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CYCLOPENTENONE FROM FURAN: AN UNUSUAL MARCKWALD REACTION 
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A- - A "one po t "  conversion o f  me thy l  f u r f u r y l i d e n e p y ~ ' u v a t e  5 directly 

t o  t h e  cyc lopen tenone  8 ,  by means o f  t h e  Marckwald r e a c t l o n ,  is d e s c r ~ b e d .  

~ w m s  r e p r e s e n t  a condensed form o f  1 , a - d l k e t o n e s  and are  cornrnan~y p r e p a r e d  i r o n  t h e  l a t t e r 1 .  

Ttle a c i d - c a t a l y z e d  h y d r o l y s i s  of rurans t o  u i o n e s  i n  reasonab le  y i e l d s ,  coupler1 w t h  t h e  ease of 

m e t a l a t i o n  o f  t h e  p o s ~ t i o r r s  2 and 5 ,  h a s  prompted s e v e r a l  cyclopenterront  synchescs  u s m g  these  

2 
versatile i n t e r m e d i a t e s  .   he most p o p u l a r  method involves n r m g  c l e a v a g e  o f  t h e  fu ra r ,  sys tems 

directly t o  the 7 - d l k e t o n e s .   he same key i n t e r m e d i a t e s  c o u l d  be o b t a i n e d  by a r o u t e  l n v a l v m g  

2,5-diulkoxy-2.5-dihydrafur-ans, ,which on hydrogena t ion  and a c i d  hydrolysis g l v e  the  d e s i r e d  1 . 4  

3 
- d i c a r b a n y l  compounds . Another  c l a s s i c  method i m p l i e s  an a c i d  fission o f  e i t h e r  2 -v lny l  f u r a n s  

o r  2-fury1 c a r b i n o l s ,  g iv l r lg  s u b s t i t u t e d  7 - k e t o  e s t e r s  ( t h e  s o - c a l l e d  Parckwsld r e a c t i o n ) :  t hese  

r e a r r a n g e m e n t s  are m u l t i - s t e p  r e n c t m n s ,  i n  which t h e  f o r m a t ~ a n  of t h e  l e u u l a t e  e s t e r  d e r l v a t l r e s  

4 5 
i s  t h e  most  f avoured  p r o c e s s  . A r e c e n t  development  , controlling t h e  s o l v e n t s  and t h e  s o l u r i o n  

a c l d l t y ,  by u s i n g  r l n r  ions i n s t e a d  o f  p r o t o n s ,  avo lded  t h e  Marckwald reactlcrr  and a l l w e d  the  

i n t e r m e i l l a t e s  t o  c y c l i z e  d i r e c t l y  t o  c y c l o p e n t e n o n e  d e r l v u t l u e s .  T h i s  l a s t  r e a c t i o n  has  a hlgh 

6 
s y n t h e t i c  v a l u e  and h a s  been s u c c e s s f u l l y  deve loped  l n t o  a manufac tu r ing  p r o c e s s  . A r e c e n t  

7 
r e p o r t  by F e t l z o n  and co-workers d e s c r i b e s  a new, s i m p l e  s y n t h e s i s  of lt)-11-deoxyprostnglandina 

F , c a r p l e d  o u t  from f u r f u r a l  and l e v u l i n r c  a c l d .  5-Furfurylidenelevuliiii a c r d  I w a s  conve r t ed  
2 a  

m t o  t h e  symmet r i ca l  key i n t e r m e d i a t e ,  d ime thy l  4 .7 -d ioxode ianed ion te  2 ,  by t r e a t m e n t  w i t h  ac ld  

( t h e  Marckwald r e a c t l o n ) ;  t h e  c y c l i z a t i o n  o f  t h e  7 - d ~ k e t o n e  unde r  basic c o n d i t i o n s  a n d  the  

f o l l o w i n g  reduction gave  t h e  t c - c y c l c p e n t a n o n e  3_ (Scheme 1 1 .  

We have been s t u d y i n g  t h e  e l a b o r a t i o n  o f  f u r a n s  as a s y n t h e t i c  t o o l  i n  t h e  f i e l d  of n a t u r a l  pro- 

8 
t1uct:s s m c e  1976 and severa l  a p p l i c a t i o n s  have been  r e p o r t e d  . We f o c u s e d  our  a t t : e n t i o n  on  t h l s  

i n t e r e s t i n g  s y n t h e t i c  sequence and we found  t h a t  t h e  commercia l ly  available 0 - f u r o i n  c o u l d  be 

c o n s i d e r e d  a goad s t a r t i n g  m a t e r i a l .  I n  f a c t ,  t h e  r e d u c t i o n  o r  t h e  c a r b a n y l  g roup  w i t h  NaBH r a p l -  
4 

d l y  f u r n i s h e d  t h e  known d i h y d r o x i  d e r i v a t i v e  4 ,  in q u a n t i t a t i v e  y i e l d .  4 had a s u ~ t a b l e  s t r u c t u r e  

t o  undergo t h e  r i n g  open ing  i n  a c i d i c  rnedlum, f i r s t  t o  y and t h e n  t o  ?. 

The t r e a t m e n t  o f  4 i n  methanol w l t h  a m b e r l y s t  H-15 i o n  exchange r e s i n  gave 1  ( -  8 0 % ) ,  from which 

9 
t h e  compound 2 cou ld  be o b t a i n e d  by t h e  method described by Yoda (u 8 0 % ) ;  t h i s  p rocedure  c l e a n l y  
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improved the overall yield of 2 

To simplify the synthetic scheme leadmg to (i)-ll-deoxyprostag~~nddn~ r we thought of utllrzinp 
2 0 '  

as a starting meterial methyl furfurylider~epyruvate !, never tested in this tyae of reaction. In 

our mind, the acidic fission of 5 would give dlnethyl 2,5-diona-octanedioate h, from which the 

rlng closure i n  basic medurn  would lead to the cyclopentenone 7 (Scheme 2 ) .  

Scheme 2 

2 showed to be very unatable, even under mlld experimental conditions; it can easily give blsck 

resins, rapidly by acids, but slowly by storage at room temperature. 

Nevertheless, we were able to find efficient conditions, which allowed to achieve the "one pot'' 
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convers~on of  5 i n t o  a s i n g l e  compound, t h e  c y c l o p e n t e n o n e  8. The r e a c t l o n  was performed by t r e a t -  

1nent of 5  with a methanol-water  m x x t u r e  end h y d r n c h l o r r c  a c i d  a s  c a t a l y s t ;  t h e  f0rmvt ;on or !, 

monitored by t l c ,  proceeded smoothly  a t  r e f l u x  t e m p e r a t u r e ,  b u t  we were a b l e  b a t h  t o  d e t e c t  and 

t o  l s a l a t e  n e l t h e r  t he  e x p e c t e d  open i n t e r m e d m t e  6 n o r  any d i f f e r ' e n t  compound. The analytical 

and s p e c t r o s c u p l c  d a t a  are r t l  agreemen t  b , i th  t h e  proposed s t r u c t u r e  ( s e e  e x p e r i m e n t a l  s e c t i o n ! ;  

I 
on  t h e  ground of H-NMR d a t a ,  8 showed t o  be  c o m p l e t e l y  i n  e n o l l c  form ! t t e  e n o l i c  s r o t o n  a t  

9 . 2 0 6  ) .  

'TO our knowledge,   his r e s u l t  coul i l  h e  considered t h e  f i r s t  r e p o r t  o f  an  a l d o l i c  c y c l i z a r l o n  du- 
4 

~ l n g  t h e  Xarckwald r e a c t ~ o n .  I n  our u p i m o n  orlc m agreement  w l t h  t n e  p roposed  rnechanlsm , tne  

key - s t eo  c o u l d  have beer: t h e  f o r n a t ~ o n  o f  an open h t e r n e r l i a t c  9 ,  which r a p l d l y  c y c l l r e d  by means 

of the f a v o u r a b l e  srerir  s l t o a t i o n ,  p r e v e i l t i n g  t h e  subsequen t  forrnot lon o i  o t h e r  l i n e a r  compounds, 

l l k r  6 ,  from o c c u r r i n g .  

These  r e s u l t s  f u r t h e r  b roaden  t h e  u t l l l t y  o f  f u r a n s  i n  thls f i e l d  and s h m ,  t h a t  t h e s e  C O ~ P O U ~ ~ S  

m e  h l g h l y  versa t i l e  b u l l d i q  blocxs for c jc lopenteno ,~r  synthesis. 

ESFERTMENTAL 

1  i n  spect ra  n'ere r eco rded  i w i t l l  a Perkln-Elmer  257 I n f r a c o r d ;  3-NhlR s p e c t r a  w l t h  a Perkirr-Elmer 

a p p a r a t u s  190 AH=) i n  CDil us ing  TFS as a n  i n t c r r m l  s t a n d a : ~ I  sass s p e c t r a  o f  t h e  r e a c t i o n  produ- 
3  

C ~ S  *rere r e c o r d e d  a l t h  i n  AEI MS 1 2  a p p a r a t n s .  F u r  TLC K i e s e l g e l  fran Merck was used .  

5-fnrfuryl~denelevul~nnn a c i d  'methyl e s t e r  1 .  To a s t i r r e d  so lu t lo : r  o f  1,2-dlhydrony-l,2-difurjl- 

e t h a n e  ( 3  g) i n  methanol  ( 5 0  m l l  was added a rnbe r lys i  H-15 l a n  exchangi. r e s in  ( 5  g l .  The mixture  

was r e f l u x e d  f o r  1 5  h ;  t h e n  it ,was c o o l e d  t o  2OSC and f ~ l t e r e d .  The f i l t r a t e  'was poured in to  

w a t e r  and e x t r a c t e d  ,with r i l e thy1  e t h e r .  r he combined e t h e r e a l  e x t r a c t s  were washed w l t h  I n n e  

t h r e e  t i m e s .  A f t e r  t h e  s o l v e n t  e v a p o r a t i o n ,  t h e  brown c rude  p m d u c t  w a s  chromatographed on SiO : 
2 

e l a t l o n  w i t h  n-hexane-dle thyl  e t h e r  ( 9 :  v/vl yielded t h e  p u r e  1 12 .4  g l .  1s !CClq. I % . "  

I  
,"ax 

cm-'1: 1742 ,  1692 and 1631, 1615 ,  880; H-NMR ( 6  1 :  7 .30  ( s , ? H 1 ,  7 .15 I d ,  l i i ,  5=13 Rz), 6.50 

( d .  lH,  J = 1 3  H z ) ,  6 . A 5  ( m ,  1Hl .  6 . 2 8  (m,  ] H I ,  3 . 5 3 ( s .  3 H ) ,  2 .67  ( b r o a d  rn, 4 H ) ;  MS. m l e :  208 (M'!. 
9 

Dlmethyl  4 , 7 - d i o x o d r c a n e d l o a t e  < w~.s p repa red  ~ y  t h e  Yoda p rocedure  . 



rnt-thanol ( 3 0  ml)  was r a p i d l y  added a m i x t u r e  of 6N h y d r o c h l o r i c  a c i d  (12 ml)  and me thano l  (8 

m l ) .  T h e  mixture was s t i r r e d  a t  6SDC f o r  9 h and t h e n  poured i n t o  w a t e r  and t h e  p r e c i p i t a t e  was 

e x t r a c t e d  s e v e r a l  t i m e s  w i t h  d i e t h y l  e t h e r .  The o r g a n i c  l a y e r  was washed w i t h  b r i n e  and t h e n  

d r i e d  on anhydrous  Na 50 . A f t e r  e v a p o r a t ~ o n  of t h e  s o l v e n t ,  t h e  ye l low c r u d e  p r o d u c t  
2 4 

chromatographed on SlO ; e l u t i o n  w i t h  n-hexane-ether  (955, v / v )  gave  t h e  p u r e  8_ ( 7 0 0  mg);  mp 
2 

-1 
126-12R°C (from n-hexanel .  IR (CCl,, 1%. , ,cm 1 :  3480, 3300 ( b r o a d ) ,  1725-1700 ( b r o a d ) ,  

max 

1645, 1600: 'H-NMR ( 6 I :  9.18 ( s ,  IH,  -OH), 7.72 ( d ,  IH,  I-!, J = 3  H z ) ,  6.28 ( 5 ,  IH, 3-!1, 4 .63  

(complex m. 1H, 5 + ) ,  3.90 ( s ,  3H, -cOOCH I .  3.47 ( s ,  3H. -0CH I ,  2.90 ( d d ,  IH. 4-!, J =18 HZ, 
-3 -3 I 

J =6 Hz), 2.42 ( d d ,  IH,  4-H, J =18 Hz, J = 3  H z ) ;  MS, m / e :  212 (M'). 
2 - I 2 
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