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~-~erlinkagesbetweenpcoumaricandferulicacidsandliOninhavebcenconfirmedinmilled wood 
lienin(MWL)of~by~~alandspectrophotometricprocedures. TheMWLgaveabsorptionbands 
at315nmand28o~,butthofonnerabsorptiondisappcaredonsaponificatonoftheMwLwithconcomitant 
rc?kaseofthepcoumaric and fcrulic acids. An absorption band at 1730 cm-1 in tho i.r. qxtrum, which is 
attributed to the ester groups, also disappeared after saponitkation of the MWL of grasses. These results 
conclusively indicate that thep portion of grass lignin is mainly duo to thep-coumaric 
&.lE%t&kdtithligllhl. 

INTRODUCTION 

IN PREVIOUS papers lS 2 it has been shown that the phydroxyphenylpropane portion of grass 
lignins can be mainly ascribed top-coumaric acid ester&d with the lignins and that the parti- 
cipation of p-hydroxyphenylglycerol-@r-y1 ether structure in the grass lignins is of minor 
importance. 

In the present paper, using milled wood lignin (MWL), further contirmatory evidence 
supporting the results in the previous paper, and the chemical properties of the MWL of 
grasses, are described. 

RESULT AND DISCUSSION 

The yield of each aldehyde in the lignin oxidation products of grass MWL determined by 
gas-liquid chromatography is shown in Table 1. Except for Miscanthus tinctoriw, the amount 
of total aldehydes was less than that produced from stem powder in both grasses and other 
monocotyledons, and the amounts of vanillin in M. sacchur$oyus, Coix lachryma-jobi, 
Phragmites commun tk and Smilax china decreased remarkably compared with those from plant 
stems. On the other hand, the decrease in amount of phydroxybenxaldehyde was rather less 
in all the plants tested. Exceptionally, in Trachycarpus exceka, the amount of syringaldehyde 
decreased remarkably. Thus the molecular ratio of syringaldehyde and p-hydroxybenzalde- 
hyde to vanillin increased generally compared with that from stem powder. 

These facts indicate that during preparation of MWL some of the ester linkages between 
ferulic acid and grass lignins are split and/or a compound producing vanilhn in the alkaline 
nitrobenzene oxidation, which is removed in preparation of MWL, is contained in some 
grasses.3 However, the ester linkage betweenp-coumaric acid and grass lignins is stable and 
almost no release ofp-coumaric acid occurs during preparation of MWL. 

1 T. HIGUCEII and I. RAW-, H&$wschnn$ 20,16 (1966). 
2 T. HI~UCHI, Y. ITO and I. RAW-, Phytochem. 6,875 (1%7). 
3 J. B. STONE, M. J. BLUNDELL and K. G. TANNER. Can. J. Chenr. 29,734 (1951). 
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TABLE 1. YIELD OF AROMATIC ~LDEA~DESIN ALKALINE NITROBE~ZFNE OSID~TIOVO~GRASS MWL 

Llgnin oxidation products* ( “,,) Molecular ratio? 

‘V 
-_--, , 

s p-HB 3 p-HB 
-_..- -. . . . . _..-._ ._ . ..- . -- 

Miscanthrrs saccharrj?oya\ 5.7 7.6 5.3 1 I3 1.20 
M. condensatas 1 11.2 9.8 5.3 0.70 0.50 
121. comiensatas 2 5.8 4.5 2.9 0.65 0.63 
M. tinctorius 5.9 6.2 4.4 0.89 0.95 
Coi.u lachryma-jobi 4.8 8.6 5.1 I 45 I .?3 
Phragmites conununi~ 6.’ 5.6 2.3 0.75 0.46 
Arando donax 7.4 9-9 3.3 1.11 0.56 
Asparagus officinalis 9.0 6.9 w-l lwl 0.06 
Trachycarpus excelsa 5.2 16.3 0.7 2.63 o-17 
Smi1a.Y china 3.5 I 0 0 f 2.56 : 

* Per cxnt of lignin. V: vanillin; S: syringaldehyde:p-HB:p-hydroxybenzaldeh>de. 
f Vanrlhn=l. : Trace. 

Table 2 shows the yield of each aldehyde obtained by nitrobenzene oxidation of the saponi- 
fied MWL. In all the grasses and in some other monocotyledons the yield ofp-hydroxybenz- 
aldehyde and vanillin, especially the former, decreased considerably, and the percentage 
decrease of both was comparable to that found in the oxidation of saponified stem powder.2 

TABLE 2. YIELD~~L~GNINOXIDATIONPRODUCTSFROMAW~ALIE~TKAC~FD MWL 

Lignin oxidation products’ (To) Molecular ratio? 
, 1 

V S p-HB S P-HB 
-_.__ ._ _ -_--_. - -.-. 

Mucantas sacchurifo~us 5.3 7.6 2.0 1.” 
0.7; 

0.49 
M. condensatus 1 10.9 9.8 2.5 0.29 
M. cotuicnsatus 2 5.5 4.5 0.9 0.68 0.20 
M. tinctorius 5.7 6.2 l-6 0.89 0.37 
Coix lachryma-jobi 4.7 8.6 I.7 1.53 0.45 
Phragmitcu comnwnis 6.1 55 1.3 O.7h 0.27 
Anrndo donux 6.9 9.9 I.9 I.19 11.33 
Asparagus o&catalis 8.1 6.9 0.3 ().‘I 0% 
Truchycurpus cxcelsa 5.1 16.3 O-4 7.70 0.08 
Smihrx chinu 3.5 10.6 : 2.5ti : 

* Per cent of hgnin. V: vanillin; S: syringaldehyde; p-HB: p-hydroxybenz.aldeh>dc. 
p VanGn= 1. 2 Trace. 

As in the case of stem powder, p-coumaric and ferulic acids were isolated from the alkali 
extract of MWL and identified by paper chromatography and by mixed melting points. 

Table 3 shows the amounts ofp-coumaric and ferulic acids obtained by alkali extraction. 
As seen in the table. the amount ofpcoumaric acid was 50-100 per cent larger than that from 
plant stems, whereas the amount of ferulic acid was about one-half or one-tenth of that 
obtained from stems. The calculated amounts of p-hydroxybenzaldehyde and vanillin from 
both acids correspond closely to the decreased amount of both aldehydes by alkali extraction, 
confirming the conclusion of the previous paper’ (Table 31. 
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TABLE 3. YIELD o~p-cm~~~~c AND FERULIC ACIDS OBTAINED 

BYALKAIJEX?RACTION 

Miscanthus saccharipoyuS 
M. wndensatus 1 
M. comknsatus 2 
M. tinctorius 
Coix lachryma-jobi 
Phragmites wmmunis 
Arundo donax 
Asparagus oficlkalis 
Tmchycorpus exceka 
Smilax china 

Ferulic 
acid 
W-J* 

o-55 
O-98 
O-76 
O-56 
0.17 
o-19 
0.08 

p-Cownaric 

(% 

975 
866 
5.84 
7.93 
9.20 
2-58 
3.81 
0.30 
o-15 

t 

* per cent of lignin. 
t-. 

TABLET. RELATION BElWEEN THE D-D AMOUNT OF p-I-IYDItOXYBENZALDEIWDE AND 

VANILLINANDTHECALCULATEDAbfOUNT OFBOTi-IALDJ2IiYLlESFROMp-coUMARICANDpeRuLlC 

ACIDS 

Decreased amount Calculated amount 
(%)* (%)* 

\ , \ 
V P-m V P-HB 

Miswnthus sacchar@oyus 
M. wndensatus 1 
M. wndensatus 2 
M. tinctorius 
Coix lachryma-jobi 
Phragmites wmmunis 
Arun& donax 
Asparagus o#icinalis 
lkchycarpus excelsa 
Smilax china 

0.41 340 o-17 
0*32 2.81 0.31 

E ;z 
024 
O-18 

O-13 3-u) O-05 
0.10 l-03 O-06 
O-50 

::E 
O-03 

8:; 
t 

0.30 
t t i 

l Per cent of lignin. V : vanillin ; p-HE : p-hydroxylxnzaldehyde. 

t-. 

290 
2.58 
l-74 
2-36 
2.74 
o-77 
l-14 

E 
t 

The occurrence of a much smaller amount of ferulic acid in the alkali extract of grass MWL 
might indicate that the ester linkage between ferulic acid and grass lignins has minor 
significance. 

It has been shown that the U.V. spectrum of grass lignins gives a peak or a shoulder around 
at 315 nm and this absorption is rather specific for the grass lignins. Stevens and Nord4 
showed that Brauns native lignin of bagasse exhibits a plateau at 282-295 nm and a maximum 
at 315 nm and the maximum is shifted to 355 nm in 0.02 N sodium hydroxide. They explained 
that the shift is due to the presence of substitutedphydroxyphenyllcetone groups. However, 
Smith5 found that Bratms native lignin of sugar-cane gives an U.V. spectrum with a broad 

4 G. DESTEWMS and F. F. NORD, J. Am. Chem. Sot. 73,4622 (1951). 
5 D. C. C. SMITH, J. Chem. Sot. 2347 (1955). 
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distinctive maximum at 355 nm in N sodium hydroxide and the lignin solution contains a 
considerable amount ofp-coumaric acid as shown by acidification and extraction with ether. 
Thus the distinctive absorption bands of sugar-cane lignin have been attributed to the presence 
of pcoumaric acid ester groups. 

Figures l-3 show the U.V. spectra of MWL and the alkali extracted MWL from both a 
grass and a non-grass species. As clearly seen from Fig. 1, M WL from Phragmites communis 
showed absorption peaks at 315 nm and 280 nm, but the former peak almost completely 
disappeared on alkali extraction. Such behaviour is consistent with Smith’s results, and it 
seems reasonable to conclude that ester linkages between p-coumaric and probably ferulic 
acids and grass lignins generally occurs. and that the alkali-labile absorption at about 315 
nm is due to this fact. 

I I I I 

250 300 350 

Wavelength, nm 

FIG. 1. U.V. SPECTRA OF MWL OF Phragmites communis. 

n -MWL; i-alkali-extracted MWL; solvent-methylcellosolve. 

As shown in Fig. 2 the U.V. spectrum of the MWL of Smilax china gave an absorption peak 
at 280 nm only, and the spectrumdid not change after treatment with alkali, indicating that no 
ester groups are present in this MWL. 

Figure 3 shows the U.V. spectra of MWL, alkali-extracted MWL and the ether-soluble 
fraction of the alkali extract of P. communis all in 0.05 IV sodium hydroxide. The MWL gave 
a broad distinctive maximum at 355 nm as well as at 280 nm but the alkali extracted MWL 
gave single absorption at 280 nm and the ether-soluble fraction, which contains p-coumaric 
and ferulic acids, gave absorption at about 355 nm as found by Smith. 

The occurrence of ester groups in MWL was also shown by the i.r. spectrum which 
exhibited a band at 1730 cm-‘. The i.r. spectra of MWL of both P. communis and S. china had 
strong absorption at 1730 cm-‘, which almost completely disappeared in the alkali-extracted 
MWL indicating that the ester carbonyl groups were split off by the alkali extraction. How- 
ever, the absorption at 1730 cm-’ is found in the MWL prepared from many other species in 
which no ester group has been found and thus carbonyl groups other than ester group may 
also be responsible for this absorption. 
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250 300 350 
Wovelength, nm 

FIG. 2. U.V. SPECTRA OF MWL smihx china. 

)_MWL; o-alkalicxtractcd MWL; solvent-mcthylcellosolve. 

250 300 350 400 
Wavelength, nm 

FIG. 3. U.V. ~FTCTRA~FMWLANDTHEBTHER-~~L~BLB FRAClTONOFALKALIEXTRACTOF~OF 
Phragmites conmiunis. 

W-MWL; o-akalicxtracted MWL; A-ctheeduble fraction of alkali extract of MWL; 
solvcnt4bOS N sodium hydroxide. 

Quite a bit of information on the mode of ester linkages between the acids and lignin has 
been obtained. The acids may be attached to aliphatic hydroxyl groups of lignin as suggested 
by Smith. Freudenberg and Geiger 6 have shown that, during preparation of &hydrogenation 
polymers of coniferyl alcohol, pinoresinolid and its isomer are formed, and these lactones give 
absorption at 1730 cm-l. This type of lactone might occur in grass lignin. 

CK.FREUDENBERG and H. GEIGER, C&m. Ber. %, 1265 (1963). 
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EXPERIMENTAL 

The species of grasses and monocotyledons and the procedure for preparatton of their stem powders were 
the same as described m a previous paper.2 

Prepuration of M U’L 

Ten grammes of the extracttve free powder of plant stems was ground for 4g hr m dry toluene by usmg a 
vtbratory ball mtll (Siebtechnik G.M.B.H. Miilhetm) and the MWL was extracted with dtoxanecontammg 
10 per cent water and purified accordmg to the standard method of Bjorkman.: 

Sopomfrcafion of MR’L 

MWL (50 mg) was dissolved m N NaOH (05 ml) and the solution was kept for 24 hr at 2@. The solutton 
was actdified (pH 2) wtth HCI and shaken with l-5 ml ofether. The ether extracts were separated and evapor- 
ated. The restdues were dissolved in 0.5 ml ofacetoneandanalysed bygas-ltqutdandpnperchromatography.~ 

Wtra-violet and Infra-red Specn a of M WL and Supomfed MU L 

A suitable amount of MWL or saponified MWL was dissolved in methyl-cellosolve and their u.v. spectra 
determined by a Hitachi-Perkin Elmer 139 U.V.-VIS Spectrometer. In some cases the lignms were dtssolved 
in O-05 N NaOH and their spectral behaviour m the alkalme solution was also determined. I.R. spectra of the 
MWL and the saponified MWL were determined by KBr dtsk method ucmg a Nthon Densht Recording I R. 
Spectrometer. 

.%itroben:ene 0 ridatiotz 

MWL and the saponified MWL (0.1 g) was subjected to alkaline mtrobenzene oxtdation as described 
previously,t and aromatic aldehydes formed were analysed by gas-ltquid chromatograph!. 

7 A. BJ~KUAN, Svensk Papperrtid. 59.477 (1956). 
* T. HIGUCHI. N. KIMURA and I. KAwAhtuaA, J. Jupan Wood Res. Sot. 12. I73 (1966~. 


