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ABSTRACT 

Methylation of methyl 4,6-0-benzylidene-E-D-mannopyranoside, followed by 
removal of the benzylidene group, tritylation, tosylation, detritylation, methylation, 
and removal of the protective tosyl and methyl glycoside groups gave syrupy 2,3,6-tri- 
O-methyl-D-mannose, characterized by a crystalline di-p-nitrobenzoate. Monotosyla- 
tion of the 4,6-0-benzylidene derivative gave a 3-0-tosyl derivative; hydrolysis of 
the benzylidene group, followed by methylation, and removal of the protective tosyl 
and methyl glycoside groups gave crystalline 2,4,6-tri-O-methyl-a,~-D-mannopyran- 
ose, characterized by a crystalline N-phenylglycosylamine. 

INTRODUCTION 

2,3,6-Tri-0-methyl-D-mannopyranose (7) was first obtained as a result of 
elucidation of the structure of (1+4)-linked galactomannans using the methylation 
procedure lm4, and its structure was determined by Howarth, Hirst, and Streight’. 
This sugar was also obtained in the structure elucidation of benzoate esters of D-man- 
nose6. 2,4,6-Tri-U-methyl-D-mannose (13) was obtained after methylation of galacto- 
marmans’ and mannans’ containing the (1+3) linkage. 

The synthesis of 2,3,4-tri-0-methyl-D-mannopyranose (7) required the specific 
blocking of the hydroxyl group at C-4 which was first obtained by synthesis of 
methyl 4,6-0-benzylidene-a-D-mannopyranoside gplo Methylation of this derivative, . 

followed by removal of the benzylidene group gave 1 which was tritylated at O-6 to 
give 2, leaving the hydroxyl group at C-4 free for blocking. Tosylation of this hydroxyl 
group was readily obtained at a temperature of 50” or higher. Following removal of 
the trityl group of 3, the resulting 4 was methylated with methyl iodide and silver 
oxide to give methyl 4- U-p-tolylsulfonyl-2,3,6-tri- O-methyl-a-D-mamropyranoside (5) 
in good yield (the efficient Hakomori methylationl ’ could not be used, since sodium 
hydride readily removes the tosyl groups1 “). Detosylation was achieved with alcoholic 
sodium methoxide, a condition in which Walden inversion does not occur1 3. Hydrol- 
ysis of the methyl glycoside group of 6 with mineral acid gave pure, sirupy 2,3,6-tri- 
0-methyl-D-mannose (7) which was identical in all respects with the previously 
described 14s1 5 compounds. 
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In the preparation of 2,4,6-tri- U-methyl-n-mannose (f3), monotosylation of 
methyl 4,6-O-benzylidene-cr-D-mannopyranoside was best achieved in pyridine solu- 
tion at room temperature and took place preferentially, as might be expected, at the 
equatorial C-3 hydroxyl grou? lo* ’ 6. After removal of the benzylidene group from 9 
to give 10, methyIation with methyl iodide and silver oxide afforded methyl 2,4,6-tri- 
O-methyl-3-0-p-toIylsulfonyl-D-mannopyranoside (II) in very satisfactory yield. 
Removal of the tosyl group with alcoholic sodium methoxide, followed by hydrolysis 
of the methy glycoside group of 12 with mineral acid gave 2,4,6-tri-O-methyl-D- 
mannopyranose (13) which crystallized from ether in two crystal forms (a and B 
anomers). The melting points of each anomer have been reported after a mechanical 
separation of the crystal forms . I7 Resolution of the two anomers could not be 
effected by t.1.c. (silica gel), paper chromatography. or g.i.c. The derived N-phenyl- 
glycosylamine (14) was identical in all respects with an authentic sample. 
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EXPERIMENTAL. 

General methods. - T.1.c. was performed on glass plates coated with silica gel 
(Baker, 3405). Column chromatographic separations were carried out on siIica gei 
of the same type. G.1.c. analyses were carried out using a copper column, 3116 in by 
10 ft, containing 20% neopentylglycol succinate on HMDS-Chromosorb W, at 
170” and a helium ffow rate of 100 ml/min I*. Melting points are uncorrected. 

Methy! 2,3-di-O-me~hyZ-6-O-trityl-ot-~-~~~~~~y~a~~~~~e (2). - A solution of 
methyl 2,3-di-O-methyl-a-D-ma1mopyranoside~~ (1, 2.1 g) and chlorotriphenyl- 
methane (2.8 g) in dry pyridine (20 ml) was heated for 2 h on a boiling water-bath. 
The solution was poured into ice-water, and the precipitate that formed chroma- 
tographed on silica gel (50 g). TriphenyhnethanoI and chIorotriphenylmethane were 
eluted with chloroform (1 liter), and the pure product 2 (3.3 g, 73%) was eIuted with 
19:l chloroform-ethanol (500 ml). After crystallization from ethanol, it showed m.p. 
172-174’ (lit.lp: m-p. 172-173”); t.1.c. in 19:l chloroform-acetone, RF 0.47. 
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Methyl 2,3-di-O-methyi~-O-ptolylsulfonyl-6-O-trity~-a-~-~~opyranoside (3). 
- A solution of 2 (3.2 g) and p-toluenesulfonyl chloride (3.0 g) in dry pyridine 
(20 ml) was kept for 3 days at 53”. The precipitate (3, 4.1 g, 95%) that formed upon 
pouring the solution into ice-water was washed thoroughly with water and found to 
be homogeneous on t.1.c in 19:l chloroform-acetone, RF 0.70. After recrystallization 
from ethanol, it showed m.p. l&l-145“, [a]g2 -1-36.5” (c 2.0, chloroform). 

Anal. Calc. for C35H3808S: C, 67.9; H, 6.19; OMe, 15.05. Found: C, 67.9; 
H, 6.23; OMe, 14.90. 

Methyl 2,3-di-O-methyl-4-O-p-tolylsulfonyI-a-D-mannopyranos~de (4). - Com- 
pound 3 (4.0 g) was detritylated with a solution (30 ml) of hydrogen chloride (1%) in 
chloroform at 0” (1 h), followed by neutralization with sodium carbonate (2 g). The 
resulting product was fractionated on a silica gel column (50 g) by firstly eluting 
triphenylmethanol with chloroform (700 ml), and then the desired compound 4 
(2.2 g, 91%) with 19:1 chloroform-ethanol (400 ml). Compound 4, a syrup, was 
homogeneous on t.1.c. in 19:l chloroform-acetone, RF 0.15, and showed [uJ~ +41” 
(c 2.5, chloroform). 

Anal. Calc. for C16H2,0gS: OMe, 24.7. Found: OMe, 24.4. 
MethyZ2,3,6-tri-O-methyl-4-O-p-toiyisuljbnyZ-a-~-mannopyranoside (5). - Com- 

pound 4 (2.0 g) was treated with methyl iodide (40 ml) and silver oxide (4 g) to give, 
after filtration and evaporation of the solvent, t_he fully methylated product (1.96 g, 
96%) which crystallized from ethyl acetate. After recrystallization from petroleum 
ether, compound 5 had m.p. 91-92”, [a]$’ +38” (c 1.0, chloroform); t.1.c. in 19:l 
chloroform-acetone, RF 0.3. 

Anal. Calc. for C17HZ608S: C, 52.29; H, 6.71; OMe, 31.7. Found: C, 52.60; 
H, 6.76; OMe, 31.1. 

hfetlzyl 2,3,6-tri-0-methyl-a-D-mannopyranoside (6). - Compound 5 (1.94 g) 
was dissolved in a solution (50 ml) of sodium methoxide in methanol” (2.5 g sodium 
dissolved in 50 ml dry methanol). The mixture was heated for 12 h at reflux, after 
which water (25 ml) was added and the organic solvent was distilled off. Extraction 
with chloroform (5 x 25 ml) and evaporation gave a syrup (1.1 g, 94%) which was 
homogeneous on t.1.c. in butanone-water azeotrope, RF 0.52, and had the same 
retention time (17.2 min) in g.1.c. as authentic 6, obtained by methylation of guar 
gum; [c$~ +32” (c 2.8, chloroform). 

Anal. Calc. for C,oH,oOs: OMe, 52.7. Found: OMe, 52.2. 
2,3,6-Tri-O-methyl-D-mannose (7). - A solution (25 ml) of compound 6 (1 .O g) 

in 0.5~ sulfuric acid was heated for 11 h at reflux. After neutralization with barium 
carbonate, the titrate was evaporated to give sirupy 7 (0.93 g, 97%) which was 
identical in all respects with an authentic sample prepared by methylation and hydrol- 
ysis of guar gum; paper chromatography on Whatman No. 1 paper with butanone- 
water, RF 0.50; t.1.c. in butanone-water, RF 0.40; g.1.c. of per(trimethylsily1) deriv- 
ative, retention time 4.8 min; [a]:: - 11” (c 2.0, water); lit.’ 5*16: [C=Z]~ - 10”. 

To a portion (220 mg) of 6 in dry pyridine (5 ml) was added p-nitrobenzoyl 
chloride (10% molar excess). The mixture was heated for 30 min at 70” and then the 
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(1.0 g) in 0.5~ sulfuric acid (25 ml) was heated for 6 h at 100”. Neutralization with 
barium carbonate, foIlowed by filtration and evaporation of the solvent -nnder 
reduced pressure gave a syrup (0.94g, 98%) which crystallized upon addition of 
ethyl acetate. Recrystallization from ether gave a mixture of two crystalline forms 

(a and 3 anomers), m-p. 53-57”, [c@ + 15.1” (c 0.8, water), G.1.c. of the per(trimethyl- 
silyl) derivative showed one component (a and /3 anomers do not separate under the 
conditions used) which had an identical retention time (4.2 min) as authentic 13. 

Anal: Cab for C,H,,OB: C, 48.43; H, 8.52; OMe, 41.8. Found: C, 48.41; 
H, 8.50; OMe, 41.3. 

N-Phenyl-2,4,6-tri-O-methyI-D-mannopyraizosyIantie (14). - A portion (0.1 g) 
of 13 was treated with aniline, as described previously, to give 14. After recrystalliza- 

tion from ether, the N-phenylglycosylamine had m.p. 133-134”, [a]g - 149O-, + 8” 

(after 24 h, c 1.0, methanol); lit. ” : m.p. 134”, [aID - 1 50°+ + 8” (methanoi). 
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