


the N-trifluoroacetamide 11 (mp 150°C, dec; ms, m/z 558.0539 (M.+, talc, 558.0628), 431(100 %); 

1 t-l nmr, a ppm 1.65 (d,l H,J=7Hz,H-19), 350(s,3H,COOMe); uv, nm, 210, 227(sh), 235(sh), 290). 

Lactam 8 (racemic) was obtained by total synthesis and further transformed by action of lead 

tetraacetate into the acetoxyindolenine 914. 

Scheme 1 

4: tuboxenine 5a: R = H, 6 

1 a: vindolinine 

(*)R=O,orH 2 ; X, Y = suitable functionalities 

Initiation of the cyclization could be envisaged by generating a radical, either on C-2, or on C- 

19, or even by generating a bi-radical which would readily collapse to a C-C bond. Compounds 7 

and 9 were used to check the first proposal, while the 19-iodo derivatives 1 Oa, 1 Ob and 11 were 

candidates for the second and/or for the third possible pathway: 

When reacted with sodium in THF, 18,19-dehydrotabersonine 7 gave only reduction products, 

and sonication failed to improve the reaction. Under similar conditions, the acetoxyindolenine 9 

regenerated the anilinoacrylic ester 8: overcrowding around C-16 disfavored cyclization to the 

benefit of a reduction process. An attempt of photochemical cyclization (MeOH, AcOH, 254 nm, 1 h) 

of compound 7 was unsuccessful. 

Starting from the 19-iodo compound lob, photochemical (MeOH, Na2C03, 254 nm, 1 h) or 

chemical generation of the 19-radical (AIBN, PhH , reflux with addition of BugSnH, progressive or 

not617) only resulted in reduction to vincadifformine 12b. It was hoped that radical cyclization would 

be favored by the reduced electronic density of the enaminic 2,16 double bond8 of the 
trifluoroacetamide 11. However, reaction of 11 with Bu3SnH and AIBN in refluxing benzene gave 

l-trifluoroacetyltabersonine 13 as the major product, and treatment of the crude reaction mixture 
with NaBH4IMeOH mainly gave tabersoninel2a. Nevertheless, the presence of traces of 

vindolinine diastereomers la-d (Table), as indicated by 1 H nmr, was encouraging. 

Reaction of 11 with sodium in refluxing THF (30 min) was still more promising, as it gave a ca 

5% yield of vindolinines la-d, along with 19-iodotabersonine 10a. In the event, the reagent had 
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reductively cleaved the trifluorocetamido group in 11, and this led to a study of the reaction of 19- 

iodotabersonine IOa itself: after refluxing for 5 min a ca 8% yield of vindolinines la-d was 

obtained, in which 19-epi-vindolinine lc was largely predominant. However the major product 

was an unstable indolinic alcohol resulting from overreduction of the ester group, and whose 

structure was not elucidated. 

Scheme 2 

R 14.15 R 14,15 R 14,15 

7 H2 A 9 10a H A 12a H A 

8 0 H2 10b H H2 12b H H2 

11 cocF3 A 13 COCF3 

Table 

#&@f.-jfi$ 
la h IC 

3 wm vindolini& 16-epi ‘a 1 9-epiab 16-epi, 1 9-epi4 c 
16R,l9R 16S,l9R 16R,19S 16S,19S 

1 Q-Me 0.95 - 0.81 0.51 0.62 

cXx&& 3.68 3.76 3.66 3.72 

The above radical reaction was markedly improved by ultrasonic activationgB10. Two 

sonicators were available: one (A)” with variable intensity, but with a disfavorable geometry 

(5OOW, 20KHz) and a laboratory cleaner (60W,45KHz) (B)12. All experiments were conducted 

under an argon atmosphere. The composition of the reaction mixtures was evaluated by 1 H nmr, 

on the basis of the chemical shifts listes in Table , and after separation by tic. 

With apparatus A, a solution of 10a in dry THF was admixed with an excess of sodium in a 

small vessel which was externally cooled by an ice-water bath, in which the ultrasonic horn was 
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immersed. For reaction times ranging from 15 to SO minutes the yield of cyclization reached IO%, 

while the unstable overreduced alcohol already mentioned was always present (5-15%). With 

lower ultra-sonic intensities, vindolinine la and 16-epi-vindolinine 1 b were formed in a 1:2 ratio. 

With higher intensities, all four diastereomers la, 1 b, Ic and Id were formed in the ratio 

14:50:35:1. 

With apparatus B, after sonication for 10 to 30 minutes, the reaction mixture was much cleaner : 

extraction and separation led to the recovery of some starting material (35 %), and to the isolation 

of 16-epi-vindolinine 1 b (34%, 52% conversion), which was identified (RF, ir, uv, ms, 1 H nmr) by 

comparison with a reference sample prepared4a from natural vindolinine. 

The importance of physical and geometrical parameters on sonochemical reactions is well 

known, and the above results are likely to be improved by using a more adequate apparatus. 

Although the reaction is complicated by the eventual formation of all four stereomers, and by 

competitive reduction processes, it now offers a solution to the yet unsolved problem of the 

synthesis of the vindolinine skeleton. 

Acknowledgement : Thanks are due to Dr D.Royer for measuring some nmr spectra. 
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