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Reactions of Lignin Model Compound including Ring-Conjugated
Double Bond with Alkaline Hydrogen Peroxide*

By

Yasuo KojiMa** and Tsutomu Kayvama**
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Fig. 1. TLC of Isoeugenol and reaction mixture.
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Table 1. Elementary analysis of reaction products (1-6)

Product No Found Calcd. Formula
1 C; 73, 60, H; 6.79 C; 73,52, H; 684 CaoH204
2% C; 66, 69, H; 6.27 C; 69, 68, H; 6.10 C1oH2004(2Ac¢)
3* C; 64, 97, H; 5.67 C; 65, 27, H; 5.74 C17H1305(2Ac)
4% C; 65, 86, H; 5.67 C; 65, 61, H; 5.24 CuHmOs(ZAC)
b* C; 69, 67, H; 641 C; 69, 50, H; 6.14 Cy7H1504(1Ac)
6% C; 67, 51, H; 652 C; 68,73, H; 6.29 Cy»H%05(1Ac)

*  Analysis was carried out for acetylated compounds and these formula were calculated

as free compounds.
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Table 2. Yield and characteristics of isolation products

Product No. Yield (mg) Molecular weight ph-OH/mol OMe/mol
1 26.8 326 1 2
2 40.0 312 2 1
3 413 302 2 2
4 23.6 300 2 2
5 284 286 1 2
6 70.0 342 1 2
Isoeugenol — 164 1 1
326
368(M*)
43 137 164 292 an
. . llilljjlllJnlll. . 1 '.l I .
0 100 200 300 400
mle

Fig. 2. Mass spectrum of acetate 1.
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Fig. 3. NMR spectrum and chemical structure of acetate 1,
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Fig. 4. Mass spectrum of acetate 2.
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Fig. 5. NMR spectrum and chemical structure of acetate 2.
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Fig. 6. Mass s?ectrum of acetate 3,
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Fig. 7. NMR spectrum and chemical structure of acetate 3.
300
285
342
43 384(M*)
84
151 164
137
|'|.[l||' ...I' |..' ik ik " r
0 . 100 200 300 400
m/e
Fig. 8. Mass spectrum of acetate 4.
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Fig. 9. NMR spectrum and chemical structure of acetate 4.
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Fig. 10. IR spectrum of acetate 5.
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Fig. 11. Mass spectrum of acetate 5.
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Fig. 12. NMR spectrum and chemical structure of acetate 5.
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Fig. 13. IR spectrum of acetate 6.
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Fig. 14.M Mass spectrum of acetate 6.
OCH
"G S H H
8 HC-0 C=C~CH3
| « B 7
«HC-—0
@0CH3 OMe(3HX2) OAc(3H)
OAc
Ar(S5H)
r(3H)
cocly N £UH) . ™S
a(1H) . T(3H)
£0H) d(1H)\ J
1 L L [ s [ 1 L L
8 7 6 5 4 3 2 1 0
ppm

Fig. 15. NMR spectrum and chemical structure of acetate 6.
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Fig. l17. A: probable formation mechanism of product 3.
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Fig. 18. Reaction mechanism of dehydrogenation.
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Fig. 19. Formation mechanism of product 6.
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Pk, #EIhCERERYELDTFig. 20 TR L,

Demethylation
Product 1 ————————> Product 2

Side chain oxidation
Dakin reaction
Condensation{-H) Product 3 ~———————> Pproduct 4
Dehydrogenation

I[soeugenol ———— 2-Methoxy-p- hydroquinone

Product 5
Condensation(- -Hy0)

5-Hydroxy isoeugenol

Product 6
Condensotion(-Hz)

Fig. 20. Reaction pathway of Isceugenol with alkaline peroxide.
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1) REEVES R. H. and PEARL I. A.: Reaction Products Formed Upon the Alkaline Peroxide
Oxidation of Lignin-Related Model Compounds, TAPPI, 48, 121, 1965.



794 LEEAFRERHBRIRAE HO0E F45

2) BAILEY C. W, and DENCE C. W.: Reactions of Alkaline Hydrogen Peroxide with Softwood
Lignin Model Compound, Spruce Milled-Groundwood Lignin and Spruce Groundwood,
TAPPI, 52, 491, 1969

3) GIERER J. and IMSGARD F.: The Reactions of Lignins with Oxygen and Hydrogen Peroxide
ni Alkaline Media, Svensk Papperstidn., 80, 510, 1977.

4) GIERER J., IMSGARD F. and PERRERSSON L: Possible Condensation and Polymerization
Reactions of Lignin Fragments during Alkaline Pulping Processes, Applied Polymer
Symposium, 28, 1195, 1976.

Summary

Isoeugenol was oxidized with alkaline hydrogen peroxide for 24 hours at 25°C to define
the reaction mechanism of the lignin model compound including ring-conjugated double bond.
Several reaction products were isolated by column chromatography and preparative TLC. Pure
compounds of the reaction products were identified by means of IR, PMR and mass spec-
trometry. ‘

Chemical structures of these reaction products indicate that there were three major routes
to form the condensation products. The first of these routes involved dehydrogenation of
isoeugenol followed by radical coupling to give the phenylcoumarane structure. The second
involved coupling reaction of dehydrogenated isoeugenol and 5-hydroxy-isoeugenol. The latter
compound was formed by +OH addition to isoeugenol. The ethylene dioxybenzene structure
was given in this route. The third of these routes involved dehydration of isceugenol and
2-methoxy-p-hydroquinone intermediate. The phenyl ether structure was formed in this route.

Side chain displacement was caused by two step oxidations, the first of these steps involved
attack of hydroperoxide to the side chain double bond and the second was Dakin reaction at
this site. These oxidative reactions produced the formation of p-hydroquinone structure.

Oxidative demethylation and dehydrogenation also were observed in this study. The
o-quinone structure was yielded by the former reaction, and the phenylcoumarone structure
was yielded by the latter reaction. It is noticeable that these reactions occurred under the
low temperature condition.



