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

By

Yasuo KojiMa** and Tsutomu Kayvama**

B S
1. & B reereeretteei i et te e e e e s e seeetataa s e s s areubreraeaesasararanesrenes 783
2. #= 2 T e 784
R - - LT LT T T U N 785
3.1 RIGEBRYO AT b L LBEETE  cvreeerrorrteinreesnteestte e snine e eree e 785
3.2 IS O REREE  croeererrrrrer ettt s et 791
4, ¥ S e 793
s T T N 793
SUIMMEATY  rrereeressmermesrmeettit e e e 794
1. & B

FE, BRERALTOBEARE LTOBBLAROFENBEAFT, A 70ERDK
ERREREG DY 7= vEENE L BBIUKRORIEVERCHRIRTETCVS,

BREAKFRIERREARELRLY, A 7Hh0) 7= vHTOXEEE L BRE®T
2, REMAYECABERCTLETCHL, ZODIL, A 7RERETI¥Te, ¥,
EL0EMEHEIRTCABREY LR SRS,

Th Y EKERTCBERL K FEIX HO0,—H"+HO; &7, TMEEL, =® HO; 1
F v FOECHEYEROCBILT S, Zofff, H0,—H,0+0 & LTH@ET 58, &
DHERREAMRE DI, BRNERERbbT, BERELE (Fe~vry, #) 0
FHETIMEINSDT, FRKPOESBOBRAIEIRL LTS,

* 198342 A 28 B%H Received February 28, 1983.

BOEERERFERENERRE
** Jaboratory of Chemical Technology of Forest Products, Faculty of Agriculture, Hokkaido
University.



784 TBERERFBEBRTREE H40E F45

o, BEAEOEAERIELLTHO A+ vickb3DTHD, DA v
LY 7= vihoRERELORIECHRENEMT 2HTinD,

Reeves Y43, V) 7= vBEIEHE L BBIUAKRE ORI BT D7 = =1 T v viEH
GoONEEEOHELYRNE LTS, £0FT, HOLRUTORELERE LTHELL,

a-B AREFT7 L F e ¥ (Ar-CH=CH-CHO) i1 —&#K A1 U L THYTIR VAT AF
t F (Ar-CHO) #5452 %, a-7 t v (Ar-CO-CH,-CH,) i3 H B kic, g xt LT P fLic
BEHABENFEETZHECRY, BOREHELYRT, -7 + v (Ar-CH,-CO-CHy) 3B %
Bz —A¥EHL, FCOHRINL -ERSCHESST S, AR -BES AR
KB X - THBEZT RV,

BaLey 53 L$H#B Y 7 = v EFALEHR GP-MWL, ZFhic GP & AW CE Rk Xk
FREXNTHREORHF TV, ROBEERELHE LT3,

Creosol % 4-Methyl-o-benzoquinone Bk & iz, f~Methylmuconic acid # &%
BHLTY 2V, BB, AFA7VvAVE, 2FAT7 - ARGBIIhD, ZORIREEL
T, bW » » 7Y v IIRIGHERTZ b, 6, 6/-Bicreosol DA PR S,

a-Methylvanillyl alcohol X 0-Benzoquinone % Methyl-p-benzoguinone i Ji# {t. X 1,
chbobfEnbervl v, =R VB, YoV, AFVAER, FRiCA FF BB
A K e d o BO 2~ BRI h 5, '

GP-MWL % GP D8R{LKRLETLZhboMAELH, L 7DREATHEIhS
BRIKEDOKBABZ NS DPME L ORIGTHEE IR T3,

GIERERY 13, BRMLAKFL Y 7= vORIEEBF—7T A H ) RICLBEEIRTRAL, K
EReEEhsBE 2 ORIBERAPCHLELT, ThETRDOLATCELRGOME ST %
Tote,

D botkic, BRLAROESE#ILY 7= voABREECEE L THEIhTER, L
HLahiD, BERZEHEACELTUL, FORGHEIMEWTD, BEAEHRIR TV
L, ¥RFORIGEBEBTOWTH I ambhTinitly,

AR OBEBE_EREELETHETMLEDE R, F& LTHEOBLRICEE
TRHATHBHTHRET - DTH S,

2. = L]

= F L& FHE O Isoeugenol & v 72,

BROKFELE BB LARBE 3%, KEbL> V) v A BE 1.78%, BRLKE: =7
rMMEEH=5:4 (21 lh), 25°C TfTv, 24 BEMIRIG &) e,

RIGHTH, BRETHBBLKFRLEERB> ) 72 TELLTHALREBTrHARHA
Bl, RIGERO=—7 1 Hl% 2E{T-%, =— 7 AMERIEHT-BRERLCHOH



B BESVETIV V= vEaEFA o7 » ) EBBILKREORE (ME-FW) 785

ET CH#fE Ui,
RIEERYONE, B, 2YREBI/ e~ 757 4 —BREFE LT, Silica gel
60 PFy5 (Merck), #5227 r=t 757 4 —BAEEFAE LT, Wacogel C-200 Z{FH L1,

3. HERLER
BEZTOWRBFETIE, 7z=A7eAv{liiDa EBRESCHLTYRIAE
FUA, ~NMFeFvrFr, FRARAFABOBAIBABIAKECH L THEILRETD
D, TREBR7AF e FORE, a BAEHMILE =L BEZRETHBEACE - TRV RIBEY

RTEBZLRTW3,
S EF: isoeugenol 17 223 4 F AL TH B DI RKIGITEWDY, 24 BRHAE T
WYRIBELTEDY, 2BOERYHRIGESE D TLC t@#@s»bhi:, TLC 0BRHER %Y Fig. 1

ZmLTHh b,

@ Isoeugenol

—— czme oo Reaction mixture

start front

(toluene:ethylformate:formic acid=5:4:1)
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
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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.
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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.
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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. 20. Reaction pathway of Isceugenol with alkaline peroxide.
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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.



