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BY GAS-LIQUID CHROMATOGRAPHY"
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(Received July 23rd, 1964)

INTRODUCTION

Dehydrogenation of terpenoids into readily identifiable compounds has been
frequently adopted for ascertaining their carbon frameworks?. Cyclic sesquiterpenoids
yield often alkyl substituted naphthalenes and azulenes which can, in turn, be
characterized via conversion into suitable crystalline derivatives, e.g. picrates and
trinitrobenzene adducts®.
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Fig. 1. Typical sesquiterpenoids and their dehydrogenation products.

Fig. 1 illustrates the structures of two substituted naphthalenes, cadalene (I)
and eudalene (II), as well as three azulenes, S-guaiazulene (III), Se-guaiazulene (IV)
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and vetivazulene (V) frequently met with in such investigations. Cadalene, S-guaiazu-
lene and vetivazulene are usually generated from parent compounds possessing the
corresponding carbon skeletons. Eudalene, a C;, compound, may form from either VI
or VII following elimination of the angular methyl group. Se-guaiazulene, on the
other hand, is a product of rearrangement of S-guaiazulene which it usually accom-
panies when dehydrogenation of S-guaiazulene compounds is carried out over sele-
nium at elevated temperatures. 1,6-Dimethylnaphthalene has been observed as a
dehydrogenation product of isozingiberene3.

Conventional dehydrogenations are rather drastic processes and often complex
mixtures containing products of rearrangement as well as degradation are obtained.
The resolution of such mixtures and identification of some of their constituents
has been achieved through combination of extensive column chromatography
and repeated recrystallization of their derivatives with picric acid and trinitro-
benzene.

In the authors’ laboratory, gas chromatography has been used successfully for
some time to study the course of dehydrogenation reactions of sesquiterpenes found
in essential oils. The technique proved to be a valuable analytical tool as complex
mixtures were effectively resolved without recourse to tedious and time consuming
operations of column chromatography, derivative formation and recrystallizations.
It is the purpose of this paper to report some of the results obtained.

EXPERIMENTAL

(1) Methods

Dehydrogenation of sesquiterpene fractions. Selenium and sulphur were used as
dehydrogenating agents. The experimental sample (250 mg) was weighed into a small
bulb (3 ml). Selenium (500 mg) or sulphur (115 mg) was added and the assembly
fused to an air condenser comprised of two concentric tubes. The mixture was re-
fluxed for 24 h at 2go 4- 10° (selenium dehydrogenation) or 200 + 5° (sulphur de-
hydrogenation) while a slow stream of nitrogen gas was allowed to pass through the
condenser. Azulenogenic sesquiterpenes were processed for only 4 h. Following
reaction, the bulb was cut off, the product was dissolved in hexane, and chromato-
graphed over 5 g of grade I basic alumina. The eluate, recovered following evapora-
tion of the solvent, was examined by gas chromatography. Coloured effluents (azulenic
hydrocarbons) were collected separately.

Gas chromatographic analysis. The products of dehydrogenation were examined
by means of a column of Reoplex 400 (20 %) on acid-washed Chromosorb W. Experi-
mental procedures have been describedt. Reoplex 400 (10 %) and silicone gum SE-30
(10 %) columns were also used for some of the investigations. Collection of samples
for spectral identification was carried out by either depositing effluents directly on a
salt plate® or trapping in carbon tetrachloride.

(2) Materials
Products used as reference compounds were obtained in accordance with the

procedures described and are listed in Table I. Acenaphthene and fluorene (commer-
cial products) were used as internal standards.
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TABLE I
PREPARATION OF REFERENCE COMPOUNDS

Compound Source Method of preparation
Cadalene Cadinene fraction from oil of cade Se-Dehydrogenation
Eudalene Selinene fraction from oil of celery sced Se-Dehydrogenation
S-Guaiazulene Gurjunene fraction firom oil of gurjun balsam S-Dehydrogenation
Se-Guaiazulene Gurjunene fraction from oil of gurjun balsam Se-Dehydrogenation
Vetivazulene Sesquiterpene fraction from oil of vetiver Se-Dehydrogenation

RESULTS AND DISCUSSION

The gas chromatographic behaviour of naphthalenes and azulenes—see Fig. 1
(I to V and VIII)—was investigated using a polar (Reoplex 400; 20 %) and a non-
polar (Silicone gum SE-30; 10 %) column. The six compounds were well separated
by either substrate. Retention times were higher on the Reoplex column and a
temperature of 220° had to be used to elute the compounds within 30 min. The SE-30
column could be conwveniently operated at 200°.

For the separation of naphthalenes, lower column temperatures—200° for
Reoplex and 185° for SE-30—were found to improve resolution, and for the separation
of the high boiling azulenes a 10 % Reoplex column was found to be preferable.

Fig. 2-A illustrates the separation of a six-component reference mixture by a
Reoplex column operated at 220°, and Table II shows the relative retention times of
these compounds using both the Reoplex and SE-30 substrates. Fluorene and ace-
naphthene served as reference standards. Both these compounds displayed gas
chromatographic peaks which did not overlap with any of the reaction products.

'As may be seen from Table II, Reoplex 400 proved the more efficient substrate.
It retained aromatics more strongly than the corresponding alicyclic and aliphatic

TABLE 11
RELATIVE RETENTION TIMES OF SESQUITERPENE DEHYDROGENATION PRODUCTS

Compound B.P. Retention times
(°cc)* (Helium flow rvate: 75 ml|min)

SE-30 Reoplex

200°"" &5°""* 220°"" 200°"*"
1,6-Dimethyl- 262~2063 0.61 0.81 0.42 0.67

naphthalene

Eudalene 281 0.90 I.2 0.50 0.82
Acenaphthene 279 0.73 1.00 0.63 I.00
Cadalene 292 1.30 1.93 0.70 I.20
Fluorene 295 1.00 1.40 1.00 1.71
S-Guaiazulene 176/17 mm 1.89 — I.17 —_
Se-Guaiazulene 170-171/13 mm 1.95 —_— 1.26 —
Vetivazulene — 2.08 —_ 1.37 —

™ Literature values.
** Relative to fluorene.
*** Relative to acenaphthene.

J. Chvomatog., 17 (1965) 466-471



ESSENTIAL OILS AND THEIR CONSTITUENTS. XXIV.

5

OUBETHYL
REPFTHALENE

l_SYNTHETIC MIXTURE J

-
&
w
=
&
a
<
(v}
|

TEMP,
HELIUM
SAMPLE . 2\

COLUMN : REQPLEX 400 on

Chromosorb W (20 %)
. 220°¢C.
75 ml, / min,

FLUORENE
Se- GUAIRTULENE

~— S- GURIATULENE

—~— VETIVAZULENE

s
20|~
g 6
(8]
bt -
[
x
Q 2
w
T L
x®
& 8r
[+
3
a»—‘
20
< el
g 16
(%]
-
|
© 12l
[*Y]
= B
%
S e
o
zoF
L
-
E t6}]
(=]
- -
=
T
@ 2|
ad
z -
=
w 8
I
r-
4 =

2]
sedo0ieRbERes ™1
e < o o VETIVER OIL
[ A & Colorloas Fraction
£
M
COLUMN : REOPLEX 400 on
Chromosorb W (20%)
TEMP, . 220°¢C.
HELIUM © 785 ml. / min.
- SAMPLE @ 2
H
i
z w
5 5
]
£ g u
2 { =]
Lot 2
! 3
i !
|
! L L 1 A L
3 c
w 4 VETIVER OJlL
L& .1,= Colared Fraction
£ad
Sz
F
2s
&

e

q

6

10

TEMP.
HELIUM
SAMPLE 2):

COLUMN [ REOPLEX 400 o

n
Chromosorb W (20%)

. agza*c.

PS5 ml. /2 min.

CADALENE

12 14 16
TIME (MINUTES)

18

—-— FLUGREAE

20 22 24

~—-VETIVAJULENE

26

(]

469

Fig. 2. Gas chromatography of sesquiterpene dehydrogenation products. Reference standard:

fluorene.
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compounds. The non-polar SE-30 column lacked such selectivity, its resolving proper-
ties being determined primarily by the vapour pressures of the different constituents.
The Reoplex column was, therefore, found to be suited for the separation of unchanged
sesquiterpenes from their aromatic dehydrogenation products. It also separated
effectively lower boiling naphthalenes, formed by cracking of the larger molecules
during the drastic process of dehydrogenation, from both the unreacted sesquiter-
penes and their primary dehydrogenation products.

The stability of the compounds isolated under the experimental conditions
described was confirmed by systematic comparison of the infrared spectra of effluents
with those obtained following re-chromatography and similar analysis of the conden-
sates collected.

The following examples serve to illustrate the scope and application of the

technique.

Resolution of complex mixtures
The sesquiterpene hydrocarbon fraction of vetiver oils is known to contain

compounds of various carbon frameworks including cadalenic, eudalenic and azulenic
substances®. On dehydrogenation it yields a complex mixture of aromatic and azulenic
constituents. Fig. 2-B and 2-C show how readily such a complex mixture can be
analysed by gas-liquid chromatography since unreacted sesquiterpenes elute much
faster than their aromatic as well as azulenic degradation products.

Dealkylations assoctated with dehydrogenation reactions

The earliest known example of dealkylation occurring during aromatization of
sesquiterpenes is the formation of eudalene from selinene and related sesquiterpenes
following elimination of the angular methyl group’. Dealkylation at other positions
has also been observed®. SEIDEL ef al. reported formation of a small quantity of
1,6-dimethylnaphthalene during dehydrogenation of isozingiberened. We obtained
good yields (66 %) of a low-boiling compound when preparing cadalene from cadinene
fractions of cade oil in accordance with the procedure described. The infrared spectrum
of this compound displayed absorptions characteristic of substituted naphthalenes.
Rigorous comparison of spectral and retention time data with those of authentic
samples of naphthalenes thought to be present proved the substance to be 1,6-
dimethylnaphthalene. The compound was subsequently found to accompany cadal-
ene in dehydrogenation products derived from the sesquiterpene fractions of many
essential oils. This observation is in accord with the view of SEIDEL et al. that 1,6-
dimethylnaphthalene is formed by cracking of the cadalene molecule.

Rearrangement of dehydrogenation products

Under the drastic reaction conditions of conventional dehydrogenations, the
primary products formed may also rearrange to compounds possessing entirely
different carbon skeletons. Examples are the formation of Se-guaiazulene from S-
guaiazulene owing to migration of a methyl group, dehydrogenation of vetivones (I1X)
to vetivazulene, eudalene and vetivalene (X)?, formation of naphthalenic and azulenic
compounds from tricyclic substances, e.g. cadalene from copaene (XI) and S-
guaiazulene from aromadendrene (XII)!* and patchoulol (XIII)!2,

A fraction of gurjun balsam oil containing a-gurjunene (XIV) and #-gurjunene

J. Chromatog., 17 (1965) 466—471



ESSENTIAL OILS AND THEIR CONSTITUENTS. XXIV. 471

(XV) was dehydrogenated using selenium and sulphur. Gas chromatographic analysis
of the reaction products showed that—as expected—selenium dehydrogenation
generated both S-guaiazulene and Se-guaiazulene whereas sulphur dehydrogenation
produced only S-guaiazulene. In addition to these azulenes, the presence of small
-quantities of cadalene, eudalene and 1,6-dimethylnaphthalene was also detected. It
‘would appear, therefore, that eudalene originates from both «- and g-gurjunene and
that cadalene, formed by rearrangement of x-gurjunene, also yields some 1,6-dimethyl-
naphthalene owing to cracking of its carbon skeleton.

ACKNOWLEDGEMENTS

The authors are indebted to the following laboratories, who courteously
supplied analytical specimens for this study: Associagao Brasileira De Pesquizas
s6bre Plantas Aromdticas e Oleos Essenciais, Sio Paulo, Brasil—oil of vetiver;
Fritzsche Brothers, Inc., New York, U.S.A.—oils of cade and gurjun balsam; Ma-
naunlal Ramnarain, Kannauj, U.P., India—oil of celery.

SUNMARY

The application of gas-liquid chromatography to the analysis of complex
mixtures formed by dehydrogenation of sesquiterpenes is described. The usefulness
of the technique in studying degradation and rearrangements accompanying such
reactions is also illustrated.
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