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The use of oxaziridines in organic synthesis is well documented.!
A particularly interesting application is the photoisomerization
of spiro oxaziridines into the corresponding ring-expanded lactams
using UV light.!2 This reaction has been shown to proceed in
yields of ca. 80% in a stereoselective and regioselective manner
in which the migrating carbon is located anti to the lone pair on
the nitrogen (Scheme 1).2%3 The mechanism for oxaziridines
containing an N-alkyl group has been proposed to involve an
initial homolytic fragmentation of the N-O bond on the singlet
excited state surface (n — o*yo), internal conversion to the
ground-state surface, and migration of a ring carbon atom.3®<¢

This mechanism presupposes that the excited state is localized
on the oxaziridine, which is typically not the case when R contains
an aromatic group. Absorption in the UV of most substituted
aromaticsis generally ata longer wavelength than that of N-alkyl-
substituted oxaziridines (Amex < 210 nm).22 More specifically,
the wavelength generally used in the photolysis of oxaziridines
is 254 nm, a wavelength at which absorption by an aryl substituent
(€254 200-10¢ M-! cm-!) far exceeds that of the oxaziridine
chromophore (254 ca. 50 M~! cm-!). One may therefore assume
that excitation is initially localized on the aromatic ring. In fact,
there is anecdotal evidence that the presence of an aromatic ring,
either within the substrate or as the solvent, facilitates the
photoinduced rearrangement. Despite this, it is generally held
that triplet photosensitization of oxaziridines is ineffective in
eliciting lactam formation.2 We therefore set out to study the
photosensitization of 2-isobutyl-1,2-oxazaspiro{2.5]octane (1)
witha number of benzene derivatives. Compound 1 was prepared
by treatment of the corresponding N-isobutyl imine with MCPBA
in CH,Cl; at 0 °C.3® For sensitization studies, solutions were
prepared such that the concentration of the aromatic was ca. 0.5
M and that of 1 varied from 0.04 to 0.1 M, with a total of four
different concentrations being used.* Direct photolyses were run
in hexane and acetonitrile for purposes of comparison and gave
quantum efficiencies for the disappearance of starting material
(¢ais) and the formation of lactam (@app) Of Pais = Papp = 0.29 £
0.05.5

All four aromatics were indeed found to be efficient sensitizers.
Assuming singlet sensitization (see below),a Stern—Volmer kinetic
analysis gives eq 1, and all four sensitizers did indeed give good
linear double-reciprocal plots.® Using singlet lifetimes (7sens)
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Table 1. Sensitizer Singlet Lifetimes, Sensitization Rate Constants,
and Maximum g

solvent sensitizer Toeas/NS  Koens/10° M1 571 iy
CH3;CN  N,N-dimethylaniline 08 9.6 0.49
anisole 9 1.3 0.59
toluene 20 1.5 0.61
benzonitrile 8 0.96 0.44
hexane  N,N-dimethylaniline 0.7 20 0.77
toluene 30 1.6 0.73
benzonitrile 12 1.6 0.63

measured for each sensitizer in the absence of 1, the kg, values
derived from the slopes and the @pqx values

1 1 1
=—t—— 1
¢app ¢mx kum1m¢mx[l] ( )
derived from the intercepts are presented in Tablé 1.7

The following observations are made regarding the mechanism
for aryl photosensitization: (a) Triplet energy transfer: Triplet
sensitization studies indicate that the lactamis not a photoproduct
under such conditions.2 Qur own studies with benzophenone in
hexane, using a medium-pressure Hg lamp with a uranium yellow
filter (A > 330 nm), confirm these reports. This experiment gave
N-isobutylcaproamide as the primary photoproduct with no
evidence for lactam. The fact that ¢ne, for toluene in hexane is
greater than the quantum efficiency for intersystem crossing for
this sensitizer (¢i;c = 0.52)% also eliminates this option,

(b) Singlet energy transfer: Fluorescence quenching studies
of toluene by 1 indicate that the photosensitization must be singlet
derived, as seen by a shortening of the toluene singlet excited
state lifetime in hexane. The rate constant for quenching (3.4
X 10° M-! s71) is comparable to that measured by sensitization
(Table 1).° However, singlet/singlet energy transfer would be
highly endothermic. Furthermore, the ¢q; for 1 of 0.29 in
acetonitrile and hexane under direct photolysis conditions is
significantly below the ¢mqx values for sensitization (Table 1).
Alternative singlet mechanisms are required.

(c) Electron transfer: The possibility of photosensitization by
reversible electron transfer has not been discussed in the literature,
except in a footnote concerning the comment of a referee.!® Our
data do not support such an option. We observe neither the
expected dependence of k.., On sensitizer ionization potential
nor any obvious effect of solvent dielectric constant (the latter
has been noted in previous reports).2.!!

(d) “Nonvertical” singlet processes: The endothermicity of
aryl/oxaziridine Franck—Condon singlet energy transfer requires
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a significant nuclear distortion in the acceptor concomitant with
sensitization, i.e., a “nonvertical” energy-transfer process.!2 Such
“nonvertical” processes are poorly understood; there have been
several mechanistic proposals,!? including the formation of
exciplex intermediates.!415

The utility of this photoreaction in asymmetric synthesis
necessitates a better understanding of the photosensitization
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mechanism. Further experiments designed to provide a more
detailed analysis of the oxaziridine sensitization process (for
example, dependence on sensitizer singlet energy), as well as the
potential extension of these observations to other three-membered-
ring heterocycles, are in progress.
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(15) We note that, though the triplet energy of oxaziridines has not been
determined, it seems likely that an endothermic process is involved in, e.g.,
benzophenone sensitization as well.



