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ABSTRACT 

Methyl 2-O-benzy~-3-0-(2,3,4,6-tetra-O-acetyl-lr-D-mannopyranosyl)-a-D- 
mannop~~~ide (4) and methyl 2-O-benzy~-3-o-a-D-m~nop~anosy~-~-D- 
m~opyran~ide (6) were prepared from a common inte~e~ate, namely, methyl 
2-O-benzyl-4,6-O-benzylidene-3-O-(2,3,4,6-tetra-O-acetyl-a-~-m~nop~~osy~~- 
o-D-mannopyranoside. On treatment with tert-butylcblorodiphenylsiiane, in N&V- 
~~ethylfo~a~de in the presence of imidazole, 4 and 6 afforded methyl 2-G 
benzyl-6-U-ie~~-butyl~phenylsilyl-3-0-(2,3,4,6-tetra-O-acetyl-~-~-mannopyrano- 
syl~-~-D-ma~opyranosi~ (7), and methyl 2-O-benzyl-HO-t~l~phenylsilyl~ 
3-O-(6-O-tert-butyldiphenylsilyl-a-D-mannopyranosyl)-~-D-mannop~~oside (8), 
respectively. Compound 8 was converted into its 2,3-O-isopropy~idene derivative 
(91, and oxidation of 7 and 9 with pyridinium chlorochromate, and reduction of the 
resulting carbonyl intermediates gave methyl 2-0-benzyl-6-O-tert-butyldiphenyl- 
si’lyl-3-0-(2,3,4,6-tetra-O-acetyl-a-D-mannop~~osyi~~~t~op~anoside and 
methyl 2-O-be~yl-6-O-~e~-butyldiphenylsilyl-3-O-(6-~-?e~-butyl~phenylsilyl-2,3- 
~-~op~pylidene-~-D-t~op~nosy~)-ED-t~op~~oside, respectively. Removal 
of the protecting groups furnished the title disaccharides. 

INTRODUCTION 

In a previous paper in this series, we described the synthesis of methyl ~-O-W 
D-manuop~anosyl-AD-talopy~noside and methyl 2-U-cu-D-talopyranosy)-a-D- 
talopy~~oside2. These two disa~ha~des, as well as a variety of other related oligo- 
saccharides, were required in a program for the study of the substrate specificity of 
tbe enzyme UDP-GlcNAc:lysosomat enzyme N-acetyl-ru-D-ghrcosaminephospho- 

*Synthetic Studies iu ~hydrat~, Part L. For Fart XLIX, see ref. 1. This inv~tigation was suppled 
by PHS Grant No. GM-31425 awarded by the National Institute of Gene& Medical Sciences, DHHS, 
and, in part, by PHS Gram No. CA-35329 awarded by the National Cancer Institute, DHHS. 
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transferase (EC 2.4.8.17; “GlcNAc-P-transferase”). This enzyme is known to 
catalyze the transfer of a 2-acetamido-2-deoxy-cr-D-glucopyranosyl phosphate 

group to selected D-mannose residues on lysosomal enzymes, in a process believed 
to be the initial step for the generation of the D-mannopyranosyl 6-phosphate- 
recognition marker of lysosomal enzymes, which appears to be involved in the 

targeting of newly synthesized lysosomal enzymes to lysosome$. 
Thus, in a continuing effort to shed more light on the substrate-specificity of 

GlcNAc-P-transferase, we describe herein the synthesis of methyl 3-0-a-D-manno- 
pyranosyl-a-D-talopyranoside, and methyl 3-O-a-D-talopyranosyl-~-D-talo- 

pyranoside. Our aim is, primarily, to study the change of the position of the inter- 
glycosidic linkage, and also that of the configuration at C-4 of the constituent sugar 
residues on the enzyme activity. It is also possible that such compounds may act as 
inhibitors for GlcNAc-P-transferase. Moreover, it could also he contemplated that 
such compounds may prove useful in the characterization of the a-D-mannosidases 
that are involved in the processing of N-glycosyl-linked glycoproteins“. 

RESULTS AND DISCUSSIONS 

A common intermediate, namely, methyl 2-0-benzyl-4.6-O-benzylidene-3- 
0-(2,3,4,6-tetra-O-acetyl-cr-D-mannopyranosyl)-~-D-mannopyranoside (3). was 
employed for the synthesis of both of the title disaccharides. 
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TABLE I 

Chemicalshifi 

C-l 

c-2 
c-3 
c-4 
c-5 
C-6 
C-f’ 
C-2’ 

C-3’ 
C-4’ 
C-5’ 
C-6’ 
OMe 

Compound 
--~ ____- ----. .--.----_-._-..--._ 

a-D-ManpOMeb a-wTalpOMeb 13 17 
.~..“_ ..-.--- __.._._ ---_----- ,_.__-.. - 

101.9 102.2 98.57 99.39 

71.2 70.7 7X34 70.39 
71.8 66.2 71.38 71.34 
6X.0 70.3 6?.31 67.43 
73.7 72.1 72.32 12.34 
62.1 62.3 62.49 62.50 

102.24 102.25 
71.1% 71.13 

70.94 66.22 
67.71 70.54 
74.26 73.10 
61.90 62.50 

55.9 55.6 55.H 55.85 

“For sdution in D,O with Me,.% as the external standard. hRef. 7 

Acetalation of compound 8 with 2,2-dimethoxypropane in acetone, in the 
presence of p-toluenesulfonic acid, gave the 2,3-di-Q-isopropylidene derivative 9. 
When 9 was oxidized with pyridinium chlorochromate, and the resulting inter- 
mediate reduced with sodium borohydride in aqueous ethanol, it furnished, in 82% 
yield, the methyl a-D-talopyranosyl-ar-D-talopyranoside derivative 14. Removal of 
the protecting groups of 14 afforded the desired disaccharide 17, by way of inter- 
mediates 15 and 16, respectively. The ‘3C-n.m.r. spectrum of 17 was, also, in accord 
with the structure assigned (see Table I). 

EXPERIMENTAL 

General methods. - The same methods were used as those already described2, 
except for the following chromatographic solvent systems (v/v): (A) 9: I chloroform- 
acetone, (B) 6:l chloroform-methanoI, (c> 9:l chloroform-methanol, (I)) 3:2 
chloroform-hexane, and (E) I3:6: 1 chlorofo~-mcthanoi-water. 

methyl 2-0-benzy~-3-0-f~,3,4,6-tetra-~-acetyf-a-D-mannopyranosy~~-~-D- 

rnan~~~y$~~*~~~~ (4). - A stirred mixture of methyl 2-~-benzyl-4,6-O-benzyl- 
idene-ff-D-mannopyranosides (2; 5 g), Hg{CN)~ (4.5 g), and molecuIar sieves 4A 
(0.6 g) in nitromethaoe (25 mL) was boiled for 3 h, with azeotropic distillation, 12 
mL of the soivent being finally removed. The mixture was cooled (-40-4Y) and a 
solution of 2,3,4,6-tetra-@acetyl-cu-D-mannopyranosyl bromide6 (1; 7.1 g) in nitro- 

methane (25 mL) was added, and the stirring continued for 3 h at 40-45”. It was 
then cooled, diluted with benzene, and filtered. The filtrate was successively 
washed with saturated aqueous NaHCO,, saturated aqueous KT solution, and 
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water, dried, and evaporated to a syrup. Examination by t.1.c. [4:1 (v/v) benzene- 
acetone] showed the disap~~~ce of 2 and the presence of a major product, 
mar~n~ly slower-boating than 2. Several slower-mi~a~g, minor ~ntarn~an~ 
(pre~ably resulting from the decomposition of 1) were also revealed in t.1.c. 

The crude product mixtnre (-8 g; cont~n~g 3) was taken up in 60% aqueous 
acetic acid (300 mL) and heated for 2 h at 70”. The acetic acid was evaporated 
under di~ished pressure, the last traces being removed by co-evaporation with 
several added portions of toluene. The residue was then applied to a cohmm of 
silica gel and eluted witb solvent A. On evaporation, fractions corresponding to the 
product afforded 4 (4.2, 51%) as an amorphous white solid, [c@ +50.5” (c 0.9, 
chloroform); *H-n.m.r. (CDCL,): S 1.90-21.9 (cluster of s, 12 H, OAc), 3.30 (s, 3 
H, OMe), and 7.19-7.42 (m, 5 H, arom.). 

Anal. Calc. for C&H~sO,,~O.S H,O: C, 53.93; H, 6.26. Found: C, 53.72; H, 
6.26. 

Methyl 2-0-benzyl-4,6-O-benzylidene-3-O-cY-D-mu~opyranosyl-no- 
pyranoside (5). - To a solution of crude 3 (obtained as described above from 8 g 
of 2), in methanol (100 mL) was added M methanol&z sodium metho~de (10 mL), 
and the mixture stirred for 4 h at room tem~rature. The base was neutralized by 
the dropwise addition of glacial acetic acid, the solution evaporated to dryness, and 
the residue applied to a column of silica gel. Elution with solvent G yielded amor- 
phous 5 (7 g, 60%), [a]63 -i-47” (c 1.0, cblorofo~); *H-n.m.r. (CDCL,): 6 3.21 (s, 
3 PI, OMe), 5.46 (s, 1 H, PhCH), and 7.05-7.35 (m, 10 H, arom.). 

A~. Calc. for C&H~O,, -L&O: C, 58.69; H, 6.52. Found: C, 59.07; H, 6.25. 
Methyi 2-U-ben~~-3-O-a-~-mannopyranosyl-at-D_manno (6). - 

Compound 5 (6.5 g) was taken up in 60% aqueous acetic acid (100 mL) and heated 
for 2 h at -90”. Acetic acid was evaporated under reduced pressure, and several 
portions of toluene were added to, and evaporated from the residue, which was 
then purified in a column of silica gel with 4:l (v/v) chloroform-methanol as the 
eluent to give 6 (5 g, 92%), a white powder, [@ +67.5” (c 0.9, methanol). 

A&. Calc. for C$HwO11*O,5 HzO: C, 52.74; H, 6.81. Found: C, 52.73; H, 
6.77. 

Methyl 2-O-benzyl-6-0-te~-butyldiphenyEsilyZ-3-O-(2,3,4,6-tetra-O-ucetyl-cr- 
D-munnopyranosyl)-a-D-mcannopyrancM~de (7). - To a cold (00, bath) and stirred 
solution of 4 (4 g, 6.5 mmol) and imidazole (1 .l g, 16.1 mmol) in dry NJWimethyI- 
formamide (65 mL) was added team-bu~lc~oro~phenylsil~e (2 mL, 7.7 mmol), 
and the stirring was continued for 1 h at -0”. After processing in the usual mannerz, 
the crude product was subjected to colon-~romato~aphy on silica gel with 
solvent D as the eluent to give 7 (4 g, 72%), ~o~hous, [o]a3 +35.5” (c 1.1, 
chloroform); Wn.m.r. (CDCQ: S 1.06 (s, 9 H, CMe,), 1.90-2.15 (cluster of s, 12 
H, OAc), 3.25 (s, 3 H, OMe), and 7.18-7.96 (m, 15 H, Arom.). 

Anal. Calc. for C~HNO,$i: C, 61.97; H, 6.57. Found: C, 61.81; H, 6.84. 
MethyZ 2-O-be~l-6-O-tert-buyl~pheny~ilyl-3-O-f2,3,4,6-tetra-O-~e~l-at 

D-mannopyranosyl)-~-D-talopyranoside (10) and methyl Z-0-benzyld-0-tert-butyl- 
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diphenylsilyl-3-O-cu-D-mannopyranosyl-~-D-talopyranuside (11). - A mixture of 7 

(2 g), molecular sieves 3A (4.9 g), and pyridinium chlorochromate (2.7 g) in 
dichloromethane (80 mL) was stirred for 12 h at room temperature. The mixture 
was diluted with ether (140 mL) and passed through a short column of silica gel. 

The eluate was concentrated to a syrup which was dissolved in 95% ethanol (20 
mL), cooled (OO). treated with NaBH, (0.7 g), and stirred for I h at 0”. After 
neutralization with aqueous acetic acid, the solution was evaporated to dryness, 

and the residue dissolved in chloroform. The chloroform solution was repeatedly 
washed with water, till neutral, dried, and evaporated. T.1.c. (solvent A) showed 
the presence of a major product, accompanied by several slower-migrating con- 
taminants (presumably due to O-deacetylation). The crude mixture (containing IO; 
see later) was dissolved in methanol (50 mL), treated with M methanolic sodium 
methoxide (5 mL), and stirred for4 h at room temperature. The base was neutralized 
by the addition of a few drops of glacial acetic acid, methanol and acetic acid were 
removed under reduced pressure, and the residue was applied to a column of silica 
gel. On elution with solvent C, evaporation of the fractions corresponding to the 
product gave 11 (0.8 g, SO%), white powder, [ti]h’ +SS.S” (c. 0.8. chloroform); 
‘H-n.m.r. (CDCI,): 6 1.03 (s, 9 H, CMc,). 3.22 (s, 3 H. OMe), and 7.16-7.82 (m. 
15 H, arom.). 

Anal. Calc. for C,,H,O,,Si: C, 63.16; H. 7.02. Found: C, 63.17: H. 7.14. 
In another experiment, 7 (I. 1 g) was oxidized with pyridinium chloro- 

chromate and then reduced with NaBH, as aforedescribed. The crude product was 
subjected to column chromatography on silica gel with solvent D as the eluent to 
give 10 (0.4 g. 40%), white amorphous solid. [a]g-l +60” (c 1.0. chloroform); ‘H- 
n.m.r. (CDCI,): 6 1.04 (s, 9 H, CMe,), 1.82-2.25 (cluster of s. 12 H, OAc). 3.24 

(s, 3 H, OMe), and 7.08-7.74 (m, 15 H, arom.). 
Anal. Calc. for C,,H,,O,,Si: C. 61.97; H, 6.57. Found: C, 62.06: H. 6.62. 
Methyl 2-O-henzyl-3-O-a-D-mannopyranosyl-cu-D-talopyra~~osi~i~ (12). - A 

solution of 11 (0.7 g) in dry oxolan (20 mL) was stirred for 3 h at room temperature 
in the presence of M tetrabutylammonium fluoride (1.2 mL) in oxolan. The mixture 
was concentrated to dryness, and the residue purified in a column of silica gel with 
solvent B as the eluent to afford 12 (0.33 g, 72%). amorphous. [ali;? +8X.5” (c 0.9, 
methanol). 

Anal. Calc. for CZoH3,,0, ,: C, 53.81; H, 6.72. Found: C, 53.57; H. 6.57. 
Methyl 3-0-cu-D-mannopyranosy~-ix-D-talopyranoside (13). -- A mixture of 

12 (0.25 g) and 10% Pd-C (0.1 g) in 3:1 ethanol-glacial acetic acid (10 mL) was 
shaken under H, at -345 kPa for 16 h at room temperature. The suspension was 
filtered (Celite), the solids were thoroughly washed with methanol, and the filtrate 
and washings combined and evaporated. The residue was purified in a column of 
silica gel with solvent E as the eluent to afford 13 (0.18 g. 95%) amorphous. [a],+? 
+133” (c 0.9, methanol); for 13C-n.m.r. data, see Table I. 

Anal. Calc. for C13HZJ0,, -0.5 H,O: C. 42.72; H, 6.85. Found: C. 43.00: H. 
6.93. 



METHYL 3-O-ff-D-MANNOPYRANOSYL- AND 3-O-a-D-TALOPYRANOSYL-u-D- 

TALOPYRANOSIDE 195 

Methyl 2-O-benzyl-6-O-tert-butyldiphenylsilyl-3-O-(6-O-te~-butyldiphenyl- 
silyka-D-mannopyranosyl)-a-D-mannopyranoside (8). - To a cold (0”) and stirred 
solution of 6 (4.8 g, 10.6 mmol), in dry iV,N-dimethylformamide (45 mL) containing 
imidazole (3.5 g, 51.1 mmol), was added tert-butylchlorodiphenylsilane (6.5 g, 24.6 
mmol), and the stirring was continued for 1 h at 0”. After processing as described 
for 4 (to give 7), followed by column chromatographic purification on silica gel with 
solvent I3 as the eluent, 8 (7.3 g, 74.4%) was obtained as a white amorphous solid, 
[ali +16.8” (c 0.9, chloroform); ‘H-n.m.r. (CDCI,): 6 1.19 (s, 18 H, CMe,), 3.20 
(s, 3 H, OMe), and 7.20-7.75 (m, 25 H, arom.). 

Anal. Calc. for C5&&OnSi2: C, 67.68; H, 7.16. Found: C, 67.48; H, 7.29. 
Methyl 2-O-benzyl-6-O-tert-butyldiphenyZsiZy~-3-0-~6-O-te~-bu~~dipheny~- 

si~y~-2,3-O-isopropylidene-a-D-mannopyranosy~)-a-D-mannopyranoside (9). - To 
a solution of 8 (6.9 g) in dry acetone (80 mL) were added 2,2dimethoxypropane 
(80 mL) and p-toluenesulfonic acid monohydrate (0.9 g). The mixture was stirred 
for 1 h at room temperature, made neutral by the addition of triethylamine, and 
then evaporated. The residue was dissolved in chloroform, the chloroform solution 
washed with water, dried, and evaporated to dryness. The residue was purified in 
a column of silica gel with 9:l (v/v) tolueneethyl acetate as the eluent to give 9 
(6.1 g, 84.3%), a white solid, [a] i3 +4.8” (c 1.1, chloroform); ‘H-n.m.r. (CDCI,): 
6 1.05 (s, 18 H, CMe,), 1.32 and 1.46 (s, 3 H each, CM%), 3.20 (s, 3 H, OMe), and 
7.09-7.74 (m, 25 H, arom.). 

Anal. Calc. for C,H,O,&: C, 68.61; H, 7.28. Found: C, 68.76; H, 7.26. 
Methyl 2-O-benzyl-6-O-tert-butyfdiphenylsily[-3-0-(6-O-te~-butyldiphenyf- 

si~yl-2,3-O-isopropy~idene-ar-D-ta~opyranosy~)-a-D-ta~opyranoside (14). - A stirred 
solution of 9 (6 g) in dichloromethane (200 mL) containing powdered molecular 
sieves 3A (18 g) was treated with pyridinium chlorochromate (21.9 g), and the 
stirring was continued for 24 h at room temperature. The mixture was diluted with 
ether (200 mL) and passed through a short column of silica gel. The eluate was 
evaporated to dryness under reduced pressure to give a syrup, #E 1740 (C=O), 
which was directly reduced with NaBH, (4.1 g) in aqueous ethanol in a manner 
analogous to that described above for the synthesis of 11. The crude mixture was 
then subjected to column chromatography on silica gel with 9: 1 (v/v) chloroform- 
hexane as the eluent to afford 14 (4 g, 81.6%), amorphous, [a]63 +25.4” (c 1.0, 
chloroform); ‘H-n.m.r. (CDCl,): S 1.06 (s, 18 H, CMe,), 1.41 and 1.54 (s, 3 H 
each, CMe,), 3.20 (s, 3 H, OMe), and 7.20-7.80 (m, 25 H, aromatic). 

Anal. Calc. for C,,H,,,Or,Si,: C, 68.61; H, 7.28. Found: C, 68.59; H, 7.39. 
Methyl 2-0-benzyl-3-0-(2,3-O-isopropylidene-a-D-tafopyranosyf)-a-D-talo- 

pyrunoside (W). - A solution of 14 (3.5 g) in dry oxolan (70 mL) was treated with 
a molar solution of tetrabutylammonium fluoride in oxolan (7.7 mL) as described 
for 11 (to give 12). The mixture was purified on a column of silica gel with 12: 1 
(v/v) chloroform-methanol as the eluent to afford amorphous 15 (1.6 g, 94%), 
[a];” +60” (c 0.7, chloroform); ‘H-n.m.r. (CDCI,): 1.40 and 1.57 (s, 3 H each, 
CMe,), 3.35 (s, 3 H, OMe), and 7.26 (m, 5 H, arom.). 
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Anal. Calc. for C23H3401, * H,O: C, 54.76; H, 7.14. Found: C, 54.93; H, 7.18. 
Methyl 2-0-benzyf-3-0-~-D-fuZopyrunosyi-cr-D-tulopyranoside (16). - Com- 

pound 15 (1.6 g) in 60% aqueous acetic acid (50 mL) was heated for 1 h at 60”. 
Acetic acid was evaporated under diminished pressure, the last traces being re- 
moved by co-evaporation with several added portions of toluene. The residue was 
purified in a column of silica gel by use of solvent B as the eluent to give 16 (I .2 g, 
86%), [a]A3 +89” (c 1.0, methanol). 

Anal. Calc. for C,,H,,O,, -0.5 H,O: C, 52.73; H, 6.87. Found: C. 52.64; H, 
6.84. 

Methyl .?-O-a-D-talopyranosyl-a-D-talopyranoside (17). - Hydrogenolysis of 
16 (1 g) in 3:l ethanol-acetic acid (20 mL) in the presence of Pd-C (0.3 g) as 
described for 12 (to give 13), gave, after column-chromatographic purification with 
solvent E as the eluent, 17 (0.66 g, 83%), [a];’ 144” (c 1.0, methanol); for 13C- 
n.m.r. data, see Table I. 

Anal. Calc. for C,,H2,0,,-H,O: C, 41.71; H, 6.95. Found: C, 41.76; H. 6.86. 
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