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We have repor ted  the isolation f rom the oleoresin of Pinus koraiensis  Sieb. et Zucc. of cembrene,  
isocembrene,  agathadiol, methyl lambert ianate,  methyl dehydroabietate,  and dehydroabietinol [1], ofpinus-  
olide [2], and of neocembrene [3]. Continuing our study of the diterpenoids of the oleoresin of this species 
of Pinus, we have obtained a ser ies  of compounds belonging to the dehydroabietane and labdane s t ructural  
groups. 

The oxygen-containing diterpenoids of the oleoresin were separated into fractions chromatograph-  
ically. F rom the monohydric alcohol fract ion two diterpenoids were isolated, one of which, according to 
TLC and also its IR, UV, and NMR spectra ,  was identical with the neoabienol found in the o leores inofAbies  
s ibir ica Ledb. [4]. Neoabienol is l l - t r a n s - l a b d a - l l , 1 3 - d i e n - 8 ~ - o l  [4]. The configuration of its t r i sub-  
stituted double bond has not been determined.  

It is known [5] that c i s - a - o c i m e n e  and cis-f l -ocimene isomerize  on thermolys is  into 4 - t r a n s - 6 - c i s -  
2 ,6-d imethyloc ta- l ,4 ,6- t r iene  and 4 - t rans -6-e i s -2 ,6 -d imethy loc ta -2 ,4 ,6 - t r i ene ,  respect ively.  As suggested 
by Ohloff [5] and later  shown by Sasaki [6] for c is-f l -ocimene,  the s tereospecif ici ty of these react ions is 
explained by the fact that the isomerizat ion is a s igmatropic  1,5-hydride shift. The aliphatic part  of the 
molecule of cis-abienol is s imi lar  to the corresponding par ts  of the molecules of the c i s -oc imenes .  Con- 
sequently, the occurrence  of a s imi lar  in t ramolecular  hydride shift in cis-abienol might be expected. In 
actual fact, the' pyrolysis  of cis-abienol  (20 rain in n-C14H30 in the presence of hydroquinone, 200-204°C) 
formed neoabienol. Synthetic neoabienol and a natural sample had s imilar  constants and IR and NMR spec-  
t ra .  The ORD curves for the two samples coincided. Thus, the C~3-C~4 double bond in neoabienol possesses  
the cis configuration. The comparat ive ease of this t ransformat ion  shows the possibility of the formation 
of neoabienol f rom cis-abienol  (in the preparat ion of the initial diterpene fraction by distillation of the un- 
saponifiable substances of the oleoresin).  This is the f i rs t  t ime that the presence of a labdan-8-ol  di ter-  
penoid in the oleoresin of Pinus has been reported,  which is of undoubted biogenetic and, possibly, chemo- 
taxonomic interest .  

The constants and spectra  of the second monohydric alcohol were identical with those of 18-norde-  
hydroabie tan-4a-ol .  We found one of the products of its dehyd ra t i on -  19-nordehydroabiet-4(18)-ene - in 
the hydrocarbon diterpene fraction of the oleoresin.  This is the f i rs t  t ime that either of these nordi ter -  
penoids have been isolated f rom a natural source.  They have been obtained previously by several  workers  
through the oxidative decarboxylation of dehydroabietic acid [7, 8l and by the deamination of dehydroabietyl-  
amine [9]. 

The fraction of the polar hydroxyl-containing diterpenoids contained two compounds: a hydroxy alde- 
hyde and a hydroxy es ter .  The hydroxy aldehyde was identified by its IR and NMR spectra  as isoagatholal 
(15-hydroxylabda-8(20),13-diene-19-carbaldehyde) [10, 11], which was confirmed by its reduction toaga tha-  
diol. Isoagatholal is apparently an intermediate in the biosynthesis of the highly oxidized labdane di ter-  
penoids pinusolide and methyl lambert ianate.  
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The hydroxy e s t e r  with mp 82-83°C, [~1~+52 °, according to its spec t r a ,  is the methyl  e s t e r  of 15- 
hydroxydehydroabie tan-18-o ic  acid,  which has recent ly  been isolated f r o m  Agathls spec ies  by Carman  [12]. 

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

The melt ing points we re  determinecl on a Kofler  block. The UV spec t r a  were  obtained on a Unicam 
SP 700C ins t rument ,  the IR spec t r a  on a UR-20 ins t rument  (in CC14) , and the NM_R spec t r a  on Varian A56/  
60A and Var ian  HA-100 ins t ruments  (internal s tandard  HMDS, the signal of which was taken as 0.05 ppm 
on the 5 scale ;  solutions in CC14). The specif ic  ro ta t ions  were  m e a s u r e d  on a Ze iss  p o l a r i m e t e r  and on 
a Spectropol  I s p e c t r o p o l a r i m e t e r ,  and the molecu la r  weights we re  de te rminedon  an MKh-1303 ins t rument .  
The initial d i terpene f rac t ion  of oxygen-containing di terpenoids  was  isola ted f r o m  the o leores in  by a pub- 
l i shed method [13]* with a y ie ld  of 177o. The yields  of di terpenoids a r e  shown with r e s p e c t  to this f ract ion.  
The ana lyses  of all  the compounds co r responded  to the calculated f igures .  

Neoabienol.  The total  oxygen-containing di terpenoids we re  eh romatographed  on a i r - d r y  s i l ica  gel. 
Pe t ro l eum e ther  containing gradually increas ing  amounts  of diethyl e ther  eluted a f rac t ion  whose main  com-  
ponent was i socembro l .  Chromatography  on SiO 2 +5% of AgNO 3 gave neoabienol (elution with a mixture  of 
pe t ro leum e ther  and 1070 of diethyl e ther) .  After  additional purif icat ion on SiO2, the analyt ical  sample  of 
neoabienol C20H240 (yield 0.570) had [~]~ 0 ° (c 8.10; chloroform),  [~]I° 0 - 3 . 9  °, [~ ]2,02° _10.6  o, ~[~]2°270-29.6 ° 
(c 0.775; ch loroform) .  UV s pec t rum  (in ethanol): kma x 239 nm (log ~ 4.35). NMR spec t rum,  ppm: 0.82, 
0.88, and 0.91 (3H each,  s ingle ts ,  methyl  groups at C 4 and Clo) , 1.12 (3H, singlet,  methyl  group at C8) , 5.27 
(1H, quar te t ,  J = 6 . 5  Hz, CI4-H)  , 5.53 (1H, B par t  of an AB sys t em,  doublet of doublets,  J=15.5  and 10.0Hz, 
C l l - H )  , 6.39 ppm (1H, A par t  of an AB sys tem,  doublet, JAB=15.5  Hz, C12-H). 

I somer i za t ion  of c is -Abienol  into Neoabienol.  A mixture  of 80 mg of c is -abienol  imp 40-41°C, [~1~ 
+22 ° (c 1.50), Xma x 238 nm (log e 4.26)] and 5 ml of n-C14H30 containing 30 mg of hydroquinone was heated 
in an oil bath at 200-204°C for  20 min.  After  cooling, the reac t ion  mixture  was diluted with hexane. Ac-  
cording to TLC,  it contained c i s -ab ienol ,  neoabienol,  po lymer iza t ion  products ,  and a smal l  amount of hy-  
d rocarbons .  Af ter  the n-C14H30 and po lymer s  had been sepa ra ted  on a column of deact ivated SIO2, 50 mg 
of a mix ture  of c i s -ab ienol  and neoabienol was obtained. F r o m  this by careful  chromatography  on SiO2was 
obtained 20 mg of neoabienol with [~]~ 0 ° (c 1.20); chloroform) ,  identical with a natural  sample  with r e -  
spect  to IR and NMR spec t r a ,  TLC and ORD. 

18-Nordehydroab ie t an -4~-o l .  The f rac t ion  eluted immedia te ly  a f t e r  the i socembro l  and neoabienol 
cons is ted ,  according to the IR spec t rum,  of p r i m a r y  and t e r t i a ry  alcohols .  I ts  r e ch roma tog raphy  on SiO 2 + 
570 of AgNO 3 gave 18-nordehydroab ie tan-4~-o l  with a yield of 270, mp 90-91°C ( f rom pe t ro leum ether) ,  [~]~ + 
11.5 ° (c, 1.80; methanol) .  Mol. wt. 272 (mass  spec t rome t ry ) .  According to the l i t e ra tu re :  mp 91.5-92.5°C 
[91, [~]~+12 ° (c 0.34; methanol) [7]. The IR, UV, and NMR spec t r a  c o r r e s p o n d  to those given by Bennet 
et al .  [71. 

Methyl 15-Hydroxydehydroabie tan-18-oa te .  The f rac t ion  of polar  di terpenoids eluted a f te r  the mix -  
ture  of p r i m a r y  and t e r t i a r y  alcohols was chromatographed  on SiO 2 +57o of AgNO 3. Pe t ro l eum e ther  con-  
taining 1570 of diethyl e ther  eluted pinusolide with mp 82-83°C, [~]~+55 ° (c 1.09; ch loroform) .  Then the 
mix ture  containing 2570 of diethyl e ther  yie lded methyl  15-hydroxydehydroabie tan-18-oa te  (C21H3003) 3 • H20 
with a yield of 270, mp 82-83°C, [~]~+52 ° (e 0.77; ethanol). L i t e ra tu re  data: mp 82-83°C, [~1D+54°; (eth- 
anol) [121. IR spec t rum,  cm- l :  3620 (OH); 1730, 1510, 1420, 1255, 1135, 1050, 835, 790, 730 (in KBr).  The 
UV and NMR spec t r a  co r responded  to those given in the l i t e ra tu re  [12]. 

Isoagatholal .  Fu r the r  elution with a mix ture  of pe t ro leum ether  +3570 of diethyl e ther  gave i soagath-  
olal C20H340 with a yield of 270, n~  1.5155, [~]~ + 19.3°, [~]3632° 0 o, [~]2°5-330° {minimum), [~]300~00 o, [~]2200 

+720°(m'aximum). I R s p e c t r u m , c m - l : 3 6 3 0 ( O H ) ,  3090,1655,  900 ( ~ C =  CH2),1730,1040 (CHO). N M R s p e c -  

t rum,  ppm: 0.55, 1.00, and 1.63 (3H each, s inglets ,  methyl  groups,  at CI0 , C5, and Cl3 , respec t ive ly) ,  4.00 
(2H, doublet, J = 6 . 5  Hz, pro tons  at Cl~), 4.53 and 4.85 {1H each, n a r r o w  mult iplets ,  protons  of an exometh-  
ylene group), 5.30 (1H, t r ip le t ,  J = 6 . 5  Hz, C14--H), and 9.65 (1H, singlet,  CHO). The reduct ion of isoagatholal  
with l i thium te t rahydroa lumina te  in diethyl e ther  fo rmed  agathadiol with mp 108-109°C, [~]~ + 37.4 ° (c 0.67; 
ch loroform) ,  giving no depress ion  of the mel t ing point with an authentic sample .  

*As in Russian original .  There  is no r e f e r e n c e  13 in the L i t e r a tu re  Cited s e c t i o n -  Publ isher .  
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19-Nordehydroabiet-4(18)-ene.  The di terpene hydrocarbons of Pinus koraiensis  isolated in the usual 
way [13] were  chromatographed on SiO 2 +5% of AgNO 3. The mixture  of hydrocarbons eluted immediately 
af ter  the cembrene  was subjected to careful  chromatographic  separat ion on a i r -d ry  SiO 2 (eluent pet ro leum 
ether) .  This gave 19-nordehydroabiet-4(18)-ene (yield about 0.5% on the initial f ract ion of diterpene hydro- 
carbons) with n~ 1.5340, [a]~+147 ° (c 0.88; methanol). Mol. wt. 254 (mass spec t romet ry) .  L i te ra tu re  data 
[a]~+152 ° (c 0.2; methanol) [7]. The IR, UV, and NMR spect ra  corresponded to those given in the l i t e r -  
a ture  [7]. 

SUMMARY 

1. Neoabienol, isoagatholal, 18-nordehydroabietan-4~-ol, 19-nordehydroabiet-4(18)-ene, and methyl 
15-hydroxydehydroabietan-18-oate have been isolated from the oleoresin of Pinus koraiensis Sieb. et Zucc. 

2. The trisubstituted double bond of neoabienol has the cis configuration. On thermolysis, cis-abieno 
rearranges stereospecifieally into neoabienol. 
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