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FACILE SYNTHESES OF PERILLENE AND DENDROLASIN 

A s y n t h e s i s  o f  p e r i l l e n e  ( I a )  was accompl i shed  u s i n g  

t h e  r e g i o s e l e c t i v e  o x i d a t i o n  o f  t h e  d i e n o l a t e  a n i o n  

g e n e r a t e d  from methyl  g e r a n i a t e  ( I I a ) .  D e n d r o l a s i n  ( I b )  

was a l s o  s y n t h e s i z e d  from methyl  f a r n e s o a t e  ( I I b ) .  

The s y n t h e s e s  o f  r e l a t i v e l y  s i m p l e  3 - s u b s t i t u t e d  f u r a n o  t e r p e n s ,  

p e r l l l e n e  ( I a )  and d e n d r o l a s i n  ( I b )  which i s  h y p o t h e t i c a l l y  a n  

alarm and d e f e n c e  s u b s t a n c e  i n  some s p e c i e s  o f  a n t s  have been 

a c h i e v e d  t h r o u g h  v a r i o u s  methods. '  T h e r e  h a s  b e e n ,  however ,  no 

s y n t h e t i c  app roach  t o  t h e s e  n a t u r a l  p r o d u c t s  by r e g i o s e l e c t i v e  

o x i d a t i o n  of  e e r a n i o l  and  f a r n e s o l  d e r i v a t i v e s .  

We now wish  t o  r e p o r t  f o u r  s t e p s  s y n t h e s e s  o f  p e r i l l e n e  ( I a )  and 

d e n d r o l a s i n  (Zb)  from methyl  g e r a n i a t e  ( I I a )  and methyl  f a r n e s o a t e  

2 
( I I b )  i n v o l v i n g  a f a c i l e  s y n t h e t i c  method o f  3 - s u b s t i t u t e d  L!i - 
b u t e n o l i d e s .  Phe s o l u t i o n  of  t h e  l i t h i u m  d i e n o l a t e  p r epa red  from 

methyl  g e r a n i a t e  ( I I a )  by t h e  t r e a t m e n t  w i t h  one e q u i v a l e n t  of  

l i t h i u m  d i i s o p r o p y l a m i d e  - hexamethyl  p h o s p h o r i c  t r i a m i d e  complex 

2 a t  -78'C i n  t e t r a h y d r o f u r a n  w a s  added t o  a n  oxygena ted  s o l u t i o n  



o f  t e t r a h y d r o f u r a n  c o n t a i n i n g  two e q u i v a l e n t s  o f  t r i e t h y l  phosph i t e  

a t  - 7 8 0 c . ~  Oxygen was bubbled con t inuous ly  f o r  1 5  minutes ,  and 

t h e n  aqueous ammonium c h l o r i d e  s o l u t i o n  w a s  added.  A f t e r  t h e  usua l  

work-up procedure  t h e  o x i d a t i o n  p roduc t s  ( I I I a ) ,  (IVa) and ( V a )  

were i s o l a t e d  from t h e  r e a c t i o n  mixture  by chromatography on s i l i c a  

g e l  i n  66.@6, 11.4% and 8 .96  y i e l d  r e s p e c t i v e l y .  ( I I I a ) :  i r ( f i 1 m )  

3420,  1735,  1645 and 920 cm-l; nmr(CC14) 1 . 6 2  and 1 . 6 9  ( e a c h  3H, 

s ) ,  2 . 1  (5B, m),  3 .26  ( l H ,  OH), 3 .76  (SH, s ) ,  4 .50  ( l H ,  s ) ,  4 .96 

( l H ,  s ) ,  5 .08  (111, m )  and 5 .10  ppm ( l H ,  6 ) ;  m s  molec. i o n  m/e 

198.1259 ( C a l c .  f o r  Cl1Hl8OS, m/e 198 .1256) .  ( IVa):  i r ( f i 1 m )  3360,  

1715 and 1650 cm-l; nmr(CC14) 1 . 6 1  and 1 . 6 8  ( e a c h  5 3 ,  s ) ,  2 . 1  - 

2 . 5  (4H, m ) ,  2 .94 ( l H ,  OH), 3 . 6 8  (SH, s ) ,  4.12 (2H, d ,  J = 1 . 5  H z ) ,  

5 . 1 3  ( l i i ,  m )  and 5.89 ppm (111, m )  ; m s  molec. i o n  m/e 198.1255 

( C a l c .  f o r  C11k:1803, m/e 198 .1256) .  (Va) :  i r ( f i 1 m )  3360,  1745 and 

1645 cm-l; nnr(CC14) 1 .64  and 1 .72  ( each  3 H ,  s) , 2 . 4  (4H, m), 5.12 

( l H ,  m) ,  5 .76  ( l H ,  s) a n i  5.96 ppm ( l H ,  s ) ;  m s  molec. i o n  m/e 

182.0935 ( C a l c .  f o r  C10H1403, m/e 182.0943).  The format ion  of (Va) 

which i s  one o f  t h e  o x i d a t i o n  p roduc t s  i n  y - p o s i t i o n  may be pos tu-  

l a t e d  occu r ing  through t h e  i n t e r m e d i a t e  ( V I a ) .  The s u c c e s s f u l  

l a c t o n i z a t i o n  o f  ( I I I a )  was ach ieved  by h e a t i n g  w i t h  anhydrous 

l i t h i u m  i o d i d e  as fo l lows .  A f t e r  t h e  benzoy la t ion  of ( I I I a )  w i t h  

benzoyl  c h l o r i d e  i n  p y r i d i n e  (92% y i e l d ) ,  t h e  benzoate  ( V I I a )  was 

r e a c t e d  wi th  anhydrous l i t h i u m  i o d i d e  i n  d imethyl  formamide4 a t  

t h e  r e f l u x  t empera tu re  f o r  f i v e  hour s  t o  g i v e  t h e  d e s i r e d  l a c t o n e  

( V I I I a )  (53% y i e l d ) :  i r ( f i1m) 1780,  1745,  1640 and 900 cm-l; nmr 

( C C 1 4 )  1 .64  and 1 .72  ( e a c h  J H ,  s ) ,  2 . 4  (4H, m ) ,  4.65 (ZH, d ,  J = 

1 . 5  H z ) ,  5.09 ( 1 3 ,  m )  and 5.72 ppm ( l H ,  m); ms molec. i o n  m/e 



HETEROCYCLES. Voi. 10. 1978 

166.0986 ( C a l c .  f o r  C10H1402, m/e 166 .0994) .  F i n a l l y ,  b u t e n o l i d e  

( V I I I a )  was t r e a t e d  w i t h  d i i sobu ty l a lumin ium hydr ide  i n  t e t r a -  

hydro fu ran  a t  -25O c5 t o  g i v e  p e r i l l e n e  ( I a )  . 

I n  t h e  same manner as t h e  c a s e  of  methyl g e r a n i a t e  ( I I a )  t h e  

o x i d a t i o n  of methyl  f a r n e s o a t e 6  ( I I b )  gave ( I I I b )  (66% y i e l d ) :  i r  

( f i l m )  3440,  1735,  1645 and 920 an-'; nmr(CCIL) 1 . 6 0  and 1 . 6 8  



( e a c h  3H, s ) ,  2 . 1  (8H, m) ,  2.92 ( l H ,  d ,  J = 4  Hz, OH), 3 .78  ( 3 H ,  s ) ,  

4 . 4 8  (lH, d ,  J = 4  Hz) ,  4.98 ( l H ,  s ) ,  5 .08  (2H, m )  and 5.12 ppm ( l H ,  

5 ) ;  m s  molec. i o n  m / e  266.1899 ( C a l c .  f o r  C16H2603, m/e 266 .1882) ,  

( I V b )  (1% y i e l d ) :  i r ( f i 1 m )  3360,  1715 and 1650 cm-l; nmr(CC14) 

1 . 5 9  (6H, s ) ,  1 .66 (3H, s ) ,  1 . 9 - 2 . 5  (8H, m) ,  2 . 9 5  ( l H ,  OH), 3 .65  

(3H, s ) ,  4.08 (2H, d ,  5 ~ 1 . 5  Hz) ,  5 .06  (2H, m )  and 5.85 ppm (lH, m); 

m s  molec. i o n  m/e 266.1865 ( C a l c .  f o r  Cl6HZ6O3, m/e 266.1882) and 

(Vb) (3% y i e l d ) :  i r ( f i 1 m )  3340,  1745 and 1645 cm-l; nmr(CC14) 1 . 5 8 ,  

1 . 6 1  and 1 .66  ( e a c h  3H, s ) ,  1 .8 -2 .5  (8H, m) ,  5 .04  (213, m) ,  5 .73  

(lH, s) and 5.94 ppm ( l H ,  s ) ;  m s  molec.  i o n  m/e 250.1538 ( C a l c .  

f o r  C15H2203, m/e 250.1569) .  The l a c t o l  (Vb) was reduced w i t h  

sodium borohydr ide  and t h e n  a c i d i f i e d  t o  g i v e  b u t e n o l i d e  ( V I I I b ) .  

A f t e r  t h e  benzoy la t ion  of  ( I I I b )  t h e  benzoate  (VI Ib )  was hea t ed  

w i t h  anhydrous l i t h i u m  i o d i d e  i n  d imethyl  formamide t o  g i v e  

b u t e n o l i d e  ( V I I I b )  (53% y i e l d ) :  i r ( f i 1 m )  1780,  1745,  1640 and 900 

cm-l; nmr(CC14) 1 .62 ,  1 . 6 5  and 1 . 6 9  ( e a c h  3H, s ) ,  1 .9-2.5 (8H, m), 

4.63  (2H, d ,  J = 1 . 5  Hz) ,  5 .05  (2H, m )  and 5 . 7 3  ppm ( l H ,  m ) ;  m s  

molec.  i o n  m / e  234.1614 ( C a l c .  f o r  C15H2202, m / e  234 .1612) .  

Dendro la s in  ( I b )  was d e r i v e d  from ( V I I I b )  by t h e  t r ea tmen t  w i t h  

d i i sobu ty l a lumin ium h y d r i d e .  The s p e c t r a l  d a t a  of  t h e s e  syn thes i zed  

p e r i l l e n e  ( I a )  and d e n d r o l a s i n  ( I b )  were i d e n t i c a l  w i th  t h o s e  of 

t ,he n a t u r a l  ones .  
2  The s imple  s y n t h e t i c  procedure  of 3 - s u b s t i t u t e d  D - b u t e n o l i d e s  

d e s c r i b e d  here should prove u s e f u l  i n  t h e  n a t u r a l  p roduc t s  syn the -  

s e s .  F u r t h e r  e x t e n t i o n s  of our  method are cont inued 
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