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Abstract—Eight biflavones have been isolated from the leaf extracts of Araucaria excelsa. 7"'-O-Methylamento-
flavone, 7,7"'-di-O-methylamentoflavone, 4’ or 4, 7-di-O-methylcupressuflavone, 7,7",4'"'-tri-O-methyl agathis-
flavone and 7,4',7"-tri-O-methylamentoflavone are new compounds and are being reported for the first time. The
others are 7,7"'-di-O-methylagathisflavone,7,4',7",4'""-tetra-O-methylamentoflavone and 7,4',7" ,4"""-tetra-O-methyl-
cupressuflavone. Mass and NMR spectral studies are used for structural elucidation. In addition, the presence of
several other biflavones has been indicated by TLC examination of methylated products.

INTRODUCTION
Our investigations on the leaf extracts of Agathis robusta
[1, 2] A. alba {3, 4), Araucaria cookii [5-T7), A. cunning-
hamii [5-9] and A. bidwilli [4, 8, 9] have revealed that all
these five species of the Araucariaceae contain members
of the amentoflavone, hinokiflavone, cupressuflavone
and agathisflavone groups of compounds, the last being
unique to the family. The biflavone pattern of the family
is therefore the most complex yet known. The optical

activity as shown by some of these compounds, [1, 4-
6, 8, 9] an observation not reported earlier in biflavones,
is another notable feature of the family. In the present
communication we report the results of our investi-
gations on the biflavones from the leaf extracts of
Araucaria excelsa Lamb. The complexity and distinctive-
ness of the biflavone pattern of the family is reinforced by
the present investigations. The distribution of biflavones
in Araucaria species is shown in Table 1.

Table 1. Distribution of biflavonoids in Araucaria species

Araucaria spp*.

Biflavonoid A B C D
Agathisflavone (+) (+)
Amentoflavone +) (+)
Cupressuflavone (+) (+)
7-0-Methylagathisflavone + +
Mono-0O-Methylagathisflavone (+)
77-0-Methylamentoflavone + + +
Bilobetin +
7-O-Methylcupressuflavone +
Hinokiflavone + (+) (+)
Mono-O-Methylcupressuflavone (+) (+)
7.4"'-Di- O-Methylagathisflavone + +
7,7"-Di-O-Methylagathisflavone + +
7,4’ -Di-O-Methylamentoflavone + +
7,7"-Di-0-Methylamentoflavone +
7,7"-Di-O-Methylcupressufiavone + + +
7,4 or 4”'-Di-O-Methylcupressuflavone +
Di- O-Methylamentoflavone (+)
Mono-O-Methylhinokiflavone (+) +)
7,7" 4" -Tri-O-Methylagathisflavone +
Kayaflavone + +
Sciadopitysin +
7,4’,7"-Tri-O-Methylamentoflavone +
7,4',7"-Tri-O-Methylcupressuflavone + +
Tri-O-Methylamentoflavone (+)
Tri-O-Methylcupressuflavone (+) (+)
7,.4,7",4"-Tetra-0O-Methylamentoflavone + + +
74,77 4" -Tetra-Q-Methylcupressuflavone + + +

*A = Araucaria cookii, B = A. cunninghamii, C = A. bidwilli, D = A. excelsa,

+ = characterized (+) = detected.
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RESULTS

The phenolic extractives of the powdered leaves by
solvent fractionation, column chromatography (mag-
nesium silicate, Woelm and Si gel followed by PLC on Si
gel, using BPF [10] yielded nine chromatographically
homogenous fractions they were labelled AE,—AE,. The
usual colour reactions and UV spectra in ethanol
indicated they were all flavonoids. AE, and AE, were
minor constituents and were detected by methylation
followed by TLC examingtion and characteristic fluore-
scence in UV light [10] as mixtures of (a) amentoflavone
(1a), cupressuflavone (2a) and agathisflavone (3a) and (b)
the monomethyl ether of agathisflavone AE, and AE,
were characterized as new compounds 7'-O-methyl-
amentoflavone (1b) and 7,7"-di-O-methylagathisflavone
(3b) respectively. 1b was earlier reported as sotetsu-

(lay R, =R, =R, =R, = H
(Ib) R, =R, =R, = H,R, = Me
(I) R, =H,R, =R, = R, = Me
(1d) R, = R, = H,R, = R, = Me
(le) R, = R, = R, = R, = Me
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* When we isolated this compound from Araucaria plants
Dr H. Geiger kindly supplied a sample of reported sotetsu-
flavone for comparison. However, the NMR studies revealed
that the sample from him was not sotetsuflavone but 7-O-
methylamentoflavone ( =sequoiaflavone).

flavone[11, 12]. The fraction AE,, although homogenous
chromatographically, separated into two components
AE,X and AE,Y by CCD separation between ethyl-
methylketone and borate buffer (pH 9.8) and character-
ized as 7,7"-di-O-methylamentoflavone (1d) and 4’ or
4, 7-di-O-methylcupressuflavone {2b) respectively, two
new naturally occurring compounds. AE, was character-
ized as 7,77,4""-tri-O-methylagathisflavone (3c) a new
biflavone methyl ether. AE, by methylation followed by
TLC examination indicated the presence of tri-O-methyl-
amentoflavone and tri-O-methylcupressuflavone. The
fraction AE, was, therefore, subjected to CCD between
ethylmethylketone and borate buffer (pH 9.8) and
separated into two components AE X and AE,Y.
AE,X was characterized as 7.4',7"-tri-O-methylamento-
flavone (Ic), a new biflavone. AE,Y being a minor
component could not be identified. AE; and AE, were
characterized as 7,4,7",4"'-tetra-O-methylamentoflavone
fle) and 74',7".4"-tetra-O-methylcupressuflavone (2c¢)
respectively.

EXPERIMENTAL

All mps are uncorr. NMR spectra were recorded on a JEOL
PS-100 instrument. TLC analysis was performed on Si gel
(NCL, Poona) using C;Hg-Py-HCOOH (BPF) (36:9:5) [10] as
the developing solvent system.

Biflavones from the leaf extracts of Araucaria excelsa Lamb.
Dried and powdered leaves (2 kg) collected at the Government
Garden, Ooty, India after exhaustive extraction with petrol
40-60°) were extracted several times with boiling Me,CO.
The combined Me,CO extracts on removal of solvent gave
a dark green viscous mass which was extracted successively
by refluxing with petrol, C,H,; and CHCI;. The residue was then
treated with boiling H,0. The insoluble mass was dissolved in
EtOH and the solvent evapd to give a brown residue (4 g) which
responded to the usual flavonoid colour tests. The mixture sepd
by PLC on Si gel (NCL, Poona) using BPF as the developing
solvent system 1nto 9 chromatographically homogeneous
components which were labelled as AE,-AE,

Compound 1b. TLC examination of AE, showed that it may
be amentoflavone monomethyl ether. NMR spectrum of
AE,-acetate and its comparison withamentoflavone hexamethyl
and hexacetate (Table 2) confirmed its structure as 77-O-
methylamentoflavone (1b). This was first reported as sotetsu-
flavone isolated from Cycas revoluta Thumb. (Japanese name,
Sotestsu) [ 12]. However, reinvestigation of this plant showed that
sotetsuflavone is a mixture, a major part of which is amento-
flavone and related compounds [13] Another report on the
isolation of sotetsuflavone from Metasequoia glyptostroboides
[14} is also doubtful; this compound appears to be sequoia-
flavone*. Accordingly, this isolation of 1b is the first report from
a natural source and we suggest 7"-O-methylamentoflavone be
used instead of the trivial name (sotetsuflavone) to avoid
confusion.

Compound 1d. The R, values, fluorescence in UV, MS and
NMR of the methyl ether (AE;XM) obtained from AEX
were identical with those of the authentic sample of amento-
flavone hexamethyl ether. The MS of AE,X acetate (AE,XA)
(mf/e 734 M™) indicated 1t to be a dimethoxy-tetraacetyl-
amentoflavone. Although the methyl ether of AEX was
identical in all respects with the authentic amentoflavone
hexamethylether. theparentcompoundanditsacetate (AE;XA)
were not comparable with any of the known dimethyl cthers of
amentoflavone. The NMR data of AE;XA and the relevant
members of the series arc given 1n Table 2. The new dimethyl
ether of amentoflavoneisassigned the structure 1d by comparison
of the NMR spectrum of its acetate with the spectra of the
acetates of sequoiaflavone and 7”-O-methylamentoflavone
(AE,).
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Table 2 Chemical shifts of protons (z scale)

Compounds 8 6 6" 2,6 5 276" 37,5 3,3" 4.4 7,7 ss"
AE;-acetate (1b) 2.74 (1H, 3.16 323 199 253 248 295 3.33,3.41 762 795(3H) 744,75
d,J = 3Hz) (1H,d, (1H,s) (1H,d, (1H, d, (2H, d, (2H,d. (s, 1Heach) 768 609(3H) (6H)
J = 3H2) J=3Hz) J=8Hz) J=8Hz) J=8Hz) (6H)
¥ 1.99
(1H, g,
=3
and 8 Hz)
Amentoflavone 273 3.13 297 1.94 248 25 2.92 33332 767,772 7.89,793 75759
hexaacetate 199
Amentoflavone 352 3.66 3.38 2.16 2.88 262 324 342,348 6256.27 612,618 594608
hexamethyl ether 2.1
AE, XA 3.19 3.4 325 2.14 288 2.57 2.98 344(2H,5 623,775 613,617 751,758
2.11
AE X-acetate 3.22 3.4 325 2.03 258 25 297 347 801,7,75 6.14617 751,759
2.08
Bilobetin 275 3.19 305 2.13 284 253 295 336 622,779 773,798 756,76
pentaacetate 2.08
Sciadopitysin 322 344 304 209 2.85 261 322 322,343 627,617 622,797 754759
triacetate (m,2H) (s, 1 H each)
Kayaflavone 273 322 3.2 21 286 2.51 322 343 621,624 796,624 7.54,7.58
triacetate 204 (2H, 5}
Sequoiaflavone 322 342 3.01 1.97 257 2.52 2.98 336 796,787 62879 754,749
acetate 206

Spectra run in CDClL, at 100MHz, TMS as int. =t 10.0

Compound 2b Fraction AE,Y on complete methylation fol-
lowed by TLC was found to be cupressuflavone hexamethyl ether
(R r» mp and fluorescence in UV). The MS and NMR of the
methyl ether (AE;YM) were also comparable in all respects
with those of the authentic sample of cupressuflavone hexa-
methyl ether. The MS of AE Y -acetate (AE;YA), (m/e 734,M ™)
indicated it to be a dimethoxy-tetraacetoxycupressuflavone.
Although the methyl ether of AE,Y was identical with the
authentic cupressuflavone hexamethyl ether, the parent com-
pound and its acetate were not comparable with the known
dimethylethers of cupressuflavone. The NMR data of AE;YA
and the other members of cupressuflavone series are given in
Table 3. The new dimethyl ether of cupressuflavone, is there-
fore, assigned the structure 2b by comparison of the NMR data
of its acetate (AE,YA) with those of acetates of 7-O-methyl-
cupressuflavone, 7,7”-di-O-methylcupressuflavone and 7,4',7",
4" -tetra-O-methylcupressuflavone.

Compound 3c. The parent compound AE; mp 300°, M*, 580
gave an acetate (AE A) mp 185°, M*, 706 and a methy] ether
(AE,M) mp 242°, M*, 622, (AE;M) and was identified by
mp, mmp, Rf, fluorescence in UV, MS, and NMR as hexa-0-
methylagathisflavone. TLC examination of AE, and MS of its
acetate (mfe, 706 M™) indicated AE, as tri-O-methylagathis-
flavone. The NMR data of AE; acetate (AE;A) and other
related members of the series are recorded in Table 4. By
comparison of the NMR data of AE A with those of the

acetates of 7,7”-di-O-methylagathisflavone and 7,4'-di-O-
methylagathisflavone, the new compound has been assigned
the structure 3c. The chemical shifts of 3',5" protons (1 2.72) in
AEA are comparable to the corresponding protons 7,7"-di-O-
methylagathisflavone (r 2.72). The value (t 3.18) assigned to
3",5" protons is also comparable to 3",5" protons of 7,4"’-di-
O-methylagathisflavone but shows, as expected, an upfield
shift in contrast to the corresponding protons of 7,7”-di-O-
methyl-agathisflavone (z 2.94).

Compound te. TLC of AE,X and MS of its acetate (m/e 706
M) indicated that AE,X was tri-O-methylamentoflavone.
The NMR spectral data of the acetate (AE,XA) and some
other members of the series are recorded in Table 2. Comparison
of the NMR spectrum of acetate of AE.X with the spectra of
acetates of (a) 7,7"-di-O-methylamentoflavone for rings I-A,
11-A and I1-B and (b) bilobetin for ring I-B supports structure lc
for the new tri-O-methylamentoflavone. Further support for
structure lc¢ is provided by comparing the NMR spectra of
AE,XA with the acetate of the known tri-O-methy] ethers of
amentoflavone.

Detection of minor components by TLC. The fraction AE,
(10 mg) was methylated with Me,SO, and freshly fused K,CO;
in dry boiling Me,CO and the product showed, by TLC
(BPF) the presence of hexamethyl ethers of amentoflavone,
cupressuflavone and agathisflavone (R, and characteristic
fluorescence in UV [10], thereby confirming the presence of

Table 3. Chemical shifts of protons (t scale)

Compound 6,6” 3,3" 2.6 3,5 44" 55 71,7
2" 6" 37 5
AE, YA 32 3.48 2.7 292 7.76  7.52 (6.16)
(1H,s) (1H,s) (4H,d) (2H,s) (6.22) (6H) 7.89
3.0 3.52 3.28 (6H) (6H)
(1H,s) (1H,s) (2H, s)
7'-0-methylcupressuflavone 3.21 349 2.67 297 7.73 1.5 (6.15)
(1H,s) (IH,s) (4H,d) (4H.d) (6H) (6H) 7.94
291 3.44 (6H)
(1H,s) (1H,s)
7’,7"-Di-0-methylcupressuflavone 32 347 2.69 2.95 771 147 (6.14)
(2H,s) (2H,s) (4H,d) (4H,d) (6H) (6H) (6H)
7.4',7",4" -Tetra-O-methylcupressuflavone 3.19 3.45 2.75 322 (6.22) 7.51 6.2)
(2H,s) (2H,s) (4H,d) (4H,4q) (6H) (6H) (6H)

Numbers in parentheses represent methoxy groups.
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Table 4. Chemical shifts of protons (t scale)
Compound 8 6” 3,3” 2/’6/ 3!,5r 2’”,6/” 3/:/’5m 4,’4", 5,5, 7.7//
AEA 297  3.28 3.33 2.05 2.72 2,57 3.18 788 7.67 6.19
(H,s) (H,s) 3.49 (2H.d) (2H, d) (CH,d) (2H.d) (6.26) 7.54 622
(s, 1H each) (6H)  (6H) (6H)
7,7"-Di-O-methylagathisflavone 297 3.35 3.47 2.07 2.72 25 294 7.85 7.5 6.17
tetraacetate (H,s) (H,9) 34 (2H,d) (2H,d (2H.d (QH.d 773 164 6.15
(s, 1H each) (6H) (6H) (6H)
7,4’-Di-O-methylagathisflavone 3.01 3.02 3.38 2.08 273 2.6 3.19 7.86  7.67 (6.21)
tetraacetate (H,s) (H,s) 3.46 (2H,d) (2H.qd) (2ZH,d) (2H,d) (6.24) 7.56 791
(s, 1H each) (6H) (6H) (6H)
Numbers in parentheses represent methoxy groups.
parent biflavones. Similarly the presence of mono-O-methyl- REFERENCES
agathisflavone and tri-O-methylcupressuflavone was found in I. Pelter, A, Warren, R., Usmani, J. N., Rizvi, R. H.

AE, and AE, resp.

Compounds 1e, 2¢ and 3b were isolated from fraction AE,,
AE, and AE, resp. and identified by direct comparison with
authentic samples (R;, UV, IR, NMR, mp and mmp of their
acetates and methyl ethers [1.6].

Compound 1b crystallized as yellow needles (100 mg) from
CHCI1,-MeOH mp 300°, R, 0.37 (BPF), MW 552 (mass). On
acetylatlon it gave from CHCla—EtOH colourless needles
(40 mg), mp 195-197°, MW 762 (mass’ A%CH 272 and 323 nm
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The acetate had mp 209-210° AEOM 237, 261 and 320 nm
(€ 44400, 40,600 and 48, 700),vf.f;1755 1620, 1595, 1360, 1245,
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