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The di terpenoids  of the o l eo res in  of the genus P icea  Ao Dietr .  (spruce) have been  l i t t le  studied c h e m -  
ically.  T h e r e  is in format ion  on the composi t ion  of the neu t ra l  di terpenoids  of only th ree  spec ies :  the S ibe r -  
ian sp ruce  [1], the Jeddo  sp ruce  [2], and the Norway  sp ruce  [3]. 

We give the r e s u l t s  of a study of the neu t ra l  di terpenoids of the Korean  sp ruce  (P icea  kora iens i s  Nak,  
Mar i t ime  T e r r i t o r y ) ,  the Sakhalin sp ruce  [P ices  glehni~ (Fr .  S c h m i d t ) M a s t ,  Sekhalin ob las t ] ,  and the c o m -  
m o n  sp ruce  [P icea  ab ies  (L.)  Ka r s t . ,  Leningrad  oblas t ] .  

The high-boi l ing neu t ra l  compounds of these  o leores ins  were  obtained as  desc r ibed  p rev ious ly  [2]. The 
mix tu r e  of d i terpenoids  was  s e p a r a t e d  by ch roma tog raphy  on a lumina  into hydrocarbons  and oxygen-conta in-  
ing compounds.  The composi t ion  of the m i x t u r e  of hydrocarbons  was de te rmined  by  adsorp t ion  c h r o m a t o -  
graphy.  

Abietadiene (Ia) and dehydroabie tane (IIa) w e r e  found and identified in the o l eo res in  of the Korean  
spruce .  

I 1[ 

a.R=CHa a.R=CHa 
b.R = CH,_,OH b.R,=CH2OH 
c.R=CHO c.R=CHO 
d.R=COOCHa d.R=COOCHa 

In the o l eo res ins  of the Sakhalin sp ruce  and the common  sp ruce  the m a i n  hydroca rbon  is c embrene ,  and 
compounds (Ia) and (IIa) a r e  p r e s e n t  with it in m i n o r  amounts .  The amount of hydrocarbons  in the o leo-  
r e s i n s  of  the sp ruces  a r e  v e r y  smal l ,  the bulk of the di terpenoids  consis t ing of oxygen-conta ining compounds 
r e p r e s e n t e d  by acyc l i c  and mono- ,  b i - ,  and t r i cyc l i c  di terpenoids .  Geranyl l inalool  - an  acycl ic  di terpenoid - 
was  detec ted  in the o l eo re s in  of the Korean  sp ruce  and the common spruce  but did not a p p e a r  in the o l eo res in  

of the Sakhalin sp ruce .  

The monocyc l ic  d i terpene alcohol i s o c e m b r o l  p redomina te s  in the o leo res ins  of the Sakhalin sp ruce  and 
the common  spruce .  It has been  shown prev ious ly  that  i s o c e m b r o l  is read i ly  dehydrated to cembrene  [4], and 
this  m a y  explain the va r i ab i l i ty  of the amount  of c embrene  in the hydrocarbon  f rac t ions  of the o le res ins .  

The b icyc l ic  alcohol  c i s -ab ieno l  is one of the m a i n  components  of the o l e r e s in s  of the spec ies  m e n -  
t ioned. We d i rec ted  our  a t tent ion to the fact  that  where  vacuum dist i l lat ion is used  the amount  of c i s -ab ieno l  
fal ls  and the amount  of c i s -neoab ieno l  r i s e s ,  which is due to the t h e r m a l  i somer i za t i on  of c i s -ab ieno l  [5, 6]. 
These  fac t s  and the ins tabi l i ty  of the di terpenoids  impose  the neces s i ty  fo r  taking p a r t i c u l a r  ca r e  in the choice 
of a p r o c e d u r e  for  t r ea t ing  the o leo res ins  when deciding the quest ion of whether  a p a r t i c u l a r  component  is  

p r e sen t  in the nat ive s ta te .  

The t r i cyc l i c  di terpenoids  of the o leo res ins  of the sp ruces  a r e  r e p r e s e n t e d  by  abie tane and dehydrobie-  
tane  der iva t ives .  Abiet inol  (lb) p redomina te s  in the o l eo res in  of the Korean  spruce ,  and dehydroabiet inol  (I17o) 
in the o l eo re s in  of the Sakhaliu spruce .  The me thy l  e s t e r s  of r e s in  acids (Id, IId) and aldehydes (Ic, Hc) a r e  

a lso  found in the o leores in .  
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TABLE 1. Distribution of the Neut ra l  Diterpenoids in Various 
Species of the Genus P icea  Dietr.  

Species of 
spruce 

Individual diterpenoids 

~ ~ ~ 

S iberian 
Korean 
Common 
S akhalin 
Norway 

Jeddo 

The section Morinda 

÷ + -- F ! 1 -- ~- 
The section Casieta 

+ 1 -  -I  +1 + 1 - I - I - i - t - I  . . . .  ~- 

Species of 
spmee 

Individual diterpenoids 

g 

Liter- 
tature 

Siberian 
Korean 
Common 
Sakhalin 
Norway 

Jeddo 

The section Morinda 

The section Casicta 

+1 ~- +i +I +1-~1 ~+i 

- - ~  -= [I] 

-7- 

, [ 3 t  

- -  - -  . [21 

* High content of the component. 

We have studied the products  of the oxidation of abietinol both on its s torage  in the a i r  and with the ad-  
dition of an init iator (cobalt acetate) to the react ion mixture.  Under these conditions a complex mix ture  of 
hydroxy and oxo derivat ives  and of po lymer ic  products  is formed.  F r o m  this mixture  we isolated dehydro-  
abietinol (lib). the formation of which can be represen ted  by the following scheme:  

- 

• " " C H ~ O H  

It has been shown previously  that the action of var ious  oxidizing agents on derivat ives of abietic acid 
forms compounds of the dehydroabietin type [7, 8]. This direct ion of the react ion can probably explained by 
the ease  of migra t ion  of the C7-C8 bond to the A 8# posit ion with the subsequent oxidation and dehydration of 
the compound formed. 

Li te ra ture  information and the resu l t s  of our  own investigations on the oleores ins  of spruces  make it 
possible  to t r ace  the development of the neutral  diferpenoids in var ious  species  of spruce  (Table 1}. 

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

T ie  sample of the o leores in  of the Korean spruce was col lected in July,  1973, that of the Sakhalin spruce  
in July,  1974, and that of the common spruce  in July,  1974. The oleores ins  were  t r ea ted  as d e s c r i e d  p r ev i -  
ously [2], and the neutral  diterpenoids were isolated by the same method. 

The 1R spec t ra  were  r eco rded  for  solutions in carbon te t raehlor ide  on a UR-20 instrument,  the UV 
spec t ra  for  solutions in ethanol on a Specord UV-Vis, and the NMR spec t ra  were  obtained on Varian HA-100 
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and Var ian  A56/60A ins t ruments  fo r  solutions in CC14 with HMDS as the internal  standard,  5 scale.  The 
specif ic  rotat ions we re  de te rmined  on a Zeiss  p o l a r i m e t e r  fo r  solutions in chloroform.  

F o r  adsorpt ion chromatography we used a i r - d r y  s i l ica  gel and s i l ica  gel impregnated  with s i lve r  
n i t ra te  (5%). In al l  cases  mix tures  of pe t ro leum e the r  with increas ing  amounts of diethyl e ther  we re  used as 
the eluents .  

Separat ion of the Neut ra l  Diterpenoids.  The neutral  di terpenoids were  chromatographed on alkaline 
alumina (activity grade I-II; ra t io  of  i : 15). Pe t ro leum e the r  eluted the hydrocarbons ,  and ethanol the oxygen-  
containing compounds, which were  dis t r ibuted in the following way: 

Species of spruce Weight of Yield of Yield of 
Neutral Diterpenoids, g, Hydrocarbons, g Oxygen-containing 

Compounds, g 
Korean• i :!.4 1,1 I0; 
Sakhalin 5O 0,45 4S, 
Common 2, 5 o, t5 2 2 

Abietadiene and DehydroabietAne. The hydrocarbons  f rom the o leores in  of the Korean spruce  (0.5 g) 
were  chromatographed  on s i l ica  gel impregnated  with s i l ve r  n i t ra te  ( ra t io  1 : 30}. This led to the isolat ion of 
dehydroabietane (0.1 g) - n2~ 1.5280~ [c~]}~ + 52 ° (c 3.0}; UV spect rmn:  Xma x 269,272 nm (log e2.12);  l i t e r a -  

t u r e  data [9]: [~]~  + 53.8 ° (c 10, CHCls); and abietadiene (0.15 g) - n ~  1.5310, [c~]~ - 79.5 ° (c 2.3); UV spec -  

t rum:  Xma x 241 nm (log e3.97): l i t e r a tu re  data [10]: n ~  1.5311, [(~]~- 79.6 °. 

The IR, NMR, and UV spec t ra  of the hydrocarbons  we re  identical  with those of authentic samples .  
Abietadiene and dehydroabietane were  also found in the hydrocarbon f rac t ion  of the o leo res in  of the Sakhaiin 
sp ruce  (0.02 g and 0.01 g, respect ively) .  These  hydrocarbons  were  detected by t h in - l aye r  chromatography in 
the o l eo res in  of the common spruce.  

C.embrene. The mix tu re  of hydrocarbons  f rom the o l eo res in  of the Sakhalin spruce  (0.45 g) was 
chromatographed  under  the conditions desc r ibed  above. Pe t ro lemn e t h e r - d i e t h y l  e the r  (99 : 1) y ie lded cem-  
b r ene  (0.35 g) with rap 60-61°C, [c~]}~ + 280 ° (c 3.0), l i t e r a tu re  informat ion [11]: mp 59-60°C, [(~]}~ + 234 ° 

(c 3.0). The IR, UV, and NMR spec t ra  were  identical  with those of an authentic sample of cembrene .  

Aldehydes and Methyl Es t e r s .  The mix tu re s  of carbonyI compotmds f rom the o leo res in  of the Korean  
spruce  (0.9 g) was s t i r r e d  with 1.5 g of sodium sodium te t rahydrobora te  in aqueous methanol  at room t e m -  
pe ra tu re  fo r  i h. Af te r  the usual working up of the reac t ion  mix tu re  [12], 0.8 g of a mix ture  of alcohols,  as 
the products  of the reduct ion of aldehydes~ and of unchanged methyl  e s t e r s  of r e s in  acids was obtaine& 
Chromatography on s i l ica  gel y ie lded methyl  dehydroabietate  (0.05 g) ,  methyl  abietate  (0.08 g) ,  dehydro-  
abiet inol  (0.1 g)~ abietinol (0.5 g) ,  and i sopimar inol  (0.03 g). All the compounds isola ted were  identified by 
d i rec t  compar i son  with authentic samples .  

The s im i l a r  t r ea tmen t  of the f rac t ion  of the carbonyl  compounds f rom the o leores in  of the Sakhalin 
sp ruce  (0.5 g) showed a predominance  of e s t e r s  (80%, de te rmined  f rom the in tegra l  intensi ty of the signals 
of methoxycarbonyl  and aldehyde groups in the NMR spec t ra  of the initial mixture) .  Dehydroabietinol  (0.08 g) 
and abietinol  (0.1 g) we re  identified in the m i x t u r e  of alcohols fo rmed  by the reduct ion of the aldehydes.  

In the o l eo res in  of the common spruce ,  the above-ment ioned aldehydes and e s t e r s  were  detected by 
TLC and t he i r  p r e s e n c e  was conf i rmed by the NMR spec t ra  of the mix tu re  of carbonyl  compounds. 

c is-Neoabienol  and cis-Abienol.  The oxygen-containing compounds of the o le0res in  of the Korean  
spruce  (2.0 g) were  chromatographed on si l ica gel (100 ~, ra t io  1 : 40). A mix tu re  of pe t ro leum e the r  and 
diethyl e the r  (95 : 5) y ie lded A13-cis-neoabienol (0.8 g),  n ~  1.5238, [c~ ]~  + 12 ° (c 3.0), Xmax 239 nm (log e4.3) ,  
l i t e r a tu re  informat ion [6]: n ~  1.5260, [c~]~ + 10.8 ° (c 5.4). 

The Itl, UV, and NMR spec t ra  were  identical  with those of an authentic sample.  The same mix tu re  
e la ted 0.1 g of c is -abienol ,  which was identified by d i rec t  compar i son  with an authentic sample.  

The par t  of the o leo res in  not subjected to dist i l lat ion (3.0 g) ,  a f te r  chromatography,  yielded c is -abienol  
(1.5 g) ,  mp 40-41°C [c~]~ + 14.2 ° (c 3.0); l i t e r a tu re  informat ion [6]: mp 39-41°C. 
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The 1R, UV, and NMR spec t ra  and a mixed  mel t ing  point showed the identity of the alcohol isolated and 
an authentic sample.  The p r e sence  of c is -abienol  in the o leores ins  of the Sakhalin spruce  and the common 
spruce  was es tabl ished by TLC and by compar i son  of IR, UV, and NMR spect ra .  

Abietinol and Dehydroabietinol.  By chromatography on s i l ica  gel (140 p, ra t io  1 : 30), the mix tu re  of 
po la r  alcohols f rom the o leores in  of the Korean  spruce  (4.0g) yielded abietinol (2.5 g) ,  mp 83-84°C, [~]~ - 
120 ° (c 3.0), Xma x 234, 241 nm (log e4.2);  according to the l i t e r a tu re  [13]: mp 85.5-87°C, [a]}~ - 1 3 0  ° (c 2.0); 
and dehyclroabietinol (1.3 g) ,  n ~  1.5390, [~]~  + 53 ° (c 3.0). 

The IR, UV, and NMR spec t ra  of the alcohols isolated were  identical  with the spec t r a  of authentic s am-  
ples.  

The monohydr ic  alcohols were  isola ted f rom the o leores in  of the Sakhalin spruce  s imi la r ly ,  the ra t io  of 
abietinol and dehydroabiet inol  in this o leores in  being 1 : 1.5. These  alcohols were  detected by th in - l aye r  
chromatography in the o leo res in  of the common spruce.  

.Oxidation of Abietinol by Atmospher ic  Oxygen.  Abietinol (2 g) was dissolved in 5 ml  of benzene,  0.1 g 
of cobal t  ace ta te  was added as an ini t iator ,  and the mix tu re  was left  at room t empe ra tu r e  for  5 days. A TLC 
check of the reac t ion  mix tu re  showed the p re sence  of five components.  Af ter  the e l iminat ior /of  the cobalt 
aceta te  and the benzene,  the po lymer ic  products  (0.8 g) were  separa ted  by t rea t ing  the mix tu re  with p e t r o l -  
eum ether .  The IR spec t rum of the compounds soluble in pe t ro leum e the r  (1 g) showed the p re sence  of c a r -  
bonyl (1680 cm -1) and hydroxy (3620 cm -t ) groups.  Dehydroabietinol  (0.-15 g),  identical  in its constants a n d  
spec t ra l  cha rac t e r i s t i c s  with an authentic sample ,  was isolated f rom this f rac t ion by chromatography on 
s i l ica  gel. 

SUMMARY 

1. The composi t ion of the neutra l  di terpenoids of the o leore ins  of th roe  species  of spruce  have been 
studied: Korean spruce,  common spruce ,  and Sakhalin spruce.  

2. The dis tr ibut ion of di terpenoids ove r  the species  in the genus P icea  has been shown. In the oleo-  
r e s in s  of spruces  of the sect ion Morinda, t r i cyc l i c  di terpenoids with the abietane skeleton predominate .  

3. It has been  es tabl ished that when abietinol is oxidized by a tmospher ic  oxygen, a romat iza t ion  of the 
r ing takes  place with the format ion of dehydroabietinol.  
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