
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Canadian Journal of Chemistry, 43, 5, pp. 1017-1021, 1965-05

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=caaab8f9-9f06-4481-80b4-bb1f92d631c1

https://publications-cnrc.canada.ca/fra/voir/objet/?id=caaab8f9-9f06-4481-80b4-bb1f92d631c1

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.1139/v65-138

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Gas–liquid chromatography of terpenes. Part XIII. The volatile oil of the 

leaves of juniperus horizontals moench
Couchman, F. M.; Von Rudloff, E.

https://doi.org/10.1139/v65-138
https://nrc-publications.canada.ca/eng/view/object/?id=caaab8f9-9f06-4481-80b4-bb1f92d631c1
https://publications-cnrc.canada.ca/fra/voir/objet/?id=caaab8f9-9f06-4481-80b4-bb1f92d631c1
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


GAS-LIQUID CHROMATOGRAPIJY OF TERPENES 
PART XIII. THE VOLATILE OIL OF THE LEAVES OF 

JUNIPERUS HORIZONTALIS MOENCH1 

F. &I. COUCHM,~N~ AND E. vos RUDLOFF 
i17alio~zul Reser~rch Coz~r~cil of Ca?zada, Prairie Regio?zal Laboratory, Saskaloo?~, Saskatclrezva7~ 

Received Sovcmber 25. 1964 

ABSTRACT 

The neutral leaf oil of the creeping juniper from the Prairies was analyzed by gas-liquid 
chromatography. d-Snbinene (36.5~7~)  was f o ~ ~ n d  to be the major constituent, and snialler 
amounts of d-limonene (17.50/0), p-cymene (3.0%), d-a-pinene (1.6%), r-terpinene (0.4%), 
d-terpinen-4-01 (4.6y0), linalool (O.Syo), citro~iellol (0.S70), r-cadinene (1.3y0), I-elemol (3.8%), 
a-cadinol or -y-eudesmol (l.Gyo), and impure a-cyperone (3.9%) were isolated. a-Thujene 
(3.0%), camphene (0.2yo), 8-pinene (0.3%), Iilyrcene (3.0%), 8-phellaridrene (O.27,), terpi- 
nolerie (0.17;), 2,4-(8)-p-!~ienthadie~ie (0.1%), methyl citronellate (0.4%), and geraniol 
(0.2yo) wcre tentatively ~dentified. The composition of this oil closely resembles that of 
Rocky Mountain juniper leaves. X s~nal l  amount of the oil from a hybrid of these two species 
was analyzed and the possibility of detecting hybridization by analysis of the leaf oil is 
discussed. 

The creeping juniper (Jz~niperz~s horizontalis Moench) is JJ-idely distributed in Canada, 
being found froin coast to coast. I t  is ordinarily distinguished by its low creeping habit 
of growth and radiating branches. Like the Roclry Mountain juniper, it has no corninercial 
value except for ornamental planting and numerous forins have been developed. In 
Parts I X  and XI  of this series (1, 2) the analysis of the volatile oils of the leaves of savin 
juniper (J. sabina L.) and Roclcy Mountain juniper (J. scopz~lorz(nz Sarg.), respectively, 
were described. This publication deals n-ith 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 Sasltatoon, Sasltatche~van, was 
steam distilled to give a pale-yello~v oil (0.89% yield) having nD30 1.4763 and [crlD30 f 36.76'. 
The oil was prefractionated into hydrocarbons and oxygenated cornpounds by elution 
chromatograpl~y on modified silicic acid as described previously (2). These fractions 
were subdivided into mono- and sesqui-terpenes, by preparative gas-liquid chrorna- 
tography (g.1.c.) on short columns. The four fractions thus obtained were fractionated 
further into single components by preparative g.1.c. All major and some minor constituents 
were isolated and characterized by their physical properties. Several trace cornponents 
were tentatively identified by their relative retention times (r.r.t.). The percentage 
con~position (Table I ,  column A) was determined by measurement of the area under the 
pealts (triangulation method, average of duplicate) as recorded in linear temperature- 
programmed runs (Fig. 1A). The con~ponents identified by r.r.t. only are shown in paren- 
theses. The error of the method was discussed before (2). The nuinbering of pealts is the 
same as used for the oil from Rocky Mountain juniper (2). 

Whereas i t  is accepted that some of the chemical coinponents of conifer wood can be 
used for taxonomic correlations (3-7), i t  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 (I), Rocky Mountain (2), and creeping juniper shows that 
all three contain d-sabinene as a inajor component. Also, common to all three junipers 
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Peak 
No. 

TABLE I 

Percentage composition cf the volatile leaf oil of creeping juniper 

are nearly all monoterpene hydrocarbons and methyl citronellate, terpinen-4-01, citronellol, 
geraniol, the isomeric cadinenes, elemol, and a-cadinol or 7-eudesmol. However, the oil 
of creeping juniper has a noticeably higher content of limonene and p-cymene and con- 
tains a-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 
4% in that of the Savin juniper is noteworthy. 

The creeping juniper is known to hybridize extensively with Rocky i\/Iountain 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 
chenlical differences. A small amount of the oil from a creeping juniper with considerable 
Rocky AIountain juniper character (the plant selected was a 2 ft  high nlature female) 
was analyzed by linear temperature-programmed runs (see Fig. 1B and Table I ,  colun~n 
B). Con~parison shows that the oil from the hybrid contains all components except the 
trace pealts A ,  l5,24b, and 32. Also, peaks 23,12,24, and 25 were recorded in trace amounts 
only, whereas these were present in somewhat larger amounts in the oil of creeping juniper 

% 

Compound t .  A B 

(a-Thujene) 0.29 3 . 0  
d-a-Pinene 0.29 1.6)  4 ' 5  
(Carnphene) 0.42 0 .2  0 .2  
(8-Pinene) 
d-Sabinene 3 )  3 8 5  
(Car-3-ene) 0.73 1 . 2  0 . 5  
(My rcene) 0.82 3 . 0  1 . 5  
d-L~rnonene 1.00 17 .5  
(8-Phellandrene) 1.06 0 .2 )  12,5 
yTerpinene 1.40 0 . 4  0 . 5  
p-Cyrnene 1.63 3 . 0  2 . 2  
(Terpinolene) 1 .79  
(p-Menth-2,4(8)-diene) 1 .85 :: :) 
Unidentified - 0 . 4  0 . 1  
Unidentified - 0 . 3  0 . 1  
(Thujone) 0 .64 0 . 8  0 . 2  
(Isothujone) 0 .68 0 .7  1 . 7  
Linalool 1.02 0 . 8  3 . 3  
Unidentified - 0 . 4  0 . 5  
(Methyl citronellate) 1.20 0 . 4  - 
d-Terpinen-4-01 1.40 4.6  3 . 3  
(I-Elemene) 1.42 ? ? 
Unidentified 1.60 0 . 6  0 . 2  
Iinidentified A A 0 .2  

18; (Sab<nyl acetate) 
b Cls Hydrocarbon - 

19a Cls Hydrocarbon - 0 . 8  0 . 3  
b (Sabinol) 2.20 0 .2  0 . 2  

20 Cadinene I 2 .46 1 . 6  0 . 5  
22a yCadinene 

b d-Citronellol : A : $  2 .6  

Peak 
% 

No. Compo~ind t .  A B 

23 Clj Hydrocarbon - 0 . 5  1 . 1  
24a Cis Hydrocarbon - 0 .2  0 .2  

b CIL Hydrocarbon - 0 . 8  - 
25 (Geraniol) 5.00 0 . 2  0 . 3  
D Unidentified A 0 .2  0 . 3  

26 Unidentified - 0 . 8  0 .4  
27 Unidentihed A 0 .2  - 
28 Unidentified - 0 . 4  - 
29 Unidentified 0.64 0 . 1  1 . 2  
30 Unidentified A 

- 
0 . 3  

31 Unidentified - 3.9 
32 Unidentified - 0 . 3  - 
33 1-Elernol 0.84 3 . 8  6 .9  
34 (Acetate I )  A 0 .2  ? 
35 Unidentified - 0 .2  0 . 4  
36 a-Cadinol or 

r-eudesmol ) 1.18 1 . 6  0 . 8  
37 Unidentified - 1 . 9  0 . 4  
38 a-Cyperone + 

(bcadinol) ) 3'9 2.1 
E Unidentified 

A 0 .4  0 . 4  
F Unidentified - 0 .2  0 . 1  

39 Unidentified - 0 .2  0 .7  
40 Unidentified - 0 . 8  ? 
41 Acetate I1 - 0 . 5  6 .0  
42 Unidentified - 1 . 2  0 .6  

Y Unidentified - - 1 .6  
Z Unidentified - A 0.6 
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T I M E ,  m i n  

FIG. 1. Gas chromatogram of the volatile oil of (A) creeping juniper and (B) hybrid leaves (6 ft  X 3/16 
in. 0.d. polyethylene glycol 20M column, temperature programmed from 65 to 210 O C  a t  4' per min). 

and peak 25 was recorded in 1.8 to  4.3y0 amount in the oil of Rocky Mountain juniper. 
Three new components, X, Y, and 2, were recorded and components 13 (isothujone), 
14 (linalool), 23 (unidentified C16 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 1% of 
conlponent 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 h~.brids as well as parent plants will have to be 
investigated to substantiate this observation. 

EXPERIMENTAL 

The g.1.c. techniques used have already been described in detail (1,5). An F & M model 500 chro~natograph 
(F & M Scientific Corp.) was used for analytical runs using linear temperature-progra~nn~ing (2), and 
preparative runs were carried out with an  Aerograph "Autoprep" model 700. Optical rotations were measured 
on solutions in chloroform (1 to  5%) a t  room temperature. Infrared spectra were recorded on a Perkin- 
Elmer model 21 double-bean1 spectrophotometer as  liquid films between sodium chloride plates. Individual 
components were identified by comparison of their infrared spectra and relative retention times. 

ACaterials 
The foliage of the creeping juniper was obtained from mature plants growing near the South Saslcatchewan 

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 NaHC03  solution and water, and dried (Na?SOI), and the ether evaporated. The residual oil 
(58.5 g, 0.89%) had ndO 1.4763, [a]030 $36.76' (c, 2.57). Reference compounds were those obtained previously 
(1, 5). The liquid phases used in g.1.c. colun~ns were co~nmercial 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),  noz5 1.4775, [ f f ] ~ ~ '  $38.2'. 

Analytical Chromatogratns 
Linear tenlperature-programn~ed chromatograms were obtained with 3-3 aliquots of oil usirlg 6 f t  X 

3/16 in. 0.d. polyethylene glycol (PEG 20RI) (Fig. 1 )  or Apiezon N (A-N) columns. The percentage corn- 
position was determined by measurement of the area under each peak (triangulation method) on duplicate 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
N

at
io

na
l R

es
ea

rc
h 

C
ou

nc
il 

of
 C

an
ad

a 
on

 1
2/

19
/2

3
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chromatogm~ns obtained on the P E G  20M column (see Table I). The values for those components which 
\\ere unresolved on this column (e.g. a-thujene and a-pinene) were obtained fro111 runs on other columns 
(1, 2). 

The r.r.t. values and purity of isolated components were determined on PEG 20M, A - S ,  polyethylene 
glycol adipate polyester (HI'EG), rapeseed oil (RO), and ethylene glycol bis-(propionitrile) (EGPN) 
columns under the conditions (isothermal) described previously (1, 11). 'The r.r.t. val~res of monoterpenes 
were measured relative to lirnonene, oxygenated monoterpenes and sesquiterpenes relative to camphor, and 
os)gennted sescluiterpenes relative to cedrol (see Table I). 

l'iejiactionatio?~ 
Silicic acid was impregnated with polyethylene glycol (Carbowas 20M) as described b). Iiugler and 

Iiovats (12) 
Creeping juniper leaf oil (22 02 g) was dissolved in petrol (Sl:ellysolve B, b.p. 60-80 'C) (50 1111) and p o ~ ~ r e d  

onto a previously prepared column of deact i~ated silicic acid (200 g). Elution with Sl:ellysolve B (1 000 ml) 
gave a hydrocarbon fraction (14.61 g),  while elution with methanol (1 000 ~ n l )  yielded oxygenated terpenes 
(9.85 g). Aliquots (500 of the hydrocarbon mixture were injected onto a 3 f t  X 3/S in. 0.d. SE-30 silicone 
polymer (%yo on Chromosorb W, 40-60 mesh) colun~n, which was nonlinearly programmed from SO 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. :Iliquots 
(100 ~ 1 )  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. 

A[onoterpe?te IIydrocarbo?ts 
Preparative g.1.c. of the monoterpene hydrocarbon fraction (repeated injections of 100 ~l aliquots) on a 

20 f t  X 3/S in. P E G  20M colurnn programmed from 100 to 170 OC in 40 ~ n i n  resulted in the isolation of 
components 2, 4, 8,  9, and 10. Cotnponent 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). Co~nponent 4 was found to 
be sabinene, 1 2 ~ ~ ~  1.4626, [ a ] ~ ? ~  +90.84" (c, 2.6), containing a s~nal l  amount of 8-pinene (r.r.t. = 0.57 on 
EGPN column). The r.r.t. values and spectral properties showed component 8a to be d-limonene, ?zoZG 
1.4698, [ a ] ~ ? ~  +9j.59c (c, 2.4); component 9 to be yterpinene, noz6 1.4713; and con~ponent 10 to be p- 
cymene, 1 2 ~ ~ ~  1.4820. Components 6, Sb, l l a ,  and l l b  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. 

O.vyge?zated A[o?zoterpe?zes 
Aliquots (100 ~ 1 )  of the mixture of oxygenated ~nonoterpenes were chromatographed on a 6 ft  X 3/S in. 

PEG 20R4 column (100 to 210 "C in 35 rnin). Components 16a and 222, were isolated almost pure and were 
found to correspond to terpinen-4-01, noz7 1.4747, [ c Y ] D ~ ~  +14.S1° (c, 4.57), and citronellol, noz7 1.4593, [ a ] ~ ? ~  
+11.47" (c, 1.57), respectively. Component 14, ?anz7 1.4588, [a]nZ7 +44.09" (c, 0.98), corresponded to linalool 
with a carbonyl impurity. The remaining oxygenated monoterpenes could not be identified. 

Sesquiterpene Hydrocarbons 
Preparative g.1.c. on the 20 f t  X 3/8 in. 0.d. P E G  20M colu~nn (30 ~l aliquots, 150 to 205 "C in 50 min) 

gave component 22a in a fairly pure state. The infrared spectrum of this component corresponded to ?-cadi- 
nene; nozG 1.5068. Con~ponents 18b, 19a, 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. scop~~lort~iiz. 

Oxygenated Sesquiterpenes 
Hliquots (50 ~ 1 )  of the last fraction were chromatographed on the 6 ft  X 3/8 in. o.d. P E G  20M column 

(160 to 220 "C in 30 min) and con~ponents 33, 36, and 38 were isolated in a fairly pure state. Component 33 
corresponded to I-elemol, noz8 1.4955, [CY]D~' -14.00" (c, 0.60). Component 36 had the r.r.t. of a-cadinol and 
r - e~~desn~o l ,  but since these two alcohols cannot be distinguished by their infrared spectra (13), the identi- 
fication is uncertain. Co~nponent 38 had nnZ6 1.5109, [a]02" +36.66" (c, O.OG) and its infrared spectrum was 
very similar t o  that  of a-cyperone, although it contained an  alcoholic impurity. Since 6-cadinol has the same 
r.r.t. on the P E G  20M colun~n it could be the contaminant. Component 41 appeared to be the same as 
acetate I1 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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