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Abstrnct - A general scheme, based on three currently accepted transformation 

reactions, is proposed for the biomimetic formation and interconversion of the four 

possible ~~~~~"-dideh~drohetero~ohimbines (cathenamines) (4, 9-11). The reactions 

permit, afler reduction, access to all eight basic heteroyohimbine alkaloids (6-8, 12-16). 

INTRODUCTION 

For more than twenty years now the biogenetic formation of the heteroyohimbine alkaloids has been the subject 

of intense study.'" The biogenetic fonnation of heteroyohimbine alkaloids is considered to proceed from 

strictosidine (1) via intermediates (2) and (3) to A2q2"-didehydroheteroyohimbine (4), which is then protonated 

[the iminium form ( 9 1  and reduced. In biomimetic experiments, ajmalicine (6), tetrahydroalstonine (7), and 19- 

epiajmalicine (8) were found among the reaction products (Scheme I ) .~ -*  
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Scheme 1. Biogenetic formation of heteroyohimbine alk aloids 

Although the formation of ajmalicine (6) and tetrahydroalstonine (7) is straightforward, that of 19-epiajmalicine 

(8) necessitates hrther transformations due to the different stereostructure at C-19. Scott and COII.,~ among 

others, have questioned the direct formation of 19-epiajmalicine (8)  from ~~~~"-dideh~drohetero~ohimbine (4). 

DISCUSSION 

The ~~~~~'-dideh~drohetero~ohimbine (cathenamine) structure, possessing two asymmetric centers (except C- 

15, which for biogenetic reasons must always be a),'"12 can give rise to four (22=4)13 stereoisomers 

[cathenamine (4), 3-isocathenamine (9), 19-epicathenamine (lo), and 3-iso-19-epicathenamine (ll)]. Two of 

these, 4 and 10, have been isolated from nature.14." while all four (4.9-11) have been prepared by synthesis.16m 
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The heteroyohimbine structure, which possesses one asymmetric center more than cathenamines (vide supra), 

gives rise not to four but to eight Q3=8)" stereoisomers. All eight (6-8, 12-16) have been found in n a t ~ r e . ~ ' . ~  

ajmalicine 6 H-3 a, H-19 b, H-20 p 
tetrahydroalstonine 7 H-3 a. H-19 p, H-20 a 
19-epiajmalicine 8 H-3 a. H-19 a, H-20 P 
rauniticine 12 H-3 a. H-19 a, H-20 a 

H 3-isoajmalicine 13 H-3 P. H-19 P ,  H-20 
CH,OOC akuammigine 14 H-3 p, H-19 p. H-20 a 

3-iso-19-epiajmalicine 15 H-3 P. H-19 a, H-20 Q 
3-isorauniticine 16 H-3 P, H-19 a. H-20 a 

Despite the substantial amount of work done (vide .siipr.n and Refs. 23-26), the interconversions among the 

cathenamines (or their precursors) and their further transformation to the eight basic heteroyohimbine alkaloids 

have not been subjected to comprehensive examination. Considering the different results we think the time is 

now ripe for such an examination and propose, keeping in mind Leibniz's aphorism 'NNaiura no17 facit SCI~~US' ' ,  27 

a general Scheme, called "La Ronde" (Scheme 2). 
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"La Ronde" 

A 
"Natura non facit saltus" 

ll 

Leibniz, 1704~' 

Scheme 2. "La Roitdr". Interconversion between the four ~~'"~~'-dideh~drohetero~ohimbines (cathena~nines)(4, 

9-11). 

Scheme 2 is based on just three generally accepted, biomimetically mundane transformations: 

cyclition/opening equilibrium of ring E (Schemes 3a and 3b),28"0 E,Z-epimerization of the ethylidene side- 

Imlruum intermediate (Scheme 5).3638 Together chain (Scheme 4),3L"5 and isomerization at C-3 vfa the A"" ' ' ' 

these transformations permit the interconversion between the four possible cathenamines 



HETEROCYCLES, Vol. 48, No. 7,1998 1487 

Mechanistically, the formation of cathenamine structures via inw1' - I ~ I I N U I ~  ' ' ' ions can be described as a Michael 

addition. The stereochemical conditions are such that the Michael addition can take place only from the p-face. 

In the cases o fE-  and Z-ethylidene side-chains, this means the H-19P and H-19a stereochemistries, respectively 

(Schemes 3a and 3b).6.""0 The reversibility of the process is evident (retro-Michael ring opening). 

Scheme 3a. Cyclizatiodopening equilibrium of ring E (E-ethylidene side-chain). 

CH3 
'QH 

\ 0 
CE30OC CH300C 

Scheme 3b. Cycl'ition/opening equilibrium of ring E (Z-ethylidene side-chain) 

The E,Z-epimerization of the ethylidene side-chain of the inq2"-didehydrogeissoschidne salts, via the 

corresponding enamine, is a well known transformation (Scheme 4)""' 

Scheme 4. E,Z-epimerization of the ethylidene side-chain. 
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Equilibration between Awl'- and ~~ '~ ' - iminium intermediates, permitting the isomerization at C-3, has been 

shown to take place for compounds ofthe present type (Scheme s).'"~ 

Scheme 5 .  Isomerization at C-3 via the h3'4'-iminium intermediate. 

Since each cathenamine, apparently via the corresponding Aq2"-iminium form @rotonation)," can give rise by 

reduction to two basic heteroyohimbine alkaloids (Scheme 6). all eight stereoisomers are connected to each 

other through the presented scheme "La Roiide" (Scheme 2) 

cheme 6. Reduction of the ca 

heteroyohimbine alkaloids. 

thenamines, via the corresponding ~ '~~~- i rn in ium forms, to the corresponding 

A few papers16.41.42 have described the 19-epicathenamine water adduct (17) as a biomimetic intermediate which 

can be stereoselectively converted into both 19R and 1 9 s  series (Scheme 7). 
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Scheme 7. 19-Epicathenamine water adduct (17) as a common biomimetic intermediate in the formation of 19- 

epiajmalicine (8)(19R series) and tetrahydroalsto~ne (7)(19S series). 

More convincing proofs of the intermediacy of the water adduct (17) are to be desired. On the other hand, even 

if the water adduct (17) were involved in the formation of heteroyohimbine alkaloids, this would sit well with 

the general scheme presented because of the equilibrium between 19-epicathenamine (9) and its water adduct 

(17) (Scheme 8). 

0 
c y o o c  cyooc 

OH 
9 17 

Scheme 8. Equilibrium between 19-epicathenamine (9) and its water adduct (17) 
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CONCLUSIONS 

A general biomimetic scheme "LLI Ronde" (Scheme 2). based on three commonly accepted biomimetic 

reactions, is proposed for the interconversion between the four A~~"-didehydroheteroyohimbines 

(cathenamines) (4, 9-11). Combined with reduction, these reactions pennit access to all eight basic 

heteroyohimbine alkaloids (6-8, 12-16). 
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