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The cembrane  di terpenoids isola ted f rom the o leores ins  of spec ies  of Pinus (Pinaceae) cons is t  of 
cembrene  [1], i socembrene ,  i s o c e m b r o l  [2, 3], and neocembrene  [4]. In continuing a study of the compo-  
nents of the o leores in  of Pinus kora iens i s  Sieb. et Zucc, we have i so la ted  f rom it  th ree  new cembrane  
di terpenoid hydrocarbons ,  which we have cal led ~- ,  p - ,  and y-p inacenes .  

On the basis  of analyt ical  and m a s s - s p e c t r o m e t r i c  resu l t s ,  these compounds have the formuia  C20H32. 
The IR spec t ra  of the pinaeenes  show the absence  f rom them of exomethylene and t rans -d i subs t i tu ted  dou- 
ble bonds. The exhaustive hydrogenation of ~ -  and f l-pinacenes gave octahydro der iva t ives  identical  (GLC 
and m a s s  spec t romet ry )  with an authentic sample  of eembrane  (octahydrocembrene) .  

In the NMR spec t rum of P-pinacene (Fig. 1, curve  b), a doublet at 1.00 ppm is  due to the methyls  of 
an isopropyl  group. (The spec t rum was recorded  on an ins t rument  with a working f requency of 100 MHz.) 
The methine proton of the i sopropyl  group resona tes  at 3.00 ppm. (Only five l ines of the septet  a re  c l ea r ly  
vis ible ,  J =  7.0 Hz.) Thus, the i sopropyl  group in this compound is  p r e sen t  on a double bond. Two protons 
of a conjugated diene sys tem,  whose p r e s e n c e  is  conf i rmed by the UV spec t rum [Xmax 253 nm (log ~ 4.32)] 
fo rm an AB sys t em with 6 A 5.66; 6 B 6.07 pprn, (JAB = 12 Hz). The signals  of the B pa r t  of the AB sys t em 
a re  somewhat  broadened, poss ib ly  because of the s p i n - s p i n  coupling of the proton respons ib le  for  these 
signals  with a neighboring vinyl methyl  group resonat ing  at  1.77 ppm. The chemica l  shifts of the coincident 
signals of two other  methyl  groups (1.56 ppm) show that these  groups a r e  p r e sen t  on nonconjugated double 
bonds. The conjugated diene sy s t em of fl-pinacene is  the re fo re  p re sen t  in the cembrane  skeleton between 
the methyl  and isopropyl  groups.  

The protons  of the two isopropyl  double bonds of fl-pinacene give a broad mul t ip le t  at 4.94 ppm. The 
absence of any signals  whatever  in the 2.35-4.00 ppm region, apa r t  f rom the signal of the methine proton 
of the i sopropyl  group shows the absence  of the = C- -CH2-C = f ragment  f rom the fl-pinacene molecule  [5, 
6]. These  r e su l t s  pe rmi t  s t ruc tu re  1 (with undetermined configurat ions of the double bonds) to be put f o r -  
ward for  ~-pinaeene.  

The UV spec t ra  of a -  and y-p inacenes  [kmax 254, 252 nm (log e 3.75, 4.11), respect ively]  a r e  s i m i -  
l a r  to that of fl-pinacene. The NMR spec t r a  of a -  and y-p inacenes  (Fig. 1, curves  a and c) differ  f rom that 
of ~-pinacene by the chemical  shifts  of the s ignals  of the protons  in the groups common to all th ree  p ina-  
cenes. The mos t  substant ial  dif ference of the NMR spec t ra  of ~ -  and y-p inacenes  f rom that of ~-pinacene 
is  the appearance  of an AB s y s t e m  of the protons  of a conjugated diene sy s t em and the d isp lacement  of the 
signal of the methine proton of the i sopropyl  group to a somewhat  s t ronge r  field. 

The spec t ra l  and chemica l  information obtained shows that a -  and y-p inacenes  p o s s e s s  the same  
s t ruc ture  as P-pinacene (1). The i r  dif ference is  the re fo re  due to different  geomet r i ca l  configurat ions of 
the double bonds. The absence of optical act ivi ty f rom all three  pinaeenes  ag rees  with the s t ruc tu re  of 
c e m b r a - l , 3 , 7 , 1 1 - t e t r a e n e  (1) es tabl i shed for  them. It  is  in te res t ing  to obse rve  that, unlike the i r  sesqu i -  
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Fig. i. NMR s p e c t r u m  (60 MHz) of 
~ -p inacene  (a), f l -pinacene (b), and T-  
pinacene (c). 

t e rpene  analog, g e r m a c r e n e  C [7], the p inacenes  a r e  s table  
with r e s p e c t  to the adsorben ts  used. The p r e s e n c e  of a - ,  fl-, 
and T-pinacenes\ in  the ini t ial  mix tu re  of neut ra l  di terpenoids  
of Pinus koraiensis~ Sieb. et  Zucc was conf i rmed  by GLC. 

On at tempting to obtain geome t r i ca l  i s o m e r s  of c e m -  
brene at the C s and C a double bonds, we f i r s t  studied the io -  
d ine-ca ta lyzed  i somer i za t ion  of c embrene  (2). However,  i n -  
s tead of the expected  geomet r i ca l  i s o m e r s  a mix tu re  of four  
hydrocarbons  was formed,  one of which was unchanged c e m -  
brene while the other  t h ree  were  identical,  accord ing  to the i r  
NMR spec t r a  and TLC and GLC behavior ,  with natura l  a - ,  fl-, 
and T-pinacenes .  According to the NMR spec t rum,  the total  
reac t ion  products  cons is ted  of cembrene  and a - ,  fl-, and T- 
p inacenes  in a ra t io  of 3 : 1 : 5 : 1. When each of the th ree  
p inacenes  was kept  with iodine under  the s ame  conditions, no 
in te rconvers ion  was observed .  Consequently,  the ra t io  of the 
i somer iza t ion  products  i s  de te rmined  not by the i r  r e la t ive  
the rmodynamic  s tabi l i t ies ,  as  has  been r epor t ed  for  c i s -  and 
t r a n s - a l l o o e i m e n e s  [8] and for  subst i tuted vinyl e the r s  [9] but 
by kinetic control  in the format ion  of the p inacenes  f rom an 
in te rmedia te  compound. 

3 - t r a n s ,  7 - t r ans ,  l l - t r a n s - 2 , 5 - D i h y d r o c e m b r e n e ,  which we obtained [10] f r o m  cembrene ,  does not 
change on t r e a t m e n t  with iodine under  the conditions for  the i somer iza t ion  of cembrene .  Thus, the non- 
conjugated t r i subs t i tu ted  trai ls  double bonds in the cembrane  hydrocarbon skeleton undergo ne i ther  m i g r a -  
tion in the r ing  n o r  c i s - t r a n s  i somer i za t ion  under  the action of iodine in these  conditions. Since we have 
shown that  the nonconjugated double bonds of cembrene  have the t r ans  configuration [104 the nonconjugated 
double bonds of al l  th ree  p inacenes  a lso  have the t r ans  configuration.  In addition to this ,  this  expe r imen t  
is  an independent p roof  of the posi t ions  of the nonconjugated double bonds in the (~-, fl-,  and T-pinacenes .  

The m e c h a n i s m  of this i somer i za t i on  is  apparent ly  r e l a t ed  to the m e c h a n i s m  of the migra t ion  of the 
double bonds in subst i tuted vinyl e thers  and can be e x p r e s s e d  by the following scheme (taking into account  
the fact  that  the i somer i za t i on  conditions used a r e  favorable  for  the nonradical  a t tack of iodine [11, 12]). 

+HJ I -~2 +J, l-J- 

The fo rmat ion  of the th ree  geomet r i ca l  i s o m e r s  of (1) i s  explained within the f r a m e w o r k  of this 
scheme by the p r e s e n c e  of an u n s y m m e t r i c a l  bridge iodonium ion (4) as  a kinet ieal ly  independent pa r t i c l e  
with an ex is tence  long enough for  the occu r rence  in it of i n t r amoleeu la r  ro ta t ions  of the C 1 - C  2 and C 3 - C  4 
bonds. The reduction of (3) to (1) poss ib ly  takes  p lace  without the ionization of (34 in a s i m i l a r  manner  to 
what has been p roposed  for  the nonradical  reduct ions of iodophenols and alkyl iodides [13, 14] with hydr i -  
odic acid. However ,  i t  i s  imposs ib le  to exclude the poss ib i l i ty  of the ionization of (3) with the format ion of 
a subst i tuted pentadienyl cation, although the use  of a compara t i ve ly  nonpolar  solvent  does not favor  this .  

Four  i s o m e r s  a r e  theore t ica l ly  poss ib le  for  (1) which differ  by the configurat ions of the double bonds 
of the conjugated diene sys t em.  Apparent ly,  the fourth, unknown i s o m e r  p o s s e s s e s  a high s te r ic  s t ra in  in 
the r ing and is  not fo rmed  under the exper imenta l  conditions used. 
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We obtained the ~ -  and f l-pinacenes by the chromatographic  separa t ion  of the di terpene h y d r o c a r -  
bons of the o leores in  of Pinus s ib i r ica  R. Mayr.  The hydrocarbon B iso la ted  p rev ious ly  with kma x 253 nm 
(log e 4.08) [15] is  not identical  with any of the pinacenes.  

EXPERIMENTAL 

The NMR spectra were obtained on Varian A-56-60A and Varian HA-100 instruments [with HMDS as 
internal standard, its signal being taken as 0.05 ppm (6 scale),and CCI 4 as the solvent]; the UV spectra 

were taken of solutions in heptane on a Unicam SP 700 C; the IR spectra were recorded on a UR-20 in 

CCI4; the angles of rotation were determined in CHCI 3 on a Zeiss polarimeter; and the molecular weights 
were determined on an MKh-1303 instrument. The apparatus and the recording conditions for GLC were 

the same as in previous work [4]. The analyses of all the compounds corresponded to the calculated 
f igures .  

Isolat ion of the Pinacenes .  F r o m  3 g of the total  di terpene hydrocarbons  of the o leores in  of Pinus 
kora iens i s  Sieb. et  Zucc we obtained a f ract ion (1.1 g) of hydrocarbons  i ssuing f rom a column containing 
SiO2+ 5% of AgNO 3 a f t e r  cembrene .  This f ract ion was sepa ra ted  additionally on SiO 2 + 5% of AgNO 3 (1:60).  
Elution with pe t ro leum e ther  containing 2.5~o of diethyl e ther  gave success ive ly  0.06 g of neocembrene ,  
0.04 g of ~-pinacene ,  0.07 g of fl-pinacene, and 0.005 g of T-pinacene.  Then elution with a mixture  of pe t -  
roleum e ther  and 10% of diethyl e ther  gave 0.9 g of hydrocarbons  whose main component  w a s i s o c e m b r e n e .  
The pinacenes  were  finally purif ied by ch romatography  on a i r - d r y  SiO 2. The ~ -  and f l-pinacenes obtained 
s imi l a r ly  f rom the oleores in  of Pinus s ib i r ica  R. Mayr .  were  identical  with the ~ -  and f i-pinacenes f rom 
Pinus kora iens i s  Sieb. et  Zucc. 

~ -P inacene ,  C20H32: n~  1.5218, [~]~ 0 ° (c 2.69), IR spec t rum,  cm- i :  3060, 1680, 1620, 1390, 1370, 
860; NMR spec t rum (Fig. 1, curve  a); 1.03 (6H, doublet, J =  7 Hz, methyls  of an i sopropyl  group), 1.49 and 
1.56 (3H each, singlets,  methyl  groups at C s and Cl2) , 1.70 (3H, singlet,  methyl  group arC4) , 4.94 (2H, mu l -  
t iplet ,  CT-H and C t t - H )  , 5.88 ppm (2H, singlet,  C 2 - H  and C3-H.  In the spec t rum obtained f rom the in-  
s t rument  with a working frequency of 100 MHz, these  protons  fo rmed  a s t rongly  bound AB sys t em with 
JAB = 11 Hz). Mol. wt. 272 (mass  spec t romet ry ) .  

f i -Pinacene,  C20H32: n~ 1.5210, [~]~ 0 ° (e 2.50). The IR spec t rum differed insignif icantly f rom that 
of ~-p inacene  in the 800-1400 cm -1 region.  Mol. wt. 272 (mass  spec t romet ry ) .  

22 22 o 7-Pinacene ,  C20H32: n D 1.5200, [~]D 0 (c 1.69). The IR spec t rum differed insignif icant ly f rom those 
of ~ -  and f i-pinacenes in the 800-1400 cm -1 region.  NMR spec t rum (Fig. 1, curve  c) 1.03 (6H, doublet, 
J=  7 Hz, methyls  of an isopropyl  group), 1.52 (6H, singlet,  methyl  groups at C 8 and C12) , 1.73 (3H, singlet,  
methyl  group at C4) , 4.83 (2H, CT-H and C l l - H ) ,  5.95 ppm (2H, singlet,  C2 -H  and C3-H).  Mol. wt. 272 
(mass  spec t romet ry ) .  

Hydrogenation of ~ -  and f l -Pinacenes ,  f l -Pinacene (30 mg) was hydrogenated in glacial  acet ic  acid 
over  4 mg of P r o  2. The amount of hydrogen absorbed  was 10.6 ml (0°C, 760 m m  Hg), which cor responds  
to four double bonds ( theoret ical  consumption for  four double bonds 9.96 ml). After  the usual working up 
and chromatography  on SIO2, the resul t ing cembrane  had n~ 1.4720, tool. wt. 280. Cembrane  was obtained 
f rom ~-p inacene  s imi la r ly .  

I somer iza t ion  of Cembrene .  To 0.39 mmole  of cembrene  in 4 ml  of CC14 was added 0.25 ml  of a 
sa tura ted  solution of iodine (0.03-0.04 mmole)  in CC14 (4 ml). After  the react ion mix ture  had been kept in 
the dark at room t e m p e r a t u r e  for  4 hours,  i t  was t r ea t ed  with aqueous Na2S204 solution and ex t rac ted  with 
pe t ro leum e ther  (3 x 30 ml). The organic ex t r ac t s  were  washed with water  and dried with Na2SO 4. The 
solvent was evapora ted  at r o o m  t e m p e r a t u r e  and f i l te red  through si l ica gel. (According to GLC, the c o m -  
ponents of the mix tu re  of hydrocarbons  before  and a f t e r  passage  through the s i l ica  gel were  identical.)  By 
chromatographing  the product  on SiO2+ 5% of AgNO3, c~-, fl-, and T-pinacenes  were  i so la ted  (yields 7%, 
45~o, and 8%, respect ive ly) .  The format ion  of the ~ - ,  fl-, and 7-p inacenes  was acce l e r a t ed  by increas ing  
the concentrat ion of iodine and a lso  by pass ing  to a m o r e  po la r  solvent - ch loroform.  

Among the i somer iza t ion  products  there  was about 5% of unidentified hydrocarbons  containing no 
conjugated diene s y s t e m  (according to the UV spect rum).  The i r  amount rose  when the amount of iodine, 
the t empera tu re ,  and the t ime of standing were  increased .  
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SUMMARY 

1. From the oleoresin of Pinus koraiensis Sieb. et Zucc we have isolated new diterpenoids - ~-, 
fl-, and ~/-pinacenes - f o r  which the structure of 7-trans, l l - t rans-cerabra-l ,3,7,11-tetraene has been 
shown. They differ by the configurations of the double bonds of the conjugated diene system. ~- and fl- 
Pinacenes have also been isolated from the oleoresin of Pinus sibirica R. Mayr. 

2. The isomerization of cembrene with iodine under conditions favoring an ionic reaction has led to 
a - ,  fl-, and ~/-pinacenes. 
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