The formation of only the meta isomer is diagnostic of
reaction via a cationic species,'®»1%1% The potent
reactivity of this species is illustrated by the high ratio
of the meta isomer of 22° as well as by the alkylation of
nitrobenzene. ?!

The reactivity of 1, 3, and 4 in aromatic substitution
is accommodated by the correlation of relatively low
energies of activation with the loss of stable leaving
groups.®®#  The present evidence that substitution
at the bridgehead position of apocamphane derivatives
occurs by a cationic process is consistent with previous
suggestions in thisb? and related systems.?%2¢ The
common isomer ratio obtained in the different alkyla-
tions of chlorobenzene cannot be taken as favoring re-
action via the l-apocamphyl cation since reaction
could occur through front-side displacement to = com-
plexes, 25 equilibrating o complexes, or other species such
that product sensitivity to the nature of the leaving
group would not be observed.

We wish to call attention to the fact that a family of
reactions suitable for the formal production of highly
reactive cations may be envisioned in which reaction
is facilitated by the loss of a stable, nonnucleophilic
leaving group.* Diazonium ions,® isocarboxonium
ions,?% and carboxylium ions* are members of this
family, and other potential members can be imag-
ined.?” Regardless of whether or not such ions are
truly reaction intermediates, the postulation of these
species may prove useful in designing synthetic routes
for substitution at positions of low incipient carbonium
ion stability and for the generation of other highly
reactive species.
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Trimethylenemethane,
Sir:
Trimethylenemethane (I) has been postulated to be the

central, stable intermediate in the low-temperature
photochemical decomposition of 4-methylene-Al-pyraz-

Proton Hyperfine Splitting
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oline! and 3-methylenecyclobutanone.? The basis for
this hypothesis lies in the detection of this ground-state
triplet by electron spin resonance spectroscopy. 2
The observation that the same esr spectrum may be ob-
tained from two independent precursors and the general
agreement between the observed spectrum and that ex-
pected for such a symmetric diradical have been cited in
support of the above hypothesis.?

The purpose of this communication is to present a
striking new epr spectrum which not only establishes the
skeletal structure of trimethylenemethane beyond ques-
tion, but also affords a direct quantitative comparison
with theoretical predictions of the ground electronic
state of this molecule. This has been accomplished
through the observation of the proton hyperfine splitting
of trimethylenemethane in a single crystal. The new
spectrum is essential to the structure proof in view of the
special assumptions of bond length and spin density
which were demanded in the comparison of the ran-
domly oriented spectrum with theoretical expectation.
In addition to being a stringent test of structure, the
hyperfine splitting is of considerable theoretical interest
as a direct measure of the electron spin density on the
peripheral carbon atoms of the molecule.

The precursor to trimethylenemethane used in these
experiments was 3-methylenecyclobutanone. A liquid
at ambient temperatures, this material melts at —20°,
Following a preliminary, but unsuccessful, search for a
suitable crystalline host, it was decided to attempt to
grow a single crystal of the pure starting ketone.*®
This attempt was successful. The crystal obtained was
irradiated at —196° for 2 hr, giving rise in the esr to
two major lines each of which was split into a number of
hyperfine components. By suitable adjustment of the
sample and rotation of the magnetic field, a maximum
splitting of 525 G was reached.” This maximum corre-
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sponds to a parallel alignment between the magnetic
field and the z axis of the molecule (defined as that
Cartesian coordinate perpendicular to the plane of the
molecule). In this orientation all the hydrogens are
equivalent to one another with respect to the magnetic
field, and each of the two major lines is split into seven,
and only seven, hyperfine lines. One of the two identical
septets is shown in Figure 1. The relative intensities of
the peaks of the septets are expected to fall in the bi-
nomial ratio 1:6:15:20:15:6:1. The measured ratio of
the spectrum shown in Figure 1 is 1.5:5.4:14.4:20:14.7:
6:1.1. The splitting between the peaks is 8.9 G. This
is the value predicted on the basis of valence-bond
theory.? As a result of the neglect of negative spin
density on the central carbon atom, Hiickel molecular
orbital theory predicts the lower value of 7.1 G.

Figure 1. Single-crystal esr spectrum of trimethylenemethane (I).
The septet shown, one of two, is the low-field peak. It is centered
at 2940 G (klystron frequency 9150 Mc). Much more intense
spectra show that only seven peaks are present. In the latter case,
however, the use of higher power distorts the spectrum enough so
that the expected binomial ratio of intensities is not reproduced
as well as it is in the spectrum shown above.

The magnitude of the splitting between the two major
lines shows the expected S-shaped angular dependence
with respect to rotation of the magnetic field. At points
below the maximum splitting the protons are no longer
magnetically equivalent, and more complex unsym-
metric splitting patterns are observed. The Am = 2
transition® has also been observed in the present study.
The latter transition shows rotationally dependent
hyperfine structure, but this has not yet been studied in
detail.
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Solvolytic = Route to Azabicyclics

Sir:

Recent studies of alkyl migration to divalent, elec-
tron-deficient nitrogen! prompted us to explore the
role of nitrenium ions in reactions analogous to other
carbonium-ion-type processes. In view of the many
well-established examples of the intramolecular addi-
tion of carbonium ions to double bonds,? we felt that
the cyclization of nitrenium ions merited investiga-
tion,®* especially in consideration of the biological
importance of the azabicyclics. We now wish to report
the conversion of a monocyclic olefinic N-chloramine
into a bicyclic amino ether under solvolytic conditions.

When the amine 1 was treated with aqueous sodium
hypochlorite, the N-chloramine 2 was obtained. Ex-
traction of 2 with pentane followed by dilution of the
pentane solution with methanol and evaporation of the
pentane gave a methanolic solution of 2. Refluxing
this methanolic solution for 7 hr in the absence of silver
ion or for 3 hr in the presence of silver nitrate (1.5 equiv)
gave a single amino ether,® bp 92-94° (30 mm), in 55—
659 yield. Anal. Caled for CHiyNO: C, 69.63;
H, 11.04; N, 9.02. Found: C, 69.54; H, 10.82; N,
9.09. In principle, cyclization could have occurred at
either end of the double bond to yield either 8-methoxy-
2-methyl-2-azabicyclo[3.2.1]Joctane (3) or 8-methoxy-2-
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methyl-2-azabicyclo[3.3.0]Joctane (4), Aside from es-
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