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The increase in the number of free phenolic hydroxyl groups during the acidolysis
of lignin has been investigated using the colour reaction of 1- nitroso - 2— naphthol with
compounds containing free phenolic hydroxyl on p-subtituted guaiacyl nuclei.

After the sodium borohydride reduction of any «-carbonyl groups which may have
resulted during the acidolysis, the determination of free phenolic hydroxyl groups indica-
ted that milled-spruce wood lignin contained 0.30 moles of arylglycerol units per methoxyl
group. These units were linked through an ether linkage in the 3-or y-position of the side

chains.
INTRODUCTION

It has been found, using the l-nitroso-2-naphthol colour
reaction, that milled spruce wood lignin contains 0.29 moles of
free phenolic hydroxyl per methoxyl group [1]. This result is in
good agreement with the earlier results of Aulin-Erdtman [2] and
Goldschmied [3] using the spectrophotometric 4E method. Con-
sequently the remainder -0.71- of the phenolic hydroxyl in guaiacyl
propane monomers, the basic structural units of coniferous lignin,
must be present in blocked phenolic groups.

There seems to be general agreement that in lignin aryl oxygen
is linked to the f-carbon atom of the propane side chain of the
adjacent monomer [4,5]. Evidence has also been obtained which
supports the presence of phenylcoumaran structures in milled
-wood lignin [6]. If lignin indeed contains building stones linked
through aryl-alkyl ether linkages, then hydrolysis of the ether
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linkages could give rise to guaiacyl propane derivatives containing
free phenolic groups.

Since one objective of the studies on lignin is to gain infor-
mation about the linkages which unite the guaiacyl propane buil-
ding stones of lignin, the increase in C-CH, groups and in free
phenolic hydroxyl groups as the result of acidolysis was inves-
tigated [7].

The present study is also concerned with the determination
of the types of aryl-alkyl ether linkages which join the guaiacyl
propane moieties together in soft wood lignin. Thus dihydroeu-
genol-B-4-methyl-guaiacyl ether (I) was chosen as a lignin model
compound. Model compound and milled-spruce wood lignin were
each subjected to acidolysis and the increase in the number of free
phenolic hydroxyl groups was investigated.

i
HC- 0 CH,
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OCH,
0CH,
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I

The colour reaction of 1-nitreso-2-naphthol has been proved
[8] to be a rapid and accurate method for the determination of
the free phenolic content of p-substituted guaiacyl compounds.
Therefore this reaction was used for the estimation of free phenolic

hydroxyl groups.
RESULTS AND DISCUSSION

Under the experimental conditions used for the acidolysis
of lignin the hydrolysis of aryl-alkyl ether linkages of guaiacyl-
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glycerol-f-guaiacyl ether units as well as the opening of the ring
in phenylcoumaran elements could both give rise to guaiacyl
propane derivatives containing free phenolic groups. As the result
of the opening of the phenylcoumaran ring (1I), 4,6-disubstituted
guaiacyl elements containing free phenolic hydroxyl groups arise
(III). Tt has been demonstrated that such structures do not react
with 1-nitreso-2-naphthol to give a colour reaction [8]. Thus the
increase in the colour formed with l-nitroso-2-naphthol during
the acidolysis of lignin will be caused only by the cleavage of the
aryl-alkyl ether bridges of guaiacyl glycerol units present in the

lignin.
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The milled-spruce wood lignin used for the investigation
contained 0.29 mole of free phenolic hydroxyl groups per methoxyl
~group. The solution of the lignin sample in glycol-ethyl alcohol,
containing 0.2 N hydrochleric acid was subjected to acydolysis
by refluxing.

It has been reported that guaiacyl-glycerol-g-arylether sub-
jected to acidolysis with 0.2 N hydrogen chloride yields guaiacyl-
propane monomers containing carbonyl groups on the side chain
[7]. Therefore the acidolysis products of lignin could be expected
to contain similar compounds. Since previous work from this
laboratory [8] has established that compounds containing an a-car-
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bonyl group on the propyl-guaiacyl nuclei do not give a colour
reaction with I-nitroso-2-naphthol, the acidolysis products of
lignin were first treated with sodium borohydride to reduce the
carbonyl groups. After this the l-nitroso-2-naphthol colour reac-
tion was applied.

R
H3C
\
H
, OCH,
HoC OH
OCH
OH 3
I

The colour formed with the model compound (I) after 12
hours acidolysis, showed a meolar absorptivity which was twice
as high as the value obtained for the absorptivity of the model
compound before acidolysis. Thus it may be assumed that the
acidolysis of the aryl-alkyl ether linkages was complete after 12
hours refluxion.

The change of phenolic hydroxyl content of lignin after in-
creasing periods of reflux is shown in Fig. 1. As can be seen from
the figure, the maximum increase of phenolic hydroxyl group per
methoxyl is 0.30 which is obtained after 14 hours refluxion. With
prolonged heating no increase of free phenolic hydroxyl content
was observed. Accordingly this result indicates the presence of
one aryl-alkyl ether linkages for three or four guaiacyl propane
units in milled-spruce wood lignin.
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Fig.). Acidolysis of milled - spruce wood lignin

EXPERIMENTAL

Acidolysis of dihydroeugenol-p-4-methyl-guaiacyl ether (I).
10 mg of model compound were dissolved in 98.3 ml of gly-
col-ethanol (4V /6V) mixture. To this solution, 1.7 ml of concentra-
ted hydrochloric acid (sp.gr. 1.19) was added. The resulting solu-
tion was refluxed in a water bath. After heating for predetermined
periods of time, the mixture was poured quantitatively into a flask.

-The preparation of the solution for the l-nitreso-2-naphthol
colour reaction: The mixture obtained after acidolysis was neut-
ralized with a concentrated solution of sodium hydroxide and
treated with sodium borohydride. The volume was then made up
to 500 ml with glycol-ethanol and allowed to stand for 12 hrs. at
room temperature. The l-nitroso-2-naphthol colour reaction was
then applied to the solution according to the procedure described
in a previous paper [9].
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Acidolysis of milled-spruce wood lignin.

The solution of 10 mg of lignin in glycol-ethanol containing
0.2 N HCl was subjected to acidolysis under the same conditions
as those used for the model compound. After acidolysis the mixture
was again treated in an identical manner to that used for the model
compound and the final volume was made up to 100 ml.

The absorbances were measured at 505 nm with a Beckmann
quartz Model DU spectrophotometer using 5 cm cells.
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OZET

Milled-wood ligninde bulunan aril-alkil eter baglarmin miktarim tayin etmek iizere,
lignin numunesinin glikol-etanol karisimindaki ¢6zeltisi 0.2 N hidroklorik asit ile asidolize

tabi tutulmustur.

Asidoliz sirasinda aril-alkil eter yapisindaki dimerlerde aril-alkil baglarmn kopmas:
sonueu, serbest fenolik hidroksil grubu ihtiva eden p-siibstitii guayakol tiirevleri tesekkiil
edebileceginden, serbest fenol gruplariin artis1, meveut olabilecek o-karbonil gruplarimin
sodyum borhidriir ile indirgenmesinden sonra, 1- nitroso - 2— naftol renk reaksiyonu ile
spektrofotometrik olarak tayin edilmigtir.

Boylece “milled-spruce wood lignin’> numunesinde asidoliz sirasinda serbest fenolik
hidroksil grubunun maksimum artma miktar1, her bir metoksil grubuna mukabil 0.30
mol olarak bulunmustur. Dolayisiile bu netice, ligninde her bir metoksilgrubuna mukabil
0.30 mol aril-alkil eter yapis1 oldugunu gdstermistir.
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