Additional Pyridinyl Diradicals.
Intramolecular Association

Sir:

Four criteria guide our interpretation of the be-
havior of pyridinyl radicals: (a) the epr spectrum in
solution; (b) the epr spectrum in a glass; (c) the epr
signal strength (either in solution or in a glass); and

(d) the nature of the visible absorption spectrum. The
pyridinyl radicals 1 exhibit (a) well-resolved hyperfine

COOCH;,

1, R=CH;, CH,CH,, (CH;),CH

epr spectra in dilute solution,“? (b) epr spectra with
relatively little structure in a 2-methyltetrahydrofuran
(MTHF) glass at 77°K;® (¢) an epr signal strength
much lower than that expected as the concentration of
1 is raised or the temperature of the solution is lowered;
and (d) an intense visible absorption band at high con-
centrations or low temperatures.* The latter two re-
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Figure 1. The absorption spectra of the pyridinyl diradicals in
isopentane solution. The pyridinyl radicals are separated by vary-
ing numbers of methylene groups, e.g., (CHy); in 3, (CHy), in 4,
and (CHy); in 5.

We now report remarkable differences in the be-
havior of the pyridinyl diradicals 3, 4, and 5 which are
compared with 2 in Table I. The diradicals are pre-

Table I. Behavior of Pyridinyl Diradicals
Criterion 2 3 4 5
Solution hfs, concde. 4 mfs, coned?»e hfs, coned¢ hfs, dilutes
Epr Broad, Broad, and dilute
dilute dilute

MTHF glass 77°K Triplet Monoradical Monoradical Monoradical

(dilute)
Epr signal strengthe./ Expected 19 209, Expected
Visible absorption, Moderate Strong Strong Very weak

25¢ intensity
€max in 6000-7000-A 8204 3800 2060 <100

region®

o hfs = hyperfine structure. ® mfs = medium fine structure.

¢ Isopentane. / Of isopentane solution.

sults arise from the formation of a singlet (diamag-
netic) diradical dimer which has a strong charge-
transfer transition in the visible region*s (1= Py-).

Py: 4+ Py === (Py‘)

The pyridinyl diradical 2 had (a) a broadened epr
spectrum with little structure in solution; (b) a char-
acteristic triplet epr spectrum in MTHF glass; (c)
an epr signal strength which decreased with concentra-
tion; and (d) a visible band of only moderate intensity
in dilute solution.®
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pared by reduction of the corresponding pyridinium
diiodides in the manner previously described,® except
that isopentane was used as the extractant.

CH,00C% _ N(CHZ),,NOCOOCH;;

2,n=2 4, n=4
3,n=3 5,n=5

The low-spin concentration of 3 (and the lack of an
observable triplet) suggests that 3 is present in closed
(3c) and open (30) forms. Increased hyperfine struc-
ture in the epr spectrum of 3 at higher concentrations
in solution indicates that 30 can dimerize (or polymerize)
like 2 (which is completely in the 20 form®). The di-
radical 4 has a higher proportion of the open form than
3, and apparently only the 50 form is present in solu-
tions of the diradical 5. Visible absorption intensities
are in accord with these conclusions (see Figure 1).
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These findings extend our knowledge of the behavior
of diradicals and of the phenomenon of radical-
radical association to diradical dimers,3—10
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Direct Observation of a Homoaromatic
Bishomocyclopentadienide Anion!
Sir:

Bicyclooctadiene II has been reported by Brown and
Occolowitz? to be more reactive than monoene I in
allylic proton-deuterium exchange by a factor of 1043
in DMSO-KOBu-¢ at 50°. This increased reactivity
of the diene was ascribed to the presence of the addi-
tional olefinic group in II, and the possible formulation
of the intermediate anion as a bishomocyclopentadi-
enide species I1I was suggested. The reported exchange
involved only allylic protons, and no formation of iso-
meric tricyclic and tetracyclic hydrocarbons IV and
V from the diene II was observed.

HMO calculations do in fact predict a bonding in-
teraction between allylic anion and olefinic systems
in a carbanion such as IIla. Such interaction is pre-
dicted to be quite appreciable® even for (B:/B¢) equal
to 0.3, and it is specifically allowed for by the 1,3-bis-
homocyclopentadienide* description III. The charge
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distribution in such an ion depends, of course, on the
molecular geometry and the relative importance of the
different atomic orbital overlaps.? One may visualize
protonation at the different carbanionic centers of III,
C; or C, to yield bicyclic diene I, Cs or Cy to yield tri-
cyclic 1V, and C; to give tetracyclic V. One may
in fact anticipate the possibility of base-catalyzed equil-
ibration of II, IV, and V, and such is indeed ob-
served*®® in Streitwieser’s catalyst-solvent system,’®
CsNHC¢Hy in CeHyNH,, which gives much greater
equilibration (and exchange) rates than does the KOBu-
t-DMSO system. We are now able to report the direct
observation of anion III and its behavior in protonation
since relatively stable solutions of anion III in tetra-
hydrofuran (THF) or 1,2-dimethoxyethane (DME)
may be prepared by the classical ether cleavage method®
using the reaction between Na-K alloy and exo-4-
methoxybicyclo[3.2.1]octadiene-2,6 (VII-OMe).’

VI VII-MeO

Ether VII-OMe was prepared by methylation of the
corresponding exo alcohol’ VII-OH, mp 45-48°,
p-nitrobenzoate’ mp 79-81°. Alcohol VII-OH was
obtained along with its endo epimer,” p-nitrobenzoate’
mp 72-72.5°, by various reductions of the correspond-
ing ketone® VI, it was also obtained by saponification
of the benzoate ester from ¢-butyl perbenzoate oxida-
tion of diene II. The nmr spectrum of VII-OMe as
well as that of diene® is summarized in Table I

On shaking in THF or DME with Na-K alloy at ca.
0°, VII-OMe reacts quite rapidly to generate the bicyclo-
octadienide salt.®®< This reaction was carried out in an
evacuated apparatus which permitted filtration to re-
move excess alloy and methoxide salt and collection
and concentration of the carbanion solution in an nmr
tube. The resulting orange carbanion solutions are
only very faintly contaminated, e.g., with diene II,
and are stable for many hours. One of the signals
in the nmr spectrum of III is obscured by a solvent
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