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ABSTRACT 

Synthetic routes are discussed to the branched D-mannopentaoside methyl 
6-O-(2,6-di-O-~-D-mannopyranosyl-a-D-i~~annopyranosyl)-3-O-~-D-mannopyranosyl- 
cc-D-mannopyranoside and D-mannohexaoside methyl 6-O-(2,6-di-O-%-D-manno- 
pyranosyl-~-D-mannopyranosyl)-3-O-(2-O-~-D-~~annopyranosyl- Z- D -mannopyrano- 
syl)-cr-D-mannopyranoside, employing the properly benzylated D-mannobioside 
methyl 2,4-di-O-benzyl-6-0-(3,4-di-O-benzyl-~-D-mannopyranosyl)-~-D-mannopyra- 
noside and D-mannotrioside methyl 2,4-di-O-benzyl-6-O-(3,4-di-0-benzyl-U-D- 
mannopyranosyI)-3-0-(3,4,6-tri-O-benzyl-x-D-mannopyranosyl) - t(- D - mannopyrano- 
side as key intermediates. 

INTRODUCTION 

In 1974, Nakajima and Ballou’ proposed that 1 is the inner-core structure of the 

D-mannan chain of Saccharmnyces cewvisiae cell-wall glycoprotein, from the results 
of use of ~ZIZIZ 2 mutant that makes, predominantly, an unbranched D-mannan outer 
chain attached to the inner core 1. 
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The proposed structure 1 may be regarded as being constructed from two blocks, 
A and B (indicated by the dotted tines in I). As the first step in experiments directed 

towards the reconstruction of such glycans as 1, we chose for our synthetic targets 
two D-manno-oiigosaccharides, 2 and 3, which respectively correspond to block A 
and B, and we have now developed an efficient, synthetic sequence for both molecules. 

The D-manno-oligosaccharides 2 and 3 may be retrosynthesized into three 
monosaccharide synthons already described, namely, one glycosyl acceptor3*’ 4 and 
two glycosyl donors 5 (ref. 1; prepared4 from 8) and 6 (prepared’ from 7). 
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RESULTS AND DISCUSSION 

Synthesis of the key intermediates 10 and 14 

The partially benzylated D-mannobioside 10 was synthesized via selective 
glycosylation of the primary OH group of diol 4 with 1.25 molar equivalents of the 
glycosyl donor S according to the Hanessian-Banoub procedure6, which led to the 

isolation of the protected D-mannobioside 9 in 40% yield. The ‘H-n.m.r. spectrum 

of 9 showed two singlets for two acetyl groups, at 6 1.98 and 2.13, and a deshielded 
triplet for H-2b at 6 5.44 (J2 Hz). ru the ‘3C-n.m_r. spectrum were observed signaIs 
with ‘JCH - 170 Hz, for two anomeric carbon atoms (C-la and C-lb) having the 
cc-D configuration, at 5 97.6 and 97.8, in agreement with the empirical rule of Bock 
and Pedersen7. ZemplCn deacetylation of 9 gave a 92.3 % yield of 10, which is suitable 
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for further glycosylation. Catalytic hydrogenolysis of 10 over 10% Pd-C in aq. 
EtOH afforded an amorphous, free D-mannobioside 11, which was identical with an 
authentic sample’, thus establishing the (146) nature of the interglycosidic linkage 
in IO. 

Another key intermediate, namely, 14, could readily be derived from the pro- 
tected D-mannobioside 9. Glycosylation6 of 9 with 2 molar equivalents of glycosyl 
donor 6 led to the isolation of the protected D-mannotrioside 13 in 82.2% yield. The 
structure of 13 was confirmed as follows_ The ‘H-n.m.r. spectrum showed three 
singlets, for three acetyl groups, at 6 1.97,2.06, and 2.13, and the ’ 3C-n.m.r_ spectrum 
contained two signals, with ‘JCH - 170 Hz, for three anomeric carbon atoms having 
the x-D configuration, at 6 97.8 and 98.0 for C-la and C-lb, and at 6 99.5 for C-lc. 
ZemplCn deacetylation of 13 gave rise to the partially benzylated D-mannotrioside 
14 in 87.2% yield; its 13C-n m.r. spectrum contained three signals, with ‘Jck, - 170 . 

Hz, at 6 9S.5 (C-la), 99.6 (C-lb), and 101.5 (C-lc). The structure of 14 was further 
confirmed by its conversion into free D-mannotrioside 15, which was identical with 

an authentic sampleg. 
The two key intermediates, 10 and 14, having been prepared unambiguously, 

further glycosylation toward the target molecules 2 and 3 was next examined. 
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9 2’ = AC. R’= Bn 

10 R’ = H. R2 = Bn 

11 Rf= R2= H 

12R’= R3=Ac,R2= Bn 

13 R’= Ac,R”= R3= Bn 

,aR’= ,,,R’= R3= Bn 

,!j R’ = R2 = R3 = H 

Synthesis of the branched D-mannopentaoside 2 and D-mannohexaoside 3 

Glycosylation6 of trio1 10 with 5.8 molar equivalents of glycosyl donor 6 gave 
rise to the protected mannopentaoside 16 in 74.8% yield. The structure of 16 was 
confirmed by the ‘H- and I3 C-n.m.r. data, which showed three singlets, for three 
acetyl groups, at 6 2.07, 2.09, and 2.14, and four signals, with ‘JcH - 170 Hz, for five 
anomeric carbon atoms having the U-D configuration, at 6 97.2 (C-ld), 97.9 (C-la), 
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OR’ 

R’O 

,a R’= Ac.R’= en 

17 R’= H,R’= Bfl 

2 R’ = R2 = I-, 

98.8 (C-lb), and 99.4 (C-lc and C-le). Zempltn deacetylation of 16 to 17, and 

catalytic hydrogenolysis of 17, led to isolation of the free D-mannopentaoside 2. 
The structure of 2 was deduced from the synthetic sequence that used the regio- 
specifically benzylated D-mannobioside 10 as the key intermediate, and was confirmed 
by the ‘H- and ‘3C-n.m.r. data. The ‘H-n.m.r. spectrum contained four doublets, 

with J 2 Hz, for five anomeric protons, at 6 4.70 (H-la), 4.89 (H-ld), 5.01 (H-le), 

and 5.08 (H-lb and H-lc), and the 13C-n.m.r. spectrum showed four signals, with 

‘JCH -170 Hz, for five anomeric carbon atoms having the Z-D configuration, at 
6 98.2 (C-lb), 99.7 (C-ld), 101.3 (C-la), and 102.7 (C-lc and C-le), and two de- 
shielded signals, due to the glycosidation shift”, at 6 65.9 (for C-6a and C-6b) and 
6 79.0 (for C-2b and C-3a), confirming both the stereochemistry of the glycosylation 
and the regiochemistry of the chain branching. 

The key intermediate 14 could be transformed into the target D-mannan 3 in 
a similar way. Thus, glycosylation of trio1 14 with 5.6 molar equivalents of glycosyl 
donor 6 afforded an 85.9% yield of protected mannohexaoside 18, the ‘3C-n.m.r. 
spectrum of which contained six signals, with ‘JCH - 170 Hz, for six anomeric carbon 
atoms having the CC-D configuration, at 6 97.5 (C-ld), 97.9 (C-la), 99.0 (C-lb), 

99.4 (C-lf), 99.6 (C-le), and 100.9 (C-lc). ZemplCn deacetylation of 18 to 19, and 
catalytic hydrogenolysis of 19, gave rise to the target molecule, the free D-manno- 
hexaoside 3, as an amorphous powder. The structure of 3 was deduced from the 
synthetic sequence, and was confirmed by the following IH- and 13C-n.m.r_ data. 
The ‘H-n.m.r. spectrum showed six doublets, with J 2 Hz, for six anomeric protons, 
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60 bR2 

HZ<-0 

18 I?‘= ~c.R*c en 

19 R’ = ,-,,R2 = Bn 

3 R’=~‘=H 

at 6 4-70 (H-la), 4.90 (H-Id), 5.01 (H-lf), 5.03 (H-le), 5.0s (H-lb), and 5.25 (H-lc). 
The ‘3C-n.m.r. data revealed five signals, with ‘Jcu - 170 Hz, for six anomeric 
carbon atoms having the Z-D configuration, at 8 98.2 (C-lb), 99.7 (C-Id), 101.2 

(C-Ic), 101.3 (C-la), and 102.6 (C-le and C-lf), and four deshielded signals, due 
to the glycosidation shift”, at 6 65.6 and 65.9 (for C-6a and C-6b), and 6 78.6 (2 C) 
and 79.1 (1 C) (for C-2b, C-2c, and C-3a). 

In conclusion, the branched D-mannopentaoside 2 and D-mannohexaoside 3 
were synthesized by unambiguous routes employin g the partially benzylated D- 
mannobioside IO and D-mannotrioside 14 as key intermediates. It may be noted 
that the partially benzylated D-mannopentaoside 17 and D-mannohexaoside 19 may 
constitute important glycosy1 acceptors for the synthesis of higher D-manno-oligo- 
saccharide chains. 

EXPERIMENTAL 

General. - Melting points were determined with a Yanagimoto micro melting- 
point apparatus and are uncorrected. Optical rotations were determined with a 
Perkin-Elmer Model 141 polarimeter, for solutions in CHCI, at 25”, unless otherwise 
noted. Column chromatography was performed on columns of Silica Gel Merck 



236 T. OGAWA, K. SASAJIMA 

(70-230 mesh; E. Merck, Darmstadt, Germany). Thin-layer chromatography (t.1.c.) 

was performed on precoated plates (layer thickness, 0.25 mm) of Silica Gel 60 Flss 

(E. Merck, Darmstadt, Germany). 1-r. spectra were recorded with an EPI-G2 Hitachi 

Spectrophotometer. using KSr pellets for the crystalline samples, and neat films 
for the liquid samples. ‘H-N.m.r. spectra were recorded with a Varian HA-100 n.m.r. 

spectrometer, using tetramethylsilane as the internal standard_ ‘3C-N.m.r. spectra 

were recorded with a JNM-FX lOOFT n-m-r. spectrometer operated at 25.05 MHz. 

The values of bc and ii, are expressed in p-p-m_ downwards from the internal standard, 

for solutions in CDCI,, unless otherwise noted. 

1Wetll_rl ,7,4-di-O-berr~~,I-6-0-(2,6-di-O-acet_~I-3,4-di-O-be~~~~~~-u-D-mamlo~yra- 

nos~l)-~-D-nznrulop?ir_anoside (9). - A mixture of 4 (1.873 g, 5.0 mmol) and AgSO,CF, 

(2.4 g, 9.3 mmol) was dried i/z same for 3 h at 20”. To this mixture were added 

Me,NCONMe, (2.6 mLI 21-7 mmol), CH,C12 (8 mL), and half of a solution of 5 

[3.09 g: prepared” from 8 (3.05 g, 6.25 mmol)] in CHzClz (7 mL) at - 10 to - 15” 

with stirring, under argon. After the mixture had been stirred for 3 h at 20”, the 

rest of the solution of 5 in CH,C12 was added, and the mixture was stirred for 4 days 

at 20” under argon, diluted with CH,Clz (50 mL), and filtered through Celite. The 

filtrate was washed with aq. NaHCO,, dried (MgSO,), and evaporated in vawo, 

to afford an oily residue (6.27 g) which was chromatographed on SiOz (500 g) with 

40: 1 CH,Cl,-Me?CO, to give 9 (1.62s g, 39-S%)“, [c& +49-O” (c 0.30); R, 0.41 

in 20 : 1 CH&l,-Me&O; 6,: 1.98 (s, 3 H, OAc), 2.13 (s, 3 H, OAc), 3.27 (s, 3 H, 

OMe), 5.44 (bt, 1 H, .I 2 Hz, H-2b); 6 ,=: 20.8 (AC). 21.0 (AC), 54.7 (OMe), 66.0 

(C-6a), 7 1.3 (0-3-CH,Ph), 72.9 (0-2-CH?Ph), 74.6 and 75.1 (2 O-4-CHzPh), and 

97.6 and 97.8 (lJCH 170.6 Hz, C-la, lb)_ 
Anal. Calc. for C5sHs1013: C, 67.48; H, 6.55. Found: C, 66.25; H, 6.41. 
11 fethyl 2,4-di-O-ben~yI-6-0-(3,4-di-O-ben~yI-r-D-r~~arrnopJ,mlzosy~~-u-D-~~~a~~~~o- 

pyrarroside (10). - A solution of 9 (694 m,o, 0.87 mmol) in MeOH (20 mL) and 2hf 

NaOMe-MeOH (0.2 mL) was stirred for 16 h at 20”, and then made neutral with 

Amberlist 15 (Hf) resin. The resin was filtered off through Celite, and the filtrate 

was evaporated in vaczfo, to give an amorphous residue (627 mg) which was chroma- 

tographed on SiOz (50 mg) with 15: 1 CH,Cl,-Me,CO, to give 10 (619.5 mg, 

92.3 %), b-Jr, -1-55.8” (c 0.40); RF 0.11 in 20: 1 CH,C12-Me,CO; S,: 3.26 (s, 3 H, 

OMe), 4.92 (d, 1 H, J 2 Hz, H-la), and 5.00 (d, 1 H, J 2 Hz, H-lb); 8,: 54.8 (OMe), 

66.2 (C-6a), 71.6 (0-3-CH,Ph), 72.9 (0-ZCH,Ph), 74.6 and 75.0 (2 0-CCH,Ph), 
97.7 (I.&” 166.2 Hz, C-la), and 99.4 (‘JcH 169.1 Hz, C-lb). 

Anal. Calc. for C41H480,, - HzO: C, 67.01; H, 6.96. Found: C, 67.05; H, 6.65. 

hferliyt 6-0-u-D-maiuiop~~ranosyi-u-D-l?iannop~?ratioside (11). - A mixture of 

10 (56 mg, 76 irmol) and 10% Pd-C (50 mg) in EtOH (10 mL) and Hz0 (1 mL) 

was stirred under H, for 4 h at 45-SO”, filtered through Celite, and evaporated irl 

*An appreciable amount of product 9 seemed to be adsorbed on the silica-gel column in this particular 
case, For as-yet-unknown reasons. 
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vaczio, to afford 11 (26.9 mg, 96.2%) as an amorphous, hygroscopic powder whose 
‘H- and 13C-n.m.r. data were identical with those of an authentic sample’. 

Methyl 3-0-(2-0-acety~-3,4,6-tri-O-hen~~~I-~-D-maztnop~~ratrnos~~l)-2,4-di-O-ben- 

~yl-6-O-(2,6-di-O-acetyI-3,4-di-O-benz~~I-~-D-mazz~top~~ra~zosJd) - rl- D - nza]znopJIratloside 

(13). - To a mixture of 9 (SO0 m g, 0.98 mmol) and AgSO,CF, (790 mg, 3.07 mmol), 
dried in vacua for 3 h, were added CHzClz (5 mL), Me2NCONMe, (OS5 mL, 
7.1 mmol), and half of a solution of 6 [1.07 g; prepared’ from 7 (1.02 g, 2.0 mmol)] 
in CHzClz (5 mL) at - 10 to - 15” with stirring, under argon. After stirring for 3.5 h 
at 20”, the rest of the solution of 6 in CHIClz was added at - 10 to - 15”, and the 
mixture was stirred for 16 h at 20”. The usual processing gave an oily residue (2.34 g) 
which was chromatographed on SiOz (200 g) with 3: 1 toluene-EtOAc, to afford 
13 (1.014 g, 82.2x), [z]o +43.2” (c 0.53); RF 0.34 in 3 : 1 toluene-EtOAc; b,,: 1.97, 
2.06, and 2.13 (3 s, 9 H, 3 AC), 3.21 (OMe), 4.81, 4.91, and 5.17 (3 bs, 3 H, 3 H-l), 
5-46 (bt, 2 H, J m-2 Hz, H-2b, 2~): 6,: 20.8 and 21.0 (2 OAc), 54.8 (OMe), 63.3 
(C-6b), 66.5 (C-6a), 69.2 (C-6c), 71.3 and 71.8 (2 0-3-CH,Ph), 72.3 (0-2-CH,Ph), 
73.4 (O-6-CHzPh), 75.0 (3 0-4-CHtPh), 77.3 (C-3a), 97-S and 98.0 (‘JClr 172 Hz, 

C-la, lb), and 99.5 (‘JcH 172.0 Hz, C-lc). 
Anal. Calc. for C,,H,20,, - H,O: C, 68.71; H, 6.54. Found: C, 65.64; H, 6.52. 
Metlzyl 2,4-di-O-be~z~yI-6-0-(3,4-di-O-ben~~~l-v.-D-nzamzop~~ranos~~l)-3-0-(3,4,6- 

tri-O-be~z~y~-cr-D-,,rannop~~raizosJ’~)-rl.-D-nia~z~zop~ra~zoside (14). - A solution of 13 
(885.5 mg, 685 lcmol) in MeOH (25 mL)-THF (10 mL) and 2h1 NaOMe-MeOH 
(0.3 mL) was stirred for 16 h at 20”. The usual processing gave a residue (763 mg) 
which was chromatographed on SiO, (75 g) with 10: 1 CH2C12--Me,CO, to afford 
14 (702 mg, 87.2x), [~]o +45.2” (c 0.29); R, 0.16 in 10: 1 CH,Cl,-Me,CO: 
6,: 3.23 (s, 3 H, OMe), 5.03 (bs, 1 H, H-lb), and 5.22 (bs, 1 H, H-lc); 6,: 54.5 
(OMe), 61.8 (C-6b), 66.1 (C-6a), 69.3 (C-6c), 71.8 and 72.0 (2 0-3-CH,Ph), 72.3 
(0-2-CH,Ph), 73.5 (0-6-CH,Ph), 74.9 (3 0-4-CH,Ph), 77.6 (C-3a), 95.5 (IJ,,, 
166.2 Hz, C-la), 99.6 (zJCH 170.6 Hz, C-lb), and 101.5 (‘J,,, 172.1 Hz, C-lc). 

Anal. Calc. for C68H76016 - 1.5 HzO: C, 69.43; H, 6.77. Found: C, 69.31: 
I-I, 6.57. 

Methyl 3,6-d~-O-cc-D-z~zannop~~ra~zosyl--A-D-~zza~ztzopy~atzosid~~ (15). - A mixture 
of 14 (54 mg, 46 pmol) and lo”/, Pd-C (40 mg) in EtOH (10 mL) and H,O (1 mL) 
was stirred under H, for 4.5 h at 50”. The usual processing afforded amorphous, 

powdery 15 (24 mg, quantitative), [~]o +83.9” (c 0.18, HzO); RF 0.37 in 2: 1 : 1 
I-BuOH-EtOH-H20. The ‘H-n.m.r. data (in DzO at 60”) were identical with those 
of an authentic sample’. 

Metlzyl 3-O-(2-0-acetyi-3,4,6-tri-O-ben~_vl-cc-D-nzanrzop~~~-crno_~yl)-2,4-di-O-be~z- 

~y~-6-0-~2,6-di-O-(2-0-acetyl-3,4,6-tri-O-ben~yl-~-D-mmulopyr~z~zo.~~~l)-3,4-di-0-be~z- 

zyl-~-D-~nannopyranosyl]-~-D-mannopyratzosi~~e (16). - Trio1 10 was co-evaporated 
several times with dry CH,Cl,, and dried i’z vaczzo for 16 h. A mixture of 10 (490 mg, 
0.68 mmol) and AgSO,CF, (1.52 g, 5.9 mmol) was dried izz vaczzo for 4 h at 20”. 
To this mixture were added CHzClz (5 mL), Me,NCONMe, (1.0 mL, 8.3 mmol), 
and half of a solution of 6 C2.096 g, prepared5 from 7 (2.00 g, 3.95 mrnol)] in CH,Cl, 
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(6 mL) at - 10 to - 15O with stirring_ under argon. After the mixture had been stirred 
for 4 h at 20”, the rest of the solution of 6 in CH,Cl, was added, and the mixture was 

stirred for 1 day. The usual processin g gave an oily product (3.07 Sg) which was 

chromatographed on SiOz (250 g) with 11 : 1 toluene-THF, to give a fraction (1.7 g) 

containing 16 as the major product. Re-chromatography of this fraction on SiOz 

(300 g) with 19:l toluene-THF gave 16 (1.095 g, 74.8x), b]n +40.3” (c 0.35); 

RF 0.37 in 10: 1 toluene-THF; b,: 2.07, 2.09, and 2.14 (3 s, 9 H, 3 OAc), and 3.18 

(s, 3 H, OMe); 6,: 21.0 (3 OAc), 54.6 (OMe), 97.2 (‘JcH 172.1 Hz, C-Id), 97.9 

(lJcH 167.7 Hz, C-la), 98.8 (‘JcH 172.1 Hz, C-lb), and 99.4 (‘Jc- 172.1 Hz, C-lc, 

le). 

Anal. Calc. for C,zsH,,s029: C, 71.82; H, 6.50. Found: C, 71.76; H, 6.51. 

Methyl 2,4-di-0-betz~y-yl-6-0~3,4-di-0-betz~~~I-2,6-di-0-(3,4,6-tri-0-betz~yl-~-~- 
t~zatztzopyranosyl)-~-~-t~zatznop_vratzosy~~-3-0-(3,4,6-tri-O-ben~y~-cr-~-t~zantzop~~ratzos)rl)- 
rl-D-tnantzop~ratzoside (17). - A solution of 16 (972 m g, 0.45 mmol) in MeOH (25 mL)- 

THF (10 mL) and 21~ NaOMe-MeOH (O-2 mL) was stirred for 16 h at 20”. The usual 
processing gave crude 17 (945 mg) containing traces of impurities. Chromatography 

on SiO, (90 g) with 30 : 1 CHzC12-THF afforded pure 17 (715.5 mg, 78.3 %), bID 
+60-O” (c 0.13); RF 0.21 in 30: 1 CHICl,-THF; 6,: 3.17 (s, 3 H, OMe), 5.18 (bs, 
1 H, H-l), and 5-04 (bs, 2 H, 2 H-l); 6,: 54.6 (OMe), 95.2 (‘J,, 166.2 Hz, C-la), 

98.8 (*JcH 172.1 Hz, C-lb), 99-6 (‘Jew 172.1 Hz, C-Id), and 101.3 (‘JcH 169.1 Hz, 

C-lc, le). 
Atzal. Calc. for C122H1310z6: C, 72_74;.H, 6.61. Found: C, 72.70; H, 6.75. 

MetJzyf 6-0-(2,6-di-O-~-~-matrtzopj~ra~os~~l-~-~-ttzatztzop_~~t-atzos~~~)-3-O-~-~-t~zatz- 
nopyranosy[-x-D-tnantzopyranoside (2) - A mixture of 17 (364.5 mg, 0. IS mmol) and 

10% Pd-C (200 mg) in EtOH (30 mL) and Hz0 (6 mt) was stirred under H, for 

8 h at SO”. The usual processing gave 2 (152 mg, 98.1%) as an amorphous powder, 

[u]~ i-91.7” (~0.42, H,O); RFO.lS in2: 1: 1 1-BuOH-EtOH-H,O; 8” (D,O at 60”): 

3.40 (s, 3 H, OMe), 4.70 (d, 1 H, J 2 Hz, H-la), 4.89 (d, 1 H, J 2 Hz, H-ld), 5.01 
(d, 1 H, J 2 Hz, H-le), and 5.0s (d, 2 H, J 2 Hz, H-lb, lc); 6, (DzO): 55.2 (OMe), 
65.4 and 65.9 (C-6a, 6b), 79.0 (C-2b, 3a), 98.2 (zJCH 17 1.9 Hz, C-lb), 99.7 (zJCH 
171.9 Hz, C-Id), 101.3 (‘J,, 169.9 Hz, C-la), and 102.7 (‘JcH 171.9 Hz, C-lc, le). 

Anal. Calc. for C31H5LF026 - H,O: C, 43.25; H, 6.56. Found: C, 43.27; H, 6.70. 

Merlzyl 3-0-[2-0-(2-0- acet~~l-3,4,6-tri-O-betz~~~~-u-D-~tzaat~op~~~a~zosyl)-3,4,6- 

tri-O-betr~_vl-~-~-tnatztzop_vratzos~~l~-2,4-di-O-betr~yi- 6-O - [2,6-di-O-(2-O-acetyl-3,4,6- 
~ri-O-benzyl-u-D-t?zatztzopyratzos_v~)-3,4-di-O-betz~_vi-~-D-tnantzopyratzosy~~ -U-D -tnantzo- 

pyratzoside (18). - Trio1 14 was coevaporated several times with CH,Cl,, and dried 
in vacua for 16 h at 20 O. A mixture of this dried 14 (590 mg, 0.5 mmol) and AgS03CF3 

(1.1 g, 4.3 mmol) was dried in vaczto for 3 h at 20“. To this mixture were added 

CH,Clz (5 mL), Me*NCONMe, (0.65 mL, 5.4 mmol), and half of a solution of 6 

Cl.55 g, prepared from 7 (1.43 g, 2.8 mmoi)] in CH&l, (5 mL) at - 10 to - 15 o 
with stirring, under argon. After stirring the mixture for 18 h at 20”, the remaining 

solution of 6 in CHzClz was added at - 10 to - 15”, and the mixture was stirred for 

19 h at 20” under argon. The usual processing gave an oily product (2.388 g) which 
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was chromatographed on SiOz (200 g) with 19 : 1 toluene-THF. to give 18 (1.110 g, 

85.9 %), [aID -t-41.6” (c 0.56); R, 0.38 in 10: I toluene-THF; aI,: 2.03 (s, 3 H, OAc), 
2.09 (s, 6 H, 2 OAc), and 3.14 (s, 3 H, OMe); dc: 21.1 (3 OAc, 54.7 (OMe), 97.5 

(LJctI 172.! Hz, C-ld), 97.9 (‘JcH 172.1 Hz, C-la), 99.0 (‘.I,-,, -170 Hz, C-lb), 

99.4 (‘JcH - 170 Hz, C-lf), 99.6 (‘JcH - 170 Hz. C-le). and 100.9 (‘Jcr, 173.5 Hz. 
c-lc). 

Atlal. Calc. for C155H,66033: C, 72.35; H, 6.50. Found: C, 71.97; H, 6.55. 

MetllyI -7,4-di-O-betlqd-6-O-[3,4-d-O-b cwz_d2,6-di-O-(3,4,6-tri-O-htlz&~-D- 
ttlatltlop~~rattos~~l)-sc-D-ttlatltlop~~ratlos~~]-3-O-[3,4,6-tri-0-b~tl~~f-2-O-(3,4,6-tri-O-betl- 
~~~I-~-D-ttlatltl~p~~atlos~~l)-rl-D-ttln,l]-rl-D-tt?cttttlop~~rano.~~~e (19). - A solu- 
tion of 18 (957 mg, 0.37 mmol) in MeOH (45 mL)-THF (15 mL) and 2a1 NaOMe- 

MeOH (0.2 mL) was stirred for 16 h at 20”. The usual processing, and chromato- 

graphy on SiOZ (SO g) with 20 : 1 CH,CII--Me&O afforded 19 (695 mg. 75-S x,). [Y],, 

+56.7” (c 0.275): RF 0.24 in 20: 1 CHICII-Me,CO: 5,: 3.16 (s, 3 H, OMe), 5.04 

(4 H-l), and 5.24 (H-l); 5,: 54.5 (OMe), 97.7 (‘J,,, 167.0 Hz, C-la). 98.5 (‘JclI 

170.9 Hz, C-lb), 99.4 (‘Jctt 170.9 HZ, C-Id), 100.8 (‘.I,-,, 171.9 Hz, C-lc, If), and 
101.2 (IJCH 168.9 Hz, C-Ie). 

rltlaf. Calc. for C,,,H,,,O,, - H,O: C, 72.60: H, 6.63. Found: C. 72.63: 

H, 6.59. 

Metlzy~ 6-0-(2,6-~i-0-t~lctttt~op~~~atlos~~l-~-D-ttlmltlop~~l?rilos~l)-3-0 - (?-O-Z-D - 

ttlatltlop~~ratlos~~-~-D-tllatltlop}~ratlo.~}~~)-~-D-ttlatlflo~t~r~ttlosi~e (3). - A mixture of 19 

(300 mg, 0.12 mmol) and loo/, Pd-C (300 mg) in EtOH (30 mL) and H,O (4 mL) 

was stirred under HZ for 7.5 h at 50”. The usual processinp afforded 3 ( 130.7 mg, 

quantitative) as an amorphous material, [aID t79.4” (c 0.53, H,O); R, 0.14 in 

2: 1 : 1 l-BuOH-EtOH-H,O; S,, (D,O, 60”): 3.38 (s. 3 H, OMe), 4.70 (d, I H, 

J2 Hz, H-la), 4.90 (d, 1 H, J 2 H, H-ld), 5.01 (d, 1 H, J2 Hz, H-If), 5.03 (d. I H. 

J2 Hz, H-le), 5.0s (d, 1 H,J2 Hz, H-lb), and S-28 (d, I H. J 2 Hz, H-lc): 5, (D,O): 
55.2 (OMe), 65.6 and 65.9 (C-ba, 6b), 7S.6 and 79.1 (2: I, C-2b, 2c, 3a), 9S.2 (‘J,-,, 

171.9 Hz, C-lb). 99.7 (‘JCrl 170.9 Hz, C-Id), 101.2 (‘Jcr, 172.9 Hz, C-lc), 101.3 

(‘Jo, 172.9 Hz, C-la), and 102.6 (lJcF, 170.9 Hz, C-le, If). 

Anal. Calc. for C,, H,,O,, - 3 HzO: C, 41.96; H, 6.66. Found: C, 42.02: H, 6.3s. 
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