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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 
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obtained for these as “fl-phellandrene and/or 
1 :%cineofe.” van Rudloff [2] found that I : 8-cinde can 
be separated from terpene hydrocarbons on highly polar 
GLC columns, such as &V-oxydipropionitrile. The pro- 
cedure presented herein employs prefractionation on a 
silica gel column, followed by GLC with a carbowax 
column, which has some advantages over highly polar 
columns when analyzing mono&penes. The method 
may be especially valuable where 1: Scineoie is of com- 
mercial importance. 

RESULTS AND DI!SCUSSION 

We first verified that fl-phehandrene and X :&cineole 
could be separated by eiution chromatography on a 
silica gel column. Samples of the two compounds were 
run through the column individually and the eluates 
were analyzed by GLC. /?-Phellandrene was eluted by 
petrol, while 1: S-cineole was eluted by ethyl ether-petrol 
(I :9). 

GLC of the pentane extract of Ezccalyprus paucgaru 
Sieb. ex Spreng. leaves revealed 0.19 ~1 @-phellandrene 
and/or 1: 8-cineole. To determine the relative amounts 
of the two monoterpenes, a sample of the extract was 
separated on the silica gel column. Using p-cymene as 
a standard, we estimated by GLC that the first eluate 
contained 0.06 ~1 &phellandrene and the second 0.11 ~1 
1: %cineole. The sum of these, 0.17 fl, was less than the 
total occurring in the original sample (0.19 @), indicating 
a moderate loss in the silica gel chromatographic pro- 
cess. Additional trials with standards likewise showed 
small losses, but the relative amounts of /I-phellandrene 
and 1:8-cineole recovered in the eluates were approxi- 
mately the same as in the original sample. 

For approximate analyses the procedure can be simpli- 
fied to (1) running a GLC analysis of the original sample 
and (2) eluting with petrol from a silica gel column and 
examining the eluate by GLC. If the samples contain 
monoterpene hydrocarbons other than /I-phellandrene, 
these can be used to adjust peak sizes for effects of fluc- 
tuating operating conditions, eliminating the need for in- 
ternal standards. The procedure is exemplified below on 
the peak area data for an original sample and the petrol 
eluate. 

1. Area of combined /?-phellandrene-l:S- 
cineole peak 

2. Total area of all other monoterpene hy- 
drocarbon peaks in original sample (32.7 
+ o-9 + 1.0) 

3. Area of fl-phellandrene peak in petrol 
eluate 

4. Total area of ah other monoterpene hy- 
drocarbon peaks in petrol eluate (36.8 + 
1.2 + 1.4) 

12.8 

346 

4.8 

39.4 

5. 

6. 

Adjusted area of $-pheliandrene peak in 
petrol eluate = 34.6(4.8)/39.4 4.2 
Area of combined peak (12.8) is then judged tu 
be composed of #!-phdlandrene (42) and 
1 :&cineole (12.8 - 4.2 = 8.6). From these peak 
areas and areas of other peaks in the original 
sample, percentage composition is determined in 
the usual manner as tabulated beluw. The percent- 
age composition obtaind here is approximately 
the same as that obtained when a standard was 
employed. 

A?W Perc&lt 
a-pinene 
/I-pinene 
Limonene 
/&phdlandrene 
1: 8-cineole 
Unknown 

32.7 44 
0.9 1 
1.0 1 
4.2 6 
8.6 12 

27.3 36 
74.7 100 

Using the simplified procedure outhned, we sampled 
five E. cama&Je~rsis Dehnh. trees From families studied 
by Shimizu [I J. The relative amounts of fl-phellandrene 
and 1:8&eole varied greatly (Table 1). 

The observation that /I-phdlandrene and 1:8-cineole 
have identical retentian times under our GLC pro- 
cedures may raise questions as to the reliability of pre- 
vious analyses of pine oteoresin where /?-phellandrene 
was indicated as a major component. We reanalyzed cor- 
tical oleoresin of two Pinus elliottii Engdm. trees pre- 
viously reported as having high /I-phellandrene by the 
methods outlined here and found no 1: 3-cineole [3-J 

EXPERIMENTAL 

Sample collection. Eucalyptus leaf samples were prepared 
by cutting the leaves into l/8” strips and filling a 20ml vial. 
n-Pentane was added to cover the leaf material; the vial was 
theu capped and extraction continued for 24 hr at room tem- 
perature (24”). The liquid sample was then decanted and con- 
centrated by evaporation [4]. 

GLC and &ion chromatography. The Si gel column was 
prepared by pouring 2g of Si gel (10O--20Omesh) into a glass 
pipette (approx 3/S” o.d, 6” long) with a small amount of 
glass wool below and above the Si gel. (In a personsgl com- 
munication, E. von Rudloff recommended use of PEG deacti- 
vated silica as described by Kugler [5]), The column was then 
saturated with n-pentane. The leaf extract (2~1) was combined 
with 25 ~1 of 2.5% paracymene standard in n-pentane and ana- 
lyzed by GLC. The sample was then separated on the Si gel 
column. The monoterpene hydrocarbons were eluted from the 
column with 2 ml petrol and 1 %cineole was eluted with 2 ml 
of a mixture of ethyl ether and petrol (1:9). 2.5% p-Cymene 
standard (25 4) was added to the latter eluate because the 
p-cymene in the original sample had eluted in the petrol frac- 
tion. The two eluates were then analyzed by GLC. The gas 

Table 1. Monoterpene composition (percent) of pentane extracts of leaves of 5 Ewa/ypW camalduknsis trees 

a-phellan- 
Tree No. 

/3-phellan- 1: 8- 
a-pinene Bpinene Myrcene 

Y- 
drene Limonene drene CineoIe terpinene p-cymene 

9-72 5 3 2 20 0 49 0 0 21 
61-72 2 2 I 10 3 26 37 10 9 

343-74 9 0 0 0 4 0 70 7 
345-74* 0 0 0 0 1 0 69 :: 14 
354-74* 7 3 2 18 3 55 0 4 8 

* Species identity uncertain 
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chromatograph was equipped with a 4.8 x 610mm copper 
column packed with Carbowax 20M on a Chromusorb W. 
60, mesh support and a FID and operated at 120”. AH 
steps were repeated on triplicate samples and resulting data 
were averaged. 
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Key Ward h&x-Sm&m albidtun; Lauraceae; root oil; mono&penes; sesquiterpenes; allylbcnzenes; pro- 
penylbenzenes; aromatic aldehydes. 

Abstrac&-Sassafras root bark oil was examined by GC-MS for the possible natural mrrence of 1’-hydroxysafrole, 
a potent hepatocarcinogenic mammalian metabolite of safrole. Six monoterpenes, 2 sesquiterpenes, 6 allylbenzeng 
2 propenylbenzenes, 2 acroleins and 1 benzaldehyde derivative were identified. Eleven out of these 19 sas&as 
constituents are reported for the first time. However, l’-hydroxysafrole was not detected. 

INTRODUCTION 

Safrole (1) is the major constituent (about 80%) of sassa- 
fras oil obtained from the root bark of Sasscafrras nlbidwn 
(Nutall) Nees (Lauraceae) by steam distillation. Prior to 
I%@+ both sassafras oil and safrole were used extensively 
as fE$rvors in confections, soft drinks such as root beer, 
and in pharmaceutical preparation. In 1960, the United 
States Food and Drug Administration banned the use 
of safrole as a food additive when it was found to be 
hepatocarcinogenic in the rat [l-4]. 

Recent metabolism studies showed that l’-hydroxysa- 
frole (2) was a proximate carcinogenic metabolite of 
s&ole in several experimental animals [5]. The tiding 
that the hydroxy metabolite (2) was a more potent hepa- 
tocarcinogen than safrole [6] prompted the present in- 
vestigation of sassafras root bark for the possible natural 
occurrence of (2) and related compounds. A detailed phy- 
tochemical study of this plant material was also of inter- 
est in our current program of isolation, structure elucida- 

* Part 5 in the series “Potential carcinogeus”; for Part 4 
see ref. [IO]. 

t Present address: Pharmacology Laboratory, Division of 
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tion and bioassay of potentially carcinogenic natural 
products [7-lo]. 

RESUL’lX AND D~SSION 

Table 1 lists the nineteen compounds identified by 
GC-MS in the sassafras root bark oil fractions A and 
B. These include six monoterpenes (3--8), two sesquiter- 
penes (10 and ll), six allylbenzenes (1, 12, 13, 15, 17, 
and Xl), two propenylbenzenes (9 and 16), two acrolein 
derivatives (14 and 18), and one benzaldehyde derivative 
(19). Among the nineteen compounds reported here, 
compounds 1,3-6,12,14, and 18 were identified earlier 
in the sassafras root [20,23,24-J. 

Safrole (I) was the major volatile constituent (about 
90%) in oil A, while oil B contained 5-methoxyeugenol 
(17, W/,), asaron (16, 18x), piperonylacrolein (18, 11x), 
coniferaldehyde (14, 70/,), safrole (1, 6x), and camphor 
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