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SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name
Fundamental Science and Kawa Kohei
Technology

Title
Development of Electrochemical Glycosylation using the Benzyl Orthoester Derivatives

Abstract

Sugar derivatives assume a central role in biological systems, notably in the qualification of proteins and
molecular recognition. Therefore, several synthetic methods of glycosides have been developed to elucidate
their complex biological systems. In recent years, electrochemical glycosylation has been reported as one of
an environmentally benign method. Since only few reports of application to the natural product synthesis
despite the powerful technique under mild reaction conditions, development of new type electrochemical
methods will be worthwhile to synthesize the complex sugar chains. In this thesis, electrochemical
glycosylation using orthoester glycoside as a novel type glycosyl donor was carried out.

From recent researches in our group, substituted benzyl alcohol was considered to be an effective leaving
group to activate anomeric centers under the electrochemical conditions. Among the electrochemical
activation of several benzyl glycoside derivatives, only the glucopyranose 1,2-orthobenzoate generated the
desired glycoside, which on reaction with the 6-free sugar acceptor gave the B-glycoside in high yield. The
sugar orthobenzoate was chemically stable, and converted to various glycosides. In addition, the results of
LSV mesurements indicated that the EGA (ElectroGenerated Acid) is the catalyst for the process.

Furthermore, the reaction developed, was applied to the origosaccharide synthesis. In this thesis, the sugar
orthobenzoate derivative equipped with an appropriate protecting group, was developed. This glycosyl donor

is also chemically stable, and converted effectively to various desired glycosides.
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Ac acetyl

BDD boron doped diamond

Bn benzyl

Bu butyl

Bz benzoyl

CAN ammonium hexanitratocerate (1V)
C.C.E. constant current electrolysis
C.PE. constant potential electrolysis
DAIB diacetoxyiodobenzene

DCE dichloroethane

DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DIPEA N,N-diisopropylethylamine
DMF N,N-dimethylformamide

Et ethyl

Fmoc 9-fluorenylmethyloxycarbonyl
GC grassy carbon

IR infrared

LSV linear sweep voltammetry

Me methyl

MS4A Molecular Sieves 4 A

NMR nuclear magnetic resonance

Ph phenyl

Piv pivaloyl

PLC preparative thin layer chromatography
PMB p-methoxybenzyl

pyr pyridine

rt room temperature

SCE saturated calomel electrode
TBAF tetra-n-butylammonium fluoride
TBDPS t-butyldiphenylsilyl

TBS t-butyldimethylsilyl

Tf trifluoromethanesulfonyl

THF tetrahydrofuran
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thin layer chromatography
tolyl
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I, HAWEORT2AMOEROMINTEENEE > TS, Ko, K
SROEBEMEYE \ZIIWESE 2 BT 2ILEMR L AFEL TR Y, BSOS
BRI L D @ TEEDE ORZCBEH OB L D FiEDOfH 572 8, S E&F
AT TERY, bbb, BUEOREHIIN TAEWZICB TS 1§ =0
PHI E LT\ 2MEE-2bDE LTEY, TOERNERSER EDOMD
D OfEIIE, BEERIBEIEDOBRICORN 5 L0 STV 5,

X7 L AF RECTF FEOMFZEIC i LT, B DD R R ITEN T
o, TORERFRNO 20N, PENETIHESHEETH D, Bl N5
WeEzE 2 THTH, 5 DORFELILNHE 2 DN D SRR EROEII K TH
D BEBE AR L2 A O BMEROREIIE D Wb ONR S D, ZDHFEEIT,
FESHNZ  OBERN R EDFHIEREZBE L TNDELENNZ DT ENRHEKD
23, [FIFFCE RO NEE R Z & 72 EDBREEHMITER R DO R E 72 16D & g o> Ty
LHOEFBENVWE I DRNZ L THD, 6T, BHARICBW QIR e T v
BAEEDNDHEEIND T /) v — W REOBRIRN S, 7/ < — (LD
Zay he— AT 5 ULIRULIEEE L 25 ~I 784 — UIEO R ENE %
BRLRTNE RG220, Thbb, FEEIFIEOREITIZZ RO E 22 i
BRI ORIV EAR R TH D EF 2D,

PEEHA UL O L 72 D OMN T ) a v MERIETh D, TOREIX, 7/
~ — (LI WLBESE X 24 5B 5K (Glycosyl donor) & . Bl D & SR B REJE
A9 5B 43R (Glycosyl acceptor) DffE & S hts & 729 Z & 23T X % (Scheme
1)o

0 promoter X&MO
%M * B\’O —> RO —\-0
RO X S =Y
Glycosyl donor Glycosyl acceptor Disaccharide

(Glycosylated product)
Scheme 1. 7'V = o AV

7 a3 ALRSEOREE 1T < . OB RS IL 1879 412 Michael & (Z
X o THIE ST, ~a 7P oAbkl & AR FE O MK EtOH IR BEH I 3B 1T D HE 6 X
Jix T d % (Scheme 2)?,
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Scheme 2. Michael O ELHEAA B

& 512, 1901 4EIZ 1% Konigs & Knorr 2051 7 o AbkEZ VWS 77U 22 2 Ak
AR L, Ag iR3E & FV 5 14 BE%E L 7= (Scheme 3)Y, Z ™% . Kénigs-Knorr
7Y a AL 2 OIFEE I L > TRES . 7Y a2 3 Wb B
HWFRDEERIT & o7, L LR35, Konigs-Knorr 27 U = S AR IE
KONDOREHERELTNDZ ERHMBLNTND, Ol ALiER LIXLIER
BETHD, OIEHIHMLFERELETHY, FEHEEZROLOCEMZ D
DEETDH, ZIoOMERAZRIT D7D OFE T U 2 2 WALKIES DB I
RIEEAZEDDLIHITHY | Hx OGRS X OTEHALAIOBR 27208 5
IR BRSNTETZ,

OAc AGLCO OAc
C C
ACO MeOH

Br AcO

Scheme 3. Kénigs-Knorr @ 7' U =2 3 VAV R

— 5T, AR TFIEORBIZE L CEFEFREZED TWEONT ) — /7
SARNY—DWETHD, RN OKREICATAIRERMEE X, EFRHEEYME &
LCORLTHEMBI~OISHZ bR SN OWERTH D, T72bb, HE
BHOREIRAR 2 AR FIEOHSIIEFICERORENVLDTH L L ER D,
INETICHBRESNTELEFRTEL LTI, EREICBOLTEM LRI LT
HAWoNTERNLA ARSERHRIEICRDY . AEBIEHSXRISZTIEH L T
HSHE AR T 5 bR ENFET HND Y, BREURAR R FEORREZ STEICE
7270 a AL ROG OBRFE BT TR SN TWDH 0N, AHEEMRA K
DFEEZIER LR a2 U ALKOG DB TH 5,

FHEBIRO RO FIEZ IS L2 277U 2 2 VARG D e 9] O #4511 1980 4EAX;
IZEDDIE 5, EBRT Y 2 ALIEDE & U TRAIZEHSE SV oiE, FEfk
HETHDT V=127V 2y ReGREER LIS &> THEH LT 5 5 DT,
1986 4EIZHHE I ko T Shiz O, 5 M8 L7 RSHREIZ, hET
2R < BFFE S 30T & 7= Bransted fig<° Lewis gz W26 D & 1XEA2 0 | iR



C.P.E.

OAc (2.3 V vs Ag/AgCl) OAc
AcO O » AcO O
AcO MeOH, AcO

AcO OPh CH4CN, LiCIO, AcO OMe

79% (a:p = <3:97)

OFRALZFEM I ) IV IILIERIG

-X (promoted by acid moiety) + ROH
Gly—X » Gy —» Gly—OR

OBMRY)av L R
-e . X . ROH
Gly—X ——» gy-X ———> Gy ——> Gly-OR
Figure 1. BHK S IC L 2 &M Y 2 2 WALRUE

31 5 — B FRLICHES T VA A RROBBEC &> TAF Y B _=1 b o
FUEERT D ENI EOTH S (Figure 1), 728, ZOWMEFEXILFEHTIE
RO RO ER THD EWNITEITF TR ALFETH O 72085 b MR
OFEHE AR Z AW ) a L USRS SN TV A SICBW T H R
TWETH D,

ZD%. LVLENOBEBRUCFIRIBICNE G 127 = =)V F APz FEfL 5K
& LG8 1990 4RI Sinay HIZ Lo THE S0 &2 LTIz, 7 ) ~—/f
\Flia DIV e T DA OBRUCEN T Y 2 L IAEN RS Shih
Wiz Dy FRKRFEOEH DI, 7/~ —HUAFET D L 27 A Ko THES
MOBACEMPRES BT L LERE L, BRIV ar VET20T5
BER LD 7 ) = 2 AR % € AL MR SOGIT &> TEERk L TV % (Scheme 4),
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Scheme 4. BEHEFSEINAYEM 7Y 2 T AVKG

51, FHLIFEHEOI VT TR LI T A 7 —EETER L, B
WS Ko TRAESETZ 7Y a v UWERICOBEHFRIELTH LA XV 7H
NRE=GEAF 7Y al )V ) 75— e LTA Ny 27 T5Z LITKEIL
TWb, 7Y a3 L b U 7F— b Schuerch 512 & o THRANIIE S -]
KTHY | IRIRSEIETIZHEIT D NMR AEIZ L > TEOFENRH LN SN T
UUBE, BESHE OB FEL LCHEAZEO CELEEETHL Y, 7Y a2 L b
U 77— ME, 2GR T OB AR OGBSI 1T DRI ZE R T
7V av REIVAREINDZ ENnEhoT-, UL, ZHIE TOEMIZILH
HEBAMEORWIGH ZMLE L T2 E AW ISANS & 2 BSOSO b
LIZLiIETHY ., iEHREE LR L7 Y a2 B 79— hDOiEMICEE
ERIFTZEHFRITEZ LN TV, B EOEENS, HHLOHREHFILE
SULFRFENAE T DR TR L, < K0 E s 2L P TFEN a2 5
RE LA R U7 BLRR M CT b 5 & 5 2 % (Scheme 5),

BnO BnO Second BnO
o -e o temperature MeOH o
BnO — = BnO — » BnO
BnO STol BUNOTF BnO 30 min BnO OMe
OBn Ug BnO : BnO
CH,Cl,, -78 °C oTf

Scheme5. 7'V a2ai )L hU 75— NRHKZ BT 28EM 7V 2 2 ALK

2D X, ERULTFRNIRAE S ETIEMEREZ WD 77U 2 D ARSI
FE 2 DBLIRIRWFRHEZ AT 575, I OMMEB]H 5 30 4 < #al L 72 BEIC
WTH, TOWMEBNIRIZEDR, 7V =07 I A M) =RUENRHESICE
WT, AEMRLY 2 —RIRBUG~EISH L TN Z EIFEFICHETH Y |
SARTLFTRBOS OEITERDORE b D LR > TS, AWFETIE, FEED
R RAMA SR TFIEEEO R & L TERMEFITEICER L, Filc/RiEs
KA 7 U 2 S EBOS DB 2l o Z & L LTz,
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1.2.1. AHEEMSS O FImE

AR EMS S XL B IS B T 2 BREUS & 13 R ) | BEBEIORIR
TIPS Z D HE L, BREISITEFBEIREOMIZ, W20 01fk
TP BB DY Lo TN D, HE SR | 2R TAERY P & 5
25— R 22 B AR & Figure 2 1279, 1@FR(Q) TId. BRIV 7 o
FEENIEED U< 3vkEhc L v EMEmICELRET 2WEBERENSE Z 5,
FE(b) TlE, TR M CHRE DS PISERNE OIS BREZ R CTHRE L L7225
DAL SIETE) . FOSOFEICK > TIIARBRAR LR WES L H 5, B
(©)Tix, HFRENEIZEAE L TODIREOFREIE P /2D X5 IZEFR)IC
BWT PREME O TEFBEIZITV., FEE 12705, wfEE) T IR E
MR 2 5 BLBE L, %LU 2R TERY P & 72> TR ICEBRRIR SV
HAJEHCT 5 (0) 2 & T HEOEMKSHENER T 5, AEEXILTOERIC
BWTIL, EFBENRREL EmfE, bPSEfEz CilfE &L Tiima 1T
ZLENTES,

UL EDOFEIRN B0 % X912, BMmISITEE OFRIS & 3% e . WE
BENEE (e, 9) B IS T D EE O IEE(C, )% & T R Y —R UGS T
HDHERKRERFFETH D,

1y BRi®/NLY R
(s S (P)
— E8F8
() MERH (2) EBE
B (b) AT RN oh RS (c) &% RS (d) EFBEH RS :?))ggﬂsiﬁﬁ: H et
(S) (; (; (ﬁ (P)
BB

Figure 2. A REFEM SR D FR IR



1.2.2. FEfEE VI X OEBMEDRN

B 72 SO RR 2 R 3 B A BRSO SIC B WO T, ROFEM % EH b X
JISDREG AT HEERBREO—D>Th D, BRICHITOILSELIL, B
fiREE & fEAR = D3RRI K > TS LT 4 dividedcell &, —=RTH D
undivided cell IZ KB SI 5, TBMRSGRIT & - TART 2 FREHRCA ) 73 %R
CHEMZZ T 720 BR Y 1%, undivided cell 2 W TGS E1T> THRIEIZ 0,
iRt DL LT, — el 7 A —I—%8LE L THWS Z & TRILE
ITHZENTE D, £, UEEROMEZKE L CTEKRT 2 8EEE——%
A6 bd s, BeeHEREERBE LTHWD Z ERHERD DIV ET
DFEBRNATRE L 7o D, BMEEBENRKE LS RDE VSRR ERT L7290,
T —R— R TEONT B LR ERNRS HOBTWA, —J7, Bikd
IR DA 21T divided cell Z Wiz by, —EBA2 BT 5 EiK
ELTHRMNRLDIIH T AT 4 NV —ThD, £, BRIk EIZ L0 I
BRI IR ~B BT D BEIIA Ao L NS5 E b & 5,
B S Fo, ROSPEICEET 2 EERER TH D, AMRES V55
BN NEREMRARIZB W TCIRFIIO D DENNELS R ORETHLHTZD,
UIE LIZE BT IRV TSR, BBERAE L OBANEZ 5, Lo T, KHE,
MRFBBEOE B EZ VD Z EREEICR-TL D EERD, KT,
BREEMRERICB W UIASCREBEMDBHNOND Z EBE W, £o, e
RIS H 2kl 29 2 & BB EHZ T S e & STV A, BREE
e L TOERSCEELZERA A ZHN TGS EA0 b H 5, HIFT=E
T, Yrmen7 ) = VHEEROER BN D@ BB L,
I AR E VD L0 b EER 2 BB & L CRHWZGA O EmIEE) D
FEMER L Sk AW EEon 5 L HE L Tu % (Table 1)1,

COsMe MeOoC ..

Cle o~ COsMe CO;Me
T j COMe g imRELR s o Meo, RESTRE L o l
P . = -~ P - - ~
HO T 1{\ ]\ ,/ﬂ. /‘l\ . /,H\ /E\§ /JL\
Cl MeOH \]/ (e} *Tr Cl Table 1 0] | Cl
Cl (@] Cl OH
Table 1

entry method yield (%)

1 Ciliti ko ~62
2 5% 7T

2 (Zn-Zn) 64

3 Ei i 50

*additive: AcOH

Table 1. MEPEEMR A 1EH L7238 T 50
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ARG, TR X ERE
AL & EEERE I KIS D Te‘
(Figure 3), RIF TG & EMi L DOE
BERRETBHEZFHT 20 TH

Do ZOHEZ., BREISIZRA TR

N BRSO AN R C & 5 Al RENE

W HEDE OFHREAFALTND
AN CF A e o S R = B BESY [y

W) OBHRA) 70 B RE IR A BT 1T AN ) &
REENRD D, —hH, BFEILTERE
mZB T 2 EBE & e fkiEche
HTHAT 4 =—F—IZEFTH
DTHY, LLTD XD R Ea+

%, OB bEICAID A & T s . o o
BB, @REORLE BN Figure 3. [E£/EMIE & MEEEMIE

D HARWEMN TRISEITO Z ek, QOEEEMRTCUIXLIEMEE 8D E
MO Z I EnHKD, Hbohd AT o =—&—L LTiL, £l
EBEA Ao T AU A A EO Y SS, DDQ DO AHEER LAl ZERTT
BEACEW I ENRET b5, EHEEMEITRRY AT 4 =—Z —OFEN
SERI L OREEREDORETH 5,

"

AR

£

#EH

fEEmRE

1.2.4. MR & SCRFEARE O1ER

MR A4 2 2 T BRIZIT, SRR B E OIS OBLE D B KEH
—SRINEE L CEAT2EAERZ VL, L L, BIEEMDE < DBIKICRIET
oD R CTH HKBENBILRTLEZZITOT VR END, HHEMRE K
TITAMRE A RIS 5, 7va— oL 57 v MRS HA LD
Zé, WFEERENESBIETLORELZITIZAWT B = N A2 EE v
HIFEMNEN, BREEAT X o THER U RO TP AR B IR ss . Ak
BIRA R IT 5 C iR (Figure 2) TORBE OB TG TEX W EERETH Y |
HEOETHRISIC L > TRt O & RINT 20BN H 5,

AR X T 210E A 5 2 BRI, XFFEMEOIRNDB AL 2D, X
FREME ORI Y 72 > TE, OBBLIXET BIEfREE N K E < I ofifdE Lod
W, QESILFIINCLZE, QOISTRIKE OMB/EMNELB X RITILR B2
W, KRR\ b MR TN D556, R TCTd 5 72 BIX NaCl % o HEREHE 2
WHZEHLHEETH DA, — AN, W7 E=0 MENHDENRAIETH



L7206V FULEERHND Z EREW, T =AU ATITRE R A A DR
B THDOIDEA X FFEREEHWD N TE D, 2L, T=F e L
AT X)W TEEAICIXERBEIC L > Tra =0 A A F (XN EARK
L. BbREIKSZFHE T2 AERSH 20 TEERLETH D, ~ar it
W T HERE L LTV I ks Tl L e = Al F U 2IER L
TWAHHIbImEIN TR, BEEART v T AbFiEE L THEREZED T
V5 (Scheme 6)™,

Br

/@/\COZMe C.CE. j@ﬂcOzMe
HO NaBr, MeOH HO

Br

97%
Scheme 6. & v 7 ALK

1.2.5. BHEEMA RO B

H B EI BN D BEEMRA S DORER OSSN EE Kolbe G Th 5
V) OKRFSE, BRI T = o N —E TR &% T T R R R G
FEIL, ERLETAXIATI AN BTV DTHDL, £7-.
BIpDHINVRUBREHNTZGEAE, —HE2BEICHWD Z 812 X 5227 Kolbe X
JEBARETSH 5, ABUSIFEMERMLEMOT VX NVEMREICHANTHY | FHx
DEREE RRITIE R 4TV 5 (Scheme 7)),

C.CEE. o
o\o% AcO(CH2)3CO,H JQL/\
| \/—D 0
0 COH  MeOK, MeOH, 40 °C )VO OAc
o
30%

Scheme 7. & fi# Kolbe ()i

BREERE D CIIAF RN BB SN TWD, REREHT 5 XFF
EBIRE 2 MW CEBMREGEITY Z LIk > TREAREZITOWELIRE ST
WHA M R BRI & LT, R S - B A 1R L TIT O R
FEMSIEDZET bid, RFEEMEMRE LTiX, BBEER L7774 F
PR & D RN VAN F 2V ZGR R L CARA T X S ERi L72 b O3V
HiLd, Bobbitt 5D T IN—T1X, RUT 7 VAR TESTZEMEFTT VAT 4
T—H =BT THNWS Z LIk o T, 1,5-U A — L DOARFIHERFMEIZ 98%ee



kwﬁﬁwT%W$Tﬁ%LTw56mmm&m AREISIZB W T, EBmER %
RYT 7 VA CTEDRED - A IR SRR KIEIIR T35 2 & 3@
ENTn5 O;®$%i\%@%ﬁ%%o*)??)»%ﬁﬂ?%ﬂéﬁig

RKELHFEHELTWDHEHFEEERL TS,

Me Me

J)\L (6S,7R,10R)-SPIROXYL :
C.P.E. (0.8 V vs Ag/AgCI (l
( vs Ag/AgCl) o X0

HO OH

96%, 98%ee

Scheme 8. RAEAGEM 2 T2 BT A SOS

PLED L 912, AHEMRE BSSITITRE 2 ORI 7o 1E MERR SO SO HEAE 4 %
mbf&éﬂé%@#%woxﬁmfﬁoﬁot7)2/wMﬁm%%w&¢
D — BRSO RIZES U, AHEEMRG AT & Ofa 2B kD —o &L 72
HZEF, TV = T IA N —OBENPL B RWVIHIFTE 8D EEZT
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2.1, BEHEEAERDOSFT A

X T, ARFRICHW DB GRE TV A T 5104720 EFI VLT
— T VB EAR DGR LS E B Lz, FR® Table 2 ([ 2R S35 UGE,
HIER TIHT O R A B ZED—HTH 5 '), Ry Vo —F ViFEERIC
%t U CHEA OFRLEOEE1T 5 & GC B E W TR LG 21T - 7o 5512,
—WREIIRER LA 2 WA L RREDIL AW 3 BNEKRT D Z b oz
(entries 2, 4-6), HETE SRS % Scheme 9 127”4, —EBFRILE2Z T =% D0 F
T T OHNAFRUEX DT B ORISHEENE 2 bhd, AeEmE v
TG BT ER LT F A4 2 2 VR RHRIC R L T T d % MeOH 28 :KE%
BEEAEAT Y, R LTI P INERHE BB ba% 752 LIk TAEL

Table 2. N2 VLT v 3 — Vi BUR D BRI EUS T K OHEE BU A%

oM oM
© o MeO,_.OMe © HO
@ﬂomops _ Oxidation _ @OTBDPS @/
M oM
OMe 0" ‘OMe OMe
1 2 3
. potential yield (product)
entry  anode/oxidant (V vs. SCE) [%]

1 Pt net 1.15 100 (2)

2 GC beaker 1.05 50 (3)

3 BDD plate 1.25 100 (2)

4 DDQ - 100 (3)

5 DAIB - 50 (3)

6 CAN - 70 (3)
OMe IOMe O®Me OMe

OTBDPS _-e ' oTBDPS -H' Hydrolysys cHo
_ty 0 A Z>0TBDPS -
at
€ benzylic position
OMe OMe OMe OMe
1 X 3
MeOH l route A
OMe MeO,_..OMe
oTBDPS ¢ OTBDPS
MeOH -
MeO OMe MeO ‘OMe
2 route B

Scheme 9. X UL —TF )VFEARERAL i D AR TE SO R

10



e FA N2, MeOH BHERBZEBEEZITH 2 £12 5> T 2 BAEMT 5 (route
B), —J. GC &z A\ 7=545121X MeOH OREH R LV BICEEO—%&
FEALOCDNEITL, 7ua OB XL > TAELEA T YV =0 LA F A
DK DRZERRT S LiroTcbDEE X LD (route A), —ICHEBMmE
f & U THWS A I —E B EROS BT Lo < RBEMRE AT
B ZEFRESOSDEIT LT W E SN TWD, T, EmNFF oA
DFETH L LS TRV, —E B bzo PRI L Bk & o/’ OMEEED
LT INERR D THD LRI TWD, BARRAIZ, 8 DAERMIRFEIZ TREH
T 25 T F A R RARIL, KERFEICH S L7z PMB 2 B{LAIC K - CTHLARET
HECRRHET 2P RE EFEEIL TV D72, DDQ EoMbAlE AW =54A12 b
[FEIREDAESPIBIRVENN R ENT-H D & E 2 D (Table 2, entries 4, 6),

%13, Scheme 9 |Z/R LT-HEESHEDS, FTHL 7Y 2 o AL BRUG~ &S H
TERWNEERT, Thbb, RE\EEMEHNTRXUULTY av RefEtb
L7-K%. Scheme 9 & [FEED R AEHEIZ X o THRISBHDO R D AL OEEL S ES T
572 bIE, FEEOBER TN DEB TG > TEF Y INR=T LA T
YR L, B BES BRDORBEAINE)SIZ Lo TH & T DR A plcd
% b D &z 7-(Figure 4), REUSZIEBL O CHEITT 5L LT, DDQ %
EHAEAIE T XDV ) oy RFEEEREZHWZ 7Y 2 2 UEROE D REK &
Ik o THE SN TV 1D, £/, Jeizit#H L7 Table 2 I2BWTH, DDQ I
Ko bt & GC EZ W T2 G EE L SOS DS BEL O SO E 2 7”9 2 & D3R
BINTEY, RMEGUIFEBAIRETHL D EE I LN,

=
OB E RI-HEE
RO ® R'OH RO
OMe RO/§/ Q\ RO/EX’ % _or
OMe RO. C RO~ RO\
RO\ A Oxidati \ - F::jg OR OR
_\_o =\ xidation RO /O\, 3, N
Rgo /\\X/O—v/~/‘\ J — "Ro _\,//\\;_,“OT;/i ~ ) — +
OR \T’” ORI _~_OMe
MeO MeO- /@f
MeO “CHO
3
Ok BIZ&D T )AVIVERIG
RO RO.
® R'OH R
—~\_0 0
oMe RO OMe RO RO or
RO ~ _ . @®
_ dati ) [~ \=OMe
/l/_o '/K‘—OMe Oxidation RO/'Y\\\‘fO p) . =
RSOL.,Q/WOV[& Y —_— RO*\"”\\/OiT’fi\yf;/’ S

+
f _OMe
g

OHC™ ™~ "OMe

Figure 4. NP7 U a3y ReFERz We 7 ) a2 WA BOG O TR BOCHERE
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2.2. NrUNT Y ay NFEEREHWZER Y 22 EROS

P GAR L 70 D fli 2 DR D7) 3y REFEERIE, SIS T 5 U7 L
a— )LiHEAR & 2,3,4,6-tetra-O-benzoyl-o-D-glucopyranosyl bromide (4) & ™
Kénigs-Knorr S Z & - TH AL L7=(Table 3), 72383,
(2-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)methanol % FH\\7=35A1ZER Y | A
WY EAT IV 6F NEAM & LTAEK LT, 0 6F 1%, fx ORRFIESE
BREWIC S ZEThoTolz, Bl ) a v b RIC OBt & L L TZED
FEMRANCHWD Z L L LTz, &bI2, {EEW 6F O TBS Iz lifki# L 72 6E %
AL CRBROSME T, BOSSf3 2 & & L7z(Scheme 10), ALY = A7 AR
DE R OFHEAIZ DN TIEZR IR O 2.82. 1. HIZRB W T &2k * 5,

Table 3. XL N7 Y 2 RFEEERDOERK

BzO Benzyl alcohol derivatives BzO

o
BzO
BzO 0 (RO > 0 Bzc&ﬁ
Bz0 = B OR 04
BzOL Ag,CO3, MS4A, 1,2-DCE OBz @
OR

4 5 6

yields (%) yields (%)
5 6 5 6

v@ MeO OMe
A 59 - D 24
y T

OMe TBSO OMe
B \/O/ 63 - F \J@/ 5 52
o o~
OMe
rr.—“ OMe

BzO BzO

0 0
BzO BzO
Bzo&ﬁ OMe  TBAF, AcOH Bzo&ﬁ OMe
0 > 0
< > é\/o § S THF < > (O \ S
0 0
OTBS 82% OH
6F 6E

Scheme 10. A /LY = 25 )L 6E DL %
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B LTS S 2 DT, GBI SOSIZ & 5 77 2 S A ROS & ik dr T

(Table 4), it 5K L LT, —fEMIR 7V a— L ThhHY 7 a~FH ) —
NEHW-, FOREE. BEORCULT Y ay RHEERGA-D)E HWT-5EE
WITETe 7Y a v ez #1783, vy X7V 6E, 6F #MHuvi
AN DRIEDEIT LTc, LLEORERNG . FrEp e r A+ o4/ =
AT IVH BRI GAR L U CIEHPTRE TH 5 &5 2 LIBEOREHL 6F %
TITH 2 &Lt LT,

Table 4. EIEEMEICLDHX D7) as RFEERE V-
EBR 7Y 3 AL e

BzO

C.C.E. (3 mA, 1 F/mol)*
5 or 6 » BzO & o
OH BzO \Q
MS4A, 1,2-DCE, 0Bz
40 °C, 20 min. 7

5 R result 6 R' yield
BzO \/@ BzO HO OMe
A n.d. E JQ/ 46%
(0] (0]
BzO BzO
BZ&OR " Bzo&\ﬁ P
OBz (6] [0)
OMe @—( TBSO OMe
B \Q/ n.d. or' F \J@/ 54%
o5 o5
OMe
C \)i:[ n.d.
rrrr OMe
MeO OMe
D \J@/ n.d.
o
*Conditions

cell: undivided, substrate: 0.01 M, supporting salt (BuyNCIO4): 1 M, anode: GC plate, cathode: Pt wire

13



2.3. UGG DB %L

L 6F NI LG 2T/ ) oy R~ & B# SN 5 OGRS T, Figure
b5DXIITHRETE D, HEINDISHBITHE D 72 61X, RICORIERY & L
TRUAXTNT e B8RS NELNDIET THD, L, THETHRFL
2RI BNT 8 BWIELNA Z Lld o Tz, £ 2 T, BMISENIZBITS 8
DN E R 27280, BIEHAR L7z 8 #FSKMICfd 2 & & L7=(Table 5),
Rt OFE R, O8 IXBMPUSSM: FICBWCHINATRETH D Z & QUM %
R % & TBS OB RIS A ETT 5 Z L Lz, 2D oM
MRS TR AL OTEMEFRE S AR L | ﬁﬁ:%@%@zfvéT ﬁ%r
L TW5D, F7o, PEREE L T SO TS OMEITIC 8 1 ER L%
(2 F/mol) 2 E 3 2 D2kt L, EEEOKISIE—E TRk E#é*WEG
F/mol) CRUGATERE L T\ D, AHMENS 6, T L2 b O & 1380 SO
THETL TV D HEEMERE L 2o Tz,

©)
=
(B20)7
BzO BzO
. oxocarbenium ion
BZB(;&Q‘ OMe  Two electron BZB(z)o (‘OMe
—_— +

o TBSO
oF OTBS OTBS /©/0Me
OHC

8

Figure 5. BHBRRILEUCSRME TIZIRIT 5 6F OHEE SUSHERS

Table 5. BHERILEICSRME T IR 5 8 DZEH)
TBSO C.C.E.* (3 mA, 1F/ mol)

BuyNCIOy,, 1,2-DCE
OMe » OMe
OHC O/OH OHC
8 MS4A, 40 °C R =TBS (8)

H (9)
yields
entry  F/mol
8 9
1 1 59 trace
2 3 21 16

*Conditions
cell: undivided, substrate: 0.01 M, supporting salt: 1 M,
anode: GC plate, cathode: Pt wire

14



Z 2T, REOSOIEMALAIZRET D720, fix Ol X OBEA 2 Huiz
[FIEE DSOS 21TV, R O B0 & SO 2 J8HE T 5 2 & & L7=(Table 6),
Mt ofE R, B LA 2 A iz356 (entries 4,5 ZII RN 2L EIT Lo 72D
Wkt U, B2 O CRUSE 1T - 72556 (entries 2,3) 1T SR 23T Lo
BRI E DT 21502 LRHkE, 61T, BB LSRN ARG 2 36
FIETHEBEORISZAT oIz 8 A, USTE < ETEFICEEA RIS D
fE L L 72 o 7= (entries 6,7),

Table 6. & FEIEMEALA & D FUSTED Hik

BzO

BzO
BzO O
Bzo/gﬁ OMe promoter, Base o
0 BzO 1)
z
1) MS4A, 1,2-DCE
OTBS

temperature, 20 min.

6F 7
yields
entry promoter Base temp. (°C) —_—
7 6F
1 C.CE* - 40 54
2 BF3-Et,0 - rt 68
3 TfOH - rt 58
(2:BmERED)
4 DDQ - 40
5 CAN rt 89
6 C.C.E.* 2,6-lutidine 40 - 67
7 DIPEA - 85
*Conditions

cell: undivided, substrate: 0.01 M, supporting salt (BusNCIOy4): 1 M,
anode: GC plate, cathode: Pt wire, current: 3 mA, 1 F/mol

S BT, BEHIHW TV D “FBHOEEER LSRR TH L 7 a~FH
/ —/v® LSV(Linear sweep voltammetry)ill| & %17 - 7= (Figure 6), + D H,
FOSIZHOWTW DR TICB W TESEOREMILGA L L Ty 7 raFt ) —
NDFTNRBEZZ TR TNE NI ZENHBA LT, BRET5EMT Y a L
BB 73 1 Flmol OiBE R CTHM L TV D REBET D & KSR ICER L
EZTTVEDOEY 7 anF S ) —LOARTHHEEZDORRLETHS, T
bbb, BEUSITEE L TW o SONEERE & 135220 | BEL GRG0k 5
JRIZE S THEITL TV DO TRV E W) Z EVURIBINT,
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0.0035 | conditions
substrate: 5 mM
supporting salt (BuyNCIO,): 1 M

0.003 | solvent: 1,2-DCE
anode: GC plate
cathode: Pt wire

0.0025 | slope: 200 mV/sec.

T 0.002
€
o
£ 0.0015
(&)
0.001
B0 BSO_
o o
0.0005 , B0 O
- .
0
08 09 1 1.1 1.2 1.3 14 15 16 1.7

Potential (V)

Figure 6. &FfEEE D LSV A7 fL

IEDFIR LY | FEH IS EMRN TRAE LCBIABOFEREIC L5
bOEHEE L, KOFEMAEEEORE 2R s L & L,

2.4. AIEMSMIC X 5 EGA OUSHEOKE

EIRNICH T A2BELOIEERZZBET 5124720, 51X EGA
(Electrogenerated Acid)®Z35 H L7-, EGA & IXEMSL RN TIEF BRI R A
THET, REOBLIC L > THET 5 Ht & XFFEMEOXNT = inh v 7
Vo752 ETERT 5. BREATH 2 (Figure 7).

v !

€ €

@ ROH
Ve

LiClO,

cathode anode

Figure 7. EGA A p A HEHERE [X]
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EHIL. EGA OO 2% 52 RS 720, RIS 2151 L TR
DR a7 > T2 (Figure 8), BIEMEIF & 1T, FANCTHE L2 EGAWIRE 7
AV IABBOSSRPICHSINS 2 Z &2 X0 | BIBRRAL DN I W T2 T
2 SOSTEATDRIEZ AT LD TH S,

Proton source Anodic
MS4A —— —» EGA

1.2-DCE Oxidati(;\,)

Glycosyl donor
Glycosyl acceptor
MS4A

1,2-DCE

Figure 8. FiFEMESIHBENS X

EGA 1T W2 CFFEME & IO E DI Lo T, BUSHERA B2 IR
PICZEALDR DD Z ENHMBNT NS, £ 2T, &ANZ EGA DRSS % 1
A< BRERAL S I W D B L OTRIR L S ORE 21T - 7= (Table
7o METORER, L LT 1,2-DCE # WA ICRDINELS BN E TS
7Y ay K7 #1552 LN TEz(entries 3-6), 7=, BiF L LD E LTI,
divided cell # WG R BRI BRI Z 525 L0 H Z e nbholz
(entries 1-2, Figure 9), Z ®OFEH & LT, BHITHIZIH T EGA 23R L T
%0 L RIFHZ, BRI W THEIRSEAMA N AR L2 ATRetE B 2 b b,
IFRFEMREE L CIRT v By A EAWD L AT A THD BulNT 1
EMmERE CELZ DT TTIVkEmEhsboZExonsd (LK, EGB:
Electrogenerated Base & FEFR), Undivided cell # AW 7=855121%, EGA 7
RFDE/LNTHER L7 EGA 2 EGBIC Ko THRIZZ T i R & L TIRESK
TL, IROETFIZER -T2 EEX LN,

17



Table 7. RiFEMSMIC X D EGA PRI Ot

EGA
o C.C.E.* (3mA, 2-3 F/mol)
> ° OMe BuyNCIOy, solvent BzO
BzO 5
o » BzO o
© OH BzO
o) O/ solvent, OBz
OTBS MS4A, 40 °C
6F ;
t II't lvent yields
entr cell type solven e
’ 6F
1 undivided 1,2-DCE - 91
divided
2 (glass filter 4G) 1,2-DCE 71
3 CHCN 20
4**’*** THF ) 27
5™ EtOAc 58
6™ DMF Y

*Conditions: proton source: cyclohexanol (0.1 M), supporting salt: 1 M,
anode: GC plate, cathode: Pt wire

** Mixed solvent (solvent:1,2-DCE = 5:1) was used at EGA generation.

*** low current

ZZETORFELEY ., AIEESEEAWTZGE O NEREAREL D &N
WRTHHWE G256 Z L inbnotc, ZOEBRFEFEIL, AE 6F OEERILM
ORI L TWintnsy Z 2R LTED, BICHIE L LSV A7 hu
DFERLFELRNSDTH D, EOERLY | EFIIARIED LT HiEME
{EAI2S EGA Toh 5 &Hllr L, 3R SOSHEORGTR R L7 77U 2 2 b
D—ALICEFTHZ & & LT,

Figure 9. EBRIZH W =EME /L (/) Undivided cell, (4) Divided cell
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2.5. EGA OJtEd KL OIS HE DAL

BHFE L7t D — (b 2 X 5 720, EGA OFE 72 SO ME D Mo his 552 D
PERE R D Z & & LT, gl EGA TR W 2 CRFBMVE O RFHE Ot
2, MO— A 7REEREE & OISMED 21T H Z & & L7=(Table 8), BB
WIS EGA BRI W D XFFEMREIZ L > THRWOIURITRE <&k L,
FEIZ EGA O & % fill il 2 F T U 72 BRICTE M O 2= B (2 K 7= (entries 1-6),
FOSPEDHEGIZ WA & LT, R & BFs-OEte Z884R L 70, Rl
FEEIE, BuNCIOs 2 W TR L 72 EGA ODARE L S5 LD THHT-0, X
JEPED BT FEF ICEHE /2RI TH D & 5 % D (cf. Figure 7). MafOfEHR, —
FEOEHAI L L T, EGAIXEWNE THNET A7V av T2 5252 L
NbonroTz,

Table 8. AfEfiRil#K L EGA & OiFEM: D ik
BzO

(0] BzO
BzO OMe Table
BzO e}
O > BZO O
O BzO
OH OBz
S O MS4A, 40 °C
OTBS

20 min.
6F 7
i ields
entry promoters €q. supporting e
salt 7 6F
1 EGA* 3 BusNCIO, 71
2 0.3 65

0.3 12 27
5 EGA* 3  BwNBF, 39
0.3 26
7  HCIOjaq. 3 54
8 0.3 18 36
9 BFsELO 3 68
10 0.3 12 16

*Conditions
cell: divided, current: 6 mA (3 F/mol), proton source (cyclohexanol): 0.1 M,
supporting salt : 1 M, anode: GC plate, cathode: Pt wire, substrate: 0.01 M
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WIZ, AREISIZHNTV D EGA FRUZ, v 7 gt ) — VOFIER AR AR
Thorhemat Lz, B0 tsY ., EGAITRNICHFEET D7 u b b FE
EOH T Z—T =F B LTEHT 2O TH D, 777205, Himh
TIERHITMED K PIREAL TWEEGAE, Y7 a~td ) —LIEFIETICE
WCHARMKEREITT 20 EEZX LN, HNTWD ISR, BIERESC
FLF 2T — =T DORMETHELZIT>TWDN, KBIEAL TWD ATEEM:
IIHEETE R, £Z2C, KVMERIEWAELT-OIZT 7 a~FxHY ) —LIE
AT F &S T EGA RS Z 1TV B oWk E WS Z L THEET5
FOGHHELTTT D G0z HlWr 35 Z & & L7=(Table 9),

Table 9. EGA Fif\ZR1T 5 v 7 ok /) — /L DOV EEM
BzO

BzO 0 OMe BZO
o) o)
0 > BZO&/O
0 MS4A, 40 °C 0Bz
OTBS '
F

6 20 min. 7

proton .
entry source yields
1 cyclohexanol 71
2 - 7
*Conditions

cell: divided, current: 6 mA (3 F/mol)
proton source: 0.1 M, supporting salt (Buy;NCIO,4): 1 M,
anode: GC plate, cathode: Pt wire, substrate: 0.01 M

MRt ORE R, v 7 a X ) — VIERINSGHIC CTRELL 72 EGA 2 AW =54
IZ1E, JREIOMKIIHER CTE L ODOLETLEY T ORI RKE BT B &
WO ZERbrole, DT DRRDORICHETT LIEMRERNG ., MERD B RN
WK DPIRAL TWDARERATENTELOD, FERE LTy 7 a~Fti )
—IVOBALIC L D7 e b AR L TIEIARSITR L SHEIT LN E WS Z
EbmnroT,
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BT, EGA ZHW2 2 LTI T 2 2 L mREAERAZ R LT
(Table 10), —f%f72 7 U 22 /AL THW HAL S 1-Br (8% 1-SPh 1A% & T 4ff
FADOHEF LRI L TRISZERA T & ZAH ANV 22T )0 6F OA0 EGA 12
Lo TiEM b ST,

Table 10. EGA & TIEMAL AT REZR B REFE DT

EGA
500 <C.C.E. (6 mA, 2 F/mol)

BuyNCIO,, 1,2-DCE >

BzO O > BzO

BzO z
MS4A, 40 °C

10 O/ 20 min.

enty R reaction yields
time 7 10
1 6F 20 min 71

"""""""""""""""""""""" BzO
2 B-SPh overnight 96

8- i - 0
BzO
_ Bzo/gﬁ OMe
3 B-Br overnight - quant. 04
4  BE-OH overnight - quant. m

OTBS

5 B-OMe  overnight - quant. 6F

*Conditions
cell: divided, proton source: cyclohexanol (0.1 M)
supporting salt: 1 M, anode: GC plate, cathode: Pt wire

DOFERIT, RpOSZ A Y TPEEHA~ISH TE AR Z LT 56D ThH 5,
7C T, SIEE OIER BB E 2 THix O B IRICH 325 EGA Z W=7V
AV ARG ATz, F ORGSR BRI BOG R EE DOSLARFE T O 528N 5 )
DZLHbOD, BFOBRENER L KBS T L7V a2 AbiZlkB L
(Table 11),
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Table 11. 45## glycosyl acceptor & D7 U =2 v AV
BzO

o)

0o > BzO OR
Q_( acceptor (ROH), 1,2-DCE, BzO .

o MS4A, 40 °C, 20 min. z

OTBS
6F 7
OH
OH OH
acceptor : OH BzOO
G (75%) H (71%) 1 (39%) J (90%)

o

AL L(75%)

*Conditions
cell: divided, substrate: 0.01 M,supporting salt (BuysNCIO,4): 1 M,
anode: GC plate, cathode: Pt wire, current: 6 mA (3 F/mol)

2.6. EGA (ElectroGenerated Acid)!®

ZOETIX, AFFETCER L7 EGAIZOWTikR5, =828, AMERS
D BN IRAT DRH B O —> & LT, WML E; DR 722 SO D AR DS
XD, ARIEEICEREZEANL CHELXIT Y & BB F I3tz 2k
IR Z R T2 ETE < oMb T, WReERE L THM%%E
ROGEIZRBWTY, RATAICIRMEGOE MG A E D 1T 2 & SRk 2 R
TRROSEHE. ARG EA~SER LS D aREEn RS CTE 7,

EGA OfFEIX, 1972 4D Miller & Mayeda & OEIZIB W THRAN R X
Tz 19, % 513 Nyberg B2 L » THE SN2 KIEG (Table 12) (ZBWT, X
#ffﬁ REIZ Lo TABMEIMEN RE S 2T 2 2 L ICifaR b, EGA il

2RV RIS DB ) R AE RIS AL T H Z L R LT,
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Table 12. HEFBEMEIC L 5 AR D FR I

OH NHAc
electrolysis
» +
MeCN, H,0,
supporting salt
11 12

supporting product ratio

salt 11 12
LiClO4 5 95
NaClO, 5 95

BuyNCIO, 77 23
NaBF, 60 40

BusNBF, 82 18
Bu,NBF,* 5 95  *in adivided cell

Z D%, EGA OSHEIZM LRFOFRILGIZE Y . AF T D EMEAEIGR
Z AW CEEIZ R ST A (Table 13)20, FEt D)7 EGA (2 X - Tl
SNTNWDHZ L, BT 4 ROFEREELVIALNTHSL, T7205, OXIG
RSO EEATORWV & ONTETE T, P EOBE THRISHEMET S, @
Divided cell Z % & | Bk s TO RIS ETT 5 . @BTEMS 2 Hu
THAEICBWTHORICHETT 5, @Y vy (AHER) Z2RICRICMZ 5
EBUOGHHEIT L7V, Table 12 # /L% & FRICEERREE 2 W= 5E 1213,
MO EDODERETHRIS BMMESEZ TWDZ ENgnd, £, WkT >~
EFEDUVLREXVITIEBEO T NERDBIIR, 6T, BHEIZ CHCN <
MeOH Z W% & SUSHEIT L7 < 2 FES A L7,
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Table 13. EGA |12 L 54 %2 T OB

/g/ EGA )\H/
.
o o)
electrolyte  solvent F/mol vyield (%)
LiCIO, THF 0.03 86
CH,Cl,  0.06 91
NaClO, THF 0.04 83
Mg(ClO,),  THF 0.04 79
E4,NCIO, CH,Cl, 05 87
LiBF, THF 0.9 62
E,NOTs  CH,Cl, 3.1 12
ELNBr  CH,Cl, 0.3 0
CFiCO,Li  CH,Cl, 45 0
& THF
LLEDFn R A2 HE 2 T EGA O
PEDHZRARE LTEEDHD L X HERHE e
Figure 10 ® X 5272 % 182, Hiffi|Z MCIO, CH,Cl,,
pH OE T 235 &, #ilziE (M: Li, Na, Mg) 1,2-DCE
CH;sCN-LiC104 % Tl pH2.19 T MBF,
&HHDIZxt L, CH3CN-BuyNBF4 ® (M: Li, Na) THF
S TIE pH3.93 NHIE ST D, R,NCIO, acetone
L L7en s, ABITdH < £ TEME
D A2 Tl 5, EGA FHR O Et.NBF, EtOAC
AR TR IR 9 5 25 SRNICE S Et,NOTs MeCN
DHELTNDIREETO EGA OIE Et,NBr MeOH

7R BREIIORTEBLHI T & Ty,
FrIZF—RWNICR T 5 EGA EliE
BOSHETT DSEELRE & 95 SUSPH 3 %
T OB LTI, REMZRRES S A 2
ERDFEHTHDEZF R D,

Figure 10. EGA O = D HZ
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2.6.1. EGA D#2ME A4 st

ST, [ACEEREEZ W EGAFRRIZENTYH, &R AT E=7
LEERWTGA TITIEENFE LS B2 ENMbTEY . £ OEREE
ELTHONDNZ = PRIBEINTWD, Bl 2 1F  LiCl0s 2 W= 5A 121,
B HR—=HFF L THDH LN EMTETLTSINT L& &R0, EmREmc
WHT 2, iAo Z2dko7= ClOy 7 =4 NIRRT EETND L DEDKE
i LT HCIOs & OH &4, BiEBIT, BEFIIBMIBRILIC L > T Frfv
TUANGDDWIEIIEFEBE L L TOHE S, RNIEEEMEE 27 5 (scheme 11),

-e"
C|O4' + Hzo - HC|O4 + OH ——>» 02

Scheme 11. EGA OB A ikt

—J7. RaNCIOy4 & WA, ISRITBMEIZ R 2 b 00 BE A2 e
BE L HRTEHBEOEASWITE L KV, 2. RINTOBEMRETTICE Y RN
DAEL, HOBICEGAZTRLTLEI» D EEXLNTWD, EERIZ, Bz
fiix 4y BER FE AR 2 L (divided celD) Z W TR ZETT 9 &, EGA %42 = L2
Hks, Zhid, BRI CEKR LT 2 v OIEBERREIC X > T AR T
bHEFZD,

KB RIR OFRRUIIER 2 72 FIENH OB D A, D HiESME 2 &<
FHELG D Z L3 LW, B2 0E, AgClOy & HCl 2 WV Tl 29 2 B 41213,
HCl OIRAZS Z ERREETHY | WHMEIZE D EF 425, BRIEIZ. Zh
HOFEIRBET HMERFIETHDLEEZ D,

2.6.2. EGA OHHEA Ri~DiE 1

EGA Z1HH LA e A G R OB 2457 5, EGA ORIGPEETER L
=hlE LTCET NS DI, EGA AR W2 KEFEME & B oMbt
IZ& o T, =ARF Y FEEBOAERM DB ZEILT 5 &0 5 @6 TH 5 (Figure
11)29, AT, EGA OFEMIC & » THERBT 5 REBA 4728 ClOgIc k- T
R INTt%, BNFRICRERERME 525 L5 Thi7 e b AL BT
52 LI Ko THRNLT 5, AREISIZEBWTHER DY — RERfREE & IR Otk %
179 &, EGAEDMENTWD Z &R0 5 (Figure 11, C), EGA AR H WS
Wi Z T hAcT 58, REBA T OHENTE Rk TiThh b &
IR T b= REBBIRWIZE 2 5 [Figure 11, B), S 52, XFRFEMRE %
EtsNOTs (3% & Ak LT IREBS A A 12k 5 OTs OB 2% C
TIUNTIa—)vEb 2252 ERHEES T 5 ([Figure 11, A), AEIGIZ DWW
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TIL.LINEty Pl b TF 7 > 72 E 2 H W T2 FENHRE STV A0 BREE T fE 4
D4 B 7 BT EICTHR CEX AIEMR TH D &V 9 T, o FIEICE
THHHTFIETHDLEES 2D,

(LiCIO4, CH,Cly)

o]
o] \/L\(R
EGA B

0 o)
(Mg(CIQy),, acetone) X
A}/R Table R
0 > /%f ¢
0]
entry promoter yield
EGA
1 Et4NOTs, NaOTs, 91
1,2-DCE
2 BF3-Et,0 77
3 TsOH 47
4 CF3CO,H 45
5 60% HCIO, 77

Figure 11. EGA O SCRPAEMBEMANI K % ARkt

2.6.3. AKuFFECTHWD EGA [ZDW\WT

AFHLIZTHW TV D EGAIZ DWW CREIRT 5, AWFZETHW TV S EGA 1L,
Figure 12 |27k L 7= & 9 7 divided cell 2 W TR T 5, —fixmiz, 77U v
JALEOGE Z Y EGA SIS IR, RHPIZIRAT D KOEELZ RELZITHK
JGTHD, LoT, FRBOEAMNIETHEDZENARETHY ., S HIT Ar
HADBENDNZZFay 7 2052 EIck T, BEORITETEEZATREE L
TW5b, EGA OFRELL, v 7 u~xt ) — L OBRtic k> TAELTr ok
TREMEORRA A NIGT D ETAHAINDS, A SN EGA ITEA1E
B2 R L TRV, pH R X - TR 2R T 5,
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Glass filter (4G)

Figure 12. EGA #AELZ W= E gt L

ARSI N Tz EGA ORZEMNEZMERT D720, BRARDBESRMETICBWT3 HH
MRS L. B pH RBRIC L » Tt iR & 2 B b - 7= (Figure 13, A), %

DOFER, BPEOR S ITE TR0 > T2 b O DIREN géhto:hif’%

MBS T2 BOSERE I LAUE, BulNClOs & W58 E R T 5 EGA 131
KIBEFRTHD &SN TWVWD, Lo T, FiRIZ j’ob"C ilﬂiﬁyﬁﬁ&@ TR
ITL, WEER KT & L R oTeTZDITBB LI D EE XD
b, EEE 4 CTRE LTV EGA ZHWTKILNZIT-o72 & 2 A, KEDF
BMEAERT D 2 AR, 510, AN XREMEEEF LHAIC,
4 CIZfRTIEL 32 H é"fxf ‘B{Eﬂi IELR2N T & EiERR L= (Figure 13, B), #F
IZ. BusNPFs ZHW=5E121%, BRE L TWEREE L OHEZHITS5 & EGA
AR | e AR Lt%@kﬂ%@ FEEZ s 2 2 LD KT, LEDZ &nnn |
EGA |38 5 \CRAF A RER B - iE MR L L CIHAWRECTH D Z &b o T,

Figure 13. %% EGA O E#REHER
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2.7. XUUNT Y ay RFEERETERT 54V THEG R TIEO RS
ARFFECB W CTHRIZ A LG & 4 Y TG~ BT 5720, Kk
DESRD—ACLICET Lz, fx DAY L2 AEICAKT 5 72012iE. ©
WHEAENGTHE ReX D56, ROBERFKET L2 TEDOE Frx vk
IXEEMESR 2 W T IS DR AT RE e R I 2 W D . OB AR OB T R A3
RO Y T ALK FREZR BB & 7> TR Y | D oRPIO 7 ) 2w
JABROL TIEHEL S 2y, @O THEIT 7 RER L @ THERIT B LRI, [F
FUETIEM L EN TIER DR WEDO S L= T UNENH 5 (Figure 13), 772
bbb, GEND K Z X, Bkt Fax T RoRR#ENKNT X > THEZR
KE L TIEATRETH D & [AFFIZ(Figure 14, A), E o Rma s bsg s 2 &
IZ &> ThEfit SR & L CHITATRETH U (Figure 14, B), HEHME O A & 72
DIELHILEMTHHLEE XD,

OH
OPG ®© OH &
o}
PG'O/NX PG'O/NY o)
PGIO Y
l A
OPG 0PG oligosaccharide
&)
pGgo -0 B 0
S0, T 0T O /
PG'O
V4 PG'O/NY

Figure 14. 7 U THEE R

BER D Table 10 128V T, £E#1T EGA I X - TIHEMAL ATREZR B REFE D fit &
1T>THY SPh #iT EGA &£ FIZBW T H L EICFIERRETH D Z Lo
S>TW5, F£72. SPh ML FRINTLETH D100 2, BRI bRISIZ k-
TIEMHALATRE R BREE TH D Z LML NTWD D, £ 2T, EHIIRHERLLE L
TEAMOIRFN 72 550 THLRFE FTHEZ Fmoc 52 EH A L72 18A 252 L, EGA
IS DHEEA R Z1T 9 2 & & L7=(Figure 15), Fmoc J& 1M1 R VE:
HEETHY, SHICHEET IVEFEHSEL Z LIk > TES ITHRED 7]
R TH LD, FEDT ) ~—(LOSARHHEIC & 82 KX T rrREE IR §
DEFE T,
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FmocO

BzO 0 FmocO
Z!
ey B > EGA  mooo
» Z!
© + BZB?O SPh . . i BzO o
o) OBz activation BzOO SPh

OTBS Bz

13A

HO
BZO O o EGA BZO 820
’ B20 BzO . . BzO ° o)
BzO O __sph activation BzO B
BzO zO o
OBz 205 SPh
—_—

» oligosaccharide

v

Figure 15. EGA ZiEf L7227V 2 v U b G &2 W24 U TG Ak

2.7.1. FEHDOHK

SO WA 1%, Z2fi7e kT 5 D-glucose 7 5 A% L 72 (Scheme 12),
FT. BEOE TV a— DR E N FRI L o TRIRPIHRHE L, Fie<
RV AMUIZE > T 14 ZH LT, 261, F—hk7 v a— L Oki#ER%
Fmoc Fa~E W L=, 7 / ~—% Br~tZ&H#4 252 L T15 & L. Hg(CN),
WL Z ETAHLY 2T )0 18A #ERLT-,

1) Pd/C, Hy, MeOH, AcOEt  FmocO

HO Tro
R ;rCI'5I(E)t‘:’CN;’ 2) FmocCl, Pyr. o
HO 0 YR~ o BzO 0 > BzO
OH OBz BzO
HO 2) BzCl BzO 3) HBr-AcOH, Ac,0, 520
HO OBz ACOH, 50 °C Br

D-glucose 14 43% in 5 steps 15

OMe

HO\/©/ FmocO 5
BzO FmocO TBSO
otBs Hg9(CN), BzO OMe o
> + O e
MS3A, toluene, 100 °C BzO
BzO
(0]
OTBS
13A 13B
50% 30%

Scheme 12. A /LY = 25 /)L 18A DERK
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2.7.2. XU V)V A I T AT )ViHER AR LT FEH AL

FESHO AT O ANC, KV LERETLRmE LT 7 mntH ) — )L a8 A
L7="hE 18 oA zERAD Z & & Liz(Scheme 13), REIZ CARKLIZA LY
TATIIV18A Ly unkY ) — D7 a  ALRIRIEHEEICET L., 1k
AW 16 57z, SBIT, 7 UFEE FIZT Fmoc JEDOBREETT - 7%, B
FRD 7Y a v BRI T2 & TIhEW 18 2455 Z LTk Lz,

FmocO

OH
BzO O O/ FmocO
OMe , EGA
- =8 0&&
0] > z
Q_( OJQ MS4A, 1,2-DCE, 40 °C BzO OCy
0

BzO
OTBS 62%
13A 16
FmocO
HO
Et;N 13 EGA,MS4A  BzO O
— % - 0 BzO 0
BzO oC » B20
y .
Pyr. BzO 1,2-DCE, 40 °C BzO 0
95% B20 220 ocy
i 38% BzO
17 18

Schemel3. 15 18 DAL

TEEED 7 ) a L UBROS & CEALIZE A STV Fmoc H D SR 5 A3
AT L2, e aEzRAb 2L e L, BB X oz, AnaEZAEIKIC
ITEITCARIEIZ SPh R AZEA LT OE W2, BiTOfER. Fmoc EDFRE &
o) a v B RGELTR D 2 & TR 21 oA I Eh L7=(Scheme 14),
B, ZHEEGRKT AERQ20-21) DFEMI7R OSSR b IX A % OGRS &
2o TS, WHEDO X L2 5UEENFEE 2508, ISIEES EGA FA%UZ v
HIDIFFEMEIT RS ROBRICREEEATE T LTS, £, KSITHW
TW2 EGA X7 /< —(LIZAFFET D SPh ZEZ{EMHAL L2V Z &b bhro T
%(Table 10), &> T, AT LD =ZHEARROILER FiX, A2t G4 L
W2 BB KOV EGA O®EMLFEORFHI L > TRIADLI D EBZZ TWND,
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HO

F
mocO BZO&&/SPh FmocO
BzO 0 Bz0 &
0
o)

2 OMe BzO , EGA BzO 0

» BzO B20
o BZO SPh

OTBS 63% BzO
13A 19

FmocO

Et,N  BzO ° o 13, EGA 820
—° » BzO B20 »> BzO 0 o
Pyr. “© 5 o MS4A, 1,2-DCE, BzO
250 SPh 40 °C Bz0 o
BzO SPh
0

82% BzO 12% Bz
20 21 BzO

Scheme 14. =% 21 OHKEL

2.8. ANV T AT NNERIERT 57U 2 v A KIGL
ARETIE, ANVYZ AT UERIER L7 U a U ALRIG OB Z BN L., &
SRR CHWE& ALY = 2T VO MEICHSOWCERT 5,

2.8.1. ANV Z AT NPERLIEHT D7) 2 2 LD GBI
Fv Y = ATV RE A R R L
; e R \ o) R'OTr
LCIER LYY a v b, (Aco)3>;\(ﬁ
_(O

T e
(ACO)4/\/A/OR

Kochetkov 512 & o TJa < BFZEHN Table

JRBH STV 5, 2 513 ¢ BuO A% R

WA LAY TATF AL, YD R promoer
=T AT ko TIHEML S5 = - 6@0%4 .
Ll X - T 1,2 trans DECHEIRDE -
AR L TWD, X5, [FIFSE N - 50
TN—T1I>T )RR TF A= —T oo, 81
NFEEREEANLTEA NV = AT AgOTf 82
WK ZE W=7 ) a U AR & SEt,PMPS  TrClO, 83
WE L, AV Y AT IVEEORE AL

& St L7=(Table 14)1.22, Table 14. Kochetkov &0 2 Y =t LUK

F72. Kunz O EIZHEERTHE
PR S L CERF T NEANSNANY 2 AT VR E R L, fix DT
Na—) DT a T ALK LTV A (Scheme 15)239), 4% 523 FLHH L 7=
PEALGARIL, AV Y AT EEICH L TAF U ) KA BN LA SR
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DTH Y BRZ2BEEIC CTEODITIEME L SN M, B ETDHT7 70U 3
EDF N AT NVRORIEZIHIFIRETH D72 EDOREEA L T\ 5,

>/O
(PivO)y T ROX =0
0o (PivO)4
g BF;-Et,0
u <O—N Ph CH,CI,

Scheme 15. Kunz HIC LA F NV Y 2TV EIER L7 Y a2 WABG

DX, ANV AT NRERRELGAR L UTEM LT 3E0IT R
FFoNHbDOD, REXZOHITDV72, FRDO—>2L LT, ANV ATV
EIMEFRINCALETH DT —ANBLZ NN ZERBXLND, PRIT, &
ERANY T AT MEZTERT 2 7V a L MERSIERTEF D i ilse & S 2.
PEH AR O FIEO—2 L LTAROEMBHHG I I DHETHL EELZ LN
%,

2.8.2. RIS THWTWA ALY = AT )LIZ-DW\T
KIS THWTWAS ALY =27 )L 6F B LW 13A ORI 72 MEEIZ DWW T
BoNnT-mREZIRRD,

2.82.1. ANV T AT ILOERE L OEICHOWNT

AHFFECTHE LAY =27 )L 6F 1L, RO 6 R STz, AF5ehith
W, EFIIEHEML SR L TR DOAS Y ay REEERZEELTEBY .,
REHZHWAEE L L THF OAIZET L TCWe, $72bb, {LAW 6F 136
R OUBFE TR ONZEIE TH D VFEE 1L BF GO b &2 A Tz,
WE, ANV AT IE R ) o REH L TSR ARLETH D,
Tz, —E7e 7Y ay REROBIZAERM DAV Y T AT )V FH-> T L
FIOEAITIE. BUNRED ERICK > TINRomM EZ2K 2 EALH D, AFER
TH{LEY BF OUGEN EEEA, SONRE OMF 21T > 7-(Table 15), L L
G, ML LAY BF ORI B3, Ema Pl W Th AR
LERDENIEITE D Lo Tz, BIRDERR AT — DR D)VT )L a— )L
KRR o fTITAEET AARBIENAF LT —F I Lo TREINTNDLERU Y
VT v a— )ViFERE WAL BF O X D kM7 ) v ROER
DB LTS (Table 4), T7ebh, ARERYRIRMEOEM & L TidNr oL
T —)LD o (MIZHIET DHEmEVKEBIEE . XY DNVR= AA T TR
WS L TWAEFRB LV, C6NOEmEmWERIL L ONIKRIEICLD, B
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Table 15. ALY AT )L 6F 4 il O SO E Mt
BzO

o 00
Bz
oM
MeO OTBS BzO ©

NO
(B20) <) > 00
Br A92C03, MS4A,

- (0]
1,2-DCE, temperature OTBS
6F
temp.  Vields (%)
entry (°C)
6F SF BzO TBSO
1 0 no reaction BzO 0 OMe
BzO o

2 r.t. 27 - OBz
3 40 52 5 5F
4 reflux 8 2

IRFBERINDEMLEICH DS E T 7 U a v BNiEA Lz 6F MESEANICARL
LizbDEEZLND,

Z 2 THEALEOREEREIZHOWT, U NCE#T 286D NMR A~
7 MVIZ Ko T 5 (Figure 16), WifbA#iE, BEOATLREROT v
VDo THREMMRELS B2 LM, 7/ ~—(io7 e b5 7 B XU v
TV T EEPRELS B 8RR ENLRBITE S,

BzO

BZBOOX/OQ
6F axJe g J=4Hz

Figure 16. &1t&5¥%® 1H NMR A7 kv
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— —

BzO ‘
|

BzO 0 OMe
BzO l/ ‘ ‘
(e 'C:)O ’Q Mt mnhuuwwxﬂ A‘MWLMMMMMW i Mw,hm,b, . W’ML ‘W"J‘PWW WW‘J ‘ LAM
OTBS 1200 " 1100 wo w00 800 700 00
6F

X : parts per Million : 13C

R

A eI A wwmw\m.mwmw‘ fvm-‘f.m.wmm% S LAM’ vt #M ML i el

120.0 110.0 100.0 90.0 80.0 70.0 60.0

X : parts per Million : 13C

DEPT 90 H ] \ I
|

120.0 110.¢ 0 100.0 90.0 80.0 70.0 60.0

f H \

~Mwwmmmwmwwwwwwmwwwwmm%wwWwwwmmwwmwwmhm#4wmwmHMMMwm

X : parts per Million : 13C

DEPT 135

120.0 110.0 100.0 90.0 80.0 70.0 60.0

Figure 17. A /Y =27 )L 6F @ 13C NMR A~7 /L

B, tE 6F OfiEiL 13C NMR 2227 FLd 120 ppm FHFICFEIET 5 4
UV T AT AR R 7R DR 3R 0 B b HIE T 5 = & 3T & B (Figure 17),

WIZ, 6F DAY T AT WARIENG T 5 5 TR SR DA KRB OV Tieim
B1T9, 2T, BROND KRR E AL Y = 2T Ak E O 5 Ik IR
iZEB L, 2hZh (9)-6F, (R)-6F &7 % (Figure 18),

Figure 18. & X155 6F O NLARFM(R
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H L, ISCHWTWD 6F BN T AT LA~—REMTHDH LT DL, 15D
NT< % 1H NMR 227 kL(Figure 161X L W #HMLT 2D EEZHNLD,
G, MEMEEROREER NMINCAET 2 RROEBEFEENRESERD
ETREINDENETHD, T7obb, BED C3A CANLDT v kD52 T D%
KM RN ENTHZ EICE ST, VT AT LA~ —MTRE BAR D%
U7 MEDBHIESNA D LTINS, £ T, A LZ 6F N H— O HE
KTHDEREL, AROWBENDBINRIRFEOARFEHET D LT 5,
B OBRETRET 24X Y W= AA F 0%, T 5 KBREDOARFIC
e > TR 2R “BiiEs L > T b b D L E 2 b (Figure 19), 3
b, T Y arPNRELELZTLHEICITZ ANy 7 ZAME)DHD ORBEEED
BRI boLEZLN, fERELT(S)-6F NMEHRLTEKRLTND LD EHE
BHTX 5,

BzO &
BzO [\
O I
convcave approach | éao convex approach
(disfavor) (favor)

BzO BzO (0]
o o Bzgggigrﬁ OMe
Z
O
e
@]

i oTBS
TBSO %
(R)-6F (S)-6F

Flgure 19. BUSHREURIZH T D REBEHOT 70 —F

2.8.2.2. ARUSNTHWA ALY = 27 )V OFFEIZ OV T

KIS THW ANV 227V 6F BL O 18A Z#IAKIEHT 5720, &%
ERA~DEW A AT,

{bE9 6F 7343 % TBS Hix TBAF IZHEE 2 WhN U 7= 55tk T2 CHus L i
DN E[BET & 5 (Table 16), Ak S L7t 5% 6E (X 6F AR L E ThH 72729,
BRI OIRFHZ B N T WD, 2k, TLRFE DRIV THERR Z2 3N L 725
SIS B EMEE L, Bk amE G 27202 ERbhroTnd, ZOH
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B & LT, iilRD TBAF VR 358VEEMENR B 2 bivd, SRVEEEMESRF T C
DS EBRZD L BRERDIEVMPET D7 = ) — VKB EERT =4~

fELTWA EESND D, KBENOLOBFHEIZL>TAHLVY ATV

WEEN T 5 H D EE 2 515 (Figure 20), AL, BHEAL U727 H
5 2,3,4,6-tetra- O-benzoyl-D-glucopyranose (Figure 20, A)2VEB & 7223 5155
NTNDZENDBHETE D, k. HifED T 7V = (Figure 20, B)IEX
JGHEDEWEE TH D EEZ LD -0, FERLIERE TIAKSMERE L TRL

TL DD EMEINDN, RIEZHEBEIZITE > TRV,

0 0

BzO BzO

Bzo&ﬁ OMe Table X Bzo&ﬁ OMe
0 i j > 0 i j

< > (O THF < > (O
0 0

OTBS entry reagent yield (%)

complex

1 TBAF .
mixture

2  TBAF, AcOH 82

Table 16. 7 = / — UMK O i A5 58 B s

BzO
BZO Ba3|c o)
O o)
condition @—( \)

OTBS

complex mlxture

Figure 20. HILMESAME TITI1T D U R EHE L OHEE FROCHEFE

L&Y 6F MA T DR KERF ORI %2 — %Ay 72 NaOMe % 5 54 FiC
THiRES 2 L. IEFICARLERIEY 22 35 5115 (Scheme 16), ALEW
1%, TLC ;ié}iﬁfjﬁ%ﬂi)iﬁf ECHLLOOHBNRKNETHY | £ OARKIT
MS A7 MV ORFEIZ L > THERBIND DA THDHALAWEF L i+ 25 &
ICEVIPET HLEMDZRITIEFICRENEDTHDLZ Lnn, AR TR
AL TS AN Y = RT U OHERFICIZR U A VIS K D HE KR DO IRGE
NEETHLHEDEEZ b, TNV REERLNEGT 2B REN 2 E M
ICBE L TWAH AR S B 2 6N D0, RIZZ O EMZBEBIIMRFT OB TH
Do
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BzO & HO O
Bzo&ﬁ :§OM9 NaOMe H&ﬁ ;\(S/OMG
(0] 0]
< > (O MeOH < HO
(@] (0]
OTBS trace OTBS

Y

Scheme 16. A /LY = 27 )L 6F O iffi#

LAY 18A O— KRR, 7 I UFHE TICTEGICHIREN FRETH 2
(Scheme 17), Z DISIZ L > THOLINDILEY 28 1L M 72 RERISIEIC 2 E
THY, HEENFEETH D, LAWY 28 134V Y = A7 LA & BEORGE D /KA
DE— 2 FRNICFELTEY | EZAERE L TOEHPEIRFTCEL D EERX
TV,

FmocO HO
BzO O @
Bz&ﬁ OMe Bé?&ﬁ OMe
C O: OJQ . g 4 OJQ
© OTBS Pt Q_(O
13A 81% OTBS

23
Scheme 17. ALY =271 18A OifRER S
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2.9. ¥fE

AWFFEClIE, BERARKSED—D>THHAMEMERBISICER L, &
ENZHBERRE/R RV UV L Y T AT OVIRER L ESA LIS ET 5 EGA
EIGH L7272 7V 2 O AL BROG % B3 L 72 (Scheme 18), A THWH I
%5 EGA XY 7 m~FY ) — VOGBSI K> THEL T r h 2R &
THHLOTHY, WEHEOBLENMNE LSVIIEIC L > THEEL7ZZ &b RS
iz,

OH
BzO BzO e} BzO
BzO e ’ oBz___ Bz 0
o -
o 1,2-DCE, MS4A, BzO, 4 o)
: Z SPh
40 °C, 20 min. BzO

(e} OBz
OTBS 90%

Scheme 18. XU AN Y T AT )V ETER LI-2FH# 7V a > b G

S BT, B LIRS A Y R E A~ LS T 52 8T, ZHoAICY
B L7=(Scheme 19), ApRIT, &L FIE TR FEETH 5 EGA 25
AR~ ETEH LB OB TH Y | Z2E I HBErTRED D58 & FIREZ T B
TN ZATNVHEOHAZHRET LD TH D,

HO
FmocO B20 o) FmocO
820 0 BzO " keA B 0 0
BzO OMe 820 ' > B20 ©
N >
@O MS4A, 1,2-DCE, 40 °C BZ%ZQ&/
O B0 SPh

OTBS 63% BzO

Y

1) EN, Pyr., 82% B20
BZO%@LO
2)13, EGA, MS4A, 1,2-DCE, Bz0—="3
40°C, 12% BzO 0
BzO SPh

BzO
Scheme 19. BAZ L7227V a L ALK& ZTER L7z =D AR
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General method: All reactions were carried out under an argon atmosphere unless
otherwise noted. When necessary, solvents were dried prior to use. Dry THF, dry Et,O
and dry CH,Cl, were purchased from Kanto Chemical Co., Inc. Optical rotations were
measured on a JASCO P-2200 digital polarimeter with a sodium (D line) lamp. IR
spectra were recorded on a Jasco Model A-202 spectrophotometer. 'H-NMR spectra and
C-NMR spectra were obtained on JEOL JNM-GX400, INM-0400, JNM-AL400 and
JINM-ECX400 spectrometers in deuterated solvent using tetramethylsilane as an internal
standard. Deuteriochloroform was used as a solvent, unless otherwise stated.
High-resolution mass spectra were obtained on a Waters LCT Premier XE (ESI) or
JEOL JMS-700 (FAB). Preparative and analytical TLC were carried out on silica gel
plate (Kieselgel 60 F254, E. Merck AG., Germany) using UV light, 1M agq. sulfuric acid,
and/or 5% molybdophosphoric acid in ethanol for detection. Kanto silica 60N (spherical,
neutral, 105-210 um) was used for column chromatography. All anodic oxidation was
conducted using HA-151A (Hokuto Denko) as a potentiostat and galvanostat, using

glassy carbon plate as anodes, and platinum plate or wire as cathode.

Preparation of benzyl glycoside derivatives
Phenylmethyl 2,3,4,6-tetra-O-benzoyl-3 -D-glucopyranoside (5A) 24)
BzO
BZB(;()/&/OBn
BzO
5A
To a solution of 2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide (0.12 g, 0.18

mmol) in anhydrous 1,2-DCE (1 mL) were added benzyl alcohol (0.058 g, 0.54 mmol),
Agr,CO; (0.12 g, 0.45 mmol) and MS4A at room temperature, and the mixture was
stirred overnight. The reaction mixture was filtered through a Celite pad, and the filtrate
was washed with saturated aqueous NaHCOj. The organic extracts were dried (Na;SOys),
and concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane:AcOEt = 5:1) to give SA as a white powder (0.08 g, 59%):
[a]*p -3.8 (¢ 1.00, CHCL3); IR (film) 1781, 1601 cm™; "H-NMR (400 MHz) J 4.19 (1H,
ddd, J = 9.6, 5.6, 3.6 Hz), 4.60 (1H, dd, J = 12.3, 5.6 Hz), 4.73 (1H, dd, J = 12.3, 3.6
Hz), 4.78 (1H, d, J=12.8 Hz), 4.91 (1H, d, J= 7.8 Hz), 4.99 (1H, d, J = 12.8 Hz), 5.69
(1H, dd, J=9.6, 7.8 Hz), 5.76 (1H, t, J = 9.6 Hz), 5.92 (1H, t, J = 9.6 Hz), 7.44 (17H,
m), 7.90 (2H, m), 7.98 (4H, m), 8.13 (2H, m).
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4-Methoxyphenylmethyl 2,3,4,6-tetra-O-benzoyl-B-D-glucopyranoside (5B)
BzO
2522 oo
BzO
5B

To a solution of 2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide (0.12 g, 0.19
mmol) in anhydrous 1,2-DCE (1 mL) were added (4-methoxyphenyl)methanol (0.078 g,
0.57 mmol), Ag,CO; (0.13 g, 0.47 mmol) and MS4A at room temperature, and the
mixture was stirred overnight. The reaction mixture was filtered through a Celite pad,
and the filtrate was washed with saturated aqueous NaHCOj. The organic extracts were
dried (Na;SOg4), and concentrated in vacuo. The residue was purified by silica gel
column chromatography (CHCls:hexane:Et,O = 1:1:0.3) to give 5B as a colorless oil
(0.09 g, 63 %): [a]®p +3.2 (¢ 1.00, CHCL3); IR (film) 1602, 1514 cm™'; "H-NMR (400
MHz) ¢ 3.68 (3H, s), 4.03 (1H, ddd, J = 9.6, 5.4, 3.6 Hz), 4.45 (1H, dd, J = 12.1, 5.4
Hz), 4.56 (1H, d, J=12.1 Hz), 4.59 (1H, dd, J=12.1, 3.6 Hz), 4.72 (1H, d, J = 7.9 Hz),
4.76 (1H, d, J = 12.1 Hz), 5.51 (1H, dd, J = 9.6, 7.9 Hz), 5.60 (1H, t, J= 9.6 Hz), 5.75
(1H, t, J = 9.6 Hz), 6.61 (2H, d, J = 8.8 Hz), 7.02 (2H, d, J = 8.8 Hz), 7.34 (12H, m),
7.74 (2H, m), 7.82 (4H, m), 7.99 (2H, m); *C-NMR (100 MHz) 6 55.2, 63.2, 69.8, 70.1,
71.8, 72.2, 72.9, 98.7, 113.8, 128.3, 128.4, 128.8, 128.9, 129.3, 129.7, 129.8, 129.9,
133.1, 133.2, 133.4, 159.4, 165.0, 165.2, 165.7, 166.1. ESI-MS: calcd for C4,H360;1Na
739.2155 (M+Na)", found m/z 739.2156.

3,4-Dimethoxyphenylmethyl 2,3,4,6-tetra-0O-benzoyl-B-D-glucopyranoside (5C)
B20 OMe
BzO
BzO
5C

To a solution of 2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide (0.38 g, 0.58
mmol) in anhydrous 1,2-DCE (5.8 mL) were added (3,4-dimethoxyphenyl)methanol
(0.29 g, 1.73 mmol), AgCOs (0.40 g, 1.45 mmol) and MS4A at room temperature, and
the mixture was stirred overnight. The reaction mixture was filtered through a Celite
pad, and the filtrate was washed with saturated aqueous NaHCOj. The organic extracts
were dried (Na,SO,), and concentrated in vacuo. The residue was purified by silica gel
column chromatography (CHCls:hexane:Et;O = 1:1:0.3) to give 5C as a white solid
(0.13 g, 30%): [a]*b -13.4 (¢ 1.00, CHCL); IR (film) 1731, 1516 cm™; "H-NMR (400
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MHz) 6 3.46 (3H, s), 3.83 (3H, s), 4.12 (1H, ddd, /= 9.6, 5.6, 3.1 Hz), 4.53 (1H, dd, J =
12.3, 5.6 Hz), 4.62 (1H, d, J= 12.1 Hz), 4.67 (1H, dd, J= 12.3, 3.1 Hz), 4.83 (1H, d, J
=17.6 Hz), 4.84 (1H, d, J=12.1 Hz), 5.59 (1H, dd, J= 9.6, 7.6 Hz), 5.68 (1H, t, J=9.6
Hz), 5.85 (1H, t, J = 9.6 Hz), 6.69 (3H, m), 7.41 (12H, m), 7.81 (2H, m), 7.88 (4H, m),
8.05 (2H, m); *C-NMR (100 MHz) § 55.3, 55.8, 63.1, 69.7, 70.4, 71.7, 72.2, 72.9, 98.7,
110.5, 111.0, 120.7, 128.2, 128.3, 128.4, 128.7, 129.2, 129.6, 129.7, 129.8, 133.1, 133.2,
133.4, 148.8, 149.0, 165.0, 1652, 165.7, 166.1. ESI-MS: caled for C43H330,,Na
769.2261 (M+Na)", found m/z 769.2242.

2,4-Dimethoxyphenylmethyl 2,3,4,6-tetra-O-benzoyl--D-glucopyranoside (5D)
BzO MeO
2% o L "
BzO
5D

To a solution of 2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide (0.26 g, 0.40
mmol) in anhydrous 1,2-DCE (4 mL) were added (2,4-dimethoxyphenyl)methanol (0.33
g, 2.0 mmol), Ag,COs (0.33 g, 1.2 mmol) and MS4A at room temperature, and the
mixture was stirred overnight. The reaction mixture was filtered through a Celite pad,
and the filtrate was washed with saturated aqueous NaHCOj. The organic extracts were
dried (Na;SOg4), and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexane:acetone = 4:1) to give 5D as a white solid (0.07 g,
24%): [0]*p -11.7 (¢ 1.00, CHCL); IR (film) 1731, 1509 cm™'; "H-NMR (400 MHz) ¢
3.48 (3H, s), 3.75 (3H, s), 4.11 (1H, ddd, J = 9.6, 5.2, 2.9 Hz), 4.51 (1H, dd, J=11.9,
5.2 Hz), 4.65 (1H, dd, J=11.9, 2.9 Hz), 4.72 (1H, d, J = 12.8 Hz), 4.82 (2H, m), 5.54
(1H, m), 5.66 (1H, t, J=9.6 Hz), 5.83 (1H, t,J=9.6 Hz), 6.24 (1H, dd, /= 8.3, 2.0 Hz),
6.28 (1H, d, J = 2.0 Hz), 7.06 (1H, d, J = 8.3 Hz), 7.40 (12H, m), 7.84 (6H, m), 8.04
(2H, m); *C-NMR (100 MHz) ¢ 55.0, 55.3, 63.3, 66.0, 69.9, 71.8, 72.1, 73.0, 98.3, 99.1,
103.8, 117.1, 128.2, 128.3, 128.4, 128.8, 129.4, 129.6, 129.7, 129.8, 131.1, 133.0, 133.1,
133.4, 158.7, 160.9, 164.9, 165.2, 165.8, 166.2. ESI-MS: calcd for Cs3H330,2Na
769.2261 (M+Na)", found m/z 769.2261.
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2-tert-Buthyldimethylsyloxy-4-methoxyphenylmethyl
2,3,4,6-tetra-0O-benzoyl-B-D-glucopyranoside (5F)
(2R,5R,6R,7S)-5-((Benzoyloxy)methyl)-2-((2-((zert-butyldimethylsilyl)oxy)-4-metho
xybenzyl)oxy)-2-phenyltetrahydro-3aH-[1,3]dioxolo[4,5-b]pyran-6,7-diyl
dibenzoate (6F)

BzO

BzO Q
BzO TBSO Bz&ﬁ OMe
0
Bzoﬁo oMe ©
BzO

820 ° OTBS
5F 6F

To a solution of 2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide (0.37 g, 0.56
mmol) in anhydrous 1,2-DCE (3 mL) were
added(2-((fert-butyldimethylsilyl)oxy)-4-methoxyphenyl) methanol (0.45 g, 1.69 mmol),
Ag>,CO; (0.31 g, 1.12 mmol) and MS4A at room temperature, and the mixture was
stirred overnight. The reaction mixture was filtered through a Celite pad, and the filtrate
was washed with saturated aqueous NaHCOj. The organic extracts were dried (Na;SOys),
and concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane:acetone = 7:1) to give 6F and 5F as white powder (0.27 g,
57%; 6F:5F = 10:1): 6F: [0]”p -5.7 (¢ 1.00, CHCL); IR (film) 1726, 1613 cm™;
'H-NMR (400 MHz) § 0.15 (6H, s), 0.90 (9H, s), 3.74 (3H, s), 4.17 (1H, ddd, J = 8.3,
4.7,2.9 Hz), 4.35 (3H, m), 4.53 (1H, d, J = 12.1, 2.9 Hz), 4.79 (1H, m), 5.51 (1H, m),
5.77 (1H, dd, J = 2.9, 1.3 Hz), 6.04 (1H, bd, J = 5.2 Hz), 6.31 (1H, d, J = 2.0 Hz), 6.48
(1H, dd, J=8.3, 2.0 Hz), 7.18 (1H, d, J = 8.3 Hz), 7.28 (3H, m), 7.45 (6H, m), 7.61 (3H,
m), 7.84 (2H, m), 7.95 (4H, m), 8.09 (2H, m); *C-NMR (100 MHz) ¢ -4.3, 18.1, 25.6,
55.2,61.2,64.0, 67.4, 69.1, 72.1, 97.5, 105.3, 106.0, 120.4, 121.5, 126.4, 128.2, 128.3,
128.4, 128.5, 128.6, 129.0, 129.1, 129.6, 129.7, 129.9, 130.0, 133.0, 133.5, 133.6, 135.4,
164.5, 165.2. ESI-MS: caled for CyHs001oNaSi 869.2969 (M+Na)', found m/z
869.2954; 5F: [0]*’p -2.0 (¢ 0.51, CHCls); IR (film) 1732, 1507 cm™; '"H-NMR (400
MHz) ¢ 0.08 (3H, s), 0.14 (3H, s), 0.90 (9H, s), 3.71 (3H, s), 4.12 (1H, ddd, J=9.6, 4.8,
3.2 Hz), 4.51 (1H, dd, /= 12.4, 4.8 Hz), 4.64 (1H, dd, /= 12.4, 3.2 Hz), 4.72, (1H, d, J
=12.6 Hz), 4.81 (1H, d, J = 12.6 Hz), 4.87 (1H, d, J = 8.0 Hz), 5.56 (1H, dd, J = 9.6,
8.0 Hz), 5.69 (1H, t,J=9.6 Hz), 5.83 (1H, t,J=9.6 Hz), 6.22 (1H, dd, J= 8.7, 2.5 Hz),
6.28 (1H, d, J=2.5 Hz), 7.08 (1H, d, J= 8.7 Hz), 7.34 (5H, m), 7.41 (3H, m), 7.50 (4H,
m), 7.83 (6H, m), 8.04 (2H, m); "C-NMR (100 MHz) § -4.4, -4.3, 18.1, 25.6, 55.2, 63.2,
65.6, 69.8, 71.8, 72.2, 73.1,99.3, 105.4, 105.9, 119.7, 128.2, 128.3, 128.4, 128.8, 129.4,
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129.6, 129.8, 129.9, 131.1, 133.0, 133.1, 133.2, 133.4, 154.7, 160.2, 165.0, 165.2, 165.8,
166.2. ESI-MS: calcd for C4sHs001,NaSi 869.2969 (M+Na)", found m/z 869.2959.

(2R,5R,6R,7S)-5-((Benzoyloxy)methyl)-2-((2-hydroxy-4-methoxybenzyl)oxy)-2-phe
nyltetrahydro-3aH-[1,3]dioxolo[4,5-b]pyran-6,7-diyl dibenzoate (6E)
BzO

(0]
BzO
BZO/%‘ OMe
C Of o) i 1\
o]

OH
6E

To a solution of 6F (0.25 g, 0.29 mmol) in anhydrous THF (3 mL) were added the
reagent (TBAF: AcOH = 1:1, 0.1 M in THF, 6 mL) at 0 °C, and the mixture was stirred
for 30 minutes. The reaction was quenched by water, and extracted by CHCl;. The
organic extracts were dried (Na,SQO4), and concentrated in vacuo. The residue was
purified by silica gel column chromatography (CHClj:acetone = 40:1) to give 6E as a
white powder (0.18 g, 82 %): [0]*p -6.6 (¢ 1.00, CHCl;); IR (film) 3432, 1725, 1601
cm™; "TH-NMR (400 MHz) 6 3.72 (3H, s), 4.10 (1H, ddd, J = 8.3, 5.2, 2.9 Hz), 4.36 (1H,
dd,J=12.1,4.9 Hz), 4.40 (1H, d,J=11.6 Hz), 4.49 (1H, d, J=11.6 Hz), 4.52 (1H, dd,
J=12.1, 2.9 Hz), 4.79 (1H, ddd, J = 5.2, 3.1, 1.3 Hz), 5.48 (1H, dt, J = 8.3, 1.3 Hz),
5.75 (1H, dd, /= 3.1, 1.6 Hz), 6.05 (1H, bd, J = 5.2 Hz), 6.35 (1H, dd, J = 8.3, 2.7 Hz),
6.40 (1H, d, J=2.7 Hz), 6.47 (1H, s), 6.87 (1H, d, J = 8.3 Hz), 7.27 (2H, m), 7.43 (8H,
m), 7.57 (2H, m), 7.81 (2H, m), 7.92 (4H, m), 8.04 (2H, m); *C-NMR (100 MHz) §
55.2, 63.8, 64.3, 67.6, 68.3, 69.0, 72.4, 97.7, 102.1, 105.9, 114.4, 121.4, 126.2, 128.2,
128.4, 128.6, 128.8, 128.9, 129.5, 129.6, 129.7, 129.9, 130.0, 133.0, 133.5, 133.7, 134.7,
156.4, 160.9, 164.5, 165.1, 166.0. ESI-MS: calcd for C4,H3601,Na 755.2104 (M+Na) ",
found m/z 755.2107.

Electrochemical glycosylation

Cyclohexyl 2,3,4,6-tetra-O-benzoyl-B-D-glucopyranoside (7H) %)

BzO

BzO 0
BZO&/O\Q

BzO
7H
A solution of 6F (0.033 g, 0.04 mmol) and cyclohexanol (0.02 g, 0.19 mmol) in
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1,2-DCE (5 mL) containing MS4A and BusNClO4 (1.37 g, 1 M) as a supporting salt
was electrolyzed by constant current electrolysis (3 mA/cm?) at 40 °C, using a glassy
carbon plate (1.0 cmx1.0 cm) as an anode and a Pt wire as a cathode. The reaction
mixture was filtered through a Celite pad and the filtrate was washed with saturated
aqueous NaHCOs. The organic extract were dried (Na,SQOy), and concentrated in vacuo.
The residue was purified by silica gel chromatography (hexane:acetone = 2:1) to give
7H as a white powder (0.014 g, 54%): "H-NMR (400 MHz) ¢ 1.16 (4H, m), 1.44 (2H,
m), 1.56 (1H, m), 1.68 (2H, m), 1.89 (1H, m), 3.66 (1H, m), 4.15 (1H, ddd, /=9.6, 5.9,
3.4 Hz), 4.51 (1H, dd, J=12.2, 5.9 Hz), 4.62 (1H, dd, J = 12.2, 3.4 Hz), 4.94 (1H, d, J
= 7.8 Hz), 5.51 (1H, dd, J = 9.6, 7.8 Hz), 5.64 (1H, t, J = 9.6 Hz), 5.90 (1H, t, J = 9.6
Hz), 7.42 (12H, m), 7.84 (2H, m), 7.90 (2H, m), 7.95 (2H, m), 8.01 (2H, m).

Glycosylation promoted by EGA

Cyclohexylmethyl 2,3,4,6-tetra-O-benzoyl-p-D-glucopyranoside (7G)
BzO
B0
7G

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BusNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (1.2 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 6F
(0.034 g, 0.04 mmol) and cyclohexylmethanol (0.023 g, 0.2 mmol) and MS4A in
1,2-DCE (2.8 mL). After stirring for 20 minutes, the reaction mixture was filtered
through a Celite pad and the filtrate was washed with saturated aqueous NaHCOs. The
organic extract were dried (Na;SQO,4), and concentrated in vacuo. The residue was
purified by preparative TLC (hexane:acetone = 2:1) to give 7G as a colorless oil (0.021
g, 75%): [0]*p +17.5 (¢ 1.00, CHClL); IR (film) 2925, 2853, 1730, 1451 cm™; "H-NMR
(400 MHz) ¢ 0.79 (2H, m), 1.03 (3H, m), 1.54 (6H, m), 3.31 (1H, dd, J = 9.6, 6.7 Hz),
3.72 (1H, dd, J = 9.6, 6.3 Hz), 4.14 (1H, m), 4.51 (1H, dd, J=12.3, 5.4 Hz), 4.63 (1H,
dd, /=123, 3.1 Hz), 4.81 (1H, d, J=7.9 Hz), 5.52 (1H, dd, J = 9.6, 7.9 Hz), 5.67 (1H,
t,J=9.6 Hz), 5.90 (1H, t, J = 9.6 Hz), 7.35 (9H, m), 7.51 (3H, m), 7.84 (2H, m), 7.90
(2H, m), 7.96 (2H, m), 8.02 (2H, m); *C-NMR (100 MHz) § 25.6, 26.3, 29.4, 29.5, 37.7,
63.2,699,71.9,72.1,72.9,75.9, 101.6, 128.3, 128.4, 128.8, 129.4, 129.6, 129.7, 129.8,
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133.1, 133.2, 133.4, 165.1, 165.2, 165.8, 166.1. ESI-MS: calcd for C4H4oO0Na
715.2519 (M+Na)", found m/z 715.2514.
Adamantyl 2,3,4,6-tetra-O-benzoyl-B-D-glucopyranoside (71) 26)
BzO
Bé@%o@
71

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BusNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (1.2 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 6F
(0.034 g, 0.04 mmol) and adamantanol (0.031 g, 0.2 mmol) and MS4A in 1,2-DCE (2.8
mL). After stirring for 20 minutes, the reaction mixture was filtered through a Celite
pad and the filtrate was washed with saturated aqueous NaHCOs. The organic extract
were dried (NaySO4), and concentrated in vacuo. The residue was purified by
preparative TLC (hexane:acetone = 2:1) to give 71 as a white solid (0.011 g, 39%):
'H-NMR (400 MHz) 6 1.54 (6H, m), 1.65 (3H, m), 1.82 (3H, m), 2.02 (3H, m), 4.19
(1H, ddd, J = 9.6, 7.2, 3.1 Hz), 4.49 (1H, dd, J=11.9, 7.2 Hz), 4.59 (1H, dd, J = 11.9,
3.1 Hz), 5.12 (1H, d, J= 7.8 Hz), 5.49 (1H, dd, J= 9.6, 7.8 Hz), 5.56 (1H, t, J = 9.6 Hz),
5.93 (1H, t, J = 9.6 Hz), 7.29 (2H, m), 7.34 (7H, m), 7.52 (3H, m), 7.83 (2H, m), 7.92
(2H, m), 7.96 (2H, m), 8.02 (2H, m).

Phenyl
2,3,4,6-tetra-0O-benzoyl-B-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl-1-thio-3-D-g
lucopyranoside (7J)

BzO

BzO 0
Bzo%o
BZO O
BZOS SPh

7J BzO

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BusNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)

as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
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reaction mixture (0.6 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 6F
(0.02 g, 0.02 mmol) and thiophenyl 2,3,4-tri-O-benzoyl-B-D-glucopyranoside (0.064 g,
0.11 mmol) and MS4A in 1,2-DCE (2 mL). After stirring for 20 minutes, the reaction
mixture was filtered through a Celite pad and the filtrate was washed with saturated
aqueous NaHCOs. The organic extract were dried (Na,SQOy), and concentrated in vacuo.
The residue was purified by preparative TLC (hexane:acetone = 3:1) to give 7J as a
white powder (0.023 g, 90%): [a]*p +23.8 (¢ 1.00, CHCl;); IR (film) 1732, 1601, 1263
cm™'; "H-NMR (400 MHz) J 3.96 (2H, m), 4.03 (2H, m), 4.39 (dd, 1H, J=12.3, 4.9 Hz),
4.59 (dd, 1H, J=12.3, 3.1 Hz), 4.90 (d, 1H, J=9.6 Hz), 4.95 (1H, d, J = 7.8 Hz), 5.26
(t, IH, J=9.6 Hz), 5.35 (t, IH, J= 9.6 Hz), 5.49 (dd, 1H, J=9.6, 7.8 Hz), 5.60 (t, 1H, J
=9.6 Hz), 5.80 (t, 1H, J=9.6 Hz), 5.83 (t, IH, J= 9.6 Hz), 7.35 (14H, m), 7.42 (4H, m),
7.49 (8H, m), 7.76 (2H, m), 7.82 (4H, m), 7.92 (6H, m), 8.03 (2H, m); *C-NMR (100
MHz) ¢ 62.8, 68.1, 69.4, 69.6, 70.4, 71.8, 72.2, 72.9, 74.0, 78.5, 85.8, 101.0, 128.2,
128.3, 128.4, 128.5, 128.8, 129.1, 129.2, 129.7, 129.8, 129.9, 131.7, 133.0, 133.2, 133.3,
133.4, 133.5, 165.2, 165.3, 165.6, 165.8, 166.1. ESI-MS: calcd for Ce7Hs40,7NaS
1185.2979 (M+Na), found m/z 1185.2985.

(2R,3R,4S8,5R,6R)-2-((Benzoyloxy)methyl)-6-(((35,85,9S5,10R,13R,14S5,17R)-10,13-di
methyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecah
ydro-1H-cyclopenta[a]phenanthren-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl
tribenzoate (7K)*”

BzO

BzO 0
BZO&WO
BzO

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BuNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current

7K

electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (1.2 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 6F
(0.034 g, 0.04 mmol) and cholesterol (0.078 g, 0.2 mmol) and MS4A in 1,2-DCE (2.8

mL). After stirring for 20 minutes, the reaction mixture was filtered through a Celite
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pad and the filtrate was washed with saturated aqueous NaHCOs. The organic extract
were dried (NaySO4), and concentrated in vacuo. The residue was purified by
preparative TLC (hexane:acetone = 7:1) to give 7K as a white solid (0.030 g, 78%):
'H-NMR (400 MHz) 6 0.65-2.17 (43H, m), 3.53 (1H, m), 4.16 (1H, ddd, J = 9.6, 6.0,
3.6 Hz), 4.52 (1H, dd, J=12.4, 6.0 Hz), 4.60 (1H, dd, J=12.4, 3.6 Hz), 4.94 (1H, d, J
= 8.0 Hz), 5.22 (1H, m), 5.50 (1H, dd, J = 9.6, 8.0 Hz), 5.63 (1H, t, J = 9.6 Hz), 5.90
(1H, t, J=9.6 Hz), 7.43 (12H, m), 7.84 (2H, m), 7.91 (2H, m), 7.96 (2H, m), 8.01 (2H,

m).

(1S,2R,55)-(+)-1-Mentyl 2,3,4,6-tetra-O-benzoyl-p-D-glucopyranoside (7L)*

BzO
BzO O
Bzoﬁ/()l 1
BzO
7L -

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BusNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (1.2 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 6F
(0.034 g, 0.04 mmol) and d-menthol (0.031 g, 0.2 mmol) and MS4A in 1,2-DCE (2.8
mL). After stirring for 20 minutes, the reaction mixture was filtered through a Celite
pad and the filtrate was washed with saturated aqueous NaHCOs. The organic extract
were dried (NaySO4), and concentrated in vacuo. The residue was purified by
preparative TLC (hexane:acetone = 7:1) to give 7L as a colorless oil (0.022 g, 75%):
'H-NMR (400 MHz) ¢ 0.71 (3H, d, J = 6.7 Hz), 0.75 (3H, d, J= 6.7 Hz), 0.82 (3H, d, J
= 7.2 Hz), 0.90 (2H, m), 1.17 (2H, m), 1.56 (3H, m), 1.94 (1H, m), 2.25 (1H, m), 3.48
(1H, td, J=10.5, 4.0 Hz), 4.13 (1H, ddd, J = 9.6, 5.8, 3.4 Hz), 4.48 (1H, dd, J=11.9,
5.8 Hz), 4.62 (1H, dd, J=11.9, 3.4 Hz), 4.92 (1H, d, J= 7.8 Hz), 5.49 (1H, dd, J = 9.6,
7.8 Hz), 5.63 (1H, t, J=9.6 Hz), 5.89 (1H, t, J = 9.6 Hz), 7.38 (12H, m), 7.83 (2H, m),
7.91 (2H, m), 7.98 (4H, m).
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2,3,4-tri-O-Benzoyl-6-0-9-fluorenylmethyloxycarboxyl-a-D-glucopyranosyl
bromide (15)

FmocO

BzO Q
BzO
BzO,

Br
15

To a suspention of D-glucose (4.55 g, 0.025 mol) in pyridine (50 mL) were added TrCl
(10.6 g, 0.038 mol) and EtzN (18 mL, 0.13 mol), the mixture was stirred at room
temperature and stirred overnight. After confirming the completion of the reaction by
TLC analysis, the reaction mixture was added BzCl (23 mL, 0.20 mol) at the same
temperature and stirred overnight. The reaction was quenched with saturated aqueous
NaHCOs, and the mixture was extracted with CHCl;. The organic layer was dried
(Na,S0y4), and concentrated in vacuo. After removing the high polarity byproducts by
silica gel column chromatography (hexane:EtOAc = 5:1), the crude mixture was used in
the next step without further purification.

The crude products were solved in MeOH:EtOAc (1:1, 100 mL). The reaction solution
was added Pd/C (cat.) and stirred overnight under H, atmosphere. After confirming the
completion of the reaction by TLC analysis, the reaction mixture was filtered and
concentrated in vacuo. After removing the low polarity byproducts by silica gel column
chromatography (hexane:EtOAc = 3:1), the crude mixture was used in the next step
without further purification.

The crude products were added FmocCl (9.80 g, 0.038 mol) and pyridine (100 mL)
and stirred overnight. After confirming the completion of the reaction by TLC analysis,
the reaction mixture was quenched with saturated aqueous NaHCOj;, and the mixture
was extracted with CHCls. The organic layer was dried (Na,SQO,), and concentrated in
vacuo. After removing lower polarity byproducts by silica gel column chromatography
(hexane:EtOAc = 10:1), the crude mixture was used in the next step without further
purification.

The crude products were added HBr-AcOH (250 mL), AcOH (60 mL), Ac,O (60 mL)
and stirred overnight. After confirming the completion of the reaction by TLC analysis,
the reaction mixture was quenched with saturated aqueous NaHCOs3, and the mixture
was extracted with CH3Cl. The organic layer was dried (Na,SOj), and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane:EtOAc =
5:1) to give 15 as a white solid (8.43 g, 43% in 5 steps): [a]*p +76.4 (¢ 1.00, CHCl3);
IR (film) 1732, 1601, 1261 cm™; '"H-NMR (400 MHz) 6 4.40 (5H, m), 4.67 (1H, m),
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5.36 (1H, dd, J=9.8, 4.0 Hz), 5.78 (1H, t, /= 9.8 Hz), 6.28 (1H, t, /= 9.8 Hz), 6.89
(1H, d, J= 4.0 Hz), 7.40 (11H, m), 7.54 (2H, m), 7.64 (2H, m), 7.78 (2H, m), 7.89 (2H,
m), 8.00 (4H, m); >C-NMR (100 MHz) § 46.5, 64.9, 67.7, 70.4, 70.5, 71.3, 72.5, 86.7,
120.0, 125.2, 125.3, 127.2, 127.9, 128.3, 128.4, 128.5, 128.7, 129.7, 129.9, 130.0, 133.3,
133.7, 133.85, 141.2, 141.3, 143.2, 143.4, 154.7, 165.1, 165.2, 165.5. ESI-MS: calcd for
C4H33010NaBr 799.1155 (M+Na)", found m/z 799.1151.

(2R,5R,6R,7S)-5-(((((9H-Fluoren-9-yl)methoxy)carbonyl)oxy)methyl)-2-((2-((tert-b
utyldimethylsilyl)oxy)-4-methoxybenzyl)oxy)-2-phenyltetrahydro-3aH-[1,3]dioxolo
[4,5-b]pyran-6,7-diyl dibenzoate (13A)
2-tert-Buthyldimethylsyloxy-4-methoxyphenylmethyl
2,3,4-tetra-O-benzoyl-6-0-9-fluorenylmethyloxycarboxyl--3-D-glucopyranoside
(13B)

FmocO

o)
BZB?(%/%O& OMe Emoco TBSO

o BzO 520

OTBS
13A 13B
To a solution of 15 (0.071 g, 0.092 mmol) in anhydrous toluene (0.9 mL) were added

(2-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)methanol (0.074 g, 0.27 mmol),
Hg(CN), (0.046 g, 0.18 mmol) and MS3A at 100 °C, and the mixture was stirred
overnight. The reaction mixture was filtered through a Celite pad, and the filtrate was
washed with saturated aqueous NaHCOs. The organic extracts were dried (Na,SOy), and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane:acetone = 7:1) to give 13A and 13B as a clear oil (13A: 0.045 g, 50%; 13B:
0.026 g, 30%): 13A: [a]*b +1.2 (¢ 1.00, CHCL); IR (film) 1728, 1613, 1257 cm™;
'H-NMR (400 MHz) 6 0.15 (6H, s), 0.93 (9H, s), 3.74 (3H, s), 4.16 (2H, m), 4.29 (6H,
m), 4.78 (1H, m), 5.37 (1H, bd), 5.76 (1H, br), 6.04 (1H, bd), 6.31 (1H, d, J = 2.2 Hz),
6.48 (1H, dd, J = 8.3, 2.2 Hz), 7.18 (1H, d, J = 8.3 Hz), 7.41 (11H, m), 7.57 (4H, m),
7.75 (2H, m), 7.82 (2H, m), 7.97 (2H, m), 8.11 (2H, m); >C-NMR (100 MHz) § -4.3,
18.1, 25.6, 46.6, 55.2, 61.3, 67.3, 6834, 69.2, 70.1, 72.3, 97.4, 105.3, 105.9, 119.9,
120.5, 121.4, 125.3, 126.5, 127.1, 127.2, 127.8, 128.3, 1283.4, 128.5, 129.1, 129.6,
129.9, 130.0, 133.5, 133.6, 135.3, 141.2, 143.2, 154.0, 154.9, 159.9, 165.2. ESI-MS:
calcd for CsgHsO13NaSi 987.3388 (M+Na)+, found m/z 987.3373; 13B: [a]23D -14.9 (c
1.00, CHCL3); IR (film) 1735, 1610, 1262 cm™; "H-NMR (400 MHz) 6 0.10 (3H, s),
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0.16 (3H, s), 0.94 (9H, s), 3.72 (3H, s), 4.06 (1H, ddd, J=9.8, 5.3, 3.2 Hz), 4.23 (1H, t,
J=17.6Hz), 4.40 (4H, m), 4.76 (1H, d, J = 12.4 Hz), 4.83 (1H, d, J = 12.4 Hz), 4.86 (1H,
d, J= 8.0 Hz), 5.58 (1H, dd, J = 9.8, 8.0 Hz), 5.60 (1H, t, J = 9.8 Hz), 5.83 (1H, t, J =
9.8 Hz), 6.27 (1H, dd, J = 8.7, 2.5 Hz), 6.30 (1H, d, J = 2.5 Hz), 7.12 (1H, d, J = 8.7
Hz), 7.35 (14H, m), 7.50 (2H, m), 7.62 (2H, m), 7.76 (2H, m), 7.83 (4H, m), 7.92 (1H,
m); *C-NMR (100 MHz) § -4.4, -4.3, 18.1, 25.6, 29.7, 46.6, 55.2, 65.6, 66.3, 69.6, 70.2,
71.6, 72.0, 72.9, 99.1, 105.4, 105.9, 119.6, 119.9, 125.2, 125.3, 127.2, 127.8, 128.1,
128.2, 128.4, 128.8, 129.3, 129.7, 129.8, 129.9, 131.2, 133.0, 133.2, 133.4, 141.2, 143.2,
143.4, 154.7, 154.9, 160.2, 164.9, 165.2, 165.8. ESI-MS: calcd for CssHssO13NaSi
987.3388 (M+Na)", found m/z 987.3381.

Cyclohexyl
2,3,4-tri-O-benzoyl-6-0-9-fluorenylmethyloxycarboxyl-3-D-glucopyranoside (16)
FmocO
0
Bégo&vpow
BzO
16

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BuNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (3.4 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 13
(0.11 g, 0.11 mmol) and cyclohexanol (0.4 mL, 0.34 mmol) and MS4A in 1,2-DCE (1.1
mL). After stirring for 20 minutes, the reaction mixture was filtered through a Celite
pad and the filtrate was washed with saturated aqueous NaHCOs. The organic extract
were dried (Na;SO4), and concentrated in vacuo. The residue was purified by
preparative TLC (hexane;acetone = 5:1) to give 16 as a clear oil (0.056 g, 62%): [0]*p
-4.10 (¢ 1.00, CHCL;); IR (film) 1732, 1601, 1262 cm™; '"H-NMR (400 MHz) J 1.22
(5H, m), 1.46 (2H, m), 1.70 (2H, m), 1.88 (1H, m), 3.72 (1H, m), 4.09 (1H, m), 4.22
(1H, m), 4.36 (3H, m), 4.46 (1H, d, J=11.4, 6.5 Hz), 4.93 (1H, d, J= 8.0 Hz), 5.51 (1H,
dd, J =9.6, 8.0 Hz), 5.55 (1H, t, J = 9.6 Hz), 5.90 (1H, t, J = 9.6 Hz), 7.30 (11H, m),
7.51 (2H, m), 7.60 (2H, m), 7.77 (2H, m), 7.84 (2H, m), 7.95 (4H, m); *C-NMR (100
MHz) ¢ 23.4, 23.6, 25.3, 31.5, 33.1, 46.6, 66.5, 69.8, 70.2, 72.0, 72.9, 78.2, 99.7, 120.0,
125.2,127.2,127.9, 128.3, 128.4, 128.7, 128.8, 129.5, 129.7, 129.8, 133.1, 133.2, 133.5,
141.2, 143.2, 123.3, 154.8, 164.9, 165.3, 165.8. ESI-MS: caled for CssHs50;
7997.2962 (M+H)", found m/z 797.2936.
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Cyclohexyl 2,3,4-tri-O-benzoyl-3-D-glucopyranoside (17)

HO

o)
Bﬁg&&ow

BzO
17

To a solution of 16 (0.054 g, 0.068 mmol) in pyridine (1 mL) was added Et;N (19
ul ,0.14 mmol) at room temperature, and the mixture was stirred overnight. The reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane:acetone = 2:1) to give 17 as a clear oil (0.037 g, 95%): [a]*b
-11.5 (¢ 1.00, CHCL); IR (film) 3523, 1731, 1601, 1263 cm™; '"H-NMR (400 MHz) ¢
1.05 (3H, m), 1.48 (6H, m), 1.77 (1H, m), 2.41 (1H, bs), 3.68 (4H, m), 4.38 (1H, d, J =
8.0 Hz), 5.37 (2H, bt), 5.82 (1H, t, J = 9.6 Hz), 7.18 (3H, m), 7.31 (4H, m), 7.41 (2H,
m), 7.74 (2H, m), 7.85 (4H, m); "C-NMR (100 MHz) 6 23.4, 23.6, 25.4, 31.5, 33.2,
61.5,69.7, 72.1, 72.9, 74.5, 78.1, 99.6, 128.2, 128.3, 128.5, 128.6, 128.9, 129.5, 129.6,
129.7, 129.9, 133.1, 133.2, 133.6, 164.9, 165.8, 165.9. ESI-MS: calcd for C;33H3409Na
597.2101 (M+Na)", found m/z 597.2112.

Cyclohexyl
2,3,4-tri-O-benzoyl-6-0-9-fluorenylmethyloxycarboxyl-g-D-glucopyranosyl-(1—6)-
2,3,4-tri-O-benzoyl -B-D-glucopyranoside (18)

FmocO

(@)
BzO
BZ&/ O
e &&
BzO
BzO OCy

18 BzO

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BuNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (0.6 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 13
(0.031 g, 0.032 mmol) and 17 (0.037 g, 0.064 mmol) and MS4A in 1,2-DCE (0.5 mL).
After stirring for 20 minutes, the reaction mixture was filtered through a Celite pad and
the filtrate was washed with saturated aqueous NaHCOs. The organic extract were dried

(NaxSO4), and concentrated in vacuo. The residue was purified by preparative TLC
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(hexane:acetone = 2:1) to give 18 as a clear oil (0.016 g, 38%): [a]*p -9.8 (¢ 1.00,
CHCly); IR (film) 1734, 1601, 1261 cm™; "H-NMR (400 MHz) & 1.41 (10H, m), 3.62
(1H, m), 4.00 (4H, m), 4.29 (5H, m), 4.78 (1H, d, J= 7.8 Hz), 5.04 (1H, d, J = 7.8 Hz),
5.34 (1H, t, J=9.8 Hz), 5.41 (1H, dd, /= 9.8, 7.8 Hz), 5.48 (1H, dd, J = 9.8, 7.8 Hz),
5.52 (1H, t,J=9.8 Hz), 5.80 (1H, t, J = 9.8 Hz), 5.83 (1H, t, /= 9.8 Hz), 7.41 (22H, m),
7.62 (2H, m), 7.78 (6H, m), 7.92 (8H, m); *C-NMR (100 MHz) 6 22.9, 23.2, 25.4, 31.2,
32.9, 46.6, 66.0, 68.3, 69.3, 69.9, 70.3, 71.7, 71.9, 72.1, 72.8, 72.9, 74.1, 99.4, 100.8,
119.9, 125.3, 125.4, 127.2, 127.8, 128.2, 128.3, 128.4, 128.7, 128.9, 129.3, 129.5, 129.6,
129.7, 129.8, 133.0, 133.1, 133.2, 133.4, 133.5, 141.2, 143.3, 143.4, 154.8, 164.9, 165.1,
165.2, 165.4, 165.6, 165.7. ESI-MS: calcd for C75sHg019Na 1293.4096 (M+Na)', found
m/z 1293.4078.

Phenyl
2,3,4-tri-O-benzoyl-6-0-9-fluorenylmethyloxycarboxyl-g-D-glucopyranosyl-(1—6)-
2,3,4-tri-O-benzoyl -1-thio-B-D-glucopyranoside (19)

FmocO

BzO O
BZO&/O
BzO o
BzOS SPh

19 BzO

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BuNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (1.3 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 13
(0.034 g, 0.036 mmol) and thiophenyl 2,3,4-tri-O-benzoyl-f3-D-glucopyranoside (0.042
g, 0.072 mmol) and MS4A in 1,2-DCE (0.5 mL). After stirring for 20 minutes, the
reaction mixture was filtered through a Celite pad and the filtrate was washed with
saturated aqueous NaHCOs. The organic extract were dried (Na,SO,4), and concentrated
in vacuo. The residue was purified by preparative TLC (hexane:acetone = 2:1) to give
19 as a clear oil (0.029 g, 63%): [a]*b +8.9 (¢ 1.00, CHCLs); IR (film) 1733, 1601, 1261
cm’'; "H-NMR (400 MHz) 6 3.99 (4H, m), 4.24 (1H, m), 4.38 (4H, m), 4.92 (1H, d, J =
9.8 Hz), 4.97 (1H, d, /= 8.0 Hz), 5.31 (1H, t, /= 9.8 Hz), 5.34 (1H, t, J= 9.8 Hz), 5.51
(2H, m), 5.81 (1H, t, J=9.8 Hz), 5.85 (1H, t, /= 9.8 Hz), 7.23 (2H, m), 7.39 (25H, m),
7.61 (2H, m), 7.74 (4H, m), 7.85 (4H, m), 7.93 (6H, m); *C-NMR (100 MHz) 6 46.6,
65.9, 68.4, 69.4, 69.5, 70.2, 70.4, 71.6, 72.0, 72.8 ,74.0, 78.3 ,85.9, 101.0, 119.9, 125.3,
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125.4,127.2,128.2, 128.3, 128.4, 128.5, 128.6, 128.7, 128.8, 129.1, 129.2, 129.7, 129.8,
131.7,133.2, 133.4, 133.5, 141.2, 141.3, 143.3, 143.4, 154.8, 164.9, 165.1, 165.2, 165.3,
165.6, 165.7. ESI-MS: calcd for C75HgO1sNaS 1303.3398 (M+Na)', found m/z
1303.3385.

Phenyl 2,3,4-tri-O-benzoyl-p-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl
-1-thio-p-D-glucopyranoside (20)
HO

BzO 0
BZO&/O
BzO o
BZ05 SPh

20 BzO

To a solution of 19 (0.029 g, 0.022 mmol) in pyridine (0.5 mL) was added Et;N (6.3 pl,
0.045 mmol) at room temperature, and the mixture was stirred overnight. The reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane:acetone = 2:1) to give 20 as a clear oil (0.019 g, 82%): [a]*b
2.1 (¢ 1.00, CHCL); IR (film) 3062, 1731, 1601, 1262 cm™; '"H-NMR (400 MHz) ¢
2.81 (1H, dd, J = 8.0, 5.6 Hz), 3.60 (1H, m), 3.74 (2H, m), 3.95 (1H, dd, J = 10.5, 5.6
Hz), 4.05 (2H, m), 4.92 (2H, bt), 5.40 (3H, m), 5.81 (1H, t,J=9.6 Hz), 5.85 (1H, t, J =
9.6 Hz), 7.38 (19H, m), 7.53 (4H, m), 7.76 (2H, m), 7.81 (2H, m), 7.93 (8H, m);,
PC-NMR (100 MHz) 6 61.2, 67.9, 69.4, 69.9, 70.4, 71.5, 72.8, 73.9, 74.6, 77.8, 86.0,
100.5, 128.2, 128.3, 128.4, 128.5, 128.7, 128.8, 129.1, 129.2, 129.7, 129.8, 129.9, 131.5,
133.2, 133.3, 133.5, 133.6, 164.9, 165.1, 165.6, 165.7, 165.9. ESI-MS: calcd for
CeoHs0016NaS 1081.2717 (M+Na)', found m/z 1081.2732.
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Phenyl
2,3,4-tri-O-benzoyl-6-0-9-fluorenylmethyloxycarboxyl-g-D-glucopyranosyl-(1—6)-
2,3,4-tri-O-benzoyl-p-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl

-1-thio-p-D-glucopyranoside (21)
FmocO

BzO 0
BZO&/O

21 BzO

A solution of cyclohexanol in 1,2-DCE (10 mL, 0.1 M) containing MS4A and
BusNClO4 (3.42 g, 1 M) as a supporting salt was electrolyzed by constant current
electrolysis (C.C.E., 6 mA/cm?) at 40 °C, using a glassy carbon plate (1.5 cmx1.5 cm)
as an anode and a Pt plate (1.8 cmx1.8 cm) as a cathode. After the electrolysis, the
reaction mixture (0.6 mL, 0.1 M EGA solution, 3 equiv.) was added to a solution of 13
(0.037 g, 0.038 mmol) and 20 (0.020 g, 0.019 mmol) and MS4A in 1,2-DCE (0.5 mL).
After stirring for 20 minutes, the reaction mixture was filtered through a Celite pad and
the filtrate was washed with saturated aqueous NaHCOs. The organic extract were dried
(NaxSO4), and concentrated in vacuo. The residue was purified by preparative TLC
(Et,0:hexane = 2:1) to give 21 as a clear oil (4.1 mg, 12%): [a]*b -5.4 (¢ 1.00, CHCl;);
IR (film) 1733, 1601, 1261 cm™; "H-NMR (400 MHz) § 3.62 (1H, dd, J = 11.2, 5.0 Hz),
3.84 (3H, m), 4.01 (2H, m), 4.31 (6H, m), 4.61 (1H, d, J= 8.0 Hz), 4.99 (1H, d, J=10.0
Hz), 5.08 (1H, d, /= 8.0 Hz), 5.10 (1H, t, /= 10.0 Hz), 5.21 (1H, dd, J = 9.8, 8.0 Hz),
5.51 (4H, m), 5.68 (1H, t, J=9.8 Hz), 5.84 (1H, t, /= 9.8 Hz), 6.06 (1H, t, /= 9.8 Hz),
7.18 (2H, m), 7.36 (34H, m), 7.58 (2H, m), 7.76 (2H, m), 7.92 (14H, m); *C-NMR (100
MHz) ¢ 46.6, 66.2, 68.3, 69.4, 69.7, 70.1, 70.2, 70.5, 71.7, 71.9, 72.0, 72.6, 72.7, 73.9,
74.1, 86.3, 100.5, 101.2, 119.9, 120.0, 125.3, 125.4, 127.2, 127.8, 128.1, 128.2, 128.3,
128.4, 128.5, 128.6, 128.7, 128.8, 129.0, 129.1, 129.3, 129.4, 129.7, 129.8, 130.0, 132.1,
132.8, 133.0, 133.2, 133.4, 141.2, 143.3, 143.4, 154.8, 164.9, 165.2, 165.3, 165.7.
ESI-MS: calcd for C9,Hg,026NaS 1777.4713 (M+Na)", found m/z 1777.4736.
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(2R,5R,6R,7S)-2-((2-((tert-Butyldimethylsilyl)oxy)-4-methoxybenzyl)oxy)-5-(hydrox
ymethyl)-2-phenyltetrahydro-3aH-[1,3]dioxolo[4,5-b]pyran-6,7-diyl dibenzoate
(23)

HO

BZB?O% OMe
o8 L
© OTBS
23
To a solution of 13 (0.030 g, 0.032 mmol) in pyridine (0.5 mL) was added Et;N (13 pl,
0.095 mmol) at room temperature, and the mixture was stirred overnight. The reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane:acetone = 2:1) to give 23 as a clear oil (0.019 g, 81%): [a]*b
+9.5 (¢ 1.00, CHCL); IR (film) 3527, 1725, 1613, 1261 cm™; 'H-NMR (400 MHz) §
0.15 (6H, s), 0.90 (9H, s), 3.65 (1H, m), 3.75 (3H, s), 3.78 (1H, m), 3.89 (1H, m), 4.29
(1H, d, J=11.2 Hz), 4.36 (1H, d, J = 11.2 Hz), 4.75 (1H, ddd, J = 5.2, 2.9, 0.8 Hz),
5.37 (1H, m), 5.74 (1H, m), 6.03 (1H, bd), 6.31 (1H, d, J = 2.5 Hz), 6.48 (1H, dd, J =
8.5, 2.5 Hz), 7.18 (1H, d, J = 8.5 Hz), 7.44 (7H, m), 7.60 (2H, m), 7.81 (2H, m), 7.98
(2H, m), 8.05 (2H, m); “C-NMR (100 MHz) § -4.3, 18.1, 25.6, 55.2, 61.2, 62.4, 68.3,
69.4, 69.8, 72.6, 97.5, 105.3, 105.9, 120.5, 121.1, 126.4, 128.3, 128.4, 128.5, 129.0,
129.1, 129.6, 129.9, 130.0, 133.5, 133.6, 135.3, 154.0, 159.9, 164.6, 165.6. ESI-MS:
calced for C4H4601,NaSi 765.2707 (M+Na)', found m/z 765.2710.

55



CDCl,, 400 MHz

g
BzO
0
mmm%omw:
OBz
N
o o 5A
S \” g 38 38 < 8 =
/1] F I ey Va

UL

—_da____dﬁ_________________ﬂ____________a______~______a________444_~_.ﬁﬂﬂ1
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

56



CDCl,, 100 MHz

BzO
(@)
wmm%\ OBn
OBz
5A

170.0 160.0 150.0 140.0

I

i

ttfi i{}&tfr{}:&%ii%it ,{i

70.0

57



0'8

0L

0'9

0°'S

lIIIlllIllIl[lll[llllllllllllllllllilIllllIllllllllllllllLllllllllllI

Wdd

0y

0°¢

02

—— 2.03

— 4.01

—— 2.00

T~ 12.04

~ 2.01

“— 1.99

N, 1.00

S\ 1.00
N 1.01

S, 2.02

. 2.01
~, 1.00

™ 1.00

a9
Zd0

0z4d

0z9g
0zg

dNdO

ZHIA 00% “1DAD

<

58



CDCl,, 100 MHz

BzO

0
mmm%%zm

OBz
5B

_ W

_
l | f u“ «_
0\ i _ Q
| |
St VA bty AR} Aoty it v 1 N i 1 st e YA S M P rsz AP A N e

IS e e [ L T

170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 920.0 80.0 qc_.o 60.0

59



0'G 09 0L 0'8 0'6

0y

lIlllIlllllllllllllllllllllllll

IllllLllIlll

D 1 | (O |

k\
T 1.01
N

™ 1.00

Ty B0

TS, B9

Y Lo3

N 1.03

Zz490

0zd

0z4g
0zg

SN0

ZHIN 00% “C1DAD

\
12.56

N 313

=

Y\ 3.04

ANdd

60



CDCl,, 100 MHz

OMe

BzO
o500 ote
BzO o

OBz

5C

170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0

61



0°'¢ 0y 0°'S 09 0L 08 0’6

llllllllllllllllllllllllllllllllllllllllllllllllIlllllllllllllllllIllllll

02
Add

= —_—
12.38
\ 1.00
oo
vs)
\ 2.07 59 N A
&
\ 1.04 o7 0 Q
~— 1.01 o w
1.01 g © = &
D
O &
2.06 N
~—_ 1.05 @)
= 103 =
\ 1.04 @
\\ 1.04
el NL

62



CDCl,, 100 MHz

BzO MeO
OMe
BzO 0
N%o/\@\
OBz
5D

160.0

150.0

140.0

|

il Y ¢

130.0

120.0

?ié,sx? AN SN oA Ay i{ TR e eT——"

110.0

100.0

90.0

R

80.0

I\

i
1
1l

70.0

60.0

50.0

63



0°6

0'8

0L

09

0°S

0y

= 1%

~— 1.03
———_ 1.00
e, L0

==
o x.'(;g

— 1.02

3.09

W

0'¢

0°2

01

3,08
—_ 4.I5

YT

00

llJlllllllll[llllllllllllllllllllllllllllllllllllllIlLJllJlllll(lllIllllllIllIlllILllllllelllll

Add

0zg
0zg
0zg

Zd90

E 1
osal

ZHI 00¥ ““1DAD

3NO



CDCl,, 100 MHz

BzO TBSO
2\ V= - —OMe

BzO———0 [
Bzo—~— -0/
OBz N

5F

65



09 0L 0'8 06

0°'S

lIllllllllllllJlllilllllIlllllllllllllllllllIlLLJLlllllllllllllllllllllllll

Ndd

(V84

0°¢

02

2.03

4.12

!

2.03

— 212

1.89 8.46

==

—— 1.00

i

~— 101

S, 101

e . |

=1

——— 1.00

T'wmw W T T ]‘W
|

0z4d

HO

O
O
(@]
ZHIN 00¥ “1DAD

3NO




CDCl;, 100 MHz

BzO

BzO (0] OMe
BzO
U om 0
(@] OH

180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 Zx,.v.o ee,.c 80.0 ..S_.c S,.e 500 40.0 300 20.0 —o,.c 0 -10.0 -20.0

67



0’y 0°'S 09 0L 0'8 06

0’

llllllllllllllllIIlllllllllllllll[llllllllllJllllJlLlllllllllllllllllllII|l||ll||lllllllllll|ll

Wdd

02

01

00

— . 2.36
~— 198
—~— 226

— 3.04
— 0.90

= 1.00
N~ 1.02

S~ 1.07
s 101

~—— 1..05

~— 1.07

~—— k12

N 3.07
S~ 1.08

e ~ 3.16

-

7.18

49

)

S4d10

0ozd

0z4d
0z4g

ZHIN 00% “1DAD

3NO

N\ V.10

N T(" r

P
0.UJ

68



CDCl,, 100 MHz

BzO

\—_.—-—-

{iiifi:.li ”1(11222%%%5

—qe o —mo 0 —ac e 30.0 —Nc c :c.o

xfx

L r;_
fLixih is?fﬁxt,i;ri.zi{{%{t

69



0y 0'S 09 0L 08 06

0'¢

LIlllllllllllllllllllllillll[llllllllllllllLLlllLlllllllllllIIllllllllIIIIIIIIlllllllllllllll

Add

0'2

01

00

20

21

— 3.24

Bl

[/]

Iy

[
J

/

1.00

1.03
1.01

1.01

1.02
1.06

1.03

1.05

1.03

0z4d
0zg

ZHIN 00¥ “1DAD

0zg

9.
Zzd0
O
O

e 6.50

\ 3.27

S 2.08

9.09

70



CDCl,, 100 MHz

BzO
BzO 0
OBz
7G

i e I o A S B S e o B oo S e At T T T T T T T T T T T T T T T

180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 920.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

71



0L 08 06

09

0°'S

0y

0'¢

llllllllllllllllllllllllJJLlllIIlIlIlIIll|llllIlIIlIJLlJJlllllllIlllllllllllllllllllllllllIIII

Ndd

02

01

0°0

11.91

18

~ 0.97

~ 1.00

 0.94
2.02

1.U4

S~ 2.00

Wi

e 4.28

ZHIN 00¥ “1DAD

72



0'8 06

0L

09

0'S

0%

0'¢

llllllllllllllllllllll1lllJJllJllllLJLlllIlllllllllllllllllllllllllllllIILllllllllllJJlllllll

Ndd

02

01

00

7.41

—

—— 1.06

0z4d

0zg
0zg

—_ 184

1.00

1L
zd0

—.. L.05

— L10

— 1.03

ZHIA 00% “1DaD

E = - 3.23

SR———— 11|

G 3.25

73



CDCl,, 400 MHz
BzO
BzO O
OBz
BzO 0
o BzO SPh
4 7J OBz
NS s S5 < e < Pl
f === g -~ Ir
VI F O & 4 . L
1 ({L A A1 L—

PPV

d___________________ﬁ________________________________________________A____
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

74



CDCl,, 100 MHz

BzO

BzO 0

OBz
wwao 9 SPh
74 OBz
I
%%i% ;;%.3%;2?2%; N .,._ i§i$§i§§§§§ ey
_g..o. . :co _S.o . _mcc -Sc o _uoo —Nco - :ao B JJ—wwc Sb o mmﬁ%] B .B.e_ - ae.o mc.o

75



01 02 0'¢ 0’y 0'S 09 0L 0'8 06

00

lllllllllllllllllllllllllllllllllllllllllllllllllIIIllllllLJlllllllllllIlllllllllllllllllllll

Wdd

SIS

i
Neliae)
RO

11.90

@)
S
a
=
=
S
=
m
N

= ™ il . o - P e el
— — — o —_ e O
[=} (=] [=1V] @0 (=3 SO W
(32 - -~ <@ o oo @

1 54.80

76



0'r 02 0°¢ 0y 0°'S 09 0L 0°8 0'6

0°0

_LllIlllIllllIlllIIllll]illllllllllllllllllllllllIIllllIIIlIIII]IIllllllllllllllllllllllllllllll

Wdd

1.01
1.08

1.05

12.25

0z4d
0zd

1L
Zz90
0zg

r

O
ZHIN 00% “1DAD

ne

77



E 101

flnsnpy

% N 1.00
>=- N 0.99

N
C)O

Wdd

Oo0ow4

ZHIN 00% “1DAD

78



CDCl,, 100 MHz

ﬂBOoO/, |
BzO .\ﬁ//\mo |
BzO—— /;J A
mNOw r |
15 M
PPM
[ [ _ s [ : . _ [ _
160 140 120 100 80 60 40

79



Wdd

[ & G AR WW

— 192
— 2.04

N——

T 448

— 1.00

~ 0.97
~— 0.99

— 0.95

~ 0.98

~— 0.99

TRt e B

——— 203

3.00

Vel

Sd10

11.01

0zd
0zg
Ooow 4

3NO

ZHIA 00 “1DAD

6.32

80



CDCl,, 100 MHz

FmocO._

o
wmmoV\ 8 J
Jo

T

\‘-O'

T ;
\ _

-

Oﬁmw

13A

81



" CDCl,, 400 MHz

FmocO TBSO

mNog e
BzO 0

BzO

13B

4.17

~
)
=
8H

82

9.08




CDCl,, 100 MHz

_HBOOO/ TBSO_
BzO ..‘..v,./, -0 an\/:\a. OMe

BzO /,...‘.4//./...\0 — N\

BzO
13B
[
T G T e T LI
125 100

83



\ 2.34

\ 2.35
\ 4.91

——
_—_—— = 219
S L ")h
227
2.06
11.1
\ 1.00
§IIOLP
~—— 101
%;\ LI
3.01
\ 1.08
S~ 110
My 110
@
M
23 R
NO 8
oy o Jg-
»
. o E g
O/ 0O =
5 E
N
Y

84



CDCl;, 100 MHz

FmocO
o

BzO
16

85



&
<o
CDCl,, 400 MHz
HO
O
2 BzO =
17
5 8
N N
- 3

86



CDCl,, 100 MHz

IO//
BzO0—~—~—O
BzO——~—0OCy
BzO
17
I I T _ T I
100

25

PPM

87



8.15

6.08

i N 5 1

21.73

CDCl,, 400 MHz

FmocO

BzO O
mNO\%O\O
VA
(@]
mwm%o@

18 BzO

5.07

———

Ul

— 0.81
S — 0.88

10.37

e e e . R
S~ 1.08

PPM
T T

88



CDCl,, 100 MHz

FmocO._
8200
BzO 0.

18

89



CDCl,, 400 MHz
& FmocO
) Wo?
BzO
NWNO o
BzO
m~0@0 SPh
BzO——
19 BzO
({=] —
3 2 - =
R %83 3
— —— o —
Ve F s \ - \

PPM

e}
-
(=2}
o —
-
X w—

90



CDCl,, 100 MHz

91



Wdd

X

4.12

P 2011

=~ 0.97

\ 2.06

S, 101

~~ 0.90

0c

0zd

0ozd

uds

18.67

ZHIN 00% “1DAD

92



CDCl;, 100 MHz

HO.
BzO— O
BzO—~— 0.
BzO e)
mNmmo V.\H./,,f/,,\. SPh

BzO

20

93



CDCl,,

400 MHz

94



0 | CDCl,, 100 MHz @

e - et N RRARAERE s e AL e

00 1600 - 1500 1400 1300 1200 1000 1000

95



© Ouo—wu 400 MHz

HO

(0]
wMWWWWHWy OMe
(0]

9.32

6.03

O
e -
(@]
OTBS
23
%.ﬁw
g = =
o~
3
12
s B, = 8§ 8§ a 8 8|z
< =2 o = g | - ¥ — —
o
| LLFL 3 j 8 er E _ Qﬁ, L
___ —___—_\_________ _______ | TR T I V_mvz
[ [
8 7 6 5 4 3 0

96



CDCl,, 100 MHz

HO
o
BZO X OMe
BzO \ \.,/1&
=P,
\—/ O _ g /./H.,H,
OTBS
23
| T T _ | I I
100

PPM

97



4. 2 3k



1) (a)Gantt, R.W.; Peltier-Pain, P.; Thourson, J. S. Nat. Prod. Rep. 2011, 28, 1811-1853.
(b) Toshima, K. Mol. Biosyst. 2013, 9, 834-854.

2) Michael, A. J. Am. Chem. Soc. 1879, 1, 305-312.

3) Konigs, W.; Knorr, E. Chem. Ber. 1901, 34, 957.

4) (a) Toshima, K.; Tatsuta, K. Chem. Rev. 1993, 93, 1503—1531. (b) Jacobsson, M.;
Malmberg, J.; Ellervik, U. Carbohydr. Res. 2006, 341, 1266—1281. (c) Stalforth, P.;
Lepenies, B.; Adibekian, A.; Seeberger, P. H. J. Med. Chem. 2009, 52, 5561-5577. (d)
Liptak, A.; Borbas, A.; Bajza, 1. In Protective Group Manipulation in Carbohydrate
Synthesis. In Comprehensive glycosciences; Kamering, J. P., Boons, G.-J., Lee, Y. C.,
Suzuki, A., Taniguchi, N., Vorangen, A.G. J., Eds.; Elsevier: Oxford, 2007; pp 203 259.
(e) Thorson, J. S.; Vogt, T. In Glycosylated Natural Products. In Carbohydrate-based
Drug Discovery; Wong, C. H., Ed.; Wiley-VCH: Weinheim, 2003; pp 685 711. ()
Tanis, V. M.; Moya, C.; Jacobs, R. S.; Little, R. D. Tetrahedron 2008, 64,
10649-10663.

5) (a) Furuta, T.; Takeuchi, K.; Iwamura, M. Chem. Commun. 1996, 157-158. (b)
Andrews, R. S.; Becker, J. J.; Gagné, M. R. Angew. Chem. Int. Ed. 2012, 51, 4140-4143.
(c) Nakanishi, M.; Takahashi, D.; Toshima, K. Org. Biomol. Chem. 2013, 11,
5079-5082. (d) Takeuchi, K.; Tamura, T.; Jona, H.; Mukaiyama, T. Chem. Lett. 2000,
29, 692-693.

6) Noyori, R.; Kurimoto, I. J. Org. Chem. 1986, 51, 4320-4322.

7) (a) Amatore, C.; Jutand, A.; Mallet, J.-M.; Meyer, G.; Sinay, P. J. Chem. Soc., Chem.
Commun. 1990, 718-719. (b) Nokami, T.; Shibuya, A.; Tsuyama, H.; Suga, S.; Bowers,
A. A.; Crich, D.; Yoshida, J. J. Am. Chem. Soc. 2007, 129, 10922—-10928. (c¢) Yamago,
S.; Kokubo, K.; Hara, O.; Masuda, S.; Yoshida, J. J. Org. Chem. 2002, 67, 8584—8592.
8) (a) Kronzer, F. J.; Schuerch, C. Carbohydr. Res. 1973, 27, 379-390. (b) Lucas, T. J.;
Schuerch, C. Carbohydr. Res. 1975, 39, 39-45. (¢) Srivastava, V. K.; Schuerch, C.
Carbohydr. Res. 1980, 79, C13-C16. (d) Srivastava, V. K.; Schuerch, C. J. Org. Chem.
1981, 46, 1121-1126. (e) Leroux, J.; Perlin, A. S. Carbohydr. Res. 1976, 47, C8-C10. (f)
Crich, D.; Sun, S. J. Am. Chem. Soc. 1997, 119, 11217-11223.

9) (a) JSJEE, AHEEMARR, fEakth, 1981 4F, p1-82 (b) il EHMEEE, AHEEMR
AR D HERE & ATREME, S— o 52—, 2004 4F, p3-33

10) Naito, Y.; Tanabe, T.; Kawabata, Y.; Ishokawa, Y.; Nishiyama, S. Tetrahedron Lett.
2010, 51, 4776-4778.

11) Kawabata, Y.; Naito, Y.; Saitoh, T.; Kawa, K.; Fuchigami, T.; Nishiyama, S. Eur. J.
Org. Chem. 2014, 99-104.

12) (a) Bounds, D. G.; Linstead, R. P.; Weedon, B. C. L. J. Chem. Soc. 1953,

98



2393-2400. (b) Brennan, M. P. J.; Brettle, R. J. Chem. Soc. Perkin Trans. 1973, 1,
257-261.

13) (a) Weiper, A.; Shafer, H. J. Angew. Chem. Int. Ed. Engl. 1990, 29, 195-197. (b)
Schierle, K.; Hopke, J.; Niedt, M.; Boland, W.; Steckhan, E. Tetrahedron Lett. 1996, 37,
8715-8718. (c) Forster, A.; Fitremann, J.; Renaud, P. Tetrahedron Lett. 1998, 39,
7097-7100.

14) (a) Gourley, R. N.; Grimshaw, J.; Millar, P. G. Chem. Commun. 1967, 1278-1279.
(b) Jubault, M. J. Chem. Soc., Chem. Commun. 1980, 953-954. (¢) Yadav, A. K.; Manju,
M.; Chhinpa, P. R. Tetrahedron.: asymmetry 2003, 14, 1079-1081.

15) Kashiwagi, Y.; Kuroshima, F.; Chiba, S.; Anzai, J.; Osa, T.; Bobbitt, J. M. Chem.
Commun. 2003, 114-115.

16) (a) Saitoh, T.; Suzuki, E.; Takasugi, A.; Obata, R.; Ishikawa, Y.; Umezawa, K.;
Nishiyama, S. Bioorg. Med. Chem. Lett. 2009, 19, 5383-5386. (b) Sumi, T.; Saitoh, T.;
Natsui, K.; Yamamoto, T.; Atobe, M.; Einaga, Y.; Nishiyama, S. Angew. Chem. Int. Ed.
2012, 51, 5443-5446.

17) (a) Inanaga, J.; Yokoyama, Y.; Hanamoto, T. Chem. Lett. 1993, 85-88. (b) Toshima,
K.; Ishizuka, T.; Matsuo, G.; Nakata, M. Chem. Lett. 1993, 2013-2016. (c) Ishikawa,
A.;Lee, Y. J.; Ito, Y. Org. Biomol. Chem. 2010, 8, 3596-3608.

18) (a) Uneyama, K., FElectrochemistry 1, ed. by Steckhan, E., Springer,
Berlin/Heidelberg, 1987, vol. 142, pp 167-188. (b) Torii, S. Electroorganic Synthesis,
Part 1, Oxidation Methods, Applications Verlag Chemie, Weinheim, 1985, pp 188-192.
(c¢) Uneyama, K.; Ishimura, A.; Torii, S. Bull. Chem. Soc. Jpn. 1985, 58, 1859. (d)
Nielsen, M. F., Encyclopedia of Electrochemistry, ed. by Shifer H. J., Wiley-VHC,
Weinheim, 2004, vol. 8, pp 451-488. (e) Matsuo, K.; Shimazaki, H.; Sanada, T.;
Shimada, K.; Hagiwara, S.; Suga, S.; Kashimura, S.; Yoshida, J. Chem. Lett. 2013, 42,
843-845.

19) Mayeda, E. A.; Miller, L. L. Tetrahedron 1972, 28, 3375-3380.

20) Uneyama, K.; Ishimura, A.; Fujii, K.; Torii, S. Tetrahedron Lett. 1983, 24,
2857-2860

21) (a) Pocker, Y.; Buchholz, R. F. J. Am. Chem. Soc. 1970, 92, 2075-2084. (b)
Battistini, C.; Cratti, P.; Ferretti, M.; Macchia, F. J. Org. Chem. 1977, 42, 4067-4071.
(c) Zefirov, N. S.; Kozmin, A. S.; Zhdankim, V. V.; Nikulin, A. V.; Zyk, N. V. J. Org.
Chem. 1982, 47, 3679-3684. (d) Uneyama, K.; Nisiyama, N.; Torii, S. Tetrahedron Lett.
1984, 25, 4137-4138.

22) (a) Kochetkov, N. K.; Bochkov, A. F.; Sokolovskaya, T. A.; Snyatkova, V. J.
Carbohydr. Res. 1971, 16, 17-27. (b) Bochkov, A. F.; Kochetkov, N. K. Carbohydr. Res.

99



1975, 39, 355-357. (c) Bataneli, V. I.; Ovchinnikov, M. V.; Backinowaky, L. V.;
Kochetkov. N. K. Carbohydr. Res. 1979, 76, 252-256. (d) Kochetkov, N. K.
Nepogod’ev, S. A.; Backinowaky, L. V. Tetrahedron, 1990, 46, 139-150. (e)
Backinowaky, L. V.; Tavetkov, Y. E.; Balan, N. F.; Byramova, N. E.; Kochetkov, N. K.
Carbohydr. Res. 1980, 85, 209-221.

23) (a) Kunz, H.; Harreus, A. Liebigs Ann. Chem. 1982, 41-48. (b) Kunz, H.; Pfrengle,
W. Chem. Commun. 1986, 713-714.

24) Piekutowska, M.; Pakulski, Z. Tetrahedron Lett. 2007, 48, 8482-8486.

25) Murakami, T.; Sato, Y.; Shibakami, M. Carbohydr. Res. 2008, 343, 1297-1308.

26) Zhu, Y.; Yu, B. Angew. Chem. Int. Ed. 2011, 50, 8329-8332.

27) Trujillo, M.; Morales, E. Q.; Vazquez, J. T. J. Org. Chem. 1994, 59, 6637-6642.

100



A



AR EATHICHT-0, BRENT —~Z2 52X TTFI 0 KA THEL 5 L3k £ <
DEFERBEE G2 T EE o BERBRFIH T 76 LB HR 0 X0 EEH
L EFES,

AHFFEOFEALFHIME I BN T, Bx DBEZRTHEEZH Y £ LIEEBERBARTH T
T Meieliig B B8R (LR R34 S BEITRELR L EFET,

Wtz BT 2 ETE < OBE % B o 7o U K E BT A MEAR AL 2T Je i A ik
BB R < FEH B L £,

KL OBPEICE -0 2L O IMELZH F LEEEBERARTFHITEE &
S —FR . RAKERUEER, BERBRFIETH  ARBRERICE L £,

ESI-MS OHIESLCEBICOWT, 2R TN & THREA AW BERAR T LY
R TR AT ISR < G B L £,

AP DBESACFAMUEINZ DOV TER A 2T 4 A By va VATAEESES LE Lo, 3L
ERFPRPEER A B TR ER il LA B2 . BRI R e Tt sest B b
WM B IR < HALE L BIF £,

WFFEAETE DRERT TR 72 L 21278 » T Av7e, L P e R R O R HEAG K, HF
BERIR, BEIRSUT RICEEHE L £ 7,

BKCTHLTPHBENR NEEER. T L TOTRZORWIETH 5 A KERK,
BRI RAR G, MIEAA IR, RERTK, @EBE KRR, REEHORICEHRE L £,
MR EIMCIB W THIZE LW Z | 2 L, RSO SEEZ T CIHE E L,

INETOMRAEIEZITE T U, 2RI LU= E, R, %34
RIZEHE L 7,

BB, BORAEAREZ X Z T EES o= - ik, & - A%, 5k RFICHEL
B L £

2014 4 3 H
W

101



	表紙
	要旨（日本語）
	要旨（英語）
	目次＆略語
	②第一章中表紙
	③第一章本文
	④第二章中表紙
	⑤第二章本文
	⑥第三章中表紙
	⑦第三章本文
	⑧第四章中表紙
	⑨第四章本文
	⑩第五章中表紙
	⑪第五章本文

