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Apstract.—The distribution of 34 flavonoids detected in the North American spe-
cies of Parthenium L. is presented. Of the 27 flavonoids identified (some tentatively)
all are flavonols: eight are based on kaempferol, seven on quercetin, four on 6-hydroxy-
kaempferol and eight on the quercetagetin skeleton. Of the 34 flavonoids detected,
19 are glycosides and 15 are aglycones, primarily highly methylated compounds.

Parthenium L. is a genus of the Asteraceae (Compositae) long considered to be
part of the Melampodiinae but recently included with the ragweeds in the Am-
brosiinae (1). The biology and chemistry of Parthenium has been of interest
because P. argentaium Gray (guayule) is a desert species which is a source of
natural rubber (2) and P. hysterophorus L. (Santa Maria feverfew, muleweed)
causes severe contact dermatitis (3, 4, 5). The sesquiterpene lactone chemistry
of the genus has been well summarized (6, 7, 8), and several papers (9, 10, 11)
have provided information about flavonoids of several species of the genus. Here
the results of an examination of the flavonoid constituents of all the North American
species of Parthenium are correlated with the earlier published data.

RESULTS

The distribution of 34 flavonoids detected in North American Parthenium
species is shown in table 1. The proposed structures of 27 of the flavonoids are
indicated in figure 1.

All the proposed structures are flavonols: derivatives of kaempferol (XIII,
XIV, XIX-XXII, XXVII, XXVIII), quercetin (IX, XV, XVIII, XXIII-XXVI),
6-hydroxykaempferol (II, VII, VIII, XVI), and quercetagetin (III-VI, X-XII,
XVII).

Parthenium lomentosum DC. is characterized here as a species of two varieties:
P. tomentosum var. lomentosum and P. lomentosum var. siramonium (Greene)
Rollins. Only a few derivatives of quercetin and quercetagetin were detected in
var. tomentosum, although Rodriguez (11) reports other minor components. Minor
components were detected in many taxa but are not included here unless they
occurred sufficiently frequently to be regarded as dependable taxonomic units.
Two unidentified glvcosides were also detected in var. ltomenfosum. Similarly,
only a few derivatives of kaempferol and quercetagetin were detected in var.
stramonium.

Parthenium fruticosum Less is also composed of two varieties (12): var. frufi-
cosum and var. trilobatum Rollins. One aglycone derivative of quercetagetin and
three glycoside derivatives of kaempferol and quercetin were detected in var.
fruticosum. Six aglycones, derivatives of quercetagetin, quercetin, 6-hydroxy-
kaempferol, kaempferol and kaempferol 3-methyl ether, and three glycosides,
derivatives of quercetagetin and quercetin, were detected in var. {rilobatum.
Parthenium lozanianum Blake, which is very closely related to P. fruticosum var.
trilobatum, produces much the same pattern as P. fruticosum var. trilobaium, ex-
cept that kaempferol 3-methyl ether was not detected in P. lozanianum.

Parthenium schottii Greenman, which is endemic to limestone in Yucatan, was
found to produce only one flavonoid, quercetagetin 3,7-dimethyl ether; however,
it is possible that fresher material would result in a richer species pattern.
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Ficrre 1. Proposed structures of flavonoids of Parthenium.

Compounds R, R, R; R, R;
II OCH; OCH; OH H OH
III OCH: OH OCH; OH OH
IV OCH; OCH, OCH; OH OH
v OCH; OCH; OH OCH; OCH;
VI OCH; OH OHC; OCH; OH
VII OCH, OH OCH; H OH
VIII OCH; OCH; OCH; H OH
IX OCHj; H OH OCH; OH
X OCH: OCH; OCH; OH OCH;
XI OCHj; OCH,; OCH; OCH; OH
XII OCH; OCH: OCH; OCH; OCH;
XIII OH H OCH; H OH
XIV OCH; H OH H OH
XV OCH; H OCH; OCH; OCH;
XVI OCH; OCH; OGLY H OH
XVII OCH; OCH, OGLY OH OH
XVIII OGLY H OH OCH; OH
XIX-XXII OGLY H OH H OH
XXITI-XXVI OGLY H OH OH OH
XXVII-XXVIII OCH; H OGLY H OH

Parthenium rollinsianum Rzedowski morphologically links the sections Par-
thenichaeta and Bolophytum of Rollins (12). Although Rodriquez (11 )detected
five flavonoid aglycones and eleven glvcosides, the samples analvzed here showed
no glveosides. The aglveones are all derivatives of quercetagetin, 6-hydroxy-
kaempferol, and quercetin. Rodriguez also reported (11) glvcosides of quercetin
and quercetagetin derivatives.

In northern Mexico and western Texas Parthenium incanum HBEK. hybridizes
with P. argentatum Gray. Many of the desert populations show some signs of
combinations of the characters which distinguish mesic forms of P. incanum from
the desert limestone forms of P. argentaium. The few samples of P. incanum
which showed little morphological evidence of influence by argentaium characters
produced a flavonoid pattern with only one aglveone, kaempferol 3-methy! ether,
and with eight flavonoid glveosides, derivatives of quercetin, quercetagetin and
kaempferol. The several samples of P. argentatum showing little evidence of
influence by P. iucanum characters produced a flavonoid pattern rich in aglycones
and glycosides: derivatives of quercetagetin, 6-hydroxyvkaempferol, quercetin,
kaempferol and kaempferol 3-methyl ether. The many intermediate samples
showed individually and collectively a strongly complementary pattern of seven
aglycone derivatives of quercetagetin, 6-hydroxykaempferol, quercetin, kaempferol
and kaempferol 3-methyl ether and thirteen glveoside derivatives of all those
structural types except 6-hydroxykaempferol.
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1Filled circles indicate compounds regularly detected in a tason as a major component; hollow circles indicate compounds
Ry values (TBA, 15¢; HOAc) are given for all unknown and

detected as minor components or often missing in a taxon.

incompletely identified compounds. In the names of the flavonoids, K, Q, and Qg are used for kaempferol, quercetin and

quercetagetin, respectively.

2The use of filled and hollow circles to indicate patterns for those species in which varieties were studied represents a

synthesis of the data for the varieties studied.
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quercetagetin, quercetin, 6-hydroxykaempferol, kaempferol and kaempferol 3-
methyl ether.

Parthenium alpinum (Nuttall) Torrey & Gray, P. ligulatum (Jones) Barneby
and P. teiraneuris Barneby, three species of the temperate (western U.S.) section
Bolophytum (Nuttall) Torrey & Gray, were characterized earlier (9) as producing
methylated aglycones and glycosides of quercetagetin and 6-hydroxykaempferol.
Compound XVTII, detected in P. tetraneuris and P. alpinum, is a flavonol, 3,6-O-
methylquercetagetin 7-O-glycoside; it was earlier reported erroneously to be a
flavone, 6-methoxyluteolin 7-O-glycoside. A previously undetermined con-
stituent of P. alpinum and P. tetraneuris has been identified tentatively, on the
basis of chromatographic data, with 3,7,3’-tri-O-methylquercetagetin, which was
reported by Rodriguez (11) from P. bipinnatifidum and P. hysterophorus.

The two species and five other subspecific taxa of section Partheniastrum DC.
are very similar in flavonoid chemistry, with the more widespread varieties show-
ing more minor constituents: aglycones of quercetagetin, 6-hydroxykaempferol,
quercetin and kaempferol derivatives and glycosides of 6-hydroxykaempferol,
quercetin and kaempferol derivatives. Some of the varieties and forms of P.
integrifolium L. produce very few detectable flavonoids. Var. integrifolium
produces five aglycones and nine glycosides; var. henryanum Mears, four aglycones
and four glycosides; var. mabryanum Mears, one aglycone and four glyeosides of
kaempferol; var. aeuriculatum (Britton) Cornelius ex Cronquist, two aglycones
and eight glycosides; var. hispidum (Rafinesque) Mears f. kispidum, three aglycones
and nine glycosides; and var. kispidum {. repens (Eggert) Mears, one aglycone and
two glycosides of kaempferol. Some varieties and forms of P. integrifolium do
not produce detectable amounts of flavonoids oxygenated at Cs. Parthenium
radfordii Mears produces two aglycones (6-hydroxy-3,7-di-O-methyl kaempferol
and kaempferol 3-methyl ether) and six glycosides (glycosides of kaempferol,
kaempferol 3-methyl ether and quercetin).

Section Argyrochaeta (Cavanilles) DC. of Rollins (12) contains four North
American species, P. conferium (Gray) Gray, P. densipilum Wooton, P. hysiero-
phorus L., and P. bipinnatifidum (Ortega) Rollins, as well as P. glomeratum Rollins,
which is endemic to northwestern Argentina and Bolivia. Parthenium confertum
consists of several varieties: var. comfertum, characterized by two flavonoid
aglycones and four glycosides, derivatives of quercetagetin and kaempferol; var.
divaricatum Rollins, by five aglycones (derivatives of quercetagetin, 6-hydroxy-
kaempferol and quercetin) and no glycosides (derivatives of 6-hydroxykaempferol,
quercetin and kaempferol); var. lyraium (Gray) Rollins, by four aglycones (de-
rivatives of quercetagetin, 6-hydroxykaempferol and kaempferol 3-methyl ether)
and four glycosides (derivatives of kaempferol and quercetin); var. microcephalum
Rollins, by three aglycones (derivatives of quercetagetin and 6-hydroxykaempferol)
and five glycosides (derivatives of quercetin and kaempferol). Parthenium densi-
pilum, a very rare limestone endemic very closely related to P. confertum, is char-
acterized by three aglycones (derivatives of quercetagetin, 6-hydroxykaempferol
and kaempferol 3-methyl ether) and five glycosides of quercetin and kaempferol.
Parthenium bipinnatifidum is characterized by seven aglycones (derivatives of
quercetagetin, 6-hydroxykaempferol and kaempferol 3-methyl ether) and ten glyco-
sides of quercetagetin, quercetin, and kaempferol derivatives. Its very close rela-
tive P. glomeratum Rollins, which was not examined in this study, was reported by
Shen ef al. (10) to produce a subset of the flavonoids of P. bipinnaiifidum. Par-
thenium hysterophorus, which is very closely related to both P. bipinnatifidum and
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P. glomeratum, differs from P. bipinnatifidum in a few details; P. hysterophorus is
characterized by six aglveones (derivatives of quercetagetin, 6-hydroxykaempferol,
kaempferol and kaempferol 3-methyl ether) and ten glveosides of quercetagetin,
quercetin and kaempferol derivatives. Section Argyrochaeta DC. of Rollins, is
therefore characterized by the presence of many aglycones of all four major strue-
tural types as well as by the presence of glycosides of quercetagetin, quercetin and
kaempferol derivatives.

All of the sections of Parthenium recognized by Rollins (12) contain some
species which produce many aglvcones and many glveosides except section Bolo-
phytum, which produces primarily aglveones, with a few glveosides in P. tetraneuris.
Similarly, all the sections tend to produce both the usual flavonoids, kaempferol
and quercetin derivatives, as well as the Cg-oxygenated types, except section
Bolophytum, which does not produce flavonoids that are not oxyvgenated C.
Some varieties and forms of P. integrifolium (section Partheniastrum) do not pro-
duce detectable amounts of 6-oxygenated flavonoids.

Although the flavonoid pattern of every taxon is distinet in some detail, there
is little evidence of major differences in sectional trends in flavonoid structures.
The tendency for forming methylethers and for 6-oxygenation in section Bolo-
phytum is the most distinctive feature of the flavonoid chemistry of Parthenium.

PROCEDURES

Air-dried leaf material (100 g) of 1 t0 20 population samples of each of the Parthenium taxa
included in table 1 was ground in 85¢, aqueous methanol. After extraction (24 hr), the filtered
solution was dried 71 vacuo and separated into a chloroform-soluble fraction and a methanol-
water-soluble fraction. The fractions were separated into components by two-dimensional
paper chromatography on Whatman 3 mm paper, developed first in TBA and second in 15%
acetic acid. The color of the chromatographic components was recorded when viewed above
a broad wave-length uv lamp with and without ammonia vapor present. Individual spots were
eluted with methanol and were rechromatographed, cochromatographed or analyzed by
standard uv spectral procedures (13, 14, 15). Glycosides were hydrolyzed with 65, aqueous
HCl. The aglycones were analvzed spectrally as before or were demethylated with the
pyridine-HBr method of Résler (see 16) for co-chromatographic comparison with authentic
samples or with demethylated types of known aglycones. Kilogram quantities of dried ma-
terial of P. bipinnatifidum, P. hysterophorus, P. incanum, P. integrifolium, and P, fruticosum var.
trilobatum were extracted for polyclar column chromatography with various combinations of
chloroform, butanone, methanol, and water for elution. Identification of flavonoids and
coumarins was by comparison of chromatographic and spectral data of both glyecosides and
aglycones with those reported for known structures. The chromatographic and uv spectral
data for the 34 flavonoids are given in table 2.
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