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Abstract--The oligomeric juglones isolated from the barks of Juglandaceae plants, Pterocarya and Ju&tts, were 
shown to be 3,3’-bijuglone (8,8’-dihydroxy[2,2’-binaphthalene]-l,l’,4,4’-tetrone and unsymmetrical cyclotrijuglone 
(1,7,16-trihydroxy-5,6,11,12,17,18-trinaphthalenehexone). 

INTBODUCnON RESULTS AND DISCUSSION 

It is well known that juglone (S-hydroxy-l+naphtho- 
quinone) and hydrojuglone glucoside (4,8dihydroxy-l- 
naphthalenyl+@ucopyranoside) occur in different 
parts of Juglandaceae [l]. Other monomeric naphtho- 
quinones have also been found (e.g. 1,Qnaphthoquinone 
[2., 33 and 5,8dihydroxy-l&naphthoquinone [4] from 
Juglans species). The natural co-occurre nce of a mono- 
meric quinone with its oiigomers (dimer, trimer and 
tetramer) has been widely studied, e.g. ‘I-methyljuglone 
(ramentacenone) and its oligomers in Ebenaceae and 2- 
methyljuglone (plumbagin) and its oligomers in 
Droseraceae [ 11. However, the oligomers from the quin- 
ones which occur among Juglandaceae plants have re- 
ceived little attention. Juglone oligomers, 3,3’-bijuglone 
(1) [S] and symmetrical cyclotrijuglone (2) [6]. have been 
reported to occur in root-bark of J. regia in one instance 
only. The present paper is concerned with the isolation 
and structure elucidation of juglone oligomers from P. 
rhoifilia Sieboldiana et ZWX. (wingnut, Japanese name 
Sawagurumi) and J. mandshurica Maxim. var. Sieboldiana 
Makino (walnut, Japanese name Onigurumi). 

The chloroform extracts of the fresh root-bark of P. 
rhoifolia was chromatographed on silica gel (benzene as 
eluant) to give in addition to juglone two polar light 
yellow compounds The less polar of the two polar 
compounds was identified as bijuglone (1) comparison 

an sample by ofjuglone 
1,4,5&hydroxynaphthalene [7J. The ‘H NMR spec- 

trum (CDQ) of isolated 1 revealed two singlets of H-3 
and H-3’ (67.04) and 8- and 8’-OH (b 11.75). Bijuglone (1) 
was distinguished from its isomers, 2,2’-bijuglone (3) and 
2,3’-bijuglone (4), by ‘H NMR spectroscopy [8,9]*. It 
gave a reddish violet colour with aqueous alkali and 
underwent reversible reduction with sodium dithionite 
like many other hydroxynaphthoquinones. 

*The chemical shifts (CDCl, /TMS = 0) for vinyl and hydro- 
xyl protons of 3 and 4. prepared independently by the method of 
Laatsch [8,9]. are as followa Compouod 3: 67.05 (2H. s, H-3 and 
H-3’),11.86(2H,s,5-a~l5’-0~I:67.02(1H,s,H-33,7.06(1H, 

H NMR 



R’ 0 

1 Rl=R4=H, R2=R’=O,, 

3 RI = R” = OH, R2 = R3 = H 
4 RI = R3 = OH, R2 = K4 = H 

2 R’ = H. R2 = OH 

5 Rl=OH. R2= H 

<OH 
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P. rhofolia was identical with that of a synthetk sample 
Isolated 5 gave a pinkish viokt colour with aq. alkali and 
reversibkreductionwithsodiumdithioni&TLCanalysis 
of chloroform extracts of stem-barks and green parts in P. 
rhoifolia showed the presence of juglone, 2 and S, in much 
smalkr quantities than those in root-barka In all runs, 
juglone was the principal component (see expetimental). 

A similar isolation from root- and stem-barks of J. 
mun&wicu gave comparable results, and the contents of 
naphthoquinones were much higher than those from P. 
rhoifoliu (see Experimental). The differences in contents of 
free naphthoquinoncs between Pterocarya ad Juglans 
may wuy with different seasons and surroundings [lo]. 
Thisisthefirstreportofc+ oaxrrcxxe of juglone, 3,3’- 

bijuglone and unsym-cyclotrijuglone in Ptemcmyu This 
co-m may be found widely among Juglandaceae 
plants. 

plunt merilds were taken from ls-2tsyT-okl wingnut and 
walnut plants (grown from seeds) in early August. 

Isolut&m of Mphrhoquinones. Tk CHcl, atTas (11) of ffcsb 
bark (100 g) of P~erocurjv~ (or Juglam) were washai rqamdy 
with H1O, dried and concd. The r&due was chromatograpbcd 
on silica gel with C6H6. The second cluate contained juglone as 
light yellow naxiles# identical with an autbentic spaimcu The 
fourth fraction am&cd of 3.3’~bijuglonc (1) as light yellow 
mkoctystals (from CHCl,), mp 275-278” (dccomp) (lit. 285” 
181) R,O3O(CHCl,: Mcrck,siliagcl6OF~,.,prcumtaiplestic 
sbcct, 0.2mmk IR r=cm-I: 1660, 1625 (CO); ‘H NMR 
(90 MHz, CDCl,)i 67.04 (ZH, s, H-3 and H-3’-), 7.2G7.42 (2H. m, 
H-7 and H-7’), 7.62-7.76 (4H. m, H-5. H-6, H-S’ and H-6111.75 
(W, s, & and 8’-OHk MS (75 eV) m/z (rcl. int): 346 [Ml+ (100). 
329 (24), 318 (ll), 290 (18), 289 @I), 262 (ZO), 234 (ll), 205 (lo), 
120(18),92(35),64(16),63(17).TkfIfthgavecyc1otrijuglone(!!) 
as light yellow microcrystals (from CHCI,,), mp 375-377” 
(decomp)(lit.>360”[~~R,026(CHCI,kIRv~cm-*:169~ 
1680,164O (CO), ‘HNMR (cM31,) 67.25-7.45 (3H, m, H-2, H-8 
and H-15), 7.60-7.80 (6H, m, H-3, HA, H-9, H-10, H-13 and H-14), 
11.20(2H,s,1-and16=0H),11.27(1H,s,7-0~MS(75eV)m/t 
(rc1int.):516[~+(100~488(29),460(17),432(16),404(16),376 
(10x 263 (ll), 258 (12x 92 (105). 63 (11). Tbc yields of isolation 
products (mg/loO g fr. WI) were as follows: Pterorarya root-bark 
juglonc. 33.1.6,5,2; Pterucarya stem&a& 24,s. 1; Juglans root- 
barlr: 330,52,3Q Jug/am stem-bark 99,21,10. 
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