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NANAO HAYASHI, YASUHARU SUGIYAMA, HISASHI KOMAE, 

Study of Environmental Science, Faculty of Integrated Arts and Sciences, 
Hiroshima Uniws i t y ,  Hiroshima 730, Japan 

and TAKASHI S A U O  

Department of Chemistry, Faculty of Education, Kagoshima University, Kagoshima 890, Japan 

Recent years have witnessed tremendous strides in the establishment of the influence of natural 
odoriferous compounds, especially terpenes, on the behavior of the anthropcds (1-5). During our studies 
along these lines, curiously enough, we observed the Byasa alcinous Klug., Luebdwfia japonica Leeck, and 
Hebomoia glaurippe L. normally are attracted to Aristolochia dibilis Sieb. et Zucc. (Aristolochiaceae), Heterot- 
ropa spp. (Aristolochiaceae) (6-7), and Crataeva relzgiosa Forst. (Capparaceae). This prompted us to examine 
the volatile components of the five food plants of some buttedies. 

EXPERIMENTAL 

PUNT MATERIhLS.-The fresh plants (200- 1000 g) of A. debilis and C. religiosa were collected from 
Hiroshima and Kagoshima Prefectures in Japan, and the essential oils were isolated by steam distillation. 
The fresh, whole plants (50-100 g) of three species of Heterotmpa were collected from Kyoto, Wakayama, 
and Nagano Prefectures, and the essential oils were obtained by both steam distillation and solvent extrac- 
tion with EtOAc. The essential oils were analyzed by means ofgc and gcms (8- 10). Voucher specimens are 
available for inspection at the Herbarium of Faculty of Integrated Arts and Sciences, Hiroshima Univer- 
sity. 

GAS c H R o M A r ~ R A P H Y . ~ n t i t a t i v e  gc analysis were carried out on GC-350 (Gasukuro 
Kogyo) with a 0.28 mm X 30 m glass capillary column coated with OV- 10 1. The column temperature was 
programmed from 100' to 250" at a rate of 2'/min. Ms spectra were measured with JMSD100 Mass Spec- 
trometer coupled to a JGC 20KP Gas Chromatograph equipped with a 3 mm X 1 m glass column contain- 
ing OV-101 on 100-200 mesh Chromosorb WAW. Helium was the carrier gas (15 mumin), and the col- 
umn temperature was programmed from 50" to 200° at a rate of 5'/min. Mass spectra were obtained at 
25eV. 

Constituents of the essential oils were as follows: A. debilis (identified by Dr. T .  Seki, from Hiroshima 
Prefecture, food plant ofB. afcinous); leaves and stems 2-hexenal, 19.1; a-pinene, 3.5; camphene, trace; p- 
pinene, 3.8; myrcene, 10.3; limonene, 7.3; trans-p-ocimene, l.0;p-cymene, trace; 1,8-cineole, 0.4; cam- 
phor, 1.7; borneol, 1.3; bornyl acetate, 0.8; 3,4,5-trimethoxytoluene, 0.4; caryophyllene, 39.3; a- 
humulene, 6.0; p-elemene, 3.0; calamenene, 1.3; unknown, 0.4%; roots a-pinene, 5.0; camphene, 
15.6; P-pinene, 1.5; 1,8-cineole, 3.6; camphor, 6.6; borneol, 0.7; a-cubebene, 1.5; a-guaiene, 1.5; p- 
chamigrene, 12.6; g-cadinene, 11.1; y-cadinene, 4.8; a-santalene, 2.2; 6-guaiene, 1.5; calamenene, 0.7; 
aromadendrene, 1.5 % . 

Heterotropa takaoi F. Maekawa (from Kyoto, food plant of L. japonica); leaves, a-pinene, 0.6; cam- 
phene, 0.1; &pinene, 3.2;p-cymene, 1.1; A3-carene, 1.6; limonene, 0.3; 1,8-cineole, 0.4; linalool, 1.2; 
safrole, 4.4; f3-farnesene, 3.6; myristicin, 46.7; n-pentadecane, 13.6; elemicin, 22.4%; mots a-pinene, 
17.9; camphene, 10.2; &pinene, 16.2; p-cymene, 0.8; trans-p-ocimene, 0.6; limonene, 5.1; borneol, 
6.1; safrole, 0.4; methyl eugenol, 3.3; y-elemene, 0.7; myristicin, 2.5; n-pentadecane, 2.6; elemicin, 
28.0; l-allyl-2,3,4,5-tetramethoxybenzene, 0.4%. 

Heterotropa takaoi var. bisauchii F. Maekawa (from Wakayama Prefecture, food plant of L. japonica); 
leaves myrcene, 1.6; safrole, 68.4; methyl eugenol, 2.0; caryophyllene, 2.4; trans-p-ocimene, 5.2; n-pen- 
tadecene, 8.2; n-pentadecane, 10.4; elemicin, 1.8%; roots a-pinene, 2.1; camphene, 1.4; @-pinene, 2.1; 
1,8-cineole, 1.0; camphor, 0.7; borneol, 3.6; eugenol, 0.7; 3,4,5-trimethoxytoluene, 5.8; n-pen- 
tadecane, 2.9; elemicin and its isomers, 76.7%. 

Heterotropa fauriei var. nakaii F. Maekawa (from Nagano Prefecture, food plant of L. japonica); leaves 
a-pinene, 7.6; camphene, 3.4; p-pinene, 17.9; p-cymene, 2.6; A3-carene, 3.1; limonene, 2.2; 1,8- 
cineole, 2.5; linalool, 3.6; safrole, 0.2; p-farnesene, 0.6; a-bergamotene, 3.3; caryophyllene, 3.1; myris- 
ticin, 6.1; n-pentadecane, 5 1.6; elemicin, 2.2%; roots a-pinene, 19.9; camphene, 12.5; P-pinene, 16.3; 
p-cymene, 1.4;trans-p-ocimene, 3.4; limonene, 5.0; borneol, 8.1; n-pentadecane, 4.4; elemicin, 23.5; 1- 
allyl-2,3,4,5-tetramethoxybenzene, 1.5; unknown, 2.2%. 

C. religiosa Forst. (from Kagoshima Prefecture, food plant of H. glaucippe); leaves 2-hexenal, 50.3; 3- 
hexen-1-01, 40.2;p-cymene, 0.5; limonene, 0.6; linalool, 0.6; a-ionone, 0.2; p-ionone, 0.2%. 
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PYRROLIZIDINE ALKALOIDS FROM SENECIO BRASILIENSIS POPULATIONS 
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Senacio brasifzensis (Spreng.) Less. (Compositae) has been associated with cattle poisoning in countries 
bordering the Rio de La Plata (1.2). We report here the pyrrolizidine alkaloids of three S. braJilimris popu- 
lations growing on rangelands in Paraguay. The pyrrolizidine alkaloid content and composition based on 
dried material and variation in different organs and collection sites are summarized in Table 1. 

EXPERIMENTAL 

PLANT MATERIAL.<OkCtiOnS were made on November 10, 1985, along Ruta 2 in Department 
Alto Parani. Paraguay. Voucher specimens have been filed with the Smithsonian Institution (US), 
Washington, DC (Schrneda 742-744). 

EXTRACTION AND ISOLATION.-FK~I~Y collected samples were separated into flowering tops, 
leaves, stems, and rwts and extracted with 95% EtOH at room temperature for 48 h. After filtration, the 
plant material was dried, ground, and re-extracted twice with 95% EtOH at room temperature. The com- 
bined extracts were evaporated under reduced pressure and processed by standard procedures (3-5). The 
free base and N-oxide pyrrolizidine-alkaloid content were determined for each sample by the ‘H-nmr 
method (5) using a Varian EM 390 spectrometer. Small amounts of each plant part were air-dried in the 
shade to determine the ratio of fresh to dry weight. 

All crude alkaloid bases and N-oxides (ca. 4 g)  were chromatographed on Si gel with CHCI,/EtOH 
gradient with increasing amounts of EtOH, affording after tlc (Si gel; CHC1,-EtOH, 85: 15; Dragendorff 
reagent) and recrystallization, integerrimine, retroaine, and its 20-2 1 E-isomer. Compounds were iden- 
tified by ‘H-nmr (6) ,  ms, mp (7), and authentic sample comparisons. 

Details of the identification are available upon requesr to the senior author. 


