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Abstract - The crystal structure of the 1,5-sigmatropic rearrangement

product of the cycloadduct of 3,5-dimethylpyridine N-oxide

and N-butyIimaleimide was elucidated. The result indicates

that the cycloaddition proceeds via exo transition state,

We previously reported that the 1,3-dipolar cycleaddition of 3,5-dimethylpyri-
dine (3,5-Tutidine} N-oxide (1} with N-substituted maleimides (i1} afforded
furo[2,3-blpyridine-type cycloadducts (1V) arising from 1,5-sigmatropic rear-

rangement of the primary exo c¢ycloadducts (111} (Scheme 1).V The exo addition is

considered to have resulted from unfavorable secondary orbital interactions be-

tween the highest occupied molecular orbital (HOMO) of 1 and the Towest unoc-

cupied molecular orbital (LUMO) of I1.

M{exo) WV(endo)
a:R=n-Bu

In the reaction of N-benzoyliminophenanthridinium osetaine (Va) or N-aminophe-

nanthridinium salt (Vo) with N-methyimaleimide, Tamura et al.22 isolated the
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endo primary adducts and suggested that the stereochemical outcome could be ra-
tionalized in terms of the attractive secondary molecular orbital interactions
between LUMO of ¥V and HOMO of 11. A simiiar endo-cycloaddition was found in the
reaction of pyridinium phenacylige with N-methylmaleimide.Z® These results are
in sharp contrast to our result.

Table 1. FMQ Energy Levels (eV)
O and Dominant Interactions

I 11 Va
O 2=
N

r-LUMO -0.473. 4 -1.1564 --0.936

i
NR 7 -HOMQ -8.,737¢-11.351 %-7.676
Va,b:R=H,COPh

Based on these backgrounds, an X-ray crystallographic study was undertaken to
get a definitive evidence of the molecular structure of 1V, Of the various
derivatives synthesized, only the N-buty! derivative (1Va) gave single crystals
when crystaliized from the ethanol-acetcne soiution by slow evaporation at room
temperature. The crystals are monociinic, space group P24/n, which was Jjudged
from systematic absence of reflections and there are four molecules in the unit
ceil of dimensions a=21.959(22), b=9.395{6), g=7.440(8)3,5=96.53(9f.3 The
structure was solved by the direct method using the MULTAN78 series of program?
and refined by the block-diagonal Jeast-squares method using UNICS 111 program,?
Hydrogen atoms were fixed at calculated idealized positions keeping their vibra-
tional amplitude fixed (B(H}=B{C)+1.0). The refinement converged to R=0.086. The
molecular structure is shown in Fig. 1.

Fig. 1 ORTEP Drawing of [Va
As can be seen in Fig. 1, [Va is the endo 1,5-sigmatropic rearrangement product
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in which three hydrogens H7, H11 and H12 are all-cis, and therefore the primary
cycloaddition product is the exo one. The activation parameters and the sub-
stituent and solvent effects are fully in accordance with the concerted reaction
behavicr.1+6 So the stereochemistry of the cycloaddition is determined in the
early stages of the concerted reaction process. The MNDO calculations suggest
the dominant interaction occurring petween HOMO of dipoles I and LUMO of 11
(Table 1). The frentier orbital interactions for endo transition state are
depicted in Fig, 2a.

a (I+I0) b (V+11)
Fig. 2 Frontier Orbitals and Secondary Interactions

In addition to the primary interactions leading ultimately to new boends, addi-
tignal nonbonding interactions between the remainder of the diene and dienophile
7 systems are possible in the endo transition state. Of those, two types of
"secondary orbital interactions” between the N atom of dipoles and two carbonyl
carbens (Cgand Cg') of maleimides are important.’ As shown in Fig. 2a, one of
the interactions is antibonding. This suggests that the exo transition state is
more favorable than the endo one. In the case of V, the frontier electron den-
sities of the N and G atoms are smaller than those of 1, implying that the an-
tibonding interaction between the N (or Cx) of V and the Cg atom of Il is not
serious.®

This result may provide a useful information on the stereochemistry of 1,3-
dipolar cycicaddition reactions of aromatic N-oxides with olefins which is
scarcely known in contrast to the extensive data availabie on the reactions of
alipnatic N-oxides (nitrones) and Diels-Alder reactions.
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