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In a previous paper ! the possibility was
considered that cyclohexadienone struc-
tures of type I, produced via an oxidative
phenol coupling, occurred in lignin. Struc-
tures IT — V constitute some other types of
dienone units which conceivably also could
arise during the oxidative coupling of phe-
nols involved in the biosynthesis of lignin.®3
From the suggested structural elements of
the quinone ketal type (IV and V) quinone
units may be formed. Thus, hydrolysis of
o-quinone ketals (IV) with formation of o-
quinone units of type VII may occur in the
plant. Analogously, p-quinone units of type
VI may arise by hydrolysis of p-quinone
ketals (V) (see Ref. 4). Alternatively, p-
quinone units could be thought to be
formed in connection with an oxidative
elimination of a propyl side chain (Ref. 5,
¢f. also Ref. 6).

In preliminary experiments it was found
that methanol was liberated when lignin
samples, as well as model compounds for
structures II—VII, were subjected to

* Part V, Acta Chem. Scand. In press.

** The major part of this work was presented
at “Det 13. Nordiske Kemikermade”, Copen-
hagen, 19—23 August 1968.
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acidolysis by heating with 0.2 M hydrogen
chloride in dioxane-water (9:1) at reflux
temperature * (concerning the formation
of methanol from compounds related to
structures III and V on acidic treatment,
see Refs. 7, 2, and 4). Evidently the
methanol originated from methoxyl groups.
In the present work, formation of methanol
from lignin and lignin model compounds on
acidolysis was studied in order to clarify
whether quinonoid and quinone units of
types II—-VII may occur in lignin. The
methanol was determined by gas chromatog-
raphy.

The amounts of methanol obtained on
acidolysis of spruce lignin (Bjérkman lignin
from Picea abies) were relatively small; on

rolonged treatment the yield was about
0.02 mol/OCH, (Table 1). Similar results
were obtained with a lignin sample which,
to avoid contact with acid, had been
purified according to a procedure which
differed somewhat from that used by
Bjorkman® (the precipitation from 90 %
acetic acid into water was replaced by
precipitation into 1 9, aqueous sodium sul-
phate solution from a dioxane-water (19:1)
golution), but an observed difference was
that traces of methanol (= 0.001 mol/OCH,)
were liberated even at room temperature on
brief treatment (0.25 h) with the acidolysis
reagent. A hardwood lignin (Bjérkman
lignin from Betula verrucosa) gave a some-
what higher yield of methanol than spruce
lignin on 4 h acidolysis (Table 1).

* Throughout this paper the term ‘“acidol-
ysis”’ is used specifically for this treatment.
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Table 1. Yields of methanol on acidolysis.

Time of acidolysis (h)
Sample ¢
0.25 | 1 | 4 | 8 | 24
VIII® 0.28 0.47
IX? 0.08 0.30 0.70
X 1.9
X1b 0.05 0.56 0.65
Spruce lignin® 0.0086 0.014 0.018 0.02
Birch lignin® 0.03
Birch xylan® 0.003 0.03 0.25
2.0-(4-0-Mo-2-D-GpA)-D-Xyl® | 0.004 0.02 0.26 0.45
4-0-Methyl-D-glucuronic acid® | 0.15 0.64 0.77 0.42

4Gifts of compounds from Prof. E. Adler and Fil.lic. G. Andersson (compounds X and XI),
Dr. H. D. Becker (compound VIII), Prof. O. Samuelson (uronic acids) and Laborator O. Theander

(birch xylan) are gratefully acknowledged.
bYields given in mol/mol.
¢Yields given in mol/OCHj,.

Model compounds for structural ele-
ments of types II, III, IVa, VI, and VII
gave varying but in general substantial
amounts of methanol on acidolysis. Results
obtained with some of the model com-
pounds investigated are given in Table 1.
The dioxepin * obtained by Pew and Con-
nors* on enzymatic oxidation of (4-hy-
droxy-3-methoxyphenyl)-1-propanol also
was examined. This dioxepin contains a
p-quinone ketal grouping as in structure V,
and can therefore be considered as a
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* The authors thank Dr. J. C. Pew for a
sample of this compound.
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model compound for this type of structure.
The yield of methanol was about 0.9
mol/mol on acidolysis for periods of time
varying between 0.25 h and 4 h. Forma-
tion of methanol on acid treatment of this
compound has previously been encoun-
tered.* Compound XII ® which was used as
a model compound for dienone structures
of type I gave no methanol on acidolysis.

A variety of lignin model compounds
representative of the major kinds of units
in lignin also was examined. These com-
pounds, in contrast to the quinonoid com-
pounds and quinones discussed above,
merely contain methoxyl groups linked to
aromatic rings. All the compounds of this
type investigated gave < 0.001 mol/mol
methanol on brief acidolysis (0.25 h) and
most of them (guaiacol, vanillin, vanillic
acid, 3,4-dimethoxybenzaldehyde, conifer-
aldehyde, syringaldehyde, 2,6-dimethoxy-
phenol, guaiacylglycerol- g-(2-methoxy-
phenyl) ether, veratrylglycerol-8-(2-meth-
oxyphenyl) ether, dihydrodehydrodiconi-
feryl alcohol, (+ )-pinoresinol) gave none or
negligible amounts ( < 0.001 mol/mol) even
on acidolysis for 4 h. However, afew of the
compounds examined gave higher yields of
methanol on 4 h acidolysis. Thus 1,2-bis(4-
hydroxy - 3 -methoxyphenyl) - 1,3 - propane-
diol and a compound of the biphenyl type,
2,2’-dihydroxy - 3,3’ -dimethoxy-5,5’-dime-
thylbiphenyl, gave about 0.005 mol/mol. A
greater amount of methanol was obtained
from a second compound of the biphenyl
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type, 2,2’-dihydroxy-3,3'-dimethoxy-5,56'-
dipropylbiphenyl, which gave 0.02 mol/mol
on 4 h acidolysis.

According to the results obtained from
experiments with quinonoid compounds
and quinones, the methanol liberated on
acidolysis of lignin may originate from
minor amounts of structural elements of
types II—VII present in the lignin. The
acidolysis experiments with model com-
pounds representative of the major part
of the units in lignin support this inter-
pretation of the results, because most of
the compounds of this type examined did
not yield any appreciable amounts of
methanol, and none of them gave a greater
yield of methanol than obtained from
lignin.

Bjorkman lignin preparations contain
minor amounts of carbohydrates.®!® To
investigate the possible contribution of
methanol from 4-O-methyl-D-glucuronic
acid units attached to the carbohydrates,
the formation of methanol on acidolysis of
4-O-methyl-D-glucuronic acid, 2-0-(4-O-
methyl-a-D-glucopyranosyluronic acid)-D-
xylose, and a birch xylan was studied. As
shown in Table 1 considerable amounts of
methanol are liberated; probably because
an initial hydrolysis to get free 4-O-methyl-
D-glucuronic acid is required, only small
amounts of methanol were obtained from
2-0-(4-0-Me-¢-D-GpA)-D-Xyl and birch
xylan on brief acidolysis. The number of
4-O-methyl-D-glucuronic acid units in
Bjérkman lignin preparations can be ex-
pected to be rather small,®!%!! and there-
fore to give rise only to a minor portion of
the methanol liberated on acidolysis.

Experimental. Acidolysis. The samples (5-40
mg) were heated for the desired periods of time
with 1 ml 0.2 M HCl in dioxane-water (9:1) (the
dioxane used was purified according to Ref. 12)
in sealed glassampoules with refluxing acidolysis
reagent as heating bath. After being cooled,
the ampoules were opened and 0.26 ml 1.2 M
aqueous sodium acetate solution added. The
mixtures were then analysed for methanol as
described below. Determination of methanol.
The samples were analysed for methanol by
gas chromatography on a Perkin Elmer model
800 instrument equipped with a pre-injector
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(see Ref. 13). Method A. Methenol was deter-
mined as described in Ref. 13. Method B. For
the analysis a Porapak-Q column was used.
Column dimensions: 100 X 0.3 em o.d. stainless
steel tubing. Temperatures: Injection 150°,
column 110° detector 150°. Carrier gas: N,,
30 ml/min. 2,2,2-Trifluoroethanol was used as
internal standard. In all acidolysis experiments
methanol was determined according to method
A and in most cases also according to method B.
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