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column [34,35] using m internal standard (n-tetracosane) 14. 
after methylation [363 and then silylation with BSA--CSH5N 
1251. For the estolide waxes (Picea sitchcnsis, P. puwens, Cha- 15. 
maecyparis lawsoniana) determinations were made usiag the 
total hydrotysis products (3”; methanohc KOH, 3 hr, acidifica- 16. 
tion, Et,0 work up). Positional isomer contents of the various 
alcohols were obtained by measurement of the TMSi ions [25] 17. 
from MS recorded at the apices of the corresponding TMSi 18. 
ether chromatographic peaks. Before this determination the 19. 
sec. alcohol fractions were first isolated from the whole waxes 
by PLC [33-j. 20. 

A&zowledgemeti&---We ‘are grateful to Dr. R. L. S. Patterson 21. 
(Meat Research Instit’ute, Langford) far GC-MS facilities and 
to D. Puckey for assistance with the MS analyses. 
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Am--Artemisia ketone and artemisia acetate are the main monoterpene components in both the flowers and 
leaves of A. agewdum growing in centraI Italy, but are replaced by 1,8-cineole in plants growing in Sardinia (Italy). 

Tk flowers and leaves of Achilles qeratum growing 
in northern Sardinia contain the sesquiterpenes agerol 

traf region of Italy wiia) and shows some minor rnor- 

[l] and ageratriol [2,3], whose structures and biosyn- 
phological difhxences. The leaves are more narrow and 

thesis [4] have already been investigated, and l&cineole, 
serrated and the terminal corymbs made by smaller and 
more dense flowerheads. 

as the virtually only isoleable monoterpene. 
The present work is concerned with the terpene con- 

The plants, collected in June, contied agerol, agera- 
trio1 and only very small amounts of 1,8&e& Addi- 

tent of a sample of A. ageratum which grows in the cen- tionally this continental sample was found to contain 
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Table 1. Occurrmce of mono- and sequi-terpenes in samples 
of A. agercztum cotied in June r/a wt) 

agera- l,&- 
Locality ’ agerol trial cineole 1 2 3 

Sardinia 0.09 0.30 
GXtral 

Italy 0.10 0.19 

* Detected by GGMS. 

0.24 trace* trace* - 

trace* 0.032 0.035 0.002 

(Table 1) considerable quantities of the non-head-to-tail 
monoterpenes [S], artemisia ketone (l), artemisia acetate 
(2) and its alcohol (3), which were separated by a com- 
bination of column chromatography and preparative 
GLC. 

>f“ I 880 

R I 2 R - Ii, AC0 

I 3 R - I-i, HO 

It is of interest to note that the relative amounts of 
the artemisyl derivatives changed greatly as the young 
leaves matured, the ratio 2/l continuously rising from 
about 0.12 in January to about 1.1 in June. 

The subsequent finding of trace amounts of 1 and 2 
in the plants growing in sardinia supports the assump- 
tion that two chemical races of the A. ~mutum species 
have been displayed; they are most likely related to en- 
vironmental and climatic differences between the two 
geographic sites. 

The occurrence of compounds of the artemisyl group, 
which have been so far only reported to occur in the 
Ankvnideae tribe of the Compositae, is not perhaps sur- 
prising in A. agerutwn, a plant which is botanically very 
close to Artemisia species. 

EXPERI-AL 

UV spectra were measured in EtOH. IR spectra were in 
liquid 6lm. NMR spectra were determined at 60 MHz in CC4 
for 1 and 2 and in CD& for 3 using TMS as an internal 

*The first value represents yield from flowers and the 
second one that from leaves. 

standard Optical rotations were measured in MeOH. Pre 
paratiw GLC was accomplished on 8 3 m glass column of 
2’0% Apiezon L 011 chromosorb W. A herbarium voucher of 
the continental chcmotype of A. qerutunr is deposited in the 
Botanical Institute of the University of Modena (n. 5891/12). 

Extraction and sepmution of monoterpene components. Fresh 
flowers (2 kg) and leaves (3 kg) of A. ugemttun, collected in 
June in the Emilia region (oentral Italy), were separately 
extracted with n-hexane (12 and 18 1. resp.) by percolation at 
room temp. The solvent was evaporated in vacua to afford 
a yellow oil (12 g and 22 g resp.). Repeated chromatography 
over Si gel using a n-hexane-Et,0 gradient afforded the iso- 
lated monoterpenes. Pure samples were obtained by prepara- 
tive GLC and distillation. 

Artemisiu ketone(I), (OS2 and 1,04gyC, bp 181”, 1,238 nm 
(c 11.070) [Lit. [6] : 1, EtoDH 238 nm (6 11.27511, identified by IR 
and NMR spectra and by MS fragmentation pattern cd]. 

Artmdsiu acetate (2), (0.69 and 1.03 g)*, bp 90-92”/10 mm; 
C&O -29.6” (MeOH; c 2.2) [Lit. [7j: [a@ -.33.9”]; identi- 
fied by IR, NMR and MS [S]. 

~tiatiin alcohol (3), (0.117 g, from both extractions); bp 
92-95”/9 mm; [aJ;O -30.1” (MeOH; c 21) [Lit. [q: [a]$’ 
- 31.8”] ; IR: 3320 cm -l ; NMR: 6 1.0 (6H, s, M&Z); 1.72 
and 1.78 QH each, br.s, Me); 4.1 (lH, d, J 9 Hz, H-C-O); 
5.15 (lH, br.d, J 9Hz), H-C=); 4.9-5.4 and 5.7-6.3 6 (3H, m 
(a typical ABC pattern), CH=CHd; MS: m/e 154 (M+). 
LiAlH4 treatment transformed 2 to 3 and NaBH, converted 
1 to racemic 3. 
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Abstract-A method is described for separating 1 :%cineole and /%phellandrene in extracts of eucalyptus leaves 
on a silica gel column by elution with selective solvents and quantitative analysis of the separates by gas--liquid 
chromatography. 

INTRODUCTEON liquid chromatography (GLC) with a carbowax column, 
In analyzing monoterpene composition of pentane Shimizu [13 noted that /3-phellandrene and 1: 8-cineole 
extracts of leaves of several species of eucalyptus by gas- had identical retention times. Hen- he reported peaks 


