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methyl 2,3,4-tri-O-acetyl-D-mannose with diazomethane- 
boron trifluoride etherate 
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As we had a need to prepare 6-0-methyl-D-mannose, we proceeded by using the 
method of Gros and coworkers which utilized methyl 2,3,4-tri-O-acetyl-a-D-mannopy- 
ranoside, with diazomethane-boron trifluoride etherate as the methylating agent’*‘. 
This synthesis was found to be superior to earlier methods3 that involved either the 
cumbersome separation of a mixture of mono-, di-, and tri-methyl ethers obtained from 
partial methylation of methyl a-D-mannopyranoside or a low-yield, selective methyla- 
tion with unavoidable acetyl migration4*‘. Gros and coworkers claimed that no acetyl 
migration occurred during their proce&. 

In this study we succeeded in preparing methyl 2,3,4-tri-O-acetyl-6-O-methyl-D- 
mannopyranoside by the procedure of Gros and coworker&* in high yield, but the 
methylation step was not entirely problem-free as had been claimed as there was 
evidence of acetyl migration in the diazomethane-boron trifluoride etherate methyla- 
tion step. Herein is reported the identification of the by-products from this procedure, 

and it is established that the acetyl groups do migrate to a small extent, even under these 
mild conditions. 

In our synthesis’, we started with methyl D-mannopyranoside (1, Scheme l), and 
by the sequence of(i) tritylation, (ii) acetylation, (iii) detritylation, and (iv) methylation, 
we were able to obtain separately, by column chromatography, the anomeric com- 
pounds methyl 2,3,4-tri-O-acetyl-6-O-methyl-a-D-mannopyranoside (7, slower migrat- 
ing on t.1.c.) and methyl 2,3,4-tri-O-acetyl-6-O-methyl-~-D-mannopyranoside (7, faster 
migrating on t.1.c.). In this separation, a small amount of a middle fraction was isolated 
which principally contained the slower moving compound and two other positional 
isomers. This was confirmed by converting the mixture to the corresponding (l-*H) 
alditol acetates and analyzing these by g.1.c. and by g.l.c.-m.s.6*7. The major product was 
1,2,3,4,5-penta-0-acetyl-6-O-methyl-D-( 1 -*H)mannitol (11); minor products were 
1,2,3,4,6-penta-O-acetyl-5-O-methyl-D-(l-2H)mannitol(l2) and 1,2,3,5,6-penta-o-ace- 

* To whom correspondence should be addressed. Present address: Cayman Chemical Co., 1919 Green 
Road, Ann Arbor, MI 48105-6756. 

000%6215/91/%03.50 @ 1991- Elsevier Science Publishers B.V. All rights reserved. 



262 

HOCH2 tiOCH2 

HoGoMe 1 “oL&O&oMe 

1 2 

OMe 

OMe 

MeoF H2 AcOCH 
I 2 

BF3.Et20, 

C”2N2 

MeOCH2 

I 

Aco’@k&-OMe 

OMe 

AcOCH2 

AcOCH,D 

I 
AcOCH 

I 
AcOCH 

HCOAc 

I 
HCOAc 

I 
CH,OMe 

AcOCH,D AcOCH,D 

I I 
AcOCH AcOCH 

I I 
AcOCH AcOCH 

I I 
HCOAc HCOMe 

I I 
HCOMe HCOAc 

I I 
CH,OAc CH,OAc 

11 

Scheme 1. 

12 13 



NOTE 263 

200 
Hbrr/Chuga 

200 
Hars/Chrrgc 

u 6.0E5- 
: 
: 4.0ES- 

2.0Ef- 

2 4 6 e 10 12 14 16 
Ttnc (mtn. 1 

Fig. 1. G.i.c.-m.s. of 1,2,3,4,5-penta-0-acetyl-6-O-methyl-~-(l-2H)mannitol (T, 10.027 min), 1,2,3,4,6- 
penta-O-acetyl-5-O-methyl-D-(l-zH)mannitol (T, 11.506 min), and 1,2,3,5,6-penta-O-acetyl-4-O-methyl-D- 
(1-‘H)mannitol (TR 12.545 min) [Column DB-23,15 m (J&W Scientific); oven 80” for 2 min, increased to 170” 
at 30”/min, and then heated at 4”jmin to 240”; mass-selective detector (H.P.)]. 

ty]-4-@methyl-r+(l-2-H)mannitol (13) (Fig. 1). Compounds 12 and 13 were derived 
from 10 and 8, respectively. 

Formation of these by-products can be deduced by considering some mechanistic 
aspects in sugar chemistry. To begin with, the starting material, methyl D-mannopyran- 
oside (l), could be contaminated with a tiny amount of furanoside 2. In turn, com- 
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pounds 1 and 2 produced 3 and 4, respectively, during the course of the synthesis. In the 
methylation step using boron trifluoride etherate, acetyl migration from the secondary 
to the primary alcohol could occur even by way of a very minor pathway due to the close 
proximity of the acetyl and hydroxyl groups (Considering the 4C, conformation of 3), 
giving rise to a tiny amount of 5 from 3. The formation of 6 from 4 could also be 

explained in a similar manner. As a result, in the methylation step, the major product, 
methyl 2,3,4-tri-O-acetyl-6-O-methyl-D-mannopyranoside (7), was found to be associ- 
ated with tiny amounts of methyl 2,3,6-tri-O-acetyl-4-0-methyl-D-mannopyranoside 
(8) methyl 2,3,5-tri-O-acetyl-6-0-methyl-D-mannofuranoside (9), and methyl 2,3,6-tri- 
0-acetyl-5-0-methyl-D-mannofuranoside (10). Compounds 7 and 9, and 8 and 10 
produced, upon reduction which sodium borodeuteride, followed by acetylation, 11,13 
and 12, respectively. 

This study confirms that acetyl migration did occur in small amounts in the 
diazomethane-boron trifluoride etherate methylation and the structures of the by- 
products are confirmed. 

EXPERIMENTAL 

General methouk. - Melting points were determined on an electrothermal melt- 
ing point apparatus and are uncorrected. The ‘H-n.m.r. spectra were recorded on an 

IBM WP 270 SY instrument at 270 MHz in deuterochloroform (tetramethylsilane as 
internal standard) unless otherwise stated. The i.r. spectra were recorded on an IBM 
IR/32 (F.t.-i.r.) spectrophotometer. Low-ionization mass spectra were obtained by 
chemical ionization with methane as reagent gas on a Finnigan 4021 spectrometer. 
G.l.c.-m.s. of the partially methylated (l-2H)alditol acetates was performed in a Hew- 
lett-Packard 5970 M.S.D. instrument using a DB-23 column (J&W Scientific). The 
oven temperature was initially maintained at 80” for 2 min, increased to 170” at 30”/min, 
and then heated to 240” at 4”/min. Column chromatography was performed on Silica 
Gel 60 (7&230 mesh, E. Merck), and thin-layer chromatography (t.1.c.) was carried out 
on Silica Gel G plates (0.25 mm thickness, E. Merck). 

Preparation of methyl 2,3,4,-tri-O-acetyl-6-O-methyl-D-mannopyranoside (7). - 
Compound 7 was prepared according to the method of Gras*. Pure a-7: R, 0.26; 
‘H-n.m.r.:62.00(s,3H),2.05(s,3H),2.15(s,3H),3.39(s,3H),3.41(s,3H),3.48-3.50 
(m, 2 H), 3.86-3.91 (m, 1 H), 4.72 (s, 1 H), 5.22-5.37 (m, 3 H), and p-7: RF 0.30; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4.7Hz),3.86(dd, lH),Jll.O,J2.6Hz),4.43(dd, lH,J9.35,J3.50Hz),5.02(d, lH,J 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
J 5.0, J3.6 Hz) amomers were separated by column chromatography over silica gel and 
eluted with 1: 1 ethyl acetate-hexane. In this separation some middle fractions were 
separately collected. These were shown to contain mostly the a anomer contaminated 
with some positional isomers, as determined by the following experiment. 

Preparation of thepartially methylated alditol acetates (11,12, and 13). -A small 
amount of the middle fractions from above ( -2 mg) was hydrolyzed with 2~ trifluoro- 



acetic acid (2 mL) for 1.5 h at 110”. After evaporation of the solvents, the products were 
reduced with sodium borodeuteride (3 mg) in M ammoniun hydroxide (1 mL) for 1 h. 

Excess borodeuteride was decomposed with acetic acid, and the boric acid was removed 
by repeated evaporation of dry methanol from the residue. The crude product was ace- 
tylated with acetic anhydride (1 mL) in pyridine (1 mL) for 0.5 h at 110”. After the usual 

work up, the partially methylated alditol acetates were subjected to G.l.c.-m.s. analysis 
as described in the General Methods section. 

REFERENCES 

1 E. G. Gros and E. M. Gruneiro, C&why&. Res., 14 (1970) 409411, and references cited therein. 
2 E. G. Gros and I. 0. Mastronardi, Curbohydr. Res., 10 (1969) 318-321. 
3 N. Handa and R. Montogomery, Carbohydr. Res., 11 (1969) 467484, and references cited therein. 
4 W. A. Bonner, J. Org. Chem., 24 (1959) 1388-l 390. 
5 G. G. S. Dutton and Y. Tanaka, Can. J. Chem., 41(1963) 2500-2503. 
6 C. J. Biermann and G. D. McGinnis (Eds.), Analysis ofCarbohydrates by GLCund MS., CRC Press, Boca 

Raton, FL, 1989. 
7 B. Foumet, Y. Leroy, and J. Montreuil, J. Chromatogr., 92 (1974) 185-190. 


