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GAS-LIQUID CHROMATOGRAPILY OF TERPENES

PART XIII. THE VOLATILE OIL OF THE LEAVES OF
JUNIPERUS HORIZONTALIS MOENCH!

F. M. Coucaman? axp E. voN RUDLOFF
National Research Council of Canada, Prairie Regional Laboratory, Saskatoon, Saskatchewan
Received November 25, 1964

ABSTRACT

The neutral leaf oil of the creeping juniper from the Prairies was analyzed by gas-liquid
chromatography. d-Sabinene (36.5%,) was found to be the major constituent, and smaller
amounts of d-limonene (17.59%), p-cymene (3.09%), d-a-pinene (1.6%), y-terpinene (0.49%,),
d-terpinen-4-ol (4.6%), linalool (0.8%,), citronellol (0.8%,), y-cadinene (1.3%), I-elemol (3.8%,),
a-cadinol or vy-eudesmol (1.6%), and impure a-cyperone (3.9%,) were isolated. «-Thujene
(3.09%), camphene (0.2%), B-pinene (0.3%,), myrcene (3.0%), 8-phellandrene (0.29), terpi-
nolene (0.19;), 2,4-(8)-p-menthadiene (0.19;), methyl citronellate (0.49%), and geraniol
(0.29,) were tentatively identified. The composition of this oil closely resembles that of
Rocky Mountain juniper leaves. A small amount of the oil from a hybrid of these two species
g/as analyzed and the possibility of detecting hybridization by analysis of the leaf oil is

iscussed.

The creeping juniper (Juniperus horizontalis Moench) is widely distributed in Canada,
being found from coast to coast. It is ordinarily distinguished by its low creeping habit
of growth and radiating branches. Like the Rocky Mountain juniper, it has no commercial
value except for ornamental planting and numerous formms have been developed. In
Parts IX and XI of this series (1, 2) the analysis of the volatile oils of the leaves of savin
juniper (J. sabina L.) and Rocky Mountain juniper (J. scopulorum Sarg.), respectively,
were described. This publication deals with a similar analysis of the leaf oil of the creeping
juniper. No reference in the chemical literature dealing with this oil could be found.

A large batch of leaves of mature plants found near Saskatoon, Saskatchewan, was
steam distilled to give a pale-yellow oil (0.899, yield) having #5% 1.4763 and []p? +36.76°.
The oil was prefractionated into hydrocarbons and oxygenated compounds by elution
chromatography on modified silicic acid as described previously (2). These fractions
were subdivided into mono- and sesqui-terpenes, by preparative gas-liquid chroma-
tography (g.l.c.) on short columns. The four fractions thus obtained were fractionated
further into single components by preparative g.l.c. All major and some minor constituents
were isolated and characterized by their physical properties. Several trace components
were tentatively identified by their relative retention times (r.r.t.). The percentage
composition (Table I, column A) was determined by measurement of the area under the
peaks (triangulation method, average of duplicate) as recorded in linear temperature-
programmed runs (Fig. 1A). The components identified by r.r.t. only are shown in paren-
theses. The error of the method was discussed before (2). The numbering of peaks is the
same as used for the oil from Rocky Mountain juniper (2).

Whereas it is accepted that some of the chemical components of conifer wood can be
used for taxonomic correlations (3-7), it has only recently been demonstrated that the
same may hold for the components of conifer leaf oils (1, 8). Comparison of the composition
of the leaf oils from Savin (1), Rocky Mountain (2), and creeping juniper shows that
all three contain d-sabinene as a major component. Also, common to all three junipers
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TABLE 1
Percentage composition cf the volatile leaf oil of creeping juniper

S«
'

37  Unidentified
38 a-Cyperone+}

14 Linalool 1.02
C  Unidentified —_
15 (Methyl citronellate) 1.20

(8-cadinol)

% Yo
Peak _ Peak
No. Compound rr.t. A B No. Compound rr.t. A B
2¢  (e-Thujene) 0.20 3.00 , 23  C;; Hydrocarbon — 0.5 1.1
b  d-o-Pinene 0.29 1.6 : 24a¢ C;; Hydrocarbon — 0.2 0.2
3 (Camphene) 0.42 0.2 0.2 b C,; Hydrocarbon — 0.8 —
4a  (B-Pinene) 0.55 0.3 385 25  (Geraniol) 500 0.2 0.3
b d-Sabinene 0.62 36.5 ' D Unidentified — 0.2 0.3
5 (Car-3-ene) 0.73 1.2 0.5 26  Unidentified — 0.8 0.4
6 (Myrcene) 0.8 3.0 1.5 27  Unidentified — 0.2 —
8¢ d-Limonene 1.00 17.5 12 5 28  Unidentified — 0.4 —
b  (8-Phellandrene) 1.06 0.2 : 29  Unidentified 0.64 0.1 1.2
9 v-Terpinene 1.40 0.4 0.5 30 Unidentified — — 0.3
10 p-Cymene 1.63 3.0 2.2 31  Unidentified — — 3.9
11  (Terpinolene) 1.799 0.1 0.2 32  Unidentified — —
b (p-Menth-2,4(8)-diene) 1.85 0.1 - 33 Il-Elemol 0.84 6.9
A Unidentified — 0.4 0.1 34  (Acetate I) — ?
B Unidentified — 0.3 0.1 35 Unidentified — 0.4
12 (Thujone) 0.64 0.8 0.2 36  «-Cadinol or 1.18 0.8
13 (Isothujone) 0.68 0.7 1.7 y-eudesmol :
0.8 3.3
0.4 0.5
0.4
4.6
0.6

—
o
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16¢  d-Terpinen-4-ol 1.40 3.3 E  Unidentified — 0.4
b  (I-Elemene) 1.42 ? ? F  Unidentified — 0.1
17 Unidentified 1.60 0.2 39  Unidentified — 0.7
X  Unidentified — — 0.2 40  Unidentified — ?
18z  (Sabiny! acetate) 1.90 0.3 0.1 41  Acetate 11 — 6.0
b  Cys Hydrocarbon — 0.3 : 42  Unidentified — 0.6
19¢ Cis Hydrocarbon — 0.8 0.3 Y Unidentified — 1.6
b  (Sabinol) 220 0.2 0.2 Z  Unidentified — 0.6
20 Cadinene 1 246 1.6 0.5
22a¢  ~-Cadinene 3.30 1.3 2.6
b  d-Citronellol 3.30 0.8 :

are nearly all monoterpene hydrocarbons and methyl citronellate, terpinen-4-ol, citronellol,
geraniol, the isomeric cadinenes, elemol, and a-cadinol or y-eudesmol. However, the oil
of creeping juniper has a noticeably higher content of limonene and p-cymene and con-
tains e-cyperone which was not found in the other two oils. The many similarities confirm
a close correlation between chemical composition (qualitative) and botanical relationship,
all three junipers belonging to the subgenus Sabina (9). Furthermore, the lack of sabinyl
acetate (the major constituent of the oil of Savin) in the leaf oils of creeping and Rocky
Mountain junipers indicates a close genetic relationship between these two species.
The absence of safrole from the oil of creeping juniper in contrast to the presence of 1.5 to
49, in that of the Savin juniper is noteworthy.

The creeping juniper is known to hybridize extensively with Rocky Mountain juniper
in the Banff area (10). Since it was found that the oil of Rocky Mountain juniper plants
from different localities (2) did not differ qualitatively nor to any marked extent quanti-
tatively, it was of interest to determine if the oil from a hybrid would show any specific
chemical differences. A small amount of the oil from a creeping juniper with considerable
Rocky Mountain juniper character (the plant selected was a 2 ft high mature female)
was analyzed by linear temperature-programmed runs (see Fig. 1B and Table I, column
B). Comparison shows that the oil from the hybrid contains all components except the
trace peaks 4, 15, 24, and 32. Also, peaks B, 12, 24, and 25 were recorded in trace amounts
only, whereas these were present in somewhat larger amounts in the oil of creeping juniper
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Fi1Gc. 1. Gas chromatogram of the volatile oil of (A) creeping juniper and (B) hybrid leaves (6 ft X 3/16
in. o.d. polyethylene glycol 20M column, temperature programmed from 65 to 210 °C at 4° per min).

and peak 25 was recorded in 1.8 to 4.3%, amount in the oil of Rocky Mountain juniper.
Three new components, X, Y, and Z, were recorded and components 13 (isothujone),
14 (linalool), 23 (unidentified C;5 hydrocarbon), 29 (unidentified), and especially
31 (unidentified) and 41 (acetate II) were present in considerably larger amounts. The
reversal of the relative amounts of components 41 and 42 may be significant since Rocky
Mountain juniper leaves contained about 5%, of component 41 and only about 19 of
conponent 42. These differences indicate that a direct comparison of chromatograms of
the leaf oils of junipers, and perhaps also other conifers, may be helpful in taxonomic
classifications. However, many individual hybrids as well as parent plants will have to be
investigated to substantiate this observation.

EXPERIMENTAL

The g.l.c. techniques used have already been described in detail (1, 5). An F & M model 500 chromatograph
(F & M Scientific Corp.) was used for analytical runs using linear temperature-programming (2), and
preparative runs were carried out with an Aerograph ‘‘Autoprep’” model 700. Optical rotations were measured
on solutions in chloroform (1 to 59) at room temperature. Infrared spectra were recorded on a Perkin—
Elmer model 21 double-beam spectrophotometer as liquid films between sodium chloride plates. Individual
components were identified by comparison of their infrared spectra and relative retention times.

Materials

The foliage of the creeping juniper was obtained from mature plants growing near the South Saskatchewan
River approximately 10 miles south of Saskatoon. Woody branches and berries were removed and the
residual leaves (6.56 kg) were steam distilled for 3 h. The distillate was taken up in ether, washed with
saturated NaHCOQ; solution and water, and dried (Na,SO,), and the ether evaporated. The residual oil
(58.5 g, 0.899%,) had np* 1.4763, [a]p®® +36.76° (¢, 2.57). Reference compounds were those obtained previously
(1, 5). The liquid phases used in g.l.c. columns were commercial products. The foliage (32 g) of the hydrid
juniper was obtained on the south slope of the eastern portion of Tunnel Mountain, Banff, Alberta. Steam
distillation gave a light-yellow oil (0.35 g), np?® 1.4775, [«]p® +38.2°.

Analytical Chromatograms

Linear temperature-programmed chromatograms were obtained with 2-3 nl aliquots of oil using 6 ft X
3/16 in. o.d. polyethylene glycol (PEG 20M) (IFig. 1) or Apiezon N (A-N) columns. The percentage com-
position was determined by measurement of the area under each peak (triangulation method) on duplicate
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chromatograms obtained on the PEG 20M column (see Table I). The values for those components which
were unresolved on this column {(e.g. e-thujene and a-pinene) were obtained from runs on other columns
1, 2).

The r.r.t. values and purity of isolated components were determined on PEG 20M, A-N, polyethylene
glycol adipate polyester (APEG), rapeseed oil (RO), and ethylene glycol bis-(propionitrile) (EGPN)
columns under the conditions (isothermal) described previously (1, 11). The r.r.t. values of monoterpenes
were measured relative to limonene, oxygenated monoterpenes and sesquiterpenes relative to camphor, and
oxygenated sesquiterpenes relative to cedrol (see Table I).

Prefractionation

Silicic acid was impregnated with polyethylene glycol (Carbowax 20M) as described by Kugler and
Kovats (12).

Creeping juniper leaf oil (22.02 g) was dissolved in petrol (Skellysolve B, b.p. 60-80 °C) (50 ml) and poured
onto a previously prepared column of deactivated silicic acid (200 g). Elution with Skellysolve B (1 000 ml)
gave a hydrocarbon fraction (14.61 g), while elution with methano!l (1 000 m}) yielded oxygenated terpenes
(9.85 g). Aliquots (500 ul) of the hydrocarbon mixture were injected onto a 3 ft X 3/8 in. 0.d. SE-30 silicone
polymer (259, on Chromosorb W, 40-60 mesh) column, which was nonlinearly programmed from 80 to
150 °C in 20 min. The monoterpenes were eluted within 11 min and collected as a single fraction in an ice-
cooled collection flask. The sesquiterpenes were collected similarly as a second, unresolved fraction. Aliquots
(100 ul) of the oxygenated terpenes were fractionated in the same manner into mono- and sesqui-terpenes,
programming the same column from 120 to 200 °C in 20 min.

Monoterpene Hydrocarbons

Preparative g.l.c. of the monoterpene hydrocarbon fraction (repeated injections of 100 ul aliquots) on a
20 ft X 3/8 in. PEG 20M column programmed from 100 to 170 °C in 40 min resulted in the isolation of
components 2, 4, 8, 9, and 10. Component 2 was found to be a mixture of a-pinene and tentatively identified
a-thujene (r.r.t. 0.35 and 0.31 on the A-N and EGPN columns respectively). Component 4 was found to
be sabinene, #p?® 1.4656, (a]p?® +90.84° (¢, 2.6), containing a small amount of 8-pinene (r.r.t. = 0.57 on
EGPN column). The r.r.t. values and spectral properties showed component 8z to be d-limonene, #p2®
1.4698, [«]p? +95.59° (¢, 2.4); component 9 to be ~-terpinene, np?® 1.4713; and component 10 to be p-
cymene, #p? 1.4820. Components 6, 8, 11a, and 115 were obtained only impure, but the r.r.t. values showed
them to correspond to myrcene, 8-phellandrene, terpinolene, and 2,4-(8)-p-menthadiene respectively.

Oxygenated Monoterpenes .

Aliquots (100 1) of the mixture of oxygenated monoterpenes were chromatographed on a 6 ft X 3/8 in.
PEG 20M column (100 to 210 °C in 35 min). Components 16¢ and 22b were isolated almost pure and were
found to correspond to terpinen-4-ol, np?? 1.4747, [«]p?® 4-14.81° (¢, 4.57), and citronellol, #p?” 1.4593, [«]p?®
+11.47° (¢, 1.57), respectively. Component 14, #p?? 1.4588, [«]p?7 4+44.09° (¢, 0.98), corresponded to linalool
with a carbony! impurity. The remaining oxygenated monoterpenes could not be identified.

Sesquiterpene Hydrocarbons

Preparative g.l.c. on the 20 ft X 3/8 in. o.d. PEG 20M column (30 gl aliquots, 150 to 205 °C in 50 min)
gave component 22¢ in a fairly pure state. The infrared spectrum of this component corresponded to y-cadi-
nene; #p* 1.5068. Components 18, 19¢, 23, and 24 were not obtained in sufficient amount to permit
characterization. Component 20 had an infrared spectrum similar to cadinene I of the oil of J. scopulorum.

Oxygenated Sesquiter penes

Aliquots (50 ul) of the last fraction were chromatographed on the 6 ft X 3/8 in. o.d. PEG 20M column
(160 to 220 °C in 30 min) and components 33, 36, and 38 were isolated in a fairly pure state. Component 33
corresponded to I-elemol, #p?8 1.4955, [a]p?* —14.00° (¢, 0.60). Component 36 had the r.r.t. of a-cadinol and
~-eudesmol, but since these two alcohols cannot be distinguished by their infrared spectra (13), the identi-
fication is uncertain. Component 38 had #p?® 1.5109, [«]p? +36.66° (¢, 0.06) and its infrared spectrum was
very similar to that of a-cyperone, although it contained an alcoholic impurity. Since §-cadinol has the same
r.r.t. on the PEG 20M column it could be the contaminant. Component 41 appeared to be the same as
acetate I from the oil of Rocky Mountain juniper, but the presence of relatively large amounts of com-
ponent 42, which may be an isomer, prevented isolation in the pure state.
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