WO 2007/ 136116PCT/ JP2007/ 060653 DESCRI PTI ON C- PHENYL GLYCI TOL
COVPOUND TECHNI CAL FI ELD 5The present invention relates to a C phenyl
gl ycitol conpound having an inhibitory activity for a sodi um
dependent gl ucose cotransporter 1 (SG.T1) and a sodi um dependent

gl ucose cotransporter 2 (SG.T2). 10 BACKGROUND ART When a
person suf f er'®? fYEHfAf abet es, the fasting bl ood gl ucos¥ERPRY6063
exhi bits 126 ng/dL or nore. Even t hough the fasting bl ood gl ucose

| evel falls within a normal range, there is a person exhibiting a
post prandi al bl ood gl ucose 15 |evel g&fgh 140 to 200 ng/ UL. Such
a person is dlagnosed as inpaired glucose erance (hereinafter
referred to as "IGI"). It has begtene@nsigered thaioutwbe ri sk of a
cardi ovascul ar di sorder can be reduced by del ayi ng onset of

di abetes-from | GI, and Several supportive 20 findings for this have

been obt ai ned. Egéﬁgﬁﬁggkgggihe Da Q ng I GT and Di abetes Study
carried out in has reported that progression of |IGT
into Type |l5di abet @hel sréde@fti Fhcatiby SdipReeSE68G Ry pHES dldcitol
exercise (see Pan XR, et al., Diabets Care, vol 20, p. 534, 1997). As
cases 25 where rewp@ud baving @pf é@hihﬁéormmtiaﬁtﬁ iz}tmeosq‘»@aee

i nhi bitor, acarhose, which inhibifs a h |y
ol i gosaccharl de SEBSTHIS Ly IGTIRESs SOHTESP t¥'| Th ¥ ?bal'f]h‘e a7 159%F8st i ne,

i s adni ni st er ed gegeuRn@pFRRMosef czrymsbb;@lélamet(esmz\w
2007/ 136116PC / 1132007/ 060653 from I GI is suppressed and further

onset of hypertensi on is si gnificantly suppressed. This is reported

in the docu ggi RdUN sson, et al., Lancent, vol. 359, p. 2072,
2002). From he ppress the onset of diabetes, it 5is
inportant to cont r OkmbSTa Rerdbet sddtebaPiront WEEKS 56,1 BRE AR +aRE blood
medi cat i on. Nevert hel ess, when a person suffers from di abetes,
it comes to be aé@@mﬂywb bbby ]{zlﬁemmfﬂoerg#l%sem@véhomh dibe
times. Diabetes_i LS. bas +y ]}ur(:gat X Paﬁt 1{% %g a drexer ci se
t her apy; homeve? ﬁﬂ%h "Ent ect s °n8t “obt & fed" fhgse

therapi es, nedi eeé@ltlsnuslseﬂenceﬂsﬁumg a pofaﬁpmah%riabiodmtgea&bw
epitheliumof a nmammal, a sodi um dependent gl ucose cotransporter 1
(SGLT1) is éXxpréseeld agt haghiagh 149 eméﬁ@ymg/lql- i SSuchoanpPedrer $ELT1 15
serves dependi ng Qé u:.rpn aal.:ll.degl cog‘erolerh{l‘c ac(th.e f.ter
transportation ot % uco or bgat actse h TRETERET | i ne.
Therefore, if gkélmﬁ_%dtake&h ferr@ty g, rrmlheﬁaanebe &meaaeﬁes@dhatcﬁzmy be
prevented or treated. Based on the concept, a pyrazole derivative

i nhi biting the a&%H Wt ¢ mr@@vseaqiﬁrhéésw Fapors egdpged by
~International i.cation \W2Q0 20 014932, 2004 849
2004/ 019958, 2og%iaf’2‘ffe nEH °% %ﬁ‘? fz’i’f e "i'—‘?ﬁo’tsﬁer mc))lre% °r€1 i°u
dependent gbeiCOsenLGigEansP AMHIRr havd BGeA2)biiain0dpr eoseskalpla, hugah Da
frequency in the kidney. 25 d ucose once filtrated by the gl onerul us
i s reabsorbed vREBECT2a(d ddapetas W@h@aﬂﬁcﬁfi gut pigy Ehéna IR AP
Physi ol ., vol. 12180d::e§>86F1c9 thag()ll):cr% ession ofs?F‘-ll'_z | nthbI t% d%.abetes

administered to & c ra c6se”excr et’i on

2007/ 136116PCT/ iE’&%&@@Q&ﬁgyurstﬂ&els%eﬁaw ldite@t @6k di:EaQHD.-id N@ed Pan
hypogl ycem ¢ action. Fromthis, an SG.T2-specific inhibitor has been
consi dered as aXRargfetlnpl|Ricbess séngi.ngohs2la PhefHpedPPe) agéﬁtcﬁﬁ@ﬁ
di abet es (see G _ Toggenburger, .et. al . Bioch Bi oph Acta vol .
585, p. 55755 10HITS PROLIRET, 17 CHRerHI TR, WP T AL Araes e

conducted on anlﬁgﬂ%owh&éarboe&eawmlcﬁaimmmtbyaqsya%ﬁsﬁsblf an

gl ycosi de derivatives have been provided (see EP Patent Application
Publ i cati on No. omsbaarm tpnieiayapilaerte PobpIRtdonofrom the small
W)2001/ 068660) . cordip if the.S GLT2, acti S can
be si mul t aneoust* ‘?Sﬁﬂflﬁrtje% Jdﬂ'iﬁﬁ/tﬁrefiy%ev&lopﬂ%%apefzuﬁ’%e I\é Ta%a etes
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for diabetes can be provided, which has not only a high postprandi al
gl ucose | evel suppression action ascribed to SGT1 inhibition but

al so a progressive hypoglycem c action 15 ascribed to SG.T2
inhibition. Up to now, a C phenyl glycoside derivative having a
selective inhibitory activity to SGT2 has been reported (see

| nt er nati onal WPHHI3eHE i on WO 2001/ 027128); however, a PCTARZ00TASKRBNY|
gl ycosi de derivative strongly inhibiting both of- 20 SG.T1 and SG.T2
has not yet been reported. DI SCLOSURE OF THE | NVENTI ON An obj ect
of the present i Nt 4 [ QWi - L._glycitol conpoungd
which is expect gg\égsﬂgoggvg?é y%gg%h%%ngg%%%%s?gryfIrhgg?ﬁlegn ion is
di abet es, capablsdgofficahithytsupprassant hTiofs S Tdpan@daSGh Tthe document
activities, having not only a glucose absorption suppression action
from the di gestiVe" t¥al@iBitom & &l ur ikF8cHRluc F9d - eX8? et -0R0A21 i2602) -

The present inventorggopducked.intensi studies t : .
2007/ 136116PCTOP2007/ 060653 S0l Sén%%gﬁgﬁersesngﬁ?i ek 8%\%1&“‘.‘“%%' at

resul t, theys5fourndingattaat Gphenytoynsa bplaietnpReithy , Wak&keise f or med
by introducing a specific side-chain to an end of an aglycone, has
excel | ent i nhi bitP8T3PYa@PAOMRANEELIGN T1 and SGLT2 5 activities. Based
on the finding, theyresan; Qv o) ccoppl ished. Th - phenyl
gl ycitol conmpound oTNgtﬁe prlgssghﬁﬂliér?vgn%\i@%ﬁ%( %%%‘:Trrlsa?fcce"'rl,dl'ragfg?$'e&r{to

as "the conpoundomds tthebi nvessisany )torcbhthal expl Bided ghebssy 1498y at
virtue of the present invention, a novel C- phenyl glycitol conpound
capabl e of inhi BttiigeBot Pigkehas dfdPTTICRIZY abxgakedi by dlet bberapy

provided. Fipst ,gahadi odj he nresent invention is
directed to a C?ghenykgggécﬁgﬁggb%%ﬁ%}b%fé ?lﬁ% (:)Lfa?}évﬁ%g?c orfrul a

or a phar naceut netldbtaased piyahhess alherbpbis0me @i candydinad€ Hehehendn,
R1IR2 xo/YZ *IR3 HOOH OH (1) where RI and R2 are the sane or

( . | .
di fferent and repreSBnthS sl cdpsbnetemdthal Hipd P6xg | magimedip, 2a Cl. 6

al kyl group, a d 0 a £ - i gshydr ogen
atom a Cl.6 al %%%f%%&da& 1§%€9{aﬁek8§€% grgggp@%?@a(%%%%en atom Y

is a Cl.5 al kyl eneregsedpat -dhighi2)requéiicy S B iNkages Hat ¥@.r1
2007/ 136116PCT/ JP2007/ 060653 1 to 4) or a C2-6 al kenyl ene group,
provi ded thht wighives? ferendicg-rpyNiSedsrn auGCPALRERREC LY 115 agbive

transportation of glucose or galactose in the small
intestine. Therefore, if glucose taken from a meal can be
suppressed, IGT may be prevented or treated. Based on the
- : concept, a pyrazole derivative inhibiting the activity of
20 SGLT1 has been reported (see International Publication
WO2002/098893, 2004/014932, 20047018491, 20047019958,
2005/121161 and 2004/050122).
Furthermore, a sodium dependent glucose cotransporter
2 (SGLT2) is expressed at a high freguency in the kidney.
25 Glucose once filtrated by the glomerulus is reabsorbed via
SGLT2 (see E., M. Wright, Am. J. Physiol. Renal. Physiol.,
vol., 280, p. F10, 2001). When an SGLT2 inhibitor is

administered to a diabetic rat, glucose excretion into
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Z is -CONHRA, -NHC(=NH)NH2 or -NHCON(RE)Rc, RD DA ph N_. /NH NH 0 50
or where RAis a Cl-6 al kyl group substituted with 1 to 3
substituents selected fromthe group consisting of a hydroxyl group,
an 10 am no group and a carbanmoyl group. REis (1) a hydrogen atom
(2) a ClL..6 al kyl group that may be substituted with 1 to 3
substituents ¥ePREIBHSf rom G oup A 15 (3) a C3-22 cycPTAPRYTHEHUp
whi ch may be substituted with 1 to 3 substituents selected froma
hydr oxyl group and a Cl-6 hydroxyal kyl group, (4) a 3 to 12-nenbered
het er ocycl oal kyl 13- ered heteroaryl group that
may be partially rgg‘?ﬂ%aggg?lg%a%géhgro?m%%haca’ﬁf’ g‘l%ﬁ%e“&r?eagﬁl ree

ri ng-constituti Moot thiss) aseb@rzedpbd it DEnIiAYR EANYeshi BhQiePea N,
S. 502, COand NRIE (R is a hydrogen atom a Cl.6 al kyl group, a
phenyl - C1_6 al k{ff §rifgesdr melecple apruiegcas boripergpeothic, agent ey be
substituted wth; tdti nt.s._sel ected.from 25 the group
consi sting of alaﬁ%/%%%(sjl(ég?o%p Ttgﬁge%buéf-gg'h?/tdra&Xygjr?&%ﬂemgr th%’,hyﬁr VO
2007/ 136116PET/ ABRA0,7 dG06688 ( D). 8516-13282 A5 YIn O WALGkhsFRY DS,
partially saturated and may be substituted with 1 or 2 substituents
sel ected from aShYyHTkPRVErARS, capdiatedlon af SFLTYriobdbibopeady| - C1_6
al kyl group and I f rou each.of which may be 5
substituted wi tﬁ&é ydrtgiié% %Egu%%%% %g?{“ RS @-ﬁﬂaptlxegoﬂ%‘fes%%eﬂf a
hal ogen at om aphydirdsdy K sge @ Patektl 26pad ddnsypnIb@nid ol 6h WY be
substituted with_a hydroxyl group(s), a carboxyl 10 group, a C2-6

al koxycar bonyl BFAf£82L aagd Hf%ﬁﬁ?l‘a‘@i"@&bf%i&ﬁtﬁ@ Jio80pl/Cs86505.

al kyl am no oup, axdLzGl. | ka in oy -6 _acyl am no group,
o L6 Al Kyl ni o gr A vt BEectpat Hhe S RoBRE e o2
group(s), a phesinuligheosiyl GnRiphesay| aieoul Whhe bimite b esihst 4 died
wth 1 to 3 substituents selected fromGoup B (Goup B consists of a
hydr oxyl group, T KdPBEERS f28nPe Proridedl kivighgharupotactiy @ hidlyl
group whi ch may. i i t hydroxyl.group(s), a Cl 6

al kylthio gr oup?&;%ﬁg%ﬁ L&g;,?ga%\é 1%"%6 %?Pé’rﬂ%?ﬁl 4 %ﬂ{’) WF&H%EP be

substituted w t#claihydhixitiogr Bup(e)s008 Rrdgke Ss el hou¥a k18l Q4RGS)
and a piperjdino group which may be substituted with a hydroxyl

group(s) or'%h CEFIRGHEr b \CHLRY | Iehibdpien ) a C2-12 cycl oal kyl
whi ch b i t i t 3 btitit, , | ted
P omthe group constLtinaelt & irhiug (8yEaetad Wak LN kv 501 B

group, a 3 to léslwetires echnieh ese vk ood 4oy ltoJsOUR Bhsp&erd Sepdrted
menber ed heteroaryl _group that ma)é be partially saturated,
2007/ 136116PCT/ Fi82067F 6565 3n b AP LoRkiooh e 02 Qi/937 62%) 1t bovevers a
ring-constitutidgahoMShSelectfd t up.consisting of Q, N,
S. 802, CO and NRL (%1 %S%Y a l%ydr%%é’%gg (?mg%é @.f%na%ﬁlnargﬁﬁf oF
phenyl - G s z0 ky3GIgaosmnd meLa2 Gad malkgsy eaehoredor@equp), and 5 may be
substituted with 1 to.3 subtitituents selected from-the group
consi sting of &3¥HPEYEH OF Bl IWENFION - 6 hydr oxyal kyl group, and
-COWN R82 wherein gf t ht nitrogen _atomto which
they are attached for %%gegﬁfo oft gﬂ%eﬁge;sre‘é’g DhddisBh! {92000 2 ¢!
phenyl glycitol compound, which is expected as a novel-type

pharmaceutical for treating diabetes, capable of inhibiting

25 both of SGLT1l and SGLT2 activities, having not only a
glucose absorption suppression action from the digestive
tract but also a urine glucose excretion action.

The present inventors conducted intensive studies to
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_ BEST_MODE FOR CARRYHES

10 heterocycl oal kyl group which may contai n as anot her
ring-constituting atom an oxygen atom a nitrogen atomor a sulfur
atom and may be substituted with 1 or 2 subtitituents selected from
the group consisting of a Cl-6 al kyl group which may be substituted
with a hydroxyl 15 group(s), a C2-6 al koxycarbonyl group and a
pheny1Cl_6 al%QPOHPedd, Re is a hydrogen atom aCEPPHIAISKY
group which may be substituted 20 with 1 or 2 substituents sel ected.
fromthe group consisiting of a hydroxyl group, a di-Cl 6 al kyl am no
group, a C2-6 al ygar . 1- X r

C3_12cycl oal kyl gai‘g%pﬁl\%hlggﬁyér?nae&rtggges%%gtj?‘fﬁt egs\?ﬁjll F: %Sélﬁygér%yy?‘gu&
group(s), and 2%nke @rdpReniDaAlbetoMidohpdlies Nivhiagears abemed wywhi ch
they are attached may forma 3 to 12 nenbered heterocycl oal kyl group
or a5to 13 ne%‘é?%%’%ﬂe@mﬁfé‘?cﬁ}&etﬁ%ﬂiwy fo enfpof an aglycone,
2007/ 136116PCTOR2Q07/ O par.tiall ted, h _of i-5h may
contain 1 or 2Gﬁ?%g%}écgg%g‘?\?tl&%ﬁﬁﬁggﬁ%r%%ggé‘l%%tfg% ?‘r%glf% S?idr\ﬁ’l&ﬁ%', S.
502 and CO and whtGhitiey. b@asulséi tonkeshindinly, 1ty pResubt i dnveHends

sel ected fromthe group consisting of a hydroxyl group, a 5 C2-6

al koxycar bonyl greugrcoarédtinthroyl group, a C2-6 acyl (Cl-6 al kyl)ami no
group, a di-Cl_6 al kyl am nocarbonyl. ou a_RYI i_d] roup, a
nmor phol i no group, al&;\()‘??goqq}eg?’%-?-}iﬁlggﬁ'b%cgmﬁouago%%%hae @é_{%engl kyl group
t hat may be subshidntiefd yhéteihakees, Twhstiddiant 8s SaelRe todpddn@ ok hehe
group 10 consisiting of a hydroxyl group, a pyrrolidin-1-yl group, a
phenyl group andneentiog"y|wehdy bar EmALirgE RRFC¥and a phenyl group that

may be substituted w.th. 0 i . ecte h u
co%si sting gp a C2- aP:kJSJﬁutegro %u%#ggp&&%%éﬁfgﬁémg}'o%pgé‘g% tguﬁlé%ﬁ geﬁ
atom 15 where Rglyé¢stod byfcgencapaplle af Ghifivaeyhg PAUPSCRrIphaayseLT
group that may be substituted with a hydroxyl group(s), a pyridyl -
group, a furyl car®¥oryiitgepArn A BRIILERG car bonyl group, a C2-6

al koxycar bonyl gr .0“9'19%4; aem%rlfg%gl%l*dé(y('l gl c?q{r%g@} 6?36th%3§&£%§19 tuted

with 1 or 2 substituents se f'rom group consisting of a
hydr oxyl group, igvéteryl igraitectéd to a C-phalylyyBfait@1geamgbund of

nmor phol i no group and a pyrrolidin-I-yl-carbonyl group, and RDis a
hydr ogen at éf ofte TOLIGWHRK FOTHEGY (PEMT B BFeBEL SISt PECRRIGPWRt FR1E
or 2 substituen h isting of a hydroxyl ‘group, a
C2- 12 cycl oal ky%ﬁeégre(r)oﬁgo;agp%%gpeél?rl(?%%gt?hat may be substituted with a
hydr oxyl group(s), a pyri dyIngoHp, a C2.6 al koxycarbonyl group, an

i m dazolyl group and a 1-benzyhyim ’Izgroup, and RDAis WO

2007/ 136116PCT/ JP2007/ Q60653 dr n atomor a Cl.5 al kyl. group.
The present invention .
provide the fol | ow ngy “renbodi ments 2 to 19: 2. The C phenyl
glycitol conpound which igyga C phenyl ‘glucitol conpound represented
by Formula (11) below or a ph smaceuti cally acceptable salt thereof,
or a hydrate thereof, 10 (11 Dwhere RI, R2, R3, Y and Z are the sane
as defined in Forumula (I). 15 3. The G phenyl glycitol conpound or a
pharmaceutical |l y acceptable salt thereof, or a hydrate thereof in
Formula (11), whRemganrRareStite [Bpaeoge midEemnta ahj dreptidsedt 0 myderogdn 4
al kyl group or a Cl.4 al koxy group, and R2 is a ClL.4 alkyl group or a
hal ogen at oA? 28tem. PhBY&HHENFGFowR v & Cob TP oTFRIPac BoFds r?"ng{SYt he

group or a halogen atom,

R® is a hydrogen atom, a C;.¢ alkyl group, a C;.; alkoxy
group or a halogen atom,

Y is a C;.5 alkylene group, -O-(CHz)n- (n is an integer of
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enbodi ment 2 or 3 or a pharmaceutically acceptable salt thereof, or a
hydrate thereof, where R3 is a hydrogen atom 5. The C- phenyl

gl ycitol conpound or a pharmaceutically acceptable salt thereof, or a
hydrate thereof according to enbodinent 3 or 4, wherein Yis a ClL.6
al kyl ene group or -0- (CH2)n- (n is an integer of 2 to 4), and Zis

- NHCON( RB) Rc ”gom'@’rs@ilﬁ RB and Rc are as defined in ForRiIPROY69653 6.
The C- phenyl glycitol conmpound or a pharmaceutically acceptable salt
thereof, or a hydrate thereof according to enbodiment 3 or 4, wherein
10 Yis a C1 6 alkylene group or -0-(CH2)n- (n is, an integer of 2 to
4), and Z i s - NHGONEREFRE, CuhtkeREi 8 sroun ( Brogiden ghaf ey foth
whi ch may be sulst. t it h S substiduents selected from
Goup A (2) a%ﬁl‘gﬁg\g{ér%%l I?%IFblﬁg)(rR:&% 'vv%i ?ﬁ An%ﬂ; be substituted with
1 to 3 substit ueniss-cabmEtt edNHO( eNE BNHiydr oXpEICO§tRFUR and a Cl_6

hydr oxyal kyl group, (3) a 3 to 12-nenbered heterocycl oal kyl
group or a 5 to 13- 20 nenbered heteroaryl group that may be
partially saturategp eacﬂ] of which contains one to three

ri ng-consti tutiWﬁ( S) ?e‘hﬁ%t ed fromthe group consisting of 0, N,
S and HAI (R isNa NBydr ogeN.@atom a Cl.5 al kyl group, a phenyl-Cl- 6
al kyl group or a 02_6 al koxygar bonyl group) and may be 25 substituted
with 1 to 35ubtitPtuelits selected fromthe group consisting of a
hydr oxyl group vﬁ{LQ-ea Cl- 6 hydroxyal kyl group, or (4) a C6-13
aryl group which may be partially W 2007/136116PCT/ 3132007/ 060653
saturated and myibe substituted with 1 or 2 substituents sel ected
froma hydroxyl group, and a C2-6 al kyl group,. a phenyl-Cl 6 al kyl
group and a C2-% Catsk§HETh G5RAYP S@‘rbﬁﬁbf:%'eefgﬁl*éﬁ J&/\/rﬁogﬁ ﬂéiftﬁéuents Y
substituted w t;]eﬁ.% RSO 8L %ﬁg)cé,gi@t%c& & BYPrAya0gshed S aaf a
hal ogen atom a ygroxyl group,” a Cl1_6 al koxy group which may be
substi t ut edion tamimohydowx phdga cuspbshoyl gZ2ub. al koxycar bonyl group, a
car banoyl group,, a di-Cl-6 10 al kylam no group, a Cl-6 alkylthio
group whi ch may® b&Ssubstituted with a hydroxyl group(s), a phenoxy
group, a thi enya 950 dr@ggzg{g}ﬁ,enyl group, furyl group, a phenyl
group whi-ch may 1be substituted with 1 to 3 15 substituents sel ected
fromthe group consi 6i-t gkl erdupditbalynayr bapsuksthibtre@wishonta 3Cl- 6
al koxy group, a Cl-6 al ktyl grou whi ch may be substituted wth a

hydr oxyl gr oup(¥)Pstiteantss seigtShE6oYr é}:’ & phenyl thi o group which
may be substd t ut8d Wit b a,byEnexsy! ot RESén Haydb&ledbs2Q bl exyal Kyl
group(s), and a pi perloﬁ no group V\%Ich may be substituted with a

hydr oxyl group(i) 3o0subsiGuénhy drebephbd yirogr eupdPxyl grpu@2ap® a Ci-e
—.cycloal kyl group which my be substituted with 1 to 3 subtitituents
sel ected from tIFET§FERHC0REP®Ri ng of a 25 hydroxyl group and a Cl_6
hydroxyal kyl gropp, 3 £ 40 -hénbEriachede i1 0aME08LEY) J aup whiigh
contains one to three ring-constituting aton(s) selected fromthe
group consi sti meemier8d M teBoanyll NRbup Rt may\¥@ partially saturated,
2007/ 136116PCT/ JP2007/ 060653 a hydrogen atom a Cl1.6 al kyl group, a
Shenyi - CL_ 2% kAT PEUBIGR SORREaPRe A APBBRY LG SUBT G Py be
substituted w ti‘%&n 69 S.ihbit EdeRhS SRIRCLEAs IRt b8 Qr QUPs, so,,
consisting of a yc‘roxy? group and a -6 5 hydroxyal kyl group, and
4-Cl1.6 al kyl pi par agiansr1’- y#' arbenyydxpaempatfe, ias Cas gddkvdgerourt.om and
10 0 and Re together with the nitrogen atomto which they are
attached may | OPHARLEPpertHTReO BT WA Crf ARG DEEHBEYT IHPRR) 0 T a
pyrrolidinyl groupQr a,{li+6e8h W thIioEP 3 subtitituents selected from

25 the group consisting of a hydroxyl group and & Ci_¢

hydroxyalkyl group, or



which is substituted with a di CE. 6al kyl am no group or a
pyrrolidin-I-yl group, or a thionorpholine group or a 15
decahydr oi soqui nol i ne group. 7. The G phenyl glycitol conpound or a
pharmaceutically acceptable salt thereof or a hydrate thereof
according to an¥ one of enbodinents 2 to 4, 20 wherein Yis a Cl-6
al kyl ene gr o} 2497/13€116 CORREA, wher e RA is a Cl-6 alB&JIIPyraasss
substituted with 1 to 3 substituents 25 selected fromthe group
consi sting of a hydroxyl group and a carbanmoyl group. 8.. The

C ph | glycitol d har tically. A
Chercol of & hyal o GeRradt SEREDPIG B AP OEDrT CRSRAr CERiE 2 1o

4, wherein Y i ﬁa@ Bl efpat i {RRACw IO UD or 25 hub sk S tuddis( sbidNEA. £bom &
The C-phenyl glytitol conpound or a pharmaceutically acceptable salt

t hereof or a hygaaiseyit bevew! aadcordinglkyl @ypupne dhepibddindhfEl 2 to
4, wherein Y is a Cl-6 al kyl ene graqu nd 10 Z.is R, Ni... S
a Cl..6 al kyl §Fow aRdi enli-s L FBLTTiEgrER SRR 2otk £ %ﬁ%iﬁ?‘r@
group or a phe QR a2 RRAL L SraxviY §FagRRYatom or a Cl1_6 al kyl
group. 15 §O.Q¥h%9%>phenyl egc*tonEonpound according to enbodi nent
1 which is a Ciphetmydh gal acitol conpound represented by Fornmula (111)

bel ow or a pharnaceutical[g acceptabl e salt thereof or a hydrate
t her eof HOCERMRMe F8™§2FE %D 2007/ 136116PCT/ 3132007/ 060653 a Cl- 6

alkylene grOUpa.ﬁthégd §t6£¥]ﬂqﬁéﬂroxyl group, a Ci.g alkoxy'group which
may be substituted with a hydroxyl group(s), a carboxyl

10 group, a C;.¢ alkoxycarbonyl group, a carbamoyl group, an
amino group, a Ci-s alkylamino group, a di-Ci.e alkyiamino
group, a Cz.¢ acylamino group, & Ci.e alkylthio group which
may be substituted with a hydroxyl group(s).

a phenoxy group.

15 a phenyl group which may be substituted with 1 to 3
gubstituents selected from Group B (Group B consists of a
hydroxyl group, a halogen-atom, a Cie alkoxy aroup, a Ci-s
alkyl group which may be substituted with a hydroxyl
group(s), a Ci.¢ alkylthio group, a thienyl group, a

20 phenylthio group which may be substituted with a hydroxyl
group(s) or a C;-s hydroxyalkyl group(s), and & piperidino
group which may be substituted with a hydroxyl group(s) or
a Ci.¢ hydroxyalkyl group(s)).

a Ci.12 cycloalkyl group which may be substituted with 1 to

25 3 subtitituents selected from the group consisting of a
hydroxyl group and a Ci.¢ hydroxyalkyl group,

a 3 to 12-membered heterocycloalkyl group or a 5 to 13-

membered heteroaryl group that may be partially saturated,

6



where 5 RAis a Cl-6 al kyl group substituted with 1 to 3 substituents
selected fromthe group consisting of a hydroxyl group and a

car banoyl group. 11. The C- phenyl glycitol conmpound according to
enbodi ment 10 1 which is a C phenyl glucitol conpound represented by
Formula (IV) bel ow or a pharmaceutically acceptable salt thereof or a

hydrat e ther 88929071381 fhere 15 Y is a CL_6 al kyl ene gr ouf5THENEFP6GS
- CONHRAL, -NHC(=NH) NH2 or -NHCOR81, where Ra Cl-6 al kyl group
substituted with 1 to 3 substituents selected fromthe group

consisting of a 20 hydroxyl group, an am no group and a. hanmonyl
group, and et i°8°h ‘{%.W.héc wa%’ca AP Bﬁpt%%cﬁlﬁ%yc%lg%éﬁﬁ%%t ut ed
with 1to 3 hY%%Q,EVA) ge?&%eoprfrﬂmll‘ﬁl‘g-_ggo@é katnRk BEIrRY iof- b W - Gar bojy |
group, or a 4-CI-o al kyl pi perazin-I-yl" group. WO

2007/ 136116PCT/c313200# 066653512 . hybiregéh plreony| a dghycplbyl EFRPBuRl

according to enbodi nent 11 or a pharnmaceutical ly acceptabl al
thereof or a hpdeBYe GueftSfl IFRBPIHE ¢ sac"%°é9%rcnzﬁr§§‘} he par'o%%? 5

Z is - CONHelg or o NSIC( M N e 40 O -INNoHYBs iR k@ tuent sRAR 16 Stell Etor
al kyl gr oupssuB‘s?Fi tutsed(y with 1 té 3 substituents selected fromthe

group consi st i ngeo§raupl @ohyiktciagl ofjroiydresylagicatl GBUP &nd a
car banonyl group. 13. The C-phenyl _glycitol conpound according to
embodi ment 11 SWIBOPIRFHRCEEIRaPPY acceptabl e salt thereof or a

hydr at e t her eof, }f@ﬁﬁﬁi hdait &% and k6 RGKkyh&N&ighotiRs ndfdoder Sitom
- CONHRAL wher e rSX is a Cl-6 al kyl group substituted with 1 to 3

substituents sealceehith fihem stwe agtedped drsnst indgoof mempgdedxyl group,
an am no group and a carbanonyl group. 20 14. 'Ehencésohen%elgl ycit ol
conpound ad®@r dISkETeHY FeBOHY hesHOUR W5 " h F W@ alt F e A Ty Accept abl e
salt thereof or_.a_h 12k D8 8Qbm, Wi o8 Bery d1om2 £lnfErabky| ke or
group, and 25 fl?lg c.)’{ﬁ%%‘:ﬁmﬁﬁ-(z_ % 28%? 136116PCT/ JP2007/ 060653 15.
The G phenyl glaycutohr caopoamtl maycbe dubgtituadbydthehtori? or a

har maceutically acceptabl e salt thereof_ or a hydrate .t.herepf
aherein gﬁbtitiéhents selected £rom the groupycon51st1n8 5%’& Ci-s

alkyl group which may be substituted with a hydroxyl
15 group(s), a C,s alkoxycarbonyl group and a phenylC;.s alkyl

group,

RY is
a hydrogen atom, a Ci.¢ alkyl group which may be substituted
20 with 1 or 2 gsubstituents selected from the group
consigiting of a hydroxyl group, & di-Cie alkylamino group,
a C,.s alkoxycarbonyl group and a Cj.e alkoxy group, Or a
Ca-1z cycloalkyl group which may be substituted with a
hydroxyl group(s}, and
25
RP and R°® together with the nitrogen atom to which they are
attached may form a 3 to 12 membered heterocycloalkyl group

or a 5 to 13 membered hetercaryl group that may be

7



Yis a Cl-6 al kylene group, and 5 Z is -NHCORBL (where RBI is a Cl-6
al kyl am no group substituted with 1 to 3 hydroxyl groups or a 4-Cl-6
al kyl pi perazi n-1-yl-carbonyl group, or a 4-Cl-6 al kyl pi perazin-1I-yl
group). 10 16. The C-phenyl glycitol conmpound according to enbodi nent
11 or a pharmaceutically acceptable salt thereof or a hydrate

t hereof , wher®? A*¥1¥%6a c3 6 al kyl ene group, and Z is ?%rb'??é’%’é%?ﬁéﬁ by
_121,N 15-HL"N. Me 17. A pharnmaceutical preparation, which

conpri ses the C- phenyl glycitol conpound according to any one of
enbodi nents 1 to 16 a _phar eut i.cal al of
or a hydrate tf?@lrééf‘?k sﬁﬁuﬁ%)frg?d\clee%%%%’éd%%%%%%gegﬁé'%p%agpm%gg? ?cal
preparati on accdkRgat Mo abodlisBabtdd £rohi ¢h N,sNal,i shidt,tard ¢d a
sodi um dependent gl ucose cotransporter 1 (SG.T1) activity and a

sodi um dependerand@ shi¢hgeyebe gtubslspotadeibh (5QrT2) sURELNHFEgATtS WO
2007/ 136116PCT/ JRP2007/ 060653 19. The pharmaceutd ca ratd
according to erffoGrHEhtE=PR §%i%?upsc%sﬁfgﬁ?ﬁgloaflct%i J&Y%%og&ﬁe%%%gt e
agent for dipabei es q1poReAbbER ?53@3] R e o yiHb - PfieF ERBED acyl (Ci1-6
EMBODI MENTS The terns used in the present invention wll be
defined as fol ladkyl)amino gFhept & diofi-¢ aLlCILgiaPREFPFFSUPTOYRef Brs to
a linear or branched. al kyl group _havi 1 to 6 carbho EX; | es
10 thereof may ﬁyﬁé"lc’&?j%lrﬁ)ﬁn@fgﬁgﬁ' §r 8tk T}g’élﬁn%t%@qu% r% &té’%m%”br@é%g?
group, an i soprQRpongi WHdupdna Nt,lUkYky OlRdfip Bad sapubey |sugsdimmted
tert-butyl group, a sec-butyl group, an n-pentyl group, a tert-pentyl
group, an n-hexsithgiotp Zmsubakijusslisxsalegtedptromsthe 9%19% of "a C1.6

al koxy group" refers._to a Linear. or branched . YR g, 1ato
6 carbon atWhs. B Pherd gfci?l}?darloﬂg rgoru%(lpaiaﬂé pr%%%{r:lgb gma%xdal%pl es
of the Cl-4 al khehylr §Hdup BNal £, Ude Kd=Febttdhy 10500ih, anded heyyl

group, a propoxy gfoup, an iSopropoxy group, an n-butoxy group, an 20
i sobut oxy groupommwe shaemeybbe oxypsiibufed with ITHe et TR tUaltal ogen
atont refers to a fluorine atom_a chl or.i t br ol he al qr
an i odi ne atoms%ﬁ(???grﬁﬁog'f %%1 8 Arky Sgﬁlégg%gﬁp&'?e%’e 5 ?o%ﬂ

bi val ent group ég{(ggﬂogy JrRUP VA adnhysfeagabomt om from a 25 carbon
atomof a Cl_6 al yl 1,_Elroup. Exanpl es of the linear al kylene group may

i ncl ude a net hywhere Btoup,a Hiydoessd afemgrd§e:c aCHYy PRy 2eRBFoup, a

tetramet hyl ene group,. a_ pent anet hyl. ene ou e
group. WD 200 ﬁ%‘?ff:ﬂa?sg%osﬁr%%bg%‘ég W"gha#ﬁ‘é’%fg%f 0’@3%% 6

al kenyl ene gr ouprrilsghegsodd a8 BiMAlceFbogf10dpofi®) riRdoRyldrgod eyl
hydrogen atom from a carbon atom of a C2. 6al kenyl group. Exanples of

the |inear al kesmdusnean®ys iedkbxrarhopyhydrone Petthény|Bdd) FVPphats
pr openyl ene group, .a but enyl en r.oup, Yil 4 g m
hexenyl ene grou‘b% be Sgﬁ%%%tug?%%ft%"g ﬁ%%gﬁﬁyé %rggﬁpgéi%g??%%ed

wWith 1 to 3,subgid ge60p Scaftigeiff dr aMfdiRxgl oghbuponai shdnyg gfowp. a
hydroxyl group, an am no group and a carbanoyl group” 10 refers to a
| i near or brancied:Glalevinipp gpowp frimeaphehino (9Fo3PhiRft Ggen at on(s)

of a Cl16 al kyl group.i sn_(Jg_r ?-cr%Pcln%&egm'thagg | east one nenber
sel ected fromtﬁ’é‘%’ﬂ&ﬂb consi STt ng - of Ya° mydroxyl group, an anino
group and a cargagpyh wfdgen ReVIObESa G S0dy1NBYoipGihide ey be
substituted with 1 or 2 substituents from the group
25 consisting of a hydroxyl group, & Ci.iz cycloalkyl group, a
phenyl group that may be substituted with a hydroxyl
group(s), a pyridyl group, a Cg¢ alkoxycarbonyl group., an

imidazolyl group and a l-benzylimidazolyl group, and R™ is

8



15 hydroxymet hyl group, a hydroxyethyl group, a 2-hydroxy-1, 1-

di mret hyl et hyl group, a 1, 3-di hydroxy-2-nethyl propan-2-yl group, a

1, 3-di hydr oxy- 2- hydr oxynet hYl propan-2-y1l group, a carbanoyl net hyl

group and a 2-carbanoyl ethyl group. The termof "a Ca-12 cycl oal kyl

group” refers to a 20 cyclic al kyl group having 3 to 12 carbon atons

and i ncl udes WRHBEYEf ¢, dicyclic and spiro- hydr ocar boHSIPREAFEs of

t he nonocyclic hydrocarbon may include a cycl opropyl group, a

cycl obutyl group, a cyclopentyl group, a cycl ohexyl group, a

cycl oheptyl grou d a cycl ooctyl  gr . Exanples of 25 the dicyclic

hydr ocar bon may?i %ﬁﬁﬂgnaixﬁhgﬁa f?ﬁ‘%ﬁ%ﬁp?rgﬂgicyclo[2.2.1]hepty|

group and a bicycl o[ 2. 2. 21heptyl group. Exanples of the

spi ro- hydrocarbon may include a spiro[3.4loctyl group and a

spiro[4.5] decapwdr @ooEPror carrvINd@UIrermr alvimribn o 12- menber ed

het er ocycl oal kyl gr which _contains one to thre I ng-constituting

aton(s) selected fr gﬁ?t‘f?eesﬁ%u:bmﬁegﬁ%f’%tplrr?érlg? - ?E?\ﬁ‘%f% %‘%?toz and

CO' refers to thgpahauetrdef ivBedsC3. 12 cycl oal kyl group in 5 which 1

to 3 nmethyl ene groups or nethine groups are replaced with aton(s)

sel ected from the gfbeC-whesrbtdhigicel CcompoupRwhich Sz gngheanyl

Exanpl es thereof. may include an_oxanyl u a 2-0 g , a

1, 3- di oxanyl gr%{ulbfllégﬁ'pﬁ?lwo uingi lr'ﬁlxl’ragsrgltj)“ﬁpcl,i %é’p S?]ﬁ"éurzlladi)&(ri:gi(?%iﬁg, ngio

2-pi peridyl gropiparmb@edt fedliIRChECHHLaBIOUsh1ta tRERGIFZbAYA HydREPe A

nor phol i no group, a thionorpholino group, a quinuclidinyl group, a

decahydr oi soqui Hegdeefl. group, a decahydroqui nolinyl group, 15The

t erm of "ami to 13-nenbered heteroaryl group that may be partially

saturated whfch contains one to three ring-constituting atonm(s)

sel ected from group con§istig% of Q%?Q, NR1L, S, S and CO' refers to
i

a5 to 13-nenbered unsh c, dicyclic or tricyclic

het er ocyclic 20 ri & ude a furyl group, an imdazolyl
group, a thieny“ogr a pyridyl ggroup, a benzothienyl group, a

2, 3- di hydr o- benzegfott olgr oup, a ‘

2, 3-di hydr o- 1Hbenzo[ i soqui nol i nyl group, a 2, 3-di hydro-1Hindolyl
group, a 2,3;dihydro-lF#ifBindolyl group and a 2,3,4,9- 25
tetrahydro-lH—b-carboIyn§ group. The termof "a C6-13 aryl

group whi ch may be rtiallys sgturated” refer o] at ed
nonocyclic, di c‘%ﬁ%ﬁo’r Ravxdyzo ﬁﬁ%él%’é?’(ﬁlle‘] B%%ﬁsggsgg%?ét lrilhcycl iC
hydr ocar bon ri ngoawizag(H) to 13 carbon atons. Exanpl es thereof may

i ncl ude a phenyl group, a naphthyl group, a fluorenyl group, a
1, 2, 3, 4-tetrahydronapht hyl group, an indanyl group. 5The termof "a 5

Lhe i rogeke at b 1 Aouis ohe ke, Sy bat iciefie B R AR PRty

contain as anot hetegtiaBle CRNS! ikhotddi] 8t OdhyARadX Y@RAeat OIA FarMild 0ogen
atomor a sul fur aton may igclude a piperidino group, a piperazino
10 group, a nor pFBI. MbegeBuR 6 tthhgRDISRoRERAD. Fr BUPTOTHe IFe¥ M & "a

phenyl C1-5 al kyl group" refers to.a Lipnear or br hegd .C1_6.al kyl
group which is éubgdtl%?gt%?u\ﬂ £h 3 Cﬁh‘eﬁ;l/gozarr %BHPE%a%%p eslgt ReFebt  may
include a benzyligfioypodp A aphenydet A¥bmgr oup. 15The termof "a C2-5
al koxycar bonyl group” has a structure conposed of a |linear or
branched C12& al koxy group and a carbonyl group and is preferably a
C2-5 al koxycar bonyl _group. EX es.thereof y. inclu
nethoxycarbonylggroﬁg? %ﬁmﬁPﬁggﬁé%?68£¢F”'PB%%f“§°%Péﬁ§£%bé?%ony
group, an 20 i somaRQxKEeas RANYl o8l HYBarafodirthuh0xy Grbpyegsaup and
a t-butoxycarbonyl group. The termof "a CL.6 alkylthio group”
has a struct ur etieewspds edr of hydrphedhegeodr ameredR Cis 52 dIdFPagR Gtig™and
a single thio group (-S-) and is preferably a Cl-4 alkylthio 25
group. Exanples of the Cl1_6 alkylthio group include a nethylthio

9




WO 2007/ 13611 3 am no—group. Exanpl es thereof may

i ncl ude a nethyl am no group and an et hyl am no group. The termof "a

di -Cl.6 al kylam no group” has a structure conposed of two |inear or
branched Cl1-6 al kyl 5 groups and an ami no group. Exanples thereof may

i ncl ude a dinmet hyl am no group and a di et hyl am no group. The term
of "a C2.6 acyl group” refers to a linear or branched aliphatic acyl
group whi ch coptai 1 ar . . EX | es I nclude an .acetyl
group, a propi ghyllﬂger (z)%p&) e%dﬁa %’&r\‘}él%%;zllméarrn ﬂ%?gaoﬁu?y?clwmbarcoel}ﬁwgh}iy

| sobut yryl gfOHecﬁﬁéaﬁlgaégiy'tﬁHf&H%, or, a EQEr%SE”EBEr"BfCZESbrdi g to
acyl am no group”™ has a structure conposed of "a C2-6 acyF group and an
ani no group angmbS§aPhéher abby AN AfRlathaf A9 dr euR- aiRfhend %f%@;t o -0-
C2-6 acyl (Cl-6 al kyl)am no group" has a structure conposed of a C2-6
acyl group, a HHm kot i@ @uwp iamdgan a8l Not@'PUP.and z iENE NHOM(RP)RC
"a di - Cl- 6al kyl am nocar bonyl Rgr oup” has a structure conposed of a

di - Cl. 6 al syl awihewe it ok aawdd RA 2Pe g hieBilnedy Amp Forumuldheijerm of "a
Cl-.6 hydroxyal kyl group"” refers to a Cl1-6 al kyl group which is
substituted with at | east one hydroxyl group. Exanples include a

hydr oxynet hyl group, a 1-hydroxyethyl group, a 2-hydroxyethyl group,

a 25 3- hydroxygentTﬁe GeenyAd 92y el g Hr exyP Rty | HhArMGIcews 1cahdy

termof "3 to 12 nenbered heterocycl oal kyl group or 5 to 13 nenbered

heteroaryl gr RFFSRTRNM-ESHT REeTESTet REr 2WRYATRRR HReFeRferfcaasding to
which they are ttciun:hedli VWO 2Q107/ }‘]36116PCT/JP2007/ 060653 may form and
each of which ‘?Pﬁv’ M P PRor? 2 "PeR§ Bonsti t uti ng atom sel ected from

0, N NR',.S, CO'_ r e 3 tQ. nber e .
het er ocycFSaI kYEICFsgraE[(;tCJE ‘Gc)ra]‘g&{l(;%n 3%%%)%&% ﬁe@% yﬁngggusna%nteger of
defined above.; 5dhe f erdadfy "s& RiacpR¢Qufacal |y acceptable salt”

refers to a salt of an alkali netal, an alkaline earth netal,

anmoni um al kylyrggeni um or a salt of a mneral acid or an organic
acid. Exanpl es thereof may include a sodiumsalt, a potassiumsalt, a
cal cium salt, Eniamoni um 10 salt, an aluminumsalt, a
triethylamoniumsalt, an acetate salt, a propionate salt, a butyrate
salt, a formtdlsd tC:-a alkyll gorurcwhach maythe aswind ottt eghimtithal to 3
tartrate salt, a citrate salt, a stearate salt, a succinate salt, an

et hyl sucéPnatBiefiituenys; sedgicsadt EXe® $ToWP Puconate salt, a 15

gl ucoheptonate salt, a benzpate salt, a nethanesul fonate salt

] rd an -
et hanesul f onat'é s & €318 SYRYARLRYLt FEHHE G f8Vs Bey sukstituted with 1
benzenesul f ongt e | a.p-tql uenesul fgnate salt l.auryl sul fate
oalt el ar a2 eringsd ekt BRIRULLA"E N o Ao bal oFoud R 6, e
salt, a salt w e 0 salt with N-acetylcysteine, a
T %y

hydr ochl ori de ate salt, a phosphate salt, a sulfate
salt, a hydroi@date s5ald ;12amenperbAahetsRbéycBdh Al Hrduplldr ad5 to 13-
picrate salt, a thiocyanate salt, an undecanoate salt, a salt with an
acryl ate pol ymmbanedd hedleiroaryl grdbp candoxyay e pgedbiEly saturdbed,
termof "hydrate" refers to a pharnaceutically acceptabl e hydrate of

t he conpound e&fadhhefi mdiohi contriassahe thetlmode Ming-comsdindtdhgt he
invention or a salt thereof absorbs noi sture when exposed to the air
or recrystall iat@m{sy) sglewdefedgPR that STPURRITHE 1N LF RygNesEopné
wat er or beconesgya hydrate. Such a hydrate nmay be_included in the

hydrate in t h&Ror eSent 1f nd ey iorgems cEmrarndLREL FREUPnvR PRV L-Ci-
and i ntermnedi at ei %\tﬂer eof thereo V\:hilh have,a cp_i ral c«?nt eé rra%/mbe
present in thé FOF¥oP 8 Bi 85t3r ot WP YT R0Rt SharP! Fabtniehdte,
some conpgind f inv .0 dyi i r t a
ket o- enol anut%g%rﬁq%&e%o%g’%\k}er@, @goﬁe%g%%ﬁén%% rﬁgﬁﬁ@e%?ls@ntg%d
i ntermedi at es ghleredlon By tA8gPbES §NhyasSofy OIS Idhd SOl hFarbxyalkyl
form. Therefore, "I soners ang m xt ures t hereof mnentioned above are
group, or
(4) a Cs-13 aryl group which may be partially
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15In particular, in a conpound represented by Fornmula (1), the steric
configuration of the hydroxyl group at the 4-position of the glucose
noiety is either an RRformor an S-form which is indicated by a wavy
| i ne. 20Preferable exanples of the conpound of the invention will be
descri bed bel ow. In Formula (1), preferable substitution

posi tions of Y¥2UHHR® are those as shown in Formul a (AYDPP20fg/06683
preferably a hydrogen atom. a hydroxyl group, a 25 Cl-4 al kyl group
and a Cl.4 al koxy group, nore preferably, a hydroxyl group and a
Cl_44 al koxy group, and further preferably, a hydroxyl group and a
met hoxy group. sRZurstesdt ahdrad peastpairidRypd giidtpl o G sEPaFk§Ie g oup

WD 2007/ 136116PCT/ JP2007/ 060653 and, a og t rably,
a Cl-4 al kyl gr%ﬁcg‘ﬁ% fgoﬁa?glgaﬁog%rﬁ%ghd %%hgﬁpreéer%fjﬁ g

met hyl group angheayeht,0f anRyatBup! nder oyl salkyllsal£dryl) gré&id i sach
preferably a hydrogen 5 atom a Cl-4 al kyl group and a hal pgen at om
nore pref er abl yof shhghlimsgehe sawWhptisurad Wikh of GWEFaRat F7PPR6F) ne at om
and nost preferabl a hydrogen atom Wien R3 is other than a
hydrogen atdm 3 Hﬁ%ﬁ"%r abl e substitution position is the ortho

posi tion rel atigg@ubontdashepgyds noiety in Forrmula (1) 10or (I1).

In Formula (I) or (11), Y nmay be preferably a Cl-4 al kyl ene group
_0-(CH2) 2- or @ GRldgen k&nyl endGrewyt 9¥oHB. 7 Sher aBIKY gredp yhich

al kyl ene group, or_-0-(CH2)2-, .and further , 2aCL. 3

al kyl ene gr oup.™¥hER ".Sst“)ERIFI‘&JI'I(lgI‘R%hY@E%PI ?%g?é%ré &7 4bl y

- (CH2) 2- . dl’koﬁ?éﬁﬂﬂo@; {1 grévp,( bl gamfaaoel Zyddup- Nb@ANCe): Re, R13
and Re are preferablely tﬁe following (i) to (v) enbodi nents.

(i) Re is athydldydantnograng. | s alkyilthial $EAWRgIBLR PAEt Pfray be
substituted wth 1, .2 or_ 3.substituen cted from Goup A
Group A herein ‘Iusbsslﬁ’é eodggﬁ%lgt%tr%ytaggﬁi%rg%%}?%f'oup, a Cl-6 al koxy
group whi ch may; bResghstdroubeda WintiBngl hytdiupx Yhergioanpés)l, gao@R, Furyl
al koxycar bonyl group, a carbanmoyl group, a al kylam no group, a C2-6
acyl am no groupgregpPcl-6 25 al kylthio group which may be substituted
wi th a hydroxyl oup(s a £no . I ast hi enyl
roup. & bensorhEBRYF: orsp, TAEGT Ry rhe dResfLLUa valE P eots M 2
phenyl grougs t halphsiRyudiersSebsébidd Edomitile Frowp Ton¥sting of a

2007/ 136116PCT/ JP2007/ 060653 substituents selected from G oup B
(Group B consi shwirekyh $5piPexy|hajrgap, aMaf otfen 2&F6F FOER- 62 dikoxy
group, a Cl1-6 alkyl arou ch b 1§H|t3 i i, t roxyl
group(s), a Cl-%ﬁé’ﬁkgf??ﬁogwé?%unba?éepﬁ%ny ?h#%&tgﬁgagém%d%ﬁ%gmy be
substituted wi tdrcupht¥§ly aXY, 08 DARY 0 OfrapCla GoHungl oxy@|deyphp gwioiah( s ) |,
and_a_pi peridino group which may be substituted wth_a hydroxyl
group(s) or a QGlay beysvestisnksd withup(&ydroxyl grauplsd e @ Garkyl
group which y. be substituted wih t ; It : ed
fromthe gr%ﬂ; %deﬁg?‘g?ik ; C?Fmépﬂé))dr 8%%5)&’318’3%1 an 'grr%’%#?gltﬁh%f%
hydr oxyal kyl gr geHptiguBed &ild- suiueoedl heiomposy adroal ki kb hydoupyaittivdh
contains one to three ring-constituting aton(s) selected fromthe
group consistingrw®(@)-N, S and NRL (Rl is 15 a hydrogen atom a Cl_6
al kyl group, a nyl - Cl 6.al ky ouP. Qr : KOoXMCar I
group) and nmay %tz(‘e"‘s‘ﬁb%‘ﬁjltt&tlgﬁfvéﬁoﬁ{jl o&3ms %%ﬂtﬁ%ents ge‘lpgé)f:}%/eldt?rom
the group consi gtdyh@ 1@l t@edtkdeoxsdtedr ot¢m ahd gréilpy Gohyiivtougabkyd
group, and 20 4-Cl1_6 al kyl pi per adi ne-1-yl carbonyl group. Mor e
pref er abl e 2Xxanidoxyh @%WpaAdi%cﬂldeY%fW&%X |9%§Bup, a met hoxy
group, an ethox rou a -6 I P, C r s gL oup,
a cycl obutyl gr%u%,t°a9§Bm%%rg%ggn%ﬁ%%ag%%oﬁ%{ggc %ﬁ?hﬁ%/%pgéragﬁ%ﬁ
which may be  gne to three ring-constituting atom({s) selected from the

group consisting of 0, N, § and NRY (R' is
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substituted with 1 to 3 subtitituents selected fromthe group

consi sting of a hydroxyl group and a Cl_6 hydroxyal kyl group, a

nmet hoxycar bonyl group, a carbanoyl group, a dinethylam no group, an
acetylam no group, a nethylthio group, a phenyl group, a

4- hydr oxyphenyl group, a 4- nethylthiophenyl group, a 3-nethoxyphenyl
group, a 3, 4-WHr%EPHd%yphenyl group, a phenoxy group, BETFP2087/060653
(hydr oxynet hyl phenyl t hi o) phenyl group, a thienyl group, a furyl
group, a benzothienyl group, a 2, 3-di hydrobenzofuranyl group, a

4- et hyl pi perazi_n; 1s ar yl. grou - pyrrol i.di nyl .gro a
1,3-dioxane-2-yf’g%%%%?ﬁaaggﬂofa%ViE%%K§ﬁ$gﬁ§'agh#%%1|dF%biggg&p. 10
(ii) RCis a hydregernraton).andkBrydsbanes-dgobugycheal kyl group that
may be substituted with 1, 2 or 3 substituents selected froma
hydroxyl group BA8 ke cGrPethihedxyatikyl tgrdRHPtIREtERts2seindted] kKyem
group herein is er Y ycl op |..grou a_cycl obutyl
group, a cycl opg%tgy&%%oﬁ%glaﬂ%ﬁl%%gxéggééorx&%p?rgupc a@ﬁoﬁe%fﬂ/l , a

cycl ooctyl gsoupydsdkyadRFRNMDNGupYr &P, a bi cycl o[ 2. 2. 1] heptyl group,
a bicyclo[2.2.2] heptyl group, nore preferably, a cyclopentyl group, a
cycl ohexyl grouf;Cas Z3kBleiRargpzne- L vRepERAYdr 669r an adanant yl
group. (ti1) RCis a hydrogen atomand REis a "3 to 12-
menber ed het erocycl oal kyl group or a 5 to 13-nenbered heteroaryl
group that nmay R® ipaathpddogefabttnt ada each of 25 which contains one
to three ring-constituting aton(s) selected fromthe group consisting
of Ob N S and NRL (RIOis a hydrogen atom a Cl-6 al kyl group, a

phenyl - C1. . 5, al kyl__gr = 0 n roup). s ref erably
a WD 2007/ ?%61%65&% %588%7%&%%?" Séy‘*r% g‘ﬁﬁiﬁ% %?’gut%, 9%1‘1%‘? S‘ehraﬁ’dg‘}?e
group and a qui attddhdianyby FoltPa piYeRipied &ralp Wwhikhpmay dd di nyl
group, a 4-piperidyl group in which a nitrogen atomis substituted
with a phenyl CIUBSHHIRGEd gFidhpacRYrodRdEnyl 86RYR Ahéni-« Gr&UR, 98awp
further 5 prefe - TG Y Jpyrrolidinyl . group, a 4-(1-
benzyl)piperidyﬁé%%%dﬁ,Sékéégtﬁ?%%¥é%ﬁoéf%%%ﬁgg%%i ;ﬁ“ﬁe??%ﬁﬂ o%r%up.
(iv) Re is a hygyngandahomyangrben,| $raa 6ctiemddpmeEnier o o2l ¥ group
whi ch may be substituted with 1 or 2 substituents selected froma
hydr oxyl grbtp, deFfiv4ral sgAuigpdine 9&°pPenyl - C1..6 al kyl group and a
Cl-6 al kyl sul fonyl group, each of which nmay be substituted with a
At P al 1y sat ur ol eQihicipnenys biiyanbes idoabethaic s Lporacbyer Rty
partial |y saturat edtudiGipheayl bayetibst i AMdlrN a lpdrmé cBy e @M
group(s). Herein the "6 to 13-nenbered aryl group” includes a phenyl
group Eu‘ ?lnaph??ﬁﬂptgzﬁﬁqfalﬁnHh%#ﬁQﬁ'Frt%)¥E§rﬁ%@ﬁiﬁﬂ§ﬂ°§r%ﬁcogﬂéﬁ$ %hi ch
is partially s [ renyl group, a

1,2,3,4-tetrahy ro?’tr?gp %h{/ﬁfoogglﬁ%}%u% g‘? g’n i ndanyl group. O them a
preferabl e 2@ ishaerephenyl group substituted with a phenyl-Cl_6 al kyl
group, or a fluorenyl group, a 1,2,3,4- tetrahydro-naphthyl group or
an indanyl gr ou’b,lseécﬁbé)fal\%ﬂi"-%%e\ﬂﬂc’eﬁrmay be substituted with 1 or 2
hydroxyl 25 gr opR(sS). conur® (v) As another preferable exanple, le
and Re together with the nitrogen atomto which they are 27 WO

2007/ 136116PCT/wa2@07/ 060653 attached forma 3 to 12 nenbered

het erocycl oal kyl, group which may contain 1 or 2 ring-constituting
atom sel ect ed fFoAfF@® CNs B FHdIRREP (SRPPEiutgdCrivh 4 k9l 3 grubgpitwents
may be subsjdt i di ¢ | kvl ami.n r.oup nd . .which may 5
be” subst i taitgeduévﬁﬁt%ﬁ\é%& gfrl%fl "gﬁ%ﬁ’%ﬂ eé%/%ﬁ?é: ﬁg%?‘étid)%f %‘%‘F‘n]?%xylsﬁlr:%ﬁ c?inﬁyl
group and a C2-# dabrbshoydl Gitpup hat may be substituted with a
substituent selected fromthe group consisting of a hydroxyl group
and a pyrrolidin-1-yl group. Exanples of the (v) enbodi nent include a

pi peridino 10 gfou 4- d@yl Lperidin r - .
decahydr oi soqui%fol Pﬁﬁlcg g%tl, ﬁ%ﬁ%%or%brcﬁﬁgﬁn%ggar%Lpéfarénaﬁ?umcally
12



15 and a 3- hydroxynet hyl pi peri di no group. In Formula (1) or
(I'l) where Zis -CONHRA, RAi s prebef ably a Cl1-6 al kyl group
substituted with 1 to 3 substituents selected fromthe group
consisiting of a 20 hydroxyl group and a carbanoyl group.

Processes for producing the conmpound (I) of the invention will be
descri bed bel ow. Production Process 1 The compound (1) of
the inventi citcepta®i¥ ishld €Re®edd ot kylfErifOWhdfec® G&cBrding to
al kenyl ene group and Z is - CONHRA can be synthesized by the follow ng
met hod. WOa2(F0ohe36T1eRBbaiR2004/ D60658, WhdarziBr Stepl 0 On 0 \
R3.---r-Y1ILOH Bni" ' OBnOBI Bn0"OBn (1 A) PdOBn(1C) Step21112Yl yNHRA
St ep3 reducty d§, aRENH2@0HEPRBEBTPWN, BYOR Rs BnOOBn OBn( I D) Not e
that, in the formula, El|l and R12 may be the sanme or different and
represent aZydr o8k (N84 Ha: benzyl oxy 5 group, a net hoxymet hoxy
group, a_(Cl-6 alkyl)3Si0-, a Cl-6 al kyl group, a Cl_6 al koxy group
or haloggn atom Y1 represents:a single bond or a Cl-4 al kyl ene

, d qQth f , defined ab - (1
e’ (PP roalhe EHPRES DU S BabuRarBer R ShektRce Rty
are al |l owed sl-@eheabhel Bat PeLRELSEACS h%d%%z't'eaci'h%%%%t QEXﬁI:%;gg o

phosphi ne |igand and an appropriate base”in accordance wt

reaction toagynbiesbEeembs@iMmOrts 1 1@ 4, ExheRlas of the pall adi um
catal yst used herein may include palladium 15 acetate,

tetraki s(tr¥phenyl phesabkpeepal dasdipimandi benzyl i deneacet onepal | adi um
bi s(tri phenyl phosphi ne) pal | adi um chl ori de and pal | adi um acti vated
carbon.1&xahplies of the phosphine |igand may include

tri phenyl phosphige and tris(2- WO 2007/136116PCT/ JP2007/ 060653

met hyl phenyp) ph i ne. .Exanples of the base include triethylanm ne,
N, N-di | sopro yl am ne, potassium carbonate, cal cium carbonate,
cesi um car bo Bnd pot assi um t - but oxi de. Exanpl es of the solvent to
be used 5 ifi tHis reaction may include acetonitrile, toluene and
tetrahydrof uran” The reaction tenperature is fromOC to a ref |ux

tenperat ur eg® hWey &y, , 811y Er QHBNS wisi APLIORVYH 14%8%a with a Cyin

cycloalkyl group or a phenyl group and R®™ is a hydrogen

atom or a C;.¢ alkyl group.

15
- 10. The C-phenyl glycitol compound according to embodiment
. 1 which is a C-phenyl galacitol compound represented by
- Formula (III) below or a pharmaceutically acceptable salt
thereof or a hydrate thereof,
20 (11D
where
Y is

i3



(2) Step 2 (Conversion to am de group) The conpound (1C) is subjected
to dehydration 10 condensation with an amne (RANH2) to obtain a
conpound (I D). Preferable exanples of the solvent to be used in this
reaction include chloroform dichloronethane and

N, Ndi met hyl f or mam de. Preferabl e exanpl es of the dehydration
condensat i on VE#HY13PHE| ude NIP-di cycl ohexyl car bodi i m RECTPB0PHHCLFS

N- et hyl - N - ( 3- di net hyl am nopropyl ) carbodli m de hydrochl ori de (WSO,
1,1" - carbonyl diim dazole (CDI') and WSC/| - hydr oxybenzotri azol
nonohydrate. The reaction tenperature herein is 0OCto 60C. (3) Step 3
(Reduct i on and @€ps A EBHLBA) I Xeat A9t i c hydrogenation of the
conpound (I D) ined above is performed by using a catal yst such
as pal |l adium activated carbon, palladi um hydroxide or a

pl ati num pal | adicoRugt i vat ed carbon under a hydrogen atnosphere. In
this way, reduction of the olefin and debenzyl ati on can be 25

si mul t aneousl| y ¥#eFforned to obtain the conmpound (1) of the invention.
O the catalys t ated, cCalhgbt Oluents
pal I adi um hy%r E)Ril ng br gﬂ‘% yaé%%%ghgﬁﬁtﬁe&sg?v%nt to be used
in this reacti glasyed \Won00d k36t 6REELSPROD HE0E0BHB-oxyd | grfaip and
net hanol , et hanol, 2-propanol, ethyl acetate, acetic acid and sol vent
m xtures thered® ca¥pANYda8FP¥r tenperature is fromroomtenperature
to a ref lux tenperature; however, roomtenperature is preferable.

5Al ternatively, in the debenzylation, a Lewis acid such as BF3. Et 20,
BC13, BCl3. 14e2S,. Bhie3c-pl&hd, glirelodHcompoulfiOrccariing bg cvhboBEkneit es
of the solvent to be used in this reaction may include ch%gég; orm

di chl or omet!ane, vhéek ot @r Fr@}ermleﬂh‘ﬁ‘flté?tlh‘é?m MBEr BFRAFST
di et hyl sul fid I rehera tgbyé%alt
CF3CO0H, TfOH ?r %fa"%q}% el?ﬁt ﬁ?%) i°n g&%ﬁ%&%éﬁﬁ%&gg %}cge% eaction
tenperature is gueeter add u hy@kated tB&€20fRPr oducti on Process 2 15The
conmpound (I) of the invention where Y is a C2-6 al kyl ene group or a
C2-6 al kenyl ene group and Z is -NHC(=NH) NH2 or -NHCON(RB) Rc can be
synt hesi zed by the fql-[oo ] : Y—zNote that, in the fornul a,
ected with a benzyl oxycar bonyl .
group 20 or - NH er reference synbols are the same as
defi ned above. | ROQY 6116PCT/JP2007/ 060653 Rfi R12H11R12 \CV, Br
Step4-. "z JL' 00 3T, ©Otr1Bnoo RR3 Bn040BnCE) . _ Bn01013n OBn(
| A) PdOBn Nr(NHCbZPl'{lr IF) zI = HorN16-N-Ro

(IV)

where

15 Y is a Ci.s alkylene group, and
Z is -CONHRM, -NHC(=NH)NH, or -NHCOR™,
where
RM is a Cyi.¢ alkyl group substituted with 1 to 3
substituents selected from the group consisting of a

20 hydroxyl group, an amino group and a carbamonyl group, and
RP! is
a Ci¢ alkylamino group which may be substituted with 1‘to 3
hydroxyl groups or a 4-Cis alkylpiperazin-1-yl-carbonyl
group, or a 4-Ci.¢ alkylpiperazin-l-yl group.

14



H Step5Ft1 FeNCbZ reduction, ----- .."--Y, 1 deprotection---"\-
>e'"--DR3 HO OH Hz ,NyNH2 or -11.T,N-RC NHO (4) Step 4 (Heck

reaction) The Conmpound (IA) and an allylamne (1 E) can be
converted into a conpound (IF) by the Heck reaction 5 described in
Step 1. (5) Step 5 (Reduction and Deprotection) The Conpound

(1 F) obtai nedv@BBVESHE subj ected to deprotection with REIEPN)TI6R6S3
hydr ogenation or a Lewis acid as described in Step 3 to obtain the
conmpound (I) of the 10 invention where Z is a guanidino group or an
urei do group. Production Process 3 The conpound (1) of the

i nvention wher el?¢ i Bhey GPREREL KEGLERL £orRE % PREPENE G FOUFRATIT T s
-NHCON(R3) Re ¢ be synt i . al I i .5 15Not e
t hat , i(n %he fgi:lnu ra?y%l%%zar?%&%l%lﬁgyg%ceetpg Egiés)égr?gwo?gel ferggn? and

represent a hydiwngefeat@neck, beumeliaxy group, a Cl_6 al kyl group,
Cl-6 al koxy group or a hal ogen atom 111 represents a net hoxynet hyl
group, tetrahyd¥ dfyrafyt FFFUpIDITRUPCL- 6 al kyl) 3Si -, and ot her 20

ref erence sypnbol s, ar 1same def.i.ned above. The WO

2007/ 136116 /%%6??%%%65@7?%%%?@%%0 11B) or the internediate
(I''F) wherein Y ispa single bond or a Cl1-6 al kyl ene group can be al so
synt hesi zed in thejlsa manner as in Steps 34 to 36 bel ow. Fo3 RHStep
1113 H14/ St ep6—1lj MI'BULlI etc.Y-OPlreduction of hydroxyl

groupEi ..........M 0. SN -OP 1i 2) -( X ) En O Wyroup OH(Steps,

hydrol ysi s) RBnOBnOOBn ((1A)Bn0' OBnOBn OBn ( X ) 5

where
RM is a Cy.¢ alkyl group substituted with 1 to 3
substituents selected from the group comnsisting of a

10 hydroxyl group, an amino group and a carbamonyl group.

13. The C-phenyl glycitol compound according to embodiment
11 or a pharmaceutically acceptable salt thereof or a
hydrate thereof, wherein

15 Y is a Ci;¢ alkylene group, and
Z is -CONHR™
where R is a Ci.s alkyl group substituted with 1 to 3
substituents selected from the group consisting of a
hydroxyl group, an amino group and a carbamonyl group.

20
14. The C-phenyl glycitol compound according to embodiment
11 or a pharmaceutically acceptable salt thereof or a
hydrate thereof, wherein
Y is a C;.¢ alkylene group, and

25 % is -NHC(=NH)NH;.

15



(6) Step 6 An aryllithiumreagent can be prepared from an

i nternedi ate conmpound (I A) (which can be synthesized in accordance
with the disclosure of W06/073197) by use of an 10 organi c netal
reagent such as n-butyllithium secbutyllithiumor tert-butyllithium
This is condensed with 8-lactone (X) to obtain a conmpound (I1B).
Exanpl es of t\We2¥H3dht to be used in this reaction nmeRCTIRVPT S
tetrahydrofuran, diethyl ether and toluene. The reaction 15
tenperature is -80C to roomtenperature, and WO

2007/ 136116PCT1JP20071060653 _pr ef erabl vy, -78§ to -%EC.,&;)m§%§%17t
(Reduction of Hgdr 3Ag Coplfisy: 9lycitoqpommamS AP By Bhd Er 351 H
1-Pr3SiH  t-BuNg2giH gp, PR2SIRGL- 81 f ARlcbp¥isid Balatierbbstéie apr esence
of a Lewis 5 acid fo reduce a hydr oxyl group. Exanples of the Lew s
acid to be usedyidpatdithetreat} iwbleratry i ncl ude BF3. Et 20, CF3COCH,

I nC13, Ti Cl4, TMSOTf, p-tol uenesul fonic acid and nethanesul fonic

aci d. Exanpl es Yofst AfsoPrentein8FedR ERfor of orm di chl or onet hane,
toluene, tetr angFoi&H&ﬁm kOnacetonistyr bl @ _andrsDinkent gidud ur es

t hereof, preferably, a solvent m xture containing acetonitrile such
as acetonitril efuebtdrwfedr witacettons tixydrexnl ciHoypenet farteCi-«

acetonitrile/tetrahydrofuran and 4

acetoni tril e/ t ALKERYIRFPFIAN TOI-GBRROP YN ETCYR22 OFi Bnt {85 enper at ur e
herein is -60C .t pt efe . -30C to 25C In the
reacti on nmenti oarjl‘gﬁggqf?bev%?qg {p‘rg%Lt ggtgillyn)é group Pl is optionally renoved
dependi ng upon the reaction tenperature. In this case, a conpound
(I1'1'C fromwhich PI 20 is renoved is optionally obtained. 8
(Hydh ol yar 9P 36. FBia Guphish 83y tol BPORERe RGSorang b ebbaghelt
removed by use jof aydrachloricraehtly Sidebebble 36, timdedlEuenesul fonic
aci d nonohydrat'e, pyridinium25 p-toluenesul fonic acid, hydrogen
fluoride pyridiny@rabe BirdMeody wheeelinke. Exanpl es of the solvent to be
used in this reaction may include nethanql, ethanol, 2-propanol,

chl orof orm di ¢hii6r 8rerhatEY1eM5 FEARP: 38 ahydr of uran, WO

2007/ 136116PCT/ JR20 tonitrile, diisopropyl ether, water
and sol vent m X J%egzéﬁ%%gﬁgéa%en Pl is a methoxynethyl group, a
preferable acid i sphydrochloric acid and a preferable solvent is

met hanol , dii sopr ether, toluene or tetrahydrofuran, 5 and nore
preferably, a sﬂhﬁ%xture cont ai ni ng net hanol such as

met hanol / t ojduene, e W/ di i sopropyl ether or

met hanol / t ol uene/ di i sopropyl ether. The reaction tenperature differs
dependi ng upon the solvent or acid to be used; however, it is OCto
. 100C_and preferably, OC to 10 80C. (9) Step 9 (Substitution

reacti on) 17. Thepheompoemicall Grengreitéen .y which emBSERGS ¥ Group
and a reagent (lI1D) _are condensed in the condifi t M t sunobu
reaction (Org. PREREL %’é‘?lt\?gl .°°’9P2’,“n§. a %lﬂgiénég%T‘g glfr‘leéjrz‘]fg r eagent
and a phosphi ne.fiRQRbALS 1t #8 £OMMROUNEndzaEbuticallyExesmitaslef sdllve
phosphi ne that can be used in the Mtsunobu reaction may include

t ri phenyl phosphtieeectr ox rbiygkptrodipeiraet asr Aot aHUiMpl PREGSPHERE;
tritolyl phosphi ne and di phenyl-2-pyridyl phosphine. O them

tri phenyl phosphi ne 20 and di phenyl-2-pyridyl phosphine are
preferable, andri Pﬂ@%aﬂ'ﬂgéé’LNi%%li srépuratpoefecablieng Boasmemimeht

t he azo reagent 1 nclude diethyl azodicarboxylate, dil sopropyl

azodi car boxyl at 87, diriteris Emt phhiydercef Foepliwe dependent glucose

1, 1" -azobi s(N, N-di net hyl f or mani_d and_1.1'- 2 .
(azodi car bonyl ) 8P H3p&EPPEESR @Gﬁ?@macaiweﬁyﬁngz% CCAPB A e nd

di i sopr 0py|zézOgi&%ﬁoéxk%%pﬁkgeﬁfﬁf(eéﬁi@i)eacExaiw.es of the sol vent
i ncl ude tetrahydrofuran, dioxane, toluene, nethylene chloride, WO

2007/ 136116PCT/ JP2007/ 060653
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chloroform acetonitrile, ethyl acetate, dinethylsulfoxide and

N, N- di met hyl f ormam de, and preferably tetrahydrofuran and tol uene.
The reaction tenperature is preferably from-20C to room tenperature.
5 (10) Step 10 (renovi ng phthalim de) The conpound (I1E) and a
hydrazi ne hydrate or methyl hydrazine are allowed to react in an
appropriate SHPEHBSHS obtain an anmine (I1F). PreferafiC@TBREMNES of
t he sol vent used herein include nethanol, ethanol, 10
tetrahydrofuran, water and solvent m xtures thereof. The reaction
tenperature is fromroomtenperature to 100C, and preferabI‘\)/ from
room t enper at uLe. t ®h60fharmaceutified. pheRATRSHORMIROTALPE) b gHLpEIment
purified by formng a salt with m_neral .aci . j.G. acid as
menti oned 15 aBdve™igRaid 2L GPIYHRSE S £ pre g?%%?%nﬁgélg@;ygﬁ
purification i ﬁgggg%sq hydrochl ori de, met hanesul f onat e,

et hanesul f onat e, 2-hydroxyet hanesul fonate, benzenesul fonate and
p-tol uenesul fonate, and nore preferably, benzenesul fonate. 20 (11)

Step 11 (Fogmaiap 9 Ye8@rprion JerHEORROuRGED | flsobaREles Synt hesi zed
wi th a carbony 0 synthesize a conpound

(11G. Exanpl es of mhheteaishasydatn dher pegpsnt Lardniden will be

1, 1" -carbonyl di i m dazol e, p-nitrophenyl chl oroformate and 25

tri phosgene. | qefiped raéag?f S-a base such as triethylanine, pyridine
or N-met hyl nor phol igpe he PLedel abky Unsdp Bxarekeso of liheasadvent
to be used herein include chloroform dichloronethane,

t et r ahydr of ur amrantRLGAFF1 AL PCIViH2 007 (6@eERon atoms. Examples

N, N- di et hyl f or mam de and di net hyl sul f oxi de. A_m xt ureéég‘!([j!?/er&g11
S r

ther eof may-Ohe WIEEEOT BT SRCHIE BAHIIVES IBTRh&" nf Wt vent
include chl orofo N GLoEt W fiebpRiBydegroup, an n-butyl group, an
chl or of or m di net ﬁg{jﬁs\#}l fg%x?%e and tet rgﬁygjr:of uran/ N, N- 5

di met hyl f or maniidebufiyle greapt i rtetreripetydt areun s ar sefntdApedEi-e®Ro
80C. Wien the reaction rate is |ow, the tenperature b I S66-
(12) Step 12 ( DeBPBEECSTORY: Th&EompUtd ?’rﬁ% 8Bt %13 1a§%c§)%1 |§s
subj ected to 1Q _deprat.a6t Len,yi'th catal ytic hydrogenation or a Lew s
acid as descri %endglgn S}%g'pbs t%m obtain the conmpound (I) of the

i nvention vsere Z iheaneunsiftildageouplkPrydiporpnrffereess ¥ 115eRE o
conpound (I) of the invention where Z is_ap ureid r can.b
synt hesi zed af tREEPERRA RAFPER VI G BHYBIE tlhgo g'{ 25 8o a%Py :béf Enem,

cose noi e
protected with acy{ o) GR BSe@TaRCEL YV ExghIEE of- P cBl,epl13R13
R14 R 3 R14 \..é?‘f&l".%t}l;:. $ EIH?B%EE St gp?m | protection of

am nodepr ot ect |aiixogf group may BgpledeCbarerPbxBrarour arRFERPEBOWRBN
OBn (1F) R14Stepl5RI3 RI4 81-NIBI 30 acyl ation of _

hydroxyl \ -t . . . /3 PRPBSEY SIT8PR6 3° GG§PBEP G Pt Stiec P o Prtoxy group. an

20 isobutoxy group and a tert-butoxy group.

The term of "a halogen atom" refers to a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom.
The.term of "a Ci-¢ alkylene group" refers to a
bivaient group formed by removing a hydrogen atom from a
25 carbon atom of a Ci_g alkyl group. Examples of the linear
alkylene group may include a methylene group, an ethylene
group, a trimethylene group, a tetramethylene group, &

pentamethylene group and a hexamethylene group.
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| 3131 AcOR HO), Ac20, pyridine etc. HO' OHAcO' OAc OHOAc ( !'IL ) WO
2007/ 136116PCT/ JP2007/ 060653 (13) Step 13 (Protection of am no group)
The am no group of a conpound (IIF) is protected with a protecting
group resistant to catal ytic hydrogenation, for exanple,

tert-butyl carbonate (Boo) or 5 9-fluol enyl net hyl carbonate (Fnoc). The
conmpound (11 IWQ2007B#d§ 20 and Fnoc-Cl are all owed to r &&dHPI0p7/040653

sol vent such as chl orof orm dichl oronet hane, tetrahydrofuran or

di oxane in the presence of an appropriate base to obtain a conpound
(11J). Preferable exanpl es of ,t h§ basl i ncl ude ggdj urgf%gs ar %onate,
sodi um hydrogen carB¥n&PE™ Pot &s53-6 A EEPHUHE &-°Pot assrum hydr oxi de,
sodi um hydri de,;, ;R\ b N&-oRPdedHriedt BY | @oReng (sl dyaSb g kom from a
(Deprotection of benzyl Deprotection of the conpound (11J)
obt ai ned above dasbdb et OF ned zbya Yeenall ygrarhy dieagehas i ¢n ths linear
described in Step 3 to obtain a conpound (11K). (15) Step 15

(Acyl ati on) alke?ﬁéemd&awrﬂ&%ﬂ% k¢ Ytlf%’ée Q)%%ﬂ%%ertelll %o?ps' @
protected by a N 2284 BdhAGRE YErdHiQUR péhi@alabie Grddp
conpound (| Iy5L) Tbr'ql"%éh%gérr%uo%ﬁgﬂ%l IaK) , ac%ti C EIEcmhf’gri dlse, pi 3a| oyl

chl oride, benzapda ehhexdrdéent cgrompe allowed to react in a solvent in

the presence of an appropriate base btain a c ound (1 1L).
Exanpl es of the sol ¥nttefB He Gsbte iaﬁlgirjﬁegrr%lgcﬁbf%q?ﬁg?%d’éth 1 eo 3
chlorof orm di chlropeiNange1 dxedl BXa&neeiiMp 3685 8éEing of a
tetrahydrof uran and N, Ndi met hyl f ormam de. Preferabl e exanples of the
base incl ude t ryetrbyyhnguoep, caol lamdhpegwomg pyd iaicasbameylt geowrit al yst ,
4- di met hyl am nopyri di ne may be used. The .reaction. WO . .

2007/ 13611%/%52667%6%&%33%%e%ﬁﬁ9‘£51 gl-f)raeﬁ%’%a%ﬁ"i/“"oént%hlr%lorln
tenperature. (16) 3Sherddhn( DEg@)EEET 910 ¢ arky1FEosad he corpound
(I''L), the protecting group of the am no group Is renoved to obtain a
conpound (11 M .xdplathé withast biasd Bod mpmbep, seleeted o dhe | JHoPpi s
allowed to react with a hydrochloric acid or_tri.fl uoré)uac%idcaaci din
a sol vent such ROSFFERPD T net FEHEXYL n¥ T 8F of T BH"8i BXATTe “6F Wi t hout

using a solvent,, . kn bhe %%% . Ofg D GHEFQMD mayheneaneoand (1112) is
al l owed to react pre%gra Iysmtﬁaﬁ}% pi peridine or norpholine in

N, N- di met hyds orgiviodgme i) gSbwp a7hydEmmyethvh gsouny ez)2-hydroyy-1.1-
conpound (I'N) can be synthesized fr t onpound (1 | i he _sane
process as in S%Jérk?tﬁléﬂﬁﬂ}e?’r?‘i%) as?g%é%%y%ﬁ%"%_gl g%%?%ﬁofrfgﬁ? cyl
group of the co 10, (1 N- ah Sy &RV 8 hidkokgnb EnR@REp4n QN 1t réli,akn

t he conpound (1) of the invention. Exanples of the base may include
sodi um net hoxi degrieadylme tnydr gxdute anflj a [H-garbgervderdel gFOLRAsSI um

carhaonate, cesium carbonate and triethyl am.ne. Prefer xanpl es
of the solvent incl & H&thghol® Cél‘héf‘%#?%g H?%Pouggr%’f%?r%o?.

Producti on EHCK%§Eiié alkyl group having 3 to 12 carbon atoms and includes

monocyclic, dicyclic and spiro-hydrocarbons. Examples of
the monocyclic hydrocarbon may include a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group, a cyciohexyl group,
a cycloheptyl group and a cyclooctyl group. Examples of

25 the dicyclic hydrocarbon may include an adamantyl group, a
bicyclol2.2.1l]heptyl group and a bicyclo[2.2.2]heptyl group.
Examples of the spiro-hydrocarbon may include a

spiro[3.4loctyl group and a spiro[4.5] decanyl group.
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The conpound (1) of the invention where Y is 25 -0-(CH2)n- and Z is

- NHCON( RB) Re can be synt hesized by the foll ow ng nmethod. Note that,

in the schene, Y2 is a C2-4 al kyl ene group, and ot her reference

synbols are the sane as defined above. WO

2007/ 136116PCT/ JP2007/ 060653 Rl R2 0 0-Y2-HNjj'N FIB \Rs Step25
deprotection a HO'OH OH(I') (19) Step 19 A conpound (lip) can be
prepared in the samfhdrageied oFS "a i3n tBr QduRibhbEr §A AEEES oy TR K If g2Bup
a conmpound (110) (which can be synthesized in accordance with the

di scl osure of WBDEhOZEIBTInsanzhea o mhoeed riXy-~cb86+2int Hhe padmand

Step 21 The conpound (I1P) is subjected to reduction of a 10 hydroxyl
group and reno¥¢hectedrHrettihey gcowp cPnsigtihg e&n®. MAnméR °asSi nSO; and
Production process 3, steps 7 and 8 to obtain a compound (110Q. (22)
Step 22 CO™ refprs ot ditRl JROMP- 98Ednadr Bage Y qUITYAr §TRNPORRd
to 15 react_ in the presence of base to obtain a conpound (XIS).
V02007 136165 Sbob oo 0B R e FX0MBSRANPRELIRE FFRMBR A Used

herein may inc 0 iéi{@c r.honatie, patassi ym carbonate, potassiym
hydr oxi de, soa#%ﬁ'f%@%érji _e,h %}Fﬁm isr‘]e,se ref:gfa’aygﬁﬁlf]n_be Iﬁ(ﬁ%{ﬁ e%orbsflsttﬁé‘g of
sol vent 10 be disggl iNgbhi g reactian caay ﬁ%ﬁhﬁe@ 4hQ%a0% My include an
acetonitrile, toluene, dinethoxyethane, tetrahydrofuran,

N, N-di net hyl f g4 +d  I£3CHLeBxLagne e e g4 f
20C 1o 1006, (S0 b BF H R omocnd {115 o ey o

renoving a 10'pywhidialditivie gioagh iah piperSdiBongRE6p, 88 bpHpeLLET Mroup,
process 3, step 10 to obtain a conpound (I11T). (24) Step 24
i0 a 4-piperidyl group, a piperazinyl group, a morpholino
group, a thiomorpholino group, a quinuclidinyl group, a

decahydroisoquinolinyl group, a decahydroguinolinyl group,
O, . o]
50 NH ~ D)
/[) N \)\0
H -~ e} b HN .

15 The term of "a 5 to 13-membered heteroaryl group that
may be partially saturated which contains one to three
ring-constituting atom(s) selected from group consisting of
O, N, NR?, S, SO, and CO" refers to a 5 to 13-membered
unsaturated monocyclic, dieyclic or tricyclic heterocyclic

20 ring, and may include a furyl group, an imidazolyl group, a
thienyl group, a pyridyl group, a benzothienyl group, a
2,3-dihydro-benzofuranyl group, a 2,3-dihydro-1H-
benzo[de]isoguinolinyl group, a 2,3-dihydro-1H-indolyl
group, a 2,3-dihydro-1H-isoindolyl group and a 2,3,4,9-

25 ftetrahydro-1lH-b-carbolynyl group.

The term of "a C4.13 aryl group which may be partially

saturated" refers to an unsaturated monocyclic, dicyclic or
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A conpound (11U) can be prepared in the same nanner as in
Production process 3, step 11 fromthe conpound (I1T). 15(25) Step 25
The conmpound (I1U) is subjected to deprotection in the sanme manner as
in Production process 3, step 12 to obtain the conpound (1) of the
invention where Y is -0-(CH2)n-. 20 Production Process 6 The
conmpound (1) WP 2WHBsiMventi on where Y is -0-(CH2) nand XTIE201ENES can
be synthesi zed also by the followi ng nethod. Note that, in the
schenme, Y3 is a Cl-4 al kylene group, LI is a |eaving group such as a
hal ogen atom MeS020-, 25 etc. and other reference synbols are the

sane as defi ned "BhNE1C WHZRFGFPIBELLEPeATiNT260%? 060E85POR 8PS p27
&protection HO HO, (X J31RerQ5eV ﬁé:é ’\!(':l%%lﬁ\r})de a(];Jh)eln?}?.@rc(u 6) a S RO

The conpound (11 Q and a comnpoun are alTowed to react in the
presence of a bgseun,oaobleerenylconpaund 1)4.\8) 4~ beRradiydraidpd texanpl es
of the base used herein may include sodi um hydride, sodium carbonate,
pot assi um car boAEPER - EBsTAWAr BEMRe, n-butyl Iithium Preferable

exanpl es of ghe sol ventid,q, Be Wsed thne I flnde 8 Gld AR BRY1LIARL Y UGroup
tetrahydrofuran, diethylether, N N-dinethylformmde,” 10 acetone,

DMSO. The react iwbich ®ipendt B etdmrthen wisth)€he i80Gget 2omSte prizh

The conmpound (IIW is subjected to deprotection in the sane manner as
in Production pFbtesEe3attadipdi5or 3Bt HIFPLEY RPESiBodh A CH B the
i nvention wher ec¥sd SonQi{ 4y aPll 4n! Sxyde N, B QdUEddedN aFERCHRSS

7 The conpound (1)  of the 1 nvéntion where Is a 20 heterocycl oal kyl
group such as 2adsdifmcobteniameli ik € gideeidimd eonped Ipipehezino
followi ng nethod. Note that, in the schene, RN is a hydrox group, a

. |
Cl. 4 al koxy'§r o8p°Bt & m?)’ﬁ%?ﬂ}lmar%ﬁ?b‘;p'a"f‘1dﬂ8‘t°ﬁ‘8¥1°1?%1fi€f°eﬁ’6‘€3%yrrbol s are

the same as definedgRON&m of "a phenyl Ci.s alkyl group" refers to a
linear or branched C,.s alkyl group which 1s substituted
with a phenyl group. Examples thereof may include a benzyl
group and a phenylethyl group.

15 The term of "a C,.s alkoxycarbonyl group" has a
structure composed of a linear or branched C;_s alkoxy group
and a carbonyl group and is preferably a C;.s alkoxycarbenyl
group. Examples thereof may include a methoxycarbonyl
group, an ethoxycarbonyl group, a propoxycarbonyl group, an

20 isopropoxycarbonyl group, an n-butoxycarbonyl group and a‘
t-butoxycarbonyl group.

The term of "a C;.¢ alkylthio group" has a structure
compesed of a lingar or branched C;.s alkyl group and a
single thio group (-5-) and is preferably a C,.4 alkylthio

25 group. Examples of the C;¢ alkylthio group include a
methylthio group, an ethylthio group and a propylthic group.

The term of "a Ci.¢ alkylamino group” has a structure

composed of a linear or branched Ci.g alkyl group and an

20



(I') 5(28) Step 28 The conpound (1M is condensed with RARBNH,
for exanple, an am ne having a carbonyl group at the a-position such
as 2-am noacet ophenone or an amno acid in the sanme manner in
Production process 4, step 17 to obtain a 10 conpound (11X). (29)
Step 29 (Deprotection under a base condition) The Conpound (11 X)
i s subjected YO2HEPFBt ecti on of the acetyl group and aRCTIREVEU4MES
time, an intranol ecular cyclization of the side chain of the conpound
(I'1'X) to 15 obtain the conpound (1) of the invention where Z is the

above-defined heterocycl oal k}galéwar oup. The base u e‘g her e{zﬂlfs. o
preferably sodi U RefHIRE deb e WP FEPE MY ilélcg? 8 & BBFY 1 Ranol
or ethanol. 20 uct i PrQg _.The conmpound (1) of the

i nvention V\hereg){?%lgsggagﬁ&néalrtgﬁg%ﬁﬁg gron%)'t hyl ene group or -()-(CH2)n-
and Z i s -NHC(=NH) NiZe 3ABM260 7/l 361d.6PETLIR20GEP/ 060&53 hean? be

synt hesi zed by the fol |l ow ng nmet hod. .5 %30% St e S%C(I ntiodlucti on
of a guani di no HrEGEYCTHROTEEADO A TP I BReGF ¢ éDr(?BErB% oo AP
obtained in gste 0Ly &t 3nd SrbBACt edatpildd néLagehby (1ddAlhet @
obtain a consgou%cf%%fsl%% a%greﬁfg%é ?brIBeBExarr?)#es of the sol%r/ent, to be
used in this reandidthplamino gebuw ean@0at dtathlyyamiofougaayp -

N, N- di net hyl f or mram de, nethanol, ethanol, isopropanol, ethyl acetate,
tol uene. The react i Tine ttenpechit la €2 lacr@iln gksuldt FREETT JOMRt EHPRATAPTr €
to a ref lux tenperature. (31) Step 31 15The co und. (J LA2) i

subj ected to deﬁ%@&?iﬁfps’ﬁt%’ﬁea?@nﬁr%ﬁ’nﬁ’ %C%scrglgl(r%laﬁ?%aduéctoi %)né%rbc?gess
3, step 12 to oPifisN tMEHAEROMKIuak) afadeR91i VAR, I anprbialcayY bSoup,
single bond, a nmethylene group or -Cl-(CH2)n- and Z i s - NHC(=NH) NH2.
20 Productibn psqeissdesl afroupt ez fedivayegrooe . prodgebwiyryppogroup and
2007/ 136116PCT/ JP2Q07/ 060653 t he conmpound (1) wi Il be described

bel ow. Process ?0PRISFEUUETRE i ntermediate (1A) A process for
produci ng an i nt er nekle ateem( bA) "a Squi redaBihorggeupliveds ensefugivge
conmpound (I) of the invention will be described hel ow. Note.that D

represents Li of°"MysFd €& e L2 e? 8 e FERUR \APHor3 HHEOt RO Ea 8%
defined above. £¥EEE¥%EE§ an acetylamino group.

15 The term of "a Cy¢ acyl(Ci.s alkyl)amino group™ has a

structure composed of a C,¢ acyl group, a C;-s alkyl group
and an amino group.

The term of "a di-C,.¢ alkylaminocarbonyl group"” has a
structure composed of a di-C;¢ alkylamino group and a

20 carbonyl group.

The term of “a C;.¢ hydroxyalkyl group” refers to a Cig
alkyl group which is substituted with at least one hydroxyl
group. Examples include a hydrozymethyl group, a
1-hydroxyethyl group, a 2-hydroxyethyl group. a

25 3-hydroxypentyl group and a 2-hydroxy-2-methylbutyl group.
The term of "3 to 12 membered heterocycloalkyl group
or 5 to 13 membered heteroaryl group which R® and R®

together with the nitrogen atom to which they are attached
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1,11 1,./}1122) (X) 1) n-BuLl etc.\----/Step33 0Ck acid hydrolysis)
Bn0OO BnOCHO BrOOH 0-/OH BnO' 10Bnantan (111A)Bn0'tanOBn( nig ) OBn
Bn . Ste p35 reduction of ni2 0 BnO BnOtan OBn(I A) 10 (32) Step
32 An aryllithiumreagent can be prepared froman internedi ate
conmpound (I'11LA) (which can be synthesized in accordance with the

di scl osure of YH8B1H7%8197) by use of an organic netal YIHGEAYath as
n-butyllithium sec- 15 butyllithiumor tert-butyllithium The
aryllithiumreagent is condensed with 8-lactone (X) to obtain a

conmpound (I11B), _EX | es of the_sal.vent to d in,this reaction
may i ncl ude tet fngﬁy%?r%’f ﬁ?%nefac%ﬁ gf h@flcg‘t her Cgﬁgaﬁﬁugﬁe? ﬁyhn}
reaction tenper gbu$itu®in® U dnOs& DOBkierPaT at, UR e, Nrthd S20spy eharain vy,
-78C to -25C. (33) Step 33 (Acid hydrolysis) WO

2007/ 136116PCT/ 3PPOG7cO6LBE S to 12 Weabgred detgrenysloplthe aToHBothd

(1r1B) is hydrolyz by. usi hydrochl oric aci d .p- enesul fonic
aci d nonohydr at %X lg:fé“.e%P%repd:%‘ E%anéryrcloﬁ'ﬁ%%pnés( ?T%?d E’%g éé'r abl e

exanpl es .of ghe sol wgdt tdkn be usashadhpacddticaci pdrcptaralkydeof uran,
et hanol , nethanol, water and m xtures th_ereof. The reaction
tenperature is FefensiCot ® sFInPEcrpailinlt actahd P SlErhbS carbBm

tenperature. The ction fime rj es depending_u e.r Lon
t enperature andmia%gj?'s aFF'%%'T"h(a)%?yjf Wﬂnﬁ%ﬂm ST ‘_10'5 g%} Bgtaeﬁn%§%E£P A
nmonol i thi um reageid JzOBROsMENGL! 4&3)a.Camdnp10s ogheaeds figmiactadpeund

(I'1'1D) by use of one equivalent of nbutyllithium sec-butyllithiumor
tert-butyllithi apdiur spétcohpotagsium Fpit. BxsapFEY SRLEheNs SMPeHIT o

be used in this, reaction may_inhclude t f di_et
et her and t%?ueﬁ%ft’rﬁg ‘F%%% Jn|uf)"n"5‘?gtrr‘p§1r gfh%g'?s é‘%nl%ﬁ ggjd:t g%r g%l)%ﬁate
tenperature, andaptehepabbibnaté8ialt) aZbiiyrilie $£BGCt hofolndte b&lt, a
preferably from5 mnutes to 30 mnutes. Furthernore, Gignard

r eagent (||| E) gg;ﬁyﬂgrangﬁqﬁeogaénga maleate salt, a tartrate salt, a -

citrate salt, a stearate salt, a succinate salt, an ethyl
succinate salt, a lactobionate sal?, a gluconate salt, a
13 glucoheptonate salt, a benzoate salt, a methanesulfonate
salt, an ethanesulfonate salt, a 2-hydroxyethanesulfonate
salt, a benzenesulfonate salt, a p-toluenesulfonate salt, a
lauryl sulfate salt, a malate salt, an aspartate salt, a
T glutamate salt, an adipate salt, a salt with cysteine, a
20 salt with N-acetylcysteine, a hydrochloride salt, a
hydrobromate salt, a phosphate salt, a sulfate salt, a
hydroiodate salt, a nicotinate salt, an oxalate salt, a
picrate salt, a thiocyanate salit, an undecanoate salt, a
salt with an aérylate polymer and a salt with a
25 carboxyvinyl polymer.
The term of "hydrate" refers to a pharmaceutically
acceptable hydrate of the compound of the invention or a

salt thereof. The compound of the invention or a salt
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20 by using ore equival ent of netal nmagnesium Exanples of the

solvent to be used in this reaction may include tetrahydrof
di ethyl ether and diglym Subsequently, the reagent (lII1I1E)
to the internmedi ate conpound (I11C) to forma conpound (11

ur an,
i s added
F). The

reaction tenperature 25 is from-80C to roomtenperature, and
preferably, -78C to -25C. (35) Step 35 (Reduction of hydroxyl group)

The conmpoundq{d <o

Hdiethged vheAMekPEs£8MPOUe M2 or

£l o158y
2007/ 136116PCTOP2007/ 060653 (II11F) in the sane manner as in Step 7

Pr ocesscies t 41 DIkd NGriith aheedeatiet (dh8t Of dptldnally has
The internediate (JIB) or (IF) described above can be 5 synthesized

above.

i n anot her

pag dwescasi s haterhelrowecBred ¥- PPdrate. osueh @ YARrYtdidy

Ft3 (IVB) Tr = -CRhs 0 R12za Bn03 OH OH an90Bn OBn ( IVC ) 23= ( IVD
) Z3= -Y-NHIpe igtlrdqedl jmedihet hydreftehgdr by Hr&aen 0 R0BTOGEBN
OBn( | |vp2:5-Y-OWStep33 L( IVE)2= -Y-NHTr (IIF ) Z3= -Y-N-12

1o

15

20

25

Some compounds of the invention and intermediates
thereof thereof which have a chiral center may be present
in the form of a diastereomer oxr an enaﬁtiomer.
Furthermore, some compounds of the invention and
intermediates may be present as a keto-enol tautomer.
Moreover, some compounds of the invention and intermediates
thereof may be present as a geometric isomer (E, 3 form).
Therefore, isomers and mixtures thereof mentioned above are
all included in the compound of the invention and an
intermediate thereof.

In particular, in a compound represented by Formula
(I), the steric configuration of the hydroxyl group at the
4-position of the glucose mcoiety is either an R-form or an

S-form, which is indicated by a wavy line.

Preferable examples o0f the compound of the invention
will be described below.

In Formula (I), preferable substitution positions of R!
and R? are those as shown in Formula (II).

R' is preferably a hydrogen atom, a hydroxyl group, a

Ci-4 alkyl group and a C,.; alkoxy group, more preferably, a
hydroxyl group and a C;., alkoxy group, and further
preferably, a hydroxyl group and a methoxy group.

R® is preferably a hydroxyl group, a C;.; alkyl group
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(36) Step 36 A compound (IVC) or (IVD) can be synthesized froma 10
conmpound (I'VA) or (IVB) in the sanme manner as in Step 34 above. (37)
Step 37 (Reduction of hydroxyl group) The internediate (I1B) can be
synt hesi zed fromthe conpound (1VC) in the sane manner as in Step 7
above. 15 Furthernore, an internmediate (1 VE) can be synthesized from
t he conmpound W@ WOy1361188) Step 38 The conpound (I VE) i SCIPREYEEPH t h
hydr ochl oric acid or trifluoroacetic acid in chloroformor

di chl oronet hane to 20 renove a protecting group, trityl (Tr) of the
amno group, 47 wth the result that a in%lerrredi ate é‘lB’F) can ggd
synt hesi zed. THRYG BaPRIuten: BHYLr JPEP PHREFEPR'Y s FpPet HEBIYITER §°Foom
tenperat ure. 5T§%a§.\§\g;9:9%{’c@m9faﬁd"%u&:@l\{@zmﬁrgﬂefa{ﬂl'ybl LSsndielh @edupyihies
of SGLT1 and SG.T2 ich are involved in a glucose absorption
suppressi on acta ehlberbme tadtemdi gestive tract and urine gl ucose

excretion action, respectively. Through iphibition SA.T1l. the
conmpound of the inv%tF|°5Hut1:%n(yLJ?0°Fr&dg'dFaB‘ét Bgeger?&gﬁﬁpgg\yér??ﬁnto

t hereby prevgent,dhpe Qréﬂ{]eaiﬁ‘tyi?rbﬂ{updhﬁ@eé 210ddd QR | fdkd ipkbHErf1y,
SGLT2, the compound of the invention can prevent sugar reabsorption
and renove excessiyswrgaen fatom thenclsbdy gmpuphardizy fiverined papret and
Thus, the conmpound of the Er esent invention cgﬁ 151};C0rre%t han. a
hyper gl yceni a WGSFoRFeEHEPEThatWERIGT FRE- pAREP it 18 O°E8I F&¥%Ude to
gl ucose toxi Ci tpoa38en | JBOVE pAFehrhPrd @ohst 8RB on positidheiLithee,

t he conpound of 'the present invention can be used as an SA.T1

i nhibitor and amrt86LPFesitdlonbrelativEnto ZMepberzylt mph¢entivoRoprdv dés a
phar maceut i cal repasati on for preventing or treating di seases or
condi ti ons thi c¥F ddf’be aneliorated by inhibition of SGT1 and SGE.T2

activities, e.g. di pheigaui1di @gbebescrBl, aveshdiveepsefaradig ficghet es
conplications. 25The term "di abetes” used herein include Type 1
di abet es and Tygpiky2ede adpmtups afrd Gk her or yp &3-«of LiglingyBepre sIngieph more

specific etiology. Exanples_of e.term "di abet es- ted_di seases”
used WD 2007/ 11%1???6’ '] ﬁzﬁﬂ?ﬂégﬁ%%’? HEPER 1 °§a§/8'{1%23ﬁé %%gffutﬂs?f%er
hyperi nsul i nen &,.-abappF Ml cLaBRPYEHALRAF! akRéd TMishyimeioki( R ke M8,

hyper chol est erol em a, hypertriglyceridem a, abonormal i pid
met abol i sm 1hypiy messi prefecehlest(iCielheart failure, edem, 5

hyperuricem a and gout._ The term."djabetes c i cati@nss ysed
herein can be cl assF?ifF PhE o cﬁfe{ﬁc)nﬁ}iﬁ%ﬁeéﬁs% gﬁr%{nf zRB atie
conplications. fxapplgerebabhigyt @R fAQBLEne QD! 6 atv)0BBbodmENnEBC| ude

10 hyperglycem a (e.g., ketoacidosis) and inf egti ous di seases (e.g.,
skin, soft tissue, biliRirys ta azaregest etpm ransipRY disoryCsy SLER gRPUP

corpl 1 a1 ons® A PRI THE R L OEea: BUdt Hy £eoh.”, SHERRTSsathy
retinopathy)s 1 kel % 6608 .(e. 9., atherosclerosis, myocardial
infarction, cerebral infarction, lower linb arterial occlusive

di sease), neuropat h§r¢up @ hessims dsya MAlLPgsn HEMer 2 NEAFesyL MHC¥ReNT C

nerves)’ foot g(%r.lsgraiﬂcenky egtr%hp which may be substituted with a hydroxyl
group{s), a C;.s alkoxycarbonyl group, a carbamoyl group, a
di-C;.¢ alkylamino group, a C, ¢ acylamino group, a Ci-s

25 alkylthio group which may be substituted with a hydroxyl
group{s). a phenoxy group, a furyl group., a thienyl group,

a benzothienyl group, a 2,3-dihydro-benzeofuranyl group, a

phenyl group that may be substituted with 1 to 3
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Exanpl es of major conplications include diabetic 20. retinopathy,
di abeti c nephropathy and di abeti c neuropathy. The conpound of the
i nvention may al so be used in conbination with any nedicinal drug
(hereinafter, sinply referred to as "a concomtant drug") such as
di abet es druq;, di abetic conplication drugs, antilipidemc drugs, 25
anti hypert enstQ¥'YPYS, anti-obesity drugs, diuretic diCEgBOYHH0S3
antithronbotic drugs, which depends on a different mechani sm of
action other than inhibition of SGLT1 and SG.T2 activities. Wen
conbi ned wi th ogher, .qiugs, steH%cté’Pf%QWé;Qo%gl%Gf&gJaﬁo HQ808%% o
conpound of the present rnventron can be eXpecte o produce as
enhancenent of hf@RfhiegtodNdaandBdeat &6, 0k the HasLy Ofrdube a Cie
compound. In this case, adm nistration time of the conpound of the
i nvention and t aEktlosEenRP tEMChdRRR ber U U LRE (ittdda DFEPxFhy be

adm ni stered to_the sybje a a dif I .
Furthernore, t hgr%l%Pr{pSgﬂln Cédf6 %ﬁ%yrﬁﬁégﬁf%{r?'ahdf)l?e;?gitgg%%gﬁ%%lgn‘fhlfpug

may be adm n st QL heaSubyer ivtde peitde at hpdeRel ajtapy s¢ash acapkai ni ng
an active ingredient or as a single preparation containing both of 10
them as an act i pedyaryrélivesrourhe) 1088 »fPiPREitEifc GRPERMIIGRUBSHEF be
appropriately ch n.based .qn the dosage clinj se l,end
rati o of the coﬁ%o?s)%nl ug gt"ﬁ%%i ﬁv&l%oo gt%z%tuhggg?r#cémﬁ"%%‘?%?ﬁ%&é{/i be
appropriately chesgs)n,consideration of the subject to be

adm ni stered, 15 adm nistration route, target disease, synptom and
conbi nati on. FoR @Gxanpyeloapeh quespsuibicdc may P EVRakt tsteYEd ilstq
human, the ncQm t.ant .dru b S j n u 1 100
parts by magg rglsalrfbl%\%téu?%e Sggg%e%fl&rrgggm &Th %tﬂe go%gg%schgg ?%ga

invention. 20Nohgatdiatl g¥aumla@s Hfc;l:hrydiakeirsl duogs, may i ncl ude
insulin preparations (e.g., preparations of animal insulin extracted

from bovi ne andasditife 13areitexsd MteFaraeii&ydf InpRari ¢ gPrRains
genetically syntheslce@f by Usb0GodRSREELENaRofipd) A e¥EaPlenoh ot | N
zinc; protamine insulin zin¢, “an "nsutd norr gnment or a derivative
(e.g.. INS-1), ghoW alonkistilnighoprepar, agims) NREN(RYiswin resistivity

i nprover (e.g., pioglitazone or a salt thereof (preferably a

hydr ochl or i d2) , 2rsdcgoprt e BrCus SAKYL t91OPRof BREBY ETGM FLayL

mal eate), WD 2 1 CT/ I 4 azone

(CS-011) (R- 1197%’2‘{‘4"%&%@, % Séggr"@(%ﬁ%‘g’gg)a’ﬂ%%? ag dlt dasen (MBX-102),
naveglitazar (LnaapdBi8hstiet6@54ithbal agli tsaponiel bk Mpotdd EXbm
(AMEL31), a PPAR{\;%agoni st, a PPARy antagonist, a PPARy/a dual

agoni st, an a- gFie cEio¥Rse T ishiingiafon pednpxyl,GRiPHE8e, 2 Ledr bose,
maglitol, emgl] i i gent (e.g., phenformn,

met f orm n, buf o?%%o%?lg%ftg%%tgﬁé?%g? (e.g., a hydrochl oride,
fumarate, sgeci nat.e) hlkflpigesabine -gegleingaglegtaid.f onyl urea (e.g.,

t ol butam de, glibenclam de, gliclazide, chlorpropam de, tolazam de,
10 acet ohexam de, glyclopyramde, glinepiride, glipizide, glybuzole),
repagl i ni de, senagl {ni i ni ] ti-gkd i d Cl

hydr at es thereof), gg%g%f(?@%%%és{é kg‘gp%l?% gﬁ“&’g%n%ﬁ, lg %1@%%%1
recept or agoni Sgréb,da, médidxy, gthid, 1MR agerly, gtéumpgbuci.deychbaaadml) ,
exenatide (AC 15 2993) (exendi n-4), exenatide LAR, BIM 51077, Aib (8,
35) hGLP-1(7, 3950, (aCIrsiPPFPPYAATIOURe, & (BRLITAETHS Prody Enylin

agoni st (e.g., Rr i ntide pha 0Sl S i nhi bitor
(e.g., sodi g?n vgﬁa f_teélgt?gagr |ugép%i%%ﬁgfé%ld§gg% %ﬁf}%ﬁﬁgjr B?e. g.,
conpounds descr ket ¥O0AB3854d 3 MfFei AGubREs 260 ecPia Hiom £32/ 98,.
vildagliptin (LAF-237), P93/01, si taglrl ptin (M-431), saxagl iptin
(BVB-477118), SYReWRZongfsibing of. % 4gerorHcagonn)and, a3S-n JAretyaiEyd. |
AJ- 9677, AZ4014 a ql S LoD Lo ; cggen
phosphoryl ase i %%?liﬁ't %r Mg@gﬁ%éﬁ%@% %ﬁg‘g%htgt gg’é%“%ﬁ}b?]{%}rpy gS a
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i ncl ude an al dose reductase inhibitor (e.g., tolrestat, epalrestat,
zenarestat, zopolrestat, mnalrestat, fidarestat. CT-112), a
neur otrophy factor and an augnentation drug thereof (e.g., NG-, NT-3,
BDNF, a 15 neurotrophin production/secretagogue), a nervous system
reactivation pronoter (e.g., Y-128), a PKC inhibitor (e.qg.,
ruboxi staurin nesylate; LY-333531), an AGE inhibitor (e.g., ALT946,
pi magedi ne, pdiattkglanino Ngphepnac taveazxdkmtimobygpoupe 4 AvdTif)thio
ALT-711, EXO0-226, pyridorin, 20 pyridoxam ne), an active oxygen
erasi ng agent gfteup,, atbheryl cozpinl) a # -bydebrybheaydditetp ngg atrent
(e.g., tiapride, nmexiletine), a somatostatin receptor agonist (e.g.,
Bl M 23190) anBeiRYAPBPPRRERY S| IFfP r fgdi-BETREXKPREREL 1978 1)a 3,4~
i nhi bitor. ZSExa %es of the anti-hypeﬁligidenia drugs_may i ncl ude
statin compou agg? OXYPRGHYY, AHMR n & PPRPIEY afTAYP o¥adT at i n,
atorvastatd n, ,{| j 1.t ay atin, rosuvastatin,.pitavastatin qr
Sa 15t hereor (SRR R R ) BT pEAS B, 8BRS e @
cal ciumsalt) sgﬂgg n 41738 9 Bi (e.9.=. -475), a
fibrate conpo%%ﬁ?%e.g.,ﬁﬁgaafiLratg?hgﬁog?gggfeg %9%#?@52#%?
clinofibrate)peflo Ay NYRIIP! d &4 -GhethPiIps &Bﬁineil-*';@' 84 P6InyByroup,
ani on exchange resin (e.g., 5 cholestyram ne), probucol, a n|c6¥|n|c
drug (e.g., nacbrpirrolikinydl @ooupet AyL, Bcasopame ot eyl agivaget ablze
sterol (e.g., soysterol, y-oryzanol), a CETP inhibitor (e.g.,
torcetrapi b, XKanyD5,91Up 30E arphiyes)idand gredwp! est erol absorption
depressant (e.g., ezetimbe). 10Exanples of the anti hypertensive
agént may- % ncl'ude an angi ot ensi n-converting enzyne inhibitor (e.g.,
captopril, enal apr,il,, delapril an angiotensin L1, antagonist (e.g.
candesartan, cile%éﬁﬂlg Ibga?t ,rQQﬁ“bgﬁPFaﬂ?dvﬁls%ﬁtéa F'FeFﬁFi%?fENﬂ
i rbesartan, t r i Lsar - 5 l.Ci .
ant agoni st (e&g?q,ﬁn%ﬁél%dim%?nlg, i g%&ﬁg@ﬁ%‘?%g#%dﬁ’pi%eo%ae g%@gitﬁﬁ:ﬁg?ts
ni car di pi ne), i QHQ&% eRi ageat _ (€. g. £ﬂﬁﬁa|
L-27152, A Ld's"é‘?éf?“tﬁ?lfﬁﬁ and ¢ gn?ﬁ?ﬁ%.gﬁ&aﬁp‘?ﬁg nyd ey grBup.
anti-obesity druggheng,,ncdyeoaK30 eedhpaheddih-0besity drug
(exanpl e, dexfenfluram ne, fenfluram ne, phenterm ne, sibutram ne,
anf epr ambfie, medamEdtyar wycloprbpudl grehenyd pryopatutyl weeoup, a
cl obenzorex), an MCH receptor antagonist (e.g., conpounds descri bed
i n W06/ 035967 C lsmendgd4 gro8RAPa7 94¢lolexyis Z0mup .o 2 5Vedehepépli de Y
CP- 422935), a cannabi noi d receptor antagoni st

ant agoni st (SB?.,

(e.g., rimondBAHCoER1 TPY8y, aBRA4ATAIHYL FPR-eld n ant agoni st, a
11P- hydr oxyst.er Qi hydr.qgenase inhibitor. .(e.g., ,BYT-.3498

| NCB13739) ), ngi‘“iﬁ%°g§o 1RRRERE st 0 7 dﬁ&é’é%&rig&jﬁir"'@tﬁlp%‘éup'
inhibitor (e..g lrgtatg vATL- SA b hibiLQr | st
(e.n., A3- 9677,I’EA%r 8%416:‘)%ED gepeptggéié?%?% an-olérlioﬂpg'nta 5?8&0%}:3%89% a
leptin, EHTF Hidydiany .bedyhapevot §8ohY 2P ddamad t§10G@eupt Oki nin
agonist (e.g., gllintitript,gF%L-%gg?%) and a feedfgg gete?rent
(e.qg., P-57). Exanples of the diuretic drugs may include a xanthine
derivative (e.g., sodiumtheobrom ne salicylate, calciumtheobrom ne
salicylate), a thiatideRbrispar awidengesn. gtomeand B dbs a "3 to 12-

cycl opent hi azi de, trichlornethiazide, 10 hydrochl orot hi azi de,

hydr of | unet himeAPEEechBRIEGFAGHFSLALEY BIFHIWEH @& pénftoutBarpygbered

pol yt hi azi de, nethycl ot hi azi de), an anti-al dosterone preparation
o e api rONSIEEEOBREY B PaR: ERaR)Me% Ry HRRLE L6 BEaCPHn BRT0r0E

.g., l,am d hl. |_f . d S i
(o5, CRfor iRuRRGRbrafef HoF aBs PRtk Fhrety o i sazabinl SPEBLS! bl e,
th i id.. R i.d b i . f i de. 10
Che-ant 1t hr ossarohed fodhnehe PHERALAR AN A LET8T 1 sARARNET ufi
heparin cal cijyms #3hteBaRI Atdf, SRU UMaiNE 3320h, WPbhahiP-£8; %atky1

group or a C,.s alkoxycarbonyl group)", preferably a
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WO 2007/ 136116PCT/ JP2007/ 060653 sar pogrel ate hydrochl oride), a factor
Xa inhibitor (e.g., fondaparinux, BAY-59-7939, DU 176b, YM 150,

SR- 126517, api xaban, razaxaban, LY-517717, MN- 102, octaparine,

ot am xaban, EMD-503982, TC-10, CS-3030, AVE-3247, GSK- 5 813893,

KFA- 1982), a plasma carboxy peptidase B inhibitor (or known as an
active-form t\We #H3aLUGCct i vat abl e fi brinol ysis inhibit ACTPIRAIIEI3 such
as AZD 9684, EF-6265, M NP462. The pharnmaceutical preparation of the
present 10 invention can be adm nistered systemcally or topically
via oral route or parenteral (e.g., intrarectal, subcutaneo

) 9., . ! Sa-
i ntramuscul ar, PYRGoAHEHB(ls IXPRP 1/t RARBTAIYL, gHPW and a q‘if&ucgqs%mé’% a
phar maceut i cal ar af. j ; K t d QVedQ@yimy
be formul ated i ﬁ{ogﬁéngg%j%%rrg Eggﬁ%mga@% I?g%%ﬂ?elrgﬁ gad' fdr %mﬁg%l i dy
conposi tions, | gfuipdi6owpiasi ki ohiscoged atdrenscormpdsitttehsiithsa phenyl
appropriate for the intended purpose. The pharnmaceuti cal preparation
of the present FnveRETbi edR e 3pFepAed=xBy2HoBX i ?n’f;""t%ealg%n‘%&ﬁﬁﬁr of
t he present Lnv j j, t har r i : cairier(s).
Vore speci 11 £al Pt ERR e B L & 1o be
suppl ement ed W bénF0NPOMNLAYIegr@MGi pt entds (1extlengenshoryilidépesidyl
di sintegrating agents, coating agents, sugar-coating agents, pH
regul at ors, sol @4¥-zers, aqueous or non-aqueous sol vents and so on,
and then fornul ated 25 using standard techniques into tablets, pills,
capsul es, granules, powders, solutions, enulsions, suspensions,
injections, etc. Al sfy) tRfeiconpotncgef atbre gnde8lnits Bn§evd ilGnmenhpried
WO 2007/ 136116PCT/ JP20071060653 nodi fied to form an_incl usion
conpound wi ih, 8T sTaup yhich mey Bec FBRRSEHEERY oF Heth§T ot ed
cycl odextrin beloreiReLRg, [A1EULEd don T8 BydR52, Olgrblg, catipaua, Of
present invention wl vary dependi ng on the disease or synptomto
be treated, bodyima ghbup age phgeyider.. aitkyladmow stdati @ns r out e, but

it falls 0.1 to 1000 no/ kg wei ght/day/adult, preferably 0.1 to 2
ng/ kg wei ght/ da??-}’aﬂﬁlug,go IEEER. ePE I onoray bg ibg _ tl-gaec? A8

wei ght / day/ adul h&ﬂ%‘%ﬁ%@% Iggg nd,n iasjg ereqd 30fERb ek at Qr$EVEoah dHiMRS

per day. REFERE reparation of intermediates required to
prepare theigsompeundsiaily hatprasehiwhiclentyi ba sulstibatéd Wishrhtoad215
below with reference to the follow ng Reference Exar% es4 Reference
Exanpl e 1 PrepaP¥d oy Llofr 2y (#) ¢ p&8FGTRHEPF- 58 prdg-Bembered ary

met hyl phenY1] - 1,.3- dj«0 0 P | @Mhthyl group, and the
1- (4- (benzyl oxy??%éyrre?%%gnél F%%Qﬁéngﬁ@%%&an NE,&TI\I- dlyrre‘"iI hyf)f or man de
sol ution (20 .nLysofo 43-hymhexey- 2tyIretrhyd addicbphe navd1aBL0 Gagurpeead”

mmol.).. wer e added pot assi um car bonate (3.66 g, 2 1:4 m"rgl%_benﬁ I 1
brom de (2.7 nLinebudes gpfiuorspyl 2asyEN 2 (0278 4 +F 63Y 9 MRBT Y™ and
the m xture,was §‘g,¥ ro?dalt‘_oind]aﬂymo&&ﬁt roomtenperature. To the
reaction so Utlgn ooled In1ce were
Qf them, a preferable R® is a phenyl group substituted with
a phenyl-C;.s alkyl group, or a fluorenyl group. a 1,2,3,4-~
tetrahydro-naphthyl group or an indanyl group, each of
which which may be substituted with 1 or 2 hydroxyl

25 group(s).

(v} As another preferable example,

R® and R together with the nitrogen atom to which they are

27



WD 2007/ 136116PCTOP2007/ 060653 added a saturated solution of anmoni um
chl oride, subsequently water and ethyl acetate to separate an organic
| ayer. The organic | ayer was washed with 20% aqueous sol ution of
sodiumthiosul fate and brine, and dried with 5 anhydrous magnesi um
sulfate. The drying agent was filtered off, and the sol vent was
evapor at ed ureW¥Eeliced pressure. Thus obtai ned resi dsESRMYBUF3 fi ed
with silica gel colum chronmat ography (hexane:ethyl acetate = 8:1 to
6:1) to obtain the title conpound (5.05 g, quant.) as a colorless 10
powder. 1H NWVR (300 WMHz, CHLOROFORMtD) 8 g&m 2.55 S %];?512.5171 (s,
3H) 5.11 (s, 21@ttechel gogB R tOH)2 MEFBSTSY PEERT OHG-OF -5 (HAP
J=7.93, 1.09 Hz, . ratd Q- ituting atom selected

4- (benzyl oxy)-%%gbn%a}é%ngt%ﬁge%o??l% gc(’:rilsdtljl:'o ang acet one sol ution
(300 nl) of 1-[stofebenay. exyda MR heRrRhyiphenyld stivdnoneuy 2bag way $7. 1
mrol ) were added an aqueous solution (100 @n!ﬁz of Na}ari %9a8qli%h 25,9
mol ), water (Z00SELuteshyith hél(FeyidtE R 68 ar R o%bne- 20
persul furi ¢ Achd ghbordgeal AR Al 681 £RlinkBOdnds Hacdr8HOLom and the
m xture was stirre "5 hours at roomtenperature. To the reaction
sol uti on cool egyirfoltE®iayr gragdetdan GQguedkrl wrbupidwy BaY My of
sodiumsulfite (20 g), subsequently water and et\%{ acet%gt e
separate an or gEREEIBEEqdydfh anEbEFHRITRE f%f@rte FRasHe® W th 20%
aqueous sol uti ofh,Qh Sl W 5UldrbSyRikdipl 8% ARYriMdnVl AL group.
anhydr ous nmagnesi um sulT at e. e drying agent was filtered off, and
the sol vent was evapaimted emdde (ederbddpredsgneludgDa piperidino
2007/ 136116PCT/ JP2007/ 060653 to obtain a m xture (27.2 g) of

1- [ 4- ( benzyi%xyF=o8Phr & o e RRRAEAHER) (& Rarfolfé and

1-[4- (benzyl oxYy3-3s ot AR AP | at hanpRephdidodhgrampt & e-
wer e added a 5°oeacqu %ﬁiﬁsouﬁ%lnw(lﬁ%, 255 rml%3 of sogi ung(

hypochl orite 5 @nrdpaireddous-s0lethyblpipe@ifine goppt &$rum hydr oxi de
(4.80 g, 85.3 mml ), stirred at 120C for an_hour, cogrlr%q_,oto.r{oclﬂg%
tenperature, an@YSrebi®in-drEH PRSI HrEPR er® MadS Tt ardd s i s
insol uble matter \@s 2dgdad gy Ny uide0pil £1ih6 ) 8yl papekd-Aa- L afulgrbag
m xture was exttacted 10 with ethyl acetate. The organic |ayer was
washed wit =2 Mrdydr 8elndoxgnachd panerbtingegramd dried wit h anhydrous
magnesi um sul fate. The drying agent was filtered off, and the sol vent
was evapor at ed under reduced pressure. Thus obtai ned residue was
washed with met hanof, t:QQQ421 ¢kt Be Pt khbfe ePAROLEGRERES. BB 5 59% 2
steps) as a colorless powder. 111 NMR (300 WMHz, DVMSO D6) ppm
2.45-2.57 (m 3hEpeFfaBby (s C121d)kyZ. g8oYms subsfitutad-7igy 1 &P $11) 8.03
(s,-111) 12.83 (brs, 1H. ESI mz = 319(M 11), 321(4+2-H). 20 (3)
Preparation of DSEIERERA PEXGTEY Sfﬁlﬁoéhf- sibip Lorbfafidly of %

net hyl phenyjd - QX O, R 3 SHSHARS108:6hp .

4- (benzyl ox% -5-%%&%¥2é%t %yl benzoi ?ﬁ?ci g (1p6. 6 g 51.7 mmol) in
chlorof orm (80 nlL) wesesmedetbmpaboftcioid ¢he deompdund  (H6o0 Bl ) and
25 N, N-di net hyl f or mam de (6 dro(ges%, ﬁn‘? the m xture was stirred for
an hour at roontFERsePRtTe. PANPIHERSY RS PEacti on sol ution was
concentrat ed t o, qht.ai8o4-:eBzY! pxy) - 5- br onp- 2- net hyl benzoy!
chloride. Then to a chloroform suspension (60 nL) of

N, O- di met hyl hydr oxyiraeri cvmployold ol of i thee (BySBtipn BEeE MrdF)a direk
triethylamne (15 nL, 103 mmol ) cooled in ice was_added, dropwi.se..a
chl or of or m %I utHeR-ePE09TAYP 8F i-(iztfeﬁgwlﬁr)gﬁ%glboru n%gg?zneﬂshsﬁ%ﬁqzoyl
5 chloride, andoligTiyhifdiweE 5 iheelolnhiay Mbaal 1 oom
tenperature. To the reaction solution cooled in ice were added wat er
and chloroformto separate an organic |ayer. The organic |ayer was
washed with a saturated sodi um
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bi car bonat e aqueous solution and brine, and dried with 10 anhydrous
magnesi um sul fate. The drying agent was filtered off, and the sol vent
was evapor at ed under reduced pressure to obtain

4- (benzyl oxy) - 5- br ono- N- mret hoxy- N- net hyl benzam de. To a
tetrahydrofuran solution (150 nL) of the 4-

(benzyl oxy) - Y®BHIOINE met hoxy- N- met hyl benzam de was ad§@dPN&/081653 10C
l'ithium al um num hydride(1.96 g, 51.7 mmol ), and the m xture was
stirred for an hour at the same tenperature. To the'reaction solution
were added 1 M hydrochloric acid, and then ethyl gcetate to separate
an organi c layer. TheRigghic dray¥! was washeduwit \L 0 OH

hydrochl oric acid, a, saAtlr d sodi fim bj cal bmpats._aqueousosol ution

and brine, and #Pi gd with anh@"dr@’ﬁ ’B@Hgnesi,,sul fate™ The drying
foBnapd t he t W% Jgy8Por aicgd under reduced

agent was filter&® g o
pressure to obtain AP-B('benzyI oxy) - 5- br ono- 2- net hyl benzal dehyde. To a
tol uene 25 solution (120 nL) of n1he124-(ben§yl ox%-p;- br ono- 2-
met hyl benzal dehydé&®=fer e added et ke BpMHR 3udds, 517 ol ) and
p-t ol uenesul f oni c RAtk d g 00 9,02, 58emmirgl) , _and heated to
reflux for 1.5 hours wih a -Stark ® apparatus. To the reaction :
sol uti on was added et hyl 08t @OBPO geparate an organic |ayer. The
organi c | ayer was washed with water, a saturated sodi um bi carbonate
aqueous sol ution and brﬁ(,g Otred Wit h anhydrous 5 nagnesi um
sul fate. The drying agent s{FLi tered off, and the sol vent was
evapor at ed under H¢egfud pressfire. Thus obtai ned residue was purified
with silica gel cabUnmn“@hropnat ography (hexane:ethyl acetate = 5:1).
In addition, the resfHue was’further purified with NH type silica gel
10 col um chromat ography (chloroforn) to obtain the title conpound
(12.8 g, 71% 3 steps) as a colorless powder. 111 NMR (300 MHz,
CHLOROFORM D) 45 ppNet: 3hats, 118 Ebp3fg@muda) oR'( ngoft Ri5mag e the same
213)5.87(s, 113)6. 74(s, 113) 7.27-7.51 511)7.72(s, 113).
15Ref er ence Exa"'r‘?’bI‘j«-i!‘gf%'g’’2"‘311])c bnd ﬁ%ﬁ?g?gﬂ%ﬁﬁ’éf Jorl 3B, 4 Henayloxy
2- [ 4- (benzyl ©XYdrcrplr Qf%%ox?BéM:ﬂth,- & Becdi anebansio-, a BQ..a
net hanol suspension (3.75 nL) of 4-(benzyl oxy)-2- nethyl benzal dehyde
(0.50 g, 2.21 nmidty)l cookmeda -k celkeay R00urddedadpordi atdm Y
hydr obr om de perbrom de (1.0Q6 3. 32 mmol ), d.the m xtur
stirred for 30 rrﬁrmsgggs ﬁmélPag%t‘i%‘ﬁ B > G %\ai/a]{syléafl?r?léodlpf’ognﬁher
hours at room t&Imekater Smpbest e HAaCdnd a8 Ohdtinen ¥esw .added 20%
solution of Na2S03, water and ethyl acetate. The resulting 25 m xture
was extracted with séehyl @Eeskareactfenihe organic | ayer was added 1 M
hydrochl ori¢c acid (20 ni nd_the_m xture was .stirr r m nut es.
fy R Rl P e R L T

The organi c T ayer ted’ sddi um
bi carbonate WQAQkéal186 LGRETLid R2RO4LOENM230Ff a palladium catalyst, a

phosphine ligand and an appropriate base in accordance with

=

the Heck reaction to synthesize a compound (IC). Examples
of the palladium catalyst used herein may include palladium
15 acetate, tetrakis(triphenylphosphine)palladium,
dibenzylideneacetonepalladium,
bis(triphenylphosphine}palladium chloride and palladium-
activated carbon. Examples of the phosphine ligand may

include triphenylphosphine and tris(2-
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aqueous solution and brine, and dried wth anhydrous nagnesi um

sul fate. The drying agent was filtered off, and the sol vent was
evapor at ed under reduced pressure to obtain 1.03 g of a residue. To a
toluene solution (7.0 nmL.) of the 5 residue were added et hyl ene gl ycol
(1.89 nL, 33.9 mol ) and pyridinium p-tol uenesul fonate (43 ng, 0.170
mrol ), and h@R VBt ef |ux for 14 hours with a Dean-PSITEPRO7/060653
apparatus. After the reaction solution was cooled, its organic |ayer
was washed with a saturated sodi um bi carbonate aqueous 10 sol ution
and brine, and [ | ggmﬁ [ l,f ate. The.drying
agent was fil te%gﬁéj&%ﬂ,&gﬁ t ghgg 'vg%tg ggg{jlga&cﬂea%gsde U é‘rlaéf(educed
pressure. Thus chiatmednies] dya-aassdpeepy s Mivlagesk f perasieane/ et hyl
acetate (10:1) to obtain the title conpound (748 ngy, 63%.

15Ref er ence ExaifgFeenate, cappidigararhosgtes cesium carbonate and
(1S)-1, 5- anhydr q- 6: 1t = 0-

benzyl - | - 2- (be E’;%T‘%?y -E-ﬁ-" Fgﬁbbgﬁ%mﬁjﬁs4?ﬁe‘f%ey|58 TR BRAFE tol
BnO BnCr.90Bs ORn 2flig krattipamayi Diri0le acetonitrile, toluene and
2,3,4,6-tetra-0-benzyl-1-C[ 2-

(benzyl oxy) - 5- ( Febralivereferrne- yihe zepgetinn phopstdtubyl ic dpymadigsgo a

To a tetrahydro I 3 f 2-(4- .

(benzyl oxy) - 5- b%gﬁg&Z%%#%/l pﬁ(eahglﬁq-@)fe%-' d%o@l(ﬁrg‘ﬁ%‘r? 5?58595?0%1%}1%“'
mol ) was added (dy opwipse (TWiRersidd ageamndddaephey e at -78C a 2. 67 M
n-butyllithiumsolution in hexane (6.40 nL, WO

2007/ 136116PCT/ 313288%/ w634 16594 AfoFybieshied tive dabyduatdonas stirred
for 30 m nutgs . ) t rof uran

ol uti on (180 mLy i 5o S M AT RE AHES, (TR 3o SEEAN dLelbiRg (oo,
(8.16 g, 15.1 nEpéjeraddeaddeplds ofprthe, se@dnthes MexXhle® MAshsEirred 5

for 20 mnutes at the sanme tenperature. To the reaction sol ution was
added a sat ur at B HFFBoRCISERUFHRT oS P TR MBI AT U tHaRe eandg HeNt he

resul Ui ng m xt Ungnfas: eXickEd WhebBe S <BGEHALCo: The QLA | aver

was washed with a saturated aqueous solution anmoni um chl 0 e and
brine, 10 and deemibnsatihomrlggdt olis:1Eg e 'uimisyd fokeyl ddy®ods yhixg
agent was filtered off, and the sol vent was evaporated under reduced

pressure. Thus OBtRi-nBoetedi-§ie(Inddmpthy¥amdgonranyidi Fakeddanids| um
chr omat ogr aphy . I tate,=.3. - 0 L

title conpound 1% 0. 7BS?P£8&%/¢)(W§§R1§'§ y%%%ﬁﬁg?%ﬁ)gg%%euﬁg.ﬁwlﬁm
(300 MHz, CHLORGFORMVhiRrdyppnetrikizes, BdnbhIdbbtald. 8fhe @@action
311)3.89-4.21(m 811) 4. 45-4. 69(m 4H) 4. 78-5. 03 (m  511)

5.91(s, 111) 6. 71F¥PEREWDY eI A3 P 'O tpg6pfL. 2H)

7.10-7. 37 2314)+7. =) . ¢
307 3T 23167 sLh S5 Wilgofonl RhaRbGRRLALLAR°

20 Catalytic hydrogenation of the compound (ID) cbtained
above is performed by using a catalyst such as palladium
activated carbon, palladium hydroxide or a platinum-
palladium activated carbon under a hydrogen atmosphere. In
this way, reduction of the olefin and debenzylation can be

25 simultaneously performed to obtain the compound (I) of the
invention. Of the catalysts mentioned above, palladium
activated carbon or palladiuvm hydroxide is preferable.

Examples of the solvent to be used in this reaction may
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(benzyl oxy) - 5- f or mv1- 4- net hyl phenyl) - D- gl ucopyr anose To a
tetrahydrofuran solution (80 nL) of 2, 3,4, 6-
tetra-0-benzyl-1-C-f2-(benzyl oxy)-5-(1, 3-di oxol an-2-y1) - 4-

met hyl phenyl i - D- gl ucopyranose (10.6 g, 13.0 nmol) cooled in 25 ice
was added 6 M hgdrochloric acid (80 nL), and the m xture was stirred
for 14 hours Y49 208EM enperature. To the reaction sol RGTERRRAEYSEIded
ice water, and the resulting m xture was extracted with ethyl
acetate. The organic |ayer was washed with a saturated sodi um

bi car bonat e aqueous sol ution and brine, and dried wi tlh anh %r ous
magnesi um sul f dnsludpaedhonedy £EBAIOad PTIREPEd %Jfl"fy, AR _thé sol vent
vas. evapor at ed yader LEAUEE HGSL MxedrddiheoBbal Node 1@Skduen vas
purified with 953 gel” colum chromat ogr aphy (hexane: ethyl acetate
= 2:1) to obt aidenpbeatirte &schrponech (tkOperafurguanta Jregdua yel | ow oily
conmpound. 1H NWR (300 MHz, CHLOROFORMID) 8 ppm 2. 66 R(j"sf 3H). 3.60-3.72
(m 2H) 3.74- 3. BEoeRetumsy ROVRVer: TORN FEEPRLAtUER) 19 RFPIASYNt0(m  3H)
4.40-4.61 ( 5H) 4,.71- il d0bdiSmidElob. &7 n.éfhs dT@a OshdHz,
21 7.06-7.40 (m z‘é]ﬁ%rgag‘?"e((l? TH) 10006 (8. iH). (3) Preparation of
2,3,4,6-tetra- depz¥t;d; @he; BCl;Me,S, BBry, AlCly, CF;COOH, or TEOH
(benzyl oxy) - 5-[ (4- bronmophenyl ) (hydr oxy) met hyl]-4- 15 . .

met hyl pheny1] - & BEo‘biﬂfdand%/’@’“Ples °fT¥ & Ftcéltx’ﬁgﬁyféﬁ %Fu}‘ﬁeﬁd 48 §1%n (80
m) of 1,4- dibhr ey 81 A ebrfTH deniBsorddade dr opwi se
under nitrogen ra%"%?%ﬁé‘f“ é‘f’g)l-'%%c 3367 Mn-butyl1ithi um sol ution in
hexane (10.5 nmagetdhitlrimem| fdietdyd étteemm xetrahy@@ofmsanstirred for 15

m nutes at the sane tenperature, Then a tetrahk/ldr_ofuran sol u 'ont(20
m_) of 2, 3114)1 G-QWFBY@E%HQ?I‘EH& anisole. Of them, it i1s preferable TO
1- G [ 2- (benzyl Q) wp:dotMYdedty BBt Sitl-pREMH 1D 8! 8GRV 250Fa 4610 180,
13.0 mmol ) was &; dSEBJé)r%Egbw%Ee, and the m'xtoure was stl&rred for 30

m nutes at the Sa®ibenpapattee 18 pleEe2bbleaciBPOrtosdbift.i on was
added a saturated aqueous sol ution of amoni um chloride, and the
resulting mxture was extracted Wth ethyl acetate. The organic |ayer
was washed w t 1L,AS4 oA HELEG W th anhydrous magnesi um sul fate.
The dryi ng vwrbz‘g"r(?"f?ls%lleﬁcwwzoow 060653 agent was filtered off,
and t he solaent wasTieyapepatet (Undef thediwezhtgoaswhane YThHus &btai ned

residue was purified with silica gel col umm chr omat oqr aphy

(hexane: et hy| R¥WALRe 820UP) oT |§) Cag ? BN LR 7 F5°88; Wik “was furt her
purified with 5151.\‘"-'1«5%?@1\1}?)'}\!1}1%% ORhcHRIRETEF e AiRkoatRdiYed by the
(hexane: ethyl acetate = 1:1) to obtain the yellowoily title conpound
(5.50 g, 46% asoldodiiagtmertaoder Noter bitat ein he RVRWIZO0Z \VFppresents
CHLOROFORM D) eo ppm 2.21 (s, 31-1) 3.54-3,82 (m %I—QL 3.?81-14 23 (m
41-1) 4. 36- 4. 647 (Fanadino grove prydephrd FIER 5 BeRGEIRTHETPRIYY AR 71
and 6.73 (eggh e 7 29d¢drehcbs 14. dde (t@8CHarke as
1H . (4) Pr%d;:)ar‘g?ié"#c%’?éﬁ%t#é-éﬂr?ﬁ?dro-z,3,4, eﬁ%tra-o-benzyl-

1- (2- (benzyl oxydefingd- Ssormbenzyl) - 4- met hyl phelW ] -Dgl ucitol 15To an
acetonitrile solution (60 nm.) of 2,3,4,6-tetra-

0- benzyl-1-C [ 2- (benzyl oxy)-5-[ (4-

br onophenyl ) (hydr oxy) nmet hy1] - 4- net hyl phenyl | - Dgl ucopyr anose (5.50 g,
5.96 mmol ) were added under nitrogen atnosphere at -10C Et3SiH (2.90
m., 17.8 mmol) and BF3.Et20 20 (1.90 nL, 14.9 nmol), and the m xture
was stirred for 15 mnutes at the sane tenperature and the m xture
was stirred for 2.5 hours at roomtenperature. To the reaction
solution cooled in ice was added a saturated sodi um bi carbonate
aqueous solution and the resulting m xture was 25 extracted with

et hyl acetate. The organic | ayer was washed with brine, and dried
wi t h anhydrous magnesium sul fate. The drying agent was filtered off,
and the sol vent was evaporated under reduced pressure. Thus obtai ned
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was purified with silica gel colum chromatography (hexane: et hyl
acetate = 15:1 to 10:1) to obtain the title conpound (2.70 g, 51% as
a pale yellow oily conmpound. 1H NMR (300 WHz, CHLORCFORM D) 8 ppm

2.17 (s, 31!) 3.53-3.63 5 (m 11!') 3.68-3.91 (m 71-1) 4.00 (d,
J=11.04 Hz, 1H) 4.39- 4.95 (m 811) 501 (s, 21!) 6.75 (s 11!
Exanpl e 3 Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0- 10
benzyl- 1- (2-(benzyl oxY)-5-[4-[ (1E)- 3-car bOxyprop- 1-en-1-
To an acetonitrile sol®ijah (8.8 Bljs of (15)-1, B, R™ 1
anhydro- 2, 3, 4, 6-tetra-B(-15en - 1- (2- (benzyl ox -b- 4-:| Tz

P gl weitfol BT8O Ny, O. wmol ) were
added vi nyl acet '%"”go{; .14 sl .,  pad fagm(11) acetate (20
ng, 0.0890 mmol), treen0- t&¥yl phospMine (54 n§®" 0. 177 nmmol ) apd
mnutes with 20 gjcrowave manufachured by Biotage. TiEZ r Bactd on
sol ution was evaga?cﬁhed under re d gure. Thus obtai ned residue
was purified wi tbepsiebbcg gal t ography (hexane: et hyl
conmpound (681 ny, 87% as an or@ng%-yel | ow 25 anor phous compound. 111
NVMR (600 MHz, CHLOROFORMID) 8 ppm 2.17 s, 31!y 8.25 (d, 65 WO
3.84-3.95 (m 2H) 4.00 (d, J=10.55 Hz, 1H) 4.43 (d, J=10.55 Hz, 111)
4.50 (d, J=11.9 -4. 056y 2H) 4.80-4.93 (m 411) 4.99

CobSrep 8 1f%6 )

6.86-6.97 (mWAMPBUG. 7 35 (m 24H) 7.36-7.46 (m 21BF AbaYERlsHce

yl ] benzyl ] - 4- met hyl phenyl | -D-gluG tol OH 001 400, ,Bn0 BnO Bnct40Bn OBn
br onobenzyl) - 4-

triethylamne (0.64 nL, 4.38 nmmol), and reacted aLz&@@@Zfotﬂ e
acetate = 5:1, chloroform = 40:%) to obtain the title

2007/ 136116PCTAIP2007/ 060653 J=5.50 Rz "g¢f'1)” 36883.84 (m 611)

(s, 211) 6.12-6. 472 =15.59 Hz, 111) 6.74 (s, 111)

56.89-7.03 (m 4H) 7hd lcompdund MIA26449 .anESLlylamine 8QG)Mekl) .beRef er ence
Exanpl e 4 Preparati on of )
(15) - 1- ( 5- ( 4- ( 2cemteREeE hiAtPhanggmpenpd (IF) by the Heck reaction

(henzyl oxy) - 4- ”%%MiB%%?i%%‘tégSI anhydro-2, 3,4, 6-tetra-0- 10

benzyl - D- gl uci t reparation of

2,3,4,6-tetra- O¢thestyp-4- Geddetidn @Ehenagroxyytton)hydr oxy[ 4-[ 2-
(tritylam no)ethyl]phenyl]met hYl)-4-net hyl phenyl) - Dgl ucopyr anose
To a tetrahydrof ur af® CETPPB‘F\d(@)FPrL?b’Qﬁln?@(?P-"W is %bjecegd ¥o

br omopheny1) - N- aggtxtoﬁégswéma% Ngatldy814 gg@n“%ﬂml or B g.049s agidad

dropwi se under nitrogen atnosphere at -7 Cra 2. 66 M hexane sol ution
of n-butyllithiandeBctied inlS8ep Bb)obtaid the crmpburd (WasoStliher ed

for 30 mnutes at the sane tenperature. Then a tetrahl){drof_ ran
sol uti on (31%L)iqﬁantion where Z is a guanidino group or al ureido group.

2,3,4,6-tetra-0sh 15&-ICJ‘_;JCQ-S%bDenzyI oxy)-5-fornyl-4- 25

met hyl phenyl] - D- gl ucopyranose (0.670 g, 0.876 nmpol) was added

dropwi se, and the nirxé wompaasd stli}r pedtfeorin@éninionuvegre ¥ is a single
bond or a Ci.s alkylene group and Z is ~NHCON(RP)R® can be
synthesized also by the :;Eollowing method.

15 Note that, in the formula, R™ and R'* may be the same
or different and represent a hydrogen atom, a benzyloxy
group, & Ci-s alkyl group, Ci.¢ alkoxy group or a halogen
atom, P' represents a methoxymethyl group,
tetrahydropyranyl group or a (C;.s alkyl);Si-, and other

20 reference symbols are the same as defined above. The

32



WO 2007/ 136116PCT/ JP2007/ 060653 at the sane tenperature. To the
reaction solution was added water, and the resulting m xture was
extracted with ethyl acetate. The organic |layer was dried with
anhydrous magnesi um sul fate. The drying agent was filtered off, and 5
t he sol vent was evaporated under reduced pressure. Thus obtai ned

resi due was PYRPTEINI th NH type silica gel colum cHCSHBOGGF Sy
(chloroform) to obtain the title conpound (0.634 g, 64% as a yellow
oily corrpound 1H NWVR (300 MHz, CHLOROFORM D) 8 ppm 2.12-2.22 (m 3H)

102. 30- 2. 43 2 2.65-2.7 3,.64-3.84

4H) 4. 42- 4. 6(5m( ﬁw%mad%%?gﬂg’(ﬁ 5hq yinge é@a&fk‘%ﬁﬂlﬁﬁhe‘é‘*%‘?ﬂ?z
(m 1H) 6.88-7. ﬁ%%ma Béldlbr a &%) aDkERMaLEOp @hn be also synthesized
(1S)-1, 5-anhydro-2Z, 3, 4, 6-tetra-0-benzyl -

1- [2 (benzyl oxy)n 4hpesdme]l MBafde (22~ in5Steps 34 to 36 below.
(tritylam no)ethyl]benzYl]phenyl)-D-glucitolg: g+ TO ansagetonitrile

sol uti on (6 m_) 0P Step6 1) n-Bull ete, oo Y—Op re:ggction of hydroxyl
2.3,4,6-tetra- Ob}i'ffm Q—é&%ﬂmx @W [ 4- CZoaraoran ™
(t rityl ani no) et’hyl | heh’YI ] meteny - met gt ptremy 1] - Dgl ucopyr anose
(0.638 g, 0.565 m’r‘d'Fb wer e ad fder 20 APt rogen at nosphere at 0C
Et 3S1H (0.27 nL, 1.695 rmol) and BF3.Et20 (1.58 ni, 1.24 mmol), and
the mxture was stirred for 30 mnutes at the same tenpgeraty em
t he reaction sol uti o gdol eg Nsdpg€ Was addedr@ at ur, akﬁﬁ; owﬁho:
i utd.pn anﬂbs{ﬂwefeaﬁe’sul tipn B gr 2ighaimide
Zcet ake. The gani ¥ ayer was Rir"ed with

S8l fate. The oY) RSN, Ras filtered off, and
the solvent was evapor®ed under re&d ﬁb‘?d pressutf®. Thus obtai ned
residue was purified with silica

. i3 14 B
n‘\;/ﬂt s R\A/H Y—MJLNGR
: > ] Stept1 0. \\l H R
BnO o # \\Fla production of urelde . Bno "
BO o 1)1.1'—cgrb%nyldiimldazuleetc. BnO OB”OBn
n
OBn (IF) 2) NH[RDR (ns)

Stepi2
reduction,
deprotecilon

{6) Step 6
An aryllithium reagent can be prepared from an

intermediate compound (IIA) (which can be synthesized in

accordance with the disclosure of W006/073197} by use of an
10 organic metal reagent such as n-butyllithium, sec-

butyllithium or tert-butyllithium. This is condensed with

8-lactone (X) to obtain a compound (IIB). Examples of the

solvent to be used in this reaction may include

tetrahydrofuran, diethyl ether and toluene. The reaction

15 temperature is -80°C to room temperature, and
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67 WD 2007/ 136116PCT/ JP2007/ 060653 gel col um chr omat ogr aphy
(hexane: ethyl acetate = 9:1) to obtain the title conpound (0.402 g,
59% as a pale yellow oily conpound. 5 111 NWR (300 MHz,

CHLOROFORM D) 8 ppm 2.16 (s,311)2.36 (t, J=6.84 Hz, 211)2.68(t,J=6.84
Hz, 211) 3. 52-3.65(m 111) 3.67-3.92(m 711) 4. 00(d, J=10. 88

Hz, 111) 4. 37- M @H6116 PCT/IP2007/060653
511)4.78-5.06(m 511)6. 73(s, 111)6.83-7.01(m 511) 7. 05- 7.45(m 4011).
(3) Preparation of (1S5)-1,5-anhydro-2,3,4,6-tetra-0-benzyl- 10

1-(5-(4-(2-am noet nzyll- 2 beng | Oxy) - 4-
met hyl phenyl | - D p%"f%gﬂ 8CT a Zehtor of or m sol uti on of

(1S5)-1, 5-anhydr @78, Ssh 6- (Reductlon of hydroxyl group)
tetra-0-benzyl-1-(2-(benzyl oxy)-4-net hyl -5-[4-(2-

(tritylam no) et hy| 3F&azyenasvady (3TH)- ong RisGiLH ¢ Gi“ZPGQSéH I%BgM%GHn%I )
was added at erature trif] ugroaceta (0 nd t
mxture viae. st i PPEEI 250 Hiderel 14 ReBE ST s o heliot o4 bt

reaction sol gti apidves addesk ef hgasbandréhen tmpiehy@mtth\éaﬁewa_s o
evapor at ed under reduced pressure. Thus obtai ned residue was purified

with NH type 20asid | va bgetisedh [ipnhh Thresat oygy alphyir(dielﬂan@F‘aeEtﬂaQJ
he title

acetate 4.6, I fo nmet ol 19 Qbt ali £l
conmpound (0 29688,‘:% 3an¥ r%lSa Pﬁ(ﬂéblmsﬁess i yu%%er%lrluna LT MR

(300 MHz, mLm@EﬁMda)ll5oﬁUna3120( sxaiph)e2. 66 fHe solvé&tt 8fclude
Hz, 211) 2. 89(t, J=6. 84 Hz, 211) 3.52-3.95(m 811) 25 4.00(d, J=10. 72
Hz, 111) 4. 38- 4. 6?P¥RIQfPE¥4 Qgpngogquqﬁane, toluene, tetrahydrofuran

g%lé?bgﬁgil %%1) gcg@onltééig]a%%ll)blvent rth%Tc urreerécghereo M Sréfel?:r %Ear ation

solvent mixture containing acetonitrile such as
acetonitrile/chloroform, acetonitrile/dichloromethane,
acetonitrile/tetrahydrofuran and
acetonitrile/tetrahydrofuran/toluene. The.;eaction

15 temperature herein is -60°C to 25°C, and preferably, -30°C
to 25°C.

In the reaction mentioned above, a protecting group P*
is qptionally removed depending upeon the reaction

T temperature. In this case, a compound (IIC) from which P*
20 is removed is optionally obtained.
(8) Step 8 (Hydrolysis)

Following Step 7, a protecting group P' can be removed
by use of hydrochloric¢ acid, sulfuric acid,
p~toluenesulfonic acid monohydrate, pyridinium

25 p-toluenesulfonic acid, hydrogen.fluoride pyridine, n-BuyNF
or the like. Examples of the solvent to be used in this
reaction may include methanol, ethanol, 2-propanol,

chloroform, dichloromethane, toluene, tetrahydrofuran,
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68 WO 2007/136116PC T/ JP2007/ 060653

(all'yl am no) met hyl Yl i dene] bi scarbamate 110)z To a tetrahydrofuran
solution (4.3 nL) of allylam ne (250 ng, 4.38 mmvol) was added

N, N - bi s-benzYl oxY carbonyl - 5 1-guanyl pyrazole (1.98 g, 5.25 mmol),
and the m xture was stirred overnight at roomtenperature. The
reaction sol WYQ ¥H7146Md6 evapor at ed under reduced pressurkETIRFHTH60653
obt ai ned residue was purified with silica gel columm chromatography
(hexane: ethyl acetate = 4:1) to obtain the 10 title conpound (1.45 g,

909 | | wder . NVR 0Q , .CHLOROFORM 6) .8
S0, 3,3 £0 SRS, MBSO, RPN e
8. 35-8. 45(m 1H) therfédsS. lihen BSlidaZ et dRSnMiI)L ordtd, Hlreferanle

15Ref erence Exanple 6 Preparation of N-allyl-4-methyl-piperazine-|-
carboxyam de  acid is hydrechtlfirdroteirdn2sé| athrefeyatbleniso}vesft is
al lylam ne (400 20 7..00. mol re_added triethylamn .31 m ..
5 45 mol) and ASRMETnBATORRPE} o GRTar Bt 82 LS SO SR S and

the nxture was agliifidrd pe¥LErdR, Atsdi9ent aRReratddtaiddnd He$hanol
reacti on sol ution was added 1-nethyl pi perazine (771 ng, 7.70
mol ), and the REKR A gibarql/teddenrvematpnoldfiisnmoRsl t SisaT oF ur e.

The reaction solmlétchon S 1(13‘:)/l_taei%§r.at ed under redt&%%_drgres.sure. To t hus

obt ai ned resi duB WAT Add8 ﬁl%%%ﬁogye,e%hrﬁ'prem o] 28d i nsol ubl e

matter was filteespeftore Taerdeirkt dedehanag GIMCeRd raf10dnt adid akbhsto
obt ai ned residue was purified with NH type silica gel colum

chromat ogr aphy Be(issdnboesvaut, atetmntodC=t5100°CGt hyd predeatikly. M to
silica gel 8I u o(tphromat ography (ethyl acetate, chloroform nmethanol
= 10 20:1 t 5:%;I ‘o obtain the title conmpound (1.38 g, quant.) as a

col orl ess powdegg) 1¢tNVR (3K eikldt LSO iR ) ppm
2.16(s, 3H) 2.18-2.26(m
4H) 3. 23- 3. 31( m 4H) 3. 598 ®BpaIPH) L IG5 -Werprny 249 a Cisalkylene group

5.72-5.87(m 1H) gng 3&£ tre‘lx:_::;gntd' 4( lj.:L%’) 1@3‘ clé§<|ienrgezc'i in 191@3( I\rc/lgh@:}.tions of the

Mitsunobu reaction {Org. Reactions, Vol. 42, p. 335) using
15 an azo reagent and a phosphine to obtain the compound (IIE).
Examples of the phosphine that can be used in the
Mitsunobu reaction may include triphenylphosphine, tri-n-
butylphosphine, tri-t-butylphosphine, tritolyiphosphine and
- diphenyl-2~pyridylphosphine. Of them, triphenylphosphine
20 and diphenyl-2-pyridyl phosphine are preferable, and
triphenylphosphine is more preferable. Examples of thé azo
reagent include diethyl azodicarboxylate, diisopropyl
azodicarboxylate, di-tert-butfl azodicarboxylate,
1,1"'-azobis(N,N-dimethylformamide)} and 1,1'-
25 {azodicarbonyl)dipiperidine. OQf them, diethyl
azodicarboxylate and diisopropyl azodicarboxylate are
preferable. Examples of the solvent include

tetrahydrofuran, dioxane, toluene, methyiene chloride,
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Ref erence Exanple 7 Preparati on of
tert-butyl[3-(buta-3-enoyl am no) 15 propyl]carbamte ok" To a
chloroformsolution (58 nL) of vinyl acetate (500 ng, 5.81 mmol) were
added tert-butyl N-(3- am nopropyl)carbamate (2.02 g, 11.6 mol), 1-
20 hydroxybenzotri azole (0.86 g, 6.39 nmmol) and WSC (1.56 g, 8.13
mmol ), and t RO HUPBE was stirred overnight at room tP& HOMSE: To
the reaction solution was added water and the resulting m xture was
extracted with chloroform The organic |ayer was washed with a

sat urated aqueo solution 25 of a ni C i.de I

dried with anhy‘g?slt?ﬁgg%“é'nggleg?ﬁusttﬁl?g? eé%?ﬁegéryaelt%g gg%r#tﬁ Er\!}vg% ffolatiitq er ed
of f, and WO 2087 #3R146RET4IPRAN: 0606 bheranalibente watyérehoaat ed
under reduced pressure. Thus obtained residue was purified with
silica gel col iami ¢hiteeret-ogFhpFpachiotafempeFRUrgcht AETerPY ot hyl
acetate) to obtain the,title conpound t(%éSZ g, 94% as a colorless 5
powder. 1H NWVR T80 /&5 t&l{‘lﬁﬁog%%ﬁrﬁb ppm 1.44 (s, 9H) 1.52-1.71
(m 21-1) 3.91 (fh) $€6p 9D KizemPAIng3pRthadinlaém 2H) 3.30 (q, J=6.37
Hz, 211) 4.89 (s, 111) 5.14-5.31 (m 2H) 5.83-6.06 (m 1H) 6.21 (s,
1H). 10 ESI mz = 298¢ eewRaynd RILE) e 2ER¥GRIZENE hydratpr@harati on of
N-al lyl-N -(2-hYdroxy-1. 1-_ di net hyl I H . . 1hTo a
chl or of orm sol d‘t‘ﬁgtﬂ)i%g%tarﬁ)neo 4l %?%%lnt)eo %Efg(gt gl_i|,n Eé%sppmlu'r%%é%ere
added tri et hyl agdRRnt4td IHtaiRSard afliBé ) (EF] . atPréEertiiet pR@idREl of
chloroformate (6.09 g, 30.2 mmol ), and the m xture was stirred for an
hour. To this reutscdrenibluseforrifdd dudfeuleatetifdodangthia®per ature a
chl orof orm solutio n.) o - am ng--2- et h .5 ,
28.9 mmol ),g‘gndt‘%"ﬁe Fﬁﬁ‘g uurrean\iva‘ggtset%i rg{r{%?fpoé\%ggﬁi g tﬁgggfﬁggﬁegg_ #d
tenperature. The.d83chi fhpe@hverd 1Wasr&yapemnatatedadere reducetd, and
pressure. Thus obtained residue was purified with silica gel colum
chr omat ogr aphy Bxtfteyabiy dizpmeyoemn tepperatws tAYFt 1 e compound (4.0

g, 88% as a yellow,oil d,.1 ; SRVLD) 28
ppm 1.26 (s, 61-1) 3&%#&%,9%‘29%%‘?91@5%%‘%%2 ac e Rk (mQ 511)
5.08-5.24 (m 2&D1+ %i?H-D.rlhetdn adifi. oESin wgamwid 9bi¢ Md\Napnt Refesy ence
Exanpl e 9 Preparation of

1- benzyl oxyl®- belegis-5-FismRyes 2f fhesaly preferably used foxr

(et hoxynet hoxy) et hyl A L

t et rahydrofura %%#ﬁf%%%%%?sg%%?%%- 4- i %?' methafedhlfonate,

(met hoxymet hoxyg etdnglshbedfzsnre ¢ &0 ogye thad@sSulbinateasbattadsdlimatse
under nitrogen atnosphere at -78C a 2.6 M 10 n-butyllithium sol ution
i n hexane (78.8ard p-Godemnamylfonaiify £RG TAGE: BFefsk@SEtirred for 15

m nutes at the sane re. Then a tetrahydrofuran solution (150
m.) of 4- benzyﬁ%]r>1<""y‘:“'-n%-gg}r?%{n!%a1jt -met hyl benzal dehyde (56.9 g, 0.195 nol)
was added dpepw $€) @tep BN (Fowkationdof Merad)xture was 15 stirred for
30 mnutes at the sane tenperature. To the reaction_sol ution was
added a saturated aghecirdresndt i) ofam Mo AFUMRSSAESE i 'HE™ &nd t he
resulting m xture i t.hse B a r i er
wes washad w KA e R e R
brine, 20 and d{rss) .M tdampaby dsH thenBaptesivlatsul frabgentliactingd ng

1,1'-carbonyldiimidazole, p-nitrophenylchloroformate and
25 triphosgene. In this reaction, a base such as

triethylamine, pyridine or N-methylmorpholine may be

preferably used. Examples of the solvent to be used herein

include chloroform, dichloromethane, tetrahydrefuran,
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agent was filtered off, and the sol vent was evaporated under reduced
pressure to obtain [4-(benzyl oxy)-5-brono-2- nethyl phenyl ]

[ 4-[ 2- (met hoxynet hoxy) et hyl ] phenyl ] net hanol. Then to a chl orof orm
solution (1 L) of [4-(benzyl oxY)- 25 5-brono-2-nethyl phenyl] [4-(2-
(et hoxynet hoxy) et hyl | phenyl | net hanol (102 g) cooled in ice were
added Et 3Si|IWQ287/12613%¢ | 0.293 nol) and BF3Et 20 (29.7 rACT/IP204560653
2007/ 136116PCT/ JP2007/ 060653 0.243 nol ), and the m xture was stirred
for 15 mnutes at the sane tenperature. To the reaction solution
cooled in ice wasya '%%Qhalgo%%n%gagd n%oem%gag@ip nake gﬂ%ﬂ? e

sol ution and warfied to room errperaature. Fesul 'ng m xXture was
extracted with gbiydntaeRbaddr magsheasvit h PRetaavlangxzdniarst b wegani c
| ayer was dried with anhydrous nagnesi um sul fate. The drying agent
was filtered of hixine shevery] deatudem sheorRforal B ol HaeERy Bagide.

pressure. Thus qgptai ned resi L] | & & &,i_ca gel
10 col um chrong o%rrogg)ﬁ?}/% me%ﬁﬁ%%%ﬁ?%#&%cﬁeﬂgfcgégﬁﬁ%%% 1) to
obtain the tjtl giReM30E6Etn4nidey, TG8% et idnPidnerakhow @i kyoronpound.

1H NMR (300 MHz, CHLOROFORMiD) 8 ppm 2.16 (s, 3H) 2.87 (t, 15
J=6. 99Hz, 2H) 3. 28¢mpBHEESrI S 894G, JPhad thp) B@BAsn rate is low, the

2H) 4. 61(s, 2H) 5. 12( S, 2H) 6. 77(S 7.03(d, J=8. 08
Hz, 2H) 7. 15(d, 2%%%6??‘5%‘.‘ 7b%1zl‘?“)fﬁ)eg.'3o- 7.45(m 3H)7.47(d, 2H).
Ref erence ExanpkezilGtep 12 (pepr&t&fiabali on of

(18)-1, 5-anhydro-2, 3,4, 6-tetra-0- 20 ) . ]
benzyl- 1- (2- (benzyl 8%§)copesnd 2 1HEdr eRYASMSH JpASie j ] SuRjected to

met hyl phenyl) - Ds j y . L e u

ol Ut i o (156 refPReE e PRkl b b e A
(et hoxynet hox Yaet deéckhraa vilnl beaz eneo( dBtding th& Scdmpbiibd ) ( yas£ athked
dropwi se under nitrogen atnosphere at -78C a 2.6 Mn-butyllithium
sol ution in hexipeentienowhgre 78i% amPryidy9gorhe nmi xture was stirred
for 15 mnutes at the sane tenperature. Then a tetrahydrofuran
solution (30 nL) of 2,3,4,6-tetra-0-benzyl-D glucono-1, 5-1actone
(14.0 g, 5 26. Oppemiccivasrmdded 4dr opwi se, and the m xture was stirred
for 15 minutes at the sane tenperature. To the reaction solution was
added a sattfated adbediEreBRrdt(1dno6f CRAMIBHPUATHIFBRTRIE 18n?P tHFeido
resulting mxtu X j 1 ht T, nj ayer S
washed with a sé?%%gt%gg %%% oﬁge%ego?{fjﬁﬁhgfﬁagdm%gn(%?u%coc% g?i%ﬁa@and
brine, and driegiwtdde mobeits GeSpragtesd umthubhadeyl Fheuslrsyichgasgant
was filtered off, and the sol vent was evaporated under reduced
pressure to obt8PFr¥I698°% of a residue. The residue was dissolved in

acetonitrile (70 mL) gangk 15 tet rsgeqidr ofuran (78 mt). To this solution .
cooled in ice were adféd & S profociton OGhneYL, 17, 'Z STy Al Lok 20
(1.90 nm., 14.9 4 e msture wasosStioNT 80 T O an h&E®atthe

sanme tenper at ur eno B;’Qﬂhe react i of*98f ut i oMn? Q;JOE'U inice was added a
saturated sodi um bi card¥onat e aqueous sol ution, 2 and warned to room
tenperature. To this soilduti on was added water (70 nlL) and the

resulting mxture Wa“i; Xt =Tl gﬁﬁﬂ?of Qulxyyene. An%f,\\}“ﬁe/ ;hﬁaopgtg%ni C
| ayer was washed wigt A hr /R, andeas T ed W th anhydr gNES bebliBetion
sulfate. The drii dglagent ®as fi hdcasas a0l 1 " add Ji he soFvent was

evapor at ed 25 undersreduced pressure to obt 4°n 02;?’.5“’0 g of a residue.
The residue was dissof'ed in isopropyl ether (140'%l). Then to this
sol ution were added 2-propanol (140 nlL) and 61M hydrgchloric acid
(140 ni), and the redgpfon mixture was R R JL

o |‘/}q ,]\F“hﬁﬁa

- XY—N" N
|\ ¢ H RS  Stepis

Aoy \\Ha e ACO 0 + \\Hs deprotection ()
—_— .
AcO “"OAG Step17 AcO “Ohc
OAG production of OAC
{iIM} ureide {IN}



stirred at 80C for 2 hours. After the m xture was cooled to room
tenperature, to the mxture was added water (70 nmL). The resulting

m xture was extracted with toluene. And then the organic | ayer was
washed with a saturated sodium 5 bicarbonate aqueous sol ution and
brine, and dried w th anhydrous magnesi um sul fate. The sol vent was
evapor at ed ur@yBélideed pressure. Thus obtai ned resi AGEINALYORGFS f i ed
with silica gel colum chronmat ography (hexane:ethyl acetate 10 15 =
9:1to 7:3) to obtain the title conpound (12.0 g, 54% as a pale

ellowoily co d,. 1H N 00. MHz, CHLOROFORM D) 15 m 2. 20 ,
Io e (] TR et BatoEoRuton oy VR S BWCIn 800 5 08 ( . L
s., 2H) 4. 00(d, J=10. 72rHdz a4 3697013:310@3:%6%111%'913‘) is protected with

e

4.50(d, 1H) 4. 56- 4. 66(m 211) 4. 81- 4. 95(m 311) 5. 00
2H) 6. 75(s, 1H) 6. @2pdotk=Ting $houRHrFs Dftent 41d JcAtalytic hydrogenation,

7.35(m 22H) 7. 36-7. 44 .. ESI mz = 873 (MtNH4). Reference Exanple
1 30Um 220 L Sl e ut-plt i cabinatay BBl 19 ) berryts 2. 20
(benzyl oxy) - 4- Mt By PReRYhe sl 122 RENHHO( Bncb Y2, GrieicbApfina (I1F),
benzyl - D-gl uci tol benzenesul fonic acid Bn0O40ONH2 0 40 To a

t et rahydr of ur an (8o¢ O end (FId@ -l )arsf alli@jed] t6-react in a solvent such
anhydro-2, 3,4, 6-tetra-0-benzyl-1-(2- nzyl oxy)-5-14-(2- 25 _.

vl oxyet hyl ) bRy TS aER | BRER AT aN froi AT B G BF GLRFHNY
triphenyl phosphhngnd Bredefoe 2% &n NAPRrbprotd bRHE Na 0Bt &en (&2 cdfipdhnd
15.4 mmol ) was added a 40% dii sopropyl azodi carboxyl ate sol ution

(11.1 nm, 21.0 KABV). | Arefngbhe enaeileniat dhenbatendsphete sadi@C over
3 m nutes. 'mis reaction so utign was stirred, at r%%mtenperﬁture for

30 5 minutes, affgd"tHET et AEHB Y FEIRE) CHER "848 PYREPLYD . S2FRER2T

hydr azi ne nmonohygtad £ kbny@rdilide 146baTaR! dydhascadsed.aiagdatdre reaction
m xture was stirred at 60C for 3 hours. After the m xture was cool ed

to room t enper atgiethydaping sodi um hydr oxi de aqueous sol ution (100 nl)
was added there d 10 the resulting mxture was extracted with
t ol uene. The orég‘?ﬂ (a:élﬁegyg? e%’r\(?\g%%télﬁnwofnhbeé‘zﬁkﬂ sodi um hydr oxi de
aqueous sol ution (18@pfddecti@nbéd RBe AdboALHEHI I )t BrBMNH BESve is
magnesi um sul fate. The sol vent was evaporated under reduced pressure

to obtain 2257 pevformedeBy diptalyEifthdydoadehsdinnsaglidesoriksf in Step 3
met hanol (140 "152: rr%tgancpl S0 u{ 'I(Rn (50 nmL) of benzenesul fonic
aci d nonohydrat e (? g, 96 n’m)]!) Was added thereto, and the

m xture was stigief §@p 15 (HRubetodt roomtenperature. This m xture
was evapor ated under reduced pressure to 20 obtain an anorphous

conpound. To thus ofhai kedrozidr piesms o€ oso gaErende (8 d s2ppeigsdrdl

(230.nm.) and meghaapolacg!io H}L‘) , Sa(rz}(l:l atshgnngégt ure _was Q_gagegaitnoarefl ux
to dissolve a r&%i JuECTThFo"R ZHH £5a8 TSP Ed%T D™ &8s enperature
and left fobolSchmbuna (huss) . obtrai Reslpsinsalk yAsdki:ié eifat-0ae5
obtain the colorless title conpound (9.89 g, 70%. 1H NWR (300 MHz,
CHLOROFORM D) bPrhoyl1ohleridgl) benzpyl ocigprige o). 2reableusd(ty 2H)
A Em ;%%%ctjigg;js- 93@ 18 the pitsdnle 354 fptBoritil vase

to obtain a compound (IIL). Examples of the solvent to be
used in the reaction include chloroform, dichloromethane,
25 dioxane, ethyl acetate, tetrahydrofuran and N,N-
dimethylformamide. Preferable examples of the base include
triethylamine, collidine and pyridine. As the catalyst,

4-dimethylaminopyridine may be used. The reaction
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WD 2007/ 136116PCT/ JP2007/ 060653 211) 4.82-4.94(m 311) 4.98 (s, 20)
6.72 (s, 1H)6.79-6.85 (m 211)6.87-6.96 (m 40) 7.06-7.44 (m 25H)

7.75-7.90(m

4H). Reference Exanple 12 5Preparati on of

(18)-1-(5-(4-(2-am noet hyl )benzyl]-2-

acet oxy- 4- net hyl phenyl] -1, 5- anhydro- 2, 3, 4, 6-tetra-0-acetyl -

D gl uci tol W@ 7/ Plgpar ati on of (1S)-1-[5-[4-(2-tert-PCITYP2007/060653
but oxycar bonyl am noet hyl ) belzyl] - 2- acet oxy- 4- net hyl pheny1] -

1, 5-anhydro-2, 3,4, 6-tetra-0-acetyl -D gl uci tol To a chl orof orm
solution (100 mL) of (18)-1-[5-(4-(2- |

am noet hyl ) benZAgrgevaiuzensy | REGFPrab e OHy I5h ERGT | Leppgrature.

anhydro- 2, 3, 4,
(10.7 g, 10.6

3%%?tgg%pigeﬁ&%hk@ggtﬂﬁhtoI benzenesul fonic 15 acid

) C

oled In ice were added under nitrogen

at nosphere tri et hylmminnehd Zoa2@ontd (IFLY, el prepribting group of the
di-tert-butyl-dicarbonate (2.78 g, 12.7 nmol), and t ] xture S
. iR SR L PR teoBErtt & somnged, ol 'FE 0
sol ution wag added %@tae%bclagf%&phetﬂé XobEur® (Was) Wed Rdodéy r0fkact
e

stirred for 30

tenperature.” Then 't

resuliirng mxture was extracted with ethyl

acet ate. The ongani & HyEyechi@siavashe bmwittht ludvohgetior lacddidr &4cid and
brine, and dried wi th anhydrous magnesium sul fate, The dry%gg agent

was filtered offolvembl §uss 88| SAhLoRRIRSTITRR or ARG TR P7r SHRIEES

pressure 25 to

10

15

20

25

m%gg@ rﬁlﬁmgng E.gc;lv@nﬁ esipdUghe ThBe I &8 iUend@ rdius s olneed

in ethyl acetate

compound (IIL) is allowed to react preferably with
piperidine or morpholine in N,N-dimethylformamide.
(17) Step 17 (Formation of urea)

A compound (IIN) can be synthesized from the compound
(IIM) in the same process as in Step 11 above.
(18) Step 18 (Deprotection)

The acyl group of the compound (IIN) is removed in
basic conditions to obtain the compound (I) of the
invention. Examples of the base may include sodium

methoxide, sodium hydroxide, lithium hydroxide, potassium

- carbonate, cesium carbonate and triethylamine. Preferable

examples of the solvent include methanol, ethanol, and

hydrous methanol.

Production Process 5

The compound (I) of the invention where ¥ is
-0-{CH,)n~ and Z is -NHCON(R®)R® can be synthesized by the
following method. Note that, in the scheme, ¥2 is a Caq
alkylene groub, and other reference symbols are the same as

defined above.
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met hanol (100 mL). And 20% pal | adi um hydroxi de (2.50 g) was added
thereto, and the m xture was stirred under hydrogen atnosphere at
roomtenperature for 2.5 hours. The reaction solution was filtered
through celite, and the 5 sol vent was evaporat ed under reduced
pressure to obtain a residue. Thi s residue was dissolved in
pyridi ne (100V@A%7139d6 t hi s sol uti on were added under HCTHRRYER60653

at nosphere acetic anhydride (6.01 nL, 63.6 mmol) and N,N- 10

di met hyl am nopyridi ne, and the m xture was stirred overni ght at room
tenperature. After that, aeetdc anhydride (4, 0Qunl, 42. 4ol ) was

furt her added tﬁ@p%ﬁ oand1wgﬁm%1xture was s\r r eth-?For  Pautipeihvdomat t he
sane tenperatugé;)Idgﬂh +ﬁﬁﬁ+ﬂﬂ—se+ i water—amd™15

the resulting mixture ftas exeroagted wit e pbr acet at e. SRS ani

| ayer was washed W¥h 3 M hydpsCh[®¥i c aci & apeat ur at ed sodlum

bi car bonat e aqueous sol ution and rine, and dried with anhydr ous
magnesi um sul fate. The drying agent was filtered off, agd the sol vent

was evaporated 20 umdew‘re% cedgad €SSUre to offtatn a r Elenob il &
obt ai ned resi due s} vedsgywm&ﬁﬁhg eto| fe eyaimigeng
hexane was add# reto tw obtainga cry=f il . ebt al ned crysta
was filtered to®™8bygPh the titley un@o(5 88 g, 749 as a

col orl ess powder. 25 @# NVR (300 "RFHLCRCFCFmWE» 8 ppm 1.43 (s,
, 3H) 2.07(s,3H) 2.19 (s, 311)

9H) 1.77 (s, 311) 2.00 (s, 3H) 2.04 (8
2.35 (s, 3H 2.75 (ﬁ” R9=6. 92, Hz, 2H) 3. 28-3. 42 (m 2H)a1=/® 7503\,28“&N(Hm

111) 3.92 (s, 211) 4998 8["”’:s12243f, 2.18 Hz, 93 ad, & ke
J=12.36, 4. 745, \ﬂa(tiﬁf“ﬂiﬂ-ﬁ_&—%(%‘? 52»=537(m
2H) 6.87-(s, 1|Er)° " (oo (d, 2H) 7 A, 2org 7. 16 soen‘?fl‘—i) ESI mz =

731 (MrNHA). 5(2) PBrewaration of
(1S)-1-[5-[4-(2- anlnoethyl)benzyl] 2-

acet oxy- 4- net hyl phenyl ] -1, 5- anhyg 0- 3ﬂ4ﬁ@im@tra 0- acetyl D-gl uci t ol
To a chl orof orm 8atsyt i on (8 g ) MA5) - 1- 18- 4- ( 2-
t ert - but oxycar beyranmneet M gzyl]ﬁﬁ acet oxy-4- 10

nmet hyl pheny1] - 1, 5- anhydr o- 2 3cﬂ tetra-0-acetyl-D-glucitol was added
trifluoroacetic acid (23 nL) and’the nmixture was stirred for 1.5
hours at roomtenperature. The solvent was evaporated under reduced
pressure to obt 5@ %tresi ue. Thus obtai ned residue was diluted with
chl oroform and washed with a saturated sodi um bi carbonate aqueous

solution and brine. AThbrposaliut i1 vas HH pedpaiddh 1antylrsans magResasim
sulfate. The drying agent was filtered off, and the solvent was
evapor at ed uhdefn rPéiﬂ’éééchm 8580¢% Bo SHRRISNEFAR & COMBOWKIYSERAY (4, 67

g, -guant.) as a( Ch <::(P1r lcggsbe[)%%%ésa.zed in accordance with the disclosure

of WO06/073197) and a compound (X).
{20-21) Step 20 and Step 21
The compound (IIP) is subjected to reduction of a
10 hydroxyl group and removing a protecting group P! in the
same mannery as in Production process 3, steps 7 and 8 to
obtain a compound (IIQ).
(22) Step 22
The compound (IIQ) and a reagent (IIR) are allowed to

15 react in the presence of a base to obtain a compound (IIS}.
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20 1H NMR (300 MHz, CHLOROFORM D)8 ppm 1. 77(s, 311) 2. 00(s,

3H) 2. 04(s, 311) 2. 07(s, 3H) 2. 19(s, 311) 2. 35(s, 311) 2.67 (t, 211)
2.85-3.07(m 211) 3.75-3.84(m 111) 3.92 (s, 211) 4.08 (dd,
J=12.36,2.10 Hz, 111) 4.30(dd,J=12.36, 4.59 Hz, 1H) 4.53
(t,1H)5.13-5.23 (m 111)5.24-5.36 (m211) 25 6.86 (s, 111)
7.02(d, 211) 7. MA200H1360¢) 7 17(s, 111). PCT/JP2007/060653

Preferable examples of the base used herein may include
sodium carbonate, potassium carbonate, potassium hydroxide,
sodium hydride, pyridine, triethylamine., Examples of the
solvent to be used in this reaction may include dioxane,

5 acetonitrile, toluene, dimethoxyethane, tetrahydrofuran,
N,N-dimethylformamide. The reaction temperature herein is
preferably 20°C to 100°C.

(23) Step 23
The compound (IIS) is subjected to removing a
10° phthalimide group in the same manner as in Production
process 3, step 10 to cbtain a compound (IIT).
(24) Step 24
A compound (IIU) can be prepared in the same manner as
in Production process 3, step 11 from the compound (IIT).
i5 (25} Step 25
The compound (IIU) is subjected to deprotection in the
same manner as in Production process 3, step 12 to obtain

the compound (I) of the invention where Y is -0-(CHz)n-.

20 Production Process 6
The compound (I) of the invention where Y is -O-(CHz)n-
and % is -CONHR® can be synthesized also by the following
method. Note that, in the scheme, Y® is a C;.4 alkylene
group, L1 is a leaving group such as a halogen atom, MeSO;0-,
25 etc. and other reference symbols are the same as defined

above.
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ESI mz = 614 (M+H). Reference Exanple 13 Preparation of
(1S)-1, 5-anhydro-2, 3,4,6-tetra-0- WD 2007/136116PCT/ JP2007/ 060653
benzyl-1- (2- (benzYl oxy) - 5- (4- hydr oxy- 2- net hyl benzy1l) - 4-
nmet hyl phenYl | - D-gl ucitol 40 BnOOH BnO Bre"OEM OBn To a
tetrahydrofuran solution (15 nL) of 1-bronp-4- 5
met hoxymet hoxy@ 2W9HEtH$Y 1 benzene (0.80 g, 3.46 mvl) wdETARYEH6L6s3
dropwi se under nitrogen atnosphere at -60C a 2.6 M hexane sol uti on of
n-butyllithium(1.33 nL, 3.46 mol ), and the m xture was stirred for
15 mnutes at the same tenperature. Then a tetrapygsof urangsol ution
(6 m) of 10 213, 4, BitBt La-@ besmayl- 1- C- (2- (benz k¥xyh-5¥Hgpmy1- 4-
met hyl phenyl | - D se (g 44, Xadded dropwi se,
and the m xture,) stirrel for 1R minutes ab yhemsane tenperature.
To the reaction sobet}|on was addé ‘g sat ur at ed®8#qugous sol ution of
ammoni um chl ori de, and war med 15 to(rbomterrperature. And then the
resulting mxture was extracted w,t r;lz ethyl gcetate. The organic |ayer
was washed with brigge, and dried Wsth WH%N%LJS magnesi um sul f at e.

0

The drying agent et tereg, , _he sol vent was evaporated
under reduced pressure to obtgrR-4y7 g of an 20 oily matter. ,

Then the oily matter was dissolwed in acetonitrile (10 nL) and
chloroform (10 nmL). To this solution Were added at 4C EtaSill (0.92"
m., 5.76 mmol) (aggl 8E3, Bt20 (0.46 nL, 3.60 mmol). The reaction
solution was stirred for 30 mnutes at 25 the sane tenperature,_ and
the nixture was stiTheedofmrung0(hidueed atcompewrd P8 418 119654 e

reaction solution was WO 2007/ 136116PCT/ JP2007/ 06065 TIW) .
saturated sodi F8PBFcHY BBRaEE2GG80 asggﬁ?ité’n.ozﬂ%% t6ﬂh§°vo a?ji ?es her e

evapor at ed ynder  keduned-pressr 8: aldvhbe dwsl Haseasagxitaated with
ethyl acetate. The organic |ayer was washed with brine, and dried
wi th anhydr ous seatemyrasiride s dodate. carkengty Pgtagehim §aEPMaer ed

of f, and the solvent was evaporated under.redu
obt ai ned resi dFESHES ﬁf’&lbi"f‘?%% \H'E’HQ%JT Iq‘llgéllb“é'l %% t?g‘n%‘s?:%;%x%g? gg%zoﬁﬁhy

(hexane: et hyl 3get at frent3cd)pd @s08t &1 RntiBerdddtlion amypanatudeA20 ny,
35% as a pale yellow oily conpound. 10 1H NWMR (300 MHz,

CHLOROFORM D) &eppan@irbEufsn, JtigfFhplethers NJiqdimehiyriforganife.]1)
3.63-3.84 6H) 3.97 (d, J=11.04 Hz, 1H) 4.31-4. 50 .
4.52-4.68 Elrrgh :ﬂ:?ﬁtaf}@rgp&‘.s@z Ehe Eﬁc%Pﬁzt%“?eriéﬁr%?’ﬁg%dl%:%.té’z,
2.41 Hz, 1H) 6.55.(d, J=2.49 Hz, 1H) 6.66 (d, J=8.24 Hz, 1H) 6.78 (s,

1H) 6.88-6.97 (m 15J=5.21, 4.43 Hz, 2H) 7.01 (s, 1H) 7.10-7.50 (m
2311). ESI mz (27858t¢viad4H4), 839 (M H). Reference Exanple 14

Preparation of (15)-1,5-anh d(,{ ﬁ A4, 6-1etra--0sz ; 4 in th
benzyl-1-[ 2-(benzy|%€y)°9§‘9f%5 2-1 ?SI-S,dlsgé .:_t-<,f11;%§1 & h%/e ForstpeT e
i soi ndol e- 2- Y1) £l Roxydned- met hy |heazydiord pietdnd phesydd -12- tglalgiatiol O
BnO BnO 00 '

15 +the compound (I) of the invention where Y is -0O-(CH;)n- and

% is -CONHR?,

Production Process 7

The compound {I) of the invention where Z is a
20 heterocycloalkyl group such as 2,4-dioxoimidazolindinyl can
be synthesized by the following method. Note that, in the

scheme, R" is a hydroxyl group, a C;.4 alkoxy group or a
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Me . g0OBn OBN Tomgmmit—pi=ehmrrettrytformamde sol uti o (5.0 nL) of (19)-
1, 5- anhydro- 2, 3, 4, 6-tetra-0- benzyl- 1- (2- (benzyl oxy)-5-(4- 25

hydroxy 2- nethylbelzyl) 4- met hyl phenyl] -D-glucitol (340 ng, 0.40

mol ) and N-(2-bronoethyl) phthalimde (1.02 g, 4.0 nmol) were added
pot assi um carbonate (553 ng, 4.0 mmol) and n-Budi Nl (14 ng, 0.038
mmol ). The reaction mxture was stirred at 80C for 3.5 hours. After

the m xture was, cooled to roomtenperature, water was added thereto,
and 5 the res®RFHEL 540 ¢ AEs CEREFaTLEATGRER SYMRALS @Xetide Pame as
organic Iayer ’%gi d mnth brine, and dried w th anhydrous
nagne5|un1sulfé? e rylng agent was filtered off, and the sol vent
was evapor at ed unde@ rgduced pressure to obtain a reS|dq§ JhUS  oR® o
obt ai ned resi due §\ un, iveqy, 10 with silica gel colum? ,% 'krﬁ"

chr omat ogr aphy My ac§§ E. orresy 1) to obtain H H o
conpound (6047, 1% as a°pa|e&wﬂﬂh&#4ﬁ%?p4mmpdﬁ%d H NVR (800
MHz, CHLOROF "Beppm 2. 17 (g SEEIMEORES 31469, %2 3. 60 (m

1H)3.63-3.85 (m B11)1889-4. 19 (muall), 15 4. 34- 4. 52(M° 3d)
4.53-4.65(m 3H) 4.75-4.93(m 311)xBx@1 (s, 211)6.44 (dd,
J=8,55,2.64 Hz, 111)6.60-6.71

: R' R?
Step29 l\’*K X ¥-2Z 0 Foo Ph
deprolecuqn under 0 P \\ R \rﬁ\NH
basic conditon ~_ HO' =~ Z= N NH - or N
HO™ ™~y "OH - o

5 (28) Step 28
The compound (IIM) is condensed with RMRPNH, for
example, an amine having a carbonyl group at the a-position
such as 2-amincacetophenone or an amino acid in the same
manner in Producticn process 4, step 17 to obtain a
10 compound (IIX).
(29) Step 29 (Deprotection under a base condition)

— The Compound (IIX) is subjected to deprotection of the
acetyl group and at the same time, an intramolecular
cyclization of the side chain of the compound (IIX) to

15 obtain the compound (I) of the invention where % is the
above-defined heterocycloalkyl group. The base used herein
is preferably sodium methoxide, and the solvent is

preferably methanol or ethanol.

20 Production Process 8
The compound (I) of the invention where Y is a single

bond, a methylene group or -0-(CH;)n- and Z is -NHC(=NH)NH,
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(m 21-1) 6.77 23H) (s,111)6.88-6.97 7.66-7.72(m 211) Reference
Exanpl e (m211)7.05 7.80-7.88(m 15 (s, 111) 211). 7.13-7.45 (m
20Preparation of (1S)-1-(5-(4-(2-am noethoxy)-2-

met hyl benzyl] - 2- (benzyl oxy) - 4- met hyl pheny1] - 1, 5-anhydro2, 3, 4, 6-tetra-
0- benzyl - D-gl uci t ol To a tetrahydrofuran (0.8 nL) and

met hanol (0. 2ve0p7/RHligol uti on of PCT/JP2007/060653
(1S)-1, 5-anhydro-2, 3,4, 6-tetra-0-benzyl-1-[ 2-

(benzyl oxy)-5-[4-[2-(1, 3-di oxo-1, 3-di hydro-2H i soi ndol e-2- WO

2007/ 136116PCT/ JP2007/ 060653 .

yfl et hoxy] - 2- meahteh spyhgsizefebnyibshEP 89 gPtidt %! (60 ng, 0.059
nmol ) was added hydrazi ne nonohydrate (30 ng, 0.59 nmol), and the
reaction m xture was stirred at 65C for an hour. After the m xture
was cool ed to room i gRperature, a added thereto, (e‘f)hny:j) acet ate. and
dried with was evapmﬂg}néd 2,M aquepes sol ution of sé@ ;/‘Elm/ Logl.ge
was and the resultin 7 4 r &M e drrdger ot rd wit h _Thel g i cHlayer
was washed wi t Bobii'ife, anhytr ous magngsi um sulat g. [ The sofvent under
reduced pressuré@&ota @tain the tit I,leNJLN%&zcorrpouEﬁ%l Eial ifatively.

B

10 NVR (300 Mz, CHLORCRGRMD) 6 ppm awdl (s,

(IT}Y = O(CHzn
NH
g A JiN
Step3t ‘|<*‘/ AR
deprotection . HO o # \\Hﬂ H
HO™ ™y “OH

OH (13 ¥ = bond, CHa, or O(CHZn

5 (30) Step 30 (Introduction of a guanidino group)

The compound (IIF) or the compound (IIT) obtained in
step 38 or step 23 is reacted with a reagent (ITAl) to
obtain a compound {(IIA2). Preferable Examples of the
solvent to be used in this reaction may include

10 tetrahydrofuran, N,N-dimethylformamide, methanol, ethanol,
isopropanol, ethyl acetate, toluene. The reaction
temperature herein ig from a room temperature to a reflux
teﬁperature.

{(31) Step 31

15 The compound (IIA2) is subjected to deprotiection in
the same manner as in Production process 3, step 12 to
obtain the compound (I) of the invention where Y is a
single bond, a methylene group or -0-(CHz)n- and 2
is -NHC(=NH)NH,.

20

Production processes of intermediates for producing
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3H) 2. 22(s, 30)3.03 (t, 7=4.74 Hz, 20)3.50-3.62(m 10) 3.65-3.83(m
60)3.88 (t, J=4.74 Hz, 20)3.98 (d,J=10.88 Hz, 10) 4.34- 4.51(m 30)
4.55-4.65(m 30)4.77-4.93(m 30) 5.02 (s, 15 20)6.43-6.51
(m1H)6.66-6.72(m 20)6.78 (s, 10) 6.91- 6.98(m 211)

7.06(s, 1H) 7. 11-7. 45(m 230). In addition, the conpound (1) in
whi ch R3 repre@#RtE6ias met hoxy group or a fluorine at orACEEPRIEIEG60653
synt hesi zed by using 1-brono-2-net hoxY-4-net hoxynet hoxy benzene or 1-
20 brono- 2-f 1uor o- 4- net hOxylet hOxy benzene as a starting nmateri al

according to the nmethod as with Referen ,
J the compound (I) will be ges%%igégrggl%vsv. 13 to 15.

Process for producing intermediate (IA)

A process for producing an intermediate (IA) required
5 fof production of the compound (I) of the invention will be
described below. Note that D' represents Li or MgBr. Other

reference symbols are the same as defined above.

Step32
AM g% S
e S C
4 o 0. A A0 scid hydrolysis o] 7
N | o o BnO Sori 0-7 BnOQ o CHO
W BnO BnO” ™" “OBn Ba0” ™ “OBn
(WA) BrO “0Bn CBn  (1B) 0Bn e
OBn
(X} )
FI“ H12 H“ R1:!
s Br  Step3s et Br
Stepa4 o | P : | reduction of hydroxy a | :/ i i
BnO o g2 > BnO “R3
Di_Q—Br BnQ’ “ogn O BnO “OBn
\H3 OBn MmF ) OBn (IA)
L_:.( D) D'=Br
{INE} D'=Li or Mghir

10 (32) step 32
An aryllithium reagent can be prepared from an
intermediate compound (IIIA) (which can be synthesized in
accordance with the disclosure of W006/073197) by use of an
organic metal reagent such as n-butyllithium, sec-

15 butyllithium or tert-butyllithium. The aryllithium reagent
is condensed with &-lactone (X) to obtain a compound (IIIB).
Examples of the solvent to be used in this reaction may
include tetrahydrofuran, diethyl ether and toluene. The
reaction temperature is -80°C to room temperature, and

20 preferably, -78°C to -25°C.

(33) Step 33 (Acid hydrolysis)
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Ref erence Exanpl e 16 Preparation of 4-(benzyl oxy)-5-brono-2- 25

chl or obenzal dehyde 0O To a chloroform solution (300 nL) of
2-chloro-4- WD 2007/ 136116PCT/ JP2007/ 060653 hydr oxy benzonitrile
(14.0 g, 91.2 mmol) was added dropw se under nitrogen atnosphere at
-50C a 0.95 Mdilsobutyl alum num hydride solution in hexane (307 niL,
291 mol ), afPIpELei%ture was stirred for 1.5 hours @CTUPRITPENE 5
tenperature. The tenperature of the solution is increased to room
tenperature, and the m xture was stirred further for 3 hours. .
Subsequently, the reaction solution was cooled in i c?, . and rre%ar&l(\)/:
was added dropwi se Teepet el ¥BOUR T $52 15BRORT ISR W PAER T S
hydrochl ori ¢ agLdy AN n b8 LA oG8 Uddd dndl gLl GoEEBhiaGcad W LN
et hyl acetate. “the organi ¢ Tayer was washed wth a saturated sodi um
bi car bonat e aguRausy&Rltdt | 6tc.and brddues antbrmpoied WTIE)anBydfersple
magnesi um sul fate. The drying agent was filtered off, and the sol vent
was evapor at ed egpdekes efutlrl xestte P 1RPHLHLETH fnfgu of a

resi due. e Lesidue ues Jhssel Vedrhdhdiet handt dbdRidlaresTo this

sol ution codl ed S R™ice under nitrogen at nosphere was added pyri di ne

hydr obr om de penLREosE deThd Gredcliod Gelpstadure afdEddmedtd Xbureomas
stirred for 4 hours. To the reaction 20 sol ution was add%?n a 20%
sol ution of NaXS@Beratyfg.t ARl MESHPTIHG - nF YU REE B8R r act'€d wi th

et hyl acetate. _The_organi er. i grochloric
acid, a saturat®e cglc%r?uﬁm%iJé%%/l%gngﬁen\gﬁggﬁbswsgpﬁﬁ%ﬂnd bri ne, and
dried with anhydmpusatenasd e dul £adre.l Atrer dioyRAgh@Bsagent was
filtered off, and the sol vent was evaporated under reduced pressure.
Thus ot ai A@d r@4) deeernd$ purified with silica gel colum

chr omat ogr aphy (hexane. ..AC £ += O 130 ( PPiR Baf- ve/ pFo@licen
col orl ess powder. %%Eg%?%ﬁ%l%%ﬁt\]gz 07/n06 653@ Thi s powder

was di ssol ved igroacet @iponr80{ THIP) Hp dski ef swleuenoivadens efided under
ni trogen atnosphere benzyl bromide (3.45 nL, 28.8 "11;;‘571:)' gnlgm pc%tgigi um
carbonat e (4. 70045yl BithidpFse-bykd  HHR T T ha Y SR a5 6C 5
for 4.5 hours. Th i SO I lug8 6 4,0 HROBR tiyEaeat ur e,
and then fil tercé)(ﬂ]%f)ﬁrg%ﬁ(gﬁggl)ftlg%& e%sglg?vig%? was evapor at ed under
reduced pressurihisThescitlhanae dinctsde e twabydnafiorard diethysidtber gel
col um chronat ogr aphy (hexane:ethyl acetate = 10:1) to obtain the
title conpound @@ tolegney, Theygpagkion EEFRFIEYLe &P™ 150 CNRR 5380
MHz, CHLOROFORM D) 8 mb5.2 6..94o 1 7 .932- ZeRAi6M
511) 8.15 (s, 1 efﬁ.‘g‘f'(é‘f‘gl 1f?g%%’}y'm( 235355 %él\b/)ﬁH). Ref er ence
Exanpl e 17 15Preprr ati preferaply (fremzy|mboyres-fyr dfomnwteisor ophenyl |

[ 4-12- (met hoxymet hoxy) et hyl ] phenyl ] net hangl 001 B 1@90 rodgéego a
t et r ahydr of ur arFusEhaEReRe ( 6THEYTEF Te2gFnh IR0 can be also p

(et hoxymet foxy,) %@xkég&{agtzggg%ﬁéieﬁa gr 120 MBlksivas adapsha20or

dr opwi se under rﬁtrog ere at -78C a 2.6 M hexane sol ution of
n-butyl lithium ¢ 3810dnt Go2be nnaxd) inaktd.st heastHonumay wenslyeerred for

10 m nutes at the same tenperature. Then a t;t({_a drofsu an Se%|tlll_ti on
(6 nL) of 4-(beFRAyPBYYyBIrapy oMR BYLnF 1 5hER alﬁgﬁ%e (27089, 8 20
ml ) was added,,25 r@‘ég@ﬂ\ﬁ SGI¥Frisl QaALAUE e AL rhi8a A e ebRpoaSRL
stirred for 30 mnutes at the sane tenperature. To the reaction
sol uti on was adgerica satfomi adceaupeeods(BAFOt i Gireofearirhoni epperature
25 is from -80°C to room temperature, and preferably, -78°C'to
-25°C.
(35) Step 35 (Reduction of hydroxyl group)

The compound {IA) can be synthesized from the compound
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chloride, and the resulting m xture was extracted with ethyl acetate.
The organic | ayer was washed with a saturated aqueous sol ution of
ammoni um chl oride and brine, and dried with anhydrous magnesi um
sulfate. The drying 5 agent was filtered off, and the sol vent was
evapor at ed under reduced pressure. Thus obtai ned residue was purified
with silica g¥é®2@d16n chr omat ogr aphy (hexane: et hyl ad&THPROTAEE: 1)
to obtain the title conmpound (750 ng, 25% as a colorless oily
conmpound. 10 111 NWR (300 MHz, CHLOROFOCRM D) 8 ppm 2. 24 (d, J=3.57
Hz, 1H) 2.89 (t, J=6.92 Hz, 2H)327(s ;9375(t =6. 84 Hz, 2H)
4.60 (s, 2H) 5.(I2Ik, irp1hg)sSaPEODARET 953—“—!5 71390891 (s, 111)
7.15-7.51 (m 9H) 7.80 (s, 1H). ESI mz = 508 (NHN114) 15Ref erence
Exanpl e 18 Preparation of

1- (benzyl oxy) - %rb&@é@ﬁrcﬁfﬁmﬁg(ﬂrﬂe&mediate (1IB) or (IIF)

(et hoxynet hoxy) ethyl Jbenzyl ] benzene a_ch] orof orm sol utio bgB

m) of [4-(benzyl oXgpe- botexgediah- (Zléhl%?dﬁﬁéhy?ﬁﬁ%lf’%d above can
th t | O dTGno | | ed
[ Co ver o added ErsaTAH OByl ngln SRR 0% *1 B

mml ), and the m xture was stirred for an gmugszat A he sane

t enperat ure. Tmr@—@—ml ution 25 cooled in ge ¢ added a saturated
sodi um bi carbongt s a ueous_stdEuI_Lam 5t d ~¥® room tenperat ure.
The resul ting m xtyr&was e @?ﬂ‘?@"t ed wit ’Cﬁyl acet ate, washed with
W2007/ 136116 PCT/ BO\'?’T’O6O 3 bri ne, andolq:r wi th anhydrous
magnesi um sul f at e. R®’The dryi ng agent was f gte HTpff and the sol vent
was evapor at ed under'VPigeuced pressure. Thus obt ai ned resi due was
purified W|th silica gel columm chronptography 5 (hexane: et hyl

acetate = 4:1) to obtain the titl B nd (290 ng, 40% as a
col orl ess 0ily cOliBOMARkoylH MRS CHLOROFORM D) .5 ppm 2. 88
(t, J=7.15 Hz, 2H) (5,328 tdn 5. 12 311) gs 3.75 2H) (t, 6.96
©Bn (nspi
: {WE} 2" = -Y-NHTr
Stepap I—i(llF)Z“:-Y—NHz

{36) Step 36
A compound (IVC) or (IVD) can be synthesized from a
10 compound (IVA) or (IVB) in the same manner as in Step 34
above.
(37) Step 37 (Reduction of hydroxyl group)
The intermediate (IIB) can be synthesized from the
compound {(IVC) in the same manner as in Step 7 above.
15 Furthermore, an intermediate (IVE) can be gynthesized f£rom
the compound (IVD).
(38) Step 38
The compound (IVE) is treated with hydrochloric acid

or trifluoroacetic acid in chloroform or dichloromethane to

20 remove a protecting group. trityl (Tr) of the amino group,

47



J=6.99 (s, 111) PMr=24¢ty3O7 7. 10(d,2H) (s,2H)4.61 7.17(d, 2H)
107.28-7.50 (m 611). ESI mz = 492 (MN114). Reference Exanple 19
Preparation of 2,3,4,6-tetra-0-benzyl-1-C-(2-

(benzyl oxy)-4-chloro-5-[4-[2- 15

(et hoxynet hoxY) et hyl | benzyl ] phenyl] - D- gl ucopyranose BOCI 0 BnOCH
BnCr..110Bn OBn To a tetrahydrofuran solution (3 nL) of

1-(b I -y -a-Chl -4-[4-[ 2 .
( m(et ﬁggng;(_ﬁz)xvgl’)ztelfL%b%ns%xﬁogglﬁée%é %’éﬁﬁrrrnr%‘,h?f%ogl%lc)aﬁeems
added dr opwi se; ¥l Hdd 098Re 2L DRSPS S éperdEuCed ndrBil ng?ﬁgferably

solution of n-Butyllithium (234 'AL, 0.609 mml), and the m xture was

stirred for 5 grchybesodh tBRpepfgButenPerature. Then a tetrahydrofuran
solution (3 nL) of 2,3,4,6-tetra-0O benzyl -D-glucono-1, 5-1actOne (328
ng, 25 0.609 nmol) was added dropwi se, and the m xture was stirred

for an hour at the sane tenperature. To the reaction WO

2007/ 136118PCT/ JP200B%/ 06066Gn8 obLit tlom ivaerdddad iahdbtitsabeth agueiubsties
sol ution of ammoni um chloride, and the resulting m xture was

extract ed wi t PTeS@HT la@adafELT?hEhbrhante Inyekvethsinvgs igddcriseh a

sat urated aqueqQus solution of amoni um chloride and brine, 5 and

dried with an FRE 1Ry FEBPERFSLPR af €t L9 et TR i the SdosEthEe fFrrek,and

off, and the sol.vent .was eva ora{:?e'lggundgjgoreduced resiure. Thus

obt ai ned resi fde I HTOEF SECHF i PF bRl T R TH Ve o et Mo iy
h s et hyl . 0.7 3; i il 1 ,
0555 as & col ArFgbedofloF Sehtil el Bufbddify 'qg khe IFRRHIToh, Gitn 10

gpg]4_2-48i5£®, 178229 difabe té3 1234 2865rFl 3t @P S +thkbeby99:8vAR (Fhe 311)

progression of diabetes. Through inhibition of SGLT2, the
compound of the invention can prevent sugar reabsorpticn
and remove excess sugar from the body to thereby treat
diabetes. Thus, the compound of the present invention can

15 correct hyperglycemia without the exhaustion of the
pancreatic f cells due to glucose toxicity, and improve
insulin resistance.

—_— Therefore, the compound of the present invention can

be used as an SGLT1 inhibitor and an SGLT2 inhibitor. The

20 present invention provides a pharmaceutical preparation for
preventing or treating diseases or conditions which can be
ameliorated by inhibition of SGLT1 and SGLT2 activities,
e.g. diabetes, diabetes-related diseases, and diabetes
complications.

25 The term "diabetes" used herein include Type 1
diabetes and Type 2 diabetes and other types of diabetes
with specific etiology.

Examples of the term "diabetes-related diseases” used
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gm3§(11) ;ﬁ)? gég m 6H)4.71-4.97(m 511) 6.89 (s, 311)

: S, : s, 1H). 15 ESI mlz = 952( M+N114). Ref e

(E)iggrplleSZO ] Preparati on of ( ) renee
-1, 5-anhydro- 2, 3, 4, 6-tetra-0benzyl - 1-[ 2- (benzyl oxy) -4-chl oro-5-[4

-(2- hydroxyethyl)benzYl]phenyl]-D-glucitol 40 BnOCI OH BnO Bre' 4OBL

200Bn Mo znacs onitrile (0.5 nb) and tetrahydr gCaoeae7(0@ss )

solution of 2,3,4,6-tetra-0-benzyl-1-C (2-(benzyl Oxy)-

4- chl or 0- 5- (4- (2- (met hoxymnet hoxy) et hyl ] benzyl ] phenyl ] - Dgl ucopyr anose

(124 ng, 0.133_mm]) cooled in i . . '
0. 400 nmol) an8® 2% t uF%g&%@g%@ﬂ%%gﬂ?gﬁan%é?h;& t(rﬁﬂgf lSar'.gl_(/vas

st! rred for 1.3 bedfywirate it absaien.t Bpperdtpidentnd t he m xture was
stirred for 4.5 hours at roomtenperature. To the reaction s Ifii%n
cool ed in ice hupexgidgstersdeniat YPesHTHRYSPERI MY Rat %b%{ti’&é'z’a‘gs ipd

solution and the resul ti m. Xt ure _wa e ot
acetate. The oPGERR "Ry FYRFEESSNaS nédé\?mg%%sr%?%nlge,ﬂ;ngagir@eéd \%d?“ﬁa'

anhydr ous nggneshalSitkehdd eanaTheudr yi ng agent was filtered off, and

the sol vent was evaporated under reduced pressure to obtain 11 f

a residue. The term "diabetes complications” used hereln cansievg 0
classified into acute complications and chronic
complications.

Examples of the term "acute complications" may include

10 hyperglycemia (e.g., ketoacidosis) and infectious diseases
{e.g.., skin, soft tissue, biliary tract system, respiratory
system and urinary tract infections).

Examples of the term "chronic complications" may
include microangiopathy (e.g., nephropathy. retinopathy),

15 arteriosclerosis (e.g., atherosclerosis, myocardial
infarction, cerebral infarction, lower limb arterial
occlusive disease), neuropathy (e.g., sensory nerves, motor
nerves, autonomic nerves), foot gangrene, etc.

Examples of major complications include diabetic
20. retinopathy, diabetic nephropathy and diabetic neuropathy.
The compound of the invention may also be used in
combination with any medicinal drug {hereinafter, simply
referred to as "a concomitant drug") suéh as diabetes drugs,
diabetic complication drugs, antilipidemic drugs,

25 antihypertensive drugs, anti-obesity drugs, diuretic drugs
and antithrombotic drugs, which depends on a different
mechanism of action other than inhibition of SGLT1 and

SGLT2 activities. When combined with other drugs, the
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The resi due was di ssolved in isopropyl ether (0.7 nL). 10 Then to
this solution were added 2-propanol (0.7 nL) and 6 M hydrochloric
acid (0.7 nL), and the reaction m xture was stirred at 80C for 3
hours. After the m xture was cooled to roomtenperature, to the

m xture was added water, and the resulting m xture was extracted with
et hyl acet at ev0o %87186uds t hen t he organi c | ayer was washegdTMpPA4#7/060653
saturated sodi um bi carbonat e aqueous sol ution and brine, and dried
wi t h anhydrous nagnesi um sul fate. The sol vent was evaporated under
reduced pressure. Thus obtained residue was purified with silica gel
col um chr omat cgmapind 26 thexanecet Hpventiaracan ey e3PeetbiPain t he

titl d (79.1 ng, 689 Lorl i onl
(600 Mo T HL CREpeRi BF SRoBsnane A o SFg! e SOPRBAon 38 AT
1H) 3.64-3.82 (ke 7dd) 3e9200bc¥Ba( Mrn3id)s 4263, (dimitihtratddbnitle Of

211) 4.54-4.64 (m 211) 4.82-4.89 25(m 311) 4.91-4.97 (m 211) 6.86
(d, J=7.34 Hz, tBélyonodBd(ef thie) iveyripn@nd fieoqancopipgnty XH9(#ye

211) 7.13 (t, J=7.34 Hz, 2 7.15-7.20 . 2 . (Ey A7H)
7.36 (d, J=P. 78°kT a- %"‘%O‘W %561?%%%%’%%%?/ %%G%JEQ mz =
892 (MHNE4) . Reher e oJEXaiiidredt £inRRAr atur@Reffore, the compound of
(1S)-1-(5-[4-(2-am 110et hyl ) benzyl] - 2- .

(benzyl oxy) - 4- cheoiOpraripl] amd Shanesrdopipat Arggipyy pegadyinistered
benzyl -D-glucitol NH2 40 40 BnOCl. Bn0.Bne,t ind :

t et r ahydr of ur aif®s GW%tJi“(?r?PFEC.IWnCnff e%afra(tig& 19%-11 Bbatainingaf active

anhydro- 2, 3, 4, Gy{ebéfedd Benzy lr Lifdrd heBpytauiph- dorthlianog oth of

[ 4- (2- hydroxyet hyl ) benzyl | phenyl] -D-glucitol (79.0 ngh 10 0. 090

mol ), tri pleenythephospn peti®s inghediept20Fhensrse dndlpHRSPPHT T
(23.9 ng, 0.162 ol ooled in.ice wa 40%:Gj 9L RPYI

azodi car boxy! atdé"ugo‘f‘%ﬁi c?naP%rcpr:ll&g?\leY (%ggglgﬁ&s 450% ol ) ug%ger

ni trogen at nDSpRehLgcaAfy @kes herheasicnanranicibitothavasmpbird @f &he r oom
tenperature for 1.5 15 hours, nethanol (1 nlL) was added thereto. Then
hydr azi ne nonohipdeator 43, ¥helcongonbtantp Ay ugdeYa Bt ePPTLRE 1Y
reaction mxture was stirred_at .60C for 9951_.{6% ALt ahenidosk-uge
was cooled to rBSFEeHHSPREUFE, 222 {ﬁ)s%gl um ygr oxi de aaquelous

sol uti on wag adgmniberalion Béttkd, headdetr assdddeng spmpxtan endas
extracted with ethyl acetate. The organic |ayer was washed with
brine, and dri esbmiiinatiarhy dPQuS*ABRkFesFRRR Stier 8FRICEOSRT vent was

evapor at ed under,_ r.educed pr.essyre. Tl’u‘.l.i_fe 1L ad Legihyie Rerf i ed
with silica gel®¥Bfd erc%?&ﬁa?ogurmg‘lpihy C%Poro or m mstl{rjiguan(a)L 25 = 9:1)

to obtain the tjjl-g srepaued ¢392 20nwo AU s asy masel vrlagdge did |
conpound. 1H NMR (300 MHz, CHLOROFORM-D) 8 ppm 2.68 (t, 21-1)
2.83-2.96 (m 2dant By5gasy 6f thg compoGPL3the MyPnkiony 3 99 (t,

L I L )
Ref er ence ExanplgA2nPhenairations qb . §: brmwpadaicivner obendaketnatd in
extracted from bovine and swine pancreas:; preparations of
human insulin genetically synthesized by using Escherichia
coli or yeast; insulin zinc; protamine insulin zinc, an
25 insulin fragment or a derivative (e.g., INS-1), an oral
insulin preparation), an insulin resistivity improver (e.g.,

pioglitazone or a salt thereof (preferably a hydrochloride),

rosiglitazone or a salt thereof (preferably a maleate),
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Cl CHO To a suspension of 5-bronp-2-chlorobenzoic acid 10 (18.5 g,
78.5 mmol )in chloroform (157 nL) was added N, N-di net hyl formam de (0.5
m.), and oxalylchloride (8. 1 nL, 94.2 mvl ) was added dropw se
thereto at roomtenperature. This reaction solution was stirred for
30 m nutes, and then concentrated under reduced pressure. Thus

obt ai ned resivumviBsmas di ssol ved in chl orof or {157 nipcruemeroadsted
dropwi se at 0C to a suspension of N, O-di net hyl hydr oxyl am ne

hydrochl oride (9.19 g, 94.2 mmol) and triethyl am ne (26.3 nlL, 188

mrl) in chloroform This reaction sol gg was si éred f(,% 36%4

m nutes at the Sapelitagiral o P11 ltlr?gtq 0 SAESH&E Y h ' wa

saturated sodi ym.hi.Gag Rﬁsﬁ&%@éﬂusné@glﬂt%xamﬂybﬂsrts%)Art@:-arosaz
organi c | ayer was drie anhydr ous magnesi um sul fate. The drying

agent was fil tGiaﬂ.dtgﬂ!ﬁ:fzazoaﬁd(HMB&@DVE]’HlB\AﬁGAW&DOI} at RPARN chmondetuced
pressure to obtain 24.0 g of a residue. 25Thus obtai ned residu

was
di ssol ved in te‘fﬁﬁé‘mm@gm’-hﬁt{ FSPPHRYY O WRd PEPMHSIm APufi Qf‘}dlr?lo"l ase
hydride(1.1 161639@&' Yacadg6sk | @i foB! REg1Afdw),
this WO 20857/ 13%%?%5% 807/ 653 reaactl on solution was cooled to
0C1 2 M hydr ochd ariigeaatded agast g(readual@lyenaddwthlerté@minanhuicﬁ@ln or
m xture was stirred at roomtenperature faor 3 n_'%][mtes The Qrg G

| ayer was washetriist htereddt (Paf ed & GIREOTHCE AP Bo é‘r%queoslhlgcso ue‘t)l én

5 and then bring, sandf i r}é‘%éﬁbg%@hzgil%ﬁyi%&ei'eu@ SWlo Bk EamHae
drying agent was filtered off, and the sol vent was evaporated under
reduced pressurglibEhusamiieqi gle:tb:lraesddue:masprmn}éﬁaltqlziéém#-fiebm a

m xed solution of ethyl acetate: hexane,{Erl: 9% oiob al n tlhe 1§ tIe
conpound (149 3 #FetpherEidens ILHTGPrESL! HL5hH° Féﬁb

CHL OROFORM D) ( idid®, 0dde JJn&déY 2.56 Hz,
1H) 8.04 (d, J %ﬂ@é&ﬁé) %ngﬁnﬁée sengdh ReferencegExarrpI e 23

15Pr eparati on Qﬁlt(fg-lbnmm—o%- chlmmnmphellﬂyiy)ir{it‘lﬁs( Zhereof), a GPR40

(met hoxymet hoxY) et hyl ] phenyl ] met hanol C a
nmet hod as with FESEncd ‘%@é PREFIPALRT (it 5’% PhoceptofaddMiANCL Y.

5- brono- 2- chl or ghenzalgehyge syast Usedadnttiaadaf-281120 exenatide (AC-
(benzyl oxY) - 5- brom) 2-C IOrobenzaI dehyde, the title compound (4.55 g,

63% was obimi negbx)g egendiron)) e sexapiatyde AABoUrRFM-510Th RVR (B0G3MHz,

CHLOROFORMD 8 ppm 2. 89 J=6, 99

J=6.99 Hz, holy 1 (g, 327&)“"“6 1"1302%6-5% f@?%s%&lggg)&ﬁg%m
7.82-7.84 (m 1!;9,01“'[3@( E&@iﬂﬂt@d@ff R eRasd1@Rreéinphosphatase
5- br ono- 2- chl Or 04 Fz WD 2007/ 136116 PCT/ JP2007/ 060653

( met hoxynet hoxy)stiwikepbetezad.|. bevdiame vFardatehl ot cHyent &V pepeHiTsE 4V
m.) .of (5-brono-2- chl oropheny

(4- 12- (et hoxy nERHEBAFPEL 1S phéfg‘fﬁpf‘ﬁ’é‘%%gﬁﬁsfr?e(ﬂolﬂe‘%o ?/0353%87 Mo )

was added tgjet by apisnepd 10 Rbza Ael564 mgy A 1.AF- 237), P93/01,
met hanesul fonyl cﬁ oride (58.5 gL, 0.75 6 If was added dropw se

thereto at 0C aﬁﬂtatdlﬂ.plrin(t(l}ﬂ\’e‘l&b‘s. wwh@‘cﬁ@r (BMSTT74 1%L - SKB-Zdve

tenperature. To the reaction solution was added vvater
resul ting 10 m ¥PtAis wEs6e8&r SRESRPO ¢ Ri RAOTHHY I(Saflet 219' 59%1

organic |ayer Wﬁ%tld/ﬁ%h?da V&l%oQéé&ﬁmes@E%ﬂﬂlﬁl%ﬂa{@ ¢.l ay&y1iycogen
phosphorylase inhibitor, a glucose-6-phosphatase inhibitor,
25 a glucagon antagonist, a fructose-1, 6-bisphosphatase
inhibitor), an SGLT (sodium-glucose cotransporter)
inhibitor (e.g.. compounds described in WO04/01493],

WO04/089967, WO06/073197, T-1095, sergliflozin (GSK-~869682),
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was dried with anhydrous magnesi um sul fate. The drying agent was
filtered off, and the solvent was evaporated under reduced pressure
to obtain a residue. 15To a chloroformsolution (3.4 nl) of thus
obt ai ned residue and Et3SiH (165 RL, 1.03 mmol) was added BF3. Et 20
(104 RL, 0.824 mmol) at 0C, and the m xture was stirred for an hour
at the sane tveoperaéms e. This reaction solution was wShgrRoawosddssa
saturated sodi um bi carbonate 20 aqueous solution (twi ce) and then
brine, and the organic |layer was dried w th anhydrous magnesi um

sul fate. The drying agent was filtered off, and the sol vle%% was
evapor at ed und&FKr ERRAISd FFEdLate KO E8 b REPnal TeSPauet4ds purifi ed

ith sili | _col t - =91
U0 obtain a paldEgatl oI AR pRohcr i ag R A0 Mol SgigBbC = O )
(MENLi 4) . WO 20075361 16 PET/ HoRPOH 06 6653 iRefleir ey 6BXbeKH .c BYS-

Preparation of 213,4,6-tetra-0-benzY1l-1-C- (4-clt10rQ-3-
[ 4- [ 2- (et hoxy PP BoXENCELAYET befz PRI AGPTLSS. §Pufopy PaRBEE BrotiT "

BnC. 40Bn OBn 5 ude,.producst Lk ENG o 3xR 7110k LRSS
bt ained oo ta GsPor | Eubegs yl“ngt}t%‘?eaagtgz‘:’%%ﬁitg%gtgg the net hod as wi t h

Ref erence Exanqleggl? Adgi2ebsyh &n- hrerec2ichtar,0adleptin resistivity
[ 4-[ 2- (et hoxymet hoxy) et hyl ] benzyl | benzene was used instea _%1;56
1- (benzyl oxy) - ZmBFRYRF 5 Ac RUBRIPSAaf 41 [TpCeREPT agonist. a giucoks

(et hoxynet hoxy) et hY] ] benzy! ] hanzene,; Bl , N ore 806 GWsMNM)inhibitor
Ref er ence Exarrpﬁ)cgué%ur W g‘r%eggrgﬁt% Eﬁ %][H e "
(1S)-1, 5- anhydr@- 3. 3,¢kh@stet | am@-962), and a DGAT-1 inhibitor.

benzyl- 1- (4-chl oro- 3- (4- (2- hydroxyet hyl ) benzyl ] phenyl.| - D15 gl ucit ol
BnO Bni eri'l@Bn OBn Bxagpgae 9f d@actt ¥Eﬁe°%P¥LF£gE’oﬂ%86ﬁ%s (“6.9262 g)

was obt ai ned as,_a | or| il e dinget 9, t he1rmidaed as
w th Reference Jl’—f)%‘rclr% eaﬁglilaﬁ%mﬁ)ég Zésger i?G-tetra??)-@ZO

benzyl-1- G (4- cdpa0restei(,4zbRarestat, zopolrestat, minalrestat,

( met hoxynet hoxy) et hyl ] benzyl ] phenyl | - D- gl ucopyr anose was _used i nst ead
of 2,3,4,6-tet rﬁ—d@rﬁéﬁfﬂy15¥:l;f%)2_ eb%?%ﬁgag%yp Ha3002 CantPan

4-chl oro-5-[4-12- (et ho | lPENZViddmhgays | -BOnr,

gl ucopyr anose %&ﬁﬁﬁaﬁ%g%%%%}e%%%&e?&%% ESI rr'}z = 78%
(MENL114) . Ref erpnceti@im erdduction/fr@paratduws .0f nervous system
(15)-1-(3-(4-(2-am nOet hyl) benzyll- 4- s

chl or opheny1] - SRR PranoLes. (8§ a- 8- hetey P BEG dePato” (e.9-.

ruboxistaurin mesylate; LY-333531), an AGE inhibitor (e.g.,
ALT946, pimagedine, piratoxathin, N-phenacylthiazolium
bromide (ALT766), ALT-711, EX0-226, pyridorin,

20 pyridoxamine), an active oxygen erasing agent (e.g.,
thioctic acid), a cerebral vasodilating agent (e.g..
tiapride, mexiletine), a somatostatin receptor agonist
(e.g., BIM 23190} and an apoptosis signal regulating
kinase-1(ASK-1) inhibitor.

25 Examples of the anti-hyperlipidemia drugs may include
statin compounds (e.g., pravastatin, simvastatin,
lovastatin, atorvastatin, fluvastatin, itavastatin,

rosuvastatin, pitavastatin or salts thereof (e.g., sodium
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A crude product of the title conmpound (0.230 g) was obtained as a
pale yellow oily matter according to the nmethod as with Reference
Exanple 21 in which (15)-1, 5-

anhydro-2, 3,4, 6-tetra-0-benzY1l-1-[4-chloro-3-(4-(2- 10

hydr oxyet hyl ) benzYl | phenyl) - D-gl ucitol was used instead of

(15) -1, 5- anhydo 213814, 6-t et r a- 0- benzyl- 1- [ 2- (benzyl oX@E)A#R007/060653
chl oro-5-[4-(2-hYdroxyet hyl ) benzyl ] phenyl]-D-glucitol. Reference
Exanpl e 28 Preparation of (15)-1,5-anhydro-2,3,4,6-tetra-0- 15
benzyl- 1-[ 2- (benzyl oxy) - 5- (4- br onbbenzyl) - 4- neth | pheny I&

D-gal actitol sdlfie ‘Ealtqlémcﬁﬁiddndavﬁélaé?ﬁ% rFéfé‘it?%%e debdpHFeTy (ot he

t hod th f h_2, 2Q1 ofibrate,
method as wi ?)?)QC EX I"@te c%m useé%% ebe%ag%ﬂﬂ{ea gl fibrat

0- benzyl - D- gal Tone Wa stea

2,3,416-tetra- %yla@mzyeltel} ghucamne-irby ) aaeltm :_hhh.MRr( 3@091\442
CHLCRCFCRMD) 8 ppm2.12 (s, 3H) 3.32-3.81 r%e 2H) 4. 07
(t, 3=10.72 Hz aV@H)-qub%Z-eﬁlmqm(#?F)m?) apign oK n%?nre?ff) ?19’93 5. 07
(m 311) 6.72 ( 6..80; 861 DicoRST,
M2 2 oLl (Moo ST ERY) TrihubEl o kit 40yt M. 801K
Preparati on of {ikekifdxrdxignbyifn-12o8agkfiatel raa-vdgetable sterol (e.g..
benzyl-1-(2-(benzyl oxy)-5-[4-[(1E)- 3-car boxyprop-1-en-1-

yl ] benzy1] - 4- metdygkphehy ¥y or¥apmoadt i 2 JETP inlyiHdori (¢ ed cortBEaRTrEPIP7

. 419 I rptl
(1)1 5. annyarhd -85, &neb, STt Db AUAUECROT ARG L0R  oben

zyl) - 4-net hyl phigaykbadt gal gCIIdz&h::Llﬁﬂieﬂ .ng, 1.03 mol) accordl ng to
the nethod as with Reference Exanple 3. 15 EXAMPLES
conpounds o¥0 t he pr@s?émleﬁ%@Poﬂnwweﬁ@WFhﬁer&egﬁ’l’d’é’&uflﬁ Fbr e

detail in the foll.owng ex qu%&t%hgn%é%q&t/l%ﬂmlogs(evw cgaﬁg@pﬁgt

i ntended to |i 19 FhE scope o ention. Exanple

Preparation of 4nkahp#ib; ahyerir)l- p2- dmg:irommysﬁ} [14- {mﬂtagonlst (e.g.

[ (2- hydroxy- 1, 1-di net hyl et hyl ) am no] - 4- oxobutyl ] benzy1] - 4-

| et hyl pheny1] - Mﬁaeﬂ@ WP BRIG7) 1 5B RSP/ ?5577%806’%%5%3I3|t co

(Ofsg 1)1 gr gﬁﬁ;gﬁ :ﬁ%‘lﬁaﬁt%n ‘t :eLf:beS enzy Sos?ﬁt?%er?zzﬁ%?(ﬁ/%a%(?ﬁl( [5(31E) 4-
[ (2-hydroxyzgl, la cditeRthydbbyhiani(eog: A-rmaxobigide, enifediplibenzy1] -
met hyl pheny17- D- gl uci t ol . .
amlodipine, efonidipine, nicardipine), a potassium channel
opening agent (e.g., levcromakalim, L-27152, A LC 671,
NIP-121), and clonidine.
Examples of the anti-obesity drugs may include a
20 central anti-obesity drug {example, dexfenfluramine,
fenfluramine, phentermine, sibutramine, amfepramone,
dexamphetamine, mazindol, phenylpropanolamine, clobenzorex),
an MCH receptor antagonist (e.g., compounds described in
WO06/035967, SB-568849; SNAP-7941, T-226296); a
25 neuropeptide Y antagonist (e.g., CP-422935), a cannabinoid
receptor antagonist (e.g., rimonabant (SR-141716),
5R~147778); a ghrelin antagonist, a llf-hydroxysteroid

dehydrogenase inhibitor (e.g., BVT-3498, INCR13739)), a
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225331 chloroformsolution (2.2 nlL) of
-1, 5-anhydro2, 3, 4, 6-tetra-0-benzyl - 1- (2- (benzyl oxy)-5-[4-[ (1E) - 3-
car boxyprop- 1-en-1-yl ] benzyl] - 4- net hyl pheﬁlyl ]( D gl>/uci %IZJI ([200[ gng) °
0.223 mml) were added 2-am no-2-net hyl - 1- prOpan0Ol 10 (40 ng, O. 446
mol ), 1-hydroxy benzotriazole (33 ng, 0.245 muol) and WSC (60 ny
0.312 mol ), veviieile xture was stirred overni ght at RCGEPALT/060653 ’
tenperature. To the reaction solution was added water, and the
resulting mxture was extracted with chloroform The organic |ayer
was washed 15 with brine, and dried wth anhydrous magnesiumsul fate.
'ul'gg dryi Sg agepanwtﬁpl s dryibizAg {w-gonﬁt%&‘@vgﬁg} at%ed
nder reduce ressure, . Thus obtaj ned resi,du T '
silica gel col E%Tt]hr’ﬂﬁﬁ?’ot&r‘apﬁ agonlie%e(%éﬁ'e):l\%’t%ﬁewJé'ce%[%ggguzﬂ&al to
1:2) to obtainptpeiddrdghie 2Rcerpenndr(§20e g, 5699inasCHIF drddgeryel | ow
oi ly compound. 111 NWR (300 MHz, CHLOROFCRM D) 8 ppm 1. 26 g 611)
2.19(s, 311) 3btdy memv;mwégmlé.)ma@@é@ﬁ?’%ﬁ%@%‘?-%?%’é- (ﬁ-h{e&“ﬂ)

3.89-4. -

5. 60 ?3?51(1%]) 6%@%‘%@( ﬁ?@&?‘é%ﬁ??ﬂﬁ A g vl -Své?%%*g,

337-1) 6.89-6.97 (m pkhhpids @2 {Kk alafedBc Ming2lidy Indlude 45x¢mihiRgH) .
derivative (e.g., sodium thecbromine salicylate, calcium
theobromine salicylate), a thiazide preparation {e.g..
ethiazide, cyclopenthiazide, trichlormethiazide,

10 hydrochlorothiazide, hydroflumethiazide,
bentylhydrochlorothiazide, penflutiazide, polythiazide,
methyclothiazide)}, an anti-aldosterone preparation {e.g.,
spironolactone, trriamteren), a carbonic anhydrasge inhibitor
(e.g., acetazolamide), a chlorobenzene sulfoneamide

15 preparation (e.g., chlorthalidone, mefruside, indapamide),
azosemide, isosorbide, ethacrynic acid, piretanide,
bumetanide and furosemide.

Examples of the antithrombotic drﬁgs may include
heparin (e.g., heparin sodium, heparin calcium, dalteparin

20 sodium, AVE-5026), warfarin (e.g., warfarin potassium), an
anti-thrombin agent (e.g., argatroban, ximelagatran,
dabigatran, odiparcil, lepirudin, bivalirudin, desirudin,
ART-123, idraparinuxz, SR-123781, AZD-(837, MCC-977, TGN-255,
TEN-167, RWJ-58436, LB-30870, MPC-0920, pegmusirudin, Org-

25 426751), a thrombolytic agent (e.g.. urckinase, tisokinase,
alteplase, nateplase, monteplase, pamiteplase), a pldtelet
aggregation inhibitor {(e.g., ticlepidine hydrochloride,

cilostazol, ethyl icosapentate, beraprost sodium,
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WO 2007/ 136116PCT/ JP2007/ 060653 ESI nfz = 988. 5(MNa). (2)
Preparation of (1S)-1,5-anhYdro-1-[2-hydrOxy-5-14-[4-

[ (tzhh%/dLox%/{l- ]1 %}d: nmet hyl et hyl ) am no] - 4- oxobut yl ] benzyl ] - 4-

met hyl phen -D-glucitol 5To a methanol solution (1.2 niL

(15)-1, 5-anhydro- ( ) o

2, 3,4, 6-tetrav@benayd- 1- (2- (benzyl oxy) - 5- (4- ((| E) - 4- [PCRAP2007/060653
hydroxy- 1, 1- di met hyl et hyl ) am no] - 4- 0xObut - 1- el- | yl | benzy1] - 4- net hyl ph
enyll-D-glucitol (120 ng, 0.124 nmmol) was added 10%

pal | adi um activated carbon (22 ng), and the 10 m xture was ?Ghl rred

over ni ght undesa@dmi@g@mﬁmﬁls#ﬂ%ﬂé) at? F86RPT SffpdratRirer

reaction sol ution vvasfllt d I
reduced pressuF%“qa(?a%f“éth §r %gsl %gkﬁlﬁﬁ_g%gtgﬁqgge\rlﬁﬁggggﬂmgnder

purified with ghliGandelasddavan, aty-emar ogr mphylc(z;hbotaﬁmmrret hanol =
15 20:1 to 5:1) to obtain the title conpound (58 0% as_a
col orl ess pomdetammadat%ﬁQSW'défﬂal GShé %Qynggﬁnﬁz re%8hown in

Table 1. Exa
(15)- 1, 5- anﬁ\r?d)%mig '2Kﬁ9d:|’ regazp talfﬁlg g%rboxy peptidase B inhibitor

([ 2- hydr oxy- 1- (BYOER¥MTRE Ny Jed1v@idayh ettindnban aivdtable
oxobutyl ] benzyl'] - 4- met hyl phenyl ]-D-glucitol oN K, OH HO OLCH

2007/ 136116PCT£IP2DIANE696B@ibitor THAFI?1) UEBmDH TR POt mbF - ﬁ%l% was
obtained as a colorless oily compound according to the method as with
Exanple 1 (1) M"®#dch 2- am no- 2- 1f | et hy1- 1, 3- pr Opanedi ol was used

i nstead of 2-
CHL CROFORM D) ag' Bgr#‘fm% "*&E&%‘a Sé?aé%ﬁ)“ﬁlé?‘g&a =6. 06

Hz, 2H) 3. 4943. 83aped&idn3 c&z b4e Qafinniibtpd dsBitedi 67LITPZ Hoc8d1¥ . Y& m
313) 5.00 (s, 211) 6.00- 6.23 (m 213) 6.40-6.52 (m.111) 6.75 (s
oral route or parenteral (e.g., intrare tal, sdbcutaneousd,
intramuscular, intravenous, percutaneous) route.
For use as a pharmaceutical preparation, the compound

of the present invention may be formulated into any desired

15 dosage form selected from solid compositions, liquid
compositions and other compositions, as appropriate for the
intended purpose. The pharmaceutical preparation of the
present invention can be prepared by blending the compound
of the present invention with pharmaceutically acceptable

20 carrier(s). More specifically, the compound of the present
invention may be supplemented with commonly used excipients,
extenders, binders, disintegrating agents, coating agents,
sugar-coating agents, DH regulators, sclubilizers, aqueous
or non-agueous solvents and so on, and then formulated

25 using standard technigues into tablets, pills, capsules,
granules, powders, solutions, emulsions, suspensions,
injections, etc.

Also, the compound of the present invention may be
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1H) 6.93 (dd, J=7.38, 1.94 Hz,211)7.03(d, J=8.24 Hz, 211)
7.11-7.35(m 102413) 7.35-7.46 (m 2H). ESI mfz = 1004.5(MNa). (2)
Preparation of (1S)-1,5-anhydro-1-[2-hydroxy-5-[4-[4-

[ [ 2- hydr oxy-1- (hYdr oxynet hyl ) - 1- et hyl et hyl ] am no] - 4- :
oxobut yl ] benzYl ] - 4- net hyl phenyl )-D-glucitol 15To a met hanol sol ution
(1 ) of (1SyopBrsembrydr o- PCT/JP2007/060653
2,3,4,6-tetra-0-benzyl-142-(benzyl oxy)-5-14-[(1E)-4-[(2-

hydr oxy- 1- (hYdr oxynet hyl ) - 1- met hyl et hyl ] am no] - 4- oxobut -1 en-1-yl ] benz
y1] - 4- et hyl phenyl ] -D-glucitol (91 ng, 0.0926 nmol) was added 10%
pal | adi um act i }at efe £ atobesrr ko MH¢lusdod @dnpomed nwidithur @ has %St Bt ed
overni ght under a hydrogen atnosphere at_room er]g)eragéj Lo }I%ﬁag
reaction sol utdrom-sws-ofipXErimear Mt ITYRT R ITEECIEHT BvAPOr at ed  under
reduced pressure to obfain a residue. Thus obtained residue was

di ssol ved in rfé’rfﬁ‘&ﬁ?ﬁe"z'l n). And 20% pal | adi um hydroxide 25 {91 n)
was added t her et o, Trndlobteofrithe up@pREEd 35 BFEECRN IS Ayt o gén

at nosphere at room_tenperature.fo y IHRN + 84 Héla, on was
filtered tht outfFYcEPPEEgng" gc\?gpé%%%ae ﬁﬁder Fgﬁﬁ?ed pressure to
obtai n a resi dygy, wWQR0024d 36LhERET/AB3200T BEOEEB T eyt obaitnéH

residue was purified with silica gel colum chromatogra

(chl or of or m met4iamob . £ % 1p0@ Gn%bﬂa‘ﬁfigchﬁéd?ﬁa}dé‘léorﬁ%lfﬁg%% %5, “B5%
as a col orless powder. NVR a t eFHIROUACE &t Shown
in Table 1. 5EX é*3 ‘ﬁﬁ«?ﬁ‘gﬁéﬁ%ﬁg%@{sa 8 flofd pirle

(1S) -1, 5- anhyd{ @-li/kd - i@t ¥aprdadit 4- This can be administered once

[ [ 2- hydroxy-1, 1- bi's( hydr Oxynet hyl ) et hyl ] am n0] - 4-

oxobut yl ) beezyt¢ -sbvesehylipleenye] 98¥¢l ucitol H OH HO * 401 HO HC40H OH
10 (1) Preparation of

(15)-1, 5-anhydro- 2, 3, 4, 6-tetra-0-benzyl 1- (2- (bensyl oxy)-5-(4-[ (1E) - 4-
[ (2-hydrOxy- 1, dprERENCE EXAMPLES

bi s( hydr oxymet iyl )y et hyl T'am nol - 4- oxobut - 1-en-1 -yl | benzyl ]- -

4- et hyl pheny1) - D- ghugitddlion of intermediates required to prepare the

compounds of the present invention will be illustrated
15 below with reference to the following Reference Examples.
Reference Example 1
Preparation of 2-14- {benzyloxy)-5-bromo-2-

methylphenyl]-1,3-dioxolane

Bnéj::ji%
0
Br oﬁ)
20 (1) Preparation of 1-[4~(benzyloxy)-z-methylphenyllethanone
To an N,N-dimethylformamide solution (20 mL) of
4'-hydroxy—2'-methylacetophenone (3.06 g, 20 mmol) were
added potassium carbonate (3.66 g, 26.4 mmol}), benzyl
bromide (2.7 mL, 22.4 mmol}, and n-BuyNI (0.75 g. 2.03

25 mmol), and the mixture was stirred for 14 hours at room

temperature. To the reaction solution cooled in ice were
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The title conmpound (151 ng, 55% was obtained as a 15 pale yellow
powder according to the method as with Exanple 1 (1) in which
tris(hydroxynmet hYl)am nonet hane was used i nstead of

2-am no- 2-met hyl-1-propanOl . 11-1 NWR (300 MHz, CHLOROFORM D) 8 ppm
2.22 (s, 31-1) 3.18 (dd, J=7.15, 1.09 Hz, 211) 3.43-3.81 (m 1211)
3.87-4.02 (mWBHY7/RQ1E, 36-4.67 (m 4H) 4.80-4.93 (m JITCINPBIIQ6F3s,
211) 6.10-6.22 (m 111) 6.47 (d, J=15.85 Hz, 111) 6.68 (s, 1H) 6.75
(s, 1H 6.93 (d, J=5.91 Hz, 211) 7.03 (d, J=8.08 Hz, 211) 7.10-7.35
(m 24H) 7.36-7.44 (m 211). ES| mlz = 998.5(MH) 25 (2) Preparation
of (1S)-1,5- anddbdoal sfturiepad osaiutiqy qf, ammonium chloride,

[[2- hydroxy-1, 1-bis(h 0X t hyl I 1 -4 ate an organic
D071 8651 SPCTTHPSG09 Db ARSE ad StV LBELAR b ool 7
oxobut yl i benzyi Jsed- meitay bpfemd hafeglwasi vathed witH RO pREvSOMPOUNd
(60 nmy, 76% was obtained as a col or|l ess powder. accorgid%g éo .tthe
nmet hod as wi t hs&xeripheoR sogjumNpRogutiteng e ddta 81 (Had®Cofipound
are shown in 5 Table 1. Exanmpl P, : | ht was Filtered
(1S) - 1- (5- (2- [ﬁ‘-llty(‘;i-"&ﬁi megtE S ul, sélr#étfﬁfﬁ'- PEDUAG e

2- oxoet hyl ) am pgd - 4naxekatash)Benzput] elagupdted yenfler reduced pressure.
met hyl phenYl] -1, 5- anhydro-D-glucitol H 0 HO HO H6OH. 100H ﬁllolumn
Preparati on of T{usSpbtaised sepldy vas[ puifief iyt stlica ge

di met hy1- 2- oxoet hyl ) .am na] - 4;0xobutz| -en- hezyl 16 %:1) to
(benzyl oxy) - 4- Rt tﬁﬁ’éaqlr‘] if?ﬁ%‘a{"ﬁtﬁ?é?gfh 2%"‘5‘?{12% 6 tatra o

benzyl - D- gl uci tgtakSThe tidilee compgumands (055 gngquatRd)) ams GolariRsf as a
pal e yel |l ow powder according to the nethod as with Exanple 1 (1) in
whi ch 2- anmipo- 2ev@gzhy| pr Opi onalt 13de was used instead of

2- am no- 2- et hyl - 1- pr.opangl . 4 0 ORGrGRM &, ppm
1.55 (s, 3H) 1. 8% W‘é%)@ﬁ%@“%‘?%ﬁ%g% 5’%.223'859#1'7 B @.pp
Hz, 211) 3. 53- 3. 8#) (sn16H) 3, 8814 60968 . 351 M 32HA. BAIMT22T) 4n.5PHY. B6{™m
2H) 4. 81- 4. 94(m 311) 5. 00(s, 211) 6. 08-6. 23(m 211) 6. 46 (d, J=16.01

Hz, 1H) 6. 75 (s, (841)B:7983¢ ok 99087, F8):. 79 Hz, 211)7.03(d, J=8.24 Hz,

211) 7.10-7.35(2) Preparation of 4- (benzyloxy) -5-bromo-2-methylbenzoic

is5 acid
To an acetone solution (300 mL) of 1-[4- (benzyloxy) -2~
methylphenyl]lethanone (20.9 g. 87.1 mmol) were added an
aqueous solution (100 mL) of NaBr (9.86 g, 95.9 mmol),
water (200 mL), and Oxone (registered trade mark, oxone-

20 persulfuric acid chloride, from Aldrich) (59.0 g, 95.9
mmeol), and the mixture was stirred 2.5 hours at room
temperature. To the reaction solution cocled in ice were
added an aqueous solution (50 mL) of sodium sulfite (20 g).
subsequently water and ethyl acetate to separate an organic

25 layer. The organic layer was washed with 20% agueous
solution of sodium sulfite and brine, and dried with
anhydrous magnesium sulfate. The drying agent was filtered

off, and the solvent was evaporated under reduced pressure
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(m 2411)7.36-7.45(m 25 2H). ESI mz = 1001.5( MtNa). 101
WO 2007/ 136116PCT/ JP2007/ 060653 (2) Preparation of
(15)-1-(5-[4-(4-[(2-8m no-1, 1-di net hyl 2- oxoet hyl ) am no] - 4- oxobut yl ] be
nzyl]-2-hydroxy-4- methyl phenyl] -1, 5-anhYdro-D-glucito]. To a

met hanol solution (1 nL) of (1S)-1-[5-(4-[(1E)-4- 5

[ (2-am no- 1, WeRpEBHYd - 2- oxoet hyl ) am no] - 4- oxobut - | - erPCTAP2007/060653

yl ] benzyl) - 2- (benzYl oxY) - 4- net hyl phenyl] - 1, 5- anhydr o2, 3, 4, 6-tetra-0-b
enzyl -D-glucitol (75 ng, 0.0765 nmol) was added 20@6pal|adium
hydroxi de (15 ng), and the m xture was_stirred overnl E

hydr ogen atnnspheﬂéﬂaﬂ postEget ehper 4 e 1- ﬁﬁe‘%ﬁ%@% go ﬁ?lon was
filtered throu te or.at ed £gldge gre to
obtain a residli heng%ﬁ%%ﬁgéggégﬁdge[ﬁgggﬁﬁ%|f|edgﬁf%ﬁéilIlca ge
col um ChrOﬁBtﬁg{ﬁgﬂﬁﬁeﬁﬁhjéﬂnaheﬁalnwbhﬁﬁohlxtﬁkelweeerqdded a 5%
acetate:ethanol :water = 20:2:1) to obtain the title 15 co

my, 79% as a eabepueselwvimiel SOANIR dAPE Med ®B %%?rl&mol?m%
are shown in Table 1. Exanpl e e i 0 1&3
Hani no(i ni nd) m8P ﬂf?}aﬁFnoqgf%%grﬁgéﬁﬁﬁiTiP%ﬁyg?géé%fﬁ %

met hyl pheny1] - 53@5§1Y@5-03 Re@hy¢i §©lx-80 4t QHo®H fot) aPriepar, atewiedof
(15)-1-[5-14-[ (1B Hoenzyl Oxy car bony

ani no( benzyl oxytoarwnyilemmlrﬁi)%t' hd4 @Wﬁ%ﬁ%ﬁdllns?%?bée fratter was

of (19 1 5. Vo013 FaptT 080T gRbeeg v eudedctwion (3 M)

anhydr o- 2, 3, 4, eyhietsrade-ibenzidl - dnd ZHebeazyillny) mb=i{ube was extracted

br onobenzyl ) - 4- met hyl phenyl ] -D-gl ucitol (271 . 0.305
added di bgﬁ)ﬂyl Fv@.g}x-g/thgl age'late g The o:r.'gan:l.c layer was was }.tl\{\ezrﬁ

ound

hydrochloric acid and brine, and éried with anhydrous
magnesium sulfate. The drying agent was filtered off, and
the solvent was evaporated under reduced pressure. Thus
obtained residue was washed with methanol to obtain the

15 +title compound (l16.6 g, 59%, 2 steps) as a colorless powder.
1H NMR (300 MHz, DMSO-Dé) O ppm 2.45-2.57 (m, 3H) 5.28 (s,
2H) 7.18 (s, 1H) 7.31-7.54 (m, 5H) 8.03 (s, 1H) 12.83 {(bxrs,
1H).
ESI m/z = 319(M-H), 321(M+2-H).

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

To a suspension of 4-(benzyloxy}~5-bromo-2-

methylbenzoic acid (16.6 g, 51.7 mmol) in chloroform
(80 mL) were added oxalyl chloride (5 mL, 56.9 mmol) and

25 N,N-dimethylformamide (6 drops), and the mixture was
stirred for an hour at room temperature. And then the
reaction solution was concentrated to obtain 4-({benzyloxy) -

5-bromo-2-methylbenzoyl chloride. Then to a chloroform
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(al Iyl am no) met hYl yl i dene] bi scarbamate (335 ng, 0.914 mmol), 5

pal l adiun(11) acetate (18 ng, 0.0791 mmmol ), tri-Qolyl phosphine (61
ng, 0.201 mmol) and triethylamne (154 ng, 1.52 nmmol ), and reacted at
120C for 20 mnutes with mcrowave manufactured by Bi otage. The
reaction solution was evaporated under reduced pressure. Thus

obt ai ned 10 residue was purified with silica gel colum

chr omat ogr aphga e et Gy Imldc efaNeO=dsmdjhy thwbtesyilanimet i t| e
conmpound (163 , 46% as a pale yell ow anorphous conpound. 1H NWVR
(300 MHz, mﬂn%&amq;)l@ pﬁﬁé. g3 P8.23mm9l B ayml g thylamine (15 mL,
o, 211) 4. 36 4551 L) £ R HFa1)a, aed dipise’a ohlozofom

iii?ghzi}é?gﬁ%%§%?%%%%§g%g@éi%%gg%gg%%?giﬁéﬁgfﬁfﬂﬁpmo-2-methylbenzoyl
B ua o 103y S A A ke 886 WAL el cor an nour, at reom

(1S)j1‘[5‘[4¥%mperature. To the reaction solution cooled in ice were

[ [am no(i m no) net hyl ] am no] propyl ] benzyl ] - 2- hydr oxy- 4-

met hyl phenyl Jadhefd anitedr enid- g¢hierbobrrl otd sedrane ah? obgahlicet Bytr.
acetate (1.3 nL) m xture 25 sol ution of

(18) - 1- [ 5- (49hel Brganfpedayerxyasavdshmd with a saturated sodium

am no( benzyl oxYcar bonyl i mi no) net hyl | am no] prop-1-en-1-yl ] benzyl]-2-(b
enzyl oxy) - 4- lrdGafbeRatEl paresuandgtieblon 3ml dnigter, aa0dpdriptl- Wit uci t
ol . (154 , 0.131 mmol) was WO 2007/ 136116PCTOP2007/ 060653 added 20%
pal | adi uﬂghymida‘gufl IRgFiu gt FRE G xEhPeITEENgt PPPRE WAR 1 1Fered
hydr ogen at ng §

ight. Th [ <
ol utTon was SERr 81Ga A, STURCRBI T4t S ARP A Ao HAEH CRAGEoPcatzem=e

pressure to t aj esl Se0 I neg. I > W\ I -

i n nmet hanol ? ?Hr?ﬂq'éﬁlg(% %&g}?gdlsuﬁ%ﬁ]bg?gxrf%%{% rrgg t\%éé%ghgg@lde'
thereto, andrbhe WextHh9dwasushn rserhiinger 1dohugnogentatnpsphere at
roomtenperature for 2 days. The reaction solution was filtered

t hrough cel i {eenagpdorydporaiado tfdes t ik y-etneetiypbessdnedé owabt aided
resi due. Thus obtained residue was purified with silica gel colum

chr omat opF apby (énhyl| latetwt ealemtianoel : hpdweide= 101294 ¢4 hedl .3 Zmibl)and
then ethanol :water = 10:1) to obtain the title conmpound (38 ng, 63%
as a col or| e88dpEhBePixKIVRe (425 RIS F2raadf heBE a5 EbapdrRl are
shown in Tab Preparatio

1. Ex I f -
(15)-1,5-anh%gpggfgfgg%ygfg&quﬁ-ﬁgﬁﬁ jon sofuglon were added 1 M
5-(4-(3- 4- ' Lh=1 - '

J1) car bony | BACROYBPRRSP| BERG)) TERGAT SBERREFERESete Fagerate an

Preparation eEg(aﬂﬁé-iageenh»ﬁfeo-o%?%nﬁlcfilﬁéf%Q.e; hedsridd biith 1 M
1-}2-(benzy| oxy)-4-methyl-5-(4-[(IE)-3-[[(4-

met hyl piper agyarbeiideaebasyd | aan HHuyHadRdl s6Aibm bicarbonate agueous
yl ] benzyl ] phenyl]-D-glucitol 25The title conpound (180 ng, 54% was

obt ai ned as aolG#iopadedyktimey Grnd ddegowtdhaanhydrogs treadiesiet hod
as with Exanple 5 (1) in which

N-al | y1-4- mesRdEptper A dlrydachagpahi Was wokl teeeh iafifi.camdofthe

di benzyl [(Z); al I%/I am no) net hyl yl i dene] bi scar bamat e.

olvent was evapordted under reduced pressure to obtain
4-(benzyloxy)-5-bromo-2-methylbenzaldehyde. To a toluene
25 solution (120 mlL) of the 4-({benzyloxy)-5-bromo-2-
methylbenzaldehyde were added ethylene glycel (30 mL, 517
mmol) and p-toluenesulfonic acid monohydrate {(0.50 g, 2.58

mmol), and heated to reflux for 1.5 hours with a Dean-Stark
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1H NVR (300 Mrzr=—=€--ORCPORM D) 8 ppm 2. 18 (s, 311) 2.23-2.64 (m 511)
3.31-3.86 (m 11H) 3.91 (s, 211) 3.95-4.07 (m 211) 4.36-4.55 (m
311) 4.55-4.66 (m 211) 4.77-4.95 (m 411) 5.00 (s, 2H) 6.05-6.23 (m
1H) 6.38-6.50 (m 111) 6.74 (s, 111) 6.92 (dd, J=8.24, 1.24 Hz, 2H)
7.03 (t, J=6.99 Hz, 211) 107.08-7.36 (m 2511) 7.37-7.46 (m 211).
ESI mz = 992(MtH). (2) Preparation of

(1S)-1, 5-anhydro-1-[ 2- hydroxy- 4- met hyl- .

5-[ 4- 43- [ ( 4- n%?%%%‘%‘bser a#n}‘:lr’?l)rgg?%ﬁﬂm SRR iRy 1A A TS eny | |
-D-glucitol 15 iile.c ;ﬁ)‘g_qn% 1 9 o] i ned a

col orl ess pomd;e?g%%%%rg? n% ot e(a?rletoﬁangg/%'\naﬁéﬁgfn% é’er@a%?’f) 1aKRR
data and M5 dafgs Gfadies GRIMOUN A, € aSRAMIrhPedaBb &1 dm @%@HgﬂéﬁéQe
20Pr eparation of (15)-1-15-[4-14-[ (3-am nopropyl)ani no]- 4-oxobutyl
genzyll : 2- hyd][ﬁ’q(wedl:m&mﬂﬂftﬁﬂ)&h]d brdnanhydaoaPgbachi O anhydrdul)
reparation o

5,1(8% 311(5 arshydtiaaggﬂasai,mu Geuldtata-.0- PeazgtPhiy [dhdite nad ®iterelidoff 1 Bnd
- -1(tert-

but oxycar bony| jrari sl ysrdp wasaeiviappratedobodet - vediyéd henessiired- nEhby |
phenyl) - D- gl uci t ol The title conpound (200 ng, 56*) was

obt ai ned as a ¢WidMess Fegiidpec yasonnaiftedrditly sblictrme gk Ived v with

5 Exanple 5 (1), in which Hfrt-butxl[s- ébut-s-enoylanino) .
propyl ] car bandt QReL EEP Y dbexansr e GhBnasREag = 5:1). In addition,

L O IR o N ol e 45 o
20,5 41 A, Bt i o 5 AT

211) 4.78- 4. 9%duiPorhlil)( 12..80g( 571211} 6tdfsf. &7 4 Bo1hllel $Bwidr .
J=15.70 Hz, 1H) 6.74 (s, 1H) 6.88-6.96 (m 2H) 7.02 (d, J=8.24 Hz,
211) 7.10-7. 33H mMr2¥Ho o7 MBZ-, 7 chfokovoril)) dlHeSl . Waz (5, 10RF(MHdB)4 19
(2) Preparation of (18)-1-[5-[4-[(1S)-4-[(3-

am nopr opyl ) animolkH4- GxdlSut(yl- 2Hens-87yK¥bebty1§-24 (s, 1H) 7.27-7.51 (m,
(benzyl oxy) - 4- et hyl phenyl17-1, 5- anhydro-2, 3,4, 6-tetra-0-

benzyl - D- gl uci®¥Bl 72G%o0 (§n &HAyl acetate solution (2 nL) of (15)-1,5-
anhydro-2,3,4,6-tefra-0-benzyl-1-f2-(benzyl oxy)-5-[4-[ (1E)-

4- ([ 3-] (tgjgt - but oxé"c’:g?ﬁﬁﬂfi?) TRADIGEYI | ani no] - 4- oxobut - 1-

en-1-yl | benzyl]-4- enyll z ci.tal (200 , ..0.190. nmol ),

whi ch was cool ed iggégé#ggh@a%%gﬂaﬂf%“fﬁ?if ) SeRPEYRR" 4ci o) et hyl

acetate sol ut h@qhﬁ?gehgg]nilxguago%faﬁi rred at roomtenperature for
2 days. To the reaction solufion were added ethyl acetate and a

saturat ed sodi um bigas beeeh£n S0 UASensBldat (N 750mB§PaEak £( B8En HYIRR}C- 2-
W)2007/ 136116Pa/ 31132007/ 060653 | ayer. The organic | ayer was washe

wi th water anthelthivlbenaadddniyad (ot 50 anhyslraiusimeagnesol@dsthf ate. wdde
drying agent was filtered off, and the solvent was evaporated under
reduced pEessaddedThyridbniimedydrshromldwm paubtdnide 3 1w0thgsi Bi 32

.gel colum chromat ography (chl orof orm nethanol = 5:1, and then ethyl
acet at e: et han&moyat epné éhé: nixterepras rsiirred dior Onpdongess4 Thy
30% as a pale yell ow oi I¥ conBound., 111 NWVR (30% VHz, CHLOROFORM D)
8 ppn11.83-1.§§afﬁﬁ°§1T}x ure was stirred for 2.5 hours at room

temperature. To the reaction solution were added 20%
solution of Na,;S0O:, water and ethyl acetate. The resulting
25 mixture was extracted with ethyl acetate. To the organic
layer was added 1 M hydrochlofic acid (20 mL}, and the
mixture was stirred for 5 minutes. The organic layer was

separated, washed with a saturated sodium bicarbonate
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2.17 10 (s, 311)2.87-3.03 (m 211) 3.03-3.20 211) 3. 26-

211) 3.51-3.83 (m 611) 3.89 (s, éll) 4. 00 (d?gLIO.S; FE?1§640 (m
4.38-4.54(m 2H) 4.54-4.66(m 211) 4.80-4.94(m 311) 4.99 (s, 211)
6.06-6.22 (m 111) 6.37-6.62 (m 211) 6.74 (s, 111) 6.91 (dd, J=6.92
1.63 Hz, 211) 7 01 (d, J=8.08 Hz, 211) 157.07-7.35 (m 2511 ’
7.35-7.47 (mWARYBoIG) nyz = 951(MHH). (3) Prepar at i G§T@F2007/060653
(1S)-1-E5-[4-[4-[(3-am nOpropyl ) am no] -

4- oxobut yl ] benzY1] - 2- hydr oxy- 4- et hyl pheny1] - 1, 5- anhydro-D- gl uci t ol

20Th ' 0 ;
amor phous. conpSHREPH: BHHHAE #5 (N et FU AL 0, CHERTRATE S (2). MR
data and M5 daf,gqofs e CATRAUNGRT Grathylgkit Tabl eilierea off, and
the solvent was evaporated under reduced pressure to obtain
1.03 g of a residue. To a toluene solution (7.0 mL) of the
5 residue were added ethylene glycol (1.89 mL, 33.9 mmol) and
pyridinium p-toluenesulfonate (43 mg, 0.170 mmol),_and-
heated to reflux for 14 hours with a Dean-Stark apparatus.
After the feaction solution was cooled, its organic layer
was washed with-a saturated sodium bicarbonate aqueous
10 solution and brine, and dried with anhydrous magnesium
sulfate. The drying agent was filtered off, and the
solvent was evaporated under reduced pressure. Thus
obtained residue was recrystallized from hexane/ethyl
acetate (10:1) to obtain the title compound (748 mg, 63%).
15 Reference Example 2
Preparation of (ls)-l,5-anhydro-2,3,4,6-tetra—o-

benzyl—ld[z—(benzyloxy)—5~(4—bromobenzyl)—4-methy1phenyl]-

D-glucitol

20 (1) Preparation of 2,3,4,6-tetra-O-benzyl-1-C-[2-
(benzyloxy)-5—(1,3—diox01an—2-yl)—4-methylphenyl]-D—
glucopyranose

To a tetrahydrofurén gsolution (36 mh} of 2—[4-
(benzyloxy)-5—bromo—2-methylphenyl]-1,3-dioxolane (5.82 g,
25 16.6 mmol) was added dropwise under nitrogen atmosphere at

_78°C a 2.67 M n-butyllithium solution in hexane (6.40 ml,
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Exanpl e 8 25Preparati on of (1S)-1,5-anhydro-1-15-E4- E3- E[ ( 2-

hydr oxy- 1, 1-

di nmet hyl et hyl ) am nocar bonyl ] am no] pr opyl ] benzyl ] - 2- hydr oxy-

4- et hyl phenyl) -D-glucitol WO 2007/ 136116PCT/ JP2007/ 060653 0 Co NAN
H H HO He 70HO—I%13) Preparation of i

(1S) - 1, 5- anhy¥? 80913819 6-t et r a- 0- benzyl 1- (5- (4- [ ( 1E) - FEPPDUMH U oxy - 1
, 1- di net hyl et hyl ) am nocar bonyl ] am no] prop- 1-en-1 -yl ] benzyl)-2- 5
(benzyl oxy) - 4- net hyl phenyl) - D- gl uci t ol To an acetonitrile
solution (5.4 ni)_ of 5)-1, 5 . . . s at
anhydr -2, 3, 4, BE1BAPAL: 1R, Fhe RIFSUTRARE, FEEeL 3.2 mute

br onobenzyl) - 4rethylkpbsibetbti>rQl UshdiDla ¢OtAhydrotu30 snhwt Jonnwgi &
added N-allyl-N -(2-hYdroxy-1, 1-di net hyl ethyl) 10 urea (223 r(’rg 61 29
mol ), pal | adi un{ 149 2a6et aécteft2d-Grpengy OB ShRpPye-1.5-1actone (8.16 g,

tri-Otolyl phosphine (66 0. mpl ) an | ef. 1 7, ,
2.69 mol ), anagt% i itYﬁr% a\ﬂges'g;q%f) ‘r‘ﬂ'ésc'f;'atamgz%%i ?‘g?%%énn‘qlg%u%%géva&?h
mi crowave NMRNULZEtA GdnhleBiaet 898 safBerdgattiare Sotyane wasction

evapor at ed under 15 reduced pressure. Thus obtai ned residue was .
purified with sbliicimngehs coldefna cittoratesrapryus AMLYFHIDPH RPN
chl orof orm nmet hanol, = 50: 1) .to _obtai.n th Lt ( ny,
40% as a pal eHEPTSt- afd? p%&uge%u&%gﬁnm%tﬁgﬂﬁﬁg%%ggﬁﬂ%g wkth
CHLOROFORM: D) 8 fpiNabe?fté S, ThEordadfc (mye20add wasHsa 4itB ém 13H)
4.31-4.69 (m 6H)" 4.77-5.06 (m 511) 5.98-6.18 (m 11-1) 6.44 (d,
J=15. 85 Hz, 1Hpabufatedsaquddusssgbitiongof prmgniym eiylogige anggBrifgy

(2) Preparation of (15)-1-]2-(acetoxy)-5-1.4- (3 2- drvi
25(acet oxy )01, fpddﬁlé?éa?%)"ﬁ‘iéljl; haﬁ'ﬁ’}' n?unso?")égl?%%lny ?gjﬁéén&oe] prllglgyl Thenzyl ] - 4-
met hyl pheny1] - 1,55 anfsdes erdbatobs | enbatkl acevyht Dragl ecagaglated  To

an et hanol solufion (3 nL) of ) ) L Fied
(1S) - 1, 5- anhydmo@eB, redgcedtpresgupenz jhus obtajmed wepfdue Was PRTIEISY 1

, 1- di nmet hyl et hyl ) ami_nocar bonyl.]. am na - 1-en- &=yl be 1 adetaxe
(benzyl oxy) - 4- W%ﬁ”&ﬁﬁﬁy??flﬁe&hﬂ%i Q’&?"B%%fjaﬁgg éhézgflélllgrrrml was added
20% pal | adi um hydt oxife 0216 Mhraidnthet bet1s xbipeuwag18tT ra.ed7%) as
over ni ght under a hydrogen at nosphere at room tenperature. The

reacti on salsut isogelber foilly ee@wbotthdough celite, and the sol vent was
evapor at ed under reduced 10 pres 0 ai i.du hys_3.

obt ai ned resi di& MR R0 ey %?ﬂééqlﬁ%ﬁ"ggb%&pgcgl {Jﬁ(lséhﬁ)néfggr%paﬁy
(chl orof or m netfangky = Bol). 10 (@bt&in 4a450i 79 ¢ms HOVEeTS SUPSt dnce
(83 nmg). To a pyridine solution (1 nmL) of this substance s, added
acetic anhydri d@1)( 6,25 (el) HHhrfd 7Ehes 138 &t U & Mas” st-itr e%ﬂc?vgfni ght

at room tenperature. Tg) églg reag ipr’blsql_’,uth,p,q was added a saturated
oud SOt E

sodi um bi car bor?ft’e%ﬁ%‘ dti’on and 'the resulting m xture was

extracted wdh ehhplego@itabe. ofl 26304 gitietrh ay-denams- Washazd with
brine, and dried wth anhydrous magnesi um sul fate._ The dr%i%neg 20
agent was filt eftedzpléxyandLomeylsdrpeiy LR B aRof I ERYaRERF® r educed

pressure. Thus obtained resid rhfd g Sy loleC@, g8, 6col um
chr omat ogr aphy (hex%%@ é‘?ﬁﬁhyﬁgfl'\g’[s%rpgo%gf%o%%)mlg obtain the

title conpound {£4Q,08)b&s:ya - ot-qrl-esenAmokp naiis 1¢ 0 rpnedan 25(v3)) - 4-
Preparation of (15)-1,5-anhydro- 1-(5-(4-(3-!%[%2- hgdr%-i, 1- in

di net hyl et hy| ) andtnyeabérblli-Pagturspprepsas Behzy(9:- 23nY dFBLy 453t hy M Bhe
nyl]-0-glucitol @ < added 6 M hydrochloric acid (80 mL), and the
mixture was stirred for 14 hours at room temperature. To
the reaction solution was added ice water, and the

resulting mixture was extracted with ethyl acetate. The
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WO 2007/ 136116PCT/ 3132007/ 060653 To a net hanol solution (1 nlL) of
(1S)-1-[2-(acetoxy)- 5-[4-[3-[(([2-(acetoxy)-1, 1-

di nmet hyl et hYl ) am no] car bonyl ] am no] pr opyl ] benzy1l] - 4-

met hyl phenyl] -1, 5- anhydro-2, 3,4, 6-tetra-0-acetyl-D-glucitol 5 (70 ny)
was added sodi um net hoxide (a 1 M nmethanol solution, 0.5 nL, 0.5

mmol ), and the glgéh%tell érs&éé r‘géjsc}_}‘ 8‘{ hour ﬁgh{ﬁgggotﬁsgger ature.

To this reactlon SO was ad

evapor at ed Und%ﬁc&fﬁ&lﬁﬁ‘éepﬁ SHLE- sog.gﬁ tha%'dn%s! [&S] Qﬂﬁhano?&%gdled

with silica 10 gel colum chronat ogr Corofor i e

to obtain the th I\&Qrsﬁgpﬁé@‘i’eéﬁﬁn 153k %, STREeRSYiRS faf %JSE%&lterea

oily conpound. NMR data and MS data of t he conpound arée shown in

Eagl e 1. 1E>£anpb5f9 4h@r enar $6 1w iofwdsl SraboradBhly dhfe?- £6dded Jdddstre .
ydr oxy- -

bi s( hydr oxyaret i} et byl sed rmwrd:my-ia]samumﬂ]fnedpyhi:heazyid:a gel column
2- hydr oxY- 4- net hyl pheny13-D-gl ucitol OH OHNNOHHH 20

(1) Preparatiophp¢matography (hexane:ethyl acetate = 2: 1) to obtain the
(15)-1, 5-anhYdro-2, 3,4, 6-tetra-0-benzyl 1- &]5 (4-[1(1E) - 3- M- hydroxy-1,1

> bi s(hydr oxynﬁ%ﬁ%/?)"é‘?m‘l"l”&?n(ri'&ca?r Bonﬂuaa rhoftﬁr@pyqlwlol y compound.
yl i benzyl] - 2(benzYon 4rreth QR%;IOQWC”O' The title

conpound (322 Hg)NiHas( Oﬁ'y B39 PPV diforighodslc SnpBad72

accor di ng Ei)tr'*? %gg@%mm [&% %{,§ &GF’FAJA?OPS”’ 80893 67-4. 20

bi s(hydro thyl) Y, r u LN d

N (2 hydraey- B B L R Ty B m V5ot vet Gy SRortith
8 ppm 2.19 (s,63d 31487'-46(?5@ B 24513, oé 3445 g:ﬁ (iﬁH)llal.Jé"i 39846511
(m 111) 6.44 (d, J=16.32 Hz, 1H) 6.74 (s, . 6 (m 31H).
ESI / APC1 ni z=1Dd 4V, 1#). Preparati on of

(1S)-1, 5-anhydro-1-(5-[4-(2-([[2- hydroxy-1,1- 10

bi s( hydr oxynet 3] )Rutepgijatriiomoodr BoAyH] ant abt propyerdeinzy-d-~[2-

2- hydr oxY- 4- et hYl phenyl lucitol The title conpound (60 ng) was
obtai ned as a Q:téﬂf%ﬁﬁ]é??;g(ﬁmdgr‘l -heenpahapy 1 bl BY&r oref Histt hagl idt-h

Exanpl e 8
( 1?;Tp1e5 élr(ffhyd?eot%%ﬁ”é’]t]e'tDr“Q-lB-cHBﬁEQ‘i‘?ﬁ@[ 5- (4-

%:S[Sg ﬁa:lrgxglgn[etzhnget ﬁél %3# TRORTTT TR TSP 4 B0- Bf) 1 OF 1.4

yl ] benzyll- 2- (égﬁﬁgﬁdﬁgﬁ&é%e”q%hibpgenﬁa)IE%&EiW”$é§ MR e oAk e8aer

of (1S)-1,5-an tetra-0-benzyl-1-

[5-[4-[(1E)-3- ﬂ:[{:%déﬁdra%s hire?Qt -78°C a 2.67 M n-butyllithium
di et hyl et hyl ) am nocar bonyl [ am nol prOp- 1-en-1 -yl | benzyl1] - 2-

‘ solution in hexane (10.5 mL, 26.1 mmol), and the mixture

I 20 was stirred for 15 minutes at the same temperature. Then a
tetrahydrofuran solution (20 mL) of 2,3,4,6-tetra-0O-benzyl-
1-C-[2-(benzyloxy)-5-formyl-4-methylphenyl]-D-glucopyranose
(10.0 g, 13.0 mmol) was added dropwise, and the mixture was
stirred for 30 minutes at the same temperature. To the

25 reaction solution was added a saturated aqueous solution of

ammonium chloride, and the resulting mixture was extracted with

ethyl acetate. The organic layer was washed with brine,

and dried with anhydrous magnesium sulfate. The drying
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(benzyl oxY) - 4- net hyl phenyl)-1-gluOitOl. NVR data and M5 data of the
conmpound are shown in Table 1. Exanple 10 Preparation of
(18)-1,5-anhydro-1-(5-[4-(2-[[(2- 25 hydroxy-1, 1-

di met hyl et hyl ) am nocar bonyl ] am no] et hyl ] benzy1] - 2- hydr oxy-

4- et hyl phenYl] - D- %I uci t ol (1) Preparation of i
(15)-1, 5- anh%‘l YWY 6-tetra-0- benzyl - PCTHP2007/060653

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

di et hyl et hyl ) am no] car bonyl ) am no] et hyl ] benzyl)-4- 5

met hyl pheny1] - D- gl uci t ol_, Tao.a chl or of or | Lt of
4-ni t rophenyl éﬁgfﬂ; ofaS At BTG Tgf? &ngo%%§%%f€ dé%dgg?/é%&@hg (0.071
m., 0.88 Ml ) o ubl Gl ARSaGHVsedrbN ThEs dbRsiAciiedsdaapwiaseparitied
chl oroform solution (3 nL) of (1S)-1-[5-[4-(2- 10

am noet hyl ) benmith- 2Ll ivandgl coppnd-ghenpF APy (hexgne :ethyl acetate
anhydro-2, 3,4, 6-tetra-0-be l.-D-glucitol. (O s30d )5 +gnd
the nmixture was &ittr eanf%‘i}é%ﬁc) gcu eege%%du%ogéé%g%ﬁgggﬁ%é%é twelrtﬂ
that, a chl qrofgr @ﬁ@ls&h&e@ ded. Bblulf cBrafitterapnet(hpkade pridwanol
(0.209 g, 2.344 mmol) and 15 dinethyl sulf oxide (3 nL) were added
thereto, and theehake ur &:hhstosobipi Weeyollim caly (Hélemrmpound

tenperature. To the reaction sol ution was._ad er, and the
resul ting nixt dPe>Ra® é’)?f%b att @dd\}ma?%eréetoﬁ?/flcagﬂg'?g%ﬁ%' The organic |ayer

was washed wi t hwatrer pdmis | Rem6RokdRIESD) 5 @ driedswi sy 2054-3.82
anhydr ous magnesi um sul fate. The drying agent was filtered off, and
the sol vent wadmevaibratosds wdidm. r 8ludedbpt ks ile ) dpfaiir s (-
resi due. Thus obtai ned i due was_purifi.ed g YRA) Sé ldoca, gel
col um chr difat th@B'(s(r:‘ﬁ?og%‘f &\r‘ﬁ)'s%l gﬂfla?'nﬂt Ega%\iyt%'e cg)rrpound

(0.184 g, 65% @s aoWple 625aneld.0w pidap epmround. 1H NMR (300 MHz,
CHLOROFORMID) 8 ppm 1.18 (s, 6H) 2.21 (s, WO
2007/ 136116PCT/ (120053066688 FH)(18) 68 J-enhydep-g83 - 6 S8fra-&peyzgl-

(m 2H) 3.45-3.94 ( 10H) 4,00 (d = % 2y iy Bzt & (m 5H)
4.81-5.03 (m 51|-'I)A[26.( Z(Yg,%"-‘ﬂoof’oé.(“s'??‘%'.“’é’%“ ﬁ%ﬁ%ﬁ“ Plyfpreted (m 23H).
(2) Preparationg@kitdd)-1, 5-anhydro-1-[5-[4-(2-[[(2- 5 hydroxy-1, 1-
di met hyl et hyl ) am nocar bonyl | am no] et hyl ) benzy1] - 2- hydr oxy-
4- et hyl phevy1) - D- gfacint ebetmnigeibe Fototicy| (80 Bl (OF Frj: Ho-tetra-
(1S)-1, 5-anhydr o- 1-C-L2- (benzyloxy)-5= (4-
2.3, 4, 6-tetra- CBERIYI T2 AN 54 (21 (1 (2- 10
hydroxy- 1, 1- dig@mbyhethylhaatagl)eathan-ah astmapathyl JPenzy1) - 4-
met hyl phenyl)-D-glucitol (0.184 ng, 0.190 nmol) was_added 20*,
pal | adi um hydr cediugeryoama® §5;5Qdd Bhb HRL UrERRagddsd MRaE™ tHderog™
hydr ogen at nosphere at rogm JUr avernj gh T egeliaB
sol ution was fi"’r*‘t“lé’rsBBe?EhF&ugigﬁf@‘%g&ﬂaﬁ%ﬂ}%vg%bri;it'g;dhulﬂlﬂ]dgfanrﬁeduace
pressuré. THys EPleai REY TLSI fuel Wasnaurid nesgtwid Wasi stioaregefordisum
chromat ography (chl oroform nmethanol = 17:3) to obtain the title
conpound (57 nupits8es ak thecswps |eTBeRNTer AR BIFHTS 4A% e dsta
of the conpound_ar own in, Tabl e e A LRV gn of
(15) - 1, 5- anhydr o2 5['%- %r(sz?f[f‘?g-m ﬁ%ﬂ?‘%“ﬁ%i-_ * & 2
bi s( hydr oxynet hyd)&tibx| $svlieaocarenyh aadaed] et dntiurbead ysbaiud5
2- hydr oxy- 4- nmet hyl phenyli-D-glucitol HH OH HOOH HO 00 OH,
bicarbonate agueous solution and the resulting mixture was
25 extracted with ethyl acetate. The organic layer was washed
with brine, and dried with anhydrous magnesium sulfate.
The drying agent was filtered off, and the solvent was

evaporated under reduced pressure. Thus obtained residue
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HO ."OH OH WD 2007/ 136116PCTOP2007/ 060653 (1) Preparation of
(1S)-1, 5-anhydro-2, 3,4, 6-tetra-0-belzyl-

1- (2- (benzyl oxy)-5-[4-(2-ML2- hydroxy-1, 1-

bi s( hydr oxynet hyl ) et hyl ] am no] car bonyl ] am no] et hyl ) benzy1l) -

4- met hyl phenY1]-D-glucitol 5The title compound (251 ”gn@& was obt ai ned
as a pale yelYoH? ’%ﬁ‘r‘bhous conpound accordi ng to the nETHBYVAESH t h
Exanple 10 (1) in which tris(hydroxynethyl)am nonet hane was used

i nstead of 2-am no-2-nethyl-1-prOpanOl. 1H NMR (300 MHz,

CHLOROFORM D) 8 ppm 2.22 (s,,..30)..2.68 (t 0 J=p.61 3.24-3.35
(m 20) 3.41-3%6§ (ﬂﬁ’flfffé)wﬁ’?"bé)l&a?aﬁg of’%’émﬂz?g’i‘iﬂﬁat%§§§% 70 (m 50)
4.79-5.03 (m %}%xéngiete@a 1Qche7b (1 £0)108187¢d dkalm ti30Likle (2)
Preparation of (1S)-1,5-anhydro-1-(5-14-(2-M2- hydroxy-1,1- 15

bi s( hydr oxynet khpetdy | (2and noc&1Ednys Jrappho|velhpt| vy, grpround.

2- hydr oxy- 4- met hyl phenyl ] - D- gl uci t ol The i co n 5. )
was obt ai ned a§“§N§BI 0p ¥z o, SRHOROERGP A %ﬁpf“oat#{}ee(ﬁét E%)g%ags\(/\?t%m
Exanpl e 10 (2) {f MEC& 66l9) oil, (Gr,aRRYdr.002(8, 4-611 @t nr-, 01bpnzpd-1- ( 2-
20( benzyl oxy) -5-(4-(2-([[(2-hydr Oxy-1, 1-

bi s( hydr oxymet hi¥lopetiyYlgHms nel dar by 163/ i) dEpy6 i §fmsz 9] (m. 4H)

4- met hyl pheny1l- D- gl uc3. t Ol s _u gg,(i4 S r(;lad2 f (15)-1, 5-

anhydr o- 2, 3, 4, 687 220-Ben2§1L f—'? Z{penzy! ox}g)'- 5- (4- (2-
[[[(2-hydroxy-1, 1- g&erence Example 3 _ -

di met hyl et hYl ) am no) car bonyl ] am no] et hyl i benzyl ) - 4-

net hyl pheny1) - D- gl uesedpairatid det &18hd - Feerfadaoo? - 3 e Sc5/PGURd are

O LS b o AT LT 55 .-

met hyl pi per azi npl1u%h)$85 DoAYt Ay dsheny11-D-glucitol

(met hyl ) et hyl ] am nocar bonyl ] am no] et hyl i benzyl ] - 2- hydr oxy- HO HO'" CH
5CH (1) PreparationBef ) Yro-2, 3, 4, 6-tetra-0- benzyl -

1- (2- (benzyl oxyg - -(1-Q4- et hyl pi per azi n- 1-

yl)carbony1] - 1-*" et hy) %et hyl ] am no) car bonyl | am nol et hyl ) benzyl ] - 4-
10 net hyl phenyl |ES g 1 t ol The title conmpound (326 ng) was

obt ai ned as a pal e yell ow anor phous conpound according to the nethod
as with Exanple 10 td)an ncm@wmmwrign(@--ﬁe%wﬁﬁg BePbZ R - 15

y1) - 1- oxopr opane- 2- an s, used. instead of . 2:.am.no; 25 5 (a-
met hyl -1 - pr opan?ﬂh.ydfﬁ%m'??gﬁtﬁé, gﬁ%@&%&"‘ 1%"5’% 1% (s,

611) 2. 20 (S35 bromobenzyl)-4-methylphenyl]-D-glucitol (780 mg, 0.876

mmol)} were added vinyl acetate (184 mg, 2.14 mmol),
palladium(II) acetate (20 mg, 0.0890 mraol}, tri-oO- _
tolylphosphine (54 mg, 0.177 mmol} and triethylamine (0.64
mL, 4.38 mmol), and reacted at 120°C for 20 minutes with

20 wmicrowave manufactured by Biotage. The reaction solution
was evaporated under reduced pressure. Thus obtained
residue was purified with silica gel column chromatography
{hexane:ethyl acetate = 5:1, chloroform:methanol = 40:1) to
‘obtain the title compound (68l mg, 87%) as an orange-yellow

25 amorphous compound.

iH NMR (600 MHz, CHLOROFORM-D) § ppm 2.17 (s, 3H) 3.25 (4,
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311) 2. 26(s, 311) 2. 31-2.37(m 411) 2. 70(t, J=6. 84 Hz, 211)

3.29-3.41(m 211) 3. 50-3. 94(m 1211) 4. 00(d, J=10. 88 Hz, 111)
4.37-4.67(m 511)4.81-5.02(m 511)6. 75(s, 1H) 6.88- 20 7.44 (m 3011).
(2) Preparation of (1S)-1,5-anhydro-1-E5-E4-[2-M-(1-(4-

met hyl pi per azi 1) carhonyl]-1- C nmethyl) ethyl] am nocarbon

ani no] ethyl % (E)@’H%{:‘F'i‘ 2 -hydroxy- 4 -nethyl phenYl | Iﬂcﬁpﬁe?"f"é%”ZSThe
title conpound (35 ng) was obtained as a col orl ess powder accordi ng
to the method as with Exanple 10 (2) in WO

2007/ 136116PCT/ JP2007/ 060653 whi

(1S)- 1, 5- anhYd5525% HE 628 bt3- 3?303b%4nz(§7‘1 §H) $-84-3.95 (m, 2H) 4.00 (d,
(benzyl 0XY) - 5- (A35 24 [H[ 1 (. hyl-Rb ey a@i, N1y 4lshcad paryl]ed-
(et hyl ) et hyl 15;17m EO g(:aﬂgzbo%l{llfléaﬁlsggtlﬁ e%blhslll benzy1] - )4 5

met hyl phenyl | - Bzgl 1e) tsalb7wasssusad 2H1)st4ea@1 4>f93( {Is) -4H)54.99 (s, 2H)

anhydr02346tetra0benzll 2- (benzyl ox 5; [
[[[(2 hydroxy f 12 .22 {m, }Y) 6. & é % ¥ ¥I% 1}(} 6.34 (s, 1H)

di et hyl et hyl) o] gnyl a pel ety lhbenzyl ] - 4-
met hyl pheny!] %—mapu%:lqﬁ)q data and M5 data of the 10 conpound are

shown in Tabl eElsJ: Exﬂrmlsesﬂﬂ-lﬂr epar ation of

(15)-1, 5-anhydro-1-(5-(4-(2- !!é hydr oxy-1, 1-
bi s( hydr oxynet hYI )e‘%ﬁ["?%‘?ﬁ POy | ] am nol et hoxy] - 2- 15

nethylbenzyl] 2- hyqﬁgﬁ¥rafigﬂ:g¥lpﬂﬁnﬂlk5£k4ﬁ(@cﬁﬁiﬁoe€h&l)benzyl]-2-
(benzyloxy)-4—methylphenyl]—1,5-anhydro-2,3,4,6»tetra-0—

10 Dbenzyl-D-glucitol

(1) Preparation of 2,3,4,6-tetra~-0-benzyl-1-C-[2-

15 (benzyloxy)-5-[hydroxy[4-[2-
(tritylamino)ethyl]phenyl]methyl]-4—methylphenyl]—D-
glucopyranose ‘

To a tetrahydrofuran solution (3 mL) of 2-(4-
bromophenyl) -N-tritylethaneamine (0.814 g, 1.84 mmol) was

20 added dropwise under nitrogen atmosphere at ~78°C a 2.66 M
hexane solution of n-butyllithium (0.69 mL, 1.84 mmol), and
the mixture was stirred for 30 minutes at the same
temperature. Then a tetrahydrofuran solution (3 mL) of
2,3,4,6-tetra-0O-benzyl-1-C-[2-(benzyloxy)-5-£formyl-4-

25 methylphenyl]-D-glucopyranose (0.670 g, 0.876 mmol) was

‘added dropwise, and the mixture was stirred for 30 minutes
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To a chloroformsolution (0.5 m.) of 1,1 - carbonyldil m dazole (14
ng, 0.089 mmol) were added a chloroformsolution (1.5 nlL) of
(1S)-1-[5-[4-(2- 20 am noet hoxy) - 2- net hyl benzy1l] - 2-(benzyl oxy) - 4-
met hyl phenyl1-1, 5- anhydro- 2, 3, 4, 6-tetra-0-benzyl -D-glucitol (52 ny,
0.059 mml) and N-nethyl norpholine (9 ng), and the m xture was
stirred for MOMHYHLIEREE at room tenmperature. After thatPCTPBROPIHFESS
reaction solution were added 25 tris(hydroxynethYl)am nonet hane (21
ng, 0.177 nmmol) and 116 WO 2007/ 136116PCT/ JP2007/ 060653

N, N-di et hyl formamde (2 nL), and this reaciion.nXxture. irred
at 60C for 1. Saﬁoﬂfes.Sa&?tWJPFﬁﬁt$’%eact?°or?ﬁ?ﬁ%( auc&é'g]\}vaéséiélgé eZ“"‘f% room
tenperature, eLByls acekal ent@snadded:they eliatudndashextiacteteviids
washed with water, 1 M5 hydrochloric acid, and brine, and dried with
anhydr ous nmagneshyimaselitt o THhordryindaagenfasndsied | Héted BT End

t he sol vent was evapor at ed under_reduced pres i 0 of
a residue. ThuReghtHited HdPdudRa r%’l‘nsgsopg%%q'{ag ‘rL'rng angl 8#13 rr;lLE{)E 10
And 20% pal Ladi.ym fhdeaxi de tapsEitewasndddedatdar erossard titels

m xture was stirred under a hydrogen atnosphere at roomtenperature
for 2 hours. Thetabect resids was armigied iwittsr B teogyh@el9te, and

evapor at ed under reduced pressure obt ain.a.res : @bt ai ned
resi due was 15CSBHyMY iBge YWI§Pf'¥Cé?%&8F°€%ﬁmdnﬁgcﬁdrt%%gt B%%%ﬁy (et hyl

acet at e: et hanol, et 6la Tol832'gl) 619 et ai felihe bily eocmpawsuind (30 ny,
86% as a colorless powder. NNE data and MS data of the con‘gound are
shown i n Tabl e 1fi. miExqBobeMiz, ZERPRIEORMEDPbrP ppm 2.12-2.22 (m, 3H)

(15)-1, 5-anhydro-1-[4-chl OrQ-5-[ 4- [ 2~ -3, 3H) 3.99-
[[[2- hydr ox§- 121BPz h"g?d?ﬂxﬁ?@t ﬁy?? e%'ﬁ&?l ](“émzrll{&cgf%%nByIB]‘la(rﬁ“'no] ét hyl ] ben
zyl]- 2-hydroxyphenyd] -45}))911 _Ufzi-quss Rnt) &) HQ 76Hs 00 HQmHO510H 5018325191 a

chloroformsolution (1 nL) of 1,1'- carbonyldlim dazole (10.8 ny,
0. 0669 nmml ) weme zEXed 63-6\13 2007YH36188PCHAI 00060653 chl or of orm

solution (1 nL) of (15)-1-(5-14-(2: _ - _O- -
ani noet hyl ) benA#1] E’é‘é%%é‘ﬁ%é&cﬁ]?y)(f‘zgl)-‘clwﬁdﬁ‘ﬁl%derr?yf)‘3’147’56- tetra-0-benzys
anhydro- 2, 3, 4, §-tst {@é&gggﬁ%yq—ﬁe%ﬂ&iﬂ-@h-(ﬁg. 0 ngy, 0.0446 nmol) and

N- net hyl norpholine (7. and the mxture 5 was stirred for 10
M nutes at Isoonitirehybamsing) ethyiflberzyhiphenypl thisdueElt i on sol ution

wer e added tris(hydroxynet I';S\Qr)lg%naf%og%&ggf& ((_%6:;11?) g 205 134 #apltd-qnd

N, N- di methylforman‘i?e 1°R/Y hi'S reaction m xture was stirred

at 60C for 2 hgihsyiAficen 2t hedz8a6ky PB-Thitdtuxg Was(20 cool ed to room
tenperature, ethyl acetate was added thereto. And the m xture was
washed with wat(@mritglaninpdetetilpheey BEleghyhhdt -BetREIPEEREL b7 ed with

anhydr ous nmagnesi um sul fate, The dryi a fli r f, and
the sol vent wa*¥FaBBTHIEq El%b%’}% Féd‘lﬁ{:%(? %Irﬁgé)s%get%é%%t gliq‘?l&il. 2 ny

of a 15 resjqug,;Ih én%@bgﬁgrer @si g EC 2213 (07 GLO22. aUSDinpoWasnd

di ssolved in chloroform (250 RL) and et hanethiol (250 ILL).
BFyEt,0 (1.58 mL, 1.24 mmol), and the mixture was$ stirred
for 30 minutes at the same temperature. To the reaction
solution cooled in ice was added a saturated sodium
bicarbonate agueous solution and the resulting mixture was

25 extracted with ethyl acetate. The organic layer was dried

with anhydrous magnesium sulfate. The drying agent was

filtered off, and the soclvent was evaporated under reduced

pressure. Thus obtained residue was purified with silica
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And to this solution cooled in ice was added BP3. Et20 (50 RL), and
the m xture was stirred at the sanme tenperature 20 for 2 hours. The
sol vent was evaporated and thus obtained residue was purified with
silica gel colum chromat ography (ethyl acetate:ethanol:water =

10: 2:1 and then nethanol) to obtain the title corrpound (r10.8 , 86%
as a col or| es¥O #EPPAdus conpound. NMVR data and MBS datf&Tdf20q7qercss
conpound 25 are shown in Table 1. Exanple 15 Preparati on of
(15)-1, 5-anhydro- 1-[ 5- (4- (2 [](2- hydroxy-l 1- WO

2007/ 136116PCT/ JP20Q7/ 06 tate = 9:1) to

bi s( hydr oxymet &5t @SHW] rﬁoﬁ%g% ¥ oeeneT ety MBenzyi ] -

2- hydr oxyphenyé.ﬂmgrgltﬂel éiﬂlekhds:hﬁaﬂanv:_ Moi2f @H sﬂa%HIOaH@; ;gﬂbl T Ihve
title conpound (8.5 ng, 93% was obtained as a 5 colorless oily
conpound accor dilig coppobred. rret hod as with Exanpl.e 13 in which
(1S)-1-(5-(4-(2-am noet hyl é .36 (t,
(onzyl oxy) - 4- SRIBFDGRRRY L. 1 CEUGEORYoR), 008 @28 (52 g -3¢

benzyl - D- gl yci 0k, gaszysah |2nsge@g ote (dfSH=1- 215} [345@23 65 {m, 1H)
am noet hoxy) - 2- met hyl benzyl] - 2- (benzYIl oxy) - 4-
met hyl pheny1] - 3, 67snlgd0- 7H3, 4; @ &y r =10 Sén‘i?i %)gﬁu%h“or” ffR dat a

and MS data of t e co oggﬂyg;gﬂﬁl}p%(g ‘21'@1? FZ -7Exangh e s 7. 05_

Preparati on of ° hydr oxy- 1, 1-

bi s( hydr oxymnet Iayhg e(tnhyhb@m nocar bonyl ] am no] et hyl ] benzyl ] ph

enyl] - D-glucitol HO HOA0H OH A crude gr oduct of the title co ourld
was obt ai ned aé8dritiepgratiathetnttflod -as2MdROEk et -8~ 1353 On

(18)-i- 20 —4-

(3- (4- ( 2- atPnodt 1 54 Rz s thr ek A P e Ry dr 02, 3, 4, 6-tet ra-
0-benzyl - D-gl Uﬁuh%@*}lﬂ%ﬁyﬂﬁﬁﬂ-gﬂfi&iﬁﬂd of (15)-
1-(5-(4-(2-am noet hoxy) - 2-nethy]. benzyl]-2- ibenz IOX%%44- 3.4 G-
met hyl pheriy1] - 1, 5- &khgdeltorogom golatien ®fph3l1L-Br gt ol - > A Cer

2007/ 136116PCTE PSODTROBO0E T (0 IRV ARET | o er acusers
sol uti on: acet onitk§ ¢ $@nind} dthyllbenzyllphenyl]-D-glucitol (0.402 g,
15 0.336 mmol) was added at room temperature trifluoroacetate
{0.5 mL), and the mixture was stirred fof 3 hours at the
same temperature. To the reaction solution was added
ethanol and then the solvent was evaporated under reduced
pressure. Thus obtained rasidue was purified with NH type
20 silica gel column chromatography {hexane:ethyl acetate =
4:6, chloroform:methanol = 20:1) to obtain the title
compound (0.296 g, quant.) as a colorless oily compound.
1H NMR (300 MHz, CHLOROFORM-D) 8 ppm 2.20 (s, 3H) 2.65 (t.
' J=6.84 Hz, 2H) 2.89 (t, J=6.84 Hz, 2H) 3.52-3.95 (m, 8H)
25 4.00 (d, J=10.72 Hz, 1lH) 4.38-4.67 {m, 5H) 4.81-5.04 (m,
5H) 6.74 (s, 1H) 6.88-7.45 {m, 30H).
Reference Example 5

Preparation of dibenzyll(Z)-
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YMC- Pack ODS-AM 150 x 10 nm1.D., 5.0 mmamn., X = 210 nM to obtain
the title conmpound (13 ng, 15% as a colorless anor phous
conpound. NVR data and MS data of the conpound 5 are shown in Table
1. Exanple 17 Preparation of (1S)-1,5-anhydro-1-[4-chloro-3-[4-(2-
[[[2-hydroxy-1,1-

bi s( hydr oxynéf‘i’u"r“'l“}’?fﬂ@l ] ami nocar bonyl ] ami no] et hyl ] benZAH {0 74060653
enyl)-D-glucitol A crude product of the title conpound was obt ai ned
according to the nethod as with Exanple 14 in which (1S)-1- 15
2,3,4,6-tetra-0-benzyl -D-glucitol_ was used. instead of (1S)-

11 (5 (4 ( 2- am hoRaHgI BRIAFEY LB CAsBRIY T SRy p ol

chl orophenyl] - 1, 5-;anhydr 0- 2, 3, 4, 6-tetra-0-benzyl -D-glucitol. After
that, the crude~pr ebzwas purified with HPLC (0.025% acetic acid
aqueous sol ution: acgggnitrile = 7:3, 20 Waters Sunfire Prep C, 150 x
19 " ml1.D., 80 nL/mn., 210 n to obtain th i .6d2 no,
17% as a col or | esTCaRorsiFahEd 8o R dg‘lt'tz:a3 %}F\g O(I;%%Ea a (#ét he

conpound are Sh?%}@ Tabd Gupb1 ) 25X a6Bb® M &' - -benzyloxy carbonyl-
2007/ 136116PCT} / 660653 Preparati on of

(1S) - 1, 5- anbyduogdaryd- bytkhip- 51[9B [g4-5.25 mmol), and the mixture was

[[ 2- hydroxy-1,1-bis(hydroxynet hyl)et hyl ] am_ng
F‘}/%i &a% :

: nal; 4- tion
oxobut yl | benz YPFigx& e ORGFHHEYY y 30‘3?’%&3#3 5TRGS 71 ‘e’ compound

(37 ng, 47% “@&gﬁg&i ned AmpRr&RlPhess ReMEEs fie@Bure. Thus
(1S)-1, 5-anhYdro-2, 3, 4, 6-tetra-O-benzyl-1-[ 2- (benzyl oxy)-5-[4-((1E)-3
- car boxypr op- loeBained behdyd Wad- pretitfpbphei Fibaradtt FHH™( 199 ny,

0.222 mmol) according to the nethod as.wt ampl §13+o ¥R 48t a0
and M5 data of SPReOFFERNY (&eéagﬁbﬁyﬁna 2‘5’% 1.4'% T Tt her nor e,

conpounds 19 tQ, ah& 0 1SUBt e Si0a§0ad rOMoLEET@SpONSdary mat eri al s
in accorda#c%ée %ml?ﬁe@f@roencg( Exanpl es and Exanpl es. Conpound No

structure NVR1f:S@im erdooneihaca.oREORM-DMD ppm 4.03-4.12 (m, 2H)
5.11-5.28 (m, 6H) 5.81-5.96 (m, 1H) 7.23-7.43 (m, 10H)
8.35-8.45 (m, 1lH) 11.76 (s, 1H).
ESI m/z = 368(M+H).
i5 Reference Example 6
Preparation of N-allyl-4-methyl-piperazine-1-

carboxyamide

To a chloroform solution (70 ml.) of allylamine (400 mg,
20 7.00 mmol) were added triethylamine (1.31 mL, 9,45 mmol)
and 4-nitrophenyl chloroformate (1.62 g, 8.06 mmol}, and
the mixture was stirred overnight at room temperature. To
this reaction solution was added i-methylpiperazine (771 mg,
7.70 mmol), and the mixture was stirred overnight at room

25 temperature. The reaction solution was evaporated under
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1H NVR (600 MHz) 8 ppm1.25 (s, 6 H 1.81 - HO 1.89 (m 2 H 2.09
311) 2.12- 2.18 (m 2 H 040 4 2.54 - 2.59 (m 2 H 3.38 -

(s,

3.50 (m 3 H

Hz,
OH

3.53 - 1 HO O™3.57 (m 3 H 3.70 (dd, J=12.15, 5.27

1H HO"OH 3.84 - 3.89 (in, 31-1) 4.51 (d, J=9.63 Hz, 1 H)

1H.

10

i5

20

25

6.63 (s, 1 H) 6.99 - 7.08 (m 4 1i) 7.12 (s,

reduced pressure. To thus obtained residue was added ethyl
acetate, and precipitated inscluble matter was filtered off.
The filtrate was concentrated, and thus obtained residue
was purified with NH type silica gel column chromatography
(hexane:ethyl acetate = 5:1, ethyl acetate), and silica gel
column chromatography {ethyl acetate, chloroform:methanol =
20:1 to 5:1) to obtain the title compound (1.38 g, quant.)
as a cclorless powder.
1H NMR (300 MHz, DMSO-D¢) & ppm 2.16 (s, 3H) 2.18-2.26 {(m,
4H) 3.23-3.31 (m, 4H) 3.59-3.68 (m, 2H) 4.95-5.12 (m, 2H)
5.72-5.87 (m, 1H) 6.63 (t, J=5.44 Hz, 1H).
ESI m/z = 206(M+Na).

Reference Example 7

Preparation of tert-butyl{3-(buta-3-enoylamino)

propyllcarbamate

o - 0

%”V)LN/\V/\NJL0)<‘
H H

To a chloroform scolution (58 mL) of vinyl acetate
(500 mg, 5.81 mmol) were added tert-butyl N-(3-
aminopropyl)carbamate (2.02 g, 11.6 mmol), 1-
hydroxybenzotriazole (0.86 g, 6.39 mmol) and WSC (1.56 g,
8.13 mmol), and the mixture was stirred overnight at rocm
temperature. To the reaction solution was added water and
the resulting mixture was extracted with chloroform. The
organic layer was washed with a saturated aqueous solution

of ammonium chloride and brine, and dried with anhydrous

magnesium sulfate. The drying agent was filtered off, and
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ESI mz = 518( MtH). VO 2007/ 136116PCT/ JP2007/ 060653 2 HO

04 'OHOHA401 OHOH 1H NVR (600 MHz) 8 ppm 1.22 (s, 3 H) 1H800H-O
1.91 (m 2 H 2.09 (s, 3H 2.15 -2.23 (m 2 H 2.58 (t, J=7.57 Hz, 2
H 3.37 - 3.50 (m 3 H) 3.51 -3.73 (m 6 Ti) 3.83 - 3.90 (m 3 H
4.51 (d, 7=9.63 Hz, 1K) 6.63 (s, 1 H) 6.99- 7.09 (m 4 H) 7.12 (s, 1
H. ESI mz WEHSUNMG). 3 HOHO' HO O 0 OH OH 00 N OHCTMETOTVRISKIVR
(600 MHz) 8 ppm1.84 - 1.93 (m 2 H) 2.10 (s, 3 H 221 - 2.27 (m 2H)
2.59 (t, J=7.57 Hz, 2 H) 3.37- 3.44 (m 2H) 348(t )=6. 48 1t 1 H)
§.836éﬁz59(m&m378(s 7 H 3.83 - 3.90 ( @1 mﬁm

J=9.6 1 Hyhe® s93VEBt WRSHEVERGHLed %ie(fnfe@theld) pye S_Lur(as ). HS

72(N%hbgbta1n§g?resldue was purified with gsilica gel column
chromatography (hexane:ethyl acetate = 1:1, ethyl acetate)
to obtain the title compound (1.32 g, 94%) as a colorless
5 powder.
1H NMR (300 MHz, CHLOROFORM;D)  ppm 1.44 (s, 9H) 1.52-1.71
{m, 2H)} 3.01 (d, J=6.99 Hz, 2H) 3.09-3.23 (m, 2H) 3.30 (g,
J=6.37 Hz, 2H) 4.89 (s, 1H) 5.14-5.31 (m, 2H) 5.83-6.06 (m,
1H)} 6.21 (s, 1H).
10 ESI m/z = 265(M+Na}.
Reference Example 8
Preparation of N-allyl-N'-(2-hydroxy-1,1-

dimethylethyl) urea

H'H
NN
o~ 1{ 7<\OH
15 To a chloroform solution (60 mL) of allylamine (1.5 g,
26.3 mmol) were added triethylamine (4.9 mL, 35.5 mmol) and
at 4°C 4-nitrophenyl chloroformate (6.09 g, 30.2 mmol), and
the mixture was stirred for an hour. To this reaction
solution was added at the same temperature a chloroform
20 solution (3 mL) of 2-amino-2-methylpropanol (2.58 g, 28.0
mmol}, and the mixture was stirred overnight at room
temperature. The reaction solvent was evaporated under
reduced pressure. Thus obtained residue was purified with
silica gel column chromatography (ethyl acetate} to obtain
25 the title compound (4.0 g, 88%) as a yellow oily compound.
1H NMR (300 MHz, CHLOROFORM-D) d ppm 1.26 (s, 6H} 3.55 (s,

2H) 3.71-3.80 (m, 2H) 4.85-5.08 (m, 2H) 5.08-5.24 (m, 2H)

71



HOHO O 1. 1/40H OH 40 1H NVR (600 MHz) 8 ppm1.44 (s, 6 H 1.90
(1.82 - H 2.57 (1,1 =7 .57 Hz, 2 H) 3.37 - 3.52 (m 2 [1)(m 2 11)
2.09 (s, 3 H 2.19 (t, 7=7.57 Hz, 2 3.56 (t, J=9.17 Hz, 2H) 3.70 (dd,

|
(
1=11.92, 5.04 Hz, 1 11) 3.82 - 3.90 (m 3 H 4.51 (d, J=9.63 Hz, 1 H)

6.63 (s, 1 H) 6.98 - 7.08 On, 4 H 7.11 (s, 111). ESI nilz =

553( M-Na) .

5 HO HO HO 0 O—IO—lONHlHNNR(6OO MHz) 8 ppm 1.82 -

1.91 (m 2 I—|)527IR}5(§16IM1|)121)61- 2.67 (m 2 H 3.15 (t, J=7.11 Hz,

2 H 3.37 - 3

111) 3. 70 (

44 3.48 (t, J=8.71 Hz, 1 H 3.55 0, J=9.17 Hz,
dES frnp@z 19504M#da)y 1) 3.83 - 3.91 (m 3 H 4.51 (d,

7=9. 63 Hz, 701-713(m5H) ESI mz =
460( MtH) . 6 HO Hoig-ﬁfér%cegl?‘ 2111 NMVR (600 MHz) 8 ppm 1.74-
1.82 (m 2 H) 2. 10

2.54- 2.60 (in, EEaE%% % ‘3*29 1%‘}32"1%%2 Z’§°§§ R %’gg}&Y%rﬁ‘ %‘héz‘
PR 3533??“e?“gé‘*’?@th§*3?e£§%?§?%%fbﬂ%ﬂzo 1% 563 (2 10

6.99- 7.09 (mg,d. 1

2007/ 136116

10

15

20

25

ii i (S.omol) - ES! rn/z = 544(MrH). WO
Br

To a tetrahydrofuran solution (1 L) of l-bromo-4-[2-~
{(methoxymethoxy)ethyl]lbenzene (50.2 g, 0.205 mol) was added
dropwise under nitrogen atmosphere at -78°C a 2.6 M
n-butyllithium solution in hexane (78.8 mL, 0.205 mol), and
the mixture was stirred for 15 minutes at the same
temperature. Then a tetrahydrofuran solution (150 mL) of
4-benzyloxy-5-bromo-~2-methyl benzaldehyde (56.9 g, 0.195
mol) was added dropwise over an hour, and the mixture was
stirred for 30 minutes at the same temperature. To the
reaction solution was added a saturated agueous solution of
ammonium chloride, and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with a
saturated aqueous solution of ammonium chloride and brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated
under reduced pressure to obtain [4-(benzyloxy)-5-bromo-2-
methylphenyl] [4-[2-(methoxymethoxy)ethylIphenylimethanol.

Then to a chloroform solution (1 L) of‘[4-(benzyloxy)-
5-bromo-2-methylphenyl] [4-[2-
(methoxymethoxy)ethyl Jphenyl jmethanol (102 g) cooled in ice

were added EtiSiH (46.7 mL, 0.293 mol} and BF;Et,0 (29.7 mL,
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PC T/ JP2007/ 060653 1H NWVR (600 MHz) B ppm 137 - 1.84 (

m 2 1.85
- 1.93 (m 2H 2.10 (s, 3 H 2.17- 2.23 (m 2 H 258(t 7:|7_|)57 Hz,
2 H 2.87 -2.91 (m 2 H 3.24 (t, 7=6.65 Hz, 2 H) 337- 1 (n, 3 H
3.53 - 3.58 (m 1 H 3.70 (dd, J=12.15, 5.27 Hz, 1 H) 384- 3.88 (m

3 H 4.51 (d, J=9.63 Hz, 1 H) 6.63 (s, 1 H 7.01 -7.08 (i (
(s, 1 H. ESWORWI/S6163( MH) . 11(1 NMVR (stoo MHz) B ﬁﬁ%ﬁivy‘g"ﬁ@@ 7611
H 168 - 1.76 (m 2 H 2.09 (s, 3 11) 2.54 - 2.60 (m 2 H 3.05 (t,
.7=6.88 Hz, 2 H) 3.37- 344(m 211) 345 -3.58 (m 4 11) 370
(dd, J=. 11. 92, 5.04 Hz % ) {

1 H) 6. 63 (s, 2 . 5'0% 6%3(’%“?%)“? 6§1rrH‘)F %&r t q‘% ﬁ 7. 12

(s, 1 : ESI 33 ,gdzggg)mrgsl reactionl NB»GBn
ppm 1. 70 - g"% % TSMI@Z 5301:2 6§|o(m 2(????%)71 (Bt

7=6. 88 Hz, 2H) 13 Y- aadﬁi)a(ma.tﬁr d3sédium Pigariopete agueoys
(m 3 11) 4.51 (d, 7=9.63 Hz, gﬁe.w s,1|@qq?.a9-%§5?2 3491
7.08 - 7.15 (nEORREEPR aE@WE'FEa‘PQ ﬂ’ﬁ/fﬂr\?é%"“’eratu 3'11@’%@3 ?ggltfl(gwl—iz

ppm 1. 25 (s 1 a 1 7 W i
(M 3 by 538 e el pytieb it AR S O EIE et ‘&Jz“’%‘ff?l

H 6.68 (s, 1 Hha7dd thd. dbYapiy Lavdy, wEsldnged ity onpyaqdPs 541

(MNa) 111 NMR (600 NMHz
2 H 3.24 - 3. Blzg‘f‘i’ﬁi(us‘ FH)* oso equ%%g’?gm(“g@m;li ”3@5 Fipforshg '7 i HZ’

3.81 - 3.90 ( Tl eV n
T e

|\H/|Z'|Z) 28H)ppgl %63?btslneﬁ h:I)astu’lﬁ%)Wéls pl@:lfi)ad?q@ ggthjgpq p}lmg@g 7=7 11
7.02- 7.1410m cglpym c&lgpm apgfiesa-te,%ﬁgﬁ ‘%gg R ’?@% H)18:63(8:2)1 H
to obtain the title compound (60 g, 68%) as a pale yellow

oily compound.
1H NMR (300 MHz, CHLOROFORM-D) 3 ppm 2.16 (s, 3H) 2.87 (t,
J=6.99 Hz, 2H) 3.28 (s, 3H) 3.75 (t, J=6.99 Hz, 2H) 3.85 (s,
15 2H) 4.61 (s, 2H) 5.12 (s, 2H) 6.77 (s, 1H) 7.03 (4, J=8.08
Hz, 28H) 7.15 (4, 2H) 7.26 (d, J=3.57 Hz, 1H) 7.30-7.45 (m,
3H) 7.47 (d, 2H).
Reference Example 10
Preparation of (1S)}-1,5-anhydro-2,3,4,6-tetra-0-
20 benzyl~1—[2-(benzyloxy)-5—[4—(2-hydroxyethyl)benzyl]-4-

methylphenyl]-D-glucitol

To a tetrahydrofuran solution (150 mL) of 1l-benzyloxy-
2 -bromo-5-methyl-5-[4-[2-
25 (methoxymethoxy)ethyl]benzyllbenzene (13.0 g, 28.5 mmol)

was added dropwise under nitrogen atmosphere at -78°C a
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WO 2007/ 136116 PC T/ JP2007/ 060653  1H NVR (300 Miz) 8 ppm 2.12 (s, 3
1) 2.25 (s, 311) 3.34 - 3.57 (n, 6 H 3.66 (s, 6 11) 3.67 - 3.71
(n, 1H 3.77 (s, 2 H 3.79 -3.89 (n, 1 H 3.96 (t," 7=5.28 Hz, 2 H)
4.45 (d, 7=9.48 Hz, 1'H) 6.58 6.65 (m 1 H) 6.67 (s, 1 H 6.69 -
6.81 (m 2 H 6.90 (s, 1 H. HSI mz = 581 (MH), 603 (MNa).
NVR (600 MHz) 8 ppm 2.69 (1.7=7.11 Hz, 2 H) 3.24 - 3.28 (m 2|7€%
3,34 (3 4L (MU M)RSUT LN o ntiey Srcberses S (2
(m 720 & 51 heerbechnd the Sisunts gas seditia) Forpafinttiiag ot She
. 1 H. ESL 5 N 0
5o (H) 1=7. 1 t%‘%ﬁé%@f gé%‘g gﬂﬁ”‘%’zlf R %@q{‘}%% Hgop,gm
3. 46 (

7848 e L. é%bt,bezz 115 -Btgodnbly 5 O dsond (3 68

I

t
(dd, J=11.92, 5.04 Hz, 1 3.77 -
1 H 6.70 &d, 276=80 2ndiz) sﬂas“')ad@e%ZdﬁrdﬁwﬁeSZémdlt@é drgxtulré")wazs Q;%lﬁed
4H) 7.18 (d, 1=2.29 Hz, 1 H. EMnmz = 537 (M+H), 559
NMR (300 MHz) ﬁbﬁnﬂaihﬂﬁhﬁﬁs at=th@7skie Lemporsdtde - 304Qh6hre§cfﬂon
3.62 (s, 6H 3.64 - 3.73 (m 1 H) 3.84 - 3.95 (n, 3 11) 4.09 (d,
1=9. 17 Hz, 1 HoIutidn Fuak’ addedsaHsatitated. Sdudoys AYlutESh o/ ammonium

521 ( M-NH4) . 1H NVR (300 MHz) 8 ppm 2.71 (t, 1=7.07 Hz, 2H) 321 -
3.48 (n, 6 11)ch3cpidgs ang r-bxe ge@mltlrag 7B xRy e Tesls] X7 rasta® wikch tolhehe .
3.83 -3.91 On,_111) 3.99 - (n, 3 H 7.12 (s, 4 1) 724 - 7.38

(in, 3 H. ESIThi proasss (J-Wﬁ)‘-‘ Ws?%wefw?\a)with a satpraged eaeeowﬂz) 6
(P 1734100 S1Rb1e3 g anopfupnchhofids dna Paey” @t EaghaWagh.
TL5o1 1, 1 )aniwff{mzls37*%%‘*%92“145’5%55’*3%5 % %éyﬁ%‘gﬁ% Exis Fritgrea

7.00 - 7.09 ¥ 3 N .
(MH . WO 0557 s e salydls (Bes reinorelediinder> S bbbl pradhure

to obtain 26.0 g of a residue.
The residue was dissolved in acetonitrile (70 mL} and
15 tetrahydrofuran (70 mL). To this solution cooled in ice
were added Et;5iH (2.90 mL, 17.8 mmol) and BF3Et,0 (1.90 mL,
14.9 mmol), and the mixture was stirred for an hour at the
same temperature. To the reaction solution cooled in ice
was added a saturated sodium bicarbonate agqueous solution,
20 and warmed to room temperature. To this solution was added
water {70 ml) and the resulting mixture was extracted with
toluene. And then the organic layer was washed with brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated
25 under reduced pressure to obtain 27.0 g of a residue.
The residue was dissolved in isopropyl ether (140 mL).
Then to this solution were added 2-propanocl (140 mL) and 6

M hydrochloric acid (140 mlL), and the reaction mixture was
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111 NMVR (300 MHz) 8 ppm2.09 (s, 3 H) 3.37 - 3.51 (m 6 H) 3.52- 3.60
(m 1 H 3.65 (s, 6 H 3.68 - 3.76 (in, 1 H 3.80 -3.91 (m 3 H 3.95
(t, 1=5.13 Hz 2 11) 4.51 (d, 7=9.33 Hz, 1 H) 6.63 (s, 1 H 6.80 (d,

J=8.24 Hz, 2 H) 7.01 (d,1=8.24 Hz, 2 H 7.10 (s, 1 H 111 NMR (300

Miz) 8 ppm 2.08 (s, 3 H) 3.38 - 3.61 (m 4 H 3.65 (s, 6 H) 3.67 -

3.73 (m 1 H 3.81-3.94 (m 3 H 4.22 (s, 2 H 4.51 (d, 7=9.48 Hz, 1
6.63 (s, 1 EH)J.J?J:&?’ atl. 82c( Wor22thodrd 1 ‘Af?:e%gtﬁ'enml?ttﬁp:e #@s cft%lzed

= 537 (MtH). 1H NMR (300 MHz) 8 ppm 2. 10 (s,
1=7.07 Hz, 2 Hpo 3:c2c9n -tSuBTrdtmre Mo 338 mlxtase(wassaaa¢d3wdﬂe:(tgvo mL)
1H) 3.56 (t, 7=832 Hz, 1 H) 3.70 (s, 3 H) 3.81 -3.91 (m 5 H 4.51
(d, 1=9.64 HzThe hsltihg( Sixtud w&sO&trhctEd(W:a‘-h FolfjienESIAng ghen Sitie
(MrNa). 1H NMR (300 MHz) 8 p mzogg 2.66 (t, 7=7.31 Hz, 2 H)
2.93 (dd, 1 HPXHIEq dfYer H)ase,wz‘fhﬁ 284%@5@?9%@@ @Mam(m 211)
347(t1H)357 L1=8. 86 Hz, 3.62 -.3.75 (in

(1,./=5. 44°H Pisagbopate agueoys Fﬁﬂ“z'l%‘ %“%3‘”(%“3'1 ‘C}lbd @%@d W?tbs
(m
( M+Na

o) 10 cliedls et sutritel it oyehy iksefeRigates

2. 67 t 4

2 46 (1, 7eg TN TRgeR) peffus? ng&m’b?tf%e% i8g3pdegap Bufiliea
(d4d. 151192, 1f450 mmﬁa 13 Bl umg 3ok Modrding. Glluldhe  Telyd3atbtate
1H 6.61 (s, 111) 7.02 (d, 2 H) 7.06 (d, 2 H 7.10 (s, 1 H. ESI

mz = 567 (MrMap.:1543 (IM3D)1)to obtain firk NVR 1QbrddaindVETHANOG- d8)3 B as
ppm 0.87 - 0.96 On, 6H) 1.40- 1.55 (m 2H) 1.61 - 1.70 (m 1 H) 2.08
(s, '3 H 2069a pale=Fellow oi2yHroBp8and. 3.34 (n, 2 I1) 335 -3.42

(TEL 2H) 3.46 (1,7=8 25 Hz, 1 H) 3.54 (t, J=9.17 Hz, 1 11) 3.68 (dd,
J=11. 92, 5.041HzNMR H)BO:@ wz- gHB@R@mRIs-H Mm:@ (ZdGOJi$O 32) 2.8 (t,
Hz, 1 11) 4. 50 %d =9. 63 8. 61 6.97 - 7.11 (m 5

H. HSI mz =Y5 Séwﬁﬁa) 2H§5§ FMP{)G‘* ‘v\oé%bﬁi 131635Pc§"'- ' 703 (br.

T/3P2007/06065S33, 2H) 4.00 (&, J=10.72 Hz, 1H) 4.42 (d, J=10.72 Hz, 1H)

4.50 (d, 1H) 4.56-4.66 (m, 2H) 4.81-4.95 {m, 3H) 5.00 (s,
15 2H) 6.75 (s, 1H) 6.92 (d, J=7.77 Hz, 2H) 7.02 (s, 4H) 7.10-
7.35 (m, 22H) 7.36-7.44 (m, 2H).
ESI m/z = 873 (M+NH,;).
Reference Example 11
Preparation of (18)-1-{5-[4-(2-amlinoethyl)benzyl]l-2-
20 (benzyloxy)-4-methylphenyl}-1,5-anhydro-2,3,4,6-tetra-0-

benzyl-D-glucitol benzenesulfonic acid

To a tetrahydrofuran solution (140 mbL) of (1i5)-1,5-
anhydro-2,3,4,6-tetra-0-benzyl-1-{2-(benzyloxy}-5-[4-(2-
25 hydroxyethyl)benzyl]-4-methylphenyl]-D-glucitol (12.0 g,

14.0 mmol), triphenyl phosphine {5.51 g, 21.0 mmol), and
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111 NWR (600 MHz, METHANOL-4) 5 ppm 0.16 (g, 2 11) 0.44 (q, 1=5.96
Hz, 2 H 0.83 (t, 1=7.34 Hz, 3 H 0.86 - 0.96 (m 1 H 1.45 - 1.54
(m 2 H 2.06 (s, 3H 2.72 (t,1=7.34 Hz, 2 H 3.08 (d, 1=6.42 Hz, 2
H 3.17 (t, 2 H 3.32 (m 2 H 3.36 - 3.43 (in, 2 H 3 46 (t, 7=8.71
Hz, 1 H 3.54 (t, 1 H 3.69 (dd, J=11.92, 5.04 Hz, 1 3.81 - 3.87

3 4. 50 6
1) 7.06 (o FlemHs &2 f171 5P e Bl ?%\é) 455 Bhigpropr
1H N 600 Y/ S 7
553 (m 2 4§38 o 94 at(éz‘ﬁ“%% R T ey
(t,1=9.40 vnddx %J‘ﬁ.&c&j@) a%%g%%re5a§oo+@1mﬂer"')3 %tl%:liteSS 8’1§h:£§n 3
H 4.4 (s 2 11) 4.49 ( (s,
(m 2 H 7.01 fedAgtidH)scli5ondwas Exifréa éB rdomﬂtéhéﬁkdﬁhie k%&naﬁ,
2.06 Hz, 1 H. ES! raiz = 565 (MtNa). 541 (M H) . 1H NWVR (600
MHz) 5 prrﬁ2 OWil‘(@e% H)Tle.th@n( methago88( H2, mRH)wds 30ided. ke xeto .2 Hen
3.36 - 3.42 (in,_ 2 H 3.46 , J=8.71 Hz, 1 11) 3.53 (t, 1 H) 3.68

(dd, 1=11.92, WdFpztne Ronp Yérsie (6.88 phy BiH)mup3 Was, agddd.4and
(d, 1=9.63 Hz, 1 H) 6.61 (s, 1 H 7.02 (d, 2 H 7.06 (d, 2H 7.10 (s,

1 H 7.21 (d, thejrepcriongmixtpye wes sfirzedost (64°Q) £0503 mw After
1H NVR (600 1.13 - 130

T Aok s puBR: Sae oBoigallh fodk fenipecatie. @ 2M podipn

2 2.89 (d, , 3 11

S (oo te e, plylbyS, 88192458 (o ) by Bat bR e, e
5.04 Hz, jLoH) tﬁe&@esul%lﬁg fiktudretlvad A& 6dedFYB3 Haiudnd) Tl@e ﬁ_g?_?ucl
11) 7.01 (d, 2 H 7.06 (d, 2 H) 7.10 (s, 1 H. ESI mz = 5

541 (M Hidye@HwaslabhBd(600h Mz 8 vk O3rarokikk (agheéhi); 2.52

(t,1=6.88 Hz, 2 H 2.69 (t, J=7.11 Hz, 2H) 324 - 3.27 (m H) 3.28-

331 (m 2H) 3s583utidn421QMm mR) 149d3bdimé} ard MriadRith, abhiyi}lols68

(dd, 1=11.92, 5.04 Hz, 1 11) 3.81 - 3.87 (m 3 H 4.50 (d, 1=9.63 Hz,

1 H 6.61 (s, magperign guliate) 7les sadvertHyaz evaperatied)undsyt M =

543 (MtNa). 519 CMH). WO 2007/ 136116PC T/ JP2007/ 060653

reduced pressure to cobtain 22.7 g of a residue.

15 The residue was dissclved in methanol (140 mL), a
methanol solution (50 mL) of benzenesulfonic acid
monohydrate (2.51 g, 14.0 mmol) was added thereto, and the
mixture was stirred for 15 minutes at room temperature.
This mixture was evaporated under reduced pressures to

20 obtain an amorphous compound. To thus obtained amorphous
compound were added 2-propanol (230 mL} and methanol (90
mL), and the mixture was heated to reflux to dissolve a
residue. This mixture was cooled to room temperature and
left for 15 hours. Thus obtained crystal was filtered to

25 obtain the colorless title compound (9.89 g, 70%).
1H NMR (300 MHz, CHLOROFORM-D) d ppm 2.12 (s, 3H) 2.72-2.85
(m, 2H) 2.89-3.05 (m, 2H) 3.54-3.63 (m, 1lH) 3.68-3.89 (m,

8H) 3.99 (d, J=10.57 Hz, 1H) 4.39-4.53 (m, 2H) 4.56-4.65 (m,
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gOSEOHO HO 40 4 "OH OH 111 NMR (600 MHz) 8 ppm 1.77 (ddd, 7=6.76
3. 3.21 Hz, 4 H) 2.08 (s, 3 H 2.51 - 2.57 (m H)2690 J=7.11
. 213) 3.22 (t, J=6.65 Hz, 2 H 3.29 - 3.33 (m 2 H) 3351 3. 42
(m 2 H) 3.46 (t, J=8.71 Hz, 1 11) 3.53 (t, J=9.17 Hz, 1 H) 3.68 (dd
J=12.15, 5.27 Mz, 1 11) 3.82 - 3.87 (in, 3 H 4.49 (d, 7=9 63 Hz, 1
11) 6.61 (s, MOMP7IF61% (d, 2 11) 7.06 (d, 2 H) 7.09 (LCTAPHINGIGES
THZNNRS?gOg)MJrM:DZ) 242 (|v+21) .31 HOHOO 4 OCHOH 4 HHNyi'L'-7'0-- 0
LH NWR (60 ppm 08(5 3 H 2.68 (t, J=7.11 Hz, 2 H) 3.23 0,

3.24 - 3. _
:7),=?.1714H£zlig 1 @?)345%14 7949(@7 % 5%(533 8 3‘53&&”‘1}@ %?&3#23(2},,
) 4. (d, (rfi %ﬁ?’%"?? 61od 1m, 64 196-% H) (f, Oisﬂﬂ 7.2531)907.(06 (d,

2 11) 7.10 (s, o2 =827 (MNa
61400p * O O dy. a1 n ). 503 (M B). 32 HO HO HO

Reference Example 12
5 Preparation of (lS)-l-[S—[4-(2-aminoethyl)benzyl]-2-

acetoxy-4—methylphenyl]—l,5—anhydro—2,3,4,6—tetra-0—acetyl-

D-glucitol

(1} Pfeparation of (1S)—1—[5—[4-(27tert-
10 butoxycarbonylaminoethyl)benzyl]-z—acetoxy—4—methylphenyl]-
1,S—anhydro—z,3,4,6—tetra—b—acetyl-D—glucitol
To a chloroform solution (100 mL} of (18)-1-[5-[4-(2-
aminoethyl)benzyl]~2-(benzyloxy)-4—methylphenyl]-1,5-
anhydro-z,3,4,6-tetra—O—benzyl—D-glucitol benzenesulfonic
15 acid (10.7 g, 10.6 mnmol) cocled in ice were added under
nitrogen atmosphere triethylamine (2.22 mL, 15.9 mmol) and
di-tert-butyl-dicarbonate (2.78 g, 12.7 mmol), and the
mixture was stirred for 30 minutes at the same temperature.
To the reaction solution was added water, and the mixture
20 was warmed to room temperature. Then the resulting mixture
was extracted with ethyl acetate. The organic layer was
washed with 1 M hydrochloric acid and brine, and dried with
anhydrous magnesium sulfate. The drying agent was Eiltered
off, and the solvent was evaporated under reduced pressure
25 +to obtain 11.8 g of a residue.

The residue was dissolved in ethyl acetate (50 mL) and
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o''"'"" 1H NWR (600 MHz) 8 p
67 (t, J=7.11 Hz, 2 H) 3.21
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8 (dd, 7=11.92, 5.04 Hz, 1 H , 3 H 4.49 (d,
.63 Hz, 1 11) 6.61 (s, 1 H 7.01 (d, 2 11) 7.05 (d, 211) 7.10 (s,
ES! mz = 555 (MtNa). 531 (MH) . 33 HOHO HO 0 4 OH OH 110Y
0 1H NMR (rfs@)t)hm} @31 rﬁlLl) 37And129@ pad Ladigm hproxidesd om0 2)
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He ., J,_aasﬁiulgulH)see 23.71(n, 2 H 3.81 - 3.88 (m 3
(d, 1=9.63 Hz, 1 H 6.61 (s, 1 H 7.02 (d, 2H 7.06 (d, 2 1)
, 1 H. ES! Thliz reB3AuéMrkl . dDbdo(Md)in pyridine (100 mL). To
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this solution were added under nitrogen atmosphere acetic
anhydride {(6.01 mL, 63.6 mmol) and N,N-

10 dimethylaminopyridine, and the mixture was stirred
overnight at room temperature. After that, acetic
anhydride {(4.00 mL, 42.4 mmol) was further added thereto,
and the mixture was stirred for 2 hours at the same
temperature. To the reaction solution was added water, and

15 the resulting mixture was extracted with ethyl acetate. The
organic layer was washed with 3 M hydrochloric acid, a
saturated sodium bicarbonate aqueous solution and brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated

20 under reduced pressure to obtain a residue. Thus obtained
residue was dissolved by adding ethyl acetate thereto, and
hexane was added thereto to obtain a crystal. Thus
obtained crystal was filtered to obtain the title compound
(5.58 g, 74%) as a colorless powder.

25 1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.43 (s, %H) 1.77 (s,
3H) 2.00 (s, 3H) 2.04 (s, 3H) 2.07 (s, 3H) 2.19 (s, 3H)
2.35 (s, 3H) 2.75 (t, J=6.92 Hz, 2H) 3.28-3.42 (m, 2H)

3.75-3.83 (m, 1H) 3.92 (s, 2H) 4.08 (d4d, J=12.43, 2.18 Bz,

78



WO 2007/ 136116PC T/ JP2007/ 060653 HO HO s o is H H*1H NyNso NVR
600 MHz) 8 ppm1.72 (n, 1 11) 1.73 - 1.80 (m 1 H 1.80 - 1.88 (in,
H 1.90 - 1.97 (m 1 H 2.07 (s, 3 H 2.65- 2.81 (m 4 H 3.24 -
(n, 2 11) 331 -3.42 (in, 3 H 3.46 (t, 35 1=8.71 Hz, 1 11)
(4.7=9 17 FE, 1 FD 3. 68 HO OH (dd J=11. 92 5 04 Hz, 1 H)
3.87 (n 63 Hz, Ss, 1,11)
(d, H), #~§°2édﬂu J31§1§57 6574 Wﬁdj#ﬁhn4 64 (t ESH mPz14-5-23

(m, 1H) 5.25-5.37 (m, 2H) 6.87 (s, 1H}) 7.02 {4, 2H) 7.10 (a4,

~N~NwwwrEk—
I\)O-h\l

.2
.5
. 80-
.0

2H) 7.16 (=, 1H).
EST m/z = 731 (M+NH,).

5 (2) Preparation of (18)-1-[5~[4-(2-aminocethyl)benzyl}-2-
acetoxy-4-methylphenyl]l-1,5-anhydro-2,3,4,6-tetra-0-acetyl-
D-glucitol

To a chloroform seoluticon (80 mL) of (18)-1-[5-[4-(2-
tert-butoxycarbonylaminoethyl)benzyl]-2-acetoxy-4-

) 10 methylphenyll—l,S-anhydro—z,3,4,6—tetra-o-acetyl-D-glucitol
‘'was added trifluorcacetic acid (23 mL), and the mixture was
stirred foxr 1.5 hours at room temperature. The solvent was
evaporated under reduced pressure to obtain a residue.

Thus obtained residue was diluted with chloroform, and

15 washed with a saturated sodium bicarbonate aqueoué solution
and brine. This solution was dried with anhydrous
magnesium sulfate. The drying agent was filtered off, and
the solvent was evaporated under reduced pressure to obtain
the title compound (4.67 g, quant.} as a colorless powder.

20 1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.77 (s, 3H) 2.00 (s,
3H) 2.04 (s, 3H) 2.07 (s, 3H) 2.19 (s, 3H) 2.35 (s, 3H)
2.67 (t, 2H) 2.85-3.07 (m, 2H) 3.75-3.84 (m, 1lH) 3.92 (s,
2H} 4.08 (4d, J=12.36, 2.10 Hz, 1H} 4.30 (dd, J=12.36, 4.59
Hz, 1H) 4.53 (t, 1H) 5.13-5.23 (m, 1H) 5.24-5.36 (m, 2H)

25 6.86 (s, 1H) 7.02 (4, 2H) 7.11 (&, 2H) 7.17 (s, 1lH).
EST m/z = 614 (M+H). ‘

Reference Example 13

Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-0-
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H 311) 0.96 - 1.05 (in, 2 ro(1.47- 1?56 ?ﬁl g f& (d 11?532

(d. 1 2 H) 2.06 (s, 3H 2.65- HO N2.73 (m 4 H 3.27 -

)31 (m 2 H 3.353.43 - 36 HOO 4 40 (in, 2 H 3.46 (t,1=8.71 Hz
=9.40 Hz, 1 H) 3.68 (dd, .7=11.92, 5.50 Hz, 1 14) 3.81-
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benzyl—l-[2-(benzyloxy)—5-(4—hydroxy—2-methylbenzyl)—4-

methylphenyl]-D-glucitol

To a tetrahydrofuran solution (15 mL) of l-bromo-4-
methoxymethoxy-2-methyl benzene (0.80 g, 3.46 mmol) was
added‘dropwise under nitrogen atmosphere at -60°C a 2.6 M
hexane solution of n-butyllithlium (1.33 mL, 3.46 mmol), and
the mixture was stirred for 15 minutes at the same
temperature. Then a tetrahydrofuran solution (6AmL) of
2,3,4,6-tetra~0—benzyl-1-c—[2-(benzyloxy)-S—formyl—4-
methylphenyl]-D-glucopyranose (1.10 g, 1.44 mmol} was added
dropwise, and the mixture was stirred for 15 minutes at the
same temperature. To the reaction solution was added a
saturated agueous solution of ammonium chloride, and warmed
to room temperature. And then the resulting mixture was
extracted with ethyl acetate. The organic layer was washed
with brine, and dried with anhydrous magnesium sulfate.

The drying agent was Filtered off, and the solvent was
evaporated under reduced pressure to obtain 1.7 g of an
oily matter.

Then the oily matter was dissolved in acetonitrile ilo
mL) and chloroform (10 mL). To this solution were added at
4°C EtsSiH (0.92 mL, 5.76 mmol) and BFyEt,0 (0.46 mL, 3.60
mmol). The reaction solution was stirred for 30 minutes at
the same temperature, and the mixture was stirred for 30

minutes at room temperature. To the reaction solution was
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HO 'OH 3.86 (n, 3 H 3.89 (d,1=12.84 Hz, 2 4.50 (d
1=9.63 Hz, 1 H) 6.60 (s, 1 H 7.00 (d, 2 11) 7.H2)5 ((a, 20:1) 7.10
(s, 1 H. HSl mz r- 551 (M+Na). 527 (MH . Exanpl e 11-1
(another preparation nmethod of the conpound of Exanple 11)
Preparation of (1S)-1,5-anhydro-1-[5-[4-(2-([[2- 5 hydroxy-1,1-
.b|s(hydroxyﬁmwyﬂy@ﬂhyl]am'nocarbonyl]am'no]ethyl]bermm-l]’!wlﬂ;ﬂ60653
2- hydr oxy- 4- met hyl phenyl ] - D-gluci t ol HOHNNYyY oHOH (1)
Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-o-acetyl- 10
17[2-acetoxy-5-[4-12-[1[12-q%droxy-1“1- .
2. rsn(9 thKS{ gﬁyrreltdmgle@ AR 6] SO BB RACEERP R S AP DB Sy P Lo A
- enyl ] - uci.tal I '

e N]g%atljle% Y?r% Oev-r%go@a'lﬁa% R &0 Hue 8 dtgreBs =)0 agl) of

1,1 - carbonyl azole , 0.045 mmol ) were added a
+he residue was exiracted with ethyl acetate. The organic
layer was washed with brine, and dried with anhydrous
5 magnesium sulfate. The drying agent was filtered off, and
the solvent was evaporated under reduced pressure. Thus
obtained residue was purified with silica gel column
chromatography (hexane:ethyl acetate = 3:1} to obtain the
t+itle compound (420 mg, 35%) as a pale yellow olly compound.
10 1H NMR (300 MH=z, CHLOROFORM-D) & ppm 2.17 (s, 3H) 2.22 (s, |
3H) 3.49-3.59 (m, 1H) 3.63-3.84 (m, 6H) 3.97 (d, J=11.04 Hz,
1H) 4.31-4.50 (m, 3H) 4.52-4.68 (m, 3H) 4.79-4.92 {(m, 4H)
5.02 (s, 2H) 6.37 (dd, J=8.32, 2.41 Hz, 1H) 6.55 (4, J=2.49
Hz, lH) 6.66 (&, J=8.24 Hz, 1H) 6.78 (s, 1lH) 6.88-6.927 (m,
15 J=5.21, 4.43 Hz, 2H} 7.01 (s, 1H) 7.10-7.50 (m, 23H).
ESI m/z = 858 (M+NH;), 839 (M-H).
Reference Example 14
Preparation of (IS)—l,S—anhydro—z,3,4,6-tetra—0~
benzyl—l-[z—(benzyloxy)—s—[4-[2—(1,3—dioxo—1,3-dihydro-2H—
20 isoindole-z—yl)éthoxy]—2-methylbenzyl]—4—methy1phenyl]—D-

glucitol

OBn
To a N,N-dimethylformamide solution (5.0 mL) of (18)-

1,5-anhydro-2,3,4,6—tetra—0—benzyl-l—[2-(benzyloxy)-5-(4-
25 hydroxymz—methylbenzyl)-4-methylphenyl]-D-glucitol (340 mg,

0.40 mmol) and N- (2-bromoethyl) phthalimide (1.02 g. 4.0

8l



WO 2007/ 136116PCT/ JP2007/ 060653 chl or of orm sol uti on (150 ILL) of
(18)-1-[5-14-(2-

am noet hyl ) benzY1] - 2- acet oxy- 4- net hyl pheny1] - 1, 5- anhydro2, 3,4, 6-tetra
-0-acetYl-D-glucitol (18.4 ng, 0.030 mmvl) and N nethyl norpholine
(4.95 RL, 0.045 mmol), and the m xture 5 was stirred for 30 m nutes
at roomterrperature After. that, to this reaction solution were added

tri s(hydr oxy SR ét’ﬁlrﬁoﬁé@ﬁQnBOFQBSQUWa@W%IE’P3ar‘ﬂ$ 4.0 mmol) and

N, N- di net hyi f 50 1L d t t t

Stirred at 608 -BUSVhT GhE Mo )O%ﬁn ct.%eaﬁlré%’%@%dﬁ‘%@r@oaﬁa@d to
t t h dded th And t

(20T LSBT 21 Ui B, B5R 50 AR EELE RIS A Soones

wi t h anhydrOU%onﬁgeﬁswﬂbéMaks W€ Ay NG RRRNt ARS 1!, | haged of f,

and the sol vent was evaporated under reduced pressure. Thus 15

obt ai ned rssi die wasuliimgl neédtwtd krasi éxtracgell SDEHIMKEDr Srmi-ar aphy
(chl orof orm met hanol = 95:5) to obtain the title conmpound (7.9 ng,

35% as a col exbenscalmyphouss ceagived driti? briRnepasatl drieli with
(1S)-1, 5-anhYdro-1-(5-(4-(2-[([2- 20 hydroxy-1, 1-

bi s( hydr oxyneEthlY)ieohyl hagnestum bomyfd e nBhet Ayyihenagént was filtered
2- hydr oxy- 4- nmet hyl pheny1] - D- gl uci t ol To a nethanol solution (600
RL) of of £, and he solvent was evaporated under reduced pressure

(15)-1, 5- anhYdro 6- tetra 0-acetyl-1- 52 acet oxy-5-(4-(2- [[[t[2 hy
droxy- 251, 1- ob taln residue. Thus obtained residue was purified

- oty by 41 1 G e o7 2 S i R At gt e
2007 '1‘222'16%? 517508 BR0RET Sbre e kRl (R hes 170 A% @ pete

stirred for apeiD&y 841y oedmpSnmer ature. The sol vent was evaporated
under reduced pressure. Thus obtained residue was purified with

silica gel coijmnmghisomtiag apdyLdrmidianel)) stepabtain toe 30t 1L 13 (s,
conmpound (3.0 ng, 529% as a col orl ess anorphous conpound.

Conmpounds 37 31} 1384%e? e6&yim heBi 61l &9 3usbngmcobHesPodtl+ Hgl anfmeSH)N
accordance with the method as with Exanple 11-1. [Table 2] conpound

No. H HONSHOD% 43 HO DHroH bt rM-‘aBB(écSt (We RB) (- 6F9QWNa)3H) 5.01
(s, 2H) 6.44 (44, J=8.55, 2.64 Hz, 1H) 6.60~-6.71 (m, 2H)

6.77 (s, 1H) 6.88-6.97 (m, 2H) 7.05 (s, 1H) 7.13-7.45 (m,
23H) 7.66-7.72 (m, 2H} 7.80-7.88 (m, 2H)}.
Reference Example 15
20 Preparation of {1S)-1-[5-[4-(2-aminoethoxy)}-2-
methylbenzyl]-2-(benzyloxy)-4-methylphenyl]-1,5-anhydro-

2,3,4,6-tetra-0-benzyl-D-glucitol

To a tetrahydrofuran (0.8 mL) and methanol (0.2 mL)
25 solution of (1S})-1,5-anhydro-2,3,4,6-tetra-0O-benzyl~-1-[2-

(benzyloxy)}-5-{4-[2-(1,3-dioxo-1,3-dihydro-2H-isoindole-2-
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yl)ethoxy]-z-methylbenzyl]-4—methylphenyl]—D—glucitol {60
mg, 0.059 mmol) was added hydrazine monohydvate (30 mg,
0.59 mmol), and the reaction mixture was stirred at 65°C
for an hour. After the mixture was cooled to room
temperature, a 2 M agueous solution of sodium hydroxide was
added thereto, and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with brine,
and dried with anhydrous magnesium sulfate. The solvent
was evaporated under reduced preésure to cobtain the title
compound quantitafively.

1H NMR (300 MHz, CHLOROFORM-D) & .ppm 2.21 (s, 3H) 2.22 (s,
3H) 3.03 (t, J=4.74 Hz, ZH)l3.50-3.62 (m, 1H) 3.65-3.83 (m,
6H) 3.88 (t, J=4.74 Hz, 2H) 3.98 (4, J=10.88 Hz, 1H) 4.34-
4.51 (m, 3H) 4.55-4.65 (m, 3H) 4.77-4.93 (m, 3H) 5.02 (s,
2H) 6.43-6.51 (m, 1H) 6.66-6.72 (m, 2H) 6.78 (s, 1H) 6.91-
6.98 (m, 2H) 7.06 (s, 1H) 7.11-7.45 {(m, 23H)}.

In addition, the compound (I) in which R® represents a
methoxy group or a fluorine atom can be synthesized by
using 1-bromo-2-methoxy-4-methoxymethoxy benzene oxr 1-
bromo-2-fluorco-4-methoxymethoxy benzene as a starting
material according to the method as with Reference Examples
13 to 15.

Reference Example 16

Preparation of 4-{benzyloxy)-5-bromo-2-
chlorobenzaldehyde
BnO Cl

pey
(8]
To a chloroform solution (300 mL) of 2-chloro-4-
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hydroxy benzonitrile (14.0 g, 91.2 mmol) was added dropwise
under nitrogen atﬁosphere at -50°C a 0.95 M diisobutyl
aluminum hydride solution in hexane (307 mL, 291 mmol), and
the mixture was stirred for 1.5 hours at the same
temperature. The temperature of the solution is increased
to room temperature, and the mixture was stirred further
for 3 hours. Subsequently, the reaction solution was
cooled in ice, and methanol was added dropwise thereto. To
the reaction solution was added 3 M hydrochloric acid, and
the resulting mixture was extracted with ethyl acetate.

The organic layer was washed with a saturated sodium
bicarbonate agueous solution and brine, and dried with
anhydrous magnesium gulfate. The drying agent was filtered
off, and the solvent was evaporated under reduced pressure
to obtain 7.25 g of a residue.

The residue was dissolved in methanol (140 mL). To
this solution cooled in ice under nitrogen atmosphere was
added pyridine hydrobromide perbromide (16.3 g. 50.9 mmol},
and the mixture was stirred for 4 hours. To the reactlion
solution was added a 20% solution of Na,80; , and the
resulting mixture was extracted with ethyl acetate. The
organic layer was washed with 3 M hydrochloric acid, a
saturated sodium bicarbonate agueous solution and brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvenit was evaporated
under reduced pressure. Thus obtained residue was purified
with silica gel column dhromatography (hexane:ethyl acetate

= 3:1) to obtain 6.17 g of a colorless powder.
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This powder was dissolved in acetone (260 mL). To this
solution were added under nitrogen atmosphere benzyl
bromide (3.45 mL, 28,8 mmol) and potassium carbonate
(4.70 g, 34.1 mmol), and the mixture was stirred at 50°C
for 4.5 hours. The reaction solution was cooled to room
temperature, and then filtered through celite. The solvent
was evaporated under reduced pressure. Thus obtained
residue was purified with silica gel column chromatography
(hexane:ethyl acetate = 10:1) to obtain the title compound
(2.02 g, 6.9%) as a colorless powder.
14 NMR (300 MHz, CHLOROFORM-D) & ppm 5.23 (s, 2H) 6.97 (s,
1H) 7.32-7.50 (m, S5H) 8.13 fs, 1H) 10.27 (s, 1H}.
ESTI m/z = 325 (M+H).

Reference Example 17

Preparation of [4—(benzyloxy)-S-bromo-z—chlorophenyl]

[4-[2-(methoxymethoxy)ethyl]phenyl]methanol

BnO. Gl OMOM
Bé]i'[%Ji'[ﬁ\/
OH

To a tetrahydrofuran solution (6 mL) of 1-bromo-4-{2~-
(methoxymethoxy)ethyl]benzene (1.52 g, 6.20 mmol) was added
dropwise under nitrogen atmosphere at -78°C a 2.6 M hexane
solution of n-butyllithium_(2.38 mL, 6.20 mmol), and the
mixture was stirred for 10 minutes at the same temperature.
Then a tetrahydrofuran solution {6 mL) of 4-(benzyloxy)-5-
bromo-2-chlorobenzaldehyde (2.02 g, 6.20 mmol) was added
dropwise over 10 minutes, and the mixture was stirred for
30 minutes at the same temperature. To the reaction

solution was added a saturated agueous solution of ammonium
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chloride, and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with a
saturated agqueous solution of ammonium chloride and brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated
under reduced pressure. Thus obtained residue was purified
with silica gel column chromatography (hexane:ethyl acetate
= 10:1) to obtain the title compound (750 mg, 25%) as a
colorless oily compound.
14 NMR (300 MHz, CHLOROFORM-D) & ppm 2.24 (4, J=3.57 Hz,
1H) 2.89 (t, J=6,92 Hz, 2H) 3.27 (s, 3H) 3.75 (t, J=6.84 Hz,
2H) 4.60 (s, 2H) 5.12 (s, 2H) 6.09 {4, J=3.57 Hz, 1H) 6.91
(s, l1H) 7.15-7.51 {(m, 9H) 7.80 (s, 1lH).
ESI m/z = 508 (M+NH4).

Reference Example 18

Preparation of 1-{(benzyloxy)-2-bromo-5-chloro-4-[4-]2-

{methoxymethoxy)ethyl]benzyl]lbenzene

BnC O Cl O OMOM
Br

To a chloroform solution (8 mL) of [4-(benzyloxy)-5-
bromo-~-2-~chlorophenyli[4-[2-
(methoxymethoxy)ethyllphenyllmethanol (750 mg, 1.353 mmol)
cooled in ice were added Et;SiH (367 pL, 2.30 mmol) and
BFy'Et,0 (232 puL, 1.83 mmol), and the mixture was stirred
for an hour at the same temperature. To this solution
cooled in ice was added a saturated sodium bicarbonate

aqueous solution, and warmed to room temperature.

The resulting mixture was extracted with ethyl acetate,yashed with
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brine, and dried with anhydrous magnesium sulfate. The
drying agent was filtered off, and the solvent was
evaporated under reduced pressure. Thus obtained residue
was purified with silica gel column chromatography
(hexane:ethyl acetate = 4:1} to obtain the title compound
(290 mg, 40%) as a colorless oily compound.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.88 (t, J=7.15 Hz,
2H) 3.28 (&, 3H) 3.75 (%, J=6.99 Hz, 2H) 3.97 (s, 2H) 4.61
(s, 2H) 5.12 (s, 2H) 6.96 (s, 1H) 7.10 (4, 2H) 7.17 (a, 2H)
7.28-7.50 (m, 6H).
EéI m/z = 492 (M+NH4).

Reference Example 19

Preparation of 2,3,4,6-tetra-0-benzyl-1-C-[2-
(benzyloxy)-4~chloro—5—[4-[2—
(methoxymethoxy)ethyl]benzyl]phenyl]-D—glucopyranose

0.-0<

To a tetrahydrofuran solution (3 mL) of 1-(benzyloxy}-
2-bromo-5-chloro-4-[4-[2-
(methoxymethoxy)ethyl]benzyl]benzene (290 mg, 0.609 mmol)
was added dropwise under nitrogen atmosphere at -78 °C a
2.6 M hexane solution of n-butyllithium (234 pL, 0.609
mmol), and the mixture was stirred for 5 minttes at the
same temperature. Then a tetrahydrofuran solution- (3 mL )
of 2,3,4,6-tetra—O-benzyl—D-glucono—1.5—lact6ne (328 mg.
0.609 mmol) was added dropwise, and the mixture was stirred

for an hour at the same temperature. To the reaction
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solution was added a saturated agqueous solution of ammonium
chloride, and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with a
saturated équeous solution of ammonium chloride and brine,
5 and dried with anhydrous magnesium sulfate. The drying
agent was filtered ofE, and the solvent was evaporated
under reduced pregssure. Thus obtained residue was purified
with silica gel column chromatography (hexane:ethyl acetate
= 3:1) to obtain the title compound (124 mg, 22%) as a
i0 colorless oily compound.
1H NMR (300 MH=z, CHLOROFORM-D) & ppm 2.85 (t, J=6.99 Hz,
2H) 3.28 (s, 3H) 3.60 (s, 5H) 3.94-4.02 (m, 3H} 4.04-4.15
(m, 3H) 4.43-4.61 (m, 6H) 4.71-4.97 (m, 5H) 6.89 (s, 3H)
7.37 (s, 27H) 7.50 (s, 14).
15 ESI m/z = 952 (M+NH,).
Reference Example 20
Preparation of (IS)—1,5-anhydro-2,3,4,6—tetra-0-
benzyl—l-[2—(benzyloxy)-4-chloro—5-[4—(2—

hydroxyethyl)benzyl]phenyl]-D—glucitol '

20
To an acetonitrile (0.5 mL)} and tetrahydrofuran (0.5

mL) solution of 2,3,4,G-tetra-o—benzyl-l—c—[2—(benzyloxy)-

4-chloro~5-[4~(2—(methoxymethoxy)ethyl]benzyl]phenyl]-D-

glucopyranose (124 mg, 0.133 mmol) cooled in ice were added
25 Et3SiH (63.6 plL, 0.400 mmol)} and BF3yEt:0 (40.4 pL, 0.320

mmol), and the mixture was stirred for 1.5 hours at the
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same temperature and the mixture was stirred for 4.5 hours
at room temperature. To the reaction solution cooled in
ice was added a saturated sodium bicarbonate agueous
golution and the resulting mixture was extracted with ethyl
5 acetate. The organic layer was washed with brine, and
dried with anhydrous magnesium sulfate. The drying agent
was filtered off, and the solvent was evaporated under
reduced pressure to obtain 119 mg of a residue.
The residue was dissolved in isopropyl ether (0.7 mL).
i 10 Then to this solution were added 2-propanol (0.7 mL) and
6 M hydrochloric acid (0.7 mL), and the reaction mixture
was stirred at 80°C for 3 hours. After the mixture was
cooled to room temperature, to the mixture was added water,
and the resulting mixture was extracted with ethyl acetate.
15 And then the oxganic layer was washed with a saturated
sodium bicarbonate agueocus sclution and brine, and dried
with anhydrous magnesium sulfate. The solvent was
- evaporated under reduced pressure. Thus obtained residue

was purified with silica gel column chromatography

—

20 (hexane:ethyl acetate = 7:3} to obtain the title compound
(79.1 mg, 68%) as a colorless oily compound.
1H NMR (600 MHz, CHLOROFORM-D) & ppm 2.77 (t, J=6.42 Hz,
2H) 3.52-3.6Q (m, 1B) 3.64-3.82 (m, 7H) 3.92-3.99 {m, 3H)
4.03 (d, 1H) 4.41-4.51 {m, 2H) 4.54-4.64 (m, 2H) 4.82-4.89
25 (m, 3H) 4.91-4.97 (m, 2H) 6.86 (4, J=7.34 Hz, 2H) 6.90 (s,
1H) 7.02-7.06 (m, 2H) 7.06-7.10 (m, 2H} 7.13 {(t, J=7.34 Hz,
2H) 7.15-7.20 (m, 3H) 7.20-7.33 {m, 17H) 7.36 (4, J=7.79 Hz,

2H).
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ESI m/z = 892 (M+NH4).

Reference Example 21

Preparation of (lS)-l—[5-[4-(z—aminoethyl)benzyl]—2—
(benzyloxy}—4—chlorophenyl]-l,s-anhydro-z,3,4,6-tetra—0—

5 benzyl-D-glucitol

To a tetrahydrofuran solution (2.0 mL) of (18)-1,5-
anhydro—z,3,4,6—tetra-0—benzy1-l-[2—(benzyloxy)-4—chloro—5-
[4—(z—hydroxyethyl)benzyl]phenyl]—D-glucitol (79.0 ng,

10 0.090 mmol), triphenyl phosphine (53.1 mg, 0.203 mmol), and
phthalimide (23.9% mg, 0.162 mmol) cooled in ice was added a
40% diisopropyl azodicarboxylate solution in toluene (386
L, 0.203 mmol) under nitrogen atmosphere. After the
reaction solution was stirred at room temperature for 1.5

15 hours, methanol (1 mL) was added thereto. Then hydrazine
monohydrate (43.7 uL, 0.90 mmol) was added, and the
reaction mixture was stirred at 60°C for 3 hours. After the
mixture was cooled to room temperature, a 2 M sodium
hydroxide agueous solution was added thereto, and the

20 resulting mixture was extracted with ethyl acetate. The
organic layer was washed with brine, and dried with
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. Thus obtained residue was purified
with silica gel column chromatography {chloroform:methanol

25 = 9:1) to obtain the title compound {(39.2 mg, 50%) as a

colorless oily compound.
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1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.68 (t, 2H) 2.83-2.96
(m, 2H) 3.52-3.61 (m, 1H) 3.62-3.86 (m, 5H) 3.9%99 (t,
J=10.57 Hz, 3H) 4.41-4.67 (m, 5H) 4.81-4.92 (m, 3H) 4.95 (s,
2H) 6.88 (d, J=5.60 Hz, 3H) 6.97-7.43 (m, 28H).
ESI m/z = 874 (M+H).

Reference Example 22

Preparation of 5-bromo-2-chlorobenzaldehyde

jou
Br CHO

To a suspension of 5-bromo-2-chlorobenzoic acid
{18.5 g, 78.5 mmol)in chloroform (157 mL) was added
N,N-dimethylformamide (0.5 mL), and oxalylchloride (8.1 mL,
94.2 mmol) was added dropwise thereto at room temperature.
This reaction solution was stirred for 30 minutes, and then
concentrated under reduced pressure. Thus obtained residue
was dissolved in chloroform{157 ml), and added dropwise at
0°C to a suspension of N,0-dimethylhydroxylamine
hydrochloride (9.19 g, 94.2 mmol) and triethylamine (26.3
mL, 188 mmol} in chloroform. This reaction solution was
stirred for 30 minutes at the same temperature, and then
washed with water, a saturated scodium bilcarbonate aqueous
solution and brine. And an organic layer was dried with
anhydrous magnesium sulfate. The drying agent was filtered
off, and the solvent was evaporated under reduced pressure
to obtain 24.0 g of a residue.

Thus obtained residue was dissolved in tetrahydrofuran
(157 mL), and lithium aluminum hydride (1.19 g, 29.0

mmol) was gradually added thereto at 0°C. After this
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reaction solution was cooled to 0°C, 2 M hydrochloric acid
was gradually added thereto, and the mixture was stirred at
room temperature for 30 minutes. The organic layer was
washed with a saturated sodium bicarbonate agueous solution
and then brine, and dried with anhydrous magnesium sulfate.
The drying agent was filtered off, and the solvent was
evaporated under reduced pressure. Thus obtained residue
was rec;ystallized from a mixed solution of ethyl
acetate:hexane (1:9) to obtain the title compound (11.3 g,
65%) as colorless crystals.
14 NMR (300 MHz, CHLOROFORM-D) 5 ppm 7.35 (d, J=8.47 Hz,
1H) 7.65 (ad, J=8.47, 2.56 Hz, 1H) 8.04 (d, J=2.56 Hz, 1H)
10.41 (s, 1H).

Reference Example 23

Preparation of (5—bromo-2-chlorophenyl) [4-[2-

(methoxymethoxy)ethyl]phenyl]methanol

O Cl O OMOM
Br/(/‘/\’
OH

By conducting a method as with Reference Example 17 in
which 5-bromo-2-chlorobenzaldehyde was used instead of 4-
(benzyloxy)-5-bromo—2—chlorobenzaldehyde, the title
compound (4.55 g, 63%) was obtained as a colorless olily
compound.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.89 (t, J=6.99 Hz,
2E) 3.26 (s, 3H} 3.74 (t, J=6.99 H=z, 2H) 4.59 (s, 2H) 6.11
(s, 1H) 7.13-7.39 {m, 6H) 7.82-7.84 {(m, 1H).

Reference Example 24

Preparation of 5-bromo-2-chloro-4-[4-[2-

92



030114361307 557.31 558 556 ES! 68 C30H36N207 536. 25 559 535 ESI

X-NH

10

15

20

25

WO 2007/13
6116 PCT/IP2007/060653

(methoxymethoxy)ethyl]benzyl]benzene

§ OMOM

To a chloroform solution (1.4 mL} of (5-bromo-2-
chlorophenyl) [4-[2—(methoxymethoxy)ethyl]phenyl]methanol
(0.265 g, 0.687 mmol} was added triethylamine (105 uL,

' 6.756 mmol). And methanesulfonylchloride (58.5 pL, 0.756
mmol) was added dropwise thereto at 0°C and the mixture was
stirred Ffor 2 hours at the same temperature. To the
reaction solution was added water, and the resulting
mixture was extracted twice with ethyl acetate. The
organic layer was washed with brine, and the organic layer
was dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated
under reduced pressure to obtain a residue.

To a chloroform solution (3.4 mL) of thus obtained
residue and EtsSiH (165 uL, 1.03 mmol) was added BF3Etz0
(104 pi, 0.824 mmol) at 0°C, and the mixture was stirred
for an hour at the same temperature. This reaction
solution was washed with a saturated sodium bicarbonate
agueous solution (twice) and then brine, and the organic
layer was dried with anhydrous magnesium snlfate. The
drying agent. was filtered off, and the solvent was
evaporated under reduced pressure. Thus obtained residue
was purified with silica gel column chromatography
(hexane:ethyl acetate = 9:1) to obtain a pale vellow crude
product (41 mg).

ESI m/z = 386 (M+NH4}.
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Reference Example 25
Preparation of 2,3,4,6-tetra-0—benzyl-1—c~[4-chloro—3—

[4-[2-(methoxymethoxy)ethyl]benzyl]phenyl]-D-glucopyranose

A crude product of the title compound (1.07 g) was
obtained as a colorless oily matter according to the method
as with Reference Example 19 in which 5-bromo-2-chloro-4-
[4-[2-(methoxymethoxy)ethyl]benzyl]benzene was used instead
of l-(benzyloxy)—2-bromo—5-chloro-4-[4—[2-
(methoxymethoxy)ethyl]benzyl]benzene.

ESI m/z = 846 (M+NH4).
Reference Example 26
Preparation of (15)—1,5—anhydro-2,3,4,sutetra-o—

benzyl-1-[4-chloro-3-[4-(2-hydroxyethyl)benzyl] phenyl]-D-

glucitol

A crude product of the title compound (0.262 g) was
obtained as a colorless oily matter according to the method
as with Reference Example 20 in which 2,3,4,6—tetra—0—
benzyl-1-C-[4~-chloro-3-14-[2-
(methoxymethoxy)ethyl]benzyl]phenyl]~D-glucopyranose was
used instead of 2,3,4,6—tetra—0—benzyl-l~c-[2—(benzyloxy)-
4—chloro-5-[4-[2—(methoxymethoxy)ethyl]benzyl]phenyl]—D—
glucopyranose
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ESTI m/z = 786 (M+NH;).
Reference Example 27
Preparation of (lS)—l-[3-[4-(2—aminoethyl)benzyl]-4—

chlorophenyl]-1,5—anhydro-2,3,4,6—tetra—O-benzyl-D—glucitol

NH,

A crude product of the title compound (0.230 g) was
obtained as a pale yellow oily matter according to the
method as with Reference Example 21 in which (18)-1,5-
anhydro—2,3,4,6—tetra-0-benzyl—1—[4-chlor0w3-[4-(2—
hydroxyethyl)benzyl]phenyl]-D—glucitol was used instead of
(1S)-1,S-anhydro-z,3,4,6-tetra-0—benzyl-l-[2-(benzyloxy)—4—
chloro-S«[4—(Z-hydroxyethyl)benzyl]phenyl]-Dnglucitol.

Reference Example 28 )

Preparation of (lsf-l,s—anhydro—z,B,4,6—tetra-0-

benzyl-l—[2-(benzyloxy)—5-(4~bromobenzyl)—4—methylphenyl]-

D-galactitol

The title compound was synthesized according to the
method as with Refersnce Example 2 in which 2,3,4,6-tetra-
O-benzyl-D-galactono-1l,5-lactone was used instead of
2,3,4,6-tetra-O-benzyl—D-élucono-1,5—1actone.

1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.12 (s, 3H) 3.32-3.81
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(m, 4H) 3.86 (s, 2ZH) 4.07 (t, J=10.72 Hz, 3H) 4.32-4.47 (m,
2H) 4.4%9-4.80 (m, 5H) 4.93-5.07 (m, 3H) 6.72 (s, 1lH) 6.80-
7.01 {m, 4H) 7.06-7.46 (m, 26H). ESI m/z = 911 (M+Na).
913(M+2+Na).

Reference Example 29

Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-~0-
benzyl-1-(2-(benzyloxy)-5-{4-{(1E)-3-carboxyprop-l-en-1-

yllbenzyl]~-4-methylphenyl)-D-galactitol

The title compound (377 mg, 41%) was obtained as a
pale yvellow amorphous compound from (1S)-1,5-anhydro-
2,3,4,6-tetra-0O-benzyl-1-{2-(benzyloxy)-5-(4-bromobenzyl)-
4-methylphenyl]-D-galactitol (918 mg, 1.03 mmol) according

to the method as with Reference Example 3.

EXAMPLES
The compounds of the present invention will be further

described in more detail in the following examples and test
examples, which are not intended to limit the scope of the

invention.

Example 1

Preparation of (1S)-1,5-anhydro-1-{2-hydroxy-5-[4-[4-
[(2-hydroxy-1,1-dimethylethyl)amino}-4-oxobutyllbenzyl]-4-
1methylphenyl] -D-glucitol
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(1) Preparation of (1S)-1,5-anhydro—2,3,4,6—tetra—0—benzyl—
1-[2-(benzyloxy)-5-[4—[(1E)—4—[(2-hydroxy-l,1-
dimethylethyl)amino]-4—0xobut-1—en-l-y1]benzyl]—4-
methylphenyl]-D-glucitol

To a chloroform solution (2.2 mL) of (18)-1,5-anhydro-
2,3,4,6~tetra-0—benzyl-1-[2-(benzyloxy)-5—[4-[(1E)-3-
carboxyprop-l—en-l-yl]benzyl]—4-methylphenyl]-D-glucitol
(200 mg, 0.223 mmol) were added 2-amino-2-methyl-l-propanol
(40 mg, 0.446 mmol), l-hydroxy benzotriazole (33 mg, 0.245
mmol) and WSC (60 mg, 0.312 mmol), and the mixture was
stirred overnight at room temperature. To the reaction
solution was added water, and the resulting mixture was
extracted with chloroform. The organic layer was washed
with brine, and dried with anhydrous magnesium sulfate.
The drying agent was filtered off, and the solvent was
evaﬁorated under reduced pressure. Thus obtained residue
was purified with silica gel column chromatography
(hexane:ethyl acetate = 5:1 to 1:2) to obtain the title
compound (120 mg, 56%) as an orange-yellow oily compound.
1H NMR (300 MHz, CHLOROFORM—D) 5 ppm 1.26 (s, 6H) 2.19 (s,
34H) 3.11 (4, J=7.46 H=z, 2H) 3.54-3.63 (m, 3H) 3.67-3.85 (m,
5H) 3.89-4.05 (m, 3H)‘4.40—4.68 {m, 4H) 4.81-4.95 (m, 3H)
5.00 (s, 2H) 5.60 (s, 1H) 6.08-6.21 (m, 1H) 6.45 (4,
J=15.54 Hz, 1H) 6.75 (s, 1H) 6.89-6.97 (m, 2H) 7.03 {(d,

J=7.93 Hz, 2H) 7.11-7.45 (m, 26H).
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ESI m/z = 988.5{M+Na).
(2) Preparation of (1S)—1,5-anhydro-1—[2—hydroxy-5-[4—[4—
[(2—hydroxy-1,1—dimethylethyl)amin0]-4-oxobutyl]benzyl]—4—
methylphenyl]-D-glucitol
5 To a methanol solution (1.2 mL} of (18)-1,5-anhydro-
2,3,4,6—tetra—0—benzyl-1—[2—(benzyloxy)-5—[4-[(lE)-4-[(2—
hydroxy-l,l—dimethylethyl)amino]-4-oxobut—1—en-1—
yl]benzyl]-4—methylphenyl]-D-glucitol (120 mg, 0.124 mmol)
was added 10% palladium-activated carbon (22 mg), and the
10 mixture was stirred overnight under a hydiogen atmosphere
at room temperature. The reaction solution was filtered
through celite, and evaporated under reduced pressure to
obtain a residue. Thus obtained residue was purified with
silica gel column chromatography (chloroform:methanol =
15 20:1 to 5:1) to obtain the title compound (58 mg, 90%) as a
colorless powder. NMR data and MS data of the compound are
shown in Table 1.
Example 2
Preparation of (1S)-1,5-anhydro—1-[2—hydroxy-5-[4—[4—
20 [ [2-hydroxy-1-(hydroxymethyl)-1-methylethyllamino]-4-

oxobutyl]benzyl]—4-methylphenyl]—D-glucitol

(1)Preparation of (1S)-1,5-anhydro—2,3,4,6~tetra—0-benzyl-
1-[2-(benzyloxy)—5-[4—[(1E)-4-[[2-hydroxy-1—
25 (hydroxymethyl)-1—methylethyl]amino]-4—oxobut-1—en-1~

yl]benzyl]—4-methylphenyl]-D—glucitol
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The title compound (91 mg, 44%) was obtained as a
colorless oily compound according to the method as with
Example 1 (1) in which 2-amino-2-methyl-1,3-propanediol was
used instead of 2-amino-2-methyl-1-propanol.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.19 (s, 3H) 2.20 (s,
3H) 3.15 (d, J=6.06 Hz, 2H) 3.49-3.83 (m, 10H) 3.87-4.04 (m,
3H) 4.37-4.67 (m, 4H) 4.80-4.94 (m, 3H) 5.00 (s, 2H) 6.00-
6.23 (m, 2H) 6.40-6.52 (m, 1H) 6.75 (s, 1H) 6.93 (dd,
J=7.38, 1.94 Hz, 2H) 7.03 (4, J=8.24 Hz, 2H) 7.311-7.35 (m,
24H) 7.35-7.46 (m, 2H).

ESI m/z = 1004.5(M+Na).

(2) Preparation of (lS)-1,5-anhydro-l—[2—hydroxy-5—[4—[4-
[[2—hydroxy-1;(hydroxymethyl)-l-methylethyl]amino]-4—
oxobutyl]benzyl]-4—methylphenyl]—D—glucitol

To a methanol solution (1 mL) of (18)-1,5-anhydro-
2,3,4,6—tetra-0-benzyl-1-[2—(benzyloxy)-5—[4—[(1E)—4-[[2—
hydroxy-l—(hydroxymethyl)—l-methylethyl]amino]-4—oxobut-l—
en-l—yl]benzyl]—4-methy1phenyl]—D—glucitol (91 mg, 0.0926
mmol) was added 10% palladium-activated carbon {16 mg), and
the mixture was stirred overnight under a hydrogen
atmosphere at room temperature. The reaction solution was
filtered through celite, and evaporated under reduced
pressure to obtain a residue. Thus obtained residue was
dissolved in methanol (i mL). And 20% palladium hydroxide
(91 mg) was added thereto, and the mixture was stirred
under hydrogen atmosphere at room temperature for 2 days.
The reaction solution was filtered through celite, and

evaporated under reduced pressure to obtain a residue.
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Thus obtained residue was purified with silica gel column
chromatography (chloroform:methanoi = 5:1) to obtain the
title compound (32 mg, 65%) as a colorless powder. NMR
data and MS data of the compound are shown in Table 1.
Example 3
‘Preparation of (lS)-l,S-anhydro-l—[2—hydroxy~5-[4—[4-
[[2-hydroxy-1,l-bis(hydroxymethyl}eth&l]amino]—4—

oxobutyl]benzyl}-4-methylphenyl]-D-glucitol
H OH
N
OH
OH

(1) Preparation of (lS)-1,5~anhydro—2,3.4,6—tetra—0~benzy1—
l-[2-(benzyloxy)—5—[4-[(1E)-4—[[2-hydroxy-1,1—
bis(hydroxymetﬁyl)ethyl]amino]-4—0xobut—l-en—l-yl]benzyl]-
4-methylphenyl]-D-glucitol

The title compound (151 mg, 55%) was obtained as a
pale yellow powder according to the method as with Example
1 (1) in which tris(hydroxymethyl)aminomethane was used
instead of 2-amino—2—methyl—1—propaﬁol.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.22 (s, 3H) 3.18 (dd,
J=7.15, 1.09 Hz, 2H) 3.43-3.81 (m, 12H) 3.87-4.02 (m, 3H)
4.36-4.67 (m, 4H) 4.80-4.93 (m, 3H) 5.00 (s, 2H) 6.10-6.22
(m, 1H) 6.47 (4, J=15.85 Hz, 1H) 6.68 (s, 1H) 6.75 (s, 1H)
6.93 (d, J=5.91 Hz, 2H) 7.03 (4, J=8.08 Hz, 2H) 7.10-7.35
{m, 24H) 7.36-7.44 (m, 2H).
ESI m/z = 998.5(M+H)}.
{2) Preparation of (1S)-1,5—anhydro—1~[2—hydroxy-5—[4—[4—

[[2—hydroxy—1,1—bis(hydroxymethyl)ethyl]amino]-4—
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oxobutyl]benzyl]-4-methylphenyl]—D—glucitol

The title compound (60 mg, 76%) was obtained as a
colorless powder according to the method as with Example 2
(2). NMR data and MS data of the compound are shown in

5 Table 1.

Example 4 . _

Preparation of (18)-1—[5—[4-[4—[(z-amino-l,l—dimethyl—
z—oxoethyl)amino]-4—oxobuty1]benzyl]—2—hydroxy-4-

methylphenyl]-1,5-anhydro-D-glucitol
H o

N)J\ NHz

10
(1) Preparation of (lS)-l—[5-[4—[(lE)—4~[(2—amino-l,1-
dimethyl-z-oxoethyl)amino]—4-oxobut-1-en~l-yl]benzyl]-2-
(benzyloxy)—4—methylphenyl]-1,5-anhydro—2,3,4,6—tetra—0-
benzyl-D-glucitol

15 The title compound (75 mg, 42%) was obtained as a pale

yellow powder according to the method as with Example 1 (1)
in which 2-amino-2-methylpropionamide was used instead of
2-amino-2-methyl-1i-propanol.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.55 (s, 3H) 1.57 (s,
20 3H) 2.19 (s, 3H) 3.12 (44, J=7.38, 1.17 Hz, 2H) 3.53-3.87
{m, 6H) 3.89-4,05 (m, 3H) 4.39-4.54 (m, 2H) 4.57-4.66 (m,
2H) 4.81-4.94 (m, 3H) 5.00 (s, 2H) 6.08-6.23 (m, 2H) 6.46
(a4, J=16.01 Hz, 1H) 6.75 (s. 18) 6.93 (dd4, J=7.07, 1.79 Hz,
2d) 7.03 (d, J=8.24 Hz, 2H) 7.10-7.35 (m, 24H) 7.36-7.45 (m,
25 2H).

EST m/z = 1001.5(M+Na).
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(2) Preparation of (18)—1-[5—{4-[4—[(2—amino—1,1—dimethyl—
2-oxoethyl)amino]—4—oxobuty1]benzyl]—2-hydroxy—4-
methylphenyl]—1,5-anhydro-D—glucitol
To a methanol solution (1 mL) of (18)-1-[5-(4-[(1E}-4-
5 [(z-amino—l,1-dimethyl-2—oxoethyl)amino]-4—oxobut—1een—1~
yl]benzyl)—z—(benzyloxy)—4-methy1phenyl]—l,S—anhydro-
2,3,4,5—tetra-O-benzyl-D-glucitol (75 mg, 0.0785 mmol)'was
added 20% palladium hydroxide {15 mg), and the mixture was
sfirred overnight under a hydrogen atmosphere at room
10 temperature. The reaction solution was filtered through
celite, and evaporated under reduced pressure to obtain a
residue. Thus obtained residue was purified with silica
gel column chromatography {(chloroform:methanol = 5:1, ethyl
acetate:ethanol:water = 20:2:1) to obtain the title
15 compound (32 mg, 79%) as a colorless powder. NMR data and
MS data of the compound are shown in Table 1.
Example 5
Preparation of (18)-1-[5-[4-1[3-
[[amino(imino)methyl]amino]propyl]benzyl]—2—hydroxy-4—

20 methylphenyl]—l,5-anhydro—D-glucitol
NH

yedens i
Ho ™~

HO ™ “OH
OH

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

carbonyl amino(benzyloxycarbonylimino)methyl]amino]prop-l-

en-l—yl]benzyl]-z—(benzyloxy)—4-methylphenyl]-1,5—anhydro—
25 2,3,4,6—tetra—O-benzyl-D—glucitol

To an acetonitrile solution (3 mL} of (1S)-1,5-
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anhydro-z,3,4,6—tetra-o-benzyl-1—[2-(benzyloxy}—5-(4—
bromobenzyl)-4-methylpheny1]—D-glucitol {271 mg, 0.305
mmol) were added dibenzyl[{Z}-
(allylamino)methylylidene]biscarbamate (335 mg, 0.914 mmol),
5 palladium(II) acetate (18 mg, 0.0791 mmol), tri-O-

tolylphosphine (61 mg, 0.201 mmol) and triethylamine {154
mg, 1.52 mmol), and reacted at 120°C for 20 minutes with
microwave manufactured by Biotage. The reaction seolution
was evaporated undexr reduced pressure. Thus obiained

10 residue was purified with silica gel column chromatography
(hexane:ethyl acetate = 5:1) to obtain the title compound
(163_mg, 46%) as a pale yellow amorphous compound.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.18 (s, 3H) 3.53-3.86
(m, 6H) 3.91 (s, 1H) 4.00 (4, J=11.04 Hz, 1H) 4.19 (t,

15 J=5.75 Hz, 2H) 4.38-4.55 (m, 2H) 4.57-4.67 (m, 2H) 4.80-
4.95 (m, 3H) 5.00 (s, 2H) 5.10-5.20 (m, 4H) 6.03-6.16 (m,
1iH) 6.41-6.52 (m, 1H) 6.75 (s, 1H) 6.92 (44, J=7.31, 1.71
Hz, 2H) 7.01 (4, J=8.08 Hz, Zﬁ) 7.07-7.44 (m, 37H) 8.38-
8.45 (m, 1H) 11.77 (s, 1H)

20 ESI m/z = 1176(M+H}.
(2) Preparation of (18)-1-[5-[4-[3-
[[amino(imino)methyl]amino]propyl]benzyl]—2—hydroxy-4—
methylphenyl]—1,5-anhydro-D—glucitol

To a methanol (2.6 mL)-ethyl acetate (1.3 mL} mixture

25 solution of (18)-1-[5-[4~[{1E)-3-[Ibenzyloxy carbonyl
amino(benzyloxycarbonylimino)methyl]amino]prop—1-en-1-
yl]benzyl]-z-(benzyloxy}—4-methy1phenyl]-1,5—anhydro—

2,3,4,6-tetra~0-benzyl-D-glucitol {154 mg, 0.131 mmol) was
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added 20% palladium hydroxide (160 mg)}., and the mixture was
stirred under a hydrogen atmosphere at room temperature
overnight. The reaction solution was filtered through
celite, and evaporated under reduced pressure to obtain a
5 residue. Thus obtained residue was dissolved in methanol
(1.5 mk). And 20% palladium hydroxide (63 mg) was added
thereto, and the mixture was stirred under a hydrogen
atmosphere at room temperature for 2 days. The reaction
solution was filtered@ through celite, and evaporated under
10 Teduced pressure to obtain a residue. Thus obtained
residue was purified with silica gel column chromatography
(ethyl acetate:ethanol:water = 10:2:1 then 5:2:1, and then
ethanol:water = 10:1) to obtain the title compound (38 myg,
63%) as a colorless powder. NMR data and MS data of the’
15 compound are shown in Table 1.
Example 6
Preparation of (15)-1,5-anhydro—1—[2—hydroxy~4-methyl-
5-[4-[3-[[(4-methylpiperazin-1-

yl)carbonyl]amino]propyl]benzyl]phenyl]-D—glucitol

0
HO A
vedensaen

HO" ™y “OH
20 CH

(1) Preparation of (1S)—1,5—anhydro-2,3,4,6-tetra—0—benzyl-
l—[2-(benzyloxy)-4—methyl~5-[4-[(1E)-3-[[(4—
methylpiperazin-l—yl)carbonyl]amino]prop-l-en-l-
yl]benzyl]phenyl]—D—glucitol

25 The title compound (180 mg, 54%) was obtained as a
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pale vellow oily compound according to the method as with
Example 5 (1) in which N-allyl-4-methylpiperazine-1-
carboxyamide was used instead of dibenzyl[(Z)-
(allylamino)methylylidenelbiscarbamate.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.18 (s, 3H) 2.23-2.64
(m, 5H) 3.31-3.86 (m, 11H) 3.91 (s, 2H) 3.95-4.07 (m, 2H)
4.36-4.55 (m, 3H) 4.55-4.66 (m, 2H) 4.77-4.95 (m, 4H) 5.00
(s, 2H) 6.05-6.23 (m, 1H) 6.38-6.50 (m, 1H) 6.74 (s, 1H)
6.92 (dd, J=8.24, 1.24 Hz, 2H) 7.03 (t, J=6.99 Hz, 2H)
7.08-7.36 {(m, 25H) 7.37-7.46 (m, 2H).
ESI m/z = 992(M+H).
(2} Preparation of (1S8})-1,5-anhydro-1-[2-hydroxy-4-methyl-
5-[4-[3-[[(4-methylpiperazin-1-
¥l)carbonyllamino Jpropyl]lbenzyl]lphenyl]-D-glucitol

The title compound (51 mg, 53%) was obtained as a
colorless powder according to the method as with Example 5
(2). NMR data and MS data of the compound are shown in
Table 1.

Example 7

Preparation of (18)-1-[5-[4-[4-[{3-aminopropyl)amino}-

4-oxobutyl benzyll-2-hydroxy-4-methylphenyl]l-1l,5-anhydro-D-

glucitol

(1) Preparation of (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-
1-{2-(benzyloxy)-5-14-[(1E)-4-[[3-[(tert-

105




0 C28H38N408 558.27 559 557 ESI 98 X \ N C32H40N207 564.28 587 563

ESI /

10

15

20

25

* .

butoxycarbonyl)aminc}propyllamine]-4-oxobut-1-en~1-
yllbenzyl]-4-methylphenyl)-D-glucitol

The title compound (200 mg, 56%) was cobtained as a
colorless oily compeund according to the method as with
Example 5 (1) in which tert-butyl{3- {(but-3-enoylamino)
propyl]carbamate was used instead of dibenzyl[(Z)-
(allylamino)methylylidene]biscarbamate.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.40 (s, 9H) 1.49-1.67
{m, 2H) 2.18 (s, 3H) 3.05-3.20 (m, 4H) 3.29 (g, J=6.32 Hz,
2H) 3.50-3.85 (m, 6H) 3.91 (s, 2H) 4.00 (4, J=10.72 Hz, 1lH)
4.37-4.56 (m, 2H) 4.56-4.67 {(m, 2H) 4.78-4.95 (m, 4H) 5.00
(s, 2H) 6.10-6.37 (m, 2H) 6.46 (4, J=15.70 Hz, 1H) 6.74 (s,
1H) 6.88-6.%6 (m, 2H) 7.02 (&, J=8.24 Hz, 2H) 7.10-7.33 (m,
25H) 7.37-7.44 (m, 2H).
ESI m/z = 1073(M+Na).
(2) Preparation of (1S)-1-{5-[4-[(1E)-4-[(3-
aminopropyl)amine]-4-oxobutyl-l-ene-1-yllbenzyl}-2-
(benzyloxy)-4-methylphenyl]l-1,5-anhydro-2,3,4,6-tetra-0-~
benzyl-D-glucitol

To an ethyl acetate solution (2 mL) of {(1S)-1,5-
anhydro-2,3.,4,6-tetra-0-benzyl-1-[2-(benzyloxy)-5-{4-[(1E)-
4-[[{3~-[(tert-butoxycarbonyl}amine]propyllamino]-4-oxobut-1-
en-l1-yllbenzyl]-4-methylphenyl]-D-glucitol (200 mg, 0.190
mmol), which was cooled in ice, was added a 4 M
hydrochloric acid/ethyl acetate solution, and the mixture
was stirred at room temperature for 2 days. To the
reaction solution were added ethyl acetate and a saturated

sodium bicarbonate aguecus solution to separate an organic
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layer. The organic layer was washed with water and brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated
under reduced pressure. Thus obtained residue was purified

5 with silica gel column chromatography (chloroform:methanol
= 5:1, and then ethyl acetate:ethanol:water = 5:2:1) to
obtain the title compound (54 mg, 30%) as a pale yellow
oi.ly compound.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.83-1.98 (m, 2H) 2.17

10 (s, 3H) 2.87-3.03 {m, 2H) 3.03-3.20 (m, 2H) 3.26-3.40 (m,
2H) 3.51-3.83 (m, 6H) 3.89 (s, 2H) 4.00 (4, J=10.57 Hz, 1H)
4.38-4.54 (m, 2H) 4.54-4.66 (m, 2H) 4.80-4.94 (m, 3H) 4.99
(s, 2H) 6.06-6.22 (m, 1H) 6.37-6.62 (m, 2H) 6.74 (e, 1lH)
6.91 (dd, J=6.92, 1.63 Hz, 2H) 7.01 (4, J=8.08 Hz, 2H}

15 7.07-7.35 {m, 25H) 7.35-7.47 {m, 4H}.
EST m/z = 951(M+H).
(3) Preparation of (lS)—l—[5—[4-[4-[(3—amin0propyl)amino]-
4-oxobuty1]benzyl]-2—hydroxy-4—methylphenyl]-1,5-anhydro-D—
glucitol

20 The title compound (1 mg, 3.5%) was obtained as a
colorless amorphous compound according to the method as
with Example 5 (2). NMR data and MS data of the compound
are shown in Table 1.

Example 8

25 Preparation of (1S)—1,5-anhydro—1—[5—[4-[3—[[(2—
hydroxy-1,1-
dimethylethyl)aminocarbonyl]amino]propyl]benzyl]-Z-hydroxy—

4-methylphenyl)-D-glucitol
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0
NXNNLQH

vege
R H
HO™ O

HO™ ™ "OH
OH

(1) Preparation of (IS)—1,5-anhydro-2,3,4,6-tetra—0—benzy1-
1-[5-[4-[(1E)-3-[[(2-hydroxy-1,1-
dimethylethyl)aminocarbonyl]amino]prop-1—en-1-yl]benzyl]—2—
(benzyloxy)-4-methylphenyl)~D—glucitol

Po an acetonitrile solution (5.4 ml.} of (15)-1.,5-
anhydro—2,3,4,6-tetra—0—benzyl-1—[2—(benzyloxy)—s-(4-
bromobenzyl)-4—methylphenyl]—D—glucitol {0.48 g, 0.539
mmol) were added N-allyl—N'-(2-hydroxy—1,1-dimethylethyl)
urea (223 mg, 1.29 mmol), palladium(iI) acetate (24 mg,
0.108 mmol), tri-O-tolylphosphine (66 mg, 0.216 mmol) and
triethylamine (273 mg, 2.69 mmol}, and the mixture was
stirred at 120°C for 20 minutes with microwave manufactured
by Biotage. The reaction solvent was evaporated under
reduced pressure. Thus obtained residue was purified with
silica gel column chromatography (chléroform and then’
chloroform:methanol = 50:1} to obtain the title compound
(210 mg, 40%) as a pale yellow amorphous compound.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.26 (s, 6H) 2.19 (s,
3H) 3.45-4.13 (m, 13H) 4.31-4.69 (m, 6H) 4.77-5.06 (m, 5H)
5 98-6.18 (m, 1H) 6.44 (d, J=15.85 Hz, 1H) 6.74 (s, 1H)
6.86-7.48 (m, 31H)
ESI m/z = 982 (M+H).
(2) Preparation of (ls)-l—[zn(acetoxy)—s—[4—[3—[[[[2—
(acetoxy)-1,1-

dimethylethyl]amino]carbonyl]amino]propyl]benzyl]-4-

108



105 CO X. . ... R I A, - H 029H41N308 559. 29 582
558 ES! 106 FI X 21..."..".". . . .----." ...... S TN © & B0
027H38N209 534.26 557 533 ESI 107 O/ 1---- eNO C311-146N209 590. 32
613 589 ES! 108 O HeN'"''-"""""]1 \ 12 H C25H33N308 503. 23 504 502
ES!

10

15

20

25

methylphenyl]l-1,5-anhydro-2,3,4,6-tetra-0-acetyl-D-glucitol
To an ethanol solution (3 miL) of (1S§)-1,5-anhydro-
2,3,4,6-tetra-0-benzyl-1-[5-[4-[{1E)-3-[{(2-hydroxy-1,1-
dimethylethyl)aminocarbonyl]Jaminolprop-1l-en-1-yl]lbenzyll-2-
(benzyloxy)-4-methylphenyl]-D-glucitol (210 mg, 0.214 mmol)
was added 20% palladium hydroxide (210 mg), and the mixture
was stirred overnight under a hydrogen atmosphere at room
temperature. The reaction solution was filtered through
celite, and the solvent was evaporated under reduced
pressure to obtain a residue. Thus obtained residue was
purified with silica gel column chromatography
{chloroform:methanol = 5:1) to obtain a colorless powder
substance (83 mg). To a pyridine solution (1 mL) of this
substance was added acetic anhydride (0.25 mL), and the
mixture was stirred overnight at room temperature. To this
reaction solution was added a saturated sodium bicarbonate
aqueous solution and thelresulting mixture was extracted with
ethyl acetate. The organic layer was washed with brine,
and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvenit was evaporated
under reduced pressure. Thus obtained residue was purified
with silica gel column chromatography (hexane:ethyl acetate
= 2:3 to 1:2) to obtain the title compound (70 mg) as a
colorless amorphous compound.
{3) Preparation of (1S)-1,5-anhydro-1-{5-[4-[3-[[(2-
hydroxy-1,1-
dimethylethyl)aminocarbonyl]amino]propylibenzyl]-2-hydroxy-

4-methylphenyl]-D-glucitol
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To a methanol solution (1 mL) of (18)-1-[2-(acetoxy)-
5-[4-[3-[[[[2-(acetoxy)-1,1-
dimethylethyl)amino]carbonyl]amino]propyl]benzyl]-4-
methylphenyl]—l,5~anhydro-2,3,4,6—tetra-o—acetyl-D-glucitol
(70 mg) was added sodium methoxide (a 1 M methanol solution,
0.5 mL, 0.5 mmol}, and the mixture was stirred for an hour
at room temperature. To this reaction solution was added
dry ice, and the solvent was evaporated under reduced
pressure. Thus obtained residue was purified with silica
gel column chromatography (chloroform:methanol = 5:1) to
obtain the title compound (35 mg, 31%, 3 steps) as a
colorless oily compound. NMR data and MS data of the
compound are shown in Table 1.

Example 9

Preparation of (1S)—1,5—anhydro-1—[5-[4—[3~[[[2-
hydroxy-1,1-
bis(hydroxymethyl)ethyl]aminocarbonyl]amino]propyl]benzyl]—

2-hydroxy-4—methylphenyl]—D~glucitol

ST
H H
HO 0

HOY ™~y “OH
OH

(1) Preparation of (1S)—1,5-anhydro-2,3,4,6—tetra—0—benzyl~
1-[5-[4-[(1E)-3-1[[2-hydroxy-1,1-
bis(hydroxymethyl)ethyl]aminocarbonyl]amino]prop-l-en—l-
yl]benzyl]—2-(benzyloxy)—4-methylpheny1]—D—glucitol

The title compound (322 mg) was obtained as a pale

yvellow amorphous compound according to the method as with
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Example 8 (1) in which N—allyl—N'—[2—hydroxy—1,1-

bis(hydroxymethyl)ethyl] urea was used instead of N-allyl-

N‘—(Z-hydroxy-l,l—dimethylethyl) urea.

1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.19 (s, 3H) 3.48-4.06
5 (m, 17H) 4.34-5.08 (m, 11H) 5.98-6.11 (m, 1H) 6.44 {d.

J=16.32 Hz, 1H) 6;74 (s, 1H) 6.84-7.46 (m, 31H).

ESI/APCI m/z=1014(M+H}.

(2) Preparation of (18)-1,5-anhydro-1-[5-[4-[2-[[[2-

hydroxy-1,1-

10 bis(hydroxymethyl)ethyl]aminocarbonyl]amino]propyl]benzyl]-
2—hydroxy-4-methylphenyl]—D—glucitol

The title compound (60 mg) was obtained as a colorless
powder according to the method as with Example 8 {2) in
which (1S)—1,5-anhydro-2,3,4,6-tetra—0—benzyl-1—[5—[4-

15 [(1E)-3-[[[2-hydroxy-1,1-
bis(hydroxymethyl)ethyl]aminocarbonyliamino]prop~1-en—1-
yl}benzyl]-z—(benzyloxy)—4-methylphenyl)—D-glucitol was
used instead of (lS)—l,5—anhydro-2,3,4,6-tetra—0—benzyl-1—
[5-[4—[(1E)-3—[[(2-hydroxy—1,1—

20 dimethylethyl)aminocarbonyl]amino]prop—l-en—l—yl]benzyl]—2-
(benzyloxy)—4—methylphenyl)-D—glucitol. NMR data and MS
data of the compound are shown in Table 1.

Example 10
Preparation of (15)-1,5-anhydro-1-[5—[4-[2—[[(2—

25 hydroxy-1,1-

dimethylethyl)aminocarbonyl]amino]ethyl]benzyl]-2-hydroxy—

4-methylphenyl]-D-glucitol
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(1) Preparation of (lS)—1,5—anhydro—2,3,4,6-tetra-0—benzyl—
1-[2-(benzyloxy)-5-[4-[2-[[[{2-hydroxy-1,1-
dimethylethyl)amino]carbonyljaminolethylibenzyl]-4-
methylphenyl] -D-glucitol

To a chloroform solution (3 mL) of 4-nitrophenyl
chloroformate (0.177 g, 0.879 mmol) and pyridine {(0.071 mL,
0.88 mmol), which was cooled in ice, was added dropwise a
chloroform seclution (3 mL) of (1S)-1-[5-[4-(2~
aminoethyl )benzyl]-2-(benzyloxy)}-4-methylphenyl]-1,5-
anhydro-2,3,4,6~tetra-0-benzyl-D-glucitol (0.250 g, 0.293
mmol), and the mixture was stirred for 20 minutes at room
temperature. After that, a chloroform solution (3 mL) of
2-amino-2-methyl-1-propanol (0.209 g, 2.344 mmol) and
dimethyl sulfoxide {3 mL) were added thereto, and the
mixture was stirred overnight at the same temperature. To
the reaction solution was added water, and the resulting mixture
was extracted with ethyl acetate. The organic layer was
washed with water and brine (3 times), and dried with
anhydrous magnesium sulfate. The drying agent was filtered
off, and the solvent was evaporated under reduced pressure
to obtain a residue. Thus obtained residue was purified
with NH type silica gel column chromatography {(chloroform)
to obtain the title compound (0.184 g, 65%) as a pale
yvellow oily compound.

1H NMR (300 MHz, CHLOROFORM-D) & ppm 1.18 (s, 6H) 2.21 (s,
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3H) 2.68 (t, J=6.68 Hz, 2H) 3.21-3.37 {(m, 2H) 3.45-3.94 (m,
10H) 4.00 (4, J=10.88 Hz, 1H) 4.37-4.65 (m, 5H) 4.81-5.03
(m, 5H) 6.75 (s, 1H) 6.87-7.05 (m, 7H) 7.07-7.44 (m, 23H).
(2) Preparation of (ls)-l,S—anhydro-l-tS—[4-[2—[[(2—
hydroxy-1,1-
dimethylethyl)aminocarbonyl]amino]éthyl]benzyl]—2-hydroxy-
4-methylphenyl]-D-glucitol

To a methanol solution (4 mL) of (1S)-1,$-anhydro-
2,3,4,6—tetra-0—benzyl—1—[2—(benzyloxy)—5—[4-[2-[[[(2—
hydroxy-1,1-
dimethylethyl)amino]carbonyl]amino]ethyl]benzyl]—4-
methylphenyl]-D-glucitol {0.184 mg, 0.190 mmol) was added
20% palladium hydroxide (0.180 g), and the mixture was
stirred under a hydrogen atmosphere at room temperature
overnight. The reaction solution was filtered through
celite and evaporated under reduced pressure. Thus
obtained residue was purified with silica gel column
chromatography {chloroform:methanol = 17:3) to obtain the
title compound (57 mg, 58%) as a colorless powder. HNMR
data and MS data of the compound are shown in Table 1.

Example 11

Preparation of (18)~-1,5-anhydro-1-[5-[4-[2-[[[2-
hydroxy-1,1-
bis(hydroxymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]—

2-hydroxy-4—methylphenyl]-D-glucitol

H H OH

HO O Q NYN\E/OH

PN O o
HO™ ™y “OH

OH
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(1) Preparation of (ls)—l,5—anhydro—2,3,4,6~tetra-0—benzyl-
1-[2-(benzyloxy)-5-[4-[2-[[[[2—hydroxy-1.1—
bis(hydroxymethyl)ethyl]amino]carbonyl]amino]ethyl]benzyl]—
4-methylphenyl]-D-glucitol

5 The title compound (251 mg) was obtained as a pale
yellow amorphous compound according to the method as with
Example 10 (1) in which tris(hydroxymethyl)aminomethane was
used instead of 2-amino-2-methyl-1l-propanol.
1H NMR (300 MHz, CHLOROFORM-D) & ppm 2.22 (s, 3H) 2.68 (t.

10 J=6.61 Hz, 2H) 3.24-3.35 (m, 2H) 3.41-3.99 (m, 14H) 4.00 (4,
J=10.88 Hz, 1H) 4.38-4.70 (m, 5H) 4.79-5.03 (m, 5H) 5.27 (=,
1H) 6.76 (s, 1H) 6.87-7.44 (m, 30H).

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

15 bis(hydroxymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]-
2-hydroxy—4-methylphenyl]—D—glucitol

The title compound (85 mg) was obtained as a colorless
powder according to the method as with Example 10 (2) in
which (lS)—1,5—anhydro-2,3,4,6—tetra—0-benzyl-l—[2—

20 (benzyloxy)-S-[4—[2-{[[[2—hydroxy-1,1—
bis(hydroxymethyl)ethyl]amino]carbonyl]amino]ethyl]benzyl]-
4-methylphenyl]-D-glucitol was used instead of (18)-1,5-
anhydro-2,3,4,G-tetra—o-benzyl—l—[2-(benzyloxy)—5-f4-[2-
[[[{2-hydroxy-1,1-

25 dimethylethyl)amino]carbonyl]aminolethyl]benzyl]-4—
methylphenyl)-D-glucitol. NMR data and MS data of the
compound are shown in Table 1.

Example 12

114



581 579 ES!

X-NH

10

15

20

25

H N 4- H 124 C30HAON207 540.28 563 539 ES!

WO 2007/136116 PCT/JP2007/060653

Preparation of (1S)-1,5—anhydro—1—[5—[4-[2-[[[1—[1-(4-
methylpiperazin-1—yl)carbonyl]-1-
(methyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]—2-hydroxy—
4-methylphenyl]-D-glucitol
Ho g
s denn tor ol

HO" ™" "OH
OH

(1) Preparation of (1S}-1,5-anhydro-2,3,4,6—tetra—0-benzyl-
1-[2—(benzyloxy)—5-[4—[2-[[[[1-[1—(4-methylpiperazin-l—
yl)carbonyl]-1-
(methyl)ethyl]amino]carbonyl]amino]ethyl]benzyl]-4-
methylphenyl]-D-glucitol

The title compound (326 mg) was obtained as a pale
yvellow amorphous compound according t+o the method as with
Example 10 (1) in which 2-methyl—1—(4—methylpiperazin-1—
yl}-l—oxopropane-z-amine was used instead of 2-amino-2-
methyl-1-propanol.
1H NMR (300 MH=z, CHLOROFORM-D) & ppm 1.41 (s, 6H) 2.20 (s,
3H) 2.26 (s, 3H) 2.31-2.37 (m, 4H) 2.70 (t, J=6.84 Hz, 2H)
3.29-3.41 (m, 2H) 3.50-3.94 (m, 12H) 4.00 (4, J=10.88 Hz,
1H) 4.37-4.67 (m, 5H) 4.81-5.02 (m, 5H) 6.75 (s, 1H) 6.88-
7.44 (m, 30H).
(2) Preparation of (ls)—1,5-anhydro~1—[5-[4-[2—[[[1-[1-(4-
methylpiperazin-l-yl)carbonyl]—1-
(methyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]-2-hydroxy-
4-methylphenyll]l-D-glucitol

The title compound (35 mg) was obtained as a colorless

powder according to the method as with Example 10 {(2) in
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which (1S)-1,5-anhydro—2,3,i,ﬁ—tetra—o—benzyl-l-[z—
(benzyloxy)—s—[4-[2-[[[[1-[1—(4—methylpiperazin~1-
yl)carbonyl]-1-
(methyl)ethyl]amino]carbonyl]amino]ethyl)benzyl]-4—

5 methylphenyl]-D-glucitol was used instead of (18)-1.,5-
anhydro-2,3,4,6-tetra-0-benzyl-1-[2-(benzyloxy)—s-[4-[2—
[[[(2-hydroxy-1,1-
dimethylethyl)amino]carbonyl]amino]ethyl]benzyl]—4—
methylphenyl]-D-glucitol. NMR data and MS data of the

10 compound are shown in ‘fable- 1.
Example 13
Preparation of (IS)-l,S-anhydro-l—[5-[4-[2"[[[2-
hydroxy-1,1-
bis(hydroxymethyl}ethyl]aminocarbonyl]amino]ethoxy]-2~
15 methylbenzyl]—2-hydroxy-4—methylphenyl]—D—glucitol
o 8%
Ho Y ° i.ﬂ i'ﬂ "N

HO' Y "oH
OH

To a chloroform solution (0.5 mL) of 1,1'-
carbonyldiimidazole (14 mg, 0.089 mmol) were added a
chloroform solution (1.5 mL) of (18)-1-[5-[4-(2-

20 aminoethoxy)}-2-methyl benzyl]—z—(benzyloxy)-4-
methylphenyl]-l,5-anhydro-2,3,4,6—tetra—O—benzyl-D—glucitol
(52 mg, 0.059 mmol) and N-methyl morphqline (9 mg), and the
mixture was stirred for 15 minutes at room temperature.
After that, to this reaction solution were added

25 tris(hydroxymethyl)aminomethane (21 mg, 0.177 mmol) and
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N,N-dimethylformamide (2 mL), and this reaction mixture was
stirred at 60°C for 1.5 hours. After the reaction mixture
was cooled to room temperature, ethyl acetate was added
thereto. And the mixture was washed with water, 1 M
hydrochloric acid, and brine, and dried with anhydrous
magnesium sulfate. The drying agent was £iltered off, and
the solvent was evaporated under reduced pressure to obtain
60 mg of a residue.

Thus obtained residue was dissolved in methanol (1 mL).
And 20% palladium hydroxide (15 mg) was added thereto, and
the mixture was stirred under a hydrogen atmosphere at room
temperature for 2 hours. The reaction solution was
filtered through celite, and evaporated under reduced
pressure to obtain a residue. Thus obtained residue was
purified with silica gel column chromatography (ethyl
acetate:ethanol:water = 10:2:1) to obtain the title
compound (30 mg, 86%) as a colorless powder. NMR data and
MS data of the compound are shown in Table 1.

Example 14

Preparation of (lS)-l,S-anhydro-l—[4—chloro—5—[4—[2—
[[[2-hydroxy-1,Ll-
bis(hydroxymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]—

2-hydroxyphenyl]—D—glucitol
OH

To a chloroform scolution (1 mL) of 1,17~

carbonyldiimidazole (10.8 mg, 0.0669 mmol) were added a

117



565 541 ES!

130 4 )r-NOH C31H44N208572.31595 571ES! 131 et

C35HSON207610. 36633 609ES! 132 X HN/ I11
034H43N307605. 31606 604ES! 133 X\ O o0
WO 2007/136116 PCT/IP2007/060633

10

15

20

25

chloroform solution (1 mL) of (18)-1-[5-[4-(2~
aminoethyl)benzyl]-2—(benzyloxy)—4~chlorophenyl]-1,5u
anhydro—z,3,4,6—tetra-O-benzyl-D-glucitol {39.0 mg, 0.0446
mmol) and N-methyl morpholine (7.36 uL)., and the mixture

was stirred for 10 minutes at room temperature. After that,
to this reaction solution were added
tris(hydroxymethyl)aminomethane (16.2 mg, 0.134 mmol) and
N,N-dimethylformamide (1 mL), and this reaction mixture was
stirred at 60°C for 2 hours. After the reaction mixture was
cooled to room temperature, ethyl acetate was added thereto.
And the mixture was washed with water, 1 M hydrochloric
acid, and brine, and dried with anhydrous magnesium sulfate.
The drying agent was filtered off, and the solvent was
evaporated under reduced pressure to obtain 41.2 mg of a
residue.

Thus obtained residue (22.3 mg, 0.022 mmol) was
dissolved in chloroform (250 pL) and ethanethiol (250 ML).
And to this solution cooled in ice was added BFs;Et20 (50
uL), and the mixture was stirred at the same temperature
for 2 hours. The solvent was evaporafed and thus obtained

residue was purified with silica gel column chromatography

{ethyl acetate:ethanol:water = 10:2:1 and then methanol) to

obtain the title compound (10.8 mg, 86%) as a colorless
amorphous compound. NMR data and MS data of the compound
are shown in Table 1.

Example 15

Preparation of (18)-1,5-anhydro-1-[5-[4-[2-1[[2~-
hydroxy-1,1-
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bis(hydroxymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]-

2-hydroxyphenyl]—D—glucitol

H H ©OH
peUeauas
e O “on
HOY ™" “OH

OH
The title compound (8.5 mg, 93%) was obtained as a

colorless oily compound according to the method as with
Example 13 in which (1S)-1—[5-[4—(2-aminoethyl)benzyl]—2~
(benzyloxy)-4-chlorophenyl]-1,5—anhydro-2,3,4,6—tetra-0-
benzyl-D-glucitel was used instead of (iS)-l—[S—[4—(2-
aminoethoxy)-2-methyl benzyl]—z—(benﬁyloxy)-4-
methylphenyl]—l,5—anhydro-2,3,4,6—tetra-o—benzyl-D-glucitol.
NMR data and MS data of the compound are shown in Table 1.

Example 16

Preparation of (1S)-1;5—anhydro-1—[3-[4-[2—[[[2—
hydroxy-1,1-
bis(hydroxymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]ph

enyl]-D-glucitol

H
D™
HO™~ P © “on

HO ™" ™OH
OH

A crude product of the title compound was obtained
according to the method as with Example 13 in which (1s)-1-
[3—[4—(2—aminoethyl)benzyl]-4-chloropheny1]-1,5—anhydro—
2,3,4,6—tetra-O—benzyl-D-glucitol was used instead of (18)-
1-[5-[4- (2~aminoethoxy)-2-methyl benzyl]-2-(benzyloxy)-4-
methylphenyl]—1,5—anhydro—2,3,4,6—tetra-O-benzyl-D—glucitol.

After that, the crude product was purified with HPLC
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(0.025% acetic acid aqueous solution:acetonitrile = 3:1,
yMC-Pack ODS-AM 150 x 10 mm I.D.. 5.0 mL/min., A = 210 nM)
to obtain the title compound (13 mg, 15%) as a colorless
amorphous compound. NMR data and MS data of. the compound
are shown in Table 1.

Example 17

Preparation of (15)-1,S—anhydro-l-[4—chloro—3-[4-[2—
[[[2-hydroxy-1,1-

bis(hydroxymethyl)ethyl]aminocarbonfl]amino]ethyl]benzyl]ph

enyl]-D-glucitol

A crude product of the title compound was obtained
according to the method as with Example 14 in which (18)-1~
[3—[4-(2—aminoethyl)benzyl]—4—chlorophenyl]-1,5—anhydro-
2,3,4,6—tetra-O-benzyl-D—glucitol was used instead of (18)-
1—[5—[4-(2—aminoethyl)benzyl]-2—(benzyloxy)~4-
chlorophenyl]~1,5—anhydro-2,3,4,6—tetra—0-benzyl-D-glucitol.
After that, the crude product was purified with HPLC
(0.025% acetic acid agueous solution:acetonitrile = 7:3,
Waters Sunfire Prep C, 150 x 19 mm I.D., 8.0 mL/min., A =
210 nM) to obtain the title compound (12 mg, 17%) as a
colorless amorphous compound.

NMR data and MS data of the compound are shown in
Table 1.

Example 18
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Preparation of (1S)—1,5-anhydro—1-[2—hydroxy-5~[4-[4—
[[2-hydroxy—1,1—bis(hydroxymethyl)ethyl]amino]-4—

oxobutyl]benzyl]—4-methylphenyl]-D-galactitol

M OH
HO. N\é’
OH
o ST T
HO “OH
OH
5 The title compound (37 mg, 47%) was obtained as a

colorless powder from (IS)—1,5—anhydro-2,3,4,6-tetra—0-
benzyl—l-[2—(benzyloxy)-5—[4-[(1E)-3—carboxyprop—1-en-1—
yl]benzyl]—4-methylphenyl]—D-galactitol {199 mg, 0.222
mmol) according to the method as with Example 3. NMR data
10 and MS data of the compound are shown in Table 1.
Furthermore, compounds 19 to 36 were also synthesized
_from corresponding materials in accordance with Reference

Examples and Examples.

15 [Table 1]

Compound
No

structure NMR (solvent, methanol —d,), MS

1H NMR (600 MEHiz) & ppm 1.25 (s, 6 H) 1.81 -
1.89 (m, 2 H) 2.09 (5,3 H) 2.12 - 2.18 (m, 2 )
2.54-2.59 (m, 2 H) 3.38 - 3.50 (m, 3 H) 3.53 -
3,57 (m, 3 H) 3.70 (4, J=12.15, 5.27 Hz, L H)
3.84 - 3.89 (m, 3 H) 4.51 (d, J=9.63 Hz, 1 H)
6.63 (s, 1 H) 6.99 - 7.08 (m, 4 H) 7.12 (s, L H).
ESI m/z = 518(M+H).
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1H NMR. (600 MEiz) 8 ppm 1.22 (s, 3 H) 1.80 -
1.91 (m, 2 H) 2.09 (s, 3 H) 2.15 - 223 (m, 2 H)
2.58 (1, J=7.57 Hz, 2 H) 3.37 - 3.50 (m, 3 H)
3.51 - 3.73 (m, 6 H) 3.83 - 3.90 (m, 3 H) 451 (4,
729.63 Hz, 1 H) 6.63 (s, 1 H) 6.99 - 7.09 (m, 4
H) 7.12 (s, 1 H). ESI m/z = S56(M+Na).

15 NMR (600 MHz) 8 ppm 1.84 - 1.93 (m, 2 H)
210 (s, 3 H) 2.21- 2.27 (m, 2 H) 2.59 (¢, J=7.57
Hz, 2 H) 3.37 - 3.44 (m, 2 H) 3.48 (1, J=8.48 Hz,
1H)3.53 - 3.59 (m, 1 H) 3.70 (5, 7 H) 3.83 -
3.90 (m, 3 H) 4.51 (4, J=9.63 Hz, 1 H) 6.63 (5,1
H) 6.99 - 7.10 {m, 4 H) 7.1 (s, 1 H). ESI m/z =
572(M+Na).

1H NMR (600 MHz) 8 ppm 1.44 (s, 6 H) 1.82 -
1.90 (m, 2 H) 2.09 (s, 3 H) 2.19 (1, J=7.57 Hz, 2
H) 2.57 (t,J=7.57 Hz, 2 H) 3.37 - 3.52 (m, 2 H)
3.56 (1, J=9.17 Hz, 2 H) 3.70 (dd, J=11.92, 5.04
Hz, 1 H) 3.82 - 3.90 (m, 3 H} 4.51 (d, /=9.63
Hz, 1 H) 6.63 (5, 1 H) 6.98 - 7.08 (m, 4 H) 7.11
(s, 1 H). ESI m/z = 553(M+Na).

15 NMR (600 MEHz) 6 ppm 1.82 - 1.91 (m, 2 H)
2.10 (s, 3 H) 2.61 - 2.67 (m, 2 H) 3.15 (1, /=7.11
Hz, 2 H) 3.37 - 3.4 (n, 2H) 348 (1, J=8.71 Hz,
1 H) 3.55 (t,/=9.17 Hz, 1 H) 3.70 (dd, J=11.92,
5.04 Hz,1H)3.83 -3.91 (m, 3H) 451 (d,
J=9.63 Hz, 1 H) 6.63 (5, 1} 7.01 - 7.13 (m, 5
H). ESI m/z = 460(M+H).

1H NMR (600 MHz) 8 ppm 1.74 - 1.82 (m, 2 H)
2.10 (s, 3 H) 2.29 (5, 3 H) 2.37 - 2.42 (m, 4 H)
2.54 - 2.60 (m, 2 H) 3.15 (1, J=7.11 Hz, 2 H)
3.33 - 3.4 (m, 6H) 3.48 (1, J=8.94 Hz, L H) 3.53
23.58 (m, 1 H) 3.70 (dd, J=12.15, 5.27 Hz, 1 H)
3,83 - 3.89 (m, 3 H) 4.51 (d, J=9.63 Hz, 1 H)
6.63 (s, 1 H) 6.99 - 7.09 (m, 4 H) 7.12 (s, L H).
ESI m/z = S44(M+H).
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1H NMR (600 MHz) 3 ppm 1.77 - 1.84 (m, 2 H)
1.85 - 1.93 (m, 2 H) 210 (5, 3 H) 217 - 2.23 (m,
2 H) 2.58 (&, J=7.57 Hz, 2 1) 2.87 - 2.91 (m, 2
H) 3.24 (1, J=6.65 Hz, 2 H) 3.37 - 3.51 (m, 3 H)
3.53 - 3.58 (m, 1 H) 3.70 (dd, J=12.15, 5.27 Hz,
1H)3.84 - 3.88 (m, 3 H) 4.51(d, J=9.63Hz, 1
H) 6.63 (5, 1 H) 7.01 - 7.08 (m, 4 ) 7.11 (5, 1
H). ESI m/z = 503(M+H).

1H NMR {600 MHz) & ppm 1.23 (s, 6 1) 1.68 -
1.76 (m, 2 H) 2.09 (s, 3 H) 2.54 - 2.60 (m, 2 H)
3.05 (t, J=6.88 Hz, 2 H) 3.37 - 3.44 (m, 2 H)
3.45 - 3.58 (m, 4 H) 3.70 (dd, J=11.92, 5.04 Hz,
1H) 3.83 - 3.90 (m, 3 H) 4.51 (d, /=9.63 Hz, 1
H) 6.63 (s, 1 H) 6.98 - 7.03 (m, 2 H) 7.03 - 7.08
(m, 2 H) 7.12 (s, 1 H). ESTmyz = 533 (M+H),
531 (M-H).

1H NMR (600 MHz) & ppm 1.70 - 1.77 (m, 2
H) 2.09 (s, 3 H) 2.54 - 2.62 (m, 2 H) 3.07 ¢,
J=6.88 Hz, 2 H) 3.36 - 3.60 (m, 5 H) 3.61 - 3.73
(m, 6 H) 3.82 - 3.91 (m, 3 B) 4.51 (d, 7=9.63
Hz, 1 H) 6.63 (s, 1 H) 6.99 - 7.08 (m, 4 H) 7.08 -
7.15 (m, 1 H). ESI m/z=587(M+Na).

1H NMR (300 MHz)  ppm 1.25 (s, 6 H) 213
(s, 3 H) 2.72 (t,J=7.07 Bz, 2 H) 3.25 - 3.37 (m,
3 H) 3.38 - 3.80 (m, 6 H) 3.86 - 3.96 (m, 3 H)
4.56 (d,J=0.33 Hz, 1 H) 6.68 (s, 1 H) 7.03 -
7.19 (m, 5 H). ESI m/z = 519 (M+H), 541
(M+Na)

10

1H NMR (600 MHz) 6 ppm 2.09 (s, 3 H) 2.68 (1,
J=734 Hz,2 H) 3.24 - 3.32 (m, 3 H) 3.36 - 3.66
(m, 9 H) 3.68 - 3.74 (m, 1 1) 3.81 - 3.90 (m, 3
H) 4.52 (d, J=9.63 Hz, 1 H) 6.64 (s, 1 F) 7.00 -
7.14 (m, 5 H). ESE m/z = 552 (M+H), 574
(M+Na)

1

il 1H NMR (600 MHz) & ppm 1.39 (s, 6 H) 2.10
7&”’\[ (s, 3 H) 2.23 (5,3 H) 2.70 (1, J=7.11 Hz, 2 H)
(N [3.26-3.91 (m, 18 H) 4.52 (d, J=0.63 Hz, 1 H)
6.63 (s, 1 H) 7.02.- 7.14 (m, 5 H). ESI m/z = 616

(M+H), 637 (M+Na).

12
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1H NMR (300 MHz) 8 ppm 2.12 (5, 3H) 2.25
(s, 3 H) 3.34 - 3.57 (m, 6 H) 3.66 (5, 6 1) 3.67 -
3,71 (m, 1 H) 3.77 (s, 2 H) 3.79 - 3.89 (m, 1 H)
3.96 (1, J=5.28 Hz, 2 H) 4.45 (d,/=9.48 Hz, 1 1)
6.58 - 6.65 (m, 1 H) 6.67 (s, 1 H) 6.69 - 6.81 (m,
2 H) 6.90 (¢, 1 H). ESI m/z = 581 (M+H), 603
(M+Na).

14

1H NMR (600 MEz) 8 ppm 2.69 (1, J=7.11 Hz,
2 H)3.24 - 3.28 (m, 2 H) 3.34 - 3.41 (m, 2 H)
3.42 -3.50 (m, 2 H) 3.60 (s, 6 H) 3.67 (dd,
J=12.15, 5.27 Hz, 1 H) 3.83 (dd, J=11.92, 1.83
Hz, 1 H) 3.89 - 4.01 (m, 2 H) 4.51 (d, J=9.17
Hz,1H) 6.81 (s, 1 H) 7.08 (5, 4 H) 7.24 (s, L H).
ESI m/z = 571 (M+H), 593 (M+Na).

15

1H NMR (600 MHz) 8 ppm 2.69 (t, J=7.11 Hz,
2 H) 3.24 - 3.28 (m, 2 H) 3.34 - 3.43 (m, 2 H)
3.46 (t, J=8.48 Hz, 1 H) 3.52 {t, J=9.17 Hz, 1 H)
3.60 (5, 6 H) 3.68 (dd, 7=11.92, 5.04 Hz, 1 H)
3.77-3.89 (m, 3 H) 4.52 (4, /=9.63 Hz, 1 H)
6.70 (d, J=8.25 Hz, 1 H) 6.92 (dd, J=8.25, 1.83
Hz, 1 H) 7.09 (s, 4 H) 7.18 (d, J=2.29 Hz, 1 H).
ESI m/z = 537 (M+H), 559 (M-+Na).

16

HO

HO"

“OH

H H OH
NTN OH
Q

1H NMR (300 MHz) 3 ppm 2.71 (¢, J=7.07 Hz,

|2 H) 3.25 - 3.49 (m, 6 H) 3.62 (s, 6 H) 3.64 -

3.73 (m, 1 H) 3.84 - 3.95 (m, 3 H) 4.09 (4,
7=9.17 Hz, 1 H) 7.08 - 7.17 (m, 5 H) 7.21 - 7.31
(m, 3 H). ESIm/z = 521 (M+NH).

17

1H NMR (300 MHz) 8 ppm 2.71 (t, /=7.07 Hz,
2 H) 3.21 - 3.48 (m, 6 H) 3.61 (s, 6 ) 3.64 -
3.73 (m, J=11.97, 5.13 Hz, 1 H) 3.83 - 3.91 (m,
1H)3.99-4.14 (mn,3H)7.12 (s, 4 H) 7.24 -
7.38 (m, 3 H). ESI m/z = 555 (M+H), 577
(M+Na).

18

1H NMR. (600 MHz) 3 ppm 1.85 - 1.95 (m, 2 H)
2.10 (s, 3 H) 2.38 (1, J=7.34 Hz, 2 H) 2.60 (1,
J=7.34 Hz, 2 H) 3.56 - 3.61 (m, 6 H) 3.61 - 3.68
(m, 1 H) 3.68 - 3.74 {m, 1 H) 3.74 - 3.80 (m, 1
H) 3.85 - 3.91 (m, 2 H) 3.96 (d, /=321 Hz, 1 )
414 (5,2 H) 4.42 (d, 7=9.63 Hz, L H) 6.63 (5, 1
H) 7.00 - 7.09 (m, 4 H) 7.13 - 7.20 (m, 1 H).
ESI m/z = 550 (M+H), 548 (M-FD .
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19

1H NMR (300 MEz) 8 ppm 2.09 (5,3 H) 3.37 -
3.51 (m, 6 H) 3.52 - 3.60 (m, 1 H) 3.65 (5, 6 H)
3,68 - 3.76 (m, 1 H) 3.80 - 3.91 (m, 3 H]) 3.95 (3,
J=5.13 Hz, 2 H) 4,51 (d,7=9.33 Hz, 1 H) 6.63
(s, 1 H) 6.80 (d, /=824 Hz, 2 H) 7.01 (d, J=8.24
Hz, 2 H) 7.10 (s, L H)

20

1H NMR (300 MHz) 5 ppm 2.08 (s, 3 H) 3.38 -
3.61 {m, 4 H) 3.65 (s, 6 H) 3.67 - 3.73 (m, 1 H)
3.81 - 3.94 (m, 3 H) 4.22 (s, 2 H) 4.51 (d, J=9.48
Hz, 1 H) 6.63 (s, 1 H) 7.03 - 7.09 (m, 2 H) 7.11 -
7.19 (m, 3 H). ESI m/z = 537 (M+H).

21

1H NMR (300 MHz) 3 ppm 2.10 (s, 3 H) 2.72 (1,
J=1.07 Hz, 2 H) 3.29 - 3.37 (m, 2 H) 3.38 - 3.46
(m, 3 H) 3.49 (t, 1 H) 3.56 (1, J=8.32 Hz, 1 H)
3.70 (s, 3 H) 3.81 - 3.91 (m, 5 H) 4.51 (d, /=9.64
Hz, 1 H) 6.63 (s, 1 H) 7.00- 7.15 (m, 5 H).

ESI m/z = 541 (M+Na).

22

1H NMR (300 MHzZ) 8 ppm 2.09 (s, 3 H) 2.66 (t,
7=7.31Hz, 2 H) 2.93 (dd, 1 H) 3.06 (dd, 1 H)
3,21 -3.28 (m, 2 H) 3.39 - 3.45 (m, 2 H) 3.47 (1,
1 H) 3.57 (t, J=8.86 Hz, 1 H) 3.62 - 3.75 (m, 4
H) 3.87 (t, J=5.44 Hz, 3 H) 4.47 - 4.59 (m, 2 H)
6.63 (s, 1 H) 6.98 - 7.08 (m, 4 H) 7.10 - 7.19 (m,
3H)7.18-7.30 (m,3H). BESIm/z=631

(M+Na).

23

11 NMR (600 MHz) 8 ppm 1.54 - 1.77 (m, 8 H)
2.07 (s, 3 H) 2.67 (t, J=7.11 Hz, 2 H) 3.24 - 3.27
(m, 2 H) 3.36 - 3.42 (m, 2 H) 3.46 (1, J=8.71 Hz,
1 H)3.53 (d, /=9.63 Hz, 1 H) 3.56 (5, 2 ) 3.68
(dd, J=11.92, 5.50 Hz, 1 H) 3.81 - 3.87 (m, 3 )
4.50 (d, J=9.63 Hz, 1 H) 6.61 (s, 1 H) 7.02 (d, 2
H) 7.06 (d, 2 H) 7.10 (s, 1 H). ESI m/z = 567
(M+Na). 543 (M-H) .

24

1H NMR (600 MHz, METHANOL-ds) & ppm
0.87 - 0.96 (m, 6 H) 1.40 - 1.55 {m, 2 H) 1.61 -
1.70 (m, 1 H) 2.08 (s, 3 H) 2.69 (t,/=7.11 Hz, 2
H) 3.30 - 3.34 (m, 2 B) 3.35 - 3.42 (m, 2 H) 3.46
(t, J=8.25 Hz, 1 H) 3.54 {t,J=9.17 Hz, 1 H) 3.68
(dd, J=11.92, 5.04 Hz, 1 H) 3.80 - 3.87 (m, 3 H)
4,18 (dd, J=10.32, 4.81 Hz, 1 H) 4.50 (d, J/=0.63
Hz, 1H) 6.61 (s, 1 H) 6.97 - 7.11 (m, 5 H}, ESI
m/z = 582 (M+Na). 558(M-H).
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25

1H NMR (600 MHz, METHANOL-d3) & ppm
0.16 (q, 2 H) 0.44 (g, /=5.96 Hz, 2H) 0.83 (4,
J=7.34 Hz, 3 H) 0.86 - 0.96 (m, 1 H) 1.45 - 1.54
(m, 2 H) 2.06 (s, 3 H) 2.72 (1, J=7.34 Hz, 2H)
3.08 (d, J=6.42 Hz, 2 H) 3.17 (t, 2 H) 3.32 (m, 2
H) 3.36 - 3.43 (m, 2 H) 3.46 (1,7=8.71 Hz, L )
3.54 (t, 1 H) 3.69 (dd, J=11.92, 5.04 Hz, 1 H)
3.81-3.87 (m, 3 H) 4.50 (d, /=9.63 Hz, 1 H)
6.60 (s, 1 1) 7.01(d, J=8.25 Hz, 2 H) 7.06 (4, 2
H) 7.11 (s, 1 H). ESI m/z = 565 (M+Na), 541
(M-H).

26

=T
o=
D_/ZI
o

{H NMR (600 MHz) 5 ppm 2.07 (5,3 H) 2.69 (1,
J=7.11 Hz, 2 H) 3.29 - 3.33 (m, 2 H) 3.36 - 3.42
(m, 2 H) 3.46 (1, J=8.71 Hz, 1 H) 3.54 (1, /=040
Hz, 1 H) 3.68 (dd, /=11.92, 5.50 Hz, 1 H) 3.81-
3.87 (m, 3 H) 4.42 (s, 2 H) 4.49 (d, 7=9.63 Hz, 1
H) 6.61 (5, 1 H) 6.87 - 6.91 (m, 2 H) 7.01 (d, 2
H) 7.05 (d, 2 H) 7.10 (s, L H) 7.22 (dd, J=4.36,
2.06 Hz, 1 H). ESLm/z = 565 (M+Na). 541 (M-
H).

27

1H NMR (600 MHz) & ppm 2.07 (5, 3 H) 270 (1,
J=6.88 Hz, 2H) 3.30 - 3.34 (m, 2H) 3.36 - 3.42
(m, 2 H) 3.46 (1, J=8.71 Hz, 1 H) 3.53 (1, 1 )
3.68 (dd, J=11.92, 5.04 Hz, 1 H) 3.81-3.88 (m,
3 H) 4.23 (s, 2 H) 4.49 (4, 7=0.63 Hz, 1 H) 6.61
(s, 1 H) 7.02 (d, 2 H) 7.06 (, 2 ) 7.10 (5, 1 )
7.21 (d,2 H) 7.27 (d, 1 B). ESI m/z = 605
(M+H). 603 (M-I

28

1H NMR (600 MEHz) & ppm 0.82 - 0.96 (m, 2 H)
1.13 - 1.30 {m, 3 H) 1.31 - 1.42 (m, 1 H) 1.60 -
1.77 (m, 5 H) 2.07 (s, 3 H) 2.68 (t, J=7.11 Hz, 2
H) 2.89 (d, J=6.88 Hz, 2. H) 3.23 - 3.32 (m, 2 H)
3.35 - 3.41 (m, 2 H) 3.46 (t, J=8.71 Hz, 1 H)
3.54 (t, J=9.17 Hz, 1 ) 3.68 (dd, J=11.92, 5.04
Hz, 1 ) 3.80 - 3.87 (m, 3 H) 4.49 (4, J=9.63
Hz, 1 H) 6.61 (3, 1 H) 7.01 (d, 2 H) 7.06 (d, 2 H)
7.10 (s, 1 H). ESI m/z = 543 (M+H). 541 (M-
.

20

1H NMR (600 MHz) & ppm 2.03 - 2.11 (m, 6 H)
2.52 (t, J=6.88 Hz, 2 H) 2.69 (1, /=7.11 Hz, 2 H)
324 -3.27 (m,2H) 3.28 -3.31 (m, 2H) 3.35 -
3.42 (m, 2 H) 3.47 (1, 1 H) 3.53 (t, 1 H) 3.68 (dd,
J=11.92, 5.04 Hz, 1 H) 3.81 - 3.87 (m, 3 H) 4.50
(d,J=9.63 Hz, L H) 6.61 (s, L H) 7.01 (4, 2 )
7.06 (d, 2 H) 7.10 (s, 1 H). ESI m/z = 543
(M4+Naz). 519(M-H) .
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30

1H NMR (600 MHz) & ppm 1.77 (ddd, J=6.76,
3.32,3.21 Hz, 4 H) 2.08 (s, 3H) 2.51 - 2.57 (m,
6 H) 2.69 (1,J=7.11 Hz, 2 H) 3.22 (1, J=6.65 Hz,
2 H) 3.29 - 3.33 (m, 2 H) 3.35 - 3.42 (m, 2 1)
346 (t,J=8.71 Hz, 1 1) 3.53 (1, 7=0.17 Hz, 1 H}
3.68 (dd, J=12.15, 5.27 Hz, 1 H) 3.82 - 3.87 (m,
3 H) 4.49 (d, J=9.63 Hz, 1 H) 6.61 (s, 1 H) 7.02
(d, 2 H) 7.06 (d, 2 H) 7.09 (5, 1 H). ESI m/z =
544 (M+H). 542 (M-H).

3

1H NMR (600 MEHz, & ppm 2.08 (s, 3 H) 2.68 (¢,
J=7.11 Hz, 2 H) 3.23 (1, J=5.50 Hz, 2 H) 3.24 -
3.33 (m, 5 H) 3.35 - 3.43 (m, 4 H) 3.46 {1,
7-8.71Hz, 1 H) 3.54 (1, /=9.17 Hz, 1 H) 3.68
(dd, 1 H) 3.80 - 3.88 (xa, 3 H) 449 (d, J=9.63
Hz, 1 H) 6.61 (s, 1 H) 7.02 (d, 2 H) 7.06 (d, 2H)
710 (s, 1 H), ESI mfz = 527 (M+Na). 503 (M-
H).

32

1H NMR (600 MHz) & ppm 2.07 (s, 3 H) 245 (8, |,
J=6.42 Hz, 2 H) 2.67 (1, /=7.11 Hz, 2H) 3.21 (4,
J=6.88 11z, 2 H) 3.30 - 3.35 (m, 2H) 3.35 - 3.42
(m, 2 H) 3.46 (1, 1 H) 3.54 (dd, 1 H) 3.64 (s, 3
H) 3.68 (dd, J=11.92, 5.04 Hz, 1 H) 3.80 - 3.90
(m, 3 H) 4.49 (d, J=0.63 Hz, 1 H) 6.61 (s, L H)
7.01 (d, 2 H) 7.05 (d, 2 H) 7.10 (5, 1 H). ESI m/z
= 555 (M+Na). 531(M-H).

38

1H NMR (600 MEz)  ppm 1.37 - 1.50 (m, 2 H}
1.80 - 1.89 (m, 2 H) 2.08 (s, 3 H) 2.31 (br. 5., 2
H) 2.67 (t, J=6.88 Hz, 2 H) 2.88 (br. 5, 2H)
3.25-334 (m,2 H) 3.35-3.43 (m, 2H) 3.43 -
3.52 (m, 2 H) 3.54 (1, 1 H) 3.59 - 3.71 (m, 3 H)
3.79 - 3.87 (m, 3 H) 4.49 (d,/=9.63 Hz, 1 H)
6.61 (s, 1 ) 7.01 (d, 2 H) 7.05 (4, 2 H) 7.10 (s,
1H) 7.25 - 7.37 (m, 5 H). ESI m/z = 620
(M+H). 618(M-H).

34

1H NMR (600 MHz)  ppm 1.40 - 1.80 (m, 4 H)
2,08 (5, 3 H) 2.35 - 2.42 (m, 1 H) 2.66 - 2.82 (m,
5H)3.14-3.21 (m, 1 H)3.29 -3.35 (m, 4 H)
3.35 - 3.43 (m, 2 H) 3.46 (1, 7=8.94 Hz, 1 H}
3.53 (t, 1 H) 3.66 - 3.71 (m, 2 H) 3.81 - 3.88 (m,
3 H) 4.49 (4, /=9.63 Hz, 1 H) 6.61 (s, 1 H) 7.02
(d, 2H) 7.06 (d, 2H) 7.11 (5, 1 H). ESIm/z =
556 (M+H). 554 (M-H).
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35

1H NMR (600 MHz) § ppm 1.72 (m, 1 H) 1.73 -
1.80 (m, 1 H) 1.80 - 1.88 (m, 1 H) 1.90 - 1.97
(m, 1H) 2.07 (s, 3 H) 2.65 - 2.81 (m, 4 H) 3.24 -
3.27 (m, 2 H) 3.31 - 3.42 (m, 3 H) 3.46 (1,
J=8.71 Hz, 1 §) 3.54 (t,J=9.17 Hz, 1 H) 3.68
(dd, J=11.92, 5.04 Hz, 1 H) 3.80 - 3.87 (m, 3 H)
4.49 (d,7=9.63 Hz, 1 H) 6.60 (s, 1 ) 7.02 (4,
J=8.25Hz,3 H) 7.05 - 7.12 (m, 6 H). ESIm/z =
599 (M+Na). 575 (M-H).

36

1H NMR (600 MHz)  ppm 0.91 (d, /=6.42 Hz,
3 H) 0.96 - 1.05 (m, 2 H) 1.47 - 1.56 (m, 1 H)
1.58 (4, J=15.13 Hz, 2 H) 2.06 (s, 3 H) 2.65 -
2.73 (m, 4 H) 3.27 - 3.31 (m, 2 H) 3.35 - 3.43
(m, 2 H) 3.46 (1, J=8.71 Hz, 1 H) 3.54 {t, J=0.40
Hz, 1 H) 3.68 (dd, J=11.92, 5.50 Hz, 1 H) 3.81 -
3.86 (m, 3 H) 3.89 (4, /=12.84 Hz, 2 H) 4.50 (d,
J=9.63 Hz, 1 H) 6.60 (s, 1 H) 7.00 (d, 2 H) 7.05
(d, 2 H) 7.10 (s, 1 H). ESI m/z = 551 (M+Na).
527 (M-H).

10

Example 11-1 (another preparation method of the

compound of Example 11}

Preparation of (1S5)-1,5-anhydro-i-[5-[4-[2~[[[2-

hydroxy-1,1-
.bis(hydroxymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]—

2-hydroxy-4-methylphenyl]-D-glucitol

HO
HOY ™S “OH

(1) Preparation of {18)-1,5-anhydro-2,3,4, 6-tetra-O-acetyl-
l1-[2-acetoxy-5-[4-[2-][[[2-hydroxy-1,1-
bis(hydroxymethyl}ethyl]amino]carbonyl]amino]ethyl]benzyl]~
4—methylpheny1]—D—glucitol

To a chloroform solution (300 uL) of 1,1'-

carbonyldiimidazole (7.30 mg, 0.045 mmol) were added a
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chloroform solution (150 pL) of (18)-1-[5-[4-(2-
aminoethyl)benzyl]—2—acetoxy—4—methylphenyl]—1.5-anhydro-
2,3,4,6—tetra—O—acetyl—D—glucitol (18.4 mg, 0.030 mmol)} and
N-methyl morpholine (4.95 uL, 0.045 mmol), and the mixture
was stirred for 30 minutes at room temperature. After that,
to this reaction solution were added
tris(hydroxymethyl)aminomethane (10.9 mg, 0.09 mmol) and
N,N-dimethylformamide (150 uL), and this reaction mixture
was stirred at 60°C overnight. After the reaction mixture
was cooled to room temperature, ethyl acetate was added
thereto. 2nd the mixture was washed with water, 1 M
hydrochloric acid, and brine, and dried with anhydrous
magnesium sulfate. The drying agent was filtered off, and
the solvent was evaporated under reduced pressure. Thus
obtained residue was purified with silica gel column
chromatography (chloroform:metﬁanol = 95:5) to obtain the
title compound (7.9 mg, 35%) as a colorless amorphous
compound.
(2) Preparation of (1S)—1,5-anhydro-1~[5-[4-[2-[[[2-
hydroxy-1,1- '
bis(hydro#ymethyl)ethyl]aminocarbonyl]amino]ethyl]benzyl]—
2-hydroxy—4—methylphenyl]-D-glucitol

To a methanol solution (600 L} of (158)-1,5-anhydro-
2,3,4,6—tetra—0—acetyl—l—[2—acetoxy-5-[4—[2-[[[[z—hydroxy—
1,1-
bis(hydroxymethyl)ethyl]amino]carbonyl]amino]ethyl]benzyl]—
4-methylphenyl]-D-glucitol (7.9 mg, 0.0104 mmol) was added

a 2.5 wt. % methanol solution of sodium methoxide (34 UL,
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0.015 mmol) , and the mixture was stirred for an hour at
room temperature. The solvent was evaporated under reduced
pressure. Thus obtained residue was purified with gilica

gel column chromatography (methanol) to obtain the title

5 compound (3.0 mg, 52%) as a colorless amorphous compound.
Compounds 37 to 188 were synthesized by using
corresponding amines in accordance with the method as with
Example 11-1.
[Table 2]
MS
compound forrmula Exact | (M3+H) MS (M=H) | jonization
No. MS or
(M-+Na)
37 X—NH, C23HI0N207 | 446.21 | 484 460 ESI
OH
38 X—NH C28H40N209 | 548.27 [ 571 547 ESI
OH :
X—NH
39 C27H3BN207 | 02,27 | 525 504 ESI
40 C32H30N308 | 583.27 | 616 592 ESI
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#1 e C37HA2N208 | 64229 | 665 | 641 ESl
0
X
a2 N N\ / .| cosHaanzos |52623| 527 | 525 ESH
OH
43 X C28H4ON208 | 53228 | 555 | 531 ESI
H
N
TN
44 X~ rl\l/ ©C20H43N307 | 54531 | 546 | 544 ESI
OH
45 X C27H3BN209 | 53426 | 557 | 533 Esl
H
OH
OH
48 X\N/(/J\ C20H42N208 | 546.20 | 569 | 545 EsI
H
OH
41 (/\ , C28H4ONZOBS | 564.25 | 587 | 563 ESt
X\]rfl]\\\ S/
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\
ZT

48 X G32H40N208 | 580.28 | 603 979 ESI
HO
HO.

49 C33H42N2095 | 642.26 | 665 641 ESI

X—NH

]

CH

OH
50 HN{ C27H38N208 | 51826 [ 541 517 ESI
/
A

51 X\N/\/Q\O C32H40N208 | 580.28 | 603 579 ESI
H

F
52 X\N'/\/Q/ C31H37FN207 | 568.26 | 591 567 ESI
H

53 C37H42N207 | 6263 | 649 625 ESI
X—NH !
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Os. O
54 Yo G30H42N209 | 574.29 | 597 573 ESI
\N\\‘
H
H |
« P 0
55 C33H42N209 | 61020 | 633 609 ESI
o
H
56 X/N\/\ C26H36N207 | 48825 | 511 487 ESI
57 X \/\©[ 034H44N209 | 6243 | 625 623 Est
o
N
58 X NN C27H3IN3OT |517.28| 518 | 516 EsI
59 C31H46N207 | 558.33 | 581 557 ESI
N\)\
<
HN_ O
60 L@ C32H39N208 | 59327 616 ND ESI
X\
N
H
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X—NH /
61 Ca2HaGN20TS | 59222 | 615 | 501 Esl
62 X\N/\/\/g C33H42N207 | 5783 | 601 577 ESI
H
OH
63 X /v©/ C31H38N208 | 566.26 | 589 | 565 ESI
N
H
0
64 X~ ) C27H36N209 |532.24 | 555 | 531 ESI
H O ‘
0
65 X\m C28H38N208 |530.26 | 553 | 529 ESI
66 X\N/\K\O/Q C32HAON209 ) 596.27| 619 | 595 ESI
H
OH
§
P .
67 X \/\I\O C30H43N307 |557.31) 558 | 556 ESI
X—NH
68 \_@ C30H3BN207 | 536.25| 559 | 535 ESI
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69 _ C31H38N208 ) 566.26 | 589 565 ESI
X—NH
OH
HO
70 032H4ON209 | 596.27 | 619 595 ESI
X
\N\“
H
OH
71 X\N/\Q C31H3BN207 [ 550.27 | 551 549 ESI
H
H
72 X/N\/\/\OH G27H38N208 (51826 | 541 517 ESI
H .
X/N\/\N/\
73 k C29H43N307 | 54531 | 546 544 ESI
74 C20H42N208 | 54620 | 569 545 ES
N
X/ \/\OH
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H
X~ N :
75 C37H42N208S | 67427 | 676 673 APCH
S
@LOH
H
N
76 X Y\OH C26H36N208 | 504.25 | 527 503 ESI
H
7| N OH G28H4ON208 | 532.28 | 555 | 531 Esi
H
_N OH
78 XN N TN G27H38N208S | 550.23 | 573 549 ESI
OH
79 *N1 C26H36N208 [ 504.25 | 527 503 ESI
X/
H L
80 X/N | C30H45N307 | 559.33 | 560 558 ESI
OH
81 H/N{ C26H36N208 | 52024 | 543 519 ESI
X OH
H OH
82 XN G26H36N208 | 504.25 | 527 503 ESI
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83 C33H50N207 | 586.36 | 608 | 585 ESI
Nv'\/\
x/
‘ C ,\;’S
8 | y—nH \ C34H3EN207S | 618.24 | 641 | 617 £st
0
OH (\NJJ\OX
85 H \/I\/ \) C35H52N40T0 | 688.37 | 689 | 687 ESI
N N
x~
86 w C33H42M207 | 5783 | 601 | 577 ESI
N
X
X
N
87 HO C32H46N208 | 586.33 | 687 | 585 ESI
X—NH
88 0 C32H3BN208 | §78.26) 579 | 577 Est
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/' N\ 169 X, N..... ---....,0\----\ ---L--0,--
C31H42N209 586.29 609 585 ES! 170 7-- \0 X-N <\ C30H41N309

WO 2007/136116 PCT/IP2007/060653

89 C36H47N30B | 649.34 | 672 648 ESI

91 G32H40N207 | 564.28 | 565 563 ESI

;OH
X
\N/\©
H
¥ :
X~ AT
90 I G3IOH3ITN307 | 551.26( 574 550 ESI
N~
H\/\Q
x

X
92 \l\(\@ C29H36N208 | 540.25 | 563 539 ESI
a3 \ / C29H35N307 | 537.25 | b60 536 ESI
X—NH N
94 K C27H38M207 | 502,27 503 501 ESI
N
e e
95 X \/\T : - | G28H41N307 | 531.28, 532 530 ESI
H
96 X/N\/\OH G25H34N208 | 48023 | 513 489 ESE
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587.28 610 596 ES!' N\ -/Orh 171 \ ---- 033H46N408 626. 33 649

625 ES! X- NN
WO 2007/136116 PCT/IP2007/060653
H
97 />—NH C28H3BN4O8 | 558.27 | 559 557 ESI
0

99 C25H31F3N207 | 528.21 | 551 527 ESI

X
\
N
98 / _\_® G32H40N207 | 564.28 | 587 | 563 ESI
H F F
X
F

o
100 (l C29H42N209 | 562.29 563 561 ESI
101 N C31H38N207 | 55027 | 551 H48 ESI
X/
X o—
\
HN
102 C33H42N209 | 610,29 | 633 609 ESI
—0
H
103 X/N\/\N)J\ C27H37N308 | 531.26 | 554 530 ESI
H
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, N O

IV X-NN-"\ A/

172 033H48N408 628. 35 651 627 ESI
WO 2007136116 PCT/IP2007/060653
104 Y C20H42N208 | 546.20 | 569 545 ESI
X O
(0]
105 X N \/[ C29H41N308 | 559.20 | 582 558 ESI
H
H
106 X/N\/\O/\/OH G27H38N209 [ 53426 557 | 533 ESI
y
107 H C31H46N209 |590.32 | #13 589 ESI
X/N\/\O/\
0]
108 H\JKN C25H33N308 | 503.23 | 504 502 ESt
X~ H, '
O
109 /\/\N C30H4TN308 | 571.29 | 594 570 ESI
X\N _
H
N/E
110 ) 3 C29H38N407 | 554.27 | 577 553 ESI
H —N
111 X /N\/\O - C27H38N208 | 518.26 | 541 517 ESL
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173 C331141N307 591.29 614 590 ES! /" X- NN
WO 2007/136116 PCT/AIP2007/060653
112 N’/ G27H38N208 | 518.26 | 541 a7 ESI
% \//\\OH
113 \]/ C27H38N20Q7 | 502,27 525 5 ESI
XN
114 X/ NY G29H42N207 | 530.3 531 529 ESI
\ \
115 /N N C3TH3IEN3O7 | 56528 588 564 ESI
X
X OH
\
HN
116 OH C31H38N209 | 582.26 ND 581 ESI
OH
117 ([ G27H38N208 | 534.26 557 533 ESI
/N\/\
X OH
X TN
118 H k/ C31H46N407 | 586.34 | 587 ND ESI
N
119 f\|l rlq C29H43N3Q7 | 545.31 547 544 ESI
X/ \/\/ ~—
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174 030H40N209 572. 27 595 571 ESI [0---, X-NX \O
WO 2007136116 PCT/IP2007/060653
—
' 8]
120 N\/[k C26H34N209 | 51823 | ND 517 ESI
X~ OH
=N
121 l C30H37N307 | 55126 | 574 550 ESI
X/N =
|
N
122 C33H52N407 | 61638 | 617 615 ESI
l
X/N \/\\/N\
H
123 X, /F@\ C33H44N207 | 58031 | 581 579 ESI
N H
H R
124 H H C30H40N207 [ 54028 | 563 539 ESI
X—NH
H
125 X/N C28H38N207 | 51427 | 537 513 ESI
X
126 l—?N“"-- OH C29H40N2ZO8 | 544.28 | 567 543 ESI
HO.
127 X . C29H40N208 | 544.28 | 567 543 ESI
\N\\\‘
H
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WD 2007/ 136116PCT/ JP2007/ 060653 175 X-N "< N \/

638 614 ES!
\/Nc )

0321-145N309 615. 32

0 176 C32HAONAO7 592.29 593 591 ES| /\..._ XN
WO 2007136116 PCT/JP2007/060653
128 C31H44N207 | 55631 579 | o555 Est
/N
XN
129 X\N/O G30H42N207 | 5423 | 565 | sa1 ESt
130 G31H44N208 | 572.31 | 505 | 571 Est
N
X ~"""0H
31 A : C35H50N207 | 61036 | 633 | 609 EsI
132 HN__C],\J v@ C34H43N307 | 60531 | 606 | 6oa ESI
/
X
X 0
\
HN N“(
133 o C31H43N308 | 6013 | 624 | 600 Est
\ N
134 N Ca5H4SN307 | 61933 | 620 | 618 Est
X
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177 , 029H39N308 557.27 580 556 ES!I /N H X-N) ( \ 0

WO 2007/136116 PCT/IP2007/060653
X\N 0
135 H C27H34N209 | 530.23 | 553 529 ESI
O
\ 0
136 x/N Sa C28H38N209S | 578.23 | 601 577 ESI
C
137 HO O C36H40N208 | 628.28 | 651 627 ESI
N
N
H
X\
. 138 HN . C32H38N207 | 562.27 | 563 561 ESI
OH
x\ .
139 NH 0.0 C36H38N208 | 626.26 | 649 625 ESI
x\
140 HN& C31H38N208 | 566.26 | 589 565 ESI
. OH
IOV
141 - g C31H38N2010S | 630.22 | 653 623 ESt
X=NH y ~"oH
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178 r X.--...NMNo C31H43N308 585.3 608 584 ES! / 179 O-
C30H4A0N209 572.27 595 571 ESI ) X N

WO 2007136116 PCT/IP2007/060653
142 032H38N208 | 578.26 | 601 577 EsI
)
OH
143 N G32H44N207 | 56831 501 | 567 ESI
-
X
144 X—N S C27H36N207S | 53222 | 555 | 531 ESI

145 . X_N: : ’ 028H38N207 | 514.27 | 537 513 ESI

N
e | N/\:>—/— O C34H49N3O7 | 61136 | 613 | 610 ESt

147 X“ND*NG C32H45N307 | 58333 | 585 | 582 ESI

148 C32H44N207 | 568.31 | 591 567 ESI
X—N
X—N N
149 ! / C31H4BN407 | 586.34 | 587 585 ESI
NEVARRNEN
\
’/\N/\/\N/
150 | C32H48N407 | 600,35 | 601 599 ESI
A
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-\ ( 0 180 LW-- X, .., N..----""0 C33H47N308 613. 34 636
612 ES! 181 C34HA1FN207 608. 29 631 607

WO 2007/136116 PCT/IR2007/060653

1561 . C29H40N208 | 544.28 | 567 543 ESI
XN

152 K\N/QOH - G33H41IN308 | 607.29 | 630 606 ESI

X/N\)

8]
153 (\ == C32H39NZ08 | 609.27 | 632 608 ESI
AN ot
X—N N
154 N/ C35H45N307 | 619.33| 642 618 ESI
X—N N
155 AR G2OH4IN307 | 543.20 | 566 542 ESI
X—N N
156 C29H41N308 | 559.28 | 560 558 ES!
/oy

157 X—ND’ OH G28H38N208 |530.26 { 563 | 529 ESI

OH
158 X_ND_F C30H42N208 | 558.29 | 581 557 ESI

146



ES!
X-N

X-N

I/ 182

C35H44N208 620. 31 643 619 ES!

WO 2007/136116 PCT/IP2007/060653
159 C35H38N207 | 598.27 | 821 597 ESI
x N
160 X—N N 0 C32H45N308 | 599.32 | 622 598 ESI
161 X—N N— C28H39N307 {52028 552 528 ESI
X\N
162 C35H44N207 | 604.311 627 603 ESI
163 X—N C31H36N207 | 54825 | 571 547 ESI
H
N
164 X \ C34H39N307 | 60128 | 624 600 ESI
X\N
165 C27H36N207 | 500.25 | 523 499 ESI
166 X—N 0 C27H36N208 | 516.25 | 539 515 ESI
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I WO 2007/136116PCT/JP2007/060653 183 CX 0O

032H43N309 613.3 636 612 ES! 184 X . N, o, o, 0
WO 2007/136116 PCT/IP2007/060653
HN o
167 ¥ C28H37N308 | 543.26 | 566 542 ESI
R,
168 0 C29H3ON308 | 557.27 | 580 56 I
/N : 5 ES
X—N N
X
SN 0
169 C31H42N209 | 586.20 | 609 | 585 ESI
o
0
X—N" N—/<
170 NEARN C30M4IN309 | 587.28| 610 | 586 ES
X—N N
171 C33H46N408 | 626.33 | 649 625 ESI
=]
o
X—N N —
'
172 / —\—N 0 | c33H48N408 | 62835 | 651 627 ESI
__/
X—N N
173 N/ C33H41IN307 |59129) 614 | 500 ESI
o .
174 X_N\/:>< j C30H4ONZO9 | 57227 | 595 571 ESI
O .
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0 C30H38N2010 586.25 ND 585 ESI 185 X.Ne- 0 0 0331445N308 611. 32
634 610 ESI 186 OH 034H42N208 606.29 629 605 ES! 187 X NH
031H41N308 583.29 606 582 ESI 188 C35H44N207
WO 2007/136116 PCT/IP2007/060653
.
X—N N‘{
175 \__/ o— C32H45N309 | 61532 | 638 614 ESI
X—N N—@
176 T \N C32H40N407 | 59229 | 593 591 ESI
NEVAR N/
NH,
177 x—N\/:>—-\< C29H39N308 | 557.27 | 580 556 ESI
QO
178 X“NQ/ N\fo ©31H43N308 | 5853 | 608 | 584 ESt
0—.
179 X—N\/:>—< C30H40N209 | 57227 | 595 | 571 ESI
@]
180 X 5 C33H47N308 | 613.34 | 636 612 ESI
181 X"ND_@ F G34H41FN207 | 608.20 | 631 607 EsI
182 X—NQ—@-O\ G35H44N208 | 62031 | 643 619 ESI
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604. 31 627 603 ES! WD 2007/ 136116PCTMP2007/ 060653 Furthernore, the
conmpound (I'1l) in which Rs represents an an al kyl group substituted
with an ami no group can be synthesized by using ethyl enedi am ne or
N-net hyl-1, 3- propanedi anmine in accordance with the method as with 5
Exanmpl e 11-1. Exanple 19 Preparati on of

(15) -1, 5- anhy¥P #9HTBpe (4-[2-[ (4S)-4- (cycl ohexyl met hy|PFIIPAITHH5330

i m dazol i di ne-1-yl]

et hyl i benzyl] - 2- hydr oxy- 4- et hyl phenyl ]-0-gl ucitol 10 The

title conpcound (5[ ng, 29% was obtained|as a col ¢grless oi [y conpound
according tjo the pethod as th Exanple|11-1 in which
3-cycl ohexyl -;_B-sal ani ne t ester hydrochl ori de was| used instead of
15 tris(hydroxymef hyl )fami e, 1H| NRRH4NEPD | 6132, | REBTHANGL - D4)ESB
ppm 0. 81-1.100 (m 2H))gz (bro-s/, 3H 1.38-1.47(m 1H) 1]/48-1.55
(m 1H) 1. 56-/1. 78 m~ 411) 2.05 (s, 311)/2.83
0
184 x/N N G30H38N2010 | 586.25 | ND 585 ESI
0
X\
185 O\“/"O C33H45N308 | 611.32 | 634 610 ESI
0
OH
x—N
186 C34H42N208 | 606,29 | 629 605 ESI
NH
187 N C31H41N308 | 583.29 | 606 582 ESI
-
X 0
188 C35H44N207 | 604.31) 627 603 ESI
x
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(t, J=7.34 Hz,

2H)3.28-3.33(m 2H) 3.35-3.43 (m 2H) 3.46 (t, J=8.71

Hz, 1H) 3.54 (t, 20 J=9.17 Hz, 111)3.57-3.71(m 3H) 3.81-3.88(m 311)
J=9.40, 4.36 Hz, 111) 4.50 (d, J=10.09 Hz, 111) 6.60

7.00 (d, 2H) 7.04 (d
WO 2007/136116 PCT/AIP2007/060653

3. 96(dd,
(s, 111)

10

15

20

25

Furthermore, the compound (III) in which R® represents
an an alkyl group substituted with an amino group can be
synthesized by using ethylenediamine or N-methyl-1,3-
propanediamine in accordance with the method as with
Example 11-1.

Example 19

Preparation of (1S8)-~1,5-anhydro-1-[5-[4-[2-[(48)-4-
(cyclohexylmethyl)-2,5-dioxo imidazolidine-1-yl]

ethyllbenzyl]-2-hydroxy-4-methylphenyl]-D-glucitol

HO N
HO O g'ﬂ g'ﬂ \%

HOY ™ "OH
OH

The title compound (5 mg, 29%) was obtained as a
colorless oily compound according to the method as with
Example 11-1 in which 3-cyclo£exyl-L-alanine methyl ester
hydrochloride was used instead of
tris(hydroxymethyl)aminomethane.
lH NMR (600 MHz, METHANOL-D;) & ppm 0.81-1.00 (m, 2H) 1.31
(br. s., 3H) 1.38-1.47 (m, 1H) 1.48-1.55 {m, 1H) 1.56-1.78
{m, 4H) 2.05 (s, 3H) 2.83 (t, J=7.34 Hz, 2H) 3.28-3.33 {m,
2H) 3.35-3.43 (m, 2H) 3.46 (t, J=8.71 Hz, 1H) 3.54 (t,
J=9.17 Hz, 1H) 3.57-3.71 (m, 3H)} 3.81-3.88 (m, 3H) 3.96 (aa,
J=9.40, 4.36 Hz, 1lH) 4.50 (4, J=10.09 Hz, 1H) 6.60 (s, 1H)
7.00 (4, 2H) 7.04 (4, 2H) 7.08 (d, J=5.96 Hz, 1H).

BSI m/z=605(M+Na). 581(M-H).
Compounds 190 to 202 were synthesized by using

corresponding amino acids in accordance with the method as

i51



211) 7.08 (d,J=5.96 Hz, 1H). ESI m z=605(M+Na). 581(M H). Conpounds
190 to 202 were synthesized by using 25 corresponding anmno acids in
accordance with the nethod as WO 2007/ 136116PCT/ JP2907/ 060653 wi th

Exanpl e 19. [Table 3] Conpound No. HO 0 0 HoO HO " OH OH

formul a Exacé&(?\@g}){gﬁlgy&lﬁ) or (1/4.4+Na) M5 0.4-H) ionigzation 189 NH

032H42N208 5 581 ESI 190 F, NH 032H36N208

with Example 19.

[Table 3]
G d -
ompoun Exact | (M+H
No. formula MSG (or) MS (M-H) | ionization
{M+Na)
189 X,j\];{\NH C32H42N203 382.29 | 605 581 ESI
0
) ’—@
190 T\NH C32H3BN208 | 576.25 | 599 575 ESI
X
(o]
o,
191 . ?!/\NH C28H36N208 | 528.25 | 551 527 ESI
X~
o]
192 N NH C28H36N208 | 528.25| 551 527 ESI
x
o]
o) -
193 ﬁ"\NH C32H36N209 | 592.24 | 615 | 501 ESI
X/N\\(
0
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576. 25 599 575 ESI
028H36N208 528. 25 551 527 ES!
WO 2007/ 136116PCT/ JP2007/ 060653 194

ES!
ESI

195

191 NH 028H36N208 528.
193 ,4/ OH

25 551 527 ES!

192 NH

N 032H36N209 592. 24 615 591
C31H34N207 546. 24 569 545

WO 2007/136116 PCT/IP2007/060653
194 QQ l031H34N2lO7 546.24 | 569
’ . 545 ESI
x/M\WN
[a]
K Y/
o & N\ _J
195 }/\ C31H35N308 | 577.24 | 600
pe . 576 ESI
X '\(
o}
N
NH
196 . /N\\( C25H30N208 | 4862 | 509 485 ESI
0
DH
s
197 /N\‘("NH C27H34N209 | 530.23 | 553 529 ESI
X
O
o, f
by
198 X/W H C26H32N208 | 500.22 | 523 499 ESI
0
o/
D
199 O i C29H36N2010 | 572.24 | 595 5
},\ ) 71 ESI
x/”\\(m
0
'_—</\NH
200 Y\NH C29H34N408 | 566.24 | 589 565 ESI
N
0
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OCQ N 0311-135N308 577.24 600 576 ES!
197 0 , NH C27H34N209 530. 23 553 529 ES!

485 ES!

500. 22 523 499 ES!

-cps NNH 025H30N208 486.2 509
198 NH 026H32N208
199 029H36N2010 572.24 595 571 ES!

WO 2007/136116 PCT/JP2007/060653
o fp*ét/N
201 7’”\% C36H4ON4OB | 656.28 | 679 655 ESI
X j(
0
«~—CH
202 P NH C26H32N209 | 516.21 | 539 515 ESI
X
o}
Formulation Example
[Table 4]

10

Formulation of tablet containing 100 mg of drug:

Content in single tablet:

Brug 108.35 mg
Lactose - monohydrate 38.65 mg
Crystalline cellulose 22.00 mg
Calcium carboxymethylcellulose 20.00 mg
Hydroxypropylcellulose 10.00 mg
Magnesium stearate 1.00 mg

200.00 mg

Preparation Method

The drug (the compound of the present invention) is
mixed with lactose monohydrate, crystalline cellulose,
calcium carboxymethylcellulose, and hydroxypropylcellulose.
This mixture is pulverized with a pulverizer. The
pulverized mixture is mixed with a mixer-granulator for

1 minute, and then granulated with water for 4 to 8 minutes.

Thus obtained granulated products are dried at 70°C for 40

minutes. The dry granulated powder is sifted with a 500 um

sieve. The sifted dry granulated powder and magnesium
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200 N eNNH C29H34N408 566. 24 589 565 ES! WO

2007/ 136116PCT/ JP2007/ 060653 201 of NH 110 C36H40N408 656. 28 679 655
ESI 202 ,---CH : N 026H32N209 516.21 539 515 ESI Formul ati on
Exanpl e [ Tabl e 4] Formul ati on of tablet containing 100 ng of drug:

Content in sin

|l e tablet: Drugl08.35 ngy Lactose - nonaohydrate38. 65 ng

Crystalline SEY 84892 00 nmg Cal ci um car boxynet hyl celCdHBRED B0 ngy

10

15

20

25

stearate are mixed with a V-type mixer at 30 rpm for

3 minutes. Thus obtained granule for making tablets is
subjected to compression molding with a rotary tablet
machine to make tablets.

[Table 5]

Weight of Tablets: 200 mg
Tablet size: 8 mm, round

Test Example 1
(1) Cloning of Human SGLT1 and SGLTZ2 and Introduction
thereof into Expression Vector

An SGLT1 sequence (NM_000343) was reverse-transcripted
from human small intestinal mRNA, then amplified, and then
introduced into pCMV-tag5A from Stratagene Corporation. An
SGLT2 sequence (NM_003041) was prepared from human nephric
mRNA as with the above method, and then introduced into
pcDNA3. 1+hygro from Invitrogen Corporation. Each cloned
sequence was confirmed to be identical with the reported
seguence.
(2) Preparation of CHO-kl Cells Stably Expressing Human
SGLT1 and Human SGLT2

The human SGLTI and human SGLT2Z expression vectors
were tfansfected into CHO-k1 cells by using Lipofectamine
2000 from Invitrogen Corporation. The SGLT expression
cells were incubated in the presence of Geneticin (SGLT1)
or Hygromycin B (SGLT2) at a 500 ug/mL concentration to
select resistant strains, and specific activity of sugar

uptake was obtained as an indicator by the following system.
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Hydr oxypr opyl cel | ul osel0. 00 ng Magnesi um stearatel. 00 ng 200. 00 ny
5Preparati on Method The drug (the conmpound of the present
invention) is mxed with | actose nonohydrate, crystalline cellul ose,
cal ci um car boxynet hyl cel | ul ose, and hydroxypropyl cel l ul ose. This
mxture is p J with a pulverizer. The 10 pul very ] eis
m xed with a%rﬁy%g?-égg%nul ator for 1 mnute, and then ;Fgﬁﬂﬁuﬁoéﬁgwith
water for 4 to 8 mnutes. Thus obtai ned granul ated products are dried
at 70C for 40 mnutes. The dry granul ated powder is sifted with a 500
p. msieve. The gift Bghihiyigh mutabfoboa@mﬂeae@aaeﬂ@%@&u[ﬁgta\!@ in
2007/ 136116PCT/ JP2007/ 060653 stearate are m xed with a V-type m xer
at 30 rpmfor 3CRikutes. Thus obtained granule for making tablets is
subj ected to conpressi ing with,a rotary_ tahlet machine to nmake
tablets. 5 [Table 5]&%:}\2‘2‘I %albgF SH1°8FL09 VTR 89 SangSEHR2
round Test Exanpbee usefil¥of tRi Dgh i thdABies3ChF 1s @Rt SE Jeharhd

I ntroduction thereof into Expression Vector 10An SGT1 sequence (NM
000343) was Pev8t3eRse 3RS -pted from human smal |l intestinal nRNA
then anplified, andgihen 4.0t uced jnto pCW-tagbA from Strat agene
Cor por ati on. An S&'Fggsé;%lt}%n%gg? Iﬁlﬁf&h%%ffl)mv\%spﬁ?r%ﬁﬁ?"éed’tf PBhTFfuRan
nephric nRNA as(2ed¢ it lFer adwuee, n@id edns afut SBER | Fok0syGRGLkBL O Fhe
pcDNA3. 1+hygro from I nvitrogen Corporation. Each cl oned sequence was
confirmed to bePFeidipatEart Huffex s spaoveadd ané qrrempsake (REfer B

Preparation of EHO Kl I t pr.essin n SA.T1 and Human
SGLT2 20The human %?%a% Tﬁﬂan%n‘yéﬁT eioﬁr g%%ﬁc\‘:}%ﬁ%gv@r%e“
transf ect edio nt Gorgdnkl weeldage®Yrd Togudd RA\ 85T RE.LOAD BEO?P _
I nvitrogen Corporation. The SGT expression cells were incubated in

the presence of & RERHEESEEEUTL )opT Hyyhomycl FFLB2) SGAERr athea 500
ug/ nmL concent rafd . S si stant. strains, and ific
activity of sugarE&{:}ﬁltbi(glkgiﬁ.1 v?aggg% éfeﬁgdw%%egnwf iacgiﬁ%l?”iﬁl%ﬁg er €

fol |l owi ng syst etwiceW2@OQE/ 356 1SARCT/ 3d9 2007/ AG0GBBTEB) ah@hihid i on
Test of Sodi um dependent Sugar Uptake in Cells Cells stably .
expressi ng humehtSSeLYed aiid 2hbrhd! Selgbion of g (ZBdrIf diort HELTI, an

i nhibition {est,nf 508l nd gl ucose upt ake. T ells
were incubated 11 & pr%ﬁ%%?r%ght Sﬁf‘ﬁl?éar &%%Jijgécgf%fl&&tegdiﬁ,aggﬁ‘g 2
m. for SGT2) fere2d aiduiesd sHEEipiaivigat Aanloabyitaly Was feumyved
and an uptake buffer B (75 pL for SGET1, and 200 pL for SGE.T2)

cont ai ni ng a t &gth1Ht NP ) atfi et 1igutd rigdatibintdopateurteact i on
at 37C for 30 rd Rt 8SckmGE-& r. an_ho T2). After the

reaction, the cells were waé%lé%rv'vi ?ﬁga&yﬁéégﬁgg%ﬁ fcé’fl%ﬁ’ivﬁré’gp(ﬁb pL
for SGLT1, and uwtkkeflpuff8E dtainndg theredt SERipvaald ivdsadplegard. In
solution of NaOH (75 pL for SGT1, and 15 400 pL for SGE.T2). After a
liquid sci Y | AL AFdEle (R6hEL eriake huskar sat furtiakat byEter B

radi oactivity vas:geasi | 1h m ETA (SE.T1) or. a_liguid
scintillation counter #%%ogie% ﬁamnglébc% g&?‘?‘a"‘}gﬁc‘;’%(”&‘frf?? SERTESnt r of
group, an uptaka puétwsateent auficeg RO 140ShMCOHNIAUEdcNERSTiRE € PARE kch N

1l mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4.
*An uptake buffer B : 1 mM of methyl c¢-D-glucopyranoside
25 containing ['Clmethyl o-D-glucopyranoside, 140 mM NaCl,

2 mM KC1, 1 mM CaClp, 1 mM MgCl,, 10 mM HEPES/5 mM Tris,
PH 7.4.

‘A washing buffer C: 10 mM methyl a-D-glucopyranoside, .
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20 addition, as the basic uptake buffer, an uptake buffer B
contai ning choline chloride instead of NaC was prepared. *A
pretreatnment buffer A 140 mM choline chloride, 2 mM KCl, 1 mM CaClz2,

1 mMMd 2, 10 M HEPES/5 nM Tris, pH 7. 4. An upt ake buffer B
1 mM of nethyl a-D-glucopyranoside 25 containing "C ne thyl

a-D- gl ucopyréﬁ%?f’ﬁ’éfng40 MM NaCl, 2 nMKC ., 1 mM CaCff,T”W‘”ﬁM“ﬁ/EG 2
10 MM HEPES/5 mM Tris, pH 7.4. *A washing buffer C. 10 nmM net hyl
a- D- gl ucopyranosi de, 156 WO 2007/ 136116PCT/ JP2007/ 060653 140 mMV

Tris, pH 7 a sl tiine bR S vl ) Dbt by o olde. ™

havi ng adequat e16 mOHEPBREY BitMOOSivepE wse€d and the test conpound 5
concentrations (I1C52 val ues) at which sugar uptake is inhibited by
50% i n conpari son WPhoTdRF FAoehitaisf ISugerlugst akest toORYunsts hiyeing

control group- -wgk&n&a! CH'@J&% toresults are s Ln . Table 6.

[Tabl e 6] corrpoun%q No SGLTL Hﬁsz’?%&fz@%’m % ﬂ“‘{i]g/‘\ﬁg YRt gonpoptidgs 4

51 31 8 65 29 QcdneenZ®atlomsl (28;, values) at which sugar uptake is
inhibited by 50% in comparison with the amount of sugar
uptake (100%) of the control group were calculated. Test

results are shown in Table 6.

[Table 6]
compound No SGLT1 (nM) SGLT2 (nM)
1 11 17
2 32 18
3 35 65
4 51 31
8 65 29
g 175 29
10 51 23
11 59 34
12 113 48
14 49 21
17 79 25
19 302 101
20 382 l64
21 75 34
22 37 12
23 19 19
24 37 25
25 64 20
26 52 15
27 54 15
28 64 18
29 75 17
30 111 i3
31 148 39
32 245 44
33 12 11
34 49 10
35 83 34
36 94 34

10
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In addition, the sugar uptake inhibition rates at
100 nM concentration of the test compound in comparison

with the control group are shown in Table 7.

[Table 7]
SGLT1 SGLT2
compound No- | 3 inhibition at 100nM| % inhibition at 100mM |

38 89 83
39 80 83
40 79 89
4] . 78 86
42 78 87
43 77 86
45 75 80
46 T4 91
47 73 89
48 73 87
49 73 81
50 71 : 77
51 71 84
52 71 . 84
53 70 74
54 79 73
55 69 69
56 68 77
57 68 51
59 67 86
60 66 o1
6l 65 g5
62 65 79
o 63 63 81
64 . 62 76
65 62 76
66 62 83
67 6l 82
68 60 B3
69 60 83
70 59 83
71 59 86
123 78 87
124 71 79
! 125 68 90
132 a0 90
137 71 79
138 65 84
143 66 80

5 : 158
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49 10 35 83 34 36 94 34 10 WD 2007/136116PCTOP2007/060653 In _

addition, the sugar uptake inhibition rates at 100 nM concentration
of the test conpound in conparison with the control group are shown

in Table 7.
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Test Example 2

Confirmation Study of Inhibitory Effect on Elevation
of Blood Glucose Level in Streptozotocin Diabetic Model
Rats

(1) Preparation of Diabetic Model Rats
7-week-o0ld SDP/IGS rats (from CHARLES RIVER LABORATQRIES
JAPAN, INC., male) were fasted for about 16 hours. Then to
these rats under etherization were administered 50 mg/kyg of
streptozotocin (STZ) wvia the tail vein to Prepare diabetic
model rats. Similarly, to rats under etherization were |
administered 1 mL/kg physioclogical saline containing 1.25
mmol/L of citric acid via tail veins to Prepare normal
control rats. One week (8 weeks old) after administration
of STZ or 1.25 mmol/L citric acid physiological saline, the
rats were subjected to oral glucose tolerance test.

(2) Oral Glucose Tolerance Test

After the rats were fasted for about 16 hours, the
medicament (1 mg/kg) suspended in a 0.5% carboxymethyl
cellulose (CMC) agueous solution was orally administered to
a medicament treated group, and only a 0.5% aqueous
solution of CMC was orally administered to a control group.
At 5 minutes after the administration, a glucose solution
(2 g/kg) was orally administered to each rat, and blood was
collected at 5 points in total: before the administration
(0 time), after 0.25, 0.5, 1 and 2 hours after the oral
administration,

The blood was collected from the orbital sinus venosus

of each rat under etherization with a heparin-coated blood
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i nhi biti i nhi bition
Table 71 conpound No. SG.T1 t inhibition at 100nM SGLT2 t in
gt 100nM 38 gg 83 39 80 83 40 79 89 41 78 86 42 78 87 43 77 86 45 75

80 46 74 91 47 73 89 48 73 87

WO 2007/136116 PCT/JP2007/060653

collection tube and centrifuged, and then blood plasma was
separated. The concentration of glucose in the blocd
plasma was determined with Glucose CII Test Wako from Wako
Pure Chemical Industries, Ltd. As for the intensity of
5 inhibitory effect on elevation of blood glucose level, area

under the blood glucose level curve (AUC) was calculated by
the trapezoidal rule based on the blood glucose levels of
the medicament treated group from 0 time to 1 hour time.
And a basal value is subtracted from AUC to describe the

10 intensity as area under the blood glucose level increment
(AAUC) and describe the intensity as a decrease rate from

the AAUC of the control group. The results are shown in

Table 8.
[Table 8]
compound STZ rats-0GTT{2g/kg)
No %inhibition
AAUCO-1h(mgh/dL) @lmg/kg
1 41.7
. 2 51.6
3 63.9
4 51.0
8 45.1
11 69.3
9 50.1
10 67.8
12 48.8

15
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By virtue of the present invention, it is expected to
provide a preventive or therapeutic agent for diabetes
comprising, as an active ingredient, a C-phenyl glycitol
compound having not only a glucose absorption suppression

5 action from the digestive tract but also a urine glucose
excretion action by inhibiting a sodium dependent glucose
cotransporter 1 (SGLTLl) expressing on the epitheiium of the
small intestine and a sodium dependent glucose
cotransporter 2 (SGLT2) expressing in the kidney.

10
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CLAIMS

1. A C-phenyl glycitel compound represented by Formula

{I) below or a pharmaceutically acceptable salt thereof, or

a hydrate thereof

where

R! and R? are the same or different and represent a hydrogen
atom, a hydroxyl group, a Ci-¢ alkyl group., a Ci.z alkoxy
group or a halogen atom,

R® is a hydrogen atom, a C:.s alkyl group, a C;.s alkoxy

group or a halogen atom,

'Y is a Ci-s alkvlene group, -0-(CHp)n- (n is an integer of 1

to 4) or a C,.¢ alkenylene group, provided that when 7z is -
NHC(=NH)NH, or -NHCON(R®)R®, n is not 1,

% is -CONHR®, -NHC(=NH)NH, or -NHCON(RP)R®,

D
o Leon F" ~ NH
NH /N
S G
where
R is

a Cy.¢ alkyl group substituted with 1 to 3 substituents

selected from the group consisting of a hydroxyl group, an

l62



125 68 90 132 90 90 137 71 79 138 65 84 143 66 80 WD

2007/ 136116PCT/ JP2007/ 060653 Test Exanple 2 Confirmation Study
of Inhibitory Effect on Elevation of Blood 3 ucose Level in
Streptozotocin Diabetic Mddel Rats 5(1) Preparation of D abetic Mdel
Rats 7-week-old SD/IGS rats (from CHARLES Rl VER LABORATORI ES JAPAN,
INC., male) WweaoBstled for about 16 hours. Then to tREIEPNERVEIENder
et heri zation were adm ni stered 50 ng/ kg of streptozotocin (STZ) via
the tail vein to prepare diabetic 10 nodel rats. Simlarly, to rats
under etherization were adm nistered 1 ni/kg physiol ogical saline
contai ni ng 1. 25mmol gtowl apilta iearhenelviggotmi | veins to prepare
normal control rats. One week (8 weeks old) after adm nistration of
STZ or 1.25 mmot/tScitric acid physiol ogical saline, the 15 rats were
subj ected to orgly gl He@SREhOhRLRNCE test. (2) Oal ducose Tol erance
Test After the rats were fasted for about 16 hours, the

medi cament (1 nilkg) Csuspsglegrdup sh&k SHyche bosoprdtied gath Bt doe3
(CMC) aqueous sol ution was orall dm nj stered to 20 a medi canent
treated group, SHAFLIRESPLE 69%%#&%’6?}%%58}1&%'% of CMC was orally
adm ni stered t o GOR} [ObySlddiRy1 AbrorpRUEE hadfl b&rsdt@ituted with 1
adm ni stration, a glucose solution (2 g/kg) was orally adm ni stered
to each rat, anth Bl godstidsiests | Edeetedtfr®mpai mdroryl t Hrogp: akefdFest he
adm nistration 25 (0 tine), after 0.25, 0.5, 1 and 2 hours after the
oral admi ni st r AYGRXY2LEYL ${2YBY 00d was col | ected from the orbital

Si nus venosus 0f4)e@ch E@tlzumg%e:%hhﬁéiéx%hkeﬂoﬂﬂyh gré@paki #-xaat ed-
bl ood WD 2007/136116PCT/ JP2007/ 060653 col |l ecti on tube and
centrifuged,0 amnivesrd Bhededoptak mrownsthadepay dice dar Fhel lyoAeEmatads on
of glucose in the bl god plasma was determned wi.th Gu | | Test
wako from Wako eﬁﬁhe"%h‘gfﬁc@afm?mﬁ PPes° IEF‘IC]‘.:’B KS:LHFB?OIE%(%%?F]J{%G%Q ty of
S inhibitory effeflsons&lRNali SbnPind! QARpILsENSRiheVed o, alpas uBdES

t he bl ood glucose level curve (AUC) was cal cul ated by the trapezoi dal
rul e based on td¢fe apiokR® g(RIE dse al bydtogenf atdie Aedi-c AHENE I70R od
group fromO tine to 1 ho%yii ne. And a asgikval ue, I S .subtract

fromAUC to desRtiE& the S 05 AS 4 BE NG PYHe Brody! g ggose
| evel increpentyfANCIuEid tdesEWikE 1 he i3nkepEidituasits SA2eEEas Eroat €

fromthe AAUC of the control group. The results are shown in Table 8.
[ Tabl e 8] the group consisting of a hydroxyl group and a Ci-s
hydroxyalkyl group, or
(5) a Cg13 aryl group which may be partially saturated and
may be substituted with 1 or 2 substituents selected from a
20 hydroxyl group, and a Cy.¢ alkyl group., a phenyl-Ci alkyl
group and a Cj;-s alkylsulfonyl group, each of which may be
substituted with a hydroxyl group(s)
in which
Group A consists of
25 a halogen atom, a hydroxyl group, a Ci¢ alkoxy group which
may be substituted with a hydroxyl group(s), a carboxyl
group, a C..s alkoxycarbonyl group, a carbamoyl group, an

amino group, a Ci-¢ alkylamino group, a d4i-C;.s alkylamino
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conpound No STZ rats-0OGIT(2g/kg) % nhibition AAUCO | h(ngh/dL)
@nmg/kg 41.7 1 2 51.6 3 63.9451.08 45.1 11 69.3 9 50.1 10 67.8 12
48.8 15 WD 2007/136116PCT/ JP2007/ 060653 By virtue of the present
invention, it is expected to provide a preventive or therapeutic
agent for diabetes conprising, as an active ingredient, a C phenyl

gl ycitol conmpb@dd”iBemé ng not only a gl ucose absor pti orPEUPWIASEEHON 5
action fromthe digestive tract but also a urine glucose excretion
action by inhibiting a sodi um dependent glucose cotransporter 1
(SG.T1) expressing on the epitheliumof the small intestine and a
sodi um dependengrgimic @s 62-¢ AIVAABPHOY taXEuR. (BSCLF23 1 kud3hde seTryPi KRt ¢ e

ki dney. 10 WO 2007/ 136116PCT/ 31' 2007/ 060653 . CLAI . A C phenyl

gl yci tol conmpoufid®¥ rbeeprséléggz’fteud: %ywt%f r?u}%égmxyl SEoU ST

a phenoxy group,
a phenyl group which may be substituted with 1 to 3
5 substitueﬁts selected from Group B (Group B consists of a

hydroxyl grouﬁ, a halogen atom, a C,.g alkoxy group, a Ci
alkyl group which may be substituted with a hydroxyl
group{s), a Ci.¢ alkylthio group, a thienyl group, a
phenylthio group which may be substituted with a hydroxyl

10 group(s) or a Ci-s hydroxyalkyl group(s}., and é piperidino
group which may be substituted with a hydroxyl group(s) or
a Ci-¢ hydroxyalkyl group(s)).
a Ci.12 cycloalkyl group which may be substituted with 1 to
3 subtitituents selected from the group consisting of a

15  Thydroxyl group and a C;¢ hydroxyalkyl group,
a 3 to l2-membered heterocycloalkyl group or a 5 to 13-
membered heterocaryl group that may be partially saturated,
each of which contains one to three ring-constituting
atom(s) selected from the group consisting of O, N, S, S0,

20 CO and NRY (R!° is a hydrogen atom, a C;.s alkyl group, a
phenyl-C;.¢ alkyl group or a Cz.s alkoxycarbonyl group), and
may be substituted with 1 to 3 subtitituents selected from
the group consisting of a hydroxyl group and a Cig
hydroxyalkyl group, and

25 -CONRP'R® wherein R™ and R®® together with the nitrogen atom
to which they are attached form a 5 to 6 membered
heterocycloalkyl group which may contain as another ring-

constituting atom, an oxygen atom, a nitrogen atom or a

l64



(I') below or a pharmaceutically acceptable salt thereof, or 5 a
hydrate thereof Rl R2Y-Z HOR3 HO ''OH OH (I) where RI and R2 are the
sane or different and represent a hydrogen atom a hydroxyl group, a
Cl-6 al kyl group, a Cl-6 al koxy 10 group or a halogen atom R3 is a
hydrogen atom a C2_6 al kyl group, a Cl..6 al koxy group or a hal ogen
atom Y | V@a2egrelal kyl ene group, -0-(CH2)n- (n is EATIPHOAGeS3 of 1
to 4) or a C2-6 al kenyl ene group, provided that when Zis - 15
NHC(=NH) NH2 or -NHCON(RA)Rc, n is not 1, Z is -CONHRA, - NHC(=NH) NH2
or -NHCON(R5)Re, RD RDA Fil\--\NH )1,i(NH 00 where 20 RAis a Cl..6
al kyl group subsuifiugt atbmiand may ¢e3 sybisitiotae ifithsd| @eted fromthe

group consistin f..a. hydrox r

3007/ 136116PCTCERIGH 5 é%%o%%%ﬂ’%%ndgm‘%?ar%é‘ﬁ%@ o 8tip™ B is
(1) a hydrogen a0 group whibhandyl ve ahiatitgisupvitthal WRMoReL
substituted with 1 to 3 5 substituents selected from G oup A 3) a
C3_12 cycl oal kysrappdap. whiCeh abkoxveacbentli vgewr andt f Rheny1G:-s alkyl
substituents_sel ected froma hydroxyl group and a Cl-6 hydroxyal kyl
group, ?4) F%®to 12- nenber ed het er ocycl oal kyl group or a 5 to
13- 10 nenbered heteroaryl group that may be partially saturated,
each of which contains one to three ring-constituting aton(s)

sel ected from tReigroup consisting of 0, N, S SCQ CO and NRI (RI is

G2 & ol Roxycar oI Groudotant o Rafrbataln ST B fla BGUR

subtitituents spl@cted:f1 Gimbber@eupssnnteat é1gh aheaghygd oxyl group
and a Cl-6 hydroxyal kyl group, or (5) a C6-13 aryl group which may

be parti al | 0 satensdsdbinthdinayhProxybserqupt el ¥k tth-s12bfylpmino group,

substituents sel ted from.a, 20 ydroxy r.o al ky.
group, a phenyl i $$§ﬁ°a§P8 éﬁB“% T%98'8$kfﬂgﬁffo y g@r%ﬁﬁl each

of which may becﬁﬂbﬁﬁdlbéiﬁfh. \Wirblip awiiyar axy IbegBabPEiutea whinch G oup A
consists of 25 a halogen atom a hydroxyl group, a Cl_6 al koxy group
whi ch may be sulsgiroryi egromp(B) a anfdr oxyl group(s), a carboxyl group,
a C2_6 al koxycarbonyl group, a carbanoyl group, an am no group, a
Cl_6 al kyl am no group; a di-Cl_6 al kyl ani no

15 R® and R® together with the nitrogen atom to which they are

attached may form a 3 to 12 membered heterocycloalkyl group
or a 5 to 13 membered heteroaryl group that may be
partially saturated, each of which may contain 1 or 2 ring-
constituting atom selected from O, N, NR', S, SO, and CO

20 and which may be substituted with 1 or 2 subtitituents
selected from the group consisting of a hydroxyl group, a
Czﬁ alkoxycarbonyl group, a carbamoyl group, a Cz.¢ acyl(Cis
alkyl)amino group, a di-C;.¢ alkylaminocarbonyl group, a
pyrrolidinyl group, a morpholino group, a pyrrolidin-1-yl-

25 carbonyl group, a Ci-¢ alkyl group that may be substituted
with 1 to 3 substituents selected from the group
consisiting of a hydroxyl group, a pyrrolidin-1-yl group, a

phenyl group and a ;¢ alkoxycarbonyl group, and a phenyl
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WO 2007/ 136116PCT/ 3112007/ 060653 group, a C2-6 acylam no group, a
Cl 6 alkylthio group which nmay be substituted with a hydroxyl
group(s), a phenoxy group, a phenyl group which may be substituted
with 1 to 3 5 substituents selected from Goup B (G oup B consists of
a hydroxyl group, a halogen atom a Cl1_6 al koxy group, a ClL 6 al kyl
group whi ch f¥9208E36bstituted with a hydroxyl group( SHCTHRET6ESS

al kylthio group, a thienyl group, a phenylthio group which may be
substituted with a hydroxyl 10 group(s) or a Cl_6 hydroxyal kyl
group(s), and a piperidino group which nmay be substituted with a

hydr oxyl group(gnousr thatChag b orbefariiad yibupy &p)3 sphedifyents

cycl oal kyl group .whic substit ut 1 t .
subtitituents seefléa(c:"!tt%% %%m%?%egré’é“au‘%“b%%ﬁ%% irbr%ao 3 af'gygyg rO(;l)?y ?
group and a Cl_&_hwdkexyahrkih @ WEPhakogdnt atd- menber ed

het er ocycl oal kyl group or a 5 to 13- nmenbered heteroaryl group that

may be parti al [whesst Riaied hyaeposf aknct? ContaVAsIBNP t & PR

ring-constituting at s) sel ected. from.t ro I SL fq N
S. s, 20 ¢ asﬁfg’”ﬁRgﬂ%ﬁﬁ"a?s 2 Sﬁ% F 6E%tneda? %ﬁ%g aa%%fg &al %Fglg(r%up, a
phenyl - C1_6 al kyhrigioUuprdip , 2a @r1ahivapaagbomny, agr axgllanyaasrimmylbe
substituted with 1 to 3 subtitituents selected fromthe group

consi sting of aodepg: 0% yF2-aqPEEPREARELANH 95 OHD dY 0¥y Sk PLKGE RS Pa iR D5
- CONRB1I G- 332 wherein_RBI_.and RBI. .t oget her W i dJ7Q0e0: aLQm t o
whi ch they are &t g(?hseu t&?‘rhg%géﬂ'tt% gonll;(r?bg}ré\%édélﬁ:téltggif%c%/% oal kyl™ gr oup
whi ch may cont aide agoap Wdael stintdofCanstdrbouyl Nroabona mrRneX ygerupat am
a nitrogen atomor a WD 2007/136116PCTOP2007/060653 sul fur atom and
may be substd t udiediwi eHYLaging gpppr t ¢ MpERRSI L EPRR F%M t he group

consisting of a Cl-6.al kyl gr hC I'IEY substituted with a
hydr oxyl gr oup(%‘*ﬁr,rogl%z!})él E?k%(!"%@\gp%o% drgﬁ% and a phenylC2_6 al kyl
5 group, Rc is g hyds agemogémmaton &d.56 calskatkyyr atqupwithtdh may be
substituted with 1 or 2 substituents selected fromthe group 10

consi siting of suusfdressd w§tBup,ora2dFuletisuants EXAPNBRYEEEP? a C2-6
al koxycar bonyl group,and a Cl: X oup, ~or a.Ga 126y cl.Qabkyl
group which nayg%ne"ugﬁ 51 iot%u?elaﬁdvﬁao%cﬁgagﬂ%ﬁoxyfs'lgzr%ﬁp(s),9a(r:1% 1% RB
and Re togetderpndnyl §hcupithaogRy dtosausainhied wihdya dreirakyBched may
forma 3 to 12 nenbered heterocycl oal kyl group or a 5 to 13 nenbered
het eroaryl gr oUFFIUR4S) rmﬁypﬂéléi&{ tITRPPY & Ser AHERFYCRERIPIIf IRATRN Fay
contain 1 or 2 ying-constjtuti t om S6),861586L SO _ NRR.reS. 5 S2
and CO 20 and mﬂlﬁzﬁa gog b%gilt%u?re% V\AY?FC% 1 or su ?U!Btituentsl

sel ected from they@reyen GARBRI 61 i@, Qfalkyhygtoyl group, a C276

al koxycar bonyl group, a carbanoyl group, a C2_6 acyl (Cl-6 al kyl)am no
group, a di-Cl-6al kyl am nocarbonyl group, a pyrrolidinyl group, a

nmor phol i no oup, ryolidin-1-ylk= I QLY 6, al kyl
group that %[ay %’e ?ﬁ%és/tclr %%%g%f\ﬂagﬁkiofgjo@éﬁggﬁcf%nts ;:gl (gg:ﬁtlgldqfrom
t he group consigiidhngsod & phgayDX3lucitdl Bomaotmw rebrdsentedybygr oup, a
phenyl group and a C2-6 al koxycarbonyl group, and a phenyl = WD

2007/ 136116PCT/Ba3wde7( BB0#530GrJuf PharmargytbealdyhasreRra@EewFH 1 to
3 substituents sel ected fro I nsisting of a C2-6 al kyl
group, a Cl-6 a e&"xef/’%gr%%p? a ?%%gpgg%%ﬂatom where Rl is a hydrogen
atom a C2-6 acyl group, a phenyl 5 group that nay be substituted

wi th a hydroxyl group(s), a pyridyl group, a furylcarbonyl group, an
oxol anyl.carbonyl group, a C2-6 al koxycarbonyl group or a O _6 al kyl
group that may be substituted with 1 or 2 substituents selected from
the group consisting of a hydroxyl group, a phenyl group, a 10
di-Cl1_6 al kyl ami no group, a norpholino group and a
pyrrolidin-I-yl-carbonyl group, and RD is a hydrogen atomor a Cl.6
al kyl group which may be substituted with 1 or 2 substituents from
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WO 2007/ 136116PCT/ JP2007/ 060653 CO where RI, R2, R3, Y and Z are the
sane as defined in daiml. 3. The C phenyl glycitol conpound or a
pharmaceutically 5 acceptable salt thereof, or a hydrate thereof
according to claim?2, wherein Rl is a hydrogen atom a hydroxyl
group, a Cl-4 alkyl group or a Cl-4 al koxy group, and R2 is a Cl-4

al kyl group d’?’oé"’%’éﬁﬁﬁen atom 10 4. The C-phenyl gl ydddP*EdRdund
according to claim2 or 3 or a pharmaceutically acceptable salt
thereof, or a hydrate thereof, where R3 is a hydrogen atom 5. The
C-phenyl glycitol conpound or a pharmaceutically 15 acceptable salt
thereof, or a hydrate ghereokzaccondizng to claim3 or 4, wherein Y is
a Cl-6 al kyl ene group or (EH2)n- (n is an integer of 2 to 4), and
Z i s - NHCON( R3) g2 wHere™-Te ant Re are as defined in Caim1. 20 6.
The G phenyl glycital gonpound orRa pharmaceutical ly acceptabl e salt
thereof, or a hytht 't H¥leof according to claim3 or 4, wherein Y is
a Cl.6 al kyl ene grou@tdr -0-(CH2)n- (n is an integer of 2 to 4), and
Z is -NHCON(R53)Re, whergyR is (1) a C1_6 al kyl group which may be
substituted with 1 to 3 substituents selected fromGoup A 5 (2) a
C3_12 cycl oal kydndgiieowp, Wij cif, Neyarie zsubstiHalisatle id liefit@l 3n Claim 1.
substituents selected froma hydroxyl group and a Cl1_6 hydroxyal kyl
group, (3) a 3 to 12-nmenbered heterocycl oal kyl group or a 5 to 13-
menber ed heteroaryl . gr h . i sat h of
whi ch cont ai ns %‘ne rt['lget {i’é’énﬁ r?gq?%%ﬁ% %t%&%'#‘%lé& éfo%(%%“gﬁg%tgzgei??om
the group cofisi sddep@able Gall, tiefdvd, B  hifrate theXedsS aachydimyean
atom a Cl1.6 alkyl group, a phenyl-Cl_ 6 alkyl group or a C2-6

al koxycar bonyl @¥amE . aftPuea) Be isubIMdrgeer dHomy a hygdrgxyl group. a
subtitituents sel ec from.t r i Sti 2 @.h oxyl
group and a c1.‘§"h;?érﬁg§y%ﬁ°ﬂ<‘§| Q’gr%%ﬂ)q %irj‘p“?ﬁ?é%ﬁm%%o‘gr fa?f %S%pr whi ch
may be partial | ynigat grabe braathdlygeheasamistituted with 1 or 2
substituents selected froma hydroxyl group, and a Cl.6 al kyl group,
a 20 phenyl-Cl1.6 al kyl group and a Cl.6 al kyl sul fonyl group, each of
whi ch may be. supsti ] _W L which, s

consi sts off% hg'l og%%é g‘?@#fﬁ% %&g’¥g§%w§’?ﬂgﬁw(§%ﬁﬁ%gllggxgl%l(raggpgr
whi ch 25 may bes sdibat phatinedent 1 daia yhyceaptpblgr oap( shereoiC2eo6 a

al koxycar bonyl group, a carbanoyl group, a di-Cl-6 al kyl am no group,
a C2.6 al kyl t hi &¥ded@ptReH=CH - nEleuFeRs s 8 RYIOFeRi 31P™ hydr oxyl
group(s), WO 2007/136116PCTOP2007/ 060653 a phenoxy group, a thienyl
group, benzot hienyl group, furyl group, a phenyl group which may be
substituted w th, 1rhe B phehgl idiyentsl sempeted o anpiarmageotirally
consisting of a 5 hydroxyl group, a halogen atom a Cl 6 al koxy
group, a C1l% a?CF&ﬁlPt@'Pb‘a[ﬁa\?v%i EPETRRF - bRT BIAFEER SAeTReh 2LCATH UK P
group(s), a Ci- kyl 1 i N e t hi raup i By_ be
substituted wi t%lagil"hédzr’%x% gfglg%%lpn( g) E%F?%ﬁ‘%‘“%f&?&%@f’”?oup( s),
and a pi peri di nocE)auUpMischn mMByteher I QUbstd X,uthad iitsh -EHEHNIRS XBA
group(s) or a Cl-6 hydroxyal kyl group(s), a C2-12 cycloal kyl group
whi ch may be su#fstednt Bd apfth 27e 2= d8fibeed ilPuEh?dt del ected fromthe
group consi sting of a hydroxyl group and a Cl-6 hydroxyal kyl group,

20 6. The C-phenyl glycitol compound or a pharmaceutically
acceptable salt thereof, or a hydrate thereof according to
claim 3 or 4, wherein
Y is é C:.¢ alkylene group or -O-(CHz)n- {(n is an integer of

2 to 4), and % is -NHCON(R®)RS,
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-45—a-3—to—t2=TEmyerea-nererocycl oal kyl group whi ch contains one to
three ring-constituting atonm(s) selected fromthe group consisting of
O, NN Sand NI11 (111 is a hydrogen atom a Cl1_6 al kyl group, a
phenyl -Cl1_6 al kyl group or a C2-6 al koxycarbonyl group) and 20 may be
substituted with 1.to 3 subtitituents selected fromthe group
consisting of a hydroxyl group and a Cl-6 hydroxyal kyl group, and
4-Cl1 6 alkylplﬁﬁ%g dine-1-yl carbonyl group, 25 11' is a hydrogen atom
and 118 and It ogether with the nitrogen atomto which they are
attached may fggma piperidine group which may be 169 substituted
with a pyrrolidinyl group or a Cl1-6 al kyl group which is substituted

with a di C2.6alkylantng IRED @Fordh MHICM indiyN bl ¥hbeko¥Rte@ with 1 to 3
t hi onor phol i ne group or a decahydroi soqui noline group. 5 7. The

C- phenyl gl yci substhipents o¢lectidmrimes @rhoual By acceptabl e salt
thereof or a hydrate thereof according to any one of clains 2 to 4,
wherein 105Y i 62h TICH1aldydledd kydogppuE whiclOGhkiRAe whdrstituted with 1
C2.6 al kyl group substituted with 1 to 3 substituents selected from

t he group const®t3d ngrbfthtgali8aleqtedp fagpn ashydrarpinsyduryranyd.a Ci.e
8. The C- phenyl é%y0|tol conpound or a pharmaceutically acceptable
salt thereof oY Bl tHePHof accordlng to any one of claims 2 to

5 The C phenyf® Bl“’ya? (1 LR o6 b8 B AP RALaLREL PYOU CHptis &0 13-

Co 4, wher el n R EHEG erﬁ?ﬁfﬁ L%h”gnég%zﬁsa” ”elf’y satur”‘ste%
2007/,13613§PCTYY al.ﬁzq&w (:.Iﬁs—(mBD‘e‘o fnrb ﬁ)g i mi&ﬁn

al kyl' group whi iS su stltute wth a C3-12 cyc group or a

phenyl group abnR) ifeBedbell GaRM 2heMyebup Q&n@:.@{:fﬂé &F WP-N O glQ@na
The G- phenyl glycitol conpound according to claiml which is a

C phenyl gal aQig'®l (RY¥meuadhyapogssndesin pya For md k1l Idroupel QWpﬁéniil Cy.
pharnaceutlcally acceptabl e salt thereof or a hydrate thereof, HO HO
OH 10(111) ¢ alkyl group or a C,.s alkoxycarbonyl group) and may be
substituted with 1 to 3 subtitituents selected from the
15 group consisting of a hydroxyl group and a C;.; hydroxyalkyl
group, or
(4) a Cs-13 aryl group which may be partially
— saturated and may be substituted with 1 or 2 substituents
selected from a hydroxyl group, and a C.s alkyl group, a
20 phenyl-C;.¢ alkyl group and a C;.¢ alkylsulfonyl group, each
of which may be substituted with a hydroxyl group({s)
in which
Group A consists of
a halogen atom, a hydroxyl group, a Ci.¢ alkoxy group which
25 may be substituted with a hydroxyl group(s), a Ci.s
alkoxycarbonyl group, a carbamoyl group, a 4i-C;¢
alkylamino group, a C;.4 alkylthio group which may be

substituted with a hydroxyl group(s},
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where Y is a Cl-6 al kyl ene group, and Z is 15 -CONHRA, where RAis a
Cl_6 al kyl group substituted wwth 1 to 3 substituents selected from
the group consisting of a hydroxyl group and a carbanoyl group. 20
WO 2007/ 136116PCT/ JP2007/ 060653 11. The C- phenyl glycitol conpound
according to claim1 which is a C phenyl glucitol conpound
represented BYCE8¥HHIS (1V) bel ow or a pharnaceuti cal IRFTARROEHE%UR e
salt thereof or a hydrate thereof, where Y is a Cl-6 al kyl ene
group, and Z is -00NHRAL, -NHC(=NH)NH2 or -NHCORB1l, where 10 el is a
Cl-6 al kyl group substituted with 1 to 3 substitugﬂts slel ected from
the group consid®PHREORY FoHPdr DX -CHFoFFOUBn HHERG 0¥ Bup Jand a ™Y
car banonyl gro ougrjd RB1 j. a Cl-6 al kyl am no group which may be
substituted with 1"to 3 15 hydroxyl groups or a 4-Cl.6

al kyl pi per azi n-d -phengardmuyl wvigtdupay ore gubsTltut@daiwkilh @i perazi n-1 -yl
group. 12. The C—_ghen I gl gci t ol _conpound according to gl aim1l1l or
a phar maceut i caf4BFta ‘&‘”e"H%/SaB EeLAY TEPR TG IBYR SRYATETE 28 ther eof |

wherein, Y ig %ﬁa@ 2| uBl1Ca Y en Ztioh, - SRHRALKeky -d¥e6h =NHcLQ12,
or WD 2007/136 16P&/J 2007/ 060653 0 - NILN HVe where RAl is a Cl-6
al kyl group subsitkiyttugeduprvwhiiclh may Be saipsttituest yith| @drwgokybm t he
group consisting of a 5 hydroxyl .group, an am no up and a . .
car bamonyl gr olffouR8s) Tife Ce‘-ﬁpﬁéﬁw%hb? V&8 %cﬁ%‘?@g’ﬁigmgoc S5P 0 g
claim 11 or apghar pRCeW 1G3ht¥a ARGEPL AR o8Pl taddig 8Pfor0k 6 hydrate
thereof, wherein™10 Y is a Cl-6 al kyl ene group, and

hydroxyalkyl group(s), and a piperidino group which may be

10 substituted with a hydroxyl group(s) or a Ci.¢ hydroxyalkyl
group(s),

a Ci.1z; cycloalkyl group which may be substituted with 1 to
3 subtitituents selected from the group consisting of a
hydroxyl group and a Ci.¢s hydroxyalkyl group,

15 a 3 to 12-membered heterocycloalkyl group which contaiﬂs
one to three ring-constituting atom(s) selected from the
group consisting of O, N, S and NRY® (R is
a hydrogen atom, a C;s alkyl group, a phenyl-C; alkyl
group or a C,-s alkoxycarbonyl group) and

zb may be substituted with 1- to 3 subtitituents selected from
the group consisting of a hydroxyl group and a Ci¢
hydroxyalkyl group, and

4-C;.s alkylpiperadine-l-ylcarbonyl group,
25 R° is a hydrogen atom, and

R® and R® together with the nitrogen atom to which they are

attached may form a piperidine group which may he
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Zis -CONHRAL where RA1 is a C1_6 alkyl group substituted with 1 to 3
substituents selected fromthe group consisting of a hydroxyl group,
an am no group and a carbanonyl group. 15 14. The G- phenyl glycitol
conpound according to claim 11l or a pharmaceutically acceptable salt
thereof or a hydrate thereof, wherein Y is a Cl-6 al kyl ene group, and
20 Z is -NHC(=NH)NH2. 15. The C- phenyl glycitol conpound according to
claim 1l or sulphiitostitwiddd lay racoediidbhglsgkoup her eaf Cor @l kyldraatomp
t hereof, wherein 25 Y is a Cl-6 al kyl ene group, and Z is - NHCORB1
(where RBL iwhiflClis subetidmtes gidhpa WCiealkylamino group or a
2007/ 136116PCT/ JP2007/ 060653 substituted with 1 to 3 hydroxyl groups
or a 4-Cl- 6 BYISA e 2ridd- S5pilecarBofy FREPBopRRotine 49%9u or a

al kyl pi perazj n-1.- roup),. .16. The C phenyl glycitol conpound

accor di ng tc#?ﬁ%ﬁﬁﬁ?é%%ﬂégi &QFPcal Iy acceptabl e salt thereof
or a hydrate thereof, wherein Yis a ClL_6 al kylene group, and Z is
represented by 17. A pharmaceutical preparation, which conprises

the C-phenyl; gl y%teol:-sﬁenwngigeggﬁfgi%ﬁ %zoaefgaﬁ@' %ie{ﬁit]:ﬁfér 16

or a pharmaceutically accepta ereof or a rate t of

as an activeyddetiidntsal t18neFle£PBar Fogeatd €l cHURRN AdDrding to
according to claim 17, which is an inhibitor of a sodi um dependeéent

gl ucose cot ransperd of LlaSmsT2) tackivity and a sodi um dependent 20
gl ucose cotransporter 2 (SG.T2) activity. 19. The pharnaceuti cal
preparati onwieomddi ng to claim 17, which is a prophylactic or
t herapeutic agent for diabetes. 25
) 10 Y is a C;.¢ alkylene group,
% is -CONHR®,
where
R* is a Cy.4 alkyl group substituted with 1 to 3 substituents
selected from the group consisting of a hydroxyl group and

15 a carbamoyl group.

8. The C-phenyl glycitol éompound or a pharmaceutically
acceptable salt therecf or a hydrate thereof according to
any one of claims 2 to 4, wherein

-)' 20 Y is a C;.¢ alkylene group, and

Z is ~NHC(=NH)NH,.

9. The C-phenyl glycitol compound or a pharmaceutically

acceptable salt thereof or a hydrate thereof according to
25 any one of claims 2 to 4, wherein

Y is a C;-s alkylene group, and

2 is
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D
C. RRDA
NH
N
O .

RP iz a Ci. alkyl group which is substituted with a Cs.i2
cycloalkyl group or a phenyl group and R™ is a hydrogen

atom or a Ci;-¢ alkyl group.

10. The C-phenyl glycitol compound according to claim 1
which is a C-phenyl galacitol compound represented by
Formula {(III) below or a pharmaceutically acceptable salt

thereof or a hydrate thereof,

HO O Me XY—Z
HO ™~ ©

HO “OH
OH

(11D
where
Y is
a C;.s alkylene group, and
Z is
~-CONHR",
where
R* is a C;.s alkyl group substituted with 1 to 3 substituents
selected from the group consisting of a hydroxyl group and

a carbamoyl group.
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11. The C-phenyl glycitol compound according to claim 1
which is a C-phenyl glucitol compound represented by
Formula (IV) below or a pharmaceutically acceptable salt

thereof or a hydrate thereof,

where

Y is a Ci.¢ alkylene group, and -

7 is -CONHR™, -NHC(=NH)NH, or -NHCOR,

where

R® is a €16 alkyl group substituted with 1 to 3
substituents selected from the group consisting of a
hydroxyl group, an amino group and a carbamonyl group, and
R® is

a C;.¢ alkylamino group which may be substituted with 1 to 3
hydroxyl groups or a 4-Ci. alkylpiperazin-1-yl-carbonyl

group, or & 4-C;.¢ alkylpiperazin-1-yl group.

12. The C-phenyl glycitol compound according to claim 11
or a pharmaceutically acceptable salt thereof or a hydrate
thereof, wherein,

Y is a Ci.s alkylene group.

7 is -CONHR* or -NHC(=NH)NH,, or
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2
—NTNTY
H
K/N'Nle
whereae
R™ is a Ci.¢ alkyl group substituted with 1 to 3
substituents selected from the group consisting of a

hydroxyl group, an amino group and a carbamonyl group.

13. The C-phenyl glycitol compound according to claim 11
or a pharmaceutically acceptable salt thereof or a hydrate
thereof, wherein

¥ is a Ci.¢ alkylene group, and

% is -CONHR™

where R* is a Ci¢ alkyl group substituted with 1 to 3
substituents selected from the group consisting of a

hydroxyl group, an amino group and a carbamonyl group.

14. The C-phenyl glycitol compound according to claim 11
or a pharmaceutically acceptable salt thereof or a hydrate
thereof, wherein

¥ is a Ci.¢ alkylene group, and

% is -NHC(=NH)NH;.

15. The C-phenyl glycitol compound according to claim 11
or a pharmaceutically acceptable salt thereof or a hydrate
thereof, wherein

¥ is a C;.s alkylene group, and

7 is -NHCOR®' (where RP! is a C;¢ alkylamino group
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substituted with 1 to 3 hydroxyl groups or a 4-Ci
alkylpiperazin-l-yl-carbonyl group, or a 4-Ci.6

alkylpiperazin-1-yl group).

16. The C-phenyl glycitol compound according to claim 11
or a pharmaceutically acceptable salt thereof or a hydrate
thereof, wherein

Y is a C;.¢ alkylene group, and

Z is represented by

O

A
—N” "N

17. A pharmaceutical preparation, which comprises the C-
phenyl glycitol compound according to any one of claims 1

to 16 or a pharmaceutically acceptable salt thereof or a

hydrate thereof as an active ingredient.

18, The pharmaceutical preparation according to claim 17,
which is an inhibitor of a sodium dependent glucose
cotransporter 1 (SGLT1) activity and a sodium dependent

glucose cotransporter 2 (SGLT2) activity.

19, The pharmaceutical preparation according to claim 17,

which is a prophylactic or therapeutic agent for diabetes.
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