
T H E  

A N D  

S T E R E O C H E M I S T R Y  O F  C E M B R E N E  

R E L A T E D  D I T E R P E N O I D S  

V.  A .  R a l d u g i n ,  A .  I .  R e z v u k h i n ,  
a n d  V .  A .  P e n t e g o v a  

UDC 547.914 

Cembrane  di terpenoids a r e  a compara t ive ly  smal l  group of na tura l  compounds.  In the p resen t  paper  
we give informat ion on the s t e r e o c h e m i s t r y  of the cembrane  di terpenoids isolated f r o m  the o leores in  of 
Pinus [1-3]. 

As has been shown by Danben [4] and Kobayashi  [5], cembrene  has the s t ruc tu re  (1) with a t r a n s - d i -  
subst i tuted double bond, the S configurat ion of the a s y m m e t r i c  cen te r ,  and an undetermined configuration 
of the t r i subs t i tu ted  double bonds. In the NMR s p e c t r u m  (60 MHz) of this di terpenoid,  they identified the 
s ignals  f r o m  H3, C 4 - M e  , and the isopropyl  group.  

We have p e r f o r m e d  a ful ler  a s s ignment  of the s ignals  in the NMR s p e c t r u m  (100 MHz) by using double 
and t r ip le  resonance  (Fig. 1). One of the protons of the C 6 methylene group (H6a) r e sona te s  at 3.00 ppm, 
and the signal of the other  (H6b) is m a s k e d  by the s ignals  of the allyl  protons .  For  the low-f ie ld  pa r t  of 
the s p e c t r u m  we found the following p a r a m e t e r s :  H a -  6.04 ppm, J2,3=15.5 Hz; H 5 -  5.48 ppm, Js,6a=6.0 
Hz, J~,6b = 9.0 Hz; H ~ -  5.07 ppm, doublet of doublets,  J1,2 =9.0 Hz, J2,3 = 15.5 Hz; H ? -  5.02 ppm, doublet of 
mul t ip le t s ,  g L 6 a = l l  Hz, J?,6b=2 Hz; H l l -  4.48 ppm, doublet of mul t ip le ts ,  J = 6  Hz. 

On double resonance  with sa tura t ion  of the Hll signal ,  the ampli tude of the methyl singlet  at 1.50 ppm 
inc reased ,  with a s imul taneous  dec rea se  in its width at half-height .  The second methyl  signal ,  located at 
1.58 ppm, r ema ined  unchanged in this exper iment .  Consequently,  the signal at 1.50 ppm r e l a t e s  to the C12- 
Me and that  at 1.58 ppm to the C a -  Me. 

On sa tura t ion  of the C 4 - M e  signal (1.75 ppm), the re la t ive  in tegral  intensity of the H 5 signal ro se  by 
15%. The posi t ive in t ramolecu la r  nuclear  Overhause r  effect  [7] shows the cis  configurat ion of the C 4-  C a 
double bond. The Cl1-C12 double bond has the t r ans  configuration,  which is shown by the absence  of an in- 
c r e a s e  in the integral  intensity of the Hll signal on sa tura t ion  of the C12-Me signal.  To de te rmine  the con-  
f igurat ion of the C7-C  8 double bond in (1) we used an indirect  method.  The hydrogenation of (1) over  Raney 
nickel gave a mix ture  of two dihydro der iva t ives  containing no t r ans -d i subs t i tu t ed  double bonds (IR spect ra) .  
One of them,  according to its NMR and NMDR spec t r a  (Fig. 2) contained a = C H - C H 2 - C H = C ( C H 3 ) -  g roup-  
ing with magnet ical ly  nonequivalent protons  of the methyl  group,  and it is t he re fo re  2 ,3 -d ihydrocembrene .  
The absence  f r o m  the NMR s p e c t r u m  of the second dihydro der iva t ive  (Fig. 3) of resonance  absorpt ion at  
2.25-4.00 ppm shows [8l that  this compound is 2 ,5 -d ihydrocembrene  (2). On double resonance  with s a t -  
ura t ion  of the combined signal of its three  methyl  groups (1.54 ppm), the re la t ive  integral  intensity of the 
mult iplet  of the th ree  olefinic protons  did not inc rease ,  which shows the t rans  configurat ion of all  the double 
bonds in (2) and the t r ans  configurat ion of the C ? - C  8 double bond in (1). 

The two other  cembrene  di terpenoids - i socembrene  (3) [21 and i socembro l  [2, 6] - have t r i s u b s t i -  
tuted double bonds in the t r ans  configuration,  since by the dehydrat ion of i socembro l  under mild  conditions 
(POC1JPy ,  0°C) we obtained a mix ture  of cembrene  and i socembrene  (85 : 15). 

*The ass ignment  by Kimland and Norin [61 of the muit iplet  at 5.51 ppm in the NMR spec t rum (60 MHz) of 
cembrene  to H 2 is e r roneous .  
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Fig. 1. NMR spect rum of cembrene (1) (100 MHz). 
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Fig. 2. 
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NMR spect rum of 2 ,3-dihydrocembrene (100 MHz). 

In the chain of proofs of the s t ructure  (1) described by Dauben [4], an experiment was per formed on 
the preparat ion of 2 ,3-dihydrocembrene by the hydrogenation of (1) over Pd/C.  However, the specific ro -  
tation of 2 ,3-dihydrocembrene given by Dauben [~]~ - 2 8  °, (chloroform)] showed that he applarently ~ook 
2,5-dihydrocembrene with only a low content of 2 ,3-dihydrocembrene.  For  (2) we found [c~] D - 2 9 . 3 ,  and 
for 2 ,3-dihydrocembrene [~]~ +1300 (chloroform). In addition to this, 2 ,3-dihydrocembrene is a com-  
pound which crys ta l l izes  readily,  while Dauben's dihydrocembrene was a liquid, like our sample of (2). By 
the hydrogenation of (1) over Pd/CaCO 3 in ethyl acetate,  as on hydrogenation over Pd/C,  we obtained (2) 
as the predominating product.  

According to the UV spect rum [2], the conjugated diene sys tem in (3) is in the S- t rans  conformation. 
The S- t rans  conformation of the conjugated diene sys tem in (1) follows f rom the absence of a positive intra-  
molecular  Overhauser  effect between H 3 and the C4-Me (on saturat ion of the C4-Me signal) and is con- 
f i rmed by the value of ~ at 245 nm in the UV spect rum of (1). These facts are in harmony with Haagen- 
Smit 's  hypothesis [1] of the S-trans conformation of the diene sys tems (1) made correspondingly f rom the 
absence of a react ion of (1) with maleic anhydride. Taking into account the S- t rans  conformation of the 
diene sys tem in (1), f rom a consideration of a Dreiding model Dauben [4] assumed that the molecule of (1) 
with the t rans configuration of all the double bonds was less  p re fe r red  than a molecule with one cis bond. 

In substance (2), the C3-C 4 double bond has the trans configuration, which is interesting f rom the 
point of view of the s te reochemis t ry  of the 1,4- addition of hydrogen to 1,3-dienes.  Wilson [9 ], studying 
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Fig. 3. NMR spec t r a  (100 MHz) of 2 ,5 -d ihydrocembrene  
(2) (a) and of 2 ,18-d ihydro isocembrene  (4) (b). 

the mechan i sm of the hydrogenation ofbutadiene over  Pd, concluded that c i s -  and t r a n s - b u t - 2 - e n e s  a r e  
fo rmed ,  r e spec t ive ly ,  f r o m  the S-c i s  and S- t rans  c o n f o r m e r s  of butadiene. 

2@~ Hb 
I t  4 5 

I, ,~,7 (,1 (2) 
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If the absence  of conformat ional  t r ans fo rma t ions  of the semihydrogenated  in te rmedia tes  on Pd ca t -  
a lys t s  is the rule  for  the hydrogenation of 1 ,3-dienes  (in neutral  media  at r oom t e m p e r a t u r e  and a t m o s -  
pher ic  p r e s s u r e ) ,  the fo rmat ion  of (2) f r o m  (1) and of the C3-cis i somer  (4) f r o m  (3) may be expected.  In 
actual  fact ,  we obtained 2 ,18-d ihydro i socembrene  (4) together  with 2 ,3 -d ihydro i socembrene  by the hydroge-  
nation of (3) both over  Pd/CaCO 3 and over  Raney nickel ,  the i s o m e r  (2) not being detected in apprec iable  
amounts .  St ructure  (4) was a lso  conf i rmed,  as for  (2), by the NMR spec t rum (Fig. 3b), and the cis con- 
f igurat ion of the newly fo rmed  C 3-  C 4 double bond by the posi t ive in t ramolecu la r  Overhause r  effect  between 
C 4 - M e  and H 3. (The re la t ive  in tegral  intensity of the t r ip le t  at  5.35 ppm inc reased  by 20% on sa tura t ion  
of the methyl  signal at 1.65 ppm, the chemical  shift  of which shows,  according  to Bates '  rule  [10], the p r e s -  
ence of this methyl  group on a double bond in the cis configuration.) The absence  of i somer iz ing  activi ty 
in the nickel ca ta lys t  used is shown by the fact  that (4) was isolated unchanged when it was t r ea t ed  with hy- 
drogen under the conditions of the hydrogenat ion of (1). The hydrogenation of (1) and (3) over  Pd/CaCO 3 
in the p resence  of piper idine,  which inhibits the migra t ion  of double bonds [11], led to the s a m e  r e su l t s  as 
in the absence  of piper idine .  

Thus,  the fo rmat ion  of (2) and (4) f r o m  (1) and (3), r e spec t ive ly ,  shows that  the s t e r e o c h e m i s t r y  of 
the product  of the addition of hydrogen re f l ec t s  the S - t r ans  conformat ion  of the initial diene. 
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The recently described [3] cembrene diterpenoid neocembrene (5), on hydrogenation over Pd/CaCO3, 
gave substance (2), identical with that obtained by the hydrogenation of (1) under the same conditions. Since 
for the hydrogenation of an unknown compound it is impossible to exclude the possibility of the migration 
of double bonds [11, 12], we per formed a supplementary experiment on the corre la t ion of (5) with (1). The 
use of Raney nickel [11] for the hydrogenation of (5) led to the same dihydro derivative (2) with [(~]}~ - 2 0  °. 
Consequently, neoeembrene possesses  the 1R configuration, like the other eembrane diterpenoids of Pinus, 
and all the tr isubsti tuted double bonds in it have the t rans  configuration. This is the f i rs t  time that neo- 
cembrene (5) has been isolated f rom the oleoresin of Pinus s ibir ica  R. Mayr. 

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

The IR spectra  were obtained on a UR-20 instrument in CCI4; the specific rotations were determined 
on a Zeiss polar imeter  and a Spectropol I spec t ropola r imeter  in CHC13; and the NMR spectra  were recordec 
of solutions in CCI 4 on Varian A-56-60A and Varian HA-100 instruments (with HMDS as the internal s tan-  
dard, its signal being taken as 0.05 ppm on the 5 scale). The preparat ion of the samples (10-20% solutions 
in CC14; HMDS or CHC13 for the reference  signal) and the experimental  conditions of the observation of the 
nuclear  Overhauser  effect (on the Varian HA-100 instrument) were the same as in the work of Anet and 
Bourn [7]. The hydrogenations of (1) and (3) were per formed at room temperature  and a tmospher ic  p r e s -  
sure  until 1 mole of hydrogen had been absorbed (0.5-1 h). None of the dihydro derivatives obtained had 
maxima in the 210-400 nm region. The analyses of all the compounds corresponded to the calculated fig- 
u res .  

Hydrogenation of Cembrene (i). The hydrogenation of i00 mg of (i) in 5 ml of absolute EtOAc was 
performed over 20 mg of Raney nickel. The mixture of products contained, in addition to 2,3-dihydrocem- 
brene and (2), present in a ratio of 2 • 3 (NMR spectrum), about 5% of tetrahydro derivatives. Chromatog- 
raphy on SiO 2 +5% of AgNO 3 yielded 30 mg of 2,3-dihydrocembrene, C20H34 , and 50 mg of (2). The melting 
point of the 2,3-dihydroeembrene was 49-50°C (from ethanol), [(~]~ +130 ° (c 3.68), IR spectrum, cm-i: 855, 
920, 1376, 1675, 3040. NMR spectrum, ppm: 0.75 and 0.86 (3H each, doublet, J=7.0 Hz, methyls of an iso- 
propyl group), 1.51 (6H, Cs-Me and Ci2-Me) , 1.64 (3H, C4-Me), 2.68-3.00 (IH, H6a), 4.71-5.10 (2H, HTand 
Hll) , and 5.23 (IH, triplet of multiplets, J=8 Hz, Hs). Mol. wt. 274 (mass spectrometry). 

2,5-Dihydrocembrene, C20H34 (2): nD 22 1.5016, [oz]~ -29.3 ° (c 3.07). IR spectrum, ~m-l: 850, 876, 
1350, 1392, 1675, 3050. Mol. wt. 274 (mass spectrometry). 

Hydrogenation of Isocembrene (3). The hydrogenation of i00 mg of (3) was performed in i0 ml of 
absolute ethanol containing 0.04 ml of piperidine over 15 mg of Pd/CaCO 3 (containing 5% of Pd). The mix- 
ture of products contained about 95% of 2,3-dihydrocembrene and (4) (3:2) (NMR spectrum). Chromatog- 
raphy of the mixture on SiO 2 +5% of AgNO~ yielded 45 mg of 2,3-dihydrocembrene, C20H34 , and 40 mg of (4). 

2,3-Dihydrocembrene: n~ 1.5015, [c~]~+25.8 ° (c 7.28); IR spectrum, cm-l: 894, 1650, 3080 (/~CI-= CH.~), 

of an isopropyl group), 1.52 and 1.57 (3H, resolved singlets, Cs-Me and CI2-Me) , 4.73 (2H, narrow mul- 

tiplet "~C ---- CH~ 1 , 4.74- 5.24 (2H, multiplet, H7 and HI1). Mol. wt. 274 (mass spectrometry). 
/ / 

2,18-Dihydroisocembrene,  C20H34 (4): n~ 1.5020, [~]~ - 8 5  ° (c 8.04); IR spectrum, cm- l :  1375, 1390, 
1675. Mol. wt. 274 (mass spect rometry) .  

Hydrogenation of Neocembrene (5). The compound isolated from the oleoresin of Pinus sibir ica R. 
Mayr by a method analogous to that described previously [3] and having n~ 1.5090, [~]~ - 2 . 1  °, [a]3~83-14.5 ° 
(c 0.934), (200 mg) was hydrogenated for 6 h over 100 mg of Raney nickel in 10 ml of a mixture of absolute 
EtOAc and absolute EtOH (1 : 1). Chromatography of the product on 30 g of SiO 2 yielded 90 mg of unchanged 
(5) and 80 mg of (2) with [(~]~ - 2 0  ° (c 9.48). 

SUMMARY 

1. It has been shown that the nonconjugated trisubstituted double bonds of cembrene,  isocembrene,  
neocembrene,  and isocembrol  have the t rans configuration, and the conjugated trisubsti tuted double bond 
of cembrene possesses  the cis configuration. 
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2. The asymmetric  center of neocembrene has the R configuration. 

3. The stereochemistry of the product of the addition of hydrogen to cembrene and isocembrene on 
Pd and Ni catalysts is apparently determined solely by the conformation of the conjugated diene system in 
these diterpenoids. 
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