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Surnrnary The intermediate o-complexes on the reaction 
pathway in the nucleophilic aromatic substitution 
reactions of l-ethoxy-2,4-dinitronaphthalene (1) and 
2,4,6-trinitroanisole (5)  with n-butylamine have been 
observed and characterized by high-resolution flow n.m.r. 
spectroscopy at low temperatures, and their u .v.-visible 
spectra assigned. 

THERE has been considerable interest in the mechanism of 
nucleophilic aromatic substitution reactions,l particularly 
in the applicability of the two-step mechanism proposed by 
Bunnett2 in which an intermediate o-complex is postulated. 
Much work has been done in recent years on the structures 
and properties of Meisenheimer complexes3 which are 
or mally analogous to these intermediate species, but there 

have been few reports of the detection of the intermediates 
themselves during substitution reactions. 

Y 

NO2 

Bunnett and Orvik4 have clearly detected by u.v.-visible 
spectroscopy an intermediate species in the reaction of 
l-ethoxy-2,4-dinitronaphthalene (1) with n-butylamine to 
which they assigned structure (2). The reaction of (1) with 



336 J.C.S. CHEM. COMM., 1977 

secondary amines was subsequently investigated by 
Sekigushi and his co-workers5 who claimed on the basis of 
n.m.r. evidence that the species analogous to (2) are quite 
stable a t  ambient temperatures when secondary rather than 
primary amines are used. 

We have developed the technique of flow n.m.r. spectro- 
scopy6 :which enables high-resolution n.m.r. spectra to be 
obtained in flowing, chemically reacting systems and have 
found i t  useful in the detection and characterization of 
a wide variety of transient species.' In the present work 
we have applied this technique to try to characterize (2) 
and analogues species formed 'on the reaction pathway' in 
nucleophilic aromatic substitution reactions. In addition, 
we have used mixed solvent systems to attain low 
temperatures for these measurements in an attempt to 
increase the life-times of such species. 

FIGURE 1. 100MHz flow n.m.r. spectrum recorded during 
reaction of l-ethoxy-2,4-dinitronaphthalene (1) ( 0 . 2 ~  in 75 % 
Me,SO-25 % MeOH) with n-butylamine ( 0 . 8 ~  in 75 % Me,SO-25 % 
MeOH) a t  0 "C recorded a t  a flow rate of 32 ml min-l (0.98 s 
after mixing). The resonances assigned to the intermediate (I) 
species (2) are indicated as are the signals due to  3-H in the 
reactant (R), (1) and product (P) (3) in equilibrium with (4). 
The small single peak in the spectrum a t  6 7.3 is due to benzene 
present in the Me,SO and was used as an additional marker to 
calibrate the spectrum. 

Figure 1 shows the n.m.r. spectrum of the flowing, chemic- 
ally reacting system of (1) ( 0 . 2 ~ )  in 75% Me,SO-25% MeOH 
plus n-butylamine ( 0 . 8 ~ )  in 75% MeSO-25% MeOH a t  
0 "C recorded at  a flow rate of 32 ml min-l (0.98 s after 
mixing). The temperature and solvent composition used 
was a compromise determined by the limited solubility of 
(1). From a knowledge of the spectra of the reactant and 
product species, the spectrum of the intermediate may be 
identified as indicated in Figure 1 : 6 9.09 (s ,  3-H), 8.62 (d, J 
ca. 8 Hz, 8-H), 7.83 (d, J cu. 8 Hz, 5-H), and 7.14 (m, 
6- and 7-H). The proportions of the reactant, intermediate, 
and product species may be varied by variation of the flow 
rate, confirming this assignment. The absorptions due to 
3-H in the reactant and product species are also indicated 
in Figure 1. On stopping the flow, the spectrum immedi- 
ately changes to that of the final product mixture. The 

concentration of the intermediate species reaches a maxi- 
mum after 1 s and it has a lifetime of only a few seconds 
under these conditions and thus its spectrum could not be 
measured using conventional techniques. The spectrum of 
the intermediate species is in general agreement with that 
expected for a o-complex from a 2,4-dinitronaphthalene 
derivative3d,e showing high-field shifts due to the presence 
of the negative charge. Of particular interest in the 
assignment of structure to the complex is the appearance 
of the resonance due to 3-H a t  low field, indicating that the 
attack of the amine must have been a t  C-1 and not C-3 and 
the intermediate is thus unambiguously identified as (2) as 
proposed by Bunnett and O r ~ i k . ~  The final product 
mixture is identified as an equilibrium mixture of (3) and 
(4) and the spectral changes are in complete agreement 
with the reactions in Scheme 1, as previously proposed, 

SCHEME 1 

clearly indicating the applicability of the two-step mechan- 
ism in this case.? 

A similar situation exists in the reaction of 2,4,6-trinitro- 
anisole (TNA) (5 )  with n-butylamine. Figure 2 shows the 

A B C 
0.44 s 0.98 s 1.5 s 

FIGURE 2. 100MHz flow n.m.r. spectra recorded during the 
reaction of 2,4,6-trinitroanisole ( 0 . 2 5 ~  in 50 % Me,SO-50 % 
MeOH) with n-butylamine (0.5111 in 50% Me,SO-50% MeOH) at 
-40 "C showing the signals due to  the aromatic protons in the 
reactant (R) (5 ) ,  intermediate (I) (6),  and product (P) [mainly 
(7)] species a t  various times after mixing. A:  72 ml min-1 (0.44 s 
after mixing) B: 32 ml min-l (0.98 s after mixing) C: 32 ml min-1 
using a 3 cm riser (1-5 s after mixing). The very small peak 
marked (P') is due to (9) and increases in intensity when higher 
amine-trinitroanisole ratios are used. 

t It must be emphasized that the detection and identification of any species in a reaction mixture does not 'prove' that i t  is involved 
in the reaction pathway to yield the final product as it could exist in a side equilibrium. 
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low-field resonances observed for the fast-flowing, chemic- 
ally reacting mixture of (5)  (0.2 M) in 50% Me,SO-50% 
MeOH with n-butylamine (0.4 M) in 50% Me,SO-50yo 
MeOH at -40 "C at  various times after mixing. The 
signals due to the reactant (R) and product (P) species 
occur a t  6 8.98 and 8.85, respectively and can be identified 
in the mixture as indicated in Figure 2. The additional 
signal a t  6 8.49 is assigned to the ring protons of the inter- 
mediate a-complex (6) .  There are no peaks in the region of 

NBu 
NHBu 

o z N & ) N o 2 ~  OZN oNo2 f BuNH2+ Mew 

NHBu l 

6 6 eliminating the possibility of attack at  C-3. The u.v.- 
visible spectrum recorded under these conditions is also 
characteristic of a Meisenheimer complex. The proportions 
of all three species depend markedly on the flow rate, the 
intermediate reaching a maximum concentration 1 s after 
mixing. Again, the spectrum of the product mixture only 
is observed immediately on stopping the flow, indicating 
that the spectra could only be obtained using these tech- 
niques. The product mixture for a 2:  1 amine: TNA ratio 
consists of N-(n-buty1)picramide (7) in equilibrium with a 
very small amount of the anion (8). A t  higher amine : TNA 
ratios, further attack on the product (7) occurs giving (9) 
and the observed spectral changes are in agreement with 
the reactions in Scheme 2 where again the two-step mechan- 
ism for the substitution is clearly applicable. In the 
reaction of (5 )  with secondary amines at  low temperatures 
it is thought that a-complexes analogous to (6) are formed, 
but that substitution does not occur as the overall reaction, 
but rather as a side reaction to form the 1,l-dimethoxy 
Meisenheimer complex. 

Of the two systems studied, the reactions of (5) are 
better suited to n.m.r. investigations because of the sim- 
plicity of the spectra. 
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