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Coniferous trees (pine, spruce, cedar, fir, larch) represent 40% of all forests in 
the temperate zone. They produce balsams (oleoresins) of complex composition, 

whose major volatile fraction, called turpentines*, is made up of monoterpene hy- 
drocarbons. Typically, turpentines contain ailoocimene (l), myrcene (21, sylvestrene 
(3), m-1,3(g)-menthadiene (4), K- (5) and y-terpinene (6), CI- (7) and /I-phellandrene 
(8), Iimonene (9), terpinolene (lo), ot- (11) and P-pinene (12>, 3-carene (13), camphene 
(14), santene (15), tricyclene (16) and p-cymene (1 7)2-6. 

As balsams contain monoterpene hydrocarbons in addition to resin acids, o- 
menthane derivatives resulting from acid-catalysed ring-cleavage reactions of pinane- 
type terpenes can be expected to occur in turpentines. Those o-menthane represen- 
tatives formed by cleavage of the C(5)-C(6) bond’ in cl-pinene (11) are of particular 
interest, because they are plant growth promotorssTq. 

A precise investigation of the mono- and bicyclic terpene hydrocarbons present 
in coniferous balsams was made possible using a recently developed procedure, in 
which catalytic hydrogenation under mild conditions (room temperature, atmo- 
spheric pressure) is combined with highly efficient gas-liquid chromatographic (GLC) 
separations of the mixtures of saturated, thermostable mono&penes thus pro- 
ducedlOJ1. 

In this work, we studied the GLC separation of the terpene hydrocarbons 
resulting from the catalytic hydrogenation of soft resin samples of ti (A&s sibirica 
L.) and common pine tree (Pinus sylvestris L.), and oleoresinous turpentine, using 
glass capillary columns coated with PEG 40M and silicones XE-60 and OV-101, 
respectively. We also examined the hydrogenation products of some semi-synthetic 
mixtures, such as those formed by pyrolysis and catalytic vapour-phase reactions of 
a- (11) and B-pinene &I), and of various turpentines. All these hydrogenated mixtures 
were expected to contain 2,GdimethyIoctane (18), cis- (19) and trm-o-menthane 
(201, C~S- (21) and trans-m-menthane (22), cis- (23) and rrans-p-menthane (24), &_ 
(25) and @Qns-carane (261, cis- (27) and trans-iinane (28), endo- (29) and exe_ 
2,2,3-trimethylbicyclo LX.l]heptane (30), isobutylcyclohexane (31), O- (321, m_ (33) 
and p-cymene (17) and isobutylbenzene (34). 
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EXPERIMENTAL 

The separations were carried out on a Biochrom-1 (U.S.S.R.) gas chromato- 
graph, using a Pyrex glass capillary stretching stand designed by the Special Design- 
ing Bureau of the Organic Chemistry Institute, U.S.S.R. Academy of Sciences’*. 
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TABLE I 

GLC ANALYSIS OF THE MONOTERPENE FRACTION FROM HYDROGENATED OLEORESINS AND 
TURPENTINE 

All values are in wt in %. 

Oleoresin from 
Pinus silvestris L. 
Oleoresin from 
Pinus silvestris L. 
obtained using 2,4-dichloro- 
phenoxyacetic acid 
Oleoresin from 
Abies sibirica L. 

Turpentine from 
Pinus silvestris L. 

43.4 16.4 5.2 20.8 

57.0 20.8 2.5 11.2 

38.8 13.5 2.2 2.3 

48.7 23.4 5.9 9.7 

GLC @r&$& G/‘ t,k? ,k~~&~gew?rPti ,w&4crs /;-om ““_‘V”W -~wL‘Yc Iy” ,,..,. .__. ._.. ..^.... -z--..n ;rn-n*iVn,;~n r*flrtjnnq _~~ 

on diatomite at 35o’C (time of the contact 50 SE):- ~~~ ~~~ 
dinem 41.0 4.2 - - 

/?-Pinene 40.4 2.0 - - 
Turpentine from 
Pinus silvestris L. - 2.3 1.6 3.9 
Turpentine extracted from 6.6 17.2 1.3 

pine tree stumps 
Turpentine obtained in 
cellulose production 0.6 2.9 
a-Pinene pyrolysis product 3.6 2.4 

_“’ 
_ 

GLC analysis of ihe hydrogenated products from vapour-phase iSOnWkatiOn reactions 
on Zeolite KX at 200°C (lime of Contact 50 set). 
c?-Pinene 25.0 12.3 - - 
j?-Pinene 23.2 7.8 - - 

0.7 - 

0.3 - 

17.5 - 

0.5 - 

0.3 
0.4 

7.6 0.1 
2.2 1.8 

2.5 0.8 
1.6 - 

8.7 - 
3.3 - 

GLC analysis of the hydrogenatedproducts of vapour-phase conversion of terpenes under the action of Al203 impregnated 
with NH3 at 35o’C (time of contact 50 set): 
u-Pinene 2.5 8.6 - - 21.2 - 

b-Pinene 
- 6.1 - - 19.8 0.1 
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_ 2.8 5.6 1.6 0.1 _ 

_ 2.4 

_ 9.0 

- 3.9 

2.5 

12.9 

3.7 

1.4 

1.0 

2.1 

0.1 _ 

1.9 - 

0.1 _ 

0.8 12.0 

_ 8.8 

0.8 17.3 

0.6 13.9 

1.7 12.5 

_ 13.0 

- 12.1 

_ 19.0 

.9 - 11.0 

.4 - 10.2 

11.6 
6.3 

45.5 

1.6 
1.4 

3.9 

27.6 

25.4 
35.2 

1.6 

5.8 
28.8 

3.3 _ 

3.5 _ 

2.6 - 

0.4 0.9 

2.9 0.4 
0.5 - 

32.0 _ 1.2 _ 

19.6 1.5 3.0 - 

24.8 1.5 9.2 - _ - 4.9 15.4 

34.7 1.2 5.8 - 0.1 - 5.8 16.8 

- - 

- _ 

_ _ 

- - 

0.4 _ 

0.7 _ 

0.3 0.7 

1.3 1.1 

0.4 2.1 
_ - 

- _ 
_ - 

1.2 2.2 

0.6 

0.6 

1.2 

1.2 

0.3 

0.8 

20.0 5.2 
15.0 21.3 

8.1 4.7 

9.4 13.6 

22.5 15.8 
4.3 10.6 

7.1 1.6 
9.9 12.4 
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Adequate coating of the columns with 0.0156 mg/cm2 of each stationary phase (PEG 
40M, XE-60 and OV-101) was ensured by using the high-pressure static method 
described easrlier13-15, after pickling of the inner glass surfacc13g14. The columns 
prepared in this way had an efficiency of 3460 theoretical plates per metre for do- 
decane (as calculated from five parallel determinations). The mixtures of hydrocar- 
bons were separated at 70°C with nitrogen as the carrier gas (inlet pressure 1.7 bar; 
injection port and flame-ionization detector held at 25o’C). 

RESULTS 

The results in Table I show that the major terpene hydrocarbons that occur 
in various soft resin samples from pine tree, fir and turpentine from pine tree belong 
to the pinane, carane and p-menthane series. Small amounts (l-2%) of acyclic ter- 
penes are also present but, contrary to the work of Bardyshev and co-workers16y17, 
no m-menthane-type compounds could be detected. Similarly, no o-menthane was 
found in the hydrogenated mixturesr8 (o-menthane derivatives are not produced by 
either ac-pinene (11) pyrolysis vapour-phase isomerization of u- (11) and fi-pinene (12) 
on zeolite KX, although they are formed in small amounts in the presence of dia- 
tomitelg or aluminium oxide impregnated with ammonia20. 

Our results demonstrate that the use of glass capillary columns allows the 
efficient separation of mixtures of isomeric and/or stereoisomeric menthanes, pinanes, 
caranes, exe- and endo-2,2,3-trimethylbicyclo[2.2. l] heptanes and cymenes even in 
the presence of 2,6-dimethyloctane (1 S), isobutylcyclohexane (3 1) and isobutylben- 
zene (34). This constitutes a convenient way of studying the composition of natural 
or semi-synthetic mixtures of monoterpenes hydrocarbons via catalytic hydrogena- 
tion. 
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