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signal maximum was being observed. The magnet
position was not changed.
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Cationic Aromatic Substitution at the Bridgehead
of 1-Substituted Apocamphanes
Sir:

Studies of reactions at the bridgehead of bicyclo-
[2.2.1]heptanes have been remarkably informative
about structure-reactivity relationships.! The classic
case is the seminal work of Bartlett and Knox,? which
established both the inertness of 1-chloroapocamphane
to ionization and the reactivity of 1-aminoapocamphane
in deamination, and thus has proven important to the
understanding of carbonium ion structure! and to the
formulation of intermediates in the deamination of
amines.? We wish to report that reactions which
formally could produce the l-apocamphyl cation by
loss of different stable nonnucleophilic leaving groups
lead to the same l-arylapocamphanes.

Reaction of l-chloroformylapocamphane (1) with
silver fluoroborate or silver hexafluoroantimonate in
chlorobenzene initially at ambient temperature gives
the same ratio of 1-chlorophenylapocamphane isomers
(2) in 24 and 81 9] yields.* The product ratio obtained
for 2 is ortho 40%, meta 32%, and para 289;.° The
same ratio’® of isomers 2 was obtained from the reaction
of l-aminoapocamphane (3) with nitrosyl chloride or
nitrosyl hexafluoroantimonate in chlorobenzene at
ambient temperature in 15 and 997 yields® and from

? CHC
—_—

1, X=0C0Cl 2,0,40%
3, X =NH, m,32%
4,X =0S0Cl p,28%

reaction of l-chlorosulfinylapocamphane (4)" with
silver fluoroborate in 1997 yield. The indistinguishable
ratio of products? strongly suggests that these aromatic
substitutions at the bridgehead position proceed via
a common intermediate.®®

(1) (a) R. C. Fort and P. von R. Schleyer, Advan. Alicyclic Chem., 1,
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The aromatic substitution reactions of 1, 3, and 4
to give isomers 2 may be formulated by analogy with
deaminative substitutions at bridgehead positions as
a radical,'® cation,® or front-side displacement? !4
process.

Apocamphyl free radical (5) may be ruled out as an
intermediate by two observations. Generation of §
in chlorobenzene, achieved by heating a solution of
l-acylperoxyapocamphane to 125°,1%1¢ leads to 23 %
of the I-chlorophenylapocamphane isomers (2),
giving ortho 13%, meta 609, and para 279> On
the other hand, reaction of the chloroformate 1 with
silver fluoroborate at 125° gives 21 % of these isomers
in a different ratio, ortho 35%, meta 32, and para
33%,% implying a different mechanism for these re-
actions. In another test for the intermediacy of 5,
l-chloroformylapocamphane (1) was treated with
silver hexafluoroantimonate, and l-aminoapocam-
phane (3) was allowed to react with nitrosyl chloride in
separate experiments in nitrobenzene at ambient

CgHNO,
= 4
X
1,X=0CO0Cl
3,X=NH, NO,

8

temperature. The product of these reactions is 1-m-
nitrophenylapocamphane” (8) in 24 and 49 yields.

temperature although partial conversion to the bridgehead chloride and
a small amount of the 1-chlorophenylapocamphane isomers occurred on
heating at 50-60° for 1-4 hr, The bridgehead chloride was stable to
silver fluoroborate and boron trifluoride in chlorobenzene at room
temperature.

(9) The structural assignments to the isomers 2 were made on the
basis of analytical data, the established gross structure,* and infra-
red 011 and nmr spectral correlations. Theliquid meta isomer, separated
from the ortho and para compounds by preparative glpc, has a pmr
spectrum showing a singlet for the gem-dimethyl group at § 0.93 ppm
and exhibits infrared absorptions at 688 and 771 e¢m™! in carbon di-
sulfide. The assignment of a mixturc of ortho and para isomers for the
other material purified by preparative glpc is confirmed by the appear-
ance of infrared bands at 742 (ortho) and 812 (para) cm~! and a pmr
spectrum with two singlets for the two different gem-dimethyl groups
at 8 1.29 (ortho)'t and 0.85 (para) ppm. The ratio of ortho and para
isomers determined by the relative areas of the different gem-dimethyl
singlets is consistent with a glpc analysis using a 150-ft Golay capillary
column,
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C. Riichardt, Ann., 601, 1 (1956).
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Soc., 65, 2428 (1943).

(16) C. Walling, *“Free Radicals in Solution,” John Wiley and Sons,
Inc., New York, N. Y., 1957, pp 467-511.

(17) The liquid meta isomer was purified by preparative glpc and the
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mass spectral molecular weight, infrared absorptions at 680 and 795
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type by comparison with the spectra of the known nitrotoluenes.



The formation of only the meta isomer is diagnostic of
reaction via a cationic species,!®%1® The potent
reactivity of this species is illustrated by the high ratio
of the meta isomer of 22° ag 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 this’? 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,?% 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.* Diazonjum 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-A'-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.!?
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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the gas phase has been presented recently by R. J. Crawford and D. M,
Cameron, ibid., 88, 2589 (1966); R. G. Doerr and P. S, Skell, ibid., 89,
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magnetic field then yielded reproducible spectra. The reproducibility
depended critically on the appearance of the crystal during growth.
Those crystals which grew as long thin rods running the length of the
capillary were completely satisfactory. A second form which appeared
as cubes during crystal growth could not be satisfactorily oriented in
the magnetic field with the equipment at hand.

(6) C. A. Hutchison, Jr., and B. W, Mangum, J. Chem. Phys., 29,
952(1958); 34,908 (1961); R. W. Brandon, G. L. Closs, C. E. Davoust,
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