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Continuing an invest igat ion of the ex t rac t ive  compounds of the b a r k  of Pinus s ib i r i ca  R. Mayr (Sibe- 
r i an  pine) [1, 2], we have i so la ted  two phenolic compounds with the composi t ions CisI-I1403 (A) and C14H1203 
(B) (according to m a s s  s p e c t r o m e t r y  and e l e m e n t a r y  analysis) .  Compounds A and B are  unstable to oxida- 
tion, and there fore  thei r  subsequent  isolat ion f rom the ex t r ac t s  was p e r f o r m e d  under acetylat ing conditions. 

Both compounds decolor ize  bromine  wa te r  and pos se s s  a s t rong blue f luorescence  on UV i r radia t ion.  
The IR spec t r a  of these compounds show the bands of the deformat ion  vibra t ions  of the CH groups of p a r a -  
disubst i tuted (835, 840 cm -1) and 1 ,3 ,5- t r i subs t i tu ted  (675, 810, 870 cm -1) benzene r ings (1590, 1613 cm-i ) .  
~he compounds contain hydroxy groups (3243, 3300, 3435 cm- i ) ,  and compound A also has a methoxy group 
(2851, 2951 cm-1). 

Qualitative reac t ions  and the nature of the IR and UV s p e c t r a  give grounds for  assuming  that these 
compounds have r e l a t ed  s t ruc tu r e s  and belong to the c lass  of hydroxyst i lbenes .  

The PIVIR s p e c t r u m  of compound A has s ignals  cor responding  to the posi t ions of the resonance  l ines 
in the spec t r a  of  the s t i lbenes [3]. A broad  s ingle t  (~2.5 Hz) in the weak field (6 8.38 ppm) and a s inglet  
in the s t rong  field (6 3.69 ppm) show the p resence  of hydroxy and methoxy groups in substance A. The r e -  
sults  of a compar i son  of the integral  intensi t ies  of the s ignals  in the spec t r a  of compound A and its acetate  
showed that this compound contains one methoxy and two hydroxy groups.  It was es tab l i shed  by the double- 
resonance  method (collapse) that the t r ip le t  in the PMR s p e c t r u m  of compound A is due to the H 4 pro ton  
interact ing with the H 2 and H 6 protons  (J=2.3  Hz), the signal of which is a doublet (6 6.56 ppm). The value 
of J conf i rms the me ta  a r r a n g e m e n t  of the three  protons  in this a roma t i c  ring. On i r rad ia t ion  with a second 
weak field (Overhauser  effect) it was found that the two doublets with 5 6.79 ppm and 7.31 ppm (J=8.5 Hz) 
a re  due to the H2,andH 6, and the H3, and H 5, protons.  The olefinic pro tons ,  fo rming  a n A B  sys t em,  are  r e -  
sponsible for the appearance  of two doublets (6 7.05 and 6.81 ppm,  J =16.5 Hz) with the d is tor t ion of the 
resonance  l ines in the doublets that is c h a r a c t e r i s t i c  for  such a situation. The value of the s p i n - s p i n c o u p -  
ling constants  shows the t rans  a r r a n g e m e n t  of the protons on the double bond. 

However ,  it is difficult on the bas i s  of the s p e c t r a  to es tab l i sh  the posi t ion of the methoxy group in 
compound A unambiguously.  The locat ion of the subst i tuents  was judged f rom the oxidation reac t ion ,  l ead-  
ing to the fo rmat ion  of p -hydroxybenzoic  acid and 3 -hydroxy-5-methoxybenzo ic  acid. 

According to the r e su l t s  obtained, compound A is 3 ,4 ' -d ihydroxy-5 -me thoxys t i lbens ,  which has not 
been descr ibed  in the l i t e r a tu re  p rev ious ly  and which we have called pinosti lbene.  

The PMR s p e c t r u m  of the aceta te  of compound B, unlike the aceta te  of pinost i lbene,  lacks  the signal  
of the protons of a methoxy group, and the integral  intensi ty of the signal of the acetoxy groups (6 2.16 ppm) 
cor responds  to nine protons.  Consequently, compound B has three  hydroxy groups.  The signals  in the r e -  
gion of the a r o m a t i c  protons  co r r e spond  to the s ignals  in the s p e c t r u m  of pinosti lbene aceta te ,  although 
the i r  posi t ion has changed somewhat .  Thus, the H 4 signal has shifted downfield by  0.25 ppm, and the s ignals  
of the H 2 and H 6 protons  have also shifted downfield, being superposed  on the signals  of the olefinic pro tons ,  
as is shown by double resonance .  

The oxidation of the aceta te  of compound B fo rms  p-hydroxybenzoic  and 3 ,5-dihydroxybenzoic  acids.  
We llave identified compound B as 3,4' ,5 - t r thydroxys t i lbene  ( resvera t ro l ) .  

I rku tsk  Insti tute of Organic  Chemis t ry ,  S iber ian  Branch,  Academy of Sciences of the USSR. T r a n s -  
la ted f rom Khimiya P r i rodnykh  Soedinenii,  No. 5, pp. 600-603, Sep tember -Oc tobe r ,  1972. Original  a r t ic le  
submit ted  F e b r u a r y  29, 1972. 

O 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 [l'est 17th Street, New York, ~/. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher, t 
copy of  this article is available from the publisher for $15.00. 

570 



The stUbene compounds isola ted have the t rans  s t ruc tu r e ,  which is conf i rmed by the f requency of the 
deformat ion  vibra t ions  of the CH groups on the double bond in the IR s p e c t r u m  (970 cm-1),  the posi t ion of 
the absorp t ion  m a x i m a  in the UV s p e c t r u m  (307,327 rim) [4], and the PIVIR s p e c t r a  [5]. 

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

The UV s p e c t r a  were  taken on a Unieam SP-8000 record ing  spec t ropho tomete r ,  the IR s p e c t r a  (KBr) 
on a UR-10 spec t ropho tomete r ,  and the PMR s p e c t r a  on a Bs 487B s p e c t r o m e t e r  (with acetone and ch loro-  
f o r m  as the solvents  and HMDS as the internal  s tandard;  6 scale) .  The mo lecu l a r  weight was de te rmined  
by m a s s  s p e c t r o m e t r y  on an MS902 ins t rument .  

Chromatography  was p e r f o r m e d  with Leningrad paper  of type C (medium). Th in - l aye r  chromatog~ 
raphy (TLC) was p e r f o r m e d  on polyamide powder [6]. The following solvent  s y s t e m s  were  used for  pape r  
ch romatography  (PC): 1) 2% acet ic  acid; 2) acet ic  a c i d - h y d r o c h l o r i c  a c i d - w a t e r  (30 :3 :10 ) ;  and the fol-  
lowing for  TLC: 3) c h l o r o f o r m - e t h a n o l  (80 : 20), 4) c h l o r o f o r m - m e t h a n o l  (70:30); and 5) m e t h a n o l - a c e t i c  
acid (9 : 1). 

The e l e m e n t a r y  and functional analyses  of all the compounds co r responded  to the calculated f igures .  

Isola t ion of the Individual Compounds. An e the rea l  ex t r ac t  of the ba rk  of Siber ian  pine, a f t e r  the e l i m -  
ination of acids [2] by ch romatography  on polyamide so rben t  in the m e t h a n o l - w a t e r  sy s t em,  gave a f r a c -  
tion enr iched  in the hydroxys t i lbenes .  Chromatography on the so rben t  in the m e t h a n o l - c h l o r o f o r m  s y s t e m  
yielded the individual hydroxys t i lbenes ,  which did not c rys ta l l i ze  f r o m  the usual solvents .  Af te r  r epea ted  
pur i f ica t ion  of e therea l  solutions of these subs tances  on A1203, pale pink plates  of pinosti lbene (0.3 g) and of 
r e s v e r a t r o l  (0.11 g) were  obtained f rom c h l o r o f o r m - m e t h a n o l .  

P inos t i lbene ,  C15H1403, mp 117-118°C ( ch lo ro fo rm-me thano l ) .  UV spec t rum:  )~max (ethanol) 218, 
240, 307, 322, 338 nm (log e 4.44, shoulder ,  4.55, 4.43, shoulder) .  I R s p e c t r u m ,  cm- l :  838 (para-subs t i tu ted  
benzene ring),  678, 808 (1,3,5-subst i tuted benzene ring),  965 (nonplanar deformat ion  vibrat ions  of a t r a n s -  
CH = CH group), 1593, 1608 (C6H5) , 1050, 1147, 1193 (C-O) ,  2851, 2951 (OCH3) , 3243, 3435 (OH); tool. wt. 242. 

Aeetylat ion.  A f rac t ion  of the e therea l  ex t r ac t  of the b a r k  of Siber ian pine containing pinost i lbene 
according to TLC (9.6 g) was ace ty la ted  with acet ic  anhydride (5 ml) in the p r e sence  of pyridine (4 ml). The 
r eac t ion  mix ture  was washed with wa te r  and with ethanol and was chromatographed  on A1203 (activity grade 
6, eluent diethyl e ther)  and on s i l ica  gel (eluent b e n z e n e - e t h y l  acetate) .  

Pinost i lbene aceta te  (5.1 g), mp 91-92°C (ethanol), UV spec t rum:  ~'max (ethanol) 228, 300 ,311 ,327  
nm (log E: shoulder ,  4.58, 4.57, shoulder) .  IR s p e c t r u m ,  cm- l :  980 (nonplanar vibrat ions  of a t r a n s - C H =  
CH group) 1510, 1600, 1625 (C6H5) , 1760 (acetate C=O),  1020, 1060, 1140, 1170, 1200 (C-O) .  

Oxidation of Pinost i lbene Ac etate .  Over  30 h, KMnO 4 (0.06 g) w as added to a s olution of the ac etate ( 0.02 g) 
in acetone (2 ml).  The r eac t ion  mix tu re  was f i l tered,  the solvent  was dist i l led off, and the res idue  was 
heated with 0.1 N NaOH (5 ml) for  2 h. The mixture  was acidified with 0.1 N HCI and ex t rac ted  with e ther .  
p -Hydroxybenzoic  and 3 -hydroxy-5 -methoxybenzo ic  acids were  identified in the e therea l  ex t r ac t  by the PC 
method in s y s t e m s  1 and 2 and by TLC in s y s t e m s  3, 4, and 5. 

R e s v e r a t r o l ,  C14HnO3, mp 246°C (decomp. c h l o r o f o r m - m e t h a n o l ) .  L i t e ra tu re  data: mp 263°C (6% 
CH3(X)OH) [7], 256-257°C (aqueous methanol) [8], 216°C (water) [9]. UV spec t rum:  Xma x (ethanol) 218,240,  
307 ,322 ,  338 nm {log e 4.42, shoulder ,  4.50, 4.48, shoulder) .  IR s p e c t r u m ,  cm- l :  840 (para-subs t i tu ted  
benzene ring),  670, 710 1 ,3 ,5-subst i tu ted benzene ring),  967 (nonplanar deformat ion  vibrat ions  of a t r a n s -  
CH =CH group),  1585, 1613 (C6H5) , 1013, 1155, 1215 (C-O) ,  3300 (OH), mol.  wt. 228. 

Acetylat ion.  A f rac t ion  of the e therea l  ex t r ac t  of the b a r k  of Siber ian pine containing r e s v e r a t r o l  
according  to TLC was ace ty la ted  and t rea ted  in a s i m i l a r  manner  to that desc r ibed  above. 

Resve ra t ro l  aceta te  (0.16 g), mp 111-112°C (ethanol). L i t e r a tu r e  data: mp 109-110°C (ethanol) [6]; 
111-112°C (ethanol) [7]. UV spec t rum:  )~max (ethanol) 228, 300, 311,327 nm (log e: shoulder,  4.62, 4.60 
shoulder) .  IR s p e c t r u m ,  cm- l :  975 (nonplanar vibrat ions  of a t r an s -CH =CH group),  1503, 1581, 1613 (C6H S) 
1773 (acetate C=O),  1024, 1114, 1210 cm -1 (C-O) .  

Oxidation of R e s v e r a t r o l  Acetate .  Over  30 h, KYInO 4 (0.06 g) was added to a solution of the acetate  
(0.02 g) in acetone (2 ml) until decolora t ion ceased.  The reac t ion  mix ture  was t rea ted  as in the oxidation 
of pinost i lbene aceta te .  The e the rea l  ex t r ac t  was shown to contain p-hydroxybenzoic  and 3 ,5-d ihydroxy-  
benzoic  acids.  
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An authentic sample of r e s v e r a t r o l  was given to us by Dr. V. Benesova (Czechoslovakian SSR). 

S U M M A R Y  

From the bark  of Pinus s ib i r tca  R. Mayr have been isolated 3 ,4 ' ,5- t r ihydroxyst i lbene ( resvera t ro l ) ,  
not previous ly  known for  the genus Pinus,  and a new s t i l b e n e - p i n o s t i l b e n e - f o r  which the s t r ac tu re  3 ,4 ' -  
d ihydroxy-5-methoxyst i lbene has been established.  
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