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A special place in the group of extractive substances of the bark  and wood of coniferous and broad-  
leaved species is occupied by the polyphenols, many of which possess  physiological activity. The phenolic 
components of the bark of var ious coniferous species have been studied by a number of authors both in the 
USSR and abroad [1-6]. 

The present  paper gives the resul ts  of the isolation and study of the phenolic compounds of the bark 
of Pinus s ib i r ica  (Siberian pine). 

F rom the ethereal  fraction of the bark of the pine, three substances of a f lavonoidnature were obtained, 
On the basis of qualitative react ions ,  the products of alkaline fusion, charac te r i s t ic  absorption bands in the 
UV and IR spect ra ,  and comparat ive chromatography with authentic samples  it was established that sub- 
stance I was identical with taxifolin, H with quercetin, and III with (+)-eatechin. 

In addition to flavonoids, the ethereal  extract  contained derivatives of benzoic acid (protocatechuic 
and vanillic acids) and derivat ives of cinnamic acid (p-coumaric ,  caffeic, and ferulic acids). 

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

Samples of the bark of Pinus s ib i r ica  were taken in Western Sayan (trial a rea  of the F o r e s t r y  and 
Timber  Institute of the Siberian Branch of the Academy of Sciences of the USSR). 

The dried and comminuted bark was extracted success ive ly  with petroleum ether,  chloroform,  and 
diethyl ether .  Chromatography of the concentrated ethereal  fraction showed that it consisted of a large 
number  of individual components.  The polyphenolic compounds were separated by adsorption chromatog-  
raphy on polyamide [7]. Elution was per formed with water  and mixtures  of water  and ethanol with inc reas -  
ing concentrat ions of ethanol. The eluates were studied by chromatography on paper  [type B ("fast") of the 
Leningrad Volodarskii  mill] .  The following sys tems  of solvents were used: 1) 2% acetic acid; 2) butan-1-  
ol-277c acetic acid (1 : 1); 3) pheno l -  water  (73 : 27) ; 4) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 2); and 5) 
p r o p a n o l - a m m o n i a  (70 : 30). 

TABLE 1. P roper t i e s  of the Aromat ic  Acids of Pine Bark 

Coloration with 
Sub- diazotized ~ s t . _ . ~ e  

sulfanilic stanc~ p =nitroaniline 
acid ' ] ' I 4 

IV L i l a c  Cherry-red 
V orange Dark ~'iolet 

VI P i n k  Brownish-violet 
VII Faint yellow Yellow-brown 

V I l I Violet Brown 

0,42 0,86 
0,46 0,92 
0.30 0,92 
0,28 0,~6 
0,20 0,88 

O, 96 Prot~cateehuic 
O, 40 Vanillic 
0.46 p-Coumaric 
0.36 ~affeic 
0,48 Ferulic 
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The IR sp ec t r a  of the substances  were  taken on an IKS-14 s p e c t r o m e t e r  and the UV s p e c t r a  on an SF-  
4A spec t ropho tomete r  with complex - fo rming  and ionizing r eagen t s .  The m o l e c u l a r  weights were  d e t e r -  
mined by the Rast  method of fusion with camphor .  

Substance I, C15H1207, rap 240-242°C (from 50% aqueous ethanol) c rys t a l l i zed  out in the fo rm of fine 
co lo r l e s s  needles .  

Substance II, C15H~007, had mp 311-313°C (from 30~c ethanol).  

On the bas i s  of the UV spec t r a ,  the ba thochromic  shifts,  and the products  of hydro lys i s ,  these  sub-  
s tances  were  identified as d ihydroquercet in  and quercet in,  r e spec t ive ly .  

Substance III ,  C15H1406, mp 170-171°C, c rys ta l l i zed  f rom wate r  in the fo rm of smal l  needles ,  Rf  0.31 
(1), 0.42 (3), 0.65 (4). With a 1% solution of vanill in in hydrochlor ic  acid it gave a p ink - red  colora t ion .  UV 
spec t rum:  ~tma x (ethanol) 200 nm (log e 3.62). IR spec t rum,  cm-~: 3472, 3300 (OH), 1600, 1495 (C~Hs). 

The pentaace ta te  of (III) had mp  132-133°C. The exper imen ta l  informat ion obtained enabled this c o m -  
pound to be identified as 3 ,3 ' ,4 ' ,5 ,7-pentahydroxyf lavan(eatechin) .  

By p repa ra t ive  ch roma tog raphy  on paper ,  the e the rea l  ex t r ac t  yielded five other compounds.  On the 
bas i s  of qualitative reac t ions ,  two of them were  shown to belong to the hydroxybenzoic  acid group and the 
remain ing  th ree  to the hydroxycinnamic  acid group.  C h a r a c t e r i s t i c  qualitative reac t ions ,  UV spec t roscopy ,  
and compara t ive  ch romatography  with m a r k e r s  in s eve ra l  s y s t e m s  of solvents  (see Table 1) made it pos -  
s ible  to identify the f i r s t  two compounds as protocatechuic  acid (IV) and vanill ic acid (V) and the las t  th ree  
as p - c o u m a r i c  acid (VI), caffeic  acid (VII), and ferul ic  acid (VIII). 

The hydroxycinnamic  acids a re  p resen t  in the ba rk  in the f ree  state,  which is conf i rmed  by the i r  IR 
spec t ra :  for  (VI) }tma x (ethanol) 300 nm; (+ sodium acetate)  286; (+ sodium ethoxide) 335; (+ bor ic  acid + 
sodium acetate)  280; (+ aluminum chloride)  305; for  (VII) }tma x (ethanol) 326, 330; (+ sodium acetate)  308, 
287; (+ sodium ethoxide) 358, 250; (+ bor ic  acid + sodium acetate) 318, 297; (+ aluminum chloride) 358, 315, 
235 nm; for  (VIII) }tmax (ethanol) 317, 290; (+ sodium acetate) 308, 290; (+ sodium ethoxide) 342; (+ bor ic  
acid  + sodium acetate) 308, 290; (+ a luminum chloride) 320 nm.  

In the case  of all the acids studied, the addition of fused sodium acetate  led to a slight hypsochromic  
shift  of the m a x i m a m  of the f i r s t  band, while e s t e r s  of these acids [9] gave a ba thochromic  shift .  As is well 
known [9], the addition of bor ic  acid and sodium aceta te  to ethanolic solutions of e s t e r s  of hydroxycinnamic  
acids shifts  the absorpt ion m a x i m u m  in the long-wave direct ion,  while in the case  of the f ree  acids it causes  
a hypsochromic  shift ,  and this is conf i rmed  by our resu l t s .  

S U M M A R Y  

Dihydroquercet in ,  quercet in,  (+)-catechin, and protocatechuic ,  vanil l ic,  p - c o u m a r i c ,  caffeic ,  and f e r u l -  
ic acids have been iso la ted  from. an e the rea l  ex t r ac t  of the ba rk  of Pinus  s ib i r i ca .  
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