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ABs-rRAcr 

Capillary g.1.c. on SE-30 of the trimethylsilylated (-)-2-butyl glycosides of 
D and L monosaccharides gives multiple peak patterns, which can be used for the 
assignment of the absolute cotigurations. (-)-2-Butyl glycosides can be prepared 
from monosaccharides or their methyl glycosides; consequently, for the analysis of 
oligo- or poly-saccharides, hydrolysis as well as methanolysis can be applied. Provided 
that the peaks of the (-)-2-butyl glycosides do not completely overlap, mixtures of 
monosaccharides can be analysed directly, as illustrated for the constituents of the 
cell-wall lipopolysaccharide from SaZmoneZIa fyphimurizun LT-2. 

INTRODUCTION 

In structural studies of polysaccharides and glycoconjugates, the absolute 
configurations of the constituent monosaccharides are usually determined by measure- 
ment of the optical rotation or by application of specific enzymes. The former method 
requires highly purified monosaccharides and substantial amounts of material, and 
the latter requires specific enzymes that are not a!ways available. 

Recently, the use of g.1.c. for the separation of enantiomers’-3 has been re- 
viewed. The resolution of racemic mixtures has been achieved by (I) using a chiral 
stationary phase, and (2) conversion of the enantiomers into diastereomers by a 
chiral reagent, and separation on a non-chiral phase. The introduction of high- 
resolution capillary columns wall-coated with non-chiral phases has made the latter 
approach very attractive. 

Our results4 on the separation of the enantiomeric forms of amino acids and 
hydroxy acids, as the corresponding (-)-menthyl esters on capillary columns wall- 
coated with SP-1000, prompted an investigation of D and L sugars. We now describe 
the resolution of a number of common D and L neutral monosacchatides as the 
corresponding trimethylsilylated (-)-2-butyl glycosides on capillary columns wali- 
coated with SE-30 as stationary phase. 

LTo whom correspondence should be addressed. 
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RESULTS AND DI!XUS!SION 

G. J. GERWIG, J. P. KAMERLING, I. P. G. VLIEGENTHART 

Figs. 1-8 show the g.1.c. patterns of the trimethylsilylated (-)-2-butyl glyco- 
sides of D- and L-arabinose, L-rhamnose, D- and L-fucose, D-ribose, D- and L-xylose, 
D- and L-mannose, D- and L-galactose, and D- and L-glucose. The pentoses and 6- 

deoxyhexoses were run isothermally at 150” and the hexoses at 175”. The (-)-2- 
butanol sample contained 4-5x of the (+) -enantiomer, as shown by the presence 
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Fig. 1. G.1.c. pattern of trimethylsilylated derivatives of (u) (-)-2-butyI Lwarabinoside, (b) (-)-2- 
butyl L-arabinoside, and (c) (-)-2-butyl D- + L-arabmoside. 
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Fig. 2. G.1.c. pattern of trimethylsilylated derivatives of (a) (-)-2-buty! L-rhamnoside, and (b) (A)-2- 
butyl r.-rhamnoside. Because the retention times of the derivatives of (+)-2-butyl L-rhamnoside 
and (-)-2-butyl ~rhamnoside are the same, the peaks in (b) arising from the first derivative have been 
assigned D. (f)-2-Butanol contained some unkzxown contaminants with short retention times on 
SE-30. 
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Fig. 3. G.1.c. pattern of trime&yIsilylated derivatives of (a) (-)-2-butyl Isfucoside, (b) (-)-2-butyl 
L-fucoside, and (c) (-)-2-butyl D + L-fucoside. 
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Fig. 4. G.1.c. pattern of trimethyisilylated derivatives of (I-J) (-)-Zbutyl n-riboside and (b) (f)-2- 
butyl n-riboside. Because the retention times of the derivatives of (+)-2-buty1 n-riboside and (-)-2- 
butyl L-riboside are the same, the peaks in (b) arising from the first derivative have been assigned L. 
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of some small peaks marked * in Figs. 2, 3, and 6-8. Sometimes, small proportions 
(-c 4 %) of the free monosaccharides were observed. On non-chiral stationary phases 

like SE-30, (-)-a&y1 D-glycosides and (+)-alkyl L-glycosides-are eluted together, 
as are (-)-alkyl L-glycosides and (+)-alkT1 D-glycosides. This situation was demon- 
strated by also analysing the (f)-ZbutyI glycosides. The g-1-c. data for D-rhamnose 
and L-ribose -were deduced from the gas chromatograms of the trimethylsilylated 
(A)-2-butyl glycosides of L-rhamnose and D-ribose, respectively. Fig. 9 shows the 
gas chromatogram of a mixture of D- and L-fucose, D- and L-xylose, D- and L-mannose, 
D- and~L-galactose, and D- and L-glucose, recorded under programmed conditions 
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Fig. 7. G.1.c. pattern of trimethylsilylated derivatives of (a) (-)-2-butyl D-galactoside, (~5) (-)-2- 
butyl L-galactoside, and (c) (-)-2-butyl D- + L-galactoside. 
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Fig. 8. G.1.c. pattern of trimethykiIyIated derivatives of (a) (-)-Z-butyl D-ghcoside, @) (-)-Z-butyl 
r_-glucoside, and (c) (-)-2-butyl D- + r-glucoside. 

tween pyranoid and fyanoid forms, the ratio of the intensities of the peaks at y/e 204 
[Me$W-CH-CH=OSiMe,] a,nd at m/e 217 [Me,SiO-CH=CH-CH=OSiMe, 
or Me,SiO-CH-CH(OSiMe&CH] was used’. For aldohexoses and 6-deoxy- 
aldohexoses, pyramid forms give a ratio m/e 204/217 ~1, whereas furanoid com- 
pounds show a ratio <cl. Moreover,+for aldohexoses, the presence of an intense 
peak at nz/e 205 [CH,0SiMe3-CH=OSiMe,] is also characteristic of a furanoid 
ring. In aldopentoses, the ratio m/e 204/217 varies from N 1 to > 1 for pyranoid 
forms and is << 1 for furanoid forms. The CL and #? conf?gurations of the different 
anomers were not determined’. 
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Fig. 9. G.1.c. of trimethylsilylated (-)-2-butyl glycosides of a mixture of D and L monosaccharides 
(SE-30; tenrperature programme, 135”-+200” at 1 "/min). 

As is evident from the data in the Figures and Table I, the absolute cotigura- 
tions of monosaccharides can be determined easily by g.1.c. of the trimethylsilylated 
(-)-2-butyl glycosides. Furthermore, Fig. 9 demonstrates the analysis of a mixture 
of sugars and indicates the applicability of the method to hydrolysates and methano- 
lysates of polysaccharides and glycoconjugates in conjunction with analysis by g.1.c. 
of the alditol acetates6 or trimethylsilylated methyl glycosides’. Comparison of 
g.1.c. data obtained from mixtures of model substances directly butanolysed, or 
first methanolysed and then butanolysed, showed only insignificant differences in 
peak intensities. 

To iilustrate the scope of the method, it was applied to the mixture of rhamnose, 
mannose, galactose, and glucose obtained from the cell-wall l.ipopolysac&aride from 
Salmonella typhimurium LT-2. The poljrsaccharide was methanolysed and the products 
were butanolysed and trimethylsilylated. The gas chromatogram (Fig. 10) of the 
resulting mixture of trimethylsiIylat.ed (-)-2-butyl glycosides demonstrated the 
occurrence of L-rhamnose, D-marmose, D-galactose, and D-glucose in the poly- 
saccharide, which is in accordance with the literature &tag. 

Preliminary experiments have shown that the procedure is applicable to N- 
acetylhexosamines. 
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TABLE I 
G.L.C. AND hUSS-SPECXROhfElRIC DATA FOR TKE -YLAlED (-)-2-BVm GLYCOXDES OF 
SOME D AND L MONOSACCHARIDES 

Parent sugars T= 
A* B* 

Mizw spectrometry Ring size 

D-Arabinose 

L-Arabinose 

D-Rhamnosed 

L-Rhamnose 

D-Fucose 

L-Fucose 

D-Ribose 

L-Rib& 

D-Xylose 

L-Xylose 

D-MaImoSe 

L-Mannose 

DGalactose 

L-Galactosc 

D-GlUcoSe 

L-GlUcOSe 

0.55 0.70 
0.56 0.71 
0.58 0.73 
0.67 0.80 
0.54 0.69 
0.55 0.70 
0.58 0.73 
0.70 0.82 
0.59 0.72 
0.71 0.82 
0.57 0.71 
0.70 0.81 
0.59 0.72 
0.69 0.79 
0.72 0.82 
0.82 0.89 
0.62 0.74 
0.67 0.78 
0.78 0.87 
0.80 0.88 
0.62 0.75 
0.64 0.76 
0.65 0.77 
0.66 0.78 
0.80 0.88 
1.04 1.02 
0.79 0.87 
1.06 1.03 
1.24 1.15 
1.64 1.34 
1.18 1.12 
1.61 1.32 
1.27 1.18 
1.47 1.28 
1.61 1.34 
1.30 1.21 
1.41 1.25 
1.70 1.38 
1.66 1.36 
2.10 1.53 
1.58 1.32 
2.10 1.53 

47 
28 
20 
5 
31 
43 
22 
4 
- 
- 

96 
4 
24 
53 
19 
4 
21 
57 
18 
4 

11 
89 
- 
- 
65 
35 
67 
33 
96 
4 

96 
4 

31 
51 
18 
27 
55 
18 
71 
29 
72 
28 

m/e 204 N m/e 217 PC 
m/e 204 << m/e 217 f 
mfe 204 N m/e 217 P= 

m/e 204 << m/e 217 m/e 204 << m/e 217 I 
m/e 204 N m/e 517 
mfe 204 N mje 217 5 
m/e 204 << m/e 217 f 
- P 
-5 P 
m/e 204 >> m/e 217 P 
mfe 204 >> m/e 217 
m/e 204 <C m/e 217 ; 
m/e 204 >> mfe 217 P 
m/e 204 >> m/e 217 
m/e 204 << m[e 217 P 
m/e 204 << m/e 217 f 
m/e 204 xa m/e 217 P 
m/e 204 >> m/e 217 
m/e 204 << m/e 217 P 
- n.dP 
m/e 2@4 N mle 217 P 
- P 
- n.d. 

mje 204 >> m/e 217 P 
mJe 204 >> m/e 217 P 
mfe 204 >> mJe 217 P 
m/e 204 >> m/e 217 P 
m/e 204 >> m/e 217 P 
m/e 204 >> m/e 217 P 
m/e 204 >> m/e 217 P 
m/e 204 >> m/e 217 
m/e 204 << m/e 217; m/e 205 T 
m/e 204 >> m/e 217 P 
m/e 204 >> m/e 217 
m/e 204 << m/e 217; mJe 205 5 
mJe 204 >> m!e 217 P 
m/e 204 >> m/e 217 P 
m/e 204 >> m/e 217 P 
m/e 204 >> mfe 217 PP 
m/e 204 >> m/e 217 P 
mfe 204 >> m/e 217 PO 

aRelative to that of trimethylsiIyIated methyl a-D-galactopyranoside (~26 min at 150”, -10 min 
at 175”). bA, Isothermally: pentoses and 6-deoxybexoses at 150°, bexoses at 175”; B, temperature 
programmed, 135°+200” at l”/min (T for the internal standard was ~31 min). crhe peaks from 
the pyranoid forms of the D; and L-arabinosides were not separated. me ring sizes and T vaIues 
deduced from g.1.c. and g.l.c.-m.s. data for trimethykilylated derivatives of (-)-2-butyl L-rbamnoside 
and (f)-2:butyl L-rbamnoside.6Because of the coincidence of the minor and major anomcr of (-)-2- 
butyl D-riioside on SE-30 or OV-1, determina tion of ring size could not +e performed by g.l.c.-m.s. 
?Ihe g.1.c. data deduced from trimetbylsilylated (-)-2-butyl D-riide and (&)-2-butyi D-rib&de. 
The same holds for the ring size of the main product. @The peaks origiuatiog from the pyranoid 
forms of the D- and ~glucosides were not separated. 
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Fig. 10. G.1.c. (see Fig. 9) of tbe trimetbylsilylated (--)_2-butyl glycosides of the monosaccharides 
occurring in the cell-wall 1ipopoIysaccharide from Salmonella typfzimurium LT-2. The peaks marked l 

originate from the (+)-enantiomer in the (-)-2-butan sampIe. 

(-)-Z-Butanol (pun@ was obtained from Fluka AG, and the lipopoly- 
saccharide from SalmoneIIa typhimurium LT-2 was a gift of Dr. J. Lijnngreen (Uni- 

versity of Stockholm). 

Alcoholic [(-)- or (f)-2-butanol; methanol] solutions of hydrochloric acid 
were prepared by analogy with Ref. 7, and stored at - 18 o in a desiccator. 

Butarzolysis and trimethylsilylation of monosaccharides. - Nitrogen was bubbled 
through a solution of dry monosaccharide (0.5 mg) in (-)- or (f)-2-butanolic M 

HCI (0.5 ml) for 30 set, and the ampoule was then sealed. After butanolysis for 8 h 
at 80”, the solution was neutralized with Ag,COa, the precipitate was triturated 
thoroughly and centrifuged (2m g for 10 mm), and the supernatant solution was 
concentrated under reduced pressure at 45”. The residue was dried for 12 h in vacua 

over P205, and then treated with hexamethyldisilazane-chlorotrimethylsilane- 
pyridine (0.1 ml, 1: 1: 5) for 30 min at room temperature. 

Methanolysis-butanolysis of Salmonella typhimurium LT-2 lipopolysacchariak - 

The polysaccharide (2 mg) was solvolysed in methanolic M HCl for 24 h at 85” as 
reported earlie?, except that the re-JV-acetylation step was omitted. Parts of the 
mixture of methyl glycosides were anzlysed quant.itativeIy as the trimethyIsily1 
derivatives and butanolysed and trimethylsilylated as described above. 
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G.1.c. was performed on a Varian Aerograph 2740-30-01 gas chromatograph 
equipped with a flame-ionization detector and a glass-capillary column (25 m x 
0.31 mm) wall-coated with SE-30 (LKB-Produkter A-B., Stockholm). The empty- 
column volume was 1.90 ml and the coating efficiency was 84%. The nitrogen flow- 
rate was 1 ml/mm and the make-up gas fiow-rate was 30 ml/min. The injection-port 
and detector temperatures were 200” and 220”, respectively. The instrument was 
operated at 150” for derivatives of pentoses and 6-deoxyhexoses, and at 175“ for the 
derivatives of hexoses. For mixtures, the temperature was programmed from 135” + 
200° at l”/min. Samples (0.01-0.10 ~1) were injected directly on the column, without 
a stream splitter. Peak areas and retention times were determined with a Varian 
CDS 101. 

Mass spectra (75 eV) were recorded on a Jeol JGC-1 lOO/JMS-O7 combination 
with an ion-source temperature of 250°, an accelerating voltage of 3 kV, and an 
ionizing current of 300 PA; 3.8 % of SE-30 and 3 % of OV-1 on Chromosorb W/AW- 
DMCS (HP, SO-100 mesh) were used as column materials. The oven temperature 
of the gas chromatograph was dependent on the type of sample. 
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