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Conditions are proposed for the gas-chromatographlc separation of the methyl ethers 
of methyl (methyl a-D-galacto- and mannopyranosid)uronates in the form of their 
complete acetates on the stationary phases 0V-17, GE-XE-60, and QF-I. 

In spite of the vigorous development of the ~3C NMR spectroscopy of carbohydrates, 
methylation remains one of the most important methods of establishing the structures of 
complex polysaccharides and other carbohydrate-containing substances. 

In the analysis of glycosides and of oligo- and polysaccharides containing D-galacturonic 
or D-mannuronic acid residues by the methylation method, after methanolysis it is mainly the 

anomers of the corresponding methyl ethers of methyl (methyl-D-galactopyranosid)uronates 
(I) or (methyl D-mannopyranosid)uronates (II) that are obtained, these being thermodynamically 
more stable because of the anomeric effect: 

COOCIi~ COOCH 3 

OCti 3 OCH 3 
OFf .~ 

~.R=H~CH s ~ ~.R=H, OH~ 

The identification of compounds of this class by the usual method is very difficult and 
is practically impossible when only a small amount of carbohydrate-containing material is 
available. 

With the aim of using gas chromatography and chromato-mass spectrometry to identify 
these compounds, we have studied the conditions for the gas-chromatographic separation of 
the methyl ethers of methyl (methyl e-D-galacto- and mannopyranosid)uronates in the form of 
their complete acetates. 

In the literature on the separation of methyl ethers of methyl (methyl a-D-glucopyranosid)- 
uronate [I] it is shown that the use of the acetates as the volatile derivatives gives the 
best results, while the trifluoroacetyl and trimethylsilyl derivatives are separated consider- 
ably less well, and methyl ethers with several free hydroxy groups may be irreversibly adsorbed 
on the column. Furthermore, the acetates are readily obtained and are stable on storage. 

In the selection of the conditions for gas chromatography, we have shown that the methyl 
(methyl O-acetyl-O-methyl-~-D-mannopyranosid)uronates are separated completely on the poly- 
methylphenylsiloxane OV-17 and on the methyl-8-cyanoethylsiloxane rubber GE-XE-60, while on 
the polymethyltrifluoropropylsiloxane QF-I only the 2,3- and 2,4-di-O-methyl ethers are 
practically irresolvable, the other methyl esters being separated well. 

The methyl (methyl O-acetyl-O-methyl-a-D-galactopyranosid)uronates are also readily 
separated when chromatographed on OV-17, XE-60, and QF-I. However, on the phase XE-60, the 
2- and 4-0- and also the 3-0- and 2,4-di-O-methyl ethers cannot be resolved. The first pair 
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Fig. i. Separation of acetates of methyl ethers of methyl (methyl 
a-D-galactopyranosid)uronates: a) on the phase OV-17; b) on the 
phase GE-XE-60; c) on the phase QF-I. (The numbers above the peaks 
correspond to the numbers of the substances in Table i), 

Fig. 2. Separation of acetates of methyl ethers of methyl (methyl 
~-D-mannopyranosid)uronates: a) on the phase OV-17; b) on the phase 
GE-XE-60; e) on the phase QF-I. (The numbers above the peaks corre- 
spond to the numbers of the substances in Table 2). 

is separated on the phase QF-I, and the second on the phase OV-17. In the general case, the 
phases XE-60 and QF-I are preferable because of the greater difference in the relative reten- 
tion times of the compounds under consideration. 

Figure i shows typical examples of the separation of methyl (methyl O-acetyl-O-methyl- 
~-D-galactopyranosld)uronates on the phases OV-17, XE-60, and QF-I. Figure 2 illustrates 
the separation of methyl (methyl O-acetyl-O-methyl-~-D-mannopyranosid)uronates on the phases 
OV-17, XE-60, and QF-I. 

EXPERIMENTAL 

The synthesis of the methyl esters of methyl (methyl a-D-galactopyranosld)uronate has 
been described by us [2-4], and the synthesis of the methyl ethers of methyl (methyl ~-D-manno- 
pyranosid)uronate in [5, 6]. 

The acetates were obtained by treating the methyl ethers with an excess of acetic an- 
hydride in pyrldlne at 70@C for 3 h followed by evaporation in vacuum. 

Gas cl~omatography was carried out on a Chrom 41 chromatograph (Czechoslovakia). We 
used glass columns 1.2 m x 3 mm filled with: a) 3% of OV-17 on Inerton-Super (0.16-0.20 mm); 
b) 3% of GE-XE-60 on Gas Chrom Q (100-120 mesh); and c) 3% of QF-I on Chromaton N (80-100 
mesh). Working conditions: temperature of the evaporator 260@C, of the detector 290@C, and 
of the column initially 140°C and after 2 min programmed up to 250@C at the rate of 10@C/min 
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~or ~he phuaJ OV-17 And X~-60 and 8*C/min ~or ~he 9ha.a QP-I, The carrier sas wal nitrosen, 
40 ml/min, The oubmCances were dioJolved in ethyl acetate, 

The =ela~ive ~e~en~ion ~Imel ~Ot ~he ace~a~ee of the methyl ethe=i of the methyl (methyl 
a-D-$alacto- ar~ mannopyranolid)urona~e, are s~ven below, The re~en~ion ~Ime. o~ methyl 
(me~hF1 2,3,4-~ri-O-methyl-~-D-salac~o= &nd mannopyranos£~)urona~e~ were ~aken a. 1,00, 

We ~ive ~he relative ~e=en~ion ~ime. o~ ~ha ace~a=e, o~ ~he methyl e~her, of methyl 
~me~hyl ~-D-galac~opyrano.18)urona~e (~): 

Compound 

t) 2,3,4-Tri-O-methyl- (1) 
2) 4-O-Acetyl-~,3-di-O-methyl- (I) 
3) 8-O-Acetyl-2,4-di-O-methyl- (I) 
4) 2-O-Acetyl-8,4-dt-O-methyl- (I) 
~) 8,4-Di-O-acetyl-2-O-methyl- (1) 
8) 2,4-Di-O-acetyl-3-O-methyl- (I) 
7) 2, 8-Di- O- acetyl- 4- O- methyl- (I) 
8) 2,8,4-Tri-O-acetyl- (I) 

Phale 

OV.17 XE.60 " 

l,C0 a 1,00 b 
1,18 I ,20 
1,82 148 
1 )26 1,40 
1,46 1,68 
1,41 1,'18 
1,46 1,68 
1,55 1,77 

a) 6.25 mln The absolute retention times of compound (I) were: 
3.80 rain. 

01~.I 

1,00c 
1,41 
2,06 
1,8¢ 
2,46 
2,00 
2,58 
2,76 
b) 5 ,70  min; and c) 

Below we give the relative retention times of the acetates 
(methyl a-D-mannopyranosid)uronate (II) : 

Compound 

I) 2,3,4-Tri-O-methyl- (II) 
2) 4-O-Acetyl-2,3-di-O-methyl- (II) 
3) 3-O-Acetyl-2,4-di-O-methyl- (If) 
4) 2-O-Acetyl-3,4-di-O-methyl- (If) 
8) 3,4-Di-O-acetyl-2-O-methyl- (If) 
6) 2,4-Di-O-acetyl-3-O-methyl- (II) 
7) 2,3-Di-O-acetyl-4-O-methyl- (If) 
8) 2,3,4-Tri-O-acetyl- (If) 

OV-17 

,00 a 
I,~8 
1,32 
1,18 
1,61 
l 5,5 
l ,51 
1,71 

The absolute retention times of compound (II) were: a) 

of the methyl ethers of methyl 

Phase 

XB-a0 
1,oob 
1,63 
I ,52 
l,lS 
1,98 
1,74 
1.81 
2,08 
5.0 rain: 

OF-I 

1,00 'c 
2,30 
2.20 
1,41 
3,30 
2,70 
3,00 
3,60 

b) 4.8 rain; c) 2.7 rain. 

SUMMARY 

Conditions for the gas-chromatographic separation of the methyl ethers of methyl (methyl 
a-D-galacto- and mannopyranosld)uronates in the form of their complete acetates on the phases 
OV-17, XE-60, and QF-I are proposedf 
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