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Abstract

We have defined diagonalization reactions as a concerted bond formation between the diagonal saturated atoms
in cyclic molecules and designed the reactions of 1,2-heteraazetidine N-oxides to produce heteracyclopropanes
with the extrusion of HNO. Analysis of the bond interactions at the transition states suggested the reactivities of
the diagonalization reactions are controlled by the strains of the incipient rings of the transition structures. © 1999
Elsevier Science Ltd. All rights reserved.
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Definition of a new chemical reaction is meaningful to attract and concentrate attention on the design
and understanding of the reaction. In the present work, we have defined the diagonalization reactions as
a concerted bond formation between the diagonal atoms in cyclic saturated compounds 1 to produce the
contracted ring molecules 2 by extruding a part Y of the original rings (Eq. 1) and designed the reactions
of 1,2-heteraazetidine N-oxides 3-7 that give heteracyclopropanes and HNO (Eq. 2).
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The diagonalization reaction of azetidine N-oxide (3) was shown by the intrinsic reaction coordinate
calculations at the B3LYP/6-31G* level to proceed via a concerted pathway,!? though its activation
energy was fairly high (54.5 kcal/mol). We therefore attempted to design more reactive heteraazetidine
N-oxides. We assumed that the activation energy would be controlled by the strain of the incipient
three-membered ring at the transition state, and attempted to relax the strain by replacing the methylene
group next to the nitrogen atom by a hetero atom. The strains of small ring molecules were previously
shown to be relaxed by the increasing bonding property or the decreasing antibonding property of
the delocalization of o electrons between the geminal ring bonds (Fig. 1).3 The relaxation was also
previously suggested® to increase with the atomic number of the hetero atoms in the same row of the
periodic table due to the lone-pair effect and as the row of the ring elements is higher. Therefore, the
ring strains at the transition states were expected to decrease in the order of 3 (Z=CH,)>4 (Z=NH)>5
(Z=0)>6 (Z=PH)>7 (Z=S). The reactivities should increase in the reverse order (3<4<5<6<7).
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Figure 1. Geminal delocalization of G-electrons and ring strains

The activation energies of 4-7 were calculated to be 47.2, 41.9, 38.1, 36.6 kcal/mol, respectively
(Table 1).1* The order of reactivities is in agreement with the prediction. The activation energy of the
diagonalization reaction of 7 (Scheme 1) is significantly lower (about 18 kcal/mol) than that of 3. The
reaction could be observed experimentally.

Table 1
Activation energies of the diagonalization reactions of the heteraazetidine N-oxides

Compounds Z AE*?
3 CH, 54.5
4 NH 47.2
5 (o] 41.9
6 PH 381
7 S 36.6

2Activation energies (kcal/mol) based on the most stable
conformer of the reactants and transition states.
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We investigated the bond interactions at the transition states by the method previously developed.>-
The calculated interbond energies (IBE)? confirmed the order of the predicted transition state strains
(Fig. 2). The geminal delocalization is antibonding between the C1-Z and C2-Z bonds at the transition
state of 3. By contrast, the geminal delocalizations in 4-7 are bonding. The bonding property increases
in the order of 4<5<6<7. These results suggest that the ring strains at the transition states should control

the reactivities of 3-7.
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Figure 2. Activation energies vs interbond energieé of geminal delocalization between the C1-Z and C2-Z bonds at the transition
states in 3-7

Thermolyses of 1,2A%-oxathietanes and 1,2A%-oxaselenetanes were previously reported to give oxir-
anes with retention of the configuration,® demonstrating that the reactions proceed in a concerted manner.
These thermolyses are the first examples of the diagonalization reaction.

In summary, we have defined the diagonalization reaction and designed some reactions of 1,2-
heteraazetidine N-oxides. The reactivities should be controlled by the ring strains at the transition states.
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