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Synopsis. The photo-Smiles rearrangement was
studied for two homologues of N-[2-(4-nitrophenoxy)ethyl]-
aniline by laser photolysis, an importance being attached
to the effect of the alkoxyl substituent on the reactive position.
The nitro group enhances the substitution at the para posi-
tion, but the alkoxyl group does not play a significant role
in the photosubstitution of the molecules.

The photo-Smiles reaction of N-[2-(4-nitrophenoxy)-
ethyl]aniline (1) is a typical example of intramolec-
ular nucleophilic photosubstitution.) In the previous
study,? the authors demonstrated by the aid of laser
photolysis that this reaction proceeds via an intramo-
lecular ion radical pair and the Meisenheimer-type
complex. This means that the substitution takes place
through interaction between the ground state cation
and anion radicals in pair. From this point of view,
it is reasonable that the photosubstitution reaction is
para directing with regard to the NO, group as is
usual for the thermal nucleophilic substitution. This
is also supported by the theoretical consideration that
in the nitrobenzene anion radical the free valency
is larger at the para position than at the other po-
sitions, that is, the NO, group activates the para po-
sition.2)

Mutai et al.® studied the photo-Smiles reaction of
N-[2-(2-methoxy-4-nitrophenoxy)ethyl]aniline (2) and
N-[2-(2-methoxy-5-nitrophenoxy)ethyl]aniline (3) in
polar solvents by analyzing their final products and
reported that the substitution takes place at the para
position with regard to the NO, group.
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Fig. 1. a) Absorption spectrum of a 10 ns after the
excitation. b) Broken line: absorption spectrum of
the DMNB anion radical. Dotted line: absorption
spectrum of the NMA cation radical. Solid line:
the 1:1 superposition of the spectra of the DMNB
anion and NMA cation radicals. c¢) T,«T,; absorp-
tion spectrum of DMNB in the acetonitrile solution
(present study).

These results indicate that NO, group plays a sig-
nificant role in the photo-Smiles reactions. Therefore,
in the present study, we have carried out the laser
photolysis experiment of 2 and 3 together with 1 in
acetonitrile to confirm the effect of NO, and CH,O
group upon the photosubstitution by elucidating their
reaction mechanism directly.

1, 2, and 3 were prepared as mentioned previously
and purified by chromatography.?) 1,2-Dimethoxy-4-
nitrobenzene (DMNB) (Aldrich Chemical Co.) was
purified by a sublimation and repeating recrystalliza-
tions. Acetonitrile (Wako, spectroscopic grade) was
used as solvent without further purifications. Sample
solutions for transient absorption measurements were
degassed by repeating freeze-and-thaw cycles. The
transient absorption was measured with the same ap-
paratus as mentioned previously.1:4)

Results and Discussion

The transient absorption of 2 was measured in the
acetonitrile solution containing triethylamine (0.1 mol
dm—3) by the excitation with an N, laser at 337 nm.
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It consists of two components, the faster one, a, and
the slower one, b, their decay time constants being
35 ns and more than 200 ps, respectively. Figure 1a)
shows the spectrum of a. Component a cannot be
observed in nonpolar solvents like benzene and cyclo-
hexane. Furthermore, the spectrum of a is different
from T,<T, absorption spectrum of DMNB which
is measured in the present study (see Fig. lc)) and
also from that of aniline and N,N-dimethylaniline.?)
In Fig. 1b) is shown a 1:1 superoposition of the spec-
trum of the DMNB anion radical® and that of the
N-methylaniline (NMA) cation radical.”? The super-
position is very similar to the spectrum in Fig. la).
Thus, a is assigned to an intramolecular ion radical
pair, and the photosubstitution of 2 proceeds via the
ion pair as that of 1 does.V)

The other component, b, whose spectrum is shown
in Fig. 2, is assigned to the relating Meisenheimer-
type complex. The spectrum of b is not remarkably
different from that of the relating complex of 1.1
This implies that the conjugation of the CH;O group
with the residual system is not so significant for the
complex. Polliff and Saunder showed that the spectra
of 1,1-dimethoxy-2,6-dinitrocyclohexadienide and 1,1,4-
trimethoxy-2,6-dinitrocyclohexadienide, are very sim-
ilar to each other.®)

These results mean that the photosubstitution re-
actions of 1 and 2 are very similar in their mechanism
to each other. Particularly, the fact that the sub-
stitution takes place for 2 at the para position with
regard to the NO, group shows that in the DMNB
anion radical the NO, group activates the para po-
sition, but the CH;O group does not play a significant
role in activation of the benzene ring.

The acetonitrile solution of 3 shows the transient
absorption with two components by the excitation
with an N, laser. Both components of 3, however,
are different from those of 2. The fast component
of 3 rises up very fast and decays with the time con-
stant of 1.0 us, which is much larger than that of 2,
35ns. The slow component of 3 rises up with the
time constant of 20 ps and does not decay within the
time domain of the monitor light pulse (200 ps).
Both components of 3 are not quenched by the ad-
dition of O, gas.

Figure 3a) and 3b) show the spectrum of the fast
and slow components of 3, respectively. The latter
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Fig. 3. Transient absorption spectrum of 3.
a): Absorption spectrum of the fast component 10
ns after the excitation. b): Absorption spectrum of
the slow component 45 ys after the excitation. Solid
line; absorption spectrum of the final product, 4.

may be assigned to that of the final product, 4, be-
cause both spectra are very similar to each other,
as shown in Fig. 3b). The assignment of the fast
component is not clear so far. The built up time
constant of the slow one is twenty times larger than
the decay time constant of the fast one. Consequently,
the fast component is not a direct precursor of the
slow component. These results suggest that the re-
action mechanism of 3 is different from those of 1
and 2, that is, the para directing character with regard
to the NO, group in 3 should not be due to the same
origin as in 1 and 2.

The present study indicates that the orientation rule
should be discussed taking not only the final products
but also the respective reaction mechanisms into ac-
count. Furthermore, it is shown that in 1 and 2
the para directing character is due to the activation
by the NO, group but not the CH;O group. The
reaction mechanism of 3 should be studied further.
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