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multiplet, Ar), 5.60 (O, singlet, o-CH), 4. 26 (28, quartet, CHy in COOEL), 3.86 (3H, singlet,
OCHg), 2,31 (8 H, singlet, Ar-OCOCH,), 1.22 (3 H, triplet, CHy in COOKEL),
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Degradation of Protolignin with Metallic Sodium in Liguid Ammonia
Akira Yawacoom®
Summary

In order to acquir

:some new knowledge on the chemical

tructure of protolignin, Exomatsu

ion with metallic sodium in

(Ficea jezoensis) wood meal was submitted to degradation re

Hguid ammonia and resultant degradation products were studied.

Acidic oll of degradation products obtained by the method of Sworvema® with slight modi-

fication (wet method) was submitted to paper chromatography and the following phenylpropane

d side chain were detected  dihydroeugenol (23), guaiacyl-

monamer derivatives with

urs

L-propanct (253, gualac yropanediol

I-Z-propancl (24), guaiacyl-3-propancl (26), guaiacy

(29), gualacyl-1, 3-propanediol (30) and guaiacylglveerol (7).
MWL and LCC prepared fre

reaction by the wel method and resuitant ach

same Fzomatsn wood sample were submitted to degradation

ic oils were analysed by gas chramatography

to make clear the relative amount of these monom Resuits have shown that relative

5.
amount of dihydroeugenol (23) and gualacyl-3-propanol (26) was much larger than the other

materials,

In the case

of the wet method, wood sample was firstly degraded with metallic sodium in

Houid amunonia below —339C. After completion of the re , ammonia was evaporated and

water was added o the residual reaction products, and resultant water solution was extracted

with ether to separate neutral oil. After acidification of the solution with sulfuric acld, acidic

oil was extracted with ether. Accordingly, contact of reaction products with strong alkaline

or acidic medium is inevitable by the wet method w might cause oxidation, condensation

and other side reactions, In ae attempt to avoeid such drastic conditions at subsequent freat-

ment stage, direct neutralization of the reaction mixisre with ammeoninm chloride in Hquid
ammonia and extraction of the resultant producis with organic solvent were examined, Results

indicated this “dry method” was superior to the former method on the polnt of avoiding such
side reactions.

It has been pointed out thai cleavage of aryl alkyl ether linkage is the maln reaction
route of degradation when this reaction s applied on lignin, For the elucidation of this point,
some lignin model compounds werve submitted to this reaction and reaction mechanism was
studied.
ternt.

Isolated hydroxyl group attached to saturated side chain was stable to this reaction s

However, hvdroxyl groups of w, 8-glycol type received some chemical change, namely, reduc-

tive elimination of hydroxyl group and scission of linkage betw 1/ carbon atom fook

)

place, bub vield of the reaction products was very amall, and wmost of the original material
was recovered unchanged,

atnrsted by this reaction,

!

d of the latter was small. Side chain

in geperal, double bond conjugated to aromatic nuc

eus are

Isoeugenol gave dihydroengenol by this reaction, but yiel

of cinnamyl alcohol type reacted almost quantitatively, giving mostly s-propyl group by

Received OGctober, 25 1975
{1} Forest Products Chemistry Division



saturating e, B-double hond and eliminating hydroxyl group at ¢-position by reduction. Some

3

of the side chain gave y-hydroxy propyl group only by saturating double bond, and other small

part of the side chain gave propenyl grouw by reductive elimination of y-hydroxyl group.

Among materials that have carbonyl group, a-ketone group with phenolic hydroxyl group

at. p-position was reduced effectively and vielded alcoholic hydroxyl group in almost quantita-
tive vield, Vanillin, which has a-aldehyde group with phenolic hydroxyl group at p-position,
was reduced to vanillyl alcohol. But in this case, reaction aspect was complicated, namely,
dimeric substance produced by condensation veaction and other substance that has probably
amine group were yielded other than vanillyl alcchol

Aryl alkyl ether was cleaved by this reaction yielding mainly phenol and alkyl group, but
the cleavage reaction did not proceed quantitatively, leaving starting materials in appreciable
amount, In this case, occurrence of mnexpected reaction such as to yield alcohol and aromatic
nucleus was known to be possible, Direction of cleavage reaction was presumed to be influ-
enced by the chemical structures adjacent to the ether bond in the molecule.

d, i-Pinoresinol was known to be stable to this reaction,

Resction products of Ezomatsu wood meal by the dry method was submitted to column
chromatography and the following materials were separated and identified : dibiydrosugenol
(28), p-n-propyiphencl {

34), gualacyl-I-propancl (28), guaicyl-3-propanol (26), gualacyl-1, 3~
propanediol (30), p-hydroxyphenyl-1, 3-propanediol (33), gualacyiglycercl (7), vanillyl alcchol

(35), gualacylglycerol-g-p-n-propylphenyl ether (63) and

1, 2-diguaiacyl-1, S-propanediol (8).
Dihydroeugensl (23) and p-n-propylphencl (34) wers thought to be vielded from cinnamyl

alechol type wnit attached at the terminal positivn of lignin meolecule by the cleavage of aryl

alkvl ether linkage, saturation of double bond and reductive elimination of hydroxyl group at

y-position. Gualacyl-3-propanct (26) was thought to be yielded also from the same structural

s of side chaln,

part by the cleavage of ether bond and saturs
Gualacyl-1, 3-propanedicl (30) and p-hydroxyphenyl-1, 3-propanediol (83) were presumed

to he vielded from aryiglycerol-8-aryl ether, which was one of the principal structural units

of lignin, by the cleavage of linkage.

Gualacylglveerol-g-p-n-propyliphenyl ether (63) obtained in the present sxperiment was a

new dimeric material of phenylpropane dexi

tive as the degradation products of Hgnin, This
material contained hoth guaiacyl nucleus and p-hydroxyphenyl nucleus. Since cleavage of aryl

alkyl ether does not procesd guantifatively, dimeric substance that possess aryl alkyl ether

considered that phenolic hydroxy! group of

linkage was also thought to be formed. 1t was

guaiacyl group was formed by the cleavage of aryl alkyl ether between another structural

unit, and side chain of w-propyl group of p-hydroxypheny! nucleus was formed by the reduc-

tion of side chain of terminal cinnamyl alechol type unit,

+

According to the results of model experiment, formation of gualacylglycerel {(7) from
gualacylglycerol-g-aryl ether unit was thought to be possible. However, taking the results
that vield of gualacylglycersl was much meore than that of gualacyi-1, 3-propanedicl into con-
sideration, it was rather difficult to conclude that all of the gualacylglycerol was vielded from

the structural unit mentioned above. Saxaxmsara® pointed cut that hydrolysis of guaiacylglyc-

erol-p-gualacyl ether with dioxane and water did not yield gusiacylglyveerol. Hicvou®® reporied

5

that formation of small amount of aryiglycercls was observed when p-hydroxy cinnamyl alechols
were submitted to enzymatic dehydrogenation reaction. Thess results indicated that the

presence of free glycerol side chain at terminal position of lignin molecule was possible.
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original MWL and of the acetate-l, respectively. The acetate-S gave more wide and polydis-
persive distribution curve than that of the acetate-] in lower range of molecular weight
distribution, and this contained fractions that corresponded to dimeric materials,

These results are thought to indicate that most of the lignin in the acetate-] has medium
molecular weight between high molecular weight and low molecular one, and molecular weight
distribution is rather narrow. It is also to be noted that lignin is degraded by this reaction
to some extent, but some part of lignin molecule is resistant to this degradation reaction, and
some other part is degraded mainly to the materials with medium molecular weight, and ancther
part is degraded to low molecular materials.

AER was hydrolyzed with sulfuric acid and resultant sugars were acetylated to alditol
acetates. It is known from GLC analyses of the alditol acetates that all monosaccharides con-
tained in LCC are found also in AER. VYield of alditol acetates of AER was less than one-tenth
of that of LCC, Many small peaks probably due to low molecular degradation products were
detected on gas chromatogram of AER besides alditol acetates. Among alditol acetates detected,
relative amount of mannose was high in AER, It Is known from the results mentioned that
low molecular sugars are contained in the component of AER besides lignin.

Original wood meal, AER and dry-method residue (DMR) were methylated with dimethyl
sulfate and the methylated materials were submitted to oxidation with potassium permanganate,
respectively, and resultant aromatic acids were analyzed by GLC as their methyl esters., Among
these aromatic acids, veratric acid (69) is yielded from nen-condensed aromatic nucleus, iso-
hemipinic acid (70) from the nucleus condensed at B-position with side chain of another unit
and dehvdrodiveratric acid (71) from biphenyl type nuclel condensed each other at 5-position,
Relative amount of condensed type nuclei in lignin was larger in AER and in DMR than in
original wood. The results indicated that relative amount of condensed type nuclel in lignin
was larger in the degradation products of medium molecular welght and in lignin resistant to
the degradation reaction than in that of original wood.

In general, lignin is degraded with metallic sodium in liquid ammonia. Howerver, not all
lignin is degraded homogeneously o low molecular materials such as monomers or dimers,
since some part is resistant to the reaction, and some cther part is degraded to materials with
medium molecular weight. It became clear that demethylation reaction of methoxyl group
and introduction of nitrogen took place to same extent.

Besides lignin, hemicellulose is degraded to some extent.

Even though materials with medium molecular welght is obtained in appreciable yield,
the result will not support the theory that repeating unit is present in lignin., It is reasonable
to suppose that structural part in which condensed type nuclel is dominant is present in lignin
molecule, and other structural parts which give materials with medium molecular weight and

low molecular weight are attached at random to such structural part.





