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Abatraet-The naphthoquinone dimers natalenone, I’-hydroxydiospyrin and euclanone and the trimers galpinone 
and a compound with MW 562 were isolated from E. natulensb roots. Natalenone is a dehydrodimer of ‘I-methyl- 
juglone with the two moieties linked by two C-C bonds to give a fused tetracyclic structure, one ring bearing a methyl- 
ene bridge. Galpinoneis a 7-methyljuglone linear trimer, the three units probably being linked C-8-C-6’ and C-3’-C-3”. 
Euclanone is a new dimer of 7-methyljuglone and methylnaphth~~n, isomeric with 8’-hydroxydiosp~n. 

INTRODUCTION 

In previous work on Eucfea natalensis A. D. C., Ebenaceae, 
several triterpenoids [1,2] and naphthoq~ones have 
been identified in its stems and roots; the quinones 
isolated include 7-methylju~one~ diospyrin, isodios- 
pyrin, methylnaphthaxarin, biramentaceone, mamega- 
kinone, diosindigo A and xylospyrin [3-51. We now 
report on five further pigments isolated from the roots of 
this plant. 

RF.XJLTs 

Identifcation ofnatalenone 

From the petrol extract of E. natalensis roots a yellow 
crystalline substance (S), mp 229-231”, was isolated by 
PLC; it became violet in alkaline solution. The pigment 
is optically inactive (CD.) and has &%” 226 (log E 4*18), 
294 (sh, log E 3.83), 394 (sh, log E 3.68), 440 (log E 3.66) nm, 
A::““= 275 (logs 4.15), 292 (sh, logs 3.94), 342 (sh, 
log E 3.87), 568 (logs 3.79) nm, vz 3523, 1670, 1640 and 
1610 cm-‘. The ‘HNMR of (5) showed aromatic methyl 
signals at 6 2.37 and 2.40, two singlets from peri-hydroxy 
groups at 6 11.39 and 11.40, and four doublets for rrt- 
coupled aromatic protons at 6.70, 6.94, 7.02 and 7.43 
(each 1 H, J = 2). The presence of a free hydroxyl is 
indicated by a peak at 6 4.69 exchanging with D,O, 
along with a methine proton signal at 64.17 (1 II, m) 
coupled to a methylene resonance at 6 3 02 (2 H, d, J = 3). 

The off-resonance decoupled 13C. NMR spectrum 

included a singlet at 82 p.p.m. (?C-O), a CH, triplet at 

54 and a CH doublet at 52 p.p.m., together with signals 
for two aromatic methyl, two vinyl (singlets), twelve 
aromatic and three carbonyl carbon atoms (198,188 and 
181 p.p.m.). 

* Part of this work has been published in two preliminary 
eomm~i~tio~ [4,8]. 

t Also observed in the triacetate. 

The MS of (5) indicated a molecular formula of 
C,,H,,O, (Found: M+/e, 376.0943, 79%; required: 
M+. 376.0946). Ionic fragments were observed at m/e 358 
(M+-H20, lOO%), 330 (M+-H,O-CO, 35x), 302 
(M+-H&3-2C0, 9%) and 274 (M’-H@--3C0, 3%). 
Besides this, the MS also showed ions with m/e 163 (3 “/,), 
135 (lo%), 134 (11x), 106 (16%) and 77 (14x), which 
clearly resulted from the cleavage of an internal quinonoid 
ring of a 7-methyljuglone dimer [d]. 

Natalenone (5) formed a triacetate by reaction at room 
temperature with A@-H,S04, AZ:” 354 nm, and when 
heated with HOAc-H,SO, it gave a monoa~tate, 
Jzzp 448 nm, 6 3.66 (lH, 9), which retained both peri- 
hydroxyls. The formation of a monoacetate supports the 
spectral evidence (v 3523 cm-’ and 6 = 4.69) for an 
alcoholic hydroxyl in natalenone. This is evidently 
tertiary because the methine proton in the parent 
compound (6 = 4.17) moved upfield* on acetylation 
instead of downfield, as, for example, in shinanolone 
monoacetate (1) [7]. 

HO 0 

Gci? ‘I 
Me’ 

H OCoMe 

(I) 

According to these data natalenone must be a dimeric 
methyljq$one but showing some differences compared 
to the usual compounds of this type [9, a-c]. In fact, 
natalenone has a MW of 376 instead of 374, as is observed 
in conventional compounds (2, a-c). Combined evidence 
suggests that natalenone is formed by two moieties, one 
of them being represented by 7-methyljuglone (3) linked 

through its quinonoid ring by )CH-CH, - and$COH 

fragments to an aromatic ring bearing a methyl and a 
hydroxyl Peri to a carbonyl group (4). As several struc- 
tures are possible according to this evidence, the final 
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HO 0 0 OH 

@a) C-2-C-Z’: blra~~~eone 

(Zbl C-3-C-3’. ~a~~kl~ 

(2~1 C-2 -C-3’ roiundrqumone 

elucidation was obtained by X-ray crystallographic 
analysis which showed natalenone as (5) [S]. 

0 6 b,., 

(31 (4) 

Me ’ 
m 

b ‘b bH 
(51 

Identification of gaipinone 

Compound (6), C&I&,0,, was isolated from the 
CHCI, extract as orange-red crystals, mp > 335”, 
A:$ 216, 252, 434nm, 1 :;nioH- 207, 228 (ssh), 290, 
558nm, /-“,zi 1662, 1640, 16OOcm-’ [4], typical of a 
juglone. The NMR spectrum showed three aromatic 
methyls at 2.03 (3H, s), 2.04 (3H, s) and 2.44 (3H, s), two 
o-coupled quinonoid protons at 6 6.76 (lH, d, J = IO) 
and 6.86 (1 H, d, J = IO), forming an AB quartet, and two 
quinonoid protons at 6 6.94 (IH, s) and 6.99 (lH, s). 
Four aromatic proton signals appeared at 7.10 (IH, d, 
J =- 2), 7.28 (IH, a), 7.48 (lH, d, J = 2) and 7.64 (lH, s). 
The presence of three protons from geri-OH groups is 
indicated by peaks at Il.66 (lH, s), 11.85 (IH, s) and 
12.35 (lH, s). In the MS major ions were observed at 
m/e 135(56x), 134(50%) and 106(71 %), resulting from 
methyljuglone fragmentations and other peaks appeared 
at m/e. 562 (M+ + 2, 40x), 561 (M+ + 1, 31x), 560 
(M+, lOO%), 545 (M* - Me, 327& 543 (M’ - OH, 
25x), 532 (M+ -CO, II%), 504 (M+ - 2C0, 11x), 
517 (M+ - Me-CO, 19%) and 489 (M+ - Me-2C0, 
14%). Therefore, according to its MW and NMR 
spectrum the substance must be a tris-(7_methyljuglone), 
the linkage among the three units having been made with 
elimination of two aromatic and two quinonoid protons. 

As the NMR shows the existence of two o-coupled 
quinonoid protons, forming an AB quartet, this suggests 
that one of the end methyljuglone units must be linked 
via C-8 atom to the central unit. In fact, this structural 
situation occurs in all the known compounds presenting 
this feature [lO-131 and, therefore, the trimer structure 
should be {a) or (7). Other possible structures are ruled 
out on the basis of the NMR spectrum. 

As can be seen, in structure (6) A and B monomers are 
linked as in isodiospyrin (8) [IO] and in bis-isodiospyrin 
(9) [ 1 1 , 1.51, whilst B and C monomers are linked through 
their quinonoid rings. On the other hand, in structure (7) 

they are linked as in neodiospyrin dimethyl ether (10) [12] 
and in diospyrin [14]. From a comparison of the NMR 

spectra of these compounds (see Table 1) it is clear that 
A and B units in the trimer molecule are arranged as in 
isodiospyrin (8) and in bis-isodiospyrin (9). Supporting 
this conclusion there is a marked similarity among the 
chemical shifts of the C-7 and C-7’ methyls in all these 
compounds, while in neodiospyrin dimethyl ether [12] 
the methyl at C-7 (10) has a different chemical shift. In 
addition, the chemical shifts of the trimer quinonoid 
protons H-2’ or H-3” (S 6.94699) do not agree with the 6 
value ascribed to H-2’ or 3’ (66.45) in (10). On these 
grounds, structure (7) is ruled out. 

The B-C link in (6) must now be considered. There are 
three possibilities, namely C-2-C-2”, as in biramenta- 
ceone (Za), C-Y-C-3”, as in mamegakinone {Za), or 
C-2-C-3”, as in rotundiquinone (2e). In the first two 

cases the resulting compounds are symmetrical and their 
NMR spectra are practically coincident except in the 
chemical shift of the peri-OH protons (see Table 1), 
whereas the spectrum of rotundiquinone is asymmetrical 
and resembles that of an equimolecular mixture of 
biramentaceone and mamegakinone. [9C]. 

Taking into consideration the data from TabIe I it is 
evident that the trimer per&OH proton at C-5” (6) has 
practically the same chemical shift as the equivalent 
proton of mamgakinone (2b). This fact suggests that the 
C unit is most probably linked through C-3” to the B 
moiety. However, whether this bond is C-2-C-3” or 
C-3’-C-3” was impossible to determining with certainty 
in spite of the latter seeming to be the most probable. In 
favour of this it may be pointed out that it has just been 
established that bis-isodiospyrin is the 3-3’ dimer of 
isodiospyrin [15] and that mamegakinone has already 
been identified in this plant [4], while rotundiquinone has 
not. Therefore, B and C units must be linked via C-3’- 
C-3’: the slight difference observed between the chemical 
shifts of B and C quinonoid protons being due to the in- 
fl uence of A unit on B, because of asymmetry in the trimer. 
On these grounds it is evident that this substance is identi- 
cal to galpinone, recently isolated from Diospyros galpinii 
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by Vijver [16] and for which this author also ascribes OH 0 
structure (6). 
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Identification of8’-kydroxydiospyrin 

From the acetone extract of E. nut&&s roots a sub- 

~~~~~~ 

stance was isolated by PLC, mp 25%260”, which proved (12) 0%) 
to be identical to au authentic sample of 8’-hydroxydio- 
spyrin (11) (TLC, IR) [63. comes from the absence of ions at m/e I36 and 108 in the 

MS, which are normally found if the dihydroxyaromatic 

kJ?+--# 

ring of naphth~~n has no substitu~ts [173, and the 
presenceofions atmje 1 SOand 122,whichcanbe accounted 
for by the fragmentation indicated above. 

S~t~e(lZ)istautome~~~damethyl~oupfavo~~ 
the formation of a quinonoid ring in a naphthazarin [lSl. 

OH Thus, euclanone is more appropriately represented by the 
fll) tautomeric forms (12) and (1Za). 

Table 1. Comparison of the NMR spectrum of galpinone with those of isodiospyrin [IO], bis-isediospyrin [II], birameu~~one 
[Sal, ma~eg~none [9e], rotundiq~none [SC] and n~iospyr~ dimethyl ether flZ] 

Assigment Bwiwdiospyrin BirameataceQoe’ Mamegakioone’ Rotundiquinone* Neodmspyrin 

Q) m (za) w dimethyl ether 

(101 

2-H 
3-H 
S-OH 
6-H 

7,?‘-Me 
8-H 

2,-H, 2”-H 
3,-H 3”H 
S-0-H 

@-OH 

8*-H 

5”-OH 
6”-H 

7”-Me 
8”-OH 

6.&d 
6,MJ110 

6.9Sd 696d 
10 <97ts -h*ts 

6-96 $8 699s - 
6.74d J = 10 w&f J = 

6.57d 
- 7.02s 6.?ldJ=10 

lI8S.S 12.08, I2 10s 11’789 ll.Sls 1164s 11.71br 11.81s - 

7 28s 7 33s 1.36s I.026 7.13br 7.11d 7.13br 7.13br 7.18s 
J-2 J-2 

202s.2tNf 2026 2.06 s 2.07 s 242 s 2.46 s 2.44 s 2.46 6 2.46s 2.30 s. 2.49 s 
- 7.45 d 7.50 br 7.45 d 7.50 br 7.50 bT 

J-2 .I=2 
6.94 s or 6.99 $ 6.98 s 709s 6.96 s 699s 699s 6.45 s 
694sor6.99~ 6.98 s or 7.09 9 6.97 J 7.02s -. _ .- or 6.45 s 

1235s 1246s 12519 11.78 s 11.81s 11.64s 11.71 br 11.71 br - 

__ - 7.02 d 7.13 br 7.11 d 7.13 br 7.13 br 7.06 d 

J-2 J-2 J=2 
7.64 s 7.67 s 7.73 d 7.45 d 7.50 br 7458 7.50 br 75obr 7.56 d 

.I=2 I=2 .I== I.5 
11.66s 1251 s _ .- -- _- 

7.lOd - - -. 

3=2 
244s - 206s - - - .- _.. 
7.48 d 7.73 s - - - - - 

J-2 

The assigments to the formulae on p. 118. The spectra of these compounds were run in CDCl, at 100 MH; chemical shifts are 
in 6. tFigures taken from [9a] ; ffiguras taken from [SC] ; &tnpublished figures recorded by us; ‘I;ligures taken from [SC]. 

identification of euclanone 

A second pigment, C,,H,,O,, isolated from the aee- 
tone extract, gave red crystals (from CHCI,) mp 2% 
263”, kc:‘1 224, 266 (sh), 284 (sh), 454 (sh), 492, 522 (Sk), 
562 (Sk) nm, v:z; 1640, 1610 cm-l. The NMR spectrum 
showed signals for two aromatic methyls at 2.28 and 
2.45, two quinonoid protons at 6 6.94 (lH, s) and 7.06 
(lH, s), two m-coupled aromatic protons at 7.12 (lH, d, 
.I = 2)and7SO(lH,d,J = 2)andasingletat7.24(lI-I,s). 
Three protons from p&-OH groups resonated at 
6 11.81,12.34and 12.84.The MS&owed peaksat m/e 392 
(M+ + 2, 11x), 391 (M+ + 1, 16”/, 390 (M+, lOOo/,), 
362+(M+ - CO, 3x), 334 (M’ - 2C0, 13%) and 306 

3C0,S %), Other ions were observed at m/e 150 
i: 77 135 (5 “/) 134 (4 “/) and 122 (3 “/) 

AlTihese da;‘suggest Bat euclanon~ i12) is clearly a 
dimer of 7-methyljuglone and methylnaphthaxarin. 
Therefore, as there is no evidence of ally& coupling, since 
both methyl groups appear as very sharp singlets, 
euclanone must have structure (12). Further support 

* We thank Dr. L. M. v.d. Vgver for kindly confirming this 
by direct comparison of substance with her galpinone specimen. 

m/e 106 (8%) m/e 134 (4%) m/a I50 (15%) n?/P I22 L3Y*) 

Compou~ MW 562 

From the petrol extract another substance, C3sHz209, 
was isolated by PLC, mp >350”, A::‘3 245, 264, 
302 (Sk), 328,449 mn, ~2:; 3 500,166X 1610 cm-‘. It was 
impossible to obtain the NMR spectrum of the substance 
because of its insolubility and a more soluble derivative 
could not be prepared due to lack of material. From its 
MS it seems to be a 7-methyljuglone derivative (ions at 
m/e 135,134 and 106). 
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EXPERIMENTAL 

Plant material. Plants from E. natalensis were collected near 
the Catholic Mission, Huila, Angola, by Dr. A. Figueira de Sousa 
and voucher specimens are kept in the Herbarium of the Institute 
for Scientific Research, Luanda, Angola. 

Isolation of natalenone. Drted powdered roots of E. natalensis 
(1.5 kg) were Soxhlet extracted with petrol (bp 5&60”) giving 
33.Og crude material (2.2%) after evaporation of the solvent. 
The extract (1.7 g) was submitted to PLC on silica in CHCl,, 
giving eight bands. Band B (the second in order of increasing R, 
values was removed and rechromatographed in the same system, 
giving rise to 2 bands. The band with lower R, afforded natale- 
none as pale yellow needles (CHCl,) (125 mg), mp 229-231”. 

Natalenone monoacetate. Natalenone (11 mg) was boiled with 
HOAc (10ml) and cont. H,SO, (2 drops) for 2 h. The crude 
product separated by PLC on silica m CHCl, into unchanged 
natalenone and the monoacetate. The latter crystallized from 
MeOH-CHCl, as long orange sticks, mp 255-257”, 1zz3 244, 
269, 299, 325 (sh), 448 nm (log 4.30, 4.27, 3.96, 3.78, 3.76), vz: 
1760, 1678, 1640, 1610, 1570cm-‘, NMR (100 MH,. CDCl,) 
6 230(3H, s), 2.38 (6H, s), 290 (lH, d, J = 10 Hz), 3.68 (lH, 4, 
J1=10,.l,=5Hz),4.20(1H,d.J=5Hz),6.74(1H,d,J=2Hz), 
7.00(1H,d,J=2Hz),7.02(1H,d,J=2H2),7.42(1H,d,J= 
2Hz),11.44(1H,s~11.68(1H,s).Found:M+418.1052,C,,H,,O, 
requires: M+ 4181052.MS: oeaks at m/e 418 (M’, 0.3”/,). 376 , 
(M+-CH,CO,32%).358(M’-CH,CO-H,O, iOO%),330(M+- 
CH,CO-H20-CO,15%).302(M+-CH&O-H,O-2CO,2,5%). 

Natalenone triacetate. Natalenone was treated with Ac,O 
(2 ml) and cont. H,SO, (1 drop) at room temp. for 8 days. The 
product was purified by TLC on silica in CHCl,, IE”” 260, 
296 (sh), 354nm, vyL1780, 1750, 1695, 1665, 1630, 16E!m-‘, 
NMR (100 MH,, CDCl,) 6 2.29. (3H, s), 2.32 (3H, s), 2.38 (3H, s), 
2.44 (6H. s). 2.91 (1H. d. J = 10 Hz). 3.62 (1H. a. J. = 10. J, = 
5 Hzj, 4.i3’(lH, d; J = 5 Hz), 6.86 (iH, d, J = b-i&j, 7.10 (16, d, 
J = 2), 7.46 (lH, d, J = 2), 7.80 (lH, d, J = 2). Found: 504 
(M+ + 2); C H 0 requires: M+, 502. MS: peaks at m/e 504 29 22 9 
(M+ + 2,0.4 %), 460 (M+--CH,CO, 0.9 %), 418 (M+-2 CH,- 
CO, 22%), 376 (M+--3CH,CO, lo%), 358 (M+--3CHr COG- 
H,O,100%),330(M+--3CH,CO-H,G-CO,19%),302(M+- 
3CH,CO-H,O-2C0.5 “/,), 274 (M+--3 CH,CO-H,O--3C0 
2 %). 

Isolation of galpinone. The powdered roots, after having been 
extracted with petrol, were dried in air and Soxhlet extracted 
with CHCl, to give 2@4 g (1,36 %) crude material. The extract 
(14.5 g) was submitted to repeated column chromatography 
on silicic acid. Elution with petrol-&H, in varying proportions 
separated some of the compounds already isolated from the 
petrol extract and further elution with C,H, afforded galpinone 
(7.1 mg),mp 1 335”.Found:M+,560.1 103:C,,HZo0, requires: 
M+, 560.1107. 

Isolation of S’-hydroxydiospyrin. Powdered roots, after extrac- 
tion with petrol and CHCl,, were subsequently Soxhlet extracted 
with Me,CO. The extract was concentrated to a small volume 
and submitted to PLC on silica in CHCl, giving rise to 2 bands. 
The band with higher R, afforded, after purification, I’-hydroxy- 
diospyrin, identified by comparison with an authentic sample 
(mp, IR, UV, TLC). 

isolation of euclanone. The second band obtained by PLC of 
acetone extract (lower R,) afforded a substance, mp 260-263” 

(from CHCl,). Found: M+, 390.0738; C,,H,,O, requires: 
M’ = 390.0739. 

Isolation of compound MW562. The band with higher R, 
resulting from rechromatography of band B (see isolation of 
natalenone) was run again on silica in CHCl, to give an orange- 
red substance, mp > 350”, n’$y” 245, 265, 302 (sh), 332 (sh), 
446 nm (log E 4.26, 4.23, 3.75, 3.63, 3.59) vKBr 3500, 2925, 2860, 
1670,1635,1610,1570cm-‘. Found: M+, 562.1270; C,,H,,G, 
requires. M+, 562.1264. 
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