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Gas-liquid chromatography of terpenes. Part XVII. 
The volatile oil of the leaves of Junipevus vivginiana L.' 

A. R. VINUTHA~ AND E. VON RUDLOFF 
Prairie Regional Laboratory, National Researclt Courzcil of Canada, Saskatoon, Saskatchevvan 

Received June 3, 1968 

The leaf oil of the red juniper was found to contain mainly sabinene, as well as  limonene, a-pinene, 
y-terpinene, terpinolene, 3-carene, myrcene, 4-terpinenol, citronellol, elemol, y-, a-, and B-eudesmol, 
the aromatic ethers estragole, safrole, methyl eugenol, and elemicin. Another aromatic ether, methyl vinyl 
anisole, was isolated which has not been found previously in essential oils. The acetates 1 and 2 obtained 
previously in two related juniper leaf oils were present and the first has been identified as elemol acetate. 
Small amounts of a-thujene,p-cymene, linalool, and 6-cadinene were also identified. 

Quantitative aspects were studied with a view of future chemosystematic investigations. The error in 
duplicate runs was 0.1 % for well-resolved peaks, but the absolute error, as determined by use of internal 
standards, was larger. Leaf oils of different trees from Texas and Ontario were found to give wide 
quantitative variations of the individual components. 
Canadian Journal of Chemistry, 46, 3743 (1968) 

Introduction 

In continuation of the systematic analysis of 
the volatile oils of North American conifers by 
gas-liquid chromatography (g.l.c.), the leaf oil 
of the red juniper, Juniperus virginiana L. (er- 
roneously called red cedar) was investigated. 
This is one of the most widely distributed North 
American juniper species, ranging from southern 
Ontario in the north to Texas in the south, and 
from the Atlantic coast to the plains in the west. 
The introgression and possible hybridization 
with neighboring western juniper species, includ- 
ing J. horizontalis Moench., J. scopulorum Sarg., 
and J. ashei Buchholz was studied by Fassett (1) 
and Hall (2). The volatile oil of the wood of the 
red juniper is the commercial cedar wood oil (3, 
4), which was analyzed in detail by Runeberg (5) 
and is a major source of cedrene and cedrol (3, 
6). In contrast, the leaf oil does not appear to 
have been investigated to any extent; Guenther 
(3) quoted only two very early references relating 
to incomplete work. 

The current study was also designed to provide 
data for a chemosystematic investigation of the 
introgression of J. virginiana and J. ashei (7) in 
addition to giving a more modern chemical 
analysis. Particular attention was paid to repro- 
ducible quantitative and qualitative (retention) 
data. In the previous paper of this series the 
detailed analysis of the leaf oil of J. ashei was 
described (8), and it was shown that by employ- 

'Issued as NRCC No. 10391. 
ZNRCC Postdoctorate Fellow 1967-1968. 

ing an electronic digital integrator, the areas of 
well-resolved major peaks could be determined 
with a precision of 0.1 %. In this study, more 
attention was paid to  the minor or partially 
resolved components, as well as the use of inter- 
nal standards to test the internal normalization 
method. Furthermore, a number of leaf samples 
of J. virginiana from different locations were 
analyzed to determine possible variation within 
or between populations. 

Experimental 
The gas-liquid chromatographic (g.1.c.) analyses were 

carried out with an F & M model 500 instrument (linear 
temperature programming, thermal conductivity detector; 
F & M Scientific Instruments Inc.) and a unit af con- 
ventional design (isothermal operation). Integration and 
summation of the area under the peaks was achieved by 
means of an Aerograph model 471 digital integrator, the 
instrumental error being less than 0.1 % on full scale 
recorder (1 mV) deflection with no base line drift. An 
Aerograph model A-700 gas chromatograph (Wilkens 
Instrument and Research Inc.) was used for preparative 
g.1.c. Helium was used as carrier gas in all experiments 
and the flow rates were determined by the soap bubble 
method. Retention times were measured from the time of 
injection to the initial emergence of the peaks (9). The 
packing of the g.1.c. columns was prepared by the tray 
method and columns were packed by means of mild 
mechanical vibration. The liquid phases employed in the 
columns were polyethylene glycol (PEG) (Carbowax 
20M, 5 % on Aeropak 30, 70-80 mesh, 5 % and 15 % on 
Gaschrom P, 60-80 mesh), silicone gum polymer (SE-30) 
(5 % on silanized Anakron ABS, 70-80 mesh, 15 % on 
Gaschrom P, 60-80 mesh), fluorinated silicone polymer 
(QF-I) (5 % on Anakron ABS and 15 % on Gaschrom P), 
ethylene glycol bis-propionitrile (EGPN) (15 % on Gas- 
chrom P) and C-modified polyphenyl ether (MCS-562) 
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TIME,  min 

FIG. 1. Gas chromatograms of the leaf oil of Juniperus virginiana L. (large batch from Texas) (PTGC: 50" to 
215" at 2,9"/min; 350 x 0.4 cm O.D. columns). A: 5% polyethylene glycol 20M on Gas Chrom. P. (60-80 mesh); 
B: 5 % polyethylene glycol on Aeropak 30 (70-80 mesh); C :  5 % SE-30 Silicone gum on Anakrom ABS (60-70 mesh). 

(10) (15 % on Gaschrom P). The 5% columns were used 
for analytical runs (90-120 ml Helmin) whereas the more 
heavily loaded columns were employed in preparative 
work (40-70 ml Helmin). 

Figure 1 shows the trace obtained with the oil from 
Texas, using the 5% PEG columns (350 x 0.4 cm O.D.) 
at 50" programmed at 2.9"/min to 215", the final tempera- 
ture being held until the last peak had beeneluted; a) with 
Gaschrom P and 6 )  with Aeropak 30 as support. The 
peak numbering used throughout this study is the 
sequence of elution under conditions (a), which are those 
employed previously (7, 8). The purity of individual 
components was determined on this column as well as on 
the other columns where necessary. Figure Ic shows the 
chromatogram as obtained on the 5 % SE-30 column at 
50" programmed at 2.9"/min to 215". 

Individual components were trapped at the exit of the 
gas chromatographs by hand collection in teflon tubes 
(externally cooled with ice or solid carbon dioxide) or in 
the special collection flasks of the Aerograph A-700 unit. 
Infrared spectra of the purified components were recorded 
as films on sodium chloride plates using a Perkin-Elmer 
model 21 double beam spectrophotometer. Fractions 
which were submitted to nuclear magnetic resonance 
(n.m.r.) analysis were collected directly in carbon tetra- 
chloride (0.5 ml). The n.m.r. spectra were recorded with 
the aid of a Varian HA-100 (100 Hz) spectrometer, using 
tetramethylsilane as internal standard. The signals are 
reported as p.p.m. 

Plant Material and Recovery of the Volatile Oil 
Most of the foliage from J. virginiana L. (identified by 

Prof. B. L. Turner, Department of Botany, University of 
Texas, Austin) was collected near Austin, Texas, during 
November 1966, and this was steam-distilled at the 
University of Texas the following day. The distillate was 
extracted with methylene chloride and, after drying, the 
solvent was removed by distillation; yield 1.15% (based 
on  fresh weight of foliage), [aIDz2 +31.3" (c, 11.2; 
CHCl,), r~~~~ 1.4973. Smaller leaf samples (15 to 30 g 
each) were also collected from several trees in the same 
area. Two larger batches (4-5 kg) of foliage were also 
collected from two trees located near St. Williams, 
southern Ontario, (collected and identified by Prof. E. 
Jorgensen, Faculty of Forestry, University of Toronto, 
Ontario) and these were shipped to Saskatoon for steam- 
distillation; yield of volatile oil 0.22 and 0.15%, [u]D22 
+47.4" and +60.17", nDZ2 1.4858 and 1.4810 respectively. 
Considering the low yield, it is likely that loss of oil 
occurred during transport. Several small leaf samples 
were also collected in the same areas from different trees. 
Small scale distillation was carried out in the apparatus 
described previously (11). Since complete removal of 
solvent from small oil samples (less than 1 g) cannot be 
achieved without substantial loss of oil (l l) ,  the evapora- 
tion of solvent was stopped when about 10% solvent 
remained. Hence, physical constants of these small leaf 
oil samples were not determined. The yields were in the 
1 to 2 % range. 
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Prefiactiotzatiotz 
Aliquots (10.0 g) of the oil were chromatographed on 

modified sillcic acid (120 g) as described previously (8, 12, 
13). Elution with petrol (Skellysolve F, b.p. 4G500; 
500 ml) gave an impure hydrocarbon fraction I (4.0 g), 
elution with methylene chloride (400 ml) a mid-fraction 
I1 (3.5 g), and elution with methanol (400ml) a polar 
fraction I11 (2.5 g). The latter fraction was rechromato- 
graphed on a fresh batch of silicic acid (35 g) and elution 
with methylene chloride and methanol (200 ml each) gave 
fraction IIIa (1.2 g) and IIIb (1.3 g) respectively. 

In subsequent work, it was found that fraction I 
contained, in addition to the terpene hydrocarbons, 
several percent of the aromatic ethers. These could be 
removed to a large extent by rechromatography on the 
silicic acid column, but decomposition (especially peak 
21) was encountered and the fractlon was used as such 
for preparative g.1.c. 

Individual Corliponents 
a) Hydrocarbons 
The hydrocarbon fraction I was separated into indi- 

vidual peaks (multiple injections of 20 p1 mixture) on a 
200 x 0.6 cm O.D. MCS-562 polyphenyl ether column 
(10O0, 40 ml Helmin). Peaks l a  and b (see Fig. lc) 
could not be collected separately since the partial resolu- 
tion obtained in analytical runs (less than 1 pl aliquots) 
was lost in preparative work. The mixture had infrared 
(i.r.) and nuclear magnetic resonance (n.m.r.) spectra 
closely resembling those of a-pinene. However, the small 
sigials at 0 68, 0.90-0.98, 1.12 and 1.45 p.p.m. lndlcated 
that a small amount of a-thujene ]nay be present. This is 
In agreement with the retention data obtained In analyti- 
cal runs on the PEG, EGPN, MCS-562 and SE-30 
columns. All other major peaks of this fraction were ob- 
tained virtually pure and identified as sabinene (peak 3) 
([a], +75.4"), 3-carene (peak 5), myrcene (peak 6), 
limonene (peak 7) ([a], +8.8"), y-terpinene (peak 9), 
p-cymene (peak lo), and terpinolene (peak 11) by com- 
parison of the spectra with those of the authentic corn- 
pounds. The trace components 4 and S could not be 
separated from sabinene and limonene respectively. 
Retention data suggest that peak 8 is either a-phellan- 
drene or 1:s-clneole. Since the latter oxide is usually 
removed from the hydrocarbons in the prefractionation 
(8, 12, 13) the presence of 8-phellandrene in peak 8 is very 
likely. The retention data of the trace peak 2 are in 
agreement with those of camphene. 

The hlglier boiling components in fraction I were 
fractionated on an SE-30 column (300 x 0.4 cm, 50 to 
220" at 2.9"/min) when estragole (peak 26), methyl vinyl 
anisole (peak 28), safrole (peak 36), and 6-cadlnene (peak 
29) were isolated and identified by coniparison of spectral 
data (see also below). 

b) Mid-fiaction 11 
Gas-liquid chromatograpliy of fraction I1 showed it 

contained mainly peaks 26, 28, 36, and 40, as well as 
smaller amounts of peaks 3, 9, 11, 17, 20, 21, 22, 23, 35, 
39, 44 (or 43; decomposition?), 48, 49, 52 and 54. Of 
these only peaks 23, 26, 28, 36, 40 and 52 were collected 
in sufficient amounts (SE-30 or PEG columns) to permit 
rigorous identification. Comparison of spectral data with 
those of authentic specimens showed peaks 23,26, 36,40 

and 52 to be 4-terpinenol ([a], + 6.3"), estragole, safrole, 
methyl eugenol, and elernicin, respectively. The i.r. 
spectrum of component 28 indicated it to be a new com- 
pound, and it was obtained reasonably pure after re- 
fractionation on the PEG column. 

Anal. Calcd. for CloH120: C, 81.04; H, 8.16. Found: 
C, 80.83; H, 8.09. 

The i.r. spectrum (3080 (w), 2940 (multiplet) (s), 1632 
(m), 1595 (s), 1575 (s), 1508 (m), 1465 (s), 1435 (s), 1405 
(nl), 1287 (s), 1260 (s), 1190 (m), 1178 (m), 1095-1075 
(doublet) (s), 1055 (m), 985 (s), 905 (s), 770 (s), and 740 
(s) cni-') indicated the compound to be a n  aromatic 
vinyl ether with a substitution pattern similar to that of 
safrole. The various signals of the n.m.r. spectrum are 
shown in Table IIIa. Hydrogenation of component 28 
with platinum catalyst resulted in the cons.umption of 
one mole of hydrogen per mole. The n.m.r. signals of the 
product are shown in Table IIIb. 

c) Fraction IIIa 
This fraction was composed mainly of peaks 20, 23,30, 

31, 36, 40, 44, 51, and 52. Crude fractions were obtained 
by preparative g.1.c. on either 15% PEG or SE-30 
(180 x 0.9 cm O.D.) columns. Refractionation gave lin- 
alool (peak 20), 4-terpinenol (peak 23), citronellol (peak 
30), safrole (peak 36), methyl eugenol (peak 40), elemol 
(peak 44), and a mixture of a- and a-eudesmol (peaks 51 
and 52b). Some elemicin (peak 52a) appeared to be 
present in the eudesmol fraction (i.r. spectrum). The 
safrole fraction contained a ketone (i.r. spectrum, 
1705 cm-I), but this component could not be obtained in 
sufficient amount to permit identification. The  retention 
time of this ketone (PEG column) is higher than that of 
carvone, pulegone, or piperitone. Similarly, the methyl 
eugenol fraction was found to contain a hydroxy ketone 
(i.r. spectrum, 3500 cm-', 1725 cm-'). The  elemol 
fraction was found to be contaminated with a n  aromatic 
compound (i.r. spectrum, 1505 cm-I). 

d) Fraction IIIb 
Fraction IIIb solidified o n  standing and was found to 

be composed mainly of elemol (peak 44). It was purified 
by preparative g.l.c., and the spectra agreed with those of 
the authentic specimen; [aIDZ3 - 11.00 (c, 2.1 ; CHCl,). 
In addition to elernol, small amounts of y-eudesmol 
(peak 48), a -  and-e-eudesrnol (peaks 51 and 52b), and of 
peak 55 were isolated. Component 55 had an i.r. spectrum 
which is similar to that of acetate 2 isolated from the leaf 
oil of Juriiper~rs horizorrtalis Moench (14) and  J. scopu- 
lorrrnl Sarg. (13) (designated peak 41). The n.m.r. spec- 
trum of this compound contained a 3-proton signal at 
1.99 p.p.nl. confirming the presence of an acetoxy group. 
Three proton signals were also recorded near 1.09 
(doublet, -CHCH,), 1.14 (singlet C-CH,) and near 
1.68 (broad singlet, C=C-CH,) and less well-defined 
single proton signals near 4.56, 4.78, and 4.92 p.p.m. 
(doublet, -CH=C). As with most terpenes, the methy- 
lene proton signals in the l . G I  .8 p.p.m. range were not 
a~nenable to interpretation. Neither the n.m.r. nor the i.r. 
spectra could be correlated with that of known terpene 
acetates. 

Component 45 appeared to decompose during frac- 
tionation. Its properties are very similar to that ofacetate 
1 of J. horizorrtnlis (13) and  J.  scoprrlorrrr~~ (14) and this 
could now be shown to be elcniol acetate. Elernol was 
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TABLE I 
Percentage con~position of the leaf oil of the red juniper from different populations in Texas and Ontario 

Texasf Ontario5 
Peak* 
No. Comuoundt All 1 2 3 4 1 2 3 4 

a-Pinene 
a-Thujene 
(Camphene) 
Sabinene 
Unidentified 
3-Carene 
Myrcene 
Limonene 
(p-Phellandrene) 
y-Terpinene 
p-Cymene 
Terpinolene 
Unidentified 
Unidentified 
Unidentified 
(Fenchone) 
(Thujone) 
(Isothujone) 
Unidentified 
(Camphor) 
Linalool 
Methyl citronellate + unknown7 
(Bornyl acetate) 
4-Terpinenol 
Unidentified 
Unidentified 
Estragole 
(Borneol) 
Methyl vinyl anisole 
6-Cadinene 
Unidentified 
Citronellol 

(Nerol) 
Unidentified 
(Geraniol) 
Safrole (+ G O )  
Aliph. alcohol 
Unidentified 
Unidentified 
Methyl eugenol 
(C=O; -OH) 
Unidentified 
? Decomposition 
Elemol 
Elemol acetate 
Unidentified 
Unidentified 
y-Eudesmol 
Aromatic compound 
Unidentified 
a-Eudesmol 

3.2 

0.1 
29.6 
0.1 
1.6 
1.3 
2.9 
0.3 
2.0 
0.2 
0.8 

Trace 
0.1 

Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
0.7 

4.511 
Trace 
3.0 
0.1 
0.1 
1.3 
0.2 
4.0 
0.3 
0.3 

: : !} 
Trace 
Trace 
0.3 

18.7 
0.1 

Trace 
0.2 

12.1 
0.2 
0.2 
0.1 
4.7'11 
0.511 

Trace 
Trace 
0.8 
0.3 

Trace 
1 .o** 

- .  . 
Trace ~ % e  
0.5 0.4 

Trace Trace 

- - 
0.3 0.2 
- Trace 
- - 
1.2 0.4 

. .-  ~ . -  

4.0 3.6 
Trace 0.1 

Trace 
0.2 1.1 
0.1 0.1 
6.1 Trace 
0.1 0.2 
0.1 0.2 
1.6 1.4 

- - 
0.3 0.2 

18.7 17.5 
- Trace 
- Trace 
0.1 0.2 

11.8 9.0 
2.9 0.6 
0.4 0.5 
} 18.6 
2.5 5.1 
0.1 0.1 
0.3 
1.2 3.2 
0.6 1.3 
0.1 0.1 

7 
51b Elemicin 1.0** > 8.5 11.8 ~ p~~ ... - 

52 p-~udeshol  0:8 ,I 
53 Unidentified 0.1 0.1 0.1 
54 Unidentified Trace Trace Trace 
55 Acetate 2 0.4 6.0 5.7 

*In the sequence of elution from the 5 %  PEG column (45" to 215', 
tNamls  in parentheses are tentatively identified components. 
ICollected 20 miles west of Austin (near Bastrop). 
§Collected near St. Williams, Southern Ontario. 

1.4 

- 

20.0 
0.4 
1.3 
0.8 
2.9 
0.2 
2.1 

Trace 
0.7 

- 
- 
- 
- 
0.4 

Trace 
- 
1 .o 
2.5 
0.1 
6.0 
0.1 

Trace 
1.1 
0.1 

Trace 
0.1 
0.1 
2.4 
- 
- 

Trace 
5.4 

Trace 
Trace 
0.1 
7.3 
0 .3  
0.1 

16.3 

7.4 
Trace 

1.9 
0.6 

Trace 

8.9 

Trace 
- 
7.5 

2.9"lmin). 

1.2 

- 

15.0 
Trace 
1.3 
0.4 
2.3 
0.1 
1.3 

Trace 
0.4 

Trace 

- 
0.1 
- 
- 
0.4 

1.2 
0.2 
3.3 

Trace 

0.4 
0.1 
4.8 
0.1 
0.1 
0.9 
- 
- 
0.4 

18.9 
- 
- 
- 
3.9 
2.4 
0.1 

15.3 
7.5 
0.2 

2.3 
0.8 
0.1 

9.8 

Trace 
- 
3.7 

1.1 

0.1 
9.2 
- 
0.4 
0.3 

17.8 
0.2 
0.7 

Trace 
0.4 

Trace 
0.1 - 
0.2 

Trace 
- 
- 
0.3 

9.3 
Trace 

1.8 
Trace 
Trace 
0.1 
0.2 
0.3 
0.2 

Trace 
Trace 
0.1 

Trace 
0.2 
0.1 
0.2 

Trace 
0.2 
1.3 

22.8 
8.5 

Trace 
Trace 
2.7 
1.4 

Trace 

7.0 

0.1 
- 
6.5 

11.5 

Trace 
3.8 
- 
1 .o 
0.1 

19.8 
0.1 
0.3 

Trace 
0.4 

- 
0.1 

Trace 
- 
0.1 
- 
- 
0.6 

2.0 
0.1 
0.9 

Trace 
Trace 
0.6 

Trace 
0.1 
0.3 
0.4 
1 .o 
2.2 

Trace 
0.1 

Trace 
1.5 
0.1 

Trace 
0.1 
0.7 
0.3 
0.8 
8.1 
3.2 
0.9 

Trace 
2.2 
2.0 
0.1 

7.3 

0.2 
Trace 
4.5 

1.2 

0.1 
9.9 
0.1 
0.6 
0.3 

15.3 
0.3 
0.9 

Trace 
0.5 

Trace 
Trace 
Trace 
0.1 
0.1 
0.1 

Trace 
0.7 
0.9 

6.6 
1.3 
2.8 
0.4 
0.1 
0.2 
0.1 
0.2 
0.3 
0.3 

Trace 
1.7 
0.1 

Trace 
0.2 
9.6 
0.2 

0.2 
2.9 
0.6 
0.6 

23.8 

1.4 
Trace 
- 
2.7 
1.1 

Trace 

7.6 

0.1 
Trace 
3.1 

0.8 

0.1 
3.7 
0.5 
0.7 
0.1 

33.5 
0.2 
0.2 

Trace 
0.3 

Trace 
Trace 
Trace 
Trace 

0.1 

1.7 
0.6 
0.3 
0.2 

Trace 
0.2 
0.1 
0.8 
0.2 
0.9 
1.0 
4.8 
0.1 

0.1 

0.2 
0.1 
0.2 

Trace 
0.4 
1.4 

22.9 
0.5 
0.2 - 
4.8 
3.3 
0.2 

12.3 

0.2 
Trace 
2.2 - 

//Large batch. 
?[These components decompose. 
**Approximate value (f 0.2%). 
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acetylated under mild conditions (acetic anhydride - 
pyridine at room temperatures for two weeks) and a 
mixture .of elemol and elemol acetate was obtained. 
Separation by g.1.c. (PEG column) gave impure elemol 
acetate, which had a similar i.r. spectrum and retention 
times as acetate 1. In  all experiments decomposition (as 
deduced from peak shape) was appreciable. 

Attempts to isolate peaks 21, 32, and the unidentified 
trace components met with difficulties owing to extensive 
decomposition, poor resolution, or paucity of material. 
Peak 21 has the retention time of methyl citronellate (16) 
which is a rather stable ester. An attempt was, therefore, 
made to collect peak 21 directly without prefractionation. 
The yield was lower than expected, indicating once again 
that decomposition took place. The i.r. and n.m.1. spectra 
showed some similarity with those of methyl citronellate, 
but a major impurity was present. Attempts to isolate this 
impurity failed owing to further decon~position. 

Results and Discussion 

Figure l a  shows the chromatogram of the leaf 
oil of the red juniper as obtained with the 5% 
PEG column under standard conditions (8, 12). 
Although the separation appeared to be satis- 
factory, closer inspection showed poor resolution 
between peaks 7 and 8 , 3  1 and 32,40 and 41,43, 
44 and 45 (this may be owing to decomposition 
of elemol and elemol acetate), peak 49 and 50, 
as well as 51 and 52. When Aeropak 30 (70-80 
mesh) was used as solid support instead of 
Gaschrom P (60-80 mesh), this column under 
the same conditions gave the chromatogram as 
shown in Fig. lb. Not only were all the peaks 
slightly sharper, but the total analysis time was 
reduced by about 10 min and the separation 
between peaks 7 and 8, 31 and 32, as well as 40 
and 41 was slightly better. Peaks 51 and 52 
appear to be reversed, but subsequent isolation 
showed that a third component was present (see 
Table I). When the new solid support was used 
with SE-30 as the liquid phase no improvement 
or changes in resolution were obtained, but again 
a slightly lower analysis time was possible. In 
fact, with the SE-30 columns a program of 4"/ 
min from 55 to 220" gave the same degree of 
resolution as shown in Fig. lc. Although some 
peak resolutions were better on SE-30, notably 
between peaks l a  and lb, and peaks 51,52a, and 
52b, the overall fractionation of this oil was 
better on the PEG column and this column was, 
therefore, used in the quantitative experiments. 

The quantitative composition of the leaf oil of 
the red juniper from Texas is shown in Table I 
(column a). This was determined in duplicate 
runs, when a precision of 0.1 % for all well- 
resolved, stable components was obtained. Even 

those present in less than 0.5% amount were 
integrated with a precision of 0.1 %. Larger 
errors must be assumed for the poorly resolved 
or decomposing peaks (especially peaks 45 to 53). 
To test the internal normalization method (15), 
various reference compounds were added to the 
oil (from 5 to 20% of the weight of oil). With 
n-paraffins (C-8 to C-20) rather variable results 
were obtained. Since olefins and branched par- 
affins give a different detector (katharometer) 
response than the n-paraffins (15), correction 
factors have to be employed and make the 
quantitation procedure cumbersome. When fen- 
chone and safrole were added, reproducible 
results were obtained (see Table 11), and these 
indicated that summation of the area under the 
peaks of all oil constituents was about 1 % low. 
The response of the detector towards several 
monoterpenes and safrole was found to be 
virtually the same. Hence, this low result can be 
explained best by assuming that losses during 
g.1.c. owing to decomposition occurred. This is 
most reasonable when one considers the diffi- 
culties encountered in identifying the labile 
components 21, 45, and 55 (see below). When 
cedrol was added (see Table IIc) the recorded 
quantity was almost the weight percentage. 
However, in comparison with fenchone and 
safrole, the response was low. Hence, sesqui- 
terpenes may require a correction factor. The 
optimum quantitative reproducibility was ob- 
tained when 1 to 5 p1 of oil were chromato- 
graphed. With larger aliquots peak broadening 
resulted in poorer resolution of the individual 
components, whereas smaller aliquots gave lower 
peak areas, which in turn resulted in the errors 
owing to baseline correction being more pro- 
nounced. With aliquots of 1 to 3 p1, a repro- 
ducibility of 0.1 % for all peaks that are well 
resolved is possible. This degree of precision 
could not be obtained when the data from two 
different columns (PEG and SE-30) were com- 
pared. It is possible that the shift in retention of 
some minor components into major ones caused 
this larger error (up t o  0.3 %), but a different 
response when different columns are used cannot 
be ruled out. This aspect, as well as the response 
of individual terpenes to  both thermal conduc- 
tivity and flame ionization detectors is being 
studied in more detail. The reproducibility ob- 
tained and overall accuracy is entirely sufficient 
for chemosystematic and other comparative 
studies. 
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TABLE I1 
Percentage composition of the red juniper leaf oil with 

added internal standards 

Weight (mg) % calcd. % found* 

, 
Leaf oil 141.87 88.41 87.5 
Fenchone 18.60 11.59 12.5 

b) 
Leaf oil 109.76 90.50 89.97 
Safrole 11.54 9.50 10. 1.1 

C )  ~, 
Leaf oil 654.38 95.04 94.9 
Cedrol 34.12 4.96 5.1 

'Triplicate determinations (20.1 %) using 3-5 pl aliquots. 
tCalculated with the contenl of safrole in the oil before addition as 

18.7% (see Table 1). 

Isolation and comparison of spectra confirmed 
the identity of the known constituents listed in 
Table I. The amount of a-thujene determined in 
peak 1 is subject to a large error. Whereas g.1.c. 
analysis on the SE-30, EGPN, and PPE columns 
indicated a ratio of a-thujene to  a-pinene of 
about 1 to 2, the n.m.r. spectrum of the collected 
mixed fraction indicated that less thujene was 
present. Possibly, a-thujene is condensed less 
efficiently than a-pinene in the collection pro- 
cedure. All the other major monoterpene hydro- 
carbons were recorded and collected satisfac- 
torily, except that the overlap between limonene 
(peak 7) and P-phellandrene (peak 8) introduced 
a larger error. On keeping the leaf oil in the dark 
and at  low temperature (near 0 "C) for several 
weeks, a drop in the amounts of y-terpinene 
(peak 9) and terpinolene (peak 11) and a corres- 
ponding rise in that of p-cymene (peak 10) was 
noted. Also, the amount of peak 21 decreased 
and acetate 2 (peak 55) was changed to a new 
peak of longer retention time. The new com- 
pound may be the same compound as peak 42 of 
the leaf oil of J. horizontalis (14). 

The major oxygenated terpenes and aromatic 
ethers were also readily identified, linalool (peak 
20), 4-terpinenol (peak 23), estragole (peak 26), 
methyl vinyl anisole (peak 28, see below), 
citronellol (peak 3 l), safrole (peak 36), methyl 
eugenol (peak 40), and elemol (peak 44) being 
obtained in a fairly pure state. y-Eudesmol (peak 
48) was not obtained pure and a- and P- 
eudesmol (peaks 51 and 526) were isolated as a 
mixture. The prefractionation procedure on 
modified silicic acid was inefficient owing to the 
presence of the niany aromatic ethers. However, 
the aromatic ethers could be separated from 

oxygenated terpenes by g.1.c. on  two different 
columns (PEG and SE-30). Peak 21 has the 
retention characteristics of methyl citronellate 
(13, 14, 16), but is far more labile than this 
methyl ester. An attempt was made to isolate 
this constituent directly by g.1.c. without pre- 
fractionation, but recovery was poor and impure 
material was collected. The spectral evidence 
indicates that a minor portion is methyl citronel- 
late. 

The identity of methyl vinyl anisole (peak 28) 
was established by interpretation of its i.r. and 
n.m.r. spectra, as well as those of its hydro- 
genation product. The i.r. spectrum indicated an 
aromatic ether with a vinyl group and possibly 
a 1,3,4 substitution pattern (as in safrole). The 
elementary analysis was in agreement with 
Cl,Hl,O and hence the compound is isomeric 
with estragole. The n.m.r. spectrum (see Table 
IIIa) confirmed the presence of  a vinyl and a 
methoxy group, and contained a signal for a 
methyl group attached to the aromatic ring. The 
assignment of the vinyl (signals c, & and e) and 
aromatic (signals f and g) protons was confirmed 
by the spin decoupling technique. However, no  
conclusions as to  the substitution order could be 
drawn. The n.m.r. spectrum of the dihydro 
derivative (see Table 116) not only confirmed the 
presence of a vinyl group in the parent com- 
pound, by virtue of the ethyl group signals, but 
showed a chemical shift of the methyl signal 
(signal 6) from 2.34 to 2.05 p.p.m., whereas that 
of the methoxy group remained virtually un- 
changed. Hence, the methyl group appears to be 
adjacent to the vinyl group and component 28 is 
most likely HI-methyl-p-vinyl anisole (l-methyl-2- 
vinyl 5-methoxy benzene). Spin decoupling ex- 
periments showed that the conjugated single 
proton of the vinyl group (signal e) in the parent 
compound was coupled with one aromatic pro- 
ton (signal f )  and that the three aromatic protons 
were coupled with each other. In the dihydro 
compound the signals caused by the three 
aromatic protons were again complex, but the 
triplet of the parent compound (signal g) showed 
no  chemical shift, whereas the major peaks of 
signal f appeared further upfield (shift from 
6.62-6.71 to 6.49-6.63 p.p.m.). Hence, it appears 
that the triplet is generated by a n  isolated proton 
which is not located adjacent to the vinyl group. 
This lends support to component 28 being 3- 
methyl-4-vinyl anisole. The presence of this 
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TABLE I11 
Nuclear magnetic resonance signals and assignments of component 28 and its 

hydrogenation product 
-- - 

Number Chemical 
Signal type of protons shift (p.p.m.) ~sLignment 

a Conzponerlt 28 
a Singlet 3 2.34 Ph-CH3 
b Singlet 3 3.79 Ph-0CH3 

H 
c Quartet 

d Quartet 

e Multiplet 1 
f Multiplet 2 
g Triplet 1 

b Hydrogenatiorz prodrtct 
a Triplet 3 
b Singlet 3 
c Quartet 2 
d Singlet 3 
e Multiplet 2 
f Triplet 1 

6.50-6.80 Ph-CH=CH, 
6.50-6.80 Aromatic H 

6.96 Aromatic H 

1.05 -CH,-CH3 
2.05 Ph-CH3 
2.62 Ph-CH2-CH3 
3.76 Ph-0-CH3 

6.49-6.82 Aromatic H 
7.00 Aromatic H 

vinyl compound raises interesting possibilities as 
to its biosynthesis in Juniperus virginiana L. If 
one assumes that the aromatic ethers are derived 
via the phenyl propanoid pathway, then a 
methyl migration from the side-chain of estragol 
to the aromatic nucleus would account for the 
formation of methyl vinyl anisole. Alternatively, 
it may be derived by an entirely different path- 
way. It is also noteworthy that all the other 
aromatic ethers contain allylic side-chains and 
that the "iso"-compounds with a propenyl side 
chain are not present in detectable amounts. The 
large variation in the quantity of these aromatic 
components (see Table I) in different oil samples 
may have a bearing on the high degree of 
variability in the percentage composition of the 
leaf oil of red juniper from one tree to another, 
even within the same population. 

Component 55 had the same i.r. spectrum as 
that of acetate 2 isolated previously from the leaf 
oils of Juniperus horizontalis (13). The n.m.r. 
spectrum (see Experimental) permitted conclu- 
sions only as to the number of methyl substi- 
tuents and double bonds, but the basic structure 
of this sesquiterpenoid acetate could not be 
established. Attempts to isolate larger amounts 
for chemical investigations (e.g. dehydrogena- 
tion) invariably resulted in mixtures being ob- 
tained. Subsequently it was found that storage 
of the oil in the dark resulted in a change to a 

peak of longer retention time (peak 42 of the 
leaf oil of Juniperus scopuloru~n (14)). Hence, 
acetate 2 is of a rather labile nature and a dif- 
ferent method of isolation must be sought. 

It is noteworthy that whereas the wood oil of 
the red juniper was found to consist mainly of 
cr-cedrene, thujopsene, cuparene, a (+)-curcu- 
mene, cedrol and widdrol (5, 6), these sesqui- 
terpenes were not isolated from the leaf oil. 
These compounds may, of course, be present in 
trace amounts. However, the absence of major 
amounts indicates clearly a distinct difference in 
the biosyilthesis of terpenes in the wood and in 
the leaves. This is of considerable importance for 
taxonomic (chemosystematic) applications. 

The similarity of most of the components of 
the leaf oil of Juniperus virginiana L. and those 
found in that of J. horizontalis (Moench) (13) 
and J. scopulorun~ Sarg. (14), indicates a close 
phylogenetic relationship. If the quantitative 
differences were constant within the different 
populations of these species, chemosystematic 
studies could be carried out fairly readily. How- 
ever, quantitative analysis of a number of leaf 
oil samples of J. virginiana from Texas and 
Ontario (see Table I) indicates that a wide 
quantitative variation is to be found in the leaf 
oil of this species. The overlap of range and 
possible introgression of J. virginiana and J. ashei 
Buchholz is of considerable taxonomic interest 
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