
CurbQky~r~te Research, 112 (1983) 313-319 
Elsevier Scientific Publishing Company, Amsterdam - Printed in ‘The Netherlands 

Note 

A convenient method for the preparation of all of the partially methylated 
derivatives of methyl ~-D-mannopyranoside and ~-D-ga~actopyranoside* 

TOMOHIRO MEGA, ATS~JSHI NISHIKAWA, AND TOKUJI IKENAKA 

Department of ~~~~~~st~~l, Osaka university CoBege of Science, Toymaka, Osaka 560 ~~~pan~ 

(Received February 18tb, 1982; accepted for publication in revised form, April 13tb, 1982) 

Methylation analysis is still one of the most important methods for the structure 
analysis of oligosac~harides I. Gas chromatography-mass spe~tromet~, as well as 
13C- and ‘H-n.m.r. spectroscopy, is commonly used for identification of partially 
methylated monosaccharides. This requires numerous standard methyl derivatives, 
which are not easy to prepare by conventional techniques of synthesis. In this paper, 
we described a convenient method for preparing all of the partially methylated 
derivatives of methyl a-D-mannopyranoside and a-D-galactopyranoside by partial 
methylation of the methyl glycosides, followed by separation of the derivatives by 
high-pressure, liquid chromatography. 

EXPERIMENTAL 

Materials. - Methyl a-D-mannopyranoside and methyl 6-O-trityl-cc-D-manno- 
pyranoside were synthesized by methods described earlier2*3. Methyl or-D-galacto- 
pyranoside and sodium borodeuteride were purchased from Wako Pure Chemical 
Industries, Ltd., Osaka. All organic solvents were purified by distillation. 

~jg~z-~r~~u~e, liquid c~~r~rnfft~~rup~~y (kp.l.c.) - sigh-pressure, liquid chroma- 
tography was performed with a chromatograph (Hitachi, model 638), equipped with 
a u.v.-monitor (Hitachi 635-M) for detection of trityl and acetyl derivatives, and with 
an r.i.-detector (Shodex RI SE-I 1) for other sugar derivatives. The derivatives were 
separated in a stainless-steel column (7.5 x 300 mm}, packed with TSK-Gel LS-410 
(10 pm), at room temperature, with aqueous methanol or aqueous acetonitrile as 
eluent. A solution (150-350 ,uL) containing 20-50 mg of sample was applied to the 
column per experiment. 

Gas-liquid chromatography-mass spectrometry analysis. - A partially 
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methylated sugar (- 1 mg) was hydrolyzed Ngith 90 ‘I(, formic acid (0.5 mL) for 2 h 

at 100 n and then the solution was evaporated. The residue \vas again hydrolyzed M ith 

i\f hydrochloric acid (0.5 mL) overnight at 100“. The solution \\as cvaporatsd i/r 

IWCIIO. and the residue reduced v,,ith sodium borodeutcrlde (0. 1 m I_ of >odium bore- 

deuteride--lOlrbr sodium hydroxide 111 deutcrium oxide) overnight at 37 After being 

desalted by passage through a Dowex 50 column. the reaction mkrurr \\ascvaporated, 

and the residue drred by repeated additions and evaporations of methanol. The 

residue U’RS psracctylated bvith pyridin-acetic anhydride for 2 h ;II 100 . 

c‘nl 1. pached l\lth 2 “(, 

OV-I 7 on Uniport HP (60-W mesh). at an ionization potential 01. 28 c\‘. 

Gas-liquid chromatography ol‘ partially mcthylated sugars and their alditol 

acetates was performed H ith a gas--liquid chromatograph (Shimaru 111~~t1cl GC-44 ). 

equipped u.ith a flame-iclnization drtectnr. The separation 01‘ the dcri\,atlvcs N;LI 

carried out in a glass column (0.4 x 300 cm ) packed with Tabsnrb ( Regis C‘hcmical 

Co.), at a temperature between I50 and 210’ for each sample. 

Pwpnruth of’ (I ttli.Ytliw c~f’prticrlll~ ~?lc~tll~‘f~rtc~rl rl?cTh~l~i h-O-t~it~‘i-2-D-trlrrtrrlo- 

p~mno.vid;~.c (TM). -- Methylsuifinyl carbanion ( I7 mmot. corresponding to 0.6 

equiv. of total hydroxyl groups) was added to a solution of meth>I 6-0-tritql ‘Y-D- 

mannopyranoside (4.1 g) in dimethyl sulfoxide (30 mL). and the mixture stirred 

for 7 h under nitrogen, at room temperature. Methyl iodide (2.5 c) V:LS added. 

and the reaction was continued overnight. After concentration of the reaction 

mixture under reduced pressure, the products (TM) were extracted with chloroform, 

and used for h.p.1.c. without further purification. 

Prqxvntion of 0 nti.x-tictv c?f pmticll/.l. Ir7cThj~lutctf tJ7otl7j~l 6-0-JJ7ctl7> I-x-I~-t17~1m1~~- 

p~mnmi&.~ ( AlAt!). --~ Dimethyl sulfate ( I00 mmol) and ?O”,, sodium hydroxide 

(15 mL) were added drop\vise to an aqueous solution of methyl I-r,-n?annoy~‘rauo- 

side (51 mmol) under stirring. The mixture was kept overnight, and the salts \ccre 

removed by passage through columns of’ Dohex 50 (H’~ 115 g). L)o\\cx 1 (OH-. 

300 g), and Dowex 50 (H-’ )_ successively. The effluent was evaporated :tntl the residue 

dried in a desiccator in the presence of phosphorus pcntaoxide. The residue W:LS 

tritylated with chlorotriphenylmethane ( 14 g) in pyridine (90 mL) n\ernight at 37 

The reaction mixture was concentrated and extracted with henzenc--water to rcmovc 

the 6-O-trityl derivatlvcs. The aqueous phase was cvaporatcd. d&l. and tritylated 

again to remove the remaining OH-6 free derivatives. The aqueous phn~ (MM) \$a\ 

concentrated and used for h.p.1.c. 

Pwpwation ffj’ t~7IStlfrcs of pin.ticrl(\~ Ji7~~th_I~lutd tJwtl7_i’l 6-O-ti~it~~l-r-l~-_gc~l~rc~to- 

py7HO.kkS (7-G) alld pIrfkl//_r tJ7Pt/7~‘/c7t~‘d JJwf/7_r/ 6-~-JJl~~f/7~~/-Y-l~-,~tl~~~c’tl~~~~~~~~Ji~l\ir/r’.\ 

(MC). --- Methylsultinyl carbanion (24 mmol) was added to a solution of methyl 

x-D-galactopyranoside (10.3 mmol) in dimethyl sulfoxide (9 mL ). The solution was 

stirred for 4 h, and then methyl iodide (5 g) was added and the reaction na5 cnntlnued 

overnight at room temperature. The mixture was canccntrntcd, and the rcslduc 

dissolved in 50”,, aqueous methanol (30 mL) and passed through columns of Dower 
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50 (IX+), Dowex I (OH-), Dowex 50 (H’), and Dowex I (OH-), successively. 
The effluent was evaporated and dried in the presence of phosphorus pentaoxide. 
The residue was tritylated with chlorotriphenylm~thane (3.2 g) in pyridine (18 mL) 
overnight at 37”. The mixture was concentrated and extracted with ether-water. The 
aqueous phase was evaporated, and the residue tritylated again. The final aqueous 
phase was a mixture of partially ~-metllylated methyl 6-~-methyl-~-D-galactosides 
(MG). The two organic phases from the tritylatio~ were used as a mixture of partially 
methylated methyl 6-O-trityl-a-D-galactopyranosides (TG) for h.p.l.c., after removal 
of crystalline triphenylmethanol produced by concentration. 

RESULTS AND DISCUSSION 

The use of ion-exchange resins effectively removed the salts (or reagents) from 
the mixtures obtained by both methylation methods (Haworth and Hakomori). The 
6-O-trityl and 6-O-methyl derivatives were easily separated by extraction of the 
methylation mixtures wi&h ether (or benzene)-water, almost all of the 6-methyl ether 
derivatives (including the tetranlethyl ether) were kept in the aqueous phase. 

Fa~tiai~~ ~~~et~l~~ated methyl 6-O-trit~l-cr-D-ma~z?z~p~~anosjdes. - The sample 
(TM) was chromatogra~hed on h.p.1.c. with 7 : 3 (v/v) acetolljtrile-boater as solvent 
and monitoring at 220 run, to give nine peaks (Fig. I-A). The purity of each fraction 
was tested on h.p.1.c. with 7 : 3 (v/v) methanol-boater. Fractions TM-III and TM-V 
gave each two fractions (III-1 and 1X1-2, and V-l and V-2, respectively) (Fig. I-B 
and I-C). Eight methylated sugars were expected in the TM mixture if no side- 
reaction had taken place during methylatioll, but eleven fractions were obtained on 
h.p.1.c. Their structures were confirmed by g.1.c. and g.l.c.-m.s.4. Fractions 1 and 
TX were unknown substances, and V-l was triphenylmethanol, The other fractions 
were found to contain each one sugar component. The results are reported in Table I. 
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TM-P-I 

TM-P-2 

\(I 
Fig. 1. H.p,t.c. of partially methylated methyl 6-O-trityl-~--n-mannopyranosides. (A) TM mixture in 
700/: acetonitrile: II, methyl 6-O-trityl-a-o-mannopyranoside; III-I, 3-methyl; 111-2, 2-methyl; 
IV, 4-methyl; V-2, 2,3-dimethyl; VI, 2,4-dimethyl; VII, 3,4-dimethyl; and VIII, 2,3,4-trimethyl 
ether; V-l, tri~heny~methanol; and I and IX, unknown: (B) Fraction III from A, in ?O?G methanol; 
and (C) Fraction V from A in 70°& methanol. 
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bkthyl O-ri~ethgl-6-O-trttvl-1-r)-mannopyrclno~idc 
None 
3- 
1” 
1 L_ 

3.1~dl- 
3,&i- 
3,4-dl- 
3.3.3-tri- 

Methyl O-methyl-a-n-mannopyranostde 
h- 

2.6~dr- 
1,6-dl- 
3,6-d& 

l,-l,6-trr- 
1.3,6-Ii-t- 
3,4,6-tri- 
2.3,4,6-tetra- 
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The presence of a small amount of 2,3,4-trimethyl ether indicated that the tritylation 

of the OH-6-free sugar had not been complete. Fraction MM-II included two 

methyl ethers (methyl 2,6-di-O-methyl- and methyl 3,6-di-O-methyl-z-D-manno- 

pyranoside), which could be separated by h.p.1.c. of their peracetyl derivatives with 

40% methanol as the mobile phase (Fig. 2-C). Methyl 6-O-methyl-x-D-manno- 

pyranoside was isolated from Fraction MM-I with 20:~; methanol as the solvent 

(Fig. 2-D). The eight expected 6-methyl ethers were obtained from Fraction MM. 

The yields could not be calculated, because the peak of methyl 6-O-methyl-a-D- 

mannopyranoside overlapped other peaks of unknown substances, and a part of the 

methylated sugars might have been extracted into the organic solvent. The structures 

of the methylated sugars were determined by g.l.c.-m.s. of the alditol acetates4, and 

the ratios of the yields are reported in Table 1. 

Handa and Montgomery’ were unable to obtain the 2,3- and 4,6-di-methyl 

ethers from partially methylated mixtures prepared by the Haworth, Kuhn, or 

Hakomori method. They speculated that these two dimethyl sugars could not be 

detected in the methylation mixtures because of low yields, or of being rapidly 

changed into trimethyl derivatives, if they were produced. However, both compounds 

were obtained in considerable proportions in the present experiment. The difference 

between Handa and Montgomery’s conditions5 and the present ones probable resides 

in the technique of separation of the glycosides, as g.1.c. and t.l.c., which might not 

separate all six dimethyl derivatives, were mainly used in the earlier experiments5. 

Partially methJYated methyl 6-0-trityh-D-galactopJwt?osides. - Separation 

of the mixture TG into each derivative with 70”/, acetonitrile gave five peaks (Fig. 

3-A). Fractions II and III were further fractionated by h.p.1.c. (70:/, methanol) into 

three monomethyl and three dimethyl ethers, respectively (Fig. 3-B and 3-C). Struc- 

tures for the components of these peaks were assigned by g.l.c.-m.s. of the alditol 

acetates4, and the results are reported in Table II. 

PartiallJy metlzylated methyl 6-0-meth_vI-x-D-galactopyanosides. - Eight 

methyl sugars were separated from the mixture MG by h.p.1.c. with 8 :/, acetonitrile 
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Fig. 3. H.p.1.c. of partially methylated methyl 6-O-trityl-cc-n-galactopyranosldes: (A) TG mixture 
in 70% acetonitrile (I, starting material; and IV, triphenylmethanol); (B) Fraction TG-II from A in 
70y0 methanol; and (C) Fraction TG-III from A in 70y,0 methanol. 
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Fig. 4. H.p.1.c. of parttally met~ylated methyl G-O-methyl-*-n-galactapyranosidcs: (At k%vtC n?t~ture 

in PO ~cet~~lfrile; (3) Fraction 1 from A in W,, rneth~n~l; and KY) Fraction 1’ from B in W’,, 

methanol. 
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(Fig. 4-A). Each fraction was further purified by rechromatography. Separation of 

the 3,6- and 2,6-di-methyl ethers was performed with 8 0,I methanol (data not shown ). 

Methyl 6-0-methyl-r-D-galactopyranoside was isolated from the first fraction (Peah 

MC-I of Fig. 4-A) by chromatography with ZO”,,. and then with 1 O”,, methanol 

(Fig. 4-B and 4-C). The relative yields of the eight methyl sugars are reported in 

Table II, except for the 6-methyl ethers. Contamination \vith sugars having a free 

OH-6 was not observed. 
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