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Abstract - Several alkyl pyrone-5-carboxylates (coumalates) with alkyl and 
functionalized alkyl substituents at C4 and C6 have been prepared by a general route; 

their cycloadditions with electron-rich olefins have been carried out to provide 

aromatic and "on-aromatic products, of potential value for natural products synthesis. 

In 1969 Behringer reported the thermal cycloaddition of alkyl coumalates with electron-rich 

olefins such as ketene acetals and enol  ethers to give substituted benzoate$ v i a  loss of C02 and 

alcohol from the initial cycloadduct.2 Only with unsubstituted coumalates could the initial 

adduct be isolated. Since then, several other groups have utilized pyrone-3- and -5-carboxylates 

as dienes in cycloadditions with electron-rich olefins.3 In order to be of general value for use 

in natural products synthesis, however, two further accomplishments are necessary, namely: the 

development of a )  general methods for the preparation of functionalized substituted pyrone 

carboxylates and b) general procedures for the preparation of the initial bicyclic lactone 

Cycloadducts without extensive aromatization. We now report the successful achievement of those 

two goals. 

a )  Preparation of Functionalized Substituted Pyrone-5-carboxylates (Coumalates). 

F'yrone-5-carboxylates which are symmetrically substituted in the 4- and 6-positions are 

formed most easily by the acid-catalyzed condensation of 0-keto e s t e ~ s . ~  Unsymmetrical 

coumalates have been prepared by the reaction of 8-keto ester enolates with acetylenic esters.5 

We have used both of these routes to prepare functionalized coumalates as follows. Sulfuric acld 

p~omoted self-condensation of methyl acetoacetate 1 afforded methyl 4,6-dimethylpyrone-5-carboxy- 

late 2 in 41% yie1d.6 Bromination of 2 with NBS furnished in 95% yield the 6-bromomethyl compound 

3 with none of the 4-bromomethyl isomer 9 being produced. Since 4-substituted coumalates were 

desired fop a potential synthesis of anthracyclines, we investigated other routes to these 

compounds. Condensation of methyl 3-ompentanoutc 5 l p ~ e p a ~ e d  by methylafio.r of the dirnion of I 

in 81% yield or in 80% yield by acylation of Meldrum's acid followed by cleavage with methanol) 



w i t h  methyl butynoate  6 i n  t h e  p resence  of  sodium nlethoxide produced t h e  unsymmetrical pyrone 7 i n  

96% y i e l d .  The use of f u n c t i a n a l i z e d  bu tynoa tes  a l lowed f o r  t h e  p r e p a r a t i o n  of f u n c t i o n a l i z a d  

PYPOneS i n  t h i s  r e a c t i o n ,  a l b e i t  i n  f a i r  y i e l d .  Tnus, condensa t ion  of  methyl 4 - m e t h a x y b ~ t ~ n o a t e  

@a (p repared  by ca rbomethoxy la t ion  of  methyl p ropargy l  e t h e r )  wi th  5 a f f o r d e d  t h e  4-methoxymethyl- 

pyrone 9a i n  33% y i e l d .  The i d e n t i c a l  r e a c t i o n  pathway u s i n g  4-(methoxymethoxy)butynoate 8b gave 

t h e  analogous pyrone 9b i n  22% y i e l d .  A h i g h l y  d e s i r a b l e  i n t e r m e d i a t e  f o r  use i n  s y n t h e s i s  was 

t h e  4-formyl-pyrone 10, s i n c e  i t  might permit  t h e  coup l ing  of  t h e  pyrone r i n g  t o  o t h e r  molecu la r  

u n i t *  v i a  n u c l e o p h i l i c  a d d i t i o n .  We hope t o  p r e p a r e  10 from 9a by s e l e c t i v e  f r e e - r a d i c a l  

b romina t ion ,  p o s t u l a t i n g  t h a t  t h e  methony s u b s t i t u e n t  on t h e  C4 methylene u n i t  would overcome t h e  

 system'^ b a s i c  p re fe rence  f o r  s t a b i l i z a t i o n  of  a r a d i c a l  a t  C6 ( c f .  brominat ion o f  2 t o  g i v e  3 ) .  

I n  t h e  e v e n t ,  brominat ion of  9a proceeded c l e a n l y  t o  g i v e  t h e  a-bromoether 11 i n  e x c e l l e n t  y i e l d .  

T h i s  Very m o i s t w e - s e n s i t i v e  compound was immediately hydro lyzed  by s t i r r i n g  w i t h  wet d i e t h y l  

e t h e r  t o  produce 10 i n  45% y i e l d .  We have n o t  y e t  examined n u c l e o p h i l i c  a d d i t i o n s  t o  10. 

D e r i v a t i v e s  of t h i s  pyrone system t h a t  might be used as n u c l e o p h i l e s  were a l s o  d e s i r a b l e  as 

p o t e n t i a l  I n t e r m e d i a t e s  i n  an approach t o  t h e  a n t h r a c y c l i n e s .  These were p repared  by a 
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m o d i f i c a t i o n  of  t h i s  g e n e r a l  r o u t e . 7  Condensat ion of 5 w i t h  dimethyl  8 -ch lo rog lu tacona te  12 ( t h e  

mix tu re  of  isomer3 pmduced from t rea tment  of dimethyl  3-oxopentanedioate  w i t h  PC15 and subsequent  

r e rne thy la t ion8)  v i t h  sodium hydride as base  a f f o r d e d  t h e  d i e s t e r  13 i n  54% y i e l d .  S e l e c t i v e  

h y d m l y s i s  of t h e  less h indered  e s t e r  gave t h e  a c i d  14 i n  65% y i e l d  a l o n g  v i t h  25% recovered  

S t a P t i n g  m a t e r i a l .  The a c i d  14 cou ld  be conver ted  e a s i l y  i n t o  t h e  mixed d i e s t e r s  15a or  15b i n  

84% and 81 % y i e l d ,  r e s p e c t i v e l y .  
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b )  C y c l o a d d i t i o n s  o f  t h e  Caumalates and F u r t h e r  React ions.  Having developed g e n e r a l  methods for  

t h e  p r e p a r a t i o n  of 4 , 6 - d i s u b s t i t u t e d  coumala tes ,  we n e x t  examined t h e i r  u t i l i t y  i n  c y e l o a d d i t i o n s  

B e k i n g e r  r e p o r t e d  t h a t  t h e  e t h y l  e s t e r  2' analogous t o  2, r e a c t e d  w i t h  d i e t h y l  ke tene  a c e t a l  16a 

i n  r e f l u x i n g  t o l u e n e  for l 5 h  t o  g ive  a 73% y i e l d  (based  on unreeovered e s t e r )  of t h e  s u b s t i t u t e d  

benzoate  I &  presumably v i a  t h e  in te rmediacy  of  t h e  b i c y c l i c  l a c t o n e  17a which l o s t  C02 and 

e t h a n o l  a t  t h i s  t empera tu re .  We found t h a t  t h e  methyl  analogue 2 r e a c t e d  w i t h  d imethy l  k e t e n e  

a c e t a l  16b i n  r e f l u x i n g  benzene (82%)  f o r  24h t o  g i v e  a 63% y i e l d  of 18b a l o n g  v i t h  10% of t h e  

deS i red  b i c y c l i c  l a c t o n e  17b. Lowering t h e  r e a c t i o n  t empera tu re  t o  78'C f o r  24h a l lowed  t h e  

iSOla t ion  of t h e  d e s i r e d  adduct  17b i n  62% y i e l d  v i t h  none of  t h e  a romat ic  produot  18b b e i n g  

formed a t  t h i s  t empera tu re .  A t  r e a c t i o n  t empera tu re  below 75%. t h e  c y c l o a d d l t l o n  occurs o n l y  

ve ry  Slowly,  t h u s  i n d i c a t i n g  t h a t  t h e  c l e a n  fo rmat ion  of t h e  d e s i r e d  b i c y c l i c  i n t e r m e d i a t e  is 

l i m i t e d  t o  a very narrow t empera tu re  r ange .  Also i n  c o n t r a s t  t o  B e h r i n g e r ' s  r e s u l t s ,  we were a b l e  

t o  o b t a i n  t h e  b i c y c l i c  l a c t o n e  19 from t h e  r e a c t i o n  a f  2 wi th  e t h y l  v i n y l  e t h e r  ( 6  days  a t  78°C) 

i n  48% y i e l d  a l o n g  w i t h  35% of  t h e  a romat ic  e s t e r  20. The l a c t o n e  19. i s o l a t e d  a s  a mixture  of 



s t e r e o i s o m e r s ,  is u n s t a b l e  a t  75°C and s l o w l y  decomposes i n t o  20 over s e v e r a l  days 

The b i c y c l i c  l a c t o n e  llb cou ld  be conver ted  i n t o  f u r t h e r  p roduc t s .  C a t a l y t i c  hydrogena t ion  

of  the h indered  e lec t ron-poor  o l e f i n  of  17b proved d i f f i c u l t  but  cou ld  be accomplished under 

f o r c i n g  c o n d i t i o n s  (5% P t lC ,  500 p s i  H 2 ,  14d) t o  g i v e  a f t e r  chromatography a s i n g l e  isomer as t h e  

major product  i n  55% y i e l d .  The s t r u c t u r e  21 has  been a s s i p e d  t o  t h i s  compound on  t h e  b a s i s  t h a t  

t h e  hydrogena t ion  would occur from t h e  l e s s  h indered  f a c e  ( syn  t o  t h e  l a c t o n e  b r i d g e )  r a t h e r  t h a n  

t h e  more h indered  one (syn t o  t h e  k e t a l - b e a r i n g  b r i d g e ) .  The k e t a l  of 21 cou ld  be r e a d i l y  

hydro lyzed  (6N H2SU4, Zh, 25OC) t o  g ive  i n  75% y i e l d  t h e  k e t o  l a c t o n e  22, which has  t h e  c o r r e c t  

s t e r e o c h e m i s t r y  and c e r t a i n  f u n c t i o n a l i t y  t o  perhaps serve as a p recursor  t o  t h e  A r i n g  af  t h e  

ac lac inomyein  c l a s s  of  t h e  a n t h r a c y c l i n e s  w i t h  e t h y l  a t  C5 i n s t e a d  of methyl and a naphthylmethyl  

group a t  C4 i n s t e a d  of  methyl.9 

Hydro lys i s  of t h e  o l e f i n i c  b i c y c l i c  l a c t o n e  17b was c o n s i d e r a b l y  more d i f f i c u l t  (6N H p 0 4 ,  a q  

THF, 7i°C. 24h) and cou ld  n o t  be ach ieved  wi thou t  l a s s  of carbon d iox ide  t o  g i v e  t h e  phenol 23 i n  

56% y i e l d  and a n i s o l e  18b i n  38% y i e l d .  S e p a r a t e  exper iments  showed t h a t  23 was not  formed from 

18b Under t h e s e  c o n d i t i o n s ,  t h u s  i n d i c a t i n g  t h a t  some h y d r o l y s i s  of 17b t o  t h e  d e s i r e d  k e t o  

l a c t o n e  24 had o c c u r r e d  but t h a t  e n o l i z a t i o n  and l o s s  of  CU2 were t o o  f a s t  under t h e s e  c o n d i t i o n s  

t o  a l low f o r  its i s o l a t i o n  and 23 was produced i n s t e a d .  F i n a l l y  o t h e r  i n t e r e s t i n g  t r a n s f o r m a t i o n s  

of  17b are a130 p o s s i b l e .  Treatment of 17b a t  25°C wi th  T m I ,  a r e a g e n t  known t o  c l e a v e  dimethyl  

k e t a l s . 1 0  gave an e x c e l l e n t  y i e l d  of  t h e  p e n t a s u b s t i t u t e d  benzene,  t h e  i s o p h t h a ~ i c  a c i d  d e r i v a t i v e  

25. i n  which o n l y  one of  t h e  two a c i d  f u n c t i o n a l i t i e s  is p r o t e c t e d  as t h e  e s t e r .  T h i s  r e a c t i o n  

presumably proceeds by opening of t h e  l a c t o n e  wi th  TMI t o  t h e  d i e n i c  s i l y l  e s t e r  which loses 

methanol t o  g ive  25 a f t e r  workup. I n t e r e s t i n g l y ,  t r e a t m e n t  of  17b under b a s i c  c o n d i t i o n s  - s o d i m  

h y d ~ o x i d e  i n  methanol a t  25-C - produces a d i f f e r e n t  c a r b o x y l i c  a c i d  26 i n  q u a n t i t a t i v e  y i e l d .  

P r e s m a b l y  p m t o n  a b s t r a c t i o n  fPom t h e  a c i d i c  Y-position of t h e  o .0 -unsa tu ra ted  e s t e r  s e t s  t h e  

s t a g e  f o r  a vinylogous 0 -e l imina t ion  o f  t h e  l a c t o n e  b r idge  t o  a f f o r d  t h e  obse rved  product  a f t e r  
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Pro tona t ion .  Cons i s ten t  with its s t r u c t u r e ,  t h e  a c i d  26 was converted v i a  decarboxylat ivf  

e l i m i n a t i o n  i n t o  18b upon h e a t i n g  a t  120°C. 

Thus we have developed genera l  r o u t e s  t o  s u b s t i t u t e d  coumalates and effected t h e i r  s i m p l e  

c y c l o a d d i t i o n s  t o  g ive  b i c y c l i c  l a c t o n e s .  Moreover, we have been a b l e  t o  c a r r y  o u t  fu r ther  

r e a c t i o n s  on t h e s e  i n i t i a l  adduets  t o  produce both aromatic  and n o r a r o m a t i c  compounds of 

p o t e n t i a l  use i n  s y n t h e s i s .  
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