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Abstract – Treatment of "-unsaturated oxime esters with cupric acetate or ferric 

chloride in acetic acid / t-butanol or in t-butanol alone leads to the formation of 

vinyl- or chloroalkyl- substituted !1-pyrrolines in moderate to good yield.

New methods enabling the generation of reactive intermediates under mild conditions often open access 

to structures hitherto not readily available. In contrast to carbon-centered radicals, which continue to be 

extensively employed in organic synthesis, radicals centered on nitrogen have been much less exploited. 

This has been partly the result of a lack, until recent times, of convenient routes to these species. We and 

others have devised several new methods for producing nitrogen radicals, and some have been applied in 

the total synthesis of a number of alkaloids.1  

One method we devised for the generation of iminyl radicals consisted in the reduction of oxime esters 1 

with a combination of plain nickel powder and acetic acid in an organic solvent.2 Electron transfer from 

the nickel gives rise to a radical anion 2, which rapidly fragments into an iminyl radical 3 and a 

carboxylate anion 4. The former can capture a second electron to furnish iminyl anion 5. This is 

immediately protonated and the hydrolytically labile unsubstituted imine 6 converted into the 

corresponding ketone 7 (Scheme 1). However, owing to the weak reducing nature of the nickel, the 

iminyl radical 3 survives long enough to be intercepted by a well-positioned internal alkene. This is 

illustrated by the transformation of oxime acetate 8a or the more robust pivalate 8b into pyrroline 10 by 

quenching the intermediate primary cyclized carbon radical 9 by hydrogen abstraction from isopropanol. 

The radical nature of the process was confirmed by trapping radical 9 with diphenyldiselenide, which is 

compatible with the mild reducing system, to give selenide 11 in a useful yield.2  

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

This paper is dedicated with respect and admiration to Prof. Victor Snieckus on the occasion of his 77th 

birthday. 
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Scheme 1. Dissolving nickel metal mediated generation of iminyls from oxime esters 

 

However, when oxime acetate 12a was exposed to the action of nickel powder / acetic acid in refluxing 

isopropanol, we were surprised to find that the major product was in fact alkene 15a (77%) accompanied 

by a small amount of tertiary acetate 16a (12%).2 We initially believed that the intermediate tertiary 

radical 13 abstracted hydrogen too slowly from the solvent and was oxidized into cationic species 14 by 

electron transfer, possibly to the starting oxime acetate 12a (Scheme 2). In the case of 12b, only the 

tertiary acetate 15b was isolated in 62% yield. While we were pleased by the relatively clean formation of 

more functionalized and therefore more useful products, we were nevertheless puzzled by the mechanism. 

Subsequent experiments, summarized hereafter, revealed that the reaction of oxime acetate 12, in contrast 

to congeners 8a and 8b, is in fact ionic and not radical in nature.3 

 

 
Scheme 2. Unexpected transformations of an unsaturated oxime acetate 
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Still under the impression of a radical based mechanistic hypothesis, we attempted to obtain alkene 18 or 

the corresponding pyrrole 19 starting from oxime esters 8a and 8b by oxidizing the intermediate primary 

radical 9 with cupric acetate (Scheme 3). The latter’s ability to capture primary and secondary carbon 

radicals is well known and the transient Cu(III) intermediate thus generated (e.g. 17) decomposes to 

furnish in most cases the least substituted alkene.4 In a related study on trichloroacetamides, we had found 

that the mildly reducing nickel/acetic acid system was compatible with the presence of the mildly 

oxidizing cupric acetate and alkenes could indeed be formed upon trapping the intermediate carbon 

radicals.5  

 

 
Scheme 3. Unusual reactions of unsaturated oxime esters 

 

We therefore treated oxime esters 8a and 8b with a combination of nickel powder, cupric acetate 

monohydrate and acetic acid in refluxing t-butanol. The choice of t-butanol to replace isopropanol was 

made to avoid possible hydrogen atom abstraction from the solvent. In the event, the reaction led to the 

formation of acetate 20 and the parent ketone 21 in rather modest yield (Scheme 3). No alkene 18 or 

pyrrole 19 was observed. Ketone 21 is presumably the result of cupric acetate promoted hydrolysis of the 

staring oxime esters; however, the formation of acetate 20 instead of alkene 18 or pyrrole 19 is not 

compatible with a radical mechanism. We therefore embarked on a series of blank experiments to acquire 

some insight into the process. 

Under the same conditions, but in the absence of nickel powder, oxime acetate 8b furnished acetate 20 in 

43% yield along with ketone 21 (36%). Even cupric acetate was not strictly necessary: the same products 

were obtained by simply heating 8b in acetic acid / t-butanol, albeit in lower yield (27% and 13% for 20 

and 21 respectively) and longer reaction time. No reaction occurred in t-butanol alone. It is interesting to 
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note that Narasaka and co-workers have reported that treatment of oxime acetate 22 with a combination 

of 1,5-naphthalenediol, 1,4-cyclohexadiene, and acetic acid in refluxing 1,4-dioxane resulted in the 

formation of pyrrolines 23 and 34 in excellent combined yield (Scheme 3).6 The former clearly arises 

from a typical iminyl radical cyclization, with the cyclohexadiene acting as the final hydrogen atom donor, 

whereas the latter derives from an ionic reaction induced by the presence of acetic acid. In our original 

experiments, the trisubstituted alkene in 12a,b is sufficiently nucleophilic to allow the ionic process to 

compete favorably against the radical cyclisation observed with 8a,b, where the unsubstituted terminal 

alkene is only poorly nucleophilic.  
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Scheme 4. Cupric acetate and ferric chloride mediated cyclizations of unsaturated oxime acetates 

 

In the case of oxime acetates 12a and 12b containing an isopropylidene group, the action of cupric acetate 

and acetic acid in refluxing t-butanol provided cleanly !1-pyrrolines 16a and 16b with an isopropenyl 

side-chain (Scheme 4). This again proceeded clearly through an ionic mechanism promoted by the cupric 

acetate. We further examined briefly the action of other metallic salts. Thus, zinc chloride and acetic acid 

in refluxing t-butanol converted oxime acetate 12a into cyclized products 15a, 16a, and pyrrole 25 in the 

yields indicated in Scheme 4. Under similar conditions, ferric chloride proved more interesting. It gave 

rise to only two products: acetate 15a and its corresponding alcohol 26, with the latter dominating (13% 

and 56% yield respectively). In the absence of acetic acid, and at room temperature (25 °C), the reaction 

of oxime 8a with ferric chloride in t-butanol furnished chloride 27 in 64% yield, along with a small 

amount of the corresponding alcohol 28 (ca 8%). No reaction occurred in acetonitrile or DMF under 

otherwise identical conditions. These are coordinating solvents and almost certainly deactivate the ferric 

chloride. At reflux in acetonitrile, the reaction gave a small yield of the chloride 27 (23%) in addition to 

the parent ketone 21 (60%) and amide 29 (14%) resulting from a Beckmann rearrangement. In 
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dichloromethane, but at room temperature, only the desired chloride 27 (59%) and Beckmann derived 

amide (40%) were formed in nearly quantitative combined yield. 

 

Table 1. Formation of chloroalkyl-!1-pyrrolines from unsaturated oxime acetates 
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Since no Beckmann rearrangement was observed in t-butanol using ferric chloride as the promoter, the 

remainder of this study was conducted in this solvent, sometimes in combination with acetic acid. The 

results are collected in Table 1. The un-optimized yields are moderate to good. Various substitution 

patterns on the side chains are tolerated, and the aromatic ring can be substituted with various group or 

replaced by a heteroaromatic motif such a furan as in 47. In the case of compound 41, only one 

diastereoisomer is apparently formed but its stereochemistry was not unambiguously established. A 

mixture of t-butanol and acetic acid was used as the solvent in this example. The same combination of 

solvents was employed in the case of aliphatic substrate 48. In these two instances, and for reasons which 

are not yet clear, the presence of acetic acid did not lead to complications from a Beckmann 
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rearrangement. Curiously, however, complex mixtures were sometimes obtained when the starting oxime 

acetate was derived from aliphatic rather than from aromatic ketones. It is not clear at this stage what is at 

the origin of the complications with purely aliphatic substrates. Finally, the present transformation could 

be extended to the synthesis of imidazolines, as illustrated by compounds 51 and 53, even if the yields at 

this stage are still modest.7 

 

 
Scheme 5. Possible mechanism and example of a further transformation 

 

A plausible mechanism for this transformation is outlined in Scheme 5, even if the details are still not 

clear. The metal could presumably complex both to the nitrogen of the oxime and to an oxygen from the 

ester leading to a structure such as 54, which is likely in equilibrium with the enamine form 55. This 

equilibrium explains why the initial geometry of the oxime is of little consequence in most cases even if, 

as would be expected, the isomer with the ester and the allyl side chain in a trans arrangement is better 

disposed for cyclization. Nucleophilic attack by the alkene results in rupture of the relatively weak N-O 

bond, and the more electron-rich the alkene the better the reaction. Depending on the metal used and the 

type of nucleophile present, an alkene is formed by removal of a proton (with cupric acetate; path a) or a 

chloride is finally obtained following nucleophilic substitution by a chloride anion (with ferric chloride; 

path b). Acetic acid can also act as a nucleophile and acetates are hence sometimes observed.  

In summary, we have described a simple, practical route to functionalized !1-pyrrolines using cheap, 

readily available starting materials and reagents.8 The allyl ketone precursors can be made by numerous 

standard textbook methods, in particular by direct allylation of enolates or by the very powerful Claisen 

sigmatropic rearrangement.9 The !1-pyrrolines products can be further modified in many ways. One 

especially interesting transformation is exemplified in the lower part of Scheme 5 and concerns the 
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addition of a methyllithium to chloromethyl derivative 27 to give bicyclic aziridine 56 in an essentially 

quantitative yield (by NMR).10 Nevertheless, much work remains to be done to improve the yields, to 

better delineate and expand the scope, and to explore possible synthetic applications. Indeed, 

5-membered-ring nitrogen heterocycles, represented by pyrroles, pyrrolines, and pyrrolidines, are 

ubiquitous among alkaloids.11  
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