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The two-electron reduction of 3 with sodium amalgam in
degassed acetonitrile affords 4 in quantitative yield. Under deox-
ygenerated conditions, 4 is stable for a long time at room temper-
ature, but slowly undergoes an opening of the cyclohexane ring
skeleton with elimination of methyl groups to yield 5 at about
200 �C. At the same time, a small amount of 6 is obtained by fis-
sion of a CC single bond of the cyclohexane ring skeleton with
the transfer of hydrogen atom.

Heterocyclic spiro compounds have so far been found in na-
ture, and certain aza-spiro compounds are used in medicine as
angiogenesis inhibitors.1–4 In the course of our studies directed
towards elucidating physicochemical properties of pyridinyl
diradicals, we have prepared 3,10-dimethyl-3,10-diazadispiro-
[5.0.5.3]pentadeca-1,4,8,11-tetraene (1), a novel dispiro com-
pound characterized by a cyclopentane ring with vicinal spirocy-
clic dihydropyridine groups.5 Of interest is the experimental fact
that 1 exhibits peculiar behavior in thermal reaction. Upon heat-
ing at 160 �C, an intramolecular cyclization reaction takes place
with the transfer of hydrogen atom to give 8,13-diaza-8,13-
dimethyltetracyclo[9.4.0.01,5.05,10]pentadeca-6,9,14-triene (2).
At higher temperatures above 160 �C, 1 undergoes mostly a de-
composition reaction to give 1,3-bis(N-methyl-1,4-dihydropyri-
dinylidene)propane and 4,40-(1,3-propanediyl)bis(N-methyl-1,4-
dihydropyridine) as the intermediates and, subsequently, their
isomerization reactions take place respectively to give 2. To car-
ry out systematic study on the chemistry of dispiro compounds,6

it is essential to prepare higher homologues of 1. With this back-
ground, we prepare a structurally novel dispiro compound, 3,10-
dimethyl-3,10-diazadispiro[5.0.5.4]hexadeca-1,4,8,11-tetraene
(4) by two-electron reduction of 1-methyl-4-[4-(1-methyl-4-pyr-

idinio)butyl]pyridinium diiodide (3) and present its thermal
behavior.

Reduction of 3 was carried out with sodium amalgam in de-
gassed acetonitrile.7 The reduction process was followed by
UV–vis absorption spectroscopy. Figure 1 shows the spectral
change during the course of reduction, where the spectral line
(a) corresponds to the spectrum of 3. After 2 h of reduction,
the absorption maximum at about 330 nm was decreased in in-
tensity and the spectrum changed into the spectral line (b) with
a long absorption tail. After 7 h of reduction, the spectrum
changed into the spectral line (d), which resembles the absorp-
tion spectrum of 1. At this stage, no spectral change was ob-
served upon further reduction. Note that no EPR signals due to
free radicals were observed at all during the reduction process.
This suggests that 3 undergoes a relatively fast two-electron re-
duction to give a product.

Since the reduction product is unstable in the presence of
oxygen,8 the characterization was carried out in a sealed tube un-
der vacuum. In Figure 2 is shown the 1H NMR spectrum of the
reduction product.9 The NMR spectrum suggests that the prod-
uct should have a symmetric structure because the spectral fea-
tures are very simple. Analyses show that a clear correlation ex-
ists between the proton assignments obtained by means of the
spin-decoupling and H,C-COSY techniques, indicating the for-
mation of a single component as the final reduction product.
By reference to the 1H NMR spectra of 1,2-bis(N-methyl-4-pyr-
idyl)ethylene and 1,5,10 the structural assignment can be made
reasonably such that the product should possess the structure
of 3,10-dimethyl-3,10-diazadispiro[5.0.5.4]hexadeca-1,4,8,11-
tetraene (4). A careful analysis of the 13C NMR spectrum lends
further support for the above structural assignment.5 Conse-
quently, 4 is characterized by a cyclohexane ring skeleton with
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Figure 1. Absorption spectral change during the course of
reduction of 3 (1:0� 10�2 mmol) with 3% sodium amalgam
(2:2� 10�2 mmol) in degassed acetonitrile (5mL) at 0 �C: (a)
before reduction, (b) after 2 h, (c) after 4 h, and (d) after 7 h.
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vicinal spirocyclic dihydropyridine rings. In this connection, it is
noted that Suzuki et al. have recently prepared a hexabenzo de-
rivative of 4.11

Reduction product 4 is stable to light for long time in de-
gassed conditions. That is, no photochemical reaction takes
place when 4 is irradiated by light with longer wavelengths than
310 nm. Further, no thermal decomposition reaction is observed
upon continued heating of 4 for 20 h at 150 �C. In contrast, the
decomposition reaction takes place slowly at higher tempera-
tures above 200 �C to yield 4-[4-(4-pyridyl)butyl]pyridine (5)
as the main product.12,13 The formation of 5 can be readily ac-
counted for in terms of a ring-opening reaction of the cyclohex-
ane moiety with the concomitant elimination of methyl
groups.14,15 Competitively, the thermal reaction also gives rise
to a small amount of 1-methyl-4-[4-(1-methyl-4-(1,4-dihydro-
4-pyridyl)butylidene]-1,4-dihydropyridine (6)16 by fission of a
CC single bond of the cyclohexane ring with the transfer of hy-
drogen atom. Integration of the characteristic 1H NMR signals
reveals that the product ratio of 5 and 6 is about 5:1. At the same
time, an isomerization reaction takes place by intramolecular
cyclization with the transfer of hydrogen atom to give a trace
amount of 9,14-diaza-9,14-dimethyltetracyclo[10.4.0.01,6.06,11]-
hexadeca-7,10,15-triene (7).17 In short, 4 is shown to undergo
thermally the demethylation reaction in preference to the iso-
merization reactions. It can thus be pointed out that this is a
marked difference in thermal reactivity between 1 and 4. The
thermal reaction products of 4 are given below. Further study
on 4 is now in progress and details will be discussed elsewhere
in the near future.
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Figure 2. 400MHz 1H NMR spectrum of 4 in C6D6.

Chemistry Letters Vol.33, No.6 (2004) 661

Published on the web (Advance View) April 28, 2004; DOI 10.1246/cl.2004.660


