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Summary: Neutral aminyl radicals generated by anodic oxidation of lithium 

alkenylamides 2 undergo a stereoselective cyclization to give cis-l-methyl- 

2,5-disubstituted pyrrolidines 4. Their cis stereochemistry was confirmed - 

by a comparison with trans-1,2-dimethyl-S-phenylpyrrolidine, the structure of 

which was established by X-ray crystallographic analysis of its quarternary 

ammonium bromide 6. 

The potential of carbon radical cyclization for organic synthesis has 

recently been studied by several groups of investigators. 
1 

These investiga- 

tions have demonstrated that the carbon radical cyclizations are useful for the 

preparation of some of the five-membered alicyclic' and even for some of the 

heterocyclic compounds. 
2 On the other hand, although there are numerous 

accounts of examples of the cyclizations of aminyl radicals complexed to metal 

ion or protonated aminyl radicals (aminium radicals), 
3 only a few examples of 

neutral aminyl radical cyclization have been reported. 
4 

Since neutral aminyl 
5 

radicals can be generated by an anodic oxidation of lithium alkylamides, we 

decided to investigate the cyclization of those species which are generated by 

electrolysis of lithium alkenylamides. In this communication, we wish to 

report the exclusive formation of several cis-1-methyl-2,5-disubstituted 

pyrrolidines by means of the cyclization of those neutral aminyl radicals which 

are generated by electrolysis of lithium alkenylamides. 

We found that the alkenylamines6 la, lb, lc, Id, and le could be converted 
__ II __ __ __ 

into the corresponding lithium amides 2a, 2b, 2c, 2d, and 2e respectively by 
__ __ __ __ I_ 

treatment with buthyllithium at -78'C (Scheme 1). Typically, the electrolysis 

of 0.06M 2a in a 3o:l mixture of THF-HMPA containing 0.25M lithium perchlorate 
I_ 
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at a constant current of 25 mA/cm2 with platinum anode by the use of a divided 

cell at -1O'C generated the aminyl radical 3a which underwent a cyclization to __ 
give cis-l-methyl-2,5_disubstituted pyrrolidine 4a as the exclusive product in - __ 
a 52% yield (Scheme I). The results for the formation of the pyrrolidines 

from five alkenylamines la-le by electrolysis under the same conditions are -5 ."_ 
summarized in Table 1. The table indicates that cis-l-methyl-2,5_disubstituted 

pyrrolidines 4a-4e are formed in moderate yields by the elctrolysis. GLC *_ _-. 
analysis was unable to detect any of the corresponding trans-2,5-disubstituted 

pyrrolidines as a product of the electrolysis. The cyclization appears there- 

fore to be highly stereoselective. The yield of.4a was slightly decreased when I_ 
electrolysis was conducted at -5O'C, although the formation of by-products was 

suppressed at the temperature. 

n-BuLi 
* 

- 7 ff 

la R=C6H5 
lb R=p-CH$ _ :fiH4 
lc R=p-CH30C6 HLI 
Id R=CH3 
le R=C2H5 

Rq= -‘-Rq= 
Pt - Pt . 

tH3 3 

2a-2e 3a3e 

) R5b CH3 

3 

4a-4e 

Scheme 1. 

Table 1. Cyclization of 

Amine 
Temp. 

(“C) 

la-le by anodic oxidation of 2a-2ea __ _- 55 _5 

Productb 
Yield of 4 Recovered 1 

(%jC - (%bC - 

la -10 4a 52 29 
_I __ 
la -50 4a 41 52 
-I 
lb -10 4b 48 44 _I __ 
lc -10 4c 46 50 

;a -10 4d -5 31 9 __ __ 
le -10 4e 34 4 
__ __ 

a) Electricity passed was 1.2 Faradays per mol of la-le. b) All the products -0 _-. 

in this Table gave satisfactroy analytical and spectroscopic results. C) De- 

termined by GLC using an internal standard. 
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Fig. 1. Perspective view of t=-1,1,2-trimethyl- 

5-phenylpyrrolidinium bromide 6 

alkenylamides were thus shown to cyclize in a highly stereoselective manner to 

give cis-l-methyl-2,5-disubstituted pyrrolidines. The present stereoselective 

electroorganic reaction may be useful in organic synthesis. 
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