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Natalenone, a Novel Quinone Dirner from Euclea Natalensis 
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Summary Natalenone (V) is a dehydro dimer of 7-methyl- 
juglone in which the two halves are linked by two carbon- 
carbon one ring bonds carries to give a methylene a fused tetracyclic bridge. structure in which Me eMe , 

Me& 
BINAPHTHOQUINONES of the conventional type, e.g. rotundi- HO H o w  
quinone (I),1 occur frequently in Diospyros and Euclea 0 

11) 111 1 (Ebenaceae) heartwoods,, presumably formed by phenolic 
coupling of (11) (or an equivalent) and further oxidation. 
We report here an unconventional dimer extracted from 
the roots of Euclea n a t a l e n ~ i s . ~  

Natalenone, m.p. 229-231 OC, C,,H1606, [(I) is C2,H1406)], 
is optically inactive (c.d.), shows hmax (EtOH) 266, 294sh 
324sh, and 440 nm (log E 4.18, 3.83, 3.68, and 3-66), (EtOH- 

and 1610 cm-l consistent with a structure of type (I), as is 
the mass spectrum except that the base peak falls at m/e 
358 (M+ - H,O). The lH n.m.r. spectrum (CDCl,) 

hydroxy groups, and four doublets for meta-coupled Me , includes four singlets for two aromatic methyl and two peri- 

aromatic protons [cf. (I)], and in addition a hydroxy 
singlet at 8 4.69 (lH, exchanges with D,O) and a methine 
proton signal a t  6 4.17(m) coupled to a methylene resonance 
at 3.02 (2H, d, J 3 Hz). The third hydroxy group is 

acetate (warming with HOAc-H,SO,) and a triacetate 
(Ac,O-H,SO,, 8 days at room temperature). This is con- 
firmed by 13C n.m.r. data (CDCI,); the off-resonance de- 
coupled spectrum includes a singlet a t  82 p.p.m., together 
with a CH, triplet a t  54 and a CH doublet a t  52 p.p.m., and 
signals for two methyl, two vinyl (singlets), twelve aro- 
matic, and three carbonyl (198, 188 and 181 p.p.m.) carbon 
atoms. The combined evidence suggests the presence of the HO 
groupings (111) and (IV) linked together by >CH-CH, 0 
and SCOH fragments. As several structures are possible tYn1 rm1 
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evidently tertiary although the pigment forms a mono- IY) rYn 

Me 
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the final solution was obtained by X-ray crystallographic 
analysis which defined natalenone as (V). 

The crystals were triclinic, Pi, with a = 14.311(2), 

y = 94*39(5)'. A total of 3707 reflections were measured 
on a Hilger-Watt four circle diffractometer using Mo-K, 
radiation (h = 0.71069 A) out to 8 = 27.5', of these 2195 
with a net count >30 were deemed observed. The structure 
was solved, with difficulty, in the acentric space group P1 
using MULTAN, and refined in the centric space group using 
all observed reflections. In the final stages hydrogens were 
included and allowed to refine isotropically, the other atoms 
anisotropically . The variables were refined in two blocks 
and at  convergence the maximum positional shift was 
0.130 and R was 0.045. Bond lengths and angles were 

b = 5-956(1), c = 10*754(2) A, cc = 93*87(5), = 106.65(5), 
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normal with calculated e.s.d.'s of ca. 0-004 A and 0.25' for 
parameters not involving hydrogen. The molecule consists 
of two essentially planar parts folded about the bridgehead 
carbons, the fold angle being 106'. 

Presumably (V) arises in vivo by coupling of (11) to give 
an unsymmetrical dehydro dimer, followed by formation of 
a second internuclear bond as indicated (VI), one half of the 
molecule reacting in the diketo tautomeric form (cf. the 
naphthocy~linones~) . Stable diketo tautomers of 1,4,5- 
trihydroxynaphthalenes are known,5 and both (VII)* and 
(VIII)' are natural examples found in DiosPyros spp. 

M.A.F. and A.C.A. thank the Instituto de Alta Cultura for 
financial support. 

(Received, 19th January 1976; Corn. 043.) 

1 L. M. van der Vijver and K. W. Gerritsma, Phytochemistry, in the press. 
a R. H. Thomson, 'Naturally Occurring Quinones,' 2nd edn., Academic Press, London, 1971; D. Skoyles and 0. C. Musgrave, 

Phytochemistry, 1972, 11, 874; M. Tezuka, M. Kuroyanagi, K. Yoshihara, and S. Natori, Chem. and Pharm. Bull. (Japan,) 1972, 20, 
2029; M. Tezuka, C. Takahashi, M. Kuroyanagi, M. Satake, K. Yoshihara, and S. Natori, Phytochemistry, 1973, 12, 175; G. S. Sidhu, 
A. V. B. Sankaram, and S. M. Ali, Indian J .  Cham., 1973, 11, 507; T. J .  Lillie, 0. C. Musgrave, and R. H. Thomson, J.C.S. Chem. 
.Comm., 1973, 463. 

a M. A. Ferreira, M. Aurea Cruz Costa, M. I. Paul, and A. Correia Alves, An. Fuc. Farm. Porto, 1973.33, 61. 
4 A. Zeeck and M. Mardin, Annalen, 1974, 1063 : A. Zeeck, H. Zahner, and M. Mardin, ibid., p. 1100. 
5 R. H. Thomson, J .  Chem. Soc., 1950, 1737; 1951, 1237. 

R. G.  Cooke and H. Dowd, Austral. J .  Sci. Res., 1952, 5A, 760. 
M. Pardhasaradhi and G. S. Sidhu, Tetrahedron Letters, 1972, 4201. 




