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The oleoresins of conifers consist of very complex mixtures of terpenoids sometimes also containing 
paraffinic hydrocarbons [1]. Their  analysis usually includes prel iminary separation into acidic and neutral 
fractions. The acidic fraction is methylated with diazomethane and investigated by GLC, and the neutral f r ac -  
tion is separated by chromatography into a hydrocarbon fraction and a fraction of oxygen-containing compounds 
or  is subjected directly to vacuum distillation. In both cases, the neutral substances are  then subjected to r e -  
peated chromatographic separation in o rder  to isolate individual components. The closeness of their  adsorp- 
tion propert ies  and the lability of the terpene compounds considerably complicate the process  of chromato- 
graphic separation and make it difficult to evaluate quantitatively the amounts of the character is t ic  types of 
terpenoids and of individual compounds. The lat ter  aspect of the problem is part icularly pronounced with the 
use of high-temperature vacuum distillation for the prel iminary separation of the neutral fraction. 

The presence in all conifer oleoresins of certain classes of neutral and acidic terpene components (hy- 
drocarbons, aldehydes, resin acids, etc.) makes it possible to separate the oleoresin into groups of compounds 
by using the differences in the adsorption and chemical propert ies  of these groups. Such a separation can be 
performed by a scheme which we have tr ied out on the oleoresins of the Korean pine [2] and the Japanese atone 
pine [3]. It will probably be suitable for  the separation of the oleoresins of other types of conifers, as well. 

A reduction in the probability of the formation of by-products from the native compounds is achieved by 
using a i r -dry  SiO 2 for chromatography at all stages of this scheme. To separate the hydrocarbons from the 
fraction of neutral oxygen-containing compounds it is possible to use AlzO 3 (activity grade III). In all cases,  
the eluent is petroleum ether (bp 40-70°C) with increasing concentrations (from 0 to 100%) of diethyl ether. 
Analytical TLC on SiOz, which is used to check the separation of the fractions of neutral oxygen-containing 
compounds and of the methylated acid fraction of the oleoresin, is performed with the same solvents. This 
separation is performed with the aid of marker  substance s. All the substances having Rf values grea ter  than 
the marker  substance isocembrol (or manool, epimanool, or cis-abienol, which have the same Rf value on 
SiOz) pass into the fraction of oxides, esters ,  and carbonyl compounds. All substances having the same Rf as 
isocembrol pass into the second fraction (nonpolar monohydric alcohols. The fraction of polar monohydric 
alcohols includes substances having Rf values lower than that of isocembrol and grea ter  than that of the second 
marker  substance, pinusolide. The separation of the monohydric alcohols into two fractions is due to the fact 
that the less polar ter t iary  diterpene alcohols are frequently comparatively well separated from the more polar 
pr imary  digerpene alcohols. These two groups of alcohols are common components of conifer oleoresins and 
their  separation is therefore  justified. All substances having Rf values equal to or smaller  than that of pinu- 
solide pass into the fraction of di- and polyfunctionai compounds. (See scheme on following page). 
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The f rac t ions  of hydrocarbons  and methyl  e s t e r s  of r e s in  acids were  analyzed by GLC. All the other  
groups of compounds obtained by the t r ea tmen t  of the o leores in  by the Scheme given were  subsequently anal-  
yzed by GLC, NlVIR, and adsorpt ion eo lumnehromatography  onSiO 2 and SiO 2 + 5% AgSO 3. 

We have used the above-descr ibed  scheme of group separat ion to invest igate the terpenoids  of the oleo-  
r e s in  of the Swiss stone pine (Pinus cerebra  L.). This o leo res in  was col lected in Tranacarpa th ia  in August, 
1970, f rom t r e e s  growing at a height of 1340 m above sea level .  The yield of the acid f rac t ion  of the o leores in  
was 67.8% and of the neut ra l  f rac t ion  31.4%. 

The total  hydrocarbons  (56.8% of the neutral  fract ion) were  analyzed d i rec t ly  by GLC. They contained 
monoterpene (78%), sesqui te rpene  (20.5%), and di terpene (1.5%) hydrocarbons :  a -p inene ,  fenchene,  camphene,  
fl-pinene, Aa-carene,  l imonene,  terpinolene,  myrcene ,  f l-phellandrene, y - t e rp inene ,  p -cymene ,  a- longipinene,  
cyelosat ivene,  f l-elemene, s ibirene,  longicyclene,  longff01ene, caryophylene,  g-murolene ,  a -humulene ,  Y- 
murolene ,  a - amorphene ,  a -muro l ene ,  6-cadinene,  y-cadinene,  a -ead inene ,  cembrene ,  i sop imara-7 ,15-d iene ,  
and abietadiene.  The methyl  e the r  of thymol was detec ted  in the same fract ion.  Among the monoterpenes  the 
predominat ing compounds were  a -p inene  (47.1%) and Aa-carene (23.8%). In the sesqui terpene  group the main 
compounds were  s ibi rene,  caryophyl lene,  and a -muro l ene ,  and the main components  among the di terpenes  
were  cembrene ,  i sop imara-7 ,15-d iene ,  and an unidentified hydrocarbon.  Hangen-Smith [4], who invest igated 
the monoterpenes  of the o leores in  of the European stone pine, identified only ~-  and fl-pinenes. 

The f rac t ion  of oxides,  e s t e r s ,  and carbonyl  compounds (yield 20% ; h e r e  and below the yields are  given 
in re la t ion  to the  total  amount of neut ra l  oxygen-containing compounds) consisted,  according to the NMR spec-  
t rum,  mainly of d i terpene aldehydes and methyl  e s t e r s ,  which were  p r e sen t  in a ra t io  of 20 : 21 (determined 
f rom the integral  intensi t ies  of the signals of the aldehyde and methoxycarbonyl  groups).  Reduction of this 
f rac t ion  with sodium te t rahydrobora te  in ethanol gave a mix ture  of alcohols produced by the reduction of the 
carbonyl  compounds (aldehydes) (yield 9.5%) and a f rac t ion  of oxides and e s t e r s  (yield 9.5%). According to the 
PMR spec t rum,  the mixture  of alcohols consis ted of dehydroabiet inol ,  i sop imara-7 ,15-d ien-18-o l ,  abietinol, 
pa lus t ro l  (main components),  and i sop imara-8 ,15-d ien-18-o l .  

In the oxide and e s t e r  f rac t ions ,  the oxides were  p resen t  in ve ry  smal l  amount, and t he re fo re  this f r a c -  
tion was analyzed d i rec t ly  by GLC. The following native e s t e r s  of r e s i n  acids were  found: methyl  i sop ima-  
ra te  (1.6%), methyl  dehydroabietate  (3.3%), methyl  lamber t ianate  (83.6%), and an unidentified e s t e r  (retention 
t ime re la t ive  to methyl  i sop imara te  0.70) (11.5%). The p r e s e n c e  of these  e s t e r s  was conf i rmed by the NIVIR 
spect rum.  The oxide f rac t ion  (yield 0.5%) obtained af te r  the el iminat ion of the methyl  e s t e r s  by reduct ionwith  
li thium te t rahydroa lumina te  and chromatography contained nine compounds, according to GLC. Its main com-  
ponent - manoyl  oxide - was identified by the method of additives, and also by TLC. 

The f rac t ion  of nonpolar monohydric alcohols (yield 55.8%) proved to be a mixture  of two compounds - 
i soeembro l  and 4 -ep i i socembro l  [5] p resen t  in a ra t io  of 95 :5  (determined f rom the integral  intensi t ies  of the 
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H 3 signals in the NMR spec t rum of this mixture) .  In this mixture  we detected no c is -abienol  o r  bisabolol,  
which are  p resen t  in the analogous f rac t ion  of the o leores in  of the Korean pine [2]. 

The yield of the po la r  monohydric  alcohol f rac t ion was 14.7% Its unacetylatable pa r t  (yield 7.9%; t e r -  
t i a ry  alcohols) fo rmed  a c rys ta l l ine  mass  consis t ing mainly of the 6-cadinol.  The l a t t e r  was isola ted f rom 
this f rac t ion  by p repara t ive  TLC. The acetylatable pa r t  of the monohydric  alcohol f rac t ion  (yield 6.3%) con-  
sisted,  according to the NMR spec t rum of the i r  combined aceta tes ,  of (13E)-labd-8(17),13-dien-15-ol ,  i so -  
p imara -7 ,15-d ien-18-o l  (main components),  dehydroabietinol,  abietinol, i sop imara-8 ,15-d ien-18-o l ,  and a 
smal l  amount of unidentified components.  

Rechromatography of the f rac t ion  of di-  and polyfunctional terpenoids  on SiO 2 gave pinusolide (yield2%), 
an unresolvable  mixture  of isoagatholal  and methyl  i socupressa te  (1%) in a ra t io  of 4 : 1 (NMR spectrum),  and 
agathadiol (1%). When the mixture  of isoagatholal  and methyl  i socupres sa t e  was t r ea t ed  with sodium te t rahy-  
drobora te  in ethanol, a mix ture  of agathdiol and unchanged methyl  i socupressa te  was obtained, each of these  
components being identified by TLC in compar i son  with authentic samples .  

The methylated acidic f rac t ion  of the o leores in  was separa ted  by chromatography into a mixture  of 
e s t e r s  of res in  acids (3% of diethyl e ther  in the eluent, yield 95%) and a mixture  of e s t e r s  of oxidized res in  
acids (100% of diethyl e ther  in the eluent, yield 5%). Analysis  of the mixture  of methyl  e s t e r s  of r e s in  acids 
by GLC showed the p r e s e n c e  of e s t e r s  of the following acids:  AS-isopimaric (1.9%), sandaracop imar ic  (0.5%), 
levopimar ic  + pa lus t r ic  (?) (3.5%), i sop imar ic  (21.4%), dehydroabiet ic  (4.6%), abietic (30.3%), lamber t ianic  
(35.6%), and neoabietic (2.2%). No methyl p imara te  was found in the mixture.  

The oxidized res in  acids were  obtained in the fo rm  of a v e ry  complex mixture  of methyl  e s t e r s ,  the main 
component of which was isolated by chromatography on SiO 2 + 5% MgNO 3 and was identified by NMR and IR 
spec t roscopy  as methyl  i socupressa te  [6, 7]. 

Thus, the composi t ion that  has been found for  the o leores in  of the European stone pine is v e ry  c lose  to 
that  of the Korean pine [2] and the Siberian pine [8, 9]. The botanical  c loseness  of these  species  is r e f l ec ted  
in the c loseness  of the chemica l  composi t ion of the i r  o leores ins .  

E X P E R I M E N T A L  

The ins t ruments  and methods have been descr ibed  previous ly  [3]. The analysis  of the diterpenoid hy-  
drocarbons  by GLC was pe r fo rmed  under  the same conditions as fo r  the sesqui terpene hydrocarbons  [3]. The 
separa t ion  of the o leores in  into acidic and neutral  f rac t ions  was p e r fo rm ed  as descr ibed  e l sewhere  [10]. All 
the chromatographic  separat ions  were  pe r fo rm ed  at a rat io of substance and adsorbent  of 1 : 20-30. 

Separation of the Frac t ions  of Neutral  Compounds. The neutral  compounds (4.48 g) obtained f rom 14 g 
of o leores in  were  chromatographed on 90 g of alkaline alumina (activity grade HI). Pe t ro l eum e ther  eluted 
2.52 g (56.2%) of hydrocarbons ,  and ethanol eluted 1.9 g (42.4%) of a f rac t ion  of neutral  oxygen-containing com-  
pounds. Chromatography of the l a t t e r  gave 0.28 g of a f rac t ion containing oxides,  e s t e r s ,  and carbonyl  com-  
pounds, 1.06 g of a nonpolar  monohydric  alcohol f ract ion,  0.28 g of a polar  monohydric alcohol f rac t ion  and 
0.14 g of a f rac t ion  of di-  and polyfunctional compounds. The concentra t ions  of diethyl e ther  in the eluents fo r  
these  f rac t ions  were  4, 15, 20, and 100%, respect ive ly .  

Separat ion of the Frac t ion  of Oxides, Es te r s ,  and Carbonyl Compounds, This f rac t ion (0.38 g) was d is-  
solved in 10 ml of ethanol, and 0.5 g of d ry  sodium te t rahydrobora te  was added to the resul t ing  solution, with 
s i t r r ing.  After  continued s t i r r ing  at room t e m p e r a t u r e  fo r  20 rain, the mixture  was poured into 100 ml of wate r  
and ext rac ted  twice with pe t ro leum ether .  The usual working up followed by chromatography gave 0.18 g of a 
mixture  of alcohols produced by the reduction of the aldehydes and 0.18 g of an unchanged f rac t ion  consist ing 
of a mixture  of e s t e r s  and oxides.  The reduct ion of the l a t t e r  with lithium te t rahydroaluminate  in diethyl e ther  
(15 rain at room tempera ture )  followed by chromatography gave 0.17 g of a mixture  of alcohols produced by the 
reduct ion of the methyl  e s t e r s  and 0.009 g of an oxide fract ion.  

I socembrol  and 4 -Epi i socembro l .  The chromatography of 1.06 g of the nonpolar monohydric alcohol 
f rac t ion  on 30 g of SiO 2 + 5% of AgNO 3 gave 0.9 g of i socembro l  with n ~  1o5020, [~]~  + 75.5 ° (c 2.5; ch lo ro-  
form);  l i t e ra tu re  data I l l ] :  [~]~  + 80.1 ° (chloroform) and 0.06 g of 4 -ep i i socembro l ,  identified f rom its IR 
spec t rum and by TLC with an authentic sample.  • 

Separation of the Po la r  Monohydrie Alcohol Fract ion.  This f rac t ion (0.28 g) was dissolved in 5 ml of 
pyridine,  and 2 ml of acetic anhydride was added to the resul t ing solution. After  being kept fo r  3 h, the usual 
working up and chromatography yielded 0.12 g of a mixture  of aceta tes  and 0.15 g of a mixture  of unacetylatable 

547 



alcohols.  Crysta l l iza t ion of the l a t t e r  f rom diethyl e ther  gave 0.I g of 6-cadinol  with [a]2~ + I I0  ° (c 0.5; 
chloroform);  l i t e r a tu re  data [12]: [a]2~ + 118.4 ° (ethanol). A mixture  with an authentic sample of 6-cadinol 
mel ted without depress ion.  

Separat ion of the Frac t ion  of Di-  and Polyfunctional  Compounds. The chromatography of 0.14 g of this 
f rac t ion  on 30 g of SiC 2 yielded: 0.04 g of pinusolide with mp 82-83°C (from diethyl e ther) ,  [ a ] ~  + 55 ° (c 1.5; 
chloroform)  giving no depress ion  of the melting point with an authentic sample;  0.02 g of a mixture  of methyl  
i socupressa te  and isoagatholal  (25% of diethyl e ther  in the eluent); and 0.02 g of agathadiol (50% of dlethyl 
e ther  in the eluent) with mp 108-109°C (from ethanol), giving no depress ion  of the melting point with an authen- 
tic sample.  

SUMMARY 

A scheme has been proposed for the group separation of the components of conifer oleoresins, and the 
mono-, sesqui- and diterpenes of the oleoresins of the European stone pine have been investigated by means of 
this scheme. 

2. The composition of the oleoresin of the European stone pine is very similar to those of the Siberian 
pine and of the Korean pine, but differs from the latter by the absence of cis-abienol and bisabolol. 
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There  is no informat ion in the l i t e r a tu re  on the p resence  of n-heptane,  C7H16 in the essent ia l  oils of the 
family  Pinaceae.  Heptane has been found previous ly  in an investigation of the turpentine [1] in nine species  of 
pine. 

We have analyzed the oil of the needles  and 1 -yr  shoots of the following la rches :  European la rch  (Lar ix  
decidua Mill.), Sukaczev's  l a rch  (L. sukaczewii Dill.), Siberian la rch  (L. s ib i r i ca  Ledeb.),  Dahurian l a r ch  (L___t 
dahurica,  Turcz . ) ,  Japanese  la rch  (L. leptolepis  Cord.), e a s t e rn  l a r ch  (L__:. amer i cana  Michx. [L. laricina]) ,  
wes t e rn  l a rch  ( L  occidental is  Null.), and the Altai var ie ty  of the Siberian la rch  (L. s ib i r i ca  var .  altaica).  
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