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CYCLIC DELOCALIZED 3 M-ELECTRON SYSTEMS. AN ESR SPECTROSCOPIC INVESTIGATION OF
SOME TETRA ALKYL-SUBSTITUTED CYCLOBUTADIENE RADICAL CATIONS.

Q.B. Broxterman and H. Hogeveen*
Department of Organic Chemistry, University of Groningen
Nijenborgh 16, 9747 AG Groningen, The Netherlands

Summary: Tetra alkyl-substituted cyclobutadiene radical cations are M- and not
o-radicals. This can be concluded from the ESR spectra of the tetramethylcyclo-
butadiene radical cation at Tow temperatures, and from the *3C hyperfine splitting
constants of the tetraethylcyclobutadiene radical cation.
Alkyl-substituted cyclopropenyl radicals have been shown by ESR spectroscopy to be
o-radicals.” ~ For the tri-t-butyl-cyclopropenyl radical this conclusion came from
the large 13C hyperfine splitting (hfs) of the ring carbons.1 Very recently, two
research groups have shown that at temperatures below -138% the trimethylcyclo-
propenyl radical can be frozen out as a localized o-radica1.2’3 The ESR spectra of
the tetra-t—buty1-4 and the tetramethy]cyc]obutadiene5 radical cations have been
reported. In the present communication results are presented that indicate that, in
contrast to the corresponding cyclopropenyl radicals, alkyl-substituted cyclobutadiene
radical cations are T-radicals.

A priori one can conceive of three reasonable structures for the radical species
generated by photolysis of the aluminum halide o-complex of tetramethy1cyc]obutadiene5
(Fig 1):
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Figure 1

the M-radical la, the o-radical 1lb, and the B-X substituted cyclic allyl radical lc
(X being unknown). The symmetry of the spectra for 1b or lc will be the same as that
of la, provided that a rapid equilibration process renders all methyl carbons equivalent
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on the ESR time scale (exemplified for 1c in Fig. 2)
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Figure 2

We have excluded possibility lc by recording the ESR spectrum of the tetramethyl-
cycliobutadiene radical cation at -809c, -1329C and -196°C. Although the solid-phase
spectra are somewhat broadened, it is clear that the hfs (ag(IZH)=8,75 + 0,05G) and
the symmetry of the ESR spectrum remain unchanged in this temperature range. It is
not possible to freeze out an equilibration process, and therefore it is concluded
that the species involved is intrinsically symmetrical. It is very unlikely that the
equilibration process for 1lc is rapid on the ESR time scale at -196°C. For 1b the
argument is the same, but it is not compietely impossible (although improbable) that

the potential barrier for interconversion is very low in this case.
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Figure 3. ESR spectra of la or 19.7 The arrow points to a paramagnetic impurity in the
ewar.
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However, the structure 1lb can be excluded rigorously by another method. The ESR
spectrum of the tetraethylcyclobutadiene radical cation shows, apart from the hydrogen
hfs, three different 15C hfs's (-40°C:g=2,0029; a:(SH)=7,69G; a(12H) < 0,026;

a 13(:1’2’3 =3,7; 4,4; 5,0G; AHpp=0,14G). At the moment we are nzt able to assign the
different hfs's to the appropriate carbon atoms, but this is not essential because all
three hfs's have approximately the same value (~4,5G).

5G

ta) (b

Figure 4. The ESR spectrum of the tetraethylcyclobutadiene radical cation at -40°C
under n?Ema1 conditions (a), under conditions of optimal resolution of
of the *°C satellites (b).

This low approximate value of ~4,5G leads to the conclusion that the unpaired electron
resides in an orbital of p-character. For a radical of type 1b the 13C hfs for the ring
carbons are expected to be much 1arger.9 The value of ~4,5G can be compared with that
found for the pentamethylcyclopentadienyl radica]lo (al3c=3,56; m-radical) and with

the value found for the tri-t-butylcyclopropenyl radica]1 (a C=30G; og-radical). The
conclusion is therefore that the tetraethylcyclobutadiene radical cation is a m~radical
Of course the same must be true for la, and thus 1b can be excluded.

We have also prepared two other novel cyclobutadiene radical cations: the tetra-n-
propyl- and tetra-n-pentylcyclobutadiene radical cations.g’11 There is only one 13C hfs
visible in the ESR spectra of these species. This is due to considerable overlapping of
several different 136 satellites. However, the observed average value of ~4,5G for the
13Chf§515 in good agreement with the value mentioned for the tetraethylcyclobutadiene
radical cation.

Our investigations in this field will be continued.
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