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Dpering (1) was the first to demonstrate the ability of 

suitably disposed vinylpyridincs to serve as electrophilic 

olefins in Michael addition reactions. Subsequent studies (2,3) 

have elaborated the acope of this reaction. 

In view of the known ability of enamines to function 

as nucleophiles towards Michael addition, (4) it appeared to be 

of interest to study the reaction of enamines with vinyl heter- 

ocycles. Of particular interest was the possibility that, in 

formal terms, such a process could potentially serve as a conven- 

ient entry to fused polycyclic systems related to steroids, 

asasteroids or alkaloids. 

The purpose of this colllllll ication is to report the results 

of some model reactions, the long-range applications of which 

are currently under study in our laboratory. 

The reaction first studied was that between the pyrrolidine 

enamine of cyclohexanone, I, and 2_vinylpyridine, II. A vriori 

one could envisage three pathways for III, the first presumed 

intermediate for such an addition. 
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Thus process III - IV (Chart I) would be a means of 

achieving charge neutralization & six-membered ring fom- 

ation. Tautomerieation would then afford V which could be 

kolateil as such or, under appropriately forcing conditions, 

as its deamination product(s), VI. 

The process III - VII would correspond to charge neutral- 

ization * four-membered ring formation.(5) Alternatively, 

charge neutralixation could be achieved by proton transfer 

(III -km. Either VII or VIII could, upon appropriate 



No.33 Reactions of enamines with vinyl heterocycles 2251 

hydrolytic conditions,(S) afford the known ketone IX.(J) 

Treatment of I and II under a wide variety of conditions 

(benzene , xylene, dioxane, Diglyme as solvents) employing 

varying reaction times and thermal combinations produced, after 

hydrolysis in neutral water, IX in yields ranging from 14-71X. 

In no experiment was there any evidence for any of the "path a" 

(Chart I) products. All distillable material contained a 

carbonyl band as a major feature of Its infrared spectrum. 

The distillation residue, which in no case exceeded 15% of 

bulk material, also exhibited a carbonyl band as the major 

in its infrared spectrum. On the basis of our experiments 

the 

band 

we 

can only conclude that **path a " is non-competitive, presumably 

because of the disruption of aromaticity involved in the step 

III - Iv. In one experiment, I and II in a 1:l ratio were heated 

in Diglyme at 185. for seventeen hours and the reaction mixture 

distilled without aoueous treatment. A 76% yield of a high- 

boiling oil (llO-140. at 0.04 aar.1 was obtained whose infrared 

spectrum exhibited a band at 6.1O.U. typical of enamlnes.(4)* 

Subjection of this material to neutral aqueous hydrolysis for 

two hours afforded a 75% yield of IX. Thus we conclude that 

VIII is probably the predominant species prior to aqueous work- 

up. One cannot exclude the possibility of the involvement of 

IV or VII in eguilibrium steps (Hannich-retro Mannich) which 

are eventually irreversibly displaced towards the inert VIII, 

by proton transfer. 

*This material also exhibited a carbonyl band at 5.86& reflect- 
ing partial hydrolysis of VIII during the course of our trea,t- 
meht. The band at 6.1OYis clearly distinguishable from the 
pyridine band at 6.30.44 which is present also in the product M. 
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The, reaction was extended to'the pyrrolidine enamine of 

cyclopentanone as well as to I-vinylpyridine and vinylpytasine. 

Thus were obtained the heterocyclylethylated ketones 

65-81% y,ield. 

X-XIV in 

In no case was there any evidence for ffprth I” (Chart I) type 

products. Tables I and II list the pertinent preparative and 

analytical data. Structural assignments are based on infrared 

spectra and carbon and hydrogen analysis for all new compounds 

(XI-XIW. In the case of compounds IX and X, the infrared 

spectra were compared to previously prepared authentic samples.* 

In all reactions there were employed freshly distilled 

enamine (4) and Diglyme distilled from calcium hydride. The 

workup in all cases consisted of pouring the Diglyme solution 

into z. 300 ml. of water, stirring at room temperature for two 

hours, extraction three times with a total of s. 1 1. of ether, 

drying over sodium sulfate, rapid distillation of the ether, 

fractionation of the residual Diglyme, and distillation of the 

product through a short path column. In all cases, a small 

forerun was obtained whose boiling point and infrared spectrum 

was indicative of the presence of unhydrolyzed enamine of 

unreacted starting material. The yields in Table I refer to 

*We wish to thank Professor R. Levine, University of Pittsburgh, 
for qenerously supplying authentic samples of compounds IX and X. 
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diatillsd material.* 

Sev.eral features of this reaction should be noted. 

(a) The use of Stork% cyanoethylation condItIons(4) for 

pyridylsthylation afforded a 14% yield of DC. This low yield 

under the now classical conditions Is due to sluggIshnes8 of 

the reaction rather than polymerisation of the olafin, as seen 

from tha low amounts of distillation residue. 

(b) Conditions for effecting high yield preparation of 

XIII ara Inadequate for IX. Since the distillation residues 

were comparable, we conclude that vInylpyrIdIne Is less reactive 

than vinylpyrasine towards enamines. The general subject of 

relativa reactivities of various vinylheterocyclis towards the 

UIchael addition Is currently under study. 

(c) This process constitutes the most effective method to 

date of appending a heterocyclylethyl grouping ~(to a ketone. 

Attempts at base-catalyzed addition of the ketones to the 

vinylheterocycles resulted In serious losses polyalkylation 

and self-condensation. 

*It will be noted that this procedure did not Involve Isolation 
of the ketone tesulting from the unreacted and subsequently 
hydrol 

r 
sed enamine, as cyclohexanone and cyclopentanone co- 

distilled with the Diglyste. Thus the major losses were Incurred 
from a lack of recovery of unreacted starting material rather 
than from resinification. 
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