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Abstract-Six species of mosses (Musci) and two species of liverworts (Hepaticae) have been investigated for the 
presence of ligniri by oxidative degradation. The results clearly demonstrate that these species are devoid of lig- 
nin, but contain other types of phenolic cell wall material. 

INTRODUCTION 

IT IS well known that some species of the taxon Bryophyta contain substances that in some 
respects are similar to lignin. A product that appeared to be lignin thioglycolic acid was 
isolated by Holmberg’ from Polytrichum commune and Marchantia polymorpha. Klason 
lignin has apparently been obtained from a number of mosses, and a “milled wood lignin” 
was prepared by Freudenberg and Harkin’ from Polytrichum and Sphagnum. All the “moss 
lignins” that have been isolated have had very low methoxyl contents. 

Nitrobenzene oxidation of “lignins” isolated from mosses as well as direct oxidation of 
pre-extracted moss meal gives minor amounts of p-hydroxybenzaldehyde,37 vanillin,3-5’7 
and syringaldehyde. 3,5 The formation of these aldehydes may be indicative of the presence 
of lignin. On nitrobenzene and permanganate oxidation Sphagnum yields p-hydroxyben- 
zaldehyde3-’ and p-hydroxybenzoic acid5 (anisic acid, I, from a methylated sample.)’ This 
has been attributed to the presence of a lignin built up predominantly of p-hydroxyphenyl 
units.3,5 Support for this hyp othesis has been provided by the results of Reznikov and Sor- 
okina6 who obtained p-hydroxyphenylpropane, 4-hydroxy-3-methoxyphenylpropane and 
3-(4-hydroxy-3-methoxyphenyl)-propanol on reduction of Sphagnum medium with sodium 
in liquid ammonia. Nilsson and Tottmar’ on cupric oxide oxidation of polymeric material 
from Sphagnum wmoreum obtained p-hydroxyphenyl as well as guaiacyl compounds. 

However, contradictory evidence has been provided by Sarkanen and Latif” who estab- 
lished the absence of Hibbert ketones in the reaction mixture obtained on ethanolysis of 
’ HOLMBERG, B. (1934) Iny. C’rtrnskaps Akad. Hand/. 131. 
* FREUDENBERG, K. and HARKIN, J. M. (I 964) Holzfbrschung IS, 166. 
3 LINDBERG, B. and THEANDER, 0. (1952) Acta Chem. Stand. 6, 3 11. 
4 FARMER. V. C. (I 953) R~~wtrrch 6. 475. 
’ BLAND, D. E., LOGAN. A., MENSHUN. M. and STERUHELL. S. (1968) Pkytochumistry 7, 1373. 
’ REZNIKOV, V. M. and SOROKINA, N. F. (1968) Zh. Prikl. Chirn. 41, 176. 
’ SIEGL, S. M. (1969) Am. J. Botany 56, 175. 
s FARMER, V. C. and MORKISON, R. I. (1964) Geochim. Cosmockim. Acta 28, 1537. 
’ NILSSON, E. and TOTWAR, 0. (1967) Acta Chem. Stand. 21, 1558. 

lo SARKANEN K. V. and LATIN. A. M. unpubl. results cited by SAKKANEN, K. V. and HERGERT. H. L. (1971) in 
Lignins (S~RKANEN. K. V. and LUDWIG, C. H. eds.), p. 81. Wiley-Interscience, New York. 
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Rhyridiadelphcrs loerus. This must imply that this moss at least is essentially free from lig- 

nin. 
A more selective procedure for the characterization of lignin in plant material has 

recently been described.’ ’ In this method (in the present paper referred to as “oxidative 

degradation”) the lignin of the pre-extracted, finely ground plant material is solubilized 
by heating at 170” with aq. NaOH-Na2S for 3 hr. The dissolved material is methylated 
with dimethyl sulfate and oxidized first with permanganatei’periodate in dilute aq. sodium 
hydroxide containing tert-butyl alcohol, and then with HzOz at pH 9- 10. The resulting 
mixture of aryl carboxylic acids is methylated (CH,N, in ether,:methanol) and the yields 
of the major esters formed are determined by GLC. Their relative amounts indicate the 
type of lignin present in the material. 

Yields 

Species* 1 2 
(mg e;ter per4g of plant mdtcrial) 

5 gt lli 12t Remarks 

0.2 5.8 0.8 ‘1 ~~ 1.8 
0.X 4.9 0.X 0:9 I ,-I 

0.3 0.5 I.5 02 I.0 10 

Stalks 
Seta (not 
ground) 
Stalks 

1.1 
4.7 
4.5 

Stalks 
Seta 

Stalks 

Stalks 

Stalks 
Stalks 

+ 
leaves 

* Musci according to Nyholm,” ffepaticae according to Arneff.r3 
** Order Polytrichales. 
t Yields not corrected. 
tt Pertains to section ~xrl~stric~. Probably S. pultrstlr L. 
1 Order Dicranales. 
$: Order Jungermanniales acrogynae. 
$ Order Eubryales. 

Order Hypnobryales. 

Lignin is an important structural component of higher plants. It is present in ferns and 
club-mosses, but the evidence for its presence in Bryophyta, which are among the earliest 
land plants, is conflicting. In view of these contradictory’reports on the presence of lignin 
in mosses we decided to apply this method of oxidativc degradation to some moss species. 
We also thought it to be of interest to investigate the possible presence of lignin in liver- 
worts. 

I’ ERICKSON, M.. LARSXJN, S. and MIKSCHE, G. E. (1973) Actn Chen~. Srar~d. 27, 127. 
” NYFTOLM, E. (1969) Moss F&I 01 Fetrr~osc~trdi~ 2, Musci. Vol. l- 5. Glec~-ups. Lund (1954 1965); Vol. 6. 

Natural Science Research Council, Stockholm. 
” AKXLL. S. (1954) Moss FIOXI uf F~xno.scundia 1, Hepaticae. Gleerups, Lund. 
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RESULTS AND DISCUSSION 

Oxidative degradation of six mosses and two liverworts in each case yielded minor 
amounts of methyl veratrate(2) dimethyl isohemipate (3) and dimethyl metahemipate (4) 
(Table 1). These esters are the dominant components of the mononuclear ester fraction 
resulting from oxidative degradation of guaiacyl lignins (present in conifers and ferns).14 
Guaiacyl lignins in addition also give binuclear esters, mainly dimethyl W-dehydrodiver- 
atrate (9) and dimethyl 2’,5,6-trimethoxydiphenylether-3,4’-dicarboxylate (7). It is gener- 
ally accepted that lignification proceeds via coupling of phenoxy radicals.15 Structures 
yielding 7 and 9 will thus have been formed by (6,6)- and (6,0)-coupling reactions, re- 
spectively.* None of esters 7 and 9 could, however, be detected among the methylated oxi- 
dation products from any of the investigated mosses and liverworts. This excludes the 
possible presence of a guaiacyl (or guaiacyl-syringyl) lignin. 

Further investigation showed that in fact the dimethoxylated esters 24 originate not 
from guaiacyl but from catechol structures. This was demonstrated by an experiment in 
which a sample of Polytrichum commune was methylated with hexadeuteriodimethyl sul- 
fate prior to the permanganate/periodate oxidation.ih All O-methyl groups introduced 
were trideuterated as shown by MS. 

COOMe 

bMe 

(1) R.A’,R” = H 
= H. R” = OMe 

H; R’ = COOMe; R” = OMe 
COOMe; R’ = H; R” = OMe 
= H; R” = COOMe 

R+.q 
OMe OMe 

(6) R,R’ = H 
(9) R,R’ = OMe 

(10) R = H; R’ = COOMe 

6Me 

(6) R = H 
(7) R = OMe 

MeobqR 
bMe 

(11) R = COOMe 
(12) R = CH&H$OOMe 

No p-hydroxyphenyl lignin has been found in nature. However, oxidative degradation 
of an appropriate synthetic p-hydroxyphenyl lignin gave as major products the esters 1, 
5.6 and 8 (see Experimental). Of these methyl anisate (1) alone was present in the degrada- 
tion products from all the plant samples examined, but, except for Sphagnum Plagiochila 
and Ptilium cristn-castrensis, was present only in minute amounts (Table 1). Although 

* For numbering of the carbon atoms see S. LARSSQN and G. E. MIKSCHE (1971). Acta Chem. Stand. 25, 647. 

I4 ERICKSON M. and MIKSCHE, G. E. (1974) Holzforschung. In press. 
” HARKIN, i. M. (1967) in Oxidatiue Coupling of Phenols (TAYLOR, W. I. and BATTERSBY. A. R. ed.), Marcel 

Dekker, New York. 
I’ ERICKSON, M. and MIKSCHE, G. E. (1974) Acta Chem. Stand. 28 lB, 109. 



229x M. EIUCKSON and G. E. MIKSCHI 

Sphayrzunz yielded appreciable amounts of methyl anisate (1). it gave no other 
degradation esters of the p-hydroxyphenyl type. Thus .S$nyrnr/~l cannot contain 
a highly condensed polymer of p-hydroxyphenyl type as assumed” from earlier results. 

Sphaynum rnngellnnicur?l has very recently been found” to give l-hydroxy-/J-carboxy- 

methyl-cinnamic acid by solvent extraction. 
Ptiliurn c~ista-cnst~ensis and Plnyiochila mplcnoides, unlike the other species investi- 

gated, yielded dimethyl 5.5’-dehydrodianisate (8) as the predominant degradation product 
(Table 1). This does not, however, imply that these species contain true lignin. In fact. this 
is contradicted by the comparatively low yields of methyl anisate (1) and dimethyl 4meth- 
oxyisophthalate (5) (cf. degradation of synthetic p-hydroxyphen$ lignin). Moreover, the 
important diphenyl ether type degradation ester 6 was totall> missing from the degrada- 
tion products in both cases. 

The species that did not yield major amounts of degradation products derived from I’- 
hydroxyphenyl nuclei. gave methyl 4,7.9-tritnethoxy-2-dil~en~oful_ancarte (1 I) in 
varying amounts. In some cases it was accompanied by the related ester 12. The isolation 
and structural determination of I1 and 12 from Polytr~ichw cow~~~w has been dcscribcd 
elsewhere.” One half of the precursor of 11 and 12 possesses a phen~lpropane skclcton. 
The other probably originates from acetate. This precursor structure. as ~41 as the precur- 
sors of the other esters shown in Table 1, may bc components of non-lignin ccl1 wall 
polymers. The widespread presence of phenolic material in the cell walls of mosses and 
liverworts has been indicated by the investigations of C/apck. lH 

ojJJ---q~c J$-g Q . 0 0 

(4 (W (C) 

From the rather limited results presented here we can tentatively suggest three types 
of phenolic cell wall materials in bryophytes. The most frequent is that characterized by 
the occurrence of dibenzofuran structures (A). Two species. Prilitrllr c,r.i,sfcl-castr.erlsis and 

Plagiochila usplrnoidrs, contain a constituent rich in 3,2’-dihydroxv-4.4’-dialkylbiphenyl 
structures (2). Examples of types A and B are found both in Bryales and in Hcpaticac. 
The phenolic cell wall material in Sphqmm’ consists main!) of “uncondensed” II-hydroxy- 
phenylalkyl structures (C). Materials of types A, B and C do not occw silllllltilnt’ollsllj. 
It may be concluded that in none of the Bryophyta species investigated LV;IS an> lignin 
present. 

EXPERIMENTAL 

Phnt mutrrid. Stalks of the mosses and liverworts wcrc freed of Icaves. “killed” with EtOH and ground. The 
resulting meal was extracted and subjected to oxidative degradation as prcviousl! described.” The mixture of 
aromatic esters was analyzed by GLC‘. 

MS, Idrtitijicnrion of coq~o~nds. Mass spe@tra of the methyl esters emerging from the GLC‘ column were 
recorded by means of an AEI MS 20 mass spcctrometcr quipped with an electron impact source (7OcV). Thcsc 
spectra wcrc compared with those of authentic samples. 
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Preparation of DHP. The DHP (dehydrogenation polymer; ‘synthetic lignin’) was prepared by the method 
of “continuous” dehydrogenation. l9 Solutions of p-coumaryl alcohol (2.0 mMol) and peroxidase (8 mg) in 200 ml 
H,O and 1.9 mMol H,O, in 200 ml H,O were added at an equal rate over 12 hr to a stirred solution of 
2 mg peroxidase in 100 ml Hz0 under Nz. After a further 6 hr, 25 ml 20% KC1 solution was added and the 
precipitated DHP was centrifuged off, washed (H,O) and dried (P,O,). Yield: 270 mg. 

The DHP (200 mg) was oxidatively degraded. Ester yield (GLC), in mg per g DHP:l, 152; 5, 119; 6, 9; 8, 74; 
10,22. The yields of 6.8 and 10 have not been corrected by calibration curves. The ester 10, which has not pre- 
viously been observed, was identified by comparison of its mass spectrum with that of synthetic trimethyl 2.6’- 
dimethoxybiphenyl-3.3’.5-tricarboxylate. 

Synthesis of‘l0. A small sample of 10 for MS analysis was prepared as follows. A mixture of methyl 3-bromoani- 
sate (22 mg), dimethyl 4-methoxy-5-bromoisophthalate (130 mg) and Cu bronze (450 mg) was heated at 220” for 
4 hr and then extracted with EtOAc. Evaporation of solvent and GLC fractionation of part of the remaining 
ester mixture yielded 10 as a colourless oil. Retention time of 10: 1.09 (relative to 9rr). Precise mass determination 
of the molecular ion. Found: 388.115; C,,H,,O, requires 388.116. Mass spectrum (m/e, rel. int.): 388, 73; 373, 
29; 357, 100; 355, 46; 341, 51; 329, 45; 325, 49; 311, 36; 297, 85; 179, 20; 163, 16; 149, 16. Only peaks with a 
rel. int. 2 IO at m/r 2 100 have been included. 
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I9 ERICKSON. M. and MIKSCHE, G. E. (1972) Acta Chenz. Stand. 26, 3085. 


