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Recent developments in natural product synthesis 
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Abstract During work on the  t o t a l  synthesis of the  novel ionophore 
a n t i b i o t i c  te t ronas in ,  new methodology f o r  the preparation of 
acyl te t ronic  acids and 6-ketonacrol ides  and diol ides  has been 
developed using t -butylacetothioacetate  as a key building block. 
Further chemistry establ ished a new route  t o  6-ketoamides which in  
turn were used as precursors f o r  acyltetramic acid preparation 
including a t o t a l  synthesis of the  plasmodia1 pigment fuligorubin A .  

Tetronasin ( I C I  14139603) i s  a s t r u c t u r a l l y  novel acyl te t ronic  acid ionophore 
a n t i b i o t i c  discovered in 1981 and i s  presently being developed as a ruminant growth 
promotion agent. Lle became in te res ted  in the  synthesis of te t ronasin owing t o  the unusual 
cyclohexyl group and the terminal acyl te t ronic  acid which had n o t  been previously observed 
in  other ionophore a n t i b i o t i c s .  Tetronasin presents an in te res t ing  synthet ic  challenge as 
i t  contains 1 2  ch i ra l  centres  isolated in f i v e  separate  regions of the molecule. 

I n  a convergent approach t o  te t ronasin we 
have synthesised various cyclohexyl, central  
hydropyranyl and terminal hydrofuranyl f rag-  
ments su i tab le  f o r  l a t e r  coupling react ions 
(Schemes 1 , 2  and 3 ) .  Of note i s  the 
extremely e f f i c i e n t  cyc l i sa t ion  reaction of 

required cyclohexyl unit with excel lent  
stereochemical control (Scheme 1 ) .  This 
Chemistry i s  based upon a re la ted  f i v e  r ine  
cyc l i sa t ion  reaction reported by Schreiber. 
I n  schemes 2 and 3 we have exploited a new 

Tetronasi n modification of the Sharpless asymmetric 
epoxi da t i  on procedure whereby concommi t a n t  
cyc l i sa t ion  t o  tetrahydropyrans and furan3 
nay be achieved using Lewds Acid c a t a l y s i s .  

Additionally the selenenylation react ion,  using ul t rasonic  methods, (Scheme 3)  i s  a 
p rac t ica l ly  useful procedure f o r  introduction of t h i s  group which we believe should be 
appl icable  in many other systems. Successful coupling react ions of these various 
s t ruc tura l  fragments have also been invest igated.  
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An a l t e r n a t i v e ,  and c o n c e p t u a l l y  more i n t e r e s t i n g  approach t o  t e t r o n a s i t  r e l i e s  upon 
t h e  p o s s i b i l i t y  o f  emp loy ing  a m e t a l  t e i n p l a t e d  p o l y e n e  c y c l i s a t i o n  r e a c t i o n  (Scheme 4 ) .  
Eiore a m b i t i o u s  may be t h e  u t i l i s a t i o n  o f  a 6 - k e t o m a c r o l i d e  v i a  remote  asymmetr ic  
m a c r o c y c l i c  s t e r e o c o n t r o l  t o  a c h i e v e  s i m i l a r  r e s u l t s  (Scheme 5 ) .  TiT an e f f o r t  t o  access 
t h i s  c h e m i s t r y  we have deve loped  t - b u t y l a c e t o t h i o a c e t a Q e  as a nove l  p r e c u r s o r  f o r  b o t h  
t e t r o n i c  a c i d  (e .g .  Scheme 6 and 7 )  and 8 - k e t o h i a c r o l i d e  s y n t h e s i s  (Scheme 8 ) .  
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This chenif t ry  ;nay be fur ther  elaborated using t-butyl 4-diethylphosphono-3- 
oxobutanethioate f o r  the synthesis of unsaturated 8-ketomacrol ides  and diol ides .  The 
s t a r t i n g  phosphonate der ivat ive i s  readi ly  avai lable  from diketene or f'ieldrun's acid.  

The v e r s a t i l i t y  of the t -bu ty l th io  subst i tuent  has a lso been demonstrated in the 
prepagation of 8-ketoamides, especial ly  in examples where poorly nucleophilic amines are  
used. The procedure i s  very mild and allows preparation of systems which contain readi ly  
racemised asyr;metric centres  (Scherac 9). 

Some of the 8-ketoamides prepared by t h i s  procedure are  a l so  precursors f o r  acyl- 
tetrariiic acids .  

The use of these methods f o r  synthesis  arj? i l l u s t r a t e d  by a highly e f f i c i e n t  
preparation o f  the  plasmodia1 pigment ful igorubin A (Scheme 1 0 ) .  
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