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Abstract: The T-lactam based alkaloid cynometrine has been synthesised in four steps from 
l-methyl-imidazole-4-carboxaldehyde. The key step involves an efficient regio-, stereo-, and 
chemoselective 1,3-dipolar cycloaddition of a dithiolane-fused azomethine ylide. 
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The stem bark and seeds of Cynometra hankei have yielded a number  of interesting imidazole- 
based alkaloids whose structures contain a "/-laetam framework 1. Amongs t  these, cynometr ine 1 
appears to posses potential as an analgesic 2 (Figure 1). 
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Figure 1 

We have recently found 3 that dithiolane-fused azomethine ylide 3, easily generated via fluoride- 
induced desilylation of imminium salt 2 undergoes efficient cycloaddit ion to electron deficient 
dipolarophiles to yield lactams 5 following deprotection of the initially formed dithiolane-containing 
adducts. Ylide 3 can thus be regarded as a synthetic equivalent to carbonyl-fused dipole 4 (Scheme 1). 
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Scheme 1 

We were thus intrigued by the possibility of utilising this cycloaddition methodology in a short 
synthesis 4 of alkaloid 1 as outlined below (Scheme 2). 
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This approach to alkaloid 1, involving cycloaddition of dipole 3 to olefin 6 (X = O, Scheme 2) 
clearly requires the cycloaddition to be regio- and stereoselective. An additional potential problem was 
the possible participation of the carbonyl group of alkene 6 in the cycloaddition. Indeed, we have 
recently found 5 that dipole 3 adds efficiently to hetero-dipolarophiles including aryl-linked carbonyl 
groups. 

To test the viability of this approach, the cycloaddition of dipole 3 to chalcone 7 was examined 
as a model system. We had predicted 6, on the basis of FMO theory, that this cycloaddition should 
show a regiochemical preference in the direction required for the synthesis of alkaloid 1. 

Indeed, it was found that the cycloaddition produced a 2:1 ratio of regioisomeric adducts 8 and 
10 respectively in 62% yield (inseparable by chromatography). In addition, a small amount of thione 
12 was isolated (5%) resulting from addition of the carbonyl group to ylide 3 and fragmentation of the 
resulting dithiolane 5. Hydrolysis of the mixture of 8 and 10 yielded lactams 9 and 11 in 48% and 
23% yields respectively following chromatographic separation (Scheme 3). 
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Scheme 3 

Encouraged by these results, imidazole-based alkene 6 was prepared in good yield via aldol 
condensation of 1-methyl-imidazole-4-carboxaldehyde 7 with acetophenone. Stirring a solution of 
alkene 6 in the presence of salt 2 and cesium fluoride yielded adducts 13 and 15 as an inseparable 
mixture in the ratio 4:1 (71%). Deprotection gave lactams 14 (60%) and 16 (17%) after 
chromatographic separation. A small quantity of carbonyl addition product 17 was also isolated 
(5%). 

The stronger preference for the cycloaddition involving imidazole-alkene 6 to yield the 
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required regioisomer 13 compared to the cycloaddition involving chalcone was fortunate but initially 
somewhat puzzling. Indeed, calculations concerning both the extent of FMO interactions between 
dipole 3 and alkene 6, and of the interaction of electronic dipole moments respectively, predicted a 
relatively poor degree of regiocontrol and possibly even a reverse of stereochemical preference in 
favour of the wrong isomer 156 . 

However, the well-known ability of the imidazole ring to co-ordinate to metals 8 prompted us 
to consider the possibility of a cesium-assisted cycloaddition in which the lone-pair from N-3 of the 
imidazole ring in alkene 6 is co-ordinated to a cesium ion originating from cesium fluoride, thus 
rendering the imidazole electron deficient. 

The effects of this on the FMO interactions in the cycloadditions were modelled using 18 
which is an N-3 protonated version of alkene 6. Comparison of the calculated FMO coefficients and 
energies for the neutral, and protonated alkenes 6 and 18 respectively revealed considerable 
differences, particularly in terms of the much lower HOMO and LUMO energies, and a reversal in the 
relative coefficient sizes in the LUMO on the alkene carbons in the protonated system 18 (Figure 2). 

Comparison of the calculated interaction energies 6 for the additions of each of these species to 
dipole 4 now indicates a strong preference for protonated alkene 18 to yield the regioisomer analogous 
to 13 (Scheme 3), in agreement with the observed stereochemical preference. This is supported by the 
observation that use of tetra-n-butyl ammonium fluoride (TBAF) as initiator in place of cesium fluoride 
yields a reduced preference (1.5:1) for regioisomer 13. 
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Figure 2 

To complete the synthesis of (.~_)-cynometrine 1, ketone 14 was reduced with sodium 
borohydride to yield (~.)-cynometrine 1 and the C- 11 epimeric alcohol 19 (4:1, 74% )9, (Scheme 4). 

Again, although fortunate, the stereoselectivity of this reduction was surprising in view of the 
fact that reduction of the phenyl-containing ketone 9 had yielded essentially equal amounts of both 
possible epimeric alcohol's. Here also, it would appear that the co-ordinating ability of the imidazole 
ring may be having a considerable effect on reaction selectivity. The calculated 6 lowest-energy 
conformation of ketone 14 locates the lactam and ketone carbonyls in opposing directions, which 
presumably is a result of favourable anti-parallel alignment of their respective electronic dipoles. 
Formation of the predominant epimeric alcohol would then result from hydride delivery from a 
trajectory close to the imidazole, which would be facilitated by co-ordination of the imidazole N-3 to 
the attacking borohydride 10 (Scheme 4). 

In summary, the use of dithiolane-fused azomethine ylides provides rapid regio- and 
stereoselective access to lactam-containing natural products. In addition, imidazole-containing 
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dipolarophiles appear to exhibit  an intriguing reversal of expected regiochemical preference upon 
cycloaddition in the presence of a co-ordinating metal. 
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Scheme 4 
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