
Rare Flavonoids from Odixia and Ozothamnus spp. (Asteraceae, Gnaphalieae)

Eckhard Wollenweber, Marion Dörr, Matthias Beyer3, James N. Roitmanb and 

Christopher F. Puttoekc

a Institut für Botanik der Technischen Hochschule, Schnittspahnstraße 3,
D-64287 Darmstadt, Germany 

b Western Regional Research Center, USDA-ARS, 800 Buchanan St., Albany,
CA 94710, U. S. A.

c Australian National Herbarium, CSIRO Division of Plant Industry, GPO Box 1600,
Canberra 2601 ACT, Australia

Z. Naturforsch. 52c, 571-576 (1997); received April 1/June 13, 1997

Odixia ssp., Ozothamnus ssp., Asteraceae - Gnaphalieae, Lipophilic Exudates,
Flavonoid Aglycones

Representatives of the genera Odixia and Ozothamnus, Australian Asteraceae belonging 
to the tribe Gnaphalieae, have been analyzed for the presence of flavonoid aglycones accu
mulated on leaf and stem surfaces. Fiftytwo more or less lipophilic flavonoids have been 
identified. Methyl ethers of apigenin, luteolin, kaempferol and quercetin are abundant, while 
rare methyl ethers of isoscutellarein, 8-hydroxy galangin, herbacetin and gossypetin appear 
to be characteristic. The distribution of rare flavonoids is discussed.

Introduction

The genus Odixia houses only two species, na

tive to Australia. They both form “shrubs with ses

sile, decurrent, glandular-hairy leaves” (Bremer,

1994). The genus Ozothamnus comprises some 50 

species, native to Australia, New Zealand and New 

Caledonia. They form “shrubs with sessile, linear, 

ligulate or spatulate, or minute and scutelliform, 

often xeromorphic or almost fleshy leaves, often 

hairy and glandular-hairy” (Bremer, 1994). In the 

course of extensive systematic studies on Gnapha

lieae (Puttock, in prep.) and phytochemical studies 

on the occurrence of exudate flavonoids (Wollen- 

weber, 1990; 1996), we have now analyzed the two 

Odixia species as well as a series of Ozothamnus 

species for externally accumulated flavonoid agly

cones. In the present paper we report the results 

with ten species that have been found to produce 

more or less rare flavonoid aglycones. Those ex

hibiting only trivial methylated flavones and flavo- 

nols will be included and considered later in a che- 

motaxonomic survey, when further species have 

been analyzed.

Reprint requests to E. Wollenweber. 
Telefax: # 06151/166878.

Material and Methods

About ten branches per species, ca 0.3 m long 

each, were collected (including inflorescences 

when available) in the field or from field vouch- 

ered specimens propagated from cuttings in the 

Australian National Botanical Garden, Canberra. 

The fresh leaf and inflorescence material was 

stripped from the twigs, weighed and dried in a 

oven at 50 °C for 30 hours. The amounts of dry 

material used in this study varied between 2 g 

(Ozothamnus expansifolius) and 114 g (Oz■ hook- 

eri). The average amount of exudate recovered 

was 13.4% of the dry weight (4.5% in Oz. ferrugi- 

neus, 33.9% in Oz. ledifolius). Voucher specimens 

of original field collections and of on-propagated 

materials are kept at the Australian National Her

barium (CANB) and others.

Collection data and provenances are as follows:

Odixia achleana (P.Morris) Orchard: Kellevie, 

Hospital Ck Reserve, Franklins rd, Tasmania, 42° 

45’S 147° 50’E, 26. Jan 1989, Davies 1265, Ollerens- 

haw & Burns (AD, CANB, HO, MEL).

Od. angusta (N. A.Wakef.) Orchard: Kellevie, 

Hospital Ck Reserve, Franklins rd, Tasmania, 42° 

45’S 147° 49’E, 26. Jan 1989, Davies 1266, Ollerens- 

haw & Burns (AD, CANB, HO, MEL).

Oz. ericifolius Hook, f.: 2.2 km S of Interlaken 

along Dennistoun rd to Bothwell, Tasmania, 42° 

10’S 147° 07’E, 16. Jan 1989, Davies 921, Ollerens- 

haw (AD, CANB, MEL, PERTH).
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Oz. ericifolius: near Remarkable Cave, Tasma

nia, 43°11’ 147° 50’, 27. Dec 1995, Buchanan 

14045 & Puttock (CANB).

Oz. expansifolius (Sieber ex P. Morris et J. H. 

Willis) A.Anderb.: Pencil Pine Creek, Cradle 

Mountain-Lake St Clair National Park, 41° 35’ 

30„S 145° 57’E, 25. Apr 1988, Burns 29(CANB).

Oz. hookeri Sond.: Snowy Flats, Mt Gingera, 

ACT, 35° 33’S 148° 46'E, 6.X.1995, Puttock 1061 & 

Telford (CANB). Oct 95.

O. hookeri: Big Bend, Mt Wellington, Tasmania, 

42° 53'S 147° 13’E, 28. Dec 1995, Puttock 1302 

(CANB).

Oz. ledifolius (DC.) Hook, f.: Big Bend, Mt Wel

lington, Tasmania, 42° 53'S 147° 13'E, 28. Dec 

1995, Puttock 1301 (CANB).

Oz. ledifolius: between The Springs and Chalet, 

Tasmania, 42° 54’S 147° 14'E, 28. Dec 1995, Put

tock 1305 (CANB).

(Showing identical composition, the exudates of 

these two collections were combined prior to 

analysis).

Oz. lycopodioides Hook, f.: Tasman Hwy at 

Black Bridge Gully, c.5 km WSW of Orford, Tas

mania, 42° 34’S 147° 49'E, 26. Jan 1989, Davies 

1259, Ollerenshaw & Burns (AD, CANB, HO).

O. obcordatus DC.: Tunnel Hill, Hobart,Tas- 

mania, 42° 52’S 147° 25’E, 29. Feb 1995, Puttock

1306 (CANB).

Oz. purpurescens DC.: Tunnel Hill, Hobart, Tas

mania, 42° 52’S 147° 25’E, 29. Dec 1995, Puttock

1307 (CANB).

Oz. scutellifolius Hook, f.: summit of Mt Brown, 

Port Arthur, Tasmania, 43° 12’ 147° 52’, 27. Dec 

1995, Buchanan 14040 & Puttock (CANB).

Air-dried plant material was briefly rinsed with 

acetone to dissolve the lipophilic exudate. Concen

trated solutions were defatted, passed over Sepha- 

dex LH-20, and subjected to column chromatogra

phy on silica and/or polyamide SC-6 as previously 

reported (Wollenweber et al., 1996). Fractions 

were monitored and comparisons with markers 

were made by TLC on polyamide DC-11 with the 

solvents (v/v) petrol 100_140 - toluene - methyl- 

ethyl ketone - methanol 12:6:1 :1 , toluene - pet

rol]^)- ho - MeCOEt - methanol 12:6:2:1, tolu

ene - dioxane-methanol 8:1:1 and toluene - 

methylethylketone - methanol 12:5:3 and on silica 

with the solvents toluene - methylethylketone 9:1 

and toluene - dioxane - glacial acetic acid 18:5:1.

Chromatograms were viewed under UV366 before 

and after spraying with Naturstoffreagenz A 

(NA). Terpenoids were visualized by spraying sil

ica plates with MnCl2 reagent, followed by heating 

(Jork et al., 1989). Several products were isolated 

by preparative TLC on silica. Herbacetin-3,7-diMe 

was finally purified by prep. HPLC on a 10 |xm 

Econosil RP-18 column with a linear solvent gra

dient from 45% to 95% MeOH in 1% aq. H C02H 

over 50 min. at 5 ml min-1. The UV trace was re

corded at 280 nm. Unless otherwise stated, flavo

noid identifactions were made by direct compari

sons on TLC and in some cases confirmed by UV- 

spectra and by El (70 eV) mass spectra. Several 

structures were elucidated by NMR spectroscopy. 

'H and 13C NMR spectra were recorded in CDC13 
at 200 MHz and 50 MHz, respectively. The 'H-'^C 

HMBC experiment with herbacetin-3,7-diMe was 

performed using a standard pulse sequence. 

Spectral widths of 13 and 210 ppm were used in 

the H (600 MHz) and C (150.9 MHz) dimensions, 

respectively. Melting points are uncorrected.

Results

Flavonoid identification

All species studied exhibit resinous exudates 

which mostly consist of terpenoids. Our interest, 

however, is in the occurence of more or less lipo

philic flavonoid aglycones which are dissolved in 

this resin. The results of flavonoid identification in

2 species of Odixia and 10 species of Ozothamnus 

are presented in Table I. Abbreviations OH = hy

droxy group and Me = methyl ether are used 

throughout, in the table as well as in the text. In 

the following we want to comment and substanti

ate some of the flavonoid identifications.

The UV-, MS- and 'H-NMR spectra of isoscu- 

tellarein and iscoscut-4’-Me, isolated from the two 

Odixia species; agreed with previously reported 

data (Jay and Gönnet, 1973; Horie et al., 1983). 

Their thus far unpublished 13C-NMR data are pre

sented in Table II. Odixia achlaena as well as O. 

angusta exhibit several minor TLC spots. Their 

colour reaction (bluish-violet in daylight after 

spraying with NA) indicates 5,7,8-triOH-substitu- 

tion for these components, too (Wollenweber and 

Roitman, 1991; Wollenweber et al., 1994).

Ozothamnus hookeri (coll. Puttock 1061; no. 6 
in Table I) yielded Herbacetin-3,7-diMe as the ma-
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Table I. 1 = Odixia achlaena, 2 = Od. angusta, 3 = Ozo
thamnus ericifolius (Davies 921), 4 = 0. ericifolius (Bu
chanan 14045 & Puttock), 5 = 0. expansifolius, 6 = 0. 
hookeri (Puttock 1061 & Telford), 1 = 0. hookeri (Put
tock 1302), 8 = 0. ledifolius, 9 = 0. lycopodioides, 10 = O. 
obcordatus, 11 = O. purpurescens, 12 = 0. scutellifolius.

Species 1 2 3 4 5 6 7 9 10 11 12

Flavonols
Galangin

Gal-3-Me

Gal-7-Me
8-OH-Gal
8-OH-Gal-8-Me

8-OH-Gal-3-Me
8-OH-Gal-7-Me

8-OH-Gal-3,8-Me

8-OH-Gal-7,8-Me

8-OH-Gal-3,7,8-Me

Kaempferol

Kae-3-Me

Kae-7-Me

Kae-4'-Me

Kae-3,7-Me

Kae-3,4'-M

Kae-7,4'-Me

Kae-3,7,4'-Me

Herbacetin

Herb-3-Me

Herb-8-Me

Herb-3,7-Me

Herb-3,8-Me

Herb-7,8-diMe

Herb-3,7,8-triMe

Herb-3,8,4'-triMe
Herb-7,8,4'-triMe

Herb-3,7,8,4'-tetra

Quercetin

Qu-3-Me

Qu-7-Me

Qu-3'-Me

Qu-3,7-Me

Qu-7,3'-Me

Qu-3,7,4'-Me

Quercetag-3,6-Me

Gossyp-3,7,8-Me

Goss-3,7,8,3',4'-Me
Flavones
Apigenin x

Ap-7-Me 

Ap-4'-Me 

Ap-7,4'-Me 

Isoscutellarein x 

Isoscut-4'-Me x 

Luteolin 

Lut-4'-Me

Flavanones/Flavanonol
Pinocembrin

Pinoc-7-Me

Eriodictyol

Pinobanksin

Chalcones
2',4',6'-OH-

chalcone

2',6'-OH-4'-OMe-

chalcone

xx x 

x x

jor component. It forms fine yellow needles, mp 

274°. UV and MS are in accordance with literature 

data (Sakakibara et al., 1975). ]H NMR 6 ppm (d6- 

DMSO): 12.21 (s, 5-OH), 10.28 (s, 4’-OH), 8.82 (s, 

8-OH), 8.03 (d, J  = 8,8 Hz; H-27H-6’), 6.97 (d, J  = 
8.8 Hz; H-37H-5’), 6.57 (s, H-6), 3.91 (s, 7-OMe), 

3.80 (s; 3-OMe). 13C-NMR see Table II. The struc

ture was confirmed by 'H-13C heteronuclear 

multiple bond correlation (HMBC) spectroscopy. 

The OH-5 proton signal (12.21 ppm) provided a 

good starting point for the assignement of the A- 

ring resonances; it showed correlations with C-5, 

C-6 and C-10. The aromatic A-ring proton was lo

cated at C-6 since the hydroxy proton resonating 

at 8.82 ppm correlated with C-7, C-8 and C-9, and 

was thus assigned to OH-8. The location of the 

aromatic A-ring proton at C-6 was further corrob

orated by cross peaks between H -6 and carbons 

5,7, 8, and 10. Carbon-7 interacted with the me- 

thoxy protons resonating at 56.4 ppm, from wich a

7-OMe followed. The other methoxy function was 

located at C-3 likewise. Finally, a free 4’-OH fol

lowed from correlations observed for the OH-4’- 

signal at 10.28 ppm with C-3’,5’and C-4’.

8-OH-Gal-3,7,8-triMe was isolated from the ex

udate of Ozothamnus hookeri (coll. Puttock 1302; 

no. 7 in Table I). Its UV and MS data agree with 

those reported (Urzua and Cuadro, 1989a). The 

structure was confirmed by 'H NMR 6 ppm (d6- 

DMSO): 12.38 (s, 5-OH), 8.04 (m, H-27H-6’), 7.62 
(m, H-37H-47H-5’), 6.62 (s, H-6), 3.93, 3.83, 3.81 

(s, 3-OMe, 7-OMe, 8-OMe) (Urzua and Cuadro, 

1989a, used CDC13). For 13C-NMR data see 

Table II.

Ozothamnus ledifolius is exceptional in that it 

exhibits two chalcones: 2,,4’,6’-trihydroxychalcone 

and 2’,6’-dihydroxy-4’-methoxychalcone (corre

sponding to pinocembrin and pinoc-7-Me). The 

methoxy chalcone and pinocembrin-7-methyl 

ether are the major constituents. It can not be ex

cluded that at least part of the flavanone was 

formed from the corresponding chalcone by cycli- 

sation of ring C during work-up.

8-OH-Gal-7-Me forms yellow needles, mp 238- 

240° (Lit. 246°). The UV and MS data agree with 

those previously reported (Wollenweber et al., 

1978).

8-OH-Gal-7,8-diMe was obtained as yellow 

crystals, mp 200-202° (Lit. 202-203°; Ferraro et 

al., 1985). Its UV and MS data agree with those
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Table II. 13C NMR data of some rare 8-O-substituted flavones and flavonols.

Carbon No. 8-OH-Galangin-
7,8-diMe

8-OH-Galangin-
3,7,8-triMe

Herbacetin-
3,7-diMe

Gossypetin-
3,7,8-triMe

Isoscutellar. I so sc ut-4' Me

1 146.2 155.5 155.8 155.8 163.5 163.1
3 137.2 138.8 137.4 137.6 103.2 103.0
4 176.8 178.6 178.4 178.3 182.1 182.1
5 156.0 156.4 152.7 156.3 153.0 153.1
6 95.4 95.9 95.4 95.7 98.6 98.7
7 158.1 158.4 154.0 158.1 153.4 153.5
8 128.4 128.4 126.1 128.4 125.0 125.0
9 148.0 148.1 143.7 147.8 145.5 145.5
10 103.6 104.7 104.4 104.4 103.3 103.3
1' 131.1 130.1 120.8 120.9 121.4 123.1
2' 127.5 128.1 130.3 115.3 128.6 128.4
3' 128.7 128.8 115.6 145.3 115.8 114.5
4' 130.2 131.2 160.2 148.9 161.1 162.3
5' 128.7 128.8 115.6 115.9 115.8 114.4
6' 127.5 128.1 130.3 120.7 128.6 128.4
3-OMe - 60.0 59.6 59.6 - -

6-OMe - - - - - -

7-OMe 56.6 56.6 56.4 56.5 - -

8-OMe 61.1 61.1 - 61.1 - -

3'-OMe - - - - _

4'-OMe - - - - 55.5

previously reported, while the 'H-NMR data are 

somewhat different (Ferraro et al., 1985); they are, 

therefore, given here. 'H NMR b ppm (d6- 

DMSO):12.18 (s, 5-OH), 9.79 (s, 3-OH), 8.19 (m, 

H-2VH-6’), 7.59 (m, H-37H-47H-5’), 6.61 (s, H-6), 

3.93, 3.83 (s, 7-OMe/8-OMe). 13C-NMR see 

Table II.

Gossypetin-3,7,8-triMe was isolated from Ozo

thamnus lycopodioides as yellow crystals, mp 242- 

243°. Its UV and MS spectra were consistent with 

the established structure and with literature data 

(Henrick and Jefferies, 1965). 1 H-NMR b ppm 

(d6-DMSO): 12.51 (s, 5-OH), 9.78 (s, OH), 9.52 (s, 

OH), 7.60 (d, J  = 2 Hz; H-2’), 7.51 (dd, J = 2,8 Hz; 

H-6’), 6.93 (d, J  = 8 Hz; H-5’), 6.58 (s, H-6), 3.91, 

3.82, 3.80 (s, 3 x OMe). ,3C-NMR see Table II.

One of the diterpene constituents forming the 

exudate of Ozothamnus hookeri (coll. Puttock 

1302; no. 7 in Table I) was obtained in crystalline 

form. Analysis of its NMR spectrum revealed it 

to be the well known (-)-e/?f-16a-kauranol (Hü

gel et al., 1965). Its NMR data agree with those 

reported in literature (Patra et al., 1980; Hanson 

et al., 1976). The same diterpene was also crystal

lized from the resin of Ozothamnus scutellifolius.

Flavonoid distribution.

In the following the distribution of 8-methoxy- 

flavonoids is discussed for really rare compounds,

i. e. such that have previously been found in nature 

not more than three times.

Isoscutellarein and its 4'-methyl ether (takakin) 

are rare flavones. To our knowledge they were 

found here for the first time as free aglycones. A 

previous finding of free isoscutellarein in Pingui- 

cula laves (Jay and Gönnet, 1973) was probably 

due to hydrolysis during extremely long ex

traction).

8-OH-Gal-3-Me also is a rare flavonol. It has 

previously been reported only from Achyrocline 

flaccida (Norbedo et al., 1984) and Gnaphalium 

robustum (Urzua and Cuadra, 1989a); in the resin

ous exudate of the latter it is also present in esteri

fied form (Urzua and Cuadra, 1989b). 8-OH-gal- 

7-Me was thus far found only as its natural acetate 

and butyrate, in the farinose frond exudate of No

tholaena species (Wollenweber et al., 1978; Wol

lenweber and Yatskievych, 1982). 8-OH-Gal-8-Me 

was previously reported from leaf resin of Adenos- 

toma sparsifolium (Proksch et al., 1982), from bud 

exudate of Platanus acerifolia (Kaouadji and Ra- 

vanal, 1988) and from leaf resin of Nothofagus ant- 

arctica (Wollenweber et al., 1988). 8-OH-Gal-7,8-
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diMe was found as a natural flavonoid only once 

before, in Achyrocline tomentosa (Ferraro et al., 

1985). 8-OH-Gal-3,7,8-triMe (methylgnaphaliin) 

was found for the first time in aerial parts of Gna- 

phalium obtusifolium (Hansel and Ohlendorf, 

1969), later in Achyrocline bogotensis (Torrenegra 

et al., 1982) and in Gnaphalium robustum (Urzua 

and Cuadra, 1989a).

Herbacetin-3-Me was so far only known from 

the resinous exudate of Gutierrezia microcephala 

(Roitman and James, 1985). Herbacetin-8-Me 

(sexangularetin) was found as an aglycone in 

flower heads of Eupatorium gracile (Torrenegra et 

al., 1984) and in the leaf resin of Enceliopsis nudi- 

caulis (Proksch et al., 1987). Herbacetin-3,7-diMe 

was first reported from the leaf resin of Larrea 

tridentata (Sakakibara et al., 1975) Later it was er

roneously described as a constituent of Pluchea 

odorata (Arriaga-Giner et al., 1983). The Pluchea 

component, however, is the 6,7-dimethyl deriva

tive of 6-hydroxykaempferol (eupalitin; Wollen- 

weber and Arriaga, 1983, unpublished). Our find

ing thus is only the second report of this flavonol 

as a natural product. Herbacetin-7,8-diMe was 

thus far found only twice as an aglycone, namely 

in flower heads of Eupatorium gracile (Torrenegra 

et al., 1984) and in the farinose frond exudate of 

the fern Cheilanthes argentea (Wollenweber and 

Roitman, 1991). Herbacetin-3,7,8-triMe was 

known as an exudate constitutent from Larrea tri

dentata (Zygophyllaceae) (Bernhard and Thiele,

1981) and from Cleome spinosa (Wollenweber and 

Dörr, 1992). Plant sources for further relatively 

rare methyl derivatives of 8-hydroxygalangin, her- 

bacetin, and gossypetin are found in (Wollen- 

weber, 1988) and (Wollenweber, 1994).

Our analysis of Odixia and Ozothamnus exu

date flavonoids has revealed the presence of nu

merous flavonoid aglycones in these lipophilic ma

terials. The presence of 8-O-substituted flavones 

and flavonols is a characteristic feature in many 

species. In Oz. ericifolius as well as in Oz. hookeri 

the flavonoid patterns of the two collections each 

differ remarkably. They thus seem to represent 

two different chemotypes. Further studies on this 

subject are required, therefore, also in the other 

species. Additional species of Ozothamnus and 

also of the closely related genus Cassinia are pres

ently being analyzed. The chemotaxonomic impli

cations of our results will be discussed in a later 

paper.

A cknowledgem en ts

Thanks are due to Dr. J. F. Arriaga-Giner (Ma

drid), who identified the diterpenoid from Oz. 

hookeri and Oz. scutellifolia, to Ms M. Ivancic and 

Dr. J. F. Stevens (Corvallis, OR) for 2D-NMR ex

periments on herbacetin-3,7-diMe and help with 

the manuscript, and to Prof. Dr. T. Horie (Tok

ushima, Japan) for synthetic flavonoids.

Arriga-Giner F. J., Borges-del-Castillo J., Manresa-Fer- 
rero M. T., Vazquez-Bueno R, Rodrigueu-Luis F. and 
Valdes-Iraheta S. (1983), Eudesmane derivatives from 
Pluchea odorata. Phytochemistry 22, 1767-1769. 

Bernhard H.O and Thiele K. (1981), Additional flavo
noids from the leaves of Larrea tridentata. Planta med. 
41, 100-101.

Bremer K. (1994), Asteraceae: Cladistics & Classifica
tion. Timber Press, Portland.

Ferraro G. E., Martino V. S.,Villar S. I. and Coussio, J. D.
(1985), Flavonoids from Achyrocline tomentosa. J. 
Nat. Prod. 48, 817-818.

Hansel R. and Ohlendorf D. (1969), Im B-ring unsubsti
tuierte Flavone aus Gnaphalium obtusifolium. Tetra
hedron Letters, 431-432.

Hanson J. R., Siverns M., Piozzi F. and Savona G. (1976), 
The 13-C Nuclear Magnetic Resonance Spetra of 
Kauranoid Diterpenes. J. C. S. Perkin Trans. I, 1976, 
114-117.

Horie T., Kourai H. and Fujita N. (1983), Studies of the 
selective O-alkylation and dealkylation of flavonoids. 
VI. Demethylation of 8-hydroxy-5,7-dimethoxyfla- 
vones with anhydrous aluminium chloride or bromide 
in acetonitrile. Bull. Chem. Soc. Jpn. 56, 3773-3780.



576 E. Wollenweber et al. • Rare Flavonoids from Odixia and Ozothamnus spp.

Hügel G.. Lods L., Mellor J. M.. Theobald D. W. and 
Ourisson G. (1965), Diterpenoids of Trachylobium. I. 
Introduction generale. Isolement du kauranol et de 
huites diterpenes nouvaux. Bull. Soc. Chim. Fr. 1965,
2882-2887.

Jay M and Gonnet J.-F. (1973), Isoscutellareine isolee de 
Pinguicula vulgaris. Phytochemistry 12, 953-954.

Jork H., Funk W.. Fischer W. and Wimmer H. (1989), 
Dünnschichtchromatographie, Vol. la. Verlag 
Chemie. Weinheim.

Kaouadji M. and Ravanal P. (1988). Novel methylated 
flavonols with unsubstituted B-ring from Platanus ac- 
erifolia buds. J. Nat. Prod. 51, 353-356.

Norbedo C., Ferraro G. and Coussio J. D. (1984), Flavo
noids from Achyrocline flaccida. Phytochemistry 23. 
2698-2700.

Patra A., Mitra A. K., Mitra S. R., Kirtaniya C. L. and 
Adityachaudhury N. (1980), Carbon-13 NMR spectra 
of kauranoid diterpenes. Org. Mag.Res. 14, 58-60.

Proksch M.. Proksch P.. Weissenböck G. and Rodriguez 
E. (1982), Flavonoids from the leaf resin of Adenos- 
toma sparsifolium. Phytochemistry 21, 1835-1836.

Proksch P., Breuer M. Mitsakos A. and Budzikiewicz H.
(1987), New dihydroflavonols from Enceliopsis and 
Gerea. Planta med. 53, 334-337.

Roitman J. N  and James L. F. (1985), Chemistry of toxic 
range plants. Higly oxygenated flavonol methyl ethers 
from Gutierrezia microcephala. Phytochemistry 24, 
835-848.

Sakakibara M., Timmermann B. N , Nakatani N., Wal- 
drum H. and Mabry T. J. (1975), New 8-hydroxyflavo- 
nols from Larrea tridentata. Phytochemistry 14. 849- 
851.

Torrenegra R. D., Escarria S., Tenorio E. and Achen
bach H. (1982), Estudio fitoquimico del Achyrocline 
bogotensis. Rv. Latinoamer. Quim. 13, 75-76.

Torrenegra R. D., Pedrozo J. A. and Escarria S. (1984), 
Flavonoides de Eupatorium gracile. Rev. Latinoamer. 
Quhn. 15, 129-130.

Urzua A. and Cuadra P. (1989a), Flavonoides en el exu- 
dado resinoso de Gnaphalium robustum. Bol. Soc. 
Chil. Quim. 34, 247-251.

Urzua A. and Cuadra P. (1989b). Acylated flavonoid 
aglycones from Gnaphalium robustum. Phytochemis
try 29, 1324-1343 (1990).

Wollenweber E. (1990). On the distribution of exudate 
flavonoids among Angiosperms. Rev. Latinoamer. 
Quim. 21, 115-121.

Wollenweber E. (1994), Flavones and flavonols. In: The 
Flavonoids - Advances in Research since 1986, Chap
ter 7, (J. B. Harborne ed.). Chapman and Hall, Lon
don. 259-335.

Wollenweber, E. (1996). Flavonoids, phenolics and ter
penoids in leaf exudates of Angiosperms and Pterido- 
phytes. In: Flavonoids and Bioflavonoids 1995. (Proc. 
Int. Biofl. Symp., Vienna, 1995), (S. Antus, M. Gabor, 
K. Vetschera Eds.). Akademiai Kiadö, Budapest, 
211- 220.

Wollenweber E. and Dörr M. (1992), Flavonoid agly
cones of Cleome spinosa (Cleomaceae). Phytochem. 
Bull. 24. 2-4.

Wollenweber E. and Jay M. (1988), Flavones and flavo
nols. In: The Flavonoids - Advances in Research 
since 1980, Chapter 7 (J. B. Harborne Ed.). Chapman 
and Hall, London-New York, 233-302.

Wollenweber E. and Roitman J. (1991), New frond exu
date flavonoids from cheilanthoid ferns. Z. Naturf- 
orsch. 46c, 325-330.

Wollenweber E. and Yatskievych G. (1982), Flavonoid 
esters from the fern, Notholaena neglecta. J. Nat. Prod. 
45, 216-219.

Wollenweber E., Armbruster S. and Roitman J. N. 
(1994), A herbacetin methyl ether from the farinose 
exudate of a Pentagramma triangularis hybrid. Phyto
chemistry 37, 455-456.

Wollenweber E., Favre-Bonvin J. and Jay M. (1978), A 
novel type of flavonoids: flavonol esters from fern ex
udates. Z. Naturforsch. 33c, 831-835.

Wollenweber E., Henrich B., Mann K. and Roitman J. N.
(1996), Lipophilic exudate constituents of some Rosa- 
ceae from the Southwestern USA. Z. Naturforsch. 
51c, 296-300.

Wollenweber E., Stüber A. and Kraut L. (1997), Flavo
noid aglycones and flavonol glycosides in lipophilic 
leaf exudate of Nothofagus antarctica. Phytochemistry 
44, 1399-1400 (1997).


