
Tetrahedron Letters No.49, pp. 5067-5070, 1968. Pergamon Press. Printed in Great Britain. 

THE STRUCTURE OF AMITENONE 

Kyoji Minsmi, Kazutaka Asawa and Maki 

Faculty of Agriculture, University of 

Bunkyo-ku, Tokyo, Japan. 

Sawada. 

Tokyo, 

(~o=ived in Japan 9 Awst 1968; recefked in UK for publication 23 AW'ust 1968) 

Three pigments A, B and C were isolated from acetone extract of a kind of ed- 

ible mushroom, Amitake(Suillus bovinus (Fr.) Kuntze), in yield, 0.09% of oven- 

dried fruit-body. 1) In the present paper, the chemical structure of the pigment A, 

named amitenone(l), is elucidated as methylenebis(2,5-dihydroxy-4-all-trans-geran- 

ylgeranyl-3,6_benzoquinone) by evidences described below. 

Its analytical figures corresponded to C53H7208; calcd. C 76.04% H,8.67$, 

pressure e- 

KBr), 3290 

1646(quinone) 

found c 75.84% H 8.44% OCH3 0%. M.W.; calcd. 837.16, found 850(vapor 

quilibrium method). Yellow orange crystal. m.'p. 187-8". IR, cm 
-1 

:(in 

(OH), 1615(quinone), 1300, 1050, 840, 770, 690;(in CHC13), 3358(0H), 

;deuterium-substituted(in CHC13), 2490(0D). UV, mp(logE): 288(4.45)(in ethanol), 

4lO(shoulder, 2.67)(in CHC13), 323(in O.lN-NaOH+ethanol, 1:l v/v). NMR, t(in CDC13) 

(Q:quinone): 2.42(4H, s; exchangeable by D20-method; Q-OH), 4.85-5.05(88; -CH2-CE 

=L), 6.48(2~, S; Q-Cg2-Q), 6.93(4H, d; Q-CH2-CH=), 7.8%8.15(24H; =C-Cg2-CE2-CH=) 

8.30(6~, S; Q-CH -cs -(X3), 
2AZ 

8.35(6H, s; 
rCH3 

- =GCH 
I! 

), 8.43(18H, s; LL H- - -CE,). 
g 

Mass, 

m/e; 426.279(F+CH2+1), 412.258(F+l), 343(F+l-697, 275(F+l-69-68), 207(F+l-69-68-68) 

193, 81, 69(base), 55, 41, 28. 

Derivative of amitenone methylated with diazomethane(2). b-p. 2lO"(decomp.). 

Yellowish brown oil. C53H6804(OCH3)4; calcd. C 76.64% H 9.03$, found C 76.32% H 

9.01%. IR, cm-l(liquid); 1655(C=O), 161O(C=C). UV, mF(logc)(in ethanol); 286(4.28) 

4lO(shoulder, 2.91). NMR, Z(in CDCl3): 4.85-5.05(8H; -cs,-a&-), 6.05(6~, S; Q- 

OCII~), 6.10(6~, S; Q-ocg3), 6.50(2H, s; Q-CH2-Q), 6.93(4H, d; Q-'X2-CH=), 7.85-8.1 
CH 

(24~; =c-CH2-W2-CH=j, 8.28(6H, s; Q-CH - = -CH ), 8.33(68, s; 
2i$ -3 

- =C<cH3), 
fi 

8.41(18H 
-3 

5067 



5068 No.49 

8; H-L -cq. 
i 

Derivative of amitenone hydrogenated with palladium-carbon catalyst and oxi- 

dized with air, named amitanone(3). m.p. 192-4". Yellow orange crystal. C53H8808; 

calca. C 74.60% H 10.40$, found C 74.50% H 10.71% M.W.; calcd. 853.29, found 880 

(vapor pressure equilibrium method). IR, cm-l (in KBr); 3280(0H), 16lO(quinone), 

1290, 1120, 1030, 770, 685. UV, mM(logg)(in ethanol); 292(4.61), 410-430(shoulder). 

NMR, c(in CDC13): 2.35(4H, s; exchangeable by D20-method; Q-OH), 6.43(2H, s; Q-CE, 

-Q), 7.57(4H; t; Q-CH2-CH2-), 8.2-9.0(48H; -CH2-, -&-), 9.07, 9.10, 9.14(sum. 30H 

-CL+). Mass, m/e; 420(F+8H+l), 434(F+CH2+8H+l), 154, 69, 57, 28(base). 

R' R' 

RO OR 

(1) 

(2) 

(3) 

i 
H3 

R=H R'=fCH 2-g= -CH&H (a.11 trans) 

R=CH3 R'=(l) 

FH3 
R=H R'=+CH2-CH2-CH-CH&H 

. . 
. . . . . . . . . . . . . . . . . . . . . 

(4) R=H 
(F) (F) 

R'=n-C11H23 

Ethanolic solution of (1)'was decolorized by acidic reduction---zinc hydro- 

chloric acid or sulfur dioxide ---and gave purple precipitate with formaldehyde by 

Feigl method?) These facts indicate that (1) belongs to quinone. IR spectra of (1) 

-1 
and its derivatives, having the absorptions near 1610 and 1655 cm , support this 

indication. In its mass spectrum as the description by Aplin and Pike 3) tha.t p-ben- 

zoquinone has comparatively large peak of M+2 in comparison with that of M, the 

peak height of F+1+2, corresponding to M+2, is about 50% of that of F+l correspond- 

ing to M, while the peak height of F+1+2 owing to natural isotopes of C, H and 0 

were to be 4.81% of that of F+l. This fact also supports the quinone structure of 

(1). 

Although the 

readily recovered 

product of catalytic hydrogenation of (1) was decolorized, it 

the color by disclosure to air and reached to stable yellow or- 

ange color by aeration. (1) g ave brownish purple color with FeCl 
3 
and light purple 

with magnecium acetate. These suggest that (1) has hydroxyquinoce structure. More- 

over, the existence of hydroxyl groups were confirmed by following facts: IR epec- 

tra of (1) had hydroxyl group absorption at 3290 cm 
-1 

in KBr and 3358 cm-l in 



CHC13 and that of (3) at 3280 cm 
-1 

in KBr. These absorptions disappeared by easy 

methylation with diazomethane and by reductive acetylation. In NMR spectrum of (3) 

the signal, ~2.42(4H, broad), was quenched by addition of D20, methylation and re- 

ductive acetylation. As for the number of hydroxyl group, it was inferred as four 

by the number of proton corresponding to CH30 in the NMR spectrum of (2) and this 

means that quinone nuclei have two hydroxyl group each, considering the existence 

of two quinone moieties. Then the position of hydroxyl group is induced on the 

finding of Bycroft et al. 4) that 2,5-dihydroxy-p-benzoquinone has a sole absorption 

at 1617 cm-l in KBr, and 1642 cm-l in CHC13, and 2,6-dihydroxy-p-benzoquinone two 

absorptions at 1641 and 1660 cm-l in KBr and at 1645 and 

spectrum. In the present case, (1) has a sole absorption 

1646 cm-l in CHC13, and (3) at 1610 cm 
-1 

. Therefore, (1) 

2,5-dihydroxy-p-benzoquinone. 

1653 cm-' in CHC13 in IR 

at 1615 cm -' in KBr and 

should be a derivative of 

As to the side chain of (l), the oxidation of (1) with hydrogen peroxide fur- 

nished a C21 aliphatic acid of which methyl ester revealed a parent peak of 332 in 

its mass spectrum. The ester showed the color reaction of unsaturated group with 

tetranitromethane and gave a NMR spectrum resembling to that of (1). (1) adsorbed 

10 mole hydrogen on catalytic reduction with palladium-carbon catalyst and it 

means the existence of eight double bonds as two mole hydrogen for reduction of 

quinone groupashould be subtracted from ten mole hydrogen. The oxidation of (3) 

with hydrogen peroxide furnished a saturated aliphatic acid of which the methyl 

ester revealed a parent peak of 340 in its mass spectrum. Besides, the mass spec- 

etrum of (1) gave 69 as base peak and peaks corresponding to ions removed succes- 

sively isoprene unit from one to three from F+l ion while the cleavage of the di- 

rectiy bonded isoprene unit could not be observed because of destruction of quin- 

one nucleus as reported by Muraca et al. 5) Thus four isoprene units are expectable 

as a side chain. The signal, %6.93(4H, d: J=7cps), is assigned to the methylene 

neighboring to the quinone nucleus owing to the chemical shift position and mani- 

fested to be coupled with the methyne(Q-CH2- _ CH=&-), by decoupling method in pyri- 

dine. These also support that the isoprene unit attaches to the quinone nucleus. 
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The signals, d,@(ZH, E) for (I), ~:6,W(2H, s) for (2) ax! %_47(.x, 91 for (71, 

are assign& to the bridge rnet+i$Lw~E between two quinone nuclei because of their 

singlet form and chemical shift. Concerning the configuration of the double bonds 

off r& a‘r& &Z‘rrl;, ~1~i t, r~3.ciX 
L\7\ 

f,J ms were IsQ<T_,y~r&&r acry&pjjQg t-0 B_tp,s _& ~SJ;‘f :, !, >!,-$a_ 

NMR signal of the methyl group at the trans position to the olefine hydrogen lies 

at c8.41, a little higher than 8.34 of that at the cis position. In the case of 

the structure Q-CH2-CH=C(CH3)-, conversely, the signal of the methyl group at the 

trans position to the olefine hydrogen lies at c8.27, rather lower than 8.32 of 

that at the cis position by the remo'te anisotropic effect of the carbonyl group of 

quinone. Since, in addition, the ratio of the strength of methyl signals, c8.30, 

8.35, 8.43 of (l), ~8.28, 8.33, 8.41 of (2) is 1:1:3, all double bonds of the side 

chain have trans configuration. 

Thus, the chemical structure of (1) is concluded as one of methylenebis(dihy- 

ar~~~-~-~~~,~~~~r~irr-,r 3 hit+, trio ktrwp~~yL std+z -,+s.~TE. A w&twxL wllpv&Fd oi slxh 

a chemical structure is so rare that only one compound, methylenebis-embelinyl, 

has been isolated from the ripe berries of Embelia ribes. 8) 

The detail description of experiments and the total synthesis of (1) will be 

published in near future. 
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