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Gas-liquid chromatography of terpenes. Part XVIII. The volatile oil
of the leaves of Juniperus communis L.!

E. vonN RUDLOFF aND V. K. Soon?
Prairie Regional Laboratory, National Research Council of Canada, Saskatoon, Saskatchewan

Received January 2, 1969

The volatile leaf oil of the local common juniper was found to consist mainly of a-pinene (73 to 83 %)
and smaller amounts (0.5 to 5%) of B-pinene, 3-carene, myrcene, limonene, methy! citronellate, bornyl
acetate, myrtenal, myrtenol, myrtenyl acetate, a-terpineol, citronellol, citronellyl acetate, nerolidol,
farnesol, and an unusual hydroxy ketone. Of the many trace constituents, f-phellandrene, citronellal,
“jso-’* citronellal, linalool, geraniol, isopulegol, 4-terpinenol, and e-cadinene were isolated, whereas
camphene, sabinene, o-phellandrene, y-terpinene, terpinolene, p-cymene, fenchone, thujone, isothujone

and §-cadinene could only be tentatively identified.

There was little variation in the quantitative composition of the leaf oil from one plant to another.
Since the composition of this oil differs significantly from that of other juniper leaf oils, chemotaxonomic

studies by means of leaf oil analysis are feasible.
Canadian Journal of Chemistry, 47, 2081 (1969)

Introduction

The common juniper, Juniperus communis L.,
is one of the most widely distributed conifers,
occurring throughout the temperate zone of the
northern hemisphere. On the North American
continent it is found from the Maritimes through
the Great Plains as well as the boreal region of
Canada to the Rocky Mountains and the Pacific
Coast. On this continent it seldom grows to more
than 2 ft in height and it is generally referred to
as the variety depressa. Sargent (1) lists the com-
mon juniper occurring at higher altitudes
(Appalachians, Rocky Mountains, as well as the
coast of Greenland to New England) as the
variety montana. Fraser and Russell (2) refer to
the common juniper found in the Prairie Prov-
inces as J. sibirica Burgsd., syn. J. communis L.
var. saxatilis Pall, The correct varietal names of
two low-growing forms found in Europe were
discussed by Hunt and Welch (3) recently.

Whereas the volatile oil of the berries of the
common juniper has been investigated in con-
siderable detail (4-6), the leaf oil has received
scant attention, Hegnauer (5) listing only a-
pinene, camphene, and cadinene as constituents.
The components of the wood were investigated
in detail by Bredenberg (7).

In the previous papers of this series the analyses
by gas-liquid chromatography (g.l.c.) of the leaf
oils of the Savin juniper (8), Rocky Mountain

INRCC No. 10604 (Part XVII see ref. 12).

2Colombo Plan Fellow, 1968; present address: C.F.P,
Branch, Forest Research Institute and Colleges, Dehra
Dun (U.P.) India.

Juniper (9), creeping juniper (10), Ashe juniper
(11), and red juniper (12) were described. This
communication deals with a similar analysis of
the leaf oil of the local common juniper. As in the
previous work, both quantitative and qualitative
aspects were studied and the variation from one
plant to another was determined to permit con-
clusions on chemotaxonomic aspects.

Experimental

The gas-liquid chromatography (g.l.c.) analyses were
carried out with an F & M model 500 gas chromatograph
(linear temperature programming, thermal conductivity
dectector; F & M Scientific Instrument Inc.) and a unit of
conventional design (isothermal operation). An Aero-
graph model A-700 (Autoprep, Varian-Aerograph)
instrument was employed for preparative g.l.c. Helium
was used as carrier gas in all instruments. The peak area
and percentage composition were determined with an
Aerograph model 471 digital integrator, the instrumental
error being less than 0.1 on full scale recorder (1 mV)
deflection with no baseline drift. Retention times were
measured from the time of injection to the initial emer-
gence of the peaks and tentative identity was established
by comparison of relative retention data or by co-injec-
tion of reference terpenes. The liquid phases employed
in the g.l.c. columns were polyethylene glycol (PEG)
(Carbowax 20 M, 5% on Aeropak 30, 70-80 mesh and
15% on Gaschrom P, 60-80 mesh), silicone gum polymer
(SE-30) (5% on Gaschrom Q, 60-80 mesh), fluorinated
silicone polymer (QF-1) (15% and 209, on Gaschrom
P, 60-80 mesh), B,B-oxydipropionitrile (ODPN) (ethylene
glycol bis-propionitrile; 15% on Gaschrom P, 60-80
mesh), C-modified polyphenyl ether (PPE) (Monosanto
MCS 652; 15% on Gaschrom P, 60-80 mesh). The 5%
columns were used for analytical experiments (90-120 ml
He/min) whereas the more heavily loaded ones were
employed for preparative work (40-70 ml He/min). A
typical gas chromatogram of the leaf oil of the common
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F1G. 1. Gas-liquid chromatogram of the leaf oil of Juniperus communis L. collected near Saskatoon, Saskatchewan;
5% PEG column (350 x 0.4 cm O.D.), 50° to 220° at 2.9°/min.

juniper as obtained on the 5% PEG column is shown in
Fig. 1 and the individual components are numbered
according to the sequence of elution on this column (50°
to 220° at 2.9° per min). The isolated compounds were
identified by comparison of the infrared (i.r.), proton
magnetic resonance (p.m.r.), and ultraviolet (u.v.)
spectra with those of authentic specimens. Infrared
spectra were recorded as films between sodium chloride
plates, using a Perkin-Elmer model 21 i.r. spectrophotom-
eter. The p.m.r. spectra were obtained in carbon
tetrachloride solution with tetramethyl silane as internal
standard, using a Varian HA-100 (100 Hz) spectrometer.
The u.v. spectra were determined in isooctane solution.
Optical rotations were recorded in chloroform solution
(2to 59) at 25° when a component was obtained in high
purity and in sufficient amount (20 to 50 mg).

Plant Material and Recovery of the Volatile Oil

The foliage of the common juniper was collected along
the eastern bank of the South Saskatchewan River 8 to 10
miles south of Saskatoon (Cranberry Flats to Beaver
Creek area) during October and November, 1967, as well
as April and May 1968. All woody branches were
removed and the foliage was steam-distilled in 800 g
batches in an all-glass apparatus (13) for 5 to 6 h. The
oil was trapped in a small volume of ether and removed
from time to time, a fresh aliquot of ether being added to
the side-arm assembly after each withdrawal. After the
distillation was completed, the residual water in the side-
arm was extracted with ether. The ethereal extracts were
combined and dried over anhydrous sodium sulfate and
the ether was distilled off as described previously (12, 13).
Small scale distillations (50 to 150 g foliage) were carried
out in the same manner, but with a smaller apparatus
(15). In later work it was discovered that the yield of the
last component (farnesol, peak 53) could be increased by
continuing the steam-distillation for a further 3 to 4 h.
The yield of oil varied from 1.0 to 1.1 % in the large scale
distillation (same batch of plant material) and from 0.7
to 11£;3 % in the small scale work (individual plants); [a]
—18 to —22°.

Prefractionation of the Volatile Oil
Al.iquots (IQ.O g) of the oil were chromatographed on
modified silicic acid (120 g) as described previously

(9-12). Elution of the column with petrol (Skellysolve F,
b.p. 40-50°; 500 ml) gave a hydrocarbon fraction A
(6.2 g), elution with methylene chloride (400 ml) a mid-
fraction B (0.75 g), and elution with methanol (400 ml) a
polar fraction C (2.0 g). Since the latter fraction was
rather complex in composition attempts were made to
separate this into distinct groups of compounds, but
neither column chromatography nor preparative g.l.c. on
QF-1 or SE-30 gave clear-cut separations.

Identification of Individual Compounds

a) Hydrocarbons

Analysis of the hydrocarbon fraction A on the analyt-
ical PEG, SE-30, PPE, and ODPN columns indicated
that peaks 1 to 13 were monoterpene hydrocarbons with
retentions corresponding to o-pinene, camphene, (-
pinene, sabinene, an unknown, 3-carene, myrcene,
o-phellandrene, limonene, B-phellandrene, y-terpinene,
p-cymene and terpinolene respectively. In some runs the
camphene peak was partially resolved into two compo-
nents, but the large amounts of a-pinene made separation
and identification impossible., «-Pinene ([a]p —20.2°),
B-pinene ([a]p — 18.7°), 3-carene, myrcene, limonene and
B-phellandrene were positively identified by their i.r. and
nuclear magnetic resonance (n.m.r.)spectra, and p-cymene
by its u.v. spectrum.

The relative amounts of component 13 (terpinolene) in
the hydrocarbon fraction A were considerably lower than
those recorded for the oil as a whole. On checking all
analytical runs of the total oil and prefractionated
material it could be found that a large portion of com-
ponent 13 decomposed or rearranged during prefrac-
tionation. Also in most runs on the PEG columns a
partial loss of component 13 with concomitant increase
in the size of the double peak 15/16 was noticed. An
attempt was made to isolate component 13 directly
without prefractionation. The amount which could be
collected barely sufficed for recording the i.r. spectrum in
a micro cell (0.01 mm) path length. The weak spectrum
was characterized by a broad CH peak (3000-2860
cm™!), and relatively strong absorptions near 1730, 1645,
1455, 1380-1360 (doublet), 1260 (broad) and 870 cm™*

as well as a weak band near 3080 cm™! (\C=CH2).

Peak 13 must therefore consist mainly of a low boiling
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labile ester containing a terminal methylene group and a
trace of a hydrocarbon with the retention time of ter-
pinolene.

The hydrocarbon fraction A also contained three trace
peaks in the sesquiterpene range, retentions of which
corresponded to those of e-cadinene, 8-cadinene, and an
unknown (peaks 345, 36b, and 38b respectively). Only the
first could be isolated in sufficient amount to give a weak
i.r. spectrum and this was similar to that of the g-cadinene
isolated previously (15).

b) Midfraction

This fraction contained mainly peaks 21, 24, 26, 30, 31,
32, 34, and 35. Preparative g.lc. on a2 QF-1 column
(200 x 0.9 cm O.D.) gave these components as impure
fractions and each was purified further on a PEG column
(200 x 0.6 cm O.D.). In this manner components 24, 26,
30, 31, and 32 could be obtained practically pure and
these were found to be methyl citronellate, bornyl acetate
(felp —30.59), myrtenal ([a]p +12.3%), citronellyl
acetate, and myrtenyl acetate respectively. Refractiona-
tion of the methyl citronellate peak on a QF-1 column
(180 x 0.9 cm O.D.) showed the presence of a small
amount of an unknown alcohol (peak 25).

Component 21 was found to be an unknown aldehyde
with a trisubstituted double bond; i.r. 1720 and 795
cm~!, pmr. § 9.73 Hz (1 H, partially split singlet,

—CHO), 5.19 Hz (1 H, partially split singlet, >C=

CH—), 2.34 Hz (2 H complex multiplet, —CH,—C—
C—), 1.60 Hz (3 H, partially split singlet CH3;—C=C),
1.00 and 0.80 Hz (6 H, doublet, (CH;),CH—).

Component 34 was found to be an unknown conju-
gated ketone with spectral properties differing from those
of pulegone, piperitone, piperitenone, and carvone; i.r.
bands near 2940 (s), 1760 (m), 1670 (s), 1615 (m), 1467
(m), 1432 (m), 1372 (m), 1335 (m), 1280 (m), 1240 (m),
1200 (m), 1030 (m), and 860 (m) cm~!. The amount
isolated was too small for recording a satisfactory p.m.r.
spectrum.

Component 35 was isolated in very small amounts only
and retention as well as the weak i.r. spectrum were in
agreement with those of geranyl acetate. However, the
isolated fraction was impure and since the i.r. spectrum
of geranyl acetate does not contain a characteristic finger-
print region (it is very similar to that of neryl acetate) this
identification is not entirely satisfactory. Subsequent
refractionation of a concentrate of peaks 33 to 35 con-
firmed the presence of geranyl acetate. In addition a new
ester was found in admixture with the conjugated ketone
(peak 34).

¢) Polar Fraction

This fraction consisted mainly of peaks 27, 33, 36, 37,
38, 44, 49 and 53. Preparative g.l.c. on a PEG column
(200 x 0.6 cm O.D.) gave almost pure terpinen-4-ol
(peak 27), o-terpineol (peak 33), citronellol (peak 36),
myrtenol (peak 37), geraniol (peak 38), nerolidol (peak
44), and farnesol (peak 53).

Component 49 was obtained in what appeared to be a
homogeneous main fraction (single peaks on QF-1, PEG
and SE-30). The i.r. spectrum, 3430 (m), 2930 (s), 1705
(m), 1445 (m), 1375 (m); 820 and 795 (w) cm ! suggested
the main component to be a hydroxy ketone with at least
one trisubstituted double bond. The p.m.r. spectrum

differed from that of the known terpenoid hydroxy
ketones (e.g. hydroxy camphor); 6 5.32 Hz (1 H, broad

/C=CH—), 505 Hz (1 H, triplet, J =6,

>C=CH~—), 4.22 Hz (1 H, broad, —OH), 1.95 Hz (4 to

6 H, unresolved multiplet), 1.66 Hz (3 H, singlet) and
1.62 Hz (3 H, singlet) 2 CH;—C=C), and 1.08 Hz(3 H,

singlet,

singlet, CH;—C—.). The p.m.r. spectrum in deuterated

dimethyl sulfoxide showed a sharp singlet near 3 3.80 Hz,
which was removed on shaking with deuterium oxide
(tert OH). The hydroxy ketone was hydrogenated in a
Brown microhydrogenation apparatus. A slow uptake of
approximately 2 mole equivalents of hydrogen was
measured. The p.m.r. spectrum of the product showed
singlets near § 0.85, 0.90, 0.92, and 0.98 Hz, as well as a
doublet near 1.02 Hz (J = 2) and a complex. multiplet
between & 1.06 and 1.40 Hz. The amount available did
not permit accurate integration.

Component 39 was isolated only in an impure state,
the contaminant being geraniol (i.r., p.m.r.). The i.r.
spectrum, 3460 (s), 3080 (w), 3000-2800 (s), 1635 (w),
1440 (s), 1375 (s), 1050 and 1025 (s), 950 (m), 880 (m),
810 (m), was indicative of an unsaturated alcohol con-
taining a terminal methylene group. The p.m.r. spectrum
showed resonance bands near 8 7.2 Hz (2 H, quartet as in
estragol, or two doublets near 7.00 and 8.24, J = 16),
4.66 (1 H, singlet), 2.30 (2 H, doublet), 1.72 (4 H, multi-
plet), 1.58 and 1.55 (2 H and 1 H partially split doublet)
and 1.48 Hz (3 H, singlet). The spectrum in deuterated
dimethy! sulfoxide shifted the signals between 1.48 and
1.72 slightly upfield (by 0.03 to 0.09 Hz) and showed an
unsymmetrical doublet at 4.80 Hz which was removed by
shaking with deuterium oxide.

A small amount of component 50 was isolated and the
i.r. (1720, 1705 cm~!) and p.m.r. (8 9.92 Hz (d)) spectra
indicated this to be a conjugated keto aldehyde.

Results and Discussion

A typical gas-liquid chromatogram of the leaf
oil of the common juniper as obtained on the
standard 5% PEG column (12) is shown in Fig. 1.
The individual components, identified by isola-
tion and comparison of spectral properties as
well as by retention data, and the percent com-
position are shown in Table I. This Table also lists
the percent composition of five other leaf samples
of common juniper collected in the same area
along the South Saskatchewan River near
Saskatoon. The results obtained show that there
is little variation in the quantitative and qualita-
tive composition of the leaf oil from one plant to
another. The leaf oils of the local plants contain
from 73 to 83 9/ (—)-a-pinene, Since a-pinerne has
found extensive use in the synthesis of terpenes
which are of value in the perfumery industry,
this leaf oil may serve as a good source of this
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Percentage composition of the leaf oil of Juniperus communis L.

TABLE I

Samplet
Peak
no Compound* A B1 B2 B3 B4 BS
1 (—)-c-Pinene 73.5 81.0 80.5 83.0 75.5 81.2
2 (Camphene) 0.4 0.6 0.6 0.7 0.5 0.7
3 (—)-B-Pinene 4.9 5.2 4.9 4.6 4.2 4.9
4 (Sabinene) 0.1 0.3 0.2 0.3 0.3 0.1
5 Unidentified Trace Trace Trace Trace Trace Trace
[ 3-Carene 2.8 1.4 2.9 0.3 5.3 0.2
7 Myrcene 4.0 3.4 4.1 3.8 4.2 4.3
8 (o-Phellandrene) 0.1 Trace Trace 0.1 0.1 Trace
9 Limonene 1.2 1.0 1.1 0.9 1.2 1.2
10 B-Phellandrene 0.5 0.7 0.8 0.8 0.8 0.9
11 (y-Terpinene) Trace Trace Trace Trace Trace Trace
12 (( p-Cymene) 0.1 Trace Trace Trace Trace Trace
13a Terpinolene)
136 Labile estert .1-0.5 0.2 0.3 0.3 0.7 0.3
14 Unidentified Trace Trace Trace Trace Trace Trace
15 Rearrangement producti Trace Trace Trace Trace Trace Trace
16 (Fenchone) Trace Trace Trace Trace Trace Trace
17 (Thujone) Trace Trace Trace Trace Trace Trace
18 (Isothujone) Trace Trace Trace 0.1 Trace 0.1
19 Unidentified Trace Trace Trace Trace Trace Trace
20 Citronellal Trace Trace Trace Trace Trace Trace
21 ““iso”-Citronellal 0.1 0.2 0.1 0.1 0.1 0.1
22 Unidentified Trace Trace 0. Trace Trace Trace
23 Iﬁ‘naﬁo?l 0.1 0.3 0.1 Trace 0.1 Trace
24 ethyl citronellate 1.2
2t Nt 0.2} 0.5 0.7 0.5 0.6 0.3
26 (—)-Bornyl acetate 1.1 0.6 0.5 0.7 0.6 0.6
27 Terpinen-4-ol 0.1 0.1 0.2 0.1 0.2 0.2
28 Unidentified Trace Trace Trace Trace Trace Trace
29 Unidentified Trace Trace Trace Trace Trace Trace
30 (+)-Myrtenal 0.5 0.3 0.1 0.1 0.2 0.2
31 Citronellyl acetate 0.6 0.2 Trace 0.1 0.2 0.1
32 Myrtenyl acetate 1.6 1.2 0.9 1.2 1.6 1.3
3431 %-Terpine%lk 0.5 0.3 0.1 0.1 0.2 0.1
a onjugated ketone 0.2
3§b gcadin}ene Trace 0.3 0.1 0.1 0.1 Trace
35a eranyl acetate 0.1
3gb Unidentiﬁfd ester Trace Trace Trace 0.1 0.2 0.1
36a Citronello 1.3
36b (6-Cadinene) Trace 0.5 0.3 0.4 0.4 0.7
37 Myrtenol 0.4 0.2 0.1 0.1 0.2 0.2
ggg gle:_al?;gl ocarbon T?a{ Cle Trace Trace Trace Trace Trace
39 Unidentified alcohol 0.3 0.1 Trace 0.1 0.1 0.6
40 Unidentified Trace Trace Trace Trace Trace Trace
41 Unidentified Trace Trace Trace Trace Trace Trace
42 Unidentified 0.1 Trace Trace Trace Trace Trace
43 Unidentified Trace Trace Trace Trace Trace Trace
44 (+)-Nerolidol 1.2 0.2 0.2 0.9 Trace 0.1
45 (Elemol) Trace Trace Trace Trace Trace Trace
46 Unsaturated alcohol Trace Trace Trace Trace 0.1 0.1
47 Unjdentjﬁed Trace Trace Trace Trace Trace Trace
48 Unidentified Trace Trace Trace Trace Trace Trace
49 Hydroxy ketone§ 1.0 0.3 0.1 0.5 2.1 1.0
50 Keto aldehyde Trace Trace Trace Trace 0.1 Trace
51 Unidentified Trace Trace Trace Trace Trace Trace
52 Unidentified Trace Trace Trace Trace Trace Trace
53 Farnesol 0.9 0.1 Trace 0.3 0.4 0.2

*Names in parentheses are tentatively identified compounds.
tA = Jarge batch: B = small-scale distillation of leaf samples from individual plants.

{Mainly a labile ester which decomposes or rearranges partially to a product with the retention of the double peak 15/16.
§ADDED IN PROOF: Component 49 has the retention of bisabolol.
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monoterpene, especially where the yield of oil
(0.7 to 1.3%) is relatively high. It-is noteworthy
that as with other conifer leaf oils (13) the com-
position was found to be rather constant during
the fall and winter months.

Most of the minor and several of the trace
constituents could be identified positively (see
Table I). Of considerable interest from a phy-
logenetic point of view is the finding of myrtenal,
myrtenol, and myrtenyl acetate. These terpenes
are rarely found in essential oils and myrtenyl
acetate does not appear to have been isolated
previously from a natural source. These pinane
derivatives may be readily identified by the
characteristic chemical shifts of the gem-dimethyl
groupsin the p.m.r. spectra (14). Itis possible that
they may be detected in other oils containing
smaller amounts of the pinanes by employing
g.l.c. separation and p.m.r. spectroscopy.

From a chemical point of view the isolation of
an isomer of citronellal (peak 21), and hydroxy
ketone (peak 49) and what appears to be a
ketoaldehyde (peak 50), are of interest. Retention
and spectral characteristics showed component
21 to be an aliphatic aldehyde with a non-con-
jugated trisubstituted double bond. Since the
p.m.r. spectrum indicates that one methyl group
is situated next to the double bond whereas two
more have the normal chemical shift (doublet at
& 1.00 and 0.80 Hz), of an isopropyl group the
only acyclic terpenoid structure possible is 3,7-
dimethyl-oct-3-en-1-al. However, the splitting
constant of the two methyl groups (J = 20c¢.p.s.)
is very large for an isopropyl group (that in
tetrahydro geraniol is only 7 c.p.s.). This aspect
requires further study.

The retention time of the hydroxy ketone
(peak 49) is typical for a monosubstituted ses-
quiterpene. Its i.r. spectrum shows the presence
of a tertiary hydroxyl and a ketone group with
strong indications that hydrogen bonding takes
place. Internal hydrogen bonding between the
hydroxyl and carbonyl functions would reduce
the polarity sufficiently to account for the reten-
tion characteristics. The p.m.r. spectra confirmed
the presence of a tertiary hydroxyl group and
indicated the presence of an isopropylidene and
at least one additional methyl group next to a
double bond. Since all proton signals of the
hydrogenated product were in the 8 0.85 to 1.0
Hz range none of the methyl groups can be
adjacent to the oxygen functions. Although the

spectra are fairly typical for terpenoid com-
pounds (the single proton signals at low field as
well as the methyl signals resembled those of
farnesol) the above functions cannot be correlated
with the basic farnesane, bisabolane, cadinane
or eudesmane type of sesquiterpenes. The
amounts of this hydroxy ketone, as well as the
other partially characterized minor constituents
which can be isolated in a fairly pure state by the
present techniques are too small to permit struc-
tural investigations other than by spectral means.
Large scale recovery of the oil and prefractiona-
tion by distillation may be an approach to obtain
more of these compounds. Since several minor
constituents of novel structure were also found
in the leaf oils of the red, Ashe, Rocky Mountain
and creeping junipers (9-12), new approaches
to the isolation of larger amounts of such minor
constituents are currently being studied.

Another minor constituent deserves attention
in that it appears to rearrange during prefrac-
tionation. Component 13 has the retention time
of terpinolene, but is almost completely lost in
the prefractionation on silicic acid. Collection in
ag.l.c. separation of the total oil gave only enough
material for a weak i.r. spectrum. This indicated
the compound to be an unsaturated acetate
(bands at 1730, 1260, 1645, and 870 cm ~*) with
a terminal methylene group. On reinjection to
determine the purity two peaks with the retention
time of peaks 13 and 15/16 were recorded, indi-
cating that the ester was partially rearranged. The
retention characteristics make it unlikely that it is
a terpene acetate, but rather that a compound
with six to eight carbon atoms is involved.
Volatile aliphatic esters have been isolated from
the leaf oil of the Douglas fir (16) and Sitka
spruce (17), but component 13 differed from those
reported.

The relatively small quantitative variation in
the composition of the oil from one juniper plant
to another (Table I, samples Bl to BS) make
analysis of the leaf oil a suitable tool for chemo-
taxonomic studies. The common juniper is
placed in the Sectio oxycedrus, whereas the juni-
pers investigated previously by us (8-13) are all
members of the Sectio sabina. This botanical
difference is reflected in the chemical composition
of the leaf oils. Whereas that of the common
juniper is characterized by a large content of
a-pinene and the presence of several terpenes
belonging to the pinane (B-pinene, myrtenal,
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myrtenol, and its acetate) and the acyclic (myr-
cene, linalool, citronellal, “iso’’-citronellal, citro-
nellol, geraniol, and possibly their acetates)
groups, the oils of the other group of junipers
contain mainly sabinene and its derivatives,
elemol, the endesmol isomers as well as safrole
and other aromatic ethers. Hence, it appears
relatively easy to distinguish between the two
different groups on the basis of the types of ter-
penes found in their leaf oils. Noteworthy is,
however, the finding of methyl citronellate in
both groups. Since this ester is not widely found
in conifer leaf oils, it may indicate the common
ancestry of the two subsections of the genus juni-
perus. The fact that terpinen-4-ol and a-ter-
pinenol, as well as several of the minor
monoterpene hydrocarbons (and possibly the
cadinenes) are also common to both sections,
might at first sight also be listed in favor of com-
mon ancestry. However, since these terpenes are
of widespread occurrence their phylogenetic
value appears to be much more limited.

Finally, the occurrence of bornyl acetate in the
oil of the common juniper deserves comment.
Bornyl acetate is a typical constituent of the oils
of the family Pinaceae, and with one noteworthy
exception is absent from the members of the
junipers (family Cupressaceae). The leaf oil of
the Ashe juniper, J. ashei Buchh., was found to
contain over 209, of bornyl acetate, as well as
camphor, borneol and other terpenes which may
be considered as typical of the family Pinaceae
(11, 13). Hence, a biogenetic link between the
conifers of the family Pinaceae, the Ashe juniper
and the common juniper may be traced by the
presence of bornyl acetate and related terpenes
of the camphor group. Chemotaxonomic studies

on this, as well as other North American junipers
are in progress.
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