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Gas chromatographic characterization of frequently occurring sesqui-
terpenes in essential oils
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The aim of this work was to determine the retention factors, relative to quai-
azulene, for some of the most commonly encountered sesquiterpenes in essential oils,
e.g. caryophyllene, cadinene, farnesene and bisabolene!, using two stationary phases
of different polarities. This should facilitate the identification of these compounds in
natural materials, as the standard deviation calculated from the relative retention
factors of a given sesquiterpene in five different oils did not exceed 6 - 1073,

EXPERIMENTAL

The separations were carried out on a Jeol JGC 1100 gas chromatograph
equipped with a flame ionization detector, a Jeol IR-251 A recorder and a Digint 21
integrator (Chinoin). The injector and detector were held at 200 and 240°C, respec-
tively, and the electrometer sensitivity range was 8 - 10~ 1° A/mV Nitrogen wasused
as carrier gas, at a flow-rate of 38 ml/min.

Column 1 was a glass spiral (3 m x 23 mm L. D) coated with 3% OV-17 on
100120 mesh Gas-Chrom and programmed from 60 to 230°C at 8°C/min. The ef-
ficiency relative to linaiool was 1825 plates/m at McReynolds’ constants of 119, 158,
162, 243 and 2022. Column 2 was a glass spiral (3 m % 3.4 mm I1.D.) coated with
1.5% SP-2250 + 0.95% SP-2401 (mixed SP-phases) on 100~120 mesh Supelcoport,
and programmed from 60 to 230°C at 8°C/min. The efficiency relative to linalool was
1776 plates/m at McReynolds’ constants of 129, 189, 238, 330 and 244. (The con-
stants for the mixed SP-phases were calculated from those of the pure components? )

Samples of 0.1-0.5 ul of solutions containing 10-20 mg/ml of essential oil in
chloroform or hexane were injected. The retention times were measured with an
accuracy of 0.1 sec; the relative retention factors were determined from three to five
parallel measurements, and the column temperature variation was +1°C. The ses-
--quiterpenes present in the essential oils were identified either by mass spectrometry
~{MS) or, more frequently, by gas chromatography (GC)-MS or GC-infrared (IR)

techniques. In a few cases (farnesene isomers, a-bisabolol. azulenes) the compounds
were isolated by preparative GC or thin-layer chromatography (TLC) before iden-
tification by MS or IR3-35,

The raw materials were sesquiterpene-rich Hungarian commercial oils (cham-
omile, yarrow, basil, and wormwood oils) and also the volatile oil of Cannabis sativa
L.var. Mexico, grown in Hungary.
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Fig. 1. Gas chromatograms of essential oils on column 1. For conditions, see Experimental. For peak
identification see Tables I and II. (a) Chamomile oil; (b) yarrow oil (1-18 are monoterpenes); (c) cannabis
oil (S and V are not present in the leaf oil, only in the flower oil); (d) basil oil (1-19 are monoterpenes and
phenylpropane derivatives; 23 and 31 are not present in freshly distilied oils; XX, 24 and 25 are present
only in freshly distilled oils; (¢) wormwood oil (K;, K; are present only in the oils obtained by special
distillation®; 1-19 are monoterpenes).

RESULTS AND DISCUSSION

As isolated representative sesquiterpenes were not available for the determi-
nation of retention factors, we could not prepare a standard series of compounds
similar to that previously described for the monoterpene series?. Therefore, the re-
tention factors were calculated directly from the zz values of the sesquiterpenes iden-
tified in the five essential oils mentioned above (Fig. la-€).

Tables I and 11 list the retention factors found for the sesquiterpenes studied,
for each stationary phase used, relative to that of guaiazulene as standard (Fg - 10?
= 1000). Corresponding standard deviation values, which are in the range 1 -
10736 - 1073, and retention factors of selected C,s—C,¢ n-alkanes are included in
these Tables to demonstrate the reproducibility and to facilitate the use of this iden-
tification procedure.

During the GC separations, it was observed that the sesquiterpene hydrocar-
bons (azulenes excepted) were eluted first, from 160 to 180°C, followed by the oxy-
gen-containing sesquiterpenes, from 180 to 210°C, and finally by the quaiane-type
sesquiterpenes, from 210 to 230°C. Better separations were sometimes achieved on
the polar mixture of SP-phases, e.g. the separation of compound 22 from trans-f-
farnesene in basil and wormwood oils; of spathulenol from caryophyllenol-I and
caryophyllene epoxide; of compound 23 from 23’ in yarrow oil.



0111 susnzeureydiAmg N

m pimpors; wopuesg
z

£801 PIT.N X
o aud|
= 7601 -nzewrewAyPW ')
A 0001 PIEpUE;s AUSMZETBRL) Lde}
wT s smmzewey) Y sudmzewrey) L7 susmzewrey)) §
%6 I aprxo-jojoqesig 6
$T6 N A Z L}
006 apixo-auojoqestg .
068 0Tz N L L4  § 74
0's §is joloqesig-» 1€ [ofoqesig-»  ¢§ [ojoqesig-n  § [o[oqesig-» 9
$98 0Zz . N ¥ T LN ST
11 3prxo
#58 -jojoqestg ¢ Ll
SSy €98 0T N TE WiN d TN
1137 1€ 8€T LN
08 0T N O€
oprxodo apixods I-jouspiAgdosie)
Q9 208 suanfgdofre) (O 6 swpAydoirey O €T +.£T jouspyieds
06L 6T 0Tz s N N
9LL Lty
9L 4
0 ISL swojoqesig-d LI 8T smojoqesig-d W
L LT asunimo-o 7
e 60L 9 susupe)d-4 97 suswsdfg-4 N susurpe)-L 77
00L YT N ST
6T 769 Y4 Y4 JUIsIWIEBS-D | SUISIWIEJ-P € ko)
€8T ¥39 T #T
4% 4 L smojornnN+4  $T susfomn-L 17 4
20T 199 174 X4
114 4 9 0T \N €T sus[nuny-» 4 susumMH-o §g
SEF €9 (44 44 sussoureJ-g-suns) O sussowre-g-supdj |
90'p 19 suophydodrn-d o 1T suafikgdolre)-¢ 4 suspihgdoLre)-g 61 $0T . IH $1)
909 uMPI) ¥ XX
$9'C 909 sunomrediog-x  (F susjowediag-» g
<OF - SY  +0F - %1 110 poomutio g 1o jisog 1o sigousv) 110 mosn g 1o apowwyd
‘NOBDINID ‘40300f $31498
sauadiannbsag auvyly-u

STIO TVILNASSH
SNONIVA NI 3SVHd AYVNOLLVLS LI-AO %€ NO UVANV.LS ANTINZVIVND OL FJALLVTIY SANIJYILINOSTS 40 SY0IOVI NOLLNALTY

I1dT4VL



€111 duomzewePAMI €N
7801 PITN ™A
(7] uﬁo—
m 1501 -nzewreyKION N
2 0001 plepuels Jugdnzerenn)
01 9L6 suwomzewey) N sudnzewey) (T susmzewey) §
$56 I sptxo-jojoqesty 6
$T6 WN A ) L Ll
€T 768 0z N L 0z N 92 aprxo-ouo[oqeslgy [
oy 8.8 ojoqesig-» ¢ fofoqesig-»  ¢¢ fojoqesig-»  § WL N ST fojoqesig-» 9
#98 0z LN ¥ 11 aptxo-[ojoqestg ¢ L)
(4 98 0T LN TE W N d W LN T
LE8 1€ 8€T N ¥
aprxodo aprxoda
£0°€ 0£8 suaqiAydoiie) (g 0T LN Of sugfiAydodrey O  I-fouoqiAydofie) ¢g
018 £T fouomyieds ¢
90'Y 708 67 6T 0T .N N
L8L Lty
oLL 8T
€6 SSL susjoquesig-g§ LT .74 susjoqesig-f W
6EL L swunfmp-r
60t €IL 9 susupe)-d 97 sudwdg-4  y suourpe)-d 7z
00L ¥0T . N ST
€LY 169 Y4 sT sussowreg-» | SUISIUIR-D ¢ 1
989 &
61 789 ¥T susjornpN-£ g susjoinnN-4 [
899 €7
Il €99 174 0T LN €T susuUMy-®» H susuny-0 (7 4
19 ouasowreJ-g-suvdi 0 QUISIUIL,J-f-sup4y |
0£9 44 [44
0§ ¥79  ouaphydodied-g (g T susfiydohre)-gd o  ousphgdokien-g 6l ¥0T N I ko)
L09 auaIpa)® XX
oS L09 susjowredieg-v (7 unjowreBrog-» g
€0l " SV O - %4 110 poomuito M o psog 110 siqouuv) 110 moung 110 apruowwy)
uonvIAIP 40190f $31435
PiDpUDIS  UONUNRY sauadioynbsagy  aupyyy-u
(=1
o

STIO TVILNASSH SNONIVA NI 4SVHd
AYVNOLLVLS 10¥Z-dS %$6°0 ST 0STT-dS %$' 1 NO QY VANV.LS AN INZVIVND OL HALLYVTIY SINIIIALINOSES 4O SYOLOVA NOLINALITA

I 379VL



NOTES 131

The OV-17 and mixed SP stationary phases proved to be much more favour-
able than PEG 20M (which is widely mentioned in the literature), because the ses-
quiterpenes and monoterpenes do not overlap during separation. It fact, it may be
difficult to separate mono- from sesquiterpenes on PEG 20M, even on a capillary
columnS.

Besides their chromatographic significance, the results given in Table I and II
also provide some new information regarding the qualitative composition of the es-
sential oils studied. Thus, the occurrence of a-farnesene in Hungarian chamomile and
cannabis oils, of a-bisabolol in basil and wormwood oils, and of a-humulene, y-
cadinene, y-muurolene and caryophyllenol-lI in yarrow oil, was not previously
knownS-19,

CONCLUSION

The present collection of retention data of sesquiterpenes should facilitate the
qualitative analysis of essential oils. In this respect, it complements the similar data
previously published for the monoterpene series?. These results may also help in the
selection of a suitable stationary phase for separating known sesquiterpenes, and
represent a possible starting point for the analytical investigation of essential oils of
unknown origin.
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