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Reactions of Tetracyanoethylene Oxide (TCNEOQO) with Cobaltadithiolene Complexes
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The reactions of cobaltadithiolene complexes  bearing
pheny! or ester ligands with tetracyanocthylene oxide (TCNEO)
result in the formation of dicyanomethylene-bridged complexes,
via dicyanomethylide intermediates. Furthermore, the reaction of
cobaltadithiolene complex bearing 4-pyridyl ligands produces
pyridinium dicyanomethylide complexes in good yiclds.

Mectalladithiolene rings  exhibit  both  aromaticity! and
unsaturation.  They undergo addition reactions to the metal and
sulfur atoms in the metalladithiolene  ring duc to  their
unsaturation; diazo compounds add via the nuclecophilic reaction
to the¢ mectal center.2 Here, we tried the rcaction of
cobaltadithiolene complexes (CpCo(S>C2Y3): Y = Ph (la),
COOMc (1b), CN (1¢), 1Py (1d)) with tetracyanocthylene oxide
(TCNEOQO). In these recactions, the clectrophilic reactions of
TCNEO arc expected 1o occur at the nuclcophilic sulfur atoms in
the dithiolene ring and at the nucleophilic nitrogen atom in the
pyndinc ring.

TCNEO normally undergoes two types of clectrophilic
rcactions.  Onc is the reaction with pyridine derivatives and
dialkyl sulfides to give stable dicyanometylides and carbonyl
cyanide.? The other s the reaction with multiple C-C bonds,
including thosc in aromatic compounds to give five-membered
letracyanotetrahydrofurans by cleavage of the C-C bond of the
cpoxide ring.4
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Scheme 1. Conditions: THF, reflux, 3 h.

A mixture of a dithiolene complexes [CpCo(S,C,Y3)] (1a,
Y = Ph; 1b, Y = COOMc) and TCNEO (iwice as much as 1a or
tb) was heated under reftuxing in THF for 3 h. In cach case,
novel dicyanomethylene-bridged cobaltadithiolene complexes (2a
and 2b) having a C(CN),; unit were obtained in 39% and 13%
yiclds (recovery of 1a; 9% and 1b; 53%), respectively (Scheme
1).5 No analogous product was obtained in the rcaction with
[CpCo(S,CA(CN)2) ] (L e) (recovery of 1e; 60%).

The structures of the dicyanomethylene-bridged complexes
2a and 2b were detcrmined by X-ray structure analysis: ORTEP
drawing of 2a with the sclected bond lengths and angles is
shown in Figurc 1.6
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Figure 1. Molecular structure of 2a. Sclected bond lengths (A)
and angles (deg) are as follows: Co-§(1), 2.164(1); Co-S(2),
2.21001); S(1)-C(1), 1.747(4); S(2)-C(2), 1.727(4); C(1)-C(2),
1.376(5); S(1)-C(15), 1.832(4); Co-C(15), 2.006(4); S(1)-Co-
S(2), 90.44(5); Co-S(1)-C(1), 106.1(2); Co-S(2)-C(2), 103.6 (1);
S(D-C(1)-C(2), 117.6(3); S(2)-C(2)-C(1), 122.0(3); Co-S(1)-
C(15), 59.6(1); C(1)-S(1)-C(15), 105.5(2); S(1)-Co-C(13),
52.0(1); S(2)-Co-C(15), 94.9(1); Co-C(15)-S(1), 68.5(2).

As shown tn Figure 1, dicyanomethylene adds to the Co-S
bond in the cobaltadithiolene ring to form a Co-S-C triangle
structure.  These structures arc as same as those of alkylidenc-
bridged complexes synthesized in the reactions of dithiolene
complexes with diazo compounds.2 The bond lengths in the Co-
S-C ring arc within the range normally obscrved for other
complexes.? The five-membered ring (dithiolene ring), which
consists of Co, two §, and two C, is almost planar (mcan
derivation of 1a; 0.0178 A and Ib; 0.0064 A), the planarity of
the five-membered ring is similar to those of original dithiolene
complexes.8

In these reactions, carbonyl cyanide was detected by GC-
MS. The yicld of the dicyanomcthylene-bridged complexes
decreased markedly from Ia via 1b to le. Namely, with
decrcasing of clectron-attracting ability of substituents Y in the
dithiolene ring, the reactivity of dithiolene complexes increases.
These results  suggest  that  the  dicyanomethylenc-bridged
complexes 2 arc obtained by the clectrophilic reaction of the
clectron-poor carbon in TCNEO with a sulfur atom in dithiolenc
ring, via dicyanomethylide. These intermediates arc presumably
unstable and change rapidly to species with a bridging structure.
The reactions to give alkylidene-bridged adducts from diazo
compounds proceed via the nucleophilic reaction to the metal
cenler.  The example for clectrophilic reaction is very rarc and
very inleresting.?

The recaction of the dithiolene complex bearing 4-pyridyl
ligands [CpCo(S>Ca(CsH4N)2)] (1d) with TCNEO under
refluxing in THF afforded green powder of 3d in 21% yicld and
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yellow-brown powder of 4d in 59% yicld.10 In thc FAB MS the
molccular ions (m/z = 432 and 497) were observed, indicaling
that 3d must be derived from one molecule of 1d and one
C(CN); unit and that 4d must be derived (rom one molecule of
1d and two C(CN)> units. This rcaction was also procecded at
room temperaturc in THF for 24 h 1o give 3d and 4d in 12% and
38% yiclds, respectively. The rcactions giving the
dicyanomethlene-bridged complexes 2a and 2b did not proceed
al room tcmperature. Namely, these results suggest that novel
types of dicyanomethylenc adducts which had pyridinium
dicyanomcthylide moictics were formed (Scheme 2). 1H NMR
spectra of 4d are indicative of symmetrical structurc. Signals of
Cp rings in 3d (8 5.52) and 4d (8 5.56) occurred at somewhat

lower ficld than that of the original complex 1d (3 5.47). On the
other hand, those of pyridine rings in pyridinium
dicyanomethylide moictics of 4d appcared at  7.40 (4H, d, J =
7.32 Hz) and 8.27 (4H, d, J = 7.32 Hz), and those of [rce
pyridine rings of 1d were shown at & 7.12 (4H, d, J = 6.10 Hz)
and 8.47 ( 4H, broad). Complex 3d showed both pyridinc ring
in pyridinium dicyanomethylide moictics (& 7.37 (2H, d, J =
7.32 Hz), 8.16 (2H, d, J = 732 Hz)) and frce pyridine ring
protons (6 7.14 (2H, d, /= 6.10 Hz), 8.58 (2H, broad)). These
results suggest that the structures of 3d and 4d have onc and two

pyridinium dicyanomethylide structurcs (Scheme 2) and
dicyanomcthylene-bridged complex 2d is not formed.
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Scheme 2. Conditions: THF, reflux, 3 h.

To summarize, in the reaction of dithiolene complexcs 1a
and 1b with TCNEO, dicyanomecthylenc-bridged complexes are
produccd. In this reaction, the cxistence of dicyanomcthylide
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inlcrmediate is suggested. On the other hand, in the reaction of
1d, onc and two pyridinium dicyanomethylide complexcs arc
formed in good yields. Namcly, TCNEO is morc reactive lo the
N atom of the pyridine ring than to the S atom of the dithiolcne
ring.
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