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The approx imate  quantitat ive composi t ion of the mix tu res  of res in  acids of conifers  of the USSR was 
es tabl i shed p rev ious ly  by par t i t ion  ch roma tog raphy  and UV spec t roscopy  [1]. However ,  it is imposs ib le  by 
these methods to de te rmine  the amount in mix tu re s  of those acids which issue f r o m  the column s imul tane-  
ously and which have no c h a r a c t e r i s t i c  absorpt ion bands in the i r  UV spec t r a  (p imar ic ,  i sop imar i c ,  and 
s anda racop imar i c  acids [2]). 

For  this r eason ,  in the preceding  p a p e r s  [1], only the total  content of these acids in the mix tu res  
were  shown. 

In the p resen t  pape r  we give the quantitat ive composi t ions  of mix tu re s  of r es in  acids of b a l s a m s  of 
the mos t  impor tan t  coniferous spec ies  of the USSR de te rmined  by gas- l iqu id  ch romatography  (GLC) : Pinus 
s i l ve s t r i s  L. ssp.  s i l ve s t r i s  L. (P. s i lves t r i s )  (Scotch pine, t i m b e r  pine); P. pa l las iana  Lamb.  (P. pa l l a s i -  
ana) (Crimean pine); P. p i tyusa  Stev. (P. pity'usa); P.  s i l ve s t r i s  L. ssp.  hamata  (Stev.) Fomin (P. hamata) ;  
P icea  exce lsa  Link (P. excelsa)  (Norway spruce);  La r ix  s ib i r i ca  Ldb. (L. s ib i r ic~  (Siberian larch) ;  and 
Pinus s ib i r i ca  (Rupr.) Mayr .  (P. s ibir ica)  (Siberian pine). 

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

The ave rage  samples  of r e s in  acids consis ted of b a l s a m s  taken f rom 50 or  more  t r e e s  of each spe-  
c ies  of conifer  (aged 70-100 yea r s ) .  

A 0 .5-ml  sample  of a 10~ solution of the r e s in  acids in methanol  was  neut ra l ized  with a 0.1 N ben-  
zene solution of anhydrous t e t r a m e t h y l a m m o n i u m  hydroxide (in the p re sence  of one drop of 0.1~c methanol ic  
phenolphthalein).  The solution was evapora ted  a lmost  to d ryness  and diluted with methanol (1:1) [3]. The 
resul t ing  solution (0.5-1.0 #li ter)  was  introduced into the evapora to r  block of an LKhM-SM chromatograph .  
The column was filled with Chromosorb  G (60-80 mesh) impregnated  with polyethylene glycol phthalate 
(5~). The t e m p e r a t u r e  of the column was 200°C, the c a r r i e r  gas  was ni t rogen (0.45 a tm at the inlet); when 
a f lame- ion iza t ion  de tec to r  was used,  the consumption of hydrogen and a i r  did not exceed 20 m l / m i n .  

The acids were  identified by the GLC method with the injection of authentic pure  subs tances .  The 
s anda racop imara t e ,  pa lus t ra te ,  and i sop imara t e  were  identified by compar ing  the i r  re la t ive  re tent ion 
t imes  (RRT) with those given in the l i t e ra tu re  [4]. 

The composi t ion of the mix tu re s  of r e s in  acids on the c h r o m a t o g r a m s  was calculated by internal  
normal iza t ion  of the a r e a s  of the peaks ,  which were  de te rmined  prov is iona l ly  as the products  of the heights 
of the peaks  and the i r  bases  (the mean square  e r r o r  for  the main components  of the mixture  of r e s in  acids 
of the b a l s a m s  with three  record ings  was 2.8%). 

The amount of l evop imar i c  acid in the mix tu re s  of r e s in  acids was de te rmined  chemica l ly  [5]. 

All the spec ies  of coni fers  produce r e s in  acids of s im i l a r  quali tat ive but different  quanti tat ive c o m -  
posi t ions  (Table 1). 
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TABLE 1. Relat ive  Retention T i m e s  of the Methyl E s t e r s  of the Resin  
Acids and The i r  Composi t ion for  Different  Conifer  Ba l sams  ( t r .  means  
l e s s  than 0.1%) 

Acid 

Fatty acids (mixture) 
x, 
X~ 

Pimarie 
Sandaracopimaric 
Dihydroabletic 
Leyopimaric 
amstric 

Isopimaric 
X3 

Abietic 
Dehydroabietic 
Neoabietic 
New resin acid (X 4) 

RRT 
Mixtures of acids, contents, % 

0,38 
0,43 
0,50 
0,54 
0,62 
0,62 
0, 68 
0,76 
1,00 
1,08 
1,20 
1,25 

p, sil-~, palJP, pi- 
vestris lasionattyusa 

0,4 
0,3 
0,2 
9,0 
1,6 
0,3 

27,0 
20,8 
6,0 
1,9 

13,3 
5,7 

13,5 

0,1 0,1 
0,4 0,5 
0,4 0,4 
6,1 0,1 
2,1 2,1 
5,1 tr. 

17,3 12,6 
27,4 16,0 
I1,5 9.5 
0,5 c.n. 
9,2 38,0 
6,1 14,1 

13,8 6,1 
Ix. 0,5 

P. ha- 
rnata 

0,1 
0,4 
0,3 
1,5 
2,0 
2,4 
~6,0 
4,8 
6.5 
0,6 
8,0 
5,2 
2,2 
tL 

P, ex-~, sibi~P, sibi- 
celsa ~ica [rica 

5,2 0,4 0.3 
l,O o,1 0,1 
0.7 2,4 0,5 
1,2 2,8 tz, 
2.4 3,0 1,2 
if, tr, tr. 

28,2 1,0 1,0 
15,6 7,6 4,0 
12,0 25,3 25,4 
2,1 1,3 c~. 
8,5 42,0 32,4 

15,6 10,6 4,5 
7,5 3,5 4,0 
~,  n-. 26,6 

The composi t ion of the r e s i n  acids  of the Siberian l a rch  and pine is  dist inguished by the smal l  amount 
(not m o r e  than 5% each) of p i m a r i c ,  s anda racop imar i c ,  l evop imar i c ,  and neoabiet ic  acids and the l a rge  
amount of i sop imar i c  and abiet ic  acids .  The r e s in  acids of the Siberian pine a re  dist inguished f r o m  the 
r e s in  acids of the Siberian l a rch ,  and also f r o m  o ther  coni fe rs ,  by the i r  l a rge  content (about 27%) of the so -  
cal led new re s in  acid (C20H3003) (X4) of undetermined chemica l  s t ruc tu re  [6]. 

The quantitat ive composi t ions  of the r e s in  acids of Norway spruce  and var ious  spec ies  of p ines ,  e s p e -  
c ia l ly  Scotch pine and P. hamata ,  a re  s i m i l a r  to one another .  In the b a l s a m s  of P.  hamata ,  Scotch pine,  
and Norway spruce  there  a r e  l a rge  amounts  of l evop imar i c ,  pa lus t r i c ,  and abiet ic  acids .  The re  is a p a r -  
t i cu la r ly  l a rge  amount of abiet ic  acid in the mix tu re  of r e s in  acids f r o m  the b a l s a m  of P. p i tyusa .  

Compared  with all the other  con i fe r s ,  the b a l s a m  of Norway spruce  contains a l a rge  amount of h igher  
fa t ty  acids .  As our  invest igat ions  have shown [7], the chemical  composi t ion of the fatty acids produced by 
va r i ous  coni fers  a re  s i m i l a r .  They contain sa tu ra ted  and unsatura ted  fa t ty  acids (a total  of about 30 acids) .  
Among the sa tu ra ted  fa t ty  acids the main  one is  pa lmi t ic  (6-14%), and the main  unsa tura ted  acids a re  oleic 
and l inoleic  (11-27%). 

The s i m i l a r  quali tat ive acid composi t ion  of the b a l s a m s  of the va r ious  spec ies  of coni fers  shows that 
the m e c h a n i s m  for  the b iogenes is  of the r e s in  acids  is  the same .  

The d i f ference  in the quanti tat ive composi t ion  of the b a l s a m s  shows that  pa r t i cu l a r  groups  of r es in  
acids a r e  f o rmed  in va r ious  spec ies  of coni fe rs  as a r e su l t  of b iogenes i s .  

C O N C L U S I O N S  

1. The chemica l  composi t ion  of m i x tu r e s  of r e s in  acids  i so la ted  f r o m  the b a l s a m s  of nat ive conifer  
spec ie s ,  Scotch, Cr imean ,  and Siberian pines  and P.  hamota  and P.  p i tyusa ,  Norway spruce ,  and Siberian 
la rch ,  has  been studied by the GLC method.  

2. The following r e s in  acids  a r e  p r e sen t  in the b a l s a m s :  p i m a r i c ,  s anda racop imar i c ,  l evop imar i c ,  
pa lus t r i c ,  i s o p i m a r i c ,  abiet ic ,  dehydro-  and dihydroabiet ic ,  neoabiet ic ,  four  acids of unde te rmined  ch emi -  
cal s t ruc tu re ,  and fat ty  ac ids .  The b a l s a m s  di f fer  in the quantitat ive composi t ion of the r e s in  acids that 
they contain. 
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