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ABSTRACT

a-(1!3)-Linked mannohexaose and mannooctaose as their methyl glyco-

sides were synthesized from condensation of the corresponding a-(1!3)-

linked di- (9) and tetrasaccharide donor (21) with the tetrasaccharide acceptor

(23), respectively, followed by deacylation. The donor 21 and acceptor 23
were prepared readily from activation of C-1 of the tetrasaccharide 20 and

deallylation of the tetrasaccharide 22, respectively. The tetrasaccharide 20
was prepared from oxidative cleavage of 1-O-p-methoxyphenyl of 19, which

was obtained from coupling of 9 with 11. The tetrasaccharide 22 was

obtained from condensation of the donor 13 with the acceptor 18. These

disaccharides 9, 11, 13, and 18 were produced easily by simple chemical

transformation using p-methoxyphenyl 3-O-allyl-a-D-mannopyranoside (1)

and 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl trichloroacetimidate (6),

and methyl 3-O-allyl-a-D-mannopyranoside (14) as the synthons.
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INTRODUCTION

a-(1! 3)-Linked mannans occur in the fruit body polysaccharide of Tremella

fuciformis and Dictyophora indusiata Fisch[1] and are the backbone of glucuronox-

ylomannan (GXM) antigens.[2] It was also reported that linear a-(1! 3)-linked mannan

reacts with L. ovata agglutinin.[3] Synthesis of a-(1! 3)-linked mannan is of interest

since it can afford a pure sample in enough quantity for structure–bioactivity relationship

studies. The synthesis of a-(1!3)-linked mannohexaose has been achieved through a

Scheme 1. Reagents and conditions: (a) PhCOCl/Pyr, rt. (b) PdCl2, CH3OH, 40�C. (c) CAN,

CH3CN H2O, rt. (d) TMSOTf, CH2Cl2, � 25�C to rt. (e) CCl3CN, CH2Cl2, K2CO3, rt. (f) NH3/

CH3OH, rt.
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stepwise strategy using 3-O-acetyl-2,4,6-tri-O-benzyl-a-D-mannopyranosyl chloride as

the donor and benzyl 2,4,6-tri-O-benzyl-a-D-mannopyranoside as the acceptor. This

synthesis involved rather complex procedures for the preparations of both the donor and

acceptor.[1] We provide herein a new method for the synthesis of a-(1!3)-linked

mannohexaose and mannooctaose using an acyl temporary protective group.

RESULTS AND DISCUSSION

As outlined in Scheme 1, p-methoxyphenyl 3-O-allyl-a-D-mannopyranoside (1)

was chosen as the starting material, and obtained readily from allylation of p-

methoxyphenyl a-D-mannopyranoside through a dibutyltin complex under the same

conditions used for transformation of allyl a-D-mannopyranoside to allyl 3-O-allyl-a-D-

mannopyranoside.[4] Benzoylation of 1 with benzoyl chloride in pyridine quantitatively

gave 3-O-allyl-2,4,6-tri-O-benzoyl-a-D-mannopyranoside (2). Deallylation of 2 with

PdCl2 was carried out smoothly[5] giving the acceptor p-methoxyphenyl 2,4,6-tri-O-

benzoyl-a-D-mannopyranoside (3) in high yield (90%). Meanwhile, oxidative cleavage

of 1-O-p-methoxyphenyl of 2 with ammonium ceric nitrate (CAN), followed by

trichloroacetimidation[6] afforded the donor 3-O-allyl-2,4,6-tri-O-benzoyl-a-D-manno-

pyranosyl trichloroacetimidate (5) in satisfactory yield (72% for 2 steps). The acceptor

3 was coupled with 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl trichloroacetimidate

(6)[6] to give the disaccharide 7. Removal of the p-methoxyphenyl group of 7 with

CAN, followed by trichloroacetimidation with trichloroacetonitrile in the presence of

potassium carbonate afforded the nonreducing end disaccharide donor 9 (72% for 2

steps). Coupling of 3 with 5 afforded the disaccharide 10, and subsequent deallylation

furnished the disaccharide acceptor 11 (72% for 2 steps). Condensation of 9 with 11
gave the tetrasaccharide 19, and subsequent removal of p-methoxyphenyl, and

trichloroacetimidation yielded the tetrasaccharide donor 21. Transformation of 10 to

the disaccharide donor 13 was readily carried out by treatment of 10 with CAN,

followed by trichloroacetimidation. Coupling of 13 with the disaccharide acceptor 18,

which was obtained from coupling of methyl 2,4,6-tri-O-benzoyl-a-D-mannopyranoside

(16) with 5 followed by deallylation, gave the tetrasaccharide 22, and subsequent

deallylation afforded the tetrasaccharide acceptor 23. Condensation of 9 with 23 gave

the protected mannohexaose 24, while condensation of 21 with 23 gave the acylated

mannooctaose 26. Treatment of 24 and 26 with saturated ammonia–methanol afforded

methyl mannohexaoside 25 and mannooctaoside 27 respectively. JC1 – H1 values (170–

172 Hz) were determined for 25 and 27, confirming the sole a-linkages in the

oligosaccharides.[7]

In summary, a facile and practical method was presented for the syntheses of a-

(1! 3)-linked mannose oligosaccharides.

EXPERIMENTAL

General methods. Optical rotations were determined at 25�C with a Perkin–

Elmer Model 241-MC automatic polarimeter. Melting points were determined with a

‘‘Mel-Temp’’ apparatus. 1H NMR, 13C NMR, and 1H NMR HOMO COSY spectra

aaaa-(1!!!3)-LINKED MANNOHEXAOSE AND MANNOOCTAOSE 343

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
0
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

were recorded with Bruker ARX 400 spectrometers for solutions in CDCl3 or D2O as

indicated. Chemical shifts are given in parts per million (ppm) downfield from internal

Me4Si. Mass spectra were recorded with a VG PLATFORM mass spectrometer using

the electrospray-ionization mode. Thin-layer chromatography (TLC) was performed on

Silica Gel HF254 with detection by charring with 30% (v/v) H2SO4 in MeOH or in

some cases by UV detection. Column chromatography was conducted by elution of a

column (16� 240, 18� 300, 35� 400 mm) of silica gel (100–200 mesh) with EtOAc–

petroleum ether (60–90�C) as the eluent. Solutions were concentrated at < 60�C under

diminished pressure.

p-Methoxyphenyl 3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (2). p-

Methoxyphenyl a-D-mannopyranoside[8] (5.00 g, 17.5 mmol) and Bu2SnO (4.80 g, 19.3

mmol) were added to CH3OH (200 mL), the mixture was heated under reflux for 2 h,

then concentrated to dryness. The residue was diluted with benzene (200 mL), and allyl

bromide (18.0 mL, 211 mmol), and Bu4NI (6.46 g, 17.5 mmol) were added to the

mixture. The reaction was carried out at 60�C for 24 h. TLC (3:1 EtOAc–CH3OH)

indicated that the reaction was complete. Concentration of the reaction mixture and

purification by flash chromatography (EtOAc) gave 1 as a syrup (3.70 g, 65%);

[a]D
20 + 95.4� (c 1.1, CHCl3); 1H NMR (CDCl3): d 6.98 (d, 2 H, J = 9.1 Hz, p-

CH3O PhH), 6.82 (d, 2 H, J = 9.1 Hz, p-CH3O PhH), 6.00 (m, 1 H, CH2 CH

CH2 ), 5.51 (d, 1 H, J1,2 = 1.6 Hz, H-1), 5.40–5.25 (m, 2 H, CH2 CH CH2 ),

4.30–4.16 (m, 2 H, CH2 CH CH2 ), 4.21 (m, 1 H), 4.11 (dd, 1 H, J3,4 = J4,5 =

9.5 Hz, H-4), 3.91–3.87 (dd, 1 H, J5,6 = 3.2 Hz, J6,6’= 12.3 Hz, H-6), 3.86–3.83 (dd, 1

H, J2,3 = 3.2 Hz, J3,4 = 9.5 Hz, H-3), 3.78–3.73 (m, 2 H), 3.77 (s, 3 H, CH3), 2.98 (br, 3

H, OH). To a solution of 1 (6.52 g, 20.0 mmol) in pyridine (16 mL) was added benzoyl

chloride (8.34 mL, 72.0 mmol). After stirring the mixture overnight at rt, TLC (3:1

petroleum ether–EtOAc) indicated that the reaction was complete. Methanol (6 mL)

was added to the reaction mixture, and stirring was continued for 10 min. Water (100

mL) was added, and the mixture was extracted with CH2Cl2 (3� 100 mL), the extract

was washed with M HCl and satd aq NaHCO3, dried (Na2SO4) and concentrated.

Purification by flash chromatography (3:1 petroleum ether–EtOAc) quantitatively gave

2 as a foamy solid (12.76 g, 100%); [a]D + 19.1� (c 1.0, CHCl3); 1H NMR (400 MHz,

CDCl3): d 8.12–7.38 (m, 15 H, PhH), 7.08 (d, 2 H, J = 9.1 Hz, p-CH3O PhH), 6.76

(d, 2 H, J = 9.1 Hz, p-CH3O PhH), 5.86 (t, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4), 5.79–5.69

(m, 2 H, H-2, CH2 CH CH2 ), 5.61 (d, 1 H, J1,2 = 1.8 Hz, H-1), 5.23–5.06 (m, 2

H, CH2 CH CH2 ), 4.63–4.61 (m, 1 H), 4.45–4.42 (m, 2 H), 4.38–4.34 (dd, 1

H, J2,3 = 3.3 Hz, J3,4 = 9.8 Hz, H-3), 4.22–4.04 (m, 2 H, CH2 CH CH2 ), 3.73 (s,

3 H, CH3).

Anal. Calcd for C37H34O10: C, 69.59; H, 5.33. Found: C, 69.82; H, 5.31.

p-Methoxyphenyl 2,4,6-Tri-O-benzoyl-aaaa-D-mannopyranoside (3). To a solu-

tion of 2 (1.28 g, 2.0 mmol) in anhyd CH3OH (50 mL) was added PdCl2 (0.1 g), and

the mixture was stirred at 40�C for 2–4 h, at the end of which time TLC (2:1

petroleum ether–EtOAc) indicated that the reaction was complete. The mixture was

filtered, and the filtrate was concentrated. The residue was passed through a silica-gel

column with 2:1 petroleum ether–EtOAc as the eluent to give 3 as a syrup (1.08 g,

90%): [a]D + 10.3� (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): d 8.17–7.44 (m, 15 H,
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PhH), 7.14 (d, 2 H, J = 8.8 Hz, p-CH3O PhH), 6.85 (d, 2 H, J = 8.8 Hz, p-CH3O

PhH), 5.81 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4), 5.72–5.69 (m, 2 H, H-1, H-2), 4.72–4.69

(m, 2 H, H-3, H-6), 4.56–4.51 (m, 2 H, H-5, H-6), 3.82 (s, 3 H, CH3O).

Anal. Calcd for C34H30O10: C, 68.23; H, 5.02. Found: C, 68.44; H, 5.00.

3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl trichloroacetimidate (5).
To a solution of 2 (12.76 g, 20.0 mmol) in 4:1 CH3CN H2O (900 mL) was added

CAN [(NH4)2Ce(NO3)6, 43.86 g, 80.0 mmol], and the mixture was stirred at rt for 30

min, at the end of which time TLC (3:1 petroleum ether–EtOAc) indicated that the

reaction was complete. The mixture was extracted with EtOAc, and washed with satd

aq NaHCO3. The organic layer was concentrated under reduced pressure, and purified

by column chromatography (3:1 petroleum ether–EtOAc) to afford 4 as a syrup (8.52

g, 80%). To a solution of 4 (4.50 g, 8.5 mmol) in CH2Cl2 (40 mL) were added

trichloroacetonitrile (2.5 mL) and anhyd potassium carbonate (4.50 g). The reaction

mixture was stirred overnight at rt and then filtered, and the filtrate was concentrated in

vacuo. The residue was purified by flash chromatography (3:1 petroleum ether–EtOAc)

to give 5 (5.15 g, 90%) as a syrup; [a]D� 8.9� (c 1.0, CHCl3); 1H NMR (400 MHz,

CDCl3): d 8.81 (s, NH ), 8.11–7.27 (m, 15 H, PhH), 6.49 (d, 1 H, J1,2 = 1.6 Hz, H-1),

5.95 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4), 5.79 (dd, 1 H, J1,2 = 1.6 Hz, J2,3 = 3.3 Hz, H-2),

5.70 (m, 1 H, CH2 CH CH2 ), 5.26–5.08 (m, 2 H, CH2 CH CH2 ), 4.70–4.67

(dd, 1 H, J = 1.6 Hz, J = 11.7 Hz, H-6), 4.47–4.40 (m, 2 H, H-5, H-6), 4.27–4.24 (dd, 1

H, J2,3 = 3.3 Hz, J3,4 = 9.8 Hz, H-3), 4.18–4.01 (m, 2 H, CH2 CH CH2 ).

Anal. Calcd for C32H28Cl3NO9: C, 56.76; H, 4.14. Found: C, 56.60; H, 4.15.

p-Methoxyphenyl 2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-
tri-O-benzoyl-aaaa-D-mannopyranoside (7). 2,3,4,6-Tetra-O-benzoyl-a-D-mannopyra-

nosyl trichloroacetimidate[5] (6, 1.48 g, 2.0 mmol) and p-methoxyphenyl 2,4,6-tri-O-

benzoyl-a-D-mannopyranoside (3, 1.20 g, 2.0 mmol) were dried together under high

vacuum for 2 h, then dissolved in anhydrous CH2Cl2 (20 mL). TMSOTf (30 mL, 0.08

equiv) was added dropwise at � 25�C with N2 protection. The reaction mixture was

stirred for 3 h, during which time the temperature was gradually warmed to ambient

temperature. Then the mixture was neutralized with triethylamine, concentrated and

purified by flash chromatography (2:1 petroleum ether–EtOAc) to afford 7 as a foamy

solid (2.00 g, 85%); [a]D� 42.6� (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): d 8.24–

7.21 (m, 35 H, PhH), 7.02 (d, 1 H, J = 9.1 Hz, p-CH3O PhH), 6.75 (d, 1 H, J = 9.1 Hz,

p-CH3O PhH), 6.05 (dd, 1 H, J3,4 = J4,5 = 9.9 Hz, H-4II), 6.01 (dd, 1 H, J3,4 = J4,5 = 9.9

Hz, H-4I), 5.87 (dd, 1 H, J1,2 = 1.8 Hz, J2,3 = 3.3 Hz, H-2II), 5.72 (dd, 1 H, H-3II), 5.69

(d, 1 H, H-1II), 5.42 (d, 1 H, H-1I), 5.36 (dd, 1 H, J1,2 = 1.7 Hz, J2,3 = 3.2 Hz, H-2I), 4.84

(dd, 1 H, H-3I), 4.65–4.58 (m, 2 H), 4.54–4.45 (m, 3 H), 4.36 (dd, 1 H, J5,6 = 3.9 Hz,

J6,6 = 12.3 Hz, H-6), 3.74 (s, 1 H, CH3O).

Anal. Calcd for C68H56O19: C, 69.39; H, 4.76. Found: C, 69.30; H, 4.87.

2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-
mannopyranosyl trichloroacetimidate (9). To a solution of 7 (5.88 g, 5.0 mmol) in

4:1 CH3CN H2O (450 mL) was added CAN (10.96 g, 20.0 mmol), and the mixture

was stirred at rt for 30 min, at the end of which time TLC (2:1 petroleum ether–

EtOAc) indicated that the reaction was complete. The mixture was extracted with
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EtOAc, and washed with satd aq NaHCO3. The organic layer was concentrated under

reduced pressure, and purified by column chromatography (2:1 petroleum ether–

EtOAc) to afford 8 as a foamy solid (4.28 g, 80%). A mixture of 8 (4.28 g, 4.0 mmol),

trichloroacetonitrile (2.1 mL, 10 mmol), and anhyd potassium carbonate (4.28 g) in dry

dichloromethane (30 mL) was stirred overnight and then was filtered, and the filtrate

was concentrated in vacuo. The residue was purified by flash chromatography (2:1

petroleum ether–EtOAc) to give 9 as a foamy solid (4.37 g, 90%); [a]D� 48.1� (c 1.0,

CHCl3); 1H NMR (400 MHz, CDCl3): d 8.82 (s, 1 H, NH), 8.25–7.20 (m, 35 H, PhH),

6.55 (s, 1 H, H-1I), 6.14 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4II), 6.06 (dd, 1 H,

J3,4 = J4,5 = 9.9 Hz, H-4I), 5.86 (dd, 1 H, H-2II), 5.70 (dd, 1 H, J2,3 = 2.7 Hz, J3,4 = 10.0

Hz, H-3II), 5.37–5.36 (m, 2 H, H-1II, H-2I), 4.74–4.69 (m, 2 H), 4.57–4.45 (m, 4 H),

4.33 (dd, 1 H, J5,6 = 2.6 Hz, J6,6 = 12.1 Hz, H-6).

Anal. Calcd for C63H50Cl3NO18: C, 62.25; H, 4.12. Found: C, 62.00; H, 4.14.

p-Methoxyphenyl 3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-
2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (10). 3-O-Allyl-2,4,6-tri-O-benzoyl-a-D-

mannopyranosyl trichloroacetimidate (5, 1.35 g, 2.0 mmol) and p-methoxyphenyl

2,4,6-tri-O-benzoyl-a-D-mannopyranoside (3, 1.20 g, 2.0 mmol) were dried together

under high vacuum for 2 h, then dissolved in anhyd CH2Cl2 (20 mL). TMSOTf (30 mL,

0.08 equiv) was added dropwise at � 25�C with N2 protection. The reaction mixture

was stirred for 3 h, during which time the temperature was gradually warmed to

ambient temperature. Then the mixture was neutralized with triethylamine, concen-

trated and purified by flash chromatography (2:1 petroleum ether–EtOAc) to afford 10
(1.89 g, 85%); [a]D� 9.0� (c 1.1, CHCl3); 1H NMR (400 MHz, CDCl3): d 8.21–7.26

(m, 30 H, PhH), 7.00 (d, 2 H, J = 9.1 Hz, p-CH3O PhH), 6.75 (d, 2 H, J = 9.1 Hz, p-

CH3O PhH), 5.98 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4II), 5.86 (dd, 1 H, J1,2 = 1.8 Hz,

J2,3 = 3.4 Hz, H-2II), 5.74 (dd, 1 H, J3,4 = J4,5 = 9.9 Hz, H-4I), 5.66 (d, 1 H, H-1II), 5.43

(m, 1 H, CH2 CHCH2 ), 5.31 (d, 1 H, J1,2 = 1.8 Hz, H-1I), 5.20 (dd, 1 H, H-2I),

4.87–4.74 (m, 2 H, CH2 CHCH2 ), 4.79 (dd, 1 H, H-3II), 4.60–4.56 (m, 2 H),

4.51–4.44 (m, 2 H), 4.35 (m, 1 H), 4.28(m, 1 H, H-6), 3.91–3.88 (dd, 1 H), 3.76–3.63

(m, 2 H, CH2 CHCH2 ), 3.75 (s, 3 H, CH3O).

Anal. Calcd for C64H56O18: C, 69.06; H, 5.04. Found: C, 69.24; H, 5.03.

p-Methoxyphenyl 2,4,6-Tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-
O-benzoyl-aaaa-D-mannopyranoside (11). To a solution of 10 (2.22 g, 2.0 mmol) in

anhyd CH3OH (50 mL) was added PdCl2 (0.22 g), and the mixture was stirred at 40�C
for 3 h, at the end of which time TLC (2:1 petroleum ether–EtOAc) indicated that the

reaction was complete. The mixture was filtered, and the filtrate was concentrated. The

residue was passed through a silica-gel column with 2:1 petroleum ether–EtOAc as the

eluent to give 11 as a syrup (1.82 g, 85%): [a]D + 4.3� (c 1.0, CHCl3); 1H NMR (400

MHz, CDCl3): d 8.20–7.25 (m, 30 H, PhH), 7.01 (d, 2 H, J = 9.1 Hz, p-CH3O PhH),

6.75 (d, 2 H, J = 9.1 Hz, p-CH3O PhH), 5.99 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4II), 5.84

(dd, 1 H, J1,2 = 1.6 Hz, J2,3 = 3.0 Hz, H-2II), 5.67 (d, 1 H, H-1II), 5.60 (dd, 1 H,

J3,4 = J4,5 = 9.7 Hz, H-4I), 5.38 (s, 1 H, H-1I), 5.10 (br, 1 H, H-2I), 4.79 (dd, 1 H,

J2,3 = 3.3 Hz, J3,4 = 9.7 Hz H-3II), 4.62–4.58 (m, 2 H), 4.48–4.34 (m, 4 H), 4.21 (dd, 1

H, J = 3.0 Hz, J = 9.8 Hz, H-3II), 3.74 (s, 3 H, CH3O).

Anal. Calcd for C61H52O18: C, 68.28; H, 4.85. Found: C, 68.55; H, 4.94.
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3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-
aaaa-D-mannopyranosyl trichloroacetimidate (13). To a solution of 10 (5.56 g, 5.0

mmol) in 4:1 CH3CN H2O (450 mL) was added CAN (10.96 g, 20.0 mmol), and the

mixture was stirred at rt for 30 min, at the end of which time TLC (2:1 petroleum

ether–EtOAc) indicated that the reaction was complete. The mixture was extracted

with EtOAc, and washed with satd aq NaHCO3. The organic layer was concentrated

under reduced pressure, and purified by column chromatography (2:1 petroleum ether–

EtOAc) to afford 12 as a foamy solid (4.02 g, 80%). A mixture of 12 (4.02 g, 4.0

mmol), trichloroacetonitrile (2.1 mL), and anhydrous potassium carbonate (4.02 g) in

dry dichloromethane (30 mL) was stirred overnight and then was filtered, and the

filtrate was concentrated in vacuo. The residue was purified by flash chromatography

(4:1 petroleum ether–EtOAc) to give 13 (4.14 g, 90%) as a syrup; [a]D� 25.5� (c 1.0,

CHCl3);1H NMR (400 MHz, CDCl3): d 8.85 (s, 1 H, NH), 8.23–7.26 (m, 30 H, PhH),

6.58 (d, 1 H, J1,2 = 1.2 Hz, H-1I), 6.10 (dd, 1 H, J3,4 = J4,5 = 9.7 Hz, H-4II), 5.87 (br, 1 H,

H-2II), 5.81 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4I), 5.43 (m, 1 H, CH2 CHCH2 ), 5.28 (s,

1 H, H-1II), 5.22 (br, 1 H, H-2I), 4.89–4.65 (m, 2 H, CH2 CHCH2 ), 4.77–4.65 (m,

2 H), 4.56–4.50 (m, 3 H), 4.36 (m, 1 H, H-5), 4.26 (dd, 1 H, J5,6 = 2.9 Hz, J6,6 = 12.3

Hz, H-6), 3.90 (dd, 1 H, J = 3.0 Hz, J = 9.7 Hz), 3.80–3.63 (m, 2 H, CH2 CHCH2 ).

Anal. Calcd for C59H50Cl3NO17: C, 61.54; H, 4.35. Found: C, 61.80; H, 4.33.

Methyl 3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (15). To a solu-

tion of methyl 3-O-allyl-a-D-mannopyranoside[9] 14 (11.7 g, 50 mmol) in pyridine (40

mL) was added benzoyl chloride (21 mL, 180 mmol). After stirring the mixture at rt

overnight, TLC (3:1 petroleum ether–EtOAc) indicated that the reaction was complete.

Methanol (15 mL) was added to the reaction mixture, and stirring was continued for 10

min. Water (100 mL) was added, and the mixture was extracted with CH2Cl2 (3� 100

mL), the extract was washed with M HCl and satd aq NaHCO3, dried (Na2SO4) and

concentrated. Purification by flash chromatography (3:1 petroleum ether–EtOAc) gave

15 (27.3 g, 100%) as a foamy solid; [a]D� 34.4� (c 1.0, CHCl3); 1H NMR (400 MHz,

CDCl3): d 8.10–7.37 (m, 15 H, PhH), 5.82 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4), 5.70 (m,

1 H, CH2 CHCH2 ), 5.58 (dd, 1 H, J1,2 = 1.7 Hz, J2,3 = 3.3 Hz, H-2), 5.19–5.02 (m, 2

H, CH2 CHCH2 ), 4.92 (d, 1 H, H-1), 4.68 (dd, 1 H, J5,6 = 2.6 Hz, J6,6’= 12.1 Hz,

H-6II), 4.25 (m, 1 H, H-5), 4.14 (dd, 1 H, J5,6’= 4.9 Hz, H-6’), 4.14–3.97 (m, 2 H,

CH2 CHCH2 ), 3.48 (s, 3 H, CH3O).

Anal. Calcd for C31H30O9: C, 68.13; H, 5.49. Found: C, 68.05; H, 5.51.

Methyl 2,4,6-Tri-O-benzoyl-aaaa-D-mannopyranoside (16). To a solution of 15
(5.46 g, 10.0 mmol) in anhyd CH3OH (80 mL) was added PdCl2 (0.55 g), and the mixture

was stirred at 40�C for 2 h, at the end of which time TLC (3:1 petroleum ether–EtOAc)

indicated that the reaction was complete. The mixture was filtered, and the filtrate was

concentrated The residue was passed through a silica-gel column with 3:1 petroleum

ether–EtOAc as the eluent to give 16 as a syrup (4.55 g, 90%); [a]D + 7.1� (c 1.0, CHCl3);
1H NMR (400 MHz, CDCl3): d 8.07–7.37 (m, 15 H, PhH), 5.71 (dd, 1 H, J3,4 = J4,5 = 9.9

Hz, H-4), 5.42 (dd, 1 H, J1,2 = 1.7 Hz, J2,3 = 3.4 Hz, H-2), 4.95 (d, 1 H, H-1), 4.68

(dd, 1 H, J5,6 = 2.5 Hz, J6,6’= 12.1 Hz, H-6), 4.47 (dd, 1 H, J5,6’= 4.7 Hz, H-6’), 4.41

(dd, 1 H, H-3), 4.28 (m, 1 H, H-5), 3.48 (s, 3 H, CH3O), 3.47 (br, 1 H, OH).

Anal. Calcd for C28H26O9: C, 66.40; H, 5.14. Found: C, 66.55; H, 5.13.
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Methyl 3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-
benzoyl-aaaa-D-mannopyranoside (17). The monosaccharide donor 5 (3.38 g, 5.0

mmol) and the monosaccharide acceptor 16 (2.53 g, 5.0 mmol) were dried together

under high vacuum for 2 h, then dissolved in anhyd CH2Cl2 (40 mL). TMSOTf (50 mL,

0.05 equiv) was added dropwise at � 25�C with N2 protection. The reaction mixture

was stirred for 3 h, during which time the temperature was gradually warmed to

ambient temperature. Then the mixture was neutralized with triethylamine, concen-

trated and purified by flash chromatography (3:1 petroleum ether–EtOAc) to afford 17
(4.34 g, 85%) as a syrup; [a]D� 32.9� (c 0.9, CHCl3); 1H NMR (400 MHz, CDCl3): d
8.11–7.25 (m, 30 H, PhH), 5.97 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4II), 5.72 (dd, 1 H,

J3,4 = J4,5 = 9.9 Hz, H-4I), 5.67 (dd, 1 H, J1,2 = 1.7 Hz, J2,3 = 3.1 Hz, H-2II), 5.41 (m, 1 H,

CH2 CH CH2 ), 5.21–5.18 (m, 2 H, H-1II, H-2I), 4.95 (d, 1 H, J1,2 = 1.4 Hz, H-1I),

4.87–4.72 (m, 2 H, CH2 CH CH2 ), 4.70-4.66 (dd, 1 H, J = 2.6 Hz, J = 12.1 Hz),

4.61–4.57 (m, 2 H), 4.52–4.48 (dd, 1 H), 4.35–4.26 (m, 3 H), 3.89–3.86 (dd, 1 H),

3.76–3.59 (m, 2 H, CH2 CH CH2 ), 3.42 (s, 3 H, CH3O); 13C NMR (100 MHz,

CDCl3): d 166.26, 166.26, 165.78, 165.71, 165.22, 165.00 (6 PhCO), 133.85, 133.71,

133.64, 133.23, 133.14, 133.14, 132.92, 129.98, 129.89, 129.81, 129.66, 129.47,

129.02, 128.81, 128.65, 128.51, 128.41, 128.38, 128.34, 117.57 (CH2 CH CH2 ),

99.67, 98.69 (C-1), 75.47, 73.81, 71.69, 70.54, 69.86, 68.85, 68.85, 68.75, 67.86, 63.12,

62.99 (C-2, 3, 4, 5, 6, CH2 CH CH2 ), 55.52 (CH3O).

Anal. Calcd for C58H52O17: C, 68.24; H, 5.10. Found: C, 68.30; H, 5.07.

Methyl 2,4,6-Tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-
aaaa-D-mannopyranoside (18). To a solution of 17 (4.34 g, 4.3 mmol) in anhyd CH3OH

(80 mL) was added PdCl2 (0.4 g), and the mixture was stirred at 40�C for 3 h, at the end

of which time TLC (2:1 petroleum ether–EtOAc) indicated that the reaction was

complete. The mixture was filtered, and the filtrate was concentrated. The residue was

purified on a silica-gel column with 2:1 petroleum ether–EtOAc as the eluent to give 18
as a syrup (3.75 g, 90%); [a]D� 27.4� (c 0.8, CHCl3); 1H NMR (400 MHz, CDCl3): d
8.18–7.28 (m, 30 H, PhH), 5.97 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4II), 5.65 (dd, 1 H,

J1,2 = 1.2 Hz, J2,3 = 3.1 Hz, H-2II), 5.59 (dd, 1 H, J3,4 = J4,5 = 9.7 Hz, H-4I), 5.27 (d, 1 H,

J1,2 = 1.2 Hz, H-1II), 5.07 (dd, 1 H, J1,2 = 1.4 Hz, J2,3 = 3.1 Hz, H-2I), 4.94 (d, 1 H, J1,2 = 1.4

Hz, H-1I), 4.71–4.67 (dd, 1 H, J = 2.5 Hz, J = 12.1 Hz), 4.61–4.57 (m, 2 H), 4.48–4.44

(dd, 1 H, J = 4.5 Hz, J = 12.2 Hz), 4.40–4.34 (m, 2 H), 4.27–4.24 (m, 1 H), 4.19–4.16 (dd,

1 H, J = 3.2 Hz, J = 9.8 Hz), 3.42 (s, 3 H, CH3O), 2.40 (br, 1 H, OH); 13C NMR (100 MHz,

CDCl3): d 166.39, 166.14, 166.06, 165.73, 165.60, 165.07 (6 PhCO), 133.60, 133.41,

133.25, 132.98, 132.87, 129.91, 129.89, 129.83, 129.76, 129.69, 129.62, 129.27, 129.08,

128.97, 128.73, 128.46, 128.37, 128.32, 128.28 (6 Ph), 99.41, 98.52 (C-1), 75.79 (C-3),

72.33, 71.71, 69.78, 69.24, 68.72, 68.55, 68.40, 62.99, 62.75 (C-2,3,4,5,6), 55.39 (CH3O).

Anal. Calcd for C55H48O17: C, 67.35; H, 4.90, Found: C, 67.30; H, 4.98.

p-Methoxyphenyl 2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-
tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyrano-
syl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (19). The disaccharide donor 9
(1.21 g, 1.0 mmol) and the disaccharide acceptor 11 (1.07 g, 1.0 mmol) were dried

together under high vacuum for 2 h, then dissolved in anhyd CH2Cl2 (30 mL).

TMSOTf (20 mL, 0.1 equiv) was added dropwise at � 25�C with N2 protection. The
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reaction mixture was stirred for 3 h, during which time the temperature was gradually

warmed to ambient temperature. Then the mixture was neutralized with triethylamine,

concentrated and purified by flash chromatography (2:1 petroleum ether–EtOAc) to

afford 19 (1.70 g, 80%) as a syrup; [a]D� 45.5� (c 1.1, CHCl3); 1H NMR (400 MHz,

CDCl3): d 8.23–7.26 (m, 65 H, PhH), 7.03 (d, 2 H, J = 9.2 Hz, p-CH3O PhH), 6.78 (d,

2 H, J = 9.2 Hz, p-CH3O PhH), 6.05 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4IV), 5.97–5.90

(m, 4 H, H-4III, H-4II, H-4I, H-2IV), 5.70 (d, 1 H, J1,2 = 1.7 Hz, H-1IV), 5.57 (dd, 1 H,

J2,3 = 3.1 Hz, J3,4 = 9.8 Hz, H-3IV), 5.44 (d, 1 H, J1,2 = 1.4 Hz, H-1III), 5.34 (m, 1 H, H-

2III), 5.19 (m, 2 H, H-2II, H-2I), 4.97 (br, 1 H, H-1II), 4.93 (br, 1 H, H-1I), 4.82 (dd, 1

H, J2,3 = 3.3 Hz, J3,4 = 9.7 Hz, H-3III), 4.64 (m, 1 H), 4.56 (m, 1 H), 4.51–4.49 (m, 2 H),

4.42–4.38 (m, 2 H), 4.33–4.29 (m, 2 H), 4.11–3.96 (m, 6 H), 3.76 (s, 3 H, CH3O); 13C

NMR (100MHz, CDCl3): d 166.18, 166.18, 165.94, 165.94, 165.82, 165.82, 165.53,

165.22, 165.17, 165.06, 165.06, 164.74, 164.65 (13 PhCO), 155.54, 149.68 (CH3O

C6H4 O ), 133.93, 133.68, 133.63, 133.59, 133.47, 133.40, 133.20, 133.13, 132.98,

132.92, 130.15, 130.08, 130.02, 129.97, 129.87, 129.84, 129.76, 129.67, 129.28,

129.06, 128.98, 128.93, 128.87, 128.63, 128.57, 128.46, 128.26, 128.18 (Ph), 118.03,

114.76 (CH3O C6H4 O ), 99.37, 99.31, 99.04, 96.59 (4 C-1), 76.92, 76.78, 76.53

(3 C-3), 71.63, 71.50, 71.50, 70.19, 69.93, 69.56, 69.50, 69.45, 69.26, 68.26, 67.43,

67.13, 66.16, 63.06, 62.56, 62.24, 62.24 (C-2, 3, 4, 5, 6), 55.67 (CH3O).

Anal. Calcd for C122H100O35: C, 68.93; H, 4.71, Found: C, 68.79; H, 4.73.

2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-
mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-
O-benzoyl-aaaa-D-mannopyranose (20). To a solution of 19 (2.12 g, 1.0 mmol) in 4:1

CH3CN H2O (100 mL) was added CAN (2.19 g, 4.0 mmol), and the mixture was

stirred at rt for 1 h, at the end of which time TLC (1.5:1 petroleum ether–EtOAc)

indicated that the reaction was complete. The mixture was extracted with EtOAc, and

washed with satd aq NaHCO3. The organic layer was concentrated under reduced

pressure, and purified by column chromatography (1.5:1 petroleum ether–EtOAc) to

afford 20 as a syrup (1.51 g, 75%); [a]D� 51.7� (c 1.0, CHCl3); 1H NMR (400 MHz,

CDCl3): d 8.21–7.16 (m, 65 H, PhH), 6.65 (br, 1 H, OH), 6.03 (dd, 1 H, J3,4 = J4,5 =

10.0 Hz, H-4IV), 5.89 (m, 3 H, H-4III, H-4II, H-4I), 5.71 (br, 1 H, H-2IV), 5.52 (dd,1 H,

J2,3 = 3.1 Hz, H-3IV), 5.48 (s, 1 H, H-1IV), 5.30 (s, 1 H, H-1III), 5.28 (m, 1 H, H-2III),

5.15 (m, 2 H, H-2II, H-2I), 4.92 (s, 1 H, H-1II), 4.87 (s, 1 H, H-1I), 4.74–4.67 (m, 2

H), 4.55–4.53 (m, 2 H), 4.41–4.32 (m, 3 H), 4.27–4.24 (m, 2 H), 4.06–3.91 (m, 6 H).

Anal. Calcd for C115H94O34: C, 68.38; H, 4.66, Found: C, 68.45; H, 4.64.

2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-
mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-
O-benzoyl-aaaa-D-mannopyranosyl trichloroacetimidate (21). A mixture of 20 (1.51 g,

0.75 mmol), trichloroacetonitrile (0.42 mL), and anhyd potassium carbonate (1.51 g) in

dry dichloromethane (20 mL) was stirred overnight and then filtered, and the filtrate

was concentrated in vacuo. The residue was purified by flash chromatography (1.5:1

petroleum ether–EtOAc) to give 21 (1.30 g, 80%) as a syrup; [a]D� 3.9� (c 1.0,

CHCl3); 1H NMR (400 MHz, CDCl3): d 8.80 (br, 1 H, NH), 8.20–7.17 (m, 65 H,

PhH), 6.55 (s, 1 H, H-1I), 6.11 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4IV), 5.98–5.85 (m, 4

H, H-4III, H-4II, H-4I, H-2IV), 5.53 (dd, 1 H, J2,3 = 3.1 Hz, J3,4 = 10.0 Hz, H-3IV), 5.35
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(d, 1 H, J1,2 = 1.7 Hz, H-1IV), 5.31 (m, 1 H, H-2III), 5.15 (m, 2 H, H-2II, H-2I), 4.96 (d,

1 H, J1,2 = 1.4 Hz, H-1III), 4.88 (d, 1 H, H-1II), 4.71–4.63 (m, 2 H), 4.52–4.45 (m, 3

H), 4.37–4.33 (m, 2 H), 4.28–4.25 (m, 2 H), 4.06–3.91 (m, 6 H).

Anal. Calcd for C117H94Cl3NO34: C, 64.92; H, 4.35, Found: C, 64.63; H, 4.37.

Methyl 3-O-Allyl-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-
benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-
(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (22). The disaccharide donor 13
(1.15 g, 1.0 mmol) and the disaccharide acceptor 18 (0.98 g, 1.0 mmol) were dried

together under high vacuum for 2 h, then dissolved in anhyd CH2Cl2 (40 mL).

TMSOTf (20 mL, 0.1 equiv) was added dropwise at � 25�C with N2 protection. The

reaction mixture was stirred for 3 h, during which time the temperature was gradually

warmed to ambient temperature. Then the mixture was neutralized with triethylamine,

concentrated and purified by flash chromatography (2:1 petroleum ether–EtOAc) to

afford 22 as a foamy solid (1.57 g, 80%); [a]D� 42.4� (c 1.0, CHCl3); 1H NMR (400

MHz, CDCl3): d 8.19–7.17 (m, 60 H, PhH), 5.98 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4IV),

5.89 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4III), 5.82 (dd, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4II),

5.68 (m, 1 H, H-2IV), 5.64 (dd, 1 H, J3,4 = J4,5 = 9.9 Hz, H-4I), 5.36 (m, 1 H, CH2

CH CH2 ), 5.29–5.27 (m, 2 H, H-2III, H-1IV), 5.13 (m, 1 H, H-2II), 5.02 (m, 1 H, H-

2I), 4.96 (d, 1 H, J1,2 = 1.5 Hz, H-1III), 4.92 (d, 1 H, J1,2 = 1.6 Hz, H-1II), 4.80–4.66 (m,

3 H, CH2 CH CH2 , H-1I), 4.69 (m, 1 H), 4.61–4.55 (m, 2 H), 4.49–4.45 (dd, 1

H), 4.39–4.27 (m, 4 H), 4.21 (dd, 1 H), 3.99–3.94 (m, 4 H), 3.88 (m, 1 H, H-5), 3.79–

3.72 (m, 2 H), 3.67–3.47 (m, 2 H, CH2 CH CH2 ), 3.44 (s, 3 H, CH3O); 13C

NMR (100 MHz, CDCl3): d 166.27, 166.15, 165.93, 165.93, 165.85, 165.70, 165.56,

165.29, 165.08, 164.95, 164.90, 164.82 (12 PhCO), 133.87, 133.75, 133.57, 133.44,

133.17, 133.12, 133.01, 132.94, 132.90, 132.80, 130.00, 129.82, 129.78, 128.95,

128.79, 128.52, 128.48, 128.41, 128.25 (Ph), 117.29 (CH2 CH CH2 ), 99.33,

99.19, 99.00, 98.66 (4 C-1), 76.82, 76.44, 76.10, 73.95, 71.61, 71.33, 71.33, 70.36,

69.78, 69.32, 69.32, 68.76, 68.76, 68.47, 67.49, 67.49, 67.48, 63.05, 62.61, 62.47, 62.45

(C-2,3,4,5,6, CH2 CH CH2 ), 55.55 (CH3O).

Anal. Calcd for C112H96O33: C, 68.29; H, 4.88, Found: C, 68.42; H, 4.96.

Methyl 2,4,6-Tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-
aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-
tri-O-benzoyl-aaaa-D-mannopyranoside (23). To a solution of 22 (1.57 g, 0.8 mmol) in

anhyd CH3OH (50 mL) was added PdCl2 (0.16 g), and the mixture was stirred for 4 h at

40�C, at the end of which time TLC (1.5:1 petroleum ether–EtOAc) indicated that the

reaction was complete. The mixture was filtered, and the filtrate was concentrated. The

residue was purified on a silica-gel column with 1.5:1 petroleum ether–EtOAc as the

eluent to give 23 as a syrup (1.23 g, 80%); [a]D� 32.1� (c 1.0, CHCl3); 1H NMR (400

MHz, CDCl3): d 8.08–7.17 (m, 60 H, PhH), 5.97 (dd, 1 H, J3,4 = J4,5 = 9.9 Hz, H-4IV),

5.87 (dd, 1 H, J3,4 = J4,5 = 9.9 Hz, H-4III), 5.81 (dd, 1 H, J3,4 = J4,5 = 9.8 Hz, H-4II), 5.66

(m, 1 H, J1,2 = 1.7 Hz, J2,3 = 3.3 Hz, H-2IV), 5.47 (dd, 1 H, J3,4 = J4,5 = 9.9 Hz, H-4I), 5.28

(d, 1 H, H-1IV), 5.25 (dd, 1 H, H-2III), 5.11 (dd, 1 H, H-2II), 4.94 (d, 1 H, J1,2 = 1.4 Hz,

H-1III), 4.89–4.88 (m, 2 H, H-1II, H-2I), 4.84 (d, 1 H, H-1I), 4.68 (dd, 1 H, J5,6 = 2.4 Hz,

J6,6’= 12.1 Hz, H-6IV), 4.57 (dd, 1 H, H-3IV), 4.52 (dd, 1 H, J5,6 = 2.3 Hz, J6,6’= 12.2 Hz,
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H-6III),4.46 (dd, 1 H, J5,6’= 4.6 Hz, J6,6’= 12.1 Hz, H-6’IV), 4.36–4.20 (m, 5 H), 4.05–

3.88 (m, 7 H), 3.43 (s, 3 H, CH3O); 13C NMR (100 MHz, CDCl3): d 166.35, 166.27,

166.15, 165.92, 165.85, 165.78, 165.72, 165.48, 165.27, 165.11, 165.08, 164.96 (12

PhCO), 133.74, 133.60, 133.54, 133.39, 133.30, 133.11, 132.94, 132.87, 130.14, 130.07,

129.99, 129.89, 129.85, 129.76, 129.32, 128.94, 128.84, 128.78, 128.55, 128.52, 128.40

(Ph), 99.16, 99.16, 98.95, 98.64 (4 C-1), 76.56, 76.11, 76.01, 72.32, 71.61, 71.47, 71.38,

69.76, 69.57, 69.34, 68.77, 68.76, 68.41, 68.40, 67.46, 67.43, 63.05, 62.28, 62.58,

62.28, 62.28 (C-2,3,4,5,6), 55.55 (CH3O).

Anal. Calcd for C109H92O33: C, 67.84; H, 4.77, Found: C, 67.61; H, 4.79.

Methyl 2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-ben-
zoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-
2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopy-
ranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (24). The disaccharide

donor 9 (0.30 g, 0.25 mmol) and the tetrasaccharide acceptor 23 (0.48 g, 0.25 mmol)

were dried together under high vacuum for 2 h, then dissolved in anhyd CH2Cl2 (10

mL). TMSOTf (10 mL, 0.2 equiv) was added dropwise at � 25�C with N2 protection.

The reaction mixture was stirred for 3 h, during which time the temperature was

gradually warmed to ambient temperature. Then the mixture was neutralized with

triethylamine, concentrated and purified by flash chromatography (1.5:1 petroleum

ether–EtOAc) to afford 24 (0.56 g, 75%) as a syrup; [a]D� 86.3� (c 1.1, CHCl3); 1H

NMR (400 MHz, CDCl3): d 8.17–7.08 (m, 95 H, PhH), 5.96 (dd, 1 H, J3,4 = J4,5 = 10.0

Hz, H-4VI), 5.89–5.75 (m, 5 H, H-4V, IV, III, II, I), 5.65 (dd, 1 H, J1,2 = 1.8 Hz, J2,3 = 3.2

Hz, H-2VI), 5.50 (dd, 1 H, H-3VI), 5.27 (d, 1 H, H-1VI), 5.25 (m, 1 H, H-2V), 5.12 (m, 2

H, H-2IV, III), 5.07 (m, 2 H, H-2II, H-2I), 4.94 (d, 1 H, J1,2 = 1.5 Hz, H-1V), 4.88 (d, 1 H,

J1,2 = 1.7 Hz, H-1IV), 4.82 (m, 3 H, H-1III, II, I), 4.69 (dd, 1 H, J5,6 = 2.5 Hz, J6,6 = 12.1

Hz, H-6VI), 4.59–4.53 (m, 2 H), 4.47–4.43 (dd, 1 H, J5,6’= 4.6 Hz, J6,6’= 12.1 Hz,

H-6’VI), 4.36–4.17 (m, 8 H), 4.02–3.81 (m, 11 H), 3.43 (s, 3 H, CH3O); 13C NMR

(100 MHz, CDCl3): d 166.28, 166.17, 165.93, 165.87, 165.84, 165.81, 165.74,

165.68, 165.53, 165.34, 165.31, 165.06, 165.06, 164.99, 164.99, 164.94, 164.94,

164.70, 164.59 (19 PhCO), 133.73, 133.56, 133.41, 133.31, 133.25, 133.20, 133.15,

133.10, 133.05, 132.94, 132.84, 130.07, 129.98, 129.89, 129.80, 128.75, 129.72,

129.64, 129.25, 129.21, 129.16, 128.93, 128.80, 128.51, 128.42, 128.39, 128.32,

128.20, 128.12 (Ph), 99.22, 99.22, 98.96, 98.88, 98.85, 98.65 (6 C-1), 76.90, 76.83,

76.66, 76.46, 70.11, 69.76, 69.51, 69.36, 69.29, 69.22, 69.16, 68.75, 68.44, 67.48,

67.07, 66.09, 63.04, 62.60, 62.19 (C-2,3,4,5,6), 55.53 (CH3O).

Anal. Calcd for C170H140O50: C, 68.46; H, 4.70, Found: C, 68.22; H, 4.72.

Methyl aaaa-D-Mannopyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-manno-
pyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-
mannopyranoside (25). Compound 24 (0.45 g, 0.15 mmol) was dissolved in a satd

solution of NH3 in anhyd CH3OH (20 mL). After one week at rt, the reaction mixture

was concentrated, and the residue was purified by chromatography on Sephadex LH-20

(MeOH) to afford 25 as a syrup (0.14 g, 90%); [a]D + 84.9� (c 1.0, CH3OH); 1H NMR

(400 MHz, D2O): d 5.14–5.10 (m, 5 H, H-1VI, V, VI, III, II), 4.75 (s, 1 H, H-1I), 4.24 (m,

4 H), 4.08–3.65 (m, 32 H), 3.42 (s, 3 H, CH3O); 13C NMR (100 MHz, D2O): d 104.72,
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104.62, 104.62, 104.62, 104.62, 103.13 (C-1), 80.68, 80.58, 80.48, 80.30, 80.21, 75.95,

75.86, 75.80, 75.09, 72.75, 72.42, 72.06, 71.97, 69.27, 68.53, 68.46, 68.38, 63.43, 63.22

(C-2,3,4,5,6), 57.15 (CH3O); JC1 – H1 = 170.0–171.9 Hz; MALDI-TOF MS Calcd for

C37H64O31: [M] 1004.3, Found: [M + Na] 1027.8.

Methyl 2,3,4,6-Tetra-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-ben-
zoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-
2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopy-
ranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-
aaaa-D-mannopyranosyl-(1!!!3)-2,4,6-tri-O-benzoyl-aaaa-D-mannopyranoside (26). The

tetrasaccharide donor 21 (0.54 g, 0.25 mmol) and the tetrasaccharide acceptor 23
(0.48 g, 0.25 mmol) were dried together under high vacuum for 2 h, then dissolved in

anhyd CH2Cl2 (10 mL). TMSOTf (10 mL, 0.2 equiv) was added dropwise at � 25�C
with N2 protection. The reaction mixture was stirred for 3 h, during which time the

temperature was gradually warmed to ambient temperature. Then the mixture was

neutralized with triethylamine, concentrated and purified by flash chromatography

(1.2:1 petroleum ether–EtOAc) to afford 26 (0.74 g, 75%); [a]D� 49.4� (c 1.0,

CHCl3); 1H NMR (400 MHz, CDCl3): d 8.16–7.05 (m, 125 H, PhH), 5.96–5.74 (m, 8

H, H-4VIII, VII, VI, V, IV, III, II, I), 5.65 (m, 1 H, H-2VIII), 5.49 (dd, 1 H, H-3VIII), 5.26 (d,

1 H, J1,2 = 1.4 Hz, H-1VIII), 5.24 (m, 1 H, H-2VII), 5.11–5.04 (m, 5 H, H-2VI, V, IV, III, II),

4.94 (d, 1 H, J1,2 = 1.4 Hz, H-1VII), 4.87 (d, 1 H, J1,2 = 1.6 Hz, H-1VI), 4.81–4.78 (m, 4

H, H-1V, IV, III, II), 4.68 (dd, 1 H), 4.59–4.51 (m, 2 H), 4.45 (dd, 1 H), 4.36–4.16 (m,

11 H), 4.01–3.82 (m, 18 H), 3.43 (s, 3 H, CH3O); 13C NMR (100 MHz, CDCl3): d
166.28, 166.16, 165.93, 165.87, 165.83, 165.83, 165.79, 165.77, 165.73, 165.68,

165.52, 165.31, 165.31, 165.31, 165.31, 165.05, 165.05, 164.99, 164.97, 164.94,

164.94, 164.91, 164.91, 164.70, 164.57 (25 PhCO), 133.74, 133.58, 133.57, 133.53,

133.47, 133.42, 133.34, 133.30, 133.26, 133.23, 133.16, 133.13, 133.09, 133.03,

132.93, 132.86, 130.14, 130.11, 130.09, 129.98, 129.90, 129.89, 129.80, 129.76,

129.74, 129.25, 129.21, 129.15, 129.03, 128.92, 128.88, 128.79, 128.55, 128.51,

128.41, 128.39, 128.29, 128.20, 128.12 (Ph), 99.21, 99.21, 98.97, 98.89, 99.87, 99.87,

98.81, 98.65 (8 C-1), 76.46, 71.60, 71.44, 71.26, 70.11, 69.76, 69.51, 69.30, 69.22,

68.75, 68.44, 67.48, 67.11, 66.10, 63.02, 62.55, 62.18 (C-2,3,4,5,6), 55.55 (CH3O).

Anal. Calcd for C224H184O66: C, 68.43; H, 4.68, Found: C, 68.64; H, 4.76.

Methyl aaaa-D-Mannopyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-manno-
pyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-
mannopyranosyl-(1!!!3)-aaaa-D-mannopyranosyl-(1!!!3)-aaaa-D-mannopyranoside (27).
Compound 26 (0.59 g, 0.15 mmol) was dissolved in a satd solution of NH3 in anhyd

CH3OH (30 mL). After a week at rt, the reaction mixture was concentrated, and the

residue was purified by chromatography on Sephadex LH-20 (MeOH) to afford 27 as a

syrup (0.18 g, 90%); [a]D + 87.7� (c 1.0, CH3OH); 1H NMR (400 MHz, D2O): d 5.16–

5.14 (m, 8 H, H-1VIII, VII, VI, V, VI, III, II, I), 4.26 (s, 7 H), 4.10–3.69 (m, 41 H), 3.44 (s, 3

H, CH3O); 13C NMR (100 MHz, D2O): d 104.75, 104.75, 104.63, 104.63, 104.63,

104.63, 104.63, 103.19 (8 C-1), 80.72, 80.61, 80.50, 75.97, 75.89, 75.82, 75.12, 72.78,

72.46, 72.09, 71.98, 69.30, 68.62, 68.56, 68.49, 68.41, 63.57, 63.45, 63.25 (C-2,3,4,5,6),

57.18 (CH3O); MALDI-TOF MS Calcd for C49H84O41: [M] 1328.4, Found: [M + Na]

1352.0.
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