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Structural Consequences of Electron-Transfer
Reactions. 3.1 Electrochemical Isomerization of a
Metal-Hydrocarbon Bond in the Reduction of
Cyclopentadienylcobalt Cyclooctatetraene

Sir:

Geometrical preferences of polyolefins bonded to metals are
of importance to catalytic processes involving organometallic
compounds and intermediates. We report electrochemical and
NMR data showing that cyclooctatetraene (COT) may bond
either as a 1,3 diolefin or 1,5 diolefin to cobalt in the 7 com-
pound (COT)CoCp (Cp = #°-CsHs), in an equilibrium mix-
ture. Furthermore, the thermodynamically favored 1,5 com-
pound rapidly and quantitatively isomerizes to the 1,3 com-
pound when it is reduced by one electron. This appears to be
the first known example of a reversible electrochemical
isomerization of a metal-hydrocarbon bond.

The ways in which the polyolefin cyclooctatetraene may
bond to a metal are manifold and have been the subject of
much discussion.?-3 Interestingly, the ligand bonds as a con-
jugated 1,3 diolefin to tricarbonyliron (1),% but has been re-
ported to bond as a nonconjugated 1,5 diolefin to n3-cyclo-
pentadienylcobalt (2).>7 However, our electrochemical ex-
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Figure 1. Cyclic voltammogram of (COT)CoCp in THF-0.1 M BuyNPFg
at a hanging mercury drop electrode. Dotted line shows result of scanin
which potential was reversed prior to onset of wave B. Scan rate = 500
mV/s.

ppm

Figure 2. 60-MHz '"H NMR spectrum of (COT)CoCp in hexane at 20 °C.
Chemical shifts are reported as § values.

periments indicated the presence of two species, in equilibrium,
in solutions of samples of carefully purified (2).8 Cyclic vol-
tammetry (CV) measurements of the reduction of nominal 2
in nonaqueous solvents such as THF or CH3;CN?9 showed two
reduction waves (A, e, = —1.84; B, e,, = —2.07 V) and one
oxidation wave (C, e,, = —1.78 V) in the region of interest
(Figure 1). Waves A and C form a reversible couple, as scans
reversed at the foot of wave B demonstrate (Figure 1). When
the scan is negative enough to include reduction B, oxidation
wave C is greatly enhanced. As the temperature was lowered,
the height of wave B increased at the expense of wave A, but
the oxidation current C remained the same (corrected, of
course, for changes in diffusion rate). The temperature effects
were completely reversible, and the total reduction current
corresponded to passage of one electron. Thus, species A and
B are in equilibrium, with B being the thermodynamically
more stable isomer. However, the anion of B is very unstable,
and rapidly forms the radical anion of A, which is reoxidized
at—1.78 V.
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NMR spectroscopy allows identification of B as the 1,5-
bonded diene 2, as previously reported by several groups37:!0
(4:5:4 pattern at 6 3.5, 4.5, and 5.4 for the COT protons on the
metal-bonded carbons, the Cp protons, and the COT protons
on the nonmetal-bonded carbons, respectively). Furthermore,
careful inspection of the spectrum (Figure 2) reveals that the
singlets'! at & 5.1 and 4.7 may be ascribed to species A, with
integrated intensities of 1.6-1 (8§ COT protons:5 Cp protons)
allowing identification of the 6 5.1 ppm resonance as being due
to the cyclooctatetraene protons. Excluding the unlikely pos-
sibility that species A contains a planar COT ring, we must
conclude that it is a fluxional compound. Based on the known
fluxional compounds (COT)M(CO); (M = Fe, Ru, Os),13.14
we assign a structure to this species in which the COT ring is
bonded as a 1,3 diene to the cobalt (3). Although a reversible
isomerization of a 1,3- and 1,5-bonded metal diene seems to
be without precedent, we note that Smith and Maitlis have
recently isolated thermally unstable 1,3-bonded COT com-
plexes (COT)M(n*-CsMes) (M = Rh, Ir) which rearrange
irreversibly to the 1,5-bonded isomers at 20 °C. Significantly,
the 1,3-COT resonances are singlets.!’

At higher temperatures each resonance in the (COT)CoCp
spectrum broadens, showing that the temperature dependence
to the spectrum observed previously!2 is due to the kinetics
of the isomerization process, rather than to fluxionality of the
1,5-bonded compound. Quantitative aspects of the NMR
temperature dependence are being studied.'®

Bulk electrochemical reduction at —2.2 V produced a so-
lution containing only the 1,3-bonded anion (37). A frozen
solution of the anion displayed an intense electron spin reso-
nance spectrum with cobalt hyperfine splittings. The original
mixture of 2 and 3 was regenerated by electrolytic reoxidation
of the solution.

All of these data are consistent with the following chemistry
of (COT) CoCp:

(1,3-7*COT)CoCp === (1.5-9*-COT)CoCp

‘ne—( -18V) le~<—2.0\7>

(1,3-7*-COT)CoCp ™ «— (1,5-*-COT)CcCp~

Clearly, the 1,5 isomer is the more stable of the neutral
compounds, but the 1,3 isomer is favored in the anion. The shift
in stability may be due to the ability of the 1,3 isomer to delo-
calize the extra electron of the anion among the four metal-
bound olefinic carbons. It is apparent from these results that
the nature of a metal-polyolefin bond may be sensitive to the
formal oxidation state of the metal, and that electrochemical
methods may prove useful in designing ways to reversibly alter
the nature of the metal-olefin bond.
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Fluorescence Lifetime of all-trans-Retinal at 77 K!
Sir:

all-trans-Retinal (1) shows spectroscopic anomalies such
as diffuseness of the absorption spectrum at 14-300 K,2 exci-
tation wavelength (Aex) dependence of ¢F,>® temperature
dependence of radiative lifetime,’ 7§, calculated from the
relation 7¢/¢F = 7%, an unusually large “Stokes” shift,>"” and
a large disparity between 7P from the integrated absorption

band (Bu < Ag) and 72 from the measured quantity,
7F/0F. 237

(1)

Of these anomalies, the A.x dependence of ¢ is most in-
triguing. Recently, it has been shown that the A¢x dependence
can be largely accounted for in terms of a hydrogen-bonded
all-trans-retinal as the emitting species.* Thus, an intrinsic
fluorescence quantum yield of a//-trans-retinal has been shown
to be independent of Acx within 25%.4® An equilibrium in-
volving a dimeric a//-trans-retinal (fluorescent) has also been
suggested as an additional contributor to the wavelength de-
pendence. 46

Since the A¢x dependence of ¢F has not been examined in
terms of fluorescence lifetime which can be used to discrimi-
nate contributions of the ground-state and excited-state
properties of retinal to the wavelength-dependent fluorescence,
we have measured 7f of all-trans-retinal in ethanol as a
function of A¢x. We have chosen ethanol as the solvent for the
following reason: the A¢x dependence of ¢F persists in ethanol,
even though (a) nearly all of the retinal should be hydrogen
bonded to the solvent molecules during freezing to and at 77
K€ and (b) a rapid proton tunneling within the retinal-ethanol
H-bonding pair, RC=0:-HOtE, may occur along the H-
bonding potential curve in the excited state. If the latter occurs
prior to fluorescence emission, the expected Ay dependence
of ¢r due to the H-bonding of retinal can be minimized because
of the inequality between equilibrium constants, K and K*, in
the ground and excited states, respectively:

(RC=0)(EtOH) (RC=0%*)(EtOH)
(RC=0--HOtE) (RC=0%*...HOtE)
The above inequality is predicted from the increase in 7-elec-

K= > K* =
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