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Glycosyl-linkage analysis’,’ (i.e., methylation analysis) is a widely used procedure 
for determining the glycosyl-linkage composition of carbohydrates. Glycosyl linkages 
are deduced from the electron impact-mass spectra of partially 0-methylated, partially 
0-acetylated alditol derivatives. While the various epimers of a given partially O- 

methylated, partially 0-acetylated alditol (e.g., 1,3,5-tri-0-acetyl-2,4,6-tri-O-methyl-D- 
glucitol us. 1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl-~-galactitol) give nearly identical mass 
spectra, they can generally be separated by gas-liquid chromatography (g.1.c.). Thus, 
complete assignment of the identities of the peaks obtained during g.l.c.-m.s. of partially 

0-methylated, partially 0-acetylated alditols obtained from an unknown sample relies 
on the availability of appropriate g.1.c. standards. 

Procedures have been developed for the preparation of the required standards for 

glycosyl-linkage analysis. These protocols involve intentional undermethylation of 
methyl glycosides3, alditols4, or aldoses5. The mixture of partially methylated aldoses or 
methyl glycosides is then typically separated from other reactants and products by 

reversed-phase chromatography on C- 18 cartridges5,’ or by partitioning into chloro- 

form~methano17. The sample is then reduced with sodium borodeuteride (following 

acid-catalyzed hydrolysis in the case of methyl glycosides) and 0-acetylated to form a 
mixture of partially methylated, partially acetylated alditols. These procedures work 
well for the tetra-O-methyl derivatives of hexoses and for the tri-O-methyl derivatives of 
deoxyhexoses and pentoses, but these methods produce poor yields of those derivatives 

carrying fewer O-methyl groups. We have found, for example, that the methyl glyco- 
sides in a mixture that are only partially 0-methylated do not bind efficiently to a 

reversed-phase cartridge nor do they efficiently extract into chloroform-methanol, due 
to their more polar nature. Thus, those procedures are strongly biased towards the 
recovery of partially 0-methylated, partially 0-acetylated alditols corresponding to 
terminal residues, with limited recoveries of the derivatives corresponding to linear 
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into separate 13 x 100 mm screw-capped tubes. M Methanolic HCI (2 mL) was added to 

each sample, and the tubes were capped tightly and placed in a heating block for 90 min 

at 80”. The samples were cooled to room temp. trrr-butanol(200 ,uL) was added to each, 

and the samples were placed in a 40” water bath and concentrated to syrups in a stream 

of dry, filtered air. Each sample was dissolved in methanol (1 mL) and again concentrat- 

ed to a syrup. The sample in each tube contained (assuming quantitative formation of 

the methyl glycosides) 0.412 mmol of hydroxyl groups. 

(h) Partial methyl&ion of methyl glycosides. Each methyl glycoside sample was 

dissolved in methyl sulfoxide (400 ,uL), and the tube was purged with argon. A quantity 

of potassium methylsulfinylmethanide sufficient to deprotonate two-thirds to three- 

fourths of the hydroxyl groups in each sample (e.g. , 3.5~ potassium methylsulfinyl- 

methanide (124 pL) to account for 7.5% of 0.412 mmol of hydroxyl groups) was added 

to each tube. The tubes were then purged with argon, capped, and mixed. Generally, 

each sample formed a yellowish gel. After 10 min, iodomethane (130 ,uL) was added to 

each sample and mixed. The samples turned clear and colorless almost immediately. 

After 10 min the tubes were placed in a 40” water bath, and the mixture was concentrat- 

ed using a gentle stream of filtered air for 15 min to remove excess iodomethane. 

(cj Acetylation ofmethylgl~~cosidetes andextraction ofpartiall_y methr$ated, partial- 

Zy ucetJ~latedmetllJ~1 g/ycosides. I-Methylimidazole (200 /IL), a catalyst for acetylation8, 

was added to each sample and mixed. This procedure was followed by the addition of 

acetic anhydride (2 mL). The samples turned yellowish and frequently formed a 

granular precipitate (possibly potassium iodide). After 10 min at room temperature, 

water (5 mL) was added to each sample and mixed to decompose excess acetic anhydride 

(any precipitate disappeared at this point). After the samples had cooled to room 

temperature, each was extracted with dichloromethane (2 x 1 mL), centrifuging briefly 

as needed to aid in phase separation. The two dichloromethane extracts were then 

combined in a single clean tube. The dichloromethane extracts were extracted with 

water (5 x 4 mL) (samples were centrifuged as needed to separate phases), discarding 

the aqueous phase after the first four extractions. Following the fifth water extraction, a 

clean Pasteur pipet was used to carefully transfer the dichloromethane layer to a clean 

tube. The dichloromethane was then evaporated in a stream of filtered air while the 

tubes were standing in a 40” water bath. 

(d) Hydrolysis qf purtiully methyluted, partially acetyluted methyl glycosides. To 

each sample was added 2~ trifluoroacetic acid (1 mL) containing 0.1 mg/mL of 

myo-inositol. The tubes were capped tightly, mixed, and placed in a heating block at 

120” for 1 h. The samples were placed in a 40” water bath, and the solvent was 

evaporated in a stream of filtered air. 

(e) Reduction of partially methylated glycoses. To each sample was added a 10 

mg/mL solution of NaBD, in 2~ NH,OH (500 pL). The samples were capped, mixed, 

and left at room temperature for one to two hours. Excess NaBD, was decomposed by 

the addition of acetone (250 pL), and the solvent was evaporated in a stream of filtered 

air while the tubes were standing in a 40” water bath. 

(f) Acetylation of the partiully methyluted alditols and extraction of the partially 
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methylated,partiafly acetylatedalditols. Each sample was dissolved in glacial acetic acid 

(100 pL), and ethyl acetate (0.5 mL) and acetic anhydride (1.5 mL) were added to each 

and mixed. Acetylation of the partially methylated alditols was catalyzed’ by the 

addition of 60% perchloric acid (58 pL). After five min at room temperature, water (5 

mL) and 1 -methylimidazole (100 ,BL) were added to each sample and mixed to decom- 

pose excess acetic anhydride’. After the tubes had cooled to room temperature, each 

sample was extracted twice with dichloromethane (1 mL). The dichloromethane ex- 

tracts were combined in a clean tube and extracted with water (3 x 4 mL), centrifuging 

briefly as needed to aid in phase separation. Following the last extraction, the dichloro- 

methane layer was carefully transferred to a clean tube. This material (1 pL) was injected 

for g.1.c. analysis, and 0.5 ,uL was used for g.l.c.-m.s. analysis. 

RESULTS AND DISCUSSION 

Tentative identification of the peaks obtained from g.1.c. of each partially O- 

methylated, partially 0-acetylated standard mixture was made by comparison with a 

table of relative retention times of partially methylated alditol acetates’ and by compari- 

son with retention times determined previously in this laboratory (Jerry Thomas, 

unpublished results). Identities of the derivatives were confirmed by their e.i.-mass 

spectra (refs. 7, 10, and original data). A representative gas chromatogram of one of the 

standards (L-arabinose) is shown in Fig. 1. Partially methylated alditol acetates arising 

from both the furanose and pyranose ring forms of r_-arabinose are identified, as a 

mixture of ring forms was formed during the methanolysis of L-arabinose. As expected, 

only derivatives of the pyranose ring form were produced from the commercially 

obtained methyl glycopyranosides. Likewise, no derivatives of the furanose forms of 

L-fucose and L-rhamnose were detected, as these 6-deoxyhexoses are known to form 

only low amounts of furanosides during methanolysis”. Retention times on a 30-m 

SP2330 g.1.c. column (relative to myo-inositol hexaacetate) of all the standards generat- 

ed in this study are listed in Table I. 

A significant amount (- 1.5510 mol%) of per-0-methylated methyl glycoside 

and smaller amounts of partially methylated, partially acetylated methyl glycosides 

were detected” I4 m the L-fucose, L-rhamnose, D-rtXinnOSe, and D-ghCOSe samples, 

apparently due to incomplete hydrolysis. These compounds had retention times distinct 

from those of the partially methylated, partially acetylated alditols and thus did not 

interfere with analysis of the standards. 

The described method is a simple, relatively fast procedure for making the 

standards necessary for glycosyl-linkage analysis of complex carbohydrates. In this 

procedure, the potassium methylsulfinylmethanide rather than iodomethane limits the 

methylation. Limiting the base relative to carbohydrate (with subsequent addition of 

excess iodomethane) is more straightforward to calculate than attempting to limit the 

amount of iodomethane relative to carbohydrate (in the presence of an excess of base). 

Acetylation of the partially methylated methyl glycosides facilitates sample clean-up 

and recovery of the mono-, di-, and tri-O-methyl derivatives as well as the unmethylated 
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