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Detection of Electrophilic Aromatic Substitution by Addition-Elimination using Natural 
Abundance Deuterium NMR: a Pyrrole Example 
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Natural abundance *H NMR has been used to demonstrate that the reaction of I-methylpyrrole with N-chloroimides 
occurs by addition-elimination and this method can be applied to other reactions. 

Electrophilic aromatic substitution typically occurs by an SE2 
mechanism in aromatic1 and heteroaromatic2 systems. This is 
not the only pathway and occasionally substitution by addi- 
tion-elimination3 (a-substitution4) occurs. It is often difficult 
in these examples to determine if in fact substitution has 
occurred by addition-elimination and not another pathway.5 

Electrophilic aromatic substitution by addition-elimination 
occurs because the reaction of the initially formed a-complex 
with a nucleophile becomes competitive with its deprotona- 
tion to form the expected substitution product.5.6 It can be 
seen that any factor which further slows down deprotonation 
will favour substitution by addition-elimination. Therefore , 
substitution of deuterium for hydrogen should favour the 
addition-elimination reaction and an isotope effect should be 
observed. It should be emphasized that in such a system an 
isotope effect would be observed irrespective of whether 
deprotonation occurs in the rate-determining step or a fast 
step. In the latter case it would be an example of a 'hidden' 
isotope effect ,7 which effects the product distributions but not 
the kinetics. 

Martin and Martin have observed dramatic differences in 
the natural deuterium distribution in the same molecule but 
from different sources.9 One of the consequences of this 
discovery has been the use of 2H NMR to determine 
primary1o.l and secondary11 kinetic isotope effects. In this 
communication, we illustrate how isotope effects, determined 
by natural abundance 2H NMR, can be used to demonstrate if 
electrophilic aromatic substitution has occurred by addition- 
elimination. 

The reaction of 1-substituted pyrroles with N-chloroimides 
gave a product in which an imidyl group became attached to 
the pyrrole ring.12 It was proposed that this reaction occurred 
by a process of addition-elimination. 12 Scheme 1 illustrates 
what happens to the naturally occurring deuterium at C-2(5) 
of the pyrrole ring in the reaction of 1-methylpyrrole 1 with 

N-chlorosucc'inimide . In the chlorination process the proton 
(deuterium) at the position initially attacked by the electro- 
phile is lost. But in the addition-elimination reaction the 
proton (deuterium) is retained at the position initially 
attacked by the electrophile. The presence of deuterium at 
C-2(5) would favour addition-elimination over substitution 
and the deuterium content at C-2(5) of the product 5 would be 
expected to be greater than in the starting pyrrole. 

Pyrrole 5 was prepared12 and its 2H natural abundance 
NMR spectrum was recorded at room temperature.? The 
deuterium isotope effect was calculated using eqn. ( l ) 1 * ~ 3  

1 2 

3 

2 1  

4 5 
~ ~~ ~~ 

t A 63.2 mg sample was dissolved in 3.00 ml of CHC13. The natural 
abundance 2H NMR was obtained at a frequency of 76.774 MHz on a 
Bruker AM500 FT-NMR using a 10 mm broad band probe. Typically 
4096 transients were collected in 8 K channels with a spectral width of 
1000 Hz, 2.05 s acquisition time and a 90" pulse length of 6.0 ps. 
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where Ro = initial deuterium content of reactant; RYHn-1 = 
deuterium content of product; n = number of equivalent 
hydrogens. 

The l-methyl deuterium resonance was used as the integra- 
tion standard in both compounds and its integral was set at 
3.00 arbitrary units. In l-methylpyrrole 1 the C-2(5) 
hydrogens had 3.09 units (Ro)$ of deuterium and in the 
product 5 there were 2.32 units (RYHndl) of deuterium at C-5. 
Clearly, there was an increase in the deuterium content at C-5 
and an isotope effect of 3.0 was obtained using eqn. (1). 

The same process was carried out for the addition-elimina- 
tion product 6 formed from the reaction of 1 and N-chloro- 
phthalimide.12 In this case an isotope effect of 7.0 was 
observed.$ As noted above any factor that slows deprotona- 
tion would favour the addition-elimination process and it is 
likely that the larger isotope effect observed during the 
formation of 6 reflects steric hindrance to deprotonation when 
the bulkier N-chlorophthalimide is used. Studies have shown 
that steric hindrance can lead to the observation of an isotope 
effect during electrophilic aromatic s~bstitution.7.1~ 

The results of this study confirm our original mechanistic 
suggestion that this reaction occurs by addition-elimination5 
and not by a radical15 or electron-transfer mechanism. 16 

The 2H NMR method described in this study can he used in 
suspected addition-elimination reactions in which the 

$ The CHj/C-2(5) natural abundance deuterium ratio at these 
positions was ca. 1 : 1 in the commercial (Aldrich) product. 

8 The NMR sample was prepared by dissolving 47.5 mg of 6 in 3.00 ml 
of CHC13. 

hydrogen at the carbon initially attacked by the electrophile is 
retained in the final product. This occurs in cases such as the 
pyrrole example above where an unexpected group becomes 
attached to the ring or when addition-elimination results in an 
unexpected isomer e.g. meta instead of ortholpara.4 Given the 
simplicity of this procedure it should become the method of 
choice for determining if electrophilic aromatic substitution 
has occurred by addition-elimination in these types of 
reactions. 
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