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• We have used the method of Ram_an spec t roscopy  [1-3] to detect t r i -  and te t rasubst i tu ted bonds in 
methyl A 7 (8), ~ - i sop imara t e  (I) and methyl A s (9), 15 isopirnarat  e (II), isolated in a study of the products  of 
oxidation of i sopimar ic  acid by molecular  oxygen [4], and also in dtterpenoids with other carbon skeletons - 
methyl palus t ra te  (lII) and cembrene  (IV). 
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In the IR spec t r a  of compounds (I) and (II), which contain different  types of double bonds, absorpt ion 
bands are  observed  which cor respond  to bonds of the R1-HC =CH 2 type (3080, 1640, 900 cm -1) and the t r i -  
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Fig, 1. IR and Raman spec t ra  in,the 1600-1800-cm-l reg ion  of 
compounds (I) (a), (iI) fIR spec t rum in KBr,anct R a m a n s p e e t r u m  
of a p~lyerystal l ine powder without solvent) (b), compound (III) 
(IR spec t rum in .CC14, e 10%, d 0.1 ram; Raman spec t rum of 
theliquid) (e),and (IV) ~ spec t rum in CC14, c _10%, ~1 0.1 mm; 
Raman spec t rum in CC14,~ 15%~d): 1) IR spect rum;  2) Ramanspec t rum.  
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and t e t r asubs t i tu ted  bonds appear  v e r y  feebly and cannot be identified (Fig. 1, curves  a and b). This be -  
comes  pa r t i cu l a r ly  difficult if the molecule also contains a caxbonyl or  an e s t e r  group since they give 
s t rong absorpt ion  bands (at about 1700 c m  -t) which mask  the a l r eady  weak bands of the C =C bonds. 

In con t ras t  to the IR spec t r a ,  in the Raman  s p e c t r a  of compounds (I) and (II), in addition to the band 
at 1640-1650 c m  - t  due to vibrat ions  of a bond of R t - H C  =CH 2 type,  a band also appea r s  at 1673 c m  -1 c o r -  
responding to the vibrat ion of an isolated t r i -  or  t e t r a subs t i tu ted  - C  = C -  bond (see Fig. 1, curves  a and b). 
This a s s ignment  is conf i rmed by the fact  that in the Raman  s p e c t r u m  of methyl A8 (9)_dihydroisopimaxate 
the re  is a s ingle bond in the 1600-1700-cm -1 range  at 1671 cm - l ,  and the 1640-1650-cm -1 band does not ap-  
pea r  in e i ther  the IR or the Raman  spec t ra .  

The conjugation of the t r i -  and te t rasubs t i tu ted  bonds in compounds (III) and (IV) leads  to the ap p ea r -  
ance of v e r y  s t rong bonds in the Raman  s p e c t r a  at 1621 and 1650 c m  -1, r e spec t ive ly ,  which a re  due to the 
s y m m e t r i c a l  s t re tch ing  vibra t ions  of the conjugated-bond s y s t e m  (see Fig. 1, curves  c and d). The a b s o r p -  
tion bands in the IR s p e c t r a  of (III) and (IV) in the 1600-1700-cm -1 reg ion  r e m a i n  weak, as be fore ,  and can-  
not be used for  identifying these  bonds. The use of Raman  spec t roscopy  enables the p resence  of t r i -  and 
t e t r a subs t i tu t ed  double carbon bonds in the molecules  of t e rpene  compounds to be es tabl ished.  

The IR s p e c t r a  were  r e c o r d e d  on a Pe rk in  E l m e r  180 spec t ropho tomete r ,  and the Raman  s p e c t r a  on 
a Coderg PH-1  s p e c t r o m e t e r  with a Spect ra  Phys ics  125 h e l i u m - n e o n  l a s e r  ( t=6328 ~,) (an amount of sub-  
s tance of 20-40 mg is sufficient).  The spec t r a l  widths of the inlet and outlet  s l i ts  of the s p e c t r o m e t e r  were  
8 c m  -~. Compound (II), with mp 69-70°C, [~]~+90°.was synthes ized f rom methyl i sop imara te  (I) [5]. C e m -  
b rene  (IV), with mp 56-58°C, [a]2°+208°,was isola ted f r o m  the o leores in  of the Siberian la rch .  Methyl pa l -  
us t ra te  (III) with n ~  1.5330, [¢x]~ +67°, was obtained by the ch romatography  of the methyl e s t e r s  of the r e s i n  
acids of the o leo res in  of the Scotch pine. The methyl A 8 (9)-dihydroisopimaxate with n ~  1.5078, [~]20+ 
55.2°~was obtained by the hydrogenat ion of (II). 
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