Phytochemistry, Vol. 23, No. 3, pp. 679-680, 1984.
Printed in Great Britain.

0031-9422/84 $3.00 +0.00
Pergamon Press Ltd.

FLAVONOIDS FROM THE EXTERNAL LEAF RESINS OF FOUR HEMIZONIA
SPECIES (ASTERACEAE)

PETER PROKSCH, HERBERT BUDZIKIEWICZ*, BARRY D. TANOWITZT and DALE M. SMITH}

Botanisches Institut der Universitit zu Kéln, Gyrhofstr. 15, D-5000 Kéln 41, West Germany; * Institut fiir Organische Chemie der
Universitiit zu Kln, Greinstr. 4, D-5000 K6ln 41, West Germany; T Department of Biological Sciences, University of California, Santa
Barbara, CA 93106, U.S.A.

(Received 6 September 1983)

Key Word Index—Hemizonia fasciculata; H. increscens subsp. villosa; H. lobbii; H. pentactis; Asteraceae; methylated
flavonoids; 6-methoxy-5,7,8,3',4"-pentahydroxyflavone; leaf resin.

Abstract—The external leaf resins of four Hemizonia species afforded nine methylated flavonoids, including flavanones,

flavones and flavonols.

Besides the rare compounds 7-methyleriodictyol and 3,6,8-trimethoxy-5,7,3',4'"-

tetrahydroxyflavone the new 6-methoxy-5,7,8,3',4'-pentahydroxyflavone was isolated and identified by spectroscopic

means.

INTRODUCTION

The composite genus Hemizonia (Heliantheae: Madiinae)
comprises 31, mostly annual species, restricted to the
valleys and foothills of California, Baja California Norte,
Mexico, and their respective offshore islands [1, 2]. The
common name tarweed reflects the viscid-glandular her-
bage that is characteristic for most Hemizonia species.

Little is known about the chemistry of the genus at
present, but recently, several labdane type diterpenes and
chromene derivatives have been reported from Hemizonia
fitchii (section Centromedia), H. lutescens (section
Hemizonia) and H. congesta (= H. leucocephala, section
Hemizonia) [ 3, 4]. In continuation of our studies on resin
secreting plants from California and Mexico [5-7], we
have analysed the composition of the external leaf resins
of Hemizonia fasciculata (DC.) Torr. et Gray, H. in-
crescens (Hall ex Keck) Tanowitz subsp. villosa Tanowitz,
H. lobbii Greene and H. pentactis (Keck) Keck (all section
Madiomeris). We have found methylated flavonoids to be
among the characteristic components. In this study, we
report the identification of nine flavonoid aglycones,
including the new 6-methoxy-5,7,8,3' 4'-pentahydroxy-
flavone.

RESULTS AND DISCUSSION

The viscid-resinous leaves and stems of Hemizonia
fasciculata, H. increscens subsp. villosa, H. lobbii and H.
pentactis were dipped in methanol to remove those
compounds present as epicuticular components. The
resulting extracts were dark yellow in colour indicating
the presence of phenolic compounds. Chromatography of
the crude extracts on Polyamide DC 6 TLC plates
revealed several flavonoid aglycones. All the compounds
visible under UV ;44 ., Showed dark absorbance, except
two which were yellow. Spraying the developed plates

}The structures of well known flavonoids are not illustrated.

with Naturstoffreagenz A turned most of these con-
stituents to an orange colour, suggesting the presence of
3'4'-dihydroxy systems [8]. In addition, Hemizonia in-
crescens subsp. villosa, H. lobbii and H. pentactis showed
two spots that turned red in visible light after the sprayed
plate had been exposed for ca 1 hr. The spectral data of
these two compounds and cochromatography with auth-
entic standards, clearly indicated that they were the
flavanones eriodictyol (1) and the rare 7-methyleriodic-
tyol (2). The latter has been reported only once previously
from a farinaceous fern [9]. By column chromatography
on Sephadex LH-20 and by preparative thin layer chro-
matography on Polyamide DC 6, seven additional flavo-
noids were isolated from Hemizonia increscens subsp.
villosa, H. lobbii, and H. pentactis. These species yielded
luteolin (3)}, quercetin (4), 3-methylquercetin (5) and
patuletin (6). Two of the three remaining dark compounds
(7 and 8) had similar UV data, especially with regard to the
AlC1;-HCI shifts of Band I in the range of +15-18 nm
relative to the methanol spectrum. Shifts of this magni-
tude are indicative of 5-hydroxyflavones and 5-hydroxy-
3-substituted flavonols with methoxy groups at C-6 [10].
From the spectral data and colour reactions on the TLC
plate after spraying with Naturstoffreagenz A these two
compounds must have additional hydroxy groups at the
C-7,C-3 and C-4' positions and were identified as 3,6-
dimethoxy-5,7,3',4'-tetrahydroxyflavone (7) and the rare
3,6,8-trimethoxy-5,7,3',4'-tetrahydroxyflavone (8), known
only from Pluchea saggitalis (Asteraceae) [11].

The remaining dark absorbing compound (9) from its
mass spectrum had a molecular weight of 332, cor-
responding to a flavone with one methoxy and five
hydroxy groups. The 'H NMR spectrum showed the
typical signals for a 3,4’ substituted B-ring (see Exper-
imental), one proton singlet at 6.4 and the signal for a
methoxy group at 63.8. The UV data, the fragment at m/z
137 in the mass spectrum and the orange colour of the
compound after spraying with Naturstoffreagenz A were
indicative of two hydroxy groups at the 3’ and 4'-positions
of the B-ring. The UV data as well as the dark absorbance
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2 R=0OMe
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7 R, =0Me;R;=H

8 R,,;,;= OMe

9 R, =H;R,=0Me;R; =0H

of the compound under UV, led also to the assign-
ment of two hydroxy groups at the C-5 and C-7 positions.
The remaining hydroxy group and methoxy group had
therefore to be assigned to either of the C-3, C-6 or C-8
positions. The shift of Band I in the AICl;~HCl spectrum,
compared to the methanol spectrum, was + 17 nm, which
suggests a 6-methoxy-5-hydroxyflavone [10]. This argu-
ment is supported by the intensities of the [M — 18] * and
[M —43]* fragments in the mass spectrum (see Exper-
imental) that can be used to distinguish 6-methoxy-
flavones from 8-methoxyflavones [10]. Since the com-
pound is not a flavonol from its UV spectrum and from its
dark absorbance in UV light (366 nm), the remaining
hydroxy group must be located at the 8-position. Thus we
assign this new structure as 6-methoxy-5,7,8,3.4"
pentahydroxyflavone.

Hemizonia fasciculata displayed a simplified pattern
(compounds 3-7) compared to the other species (com-
pounds 1-9). The chemical data are highly consistent with
morphological, cytological and ecogeographical data for
these four species [12]. Hemizonia increscens subsp.
villosa, H. lobbii and H. pentactis are considered a closely
related phyletic group [13]. The external leaf flavonoid
patterns underline the clear affinities within this group.
The 6-methoxyflavones and -flavonols and eriodictyol
flavanone derivatives may also prove significant in a broad
chemotaxonomic survey of the section and possibly the
genus.

EXPERIMENTAL

Vouchers of Hemizonia fasciculata, H. increscens subsp. villosa,
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H. lobbii and H. pentactis (identified by Dr. B. D. Tanowitz and
Professor D. M. Smith) are deposited in the herbarium of the
University of California, Santa Barbara. The air dried leaves and
stems were dipped on MeOH for ca 1 min to extract the external
resin components. The crude resin was fractionated by CC on
Sephadex LH-20 with MeOH as eluent [ 5]. Further separation of
resulting flavonoid mixtures was achieved by prep. TLC on
Polyamide DC 6 (Macherey & Nagel, West Germany), solvent
system C4Hg~Me,COEt-MeOH-H,0 (60:22:20:3). The com-
pounds were viewed under UV, before and after spraying
with Naturstoffreagenz A (1% soln of diphenylboric acid-2-
amino ethyl ester in MeOH). Each flavonoid was purified by CC
on Sephadex LH-20, MeOH as eluent, prior to UV analysis. UV
spectra were recorded according to standard procedures [14].
Known compounds were identified by comparison of their
spectra with published data and whenever possible by cochro-
matography with authentic standards.

6-Methoxy-5,7,8,3 4 -pentahydroxyflavone (9). UV A,“,"B?H nm:
254, 265 sh, 350, NaOMe: 272, 340, 410; AICl;: 273, 304 sh,
340 sh, 430; AICL,—HCL: 268, 280 sh, 304 sh, 367, 405 sh; NaOAc:
272, 310 sh, 386; NaOAc-H;BO;: 260, 310sh., 377. '"H NMR
(60 MHz, d-MeOH, TMS, underivatized compound): 3.8 (3H, s,
OMe/C-6),6.4(1H,s,C-3),6.8 (1H,d,J = 9 Hz,C-5),7.5(1H, dd,
J =9 Hz, 2Hz C-6'),7.7 (1H,d,J = 2 Hz, C-2'). EIMS (Varian-
MAT CH 7A; 70 eV, direct inlet) m/z (%) 332 [M]* (100), 317
(M —Me]* (20), 314 [M —18]* (45), 289 [M —43]" (78), 137
[B.]* (15).

Acknowledgements—We thank Professor E. Wollenweber (TU
Darmstadt, West Germany) for several flavonoid standards. The
support of the DFG to one of the authors (P.P.) is gratefully
acknowledged.

REFERENCES

1. Munz, P. A. (1959) A California Flora, p. 1117. University of
California Press, Berkeley.

2. Stuessy, T. F. (1977) in The Biology and Chemistry of the
Compositae (Heywood, V. H., Harborne, J. B. and Turner,
B. L., eds.) p. 621. Academic Press, London.

3. Bohlmann, F., Jakupovic, J., Ahmed, M., Wallmeyer, M.,
Robinson, H. and King, R. M. (1981) Phytochemistry 20,
2383.

4. Tanowitz, B. D. (1983) Bull. Torrey Bot. Club 110, 12.

5. Proksch, P., Proksch, M., Rundel, P. W. and Rodriguez, E.
(1982) Biochem. Syst. Ecol. 10, 49.

6. Proksch, M., Proksch, P., WeiBenbéck, G. and Rodriguez, E.
(1982) Phytochemistry 21, 1835.

7. Proksch, P., Wollenweber, E. and Rodriguez, E. (1983) Z.

= Naturforsch. Teil C 38, 668.

8. Markham, K. R. (1982) Techniques of Flavonoid Identification,
p- 24. Academic Press, London.

9. Wollenweber, E. (1981) Z. Naturforsch. Teil C 36, 604.

10. Wollenweber, E. (1982) in The Flavonoids: Advances in
Research (Harborne, J. B. and Mabry, T. J,, eds.) p. 189.
Chapman & Hall, London.

11. Martino, V. S., Ferraro, G. E. and Coussio, J. D. (1976)
Phytochemistry 15, 1086.

12. Tanowitz, B. D. (1982) Syst. Bot. 7, 314.

13. Tanowitz, B. D. (1980) Ph.D. Dissertation, University of
California, Santa Barbara.

14. Mabry, T. J., Markham, K. R. and Thomas, M. B. (1970) The
Systematic Identification of Flavonoids. Springer, Berlin.



