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ABSTRACT 

The applicability of the reductive-cleavage method to the analysis of polysaccharides bearing 
pyruvic acid acetais has been demonstrated. Direct reductive cleavage of fully methylated gum xanthan 
yielded the expected products, including 1,5-anhydro-4,6-0-[(S)-l-methoxycarbonylethylidene]-2,3-di-O- 
methyl-o-mannitol. The latter product was not observed when reductive cleavage was performed sub- 
sequent to reduction of ester groups in the fully methylated polysaccharide and mild hydrolysis to remove 
pyruvic acid acetal substituents. Instead, the latter experiment yielded 1,5-anhydro-2,3-di-O-methyl-D- 
mannitol, establishing the presence in the polysaccharide of terminal (nonreducing) o-mannopyranosyl 
groups bearing 4,6-O-( I-carboxyethylidene) substituents. The products of reductive cleavage were charac- 

terized, where appropriate, by comparison of the gas chromatographic retention times and chemical 
ionization- and electron ionization-mass spectra of their acetates to those of authentic standards. Alterna- 

tively, theproducts ofreductivecleavagecould becharacterized without resort to comparison with authentic 

standards by analysis of the ‘H-n.m.r. spectra of their benzoates, which were obtained in pure form by 
high-performance liquid chromatography. By either method of product characterization, this two-step 
procedure ofanalysis reveals the presence of pyruvic-acetal residues in polysaccharides and establishes both 

the identity of the sugar residue to which they are attached and their positions of attachment. 

INTRODUCTION 

In a previous report’, the applicability of the reductive-cleavage method’ to the 
analysis of polysaccharides bearing pyruvic acid acetal (1 -carboxyethylidene) sub- 

stituents was investigated by examining the fate, under reductive-cleavage conditions, 
of compounds that model the various structural states that might be encountered. 
Because we envisaged that such analyses might potentially be accomplished directly 

after (a) permethylation, (b) sequential permethylation and reduction ofester groups, or 
(c) sequential carboxyl reduction and permethylation, model compounds were chosen 

that contained 1-methoxycarbonylethylidene, 1-(hydroxymethyl)ethylidene, and l- 
(methoxymethyl)ethylidene substituents. From these studies it was established that 
1-methoxycarbonylethylidene substituents were quite stable to the usual conditions24 
of reductive cleavage but that 1 -(hydroxymethyl)ethylidene and 1 -(methoxymethyl) 
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Fig. 1. Gas-liquid chromatograms of the anhydroalditol acetates derived by reductive cleavage of per-0 
methylated xanthan (upper) and its reduced (LiAIW,) and mild acid-treated derivative (lower). The 
numbered peaks were identified as follows: I, 7: 2, 4a; 3,2a; 4, 3a; 5. Sa: 6, 6; 7, 8a; and 8, 9a. 

Peak 5 was identified as methyl 2-O-acetyl-3,6-anhydro-4,5-di-O-methyl-~-g~~lonate 
(5a) (ref. S), arising from 4-O linked D-glucopyranosyluronic residues; the product 5a 

was a furan anhydroalditol, as expected, since 4-O linked D-glucopyranosyluronic 
residues are known’ to undergo ring contraction during reductive cleavage. 

The remaining component, Peak 6 (Fig. 1, upper). was found byc.i.-m.s. to have a 
molecular weight of 276, as would be expected for the pyruvic-acetal-containing 
anhydro-D-mannitol residue 6 or, indeed, any di-0-acetyl-di-O-methyl anhydrohexitol. 
That Peak 6 was indeed 1,5-anhydro-4,6-0-~(~-l-methoxycarbonylethylidene]-2,3-di- 
O-methyl-Dmannitol(6) was evident from the fact that its g.1.c. retention time did not 

change upon acetylation; its structure was verified by isolation and characterization 
(uide infra). 

Integration of all peaks and correction for molar responsegX” gave the molar ratio 
of each product (Za-5a, 6, and 7) derived from per-0-methylated xanthan (Table I). As 
is evident, the experimental values were in good agreement with those expected, with the 

exception that 3a and 5a were derived in lower-than-expected proportions. The reason 

TABLE I 

Molar ratios of products (compounds 2a-9a) derived by reductive cleavage of per-O-methylated xanthan la 
and its reduced (UAIH,) and mild acid-treated derivative lb 

Poiysaccharide 

la 

Molar ratio 

2a 3a 

1.0 0.76 

4a Sa 6 7 8a 9a 

0.98 0.59 0.44 0.47 - 

lb 1.0 0.90 0.75 - 0.24 0.62 0.27 
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Fig. 2. High-performance liquid chromatogrdms of the anhydroalditol benzoates derived by reductive 
cleavage of per-0-methylated xanthan (upper) and its reduced (LiAlH,). and mild acid-treated derivative 

(lower). The numbered peaks were identified as follows: I. 4b: ?. 2b; 3, 5b: 4. 3b: S. 9b: and 6. 8b. 

The two-step procedure just described indeed established both the identity of the 

sugar residue bearing the pyruvic acid acetal and the positions of substitution of the 

pyruvic acid acetal. However, the analysis as presented was based upon a comparison of 

the g.1.c. retention times, and e.i.- and c.i.-mass spectra of the products with those of 

authentic standards. Recognizing that such comparisons may not always be feasible, 

the validity of this method of analysis of polysaccharides containing acetal-linked 

pyruvic acid was also demonstrated by isolation and direct characterization of the 

products by ‘H-n.m.r. spectroscopy”. Shown in Fig. 2 are the chromatograms obtained 

when the benzoylated reductive cleavage products derived from per-0-methylated 

xanthan (upper) and its reduced (LiAlH,) and mild-treated derivative (lower) were 

subjected to high-performance liquid chromatography. The individual peaks were 

collected, solvent was removed by evaporation under vacuum, and the ‘H-n.m.r. 

spectra of the samples were acquired without further purification. The identities of the 

components and the positions of substitution of benzoyl and methyl groups were 

established based upon a straightforward analysis of the multiplicities and coupling 

constants of the ring-proton resonances”. Peaks l--3 (Fig, 2) were identified as mono-O- 

benzoyl derivatives, namely 1,5-anhydro-2-O-benzoyl-3,4,6-tri-O-methyl-~-mannitol 

(4b), 1,5-anhydro-4-O-benzoyl-2,3,6-tri-0-methyl-~-glucitol (2b) (ref. 15), and methyl 

3,6-anhydro-2-0-benzoyl-4,5-di-O-methyl-L-gulonate (5b), respectively. Peaks 46 

(Fig. 2) were identified as di-0-benzoyl derivatives, namely 1 S-anhydro-3.,4-di-O- 

benzoyl-2,6-di-0-methyl-D-glucitol (3b), 1,5-anhydro-4.6-di-O-benzoyl-2,3-di-O- 

methyl-D-mannitol(9b), and 1,5-anhydro-4.6-di-O-benzoyl-2,3-di-U-methyl-~-glucitol 

(8b), respectively. As expected, methyl 3,6-anhydro-2-O-benzoyl-4,5-di-O-methyl-L- 

gulonate (5b) was present (Peak 3; Fig. 2, upper) in the product mixture derived from 
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Methylation of gum xanthan (Sigma Chemical Co.) was performed by a mod- 

ification of the procedure of Hakomori”. To the lyophilized polysaccharide (150 mg) in 

Me,SO (30 mL) was added 30 mL of 1.4~ lithium methylsulfinyl carbanion”, and the 

solution was stirred at room temperature for 4 h. Cold (WI”) methyl iodide (2.6 mL) was 

then added with external cooling, and the mixture was stirred for 18 h. The reaction 

mixture was then diluted with an equal volume of water, and the solution was dialyzed 

against running water overnight. The contents of the dialysis bag were extracted five 

times with an equal volume of dichloromethane, and the organic extracts were dried 

over Na,SO, then concentrated to leave the per-O-methylated polysaccharide (110 mg) 

as a clear film. Reductive cleavages were carried out as previously described4, and the 

products were either acetylated’ or benzoylated. Benzoylations were carried out over- 

night under nitrogen using approximately 1.2 equiv. of benzoyl chloride per hydroxyl 

goup in a five-fold excess of pyridine. The reaction mixtures were worked up by direct 

passage through a small column of silica gel, and 3: 1 (v/v) hexane-ethyl acetate was used 

to elute the benzoylated products. 

Reduction of ester groups in the fully methylated polysaccharide was accom- 

plished with LiAIH, in tetrahydrofuran as previously described”. Subsequent hydroly- 

sis of the newly formed I-(hydroxymethyl)ethylidene group was accomplished by 

treatment with 2M acetic acid for 2 h at 80”. The reaction mixture was concentrated to 

dryness under vacuum, and volatiles in the residue were coevaporated 3 times with 

toluene. ‘H-N.m.r. spectroscopy of the product verified that complete removal of the 

l-methoxycarbonylethylidene substituent had been achieved. 

I,5-Anhydro-3,4-di-O-henzc?)?l-2,6-di-O-meth~l-~-glucitol (3b). - Per-O-methy- 

lated gum xanthan la was reductively cleaved for 3 h in the presence of 5 equiv. of 

Et,SiH, 1 equiv. of BF,,Et,O, and 5 equiv. of Me,SiOSO,Me as previously described4, 

and the products were benzoylated. Compound 3b was isolated from the mixture of 

products as described in Fig. 2. For 3b: ‘H-n.m.r.: 6 3.34 (s, 3 H, MeO), 3.39 (s, 3 H, 

MeO), 3.343.80 (complex, 5 H, H-la, 2, 4, 6, 6’), 4.28 (dd, 1 H, J 5.2, 11.2 Hz, H-le), 

5.35 (t, 1 H, J 9.5 Hz, H-4), 5.56 (t, 1 H, J 9.5 Hz, H-3), 7.32-7.40 (m, 4 H, m-Ar), 

7.4777.52 (m, 2 H, p-Ar), and 7.9s7.97 (m. 4 H, 0-Ar). 

1,5-Anhydro-2-O-henzoyl-3,4,6-tri-O-meth~~l-~-mannito~ (4b). - Compound 4b 

was isolated as described for3b. For 4b: ‘H-n.m.r.: 6 3.363.69 (complex, 6 H, H-la, 3,4, 

5,6,6’),3.45(s,6H,2MeO),3.56(s.3H,MeO),4.15(dd,lH,J2.2,13.0Hz,H-le),5.56 

(m, 1 H,H-2),7.41&7.48(m,2H,m-Ar),7.54-7.63(m, 1 H,p-Ar),and8.0558.10(m,2 

H, 0-Ar). 

Methyl 3,6-anhydro-2-0-henzoyl-4,5-d~-O-methyl-~-gu~onate (5b). - Compound 

5b was isolated as described for 3b. For 5b: ‘H-n.m.r.: 6 3.34, 3.40 (two s, 6 H, 2 MeO), 

3.80 (s, 3 H, MeO,C), 3.85 (dd, 1 H, J 2.0,9.7 Hz, H-6), 3.89-3.95 (complex, 2 H, H-4,5), 

4.13(dd,lH,J4.4,9.7Hz,H-6’),4.46(dd,lH,J4.1,8.9Hz,H-3),5.38(d,IH,J8.9Hz, 

H-2), 7.44-7.48 (m, 2 H, m-Ar), 7.5777.59 (m, 1 H,p-Ar), and 8.04-8.08 (m, 2 H, 0-Ar). 

l,5-Anhydro-4,6-0-[(S)-l-methox~~curbonyIethyfideneJ-2,3-di-O-methyl-~~-mann- 

itol(6). -Compound 6 was isolated by m.p.1.c. from the product mixture resulting from 

reductive cleavage (5 equiv. Et,SiH and 5 equiv. BF,.Et?O per equiv. of acetal, 6 h) of 




