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Abbreviation

i N B W TLL MRS 5 2 T,

Ac acetyl

Bn benzyl

Bz benzoyl

EtCN propionitril

MCPBA m-chloroperoxybenzoic acid
NMR nuculear magnetic resonance
TBS t-butyldimethylsilyl

Tf trifluoromethanesulfonyl
Tf,0 trifluoromethanesulfonic anhydride
THF tetrahydrofuran

TMS trimethylsilyl

72720, NMR A7 M TF—ZICHT HRFL T, NEEEMEZ KT [TMS] 1%,
tetramethylsilane %z E k9%,
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p=1

U, BFEOERNERBLIOERE OB Y NEGEICHH I N->oH 5, BIfE, HEIX
TRV X — AT E & D VISR ORIy & W o 7oA A=V 2R L . AR e
AMBRBIZEADLERS 7. Thbb, S TEWMTFICE TS 15 3 o) & LTEMITS
NDEITeoTe, RIRDAFEMAZ b o TS /37 12iE, ZDOREHO AL Z — D
W DIREWE U TASAFIEL, P OEWNIC X0 AEEMEICRE 2208 T 52 &l
LN SHL, ENOORES X7 BREH A BERR - BHARITER LT LWBEREZ 15 L X
IEVIRABITON TS, 29 LEFEOAHMERBLOEFBE DD 2 & 510
SERR L, 1BIRICENLCH 2 L& BT DA ZORENFI N TND Y,

FLOEH (R X7 LAF RH) LFE 208 (RYTF RH) OBF%EE, 20 hidaiglc
R LT=DIZK L, 3 3 O (BEH) ORBIXZN & T 2 LIIEFITENTE 2, ZDOH
HELTHRHITSOED LTWVDZ &L, PN EMECEHERBEEZ AL TNWD I EILh D,
IL<EbNdEoic, 4FOFHT I VBN D257 F FEICHRE LIRMEEIL 2480 L
DIRNDIZ, AFEDONF Y —=ZANB 57T N7y T4 FTIEELS 24 © 100 52 2 5
272 %, OKBREEDOALE BIEERE L Qa, BONRBEMERNFAET S,) 202 &%, FEHNE
DIBIERIERENE 1. 5 2 O LR L THIEWIZZ WD L 2RI 5 — T, FEHOM
TaEREZL WD, KU X7 AT REXORY XTF KOG RIS 7E ML SV E
EMENEOND ETICEY , ZOZ LEPEEBOF V878, BEE DO % DRI HE
HELIZ XD IT, A% OBEHAYTFORE L IEHA RO ORENRBELE > TWVDHEF ST
B E TIERY, S HIT, FRx RFUEWMEIERS KOBEEE A L. EHEOFBUTHRTAL A
AR CTHDLZENRHALNIINTZZ & SHFEOROBEEME LML RE L ol

ZOX DR REND, 1901 LB ST & 7= Koenigs-Konorr 15 (REE a7 AL
(CI,Br) BEapEfbg e L, IEMEAEA & L TRz, & SISO H 2 RIECH 22K
R L FEREA VD 7Y 2 LIS ORER) 2B BT 2872727V 2 2 ARG DB
RN DNATONTERL 2, L LAaRs, & HICHRIEME, BREICEN & AR
7270 2 ) ALBOSOBRFERE LEEN TV D,

—Wlz, 7 3 U ABRIS DO RRESIIHE ORI R E S EA S D RIS, FEEEGR O TEER
BLOCRGER, PSRRI, TEMEIRAL B8, SOSIRE R EOBERITIKFT 5, £D
HCHE L2 2y TR BS T Y a v HERISIZBW T, CL AL (Y av W Ez T/~
—) DRFEWDITIEMALT 20D 6%E X 2 HERFETH L EEZEX2 N TND, £
DIET LSRR T, LNLOKIBHAZT VRO 2 D 7ol 1AKEEEZ Y 7o
T M ITFT—MELTHE, L (ORI T%2 Y 7 Nl 2 2 il L UM o
TV AT ANnTA RERB L TLEECRYBNES 27 ) aryal) R ERHnbHiT
W5,



—J . WO FOREERBEELE LTV =27 I AN —OBEENRET ONDL, 7V
— 2 XA NY LD T DIIIHAEFE TR R EIRO AR & BREIR AR O - e 'E
EFET O ZOBBNRMLERARTHD D, 20X BRERON, WEIXR LA /R FEE
AR EIRDO—2ThH Y | ITH., ZERAEMBIR AT T 5 BE R AR E & L2
TR WM ELE LTHHEHERE SN TS, IH60Z Enn, WEEERET D
AHWERRIZ T T RBEIRAR O - 2 WE LA T e AORBIL, 7V —r 7 I A b
U—IlZBWT, ZOERITMD TREV, AL TIL, WEHORERAFRUEMEZEI T 0t
AR DO—EBr & LT, PFEEBMICDOT THR G EARDOEBERNISGD—DOTHDH Y
U ai bKISIZHE B L, BERARO(LFH 7Y 2 S ALK DT 21T > 72,

FOTTa—FD—2L LTI, BEEBESNAA AMRITE SN ERESAMMEOTEMEH
2DV BREEAME, MR L ORI R 72 KB RWVRE S Th D EREETTIAR AR ([E
Kl BER) Z W5 FiE X ONERO OSBRI 5 BRI GE (GE R bk
F. AT UK EHWD FERERET NS (Schemel), AWFFRICIHWVTIL, @
ORI L OEAEEICENTZ 7Y a2 U bOE, & BIZIERRE - IR DOSTIRLF %
TEO iR 2L ED @7 U a S ALROGOBFE 2 By & LU, REFFAAEECH 5
fili 2 O EREE 2 1EPEAL AN O T T2 72 R EEIRAAL 7 U 2 S AL EROS DB 21T o 72,

Environmentally Benign Catalyst

Y 2
m@rv£¥X+ROH

X=leaving groups
Rl=protecting groups

- —
> m@rv£¥ ,
OR

Environmentally Benign Solvent

Environmentally Benign Catalysts

Montmorillonite K-10 Nafion-H
H*y(Al5.y)Si4010(0H),-nH,0 T U(CRCR)mEFCR)ln=
(OCF2<[‘,FCF3)Z
Sulfated Zirconia OCF,CF,SO3zH
(0] H,O (0]
O\:Sf 2 O\:Sf H* Heteropoly acid

XM15040%® X = central atom (Si%*, P°*)
X = oxidation state
M = metal ion (Mo®*, wW®")

Readily available  Nonvolatile Work up involves only filtration
Inexpensive Noncorrosive  Catalyst and solvent are recovered
Easily handling Odorless Reusable

&

Green Chemistry

Scheme 1



Fo. 7V a v RIS OBRRBIZH T2 VIEIANIEEICKT 5 —RENEETHL EEZD
Nz, 70 a3 MEERIE OWEERSONLIRRIRPEIC K & < 85 5 2 DRt 5RD 2 (KR
HEOFEOZ DN FEORIL D 3OOEE, T70bbLEERE ¥ ORME R R mEIEEA Y 72
SR BN D 7L afiigrE (Figl) . olivomycinA® . concanamycinA” . landomycin A® 35 L ¢
urdamycin BY 72 SIC R BN 5 2-F A 2 /L a Ik (Fig2) B # o 237 8 19 calaporoside™ .
tricolorin A® R LICR NS~ BB LOT A Bk (Fig 3) OREEEZ DI E1T

277,

HO LOH OH
HOM. ';‘ Ci7Hzs
ACHN- 0\/\(\/(313"'27

Glycosphmgollpld

OH
HO'
Hgééw

HO NSNS
Alkyl glycoside

Fig 1 Bioactive natural product and functional molecule having glucopyranosides
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Concanamycin A

Me
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Urdamycin B

Landomycin A

Fig 2 Bioactive natural products having 2-deoxy sugar(s)
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HQ, [ HOO o E S o
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AcHN
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HGHO

Pentasaccharide of Asn-linked Glycoprotein

Calaporoside

Tricolorin A

Fig 3 Bioactive natural products having mannopyranosides (rhamnopyranosides)

1) FEREE~T v R AR AN BRI RAL 2 Y 2 v b RUG

7V a3 AEBORZIBWT, T v — (LR B 2 A Le sy 1-8 e S 2 it
BARICHWTHREZ AR L O THAKMEEIICHELZ /A ST 2 Lk, Z2OMIEINH HFLE
MREV, AWFFEIZEBNT, Y BNEG REIKEE TH 2 ~7 1R U g2 & AR ZOW
KFNE UTHRBS B fi7e /2 7 ) a L UBRISEBRRE L1z, T7hbb, XUV LVETHRES
Ni-fizD 1-b Rafx e 7 ra— D7) a  Esn, 7 b= KU JLH ~TF
AR UEBRIC X VIRFZRSME T, ROICEIT L, ST Da-7 ) a2 RBEIENOE K
BRSO Z EA R LA D, S50, BHARICHEIG FTRERBI-72 7' U 2 v LI
JEE LT, ARF Y REEZ RE & LB L ONRRIRIN 7Y o v Ak Os 2 BR%E LTz,
bbb, NUVNETRESNTZFELDRALRFY RIEL T La—L D7 Y a s b
JER. T R=F U FLF 2T ——F BALEE F.~T R Y BBIC L VIRMARSHET,
HRANZHEIT L, YT Do-7 ) 22 RBEIELPOESRRIRICHE N Z 2R L
oo T, BALED R D AT 4 RHER XA VR UBERA~T v R Y @ CIRIEE L S e
WZ EERHL, 25 DEFEERE R 7V 3 VLS &2 O T2 3 72 7o 88 A i~ ]
BEMEZ R L2 (Scheme2) (55 13#).

Heteropoly acid

(Bno)n/N‘LLX + R-OH MeCN ' (BnO)n/ﬂ
OR

X = OH, S(O)Ph

a-glycosides

Scheme 2



2) BEEEE) 7 4 A -H BEXOWEBIL L 2 =7 21EH AN AW BRI 7 ) v
A

7Y 3V MERISIZB VT, a-B R UB-IZ Y 3y RE(ED 315 2 L I3 EERRETH
Do BEFRICEBNT, HEX 7R 2OAIEEMBEICR bND~ Y/ BT/ ¥ ik
BLOREx OEBEEWEICR bND 227 4% UHEICB T, B L UB-HZ Y =2 B
DIEY BT ICONTHREFET -7, Thabb, XUV ETHRESNIZ~L /ET )L A
NEFRY RBIR 22FAF L 7L abt’T ) UL AVEF Y RET L a— L DRGSR, 7Tk
b= b Y EEERT T A -H IS K D RS R RMICHET L, M T Da-2
2 RBEIRA OB B ONE Z LA RN L, —F, _UUARTRESR
ERFEDANEX Y FEFL T v a— L D7 Y a L MEBUSH, YT Lm—T L il
b a=7IZ X VIRMZARSRET, 2IRMICET L, YT 5B-7 Y a3 RREIERNOE
SEARERIICE DN D Z R R Le, 2 X o T, BEURER Z G LANC O 72 BREE SR R
7Y av LRI K Da-B LUB-H 7Y 22 ROMEY 5315 &2 alReic L7z ™ (Scheme 3)
(% 2%),

S~
Nafion-H (BnO)n/\’&‘

MeCN
Y~ i )
(BnO)n/\’&‘10 + R-OH a-glycosides
S(O)Ph S0,/zZro,
A
Et,0 (Bnom/i——SL/OR
B-glycosides

Scheme 3

3) [T EY v A b K-10 ZiEMELAN VT2 R 7V =2 2 AR

AIFFEICBNT, FHATREREAB TH LT T Y nt A bk K-10 Z iz, #o 2 (7@E
DAL T D & T YLD S W EBRBEHAIRL O S LARIEIR 77 U =2 2 b BOR
R LT, T70bb, RUVALVKTREINT I Vvae T ) vl U AT )V L fEa
DT NaA— DT Y aT O, kAT L ETE F=RU L (1011) OIRA R
. ErEY A FK10IZEY, 20 CF, hRICETL, YT HB-7rae T v
RAEUR D OEN BRSO NS Z L2 R L2 1, wic, 2 Mi@#HESFE L
TeOT ) AV 7RI E D ZEDERPREER 2T A F -B-7 L as RGO D 7Y a
VIEBORIZOW TR LTc, ZOFER, S T2 227 4% 7 vae s /oLl Vg
AT NEFEADT VA= DT Y aL ALRIER, YFro—T7 0 78 CTF, 2%
PNZHEFT L, FIS 32 2-T A F o-p-Zvab T ) v RRFERERTEOR Z L2 RE LY,




EniZ, T/ AV vy IR E 2 MEBREONIRKIIZ L Y ARREERB-~ BT )V RE
DT D 7V 3L ALRISIZ OV TR LTz, TORER, 4 Lk 6 MKBEEZ VT
VETKRE LY BT ) VNVHY) VBT ATV EFA DT )V a—v D7 a i UK
Jols, b AF LR 2 a4 K102 KED, -10 CF. ZhERAICEIT L, 843
LB~ ) BT ) KRR OEMARIRICE LN 2t 2RI LE ¥, 72, T
EFVaTA K10 OFFFICONW TR EIT o728 ZA, WTNOISIZEBW TS EIREED
FAELBEEZST L2 Ll BRIREOHMANETH-T-, ZICE > T, HHAGE:
[ AR R 2 TEPEA L AN W T2 8 72 e R AR EL 77 ) =2 2 LR 2 BR%% LT (Scheme 4) (55 3

=)o

Montmorillonite K-10

NO 2 NO >
(Rlo)n/‘&hx + R4-OH colvent o (Rlo)nWOR

X=OP(OEt),, OP(OBn),
Rl=protecting groups

B-glycosides

Scheme 4

AT, BENORF MRS L OBIEMEICEN -7 ) a bR, & BITIE KRR -
FERIRBLDONIBALF AR 43 T AR 2 LA O @ W7 ) a VUL IE OB 2 B E L, &
BEONA ARIIRE SN HIBREEGAMUOEELAIRDY . BB, Rt IV
PR3 2 S BLD PWDIFE S T 2 BRESFHAIAL A & U Tl 2 o [EHARRE 2 TE ML AN 72
D DOF T e BR BRI SNSRI 7 ) 2 U ARS D BAFEIZ W Tl Uiz,
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2-1. [EAEE~T 1R Y EEZ2EECAN W2 BREESRAA 7 U o o ARG
2-1-1. ~T RV g

Heteropoly acid

XM1,040%® X = central atom (Si**, P5) N
x = oxidation state sRey
M = metal ion (Mo®*, w®*) ‘:I!"'.' i.{_ [ A
Ky y/
“'r‘:“*
Acid strength PW > SiW > PMo > SiMo R -

Oxidation potential PMo > SiMo >> PW > SiwW

Thermal stability PW > SiW > PMo > SiMo Fig 4 Structural model of keggin-type

heteropoly anion
Hydrolytic stability  SiW > PW > SiMo > PMo

~7 aR Y ERIT Fig 4 (ORI &2 AT 25RO EENE & IR & O R o o = — 7 2 fiiibt
Bt Ch b, ~T AR BEMEE U CHE#ART =& R H T D50 & HlTBR R A AR AL
L7720 1970 RN S TH 0 | TR L L TOTF B o — T iR#EH LV, Fa <o 0
KFNZ & D 2-F v =V BEERYIVIC, ~TaR ) BOFERAMBAMELE LToRT v
YADEENFENTND 9,

fRIBERPEFE L C I DN TV D Kegginl~7 o R U B2 372 7 Lo v 27 v REETC,
iSO R IR VTS SRR CTh 0 . W O (ERCHEEER L) IR TEREND
RSO IC AT 2 2 N TE D, ~TaARVEERIEK, 7a—, =—F) Fhrk
FOT & b= R U7 ERRPED SR XSS, S QWP CIIogiiE L v bk
WEBMEZ ST L R BRI L U< 0, E7o T R U o T v i T ORI,
—WiEE, T2, SO WITRSKOE R ST X VBREL s fe—L3 5 2 LR
TELHREOHELHET D, TAT DK, 7V ARG, TARFY RELIZ=—T LV
DREVIFEE, AT« AT AREIB LT & ¥ — /(b7 EORURITtE & L T~TF
aRVEEAE VD L, TR LU p- FL DT A LR RS O OREf I R T RS D
TEMEAE= V¥ —23 3~4 kead/mol (X F L., 7'v b7 OB SRS S EREE <
2%, ZOHHAELTL MImmMORERY A 2ROV T Ma~T a7 =4 B s
RO I NR=T DA T XY =T LA T HDWNEAF Y INVE DT A 2 L E
THEODTHY, ~TaRYVBOEELFHEO—STH D, THE, ZO~TaRYEE2HN»
7V av L TeTF— D7) a i LIS HRE S TS 2,



Fo. BRI XS 2~T e R Y BEEERSOE D A7 o & EEl LAENE
DOEUAEE L L, MEEC/L A AR 2 HIEREREIZ R0 S LW EREL S [E R EE & T 50158 b
AATON TS 2, 2oLk )RR Dh, ZO~TaRY B A8 7 72 508 OBR%E
TR CHLBREVMFZE T —~ CTh o7, AW T, FHIX. ~7T RV B E AW —R K
Jin&E U CHA OF =727 ) a 2 U DWW TR 21T 2 72,

2-1-2.1-t N UpEa g8 L Uz iRsE@iRg 77 ) o v b6 ¥

BAE, BESHARICB W THE O REMB L Wom@l b b 7 ~ —NLIERR 72 B 2
L LW Ik Fe X U2t 5, A E L ORI CTHKMESIICHEZ S S
L7V av ) ALRISRER SNTWD, — %S, ZiER 1-b e X UL EE T2 2 &%
5 TIE7e < IEMEALHI & L TIE Mukaiyama 512 & 0 B H & 472 TrB(CeFs)s. TMSCI-Sn(OTH),
5 LU Sn(OTH)-LiCIOTMS,0 2 =2 Kondo 512 & W B H &i7- TMSOTE 2 72 & LA Ak
ICEDHER I TWD, FLBICHBRRTED, AT aR U BIFERONA AT L AT
v REg L B L CHEMENE <, A% Y =y AFRHEZZEL LIS OTEH (b= L ¥ —
R DREEZRFOZ LD 1-8 R X U2 RIICIEH L TE D2 DO TlEen e B x|
ZO~T R Y BRAETEMALAIRS K OWKAl & U THRE S 7227 Y a U BRI DWW TG
L7, £F. ~7 e RVEE L TEBILEMPI RS /DS < MK FEECENL
H4SIW 15040 * NH,0O & FHU T2,

~— Solid acid ~—
(BnO)n/-’&“ + ROH —m———— (BnO)n/\/&LL

OH OR

OH Bn
O&‘ Bgm O\/ ANNN"0H <:>—OH
9
n OBn 0
BBO&&‘ BBO&,‘ Boogﬁ >—on Bg@ﬁ
HO N
12

BnO OH BoOH

Fig 5

AP =2 D7) a3 )y Kb —% Figh Lz, ZVat il RFh—1,458L06
TS TDATF AT Y ay ROBIKDRZEY, 2274 7 vaflchsr 7 ) av v R
F2BXONIIFTHYT LTV D —ILOBIMAKSIEZ LY ZNFRgial L=,



FETIEDICT X TOKBENN U DNVETHRESNTZT LD 1- FeFx gl Lo
BTV AL =)L (7)) ED7 Y av HLBIRIZOW TR 21T > 72 (Tablel),
BRI L CA~TaRIEE, 744 —H, £ nt A b K10 B L OHiREY a2 =
T & 20wWt%HV, T k=KUYt 25 C, 15 BRI CKRNE T o T2, FDRER, Y
25 A b K-10 BLOBRL Y Va2 =T 2 BTG-S I3 OSIT R EIT LRV OISR L,
~TaR V@B ERWTESA. KONERDIERMOIET L, Y7570 a2 K 13 BEVa-
SEARERECINE LS GO, 202 EnD, KEBICHW AT B8R Y BRATEH LA
FOWAAI & UTHRET 5 Z &3O BTz, F£io, T 7 4 4 2 -H TIHRIEZR 2 S K&
DTS D 2 & R STz,

Table 1 Glycosidations of 1 and 7 by several solid acids.

Ve OH o Solid acid (20 wt%) o
B 2 + /\O - an
MeCN (0.1 M
BnO .. ¢ ( ) BnO Lo
1 7 25°C,15h 13
(2.0eq.)
Entry Solid acid Yield (%)? o/p Ratio®
| 1 H4SiW1,040 99 92/8
d
2 Nafion-H 20 69/31
3 Montmorillonite K-10 ¢ 0
f
4 S04/Zr0, 0

2 solated yields after purification by columun chromatography. b /B Ratios were determined by lH»NMR(270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

€ H,SiW,04 was purchased from Merck KGaA. and dried at 25 °C/1 mmHg for 2 h before using.

9 Nafion-H was purchased from Wako Pure Chemical Industries, Ltd. as Nafion-NR50 and dried at 25 °C/1 mmHg for 2 h before using.

€ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.

fSOAIZrOZ was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 12 h before using.

WIZ, B ORI SUEDHELT LTe~T v R U BRIZ DWW TSR X 2 B EZ R LT

(Table2), ZDfEFE., 7 vk Fuervoy, VFrz—7) RXUBUVBIXOEAT L
v ERAWIESGAITIEBOENE & A EHEITET (entries2~5inTable2) . SUGHEHEEE LTT & k
=MIANKETHD Z LR LT (entry LinTable2),



Table 2 Glycosidations of 1 and 7 in several solvents.

OH H4SiW 1,040 (20 Wt%) o)
Me HO 4 12040
Bn O + /\O - BnMe O
BnO N Solvent (0.1 M) BnoO

N 7 25°C, 15h O?g
(2.0eq.)
Entry Solvent (0.1 M) Yield (%)? o/p Ratio®

| 1 MeCN 99 92/8

2 THF 5 51/49

3 Et,0 7 49/51

4 PhH 24 49/51

5 CH,Cl, 20 69/31

2 Isolated yields after purification by columun chromatography. b o/p Ratios were determined by 1H—NMR(270 MHz
or 300 MHz) spectroscopy and/or isolation of pure isomers.

IHIE, AT RRVBOEIZOWTHREEZ{To70 & 2 A, SWtdD~T o R Y i A5
A THIMIEANCHEIT L7220 (entry 1inTable3), ~7 R U g% & 5ICHIC9 2 & T
T KX Qo-AAREIUENR T L5 2 03NS Hiiz, (entries2and3inTable3) F£7-. entry
3DEMT, Tva—AoEE 15 YEEEO L THIRERBE OIS L ONRSIRPED
"FoONDZENGNY ., entry 4 DFRMEERT ) a2 ALBISDRESEE LTz,

Table 3 Glycosidations of 1 and 7 under several conditions.

OH H4SiW,,0 o)
Me HO 4 1240
BHOWH N /\O > 5, Me
BnO MeCN (0.1 M) BnG
13

OBn

L 7 25°C, 15 h oBn
Entry Wt% of Acceptor (eq.) Yield (%) olf Ratio®
H4SiW,,040
1 5 2.0 85 78/22
2 10 2.0 90 86/14
3 20 2.0 99 92/8
| 4 20 1.5 90 97/3

2 |solated yields after purification by columun chromatography. b o/ Ratios were determined
by 1H-NMR(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.

10



WRIZARKZ Y a v ALBOS O EZ BT 272 0fx D 1-8E FeX il ~ 6L/ n
ANF AL )= (T) DT Y aT WLISIZOWTHRE 21T > 7 (Tabled), & DGR,
entries1~3 DT AF UPEAIE L L= 7Y a VUGB RICHEIT L, FHYS T %0-7Y
Y REINER DD ENAREIRIIZSE SN D Z EZH LN L, 2L, entries 4 ~6
DINa = ) BELORATT 7 MO 1-B Ra % o0 TiE, 100 wi%D~7 1 R ) g4
AR, FREOIETHYTL 7Y ay FRELh, P ChH, ZvapBlOriy s M
DLt FrFIBECBELTX, 7V 3 S BEOS DOSARRIRMEIT, ol f 2/1 L IRE &
ONZARERME & BICE TR T T 5 2 &N b,

Table 4 Glycosidations of several sugars 1 ~ 6 and 7.

H,4SiW,,0
~— 4 12%40 ~—
o=, +“(Tj ~ @@ﬂgkxij
OH MeCN (0.1 M)

1~6 7(1.5€q.) 13~18
Wt% of . a - b
Entr D ; T (°C t(h Yield (% a/p Ratio
: onor HySiW504 ‘0 (n) ) alp
Me' o) OH
1 Bn 1 20 25 15 90 97/3
OBnOBn
Bn
2 BE;%’&&WOH 2 10 25 1 91 86/14
e
3 BEMOH 3 10 25 1 83 84/16
Bn
4 BEMOH 4 100 40 5 72 73127
BnO

Bn OBn

5 Bpo on 5 100 25 15 75 97/3
Bn OBn

6 BnO&WOH 6 100 25 15 80 70/30

2 Isolated yields after purification by columun chromatography. b o/p Ratios were determined by lH—NMR(270
MHz or 300 MHz) spectroscopy and/or isolation of pure isomers. ¢ MeCN (0.05 M).

EHIC, 1 Rafd Ul 2L 40fAxDOT Va— L T7~12 O ) a2 ULKIGIZOW
TR E1T-o7- (Tables5~7), TORER, 1-t FuX 18X 02 2B & LZBICIXFE
BROMERARLOI, TNENHYT Da-7' U 2 RREERNDENRRIRICE SN D Z
EHRRH LU, £2, BEEZAT L7 L a— I ZonTiE, 7 a— L ORMEZEEeT
TRk VIRRom EN AL, ZAUCKH LT, Zvafllo -k Ru X ok 4 & vz
B2, TAa—LoRFPHEOT ZETNRICUENALND OO, HEEEHETHT L
I— /WAL T FFIZT va— 11 EDF Y a b (entry 5inTable 7) 1238\ Tli,
WS ONDRIERME 5 2, BTICERMET T2 2 ERrd i, ZORKE LT, ~
TR EE 100 WO WD ARSIZEBNT 4005 AT V7 ) a2y RMEOAERRDHER S -
e TNAa— L N7 )RR T S LI KV EMRIRAME 5 AT LR
BZxohd, FE, AEHBINFZE TEITT D IETH D 2 L BRI NI,
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Table 5. Glycosidations of 1 and several alcohols.

OH H,SiW,,0,0 (20 wt%) OR
B8 L2 + R-OH > eneZQ
oBnl MeCN (0.1 M) oBnl
1 7~12  25°C,15h 13,19~ 23
(1.5eq.)
Entry Acceptor Yield (%)% a/p Ratio® Entry Acceptor Yield (%)® @/ Ratio®
" /
HO 5 76 >99/1
B
1 /\O . o o7/3 o Eﬁ&% 1 g ~50/1
BnoOMe
2 O NN 97 9713
OBn
7 ; 66 >99/1
8 Qf 12

H gc 82 >99/1
4 HO—< 10 78 97/3

2 |solated yields after purification by columun chromatography. b o/f} Ratios were determined by 1H—NMR(270
MH or 300 MHz) spectroscopy and/or isolation of pure isomers. ¢ 3.0 eq. of the glycosyl acceptor was used.

Table 6. Glycosidations of 2 and several alcohols.

BnO H,SiW,,0,0 (10 Wt%) BnO
Bgogﬁ + R-OH > B “&&H
n
MeCN (0.1 M) EBro

OH

OR
2 7~12  25°C,1h 14,24~ 28
(1.5€q.)
Entry Acceptor Yield (%)% o/ Ratio® Entry Acceptor Yield (%)? a/B Ratio®
HO! ,
HO 5 o) 62 84/16
1 /\O [ 86/14 & BE‘R& N 86/14
BnOOMe
2 HO NN 88 82/18 (*]
8 7 10 15 64 85/15
HO. 80 82 90/10
3 \O 9 84 82/18 HO N
4 HO—< 10 71 82/18

2 |solated yields after purification by columun chromatography. b o/p Ratios were determined by lH—NMR(270
MHz or 300 MHz) spectroscopy and/or isolation of pure isomers. € 3.0 eq. of the glycosyl acceptor was used.
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Table 7. Glycosidations of 4 and several alcohols.

B”i’&&ﬁ H4SIW,,04 (100 Wt%) Bn

BRO + R-OH > Bp

n O
MeCN (0.05 M) "

BnO OH BnO OR
4 7-12  40°C,5h 16, 29 ~ 33
(3.0eq.)
Entry Acceptor Yield (%)? o/p Ratio® Entry Acceptor Yield (%)? a/p Ratio®
HO. i
HO 5 BuG Q multi spots
. /\O 7 94 72128 - E“&ﬁ 1 s6/a4
BnoOMe
2 NN 88 71/29 o
8 7 o0 1, 29 690/31
HO. 8¢ 74 66/34
3 \O 9 88 68/32 HO N
4 HO—< 10 86 66/34

2 |solated yields after purification by columun chromatography. b o/p Ratios were determined by 1H—NMR(Z?O
MHz or 300 MHz) spectroscopy and/or isolation of pure isomers. © 20 W% H,SiW 1,049 was used.

BB, ~T R BOREHICE D7) a b ULE~DEEIZ O TRHN L, 7720
5. Table 6 @ entry 4 DEAET ., Merck thilod % o 7 2 w7 A Bk & Ardrich (£l % > 7" 2 R
VEERA VT AN UBR.EY T R UBBIOEY T R BERHWERT L 2 A,
~7aR Y BEOFEICE S TRBEOIER X Qo iRRIRERSE S5 Z & 2B L

(Table 8),

Table 8 Glycosidations of 2 and 10 using several heteropoly acids.

BnO Heteropoly acid (10 wt%) Bn
Bn + HO—< > Bn
Bn MeCN (0.1 M) Bn <
OH
2

10 25°C,1h
(1.5€eq.) 26
Entry Heteropoly acid Yield (%)2 /B Ratio®
| 1 HaSiW;5040¢ 71 82/18
2 H3PW;,0,0° 71 88/12
3 HaSiW12040° 75 82/18
4 HaPM0150,40° 75 83/17
d
5 H4SiM012040 75 79/21

2 Isolated yields after purification by columun chromatography. b o/p Ratios were determined by 1H-NMR(27O MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.
€ H,4SiW 1,040 was purchased from Merck KGaA. and dried at 25 °C/1 mmHg for 2 h before using.

d Heteropoly acids were purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.
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2-1-3. AJVARF Y REEAIVE & LTS IEIRE 7 ) o 2 U bR ¥

UTHE, BME B2 L RSB IR T D - DIcix il 265257V a v K h—n
B SN TWD, 2oz, BBERICHER -2 E5A7 7 ) a b RF—E LTALT 4 R
BE(FARE) D ZALBRFU D BLORALRUE D Rb5, TAb =00 Y ain
R —iZ Scheme 512”9 L S ICENENER D & A T OIFMALAN L 0 G+ 25 Z L 8T
X5, Flo. AT 4 MBS L OEREMESME T CRERTED., 7/~ —(LOR#EHR &
LTHOHEHATH D, EHIT, A7 4 FEIE, /NBREIO mCPBA 12X W AL N (2|
F7o, KiAFIO mMCPBA (2L D A/LAUHEIC, S HITIE, ELNSF(DASTIZ LV 7 v ibhE~D
TP LRGNATH Z LN TE D, ZTHICE Y AR NG, 2L 7 ¢ FiE%
BZARRE LTHREESE, SOIITAER LR 2 42 R LR F S RIS A LR o ~Z5 3 %
ZLT, NICRER Y 3L R =~ LB ZENARTH D, AFEICBNT, FE
X, 2N =207 a v RF—E RO L& IR 7 ) 2 2 RIS DB I DN T
el (Fig9),

N
Enoj o=\, *+ ROH

SPh
Sulfide sugar NBS, NIS/TfOH

l [O]
Tf,0, TMSOTf

— - —
Enojo=\, + ROH - (mw44¥0

S(O)Ph
Sulfoxide sugar

l[o]

—
Enoj o=\, + ROH

SO,Ph
Sulfone sugar

R

Mg Brz-Etzo

Scheme 5 Chemoselective glycosidation
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— Solid acid ~Q
(BnO)n/\/&LL + ROH ——————— (BNO); o,

'S(O)Ph OR

NN
O\/OH o <:>_OH
BnO X HO ‘o)
S(O)Ph o OBn
36: X =SPh 39:X= SPh >—0H BgG 0
37 : X=S(O)Ph 40 : X = S(O)Ph BnO
OMe HO Ny
11 12

38: X =SO,Ph 41 X=SO,Ph 10

Fig 9

ZOVIRF Y REEIZBERN O FiEE2 WAL T ¢ Rz /NEFEIO mCPBA (2L 0, ALk P
TRERID MCPBA IC L V(LT 2 Z & TR L7z, AIFETIE, ANBFT FIE7T B LT
40 L ENENRIET HANLT 4 RFE36 B LN39, ALK PEIIBBLO 4L DT Y il
FIEOWTHAbETHRR Lz, £/, ~7T R UE]RE L l-t Fed o2 7 ra—
10 EDT Y A ALRORIZ BN Tl b @ W o AR M 2 5- 2 72 HaPW 1,040 + NH0 %
WbHZ k& L7 (entry2inTable8),

ETIOI, TRTOKBERNONVETRES NI NVaBO 7 ) a2 KT —36 ~
Bl ra~FL AL )= (7) DT Y 3L AERISIZ OV THET &2 T o 72 (Tables9 ~
1), ERfEE LC~TaR iR, F7 44 —H, EEY Tt A K-10 BIX Oy
Ja=T % 20W%HV., T b=k U, 25 °C 15 E#Faﬁ“@ﬁﬁﬁ%ﬁoto ZDRER, A
VT 4 RBE 36 BLOANFRUNE 38 2 HE & LA IS #ETET 7 a b R
FT—NEEMIZEIN D DKL (Tables9 and 10) X/l/‘l‘ﬂF/]\*F‘*‘37 IVE L LRI
FOSHEIT L. FTH AT R i AW 58 105 S RN RS T L7z (Table 11)
T, ARISEHICBON TR, 7V av i K=o LALONAREERSARISE DR X UNE
REPRPEICEEE T, 7V a2y R 1623, [FREOIERS L ONAREIRE TR LN D Z & 23
&7, (entrieslinTable11land 12),
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Table 9 Glycosidations of 36 and 7 using several solid acids.

BnO o Solid acid (20 wt%) BnO
BROY Q + > Bno” Q
n n
B”Osph MeCN (0.1 M) Bno O
36 7 25°C, 15h 16
(2.0eq.)
Entry Solid acid Yield (%)2 /B Ratio®
1 H3PW12040c no reaction
d
2 Nafion-H no reaction
3 Montmorillonite K-10° no reaction
4 SO4/Zr02f no reaction

Isolated yields after purification by columun chromatography. b o/B Ratios were determined by 1H-NMR(27O MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

© HzPW,,0,0 was purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

9 Nafion-H was purchased from Wako Pure Chemical Industries, Ltd. as Nafion-NR50 and dried at 25 °C/1 mmHg for 2 h before using.

€ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.

'504/Zr02 was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 12 h before using.

Table 10 Glycosidations of 38 and 7 using several solid acids.

BnO o Solid acid (20 wt%) BnO
BnO Q + » BnO Q
BnO MeCN (0.1 M) BnO o
BnO BnO
SOzPh 7 25°C,15h 16
(2.0eq.)
Entry Solid acid Yield (%)2 /B Ratio®
1 H3PW12040c no reaction
d
2 Nafion-H no reaction
3 Montmorillonite K-10 © no reaction
4 SO4/Zr02f no reaction

#Isolated yields after purification by columun chromatography. b o/B Ratios were determined by 1H-NMR(27O MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

¢ H3PW,,0,0 Was purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

9 Nafion-H was purchased from Wako Pure Chemical Industries, Ltd. as Nafion-NR50 and dried at 25 °C/1 mmHg for 2 h before using.

€ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.

'504/Zr02 was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 12 h before using.
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Table 11 Glycosidations of 37a. and 7 using several solid acids.

BnO

BnO ; ;
Solid acid (20 wt%)
Bno Q + HO/\O > BR] g& :
BnO MeCN (0.1 M) BnO o
BnO BnO
376, OPN 7 25°C,15h 16
o (2.0eq.)
Entry Solid acid Yield (%)2 /B Ratio®
| 1 H3PW1,040° 82 34/66
d
2 Nafion-H 58 22/78
3 Montmorillonite K-10 ¢ no reaction
4 S0,4/2r0,' 51 20/80

Isolated yields after purification by columun chromatography. b o/B Ratios were determined by 1H-NMR(27O MHz or 300 MHz)

spectroscopy and/or isolation of pure isomers.
¢ H3PW,,0,0 was purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

9 Nafion-H was purchased from Wako Pure Chemical Industries, Ltd. as Nafion-NR50 and dried at 25 °C/1 mmHg for 2 h before using.
€ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.
'504/Zr02 was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 12 h before using.

Table 12 Glycosidations of 37§ and 7 using several solid acids.

BnO o Solid acid (20 wt%) BnO
BnO » BnO
BnO S(O)Ph+ /\O MeCN (0.1 M) BnO
BnO ; o ) BnO O
25°C,15h
378 2.0eq) 16
Entry Solid acid Yield (%)? ao/f Ratio®
| 1 HaPW1,040° 83 34/66
d
2 Nafion-H 68 28/72
3 Montmorillonite K-10 © no reaction
4 S0,4/Zr0," 53 29/71

2 Isolated yields after purification by columun chromatography. b o/ Ratios were determined by *H-NMR(270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.
© H3PW 4,0, was purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

9 Nafion-H was purchased from Wako Pure Chemical Industries, Ltd. as Nafion-NR50 and dried at 25 °C/1 mmHg for 2 h before using.
€ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.
fSOL,/ZrOZ was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 12 h before using.

SIHICH A O~TaR)BE OB LR, YV T AT U EEAMTE~T R BT
H 5 HsPW0g * NH,O & HSIW,04 * NH,0 N LV BIFARFER A2 525 2 L0 MR ST~
(entries1and 2in Table 13) .
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Table 13 Glycosidations of 37a and 7 using several heteropoly acids.

BnO o Solid acid (20 wio%)? ~ BnO
BnO + /\O » BnO Q
BnO MeCN (0.1 M) BnO
BnO BnO O
S(OPh 7 25°C,15h 16
o (2.0eq.)
Entry Solid acid Yield (%)° /B Ratio®
| 1 H3PW;1,040 82 34/66
2 H4SiW1,040 84 34/66
3 H3PM012040 72 33/67
4 H4SiM01204O 79 26/74

2 Heteropoly acids were purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

® jsolated yields after purification by columun chromatography. ¢ o/p Ratios were determined by lH-NMR(270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

WA, ARBOSRINTHEAT LTeA~T m R Y BRICOW TSR L DB RE LT
(Table14), ZDOFER, ~T wR U IEE 50wtHvy, 0 CTRISZT O LIRIERZRA S 6 &
VB-SERERETH Y3270 a v RI8 X HLNDL Z ERnhoT,

Table 14 Glycosidations of 37a. and 7 under several conditions.

Bno HO H3PW12040% Bno
BnO + /\O » BnO Q
BnO N MeCN (0.1 M) BnO NS
. S(O)Ph 7 16
o (2.0eq.)
W1t% of o ) . b . ¢
Entry H3PW 1,040 Temp. (°C) Time (h) Yield (%) o/p Ratio

1 20 25 15 82 34/66

2 20 25 5 76 29/71

3 50 0 15 36 12/88

4 50 0 5 54 11/89

& H3PW,,0,4 Was purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

® |solated yields after purification by columun chromatography. ¢ «/p Ratios were determined by lH-NMR(270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

ZOX T, BISREIZ LD IR LUV ERIENR KR E S BT H b, AL
H—p7)ayv K16 % ZNENDOKIEFETUET S 2 LT, AR L7 Y 2 Ko RMEL
DFMEZOWTHERR L7z (Table15), ZDfEHR, 25 CIBWTIELT / ~— (LD SMEALA L &
NDOBS)LHBDOK G THDDITK L, 0 CIZIBWTIZREMAL A L & A8 B 56 2/ s
ThHHIERHLNTRoT,
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Table 15 Effect of temperature on the epimerization of 16.

Bn HaPW 12040 BN
R, () e R ()
BnO ’ BnO
16 16
Entry 16 H;ﬁmg&m Temp. (°C) Time (h) Recovery (%)b a/p Ratio®
1 o 20 25 5 92 94/6
2 B 20 25 5 75 10/90
3 o 50 0 5 99 >99/1
4 B 50 0 5 99 1/>99

& H3PW 1,04 was purchased from Aldrich Chemical Company, inc. and dried at 25 °C/1 mmHg for 2 h before using.

b Isolated yields after purification by columun chromatography. ° a/p Ratios were determined by 1H-NMR(270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

I, T/ v—LDOBE MR RSN 0 COEMETFTOREDmM LA BRL. MK
Drierite (FEKEREA /LT T L), ELF 2T ——7 3A, 4A B X UBA OFINZ OV TRGT
L7 (Table 16), ZDi#EHE. entries 2 ~ 4 L v i/k#l & LT Drierite Z iR L723561%. £ D
BAANT R R ERIEOR, & HICRE S BUSHEIT Lz, 7, thoiiA#l & LT entries
5~7IZRLIEELF 2T —v—7 3A, 4A BLUBA IOV TR LTS R. MSBA 23 b
IR ThH ST, ELFXFadZ—r—TORBEICEIN ORI RERPAONTDITELFa
T =T OMWEIZRELSEEL WL EEZ NS, T7bh, MS3A IXHME, MS4A 1X
GIHEEME. MS BA IXIBIEMETH D Z E VB TE D D, entry 6 D MS 4A &L AC
I~TaRIBoTa FOBEEZTFMLUTCLE) ZDOIENMET LZEEZLND, v
entry 8 |Z/R L7277 U a3 )b R —37B% E & L72BRIZIE, 0 ClTB 1T DMK < KSR
IR E LTI L7e72®, 2f5IC/mIR L TS ZE T 7o entry 7 & b L TIRIGE T h -
Tl Ltgk, 7V ai R —L LTI 3larx W TlHg+5sZ2 & & LT,
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Table 16 Glycosidations of 37 and 7 under several conditions.

BnoO O HsPW,,0,0 (50 wt%)? BN
BnO O + » BnO Q
Bn MeCN (0.1 M) Bno o

BnO S(O)Ph 0°C 5h BnO
37 7 ' 16
(1.2eq.) (1.0eq.)
. b - Cc
Entr Donor Additive Yield . d
y (Wt%) (%) o/p Ratio

1 T 67 19/81

2 37a Drierite 61 13/87
(10)

3 37a Drierite 76 14/86
(50)

4 37a. Drierite 73 17/83
(100)

5 370 MS 3A 74 16/84
(50)

6 370 MS 4A 38 12/88
(50)

7 37a MS 5A 91 19/81
(50)

e

8 378 MS 5A 66 21/79

(50)

2 H,PW,,0,, was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
® Additives were dried at 200 °C/1 mmHg for 2 h before using.

¢ Isolated yields after purification by columun chromatography. ¢ a/p Ratios were determined by *H-NMR
(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers. ¢ MeCN (0.05 M)

WIZ, I 575 FEOmM Ex B L, MS5A IR L7 R COR#E{La1T - 7= (Table17),
ZORER, entry 6 1R T LT Y )b RP—ZR LT v a— % 1.2 Y2V, &
WP DENLAEERIRNAH Y T 5B-7 ) a v RRFoNL Z L2 AL, SbiZT7va—
NOTMT 2 EEZHLL TN RO TFRR Oz, A7V 3 v U bSIZEB W T
EERORIFEY & L TCANVT = VB (PhSOH) W4T 5, ANT = VEEIL, AEERILE
WTh, RETH L REROBFOWEEZHELTNWD, AVT7 = U BBITERT S E3<IC

2 0 T REEEHSOSIZ LY . FHALT o 32—k (PAS(O)SPh) Z4ApkT 5, AT, F
FANT 4 F— N TN a— B LT B2 LRDEIERY (PhSO)OR) 7% H-NMR (2
LR ST,

EBIZ, AT NVa—=LT7~12% 27 ) a7 77 E =N T=7 U 32 UBRISIC
SWTHIE L7 (Table 18), ZFD#EHE, A/LRF L N 3702 HE & LB, 7ra—
VORI X O SRRIREMK T L7720, Wi L7720 35 2 3R ST,

20



Table 17 Glycosidations of 37a. and 7 under several conditions.

Bn HO H3PW12040 (50 Wt%)a Bn
BnO + /\O » BnO
Bn MeCN (0.1 M) Bn

BnO BnO
S(O)Ph 0
37 SO - 0°C,5h 16
. b . c
Entr Donor Acceptor Additive Yield o/B Ratio®
Y (eq.) (eq) (Wts6) ) P

1 12 £ T — 67 19/81

2 12 1.0 MS 5A 80 14/86
(30)

3 1.2 1.0 MS 5A 91 19/81
(50)

4 12 1.0 MS 5A 83 25/75

............................................................... 00) et

5 15 1.0 MS 5A 70 15/85
(50)

| 6 1.0 1.2 MS 5A 88 15/85

7 1.0 15 MS 5A 81 13/87
(50)

8 1.0 2.0 MS 5A 76 13/87
(50)

8 HaPW 1,04 Was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
b Additives were dried at 200 °C/1 mmHg for 2 h before using.
¢ Isolated yields after purification by columun chromatography. d o/B Ratios were determined by H-NMR

(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.

Table 18. Glycosidations of 37a and several alcohols.

HaPW;,040 (50 Wt%%)

BBg MS 5A (50 wt%) Bgﬁ&@ﬁ
;%@ + ROH > B
B MeCN (0.1 M) Bro

BnO, BnO "OR
S(O)Ph o
370 7-12  0°C5h 16,29 - 33
(3.0eq.)
Entry Acceptor Yield (%)% o/ Ratio® Entry Acceptor Yield (%)% a/B Ratio®
HO!
1 HO/\O 7 88 15/85 5 ngﬁ 1 85 24176
BnOOMe
2 N 0
2 Ho o 76 38/62 OoBn
6 0 12 75 49/51
HO.
3 \O 9 76 68/32 HO N
4 HO—< 10 77 70/30

2 |solated yields after purification by columun chromatography. b o/p Ratios were determined by lH—NMR(270
MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
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WIZ, ~ 8O 7 ) a )V RFPh—39 ~41 v 7 a~f )V AHX ) —)L (7) ¢DF7)a
IALIZ OW TR LT, EOREER, £3. Zafl L FERRICALVER S v REEO B3R
Miband Z L xR L (Tablel9),

Table 19. Glycosidations of 39 ~ 41 and 7 using H3PW1204¢.

BnO Bn HaPW,,040 (50 wtog?  BNO Bn
Bn . HO - Bn
Bn + - Bn
MeCN (0.1 M)
X 7 0°C,5h
39~41 (1.2 eq.) 17
Entry Leaving group Yield (%)b a/p Ratio®
1 «a-SPh 0 -
| 2 a-S(O)Ph 68 79/21
3 a-SO,Ph 0

& HgPW 4,040 was purchased from Aldrich Chemical Company, Inc. and dried at 200 °C/1 mmHg for 14 h before using.
2 Isolated yields after purification by columun chromatography. b o/f Ratios were determined by 1H-NMFZ(270 MHz or 300 MHz)

spectroscopy and/or isolation of pure isomers.

WIS, ARBOE DT PR FN & 5

B HOWTHET L7 (Tables 20 and 21), # D5,

INETORBLREME 78 =M VEZHWEER RISHRRIICHEIT L (entry 6in Table
20) . MS5A iR % Z & T, T OIEEL L Wa-CARERPES KIEICH B35 2 &2 /L

7= (entry 4inTable 21),

Table 20. Glycosidations of 40 and 7 in several solvents.

Bn Bn HaPW;,040 (50 wtog? BN Bn
Bn - HO O BnO .
Bn + - Bn
Solvent (0.1 M)
40 SOPh 7 0°C,5h .
(1.2eq.)
Entry Solvent (0.1 M) Yield (%)° a/p Ratio®
1 CH,Cl, 38 32/68
2 PhMe 49 28/72
3 Et,O 26 23/77
4 THF 37 53/47
5 MeNO, 56 67/33
| 6 MeCN 68 79/21

& HzPW,,0, was purchased from Aldrich Chemical Company, Inc. and dried at 200 °C/1 mmHg for 14 h before using.
® |solated yields after purification by columun chromatography. ¢ o/p Ratios were determined by 1H-NMR(27O MHz or 300 MHz)

spectroscopy and/or isolation of pure isomers.
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Table 21. Glycosidations of 40 and 7 under various conditions.

BnO Bn "|3PY\_/12Cb>40a Bn Bn
BnO HO Additive —  BnO .
Bn + > BnoO
MeCN (0.1 M)
S(O)Ph 7 0°C.5h
40 (1.2eq.) 17
Wit% of -, W1t% of ! c . .d
Entr . Yield (% /B Rat
y HsPW 1,040 Additive addtive i (%) o/B Ratio
1 50 none - 68 79/21
2 50 MS 3A 50 84 95/ 5
3 50 MS 4A 50 63 69/31
| 4 50 MS 5A 50 84 98/2
5 50 Drierite 50 71 69/31

& H3PW,,0,44 Was purchased from Aldrich Chemical Company, Inc. and dried at 200 °C/1 mmHg for 14 h before using.

b Addtives were dried at 200 °C/1 mmHg for 2 h before using.

¢ Isolated yields after purification by columun chromatography. d o/f Ratios were determined by 1H-NMR(27O MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

Sz, A7V a LI DOINHAMERFTT 0702 D7 Vva— L7 ~12% 7 ) 3y
NT 78T E—IZHNEZ Y a3 MU SIZOWTHE L7 (Table 22), ZDf5HR. A7V
a2V ALREE, G EZ AT 7L a— M ickt L CHDRMICEIT L, YT ba-~v
B 7 7 ¥ RS @R D BRI E DD Z L2 R LT,

Table 22. Glycosidations of 40 and several alcohols.

HaPW;,040 (50 Wt%%)

BBg o8N MS 5A (50 wt%) Bg%cg&
+ R-OH - B
B MeCN (0.1 M) Bno oR
S(0O)Ph °
40 7~12 0°C,5h 17,33~ 37
(1.2eq)
Entry Acceptor Yield (%)2 o/ Ratio® Entry Acceptor Yield (%)% a/B Ratio®
HO.
1 HO/\O 7 84 98/2 5 ngﬁ 11 8l >99/1
BnOOMe
NN O
2 ho A 78 99/1 v
6 Q7 12 75 >99/1
HO.
3 \O 9 78 99/1 HO N,
4 HO—< 10 79 99/1

2 |solated yields after purification by columun chromatography. b o/p Ratios were determined by lH—NMR(270
MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
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K, HEOWAMEERRDTeD, 2T X HETHHLANKRXF TV MR O 7Y 224k
FOSIZOWTHEET L7z (Table 23), £ OfER. entry LIZ/R L7c~T R U g% 5 wt% v 7z
BREZ IR K PO HEIT L2, & 512, entries2and 3 (TR L7 & 5 I~T v R Y B E
T2 & To-REERME D ) B DA 2 A B, ~7 m AR U R4 10 wi%, MS 5A % 30 wit%
WINLTe & SRS RO NRANTEIT L, YT D 22T A F v-a-7 /L a T ) ¥ RAEIE
ORI Bz (entry 5inTable 23),

Table 23. Glycosidations of 42 and 7 under various conditions.

BnO "'3':’Y\_/12Cb)40a Bn
B%On&‘ + HO/\O Additive B%O;&W
MeCN (0.1 M) :

\

S(O)Ph 7 0°C. 5h
40 (1.2eq.) 14
W1t% of -, W1t% of ! c i od
Entr . Yield (% /B Rat
y HsPW 1,040 Additive addtive i (%) o/B Ratio

1 5 none 82 65/35
2 10 none 81 81/19
3 20 none 74 86/14

4 10 MS 5A 10 78 91/9
| 5 10 MS 5A 30 88 88/12
6 10 MS 5A 50 81 89/11

& H3PW 4,04, was purchased from Aldrich Chemical Company, Inc. and dried at 200 °C/1 mmHg for 14 h before using.
b Addtives were dried at 200 °C/1 mmHg for 2 h before using.

¢ Isolated yields after purification by columun chromatography. d o/f Ratios were determined by 1H-NMR(27O MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

feW T, K27 U 2 HABBOS O Z BET T 272 0ofx DT Va— 7 ~12 %7 ) av

NT 7T HE =N a s UERSICOWTHE Z{Tom 2 A, v /8o 7Y a
VIV R P =% AW GG LRER. SOSPRICET LY T 5 2-7 4% v-a-7va 7
¥ RDEIE N OEMRBIRIC/OND Z L2 R L7z (Table24),
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Table 24. Glycosidations of 42 and several alcohols.

H3PW,,040 (10 wt%)

Bn MS 5A (30 wt%) Bn
89 + ROH 59
MeCN (0.1 M) R
S(O)Ph o (¢}
2 7~12 0°C,1h 14, 24 ~ 28
(1.5eq.)
Entry Acceptor Yield (%)%a/B Ratio® Entry Acceptor Yield (%)% a/p Ratio®

HO
HO
1 /\O 7 5 BB?E&% un 8
BnO

HO

83 88/12 91/9
OMe
2 o NN 89 89/11 .-
8 6 o7 12 83 80/21
HO.
1@

78 81/19 Ng

76 90/10

4 H0—< 10

2 Isolated yields after purification by columun chromatography. b o/p Ratios were determined by lH-NMR(27O
MHz or 300 MHz) spectroscopy and/or isolation of pure isomers. © 3.0 eq. of the glycosyl acceptor was used.

2-1-4. ~7 1 RV BRZAGEVEALFN W IAL R 7 U 2 o U B BOE

Fig 10 IR L7 K 91T, AARF ¥ FEELHELGAR, AV T ¢ FIEZHEZRIRE L THRG
SHth, SOITIFEMR L 2HEANLVT 4 REEOE ERELGRE LTHWS, b LI,
ANRF Y RHEAS LB L TRt GRE L THWD R 8 ISIZHREZR 7Y 220 R —n
BHIEL Z DT M ERT DL L CRERT2EAE7 U a )L Rh—off
HAERA~DIEFIZONWTHRE LTz, T72bb, ALARF Y MR G, 2 LT7 ¢ RiEE
K ORNVR R PEZ R E LToAb® IR 77 2 O ARSI DWW TR L7,

Heteropoly acid
—
+ Hoﬁw» —_— (BnO)n/\/&.% )’S
o
SPh SPh

Sulfide sugar

(BnO)n/\N:&,"

S(0)Ph

Sulfoxide sugar

[O] —
- (B”O)n/"&wmoy-\o\ + HO}\’.\O\ —> , oligosaccharide
S(O)Ph SPh
Sulfoxide sugar Sulfide sugar
BnO OBn H Bn HO— OBn
B ' BpO
Bgog B0 8ro
S(O)Ph SPh SO,Ph
40 43 44

Fig 10
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ZORER, ANVEFY RFELE A NVKR U MEE DT Y 2 2 WALOSII RANCHELT L= DIzt
L. ZAVERFUREEALT 4 REEE D7) a2 UABEORIE TLC B, 258 72 O SRR E
DEHEIRIREM E G2 DR E o1, VTN T Ara~ N7 77 4 —I2X 0 KRbR
PEDIRNAR Y FEHBELI- L AT 7 2=V 27 ¢ R (PhSSPh) YR 95% T/ 54l

DT el (Table25),
Table 25. Chemoselective glycosidations of 40 and 43, 44.

H3PW12040 (50 Wtc%))a BnO

BnO OBn OBn
Q MS 5A (50 wt%) 0
B%%&L‘ + R-OH > B%On&hk
MeCN (0.1 M) OR

S(O)Ph 43, 44

[0}
40 (L2eq) 0 C5h 45, 46
Entry Acceptor Yield (%)° a/p Ratio®
HO—  oBn
-Q
1 43 B%%&A multi spots ( PhSSPh 95 %)
SPh
HO Bn
0
2 44 BROS 88 >99/1
SO,Ph

8 H3PW,,0,0 was purchased from Aldrich Chemical Company, Inc. and dried at 200 °C/1 mmHg

for 14 h before using.
b solated yields after purification by columun chromatography. ¢ o/ Ratios were determined by IH-NMR

(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
ZDZENBARZ Y 3 LA DOSHEL, ANVR=0 LA A &bl L, ER L7z X
N7 = VRPEER AR LSIBER LY 22 FOT ) ~—LOF A7 = =V iz &AL
LTLED ZERHLMIR->72 (Scheme6).

) 0
0 Heteropoly acid \\/o)
(BnO)n/\/Q' (BnO)n/wQ'(')
—_——
_S< st
o Ph HO”™ "Ph
Sulfonium ion PhS—0OH
Heteropoly acid
2 PhS—OH —» PhS(O)SPh + HO-R ————— > PhS(O)OR + PhSH
+
(BnO),~ o=\ (BnO),~o~pw 0% Complicated
—_— B
products
~—0 SPh
HO/\/Q'
Oxonium ion
SPh PhS,
S
PhS,
e

Scheme 6 Proposed reaction mechanism
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FITHERTDANT 2 VRO AR Ty —OFRINZHOWTRE L7z, Lo L. Scheme 7
IR LE RV ZTFARRAT 7 A FOR4-T U L-12-U A FH o R_Pr D5 KK ICERML
L2t ZATLC b, a5 x7-,

Activator
(BnO);~+ + HO™ _— (BnO)n/\/Qva/\/Q'
S(O)Ph sph  PhSOH SPh
scavenger

MeO
P(OEt); Triethylphosphite m 4-Allyl-1,2-dimethoxy benzene
MeO

H3PW12040 (50 Wt%)

MS 5A (50 wt%) BnO: Bn
- -1.2-di Q
BnO Bn HO Bn Ellélllaél )1,2 dimethoxy benzene BE(n)O
BnO Q BnO Q :

Bno + BYS MCNOlM ......................... » . (0] Ogn
. n ’
S(O)Ph SPh S (h ) Bn
40 43 0°¢c.5 SPh
(1.2 eq.) multi spots 45

Scheme 7 Chemoselective glycosidation using PhSOH scavenger

T, VFAT RN O—FTRBAEINTACEMD ORI I T AT E RETVA LT
4 RPVERT A0S PUICER Lz, ZORISTIR, R LAV T = Ul F A — i3 ik
MET DI LIV AN T 4 RBERT D, Lzdi>T, 7V ai bSO RZNIZTF A
—NVERNTHZETANT 2 U gh N7 vy TEDHEEZT (Scheme8).,

RCHO + MeSSMe

H
R—< MeSOH + MeSH ——> MeSSMe + H,0
(0]
MeSH

Scheme 8
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FIZT, ANVEFYREELE ALT 4 REEL D) a2 LEUSZB WA OF 4 —/L %
WINUToAE R, Table26 IR T L 912, £, FA4— 1% 11 YRRFRMTHZ LITLY ALT
4 FREDOIEMAL IR AL, Fio, dm < SREMEOIERWTF A — v &2 AN T2 5613 IR
b aEmN RSNz, RKEIOENF A — & AN AIE, AVEFY RBF40 & F4—
NeDT7 Y aL ALKIEHEITT 2EIG RN T 5720, BIIOZ Y 2 ROPENME T L
TLEoT, HTH, entry 7ITR L2 22 AT N-2-Ta X FA— e & &, HBMEL
SBUGSHEIT L, BARIUEDDEWRRIVETHY T 20-7 ) 2 RRELNDLZ L%
R L7,

Table 26. Chemoselective glycosidations of 40 and 43.

H3PW12040 (50 Wto/())a Bn

0,
Bn B H Bn MS §A (50 wt%) B%n
Addtive (1.1 eq.)

Ban + %n - 5 I . .Bn
S(O)Ph SPh Mg N (0.1 M) no
43 0°C,5h

Bn

40 SPh
(1.2eq.) 45
Entry Addtive Yield (%)° a/B Ratio®

1 PhSH 46 93/7
2 PhCH,SH 66 94/6
3 PhCH,CH,SH 70 87/13
4 EtSH 72 85/15
5 CyoHosSH 72 81/19
6 iPrSH 7 93/7

| 7 tBuSH 77 93/7

& HzPW,,0,0 was purchased from Aldrich Chemical Company, Inc. and dried at 200 °C/1 mmHg for 14 h before using.

5 |solated yields after purification by columun chromatography. ¢ /f Ratios were determined by 1H-NMR(270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.

bz LZ2RIETHE, BArORU UV THREINTZALARFD REE T La— L b
D7 Y AT )ACRIERT 2 = F U A ~T7a R BREIEH s e LTHWAS Z & Tilfn
REMET, DROICEITL, YT 2a-7 ) 2y FRERETHONDZEFRAH L, £
7o REOSTIE, AVAEFT RIEE ZLVT 4 BB X OR VAR B E ORI 7Y 2
JALBOSAIRE TH D Z & BN LTc, A%, 2O & ZFIM L7z e BEH A s »
WS d, Db, RFRICEBWTERIT. B0 BWEL REIREE~T R D fga TG
ICHWE 18 R Ul LOR LA F 2 FIEOFE b5 d KOS LRSI 7 ) =
VIR & BHFE LTz,
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2-2. [EIKFRT 7 4 A -H B X O LY 2 =7 2 bR v =
BEFRmAL 7 ) a2 o AR

2-2-1. 77 44 -H

_[(CcmFz)mcI:FCFz)]n_
(OCFZ?FC F3),
OCF,CF,SO;H

Fig 11 Nafion-H

Nafion-H (&, Du Pont ££:25 NASA HBAEIEM D7 DI LT M7 7 vFuxF L b
ST AR ANFR= T hF U E =TT VO EAR, 0F 0 T o BBIEEREARL L
ANV B H R L T DA A RHE Th D, BIIRIERITBUKME TRV A BT FE o
KaFaPERL, o7 v ROBEFFHEGIDROT D@ T ORPBIEMIEL Y &7 m b M
I LIz, BRI A R T,

2-2-2. Wb a=7

7°N —_— 7°N .
7Y = 89
+ + -H,O + 70N

/Zr\O P Zr\ 2 /Zr\o P Zr\ H

Fig 12 Sulfated Zirconia

Wb a =7 3%, WA 4> 2 &R RIC S S EHERk LIS S S hilgit
ERILEWIC, EBICEE (CEYLva=7) 2RNLELDOTH S, HEYOREEA 4
VXER O IR CEMEE SR Fio, Bk v a =T 3k E L TERZEENEF TS
7o OBREAYE & g, WERLY L2 =7 (X, Bronsted B2/ L Lewis RS & RS Z & VAN
HBNTWD, UFEEOBICLY 7 ovRR Lo va=y AoFfMEE2FH L, Hgby L
=7 2R\ T oALBED 7Y 2 U ALKISIZIBW T, Bronsted B2 & Lewis B2 A fliv
52812k, a-BROB-MZ U a3 RE/EY 43T AIRE R @ LIRR NG 77 U = S B OS
DRFEDER S TS P,

29



2-2-3. [EAER T 7 4 A v -H B L ORI Vv 2 =7 i LA N W=
BEFRmAL 7 ) o o ARG

B BEHZ BT 212 H 720 | a-B X OB-lT / ~—%AEV 531 "B/ @\ LRSI 7
U a2 v LIS DO IE, ZOFEENS b EETH D, BFFEEORIC LV BRI
Bibo N a=7 2 W7 ALED 7 ) 2 2 HEROSIZRB W TR, RIS LTT® =
FINVEHWDLZEICEVa-Z ) ay e, PoFLz—T e MnN5Z&ICLVB-7Y =
¥ R &SR NOENLARIRIIC AR ATRE & LT, &R OFIZiX, Lewisi iz AT 5
EIBBBIEDDBIFEL, BEOEWNT ' b= MU AV EISEBEE L THWD & Lewis g5 & i
SHEAERT 5720 Lewis BBPED 50 v, BEREEZR D /KS5r 7% Bronsted f2 A & L TIR D
FNBS)FINCLERa-7 ) Ay RIERT 5, ZHuzxi L, vy oFrz—7 1
Z WD & ERER S D k5yF & B L Bronsted BAVENETD H AU, Lewis FE S TSN ELT
T2 L0 FEREE D S BEN T NLRIZZE N TN S TV 3 — LRI B LR-7 Y
YV RPERTHEBEZ LTS ® (Scheme9),

e e

+ +
I H. ,-H H. ,-H

N Anomeric
R-OH +E 0\ o a0 Pt effect ——
: Oz N
(BnO); "&' :> 0/ S\ 0/3<Q P |:> (BnO) =

a-glycosides
Bronsted acid site

HO-R
N (
(BnO)n/-f&'
Et Et
E \O/

R-OH : : S\2 like

N~ 00§ &0 | & /O
(BnO)n/"% |::> /S<o\ o N 170 Ko o > Enoys ‘A/
F Et,0 Zf\o/ f\o/ f\o/ N B-glycosides

Lewis acid site

Scheme 9 Glycosidations of glycosyl fluoride using SO4/ZrO,

AWFFRICBNTIE, ZOERBMEIEIC, 7 LB TR 1 ECmLfREAT5
AR XY MHECE A U, BREFRAE AR A AV Ca-B X OB-l 7/ ~—%{EV 751 "l EE
IRENLIRIRIRN 7Y 2 UG EBF L7 (Fig 13), £ LT, ~7TrAR U E@BE -2
REY RRED T U a3 MERISIZMAZ T, & BIZHRNRBEHA R A~DIGHIZ OV TH A D
T TRRE LT,
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Solid acid (BnO)— %

OR
a-glycosides

A
B no)n/\/&/ OR

B-glycosides

Qo O
BE%&K‘ @&1
S(O)Ph
39: X =SPh OH Bg
40 : X = S(O)Ph

41 : X = SO,Ph

A S
(BnO)n/w&lL + R-OH
S(O)Ph

Solid acid

Fig 13

FPFEDOIC, Fim Fig3icfiEEINDI~ 2/ o FEEICER L, X TOKEBRENR UL

BCoREEINT~r RO 7 ) av )V RF—39 ~41 v ra~F i A ) —)L (T) LD
70 2 LRGSO W TR 21T 72 (Tables27 ~29), [EkERE LCTH 7 44 —H, &
vEVBTA R K—10 BLORERL Y L2 =7 % 20Wt%fHv, 7 F=h U/wl:\ 25 C, 3
REf CRUR 2 T o7 2 A, ANT 4 R 39 BE A VKR N 41 2B L LI-5GE1T3K
ST AL EIT LAV oloxt L (Tables27 and 29) . A/L7R % o N 400% FE & Ltﬁ#@%ﬁ
JICEATT D Z & ARt L7z (Table28),

Table 27. Glycosidations of 39 and 7 using several solid acids.

BnO Bn o Solid acid (20 wt%) BnO Bn
Bno Q + /\O > Ba] S
BnO MeCN (0.1 M) BnO o
SPh 0
39 7 25°C,3h 17
(2.0eq.)
Entry Solid acid Yield (%)? a/B Ratio?
1 Nafion-H b no reaction
2 Montmorillonite K-10 © no reaction
d
3 SO4/ZrO, no reaction

2 Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
® Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.
¢ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
d S0,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.
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Table 28. Glycosidations of 40a and 7 using several solid acids.

BnO— 0Bn o Solid acid (20 wt%) BnO— 0Bn
BnoO Q + /\O > R 2
BnO MeCN (0.1 M) BnO o

S(O)Ph 7 259C. 3h
400 2.0eq.) 17
Entry Solid acid Yield (%)2 a/B Ratio?
1 Nafion-H" 52 62/38
2 Montmorillonite K-10 ° no reaction
d
3 S0,4/Zr0, 50 59/41

2 Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
b Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.
¢ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
d S0,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

Table 29. Glycosidations of 41 and 7 using several solid acids.

N HO Solid acid (20 wt%%) BnO— 0Bn
BnO -Q + /\O > BnO .
oo MeCN (0.1 M) BnO .
a1

SO,Ph 7 25°C. 3h 17
(2.0eq.)
Entry Solid acid Yield (%)? a/B Ratio?
1 Nafion-H b no reaction
2 Montmorillonite K-10 ° no reaction
d
3 SO4/ZrO, no reaction

2 Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
b Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.
¢ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
d S0,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

WA, BUSHHEAT LT AV F 2 FHE 0oz BB & L7277 ) 2 2 /B RISIZ OV T 2 D
[ (AR 2 100 W% WRET 21T > 725 R, T 7 4 A 2 -H TIRIERE L Qa- LRI A ) |
L. Wb a=7 CIINEROK AR oz, DEEME T LBEmE LTl 1-8 FaXx
SHEOAERRPEIM L2 06, ERBOELZBEL LI LICX VB b L a =728 %
D KOMT B L, MAKGIENELT L7202 E2 b5, W, TrEYrtA b
K-10 23\ T H 100 WO W 7255512 1X o3 0 e 3 b SR HEIT I 5 2 & 03y~ 7= (Table
30),

JlEfix  IWRICKENRLONT-T 7 4 F-HITOWTH A4 OREE WS 2 e L
EZATER= RNV ERWEEEORIENEITT S 2 ERg0 -7 (entry LinTable31),
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Table 30. Glycosidations of 40a and 7 using several solid acids.

Bn Bn o Solid acid (100 wt%) Bn Bn
BnO ' + /\O > R '
Bn MeCN (0.1 M) Bn
S(0)Ph 7 259¢C 3h
400, (20¢q) 17
Entry Solid acid Yield (%)? a/B Ratio?
[ 1 Nafion-H" 64 77123
2 Montmorillonite K-10 ¢ 6 60/40
d
3 S0,/Zr0, 38 57/43

2 Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
® Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.
¢ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
d S0,4/ZrO, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

Table 31. Glycosidations of 40a. and 7 in several solvents.

B
" Bn Nafion-H (100 wtog® BN Bn
Bn : HO/\O ~ BrO :
+ Y
Bn Bn
Solvent (0.1 M) O\):j
40 SOPh 7 25°C, 3h .
o (2.0eq.)
Entry Solvent (0.1 M) Yield (%)b al/f Ratio®
| 1 MeCN 64 77123
2 Et,0 trace -
3 PhMe trace -
4 CH,Cl, trace -

#Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.

b Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

E 512, Scheme9 TR LEHiig b a =7 MW= 7 AbbED 7 ) = L ALES ®hek
WCRSIAEE LTy = F o —T v & W2, B-SLARRINAIC SUGA HEFT 95 2 L 3
HENTWDHZEND  VEFALZ—FT LVHRTORNERFT 52 & & L, LLARRD,
VEFNT—T A ST 4 F - HERAWZ ) 2 Y RS TR ICE E o722 &
5 (entry 2inTable31), TDINEEKET H7-D, K0 KIEHED BV ALK v RiE 408 %
FEEE LT ) a v HERISIZOW TR 21T > 7 (Table32), fEx OREAREZ HV, =
FNZ—TNAH SEREF LIz & ZARMEBE YV 3 =7 O5E O HB-SLAREIR IS D
HITT D2 L2 AL (entry3inTable32), 52, A OISR Z VS & et L
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el ZAVETFNT =TT Tk RIRZR D B b B-NARKEIRAI S S EITT 5 2 &
ZRER L7- (entry2inTable33), £7-. 7 b= F U AZHWEHEA, AR FT N 400
IE L LTe7 U a s A bROL & e U Co- EARBRMEICZ LR R b iv7e v > 72 (entry Lin
Table31 and entry 1in Table 33),

Table 32. Glycosidations of 40p and 7 using several solid acids.

BnO Bn o Solid acid (100 wt%) BN Bn
Bno _so)ph t /\O > PR -
Bn Et,0 (0.1 M) Bn

7 25°C,3h
408 20eq) 17
Entry Solid acid Yield (%)2 o/p Ratio?
1 Nafion-H" 21 67/33
2 Montmorillonite K-10 8 58/42
d
| 3 S0,/Zr0, 17 32/68

2 Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,0O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
b Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.
¢ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 14 h before using.
d S0,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

Table 33. Glycosidations of 40B and 7 in several solvents.

B
”E e EB” "o SO,/Zr0, (100 wtog? B Bn
80 s()Ph + /\O > P00
Solvent (0.1 M)
7 25°C,3h
408 2.0eq) 17
Entry Solvent (0.1 M) Yield (%)b al/f Ratio®

1 MeCN 52 64/36

| 2 Et,0 17 32/68
3 PhMe 4 74126
4 CH,Cl, 4 75/25

d S0,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.
® Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

INDLORELV T =R F7 042 -H 2 iEH RIS Z L2 X V-7 Y
Y FPMEERMICR O, YaFrm—T i RliRE YV 3 =7 Z2EE ANV S 2 &
CXVB-7 U 3y FBEEMICHEONTZZ LD, S OITFEMARET 21T o7,



2-2-4. -~ )BT ) U NANEF Y REIRE & LIZEREET 7 0 4 -H Z2iEMHAL
FNZ AW o3RS 77 Y 2 2 ARG

INFETOBRFNIBWT, a7 /BT )T 2= )LZALERFL R (400) ZHELE L,
T R=bRU A, ST A -H EZEERACANCHND Z LI Va-77 Y a3 RBMEREIICH
bNDZ Ennhrole, £ T, WRIEKTORRKEEZE R BNDKERET D724 DK
HzaRW= 7Y a o ALRISIZOW TG L7z (Table34), 77 1 A2 -H % 100 wt% & ik
AL LTELHF2T7—2—7 3A, 4A, 5A B L O drierite 2 100 Wt%H VSR 21T o 7255 5.
AT R YBEERANZ ) a bIS ERBRICE L ¥ 27— —7 BA Z W e b %)
RONZSUERHEIT L, YT Do~ /BT ¥ ROEIEENOENRERIRIZE 5D 2
ExRH L7 (entry4inTable34),

Table 34. Glycosidations of 400 and 7 using Nafion-H under various conditions.

BnO Bn Nafi_o_n-Hba Bn Bn
BnO . + HO Additive s>  BnO .
Bn BnO
MeCN (0.1 M)

a0 PN 7 25°C, 3h -
(2.0eq.)
Entry NVth:fn(iL Additive Z\clit(:/toi\(/)é Yield® (%) a/p Ratio®
1 100 none 64 77123
2 100 MS 3A 100 79 61/39
3 100 MS 4A 100 74 61/39
| 4 100 MS 5A 100 97 97/3
5 100 Drierite 100 93 81/19

#Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.

b Addtives were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/f ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

IHIZ, ELFaTd——7 A OBEEZZ/LIETHER. 100 wtd%, 200 wt% & I3 5 &
ZHIO LTS 2 & TR, a- AR IRMEDS 0] =3 28m 23 7 54, 300 wteidsin L7541
MK T Lz (Table 35), /2, 7744 v-HEELFaT——7 5A ZFEEMAV, %
DEZ I ED Z LT KD RIE~DEE % et LTo kR 221 100 wt% T D JH W T2 RE
BOSNFANCHETT D 2 & 28 L7 (entry 3inTable36), 7t h= kUL fifg{ks
NaA=T7 FLFXF 2T ——TBA EZHWEZ U 3 L RIRIZOW T S A TRE L 728
B WRITE BT 5 6 OO N ARIRIEICOW I RS2 7= (Table37), Z i,
1-8 KX D7) av bR THMERE I X 51T (entry LinTablel) |, Fifg{b L=
=7 OIGEHALBE ) MR N o DI, SRR E Lieholeb D EEZ B D,
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Table 35. Glycosidations of 400 and 7 using Nafion-H under various conditions.

BnO Bn Nafion-l!-l a Bn Bn
BNO . L HO MS 5A . BnO _
Bn BnO
MeCN (0.1 M)

wa T 25°C,3h 17
(2.0eq.)
Entry i of, ol vield %)°  a/p Ratio®
1 100 64 77123
2 100 50 01 81/19
I 100 100 o7 97/3
4 100 200 99 97/3
5 100 300 77 98/2

#Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.

> Ms 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/f ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

Table 36. Glycosidations of 400 and 7 using Nafion-H under various conditions.

BnO Bn Nafion-l!-l a Bn Bn
BnO . L HO MS 5A . BnO _
Bn BnO
MeCN (0.1 M)

wa T 25°C,3h 17
(2.0eq.)
Entry i of, ol vield %)°  a/p Ratio®
1 20 20 54 59/41
2 50 50 86 70/30
E 100 100 o7 97/3
4 200 200 89 9713
5 300 300 73 98/2

#Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.

> Ms 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/f ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
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Table 37. Glycosidations of 40 and 7 using SO4/ZrO, under various conditions.

BnO Bn SO4/2Zr Oz Bn Bn
BnO - HO' MS 5A BnO i
Bn + BnO
MeCN (0.1 M)

S(0)Ph

\

400, (2_07eq_) 25°C,3h 17
Entry SVC\JIS/;%Z V'\‘A”S%SC: Yield (%)° /B Ratio®
1 50 50 15 67/33
2 100 100 70 65/35
3 300 300 84 65/35
4 500 500 100 63/37

# 50,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

> Ms 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,0 in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

WIZ, BTV 2 AEBOSIZ BT 2 SOSTREEIZ DWW TRET L7 R, 25 C TS Zh RN
\ZHEAT T2 Z & oTz, 0 CTo-VEREIRMEME N LB R E LTI, 744 -HD
TEMEALER D 3 S VT T OISR M E L e o b D B2 b5, ZHETO
FREHZ E D AR M 400% E & Lizo-EARRINE 7Y a v U BISIZB W T, 7Tk
h=RUnH, 25 CiZTHIZ7 4 A v-HLEELF 2T ——7 B5A ZZZ4 100 w7
& Fed s & L7z (entry 2inTable 38),

Table 38. Glycosidations of 400 and 7 using Nafion-H under various conditions.

BnO Bn Nafion-l!-l a Bn Bn
BNO . L HO MS 5A B0 _
Bn BnO
MeCN (0.1 M)

Y

woa S(O)Ph . 19C. 3h .
(2.0eq.)
Entry N"Z};’é’n‘ffH xg’/"s‘;\f T(°C) Yield (%)° /B Ratio®
1 100 100 0 78 62/38
e 100 100 25 97 97/3
3 100 100 40 89 9713

2Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder and
dried at 25 °C/1 mmHg for 2 h before using.

> Ms 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,0 in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
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WA, ABUSOIRRAMICHONWTH A DT L a—1 7~ 12 Va2 47-7- (Table 39),
ZORER, K7V a3 L ACBORIE, IRMZRSMET, EEEz GV T o7 Lra—uicxt L
THRMITHEIT L, YT Do~/ BT ¥ RREEPDENRERICE LD 2
xR LT,

Table 39. Glycosidations of 40a. and several alcohols.

BnO—  OBn Nafion-H (100 wt%)

b0 MS 5A (100 wt%) B:’%ﬁl
5%}3 + ROH > B
B MeCN (0.1 M) Bro

S(0)Ph ° OR
40 7~12 25°C,3h 17,33~ 37
(2.0eq.)
Entry Acceptor Yield (%)%a/p Ratio? Entry Acceptor Yield (%)? a/p Ratio®
HO.
' HO/\O 7 97 97/3 5 ngﬁ 11 9 98/2
BnOOMe
NN o]
2 1o ) 99 96/4 —
Qo7 12 96/4
Ho. 6 80
3 \O 9 94 97/3 HO N
4 HO—< 10 94 9713

2 Yields and a/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

2-2-5. B-~2 ) BT ) VAR F Y R E L U EIREBRRIE L 2L 2 =7 2 iENE
AEANZ AN TZB- AR IRAY 7 U = 2 B ROG

INETORFCBN TR~ /BT /LT 2=V ALKRF Y R (40B) 2HEL L, V=
Fhx—F W LDV 3 =T ZIEHEEANCHND 2 &IV B-7 U 2 ROMESEIC
"onNsZ Enghotc, 2T, 77404 -HOEGAELRKICELXF2T7——T BA D
BIMZOWTHE LTZ, TOME, Mgk ra=7LtElLF¥2T7——7 A ZFhZFN
300 Wt% T D VT2 IRE | mCR DD ENARBIRICHE Y T 5B-v > BT U RE6 b 2
L& R L7 (entries3inTable 40 and Table 41)
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Table 40. Glycosidations of 408 and 7 using SO4/ZrO, under various conditions.

Bn Bn 804203 Bn Bn
B%On;%&/swwh + HOAO — > B%‘R;%&\t O\/O
Et,O (0.1 M)
408 (2.07qu) 25°C,3h 17
Entry S"c‘)’:;/;r‘gz xg’ﬁ’s‘: Yield (%)° /B Ratio®
1 100 100 89 17/83
2 200 200 90 21/79
BE 300 300 99 19/81
4 500 500 99 19/81

a S0,/ZrO, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

> Ms 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

Table 41. Glycosidations of 408 and 7 using SO4/ZrO, under various conditions.

S0,4/2r03 BnO Bn

Bn Bn b
B%%%E/S(O)Ph +HO/\O MS 5A > B0 N \/O
Et,0 (0.1 M) o
408 (2.07eq.) 25°C,3h 17
Entry S"(‘)’;‘;/;rcgz xts%sc: Yield (%)° /B Ratio®

1 300 42 19/81

2 300 150 97 16/84

e 300 300 99 19/81

4 300 600 97 1783

a S0,/ZrO, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.

b MS 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,0 in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
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F7o. BKBOFIEIZOW TR EITo 2R, 7 442 -H ZHWESHA LR R
FLHFa2T—r—TOBBEICEY, WRBLOVARBIREICEERENA N 2o T2
(entries2 ~4inTable42), ZHif. Tl X a2 T7——7OMHEICHE D ST EIAREED Lewis i

SCISRAET LI 2 L 2R LT 5,
A B RIC BT b REOHEAAR R ST 5 3,

F7.

gk a=7 2N 7 oAbED 7Y

Table 42. Glycosidations of 408 and 7 using SO4/ZrO, under various conditions.

Bn Bn 804_/Z_rO§ BnO Bn
B%%&/S(O)Ph N HO/\O Additive >~ 510 .
Et,0 (0.1 M) o [ ]
40B (2.07eq.) 25°C,3h 17
Entry S\(’)VX/’/; rOCf)Z Additive Z‘C’jtg/t"i\% Yield (%)°  a/B Ratio®
1 300 none 42 19/81
2 300 MS 3A 300 9% 19/81
3 300 MS 4A 300 98 18/82
| 4 300 MS 5A 300 99 19/81
5 300 Drierite 300 72 18/82

# 50,/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.
5 Ms 5A were dried at 200 °C/1 mmHg for 2 h before using.

° Yields and o/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN;

flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

M. FE & LTRGBS N 4007 AW ARRHIC XA EBeT LIZfER, 7)oy
NV RF—E LTORISEDR 4080 HIK T35 2 1LV, KRB L O MAGERIREILIIK T

T5Z NS 0oT- (Table4l),

Table 43. Glycosidations of 40 and 7 using SO4/ZrO, under various conditions.

S0,4/Zr0O5

Bn Bn b Bn Bn
BnO . HO MS 5A - Bn
Bn + » "Bno
S(O)Ph Et,0 (0.1 M)
7 25°C,3h
40 (2.0eq.) 17
W1t% of Wt% of : 0/\C L
Entry Donor S0,/2r0, MS 5A Yield (%) a/p Ratio
1 o 300 300 69 26/74
2 a 500 500 73 23/77
3 B 300 300 99 19/81

500

500

99 19/81

a S0,/ZrO, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.
b MS 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,0 in MeCN;

flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
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EHIZ, K7V a v ABISIZEIBT D SIREIC L DB EZ T fER, 25 CTRIGAZ
ROITHEITT D 2 L 2B L= (entry 2in Table44)o Ko TARGMFT bbb, AVFEFT R
BE 40 % HE & UT-B- iR 7Y a v MBS W T, YmFrom—F . 25 Cl
THiBB(L Y Vv a =7 L E L X2 T ——7 BA ZZ L1 300 W% W= SRb & s & L
7=

Table 44. Glycosidations of 403 and 7 using SO4/ZrO, under various conditions.

Bn Bn S04/2"02 BnO Bn
. HO MS 5A P .
Bﬁcﬁ%&/s@wh + /\O > P800
Et,O (0.1 M) o

7 T°C,3h
408 (2.0eq.) 17
W1t% of W1t% of 0 . c e
Ent T(C Yield (%

"Y' soyzro, MS 5A o) ield (%) o/B Ratio

1 300 300 0 21 20/80

| 2 300 300 25 99 19/81

3 300 300 40 08 23177

a S0,/ZrO, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using.
b MS 5A were dried at 200 °C/1 mmHg for 2 h before using.

¢ Yields and o/ ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,0 in MeCN;
flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

RZIZA0BEFEX DTV a— L 7~12 L D7V a IV WALRIG MG LT R IR 72 50 R,
PG 2 SV T O T L a— ikt UL CHB-MEIRAICHEIT L, YT DB~ /BT
)V RRENERTELND Z xR L (Table4s),

Table 45. Glycosidations of 408 and several alcohols.

S0,/Zr0, (300 Wt%)

OB
B“; ‘:\ o MS 5A (300 wt%) Bn Qg”
BRQ soph + R-OH > BROG

Et,0 (0.1 M) or
408 7~12  25°C,3h 17,33~ 37
(2.0eq.)
Entry Acceptor Yield (%)%a/p Ratio? Entry Acceptor Yield (%)? a/p Ratio®
HO
! HO/\O 7 99 19/81 5 ngﬁ 11 8 26174
BnOOMe

NN o]

2 ho ) 99 21179 -
6 Q7 12 70 38/62
HO.

3 \O 9 95 20/80 HO Ny
4 HO—< 10 93 23177

2 Yields and a/p ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
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K7V 2y ALKIE D ROGHEIZ DN TIE, LFTO X I2EBLZ SN, £7. ALFFT
NBE 400% FHE & LTca- iR 7Y 2 2 HBOS T 72 b= U v 7 0 4 -H
@ Bronsted 25U L 0 IEHEAL S AL, XY =0 APRREZ R T, 2 MEBIEO LR & T
J AV VRV BNFEOICEE -7 ) ay RGO EBEZLND, O, ~
TR Y B MWk L FRROBIERY (AVT 4 VR 2T )V) BMEbiv, 77 44 -H
DEEHLTZEBINELF 2T —3—7 5A ZIFNT 252 LT/ U a3 R F—ofFEkE
{EDMEHE S T2 T2 DT, o EARRIRMER M B L7z B #EZ2 L7- (Scheme 10),

Anomeric effect

BnO OBn BnO OBn Steri * Isi BnO OBn
.0 R-OH Lot teric repulsion BnO .0
B%%O — > BnB%O = —_— BnO
MeCN
S(0)Ph \ OR
% % HO-R a-Mannopyranosides
cl)(:FZ(:Fzso3=---H+
| Nafion-H | Nafion-H

2 PhS—OH —» PhS(O)SPh + HO-R ——3 PhS(O)OR + PhSH

Bronsted acid site

Scheme 10 a-Stereoselective glycosidation of mannopyranosyl sulfoxide using Nafion-H

WIT, ANVIRF NEEA0B A JEE & L 72 B-YaREIR 7 ) 2 D UBOE TR, Y= Fro—
TNAHELF 2T —3—7 5A ORI LY SUSHKRANDKN b7 v 7 EN, kb ==
7O LewisBEA ¥ L viEElLEND L EZOND, ZOEE, Scheme9 D FEIIRLIZ 7 »
EHED 7Y 2 2 IALSIE D g & 1387220 | A% Y =7 A RKICK L TRk =
=T REIAFET DV =F L —T ARMlIZEN L | WE -V TFro—T7 L — gk
NaA=TEAERERT, RISHEIT LI OIB-Z ) a2 RBVEE L TELNT b D & HEL
L7 Wit na=7z2z M7 U at WbRISIZB W TIE, ~T aR g7 0 A4
-H &bl U TR RE S BIVN 2 E R -8 R X 50 7 Y a2 LG TN D HALTE Y
(entries2, 3and entry 4inTable1), 7 & =R U L ZARFT NiE0ar FEEHE L2/
U a v EISIZB N TS, ~7 R R T 7 4 4 v -H 20755 12 R T o ARSI
PESE T LTS (Table 37), EBIC, WLV a=T 2R\ 7 U 2 LA LRISIZE WD
T, ~7TaR VBT 7 4 A v-HEZAWGAICR SN DEIAKY (PhS(O)OR) 1X, filE:E
Eniphotz, £io, AKSEBEE LTHW Y2 F Lo —F uid 7 e bR R E LTE
3 57-%, Scheme9 & B2k L7z Bronsted fig s Cld e <. FERIZAR L7z Lewis iR i T
JEMHEIT LT BB ND,
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S0,/Zr0,
2 PhS—OH — PhS(O)SPh  + HO-R  =seeeeeeeeeescenes » PhS(O)OR + PhSH

HO-R
BnO 0Bn f
n
BnO -Q
BnO
BnO OBn
] Et\ /Et R-OH
o) 0 B O&I'C’:
Et” ] Et i E— o OR

i Et,0

H
Q, O 1 O o] O, o]
>\S/< { >\S/< ; > < B-Mannopyranosides
~_ O O i+0 O+ O Ow_+~”

/Zr\O/Zr\O/Zr\O/Zr\

Lewis acid site

Scheme 11 B-Stereoselective glycosidation of mannopyranosyl sulfoxide using SO,/ZrO,

2-2-6.2-FAX LN AT )NV ANKRFY RERE L UEREES 7 ¢ 42 -H
BLOWER LY v a =7 IEMHALANC W TSRS 7 Y 2 O B

WA, Fram Fig 2 1TR LTc kR 2 2 PUEBHEMEDEIC R O D 2-7 A F v 7 v a s NigiELE %)
ROICHEET L EEHPE L, TXTOKBENRR DVETHRESNT 22T 4F 71
ay FRO7 ) av ) RF—RaB L 2> 7 a~Fo Ay ) — (7) L7 ) ay
JACERIC DWW TR 21T > 72 (Tables46 and 47), 45 % DIEAFE % 20 Wt%H VN, 4 DR
H1.25 C.1 BRI CRISZAT 272 & TA WT IO EIREE Z W2 385612 S BOSIEE T L7z,
FTH, AAARFY N e LN 4285 EE L, TR =M U AF, 704 -H ZH
W, o EASEIRIIZ RS 238 T L (entries 1in Table 46 and Table 47) . A /LR 3 R 428
EHELL, VoFrao—F ot B a =T VR B-SLARERIR I RO AN
17952 L (entry10inTable47) nyh-o7-,

ZORE, ANEKF Y RFEAR2axHE L L2 ) a v UALKIS T, 200 & 3L & 70
ST 7V ay KR A% HWTGE & DORIBRIC L D Z < BT 5 2 &R S iz, 2,
2-FT A X o- NN AT )N T 2=V AR F YR (42a) HEE L LB, gL 2
DT HF DT b N7 o FRY T T F—ORBRICH LT, 5 FHNTT o FHEEN
HITLT <2, UV I—NVEERTDHZOTHDL, ZOEKR LT Y D — IO H
BERVGEDTD, AkD 7Y 3 2 ALRIE &SR Ferrier T 77 ) = 2 AV $ (RIS
ITUTERE R, 200 & SR REafI L 72 o727 ) > KR4 L= (Scheme12), Ziu b OfER
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I, ZVav i Rh—& LTUIALRST Y R 428% V., LI, Bt tEd iz,

Table 46. Glycosidations of 42a and 7 using several solid acids.

BnO Solid acid (20 wt%)?

BnO
Q
E”B%éﬂ,~
O
14

Solvent (0.1 M)

—_—_—
S(O)Ph " BnO
7 25°C, 1h o
420 — >0,
(2.0eq.) BnO
14

Entry  Solid acid Solvent 14 Yield (%)° a/p Ratio®  14' Yield (%)°
0.2 ™M)
1 Nafion-H MeCN 77 86/14 6
2 Nafion-H Et,0 35 42/58 3
3 Nafion-H PhMe 36 34/66 5
4 Nafion-H CH,ClI, 53 32/68 3
5 Montmorillonite K-10 MeCN 45 52/48 1
6 Montmorillonite K-10 Et,O 35 42/58 10
7 Montmorillonite K-10 PhMe 37 40/60 6
8 Montmorillonite K-10 CH,Cl, 41 25/75 8
9 SO4/Zr0, MeCN 73 55/45 11
10 S0,4/Zr0, Et,0 31 44/56 13
11 S0,4/Zr0, PhMe 14 47/53 1
12 S0,4/Zr0, CH,Cl, 44 31/69 3

& Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated
ion-exchanged powder and dried at 25 °C/1 mmHg for 2 h before using. Montmorillonite K-10 was
purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.
S0,4/ZrO, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg

for 12 h before using.
b14 and 14' Yields after purification by columun chromatography and were determined by H-NMR

(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,O in MeCN; flow rate, 0.5 mL/min, 40 OC; detection, UV 250 nm).



Table 47. Glycosidations of 42f and 7 using several solid acids.

BnO
BnO o Solid acid (20 wt%)2 O
BaQS &,S(O)Ph + /\O 14
Solvent (o 1 M)

BnO
42p 25°C,1h %o; O\/O
(2.0 eq.) BnO
14

Entry  Solid acid Solvent 14 Yield (%)° a/p Ratio®  14' Yield (%)°
(0.1 M)
1 Nafion-H MeCN 94 86/14 1
2 Nafion-H Et,0 44 55/45 <1
3 Nafion-H PhMe 44 65/35 <1
4 Nafion-H CH,Cl, 65 56/44 7
5 Montmorillonite K-10 MeCN 52 58/42 <1
6 Montmorillonite K-10 Et,0 36 50/50 <1
7 Montmorillonite K-10 PhMe 36 55/45 <1
8 Montmorillonite K-10 CH,Cl, 50 54/46 <1
9 SO4/ZrO, MeCN 82 58/42 1
10 SO04/ZrO, Et,0 42 20/80 1
11 S04/ZrO, PhMe 35 28/72 <1
12 S0,/Zr0, CH,Cl, 51 49/51 <1

@ Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated
ion-exchanged powder and dried at 25 °C/1 mmHg for 2 h before using. Montmorillonite K-10 was
purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.
S04/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg

for 12 h before using.
b14 and 14' Yields after purification by columun chromatography and were determined by IH-NMR

(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,0O in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
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Bn H Bn Bn
+ Anomeric effect o)
Bn — Bn E— Bn

’—(Z(O)Ph k\ OR
HO-R 2-Deoxy-

2-Deoxy- \ T i a-glucopyranosides
a-glucopyranosyl
sulfoxide
Bn Bn
Ferrier type reaction
B> > ___DWWOR

BnO BnO

Scheme 12 Reaction mechanism of 2-deoxyglucopyranosy! sulfoxide

2-2-7. B-2-TAX LI NaAt T ) LIV AKX RERLE L L ERER T~ « 4 -H
ZAEMEALANZ N T o- LRI 77 U =2 2 A BOS
FP, AVRFV R ABEEEE L, TR =YL b7 44 -H @iéﬂﬁ
Z TR LR 25 C .7 4 4> -H % 5~50 W% W 72356 BSOS I3 BRI Ef T
YT Da-7 U a3y RREIERETHELONZ, T TH, AKBUSTOo-ARERGR: 2 Hig Lf:,%
BT R=RUH F7 4 2-H % 10W%HW 552 s & L= (entry 2in Table
48),

Table 48. Glycosidations of 428 and 7 using Nafion-H under various conditions.

Bn
o WAL, O
Bn /\O Nafion-H?
S(O)Ph + 14
© MeCN (o 1M) Bn
R "Ly, O
42p 20eq) =

BnO

14'
Entry Wt% of 14 Yield (%) o/ Ratio®  14' Yield (%)°
Nafion-H
1 5 9 83/17 <1
| 2 10 97 86/14 <1
3 20 94 86/14 1
4 30 90 86/14 <1
5 50 95 86/14 <1

@ Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated

ion-exchanged powder and dried at 25 °C/1 mmHg for 2 h before using.
14 and 14' Yields after purification by columun chromatography and were determined by H-NMR

(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
¢ /B Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,O in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
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TN T, RBUSOILAMZRETT 270 A OT7 Vva—LED 7 U a v ALRIZ D0
TR EITo72E A, WThOTLa—L 7 ~ 11 DTV a3 BRGNS T
LS T D274 F-0-7VatT ) v RRENERTHEOND Z &N ghhoT-(Table49),
Fo. ARISIZBWT 23R ) a3 R A AR LN L 2R LT,

Table 49. Glycosidations of 428 and several alcohols using Nafion-H .

BnO
Q
BB‘,?S&,"

BnO o Nafion-H (10 wt%) OR
BROS SOPh + ROH ———— g 14,2427
MeCN (0.1 M) BnO
o]
428 (270611) 25°C,1h —0 OR
L eq. BnO
14, 24' ~ 27
Entry Acceptor Yield of a /B Ratio® Yield of a
glycoside (%) byproduct (%)
1 HO/\O , 97 86/14 <1
2 HO/\/\/\/\ 93 84/16 1
8

HO.
3 \O 9 85 82/18 <1
4 HO-< 10 88 82/18 <1

HO
5 Bgﬂﬁ 11 90 86/14 <1
BnO

OMe

2 Yields of glycosides and byproducts after purification by columun chromatography and were determined

by IH-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
b o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,O in MeCN; flow rate, 0.5 mL/min, 40 OC; detection, UV 250 nm).

2-2-8. B-2-TAXT TN T ) UINVANEF Y REE & U EIRERRER (L L =
=7 IETEALANC W T2 B-SLARIRINTY 7 Y 2 2 AL O

WIZ, 22T AR LP-INat’ T )y REKDIZHD 7 ) a2 WLRISIZOW TG L7z
(Table 50), #O#fEHE., EEIZ L 01 M DY =Frm—F 0 0 CTF. Wby ra=
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T E RIS ETT 512 & 2 AB-SLAREIRMEA [ B9 A R Sz, LnL2ns, 0 °C
THRIGEAT D & AVKRF R 4280358 b L. BOSRIMIHTH L CE 7oz, =T =
—7VDEZ 005M &L OCIZT 5 LRI LY Vv a=7 2RI+ 52 & & Lz, Hilg
feonva=7iZxtL, REDELF 27— —7 5A & VTR LSRR, SOSEE & LT
0 C& L, BWB-MMEIRMETHY T2 22T 4 F2-p-Zvat s ) v Rfgoi, 2,3
RPN U a2y ROEREMHIT D2 LT/ (entry 9~13in Table50).,

SO BV a =T BEXOELF 2T ——T7 BA ODEIZOWTHRF Z21To72 & 2 A,
ZIEI 200 WO W T2, RIS KON LI C BAF R R G B AL, ARG 2 Fil
A& L= (entry 12in Table 50) ,
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Table 50. Glycosidations of 428 and 7 using SO4/ZrO, under various conditions.

Bn

B 0&3
Bn S04/210;" o O\/O
5 O‘iﬁ, MssA® 5AP
BXo S(O)Ph +H

14
Et,0 (o 05 M) Bn
e %%O\/O
42 @.0eq) =

BnO 14
Entry  Wt%of  Wt% of T (°C) 14 Yield (%)° o/p Ratio® 14" Yield (%)°
SO04/Zr,  MS5A

1° 20 25 42 20/80 1
2° 20 0 3 9/91 <1
3° 100 0 19 15/85 <1
4° 100 100 0 94 26/74 3

5 100 100 25 84 25/75 8

6 200 200 25 81 37/63 10

7 100 100 Othen25 80 21/79 7

8 200 200 Othen 25 84 22/78 7

9 50 50 0 78 21/79 1
10 100 200 0 79 17/83 3
11 150 150 0 83 16/84 4
| 12 200 200 0 89 15/85 4
13 300 300 0 89 13/87 5

& 50,4/Zr0, was purchased from Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg
for 14 h before using.

b MS 5A were dried at 200 °C/1 mmHg for 2 h before using.

€14 and 14' Yields after purification by columun chromatography and were determined by IH-NMR

(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
d o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
€ Et,0 (0.1 M for donor) was used.

KBRIZ, FaOTVva— D7) al bbE Tl ZAT/Va—L7~10122
WU, BRAFICRISDEITT 2 Z E D3RR S 47z, L L, 72 —/b WIS DWW TR R
KT L, HET D5 23- R afms ) ay ROEREGHNT 5 2 LBAERS L, Zhbnl
Linb, 27 FFV-P-INAET )Y REROTZOD 7Y 2 L ALRISIZ DN TS HRICTER
%~ T- (Table51),
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Table 51. Glycosidations of 428 and several alcohols using SO4/ZrO, .

BnO
%WQﬁg
S04/Zr0, (200 wto%) N0

590 MS 5A (200 wt%) OR
BROS SOPh + ROH ——— g 14,2427
Et,0 (0.05 M) BnO
(o)
428 (2702.1) 0°C,1h _o OR
0 €d. BnO
14, 24' ~ 27"
Entry Acceptor Yield of a /B Ratio® Yield of a
glycoside (%) byproduct (%)
1 Ho/\O , 89 15/85 4
2 HOONNANN 84 15/85 3
8

HO
3 \O 9 80 15/85 6
4 HO—< 10 83 16/84 2

HO
5 B%%ﬁ 1 34 12/88 19
BnO

OMe

2 Yields of glycosides and byproducts after purification by columun chromatography and were determined

by IH-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
b o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,O in MeCN; flow rate, 0.5 mL/min, 40 OC; detection, UV 250 nm).

Pl Z L a2giET oL, xR DNV TREINTZANLAT Y REE T La—u
EDT U avIALIER T2 b= U F 7 ¢ A -H Z WD Z & T Bronsted g il X
DIEMEL v, BRZRSRME T, hRMICET L, SICED D ENREIRICHE S 3 % a- 7'
OV RIRBNELNAZ L ERE L, £/, Vo Fro—T i BBk va=T7 25
Z LT LewisEEAUZ K W IEMEAL S B-IEERICH S T 5B-7 ) 2V RS HN D Z & & AL
L7z,

VLl AFFRIZEBWTER LI, RO BWES REEREET 7 1 4 2 -H B L OHiRR{L 2 /L=
=T HIEMEALANC W2 AL AR XY REOa-B L OB-7' Y 2 REAED ST Aleg e #il-72 7
U a3 bR Z B LTz,
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2-3. BT EY v A b K-10 ZIEHEAICHWERERME 7 ) a 2 uW{bERS
231 ErEYVaFA bk K-10

N

Qe
=== N a0 ==
N7

Y

N

Montmorillonite K-10

H*y(Al5.y)Si4010(0H),-nH,0

Fig 14 Structural model of montnorillonite K-10

FUEYBFIA NI, ARATZA MIBL, (AlayMgy)SiaOm + NH,0 % ERAR L & - 2 85
THMTH D, T OREAMEEIL, AI-O NIFRIED 2 KD Si-O WikiiAE I E 7z 21 D )E
WHEEN S 720 | ¥ T-EF a=5.15A,b=8.92A, c=1859A, p=100°ThH V. HEERITE
T5, BEEVBTA NI, NA 81T 4 T4 K AlLSI,010(0H), & #7000 | kg & )\ mikkE
ICETEER (S0 I AlL Al O DI Mg 3 EH#) RdH5HDT, Z0EMEEDED
B 57O E MR NEG A A G, ZDOE VIS T DO KEE L TWD, EUE
UaFA ~OFRTGER SIS A 42 OREEE Fig 14 (2R $ %, S8bE 1 4> & LTI,
Na'. K72 E D7 vk U &gA 4, Ca'y Mg? 7T v U &R A A 2 DS AFAE LT
LTWD, T DHMEGA A T AEWVIZRH L, 2 ORI A A&, B,
R Lo TR 5 TL b, THEMEBHERE 7 & O CUEET 5 & ZZWMERS A 4 13
L. fROVITKBAFUBAD IEEA L EMER LA E LTRSS, Z O %
L=t Yot A ho—fEREEY S A FK-10ThD,

TrEYBFA b K10 ZAWEGE L TIKBRED THP LT £ 4 — LD 7 L F Uk
RERHRESNTND, 7V avHbsEE LTE, TEFAENS DT Y a v ULRIED
WMESNTWDENR, AH ) — LR D)LT v a—)L % 20 equiv. W 72356 T PR DIY
RICHEH->TWD, —J7, UHFERICBWTIE, 7V h—, 1-& FuxifE 7F Lk
BILOT o bl L2 R L LEREFME O-BLWY C-7 U a v UHbRIER#HE ShTn
%) 37)O

ARFFETIE, BB CTHDLETY vt A b K-10 ORI - FFIHZ & D 78 7= 7B B fn
B Y 3 o AGEUG D BRFE 2 it L7z,
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2-3-2. 7V a )Vl U AT NV EIVE L LTSRS IR 7Y 2 o VA

— I 7V a AL RIS DRI, FEOREEIC AR S D BT, FELSAROREER S L O
PRAERL, SZTRRKEEIEOREME, EH AL L ONEEEEOHERICL Y, ThzEzTRTHZ &
X EE T 5, Hashimoto 5 13 EIZIR 7= BE R o C & BRIt 5K o Bl BERE 23 S RCRY B2 IR &
RTEDEFEZOL LT, ERICEWREEZ AT 25 ERogIREZBRL, UV VRFEZHO
LR ETHMBERICEIR LTz, U VI3 A OILHE TEMB S 72 2 L 06 2k O
IENFRETH U tailor-made 7L GRS N B ITITZ D b D LS., ZORE, %
FE Y VB A A A TR AR 2 HiE & U IR OSSR 72 77 ) 2 vl
FOSZBRFELTWD B, £72, KMEE Y VEEEORIGHEDBE N Z I LI L SE& IR 72 7Y
3 ABROE b EERR LT 5 %), EE T, BB KRS R & 25 U BB AR L
FEDOFREEIC /oA SRV ENAREIRAY 7 ) a2 b EdG, T7b b, k5RO 2 (KR
DHIERE DN LTI SR B-LARRIRGY 77U 2 2 ARG 2 [BIIL - FRF] AT RE 72
EREE 2 TE AL AN W e R BRI R FIRIC L VBT A Z L 2 B E LIRET LT,

IRETIE, 7Y IVl Y VBT AT L OIEE(LH] & LTI, ZnCl,, BF3+ OEt, X° TMSOTf
L2 Lewis FE$ X O TFOH “%5 0> Bronsted 23 i S AL TR 0 | [EREE £ I 72 BRI & 2 R4
IEME L SN D Z e S nTe, FIRICEEREE O Bronsted [ R CIEMEAL S 256 O BUG
A 27~ (Scheme 14)

0 0
(Rlo)ny O} >  HO-P(OEt), —g—> H-g(OEt)Z
( OP(OEt), /\

H-M

M-H = Solid acid side reaction

R
NO n OH
1 = <
(R*O)q N"'OR -

R-OH

+
M-H [(RlO)n/\‘\f/& ]

Scheme 14 Glycosidation of glycosyl phosphite

Fo, ZVa Al VR AT DT ) a2 ARG IO T IR G R o BB O S7
MILFELEETHD, Z7Vabt’ T )Nl VBEVZF LT ATV (47) ETVa—LED
7V a v ALRIRTIL, o fOEFERNENT Y a2V RF—2HWERRZ, YT 5p-7 1
AT ) RAEMERERMICEONS 220, L LTS2 THRIGHEITL TS &5
ZBHh TG O,
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2-3-3. Z)avr T ) vHi) VR AT VRV & LT mB- LRI
7V a T AL

F9. Frim Fig LITIRE SN2 & b AR E TH HB-7 /1 = 2 FREEREEIZ OV T,
TRCOKBIERR OV THRESINT I vae T ) Vi) VY = F )L A7 )L (47)
B L LA D7 va—nen s ) a U bos it Lz (Fig15),

Bn Bn
Bn Q Montmorillonite K-lg Bn Q
Bn + R-OH > BN OR

BnO P(OEt), BnO
B-glucopyranosides

By Q 7 8 9 10
n
BnO ' P(OE), H Me
o . Ph/voo o
47 Blgn H Q Bn
BnOme Q_o HOOMe
11 49
48
Fig 15

TNavZ ) NEY VBT ATIVAT Ly aank LA ) —)v (7) LY avr
EEOZ DN T, &2 OEREEZ 100 wi%fv, LA F L od, 25 C, 15 K TG %
TolclZA, EKERE LT 7 44 -H, Wb ra=7, ~TaR)BREITEE
UrF Ak K-10 Z W58 b OSIIZNRAICHET L7z (Table53), ZDHIZHB W TR D
ER TSR HEIT LIZEE Y B A b K-10 122\ T, A OB VR L7/ E.
T =M APTHIGEEIT) ZEICE D EOB-SAERMETHYTH 7L ae’T ) v KRR
BondZ Enmgnole (entry 7inTable53), £ Z T b2, ISR L OWFR 25 8 T
RIS RRES LT
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Table 53. Glycosidations of 47 and 7 using several solid acids.

Bn

Ho Solid acid (100 w92 BN
Bn + /\O » BnO
Bn Solvent (0.1 M) Bn

BnO  OP(OE); . o BnO
47 20 eq) 25°C,15h 16
(o = 73/27) v eq.
Entry Solid acid Solvent Yield (%)b a /B Ratio®
0.1 M)
1 Nafion-H CH,Cl, 83 28/72
2 SO4/ZrO, CH,CI, 73 55/45
3 H3PW;,0,49 CH,Cl, 87 67/33
| 4 Montmorillonite K-10 CH,Cl, 90 27173
5 Montmorillonite K-10 PhMe 80 26/74
6 Montmorillonite K-10 Et,0 62 56/44
| 7 Montmorillonite K-10 MeCN 75 18/82

2 Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated ion-exchanged powder
and dried at 25 °C/1 mmHg for 2 h before using. HsPW 1,04 Was purchased from Aldrich Chemical Company,
inc. and dried at 25 °C/1 mmHg for 2 h before using. S04/ZrO, was purchased from Wako Pure Chemical
Industries, Ltd. and dried at 200 °C/1 mmHg for 12 h before using. Montmorillonite K-10 was purchased from
Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ w/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

BOSEMEE LT 0 C, 30 BTG EIToTo L 2 A, WilitE LT A T L 20T
RAZ @R TROSEIT L (entry 1in Table54), 7 & b= kU L& HWTZRRZ @V B-Sr {408
RYETHOSNEITT D Z & 2R L= (entry 4inTable54), =52, £ EF Y )1 b K-10
DOEIZOWVTHFT LEERER, 20T 100 Wt%dDE Y B A b K-10 2 FAW 2B, BUGA
NRENHEITT D En o7z (entriess4dand 9inTable55), ZMHDFEREZZ T, BIE
THOBDET L7 AT L & BUOB- LRI CRIGHHEIT L2 7' F= N U LDIR
B E W2 7 ) 23 UGBS IZ DWW CREMNIC IR 21T > 7o,



Table 54. Glycosidations of 47 and 7 in several solvents.

Montmorillonite
Bn

B
HO K-10 (100 wt2)? n
BnO + » BnO
Bn Solvent (0.1 M) Bn

BnO OP(OE), BnO

a7 7 0°C, 30 min 16

(0B = 73127) (2.0eq)

Entry Solvent (0.1 M) Yield (%)° a/B Ratio®

I 1 CH,Cl, 93 23177
2 PhMe 83 26/74
3 Et,O 70 39/61
4 THF 38 43/57

[ s MeCN 86 11/89
6 EtCN 79 12/88
7 iPCN 83 13/87
g¢ tBUCN 83 19/81

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b jsolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

4 This reaction was carried out at 25 °C.

Table 55. Glycosidations of 47 and 7 using Montmorillonite K-10.

Bn HO Montmorillonite K-102 Bn
B%O + o Bréo
n n
BnO ~OP(OEt), Sc;lvent (0.-1 M) BnO
47 e O7e ) 0°C, 30 min 16
(o/p = 73/27) D eq.
CH2C|2 MeCN
Entry Wit%of K-10 Yield (%)° a/B Ratio® | Entry ~Wt% of K-10 VYield (%)° /B Ratio®
1 5 83 24/76 6 5 26 16/84
2 20 83 23/77 7 20 62 10/90
3 50 89 23/77 8 50 83 11/89
| 4 100 93 2377 | 9 100 86 11/89
5 200 92 24/76 10 200 84 14/86

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,O in MeCN; flow rate, 1.0 mL/min, 40 °C: detection, UV 250 nm).
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bk AF LT b= MYV 51 OIREGEBEA . SFOSEEIZOWTRE LTS, O
BEAZKTIELZEICEVIRITIETTFRD OO, B-3AKRIRVEN M LT DM R 5
7= (Table56),

Table 56. Glycosidations of 47 and 7 under various conditions.

Montmorillonite

Bn o K-10 (100 wt%%)? Bn
Br|13 + > Bréo
a0 OP(OEY), CH,Cl,/MeCN = 5/1 "

7

0.1 M), 30 mi BnO
47 (20¢q) (0.1 M), 30 min 16
(/B = 73/27) v e
Entry T(°C) Yield (%)° /B Ratio®
1 0 85 10/90
2 -10 84 10/90
| 3 20 83 8/92
4 -30 81 8/92

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

fEW T, -20 CF. IREWHEOLE L OEEREICOWTHE 2T 24, WThoD
RAWEICBWTHIERELZHRT 228, BLOT® =N LvORMELZHENT 5 Z
& OB LR ED 7 B DM RS L, T ATF L LT = UL 1011 DR
BRI A V-, b BIFefs a2 5 27 (entry 5inTable57), ARE A 0.05M Thudg L
ToAER AT Lo ORTIE T Y 220 RF—0alBBMEIEWE LA % 5-%2 5 DI
L, DEOTE M= NI VERNT S Z & TR IZSEN R b7 (entry 3inTable

58), ZALOLDREREI Y ISHEALBET 5L, OS2 THICHEITT 588K, ONLEE L 72k
U D MANZEML L, SN2 THRICDHEIT T AR, @7 & F= h U Aol L, SN2 T
FOSHEATT DR P00 3N G END L EZHND (Scheme15),

BT, REISORATEIZDWT-20 CF, AERE 0.05M & Lk AF Lo &7 & b
= MUV 1011 DIREGESH, EE Y r S A b K-10 2 100 Wt%H W 7o G2 R gefh & L
a7 nva—nEor7 ) at bt EIT-> 7,
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Table 57. Glycosidations of 47 and 7 under various conditions.

Montmorillonite

Bn Bn

e . HO/\O K-10 100 Wi%9)° e
BnO COP(OEt), Solvent (M) Bno ¢ | I
47 7 -20 °C, 30 min 16
(/B = 73127) (2.0eq)
Entry Solvent (M) Yield (%)° /B Ratio®

1 CH,Cl,/MeCN = 15/1 (0.1) 88 14/86
2 CH,Cl,/MeCN = 15/1 (0.05) 87 10/90
3 CH,Cl,/MeCN = 15/1 (0.03) 85 6/94
4 CH,Cl,/MeCN = 10/1 (0.1) 90 13/87

| 5 CH,Cl,/MeCN = 10/1 (0.05) 94 6/94
6 CH,CIl,/MeCN = 10/1 (0.03) 86 6/94
7 CH,Cl,/MeCN = 5/1 (0.1) 83 8/92
8 CH,Cl,/MeCN = 5/1 (0.05) 82 6/94
9 CH,Cl,/MeCN = 5/1 (0.03) 80 4/96

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ w/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

Table 58. Glycosidations of 47 and 7 under various conditions.

Montmorillonite

Bn HO' K-10 (100 wt%6)® Bn
B%O + > Bréo
n n
BnO “OP(OEt), Solvent (0.05 M) BRO
a7 7 -20 °C, 30 min 16
_ (2.0eq.)
(/B = 73/27)
Entry Solvent (0.05 M) Yield (%)° /B Ratio®
1 CH,Cl, 89 21/79
2 CH,Cl,/MeCN = 15/1 87 10/90
| 3 CH,Cl,/ MeCN = 10/1 94 6/94
4 CH,Cl,/MeCN = 5/1 82 6/94

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).
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Bn B R-OH T

BnO
B%ﬂ&& k-10 B%%%% “~~
—
BnO OP(OEY), Br@P(OEt)Z \
slow
K-10 - -
B R-OH ]
BnO
BnO:
BnO . BpoO O, / Bn Q
BnO Q BnO BnO: OR
BnO > BnOO BnO
BnO Iy
H—P—(OEt), B - Glucopyranosides
B R-OH
BnO
\ BnOﬁ / /
BnO
BnO,{|+§ ',N§ P
Me Me

Scheme 15 Proposed reaction mechanism

FOMR, FarOTVa—LT7~1, 48BL049 L DT a s WAL ZIRT 72 58T
HRBNTHEIT L, MY TEB-7 02T ) ¥ RNEIERDOENL RIS LN Z & %
RH L7 (Table59),

Table 59. Glycosidations of 47 and several alcohols.

Montmorillonite K-10

Bn o Bn
BRQ + R-OH (100 wi%) - Bﬁoﬁ
CH,Cl,/MeCN = 10/1 n

BnO "OP(OEt), o BnO "OR
47 7~11,48,49 (0.05M),-20°C 16, 29 ~ 32,
(a/p =7327) (2.0eq) 50, 51
Entry Acceptor Time Yield a/p Ratio® Entry Acceptor Time Yield o/ Ratio®
OEENCO) M) @
HO
HO d  BpoO
1 7 05 94 6/94 5 B3 11 2 77 7/93
BnoOMe
2 HO NN 05 88 6/94 OMe

o 8 6° H(“:"im# 8 2 74 16/84
Qo
3 \O 9 05 88 7193 Ao

Ph—X-0
4 HO—< 10 0.5 86 8/92 7 = 29 2 73 13/87
HO

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ w/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

d a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
12.5% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm).

€ This reaction was carried out by use of 3.0 equiv. of 48 to 47.

58



2-34.2-TAX I NaeT ) N VIR ATV EIVE L LT E - ARSI
7 a v AR

I, Fram Fig 2 12 L7cflix OABIEMYEICR 6D 227 4 F V-B-7 /L 2 2 MG
%@kb@&J:/wMﬁm_owTﬁﬂbtoZ?ﬁ%VﬁﬁwnyF%Ei 2 LK
ENFIE L We OB ERERAE PSR TE T, TOMELRETH L, 2T, HEL LT
TRCOKBIENRR L UNVIETREINT 22T 4 7 vaes /i) VgEY =T LT
2TV (52) PaM, fix DT Va—nED 7 ) a s RISV TR L= (Fig16),

Bn Bn
Bn Q Montmorillonite K-l(l Bn
Bn + R-OH > Bn OR

P(OBY), 2-Deoxy-B-
glucopyranosides

. O\/ NN NoH <:>—OH >—OH
B&ﬁ&&k
P(OEL),
52 BQO% H \;q? &'

Fig 16

TP, Llcdh Rz v a—2AMO 7Y a v B EISIZ BT D &S (entry 5in Table 57)
CIFIERICEHICENT 227 4F 7 vae g )il VY = F L X7V (B2) &7
Na— Al DTV ALK EIT T8 2 A, ICERITHFREE TH Y . SEASERPE IR
MR Sz (entry 1inTable60), 2-7 A4 X7 vav s /v R&E7 ) av L Rpb—¢&
LA, Zabe s s v REW LT 2 (KBEDFE LW D, X0 EISERE < 72
L2EME, SHITERWRETSHET T2 2L 2L, -78 CFTDO 7Y 2 kX
JEZRET LTc & A IRE LONHRRIRMES UE S LD 2 & 03537 72 (entry 2in Table 60) .
Flo. ONEEE LTV F =T Va2 HVERRIC S 21T o 7o & T A, IR KON
BHUERT BT 5 2 ER R E 7 (entry 3~6inTable60), AL TiE, A2 E TH. L
72 23-ARfafn ) a v RiEfGond., ZUh—ARRIERDE L THELRZ, TOEBEL
T-18 CTFTIEZ U I —MFTEEY ) A FKI0ICK D EHILSNRNZ ENRBE LD,
TR TV I — VDR S RN T EfERR LTz, IT, -78 CIT TR A O¥ A -V TR
KtnaiTole e ZA, VT —T N EHWERE, Kb EWOB- AR CTHY T3 2-7
FXR NI ) RRELNLZ R AN L (entry 3inTable6l), £7-, EEVU m
F A~ K-10 D EIZDVTIE 100 WM W 72 RHE SR e b S RIS T35 Z & Z B L
KTV 3 AGKE DEGE KT F DT,
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Table 60. Glycosidations of 52 and 11 under several conditions.

Bn
Montmorillonite B
Bn H a rI]E»n
K-10 (100 wt%)

B -
Ban + ?3” -
OP(OEt), BnOL e Solvent (M) B%n
[o]
52 11 T°C,1h BnOome
(a/B = 80/20) (2.0eq.) 27
Entry Solvent (M) T (°C) Yield (%)° a/p Ratio®
1 CH,Cl,/MeCN = 10/1 (0.05) -20 58 43/57
2 CH,Cl,/MeCN = 10/1 (0.05) -78 78 26/74
3 Et,O (0.1) -20 78 44/56
4 Et,O (0.1) -40 81 37/63
5 Et,0 (0.1) -60 84 2773
| 6 Et,0 (0.1) -78 87 19/81
@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.
b isolated yields after purification by columun chromatography.
¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
Table 61. Glycosidations of 52 and 11 in several solvents.
Bn
Montmorillonite B
Bn H a 5
Bn K-10 (100 wt%) n
Ban + Bn >
OP(OEt), BnOL e Solvent (0.1 M) B%n
_ o}
52 11 78°C,1h BnOhpme
(a/B = 80/20) (2.0eq) 27
Entry Solvent (0.1 M) Yield (%)° o / B Ratio®
1 CH,Cl, 87 23/77
2 PhMe 69 25/75
| 3 Et,0O 87 19/81
4 THF 84 47/53
5 EtCN 81 32/68

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).

60



KBIZ, BT Y A b K-10 % 100wt%fVy, Y=F Lz —F v -78 C FIZ Chix
DOTNa—LT7~11, BIBELVE3 D7) a v /HMEEICERGEF LTIE/RER, WTho7 ra—
NEDT ) A ARKIE b RINTHEIT L, N T2 2274 Fv-B-7a’ T ) v RN RAT
IPNRERE TR OND Z 2 A LZ, (Table62)

Table 62. Glycosidations of 52 and several alcohols.

Montmorillonite K-10

Bn oa Bn
og0 . Ron (100 wt%) _ BEO%&L,
Et,0 (0.1 M) n

OP(OEt), o OR
52 7~11,49,53 -78°C,1h 14, 24 ~ 27,
(a/p =80/20)  (2.0eq.) 54, 55
Entry Acceptor Yield (%)ID a/f Ratio® Entry Acceptor Yield (%)b o/B Ratio®

1 HO/\O ; o7 17/83 5
2 Ho NN 9 14/86

BnOome
OMe
8 6 Hg@# 48 88 2179
3<°
Me

87 19/81

H
3 O\O 9 97 2278

4 HO—< 10 96 23/77 7 70 29/71

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).

2-35.26-FTAF TN ar T )iVl VBT AT VA B L LT
EB-SLAARERIY 7Y 2 v AR

GlEfeE ., Fam Fg2 IR Lo fix OAEBEMHEMEIZ A O 5 EEOMEIE CH 5 26-07
FXB-TNay RB-AV AT R)EEREDT-OD T ) 3 ALK DWW TRRET LTz,
ZIH OEBEEME N T 58T 3 uﬁ@a%*@ ANIKERIE T ) oy REEGEEA L T
BY, D O EZ RIS A T 272 DI I REROBIRPEE L oo T b, F£i2,
R OF L L TIET *‘//1/;%:1% ERL D= Bwﬁ%%g’%%)’ﬂ HIVTHRY ., 3 AKEEENT VL%
PRAE CIRFE S oA 12IE Scheme 16 @LEX IR LTEBIREEZ R Ca-27 Y 23R8,
NKBRIEIN T 3 L g ﬁ?“ﬂ% SN 7=3E1TI Scheme 16 O FERIT/R L 72 B IR RE 75_’1“’(
B-7 U ay RASLRBRIRINICRE O D Z &#ﬁiéMTV 5P, L LAann, BA YRy
F‘%iﬁ%é\ﬁﬁfz DOFESH 2 S RN HEEE T 2 72 D11 3 MKBEEEN T 2V R IRER TR S
TG AT S B- S LARIE IR A )iﬁﬁﬁi@ﬁ‘ﬁ‘é%gﬁ)%éo DD, YV av ) R h—iZE
b‘fﬂﬁé%ﬁ%ﬁiﬁﬂﬁ’ﬂgl%@?é\ U U & Z N E N ORER & OB OV TR RR
MTAZEE LT,
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R2 Q R! = OBz OBz, OBn, OBn
Q
R R2 = OBz, OBn, OBz, OBn

OP(OEt),
- o -
; Me Me /<O
Phe mi :> & |:> a - glycosides
hif OP(OEt), AN
o OR?
Cove T
j)\ Me R! 3_‘0 /
Ph Fgml — O d,- ) B -glycosides
OP(OEt), =

Scheme 16 Glycosidations of 2,6-dideoxyglucopyranosyl phosphites

Tbb, 3MBLV 4 i AKBEORHELE L TRV - XUV A VHEEZRIRL, £
DAHAEDHIZEY Fg171R L7450 7 a )L Rb—%Z2#fl L, FaxD7 /a—nLtk
D7 3L AR RE LTz,

Me
Montmorillonite K-10 R2
R-OH - RQM/OR

2,6-Di-deoxy-B-
glucopyranosides

< S oV O
NN
Bz B OH OH >—OH
A Ay oH
P(OEY),
56 57

Me o Me HO Me Me
Bn Bn Q Q
BN] B Beg&ﬁ HYe Hsagﬁﬁ
P(OEY), P(OEY), oo
58 59 (0]

+
P(OEt),

P(OEt),

Fig 17

KxD 26T HX I NaAT )N VBV ZTF LT ATV (56 ~ 59) &7 L=
— W EDr Y avfbbUiE, EEY mF Ak K-10 & 100 Wt vy, Fl & DESEL
-78 CF. 1 Bl TIT o7z, ZORER, 4 fix XU ANETRE LT Y 220 R —56
BLOS7 1L, HbATF L ZHWERC (entry 1in Table 63 and entry 1in Table 64) . 4 /i1 %
NRUUNVETHRE LTV a2 RF—58 BEO 89 I&, V=FLz—T &R

(entry 3in Table 65 and entry 3in Table 66) . =V \B-3CARIEIRIE CHY T 24 VRV KE5 25
Do le, Flol 3MLAENV VN AL ENRY Y ANVETHRE LY 3 R —
56 V= F Lz —FT A E AN AICLEWVB- R RETHY T 2 AV R FE 527

(entry 3inTable63), ZN 5 DOfER%E Table67 IZF L7,
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Table 63. Glycosidations of 56 and 11 in several solvents.

Y

’ Montmorillonite B2
Me 5 K-10 (100 wt%)? Bm
A, + oS
BnO5pe
56 11

OP(OEt), Solvent (0.1 M) B%n
700
78 °C,1h BnOOMe
(a/p = 72/28) (2.0eq.) 60
Entry Solvent (0.1 M) Yield (%)° /B Ratio®
| 1 CH,Cl, 94 8/92
2 PhMe 66 11/89
| 3 Et,O 92 10/90
4 THF 71 13/87
5 EtCN 69 27173
@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.
b isolated yields after purification by columun chromatography.
¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
Table 64. Glycosidations of 57 and 11 in several solvents.
" Montmorillonite BZO&H
Me B K-10 (100 wt%)? Bz
BZBZ + Bn L
OP(OEt), BnOOMe Solvent (0.1 M) B%n
o
57 11 -78°C,1h BnOOMe
(a/p =79/21) (2.0eq.) 61
Entry Solvent (0.1 M) Yield (%)b a/B Ratio®
| 1 CH,Cl, 94 16/84
2 PhMe 56 18/82
3 Et,O 68 16/84
4 THF 80 26/74
5 EtCN 89 32/68

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
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Table 65. Glycosidations of 58 and 11 in several solvents.

Montmorillonite Bn
Me ; K-10 (100 wt%)? Bm
Y, + B%ﬁ%ﬁ‘
BnOOM
58 11

OP(OEt), Solvent (0.1 M) Br|1Bn
o
-78°C,1h BnOOMe
(o/B = 84/16) (2.0eq.) 62
Entry Solvent (0.1 M) Yield (%)° a/p Ratio®
1 CH,Cl, 88 26/74
2 PhMe 52 26/74
| 3 Et,O 76 20/80
4 THF 68 25/75
5 EtCN 54 45/55
@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.
b isolated yields after purification by columun chromatography.
¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
Table 66. Glycosidations of 59 and 11 in several solvents.
Montmorillonite B 03&1
H n
Me - K-10 (100 wt%)? Bz
B%M + “Bn >
OP(OEt), BnOS e Solvent (0.1 M) Br|1Bn
o
59 11 -78°C,1h BnOYue
(o/p = 89/11) (2.0eq.) 63
Entry Solvent (0.1 M) Yield (%)° a/p Ratio®
1 CH,Cl, 83 43/57
2 PhMe 72 27173
| 3 Et,0O 72 22/78
4 THF 71 35/65
5 EtCN 69 48/52

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,

10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).



ZORERED . 3 EZ—T VR, A ET VVRRESLE LY 2L R —56 (3]
FREY . L0 B-SARIRINC SIS EITT D 2 E 3D D H iz (entry 1inTable67), 72, 3
NET VNVHR, e —T VREHELLE L7 ) a3y )V FF—89 Zv=FLro—7 L% H
WA IR B O B- SRR TS T A 4 U AR Y R bnizZ &b (entry 4in Table
67), 2-7 A F T NaT ) VA BT AT LD 7Y a i WS (entry 3in Table 61)
& FIRRIC RIS 23 SCRE A BEIR] & 72 0 BT ARIEMEZ FEBL L TV D & B2 b b,

Table 67. Glycosidations of 2,6-dideoxyglucopyranosyl phosphites and 11.

) . M
Montmorillonite N

RZ
H
, Me K-10 (100 wt%)? R2$ &1
R + Bn -
R en | o B
BnOL e Solvent (0.1 M) n 0
11 BnO!

OP(OEt),

B
56 ~ 59 -78°C,1h OMe
(2.0 eq.) 60 ~ 63
L, CH,Cl, Et,0

Entry  R% R (a/p) Yield (%) a/p Ratio® Yield (%)® a/p Ratio®
| 1 Bn Bz (72/28) 94 8/92 92 10/90

2 Bz Bz (79/21) 94 16/84 68 16/84

3 Bn  Bn (86/14) 88 26/74 76 20/80

4 Bz Bn (89/11) 83 43/57 | 7 22/78

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).

Me +
=g
O\FO'
CHzclz Ph \
(e} A
H_ve 0
Ph Me
N AL
OP(OEt), BN OR

+
B - Olivosides
ROH
Q fast

Et,0

Scheme 17 Proposed reaction mechanism
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BN VN AL EN A NETHRELTZ Y v L R —586 2 H L L)
2 2 AL DOSTARERIVEIC BT 5 IS HtE 2 B 4395 & b A TF Lo 2 Vi gAaI12ix
Scheme 17 @ B R LT2 A A Z R CROSDEIT L, YT 53-F VAR REe 52T &
Ezbn5 (entry linTable67), ZOHMEE LT, 3a_ Y AN 42X NVIET
RELT-7 U 3L RF—89 & W BRI R IRMEDNME T35 Z &6 iR b
AFLURTIE, TUNREEEDO DNV R = VBREN G = W F 4 LR M EAEM
THZEDRREINT (entry 4inTable67), ZHUZK L, Y= F Lz —T & WA
IZ Scheme 17 OH K B IR L2 & 912 SN2 DR & TS EIT L, YT 5B-4 U R
VREHzEEEZLND (entry linTable67), Y=F Lo —7 L EHWHEAIZIT=—T
MEROWBIZ L0 WA R= VR L AF Y =5 A F AL L OMEEARED b, 1Y
VIR AT VO RBEENEIE & 72 0 BN RIERMENIEEL LT L HEZR XD (entry 4inTable 67),

WIZ, BRbLBIORER Y527 3(ia_Xv I, Afia_Ry A NVETIREL- VY 2
VIV RF =56 ZHE L L2 ) a v BLEIRICOW TR Lz, kA F LBty s
=7 FrEIBFA FKI0DEEAEZ CHCEToT2E 2A AT LT
IZ50wWt%D, £7o, YZF T —T LTI 100 Wt%DE E Y B ) Ak K-10 Z W RF,
FOGD e b RANCHEITT 5 2 & 28 L7= (entries5and 9in Table68) ,

Table 68. Glycosidations of 56 and 11 under various conditions.

Montmorillonite Bz N
Me " K-10% Bn
B -
A, + -
OP(OEt), BnOSme Solvent (0.1 M) B?Bn
56 1 -78°C,1h BnO

(a/B = 72/28) (2.0eq.) 60 ome
CH,Cl, Et,0
Entry  Wt% of K-10  Yield (%)b a/p Ratio®| Entry  Wt% of K-10  Yield (%)b a/p Ratio®
1 5 30 10/90 7 30 17 12/88
2 10 74 7/93 8 50 78 9/91
3 20 87 7/93 | 9 100 92 10/90
4 30 89 7/93 10 150 92 10/90
| 5 50 94 8/92 11 200 88 10/90
6 100 94 8/92

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm).
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BT, K7V a s LR ORI DWW T B 2 DO 5t L, a7
Na—n7~1, 9BLVOE3 D7) a v MbIGERGFT LTz, EOMRR, WTHOKIED
BHRANTHEAT L, YT 5B-4 Y R RREICERPOEMKEBIRICE LN 2 2 /L
7= (Tables69 and 70).,

Table 69. Glycosidations of 56 and several alcohols in CH,Cl,.

Montmorillonite K-10

Me a Me
PR, + ROH o) N
OP(OEY), CHZOC|2 (0.1 M) oR
56 7~11,49,53 ~-78°C,1h 60, 64 ~ 69
(a/B=72/28) (2.0eq.)
Entry Acceptor Yield (%)b a/f Ratio® Entry Acceptor Yield (%)b o/B Ratio®
HO.
HO
1 /\O 7 9 19/81 5 E‘Bﬁ&% 11 % 8/92
BnO

2 NN 89 24176

OMe
y 8 6 Hg@# 48 o4 15/85
3 O\O 9 99 14/86 §<0

Me
4 HO—< 10 95 21/79 7 %ﬂm 53 88 26/74
OMe

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm) or isolation of pure isomers.

Table 70. Glycosidations of 56 and several alcohols in Et,0.

Montmorillonite K-10

M
B0\ R.OH (100 wt9%)2 _ B0 Me
Bn TR Et,0 (0.1 M BN &L.
OP(OEt), 2 . ©.1Mm OR
56 7~11,48,53 -78°C,1h 60, 64 ~ 69
(au/B =72/28) (2.0eq.)
Entry Acceptor Yield (%)b a/f Ratio® Entry Acceptor Yield (%)b o/B Ratio®
HO
HO
1 /\O 7 86 14/86 5 Bgﬁ&g\ 1n 9 10/90
BnOOMe
2 PN 90 10/90 OMe
8 6 Hgimf 48 89 17/83

H
3 O\O 9 o5 19/81 §<o
Me
4 HO—< 10 86 17/83 7 %ﬂm 53 82 15/85
OMe

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250 nm) or isolation of pure isomers.
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2-3-6. ¥ /BT ) UVH Y VR AT VRV & LT mB- AR
7V 2 WAL s

I BT, Frim Fg3ITREBESNDEB-~v > /) ¥ REEE DT D 7 ) a2 LI DN T
et Uiz, B-~ >/ ¥ A& IX. 2 VKB IE S T 3 v VECE D T2 77U 2 2 AL D BRI,
T AV VBRI TEBEOSARK LY EOBERNETH DL, Lo, EEER
& LT Agslicate # iV, a-v > /BT /7 ma I REEEE L7 ) a v UHBRISIZE
WCB- AR B HEITT 5 Z E B MESN TS D, Zo, FEkikEE s~/
B T m I ROHAEEH LERER, STERMIZZE N2 H 06 7 0 a3 — LR BT
HZ TR~ /T )Y REBEENICE 25 EfEimftHiT T b, AT Crk, BB X
B EER 2 72 di ) VB AT VAT & L, BEE LTI _XRTOKBER Y
NWETHRES N~ /BT 7l VBT AT T0 BLXN 7L 2V, HxDT L a—
NEDT Y aL ALKISIZOW TR L7- (Fig18),

Bn Bn Bn OBn
Bn - Montmorillonite K-10 Bn -
Bn + R-OH > Bn OR
X

B-mannopyranosides

/\/\/\/\OH <:>—OH >—0H
Bn Bn O\/OH

Bn X 7 8 9 10

X HO Me Bn
70 : X = OP(OEt), BQM HOS o Q
71 : X=OP(OBn), BnO. (o} BnO, Me

OMe )<O
1" 72

Fig 18

I v T VN VR F L AT L (70) LT va— L1l ED T Y 3L
EEZ DWW T, EE Y B A k K-10 % 100 wt%H >, LA T Lo flix OROGIRE
THEILEEZ A, IREAIKT L Z &I XV B- RS XM B35 & RIRFICPERENME T
T AHMEMB R G (entriesl~4inTable71), RIZ, ~> /7 2 Il VSR UL
T 2TV (71) ZHEE & LIeGEITE, ISRELAZKT L2 2 &I X D IEROKRIE LK i
AHNT (entries6~9inTable71), S HIZ, EXE U rJ A | K-10 & 200 wt%MH W /o ff, B
et 1G5z (entry 10inTable 71), 70 & 71 O SUSHEIZZNA C BB IC W TiE=
FNIEERDNVEOEBFHGREDOE, T 2bb, XUUAEOHFNTF AR L i L TE
FREEMER BN OF Y VIR X T A Y VIEFR RV ABMNEZHORRT < ok R, TE
HAEINRT K ol Z ENET B,

68



Table 71. Glycosidations of mannopyranosyl phosphites and 11 under various conditions.

Bn Bn
H Montmorillonite Bn i
B“§ IBE" ; e q K-10 (100 wt%)? Bn
Bn ' 4+ Bn -
Bn Bn - B
OP(OR), BnOL e CI;IZCIZ (0.1 M) g?‘%é
70: R = Et (83/17) 11 T°C.1h w5 COMe
71: R = Bn (>95/5) (2.0 eq.)
OP(OEt), OP(OBn),
Entry T(°C) Yield (%) o/p Ratio® Entry T(°C) Yield (%)° /p Ratio®
1 -50 97 25/75 6 -50 96 22/78
2 -60 98 22/78 7 -60 97 20/80
3 .70 56 17/83 8 -70 93 18/82
4 .78 26 17/83 9 .78 76 15/85
59 78 62 18/82 | 10¢ .78 97 15/85

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,O in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm) or isolation of pure isomers.
b 200 wt% Montmorillonite K-10 was used for the donor.

EHIC,. ZVai R FE—% 2 UBA N T AL VRS L Cofkd A% BBk L 7-1%. [FEE
IS EAT T8 2 A IRIZHEN L H 1L (entries4 in Tables 71 and 72, entries 9 in Tables 71
and72), FTH, v /TN VRN VLT ATIL (7T1) BIEELE L, EUE
Um A b K-10 % 150 WO 7= F LR A0 BAF IR SRRV TS 3 2B~ >/ 5
Y RBELONSZ LR R LT (entry 5inTable 72),

WIZ, REUSOIAMEICOWTHA DT /L a—L 7~11, 8B LV T2 L DU 3 UfbK
et Uiz, TOREER, 78 CF., 7ha— 11 BLO48 L D7V 2 v ALBURERN R
MINCHEITT2H DD (entries5and 6in Table 73), 7 /b2 — /L 7~10 B XN 72 122\ T,
78 CTICBWTKIENIZFEALEITLARNWZ ERXSoT-, ZOMHADIEMIT OV TIEHE
DISHEREDEI Tk~ %, Flo, RUGEEZLZ EiF 5 (-400r-50 C) Z LI X v IRIEm B9
5 H DOOP-SLARERIEIFE T L7- (entriessl~4and 7inTable73), ZHHDRER LV B~/
7Y RERDTOD T Y a v RIS DIEE & LT, T TOKBREAE XDV TR
LI~ 28T )Vl VIR ATV T0B IO, L TWRWI EnghoTe,
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Table 72. Glycosidations of mannopyranosyl phosphites and 11 under various conditions.

Bn Bn
H Montmorillonite Bn .
Bn Bn 5 K-102 Bn
: n »
B%n + Bn '
OP(OR), BnOyme CH,Cl; (0.1 M) B%n
0,
70: R = Et (>99/1) 11 -78°C,1h 5 CoMe
71: R = Bn (>99/1) (20eq)
Entry R Wt% of K-10 Yield (%)b olf Ratio°®
1 Et 100 50 12/88
2 Et 200 85 11/89
3 Bn 50 57 15/85
4 Bn 100 95 15/85
| 5 Bn 150 99 15/85
6 Bn 200 97 15/85
@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.
b isolated yields after purification by columun chromatography.
¢ a/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm) or isolation of pure isomers.
Table 73. Glycosidations of 71 and several alcohols.
Montmorillonite K-10
Bn OBn (150 wt%)a Bn OBn
Bgn + R-OH > Bg%
OP(OBn), CH,CI, (0.1 M) OR
7 7~11,48,72 T°C,1h 17. 33 ~ 36
(a/B = >99/1) (2.0 eq.) 73, 74
Entry Acceptor T(°C) Yield o/p Ratio® | Entry Acceptor T(°C) Yieldb a/p Ratio®
(%) (%)
HO
1 “°/\O 7 50 90  24/76 5 Bgﬁ&% 1 78 99 15/85
BnoOMe
2 o NN S50 91 23/77 OMe

8 6 ng\m? 48 78 92 34/66
HO.
3 \O 9 40 95 3268 5<°

BnO
4 H0—< 10 -40 96 32/68 7 lé%ﬁ‘ 72 -50 91 51/49
BnO

OMe

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b isolated yields after purification by columun chromatography.

¢ o/p Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,O in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm) or isolation of pure isomers.
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23746 VY F YT ) T ) VLY VBT AT AL L
FB- AR 77 ) 3 v AL RO 18)

Crich Hi%, B-~> / E 7 I IUHLRIL DT O DFEE & LT ANIKEEEE & 6 (KRR A2~
VT URITTRE LT AL AT REA TR L. DTBMP (2,6-di-t-butyl-4-methylpyridine)
FETF, ThOZEMSELZ LICED, aov /BT VMY 7T — hE iR e LT
L, @SRRI T 58~ BT/ RBBORDEZ EERELTWVD “, Zo
Kf, 40L& 6 NIKEEIEEZ R DU T UHERTHRRD Z EIZXY, FED 6 BEMPEE SIS LIk
Za-~2 /BT 7V R 75— "B L TAER L, ZORISHEMETF L2 MY 75—k
DOIBENEIRIT2 Y | SN2 TRISHETT 2/R, B-~v /BT 7 ¥ RBEBENICHE LD
&L TW% (Schemel8),

OTBS oIBS oTBS
PR30 T1,0, DTBMP Ph™ QB} Ph/vo&o IS
BnO > BnO: —_— Bn \!
Et,0, PhH
E
g-SEt 718°C bSEt
TfO
OTBS OTBS
R-OH Ph/VOO .o (- HO-R S\2 Ph/vo_:‘ E |0
e BnO E— BnO OR
QOTf p-Mannopyranosides

Scheme 18 Glycosidations of 4,6-benzylidene-mannopyranosyl sulfoxide using Tf,0

F T, AMFRICEBWT 4L, 6 (fiKBENR VY T UERTREINTZ~ /BT )
DNUHY VBT ATV TS BINT6 W, HEaeoT va— oY a3y AL RISIZ O
THat L7z (Fig19),

o Bn OBn
Ph :0 : Montmorillonite K-10 Ph—X0 -
Bn + R-OH > Bn OR

X

B-mannopyranosides

Ol Qe o
B
Ph/v%ﬁ1 o 10
Bn
X Me Bn
75: X = OP(OEY), Bg&ﬁ H Ho R
76 : X= OP(OBn), BnO/ M
e
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Fig 19
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FT, 46XV T U I ET UMY VBEVEF LT ATV (75) BLOTUAR Y
W AT IV (76) &7 Na—n 11 D7V a s WUUUNI DWW T RUNRE 2K 2 THREHL7Z
ETAH, WTHOLRIZEBWTH-78 CTIIMUGHIE E A EEITE T, JUNREL BIF5 2
XY BOSERRANCHEIT L, YT 5B~ /BT ) v RBINEREL S5 (Table74),
Flo. RTV a v UEESIZB W TR, ErEY v A FKA0IZE DR DU T U EOBLR
ENZEAEREZ o TWRWZ ERfER SNz, 22T, 7V a2 b R —& LTHWE 46-
ROV TF o= 8T VY VIR ATV T5 & 76 Tk, SRR L3R 0 ROSHEIC
NARETR OGNSR -T2, ZORD 7Y a i K h—& LGRS 5, Zfiiciifica 5
46-X VYT BT U NE Y VRV ETF VATV (75) BIER L, S HICHREE
HED7=,

Table 74. Glycosidations of mannopyranosyl phosphites and 11 under various conditions.

Bn
Montmorillonite PN

ph/vg I ge s K-10 (100 wt%)? Bn
OP(OR), we CH2Cl2 (0.1 M) Bng%é
BnO

B
T°C,1h

75: R = Et (>99/1) 77 OMe

76: R = Bn (>99/1) (2-°eq-)
OP(OEt), OP(OBn),

Entry T(°C) Yield (%) /B Ratio® Entry T(°C) Yield (%)° o/p Ratio®

1 0 84 17/83 5 0 76 18/82

2 10 84 16/84 6 10 79 18/82

3 -20 87 17/83 7 -20 81 17/83

4 -30 74 17/83 8 -30 65 15/85

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.
b Isolated yields after purification by columun chromatography.
¢ o/ Ratios were determined by 1H—NMR(27O MHz or 300 MHz) spectroscopy and / or isolation of pure isomers.

46XV T U BT ) UNHY VBV F L AT )L (75) LT va—L 11 D
7 a L ARSI OWTE L E Y 1A b K-10 & 150 wt%fvy, 0 C T, Fix O,
SOt AT o7 & & A WPE DR RIEE 2 WO 72 5 8 S OSSR T L 7= (entries1~3in
Table75), HTH ., & P- VMBI SIS HEIT L2 A F L 2 V284 (entry 1in
Table75) IZOWT I BIZFELLSET & T o7c, ZDORER. K7V a v AbOSIE, b AT
Vo, s Y et A b K-10 & 200 wt%H VY, -10 CF. SIS &EIT - 2RISR b 2 Rmic
EITL, YT LB~V /BT ¥ RBEDCEEPOENARIRICHE NS Z 2 RH LT

(entry 4inTable 76)
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Table 75. Glycosidations of 75 and 11 in several solvents.

Bn
Montmorillonite Ph\~ ‘
Bn H o/\a Bn
P\ ' K-10 (150 wt%)
Bn + B%n >
OP(OEt), B"OOMe Solvent (0.1 M) Brén
75 11 0°C,1h BnO4 e
(/B =>99/1) (2.0 eq.) 7
Entry Solvent (0.1 M) Yield (%)b o / p Ratio®

| 1 CH,Cl, 89 16/84
2 PhMe 85 38/62

3 Et,0 74 37/63

4 THF 5 81/19

5 MeCN 12 42/58

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg

for 12 h before using.

b Isolated yields after purification by columun chromatography.
¢ a/p Ratios were determined by 1H—NMR(27O MHz or 300 MHz) spectroscopy and / or isolation of pure isomers.

Table 76. Glycosidations of 75 and 11 under various conditions.

B
Y Montmorillonite P> o
PW& rEB" E S K-102 Bn
: + Bn -
Bn Bn >
OP(OEt), BnQYy, CH2Clz (0.1 M) B%g%é
0,
75 11 -10°C,1h BnoOMe
(a/p =>99/1) (2.0 eq.) 77
Entry Wit% of K-10 Yield (%)° o/p Ratio®
1 50 61 19/81
2 100 84 16/84
3 150 91 16/84
| 4 200 93 15/85
5 300 92 12/88

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg

for 12 h before using.

b |solated yields after purification by columun chromatography.

c
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o/p Ratios were determined by 1H—NMR(270 MHz or 300 MHz) spectroscopy and / or isolation of pure isomers.



WIZ, 4,6V VT VOB OWTHET 2720, FSEMET, T _XTOKEBEER
UNETREINT Y BT UVl VY F A ATV (70) LT a—L 11 LD
7V Ay LRI E T To e 2T A, EOR-NEEITENFE LUK T 5 Z 0N BTz,
ZOERE LT, 4L 6 KBEAX VYT UERTRAL Y a Ly RFb—i%, 6 BERN
EE SNWEISHENME T T 20125 L, R TOKBEEXVUNLVETRELLZ Y a L R
=X, RV TFURTHRE LB L RISERE WD, Sl inm@iu/\bxiﬁébubm*
B B-VEREIENME T L2 E B2 b5, ZHIC KD B-RBIRMEICBIT XY T
HEOMRDPHER ST (Scheme 19)

BnO Bn
Montmorillonite BE% O
/E' Q BnO o K-10 (200 wt%) o
BnO '
' Q
-10°C, 1 h,
1 B0 e
(2.0 eq.) 87%, a/p =31/69 36

(B = >99/1)

Scheme 19 Glycosidation of mannopyranosyl phosphite using montmorillonite K-10

ik BlZ, K7V 3 AL OIAMEIZSOWTHA DT /La—1L7~11, 8B L 72 LD
7V av ALBOS G LTc, Z0RER, Lk, 2T oT7va—LveEn s ) a v bk
ﬁi\mmm%fﬁﬁ HRINTHEAIT L, FHST DB~/ BT ¥ RS@EIER)DD BT

BIMECTHONDZ EZRH Lz (Table77),

Table 77. Glycosidations of 75 and several alcohols.

Montmorillonite K-10

ph~-0\ 72" (200 wt%)? p—o—\ PB"
9 R-OH > Lo}
Bn + Bn
CH,CI, (0.1 M)

OP(OEt), A OR
75 7~11,48,72 -10°C,1h 77~83
(/B =>99/1) (2.0 eq.)
Entry Acceptor Yield (%)® a/p Ratio® Entry Acceptor  Yield (%)° a/p Ratio®
H
HO B

1 7 87 14/86 5 B9 1 93 15/85
BnoOMe

2 Ho NN B0 12/88 OMe

8 6 HM@# 8 92 15/85

H
3 O\O 9 85 12/88 §<°
Bn
4 H0—< 10 86 10/90 7 'é%&% 72 78 13/87
BnO,

@ Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 12 h before using.

b |solated yields after purification by columun chromatography.
¢ /B Ratios were determined by lH—NMR(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
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2-3-8. KTV 2 U NWALKG D O AR
1 KEDOL TV A XD

Kaneda HiIC LW snz Ti"-srx2ad A bWzt L o347 /%
I B )= DEFBET VX NMEIEICBWTHREDO SN T = ) ¥ X ) —)LINE L FE
Ve A SOOI ARERBEREZ AT 5 2 &3 XRD (X B i S fisT) 12 kv 525k
PR ENT WD, TOFER, FAF L3 F U PNEBRIICADZ ENTEDHE IR, X
JEELT L 7= & fsaft T T\ b (Scheme20) 9,

HOC,H,0 OC,H,OH

o)
OCH,H,OH
OO + 2 ©/ 27477 1% .montmorillonite O Q
Q 170°C, 2 h, 82 % .
Fluoren-9-one Phenoxyethanol O

Montmorillonite layer

4+
Montmorillonite layer | Si A |
4+ 0
| A\ Si | A #  w-arene complexes

b+ . oc+H2H.o

H H H H

O\ +’0\ +’0\ + ~N +’o\ + 0\ +
27 A /TI\O/TI\O/TI\ :> >84 A /TI\O/TI\ /TI\ _ .
+ + +

Scheme 20 Aromatic alkylation using Ti**-montmorillonite

A7V aL AU EDRSHEREICOWT, = /BT )l VR RV LT AT )L
(7)) B 26-VFA4FL 7 avrs )il VYo F LT AT (56) LfELx DT
Na—n D7) a ALRISINHELE LT,

9. T a— OGS T A ADEBEIZONT-7T8 CELWIHIKIE T, v~ /BT VLl
VU AT NI ZREE L7 at UERISE TR, 7va—Lr B IN48 7)) a
VLRSI T 5 5 0 (entries5and 6inTable73), 7 /b2 —/L 7~10 B LR 72 (12O
T, IENIEE AL EHEIT LR o7, £ 2T, MONREEIZ L DI OV CREMIZHET
HZ &L L7z (Figs20and21), ZDfER., IGREZ EIF 5 Z LIV INEFm ET580
DOB-ARFRMI TR T AN A SNz, TLAa— L 7~10BL V072 D7) 3L LK
JEIZBWT, RUSHENME T LEZFRIZ W T T b 3 —)L 72 TIRARICEE LS. TOH 0 H
HORBEIIPMENZ ERBFT N5, L, T/a—/ 7~10 TIELRE D ) & Wi
LD L TRIENIEEAEEIT LN ENDLT AT — VDT A AREEL TNDE
Ez iz,
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Montmorillonite K-10
B
BB" e (150 wt%) Bn Bn
Bh + R-OH > BBn .
oS o
(p=>901)  (20eq) ’ 17,33~36, 74
B
H
H
0/\0 HO NN O\O H E;gﬁ
BnoOMe
7 8 9 10 72

100 alcohols alcohols
80 ——7 ——7
X 60 —i—3 g ——3

g [
K] 40 —h&—9 14 —a&—9

[}
i~ ’0 —o0—10 g_ —— :
—8—72 9
0
-78 -60 -50 -40 -30
Temperature (°C) Temperature (°C)
Fig 20. Fig 21.

FIT, R T I)UNHEY) VBB AT LTI ET L a— L T BLON DS 3L
{LEG iRt 21T > 72, £9°, Scheme 21 D LB RT L HIC /U a2 L RF—T71 &7
NNa—)L 7 D7) ai ERISIZOWT T A a— L DY BEEAE 2 TS E{ToT-& 2 A,
WTNDOLAIZEBWTHIRNE T VBT ) v N U EEX RPN G LN, ZHUE, &
TP A ZD/NSWNT L a— L T NEEY v A ~ K10 ICHEEER U, EBRIEEREDS RS 5 72
W= OB GARRE L E Y B A b K-10 DJEFEICA D IAD S| KISHAHEIT LN 8B L
b b, wiZ, Scheme 21 O FEEICRT L 917 Y as L RF—71 & 2fEHO T /L a—)L 7
BLIOUEZEBALEZZ U a3 LR IICOW TR ZTo72 2A, Tha— L 7i12k-»T
TYVav U RF—=T71 7 va—n U107 av LIS HE SIS Z &350 - 7= (entry
5inTable 73 L DI#), ZAULET ., HF A XD/PhSNWTVa— L7 DHTIE, EEY
2 A b K-10 OEMEBHIAN B RWR, 57 A ZAORENT Lba—) 11 2RI L7k
F.EFUEY BT A N K-10ICHAEH LT o OERIBEREN RN 5, ZOREE, Pt
NECEYBFA NKI0 DERICAD Z ENRTEL LR, 7/va—1 7L 11 TEY
KREZEHEOENT Va—n 7 ED7 Y a ERIGHEE L CTHEIT L Z E BRI,
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Montmorillonite K-10 Bn OBn

, HO (150 wt%) _
el ") - o
OP(OBR), CH,Cl, (0.1 M) o
7 .78°C,1h 14
(/B = >99/1) 7
2eq. 8 % (34/66)
5eq. 8 % (44/56)  low yield !

10 eq. 17 % (36/64)

Bn Bn

Montmorillonite K-10

Bn OBn 7 14
150 wt%
B%O&H + (2.0 eq.) (150 wt%) - 20 % (42/58)
Q -
oP(OBn), HO CHzClz (01 M) Bn Bn
7 Bn .78°C,1h Bn 0
(/B = >99/1) Bn Bn
BnOOMe (o)
11 Bn
(2.0 eq.) Bn
36 BnQ,

7 % (40/60)

Scheme 21. Glycosidations of 71 with 7 and 11

WIZ, 7V ai)y Ryb—D51HA XZHONT-78 CEWVWHIIKIR T, v~ /7 /vl
VUV ATNTLET NV a— L T~10 LDV Y a P MURISIE AT E A EET LR o720
IZxt L (entries1~4inTable73), 26- 74X 7 av T ) IV VBT AT )L 56 &7
Na—n7 ~ 1 D7 U aAbOnlE (entries1~4in Table 69) il = C UL 23 HE1T L7
ZEnb, U av i R FE—=ZonTbs A AOEERROEND Z ERnhD, TP
B, scheme22 (TR L72 K DI 2 (i KEBEEDFIEIZ LD | 2027 F T ¥ VOKBEEEZFT 5
~ T UMV VBT AT VTILIE26-CT ATV Nae T ) VI VBB AT )L
56 Lt L, EEY v A b K10 OEFIZAVIZS WIZO ST E A EEIT LD
T Z LRI T,

Montmorillonite layer

| sit
Montmorillonite layer 5) Bn Bn
A+ H Q
S | oY [ SR— BnO
[ < >‘ OP(OB
o g+ g+ H*  H* " (O8N
A NN p 0\ e -0, -
Al Al Al * N
o~ N7 No” N |:> A A /AI\
+ + o~ Yo7 Yof
H H H H Me
| A
- Bn
56 OP(OEt)

Scheme 22 The glycosidations of glycopyranosyl phosphites using montmorillonite K-10
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2. EVEY S A bk K-10 OFFEHA

WIZ, ARG THWE=EE Y B A b K-10 DFEMSIZ OV T, Bronsted 25 & Lewis i
ROEBIONWTHRT 5720, FrEYrT A FK-10DFETHD Na-EEY 7S A b

(7 =¥7-F) ZHEMHAAIE L CTHWEZ Y a v bsz2Rat Lz, Na-ErE U A
MEK-10D 7w k3 Na'lZiE E o o I [E KRR TH v Bronsted 27 & L CTIEHE T Lewis
R OB ONWTORRFETE DL EE X, ZO Na-ErEV vt A hEHW T~ /v
TN VR AT 7L ETa— L 11 ED T a v bR E BRI LTS 2 A,
fbxF Lo, 78 CFTIHISITESEIT Loz, T2 EnL, K7V a bk
JSiE, EE Y BT A O Bronsted S SIZBI -5 EHEE L2 (Scheme 23),

Bn Bn

Na*-Montmorillonite

HO B '
BB"E E IBE n 5 E S (150 wt%) Bn
! n -
Bro + Bn >
CH,Cl, (0.1 M) B
BnOome .22 B
71 1" BnO,

OP(OBn
(0Bn), 25°C, 1 week, B
OMe
26%, o/B = 49/51
(/B =>99/1) (20eq) o a/f 36
Scheme 23 Glycosidation of mannopyranosyl phosphite using Na*-montmorillonite Na*-Montmorillonite

3. fLOTEMEA LA & D ik

RBIZ, EEY B A b K-10 & oTEHEALH BF; « OEt,, TMSOTE 385 U TfOH & Dbk
WAEITHolz, 9. v /T 7l VB AT L 71 7 va— 1L D7) avr
LRSIV T, TMSOTE %° TFOH % W 728 39 IR B < RISAEITT 5 DO DEE
Ut A b~ K-10 Z W56 & i U CL B E ARSI ME IR 2 & 23 5232 72 5 72 (entries
2and3inTable78), KIT, 46 VF o= /T i) VBB AT L T5 LT L
— 1 DT Y A MEEISIZEB W TR, MOTEHE LAl Z AW TR, XU 7 RO Rk
ST ) a vy R —ONKGIEBNAE LT, WENMET Lz, ZNUH0HEREIZLY, £
yEY BT A K10 DFEGERHER ST (Table79),
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Table 78. Glycosidations of 71 and 11 using several activators.

Bn Bn
H Bn ‘
Bn Bn Bn Activator Bn
BrB‘n + Bn > B
OP(OBn), B"OOMe CHZ::IZ (0.1 M) I‘én
- 1 -78°C,1h BnOL e
(a/p =>99/1) (2.0 eq.) 36
Entry Activator Yield (%)2 o/p Ratio®
1 BF;-OEt, (0.3 eq.) 43 33/67
2 TMSOTF (0.3 eq.) 92 23/77
3 TfOH (0.3 eq.) 87 23/77
| 4 Montmorillonite K-10 (150 wt%) 99 15/85

2 Isolated yields after purification by columun chromatography.

b o/f Ratios were determined by HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent,
10% H,0 in MeCN; flow rate, 1.0 mL/min, 40 °C; detection, UV 250 nm) or isolation of pure isomers.

Table 79. Glycosidations of 75 and 11 using various activators.

Ph—\-0 g"
% .
Bn

Bn HO.
Ph/SO o Bn o Activator _ °
Bn + “Bn >
OP(OEt), BnOOMe (;HZOCIZ 1(0.1 M) B%n
75 " -10°C,1h BnOL .
(o/B = >99/1) (2.0 eq.) 77
Entry Activator Yield (%)2 /B Ratio®
1 BF3-OEt; (0.3 eq.) 45 36/64
2 TMSOTf (0.3 eq.) 50 17/83
3 TfOH (0.3 eq.) 60 18/82
| 4 Montmorillonite K-10 (200 wt%) 93 15/85

2 |solated yields after purification by columun chromatography.
b o/p Ratios were determined by 1H—NMR(270 MHz or 300 MHz) spectroscopy and/ or isolation of pure isomers.
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2-3-9. ErEVat A FK-10D U YA 7 22N T

TNar’Z )N VBT AT VAT LTV a— L7 D) al B EISIIBW T, —
ERGETHERLZEyEYa A FK10Z2 VA 7S5 2 L 2Rl 7 (Fig22), Kk
KT#., AL, BiE—F L TP, 25 ‘C/L mmHg T 2 BE P iz L 7=, 200°C/1mmHg
T 12 BNEGER 21T -2 2 A, 2 EOFFAHA T/ L2 2 R 16 2MUER 66% & i & D1 T
SFERNBEFEONIRho T, MBGEEORS, T FY a4 b K-10 MRS EA L7 NEGE
A 100 CE LFHMALIZEZA, FUEY —T A b K-10 OEAITINZ B d b ODILHE
FRBETH o7, £ 2 T OREFHTHW DA A % ) — /L ZH#i %2 T 100 ‘C/LmmHg T 12 K
MG LHAIRH L2 2 A, IEERM ET2 22 /RH L, ZOEBIZOWTITELE
BHOEMNZR o TWRWA, ED XD mnA LY ) — a2 L TEVEY rF A kK-10
DGR AE LI BUSEIAY) (BEEL 728 ) e 2T L0 ik 5K & O MEE) % 9
FLHMYBRIT D THLEZEZXTND, ZNHOFERK D Aildtk, A%/ — /L THIF L,
25 °C/1 mmHg T 2 BT lEackE L=, 100 ‘C/1 mmHg T 12 FERINENGLIE A 1T 5 5% U
YA 7 NVORESEEE Lz,

BnO Reused MK-10 BnO

HO (100 wt%)
BEoo + > Bado
n CH,CI,/MeCN = 10/1 n
7

BnO OP(OEt) BnO O
g 2 (0.05 M) n

16
(olp = 73127) (20ea)  -20°C, 30 min

—#-200 °C/immHg, 12 h, EtOAc
—A—100 °C/1mmHg, 12 h, EtOAc
-0-100 °C/1{mmHg, 12 h, MeOH

Yield (%)

%>

o A 2
o o o o

Fig 22. Recycling of montmorillonite K-10
in glycosidation of 47 and 7

Fr UV A7z LoTEBNEECEY e A FK10ZHWEZY 23 U BKSIC &
D/BLNZINAET ) YK 16 ONRERPEIHET L 2 LR S iz, £, £2%
UrJgA b K-10 % 3EBEHMMATE L Z 2R L (Fig23),
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Reused MK-10

Bno HO (100 wt%)? Bno
BnO + » BnO
BnO CH,CI,/MeCN = 10/1 BnO
7

BnO OP(OEt), BnO ©O
47 (0.05 M) 16
(2.0 eq.) .20 © i
((l/B = 73127) 20 C, 30 min

@ Montmorillonite K-10 was washed by MeOH and dried at 100 °C/1 mmHg for 12 h before using.

100 T

60 [ peep el || Da-Glycoside
a0 || 881 ... 86 ... 82| .|| OB-Glycoside

Yield (%)

o o o e

Fig 23. Recycling of montmorillonite K-10
in glycosidation of 47 and 7

WIZ, 227X 7 Naeg ) U NE ) VIRT ATV BIN46-R VYT rwr B
Z ) VVHEY VR ATV T5 IZOWTHLEVEY RTFA N K10 O U YA 7 VARG LT

(Figs24and 25), ZD#ER, 77V 2 2 /ALBUG O FEE R BUGEEBEOE T L 0 IERFS L ONE
RIERIEDIR FIZR 6T, 47 DGA EFER, T EV et A FK-10%Z 3RV A 7010
7256 CH RN OEMRBIRCH ST 27 ) av RRGons 2 &2 A LT,

Reused M K-10

Bn Ho (100 wt%%)® B
BréO + o Bré
n OP(OEY), Et,0 (0.1 M) n
5 7 .78°C,1h
(a/p = 80/20) (2.0eq)

@ Montmorillonite K-10 was washed by MeOH and dried at 100 °C/1 mmHg for 12 h before using.

P88
60 | | | 1| D a-Glycoside
N _lop-Glycoside

40 P 77f 7477 21 72("

Yield (%)

M A 1 )
\e o\ \e \e
(& M M M ¢
Fig 24. Recycling of montmorillonite K-10
in glycosydations of 52 and 7
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Reused MK-10

phﬁo/x\ |E /\O (200 wt%%)?® ph/voo/x\ °| BE"
- BnO
OP(OEt) CH,Cl2 (01 M) o\/o
7 78

-10°C,1h

(0P = >99/1) (2.0eq)

@ Montmorillonite K-10 was washed by MeOH and dried at 100 °C/1 mmHg for 12 h before using.

100
90 | ot 1 RRSSERSLLLEELEERREERRRS
80 1 1

70

60

50

40

30

20

10
0

o

""""""""""" | | Oa-Glycoside

a2} a0} S - ]| OB-Glycoside

Yield (%)

AN I B B B B B N

G&Q

Fig 25. Recycling og montmorillonite K-10
in glycosidation of 75 and 7

A 1
G‘!G\e G;c.\e O‘o\e

UEDZ tZ2RETE. TV A FKA0EZHAWFEA D7) a v Vil VT 2
THNETNaA— DT Y a v ALKIGH, BRZRSEMET, IRMICET L, YT 5p-7
U ay RR@ENENOENARRIRNICSG O Z 2 R L, 72, ARG THWEE Y
TV rTA MK TR LS IEOFHHANFAETH D Z & AR LT,

Vb AFZEICB W TEE LI, BRVFEWES - OBFIHTEREEREE Y 0T A |
K-10 Z1EMEALANC W2 7 a2 Vli ) U 27 VOB R BRI 7 ) 2 oAb OS
ZBHFE LT,
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2-4. FBAE

AFFE T, PEE ORBEIRAMRYE LM T v A0 —ER & LT, FEERKG
DPFTHR G EANPOEERIED =D THL 7 U 2 /MERUSIZAER L7c, £ LT, i
D ORRFMER L OEREMEICEN T 7 ) 3 2 UBROS, RBA - FERBRB DN L EED
SRR @ N7 U 22 LG, & BITIE 2 (LEHREEO SR L0 A B e Bk~
REE 2 MOTESE I b @O RERME 2 RIS SO m W U 2 2 B ROS OB % %
AR & L, BRECIRAEARIE T & 2 Ff % OE KL 2 FEEALANC W 7o o R BRBE AL 7 ) =
YIAERIS DBAZE 24T > 72,

o Environmentally Benign Catalyst o
=~ 2 o ~—
RIO)—v—=,, T REOH > RO,

X=leaving groups
R!=protecting groups

Environmentally Benign Catalysts

Montmorillonite K-10 Nafion-H
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Heteropoly acid

NO
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X MeCN
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Scheme 25
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Experimental Section

General Methods. Melting points were determined on a micro hot-stage Y anako MP-S3 and were
uncorrected. Optical rotations were measured on a JASCO DIP-360 photoelectric polarimeter in
chloroform unless otherwise noted. Mass spectra were determined on JEOL JMX-DX302. 'H-NMR
spectra were recorded on a JEOL GSX 270 (270 MHZz), a Lambda 300 (300 MHz) or a Valian 300
(300 MH2z) in CDCI3 using TMS as internal standard unless otherwise noted. Silica gel TLC and
column chromatography were performed on Merck TLC 60F-254 (0.25 mm) and KANTO
CHEMICAL CO., INC. Silica Gel 60 N (spherical, neutral), respectively. Air- and/or
moi sture-sensitive reactions were carried out under an atmosphere of argon with oven-dried glassware.
In general, organic solvents were purified and dried by the appropriate procedure, and evaporation and
concentration were carried out under reduced pressure below 30 °C, unless otherwise noted.

The general experimental protocol

Chapter 1
Environmentally benign glycosidations of 1-OH sugar s using a heteropoly acid.
H4SiW 1,04 * NH,O was purchased from MERCK KGaA. and dried at 25 °C/1 mmHg for 2 h before
using.
General procedure (for rhamnopyranosides)
To a stirred solution of 2,3,4-tri-O-benzyl-L-rhamnopyranose (1) (0.1 mmol) and an alcohol (0.15
mmol) in dry MeCN (1 mL) was added HsSiW 1,04 + NH,O (20 wt% to the glycosyl donor 1) under
argon. After stirring at 25 °C for 15 h, the reaction was quenched with saturated agueous NaHCO; (5
mL) at 0 °C and the resultant mixture was then extracted with EtOAc (5 mL x 3). The extracts were
washed with brine (5 mL), dried over anhydrous N&SO, and concentrated in vacuo. Purification of the
residue by flash column chromatography gave the corresponding rhamnopyranosides. o/ Ratios were
determined by *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
General procedure (for 2-deoxyar abino-hexopyranosides)
To a stirred solution of 3,4,6-tri-O-benzyl-2-deoxy-D-arabino-hexopyranose (2) (0.1 mmol) and an
acohol (0.15 mmoal) in dry MeCN (1 mL) was added H4SiW 1,04 * nH>O (10 wt% to the glycosyl
donor 2) under argon. After stirring at 25 °C for 1 h, the reaction was quenched with saturated aqueous
NaHCO; (5 mL) at 0 °C and the resultant mixture was then extracted with EtOAc (5 mL x 3). The
extracts were washed with brine (5 mL), dried over anhydrous Na,SO, and concentrated in vacuo.
Purification of the residue by flash column chromatography gave the corresponding
2-deoxyarabino-hexopyranosides. o/p Ratios were determined by *H-NMR (270 MHz or 300 MHz)
spectroscopy and/or isolation of pure isomers.
Environmentally benign glycosidations of phenylsulfenyl glycoside using a heteropoly acid.
H3PW 1,04 * NH,O was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1 mmHg
for 14 h before using. MS 5A was dried at 200 °C/1 mmHg for 2 h before using.
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General procedure (for mannopyranosides)
To astirred solution of phenylsulfenyl 2,3,4,6-tetra-O-benzyl-o.-D-mannopyranoside (40a) (0.1 mmol)
and an acohol (0.12 mmol) in dry MeCN (1 mL) were added MS 5A (50 wt% to the glycosyl donor
400,) and H3PW 1,040 * NH,O (50 wt% to the glycosyl donor 40a.) under argon. After stirring at 0 °C for
5 h, the reaction was quenched with saturated aqueous NaHCO; (5 mL) at 0 °C and the resultant
mixture was then extracted with EtOAc (5 mL x 3). The extracts were washed with brine (5 mL), dried
over anhydrous NaSO, and concentrated in vacuo. Purification of the residue by flash column
chromatography gave the corresponding mannopyranosides. o/f Ratios were determined by 'H-NMR
(270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
General procedure (for 2-deoxyar abino-hexopyranosides)
To astirred solution of phenylsulfenyl 3,4,6-tri-O-benzyl-2-deoxy-o.-D-arabino-hexopyranoside (42a)
(0.2 mmol) and an alcohol (0.12 mmol) in dry MeCN (1 mL) were added MS 5A (30 wt% to the
glycosyl donor 42a)) and H3PW 1,04 *+ NH,0 (10 wt% to the glycosyl donor 42a.) under argon. After
stirring at 0 °C for 1 h, the reaction was quenched with saturated agueous NaHCOs (5 mL) at 0 °C and
the resultant mixture was then extracted with EtOAc (5 mL x 3). The extracts were washed with brine
(5 mL), dried over anhydrous N&,SO, and concentrated in vacuo. Purification of the residue by flash
column chromatography gave the corresponding 2-deoxyarabino-hexopyranosides. o/f Ratios were
determined by *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
General procedure (chemoselective glycosidations)
To astirred solution of phenylsulfenyl 2,3,4,6-tetra-O-benzyl-o.-D-mannopyranoside (40a) (0.1 mmol)
and phenyl 2,3,4,-tri-O-benzyl-1-thio-o.-D-mannopyranoside (43) (0.12 mmol) in dry MeCN (1 mL)
was added MS 5A (50 wt% to the glycosyl donor 40a) and t-BuSH (0.11 mmol) and H3PW1,0, *
nH,0 (50 wt% to the glycosyl donor 40a) under argon. After stirring at 0 °C for 5 h, the reaction was
quenched with saturated aqueous NaHCOs (5 mL) at 0 °C and the resultant mixture was then extracted
with EtOAc (5 mL x 3). The extracts were washed with brine (5 mL), dried over anhydrous Na,SO,
and concentrated in vacuo. Purification of the residue by flash column chromatography (10 g of silica
gel, 15/1 chloroform/EtOAC) gave 45a. and 458 (77%, o/ = 93/7).

Chapter 2
Environmentally benign glycosidations of phenylsulfenyl glycoside using Nafion-H and sulfated
zZirconia.
Nafion-H was purchased from Aldrich Chemical Company, inc. as Nafion perfluorinated
ion-exchanged powder and dried at 25 °C/1 mmHg for 2 h before using. SO4/ZrO, was purchased from
Wako Pure Chemical Industries, Ltd. and dried at 200 °C/1 mmHg for 14 h before using. MS 5A was
dried at 200 °C/1 mmHg for 2 h before using.
General procedure using Nafion-H (for mannopyranosides)
To astirred solution of phenylsulfenyl 2,3,4,6-tetra-O-benzyl-o.-D-mannopyranoside (40a) (0.1 mmol)
and an acohol (0.2 mmoal) in dry MeCN (1 mL) were added MS 5A (100 wt% to the glycosyl donor
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40a) and Nafion-H (100 wt% to the glycosyl donor 40a) under argon. After stirring at 25 °C for 3 h,
the mixture was filtered and the filtrate was concentrated in vacuo. Purification of the residue by flash
column chromatography gave the corresponding mannopyranosides. o/ Ratios were determined by
HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 1.0
mL/min, 40 °C; detection, UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or
isolation of pureisomers.
General procedure using SO4/Zr O, (for mannopyranosides)
To atirred solution of phenylsulfenyl 2,3,4,6-tetra-O-benzyl-B3-D-mannopyranoside (408) (0.1 mmol)
and an alcohol (0.2 mmol) in dry Et,;O (1 mL) were added MS 5A (300 wt% to the glycosyl donor
40B) and SO4/ZrO, (300 wt% to the glycosyl donor 40B) under argon. After stirring at 25 °C for 3 h,
the mixture was filtered and the filtrate was concentrated in vacuo. Purification of the residue by flash
column chromatography gave the corresponding mannopyranosides. o/ Ratios were determined by
HPLC analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 1.0
mL/min, 40 °C; detection, UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or
isolation of pureisomers.
General procedure using Nafion-H (for 2-deoxyar abino-hexopyranosides)
To astirred solution of phenylsulfenyl 3,4,6-tri-O-benzyl-2-deoxy--D-arabino-hexopyranoside (42p3)
(0.2 mmol) and an acohol (0.2 mmoal) in dry MeCN (1 mL) was added Nafion-H (10 wt% to the
glycosyl donor 428) under argon. After stirring at 25 °C for 1 h, the mixture was filtered and the
filtrate was concentrated in vacuo. Purification of the residue by flash column chromatography gave
the corresponding 2-deoxyarabino-hexopyranosides. o/f Ratios were determined by HPLC analysis
(column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 0.5 mL/min, 40 °C;
detection, UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure
isomers.
General procedure using SO4/Zr O, (for 2-deoxyar abino-hexopyranosides)
To astirred solution of phenylsulfenyl 3,4,6-tri-O-benzyl-2-deoxy--D-arabino-hexopyranoside (42p3)
(0.2 mmol) and an alcohol (0.2 mmol) in dry Et;O (1 mL) were added MS 5A (200 wt% to the
glycosyl donor 42) and SO,/ZrO, (200 wt% to the glycosyl donor 42f) at O °C under argon. After
stirring at 0 °C for 1 h, the mixture was filtered and the filtrate was concentrated in vacuo. Purification
of the residue by flash column chromatography gave the  corresponding
2-deoxyarabino-hexopyranosides. o/p Ratios were determined by HPLC analysis (column, CrestPack
C18S, 4.6 x 150 mm; eluent, 10% H20 in MeCN; flow rate, 0.5 mL/min, 40 °C; detection, UV 250
nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.

Chapter 3
Environmentally benign glycosidations of glycosyl phosphite using montmorillonite K-10.
Montmorillonite K-10 was purchased from Aldrich Chemical Company, inc. and dried at 200 °C/1
mmHg for 12 h before using.
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General procedure using montmorillonite K-10 (for glucopyranosides)

To a stirred solution of 2,3,4,6-tetra-O-benzyl-D-glucopyranosyl diethylphosphite 47 (0.1 mmol) and
an acohol (0.2 mmol) in dry 10/1 CH,Cl,/MeCN (2 mL) was added montmorillonite K-10 (100 wt%
to the glycosyl donor 47) at -20 °C under argon. After stirring at -20 °C for 30 min, the mixture was
filtered and the filtrate was concentrated in vacuo. Purification of the residue by flash column
chromatography gave the corresponding glucopyranosides. o/f Ratios were determined by HPLC
analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 1.0 mL/min,
40 °C; detection, UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of
pure isomers.

General procedure using montmorillonite K-10 (for 2-deoxyar abino-hexopyranosides)

To a stirred solution of 3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranosy! diethylphosphite 52 (0.1 mmal)
and an acohol (0.2 mmol) in dry Et;O (1 mL) was added montmorillonite K-10 (100 wt% to the
glycosyl donor 52) at -78 °C under argon. After stirring at -78 °C for 1 h, the mixture was filtered and
the filtrate was concentrated in vacuo. Purification of the residue by flash column chromatography
gave the corresponding 2-deoxyarabino-hexopyranosides. o/f Ratios were determined by HPLC
analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 0.5 mL/min,
40 °C; detection, UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of
pure isomers.

General procedure using montmorillonite K-10 (for 2,6-dideoxyar abino-hexopyranosides)

To a stirred solution of 3-O-benzyl-4-O-benzoyl-2,6-dideoxy-D-glucopyranosyl diethylphosphite 56
(0.2 mmol) and an acohol (0.2 mmoal) in dry CH,CI, (1 mL) was added montmorillonite K-10 (50
wt% to the glycosyl donor 56) or in dry Et;O (1 mL) was added montmorillonite K-10 (100 wt% to
the glycosyl donor 56) at -78 °C under argon. After stirring at -78 °C for 1 h, the mixture was filtered
and the filtrate was concentrated in vacuo. Purification of the residue by flash column chromatography
gave the corresponding 2,6-dideoxyarabino-hexopyranosides. o/f Ratios were determined by HPLC
analysis (column, CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 0.5 mL/min,
40 °C; detection, UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of
pure isomers.

General procedure using montmorillonite K-10 (for mannopyranosides)

To astirred solution of 2,3,4,6-tetra-O-benzyl-o.-D-mannopyranosy! dibenzylphosphite 71 (0.1 mmol)
and an alcohol (0.2 mmol) in dry CH,CI, (1 mL) was added montmorillonite K-10 (150 wt% to the
glycosyl donor 71) at -78 °C under argon. After stirring at -78 °C for 1 h, the mixture was filtered and
the filtrate was concentrated in vacuo. Purification of the residue by flash column chromatography
gave the corresponding mannopyranosides. o/f3 Ratios were determined by HPLC analysis (column,
CrestPack C18S, 4.6 x 150 mm; eluent, 10% H,O in MeCN; flow rate, 1.0 mL/min, 40 °C; detection,
UV 250 nm) and *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
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Table 81. The Effect of Temperature (FIgs. 20 and 21).

BnO. OBn Montmorillonite K-10

(150 wto) BnO: OBn
CH,Cl, (0.1 M)
71 OP(OBN: T°C,1h
(@p=>0091)  (20eq)

BnO.
HO
R-OH Ho/\O HOPNANASNAN O HO—< E%’Sa'
BnOgy,

/

OR

e

T(C) 7 8 9 10 72
230 100(31/69) 95(32/68) 94(35/65)  94(35/65)
40 94(28/72) 95(29/71) 95(32/68)  96(32/68) 88(57/43)
50 90(24/76) 91(23/77) 70(28/72)  54(39/61) 91(51/49)
60 35(24/76) 82(22/78) 22(26/74)  33(21/79) 77(50/50)
78 8(34/66) 48(20/80) 3(36/64) 9(36/64) 24(36/64)

Yield% (a/B ratio)

General procedure using montmorillonite K-10 (for 4,6-O-benzylidene-mannopyranosides)

To astirred solution of 2,3-di-O-benzyl-4,6-O-benzylidene-o.-D-mannopyranosyl diethylphosphite 75
(0.2 mmol) and an alcohol (0.2 mmoal) in dry CH,CI, (1 mL) was added montmorillonite K-10 (200
wt% to the glycosyl donor 75) at -10 °C under argon. After stirring at -10 °C for 1 h, the mixture was
filtered and the filtrate was concentrated in vacuo. Purification of the residue by flash column
chromatography gave the corresponding 4,6-O-benzylidene-mannopyranosides. o/f3 Ratios were
determined by *H-NMR (270 MHz or 300 MHz) spectroscopy and/or isolation of pure isomers.
General procedure using reused montmorillonite K-10

After filtration, washing with chloroform and then washing with methanol and heating at

100 °C/AmmHg for 12 h, the montmorillonite K-10 was reused for at least three times and showed
good to high yields and high stereoselectivities as described in Figs. 23 ~ 26.

Table 81. Recycling of montmorillonite K-10 in glycosidations of 47 and 7 (Fig. 23).

Reused M K-10

BnO: HO (100 wi%) BnO:

8% . T 8%

BnO “OP(OEY), , (Z)H;gl;lMeCN =10/1 BnO
a7 © ) 16

2.0 eq. o i
(/B = 73/27) ( q.) -20 °C, 30 min
Recycling
number 0 1st 2nd 3rd
Yield (%) 94 90 86 70
a/p Ratio 6/94 5/95 5/95 7/93
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Table. 82 Recycling of montmorillonite K-10 in glycosidations of 52 and 7 (Fig. 24).

Reused M K-10 BnO

BnO
(100 wt%)
T ey B e
n OP(OE), Et,0 (0.1 M) n
52 7 -78°C,1h 14
(/B = 80/20) (20eq)

Recyeling 0 1st 2nd 3rd
Yield (%) 93 89 89 87
a/p Ratio 17/83 17/83 17/83 17/83

Table. 83 Recycling of montmorillonite K-10 in glycosidations of 75 and 7 (Fig. 25).

Reused MK-10

TRE O TR

BnO: BnO:

OP(OEt) CHZCIZ 0.1 M) \/O
7

-10°C, 1 h

(a/p = >99/1) (20eq)
Recycling
number 0 1st 2nd 3rd
Yield (%) 92 91 86 82
a/p Ratio 11/89 12/88 10/90 9/91

Glycosyl donorsand glycosyl acceptors

Chapter 1 and 2

Phenyl 2,3,4,6-Tetr a-O-benzyl-1-thio-a-D-mannopyranoside (39).

Colorless syrup. Ry 0.58 (3/1 n-hexane/EtOAC); [a]*%, +90.5° (¢ 1.91, CHCI3); *H-NMR (300 MHz,
CDCl3) & 3.74 (1H, dd, J = 10.2 and 1.2 Hz, H-6), 3.85 (1H, dd, J = 10.2 and 4.6 Hz, H-6), 3.86 (1H,
dd, J = 8.4 and 2.8 Hz, H-3), 4.00 (1H, dd, J = 2.8 and 1.0 Hz, H-2), 4.07 (1H, dd, J = 9.2 and 8.4 Hz,
H-4), 4.28 (1H, ddd, J = 9.2, 4.6 and 1.2 Hz, H-5), 4.48 and 4.64 (each 1H, ABq, J = 11.6 Hz, ArCH,),
4.53 and 4.91 (each 1H, ABq, J=10.2 Hz, ArCH,), 4.60 (2H, s, ArCH,), 4.63 and 4.73 (each 1H, ABq,
J=11.6 Hz, ArCH,), 5.61 (1H, d, J = 1.0 Hz, H-1), 7.17-7.48 (25H, m, ArH).

Anal. Calcd for CH.0OsS: C, 75.92; H, 6.37; S, 5.07. Found: C, 75.99; H, 6.51; S, 5.27.
Phenylsulfenyl 2,3,4,6-Tetr a-O-benzyl-a-D-mannopyranoside (40a.).

White solid. Ry 0.40 (2/1 n-hexane/EtOAC); [a]*%, —35.5° (¢ 1.40, CHCl3); mp 83.6-85.0 °C; 'H-NMR
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(300 MHz, CDCl3) 6 3.67 (1H, dd, J = 10.8 and 5.2 Hz, H-6), 3.74 (1H, dd, J = 10.8 and 1.6 Hz, H-6),
4.00 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 4.13 (1H, ddd, J = 9.2, 5.2 and 1.6 Hz, H-5), 4.20 (1H, dd, J =
9.0 and 3.0 Hz, H-3), 4.44 (1H, dd, J = 3.0 and 1.6 Hz, H-2), 4.50 (1H, br s, H-1), 4.46 and 4.55 (each
1H, ABg, J = 11.6 Hz, ArCH,), 4.56 and 4.92 (each 1H, ABq, J = 10.8 Hz, ArCH,), 4.57 (2H, s,
ArCH,), 4.64 (2H, s, ArCHy), 7.16-7.49 (23H, m, ArH), 7.56-7.62 (2H, m, ArH).

Anal. Calcd for CioHi9O6S: C, 74.05; H, 6.21; S, 4.94. Found: C, 73.94; H, 6.02; S, 5.02.
Phenylsulfenyl 2,3,4,6-Tetr a-O-benzyl-B-D-mannopyranoside (40pB).

Colorless syrup. R; 0.48 (10/1 chloroform/EtOAC); [a]*p +27.4° (¢ 0.91, CHCl3); *H-NMR (300 MHz,
CDCl3) 4 3.31 (1H, ddd, J = 7.0, 4.4 and 2.0 Hz, H-5), 3.58-3.72 (3H, m), 3.97-4.06 (2H, m), 4.42 and
451 (each 1H, ABq, J = 11.0 Hz, ArCH,), 4.61 (2H, s, ArCH,), 4.62 (1H, brs, H-1), 4.59 and 4.90
(each 1H, ABq, J = 10.6 Hz, ArCH,), 4.66 and 4.78 (each 1H, ABqg, J = 11.0 Hz, ArCH,), 4.98 and
5.13 (each 1H, ABqg, J = 10.2 Hz, ArCH,), 7.16-7.48 (21H, m, ArH), 7.50-7.56 (2H, m, ArH),
7.68-7.76 (2H, m, ArH).

Anal. Calcd for CioHi0O6S: C, 74.05; H, 6.21; S, 4.94. Found: C, 73.83; H, 6.30; S, 5.17.
Phenylsulfonyl 2,3,4,6-Tetra-O-benzyl-a-D-mannopyranoside (41).

White form. R; 0.56 (2/1 n-hexane/EtOAC); [a]*’p, +54.3° (¢ 1.11, CHCl3); 'H-NMR (300 MHz,
CDCl3) 6 3.57-3.68 (2H, m, H-6 and H-6), 3.90 (1H, dd, J = 9.0 and 7.8 Hz, H-4), 4.24 (1H, dd, J =
7.8 and 2.8 Hz, H-3), 4.43 and 4.52 (each 1H, ABq, J = 11.2 Hz, ArCH,), 4.44 and 4.81 (each 1H,
ABq, J = 10.4 Hz, ArCH,), 4.52-4.59 (1H, m, H-5), 4.59 (1H, dd, J = 2.8 and 2.2 Hz, H-2), 4.62 (2H, s,
ArCH,), 4.63 and 4.67 (each 1H, ABq, J = 11.0 Hz, ArCH,), 4.79 (1H, d, J = 2.2 Hz, H-1), 7.14-7.22
(2H, m, ArH), 7.23-7.43 (20H, m, ArH), 7.54-7.62 (1H, m, ArH), 7.82-7.88 (2H, m, ArH).

Anal. Calcd for CH.00O;S: C, 72.27; H, 6.06; S, 4.82. Found: C, 72.51; H, 6.14; S, 5.02.
Phenylsulfenyl 3,4,6-Tri-O-benzyl-2-deoxy-a-D-ar abino-hexopyranoside (42a.).

Colorless syrup. Ry 0.44 (1/1 n-hexane/EtOAC); [a]*°p +18.8° (¢ 1.05, CHCI3); *H-NMR (300 MHz,
CDCl3) 4 1.96 (1H, ddd, J = 14.4, 10.4 and 5.0 Hz, H-2), 2.99 (1H, ddd, J = 14.4, 4.6 and 1.4 Hz, H-2),
3.60 (1H, dd, J = 9.2 and 8.2 Hz, H-4), 3.63-3.75 (2H, m, H-6 and H-6), 4.12 (1H, ddd, J = 8.2, 4.2
and 2.0 Hz, H-5), 4.19 (1H, ddd, J = 10.4, 8.2 and 4.6 Hz, H-3), 4.45 and 4.60 (each 1H, ABg, J = 11.8
Hz, ArCH,), 4.49 and 4.91 (each 1H, ABq, J = 10.8 Hz, ArCH,), 4.54 (1H, br d, J = 5.0 Hz, H-1), 4.67
and 4.75 (each 1H, ABq, J = 11.6 Hz, ArCHy), 7.17-7.68 (20H, m, ArH).

Anal. Calcd for C3H4O5S: C, 73.04; H, 6.31; S, 5.91. Found: C, 73.20; H, 6.12; S, 5.75.
Phenylsulfenyl 3,4,6-Tri-O-benzyl-2-deoxy-p-D-ar abino-hexopyranoside (42).

White solid. R; 0.39 (9/1 chloroform/EtOAC); [a]®’s +59.2° (¢ 1.08, CHCl3); mp 76.0-79.0 °C;
'H-NMR (300 MHz, CDCl3) & 1.95 (1H, ddd, J = 12.0, 11.6 and 11.0 Hz, H-2), 2.47 (1H, ddd, J =
12.0, 4.4 and 1.8 Hz, H-2), 3.37 (1H, dt, J = 9.0 and 3.0 Hz, H-5), 3.55 (1H, dd, J = 9.0 and 8.6 Hz,
H-4), 3.60-3.72 (3H, m, H-3, H-6 and H-6), 4.06 (1H, dd, J = 11.0 and 1.8 Hz, H-1), 4.51 (2H, s,
ArCH,), 4.56 and 4.68 (each 1H, ABg, J = 11.0 Hz, ArCH,), 4.57 and 4.89 (each 1H, ABq, J = 10.4
Hz, ArCH,), 7.16-7.23 (2H, m, ArH), 7.23-7.40 (13H, m, ArH), 7.42-7.52 (3H, m, ArH), 7.63-7.70
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(2H, m, ArH).

Anal. Calcd for C3H14O5S: C, 73.04; H, 6.31; S, 5.91. Found: C, 72.74; H, 5.93; S, 5.94.

Phenyl 2,3,4,-Tri-O-benzyl-1-thio-a-D-mannopyr anoside (43).

White solid. R; 0.46 (3/2 n-hexane/EtOAC); [a]*’p +96.0° (¢ 1.05, CHCl3) (Iit*? [a]p +86.1° (c 1.00,
CHCl3); *H-NMR (300 MHz, CDCl3) & 1.84 (1H, t, J = 5.8 Hz, 6-OH), 3.73-3.85 (2H, m, H-6 and
H-6), 3.88 (1H, dd, J = 8.8 and 2.4 Hz, H-3), 3.99 (1H, d, J = 2.4 Hz, H-2), 4.03 (1H, dd, J = 9.0 and
8.8 Hz, H-4), 4.12 (1H, dt, J = 9.0 and 3.2 Hz, H-5), 4.61 and 4.65 (each 1H, ABq, J = 11.6 Hz,
ArCHy,), 4.66 and 4.95 (each 1H, ABq, J = 10.8 Hz, ArCH,), 4.68 (2H, s, ArCH,), 4.63 and 4.73 (each
1H, ABq, J = 11.6 Hz, ArCH,), 5.50 (1H, br s, H-1), 7.24-7.41 (20H, m, ArH).

Anal. Calcd for C3H4OsS: C, 73.04; H, 6.31; S, 5.91. Found: C, 73.06; H, 6.34; S, 6.27.
Phenylsulfonyl 2,3,4-Tri-O-benzyl-a-D-mannopyranoside (44).

White solid. Ry 0.22 (3/2 n-hexane/EtOAC); [a]*'p +50.2° (¢ 1.20, CHCl3), mp 96.5-99.0 °C; 'H-NMR
(270 MHz, CDCl3) 6 1.51-1.59 (1H, m, 6-OH), 3.62 (1H, dd, J = 12.0 and 4.0 Hz, H-6), 3.71 (1H, dd,
J=12.0 and 2.2 Hz, H-6), 3.92 (1H, dd, J = 9.0 and 8.0 Hz, H-4), 4.26 (1H, dd, J = 8.0 and 2.8 Hz,
H-3), 4.35 (1H, ddd, J = 9.0, 4.0 and 2.2 Hz, H-5), 4.57 (1H, dd, J = 2.8 and 2.0 Hz, H-2), 4.64 and
4.70 (each 1H, ABq, J = 11.4 Hz, ArCH,), 4.65 and 4.70 (each 1H, ABq, J = 10.4 Hz, ArCH,), 4.74
(1H, d, J = 2.0 Hz, H-1), 4.57-4.85 (each 1H, ABq, J = 11.0 Hz, ArCH,), 7.24-7.40 (15H, m, ArH),
7.51-7.61 (2H, m, ArH), 7.63-7.71 (1H, m, ArH), 7.86-7.99 (2H, m, ArH).

Anal. Calcd for C33H340;S: C, 68.97; H, 5.96; S, 5.58. Found: C, 69.01; H, 6.00; S, 5.97.

Chapter 3

3-0O-Benzyl-4-O-benzoyl-2,6-dideoxy-D-ar abino-hexopyranosyl diethylphosphite (56).

Colorless oil. Ry 0.49 (3/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCls);

o-form; 8 1.20 (3H, d, J = 5.8 Hz, H-6), 1.28 (each 3H, t, J = 6.8 Hz, OCH,CHj), 1.90 (1H, ddd, J =
12.8, 11.0 and 3.0 Hz, H-2), 2.30 (1H, ddd, J = 12.8, 4.8 and 3.0 Hz, H-2), 3.93 and 3.88 (each 2H, q,
J=6.6 Hz, OCH,CHj3), 4.05 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3), 4.12 (1H, dg, J = 9.2 and 5.8 Hz,
H-5), 4.48 and 4.59 (each 1H, ABq, J = 11.6 Hz, ArCH)), 5.07 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 5.66
(1H, ddd, J = 7.6, 3.0 and 1.2 Hz, H-1), 7.12-7.22 (2H, m, ArH), 7.42-7.51 (2H, m, ArH), 7.55-7.63
(1H, m, ArH), 8.00-8.09 (2H, m, ArH).

B-form; & 1.26 (3H, d, J = 5.6 Hz, H-6), 1.26 and 1.28 (each 3H, t, J = 6.8 Hz, OCH,CH3), 1.90 (1H,
ddd, J = 12.0, 11.6 and 9.6 Hz, H-2), 2.39 (1H, ddd, J = 12.0, 4.6 and 2.0 Hz, H-2), 3.58 (1H, dq, J =
9.2 and 5.8 Hz, H-5), 3.71 (1H, ddd, J = 11.6, 9.0 and 4.6 Hz, H-3), 3.86-3.99 (4H, m, OCH,CHy),
4.47 and 4.62 (each 1H, ABq, J = 12.0 Hz, ArCHy), 5.04 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 5.11 (1H,
ddd, J = 9.6, 8.0 and 2.0 Hz, H-1), 7.12-7.22 (2H, m, ArH), 7.42-7.51 (2H, m, ArH), 7.55-7.63 (1H, m,
ArH), 8.00-8.09 (2H, m, ArH).

HRMS (El) m/z 462.1807 (462.1818 calcd for, CpyHz0O/P+H™).

3,4-Di-O-benzoyl-2,6-dideoxy-D-ar abino-hexopyranosyl diethylphosphite (57).

Colorless oil. Ry 0.43 (3/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCls);
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o-form; 8 1.25 (3H, d, J = 5.8 Hz, H-6), 1.32 (each 3H, t, J = 6.8 Hz, OCH,CH3), 2.05 (1H, ddd, J =
12.4, 4.8 and 3.2 Hz, H-2), 2.50 (1H, ddd, J = 12.4, 4.8 and 1.2 Hz, H-2), 3.88-4.04 (4H, m,
OCH,CH3), 4.32 (1H, dg, J = 9.2 and 5.8 Hz, H-5), 5.25 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 5.69 (1H,
ddd, J = 11.0, 9.2 and 4.8 Hz, H-3), 5.71 (1H, ddd, J = 9.0, 3.2 and 1.2 Hz, H-1), 7.32-7.42 (4H, m,
ArH), 7.45-7.55 (2H, m, ArH), 7.89-8.02 (4H, m, ArH).

B-form; & 1.33 (each 3H, t, J = 6.6 Hz, OCH,CHj5), 1.28 (3H, d, J = 5.8 Hz, H-6), 1.92-2.06 (1H, m,
H-2), 2.58 (1H, ddd, J = 12.0, 4.8 and 2.0 Hz, H-2), 3.78 (1H, dqg, J = 9.0 and 5.8 Hz, H-5), 3.88-4.04
(4H, m, OCH,CHj3), 5.23 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 5.31 (1H, ddd, J = 9.6, 8.0 and 2.0 Hz,
H-1), 5.38 (1H, ddd, J = 11.2, 9.0 and 4.8 Hz, H-3), 7.32-7.42 (4H, m, ArH), 7.45-7.55 (2H, m, ArH),
7.89-8.02 (4H, m, ArH).

3,4-Di-O-benzyl-2,6-dideoxy-D-ar abino-hexopyranosyl diethylphosphite (58).

Colorless oil. R; 0.45 (5/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCls);

o-form; & 1.25 (each 3H, t, J = 7.0 Hz, OCH,CH3), 1.27 (3H, d, J = 6.0 Hz, H-6), 1.75 (1H, ddd, J =
13.0, 11.2 and 3.0 Hz, H-2), 2.25 (1H, ddd, J = 13.0, 4.8 and 1.2 Hz, H-2), 3.15 (1H, dd, J = 9.0 and
8.8 Hz, H-4), 3.84 and 3.87 (each 2H, g, J = 7.0 Hz, OCH,CHj3), 3.94 (1H, dg, J = 9.0 and 6.0 Hz,
H-5), 3.99 (1H, ddd, J = 11.0, 8.8 and 4.8 Hz, H-3), 4.66 (2H, s, ArCH,), 4.68 and 4.95 (each 1H, ABq,
J=10.2 Hz, ArCH,), 5.57 (1H, ddd, J = 7.2, 3.0 and 1.2 Hz, H-1), 7.23-7.39 (10H, m, ArH).

B-form; & 1.25 (each 3H, t, J = 7.0 Hz, OCH,CHj5), 1.32 (3H, d, J = 5.8 Hz, H-6), 1.68-1.78 (1H, m,
H-2), 2.34 (1H, ddd, J = 12.4, 4.8 and 1.6 Hz, H-2), 3.15 (1H, dd, J = 9.0 and 8.8 Hz, H-4), 3.40 (1H,
dg, J =9.0 and 5.8 Hz, H-5), 3.64 (1H, ddd, J = 11.0, 8.2 and 4.8 Hz, H-3), 3.84 and 3.87 (each 2H, q,
J = 7.0 Hz, OCH,CH3), 4.66 (2H, s, ArCH,), 4.66 and 4.94 (each 1H, ABq, J = 10.6 Hz, ArCH,), 5.03
(1H, ddd, J=9.8, 8.0 and 2.0 Hz, H-1), 7.23-7.39 (10H, m, ArH).
4-0O-Benzyl-3-O-benzoyl-2,6-dideoxy-D-ar abino-hexopyranosyl diethylphosphite (59).

Colorless oil. R; 0.45 (5/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCls);

o-form; § 1.23-1.31 (each 3H, m, OCH,CHj), 1.33 (3H, d, J = 6.0 Hz, H-6), 1.91 (1H, ddd, J = 12.8,
11.0 and 3.2 Hz, H-2), 2.40 (1H, ddd, J = 12.8, 4.8 and 1.2 Hz, H-2), 3.39 (1H, dd, J = 9.2 and 9.0 Hz,
H-4), 3.85-4.00 (4H, m, OCH,CHj3), 4.11 (1H, dg, J = 9.2 and 6.0 Hz, H-5), 4.66 and 4.76 (each 1H,
ABq, J = 10.8 Hz, ArCH,), 5.61 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3), 5.62 (1H, ddd, J = 9.0, 3.2
and 1.2 Hz, H-1), 7.18-7.24 (5H, m, ArH), 7.40-7.50 (2H, m, ArH), 7.53-7.62 (2H, m, ArH), 7.99-8.07
(2H, m, ArH).

B-form; & 0.89 (each 3H, t, J = 6.6 Hz, OCH,CH3), 1.38 (3H, d, J = 5.8 Hz, H-6), 1.86 (1H, ddd, J =
12.2, 11.6 and 9.6 Hz, H-2), 2.50 (1H, ddd, J = 12.2, 4.8 and 1.6 Hz, H-2), 3.39 (1H, dd, J=9.2 and
9.0 Hz, H-4), 3.56 (1H, dg, J = 9.2 and 5.8 Hz, H-5), 4.64 and 4.73 (each 1H, ABq, J = 11.0 Hz,
ArCH,), 5.20 (1H, ddd, J = 9.6, 8.0 and 1.6 Hz, H-1), 5.27 (1H, ddd, J = 11.6, 9.0 and 4.8 Hz, H-3),
3.85-4.00 (4H, m, OCH,CHg), 7.18-7.24 (5H, m, ArH), 7.40-7.50 (2H, m, ArH), 7.53-7.62 (2H, m,
ArH), 7.99-8.07 (2H, m, ArH).
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2,3,4,6-Tetr a-O-benzyl-a-D-mannopyranosyl diethylphosphite (70).

Colorless oil. Ry 0.44 (4/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCl3) § 1.97 and
1.98 (each 3H, t, J = 6.8 Hz, OCH,CH3), 3.66-3.85 (7H, m), 3.91-3.99 (2H, m), 4.06 (1H, dd, J = 9.2
and 9.2 Hz, H-4), 4.51 (1H, d, J=11.6 Hz, ArCH,), 4.54 (1H, d, J = 10.4 Hz, ArCH,), 4.60 (1H, d, J =
11.2 Hz, ArCHy), 4.65 (1H, d, J = 11.2 Hz, ArCHy), 4.67 (1H, d, J = 11.6 Hz, ArCH,), 4.75 (2H, br,
ArCH,), 4.90 (1H, d, J = 10.4 Hz, ArCH,), 5.56 (1H, dd, J = 8.0 and 1.6 Hz, H-1), 7.16-7.22 (2H, m,
ArH), 7.24-7.41 (20H, m, ArH).

2,3,4,6-Tetr a-O-benzyl-a-D-mannopyranosyl dibenzylphosphite (71).

Colorless oil. R 0.54 (3/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCls) & 3.62
(1H, dd, J = 10.6 and 1.4 Hz, H-6), 3.64 (1H, dd, J = 2.6 and 1.8 Hz, H-2), 3.75 (1H, dd, J = 10.6 and
4.2 Hz, H-6), 3.90 (1H, dd, J = 9.0 and 2.6 Hz, H-3), 3.94 (1H, ddd, J = 9.2, 4.2 and 1.4 Hz, H-5), 4.04
(1H, dd, J = 9.2 and 9.0 Hz, H-4), 4.46-4.72 (7TH, m, ArCHy), 4.76-4.91 (5H, m, ArCHy), 5.16 (1H, dd,
J=8.0and 1.8 Hz, H-1), 7.15-7.20 (2H, m, ArH), 7.22-7.37 (28H, m, ArH).
2,3-Di-O-benzyl-4,6-O-benzylidene-a-D-mannopyranosiyl diethylphosphite (75).

Colorless oil. Ry 0.44 (3/1/0.1 n-hexane/EtOAc/triethylamine); *"H-NMR (300 MHz, CDCl3) § 1.19 and
1.22 (each 3H, t, J = 6.6 Hz, OCH,CH3), 3.75 (1H, dd, J = 3.0 and 1.6 Hz, H-2), 3.77 and 3.79 (each
2H, g, J = 6.6 Hz, OCH,CH3), 3.98 (1H, dd, J = 9.6 and 9.6 Hz, H-6), 4.01 (1H, dd, J= 9.4 and 3.0 Hz,
H-3), 4.22 (1H, dd, J = 9.6 and 4.2 Hz, H-6), 4.27 (1H, dd, J = 9.4 and 9.2 Hz, H-6), 4.75 and 4.83
(each 1H, d, J = 11.8 Hz, ArCH,), 4.66 and 4.85 (eadh 1H, d, J = 12.0 Hz, ArCH,), 5.45 (1H, dd, J =
8.0 and 1.6 Hz, H-1), 5.64 (1H, s, ArCH), 7.23-7.43 (13H, m, ArH), 7.47-7.54 (2H, m, ArH).
2,3-Di-O-benzyl-4,6-O-benzylidene-a-D-mannopyr anosyl dibenzylphosphite (76).

Colorless oil. Ry 0.42 (3/1/0.1 n-hexane/EtOAc/triethylamine); *H-NMR (300 MHz, CDCls) & 3.67
(1H, dd, J = 3.0 and 1.4 Hz, H-2), 3.81 (1H, dd, J = 9.6 and 9.4 Hz, H-6), 3.95 (1H, dd, J = 9.4 and 3.0
Hz, H-3), 3.95 (1H, ddd, J = 9.4, 9.2 and 4.2 Hz, H-5), 4.12 (1H, dd, J = 9.6 and 4.2 Hz, H-6), 4.24
(1H, dd, J = 9.4 and 9.2 Hz, H-4), 4.57-4.85 (8H, m,, ArCH,), 5.49 (1H, dd, J = 8.0 and 1.4 Hz, H-1),
5.62 (1H, s, ArCH), 7.22-7.42 (23H, m, ArH), 7.47-7.53 (2H, m, ArH).

Glycopyranosides

Rhamnopyranosides

Cyclohexylmethyl 2,3,4-Tri-O-benzyl-a-L -rhamnopyranoside (13a).

Colorless syrup. Rs 0.63 (3/1 n-hexane/EtOAC); [o]®, —41.1° (¢ 0.23, CHCl3); 'H-NMR (300 MHz,
CDCl3) 4 0.78-0.97 (2H, m), 1.05-1.38 (3H, m), 1.32 (3H, d, J = 6.0 Hz, H-6), 1.40-1.76 (6H, m), 3.12
(1H, dd, J = 9.2 and 6.0 Hz, OCH), 3.39 (1H, dd, J = 9.2 and 7.0 Hz, OCHy), 3.61 (1H, dd, J = 9.0
and 8.8 Hz, H-4), 3.67 (1H, dqg, J = 9.0 and 6.0 Hz, H-5), 3.75 (1H, dd, J = 2.8 and 1.6 Hz, H-2), 3.84
(1H, dd, J = 8.8 and 2.8 Hz, H-3), 4.61 and 4.66 (each 1H, ABq, J = 12.0 Hz, ArCH,), 4.64 and 4.94
(each 1H, ABq, J = 10.8 Hz, ArCH,), 4.69 (1H, d, J = 1.6 Hz, H-1), 4.71 and 4.77 (each 1H, ABq, J =
12.0 Hz, ArCH,), 7.23-7.40 (15H, m, ArH).

Anal. Calcd for C34H40s: C, 76.95; H, 7.98. Found: C, 76.91; H, 8.03.
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Cyclohexylmethyl 2,3,4-Tri-O-benzyl-B-L-rhamnopyranoside (13p).

White solid. Ry 0.63 (3/1 n-hexane/EtOAC); [a]*’p +73.8° (¢ 0.31, CHCI5); mp 88.8-91.3 °C; 'H-NMR
(300 MHz, CDCl3) & 0.85-1.08 (2H, m), 1.08-1.45 (3H, m), 1.38 (3H, d, J = 6.0 Hz, H-6), 1.50-1.85
(6H, m), 3.16 (1H, dd, J = 9.0 and 6.8 Hz, OCH,), 3.29 (1H, dqg, J = 9.0 and 6.0 Hz, H-5), 3.44 (1H, dd,
J=9.0 and 2.8 Hz, H-3), 3.62 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 3.78 (1H, dd, J = 9.0 and 6.8 Hz,
OCH,), 3.89 (1H, d, J = 2.8 Hz, H-2), 4.36 (1H, br s, H-1), 4.41 and 4.49 (each 1H, ABq, J = 12.0 Hz,
ArCH,), 4.64 and 4.97 (each 1H, ABq, J = 10.4 Hz, ArCH,), 4.88 and 4.99 (each 1H, ABq, J = 12.2
Hz, ArCH,), 7.23-7.35 (13H, m, ArH), 7.43-7.51 (2H, m, ArH).

Anal. Calcd for C34H40s: C, 76.95; H, 7.98. Found: C, 76.91; H, 7.71.

n-Octyl 2,3,4-Tri-O-benzyl-a-L-rhamnopyranoside (19a).

Colorless syrup. Rs 0.65 (3/1 n-hexane/EtOAC); [o]®, —40.6° (¢ 0.34, CHCl3); 'H-NMR (300 MHz,
CDCl3) 6 0.88 (3H, t, J = 6.6 Hz), 1.20-1.36 (10H, m), 1.33 (3H, d, J = 5.6 Hz, H-6), 1.42-1.57 (2H,
m), 3.31 (1H, dt, J = 9.2 and 5.6 Hz, OCH,), 3.54-3.65 (1H, m, OCH,), 3.61 (1H, dd, J = 9.0 and 8.8
Hz, H-4), 3.69 (1H, dg, J = 9.0 and 5.6 Hz, H-5), 3.76 (1H, dd, J = 2.8 and 1.6 Hz, H-2), 3.86 (1H, dd,
J = 8.8 and 2.8 Hz, H-3), 4.58-4.68 (3H, m, ArCH,), 4.72 and 4.77 (each 1H, ABq, J = 12.4 Hz,
ArCH,), 4.73 (1H, d, J = 1.6 Hz, H-1), 4.94 (1H, d, J = 11.0 Hz, ArCHy,), 7.23-7.40 (15H, m, ArH).
Anal. Calcd for C3sHa60s: C, 76.89; H, 8.48. Found: C, 76.91; H, 8.16.

n-Octyl 2,3,4-Tri-O-benzyl-B-L-rhamnopyranoside (198).

White solid. R; 0.65 (3/1 n-hexane/EtOAC); [a]*’p +71.8° (¢ 0.30, CHCI5); mp 52.0-53.0 °C; 'H-NMR
(300 MHz, CDCl3) & 0.87 (3H, t, J = 6.0 Hz), 1.21-1.44 (12H, m), 1.38 (3H, d, J = 6.0 Hz, H-6),
1.56-1.71 (2H, m), 3.24-3.44 (2H, m, OCHy), 3.44 (1H, dd, J = 9.2 and 2.6 Hz, H-3), 3.62 (1H, dd, J =
9.2 and 9.0 Hz, H-4), 3.88 (1H, d, J = 2.6 Hz, H-2), 3.93 (1H, dqg, J = 9.0 and 6.0 Hz, H-5), 4.33 (1H,
br s, H-1), 4.42 and 4.50 (each 1H, ABq, J = 11.6 Hz, ArCH,), 4.65 and 4.97 (each 1H, ABq, J = 10.2
Hz, ArCH,), 4.87 and 4.99 (each 1H, ABq, J = 12.8 Hz, ArCH,), 7.21-7.36 (13H, m, ArH), 7.43-7.50
(2H, m, ArH).

Anal. Calcd for C3sHa60s: C, 76.89; H, 8.48. Found: C, 76.86; H, 8.21

Cyclohexyl 2,3,4-Tri-O-benzyl-a-L -rhamnopyranoside (20c).

Colorless syrup. Ry 0.42 (15/1 toluene/ether); [o]*p —45.3° (¢ 1.68, CHCl5) (lit,*® [a]**5 —39.0° (c 2.60,
CHCl3)); "H-NMR (300 MHz, CDCl3) § 1.07-1.38 (5H, m), 1.32 (3H, d, J = 6.0 Hz, H-6), 1.42-1.57
(1H, m), 1.57-1.84 (4H, m), 3.45-3.56 (1H, m, OCH), 3.60 (1H, dd, J = 9.2 and 9.2 Hz, H-4), 3.71 (1H,
dd, J=2.8and 1.6 Hz, H-2), 3.76 (1H, dg, J = 9.2 and 6.0 Hz, H-5), 3.88 (1H, dd, J = 9.2 and 2.8 Hz,
H-3), 4.64 (2H, s, ArCH,), 4.58 and 4.70 (each 1H, ABq, J = 12.0 Hz, ArCH,), 4.63 and 4.94 (each 1H,
ABq, J = 10.4 Hz, ArCH,), 4.86 (1H, d, J = 1.6 Hz, H-1), 7.21-7.41 (15H, m, ArH).

Anal. Calcd for Cy3HagOs: C, 76.71; H, 7.80. Found: C, 76.75; H, 7.49.

Cyclohexyl 2,3,4-Tri-O-benzyl-B-L-rhamnopyranoside (20pB).

White solid. R; 0.36 (15/1 toluene/ether); [a]®, +72.4° (c 1.24, CHCls); mp 87.8-89.0 °C; 'H-NMR
(300 MHz, CDCl3) 8 1.21-1.41 (4H, m), 1.37 (3H, d, J = 6.0 Hz, H-6), 1.45-1.58 (2H, m), 1.65-1.85
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(3H, m), 1.88-2.00 (1H, m), 3.29 (1H, dg, J = 9.0 and 6.0 Hz, H-5), 3.44 (1H, dd, J = 9.0 and 2.6 Hz,
H-3), 3.61 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 3.68 (1H, m, OCH), 3.84 (1H, d, J = 2.8 Hz, H-2), 4.41
and 4.49 (each 1H, ABq, J = 11.2 Hz, ArCHy,), 4.47 (1H, br s, H-1), 4.64 and 5.96 (each 1H, ABq, J =
10.4 Hz, ArCH,), 4.92 and 5.01 (each 1H, ABq, J = 12.4 Hz, ArCH,), 7.20-7.36 (13H, m, ArH),
7.44-7.52 (2H, m, ArH).

Anal. Calcd for Cy3HagOs: C, 76.71; H, 7.80. Found: C, 76.71; H, 7.50.

I sopropyl 2,3,4-Tri-O-benzyl-a-L-rhamnopyranoside (21a).

Colorless syrup. R; 0.38 (15/1 toluene/ether); [a]*p —41.9° (¢ 2.25, CHCl3); *H-NMR (300 MHz,
CDCl3) 4 1.04 (3H, J=5.8 Hz), 1.13 (3H, J = 6.0 Hz), 1.32 (3H, d, J = 6.0 Hz, H-6), 3.61 (1H, dd, J =
9.2 and 9.0 Hz, H-4), 3.73 (1H, dd, J = 2.8 and 1.6 Hz, H-2), 3.76 (1H, dq, J = 9.2 and 6.0 Hz, H-5),
3.84 (1H, qq, J = 6.0 and 5.8 Hz,, OCH), 3.87 (1H, dd, J = 9.0 and 2.8 Hz, H-3), 4.63 (2H, s, ArCH,),
4.63 and 4.94 (each 1H, ABq, J = 10.6 Hz, ArCH,), 4.70 and 4.79 (each 1H, ABq, J = 12.2 Hz,
ArCH,), 4.83 (1H, d, J = 1.6 Hz, H-1), 7.22-7.41 (15H, m, ArH).

Anal. Calcd for CyH360s: C, 75.60; H, 7.61. Found: C, 75.57; H, 7.31.

I sopropyl 2,3,4-Tri-O-benzyl-B-L-rhamnopyranoside (21p).

White solid. R 0.27 (15/1 toluene/ether); [a]*’; +80.0° (¢ 1.43, CHCls); mp 88.0-90.0 °C; 'H-NMR
(300 MHz, CDCl3) 6 1.15 (3H, J=5.6 Hz), 1.28 (3H, J = 6.0 Hz), 1.37 (3H, d, J = 6.0 Hz, H-6), 3.30
(1H, dg, J=9.0 and 6.0 Hz, H-5), 3.44 (1H, dd, J = 9.0 and 2.6 Hz, H-3), 3.61 (1H, dd, J=9.0and 9.0
Hz, H-4), 3.83 (1H, d, J = 2.6 Hz, H-2), 3.99 (1H, qq, J = 6.0 and 5.6 Hz,, OCH), 4.63 (2H, s, ArCH,),
4.41 and 4.49 (each 1H, ABq, J = 11.2 Hz, ArCH,), 4.42 (1H, s, H-1), 4.64 and 4.96 (each 1H, ABq, J
= 10.4 Hz, ArCH,), 4.90 and 4.99 (each 1H, ABq, J = 12.4 Hz, ArCH,), 7.22-7.34 (13H, m, ArH),
7.45-7.51 (2H, m, ArH).

Anal. Calcd for CyH360s: C, 75.60; H, 7.61. Found: C, 75.58; H, 7.33.

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3' 4 -tri-O-benzyl-a-L -rhamnopyr anosyl)
-a-D-glucopyranoside (22a.).

White solid. Ry 0.56 (2/1 n-hexane/EtOAC); [a]*’s —11.0° (c 0.90, CHCl3); 'H-NMR (300 MHz,
CDCl3) 6 1.29 (3H, d, J = 5.6 Hz, H-6"), 3.26 (3H, s, OMe), 3.33 (1H, dd, J = 9.2 and 9.0 Hz, H-3),
3.38-3.51 (2H, m), 3.60 (1H, dd, J = 9.0 and 9.0 Hz, H-4"), 3.61-3.75 (3H, m), 3.77-3.86 (2H, m), 3.95
(1H, dd, J = 9.2 and 9.0 Hz, H-4), 4.36 (1H, d, J = 10.6 Hz, ArCH,), 4.52 (1H, d, J = 3.2 Hz, H-1),
4.55-4.83 (10H, m, ArCH, and H-1'), 4.92-5.01 (2H, m, ArH), 7.16-7.40 (30H, m, ArH).

Anal. Calcd for CssHggO10: C, 74.98; H, 6.86. Found: C, 74.75; H, 6.47.
1,6-Anhydro-2-azido-3-O-benzyl-2-deoxy-4-O-(2',3' 4 -tri-O-benzyl-a-L -rhamnopyranosyl)
-B-D-glucopyranose (23a).

Colorless syrup. R; 0.61 (2/1 n-hexane/EtOAC); [o]*®, —18.9° (¢ 0.60, CHCl3); *H-NMR (300 MHz,
CDCl3) 4 1.30 (3H, d, J=5.2 Hz, H-6"), 3.07 (1H, br s, H-2), 3.56-3.71 (4H, m), 3.74 (1H, dd, J= 7.0
and 5.8 Hz, H-6), 3.86-3.97 (2H, m), 4.08 (1H, br d, J = 7.0 Hz, H-6), 4.45-4.50 (1H, m, H-5), (1H, d,
J = 11.6 Hz, ArCH,), 4.46 (1H, d, J = 10.6 Hz, ArCH,), 4.53 (1H, d, J = 11.8 Hz, ArCH,), 4.53 and
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459 (each 1H, ABq, J = 10.8 Hz, ArCH,), 4.59-4.68 (4H, m, ArCH,), 4.82 (1H, d, J = 12.0 Hz,
ArCH,), 4.90-4.98 (2H, m, ArCH, and H-1'), 5.53 (1H, s, H-1), 7.23-7.40 (20H, m, ArH).

Anal. Calcd for CyHa3N3Og: C, 69.25; H, 6.25; N, 6.06. Found: C, 69.12; H, 5.85; N, 5.96.

2-Deoxyar abino-hexopyranosides

Cyclohexylmethyl 3,4,6-Tri-O-benzyl-2-deoxy-a.-D-ar abino-hexopyranoside (14a.).

Colorless syrup. R; 0.36 (5/2 n-hexane/ehter); [o]*5 +67.0° (c 0.88, CHCl3); 'H-NMR (300 MHz,
CDCl3) 4 0.81-1.02 (2H, m), 1.05-1.35 (3H, m), 1.46-1.81 (7H, m), 2.27 (1H, dd, J = 12.4 and 4.8 Hz,
H-2), 3.15 (1H, dd, J = 9.2 and 6.0 Hz, OCH,), 3.41 (1H, dd, J = 9.2 and 6.8 Hz, OCH,), 3.56- 3.83
(4H, m), 3.98 (1H, ddd, J = 11.2, 8.4 and 4.8 Hz, H-3), 4.51 (2H, d, J = 11.0 Hz, ArCH,), 4.64 (1H, d,
J=11.0 Hz, ArCH,), 4.65 (1H, d, J = 11.0 Hz, ArCH,), 4.68 (1H, d, J = 11.0 Hz, ArCH,), 4.89 (1H, d,
J = 11.0 Hz, ArCH,), 4.91 (1H, br d, J = 3.2 Hz, H-1), 7.14-7.20 (2H, m, ArH), 7.22-7.39 (13H, m,
ArH).

Anal. Calcd for C34H40s: C, 76.95; H, 7.98. Found: C, 76.93; H, 7.97.

Cyclohexylmethyl 3,4,6-Tri-O-benzyl-2-deoxy-B-D-ar abino-hexopyranoside (14p).

White solid. R; 0.45 (5/2 n-hexane/enter); [a]*%5 —18.5° (¢ 1.32, CHCl3); mp 72.0-73.0 °C; 'H-NMR
(300 MHz, CDCl3) § 0.82-1.02 (2H, m), 1.07-1.34 (3H, m), 1.50-1.84 (7H, m), 2.35 (1H, ddd, J = 12.4,
4.8 and 1.6 Hz, H-2), 3.22 (1H, dd, J = 9.0 and 6.4 Hz, OCH,), 3.40 (1H, ddd, J = 9.2, 4.4 and 1.6 Hz,
H-5), 3.49 (1H, dd, J = 9.2 and 8.0 Hz, H-4), 3.65 (1H, dd, J = 11.0 and 4.4 Hz, H-6), 3.69 (1H, ddd, J
=12.0, 8.0 and 4.8 Hz, H-3), 3.73 (1H, dd, J = 9.0 and 6.0 Hz, OCH,), 3.77 (1H, dd, J =11.0 and 1.6
Hz, H-6), 4.40 (1H, dd, J = 9.6 and 1.6 Hz, H-1), 4.55 (1H, d, J = 10.8 Hz, ArCH,), 457 (1H, d, J =
11.6 Hz, ArCHy), 4.59 (1H, d, J = 12.4 Hz, ArCH,), 4.63 (1H, d, J = 12.4 Hz, ArCH,), 4.69 (1H, d, J =
11.6 Hz, ArCH,), 4.90 (1H, d, J = 10.8 Hz, ArCH,), 7.17-7.23 (2H, m, ArH), 7.23-7.38 (13H, m, ArH).

Anal. Calcd for C34H40s: C, 76.95; H, 7.98. Found: C, 76.97; H, 7.62.

n-Octyl 3,4,6-Tri-O-benzyl-2-deoxy-a-D-ar abino-hexopyranoside (24a.).

Colorless syrup. Ry 0.36 (5/2 n-hexane/ehter); [o]*s +64.6° (¢ 1.40, CHCl3); 'H-NMR (300 MHz,

CDCl3) & 0.84-0.93 (3H, m), 1.20-1.37 (10H, m), 1.44-1.62 (2H, m), 1.72 (1H, ddd, J = 12.8, 11.6 and
3.6 Hz, H-2), 2.28 (1H, dd, J = 12.8 and 6.4 Hz, H-2), 3.34 (1H, dt, J = 9.6 and 6.8 Hz, OCH,), 3.55-
3.82 (5H, m), 4.00 (1H, ddd, J = 11.6, 8.8 and 6.4 Hz, H-3), 4.43-4.60 (2H, m), 4.63 (1H, d, J = 11.6
Hz, ArCH,), 4.65 (1H, d, J = 12.0 Hz, ArCH,), 4.69 (1H, d, J = 11.6 Hz, ArCH,), 4.89 (1H, d, J = 10.4
Hz, ArCH,), 4.94 (1H, br d, J = 3.6 Hz, H-1), 7.14-7.38 (15H, m, ArH).

Anal. Calcd for C3sHa60s: C, 76.89; H, 8.48. Found: C, 76.90; H, 8.16.

n-Octyl 3,4,6-Tri-O-benzyl-2-deoxy-p-D-ar abino-hexopyranoside (24p).

Colorless syrup. Ry 0.47 (5/2 n-hexanelehter); [a]®, —16.7° (¢ 0.98, CHCl3); "H-NMR (300 MHz,

CDCl3) & 0.84-0.92 (3H, m), 1.19-1.40 (10H, m), 1.53-1.71 (3H, m), 2.34 (1H, ddd, J = 12.8, 4.8 and
1.6 Hz, H-2), 3.36-3.53 (3H, m), 3.61-3.79 (3H, m), 3.89 (1H, dt, J=9.2 and 7.2 Hz, OCHy), 4.42 (1H,
dd, J = 10.0 and 1.6 Hz, H-1), 4.53-4.65 (4H, m, ArCH,) 4.68 (1H, d, J = 11.6 Hz, ArCH,), 4.90 (1H,

d, J=10.0 Hz, ArCHy), 7.16-7.37 (15H, m, ArH).
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Anal. Calcd for C3sHa60s: C, 76.89; H, 8.48. Found: C, 76.92; H, 8.10.

Cyclohexyl 3,4,6-Tri-O-benzyl-2-deoxy-a-D-ar abino-hexopyranoside (25a.).

Colorless syrup. R; 0.46 (30/1 chloroform/EtOAC); [a]*’; +80.6° (¢ 0.82, CHCl3); *H-NMR (300 MHz,
CDCl3) 6 1.11-1.91 (11H, m), 2.24 (1H, dd, J = 12.8 and 4.8 Hz, H-2), 3.49-3.69 (3H, m), 3.72-3.89
(2H, m), 4.02 (1H, ddd, J = 11.6, 8.8 and 5.2 Hz, H-3), 4.47-4.54 (2H, m, ArCH,), 4.64 (1H, d, J =
10.8 Hz, ArCH,), 4.65 (1H, d, J = 12.0 Hz, ArCH,), 4.68 (1H, d, J = 10.8 Hz, ArCH,), 4.89 (1H, d, J =
10.8 Hz, ArCH,), 5.12 (1H, br d, J = 4.8 Hz, H-1), 7.14-7.39 (15H, m, ArH).

Anal. Calcd for Cy3HagOs: C, 76.71; H, 7.80. Found: C, 76.75; H, 7.49.

Cyclohexyl 3,4,6-Tri-O-benzyl-2-deoxy-p-D-ar abino-hexopyranoside (258).

White solid. Ry 0.35 (30/1 chloroform/EtOAC); [a]®, —26.6° (¢ 1.00, CHCl3); mp 48.0-50.0 °C;
'H-NMR (300 MHz, CDCl3) § 1.13-2.05 (11H, m), 2.31 (1H, ddd, J = 12.4, 5.2 and 1.6 Hz, H-2),
3.47-3.51 (2H, m), 3.61-3.80 (4H, m), 4.53-4.65 (5H, m), 4.69 (1H, d, J = 12.0 Hz, ArCH,), 4.90 (1H,
d, J=10.8 Hz, ArCH,), 7.19-7.47 (15H, m, ArH).

Anal. Calcd for Cy3HagOs: C, 76.71; H, 7.80. Found: C, 76.74; H, 7.64.

I sopropyl 3,4,6-Tri-O-benzyl-2-deoxy-a-D-ar abino-hexopyranoside (26c).

Colorless syrup. R; 0.38 (30/1 chloroform/EtOACc); [a]*; +76.6° (¢ 1.88, CHCl3); *H-NMR (300 MHz,
CDCl3) 8 1.12 and 1.16 (each 3H, d, J = 6.0 Hz, CH3), 1.74 (1H, ddd, J = 12.8, 11.6 and 3.6 Hz, H-2),
2.24 (1H, dd, J = 12.8 and 5.2 Hz, H-2), 3.58-3.69 (2H, m), 3.77-3.86 (2H, m), 3.88 (1H, qg, J = 6.0
Hz, OCH), 4.01 (1H, ddd, J = 11.6, 8.8 and 4.8 Hz, H-3), 4.48-4.53 (2H, m, ArCH,), 4.63 (1H, d, J =
11.6 Hz, ArCH,), 4.66 (1H, d, J = 12.4 Hz, ArCH,), 4.68 (1H, d, J = 11.6 Hz, ArCH.), 4.89 (1H, d, J =
10.8 Hz, ArCH,), 5.08 (1H, br d, J = 3.6 Hz, H-1), 7.14-7.38 (15H, m, ArH).

Anal. Calcd for CyH360s: C, 75.60; H, 7.61. Found: C, 75.63; H, 7.41.

I sopropyl 3,4,6-Tri-O-benzyl-2-deoxy-B-D-ar abino-hexopyranoside (26).

Colorless syrup. R; 0.27 (30/1 chloroform/EtOAC); [a]*°p —25.9° (¢ 1.58, CHCl5); *H-NMR (300 MHz,
CDCl3) 4 1.15 and 1.26 (each 3H, d, J = 6.0 Hz, CH3), 1.65 (1H, ddd, J = 12.8, 12.2 and 10.0 Hz, H-2),
2.30 (1H, ddd, J = 12.8, 5.6 and 1.6 Hz, H-2), 3.36-3.51 (2H, m), 3.61-3.71 (3H, m), 4.01 (1H, qq, J =
6.0 Hz, OCH), 4.49-4.65 (5H, m), 4.68 (1H, d, J = 12.0 Hz, ArCH,), 4.89 (1H, d, J = 10.8 Hz, ArCH),),
7.14-7.38 (15H, m, ArH).

Anal. Calcd for CyH360s: C, 75.60; H, 7.61. Found: C, 75.65; H, 7.42.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3',4’,6'-tri-O-benzyl-2' -deoxy-a.-D-ar abino-hexopyr anosyl)
-a-D-glucopyranoside (27a.).

White solid. Ry 0.24 (2/1 n-hexane/EtOAC); [a]®, +65.4° (¢ 0.60, CHCl3); *H-NMR (300 MHz,
CDCl3) 6 1.69 (1H, ddd, J = 12.4, 12.4 and 4.0 Hz, H-2'), 2.30 (1H, dd, J = 12.4 and 5.2 Hz, H-2'),
3.34 (3H, s, OMe), 3.44-3.69 (7H, m), 3.70-3.75 (1H, m), 3.78-3.84 (1H, m), 3.89-4.02 (2H, m),
4.36-4.70 (8H, m), 4.77-5.01 (6H, m), 7.12-7.38 (30H, m, ArH).

Anal. Calcd for CssHggO10: C, 74.98; H, 6.86. Found: C, 74.92; H, 6.66.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3',4',6' -tri-O-benzyl-2’ -deoxy-B-D-ar abino-hexopyranosyl)
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-a-D-glucopyranoside (278).

White solid. R; 0.36 (2/1 n-hexane/EtOAC); [a]?’p +23.5° (¢ 1.33, CHCl3); mp 130.3-132 °C; 'H-NMR
(300 MHz, CDCl3) & 1.53-1.68 (1H, m, H-2'), 2.15 (1H, ddd, J = 12.4, 4.8 and 1.6 Hz, H-2"), 3.36 (3H,
s, OMe), 3.30-3.78 (9H, m), 3.56-3.75 (4H, m), 3.99 (1H, dd, J = 9.6 and 9.6 Hz), 4.07 (1H, dd, J =
10.8 and 2.0 Hz), 4.16 (1H, dd, J = 10.0 and 1.6 Hz, H-1'), 4.49-4.68 (8H, m), 4.77-4.89 (4H, m), 5.00
(1H, d, J = 10.8 Hz, ArCH,), 7.18-7.38 (30H, m, ArH).

Anal. Calcd for CssHggO10: C, 74.98; H, 6.86. Found: C, 74.97; H, 6.68.
1,6-Anhydro-2-azido-3-O-benzyl-4-O-(3',4',6'-tri-O-benzyl-2' -deoxy-a-D-ar abino-hexopyranosyl
) -2-deoxy-B-D-glucopyranose (28a.).

Colorless syrup. Ry 0.43 (2/1 n-hexane/EtOAC); [a]*'p +87.1° (¢ 1.01, CHCI3); *H-NMR (300 MHz,
CDCl3) 6 1.73 (1H, ddd, J = 12.8, 11.6 and 4.0 Hz, H-2'), 2.32 (1H, dd, J = 12.8 and 4.8 Hz, H-2),
3.12 (1H, br s, H-2), 3.49-3.64 (4H, m), 3.70 (2H, d, J = 3.6 HZz), 3.94 (1H, ddd, J = 10.0, 4.0 and 4.0
Hz), 4.00-4.13 (2H, m), 4.44-4.70 (8H, m), 4.90 (1H, d, J = 10.8 Hz, ArCH,), 5.00 (1H, d, J = 4.0
Hz ,H-1'), 5.49 (1H, br s, H-1), 7.16-7.40 (20H, m, ArH).

Anal. Calcd for CyHa3N3Og: C, 69.25; H, 6.25; N, 6.06. Found: C, 69.14; H, 5.96; N, 6.10.
1,6-Anhydro-2-azido-3-O-benzyl-4-O-(3' ,4',6'-tri-O-benzyl-2' -deoxy-p-D-ar abino-hexopyr anosyl
) -2-deoxy-B-D-glucopyranose (28p).

Colorless syrup. R 0.30 (2/1 n-hexane/EtOAC); [a]*s +9.2° (¢ 0.85, CHCl3); *H-NMR (300 MHz,
CDCl3) 6 1.75 (1H, ddd, J = 12.0, 12.0 and 9.6 Hz, H-2"), 2.44 (1H, ddd, J = 12.4, 4.8 and 1.6 Hz,
H-2'), 3.18 (1H, brs, H-2), 3.39-3.55 (2H, m), 3.62-3.77 (4H, m), 3.85 (1H, br s, H-1'), 3.92 (1H, dd, J
= 1.2 and 1.2 Hz), 4.08-4.16 (1H, m), 4.46-4.72 (9H, m), 4.92 (1H, d, J = 11.2 Hz, ArCH,), 5.48 (1H,
brs, H-1), 7.19-7.36 (20H, m, ArH).

Anal. Calcd for CyHa3N3Og: C, 69.25; H, 6.25; N, 6.06. Found: C, 69.20; H, 5.93; N, 6.01.

Methyl 4-O-(3',4',6'-Tri-O-benzyl-2’ -deoxy-a-D-ar abino-hexopyranosyl)-2,3-O-isopropylidene
-a-L-rhamnopyranoside(54a.).

Colorless syrup. Ry 0.28 (8/1 toluene/EtOAC); [a]®, +63.0° (¢ 1.29, CHCls); 'H-NMR (300 MHz,
CDCl3) 6 1.24 (3H, d, J = 6.0 Hz, H-6), 1.25 and 1.44 (each 3H, s, IP), 1.73 (1H, ddd, J = 12.4, 11.0
and 3.2 Hz, H-2'), 2.26 (1H, dd, J = 12.4 and 4.6 Hz, H-2'), 3.33 (1H, dd, J = 10.0 and 6.4 Hz, H-4),
3.35 (3H, s, OMe), 3.60 (1H, dqg, J = 10.0 and 6.0 Hz, H-5), 3.63 (1H, dd, J = 10.2 and 1.4 Hz, H-6’),
3.76 (1H, dd, J = 9.0 and 9.0 Hz, H-4"), 3.85 (1H, dd, J = 10.2 and 1.6 Hz, H-6"), 3.95 (1H, ddd, J =
11.0, 9.0 and 4.6 Hz, H-3'), 3.97-4.07 (3H, m), 4.52 and 4.64 (each 1H, ABq, J = 12.0 Hz, ArCH,),
4.56 and 4.90 (each 1H, ABq, J = 10.6 Hz, ArCH,), 5.06 (1H, br d, J= 3.2 Hz, H-1"), 7.17-7.39 (15H,
m, ArH).

Anal. Calcd for C3;H4604: C, 70.01; H, 7.30. Found: C, 69.99; H, 7.13.

Methyl 4-O-(3',4',6'-Tri-O-benzyl-2-deoxy-p-D-ar abino-hexopyr anosyl)-2,3-O-isopropylidene
-oi-L-rhamnopyranoside(54p).

Colorless syrup. Ry 0.44 (8/1 toluene/EtOAC); [a]*’s —34.1° (¢ 1.91, CHCl3); "H-NMR (300 MHz,

100



CDCl3) 6 1.33 (3H, d, J = 5.2 Hz, H-6), 1.33 and 1.46 (each 3H, s, IP), 1.59 (1H, ddd, J = 12.0, 11.6
and 10.0 Hz, H-2'), 2.39 (1H, ddd, J = 12.0, 4.8 Hz and 1.2, H-2'), 3.31-3.41 (1H, m), 3.37 (3H, s,
OMe), 3.58 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 3.58-3.73 (4H, m), 3.77 (1H, d, J = 10.6 and 4.0 Hz,
H-6'), 4.08 (1H, d, J = 5.2 Hz, H-2), 4.17 (1H, dd, J = 7.0 and 5.2 Hz, H-3), 4.57 and 4.63 (each 1H,
ABq, J = 10.2 Hz, ArCHy,), 4.60 and 4.69 (each 1H, ABq, J = 11.0 Hz, ArCH,), 4.60 and 4.90 (each
1H, ABg, J = 10.2 Hz, ArCHy), 4.91 (1H, dd, J = 10.0 and 1.2 Hz, H-1’), 7.21-7.38 (15H, m, ArH).
Anal. Calcd for C3;H4604: C, 70.01; H, 7.30. Found: C, 70.05; H, 7.02.

Methyl 3-O-Benzyl-6-O-(3',4',6'-tri-O-benzyl-2-deoxy-a-D-ar abino-hexopyranosyl)
2,6-dideoxy-a-D-ar abino-hexopyranoside (55a.).

Colorless syrup. Ry 0.43 (6/1 toluene/EtOAC); [a]®, +67.1° (¢ 1.08, CHCls); 'H-NMR (300 MHz,
CDCl3) 4 1.27 (3H, d, J = 5.8 Hz, H-6), 1.61 (1H, ddd, J = 12.8, 11.6 and 3.8 Hz, H-2), 1.65 (1H, ddd,
J=12.8, 11.0 and 4.0 Hz, H-2), 2.16 (1H, dd, J = 12.8 and 4.6 Hz, H-2), 2.27 (1H, dd, J = 12.8 and
4.8 Hz, H-2"), 3.31 (3H, s, OMe), 3.34 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 3.55-3.69 (1H, m), 3.60 (1H,
dd, J=9.4 and 9.0 Hz, H-4'), 3.63 (1H, br d, J = 10.0 Hz, H-6"), 3.75-3.95 (2H, m), 3.80 (1H, dd, J =
10.0 and 3.2 Hz, H-6'), 3.89 (1H, ddd, J = 11.6, 9.0 and 4.6 Hz, H-3), 4.43 (1H, d, J = 11.2 Hz,
ArCH,), 4.49 (1H, d, J = 12.0 Hz, ArCHy), 4.50 (1H, d, J = 10.2 Hz, ArCH,), 4.60 (2H, s, ArCH, and
1H, d, J = 11.6 Hz, ArCH,), 4.64 (1H, d, J = 12.0 Hz, ArCH,), 4.73 (1H, brd, J = 3.8 Hz, H-1), 4.86
(1H, d, J = 12.0 Hz, ArCH,), 5.53 (1H, brd, J = 4.8 Hz, H-1'), 7.14-7.37 (20H, m, ArH).

Anal. Calcd for C1HagO0g: C, 73.63; H, 7.23. Found: C, 73.72; H, 7.21.

Methyl 3-O-Benzyl-6-O-(3' 4’ ,6 -tri-O-benzyl-2-deoxy-B-D-ar abino-hexopyr anosyl)
2,6-dideoxy-a-D-ar abino-hexopyranoside (558).

Colorless syrup. Ry 0.30 (6/1 toluene/EtOAC); [a]*p +62.1° (¢ 1.51, CHCls); 'H-NMR (300 MHz,
CDCl3) 6 1.27 (3H, d, J = 6.2 Hz, H-6), 1.61 (1H, ddd, J = 13.0, 11.0 and 10.8 Hz, H-2"), 1.68 (1H,
ddd, J = 12.4, 11.0 and 3.2 Hz, H-2), 2.20 (1H, ddd, J = 13.0, 4.8 and 1.2 Hz, H-2'), 2.34 (1H, dd, J =
12.4 and 4.4 Hz, H-2), 3.28 (3H, s, OMe), 3.23-3.38 (2H, m), 3.54 (1H, dd, J = 8.6 and 8.6 Hz, H-4),
3.61 (1H, ddd, J = 11.0, 8.6 and 4.4 Hz, H-3), 3.63-3.67 (2H, m), 3.70 (1H, dqg, J = 9.2 and 6.2 Hz,
H-5), 3.87 (1H, ddd, J = 10.8, 8.0 and 4.8 Hz, H-3'), 4.47 (1H, d, J = 11.8 Hz, ArCH,), 4.52 (1H, d, J
= 11.8 Hz, ArCH,), 4.56 (1H, d, J = 10.4 Hz, ArCH,), 4.59 (1H, d, J = 11.4 Hz, ArCH,), 4.59 (1H, dd,
J=110and 1.2 Hz, H-1'), 4.60 (1H, d, J = 11.0 Hz, ArCH,), 4.66 (1H, d, J = 11.0 Hz, ArCH,), 4.71
(1H, br, H-1), 4.77 (1H, d, J = 11.4 Hz, ArCH,), 4.87 (1H, d, J = 10.4 Hz, ArCH,), 7.16-7.36 (20H, m,
ArH).

Anal. Calcd for C41Hag0g: C, 73.63; H, 7.23. Found: C, 73.27; H, 6.90.

2,6-Dideoxyar abino-hexopyranosides

Cyclohexylmethyl 3,4-Di-O-benzyl-2,6-dideoxy-a-D-ar abino-hexopyranoside (15a).

Colorless syrup. Ry 0.52 (3/1 n-hexane/ether); [o]*s +70.6° (¢ 0.54, CHCl3); "H-NMR (300 MHz,
CDCl3) 4 0.82-1.02 (2H, m), 1.10-1.32 (1H, m), 1.28 (3H, d, J = 6.0 Hz, H-6), 1.46-1.81 (9H, m), 2.28
(1H, dd, J = 12.4 and 5.0 Hz, H-2), 3.10 (1H, dd, J = 9.0 and 3.4 Hz, OCH,), 3.12 (1H, dd, J = 9.0 and
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8.8 Hz, H-4), 3.38 (1H, dd, J = 9.0 and 6.8 Hz, OCH,), 3.72 (1H, dg, J = 9.0 and 6.0 Hz, H-5), 3.95
(1H, ddd, J = 11.2, 8.8 and 5.0 Hz, H-3), 4.64 and 4.68 (each 1H, ABq, J = 10.6 Hz, ArCH,), 4.66 and
4.95 (each 1H, ABq, J=10.8 Hz, ArCH,), 4.81 (1H, br d, J = 3.0 Hz, H-1), 7.24-7.39 (10H, m, ArH).
Anal. Calcd for C»H3604: C, 76.38; H, 8.55. Found: C, 76.37; H, 8.58.

Cyclohexylmethyl 3,4-Di-O-benzyl-2,6-dideoxy-B-D-ar abino-hexopyranoside (158).

White solid. R; 0.62 (3/1 n-hexane/ether); [a]*%5 —32.7° (¢ 0.52, CHCl3); mp 69.5-72.0 °C; 'H-NMR
(300 MHz, CDCl3) 8 0.82-1.00 (2H, m), 1.10-1.29 (2H, m), 1.33 (3H, d, J = 6.0 Hz, H-6), 1.48-1.83
(8H, m), 2.35 (1H, ddd, J = 12.0, 4.8 and 1.2 Hz, H-2), 3.14 (1H, dd, J = 9.0 and 8.4 Hz, H-4), 3.20
(1H, dd, J = 9.0 and 6.8 Hz, OCH,), 3.32 (1H, dg, J = 9.0 and 6.0 Hz, H-5), 3.62 (1H, ddd, J = 12.2,
8.4 and 4.8 Hz, H-3), 3.68 (1H, dd, J = 9.0 and 6.0 Hz, OCHy), 4.37 (1H, dd, J = 9.4 and 1.2 Hz, H-1),
4.59 and 4.69 (each 1H, ABq, J = 11.6 Hz, ArCHy), 4.66 and 4.95 (each 1H, ABq, J = 10.8 Hz, ArCH,),
7.24-7.38 (10H, m, ArH).

Anal. Calcd for C»H3504: C, 76.38; H, 8.55. Found: C, 76.43; H, 8.42.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3'-O-benzyl-4'-O-benzoyl-2' 6’ -dideoxy-a-D-ar abino-
hexopyranosyl) -a-D-glucopyranoside (60a.).

White solid. R; 0.37 (4/1 toluene/EtOAC); [a]*’p +58.6° (¢ 0.56, CHCl3); mp 92.0-94.0 °C; 'H-NMR
(300 MHz, CDClI3) 6 1.09 (3H, d, J = 6.0 Hz, H-6"), 1.77 (1H, ddd, J = 12.6, 11.0 and 3.2 Hz, H-2'),
2.35 (1H, dd, J = 12.6 and 4.8 Hz, H-2'), 3.37 (3H, s, OMe), 3.49-3.64 (3H, m), 3.71-3.91 (3H, m),
3.91 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3'), 4.02 (1H, dd, J= 9.0 and 9.0 Hz), 4.43 (1H, d, J=11.8
Hz, ArCH,), 4.53-4.62 (2H, m, ArCH,), 4.65 (1H, d, J = 3.2 Hz, H-1), 4.71 (1H, d, J = 11.2 Hz,
ArCH,), 4.82 (1H, d, J = 12.2 Hz, ArCH,), 4.83 (1H, br d, J = 3.2 Hz, H-1'), 4.94 (1H, d, J = 10.2 Hz,
ArCH,), 4.99 (1H, dd, J = 9.2 and 9.0 Hz, H-4'), 5.00 (1H, d, J = 11.2 Hz, ArCH,), 5.02 (1H, d, J =
10.2 Hz, ArCH,), 7.08-7.15 (5H, m, ArH), 7.21-7.47 (17H, m, ArH), 7.52-7.62 (1H, m, ArH),
7.88-7.97 (2H, m, ArH).

Anal. Calcd for CsgHs,040: C, 73.08; H, 6.64. Found: C, 73.04; H, 6.67.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3'-O-benzyl-4'-O-benzoyl-2' ,6' -dideoxy-B-D-ar abino-
hexopyranosyl) -a-D-glucopyranoside (60p).

White solid. Ry 0.49 (4/1 toluene/EtOAC); [a]*%5 —9.0° (¢ 1.07, CHCl5); mp 154-156 °C; *H-NMR (300
MHz, CDCl3) 6 1.22 (3H, d, J = 6.0 Hz, H-6"), 1.75 (1H, ddd, J = 12.4, 11.6 and 9.4 Hz, H-2"), 2.21
(1H, ddd, J = 12.4, 4.8 and 1.2 Hz, H-2'), 3.37 (3H, s, OMe), 3.41 (1H, dg, J = 9.4 and 6.0 Hz, H-5'),
3.48-3.59 (3H, m), 3.59 (1H, ddd, J = 11.6, 9.2 and 4.8 Hz, H-3), 3.77 (1H, ddd, J = 10.0, 2.2 and 1.2
Hz, H-6), 4.00 (1H, dd, J = 9.0 and 8.8 Hz), 4.06 (1H, dd, J = 10.0 and 1.2 Hz, H-6), 4.25 (1H, dd, J =
9.4 and 1.2 Hz, H-1'), 4.44 (1H, d, J = 12.0 Hz, ArCH,), 4.59 (1H, d, J = 12.0 Hz, ArCH, ), 4.59 (1H,
d, J=11.2 Hz, ArCH,), 4.61 (1H, d, J = 3.2 Hz, H-1), 4.66 (1H, d, J = 12.0 Hz, ArCH,), 4.79 (1H, d, J
=12.0 Hz, ArCH,), 4.81 (1H, d, J = 10.6 Hz, ArCH,), 4.89 (1H, d, J = 11.2 Hz, ArCH,), 4.98 (1H, dd,
J=9.4and 9.2 Hz, H-4"), 5.00 (1H, d, J = 10.6 Hz, ArCH,), 7.11-7.20 (5H, m, ArH), 7.22-7.40 (15H,
m, ArH), 7.41-7.51 (2H, m, ArH), 7.55-7.64 (1H, m, ArH), 7.97-8.06 (2H, m, ArH).

102



Anal. Calcd for CsgHs,040: C, 73.08; H, 6.64. Found: C, 73.02; H, 6.42.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3',4’ -di-O-benzoyl-2' 6’ -dideoxy-a-D-ar abino-hexopyranosyl)
-a-D-glucopyranoside (61a).

Colorless syrup. Ry 0.47 (2/1 n-hexane/EtOAC); [a]*® +42.8° (¢ 0.78, CHCI3); *H-NMR (300 MHz,
CDCl3) 4 1.16 (3H, d, J = 6.0 Hz, H-6'), 1.93 (1H, ddd, J = 12.4, 11.0 and 3.2 Hz, H-2"), 2.53 (1H, dd,
J=124and 4.8 Hz, H-2'), 3.42 (3H, s, OMe), 3.61 (1H, dg, J = 9.0 and 6.0 Hz, H-5"), 3.56-3.70 (2H,
m), 3.77-3.86 (1H, m), 3.91 (1H, dd, J = 11.0 and 3.8 Hz, H-6), 4.02 (1H, dd, J = 9.0 and 3.2 Hz, H-2),
4.03 (1H, dd, J = 9.0 and 9.0 Hz), 4.63 (1H, d, J = 3.2 Hz, H-1), 4.69 and 4.82 (each 1H, ABq, J =
12.0 Hz, ArCH,), 4.83 and 5.02 (each 1H, ABq, J = 10.4 Hz, ArCH,), 4.72 and 5.05 (each 1H, ABq, J
= 11.0 Hz, ArCHj), 5.03 (1H, br d, , J = 3.2 Hz, H-1'), 5.18 (1H, dd, J = 9.2 and 9.0 Hz, H-4'), 5.61
(1H, ddd, J = 11.0, 9.2 and 4.8 Hz, H-3'), 7.21-7.43 (19H, m, ArH), 7.43-7.53 (2H, m, ArH), 7.85-7.96
(4H, m, ArH).

Anal. Calcd for CigH50011: C, 71.80; H, 6.28. Found: C, 71.72; H, 6.34.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3',4'-di-O-benzoyl-2' 6’ -dideoxy-B-D-ar abino-hexopyr anosyl)
-oi-D-glucopyranoside (618).

White solid. Ry 0.47 (2/1 n-hexane/EtOAC); [a]*%, —24.2° (¢ 0.97, CHCl3); mp 126.5-128 °C; 'H-NMR
(300 MHz, CDClI3) 6 1.28 (3H, d, J = 6.0 Hz, H-6"), 1.88 (1H, ddd, J = 12.0, 11.0 and 9.4 Hz, H-2'),
2.40 (1H, dd, J = 12.0, 4.4 Hz, H-2'), 3.37 (3H, s, OMe), 3.48-3.68 (4H, m), 3.72-3.82 (1H, m, H-5),
4.00 (1H, dd, J = 9.0 and 8.8 Hz), 4.08 (1H, brd, J = 10.6 Hz, H-6), 4.41 (1H, br d, J = 9.4 Hz, H-1"),
4.62 (1H, d, J= 3.2 Hz, H-1), 4.60 and 4.90 (each 1H, ABq, J = 11.2 Hz, ArCH,), 4.65 and 4.79 (each
1H, ABg, J = 12.0 Hz, ArCH)), 4.83 and 5.00 (each 1H, ABq, J = 10.8 Hz, ArCHy), 5.17 (1H, dd, J =
9.2 and 9.2 Hz, H-4'), 5.28 (1H, ddd, J = 11.0, 9.2 and 4.4 Hz, H-3"), 7.23-7.45 (19H, m, ArH),
7.45-7.56 (2H, m, ArH), 7.88-7.99 (4H, m, ArH).

Anal. Calcd for CsgH50011: C, 71.80; H, 6.28. Found: C, 71.67; H, 5.96.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3',4’ -di-O-benzyl-2',6'-dideoxy-a-D-ar abino-hexopyranosyl)
-oi-D-glucopyranoside (62a.).

White solid. Ry 0.46 (2/1 n-hexane/EtOAC); [a]*’p +59.1° (¢ 1.31, CHCI53); mp 94.5-97.0 °C; 'H-NMR
(300 MHz, CDCl3) 6 1.17 (3H, d, J = 6.0 Hz, H-6"), 1.64 (1H, ddd, J = 12.8, 11.2 and 3.2 Hz, H-2'),
2.31 (1H, dd, J = 12.8 and 3.8 Hz, H-2"), 3.09 (1H, dd, J = 9.0 and 8.8 Hz), 3.35 (3H, s, OMe),
3.46-3.61 (3H, m), 3.68 (1H, dg, J = 9.0 and 6.0 Hz, H-5'), 3.74 (1H, br d, J = 11.0 Hz, H-6), 3.81 (1H,
dd, J = 11.0 and 3.6 Hz, H-6), 3.90 (1H, ddd, J = 11.0, 8.4 and 4.8 Hz, H-3"), 4.00 (1H, dd, J = 9.0 and
8.8 Hz), 4.57 (1H, d, J = 10.4 Hz, ArCH,), 4.59-4.66 (4H, m, ArCH, and H-1), 4.68 (1H, d, J = 11.8
Hz, ArCH,), 4.80 (1H, d, J = 11.8 Hz, ArCH,), 4.81 (1H, d, J = 10.2 Hz, ArCH,), 4.87-4.97 (3H, m,
ArCH, and H-1'), 5.00 (1H, d, J = 10.2 Hz, ArCHy), 7.19-7.41 (25H, m, ArH).

Anal. Calcd for CsgHs40q: C, 74.39; H, 7.02. Found: C, 74.30; H, 6.83.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3' ,4 -di-O-benzyl-2',6’ -dideoxy-p-D-ar abino-hexopyr anosyl)
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-a-D-glucopyranoside (62f).

White solid. Ry 0.59 (2/1 n-hexane/EtOAc); [a]®, +14.5° (c 0.41, CHCls); mp 140.5-142.5 °C;
'H-NMR (300 MHz, CDCl5) & 1.28 (3H, d, J = 6.0 Hz, H-6"), 1.60 (1H, ddd, J = 12.2, 11.2 and 9.4 Hz,
H-2"), 2.16 (1H, ddd, J = 12.2, 4.6 and 1.2 Hz, H-2"), 3.09 (1H, dd, J = 8.8 and 8.6 Hz), 3.24 (1H, dq,
J=8.8and 5.8 Hz, H-5'), 3.36 (3H, s, OMe), 3.47-3.60 (4H, m), 3.68-3.78 (1H, m), 3.99 (1H, dd, J =
9.0 and 9.0 Hz), 4.03 (1H, dd, J = 10.0 and 1.4 Hz, H-6), 4.15 (1H, dd, J = 9.4 and 1.2 Hz, H-1'), 457
(1H, d, J = 11.2 Hz, ArCH,), 4.58 (1H, d, J = 12.0 Hz, ArCH,), 4.57-4.59 (4H, m, ArCH, and H-1),
4.79 (1H, d, J = 12.0 Hz, ArCH,), 4.81 (1H, d, J = 10.4 Hz, ArCH,), 4.87 (1H, d, J = 11.0 Hz, ArCH,),
4.92 (1H, d, J = 10.8 Hz, ArCH,), 4.99 (1H, d, J = 10.4 Hz, ArCH,), 7.21-7.39 (25H, m, ArH).

Anal. Calcd for CsgHs40q: C, 74.39; H, 7.02. Found: C, 74.38; H, 6.80.

Methyl 2,3,4-Tri-O-benzyl-6-O-(4'-O-benzyl-3'-O-benzoyl-2' 6’ -dideoxy-a-D-ar abino-
hexopyranosyl)-a-D-glucopyr anoside (63a.).

White solid. Ry 0.50 (2/1 n-hexane/EtOAc); [a]*p +44.0° (¢ 1.50, CHCl3); mp 132.8-135.5 °C;
'H-NMR (300 MHz, CDCls) & 1.23 (3H, d, J = 6.0 Hz, H-6"), 1.80 (1H, ddd, J = 12.2, 11.0 and 3.2 Hz,
H-2"), 2.46 (1H, dd, J = 12.2 and 5.0 Hz, H-2"), 3.33 (1H, dd, J = 9.0 and 9.0 Hz), 3.38 (3H, s, OMe),
3.52-3.67 (3H, m), 3.72-3.80 (3H, m), 4.00 (1H, dd, J = 9.2 and 9.0 Hz), 4.59 (1H, d, J = 3.6 Hz, H-1),
4.60 (1H, d, J = 11.0 Hz, ArCH,), 4.64 (1H, d, J = 11.0 Hz, ArCH,), 4.67 (1H, d, J = 12.0 Hz, ArCH,),
4.72 (1H, d, J = 11.0 Hz, ArCH,), 4.80 (1H, d, J = 12.0 Hz, ArCH,), 4.82 (1H, d, J = 11.0 Hz, ArCH,),
4,94 (1H, brd, J = 3.2 Hz, H-1'), 4.97 (1H, d, J = 11.0 Hz, ArCH,), 5.00 (1H, d, J = 11.0 Hz, ArCH,),
5.54 (1H, ddd, J = 11.0, 9.0 and 5.0 Hz, H-3"), 7.14-7.40 (20H, m, ArH), 7.40-7.49 (2H, m, ArH),
7.52-7.61 (1H, m, ArH), 7.98-8.07 (2H, m, ArH).

Anal. Calcd for CsgHs,040: C, 73.08; H, 6.64. Found: C, 73.00; H, 6.49.

Methyl 2,3,4-Tri-O-benzyl-6-O-(4' -O-benzyl-3'-O-benzoyl-2' ,6' -dideoxy-p-D-ar abino-
hexopyranosyl)-a-D-glucopyranoside (638).

White solid. R 0.50 (2/1 n-hexane/EtOAC); [a]*%, —4.9° (¢ 0.42, CHCI3); mp 140.5-143 °C; 'H-NMR
(300 MHz, CDClI3) 6 1.34 (3H, d, J= 5.6 Hz, H-6"), 1.72 (1H, ddd, J = 12.0, 11.8 and 9.6 Hz, H-2'),
2.32 (1H, ddd, J = 12.0, 5.0 and 1.2 Hz, H-2"), 3.31 (1H, dd, J = 9.0 and 8.4 Hz), 3.35 (3H, s, OMe),
3.39 (1H, dg, J = 9.0 and 5.6 Hz, H-5'), 3.45-3.60 (3H, m), 3.68-3.77 (1H, m, H-5), 3.98 (1H, dd, J =
9.2 and 8.8 Hz), 4.03 (1H, dd, J = 12.4 and 1.4 Hz, H-6), 4.28 (1H, dd, J = 9.6 and 1.2 Hz, H-1'), 4.57
(1H, d, J= 11.0 Hz, ArCH,), 4.58 (1H, d, J = 3.0 Hz, H-1), 4.59 (1H, d, J = 10.6 Hz, ArCH,), 4.64 (1H,
d, J = 11.6 Hz, ArCH,), 4.70 (1H, d, J = 10.6 Hz, ArCH,), 4.78 (1H, d, J = 11.6 Hz, ArCHy), 4.81 (1H,
d, J=11.0Hz, ArCH,), 4.87 (1H, d, J= 11.0 Hz, ArCH,), 4.99 (1H, d, J = 11.0 Hz, ArCH,), 5.19 (1H,
ddd, J = 11.8, 8,2 and 5.0 Hz, H-3'), 7.14-7.40 (20H, m, ArH), 7.53-7.62 (1H, m, ArH), 7.98-8.06 (2H,
m, ArH).

Anal. Calcd for CsgHs,040: C, 73.08; H, 6.64. Found: C, 72.92; H, 6.49.

Cyclohexylmethyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-a-D-ar abino-hexopyranoside (64a).
Colorless syrup. Ry 0.38 (3/1 n-hexane/ether); [o]*%5 +37.2° (¢ 0.91, CHCl3); 'H-NMR (300 MHz,
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CDCl3) 4 0.85-1.05 (2H, m), 1.10-1.37 (3H, m), 1.20 (3H, d, J = 6.0 Hz, H-6), 1.51-1.87 (6H, m), 1.80
(1H, ddd, J = 13.0, 11.0 and 3.2 Hz, H-2), 2.32 (1H, dd, J = 13.0 and 4.8 Hz, H-2), 3.18 (1H, dd, J =
9.2 and 6.0 Hz, OCH,), 3.43 (1H, dd, J = 9.2 and 6.8 Hz, OCH,), 3.87 (1H, dqg, J = 9.2 and 6.0 Hz,
H-5), 3.99 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3), 4.48 and 4.60 (each 1H, ABq, J = 11.6 Hz,
ArCH,), 4.88 (1H, br d, J = 3.2 Hz, H-1), 5.03 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 7.12-7.18 (5H, m,
ArH), 7.41-7.50 (2H, m, ArH), 7.53-7.63 (1H, m, ArH), 8.00-8.09 (2H, m, ArH).

Anal. Calcd for C»;H340s: C, 73.94; H, 7.81. Found: C, 73.93; H, 7.85.

Cyclohexylmethyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-p-D-ar abino-hexopyranoside (64B).
White solid. R; 0.51 (3/1 n-hexane/ether); [a]*’s —71.4° (¢ 0.67, CHCl3); mp 64.5-66.5 °C; 'H-NMR
(300 MHz, CDCl3) & 0.82-1.03 (2H, m), 1.12-1.34 (3H, m), 1.26 (3H, d, J = 6.0 Hz, H-6), 1.50-1.85
(6H, m), 1.76 (1H, ddd, J = 12.4, 11.6 and 9.6 Hz, H-2), 2.38 (1H, ddd, J = 12.4, 4.8 and 1.6 Hz, H-2),
3.22 (1H, dd, J = 9.2 and 6.8 Hz, OCH,), 3.49 (1H, dg, J = 9.2 and 6.0 Hz, H-5), 3.68 (1H, ddd, J =
11.6, 9.0 and 4.8 Hz, H-3), 3.71 (1H, dd, J = 9.2 and 6.2 Hz, OCH,), 4.46 (1H, dd, J = 9.6 and 1.6 Hz,
H-1), 4.46 and 4.62 (each 1H, ABg, J = 12.0 Hz, ArCHj,), 5.02 (1H, dd, J = 9.2 and 9.0 Hz, H-4),
7.12-7.21 (5H, m, ArH), 7.41-7.52 (2H, m, ArH), 7.54-7.63 (1H, m, ArH), 7.97-8.07 (2H, m, ArH).
Anal. Calcd for C»;H340s: C, 73.94; H, 7.81. Found: C, 73.86; H, 7.82.

n-Octyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-a-D-ar abino-hexopyranoside (65a).

Colorless syrup. Ry 0.37 (3/1 n-hexane/ether); [o]*s +32.0° (¢ 1.38, CHCl3); 'H-NMR (300 MHz,
CDCl3) 8 0.90 (3H, t, J = 6.2 Hz), 1.21 (3H, d, J = 6.0 Hz, H-6), 1.24-1.42 (10H, m), 1.51-1.67 (2H,
m), 1.81 (1H, ddd, J = 12.6, 11.0 and 3.2 Hz, H-2), 2.32 (1H, dd, J = 12.6 and 4.8 Hz, H-2), 3.38 (1H,
dt, J= 9.5 and 6.2 Hz, OCHy), 3.63 (1H, dt, J = 9.5 and 6.2 Hz, OCHy), 3.89 (1H, dg, J = 9.2 and 6.0
Hz, H-5), 4.00 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3), 4.48 and 4.60 (each 1H, ABq, J = 12.0 Hz,
ArCH,), 4.91 (1H, br d, J = 3.2 Hz, H-1), 5.03 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 7.13-7.18 (5H, m,
ArH), 7.40-7.50 (2H, m, ArH), 7.53-7.63 (1H, m, ArH), 8.01-8.09 (2H, m, ArH).

Anal. Calcd for CxgH350s: C, 73.98; H, 8.43. Found: C, 74.05; H, 8.44.

n-Octyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-B-D-ar abino-hexopyranoside (658).

Colorless syrup. Ry 0.51 (3/1 n-hexane/ether); [a]*, —64.6° (¢ 1.30, CHCl3); "H-NMR (300 MHz,
CDCl3) & 0.88 (3H, t, J = 6.2 Hz), 1.20-1.40 (10H, m), 1.26 (3H, d, J = 6.0 Hz, H-6), 1.52-1.68 (2H,
m), 1.77 (1H, ddd, J = 12.4, 12.0 and 9.6 Hz, H-2), 2.38 (1H, ddd, J = 12.4, 4.8 and 1.4 Hz, H-2), 3.44
(1H, dt, J = 9.0 and 6.2 Hz, OCH,), 3.50 (1H, dg, J = 9.2 and 6.0 Hz, H-5), 3.68 (1H, ddd, J = 12.0,
9.0 and 4.8 Hz, H-3), 3.89 (1H, dt, J = 9.0 and 6.2 Hz, OCH,), 4.48 (1H, dd, J = 9.6 and 1.4 Hz, H-1),
4.46 and 4.61 (each 1H, ABq, J = 12.0 Hz, ArCHy), 5.02 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 7.12-7.21
(5H, m, ArH), 7.41-7.51 (2H, m, ArH), 7.55-7.64 (1H, m, ArH), 7.98-8.07 (2H, m, ArH).

Anal. Calcd for CxgHs50s: C, 73.98; H, 8.43. Found: C, 74.04; H, 8.46.

Cyclohexyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-a-D-ar abino-hexopyranoside (66a.).

Colorless syrup. R; 0.34 (30/1 chloroform/EtOAC); [a]*p +46.6° (¢ 1.98, CHCl3); *H-NMR (300 MHz,
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CDCl3) 4 1.14-1.48 (5H, m), 1.20 (3H, d, J = 6.0 Hz, H-6), 1.48-1.63 (1H, m), 1.65-1.96 (5H, m), 2.28
(1H, dd, J = 12.6 and 4.8 Hz, H-2), 3.47-3.63 (1H, m, OCH), 3.97 (1H, dg, J = 9.2 and 6.0 Hz, H-5),
4.02 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3), 4.48 and 4.60 (each 1H, ABq, J = 12.0 Hz, ArCH,), 5.03
(1H, dd, J =9.2 and 9.0 Hz, H-4), 5.08 (1H, br d, J = 3.2 Hz, H-1), 7.12-7.18 (5H, m, ArH), 7.40-7.50
(2H, m, ArH), 7.53-7.62 (1H, m, ArH), 8.01-8.09 (2H, m, ArH).

Anal. Calcd for CxxH1,0s: C, 73.56; H, 7.60. Found: C, 73.58; H, 7.70.

Cyclohexyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-p-D-ar abino-hexopyranoside (66p).

White solid. Ry 0.24 (30/1 chloroform/EtOAC); [a]®s —77.9° (¢ 1.55, CHCl3); mp 74.5-76.0 °C;
'H-NMR (300 MHz, CDCl3) & 1.12-1.49 (5H, m), 1.26 (3H, d, J = 6.0 Hz, H-6), 1.49-1.63 (1H, m),
1.66-2.04 (5H, m), 2.34 (1H, ddd, J = 12.4, 4.8 and 1.6 Hz, H-2), 3.50 (1H, dg, J = 9.2 and 6.0 Hz,
H-5), 3.60-3.76 (1H, m OCH), 3.68 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3), 4.45 and 4.62 (each 1H,
ABq, J = 12.0 Hz, ArCH,), 4.63 (1H, dd, J = 9.6 and 1.6 Hz, H-1), 5.03 (1H, dd, J = 9.2 and 9.0 Hz,
H-4), 7.13-7.21 (5H, m, ArH), 7.42-7.52 (2H, m, ArH), 7.54-7.64 (1H, m, ArH), 7.99-8.07 (2H, m,
ArH).

Anal. Calcd for CxxHs,0s: C, 73.56; H, 7.60. Found: C, 73.59; H, 7.61.

| sopropyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-o-D-ar abino-hexopyranoside (67c).

Colorless syrup. R; 0.29 (30/1 chloroform/EtOACc); [a]*s +36.7° (¢ 1.20, CHCl3); *H-NMR (300 MHz,
CDCl3) 6 1.16 (3H, d, J = 6.0 Hz), 1.20 (3H, d, J = 6.0 Hz), 1.22 (3H, d, J = 6.0 Hz, H-6), 1.82 (1H,
ddd, J = 12.6, 11.0 and 3.2 Hz, H-2), 2.27 (1H, dd, J = 12.6 and 4.8 Hz, H-2), 3.89 (1H, qg, J = 6.0
and 5.4, OCH), 3.97 (1H, dqg, J = 9.2 and 6.0 Hz, H-5), 4.01 (1H, ddd, J = 11.0, 9.0 and 4.8 Hz, H-3),
4.47 and 4.60 (each 1H, ABq, J = 12.0 Hz, ArCH,), 5.03 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 5.04 (1H,
br d, J = 3.2 Hz, H-1), 7.12-7.18 (5H, m, ArH), 7.40-7.50 (2H, m, ArH), 7.53-7.63 (1H, m, ArH),
8.01-8.10 (2H, m, ArH).

Anal. Calcd for CxsH,50s: C, 71.85; H, 7.34. Found: C, 71.80; H, 7.38.

I sopropyl 3-O-Benzyl-4-O-benzoyl-2,6-dideoxy-p-D-ar abino-hexopyranoside (67p).

Colorless syrup. R; 0.19 (30/1 chloroform/EtOAC); [a]*’ —86.1° (¢ 1.51, CHCls); *H-NMR (300 MHz,
CDCl3) 6 1.17 (3H, d, J = 6.0 Hz), 1.26 (3H, d, J = 6.0 Hz), 1.26 (3H, d, J = 6.0 Hz, H-6), 1.78 (1H,
ddd, J = 12.2, 11.0 and 9.6 Hz, H-2), 2.34 (1H, ddd, J = 12.2, 5.0 and 1.4 Hz, H-2), 3.51 (1H, dg, J =
9.2 and 6.0 Hz, H-5), 3.69 (1H, ddd, J = 11.0, 9.0 and 5.0 Hz, H-3), 4.02 (1H, qg, J = 6.0 and 6.0,
OCH), 4.46 and 4.62 (each 1H, ABq, J = 12.0 Hz, ArCH,), 4.59 (1H, dd, J = 9.6 and 1.4 Hz, H-1),
5.03 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 7.13-7.21 (5H, m, ArH), 7.42-7.52 (2H, m, ArH), 7.55-7.63
(1H, m, ArH), 7.99-8.05 (2H, m, ArH).

Anal. Calcd for CxsH,50s: C, 71.85; H, 7.34. Found: C, 71.77; H, 7.35.

Methyl 4-O-(3'-O-Benzyl-4'-O-benzoyl-2' 6’ -dideoxy-a-D-ar abino-hexopyr anosyl)-
2,3-O-isopropylidene-a-L-rhamnopyranoside (68a.).

Colorless syrup. Ry 0.38 (5/2 n-hexane/EtOAC); [a]*® +49.5° (¢ 0.79, CHCI3); *H-NMR (300 MHz,
CDCl3) 8 1.20 (3H, d, J = 6.0 Hz, H-6), 1.27 (3H, d, J = 6.0 Hz, H-6), 1.34 and 1.54 (each 3H, s, IP),
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1.82 (1H, ddd, J = 12.6, 11.0 and 3.4 Hz, H-2'), 2.31 (1H, ddd, J = 12.6, 4.8 and 1.0 Hz, H-2"), 3.38
(3H, s, OMe), 3.35-3.43 (1H, m), 3.65 (1H, dg, J = 9.4 and 6.0 Hz, H-5), 3.96 (1H, ddd, J = 11.0, 9.2
and 4.8 Hz, H-3'), 4.07-4.13 (2H, m), 4.20 (1H, d, J = 11.6 Hz, ArCH,), 4.46 (1H, d, J = 11.6 Hz,
ArCH,), 4.59 (1H, d, J = 11.6 Hz, ArCHy,), 4.86 (1H, br s, H-1), 5.04 (1H, dd, J = 3.4 and 1.0 Hz,
H-1'), 5.04 (1H, dd, J = 9.4 and 9.2 Hz, H-4'), 7.11-7.20 (5H, m, ArH), 7.41-7.52 (2H, m, ArH),
7.54-7.63 (1H, m, ArH), 8.03-8.12 (2H, m, ArH).

Anal. Calcd for C3H3504: C, 66.40; H, 7.06. Found: C, 66.30; H, 7.09.

Methyl 4-O-(3'-O-Benzyl-4'-O-benzoyl-2',6'-dideoxy-f-D-ar abino-hexopyr anosyl)-
2,3-O-isopropylidene-a-L-rhamnopyranoside (68p).

Colorless syrup. R; 0.47 (5/2 n-hexane/EtOAC); [o]®, —77.4° (¢ 0.98, CHCl3); *H-NMR (300 MHz,
CDCl3) 8 1.24 (3H, d, J = 6.0 Hz, H-6), 1.30 (3H, d, J = 6.0 Hz, H-6), 1.36 and 1.52 (each 3H, s, IP),
1.67 (1H, ddd, J = 12.0, 11.8 and 9.4 Hz, H-2), 2.42 (1H, ddd, J = 12.0, 5.0 and 1.6 Hz, H-2'), 3.37
(3H, s, OMe), 3.47 (1H, dg, J = 9.2 and 6.0 Hz, H-5'), 3.61 (1H, dq, J = 9.6 and 5.6 Hz, H-5), 3.68
(1H, dd, J = 9.6 and 6.8 Hz, H-4), 3.70 (1H, ddd, J = 11.8, 9.0 and 5.0 Hz, H-3'), 4.09 (1H, d, J=5.6
Hz, H-2), 4.17 (1H, d, J = 6.8 and 5.6 Hz, H-3), 4.45 and 4.61 (each 1H, ABq, J = 12.0 Hz, ArCHy),
4.86 (1H, br s, H-1), 4.95 (1H, dd, J = 9.6 and 1.6 Hz, H-1), 5.02 (1H, dd, J = 9.2 and 9.0 Hz, H-4"),
7.12-7.21 (5H, m, ArH), ), 7.41-7.52 (2H, m, ArH), 7.54-7.63 (1H, m, ArH), 8.03-8.12 (2H, m, ArH).
Anal. Calcd for CyH3504: C, 66.40; H, 7.06. Found: C, 66.23; H, 6.91.

Methyl 3-O-Benzyl-6-O-(3'-O-benzyl-4'-O-benzoyl-2' 6’ -dideoxy-a-D-ar abino-hexopyr anosyl)
2,6-dideoxy-a-D-glucopyranoside (69a.).

Colorless syrup. Ry 0.47 (2/1 n-hexane/EtOAC); [a]*% +37.3° (¢ 2.10, CHCI3); *H-NMR (300 MHz,
CDCl3) 6 1.19 (3H, d, J = 6.0 Hz, H-6"), 1.32 (3H, d, J = 6.0 Hz, H-6), 1.64 (1H, ddd, J = 12.6, 11.0
and 3.2 Hz, H-2), 1.74 (1H, ddd, J = 12.6, 11.0 and 3.6 Hz, H-2'), 2.22 (1H, ddd, J = 12.6, 4.8 and 1.2
Hz, H-2), 2.30 (1H, ddd, J = 12.6, 4.8 and 1.2 Hz, H-2'), 3.33 (3H, s, OMe), 3.34 (1H, dd, J=9.0 and
9.0 Hz, H-4), 3.70 (1H, dg, J = 9.0 and 6.0 Hz, H-5), 3.86 (1H, ddd, J = 9.0, 9.0 and 4.8 Hz, H-3), 3.91
(1H, ddd, J = 9.0, 9.0 and 4.8 Hz, H-3"), 4.00 (1H, dg, J = 9.0 and 6.0 Hz, H-5"), 4.43 and 4.55 (each
1H, ABq, J = 11.6 Hz, ArCH,), 4.45 and 4.62 (each 1H, ABq, J = 11.4 Hz, ArCH,), 4.76 (1H, dd, J =
3.2 and 1.2 Hz, H-1), 5.00 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 5.46 (1H, dd, J = 3.2 and 1.2 Hz, H-1),
7.11-7.19 (5H, m, ArH), 7.28-7.36 (5H, m, ArH), 7.42-7.49 (2H, m, ArH), 7.55-7.62 (2H, m, ArH),
8.02-8.07 (2H, m, ArH).

Anal. Calcd for C4H9Og: C, 70.81; H, 6.99. Found: C, 70.68; H, 6.88.

Methyl 3-O-Benzyl-6-O-(3'-O-benzyl-4'-O-benzoyl-2' 6’ -dideoxy-B-D-ar abino-hexopyr anosyl)
2,6-dideoxy-a-D-glucopyranoside (69).

Colorless syrup. R; 0.36 (2/1 n-hexane/EtOAC); [a]®, +31.7° (¢ 1.58, CHCl3) (lit,*” [a]*p +24.8° (c
0.9, CHCl3)); *H-NMR (300 MHz, CDCls) § 1.19 (3H, d, J = 6.0 Hz, H-6'), 1.29 (3H, d, J = 6.0 Hz,
H-6), 1.69 (1H, ddd, J = 13.0, 11.0 and 3.2 Hz, H-2), 1.74 (1H, ddd, J = 12.4, 11.4 and 9.6 Hz, H-2'),
2.24 (1H, ddd, J = 13.0, 4.8 and 1.2 Hz, H-2), 2.39 (1H, ddd, J = 12.4, 4.8 and 1.6 Hz, H-2'), 3.31 (3H,
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s, OMe), 3.32 (1H, dd, J = 9.0 and 8.4 Hz, H-4), 3.41 (1H, dg, J = 9.0 and 6.0 Hz, H-5'), 3.64 (1H,
ddd, J = 11.4, 8.8 and 4.8 Hz, H-3"), 3.72 (1H, dg, J = 9.0 and 6.0 Hz, H-5), 3.88 (1H, ddd, J = 11.0,
8.4 and 4.8 Hz, H-3'), 4.45 and 4.60 (each 1H, ABq, J = 12.0 Hz, ArCH,), 4.62 and 4.76 (each 1H,
ABq, J = 11.4 Hz, ArCH,), 4.71-4.75 (1H, m, H-1), 4.75 (1H, dd, J = 9.6 and 1.6 Hz, H-1), 5.01 (1H,
dd, J = 9.0 and 8.8 Hz, H-4), 7.12-7.21 (5H, m, ArH), 7.21-7.40 (5H, m, ArH), 7.42-7.50 (2H, m,
ArH), 7.56-7.63 (2H, m, ArH), 7.99-8.04 (2H, m, ArH).

Anal. Calcd for C4H0Og: C, 70.81; H, 6.99. Found: C, 70.72; H, 6.85.

Glucopyranosides

Cyclohexylmethyl 2,3,4,6-Tetr a-O-benzyl-a-D-glucopyranoside (16a).

Colorless syrup. R; 0.35 (4/1 n-hexane/EtOAC); [a]?’p +43.1° (¢ 1.03, CHCl3) (Iit,*? [a]*p +33.0° (¢
1.00, CHCl3)); *H-NMR (300 MHz, CDCl3) & 0.83-1.02 (2H, m), 1.07-1.35 (3H, m), 1.58-1.90 (6H,
m), 3.19 (1H, dd, J = 9.6 and 6.0 Hz, OCH), 3.42 (1H, dd, J = 9.6 and 7.2 Hz, OCH,), 3.55 (1H, dd, J
= 9.6 and 3.6 Hz, H-2), 3.58-3.82 (4H, m), 3.97 (1H, dd, J = 9.0 and 9.0 Hz, H-3), 4.47 (2H, d, J =
11.6 Hz, ArCH,), 4.61 (1H, d, J = 11.6 Hz, ArCH,), 4.63 (1H, d, J = 12.4 Hz, ArCH,), 4.73 (1H, d, J =
3.6 Hz, H-1), 4.77 (1H, d, J = 12.4 Hz, ArCH,), 4.81 (1H, d, J = 11.0 Hz, ArCH,), 4.82 (1H, d, J =
10.4 Hz, ArCH,), 5.00 (1H, d, J = 11.0 Hz, ArCH,), 7.10-7.16 (2H, m, ArH), 7.22-7.40 (18H, m, ArH).
Anal. Calcd for C41Hag06: C, 77.33; H, 7.60. Found: C, 77.31; H, 7.55.

Cyclohexylmethyl 2,3,4,6-Tetra-O-benzyl-B-D-glucopyranoside (16p).

White solid. Ry 0.40 (4/1 n-hexane/EtOAC); [a]*p +4.5° (¢ 1.05, CHCls); mp 97-98.5 °C (lit,*? [a]®p
+4.0° (¢ 1.60, CHCl3); mp 103-104 °C)); *H-NMR (300 MHz, CDCl5) & 1.11-1.34 (3H, m), 1.58-1.92
(6H, m), 3.32 (1H, dd, J = 9.6 and 7.0 Hz, OCHy), 3.40-3.49 (2H, m), 3.52-3.78 (4H, m), 3.79 (1H, dd,
J=9.6and 6.0 Hz, OCH,), 4.37 (1H, d, J = 7.4 Hz, H-1), 452 (1H, d, J = 11.6 Hz, ArCH,), 4.56 (1H,
d, J=10.4 Hz, ArCH,), 4.63 (1H, d, J=11.6 Hz, ArCH,), 4.72 (1H, d, J = 10.8 Hz, ArCH,), 4.78 (1H,
d, J = 10.8 Hz, ArCH,), 4.82 (1H, d, J = 10.4 Hz, ArCH,), 4.92 (1H, d, J = 10.8 Hz, ArCH,), 4.97 (1H,
d, J=10.8 Hz, ArCH,), 7.12-7.18 (2H, m, ArH), 7.22-7.38 (18H, m, ArH).

Anal. Calcd for C41Hag06: C, 77.33; H, 7.60. Found: C, 77.20; H, 7.51.

n-Octyl 2,3,4,6-Tetra-O-benzyl-a-D-glucopyranoside (29¢.).

Colorless syrup. R; 0.45 (6/1 n-hexane/EtOAC); [a]®, +39.5° (¢ 1.38, CHCl3) (Iit,*? [a]*p +32.0° (¢
0.70, CHCly)); *H-NMR (300 MHz, CDCl3) & 0.82-0.93 (3H, m), 1.18-1.40 (10H, m), 1.50-1.68 (2H,
m), 3.41 (1H, dt, J = 10.4 and 6.4 Hz, OCH,), 3.55 (1H, dd, J = 9.2 and 3.6 Hz, H-2), 3.55-3.68 (1H,
m), 3.62 (1H, dd, J = 10.4 and 3.6 Hz, H-6), 3.63 (1H, dd, J = 9.2 and 4.8 Hz, H-4), 3.72 (1H, dd, J =
10.4 and 4.8 Hz, H-6), 3.78 (1H, ddd, J = 10.4, 4.8 and 3.6 Hz, H-5), 3.98 (1H, dd, J = 9.2 and 9.2 Hz,
H-3), 4.47 (2H, d, J = 11.0 Hz, ArCH,), 4.61 (1H, d, J = 11.0 Hz, ArCH,), 4.64 (1H, d, J = 11.0 Hz,
ArCH,), 4.75 (1H, d, J = 3.2 Hz, H-1), 4.78 (1H, d, J = 11.0 Hz, ArCH,), 4.81 (1H, d, J = 11.0 Hz,
ArCH,), 4.82 (1H, d, J = 11.0 Hz, ArCH,), 4.89 (1H, d, J = 11.0 Hz, ArCH,), 7.09-7.18 (2H, m, ArH),
7.20-7.40 (18H, m, ArH).

Anal. Calcd for C4,Hs,06: C, 77.27; H, 8.03. Found: C, 77.29; H, 7.84.
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n-Octyl 2,3,4,6-Tetra-O-benzyl-B-D-glucopyranoside (298).

White solid. Ry 0.50 (6/1 n-hexane/EtOAc); [a]®5 +5.8° (¢ 1.38, CHCl3); mp 32.2-33.0 °C (lit,*?
[a]®p +8.0° (¢ 0.90, CHCl3); mp 30-32 °C)); 'H-NMR (300 MHz, CDCl;) & 0.82-0.93 (3H, m),
1.19-1.46 (10H, m), 1.58-1.74 (2H, m), 3.44 (1H, dd, J = 9.0 and 7.6 Hz, H-2), 3.42-3.55 (2H, m),
3.57 (1H, dd, J = 9.0 and 9.0 Hz, H-3), 3.63-3.71 (1H, m), 3.64 (1H, dd, J = 9.0 and 9.0 Hz, H-4), 3.75
(1H, dd, J = 10.4 and 2.2 Hz, H-6), 3.96 (1H, dt, J = 9.6 and 6.6 Hz, OCH,), 4.39 (1H, d, J = 7.6 Hz,
H-1), 4.52 (1H, d, J = 11.0 Hz, ArCHy), 4.56 (1H, d, J = 12.4 Hz, ArCH,), 4.62 (1H, d, J = 12.4 Hz,
ArCH,), 4.72 (1H, d, J = 11.0 Hz, ArCH,), 4.78 (1H, d, J = 10.2 Hz, ArCH,), 4.82 (1H, d, J = 10.2 Hz,
ArCH,), 4.93 (1H, d, J = 11.0 Hz, ArCH,), 4.96 (1H, d, J = 11.0 Hz, ArCH,), 7.13-7.18 (2H, m, ArH),
7.22-7.39 (18H, m, ArH).

Anal. Calcd for C4oHs5,06: C, 77.27; H, 8.03. Found: C, 77.32; H, 7.96.

Cyclohexyl 2,3,4,6-Tetr a-O-benzyl-a-D-glucopyranoside (30c).

Colorless syrup. Ry 0.64 (60/1 chloroform/EtOAC); [a]?®, +56.0° (¢ 0.74, CHCI3) (lit,*® [0]*% +43.0°
(c 1.00, CHCl5)); *H-NMR (300 MHz, CDCl5) & 1.10-1.62 (6H, m), 1.66-1.96 (4H, m), 3.48-3.69 (1H,
m), 3.55 (1H, dd, J = 9.6 and 3.6 Hz, H-2), 3.62 (1H, dd, J = 11.2 and 2.0 Hz, H-6), 3.63 (1H, dd, J =
9.8 and 9.2 Hz, H-4), 3.74 (1H, dd, J = 11.2 and 3.6 Hz, H-6), 3.88 (1H, ddd, J = 9.8, 3.6 and 2.0 Hz,
H-5), 4.00 (1H, dd, J = 9.2 and 9.2 Hz, H-3), 447 (2H, d, J = 11.2 Hz, ArCH,), 4.62 (1H, d, J = 11.2
Hz, ArCHy), 4.65 (1H, d, J = 10.6 Hz, ArCH,), 4.75 (1H, d, J = 11.2 Hz, ArCH,), 4.80 (1H, d, J = 10.6
Hz, ArCHy), 4.82 (1H, d, J = 10.6 Hz, ArCH,), 4.95 (1H, d, J = 3.6 Hz, H-1), 5.00 (1H, d, J = 10.6 Hz,
ArCHy), 7.09-7.16 (2H, m, ArH), 7.20-7.38 (18H, m, ArH).

Anal. Calcd for CyHusO6: C, 77.14; H, 7.44. Found: C, 76.97; H, 7.21.

Cyclohexyl 2,3,4,6-Tetr a-O-benzyl-B-D-glucopyr anoside (30pB).

White solid. Ry 0.48 (60/1 chloroform/EtOAC); [0 +9.2° (¢ 1.01, CHCl3); mp 103.5-105 °C (lit,*®
[a]®p +8.0° (¢ 1.00, CHCl3); mp 104-105 °C)); *H-NMR (300 MHz, CDCls) & 1.16-1.62 (6H, m),
1.68-1.84 (2H, m), 1.88-2.08 (2H, m), 3.44 (1H, dd, J = 8.2 and 8.2 Hz, H-3), 3.45 (1H, ddd, J = 9.2,
5.0 and 2.0 Hz, H-5), 3.59-3.79 (2H, m), 3.65 (1H, dd, J = 8.2 and 7.2 Hz, H-2), 3.74 (1H, dd, J = 9.2
and 2.0 Hz, H-6), 4.50 (1H, d, J = 7.2 Hz, H-1), 453 (1H, d, J = 11.0 Hz, ArCH,), 4.56 (1H, d, J =
12.0 Hz, ArCH,), 4.61 (1H, d, J = 12.0 Hz, ArCH,), 4.71 (1H, d, J = 11.0 Hz, ArCH,), 4.77 (1H, d, J =
11.0 Hz, ArCHy), 4.82 (1H, d, J = 11.0 Hz, ArCH,), 4.92 (1H, d, J = 11.0 Hz, ArCH,), 4.99 (1H, d, J =
11.0 Hz, ArCH,), 7.14-7.19 (2H, m, ArH), 7.22-7.38 (18H, m, ArH).

Anal. Calcd for CyHusO06: C, 77.14; H, 7.44. Found: C, 77.18; H, 7.26.

| sopropyl 2,3,4,6-Tetra-O-benzyl-a-D-glucopyranoside (31a).

Colorless syrup. Ry 0.60 (60/1 chloroform/EtOAC); [a]?®, +38.4° (¢ 1.32, CHCl3) (lit,* [0]*%p +28.0°
(c 0.40, CHCl3)); *H-NMR (300 MHz, CDCl5) & 1.11 and 1.15 (each 3H, d, J = 6.0 Hz, CH3), 3.48 (1H,
dd, J=9.2 and 3.2 Hz, H-2), 3.54 (1H, dd, J = 10.4 and 2.0 Hz, H-6), 3.57 (1H, dd, J = 9.8 and 9.2 Hz,
H-4), 3.67 (1H, dd, J = 10.4 and 3.2 Hz, H-6), 3.77 (1H, ddd, J = 9.8, 3.2 and 2.0 Hz, H-5), 3.82 (1H,
qqg, J = 6.0 Hz, OCH), 3.92 (1H, dd, J = 9.2 and 9.2 Hz, H-3), 4.39 (2H, d, J = 12.0 Hz, ArCH,), 4.54
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(1H, d, J= 12.0 Hz, ArCH,), 4.58 (1H, d, J = 11.2 Hz, ArCH,), 4.71 (1H, d, J = 12.0 Hz, ArCH,), 4.74
(1H, d, J= 11.2 Hz, ArCH,), 4.76 (1H, d, J = 11.2 Hz, ArCH,), 4.80 (1H, d, J = 3.2 Hz, H-1), 4.93 (1H,
d, J=10.6 Hz, ArCHj), 7.02-7.08 (2H, m, ArH), 7.14-7.33 (18H, m, ArH).

Anal. Calcd for C3;H406: C, 76.26; H, 7.26. Found: C, 76.35; H, 6.99.

Isopropyl 2,3,4,6-Tetra-O-benzyl-B-D-glucopyranoside (31p).

White solid. R; 0.38 (60/1 chloroform/EtOAC); [a]?b +12.0° (¢ 1.12, CHCls); mp 109-110.5 °C (lit,>”
[a]®p +10.0° (¢ 0.90, CHCl3); mp 107-108 °C)); *H-NMR (300 MHz, CDCls) & 1.24 and 1.32 (each
3H, d, J=6.0 Hz, CH3), 3.43 (1H, dd, J = 8.8 and 8.8 Hz, H-4), 3.44 (1H, ddd, J = 8.8, 4.2 and 1.6 Hz,
H-5), 3.54 (1H, dd, J = 8.8 and 8.8 Hz, H-3), 3.63 (1H, dd, J= 8.8 and 7.6 Hz, H-2), 3.65 (1H, dd, J =
10.4 and 4.2 Hz, H-6), 3.74 (1H, dd, J = 10.4 and 1.6 Hz, H-6), 4.02 (1H, qq, J = 6.0 Hz, OCH), 4.46
(1H, d, J= 7.6 Hz, H-1), 453 (1H, d, J = 10.8 Hz, ArCH,), 4.56 (1H, d, J = 11.6 Hz, ArCH,), 4.61 (1H,
d, J = 11.6 Hz, ArCH,), 4.70 (1H, d, J = 10.8 Hz, ArCH,), 4.78 (1H, d, J = 10.8 Hz, ArCHy), 4.82 (1H,
d, J = 10.8 Hz, ArCH,), 4.92 (1H, d, J = 10.8 Hz, ArCH,), 4.97 (1H, d, J = 10.8 Hz, ArCH,), 7.13-7.19
(2H, m, ArH), 7.23-7.39 (18H, m, ArH).

Anal. Calcd for C3;H4,06: C, 76.26; H, 7.26. Found: C, 76.25; H, 7.11.

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3 ,4',6' -tetr a-O-benzyl-a-D-glucopyr anosyl)
-a-D-glucopyranoside (32a.).

White solid. R; 0.35 (3/1 n-hexane/EtOAC); [a]®5 +145° (¢ 0.71, CHCl3); mp 101.8-102.8 °C (lit,*
[a]®p +49.0° (c 0.60, CHCl3); mp 107-108 °C); *H-NMR (300 MHz, CDCls) & 3.35 (3H, s, OMe),
3.44 (1H, dd, J = 9.6 and 3.6 Hz), 3.49-3.86 (9H, m), 3.90-4.03 (2H, m), 4.37-4.48 (2H, m), 4.53-4.67
(5H, m), 4.55 (1H, d, J = 3.4 Hz, H-1), 4.71 (1H, d, J = 12.0 Hz, ArCH,), 4.77 (1H, d, J = 10.6 Hz,
ArCH,), 4.81 (1H, d, J = 10.6 Hz, ArCH,), 4.82 (1H, d, J = 11.4 Hz, ArCH,), 4.92 (1H, d, J = 11.4 Hz,
ArCH,), 4.93 (1H, d, J = 10.6 Hz, ArCH,), 4.96 (1H, d, J = 11.4 Hz, ArCH,), 4.98 (1H, d, J = 3.8 Hz,
H-1'), 7.08-7.13 (2H, m, ArH), 7.20-7.36 (33H, m, ArH).

Anal. Calcd for CeHgsO11: C, 75.43; H, 6.74. Found: C, 75.34; H, 6.49.

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3' 4,6 -tetr a-O-benzyl-B-D-glucopyr anosyl)
-oi-D-glucopyranoside (32).

White solid. R; 0.35 (3/1 n-hexane/EtOAC); [a]?p +19.5° (c 1.31, CHCl3); mp 136.5-138 °C (lit,™
[a]®p +18.5° (¢ 1.30, CHCl3); mp 128-130 °C)); *H-NMR (300 MHz, CDCls) § 3.32 (3H, s, OMe),
3.38-3.75 (9H, m), 3.82 (1H, dd, J = 10.6 and 3.6 Hz), 3.99 (1H, dd, J = 9.4 and 9.4 Hz, H-3), 4.18
(1H, dd, J = 10.6 and 2.0 Hz), 4.34 (1H, d, J = 8.0 Hz, H-1'), 4.47-4.60 (5H, m), 4.61 (1H, d, J = 3.6
Hz, H-1), 4.65 (1H, d, J = 12.0 Hz, ArCH,), 4.71 (1H, d, J = 11.0 Hz, ArCH,), 4.74-4.82 (3H, m) 4.80
(1H, d, J = 10.6 Hz, ArCH,), 4.90 (1H, d, J = 11.0 Hz, ArCHj), 4.96 (1H, d, J = 11.0 Hz, ArCH,), 4.97
(1H, d, J = 11.0 Hz, ArCH,), 7.13-7.37 (35H, m, ArH).

Anal. Calcd for CeHgsO11: C, 75.43; H, 6.74. Found: C, 75.36; H, 6.49.
1,6-Anhydro-2-azido-3-O-benzyl-2-deoxy-4-O-(2',3' 4,6 -tetr a-O-benzyl-a-D-glucopyranosyl)
-B-D-glucopyr anose (33a).
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Colorless syrup. Ry 0.50 (5/1 toluene/EtOAC); [a]*’p +49.7° (¢ 0.83, CHCls); 'H-NMR (300 MHz,
CDCl3) & 3.13 (1H, br s, H-2), 3.48-3.72 (7H, m), 4.02 (1H, br d, J = 7.0 Hz, H-6), 4.01-4.08 (1H, m,
H-5'), 4.12 (1H, dd, J = 9.0 and 9.0 Hz, H-4'), 4.44 (1H, d, J = 11.6 Hz, ArCH,), 4.46 (1H, d, J = 10.6
Hz, ArCH,), 4.53 (1H, d, J = 11.8 Hz, ArCH,), 4.55 (1H, d, J = 12.0 Hz, ArCH,), 457 (1H, d, J = 11.8
Hz, ArCHy), 4.61 (1H, d, J=12.0 Hz, ArCH,), 4.64 (1H, d, J = 11.6 Hz, ArCHy), 4.74 (1H, br d, J =
5.6 Hz, H-5), 4.78 (1H, d, J = 10.8 Hz, ArCH,), 4.82 (1H, d, J = 3.2 Hz ,H-1'), 4.83 (1H, d, J = 10.8
Hz, ArCH,), 4.92 (1H, d, J = 10.6 Hz, ArCH,), 5.52 (1H, br s, H-1), 7.12-7.17 (2H, m, ArH), 7.23-7.34
(23H, m, ArH).

Anal. Calcd for C7Ha9N3Og: C, 70.57; H, 6.17; N, 5.25. Found: C, 70.67; H, 6.13; N, 5.16.
1,6-Anhydro-2-azido-3-O-benzyl-2-deoxy-4-O-(2',3' 4’ ,6' -tetr a-O-benzyl-B-D-glucopyr anosyl)
-B-D-glucopyranose (33p).

Colorless syrup. Ry 0.39 (5/1 toluene/EtOAC); [a]*p +30.4° (¢ 0.53, CHCls); 'H-NMR (300 MHz,
CDCl3) & 3.19 (1H, br s, H-2), 3.41-3.48 (1H, m, H-5'), 3.52-3.79 (7H, m), 4.00 (1H, br s, H-3), 4.09
(1H, d, J = 7.0 Hz), 4.45-4.65 (7H, m), 4.74 (1H, d, J = 10.4 Hz, ArCH,), 4.81 (1H, d, J = 10.8 Hz,
ArCH,), 4.82 (1H, d, J = 10.4 Hz, ArCH,), 4.95 (1H, d, J = 10.8 Hz, ArCH,), 5.04 (1H, ABq, J = 10.6
Hz, ArCH,), 5.52 (1H, br s, H-1), 7.13-7.19 (2H, m, ArH), 7.23-7.40 (23H, m, ArH).

Anal. Calcd for C47HagN3Og: C, 70.57; H, 6.17; N, 5.25. Found: C, 70.83; H, 6.18; N, 5.11.

Methyl 4-O-(2',3',4',6'-Tetra-O-benzyl-a-D-glucopyr anosyl)-2,3-O-isopropylidene
-ai-L-rhamnopyranoside (50a).

Colorless syrup. R; 0.40 (3/1 n-hexane/EtOAC); [a]®, +37.7° (¢ 0.77, CHCl3) (Iit,*® [a]*p +35.0° (¢
1.00, CHCl5)); *H-NMR (300 MHz, CDCl3) & 1.31 (3H, d, J = 6.0 Hz, H-6), 1.25 and 1.43 (each 3H, s,
IP), 3.32 (1H, dd, J = 10.0 and 7.0 Hz, H-4), 3.33 (3H, s, OMe), 3.59 (1H, dd, J = 9.2 and 3.0 Hz,
H-2"), 3.63 (1H, dd, J = 10.0 and 1.2 Hz, H-6"), 3.74 (1H, dg, J = 10.0 and 6.0 Hz, H-5), 3.78 (1H, dd,
J=9.0and 9.0 Hz, H-4"), 3.80 (1H, br d, J = 10.0 Hz, H-6"), 3.97 (1H, dd, J = 9.2 and 9.0 Hz, H-3'),
4.02-4.12 (1H, m, H-5'), 4.05 (1H, d, J = 5.2 Hz, H-2), 4.09 (1H, dd, J = 7.0 and 5.2 Hz, H-3), 4.49
(1H, d, J = 11.8 Hz, ArCH,), 4.52 (1H, d, J = 10.0 Hz, ArCH,), 4.62 (1H, d, J = 11.8 Hz, ArCH,), 4.71
(1H, d, J = 11.4 Hz, ArCHy), 4.79 (1H, d, J = 11.4 Hz, ArCH,), 4.82 (1H, br s, H-1), 4.83 (1H, d, J =
10.0 Hz, ArCH,), 4.86 (1H, d, J = 10.4 Hz, ArCHy), 4.95 (1H, d, J = 10.4 Hz, ArCH,), 4.97 (1H, d, J =
3.0Hz, H-1"), 7.14-7.19 (2H, m, ArH), 7.21-7.37 (18H, m, ArH).

Anal. Calcd for C4Hs,040: C, 71.33; H, 7.07. Found: C, 71.33; H, 6.72.

Methyl 4-O-(2',3',4',6' -Tetr a-O-benzyl-B-D-glucopyr anosyl)-2,3-O-isopropylidene
-a-L-rhamnopyranoside (508).

Colorless syrup. Ry 0.54 (3/1 n-hexane/EtOAC); [a]*%p —15.6° (¢ 1.23, CHCl3) (lit,*® [a]®b —13.0° (¢
1.00, CHCl5)); *H-NMR (300 MHz, CDCl3) & 1.34 (3H, d, J = 5.6 Hz, H-6), 1.32 and 1.46 (each 3H, s,
IP), 3.34-3.46 (2H, m), 3.39 (3H, s, OMe), 3.58-3.76 (6H, m), 4.09 (1H, d, J = 5.2 Hz, H-2), 4.21 (1H,
dd, J = 6.8 and 5.2 Hz, H-3), 4.55 (1H, d, J = 11.8 Hz, ArCH)), 4.61 (1H, d, J = 11.8 Hz, ArCH,), 4.69
(1H, d, J = 10.8 Hz, ArCH,), 4.77 (1H, d, J = 10.6 Hz, ArCHy), 4.82 (1H, d, J = 10.6 Hz, ArCH,), 4.86
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(1H, br s, H-1), 4.89 (1H, d, J = 10.8 Hz, ArCHy), 4.91 (1H, d, J = 10.8 Hz, ArCH,), 4.93 (1H, d, J =
10.8 Hz, ArCHy), 4.94 (1H, d, J = 5.0 Hz, H-1'), 7.16-7.22 (2H, m, ArH), 7.22-7.40 (18H, m, ArH).
Anal. Calcd for C44Hs,040: C, 71.33; H, 7.07. Found: C, 71.40; H, 6.82.

Methyl 3-O-Benzyl-2-O-(2',3' ,4',6' -tetr a-O-benzyl-a-D-glucopyr anosyl)-4,6-O-benzylidene
-ai-D-glucopyranoside (51a).

White solid. Ry 0.25 (10/1 chloroform/EtOAc); [a]*®, +38.4° (c 0.66, CHCls); mp 88.0-89.5 °C;
'H-NMR (300 MHz, CDCls) & 3.34-3.50 (2H, m), 3.46 (3H, s, OMe), 3.58 (1H, dd, J = 9.0 and 3.2
Hz), 3.60 (1H, dd, J = 9.0 and 9.0 Hz), 3.67 (1H, dd, J = 9.2 and 9.2 Hz), 3.73 (1H, dd, J = 10.0 and
9.8 Hz, H-6), 3.79-3.91 (2H, m), 4.04-4.18 (3H, m), 4.28 (1H, d, J = 12.0 Hz, ArCH,), 4.31 (1H, dd, J
=9.0and 4.4 Hz, H-6'), 4.44 (1H, d, J = 10.8 Hz, ArCH,), 4.52 (1H, d, J = 12.0 Hz, ArCH,), 4.71 (1H,
d, J=11.8 Hz, ArCH,), 4.78 (1H, d, J= 10.2 Hz, ArCH,), 4.78-4.93 (4H, m, ArCH,), 4.84 (1H,d, J=
3.6 Hz, H-1), 4.90 (1H, d, J = 3.2 Hz, H-1), 5.01 (1H, d, J = 10.6 Hz, ArCH,), 5.56 (1H, s, ArCH),
6.97-7.05 (2H, m, ArH), 7.06-7.16 (2H, m, ArH), 7.17-7.43 (34H, m, ArH), 7.46-7.53 (2H, m, ArH).
Anal. Calcd for CssHs5014: C, 73.81; H, 6.53. Found: C, 73.74; H, 6.33.

Methyl 3-O-Benzyl-2-O-(2',3' 4,6’ -tetra-O-benzyl-B-D-glucopyr anosyl)-4,6-O-benzylidene
-a-D-glucopyranoside (518).

White solid. R; 0.57 (10/1 chloroform/EtOAc); [o]*®5 +20.1° (¢ 1.05, CHCls); mp 175-176 °C;
'H-NMR (300 MHz, CDCls) & 3.36-3.49 (1H, m), 3.44 (3H, s, OMe), 3.49-3.70 (6H, m), 3.75 (1H, dd,
J=10.0 and 10.0 Hz, H-6), 3.86 (1H, dd, J= 9.0 and 3.2 Hz, H-2"), 3.92 (1H, dd, J = 9.8 and 4.4 Hz,
H-6'), 4.10 (1H, dd, J = 9.0 and 9.0 Hz, H-3'), 4.32 (1H, dd, J = 10.0 and 4.6 Hz, H-6), 4.52 (1H, d, J
= 10.6 Hz, ArCH,), 4.50 and 4.57 (each 1H, ABgq, J = 11.8 Hz, ArCH,), 4.66 (1H, d, J = 10.6 Hz,
ArCH,), 4.76 (1H, d, J = 11.2 Hz, ArCH,), 4.77 (1H, d, J = 10.6 Hz, ArCH,), 4.78 (1H, d, J = 10.6 Hz,
ArCH,), 4.80 (1H, d, J = 4.0 Hz, H-1 and 1H, d, J = 10.6 Hz, ArCH,), 4.92 (1H, d, J = 10.6 Hz,
ArCH,), 4.96 (1H, d, J = 3.2 Hz, H-1'), 5.05 (1H, d, J = 11.2 Hz, ArCH,), 5.56 (1H, s, ArCH),
7.15-7.41 (28H, m, ArH), 7.42-7.50 (2H, m, ArH).

Anal. Calcd for CssHs5014: C, 73.81; H, 6.53. Found: C, 73.79; H, 6.29.

Mannopyranosides

Cyclohexylmethyl 2,3,4,6-Tetr a-O-benzyl-a-D-mannopyranoside (17a.).

Colorless syrup. Ry 0.60 (4/1 n-hexane/EtOAC); [a]*% +37.8° (¢ 0.94, CHCI3); *H-NMR (300 MHz,
CDCl3) 6 0.80-1.74 (11H, m), 3.15 (1H, dd, J = 9.6 and 6.0 Hz, OCH,), 3.45 (1H, dd, J=9.6 and 7.2
Hz, OCHy), 3.68-3.81 (4H, m), 3.86-4.01 (2H, m), 4.48-4.79 (7TH, m, ArCH,), 4.82 (1H, d, J = 2.0 Hz,
H-1), 4.87 (1H, d, J = 10.4 Hz, ArCH,), 7.14-7.39 (20H, m, ArH).

Anal. Calcd for C41Hag06: C, 77.33; H, 7.60. Found: C, 77.27; H, 7.62.

Cyclohexylmethyl 2,3,4,6-Tetra-O-benzyl-B-D-mannopyranoside (17pB).

White solid. R; 0.60 (4/1 n-hexane/EtOAC); [a]*%; —52.9° (¢ 0.69, CHCl3); mp 64.5-66.0 °C; 'H-NMR
(300 MHz, CDCl3) 6 0.83-1.87 (11H, m), 3.20 (1H, dd, J = 8.8 and 6.4 Hz, OCHy), 3.44 (1H, ddd, J =
7.6, 6.0 and 2.0 Hz, H-5), 3.51 (1H, dd, J = 8.8 and 2.8 Hz, OCH,), 3.71-3.92 (5H, m), 4.35 (1H, br s,
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H-1), 4.42 (1H, d, J = 12.0 Hz, ArCH,), 4.50 (1H, d, J = 12.0 Hz, ArCH,), 4.53 (1H, d, J = 10.8 Hz,
ArCH,), 4.59 (1H, d, J = 12.4 Hz, ArCH,), 4.64 (1H, d, J = 12.4 Hz, ArCH,), 4.87 (1H, d, J = 13.2 Hz,
ArCH,), 4.91 (1H, d, J = 10.8 Hz, ArCH,), 5.00 (1H, d, J = 13.2 Hz, ArCH,), 7.16-7.49 (20H, m,
ArH).

Anal. Calcd for C41Hag06: C, 77.33; H, 7.60. Found: C, 77.31; H, 7.48.

n-Octyl 2,3,4,6-Tetra-O-benzyl-a-D-mannopyranoside (33a).

Colorless syrup. Ry 0.55 (4/1 n-hexane/EtOAC); [a]*% +31.9° (¢ 0.82, CHCI3); *H-NMR (300 MHz,
CDCl3) 4 0.90 (1H, t, J = 6.4 Hz), 1.21-1.34 (10H, m), 1.48-1.57 (2H, m), 3.34 (1H, dt, J= 9.6 and 6.4
Hz, OCHy,), 3.60-3.79 (5H, m), 3.87-4.02 (2H, m), 4.50 (1H, d, J = 10.8 Hz, ArCH,), 454 (1H, d, J =
12.0 Hz, ArCH,), 4.63 (2H, s, ArCH,), 4.66 (1H, d, J = 12.0 Hz, ArCH,), 4.70 (1H, d, J = 12.4 Hz,
ArCH,), 4.76 (1H, d, J = 12.4 Hz, ArCH,), 4.84-4.89 (2H, m, ArCH, and H-1), 7.14-7.40 (20H, m,
ArH).

Anal. Calcd for C4oHs,06: C, 77.27; H, 8.03. Found: C, 77.22; H, 7.82.

n-Octyl 2,3,4,6-Tetr a-O-benzyl-B-D-mannopyranoside (33p).

White solid. R; 0.55 (4/1 n-hexane/EtOAC); [o]*'5 —54.8° (¢ 0.44, CHCl3), mp 35.0-37.0 °C; 'H-NMR
(300 MHz, CDCl3) 6 0.88 (1H, t, J = 6.4 Hz), 1.21-1.43 (10H, m), 1.56-1.70 (2H, m), 3.36-3.52 (3H,
m), 3.70-3.90 (4H, m), 3.98 (1H, dt, J = 9.2 and 6.4 Hz, OCH,), 4.36 (1H, br s, H-1), 4.42 (1H, d, J =
11.2 Hz, ArCH,), 4.50 (1H, d, J = 11.2 Hz, ArCH,), 4.53 (1H, d, J = 10.4 Hz, ArCH,), ), 4.58 (1H, d, J
=12.4 Hz, ArCH,), 4.68 (1H, d, J = 12.4 Hz, ArCH,), 4.87 (1H, d, J = 12.4 Hz, ArCH,), 4.90 (1H, d, J
=10.4 Hz, ArCH,), 4.99 (1H, d, J = 12.4 Hz, ArCH), 7.15-7.50 (20H, m, ArH).

Anal. Calcd for C4,Hs,06: C, 77.27; H, 8.03. Found: C, 77.20; H, 7.95.

Cyclohexyl 2,3,4,6-Tetr a-O-benzyl-a-D-mannopyranoside (34a.).

Colorless syrup. Ry 0.40 (100/1 chloroform/EtOAC); [a]®’p +44.7° (¢ 0.78, CHCl3); 'H-NMR (300
MHz, CDCl3) 6 1.09-1.88 (10H, m), 3.51-3.62 (1H, m, OCH), 3.65-4.02 (6H, m), 4.50 (1H, d, J = 10.8
Hz, ArCH,), 4.53 (1H, d, J = 12.4 Hz, ArCH,), 4.63 (2H, s, ArCH)), 4.66 (1H, d, J = 12.4 Hz, ArCH,),
4.69 (1H, d, J = 12.4 Hz, ArCH,), 4.76 (1H, d, J = 12.4 Hz, ArCH,), 4.87 (1H, d, J = 10.8 Hz, ArCH,),
4.98 (1H, d, J = 1.6 Hz, H-1), 7.13-7.39 (20H, m, ArH).

Anal. Calcd for CyHusO06: C, 77.14; H, 7.44. Found: C, 77.06; H, 7.31.

Cyclohexyl 2,3,4,6-Tetr a-O-benzyl-B-D-mannopyranoside (34f).

White solid. R 0.30 (100/1 chloroform/EtOAC); [a]*®s —60.9° (¢ 0.38, CHCI3), mp 86.0-89.0 °C;
'H-NMR (300 MHz, CDCl5) § 1.73-2.03 (10H, m), 3.40-3.52 (2H, m), 3.67-3.88 (5H, m), 4.42 (1H, d,
J = 12.0 Hz, ArCH,), 4.50 (1H, br s, H-1), 450 (1H, J = 12.0 Hz, ArCH,), 4.55 (1H, d, J = 10.4 Hz,
ArCH,), 4.58 (1H, d, J = 12.0 Hz, ArCH,), 4.64 (1H, d, J = 12.0 Hz, ArCH,), 4.90 (1H, d, J = 12.4 Hz,
ArCH, and 1H, d, J = 10.4 Hz, ArCH,), 5.01 (1H, d, J = 12.4 Hz, ArCH,), 7.17-7.50 (20H, m, ArH).
Anal. Calcd for CyHusO06: C, 77.14; H, 7.44. Found: C, 77.07; H, 7.29.

| sopropyl 2,3,4,6-Tetr a-O-benzyl-a-D-mannopyranoside (35a).

White solid. Ry 0.49 (100/1 chloroform/EtOAC); [a]®p +39.5° (¢ 0.50, CHCl3), mp 64.0-66.0 °C;
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'H-NMR (300 MHz, CDCl3) § 1.06 (3H, d, J = 6.0 Hz), 1.16 (3H, d, J = 6.0 Hz), 3.67-4.04 (7H, m),
450 (1H, d, J = 10.8 Hz, ArCH,), 4.57 (1H, d, J = 12.0 Hz, ArCH,), 4.64 (2H, s, ArCH,), 4.67 (1H, d,
J=12.0Hz, ArCH,), 4.70 (1H, d, J = 12.0 Hz, ArCH,), 4.78 (1H, d, J = 10.8 Hz, ArCHy), 4.95 (1H, d,
J = 1.6 Hz, H-1), 7.13-7.40 (20H, m, ArH).

Anal. Calcd for C3;H406: C, 76.26; H, 7.26. Found: C, 76.14; H, 7.05.

I sopropyl 2,3,4,6-Tetra-O-benzyl-B-D-mannopyranoside (35).

White solid. R 0.25 (100/1 chloroform/EtOAC); [a]*®s —70.4° (c 0.49, CHCI3), mp 82.5-84.0 °C;
'H-NMR (300 MHz, CDCl3) & 1.16 (3H, d, J = 6.0 Hz), 1.30 (3H, d, J = 6.0 Hz), 3.43 (1H, ddd, J =
8.4, 6.0 and 2.4 Hz, H-5), 3.50 (1H, dd, J = 9.6 and 3.6 Hz, H-3), 3.69-3.88 (4H, m), 4.02 (1H, qq, J =
6.0 and 6.0 Hz, OCH), 4.43 (1H, d, J = 12.4 Hz, ArCH,), 4.46 (1H, br s, H-1), 4.50 (1H, d, J = 12.4 Hz,
ArCH,), 4.53 (1H, d, J = 10.8 Hz, ArCH,), 4.57 (1H, d, J = 11.6 Hz, ArCH,), 4.63 (1H, d, J = 11.6 Hz,
ArCH,), 4.90 (1H, d, J = 10.8 Hz, ArCH,), 4.98 (1H, d, J = 12.0 Hz, ArCH,), 5.00 (1H, d, J = 12.0 Hz,
ArCH,), 7.16-7.50 (20H, m, ArH).

Anal. Calcd for C3;H406: C, 76.26; H, 7.26. Found: C, 76.21; H, 7.07.

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3' ,4',6' -tetr a-O-benzyl-a-D-mannopyr anosyl)
-a-D-glucopyranoside (36a.).

Colorless syrup. R; 0.30 (6/1 toluene/EtOAC); [a]®p +44.5° (¢ 0.54, CHCl3) (lit,*” [a]®p +37.5° (¢
1.00, CHCl3)); *H-NMR (300 MHz, CDCl3) § 3.33 (3H, s, OMe), 3.44 (1H, dd, J = 9.0 and 3.0 Hz,
H-3'), 3.54-3.73 (5H, m), 3.78 (1H, dd, J = 3.0 and 1.0 Hz, H-2'), 3.79-3.87 (2H, m), 3.91 (1H, dd, J =
9.0 and 8.8 Hz), 3.99 (1H, dd, J = 9.0 and 8.8 Hz), 4.43 (1H, d, J = 12.0 Hz, ArCH,), 4.48 (1H, d, J =
10.8 Hz, ArCH,), 4.55 (1H, d, J = 3.2 Hz, H-1), 4.60 (1H, d, J = 12.0 Hz, ArCH,), 4.61 (2H, s, ArCH,),
4.67 (1H, d, J = 12.0 Hz, ArCH,), 4.68 (1H, d, J = 12.2 Hz, ArCH,), 4.73 (1H, d, J = 12.2 Hz, ArCH,),
4.78 (1H, d, J = 12.0 Hz, ArCH,), 4.79 (1H, d, J = 10.2 Hz, ArCH,), 4.85 (1H, d, J = 10.8 Hz, ArCH,),
4.87 (1H, d, J = 10.8 Hz, ArCH,), 4.96 (1H, d, J = 1.0 Hz, H-1') 4.97 (1H, d, J = 10.2 Hz, ArCH,),
7.10-7.39 (35H, m, ArH).

Anal. Calcd for CeHgsO11: C, 75.43; H, 6.74. Found: C, 75.28; H, 6.43.

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3' 4,6 -tetr a-O-benzyl-B-D-mannopyranosyl)

-oi-D-glucopyr anoside (36p).

White solid. Ry 0.28 (6/1 toluene/EtOAC); [0 —5.8° (¢ 1.04, CHCl3); mp 122-123 °C (lit,*” [a]®p
-18.1° (¢ 0.25, CHCl3)); 'H-NMR (300 MHz, CDCl3) § 3.32 (3H, s, OMe), 3.34-3.50 (4H, m), 3.50
(1H, dd, J=9.2 and 3.0 Hz, H-3'), 3.66-3.88 (5H, m), 4.01 (1H, dd, J = 9.0 and 9.0 Hz), 4.11 (1H, br
s),4.16 (1H, dd, J=10.0 and 1.2 Hz, H-6), 4.47 (1H, d, J = 11.8 Hz, ArCHy), 4.51 (1H, d, J= 11.0 Hz,
ArCH,), 452 (1H, d, J = 11.8 Hz, ArCH,), 4.49-4.55 (1H, m), 457 (1H, br s, H-1'), 457 (2H, s,
ArCH,), 4.66 (1H, d, J = 11.6 Hz, ArCH,), 4.78 (1H, d, J = 11.6 Hz, ArCH,), 4.81 (1H, d, J = 11.0 Hz,
ArCH,), 4.82 (1H, d, J = 12.0 Hz, ArCH,), 4.83 (1H, d, J = 3.2 Hz, H-1), 4.88 (1H, d, J = 10.8 Hz,
ArCH,), 4.93 (1H, d, J = 12.0 Hz, ArCH,), 5.01 (1H, d, J = 10.8 Hz, ArCH,), 7.14-7.44 (35H, m,
ArH).
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Anal. Calcd for CeHgsO11: C, 75.43; H, 6.74. Found: C, 75.09; H, 6.55.
1,6-Anhydro-2-azido-3-O-benzyl-2-deoxy-4-O-(2',3' 4,6 -tetr a-O-benzyl-a-D-mannopyranosyl)
-B-D-glucopyranose (37a).

Colorless syrup. Ry 0.65 (4/1 toluene/EtOAC); [a]*p +63.2° (¢ 0.68, CHCIs); 'H-NMR (300 MHz,
CDCl3) 6 3.08 (1H, br s, H-2), 3.41 (1H, dd, J = 1.2 and 1.2 Hz, H-3), 3.56-3.63 (2H, m), 3.68-4.01
(7H, m), 4.47-4.74 (10H, m, H-5 and ArCH,), 4.81 (1H, d, J = 1.6 Hz ,H-1’), 4.87 (1H, d, J = 10.8 Hz,
ArCH,), 548 (1H, s, H-1), 7.23-7.40 (25H, m, ArH).

Anal. Calcd for C7Ha9N3Og: C, 70.57; H, 6.17; N, 5.25. Found: C, 70.55; H, 6.23; N, 5.13.
1,6-Anhydro-2-azido-3-O-benzyl-2-deoxy-4-0O-(2',3' 4,6 -tetr a-O-benzyl-B-D-mannopyranosyl)
-B-D-glucopyranose (37p).

Colorless syrup. R; 0.40 (4/1 toluene/EtOAC); [a]¥b —36.5° (¢ 1.21, CHCl3) (Iit, [a]*5 —23.0° (¢
1.90, CHCl5)); *H-NMR (300 MHz, CDCl3) & 3.25 (1H, br s, H-2), 3.47 (1H, ddd, J = 9.6, 6.0 and 2.4
Hz, H-5), 3.54 (1H, dd, J = 9.6 and 2.8 Hz, H-3"), 3.69-3.78 (3H, m), 3.80 (1H, dd, J=0.8 and 0.8 Hz,
H-3), 3.88 (1H, dd, J = 9.6 and 9.6 Hz, H-4), 3.96 (1H, br s, H-4), 4.03 (1H, d, J = 2.8 Hz, H-2"),
4.08-4.18 (1H, m, H-6), 4.43-4.69 (9H, m, ArCH,, H-5 and H-1'), 4.86-5.04 (3H, m, ArCH,), 5.52 (1H,
brs, H-1), 7.18-7.44 (25H, m, ArH).

Anal. Calcd for C7Ha9N3Og: C, 70.57; H, 6.17; N, 5.25. Found: C, 70.48; H, 6.23; N, 5.16.

Phenyl 2,3,4-Tri-O-benzyl-6-O-(2',3' ,4',6'-tetr a-O-benzyl-a-D-mannopyranosyl)
-1-thio-a-D-mannopyranoside (45a).

Colorless syrup. R; 0.68 (15/1 chloroform/EtOAC); [a]*s +52.2° (¢ 2.39, CHCl3); *H-NMR (300 MHz,
CDCl3) 4 3.60-4.06 (11H, m), 4.20 (1H, dd, J= 9.0 and 4.0 Hz), 4.42-4.70 (12H, m, ArCH,), 4.88 (1H,
d, J = 10.4 Hz, ArCH,), 4.89 (1H, d, J = 10.6 Hz, ArCHj), 5.03 (1H, br s, H-1'), 4.52 (1H, br s, H-1),
7.09-7.42 (40H, m, ArH).

Anal. Calcd for Ce7HegO10S: C, 75.54; H, 6.43; S, 3.01. Found: C, 75.40; H, 6.32; S, 3.22.

Phenyl 2,3,4-Tri-O-benzyl-6-O-(2',3' ,4',6 -tetr a-O-benzyl-B-D-mannopyr anosyl)
-1-thio-o.-D-mannopyr anoside (458).

Colorless syrup. R; 0.49 (15/1 chloroform/EtOAC); [a]*s +26.1° (¢ 0.39, CHCl3); *H-NMR (300 MHz,
CDCl3) 6 3.61-3.70 (2H, m), 3.70-3.81 (2H, m), 3.82 (1H, dd, J = 9.0 and 9.0 Hz), 3.87 (1H, dd, J =
9.0 and 2.4 Hz), 3.99 (1H, dd, J = 9.0 and 9.0 Hz), 4.00-4.04 (1H, m), 4.12 (1H, br s, H-1"), 4.23 (1H,
br d, J = 10.2 Hz, H-6), 4.23-4.32 (1H, m), 4.38 (1H, d, J = 11.2 Hz, ArCH,), 4.44 (1H, d, J = 11.2 Hz,
ArCH,), 451 (1H, d, J = 10.2 Hz, ArCH,), 4.53-4.64 (6H, m, ArCH,), 4.67 (1H, d, J = 12.0 Hz,
ArCH,), 4.77 (1H, d, J = 12.0 Hz, ArCHy), 4.88 (1H, d, J = 10.2 Hz, ArCH,), 4.89 (1H, d, J = 11.0 Hz,
ArCH,), 4.92 (1H, d, J = 12.0 Hz, ArCH,), 5.59 (1H, br s, H-1), 7.13-7.44 (40H, m, ArH).

Anal. Calcd for Ce;HgsO10S: C, 75.54; H, 6.43; S, 3.01. Found: C, 75.47; H, 6.23; S, 3.42.
Phenylsulfonyl 2,3,4-Tri-O-benzyl-6-O-(2',3' 4,6 -tetr a-O-benzyl-a-D-mannopyranosyl)
-a-D-mannopyranoside (46a).

Colorless syrup. Ry 0.33 (5/2 n-hexane/EtOAC); [a]*'p +48.7° (¢ 0.83, CHCI3); *H-NMR (300 MHz,
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CDCl3) 8 3.49-3.70 (4H, m), 3.77-3.89 (4H, m), 3.97 (1H, dd, J = 9.0 and 9.0 Hz, H-4'), 4.23 (1H, dd,
J=8.0and 2.8 Hz, H-3), 4.37-4.68 (14H, m, H-2, H-5 and ArCH,), 4.70 (1H, d, J = 2.0 Hz, H-1), 4.79
(1H, d, J= 11.0 Hz, ArCH,), 4.87 (1H, d, J = 10.6 Hz, ArCH,), 4.88 (1H, br s, H-1'), 7.10-7.17 (2H, m,
ArH), 7.17-7.37 (34H, m, ArH), 7.42-7.48 (2H, m, ArH), 7.73-7.83 (2H, m, ArH).

Anal. Calcd for Ce;HgsO10S: C, 73.34; H, 6.25; S, 2.92. Found: C, 72.99; H, 6.21; S, 2.76.

Methyl 4-O-(2',3',4',6'-Tetra-O-benzyl-a-D-mannopyr anosyl)-2,3-O-isopropylidene
-a-L-rhamnopyranoside (73a).

Colorless syrup. Ry 0.34 (8/1 toluene/EtOAC); [a]*p +47.4° (¢ 1.29, CHCls); 'H-NMR (300 MHz,
CDCl3) 6 1.03 (3H, d, J = 6.0 Hz, H-6), 1.25 and 1.47 (each 3H, s, IP), 3.31 (1H, dd, J = 9.6 and 6.8
Hz, H-4), 3.32 (3H, s, OMe), 3.51 (1H, dg, J = 9.6 and 6.0 Hz, H-5), 3.67 (1H, dd, J = 10.2 and 1.4 Hz,
H-6'), 3.72 (1H, d, J = 2.6 Hz, H-2"), 3.84 (1H, dd, J = 9.2 and 2.6 Hz, H-3'), 3.88 (1H, dd, J = 10.2
and 2.4 Hz, H-6'), 3.96 (1H, dd, J = 6.8 and 5.2 Hz, H-3), 3.97-4.05 (1H, m, H-5), 4.03 (1H, d, J =
5.2 Hz, H-2), 4.20 (1H, dd, J = 9.6 and 9.2 Hz, H-4'), 4.50 (1H, d, J = 11.6 Hz, ArCH,), 4.54 (1H, d, J
=10.2 Hz, ArCH,), 4.62 (1H, d, J = 10.2 Hz, ArCH,), 4.66 (1H, d, J = 11.6 Hz, ArCH,), 4.68 (1H, d, J
= 11.8 Hz, ArCH,), 4.74 (1H, d, J = 10.2 Hz, ArCH,), 4.78 (1H, d, J = 11.8 Hz, ArCH,), 4.80 (1H, br s,
H-1), 4.89 (1H, d, J = 10.2 Hz, ArCH,), 4.93 (1H, br s, H-1'), 7.15-7.20 (2H, m, ArH), 7.22-7.41 (18H,
m, ArH).

Anal. Calcd for C4Hs,040: C, 71.33; H, 7.07. Found: C, 71.18; H, 6.90.

Methyl 4-O-(2',3',4' ,6' -Tetr a-O-benzyl-B-D-mannopyr anosyl)-2,3-O-isopr opylidene
-a-L-rhamnopyranoside (738).

Colorless syrup. Ry 0.34 (8/1 toluene/EtOAC); [a]*’p -68.2° (¢ 1.54, CHCl3); "H-NMR (300 MHz,
CDCl3) 6 1.32 and 1.46 (each 3H, s, IP), 1.35 (3H, d, J = 5.6 Hz, H-6), 3.39 (3H, s, OMe), 3.42 (1H,
ddd, J=9.2, 4.4 and 1.6 Hz, H-5"), 3.56 (1H, dd, J = 9.0 and 2.6 Hz, H-3'), 3.65 (1H, dg, J = 9.6 and
5.6 Hz, H-5), 3.73 (1H, dd, J = 9.6 and 6.8 Hz, H-4), 3.76 (1H, dd, J = 11.0 and 1.6 Hz, H-6'), 3.82
(1H, dd, J = 11.0 and 4.4 Hz, H-6'), 3.93 (1H, dd, J = 9.2 and 9.0 Hz, H-4), 3.95 (1H, d, J = 2.6 Hz,
H-2'), 4.08 (1H, d, J = 5.2 Hz, H-2), 4.15 (1H, dd, J = 6.8 and 5.2 Hz, H-3), 4.47 (1H, d, J = 11.2 Hz,
ArCH,), 4.55 (1H, d, J = 11.2 Hz, ArCH,), 4.56 (1H, d, J = 11.4 Hz, ArCH,), 4.57 (1H, d, J = 10.2 Hz,
ArCH,), 4.71 (1H, d, J = 11.4 Hz, ArCH,), 4.79 (1H, d, J = 12.0 Hz, ArCH,), 4.87 (1H, br s, H-1),
4.90 (1H, br s, H-1), 4.91 (1H, d, J = 10.2 Hz, ArCH,), 4.93 (1H, d, J = 12.0 Hz, ArCH,), 7.19-7.36
(18H, m, ArH), 7.40-7.46 (2H, m, ArH).

Anal. Calcd for C4Hs,040: C, 71.33; H, 7.07. Found: C, 71.22; H, 6.96.

Methyl 2,3,6-Tri-O-benzyl-4-O-(2',3' ,4',6' -tetr a-O-benzyl-a-D-mannopyr anosyl)
-a-D-glucopyranoside (74a.).

Colorless syrup. Ry 0.41 (2/1 n-hexane/EtOAC); [a]*® +17.7° (¢ 1.31, CHCI3); *H-NMR (300 MHz,
CDCl3) & 3.39 (3H, s, OMe), 3.50-3.60 (2H, m), 3.61-3.89 (9H, m), 3.97 (1H, dd, J = 9.0 and 9.0 Hz),
4.10 (1H, d, J = 11.8 Hz, ArCH,), 4.21 (1H, d, J = 11.8 Hz, ArCH,), 4.42 (1H, d, J = 12.0 Hz, ArCH,),
4.42 (1H, d, J = 11.4 Hz, ArCH,), 4.48 (1H, d, J = 10.6 Hz, ArCH,), 4.52-4.64 (7TH, m), 4.67 (1H, d, J
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=12.0 Hz, ArCH,), 4.83 (1H, d, J = 10.8 Hz, ArCH,), 5.08 (1H, d, J = 11.2 Hz, ArCH,), 5.29 (1H, d, J
= 1.2 Hz, H-1"), 7.11-7.32 (35H, m, ArH).

Anal. Calcd for CeHgsO11: C, 75.43; H, 6.74. Found: C, 75.16; H, 6.78.

Methyl 2,3,6-Tri-O-benzyl-4-O-(2',3' 4,6 -tetr a-O-benzyl-B-D-mannopyr anosyl)

-oi-D-glucopyr anoside (74).

Colorless syrup. Ry 0.32 (2/1 n-hexane/EtOAC); [o]®, —20.7° (¢ 1.19, CHCl3); 'H-NMR (300 MHz,
CDCl3) 4 3.24-3.32 (1H, m), 3.28 (1H, dd, J = 9.0 and 2.6 Hz, H-2), 3.37 (3H, s, OMe), 3.43-3.59 (4H,
m), 3.64-3.77 (3H, m), 3.87 (1H, dd, J = 9.0 and 9.0 Hz), 3.91 (1H, dd, J = 6.6 and 2.0 Hz), 3.88-3.95
(1H, m), 4.36 (1H, d, J = 11.8 Hz, ArCH,), 4.37 (1H, d, J = 11.8 Hz, ArCH,), 4.40 (1H, d, J = 12.0 Hz,
ArCH,), 4.42 (1H, br s, H-1), 4.45-4.53 (3H, m, ArCH,), 4.57 (1H, d, J = 3.0 Hz, H-1), 457 (1H, d, J
=12.0 Hz, ArCH,), 4.59 (1H, d, J = 11.8 Hz, ArCH,), 4.75 (1H, d, J = 11.0 Hz, ArCH,), 4.77 (1H, d, J
= 11.8 Hz, ArCH,), 4.81-4.88 (1H, m, ArCH,), 4.83 (2H, s, ArCH,), 5.15 (1H, d, J = 11.0 Hz, ArCH,),
7.16-7.42 (35H, m, ArH).

Anal. Calcd for CeHgsO11: C, 75.43; H, 6.74. Found: C, 75.23; H, 6.47.

Galactopyranosides

Cyclohexylmethyl 2,3,4,6-Tetr a-O-benzyl-a-D-galactopyranoside (18a.).

Colorless syrup. R; 0.67 (3/1 n-hexane/EtOAC); [a]*’p +38.2° (¢ 1.83, CHCl3; 'H-NMR (270 MHz,
CDCl3) 6 0.82-1.01 (2H, m), 1.05-1.34 (3H, m), 1.58-1.87 (6H, m), 3.21 (1H, dd, J = 9.0 and 5.6 Hz,
OCHy), 3.42 (1H, dd, J = 9.0 and 7.0 Hz, OCHy), 3.48-3.55 (2H, m), 3.90-3.98 (3H, m), 4.03 (1H, dd,
J=9.0and 3.2 Hz), 4.39 and 4.48 (each 1H, ABq, J = 11.6 Hz, ArCH,), 4.57 and 4.94 (each 1H, ABq,
J=11.0 Hz, ArCH,), 4.66 and 4.81 (each 1H, ABq, J = 11.6 Hz, ArCH,), 4.73 and 4.85 (each 1H, ABq,
J=11.2 Hz, ArCH,), 4.79 (1H, d, J = 3.2 Hz, H-1), 7.25-7.42 (20H, m, ArH).

Anal. Calcd for C41Hag06: C, 77.33; H, 7.60. Found: C, 77.28; H, 7.38.

Cyclohexylmethyl 2,3,4,6-Tetr a-O-benzyl-B-D-galactopyranoside (188).

White solid. R; 0.60 (3/1 n-hexane/EtOAC); [a]*°s —7.6° (¢ 1.48, CHCls); mp 69-71 °C; *H-NMR (270
MHz, CDCl;) § 0.86-1.04 (2H, m), 1.04-1.33 (3H, m), 1.50-1.90 (6H, m), 3.27 (1H, dd, J = 9.0 and
6.8 Hz, OCH,), 3.47-3.62 (4H, m), 3.75 (1H, dd, J = 9.0 and 5.4 Hz, OCH), 3.80 (1H, dd, J = 9.2 and
7.4 Hz, H-2), 3.88 (1H, br d, J = 2.6 Hz, H-4), 4.32 (1H, d, J = 7.4 Hz, H-1), 4.40 and 4.45 (each 1H,
ABq, J =11.6 Hz, ArCHy), 4.62 and 4.93 (each 1H, ABq, J = 11.2 Hz, ArCH,), 4.70 and 4.76 (each
1H, ABq, J = 11.6 Hz, ArCH,), 4.75 and 4.93 (each 1H, ABq, J = 10.4 Hz, ArCH,), 7.25-7.38 (20H, m,
ArH).

Anal. Calcd for C41HagO06: C, 77.33; H, 7.60. Found: C, 77.31; H, 7.42.
4,6-O-Benzylidene-mannopyranosides

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3 -di-O-benzyl-4' ,6'-O-benzylidene-a-D-mannopyr anosyl)
-oi-D-glucopyranoside (77a.).

White solid. Ry 0.22 (6/1 toluene/EtOAC); [a] b +54.2° (¢ 0.94, CHCl3); mp 93.7-95.0 °C (lit,*® [a]*p
+49.7° (¢ 0.60, CHCls)); *H-NMR (300 MHz, CDCls) & 3.28 (3H, s, OMe), 3.34 (1H, dd, J = 9.0 and
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9.0 Hz, H-4), 3.44 (1H, dd, J = 9.0 and 3.2 Hz, H-2), 3.59 (1H, dd, J = 11.0 and 1.2 Hz, H-6), 3.67 (1H,
ddd, J = 9.0, 4.4 and 1.2 Hz, H-5), 3.72-3.85 (3H, m), 3.76 (1H, dd, J = 11.0 and 4.4 Hz, H-6), 3.89
(1H, dd, J = 9.4 and 2.6 Hz, H-3), 3.97 (1H, dd, J = 9.0 and 9.0 Hz, H-3), 4.12-4.29 (1H, m, H-6"),
4.23 (1H, dd, J = 9.4 and 9.0 Hz, H-4'), 4.48 (1H, d, J = 10.2 Hz, ArCHy), 4.55 (1H, d, J = 3.2 Hz,
H-1), 4.65 (1H, d, J = 12.0 Hz, ArCH,), 4.67 (1H, d, J = 11.8 Hz, ArCH,), 4.69 (1H, d, J = 12.8 Hz,
ArCH,), 4.74-4.83 (4H, m, ArCH,), 4.85 (1H, d, J = 1.2 Hz, H-1'), 4.86 (1H, d, J = 12.8 Hz, ArCH,),
4.99 (1H, d, J = 10.2 Hz, ArCHy,), 5.62 (1H, s, ArCH), 7.18-7.40 (28H, m, ArH), 7.44-7.50 (2H, m,
ArH).

Anal. Calcd for CssHs5044: C, 73.81; H, 6.53. Found: C, 73.75; H, 6.39.

Methyl 2,3,4-Tri-O-benzyl-6-O-(2',3'-di-O-benzyl-4',6'-O-benzylidene-f-D-mannopyr anosyl)
-a-D-glucopyranoside (778).

White solid. R; 0.42 (6/1 toluene/EtOAC); [a]*» —5.8° (¢ 0.94, CHCl3); mp 158.5-160 °C (lit,*® [a]*p
—2.07° (¢ 1.99, CHCl5)); *H-NMR (300 MHz, CDCls) & 3.22 (1H, ddd, J = 10.0, 9.2 and 4.6 Hz, H-5'),
3.33 (3H, s, OMe), 3.39-3.54 (4H, m), 3.69 (1H, d, J = 2.6 Hz, H-2), 3.75 (1H, ddd, J = 9.6, 4.6 and
1.6 Hz, H-5), 3.90 (1H, dd, J = 10.0 and 10.0 Hz, H-6), 4.01 (1H, dd, J = 9.0 and 9.0 Hz, H-3), 4.08
(1H, br s, H-1), 4.08 (1H, dd, J = 10.0 and 1.6 Hz, H-6), 4.18 (1H, dd, J = 9.2 and 9.2 Hz, H-4'), 4.25
(1H, dd, J = 10.0 and 4.6 Hz, H-6'), 4.50 (1H, d, J = 11.2 Hz, ArCH,), 4.58 (1H, d, J = 3.2 Hz, H-1),
4.60 (1H, d, J = 12.0 Hz, ArCH,), 4.67 (1H, d, J = 12.0 Hz, ArCH,), 4.71 (1H, d, J = 12.0 Hz, ArCH,),
4.75-4.87 (4H, m, ArCH,), 4.92 (1H, d, J = 12.0 Hz, ArCH,), 5.03 (1H, d, J = 10.8 Hz, ArCH,), 5.59
(1H, s, ArCH), 7.12-7.44 (28H, m, ArH), 7.45-7.53 (2H, m, ArH).

Anal. Calcd for CssHs5044: C, 73.81; H, 6.53. Found: C, 73.75; H, 6.39.

Cyclohexylmethyl 2,3-Di-O-benzyl-4,6-O-benzylidene-a-D-mannopyranoside (78a.).

Colorless syrup. R; 0.44 (20/1 toluene/EtOAC); [a]*’p +48.3° (¢ 0.94, CHCIs); *H-NMR (300 MHz,
CDCl3) 6 0.80-0.98 (2H, m), 1.04-1.32 (3H, m), 1.42-1.78 (6H, m), 3.14 (1H, dd, J = 9.0 and 6.0 Hz,
OCHy), 3.43 (1H, dd, J = 9.0 and 6.4 Hz, OCH,), 3.77 (1H, ddd, J = 9.6, 9.4 and 4.2 Hz, H-5), 3.81
(1H, dd, J = 3.0 and 1.2 Hz, H-2), 3.88 (1H, dd, J = 10.0 and 9.6 Hz, H-6), 3.96 (1H, dd, J = 9.4 and
3.0 Hz, H-3), 4.24 (1H, dd, J = 9.4 and 9.4 Hz, H-4), 4.25 (1H, dd, J = 10.0 and 4.2 Hz, H-6), 4.67 and
4.86 (each 1H, d, J = 11.6 Hz, ArCH,), 4.73 and 4.83 (each 1H, d, J = 12.0 Hz, ArCH,), 4.74 (1H, d, J
= 1.2 Hz, H-1), 5.65 (1H, s, ArCH), 7.23-7.43 (13H, m, ArH), 7.47-7.55 (2H, m, ArH).

Anal. Calcd for C4HgOs: C, 74.97; H, 7.40. Found: C, 74.95; H, 7.03.

Cyclohexylmethyl 2,3-Di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranoside (78p3).

Colorless syrup. R; 0.40 (20/1 toluene/EtOAC); [o]*®5 —66.4° (¢ 0.94, CHCIl3); *H-NMR (300 MHz,
CDCl3) 6 0.88-1.06 (2H, m), 1.08-1.36 (3H, m), 1.50-1.83 (6H, m), 3.21 (1H, dd, J = 9.0 and 6.4 Hz,
OCHy), 3.31 (1H, ddd, J = 9.6, 9.2 and 4.6 Hz, H-5), 3.57 (1H, dd, J = 9.4 and 2.8 Hz, H-3), 3.78 (1H,
dd, J=9.0 and 6.0 Hz, OCHy), 3.93 (1H, d, J = 2.8 Hz, H-2), 3.95 (1H, dd, J = 10.0 and 9.6 Hz, H-6),
4.22 (1H, dd, J = 9.4 and 9.2 Hz, H-4), 4.31 (1H, dd, J = 10.0 and 4.6 Hz, H-6), 4.42 (1H, br s, H-1),
4.58 and 4.68 (each 1H, d, J = 12.2 Hz, ArCH,), 4.88 and 5.00 (each 1H, d, J = 12.0 Hz, ArCH,), 5.61
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(1H, s, ArCH), 7.23-7.42 (11H, m, ArH), 7.44-7.54 (4H, m, ArH).

Anal. Calcd for CHgOs: C, 74.97; H, 7.40. Found: C, 74.91; H, 7.24.

n-Octyl 2,3-Di-O-benzyl-4,6-O-benzylidene-a-D-mannopyranoside (79a.).

Colorless syrup. R 0.46 (20/1 toluene/EtOAC); [a]*®, +116° (c 0.94, CHCl3); H-NMR (300 MHz,
CDCl3) 6 0.89 (1H, t, J = 6.4 Hz), 1.22-1.35 (10H, m), 1.47-1.60 (2H, m), 3.34 (1H, dd, J = 9.2 and
6.4 Hz, OCH,), 3.62 (1H, dd, J = 9.2 and 6.4 Hz, OCH,), 3.79 (1H, ddd, J = 10.2, 9.4 and 4.2 Hz, H-5),
3.82 (1H, dd, J = 3.0 and 1.2 Hz, H-2), 3.88 (1H, dd, J = 10.2 and 9.4 Hz, H-6), 3.97 (1H, dd, J= 9.6
and 3.0 Hz, H-3), 4.24 (1H, dd, J = 9.4 and 9.6 Hz, H-4), 4.25 (1H, dd, J = 9.4 and 4.2 Hz, H-6), 4.66
and 4.84 (each 1H, d, J = 11.6 Hz, ArCHy), 4.73 and 4.83 (each 1H, d, J = 12.0 Hz, ArCH,), 4.77 (1H,
d, J=1.2 Hz, H-1), 5.65 (1H, s, ArCH), 7.23-7.43 (13H, m, ArH), 7.48-7.55 (2H, m, ArH).

Anal. Calcd for C3sHaOg: C, 74.97; H, 7.91. Found: C, 74.92; H, 7.62.

n-Octyl 2,3-Di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranoside (79p).

White solid. Ry 0.42 (20/1 toluene/EtOAC); [a]*’s —70.5° (¢ 0.84, CHCls), mp 43.0-44.5 °C; 'H-NMR
(300 MHz, CDCl3) 6 0.89 (1H, t, J = 6.4 Hz), 1.24-1.43 (10H, m), 1.57-1.69 (2H, m), 3.32 (1H, ddd, J
= 9.6, 9.2 and 4.6 Hz, H-5), 3.42 (1H, dd, J = 9.0 and 6.4 Hz, OCH), 3.58 (1H, dd, J = 9.4 and 2.8 Hz,
H-3), 3.72 (1H, d, J = 2.8 Hz, H-2), 3.94 (1H, dd, J = 9.0 and 6.0 Hz, OCH,), 3.94 (1H, dd, J = 10.0
and 9.6 Hz, H-6), 4.21 (1H, dd, J = 9.4 and 9.2 Hz, H-4), 4.31 (1H, dd, J = 10.0 and 4.6 Hz, H-6), 4.94
(1H, br s, H-1), 4.58 and 4.68 (each 1H, d, J = 12.2 Hz, ArCHy), 4.88 and 5.00 (each 1H, d, J = 12.0
Hz, ArCH,), 5.62 (1H, s, ArCH), 7.24-7.42 (11H, m, ArH), 7.44-7.54 (4H, m, ArH).

Anal. Calcd for C3sHauOg: C, 74.97; H, 7.91. Found: C, 74.94; H, 7.63.

Cyclohexyl 2,3-Di-O-benzyl-4,6-O-benzylidene-a-D-mannopyr anoside (80a.).

Colorless syrup. R; 0.42 (20/1 toluene/EtOAC); [a]*’s +54.6° (¢ 1.88, CHCls); 'H-NMR (300 MHz,
CDCl3) 4 1.09-1.43 (5H, m), 1.43-1.60 (1H, m), 1.60-1.87 (2H, m), 3.47-3.58 (1H, m, OCH), 3.78 (1H,
dd, J = 2.8 and 1.2 Hz, H-2), 3.81-3.93 (2H, m, H-5 and H-6), 4.00 (1H, dd, J = 9.6 and 2.8 Hz, H-3),
4.18-4.32 (2H, m, H-4 and H-6), 4.67 and 4.86 (each 1H, d, J = 11.8 Hz, ArCH,), 4.71 and 4.84 (each
1H, d, J = 12.4 Hz, ArCH,), 4.90 (1H, d, J = 1.2 Hz, H-1), 5.65 (1H, s, ArCH), 7.23-7.43 (13H, m,
ArH), 7.48-7.55 (2H, m, ArH).

Anal. Calcd for Cy3H3506: C, 74.69; H, 7.22. Found: C, 74.57; H, 6.95.

Cyclohexyl 2,3-Di-O-benzyl-4,6-O-benzylidene-B-D-mannopyr anoside (80pB).

White solid. Ry 0.35 (20/1 toluene/EtOAC); [a]®’, —70.6° (¢ 0.41, CHCl3); *H-NMR (300 MHz,
CDCl3) & 1.20-1.42 (4H, m), 1.43-1.59 (2H, m), 1.63-1.86 (3H, m), 1.86-1.98 (1H, m), 3.31 (1H, ddd,
J=9.6, 9.0 and 4.6 Hz, H-5), 3.58 (1H, dd, J = 9.4 and 2.8 Hz, H-3), 3.65-3.75 (1H, m, OCH), 3.87
(1H, d, J = 2.8 Hz, H-2), 3.94 (1H, dd, J = 10.0 and 9.6 Hz, H-6), 4.22 (1H, dd, J = 9.4 and 9.0 Hz,
H-4), 4.30 (1H, dd, J = 10.0 and 4.6 Hz, H-6), 4.59 and 4.67 (each 1H, d, J = 12.4 Hz, ArCHy), 4.60
(1H, br s, H-1), 4.91 and 5.02 (each 1H, d, J = 12.2 Hz, ArCH,), 5.62 (1H, s, ArCH), 7.22-7.42 (11H,
m, ArH), 7.45-7.54 (4H, m, ArH).

Anal. Calcd for Cy3H3506: C, 74.69; H, 7.22. Found: C, 74.39; H, 7.28.
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I sopropyl 2,3-Di-O-benzyl-4,6-O-benzylidene-a-D-mannopyranoside (81a.).

Colorless syrup. R; 0.38 (20/1 toluene/EtOAC); [a]*’s +47.5° (¢ 1.33, CHCls); 'H-NMR (300 MHz,
CDCl3) 6 1.05 (3H, d, J = 5.6 Hz), 1.17 (3H, d, J = 6.0 Hz), 3.79 (1H, dd, J = 2.8 and 1.2 Hz, H-2),
3.80-3.92 (3H, m, H-5, H-6, OCH), 3.98 (1H, dd, J = 9.6 and 2.8 Hz, H-3), 4.17-4.29 (2H, m, H-4 and
H-6), 4.67 and 4.85 (each 1H, d, J = 12.0 Hz, ArCH,), 4.72 and 4.85 (each 1H, d, J = 12.0 Hz, ArCH)),
4.86 (1H, d, J= 1.2 Hz, H-1), 5.65 (1H, s, ArCH), 7.23-7.43 (13H, m, ArH), 7.47-7.55 (2H, m, ArH).
Anal. Calcd for C3H3406: C, 73.45; H, 6.99. Found: C, 73.73; H, 6.94.

I sopropyl 2,3-Di-O-benzyl-4,6-O-benzylidene-B-D-mannopyr anoside (81p).

White solid. Ry 0.30 (20/1 toluene/EtOAC); [a]®’, —76.1° (¢ 0.45, CHCl3); *H-NMR (300 MHz,
CDCl3) 6 1.16 (3H, d, J = 5.6 Hz), 1.28 (3H, d, J = 6.0 Hz), 3.32 (1H, ddd, J = 9.6, 9.2 and 4.6 Hz,
H-5), 3.58 (1H, dd, J = 9.4 and 2.8 Hz, H-3), 3.86 (1H, d, J = 2.8 Hz, H-2), 3.94 (1H, dd, J = 10.0 and
9.6 Hz, H-6), 3.98 (1H, qq, J = 6.0 and 5.6 Hz, OCH), 4.21 (1H, dd, J = 9.4 and 9.2 Hz, H-4), 4.39
(1H, dd, J = 10.0 and 4.6 Hz, H-6), 4.54 (1H, br s, H-1), 4.58 and 4.67 (each 1H, d, J = 12.4 Hz,
ArCH,), 4.89 and 5.00 (each 1H, d, J = 12.2 Hz, ArCH,), 5.62 (1H, s, ArCH), 7.22-7.42 (11H, m,
ArH), 7.45-7.54 (4H, m, ArH).

Anal. Calcd for C3Hz406: C, 73.45; H, 6.99. Found: C, 73.16; H, 6.73.

Methyl 4-O-(2',3'-Di-O-benzyl-4',6'-O-benzylidene-a-D-mannopyr anosyl)-2,3-O-isopropylidene
-a-L-rhamnopyranoside (82a).

White solid. R; 0.48 (3/1 n-hexane/EtOAC); [a]*'p +62.8° (¢ 0.71, CHCI3), mp 130.8-133 °C; *H-NMR
(300 MHz, CDCl3) 4 0.96 (3H, d, J = 6.2 Hz, H-6), 1.31 and 1.49 (each 3H, s, IP), 3.25 (1H, dd, J =
10.0 and 7.0 Hz, H-4), 3.33 (3H, s, OMe), 3.51 (1H, dg, J = 10.0 and 6.2 Hz, H-5), 3.78 (1H, d, J =
3.0 Hz, H-2'), 3.84 (1H, dd, J = 10.0 and 9.8 Hz, H-6"), 3.92 (1H, dd, J = 9.4 and 3.0 Hz, H-3),
3.97-4.12 (1H, m, H-5'), 4.00 (1H, dd, J = 7.0 and 5.4 Hz, H-3), 4.06 (1H, d, J = 5.4 Hz, H-2), 4.24
(1H, dd, J = 9.8 and 5.0 Hz, H-6"), 4.25 (1H, dd, J = 9.4 and 9.0 Hz, H-4"), 4.67 and 4.87 (each 1H, d,
J=12.0 Hz, ArCH,), 4.70 and 4.85 (each 1H, d, J = 12.4 Hz, ArCH,), 4.75 (1H, br s, H-1'), 4.81 (1H,
br's, H-1), 5.65 (1H, s, ArCH), 7.24-7.43 (13H, m, ArH), 7.49-7.57 (2H, m, ArH).

Anal. Calcd for C3;H.4040: C, 68.50; H, 6.84. Found: C, 68.18; H, 6.62.

Methyl 4-O-(2',3'-Di-O-benzyl-4',6'-O-benzylidene-B-D-mannopyranosyl)-2,3-O-isopropylidene
-oi-L-rhamnopyranoside (828).

Colorless syrup. R; 0.48 (3/1 n-hexane/EtOAC); [o]*n —84.8° (¢ 0.65, CHCl3); 'H-NMR (300 MHz,
CDCl3) 8 1.33 (3H, d, J = 5.0 Hz, H-6), 1.32 and 1.49 (each 3H, s, IP), 3.32 (1H, ddd, J = 9.6, 9.2 and
4.6 Hz, H-5), 3.39 (3H, s, OMe), 3.57-3.73 (2H, m), 3.63 (1H, dd, J = 9.6 and 2.8 Hz, H-3'), 3.95 (1H,
dd, J=10.2 and 9.6 Hz, H-6"), 3.96 (1H, d, J = 2.8 Hz, H-2"), 4.28 (1H, d, J = 5.2 Hz, H-2), 4.32 (1H,
dd, J = 6.0 and 5.2 Hz, H-3), 4.39 (1H, dd, J = 9.6 and 9.2 Hz, H-4), 3.97-4.12 (1H, m, H-5), 4.00
(1H, dd, J = 7.0 and 5.4 Hz, H-3), 4.06 (1H, d, J = 5.4 Hz, H-2), 4.24 (1H, dd, J = 9.8 and 5.0 Hz,
H-6'), 4.25 (1H, dd, J = 9.4 and 9.0 Hz, H-4'), 4.27 (1H, dd, J = 10.2 and 4.6 Hz, H-6'), 4.60 and 4.68
(each 1H, d, J = 12.0 Hz, ArCH,), 4.80 and 4.92 (each 1H, d, J = 11.8 Hz, ArCH,), 4.86 (1H, br s,
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H-1'), 4.99 (1H, br s, H-1), 5.62 (1H, s, ArCH), 7.22-7.55 (15H, m, ArH).

Anal. Calcd for C3;H44040: C, 68.50; H, 6.84. Found: C, 68.59; H, 6.86.

Methyl 2,3,6-Tri-O-benzyl-4-O-(2',3 -di-O-benzyl-4',6'-O-benzylidene-a-D-mannopyr anosyl)
-a-D-glucopyranoside (83a.).

Colorless syrup. Ry 0.27 (8/1 toluene/EtOAC); [a]®, +13.3° (¢ 1.15, CHCls); 'H-NMR (300 MHz,
CDCl3) 8 3.39 (3H, s, OMe), 3.55 (1H, dd, J = 8.4 and 3.0 Hz, H-2), 3.44 (1H, dd, J = 9.0 and 3.2 Hz,
H-2), 3.59 (1H, dd, J = 11.0 and 1.2 Hz, H-6), 3.67-3.89 (6H, m), 3.78 (1H, dd, J = 2.8 and 1.2 Hz,
H-2"), 3.83 (1H, dd, J = 8.4 and 8.4 Hz, H-3), 3.92 (1H, dd, J = 9.2 and 2.8 Hz, H-3'), 4.06-4.13 (1H,
m), 4.20 (1H, d, J = 11.2 Hz, ArCH,), 4.22 (1H, dd, J = 9.2 and 8.8 Hz, H-4'), 4.31 (1H, d, J = 11.2 Hz,
ArCH,), 4.34-4.64 (5H, m, ArCH, and H-1), 4.42 (1H, d, J = 11.2 Hz, ArCH,), 4.68 (1H, d, J = 11.6
Hz, ArCH,), 4.80 (1H, d, J = 12.0 Hz, ArCH,), 5.09 (1H, d, J = 11.2 Hz, ArCH,), 5.30 (1H, d, J = 1.2
Hz, H-1'), 5.60 (1H, s, ArCH), 7.10-7.17 (2H, m, ArH), 7.17-7.41 (26H, m, ArH), 7.45-7.53 (2H, m,
ArH).

Anal. Calcd for CssHs5044: C, 73.81; H, 6.53. Found: C, 73.73; H, 6.33.

Methyl 2,3,6-Tri-O-benzyl-4-O-(2',3 -di-O-benzyl-4',6'-O-benzylidene-B-D-mannopyr anosyl)
-a-D-glucopyranoside (838).

Colorless syrup. Ry 0.43 (8/1 toluene/EtOAC); [a]*’s, —26.4° (¢ 1.50, CHCl3); "H-NMR (300 MHz,
CDCl3) & 3.04 (1H, ddd, J = 9.2, 9.0 and 4.6 Hz, H-5'), 3.32 (1H, dd, J = 9.2 and 2.6 Hz, H-3'), 3.40
(3H, s, OMe), 3.42-3.66 (4H, m), 3.45 (1H, dd, J = 10.0 and 2.6 Hz, H-6), 3.63 (1H, d, J = 2.6 Hz,
H-2"), 3.81-3.93 (2H, m), 3.75 (1H, ddd, J = 9.6, 4.6 and 1.6 Hz, H-5), 4.04 (1H, dd, J = 10.0 and 4.6
Hz, H-6'), 4.07 (1H, dd, J = 9.2 and 9.0 Hz, H-6'), 4.28 (1H, d, J = 11.6 Hz, ArCH,), 4.37 (1H, br s,
H-1'), 4.54-4.67 (4H, m), 4.70-4.86 (5H, m) 5.05 (1H, d, J = 10.4 Hz, ArCH,), 5.51 (1H, s, ArCH),
7.15-7.42 (28H, m, ArH), 7.44-7.51 (2H, m, ArH).

Anal. Calcd for CssHsg014: C, 73.81; H, 6.53. Found: C, 73.76; H, 6.44.
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Man_alpha-SPh

2.2

N—r)

R

S
2w
[ 7 als

1.00

0.9

~ 0.99

1] 4
'H-NMR Spectrum of 39 (CDCl;, 300MHz)

Man_aloha-S(0)Ph

T o

1.02

? 7\
758
2.15

\‘IW

6 4
"H-NMR Spectrum of 40a (CDCI;, 300MHz)
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1618b

Man alpha-502Ph

"TH-NMR Spectrum of 408 (CDCI;, 300MHz)

2193

T M

8

2.17

"H-NMR Spectrum of 41 (CDCI;, 300MHz)
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5301 alpha

Pulee Bequence: s2pul

LN B s e e e e S e S L AN S O S S s B S S B S L S SR S St RSN S SR R B
8 7 6 5 4 3 2 1

0 ppm
i [ S - -
2.04 2.07 2.11 2.34 1.00
17.87 1.03 4.21 3.12 1.08
IH-NMR Spectrum of 42a (CDCls, 300MHz)
5501 down beta
Pulse Sequence: s2pul
/] / / / S
T T T ™ T T T T T T
8 7 6 5 4 3 2 1 0 prm
[Ew— e S Y - [
1.91 13.67 1,01 4.14 4.12 0.98
3,062.0% 1,04 1.00 1.04 1.00

TH-NMR Spectrum of 42p (CDCls, 300MHz)
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2804

21.65

1.08
jol

100

/]

\097

T T T T T T T T T T T T T

° uon)

_ A-L__J—

TH-NMR Spectrum of 43 (CDCl;, 300MHz)

o wn~ n o T n m o
T v wn COT QO | ~ el Y
oo < Cﬂv’\lu’f UTU‘ o G =]
- on | “—n oo o a -
/
L\, AA\ k . L L,&_L.__,_L___h
PPM
..... A T L S e Y S L A B S SR
B 7 6 5 4 3 2 1 0

TH-NMR Spectrum of 44 (CDCl;, 270MHz)
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4612 3-0Bn, 4-OBx

Pulse Sequence: s2pul

e A e s e e o o e S s s B S S S B S S S S B A
8 7 6 5 4 3 2 1 0 ppm
[ ST v [ L == L R ey
1.06 2.00 ©.68 1.03 1.52 0.30 0.27 1.00 2.26

0.96 4.37 1.23 1.02 3.55 0.29 0.73 €.30

TH-NMR Spectrum of 56 (CDCl;, 300MHz)

ETANDARD 1E OBSERVE

Pulse Sequence: s2pui

—_— L I
B e T e S e e e M i Rt Rl Bl e B St S Sl s i i B
8 7 6 5 4 3 2
— [ L lmpmd At [ -
3.58 3.81 147 0.11 0.28 8.70
1.8 1.35 0.71 3.43 0.29 1.00

TH-NMR Spectrum of 57 (CDCl;, 300MHz)
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4223 3, 4-di 0Bn

S

)\_,v\l A

I Tt T T '_]’ I e ‘ v T =

*H-NMRSpecfmm of 38 (CDCTl;; 300MHZ)

4240 _3-0Bz, 4-0Bn

|
U!L. J L L

T e T TTTTTTTT T [' CTTTY T TTT T T L — r"“’

¢ NMRSDectrumofsg(CDCh 300MHzy” T T T T T T

—ia
—
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4920 £ré6-9

Pulse Sequence: s2pul

B L e L L L

8 7 6 5 4 3 2 1 0 ppm
Lty ] ‘11 P B ]
20.07 0.04 1.10 1.13 7.36
2.29 1.00 7.63 2.11 6.17

TH-NMR Spectrum of 70 (CDCl;, 300MHz)

4637 £ra-4

Pulae Sequence: s2pul

} i

" I#ﬂr I8 |
] “LJ

T L B e e . R S A SR

— 1
8 7 6 5 4 3 2

ol

—
1 ppm
et W e e
27.14 1.00 7.64 2,15 2.11
2,31 5.29 2.08 1.13

TH-NMR Spectrum of 71 (CDCl;, 300MHz)
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5222

Pulse Sequance: s2pul

L e e B e e B B e e s I e e B e e e A S e S T v
8 7 6 5 4 3 2 1 0 ppm
e v o b e s
2.27 1.10 4.35¢ 2.37 .83
14.62 1.00 2.33 6.47

"H-NMR Spectrum of 75 (CDCl;, 300MHz)

4626 £r 10-14

Pulse Sequence: slpul

~

e e e S s e e e e B N s s e B AL S ) B L . BN A s B
8 7 6 5 4 3 2 1 0 ppm

e e ey

2.20 1.12 8.73 1.1 1.23

23.59 1.00 1.202.221.11

'H-NMR Spectrum of 76 (CDCl,, 300MHz)
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TH-NMR Spectrum of 13a (CDCl;, 300MHz)

08

Ve

AL

TH-NMR Spectrum of 13p (CDCI;, 300MIz)

130



Oc_Rham__alpha

18.62

27

116
2.9

1.00
99

~—
~—
e

14.98

3%

ERLY

T T T

1

T T T T T

4 2

Oc_BRham__beta

'H-NMR-Spectrum of 196 (CDCI3, 300MHZ)

T

16.82

[/ f

14.96

R

! [

T T T T T T
Il

'H-NMR Spectrum of 19p(CDCI3, 300MHZ)
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Rhamno Cyh up alpha
Puise Sequance: s2pul

— T T T L T T T T T T
3 7 6 5 4 3 2 1 0 ppm
—— bty
15.27 1.02.03 2.03 3.9 8.41
1.08.00 1.00 2.07 1.%6

IH-NMR Spectrum of 20a (CDCl;, 300MHz)

Rhamno Cyh down beta

Puise Sequence: s2pul

/// //

T T T T T T T T T T
8 7 6 S 4 3 2 1 0 ppm
e et o et L
1.93 3.04 3.03 2,15 1.03 3.14  7.74
15.44 1.01 1.00° 1.06 1.08 4.82

'H-NMR Spectrum of 20 (CDCl;, 300MHz)
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Ip Rham alpha

16.71

g
] % (sl
RN g
g [ 4 g
a8 2
// /

T T T T T T T T T I T T T T

"H-NMRK Spectrum of 21a (CDCI;, 300MHz)

Ip Rham beta

1.94

14.53

T I T T T I T T T T T T T T

TH-NMR Spectrum of 21p (CDCL, 300MHz)
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35.36

HHNMR Spectrum of 22a (CDCl3; 300MHz)

Bham 4-OH alpha

25.81

f§ 7/2 f/ /5/ f:
) L .

B 4
—H-NMR Spectrum of 23a (CDCI;, 300MHZ)

134



2-0 qlu Chm aloha

2

JIL

"H-NMR Spectrum of 14a (CDCI;, 300MHz)

T T T T T T T T T T T T I T T T

2-0 qlu Chm beta

°—

om

"TH-NMR Spectrum of 14p (CDCI;, 300MHz)
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2332 alfa

136

B

1.80

T T T

T T T T T T T T

2328 fr26-39

TH-NMR Spectrum of 26a, (CDCl;, 300MHz)

20.63

5.98

L

T T T

T T T T T T T T
3
1y aan

T
: : P
H=-NMR-Spectrumrof 268 (CDCl;, 300MHz)
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2330 8

Tawm

6.32
8.39
205
0.83
%
NEE]

~ 1.00

o

\an

T T T T T T T
]

opn|

2Dg1u glus-OH bete

Pulse Sequence: s2pul

Q +: £97
=NV opoeLiiulirul a7

fa—
30.78

6 5 a 3 2
et B T St — —
4.06 1.01.03 4.123.99 3.1%

1.00 B.16 1.00 3.08 1.12 1.00

'H-NMR Spectrum of 27p (CDCl;, 300MHz)
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NIKU

3.

B.69

"H-NMR Spectrum of 28a, (CDCl,, 300MHz)

TEPODON

2.3
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2 0 Rham4-OH alpha

16.57

2.89

2=

i

= 0.9
gy
\

™S
\nss

5.85

275

6 4
TH-NMR Spectrum of 54a (CDCT;, 300MHz)

3629

1”a

553

-

/60 / A
—

\555

1.0¢

T T T T T T T T

T T T T
e 6 4

'H-NMR Spectrum of 54p (CDCl5, 300MHz)
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2026 4-0H alpha

2

EY
43
17
<

2.84
3

k“lnn
=y
=
T
(.

0.94
0.92

3

\133

L

T T T T

ppey

TH-NMR Spectrum of 356 (CDCI;, 300MHz)

20 26 4-0H beta

21.98

9.65

T I T T T T T T

Py

6 4
*H-NMR Spectrum of 55p (CDCI;, 300MHz)
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3-08n, 4-0B2 6-0H alpha

19.18

2.05

\ 1.00

J

5.13

\\\_““\
o
\%
s
\le
~3.02

\100

T 300

\ 0.99

8 11 4 2 poml
TH-NMR Spectrum of 60a (CDCI3, 300MHZ)
3-0Bn, 4-087 6-0H beta
~ - rv’ 3
22/ s -
T T T T ‘ T T T l T T l T
8 2 opm

"H-NMR Specirum of 6Up (CDCT;, 300MHz)
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3,4-0i-0B2 6-CH_alpha

2.4a

LRk
NEXT
T2

1.00

_ u&wp_i_

//f/i/ | ;s
—

"H-NMR Spectrum of 61a (CDCI;, 300MHz)
3,4-01-0B2 6-0H beta j
3 . s
o 3 -
/ ;s
I W A L_M\,LJ
T si T T T l 1 T T ! T T T ! T T T ‘1 N
TH-NMR Spectrum of 61 (CDCI;, 300MHz)
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3, 4-di-0Bn 6-0H alpha

8.72

6.42

4.07
> 193

7%

2.59
3

MEXT]

1

\102
\IM
\055

/)

T304

T T T T T

TH-NMR Spectrum of 62a (

T T T T T

4 2

CDCls, 300MHz)

3,4 di-08n 6-0H beta

30.83

T T T T T

'H-NMR Spectrum of 628 (CDCl;, 300MHz)
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3-08z, 4-0Bn 6-0H alpha

2.2

7.68

S

S oo
T 119
N
\\“5\‘\‘ 1u
=

Siw

'\ 1.06

AEE

TH-NMR Spectrum of 63a (CDCI;, 300MHz)

3-0Bz, 4-0Bn 6-0H beta

T
o

238

5.3

; // 3

\ 0.98

\\nes

Y293

T I T T T T T T

TH-NMR Spectrum of 63p (CDCl;, 300MHz)
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3-08n, 4-0Bz Chm alpha

i

] T f

"H-NMR Spectrum of 64a (CDCl;, 300MHz)

3-08n, 4-0Bz Chm beta
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/ N/i /
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T I T T

T

<
T
2

TH-NMR Spectrum of 648 (CDCI;, 300MHz)
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3-0Bn, 4-0Bz Oc alpha

Vs

2.06
o

e

L

38

58

Sl

) i7

1.03
1.04

VA

/

2.4

s

3.6

T T T T

f

1]

T

T

4

T

"H-NMR Spectrum of 65a (CDCI;, 300MHz)

3-08n, 4-08Bz Oc beta

5.12

A

/ /U

R

3.07

T

[

T

‘

T

2

"H-NMR Spectrum of 63B (CDCT;, 300MHzZ)
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3-0Bn, 4-08z Ch alpha

VI Iy
Y- J\L]

~—

‘H- NMR Spectrum of 66a (CDC13 300MHz)

3-0Bn, 4-08z Ch beta

F i

- MJM

'H NMR Spectrum of 66 (CDC13 300MHz)
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3-0Bn, 4-08z Ip aipha

9.4

Yy

'H-NMR Spectrum of 67a (CDCI;, 300MHZ)

3-0Bn, 4-0Bz Ip beta

)87

T um

5.07

2.02

1.00
1.0
1.00
1.00
1.01

[ 7/

— 101
T m

595

TTam

T T | T T T ] T T T T

"H-NMR Spectrum of 678 (CDCI;, 300MHz)
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3-08n, 4-0Bz rham4-OH alpha

[N 7

.

i

| T T T I T T T l
2

&

"H-NMR Spectrum of 68a. (CDCl;, 300MHz)

3-0Bn, 4-08z rham4-OH beta

EREY]
\%
2.07

fﬁ// /oAl

LM

I T T T T T T T T

"H-NMR Spectrum of 68 (CDCI;, 300MHz)
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4616 up

Pulse Bequence: alpul

NN .

B B e e e M. E s e oo s S S s S s S s S S B S S S L B S L BN S S S
8 7 6 5 4 3 2 1 0 ppm
e b e e ! o ! —_ =
1.9 2.01 4.66 1.00 2.08 3.1 .23 2.30
1.007.63 1.02 1.02 2.08 1.08 2.17 7.20

"H-NMR Spectrum of 69a, (CDCl;, 300MHz)

4616 down

Pulse Seguence: s2pul

; T T T T T s T
8 7 6 5 4 3 2 1 0 ppm
W Wit oy Lt bt ol — s
1.84 1.97 4.37 2,96 1.00 2.02 1.00 2.03 3.0%

0.954.93 0.97 1.99 1.00 4.95 1.00 1.3

"H-NMR Spectrum of 698 (CDCl;, 300MHz)

153



2 3

T T T T T T I T T T T T T T T

"H-NMR Spectrum of 16a. (CDCI;, 300MHz)

07

2158

5.45

4 2 0 oony

1]
"H-NMR Spectrum of 168 (CDCI;, 300MHz)
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0c glu alpha
Pulse Sequence: s2pul

p oy
T T T T T o
8 7 6 5
e et e eaad s
21.08 0.56 2.08 1.00 a.22 2.02 3.23
2.10 3.95 1.94 2.07 117 11.03

TH-NMR Spectrum of 29a (CDCl3, 300MHz)

oc glu beta

Pulse Sequence: szpul

M.
T T T T T L T T T
8 7 6 5 4 3 2 1 0 ppm
[em—— L e e i sl
19.16 2.05  3.11 1.03 414 2.11
2.906 3.13  1.00 1,05 2.20 10.94

IH-NMR Spectrum of 298 (CDCl5, 300MHz)
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Cyh glu alpha

Pulse Sequence: $2pul

s
T T T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm
[——— Lot et Lt e b
1%.68 2,01 2.04 1.001.02 4.18
2.04 3.04 1.9 1.01 4.14 7.73

'H-NMR Spectrum of 300, (CDCls, 300MHz)

Cyh glu beta

Pulse Sequence: s2pul

ST

T T T T LA | T T T T T T
8 7 6 S 4 3 2 1 0 ppm
N " [ —— R gyt et
18.28 2.00 4.00 1.0% 2.00 6.55
2.08 3.03 3.981.9% 2.85

TH-NMR Spectrum of 308 (CDCl;, 300MHz)
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Ip glu alpha

Pults Sequence: s2pul

meied U . b

———— T ——————— T T
8 7 6 H 4 3 2 1 0 ppm

[kl D i —
20.89 0.5 2.02 1.001.08.13
1.98 ERTIEH 2.022.13 7.41

TH-NMR Spectrum of 31a (CDCl;, 300MHz)

1p olu beta

Pulss Sequence: s2pul

T
8 7 6 5 4 3 2 1 1 ppm
[UUUTUR N o
18.57 2.00 3.03 0.87 2.02.01 3.25
2.08 3.06 1.00 1.00.09 2.99

"H-NMR Spectrum of 318 (CDCl;, 300MHz)
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Glu 6-0H alpha

Pulse Sequence: $2pu)

T —T T T T T T T T T
8 7 6 S 4 3 2 1 0 ppm
o Lpbptphr Lt e iy
34.26 4.0m.82 2.92 3.722.32.43
1.96 2.63.83 2.%0 3.23.07

JH-NMR Spectrum of 32a (CDCl;, 300MHz)

" glu 6-0H beta

Pulse Sequence: s2pul

et A A A
3.03 5.58 0.35 1.00 3.01
6.2 1.00 0.88° 31.41

'H-NMR Spectrum of 32p (CDCl;, 300MHz)
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3515 down

24 76

128

420

REX)

NENE

1,02

6 ¢
YHENMR-Spectrumi of S0B (CDCI;; 300MHZ)

|
pd e oo s : w«......._-.......dl
; : - . , . : ; . :
& [l 0 ot
L —————— IHNMR-Spectrumof 500(CDCH5;3061
3515up
a
2
w0 i E
=
& 58
| [ /f
!
\\ MN_’* L . AR e~ N
T T T I T T T 1 =T T T . T
B
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3545 down

35.04

2.m
176

s
7
"H-NMK Spectrum of 51a (CDCI;, 300MHz)
3543 up
L3
B
_ N . /I
: I T - /
i Sy N

T T T T T T T T T T T T T T

"H-NMR Spectrum of 519 (CDCI;, 300MHz)
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Chm Man alpha

20.77

TH-NMR Spectrum of 17a (CDCI;, 300MHz)

Chm Man beta

17,64

7.84

2.98

7

\H

2.07

T T T T I T T T

8 6 “ 2 0 Domt

"H-NMR Spectrum of I7p (CDCI;, 300MHz)
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Oc_Man alpha

3
g

o s

R RY

"H-NMR Spectrum of 33a. (CDCl3, 300MHz)

Oc_Man_beta

19.64

12.03

/{N f /E
W
: 1 T T ] ‘

'"H-NMR Spectrum of 33p (CDCT;, 300MHz)
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Ch Man alpha

19.30

6.30

Ti6

1.50
1.00
2
7

0

0.9

i /

—

/!

T T T T I T T T | T T T I
TH-NMR Spectrum of 34a (CDCI;, 300MHz)
Ch Man beta
/ J
—
T al T T T | T T T I T T T ! T T ‘! o

"H-NMK Spectrum of 34B (CDCI;, 300MHz)
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Man_Ip alpha

7.78

=)/ |

g

T T T T T T T T T T T T T
2 o oot

TH-NMR Spectrum of 35a (CDCl;, 300MHz)

| Ip Man beta

2.06

/)

6.55

3%
EN

T I T T T '[ T T T !
3 2

"H-NMR Spectrum of 35 (CDCI;, 300MHz)
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2213

F
42
e

AAD-

IFEG
H-=INIVIL

Man 6-0H beta

5.77

NENTH

i
"H-NMR Spectrum of 36 (CDCI;, 300MHz)
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5312 alpha

Pulse Sequence: s2pul

O

5912 beta

Puise Sequence: s2pul

T T T T T T T

6 S 4 3 2 1 0 ppm
w et ———
1.00 10.71 2.15 1.00
2.08 7.58  1.02

TH-NMR Spectrum of 37a (CDCl;, 300MHz)

v
\.
T T T T T M T T M T T T T
8 7 6 5 4 3 2 1 0 ppm
e w —_—— byt et
2.17 1.00 2.19 1.22.0m.19 1.00
26.58 1.08 851 1.6.18  2.17

'H-NMR Spectrum of 378 (CDCl;, 300MHz)
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2725 A 1.5 eq

i L p«v Ju™ B J

T T T T T T T r T T T T i T T 1 ]

I — 1 NMR Spectrum-of 45a-(CDCly; 300MHz)
2725 B
LS
- J I M WJU\__._M S
S = :

— ———LHNMRSchtmnroHSﬂ-(GBe}gSGGMhL)
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2418 frg-16

\‘225

T ew

40.33

e

14.59

‘:‘\")126
\Inﬂ
N

T T T T T T —— T T
€ 4

oon|

HH-NMR Spectrum of 464 (CDCl3; 300MHz)
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4801 dowa

Pulse Baguence: s2pul

L S e AL e S S S S B S S S M S S S e s S B e e e s S H A
8 7 6 5 4 3 2 1 ¢ ppm
bnand b W e vy
20.19 3.07 2.13 3.01 2.08 3.96 3.se
2.13 6.06  1.00 2.03 1.1 3.30  2.99

TH-NMR Spectrum of 730, (CDCl;, 300MHz)

4752 up £r12-16

Pulse Sequence; m2pul

L " JL_

f T T T T T T T T T
8 7 6 H 4 3 2 1 o ppm

et L L i

1.92 3.9%.02 0.5R.00 1.07 2.98

1%.90 1.044.01 0.99 4.05 3.92 5.91

'H-NMR Spectrum of 73p (CDCl;, 300MHz)
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4702 up

Pulse Sequence: s2pul

A R L B L B T
8 7 6 5 4 3
— W e
TH-NMR Spectrum of 74a (CDCl;, 300MHz)
4702 mid

Pulse Saquence: a2pul

3.15 3.04
32.52 5.16 3.05 4.162.04

TH-NMR Spectrum of 74p (CDCl,, 300MHz)
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TH-NMR Spectrum of 188 (CDCl;, 270MHz)
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$216 up

Pulee Sequence: s2pul

-
i
4 B
44 ~ //ﬂ
T[T [T T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm
[E— w AP S U PR}
2.12 1.00 [RTS 2.09 2.26 4.17
33.18 1.0 2.1 €31 1.09

TH-NMR Spectrum of 77a (CDCl;, 300MHz)

5216 down

Pulse Sequencer s2pul

NMﬂ/// P
| ML

L EO A L L DO L RO AN B AL LR

o T T T | e s s
8 7 6 5 4 3 2 1 0 ppm
e W T e o
2.11 1.00 9.47 2,12 1.08  4.151.10
29.20 1,02 1,06 3.10 2,11 .11

'H-NMR Spectrum of 77p (CDCls, 300MHz)
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Chm 468 m alpha

Pulse Sequence: s2pul

T T T T T T T T
8 7 6 S 4 3 2 1 0 ppm
—— w [ [ [ ——
2.07 1.00 3.13 1.06 1.1 13.47 2.38
17.22 2.08 2.03 3.24 0.%9 3.88

TH-NMR Spectrum of 78a. (CDCl;, 300MHz)

Chm 468 » beta

Puise Sequence: s2pul

WAL /

[ T T T A B A L | T 1 T

8 7 6 H 4 3 2 3 ¢ ppm
[re— - Sk el G b L b e
£.08 1.00 1.03 1.031.02 2.03 1.04 1.02 3.3
12.00 1.01 1.031.01.04 1.04  1.03 7.8 2.11

TH-NMR Spectrum of 78p (CDCl;, 300MHz)
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4.6 8 m Oc_alpha

14,48

TTm

10.89

3.06

2.8

1.00
T a
e
\IUO

0.98
— 2.4

/

0 468 m bata

Pulse Saguence: $2pul

"TH-NMR Spectrum of 79a (CDCl;, 300MHz)

1

) Jo

T T T T T T T

T
8 7 5 5 4 3 2 1 0 ppm
o i e e e [ et
4.02 1.00 1.02 1.001.02 3.00 1.01 2.62 3.04
11.37 0.99 1.040.39%1.03 1.021.01 10.3%

IH-NMR Spectrum of 798 (CDCls, 300MHz)
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Ch 468 @ alpha

Puise Sequence: s2pul

L

g
(.

s

2.09
15,18

Ch 4.58 m beta

Puise Seguence: s2pul

T
7

1 0 ppm
w et et Ay A e
1.00 2.13 1.031.06 4.16 5.74
3.06 z.12 2.08 1.12 “n

TH-NMR Spectrum of 80a (CDCl;, 300MHz)

I /

T
8 7 [ 5 4 3 2 1 2 ppm
hd L A
410 0.28 1.00 1.01 2.08 1.06  1.03 3. 4.54
12.78 1.0 1.02 2.08 2.08 1.07 R TR N

'H-NMR Spectrum of 808 (CDCl;, 300MHz)
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46 B m Ip alpha

14.75

T

419

3.07
3.08
3.00

T
T .
S
o

| L | LUL

T I T T T T T T T T T T T

1p 458 = beta

Pulse Seguence: s2pul

TH-NMR Spectrum of 81a. (CDCl;, 300MHz)

T — T —

T T ™
8 7 6 5 4 3 2 i o ppm
e - e W
3.4 0.89 1.03 2.67 1.01 i1.01 3.22
12.25 1.00  3.04 2.07  1.03 1.20 3.08

TH-NMR Spectrum of 81p (CDCl;, 300MHz)
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4,6 M _rham4-0H alpha

15.57

6.13

2.98
2.94
T

1.00
\
—_ %
\199
\091

0.82

Taey

28
2.91

T I T T T | T T T

5 4
"H-NMR Spectrum of 8Za. (CDCI;, 300MHZ)

4,6 M rhamd-OH bets

nn

o7

2.8)

2.10

\‘lnﬂ
N
~——
\‘lan
\lﬁ
\‘nu

1.78

6.5

T I T T T T T T T |
1] 2

'"H-NMR Spectrum of 82p (CDCI;, 300MHz)
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5027 wp

Pulae Bequence: slpul

f T T T T T T T T T
8 7 6 5 4 3 2 1 0 ppm
At L e T e T ]
2.37 2,61 1.00 1.15 1.04 1.16 1.28
39.%7 1.11 0.99 7.80 2.18 9.95 3.19

'H-NMR Spectrum of 83a. (CDCl;, 300MHz)

5218 down

Pulse Sequence: s2pul

/ y; S ;s
. UWUM

T L S S S A S B S s S p
8 7 6 5 4 3 2 1 0 ppm

—_ @ B
2.14 1.00 s.18 1,01 2.13 $.30 1.02
29.73 1.0 4.17 1.05 2,07 1.11

'H-NMR Spectrum of 834 (CDCl;, 300MHz)
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5. fEr

KIFRAEAT O D0 7 FHTHEE, THEELHY £ LEBERBRFHLIE i
— BRI R L EH N LET,

AIFRAEAT O D  THEE, ZHRELZHY £ Lo, BERBARFHLYEN BNF—
BHRITR < EHE L £,

KIFRAEAT O DTV EEZ OFEREZBHY £ Lz, BERBRFHE LA KHE
HAER I D OB ERBR T L WL BB EHE L 7,
AIFFEEATIICHT0, ILSHEREZHRTEMGE LTHES Lz, PHBELER, BA
BT LITEHE L ET,

A EAT O HIZ, EERITHEE FE o7, WEFEWAME L SN, B
. HAE L HHDEEE L, TREER, B —RITEREHE L £,
AFFEEAT O HTZD . WANS LT T W, IR, iR ELSd+ JF
WU, ATHER, ERMWK, EEREES TP REEHT ORBOEMKS Y 23 E 5> T30
* L7,
AFFEEITOICHTD, BBEETT7 1 — L TWEREWERIBGFRICES O LET,
S BERZ BT o 7o/ MUK, R ARIRICESH B L £3, @M & A B@K O
BRI VEICHEHLET, 7 AREHEEZRIC, BHLE T, @ LROMESE K, F
BETR, SNEFR M) AEHLET, 7—A U EO/NERZRICNANAS T — R
EENZENL U T THL L WEH LET, 2 2 HE5 2 b > - HP RN KITEH L E 7,
AIFFREAT OIS0 BEHRVASOB I/ > T LE o7 BFE S JIEN LT,
JINRF R BB, o2 REIRICRLS BREOLE T,

KFFEEAT O DTV | BIERB R FRmEINEt 2 —, 21 il COE 7'm /T Al
TN E LS EH B L E T,

KGR EATOICHTED, WAWNARFIZTHREZ T, ICH LIRSS WEFATL,
BRI, AR EATOIZHT2 0 | RFEFEEMELIRE E Tlb® TN mEICEHRE L
e

PRk 1642 H 13 H
KI FHaE
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