hﬁh%ef%n?% Ooigl#]ave rﬁﬁ&@ou&g l\llllgroﬁcgs&@Hnﬁni&é in a

conpound | e Sane neani
(NBS), whereby a compound IIA can be produced. As a solvent

used here, chloroform, dichloromethane, CF,COOH, or acetic
acld is preferred. Further, the mixture NBS-CF.COOH-H,SO, is
more preferred.

Scheme 8: Method 4 ¢of synthesizing the aglycon portion

[01l65]
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[Cl66] Scheme 8

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

If the substituents R® and R’ of the raw material IIk or
IIn are both alkoxy groups, for example, the reaction
proceeding according to Scheme 7 may result in a decline in
pesition selectivity for bromination, failing to obtain the
desired product efficiently. In this case, as shown in Scheme
8, halogenation is performed 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 reaction conditions for each reaction
comply with Scheme 7.

Scheme 9: Synthesis of thiolactone

[0167]



as given above. A commercially available conpound Ilp is heated under - 72
ref lux, together with ethylene glycol and p-tol uenesul fonic acid
nonohydrate, in toluene or benzene to forma conpound Ilg. The reaction
time at this tineis 1 to 24 hours, and it is advisable to performa
dehydration operation using a Dean- Stark apparatus or the |ike during the
heating. Then, in the sanme manner as de cribed in the aforenentioned
Production Exanple 1, a Gignard reagent of the conpound Ilq is prepared,

and then the thiolactone VIIlI is added, whereby a conpound WA can be
obtained. [0174] Ngxt, am gppmnation wil | b 0 ed for one route for

pr oduci nge®he co ound lT%bFihﬁ Br esemel n on tromth Nﬂﬁ@gpound | Va.
First, the_ ef. neacet al__gr oup2of 4f he co u | Va i th an acid
to be abl *%h o taSﬁca conpound |Vb. Hjfoc | oPPE aC|d 2pNagl, uenesul f oni ¢
aci d monohydrat®¢ acetic acid, perchloric a8fd, or Ph3CB 3ﬂhs ngned as the
acid wused in tids reaction. N@thanol et hanm, acetone, chl of onet hane,

water, or a mxture of themis naned as a sol vent. The reaction t enperature
is preferably 25C to 100C. [0175] Then, the conpound |IVb is added to a

Gignard PTHE gan hi um ik dan repared g o
commerci al | y avai ljabl e broﬁ?ﬁ% d |%a.|v r by t%&sgaﬂgg.ggt%o
descri bed R heyaforEnmenti oned Er odetidonyExarill e 1, Schene 4,H‘W’|e yomR'!
conmpound | Vc caroié synt hesi zed. Diethyl @r'Ber, tetrahydrofuran, or QRr!2
di met hoxyet hane %s nanmed as a solvent useg,in this reaction. The reggtion
tenperature is -/8C to 25C. [0176] Further, the hydroxyl groups in the
conpound IVc are reduced in the sanme nanner as described in the
af orenenti oned

[0168] Scheme 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 compound VIII can be synthesized in
accordance with Scheme 9 to be described below.
[0169] The hydroxyl group at the l-position of a compound
ITIa {can be produced with reference to International
Publication W004/106352 pamphlet) is protected with a
protective group which 1is 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-dihydro-2H-pyran
(3,4-DHP), and p-toluenesulfonic acid@ monchydrate, or
pyridinjium-paratoluenesulfonate (PPTS), to synthesize a
compound IIIb. As a solvent used in this reaction, N,N-
dimethylformamide, tetrahydrofuran, dioxane, dimethoxyethane,
chloroform, dichloromethane, or toluene is named.

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



- 73 Production Exanple 1, Schene 4, whereby the conpound | of the present
I nvention can be produced. [0177] It is also possible to synthesize the
conpound | of the present invention fromthe conpound |IVa by a different
route. First, the thiosugar hydroxyl group of the conmpound |IVa is reduced,
and then the ethyleneacetal group is re %ed, wher eby the conpound VA can
be obtained. The reaction conditions for “these reactions conply with the

above-descri bed _nmethods. Then, the conpound VA is added to the Its
conpound, TSHPESd: s RemMeVahffd thea AGRT Y FHPRBITahi RinPattemeed 1sipound

V b tained. Furth th d VX i ted, with 3Si H

" pr 3 1 DOPIOSIER T AP cReTRERLRe s Spatrn BRTESELSPeatihriE
deed ARk EE L B s B R Rt B o BRI b PRRRE e 05T A . sol vent |
usea 1 n reac ) , \ . a solvent,
used i | , e

mixt ure: of LREgy CARLEE P Meh O HENARG, AHALA dhufind R
such as AGElaM 4814 oV erel R, GPeLROKL ke cdbher OBRHAZNC nrchiRRTDC.

The reaction tenperature used here 1s -6 C_to , preferab to 60C.
Schene 11:pdfiyP0ch D6 r S3&1 h&ﬁlfl NBrbomi €6 Tedt ahet Yy 18418k, Res RealRe Ot o R140
S ~$ X 1) n-BuLi R140 S Ar R~ R7 2 bWF Re30~,. ORI1 130". ."ORI1 OR12

OR12 Va \det [@19]t19ehes® df a suitable base, whereby a compound IIIc

can be obtained. Examples of the base are triethylamine,
N-ethyl-N,N-diisopropylamine, pyridine, potassium carbonate,
calcium carbonate, cesium carbonate, sodium hydride, potassium
hydride, sodium methoxide, and t-BuOK. The preferred bases
are potassium carbonate, calcium carbonate, cesium carbonate,
and sodium hydride. As a solvent used in this reaction,
N.N-dimethylformamide, tetrahydrofuran, dioxane, or
dimethoxyethane is named. The reaction temperature is -20°C to
25°C.
{o1711] Then, the protective group at the l-position of the
compound IIIc is removed to obtain a compound IIId. For
example, the THP group can be removed by treating the compound
IIIc with PPTS in methanol or ethanol. Finally, the compound
II11I4 is treated with a suitable oxidizing agent, whereby a
thiolactone VIII can be produced. The preferred oxidizing
agent used in this reaction is dimethyl sulfoxide-acetic
anhydride, Dess-Martin perilodinane, or IBX, and the reaction
temperature is 0°C to 40°C.
(Methed 2 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 1 to 3), can also be



- 74 where Arl represents an aryl or heteroaryl group, and the other
synbol s have the sane neani ngs as gi ven above. Mreover, the internedi ate VA
can be synthesized by treating a conpound Va with n-BuLi, and then adding
N, N di net hyl ormam 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 producing tﬁe7éoﬁpound of the present invention)
The conpound | of the present invention, where Ais -CH2-, and R8 is a
functi onal sypbhpsized Eg thhergethodcehran in SghemecdPar A cdhfbRrenht hesi zed
by utilization of _Stille_coupling (Espinet, P., et al. Angew. Chem Int.

Ed. Engl. ®@fhod Bor ppeduodng: asgypthetjckintagmediatreip Phit Schemegdg) .
vol . 25, 508, 1986% bg maaﬁof a conmpound Vb shown in Schenme 12, or by way
of an int etFedPA¥R 1% SERGWR Lh-Scheme 13. Scheme 12: Method 3 for producing

h d of f I - ' oy
1 Comound o ciigng! SO0 dnd 8 or oafe e MIF b A A ey
"OF111 12 %1XI ii OR I'vd

[0172]

5
HG R HO/\\/OH He
-

Br el CHO g+ Br

Hp

. e

1) EtsSiH, Vb Y=(CHw 1o Et,SiH
BF4E1,0 Ilr Y = Br :
2) . lls Y = MgB or Li = l BF3Et20

[0173] Scheme 10

where Ar! represents an aryl or heteroaryl 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 available compound IIp is heated under



Re R6 R6 R RSyl" Ar2 Re Arl RtaO S Art Bu6Sn2 8140 S SnBu 111 RIO R7 X
R7 3 R130, OR11 R130 OR11 Pd catalyst OR12 OR12 Va Vb R6 RS R6 R4AO S Ari
Are R RT ARo RO ",OR ORR | A=CH2 [0181] Schene 12 where Art

represents an aryl or heteroaryl group, Y represents a chlorine atomor a
brom ne atom and the other synbols hav% t he sane neani ngs as gi ven above.
A commercially available conpound Ila i's Pormed into a Gignard reagent by

t he met hod described in the aforenenti oned Production Method 1, Schenme 5,
with the usefdexi tggetheeEnvish ekhyhenpurdicalt apfabrielpenegeléeondsund |1 a
is fornmed in&& an ﬁﬁtﬁ c%nplex mﬁhh the use of i-PrMd -Li Kita awa1 K.

et al. AngEW PABRRYHRAteryinphglueng orggenzene tWhHF eIk ftarpoynd 11q.
al . Angew. .. Chem _Int. Ed. Engl. . ,.43 333,.,2004). A co und VLI is
added to tﬂ%erﬁgﬁ?F%ﬁﬁ gégﬁeﬂ%,téﬁgrggvéa§scin58ugg P@Hrganggg &5t &fned.

Iher e BNt OEGLBeBEo <, RMTALNELHCobshEtunctasfe Hopeahe e

as describe 7 odu ene 4, r eby "a conpound

Va can be gprpPHUshfard BB ok NEnEOTRRENGuY2nS theCREAH iHEL h BHEPNZi ANtk &

same manner as described in the aforementioned Production
Example 1, a Grignard reagent of the compound IIg is prepared,
and then the thiolactone VIII is added, whereby a compound IVa
can be obtained.

[0174] Next, an explanation will be offered 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. Hydreochloric acid, p-toluenesulfonic acid monohydrate,
acetic acid, perchleric acid, or PhiCBF; is named as the acid
used in this reaction. Methancol, ethanol, acetone,
dichloromethane, water, or a mixture of them 1s named as a
solvent. The reaction temperature is preferably 25°C to 100°C,
[0175] Then, the compound IVb is added to a Grignard
reagent or organolithium IIs, which can be prepared from a
commercially available bromine derivative IIr by the same
method as described in the aforementioned Production Example 1,
Scheme 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 to 25°C.

[0176] Further, the hydroxyl groups in the compound IVc are

reduced in the same manner as described in the aforementioned



pal | adi um catal yst, so that a conpound Vb can be synthesized. As the

pal | adi um catal yst used in this reaction, Pd2(0OAc)2, Pd(dba)2, or Pd(PPh3)4
is named. Toluene is preferred as a solvent, and the reaction tenperature
is 60C to 120C. [0182] Then, the conpound Vb and a conpound IIt are treated
wi th a palladiumcatal yst, whereby the c @pqund | of the present invention
can be synthesized. As the palladium catalyst used in this reaction,

Lol uonc, ~ PERPERGUPL: GRARD 8! Th, REBPHE: Ayl FORkaRY atbpocnaREIRd,tg o Ene
7o a0 Sy PR i S e R R PULEE
5 80 7 Rib 'R 0 ke Fe HfET BagTo Ectiiea™hte® Medollnsi T el o

OR2 IV | ECBrobORf4lnvelietBn 18- uhot Re AbbmbBRAAS 20RS N akY ErREeE! e 0ar V!

group, and the other synbols have the sane neani ngs as gi ven above
route. First, the thiosugar hydroxyl grcup 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 to the IIs compound,
which is a Grignard reagent or organolithium, so that a
compound Vx can be obtained. Further, the compound Vx is
reacted with Et,SiH, i-Pr;S8iH, or Ph,SiHCl 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 reaction,
BF;:Et;0, CFisCOOH, or InCl; 1s named. As a solvent, there is
named chloroform, dichloromethane, acetonitrile, or a solvent
mixture of these solvents. Preferably, a solvent mixture with
acetonitrile, such as acetonitrile-chlorocform or acetonitrile-
dichloromethane, 1s named. The reaction temperature used here
is -60°C to 100°C, preferably -10°C to 60°C.

Scheme 11: Method for synthesizing intermedlate VA

[0178]

1) n-Buli RO
—b.

R’ 2) DMF

R‘ISO\" "IORH H"’O"'

[(0179] Scheme 11



The conmpound | of the present invention can also be - 77 produced by Stille
coupling of an internediate I'Vf and an organotin conpound |1z shown in
Schenme 13. [0185] The internediate |IVf can be produced in the follow ng
manner: [0186] First, the hydroxyl group of a conmpound IVb is reduced under
the sane conditions as in Schene 4, wherehQy a conmpound We can be obtai ned.
Then, the hydroxynethyl group of the corpound Die is brom nated, whereby
the intermediate |Vf_can be synthesized. As a nethod used in this

bromination, a"Rehdi MGt ikHP TR BpIREERF e PEIPAN b FRRIc M ntRR can
be used. Al ernag’vel the h ﬁroxgﬁe;hég group of ihe CﬁnPound Vb IS
sul f onat ed®Wth %@@W%%%sﬁ??%ng e Af8Fi gean Bg?o?ﬁeﬂ <GPk 8 9 ®¢hl oride, or
trifl th I | o5 | i th

br o ot od i 1 ETRafY, 50\ 2htEEmRibPE PRGERCHeCLyRRERT 0y NO"

hl f i Ptri di h t dr of
o G oxanctreft el ChogEhoRRA 06k REh hEbBLL L BhaYEpER hatha kauLr of uran
triethyl angget Ry PESEREMESe , (At DRASAREME PIOAULE Y 448y &Pmeskd Of s
present invention) The conmpound | of the present invention, where Ais

-(CH2) n" - {&acEEon] ebe BRahPALELGrah Ort8tRer i8-naMéd: Nithe £&dctFon
synt hesi zed by utilization of Suzuki coupling (Bellina, F., et al.

Synt hesi s, t¢fperdbur@disd, p28Pdrabiyaurgic Nho H°cal . Chem Rev., vol. 95,
2457, 1995) by way of a compound Vc shown in Schene 14. Scheme 14: Method 4
for produc(mMgthdd 3ofipoupdodiicihg thercuhpotnfilOé87th&8present invention)

The compound I of the present invention, where A 1s -CH;-,
and R® is a functional group such as -COR? or -CO,R®, in
particular, can be synthesized by utilization of Stille
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 intermediate IVf shown in Scheme 13.

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

[01801



Ra hA RO

Ra Rs 7O0RRs Br~A,, RL 1 Iluto Nst R140 S Ar x 1) n-BuL R140

B(OH)2 Base 8130 OR 1 2) B(ORL1)3 RL130r 3) HO 2 Ra ORI2 ORL Va Vc Are RO
RE ORa Ar A- RO Il Cu(OCAc)2 RS 4 A R7 RLo woO R30a" RL OR2

R5 HA 10

I A = CH2,

het er oar yl

O NH etc [0188] Schenme 14 where Arl represents an aryl or

group, A" represents -0- or -NH, A" represents a bond, -CH2-
or -CH=CH, Rk represents a C1L_6 al kyl %ﬁ(ﬂJp, and the other synbols have

t he sane neani ngs as given above. To a conpound Va in tetrahydrofuran,

n-butyl i
treat nent

treated

ar e

ongg enperature on this occasi on iR&~48C tBsSBC.  Then,
dreeh??ﬁ-i—ﬁei—d—w—l—he a gori c i d BfekRQative Ve
‘ chpoumd—+er

R?

Pd catalyst

f0ol181] Scheme 12

where Ar! represents an aryl or hetercaryl group, Y’
represents a chlorine atom or a bromine 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
Productlion Method 1, Scheme 5, with the use of 1 equivalent of

magnesiuim. Alternatively, the compound IIa is formed into an

ate complex with the use of i-PrMgCl-LiCl (Kitagawa, K., et al.

Angew. Chem. Int. Ed. Engl. vol. 39, 2481, 2000; Knochel, P.,
et al. Angew. Chem. Int. Ed. Engl. wvol. 43, 3333, 2004). A
compound VIII is added to the resulting reagent, whereby a
compound IVA can be obtained. Then, the hydroxyl group of the

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

thiumis added, and a tri(Cl.6 al koxy)borane gB(ORI k)) is caused
to act. Theg ti

o egB
%, Ui
can be syn}tMQ)d. (0188140 r‘rﬁh)ﬁ

by



with a palladiumcatalyst in the presence of a suitable base, whereby the
conpound | of the present invention can be obtained. Exanples of a sol vent
used in this reaction are dioxane, acetonitrile, toluene, dinmethoxyethane,
tetrahydrofuran, N, N-di nethylfornmam de, dinethoxyethane/ water,

et hanol /water, and tol uene/ethanol. As tB? base, t-BuOK, Na2CG3, K2C03,
KOH, pyridine, or triethylanine is preferred. - 79 Exanples of the

pal | adi um cat al yst are pal |.adi um acti vated. carbon, Pd2(OAc)2, Pd(dba)?2,
Pd(PPh3)4,P%ﬂ@“¥H%ﬁQ(¥?> 99 1} hSehemec4scvReTeR¥ ReGPMPEHRANYEI GRRgPEhe

“nto the cEHRBRRELY TR £ I SPREOILE A3 Stested vELE BEda ol =
| yi | ' Ln the_ Prod [ d,1, .Sch

i Toto0] BT ERATN et h IR LT G PuRB A php b VBLEER OB rRFRBSSZea e

6, th I | ' = =0: =N 58k

obt;iﬁegopggnlt ép%%%%%ﬁﬁ@r€§€§%ﬁégvﬁgéﬂg£ﬁnéﬁ??v?g?ﬁg?ﬁgdkgbfor pﬁ%ducing

t he conpowng.fr,ae;%eidg qﬁgg@i(; yenti QBhed ] NorSQIRMING | oAl £d Pfa r £5 41

i nventi on, 2)n- or -NHCOQ(CH2)n- (n denotes an integer of

0 to 3), %ﬂ&%gré’%c’@ﬁebi‘eécf‘%ﬂogeﬂﬁéfﬂﬁﬁ?g Y5as8%c | ¢} efspd.ate Vd

shown in Schene 1 or a nethod perforned via an internmediate Vf shown in
Schene 16.[&Céehe 15Thék] htle Scompoha@dvei agdt Secemppanadinrt abe tteatwha |

[0191] 80 R6 R5 Art
with a palladium catalyst, whereby the compound I of the
present invention can be synthesized. As the palladium
catalyst used in this reaction, Pd4,(OAc):, Pd(dba),, PA{PPh;),,
or PACl,(PPh:), is named. As a solvent, toluene,

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

reaction temperature is 40°C to 120°C.

[0183]

Et3SiH,
BF3Et,0 bromination
—_— R40 —_——— .

HB
5
@ Br BusSn
. iz R0
H130\" '10R11 —

OR12 Pd catalyst

IVt
[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



Br rl C2tBu 5 Re R n-BulLi + iPrMyCl iPrBu2MyLi 11y Art n-Bu2My - MAO R
llaa RS Rs Art R140 S 7 CRt-Bu VIIIHRRI30' YJ VORI1 OR12 IVg 1)
Et3SiH, BF30CEt2 2) HO R6 RS R6 R5 Art RlaO S Art 1) n-BuLl R140 S COOH R~
X R7 Re RI130,. ORIl 2) C2 R130.. OR11 Art RO ORL2 OR12 HN-{CH2)n Rio Va
Vd 11W R5 Re R6 R4OS Al ri R- CONH(CHIn ~R9 RI0 R3O, ,' ORI

produced by Stille coupling of an intermediate IVf and an
organotin compound IIz shown in Scheme 13,
[0185] The intermediate IVEf can be produced in the
following manner:
[0186] First, the hydroxyl group of a compound IVb is
reduced under the same conditions as in Scheme 4, whereby a
compound IVe can be cobtained. Then, the hydroxymethyl group
of the compound IVe is brominated, whereby the intermediate
IVf can be synthesized. As a method used in this bromination,
a combination such as PPh;-CBry; or PPhi-N-bromosuccinimide can
be used. Alternatively, the hydroxymethyl group of the
compound IVe is sulfonated with methanesulfonyl chloride,
p-toluenesulfonyl chloride, or trifluoromethanesulfonyl
chloride in the presence of a base, and then brominated with
the use of NaBr or LiBr. As a solvent used here, chloroform,
dichloromethane, acetonitrile, diethyl ether, tetrahydrofuran,
or dloxane is named. As the base, Na,CO;, K;CO;, KOH, pyridine,
or triethylamine is preferred.
{Method 4 for producing the compound of the present invention)
The compound I of the present invention, where A
is -(CH2)n"- (n" denotes an integer of 0 to 2), -0-, or -NH-,
can be synthesized by utilization of Suzuki coupling (Bellina,
F., et al. Synthesis, vol. 15, 2419, 2004, Miyaura, N., et al.
Chem. Rev., vol. 95, 2457, 1995) by way of a compound V¢ shown
in Scheme 14.
Scheme 14: Method 4 for producing the compound of the
formula I

[0187]



OR2 Ib (0192) Schene 15 where Arl represents an aryl or heteroaryl group,
and the other synbols have the sanme neani ngs as gi ven above. A conpound Ily
is treated using an ate conplex i- PrBu2MgLi, which can be prepared from
n-BuLi and i-PrMgCl or i-PrMgBr, whereby an organonetallic reagent Ilaa can
be prepared. This reagent Ilaa is added.to the thiolactone VIII, whereby a
conpound |Vg can be obtained. Then, the . droxyl - 81 group is reduced
under the sane conditions as in Schene 4, and then the t-butyl este€ is
d

subjected to acid hydrolysis, whereby a carboxylic acid derivatiy RVd can
be synthesized. As a solvent used in this reaction, there is na ﬁpxane,
acetonitrile, toluene, digrethoxyethane, tetrahydrof wsan, Bhﬁwu

N, N- di et hyl f or mami &, i met hoxyet hane/ water, e I/vvate(r!lii_| or R

t ol uene/ et hapol . cid, 1 pilic a¢kg ri acld, PAeat@®3000H i s
named. Alt'%rﬁat és heX ca ) H-aci at wg(%am—b&%m—hesized

d

by treating a,caupoiin Va MAﬂmBﬁ“Bbki’rfaﬁ“ LAubbl i ng a carbon di oxi de
gas. TetraHydPof gf arPBY di et feyHcet her i amdd, A5 a sol vent useggsin this
reaction, and theGRé3ction tenperature is -788Rto 25C.  [0193] ~Fhen, the
conpound Vd and ameani ne Ilw are subjected td&cdehydration, c ®at i on,
wher eby the conpound Ab af thas present invention can be dMtai na. As a
sol vent used in thisR ctyofy, chlorof orm dichl oronethandly o&uHAN-
di et hyl f or 1de &s g ROPreferred as a dehydration coRdensation
agent is N, N-di cycl ocargrodi itiede (DCC), N-ethyl -
N'-3-dinethyggﬂ}\ opyhcar bodii m de hydrochl ori de (WSC),

imd zp

N, N- car bonyl (CDI'), or WBC 1-hydroxybenzotriazol e
I A=CHj,, O, NH etc
[0188] Scheme 14
where Ar' represents an aryl or heteroaryl 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 meanings 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 acid or the like, a boric
acld derivative Vc can be synthesized.

[0189] Then, the compcund V¢ 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
obtained. Examples of a solvent used in this reaction are
dioxane, acetonitrile, toluene, dimethoxyethane,
tetrahydrofuran, N,N-dimethylformamide, dimethoxyethane/water,

ethanol/water, and toluene/ethanol. As the base, t-BuOK,

Na,COj;, K;CO;, KOH, pyridine, or triethylamine is preferred.



nonohydrate. The reaction tenperature used here is 0OC to 60C. Schene 16:

Met hod 5' for producing the conpound of the fornmula | [0194] - 82 R6 RS Rs
RS 1 Curtius 1 R140 S COON rearrangenment R140 S NHBoc HCl R7 R7 R130'
"ORt1 RI30,. OR11 OR12 OR12 Vd Ve Re R$ 2RB RB Rs RB 1 RO 1 R140 S Ar
NH2 HO2C- (CH2) n R10 RAO S Ar NHCO(CHZ) n~,4~_R9 R7 IN R7 R10 R130 FOR' R3O0,
OR OR12 OR2 M Ic [0195] Schene 16 whefe Arl represents an aryl or

above. 1 R B¥ (S pESh g SR plt ke A R R Ay dEedy Va1 n
S0 Let S B ST LR O A PCrpiETPOURR Ve SHHALSLOT ) e
presence Sadk e, £ 05400 B g Y i il i L8 0
heat ed undgipt@i- | Whe LRGN YidlicP Wl PBe MFELYed iceEPANPd Ve can be
obt ai ned. Chloroformor tolueneis preferred as a solvent used in this
reaction. cdipdund of the formula I, where A is -C;H;-, by the method
relying on catalytic hydrogenation shown in the Production
Method 1, Scheme 4.
[0190] By employing the method shown in the Production
Method 1, Scheme 6, the compound I of the present invention
(A = -0- or -NH-) can be obtained from the compound Ve and a
compound IIv.
(Method 5 for producing the compound of the present invention)
The compound I of the present invention, where A is -
CONH(CH;)n- or -NHCO{(CH;)n- (n denotes an integer of 0 teo 3),
can be produced by a method performed via an intermediate Vad
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]



but oxycar bonyl group (Boc) of the conpound Ve is renoved by treatnment with
a suitable acid, whereby a conpound Vf can be obtained. The preferred acid
for use in this reaction is hydrochloric acid or CF3COOH. [0196] Then, the
conmpound Vf and a carboxylic acid Ilx are subjected to dehydration
condensation, whereby the compound Ic - gg of the present invention can be
obt ai ned. As a solvent used in this reaction, chloroform dichloronethane,
or NN dinethylformam de is preferred. Preferdsed as a dehydration
condensation agent is N, N-dicycl ocarbodii medes(DCC), N-ethyl-
N - 3-di net hyl am nopr opyl car bodi i m de hydro-ﬁzsride (Ws0) ,

N, N- car bonyl di i m dazole (CDI ), or WSC/ 1-Bwydro ﬁﬁhﬁwotrlazol% nonohydr at e.
The reaction tenperature used here is 0C to, [019 k Rt he substituent
R5, R6, it, Rn-BiePri®iQ on—tiee- |anB;aLMgUhe.t—eLgaJ_yb, ocycl oal kyl ring
of the conpound of the present invention is a hyg B fJ 91-0¢, My an amni no
group, its substituent conversion can be performe ) |tB7aIkyIat|on or
acyl ation. An exanple in which the substituent is a hydroxyllaggroup i s shown
in Scheme 17. The hydroxyl group is reacted with netkyl bronoacetate in the
presence of a base, whereby a conmpound Id can beR Ined. As a solvent for
use in this reaction, dioxane, acetonitrile, tolueggzﬁ dlnethoxyethane

t et rahydrof uran, or N,N—din&thLngaanﬂﬂéo' Ed.

$ag ASOptRY pase, Na20CCB,
K2CO3, KOH, pyridine, or tri eYlnyI amne is pr m{ﬁ
o] qd

[0198] Then, the
met hoxycar bonyl group is hydrolyzed by a r'Apthgd ¢@ekl' known to people

skilled in the art, whereby the conpound Id c@gptbe converted into a
carboxylic acid. Alternatively, the conpound |dng subjected to dehydration

condensation using a prinmary amne or a secondary anine,
1) Et;SiH, BF,0Et,

2) HCI
Ré R?
R140 1) n-BuLi
| 2) CO,
R'30" "OR™
0H12
Va
RS
,/<:>R9
R‘IO
[0192] Scheme 15

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

A compound IIy is treated using an ate complex 1-
PrBu,MgLi, which can be prepared from n-BulLi and i-PrMgCl or
i-PrMgBr, whereby an organometalllc reagent IIaa can be
prepared. This reagent IIaa is added to the thiolactone VIII,

whereby a compound IVg can be obtained. Then, the hydroxyl



wher eby the conpound Id can be converted into an am de derivative. Further
alternatively, the carbonyl group of the conpound Id is reduced, whereby

t he conpound Id can be converted into an alcohol. - 84 - [0199] s RS Re R5
Re Art Are Br~-CO2Me a Arr Are RAO SRT ACHROS R7 A 10 0 CO2M base R
R30" OR1L R30" OR1 OR2 OR2 | 1d R5 Re Are R20 = COON (hydrol ysis) steps R40

A OR20 CONRatoRal o (hydrolysis and ami naBlon) R1 R30CH2OH (reduction) OR2
Is [0200] Schene 17 The conpound of the present invention can inhibit

sodi um dependerits gredwsed cenden s teane ¢EEiRiony . ag 1m. Schemet4, and| .
93, 397, 1994) related to glucose reabsorption in the kidney. [0201) By

i nhi bi ti ndthsa Tthe tbubbotsitenris rubjeated to meddikydeetysldpr ess
reabsorpti on of sugar and excrete _surplus sugar_out of the body, thereby
treating HRARARE & carRoxYhie 2o HARKL @hi vorYectamybrr syyeResbzed t hout

exhaustion of th ancreatic, f3-cells due to gJ.ucose, t oxi Ci
As a séﬁ&gnt useé in thf% reaction,gthere is nameéydioxane,

acetonitrile, toluene, dimethoxyethane, tetrahydrofuran,
N,N-dimethylformamide, dimethoxyethane/water, ethanol/water,
cr toluene/ethanol. As the acid, formiclacid, hydrochloric
acid, or CF;COCH is named. Alternatively, the carboxylic acid
derivative Vd can be synthesized by treating a compound Va
with n-BuLi, and then bubbling a carbon dioxide gas.
Tetrahydrofuran or diethyl ether is named as a solvent used in
this reaction, and the reaction temperature is -78°C to 25°C.
[0193] Then, the compound V4 and an amine IIw are subjected
to dehydration condensation, whereby the compound Ib of the
present invention can be obtalned. As a solvent used in this
reaction, chleroform, dichleoromethane, or N,N-
dimethylformamide is preferred. Preferred as a dehydration
condensation agent is N,N-dicyclocarbodiimide (DCC), N-ethyl-
N'-3-dimethylaminopropylcarbodiimide hydrochloride (WSC),
N,N-carbonyldiimidazole (CDI), or WSC/l-hydroxybenzotriazole
monohydrate. The reaction temperature used here is 0°C to 60°C.

Scheme 16: Method 5’ for producing the compound of the
formula I

[0194]



and inprove insulin resistance. [0202] Hence, the present invention provides
a drug for preventing or treating diseases or states, which can be
aneliorated by inhibiting the activity of SAT2, for exanple, diabetes,

di abet es-rel ated di seases and di abetic conplications. Here, the term

"di abetes"” includes type 1 diabetes - 85_.nellitus, type 2 diabetes
mellitus, and other types of diabetes -d8é to other causes. The

"di abet es-rel ated di seases” are exenplified by obesity, hyperinsulinem a,
abnor mal sacchar onmg{sabgti sm  hyperlipi dem a, hypgschdtesterol em a,
hypertri gl yceri demi aj, abnor méurtius pi d net abol i sm rtensig&h congestive
heart faR1*Ore R, NHEBHE e "diabetic
conplications" |i cht ighs and chroni’c
conpl i cati ogp The” “ggut e conplications” gt udte; fgp't exanpl e,

hypergl ycem a (ke§gpacidosis, etc.), and infectigge (dermal, soft tissue,
biliary tract, rq;plratory and urinary tract gnfections). The "chronic
conpl i cations” |nclude for exanple, mcroangi athy (nephr opat hy,
retinopathy), arteriosgserosis (atheroscm@r05|s myocar di algsi nfarcti on, RE

cla§3|ffed into acute co

cerebral infarctidﬁig??bstructlve arter i%er05|s of | &g extrenltle
etc.), arve d ge ensory 0 nerve et 99
and f oot Hggl)ng aéer?_ i N npl HB{: gﬁi? r B'% ab A{ NACOUCHAET | ¢

nephropathé di.abetic neuLgpaLhy—_%02Q4L-Als the co
present inBeRiop ¢8R be used in conbination mnﬁﬁ)dr gs %'her than SGLT2

activity i nhi bi®R¥s and havi ng different actions of @Bﬁpanlsnl such as
vt

[0195] Scheme 16

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

In Scheme 16, SO0Cl; or {(COCl), is caused to act on a
compound Vd in a solvent to form an acid chloride of the
compound Vd. Chlcocroform or dichloromethane is named as the
solvent used in this reaction. In the presence of n-BuyNBr,
sodium azide is 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 1is
preferred as a solvent used in this reaction. The t-
butoxycarbonyl group {(Boc) of the compound Ve 1is removed by
treatment with a suitable acid, whereby a compound Vf can be
ocbtailned. The preferred acid for use in this reaction is
hydrochloric acid or CFiCOQH.

[0196] Then, the compound Vf and a carboxylic acid IIx are

subjected to dehydration condensation, whereby the compound Ic



a drug for treatnment of diabetes, a drug for treatnent of diabetic
conplication, a drug for treatnent of hyperlipidema, and a drug for
treatment of hypertension. By conbining the conpound of the present

i nvention with the other drugs, an - 86 additive effect due to conbi ned use
can be expected as conpared with the effects obtained by their individual
uses in the above diseases. [0205] Exénﬁpe§ of "the drug for treatnent of

di abetes and the drug for treatnent of diabetic conplication" which can be
used j oi nt9% Hhe PHRSERR LRVentionngangeat SPEPPARY - adbhi B30 lveapnriged

agoni sts, PPARb agoni st s, PPARa/g/b agoni sts etc.g glycosidase

i nhi bi t or 1P pERBNFRRSt PR s PR HOSREPER; oRichlerrPBRLhaRe, PRsNFNA

ool or at ot e thy FEMRRap FAEPL S prdlLRPR: hifint Tiied e A AR ORR Ttase 1 v
C i bi . : h 1B i nhi bi ,

oo oty SV o 02 RGP SO 8 B b
i i or 2 5 ten L S R 0E T Eat AR ELRERS BN b B e MR e
kinase 3 iyhNhidASny @tﬂ:ﬁf&&é‘éiék cPEP! | 98- sc 9l Y gaPhxYbERzBEP1 59614

anal ogues, 'glucagon-+| e peptlde-ﬁ agoni sts, anyrin, anyrin ana?ogues,

anyrin agopbsdpyash € OCoRd COL Lk £658PE dhpdPh fEPET §h8a ndld- §!¥.C'b°’c>£>’§6eé@‘*gi

dehydr ogenase 1'nhibitors, aldose reductase i1nhibitors, protein kinase
i nhi bi t or spoy9 AN nobrk yEhée s6betiteepPtRY, aftagdni ats rSsed i diannad

antagoni sts, transcription factor NF-KB inhibitors, IKKP inhibitors, liquid
per oxi dasearylhj lhéesoatihcedy | as eeracy¢béalkpti didgpept tHaseompanndi 6o6r s,
insulin-like growth factor-1, platelet-derived growh factor (PDGF),

pl at el et - dené vexe gt inventbon (POGEF) hydroxyl group or an amino group,
its substituent conversion can be 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
reacted with methyl bromoacetate in the presence of a base,
whereby a compound Id can be obtained. As a solvent for use
in this reaction, dioxane, acetonitrile, toluene,
dimethoxyethane, tetrahydrofuran, or N,N-dimethylformamide 1is
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 carboxylic acid.
Alternatively, the compound Id is subjected to dehydration
condensation using a primary amine or a secondary amine,
whereby the compound Id can be converted into an amide
derivative. Further alternatively, the carbonyl group of the
compound Id is reduced, whereby the compound Id can be

converted into an alcohol.



anal ogues, epidermal growh factor (EGF), nerve growh factor, carnitine
derivatives, uridine, 5-hydroxy-I|-nethylhydantoin, - 87 BGB-761,

vi mochronor, sul odexi de, Y-128, and TAK-428. [0206] The foll ow ng
pharmaceuticals are shown by exanple as the drug for treatnment of diabetes
and the drug for treatnment of diabetic ggnplication: [0207] As the

" bi guani des", nmetform n hydrochl oride an phenform n are naned. [0208] O
t he 'insullin1 retion accelerators', sulfonylureas named are gl yburide
(gl i bencl am'de), glipizide, gliclazide, and chl orpropam de, and

non-sul fonyl ureas nanmed are nateglinide, repaglinide, and mtiglinide.

[ 0209] The "insulin preparations” include genetically engineered human

i nsulin and aninal-dehived Lnsulin. These preparations are cqusified into
3 types accordi ngrt 0 e uration of action, nanely,rsa Rrmedit e- acti on
type (hunpn insulizpl1 neutrsh\meuMbn)m an inter at =c[Lgn type
(i nsul i nBRim-$sePhia UDHN suspensign, M A TsUTI0 N~ 004N

i sophane insulij n jsuspensiR®iR, human iggylin zinc en&ion, R*sulin zinc
suspensi onf*0 any” aOR' ol onged-action type (hur® cryst@Rline insulin zinc
suspensi on). [03AD] As the "gl ycosi dase inhibitors"gr?acarbose, voglibose,
and mglitol are named. [0211] O the "insulin sensitizing agents", the
PPARy agonists naned are troglitazone, pioglitazone, and rosiglitazone,

t he PPARa/y dual agonists nage R- 767 (KRP-297), Tesaglitazar, LMi156,
LY510929, DRF-4823, and TY-5 Bt he PPAR® agooH$fiyaroleiged are

GW 501516, edeps [ 02 S 1t® dyR*Pept i dBERRYIPRA N MY&HbIY Fhd amination)
UCL- 139, ett:.—a'r‘?nan:%\“ R CH,OH (reduction)

[0200] 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 treating diabetes.
Thus, this compound can correct hyperglycemlia without
exhaustion of the pancreatic f-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 inhibiting the activity of SGLT2, for example,
diabetes, diabetes-related diseases and diabetic complications.

Here, the term "diabetes” includes type 1 diabetes



- 88 [0213] As the "dipeptidyl peptidase IV inhibitors”, NVP-DPP728A,
LAF- 237, P32/98, and TSL-225 are nanmed. [0214] As the "al dose reductase

i nhibitors”, ascorbyl ganolenate, tolrestat, epalrestat, fidarestat,
sorbinil, ponalrestat, risarestat, and zenarestat. [0215] As the

"y-am nobutyric acid receptor antagonists", topiramate, etc. are naned.
[0216] As the "sodi um channel antagoni§t§5,'nexiletine hydr ochl ori de, etc.
are nanmed. [0217] As the "transcription factor NF-KB inhibitors"”,

dex! i pot arfpelblttugy ctybeed. diababes Agelhbtus| papdpetberdbi¥eesnhdfbitors, "
tirilazad _nesilate, etc. are naned. [0219] As the

"N-acet y| AEaRetes ndae. te| atReHepePE88e inhibitors,” GPI-5693, etc. are
naned. [0220] As thg "carnitine derivatives", _ carnitine,_ . levacecarnine
hydrochl ori de, ER€. %}%bﬁgﬁ%aFe%§5ﬁ$l@is%?s?ﬁe ﬂFﬁge¥ﬁWp%?5§?ﬁeh¥ of
hyperlipidem a. and . the dru or treatiment of h tensi pn' ich can be
16d | concentEsirT R er PTLIS Ay aPRRtmeL . SXRSh e ElRo R bl ror o
fibrate c - adr ' S | :

L orat e B By SR ARG SECERLE ARPN. Shopor IR JOLLNBLRRS,
receptor agond sty 1%@9&%ﬁé@@&li‘@:ﬁorﬁ#gflﬁéﬁé‘i%EOéé??éls@fé& hahppitors,
m crosone triglyceri transfer profeinh inhibitors, poxygenase

i nhi bi t or sga CAIRL ! | §FeRa| MhiO¥tul{iS8R{ 8! 388a §HREDI tors, squal ene synthase
inhibitors, low density |lipoprotein receptor accelerators, nicotinic acid

derivativepp203B9 biidfe aCtNe aUSDABEPL S, coMPl VA EQURE CUabl | 81a650F1ea
transporter
into acute complicatlons and chronic complications.

The "acute complications” include, for example,
hyperglycemia (ketoacidosis, etc.), and infections (dermal,
soft tissue, biliary tract, respiratory, and urinary tract
infections).

The "chronic complications”™ include, for example,
microangiopathy (nephropathy, retinopathy), arterilosclerosis
(atherosclerosis, myocardial infarction, cerebral infarction,
obstructive arteriosclerosis of lower extremities, etc.),
nerve damage (sensory nerve, motor nerve, autonomic nerve,
etc.), and foot gangrene.

Main complications are diabetic retinopathy, diabetic
nephropathy, and diabetic neurcopathy.

[0204] Also, the compound of the present invention can be
used in combination with drugs other than SGLT2 activity
inhibitors and having different actions of mechanism, such as
a drug for treatment of diabetes, a drug for treatment of
diabetic complication, a drug for treatment of hyperlipidemia,

and a drug for treatment of hypertension. By combining the

compound of the present invention with the other drugs, an



i nhibitors, cholesteryl ester transfer protein inhibitors, angiotensin
converting enzyne inhibitors, angiotensin Il receptor antagonists,
endot hel in converting enzynme inhibitors, endothelin receptor antagonists,
diuretics, calcium antagonists, vasodilative antihypertensive agents,
synpat hetic bl ocking agents, centrally %%thg anti hypertensi ve agents,
a2- adrenergi c receptor agonists antiplatelet agents, uricogenesis

anorect | c2adbErebrEEFSee oo phnBbiRad! Bee ton BgonroetteRlalo agoni st
and GPRAO . g 200Ri 51 %etg sdbpg I,@ﬁaig.sﬁatﬂg‘ingiﬁhxaaiii@hgi%sesnﬁnt he

drug for hypéer Tensi on armaceutrcal s

i1 lustrat JRIIEIY 0821] As t he "hydroxynethylglutaryl CoA reduct ase
inhibitoregn f?ﬁvast%f?%é %%vastatin pravastatin, cerivastatin, and

pi tavastatjg@sf ”anﬁﬁamfii’ggZJ:fAstﬁQed ﬁ?bféfetfeﬁ’i?ﬂﬂﬂgs Eﬁéﬁét@éaéﬁd

becl obrate, and binifibrate are naned squal ene synt hase

i nhi bi t or sthe Td¥ud 7Por affea tm@ROSEH0ALEVEL OB 2EEmPEL EXBLDbHESWh VSR 844 2B86)
are nanmed. [0224] As the "acyl-CoA: chol esterol acyltransferase

i nhi bi tor sysed’ jdfAd1y Nfe 128su T{h- 2R 711 8 d 3488nt YCOPRARy agowh ) 129

are naned. [0225] As the "I ow density |ipoprotein receptor accelerators”
MD- 700 andppAR&XAPAE4bral£t AMPFARY Gl A | IFPARE B/8sagbnliEigl, yeetei gde

transfer protein - 90 inhibitors (MP inhibitors)", t he conpounds descri bed

in USP 57@8Dv35sidisie SinRibdtans, USPgBaniads, ainsndindsef0@RIbnExanpl es of

the "anorectics" are adrenergic-
accelerators, insulin preparations, glucagon receptor
antagonists, insulin receptor kinase accelerators, tripeptidyl
peptidase II inhibitors, dlpeptidyl peptidase IV inhibitors,
protein tyrosine phosphatase 1B inhibitors, glycogen
phosphorylase inhibitors, glucose-6-phosphatase inhibitors,
gluconeogenesis inhibitors, fructose bisphosphatase inhibitors,
pyruvate dehydrogenase inhibitors, glucckinase activators,
D-kairoinositol, glycogen synthase kinase 3 inhibitors,
glucagon-like peptide-1, glucagon-like peptide-1 analogues,
glucagon-like peptide-1 agonists, amyrin, amyrin analogues,
amyrin agonists, glucocorticoid receptor antagonists,
11f-hydroxysteroid dehydrogenase inhibitors, aldose reductase
inhibitors, protein kinase C inhibitors, y-aminobutyric acid
receptor antagonists, sodium channel antagonists,
transcription factor NF-kB inhibitors, IKKf inhibitors, liquid
peroxidase inhibitors, N-acetylated-a-linked-acid-dipeptidase
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-1l-methylhydantoin,



noradrenergi c agents (e.g., Mazindol and ephedrine), serotonergic agents
(sel ective serotonin reuptake inhibitors, e.g., Fluvoxam ne),

adrenergi c-serotonergic agents (Sibutramne, etc.), nelanocortin 4 receptor
(MCAR) agoni sts, a-nel anocyte-stinulating hornone (a-MCH), leptin, and
cocalne- and anphet am ne-regul at ed transcrlpt (CART). [0228] Exanples of the
"thyroi d hornone receptor agonists” areallﬁthyronlne sodi um and

| evot hyroxi ne sodium [0229] An exanple of the "chol esterol absorption
|nh|b|tor"EG$S7@ketV¥W?ﬁﬁr?®QBO]S%ho sutpee ¥rlzhe andpBAR-AABibitor" is
orlistat. 0231] Anp the "carnitine pal mtoyl transferase inhibitors" is
et onmoxi r. %¥$e§°%4°?ﬁ%9"HPEEWgﬁ?Et%E?HSd%F?v%P?VBstaPﬁamﬂiﬁot|n|c

%ﬁijﬁ ag:sﬁf%%ﬂfé" dci# EfckesPlient SEcHleberan anduche dBugordr, ¢
34

i bi t or ST %m%%ﬁt o i FIEERLFE P hEral PR O e en i and ol Lazdpri |

0235] Ex .

candobar t SAT et 116 TAES, PAGE ?%éélbﬁaﬁg%gif%%ﬁ?{‘ PEE0LR1Pr1 86 amg

ol mesart an, iECAS M f - atd2Bhe gxanples of the 'endothelin converting enzyne
|nh|b|tor are CGS-31447 and CGS-35066. - 91 [02371 Exanpl es of the

“endot hel i po3@EEPL Oroﬂn’El@QO“iﬁéﬁilnaé@c#eiﬂ&ﬁoéccgﬁgrégéﬂs' and BM5-182874.
[0238] In the treatment of diabetes, etc., for exanple, the conpound of the

present i nMENtoPLUBesS NBaRed esré Og.b?buﬁi@é e(gbiyensEamide FONGLOPL E0Ae W t h
at | east one drug sel ected
gliclazide, and chlorprepamide, and non-sulfonylureas named
are nateglinide, repaglinide, and mitiglinide.
[0209] The "insulin preparations” include genetically
engineered human insulin and animal-derived insulin. These
preparations are classified into 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-action
type {(human crystalline insulin zinc¢ suspension).
[0210] As the "glycosidase inhibitors”, acarbose, voglibose,
and miglitol are named.
[0211] Of the "insulin sensitizing agents”, the PPARy
agonists named are troglitazone, ploglitazone, and
rosiglitazone, the PPAR0/y dual agonists named are MK-767
(KRP-297), Tesaglitazar, LM4156, LY510929, DRF-4823, and
TY-51501, and the PPAR) agonists named are GW-501516, etc.
[0212] As the "tripeptidyl peptidase II inhibitors”

UCL-139, etc. are named.



fromthe group consisting of insulin sensitizing agents (PPARy agonists,
PPARy/y agoni sts, PPARy agonists, PPARy/y/S agonists, etc.), glycosidase

i nhibitors, biguanides, insulin secretion accelerators, insulin
preparations, and di peptidyl peptidase 1V inhibitors. [0239] Alternatively,
it is considered preferable to use the conpound of the present invention in
conbination with at |east one drug seledt®d fromthe group consisting of
hydr oxynet hyl gl ut aryl - CoA reductase inhibitors, fibrate conpounds, squal ene
synt hase iﬁﬁ?gﬁﬂors,A&cﬁhﬁcﬁﬂ#@ﬁ@ﬁégﬂér@Bpté@?ﬁﬁréN%ﬂ@héﬁéﬁqmm"bitors, | ow
density Iiﬁﬁgrotein receptor __accelerators, mcrqosone triglyceride transfer

protein i AXEPPEEIL8Ran&A ng3dcet £32/9%@0228 FRL -gitar RFCePaME4- of the
present in iqn can b aqm,ni st ered system,cal or |.ocall an ora
route or aYSgg#gnter§§ Sgﬁtea§§8ﬁ3a§ei - Fgéﬁﬁgﬁtan€@é§£%§l

I ntramuscul ar. -intravenous. qr _percutaneous.rouyte. (02411 | n _order to use the
conpound ongﬁéeBngénF%HFﬁ%gﬁtro %g?r§%§ﬁ§rn§3§ﬁf%@§F%'aﬁfI% l'such as a
solid co It | Lqui 0Si_t.i:0 I ot her conposition, may be
enployed,ngﬁahgkgggP?ﬁu%g ggﬁgggﬁéeFégtggnggeggéﬁrred. The pharnaceuti cal
of the pre hnventioR,can,b [o y epd] p Lgally
acceptableiggﬁpﬂer wﬁthp%e Y gﬂgﬁggﬁ%gg%g %?PéhgggggggﬁtQﬁ%ggﬁﬁgékg '
COncreteIyto?ﬁrgﬁgkgtegkc_ arkuhlkinag .agent, a binder, a disintegrant. a
coating agent, a sugar coating agent, a pH regulator, a solubilizing agent,
or an aqueouseqr NOABJEBRUS sHAivm) chadik 10antaigohilsts™) @@IINRtikee, IS
added to the conpound of the present invention. The resulting m xture can
be forned, hpdracacerddephanteacane aamedranuf acturing techni que, into a

dosage form such as tablets,
[0217] As the "transcription factor NF-xB inhibitors”,

dexlipotam, etc. are named.

{0218] As the "lipid peroxidase inhibitors,” tirilazad
mesilate, etc. are named.

[0219] As the "N-acetylated-c-linked-acid-dipeptidase
inhibitors,” GPI-5693, etc. are named.

[0220] As the "carnitine derivatives”, carnitine,
levacecarnine hydrochleoride, 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-CoA reductase
inhibitors, fibrate compounds, P:-adrenergic receptor agonists,
AMPK activators, acyl-CoA:cholesterol acyltransferase
inhibitors, probucol, thyroid hormone receptor agonists,
cholesterol absorption inhibitors, lipase inhibitors,
microsome triglyceride transfer protein inhibitors,
lipoxygenase inhibitors, carnitine palmitoyl transferase
inhibitors, sgualene synthase inhlibitors, low density

lipoprotein receptor accelerators, nicotinic acid derivatives,



pills, capsules, granules, a powder, a solution or liquid, an enulsion, a
suspension, or an injection. Exanples of the excipient and the bulking
agent are |actose, magnesium stearate, starch, talc, gelatin, agar, pectin,
acacia, olive oil, sesane oil, cacao butter, ethylene glycol, or any other
material in comon use. [0242] Alternatlggl , the conmpound of the present

I nvention can be pharmaceutically manufactured by form ng an inclusion

3?2“8323 ti‘ehié@ocﬁﬁ?%r%ﬁ Fo BroL %‘r«?cmﬂ%%“%#fédw*éﬁ%%é’%%ﬁﬁ ESZE‘PL
ahﬁfﬁ.siu?ﬁf*é PiBonde %%%%ﬂ?fxﬁ oFe et 1o fer RRGLHER, %%Pi\ﬁ%%“ietg
1, 000

melght/ggfkﬁﬁﬁﬂgﬁ Canq%&{ ter %ﬁ%@gﬁg ?E%F |%8£%€€é§ o glv ded
portions daiddy t&¥es &9 nié%@Alen&5¥ﬁ5@5ﬁ1¢555§¥@f? CShz éeiﬂﬁfﬁgﬁbﬂ%,

pr epar at I on exa ag ycon nol etl es e cohpounds o

present i nueddLidn £ e dPeshtadbePetfl | uFei®s ¢ dafyphpesi s of
2,3,4,6-tetra- O benzyl -5-thi o-D-glucono-1, 5- |actone 3, 4-Di hydro-2H pyran

(1.5 nm, ]&ﬁag’ﬁmiét-ﬁﬂdvdbodpimL&ﬁﬁhfp@@t&]mhdﬁéﬂt§ (2Pfipathe 01649
nmmol) were added to a chloroform (40 nL) solution of 2,3,4,6-tetra-0O

acetyl - 5- thlaciingd LRyt anosenPally), adt 499 namt ihyperséhsied agéntopm
tenperature for one hour. The reaction m xture was
az~adrenergic receptor agonists, antiplatelet agents,
uricogenesis inhibitors, uric acid excretion stimulators,
urine alkalizing agents, anorectics, AGE inhibitors,
adiponectin receptor agonists, GPR40 agonists, and GPR40
antagonists.

As the drug for treatment of hyperlipidemia and the drug
for treatment of hypertension, the following pharmaceuticals
are illustrated by example:

{0221] As the "hydroxymethylglutaryl-CoA reductase
inhibitors,” fluvastatin, lovastatin, pravastatin,
cerivastatin, and pitavastatin are named.

[0222] As the "fibrate compounds”, bezafibrate, beclobrate,
and binifibrate are named.

[0223] As the "squalene synthase inhibitors”, TAK-475, and
a-phosphonosulfonate derivatives (USP 571239%96) are named.
[0224] As the Tacyi-CoA:cholestercl acyltransferase
inhibitors”, CI-1011, NTE-122, FCE-27677, RP-73163, MCC-147,
and DPU-129 are named.

[0225] As the "low density lipoprotein receptor

accelerators”, MD-700 and LY-295%427 are named.

{0226] As the "microsome triglyceride transfer protein



added with a saturated sodi um bi carbonate aqueous sol ution and extracted
with chloroform and after the organic |ayer was washed with brine, it was
dried with anhydrous magnesium sulfate. After the desiccant was filtered
of f, the residue obtained by evaporating the solvent under reduced pressure
was purified by silica gel colum chrgnﬁ ogr aphy (hexane: et hyl

acetate=1:1) to obtain pale yell ow anorphous tetrahydro 2H pyran-2-yl

2,3,4, 6- tetra O acety] -5-thin- E)glucopyranose H& %0245% Then, a 25
wt % sodi um e TR Rn#?ﬂ??%)QHShi heco d? %% Fhet 1RsUSRided to

g, gezlhgn?é{%&g%éelf% L%+f#%; Iﬁm "E@%y%?%ﬁ%{%p ’[Zggn?zg‘sl and stirred for
three_hourﬁg %?i é} Seopnt cgn5¥éb£c§% ?&%eﬁgﬁgf trallze t he

reaction |on M Xt ure " was’ conce obt ai ned

id | f | ut
ggzgdugropw seto ale%jijspeé‘#"sl on %%dlrﬁé]’l ydri dél%ﬁ)( Ed;ﬁﬁ) ng’mljl I ogo\éfs
oi ) and Nk iRl & %g@fméiegéhé@eive %r&%ﬁfm'f@ué@ﬂ%@ﬁhﬂlﬁﬂ;ﬁf{of@?

reaction mxture was stirred a roomtenperature for It was

cool ed to d(gantrrsiednind 1, hed¥en e By 081 $rd Porfe Bgi S2adeit®! ) - The reaction

m xture was stirred at roomtenperature for 12 hours, added w th nethanol

(5 m) and sivuteinig, cdl Nutmslafidertines receptOn (MEAR) cayérietised
with an iced water and extracted with ethyl acetate, the organic |ayer was

washed W tdnildito ot i imsll 4t 1 kg dwitlsoelS(dagcep| uleptin At énd Abbealhde
desiccant was filtered off, the residue obtained by evaporating the solvent

under reduuel gEsstasinesrearldtiedl tyansétiph GGARED! utm chr omat ogr aphy
(hexane: et hyl acetate =6:1)
[0228] Examples of the "thyroid hormone receptor agonists”
are llothyronine sodium and levothyroxine seodium.
[0229] An example of the "cholesterol absorption inhibitor”
is ezetimibe.
[0230] An example of the "lipase inhibitor” is orlistat.
[0231] Among the "carnitine palmitoyl transferase
inhibitors”™ is etomoxir.
[0232] Examples of the "nicotinic acid derivatives”™ are
nicotinic acid, nicotinamide, nicomol, and nicorandil.
[0233] Examples of the "blle acid adsorbents” are
colestyramine, colestilan, and colesevelam hydrochloride.
{0234] Examples of the Tangiotensin converting enzyme
inhibitors” are Captoril, enalapril maleate, alacepril, and
cilazapril.
[0235]} Examples of the “anglotensin II receptor
antagonists” are candesartan cilexetil, losartan potassium,
eprosartan mesilate, and olmesartan medoxomil.

[0236] Examples of the “endothelin converting enzyme

inhibitors”™ are CGS-31447 and CGS-35066,



to obtain tetrahydro-2H pyran-2-yl 2,3,4,6-tetra-0O benzyl -

t hi o- D- gl ucopyranose (3.36 g, 96% for three steps). (0246] A m xture of
tetrahydro-2H pyran-2-yl 2,3,4,6-tetra-0O benzyl -5-thi o-D gl ucopyranose
(3.30 g, 5.15 mmol ), pyridinium p-toluenesul fonate (518 ng, 2.06 mol) and
ethanol (58 nL) was stirred at 80C for émo hours. The reaction m xture was
cooled to roomtenperature and the solvéht “was concentrated. The obt ai ned
resi due was dissolved in ethyl acetate. After this solution was washed with
a sat ur at dP L um Franitat et theeRRIeHet 1nrefRPEPT naRtagondst T i ed

wi t h anhydr ous nesium sul fa % After the desiccant was filtered off, the

resi due We?srep&h% Dy BETi21 4ol 20 BYS- 13t ography (hexane et hyl
a?e;ﬁ:;ﬁtfr;aes;e%zr’ms@m%ﬁéﬁ% L
1270, - gﬂ@v?na%do?%%{?meri? %&%@%ﬂ"’%?% ca%%wﬁer%% ) 4i7m7xt ure of
giﬁefhglg§%§OX|Jﬁﬁgﬁ§lﬁﬁ§ and acetlc anhydr| %5%%%€)o€%2&g r%%F%Ee?oon1
f/v:'[rg(rargngr%xté act ec%i; ?:stf’g‘zﬂ‘?feﬂﬂ diﬂfle orgaﬁ?gﬁg%as%&was vvash d

Wi th watery &i%%#r@‘ﬁhéﬂd'd@n@scﬁ beald agvadsts S PPARCGY /5 PaGOE1 S04,
dried with anhydrous magnesi um sul fate. Aftér the desiccant was filtered

of f, the reasi.oue gibtendiadhdy isvEpDtats Nbidearsideent ingdEin r eekiceh i essur e
was purified by silica gel colum chronmatography (hexane:ethyl acetate=6:1)

to obtai rcadmmtieass, disulin | prepapotichy 2. 8nd), AB2EHt1dyl N Risd/Hz,
CHLOROFORMd) 8 ppm 3.70 (d, J=4.8 Hz, 2 H)
IV inhibitors.
[0239] Alternatively, it is considered preferable to use
the compound of the present invention in combination with at
least one drug selected from the group consisting of
hydroxymethylglutaryl-CoA reductase inhibitors, fibrate
compounds, squalene synthase inhibitors, acyl-CelA:cholesterol
acyltransferase inhibitors, low density lipoprotein receptor
accelerators, microsome triglyceride transfer protein
inhibitors, and anorectics.
(0240] 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, intravenous or percutaneous route.
[0241] In order to use the compound of the present
invention as a pharmaceutical, any form, such as a solid
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



3.86 - 4.02 (m 2H 4.09- 422 (m 2 H 4.40 - 4.68 (m 7 H 4.83 (d,
J=11.4 Hz, 1 H 7.12 - 7.41 (m 20 H). (0247] Preparation Exanple 2

Synt hesis of 2,3,4,6-tetra-0O (4-nmethoxybenzyl)-5-thio-D glucono-1,5-1actone
Synthesis was perfornmed in a simlar manner as in Preparation Exanple 1

usi ng 4-nethoxybenzy| chloride in place _of benzyl brom de. 1H NWMR (300 MHz,

CHLOROFORM-d) 8 ppm 3.60 - 3.66 (m 2H)9§ -"3.81 (m 12 H) 3.81 - 3.91
(m 2 H 4.01 - 4.15 (m 2 H 4.29 - (m?H)474(d J=11.2 Hz, 1 H)
6.78 - 6. ngPf'ezrﬁun% qﬂﬁ thepreseny %We@tiﬁw Loncretsdy.mams excigisms]

Preparation Exa t hesi s of r onp- 3- ( 4- et hox benz benzene A
M o b TR, S8R 2 PRASH: (& BLEAT Geahy oSO8t Lng YT oF

At re?”?ﬁﬂes?ﬁéé’%?%c‘%%ﬁ? 499980 3 &W@lﬂﬂﬁéﬁ PR GEeRIY 2%3%91% e
sol uti on ofy JahL.aID r@yg NN RN sisdg[gdcmangn

further stirr e’ reaction mxture

t enper at ung, Affseroc?&]aed r{a@c{ rac%‘g ’ﬂgg‘?‘ﬂe%‘“@ fm{ég{#%et At egmymoni um

chl ori de aqueous sol ut1on an acet organi c

| ayer was jMasied vy thy DEdRe cé’:{‘%é”f&ﬂné\&t %f‘r@ywrf&hkﬁn BSETA LGN EHEA B €.

After the deS|ccant was filtered off, the residue tal ned by evaporating
the sol ventadii¥iedt et CEb dHEEGE © Moo eraés@b byorhi 4h6R 46! t&PleF®,

chr omat ogr aphy (hexane: et hyl acetate=7:1 to 5:1) to obtain colorless oily

(3-bronopheinls ( 4apsules, granules, a powder, a solution or liquid, an
emulsion, a suspenslon, or an injection. Examples of the
excipient and the bulking agent are lactose, magnesium
stearate, starch, talc, gelatin, agar, pectin, acacia, olive
0ll, sesame o0il, cacao 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-, P- or y-cyclodextrin or methylated
cyclodextrin.
[0243] The dose of the compound of the present invention
differs according to the disease, symptoms, body weight, age,
or gsex of a patient, or the route of administration to the
patient. For adults, the dose is preferably 0.1 to 1,000
mg/kg body welight/day, more preferably 0.1 to 200 mg/kg body
weight/day, which can be administered once daily or in several
divided portions daily.
Examples
[0244]
[Preparation Examples])

Hereinbelow, preparation examples for aglycon moieties of



et hoxyphenyl ) net hanol (3.94 g, 90% . (0249] Then, Et3SiH (4.09 nL, 0.0256
nol ) and BF3Et20 (1.47 nL, 0.0116 nol) were added sequentially to a
chloroform (22 mL) solution of (3-bronophenyl) (4-ethoxyphenyl) nethanol
(3.92 g, 0.0128 nol) at -60C. After stirred for one hour, the reaction
solution was warnmed to roomtenperature. ,After the reactlon m xture was
added with a saturated sodi um carbonate % ueous solution and extracted with

chl or of or t he %ﬁﬁsnlc | ayer was washed with brine and dried with
anhydr ous% nqs o dhe RS e Ch P YR AFI9 IR of f, the

resi due o% alnedt§§ gr%ﬁg{at ng the sol vent under reduced pressure was
purified § P&TE nb chronatography (hexane: ethyl acetate=50:1) -

t b I I 300
Ve, OL R A A '*%a # PR 3iulth s{ﬁ@mq 201 (q
J=7.0 Hz, 12 bn 83 (d, J=8.9 Hz, 7.07 (d, J=8.9 Hz, 7.09 - 7.18
(m 2 H } 7.34 (m 2 H). [0250] Preparati on Exanple 4 SyntheS|s of

2- (5- br ono- 2 mgt Ao RIE 2L RAMP (N .ePhENe 16l 5 rMdL PWnd ig-hi um hexane
sol ution (30.5 nl) was added to a élxture ‘of benzo[b]$h|opﬁ£ne (6.6 g,

0. 049 nol }ocaRénelsAFIME FHdild mdrefh  ((18CmAAf ters o1 inidAd) fudrd. 5

hours, the reaction m xture was added with a tetrahydrofuran (50 ni)

sol uti on eiddedirteme ZnIRide@otne (24 aEhy & Iutldh bf @ BL4 /oitatrd104 her
stirred for five mnutes and warned to room tenperature. After the reaction

m xt ur e wasezgded -whiilo -® - glataupytrech carar? ..U, hl50.rd 9 ennecdluje sl st iitiieah and

extracted wth ethyl acetate, the organic phase was washed wth brine
at room temperature for one hour. The reaction mixture was
added with a saturated sodium bilcarbonate aqueous solution and
extracted with 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 sclvent 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 2,3,4,6-tetra-O-acetyl-5-thio-D-glucopyranose (2.56
g).
[0245]

Then, a 25 wt%¥ sodium methoxide solution (0.11 mL, 0.55
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
residue was dissolved in N,N-dimethylformamide (20 mL). This

solution was added dropwise to a suspension of sodium hydride

{L.3 g, 32.9 mmol; 60% o0il) and N,N-dimethylformamide (4 mL)



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 colum chromatography (hexane: et hyl
acetate=6:1) to obtain pale yellow crystal (1-benzothien-2-yl)(5-brono-2-
met hoxyphenyl ) met hanol (11.3 g, 69%. [0g31) Then, Et3SiH (10.3 niL, 0.0642
nol ) and SF3Et20 (4.10 nL, 0.0321 nol) were added sequentially to a

chl orof orm 0 soJutio f -benzot hi.en- 2-.yl.) (5- br.ono-

met hoxyphe“"r%/%13 rf{étl_%'a%%&?ci’. 2°7, elf( é‘-:?fl rr?&c)q:i&n "?é@u(rﬁ & t%téqreé% A% xture
was stirr for, O .5 hou ratl ed sodi bi carbonatge a Qus, sol ution
was addedépol%".g Eﬁq“ﬁ?ﬁ%t'\gé% P%’?(ta#"gcrﬁ%lbuwsfh Jéﬂ]l%?%f%??w?e nﬁopﬂg’ecﬁrﬁlani c phase
was viashedyadid o Mo sl ofls v L9, apiveingis MRoneRl WoaHldg e, The
resi due obtal ned by evaporating the sol veht under reduce pressure was

purified Gy sidredardie! s COHEA LSO L0GH OSEmpdat e XEGe: £3 Wbups el addedV: 1) to
obtain a title compound (9.84 g, 92% as a yellow crystal. 'H NWR (300 M,

CHLOROFORW-Lhh Imétarfo B4 £ L B 4lld 4sdirfsd Lor Ho tniutds . J2EterHanel H)

7.01 (s, 1 H 7.19 - 7.37 (m 4 H 7.65 (d, J=7.8 Hz, 1 H) 7.73 (d, J=7.8
Hz, 1 H He&32 oB3ixthire M3 add2d24ith epar bted nwdienpand SeDyradiesd s of

2- (5-brono- 2--chl or obenzyl ) - 1- benzot hi ophene Oxalyl chloride (3.78 mi,

0. 0441 mo¥itraretByIN-ack tetdy | floe nergarel ¢ 0l Dferriwaswevaeslaed el tio s or of orm
(20 nL) solution of 5-brono-2-chl orobenzoic acid (10.0 g, 0.0425 nol).

After the ahoirigd miahuranhigdreus mmagnes iy gnltaper atifiter dhe

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 obtain tetrahydro-2H-pyran-2-yl 2,3,4,6-tetra-0-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-glucopyrancse (3.30 g, 5.15 mmol), pyridinium
p-toluenesulfonate (518 mg, 2.06 mmol) and ethancl (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. After this
solution was washed with a saturated sodium bicarbonate
agueous solution and brine, it was dried with anhydrous
magnesium sulfate. After the desiccant was filtered off, the
resjidue was purified by silica gel column chromatography
{hexane:ethyl acetate=3:1) to obtain 2,3,4,6-tetra-O-benzyl-5-
thio-D-glucopyrancose {(2.89%9 g, quant) as a colorless crystal.
3¢ NMR (125 MHz, CHLOROFORM-d4) & 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,



one day, the reaction m xture was evaporated under reduced pressure. The
obt ai ned yell ow oily substance was dissolved in chloroform (20 nL). This
sol ution was added dropwi se to a m xture of N. O-di net hoxyhydroxyl am ne
hydrochl oride (4.56 g, 0.0468 nol), triethylamne (12.3 nL, 0.0882 nol) and
chloroform (50 nL) for 15 mnutes, while intaining the reaction
tenperature at 5Cto 10C. After stirred ?g?-15 m nutes, the reaction

m xture was warned to roomtenperature. After water (20 nL) was added to

e et o o N i e, oranie
orfne, " andndh o R e T S A e
pressure t%&gcnotﬂéjlltnanﬁsger o‘fr%i“z% chi Zér)'oqlfl-%r'r"e(m](s)k y@/ﬁ"%@%‘f e%’%%?‘ﬁ d@‘i? fﬁ‘g )8 g,
ouri 11 cat o Yghat wfivbifle G o g atingd f XEin G il 1O
to a tetrgfydrofyan ( 19%?%%3%3'1% B x@hre MaMade@nhAi® Mn ice

nmet hoxy- N-met hyl benzam de (10. , 0.0388 nol) so that the interna
t enper at U@ tdird A AXGeRA ed QG th R HEREdH B td] Hil R0 BJdd1& brdge 15C

for one hour and carefully added wth a saturated amoni um chl ori de aqueous

sol ution ang WM hactH WeEtaib) ef swnfrdtdd eyeii i foMdibared td caquided t he
filtrate was extracted with ethyl acetate, the organic |layer was washed

w th 1M hyeladtilcar, Gmicied,arsd shtiadtweick!s Gdihydr da < andyed Bamm et S0l ut | on,
brine, and then dried with anhydrous magnesium sul fate. After the desiccant
was filtedtemfthe tdes iszdandntwasa s icvpmditatE urider residesl gpesined o
obt ai n 5- brono- 2-chl orobenzal dehyde (8.1 g, 95% as a pale
evaporating the solvent under reduced pressure was purified by
sllica gel ¢olumn chromatography (hexane:ethyl acetate=6:1) to
obtain a colorless olly title compound (2.3 g, 82%).
'H NMR (200 MHz, CHLOROFORM-d) & 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-methoxybenzyl chloride in place
of benzyl bromide.
'H NMR (300 MHz, CHLOROFORM-4) § ppm 3.60 - 3.66 {m, 2 H) 3,77
- 3.81 {m, 12 H) 3.81 - 3,91 (m, 2 H) 4.01 - 4.15 (m, 2 H)
4,29 -~ 4.58 (m, 7 H) 4.74 (4, J=11.2 Hz, 1 H) 6.78 - 6.90 (m,
8 H) 7.03 - 7.10 (m, 2 H) 7.11 - 7.30 (m, 6 H).
[0248]

Preparation Example 3



yell ow crystal. This was used in the next reaction wthout purification.
[02541 1.6 Mn-butylithium hexane solution (26.9 nL) was added to a

m xture of benzo(b]thiophene (5.8 g, 0.043 nol) and tetrahydrofuran (58 ni)
at -78C over 20 mnutes. After stirred for 0.5 hours, the m xture was added
wth a - 100 - tetrahydrofuran (50 nl) | ution of 5-brono-2-

chl or obenzal dehyde (9.0 g, 0.041 nol) and stirred for further five m nutes.

it Ur o VEEPCREAS V1% 1L PRI 2k £ SRR Ch] BF 8RR qucous. Sol Ut i on and
fhlttaét:dd ZVHI %EM%E‘E&%& nfe’i?‘ﬁm%?%‘%%e 3‘%&%&%’3@@?? ki, ; &dadd
pressure %s puir}ﬁ I'ed [gfl b 0@% %ﬁ% ﬁﬁ? ﬁoﬁht%@‘?ﬁ% ‘?ﬁex%wng et hyl

ahi or ophergT ne{fﬁ“??é]‘f%"{o"%& 7 %);f’w 5] *f?ﬁgz%Et st £ Y35 °0 s

mol ) and &3P EdsS. 6. STthou:Qs 029 f@Ha fﬁmﬁm | 861¥t16n eof
chloroform (110 nmL) solution of (1- benzothlen 2-yl) (5-brono-2 chl orophenyl)

met hanol F-Hrcomdberzdldshyad ) (265 19C. 0 .ToEe 3 MeST] | wils NAdded & awe¢ warned to
roomtenperature and stirred at the tenperature for ten hours. After the

react i on fupthere swirreadidise Wis minstd sirtad edhrsm dt hien ba get Do ah Bx aGe ots
solution, the organic phase was separated, washed with brine and then
dried w trooamnHyenpara tegme s iddrhegu (that ereadftion mHettos owentaddests wiitht e ed
of f, the residue obtained by evaporating the
saturated ammonium chloride agueous 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 residue obtailned by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate=7:1 to
5:1) to obtain colorless oily (3-bromophenyl)(4-
ethoxyphenyl)}methanol (3.94 g, 90%).
[0249]
Then, Et;SiH (4.09 mL, 0.0256 mol) and BF3yEt,0 (1.47 mL,
0.0116 mol) were added sequentially to a chloroform (22 mL)
solution of (3-bromophenyl)(4-ethoxyphenyl)methanol (3.92 g,
0.0128 mol) at -60°C. After stirred for one hour, the reaction
solution was warmed to room temperature. After the reaction
mixture was added with a saturated sodium carbonate agueous
solution and extracted with chloroform, the organic layer 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=50:1)



sol vent under reduced pressure was purified by silica gel colum
chromat ogr aphy (hexane: ethyl acetate=60:1) to obtain a colorless oily title
conmpound (5.5 g, 56%. 1H NWR (300 MHz, CHLOROFORMd) b ppm 4.30 (s, 2 H)
6.98 - 706 (m | H 7.22 -7.37 (m 4 H 7.43 (d, J=2.3 Hz, 1 H 7.64 -
101 - 7.72 (m | H 7.72 - 7.80 (m 1_F% _El 336(M). 338(Mr2), 340(M4).

[ 0256] Preparation Exanple 6 Synthesis 7

1- (benzyl oxy -2-bronD-4-(4-etho&gfenzy%}benzene Benzyl bromde (3.1 ni,

0. 026 nolY¥® Al T IRSE RELY oFH T BLe R MM dt Ds8heRzal ¥Bhyde (5.0 g,

0. 025 nol,) et rabutyl ammpni um i odi de, (0.92 g, 2.5 .nmo]) Qtassi u

car bonat e 6’"@‘9{3% %M%L%F%&iﬂfhim%%f'&%rﬁ'dej=(17fporﬁ5' 1) oom

t enper at sty rred, f 5 hours... An j ce; wat I Xt ur e, (3100 was
pour ed tolg'a%n&e'ac i%)ﬁ 4nié>g ue%' a'flnpy’tieﬂé‘r eisﬁ'ﬁ \ﬁ’[ﬁso %r][ i%lrjlé V\?as&‘gt [ ?}%h for
one hour. | t4 cipitat s_fiqlier rd to obt ai
4-benzy|8&§?é?ﬁ%ﬁdﬁn é%?g de Jgg ??@% g,*@%§36g3%2q5g|2§§%l|o§f%§m@%?.2
(0257) Hwen, 1.6 Mn-butyllithium hexane solution (22.9 n) was added to a
m xture of 4-bronophenetole (7.3 g, 0.037 nol) and tetrahydrofuran (70 nlL)
at -78C. A3y stirred for 0.5 hours, 4-benzyl oxy-3-bronobenzal dehyde (7.0
g, 0.024 nol) in a tetrahydrofuran (70 nL) solution was added and further
stirred Hrypaimtniont@eampy 4 he reaction mixture was warnmed to room
tenperature. After the reaction m xture was added with a saturated amoni um
chl ori de Syouidwassi ss afiitd -ofb -chacbmext 2 -and Broxybdriz ¥l hyl - et atlel oplener gani

phase was washed with brine and dried with anhydrous magnesi um sul f ate.
After the 1.6 M n-butylithium hexane solution (30.5 mL) was added

to a mixture of benzo[blthiophene (6.6 g, 0.049 mol) and
tetrahydrofuran (66 mL) at -78°C. After stirred for 0.5 hours,
the reaction mixture was added with a tetrahydrofuran (50 mL)
solution of 5-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 ammonium chloride aqueous 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 hy
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography {hexane:ethyl acetate=6:1) to
obtain pale yellow crystal (l-benzothien-2-yl){(5-bromo-2-
methoxyphenyl)methanol (11.3 g, 69%).
[0251]

Then, Et,SiH (10.3 mL, 0.0642 mol} and BF3Et,0 (4.10 mL,
0.032]1 mol) were added sequentlally to a chloroform (110 mL)
solution of (l-benzothien-2-yl){(5-bromo-2-

methoxyphenyl)methanol (1.2 g, 0.0321 mol) at -15°C. After the



desiccant was filtered off, the residue obtained by evaporating the solvent
under reduced pressure was purified by silica gel columm chromatography
(hexane: et hyl acetate=4:1) to - 102 obtain colorless oily

(4- (benzyl oxy) - 3- br onophenyl ] (4- et hoxyphenyl ) et hanol (8.7 g, 86% . [0258]
Then, Et3SiH (6.7 nmL, 0.042 nol) and BF3E{20 (2.7 nL, 0.021 nol) were added
sequentially to a chloroforn1(90 m) so ution of

4- (b I b th I t I 0.021 I t
L5 Ay mietd, r°”%%3ra#é T O R R P ARG AN e to T obm
t t { t t d t t ed d
c:mg:]:t g"g&&?f&?? SGl %[({ e(r%ll)(‘:‘laln elx t)rgLacr % %%%ghl )(ﬂ" gﬁfﬁtafa:ﬁgr %Fganisg : zl;;/ner
was Washegx\enrtalg th otz n%rh;iro' ofM t Ig:l A )én :%déﬁb@;%y\#agpgora | ng hh‘,_@Iter t he

desi ccant was Itere e résidue € sol vent

under redyged Bﬁ%@ura%mewrdﬁe%dmrﬁla s %@qm.t Ilfmrscmt £ aphy

(hexane: ethyl acetate=10:1) to obtain a colorless ol tl e conpound (8.8

, t H 0
g J900) MW s . i i

6.98 - 7. pPecBurd kWhs/ patifiedby B118dd) gell wwrmwﬁﬂmd@wml e 7
Synt hesi s of 1-brono-3-(4-ethoxybenzyl)-4-mnmet hoxybenzene Preparation was

per f or ned (hexanei: eithgl mowtateasit ) Rreepartadiron BExbnpd ecSmpsung (9.84 g,
5- br onp- 2- net hoxybenzal dehyde and 4-bronophenetole. 1H NVR (300 MHz,
CHLOROFORRRE) @sppnyeldow tcrydtall) 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,
'H NMR (300 MHz, CHLOROFORM-d} & ppm 3.84 (s, 3 H) 4.17 (s, 2
H) 6.76 (d, J=8.7 Hz, 1 H) 7.01 (s, 1 H) 7.19 - 7.37 (m, 4 H)
7.65 (d, J=7.8 Hz, 1 H) 7.73 (4, 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 mL, 0.0441 mmol} and N,N-
dimethylformamide (0.06 mL) were added to a chloroform (20 mL)
solution of 5-bromo-2-chlorobenzoic acid (10.0 g, 0.0425 mol).
After the reaction mixture was stirred at room temperature for
one day, the reaction mixture was evaporated under reduced
pressure. The obtained yellow oily substance was dissolved in
chloroform (20 mL). This scolution was added dropwise to a
mixture of N,O-dimethoxyhydroxylamine hydrochloride (4.56 g,
0.0468 mol), triethylamine (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 reaction mixture was warmed t¢ room temperature.

After water (20 mL) was added to the reaction mixture, the



J=8.6 Hz, 1 H 6.81 (d, J=8.7 Hz, 2 H 7.09 (d, J=8.7 Hz, 1 H - 103 7.13
(d, J=2.5 Hz, 1 H 7.27 (dd, 3=8.6, 2.5 Hz, 1 H). [0260] Preparation
Exanpl e 8 Synt hesis of 1-brono- 3-(4-ethoxybenzyl)-6-mnmethoxybenzene
Preparation was perforned in a simlar manner as in Preparation Exanple 3
using 3- brono- 4- met hoxybenzal dehyde and g4-bronophenetole. 'H NVR (300 Mz,
CHLOROFORMd) S ppm 1.40 (t, J=7.0 Hz, 3 3.83 (s, 2 H 3.86 (s, 3 H

4,01 , J9=7.0 Hz, . 2?2 6. 78 - 6.85 7.03 -, 7.10 3 7.3 d,
1222 Py, SEGPLE g wag hepatated Bnd) sl Sxihnad Aeusf wahplashet |
Synt hesi S fes?d % J¥QIEE230d s DG RLL ORDE NG o BLERL 1,08 oAS BRI
inasimlar nmanner as in reparati on anpl e usi ng -bronobénzal dé yde

d b e ' , =ORM REFTN
T (o e eichn panea o) o Grieli M mddd T MR 2 PRetel) ehe T 1)
H . El 30%esiQtaMt wMs2)ri1 AR lof eRHAIAVdREWRE efparHthad i vndr

2- (3- br ono- 4- met hoxybenzyl ) - 1- benzot hi ophene Preparation was performed in a
simlar mrdiRice® pries i) o iduda i Y onb 5idiloro-N-methoxy-N-

3- br onp- 4- net hoxybenzal dehyde and benzo[ b]thi ophene. 1H NVR (300 MHz,
CHL OROFORMethyA bieimpami®® (1.3 i, 297Y)s.a2 a ckdbrless crystal. This
was used in the next reaction without purification.

[0253]

LiAlH,(1.47 g, 0.0388 mol) was added little by little to
a tetrahydrofuran (108 mL)} solution of 5-bromo-2-chloro-N-
methoxy-N-methylbenzamide (10.8 g, 0.0388 mol) so 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 aqueous solution and
deposited insclubles 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 aqueous solution, brine, and then dried with
anhydrous magnesium sulfate. After the desiccant was filtered
off, the solvent was evaporated under reduced pressure to
obtain 5-bromo-2-chlorcbenzaldehyde (8.1 g, 95%) as a pale
vellow crystal. This was used in the next reaction without
purification.
[0254]

1.6 M n-butylithium hexane sclution (26.9 mlL) was added
to a mixture of benzo[b]lthiophene (5.8 g, 0.043 mol) and
tetrahydrofuran (58 mL) at -78°C over 20 minutes. After

stirred for 0.5 hours, the mixture was added with a



H 6.86 (d, J-8.4 Hz, 1 H 7.01 (s, 1 H 7.16 - 7.35 (m 3 H 7.48 (d,
J=1.9 Hz, 1 H 7.64 - 7.70 (m 1 H 7.71 - 7.77 (m 1 H). E 332, 334 (M,
M-2) . [0263] Preparation Exanple 11 Synt hesis of

1- br ono- 3- (4- et hoxybenzyl ) - 4, 6- di net hoxybenzene Preparation was perforned
in a simlar manner as in Preparation f@nple 3 using

5- br ono- 2, 4- di net hoxybenzal dehyde and 4-bronophenetole. '"H NVMR (200 MHz,
CHLOROFORM: Y- - .22 H 3.82 (s, 3 H
3.88 (s, 3 ﬁ&aﬁyggﬁféﬁﬁzfﬁg rl-j‘H]z:Y gc'bla—ﬂ:igf‘??’f(é,g%’{ﬁi)a 8775 -6.85 (m 2 H)

7.02 - 7.3@14Pobenthlddnyde($9.8 &) b&lL0420moBP2ahll stMedba £b8264rther
Preparation Exanple 12 Synthesis of

1- br ono- 3£{ e i DOAYES N Z YIHe drddcioi @D anzenere Rieparatmhed v@srdsiformed in a
simlar manner as in Preparation Exanple 3 using

5- br ono- 2témperatenc al deftyaie el reladot Do pitiiaiod evad Haddéd (wDEh Mz,
CHLOROFORMd) 6 ppm 1.40 (t, J=7.0 Hz. 3 H 3.88 (s, 2 H 4.01 (q, J=7.0
Hz, 2 H #$atgratédoampenia@mbrhldrde- agqueugnpolutiion. agd- extB8acgisd 2 H). E
309, 311(W M+2). [0265] Preparation Exanple 13 Synthesis of

1- (benzyl &k§h -athybnacetateet kbeyprgapiybphasaewas1@8shednwhthi brine
performed in a simlar manner as in Preparation Exanple 6 from
3-bronD-Za%?dF%&9b@ﬁ%ﬁ@d@ﬁ?ﬁe@nhYdrous magnesium sulfate. After the

desiccant was filtered off, the residue obtained by
evaperating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate=10:1)
to obtain pale yellow oily (l-benzothien-2-yl)(5-bromo-2-
chlorophenyl)methanol (10.3 g, 71%).

[0255]

Then, Et SiH (9.2 mL, 0.058 mol) and BF;Et;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 temperature for ten hours. After the reactlion mixture was
added with a saturated sodium bicarbonate aqueous solution,
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 under reduced pressure was purified by silica gel
column chromatography (hexane:ethyl acetate=60:1) to obtain a
colorless oily title compound (5.5 g, 56%).

!H NMR (300 MHz, CHLOROFORM-d&) & ppm 4.30 (s, 2 H) 6.98 - 7.06
(m, 1 H) 7.22 -7.37 (m, 4 H) 7.43 (4, J=2.3 Hz, 1 H) 7.64 -



'H NMR (200 MHz, CHLOROFORMid) 6 ppm 1.40 (t, J=6.8 Hz, 3 H 3.90 (s, 2 H)

4.01 (q, J=6.8 Hz, 2 H) 5.03 (s, 2 H) 6.72 - 6.85 (m 3 H 7.02 -

7.13 (m 2

H 7.15 - 7.43 (m 7 H. (0266) Preparation Exanple 14 Synthesis of

1- br ono- 4- chl or o- 3- (4- et hoxy- 2, 5- difluorobenzyl) benzene Oxalyl

chl ori de

(1.89 nL, 0.0220 nol) and N, N dinethy%ﬁgrpanide (0.03 nL) were added to

5- brono-2- chl orobenzoic acid (5.0 g,

212 nol) in chloroform (10 M.) and

stirred three rs..,Jhe yell ow oi tained by evaporating the solvent
ooty kot eTzd "G e ula +

under redu pfressu

" ITn chloroform (10 nmL). To this

solutio 2 i {1 u to g, 0.0214 nol) was added and then

al umi nu%%h?%ﬂlg‘ei ( 2%95}??8?02%%0&&01'?} was added portion wise at -10C over
five mnuygesgyAfter the reaction mxture was stirred at 5C for two hours,
an iced water was added. This was extracted with chloroformthree tines.
After ther&oaPifesn Pxampié sayer was washed with 1M hydrochloric acid,
water, brine, it was dried with anhydrous magnesium sul fate. After the
desi ccandynettesis t €f el- Phénzyhexy Pk dbeombl 4t Nde bioxgen2yd) befzéhe sol vent
under reduced pressure was purified by silica gel colum chronmat ography
(hexane: et hy| Bewe¢htlerdfide (BolabLai 0.026 mol) was added to a mixture

(5- brono- 2-chl or ophenyl ) (4- et hoxy-2,5- difl uorophenyl) net hanone (5.59 g,
70% as @f cdhirorsss chydrokybefig2bdehydd 065.Then, 0 B3%i kbl 5. 93 nl, 0.0371
nol ) and BF3Et 20 (2.83 nlL, 0.0224 nol) were added sequentially to a

chl or of ck@trakuty bammeniem (104idgo( g2 sgl u2i Drmael | 5- bebass fum
chIorophenyl)(4-ethoxg-2,5-dif|uoro hengl&nethanone £5.58 g
carbonate (6.9 g, 0,050 mol? an N

-dimethylformamide (70 mL)

at room temperature and stirred for 2.5 hours. An ice-water

mixture (100 mL) was poured to the reaction mixture and the

resultant solution was stirred for one hour. A resulting

precipitate was filtered and dried to obtain 4-benzyloxy-3-

bromobenzaldehyde (7.1 g, 98%) as a pale yvellow powder.

[0257]

Then, 1.6 M n-butyllithium hexane solution (22.9 mL) was

added to a mixture of 4-bromophenetole (7.3 g, 0.037 mol) and

tetrahydrofuran (70 mL) at -78°C. After stirred for 0.5 hours,

4-benzyloxy-3-bromobenzaldehyde (7.0 g, 0.024 mol) in a

tetrahydrofuran (70 mL) solution was added and further stirred

for 15 minutes, and the reaction mixture was warmed to room

temperature. 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 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



0.0149 nol) at 4C. The reaction m xture was warned to room tenperature,
stirred for 12 hours and stirred at 45C for further three hours. After the
reaction m xture was added wth a saturated sodi um carbonat e agueous
solution and extracted with chloroform the organic |ayer was washed wth
brine and dried wi th anhydrous nagnesifnésulfate. After the desiccant was
filtered off, the residue obtained by @ aporating the sol vent under reduced

pressure was purified by silica 2 col umtm chr omat ogr aph (hexane et hyl
acet at e=2Bta§n FBleﬁiﬁﬁﬁ 91d¥| bArébengylloxy)rPebEompBlignYed (d-g, 71% . 1H

NVR (300 L d m,1. 46 J=7.0 Hz, 3 H 3.98 (s. 2 H
4.08 (q,® ?ﬁgkxgﬁénvigﬁ?%% gT§ @8 739118§g)7 1 H, 1H 6.82 (dd, J=11.3,
7.1 Hz, ok .18 - 7.38 (m 3 H. El 360(M), 362(NM2), 364(M+4). (0268)
Pr epar at anple 15 Synthesis of 1-brono-4-chl oro- 3- (4 et hoxy- 3-

Pr 282?2?.”3%' LEBRBr LTS YE: (8 8wt oro AL e ba p e Bl i ot " |
07 (0, U508 050 Phre 398aH BeafehP RIS G) ad RRBESEER 1501800, 55 (i
% H - 1931ut55n36§([‘/4)-(b§ﬂ§§%ﬂ%7% §4§£Nh§gpeh?i§%l Preparation Exanple 16
ynt hesi s of br ono- 4-chl oro-3 | oro hoxybenzyl ) benzene Synt hesi s
was perfgeABdypieAy ) et BAnBR 18d72§,10.021 mol) at -15°C. After

stirred for one hour, the reaction mixture was warmed to room

temperature. After the reaction mixture was added with a

saturated sodium carbonate aqueous solution and extracted with

chloroform, the organic laver 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 purlfied by silica gel column

chromatography (hexane:ethyl acetate=10:1) to obtain a

colorless olly title compound (8.8 g, quant).

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.40 (t, J=7.0 Hz, 3 H)

3.82 (s, 2 H) 4.00 (g, J=7.0 Hz, 2 H) 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 l-bromo-3-(4-ethoxybenzyl)-4-methoxybenzene

Preparation was performed in a similar manner as in

Preparation Example 3 using 5-bromo-2-methoxybenzaldehyde and

4-bromophenetole.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.40 (t, J=7.0 Hz, 3 H)

3.79 (s, 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 (d, J=8.7 Hz, 2 H} 7.09 (4, J=8.7 Hz, 1 H)



Preparati on Exanpl e 14 using 5-brono-2-chl orobenzoic acid and
2-chl or ophenetole. 1H NWVR (300 WHz, CHLOROFORMd) 6 ppm 1.46 (t, J=7.0 Hz, 3
H 3.96 (s, 2 H 4.08 (q, J=7.0 Hz, 2 H 6.85 (d, J=8.4 Hz, 1 H 6.95 -
7.03 (m 1H 7.18 (d, J=2.2 Hz, | H 7.23 - 7.33 (m 3 H). [02701
Preparation Exanple 17 Synthe5|s of _ 103

1- brono- 3- (4- et hoxybenzyl) - 4- nethylbenzene Synthesis was perfornmed by a

simlar as . P a a 4 n omy- 2~ et hyl benzoi c
acid (sgﬁﬁg g Ze ?nsrg rgn% ?ogﬁnrgbna? gnar %a? %'ggbﬁﬁéation
w0012712§3 g@? phenetole. 'H NWVR (200 MHz, CHLOROFORM d) 6 ppm 1.40 (t,
J=7.0 Hz, % 2.18 (s, 3 H 3.86 (s, 2 H 4.00 (q, J=7.0 Hz, 2 H 6.76 -

6.87 (mp 2eFEr§t96n E%aﬁﬁlé”h 3H 7.17 - 7.30 (m 2 H. E 304(M),
306( M+2) . 0271) Preparation Exanple 18 Synthesis of

| - br onp- gy thes0s30£ 21 bbbt Boxybenaskybenzgne - 6Smathesiybenasnger f or ned by
a simlar nmethod as in Preparation Exanple 14 using 5-brono-2-chl orobenzoic

acid and - 10Breparadtflonewhexpbepsemned ihl AMRifn208rMrannel @ROEORM d) 6 ppm
3.79 (s, 3 H 3.80 (s, 3 H 3.95 (s, 2 H 6.36 - 6.53 (m 2 H 6.94 (d,
J=8. 4 HzPrépératYoli3Exanp28 Bmusingl) 3-DPamad} 4-imeehargbenrafdehylie afd
Synt hesi s of 1-brono-4-chl oro-3-(4-nmethoxybenzyl)benzene Synthesis was
per f or mred-byomopheneétielaet hod as in

'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-bromobenzyl)-1l-benzothiophene

Preparation was performed in a similar manner as 1in

Preparation Example 4 using 3-bromobenzaldehyde and

benzol{blthiophene.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 4.19 (s, 2 H) 7.02 (s, 1

H) 7.15 - 7.47 (m, 6 H) 7.65 - 7.70 (m, 1 H)} 7.71 - 7.77 (m, 1

H).

EI 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.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.89 (s, 3 H) 4.15 (s, 2



Preparati on Exanpl e 14 using 5-brono-2-chl orobenzoic acid and anisole. '"H
NVR (300 MHz, CHLOROFORMd) 6 ppm 3.80 (s, 3 H 3.99 (s, 2 H 6.82 - 6.89
(m 2H 7.06 - 7.13 (m 2 H 7.19 - 7.30 (m 3 H). (02731 Preparation
Exanpl e 20 Synthesis of 1-brono-4-chloro-3-(4-tert-butyl benzyl)benzene

Synt hesis was perfornmed by a sinilar_ngbgog as in Preparation Exanple 14
usi ng 5-brono-2-chl orobenzoic acid and™"tert-butyl benzene. 1H NVR (200 MHz,

CHLOROF 1.31 9 4.0 ., 2 7.11 (d,, J=7.9 Hz,

7.22 - ?ﬁy?%%-ﬁ]% 28% =?02(73‘12' Pr &dar’a |1f)iSExziTTE;I))e ot ('nt7hé*§1 dMys 3 iy

1-b -4-chl - 3- (4 hyl.b | t ' db

i 1 ar fefflodaas I - SPPEsartatlor “Ehariol e 'Pa Ui g 8. Br o 2. el orbertzo c
acid andy,tol uene. 1H NVR (200 MHz, CHLOROFORMd) 6 ppm 2.33 (s, 3 H) 4.02
(s. 2 - ?69 H 7.03 - 7.16 (m 4 H 7.18 - 7.32 (m 3 H. El 294 (M}, 296

(M2) . [@2783k, Prapangfio anpl e 22 Synthesis of
1-bronD-4-chIOF0-3-(5-nétﬂ;ﬁphiobenzyl)benzene Synthesis was perfornmed by a

simlar mgbBgq as in Preparation Exanple 14 using 5-brono-2-chl orobenzoic
acid and thioanisole. 1H NWR (300 MHz, CHLOROFORM d) 8 ppm 2.47 (s, 3 H)

4.01 (s, pRepHratif6 Exémpde(m1 2 H 7.17 - 7.32 (m 5 H).

Synthesis of l-bromo-3-{4-ethoxybenzyl)}-4,6-dimethoxybenzene
Preparation was performed in a similar manner as in
Preparation Example 3 using 5-bromo-2,4-dimethoxybenzaldehyde

and 4-bromophenetole.

1H NMR (200 MHz, CHLOROFORM-d) & ppm 1.39 (t, J=7.0 Hz, 3 H)

3.80 (s, 2 H) 3.82 (s, 3 H) 3.88 (s, 3 H) 4.00 (g, J=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-bromo-3-(4-ethoxybenzyl)-4-fluorobenzene
Preparation was performed in a similar manner as in

Preparation Example 3 using 5-bromo-2-fluorobenzaldehyde and

4-bromophenetole.

1H NMR (200 MHz, CHLOROFORM-d) § ppm 1.40 (t, J=7.0 Hz, 3 H)

3.88 (s, 2 H) 4.01 (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, 311(M', M+2).

[0265]

Preparation Example 13

Synthesis of 1-(benzyloxy)-4-bromo-2-{4-ethoxybenzyl}benzene



[0276] Preparation Exanple 23 Synthesis of

1- br ono- 4- chl or o- 3- (4- et hyl benzyl ) benzene Synthesis was perforned by a
simlar nethod as in Preparation Exanple 14 using 5-brono-2-chl orobenzoic
acid and ethyl benzene. 1H NWVR (200 MHz, CHLOROFORMd) 8 ppm 1.23 (t, J=7.7
Hz. 3 H 2.63 (q, J=7.7 Hz, 2 H 4.02 é;,_z H 7.04 - 7.18 (m 4 H 7.18 -
7.32 (m 3 H EI 308(M), 310(Mt2). (b 7] Preparation Exanple 24 Synthesis
of 1-bronD-4-chIoro-i-(4-isoprop benz benzene Synthesis was perforned by

a sinmilar met R¥QtHESLA “PFeB&F§P¥EﬁdE}§L%I§iT 18Z; g8t 8foi3- chl or obenzoi ¢
(s " prendpationgstinpte ) Yyby, ShEoso s hyhsoxtBlayaigchiag; Y 1107,
2- (- br onll. B8N« SDGLAIEg1 FHEABERERERD) SremloF et fa L ot Phr RobiZr n i mi 1 ar
benzot hi Sphants" B RIRAC 300 R, P RErCAVEY S50nd. 30705 3% 6. 40 -
g-rgfi (Mg .&5H(m/ é3H% 7.84 (M7 13H(m, Bk 8397(W5) - 32%43( W) 7 H[)Q279]
parati on Exanple 26

[0266]

Preparation Example 14

Synthesis of l-bromo-4-chloro-3-(4-ethoxy-2,5-

difluorobenzyl)}benzene

Oxalyl chloride (1.89 mL, 0.0220 mol) and N,N-

dimethylformamide (0.03 mL) were added to S-bromo-2-

chlorobenzoic acid (5.0 g, 0.0212 mel) in chloroform (10 mL)

and stirred for three hours. The yellow ¢0il obtained by

evaporating the solvent under reduced pressure was dissolved

in chloroform (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

organic¢ layer was washed with 1M hydrochloric acid, water,

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=10:1)

to obtain (5-bromo-2-chlorophenyl){4-ethoxy-2,5-

difluorophenyl )methanone (5.59 g, 70%) as a colorless crystal.

[0267]



Synt hesi s of 1-brono-3-(4-ethoxybenzyl)-6-nethoxy-4- nethyl benzene Brom ne
(3.87 nmL, 0.076 nol) was added dropwi se at 5Cto a m xture of

4- met hoxy- 2- et hyl benzoic acid (10 g, 0.060 nmol), Fe (0.20 g, 3.61 nmol)
and chloroform (10 nL). After the reaction mxture was warnmed to room
tenperature, it was stirred overnight. After chloroform (600 nL) was added,
this suspension was washed with 108“5&8ﬁuﬁ1hydrogensulfate (200 nLx2) and
brine, and dried with anhydrous magnesi um sulfate. After the desiccant was
filtered of f, Thiea.p&teS§H| K BwIBomlier 0. 8B74i med) bpndvBPeEXPn2t 2 BBl vent
under reduced pressure was _recrystallized from methanol_ tw ce to obtain

il ?re(rjgg'; ?;gﬁgﬁh - ;)(2)“' - 4- et hoxy-.2- tt&al(lgggé:og’a %rc b]e- synt hesi zed
from4' - W&Fé%—ifg-lﬁgﬂﬂyllécé@oﬂﬁ‘én@%ﬁ'“&é% 0 11(25 "%§:t°érf°_t‘|azg'g mat e?/i al .
P i s G
empor ot 0 Qs Ro! ARCORTTHHE, » ddetn el WRL Judlifod L6 (Fho LS
added,  aag,LhE +HIOL! Ut 1983 1934 o s %Hﬁ,gﬂﬁﬁgﬁglﬁﬁggﬁggﬁ%gﬁr cool ed

to room tenperature, the solvent was evaporate essure.

After chiereherMiiRecAtdR@sl.0 AheereshdUgeactNonl mbkearvewasl bkaheged of f and
the filtrate was concentrated to obtain 4'-nethoxy-2'-nethylacetophenone
(0.57 g) withea, sadu@ated sbdigm bazboilide) atfudoaBisdIutidg.and 27 nmol ) were
added to an acetone (4 nL) - water (4 nlL) solution of 4'-
met hoxy- 2xtmatchedaedithp bhlore fodnl) 1l the braniwwllayeandrast iwastekd atithoom
tenperature for one hour. After water and et hyl

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=10:1)
to obtain 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 (44, J=11.3, 7.1 Hz,
1 H) 6.82 (dd, 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]
Preparation Example 15
Synthesis of l1-bromo-4-chloro-3-{4-ethoxy-3-
fluorobenzyl)benzene

Synthesis was performed by a similar method as in
Preparation Example 14 using 5-bromo-2-chlorobenzoic acid and
2-fluorophenetole.
'H NMR (300 MHz, CHLOROFORM-d) d 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)

7.18 - 7.35 (m, 3 H)



acetate were added to the reaction mxture, the organic |ayer was separated
and washed with water, a saturated sodium carbonate aqueous sol ution and
brine and dried with anhydrous magnesium sulfate. After the desiccant was
filtered off, the solvent was evaporated under reduced pressure to obtain
4:1 mxture (0.28 g) of 5'-bronp-4'-nmgj-hoxy-2'-nethyl acet ophenone and

3' -brono-4' - et hoxy-2'-net hyl acet ophenone. Then, 4:1 mxture (0.26 g) of

5'-brom;4' ; y-2. - et .hyl henone and

3'-bro -ﬁ'qﬁ{my-%iﬁ'ﬁ% gi@%@g'ﬁ‘gﬂbne was added with 58 NaOCl sol ution
(3 n) agq& assi um hydroxide (0.92 g) and heated to ref lux for 2.5
hours. After ctooled to room tenperature, the reaction m xture was mde

aci di ¢ wid, 2M $n E%ﬁéﬁﬁﬁzﬂglnixture was extracted with ethyl acetate, the

or gani ¢ phase was was M HCI, brine and then dried - 112 wth

anhydr ousy{BEIesd W Silbado - Al &I okde3 dESi GPREops filtered off, the
resi due obtai ned by evaporating the solvent under reduced pressure was

washed vétRbaesdipdiol ) henfdi&i N 5- brono- 4- met hoxy- 2- et hyl benzoic acid (112
ng) as a colorless powder. [0281] Then, the title conpound {5.80g) was

synt hesi zed fgwitiesiy oras 4paiet ded Zoyed hyihElaoi metitod 44. H3 g, 0. 0201
nol ) and phenetole by a simlar nethod as in Preparation Exanple 14. 1H

NVR ( 30(P1vjprara3HiaiRGECRP 1B B4 ppsindg 49-¥romd=Z-EhlturoBenol . 4€i¢san® 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 (m2-xhdo@eneto. (m 2 H 7.24 (s, 1 H. E 335(M), 337(M2).
[ 0282] Preparati on Exanple 27

'H NMR (300 MHz, CHLOROFORM-4) & ppm 1.46 (t, J=7.0 Hz, 3 H)

3.96 (s, 2 H) 4.08 (g, J=7.0 Hz, 2 H) 6.85 (d, J=8.4 Hz, 1 H)

6.95 - 7.03 (m, 1 H}) 7.18 (4, J=2.2 Hz, 1 H) 7.23 - 7.33 (m, 3

H).

[0270]

Preparation Example 17

Synthesis of l-bromo-3-(4-ethoxybenzyl)-4-methylbenzene

Synthesis was performed by a similar method as in

Preparation Example 14 using 5-bromo-Z-methylbenzoic acid

(synthesized in reference to International Patent Publication

W00127128) and phenetole.

'H NMR (200 MHz, CHLOROFORM-d) & ppm 1.40 {(t, J=7.0 Hz, 3 H)

2.18 (s, 3 H) 3.86 (s, 2 H) 4.00 (g, J=7.0 Hz, 2 H} 6.76 -

6.87 (m, 2 H) 6,94 - 7.07 (m, 3 H) 7.17 - 7.30 (m, 2 H).

EI 304(M'), 306(M+2).

[0271]

Preparation Example 18

Synthesis of 1-bromo-4-chloro-3-{(2,4-dimethoxybenzyl)benzene

Synthesis was performed by a similar method as in

Preparation Example 14 using 5-bromo-2~-chlorobenzoic¢ acid and




Synt hesi s of 1-bronp-4-chloro-3-(4-ethoxybenzyl)-6- nmethoxybenzene A
suspensi on of 2-brono-5-chl orophenol (2.85 g, 13.7 muol; synthesized in
reference to International Patent Publication WO0109122), potassium
carbonate (1.89 g, 13.7 nmmol), n-BWN (50 ng, 0.137 mmol ), nethyl iodide
(1.28 nL, 20.6 nmol) and N,N—dinethyl{Q%ngnide (8.0 m) was stirred for

two hours. An iced water was added and e obtained mxture was extracted
wi th ethyl q&ﬁ%aﬁﬁ tm% The conbi ned organic phase was washed with brine
and dri e’ % SAPGHROHY BEE2RAGnesi um sulfate. After the desiccant was
filtered of t due...0 g, t he,sol vent _upder _reduced
pressure é%éﬁR E?%ﬁe%ﬂ?rfF% 8%@*@??'@% gé? %o Uzﬁ &ﬂroﬁaﬁLgﬁaéﬂyps' 3
(hexane: h aggt abeg95¢S%6t 0 gbE]I PrCObOfhegsSq@i

2- br ono- % c%f%?ogﬁlsglg9 2%84 6 g%l?m % ﬁh gxa?ykachﬂorléeﬁfi %3 m., 15.1
nmol ) anﬂ_lﬁLb+¢Lﬁ§tthfgr nlde (2 drops) mere added to 4-ethoxybenzoic
acid (2.28 g, 13.7 mmol) in chloroforn1(8 m.) and stirred for five hours.
The yel | ppewp2z] obtai ned by evaporating the sol vent under reduced pressure
was dissolved in chloroform (5 nL). To this solution, a chloroformsolution
(10 nmL) Pfeparatibon-Exahpdeodni sole (2.94 g, 13.3 mol) was added and then
al um num chloride (2.07 g, 15.5 mmol) was added portion wise at -10C over
five m neymthed®iscofslibremoat-SRlévo-3né4hmathoxyheneggddbengenexture was to
roomtenperature and stirred for 13 hours. The reaction m xture was poured
into an iced $¥ntheshadwast parfermedt hycal sinidam mathedt agedn After washed
wth 1 Mhydrochloric acid, water, brine, the conbined organic |ayer was
dried mn?ﬁeﬁﬂﬁﬁﬁ¥@%53ﬁﬂgﬁé§|hﬁ1§ﬁiﬁﬁté bremer 2t fblogeberaadt agidf apder ed
of f, the reS|due obtai ned by evaporating the solvent under reduced pressure
was puri®p

'H NMR (300 MHz, CHLOROFORM-d4) & 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 Example 20

Synthesis of l-bromo-4-chloro-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.

'H NMR (200 MHz, CHLOROFORM-d) & ppm 1.31 (s, 9 H) 4.03 (s, 2

H) 7.11 (4, J=7.9 Hz, 2 RH) 7.22 - 7.37 (m, 5 H).

[0274]

Preparation Example 21

Synthesis of 1l-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




NH type silica gel columm chromat ography (hexane:ethyl acetate=9:1) to

obt ai n (5- brono- 2-chl or o- 6- met hoxyphenyl ) (4- et hoxyphenyl ) nmet hanone (1.53 g,
311) as a colorless crystal. [0283] Then, Et3SiH (1.62 nL, 10.1 nmol) and
BF3Et 20 (0.772 M., 6.09 mmol) were added sequentially to a chloroform -
acetonitrile (1:1; 16 nL) solution of (5-brono-2-chloro-6-

met hoxyphenyl ) (4- et hoxyphenyl ) et hano 0?1150 g, 4.06 nmol) at -5C. The
reaction m xture was warnmed to roomtenperature and stirred for 16 hours.

After thd) real¥ion’ m&tlife hal) addd® = 1132 {Fyh3aldaturated sodi um

car bonat e_agueous, sol ution. a extracted with chloroform the organic |ayer
was vvashéﬁ aﬁfhtﬁb inﬁ%n&‘ﬁ??ed w t h anhydrous nagnesi um sul fate. After the
desiccanhﬁ¥2§]filtered of f, the residue obtained by evaporating the sol vent
under re pressure was purified by silica gel colum chromat ography

e AN Ry 119,131 S 1
1%y o7 prntiedds o6 h-frliol - clTdsl, 3 e Ipblngn tuoBeBiyl TboRadhar 10 ¢
[0284]  Prepageh + s £EX agRE CpeBeMREACEY Sa Ofimilar method as in

1- br ono- 4- chl or o- 3- (4- et hyl benzyl ) - 6- et hoxybenzene Synt hesis was perfornmed

in a sinptepar@Den BRample PLepasehyos-bxemdl 2-3H108bbendoethbbanapiac acid
in place of 4-ethoxybenzoic acid. "H NWVR (300 MHz, CHLOROFORMd) 6 ppm 1.22

(t, 3=7.¢tht@anBsdlde.2.62 (q, J=7.6 Hz, 2 H 3.87 (s, 3 H 3.97 (s, 2 H 6.91
(s 1 'H NMR (300 MHz, CHLOROFORM-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).

(02761

Preparation Example 23

Synthesis of 1l-bromo-4-chloro-3-{4-ethylbenzyl)benzene
Synthesis was performed by a similar method as in

Preparation Example 14 using 5-bromo-2-chlorobenzoic acid and

ethylbenzene,

'H NMR (200 MHz, CHLOROFORM-d) § 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]

Preparation Example 24

Synthesis of 1l-bromo-4-chloro-3-(4-isopropylbenzyl)benzene
Synthesis was performed by a similar method as in

Preparation Example 14 using 5-bromo-2-chlorobenzoic a¢ld and

cumene.

1H 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).



7.04 - 7.18 (m 4 H 7.32 (s, 1 H. El 338, 340, 342 (M, M2, M4).
[ 0285] Preparation Exanple 29 Synt hesis of
1- brono- 4-chl oro- 3- (4-i sopropyl benzyl ) -6- net hoxybenzene Synt hesis was
performed in a simlar manner as in Preparati on Exanple 27 using
4-1 sopropyl benzoic acid in place - %J of 4-ethoxybenzoic acid. 1H NWR
(300 MHz, CHLCRCFCRN$d) S ppm 1. 24 (d, P70 Hz, 6 H 2.82 - 2.94 (m 1 H)

3 87 (s, (s 6.91 (s, I HH 7.05- 7.20 (m 4 H 7.33 (s, 1
. E %12 @3%&4 632‘("!\5ZM 2, Mt4). [0286) Preparation Exanple 30

Synthesw:;b?‘c‘ii - benzyl oxy- 2- br onp- 4- ( 4- et hoxybenzyl ) -5- net hyl benzene

Synt hesi performed in a simlar manner as in Preparation Exanple 3

usi ng 4- t hyl benzal dehyde in pl ace of
3- brormbfeyna;ja% cfgﬁycﬁ 'ﬂﬁ% 2500 Mz, CHLOROFORM d) |8 ppm 1.40 (t, J=7.0 ke,

%gg fg% qg% %o 5.12 , 2

6 76 (ssjy%1 61%7;‘%32 t%rn?n?%%é) dee _]5)‘%' f‘Iﬁ#lq? 27 (gs 1 H)H)7.30
= 7.44 (M 3 dPnthdPls vaPDddrBormdd -irFla MMy mdrlrdd Mtz - 14 0287]
Preparati on EXanpl e 31 Synthesis of 1-brono-2, 4-(di benzyl oxy)-5-(4-

et hoxy beizafar3eNFEe M fingFLes P N Oy Cﬁe&@fm 23 -l dydlr @xybenzoic acid (5.0
v benzothiophene.

'H NMR (200 MHz, CHLOROFORM-d} & ppm 4.20 (s, 2 H) 6.40 - 6.46
(m, 1 H) 7.13 - 7.54 (m, 7 H).
EI 319 (M'), 321 (M+2).
[0279]
Preparation Example 26
Synthesis of 1l-bromo-3-(4-ethoxybenzyl)-6-methoxy-4-
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, 3.61 mmol) and chloroform (10 mL). After the
reaction mixture was warmed to room temperature, 1t was
stirred overnight. After chloroform (600 mL} was added, this
suspension was washed with 10% sodium hydrogensulfate (200
mLx2) and brine, and dried with anhydrous magnesium sulfate.
After the desiccant was filltered off, the pale yellow powder
obtained by evaporating the solvent under reduced pressure was
recrystallized from methanol twice to obtain 5-bromo-4-
methoxy-2-methylbenzolc acid (4.96 g, 34%).
[0280])

Alternatively, S-bromo-4-methoxy-2Z-methylbenzoic acid can

be synthesized from 4’-hydroxy-2'-methylacetophenone as a



0. 0215 nol ), potassium carbonate (9.8 g, 0.0710 nol), n- BudNI (79 ng, O0.215
mmol ), benzyl bromde (8.4 nL, 0.0710 nol) and N, N-di net hyl formam de (40.0
m.) was stirred for 60 hours. An iced water was added and t he obtai ned

m xture was extracted wth ethyl acetate tw ce. The conbi ned organi c phase
was washed with brine and dried with fhﬂydrous magnesi um sul fate. - 116
After the desiccant was filtered off] Tesi due obtained by evaporating
t he sol vent under reduced pressure was dissolved in tetraq%drofuran (150

m) . Th.%t%%tmﬁ datesiabol Aphassitge caghenate HP (120 gy, ) was
[ i ety %ﬁi%l{t%é%r[‘%é Rl Theer B9 RoFOnM Rt ure vas.
chi or ,egeagequog%%g( A STt ?%%%r rBeEnEr e EPPRPRARET T it
Cayer el bl dith 'E’kmé?%m%%%?‘%éﬁi?%“%ﬁt? ofEEtEES: £8F D 2o bonat e

aqueous | Ohy 1oy rise NRY. dyn sul fate.
The sol vlgér}#gwas eva orai d’ﬂ‘g £ Y dijgrﬂé@sl?re after tlﬁagﬁﬁdl ccant was
Filteredypd ftd® wbtaire %Qrﬂé@tgd“t&dt@@ﬂﬁ"P&i‘)@ﬁazﬁbufécorﬂte(:lz 19).

This was used in the next reaction wthout purification. [0288) Manganese

di oxi de ¢doldd kd foof. d&fpdPAtures adesoivert wasUEVEpOEEPedldngetUti ON Of
5- brono- 2, 4- (di benzyl oxy) benzyl al cohol (12.1 g). This m xture was stirred

at roomfﬁmﬁ@tpw@sélﬂl‘e 15 Afters aibrdfdhe iwesd iaddell ato &He frasiidue, hours
and at 100C for two hours. Manganese dioxide (1V) (4.0 g) was further added
and t he imsdlulElewmsvere rf eiteted OOFE famd €loar £ hbtrate Thas cahcertnased ool ed
to roomtenperature and

to obtain 4'-methoxy-2'-methylacetophenone (0.57 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 mL) solution of 4'-

methoxy-2'-methylacetophenone (0.21 g, 1.27 mmol), and stirred

at room temperature for one hour. After water and ethyl

acetate were added to the reaction 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 obtain 4:1

mixture (0.28 g) of 5’ -bromo-4'-methoxy-2’'-methylacetophenone

and 3'-bromo-4'-methoxy-2'-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 HC1.

After the mixture was extracted with ethyl acetate, the

organic phase was washed with 1M HCl, brine and then dried




I nsol ubles were filtered off with celite. The solids obtained by
concentrating the filtrate were recrystallized froma m xed solvent of
hexane - ethyl acetate to obtain 5-brono-2,4- (dibenzyl oxy)benzal dehyde (3.6
g, 43% as a colorless powder. - 117 - [0289] Then, the title conpound was
synt hesi zed by a simlar nethod as 1”1 %eparation Exanpl e 3 using
5-brono- 2, 4- (di benzyl oxy) benzal dehyde pl ace of 3-bronobenzal dehyde. 1H
NVR (300 MHz, CHLOROFORMd) 8 ppm 1.40 (t, J=7.0 Hz, 3 %%c 3.84 (s, 2 H
4.01 (q,wééb.Bnhl?rﬁuﬁbm§9963%8$ sujfakeq7 hkten the deskeeant wag g 75 -
6.82 (m 7,02_- 7,10 H) .20 - 7.48 1 . Bl 525(M

S27(wio) ELLFBR] O5F oo kS, FORLERGhpPEaSHeE, fiaxpBbpatinb the 251vEn

1- br ono- 2- h - 4- hyl - 5-(4- th n bengzene |yl .chloride (3.43
T 0 04Tt s HatRE P RES RS o P ePRRRRRLED BPERRRofeBe 2hEAAR, 57

chl or of O,n upi - XY= I zQl.c.agi g,

0. 0300 g%??@g i?%%Fh§ﬁg ?e@ggﬁ%ﬁéﬁﬁgéggexﬁégngﬁ??rQgga?br80%? g%ggggture for
one houry.kferreaction solvent was evaporated under reduced pressure. The
obtainedpyeIIOM/oin subst ance was di ssolved in chloroform (60 nL). Tol uene
(3.52 npofsPP30 nol) and al um numchloride (8.02 g, 0.0601 nol) were added
to this solution while cooled on ice, and the reaction m xture was stirred

for three andrrefial thBoyieluhtompsasai 09.8b4)r east k9AthesAbedaecesnl ed ice.
After 5% hydrochloric acid was added to the reaction m xture and extracted

wi t h chl bromor g+mébRrox9r gamethphberzoie ansliefawphgl06a bpdaomblgr kadaci d,
vaer, abhenetole. by a similar method as in Preparation Example 14.
'H NMR (300 MHz, CHLOROFORM-d)} § ppm 1.40 (t, J=7.0 Hz, 3 H)
2.19 (s, 3 H) 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 l-brome-4-chloro-3-(4-ethoxybenzyl)-6-
methoxybenzene
A suspension of 2-bromo-5-chlorophenol (2.85 g, 13.7
mmol; synthesized in reference to Intermnational Patent
Publication W00109122), potassium carbonate (1.89 g, 13.7
mmol), n-BuyNI{50 mg, 0.137 mmol), methyl iodide (1.28 mL,
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 dried with anhydrous magnesium

sulfate. After the desiccant was filtered off, the residue

obtalned by evaporating the solvent under reduced pressure was



sat urated sodi um bi carbonate aqueous solution and brine, and dried with
anhydrous magnesium sulfate. After the desiccant - 118 was filtered off,

t he resi due obtai ned by evaporating the solvent under reduced pressure was
purified by silica gel colum chromatography (hexane:ethyl acetate-15:1) to
obtain vyellow oily (4-nethoxy-2-nethyl 32%1) (4-nethy|phenyl)nethanone
(4. 26 g, 58.9%. 'H NNR (300 MHz, CHL ppn12 39 is FD 2.42 is,
3 H 3.86 is dd, J=8.5, 2.56 Hz, H) Hz, 1 H)
7.21 - 7 E‘?ré-ﬁxieﬂ% ?%icedge}—g%uﬂil ckrﬂjna#@&‘aphf 111e(:q¢,ne2e|q)1:ygs| mz =

(ZZE?OI(’%?? Eiﬁ}?fsé'E?Saé&gﬁtg?%ﬂgngg%lﬁ% g’g‘ A L&I%B%)gg‘%@?&.rult ;l:lq-sole o
(i opei o SArPE Sbopai on THEN- TRESPARIREERR (£ 5mk AP v oPFeL) B "
?;23212$U ®n2d ggh %giﬁlc AC(H0L ARG QL. éh la E%e4r%ﬁ%5d é@é%&%re was
added mﬁtﬁ saturg? s%@i |car§§ gte aqueous solution ahg%bxtracted

W th ethyl, aaegataawgl ! esceomelqnmC%mb%Fg&%amacwg.pgfdw@%&ﬂ%h% GoM th

brine and rle w t h“anhydr ous magnesi um sul fate esi ccant was

filtered ei{e hBArkesifphe ?@iﬁbﬁegibYObeaﬁﬂQ&aﬁynﬁv&ﬁérﬁﬁiﬁ nghgnder reduced
pressure was purified by silica gel colum chromatography-(hexane: et hyl

acet at e=1lbolyentounbbai freadbed pFeseuky dadediesylred@iinylchiloréform (5
met hyl benzyl ) benzene (3.89 g, 97%. 1H NWR (300 WMHz, CHLORCFORMd) 6 ppm

2.21 is, mLl) 2r8lthds Solukidn/8aishlSrdfoBm88olatidnH|16.k6)-06.Z4 (m 2
H 6.97 - 7.03 (m 3H 7.03 - 7.11 (m 2 H E 226 (M)

bromo-5-chloroanisocle (2.94 g, 13.3 mmol) was added and then
aluminum chloride (2.07 g, 15.5 mmol) was added portion wise
at -10°C over five minutes. After stirred at 5°C for one hour,
the reaction mixture was tq 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 residue obtained by
evapeorating the solvent under reduced pressure was purified by
NH type silica gel column chromatography {(hexane:ethyl
acetate=9:1) to obtain (5-bromo-2-chloro-6-methoxyphenyl)(4-
ethoxyphenyl)methanone (1.53 g, 31%) as a ceclorless crystal.
[0283]

Then, Et;SiH (1.62 mL, 10.1 mmol) and BF;Et;0 (0.772 mL,
6.09 mmol) were added sequentially to a chleroform -
acetonitrile (1:1; 16 mL) solution of (5-bromo-2-chloro-6-
methoxyphenyl) (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



- 119 Br2 was added dropwi se to an acetic acid (35 nL) solution of
4- met hoxy- 2- net hyl -1 - (4- nmet hyl benzyl ) benzene while cooled on ice. The
reaction mxture was stirred at 110C for two hours. After the reaction
m xture was added with water while cooled on ice and extracted with ethyl
acetate, the organic phase was washed with a saturated sodi um bi carbonate
aqueous solution and brine and dri sd 1t 1 anhydr ous magnesi um sul f at e.
After the desiccant was filtered off, the residue obtained by evaporating
t he sol Wah angaturadedesodivms gaabaas tey aiauiestspypolaitiliona agsl col um
chr omat ogr aph ébexane:ethyl acetate=15:1) to_obtain a yellowoily title
conpoun@*trasted wigdy chlrQirrmgodhmerIenicRILHR #R s washes 2@-’%‘5 3 H)
2.31 (s . 85 : 3.87 (s, 3 6.71 (s,.. 1. H 6,94 - 7.11 (m 4
H 7. zebefi?e%? géﬁ%oﬁztﬂ) )E‘Phéféég’("ﬁwﬁ'}ag)“eﬁé?@l¥uﬂrf€§§r'at AgteEEhBi o 33
Synt hesi,s _of 1-bronon- 2-met hoxy-4-nethyl - 5- (4- et byl hen benzene The title
conpoungeﬁggcgggtﬁggi%&gﬁﬁ§e 8&&¥F§$%n§Pﬁg§“§§° |ﬁqﬁﬁéé Hati on Exanple 32
using e La_pl | uene.. ' H.N % . 9@5&% d) 6
oom 1. 29 ppBE3HG e sBipetly YRt Iaucdd YReaging Yo Bl et el (o
2 H 3. : - S.oak 1) . El 318
). BEabEp Bearolumh, Chrohafbaiabhy, (holduliTosh) ebptideiant i
1- brondg- BBLASKY atcBBbiks? 641y title compound (1.48 g, 99%).

'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, J=7.0 Hz, 2 H) 6.77 -

6.87 (m, 2 H) 6.90 (s, 1 H) 7.03 - 7.12 {m, 2 H) 7.29 (s, 1 H).

BI 354(M"'), 356(M+2), 358{(M+4).

[0284]

Preparation Example 28

Synthesis of l-bromo-4-chloro-3-{4-ethylbenzyl)-6-

methoxybenzene

Synthesis was performed in a similar manner as in

Preparation Example 27 using 4-ethy1benzoic acid in place of

4-ethoxybenzoic acid.

!H NMR (300 MHz, CHLOROFORM-d) & ppm 1.22 (t, J=7.6 Hz, 3 H)

2.62 (g, 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 (s, 1 H).

EI 338, 340, 342 (M', M+2, M+4).

[0285]

Preparation Example 29

Synthesis of 1l-bromo-4-chloro-3-{4-isopropylbenzyl)-6-

methoxybenzene

Synthesis was performed in a similar manner as in

Preparation Example 27 using 4-1sopropylbenzeoic acid in place



i sopropyl benzyl) benzene The title conmpound was synthesized by a simlar
nmethod as in Preparation Exanple 32 using cunene in place of toluene. 'H
NVR (300 MHz, CHLOROFORMd) S ppm1.22 (s, 3 H 1.24 (s, 3 H 2.21 (s, 3 H
2.81-2.92 (m 1 H 3.85 (bs, 2 H 3.87 (s, 3 H 6.71 (s, | H 6.98 - 7.06
(m 2H 7.10 - 7.16 (m 2 H 7.28 (s, H. El 322 (M), 334 (M2).

[ 0293) Preparati on Exanple 35 Synthe§i§' 2-(4-et hyl benzyl ) phenol

1- Brono- 4- et hyl benzene (6.69 g, 0.036 nol) was added to a suspension of
magnesi urfR ¥~ Adioxrrrzeianyetdf uran (50 nL) and heated to ref | ux.
Subsequent!ly, a tetrahydrofuran (300 ni) solution of 1-brono-4-ethyl benzene

(97.9 g ¢ MR 15190 ‘ a‘c‘fﬁé?“? Rl‘f%%])) Hb (R ﬁt-%"ocﬁﬁtt etpleritlif e 6 At er .
Co 4C and 4 &t rargir Ot urbrtk 10005 Sof (11 b 1 (8- bhrBY) bigbereal hehyde
(100 g, G 4l _nn;.)zdvaﬁ“’adgle[g) f.pr3§)n(as hf)l,ﬁ{ After stirred for two hours, the

reaction mxture Was ' poured i nto a''saturated anmoni um chl ori de aqueous

sol ution.gr Af4-£r 4 35 UNg xtjaeted with ethyl acetate, the organic
phase was washed d?fhn%ﬁéng an ?ﬁbn dr%ed with anhydrous magnesi um

sul fate. Afdggjthe desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by silica gel
colum et D P B gy et hyl acetate=95:5) to obtain (2 - 121 -
benzyl oxyphenyl ) (4- et hyl phenyl ) et hanol (152 g) as a colorless solid.

1H NVR( Ci¥ines s 2K t1 - Benz ploxy 3H) brand44 o 4 Jetthéxiberd)1) -5-

methylbenzene

Synthesis was performed in a similar manner as in
Preparation Example 3 using 4-benzyloxy-3-bromo-6-
methylbenzaldehyde in place of 3-bromobenzaldehyde.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.40 (t, J=7.0 Hz, 3 H)
2.17 (s, 3 H) 3.82 (s, 2 H) 4.00 (g, J=7.0 Hz, 2 H) 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 (s, 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 acid (5.0 g,
0.0215 mol), potassium carbonate (9.8 g, 0.0710 mol), n-
Buy,NI(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.
An iced water was added and the obtained mixture was extracted
with ethyl acetate twice. The combined organic phase was

washed with brine and dried with anhydrous magnesium sulfate.



2.90(d, J-5.6Hz, 1H), 5.03(s, 2H), 6.03(d, 1H, J=5.6Hz), 6.90- 7.37(m 12H).
Then a m xture of (2-benzyl oxyphenyl) (4- ethyl phenyl)nethanol (78.5g), 10%
pal | adi um activated carbon (5.2g), concentrated hydrochloric acid (10.4 nl)
and nmet hanol (850 nlL) was stirred under hydrogen atnosphere at room
tenperature for 24 hours. After filtergﬁ% off the insolubles, the filtrate
was evapor at ed under reduced pressure then, the residue was distilled
under reduced pressure to obtain the t|tIe co ound (56.8 é%Eas a colorless
igue

oi | . 2' H r&:ﬁigt?oéﬂs% PEHAFant 21‘(488 165 7§ e by 4. 00
4. 64(s.. 1 77-7.1 1 . 10294 i
?ém%@@@%@f*@%f ﬁﬁ) i z‘é:%?ﬁfﬁin;%
ol ) n, JRTRAyaRRfUTAR "b‘)) 12’?3’&56%’? ° aid ©
adaa i 13id B, L5223t 10 033 T SRR Jier i SRR e
were filt YHe WL GR s aJt{ﬂdré&‘%]{“ 2ol gu‘ias.t 55 d é.‘lbyjfﬁ hours.

After the trate was concentr e residué was puri dilica ge
col um C*‘(r(pn‘m QPr apil xR LifitrRGetA®DS: Thel Q-e%ﬂ‘-t&'dh hi8&ugeof a

colorless - 122 - oily title conpound. EI 276(M+), 278(M+2). [0295]

Prepar at ivalt Bt 3t et Fey nefl hdul el 2ardrelinex yWerRieay ki iadi ne
saturated ammenium chloride aqueous solution, and resulting
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
aqueous scolution and brine and then dried with anhydrous
magnesium sulfate. The solvent was evaporated under reduced
pressure after the desiccant was filtered off to obtain
5-bromo-2,4-(dibenzyloxy)benzyl alcochol (12.1 g). This was
used in the next reactlon without purification.
[0288]

Manganese diloxide (IV)(13.1 g, 0.150 mol} was added to a
toluene (150 mL) soclution 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 100°C for
four hours. The mixture was cocled to room temperature and
insolubles were filtered off with celite, The solids obtained
by concentrating the filtrate 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.



A tetrahydrofuran solution (25 nL) of 3,5-dibronmo pyridine (5 g, 0.0211
nol ) was added dropwi se to a m xture of a tetrahydrofuran solution (21.1
m.) of 1M i sopropyl nmagnesium chloride and tetrahydrofuran (10 ni) at 4C
for 15 mnutes. After stirred at roomtenperature for 2.5 hours, the
reaction mxture was added with 4- ethgﬁy enzal dehyde (2.93 niL, 0.0211 nol)
and stirred for further 1.5 hours. Aft he reaction mxture was added
with water while cooled on ice and extracted wth ethyl acetate, the
organi c g8 has washed with brine and dried with anhydrous nagnesi um

ZI%LZ‘I at i g hg { vﬂmh il o f@aéS‘IaE%s%I%tmé‘fwﬁst?S% FERF ] o gel
1
(5- br omogR iR bl ""pﬂ%éaeeé %Jﬂyéay%yesé?ahan%%i $ 5 BESRbT S o el T ow
I b I
ghdgdsudro%v%e *f@%ﬁﬂ&? oro orﬁrﬁFsoI r%f&g‘% ‘%%a%rtgrrré)%é? %Jéd%x%‘?%(m ) vas

ethoxypha tthEﬁ I Et 3Si H ( ) at
4C and stirr r oom% ‘enper at ur&l&? gﬁ"ﬂolu'réos dﬁIeSJr-Je?acrq_l Oh' %m was

added wi th gipt@d, andy) extgacigd yitho Oﬂf'i orpfeyn f§tes, Wasipds o ¥ h&yr i pe,
the organic p ase was dried with anhydr ous nagne3|un13ulfate - 3 After

the desi qparg.sms(d] |1 expds ofS , - tées2 egh dup Wptaj opd- by, 1evappratiung the
sol vent under reduced pressure was purified by silica gel colum
chr omat ogr.agthy- (thet@n@ ethylHpcetate =5:1) to obtain the title conmpound in
a colorless needle form (1.83 g, 77%. [0297] 1H NMR (300 MHz,
CHLOROFOBE 25 Mpm 152M(M+2) Ja6. 99 Hz, 3 H)
[0290]
Preparation Example 32
Synthesis of l-bromo-2-methoxy-4-methyl-5-(4-
methylbenzyl)benzene
Oxalyl chloride (3.43 mL, 0.0400 mmol) and N,N-
dimethylformamide (2 drops) were added to chloroform (60 mkL)
solution of 4-methoxy-2-methylbenzoic acid (5.0 g, 0.0300 mol).
After the reaction mixture was stirred at room temperature for
one hour, the reaction sclvent was evaporated under reduced
pressure. The obtained vellow oily substance was dissolved in
chloroform (60 mL). Toluene (3.52 mL, 0.0330 mol) and
aluminum chloride (8.02 g, 0.0601 mol) were added to this
solution while cooled on ice, and the reaction mixture was
stirred for three and a half hours while keeping the reaction
mixture cooled ice. After 5% hydrochloric acid was added to
the reaction mixture and extracted with chloroform, the
organic phase was washed with 10% hydrochloric acid, water, a

saturated sodium bicarbonate aqueous solution and brine, and

dried with anhydrous magnesium sulfate. After the desiccant



3.90 (s, 2 H 4.02 (q, J=6.99 Hz, 2 H 6.85 (d, J=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 8.52 (s, 1 H ESI
mz = 292( MtH), 294(M+2+H). [0298] Preparati on Exanpl e 38 Synt hesis of

1- brono-3-[ (2E or Z)-3-(4-ethy|pheny|)prop 2-en- 1-yl]benzene A m xture of
(4- et hyl benzyl ) tri phenyl phosphoni um chl de (3.52 g, 8.44 mvol ) and
tetrahydrofuran (20 nL) was added thTll 1 |thiun1diisopropylanine (hept ane

/tetrahydrofuran/ethyl benzene sol ution, 4. whi | e cool ed on
i ce and §ﬁ$ el LTS o‘hﬁerﬁ?}é‘? a’t"%ﬁ’ed‘*%r‘”b%i“%LPY W@%HRQOFPWS added
d t et d | ut

(E?B\rMorsrg a ﬁc‘ré'?%/ £ &?% %rge%sﬁr%f]g«i rﬂb%’;gi%l%ob%t?:"}je%aa?e}oom

sat urat ed 4 m%ic“r%% *r“%?r%é (R eS %ﬂih:fé dﬁ% d
i ed i F Wﬁ@ (R S ﬁ?%?ﬂ%?%@? e destccant vas f11tered.
off, the residisy {Fﬁhéﬁhan&@é @V@@qgatgggggpe sol vent under reduced
pressure was purlfled I'ica gel colum chronatography

hexane: ¢ t4 t dH0.41
) amz%ﬁ%ﬁ%@*héﬁﬁwﬁﬁ%%’ RGN & 1 2T 40 L

J=7.41, H) 4.8¢. .0, . HB ¢)7£.&642.7=28 (5 2.38 13z471 HB 881 Md2 H2.6. 70 -
6.63 (m 2 H 7.04 - 7.46 (m 8 H. El 300, 302 (M, M2). [0299]

Hz, 1 H) 7.21 - 7.27 {(m, 2 H) 7.31 (d, J=8.4 Hz, 1 H) 7.64 -

7.71 {(m, 2 H)

ESI m/z = 263 (M+Na)

Et;5iH (8.5 mL, 0.0531 mol) was added to a mixed solution
of chloroform (8 mL) and acetonitrile (32 mL) of (4-methoxy-2-
methyl phenyl)(4-methylphenyl)methanone and BFy;Et;0 {4.5 mL,
0.0354 mol) was added dropwise while cooled on ice. The
reaction mixture was warmed te room temperature and stirred at
50°C for one hour. After the reaction mixture was added with a
saturated sodium bicarbonate 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 filltered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
gsilica gel column chromatography-{hexane:ethyl acetate=15:1)
to obtain colorless olly 4-methoxy-2-methyl-1-(4-
methylbenzyl)benzene {3.89 g, 97%).

'!H NMR (300 MHz, CHLOROFORM-d) 8 ppm 2.21 (s, 3 H) 2.31 (s, 3
H) 3.78 (s, 3 H) 3.88 (s, 2 H}Y 6.65 - 6.74 (m, 2 H) 6.97 -
7.03 (m, 3H) 7.03 - 7.11 (m, 2 H}

EI 226 (M')



Preparati on Exanple 39 Synthesis of

3-brono-7- (4- met hyl benzyl ) - 1- benzot hi ophene An acetonitrile (30 nL) solution
of 7-(4-nethyl benzyl)-1- benzot hi ophene (1.24 g, 5.20 nmol) was added with
N- bromosuccinimde (1.01 g, 5.72 nmmol) and stirred at room tenperature for
two hours. The sol vent was evaporated_ r_ reduced pressure and diluted
wth ethyl acetate. After washed wth mﬁ@bsodlunlthlosulfate aqueous

Ul Tate, B e Eae im0 1 s o aete T RS SR Ra oy
Eéf‘(ﬁﬁ:&h‘%‘%ﬁ%ﬂ ogrgp% PHFERL: é?ﬂ@%‘?g%f%g?%ﬁ?g@%@ieﬁﬁ *fi}f?g P b o
CrLOROFCPRT) - Qe TGHYrd, b Sl lar DAL WM ure, o

7.37 - 7-ifké tﬂeFﬂegbggoﬁChix€u¥e45a§tadéebﬂwi€$ 3&@er3%ﬁiiy|coﬁ&gh
Exanple 1 125 - (0300) BnC OBn OBn Synt hesi s of

2,3,4,6- t@ﬂrﬁbé)iﬁwzd*tfaé%éé &ﬂth ethyl acetate the organic phase was
ethylbenzyl)]phenyl] 5-t hi o- D- gl ucopyranose A m xt ure of magnesi um (55 ng,

2. 25 mvolyasiadrwith 3a (dateiHyeédesnsdiwmebiearbori@be ngqudoBd s6RLtion
synthesized in reference to International Patent Publication W0127128) and
tetrahydradidirznige. ndidrived withecanhpdrebs| maghesiomestbfiate. 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=15:1)
to obtain a yellow oily title compound (4.21 g, B80%).
'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 (M+2).
[0291]
Preparation Example 33
Synthesis of l-bromo-2-methoxy-4-methyl-5-(4-
ethylbenzyl)benzene
The title compound was synthesized by a similar method as
in Preparation 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 H) 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



The reaction mxture was further stirred at roomtenperature for one hour
and then cooled to OC. To this solution, a tetrahydrofuran (5.0 nl)
solution of 2,3,4,6-tetra-0O benzyl-5- thio-D glucono-1,5-1actone (500 ng,
0.901 mml) was added dropwi se and stirred at roomtenperature for one
hour. After the reaction m xture was aggﬁd wi th a saturated amoni um

chl ori de aqueous sol ution and extracted th ethyl acetate, the organic
phase was _washed with brine and dried with anhydrous magnesi um sul fate.
After theSHB§P€€%ﬁt°ﬁa%'PFPF@F@G“GGPPFYFHémPégwéﬁé'éﬂrained by evaporati ng
t he sol vent under .. redu ﬁ ressure was purified by silica gel colum
chronatog}gBH§°?HéQ§H§¥gS ﬁﬁzaggtate =5:1) to obtain the title conpound

6 ppm 310 (1, BetEtg’ cBiplhy” gk ghANESs b VY Uyt Wi 98]0
> 206\ 1o brebalcl i pdakB1g: 33 fsif pulibnd {5 placy™hY folfept.” 3 08,
oot Y uthr {389 (k) ScitoRoRéri-8) 78 bBh £ 2% (s2%3 ) 1 i%alts 08 1

Exanpl e Znyrat.!z@skg,ofs #)32480-bevra(m, benmy! 3. 86 [(Bs(42 H) 3.87 (s, 3
et hyl benzyl ) phenyl ] -5-t hi o- D- gl ucopyranose via ate conplex A m xture of

1- brono- 3Hj46etbybenayhH)beneene ¢lo8 @gm,3268)mmolp and.dieet(hyl 2euher (10
m.) was cooled to -78C and added with 2.6 M n-butylithi um hexane sol ution
(1.4 nL) Pnzan({sArlaHpnsphere. After stirred for 20 mnutes, the reaction
m xture was warnmed to -20C and stirred for 45 mnutes. This solution was
added dr oBlki 822t 6MAa)sudpénéMer)of Cul (347 ny,

[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 (17.2qg) and tetrahydrofuran (50 mL)

and heated to reflux. Subsequently, a tetrahydrofuran (300

mL) solution of l-bromo-4-ethylbenzene (97.9 g, 0.529 mol) was

added for two hours at room temperature. After stirred at

room temperature for 1.5 hours, the reaction mixture was

cooled to 4°C and a tetrahydrofuran (100 mL} solution of

2-benzyloxybenzaldehyde (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 purified by silica gel column

chromatography (hexane:ethyl acetate=95:5) to obtain (2-



1.82 nmol )

n diethyl ether (10 nlL) using a canule. The suspension turned

bl ack during the dropwi se addition and it was heated up to -9C. After the
dropwi se addition, the suspension was stirred at -15C for 15 mnutes, a
diethyl ether (4.0 nL) solution of 2,3,4,6-tetra-0O benzyl-5-thio-D

gl ucono-1, 5-1actone (671 ny, 1.21 nnDI) ggs added dropwi se, and the m xture

was stirred for 20 mnutes. After the
saMwMedammrumchor

acetate, PRBRZE

magnesi um
obt ai ned By
silica gel
title conp
accorded wi

[ 0304] Synt

ction mxture was added with a

2 gueous sol ution and extracted wth_ethyl
gE¥Pheng {4 -akbvdpbapyl\merhapede (374 @i 85 & Fﬁ‘laﬁljr?&rsous
glfate After the desiccant was filtered off, the residue
eaporatlng the sol vent under reduced pressure was purified by

AEMUREEoGS TR 7230Y SATRFLCa | 5 RELE: ancd e "l Spoct rum

s

&hahzso ngagghe 5. 0§¥§”pgﬁi 66[9§?§] 1E”DJ655%9 §?§:955”

esi § of anhydro-2 tetra- O benzyl -1 -

ethylbenzyl}phﬁnyhbn; thio-D-glucitol A dichloromethane (20 nL) sol ution of
2,3,4,6- tetra-0O benzyl - 1- G- [ 3- (4- et hyl benzyl ) phenyl ] - 5- t hi 0- D- gl ucopyr anose
(410 ny, O.546rHER! A wastaddedrseaunBhkglbyyphbRyEy$3H (0.523 i, 3.28
nmol ) and BF3Et 20 (0.276 nL, 2.18 mmol) at -18C and stirred for O. 5 hour s.
After theetkaiphenylr)xeuhanodas7addgq,WivR pasahdiamedctidatedbicagbbanat e
aqueous sol ution

(5.2g9), 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 insolubles,

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{(q, J=7.7Hz, 2H),

4.00 (s, 2H), 4.64(s, 1H), 6.77-7.18(m, 8H}.

EI 213(M+H).

[0294]

Preparation Example 36

Synthesis of 3-(4-ethylphenyloxy)-bromobenzene

A suspension of 3-bromophenol (2.3 g, 13.3 mmol),

4-ethylphenyl boronic acid (1.0 g, 6.67 mmol), molecular sieve

4A (14.7 g), Cu(OAc),; (1.21 g, 6.67 mmol) and chloroform

(25 mL) was stirred at room temperature for three minutes and

added with triethylamine (3.6 mL} and pyridine (2.7 mL). The

insolubles were filltered 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



and extracted with chloroform the organic phase was washed wth brine and
then dried wth 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 colum chromatography (hexane: et hyl
acetate=10:1) to obtain the title conpound (250 ng, 62% as a colorless
powder substance 1H NNR (300 MHz, C}[($§%CFm4d) 6 ppm1.19 (t, 3=7.6 Hz, 3
H 2.59 (q 2 H 3.05- 3.16 (m 1 H 3.53 (t J=8.9 Hz, 1 H
3 67 ; 3 leYnfiBFF gompopnd-3=10.0 Hz, 1 H) 4.53 (s, 2 H 4.60 (d, J=10.7

8 6. 62 - 6.69 - 128 (m 2 H 7.00 - 7.20 On, 10
FD 7. 22 é¥ 285 (M) 1 £E§(M+Eél 757 (M+Na). np 100.0-102.5C. Exanple 4
[ 0305] HE ? T OH OH [0306] Synthesis of
(1S)-1, 5- ahAgarlo- |-[3 (4- et hyl benzyl) phenyl]-1- thio-D-glucitol 1 M

di chloro | yt,ion of BBr3 was added dropwi se to a
dichlorogg%ﬁggga% ¥L§8?§tﬁgn of (19)-1,5-

anhydr o- 2 5o s %gggf-Stﬁfeéxl5L1h3e£ﬂo§§§§%29 JpykansRy | -1

thio-D-glutito 72 mol ) r stirred at this
tenmperature fog @e@rEHﬁ&ﬁofhbSn”b&lHE@oﬂﬁ§zédﬂE¢ vt B, SUﬁHB%Bﬁb (5.0 nm) and

pyridine (3.0 nL) sequentially. This mxture was warmed to room tenperature
and concepytaigefle {beg,oblabnedmbeyi 448 Wa8eRUEKbPRUsBY toi A MAx@akecaltum
a tetrahydrofuran solutien (21.1 mL) of 1M isopropyl magnesium
chloride ané tetrahydrofuran {10 mL} at 4°C for 15 minutes.
After stirred at room temperature for 2.5 hours, the reaction
mixture was added with 4-ethoxybenzaldehyde (2.93 mL, 0.0211
mol) and stirred for further 1.5 hours. After the reaction
mixture was added with water while cooled on ice 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-ethoxyphenyl)methanol (5.0
g, 77%) as a yellow oily substance.
[0296]

Then, trifluoroacetic acid (12.5 mL, 0.162 mol) was added
dropwise to a chloroform solution of (S5-bromopyridine-3-yl)(4-
ethoxyphenyl)methanol (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

organlic phase was dried with anhydrous magnesium sulfate.



romat ogr aphy (chl orof orm net hanol =10:1) to obtain a colorless anorphous
tle compound (23 ng, 23%. 1H NMR (300 MHz, METHANOL-d4) S ppm 1.19 (t,
7.6 Hz, 3 H 2.58 (q, J=7.6 Hz, 2 H 2.95 - 3.03 (m 1 H 3.20 - 3.28 (m
1 H 3.60 (dd, J=10.3, 9.0 Hz, 1 H 3.70 - 3.78 (n1 3 H 3.88- 3.98(m 3
H 7.09 (bra, 5H 7.17 - 7.23 (m 3 H), ES| mz = 397 (MNa), 373 (MH).
Exanple 5 - 129 - (0307] OO~ BnO ST ;2 CH BnO' "'OBn OBn (0308]
Synthesis_of 2,3,4,6-tetra-0O benz I-I-C—%Z nmet hoxy- 4- et hyl -

Aot hoxyhehes| ThAApRLCoant, Ha. BLISeRpPantce  theysedigus sbtained by

1, 2-di br onoet hane, wer ed to . a m_xture of nesi um (41

I b o SOV PO RE LY ECEDE! Foavent, HBRSE AFRaRRSM, 3ﬁ?éﬁ&reowef”§urif3fw :
and tetra r of ur Aft er _heat r hour hi s
e ur o vBLLSFR oHes "eh el anephRkopEaPES  Rekabe BtnyY s2e5alonFe 1)

Grignard £eageplanArhet £aYdr SLHEBNRAOUH! LOBA AR oLl ol e aPEPY!
magnesi um chl or| e and the preépare Gi'gnard-reagent “were a FFOpW se
sequentlaély 9%; tetrahydrofuran (5 nL) solution of

2,3,4,6-tefra- O-benzyl -5- thio-Dglucono-1,5-1actone (0.76 g, 1.38 mmol)
while coofgdegp ice and the mxture was stirred for 30 mnutes. After the
reaction mxture was added with a saturated anmoni um chl ori de aqueous

sol ution egdyg@it { 36beHuY,  BHEORYFORMEDYL 8 ppACIORIAMLS J=6.99 Hz, 3 H)
3.90 (s, 2 H) 4.02 (g, J=6.99 Hz, 2 H) 6.85 (d, J=8.70 Hz, 2

ch
ti
J=

H) 7.07 (4, J=8.70 Hz, 2 H) 7.59 (t, J=2.02 Hz, 1 H) 8.40 (s,
1 H} 8.52 (s, 1 H)
ESI m/z = 292(M+H), 294(M+2+H).
[0298]
Preparation Example 38
Synthesis of l-bromo-3-[(2E or Z)-3-(4-ethylphenyl)prop-2-en-
l-yl]lbenzene

A mixture of (4-ethylbenzyl)triphenylphosphonium chloride
{3.52 g, 8.44 mmol)} and tetrahydrofuran (20 mL) was added with
2M lithium diisopropylamine {(heptane
/tetrahydrofuran/ethylbenzene solution, 4.2 mL, 8.4 mmol)}
while cooled on ice and stirred at room temperature for one
hour. This solution was added dropwise to a tetrahydrofuran
solution (10 mL) of (3-bromophenyl)acetaldehyde (0.56 g, 2.81
mmol), 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 organic phase was washed with brine
and dried with anhydrous magnesium sulfate. After the

desiccant was filtered off, the residue obtained by



phase was washed with brine and dried wi th anhydrous nmagnesi um sulfate.
After the desiccant was filtered off, the residue obtained by evaporating

t he sol vent under reduced pressure was purified by silica gel columm
chromat ogr aphy (hexane:ethyl acetate =4:1) to obtain (0.76 g, 68% a yell ow
oily title compound. 'H NWR (300 MHz, CHLOROFORMd) 6 ppm 1.37 (t, J-6.92
Hz, 3 H - 130 2.21 (s, 3 H 3.51 - 4.%8%m 12 H 3.85 - 3.89 (m 3 H)
4.51 (s, 2 H 4.65 (d, J=10.72 Hz, 1 H 4.71 (d, J=5.75 Hz, 1 H 4.78 -
4.99 (m @vApogatdng the3sphvent Mpdexamgduced pgsgsure @ps eurlifged yBnO
"'0Bn OBn fﬁnthe s of lgb-l,S-anEydro-Z 3,4,6-tetra-Q benzyl -1-[2

met hoxy- 45#EER§ 951 FoLEmBy FhERPAtLIRaRPY| (hexans: BhdFofogm A404ddt dRitril e
(18 mL) solution of 2, 3,4, 6-tetra-

benzyl - 1- é’F?J'Hef"hS? PHJﬁ‘éf‘hyﬁiQ’- {tit&PhSWBBH?% KBnédy . 59%. E/Z
thin-D—gIHiggéggﬁgge (840 ng, 1.04 mmol) was added sequentially with Et3S1H
(0.415 m., 2. ol ) and BF3Et20 (0.198 nL, 1.56 mmol) at -18C and stirred

for an houy. t t re ' Lxt uheswas add with t ur,at.eq.sodi um
bicarbona?g g@%egégoso ﬁfigﬁkgﬁgngpfgetgdp tg°§?h9|5a8§ti é,J'?hQIOrganic
phase vassugsheq whthaDr sneyandsehonsdrigd o 4 sanhydr augamqanes! wy
sulfate. After the desiccant was filtered’ off, the residue obtained by
evapor ati gg7phe gokgeqim,undan 7reduced peesmyure was purified by silica gel
colum chromat ography (hexane: ethyl acetate=4:1) to obtain the title

EI 300, 302 (M', M+2).

[0299]
Preparation Example 39
Synthesis of 3-bromo-7-{4-methylbenzyl)-1l-benzothliophene

An acetonitrile (30 mL) sclution of 7-(4-methylbenzyl)-1-
benzothiophene (1.24 g, 5.20 mmol)} was added with
N-bromosuccinimide (1.01 g, 5.72 mmol) and stirred at room
temperature for two hours. The solvent was evaporated 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 desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate =100:1-
50:1) to obtain a colorless powdered title compound (0.92 g,
56%).
1H NMR (300 MHz, CHLOROFORM-d) 0 ppm 2.31 (s, 3 H) 4.12 - 4.26
({m, 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).
EI 316, 318 {(M', M+2).

Example 1



conpound (640 ng, 778). 1H NWR (600 MHz, CHLOROFORMtd) b ppm 1. 35 (t, J=6. 88

Hz, 3 H 2.21 (s, 3 H 3.02- 3.21 (m 1H 3.55(t, J=9.40 Hz, 1 H 3.71

(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 (d, - 131 J=10.55 Hz, 1 H 6.58 - 6.76

(m 5H 6.90 (d, J=7.34 Hz, 1 H 7.09 7.19 (m 5H 7.23 - 7.35 (m 15
CES mz - 812 (MNHM). Example 7 [03317 0 110, -% S HO' 1' OH OH

[ 0312] ﬁﬁhgﬁ is of (1S)-1,5-anhydro-1-[3-(4- ethoxybenzyl)-6 nmet hoxy-

4-met hyl p 1-thio-D—qucitoI A m xture of

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

[2-nethoxy 4- et hy 4 et.hoxybenzyl ) phenyl ] -1-thio-D- glucitol (630 ng,

0.792 nnn%%? \ di im hydroxi de on activated carbon (650 ng) and et hyl

acetate ( ;mtthanol (10 mL.) was stirred under hydrogen atnosphere at

room tenp W%t. € 8r 66 hours. The insolubles in the reaction mixture were

filtered off wth celite and the filtrate was concentrated. The obtai ned

residue was purified by silica gel colum chromatography

(chl orof or m et hanol =10:1) to obtain a colorless powdery title conpound

(280 ny, 8991ds 0.5 hydrate. 1H NVR (600 MHz, METHANOL- d4) 6 ppm 1.35 (t,

276,575 ipbhpstaigel s k- S oPeghabfh b ettt ([ 5 e L

ethylbenzyl) ]Jphenyl]-5-thio-D-glucopyrancse

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 Patent Publication WO0127128) 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 0°C. To this solution, a
tetrahydrofuran (5.0 mL) solution of 2,3,4,6-tetra-0O-benzyl-5-
thio-D-glucono-1,%-lactone (500 mg, 0.90]1 mmol) was added
dropwise and stirred at room 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 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) to obtain the title
compound (440 mg, 65%) as a colorless olly substance.

'H NMR (300 MHz, CHLOROFORM-d) O 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 (dd, J=10.1, 2.7 Hz, 1 H) 3.74 (d, J=10.1 Hz, 1 H) 3.88 -



H 3.83 (s, 2 H 3.94 (dd, 3=11.5, 3.7 Hz, 1 H 3.97 (g. J=6.9 Hz, 2 H)
4.33 (s, 1 H 6.77 (d, J-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 mz = 452 (MNH4+), - 132 493 (MrCH3CO2-). nip
155.0-157.0C. Anal. Calcd for C23H3006S O 5H2O0. C, 62.28; H, 7.06. Found:
C, 62.39; H 7.10. Exanple 8 [0313] Bg? BnOS OH BnOY "OBn OBn (0314]
Synt hesis of 2,3,4,6-tetra-0O benzyl-1- 5. {benzyl oxy) - 5- (4-

ethoxybenzyl%pheny ]-5-thio- D-glucopyranose Three drops of
1, 2- di br ofroé? héRe ﬁeﬁé &ddéd(ﬂe d=APxdubg . oft HAgﬁe§Pu&ﬁ(1?5Hdg4 ﬁ52ddnnn|)

ST BT L VRl D )
tZ?iahygrSfEegﬁ“ Orfhtwo? 32 -47538etpa. 0B I3 EhifoSp. W 2 1.

gl ucono- 1g @?EODeTQ}ng MIN 3 9 mmol ) was added dropwise to this solution
and stlrre at'roomtenperatiare for one hour. After the reaction mxture
was addedrghhhyia saturated ammoni um chloride aqueous solution and extracted
W th ethyf acegate t he organi c phase was washed with brine and dried with
anhydr ousggggpesi ym sul fate. After the desiccant was filtered off, the

resi due obtai ned by evaporating the solvent under reduced pressure was

purified bynshes£a g€l 260l unB-tebeandtBghaphy1¢bexaneset hyl acetate =6:1) to
obtain the title

ethylbenzyl)}phenyl]-5-thio-D-glucopyranose via ate complex

A mixture of l-bromo-3-(4-ethylbenzyl)}benzene (1.0 g,
3.63 mmol) and diethyl ether (10 mL) was cooled to -78°C and
added with 2.6 M n-butylithium hexane solution (1.4 mL) in an
Ar atomsphere., After stirred for 20 minutes, the reaction
mixture was warmed to -20°C and stirred for 45 minutes. This
sclution 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 -9°C. After the dropwise addition, the
suspension was stirred at -15°C for 15 minutes, a diethyl
ether (4.0 mL) solution of 2,3,4,6-tetra-0O-benzyl-~5-thio-D-
gluconc-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 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 the title compound (1.0g) as a



conmpound (1.48 g, 59% as a pale yell ow powder. 'H NVR (300 MHz,
CHLOROFORMd) 6 ppm 1.38 (t, J O Hz, 3 H - 133 3.48 - 3.71 (m 2 H 3.77
- 410 (m 9 H 4.51 (brs, 2 H 459 - 4.74 (m 2 H 4.77 - 4.94 (m 3 H)
5,09 (s, 2 H 6.64- 7.40 (m 32 H). ESI mz = 895 (MNa). Exanple 9
[0315] BnO O Bn0O S BOO OBn OBn [0316) Synthesis of
(1S)-1,5-anhydro-2,3,4,6-tetra-C>benzy'I-1 j[Z—
(benzyloxy)-S-Qékfthoxybenzyl)phenyl -1-thio-D-glucitol A chloroform (8.0
m.) and acoleH quykg(ﬁqﬁgtqﬁgqﬂi heoNMR spectrum accorded with tha
2,3,4,6-tetra-0-benzyl-1-C[2-(benzyl oxy)-5-(4-
ethoxybeaniFﬁﬁﬂﬁiﬂ-%ﬁthio-D-gIucopyranose (850 ng, 0.974 nmmol) was added
sequenti al wi.th Ft3SiH (0.933 nL, 5.84 mmol) and BF3Et20 (0.494 nL, 3.90
mol ) at E¥EPA% Stirred for one hour. After the reaction mixture was
added mﬁtg turated sodium bi carbonate aqueous sol ution and extracted
with chldrétform the organi c phase was washed with brine and then dried
wi t h anhydrous nmagnesium sul fate. After the desiccant was filtered off, the
resi due obtained b ati ng the solvent under reduced pressure was
purified kpaost A6 ol um chromat ography (hexane: ethyl acetate=8:1) to
obtain the Bkit e Enpound (810 ng, 97% as a col orless powder substance.

"H NVR (300 @&Eﬁ OROFORMd) 6 ppm 1.36 (t, J=7.0 Hz, 3 H 3.04 - 3.18
(m 1 H 3.54 (t, J=8.4 H, 1 H 3.65- 3.76 (m 1

| e
=7.

[0304]
Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-[3-(4-
ethylbenzyl)phenyl]-1-thio-D-glucitol

A dichloromethane (20 mL) solution of 2,3,4,6- tetra-oO-
benzyl-1-C-[3-(4-ethylbenzyl)}phenyl]-5-thio-D-glucopyranose
(410 mg, 0.546 mmol) was added sequentially with Et;SiH
{0.523 mL, 3.28 mmol) and BFyEt,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 agueous solution
and extracted with chloroform, 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 purified by
sllica gel column chromatography (hexane:ethyl acetate=10:1)
to obtain the title compound (250 mg, 62%) as a colorless
powder 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) 3.05 - 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 (s, 2

H) 4.60 (4, J=10.7 Hz, 1 H) 4.85 - 4.94 (m, 3 H) 6.62 - 6.69



134 H) 3.77 - 4.06 (m 8 H 4.40 - 4.73 (m 5 H) 4.83 - 5.12 (m 5 H) 6.62

- 6.87 (m 5H 6.92 - 7.46 (m 27 H. ESI mz = 879(M-Na) Exanple 10
[0317] HO. - Oi HO9 ~1 ~HO"OH OH (0318] Synthesis of

(1S)-1, 5-anhydro-1-[5-(4-ethyl benzyl)-2-hydroxy phenyl]-1-thio-Dglucitol
m xture of (18)-1,5-anhydro-2,3,4,6-tetra-c>benzyl-I-
[2-(benzy|oxy)-5-(4-ethoxybenzy|)phenylf-f-fhio-D-gIucitol (810 ng, 0.954
nmol ), 20% pal | adi um hydr oxi de on activated carbagn (,800 )._.and et hyl
acetate (5™ ALY 7ePfamol? «@. dML)LO fHs 7st4% r'ea'&ﬂjéﬁ“'hﬁc}@en at nospher e

at roomt erature_far ,. 4 ours. The insolubles of reaction m xture were
filtered Egﬁfma%tﬁ géﬁié@%&%}The filtrate was concentrated. The obtai ned
resi due was rifl by.silica gel columm chromat ography
(chIorofopﬁlﬁgphgﬁggzi¥oal to 5:1) to obtain a colorless powdery title

A

conmpound , 4934) as 0.7 hydrate. 'H NWR (300 MHz, METHANOL-d4) S ppm
?g‘%f)’[{%z 3 h

1.37 (t, 2.94 -°3.05(m 1H 3.22- 3.29 (m 1 H 3.60 (m
1 H 3.691038588 (M 4 H 3.90 - 4.04 (m 3 H 4.33 (d, J=10.6 Hz, 1 H)
6.71 (d, 12393

= 429 (M+Na),

)
o c 61,0 sid sladl )

p 145. 0- 150. 0C. Anal . Cal cd for C22H2e(6S-0. 7
ound: C, 60.81; 135 - H, 6. 89.

[0306]
Synthesis of (1S)-1,5-anhydro-1-[3-{4-ethylbenzyl) phenyl]-1-
thio-D-glucitol

1 M dichloromethane (4.08 mL) solution of BBr; was added
dropwise to a dichloromethane (20 mL) scolution 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 stirred
at this temperature for 2.5 hours, the mixture was added with
methanol (5.0 mL) and pyridine (3.0 mL) sequentially. This
mixture was warmed to room temperature and concentrated. The
obtained residue was purified by silica gel column
chromatography {(chloroform:methanol =10:1) to obtain a
colorless amorphous title compound {23 mg, 23%).
'H NMR (300 MHz, METHANOL-d,) & ppm 1.19 (t, 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 (dd, 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 (M+Na), 373 (M-H).

Example 5

Hz, 1 H 6.76 - 6.90 (m 3 H 7.03 - 7.15 (m 3 H. ESl mz



Exanple 11 [0319] C O S BnO-1 BnO 'OBn 06n [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 ) phenyl ]-1-thi o-D-glucitol Five drops of

1, 2-di bronoet hane were added to a mi xture of nmagnesium (1.11 g, 45.7 mmol),
2- (5-brono-2"-chl orophenyl)- 1, 3-di oxol gg (9.64 g, 36.5 mmol) and
tetrahydrofuran (20 nmL) and this mxtu was heated to reflux for two

hour s. g ﬁction m xture was cooled to roomtenperature, and

tetrahydr pap (15 mL) of 2,3,4,6-tetra-0O benzyl-5-thio-D

gl ucono-1, 5-1 act opge . ‘\/36 5 mol ) was added dropmnse to this

sol ution and stlgr== pm t enperature for 30 mnutes. After the reaction
m xt ure waBnadued h~a™sat urat ed anmoni um chl ori de aqueous sol uti on and
extracted wghd gt acetate, the organic phase was washed with brine and
dried with anhysmous magnesium sulfate. After the desiccant was filtered
of f, the residue obtained by evaporating the solvent under reduced pressure
was purified by silica gel colum chronmat ography (hexane:ethyl acetate=4:1
to 3:1) t g8 ?; col orl ess anor phous

2,3,4,6-tetra- O benzyl -1-C-[ 4-chl oro- 3-

Eésgl?'Oxg*ﬁﬁhgsib)BBGQYbl4§ELEBQrEEGLBBHE¥ia@0€e[él$e§ﬁoﬁy~48%%khy1-136 -

(4-ethoxybenzyl)phenyl]-5-thio-D-glucopyranose

Five drops of 1,2-dibromcethane were added to a mixture
of magnesium (41 mg, 1.67 mmol), l-bromo-3-(4-ethoxybenzyl)-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 tetrahydrecfuran solution (1.40
mL) of 1.0 M i-propyl magnesium chloride and the prepared
Grignard reagent were added dropwise sequentially to a
tetrahydrofuran (5 mL) solution of 2,3,4,6-tetra-0-benzyl-5-
thio-D-glucono-1,5-lactone (0.76 g, 1.38 mmol) while cocled on
ice and the mixture was stirred for 30 minutes. 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 magnesjium
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 yvellow oily title
compound.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.37 (t, J=6.92 Hz, 3 H)



Sn0 SI O OHO Bn0" '0Bn OBn [0322] 1H NMR (300 MHz, CHLOROFORM d) S ppm
3.06 (s, 1 H 3.47 - 3.58 (m 1 H 3.64 (dd, J=10.0, 2.9 Hz, | H 3.83 -
4.2 (m 9 H 4.48 - 456 (m 3 H 4.66 (d, J=10.6 Hz, 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 5 H 7.23
- 7.37 (m 14 H) 7.55 (dd, J=8.4, 2.5 Hggol_ H) 7.92 (d, J=2.5 Hz, 1 H).
Then, 6M hydrochloric acid (120 nL) was agded to a tetrahydrofuran (50 ni)
solution qf .,2,3,4, 6-tetra-Q-benzyl -1 -

& (4 onl ofo?d: (833000 e 2 b 2Ppi By 12 8 -85~ G-BSoftarbd® %1 g
8.12 mmol ), _whi,l &,i ge+goQql.ed,,_and . rred. at agmgt rat or. days.
The reacti o I2m‘ﬁ)gt ﬁr'g%\/\gg'agd'g‘ 'V?A'Ztshfzdnq'l C d4v€/a0)'(t:ler(d§.'n "eE'i't')r%a 2d witth et hyl
acetate apdsghe qrganify Phags wagqoashed widh aesgurated sodium

bi car bonat e aqueous “sol ution, brine and Sried wi th " anhydrous magnesi um

sul fate. ﬁ&hﬁﬁlbh% desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by silica gel
colum chogoeyogr aphy (hexane: ethyl acetate=3:1) to obtain colorless

anor phous 2, 3, 4, 6-tetra- O benzyl -1 -C (4-chl oro- 3-

f ormyl phenyl ) - 5- ¢ sofPranose (4.53 g, 80%. [0323] - 137 - C | BnO
S OH CHO I ¥

Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-{2-
methoxy-4-methyl-5-(4-ethoxybenzyl)phenyll-1-thio-D-glucitol
An acetonitrile (18 mL) solution of 2,3,4,6-tetra-0-
benzyl-1-C-[2-methoxy-4-methyl-5-(4-ethoxybenzyl)phenyl]-5-
thio-D-glucopyranose (840 mg, 1.04 mmel) was added
sequentially with Et;SiH (0.415 mL, 2.60 mmol) and BF;Et,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 aguecus solution and 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 residne 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 (640 mg, 77%).
H NMR (600 MHz, CHLOROFORM-4) & 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)
3.71 (s, 1 H) 3.74 ~ 3.97 (m, 10 H) 4.01 (s, 1 H) 4.45 - 4.56

(m, 3 H) 4.60 (4, J=10.55 Hz, 2 H) 4.86 (s, 2 H) 4.90 (4,



OBn [0324) 'H NWR (300 MHz, CHLOROFORMd) S ppm 3.14 (s, 1 H) 3.43 - 3.58
(m 1 H 3.63 (dd, J=10.0, 2.6 Hz, 1 H) 3.87 - 4.16 (m 5 H 4.45 - 4.72

(m 4H 4.8 - 505 (m 3H 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 nL) was added to a m xture of

1- br onp- 4- et hoxy- 2- met hyl benzene (0.94 ¢t31 4. 37 mmol ) and tetrahydrof uran
(12 nmL) at -78C. After stirred for one hour, the m xture was added with a
tetrahydr afkQub T 1z L) Bbl@t5®n- 08. 26 3(m, 65 t1R) ré- 90 bbdzyS=1:84 (Hzchl adp- 3-
fornylphenyung-thio-D-glucop ranose(1.52 g, 2.18 mmol), and, further
stirred fok- mihuts(Mman® Hhe? r&3ct i DdFi dmurkS vidk- warnmed to room
tenperature. After the reaction m xture was added with a saturated amoni um
chl ori de Ftfed¥Z sol&h? oM+lHk) -extracted with ethyl acetate, the organic
phase was washed w th brine and dried wi th anhydrous magnesi um sul f at e.
After thEXEREaht was filtered of f, the residue obtained by evaporating
t he solveq; r reduced pressure was purified by silica gel colum

chr omat ogr hexane: et hyl acetate =2:1) to obtain

2,3,4,6-tetra-C>§enzyI

-1 -G {4-chl oro-3-[ (4-ethoxy-2-

Egu “Yphenyl ) -5-thi o-D gl ucopyranose (1.72 g, 958)
astereoner mxture. [0325] - 138 Then, an

acetonitrilgq( 0).nl,) solution of 2,3,4,6-tetra-

O benzyl - 1- T { or o- 3-[ (4- et hoxy- 2-

nmet hyl phenyl ) (hydr oxy) net hyl ] phenyl ) - 5-t hi o- D- gl ucopyranose (1.72 g, 2.06

nmol ) was added sequentially with Et3SiH (1.98 nlL, 12.4 nmol) and BF3Et 20

(1.04 nm, E%f?;fn“”) whi | e cool ed

as a yel | ogyp-awo

Synthesis of (1S}-1,5-anhydro-1-[3-(4-ethoxybenzyl)-6-methoxy-
4-methylphenyl]—l-thio—D-giucitol

A mixture of (18)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-
[2-methoxXy-4-methyl-5-{4-ethoxybenzyl)phenyl]-1l-thie-D-
glucitol (630 mg, 0.792 mmol), 20% palladium hydroxide on
activated carbon (650 mg) and ethyl acetate (10 mL) - ethanol
{10 mL) was stirred under 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:methanol =10:1) to obtain a
colorless powdery title compound (280 mg, 81l%) as 0.5 hydrate.
1H NMR (600 MHz, METHANOL- 4,) 0 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 (44, J=11.5, 3.7 Hz, 1 H) 3.97 (g, J=6.9
Hz, 2 H) 4.33 (s, 1 H) 6.77 (4, J=8.3 Hz, 2 H} 6.76 (s, 1 H}

6.99 (@, J=8.3 Hz, 2 H) 7.10 (s, 1 H). ESI m/z = 452 (M+NH4+),



on ice. After stirred for one hour, the reaction mxture was warned up to
roomtenperature and stirred for three hours. After the reaction m xture
was added with a saturated sodium carbonate aqueous solution and extracted
with ethyl acetate, the organic |ayer was washed with brine and dried with
anhydrous magnesium sul fate. After the Sﬁ |ccant was filtered off, the

resi due obt ai ned by evaporating the sol under reduced pressure was
purified by silica gel colum chromat ography (hexane:ethyl acetate =5:1) to
obtain (15493, G4+GH 2012 8P 4185¢ @t 127 P BenAnald - [Caka ofer 3- (4- et hoxy- 2-
nethylbené%zkH%Fnyl] -t hi o- D-glucitol (1. Olﬁ% 618) as a _ colorless powder.

1H NMR (3 R0/ &7 -@85pMh- 17206+ ; Jmﬂo% 2339y B 410 3 H)

3.01 - 3. 1BH)348(t389Hz 1H 3.65- 406 (m 10 H 4. 46 -

4.61 (m B0°- 4.91 (m 3 H)658(dd J=8.2, 2.5 Hz, 1 H 6.68 -
2.2 Hz, 1 H 7.10 - 7.39

6. 76 (n1 2[ 81 (d, J=8.4 Hz, 1 H 6.98 (d, J=2.2

(m 21 : %ple 12 0326 A 0 5~ (\ 1\ HOHO OH O H- 139 -
[ 0327] Synthe5|s of (1S)-1,5-anhydro-I-[4-chl oro-3-(4-ethoxy-2-

met hyl benzyl ) ph&nQ hi ghucitol An anisole (10 nL) sol ution of
(1S)-1, 5-anhydr os 2

e hl or o- 3- (4- et hoxy- 2- net hyl benzyl ) phenyl ] -
@Bn99 g, 1.23 mmol) was added with A C13

[0314]
Synthesis of 2,3,4,6-tetra-0O-benzyl-1-C-[2-(benzyloxy)}-5-(4-
ethoxybenzyl)phenyl]-5-thio-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 heated to reflux for one hour.
The reaction mixture was cooled to room temperature, and
tetrahydrofuran (5.0 mL) of 2,3,4,6-tetra-O-benzyl-5-thio-D-
glucono-1,5-lactone (1.6 g, 2.9 mmol) was added dropwise to
this solution and stirred at room temperature for one hour.
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 =6:1) to obtain the title
compound (1.48 g, 59%) as a pale yellow powder.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.38 (t., J=7.0 Hz, 3 H)



(0.83 g, 6.19 nmmol ) at roomtenperature and stirred for 30 mnutes. The
reaction mxture was added with an iced water and extracted with ethyl
acetate and the organi c phase was washed with 1M hydrochloric acid, a
sat urated sodi um bi carbonate aqueous solution, brine and dried with
anhydrous magnesium sulfate. After thevﬂi iccant was filtered off, the
resi due obtai ned by evaporating t he sol under reduced pressure was

purified by silica col um. chromat o (chlorofornlnethanol =10:1) to
obtain a cdtd¥lesd: gknf%ho%s H){Be¥é cngbﬁ ém( Wy, 4183y (bxH. N@RH@3665R+E
0.

s dgww A a7 e aﬂassm " 50°0. 365040, 1)

3.86 - @“(H}ZZE 66 (dd, J=8.6, 2.7 Hz, 1 H) 6. 75 (d, J=3.0 Hz, 1 H)
6. 85 - h)719(dd J=8.2, 2.2 Hz, 1 H 7.35 (d, J=8.2 Hz, 1 H).
ESI niz = 3( kb. Exanple 13 [0328] 140 - BnO S BnO' " OBN
OBn (0329 yn eS|s of % %% 1, 5-anhydro-2, 3, 4, 6-tetra- O benzyl -1 -[ 3-[ 4-

(4- tetrahy@igm%ignyloxy)benzyl]phenyl]-l-thio-D—gIucitol 2.6 M
n-butylithiu exane solution (0.8 nL) was added to a m xture of

1- brono- 4-(@3isfrahydropyranyl oxy) benzene (0.545 ¢, 2.12 mmol) and
tetrahydrofuran_(6 nL) at -78C. After stirred for 1.5 hours, a
tetrahydrofuranB @tion of

2,3,4, 6-teg - (3-fornyl phenyl)-5-thio-D

BnO"

“0Bn
CBn

[0316]
Synthesis of (1S)-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-thio-D-glucopyranose (850 mg, 0.974
mmol) was added sequentially with Et,SiH (0.933 mL, 5.84 mmol)
and BFyEt,0 (0.49%94 mL, 3.90 mmel) at -20°C and stirred for one
hour. After the reactlion mixture was added with a saturated
sodium bicarbonate aqueous scolution and extracted with
chloroform, 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 purified by silica gel
column chromatography (hexane:ethyl acetate=8:1) to obtain the
title compound (810 mg, 97%) as a colorless powder substance.
'H NMR (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, 1



gl ucopyranose(0.70 g, 1.06 nmol) was added and further stirred for three
hours, and the reaction m xture was warned to room tenperature. After the
reaction m xture was added with a saturated anmoni um chl ori de aqueous
solution and extracted wth ethyl acetate, the organic phase was washed
with brine and dried with anhydrous magngsiumsulfate. After the desiccant
was filtered off, the residue obtained by evaporating the solvent under
reduced pr re,was, purifie ilica gel_cplu r ogr ap

(hexane: et}ﬁilsil'a’}é)et'at"e‘ &:é é‘? dq tybb‘fa‘m 2, g‘, Jﬁ3 G-Te{?aﬁg‘ggﬁéﬂ ? @([ @I'[ (§l- (4-
tetrahydr r oXYy, nyl ) (hydy oxydgret hyl 1 bhenyl 15 5:¢ hi o- D- gl ucopyr anose
(0.67 g, ;lg%’/()é_’l?’%%oﬁ pé]ﬁhélrl] gz;nﬁjz’icgét%%?t :1.')/1 %@(Qﬂm};? gl'([)f ution of

2,3,4,6-t - he a1 3-[(4-(4

t et r ahydr ?bgi/lraa{'ﬁ}yﬁ ox%%%@f& %hydr oxy) net hyl | phenyl ] -5-thio-D - 141

gl ucopyr argsgndik 619 g, 0. 802 mmol ) was added sequentially with Et3SiH (0.78
m., 4.90 mmol) and BF3Et20 (0.41 nL, 3.27 nmmol) at -15C. After stirred for
one hour, pgdm7peaction mxture was warnmed up to roomtenperature and
stirred for three hours. After the reaction mxture was added with a

sat urat ed sodi iﬂa ~aqueous sol ution and extracted with ethyl
acetate, pjdren& ayer was washed with brine and dried with anhydrous
nagnesiun1sH6I. —OHﬁﬁter the desiccant was filtered off, the residue
obt ai ned by évgporating the solvent under reduced pressure was purified by
silica gel colum chromatography (hexane:ethyl acetate =4;1) to obtain a
col orl ess powdered title conmpound (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 3.470FE&g (m 3 H

Synthesis of (18)-1,5-anhydro-1-[5-(4-ethylbenzyl)-2-hydroxy

phenyl]-1l-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 cellte and the filtrate was concentrated. The
obtained residue was purified by silica gel column
chromatography (chlorcform:methanol =10:1 to 5:1) to obtain a
colorless powdery title compound (202 mg, 53%) as 0.7 hydrate.
'H NMR (300 MHz, METHANOL-d&,) & 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 {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)}, 405 (M-H). mp 145.0-150.0°C. Anal.

Calcd for C,;H;30:5'0.7 H0: C, 61.00; H, 6.86, Found: C, 60.81;



3.64 - 4.00(m 10 H) 4.33 - 4.42 (m 1 H 4.46 (d, J=9.95 Hz, 1 H 4.

ls, 2 H 4.60 (d, J=10.41 Hz, 1 H 4.84 - 4.93 (m 3 H) 6.60 - 6.67 (m
H 6.72 - 6.79 (m 2 H 6.99 - 7219 (m 8 H 7.20 - 7.35 (m 16 H. E

= 824( MtNH4). Exanple 14 [0331] O HO :~"CH HO OH [0332] Synthesis of
(18) 1, 5-anhydro-1-[3-[4-(4

tetrahydropyranyloxy)benzyl]phenyl] 1-t Hi35- D-glucitol An anorphous title

conmpound was obtained by a - 142 simlar nethod as in Exanple 7
from (1S) é« ydro- 2, 3, 4, 6-

tetra-Ob -I-( [ 4- (4-tetrahydropyranyl oxy) benzyl ] phenyl ] -

1-thio-D anple 15 [0333] ci o vac s ~ | ~1 OH [0334]

Synt hesi s 1% 3, 4 6-tetra-Oallyl-1-C[4-chloro-5-(4-

ethoxybeni&@) 7 nethoxyphenyl] 5-t hi o- D- gl ucopyranose Three drops of

1, 2- dlbronDethane to a mxture of magnesium (171 ng, 7.03 mmol),
oxybenzyl ) - 6- met hoxybenzene (2.0 g, 5.62 nmmol) and
5 nl) and this mixture was heated to reflux for 30

m nutes. Thena'egct®Ban ni xture was cooled to room tenperature, and

t et rahydr of uran®®®0 nlL) of 2,3,4,6-tetra-O

[0320]
Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[4-
chloro-3-(4-ethoxy-2-methylbenzyl )phenyl]-1-thlo-D-glucitol
Five drops of 1,2-dibromocethane were 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 to reflux for two hours. The
reaction mixture was cooled to room temperature, and
tetrahydrofuran (15 mL) of 2,3,4,6-tetra-O-benzyl-5-thio-D—
glucono-1,5-1lactone (10.14 g, 36.5 mmel) 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 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=4:1 to 3:1) to obtain a
colorless amorphous 2,3,4,6-tetra-O-benzyl-1-C-[4-chloro-3-
(1,3-dioxolan-2-yl)phenyl]}-5-thio-D-glucopyranose (11,81 g,

87%).



allyl -5-thio-Dglucono-1,5-lactone (1.5 g, 4.22 mmol) was added dropw se to
this solution and stirred at room tenperature for two hours. After the
reaction m xture was added with a saturated anmoni um chl ori de aqueous
solution and extracted with ethyl acetate, the organic phase was washed
with brine and dried wi th anhydrous magnesi um sul fate. After the desiccant
was filtered off, the residue obtained‘b@aGeVaporating t he sol vent under
reduced pressure was purified by silica gel colum chromatography
(hexane: ett@32htetate-6:1 -~ 5:1) to obtain the title conpound (1.41 g,
53% as a pale - 143 - ygllowoil. "H NWVR (300 MHz, CHLOROFORMd) 6 ppm 1. 39
(t, J=7.0 Hz, 3 H) 6 - 3.47 (m 1 H 3.49 - 4.10 (m 17 H 4.10 - 4. 44
(m 4 H Ba® 4 OF T O 5.08 - 5.35 (m 5 H) 5.42 - 5,60 (m 1
5.75 - 6.07§%gp e, 4 (d, J=8.6 Hz, 2 H 6.92 (s, 1 H 7.03 (d, J=8.6
He, 2 H 7.3%0is ") ESI mz = 653 (M+Na), 655(M+2+Na). Exanple 16
Synt hesis of (1S 5-anhydro-2,3,4,6-tetra-Oallyl-I-[4-
chl or o- 5- (4- et hoxybenzyl ) - 2- met hoxyphenyl )-1-thio-D-glucitol A chl oroform
(20 nmL) - acetonitrile (20 nL) solution of
2,3,4,6-tetomxyallyl -1-C[4-chl oro-5-(4-ethoxybenzyl) - 2-
nmet hoxyphenyl ) - 5-t hi o- D- gl ucopyranose (1.41 g, 2.23 mmol) was added
sequent i alily NMR h( TG ML ( CHEORGFOHS- &) N pm e @BFEEL 2D HY 13 187 ., 3 3582
mmol ) at -15C and stirred for one hour. After the reaction mxture was
added wi t h(m, shti)} a3 €4 sodd undl € e bohia? aqubody 3oB3it r oh. dhd(mxt P aldi ed
with chloroform the organi c phase was washed with brine and then dried
with anhylrdis nhgtesitim 3} at 66 AfderIthe- @iz cchnll) wAs82irt#r 88 (Bff
t he residue obtgjned by evaporating_the_solvent under

3 H) 6.15 (s, 1 HP 6.77 ?dd, J=7.9, 1.5 Hz, 2 H) 7.08 - 7.21

{m, 5 H} 7.23 - 7.37 (m, 14 H) 7.55 (4d, J=8.4, 2.5 Hz, 1 H)
7.92 (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-benzyl-1-
C-[4-chloro-~3-(1,3-dioxclane-2-yl)phenyl]-5-thio-D-
glucopyranose (6.01 g, 8.12 mmol) while ice-cooled, 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 obtained by evaporating the solvent under
reduced pressure was purified by silica gel colummn
chromatography (hexane:ethyl acetate=3:1) to obtain colorless
amorphous 2,3,4,6-tetra-0O-benzyl-1-C-(4-chlore-3-
formylphenyl)-5-thio-D-glucopyranose (4.53 g, 80%).

[0323]



reduced pressure was purified by silica gel columm chromat ography
(hexane: ethyl acetate=10:1) to obtain the title conpound (895 ng, 65% as a
col orl ess powder substance. 'H NVR (300 MHz, CHLOROFORMtd) S ppm 1.39 (t,
J=7.0 Hz, 3 H 2.95-3.04(m 1H 3.21 - 3.30(m 1H 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 5.0 - 533 (m 6 H 5.34 - 5.52 (m ¥WH)-579 - 6.04 (m 3 H 6.78 (d,
J=8.9 Hz, 2 H 6.87 (s, H 7.03 (d, - 144 - J=8.9 Hz, 2 H 7.21 (brs, 1 H
ESI mz = 637(M-Na) ,7639(Mr2+Na). Exanple 17 Synthesis of
(1S) - 1, 5- aghydep-Sief i%$ 0- 5- (4- et hoxybenzyl ) -
2- nethoxyphenyl -1,Fﬁlo D-glucitol (0335] SOV f G\ O HO! HO'OH OH
[0336] A niBnGr eYof OBPS) -1, 5-anhydro-2, 3,4, 6-tetra-O-al |yl -1 -[4-
chl or 0- 5- (4- et ho®&PPenzyl ) - 2- nethoxyphenyl] 1-thio-D-glucitol (100 ng, O.163
mol ), tetrakis(triphenyl phosphine)palladium (38 ng, 0.0325 mmol),
N, N -di nethyl barbituric acid (203 ng, 1.3 nmol) and tetrahydrofuran (1.0
M) was stjgigghunder Ar atnosphere at 90C for 1.5 hours. After the
reaction nlxture was cooled to roomtenperature, added with a saturated
sodi um - capQad o YIS, SAIROFORMCa £XS ik ofl 1l L(k St agelate 3. ddie
organi ¢ phase was washed with brine and then dried with ydr ous magnesi um
sul fate. Afrherltipe 3les3 cead; Mesofol teredHzpf i, HY he. gesidyeiebtm| nedu by
evaporating the sol vent under

4.45 - 4.72 {(m, 4 H} 4.80 - 5.05 (m, 3 H) 6.73 (d, J=7.8 Hz, 2

H) 7.02 - 7.43 (m, 19 H) 7.74 (44, 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 -78°C. After stirred
for one hour, the mixture was added with a tetrahydrofuran
(10 mL) solution of 2,3,4,6-tetra-0O-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. 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 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 =2:1)
to obtain 2,3,4,6-tetra-0-benzyl-1-C-{4-chloro-3-{(4-ethoxy-2-
methylphenyl) (hydroxy)methyl]phenyl}-5-thio-D-glucopyranose
{1.72 g, 95%) as a yellow amorphous diastereomer mixture.

[0325]



reduced pressure was purified by silica gel columm chromat ography

(chl orof orm nethanol =10:1-5;1) to obtain the title conpound (63 ng, 85%
as a colorless powder substance. 1H NVR (600 MHz, METHANCL- d4) 8 ppm 1.35
(t, J=6.9 Hz, 3 H 2.92 - 3.00 (m 1 FD 3.22 (t, J=8.9 Hz, 1 H 3.53 - 3.59
(m 1 H 3. 72 (dd, 3=11.7, 6.7 Hz, 35 82 (s 3 FD 3.88 - 3.95 (m - 145
3 H 3.99 (q, J=6.9 Hz, 2H)679d ’897 2 H 6.98 (s, 1H 7.06 (d,

gﬁglﬁémmgﬁw%&ﬁ%%%ym@%gkéwﬁﬁﬁﬁ%M%%%#ﬁmg‘
(151, 5 orpaRar e 3 G R ERIGER Bah s gy opbpry-2- o
hexane. ool i Pk EPHERE ML BORT R AT TbBaRyd) 18' poTodalBoBkhpEE! U
magnes' um gi%dg ﬁebaammwfwg@naﬁaéat ‘sQ& brt231TY) wied hetéﬂlﬂyeﬂi%ran (9

at After stirred for ours, e reaction mxtufre was cool ed
to -78C a ad¢ed r u
5- br ono- 2%[0?%5%%2%2 %ﬁ& gﬁyﬂ&%%%ﬁrbi%]? né- %%rsﬂgﬁjrr %I i%rcgﬁié %our a

tetrahydr opnr e ( 3.AFttdn) stttdd Fo®fone hour, the reaction mixture was
2,3,4,6-tetra- O benzyl -5-thi o-D-glucono-1,5- |actone (430 ng, 0.798 mmol)
was added warmédirapetostoometehperathrei anfestiAfedr fobetheasat hoarei xture
was added with a saturated amoni um chl ori de aqueous sol ution and extracted
with et hylAfitetathe téacbiganintxphzeewasasaddefieditht A batueated 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 resldue obtained by evaporating the solvent under
reduced pressure was purified by silica gel column
chromatography (hexane:ethyl acetate =5:1) to obtain (18)-1,5-
anhydro-2,3,4,6-tetra-0O-benzyl-1-[4-chloro-3-(4-ethoxy-2-
methylbenzyl)phenyl]-1-thio-D-glucitol (1.01 g, 61%) as a
colorless powder.
'H NMR (300 MHz, CHLOROFORM-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 {dd, J=8.2, 2.5 Hz, 1 H) 6.68 - 6.76 {(m, 2 H) 6.81 (4,
J=8.4 Hz, 1 B) 6.98 (4, J=2.2 Hz, 1 H) 7.10 - 7.39 (m, 21 H}).
Example 12

[0326]

S
Ho ™~y 3
HO' “OH

OH



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 colum chromatography (hexane: et hyl
acetate =5:1) - 146 to obtain 2,3,4,6-tetra-0O benzyl-1-C[4-chloro-3-(t-
butoxycarbonyl)phenyl]-5-thio-D—gIucopyrﬂ$ se (60 nmg, 10%9. ESI mz =

789( M+Na) 791(N%2+Na) Then, a chl orof or %170 m.) - acetonitrile (1.0 nl)
solution of 2 4,6-tetra-0-benzyl-1-C[4-chloro-3-(t-
butoxycarbbﬁ???ﬁhenyl] 5-t hi o- D- gl ucopyranose (60 ng, 0.0782 mmol) was

ﬁfdegd252”§%5¥§ NG S MR S I R SRR AL ?”d ggg%dgn(glggﬁre
o ot Cob ity fneR by R ERT ) Ui T SQ@ESU?QEGZ? Serihe Crearquan ocgant e
extracted with ghybgeebalgo hfi§ G69ABkGy! BKCY1syes Washedaublh Bt ng.and

dried with anhy rous” magne Sicca i"I'tered

off. the Iestelico BEhayned. py- eKRBLGASL (4. abﬁoﬁnge bt isg?gﬁgwsﬁangiﬁssure

was purifired by silica gel colum chronat ography exa e: ace

=5:1) to Obf-ﬂhﬂolbegihéiﬁoiO(T’@C’Q'ng(2@ py. mﬁé}i/q wa&0§aabalmeAiaQ9 MHz,
CHLOROFORM- d) 8 ppm 1.61 (s, 06 - 3. 1- 364 (m 1H)

3.66 - 3.7f0(83 &, H. B9 mo1 4. 96 r66m 5eh&:eﬂaﬂ8re &nﬁh(:ﬂkréd"ﬁ?oﬂ- 84 - 4.95
(m 3 H 6.75 (dd, 3=7.54, 1.79 Hz, 2 H 7.08 - 7.20 (m 5 H) 7.24 - 7.46

(m 15 Hminute$d, T . fadthonl rdxth® widg sadéaB (WiIn)an 7766 d/hda e .
Exanpl e 19 [ 0340] 147 -
and extracted with ethyl acetate and the organic phase was
washed with 1M hydrochloric acild, a saturated sodium
bicarbonate agqueous solution, 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
{chioroform:methanol =10:1) to obtain 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
(dd, J=10.3, 9.2 Hz, 1 H) 3.60 - 3.76 {m, 3 H) 3.86 - 4.06 (m,
5 H) 6.66 (dd, J=8.6, 2.7 Hz, 1 H) 6.75 (4, J=3.0 Hz, 1 H)
6.85 - 6.95 (m, 2 H) 7.19 (44, J=8.2, 2.2 Hz, 1 H) 7.35% (4,
J=8.2 Hz, 1 H).
ESI m/z = 461 (M+Na), 437 (M-H).
Example 13

[0328]



Cl BnhOS N BnO OBn 0 O OBn (0341] Synthesis of

(I1'S)-1, 5-anhydro-2, 3,4, 6-tetra- 0O benzyl -1-[ 4-

chl oro-3-[[ (4-et hyl phenyl )anm no] carbonyl ] phenyl ]-1-thio-D glucitol After a
tetrahydrofuran (2.0 nL) solution of (1S)-1, 5-

anhydro-1-[ 4-chl oro-5- (4- et hoxybenzyl) - 2- net hoxyphenyl ]-1- thio-D-glucitol
(30 ng, 0.040 mml) was added with concehtPared hydrochloric acid (1.0 nL),
the reaction m xturg stirred at roomtenperature for 24 hours and at
40C for two ho rs n@ed with ethyl acetate. This was washed wth
wat er, bri B a t h anhhydrous magnesium sulfate. After the

desi ccant wasoTiyf temed of f, the sol vent was evaporated the under reduced
pressure to obt &h (1S)-1, 5-

anhydro- 2, 3,4, 6-tetra- O benzyl -1-[4-chl oro- 3- car boxyphenyl ] - 1-
thio-D-glucitol. [0342] Then, 1-ethyl-3-(3-dinethylam nopropyl)carbodiim de
hydrochl orfgdg26i3 ng. 0.069 mmol) and 1-hydroxybenzotriazole (9 ng, 0.069
nol ) were added to a chl orof orm sol ution of

(19)-1, 5- agpythes2s3of, (15¢t1a50ahRpaYb~R- B44CB-€e0rd~0-benzyl-1-[3-[4-

car boxyphenyl ]-1-thi o-D-glucitol and 4-ethylaniline (13 ng, 0.104 nmol).
After stirfédtetrabpdropypenglore)benzl lphanyl]-lkhéhdeadtghncditwlur e was
diluted with chloroformand the organic phase was washed with a saturated
sodi um bi carbonate M n4Butyditbiumshenanengobntienar®.8r mbd washaddhiddtous

magnesi um sulfate. After the desiccant was filtered off, the residue
a mixture of l-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} sclution 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 agueocus 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 =2:1)
to obtain 2,3,4,6-tetra-0-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-0-
benzyl-1-C-[3-[(4-(4-

tetrahydropyranyvloxy)phenyl) (hydroxy)methyl]phenyl]-5-thio-D-



obt ai ned by evaporating the solvent under reduced pressure was purified by
silica gel colum chronmat ography (hexane:ethyl acetate =4:1) to obtain the
above anilide conpound (22 ng). 1H NWR (300 MHz, CHLOROFORMd) 6 ppm 1.26
(t, J=7.15 Hz, 3 H 2.65 (q, J=7.67 Hz, 1 FD 3.06 - 3.24 (m 1 H 3.50 -
3.61 (m 1 H 3.71 (dd, J=9.87, 3.03 Hi41 3.78 - 4.09 (m 6 H 4.52

(s, 2 H 4.62 (t, J=10.34 FE 2 FD 4 84 4 98 (m 3H 6.75 - 6.85 (m 2 H
7.08 - 7.56 (m 25 H) 7.72 . ESI mz = 769(h4FD pal e
yel | ow p0\ﬁdé‘r°°PE'%'§|‘?&5@ 48 610(94'313‘ (§°2 |I|E’9°§- }quqoa@qle@ %‘F‘{m 1gptttesi s
of (15)-1 anhydr o- I-%ﬁ chl gro E5

ethylphen?l?ﬁﬁﬁn PedPo yprﬁ@nVWP PHPOBB3§¢€Q|f3r4#rWFPuBrgﬁeFﬁaﬁé at

(91 6 aﬁﬁy‘arg Brlhd, $E0uied Foncody B0 4 né' reaction mixture was

0. 095 ol R B SR0REGH P ARG i Ty U ol U, )0

m cr esol (a&t%% r'E'h)e gk LD dédﬂuﬁw ta&ao d¥add hwidtn a1 tuifdisda dddgd for

15 mnutes, the mxture was a a saturated sodi um bi car bonat e

agueous s@amateaad;u@wsa@c%ﬁm&m M Ex ARHAIE willle HHHAN dod NS, Was -

149 washed with a saturated sodi um bi carbonate aqueous solution, brine and
dried w t khanbydanis MagResiwys wddie wiAt oriine amesdrientyias filtered

of f, the residue obtained by evaporating the solvent under reduced pressure

was purif iaathyldrous 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 cbtain a
colorless powdered title compound (0.37 g, 57%).
1H NMR (300 MHz, CHLOROFORM-d) o ppm 1.66 - 1.81 {m, 2 H)
1.88-2.02 (m, 2 H) 3.05 - 3.15 (m, 1 H) 3.47 - 3.59 (m, 3 H)
3.64 - 4,00 (m, 10 H) 4.33 - 4.42 (m, 1 H) 4.46 (4, J=9.95 Hz,
1 H) 4.52 (8, 2 H) 4.60 (&, 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]

v ehe

OH

[0332]
Synthesis of (1S)-1,5-anhydro-1-[3-[4-(4-
tetrahydropyranyloxy)benzyl]lphenyl]-1l-thico-D-glucitol

An amorphous title compound (18 mg) was obtained by a



silica gel colum chromatography (chloroform nethanol -10:1) to obtain a
col orl ess powdered title conmpound (6 ng, 54% . 1H NMR (600 MHz, METHANOL- d4)
S ppm1.23 (t. J=7.57 Hz, 3 H 2.64 (g, J=7.79 Hz, 2 H 3.00 - 3.07 (m 1
H 3.27 (t, J=8.71 Hz, 1 H 3.59 - 3.64(m 1H 3.73 - 3.82 (m 2 H 3.89
(d, J=10.09 Hz, 1 H) 3.95 (dd, J=11.69, 3.44 Hz, 1 H 7.20 (d, J=8.25 Hz,
2 H 7.47 (s, 2 H 7.53 (S, 1 H 7.56 ( 12728, 71 Hz, 2 H. ESI mZz =
438(M+Na), . 440(M+2+Na) . col orl ess powder . Exangle 21 [0345] i BnO S CH
BnO "O&Fimi%ﬁfGBQETOdSQﬁt%%S$§a@P13 7 from (18)-1,5-anhydro-2,3,4,6-
(1S)-1,5-anhydro-2, 3,4, 6:-tetra- O benzyl -] -[ 3-

iy tr oxy FET P GHRRFTL 11 R0l LA LR LERM IO EPEF RS R Yoo REY L IPRERYBAT ¢ 1 | o
(35 nL) splutjion. o , 6-tetra- O benzyl -1-C-(3-fornyl phenyl)-5-thio-D
gIucopyréﬁ3§%ifgpoéb?g%gﬁ “mmol ) was added sequentially with Et3SiH (5.8
m., 36.3 ﬁg&h%lgngs BF3Et 20 (3.1 n, 24.2 mol) at -15C. After stirred for
1.5 hours, t reaction mxture was added with a saturated sodi um

bi car bonatgzpgipieous sol ution and extracted with chloroform the organic
phase was washed - 150 wth brine and dried wth anhydrous nagnesi um
sulfate. After the desiccarg was filtered off, the solids obtained by
evaporating the %ol erT reduced pressure were washed wth
hexane:etﬁVT‘ - ¥"to obtain the title conmpound (3.2 g, 77% as a
col orl ess pawds 1H NWVR (300 MHz, CHLOROFORMd) 6 ppm 3.07 - 3.18

(m 1 H 3755 o~

[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 magnesium (171 mg, 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-thic-D-glucono-1,5-1lactone (1.5 g, 4.22 mmol) was
added dropwise to this solution and stirred at room
temperature for two hours. 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=6:1 —

5:1) to obtain the title compound {1.41 g, 53%) as a pale



(t, 1 H 3.72 (dd, 1 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 Hz, 2 H 7.07 - 7.45 (m 22 H). Exanple
22 [0347] BnO S Br Bn0" 1 "oBn OBn [0348] Synthesis of

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

(bronomnet hyl ) phenyl ] - 1-thi o-D-glucitol {Mgghanesul fonyl chloride (0.018 ni)
and triethylamne (0.021 nlL) were added to a tetrahydrofuran (1.5 nl)

sol ution g%léés%ii,S-anhydro-Z,3,4,6-tetra-C>benzyI-I-[3-
(hydroxyn% yI') phenyl ] -1-thi o-D-glucitol (100 ng, 0.155 mol) at 4C. The

reacti on g, Xx e Lrr e Uy e,qf t hr ee,hqurs

diluted vmr@tI hﬁ%l%hw\@gc%%%t eegkéﬁgﬁaﬁvgéézgg I%ﬁrihsivma? h?g' s'gfﬁfgtg ! s%gllqﬂm

bi car bonagezgquegugy Sphut 1ogyandagbri gegot (s TyXiyr g WS -dai @d \int hyg
anhydr ous nagnesi um sul fate.” After the desiccant was filtered off and the

solvent vap 4egaporaied padep nedyced pressyrémt 05084akN4L1S) s16b- amhydro -
151 - 2,3,4,6-tetra-0-benzyl -1-[3-(net hanesul f onyl oxynet hyl ) phenyl ] -

1-thi o-D-g) usi ¥®l - (4507 g, 3Ihrh, 6a78i xaure=efe6(As)-2, B} 6.92 (s, 1 H)
anhydro-2, 3,4, 6-tetra- O benzyl -1 -[ 3-

(et hanesul 8dn{fipxgaet 6ByHZphenk)] 7132hibxr®; gluBEdtol (150 ng), LiBr (40 ny,
0.466 mmol ) and acetone (3 nL) was stirred at roomtenperature for two
hours. AfERF mhe Fe@ldi OM+Nakt upbS (Mad+Nahcentrated, ethyl acetate and water

were added. After organic |layer was separated, it was washed with brine and
Example 16

Synthesis of (18)-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) solution of
2,3,4,6-tetra-0-allyl-1-C-[4-chloro-5-(4-ethoxybenzyl}-2-
methoxyphenyl]-5-thio-D-glucopyranose (1.41 g, 2.23 mmol) was
added sequentlally with Et;SiH (2.16 mL, 13.4 mmol) and BFs-Et,;0
(1.13 mL, 8.92 mmol) at -15°C and stirred for one hour. After
the reaction mixture was added with a saturated sodium
bicarbonate agueous solution and extracted with chloroform,
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 purified by silica gel column
chromatography (hexane:ethyl acetate=10:1) to obtain 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, BH) 4.25 - 4.42 (m, 4 H) 4.81 -
4.91 (m, 2 H) 5.09 - 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 (d,



dried wi th anhydrous magnesium sul fate. After the desiccant was filtered
of f, the residue obtained by evaporating the solvent under reduced pressure
was purified by silica gel colum chronatography (hexane:ethyl acetate
=5:1) to obtain the title conpound (70 ny, 64% . 1H NWVR (300 M-z,
CHLCRCFCRN@d) S ppm3.06 - 3.17 (m 1 3.55 (t, J=8.94 Hz, 1 H 3.72 (dd,
1H 3.78- 4.02 (m 5 FD 4 41 - 4.657( 6°H 4.85 - 4.96 (m 3 H) 6.66 -
6.72 (m J=7. 46 2.02 E£ 7.10 - 7.51 (m 22 H. ESI mz =

726( MrNH4T58 - ?2§EN%§+HNHZ+?1 aﬁp|é H3 [0349] Bno 3 N BnOWK "OBn OBn

[ 0350] Eﬁnthezls of &%@ HQPS anhi 81“? ,4,6-tetra-O benzyl -1-[3-[(1-

nmet hyl - | §§rW F-2- 9P }pﬁéﬂ |0-D-g|ucitol A m xture of
(15)-1,5 0- ﬁ 6-tetra- C)benzyl-l - 152 -

[3-(bronnﬁ§?ﬁ9i Znyl] 1-thi n- D-gIUC|toI (200 ng, 0.282 mml),

1- net hyl t H.R 8 6
trrg(dYbe§¥£%£%g%%gégt ¥d1p§|F %9 °H3°6§23 i#gnghbxybe“zyl)'

Z(d'Cyc'O?x%¥%H§g§Bﬂéﬂgi?9§h€ﬂ¥F bSﬁég%158é0987 nmol ), KF(67 ng, 1.16

nmol ) ioxan (5 nL) was stirred at 60C
for eight hayss. After insolubles are filtered off, the residue obtained by
concentratlng the filtrate was purified by silica gel colum chronmat ography
(hexane: et hyl antate =5:1).to obtain the title conmpound (190 ng, 95%.

[ 0351] 0

[0336]

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 barbituriec¢ acid (203 mg,
1.3 mmol) and tetrahydrofuran (1.0 mL) was stirred under Ar
atmosphere at 90°C for 1.5 hours. After the reaction mixture
was cooled to room temperature, added with a saturated sodium
carbonate agueous solution and 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 obtalned by evaporating the solvent under
reduced pressure was purified by silica gel column
chromatography {(chloroform:methanol=10:1—+5:1}) to obtain the
title compound (63 mg, 85%) as a colorless powder substance,
1H NMR (600 MHz, METHANOL- d;) & 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,



1H NVR (300 MHz, CHLOROFORMid) 6 ppm3.04 - 3.16 (m 1 H) 3.32 (s, 3 H
3.53 (t, J=8.70 Hz, 1 H) 3.67 - 3.75 (m 1H) 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, J=3.03 Hz, 1 H) 6.49 - 6.54 (m 1 H) 6.70

(dd, J762 171Hz 2 H) 7.05 - 7.18 (m 7 H) 7.22 - 7.36 (m 14 H 7.39

- 7.46 (m ESI mZ = 710( MtH) ,~ NHNa) Exanpl e 24 Synt hesi s of
(1S)-1,5-an dro 1- net hy I-IFFP yrro
yl) et hyﬁdﬁﬁn@iﬂjﬁllqm =Y Bzi tHIH [@3?5%](@ B N7 R}"Z anﬁd?# (®353]

Tri fl uor onet hane é @éonlc aci d dded to a_- m Xt ure of

(1S) - 1, 5-hLik df P 4 %—‘{eﬂaﬂé) b%n‘inbl'?iz(h (11 H). ESI w7z O ih

met hyl -1 H rroI nmet h phen 1-t hi o- E>g|u0|tol (190 é o
Tr1 T uor olbENa 5 79 Eevie) D GPhe DG fsde ey M2 o 27 80179 00%5 )
and ethaaég“%gggl %ﬁ 04 nm) at -15C. After stirred for 15 mnutes, the

m xture d‘ th a saturated sodium bicarbonate aqueous sol ution and
extracted gﬂ ethyl acetate. The organic |ayer was washed with a saturated
sodi um dicar onat e aqueous solution, brine and dried wi th anhydrous
magnesi um sul f ate. A t he desiccant was filtered off, the residue

obt ai ned by va@or g phe sol vent under reduced pressure was purified by
silica gé“oco u ronat ogr aphy (chl or of orm net hanol =10: 1) to obtain a

col orl ess pgpade -dom¢|ﬁ?e conpound (16 ng, 17%.

OBn

[0338]
Synthesis of (18)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-[4-
chloro-3-(t-butoxycarbonyl)}phenyl]-1-thio-D-glucitol

2.6 M n-butylithium hexane solution (1.72 mlL) was added
to a mixture of 1.0 M i-prepyl magnesium bromide
tetrahydrofuran solution (2.23 mL) and tetrahydrofuran (9 mL}
at -5°C. After stirred for 0.5 hours, the reaction mixture was
cooled to -78°C and added with a tetrahydrofuran (4.0 mL)
solution of t-butyl 5-bremo-2-chlorobenzoate (542 mg, 1.86
mmel). After stirred for one hour, a tetrahydrofuran (3.0 mL)
solution of 2,3,4,6-tetra-0-benzyl-5-thio-D-glucono-1,5-
lactone (430 mg, 0.798 mmol)} was added and further stirred for
15 minutes. After the reaction mixture was added with a
saturated ammcenium 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 =5:1)



[0354] 1H NWR (300 MHz, METHANOL-d4) 6 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 580- 587 (m 1H 594 (t, J=3.11 Hz, 1 H 6.55 (d, J=1.87
Hz, 1 H 7.03 (dd, J=6.99, 1.71 Hz, 1 H 7.12 - 7.28 (m 3 H. ESI mz =
372(M-Na) . Exanple 25 [0355] Ow BnO 3 4 ~ N41 BnO"" "OBn OBn [0356]
Synt hesi s of (IS)-1,5-anhydro-2,3,4,64%& a- O banzyl -1 -[3-((4-

met hoxy- | H i ndol - 1-yl ) net hyl ) phenyl ] -1-thi o-D-gl ucitol An

N, N- di et )| 4R SR %e;("i-. @-F&?r%bdu‘%?whrlzﬁwgf neidoro13a(ttrndol e (83 ny,

0. 564 | ), was added w t.h sodju ride (22 0. 564 | ; %oil) and
otirred Rt R bl e irel canrEeagse, ofl Has 28Rkd w ch an
N, N- di I nman 0 ' of (1S)-1,5-anhydro-

23,4, G%ﬁéﬁgbén@zﬁmﬁ?‘?@w%m*ﬁ}pheny|]-1-thi n-D- glucitol (200 my,
0.282 mmol ), | Lre for S ded with
wat er. This vvzsafsﬂ‘%ai‘t %g%%%%%ﬂgﬁ];ﬁ L{.Fé]g)et at%céﬁéﬁ?ﬁgfgég%?g ager was

vashed widdud¥idie G, sl 4 o6l Wita A0Ek App. RONPELUR SKbIgL P After the

desiccant was filtered of the residue ‘obtained by evaporating the
sol vent  usglegxy GRSy DY SIS B] V&St LS L1 L §TuSop i‘éh@@e?ﬁéo g UeTo782

chromat ography (hexane: ethyl acetate =4:1) to obtain e title conpound

(290 ny) .midBPp Atas added sequentially with Et3;SiH (0.031 mL, 0.185
mmol) and BF+Et,0 (0.015 mL, 0.117 mmol) at -40°C. After
stirred for 1.5 hours, the reaction mixture was added with a
saturated sodium carbonate aquecus solution and an organic
solvent was concentrated under reduced pressure. After the
residue was extracted with ethyl acetate, the organic layer
was washed with brine and dried with anhydrcus magnesium
sulfate. After the desiccant was filtered off, the residue
ocbtained 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 mg, 44%).
[0339]
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 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 {(d4d,
J=7.54, 1.79 Hz, 2 H) 7.08 - 7.20 {m, 5 H) 7.24 - 7.46 (m, 15
H) 7.77 (d, J=2.02 Hz, 1 H). ESI m/z2 = 768(M+Na), 770(M+2+4Na).
Example 19

[0340]



1H NVR (300 MHz, CHLOROFORMid) 6 ppm3.05 - 3.14 (m 1 H) 3.46 - 3.56 (m 1
H 3.66 - 3.74 (m 1 H 3.76 - 3.92 (m 5H 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
(d, 3=2.49 Hz, 2 H 6.46 - 7.39 (m 29 H. ESI mz = 793( M-NH4) Exanple 26

[0358] OH BnO ~ ."0OBn 06n [0359] Syqt esi s of
(1S)-1, 5- anhydr o- 2 3,4,6-tetra- O benzyl™- Ay [3-(

hydr oxyphenyl ) met hyl J@henyl ] - 1-t hi o- D-glu0|tol - 155 The title conpound

(253 ng) in thg f
(4- br onoEmE@NOXY
2,3,4, 6-t egdca-

OF colorless oil was obtained from
ut

gz

: thyl silane (2.17g) and
- I~ 3-fornyl phenyl )-5- thio-D gl ucopyranose (2.509)

by a simlar nmedhod as in anple 11. 1H NMR (300 MHz, CHLOROFORM d) 5 ppm
3.03 - 3.15 (n1 1 H 3.52 (t, J=8.78 Hz, 1 H 3.66 - 3.74 (m 1 H 3.75 -

3 97 (m 6 4.43 - 4.55 (m 3 H 4.56 - 4.74 (m 3 H 4.84 - 4.94 (m 3

6. 62 03q€70 (m 4H 7.00 (d, J=8.70 Hz, 2 H 7.06 - 7.20 (m 6 H 7.21
- 7 41 (J} H) ESI mz = 740 (M:NH4). Exanple 27 [0360] BnO S BnO' OBn
OBn

[03%¥hthesis of {(1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[4-
chloro-3~-[[(4-ethylphenyl)amino]carbonyl]lphenyl]-1-thio-D-
glucitol

After a tetrahydrofuran (2.0 mL) solution of (15)-1,5-
anhydro-1-[{4-chloro-5-(4-ethoxybenzyl)-2-methoxyphenyl]-1-
thio-D-glucitol (30 mg, 0.040 mmeol) 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 dried with anhydrous magnesium sulfate.
After the desiccant was filtered off, the solvent was
evaporated the under reduced pressure to obtain (1S)-1,5-
anhydro-2,3,4,6-tetra-0-benzyl-1-[4-chloro-3-carboxyphenyl]-1-
thio-D-glucitol.

[0342]

Then, l-ethyl-3-(3-dimethylaminopropyl}carbodiimide
hydrochloride (13 mg, 0.069 mmol) and l-hydroxybenzotriazole
(9 mg, 0.069 mmol) were added to a chloroform solution of
(1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[4-chloro-3-
carboxyphenyl]-1-thio-D-glucitol and 4-ethylaniline (13 mg,
0.104 mmol). After stirred at room temperature for 21 hours,
the reaction mixture was diluted with chloroform and the

organic phase was washed with a saturated sodium bicarbonate



Synt hesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0O benzyl-I|-[3-[4-

(2- met hoxy- 2- oxyet hoxy) benzyl | phenyl ]-1-thio-D-glucitol An

N, N- di met hyl f ormam de (5 L) solution of (1S)-1,5

anhydro-2, 3,4,6-tetra-O benzyl -1-[3-[(4-
hydroxyphenyl)nethyl]phenyl]-l-thio-D-%éucitol (364 ng, 0.504 nmol) was

added with potassium carbonate (91 ﬁg} .660 mmol ) and net hyl bronpacetate

(0.058 nL, 0.610 mol ) at 4C and stirred at roomtenperature for five
hours. AGMECUShEORBEiPNe bride,ddst dniEd weitdr Aty dsausdagregium et hyl

scetal e e oo SRRLe: | el s msliedu L, borag aad dhfed i anhyrous
il ca QLB R AR A B SRR e e e R e
CPLGror B8 B4 1G5 U s Y RidepondBhs) (G S 1174
6. 60 S A ) o S 9 gt gt SBmepdla (2P ol g o
synchosite SR FEYE M CHLCROO O B pp 28 s T e )
(car boxpnetishqyy,) ez penyl r)l-3.Weo--Dygluci@iwl 1 H) 3.50 - 3.61 (m,

1 H) 3.71 (dd, 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).

BESI m/2 = 769(M-H). pale vellow powder.

Example 20

[0343]
Cl

H
HO NS N
HO Y ‘o ©
OH

[0344]
Synthesis of (1S)-1,5-anhydro-1-[4-chloro-3-[[(4-
ethylphenyl)aminojcarbonyl]phenyl]-1-thio-D-glucitol
Trifluoromethane sulfonic acid (0.1 mL} was added to a
mixture of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[4-
chloro-3-[[(4-ethylphenyl)amino]carbonyl]phenyl]-1-thio-D-
glucitol (20 mg, 0.025 mmol), trifluorcacetic acid (0.5 mL),
dimethylsulfide (0.3 mL), m-cresol (0.08 mL) and ethanedithiol
(0.02 mL) at -15°C. After stirred for 15 minutes, the mixture
was added with a saturated sodium bicarbonate aqueous solution

and extracted with ethyl acetate. The organic layer was



A water - nethanol -tetrahydrofuran (1:3:3, 1.4 nlL) solution of

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

(met hoxycar bonyl net hyl oxy) phenyl ] met hyl ] phenyl]-1-thio-D glucitol (180 ng,
0.226 mml) was added with |ithium hydroxi de nonohydrate (11 ng, 0.27 mol)
and stirred at roomtenperature for 30 mnutes. The reaction m xture was
made acidic by adding 10% HO and rhé43eposited resi due was extracted with
ethyl acetate. After the organic | ayer was washed with brine and dried with
anhydr o¥gshagnwithmas gataratedhsodd e bdgarhenate] gpuepus giod@tdon.and t he
sol vent _was evapoar ated under reduced pressure to_obtain the tit]le conpound
(149 nyPrang and dried yithsanhydgemns mAIRERIVGOFUNER L ecH ARERERMPE) 6 ppm

3.04 - 3.1 1 H 3. - 3.58 (m 1 H) .3.66 - 3.96 (m 7 H 4.41 - 4.54
(m 3 @eﬁiﬁgg}‘f‘ 2@83%(1338531%) °§%82%e4.’-‘9§i?’h‘.3 Qbﬁfi&e@s@é’dd, J=8.00, 1.48
Hz, 2 H)_6,76.(d. J=8.86.Hz. .2 H). 7.00 . 7..36 (m._ 24 H.. ES| .m.z =. 798
(i) SVaPafRetfio TRE: R81vens” uilhel Reahicka brdtente Was Basitiad oy
Synt hesj ( - -anh - ptetra- |-l =2h3-14 ~10.
(2- (di né?%%%né%) ‘1‘558@%&(’&%% Eg’ﬁ'%?gf‘é’hér‘f?ﬁ%%%#d-’"ﬁt%“% 3P0 :A)
chl or of i gn f =145 dros ,
Fotra O perEy o Bao o B ok R oS, Fae ey T ahey ) . Mo 240

1H NMR {600 MHz, METHANOL-d,) o ppm 1.23 (t., J=7.57 Hz, 3 H)

2.64 (g, J=7.79 Hz, 2 H) 3.00 - 3.07 {(m, 1 H) 3.27 (t, J=8.71

Hz, 1 H) 3.59 - 3.64 {m, 1 H) 3.73 - 3.82 (m, 2 H) 3.89 (d,

J=10.09 Hz, 1 H) 3.95 (dd, J=11.69, 3.44 Hz, 1 H}) 7.20 (4,

J=8.25 Hz, 2 H) 7.47 (s, 2 H) 7.53 (s. 1 H) 7.56 (d, J=8.71 Hz,

2 H). ESI m/Z2 = 438(M+Na), 440{M+2+Na). colorless powder.

Example 21

[0345]

BnOD

BnQ"

OBn

[0346]
Synthesis of {(1S})-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-{3-
{hydroxymethyl)phenyl]-1-thio-D~glucitol

A chloroform (35 mL) - acetonitrile (35 mL) scolution of
2,3,4,6-tetra-0-benzyl-1-C-(3-formylphenyl)-5-thio-D-
glucopyranose (4.0 g, 6.05 mmol) was added segquentially with
Et;SiH (5.8 mL, 36.3 mmol) and BFyEt;O0 (3.1 mL, 24.2 mmol)
at -15°C. After stirred for 1.5 hours, the reaction mixture
was added with a saturated scdlum bicarbonate aqueous solution

and extracted with chloroform, the organic phase was washed



D-glucitol (149 ng, 0.191 nmol) was added with a tetrahydrofuran sol ution

(0.19 nmL, 0.382 mmol) of 2M di net hyl am ne,

1- et hyl - 3- (3-di net hyl am nopropyl ) car bodi i m de hydrochloride (44 ng, 0.229

mol ) and 1- hydroxybenzotriazole (31 ng, 0.229 mol). After stirred at room

tenperature for 1.5 hours, the reactiopsgixture was diluted wth chloroform

and the organi c phase was washed with water, brine and dried wth anhydrous
158 filtere resi due

gﬁ?;?ﬁéﬁ“%igéiﬁ%iPaf$ﬁ r9%33933§%ﬁffﬂbx§%EUFﬁa§g8835P@s§§3§3&%; %Eﬁ??fed oy
i 162133%%%3%%%5%5%@%3%i‘%?_&?’%gﬁ%ﬁ*?&@@%ﬁé?:‘éﬁﬁ RBECRM o) k LH)pﬁq
368 -3 Gytboiabingrend sblvinflunadirtehihed Pkegsifel herdlipliell: 1,1,
(M 3 N 4188 nefafd:bthy? hbebald L4d: 103 8Bratndnbe121E) coipbina 6. 83

(m 2 H 7.01 - 708 (m 8 H) 7.22 - 7.35 (m 16 H. ESI Tz 2 5250 M-NH) .

Exanpl e 3p3.50368773% SsNe cBloBNessOpBwdaEBNsub@8aRke. Synt hesis of
(1S)-1, 5-anhydro-2, 3,4, 6-tetra- O benzyl -1 -[ 3-

[[[4-(2- oy gt Byb amiipoechyoroxpkubany bl pphhyl dphenyligl(mt hiogp- gl gsi t ol
A tetrahydrofuran solution (2 nL) of (1S)-1,5-anhydro-
(t, 1 H) 3.72 (44, 1 H) 3.78 - 4.01 (m, 5 H) 4.46 - 4.69 (m, 6
H) 4.87 - 4.96 (m, 3 H) 6.69 (44, J=7.69, 1.48 Hz, 2 H) 7.07 -
7.45 (m, 22 H).
Example 22
[0347]

Bno™ “08n
OBn

[0348]
Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[3-
(bromomethyl)phenyl]-1-thio-D-glucitol

Methanesulfonyl chloride (0.018 mL) and triethylamine
(0.021 mL) were added to a tetrahydrofuran (1.5 mL) solution
of (1S)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-{3-
(hydroxymethyl)phenyl]-1-thio-D-glucitol (100 mg, 0.155 mmol)
at 4°C. The reaction mixture was stirred at room temperature
for three hours and diluted with ethyl acetate. After washed
this with a saturated sodium bicarbonate aqueous solution and
brine, this mixture was dried with anhydrous magnesium sulfate.
After the desiccant was filltered off and the solvent was

evaporated under reduced pressure to obtain (1S)-1,5-anhydro-



2,3,4,6-tetra- O benzyl -1-[3-[4-[2-(di net hyl am no) - 2-

oxoet hoxy] benzyl ] phenyl ] -1-thio-D-glucitol (88 ng, 0.109 mml) was added
with 1.2M borane tetrahydrofuran conplex (0.54 nL) at 49C and stirred at
roomtenperature for two hours. The reaction m xture was cooled to 4C
added wi th nethanol and concentrated. 1,4-Dioxan (1.0 nL) and 6MHC]. (0.5
m.) were - 159 added to the obtained *%&iﬁue and stirred at 40C for two

m nutes. This m xture was added with 2M aqueous sodi um hydroxi de sol ution
so as to2adljlst-tetxra-Oebenzsl r hel 3ntmethanegubfonyioxemeihyhipherel] The
organic | ayer was washed. wth brine and dried wth anhydrous nagnesi um

sul f at e. 1 7fR 49 -DrgLughtod c6hP0 \BE) f | ITh&Ted DMLXRYRe Q| (kD) oht2d ned by

evaporat i he so]vent under reduced. pyessure was purified by NH type
silica d@ﬂ%%%T%hi'%h?o%ﬁf%ﬁ?%ﬁ%yb?%€¥ﬁh£Té%hyl acetate =1:1) to obtain the

OLOROF R Rk BruEormendy Py 131 - BRlo - afudh Bt “O5sikay, 1
2.5 (Lnds? Ty, 19'ed o) 2R eI ARy wdo Pelilal By 4,7, 1%
1 12l Byl oftnd Mbub T2 g0 ch Bpnded®, (1 6
(19)- 1, S amy o5 o 6t el T he G Bengy - 11f grater were asded. Arter

organic layer was separated, it 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) to obtain

the title compound (70 mg, 64%).

1H NMR (300 MHz, CHLOROFORM-d) d ppm 3.06 - 3.17 (m, 1 H)} 3.55

(t, J=8.94 Hz, 1 H) 3.72 (dd, 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]

BnQ
BnO™

OBn

[D0350]
Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-{3-[(1-
methyl-1H-pyrrol-2-yl)methyl]phenyl]-1-thio-D-glucitol

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



[[ (4-(2-hydroxyet hyl ) oxy] phenyl ] met hyl ] phenyl]-1-thio-D- glucitol A
tetrahydrofuran (2.5 nlL) solution of (1S)-1,5-anhydro-
2,3,4,6-tetra- O benzyl -1-[3-[4-(2-nethoxy-2 - 160 -

oxoet hoxy) benzyl ) phenyl ]-1-thio-D-glucitol (102 ng, 0.128 mml) was added
with LiAIH4 (12 ng, 0.321 nmmol) at 4C stirred for 2.5 hours. After

wat er was added dropwi se, 28% amoni ol uti on was added and the
insolubles were filtered off. The filtrate was extracted with ethyl acetate

and the %T%R@m%wlmwwchﬂb#%% ghachEeLd (4PPhmInhPurdBds MMegnesi um
3%2‘?“ ?e A”ﬁnbie?i (Febesegtetmmnyil é?ﬁyﬁi&%ﬁpﬂﬁﬂasﬁééSB@%’?Z@ﬁé Bol or Less
T R iBo RO ¥ 0 6y T 5%
j ’6 o8 (rfdégméf@%ﬁ%o%’%%l%fﬂ%r@%ﬁI'sgi%f’(%@% pilody, (&L (2

16 H. &Y +Nedos ﬁ«aﬁq{rﬁgec_wg[(zg%?dn'\'&é 1€ A dPhn (@373

Synt hesi s~ of 2 3 4, 6 _
cthoYDSiY T4y o' DAl HRORUA0S p B0 TRRUBRE ks
simlar sElf@fed aSEEN ﬁa@rmé@id@eaénsltémealweccsﬂaa@ﬂﬁdtiﬁg&ﬂa, 29% was
filtrate was purified by silica gel column chromatography
(hexane:ethyl acetate =5:1) to obtain the title compound (190
mg, 95%).
[0351]
1H NMR (300 MHz, CHLOROFORM-d) & ppm 3.04 - 3.16 (m, 1 H) 3.32
(s, 3 H) 3.53 (t, J=8.70 Hz, 1 H} 3.67 - 3.7%5 (m, 1 H) 3.75 -
4.00 {(m, 7 H) 4.46 - 4.56 {m, 3 H) 4.60 (4, 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,
J=3.03 Hz, 1 H) 6.49 - 6.54 (m, 1 H) 6.70 (d4dd, J=7.62, 1.71 Hz,
2 H) 7.05 - 7.18 (m, 7 H}Y 7.22 - 7.36 (m, 14 H) 7.39 - 7.46 (m,
1 H). ESI m/Z = 710{M+H), 732(M+Na).
Example 24
Synthesis of (1S)-1,5-anhydro-1-[3-{(l-methyl-1H-pyrrol-2-

yvl)methyl]phenyl]-1l-thio-D-glucitol

[0352]

[0353]

Trifluoromethane sulfonic acid (0.2 mL) was added to a



obtained as a brown oily substance. - 161 1H NWR (300 MHz, CHLOROFORM d) 5
ppm 1.40 (t, J=6.99 Hz, 3 H 2.98 - 3.18 (m 1 H 3.29 - 3.47 (m 2 H) 3.56
- 405 (m 12 H 4.06 - 4.43 (m 4 H 4.77 - 492 (m 2 H 5.07 - 5.37 (m
7 H 579 - 6.04(m 3 H 6.81 (d, J=8.86 Hz, 2 H 7.04 (d, J=8.86 Hz, 2
H 7.72 (s, 1 H 8.41 (d, J=1.86 Hz, 1@?7 8. 70 (d J=2.18 Hz, 1 H. ESI mz
= 568 (M+H), 590 (MtNa). Exanple 33 - S [0375] Synthesis of
(1S)-1,5-anhydro-2,3,4,6-tetra-C>aIIyI-I-[5 (4-
ethoxybemh&ﬂgqgndiﬂﬁisnyaJSﬂannydE¢>@J&cAIﬁﬁtdtrnﬁmﬁqusyrﬁly[3+t(b—conpound
(137 ng, 288) was obtained from 2, 3,4, 6-tetra-0-benzyl-I-C[5-(4-
et hoxy ba@eAhY I w¥FR 143 - !ﬂlmﬁthlilphﬁnmw}aho%hﬂ%fﬂﬁﬂk&pit@l89M9%nnl) by a
simlar nethod as in Exanple 16. 1H NVR (300 MHz, CHLOROFORM d) S]P m 1. 40
(t J GWHir%fworOP%tic 33@61(% qw%)adziaﬂﬂhﬂ]%l@kﬂwz(olﬁm . 30 -
3.49 - 4.05 4.15 (dd, J=12.05, 5.98 Hz, 1 FD 4.24
- 4 42 ("rnclse%l 4 Bge @b@qﬁne@ﬂe@wusmm WLy af -55°fs -AEte8 (m 3

. s= RSt o 5 et mtxfield wajadasd i & A setsdieag; -
HO S IIsodium blcarbonate agueous solution and extracted with ethyl
acetate. The organic layer was washed with a saturated sodium
bicarbonate aqueous sclution, 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
(chleoroform:methanol=10:1} to obtain a colorless powdered
title compound (16 mg, 17%).

{0354])

1H NMR (300 MHz, METHANOL-d4) 0 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 Hz, 1 H) 6.55 (4, J=1.87 Hz, 1 H} 7.03 (4d, J=6.99,
1.71 Hz, 1 H) 7.12 - 7.28 (m, 3 H). ESI m/Z = 372(M+Na).
Example 25

[0355]

= OMe
BnO S N
BnG" ™y OBn

OBn

[0356]
Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[3-{(4-
methoxy-1H-indol-1-yl)methyl]phenyl]-1-thio-D~glucitol

An N,N-dimethylformamide (1.0 mL) solution of 4-methoxy



H a" "10H OH [0377] Synthesis of

(1S)-1, 5-anhydro-1- (5-(4-et hoxybenzyl ) pyridin-3- yl]-1-thio-D-glucitol A

col orl ess powdery title conmpound (71 ng, 73% was obtained from

(1S)-1, 5-anhydro-2,3,4,6-tetra-Oal lyl-1-[5-(4-

ethoxybenzyl)pyrldln 3-yl]-1-thio-D-glucitoi (137 ng, 0.248 mmol) by a
simlar nethod as in Exanple 17. 1r1$m#§ 600 WMHz, METHANCL-d4) 6 ppm 1. 36
(t, J=7.18_Hz, 3 H 3.01 - 3.05 F&dS 23 - 3.27 (m 1 H) 3.60 (dd,
J=10. 32,indpke (83 mg)03564 mmol 8W§$n ¢f with sediymibydsidp (32H) 3.92

- 3.97 3 H_ 3.99 (g, J=7.18 Hz 6.82 - 6.85 2 H 7.10 - 7.13
(m 2 H)m 691?? LDebeE 0&1H)a%dz%t pred jab %O‘Pu‘(-e‘lpﬁﬁaggea for j=2.29

390 M le 35 [0378] \-DS 5
[0379] s%/‘ht 4 e%f Z?@é) @9‘34’-"% hrea?‘b‘%vl yl-}-[S (4-

D b b e, AT T
T
3% SR b0 gd dlaed B Haieih Sy Soap G pt g2
H 5.09 thiedhodrs, Gadd éd&é)d wﬁtlﬁﬁvéf@r.l his Whs ktiadtBa Jvidn 6. 61 (d

ethyl acetate and the organic layer 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
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 - 3.92 (m, 5 H) 3.95
(s, 3 H}) 4.46 (4, J=10.10 Hz, 1 H) 4.52 (s, 2 H) 4.59 (4,
J=10.57 Hz, 1 H) 4.84 - 4.93 (m, 3 H)} 5.25 (d, J=2.49%9 Hz, 2 H)
6.46 - 7.39 (m, 29 H). ESI m/z = 793(M+NH,)

Example 26

[0358]

oY
Bro NS
Bno" “OBn

OBn

[0359]
Synthesis of (18)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[3-[(4-

hydroxyphenyl )methyl ]Jphenyl]-1-thio-D-glucitol



J=3.57 Hz, 1 H 6.85 (d, J=3.42 Hz, 1 H 7.07 - 7.16 (m 4 H. ESI m
563 (MtNa). Exanple 36 [0380] s )\ ~I HOs HOB ""OH OH[0381] Syn
of (15)-1,5-anhydro-I|-[5-(4-ethyl benzyl)thi ophen-2- yl]-1-thio-Dglucitol A
colorless powdery title conmpound (570 ng, 92% was obtained from
(1S)-1, 5-anhydro-2,3,4,6-tetra-Oal lyl-|-[5-(4-
ethylbenzyl)thiophen-2-y|]-1-thio-[>bl{ﬁﬁt?ﬂ (890 ng, 1.64 mol) by a

sim |l ar

nmet hod as in Exanple 17. 1H NWVR (300 MHz, METHANOL-d4) 6 ppm 1

Z:
t hesi s

. 20

(t, J=7.62 HTh® tHjtle eompeund=(2%> mg) Inyhe form gf ogolarless)oBlio (t,

J-8.86

Hz, 1 3.72 (dd, J=11.58, 6.45 Hz, 1 H)

, 3.50 - 3.63 2
(dd, J :1‘1@%(9”?!’7‘?%? ramf4 né%ﬂ‘(?&%% by-pptyh-dimgthglsilang? (m
6.83 (d, =3. 57 Hz 7,08 - 7.17 4 SIL m = 403_. ( M+Na) ,
oy BA D ARa o 304 ptated - dindthyi- - (SotoBhr1phenal) Sy he

2,3,4,6-
phenyl } -

,‘éﬁ#ﬁa[%__O lgﬁg%%%%l -%C%‘%gé (o8] 69 & {fha PLAVAODEDY' ¥ 1Y/ ll;‘.xample
11,

1H NMR (300 MHz, CHLOROFORM-d4d) 6 ppm 3.03 - 3.15 (m, 1 H) 3.52
(t, J=8.78 Hz, 1 H) 3.66 - 3.74 (m, 1 H) 3.75 - 3.97 (m, 6 H)

4.43 - 4.55 (m, 3 H) 4.56 - 4,74 (m, 3 H) 4.84 - 4.94 (m, 3 H)
6.62 - 6.70 (m, 4 H) 7.00 (4, J=8.70 Hz, 2 H) 7.06 - 7.20 (m,

6 H) 7.21 - 7.41 (m, 16 H)

ESI m/z = 740 (M+NH,).

Example 27

[0360]

BnO S ]

BnO OBn
OBn

o3

[0361]
Synthesis of (18)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[3-[4-
(2-methoxy-2-oxyethoxy)benzyl]phenyl]-1-thio-D-glucitol

An N,N-dimethylformamide {5 mL) solution of (15)-1,5-
anhydro-2,3,4,6-tetra-O-benzyl-1-[3-[(4-
hydroxyphenyl)methyl]lphenyl}-1-thio-D-glucitol (364 mg, 0.504
mmol) was added with potassium carbonate (91 mg, 0.660 mmol}
and methyl 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

3.93
1 H
379
si s of



A m xture of (4-ethylbenzyl)triphenyl phosphoniumchloride (1.64 g, 3.93
nmol ) and tetrahydrofuran (20 nL) was added with 2M1ithium

di i sopropyl am ne (heptane / tetrahydrofuran / ethyl benzene solution, 2.0
m., 4.0 mmol) while cooled on ice and stirred at roomtenperature for one
hour. This solution was added drop\/\nsj&i 0 a tetrahydrofuran solution (10
m.) of 2,3,4,6-tetra-0-benzyl-1-C (3- myl phenyl )-5-thi o-D- gl ucopyr anose
(0.52 g, 786 wool) and stirred at room tenperature faor one hour. After the

react i oﬁ“%@&ii‘r’%“v%%l Yetled AWTEF dPEadiRsdcEedmIGs dildamsd dgfaql}@cﬁjs _
Shase wke e Tt SHAPORTEL G TIF ATt eE et el ace

ffﬂt:;or A Vb 45, L o A i ol Eon 7

'?I '[Iogaf:orrpounc? (#}%'a%%%yé ﬁﬁ’e}nft ure%é%ﬁ%ﬁé?%%gﬁz&@c%ﬁﬁ%]?esl\/fd?l 5y

ppml 1%050%(@34’3“@ Aafp-2.74 (m 2 H 2.90 - 3.10 (m .7=38.55 Hz, 1
3.47 - 3.78 - 4.21 (m 5 H 4.41 - 4.73 (m 4 H) 4.80 165

4 99 (mjpo3dd) 6.50 - 6 9 (m 3 H 7.03- 7.61 (m 27 H. ESI mz = 785
(M+Na) . Exanple 38 [0384] S BnO Bn& "OBn O0Bn [0385] Synthesis of

(15) -1, Srmmdr3cd Mk S-difidroroenEy s lpgm-1.05 - 3.15 (m, 1 H)} 3.52
(t. J=8.94 Hz, 1 H) 3.66 - 3.75 {m, 1 H) 3.75 - 3.98 (m, 10 H)
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/Z =

817(M+Na).

Example 28
[0363]
0._COH
ons AL
BnO™ “OBn
OBn
[0364]

Synthesis of (1S})-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-[3-[{4-
(carboxymethoxy)benzyl ]phenyl]-1-thio-D-glucitol

A water - methanol -tetrahydrofuran (1:3:3, 1.4 mL)
solution of (18)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[3-[[4-
{methoxycarbonylmethyloxy)phenyvllmethyl]phenyl]-1-thio-D-
glucitol (180 mg, 0.226 mmol) was 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% HC1l and the deposited residue was extracted with
ethyl acetate. After the organic layer was washed with brine

and dried with anhydrous magnesium sulfate, the desiccant was



or Z)-2-(4-ethyl phenyl)vinyl]phenyl}-1-thio-D-glucitol An acetonitrile (20
m.) solution of 2,3,4,6-tetra-O benzyl-1-C(3-[(E or

Z) - 2- (4- et hyl phenyl ) vi nyl ] phenyl }-5-t hi o- D-gl ucopyranose (0.49 g, 642 pnol)
was added sequentially with Et3SiH (0.35 nm., 1.92 mml) and BF3-Et 20 (0. 20
m., 1.28 mmol) at -10C and stirred for_ 10 m nutes at the sanme tenperature.
After the reaction mxture was added With = saturated sodi um carbonate
aqueous solution and extracted with ethyl acetate, the organic phase was
washed vﬁitlti:q#ed@%ﬁoﬂrmu%Ievmhvemhmmevmﬁmt% unfent cedu¢edr t he
desiccant was filtered off, the residue obtained by exﬂggratlng t he sol vent

under RFRRBIDriR ARt titie RmRound o 149 BY) ) c®% ofat ogr aphy
(hexane: et hyl acetate 8:1) to obtain a colorless powdery title conpound
(0.31 g.° %]é% W&%ﬁe) 1H NVR (300 Mz, CHLOROFORMd) 6 ppml 13 -

ses %ﬁi&n /S ooiba: &) %PPi"lgi’s( £ tfm(ns. 3 127548 & 5
Eg]38g] H)H% 9528 (lt? %lﬂa—? 2‘[7%3871% %e& s of '(%g) 14‘[\%# ytiroa}FrP{g ﬁ (4-

t hyl ph I th 0 |1 hyd
oLy PN )64 Iy Do 1421 11 8 sttt ol B0 {Eaﬁty’agéﬁﬁl. A ages o0

(19 -1, 5 aphydrs @a 3, ﬂ@.é@tﬁ@, G hepzylod-L37[4& @h, B4 %) 2-EST m/z =

798 (M+NH4), 779 (M-H).
Example 29

[0365]

sUsha

BrO" “OBn
OBn

[0366]
Synthesis of (1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-{3-[4-
[2-(dimethylamino)}-2-oxoethoxy}benzyl]lphenyl]-1-thio-D-
glucitol

A chloroform solution (2 mL) of (1S)-1,5-anhydro-2,3,4,6-
tetra-0O-benzyl-1-[3-[4-(carboxymethoxy)benzyl]lphenyl]-1-thio-
D-glucitol (149 mg, 0.191 mmol) was added with a
tetrahyvdrofuran solution {0.19 mL, 0.382 mmol) of 2M
dimethylamine, l-ethyl-3-(3-dimethylaminoprepyl)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 magnesium sulfate. After the desiccant was



et hyl phenyl ) vi nyl ] phenyl }-1-thi o-D-glucitol (0.30 g, 401 lunol) and the
at nosphere inside the systemwas substituted with hydrogen. After stirred
for at roomtenperature for three days, insolubles in the systemwere
renoved by celite filtration. The residue obtai ned by evaporating the

sol vent under reduced pressure WaSJﬁyﬁiled by silica gel colum

chr omat ogr aphy (chloroforn1nethanol to obtain a colorless powdery

title copnpound 89@ 1 NNR 306 ,  METHANOL- d4 pm1.20 (t,
1L S TERed GedD e 5856\(@0129%“% @tsg salvhtm 1 H)

30’ ﬁ ;123{"’5?96‘{5%&“@%9‘% : l‘efﬂ %"r}tﬁi@%% 1531131 zéeni( 3 g;]'(gfz _
1 ittt

et hyl phesydRifP- Er & | dphenyl ) - 5- th|o D- gl ucopyranose Five drops of
1, 2- dlbrong%thane meréﬁ%%ded fo a mxture of magnesium (1.11 g, 45.7 mol),

1-brono-[Fid2E or Z)-3-(4- ethyl phenyl)prop-2-en-1-yl)benzene (0.401 g, 1.33
nmol ) and tetrahydrofuran (7 nL) and this m xture was heated to ref | ux

for 1.5 hipuiMr (B rbﬁ?&t'@&dﬁﬁoﬁhﬁ-d‘?%‘gﬂﬂezdd@ (0018 I.B«_ergaqy@we;:,and
tetrahydrofuran (5 nL) of 2,3,4,6-tetra- al 5-thio gl ucono-1 act one
(0.38 gH)NL.DGOem0I3. vas(mmdded) 3.52 (t, J=8.86 Hz, 1 H) 3.68 - 3.74

(m, 1 H} 3.76 - 3.96 (m, 7 H) 4.44 - 4.54 (m, 3 H) 4.56 - 4.63
(m, 3 H) 4.85 - 4,93 {m, 3 H) 6.65 (4d, 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~y
|
BnO” “OBn
OBn
[0369]

Synthesis of {1S)-1,5-anhydro-2,3,4,6-tetra-0O-benzyl-1-[3-
{[[4-(2—N,N-dimethylaminoethyl)oxy]phenyl]methyl]phenyl]-1-
thio-D-glucitol

A tetrahydrofuran solution (2 mL) of (1S8)-1,5-anhydro-
2,3,4,6-tetra-0-benzyl-1-[3-[4-[2-(dimethylamino}-2-
oxoethoxylbenzyl]phenyl]-1-thio-D-glucitol (88 mg, 0.109 mmol)
was added with 1.2M borane tetrahydrofuran complex (0.54 mL)
at 4°C and stirred at room temperature for two hours. The
reaction mixture was cooled to 4°C, added with methanol and

concentrated. 1,4-Dioxan (1.0 mL) and 6M HCl (0.5 mL) were



dropwise to this solution and stirred at roomtenperature for 30 m nutes.
After the reaction m xture was added with a saturated amoni um chl ori de
aqueous solution and extracted wth ethyl acetate while cooled on ice, the
organi ¢ phase was washed with brine and dried wth anhydrous nagnesi um
sulfate. After the desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced essure was purified by silica gel
col um chr omat ogr aphy (hexane: ethyl acetate =4:1) to obtain a colorless

oily ti tQ@%rﬁmm(mww%es @wmq:a@t)imd TH_ RS- G dZ)WOG ppm 1.16 -

1.30 3 2 2 90 - 3. 31 - 4. 44 16

4. 82 Smd“’dli’%ﬁ ﬁ?f)‘%.“é@‘(t-“r& R’Qs( dd@%w%%a@(“ 361"(??“( 6. ng_ 6. 4?
1 H. 7.08 6 52 99 (M+Na

fsr7n5 (Ml_l)l% drfﬁ%ideé( 'frqemth‘% % %i?@ﬁ*b({%%% %\‘Hg‘? é 39 yt [039)1]

25 (oSl fyth SO E s ik SARRAY Ay e wagea
acet oni typ4die t(x.slrf@-) P! a4y Ht@yﬁﬂ%eny "Badhe efdin(! s ] g+1£%é§ [ G o3

Z) - 3- (4- et hyl phenyl ) prop-2-en-1 I 0- D- - gl ucopyr anose (42 ny,

72 piol JeRsasuiieshn © Apae Nt i B d Yo $ e Bt 35 Hd Sbake @d8afwa@ldyand BF3EL 20
(20 M., 145 mol) at -10C and stirred for 10 m nutes at the sane

t enper atd¥dporitfiig tHite I €ADFION WddH Lo dRSedUsESs¥aEd Was Spirieied wpdi um
car bonat e agueous solution and extracted with
NH type silica gel column chromatography (hexane:ethyl acetate
=1:1) 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, 9 H) 4.47 (4, J=10.10 Hz, 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 (dd, J=7.85, 1.32 Hz, 2 H) 6.72 - 6.81 (m, 2 H) 7.00 -
7.18 {m, 8 HY 7.20 - 7.36 (m, 16 H). ESI m/2 = 794{(M+H).
Example 31

[0370]

Dy o
BnQ $
BnO" “OBn

OBn

[0371]
Synthesis of (1S8)-1,5-anhydro-2,3,4,6~tetra-0-benzyl-1-[3-
[[[4-{2-hydroxyethyl)oxy]lphenyl]lmethyl]lphenyl]-1-thio-D-
glucitol

A tetrahydrofuran (2.5 mL) solution of (18)-1,5-anhydro-

2,3,4,6-tetra-0-benzyl-1-[3-[4-(2-methoxy-2-



ethyl acetate, the organic |ayer was washed with brine and dried with

anhydrous nmagnesium sulfate. After the desiccant was filtered off, the

resi due obtained by evaporating the solvent under reduced pressure was

purified by silica gel colum chromatography (hexane:ethyl acetate=10:1 to

8;1) to obtain a colorless oily titl &npound (28 ng, 70%). 1H NWR (300

MHz, CHLOROFORM-d) 6 ppm 1.17 - 1.30 ?Hf J 7 62 7.62, 7.62 Hz, 3 H)

2.57-2.71 (m, 2 2.95 - 5 t J=8.86 Hz 3.50 (d,

J=6. 68 |%x°%t‘r$">§p%%“zi’lsl@‘le“ %irqs H}{% 'ézvf-l Eﬁl(h}f’% 'P9 40233,2Fg 4.44 (m 3

H 4.84 - : 71 - 7.09 -

7. 29 - 1’%@?“{‘7&4 ?%QP%t%EiM%eékm)@é@rmlﬂb f[c#s@z]ﬂnds HO HODO
é%pt [ (1

et hyI pheny prop e%‘ei ﬁ?']? n?f}t]efst I O- wq ;‘fae{ézﬂ%cipqraquc#éf uran (3

m.) sol te,

1) kgl (000 b Sad U v A PeONNID Lok HEbpols

wool ) wase@ddegie Wil et aJess(et;{ﬂﬂ@@Jad mq-ip@triﬁ;l raa!éta&iaéﬂar(dlltﬂm o'

F+mol ) and 1, 3-dinethyl barbituric acid (58 ng, 370 pnol) and heated to

ref 1ux cfﬂ_:fax?ié TS . wadRed wiien '9BLA Odndl gt 16 @ Wheh yash a
saturated sodi um carbonate aqueous solution and extracted with ethyl

acet at e wdgres 000 Al Fate ce After ThEAMe1dquaEte wars fAaeAMdHTE brinee and
dried wi th anhydrous magnesi um
solvent was evaporated under reduced pressure to obtain the
title compound (100 mg) as a colorless crystal.
1H NMR (300 MHz, CHLOROFORM-d) 6 ppm 3.06 - 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/%Z =
784 (M+NH4 ),
Example 32

(0372]

[0373]
Synthesis of 2,3,4,6-tetra-0-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 methed
as in Example 15 and the title compound (508 mg, 29%) was

obtained as a brown o0ily substance.



sulfate. After the desiccant was filtered off, the residue obtained by
evaporating the solvent under reduced pressure was purified by silica gel
col um chr omat ogr aphy (chl orof orm nethanol =10: 1). Further purification was
performed by silica gel columm chromat ography (NH silica gel,

chl or of or m net hanol =9: 1) to obtain the title conpound (13 ng, 72% . 1H NMR
(300 MHz, METHANOL-d4) 8 ppm1.14 - 1182 (m J=7.98, 7.98, 7.98 Hz, 3 H)
2.54-2.68 (m 2 H 2.95- 3.05(m 1H - 170 3.22 - 3.30 (m 1 H 3.51 (d,
J=6.37 RH I\MR—I)(:B)(BM{::,B C&H-QRQFOM-@) D i@m 13.488 ((ty J3-6H)99B.H¥5, (AddH)

J=11. 35, 3.57 Hz, 5.72 7.07 - 7.30 (n] 8 H. ESI mz =
423 (MPNDB -393}1(%@1) latb)rrp?e?% ?[043b4(]m HOMB) \3456 +ot *@ (o 12 0395]
Synthe5| of (1S) hydro-1-{3-[3-(4-et phe | ) _ propy

pheny! ) t4’m°(§ Dg“l G’f “2(3”/\&é al1 g4 Um ‘%’i/-dr% he d act%v%ff ed®caf bon

E:Z),O[ ?g)E“Jm%;)f“gd‘e% &%aln"b’héﬂj{l’?:oﬁrcﬁé ;L‘Qe, S‘%% %ﬂ&w %]@ '%1 é?Lgi ![;)I (13
Lrg’drggehu%z tser stf?fﬂ ?m?“p {e ; %r&rﬁtgn{‘)g 592 t\/\6 dg hl tgt ?gl \glgl’es in
the systgm Vﬁ]e ! ven)tedué%%l[er H te Jd t(rb@,ftl_hon 59 T@e(ﬁqﬂ ue obt ai ned by

evaporating t reduced pressure was purified by silica gel
col um eraiRlPHaPhy (chlorof orm et hanol =9:1) to

[0374]

[0375]
Synthesis of (15)-1,5-anhydro-2,3,4,6-tetra-0-allyl-1-[5-(4-
ethoxybenzyl)pyridin-3-yl]-1-thio-D-glucitol

A colorless oily title compound {137 mg, 2B%) was
obtained from 2,3,4,6-tetra-0O-benzyl-1-C-[5-(4-
ethoxybenzyl)pyridin-3-yl]-5-thic-D-glucopyranose (508 mg,
0.894 mmol) by a similar method as in Example 16.
1H NMR (300 MHz, CHLOROFORM-d} 6 ppm 1.40 (t, J=6.99 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 (dd, 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 (4d, J=16.16, 2.18 Hz, 2 H). ESI
m/Z = 552(M+H).
Example 34

[0376]



obtain a colorless powdery title conpound (8 ng, 62% . 1H NVR (600 Mz,
METHANCL-d4) S ppm 1.20 (t, J=7.57 Hz, 3 H 1.87 - 1.94 (m 2 H) 2.56-2.63
(m 6H 2.98- 3.03(m 1H 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 (dd, J=11.46, 3.67 Hz, 1
H 7.05 - 7.12 (m 5 H 7.14 - 7.25 ( 3 H. ESI mz =425 (M:Na), 171 -
401 (MH. Exanple 44 [0396] S s s 7110 [0397] Synthesis of
2,3,4,6-tetra-0./ Iyl -l -6 17-(4-nmethyl benzyl ) -1-

f@ D- gl ucopyranose Five drops of 1, 2-dibronoethane were

magnesi um (77 ng. 3.19 mol),

3- br ono- 7M§AyfEarhyl benzyl ) - 1- benzot hi ophene (0.92 g, 2.90 mmvl) and
tetrahydrof uPn (5 nm.) and this mixture was heated to ref lux for 30
m nutes. The reaction m xture was cooled to roomtenperature, and
tetrahydrofuran (5 nL) of 2,3,4,6-tetra-Oallyl-5-thio-D
gl ucono-I3B*r1kctone (0.51 g, 1.45 mol) was added dropwise to this solution
while cooled on ice and stirred at room tenperature for 30 m nutes. After
t he readdyrdthesig wie (S) - hdileahhydie -al sk i 4t ethexyiten zyd by ot dte- Zgueous
solution and extracted wth ethyl acetate, the organic phase was washed
wi t h bri¥el dbrothka G Ghudi tehydr ous nmagnesium sul fate. After the desiccant

was filtered off, the residue obtai ned by
A colorless powdery title compound (71 mg, 73%) was

obtained from (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)
3.01 - 3.05 {(m, 1 H) 3.23 - 3.27 (m, 1 H) 3.60 (4d, J=10.32,
8.94 Hz, 1 H) 3.71 - 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 HY 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) 8.34 (d, J=2.29 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-yl}-1-thio-D-glucitol

An yvellow oily title compound (890 mg, 94%) was obtained

from 2-bromo-5-(4-ethylbenzyl)thiophene (1.0 g, 3.55 mmol) by



evaporating the solvent under reduced pressure was purified by silica gel
col um chromat ogr aphy (hexane: ethyl acetate=4:1) to obtain a yellowoily
title conpound (0.76 g, 89% . 1H NWR (300 MHz, CHLOROFORMd) 6 ppm 2.31 (s,
3 H 3.21 (dd, J=11.81, 6.06 Hz, 1 H 3.29 (s, 1 H 3.46 - 3.93 (m 6 H
3.96 - 172 - 4.02 (m J=4.66 Hz, 2 Fbl4 15 - 4.26 (m 4 H 4.30 (d, J=5.75
Hz, 2 FD 4.42 (dd, J=12.12, 5.91 Hz, 1 ?ﬁ 4.57 - 4.78 (m 2 H 5.10 - 5.40

7 5.80 - 08 3 7.05 -_7.17 5 7.32 (t, 1 7.63 , 1

I(—l)m 8.19 ?ds ‘9’-1731216“?&‘&331 ?ﬁqne%%‘aw%ea 15&53’?% H) 591 (ﬁAH) E)xarrpl e 212
0398 99 Synt h
(15) -7, 58, W L(300 ) GHESROERRY ) b gom (422 (£, 3=7.62 Hz, 3 W)

thyl b b tLhl 869
has 2ynehidt L pEEERE BE, Coul AT O S b 0L 41%51 3, BecoTRatEE (5670
2,3,4, 6-4.t 1 1-
nethylbgﬁgy{?uﬁ)g%ng%thlggig ‘@j H?ns %nguco%grg%ose H)1H R (%Obs
CHLOROFCRM ) 1) PP 2. 314(&1 £3m|‘|)32ng94 93 105 gﬁn %23 093 49 ﬁﬁn 2 H)
3.66 - 3.87 (m 5 H 4.00 (d 4.2 1 (d,

J=6. 84 Hzm, 26 HI) %.%6 (dgI 6@ @{R 0P, up. §37b‘|2, é w m633-H4. 3261"}d2 5.09

- 537 (m 7H 580 - 6.07 (m 3H 7.04 - 7.17 (m 5 H) 7.32

(702(1)01(3137%31-97 B () Je7893(dlz, J43H2 &S] DIR)=7589 -(MFN&) (mExanme 46
ESI m/z = 563 (M+Na).

Example 36

[0380]

[0381]
Synthesis of (1S)-1,5-anhydro-1-[5-(4-ethylbenzyl)thiophen-2-
yl]l-1-thio-D-glucitol

A colorless powdery title compound (570 mg, 92%) was
obtained from (1S)-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) 6 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 (4d, 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 (d, J=3.57 Hz, 1 H) 7.08 - 7.17 {m, 4 H}.
ESI m/z = 403 (M+Na), 379 (M-H).

Example 37



S HOS$ Ha, "OH OH [0401] Synthesis of
(1S)-1, 5-anhydro-1-[7-(4-net hyl benzyl )-1- benzothi en-3-yl]-1-thio-Dglucitol
The title conpound (769 was synt hesized as a col orl ess powder by a simlar
met hod as in Exanple 17 from (1S)-2, 3, 4, 6-
tetra-C>aIIyI-1,5-anhydro-|-[7-(4-ne;R¥épepzyl)-1-benzothien-
3-yl]-1-thio-D-glucitol. 1H NVR (300 , METHANOL-d4) S ppm 2.26 (s, 2 H)
3.03 - 3,14 5n1 1H 3.32- 3.40(m 1H 3.62 - 3.72 (m 1 H 3.77 (dd,
J=11.50, [838%1 1y 1 H) 3.93 - 4.06 (m 2 H 4.14 (s, 2 H 4.32 (d, J=10.26
™~ (m 5 H 7.33 (t, 1 H 7.48 (s, 1 H 7.90 (d, 3=7.31
(MrNa), 415 (MH). Conpounds of the present
i nvent i oPrGShY bl "pwi ng tables were obtained by performng the
simlar o |€ [ ne-above Exanpl es using corresponding starting
materials andgg.eactants. Conpounds of the present invention obtained by
t he above Exanples are also shown in Table 1. [0402] Table 1 174 Conpound
Structural formula 'NVR, M5, np, Elenmantal analysis No. IH NWVR (300 MHz,
CHLCRCFCﬁﬁ@gQ 6 ppm 1.19 (t, J=7.6 Hz, 3 H 2.59 (q, J=7.6 Hz, 2 H S 3.05
- 3.16 ( lb 3.53 (t, J=8.9 Hz, 1 H 3.67 - Conpound BnO 3.99 (m 8H)

447 (d, odtfeclstbe 3,5 %65ekia-8-nbRbfr-1 BOSL ($a08c(fy 3487 P 1 9

4.85 -
ethylphenyl)vinyl] phenyl}-5-thio-D-glucopyranose

A mixture of (4-ethylbenzyl)triphenylphosphonium chloride
(1.64 g, 3.93 mmol}) and tetrahydrofuran {20 mL) was added with
2M lithium diisopropylamine (heptane / tetrahydrofuran /
ethylbenzene solution, 2.0 mi, 4.0 mmol) while cooled on ice
and stirred at room temperature for one hour. This solution
was added dropwise to a tetrahydrofuran solution (10 mL) of
2,3,4,6-tetra-0-benzyl-1-C-(3-formylphenyl)-5-thio-D-
glucopyranose (0.52 g, 786 umol) and stirred at room
temperature for one hour. After the reaction mixture was
added with a saturated ammonium chloride aquecus solution
while cooled on ice and extracted with ethyl acetate, the
crganic 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=6:1 t0o 3:1} to obtain a colorless oily
title compound (0.49 g, 82%, E/Z mixture).
1H 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 -



OBn 6.62-6.69 (m 2H) 7.00-7.20(m 10H)7.22- 7.36 (m 16 H). ESI nmlZ = 757
(MtNa). np  100. 0-102.5C.  1H NMR (300 MHz, CHLOROFORMid) 6 ppm O, ,- 1.38
(t, J=6.99 Hz, 3 H) 2.93 - 3.17 (m1H)3.52 Conpound S | (t, J=8.86 Hz, | H)
3.64 - 3.76 (m 1H 3.76 2 Bno 4.07 (m 9 H 4.46 (d, J=9.95 Hz, | H)
4.52 (s, 2 H 4.60 (d, J=10.57 Hz, 1 H.4.83 - 4.97 (m 3 H Bn0' nOBn
6.59-6.80 (m 4 H 697-721(m8|—i’}_g5122 OBn739(m16H) ESI mz =

773 ( M+Na) g« 600 ORM d pm 1.38 (t, J S

Hz, 3H)3 ‘609% . (3 H) %5% 506 & (13 5—8?9& rz, 7184y (. 787 (Ha. ESI
J=9. 86, 5 - 3.80 2 3.82 - 3.99 611) 4.06
COrrpound“ =(@§J@t§%g'm | H)(Z].47 -H)4. 53 (m 3 H)(Eln. 59 (21, 3 Bno

11055 fyp k4. 82 - 4,88 (m 21 4,89 (d, Bno'  CBn -10.55 e, |

6.70 (. XL 2 H 6.74 OBn (d, 3=8.71 Hz, 2 H) 7.03 (d, J=8 71 Hz, 2
H 7.09 7 (m 21 H. ESI mZ = 807(MtNa). np 126.0-128.0C. colorless
powder . 1ITRMR (600 Mz, CHLOROFORM d) 6 ppm  1.37 (t. 3=6.88
Hz, 3H) 3. 05-3. 11 (A
Hz, 1 Cbnpo ndg

H 3.50 (t, J=8.94 Hz, 1 H) 3.70 (dd, J=9.63, 2.75

. 84(m 6H) 3.84-3.92(m 3H)3.92- S| | 4 gn0 3.99 (m
H 4.52 (s, 2 H 4.59 (d, J=10.55 Hz, 1 H) 4.85
(s, 2 H 4.89{dug }=11.00 Hz, | H) 6.67 - 6.75 (m 4 H) 6.83 (d,
OBn 3=8. 25 Hz,ﬁ,l)? 02-7.18 (m 8 H) 7.22 - 7.35 (m 14 H). ESI mZ =
803(MrNa). O 1H NMR (600 MHz, CHLOROFORM d) 6 ppm

[0385]
Synthesis of (18)-1,5-anhydro-2,3,4,6-tetra-0-benzyl-1-{3-[(E
or Z)-2-{4-ethylphenyl)vinyl]lphenyl}-1l-thio-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-thio-
D-glucopyranose (0.49 g, 642 pmol) was added sequentially with
Et;SiH (0.35 mL, 1.92 mmol) and BFyEt,0 (0.20 mL, 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
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=8:1) to obtain a
colorless powdery title compound (0.31 g, 66%, E/Z mixture).
1H NMR (300 MHz, CHLOROFORM-d) 6 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



Conpound | | 1.37 (t, J=7.11 Hz, 3 H) 3.07 - 3.15 (m 1 H 3.54 5 BnO S (I,
J=9.17 Hz, 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 BnO 'OBn 27 H). ESI mZ = 803(M+Na). OBn - 175 BnO -
0,-,- 1H NMR (300 MHz, CHLOROFORMd) 6 ppm Conpound $ 1.36 (t, J=6.92 Hz, 3
H 2.97 - 3.17 (m 1 H 3.47 6 BnO - 3£g (m 1H) 3. 62- 3. 75(m 1H) 3. 76- 4. 03
Bn0" OBn (m 8 H) 4.40 - 4.67 (m 5 H %82 - 5.12 (m5H OBn 6.62 - 7.42
(m 32 H. ES1 mZ = 879(M+Na). [0403] 1H NMR (300 MHz, CHLOROFORM d) 6 ppm
| 1.35 ( +‘3a 92 Hz, 3 H 3.06 - 3.15 (m 1 H 3.52 Conpound OOl O -
(t,1=8. 8@ 1 3,64 - 3.98 (m 141-1) 4.45 7 BnOS 4.62 (m 4 H 4.71
(s, 2 ’ﬁa’%ﬂe 703 (m3H) 6.45(s,1H)6.63-6.72 (m 4 H) 6.99 - 7.34 (m
BnO' “}g {3 7.37 (d,1=4.35 Hz, 4 H. ESI mZ = OBn 828( M+tNH4). yel | ow
oi I. F o*%%4% NVR (300 MHz, CHLOROFORMid) 6 ppm 1.38 (1, 1=6.99 Hz, 313)
3.03 - 3.13 (m &+ 3.46 Conpound S - 3.54 (m 1 H 3.66 - 4.00 (m 10 H)
4.45 - 4.53 85Bph ) 4.59 (d, 1=10.72 Hz, 1 H 4.84 - 4.93 (m BnO'

' OBn 3H) P65 677(m4 P6-7.34 (m 23 H). OBn ESI mZ = 791( MNa) .

col orl ess ypowgdergy 1H N 00 MHz, CHLOROFORMd) 6 ppm 09 1.38 (t, J=6.92
Hz, 3 H 3.020m 3.14 (m 1 H 3.51 (1, J=8.70 Hz, 1 H 3.66 - 4.05 (m 10
H 4.47 (d, Conpound BnO S J=10.26 Hz, 1 H) 4.52 (s, 2 H 4,59 (d, J=10.41
9 Hz, | H) 4. 83-4.94(m 3H) 5. 06(s, 2H) 6. 64-

[0387]

Synthesis of (1S)-1,5-anhydro-1-{3-[2-(4-
ethylphenyl)ethyl]phenyl}-1-thio-D-glucitol

20 wt% palladium hydroxide on activated carbon (300 mg)
was added to an ethanol (5 mL) solution of (1S)-1,5-anhydro-
2,3,4,6-tetra-0O-benzyl-1-{3-[(E or Z)-2-(4-
ethylphenyl)vinyl]lphenyl}-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
days, insolubles in the system were removed by cellte
filtration. The residue obtained by evaporating the solvent
under reduced pressure was purified by silica gel c¢olumn
chromatography (chloroform:methanol=10:1) to obtain a
colorless powdery title compound (13 mg, 8%).
1H NMR (300 MHz, METHANOL-d,) & 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, J=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]



BnO OBn 6.74 (m 4H) 6.84-6.91 (m1H)6.96-7.38(m OBn 27 H. ESI mZ =
874(M+rNH4) . colorless powder. |H NWR (600 MHz, CHLORCFORMd) 8 ppm F 1.43
(1, J=6.88 Hz, 311) 3,06-3.12 (m 1H)3.51 d (t, J=8.94 Hz, | H) 3.70 (dd,
J=9.63, 2.75 Hz, 1 H) 3.75-3.81 (m 2H) 3. 83-4.06(m 8H4. 49- Conpound | p BnO
S455 (m 3 H 4.59 (d, J=10.55 Hz, 4.84 - F 4.94 (m 3 H 6.63 (dd,
7=10.55, 6.88 Hz, 1 H Bn' PCB n 6 65£?d J=6.88 Hz, 2 H 6.77 (dd,
J=11,23,7.11 OBn Hz 3 38 (m 20 H. FS] mZ = 843(MtNa).

col orl ess pomder (600 MHz, CHLOROFORM-d) b ppm F 1.40

(t, 1=7. 14,8 TR TF3.50 C 0 ~ (t, J=8.94 Hz, 1 H 3.69 (dd,
J:9.63,2.¥5 Hz pirpound | H) 3.75- 3.80 (m 2H 3.81- 3.95(m 4H
3.99 - 11 AylO JOAIm 3 H) 4.49 - 4.53 (m 3 H) 4.58 (d, Sn0' OBn 1=10.55
Hz,1 H) 4.82 - 4%&3 (m 3 H 6. 65 - 6.90 OBn (m 5H 7.09 - 7.36 (in, 21
H. ESI mZ 825(M+Na). colorless powder. 1H NWVR (600 MHz, CHLOROFORM d) b
ppm C 1.42 (t, J=6.88 Hz,3H)3.05-3.16 (m 1H)3.50 (t, J=8.94 Hz, 1 H)
3.69 (ddb‘DZ 343 09, 2.75 Hz, 1 Conmpound S H)3.73-3.81 (m 2 H) 3.82 - 3.95

(m 4H) 4 BnO (g, J=7.03 Hz, 2H)448-454(m 3H)458(d BnO'
"OBn J= éii.is'LH}f‘ 5234499 £Q’cr§ dsllaﬁl $-1-6-18§- gBQE |v?+ -$491 (dd,
J=8.25,2,29 H, (in U ES 841(M-Na). 1H NMR (300

MHz, C}iéfﬁiiﬁﬁéﬁglﬁpﬁ6ﬁﬂ2 -en- 1 yl]phenyl} 5-thio-D-glucopyranose
Five drops of 1,2-dibromoethane were added to a mixture
of magnesium {(1.11 g, 45.7 mmol), l-bromc-3-[(2E or Z)-3-(4-
ethylphenyl)prop-2-en-1l-yl)benzene (0.401 g, 1.33 mmol) and
tetrahydrofuran (7 mL) and this mixture was heated to reflux
for 1.5 hours. The reaction mixture was cooled to room
temperature, and tetrahydrofuran (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 desilccant 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 a colorless oily title compound (42 mg, 7%).
1H NMR (300 MHz, CHLOROFORM-d) 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, 16 H)
4.82 - 4,94 {m, 2 H) 5.09 - 5,49 (m, 6 H) 5.80 - 6.05 (m, 5 H)
6.29 - 6.45 (m, 1 H) 7.08 - 7.32 (m, 6 H) 7.42 - 7.52 (m, 2 H).

ESI m/z = 599 {M+Na), 575 (M-H).



O- 1.38 (t,J=6.99Hz, 3H) 2. 22(s,3H)3.06-3.14 Conpound S (m 1 H) 3.52 (t,
J=8.86 Hz, 1 H) 3.68 - 4.00 (m 13 BnO 10 H) 4.46 - 4.54 (m 3 H 4.60 (d,
J=10.72 Hz, 1 Bn0" @Bn H)4.84-4.93 (m3H)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] 1H NWR
(600 MHz, CHLOROFORMd) S ppm 3.01 -3,13 (m 1H)3.49(1,1=8.94 Hz, 1H)3.65
Cl O. -3.69(m 1H) 3. 71(s, 3H) 3. 73- 3. 78(*¥®H) Conpound S 3.76 (s, 3H) 3.80 -
3.96 (m 4 H 4.01 - 4.07 (m 1 14 BnOH) 4.45 - 4.53 (m 3 H 4.59 (d,
J=11. 00 Fgample)p41lpno Qyn 0, 4.83 - 4.92 (m 311) 6.30 (dd, J=8.25, 2.29 Hz,
1 H 6.41 Sd J=2.29 Hz, 1 H 6.71 (d, J=8.25 Hz,1 OBn H) 6.84 (d, J=8.25
Hz, 1 H)[9398). 7.35 (m 21 H. ES| mZ = 818(M:NH4). C Q- 1H NMVR (300
MHz, CHLOROFORM d) .b~ppm 3.8 .16 (in, 1 H 3.50 (t, 1=8.86 Hz, 1H)3.66
Conpound BnO S - 3 (m 1 3.76 (s, 3 H 3.76 - 3.99 (m 6 H 15

4.02- 4. 140 f 4748"-74.853 (m 3 H) 4.59 (d, BnQ, 'OBn 1=10.72
I—|z,1|—|)4.82gyé\\ 3 H 6.63 - 6.82 OBn(m 4H 7.01 - 7.36 (m 23 H).
ESI mz = M8 aéi

NH™ 177 1H NVR (600 MHz, CHLOROFORMd) S ppm 1.35 (t,
J=6.88 Hz, 3 H921 (s, 3 H) 3.02- 3.21 O(m | H 3.55 (t, 1=9.40 Hz, 1
H 3,71 (s, 1 H Compound S Z 3.74 - 3.97 (m 10 H 4.01 (s, 1 H 4.45 -
4.56 (m 16 BnO 3 H 4.60 (d, J=10.55 Hz, 2 H 4.86 (s, 2 H 4.90 BnOL,
OBn (d, D&391b5 Hz, 1 H 6.58 - 6.76 (m 5 H) 6.90 (d, OBn J=7.34
Hz, 1H) 7. 09-7. 19 (m 5H) 7. 23-7. 35
Synthesis of (158)}-2,3,4,6-tetra-0-allyl-1,5-anhydro-1-{3-[{(2E
or Z)-3-(4-ethylphenyl)prop-2-en-1-yllphenyl}-i-thio-D-
glucitol
An acetonitrile (3 mL) solution of 2,3,4,6-tetra-0-
allyl-1-C-{3-[{(2E or Z)-3-(4-ethylphenyl)prop-2-en-1-
vllphenyl}-5-thio-D-glucopyranose (42 mg, 72 umol) was added
sequentially with Et;SiH (35 pL, 218 umol) and BF;Et20 (20 pL,
145 pmol) 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 layer 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=10:1 to 8:1) to
obtain a colorless oily title compound (28 mg, 70%).
1H NMR (300 MHz, CHLOROFORM-d) 6 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=6.68 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, 6 H) 7.09 - 7.29



(m 15 H. ESI mz = 812 (MtNH4). colorless powder. 1H NWVR (300 MHz,
CHLOROFORMd) 6 ppm 1.39 (t, J=6.99 Hz, 3 H 2,18 (s, 3 H) 2.93 - 3.08 O
(m1H)3.27(t,J=9.01 Hz, 1 H 3.50 - 3.77 (m 6 Conmpound ~C S| | H 3.80
(s, 3H 3.83- 4.05(m 6 H 4.08- 451 17 (m 5H 4.82 - 4.95(m 2 H
5.06 - 5.34 (m 6 H O-\ 5.38-5.58 (m1H)5.77-6.07(m 3H) 6.66(s,1 H) 6.75
(d, J=8.70 Hz, 2 H) 6.94 (d, 1=8.70 Hz162 -H) 7.16 (s, 1 M ESI mZ =
617(M+Na). 1H NVR (300 MHz, CHLOROFORMid) S ppm 1.26 (s, 9 H 2.93 - 3.20
(m 1 H{8,58 ¥}, BSB.®Az €ohpdutM+¥aPC Hz, 1 H) 3.63 - 3.93 (m 6 H) 3.93
- 4.03(m 1 H 18 Bn0 4.06-4.17 (m 1 H 4.45 - 4.54 (m 3 H 4.59 (d, BnO
"OBn J=1Bxamplp 43 H) 4.84 - 4.93 (m 3 H) 6.69 (dd, OBn J=8.00,1.48 Hz, 2
H 7.04 - 7.38 (m 25 M ESI mz = 819 (M:Na). colorless powder. C 1H NWR
(300 MHz[OFRRLROFORMd) 6 ppm 1.38 (t, 3=6.99 Hz, 311)3.03-3.15 (m 1H) 3.50
Conpound BnO (t, J=8 | H). 3.65 - 4.06 (m 10 H) 4.46 4.62(m 4H)4. 82-
4.93 (m 3H) 6, 45- BnO OBn F 2 H) 6.69 (d, 1=8.08 Hz, 2 H 6.91

63 S H>7.08 - 7.38 (m J=1.00 Hz, 21 H), colorless oil 1H
CHLOROFORM d) 6 ppm C 2.25-2.31 (s, 3 H) 3.04 - 3.13 (m 1
H 3.46 - urtd Bn0 S 3.54 (m 1 H) 3.66 - 4.13 (m 8 H) 4.47 - 4.53 (m
20 3H)4.59(d, Y¥11. 04Hz, 1H) 4.84-4.92(m 3 Bnt'] "OBn H)6.67-6.72 (m 211)
7.02 (s, 4 H 7.08 - 7.35 OBn (m 21 H). ESI mZ = 772( MtNH4) ,

774(ME2+NH4) . col orl ess powder.
[0393]

Synthesis of (18)-1,5-anhydro-1-{3-[(2E or 2)-3-(4-
ethylphenyl)prop-2-en-1-yl]phenyl}-1-thio-D-glucitol

A tetrahydrofuran (3 mL) sclution of (1S)-2,3,4,6-tetra-
0O-allyl-1,5-anhydro-1-{3-[((2E oxr Z)-3-{4-ethylphenyl)prop-2-
en-1l-yllphenyl}-1-thio-D-glucitol (26 mg, 46 pmol) was added
with tetrakis(triphenylphosphine) palladium (11 mg, 9 umol)
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 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
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:methanol=9:1) to obtain the title compound {13 mg,
72%}.
1H NMR (300 MHz, METHANOL-d;} 6 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)




- 178 - [0405] 1H NWVR (600 MHz, CHLOROFORMid) 6 ppm Cl S 2.42

(s,3H)3.05-3.12(m 1H) 3. 51(t,J=8.94 Hz, 1 H) 3.70 (dd, J=9.86,2.98 Hz, 1 H)

3.74 Conpound BnOSf f 3.82 (m 2 H 3.82 - 3.92 (m 3 H 3.93 - 4.01 (m

21 1H) 4.07(d, J=15. 13 Hz, 1H) 4. 48-4.54(m 3 BnO OBn H) 4.59 (d, J=10.55 Hz, 1

H 4.82 - 4.87 (m 2 H) OBn 4.89 (d, J=10.55 Hz, | H) 6.70 (d, J=7.34 Hz, 2
7.00 - 7.38 (m 25 H). ESI mz =~ 8b# M-NH4). col orl ess powder. C OY 1H

NMR (300 MHz, CHLOROFORMid) 6 ppm S f f 1.29(d,J=6.06 Hz, 6H)3.04-3. 14

(m 1H 3. ¥o22 Q)n%o%@ld(and-(H) §~8170de-1=6 Bj Bze51-H), 115§m- 8.6 4m3g 22

BnO ' OBn 4. 63 5@4 83 - 492 (m3l1)6.65-6.77 (m

3H) 6. 99-% .1BY (3 ESp 3y bmg2d Hzm\éﬁ (¢ H%milbo@\aeﬁdi? H&H AMR) (300 MHz,

&?hpoﬁﬁ?%sﬁpﬁé“o SR INCaE H;:*%%én 18" 2s 58187215428 66 25 4. 14

m 8 . 4.59 BnO' OBn J=10.72 He, 4.84 -
2.92(2 ba%gg"g%h(m 2 H 700- 7.36 (m 25 H). ESI m(H)z:

791(NHNq%T?@§£ %§IIOm1pomder 1H NVR (300 MHz, CHLOROFORMd) 6 ppm C 1.18
(s,3H1 és 77-2.89 (m1H) 3.05-3.13 (m 1H) 3.51(t,J=8.86 Hz, 1H) 3. 66
Compound; gy f - 4.15 (m 8 H 4.46 - 4.54 (m 3 H 4.59 (d, 24 J=10.72
Hz, 1 H 4.83 - 4.92 (m 3 H 6.69 (dd, Bn0O OBn J=7.85, 1.32 Hz, 2 H) 7.06
(s, 4 H 7.08 - : 3n~21 H). ES] m Z = 805(M+-Na). col orl ess

s

HO

HOY 0K
OH

[0395]
Synthesis of (1S)-1,5-anhydro-1-{3-[3-(4-ethylphenyl) propyl])
phenyl}-1l-thio-D-glucitol

20 wt% palladium 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-yl]lphenyl}-1-thio-
D-glucitol {13 mg, 32 umol) and the atmosphere i1nside the
system was substituted with hydrogen. After stirred for at
room temperature for two days. insolubles in the system were
removed by celite filtration. The residue obtalned by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (chloroform:methanol=9:1) to
obtain a colorless powdery title compound (8 mg, 62%).
1H NMR (600 MHz, METHANOL-d,) & 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 - 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 (dd, J=11.46, 3.67 Hz, 1 H) 7.05

- 7.12 (m, 5 H) 7.14 - 7.25 (m, 3 H). ESI m/z = 425 (M+Na},



powder .
(t,J=6,
1=8. 86
(m 3H)

6.81 (d,

colorle
(s, 1H) 3.
3.87 -
J=7.77

NMVR (30

J=10. 083,

H 4.66
(dd, J=

H 7.55 (dd
761 (NHNaﬁbfqglor_

Cl O 1H NVMR (300 MHz, CHLOROFORMid) 6 ppm 1.40
99Hz, 3H) 2. 14(s, 3H) 3. 01-3. 12 Conpound BnO5 f f (m 1 H)
Hz, | H 3.65 - 4.06 (m 25 10H)4.46-4.61 (in, 4 H 4.
BnO' OBn 6.58 (dd, J=8.24, 2.49 Hz, 1 H) 6.68 - 6.76
J=8.39 Hz, 1 H) 6.98 (d, JZé;; H 7.10 - 7.
ss powder. - 179 O IH NVR (3007 M. CHLCRG:CRMd) S

w
o O—
—~
3
N
[y

449

d44J =2.49 Rz, 1 H 10.39 (s, 1 1[1-1). colorless anorpho
0&8/1%—%6 CHLOROFORMd) b ppm C 3.06 (s, 1H)3.47-3.58(m 1H) 3. 64(d

4.82 - OH Q) 4.97 (m 311) 6.15 (s, 1 H)

(d, 11657Hz,
7.85,1.48 I7)Hz

72349 W,

B

1 H 7.92 (d, J=2.49 OBn Hz, 1 H). ESI

CHLCRCFCRN¢d 6 ppm—~Conmpound BnO 1.36 (t, J=6.92 }1z, 3 H 2.17 (s, 3

3.04 -
4. 77 -

A\

43358l§lm1H)3 63(dd, Conpound BnO S C HO J=9.95, 2.64 Hz, 1 H)

5-H 4.45 26 OH4.72 (m 4 H) 4.80 - 5.05 (m 3 H 6.73 (d,
BnO Hz, 2 H 7.02 - 7.43 (m 19 H 7.74 (dd, J=8,39, OBn 2.49
Hz, 1I—|)‘8%39f3

us.
d,

6.77
mz

anor phous. [0406] BnOO S\ \ 1 1H NWR (300 Mz,

H)

3.19 7 (m 1°H) 3.47 - 4.17 (m 10 H 4.42-4.66 (m5H Bn0 "OBn

5.12 (n1 5H 6.55- 7.51 (m 31 H. FSi mZ
[0397]
Synthesis of 2,3,4,6-tetra-0-allyl-1-C-[7-(4-methylbenzyl)-1-
benzothlien-3-yl1]-5-thio-D-glucopyranose

Five drops of 1,2-dibromoethane were added to a mixture
of magnesium (77 mg, 3.19 mmol), 3-bromo-7-(4-methylbenzyl)-1-
benzothiophene (0.92 ¢, 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 while cooled on ice and stirred at room
temperature 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 obtalined by
evaporating the solvent under reduced pressure was purified by
silica gel column chromatography (hexane:ethyl acetate=4:1) to
cbtain a yellow oily title compound (0.76 g, 89%}.
1H NMR {300 MHz, CHLOROFORM-d) 0 ppm 2.31 (s, 3 H) 3.21 (44,
J=11.81, 6.06 Hz, 1 H) 3.29 (5, 1 H) 3.46 - 3.93 {m, 6 H) 3.96

1H

1H 3.83-421(m 9 H 4.48 Conpound BnO S Q 4.56 (m 3

7.08 - 7.21 (m 5H) 7.23-7.37 (m 14 BnO' OBn



OBn = 893(MtNa). colorless oil. IHNW (300 VHz, CHLOROFORMd) 6 ppm O C O
1.35 (t, J=6.99 Hz,3H)3,01-3.16 (m1H)3.53 (t, J=9.01

Hz, 1H) 3. 65-3. 74(m 1H) 3. 78(a, 3 Conpound BnO S H) 3.81 - 4.08 (m 813) 443 -
4.56 (m 4 H 4.59 29 (d, J=10.88 Hz, 1 H 4.85 (s, 2 H 4.89 (d, J=10.72
Bn0" OBn Hz, 1 H) 6.68 (dd, J=7.77, 1.71 Hz, 4 H 6.89 (s, 1 OBn H) 7.00 (d,
1=8.39 Hz, 2 H 7.06 - 7.20 (m 5 H~- ¥721-- 7.38 (m 14 M ). ESI mZ =
837(M+Na). I H NWR (300 MHz, CHLOROFORMd) 6 ppm O Cl p 1.39 (t, J=6.99

Hz, 3H) 2, 954 30D4(m 1#r8.86-H3, 30 Hin 4H).B. 4143289(m, 5K) B)84(80318) Conpound U
CS3.84-4.20 (m 8H) 4.25 - 4.42 (m 4 H 4.81 - 4.91 30 ti (m2H)5.09-5.33
(m 6 |—|)J558715 HS; 52 ¥ 4H#2 (&30 8=%2. 126 9498 nHz3 Il-I)H6 3850d; 4=8886 Hz, 2
H 6.87 7.03 (d, J=8.70 Hz @721brs mi ESI mz = 637
(M+Na) , 95 %mma;o - 8360 (Bncy High-8s 1 6408 1he R )(3995M=|z7 17

CHLOROF BnO 3,03 - 1 31 4.03

10 H 4. 6%’(218?1)&0 Hgdpﬁi"%@ ohnﬂgH?fs?ﬁ??leﬂl)“é 86.-Bz7gl(H) -4 I(—|)m
6.94 - 3 1H NMR (300 MHz, CHLOROFORMid) 6
ppm 1. 1%§¥t PB git':‘Hi”F% 005852?‘? 5)3 H 2.54 (é, Conpound BnO J:7.5)4
Hz, 2H)Emgg §16(m | 3.49 - 4.07 32 (m 11H)4.45-4.65 (m 5 H) 4.84
-494(m 1§ %nO'"OBn669676(m 3 H 6.94 (s, 4 H 7.07 - 7.19 (m

5 OBn Riﬁg? 7.35 (m 14 H. ESI mlZ = 801(MtNa). colorless oil. 111
NVR (300 CHLOROFORML d) 6 ppm

[0399]

Synthesis of (1S)-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 {B86%) was synthesized by a similar
method as in Example 16 from 2,3,4.,6-tetra-0-allyl-1-C-[7-(4-
methylbenzyl)-1l-benzothien-3-yl]-5-thio-D-glucopyranose.
1H NMR (300 MHz, CHLOROFORM-d} 6 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 (4,
J=5.75 Hz, 2 H) 4.15 - 4.26 (m, 4 H) 4.31 (d, J=6.84 Hz, 2 H}
4.40 (da, J=12.05, 5.83 Hz, 1 H) 4.63 - 4.82 (m, 2 H) 5.09 -
$.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 (&, J=7.93 Hz, 1 H). ESI m/z = 599
(M+Na).
Example 46

[0400]




OUL 1.14 (t, J=7.54 Hz, 3 H) 2.54 (q, 1=8.13 Hz, 2 H Conpound S 3,06 -
3.16 (m 1 H 3.53 (1, J=8.78 Hz, 1 H) 3.64 33 BnO 4.13 (m 10 H) 4.46-4, 65
(m 5 H 4.83 - 4.95 (m BnO' "OBn 3H6.64-6.72 (m 2 H) 6.87 - 7.35 (m 24

H. OBn ESI mz = 821 (MtNa). colorless oil. 1H NVR (300 MHz, CHLOROFORM d)
6 ppm1lll I , O. 34 0.38 (m 9 H O. 47 g 9 H 0.51 (s, 9 H 0.53 UC (s,
9 H 1.56 (t, 3=7.54 Hz, 3 H) 2,96 (q,1337-51 Conpound SMIO S Hz, 2 H 3.30
- 345 (m 1 H 3.63 (t—=J=8.16 Hz, 1 34 H 3.82 - 4.08 (m 3 H) 4.14 (s, 3
H 4.29 (dd, s OFMK JX10.41, 3.73 Hz, 1 H) 4.35 (d, J=3.57 Hz, 2 H)
OTMS 4. 73 7.20 (s, | H 7.42 - 7.51 (m 4 H) 7.62 (s,
1 H.). E%Iv : 4 . [04073 1H NWR (300 MHz, CHLORCFORMd) 6 ppm

Cl 1.15 (dio k H 2.72 - 2285 (m 1 H 3.06 - Cowpound g 3.15 (m
1 H 3.53 (t,99=0.17 Hz, 1 H) 164 - 4.11 35 BnO (m 10 H) 4.44 - 4.63 (m 5
H 4.83 - 493 (m 3 H Bn0O "OBn 6.67 (d, J=7.69, 1.48 Hz, 2 H 6.89 (s, 1
H 6.94 - OBn 7.36 (m 23 H). colorless oil. - 181 1H NNR (300 MHz,

CHLOROFORMMGAL ]S ppm v 2.21 (s, 3 H 2.24 (s, 3 H 3.07 - 3.18 (m1H)3.55
Compound | (t, J=8.39 Hz, | H 3.64 - 4.07 (m 10 H 4.47 36 BnOS 4.64 (m
5 H) 4.88yntheeds(pf3KL6)69,6-anhydzo-Bnl 7684 -Methydbepgyld -f)y 7. 07 - 7. 20
(m 5H 7.22 - 7.36 OBn (m 14 M ESI mlZ = 787(MNa). col orl ess
anmor phoubenzptiRN¢ 30912 - tBlipoREBORMLAPL6 ppm p 1. 15
(s,3H1.17(s, 3H)2 235_3 3H) 2. 70- 2. 86
he title compound (76%) was synthesized as a colorless
powder by a similar method as in Example 17 from (1S5)-2,3,4,6-
tetra-0-allyl-1,5-anhydro-1-[7-(4-methylbenzyl)-1l-benzothien-
3-yl]-1-thio-D-glucitol.
1H NMR (300 MHz, METHANOL-d,} o 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
(da, J=10.26 Hz, 1 H) 7.01 - 7.17 (m, 5 H) 7.33 (t, 1 H) 7.48
(s, 1 HY 7.90 (d, J=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 operatlions as
in the above Examples using corresponding starting materials
and reactants. Compounds of the present invention obtained by
the above Examples are also shown in Table 1.

[0402]

Table 1



Conpound / (m 1 H)

3.03 - 3.20 (m 1 H

3.55 (t, J=8.94 Hz,

H) 3. 64- 4. 08(m 10H) 4. 43- 4. 66(m 5H) 4. 80- Bn0" 110Bn 4.95 (m 3 H) 6.67 -

(m 3 H 6.95 (s,

4 H OBn 7.05 -

7.19 (m 5 H 7.21 -

7.37 (m 14 H).

1 37 BnO S

6.78

ESI

mZ = 815(MtNa). pal e yell ow anorphous. IH NVR (300 MHz, CHLOROFORM d) 6 ppm
a 1.26 (t, J=7.15 Hz, 3 H) 2.65 (q, J767Hz 1H H3.06 - 3.24 (m 114)
3.50 - 3.61 (m 1 H) 371(dd Corrpounaj B0 S N J= =9.87,3.03 Hz, 1 H 3.78 -
4.09 (m 6 H 4.52 (s, 38 Bn0" OBn 02 H 4.62 (t, J=10.34 Hz, 2 H 4.84 -

4.98 (m 3 H OBn 6.75-6.85 (m 2H)7.08-7,56(m 25H) 1. 72(d, J=2.02 Hz, | H).
ESI nml Z[ = 796(N H) pale yelTow powder. [CIT S OH IH NVR (300 VHZ, J
CHL OROFORWhmblind| p oun 3.06 - (3.29 #} 12 (m H)
4.46 3D ON&. 68 m 4H) gggﬁ ’gfﬁ’"? ?n oH) 7.01-7. wﬂ( sw"’sﬁ[ﬂ“ﬂ'&%ﬁ"i gn a
| H NVR (300 Mz CH ORCECRMid) 6 ppm 1 61 (s H 306 - 321
(m1H 3|51-3.64(m 1 Corrpound BnO S I O H)lH%b@l@(MM?C'ﬁﬂbRéPﬁﬁM%% . 06
(m 5 HYL 4. 48 -959(1%7%141'}3 2759((;0'117641: [Bnio
"OBn O I.79LIz, 9131 t,_ lﬂgf 02 Hz,
| M ES cm&un:d 'M'}@) 21
1.13-1.81 (ﬂ& 3 )mgg@ 311:&534&5114914(}51) -
3.62 (m | DBig2 b4 0 - 7.20 (m, 10 H) 7.22 -
(m 4H) 4{ 85- 4. 9ﬂ( m 3H) 6. 480 7.36 (m, 16 H) ESI m/Z = 757 (MsNa). mp
100.0— 102.5°C.
1H NMR (300 MHz, CHLOROFORM-d) 5 ppm
1.38 (1, J=6.99 Hz, 3 H) 2.93 - 3.17 (m, 1 H) 3.52
(t, J=8.86 Hz, 1 H) 3.64 - 3.76 (m, 1 H) 3.76 -
C°’“‘;°””d 4.07 (m, 9 H) 4.46 (d, 1=9.95 Hz, 1 H) 4.52 (s, 2
H) 4.60 (d, J=10.57 Hz, 1 H) 4.83 - 4.97 (m, 3 H)
6.59 - 6.80 (m, 4 H) 6.97 - 7.21 (m, 8 H) 7.22 -
7.39 (m, 16 H). ESI m/Z = 773 (M+Na).
1H NMR (600 MHz, CHLOROFORM-d) 6 ppm
1.38 (t, 1=6.88 Hz, 3 H) 3.00 - 3.15 (m, 1 H) 3.50
(t, 1=8.94 Hz, 1 H) 3.70 (dd, }=9.86, 2.98 Hz, 1
H) 3.75 - 3.80 (m, 2 H) 3.82 - 3.99 (m, 6 H) 4.06
Gompound (d, J=15.59 Hz, 1 H) 447 - 4.53 (m, 3 H) 4.59 (d,
3 1=10.55 Hz, 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, 2 H) 6.74
(d, J=8.71 Hz, 2 H) 7.03 (d, J=8.71 Hz, 2 H) 7.09
-7.37 (m, 21 H). ESI nvZ = 807(M+Na). mp
126.0—128.0°C. colorless powder.
1H NMR (600 MHz, CHLOROFORM-d) 6 ppm
1.37 (t, J=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 -
C°’"’;°“”d 3.99 (m, 3 H) 4.45 (4, }=10.09 Hz, 1 H) 4.52 (s, 2
H) 4.59 (d, J=10.55 Hz, 1 H) 4.85 (s, 2 H) 4.89 (d,
1=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). ESIm/Z = 803(M+Na),
1H NMR (600 MHz, CHLOROFORM-d) 8 ppm
1.37 (t, J=7.11 Hz, 3 H) 3.07 - 3.15 (m, 1 H) 3.54
°°’"‘5’°”"d (t, J=9.17 Hz, 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 = 803(M+Na),




OBn 6.80 (m 3H)6.92-7.62(m 27H) . ESI 1 z
(0408] 1H NMR (300 MHz, CHLOROFORMid) 8 ppm 1,22 (t,
2.91 - 3.03 (m 1 H 3.20 (t,
4.07 (m 6 H 4.09 - 42 4.18 (m 1 H 4.24
5.50 - 5.66 (m

(q,

7.16

CHLOROF
Conpoun
(m8H) 4
OBn 6.6

(300 MH
Conpoun
(m1lH4
H 5.81

J=7.
LOS S 3.43-3.79 (m 5 H 3.90 -
- 4,41 (m 3 H 4,92- 502 0(m 2

62 Hz,

2 H
il

7% 09 -

5.32 (m 6 H

= 769 (MtNa). col orl ess powder.
J=7.62 Hz, 3 H 2.62
J=9.01 Hz, | H) Conpound

1 H 5.79- 6.05 (m 3H)6.61(d, 3=3.57 Hz’ 6.85 (d, J=3.42 Hz, 1 H 7.07

m 4 M ESI Mz = 563 (WNa) Y& ||ow of IR NVR (300 VHZ;

RV d) § ppm 1.21 (t, J=7.62 Hz, |3 H) 2. 1(q,J756Hz 2 H

i BnO S[3.06 - 3.15 (m 1H)353glti My 68398
47-4.54(m3|—|)4 . -Been JiHY 51-

7Cdnmpoiid)| 7, O @ m Z= #g? ﬁ% 471H NVR

7, GHLORCF )6ppm OH 2.91-3 ;4}4

5 | 3. BB. 92 - 4.02 (1:?“‘-25 ; “" L

25- 4, 43(m 3H) 4088- 4. 68(m 2 0O\ H¥3 4("’9 Zb—%( +I"féf‘)48 (m7
6.04 (m3H)7.00-7.39(m8H).ESIm Z= 554(MNH4). pale yellow oi]. 1H
MHz. QHLOROEORM d) 6 ppm POBn 1. 61(s.9H) 3. 06-3. 21

NVR (30

(m1H)3.51-3.64(m Conpound S 1H)3.66-3.77 (m 1H) 3. 78-4. 06(m 5H) 45 BnO

4. 48-

4.67 (m4H) 4.84-4.95 (m 314) 6.75 Bni O

7.08 - 7(@fgm 5 H

(dd, J=7.54, 1.79 Hz,

2 H

Compound
7

1H NMR (300 MHz, CHLOROFORM-d) 8 ppm
1.35(t, J=6.92 Hz, 3 H) 3.06 - 3.15 (m, 1 H) 3.52
(t, J=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 (m,
17H)7.37 (d, 1=4.35 Hz, 4 H). ESI m/Z =
828(M+NH,). yellow oil.

Compound
8

BnO
BnO"

1H NMR (300 MHz, CHLOROFORM-d) 4 ppm
1.38 (t, J=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) 459 (d, J=10.72 Hz, 1 H) 4.84 - 4,93 (m,
3 H)6.65 - 6.77 (m, 4 H) 6.96 - 7.34 (m, 23 H).
ESIm/Z = 791(M+Na). colorless powder.

Compound
9

BnO
BnO"

1H NMR (300 MHz, CHLOROFORM-d) 4 ppm
1.38 (t, J=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) 4.59 (d, J=10.41
Hz, 1 H) 4.83 - 4.94 (m, 3 H) 5.06 (s, 2 H) 6.64 -
6.74 (m, 4 H) 6.84 - 6.91 (m, 1 H) 6.96 - 7.38 (m,
27 H). ESI m/Z = 874(M+NH4). colorless
powder.

Compound
10

BnO
BnO"

1H NMR (6060 MHz, CHLOROFORM-d) & ppm
1.43 (1,J=6.88 Hz, 3 H) 3.06 - 3.12 (m, 1 H) 3.51
(t, J=8.94 Hz, 1 H) 3.70 (dd, J=9.63, 2.75 Hz, 1
H) 3.75 - 3.81 (m, 2 H) 3.83 - 4.06 (m, 8 H) 4.49 -
4.55 (m, 3 H) 4.59 (d, J=10.55 Hz, 1 H) 4.84 -
4,94 (m, 3 H) 6.63 (dd, J=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, 1 H) 7.08 - 7.38 (m, 20 H). ESIm/Z =
843(M+Na). colorless powder.




OBn 7.24

7.46

(m 15 H)

7.77 (d, J=2.02 Hz,
183 1H NVR (300 MHz, DVBO-d6) 8 ppm 1.21 (t,

ESI mZ =
J:754Hz 3 H 2.65 (q,

759( M+Na) .

2 H

3.58 (t, J=8.86 Hz, Conpound BnOS | 1 H) 3.69 - 3.85 (m 3 H) 3.89 - 4.16
(m 3 H 46 4.41-4.62 (m5H)4.78-4.85(m 3H)6.65(d, BnO " OBn J=7.62 Hz, 2
H 7.01 - 7.12 (m 3 H 7.16 - 7.22 OBn (m2H) 7.26-7.35 (m _
15H) 7. 40-7.71(m6 H. ESI mz = 743 ¢(MRA) - col orl ess powder. |H NVR (300
MHz, CHteReFewTrﬁ 6 Ppr—1: 66—1—8+ (M2t 88 z.ua(mz:as 05 UL"—ME
(m 1H) 3{47-3.59 (m 3H) 3. 64-4. 00 Oorrpounc1 m 1
H 4.46|(d, J=9.95 snO Hz, 1 H)p4.52 (s, _RL OH) 47
BnCBn 4]84-4.93 (m 3 H) 6,60 Q}\'_Jb,m .99
- 7.19 (Bbm@ukd| 7.20 - 7. 6 H. E %
powder . | 1H {ANVR |( 8RO ™2 ;" CHLORORGRM d) 6 m@m(m (m) 58 1 68
1.92 (m6H) 3. 06- G nO S POB 3.1 41{ms554z H554§22 g3(mg§ﬁ Hzgol
3.67 48 3.74 (|m .'98(m7H)4.42-@m .93(m
3 H 6.61 - 6.75 (m 4 n H)6.98-7.19 (lgns(ﬁm), 76‘;.9,1335};, &. (m 16 H) . | ESI
mZ = 808(M-NH4) . colorl ess powder. (0409] 1H NMR (300 MHz, CHL) OROFORM d)
8 ppm B8.00-3.13 (m 3H)3.30-3.44(m 4H) 3. 67- 3.89(m5H)3.94-4.05 (m 311
4.15-4.24 (m donpound g 1 H) 4. 33, (d, JFIHRMRIZG00 RMHA) CALGROFORM4%H & ppm 1 | H)
1.42 (t, J=6.88 Hz, 3 H) 3.05 - 3.16 (m, 1 H) 3.50
(t, J=8.94 Hz, 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 He, 2 H) 448 - 4.54 (m, 3 H) 4.58 (d,
J=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 (m, 22 H). ESIm/Z = 841(M+Na).
1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
1.38 (t, J=6.99 Hz, 3 H) 2.22 (s, 3 H) 3.06 - 3.14
(m, 1 H) 3.52 (1, J=8.86 Hz, 1 H) 3.68 - 4.00 (m,
°°m1'°; und 10 H) 4.46 - 4.54 (m, 3 H) 4.60 (4, }=10.72 Hz, 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) 8 ppm
3.01-3.13 (m, 1 H) 3.49 (1, ]=8.94 Hz, 1 H) 3.65
-3.69 (m, 1 H) 3.71 (s, 3 H) 3.73 - 3.78 (m, 2 H)
3.76 (s, 3H) 3.80 - 3.96 (m, 4 H) 4.01 - 4.07 (m, 1
°°"11p:“"d 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, 229 Hz, 1
H) 6.41 (d, J=2.29 Hz, 1 H) 6.71 (d, J=8.25 Hz, 1
H) 6.84 (d, J=8.25 Hz, 1 H) 7.10 - 7.35 {m, 21 H).
ESI m/Z = 818(M+NH,).
1H NMR (300 MHz, CHLOROFORM-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°“’1°5° und 4.02 - 4.14 (m, 1 H) 4.46 - 4.53 (m, 3 H) 4.59 (d,
J=10.72Hz, 1 H} 4.82 - 4.95 (m, 3 H) 6.63 - 6.82
(m, 4 H) 7.01 - 7.36 (m, 23 H). ESIm/Z =
788(M+NH,).




49 O 4.77- 4.87 (m2H)5.10-5.45(m 7H)5.81 06.06 (m 3 H 7.19 - 7.39 (m 7
H 7.53 (dd, 0J=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 (s, 1 H. ESI mZ = 593(M:Na). colorless powder. Co i
i NJ 1IH NWVR (300 MHz, CHLOROFORMd) 6 ppm Conpound S 2.98-3.18

(m 5H) 3.40-4.02(m 12H)4 36 so BnO 4. 66 {)m5l-|)4 81-4.97 (m 3 H 6.58 - 7.50
(m 8n0 OBn 28 H). FAB nfZ=791(M. tolbfless oil. OBn - 184 N.. 1H NWR
(300 CHL“?@UI’\IVT—U} 6 ppm u’)ﬂ"ﬁGUi"lu Bro—S

2.88 H) 3. 05-[316(m 1H) 3. 41-4. 01 (m 5]11BNMR G900 MHG/CHIOEGHORIEH) 8 pHo

(m3 * OBn 6.52 -7.37 (m 28 H). ESBS (qIZ3FTHLBENR)21 (s, OBN3.6D1 B2 efss

oi l. H NMR (1300 MHz, OCEROROESRMd) 6 pient H) 3550, B:9,40 Hz31 BB3.71 8.1HH (m 1
H 3. 52| ¢dmpodet. 94 : Conpound74- 3.973my 50 {h4.0n(sH) H31.455 456 .08 (m
10 H) 4} 41444. 4P"G27BnD (m 6 H) 4.83 - |2AH)460 4, J=30. Hz,@(H)flSé(sz@HQﬂﬂO 4 H)
Bno' t 6.94- 7840 (yn ®iEn7. 22- 7. 36(m 1(3(4)%@ 5 Hop )58 - 6.78 {mry(SNiD

colorleks oil. {1H NMRQGB0O0 Mz, CHLOROFORI# d”g ﬁﬁ%@%’ H) 7.2 05
(s, 3.06 | 3.14 (mIH O-N 3.52 (1](mIgH 1144)205‘*@ )m@f?%(m 1
H 3.76/ Conpourld S| -3.96 (m 7 H 4.44|Po%e54 (3 4.56 - 4.63 5B BnO

(m 3 H 4.85 -
- 6.83(m 2 H

Compound
17

4.93 (m 3 H 6.65 (dd,
7.01 -

7.18 (m OBn 8H)7
|

J=7.93,

BnO' CBn 1.55 Hz, 2 H)
PR NRES(300 Mblz) CHHIYRBERM-d) § ppm
139 (t, J=6.99 Hz, 3 H) 2.18 (5, 3 H) 2.93 - 3.08
(m, 1 H) 3.27 (1, J=9.01 Hz, 1 H) 3.50 - 3.77 (m, 6
H) 3.80 (s, 3 H) 3.83 - 4.05 (m, 6 H) 4.08 - 4,51
(m, 5 H) 4.82 - 4.95 (m, 2 H) 5.06 - 5.34 (m, 6 H)
5.38 - 5.58 (m, 1 H) 5.7 - 6.07 (m, 3 H) 6.66 (s, 1
R} 6.75 (d, J=8.70 Hz, 2 H) 6.94 (d, ]=8.70 Hz, 2
H)7.16 (s, 1 H). ESIm/Z = 617(M+Na).

Compound
18

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, 1 H) 3.63 - 3.93 (m, 6 H) 3.93 - 4.03 (m, 1 H)
4.06 - 4.17 (m, 1 H) 4.45 - 4.54 (m, 3 H) 4.59 (d,
J=10.57 Hz, 1 H) 4.84 - 4.93 (m, 3 H) 6.69 (dd,
J=8.00, 1.48 Hz, 2 H) 7.04 - 7.38 (m, 25 H). ESI
m/z = 819 (M+Na). colorless powder.

Compound
19

1H NMR (300 MHz, CHLOROFORM-d) 6 ppm
1.38 (t, J=6.99 Hz, 3 H) 3.03 - 3.15 (m, 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, J=8.08 Hz, 2 H) 6.91 (1, J=8.63 Hz,
1 H) 7.08 - 7.38 (m, J=1.00 Hz, 21 H), colorless
oil

Compound
20

1H NMR (300 MHz, CHLOROFORM-d) & ppm
2.25-231(s,3H)3.04-3.13 (m, 1 H)3.46-
3.54 (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 (s, 4 H) 7.08 - 7.35
(m, 21 H). ESI n/Z = 772(M+NH4),
774(M+2+NH4). colorless powder.




825(MtNH4) . colorless solid. 1H NWVR (300 Mz, CHLOROFORMd) 6 ppm 2.35

(s,6H)2.68-2.81 (m2H 3.04-3.16(mI N~ ~H 3.52 (t, J=8.70 Hz, 1 H 3.6

- 376 (m 1 H Conmpound BnO 3.76 - 4.10 (m 9 H 4,47 (d, J=10.10 Hz,

54 Bn"OBn 4.52 (s, 2 }4) 4.60 (d, J=10.72 Hz, 1 H) 4.84 - 4.94 OBn (m

6.65 (dd, J=7.85, 1.32 Hz, 2 H 6.72 - 6.81 (m 2 H 7.00 - 7.18 (m 8
(
I

6
1H
3 H
H)

00
H)

7.20 - 7.36 (m 16 H). ESI mZ = 794(Wﬁl).‘ colorless solid. 1H NWR (3
MHz, CHLOROFORMd) 6 ppmO~ 3.06 - 3.14 (m | H 3.52 (t, J=8.86 Hz,

3.67 OH[040%4 (m 1H)3.77-4.04(m 11H) 4. 47(d, Conpound Bn0 J=9.95 Hz, |
4.52 (s 2y 4r60 (u, I=10772 iz, 55 BNt OB T H 486 = 493 (M3
6.62 - 6.68 (m|2 H OBn 6.73-6.79 (m 21WNMR (590 MHeg FOBRM-d) § ppyR
16 H). ESI m Z = 784( MtNH4 colerl 8ss S8 &, 3 3305 - 3. B4rp s H) BiSNUR=8.860
,.P%olélgl&@:(édsiﬁs-ﬁﬁzl% 1 378- Of (dd,

$3.3

DN

CHLOROFORM d) 6 ppm  3.03- 2 ( 1 H) 4 ! < .

J=9. 86, 2C&Hpokiad [L BHD gy , 2 H)3.82-392 (m, 3 H)3.93-4.01 (m,
(s, 3H) 3| 8723. 92(m%@\ (%1 BnO
4.27 (mIH 4./46 1 . H 4.5
OBn 1=10.55 Hz,| 1 H) 4. (s, 2 H 4.89 :
(d, J=6}88 Hz, 2 H 6.87 (d, J=9.17 Hz,
Hz, 2 H 7.09|t, J=7.34 Hz, | H 7.12 A
J=7.57 Hz,1 H) [7.23 - 7.35 (m

N
—¢

=10.0
Hz, 1

1H NMR (300 MHz, CHLOROFORM-d) 8 ppm
1.29 (d, J=6.06 Hz, 6 H) 3.04 - 3.14 (m, 1 H) 3.50
(t, J=8.70 Hz, 1 H) 3.65 - 4.11 (m, 8 H) 4.38 -
4.63 (m, 5 H) 4.83 - 4.92 (m, 3 H) 6.65 - 6.77 (m,
3 H) 6.99 - 7.37 (m, 24 H). ESI nv/z = 821
{M+Na). yellow powder

Compound
22

1H NMR (300 MHz, CHLOROFORM-d)  ppm
1.19 (t, J=7.54 Hz, 3 H) 2.58 (q, }=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 (m, 3 H) 4.59 (d,
BnO' ’ J=10.72 Hz, 1 H) 4.84 - 492 (m, 3 H) 6.66 - 6.72
(m, 2 H) 7.00 - 7.36 {m, 25 H). ESI m/Z =
791(M+Na). pale yellow powder.

Compound | BnO
23

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
1.18 (s, 3H) 1.21 (5, 3 H) 2.77 - 2.89 (mn, 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,
8n0 J=7.85, 1.32 Hz, 2 H) 7.06 (s, 4 H) 7.08 - 7.36 (m,
21 H). ESI m/Z = 805(M+Na}. colorless
powder.

Compound BnO
24

1H NMR (300 MHz, CHLOROFORM-d) 4 ppm
1.40 (t, J=6.99 Hz, 3 H) 2.14 (5, 3 H) 3.01 - 3.12
(m, 1 H) 3.48 (t, }=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)
BnO" ! 6.58 (dd, J=8.24, 2.49 Hz, 1 H) 6.68 - 6.76 (m, 2
H) 6.81(d, J=8.39Hz, 1 H)6.98 (d, J=2.18 Hz, 1
H) 7.10 - 7.39 (m, 21 H). colorless powder.

Compound | BnO
25




16 H 7.54 (d, J=7.79 Hz, 1 H 7.67 (d, J=8.71 Hz, 1 H. ES1 mZ =
815(M+Na). np 133.0- 135.0., colorless powder. 1H NVR (600 IHz,

4

CHLORCFORMd) S ppm 3.02 - 3.14 (m 1 H 3.51 (t,1=8.94 Hz, 1 H 3.70 dC
(dd, J=9.63, 2.75 Hz, 1 H 3.76 - 3.92 (m 4 H 3.96 (d,1=10.55 Hz, 1 H)
4.24 - 4.30 (m | H Conpound BnO S 4.32 - 4.39 (m 1 H) 4.48 - 4.54 (m 3
H 4.58 (d, 57 1=10.55 Hz, 1 H 4.81-1299¢ (m 3 H 6.70 (d, Bn0O OBn J=7.3
Hz, 2 H 69L(s,+H)107(t,}:7.'=7 . . hs F.H)
7.56 (d J779Hz,1H) 7.68 (d, J77 Hz, 1 M ES1 mZ = 819(MNa).; np
140. 0- 14 ol orl ess povvd NVR (608 NME (3OCMEZRCHIBROE)RE-dpH ppm
3.08-3. 1L b , 1H) 3. 71 3046, 1 UXD453B.58Am/bHHE3 WdH) 3. 77 -

3.88 (M ¢dmddling 39%?2 '5‘3'9 5( fy9235) 216418¢, d H) GBp b i, BAD4SS5 S
J=9.63 Hz, ,4 H)| 4. (s, 2 E)H4. d, J 4.2 06 41 4.8058.05 (th))3 HD.6G3 (d, J41. 91| (m
314) 6.7 (4, 1=6. BROL~Z" Bn BNO" OBn $Ha72 HXT.02L 74P (m, 19H).7.7 (BI-EAP1=p. 65,
6.65 Hz! 2 H @Bn 7.10- 70%? (m 3 H 7. 19249 Hz4A)8.0¢ (d,752.49Hz 18171930 (s. 13=7. 79
Hz, 1 H) 7.68 (|d, J=8.25 . ES1 2 colorfggs amayahous. na| e yeIIow sol | d.
1H NMR {600 MHZ, CHLOROFORMd) 6 ppm 3. 09- 3 15 (m 1H)3 53- 3. 58(m 1H) 3.66- O
3.74(m [H) 3

TBI([S, 4M) 3. 91(1, J=0. 63Fz, 2 Cor
|

H) 3. 98- #. 04(m I[H) 4. 09- 4. 19(m2H)4 48- 59 )51’12{“67 (m
2 H 4.83 - 4.92 (m Bn0 1 &lH) 6. 697 ,(33 (m j 4rr2H)
CBn 7.0-7.35 (m 21 H . 4% 1 66(in, 3H| & o ) )y £B b1 ess

powder . Cm;;“"d BnO OH J 4 97 (m, 3 H) 6. 15 (s 1H)677 (dd 1=7.85, 1.48
' 0 Hz, 2 H) 7.08 - 7.21 (m, 5 H) 7.23 - 7.37 (m, 14
OBn H) 7.55 (dd, J=8.39, 2.49 Hz, 1 H) 7.92 (d, 1=2.49
Hz, 1 H). ESI m/z = 761 (M+Na). colorless
amorphous,

[0406]

1H NMR (300 MHz, CHLOROFORM-d) & ppm
Compound | BnC 1.36(t, 1=6.92 Hz, 3 H) 2.17 (s, 3 H) 3.04 - 3.19
28 ; . (m, 1 H) 3.47 - 4.17 (m, 10 H) 4.42 - 4.66 (m, S H)
BnO 4,77 - 5.12 (m, 5 H) 6.55 - 7.51 {m, 31 H). ESI m/Z
= 893(M+Na). colorless oil.

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.35 (1, J=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 (s, 3
H) 3.81 - 4.08 (m, 8 H) 4.43 - 4.56 (m, 4 H) 4.59
o (d, J=10.88 Hz, 1 H) 4.85 (s, 2 H) 4.89 (4, J=10.72
BnO Hz, 1 H) 6.68 (dd, =777, 1.71 Hz, 4 H) 6.89 (s, 1
H) 7.00 (d, 1=8.39 Hz, 2 H) 7.06 - 7.20 (m, 5 H)
7.21 - 7.38 (m, 14 H). ). ESI nvZ = 837(M+Na).

Compound BnO
29

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
1.39 (1, J=6.99 Hz, 3 H) 2.95 - 3.04 (m, 1 H) 3.21 -
3.30 (m, 1 H) 3.41-3.79 (m, S 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) 5.09 - 5.33 (m, 6 H) 5.34 - 5.52 (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).
ESI m/z = 637 (M+Na), 639 (M+2+Na).

Compound
30




186 | | 1H NWR (300 MHz, CHLOROFORMd) 6 ppm O O 3.06-3.18
(m 1H) 3. 54(t, J=9. 17l i z, 1H)3 63 Conmpound S1 ) - 4.31 (m 13 H 4.44 - 4.64
(m 5H)482-495608nOS(m 3 H 6.47 (s, 1 H 6.72 (d, J=9.33 Hz, 2
H 6.88 (s, 1 H 7.00 - 7.52 (m 22 H 7.58 - 7.67 (m BnO OBn 1 H). ESI
m Z = 845(MtNa). col orl ess OBn anorphous. 1H NVR (300 MHz, CHLOROFORM d) b
ppm POBn C 3.03-3.15 (mlH)3 46- 3'56](%11-03 66- Cor’rpound S 4.02 (m 6 H)
4.11- 4729 (2 H 448 =463 (m 61 Bno 04 H 4, 83493, —3H
6. 28 (s, 1 H 6.71 (dd, BnO 1=8.16, 1.32 Hz,2H)7.04-7.19(m 6H) 7. 22- n
7.43 (m 19 H .| ESI Q. pijnk owder . 1H NVR 300M—|z ﬁ

CHL ORMd) 6 ppm 3.07 . | l;%é (3§9 RM manaa
-3.75 ((mohbhind B0 08¢ FNEH 7 Col H)é‘%3 47 frw, A{(m 3
74,90 (olo e g0 s 1 gﬂggﬁm 78@535»65%”77 17
OBn (in, 7 H 7.24 - 7.%6 (m 17 H 7.47'% Hy g0 H?SST‘ H) 7.58 - 7.65 (Im 1

H 8.48 - 8.52f{(m 1 H. ESI mz = 790)(M+H). col orl ess powder. [04111] 1H
NVR (300 MHz, CHLOROFORMtd) S ppm 1.22|(t, J=7.62 Hz, 3 H 2.62 (q, -7.62
Hz, 2 H) 2.91{3.03 (m 1H)3.20(t, 1=9.01|Hz, 1H) 3. 43 Conpound "~/ I \

B g

J=7.534Hz, 2H) 3.06-3.16 (m, 1 H)}3.49-4.07
(m, 11 H) 4.45 - 4.65 (m, 5 H) 4.84 - 4.94 (m, 3 H)
BnO" " 6.69 - 6.76 (m, 3H) 6.94 (s, 4 H) 7.07- 7.19 (m, 5
H) 7.22 - 7.35 (m, 14 H). ESI m/Z = 8G1{M+Na).
colorless oil.

Compound BnO
32

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
1.14 (t, J=7.54 Hz, 3 H) 2.54 (q, J=8.13Hz, 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).
ESIm/z = 821 (M+Na). colorless oil.

Compound
33

1H NMR (300 MHz, CHLOROFORM-d) 4 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, }=7.54 Hz, 3 H) 2.96 (q, ]=7.51
Hz, 2 H)3.30 - 3.45 (m, 1 H) 3.63 (t, J=8.16 Hz, 1
H) 3.82 - 4.08 (m, 3 H) 4.14 (s, 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, J=10.96 Hz, 1 H) 7.20 (s, 1 H) 7.42 - 7.51
(m, 4 H) 7.62 (s, 1 H). ). ESI m/Z = 749(M+Na).

Compound
34

[0407]

1H NMR (300 MHz, CHLOROFORM-d} 6 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 (1, J=9.17 Hz, 1 H) 3.64 - 4.11
(m, 10 H) 4.44 - 4.63 (m, 5 H) 4.83 - 4,93 (m, 3 H)
6.67 (d, J=7.69, 1.48 Hz, 2 H) 6.89 (5, 1 H) 6.94 -
7.36 (m, 23 H). colorless oil.

Compound
35




6.05 (m 3 H 6.61 (d, J=3.57 Hz, 1 H 6.85 (d, J=3.42

Hz, 1H) 7. 07-7.16(m 4H) . ESIm z= 611 (M+Na). yellow oil. 1H NWVR (300 MHz,

CHLOROFORM D) 6 ppm 3.53 (t, J=8.86 Hz, | H 3.66 - 3.76 (m 1 H 3.67

Compound Bnp S g g 4.45 - 454 (m3 H 4.60 (d J=10.57 Hz,(1 HHR) 64 B nO '

OBn486 - 4949 (m 3 H 6.67 (dd, J=8.00, 1.32 Hz, 2 CBnH) 6.90 (s, | H

7.03 - 7.41 (m 24 H. ESt mMz = 791(MNay. 187 IH NWR (300 MHz,

CHL OROF RV ppi—3— 0436 (m—t+H—332(s—3H—353(t+—3=8—767 \

Hz, 1H) 3/ 67-3. 79 (m 1H) 3. 75-4. 00 (m 7 H)| Conpound SnO N 4.46 - 4.56 (m [3 H)
4 H

m (
Hz, 1 H 65 4.8

4.60 (d|{ J=10.5
|  BnO | OBn H)

J=7. 62, loddpobid

9aHNMMR Z30)MEz, SHLOROFOBM3Y) dpph. 55 Hz,
&-244ds,3 PBZSA(%M*)&-*‘* 3.8 m. 6Hy85% dd,
(t, J=8.39 Hz, 1 H) 3.64 - 4,07 (m, 10 H) 4.47 -

H) 7. 22-F. 3Ggm 1 14é4£m751 4.941mp3 NS - 6-THmNRR
(300 , CHLOR 4% m&;m\)l@hé—"@z | H)

.y : (|$ms qﬁﬁ%&m@ cglorigss
(m 3 H 4.60 ( . 66 Q¥PEWINSES - 4.94 (m 3 H) 6.67 (dd,

3.68 - 3. 75( 4|56
1=7.93,(1.40 Hz 21 7.51(m 18H 7. 71 OBn (d, J=7|31
Hz, 1 7.97 ( = 764(VFH), 786(MrNa). 1H N
(300 MHz, CHLOR

)
3.25 d(t, J=4 ﬁﬁéﬁ%‘%@& RR0F d’% gg’gg D5
(m 12 %onfﬁoﬁfd 1[—[)303 3.20 (m, 1H)355(t,J—894Hzl
j 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 (5, 4 H)
7.05 - 7.19 (m, 5 H) 7.21 - 7.37 (m, 14 H). ESI nv/Z
= 815(M+Na). pale yellow amorphous.

1H NMR (300 MHz, CHLOROFORM-d)  ppm
1.26 (t, J=7.15 Hz, 3 H) 2.65 (q, J=7.67 Hz, 1 H)
3.06 - 3.24 (m, 1 H) 3.50 - 3.61 (m, 1 H) 3.71 (dd,

Compound §=9.87, 3.03 Hz, 1 H) 3.78 - 4.09 (m, 6 H) 4.52 (s,
38 2 H) 4.62 (t, 1=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 (d,
J=2.02 Hz, 1 H). ESI nv/Z = 796(M-H). pale yellow
powder,
1H NMR (300 MHz, CHLOROFORM-d) 5 ppm
Compound 3.06 - 3.29 (m, 1 H) 3.77 - 4.12 (m, 8 H) 4.46 -
39 4.68 (m, 4 H) 4.84 - 5.00 (m, 2 H) 7.01 - 7.45 (m,
23 H).
1H NMR (300 MHz, CHLOROFORM-d) 8 ppm
1.61 (s, 9 H) 3.06 - 3.21 (m, 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 -
Cm:; und 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,
15 H) 7.77 (d, J=2.02 Hz, 1 H). ESIm/Z =
768(M+NH4).




4.24-4.42 (m 3H) 4.80-4.92(m 2H) 5. 08- Bl 5. 42

(m 7H) 5. 78- 6. 03(m 311) 6. 81(d, J=8.70 O.,~ Hz, 2 H) 7.03 (d, J=8.70 Hz, 2
7.48 (s, 1 H 8.42(dd, 1=16. 16, 2.18 Hz, 2H).ESI nf Z= 552(I\/HrH) 1H NWVR (
MHz, CHLOROFORMid) 6 ppm 2.31 (s, 3 H) 2.99 - 3.10 (m 1 H 3.27 - 3.4

28\JH)366-387(m5H)400(d J=5.75 Hz, 2 H Conpound " Zz°
4. 426(m 4 H 4.31 (d, J=6. 84~ H822- M 4. 40 68 (dd, J=12.05, 5.8
1

fa¥a ’)j_/m Z1 A\ O QN 7L
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(O3]
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300

0 (m
S
3 te,

I

m—2 I_I}
7.32 (t,
yel | ow powder .

W A N7
U \J\J UJd="J. 91 L] T1=) \JUUUUI\II!OII}I'U

1H)741(<, .89 (d, J=7.93 Hz, | H.

1K Q%f 6
1 % EB{?%%
1%,93 m H)368 4.02(m, 6

d4661(n74 3 95, 33D dls96-

0 m, QY 6,95 1 5 ﬂﬂ)zﬁ{) 1623769

1 %OCJQ Relas0 M. = GHL OROFG

(m 1H) 3. 46- 3. 56(m 1H) 3.166- Conpound j CMe 3.74 (m 111)

N N -

N
=

ppm
S N Hz,

76
7. 44

RV d)
3.76

3.95 (s, 3 H 70 Bn0 6 N 4.46 (d, J=10.10 Hz, 1 H) 4.5

P (s,

(d, Bn0O OBn J=10.57 Mz, 1 H) 4.84 - 4.93 (m 3 H 5.25 (4,
Hz, 2H) 6. 46- 7. 39(m 29H) . ESI nf Z= 793( MENH4) . | H NMR (300 Mz,

qM@QIG ppm
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OBn

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.22 (t, J=7.62 Hz, 3 H) 2.62 (q, J=7.62 Hz, 2 H)
2.91-3.03 (m, 1 H) 3.20 (1, J=9.01 Hz, 1 H)
3.43 -3.79 (m, 5 H) 3.90 - 4.07 (m, 6 H) 4.09 -
4.18 (m, 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).
ESI m/z = 563 (M+Na). yellow oil.

GCompound
42

1H NMR (300 MHz, CHLOROFORM-d) & ppm
1.21 (i, J=7.62 Hz, 3 H) 2.61 (q, J=7.56 Hz, 2 H)
3.06-3.15 (m, 1 H) 3.53 (t, ]=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 - 4.94 (m, 3 H) 6.61 -
6.67 (m, 2 H) 7.01 - 7.39 (m, 26 H). ESI m/Z =
757(M+Na), colorless powder.

Compound
43

1H NMR (300 MHz, CHLOROFORM-d) 4 ppm
2.91-3.03(m, 1 H)3.19-3.40 (m, 2 H) 3.56 -
3.87 (m, 6 H) 3.92 - 4.02 (m, 4 H) 4.11 - 420
(m, 1 H) 4.25 - 4,43 (m, 3 H) 4.63 - 4.68 (m, 2
H) 4.80 - 4.95 (m, 2 H) 5.09 - 5.48 (m, 7 H) 5.81
- 6.04 (m, 3 H) 7.00 - 7.39 (m, 8 H). ESIn/Z =
554(M+NH4). pale yellow oil.

Compound
44

1H NMR (300 MHz, CHLOROFORM-d) 3 ppm
1.61 (s, 9 H) 3.06 - 3.21 (m, 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
(dd, J=7.54, 1.79 Hz, 2 H) 7.08 - 7.20 (m, 5 H)
7.24 - 7.46 (m, 15 H) 7.77 (d, J=2.02 Hz, 1 H).
ESI m/Z = 759(M+Na).

Compound
45




3.05-3.17 (m I H)3.47-3.60(m 1H) 3. 66- 3.99 (m 6H) 4. 15(s, 1H) 4. 43-4.70 (m 5H)
Conpound g 4.84 - 4.95 (m 3 H) 6.60 - 6.73 (m 2 H 6.97 71 BnO N 7.20 (m
6 H 7.19 - 7.49 (m 17 H) 7.78 - 7.87 (m BnO 10Bn 1H)8. 36-8. 43
(m1H)8.65-8.73(m1H).ES! OBn mZ = 708(I\/HrH) 730(MtNa) . pal e yel |l ow
powder. 1H NMR (300 MHz, CHLOROFORMid) 6 ppm N 3.05-3.15

(in, 1H) 3.52(t, J=8. 94Hz, 1H)3 66 3.75(m 113533 75-4.01(m 5H) 4. 28(s, 2H)  Conpound
BnO0 5 Nr4—46 (f*, =9-—79Hr,—3—H) 4525, 2—H—4- 6072 BrO—CBr—1=10, 72
Hz, 1H) 4] 85-4,95 (m 3 H) 6.55 - 6.62 (m |2 H 6.98 - 7.37 (m 22 H) 7.49
(s,1H) 8|57 ©Bn| (d, 3=4.97 2 H. ESI mENMRG0¢ MHDMSOAYIH dptet)21 (L H| NVR
(300 MHp, CHLOROFORM-d) 6 3.05- 3. 16 égsggﬁ%.&?%%%w%mmﬂm) 66-
N 3. 75 (Bprdddi [7 %399 |5¢s, 2H) Cor s3.8%(my 44 3 H
4.60 (d J%.S?Eﬁg’ ‘ . BnO N 44419462 (m 530#1)78646’52( ,d H) §468(B4 Hz,
2 H 7.02 - 7.19 @D “EBAogm 6Ff 7 20- TIAH2MHe 2 HE7.09- Bl % 15657384 He,
OBn | H) . 40- 8. 47(m | H) 80B#( s, | H) . ESI 1% )735iq=41§| 788067 M 6
METHANOL -d4) 6 ppm 1.19 9 | | (t, J=7,6 &) ESimiz=5743MpNa). cplopless ppder.y 1)
2.95 - Eonpound HO 3.03 (m | H) 3.20 - 3{28 (m 1 H 3.60 (dd, J=10.3,| 74

H- "OH 9.0 Hz, | H 3.70 - 3.78 (m 3H): Dr' S,
5H 7.17 - 7.23 (m 3 H. ESI mz = 397 rm%@%ﬁ%‘%%]ﬁ@&
Miz, MEFHANGL-dd4) 6 ppm 1. 35 315(m,1H)347 =359 (m, 3 H) 3.64 - 4.00
Compound s S ¢ \O (m, 10 H) 4.33 - 4.42 (m, 1 H) 4.46 (d, J=9.95
o Hz, 1 H) 4.52 (s, 2 H) 4.60 (d, J=10.41 Hz, 1 H)
BnO" ™Y~ "0Bn 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 m/Z = 824(M+NH4). colorless
powder.

(_n

TN

O

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 H) 3.52 (1, J=8.86 Hz, 1 H) 3.67 -
3.74 (m, 1 H) 3.75 - 3.98 (m, 7 H) 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) é 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,
1 H) 4.33 (d, J=5.75 Hz, 2 H) 4.37 - 4.46 (m, 1 H)
477-4.87(m,2H)510-545(m, TH)5.81 -
6.06 (m, 3 H) 7.19 - 7.3% (m, 7 H) 7.53 (dd,

=8.63, 1.63 Hz, 1 H) 7.70 (d, J=7.62 Hz, 1 H)
7.82 (d, J1=8.39 Hz, 1 H) 8.08 (s, 1 H). ESI m/Z =
593(M+Na). colorless powder.

Compound
49

1H NMR (300 MHz, CHLOROFORM-d) & 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 n/Z=791({M). colorless oil.

Compound
50




(t,J=7.0Hz,3H)2.92-3.03 (m | H) 3.19-3.28 Conpound S (m 1 H 3.59 (dd,
J=10,2, 9.1 Hz, 1 H) 3.69 - 3.78 75 HO(m 3 H) 3.88 (s, 2 H 3.90 - 4.04
(m 3 H 6.80 (d, HO' "OH J=8.7Hz, 2H)7.04-7.11 (m 3H) 7. 14-7.25(m OH 3 H).
ESI nVz = 413 (M+Na), 389 (M H). - 189 1H NMVR (300 MHz, METHANOL-d4) 6 ppm
1.36 O O (t, J=7.0 Hz, 3 H 2.94 - 3,03 (m 1 H 3.22 (t, Conpound HO S
|~ J=8.2 Hz, 1 H) 3.57 (dd, J=10.3, 98"z, 1 H) 3.65 76 - 3.78 (m 3 H)
3,80 - .05 (mM[5 A 6.80(d, I=8.7 FO T OH Rz, 2 H 7.08 (d_ J=8. 7 Fz] 2
H 7.16{- 7.23/(m 2 OHH) 7.32 (d, 1 H{. ESI mz = 447, 449 (M:Na). np
79.0-83] 0C. [0413] 1H 30 VET M)
(t,J=7. El)Hz,sH) 7. 91- 3. 3.25|1 ‘%3 m-f0. 3,
9,0 Hz, ICPoBIHBERO : 230 e P30 140 @ 41 m3l 89 -
4.02 (n} BT HO S\ 7 . ,_'73; 2’§§ 1l HO
OHH 7,03 - 7.J118 11 g?g: o B ' = W43
(MeNa) , | 419 (M{H) . 5. B55 Wz, METHANOL- d4) 6 ppm L, 33
(t,J=7.LHz, 3H) 2. 90- 3. /] J=8.9 Hz, 1 H) 3.51 - 3.61 (n 1
H 3.65/ -3 74l(dd__Conp S 5,64 H, 1 H) 376 - 384 (m 6
H 3.91] (dd, 98 HO 1=11.5,3.7 Hz, 1 H $.96 (q, J=7.1 Hz, 2 H) 4,31 HO OH
(brs, I|H 6.77 (d, J=s. 6. d, J=8.7 OH Hz, 1 H) 7.00 (dd,
J=8.7,2l3 Hz, 1 0 Hg%@mem, QE(EW-WBP& 443
(Mehe) | gp 130 e 305315 (m, 1 H3 3.52 (1, 1=8.94 ¥z, 1 1) 3.66
mpound -3.75 (m, 1 H)3.75-3.98 (m, 10 H) 4.41 - 4.64
52 (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/Z = 817(M+Na). colorless oil.
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, J=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
53 B0 (m, 3 H) 4.85 - 4.93 (m, 3 H) 6.65 (dd, J=7.93,

BnO" ’ 1.55 Hz, 2ZH) 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+NH4), 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, 1=8.70 Hz, 1 H) 3.66 - 3.76 (m, 1 H)
3.76 - 4.10 (m, 9 H) 4.47 (d, J=10.10 Hz, 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 (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 m/Z = 794(M+H). colorless solid.

Compound [ gno
%4 BnO"

1H NMR (300 MHz, CHLOROFORM-d) & ppm
3,06 - 3.14 (m, 1 H) 3.52 (t, I=8.86 Hz, 1 H) 3.67
-3.74 (m, 1 H) 3.77 - 4.04 (m, 11 H) 4.47 (d,
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/Z = 784(M+NH4).
colorless solid.

Compound | gno
55 BnQ"




1H NVR (300 MHz, METHANOL-d4) 6 ppm 1,37 0/ (t, J=7.0 Hz, 3 H) 2.94 - 3.05
(m | H 3.22 - 3.29 HO1 Conpound HOS (m 1 H) 3.60 (m 1 H 3.69 - 3.88
(m 4 H 3.90 - 79 4.04 (m 3 H 4.33 (d, 1=10.6 Hz,1 H 6.71 (d, HO 1, OH
1=8. 2Hz, 1H) 6. 76-6. 90(in,3H) 7.03-7.15 (m OH 3 H). ESI nlz = 429 (M:Na), 405
(MH. np 145.0-150.0C. 1H NWR (300 MHz, METHANOL-d4) 6 ppm 1.34 0 0 0/
(t, J=7. OHz 3 H 2.88 - 2.99 (m t MB53-22 (t, Conmpound 3 | 1=8.8 Hz, 1
H 3.51- 3.59 (m1 H) 3.66 - 3.79 (m 80 HOS 4H 3.81 (s, 3 H 3.84 (s, 3
H)388[-044001(m3H)HO OH 4.21 - 4.32 (m 1 H 6.57 (s, .75 (d,
J=8.7 Tt 703 (s, T H—704¢ 2 =449
(MtNa) | np 158|0-160.0C. - 190 1H NI\/R( N l—ﬁ-

(t, J=1.0 Hz, B H 2.91- 3.03 (} )\3. ) : : [ :
(dd, 110.3, ol0 He : g oy e ,ﬁ ‘

6.77-6/82 (m R H_ Q s A T ) g

(m 2 ES| rr?ﬁ"@4 Naj . “fp oo-ea@ @Fﬁlﬁgg‘ \ m@

6 ppm 1c3GpdahiB| 0' 7, bt~ 3H) 2. 89- 2. 224’ OYf; 31
(m | 3656 [ dd"" @gﬁo Hz, 1 H) 91{6 ﬁ?‘a-eﬁ A) @ggwa B %Pbs, 2
H 3 - 3.95/(m 1 H”"3.98 HO" CH (q,J &ﬁﬁrtﬁ@@ﬁﬂﬁtﬁ@ﬁ% . 04
OH (m |2 H 7.p6 - 7.15 (m 2 H). ES n12?09(t42-434(&l¥t+1\lm124?013(ﬁ11\4- 7 |H NMR
(600 , METHANOLd4) S ppm 1. 40 Hz, 2 H) 7.20 (1, J=7.57 Hz, 1 H) 7.23 - 7.35 (m,

16 H) 7.54 (d, J=7.79 Hz, 1 H) 7.67 (d, 1=8.71
Hz, 1 H). ESI m/Z = 815(M+Na). mp 133.0—
135.0°C. colorless powder.

1H NMR (600 MHz, CHLORQFORM-d) & ppm
3.02-3.14 (m, 1 H) 3.51 (t, }=8.94 Hz, 1 H) 3.70
(dd, J=9.63, 2.75 Hz, 1 H) 3.76 - 3.92 (m, 4 H)
3.96 (d, }=10.55 Hz, 1 H) 4.24 - 4.30 (m, 1 H)
4.32 - 439 (m, 1 H) 4.48 - 4.54 (m, 3 H) 4.58 (d,
1=10.55 Hz, 1 H) 4.81 - 4.91 (m, 3 H) 6.70 (d,
J=7.34 Hz, 2H) 6.95 (s, 1 H) 7.07 (1, J]=7.57 Hz, 2
H)7.11 - 7.42 (m, 21 H) 7.56 (d, J=7.79 Hz, 1 H)
7.68 (d, 1=7.79 Hz, 1 H). ESI 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 (t, 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 - 4.25 (m, 2 H) 4.48 (d,
J=9.63 Hz, 1 H) 4.52 (s, 2 H) 4.59 (d, J=11.00 Hz,
| , 1 H) 4.85 - 4.91 (m, 3 H) 6.67 (d, J=6.88 Hz, 2 H)
BnO’ ’ 6.97 (s, 1 H) 7.03 - 7.09 (m, J=6.65, 6.65 Hz, 2 H)
7.10-7.16 (m, 3 H) 7.19 - 7.42 (m, 19 H) 7.57 (d,
J=7.79 Hz, 1 H) 7.68 (d, J=8.25 Hz, 1 H). ESI
m/Z = 785(M+Na). pale yellow solid.

Compound
57

Compound BnO
58

1H NMR (600 MHz, CHLOROFORM-d)  ppm
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
Compound H)3.98 -4.04 (m, 1 H) 4.09-4.19 (m, 2 H) 4.48 -

59 BnO 4.54 (m, 3 H) 4.58 - 4.67 (m, 2 H) 4.83 - 4.92 (m,
Bno " 3 H) 6.69 (d, J=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
m/Z = 815(M+Na). colorless powder.




F(t,1=7.1 Hz, 3 H) 2.94 - 3,04 (m 1H 323 (t, d O- =89 H,1H 358
(dd, 1=10.3,8.9 Hz, 1 H) 3.67 Compound | j | - 3.79 (m 3 H 3.94 (dd,
J=11.5, 3.2 Hz, 1 H) 3.96 83 H20 3 - 4.04 (m 2 H 4.07 (g, 1=7.1 Hz, 2 H)
6.79 (dd, OH F J=11.2,7.1 Hz, 1H)6.87(dd, J=11.2,7.1 Hz,IH OH 7.20 (d, J=2.3
Hz, | H 7.24 (dd, J=8.3,2.3 Hz, 1 H) 7.35 (d, 1=8.3 Hz, 1 H. ESI mz =
483 (MrNa), 459 (MH). np 72.0-76.0C 1864141 1H NVR (600 MHz, NMETHANOL- d4)
6 ppm 1r38—(tT3=Ft Hr—3t42-94 33— (Mt 323t E—F O
J=8.7Hz{1H)3,55-3.61 (m | H) 3.67 - 3.79 (m Conpound B | 3 3.94 (¢d,
J=11. 7, 3.4 Hz,| 1 H) 3.98l- 4.02 ( ur@hmegzoam KLORGRORMid) 5 ppin
6.85 - 6.92 (m| 2 H) 130 (npf)l 1 354 (1, J=9.12 }iz 1nli)3263J )
7.34 (d cg,gaugdds. 3 116453{(%&% 4%7%%2%
(MH), 443 ghM-2- BNO ~0C.S- 191(m &D J2%3p S
ppm 1.4D (t, J=6.9 # 1%(8111597 -2735 (P%QZH):@SQNE(M H)
3.58 (dfi, J=10.3, ¥ .68 Cl d ESI o7 7 RS04 ﬁﬂ) 3cadptleysy
J=11.7,B.4 Hz, {1 H 3.98 4. 04 (mZFl)ﬂm‘éi'B]C‘t‘,fsJ 6. 9Hz, 2H) 6. 93(d, Conpound
HO J=8.5 Hz, 1|H 7.05 (dd, 1=8.5,2.3W1|H) 71685HO ' OH (d, J=23 He| 1
H 7.20[- 7.27|(m 2 H 7.34 (d, OH 1=7/8 Hz, . ESI m z 481(M+Na),
483 (Mr2+Na), 485 (M+4+Na), 59 (3 )
79.0-82 0C. Angl. Calcd for % ) oo %g i
G 53 B i 132 402(m,6H)411 429(111,2!-[)448 463(m,
81 BnO 4 H) 4.83 -4.93 (m, 3 H) 6.28 (s, 1 H) 6.71 (dd,
B0 1=8.16, 1.32 Hz, 2 H) 7.04 - 7.19 (m, 6 H) 7.22 -
7.43 (m, 19 H). ESI n/Z = 798(M+NH4). pink
OBn powder.
1H NMR (300 MHz, CHLOROFORM.-d) & ppm
3.07-3.15 (m, 1 H) 3.53 (t, 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, }=10.57 Hz,
°°m;’2° und 1 H) 4.86 - 4.93 (m, 3 H) 6.65 - 6.71 (m, J=7.54,
1.94 Hz, 2 H) 6.75 (d, J=3.89 Hz, 1 H) 7.06 - 7.17
(m, 7 H) 7.24 - 7.40 (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.
[0411]
1H NMR (300 MHz, CHLOROFORM-d) 8 ppm
1.22 (1, 1=7.62 Hz, 3 H) 2.62 (q, J=7.62 Hz, 2 H)
2.91 - 3.03 (m, 1 H) 3.20 (t, J=9.01 Hz, 1 H) 3.43
-3.79 (m, 5 H) 3.90 - 4.07 (m, 6 H) 4.09 - 4.18
C°m:;“"d (m, 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, J=3.57 Hz, 1 H) 6.85 (d,
J=3.42 Hz, 1 H) 7.07 - 7.16 (m, 4 H). ESI m/z =
611 (M+Na). yellow oil.
1H NMR (300 MHz, CHLOROFORM-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) 3.7 - 4.00 (m, 5 H) 4.18 (s, 2 H)
°°mg4°””d 4.45 - 4.54 (m, 3 H) 4.60 (d, J=10.57 Hz, 1 H)
4.86 - 4.94 (m, 3 H) 6.67 (dd, 1=8.00, 1.32 Hz, 2
H) 6.90 (s, 1 H) 7.03 - 7.41 (m, 24 H). ESI m/Z =
791(M+Na).




|H NVR (300 MHz, METHANOL-d4) 6 ppm1.35 O/ (t, 1=6.9 Hz, 3 H) 2.17 (s, 3
H 2.93 - 3.03(m 1 H Conpound HO S 3.19 - 3.28 (m 1 H 3.59 (dd,
J=10.2,9.0 Hz,1 H) 3.68-3.79 (m 3H)3.89(bs, 2H) 3.93(dd, 1=7.9, 86 HO OH 3.7
Hz, 1 H 3.97 (q, 2 H 6.74 - 6.82 (m 2H) 6.96 OH -7.04 (m 2H) 7.05-
7.15 (m 3H). ES' m z=422 (M:NHA), 403 (MH) . 1H NVR (600 Mz, METHANCL-d4) 6
ppm2.94 O O -3.00 (m1H3.17-3. 2448 T1H) 3. 55(dd, = J=10.3,8.9 Hz, 1 H
3.61 - .7’54“ 4 rlfo llTs S3—Conpoth HO%'ﬂ} 3- nr\s, oﬁ%o o] @) . 98
(m 2 H) 6.42 {dd, 87 HO' OH J=& 3, 2.3 |HH NMRK}00BR CHILOROFORBI-61 pphi11)
6.90 (d, OHJ 343,16 (m) HA.3065, 00 3.53 1-8:830 2. 3
Hz, 1 H) 7.30 (Hz, EHYB67 ( 1H)355 ;_;mozm& H) 1439
: :ggnﬁﬂé(rgéﬂ) 0(d, Je 157 Hzf Hp 21
3.9 m@m 537;1 3]o3

s . 1 W B . ) =8.7
Hz, 2 H) 7.09 (d, J=8.D8B#z, 2 H 88 7.186701‘“2 &%ls’télh }Hz,
1 H. ESI HO[OH OH mz = 428 (MNH4'), |1 6’2 *6% 3210@4? ES{q
(M-2-H|. np 71/0-74.0C. Anal. Calcd for Neg 46; H, 5. 46.
Found: |C, 58.B86; H, 5.55. 1IH NVR (600 , IVETHANC]_, d4) 6 ppm

1, 35(t J=6. OHz| 3H) 2. 17(s, 3H) 2. 92-3. 01 ( m1H NMRY3(B.M4z, CHLORGBORM-did ppih |
.| 3,066 347 ta, 1 H) 394 (G J<BI78(Hy, 1 B) 358 3. 83
|5, 3.73 (1%, 1H), 3. 77 -M)013mI7H) 443 (3.261)9 | 89
A26H}.56 (76 H) 4.60 (4, 1=10.57 Hz, 1 H)
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, J=7.31 Hz, 1 H) 7.97 (d, J=8.08 Hz, 1 H). ESI
n/Z = 764(M+H), 786(M+Na).

=

1H NMR (300 MHz, CHLOROFORM-d) 5 ppm
1.40 (1, }=6.99 Hz, 3 H) 2.93 - 3.06 (m, 1 H) 3.25
(1, J=8.94 Hz, 1 H) 3.30 - 3.44 (m, 1 H) 3.49 -
4.05 (m, 12 H) 4.15 (dd, 1=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, 7H) 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, 1=16.16, 2.18 Hz, 2 H). ESI m/Z =
552(M+H)

Compound
B7

1H NMR (300 MHz, CHLOROFORM-d) & ppm
2.31(s,3H)2.99-3.10(m, 1 H)3.27-3.40(m, 2
H) 3.66 - 3.87 (m, 5 H) 4.00 (d, ]=5.75 Hz, 2 H)
4.15-4.26 (m, 4 H) 4.31 (d, 1=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 - 6.07 (m, 3H) 7.04 -
7.17 (m, 5 H) 7.32 (1, 1 H) 7.41 (s, 1 H) 7.89 (d,
J=7.93 Hz, 1 H). ESI m/z = 599 (M+Na). yeliow
powder.

Compound
68

1H NMR (300 MHz, CHLOROFORM-d) & ppm
2.28 (s, 3 H) 3.07 - 3.16 (m, 1 H) 3.53 (t, J=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 (d, J=3.11 Hz, 2 H) 6.68
(dd, J=7.85, 1.63 Hz, 2 H) 6.76 (d, }=1.24 Hz, 1
H) 6.92 - 7.00 (m, 2 H) 7.08 - 7.19 (m, 6 H) 7.23 -
7.44 (m, 15 H). ESInm/Z = 711(M+H).

Compound
69




HO OH (s, 1 H 6.99 (d, J=8.3 Hz, 2 H 7.10 (s, 1 H. ESI OHniz = 452
(MeNHA' ), 493 (MFCH3COR). np  155.0-157.0C. Anal . Calcd for
C23H3006S50. 5H20: C, 62.28; H, 7.06. Found: C, 62.39; H, 7.10. - 192 1H NMR
(300 MHz, METHANOL-d4) 5 ppm 1.29 (s, 9 H) 2.90 - 3.05 (m
1H) 3. 23(t, J=8. 7Hz, IH) C 3.58 (dd, J= ég 8 7 Hz, | H 3.64 - 3.80 (in, 3
H Compound g | \ 3.94 (dd, J=11.4, 3.%%By" 4.04 (s, 2 H 7.10 (d, HO
J=8.2 Hz, 2 Hi 7.16 - 7.37 (m 5 H). ESI rﬂz 454 90 (M:NH4' ), 456
(M-2+NHak941335 (M H), 437 HO OH OH (Mk2-H). nip 94.0-100.0C. Anal. Calcd
for C2BHZ9CIU4S: C, 63.Z2Z; H~™ 6.69. Found;, C, 6Z2.82; H 6.64. [041I5] T O~
1H NVR (300 MHz, METHANOL-d4) 6 ppm 1. 36 1H(MRE3000iHz, BHLARBBOAMIS s(pfin 1! H)
3.18 - B.27 npound HOS I | (M1 H 3.3558-6dd(mJHR43.-3%60mHHG4)- 3. 67 -
3.78 91/ gy " 3. 89\- amo4 (|m74%h]) HEs 55 3:926mbOH| 395 @, ) OH
6.97 (t Dg"é a5 (3, J3B.10Mz, 1 H) 452 (s23H) 4992d,= 465
(MNa) |, | 447°( THITNCEz; t1H) 4.84 PP9A @, 28) 5054, (s, | 3 H)
2.94 - B.02 (m 5k =245k B 6.45 { T3S(nS 29 F). BSHm/ZI=10. 2,
8.9 Hz, |1 H) 3.65 - 3.77 (m 3 H 92 HO'|78M+NIBB (dd, J=11.4,3.7 Hz, I|H)
4.02 (s|_211) 7102 - 710 (m_4.H 7.16]- 7.24 (m_2 H 7.29 - 7.35 (m]||
OH H. ESI niz |= 412,414 (MNa), 393 (M|Hy AYREL AT MRoFONFLANEL- d4) 6
ppm 2.43 O - S (s, 3H) 2.95-3,03(m 1FD332)3(3,1§(‘1§17rU&4bH)360(m,1H)366-
S 3.99 (m, 6 H) 4.15 (s, 1 H) 4.43 - 470 (m, 5 H)
Compound 4.84 -4.95 (m, 3 H) 6.60 - 6.73 (m, 2 H) 6.97 -
7 BnO 7.20 (m, 6 H) 7.19 - 7.49 (m, 17 H) 7.78 - 7.87 (m,
BnO" 1 H) 8.36 - 8.43 (m, 1 H) 8.65 - 8.73 (m, 1 H). ESI
m/Z = 708(M+H), 730(M+Na). pale yellow
powder.
1H NMR (300 MHz, CHLOROFORM-d) & 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 (s, 2 H)
Compound | BnO 4.46 (d, 1=9.79 Hz, 1 H) 4.52 (s, 2 H) 4.60 (d,
72 J=10.72 Hz, 1 H) 4.85 - 4.95 (m, 3 H) 6.55 - 6.62
BnO (m, 2 H) 6.98 - 7.37 (m, 22 H) 7.49 (s, 1 H) 8.57
(d, 1=4.97 Hz, 2 H). ESI m/Z = 731(M+Na),
T09(M+H).
1H NMR (300 MHz, CHLOROFORM-d) & ppm
3.05 - 3.16 (m, 1 H) 3.48 - 3.58 (m, 1 H) 3.66 -
3,75 (m, 1 H) 3.77 - 3.99 (m, 5 H) 4.15 (s, 2 H)
Gompound 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 1) 7.02 - 7.19
(m, 6 H) 7.20 - 7.42 (m, 16 H) 8.36 (d, J=2.64 Hz,
1 H) 8.40 - 8.47 (m, 1 H) 8.67 (s, 1 H). ESI m/Z =
731(M+Na).
1H NMR (300 MHz, METHANOL-d,) 8 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, J=10.3,
74 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 (M+Na), 373 (M-H).
1H NMR (300 MHz, METHANOL-d,) 8 ppm 1.35
(t, J=7.0 Hz, 3 H) 2.92 - 3.03 (m, 1 H) 3.19 - 3.28
Compound (m, 1 H) 3.59 (dd, J=10.2, 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,
J=8.7 Hz, 2 H) 7.04 - 7.11 (m, 3 H) 7.14 - 7.25 (m,
3 H). ESI m/z = 413 (M+Na), 389 (M-H),




| 3.58(dd, J=10.3, 8.9 Hz, 1H)3.68-3.77 (m 3 H) Conmpound HO S 3.93 (dd,
J=11.5, 3.2 Hz, 1 H 4.00 - 4.09 (m 2 H 93 7.09-7.13
(m 2H7.15-7.19(m 2H) 7. 21(dd, Hd OH OH J:8.3, 2.3 Hz, 1 H 7.23 (d, J=2.3
Hz, 1 H 7.33 (d, J=8.3 Hz, 1 H). ESI = 449 (M+Na), 451 (M+2+Na), 425
(MH 427 (M2-H). 1H NVR (300 M-z, NE'EQ - (4) ppm2 93 ~C ~ OH
305(m1H)3 18- 3. 28(m 1H) 3. 54- 3. 64(m Corrpound 1H) 366378(m 3 H
3.89 3799 (M 3H)6, 69— 94 HO . O (d, t=8: l, 2
H) 7.18 7.22(t 2H) 7. 31(d, 1H) . ESI m z=41 a JH
NVR (300 MHz, METHANOLd4) 6 _.ppm 30\3/ tth'M%‘@%O %Ew&&)ﬁ%?mjﬁ? 62
03 57

Hz, 2 KH) 2.94 Conpoun
(dd, 95 cammna%, £

Ak
oo .66 - 3/'r82 10
1=11.5¢, 3.%7 Hp, | 003 (s, 2 H 7.0”3-'7 6§ ﬂ (m
2 H 7.33 (d, =898k M1 H. ESI nfz b g (‘“* 1H NMVR
(300 Mz, METHANOL-d&)' 6 ppm 1.20 O (579 32 ? ﬁ“ iﬁb"z 94

3 (m1H 3.19 - 3.27 (m (dd 3101 96 HO 9.214z,
1H 3066 - 3.9 (m 3 H 394 (dd. J=10.4,
Hz, 1H) 4. 03(s, 2H) 7. 06-7. 15 (m 4H) 7. 17 OH - 7. 26 (m 5 H) 7.33 (d, 1 H. ES

Mz = 445,447 (MeNa), 421 (MH). 1H NVR (300 MHz, NMETHANOLd4) S ppm 1.37
(t.J=6. Y13 2. 17(s, 3H) 2. 90-3. 01 (m 1H)

1H NMR (300 MHz, METHANOL-d,) 8 ppm 1.35
(t, }=7.0 Hz, 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 H) 3.68 - 3.76
(m, 3 H) 3.79 (s, 3 H) 3.84 (s, 2 H} 3.89 - 4.02 (m,
3 H) 6.76 (d, J=8.7 Hz, 2 H) 6.8 (d, ]=8.7 Hz, 1
H)7.03 - 7.11 (m, 3 H) 7.17 (dd, J=8.6, 2.3 Hz, 1
H). ESI m/z = 443 (M+Na), 419 (M-H). mp 89.0-
95.0°C.

Compound
77

1H NMR (600 MHz, METHANOL-d,) 8 ppm 1.33
{t,J=7.1 Hz, 3 H}2.90 - 2.98 (m, 1 H) 3.22 (1,
I=8.9 Hz, 1 H) 3.51 - 3.61 (m, 1 H) 3.65 - 3,74 (dd,
J=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 (q, J=7.1 Hz, 2 H) 4.31
(brs, 1 H) 6.77 (d, J=8.7 Hz, 2 H) 6.85 (d, J=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 MHz, METHANOL-d,) 8 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 (d, 1=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 (M+Na), 405 (M-H). mp
145.0-150.0°C.

Compound
79

1H NMR (30¢ MHz, METHANOL-d,) § ppm 1.34
(t, JI=7.0 Hz, 3 H) 2.88 - 2.99 (m, 1 H) 3.22 {t,
J1=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)
4.21-4.32(m, 1 H)6.57 (s, 1 H}6.75 (d, J=8.7
Hz, 2 H) 7.03 (s, 1 H) 7.04 (4, }=8.7 Hz, 2 H). ES1
m/z = 449 (M+Na). mp 158.0-160.0°C.

Compound
80




w

d 03.14 - 3.24 (m 1 H 3.54 (dd, J=10.3, 9.2 Hz, 1 H g 3.60 - 3.76 (m
H 3.86 - 4.06 (m 5 H) 6.66 (dd, Conpound HO J=8.6,2.7 Hz, 1 H) 6.75 (d,
J=3.0 Hz, 1 H 6.85 - 87 HO OH6.95 (m 2 H 7.19 (dd, 1=8,2,2.2 Hz, 1 H)
7,35 (d, OHJ=8.2 Hz, 1 H). ESI mz = 461 (M:Na), 437 (M H). Anal. Calcd
for C22H2705CIS 0.61M C, 58 59: H, 6.33. Found- C 58.28; H, 6.10. [0416]
1H NVR (300 Mz, METHANCL d4) 6 ppm- 119 {t, J=7.0 Hz, 313) 2.08 (s, 3 H)
2.92 - B3—04(mr—HOH+—O—1H—3-22— 3 27 {m—tH) 50 {ee—3=16-3-8-9 Hz,
Conpoun 3. 3.88 (i 189 - 403(m 3 H 4.29 HO (d,
J=10. 57, s, 1 ou 6ppm135
H) 6. 95- _ H)
183. 0- 0. A% 58%ad -"10‘3 90 . spound:
C, 60. 4 )fﬁzg)q H% 9 Hz,
TE PR
E
3.99 (q . Ez 99 HO P8 (s 06
(d, J=8.7I He, "Ol ESI rrlz = 477 (MNa), 479 (I\/Hr2+Na),
453 (M| CH H), ).0C._ Anal._Calcd for
C221- 127C1068-q SIQAE%NHLdS)appmss 194
IN NMVR (600 MH, H? 9 (m, 1
(t,Jd=7.[iHz, 3H) 2. ~3.26 %g] %2( o LR e 3. 79
4 [ Compound| dd;1210.2, 60 Hz, 1 H) 350°3.76
(m o (m, 3]—[)383(bs 2 H) 3.88 - 3.95 (m, 1 H) 3.98
(g, 1=6.9 Hz, 2 H) 6.69 - 6.80 (m, 3 H) 6.96 - 7.04
(m, 2 H) 7.06 - 7.15 (m, 2 H). ESI nv/z = 424
(M+NH4), 405 (M-H).
1H NMR (600 MHz, METHANOL-d,) 8 ppm 1.40
(t, 1=7.1 Hz, 3 H) 2.94 - 3.04 (m, 1 H) 3.23 (t,
1=8.9 Hz, 1 H) 3.58 (dd, J=10.3, 8.9 Hz, 1 H) 3.67
-3.79 (m, 3 H) 3.94 (dd, J=11.5, 3.2 Hz, 1 H) 3.96
°°'“;’;”"d - 4.04 (m, 2 H) 4.07 (g, J=7.1 Hz, 2 H) 6.79 (dd,
J=11.2, 7.1 Hz, 1 H) 6.87 (dd, }=11.2, 7.1 Hz, 1 H)
7.20 (d, 1=2.3 Hz, 1 H) 7.24 (dd, =8.3, 2.3 Hz, 1
H) 7.35 (d, J=8.3 Hz, 1 H). ESI m/z = 483 (M+Na),
459 (M-H). mp 72.0-76.0°C.
[0414]
1H NMR (600 MHz, METHANOL-d,) 8 ppm 1.38
(t, 1=7.1 Hz, 3 H) 2.94 - 3.03 (m, 1 H) 3.23 (t,
J=8.7 Hz, 1 H) 3.55 - 3.61 (m, 1 H) 3.67- 3.79 (m,
Compound 3 H) 3.94 (dd, J=11.7, 3.4 Hz, 1 H) 3.98 - 4.02 (m,
ot 2 H) 4.06 (g, J=7.1 Hz, 2 H) 6.85 - 6.92 (m, 2 H)

6.96 (t, J=8.7 Hz, 1 H) 7.19 - 7.27 (m, 2 H) 7.34 (4,
3=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-
81.0°C.




Conpound Ho S H) 3.92 (dd, J=11.5, 3.7 Hz, 1 H) 3. .1 100 HO OH
Hz, 2 H 4.21 (d, J=10.1 Hz,1 H) 6.32 (s, 1 H OH J=8.7 Hz, 2 H
6.91 (s, 1 H 7,08 (d, J=8.7 Hz, 2 H). ESIrﬂz:44 421 (MH. np
186. 0- 190. 0OC. 1H NWVR (300 Mz, I\/ETHANO_ d4) 6 ppm , J=7.6 Hz, 3 H)
2.17 (s, 3H)258(q,176Hz ](r;poundH)Z (m 1 H 3.19 -
3.28 (m 1H)358101HO\I\(de'— B9,2 H,1 9 (m 7H) 3. 94
HO C}_:(dd, =tt—5—73—"7FtH+=; J.I_I}"-I-L\) 4 s 1—
6.96 - |7.09 (m 4 H 7.12 (s, | H. ESI ﬁll’r*ﬂ LY R
(300 Mz, METHANOL-d4) 6 ppm 1g3 O Cl % 24z 6
Hz, 2 H) 2.93 Y3 i%'éa(t,l
H 102 316, 3 gg.,dg 47.27
(s, I F Z ?ﬁg 2 E9516 :
56, 70; . 1 HNE d4) 6
ppm 1. 2 ( 79 H. INDLas3 dund |
J(m M 3.23'(t, J=8.9 Hz, 1 H 3.53 mazmi),@mmm@ (i3 S5 0asarq (m
2 H 382 (s, 3H 3.91- 402 HO (”}:g mp?ét)-%@o(c%il dDedGord9 (S,
1 H 705 - OH7.14 (m 4 H 7-24 (s, 1|thH OSMOZSI-EO‘@%S(SM'}N%BQ Fok#d: j’NR
(600 Miz, METHANOL d4) 6 ppm 2.16 O (s|C33:R,2%.(s, 3 H) 2.94 - 2.99 (m
1 H 3.[24 (m Conpound g I H) 3.55 - 3.60 (m I H) 3.72 (dd, J 11.5,6.4 Hz,
10 KoL 1) 517 ¢ 3,90 (6 1) 398 (e g dnfund isiianol) Fipm 1.
' ’ ' 0z (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, J=10.2, 9.0 Hz, 1 H)
C°m8pg und| Ho 3,68 - 3.79 (m, 3 H) 3.89 (bs, 2 H) 3.93 (dd, 1=7.9,
HO" 3.7Hz, 1 H) 3.97 (g, 2 H) 6.74 - 6.82 (m, 2 H) 6.96
OH -7.04 (m, 2 H) 7.05 - 7.15 (m, 3 H). ESI m/z = 422
(M+NH4), 403 (M-H).
1H NMR (600 MHz, METHANOL-d,) § ppm 2.94
-3.00 (m, 1 H) 3.17 - 3.24 (m, 1 H) 3.55 (dd,
J=10.3, 8.9 Hz, 1 H) 3.61 - 3.75 (m, 4 H) 3.77 (s, 3
Compound H) 3.78 (5, 3 H) 3.88 - 3.98 (m, 2 H) 6.42 (dd,
87 1=8.3,2.3 Hz, 1 H) 6.52 (d, J=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,
J=8.3,2.3 Hz, 1 H) 7.30 (d, J=8.3 Hz, 1 H). ESI
m/z = 463 (M+Na), 465 (M+2+Na), 439 (M-H).
1H NMR (600 MHz, METHANOL- d,) 8 ppm
2.96 - 3.01 (m, 1 H) 3.21 - 3.25 (m, 1 H) 3.57 (4,
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 (m, 2
Gompound H) 6.82 (d, 1=8.7 Hz, 2 H) 7.09 (4, J=8.7 Hz, 2 H)
88 7.18 - 7.22 (m, 2 H) 7.32 (d, J=8.3 Hz, 1 H). ESI
m/z = 428 (M+NH,"), 430 (M+2+NH,"), 409 (M-
H), 411 (M+2-H). mp 71.0-74.0°C. Anal. Calcd for
C20H23CI05S: C, 58.46; H, 5.46. Found: C,
58.36; H, 5.55.
1H NMR (600 MHz, METHANOL- d,)  ppm
135 (1, J=6.9 Hz, 3 H) 2.17 (s, 3 H) 2.92 - 3.01 (m,
1H)3.24 (t, J=8.71 Hz, 1 H) 3.54 - 3.60 (m, 1 H)
3.72 (dd, =115, 6.4 Hz, 1 H) 3.81 (5, 3 H) 3.83 (s,
2 H) 3.94 (dd, J=11.5, 3.7 Hz, 1 H) 3.97 (g, J=6.9
C°’“8°;’“"d Hz, 2 H) 4.33 (s, 1 H) 6.77 (d, 1=8.3 Hz, 2 H) 6.76
(s, 1 H) 6.99 (d, }=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, 62.28; H, 7.06. Found: C,
62.39; H, 7.10.




OHH 7.11 (s, 1 H). ESI mz = 427(MtNa), 403 (M H). 195 - [0417] 1H NMR
(600 MHz, METHANOLd4) 8 ppm 1.20 (s, 3H)1.21(s,3H)2.17(s,3H)2.80-2.86 (m |
H 2.94 - 2.99 (m 111) 3.25 (m 1 H) 3.58 Conpound S| | (dd, J=10.1, 9.2
Hz, 1 H 3.72 (dd, J=11.2, 6.6 Hz, 105 HOIl H) 3.77 - 3.91 (m 6 H 3.94
(dd, J=11.5,3.7 HO" OHHz, 1 H 6.76 (s, 1 H 7.00 (d, J=8.3 Hz, 2 H OH
7.08 (d, 1=8.3 Hz, 2 H) 7.13 (s, 1 H Ag5-mz = 455(MrNa), 431 (M H). 1H
NVR ( 608—VHz—NEFHANOLE4)—8—ppr—C—1-23{t—J=7—57Hz—3H—2-64(g—I=7. 79
Hz,2H) | H 3.00{- 3.07 (m 1 H) 3. 27 (t, | JHEBIMKL(36R MHz, ME’I'HAHBL(BQ)rmemrldeIO 5 N
- 3.64)(m 1 H| 3.73 - 3.82 3. 86, ¢ H) 2.9063.04@n, OH) 823 (1LJ=8.0HaA By, 1
H 3.99 (dd, M. 69,144 7.2 3§a(dd1b$025m,1mmﬁ473mmgmz H)
7.53 (Shcompod|7- 56 (4, 2 H) | 3e6(ddnierl.4 354831 A28 MOAdH) .

col orl &ss powderHol VETHNRG R, 28) ﬁ1717@05 ESim?Z=6{54Hz 3
H 2.59 (q, J=1. 6pgHE20f) Compound HOM+IHEsATeM2+ M-HR 487 (my 1
H 3.21 - 3.28|(m 1 & 3.54-3.68 (m | +%§>31p§30(1ﬁ9 algi@@forlm HO' OH
(dd, ]1=11.42, 3.65 Hz, 1 H) 7.00 - 7.11|EAHECIQHS: @43?2113 .69. Bognd: C,

(m 3H) .|[ESI n{ z= jll(M+|\la),387 (M H). col op?e58, pbtder. 1H NMR (600 Mz,
METHANOCd4) 6 ppm 1.20 (t, J=7.57 Fz, 3 to I.87 - 1.94 (m Z H) 2.56 S |
-2.63 (m 6H)2.98-3.03(m 1H) 3. 26(t, Conpound HO J=8.25 Hz, 1 H) 3.59 - 3.64

(m J:10[0'321§3] 94 Hz,

Compound
91

1H NMR (300 MHz, METHANOL-d,) 6 ppm 1.36
(1, J=7.0 Hz, 3 H) 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, }=8.9 Hz, 1 H) 7.11 - 7.24 (m, 2 H) 7.33 (d,
1 H). EST m/z = 465 (M+Na), 441 (M-H).

Compound
92

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, J=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 -
7.10 (m, 4 H) 7.16 - 7.24 (m, 2 H) 7.29 - 7.35 (m, 1
H). BSI ni/z = 412,414 (M+Na), 393 (M-H).

Combound
93

1H NMR (600 MHz, METHANOL-d,) d ppm 2.43
(s, 3 H) 2.95 - 3.03 (m, 1 H) 3.23 (1, J=8.7 Hz, 1 H)
3.58 (dd, J=10.3, 8.9 Hz, 1 H) 3.68 - 3.77 (m, 3 H)
3.93 (dd, J=11.5, 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,
J=8.3,2.3 Hz, 1 H) 7.23 (4, J=2.3 Hz, 1 H) 7.33 (d,
J=8.3 Hz, 1 H). ESI m/z = 449 (M+Na), 451
(M+2+Na), 425 (M-H) 427 (M+2-H).

Compound
94

1H NMR (300 MHz, METHANOL-d,) 5 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
(d, 1=8.6 Hz, 2 H) 6.99 (d, J=8.6 Hz, 2 H) 7.15 -
7.22 (m, 2 H) 7.31 (d, 1 H). ESI m/z = 419
(M+Na), 395 (M-H).




108 HO' "OH 111)3.71 - 3.82 (m 3 H)
Hz, 1H) 7. 05-7. 12 (m 5H) 7. 14- 7. 25(m 3H). ESI

3.95 (dd, J=11.46, 3.67 OH
mz = 425 (M-Na),
1+19 (t,
2.96 - 3.02 (m

401 (MH),

J=7.79
| H 3.

Hz,
22 -

colorless powder. 1H NWR (600 MHz, METHANOL-d4) 6 ppm

311) 2.58 (g, J=7.79 Hz, 2 H Conpound HO S | |

3.27 (m 1 H 3.59 (dd, 109 J=10. 32, 8.94 Hz, 1H)3 70-3.77(m 3H) 3.88- HO OH
3.97 (m 3 H 7.08 (s, 4 H 7.14 (d.” BP9 Hz,

2 OHH 7.25 (d, J=7.79 Hz,

2 H. :
MHz, OH 2.94-3.03 é 3.20-3 28(m 1H)3 54
Conpound HO 3.65 (m 1 H 3.68 - 3.78 (miHf N@HHéNgﬁégﬁmw ' OH 3
H 4.5 2H)f 7.05-7.1 12 |6 IF7 g Hz 31 )(?rﬁs‘(% 24~
377( MrH)GonB3n¢ . wder . | ﬁtUN 1 TANAAH4) & ppm
1.14-1.27 ¢sn 2 54,- 2.68 (m 2 H B " 1 H
3.22 - [3.30 (m|1 HP 3 510vd J=6.37 111 '1 D74E 43? (m
3 H ' "OH 3.95 (dBH J=11.35, 3.57 Hy ﬁi@ 7.07
- 7.30|(m 8 Hf. ESI mz = 423 (MNa), §'§9‘ “1H NVR
(600 _ METHANOL-d4) 5 ppm 1.23 (1. J=7.57 Hz, 3 H) 2 63 (q. 1=7.79 Hz, 2
H i i[]2.95-03.04 (m 1 H 3.23 (t, J¥8.71 Hz, 1 H) 3.56 Conpound Hp |8 O |
-73.61{(m 1 H) 3.69 - 3.78 (M 3 H) 3. 9448k (300 Mz, METHANOL 4,5 ppm 1.2
(s,3 H) 1.22 (s, 3 H) 2.76 - 2.92 (m, 1 H) 2.94 -
3.03 (m, 1 H) 3,19 - 3.27 (m, 1 H) 3.58 (dd, J=10.1,
cm;é’“"d 9.2 Hz, 1 H) 3.66 - 3.79 (m, 3 H) 3.94 (dd, ]=11.4,
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 myz = 445,447
(M+Nz), 421 (M-H).
1H 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 (dd, J=10.3, 9.2 Hz, 1 H)
3.60 - 3.76 (m, 3 H) 3.86 - 4.06 (m, 5 H) 6.66 (dd,
C°'“;’;“"d J=8.6,2.7 Hz, 1 H) 6.75 (d, J=3.0 Hz, L H) 6.85 -
6.95 (m, 2 H) 7.19 (dd, 1=8.2, 2.2 Hz, 1 H) 7.35 (4,
J=8.2 Hz, 1 H). ESI m/z = 461 (M+Na), 437 (M-
H). Anal. Calcd for C22H2705CIS 0.6H20: C,
58.59; H, 6.33. Found: C, 58.28; H, 6.10.
[0416]
1H NMR (300 MHz, METHANOL- d,) 8 ppm
1.35 (t, J=7.0 Hz, 3 H) 2.08 (s, 3 H) 2.92 - 3.04 (m,
1H)3.22 - 327 (m, 1 H) 3.59 (dd, J=10.3, 8.9 Hz,
1 H) 3.69 - 3.88 (m, 4 H) 3.89 - 4.03 (m, 3 H) 4.29
C°’“;;’”"d (d, 1=10.57 Hz, 1 H) 6.60 (s, 1 H) 6.73 - 6.80 (m, 2
H) 6.95 - 7.02 (m, 2 H) 7.04 (s, 1 H). ESI m/z =
443 (M+Na), 419 (M-H). mp 183.0-187.0°C. Anal.
Caled for C22H28065-0.5H20: C, 61.00; H, 6.86.
Found: C, 60.81; H, 6.89,
1H NMR (600 MHz, METHANOL- d,) 6 ppm
1.35 (t, 1=6.9 Hz, 3 H) 2.92 - 3.00 (m, 1 H) 3.22 (4,
J=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 - 3.95 (m, 3
Compound H) 3.99 (q, J=6.9 Hz, 2H) 6.79 (d, J=8.7 Hz, 2 H)
99 6.98 (s, 1 H) 7.06 (d, J=8.71Hz, 2 H) 7.20 (s, 1 H).

Found: C, 56.89; H, 5.98.

ESIm/z = 477 (M+Na), 479 (M+2+Na), 453 (M-
H), 455 (M+2-H). mp 177.0-179.0°C. Anal. Calcd
for C22H27C106$-0.7TH20: C, 56.95; H, 6.10.




112 1=11.46, 3.67 Hz, 1 H) 6.84 (dd, 1=8.02, 2.52 Hz, HO "OH | H) 6.91 (d,
J=8.25 Hz, 2 H) 6.95 - 6.98 (m 1 H OH7.08 (d, J=7.79 Hz, 1 H) 7.18 (d,
J=8.71 Hz, 2 H) 7.27 (t, J=7.79 Hz, 1 H). ESI mZ = 399(M:Na), 375(MH). IH

NVR (300 MHz, METHANOL-d4) 5 ppm Conpound HO e"O 1.29

(t,

J=7.62 Hz, 3 H)

2.71 (q, J=7.62 Hz, 2 H 113 3.01-3.15 (mIH) 3.28-3.36(m 1H) 3. 62 H4. 07 (m
511) 7.22 - 7.66 (m 8 FI). ESI mz = 383 ~OH (IVHrNa) 359 (MH). colorless
anor phoq -d4) 5 pplll T 94=3—03-
(m1H 3 20328(m1H)3 55- Oorrpound [ dsaz, 3 H
3.87 (s| 3 H 114 HO 98(m1 ‘Eg(m 1
HO OHH 7.18 | 7. \Jj?' 2_ 3-79(,11’
427(M+Maﬁ;@m,fw§( My ). | & er dd L] q,J=7.1
METHANCL - d4gp S |ppm 1.76 (m2H)1 9?Hz22 ﬁpéo?ﬁzﬁﬁ)dn&s IH&
3.03(m IH) 3. 20-3-2“33( 19H8. 51- 3. 64(m @mn@ua@l? 231))913s, B81) 7.08 (d/ R8(m 3
H 3.84]- 198 (m 5 HPH 115 O OH 4. 45- 4.1b42 HNESHNG.BMks QMSK4)M2 ihr4nDdp OH
7.13(m BH) 7. 14-|7. 25(m 3H) . ESI ml Z= 469( NRe&p-100ld5( M H). pale yellow oil] 1H
NMR (600 MHz, METHANOLd4) 5 ppm 1.57-1.[67 (m2H)1.72-1.82(m 4H)1.84 0 {. 94
(m 2 H 2.95 -[ 3.02 (m 1H)3.21-3.28 (m| Conpound HOS 1 H) 3.60 (dd,
J=10.32] 8.94 Hz, 1 H 3.70 - 3.80 116 HQ M%% OLgq g 119
(m 3H)3|87(s, 2H) 3.91-3. §7(m 1H 4, 71 O 4.3{% oR , %?’El}ﬁfh I??é}m%,z 10
(m Compound . H) 2.91 - 3.02 (m, 1 H) 3.19 - 3.28 (m, 1 H) 3.58
o1 | HO (dd, J=10.3, 9.2 Hz, 1 H) 3.67 - 3.89 (m, 7 H) 3.94
Ho" (dd, J=11.5, 3.7 Hz, 1 H) 4.25 - 439 (m, 1 H) 6.76
L (s, 1H) 6.96 - 7.09 (m, 4 H) 7.12 s, 1 H). ESI m/z
= 441(M+Na), 417 (M-H).
1H NMR (300 MHz, METHANOL-dg) 8 ppm 1.23
(t, J=7.6 Hz, 3 H) 2.62 (q, J=7.6 Hz, 2 H) 2.93 -
3.07 (m, 1 H) 3.27 (1, J=8.8 Hz, 1 H) 3.60 (t, 1 H)
C°“:';‘2’“"d 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. Calcd for C22H27CI05S H20:
C, 56.70; H, 6.50. Found: C, 56.40; H, 6.45,
1H NMR (600 MHz, METHANOL-d,) & ppm 1.21
(d, }=7.3 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
Gompound H) 3.69 - 3.76 (m, 2 H) 3.82 (s, 3 H) 3.91 - 4.02
103 (m, 3 H) 4.24 - 4.36 (m, 1 H) 6.99 (s, 1 H) 7.05 -
7.14 (m, 4 H) 7.24 (s, 1 H). ESI m/z = 475
{M+Na).
1H NMR (600 MHz, METHANOL-d,)  ppm 2.16
(s, 3 H) 2.27 (s, 3 H) 2.94 - 2.99 (m, 1 H) 3.24 (m,
1H)3.55 - 3.60 (m, 1 H) 3.72 (dd, J=115, 6.4 Hz,
G°”1’g:”“d 1 H) 3.77 - 3.90 (m, 6 H) 3.94 (dd, J=11.5, 3.7 Hz,
1H) 6.76 (s, 1 H) 6.97 (m, 2 H) 7.00 - 7.04 (m, 2
H) 7.11 (s, 1 H). ESI m/z = 427(M+Na), 403 (M-
H).




3H) 7. 15- 7. 24(m 3H) . ES| m}Z=453( M+Na) .
METHANOLd4) 6 ppm OH 2.96-3.00(m 1 H)
Compound HO S J=10.09, 9.17 Hz,
2 H 3.94 (dd, 1=11. 46,
(m 2H) 6. 82-6.88 (m2H) OH 7.05-7.12 (in, 3H) 7.15-7.24(m 3H).ESIm Z
col orl ess powder.19¥H NVR (600 MHz, METHANOLd4) 6 ppm

2.97 (s, 3H)2.99-3.04(in, 1H) 3. 07(s, 3H) Corrpound HO 3.63 - 3.68 (m 1

H 3.88

429( M+Na) ,

Gy ~-N

J=8.71
powder .

A77( M
1.35 (t
3.57 (dd,

(s,

405(

[ 0419]

col

3. 67

M H).

3.21 -3.26(m |
1H 3.71 - 3.79 (m 3 H

orl ess powder.
H 3.59 (dd, |

117 HO' OH Hz, 1H) 3. 98- 4. 02

1H NVR (600 Mz,

H 3.74 E041BR (m 3 H 3.88 118 3.94 (m 3H) A.74 (s, 2 H) 6.87 (d,
0 Ou;H NI(/RUE);(?)&:)LLI\{-/'_&IH -.I\)/IEﬁzr‘ J.U . lrron) m an Ul I ia; 9
3 H 2. 2-3c0(m1H);317 Corrpondll %ﬁf g ff"
19 HOSQ m 6 1 A @(9 i ﬁﬁ?—s
6. 80, 7.18 14@1 ) 87Z(dd J511
HO~Y0 Y NVR (30 l#}ﬁlﬁhjdéa (R, p@m@nO
' OR:- o1 - 3.00 (m }2%7315,1¢9m9wﬂﬁ=s~31&251)(m
26, 9. , 1 H 120 HO$0§(d 83 H4/2 H) 7.13 (s, 1 H). ESI m/z =

(m3H) 3,

455(M+Na), 431 (M-H).

Compound
106

1H NMR (600 MHz, METHANOL-d,) 6 ppm
1.23 (t, 1=7.57 Hz, 3 H) 2.64 (q, J=7.79 Hz, 2 H)
3.00-3.07 (m, 1 H)3.27 (t, J=8.71 Hz, 1 H) 3.59
- 3.64 (m, 1 H) 3.73 - 3.82 (m, 2 H) 3.89 (d,
J=10.09 Hz, 1 H) 3.95 (dd, J=11.69, 3.44 Hz, 1 H)
7.20(d, J=8.25Hz, 2 H) 7.47 (s, 2H) 7.53 (5, 1
H) 7.56 (d, J=8.71 Hz, 2 H). ESIm/Z =
438(M+H), 440(M+2+H). colorless powder.

Compound
107

1H NMR (300 MHz, METHANOL-4;) § ppm
1.20 {t, }=7.62 Hz, 3 H) 2.59 (g, ]=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 (m, 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
108

1H NMR (600 MHz, METHANOL-d,)  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 - 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 (dd, I=11.46, 3.67
Hz, 1 H) 7.05 - 7.12 (m, 5 H) 7.14 - 7.25 (m, 3 H).
ESI m/z = 425 (M+Na), 401 (M-H). colorless
powder,

Compound
109

1H NMR (600 MHz, METHANOL-d,) & ppm
1.19 (t, J=7.79 Hz, 3 H) 2.58 (q, J=7.79 Hz, 2 H)
2.96 -3.02 (m, 1 H) 3.22 - 3.27 (m, 1 H) 3.59 (dd,
J=10.32,8.94 Hz, 1 H) 3.7G - 3.77 (m, 3 H) 3.88 -
3.97 (m, 3 H) 7.08 (s, 4 H) 7.14 (d, J=7.79 Hz, 2
H) 7.25 (4, }=7.79 Hz, 2 H). ESI m/Z =
397(M+Na), 373(M-H). colorless powder.

3.82 - 3.87 (m 2
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6.73-6.82 (m 3 H 7.07 -

7.19 (m

4H).ESI OH mZ = 487(M+Na),

H . colorless crystal. 1H NWR (600 WHz, METHANOL-d4) 6 ppm 2.34 (s,
.76 (t, J=5.50 Hz, 211)2.96-3.01 S Cd Pl ON' (m 1 H 3.22 (1,
Hz, 1 H 3.57 (dd, Conpound HO J=10.32, 8.94 Hz, 1 H) 3.68 - 3.76
H) 3.93 121 HO OH (dd, 1=11.46, 3.67 Hz, 1 H 4.01 (s, 2 H) 4.07 (t,
OHz, 2 H 6.83- 6.87 (m 2 Hr 21968-- 7.12 OH (m 2 H 7.18 - 7.23
H—7-32 g, J=8 25 l=l-1 1 H)_ZE_QI MZ = /LGQ/ l\/l-l-l—l\ A7Df l\/h-')-JEI—I\
¢ss powder. 0 114 NVR (600 Mz, METHANOL- d4) 6 [ ppm 0, A0, 2.96-
3.22-3.26(m ound q
n 6 H Ex eH94|J(2_ ,
2l it 3(m 3Hes
KRG}, p f i H NVR (60
107 (‘m 2H) 3197- @*(m 1H) 3.33- 3.
) 3.80| (dd, 1=9H. 69, 6.65 Hz, 1 HoaRy .
) 4.00 (dd, J=11.46,3.67 123 HO|MZ, 4,04 (d, 1=10.55 Hz,
7.20 (n} HO OH 1H)7.21-7.29 (m/5H)7.30-7.35(m I H OH 7.51 (dd,
T1.80 Hz, T HY 7.69 (d, J=8.25 2 T H 7.84 ((TJ =8. 25 Fz, 1
I I ESI mZ = 433 +Na . pal éel I owoﬁowd 1HL’-\IdIY)F%(
- - ppm
D-d4) 6/ ppm 2.92-2.97 (m 1711%@54( 'yﬂm)zg?‘(lg&]q(m,zn)zsvs-
3.05 (m, 1 H) 3.22 - 3.30 (m, 1 H) 3.51 (d, }=6.37
Con::t;und HO ) Hz, 1 H) 3.56 - 3.68 (m, 2 H) 3.70 - 3.83 (m, 3 H)
HO 3.95 (dd, J=11.35, 3.57 Hz, 1 H) 5.72 - 6.59 (m, 2
GH 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-d,) 4 ppm
1.23 (t, J=7.57 Hz, 3 H) 2.63 (q, J=7.79 Hz, 2 H)
2.95 - 3.04 (m, 1 H) 3.23 (t, }=8.71 Hz, 1 H) 3.56
-3.61 (m, 1 H) 3.69 - 3.78 (m, 3 H) 3.94 (dd,
C°";“:‘2’”"d 1=11.46, 3.67 Hz, 1 H) 6.84 (ad, 1=8.02, 2.52 Hz,
1H) 6.91 (d, J=8.25 Hz, 2 H) 6.95 - 6.98 (m, 1 H)
7.08 (d, }=7.79 Hz, 1 H) 7.18 (d, J=8.71 Hz, 2 H)
7.27 (t, J=7.79 Hz, 1 H). ESI m/Z = 399(M+Na),
375(M-H).
1H NMR (300 MHz, METHANOL-d,) & ppm
1.29 (t, J=7.62 Hz, 3 H) 2.71 (g, )=7.62 Hz, 2 H)
C"""‘";’;“"d 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). colorless amorphous.
1H NMR (300 MHz, METHANOL-d,) 4 ppm
2,94 - 3.03 (m, 1 H) 3.20 - 3.28 (m, 1 H) 3.55 -
3.64 (m, 1 H) 3.69 - 3.79 (m, 3 H) 3.87 (5, 3 H)
C°";“::”"d 3.90 - 3.98 (m, 1 H) 4.03 (s, 2 H) 7.08 - 7.14 (m, 1
H) 7.18 - 7.35 (m, 5 H) 7.89 - 7.95 (m, 2 H). ESI
m/Z = 427(M+Na), 403(M-H). pale yellow
powder,




OH 3=10.09,9.17 Hz, 1 H) 3.66 - 3.75 (m 3 H 3.90 Conpound 124 HO S (dd,
J=11.46, 3.67 Hz, 1 H) 3.99 (s, 2 H) 7.07 (d, Ho: OHJ=7.79 Hz, 1 H) 7.15 -
7.23 (m 3 H 7.27 (d, OH3=8.25 Hz, 2 H) 7.88 (d, 1=8.25 Hz, 2 H). pale
yel low oil. 199 1H NMR (600 MHz, METHANOL-d4) 6 ppm 2.94-3.00

(m 1H) 3. 04-3. 11(m 4H) 3. 19- Conpound 3.25 (m 1 H) 3.54 - 3.61 (m 1 H) 3.69
- 3.77 (m 125 HO S 314)3.77-3.81(im W4)-3.85 (s, 2 H 3.90 - 3.95

(mll‘DLD'-I-Ul'J \—n; rn}fur?@%lrﬁ"‘[Zﬂ) —HO—CSH—+—13 SG(Fﬁ AH).
ESI nf 2=454( MtlNa). OH col orl ess powder. |[0420) 1H NMR (600 M—Iz
METHANGL- d4) 6{ppm N, 2.85 (s, 6H)2. 93-3. blﬂnm(smmmmn&)émml
Conpound S H) 8.57 (dd, Hz, ﬂ)- 1766, 2 HB1.9%8- 405 (m, AHB2.H40
3H) 3. 83(Compbina -6L.74 HO %609@277@9?1*0%51 233_;17 11 -
7.26 (th 4Hys J;ﬁﬁ’Es 7=412( MtNg) . col orﬁ’éls%ﬁ dm, 3 H)}P 343
METHANGL- d4) b|pp# @ -O%.91-2.98 (m 11 J(maﬂélsﬁ ﬁlﬂﬂét)y-%ﬁnﬂ‘* \ |/
J=9.6 Hz, 1 H)|3.67 “M3.78 (m 3 H 3.82 ESOm/7 ¢
3=11.5,03.7 Hz, || H 4.11 - 4.20 (m 2 1 9%1‘@)44)‘5(64 peleyeflowod 1y 1 H)
6.98 (4, 1 H 7.16 - HOOH 7.26 (m 4 H]7.60 (d, J= 78Hle) 7684c, OH
J=7.8 Hz, T H] ESI mz = 455 (MrNa), 43 (M H). nmp 91.0-105.0C. 1H Nl\g?
(300 Mhz, METHANOL-d4) 6 ppm C | 2.93 - BIHSMRIGOMHE), METHANORT,) 6 ppm 1 K
58 ((dd, Hﬁ o 1.57-1.67 (m, 2 H) 1.72 - 1.82 (m, 4 H) 1.84 -
‘ O \Q 1.94 (m, 2 H) 2.95 - 3.02 (m, 1 H) 3.21 - 3.28 (m,
Compound | o ~S 1 H) 3.60 (dd, J=10.32, 8.94 Hz, 1 H) 3.70 - 3.80
116 HO™ ¢ OH (m, 3 H) 3.87 (s, 2H) 3.91-3.97 (m, 1 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). ESI m/Z = 453(M+Na).
colorless powder.
1H NMR (600 MHz, METHANOL-d,) 8 ppm
2.96 - 3.00 (m, 1 H) 3.21 - 3.26 (m, 1 H) 3.59 (dd,
1=10.09, 9.17 Hz, 1 H) 3.71 - 3.79 (m, 3 H) 3.82 -
C°"1“:;""d 3.87 (m, 2 H) 3.88 (s, 2 H) 3.94 (dd, J=11.46, 3.67
Hz, 1 H) 3.98 - 4,02 (m, 2 H) 6.82 - 6.88 (m, 2 H)
7.05 - 7.12 (m, 3 H) 7.15 - 7.24 (m, 3 H), ESI m/Z
= 429(M+Na), 405(M-H). colorless powder.
1H NMR (600 MHz, METHANOQL-d,) & ppm
2.97 (s, 3 H) 2.99 - 3.04 (m, 1 H) 3.07 (s, 3 H)
Compound 3.63 - 3.68 (m, 1 H) 3.74 - 3.82 (m, 3 H) 3.38 -
118 3.94 (m, 3 H) 4.74 (s, 2 H) 6.87 (d, 1=8.71 Hz, 2
H) 7.06 - 7.14 (m, 3 H) 7.16 - 7.24 (m, 3 H).
colorless powder,
[0419]
1H NMR (300 MHz, METHANOL-d,) 4 ppm
1.35 (1, }=6.99 Hz, 3 H) 2.92 - 3.00 (m, 1 H) 3.17
Compound -3.25 (m, 1 H) 3.57 (dd, J=10.18, 9.09 Hz, 1 H)
119 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 (m, 4 H). ESI
= 501(M+Na), 477(M-H).




Conpound 110 S| S 1=10.3, 9.0 Hz, 1 H 3.69 - 3.83 (in, 2 H 3.93 128 (dd,
J=11.5, 3.6 Hz, | H 4.35 (s, 2 H 7.01 - 7.05 HO' "OH (m1H7.19-7.32 (m 3
H 7.35 - 7.41 (m2H) 7.63 - 7.77 (m 2 H. ESI mz = 459 (MtNa), OH
461( M+2+Na), 435 (MH). nmp 105.0.115.0C. |H NVR (300 MHz, METHANOLrd4) 6 ppm
2.95-3.05(in, 1H) 3. 21-3.36(m | H) 3. 60(dd,  Conpound HO S S 1=10.3, 9.0 Hz, 1
H 3.70 - 3.81 (m 3 H 3.90 1293‘9é@m 1 H 4.23 (s, 2 H 7.06 (s, 1H
7.19 - HO— O+ 734 (M 67 62=F75tm 24— EStmz=425—0CH( W '\1'0.). ||p
159.5-460.0C. { 200 1H NMR (800 Mz, METHANOL-d4) b ppm 2. 92-
(m 1H) 3. 25(t, J£8. 9Hz, 1H) 3. 52-I\ 3.65 (m 114)
3.76 Conpound § 3.87 (m 4 »{L:Pl'gg (dd, J}%?ﬁ:’ Z'jff}ﬁoﬁd“l@m @p HO S
(brs, 2cohnpdindl - 4.43 ( 97 (d, 3.5 @%« 1H) %
(s, 1H) 7. 1257 36615 (m 2 e ésv(mazum%a Al (975
98.0C. | I I _ OO 1H (300 Mz, MVETHANGIs:1d4 %86 (R2W) 7HTHAY sl 1/] 2.89
- 3.00{(m 1 H] 92 T m H) 3.51- 3.96 |(E=4% 3(M-H). colnrlesscrystal
10H) 4. 04- 4. 19(m 2H) 6.¥5(s, IH) 6. 97(s, 1 H)| 7.17-7.28 (m 3H) 7.58-7. 73
(m2H) |ESI_HOB OH mlz = 485 (MtNa), 461 (MH. OH d 1H NMR (300 Mz,
METHANQL 4) 6 Epm 2.94-3.05 (rn 1H) 3. 18-13 und HD S 0
J=10.2] 8.9 HZ] 1 H 3. %é@%ﬁ%ﬁ 1 H)
4.16 - 14.32 (m 2 (m, 1H) 3.22 (1, J=8.71 Hz, 1 H) 3.57 (dd,
1=10.32, 8.94 Hz, 1 H) 3.68 - 3.76 (m, 3 H) 3.93
C°";';’“”d (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). ESI nVZ = 468(M+H), 470(M+2+H).
colorless powder,
o 1H NMR (600 MHz, METHANOL-d,) 3 ppm
oL, |296-3.01(m, 1 H)3.22-326(m, 1 H) 3.59 (dd,
Compound 5 ‘ ‘ J=10.09, 9.17 Hz, 1 H) 3.71 - 3.79 (m, 6 H) 3.89
tog | O (s, 2 H) 3.94 (dd, }=11.46, 3.67 Hz, 1 H) 4.66 (s,
HO " OH 2 H) 6.81 - 6.85 (m, 2H) 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 MHz, METHANOL-d,) 8 ppm
2.98 - 3.07 (m, 2 H) 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, J=11.69, 6.65 Hz, 1 H) 3.94 (dd,
Compound J=10.09, 8.71 Hz, 1 H) 4.00 (dd, J=11.46, 3.67
123 Hz, 1 H) 4.04 (d, J=10.55 Hz, 1 H} 7.14 - 7.20 {m,
1H)7.21-7.29 (m, 5 H) 7.30 - 7.35 (m, 1 H)
7.51 (a4, J=8.48, 1.60 Hz, 1 H) 7.69 (d, J=8.25
Hz, 1 H) 7.84 (d, J=8.25 Hz, 1 H) 8.13 (s, 1 H).
ESI m/Z = 433(M+Na). pale yellow powder.
1H NMR (600 MHz, METHANOL-d,) 3 ppm
2.92-2.97 (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
C°"1’Z;“”d (dd, J=11.46, 3.67 Hz, 1 H) 3.99 (s, 2 H) 7.07 (d,
J=7.79Hz, 1 H) 7.15 - 7.23 (m, 3 H) 7.27 (4,
1=8.25 Hz, 2 H) 7.88 (d, }=8.25 Hz, 2 H). pale
yellow oil.




HO CH 6.40 (s,1H)7.10-7.51(m 7H) . ESI m z=443 OH (MtNa), 445 (M+2+Na). (0421]
1H 300 MHz, METHANO -d4) 6 ppm 2.96-3.04 (n11FD3 22-3.29(m 1H) 3. 56- \

| H) 3. 70-3.81(m 3H) 3. 94(dd, Conpound HO 3 S N/ J=11.42, 3.65 Hz, 1
(s, 2 H 6.94 - 6.97 133 HO" OH (m1H)7.18-7.33 (m 4 FD 7.36 -

I FD 7.62 (d, J=3.73 Hz, 1 H 7.85 - 7.90 (m 1 H 7.96 OH -8.03
4 49(n11H) ESIniz— 430 (V99 -yel | ow powder. 1H NVR (300 MHz,

0 - Oorrpound HO S | ) 3\ / J=11.50, 3.73 Hf, 1
H 4.1 6.79 (d 134 3=3.57 Hz 1HINMR (300IMHz, METHANOL-d 35 bhm 7. 48 -
7.57 J=8.32, 1.17 Hz,N2 H) . , ( H) .
col or| @ . 6 - C23H2M026%2t, DHRB20: 3.60, (6 B HB 3.69 H3.77 (&, 7]2.

3.04 ( . | 28 éﬁ)?’ 54- Conpound| (Ol B) .88 691 (2 H) 76§ - 30%@n, 2 13|81

: - S 1=11. 35, 3. 57 Ha - 786idn, 4H) §S{m/Z=54M+Na)00 (s, |
H Ho" . @@ﬂew@mﬁﬂw 37 OH (dd, J=5.13,{ 0.47
col orl ess powder. IH NVR (300 ,

' pp :
H)359(t1964HzIH)368-3.83(m3H)
[0420]

1H NMR (600 MHz, METHANOL-d,)  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, 2 H) 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. '

Compound
126

1H NMR (600 MHz, METHANOL-d,) 8 ppm
2.91-2.98 (m, 1 H) 3.17-3.23 (m, 1 H) 3.56 (1,
J=9.6 Hz, 1 H) 3.67 - 3.78 (m, 3 H) 3.82 (s, 3 H)
3.91 (dd, J=11.5, 3.7 Hz, 1 H) 4.11 - 4.20 (m, 2
H) 6,92 (d, 1=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,
J=7.8 Hz, 1 H). ESI m/z = 455 (M+Na), 431 (M-
H). mp 91.0-105.0°C.

Compound
127

1H NMR (300 MHz, METHANOL-d,) 3 ppm
2.93 - 3.05 {m, 1 H) 3.20-3.27 (m, 1 H) 3.58 (dd,
1=10.3,9.0 Hz, 1 H) 3.69 - 3.83 (m, 2 H) 3.93
(dd, J=11.5, 3.6 Hz, 1 H) 4.35 (s, 2 H) 7.01 - 7.05
(m, 1 H)7.19 - 7.32 (m, 3 H) 7.35 - 7.41 (m, 2 H)
7.63 - 7.77 (m, 2 H). ESI m/z = 459 (M+Na),
A61(M+2+Na), 435 (M-H). mp 105.0-115.0°C.

Compound
128

1H NMR (300 MHz, METHANOL-d,)  ppm
2.95-3.05 (m, 1 H) 3.21 - 336 (m, 1 H) 3.60 (dd,
J=10.3,9.0 Hz, 1 H) 3.70 - 3.81 (m, 3 H) 3.90 -
3.98 (m, 1 H) 4.23 (s, 2H) 7.06 (5, 1 H) 7.19 -
7.34 (m, 6 H) 7.62 - 7.75 (m, 2 H). ESI m/z =
(M+Na). mp 159.5-160.0°C.

Compound
128




136 3.86-4.02 (m3H)5.80-5.87(m 1H)5.94(t, 10 OH J=3.11 Hz, 1 H 6.55 (d,
J=1.87 Hz,1 H) 7.03 (dd J=6.99,1.71 Hz, 1 H 7.12 - 7.28 (m 3 H. OH ESI
mZzZ = 372(M:Na). N/ [H NVR (300 MHz, METHANOLd4) 5 ppm $ 2.95-3.05

(m | H)3.21-3.28(m 1H) 3. 55- Conpound HO $ 137 3.66 (m 1 H 3.69 - 3+83 (m 3
H 3.94 (dd, HO SOH J=11.50, 3.57 Hz, 1 H) 4.44 (s, 2 H 7.24 - 7.52 OH
(m 6 H 7.85 - 7.95 (m2H). 1H NVR{&%® Mz, METHANOL-d4) 8 ppm N O 1. 36
(t, 5=7.@8Hr—3—Hr—3—61+—3-05—(m+H)3—23 r27 r——H)—3—60—(dd
J=10.32,8.94 Hz, 1 H Conpound HO S 3. 711H 4.(d led;_l55
Mz, | H) 138 3]02 - 3.971(m 3 H) 3.0 ( 2‘5 O PRF ~CH -
6.85(np2H)7.1o-.Q2 - . ﬁﬁ
J=2. 29 |kpmpduntl 8. 34 ( H he H)
col orl gss ﬂggwderHOl 00 M SI\/ETHA 15[) lpa%;l(g,é ’Z;zlézg Ji=d ¢ & 26 Hz, 3
H 2.60 (g, J=Y % @ ms §¥m, 4 Jm 586 He.| 1 H)
150 S - 3.63 (M §. 7 "édd J=11. 58, Iés; mgo,gp £0'S 3,93
(dd, J311.50, $.73 Hz, @H) 4.03 (t, J 4 9 HO OH Hz 8 - §.67
(m 1 H) 6.83 (d, J=3.57 Hz, 1 H) 7.08 - 717(m 4 H, ESI n12=403
(MtNa),| OH 379 (MH) coforless powder.| Anal . Calcd for CI9H240452: (C,
59.97; |H, 6.36] Found: G 59.93; H 6.38. 202 - (0422]

o 1H NMR (300 MHz, METHANOL-d,) 5 ppm

2.89 - 3.00 (m, 1 H) 3.22 (m, 1 H) 3.51 - 3.96 (m,
10 H) 4.04 - 4.19 (m, 2 H) 6.62 (5, 1 H) 6.97 (s, 1
H)7.17 - 7.28 (m, 3 H) 7.58 - 7.73 (m, 2 H). ESI
m/z = 485 (M+Na), 461 (M-H).

0 O
Compound

131 HO
HO"

S

OH

1H NMR (300 MHz, METHANOL-d,) é ppm
2.94 -3.05 (m, 1 H) 3.18 - 3.28 (m, 1 H) 3.58 (dd,
J=10.2, 8.9 Hz, 1 H) 3.66 - 3.83 (m, 3 H) 3.94
(dd, J=11.5, 3.6 Hz, 1 H) 4.16 - 4.32 (m, 2 H)
6.40 (s, 1 H) 7.10 - 7.51 (m, 7 H). ESI m/z =
(M+Na), 445 (M+2+Na).

Compound
132

[0421]

1H NMR (300 MHz, METHANOL-d4) d ppm
2.96 - 3.04 (m, 1 H) 3.22 - 3.29 (m, 1 H) 3.56 -
3.64 (m, 1 H) 3.70 - 3.81 (m, 3 H) 3.94 (dd,
J=11.42,3.65 Hz, 1 H) 4.21 (s, 2 H) 6.94 - 6,97
(m,1H)7.18-7.33(m,4 H)7.36 - 7.43 (m, 1 H)
7.62 (d, J=3.73 Hz, 1 H) 7.85 - 7.90 (m, 1 H) 7.96
-8.03 (m, 1 H)844-849 (m, 1 H). ESIm/z =
430 {(M+H). yellow powder.

Compound
133

1H NMR (300 MHz, METHANOI.-d,) 4 ppm
295-3.06{m,1H)3.22-3.29 (m, 1 H)3.57 -
3.66 (m, 1 H) 3.70 - 3.83 (m, 3 H) 3.95 (dd,
J=11.50,3.73 Hz, 1 H) 4.12 (5, 2 H) 6.79 (d,

=3.57Hz, 1 H) 7.14 - 7.36 (m, 8 H) 7.48 - 7.57
(m, J=8.32, 1.17 Hz, 2 H). ESI n/z = 451
(M+Na), 427 (M-H). colorless powder. Anal,
Caled for C23H240452:0.3H20: C, 63.57; H,
5.72. Found: C, 63.8%; H, 5.63.

Compound
134




1H NVR (300 MHz, METHANOL-d4) 6 ppm2.26 S\ /

(s,2H)3.03-3.14(m 1H) 3. 32-3.40(m 1H) Conpound s 3.62 -
(dd, J=11.50,6.37 Hz,

J=10. 26 Hz, 1H)7.01-7.17(m 5H) 7. 33(t, 1H)

Hz, 1H) . ES1nf z= 439 (MtNa),

415 (M H).

col orl ess powder.

3.72 (m 1 H 3
1 140 HO H)3.93-4.06(m 2H) 4. 14(s, 2H) 4. 32(d, HO
OH 7.48 (s, | H 7.90 (d, J=7.

[ 0423] Test EXx

.17
OH
31

anpl e

1 After 50 .tL of a suspension (prot'e@PJeo‘ncentratlon 4 nmg/ m.} of rat

Ki dney I"lT{oll berder—renbrane—vestct cojl—u trsh—boerder—renbrane—vehtcle: BM/)
prepared followi ng the nethod described;in a docunent (Anal. Biochem,} Vol.
201, Clause 301, "1984) vas~grei ncubat ed| Hf NBRQIOOMHEMSETHANORS,) Sp50 ps of
a reaction m gture whi ch @ p2.9% 1@, tHIPHAAUNT28 (di, sHPB.Sed i n
DVSO (Dlyﬁgpf,u,{a rl (NP (N ‘ O A (A A 369+ 3.8100 3IANPRAGEN or KSCN,
10 nmM HEPEgTrifs pH 7_.4, | D-glucos? (™ ng J—lééﬁééﬂﬁzakHWNQZﬂ)rﬂW(%hH)l RU
of D-[6-3H gliucH@ CAreGHam) was added?-140(ds J5 60 Hark 7. 16 733 (i 41 737
reactian at 37¢ for figpy seconds, 1 nlL of {Ugd=7-¢% 043 BieddH)- £i=on
termindting sollution (150 nM Nadl, 10 mM $tBEErap402(M-H)yoqlodess ppwlera)
phlorizin) was |added to the reaction mxjure to termnate the reaction, and
BBW was i medilately separated by rapid|filtration using a menbrane fillter
(HAWPOZ500 havijng a pore size of 0. 45 N @{ dﬁt e filtler
was washed three tines W|t \t ol fits tlng
solutiaon. Aften the ; ifed H? 590 P@ 1 583(";

measur edameeynda HQui g~ - ;o scit i INat ghc % Ty

t he amunt138f |gl uI(_:I(():)s teBl-lln BBW on { %5(3 Jt?§7Hz 1H)'?03

(dd J-699 1.71 Hz, 1 H) 7.12 - 7.28 (m, 3 H).

ESI m/Z = 372(M+Na).

Compound
137

1H NMR (300 MHz, METHANOL-d,) 5 ppm
2.95 - 3.05 (m, 1 H) 3.21 - 3.28 (m, 1 H) 3.55 -
3.66 (m, 1 H) 3.69 - 3.83 (m, 3 H) 3.94 (dd,
1=11.50, 3.57 Hz, 1 H) 4.44 (s, 2 H) 7.24 - 7.52
(m, 6 H) 7.85 - 7.95 (m, 2 H).

Compound
138

1H NMR (600 MHz, METHANOL-~d,) é ppm
1.36 (t, J=7.18 Hz, 3 H) 3.01 - 3.05 (m, 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, J=10.55 Hz, 1 H)
3.92-397(m, 3 H)3.99 (q, J=7.18 Hz, 2 H) 6.82
- 6.85 (m, 2 H)7.10 - 7.13 (m, 2 H) 7.64 (1,
J=2.06 Hz, 1 H)8.28 (d, J=2.29 Hz, L H) 8.34 (d,
J=2.29 Hz, 1 H). ESI n/Z = 392(M+H), 390(M-
H). colorless powder.

Compound
139

1H NMR (300 MHz, METHANOL-d,) 8 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, ]=8.86 Hz, 1 H) 3.50
- 3.63 (m, 2 H) 3.72 (dd, 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 (d, J=3.57 Hz,
1 H) 7.08 - 7.17 (m, 4 H), ESI m/z = 403 (M+Na),
379 (M-H). colorless powder. Anal. Caled for
C19H2404582: C, 59.97; H, 6.36. Found: C,

59.93; H, 6.33.




[ 0424]
by 50%

addition of the conpounds to be
Tabl e 2.
76 0.320 Compound 79 0.220 Conpound

The concentration of conmpound at which glucose uptake was inhibited
(1 C50 value) was cal cul ated assum ng the glucose uptake w thout the
100% [0425) The results are shown in
[ 0426) Table 2 Conmpound No. 1C50 (PM Conmpound 75 1.600 Conpound
7 0.350 Conpound 128 0.790 [0427]

Test Exanple 2 doning of human SG.T1 ‘human SGLT2 and i ntroduction
t hereof jnto expression vector Human SGLT1 sequence (NM 000343) was
reverseﬁﬂﬁ%%kripted fromhuman small intestinal nRNA, then anplified, and
then i[ntroducéd 1nto pCOW-taghA from Si SALT2
sequenge (NM 003041) was prepared froml % above
met hod,| and then introduced into=\pcDNA %
Cor por gti on. Each cl oned S g was ¢ tihe
repor t gbomppd | -, seque epar ati on %i'ng
human SGLﬂﬂOan? CHO Kl cel | leﬁnhn
SGLT1 and
OH 439 (M+Na), 415 (M-H). colorless powder.
[0423]

Test Example 1

After 50 uL of a suspension (protein concentration:
4 mg/mL} of rat kidney brush border membrane vesicles (brush
border membrane vehicle: BBMV) prepared following the method

described in a document (Anal. Bilochem., Vol. 201, Clause 301,

1984) was preincubated at 37°C for two minutes, 150 uL of a
reaction mixture which was a mixture of a test compound
100 mM

dissolved in DMSO (DMSO final concentration: 1%),

mannitol, 100 mM NaSCN or KSCN, 10 mM HEPES/Tris pH 7.4,

D-glucose (final concentration: 0.1 mM) and 1 puCi of D-[6-°H]

glucose (Amersham) was added to this. After performing a

reaction at 37°C 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 filtration using a membrane filter (HAWP02500 having a
pore size of 0.45 um, Millipore). The membrane filter was
washed three times with 4.5 mL of the ice cooled reaction
terminating solution. After the membrane was dried

sufficiently, radicactivity was measured with a liquid




human SA.T2 expression vectors using Lipofectam ne 2000 (Invitrogen
Corporation). SG.T expression cells were cultured in the presence of
geneticin (SAT1) or hygronycin B (SG.T2) of the concentration of 500 g/ nL
to select resistant strains. Cells were obtained using sugar uptake
specific activity as an index in the %6 | owi ng system Sodi um dependent
sugar uptake inhibition test in the ce “Cells stably expressi ng human

SA.T1 and human.  SAL.T2 were wused in the sodi um dependent sugar uptake
activit ySFhRFbiipbhont gepnteg| (Beghpan) ntapguantifayithe amolng, efr eat ment

buffer splution 40 oM i ne lorid 2 , 1 mvMCaCl2, 1 nmM
MyC12, 1@fﬁﬁ??EP gnnﬁPTﬁpg& BB ?R&)mﬁﬂﬁfgaegghgfég; The pretreatment

buf f er SE$ %%?n was renoved and 200 iL of an uptake buffer containing test
conmpound % hyl - a- D- gl ucopyranosi de contai ni ng [14C]

met hyl - a- D- gl p ' L0, LAbLnl L T2

" hhi bition) . 198 ¥éﬁﬁﬁr§??ﬁ"%ﬁ%ﬁ’§&* ééﬁﬂﬁ‘-‘fﬂ#%&% THb=RE FERLS,
mM  This r d t I j el dnyﬁ t 37Cfor
30 m nutjérslﬂ%%é:_ér%)wgrg?gr tjgﬁ""e‘] %%S'P%?Sg_&%)c%qﬂlgieﬁg reéig{l on,eacel s were
washed wyihcds8luptaRe aePhogt PUAhLCaaaIR1oAMEELAY! c8mPodhdSORY! 8BOSI de, 140
mM choline chloride, 2 MM KCl1, 1 mM CaCl2, 1 mM MyCl2, 10 nM HEPES/5 nM
Tris, pHigg#) tw ce and dissolved in 400 gL of 0.2 M NaCH solution. After
Aquazole 2 (Perkin Elmer Corporation) was added and m xed well, - 205

radi oactoazylwas neasured with a liquid scintillation counter (Beckman
Coul ter Corporation). A buffer for uptake which contained no test conpound
was prepared @searesultsl| ageospownAnnt lableuffer sol uti on for uptake
containing choline chloride in place of NaCO was al so prepared for basic
upt ake. [0428)

Table 2

Compound No. ICs, (uM)
Compound 75 1.600
Compound 76 0.320
Compound 79 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-transcripted
from human small intestinal mRNA, then amplified, and then
introduced into pCMV-tagbA from Stratagene Corporation. Human
SGLT2 sequence (NM_003041) was prepared from human nephric
mRNA as with the above method, and then introduced into
pcDNA3.l+hygro from Invitrogen Corporation. Each cloned

sequence was confirmed to be identical with the reported




In order to determining an |1 C50 value, the test conpound was used at six
sui tabl e concentrations and the concentration of the conpound at which

gl ucose uptake was inhibited by 50% (1C50 value) as conpared with gl ucose
upt ake (100% in the control group was cal cul ated. The results of the test
are shown in Table 3. [0429] - 206 - Table 3 Conmpound No. Human SGE.T2 (fM
Human SA.T1 (PM SG.T1/ SG.T2 C0npodn@°ﬁ4“1.190 15.3 12.8 Conpound 75 2.830
27.4 9.7 Conpound 76 0.080 1.2 14.6 Conpound 77 0.690 8.0 11.6 Conpound
78 1. 04Gegd®@n®€l-15. 4 Conpound 79 0.370 2.7 7.2 Conpound 80 0.190 2.9 15.2
Conpound 81 0.600 6.5 10.9 Conpound 82 3.780 15.0 4.0 q?ound 83_0. 030
1.5 48. EXrepaRahson &f 504 & A StREE S Ng g a8l &fFnound 86

0. 060 1i1 18.% 8Bnbound 88 0.080 0.2 2.8 Compound 89 0.065 6.3 97.5
Conpoun .7 15.5 Conpound 92 0.030 0.2 7.7 Conpound 93 0.021 0.4

21,0 Qompoundy )4 0. 253 0- 3 Je 3 QUMM %1 b Bl hufnf-SorFPRRHNT 6
0.062 7.3 116.
human SGLT2 expression vectors using Lipofectamine 2000

(Invitrogen Corporation). SGLT expression cells were cultured
in the presence of geneticin (SGLT1) or hygromycin B (SGLT2)
of the concentratlon of 500 pug/mL to select resistant strains.
Cells were obtained using sugar uptake specilfic activity as an
index in the following system.

Sodium-dependent sugar uptake inhibition test in the cells

Cells stably expressing human SGLT1 and human SGLT2 were
used in the sodium-dependent sugar uptake activity inhibition
test. Cells were incubated in 1 mL of a pretreatment buffer
solution (140 mM choline chloride, 2 mM KC1l, 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-c-D-
glucopyranoside containing [**C) methyl-a-D-glucopyranoside
(0.1 mM for SGLT1 inhibition, 1 mM for SGLT2 inhibition), 140
mM NaCl, 2 mM KC1, 1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM
Tris, pH 7.4) were added, and uptake reaction was performed at
37°C for 30 minutes (SGLT1l) or for one hour (SGLT2). After the
reaction, cells were washed with 1 mL of a washing buffer (10
mM methyl-a-D-glucopyrancoside, 140 mM choline chloride, 2 mM
KC1, 1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, 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,




Compound 98 0.015 0.1 6.5 Conpound 99 0.032 5.6 178.6 Conpound 100 1.520
4.4 2.9 (0430] 207 Conpound 101 0.040 2.6 63.1 Conpound 102 0.040 3.5
86.6 Conpound 103 0.069 23.9 347.9 Conpound 104 0.034 1.0 29.8 Conpound
105 0.093 17.0 182.5 Conpound 127 1.120 0.7 0.6 Conpound 128 0.140 0.6 4.4
Conmpound 129 3.000 12.8 4.3 Conpound 1ﬁg 2.120 >10 Conpound 131 0.890 4.1
4.7 Conmpound 132 0.497 4.4 8.9 Cbnboa 134 2.910 Conpound 138 33. 000
Conmpound 139 114.000 [0431] | NDUSTRI AL APPLI CABI LI TY According to the

pr esent Fﬁ@éﬁFFBﬁViEYtWPE BQGFHEPFoWitBoﬁpé&ﬁ&&dwﬁFéﬁté%HPEFPn counter

sodi um depende otrans GL |nh|b|tor activjity and
hypoglycgﬁ? ﬂ@?Pe E§ BFBPFﬁ BP narésb?%gégef%§c?%¥? Eﬂﬁcﬁeyprovided
and thus_a_ _ther abet es due Ieton which is

ot knomﬁ%maﬁ?paﬁa%ﬁﬁ‘3cgﬁmseusaowaeareeegﬁaees 2 FRnsTET Sraver ol
AN R R T L R e
easy to 1RepEHEbfb@dNaé&°&SQ andoBegphrtd RB2" BASEK! Lpthkhr eparations

[0428]

In ordexr to determining an ICs, value, the test compound

was used at six suitable concentrations and the concentration

of the compound at which glucose uptake was inhibited by 50%

{ICs¢ value) as compared with glucose uptake (100%) in the

control group was calculated. The results of the test are

shown in Table 3.

[0429]




and are suitable for handling as a pharmaceutical product. - 208 - CLAI M5
[1] A 1-thio-D-glucitol conmpound of the followng formula |, or a
pharmaceutically acceptable salt thereof, or a hydrate of the conpound or
the salt: RS R3 Rs RAO5 Al ~AAP RO ~ RR o R30eY ,"OR OR2 [where R,
R2, R3 and R4 are the sane or different, and each represent a hydrogen
atom a C,.6 al kyl group, -CO2Ra2, COF{QE - or a C _12 aral kyl group
optionally substituted by one or nore substituents “selected fromthe group
consi sti figbde & hal ogen atom -NO2 and -Owe (where Rae represents a ClL 6

o0 B eeg R | by S DA i ] | SRR 1 5.
- S, - NHeompsund G2) nCH=CHi.(9dere n denotesims i nteger of 012.@ 3),| Arl
heter ooyer alped Bt o R B ot cobits art Nt grodp.—a_hekdroary!
group, dr Campeignd eyl oal k?l-oﬁﬁoup, and R5, F\’GZJR7 R8, R alff’clﬁRI 0 are the
same or dCBfﬁﬁdStﬁﬂi ,77amnd  each. 6e@r esent (i) a hydrogen gtom (1]1 )5 a hal ogen
atom (ifi b&mpc%rp&'% —gr Ot_‘!pmél V) a CILE éﬁ%’.io group [opti Oﬁasl> 4y —209

Compound 79 0.370 2.7 7.2

Compound 80 0.190 2.9 15.2

Compound 81 0.600 6.5 10.9

Compound 82 3.780 15.0 4.0

Compound 83 0.030 1.5 48.7

Compound 84 0.170 2.1 12.5

Compound 85 1.270 6.1 4.8

Compound 86 0.060 1.1 18.3

Compound 88 0.080 0.2 2.8

Compound 89 0.065 6.3 87.5

Compound 91 0.110 1.7 15.5

Compound 92 0.030 0.2 7.7

Compound 93 0.021 0.4 21.0

Compound 94 0.250 0.3 1.3

Compound 95 0.028 0.6 22.3

Compound 96 0.062 7.3 116.3

Compound 98 0.015 0.1 6.5

Compound 99 0.032 5.6 178.6

Compound 100 1.520 4.4 2.9

[0430C])




substituted by one or

of a hal
i nt eger
- ORc1,

- SORe?2,
- NHRa6,

- CO2Ra3,

nore substituents selected fromthe group consisting
group, (v) -(CH2)m Q (where m denotes an
of 0 to 4, and Q represents -CHO -NH2, -NO2, -CN, -CO2H, -SO3H,
CONH2, -CONHRa4, -CONRasRas - CORd2, -OCORd2, - SRO,
-S2Re3, -NHC(=OH, -NHCORd3, -NHCO2Rd4, - NHCONH2, - NHSO2Re4,

or NRa7Ra7 (Wnere Rea, Rao; 4%%,- Rah, and Rn7 each represent a

ogen atom and a hydr oxyl

Cl.6 alk

reanall bl
gL 1T UTTAl | S UMD

- 6—atkyl—orotp—of ! stituted
psent 93-€1. 6 a
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Cgﬁgouﬁﬁﬁady1 Rao Qﬂ%&g repre<ent a g@ 6 al kyl gro 7.9 phenyl

group,
of 1 to

) HeH2 twheretnt—aenoetes—an] | nt eger

fomgad 3od

- CONH2,
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of at | AYETargnr & hydroxyt—group, a Ci 6 yl
DI"D rnnr ese
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group,
ar al kyl

sel ecte
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I nts_a Ccr6 al |1\I| greup)T a CZ-10
optloﬁaLASOSubstltuted by~ one or nt s
oup cpmsiodi ng of

ore substitue
i colnpeEnd N9 a hal ogen atom ja hydroxyl grpup,

[0431]

INDUSTRIAL APPLICABILITY
According to the present invention, 1-thio-D-glucitol
compounds which exhibilt sodium-dependent glucose cotransporter

(SGLT2) inhibitory activity and hypoglycemic effect by
promoting urinary glucose excretion can be provided and thus a
therapeutlc drug for diabetes due to a novel skeleton which is
not known conventionally c¢an be provided. Besides, l-thio-D-
glucitol derivatives of the present invention has good

and therefore,

crystallinity, they do not regquire

cocrystallization with amino acid, etec., and they are easy to
be purified, stored and made into pharmaceutical preparations

and are suitable for handling as a pharmaceutical product.




a Cl-6 alkyl group, and -ORal5 (where Ral5 represents a Cl.6 al kyl group);
or a 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)), (viii) -NHRO (where RI represents a C7_10 aral kyl group
optionally substituted by one or more Qfbstituents selected fromthe group
consi sting of a halogen atom a hydroxyl group, a Cl-6 alkyl group, and
-ORal7 (where Ral7 represents a C1.GC&%EV group)), (ix) a C3_7 cycl oal 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,

opt | ona %ﬁ@?ﬁ?aﬁié%ﬁﬁ%%ﬁ” ; %@%%a?@?'ﬁ%&%{ %“d@@oa%}xr%f#ﬁﬁ% g1 oup
“orats (et PO ALY SRy s PG Pt Pof v aEAR o BT

group opty 15”?5 it pne or nore substituents selected fromthe
group c?ndsél)sr}fa(%nl'r%oo aéfha %Sse%i/%iom a hydroxyl group, a C1_6 al kyl group,

and -ORa2o (where Ra2Q represents a Cl.6 al kyl group), (xii) a heteroaryl
group optionaIIngubs Pt ut @f by one or nore substituents selected fromthe
group consi sting h en atom a hydroxyl group, a Cl.6 al kyl group,
and - ge sents a C1_6 al kyl group), - 211 (xiii) a

het er ocycl oal rogfp opgiconal ly substituted by one or nore substituents
sel ected f “Gepup consisting of a halogen atom a hydroxyl group, a
Cl 6 al kyl grouf.zand -OR122 (where Ra22 represents a C,.6 al kyl 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 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 C,.; alkyl group,
and R®' represents a C;.¢ alkyl group, a Cj.jp aralkyl group, or
a phenyl group),

A represents -(CH,}n-, -CONH(CH;)n-, -NHCO(CH,)n-, -0-, -
S-, -NH-, or -(CH;)nCH=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
heterocycloalkyl 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



(xiv) a CZ_6 al kenyl group, or (xv) a C2_6 alkynyl group]. [2] A

1-thi o-D-glucitol conpound of the following formula 1A or a
pharmaceutically acceptable salt thereof, or a hydrate of the conpound or
the salt: R6. 5, R&¥ R40 5 Arl AAre R9 RT Ro RVV'ORL OR2 1A (where R1,
R2, R3 and R4 are the sane or dlfferenéi and each represent a hydrogen
atom a Cl-6 al kyl group, -CO2Raz, % or a C7.12 aral kyl group
optlonally substituted by one or nore substituents selected fromthe group
consi st i AgPeEL 5“F%§o@$n°“ﬁt8ﬁ]m°RE25%HﬁtiEREDFﬁhEPéGFFSQ fEpmetBRts a Cl1-6

| kyl ts a Cl.6 alk C7_10 aral kyl ,
or _a pih o (65 =505 00F cRchRLoo e By An. Snalre FEOEFRYL SRRBRL D) n . 0.

oprsoent ) RSP S A BEIG D el D% i 0¥ V!
heterocyfég@&%g%@ge @ﬁ upﬁgyfr Zﬁcgpre%ﬁnt SRg?) arybo%%u;%a heI::S‘émd RlO' are

group, erocycl ba group, and
t he samac@gmdl f-ftﬁjrﬁ-fﬁ*‘ ggNﬁmﬂasrepégﬁcent 2 hy_c%fgen -38bpm ('SC)
hal ogen aton1 (||| a hydroxyl group, (i'v) a 1 8 a group optlonally

substi t utedc bYo PRE ONHOBR®  SUbgicolRENt S NErebRELed- fqﬁgmﬁehe -RHRY GRNsi sting
of a hal ogen aton1and a hydroxyl group,

NR*'R*’ (where R*}, R?!, R**, R®®, and R®’ each represent a Cj.s
alkyl group, R“'represents a C;.¢ alkyl group optionally
substituted by a halogen atom(s), R**, R%’, R*® and R* each
represent a C;.¢ alkyl group, a Cs.10 aralkyl group, a phenyl
group, or a Ci_; 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, -CO,H, -OR%, -CO,R*®, -CONH;, -
CONHR*?, -CONR*!°R®°, -NH,, -NHR®!, -NR*?R*!?, or -NHCO,R* (where
R2®, 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 C;.io
aralkyl group, a phenyl group, or a Ci; cycloalkyl group)},
(vii) -OR? {where R represents a C;_; ¢cyclealkyl group
optionally substituted by one or mere 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}:; 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 C;.¢ alkyl group); a C;.;5 aralkyl group



(v) -(CH2)m Q (where mdenotes an integer of 0 to 4, and Q represents -CHQ
-NH2, -NO2, -CN, -C2H, -S03H, -ORcl, -CO2Ra3, - CONH2, -CONHRa4, - CONRa5Ra5
-CORdl, -0OCORd2, -SRel, -SORe2, -SQ2Ra3, -NHC(=OH, -NHCORd3, -NHCO2RflI 4,
- NHCONH21 - NHSO2Re4, -NHRa6, or - NRa7Ra7 (where Rai Ra4, Ra5, Ras, and R a7
each represent a O _6 alkyl group, Rol represents a Cl.6 al kyl group
optionally substituted by a halogen'a%%ﬁis), Ral, Rae, Rd) and Rd4 each
represent a Cl-6 al kyl group, a C7.10 aral kyl group, a phenyl group, or a
C3_7 cyctpbiayallyyospbshhtiuRed bRregneRrar mﬁaeR@ubeaéhuenépregénpt9601 6
al kyl group, a phenyl group, or a tolyl Eroup)) Vi) -C)(CHZ&ni Q (where
m denot E5PMnthat ERYPoFoRSiBtingaf acha egﬁgseﬁpgl aahpuﬁss?w gBEBBP'-COZH
CONH2, - C%AEQ sNH2, -NHRal | -NRel2R41
-NHoosz%CC%Me?%kYka%mFag,a‘P&I ) HeR§12 EﬁEﬁeﬁﬁﬁFésenFla e aI kyI

hal ogen %Fff%\aéﬁp '$5nd BaBerepvele %‘Lﬁ“’“éuﬁf’%z'g Gpaipy 2ibstibStatlpR, .
epr eserts e%fﬂ%*%?%l%%f&%l%‘f% FSaRPet) e P b Lorelchony ahatY Sk o
SUbSt'tugnﬁéléﬁéﬁcég% ﬁ%ﬂ? tBEoﬁgou&Egggh? V\x gBEaﬁghéhﬁgeEi RAIOM &

hydr oxyl ~group up; an represents a

Cl. 6 al kKihe & ORPY; gﬂr§§¥ht rguelgpalggglb¥oﬁﬂy§tltuted by one or nore
substituents selected fromthe group considting of a halogen atom a

hydr oxyl (€4 LupP. -RHRL- Gl de/ IRURpRe st s %1,410(%31ﬁ¥1R§é6ubepresents a
ClL 6 aIkyI group); or a C7_10 aral kyl group optionally substituted by one

or nore SpbBéhAVERt SubStLEhedd byoshéheromeve sapststusgtef salbakegen at om
a hydroxyl group, a C-6 alkyl group, and -ORal5 (where Ral5 represents a
Cl -6 al kffomgtlhelpgroup consisting of a halogen atom, a hydroxyl group,

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

group)},

(ix) a C;.; cyclecalkyl 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 RY®

represents a Ci;.¢ alkyl group}.

(x) an aryl group optionally substituted by one or more
substituents selected from the group consisting of a halecgen
atom, a hydroxyl group, a C;.¢ alkyl group, and -0OR*'? {where
R*!'® represents a C;_¢ alkyl group),

(xi) a Cs_10 aralkyl group optionally substituted by one or
more substituents selected from the group consisting of a
halogen atom, a hydroxyl group, a ;.4 alkyl group. and -OR*°
{(where R**® represents a C;.¢ alkyl group),

{x11) a hetercaryl 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;.s alkyl group),



(viii) -NHR9 {where RO represents a C7_10 aral kyl 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 -ORal7 (where
Ral7 represents a Cl-6 alkyl group)), (ix) a C3.7 cycloal kyl group
optionally substituted by one or nore substituents selected fromthe group
consisting of a halogen atom a hydro%¥} group, a Cl.6 al kyl group, and
-ORala (where Rata represents a Cl.6 al kyl group), (x) an aryl group

opti onal {xyitubsai hetedobycdnalkylngreupsaptionaddyssvbbtdtudefir bsn vhe group
consisting of a halogen atom a hydroxyl group, a Cl.6 al kyl group, and
-ORal9 (9hepere RaUbsEdpuentft sedected Hrey| theogppup( wpnsistingoofr al kyl
group optionally substituted by one or nore substituents selecteda%ron1the
group cofdlQgeRgabema anByYegerYAt 9RPUR- hfdFoxyRLlE¥éuprodPa 2pd 5PRyIl™ group,
and - ORa wherg,Re20 represents a Cl.6_al kyl group), (xii) a heteroaryl

gr oup op%VB%E?I§ suﬁ%P??ﬁgB Sh éhé Bikﬁﬁrgrgu9?4 substituents sel ected
fromthe, group_consisiin f a halogen atom a hydroxyl group, a Cl.6 alkyl
group, a Ygﬂiiqbfmﬂi#ﬁgygagf°PBpr Eents a CL-6 al kyl group), or (xiii) a
het er ocy | ky r i substituted by one or nore substituents
seIectedf#fﬁdgt%ﬁgggggﬁgg%né?gé#%g of a halogen atom a hydroxyl group, a
Cl.6 al kyl group, and -ORazZZ (where Ra22 represents a Cl.6 al kyl group)].
[3] The 1-thio-D-glucitol compound, or the pharmaceutically acceptable salt

thereof , 19y the shydratie 9f- Jihk ;4P Aind R G LEACCRIH G Edrdfilti M 1 or
2, wherein Arl is an arylene group. [4) The 1-thio-Dglucitol conpound, or

the pharmRcegti §aph¥rmaceutically 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 Cy.;; 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 C;.¢ alkyl group,
and R®! represents a C;.¢ alkyl group, a Cy.;p aralkyl group, or
a phenyl group}.

A represents -(CH,)n-, -CONH(CH;)n-, -NHCO(CH;)n-, -0O-, -
S§-, -NH-, or -{CH,)nCH=CH- (where n denotes an integer of 0 to
3).

Ar! represents an arylene group, a heteroarylene group,



acceptabl e salt thereof, or the hydrate of the conmpound or the salt
according to claiml1l or 2, wherein Arl is a phenylene group or a
napht hyl ene group. [5] The 1-thio-D-glucitol conpound, or the
pharmaceutically acceptable salt thereof, or the hydrate of the conpound or
the salt according to any one of clains_ 1 to 4, wherein Ais -(CH2)n-,
-CONH(CH2) n-, -0-, or -(CH2)nCH=CH (whR&fe-n denotes an integer of 0 to 3).
(6] The 1-thio-D-glucitol conmpound, or the pharmaceutically acceptable salt
t her eof , otr at hethydrycéoaflkyheneospounrd or the salt according to any one of
claims 1 to 4, wherein Ais -CH2-. - 215 [7] The 1-thio-D-glucito

compound, or fRe FIRFERRLS | 27| YY1 GERQPP ab? NREEFORFEL BFOUBy PHe2hydrat e

of the compound or the _salt according to any one of clains 1 to 6, wherein
Ar2 is alehRERCYCEPBLEY1a9tABBNY PRy oup, a benzo[ b]t hi ophenyl group, a

LI enol 2,3 blLp: ogerylo o' e, & beneciiv il ghotBung cbepcaLiLazelyl
ST oup, SoRHT bt PeBialy PI3LE SyltbalouBone RIT A" Hes S 8 i3
e T L e e
[where RiypERitFBe@NfyRna’ 6rt R6ré2thnetidhbheselkie®?ed 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®l, -CO,R*®, -
CONH;, -CONHR®!, -CONR**R*%, -COR", -OCOR*?, -sR®!, -SOR®?}, -SO,R**,
-NHC(=0)H, -NHCOR®, -NHCO,R%, -NHCONH,, -NHSO,R**, -NHR*®, or -
NR*R* (where R*!, R*, R*, R*®, and R*’ each represent a C,.¢
alkyl group, R° represents a C;.s alkyl group optionally
substituted by a halogen atom(s), R¥, R¥, R*® and R each
represent a C;_¢ alkyl group, a C;.;0 aralkyl group, a phenyl
group, or a Ci_; cycloalkyl group, and R*', R*?), R*’ and R* each
represent a C;_s 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*’R*!?, or -NHCO,R* (where
R?®, R*®, R*?, R%!, and R*? each represent a C,.¢s alkyl group,
R°? represents a C;.¢ alkyl group coptionally substituted by a
halogen atom(s), and R*® represent a C;.s alkyl group, a Cr.1o
aralkyl group, a phenyl group., or a Cz.; cycloalkyl group}},
(vii) -OR* {where Rf represents a C;_; c¢ycloalkyl group

opticnally substituted by one or more substituents selected



each represent a hydrogen atom a Cl.6 al kyl group, -COQ2Ra2, - COR1,

C7_12 aral kyl group optionally substituted by one or nore substitue

selected fromthe group consisting of a halogen atom -NO2 and -Owe (where

Rae represents a Cl.6 al kyl group, and Rbl represents a Cl-6 al kyl group,

C7_10 aral kyl group, or a phenyl grougia at |l east one of RA, Re, Rc and RD
r

or a
nts

a

represents a hydrogen atom and the o “of RA, RB, Rc and RD are the sane
or different, and each represent (1) a hydrogen atom (ii) a - 216 hal ogen
atom (i EFPMathedoseyp rBaisting) of elbalouew agoBupa rexal @roup,

substituted by gne or nore substitygnts selectgd fromthe group cQnsi_sting

of a haInghﬁaF

i nt eger
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Rd3 and
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| suﬁg‘é??ff%t PRgPeten, T4O8, LR prphvPons taals nEop BiIPER 1 o

0roup, o= CIpfestdtsodl kyl, AiRYR giteqpﬁte orBIC, gaaeaﬂkﬁf‘lgfaﬁ? r epr esent

a Cl 6
(mhere

-NRalZRaizomOthe yﬂsﬁng5néwht&ﬁgRae,aRaalngﬁ,amaw.

a Cl-6

al kyl group, a phenyl group, or oly oup)), (Vi)

CH2) i - Q

b @QBﬁEQi aaubatggateafb§ bﬁe4or aaéerub%&&Q%%ﬁ&% aehedi@yy! group,
“Re2, - C05Raa

- CONH2, -CONHRa9, -CONRal oRalo -NH2, - NHRal

al kyl group, Roe represents a Cl-6 al kyl group optionally

subst i t uhed, Ry aakial ggenpat ands FORANd (RHerecpfEs erpresehts al Kyl agkeup, a
C7-10 aral kyl group, a phenyl group, or a C3_7

group),
(viii) -NHR? {where RY represents a C;.10 aralkyl group
optionally substituted by one or more substituents selected

from the group consisting of a halegen atom, a hydroxyl grou

P,

a C;.¢ alkyl group, and -OR*!’ (where R*'” represents a C;, alkyl

group) },

(ix) a Ci.; 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 by one or more
substituents selected from the group consisting ¢f a halogen
atom, a hydroxyl grocup, a C;.¢ alkyl group, and -OR*'? (where
Ra1° represents a C;.s alkyl group)},

(xi} a Cs.10 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**°

RﬂZO

{where represents a C;.s alkyl group},

(xii) a heteroaryl group optionally substituted by one or mo

re

an%yﬁab&yga@&ohgpresent



cycl oal kyl group)), (vii) -ORf (where Rl represents a C3.7 cycl oal kyl group
optionally substituted by one or nore substituents selected fromthe group
consi sting of a halogen atom a hydroxyl group, a C _6 alkyl group, and
-ORel3 (where Ral3 represents a C1_6 alkyl group); an aryl group optionally
substituted by one or nore substitugn%i sel ected fromthe group consisting
of a halogen - 217 atom a hydroxyl g ﬁp, a Cl_6 al kyl group, and -ORal4

(where Ral4d represents_a Cl.6 alkyl %roup . or a _Cr 10 aral kyl _group
opti onal B} §GB§BPPGFe&eﬂ9°6ﬁQ &rofp thes grotip, gepsd sddng.odqg 2 e group

i sti f I t h I , Cl.6 I , d
"Rl 5 (AABRe RaPEIPORTICERPEPS 1o caMUTL GERNEY) M, DR R Bunor & RO
21 I ' |l bstituted b
Cubst Lusn orebraeeBi® A ik ARy BoB8le ¥ 00 or o hal ogen atom a -
hyd I , I d:
O T gl teppeelkatiil Broff oprilnanny SR AL AP R BRE® .7

more  suBst hbpgnkangeh ekt sf seTelbhalE2dR ¢ARS bRl RBhsd R3NYPeE Atom a
hydroxyl group, a Cl.6 al kyl group, and -OCRal9 (where Ral9 represents a

Cl_6 al kyh1egeHPatof, &Xhyarb&iar ggvapoakkyl Jadky10RiHRARAl lanas woketd ut ed by
one or nore substituents selected fromthe group consisting of a hal ogen

atom a (yHeowyR*4dr eepreaettsbaalckyl agkguapgrang)JOR 22 (where Ra22
represents a Cl.6 al kyl group), and Ra, RF and RG are the sane or different,
and each represent (i) a hydrogen atom (ii) a halogen atom (iii) a
hydr oxyl group, (iv) a ClL.6 alkyl group optionally substituted by one or
mor e sub$§Bilt uentBhedl et Brelneitol 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 an arylene

group.

[4) The l1l-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' is a phenylene

group or a naphthylene group.

[5] The 1-thio-D-glucitol 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;)n-, -CONH(CH;)n-, -0-, or ~{(CH;)nCH=CH- (where n

denotes an integer of 0 to 3).

[6] The 1-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,-.



group consisting of a hal ogen atom and a hydroxyl group, (v) -(CH2)mQ
{where mdenotes an integer of O to 4, and Q represents -CHO -NH2, -NQ2,
-CN, -C2H, -S@3H, -ORcl, -C2ZRa3, -CONH2, -CONHRa4, -CONRaSRas _CORdI,
-OCORd2, -SRell -SORe2, - SO2Rel, -NHC(=OH, -NHCORdI, -NHCO2R14, - NHCONHZ,
- NHSO2Re4, -NHRa6, - 218 or -NR a7Ra7 V\/nere Rai, Rao, Ras, Rah, and Raj
each represent a C3._6 al kyl group, "R represents a Cl_6 aIkyI group
optlonally substituted by a hal ogen aton{s), R41, Rd2, Rd3 and R44 each
repr esentl 7d CI-GTB?k§ftB¥QUB 9&“ t&é ﬁ?ﬁPﬂ?ngrEHptha BhéﬁyﬁceﬁFéﬁﬁllﬁr a

7 cycl oal k ou Rol R nd Re4 r r n
%ﬁkélené': es %ﬁfﬂﬁpl&r&gﬁi 4, a lm%al?ﬁm;% ntej:(él ayt cﬁoisf 471roou c%rzﬁ
-OR c2, éé%R;?& ’-‘%ga\%i rkdé%@é’%ﬂ’asc& q9\1H yfzgﬂlﬂapf_"zRalZ or
'ﬁra?gﬁzR% Sﬁeé?‘rgﬂ eéfﬁ%%ﬁrlﬁiq% dup o ffheip%v‘?ieef{h ;Sqr%ﬁlsﬁyl 'kkly'
gr oug, %e@&lﬁ[zg?o(}d!ﬁ%r({pgﬁr '@I ‘oa k)ﬁ gr oupaﬁﬂ Q‘:(/rcﬁspc é?e (wherg Rf
repr esen&ﬁna;o@%i% 2015109 graqyanmylor&d@b SUDHyArERA Ryr AP, Un NOT E

substituents selecte fronlthe group consisting o?ga.ha I"ogen atom a

hydr oxyl 1gfi@arolyd Groupd! ey lpyaddly 1anfrodgRa’ss dyietyal pepesents a
Cl.6 alkyl group); an aryl group optionally substituted by one or nore
subst i t upstrSnadiegiledricupn aheyda2imyAoRFdkip NG rofam el yatgrum

hydr oxyl group, a Cl.6 al kyl group, and -ORal4 (where Ral4 represents a
Cl-6 al kyl group) ; a C7-1o aral kyl group optionally substituted by one or
nore substituents selected fromthe group consisting of a halogen atom a
hydroxyl[@ﬂoup, A l1-thio-D-glucitol compound of the following formula

IT, 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 C;.¢ alkyl group, ~-CO.R*?, -
COR®, or a C;.;; aralkyl group opticnally substituted by one or
more substituents selected from the 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;.i1¢ aralkyl
group, or a phenyl group),

at least one of R*, R®, R® and R represents a hydroegen
atom, and the other of R*, R®, R®° and R® are the same or

different, and each represent (1)} a hydrogen atom, (ii) a



a Cl-6 al kyl group, and -ORal5 (where Ral5 represents a Cl1_6 al kyl group);
or a heterocycl oal kyl group optionally substituted by one or nore
substituents selected fromthe group consisting of - 219 a hal ogen atom a
hydr oxyl group, a Cl.6 al kyl group, and -OR 16 (where R 16 represents a
Cl.6 alkyl group)), (viii) -NHRO (where RO represents a C7_10 aral kyl group
optionally substituted by one or nore d&Bstituents selected fromthe group
consi sting of a halogen atom a hydroxyl group, a Cl-6 alkyl group, and
-ORal7 (hhdpgeRaaromgprdddit @ hya@rogydl kyoupgr ddy))) 2 Cix) adk@l Brop@ oal kyl
group optionally substituted by one or nore substituents selected fromthe
group coﬁ§F§PFﬁélﬁfS&bsﬁ&F§§§ﬁ &WbﬁpeaOﬁyﬂpgﬁyFuéﬁGGGUQQt@Lﬂ@kﬁq&ﬂd group,
and -ORal8 (where Ral8 represents a Cl,6 al kyl roup) é@’n aryl group
optlonalf§°§UEQF|EEP€& E?“&ﬂétéﬂgnﬁﬁea ?GHQBPPU §@@e@t dnoF¥lt he group
con5|st|ag of a halogen atom a hydroxyl group, a Ci 6 al kyl group, and
-ORal9 (AR8PR: Ral9 represents a Cl.6 al kyl group), (xi) a C7_10 aral kyl

group optional| t tute one [e substijtuents Iect d fromthe
group consi st .‘Xé o?eg g‘e“%}/e ‘ge%%/ jé? Fr 0%1 Gt%lf 1273t oup,
and - ORagh ,. #?g 2 epr ts €l-6 Wi gﬁﬂﬂﬂi L 4heteroaryl

i on yésuggl ONﬁ ﬁ 6R ’ (‘%Iﬁ ezdts se

group op tituted dne or subst ected fromthe
group copgjgbigeg ofc Jhalg@gﬂdato ged hy - o, Pﬁ £ (Q hkyl group,
and - ORaZl jﬂere Ra21 representéag Cl. GQQ gﬁggp) |||Oa

heterocyghgghkayl _g{mgeptlmdmzsubﬁhgbgﬁed b)qHReﬂe &F IﬁﬁﬂeRSMQ%Ie&léentS
sel ected fromthe group consi sting of al ogen atom a hydroxyl group, a
Cl. 6 al kgk? grpotip, RENAR*CRaxkl R*Whesa€n Redpreeenesants ;aattyl grbup, grRYuUp) ,
represents a Ci;.¢ alkyl group optionally substituted by a
halogen atom{s), R", R*, R® and R* each represent a C,.¢ alkyl
group, a Cy.10 aralkyl group, a phenyl group, or a Cji.;
cycloalkyl group, and R**, R®2, 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 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*?, R*!, and R*? each represent a C;
alkyl group, R%? represents a C;-; alkyl group optionaily
substituted by a halogen atom{s), and R* represent a C;.s alkyl
group, a C;.15 aralkyl group, a phenyl group, or a Ci_y
cycloalkyl group}},
{(vii) -ORf {where R’ represents a Ci.; cycloalkyl group

optionally substituted by one or more substlituents selected

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

a Ci.¢ alkyl group, and -0 {where represents a C; 4 alkyl
group): an aryl group optionally substituted by one or more

subgtituents selected from the group consisting of a halogen



(xiv) a C2.6 al kenyl group, or - 220 - (xv) a C2_6 al kynyl group]. [9] The
1-thio-D-glucitol conmpound, or the pharnaceutically acceptable salt

t hereof, or the hydrate of the conpound or the salt according to claimS8,
wherein RZ' and Rc are each a hydrogen atom RB represents a hydrogen atom
a hal ogen atom a hydroxyl group, a CL_8 alkyl group, -G (CH2)mM -Q (where
m denotes an integer of 1 to 4, and Trépresents a hydroxyl group, -CQO2H,
-ORa2, -CO2Rae, -CONH2, -CONHRa9, -CONRaloRalo _NH2, -NHRall, - NRal 2Ral Z or
- NHOO2 Rd % tefthe fe hgda oplyd RROWIRalE Cand 33KV SHEVID .+ R 2 (OheF &l kyl

group, RO resents a Cl.6 alkyl grou optlonally substituted by a

hal ogen gtggn(tgpreéﬁ& taed tcépﬁr é@é%'t]sgg ‘%_ '6‘:’&] &1 TgJWoﬁﬁalg'Yé?ng“Rr al kyl
group, a hen rou r oaI K gro e Rf1
represenP®t éflg' %%idﬂ“&?gbhﬁtl 9%y tﬁ#{gp‘é&"’rﬁ? ]d%%%}aéton( s),
or a C7 |_k LouR sSu stlt tedb one ¢

substltue%t%s see ?troglpf r%%q‘rlstq%&)tﬁ)% COEISI 995 ng o af haI nnqqgtcﬂnoue?'

hydr oxyl g0 OUP 7 1 nH Ugper= a
a-(, kay rglu?‘)y(i ﬂ%oq}é}éresent slqua hy rogen atom gen 3{) sﬁm

hydroxyl grdupyn., a Cl1 8 al kyl group, or -OR f2 (V\/nere Rf2 represents a Cl.6
al kyl group optionally substituted by a hal ogen atom(s), or a C7_10 aral kyl

group optional wﬁqbsmnut ednByeORe Qépf@éé-tﬁ#bétttﬂhefﬁr% Q?Jl.eféz% g romthe
group consisting of a halogen atom a hydroxyl group, 6 al kyl group,

and - CRabptiwhenay Babstitmese s oheCbib n@ﬁeylswsmnﬁueﬂli Fuh ddtert € the
sane or different, and each represent a - 221 hydrogen atom a hal ogen
atom a Erolh ahkylgroupuron®istIMgCHE a halogen atom, a hydroxyl group,
a Ci;.¢ alkyl group, and -OR**’ (where R*'7 represents a C;.s alkyl
group)},

(ix) 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

{x) a heterocyclcalkyl 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 -0R3?2

(where R*%?

represents a C;¢ alkyl group), and

RE, 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;_3 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, -COH, -SOsH, -OR®, -CO,R*,
-CONH;, -CONHR™, -CONR**R*®, -COR®, -OCOR**, -SR®!, -SOR®?,

SO,R**, -NHC(=O)H, -NHCOR®*, -NHCO,R?, -NHCONH,, -NHSO,R®, -NHR*,



(where Rai represents a Cl.6 al kyl group optionally substituted by a

hal ogen aton(s)), and Rc represents (i) a hydrogen atom (ii) a hal ogen
atom (iii) a hydroxyl group, (iv) a Cl.8 alkyl group optionally
substituted by one or nore substituents selected fromthe group consisting
of a hal ogen atom and a hydroxyl group, &v). -(CH2) m Q (where m denotes an
integer of O to 4, and Q represents - . -NH2, -NO2, -CN, -CO2H, - SQO3H,

S B T R W Wt i R

- NHRa6, NRa.7! Cl-6
alksﬁ group IRE%'%gbrgggﬁﬁgpﬁggﬁ gga?kyﬂ grod%fngfg%%aﬁﬁfloéﬁgg ?Szteg by a
G- T arurteucdd by L A RS R B odhiy or o5t and Rel

Rae, Rea rapteleh o3, é k‘;ﬁ r&r&lpﬁé al }gygraﬁﬂg& g@olBenyl phedyl, o @

tolyl group)), (vi) (‘where™m denofes an |nteger 1to 4,
and Q r Ntoy & feydy Q,élx)dl g:@i%: arfdR 2, RC2REE,anq QBNFQach
- CONHRe9, - Ral ORal o - NH2, -N(I}Iggll NRal2Ral2 or - NHCO2Rd5 (where Rae Rag

Ral 0 Ral ngpaegenala each d1%yIes@ivur, @ pHenyl lgdoup oW RagIyEpresents a
Cl.6 al kyl group optionally substituted by a hal ogen aton(s), and Rd5

represenigzompdn.,6 al kyl group, a C, _10 aral kyl group, a phenyl group, or a
C3_7 cycloal kyl group)), (vii) -ORf {where Rf represents a C3_7 cycl oal kyl
group optiorailly ~-QGH) mt'e@ ' by whiegeom ‘nolenchdsstan ubmtegse| eft ddto 222
fromthe group consisting of a halogen atom a hydroxyl group, . a Cl. 6 al kyl
group, amad OR FEPrHEsENts Ratydnepwsanoume CGICHBHal kPR .gréihR™ am aryl
group op Io%?iil,lycgﬂglsau tmc%%mby" 9"6 OrNHT,)reNHRaH -NR*?R*'? or -

NHCO,R?® (where R*®, R*®, R®*!?, R*?, and R*'? each represent a Cj

alkyl group, R’ represents a C;.¢ alkyl group optionally

substituted by a halogen atom(s), and R represents a C,_

alkyl group, a C;_;0 aralkyl group, a phenyl group, or a Ci

cycloalkyl group)},

(vii) -OR® {where R represents a C;.; cycloalkyl group

optionally substituted by one or more substituents selected

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

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

group}: an aryl group optionally substituted by one or more

substituents selected from the grcup consisting of a halogen

atom, a hydroxyl group, a Cj;.¢ alkyl group, and -OR**? (where

R%* represents a C;.¢ alkyl group); a Cs.15 aralkyl 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): or a heterocycloalkyl group optionally substituted by

one or more substituents selected from the group consisting of



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); a C7_10 aral kyl group optionally substituted by one or
nore substituents selected fromthe group consisting of a halogen atom a
hydr oxyl group, a Cl-6 alkyl group, and -ORal5 (where Ral5 represents a
Cl-6 alkyl group); or a heterocycloél@}ﬁ group optionally substituted by
one or nore substituents selected fromthe group consisting of a halqgen
atom a Kydwadegenyadign. & Gyarovdy |9TRMp,a dds -aFEN6 IXAMRr AR 1TPR
represents a Cl_Q,al kyl group)), (viii) -NHRO (where RO represents a C7_10
aral kyl Jr&&Fe &ot | Er%rlei% 8 tGte Y oEFWP Wor e substituents sel ected

o oup. and - CRERA L aPE Rl yherg rcEnp Eo8thaS 2 f1r el orfin) 2 &Y
el eot o tRAaRARIS ARt ), e B e s R SR e o
(7 an aryioy i, Bt S rE, AR, b Yedh ety o)

16 al kgl i R e o e adntl O R

(xi) a Cgrbhpanal kyl group optionally substituted by one or nore
substituents selected fromthe group consisting of a - 223 hal ogen atom a

hydroxyl grougixd Gl-5_Aldpd1ldioun cfshp Gt onaler st tieps@®ntener Cl. 6
al kyl group), (xii) a heteroaryl group optionally substituted by one or

nor e subsir meae Subaltddivech tfer @relidutegt dpre sl sfroup domsidbimygeE & om a
hydr oxyl group, a Cl-6 al kyl group, and -ORa2l
halogen atom, a hydroxyl group, a C,.¢ alkyl group, and -0

RalB
{where R*® represents a C;.¢ alkyl group),

{x) an aryl group opticnally 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;.¢ alkyl group),

(xi) a Cy.10 aralkyl group opticnally 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 Ci¢ alkyl group),

(xii) a heteroaryl 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%1
(where R*?! represents a C;.¢ alkyl group),

(xiii) a heterocycloalkyl 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*?3

RaZZ

{(where represents a C;.s alkyl group),

(xiv) a C,.¢ alkenyl group, or



(where Ra2l1 represents a Cl.6 al kyl group), or (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 ClL.6 al kyl group,
and -ORa22 (where Ra22 represents a Cl-6 al kyl group). [10] The
1-thio-D-glucitol conpound, or the pharnmaceutically acceptable salt

thereof, or the hydrate of the conpoﬁn&zgr “the salt according to claim9,
wherein RB represents a hydrogen atom a Cl.6 al kyl group, -ORR1 (where Rf1l
represents a €¥XV9 & IGle GlRYIptagrem ]y substituted by a hal ogen atom(s)),
or a hal ogen atom and RD represents a hydrogen atom a hydroxyl group, or
-ORf1 {where Rf1l represents a Cl 6 al kyl group optionally substituted by a

hal 7. 10 t | | titut b

Tor & sub %?%Z%tzhge sa-prefe to%%ﬁgg fler 6Fi HyeoPhATRAPEULHORLER o
hyd I Cl- I 5 Rat

Uit R ok, Bl A G B b
pharnace# hgaly r%ﬁ%@pE%puﬁaéﬁ!% th %&% or the hydrate of the conmpound or

the salt ‘accordin claim Whetein - 224 RG represents (1) a

hydr ogen atOmR“(Jah& ? hé’ﬂ-é’géa[bﬁté"’ﬁdy%éégéﬂ @tgﬁ{droxyl group, (iv) a Cl_e
y e

al kyl group opti onal subst i1t ut y one or nore substituents sel ected

fromthe growp gepsesbhes Af nﬁabak(:eﬂeatahonhaﬂalegandaeéml gr ﬁyarokﬁ
-C2H, (vi) -ORO, (vii) - viii) - , (X (x)

- CONRa5Rafrotnl,) a- CoRAR1LKyl ighou@QORM2, ( o ini* - Q” SReBere( ?ﬁl'VhenS‘EBQZan( XV)
-S2Re3, (xvi) -NHRa6, (xvii) -NR a7Ra7 (where Rai, Re', Ras Rae and Raj
each repneeertr afCl Goaldkylangr QUp refpaleseai=e s tiy)iroxyl Grady, -@IoHp

-OR®*, -CO,R*?, -CONH,, -CONHR*®, -CONR*!°R*!°, -NH,, -NHR*!!, -
NR*?R*!?, or -NHCO,R® (where R*®, R*’, R*'?, R*!', and R*? each
represent a C;.s alkyl group, R¢2 represents a C,.¢ alkyl group
optionally substituted by a halogen atom(s), and R? represents
a Ci.¢ alkyl group, a C,;.,p aralkyl group, a phenyl group, or a
Cs.» cycloalkyl group)}., or -OR® {where Rf! represents a Cj.
alkyl group optionally substituted by a halogen atom(s), or a
Cy.10 aralkyl group optionally substituted by one or more
substituents selected from the group consisting of a halogen

Ra15

atom, a hydroxyl group, a C;-¢ alkyl group, and -0 (where

R*!® represents a C;.¢ alkyl group),

RP represents a hydrogen atom, a halogen atom, a hydroxyl
group, a C;.s alkyl group, or -OR®? {where R'? represents a C;.¢
alkyl group optionally substituted by a halogen atom(s}, or a
Cs.10 aralkyl 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
Rals

represents a C;.¢ alkyl group),

RE and RF are the same or different, and each represent a



optionally substituted by a hal ogen aton(s). Rd" and R42 each represent a
ClL 6 al kyl group, a C7_10 aral kyl group, a phenyl group, or a C3.7

cycl oal kyl group, and Ral, Reg and Rea each represent a Cl.6 al kyl group, a
phenyl group, or a tolyl group), (xviii) -0-(CH2)m -Q {where m denotes an
integer of 1 to 4, and Q represents a hydroxyl group, -C2H, -OR c2,
-C02Raa - CONH2, - CONHRa9, - CONRal oRa' 62ANF2, - NHRau or - NRa2ReF2 (where

Ras Rag Ral o Ral f and Ral2 each represent a CL 6 al kyl group, ang Rae

r epr esenh¥dxogens aziopy| agha@lpaent iadedl | @ Sabs @lktle WURPP a YN
atom(s))) (xix) .;ORF {where Rf represents a C3_7 cycl oal kyl

optional | §7’h§Eﬁs t FeRFERETHR BrCroralkibsI5eiR PRt SRALIESU ?5%1£-)‘Ehﬁdgroup
consi stl\%% a haI ogen ator’p a hydroxyl group, a d _6 al kyl group, and

- ORel3 (WHefe d:a%f 6 alkyl group): an aryl group optional |y

o a 'hEFLSSnb*‘"‘?%%?géSﬁg}lé?o@ ki hzﬁfgtggﬁiekgﬁﬁ E?rfié,??ubﬁg%r °“%ﬁ§%2|5:( oher o
Ral4

Cubst | ¢ i gy Sofsstetod, Bl TRy, o i RhER I e T
Const st Bk 133095 A0 Ry @%'u%m s 1dciddodn AP, and

-ORai 5 (where esents a aI K group het erocycl oal kyl

group opyire ?' bbn%%%tihtgub%d b?hal%@énorat@ﬂ{ %n%lt&SHfdiQJHysl ffged fromthe
group consisting of a halogen atom a hydroxyl group, a CI.6 alkyl group,

and -ORal 6 (wRgre( éﬁm"-ép[ﬁﬁéﬂésmadgﬁnﬁeéﬂ ki| 18€84BY) of{ ¥Xxo2d,am¥l group
optional Iy substituted by one or nore substituents selected fromthe group
consi sti pgrebraseategeCHOat GMH,a2 hNO; OxyEN gr-acmH ,a -8, , al-brF! gr-amr*ynd
-ORal9 (where Ral9 represents a Cl.6 al kyl groupg (XXI) a C7 10 ar al kyl
group optcond:| y-GOoBERTY, u-CONR)*Rfie -COR?Y, -OCOR*?, -SR®!, -SOR®?, -

SO,R®?, -NHC(=0)H, -NHCOR®, -NHCO,R%, -NHCONH,, -NHSO,R®*, -NHR®®,
or -NR*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), R*, R¥, R* and R* each
represent a C,.¢ alkyl group, a C,;.y0 aralkyl group, a phenyl
group, or a C;.; cycloalkyl group, and R®*', R®*?, R®’® and R** each
represent a C;.¢4 alkyl grecup, a phenyl group, or a tolyl
group) },

(vi) -0-(CH;}Jm'-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*?R*?, or -
NHCO,R*® (where R*®, R*®, R%!?, R*!, and R™? each represent a C;_
alkyl group, R%? represents a Ci.s alkyl group optionally
substituted by a halogen atom(s), and R? represents a Ci.e
alkyl group, a C;.;0 aralkyl group, a phenyl group, or a Ci.;
cycloalkyl group)},

{vii) -OR® {where Rf represents a Ci;.; ¢ycloalkyl group

optionally substituted by one or more substituents selected



or nore substituents selected fromthe group consisting of a hal ogen atom
a hydroxyl group, a Cl -6 al kyl group, and -OR120 (where Ra20 represents a
Cl 6 al kyl group), (xxii) a heteroaryl group optionally substituted by one
or nore substituents selected fromthe group consisting of a hal ogen atom
a hydroxyl group, a Cl1_6 alkyl group, and -ORa2l1 (where R121 represents a
Cl.6 al kyl group), or (xxiii) a heteroeﬁeldalkyl group optionally

substituted by one or nore substituents selected fromthe group consisting
of a hal §gem Zhemargupy Gopslstdneuet a drleggnkAtag .o RY¥GRPXYIR STDUR.wher e

022 represents a_Cl_ 6 aIkyI group (12] The ;:;hlo D- gl uci tol conpound or
the phar fafeust i 0?3%” M]PQXEO ' ecH?F@W’cﬁSatae Cots (kYL

d t |t d 11 t
i s e S
u i t.u
selgctgd Pgﬁ%ﬂ%ﬁ?n r%&&qgiﬁg Oﬁbtbﬁ & oé%ﬂlgtéﬁP 6ay yﬁpéﬁvvlgroup,
- H2, ;al
 oeNRase §§°§"VI }’) h%é‘iy( I&%"’)"%&Q{L& 1) I%r%% arld Z(')BR\/) 258 EQ/)

éggﬁRa?epszge%Prugg?Qg %?%ﬁ%)al 7QE%L represen s %% %%52 gFEL g?gﬂpRm

opti onal |, taeaatluyumswt@t@al @ge@n@tw%re%ubmmﬁa%w@wsem a
Cl.6 al kyl group, "a C7_10 aral kyl' group, a phenyl group, or a C3

cycl oal klrofir @R, g& FR%nsB%&iﬁlgd ofea pRARgereRIENta hydkdkyal lgHowdr,oup, a
phenyl group, or ato group), (xviii) -0- (CH2)n1 Q {where mi denotes an

i nteger af Cl.s adk4l @ﬁt@u@ aed eomAt’s (ahapd @A epreEsentSORH.C,- OR 1K
-CO2Rae, -CONH2, -CONHRae, -CONR81CRal o -NH2, -NHRall or -NRal2Ral2 (where
group):; or a heterocycloalkyl group optlonally substituted by
one or more substituents selected from the group consisting of

a halogen atom, a hydroxyl group, a C;.; alkyl group, and -OR™S®

(where R3!®

represents a C;., alkyl group)},

(viii} -NHR? {where RY represents a C;.;p aralkyl 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)},

{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 C;.¢ alkyl group, and -OR*'®
(where R*'® represents a C;.¢ 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 C;.¢ alkyl group, and -OR*? (where
R*!? represents a C;.¢ alkyl group),

(xi)} a C,.10 aralkyl group optionally substituted by one

or more substituents selected from the group consisting of a



Ras Rae, Ral o, Rall, and Ral2 each represent a C -6 al kyl group, and Rc2
represents a O _6 alkyl group optionally substituted by a hal ogen
aton(s))}, (xix) -ORf2 {where Rf2 represents a C3_7 cycl oal kyl group
optionally substituted by one or nore substituents selected fromthe group
consi sting of a hal ogen atom a hydraxghsgroup, a Ci -6 alkyl group, and
-ORa' '3 (where Ral3 represents a CL.6 alkyl group); or a heterocycl oal kyl

group opt.i y Stit t%q r £ S j.t S t_eg,abd om t he
gr oup coh?gg thaggm'aaha oggﬁﬁgt§n1u%’hggrdfygaéﬁguﬁ, g&hlgﬁﬁglky gr oup,

and - CRalomerWNRr® RRLGoLRARHRSENS. A atkyd @lﬂ@ﬁ?)group)), or (xx) a

het erocycl oal kyl group optionally substitutted By one or nore substituents

sel ected from(khe )gaone teedar§lll JFodp oPtHINRA9RY FYBLITUBEH DY lord @GP, a
Cl.6 al kyl group, and -OR a22 - 227 - (where Ra22 represents a Cl_6 al kyl

group). fdzZk AubsthitaeRtyl woilleeitegomiomdnef grdapy domMistddgromla |11, or
a pharmaceutically acceptable salt thereof, or a hydrate of the conpound or
t he sal t haRbgRh Btam,Ra Syérexide gridupa aRR0.q 'al®R10grdup, antheoR*R1, R2,
R3 and R4 are the sanme or different, and each represent a hydrogen atom a
Cl. 6 al kfWwhereup’*'- €epRezentsCaREh,s alkylCgroRpdr.aloryl group optional |y
substituted by one or nore substituents selected fromthe group consisting
of a hal ogen{zildd) aNbetgxecyolealkivdr grRUP opfienadtly substdtatied bygroup,

and Rbl represents a Cl.6 al kyl group, a C7_10 aral kyl
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).

[10] The 1-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt according te c¢laim 9, wherein

R® represents a hydrogen atom, a C;.¢ alkyl group, -OR!
(where R'! represents a C;.¢ alkyl 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 C;.¢ alkyl group optionally substituted
by a halogen atom{(s), or a C;.;y aralkyl group optilionally
substituted by one or mere 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) }.

[111] The l-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the

gsalt according to claim 9 or 10, wherein



group, or a phenyl group), RH and R= are the sane or different, and each
represent a hydrogen atom a hal ogen atom a hydroxyl group, a Cl_3 alkyl
group, or -ORt1l {where Rl11l represents a Cl1.6 al kyl group optionally
substituted by a hal ogen atom(s), or a C7_10 aral kyl group optionally
substituted by one or nore substltuent§ elected fromthe group consisting
of a hal ogen atom a hydroxyl group, él 6 al kyl group, and -ORel5 (where

benzol b] i opRenFFPEREnES kiiehﬁeﬁ?ﬁ%osea] BtPBondtg B ﬁeég'gérﬁ%'eﬁ Brur anyl
?%Ogg,zol ﬁ%gr)o%p%%arptf/&&zég%pg gqbva gapQIr”Inga%]éS@'r gjroo (Hﬁl nylgrglrjghp?n
gi P%lre?zlnt, ea&dorbﬁ%edsi%)t&a%r# c?g{)gen (;'IJ(% ar}'%r% gegén atom a hygioxyl
gﬁgﬂg, gptlonaﬁéygii%gltuted byqﬁﬁﬁalogegﬁaton(s)) an z Ca regrggzﬁls a

hydrogen at om(wqr -a,8l Yk ve)oupreopt(vanal | eaubSt i twitisd DCoNg 0N ikDr e
substituents sel'ected fromthe group consisting of a hal ogen atom a

hydr oxyl CONMRY;, @x Cl-CONRRR! ,0r(&id), -OORY ORedPL [ WieceRRe 19xiepnesgreS, a
Cl.6 alkyl group), or a heteroaryl group optionally substituted by one or
nor e subytiit)erSORSE) etztell #S@uﬂ"fhe(:gw:bup-mm@i,sti ng of a halogen atom a
hydr oxyl group, a Cl.6 al k group, and -ORa2l (where Ra2l represents a
Cl.6 al kyl grdoilil) +N&° H%e(ﬂheheoRti.gIRi&J tRY°, cBRhowamdi RS/ each
pharmaceutically acceptable salt there9f or the hydrate of the conpound or
the sal represeditng tCo-«ladikipll gsoup, WSereepregents a Gus ea by /| greup gr oup.

optionally substituted by a halogen atom{s), R and R* each
represent a C,.s alkyl group, a C;.;p aralkyl group, a phenyl
group, or a Ci.; cycloalkyl group, and R®!, R®? and R*® each
represent a C;.s alkyl group, a phenyl group, or a tolyl group),

(xviii) -O-(CH;)m'-Q’ {where m’' denoctes an integer of 1
to 4, and Q’ represents a hydroxyl group, -CO,H, -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*® 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 C;_g 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 consisting of a halogen
atom, a hydroxyl group, a C;.¢ alkyl group, and -OR**! (where
Ra¢ represents a C;.s alkyl group); a C,.ip aralkyl group

optionally substituted by one or more substituents selected



[ 15] The 1-thio-D-glucitol conpound, or the pharmaceutically acceptable
salt thereof, or the hydrate of the conpound or the salt according to claim
14, wherein Ais -(CH2)n- (where n denotes an integer of 0 to 3). [16] A
1-thio-D-glucitol conmpound of the following formula [V, or a
pharmaceutically acceptable salt thereof, or a - 229 - hydrate of the
conpound or the salt: R2la R20a RL R4A28 =77-RK RJ 1130" ''ORL OR2 |V
[where RL, R2, R3 and R4 are the sane or different, and each represent a

hydr ogen fae8mthg grompaicepsigtdmg ofCap el ogerCaiom. ¢ hydoxyd grauny
group optignally substituted by ong;or _nore substituents selected fromthe
group coRsiCsts ﬁ‘é L growR.o a (Beren & - DERARETE Rfe Grepdeit s a
o BB 3 SRR At M G Ty
came or BPET BRoRE- e sy tendt vedines St Tt S R, TR G 5
eyt gr Bub318meR, gheft, " KrarthOdh spop 1 Sy G S0t R e The
Cie Al KRR PR R e 0 1 O 6 el eyl aroup
optional ly subskdyt Une@ryly gotd @PRA.oMaATES)dubstiduted 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),

(xx1) a C;.50 aralkyl group cptiocnally 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 Ci.¢ alkyl group),

(xx1i) a hetercaryl 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;.s 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 C;.¢ alkyl group,

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

[12] The 1l-thio-D-glucitel compound, or the pharmaceutically
acceptable salt therecf, or the hydrate of the compound or the
salt according to claim 11, wherein

R® represents (i) a hydrogen atom, (i11) a halogen atom,

(i1i} a hydroxyl group, (iv) a C;.s alkyl group optionally



R represents (i) a hydrogen atom (ii) a halogen atom (iii) a hydroxyl
group, (iv) a Cl-6 alkyl group optionally substituted by one or nore
substituents selected fromthe group consisting of a halogen atomand a
hydroxyl group, (v) - CO2H, (vi) -ORcl, (vii) -CORRa3, (viii) -CONH2, (ix)
- CONHR64, - 230 (X) -CONR85Ras (xi) CCRdI (Xii) -OCORa2, (Xiii) -SRel,
(Xiv) - SORe2, (XV} -SO2Re3, (xvi) -NH@&@ “(xvii) -NRa7 Re7 (where Rea, Rao,
Ras. Rae, and Ra7 each represent a Cl1.6 al kyl group, Ref represents a Cl.6
al kyl gr Supssptused) |by onies Ot Moxe  swpsi ifaieaden S@tl@ﬁt@d fimogm i Rd2 each
represent a Cl_6 al ky group, .a_C7_10 aral kyl_ group, a phenyl group, or a
3.7 cy&FB&Pk?P“&F&G&“gaﬁ’é Ratha1Rg6 ta A oMt 206k &h IVEF08TntgZOYEY. 6 al Kyl

, h t 1 2 m
Gemoesannleger C4f [, OB ST, LR (TN, JISS e
-OR c2 a H 2- NH aiNR
atorat> ERNERS Fﬁé@%ﬁ{gm B S a0t %eSerﬁﬁai&loéRal'kyl

, Rc2 g6 Rieopt 'l bstituted b
Rl ogen AEOTS) TP (1 G L GO wha £ R T ECents o Lo 7 cyel oalkyl  or oup
optionally sulegvﬁg_l.jt eﬁRbma@newﬁéﬁgDﬁea Sphst iguengss S%In‘%PTR@dy?éél?m the group

consi sting of al'ogen atom a hydroXyl group, a 'CI-6 alk group, and

-ORal3 (pheresat3ar epreaan 3@. Jrobpd RekWteprisiins Prca, ety Pcycdgsl Kyl

group optlonally substitute oné or more substituents selected fromthe

group CcoBpitionag 1§f su@slmltegeu diyO@ halbyénOoxtondsQuUp R8 43 GRE! kikbngr oup,
and -ORal6 (where Ral6 represents a Cl.6 al kyl group)); or (xx) a

het er ocy glepalelsentgaogp_opttkglalgrpupybat i L, edraykghegpbupnoaephshglli t uent s
selected fromthe group consisting of a
group, or a Ci.; cycloalkyl group, and R°!, R®? and R*?® each
represent a C;.s alkyl group, a 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, -CO;H, -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® represents a Ci;.¢ alkyl group optionally substituted by
a halogen atomi(s))},
(xix) -OR®? {where R’ represents a C,.; 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*? (where R*'? represents a C;_¢ alkyl
group}; or a heterocycloalkyl 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™S®
(where R*® represents a C;.¢ alkyl group)}, or
(xx) a heterocycloalkyl group optionally substituted by

one or more substituents selected from the group conslisting of

a halogen atom, a hydroxyl group, a C;.¢ alkyl group, and -OR%*



hal ogen atom a hydroxyl group, a Cl.6 al kyl group, and -ORa22 (where Ra22
represents a Cl.6 alkyl group]. - 231 [171 The 1-thio-D-glucitol conpound,
or the pharmaceutically acceptable salt thereof, or the hydrate of the
conpound or the salt according to claim 16, wherein RL represents a
hydrogen atom a hal ogen atom a Cl_8 Hkyl group, or -OR03 (where RO3
represents a Cl_6 al kyl group optionéIPg substituted by a hal ogen aton(s)).
1181 A pharnmaceuti.cal conprising the 1-thio-D-glucitol conpound, the

phar macedWPEER R ac E&PTESeR tE 1 Guirefddyl GEOURI - hydrate of the conpound or
the salt according to any one of <clainms 1 to 17. [19] The drug according to
claim 18, which is an inhibitor of activity of sodi umdependent gl ucose
cotransp r 2.,[20], The d r di to.claimil19 ich is dr for
prophylaiﬁéﬁor t%eﬁf%%%?g%?ggggggﬁgs?oﬁﬁﬁ%%?eégrg%ﬁt£ﬂfg?¥£5 efgr%?igiabetic
conpl i catken. r i .Sl - L Q- l.ucj t ol
corrpoundelItQheo%?r r?éggﬂﬁc%g]l%ﬁ'y é@ e&%%%ga?z%%? Stahllgtr (Jato efyeg)rf% %’eru ydr at e of

t he conpﬁgagaqre e 3Rl & Und R ey i1qne of claims 1 to 17, in
conbinat1on wth at least One pharnmaceutical selected fromthe group
consisting of an insulin seniitizing agent, which is selected fromthe
group consisting off~a_PP i i sB* a PPAR-a/y agoni st, a PPAR-b agoni st
and a PPAR-a/y/b agoni dgase inhibitor; a biguanide; an insulin
secretioaﬂ?cceler tor, 23@e= preparation; and a di peptidyl

pepti dase TV MATDONAOr. [ 22] "A pharmaceuti cal conprising the
1-thio--D-glucijtol |[conpound, the pHarmaceutically acceptable salt thereof,
or the RIO™ “oR!

OR?
1]

{where R*, R?, R® and R*' are the same or different, and
each represent a hydreogen atom, a C;.; alkyl group, -CO,R%%, -
CORP', or a Cy.;; aralkyl group optionally substituted by one or
mere substituents selected from the group consisting of a
halogen atom, -NO; and -OMe (where R*? represents a €, alkyl
group, and R™ represents a C;.; alkyl group, a C;.10 aralkyl
group, or a phenyl 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
optionally substituted by a halogen atom(s), or a Cj.;p aralkyl
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;.s alkyl group)},

Ar® represents a thienyl group, a benzo(b]thiophenyl

group, a thieno[2,3-blthiophenyl group, a benzofuranyl group,



hydrate of the compound or the salt according to any one of <clains 1 to 17,
I n conbination with at | east one pharnmaceutical selected fromthe group
consisting of a hydroxynethyl glutaryl-CoA reductase inhibitor, a fibrate
conpound, a squal ene synthase inhibitor, an acyl- CoA: chol esterol
acyltransferase inhibitor, a |OM/denSi%é | i poprotein receptor accel erator,
a mcrosone triglyceride transfer pro Pn'inhibitor, and an anorectic. [23]
A et hod for producig&@g 1-t hi o- D gl uci tol. conpound of the follow ng

formul a B P&RZRtHlAZ0ddduSresn v ac ddsicdiile STV . hPYIFCLr HMByr &% of
t he conpaugg or .the salt: R6 RS RB. ROS Aflt Ar' R9 yﬁ; A R o R30~ "ORlL OR2
conpri si Fra i ct g fornul a
i si TELAREOLYdn ILE1P o FuPNF AEG LT L OBt GhPYFE e FWRWithg | |

VIIl nore._t. 1 _equival ent of i gnar.d reagent_ of, the fall.ow.n formul a
X to obPIFHRayio Srite " Rre e e S ORGSO o R R Shadl e
deprotecting the skl C o] | ce Wit e Wae!
schene: - 2930 RETE e e (SRR KA b8 FFFErAR: Calty BabRCchBkRBthRD | o
Re R3C) N' nYatbgeRlhtdm,RE Halogdd ol & Avdios3a RiEbp, B 1P a1kyl

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

optionally substituted by a halogen atom(s)), and

R!®® represents a hydrogen atom, or an aryl group

optionally substituted by one or more substltuents 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 heteroaryl group optionally substituted by one or
more substituents selected from the group consisting of a
a2l

halogen atom, a hydroxyl group, a C;.¢ alkyl group, and -OR

(where R**! represents a Ci.¢ alkyl group)).

[14] 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' is a heteroarylene

group.

[15] The 1-thio-D-glucitol compound, or the pharmaceutically
acceptable salt thereof, or the hydrate of the compound or the
salt according to claim 14, wherein A is -{(CH;)n- (where n

denotes an integer of 0 to 3).

[16] A 1-thio-D-glucitol compound of the following formula

IV, or a pharmaceutically acceptable salt thereof, or a



| X where R11, R12 R13 and R14 are the sanme or different, and each represent
a Cl 6 al kyl group, -SiR813, -CH2CH=CH2, or a Cr.12 aralkyl group
optionally substituted by one or nore substituents selected fromthe group
consisting of a halogen atom -NO2 and -Ove (where R4l represents a Cl1_6

al kyl group), X represents a hal ogen %FQ”L and Arl, Ar2, R5, R6, R7, Re, RO
and R10 are as defined in claiml1. [2 The met hod according to claim 23,
wherein before th tep of adding the Gignard reagent of the formula I X to
t he thigWQE e @ tiﬁe?ﬂﬁﬂﬂﬂ@?‘d%Ithﬁ)ﬁﬂﬁiﬁ n a conpound V, about 0.8 to
1.2 equivalents of R30MgX (R30 represents a Cl_e alkyl group or a C3_,

cycl oal kyl group, _and Re% ¢ ts a halogen aton) is added to the

t hi ol act one of th8 lﬁK [ 25] A nethod for producing a

1-thi o- DpgbuQl t & f "'the following formula I, or a

phar maceut i cal It thereof, or a hydrate of the conpound or
the salt: RIGS B> RB ROS At AA2 R R Rio R3(y" CRS OR2
conprising the dtgps of: (1) adding to a conpound of the follow ng fornmula X
a reagent of t following formula XI to obtain a conpound XIl: and (2)
further reducing th conmpound X1, if Y is a hydroxyl group, to obtain a
conpound, in which Y is hydrogen, in a type-stereoselective manner; and if
desired, furtHehetepRdtert] R’ @ ®Inpesndhebsameedri Aifferent, and

each represent a hydrogen atom, a C;.s alkyl group, -CO,R*?, -
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 C;.¢ alkyl
group, and R represents a C;.; alkyl group, a Cs;.i aralkyl
group, or a 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;.; alkyl
group, or -OR®® {where R® represents a Ci.¢ 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 Ci.¢ alkyl group optionally substituted
by a halogen atom(s}}, and

R" represents {i) a hydrogen atom, (1il) a halogen atom,
(iii) 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) -

CO.H, (vi) -OR®', (vii) -CO,R®»*, (viii) -CONH,, (1ix) -CONHR™,



(1) or (2), in accordance with the follow ng scheme: Rc Rce RD RB RD RB R3
R140 S Ea RB R40 S Aa A~ gs YRA Y RA A10 R130,. OR" a4 RO R3 Ar2 10R 1
OR2 RlL OR12 X XI Al where Y represents a hydrogen atom or a hydroxyl
group (provided that if Y is a hydrogen atom the 1-position is of
S-configuration), R11, R12, R13 and Rl14 are the sane or different, and each
represent a CL_6 al kyl group, -Si Rar3239CH2CH=CH2, or a C7_12 aral kyl group
optionally substhgq&ed by one or nore substituents selecteg.fron1the group
consi st i(¥) oCONRIZRGged *1dt oFfCR NOA e --ORORVhef¥ikh) r8RTesd®iy)a -Cl 6

al kyl grogg), Are, R3, RO and R10 haye the sane neanings as in claiml1, and
RA - 289RRs (%) areP® hal®VEhe~¥HRe -neanings as in claim$8, Aa represents

_CiKVV(§$%&9h-; - (CH2) n-, or -CH=CH (where Wrepresents a hydrogen atom
or a hy g?ﬁh , n denotes an integer of 0 to 3, and n' denotes an

B ey RS L g o A H e
(uher s o3 rofre RLERSH & S RYIE LA TBPL ALY BBkl Lo T
%io‘é'hdgg)yit *saath(a!é}csréﬁq ﬁd%zgd:?’\g@p@m@aéhr eapresWnitha 08 Leagant Xl in

group, a Cy.3¢ aralkyl group, a phenyl group, or a Ci.y

cycloalkyl group, and R®!, R®? and R®® each represent a C;

alkyl group, a phenyl group, or a tolyl group},

(xviii) -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*", or -NR*?R*'? (where

R**, R*®, R*'°, R®!, 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 R®? represents a Ci.; cycloalkyl group

optionally substituted by one or more substituents selected

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

Ral:i Rﬂla

a C;.¢ alkyl group, and -0 {where represents a C;.s alkyl

group); or a heterocyclecalkyl 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)}}: or

{xx) a heterocycloalkyl 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 -QR%%

Rﬂz 2

(where represents a C;.s alkyl group].



CH2PPh3' X-, or -CH2PQ(ORa23) to obtain the conpound XII 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 which Dais - u4 to obtain the conpound XII in
which Aa is -CH2. [26] A conpound of t followng formula XiIl, or a salt

v o R WOR 2 e hosBio- Boad SORRo3" apmponngsgox, ey BhprmBReREHRL LY
the 1- postigyend SO erdl on (S Wil atd St tula B S8t d 0
"3 Ra1s AT oo R R U A I i1y
of . halan 2 o e B (R R RUT o 2OA  (RRRERTT S O 6

al kyl  griQiffre sttt 2l ¢,CDTLBEM gro qutfdﬂ%/il rQips t frded pgral Kyl group,
or a phenyl group), 6Tgvided ?ﬁa?“?f s a ﬁgdrogen at om dgl, R22, R23

and R24 miegdiptatomiiHgen atons at the sane tine; and the other synbols are
as defined in claim11.

18] 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 1 to 17.

[19] The drug according to c¢laim 18, which is an inhibitor

cf activity of sodium-dependent glucose cotransporter 2.

[20] The drug according to claim 19, which is a drug for
prophylaxis or treatment of diabetes, diabetes-related disease,

or dlabetic complication.

[21] A pharmaceutical comprising the 1-thio-D-glucitol
compound, the pharmaceutically acceptable salt thereof, or the
hydrate of the compound or the salt ac¢cording to any one of
claims 1 to 17, in combination with at least one
pharmaceutical selected from the group consisting of an
insulin sensitizing agent, which is selected from the group
consisting of a PPAR-y agonist, a PPAR-a/y agonist, a PPAR-d
agonist and a PPAR-a/y/d agonist; a glycosidase inhibitor: a

biguanide:; an insulin secretion accelerator; an insulin



[27) A conpound of the following formula XIV, or a salt thereof, or a
hydrate of the conmpound or the salt: R R~ RB R240 S E Y RA 8230,,. OR21
OR22 XIV [where Y represents a hydrogen atom or a hydroxyl group (provided
that if Y is a hydrogen atom the 1l-position is of S-configuration), E
represents -CHO, -C02H, -CO2Ra24 (mherﬁ Ra24 represents a Cl_6 al kyl

group), -CH2Ma (where Ma represents a 9&r6xy| group or a halogen aton), a
1, 3-di oxol an-2-yl group, or a 1,3 dioxan-2-yl group, - 237 R21, R22, R23
and R24 REGPAAL1OFTe amdadi fdPers Loyl pephidase Jr‘)éimimﬁom and RD have

the sane neanings as in claim8]. [28] A conpound of the follow ng formula
XV, or a salt thereof: RhZ0GO4 G3a f~f A G&GBb & & Ga XV [where Ar5

ar oup, a1 28dnzorki WiRegs e LEOBRRPLE TG D6 L PR e ey eltshy. "ol

represenE%mﬁoﬂ%heg%ﬂeaﬁﬁgkmaceutically acceptable salt thereof, or the
hydrate of the compound or the salt according to any one of
claims 1 to 17, in combination with at least one
pharmaceutical selected from the group consisting of a
hydroxymethylglutaryl-ColA reductase inhibitor, a fibrate
compound, a squalene synthase inhibitor, an acyl-
CoA:cholesterol acyltransferase inhibitor, a low density
lipoprotein receptor accelerator, a microsome triglyceride

transfer protein inhibitor, and an anorectic.

(23] A method for producing a l-~thio-D-glucitol compound of

the feollowing formula I, or a pharmaceutically acceptable salt

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

R® Re

comprising the steps of:

adding to a thiolactone 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:



& represents a hydrogen atomor a hydroxyl group, and &' represents a
hydr ogen atom or represents an oxo group together wth &, G3a represents a
hydrogen atom a hal ogen atom a hydroxyl group; a Cl1_8 al kyl group
optionally substituted by one or nore substituents selected fromthe group
consisting of a halogen atomand a hstgxyl group; -SR a25; -SORa25;
S2Ra25; _ORhl (where Rats represents™@a Cl-6 al kyl group, and Rhl

represents a C1_6 alkyl group optionally substituted by a hal ogen aton(s)

or a C7.10 aralkyl group optionally substituted by a hal ogen #&°onm(8); an
aryl group optionally substituted by one or nore substit uefl I d from
the gr oy sigting of a halogen atom a hydrOﬁﬂ 9
group, and - 197 wher 1 6 aFky

het er oar yl X ” optional ly substituted by ope .
sel ected HF%E)m he, gup consigstd SSof B® hal ogen aﬁg"

Cl-6 alkyl groufR“and - ORa21 (wWhgte Re2 Jepresents a C1O8
Gab and G30 areVlilhe sane or x@yFRePa Land each represent & hydrogen atom
a hal ogen atom a hydroxyl grgupﬂ7a CR'6 al kyl group, or -ORc3 (where Ro3
represents a Cl.6 alkyl group optidhally substituted by a hal ogen aton(s)),
4 represents a Cl1.6 al kyl group optionally substituted by a hal ogen
aton(s), or awhereg®h atRff, RHJaRd RPEpamsettic sanl.dr adkffexpmup apdi onal |y
substituted by a halogen aton(s) or a C7_10 aral kyl group optionally

subst i t ueeghbyepreseogen & anbdkyl group, -SiR*!;, -CH;CH=CH,, or a Cj.i»

ROT aR1o
,;ét§ubst|tuents
alhy@xyl group, a

2al kyl  group),

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 C,.s alkyl group)., X
represents a halogen atom, and Ar', Ar?, R®, R®, R’, R®, R® and

R'® are as defined in claim 1.

[24] The method according to claim 23, wherelin before the
step of adding the Grignard reagent of the formula IX to the
thiolactone of the formula VIII to cobtain a compound V, about
0.8 to 1.2 equivalents of R**MgX (R*® represents a C;s alkyl
group or a C,;.» cycloalkyl group, and X represents a halogen

atom) 1s added to the thlolactone of the formula VIII.

[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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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 XII, if ¥ is a hydroxyl
group, to obtain a compound, in which ¥ is hydrogen, in a f
type-stereoselective manner; and

1f desired, further deprotecting the compound obtained in

{1) or (2), 1in accordance with the following scheme:

where Y represents a hydrcgen atom or a hydroxyl group
(provided that if Y is a hydrogen atom, the l-position is of
S-configuration),

R'', R, R and R' are the same or different, and each
represent a C,_¢ alkyl group, -SiR*;, -CH,CH=CH,, or a Ci.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 Cy.¢ alkyl group},

Ar?, R%®, R’ and R have the same meanings as in claim 1, and R%,
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R®, 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’' 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 Cj., alkyl group, n denotes an
integer of 0 to 3, and n’ denotes an integer of 0 to 2),

provided that if Ea is -CHO, the compound X reacts with
the reagent XI in which Da is -{CH;)}n'Li, -{CH;)n'MgX, -
CH,PPh;'X", or -CH,PO(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 is condensed with the
reagent XI in which Da is -(CH;)nNH, to obtain the compound XII
in which Aa 1s -CONH{CH;)n-, or

if Ea is ~-CH;X, the compound X is condensed with the
reagent XI in which Da is -SnBuy to obtain the compound XII in

which Aa is -~-CH,.

[26] A compound of the following formula XIII, 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 ¥ is a hydrogen atom, the 1l-position is of
S-configuration}, and

R*, R?*?, R® and R* are the same or different, and each
represent a hydrogen atom, a C;.¢ alkyl group, ~-SiR*,, -
CH,CH=CH,, -CO,R*?), -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*
and R*? each represent a Ci.; alkyl group, and R" represents a
Ci-¢ alkyl group, a C;.;0 aralkyl group, or a phenyl group},
provided that if Y i1s 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 117.

(27] A compound of the following formula XIV, or a salt

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

XV

[where Y represents a hydrogen atom or a hydroxyl greoup
{provided that if ¥ 1s 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~dioxolan-2-yl group, or a 1,3-

dioxan-2-yl group,
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R%!, R?2, R?® and R** have the same meanings as in claim 26,
and

R*, RP, R® and R® have the same meanings as in claim 8].

[28] A compound of the following formula XV, or a salt
thereof:
RA20 G* gla
POt
G2 G¥ g
XV

[where Ar® represents a thienyl group, a
benzo[b]lthiophenvl group, a benzofuranyl group, a
benzothiazolyl group,‘a pyridyl group, or a phenyl group,

Gt represents a halogen atom,

G? represents a hydrogen atom or a hydroxyl group, and c¥
represents a hydrogen atom or represents an oxo group together
with G?,

G** represents a hydrogen atom; a halogen atom; a hydroxyl
group; 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; -SR®%°; -SOR%*?*®; -SO,R*?*®*; -OR™ (where
R**® represents a C;.s alkyl group, and R"™ represents a Cj.¢
alkyl group optionally substituted by a halogen atom(s) or a
Cy.10 aralkyvl 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;.¢ alkyl group); or a hetercaryl group
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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),

G* and G*° 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
optionally substituted by a halogen atom{s)),.

G* represents a Ci.¢ alkyl group optionally substituted by
a halogen atom(s), or a halogen atom, and

RP? represents a C;.¢ alkyl group optionally substituted by
a halogen atom(s) or a C;.;o aralkyl group optionally

substituted by a halogen atom(s)].



