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THE PHOTO-SMILES REARRANGEMENT

Kiyoshi Mutai,* Sei-ichiro Kanno, and Keiji Kobayashi
Department of Chemistry, College of General Education
University of Tokyo, Komaba, Meguro, Tokyo 153, Japan

(Received in Japan 14 January 1978; received in UK for publication 21 February 1978)

The Smiles rearrangement is an intramolecular nucleophilic substitution at
an aromatic ring, usually catalyzed by base.1 A photorearrangement yielding the
same products as expected from the base-catalyzed reaction may well be called the
photo-Smiles rearrangement. We report an example of the photo-Smiles rearrange-
ment.

Recently the various examples of infeamoleculan nucleophilic photosubstitu-
tion have been accumulating.2 The observed facts suggest the possible occur-
rence of the {intramolecular reaction, i.e. the photo-Smiles rearrangement, if the
appropriate structural conditions for the substrate are provided. It is also in-
teresting to know whether the similar reaction mechanism should operate in both
cases. For this purpose we chose a homologous series of N-[w-(p-nitrophenoxy)}-
alkyllanilines, A. These compounds undergo the Smiles rearrangement in the pre-
sence gf a base such as NaH or NaOEt to yield 2. They are stable in neutral sol-
vents.
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Experimental conditions

A solution of 1, ca. 1x1074

M in concentration, was irradiated with a 100W
high-pressure mercury lamp through both Pyrex filter and an agueous NiSO4 solu-
tion of ca. 1 cm in pathlength. Thus, practically the exciting light of 313 nm
was used for the irradiation. For the determination of the reaction rate, the
solution was circulated through a flow cell set in a.uv spectrophotometer with
which the time dependence of the characteristic absorbance of the product at ca.
400 nm was recorded. A more concentrated solution was used for the isolation
and identification of the products.
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The major products 5f the photorearrangement in acetonitrile or methanol
were easily identified as N-(w-hydroxyalkyl)-p-nitrodiphenylamines gp by compar-
ing their spectral data with those of the products obtained by the base-catalyz-
ed rearrangement. Practically complete conversion of }'to % was observed for
n=2, 3, and 4.

In intermofecular photosubstitution, an interesting meta-favorable orienting
feature of nitro group was observed. For instance, 3,4-dimethoxynitrobenzene was
irradiated in the presence of methylamine. The products isolated were 3-(methyl-
amino) -4-methoxy- and 3-methoxy-4-(methylamino)nitrobenzenes, and the ratio bet-
ween the two isomers was 9:1,4 indicating the predominance of meta substitution.

In order to asses this meta-para activating ability of nitro group in the
intramolecular case, 3 and 3 were subjected to the photoreaction. The products
isolated were glfrom gland 2 from 5. No product indicating the meta substitution
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was detected in the reaction mixtures. The fact that the substitution occurred
only at the para position suggests a clue to elucidate the mechanism of the reac-
tion.

The inteamolecular reaction has been interpreted as initiated by the excita-
tion of nitrobenzene derivative. The meta orientation of nitro group has been
attributed to the different m-electron distribution in the excited state from
that in the ground state.s’6 In the present study, however, the products (4, and
2) are the same as those expected from the Smiles rearrangement in the dark.
Therefore, the intermediates in the reactions (2) and (3), and probably in (1),
may be the same as or have closely similar structures to those in the base-cata-
lyzed reactions. In this connection, three experimental facts are cited: (1) N-
Methyl derivatives of i'underwent no photorearrangement. (2) No rearranged pro-
duct was observed when cyclohexane was used as a solvent. (3) An addition of tri
ethylamine to the solution produced an enhancement of the photoreaction rate as
shown in the Table. The amine was ineffective to catalyze the rearrangement
without light.
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Table
Effect of Et3N on the relative rate of the photo-Smiles
rearrangement of p—OzNC6H4O(CH2)3NHPh

Concentration of Et3N in CH3CN (M)

0 0.0286 0.143 0.357

Rel. k 1.0 - 6.4 11 11

Concentration of Et3N in CH3OH (M)

0 0.0286 0.143 0.286

Rel. k 1.0 26 78 98

The fact (1) suggests that the N-H hydrogen is essential for the reaction, and
(2) and (3) may be best interpreted as indicating the involvement of an ionic
precess, that is, a proton transfer from the substrate to a solvent molecule or
an added base.

It has been reported that the acidity of phenols and naphthols increases on
excitation,7 the fact being confirmed by the effects of triethylamine added to
the solvent system. Naphthylamines have also been shown to decrease their ba-
sicity, or in other words to increase the acidity, to a considerable amount in
the excited state.8 In the present case, the 313 nm light excites both the ani-
lino chromophore (Amax= ca. 297 nm in acetonitrile) and nitrophenoxy chromophore

(X =
max
a dominant or at least detactable amount of the meta substitution product,9

ca. 307 nm in acetonitrile). The excitation of the latter should lead to

which is not the case. Hence, it may not be impertinent to assume that the exci-
tation of the anilino moiety, followed by its acidity increase and proton trans-
fer from the N-H group, is the main course of the photorearrangement.

It may be suspected the intramolecular exciplex formation of participating
in the reaction. However the higher homologs of 1 (n=4 and 5) with least intra-

molecular interaction of charge-transferloa 10b

and hydrogen bonding showed fairly

.large reactivity for the photoreaction. Therefore an exciplex formation or other

intramolecular interactions could be regarded as minor factors in this reaction.
Summarizing the experimental facts so far obtained, the following reaction

scheme may be proposed:
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