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A New C(lass of Linkage Between Carbohydrates and Lignin Model Compounds

By JacQuELINE A. HEMMINGSON, GORDON J. LEARY, IaN J. MILLER, WAYNE A. THOMAS, and ANTHONY D. WOODHOUSE
(Chemistry Division, D.S.I.R., Private Bag, Petone, New Zealand)

Summary Aqueous solutions of glucose and wvanillyl
alcohol react under mild conditions to form an ether
linkage between the benzyl and glucose C-6 positions;
this strongly suggests the possibility of a similar bond
between lignin and cellulose.

Tue difficulty in separating lignin from carbohydrates has
been attributed to the presence of lignin-carbohydrate
bonds, but the nature of such bonds has been the subject of
much speculation.? Freudenberg® has suggested that
bonds are formed by the addition of carbohydrates to
quinone methides. The major drawback to this proposal
is that in the plant, carbohydrates would have to compete
with water. An alternative method of forming bonds
would be through the etherification of benzyl alcohol
residues (occurring on 15% of units in spruce lignin?®) with
carbohydrates. Such etherification occurs when p-hydr-
oxybenzyl alcohols are heated in alcohols, or react in
acidic media.*®

We have found that this reaction occurs under quite mild
conditions in aqueous media. Thus warming (60 °C) a
solution of vanillyl alcohol (1 g) in aqueous acetate buffers
(90 ml, 0-05M) containing ethanol (10 ml) gives the ali-
phatic ethyl ether of vanillyl alcohol (329, after 8 days,
pH 4; 339, after 28 days, pH 5). The ethyl ether was also

formed at room temperature over the pH range 4—S8.
(Yields are not available as final equilibrium could not be
guaranteed.) Thus, given sufficient time under mild
conditions a dilute solution of alcohol can lead to a signifi-
cant amount of etherification. In view of the relative
abundance of p-hydroxybenzyl alcohol groups in lignin, and
the concentrations of carbohydrate, a lignin carbohydrate
bond could be formed in this way.

Ficure. Proposed structure for glucose—vanillyl alcohol adduct,
together with relevant 3C n.m.r. data. The figures shown are
8(adduct) — §(starting material) p.p.m.
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We have demonstrated that this reaction occurs for
glucose. Thus warming (60 °C) vanillyl alcohol (1 g) in an
aqueous acetate buffer (100 ml, 0-05M) containing glucose
(40 g) produces an anomeric mixture of two glucose vanillyl
alcohol derivatives (48% vyield, 10 days, pH 4). The
existence of the linkage was verified by elemental analysis
and by the mass spectrum of the per-acetylated derivative
(M+, 526). This was supported by the 'H n.m.r. spectrum,
which also indicated the anomeric mixture (50: 50).

The site of the linkage was shown by ¥C n.m.r. spectro-
scopy to be between the benzyl carbon and the glucose C-6.
The proposed structure is shown in the Figure, and the
values for the chemical shift changes show clearly that the
bonding is through the glucose C-6. (The shifts for each
glucose anomer were obtained from literature figures,® and
for vanillyl alcohol from an authentic sample. As the
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changes in chemical shift between adduct and glucose were
almost identical for each anomer, the differences have been
averaged.)

No other wvanillyl alcohol-glucose adducts could be
detected, and this clearly indicates that there is a marked
preference for the participation of the primary hydroxy-
group in this etherification. As primary hydroxy-groups
should be available in both cellulose and hemicellulose, and
in view of our results, we should expect these to be involved
to some extent in bonding to lignin.

We thank Dr. M. G. H. Munro of Canterbury University,
Christchurch, for determining the *C n.m.r. spectra and
assisting us in their interpretation.
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