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SUMMARY 

By combining chrokaiography on silica gel columns with preparative gas- 
liquid chromatography, the 15 methyl ethers of methyl a-D-galactopyranoside were 
isoiated from the mixture of all derivatives obtained by partial methylation of 
methyl a--D-@actopyranoside. Methyl ethers were identified by mass spectrometry of 
their peracetyl glycitol d@vatives. 

INTRQDUCTXON 

The partial methyl&ion of methyl glycosides is a satisfactory source of mono- 
saccharide methyl ethers and several procedures have been described for preparing 
methyl derivatives of various _monosaccharides which are more rapid and easier than 
specifk organic syntheses. Using this method, some methyl ethers. of methyl a-D- 
mannopyranoside i;vere prepared by Handa and Montgomery’. AlIen et al.' described 
the preparation of all methyl ethers of methyl 2-acetamido-2-deoxy-cz- and -F-D- 
glucapyranoside and their isolation by preparative chromatography on Dowex 1 
resin. Using preparative gas-liquid chromatography (GILC) in the manner described 
by Ovodov and Evtushe&03*4 for the separation of methyl /!?-D-xylopyranoside 
methyl ethers, we were able to isolate in a pure state the 15 methyl ethers of methyl 

5--8 cr-D-mannopyranoside . In this paper, we describe ‘_he preparation and identification 
of the 15 methyl ethers of tiethy cz-n-galactopyranoside. 

- _. 

__ * To whoixickreipondence should be addressed. 
l * ‘F&M at the Centre National de la Recherehe !Xcientiflque. 
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&lATERIAJiS AND METHODS 

Partial methylation of methyl 

B. FOURNET er al. 

To a cooled (OO), stirred solution of methyl a-~galactopyranoside (8 g) (K & 
K Labs., Plainview, N-Y., U.S.A.) in N,N-dimethylformamide (144ml) (Merck, 
Darmstadt, G.F.R.) were added, in small portions, methyl iodide (8 ml) (Prolabo, 
Paris, France) and silver oxide (16 g), freshly prepared according to Whistler and 
Wolfromg. After 7 h at 20”, the mixture was filtered and the insoluble material was 
carefully_ washed on the titer with chloroform. The subsequent experimental proce- 
dures followed were the same as previously described6. An aqueous phase containing 
mono-, di- and trimethyl ethers of methyl a-D-galactopyranoside and an organic 
phase containing tri- and tetramethyl ethers of methyl a-D-galaetopyranoside were 
obtained_ The two phases were evaporated to dryness. 

Preparative chromatography of the aqueous phase on a silica gel column 

The methyl ethers of methyl a-Dgalactopyranoside contained in the aqueous 
phase were first separated into mono-, di- znd trimethyl fractions by preparative 
chromatography on a silica gel column as follows. The concentrated aqueous phase 
(500 mg) dissolved in 5 ml of chloroform-methanol (9 : 1) was chromatographed on a 
60 x 3 cm column of silica gel (Rieselgel, 0.01-0.2 mm, highest purity, 70-325 mesh; 
Merck) using chloroform-methanol (9:l) as the solvent. The methylated derivatives 
were located in the eluate using phenol-sulphuric acid reagent”. Three fractions (K-l, 
K-2 and K-3) were isolated and fractionated further by GLC. 

Gas-liquid chromatography 

AnaZyticaZ chromatography. The organic phase, the aqueous phase and frac- 
tions K-l, K-2 and K-3 were analysed by GLC under the following conditions: 
Varian-Aerograph apparatus fitted with a flame-ionization detector; glass column 
(300 x 0.3 cm) packed with Chromosorb W HMDS (100-120 mesh) containing 3 % 
Carbowax 6000; column temperature, 195”; injector temperature, 210”; detector 
temperature, 200” ; flow-rate of carrier gas (nitrogen), 20 ml/min. Retention times are 
quoted relative to methyl 2,3,4,6-tetra-G-methyl-a-D-galactopyranoside. 

Preparative chromatography. The methyl ethers of methyl a-D-galactopyrano- 
side were isolated from the organic phase, the aqueous phase and fractions K-l, K-2 
and K-3 by preparative GLC under the following co&&ions: Varian-Aerograph 
Model 705 apparatus (Autoprep type); metal column (60 x 0.92 cm) packed with 
Chromosorb W (SO-100 mesh) containing 3 % Carbowax 6ClUO; column temperature, 
195”; injector temperature, 210”; detector temperature, 200”; collector temperature, 
135” ; flow-rate of carrier gas (nitrogen), 220 ml/mm (20 ml/min in the direction of 
the detector and 200 ml/mm in the direction of the collector); sensitivity, 10/S; 
volume’injected manually or automatically at each operation, 125 pl of an 8 oA (w/v) 
solution of the methyl ethers in methanol. 

Under the above conditions; the separation of 2,3,6-, 2,4,6- and 3,4,6-t&Q- 
methyl, 2,4- and 3,4-d&O-methyl and 2- and 3-mono-O-methyl derivatives was not 
sharp and the compounds were collected as mixtures. The mixed fractions were 
separated as the acetate derivatives by the following procedure. Each methylated ether 
fraction (5 mg), vacuum-dried over phosphorus pentoxide, was added to a solution 
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containing pyridine and acetic anhydride in equal proportions (1 ml) and kept in the 
dark for 15 h at room temperature. The acetyl derivatives were fractionated by 
preparative GLC under the foIlowing conditions: V&au-Aerograph Model 705 ap- 
paratus (Autoprep type); metal column (600 x 0.92 cm) packed with Chromosorb 
W HMDS (100-120 mesh) containing 3% butane-l&ho1 succinate polyester 
(BDSP); column temperature, 185”; injector temperature, 210”; detector tempera- 
ture, 200”; flow-rate of carrier gas (nitrogen), 220 ml/mm (20 ml/mm in the direction 
of the detector and 200 ml/ruin in the direction of the c&lector); volume injected, 80 
~1 of a 4 % (w/v) solution of the acetylated derivatives in methanol. The deacetylation 
of the acetate derivatives (1 mg) was carried out at 20-22” for 60 mitt in acetone solu- 
tion (0.5 ml) to which was added 0.1 N sodium hydroxide (2 ml)lr. The solution was 
neutralized with 0.1 N hydrochloric acid and desalted by passing through columns 
(10 x 1 cm) of cation exchanger (Dowex 50, H*) and anion exchanger (Duolite A-102 
D, HCOO-). The neutral effluent and water washings were evaporated to dryness 
under reduced pressure. 

Mass spectrometry 
The methylated derivatives were analysed by mass spectrometry after reduc- 

tion with sodium borodeuteride foIlowed by peracetylation according to the method 
described previously7. 

RESULTS -ND DISCUSSION 

Analytical GLC of the organic and aqueous phmes 
The yields of the organic and aqueous phases were 1.2 and 7.85 g, respectively, 

starting from 8 g of methyl galactopyranoside submitted to partial methylation. 
The GLC analysis of the organic phase revealed the presence of the per- 

methylated ether and four trimethylated ethers. The methyl 2,3,4,6-tetra-O-methyl-a- 
D-galactopyranoside, the methyl 2,3,4- and methyl 3,4,6-tri-O-methyl-a-n-galacto- 
pyranosides were well separated and the methyl 2,3,6- and methyl 2,4,6-tri-O-methyl- 
cr-D-galactopyranosides were eluted as a single peak (Fig. 1A). 

The aqueous phase contained the four tri-O-methyl ethers, the six di-O- 
methyl ethers and the four mono-O-methyl ethers. Because the methyl 3,4- and 2,4- 
di-0-methyl-cr-D-galactopyranosides and the methyl 2- and 3-mono-O-methyl-c- 
galactopyranosides had almost the same retention times (Fig. lB), their direct prepar- 
ative GLC was not possible. To resolve this problem, the aqueous phase was frac- 
tionated by chromatography on a silica gel column. Table I indicates the retention 
time of each ether relative to the methyl Z&3,4,6-tetra-O-methyl-a-n-galactopyranoside_ 

Preparative chromatography of the aqueous phase on a silica gel column 
Preparative chromatography of the aqueous phase on a silica gel column 

provided three fractions (K-l, K-2 and K-3), which correspond, according to their 
order of emergence from the column, to the tri-, di- and mono-O-methyl ethers of 
methyl a-D-ga&topyranoside (Fig. 2) Amounts of 87.5 mg of trimethyl ethers (Fig- 
3A), 173.8 mg of dimethyl ethers (Fig. 3B) and 107.2 mg of monomethyl ethers (Fig. 
3C) were obtained from 500 mg of water-soluble derivatives, corresponding to a Gnal 
yield of 82%. 



Fig. 1. GLC on a Carbowa~ 6000 ~01Umn of the inShY a-D-galXtOPYrdaOSid methyi tiers PreSent 
iu the organic phase (A) and in the aqueous pIwe (B) of the mixture obtained by pamal methylation. 

Preparative GLC of the methyi glycoside methyi ethers 
Preparative GLC of the organic phase. Starting from 10 mg of the mixture of 

tetra- and t&O-methyl derivatives, we obtained pure methyl 2,3,4,6-tetra-O-methyl- 
and methyl 2,3,4-t&O-methyl-a-D-galactopyranosides, and a mixtie of methyl 
2,3,6-, 2,4,6- and 3,4&i-tri-0-methyl-a-D-galactopyranosides corresponding to a &ml 
yield of 45.3% (Table II). The methyl 2,3,6-, 2,4,6- and 3,4,6-tri-O-methyl-a 
galactopyranosides were sepzrated by GLC in pure form after O-xetylation (Fig. 
4A and Table III). Trimethyl ethers were obtained by O-deacetylation in yields 
varying between 74 and 99% (Table IV). 

Preparative GLC of the three silica gel fractions obtained from the aqueous 
phase- The yields of the preparative GLC of fractions K-l, K-2 and K-3 are given in 
Table V. 

TABLE I 
EUXENTION TIMES OF THE TREMETHYL, DIMETHn AND MONOMETHYL ETHERS 
OF MM’HYL a-D-GALA~OFVRANOSIDE RELATIVE TO THC, MET&L 2,3,4,6_TETRA- 
0-METHYL-~-~B-GALA~OPWUNOSKDE 

Methyhted ether Retenfion time 

2,3,4,6Tetra-O-methyl 1.00 
3,4,6-T&O-methy! 1.45 
2,3&i-T&O-methyl 1.51 
2,4,GTri-+methyl 1.51 
2,3,bTri~dyl 1.84 
4,6-Di-Cbm&yl 1.96 
3,6-Di-O-methyl 2.02 
I&6-D&G-methyl 2.15 

Methykzred ether 

2,3YDiU-methyl = 
3,4-Di-O-metbyi 
~d~i-thnethyl 
6-SMethyi 
2-O-Methyl 
3-U-Methyl 

.4-C?-Methyl 

Retention time 

2.24 
2.28 
230 
2.55 
2.70 
2.70 
2.84 . - _ 
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Fig. 2. Adsorption chrmnatography on a silica gel column of the methyl ethers in the aqueous phase. 
K-l, K-2 and K-3: mixtures of the tri-, di- and mono-O-methyl ethers, respectively. 

Fig. 3. GLC 011 a Carbowa~ 6000 ~Iumn of the methyi a-x+galactopyrzmoside methyl ethers con- 
tained in the three silica gel fizxtioris. A, B. C: fractions K-l, K-2 and X3, respectively. T: standard 
mixture. 



TABLE II 

AMOUNTS OF METHYLATED ETHERS OBTAINED BY PREPARATIVE GLC FROM 
1G mg OF THE ORGANIC PHASE 

c&oKRd A~~f (~1 ~. 
f3,4,6-Tetra-O-me&y1 O-73 
&3,4-T&O-meshyl 0.18 
2,3,6Tri-O-methyl 
3,4,6Tli-O-methyl 

I 
3.64 

2,4,6Tri-O-methyl 

TABLE III 

AMOUNTS OF MQNOACETYL TRIMETHYL ETHERS OBTAINED BY PREPARATIVE 
GLC FROM 10 mg OF THE A CEXYJXTED MIXTURE OF TPIE METHYL 2,3,6, 3,4,6 AND 
~4,6TRI_o_METHS~~ 

compound ~luzt (wr1 

4-O-Acetyl f3,6tri-O-methyl 2.88 
2-O-Acetyl3.4.6triamethyl 1.17 
?-O-Ace@ 2,4,6trXknethyl 0.43 

TABLE IV 

AMOUNTS OF TRIMFXHYL ETHERS OBTAINED BY 0-DEA CETYLATION FROM m 
AMOUNTS OF THE MONOACETYL TRIMETHYL ETHEJZS IN TABLE III 

COt?pWZ hwunt (mg) =!d (%) 

2,3,6Tri-O-methyl 1.88 74.2 
3,4,6Tri-O-methyl 0.75 75.7 
2,4,6Tri-O-methyl 0.38 99 

TABLE V 

AMOUNTS OF METHYLATED ETHERS ISOLATED FROM SILICA GEL FRACTIONS 
K&zOy K-3 OF THE AQUEOUS PHASE BY PREPARATIVE GLC OF 10 mg OF EACH 

Fracth 

K-l - 

K-2 

compo~ 

2,3,4-Tri-O-methyl 
2,3,6TriXhnethyl 
2,4,6TriXhn&hyl 1 
3,4,6-T&0-methy: J 

4,6Di-O-me&y1 
3,6Di-O-methyl 
2,6Di-O-methyl 
2,3-Di-O-methyl 
3,4-Di-O-methyl 
2,4-Di-O-rnethyl > 

Amount (mg) Yim (%) 

O-9 48-4 - 

3.96 

0.87 44.1 
1.34 
0.34 
0.29 

1.59 

.K-3 6-O-Methyl 
t-O-Methyl 
3-O-Methyl 
4-O-Methyl 

0.37 27.2 

> 
223 

0.12 
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Fig. 4. GLC on a BDSP column oF the acetylated methyl ethers of the methyl u-mgahtopyranoside. 
A, acetylated derivatives of methyl 2,3,6-, 3,4,f+ and 2a~op~os~d~; B. 
acetyiated derivatives of methy 3,4- and 2,~~-~~yls-D_galaaopyranosides; C, acetylated 
derivatives of methyl 2- and 3-mon~-~e~yl~-~~~op~~-O-methyl-a-D-galactopyranosides. 

The methyl 2,3,6-, 2,4,6- and 3,4,6-tri-Q-methyl-tz-%galactopyranosides were 
separated as described for the organic phase (see above). The m&by1 2,4- and 3,4- 
di-O-methyl-tx-D-galactopyranosides, which were obtained as a mixture, were well 
separated as their acetate derivatives (Fig. 4B) in 48 % yield (Table VI). The dimethyl 

TABLE VI 

AMOUNTS OF MONOMETHYL AND DIMETHYL ETHERS ISOLATED AFTER ACETY- 
LATION BY PRJZPARi4TIVE GLC OF 10 mg OF J5ACI.I FRAcnoN 

COltpOIOXd Amu- fml T&d (%) 

DZacetyl drinehyl ethers 
2,6-Di-O-ac&y~ 3,4+liUmetbyl 1.19 
3.bDi-O-acetyl Z&di-O-meffiy1 3.63 > 

48.2 

Siuce&y~ n7amxnet~y~ ethers 
54,6-T~i-O-aceQf~3-O-metbyl 2.4 
3,4,6-T&O-acetyl2-G-methyl 2.6 > 

so 
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TARLk VII 

AMOUNTS OF DIMETHYL AND MONOMETHYL ETHERS OBTAINED BY O-DEACETY- 
LATION FROM THE AMOUNTS OF THE DIACETYL DIMETHYL ETHERS AND TRI- 
ACETYJL MONOMETHYL ETHERSINTABLEVI 

COmpound Amaim (m) Y~ld (%I 

mmeti%yr &-is 
3,4-Di-O-methyl 0.77 89.5 
Z&Di-O-methyl 1.84 70 

Motwmethyl ethers 
3-O-Methyl 
2-O-Methyl 

I.26 84.5 
1.12 70 

derivatives were obtained after O-deacetylation in yields varying between 70 and 
89.5 % (Table VII). 

The preparative GLC of methyl 2- and 3-mono-0-methyl-tri-0-acetyi-cz-u- 
galactopyranosides gave the pure derivatives in 50% yield (Fig. 4C and Table VI). 
The O-deacetylation led to preparation of pure methyl a-Dgalactopyranoside mono- 
methyl ethers in yields varying between 70 and 84.5% (Table VII). 

Identijkation of the methyIated ethers by mass specrrometry 
Mass spectrometry of peracetylatcd galactitol methyl ethers permitted the 

unambiguous location of methoxy groups. According to Bjiimdal et al.-, the primary 
cleavages 3 the carbon chain occur preferentially between the carbon atoms that 
carry the melboxy and acetyl groups, the positive charge b&g stabilized by the 
methoxyl group. The primary fragments formed from each methyl ether are de- 
scribed in Table VIII. 

TABLE VIII 

PRIMARY FRAGMENTS OF THE O-A-TED METIIYL ETHERS OF GALACTITOL 

Acetylated derivative of D- 
gaiactitol methyl ethers 

m/e 

118’ 162 190 234 262 
45 Z6Z I89 205 233 26Z 305 

z3,4.6- 
2,3,6- 
3,4,6- 
2,4,6- 
z3,4- 
4&- 

::: 
2,3- 
3,4- 
V- 
6- 
3- 
2- 
4- 

T ’ + + + i- 

+ t f i 

+ 5+ i- + + 

+ + i- + -i- 
i- i- + i i- i i- + + -!- i 

I 1 

T 
T + + 

i t i- 
-i- 

i- -l- ’ 
I 

f + 

* The values in the upper row represent the fragments in which the G-1 position is deuterated. 



PREPARATTVE GLC OF GALACfOSE MJZTJSYL ETHERS 99 

CONCLUSIONS 

The procedures described in our previous papers- on the preparation of the 15 
methyl ethers of methyl a-D-mann opyranoside have been successfully applied to the 
preparation and isolation of the 15 methyl ethers of the methyl a-D-galactopyranoside. 
Rather than a separate organic synthesis of each methyl derivatives, the procedure is 
based 011 chromatograpbic fkactionations of a mixture of all of the methyl ethers ob- 
tained in one step by partial methylation. The methyl derivatives are separated in 
good yields by silica gel chromatography followed by GLC of the fractions on 
Carbowax 6ClOO and butane-l&diol succinate polyester. Each ether was identified by 
mass spectrometry of its peracetylated al&to1 derivatives. 
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