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The photochemical electrocyclic reaction mechanism of methyleneamine N-oxide to form oxaziridine was

explored on the basis of the potential energy surfaces obtained by the MINDO/3 CI calculation.

The strong interac-

tion between the ground state and the doubly-excited state, which appears in the disrotatory cyclization process of

the corresponding hydrocarbon system, was not observed.
channel from the excited state to the ground state, was found in the S, surface.

Instead, a deep potential well, which can be a leakage
The predicted reaction path is

characteristic of hetero-atom conjugated systems, and an important participation of the oxygen ¢ lone-pair electrons

is expected in this reaction path.

Photochemical isomerization reactions of methylene-
amine N-oxide, 1, are quite common;!-3 they undergo
cis-trans isomerization reaction and electrocyclic reaction
to form oxaziridines, 2. Although the thermal (ground
state) cis-trans isomerization reaction of 14 and the
photo-isomerization of 2 into amides® have been studied
theoretically, little attention has been paid to the
electron behavior and reaction paths for the photo-
chemical electrocyclic 12 reaction. From the orbital
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symmetry arguments,®? the allyl anion is expected to
cyclize photochemically by disrotatory rotation of the
methylene groups.  The formal electrocyclic 12
reaction may be considered to proceed by means of a
mechanism similar to that of the 3—4 reaction.?
However, there are two essential differences between
the 152 and 3—4 reactions. The first is the mode of
rotation of the methylene groups.
hydrocarbon system, 3—4, the disrotatory and con-
rotatory modes give potential curves of very different
shapes, while there is no distinction between these two
rotation modes in the 152 reaction, since only one
methylene group is involved in methyleneamine N-oxide.
The second difference is the existence of the lone-pair
electrons of the terminal oxygen atom of methylene-
amine N-oxide. Since the lone-pair electrons distribute
on the ¢ framework where the new ¢ bond is being
formed, the lone-pair electrons should participate in
the electrocyclic reaction mechanism of the 1-2
reaction, even if the photochemical reaction proceeds
from the z—n* excited state. Because of these essential
differences, the mechanism of the 1—-2 reaction cannot
be understood sufficiently well by analogy with the
3—4 reaction; therefore it is worthwhile to investigate

In the conjugated

the reaction process of the 1-2 reaction and to
compare the reaction mechanism with that of the
all-hydrocarbon conjugated system, 3—4. In the
present study, the reaction paths of the 152 reaction
will be explored on the basis of the potential energy
surfaces obtained by means of the semi-empirical
MINDOQO/3% CI calculation.

Method and Results

The structures of the compounds 1 and 2 were
optimized by the SCF MINDO/3 (without CI) calcula-
tion. They are shown in Fig. 1. The potential energy
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Fig. 1. Molecular structures of methyleneamine N-oxide
and the oxaziridine optimized by the MINDO/3
method. Bond lengths are in A and bond angles are

in degrees.

surfaces for the 12 reaction are a function of many
geometrical variables. In the present study, the potential
energy surfaces were calculated with respect to two
independent variables. One of these is the rotation angle,
0, of the methylene group. All the other geometrical
variables were allowed to vary simultaneously from
their initial to final values. This variation is expressed
by the second parameter, d, which varies from 0.0
(initial) to 1.0 (final). In the CI calculation, 40 and 39
configuration functions were selected from the singly-
and doubly-excited configurations for the singlet and
triplet states respectively. The potential energy surfaces
of four lower singlet states are shown in Fig. 2. The
symbols W and H correspond to local minimum and
maximum points on the potential surfaces respectively.
The broken line in Fig. 2-a indicates the concerted path
in which all the geometrical variables vary simulta-
neously. The potential energy curves along this
concerted path are shown in Fig. 3. The S, and S,
states of methyleneamine N-oxide consist of the n,—n*
and 7—0* excited configurations. The s—n* configura-
tion is involved in the S; and S; excited states. The T,
state is the #—z* triplet state and the T, state is the
n,—>m* triplet state.
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Fig. 2. Two-dimensional potential energy surfaces of (a) S,, (b) S;, (c) S,, and (d) S,
states of the methyleneamine N-oxide—oxaziridine system. The energies (eV) are
relative values with respect to the ground state of methylenimine N-oxide.
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Fig. 3. Potential energy curves for the methyleneamine

N-oxide-oxaziridine system along the concerted path. Fig. 4. Potential energy curves along the disrotatory

All the geometrical variables are varied simultaneously mode of cyclization of the allyl anion into the cyclo-
between the optimized structures of methyleneamine propyl anion. All the geometrical variables are varied
N-oxide and the oxaziridine. simultaneously between the two species.
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The potential curves for the disrotatory cyclization
of the allyl anion along the concerted path are shown
in Fig. 4. The S, and S, states are the s—¢* singlet
states. The S, state is the m—n* singlet state. The
mw—n* doubly-excited configuration is involved in the
S state. The T, state is the z—n* triplet state. The
7, and m; MO’s of the allyl anion cross during the
cyclization; avoided crossing at the middle stage of the
cyclization involves the ground state and s;—n3 doubly-
excited configurations. The true crossing which involves
the m—n* singly-excited state and its doubly-excited
counterpart occurs between the S, and Sy curves at the
begining of cyclization. This crossing point lies higher
(1eV) than the S, state of the allyl anion; it is expected
that the photochemical cyclization of the allyl anion
from its 7—n* singlet state is inefficient.

e

0 30 60 90
0.0 0.5 1.0
rotation (0) o ring closing(d)
0
—N/) - =N
\ \ e

Fig. 5. Potential energy curves for the step-by-step path
of the methyleneamine N-oxide—oxaziridine system.
6 is the rotation angle (degree) of the terminal methyl-
ene and d represents the simultaneous change of all
the geometrical variables other than 6.

It has been pointed out that the step-by-step path in
which the methylene rotation is followed by ring closure
may exist in the photochemical electrocyclic reaction
of hetero-atom conjugated systems.®® The potential
curves along this path are shown in Fig. 5. The vertical
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line at the center of Fig. 5 corresponds to the twisted
structure of methyleneamine N-oxide. The D and Z
states of the twisted structure have the following electron
configurations. In the twisted structure, the Diyr
diradical state has a symmetry property different from
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that of the Z—, Dgu, and Z4 states. The C, avoided
crossing is caused by pyramidalization of the nitrogen
atom during the ring closing.

Discussion

During the photochemical electrocyclic reaction of
the allyl anion, the symmetry-allowed crossing occurs
between the highest occupied 7, orbital and the unoc-
cupied m, orbital. In this crossing region, strong coupling
exists between the ground and the m,—m, doubly-excited
configurations, and it gives the avoided crossing between
the S, and S, potential energy curves shown in Fig. 4;
this is the “C” type of avoided crossing in Salem’s
classification.’? In the case of the cyclization of meth-
yleneamine N-oxide, the strong coupling between the
ground and the doubly-excited configurations does not
exist due to the non-symmetric property of the system
with respect to the vertical plane; no crossing occurs
between m, and 7, orbitals of methyleneamine N-oxide.
The interaction between the S, and S, states observed
in Fig. 3 is a different kind of avoided crossing. As may
be seen from Figs. 2-a and 2-b, the S,-S; interaction
observed in Fig. 3 originates from the Sy-S; interaction
at the W, region in the two-dimensional surfaces. Since
the 6 value at this region is large (80°), this crossing
can be understood from the state correlation diagram
between the 90°-twisted structure and its cyclization
product (Fig. 6). The ground D,r state correlates

Z.
DO”

(na*)

Fig. 6. State correlation diagram between the twisted
structure of methyleneamine N-oxide and its cyclic
structure.

with the no* excited state of the cyclic product, while
the Z; (or D,,) excited state correlates with the ground
state of the cyclic product. If the symmetry property
with respect to the CN(H)O molecular framework is
preserved during the cyclization, the Dgz-Z+ crossing
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is allowed symmetrically as shown in the correlation
diagram. In reality, however, the N-H hydrogen atom
moves out of the plane during the cyclization, and the
two states mix. The avoided crossing appeared in
Figs. 2-a and 2-b is caused by this geometrical change;
this is the “A” type of avoided crossing in Salem’s
classification.!)

The clear difference between the potential energy
curves of the 12 and 3—4 reactions indicates that the
photochemical electrocyclic reaction of 1 proceeds by
means of a mechanism different from that of its corre-
sponding all-hydrocarbon system, 3. The W; well
in the S; surface can be a leakage channel from the
excited state to the ground state, and the photochemical
formation of the oxaziridine is expected to proceed
through the non-adiabatic transition from the W; well
to the S, surface; the reaction mechanism can be
expressed by the following scheme.
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In this mechanism, the oxygen lone-pair electrons on the
CNO plane play a key role. The important role of the
lone-pair electrons on the terminal hetero atom in the
photochemical electrocyclic reaction of hetero-atom
conjugated systems has been pointed out in our previous
studies on the acrylaldehyde—oxetene system.8:10)

The calculated potential surfaces (Fig. 2) indicate a
strong interaction between the S; and S, surfaces at
the W; region. The n—n* excited state (S;) of
methyleneamine N-oxide will have high chance to
access the W, well and to form the oxaziridine through
the W,—H, transition. On the other hand, the forma-
tion of the twisted Z_ state (W, well in Fig. 2) from the
a—m* excited state results in reproduction of methylene-
amine N-oxide; this is the cis-trans isomerization process.
As may be seen from Fig. 2-b, the formation of oxaziri-
dine (the H,—»>W, path) competes with the cis-trans
isomerization (the H,—»W, path). It is expected that
the methyleneamine N-oxides having a lower W; well
and a higher W, well undergo cyclization to form
oxaziridines preferably than the cis-trans isomerization.
Since the electronic structure at W, involves the Z.
character and that at W, is of the Z- type, the electron-
donating substituents at the carbon atom increases
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the formation of the oxaziridine, while the electron-
donating substituents at the nitrogen atom decreases it.
The oxaziridine formation (9,) from the above three
compounds!®13) is parallel to this prediction.

Since only one methylene group is involved in
methyleneamine N-oxide, there is no distinction between
the conrotatory and disrotatory modes of methylene
rotation. However, it may be interesting to illustrate
the change in the orbital shape on the oxygen atom,
which is induced by the rotation of the terminal
methylene group. When the terminal methylene group
is rotated, the s, orbital fragment on the oxygen atom
rotates in the conratatory manner, while other =
orbitals remain unchanged.
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