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HYDROXYBENZOQUINONES FROM 
MYRSINACEAE PLANTS-IL’ 

DISTRIBUTION AMONG MYRSINACEAE PLANTS IN JAPAN 

H. OGAWA and S. NATORI 

National Institute of Hygienic Sciences, Tamagawayoga, Setagaya-ku, Tokyo, Japan 

(Received 6 September 1%7, in revisedform 8 November 1967) 

Alas&a&-The distribution of hydroxybenxoquinone derivatives in roots, rhixomes, barks and/or fruits of 
ekven species of Myrsinaceae was examined and the presence of embelin (Ia), rapanone (Ib), mawquinone 
(IVa), acetyhnaesaquinone (VI), 2-hydroxy-S-methoxy-3pentadecenyl(tridecenyl- and tridecyl-)benxo- 
quinone (VII) and ardisiaquinonea A, B and C (VIII-X) in the plants was established (Table 2). The methods 
employed for the i~ti~tion, especially for the alkyl homologues such as Ia and Ib, are described. 

INTRODUCTION 

MYRSINACEAE belongs to Primulales and about 1000 plants classiikd into thirty-three genera 
have been descrkk2 Gf these plants, eleven species grouped into three genera, k&r&z, 
Myrsk and Muesa, grow chiefly in southern parts of Japan3 From Myrsinaceae species 
3,6-dihydroxy-2-alkylbenxcquinones, such as embelin (Ia), rapanone (Ib) and maesaquiuone 
(IVa), and the methylene dimer, vilangin (V), have been isolatedklsand their structures 
have been elucidate& I** i6* *’ (Table 1). 

Although rapanone (Ib) has been isolated from the bulbs of Oxulis purpureu Linn. var. 
jacq&ii Sonder (Geraniaceae)*8 and from the roots of Connarw monocarpuS Linn. (Con- 
naraceae)t9 and polygonaq~one (IVb), an alkyl homologue of maesaquinone (IVa) has 
been isolated from Polygonutum falcatum A. Gray (Lilia~eae),*~ the distribution of these 

1 Part I: H. OOAWA and S. N~mru, C&m. Phurm. Bull. To&p 13,511(1%5). 
2 A. &gier’s Syilabut drr PpMzm/amilim, Vol. II, p. 390. Gebrtlder Bomtraeger, Berlin (1964). 
s In thii paper Ohwi’s system of classiication is adopted (J. Grrwr, Fdora o/iapa, Shibundo, Tokyo (1964)). 

In Tabk 2 species names used by the authors of the previous chemical papers are also shown in parentheses. 
’ M, Hllwwlo, Yakugaku2asshi59,645 (1939). 
s J. uw~ Rep&q Jupun. Scf. Assoc. 12,377 (1937). 
6 M, Hnwrwno‘ Ya&ugaku za.tshi 62,460,464 (1942). 
7 0. D. Ham and K. G. Lrwrs, Tetrahedron Letters 4639 (1965). 
8 V. K Mv~nry, J. V. P. ho and V. VENKATESWARLU, Tetrahedron 21.1445 (l%S). 
9 R. P,uus and C. RABENoRo, Ann. Pharm. Frang. 8,380 (1950). 

10 R. hfrmm~ and IL Scrun-rw~, Helv. C/urn. Actu 31,2237 (1948). 
11 C. J. H. Wwtw, Plmrm.J. (3), 18,601 (1888); 19,305 (1889). 
12 CH. B. RAo and V. VHNKA’IESWARLU, 3. Org. Ckem. 26,4529 (1961). 
13 S. WA and B, S. VW C&m. Abs. 37,3878 (1943). 
14 S. Ibusm~ and B. S. V-1. Indian Gem. Sot. W, 115 (1936). 
lJ S. !bbXNSON, f%WU &hi. 9, 121 (1961). 
‘6 M. ti and K. Ywoucrit, Yakqakv Za&itlO, 105,585 (1940). 
‘7 L. Fnmm and E. M. Cfr.wami.w, i. Am. Gem. Soe. 70,71(1948). 
1s 0. Prsurwrz and A. Przmoso, Chem. A&s. 42,8888 (1948). 
19 S. N, ARM, Phytochem. 3,335 (1964). 
20 H, NAKATA, K. SW I. Mouwno and Y. HIRATS Tetruhedron 20,2319 (1964); K. Ym and 

S. N~roru, Chem. P&arm. &II. Tokyo 14.1052 (1946). 
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774 H. O~AWA and S. NATORI 

hy~o~~nzoquinone derivatives is assumed to be a chemo~ono~~~ characteristic of the 
Myrsinaeeae. 

Tmu! 1. HYDROXYBENZOQUINONES FROM ~~YKUNACBAE ~PECW REPORTED IN nut LIIZMTURE 

Name of plant* 
ampound 
identified Refwcnw 

rhizome 
bark 

EZ 

s 

fruit 

bark 
bark 
hUtWOOd 

root 
fruit 
fruit 

ftit 
tit 
fruit 
fruit 
fruit 
root bark 
bark 
fruit 

fapanone (7) 4 
rapanone 
rapanon 5 
lZip4UlOlh? 5 

rapaaone 

l7qRulOne 5 

maesaquinone 1.4.6 

rapanone 
mpanonc 3 
rapanone 8 
mbclin 9 
embelin 10 
embcfin $1 
vikmgin 12 
e&elin 13 
embclin 1414 
emberm 13 
emberm 13 
embclin 10 
fQRUlO~C 15 
ramone 15 
cmbclin 15 

* Species names am those used by the authors of the original papers. 

Recent discovery of ubiquiaones fII) and plastoquinones (ni) and of their role in electron 
transport system21 urged us to work on the biochemical surveyz2 of naturally occur&g 
hydro~~n~~non~l~ 23 and related compounds. In our previous paper’ we have reported 
the conGrmatioo of the structure of maesaquinone (TVs) and its occurrence in the form of a 
monoacetate (VT) in the fruits of Muesa jqmnicu Moritzii. This paper deals with the results 
of screening all of the eleven species of Myrsinaceae growing in Japan3* 24 The detailed 
structural elucidations of the new compounds (VII-X) isolated in the course of study will be 
reported in a separate paper.2s 

21 R. A. MORTON, editor, BiochemLswy of Quinone.e, Academic Prcs, New York (196S). 
22 H. OWWA, K. Mohfosz, S. NATORI, H. O~AWA and IC. YAMAOUCHI, B&&m. Bi5pkys. Acfu 86,397 (1964); 

H. OZAWA, S. NATOR~ and K. MOMOBB, Chem. &arm. Bull. Tokyo 13.1029 (1965); U, 1095 (1967); H. 
Ouw& K Mo?,ws, M. MA-~ S. NA?omaud K. YoBIIIRIRA, CAmr Phrttt. Bd T5kyos to bcpublishsd. 

23 S. NATOIU, H. Oo~w~and H. N-WA, CkemPhum. Bull Tokyo, l&l343 (2953); l&236 (1964); S. 
Nmm, Y. INOUX and H. N-WA, C&FM. P!tarm, Bull. Tokyo U, 380 (1967). 

24 We have not studied Myrsiw rnuxfmowiczii (Koidz.) Walker (Rogwnea maxirttowiczii Koidz., Japanrae 
name: S~~ta~in~hi~) growing in Ogasawara Is., for the island has remained under the control of 
the U.S.A. since the SaEond World War. 

25 Preliminary communication of the results has been published (H. O~AWA, S. SAKAIU, K. YCWHUURA and 
S. NATORX, Te#mkedro~ L.&m 1968, in press). The detailed paper wiIJ be published in C&em. Ph. &A& 
Tokyo. To be printed in No. 11 mJ+7), 



Hydroxybcnzoquinones from Myrsinaaae plan&--II 

RESULTS AND DISCUSSION 

77s 

The plants and the parts used for the study are shown in Table 2. Since leaves and wood 
are generally not so rich in these compounds, they have not been examined except in a few 
CaSeS. 

Benzene or ethyl acetate extracts of the plants were examined by thin-layer chromato- 
graphy and the results are shown schematically in Fig. 1. When positive results were obtained 
the extract prepared from larger amounts of material, if available, was purified by column or 

Start 

Ardiric crwwta (fr.1 
Ardwo crenota booty 
A. japnnica ffr.1 
A. joponim (rkbomrl 

A. japonica var. ongustn (rhizome) 

A. montona (root) 

A. quinqwQono (fr.1 

A. sieboldii [bark ) 
A. rkboldii Irnotl 

Mydn* uquinii (fr..) 

Myrsim u~uinii Uxwk) 
Myrsiw soguinii (root) 

M. rfolonifrro (fr.1 

Yaesa japonico IfrJ 
Massa joponlco Work) 
Moma ~oponica boot1 

M. twwo ffr.1 

FIO. 1. ?-KIN-L.WER CHROMATOGRAPHY OF ~RO~NZ~~O~ DllRIVAT’fWs FROM MYRSINACXAB 
PLANTS 

(VIII) Ardisiaquinoue A; (IX) ardisiaquinone B; (x) ardisiaquinone C; (VII) 2-hydroxy-S-mcthoxy- 
3-peutadecenylbenzoquiuone; (Ia, Ib) anbclin, rapanone; (VI) acetyhaesaquinone; (IVa) nwsa- 

quinone; *unidentified. 

preparative thin-layer chromato~ap~y. The crystalline substances thus obtained were, 
after purification, identified by m.p. and mixed m.p. determinations, U.V. and i.r. spectra 
and thin-layer chromatography, compared with those of the authentic samples. Mass spectra 
are quite helpful for the identification of small amounts of material, while NMR spectra 
reveal the nature of the substituents .25 The spectral data are surnrn~~ in Tables 3 and 4. 

The results obtained are shown in Table 2. All of these plants, except ArdMa crenara 
forma taquetii, A. crispa and A. pilla, showed the presence of benzoquinone derivatives. 
In the same plant, the constituents and their concentration vary from one part to another, 
fruits and bark generalIy containing larger amounts. Even in the same part of the same plant, 
materials collected at different places gave different results, as in the case of Myrisine seguinii. 



Name of plantJ 

A.mount of Hydroxybenzo- 
Part Date of material quinone Yield M.p. 

Japanese name used collection Place of collection (lx) identified (%I (“I 

ArW crenata Sims. mamYo root 
fnlit 

A. crenutu Sims. (f. oomimanryo fruit 
tuqwtii (L-w.) Ohwi) 

A. crhpa (Thunb.) D.C. karatacbibana root 
fruit 

A. j~nfcu (lhunb.) Bhune. yabukoji creeping 
(Bladhiu juponica Thunb.) rhizomeC 

A. juponica (Thunb.) hosobaya- 
J&me, var. angmta bukoji 
(Nakai) Makino et Nemoto 

A. mnkmu (Miq.) Sieb. ootsurukoji 

A. pusilla D.C. tsurukoji 

A. qubtquegono Blume. shishiakuchi 

fruit 
creeping 

rhizome 

rhizome 
creeping 

rhizome 
fruit 
root bark 

Jan, 1965 

Jan, 1965 
Jan, 1965 

bark= Jan. 1965 

fruit Jan. 1965 

A sieboldii Miq. rnoku~~~ root barka 
(II. siebdi (Miq.) Nakai) 

bark=*’ 

fruit 

Nov. 1964 
Nov. 1964 
Feb. 1966 

Jan, 1964 
Nov. 1964 
Dec. 1963 
Aug. 1964 
Nov. 1964 
Jan. 1965 
Jan. 1965 
May 1965 

Jan. 1966 

Jan 1965 

Jan. 1966 

Nov. 1966 

Jan. 1965 

Jan. 1965 

Tosaur@i, Tokushima 215 
Tosauraiiri. Tokushima 107 
Hachijo-is.; Tokyo 

Amagi, Shizuoka 
shizuoka, shizuoka 
Ebii Kanagawa 
Sayama, Saitama 
Sayama, Saitama 
Sayama, Saitama 
Sayama, Saitama 
Osumi, Kagoshima 

Kiyosumi, Chiba 

Owase, Mie 

Owase, Mie 
Tamgashima, 

Kagoshima 
Tanegashima, 

Kagoshima 
Tanegashima, 

~~~~ 

Tanegasbima, 
Kagosbima 

Tanegashima, 
Kagoshima 

Tanegashima, 
Kagoshima 

Tancgashima, 
Kagoshima 

Tanyplshima, 
Kagoshima 

64 

70 
20 

13tKl 
1600 
400 

4300 i 
400 

5 

120 

100 

:: 

100 

149 

1600 

4850 

8370 

250 

500 

rapanone (embelin)~ 
the q&one (VII)* 

(-_) 

{z; 

embelin (rapanone)” 
the quinone (VII) 
uuidemified 

the quinone (VII)* 
the quinone (VII)* 

the quinone (VII)* 

(--I 

;I; 

(-1 

the quinone (VII)* 

embelin, fapanone 

ardisiaquinone A 

B 

c 
embeiin, rapanone 

(-_) 

VOOl 
@Ol 
coo07 

0% 
traced 

traced 

0403 

0.3 

0.02 

oa 

0ooo5 
0.02 

141-142 
69-73 

139-140 
66x5-67 

165 

61-67 

79-81 

144 

154 

119 

69-70 
138-141 



fruit 

ixusenryo root bark 

bark 

fruit@ 

sh~rna~~o root bark 

bark 

fruit 

Mar. 1963 Yahatano* Shh.uQk 

Jan, I%5 Tanegashima, 
I(agoshima 

MN, 1%3 Yahatano, Shizuoka 
Jan. 1965 Tanegashima, 

Kagoshima 
Jan, 1965 Tanegashima, 

Kagoshima 
CM. 1965 Yoshino, We 

Jan. 1%5 Yoshino, Mie 

Mar. 1965 Atami, Shizuoka 

Mar. 1965 Atami, Shizuoka 

Nov. 1953 Atami, Sbizuoka 

Jan, 1965 Taco, 
Kagoshima 

Jan. X%5 Tanegashima, 
Kagoshima 

Jan* 1965 T~~~rn~ 
Kagoshima 64 

(-4 

rapanone (embeIhp 

G-3 
rapanone (embehn)’ 

embehn 

(-) 

rapanone (embelin)~ 

i 
maesaquinone 
acetylmaeaaquinone 

1 

maeW@ne 

~~~0~~ 

4-4 

C-4 

II 

maeSaquinone 
acetylmaesaquinone 

0.5 

0-M 

O-6 

@#l 
2.4 

141-144 

142-143 

148-149 

142-1435 3 

-‘“, d 
123 
123 

28-34 I 
E. 

0 

l The compound in parentheses indicates the minor contaminant (cf. Fig. 2). 
*They are assumed to be identical with the mixture from A, japonica -25 Due to the scarcity of the sample further characterization has not beencarried out. 
c Cf. Table 1. 
’ Due to the small amount, they have not been isolati in crystalline state. 
* The triterpene “iiexol”, probably a mixture of bauerenol and baueradienol, and another triterpene mixture of m.p. 218” were isolated from the extract. 
’ l ‘nexol*’ ?vas also isolated. 
f A mixture of ~ot~th~ani~~ was obtained. 
It In the course of separation a ~~our~~ compound assumed to be the ~ff~ponding hy~oquinone~ was separated but the purikation was tmsucoeasf& 
fSeeRef+ 1. 
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As far as we can see, embelin (Ia) and rapanone (Ib) normally co-exist in the same material, 
though the relative amounts of the two compounds differs from one material to another. 
The synthetic sample@ of Ia and Ib and their mixture from plant materials did not show any 
noticeable difference in their behaviour on TLC, or in m.p. and U.V. spectra, and the 
separation is practically impossible. However, distinction is possible by careful examination 
of the region of 850-1000 cm-’ in the i.r. spectra (Fig. 2). In the mass spectra of la and Ib, 

(IVa) R: -(CHz),$H-CHC,Hg 
(IVb) R: --C2,H,, 

W) W) 
R: H, R’: CH,CO or 

R: CH,CO, R’: H 

(VII) R: C,,HN 

(CIIHII) 
GJH~) 

%&C2;;C;H& 

0 0 
(IX) R, R’, R’: H 
(X) R: CH,CO, R’, R’: H. 

R’: CH,CO, R, R’: H or 
R’: CHICO, R, R’: H 

M+-CO peaks have not been observed under the conditions employed; thus the presence 
of the parent peaks (294 and 322 m/e) directly reflect the presence of Ia and Ib respectively 
(Table 4). The simplest method to check on their identity is by gas-liquid chromatography of 
the methyl esters of the fatty acids obtained by hydrogen peroxide oxidation, and the results 
obtained correlate well with observations of the i.r. spectra (Fig. 2). It thus becomes quite 
probable, that earlier reports of the isolation of Ia or Ib from natural resources might be 
untrue in that a mixture of both compounds was actually present,26 and this phenomenon 

26 Kawamura’s authentic sample of rapanond haa betn shown lo be contaminated with embclin by these 
methods. 
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might be common with similar polyketides with long alkyl chains. Contrary to expectation, 
homologues of Ia and lb, such as the compound having nonyl or pentadecyl side-chain, 
have not been identified. Maesaquinone (rva), on the other hand, has already been pr%ved 
not to be contaminated with similar homo1ogues.t 

From five Ardibia species a mixture of new benxoquinone derivatives has been isoIated 
and shown to be 3-alkyl-2-hydroxy-5-methoxybenzoquiuones (VII), the alkyl group being 
pentadecenyl, tridecyl and tridecenyl, the former being predo~nant in the case of the mixture 
from Ardisia japanica .25 From the root bark of A. sie~oldii three novel bis~~quinon~, 
designated ardisiaquinones A, B and C, have been isolated and shown to be VIII-X.2S 
Since vilangin (v)t2 and its homologues are expected to be rather insoluble in the solvents 

TABLB 3. ULTRA-v10ui.r AND lNFRARED SPEClRA OF HYL3ROXYBRNZOQUINONR DRRNATWPS FROM 

hfYRsrNAcRAB SPECIE9 

Compound 
Ultra-violet 

Azgn mn Oogr) “OH cm-1 
Infrared (KBr) 

“C-0 (w-3 cm-’ 

Embelin (Ta) 

Rwanone ON 

Maesaquinone (Na) 

AcaYlmacsaquinone (Vi) 

2-Hydroxy-S-methoxy- 
3-~~~yi~~~yl*, 
tridccyi-)benzoquinone (WI)& 

Ardisiaquinone A (VIII) 

Ardisiaquinone B (IX) 

~~siaquinont C (X) 

292.5 

289 
($1) 

(4.60) 
291 
(4%) 
281 
(4W 

3305 

3305 

3320 

3315 

3318 

33.20 

3300 

3328 

S 637 (sh), 16OS (s) 

1605 (s) 

1605 (s) 

1782 (s), 1655 (s), 1639 (sh), 
1615 (m) 

1655 (sh), 1632 cm), 1595 (s) 

1655 (sh), 1633 (m), 1598 (a) 

1605 (s) 

* The correlation bet- the structure and U.V. and ix. spectra has been reported.*. m*3.23 

b Loge is calculated as 3-pcntadwenyi. 

employed for ex%raction, the residues were further extracted by dioxane. However, there 
was no sign of the presence of these methyfene dimers in the plants examined. 

From the results embelin (la) and rapauone (Ib) have been shown to be widely distributed 
in both Ardhia and Myrsine species, while maesaquiuone (TVs) and its acetate (Vl) are 
restricted to Maesa. The new methoxy derivatives (VII) and the novel bisbenzoquinones 
(VIII-X) have only been isolated from Ardisia species. Since the corresponding hydroquinone 
derivatives of these ~mpo~ds are sensitive for aerial oxidation, it seems possible that they 
might exist iu the bound forms such as a glycoside in the living plant, though this appears to 
be unlikely in the case of the fruits of Maesa japoniea .* It is also probable that methoxyl 
derivatives like VII-X and acetyl derivatives like VI are more wideIy distributed in living 
plants than hitherto recpgnized, since they are easily hydrolysable, especially in alkaline 
conditioas.1*2s 
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Ga ~Y;t~~\hy et Intro-red 8prctro 

t 3.95 mln 8.2min ~~960944921 m-1 

781 

--- Embrlin 

- Ropononr 

Ardi;ito;enoto 
r 

A. joponico 
(rhiroma 1 

A. sioboldil 
(root) 

Myninr soquinii 
(bark) 

(root) 

(fruit) fi 
I’ 
1: 

.J ‘. 

Fm. 2. Tm i.r. mm OF huxmnm 0F EMBBLM AND RAPANONE AND THE GAS cHRDMA’Iw3RApHY OF 
THE bUXHYL ESTERS OF THE OXIDATION PRODUCIS. 

EXPERIMENTAL 

Exrraction 

The dried material was extracted with boiling benxene or ethyl acetate for several hours and the residue, 
alter the evaporation of the solvent, was used for TLC. For the isolation of constituents, extraction was 
repeated several times until the extract became almost colourless. 

lW&yer Chromatography 

Silica gel G (nach Stahl, E. Merck) impregnated with 3 per cent oxalic acid solution and dried was em- 
ployed with a mixture of benzenscthyl acetate (10:2) or benzene. Ammonia was used for detection of the 
hydroxybcnzoquinone derivatives. 

Isolation of the Quitwnes 

The extract was dissolved in hexane or benxene and the solution introduced onto a column of CaHPO, 
or acid-washed silica gel (hMlinclcrodt. 100 mesh) and eluted successively with hexane, w 
benmne and benxene-ethyl acetate. Each fraction was examined by TLC and the column chromatography 
repeated, if naxssary. For the separation of acetyaone (VI), preparative thin-layer chromatography 
was emp1oyed.t Fractions containing the requhed compound were combii and evaporated. In some cases, 
washing with cold hexane was ample for the puritkation of the extract and chromatography was not used for 
the isolation. The residue showing a singk spot on TLC was muystallii from benxene or ethanol (Ia, Ib 
and IVa), from 80 per cent methanol (VII) or from benmnehexane (VII-X) until it showed a sharp melting 
point. 
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Aikaline Hydrogen Pemxide Oxtirrion of Quhona and GGS Chmotography of the Fatty Acids 

A mixture of embelin (Ia) and rapanone (Ib) (2-3 mg) was dissolved in A’-KOH and Hz02 (30 per cent, 
0~1-0~2 ml) was added under alight warming onawaterbath. After3hrthereactionmixturewa8aciditIed 
and extracted with ether. The ethereal layer was dried, evaporated and methylated with CI&N2 in ether. The 
mixture of the methyl est~s was applied onto a Hitachi-Perkin Elma Gas Chromatograph F6D equipped 
with a column of O-3 x 200 an packed with SE 52 (5 per ant) on Chromosorb W at 200”. The retention times 
were compared with the methyl esters prepared from authentic fatty acids and identified. 
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