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CHEMICAL COMPOSITION OF THE ESSENTIAL OILS OF MONGOLIAN WORMWOODS 

Artemisia xerophytica and A. xantaphora 

~. I. Goryaev, F. S. Sharipova, 
L. A. El'chibekova, S. Shatar, 
and L. K. Tikhonova 

UDC 547.913.001.2 

The chemical compositions Of the hydrocarbon fractions of the essential oils of 
endemic wormwoods of Mongolia, Artemis~a xerophytica (xerophytic wormwood) andAr- 
temisia xantaphora (y~]!ow wor~qwood), have been investigated. In the essential 
oil of A. xerophytica 22 hydrocarbons out of 26 have been identified and in that 
of A. xantaphora 18 out of 27. 

The plant world of Mongolia is an inexhaustible source of natural compounds and, in par- 
ticular, of essential oils. Particular interest is presented by the Artemesia genus which in 
Mongolia numbers more than 58 species, some of them being endemic [i]. Many species of worm- 
wood (Artemisia xerophytica, A. scoparia, A. adamsis, A. sieversiana) form the main plant 
coverage of the steppe, semidesert, and desert. 

The present paper gives the results of an investigation of the terpene and sesquiter- 
pene hydrocarbons of the essential oils of the wormwoods A. xerophytica and A. xantaphora 
(xerophytic wormwood and yellow wormwood), which are endemic plants of Mongolia and have not 
been studied previously. 

In the essential oil of A. xerophytica we found 43% of terpene hydrocarbons and 25% of 
sesquiterpene hydrocarbons (Fig. i), and in that of A. xantapora 40% of terpene hydrocarbons 
and 12% of sesquiterpene hydrocarbons (Fig. 2). 

We attempted to investigate the biogenetic link between the terpene and sesquiterpene 
hydrocarbons in the essential oils considered. Some workers consider that monoterpene hydro- 
carbons of a definite structure presuppose the presence in an essential oil of the correspond- 
ing sesquiterpene hydrocarbons differing from the former by one isoprene group [3]. This 
hypothesis is confirmed in the oils that we have investigated as examples. Thus, in the 
essential oil of A. xerophytica there is the monoterpenoid camphene and the sesquiterpene 
hydrocarbon 8-santalene, the structures of which are similar. In addition, the simultaneous 
presence of a-santalene, longifolene, ~-santalene, and logicyclene suggest that their bio- 
genesis from a common precursor is possible. B-Santalene probably undergoes cyclization 
through one of the unsaturated centers of the molecule, leading to the formation of a-santa- 
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Fig. i. Chromatogram of the terpene (a) and sesquiterpene (b) hydrocarbons 
of the essential oil of A. xerophytica: I) a-piene: 2) camphene; 3) B-pi- 
nene; 4) sabinene; 5) a-terpinene; 6) limonene; 7) cineole; 8) y-terpinene; 
9) p-cymene; 1'-4') unidentified hydrocarbons; 5') ylangene; 6') longicy- 
elene; 7') a-santalene; 8') longifolene; 9') epi-B-santalene; i0) B-santa- 
lene; 12) a-himachalene; 13) y-bisabolene; 14) ~-cadinene; 15) y-cadinene; 
16) calamenene. 

Fig. 2. Chromat0gram of the monoterpene (a) and sesquitervene (b ) hydrocar- 
bons from the essential oil of Ao xant~hora: i) a-pinene; 2) camphene; 3) 
B-pinene; 4) A3-carene; 5) limonene; 6) cineole; 7) 6-terpinene; 8) p-cymene; 
1'-6') unidentified hydrocarbons; 8') ylangene; 9) a-gurjunene; i0) $-ber- 
gamotene; II) B-gurjunene; 12) B-bergamotene; 13) caryophyllene; 14) B- 
humulene; 15) a-humulene; 16) B-bisabolene; 17) 6-cadinene. 

lene or iongifolene. In its turn, the cyclization of these two hydrocarbons may lead to the 
formation of the tetracyclic sesquiterpene longicyclene. 

The essential 0il of A. x~tophora contains in addition to considerable amounts of a- 
and 8-pinene and limonene, the compounds with close structures a-bergamotene, B-bergamotene, 
and B-bisabolene. 

EXPERIMENTAL 

The essential oils were obtained by the steam-distillation of the air-dry plants in the 
budding phase. The investigation was carried out by the methods of vacuum distillation, 
chromatographic separation on alumina, and gas--liquid chromatography in a Vyrukhrom mod. A-I 
apparatus using a flame-ionization detector with a steel column 3 m x 0.3 cm containing as 
stationary phase 10% of Reoplex 400 on a solid support (Celite, 60-80 mesh) with helium as 
the carrier gas at the rate of 45 ml/min. In the separation ofthe sesquiterpene hydrocarbons, 
naphthalene was used as internal standard to determine relative retention times [3]. 

The preparative separation of the terpene hydrocarbons was carried out on a UKh-2 uni- 
versal chromatograph using a column i00 x 0.6 cm filled with Celite 545 (60-80 mesh) impreg- 
nated with 20% of Reoplex 400. Quantitative compositions were determined by the internal- 
normalization method [4]. 

Artemisia xerophytica is a semishrub with a woody stem 5-8 cm high that is distributed 
in the Gobi desert-steppe zone. The oil has a yellow-brown color, a pleasant smell, and the 
following physicochemical constants: n~ ° 1.4630; acid No. 14.2; ester No. 45.0. Yield of 
oil 1.2%. 

The essential oil (i0 g) was treated with a 50% solution of sodium carbonate to isolate 
the acids and with a 30% solution of caustic soda to isolate the phenols. The methyl esters 

359 



of the acids isolated (0.01% on the whole oil) were obtained with diazomethane [2], and these 
were analyzed in a gas--liquid chromatograph at I18°C. The following free acids were found in 
the essential oil: acetic, propionic, butyric, valeric, caproic, caprylic, pelargonic, and 
capric. No phenols were detected. 

The essential oil (9 g) from acid and phenols was vacuum-distilled into the following 
fractions: i) 1.24 g, 14%, bp 40°C (5 mm); 2) 2.87 g, 32%, bp 60-80°C (5 mm); and residue 
4.8 g, 53%. 

The first and second fractions consisted of terpene hydrocarbons, and they were ana- 
lyzed in a gas--liquid chromatograph at 90°C. The following hydrocarbons were identified (Fig. 
la) (in % on the total oil): a-pinene, 2.0; camphene, 4.5; B-pinene, I.i; sabinene, i.i; a- 
terpinene, 0.3; limonene, 1.0; cineole, 25; y-terpinene, 1.0; and p-cymene, 7.0. Such hydro- 
carbons as ~-terpinene and x-terpinene were identified from their retention times and from 
the increase in the size of the corresponding peaks when the pure substances were added to a 
sample of the oil. The remaining hydrocarbons were isolated preparatively and their IR spec- 
tra were recorded and their physicochemical constants were determined, these agreeing with 
literature characteristics [5]. 

The residue consisted of a mixture of oxygen-containing compounds, sesquiterpene hydro- 
carbons, and resins. To separate the hydrocarbons from the oxygen-containing compounds, 
fraction 3 was passed through a column filled with alumine (Brockmann activity grade II, 
in a ratio of i:i00), and was eluted successively with petroleum ether and ethanol. The 
fraction eluted by petroleum ether (2.6 g) consisted of sequiterpene hydrocarbons. It was 
analyzed in a chromatograph at a temperature of 150°C. By comparing the relative retention 
times with literature figures [3], the folloWing hydrocarbons were identified (Fig. Ib)(in" 
% on the whole oil): ylangene, 0.59; longicyclene, 1.68; a-santalene, 0.7; longifolene, 1.9; 
epi-B-santalene, 5.9; B-santalene, 0.2; a-himachalene, 3.0; x-bisabolene, 2.5; ~-cadinene, 
3.4; y-cadinene, 0.6; calamenene, 0.3. 

The essential oil of A. xantaphora had a yellow-brown color, a pleasant smell, and the 
following physicochemical constants: n~ ° 1.5090; acid No. 1.8; ester No. 36.7. Yield of oil 

1.4%. 

The essential oil (12 g) was freed from phenols and acids and was distilled into the fol- 
lowing fractions: i) 3.09 g, 25%, bp 52-56°C (i0 mm); 2) 1.5 g, 12.5%, bp 58-60°C (i0 mm); 

and residue 7.3 g, 60.8%. 

The first and second fractions were analyzed in a gas--liquid chromatograph at a tempera- 
ture of 92°C, and the following components were identified (Fig. 2a) (in % on the whole oil); 
a-pinene, 6.1; camphene, traces; B-pinene, 11.6; &3-carene, 3.6; limonene, 5.0; cineole, 8.1; 
y-terpinene, 3.0; p-cymene, 2.0. The third fraction was chromatographed on alumina. It was 
eluted successively with petroleum ether benzene, and ethanol. 

The solvent was distilled off from the petroleum fraction, which left the sesquiterpene 
hydrocarbons, and these were analyzed at 150°C. The following hydrocarbons were identified 
(Fig. 2b) (in % on the whole oil); ylangene, 0.5; ~-gurjunene, 0.3; a-bergamotene, 1.75; B- 
gurjunene, 0.7; B-bergamotene, 1.0; caryophyllene, 1.5; B-humulene, i.i; a-humulene, 0.8; B- 

bisabolene, 0.9; and ~-cadinene, 3.0. 

SUMMARY 

I. The chemical compositions 'of the hydrocarbon fractions of the essential oils of Artem- 
isia xerophytica and A. xantaphora growing in Mongolia have been investigated. 

2. In the essential oils of A. xerophytica 26 hydrocarbons have been detected of which 
22 have been identified, and in that of A. xantaphora 27 hydrocarbons of which 18 have been 

identified. 
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