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In a study of the di terpenoid components of the o leores in  of Pinus subg. Haploxylon (P. koraens is  
Sieb. et Zucc. and P.  s ib i r ica  R. Mayr.) ,  we isolated a di terpene lactone of the composit ion C21H3004,* 
which we have called "pinusolide. w According to its IR spec t rum,  it  contains an (~-fi-unsaturated 7-1ae-  
tone r ing[ l ] ,  and methoxycarbonyl  and exo-methylene  groups.  The NMR spect rum of the compound (Fig. 1) 
has signals at 4.52 ppm (1B), 4.82 ppm (lI-1), and 3.54 ppm (3t)  due to the protons  of the exo-methylene  
and the methoxycarbonyl  groups .  A broadened singlet at 7.02 ppm (1H) and a multiplet at 4.68 ppm (2H) a re  
due, respec t ive ly ,  to a f i -proton and to the protons of the methylene group of aA w,/7-butenolide ring [3, 4]. 
Two th r e e - p r o ton  singlets (0.44 and 1.11 ppm) re la te  to two t e r t i a r y  methyl groups.  The unusually high 
shift of the signal of one of them (0.44 ppm) shows the 1,3-diaxial  a r rangement  of the methyl  and methoxy-  
carbonyl  groups [5]. The chemical  shift of the signal of the second methyl group (1.11 ppm) shows the 
p re sence  of a methoxycarbonyl  group in the position which is geminal to it. 

On the bas is  of i ts spect ra l  cha rac t e r i s t i c s  and of biogenetic considera t ions ,  a labdane s t ruc ture  (I) 
may  be proposed as the most  probabl  e fo r  pinusolide. To prove this s t ruc ture  and establ ish its full con- 
f igurat ion,  we have made a co r re la t ion  of the isolated lactone with methyl  lamber t ianate  (II). 

0 

s :CHaO0 C • CH300 

, 0 

~ ~'~'CH20H ~, CH300C4 . 

HQH2C Ill IV. 

When I was reduced  with l i thium aluminum hydride in diethyl e ther ,  a t r iol  (III) with mp 92-93°C was 
formed which, with r e spec t  to i ts  IR, TLC, and optical ro t a to ry  d ispers ion  p rope r t i e s ,  was identical with 
the t r iol  obtained f rom methyl  lamber t ianate  OI) via the anhydride (IV). 

We synthesized pinusolide using Takeda ' s  method [6] by oxidizing methyl lamber t ianate  (II) with p e r -  
benzoic acid and subsequent i somer iza t ion  of the in termedia te  enol- lactone on alumina. This  showed that 
pinusolide is methyl labd-8(20) ,13-dien-16,15-ol id-19-oate .  

Finding methyl lamber t ianate  and pinusolide together  in one source  is of in teres t  f rom the biogenetic 
point of view. The p r e c u r s o r  of both di terpenoids is apparent ly methyl 16-hydroxy-15,16-epoxylabd-  

*We previous ly  [2] repor ted  the p re sence  of a lactone in Pinus s ib i r ica  R. Mayr. ,  but it was not an isolated 
substance.  
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8(20) ,13-dien-19-oate  (V) which is  the hemiace t a l  f o r m  of 16 - fo rmy l -15 -hydroxy labd -8 (20 ) - l , 3 -d i en -19 -oa t e  
(VI). The dehydrat ion of V in vivo can lead to the fo rmat ion  of methyl  l amber t i ana t e ,  whose oxidation can 
lead to pinusolide.  The convers ion  of the methyl  e s t e r  (VI) into methyl  l amber t i ana t e  has  been effected by 
Miyasaka  [5] by heating it in acet ic  acid. 
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Pinusolide is the f i r s t  d i terpenoid A (~, f l-butenolide found in the fami ly  P inaceae ;  two s i m i l a r  lac tones  
i so la ted  f r o m  plants  of o ther  f ami l i e s  have been desc r ibed  in the l i t e r a tu re  [4, 7]. 

EXPERIMENTAL 

The melting points were determined on a Kofler block. The UV spectra were taken in ethanol on a 
Unicam sp. 700C instrument, the IR spectra on a UR-20 instrument, the mass spectra on an MKh-1303 in- 
strument (with an energy of the ionizing electrons of 70 ev), the NMR spectra on Varian A-60 and Varian 
HA-100 instruments (with hexamethyldisiloxane as internal standard, 5 scale), and the ORD curves and 
angles of rotation were obtained for solutions in methanol on a Spectropol I spectropolarimeter. 

Pinusolide (I). The neutral oxygen-containing diterpene fraction of the oleoresin was chromatographed 
on alkaline A1203 (activity grade If) using petroleum ether with increasing concentrations of diethyl ether as 
the eluents. The pinusolide fraction was eluted with diethyl ether; on standing it crystallized. After three 
recrystallizations from petroleum ether, pinusolide was obtained in the form of fine needles with mp 83- 

[~]230 + 600° (c 0.05), UV spectrum: ~max 205 nm (log 84°C, [(~]~ + 24°, [a]230 + 48°, [a]~0 + 384°, and 23 
4.22) ; IR spec t ru m  (in KBr,  cm -1) : 900, 1660, and 3090 (> C ~-- CH2) , 1160 and 1730 (COOCH3), and 1410 and 
1754 (A~,fi-butenolide) .  Found %: C 72.43, 72.61; H 8.64, 8.62. Mol. we. 346 (mass  spec t rome t ry ) .  
C21H30Ot. Calculated ~c: C 72.8; H 8.73. 

Reduction of Pinusol ide with Li thium Aluminum Hydride.  Excess  of a suspension of LiA1H 4 in abso -  
lute e ther  was added to a solution of 90 mg of pinusolide in the same  solvent ,  and the mix ture  was  heated 
under  ref lux for  2 h. Af ter  the usual  working up, 50 mg of the t r iol  (III) was  obtained with mp 92-93°C ( re -  
c rys t a l l i ze  d twice f rom diethyl e ther) ,  [~]~ + 25.4 ° (c 0.118); IR spec t rum (in KBr,  cm-1): 890, 1650, and 
3080 (> C = CH2), 1010 and 1030 ( C - O  of p r i m a r y  OH groups) ,  and 850 (> C = C H -  ). 

P r e p a r a t i o n  of Labd-8 (2 0 ) - l , 3 -d ien -15 ,  16, 19-trio1 (III). Methyl l amber t i ana t e  (900 mg) was  conver ted  
into the anhydride (IV) by a publ ished method [8]. Yield 70%; IR s p e c t r u m  (film) : 1787 and 1855 cm -1. With- 
out additional pur i f ica t ion  IV was  reduced with l i thium aluminum hydride in absolute e ther .  Af te r  r e c r y s -  
ta l l iza t ion of the product  f r o m  diethyl e ther ,  190 mg of the tr iol  (III) was  obtained with mp 92-93°C, [(~]~ + 
25 ° (c 0.03), giving no depress ion  of the mel t ing point with the III obtained f r o m  I. 

T r i ace t a t e  of Labd -8 (20 ) - l , 3 -d i en -15 ,16 , 19 - t r i o l  (III). Acetylat ion of the tr iol  (III) with acet ic  an-  
hydride in pyr idine give a liquid t r i ace t a t e  with n~  1.4960; IR spec t rum (film, cm -l) : 900, 1655, and 3084 
(> C~CH2)  , 855 (> C~---CH-), 1040, 1250, and 1750 (CH2OOCCH3); NMR spec t rum (in CC14): 0.66 and 0.90 
p p m  (3H each),  methyl  groups  at C10 and C4, r e spec t ive ly ,  4.77 and 4.55 ppm, pro tons  of an exo-methy lene  
group,  1.93 ppm (3H) and 1.96 ppm (6H), the methyls  of the three  acetyl  groups ,  and 5.41 ppm, t r ip le t  (J = 7 
Hz), a pro ton  at Cl4. Found %: C 70.24; H 9.22. C26H4006. Calculated ~ :  C 69.61; H 8.99. 

Synthesis of Pinusol ide.  A solution of 600 mg of II in ch lo ro fo rm cooled to 0°C was t r ea ted  dropwise  
with 7 ml of ch lo ro form solution of pe rbenzo ic  acid (content of pe rbenzo ic  acid in the working solution 58 
m g / m l ) , a n d  the mix ture  was  left  for  2 h with the t e m p e r a t u r e  being allowed to r i se  gradual ly  to +15°C. 
After  being washed with aqueous sodium carbonate  solution and with wa te r ,  the solution was evapora ted ,  and 
the res idue  was  dissolved in pe t ro l eum ether ,  t r a n s f e r r e d  to a column containing 200 g of A1203 (activity 
g rade  II), and left  for  12 h. A mix tu re  of pe t ro l eum e ther  and diethyl e ther  (1 : 1) then eluted two unidenti-  
fied subs tances  (220 mg),  and diethyl e ther  eluted pinusolide (150 mg) with mp 83-84°C giving no depress ion  
of the mel t ing point with an authentic sample  and having IR, NM_R, and m a s s  spec t r a  comple te ly  identical  
with the cor responding  spec t r a  for  I. 
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C O N C L U S I O N S  

From the neutral fraction of the oleoresin of Pinus sibirica R. Mayr and P. koraensis Sieb. et Zucc. 
a new diterpenoid has been isolated which we have called "pinusolide," whose structure has been shown to 
be that of methyl labd-8(20)-l,3-dien-16,15-olid-19-oate. 
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