
HETEROCYCLES, Vol 25, 1987 

AN ALTERNATE SYNTHESIS OF FUROVENTALENE USING AN EXTENSION 

OF HAGIWARA'S CONSTRUCTION OF THE 3-METHYLFURAN MOIETY' 

Ricardo Castanedo, Carlos Bernard0 Zetina, and Luis Angel Maldonado 

Divisibn de Estudios de Posgrado, Facultad de Quhica, UNAM, 

04510 MBxico D.F., Mexico 

Abstract - A new total synthesis of furoventalene 5 is reported. 

Key steps in the sequence are the Birch reduction-homoprenyla- 

tion in situ of aromatic carbonylic acids precursors, construc- 

tion of the 3-methylfuran moiety by Hagiwara's method and de- 

carboxylative aromatization of an appropriate intermediate. 

The 3-methylfuran moiety is somewhat common in natural products of terpenoid ori- 

gin ( e . g .  furoventalene 21, but its synthesis usually involves multistep sequences. 

In 1980 ~agiwara' reported a simple solution to thie problem with a method in- 

volving an aldol condensation of a ketone enolate with the tetrahydropyranyl (THP) 

ether of acetol and acid treatment of the resulting adduct : 

This method has been successfully used by this author in the synthesis of several 

1 2 
natural products , including furoventalene itself . 
In this paper we wish to report a new total synthesis of furoventalene 5 ,  using a 

modified version of Hagiwara's method in which the 3-methylfuran moiety is incar- 

3 porated to a preformed cyclohexane ring . 
The Birch reduction of 3,s-dimethoxybenzoic acid (2.2 equivalents of Na in dry 

'~edicated to Professor Gilbert Stork on occasion of his 65th birthday. 



4 
l l q u i d  NH ) and rnonoalkylat ion i n  s i t u  of  t h e  r e s u l t i n g  d i a n i o n  w i t h  4-methyl- 

3 
5  3-pentenyl  i o d i d e  5 gave  t h e  a c i d  3 i n  87 % y i e l d .  M e t a l a t i o n  o f  t h i s  a c i d  w i t h  

2.2 e q u i v a l e n t s  of  n - b u t y l l i t h i u m  (THF, -78OC. 30 rnin) produced a  new d i a n i o n  

which was now a l k y l a t e d  w i t h  t h e  THP e t h e r  o f  a c e t o l  t o  a f f o r d  t h e  adduc t  2 ( R  = 

H )  i n  838 y i e l d .  Th i s  d i a s t e r e o i s o m e r i c  mix tu re6  was q u a n t i t a t i v e l y  e s t e r i f i e d  

w i t h  C H 2 N 2  (E t20 )  and conve r t ed  i n t o  t h e  fu sed  3-methylfuran 3 by t r e a t m e n t  w i t h  

a  c a t a l y t i c  amount of  p - t o l u e n e s u l f o n i c  a c i d  (TsOH) i n  wet a c e t o n e  ( r e f l u x ,  30 

min, 66 % y i e l d )  ( o i l ;  i r  ( f i l m )  v 1740,  1680,  1620,  1570 .m-'; ' ~ - n m r  (CC14) S 

7.15 (broad s ,  f u r a n  p r o t o n ) ,  5.15 (broad t ,  J = 7  Hz, v i n y l  p r o t o n ) ,  3.67 ( s ,  

C02CH3), 3.40 and 2.75 (AB sys tem,  J = 18 Hz, f u r y l i c  C H ~ ) ~ ,  2.85 and 2.35 (AH sys-  

tem, J = 15 Hz, CH2C=017, 2.15 ( d ,  J = 1 . 5  Hz, f u r y l i c  CH ) and 1.70 and 1.60 3  

( 2  broad s ,  (CH3) 2C=CH) ) . 
The d ihydrobenzofuran  d e r i v a t i v e  4 was t h e n  o b t a i n e d  i n  55 % o v e r a l l  y i e l d  from 

3,  by f i r s t  r educ ing  t h e  k e t o  group (NaBH4 i n  i s o p r o p a n o l )  and d e h y d r a t i o n  of  t h e  - 

r e s u l t i n g  a l c o h o l  w i t h  p - t o l u e n e s u l f o n y l  c h l o r i d e  i n  p y r i d i n e  a t  r e f l u x  ( 1  h )  ( o i l ;  

i r  ( f i l m )  v 3020, 1730, 1580 an- ' ;  'H-nrnr (CC14) S 7.00 (broad s ,  f u r a n  p r o t o n ) ,  

6.15 and 5.60 (2 d ,  J = 9 Hz ,  r i n g  v i n y l  p r o t o n s ) ,  5.00 (broad t ,  J = 6  Hz, s i d e  

c h a i n  v i n y l  p r o t o n ) ,  3.65 ( s ,  C02CH3), 3.25 and 2.70 (AB sys tem,  J = 18 Ha, f u r y l i c  

C H 2 )  7 ,  1.95 ( d ,  J = 1 . 5  Hz, f u r y l i c  CH3) and 1 .65  and 1 .55  (2  broad s ,  (CH C=CH)).  
3  2  

- a  s e r i e  : Y = O M e ;  b s e r i e  : Y = H 
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A second s h o r t e r  r o u t e  t o  4, p a t t e r n e d  a long t h e  same l i n e s  of  t h e  f i r s t  one ( see  

scheme). s t a r t e d  from 3-methoxybenzoic a c i d  which underwent t h e  Birch  r educ t i an -  

monoalkyla t ion i n  s i t u  r e a c t i o n  wi th  t h e  i o d i d e  5 t o  a f f o r d  t h e  a c i d  i n  90 8 

y i e l d .  Meta la t ion  o f  t h i s  a c i d  wi th  2.2 e q u i v a l e n t s  of n -bu ty l l i t h ium f o r  2.5 h  

(THF, -78'CI and a l k y l a t i o n  wi th  t h e  THP e t h e r  of a c e t o l  proceeded i n  somewhat low- 

e r ,  b u t  s t i l l  a c c e p t a b l e  y i e l d  (70 % l ,  t o  g i v e  t h e  adduct 2 (R = H ) .  Reasonably, 

t h e  presence  of  on ly  one 0CH3 group i n  a s  compared t o  la e x p l a i n s  t h e  observed 

lower y i e l d  i n  t h i s  r e a c t i o n .  The methyl e s t e r  2 ( R  = CH3)  ( C H 2 N 2 ,  EtZO) was t h e n  

conver ted  i n t o  4 (55 % y i e l d )  by t r ea tmen t  wi th  a c a t a l y t i c  amount of H2S04 i n  

8  3  : 1 THF-H 0 (24 h  a t  room tempera tu re ,  6  h  r e f l u x )  . 
2 

The s y n t h e s i s  of fu roven ta l ene  - 5  was completed by s a p o n i f i c a t i o n  o f  4 (Na2COj i n  

aqueous MeOH, r e f l u x ,  6  h) and o x i d a t i v e  deca rboxy la t ion  of t h e  r e s u l t i n g  a c i d  

( P ~ ( O A C ) ~ ,  C6H6, r e f l u x .  1 .5  h ) .  The fu roven ta l ene  t h u s  obta ined (52 % o v e r a l l  

y i e l d  a f t e r  Si02 g e l  column chromatography, hexane as e l u e n t )  was spec t roscop ica l -  

l y  i d e n t i c a l  w i th  s p e c t r a  k indly  provided by Pro fesso r s  A .  Yoshikoshi and D .  E .  

Bergstrom ( o i l ;  i r  ( f i l m )  v 1625, 1580, 860, 810 'H-nmr ( C D C l J 1  S 7.47 - 7.00 

(complex s i g n a l s ,  3  aromat ic  p ro tons  and t h e  f u r a n  p r o t o n ) ,  5.20 (broad t ,  J = 6  

HZ, v i n y l  p r o t o n ) ,  2.75 ( t ,  J = 6  Hz, benzy l i c  C H 2 ) ,  2.20 ( d ,  J = 1.5 Hz, f u r y l l c  

CH31 and 1.70 and 1.55 (2 broad s ,  (CH3)2C=CH)l. 

The s y n t h e s i s  of fu roven ta l ene  h e r e  d e s c r i b e d ,  i n  a d d i t i o n  t o  i t s  s h o r t n e s s  and 

s i m p l i c i t y ,  a l s o  exempl i f i e s  an a l t e r n a t i v e  way of approaching t h e  Hagiwara 's  ad- 

d u c t  p r e c u r s o r s  of  t h e  fu ran  r i n g .  Thls  s imple  modif ica t ion i s  devoided o f  the  re- 

v e r s i b i l i t y  o f  t h e  a l d o l  condensat ion p r e v i o u s l y  used by Hagiwara and coworkers 

and should extend f u r t h e r  t h e  u t i l i t y  of  t h i s  method. 
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