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Summary

Flash-vacuum pyrolysis (350°C, 0.1 Torr) of cyclopentadienyldicarbonylcobalt
[CpCo(CO), ] afforded cobaltocene (85% yield) at the end of the pyrolysis tube. This
compound is formed in a bimolecular reaction in the hot zone of the tube between
species from which CO ligands have been lost.

Flash-vacuum pyrolysis (fvp) has proved to be useful in synthetic organic
chemistry [1]. Fvp of metal carbonyl complexes has been carried out only recently,
but has enabled detection of metastable intermediates [2] and observed to induce
ligand rearrangements [3,4]. The studies showed that organometallic complexes can
be produced and survive at temperatures well above their decomposition tempera-
tures [4].

We have now investigated the use of fvp of transition metal complexes for the
production of coordinatively unsaturated species that could [5] be involved in
catalytic reactions.

Metal carbonyl complexes give catalytic species through photochemically or
thermally induced loss (decoordination) of one or several carbonyl ligands. M(CO),
(M = Cr, Mo) catalyzes the isomerization of olefins or diolefins, through production
of M(CO), by decoordination of a CO ligand [6]. Fe(CO), has been shown (by IR
observations) to be the catalytic intermediate of the Fe(CO),-catalyzed isomeriza-
tion and hydrosilylation of alkenes [7]. Trimerization of acetylenes and co-dimeriza-
tion of acetylenic compounds with nitriles is catalyzed by CpCo(CO), (Cp =»’-
C;H,) probably through intermediate complexes produced by decoordination of
one or two CO ligands, viz. CpCoCO or CpCo [8]. The photolysis of CpCo(CO),
has been shown to give, through successive losses of CO ligands, bi-, tri-, and
tetranuclear cluster complexes [9].
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We studied the fvp of Cr(CO),, Mo(CO), and CpCo(CO), in the hope of
trapping coordinatively unsaturated species produced by ligand dissociation, and
finding out whether they would show catalytic activity. Pyrolysis was carried out in
a 30 cm X 2.5 cm glass (Pyrex) or silica (quartz) tube heated in a furnace and
attached to a cold (liquid N,) trap located between the oven and the pumping
system.

Products arising from fvp of M(CO), (M = Cr, Mo) at ca. 0.1 Torr from 600 to
200°C were collected in a matrix of 1-hexene or 1,5-COD previously deposited on
the cold trap. Analyses of the organic material recovered after warming up revealed
no isomerization (i.e. 2- or 3-hexene or 1,3-COD was detectable by GLC).

Pyrolysis of CpCo(CO), at temperatures above 400°C at 0.1 Torr resulted in the
complete decomposition of the complex: a cobalt mirror was deposited in the tube,
and no material was recovered on the trap. At temperatures below 300°C at ca. 0.1
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Torr, CpCo(CO), distilled out and was collected in the cold trap. However, at
350°C and ca. 0.1 Torr, metallic cobalt was deposited in the hot zone of the
pyrolysis tube and black crystals were produced at the end of the tube. This
crystalline compound, which could even be sublimed in an ice-cooled trap, con-
tained no coordinated CO (lack of IR absorption between 1800 and 2000 cm™?). It
reacted with degassed CHCI, to give a pentane-soluble orange complex Ia [10],
characterized by its 'H NMR (CDCl;, 8 (ppm)): 3.0 (bs, 2H,), 3.8 (bs, H endo),
4.85 (s, SH), 5.3 (bs, 2H,) and MS ((70 eV, m/e*, rel.%): 311 (16.5), 309 (53), 307
(56), 275 (25), 273 (99.6), 271 (100), 190 (85), 189 (100)) spectra. Cobaltocene has
been previously reported to react with chloroform only at 60°C to give cyclopenta-
dienyl-1-exo-(dichloromethyl)cyclopentadienylcobalt (Ib) [11]. The black compound
showed catalytic activity in the trimerization of phenylacetylene to 1,3,5- and
1,2,4-triphenylbenzene. The physical data and reactions indicate that the black
compound was cobaltocene, produced in 85% (isolated) yield according to eq. 1:
2 CpCo(CO), —» Cp,Co+4 CO” +Co| (1)
Production of cobaltocene from CpCo(CO), is indicative of a bimolecular
reaction involving cyclopentadienyl-containing cobalt species. Absence of any de-
posited metallic cobalt outside the pyrolysis tube indicated that the CO-decoordi-
nated cobalt species such as (II) [12] did not decompose after emerging from the
tube but reacted further in the hot tube, probably as in Scheme 1. Such a species
could be trapped by co-evaporation and pyrolysis (370°C, ca. 0.1 Torr) of a 1/1
mixture of CpCo(CO), (b.p. 158°C /757 Torr) and 1,5-cyclooctadiene (1,5-COD)
(b.p. 140°C/710 Torr), and gave a mixture of Cp,Co, 1,5-COD and CpCo(COD)
[13] (characterized by vpc and 'H NMR). The pressure (ca. 0.1 Torr) in the tube was
evidently too high to prevent intermolecular reactions. Experiments at lower pres-
sure (1073104 Torr) are in progress with the objective of isolating intermediates
such as II, and then investigating their catalytic properties.
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