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Decomposition of meso- and
dI-3,4-Diethyl-3,4-dimethyldiazetine
(a 1,2-Diaza-1-cyclobutene)!

Sir:

Study of the thermal decomposition of diazenes (azo com-
pounds) has provided much information on the nature of di-
radicals and on the question of concerted vs. stepwise decom-
position paths.2 The four-membered-ring diazene—the 1,2-
diazetine3—is of particular interest because of the variety of
possible decomposition paths, and the relationships of these
paths to orbital symmetry considerations and to questions
associated with the high exothermicity in conversion of di-
azetines to olefins and N;3¢ (e.g., the possibility of thermal
generation of electronically excited states).* We report here
the synthesis and stereochemistry of decomposition of meso-
and d/-3,4-diethyl-3,4-dimethyldiazetine (meso-4 and di-4).
The principal finding is that loss of N from meso-4 and di-4
is stereospecific and cis, affording cis- and trans-3,4-di-
methyl-3-hexene, respectively.

Synthesis of diazetines 4 (shown in Scheme I for the d/ se-
ries): samples of 4 enriched in the meso or d/ isomer were ob-
tained by fractional recrystallization of meso- and dl-3,4-
dimethyl-3,4-dinitrohexane (1), followed by the sequence 1
— 2 — 3 — 4. Assignments of stereochemistry (Scheme I):
the meso and d/ designations for diazetines 4 are based on
conversion of dinitrohexane 1 to diamine 8 to imidazolidine
9; NMR data of the ring methylene protons of imidazolidine
9 are definitive for stereochemical assignment (meso-9 shows
an AB quartet at 6 3.79, d/-9 a singlet at 6 3.85). Assignment
of olefin 5 stereochemistry is based on conversion of diol 6 to
dioxolane 7 and to olefin 5. In dioxolane 7, the ring methylene
protons appear as an AB quartet at § 4.96 in the meSo isomer
and as a singlet at 6 4.98 in the d/ isomer. The d/-dioxolane 7
was derived from the crystalline diol of mp 52-53 °C, thereby
rigorously established as the di-diol.6 This same diol has been
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Scheme II
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converted’ by the cyclic thionocarbonate-triethyl phosphite
reaction (known to involve overall cis elimination of the hy-
droxyl groups)® to one of the isomers of 3,4-dimethyl-3-hexene,
established from the above relationships as the trans iso-
mer.?

Pyrolysis of samples of diazetine 4, enriched in meso and d/,
at 375 °C (GC injection point) gave the isomeric hexenes 5 (eq
1 and 2). Within the limits of these experiments,!? the de-
compositions are stereospecific and involve cis elimination of

No.
diazetine 4 — 3,4-dimethyl-3-hexene (5)
>95% meso-4 — >95% cis-5 (1)
58 +2%dIl-4 — 56 + 2% trans-5 (2)

The enthalpy changes associated with the decomposition of
3,3,4,4,-tetramethyldiazetine (10)3b€ to tetramethylethylene
are summarized in Scheme I1.!! The energy liberated in going
from the transition state of diazetine 10 decomposition to
ground state of products is ~85 kcal/mol, substantially above
the amount associated with the interconversion of cis and trans
olefins. In spite of this, the thermal decomposition of meso-
and dl-diazetine 4 proceeds with high stereospecificity. The
high stereospecificity also indicates that crossover to the T
state of 3,4-dimethyl-3-hexene (5) has not taken place;'%!3 the
S| state of 5, lying more than 130'3¢ kcal /mol above So, would
be energetically inaccessible in this reaction.

It is also of interest to consider the implications of the ste-
reochemical findings with regard to synchronous vs. stepwise
decomposition of diazetines. Evidence favors the loss of ni-
trogen from cyclic azoalkanes by concerted two-bond cleav-
age.>® Engel has suggested that the sum of the ground-state
strain energy and AH¥ for thermolysis is approximately con-
stant at 42-45 kcal mol~! for monocyclic azoalkanes.3e!# For
diazetine 10, this sum is 56 kcal mol~!, indicating that 10 de-
composes with at least 11 kcal mol~! more difficulty than the
five- and six-membered-ring counterparts.3¢ This finding is
in accord with orbital symmetry restrictions on a [2, (olefin)
+ 25 (N3)] process in the four-membered-ring case.32 The cis
elimination of N, from meso- and d/-4 excludes the orbital
symmetry allowed possibility of synchronous loss of N> by a
[2. (olefin) + 25 (N3)] path. The synchronous alternatives of
[2; (olefin) + 2, (N2)] or of [2, (olefin) + “partial 2, (N2)]'3
remain.

Concerning possibilities for stepwise decomposition of di-
azetine 4 (shown in Scheme III), the finding of cis elimination
of N leads to two conclusions: (a) cleavage of a C-N bond in
4 does not occur via concomitant stretching and twisting to
diradical A, since this species would inevitably afford both cis-
and trans-hexenes 5; (b) if cleavage occurs by C-N stretching
to afford diradical B, then the rate of loss of N; from this di-
radical (kgrqg) exceeds the rate of rotation around the central
C-C bond (krot). Prediction of the relative magnitudes of kfraq
and ko, both expected to be of low activation energy, is rather
speculative; analysis of ESR data on bond rotations in radi-
cals,'¢ of the results of decomposition of an optically active
diazene,!” and of CIDNP data!8 leads us to conclude that for
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diradical B k¢,g may well exceed k.q; i.€., the observation of
overall cis elimination of N, from diazetine 4 does not exclude
a stepwise decomposition mechanism for diazetines, e.g., via
diradical B.1°

In summary, these results (a) indicate the unimportance of
electronically excited states in this highly exothermic reaction,
(b) exclude one of the most probable of the possible synchro-
nous modes of decomposition, (¢) place severe constraints on
the nature of the lifetime of a diradical derivable by a stepwise
mode of decomposition.
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The Observable Cyclodecyl Cation.
A Novel “Secondary” Hydrogen-Bridged Carbocation
Sir:

The cyclodecyl cation (conventionally written as 1), a
well-studied! reactive intermediate noted for its ability to
undergo transannular hydride shifts, has now been prepared
and characterized in strong acid solution and we describe
herein the very unusual features of both the 'H and '*C NMR
spectra which lead us to conclude that this cation, like the

previously described 1,6-dimethyl analogue 2,2 possesses a
1,6-u-hydrido structure 3.

CH, 7* H *
CH,
1 2 3

Addition of 1-chlorocyclodecane to a solution of either 1:1
SbFs-FSO;H or pure SbFs in a mixture of SO,CIF-SO,F;
at ca. —140 °C or the addition of either cis- or trans-cyclo-
decene to the 1:1 SbFs-FSO3H mixture3 results in a light
yellow solution showing similar NMR features.* The proton
spectrum measured at —130 °C? is the most informative and
is characterized in particular by two broad peaks,® one at § 6.80
and a second of one half the area at § —6.85, a unique high-field
position range shown previously? to be characteristic of the
bridging hydrogen in 2. These two peaks can therefore be as-
signed to the terminal and bridging hydrogens of a u-hydrido
structure, i.e., partial structure 4. Coupling, if any, between
these protons is obscured by the broadness of the peaks.” The
remaining 16 protons in 3 form a broad envelope of overlapping
peaks from ca. § 1-3.8

The lowest field }3C peak (—130 °C) is found at 6 152.8%and
is assignable to the two carbons involved in the hydrido bridge.
Careful selective 'H decoupling experiments!? show that this
'H coupled 13C peak is a doublet of doublets with remarkably
different coupling constants, Jisc.ig = 158 £ Sand 32 + S Hz,
the former from coupling to the 6 6.8 'H peak and the latter
the coupling of this carbon to the high-field “u-hydrido” pro-
ton.!! The completed NMR characterization of the bridged
region in 3 can be compared with the corresponding parameters
in diborane, cf. 4 vs. 5.1

Quenching experiments have been carried out on the cy-
clodecy! cation by adding the cation solution to vigorously
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