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Abstract—Seven biflavones, amentoflavone, bilobetin, sequoiaflavone, ginkgetin, sciadopitysin, 7,4’,7%,4"-
tetra-O-methylamentoflavone, and diooflavone (amentofiavone hexamethyl ether), were identified from
extracts of the cycad genus Dioon. The biflavones were identified by direct comparison with authentic
samples using m.m.p., co-chromatography in 3 solvents, and NMR studies of the acetates. This is the first
time amentoflavone hexamethy! ether has been identified as a natural product. After surveying numerous
species of the Cycadales, no evidence could be obtained for the occurrence of biflavone glycosides or of
biflavones based upon any other nucleus than apigenin.

INTRODUCTION

Dioon, one of the ten extant genera of the cycads, is a small genus of approximately 5
species that is limited in distribution to Mexico. Although several papers have been pub-
lished on the toxic chemistry of the various cycads, very little information is available
concerning the phenolics, especially the flavonoids. Wallace has described the hydroxy-
benzoic and hydroxycinnamic acids of the Cycadales! and has identified the C-glycosyl-
flavones, orientin and vitexin, from Dioon spinulosum Dyer ex Eichl.? In addition, the
biflavones, amentoflavone (I), bilobetin (II), sequoiaflavone (III), ginkgetin (V), and
7,4',7" 4"-tetra-O-methylamentoflavone (VII), have been identified in Zamia angustifolia
Facg. (Z. floridana A. DC),? sotetsuflavone (IV), 2,3-dihydroamentoflavone, 2,3-dihydro-
hinokiflavone, and amentoflavone (I) have been identified from Cycas revoluta Thunb.*-3
The present report concerns the identification of amentoflavone (I), bilobetin (II), sequoia-
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flavone (III), ginkgetin (V), sciadoptysin (VI), 7,4',7",4"-tetra-O-methylamentoflavone (VII),
and diooflavone (5,7,4',5",7”,4"-hexa-O-methylamentoflavone) (VIII) from species of the

genus Dioon.

RESULTS AND DISCUSSION

The distribution of biflavones in the cycad genus Dioon is summarized in Table 1. The
compounds were found in all the plants which were examined. The major biflavone in each
species was amentoflavone (I). Except for the absence of diooflavone (VII) in D. purpusii,
D. mejea, D. imbricata, and D. san blas and the lack of sequoiaflavone (IIT) in the latter,
the biflavone distributional pattern is rather uniform and does not appear to be useful

taxonomically, at least at the specific level.

TABLE 1. DISTRIBUTION OF BIFLAVONES IN Dioon

Species 1 1I I iv A% VI VII VII*
1 Dioon edule -+ 4+ -+ + — + 4 + NI
2 D. spinulosum -+ 4+ + + — + + + + o+
3 D. purpusii e o T S S e +  +
4 D. san blas -+ + -+ - - + + trace —
5 D.mejea +++ - + — 4L + trace —
6 D. imbricata + 4+ -+ + — + 4 + trace —

* For key, see text or formulae,

However, the biflavone chemistry of Dicon is very similar to that of Zamia.? Preliminary
results (unpublished) indicate that the remaining cycad genera, except Stangeria, have bi-
flavones similar to those identified from Dioon and Zamia; in addition, Cycas species appear
to have biflavones presently unknown to the rest of the Order. Hinokiflavone derivatives,

which have been identified in Cycas,® have not been detected in Dioon.

TABLE 2. R;S FOR BIFLAVONES ISOLATED FROM Dioon SPECIES

R; in solvent*®

Compound BPF BPEFD  BEAA
Amentoflavone (I) 0-25 0-33 0-29
Bilobetin (II) 0-45 048 0-44
Sequioflavone (I1I) 0-45 0-48 0-44
Ginkgetin (V) 0-69 065 0-59
Sciadopitysin (VI) 0-71 0-78 0-72
7,4',7",4"-Tetra-O-methyl

amentoflavone (VII) 0-90 0-85 0-87
Diooflavone (VIII) 0-50 019 0-34

* BPF = CgHg—pyridine-HCO,;H (36:9:5); BPEFD = CgH¢-
pyridine-HCO,Et-dioxan (5:1:2:2); BEAA = C4He-EtOAC-HOAC
(10:3:2). R,s are averages of three determinations. All the solvents
distinguish between the fully methylated derivatives of amentoflavone

and hinokiflavone.
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Since the cycads are a primitive group of plants, the present results strengthens the view
that biflavone biogenesis a primitive metabolic character.® It is interesting that there is no
evidence for the natural occurrence of biflavone glycosides. It may well be that the coupling
of flavone nuclei, i.e. the formation of biflavones, serves the same metabolic or physiological
function as glycosylation in other species. This hypothesis is presently being investigated.

EXPERIMENTAL

Plant material. Dioon edule Lindl., D. spinulosum Dyer, and D. purpusii Rose were obtained both from
the cycad collection of the University of Texas, Austin, and from Fairchild Tropical Gardens, Miami,
Florida, U.S.A. (accession Nos. 6127; 58545 and 59958; and 651318). D. mejea Stand., D. san blas, D. tenoi,
and D. imbricata Dyer were obtained from a private collection of Dr. M. R. Birdsey, Miami, Florida.

Extraction and identification procedures. Dried leaf material was exhaustively extracted with boiling 95 9
EtOH as previously described? and/or by extracting with (90/10) MeOH-pyridine. Column chromatography
on Polyclar AT and elution with CHCl;—MeOH-MeCOEt (4:2: 1) gave excellent separation of the biflavonyl
mixture. Individual compounds were identified by direct comparison with authentic samples using m.m.p.,
co-chromatography (TLC in 3 solvents, see Table 2)® with the original compounds and their hexamethyl
derivatives, and by NMR spectra of their acetates.” Considerable difficulty was experienced in separating
sciadopitysin and amentoflavone 7,4°,7”,4"-tetra-O-methyl ether.
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