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A new sesquiterpene lactone has been isolated from several Ambrosia species and its structure established as 1,2-dihydro-
parthenin, Two different samples of Parthentum incanum H.B.K., yielded coronopilin and ambrosin, respectively.

Parthenin (I), the bitter principle of Parthenium
hysterophorus L., and ambrosin (IT), the main con-
stituent of Ambrosia maritima L., were correlated
recently? and structures have been derived.?

The appearance of two closely related sesquiter-
pene lactones in these two species is of more than
chemical interest, the position of Ambrosia and
related genera in the general classification scheme
of Compositae being a matter of some argument.*
Certain authorities have elevated Ambrosia and
seven other genera to separate family status (Am-
brostaceae).’ Others® recognize a tribe Ambrosieae
in the family Compositae; Parthenium belonging to
the tribe Heligntheae by general agreement. Still
others4’” absorb Ambrosia and its relatives in
Heliantheae and assume 3 rather close affinity be-
tween them and Parthenium species.

For these reasons, we would like to report our
work on the sesquiterpene lactones of several other
Ambrosia and Parthenium species. This has led to
the isolation of one new substance whose structure
has been established. The results also indicate a
rather close relationship between the two genera.

Extraction of Ambrosia psilostachya DC. var.
coronopifolia (T. and G.) Farw., a weed rather
widely distributed in the Great Plains region, fur-
nished in 1.25%, yield (based on leaves) a new
substance Ci5H300s, m.p. 177-178°, [a]3! —
30.2° (ethanol), which we have named coronopilin.
Coronopilin contained a hydroxyl group (infrared
spectrum) which could not be acetylated and was
therefore probably tertiary. The infrared spectrum
also indicated the presence of a double bond (1655
cm. ') which was conjugated with a carbonyl
group, probably a v-lactone (double strength infra-
red band at 1750 cm. !, Amax 213 myu, € 9800, forma-
tion of a pyrazoline). The fourth oxygen atom was
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assumed to be a cyclopentanone carbonyl because
of the intensity of the 1750-cm.—! band and the
presence in the ultraviolet spectrum of an absorp-
tion near 290 my.

These facts and inferences could be accommo-
dated by structure III in which the hydroxyl and
lactone groups were placed as indicated by analogy
with parthenin and ambrosin. The NMR spectrum
of coronopilin referred to earlier® was in agreement,
with this hypothesis. The correctness of the pro-
posal was established by two reactions. Ozonolysis
of coronopilin yielded formaldehyde and dihydro-
norparthenone (IV), a substance previously ob-
tained by ozonolysis. of parthenin? followed by
hydrogenation. Attempted catalytic hydrogenation
of coronopilin furnished dihydroisoparthenin (V)2
by isomerization of the double bond. Coronopilin is
therefore 1,2-dihydroparthenin.

Coronopilin was also isolated in 0.169, yield
from the whole plant of Ambrosta artemisiifolio L.
(common ragweed) collected in Tallahassee during
the flowering period. This plant is highly variegated
which may account for the fact that no erystalline
material could be isolated from a sample of whole
plant collected in Ohio in 1956. Previous workers?
have reported the isolation of a sternutatory crys-
talline material of m.p. 208° and a bitter substance
of m.p. 65-70°. No formulas were given but the
analyses resembled that of coronopilin. A more
recent communication® states that a crystalline
nonalkaloidal substance of m.p. 160-164° and un-
specified analysis was obtained from ragweed,
presumably A. ariemisiifolia.

We were not successful in our attempts to isolate
crystalline sesquiterpene derivatives from extracts
of Ambrosia trifida L. (giant ragweed) and Ambrosia
bidentata Michx.

Of considerable interest was the isolation of
coronopilin in 0.359, yield from a Parthenium
species, P. tncanum H.B.K. The occurrence of the
same sesquiterpene lactone in two separate genera
may well have a bearing on phylogenetic specula-
tions previously based on morphological and cyto-
logical considerations. Further evidence for a possi-
ble eonnection between Parthenium and Ambrosia
species is the isolation, in low yield, of ambrosin
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from another sample of P. incanum which, however,
did not yield any coronopilin. Whether this differ-
ence in lactone content is due to local conditions or
to biogenetic changes during the growth cycle of
P. incanum cannot be stated at present.

EXPERIMENTALY

Isolation of coronopilin. Powdered leaves and small stems
of Ambrosia psilostachya DGC. var. coronopifolia (T. and G.)
Farw., 960 g., collected by Dr. B. H. Braun in the vicinity of
Ellis, Kansas in late August 1959, were extracted with chloro-
form in two large Soxhlet extractors for 2 days. Chloroform
was removed. The residue was taken up in 250 ml. of hot
ethanol, mixed with 275 ml. of hot water containing 10 g. of
lead acetate and 5 ml. of acetic acid, and allowed to stand
overnight. The clear filtrate was concentrated to small
volume on the water pump and extracted thoroughly with
chloroform. The chloroform extract was dried and evapo-
rated in vacuo. The residual gum, wt. 47 g., was dissolved in
60 ml. of chloroform and chromatographed over 400 g. of
alumina (Alcoa F-20). Benzene (2 1.) and chloroform (38 1.)
eluted a total of 23 g. of crude coronopilin. Recrystallization
of the various fractions from acetone-diisopropyl! ether and
working up the mother liquors gave a total of 11.9 g. (1.25%,)
of coronopilin, m.p. 165-170°, Further recrystallization from
the same solvent mixture raised the m.p. to 177-178°;
[a]% —80.2° (¢ 4.2, thanol), —2° (¢ 3.7, chloroform), Ams
213 mu, ¢ 9800, shoulder near 290 my, ¢ 29, infrared bands
3600 and 3400 cm.~1 (—OH), 1750 (double strength, cyclo-
pentanone and ~-lactone), 1655 (double bond), and 1408
em.”? (combination of —CHeC=0 and methylene con-
jugated with lactone).

(10) Melting points are uncorrected. Analyses are by Drs.
Weiler and Strauss, Oxford, and Dr, F. Pascher, Bonn,
Germany. Ultraviolet spectra were run in 959, ethanol
solution on a Cary Model 14 spectrophotometer, infrared
spectra in chloroform solution, unless otherwise specified,
on a Perkin-Elmer Infracord spectrophotometer.
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Anal. Caled. for C;;HnO;: C, 68.16; H, 7.63. Found: C,
68.35; H, 7.73.

Coronopilin gave a positive Zimmermann test. It was not
acetylated by acetic anhydride in pyridine solution. The
pyrazoline was prepared by mixing a solution of 0.18 g. of
coronopilin in 200 ml. of ether with excess diazomethane in
ether and by allowing it to stand for 4 days. The solvent was
removed, and the residue recrystallized from ethyl acetate
and acetone-isooctane, m.p. 145° deec.

Anal. Caled. for C;sHuN:0,: C, 62.72; H, 7.24; N, 9.14.
Found: C, 63.27; H, 7.08; N, 9.82,

Hydrogenation of coronopilin. A solution of 1.0 g. of coron-
opilin in 50 ml. of ethano! was hydrogenated in a Parr
shaker with 0.1 g. of 5% palladium charcoal, filtered, and
concentrated to dryness in vacuo. The residual gum crystal-
lized on stirring with benzene-petroleum ether. One recrys-
tallization from acetone—petroleum ether (b.p. 60-90°)
gave 0.43 g. of crystals, m.p. 195-197°, raised to 200-201° by
one further recrystallization. The mixed melting point with
authentic dihydroisoparthenin!* was undepressed and the
infrared spectra were completely superimposable.

Ozonolysis of coronopilin.!? A solution of 0.3 g. of corono-
pilin in 50 ml. of chloroform was ozonized at 78° for 2 br.
The solution was steam distilled into a solution of dimedone
in alcohol. This solution was again steam distilled; the
residue deposited 40 mg. of the dimedone derivative of
formaldehyde. The residue from the first steam distillation
was concentrated to 2 ml. in vacuo and filtered. The product,
0.11 g., was recrystallized from acetone, m.p. 232-234°,
mixed m.p. with dihydronorparthenone 231-233°. The in-
frared spectra of the two samples were indistinguishable.

Dihydronorparthenone. A solution of 500 mg. of norpar-
thenone? in 25 ml. of ethano! was hydrogenated at atmos-
pheric pressure with 59, palladium charcoal catalyst. The
solution was filtered and concentrated. The residue solidified
on standing and was recrystallized several times from ace-
tone and acetone-petroleum ether (b.p. 30-50°), 330 mg.
yield, m.p. 325° dec., [a]% —29.5° (¢ 1.97, chloroform),
Mmax 240 mpu (e 8500), shoulder near 280 my, infrared bands
(potassium bromide disk) at 3600 and 3200 (—OH), 1750
(double strength, cyclopentanone and lactone), and 1660
cm. ™! (double bond). The substance was acidic and gave a
positive ferric chloride test.

Anal. Caled. for CiH;305: C, 63.14; H, 6.81. Found: C,
63.13; H, 6.86.

Extraction of Ambrosia artemisiifolia L. Ground whole
plant of the above, collected at the flowering state on the out-
skirts of Tallahagsee in September 1959, was extracted with
chloroform in a large Lloyd extractor and worked in the
usual manner. From a total of 94.5 lbs. of dried material
there was obtained, after precipitation of coloring materials
and tannins, 370 g. of crude gum which eould not be induced
to crystallize.

A 16-g. portion was dissolved in 25 ml. of benzene and
chromatographed over 200 g. of alumina. Elution with
benzene-chloroform (1:1, five 400-ml. fractions) and chloro-
form (three 400-ml. fractions) gave gum in fraction 2 and
crystalline material in fractions 3-7. Crystallization from
benzene of fractions 3-7 gave 2.9 g. of coronopilin. Additional
material was obtained by rechromatographing fraction 2
and the mother liquors. Crystallization from acetone—di-
isopropyl ether raised the m.p. to 178-180°; infrared spec-
trum superimposable on that of coronopilin, [a]% 35.3°
(¢3.42, ethanol), [«]}} —2.9° (¢ 6.66, chloroform), pyrazoline
m.p. 150~151°. Paper chromatography of coronopilin and
the material from A. artemisitfolia gave an Rt value of 0.74,
using Whatman No. 4 filter paper impregnsated with & 10%
solution of octanol in acetone and & mixture of 30 ml. of

(11) The melting point of dihydroisoparthenin was
erroneously given as 142-144° in ref. 2. It should be 201~
202°.

(12) This experiment and the following one were per-
formed by Dr. M. Miyazaki.
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methanol and 70 ml. of water saturated with octanol. Spots
were detected by spraying with a saturated solution of anti-
mony trichloride in chloroform and 209, thionyl chloride.
Ozonolysis yielded dihydronorparthenone, m.p. 220°.
Hydrogenation gave dihydroisoparthenin, m.p. 200-202°,

A sample of leaves and petioles identified as Ambrosia
artemistifolia L. var elatior, collected by Dr. B. H. Braun in
the viecinity of Cincinnati, Ohio, in 1956, was extracted in
the same manner but did not furnish erystalline material.

Two samples of Ambrosia trifida L. were extracted. One of
leaves and petioles only, collected by Dr. B. H. Braun near
Cincinnati in 1956, 1000 g., yielded 2.1 g. of gum which gave
no crystalline fractions on chromatography. A second, large
sample, 40 kg., collected in September 1959, on the outskirts
of Tallahassee during the flowering period, gave 55 g. of
gum which could not be separated into crystalline fractions.

A 600-g. sample of Ambrosia bidentata Michx., collected
by Dr. B. H. Braun near Lamar, Missouri, in August 1959,
gave 28 g. of gum which appeared to be quite polar. Chro
matography over alumina failed to yield crystalline material.

Eztraction of Parthenium inconum H.B.K. A 2380-g.
sample of the above, collected by Dr. H. F. L. Rock in July
1960, near El Paso, Texas, was ground and extracted with
chloroform for 2 days. The extract was concentrated; the
residue taken up in 200 ml. of hot ethanol, 300 ml. of hot
water containing 15 g. of lead acetate, and a few ml. of acetic
acid. After 1 day the mixture was filtered, the filtrate con-
centrated <n vacuo, extracted with chloroform, and dried.
Removal of chloroform gave 45 g. of gum which was dis-
solved in 35 ml. of chloroform, diluted with 80 ml. of ben-
zene, and chromatographed over 400 g. of alumina. The first
fractions (benzene-chloroform 4:1) eluted some gum. This
was followed by 14 g. of crystalline material in the benzene-
chloroform and chloroform fractions. Recrystallization from
acetone~diisopropyl ether gave 8.3 g. of colorless crystals,
m p. 175-178°, raised to 178-180° by further purification,
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fal B —32.5° (¢ 4.3, ethanol), [a]% —5.7°(¢ 5.1, chloroform).
The substance was indistinguishable from coronopilin in in-
frared spectruin and paper chromatography.

A finely ground sample of the same plant, wt. 1420 g.,
collected by Mr. R. J. Barr in September 1960, near Portal,
Cochise County, Arizona, was extracted with chloroform.
The usual work-up gave 32 g. of an orange-yellow gum which
was taken up in 30 ml. of chloroform and diluted with 70 mi.
of benzene. Chromatography over 350 g. of alumina with
benzene (eight 100-ml. fractions), benzene-chioroform (10
fractions, 10:1), chloroform (21 fractions) and chloroform-
methanol (20 fractions, 50:1) gave no crystalline material.
The second benzene fraction was taken up in benzene and
diluted with ligroin to incipient cloudiness. Some benzene
was added to clear the solution. On standing there precipi-
tated 0.15 g. of crystalline material which was recrystallized
from benzene-ligroin. The colorless needles melted at 145~
146°, [a]% —15.4° (¢, 0.925, chloroform), ultraviolet maxima
at 218 my, € 13,900, and 325 my, ¢ 38. The infrared spectrum
exhibited bands at 1770 cm.™! (v-lactone), 1718 (cyclopen-
tenone), 1660 (double bond conjugated with lactone), and
1595 em. ! (cyclopentenone double bond). The NMR spec-
trum reported previously? confirmed the assignments. These
properties suggested that the material was ambrosin which
was confirmed by comparison with an authentic sample.

Anal. Caled. for C:HisO05: C, 73.14; H, 7.37; O, 19.49.
Found: C, 72.84; H, 7.57; 0, 19.29.

Rechromatography of the gummy fractions did not re-
sult in crystalline material.
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Four of the compounds isolated in an earlier study from N. edulis were subjected to chemical and spectroscopic examina~
tion. A structure is proposed for edulin and a partial structure is derived for neorautone. One new compound, substance vii,
was isolated from extracts of the tuber of this plant and examined in this work. Substance vii and edulin are structurally
closely related to the reduced isoflavanes pterocarpin and homopterocarpin and to the angular rotenoids pachyrrhizone and

pachyrrhizine.

In a previous report! the isolation of six new
substances from the tuber of Neorautanenia edulis
C.A. Sm. was described. A study of the chemical
constituents of the tuber of this plant became of
interest in view of the use of the tuber as a fish
poison by natives in the Northern Transvaal region
of Southern Africa.? Of the six compounds isolated,
two were found to be toxic to goldfish.® On the
basis of elemental analyses and molecular weight

(1) B. L. Van Duuren and P. W. G. Groenewoud, J. S.
African Chem. Inst., 3, (2), 29 (1950).

(2) J. M. Watt and M. G. Breyer-Brandwijk, Medical
and Poisonous Plants of Southern Africa, Livingstone, Edin-
burgh, 1932, p. 77.

determinations molecular formulas were assigned
to the six compounds! but chemical studies were
not described. The present report gives the results
of chemical studies on some of these compounds of
which larger quantities were available for investiga-
tion.

In the isolation of these compounds from the
tuber! large amounts of dark brown resins were
obtained; these resins were examined with the pur-
pose of improving the yields of the compounds ob-
tained from the tuber. Three of the compounds

(3) B. L. Van Duuren and P. W. G. Groenewoud, J. 8.
Afr. Chem. Inst., 3, (2), 35 (1950),



