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Sesquiterpenoids Minor Constituents of P i n u s  

p a r v i f l o r a .  O n  the Relationship between ( - - ) - t ~ -  

C a d i n o l ,  (+)-(}-Cadinol, Sesquigoyol, T o r r e y o l ,  

and Brown Alga Cadinol~-~ 

The  Pinus  parviflora (var. pentaphylla) species is the  
c o m m o n  whi t e  pine endemic  to  the  J apanese  home  is lands 
as well as Ta iwan  ~. The  original  inves t iga t ion  of t he  s t eam-  
dist i l led essent ia l  oil f rom this  t ree  r epo r t ed  the  presence  
of m a n y  c o m m o n  te rpenes  plus a sesqu i te rpene  alcohol, 
sesquigoyol  ~. In  a la te r  s t ruc tu ra l  s tudy ,  sesquigoyol  was  
fo rmula t ed  as 8-cadinen-3-ol  ~-~. A review art icle ~ on 
c o m p o u n d s  possess ing t h e  cad inane  ske le ton  (I)l°  com-  
m e n t e d  on the  s imi la r i ty  in phys ica l  p roper t ies  be twee n  
(--)-3-cadinol  (II) and  (+) -sesquigoyol  and  conc luded  t h a t  
these  two  c o m p o u n d s  were mir ror  image forms  of each 
other .  

H t 

The avai labi l i ty  of P. /ormosana, a local v a r i e t y  of P.  
parviflora growing in Taiwan,  p r o m p t e d  a re inves t iga t ion  
of the  cons t i t uen t s  of th is  t ree  in t he  hope of reisolat ing 
sesquigoyol  and  compar ing  i t  w i th  ( - - ) -&cadinol .  The 
mil led wood xx was ex t r ac t ed  wi th  ho t  pe t ro l eum e the r  and  
the  organic phase  was  washed  wi th  aqueous  base  to  re- 
move  the  phenol ic  cons t i tuen t s .  The  resul t ing  neu t ra l  ex- 
t r a c t  was  c h r o m a t o g r a p h e d  over  a lumina  (Brockman  I, 
neut ra l ) .  On gradua l ly  increas ing the  po la r i ty  of  the  
e luent ,  t he  following c o m p o u n d s  were  i sola ted  ~e: 1-doco- 
sanol  (m.p. 70.5-71°C; p h e n y l u r e t h a n ,  m.p.  85°C), ses- 
quigoyol  (m.p. 137-138°C; [0~1} ] + 101.96°C), fl-sitosterol 
(m.p.  136-138°C) and  3 ,5 -d ime thoxys t i l bene  13 (m.p.  
57.0-57.5°C; pierate ,  121-122°C; t r in i t robenzene  adduc t ,  
120-121°C; t r in i t roresorc ina te ,  m.p.  148-149°C). I t  
should be no ted  t h a t  the  above  na tura l ly -occur r ing  com- 
p o u n d s  were ob ta ined  only  in ve ry  low yields. I n t e r m e -  
d ia te  c h r o m a t o g r a p h i c  f rac t ions  were  general ly  complex  
mix tu re s  consis t ing of oils or waxes.  

Sesquigoyol  is considered to be the  opt ical  an t ipode  of 
(--)-6-cadinol  on the  basis of the  following c o m p a r a t i v e  
d a t a :  the  ro ta t ion  was equal  to  and  oppos i te  in sign to  
t h a t  of (--)-6-cadinol,  the  inf rared  spec t ra  as d e t e r m i n e d  
in bo th  a chloroform solut ion and  in a po t a s s ium bromide  
pel le t  were indis t inguishable  w i th  s imilar  spec t ra  f rom 
(--)-6-cadinol,  and  ident ical  c h r o m a t o g r a p h i c  Rf  values  
for t h e  two  alcohols were  ob ta ined  by  t h in - l aye r  chro-  
m a t o g r a p h y  using th ree  to ta l ly  d i f fe rent  so lven t  sys tems .  
A mixed  mel t ing  po in t  de t e rmina t i on  gave a depressed  
mel t ing  p o i n t  (126-130°C); however ,  such  behav io r  be-  
t w e e n  D- and  L-compounds  is no t  unusual .  

R e c e n t l y  a n o t h e r  sesqui te rpene  alcohol was  isola ted  
f rom the  Siber ian  cedar  ~ and  subsequen t  work  ~5 ascr ibed  
to  th is  subs tance  the  gross s t ruc tu re  of (--)-J-cadinol .  The  
opt ica l  p roper t ies  of t he  new compound ,  as well as t h e  
convers ion  of it  to  (+ ) - cad inene  d ihydroch lor ide  x6 jT, indi-  
ca ted  t h a t  the  subs t ance  was  the  mir ror  image isomer, or  
(+)-5-cadinol .  I t  was add i t iona l ly  pos tu la ted  t h a t  tor-  
reyol  x8.~9 and sesquigoyol,  on the  basis of a compar i son  of 
earl ier  l i te ra ture  da ta ,  were ident ical  w i th  (+)-~-cadino120. 
These deduc t ions  for the  opt ical  re la t ionships  be tween  
(--)-6-cadinol,  (+)- t i -cadinol  and  sesquigoyol  remain  val id 
a l though  the  original  2~ and  subsequen t  molecular  s t ruc-  
tu res  22 for (--)-d-cadinol  have  been replaced by  a t h i rd  
formula t ion  L Fur the r ,  i t  should  be no ted  t h a t  some years  
ago the  conclusion was d r a w n  t h a t  sesquigoyol  and  tor-  

reyol  were d i f fe rent  c o m p o u n d s  on the  basis of a de ta i led  
compar i son  of considerable  phys ica l  and  chemical  d a t a  ~. 
Unfo r tuna t e ly ,  the  original  spec imen of th is  a lcohol  is no 
longer  avai lable  and  th is  con t rove r sy  can only  be resolved 
by  t h e  re isola t ion and  compar i son  of to r reyol  wi th  t h e  
prev ious ly  k n o w n  cadinols  23. 

A f inal  c o m m e n t  on a f i f th  cadinol  m a y  be in o rde r  now. 
' B r o w n  alga cad ino l '  was  ob ta ined  several  years  ago f rom 
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Dictyopteris divaricata 2a. The  r epo r t ed  phys ica l  p rope r t i e s  
( ro ta t ion  a n d  me l t i ng  point )  of b o t h  t h e  a lcohol  a n d  t h e  
r e l a t ed  ace t a t e  were iden t ica l  to  t h e  l i t e r a t u r e  va lues  for  
( - ) - & c a d i n o l  a n d  i ts  ace ta t e .  A r e c e n t  c o m p a r i s o n  be-  
tween  t h e  ' a lga  cad ino l '  a n d  ( - - ) -6-cadinol  showed  t h a t  
these  two alcohols  were one a n d  t h e  s ame  compound25.  
Th i s  same  poss ib i l i ty  was  cons idered  in  t he  p rev ious ly  
ci ted rev iew ar t ic le  9. 

sana isoliert .  Es  k o n n t e  gezeigt  werden ,  dass  Sesquigoyol  
de r  op t i sche  A n t i p o d e  yon  (- - ) -3-Cadinol  ist.  

K.-T.  WANG a n d  B. WEINSTEIN 

Department o/Chemistry ,  Stan/ord University, Stanford 
(California, U.S.A.) ,  .June 73, 7963. 

Zusammen/assung.  1-Dokosanol ,  Sesquigoyol ,  fl-Sito- 
s te r in  und  3 , 5 - D i m e t h o x y s t i l b e n  w u r d e n  aus  P.  /ormo- 

~4 M. TAKASKA and Y. ANDO, J. Chem. Soc. Japan, Pure Chem. Sect. 
72, 999 (1951). 
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S u r  l e s  4 q u i l i b r e s  d ' 6 p i m f r i s a t i o n  d e s  c i s -  e t  

trans-4-tertiobutylcyclohexanols 

Les isom6res  cis e t  brans d u  4 - t e r t i o b u t y l c y c l o h e x a n o l  
c o n s t i t u e n t  des compos6s  c o n f o r m a t i o n n e l l e m e n t  h o m o -  
g6nes p a r t i c u l i 6 r e m e n t  u t i les  p o u r  l ' 6 tude  de la st6r6o- 
ch imie  des d6riv6s cyclohe, x a n i q u e s  monocyc l iques .  

On  a proc6d6 k l ' 6p im6r i sa t ion  d u  4 - t e r t i obu ty l cyc lo -  
h e x a n o l  p a r  ac t ion  de 1, 2 6qu iva l en t s  d ' u n  m 6 t a l  a lca l in  
dans  le benz6ne  au  reflux.  Les  cond i t ions  op6ra to i res  e t  la 
m 6 t h o d e  de dosage son t  d6cr i tes  a n t 6 r i e u r e m e n t  12. D ' a u t r e  
pa r t .  en  se b a s a n t  sur  les donn6es  de la l i t t6 ra tu re3-% on  a 
r6du i t  la  4 - t e r t i o b u t y l c y c l o h e x a n o n e  p a r  t r a n s f e r t  ca ta -  
l y t i que  d ' hyd rog6ne .  Ainsi ,  1 g de 4 - t e r t iobu ty lcyc lo -  
h e x a n o n e ,  1 g de n icke l  de R a n e y  e t  3 ml  de b u t a n o l  secon-  
da i re  son t  chauff6s  au  re f lux  p e n d a n t  80 h darts 30 ml  de 
benz6ne  sous ag i t a t ion .  Le m61ange r6ac t ionne l  es t  isol6 
avec  une  r e n d e m e n t  g lobal  de 95%.  I1 es t  cons t i t u6  des 
isom6res  cis et  trans du 4 - t e r t i o b u t y l c y c l o h e x a n o l  d o n t  les 
p ropo r t i ons  son t  ana lys6es  p a r  spcc t rom6t r i e  i n f r a rouge  
c o m m e  d6cr i t  p r 6 c 6 d e m m e n t L  Les  r6su l t a t s  son t  con-  
sign6s clans le Tab leau .  

EpimGrisation des cis- et trans-4-tertiobutylcyclohexanols 

Agent 6pim6risant Conditions Rendement % trans R6ffrence 

Lithium]benz6ne 80°; 48 h 90% 84,5 ~: 1 ce travail 

Sodium]benz6ne 80°; 48 h 90% 83,0 d: 1 1 

Potassium]benzSne 80°; 48 h 90% 92,0 Q- 1 2 

Rubidiumlhenzene 80°; 48 h 90% 91,5 :L 1 ee travail 

Caesium]benz~ne 80°; 48 h 90% 89,5 -}: 1 ee travail 

Nickel de RaneylH 2 110°; 10 h 95% 66,0 :k 2 1 
cyclohexane 

Nickel de Raney 80°; 80 h 95% 63,0 :t: 1 ce travail 
butanol-2/benz~ne 

t ions ,  le t i t r e  en  isom6re brans de l ' 6p im6r i sa t  es t  d6fini  
p a r :  

trans e, q 

(X :  t i t r e  mola i re ;  A ,  e t  .4 a: alcools 6 q u a t o r i a u x  e t  a x i a u x ;  
B e et  B a: complexes  a lcoola tes  c o r r e s p o n d a n t s ;  C A : con-  
c e n t r a t i o n  to t a l e  en cyclanol) .  

P o u r  les m 4 t a u x  a lca l ins  e t  d a n s  les cond i t ions  exp6ri-  
m e n t a l e s  app l iqu4es  ici on  a :  [B]/C a = 1 e t  [A] = 0. 
D6s lors, 

x [ B  = 0] y [ A  = 0] 
d e ,  6quilibre = 0 e t  X~:]Xfs = "~B¢ ,  6quilibre , 

E n  conclusion,  l ' 6qui l ib re  mesur6  c o r r e s p o n d  ~ l '6qui l ib re  
c o n f o r m a t i o n n e l  des  complexes  du  t y p e  a lcoola te  des iso- 
m6res  cis et trans du 4 - t e r t i obu ty l cyc lohexano l .  I1 diff6re 
de l '6qui l ib re  en t r e  les alcools s t6r6oisom6res  l ibres  e t  d6- 
p e n d  du m6tal .  Ainsi ,  la n a t u r e  du  rn6ta i  employ6  semble  
joue r  u n  r61e d a n s  le c o m p r o m i s  des i n t e r a c t i o n s  i u t r a -  
mol6cula i res  a t t r a c t i v e s  e t  r6puls ives  d 6 t e r m i n a n t  l '6qui-  
l ibre  e n t r e  les s t6r6oisom~res  envisag6s.  L ' i n f luence  du  
m 6 t a l  darts les 6p im6r isa t ions  i n t e r v i e n t  p r o b a b l e m e n t  en  
p a r t i e  d a n s  l ' exp l i ca t ion  de la s t6r6ochimie  des r6duc t ions  
des  cyc lanones  p a r  les borohyduresg .  L a  s t6r6ochimie  des 
p r o d u i t s  de r6duc t i on  des cyc lanones  p a r  des m 6 t a u x  d a n s  
l ' a m m o n i a c  l iquide  d 6 p e n d  d ' a u t r e  p a r t  e g a l e m e n t  du  
m 6 t a l  employ6:0.  

Summary .  I n  c o n t r a s t  w i t h  t h e  c a t a l y t i c  i somer i za t ion  
of cis a n d  trans-4-tertiobutylcyclohexanols,  e p i m e r i z a t i o n  
of th i s  a lcohol  b y  a s l igh t  excess of a n  a lka l ine  m e t a l  does 
no t  af ford  a co r rec t  measu re  of t he  r e l a t ive  s t a b i l i t y  of t h e  
two  s tereoisomers .  T h e  equ i l i b r i um w h i c h  is r eached  de-  
p e n d s  on  t h e  m e t a l  wh ich  is used for  t he  ep imer iza t ion .  

~V. MASSCHELEIN 

~:onds National  belge de la Recherche Scientifique, Facultd des 
Sciences, Universitd Libre de Bruxelles (Belgique), 
le 28 j u i n  7953. 

L ' o n  cons t a t e  que  les p r o p o r t i o n s  en  isom6res  cis et  
trans o b t e n u s  p a r  6p im6r isa t ion  c a t a l y t i q u e  au  n icke l  de 
R a n e y  en  pr4sence d ' h y d r o g 6 n e  de m6me  que  p a r  rdduc-  
t i on  p a r  t r a n s f e r t  c a t a l y t i q u e  d ' h y d r o g 6 n e  c o r r e s p o n d e n t  

l '6qui l ibre  t h e r m o d y n a m i q u e  des isom~res cis et  lrans 
du 4 - t e r t i obu ty l cyc lohexano l  :a,%s. E n  d ' a u t r e s  t e rmes ,  
la diff6rence d '6nergie  l ibre  d6 te rmin6e  p a r  la  r e l a t i on  
A F  = R T  In K v a u t  a p p r o x i m a t i v e m e n t  0,4 Kca l /mole .  

L '6p im6r i sa t ion  p a r  les a lcoola tes  fou rn i t  des va l eu r s  
d i f f6ren tes  pou r  les p ro po r t i ons  de d6riv6 cis e t  trans. II a 
6t6 6 tab l i  a n t 6 r i e u r e m e n t  z, que  pou r  ce t y p e  d ' 6qu i l i b r a -  
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