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Abstract - The first total synthesis of clavicipitic acid 

, a derailment product of ergoline biosynthesis, has 

been accomplished through an intramolecular azide cyclo- 

addition reaction. The 3,4-disubstituted indole required 

for this work was assembled from indole-4-carboxaldehyde. 

The single imine generated from the [ 3 + 2 ]  cycloaddition 

reaction was subjected to bromination, dehydrobromination, 

reduction and hydrolysis to afford clavicipitic acid 

(21:l mixture of the and --isomers). 

We have reported recently an intramolecular azide [3+2] cycloaddition 

approach to the skeleton of clavicipitic acid, a metabolite of 

Claviceps strain SD58.' This compound, which is isolated as a mixture 

of iscmers , the major constituent in Floss' samplesl, appears 

to represent a derailment product of ergoline biosynthesis after 

the first pathway-specific step, the isoprenylation of trypto~han.~ 

Since fermentation processes produce this compound in relatively 

low yield an efficient high-yielding synthesis might be of scme 

health-related value. 



The 3.4-disbustituted indole was thus prepared and converted by 

conventional chemistry to the azidomalonate 2 .  On heating 2 in 
0-dichlorobenzene at 190-195'~ for 8 h, a good yield of the single - 

imine 2 was obtained as reported.' To complete the synthesis, it was 

now necessary to relocate the unsaturation from the Nfi - C10 position 
to the Cs - C9 position. 

While construed as a reaction of relatively low probability, the imine 

was exposed to RhC13.3H20 with the hope of effecting a direct isomeriza- 

tion."ince this reaction led only to decomposition of the imine, we 

opted instead to investigate the functionalization of C-9 with the ldea 

of producing through a subsequent elimination reaction an ene-imine. 

Selective reduction of the imine double bond might then yield the 

targeted intermediate. Although $ could be selenylated at C-9 in high 

yield (NaH, then msecl), the oxidation of selenide to selenoxide using 

several different reagents proved to be a very poor reaction. Enough 

of the selenoxide was generated, however, to be able to carry out the 

elimination reaction and to discover that the desired ene-imine $, could 

be formed. 

A bromination/dehydrobromination sequence has, on the other hand, been 

found to give workable yields of $,. On exposing 2 to cupric bromide4 
in CHC13/EtOAc at room temperature, bromide 2 was obtained in 778 
isolated yield. Dehydrobromination with DBU (4 equiv) in toluene 

at 55'~ for 72 h yielded $ (32% unoptimized yield after chromatography) . 5  

While subsequent treatment of this ene-imine with acidic cyanoboro- 

hydridefi resulted in formation of the over-reduced product 2 ,  use of 
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catecholborane gave t h e  d e s i r e d  product  8 c l e a n l y  (89%) .' 
Hydrolys is  and decarboxyla t ion of wi th  2  N_ KOH/MeOH f o r  5  h  a t  r t  

Eollaued by a c i d i f i c a t i o n  t o  pH 3.5  (HC1) y ie lded  c l a v i c i p i t i c  ac id  

[both  i somers ,  r a t i o  ?.1:1; mp 239-244'~ ( d ) l .  The Rf  va lues  of t h e s e  

i someric  a c i d s  were i d e n t i c a l  t o  those  of t h e  n a t u r a l  product  

generously  provlded by D r .  Heinz F l o s s  and D r .  Jon Clardy.  The mass 

spectrum [ ( I 5  eV) m/e 270, 269, 255, 225, 215, 196,  183,  182, 169, 

167, 1541 and W [(EtOH) Amax = 221, 288 nmI of t h e  mixture  were a l s o  

i d e n t i c a l  t o  those  obta ined f o r  t h e  n a t u r a l  product .  S ince  it is 

d i f f i c u l t  t o  o b t a i n  an NMR of t h e s e  a c i d s  f o r  reasons  of in so lu -  

b i l i t ~ , ~  bo th  t h e  s y n t h e t i c  and n a t u r a l  a c i d s  w e r e  d e r i v a t i z e d  by 

t r ea tmen t  wi th  a c e t i c  anhydride/methanol fo l lowing t h e  procedure of 

Morr is ,  Williams and Ambler8 a s  desc r ibed  by Mantle2 t o  y i e l d  a  

chromatographically homogeneous prcduct  (2  o r  i t ,  s t e reochemis t ry  

no t  ass igned)  possess ing  identical R E ,  I R  and 300 MHz 'H NMR 

 characteristic^.^ The p h y s i c a l  p r o p e r t i e s  of t h e  N-acetyl methyl 

e s t e r  prepared from s y n t h e t i c  c l a v i c i p i t i c  a c i d  a r e  as fo l lows:  



mp ( C C l a / h e x a n e s )  1 1 7 - 1 1 9 ' ~ ;  UV (CHC13) Amax  = 2 8 5  nm; I R  ( c H c ~ ? )  

3485,  1 7 3 6 ,  1636  em-'; ' H  NMR (CDCl?)  6 8 . 3 1  ( b r  s ,  1 H ) ;  6 .85-7 .29 

(m, 4  H ) ,  5 . 8 6  ( d ,  1 H ,  J =  7  H Z ) ,  5 . 2 3 ,  ( d ,  1 H ,  J =  7  H Z ) ,  4 .44  

( d d ,  1 H ,  J =  6 . 0 5 ,  4 . 0 3  H z ) ,  3 . 7 2  ( s ,  3  H ) ,  3 . 37 .  3 . 9 3  (AB p o r t i o n  

o f  ABX, 2  H ,  JAB = 16 .0  HZ,  JAX = 6 . 0 5  Hz, JBX = 4 . 0 3  H z ) ,  2 . 1 7  

( s ,  3  H ) ,  1 . 9 1  ( 5 ,  3 H I ,  1 . 75  (s. 3 H I ;  m a s s  s p e c t r u m  ( 1 5  eV)  m/e 

326 ,  311,  283.  

The  work r e p o r t e d  h e r e i n  d e f i n e s  a v e r y  d i r e c t  a p p r o a c h  t o  

c l a v i c i p i t i c  a c i d .  T h i s  r o u t e ,  w h i c h  s h o u l d  b e  q u i t e  a m e n a b l e  t o  

a n a l o g u e  p r o d u c t i o n ,  f u r t h e r  d e m o n s t r a t e s  t h e  power  a n d  v e r s a t i l i t y  

o f  d i p o l a r  c y c l o a d d i t i o n  s t r a t e g i e s  f o r  n a t u r a l  p r o d u c t  t o t a l  

s y n t h e s i s . 1 • ‹  
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