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Intramolecular Interactions between Two Non-conjugated Metal Complex
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Bimetallic complexes, A—CHZ—B(1) and A—(CHZ)Z—B(Z),were
synthesized in which (n-cyclopentadienyl)(1,2-dicyano-1,2-
ethylenedithiolato)cobalt (ITII)(A) and ferrocene(B) moieties
are bound at the <cyclopentadienyl(cp) rings Dby -CH,-.
Their cyclic voltammogramms show the presence of the intramo-
lecular interaction between the two metal complex moieties, A
and B. Moiety B (oxidized form) promotes decomposition of
the oxidized form of A. The MS fragment patterns of 1 and 2
suggest the presence of a species in which two sulfur atoms

of the dithiolene ligand bridge the two metal atoms.

The organometallic complexes containing two transition metal atoms
have recently been intensively studied,1'3) since the systems which con-
tain two different transition metal atoms are expected to exhibit unique
physical and chemical properties which cannot be observed in monometallic
analogs because these properties derive from the cooperative metal-metal
interactions. However, all of these reports were limited only to metal
carbonyl complexes, or to the complexes having conjugated ligands; no re-
port has appeared on the bimetallic non-conjugated system with a dithiolato
ligand which might interact with more than one metal atoms. Hence, in
order to obtain the evidence for the intramolecular metal-metal interaction
and intramolecular ligand migration in non-conjugated, and sterically
unfixed —CHZ— bridged bimetallic dithiolato complexes, A—CHZ—B(l) and A-
CH,-CH,-B(2), were prepared.4) Their electrochemical3! and mass spectral
data’) were examined in view of the effect of bridge length on the intramo-
lecular interactions.

We report here some results which support the presence of the proximi-

ty effects of the two metal complex moieties: (1)the comparisons of the
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cyclic voltammograms (CV) of the complexes,1 and 2

; ' RS CNRESS
and monometallic complexes, [Co(cp)(S,C,(CN)51(3) Co
/N
sO
p

and ferrocene(4), suggest that the interaction be- S
tween the two metal complex moieties, A and B, is Ne C

N
"through space" fashion when A and B are bound by

—CHZ—, and (2)the characteristic fragmentation <%E> <:;;>
peak,(M+-CSH5), implies the presence of the species %éé} <:::>
in which two sulfur atoms bridge the cobalt and NC  CN

iron atoms. 3 4

A remarkable phenomenon for showing the proximity effects is the acce-
leration of the oxidative decomposition of the dithiolato metal moiety (A)
by the ferrocene moiety (B)(in oxidized form). The complexes 1 and 2 show
one reduction and two oxidation waves in CV (Fig.15)). The values of the
reversible half-wave potentials of 1,2,3, and 4 are listed in Table 1. 1In
the case of 1, the processes corresponding to A/A™ and B/BY are reversible,
while the A/AY process is irreversible. The process corresponding to a/at
of 3 is reversible. Therefore, the presence of ferrocenium nearby situated
causes the decomposition of the dithiolato moiety in the oxidized state.
This effect is also observed for 2, but the rate of decomposition of [2]2+
is slower than in the case of [1]2+. The reversible half-wave potentials
in Table 1 show that the Er1/2(A/A‘) of 1 and 2 are shifted to more nega-
tive values than that of monometallic
complex, 3, since the —(CHz)n—B moiety
is electron-donating to the A moiety
in 1 and 2. The magnitude of the nega-
tive shift of the potential, AEr1/2
(red) { = EY4/,(A/A7)(1 or 2) - EYy/,
(A/A7)(3)} should be balanced by the
magnitude of the positive shift of the
potential, AEr1/2(ox) {= Er1/2(B/B+)
(1 or 2) - Er1/2(B/B+)(R—B)6)(R=-C2H5,
or —CH3)},if the charge is transferred
through the C-C bond of the bridge.
The values of AEr1/2(red) and AEr1/2

E/V(v.s. Ag |0.1 M AgC10, in
acetonitrile)

(ox) of 1 and 2 are shown in Fig.2.
In the case of 2, the AEr1/2(red)
(80 mv) and the AET;,,(o0x)(66 mV)

roughly compensate each other, whereas

E/V(v.s. Ag|0.1 M AgC10, in
= 4
acetonitrile)

in the case of 1, the AEr1/2(ox) value
101 mV) i bout twi 1

( ) 115: abou wice as large as Fig.l. Cyclic voltammograms of 1(above)
that of AE"4/,(red)(52 mV). This extra and 2(below) in acetonitrile solu-

large positive shift of Er1/2(B/B+) tions. Scan rate= 0.1 Vs-1l.
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can be explained by the "through space" interaction between the iron atom

in B moiety and the sulfur atom in A moiety. Therefore, the unbalanced
can be considered as the result of the
proximity effect of the two metal complex moieties, A and B. The fact
that both of the second oxidation potentials, Er1/2(A/A+), of A moiety in 1
and 2 show the same value as that of the monometallic complex, 3,
indicates that at this potential the iron atom of B moiety is already
oxidized and that the B moiety is no longer an electron-donating group.

A related

potential shift of B moiety in 1

phenomenon

showing this proximity effect Table 1. Reversible Half-Wave Potentials of the
a
was observed in the fragmenta- Cmmﬂexes)
tion patterns of the complexes Ei/z(“”/vb) Eﬂjz(rﬂﬂ/vb)
in Ms.”7) The following charac- + . _
s Complex (B/B") (A/A) (A/A)
teristic bond cleavages were
observed: (1)the cleavage of 1 0.066 (0‘74)0) -0.642
the bonds between unsubsti- 2 0.030 (&74fﬂ -0.670
tuted (n-CgHg) and Fe (Scheme 3 _ _ -0.590%
1,(a)) occurs in preference to 4 0.025 _ _
that of the bonds between
a) Conditions are given in Ref.5. b) Volt v.s.

substituted (n—C5H4—) and Fe,

-3 o s
while the latter occurs pref- AglO.l mol dm AgClO4 in acetonitrile.

monosubstituted

erentially in
ferrocene with an electron
attracting group,e) (2)the
the S-C bonds
(Scheme 1,(b)) occurs only
of the
bonds between (n-CgHg) and
(the
the most favorable clea-
(3) the

cleavages of the two Co-S

cleavage of
after the cleavage
Fe occurs former is
and

vage in 3),

bonds stepwise

(Scheme 1,(c)), while they

occur

occur simultaneously in 3.

>
Fe

Co PUNLL:SN -(n-C.H.)
/O\ (a) 5
NC CN
Scheme 1.

These characteristic cleavages

c) (E;+ E;)/Z. d) M.Kajitani et al., J.Electro-
anal. Chem., 251, 421 (1988).
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Fig.2. The magnitude of the shift of reduction and

oxidation potentials of the complexes 1 and 2.
(red) and AET

Definitions of AE" (ox) are given

1/2 1/2
in the text.
1 -
(HMHS> (o)L S>

CQ;:\\ i Fe -C,(CN), Co‘\\\ ...Fe

5. (C):>&§§<\
(b) CN

ey (D)

(1)-(3) suggest the formation of the
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species(I). In the case of 2, the fragment patterns are similar to
those of 1, except for the presence of fragments which originated from the
cleavage of C-C bond of the bridge and the fragments which correspond to
the loss of metal-S,C,(CN), wunit from I {I—CoSZCZ(CN)z(m/z, 212) and I-
FeSZC2(CN)2(m/z, 215)} . These results suggest that the interaction
between the two metal complex moieties, A and B, exists even in the non-
conjugated alkylene-bridged Dbimetallic system, such as 1 and 2, when an

electron is removed from the system.
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