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RECENT discovery of the biological importance of benzoquinone derivatives (1) 

urqed us to work on the biochemical examinations of hydroxybenzoquinone deriva- 

tives(2) and on the screening of the distribution of these compounds among 

Myrsinaceae plants. (3) As the results embelin (Ia), rapanone (Ib), maesaquinone 

(IIa), acetylmaesaquinone (IIb), and new compounds, namely 2-hydroxy-5-methoxy- 

3_pentadecenyl(tridecenyl, tridecyl)-benzoquinone (III) and novel bis(benzo- 

quinonyl)-olefines designated ardisiaquinones A, B and C (IV, V and VI), have 

been isolated. (3) 

Ardisiaquinones were isolated from the root bark of Ardisia sieboldii 

Miquel. (Japanese name: Mokutachibana) in the respective yields of 0.02, 0.02 

and 0.0005 % by benzene extraction and separation by column chromatography on 

acid-washed silica-gel, along with a triterpene 'ilexol' (probably a mixture of 

bauerenol and baueradienol (4) ) and the mixture of Ia and Ib (yield, 0.3 W). (3) 

Ardisiaquinones showed the following properties: 

Ardisiaquinone A (IV), m.p. 154O, C30H4008, M+ 528, yellow crystals; UV 

AEz 289, 425 my (log E 4.60, 2.83); IR (KBr) 3320, 1655(sh), 1633(m), 

1598(s) cm -l; NMR(CDC13) 7 2.7(2H), 4.16(2H, s), 4.67(2H, br.t, J=6 cps), 

6.13(6H, s), 7.4-7.8(4H), 7.9-8.1(4H), 8.4-8.8(ca. 20 H). 

!I R R 
HO (CH$13 CH=CH(CH$3CH3 H3CO 
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R' or R: H C13H27) 
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Ardisiaquinone B (V), m.p. 119O, C30H4008, M+ 528, orange red crystals; 

UY92 291, 428 rn)r (10964.56, 2.82): IR (KBr) 3300, 1605(s) cm 
-1 ; NMR 

(CDC13) 'Y 2.42(3H), 4.14(1H, s), 4.67(2H, br.t, J=6 cps), 6.13(3H, s), 

7.5-7.8(4H), 7.8-8.2(4H), 8.07(3H, s), 8.5-8.8(ca. 20 H). 

Ardisiaquinone C (VI), m.p. 69-70°, C32H420g, M+ 570, yellow crystals; UV 

&EtOH 
281, 420 rnp (logE4.41, 2.81); IR (KBr) 3328, 1774(s), 1635(m), 

max 

1603(s) cm -l; NMR(CDC13)Y 2.79(2H), 4.26(1H, s), 4.72(2H, br.t, J=5 cps), 

6.24(3H, s), 7.71(3H, s), 7.5-7.8(4H), 7.8-8.2(48), 8.06(3H, s), 8.3-8.9 

(ca. 20 H). 

The spectral data and color reactions suggested that they are benzoquinone 

derivatives. 

Ardisiaquinones gave following derivatives: Catalytic hydrogenation followed 

by airing afforded the respective dihydro derivatives (VII - IX) showing nearly 

the same spectral properties as IV - VI. Treatment of IV and V with sodium 

hydroxide solution for a short time afforded the respective demethylated com- 

pounds (X and XI). The same treatment of VI was accompanied by deacetylation 

to afford the same demethylated product (XI). Acetylation of IV and VII gave 

diacetates (XII and XIV), while V and VIII gave triacetates (XIII and XV), the 

number of the phenolic acetyl groups being proved by IR and NMR spectra. Acetyl- 

ation of IX gave the compound identical with XV; thus ardisiaquinone C (VI) 

must be monoacetate of ardisiaquinone B (V). 

Formation of these derivatives and their spectral data, especially NMR 

spectra, disclosed the following functional groups in the quinones: 

IV: 2 x CH30, 2 x OH, 2 x H (the two identically situated on the quinone 

rings), and an aliphatic chain(C16H30) with one double bond. 

V: 1 x CH30, 3 x OH, 1 x CH3, 1 x H(on the quinone rings), and the C16H30 

chain. 

VI: Same as V except 1 x CH3CO0 instead of 1 x OH. 

The nature of the aliphatic chain has been revealed by alkaline hydrogen 

peroxide oxidation. The oxidation of the dihydro derivatives (VII and VIII) 

afforded the same octadecane-l,18-dioic acid(identified by a mixed fusion, IR 

and v.p.c. of the methyl ester). The oxidation of IV and V afforded an identi- 
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cal unsaturated acid, though it was impossible to obtain a sample showing sharp 

m.p. The ozonolysis of the acid followed by silver oxide oxidation gave azelaic 

acid as a sole product and identified (m.p., IR and v.p.c. of the methyl ester). 

The comparison of the unsaturated acid by IR and v.p.c. of the methyl ester 

with cis-octadec-9-ene-l,l8-dioicacid (5) 
- prepared from octadec-9-yne-1,18-di- 

oic acid(5) clearly showed that the acid must be the cis-isomer. Thus the 

chain was proved to be cis-hexadec-8-ene. 

From the molecular formulae, the functional groups and the aliphatic chain 

thus revealed, the remaining Cl2 0 was supposed to be two benzoquinone nuclei. 4 

The molecular extinction of the UV spectra of IV and V are about twice of those 

of 2,5-dihydroxy(methoxyhydroxy)-3-alkylbenzoquinones. (6) Thus the quinones 

A, B and C must be expressed by the partial formulae (XVI). 

-OCH3 -OCH3 

-OH -OCQCH3 

-OH -OH 

-OH -OH 

-CH3 -CH3 

(~1) -H -H 

(IV) (VI (VI) 

There have been several reports concerning the mass spectra of benzoquinone 

derivatives(7) and dihydroxy(methoxy)alkylbenzoquinones show prominent peaks 

corresponding to benzylium ion (a), a+1 (b), a+2*(c), M+-28 (M+-CO), M+ and 

M++2. 
* 

In IV, V, VII and VIII the peaks a, b and c appear at 167, 168 and 

b C 

169 m/e, while in XI at 153, 154, 155, 167, 168 and 169 m/e, indicating the 

presence of one each of hydroxyl and methoxyl groups in the both rings in IV 

and one of them in V, while two hydroxyls and one C-methyl grcup in the other 

ring of V. The application of the empirical rule for the determination of 

the relative positions of hydroxyl groups in dihydroxyalkylbenzoquinones by 

* For the formation of the corresponding hydroquinone in ionization chamber 

by water and the fragments thereof, see Ref. (7). 
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UV and IR absorptions(6) has been made as follows: The W absorptions of IV, 

v and the derivatives appear in longer wave length than those of 2,3-dihydroxy 

compounds and agree well with those of 2,5- and 2,6-dihydroxy derivatives, 

while ~~~ (3300 cm-l) and 4::; (1605 cm-'(s), unsplitted) of X and XI demon- 

strated the 2,5-dihydroxy substitution. Finally the relative position of the 

hydroxyl group and the methoxyl group has been learned from NMR spectra: 

Shielding values reported for aromatic compounds (8) and the accumulated data 

for naphthoquinone derivatives (9) indicate that the proton adjacent to hydroxyl 

and methoxyl groups appear in higher field than those adjacent to acetoxyl and 

alkyl groups. Actually examinations of the reported values and the data obtained 

for the compounds of known structures indicated the former appear in 4.0-4.7 t, 

while the latter in 3.4-3.7 7. The ring protons in IV and V (4.16, 4.17 x) 

remain in the nearly the same field (4.25, 4.23 y) by acetylation (XII and 

XIII), clearly demonstrating that the positions are occupied by methoxyl 

groups. Thus the structures of ardisiaquinones A, B and C must be expressed 

by the formulae IV, V and VI (Chart 1). 

In order to exclude the ambiguity existed in the application of the empi- 

rical rule for the determination of the substitution pattern (6) in the case 

of dimeric compounds such as IV and V, synthetic confirmation of the structures 

has been carried as shown in Chart 2. 1,16-bis(2,5-Bismethylamino-p-benzoqui- 

non-3-yl)-hexadecane (XVII), m.p. 218-221°, thus prepared was proved to be iden- 

tical with the compound derived from dihydroardisiaquinone A (VII). 

The structures are assumed to be unique, since the compounds are presum- 

ably polyketide compounds derived from cis-octadec-9-ene-l,l8-dioicacid. 
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