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An E.S.R. Study of Bicyclo[1.1.1]pent-1-yl Radicals
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The e.s.r. spectrum of bicyclo[1.1.1]pent-1-yl radicals shows a very large hyperfine splitting from the bridgehead
y-hydrogen; this is probably due to the through space and through bond orbital interactions reinforcing one

another.

Very few strained bicycloalkyl radicals have been observed by
e.s.r. spectroscopy,!—® and even fewer with bridgehead radical
sites. The bicyclo[1.1.1]pent-1-yl radical (2) has been the sub-
ject of several theoretical studies®-® and is of unique importance
for the assessment of through bond (TB) and through space
(TS) orbital interactions. Although the rearrangement of this
radical to yield 3-methylene cyclobutyl radicals (3) is strongly
exothermic (AH® ca. —175 kJ mol™) it is predicted to be
kinetically disfavoured,® and unrearranged products have been
observed ;¢ thus, this radical appeared to be a good candidate
for direct e.s.r. detection.

Bicyclo[1.1.1]pentane (1) was prepared by the method of
Wiberg and co-workers®:” and purified by preparative g.l.c.
When cyclopropane was used as a solvent the main species
observed was the cyclopropyl radical, i.e. hydrogen abstrac-

tion from (1) by t-butoxy radicals is much slower than from
ordinary alkanes. The spectrum shown in Figure 1 was
obtained on photolysis of a mixture of (1) and di-t-butyl
peroxide. The radical observed had the following e.s.r. para-

- meters, which were essentially independent of temperature:

g = 2.0028; a(1H) = 6.96, a(6H) = 0.12, and AHp, = 0.015
mT, and it can be identified as (2). Traces of other radicals
could be observed (see Figure 1), but the intensities were too
low for identification, and the alternative bicyclo[1.1.1 ]Jpent-2-
yl radical (4) could not be detected. Thus, unexpectedly,
ButO- radicals preferentially abstract hydrogen from the
bridgehead sites in (1). Wiberg and Williams also found
preferential attack at the bridgehead sites in (1) by chlorine
atoms.®

The radical (2) could be observed up to temperatures of ca.



J. CHEM. SOC., CHEM. COMMUN., 1983
AN /
. . .
l .
Bu'0- (2) (3)
(1) ~
L

(&)

i WWWWM

—>
1.0 mT

.
.

Figure 1. 9.4 GHz E.s.r. spectrum of bicyclo[1.1.1]pent-1-yl
radicals (2) in neat di-t-butyl peroxide at 240 K.

310 K, and none of the rearranged radical (3) was detectable.
Above 320 K the signal intensities were too poor to distinguish
individual species. Under the usual e.s.r. conditions this means
that the rate constant for rearrangement must be® <C 102 s~
at 310 K. Taking a normal pre-exponential factor of 1013512
the activation energy for rearrangement is estimated to be >>60
kJ mol~%, which may be compared with the theoretically
derived value® of 107 kJ mol~'. The experimental observa-
tions clearly support the prediction that the rearrangement is
kinetically disfavoured.

The 6.96 mT hydrogen hyperfine splitting (h.f.s.) is one of
the largest known for carbon centred radicals. It can be
attributed to the single bridgehead y-hydrogen H(3) in (2). A
very large long range H-H coupling (18 Hz) between H(1)
and H(3) in (1) was also observed in the 'H n.m.r. spectrum.’
The distance between C(1) and C(3) in (2) is about 1.75 A%s
so that direct TS interaction of the orbitals will be significant.!®
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In addition, spin density can reach H(3) via three identical TB
routes each involving two C-C bonds. For each of these
routes the SOMO and the C-H bond orbitals are virtually in
the ideal trans-arrangement (W plan). Theory!®! predicts that
the TS and TB interactions should reinforce one another when
the TB interaction occurs through two bonds, as here. The
large h.f.s. for H(3) in (2) is consistent with this analysis. The
h.f.s. of the analogous bridgehead hydrogens in bicyclo[2.1.1]-
hex-1-yl (5)% and bicyclo[2.2.1 Jhept-1-yl radicals (6)!2 are 2.25
and 0.25 mT respectively. Thus the h.f.s. increases very steeply
with the number of short (two C-C bond) TB interaction
routes which are available. INDO calculations for (2)* suggest
that the TB interaction is the most important and predict
a[H(3)] = 8.39 mT, in reasonable agreement with the experi-
ment.
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