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Electron Spin Resonance Spectra and the Structures of Substituted
Cyclopentadienyl Radicals

By Puirip J. BARKER, ALWYN G. DAVIES,* and JoNATHAN D. FISHER
(Chemistry Depariment, University College London, 20 Gordon Street, London WCIH 0A])

Summary The e.s.r. spectra of substituted cyclopenta-
dienyl radicals are in agreement with the predictions of
Hiickel molecular orbital theory.

THE cyclopentadienyl radicals XC,;H,- constitute an import-
ant group of small annulene radicals, but little work has
been reported on their e.s.r. spectra because no general
preparative methods have been available.t Attention has
instead been concentrated more on the next higher members
of the series, the benzene radical ions, the e.s.r. spectra of
which have provided an important test of M.O. theory.

We have found that the cyclopentadienyl derivatives of
tin! and mercury? can be photolysed to yield the correspond-
ing cyclopentadienyl radicals, which makes it possible to
study for the first time the spectra of many of these species.
We discuss here the e.s.r. spectra and structures of the
radicals XC,H,., where X = H, D, H,C, Me;C, and Me,Si.
The sources of the radicals, and the e.s.r. spectra which were
observed, are listed in the Table.

The spectra of the substituted cyclopentadienyl radicals
can be interpreted in terms of the perturbation of the i, and
s molecular orbitals (see Figure),® following the treatment
which was first applied to the benzene radical ions.# An
electron-releasing substituent will not affect the energy of
the antisymmetric orbital z/;A which has a node at C}, but
it will destabilise s, and the radical will prefer the con-
figuration .2 ifsl. Conversely an electron-attracting sub-
stituent will stabilise i, and the radical will prefer the con-
figuration s? . Some mixing between the two con-
figurations may occur if their separation is small.

The spin density at a particular carbon centre should be
proportional to the square of the coefficient of the atomic
orbital at that centre, where s = 0-632¢, + 0-195(¢, + ¢s)
— 0-512 (‘i’a + S{’a): and '/‘A = 0-602(¢, — ¢s) + 0'372(5{’3 -
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In a C;Hy radical of D, symmetry the spin density,
pcg, ON any one carbon centre is 1/5, identifying the value of
Q in the McConnell equation a(Ho) = Qpc, as (—)29-8 G,
whence the values of a(H) in the substituted cyclopenta-
dienyl radicals in the two limiting electronic configurations
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substituents.

(a) Hiickel molecular orbital diagram for the cyclo-
(b) Splitting of degenerate 5 and i,
electron-releasing

are calculated to be as follows: s a(H2, H3) = 0-1952Q =
11 G, a(H?, H*% = 0-5122Q = 7-8 G; and ia: a(H?, H5)
0-6022Q = 10-8 G, a(H3, H%) = 0-3722Q = 41 G.

The observed hyperfine couplings in the radical HCCgH,.
(see Table),f and their temperature independence, are in
good agreement with those calculated for an electron wholly
in the i orbital, confirming that the methyl group releases
electrons strongly into the 7-system of the ring, as it does in
the benzene radical anions* and cations,® and, less effectively,
in the cycloheptatrienyl radicals.®

TaBLE. E.s.r. spectra of cyclopentadienyl radicals.

Radical Source Hyperfine coupling constants/G3 T/°C
C;H,- C;H,SnCl,P 5-97 (5H), 2-66 (13C) —98
DCH,+ DC,H,SnBu,*® 6-09 (4H), 0-89 (D) —47
H,CC,H,. (H,CC,H,),Hge  0-90 (H?, H?), 7-65 (H3, H*), 15-30 (3H) —173
Me,CC;H,. (Me,CC;H,),Hge 1-20 (H? HS), 7-40 (H3, H4), 0-65 (9H) —45
Me,SiCsH,e  (MegSiCgH,),Hge 7-78 (H?, HS), 5-29 (H3, H4) —57

a For assignments, see text.
a ca. 7-70 (2H) and 5-25 (2H) G at —60 °C.

b In ethylene.

¢ In toluene. 9 Sakurai (ref. 3) reports

+ Photolysis of di-t-butvl peroxide in the presence of cyclopentadienes gives principally the radical resulting from the addition of

the t-butoxyl radical to the unsaturated system.

The only substituted cyclopentadienyl radicals which have been generated by this

(or indeed any other) method, as far as we are aware, are the silyl-substituted cyclopentadienyls described by Sakurai (ref. 3).

1 From the expression, a(HB) = pca(A + B cos?8), where A = 1 Gand B = 58 G, the value of a(CH,) is calculated to be ca. 12 G.
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In MeyCC4H,e, the perturbing effect of the t-butyl group
appears to be less. Again, this is parallel to the effect in
Me,CCH;~>.7

In contrast, as Sakurai has shown,? the Me,Si group in
Me,SiC4H,- is rather weakly electron attracting probably by
interaction between the aromatic i, orbital and the vacant
Si 3d orbital. Appreciable mixing of the two configurations
occurs, and, for example at —57 °C, the population distribu-
tion is ¢a. 30% s and 70% a. Again, the situation in
MeySiCH;~ is similar.?

§ Added in proof: We have since been able to resolve the coupling of H2:5 and H3:#* in C;H,D..

shortly.
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It is interesting that the four hydrogen atoms in DC,H,.
are equivalent,§ and deuterium therefore, exertsno detectable
perturbation on the molecular orbitals of the cyclopenta-
diene ring. The DC,H,. radical similarly shows no ine-
quivalence of the hydrogen atoms,® but DCyH,* 1° does, the
unpaired electron occupying predominantly the anti-
symmetric antibonding orbital.
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