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Alkyl transfer reactions from cis-dialkylcobalt (III) complexes,
[R2Co(bpy)2]C104 (R = Me and Et; bpy = 2,2'-bipyridine), to p-benzo-
quinone derivatives in acetonitrile occurred in the presence of
Mg(ClO4)2 which showed a remarkable catalytic effect. Formation of
charge~-transfer complexes between [RZCo(bpy)zl+ and p-benzoguinone

derivatives is also reported.

There has been considerable interest in the mechanisms of activation of
cobalt-alkyl bonds in alkylcobalt(II) complexes which transfer alkyl groups to
substrates.l’z) Although the cobalt-alkyl bonds in dialkylcobalt (III) complexes
are readily cleaved by various inorganic oxidants such as Hg2+,3) Ag+,4) Zn2+,5)

and [Ircls]z- 6) no cleavage of the cobalt-alkyl bonds by organic oxidants has

r’
so far been reported.
We wish to report herein the formation of charge-transfer (CT) complexes
between cis-dialkylcobalt (III) complexes [R2Co(bpy)2]+ (R = Me and Et; bpy = 2,2'-

bipyridine) and p-benzoquinone derivatives,

and the occurrence of cleavage of the
cobalt-alkyl bonds in [R2Co(bpy)2]+ by p-
benzoquinone derivatives in the presence of
Mg2+ ion acting as an efficient catalyst.

The cis-dialkylcobalt (III) complexes
[R2Co(bpy)2]C104 were prepared according
to the literature. ) Mixing of [R2Co(bpy)2]+
(1.7 x 1073 mol dm 3) with p-chloranil (0.10
mol dm~3) in ¥,N-dimethylformamide (DMF)
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> 550 nm). The difference spectrum in Fig. 1
obtained by subtracting the sum of the Fig. 1. CT spectra of (a) [Mez-
separate absorbances of [R2Co(bpy)2]+ and Co(bpy)2]+—p-chloranil and (b)
p-chloranil from the absorbance of the ad- [EtZCo(bpy)2]+-p—chloranil

mixture shows the presence of a new absorp- complexes in DMF.
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tion band with a broad but distinct max1mum centered at A max - 580 and 610 nm

for [Me Co(bpy) ] and [Et Co(bpy) ] , respectively. The broad absorption bands
in Fig. 1 are characterlstlc of 1ntermolecu1ar CT complexes. The intensity of

the CT band showed a first-order dependence on each concentration of [RZCo(bpy)2]+
and p-chloranil, suggesting that the CT bands are due to 1 : 1 complexes formed
between [R2Co(bpy)2]+ and p-chloranil QC14 (Eg. 1). The formation constant K

K
[RyCo(bpy) ,]* + QCl, === ([R,Co(bpy),I" ac1,) (1)

and the molar extinction coefficient € for the [EtZCo(bpy) ] -p-chloran11 complex
in DMF at 298 K have been determined as 1.7 mol 1dm3 and 1.0 x 10 mol 1dm2,
respectively, by a Benesi-Hildebrand plot.B) Such small K and ¢ values are
typical for CT complexes of organometallic o-donor as reported for CT complexes
formed between main group alkylmetals and tetracyvanoethylene (TCNE).g) On the
contrary, the large K and € values (3.9 x 102 mo1 tdm® and 1.1 x 10° mol_ldmz,
respectively) have recently been reported for the CT complex formed between
methylcobalamin and TCNE, where the CT band arises from the interaction between
corrin m orbitals and TCNE, and thereby the cobalt-alkyl bond is not involved

10) Thus, the present case may provide a novel

directly in the CT interaction.
11)

example for the CT complexes of organotransition metals acting as o-donor.

When stronger electron acceptors than p-chloranil, Z.e. 2,3-dichloro-5,6-
dicyano-p-benzoquinone and 2,3-dicyano-p-benzoquinone were used instead of p-
chloranil, the electron transfer from [R2Co(bpy)2]+ to the p-benzoquinone deriva-
tives occurred in dry acetonitrile (MeCN) and the formation of the radical anions
of the corresponding quinones was observed in the visible and ESR spectra (Amax
= 585 nm and g = 2.0050, respectively, for both radical anions). On the other
hand, the cobalt-alkyl bonds in [Me2Co(bpy)2]+ and [EtZCo(bpy)2]+ were cleaved
by the electron transfer to yield quantitatively ethane and butane, respectively,
determined by GLC.

For other p-benzoguinone derivatives which are weaker electron acceptors
than p-chloranil such as p-benzoquinone, only the tail of the CT bands was ob-
served in the long wavelength region (A > 550 nm) owing to the overlap of the
blue-shifted CT bands relative to the case of p-chloranil with the absorption
bands of [Me2Co(bpy)2]+ and [EtZCo(bpy)Z]+ at xmax = 476 and 498 nm, respectively.
These CT complexes were stable and no further reaction has occurred in MeCN.

When Mg(ClO4)2 was added to the [R Co(bpy) 1 -p—benzoquinone derivative system,
however, the reaction of carbanion transfer from [R Co(bpy) ] to the p-benzo-
quinone derivative Q occurred, coinciding with the decay of the CT band (Eq. 2).

[cho (bPY)2]+ + Q -~ ([R Co (bpy) ] Q) _2T> [RCO (bpy)2]2+ + QR- (2)
Mg
After the workup of the reaction mixture with water, p-alkoxyphenol QRH was iso-
lated quantitatively. It should be noted that this is the first example of
alkyl transfer from dialkylcobalt complexes to organic oxidants. The reaction
rates determined by the decay of the absorption bands due to [R Co(bpy) ]

a fixed concentration of Mg2+ ion in dry MeCN obeyed the second—order klnetlcs,
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Fig. 2. A plot of logk vs. 1og[Mg2+] Fig. 3. Logarithms of the rate

for the reaction of [Et2Co(bpy)2]+ constants k for the reactions of

(5.14 x 10”4 mol am™3) with p-benzo-
quinone (more than 10 fold excess of
[EtZCo(bpy)2]+) in the presence of

. . 2+ . .
various concentrations of Mg ion 1in

MeCN at 298 K.

[Et2Co(bpy)2]+ with various p-

benzoguinone derivatives in the

3

presence of (a) 1.6 mol dm ~ and

(b) 0.10 mol dm > Mg?' ion in MecN

plotted against the reduction

potentials Eged of p-benzogquinone

showing a first-order dependence on
each reactant. The second-order rate
constant k increases sharply with

. . 2+ .
increasing the Mg concentration as

derivatives; 1) p-chloranil, 2)
2,6-dichloro-p-benzoquinone, 3)
chloro-p-benzoquinone, 4) p-benzo-

quinone, 5) methyl-p-benzoguinone,

shown in Fig. 2, where the logk value 6) 2,6-dimethyl-p-benzoquinone, 7)
for the reaction of [EtZCo(bpy)2]+ with
p-benzogquinone is plotted against

1og[Mgz+] as a typical example. Such a remarkable catalytic effect of Mg2+ ion

is not due to the change of the ionic strength since almost no reaction has

trimethyl-p-benzoquinone.

occurred between [EtZCo(bpy)2]+ and p-benzoquinone in the presence of 1.0 mol dm-3
NaClO4 or n—Bu4NC104. The slope in Fig. 2 varies from 2 in the lower Mg2+ concen-
2+

trations to 4 in the higher concentrations, suggesting that two or more Mg ions
are involved in the alkyl transfer reaction (Egqg. 2).

We have previously reported a similar catalytic effect of Mg2+ ion on the
hydride transfer reactions from an NADH model compound, l-benzyl-1,4-dihydro-
nicotinamide (BNAH) to p-benzoquinone derivative Q in MeCN (Eq. 3),

BNAH + O T—=[BNAH Q] ————> BNA" + OQH (3)
Mg

where the CT complex formed between BNAH and Q is an intermediate for the hydride
transfer from BNAH to Q and two or more Mg2+ ions interact with Q to activate
the substrate Q.lz) Thus, the role of Mg2+ ion in the carbanion transfer from
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[R2Co(bpy)2]+ to Q (Egq. 2) may be similar to that in the hydride transfer from
BNAH to Q (Eg. 3).

The k values for the reactions of [Et2Co(bpy)2]+ with various p-benzoquinone
derivatives Q in the presence of 1.6 and 0.10 mol dm-3 Mg2+ ion decrease as the
electron acceptor ability of Q decreases, Z.e. with negative shifts of the reduc-

tion potential of Q13)

as shown in Fig. 3. Moreover, the rate constant k for the
reaction of [Et Co(bpy) ] with each p-benzoquinone derivative was about 2 x lO2
times larger than that of [Me Co(bpy) ] in accordance with the donor ability of
the alkylcobalt (III) complex; [Et Co(bpy) ] > [Me Co(bpy) ] Thus, the electron-
donor-acceptor interaction between [R Co(bpy) ] and Q may play an important role
in the activation of the cobalt-alkyl bonds where the role of Mg ion (a hard
acid) is considered as enhancing the acceptor ab111ty of Q. The study on the
detailed mechanism of the reactions of [R Co(bpy) ] with Q catalyzed by various
hard acids and the relation to the electron transfer reactions from [R Co(bpy) ]

to electron acceptors is now under progress.
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