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In the o leores ins  of coni fers ,  in addition to neut ra l  substances  and res in  acids there  is a cons iderable  
amount of d i terpene hydroxy acids .  An invest igat ion of the l a t t e r  is of in te res t  both f rom the biogenetic and 
f rom the chemotaxonomic  points of view. 

In the p resen t  pape r  we give the resu l t s  of a study of the di terpene hydroxy acids f rom the o leores in  
of Pinus s ib i r i ca  R. Mayr .  To sepa ra t e  them f rom the neu t ra l  subs tances ,  we conver ted  the acids into 
the i r  sodium sa l t s .  Af ter  regenera t ion  f rom the sa l ts ,  the hydroxy acids were  sepa ra t ed  f rom the res in  
acids in the fo rm of a prec ip i ta te  insoluble in pe t ro leum ether .  The prec ip i ta te  was t r ea t ed  with diazo-  
methane to conver t  the hydroxy acids into the methyl  e s t e r s .  F rom the complex mix tu res  of e s t e r s  we 
isolated by ch romatography  on a lumina and identified methyl  labda-8(20),  13-d ien-16 ,15-o l id-19-oa te  (Ia) - 
which we have found previous ly  [1] in the neutra l  f ract ion of the o leores in  and have cal led pinusolide - and 
methyl  i socup re s sa t e  (IIa) [2]. 

A th i rd  eom.P2ound consis ted  of a liquid methyl  e s t e r  of a dihydroxy res in  acid with the empi r i ca l  fo r -  
mula  C21H340 4, [o~]~+ 36.0 °. The NMR spec t rum of this e s t e r  was s i m i l a r  to that of methyl  sciadopate  (IIIa), 
isolated f rom Sciadopitys ver t i c i l l a ta  Sieb. et Zucc. [3-6], but it d iffered f rom the l a t t e r  by its constants .  
L i t e r a tu r e  data: mp  108.5°C, [O~]D-0.7° [4] and + 0.36 [6]. The reduction of this methyl  e s t e r  gave the 
s a m e  t r io l  (IV) as that fo rmed  f rom pinusolide (Ia) and methyl  l amber t i ana te  (Va) [1]. 
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The tr iol  exists in two crystalline forms with different melting points (92-93°C and 150.5-151°C). A 
similar phenomenon has been described for other diterpenoids of complex structure [7, 8]. 

The NMR spectrum of the diacetate of the ester of the dihydroxy acid differed from that of the diaoe- 
ta te  of methyl  sc iadopate  cons idered  by Japanese  workers :  the signal of two ace ta te  methyls  f o rms  a s in-  
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glet (2.03ppm, 6H), while in the l i t e ra tu re  [4] the p resence  of two singlets (2.06 and 2.08 ppm) is repor ted  
and a di f ference was observed  in the nature  of the signals in the olefinic region.* 

The IR spec t rum of the methyl  e s t e r  of the dihydroxy acid shows an in t ramolecular  hydrogen bond 
(3540 em -~, 0.01% solution in CC14). The above facts permi t ted  us to conclude that the compound isolated 
is the methyl  e s t e r  of t r ans - sc iadop ic  acid (Ilia} with the cis position of the C15 and C~6 subs t i tuen t s .  

It is known [9] that in bicyelic diterpenoids with the t rans  configuration of the double bond in the side 
chain the value of the specif ic  rotat ion is g r ea t e r  than that of the compound with a cis double bond. The 
compound descr ibed  by the Japanese  workers  probably has the cis configuration of the double bond with the 
t rans  or ientat ion of the carbinol  groups.  The same suggestion has been put forward by other  authors  [7, 
101. 

The p resence  in the Siberian pine o leores in  of agathadiol (IIc) [11], pinusolide (Ia) [1], and l ambe r -  
t ianic acid (Vb) [121 has been repor ted  previously.  The p resence  in the same raw ma te r i a l  of i socupress ie  
(IIb), t r ans - se iadop ie  (IIIb), and pinusolic T (Ib) acids shows the undoubted biogenetic connection of the com-  
pounds isolated; agathadiol (IIc) is apparent ly  a p r e c u r s o r  of the hydroxy acids; oxidation may take place 
in accordance  with the following scheme: 

agathadiol--* i socupress i e  acid 

t rans -sc iadopic  acid --* pinusolic acid 

lamber t ianic  acid 

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

T h e i r  spec t ra  were  r eco rded  on a UR-20 ins t rument  (CC14) and the NMR spec t ra  onanA56-60A in- 
s t rument  (standard TMS). The molecu la r  weights of the compounds were  de termined m a s s - s p e c t r o m e t r i -  
cal ly on MKh-1303 and MI-1305 ins t ruments .  The melt ing points were  measu red  on a Kofler  block. Neu- 
t r a l  alumina (activity grade III-IV) and s i l ica  gel (KSK, 140 #, a i r -d ry)  were  used for  chromatography.  
The o leores in  of the pine (6.5 kg) was t r ea ted  with a 2% aqueous solution of caustic soda. The aqueous so-  
lution of the sodium sal ts  of the acids (af ter  the separat ion of the neutra l  substances) was acidified with 
10% HC1, and the hydroxy acids were  ext rac ted  with diethyl e ther .  The yield of acids was 3.9 kg. The 
acids were  dissolved in a la rge  excess  of petroleum ether  (10 l i t e rs  per  kg of acids).  The prec ip i ta te  that 
deposited (oxidized products) amounted to 1% of the initial mixture  of acids.  

The oxidized products  were  methylated with diazomethane in diethyl e t h e r - m e t h a n o l  (9 : 1) solution. 
The completeness  of methylat ion was checked by th in - layer  chromatography.  Column chromatography of 
the methyl  e s t e r s  of the hydroxy acids was pe r fo rmed  on alumina (1 : 50). The eluents were  petroleum 
e the r  containing increas ing amounts of ethyl acetate ,  and mixtures  of ethyl acetate  and ethanol. Pe t ro leum 
e the r  with 10% of ethyl aceta te  eluted pinusolide and then methyl  i socupressa te ;  a mix ture  of ethyl aceta te  
and 10% of ethanol eluted methyl  sciadopate.  

Pinusolide (Ia). The ree rys ta l l i za t ion  of the crude pinusolide f ract ions  from pet roleum e ther  gave a 
c rys ta l l ine  substance C21H3004, mp 82-83°C, [ot]~+ 54.4 ° (c 1.56; ethanol), $ mol.  wt. 346. There  was no 
depress ion  of the melt ing point imp 82-83°C) of a mix ture  with an authentic sample of pinusolide isolated 
f rom the neut ra l  f ract ion of the o leores in  of the Siberian pine. The IR and NMR spec t ra  of the two samples  
were  identical.  

Methyl I soeupressa te  (Ha). The rechromatography  on si l ica gel of the f ract ions  containing methyl  
i socupressa te  C0.7 g) gave 0.6 g of a co lor less  oily substance,  C21H3403, [~1~+ 48.5 ° (c 2.27; ethanol), n~  
1.5000, mol.  wt. 334. IR spect rum,  cm-l :  890, 1650, 3090 (exomethylene double bond), 1160, 1240, 1735 
(es te r  group), and 1000 and 3630 em -1 (hydroxyl). NMR spect rum (CC14), ppm: 0.48, 1.16, and 1.64 (3H 
each) - methyl  groups at C10, c 4, and C13, respec t ive ly ;  3.58 (3H) protons of a methoxycarbonyl  group; 4.52 
and 4.82 - ex0methylene protons;  4.01 (doublet, J=  7 Hz, 2H) - Cl5 methylene protons;  5.31 ppm (triplet,  
J = 7 Hz, 1H) - p r o t o n  at Ci4. 

* The sample of methyl  sciadopate was kindly given to us by Dr. M. Sumimoto. 
TName der ived f rom pinusolide. 
SThe value of [o~] given previously  [11 was low because of the low concentrat ion of the solution. A value 
of [a ]~+ 55 ° is given in a l a t e r  paper  [13]. 
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Methyl I s o c u p r e s s a t e  p-Ni t robenzoate .  When 200 mg of methyl  i socup re s sa t e  and 200 mg  of p - n i t r o -  
benzoyl chlor ide were  boiled in pyridine for  2 h, the p-n i t robenzoate  (170 mg) was obtained, with mp 99- 
101°C {from pe t ro leum ether) .  L i t e r a tu re  data: mp 102-103°C [2]. 

Reduction of Methyl I s ocup re s s a t e .  An excess  of LiA1H 4 in absolute diethyl e ther  was added to 200 
mg of methyl  i socup re s s a t e  in 2 ml  of the s ame  solvent,  and the mix tu re  was boiled under  reflux for  2 h. 
Af ter  the usual  t r ea tmen t ,  the reac t ion  mix tu re  yielded 180 mg of agathadiol,  C20H3402, mp 108-109°C, tool. 
wt. 306, giving no depress ion  of the mel t ing  point in admixture  with an authentic sample .  The IR and NMB 
spec t r a  of the agathadiol  obtained and of an authentic sample  were  identical.  

Methyl t r ans -Sc iadopa te  (IIIa): The crude methyl  sciadopate  f ract ion (2.1 g) was chromatographed  
on s i l ica  gel (150 g) with elution by a mix tu re  of pe t ro leum e ther  and ethyl ace ta te  (1 : 1). A co lo r less  oil 
was obtained (0.9 g), C21Hs404, [o~]~+ 36.0 ° (c 2,5; ethanol), tool. wt. 350 (m/e  332, M - 1 8 ) .  

IR spec t rum,  cm- l :  890, 1650, 3090 (exomethylene double bond), 1160, 1240, 1735 (es te r  group), 3630, 
1000 (hydroxyl). NMR spec t rum (CC14) , ppm: 0.48 and 1.17 (3H e a c h ) - m e t h y l  groups at Ct0 and C4; 3.59 
(3H) protons of a methoxycarbonyl  group; 4.53 and 4.58 - protons of an exomethylene group; 4.04 (3H) and 
4.12 (1H) protons of the C15 and C16 methylene groups;  5.48 (triplet,  1H) - proton at C14. 

The liquid methyl  sciadopat  e d iaceta te  was obtained as descr ibed  by Sumimoto  et al.  [5] with [~]~+ 
33.2 ° (c 1.22; ethanol). NMR spec t rum (CHC13) , ppm: 0.50 and 1.17 (3H each) - methyls  at  Ct0 and C4; 2.03 
(6H) methyls  of two ace ta te  groups;  3.60 (3H) - protons of a methoxycarbonyl  group; 4.49 and 4.85 - exo-  
methylene  protons;  4.61 (3H) and 4.69 (1H) - C15 and C16 methylene protons;  5.45 (triplet,  1H, J = 7  ttz) - 
proton at Ct4. 

L i t e r a tu re  data: NMR spec t rum (CDCI3) , ppm: 0.50, 1.17; 2.06; 2.08; 3.56; 4.46; 4.51; 4.82 and 5.54 
[51. 

Reduction of Methyl Sciadopate. The reduction of 300 mg of methyl  sc iadopate  by a suspension of 
lithium te t rahydroa lumina te  in diethyl e the r  gave 270 mg of the t r io l  (IV). Recrys ta l l i za t ion  f rom diethyl 
e ther  fo rmed  pla tes  with mp 92-93°C, ([oLin+ 24.2°), which on fu r the r  r ec rys t a l l i za t ion  f rom the s ame  so l -  
vent were  conver ted  into needles  with mp 150.5-151°C, [q]~+ 25.0 ° (c 1.99; ethanol); when the c r y s t a l s  with 
mp 92-93°C were  mixed with a sample  of t r io l  that  we had obtained f rom pinusolide, the re  was no d e p r e s -  
sion of the mel t ing point (92-93°C). 

Found: %: C 74.47; H 10.63. Mol. wt 322 (m/e  304, M -18) .  C20H340 3. Calculated: %: C 74.49; 
H 10.63. Mol. wt. 322. 

NMR spec t rum (CD~:)D), ppm: 0.60 and 0.87 (3H each) - methyls  at C10 and C4; 3.45 (AB sys tem,  
J = 11 Hz, 2It) - protons of the carbinol  group at C4; 4.01 (2H) and 4.09 (doublet, J = 7 Hz, 2H) - protons of 
the Cl6 and C15 carbinol  groups;  4.50 and 4 . 7 4 -  exomethylene protons;  5.40 ppm (triplet ,  J = 7  Hz, 1H) - 
proton at Cir. 

S U M M A R Y  

The acid f rac t ion  of the o leores in  of Pinus s ib i r i ca  R. Mayr .  contains pinusolic acid (labda-8(20),13- 
d ien-16,15-ol id-19-oic  acid), and i socupres s i c  and t r an s - s c i adop i c  acids .  The hydroxy acids were  isolated 
and identified in the fo rm of the methyl  e s t e r s .  
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