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Steric and Electronic Effects on 2( 1H)-Pyridone Cyclloadditions 

By GRAHAM P. GISBY, SVEN E. ROYALL, and PETER G. SAMMES* 
(Department of Chemistry, The City University, London EClV 4PB) 

Szlrnv~zary The addition of dimethyl butynedioate to a PREVIOUS reports on cycloadditions involving 2( 1H)- 
pyridones have emphasised the vigorous conditions requ ired 
for reaction and the low yields of cycloadducts generally 
0bserved.l Herein are described some recent results in this 

variety of 2(1H)-pyridones is reported and the effect of 
the different substituents discussed. 
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$OzMe area which indicate that both steric and electronic effects 
influence the ease of cycloaddition of dimethyl butynedioate 
across the 3,6-positions of the 2( 1H) -pyridone system (1). 
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8 All new compounds were fully characterised. b Reactions 
were followed by 1H n.m.r. spectroscopy, monitoring the dis- 
appearance of the starting N-methyl signal against appearance 
of product(s). Reactions were carried out in 1-6 M pyridone 
solutions in acetonitrile at 80 "C for 72 h. C From the work of 
Heep (ref. le). In this paper the yield of product is incorrectly 
quoted (see the experimental section). The corrected yield is as 
stated in the Table. d Traces were detected. Reaction in neat 
dimethyl butynedioate a t  80 "C for extended time gave the 
adduct (2f) in 36% yield. e Traces were detected. Reaction 
under the standard conditions for 170 h gave the adduct (2h) 
in 8 %  yield. 

Our results are presented in the Table. Cycloadditions 
were carried out in acetonitrile at 80 "C in sealed glass 
tubes a t  standard concentrations using 1.1 equiv. of the 
ester. The starting pyridones were synthesised by standard 
methods2 N-Methylation was accomplished using the 
procedure of Hopkins et Reactions were monitored by 
disappearance of the N-methyl signal of the starting 
material in the 1H n.m.r. spectrum. Under the standard 
conditions the product was generally the bicyclic adduct 
(2). More vigorous reaction conditions, e.g. 140 "C for 14 h, 
gave the product arising from the retro-Alder breakdown of 
the cycloadducts, i.e. the phthalic ester (3). Although the 
pyridone (If) did not afford any adduct under the standard 
reaction conditions, heating it in neat dimethyl butynedi- 
oate for long periods a t  80 "C did produce the bicyclo- 
adduct (2f) in moderate yields (36%). A low yield (8%) 
of the bicyclo-sdduct (2h) was produced when the pyridone 
(lh) was heated under the standard conditions for 1'70 h. 

Early investigations used N-methyl-Z( 1H)-pyridone as a 
diene (N-rnethylated to avoid the otherwise ready Michael 
addition with acceptor dienophilesld) . Results were 
generally poor, leading some workers to infer that the 
classical compatibility of electron-rich diene and electron- 
deficient dienophile was inapplicable for this pyridone 
system and that i t  was behaving as an electron deficient 
diene (inverse electron demand). The experiments used to 
examine this possibility were, however, inconcl~sive.~ 
Molecular orbital calculations (CND0/Z5 and ab initio6) 

suggested that pyridone should be a neutral diene7 and, 
accordingly, the tabulated experiments were designed to 
test the effect of substituents. 

A comparison of the results for the methyl-substituted 
pyridones (la-ld) shows that substitution into position 6 
has the greatest effect on the rate of cycloaddition. That 
this is primarily a steric rather than an electronic effect is 
supported by a cornparison of the results for the pyridones 
(lc) and (Id). In the former case the 6-methyl group is 
buttressed against both the 1- and 5- methyl groups. When 
the same substituents are separated, as in (Id), the rate of 
cycloaddition is substantially decreased. A comparison of 
(le) with (la) shows a consistent trend; if the electronic 
influence were of primary importance a t  the 6-position one 
would expect, classically, the rate of addition to be greater 
for (le). Since the methyl group is bulkier, with respect to 
its buttressing effect, than a methoxy group, a steric effect 
is again implied. The same argument also applies to the 
conjugated pyridone (If), which gives no adduct under the 
reaction conditions, although a combination of both steric 
and electronic effects as in (lg) does show a significant 
improvement. 

The 
suggestion that pyridones are of the inverse demand type is 
not supported by this work, although the possibility of 
successful cycloadditions between electron-rich dienophiles 
and appropriately substituted pyridones, bearing electron- 
withdrawing groups, cannot be discounted. 

We thank Shell Research Ltd. for a studentship (to 
S.E.R.) and the S.R.C. for a CASE award (to G.P.G.) in 
collaboration with Allen & Hanbury Research Ltd. 

Similar steric effects have been noted by Bradsher.8 
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