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Reaction of a cobalt{i) porphyrin with azoisobutyronitrile (AIBN) at 333 K provides a convenient source of a transient
cobalt hydride that reacts with alkenes and alkynes to form secondary alky! and vinyl complexes, respectively or
alternatively with organic halides and epoxides in the presence of donor molecules to form primary alkyl and

B-hydroxyalkyl complexes.

Cobalt catalysed chain transfer in free radical polymerization
of methacrylates is expanding in commercial significance as a
source of macromonomers.! During mechanistic studies of
this process using AIBN as the free radical initiator source and
cobalt(mr) porphyrins as the chain transfer catalyst it was
recognized that a transient cobalt hydride formed in the
reaction could be trapped by organic substrates to form
organocobalt porphyrin complexes. Alkyl complexes of cobalt

porphyrins are usually formed by reaction of the Co!
derivative, [(por)Co]~, with alkyl halides.2-3 Hydride reduc-
ing agents such as NaBH, are generally ineffective in reducing
Co!l to Co! so that the standard procedure involves sodium
amalgam reduction to Co! and subsequent reaction with the
alkyl halide. Setsune et al. have recently demonstrated a clever
alternative approach for producing organocobalt complexes
by reaction of Co!! porphyrins with NaBH, and alkenes or
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alkynes in the presence of oxidizing agents.4-5 This approach
produces a transient and currently unobserved cobalt por-
phyrin hydride that either adds to the alkene and alkyne or
eliminates dihydrogen to reform a Co!! porphyrin. Regenera-
tion of Co!l porphyrin by the oxidizing agent and reaction
with BH,~ provides a continuous source of the transient
hydride.

The approach to forming organocobalt porphyrins reported
here utilizes the reaction between cobalt(ir) porphyrins and
the alkyl radical from AIBN [Me,(CN)C-] as a continuously
generated source of the transient cobalt hydride [eqn. (1)].

(por)Coll + Me,(CN)C* = [(por)Co-H] +
CH,=CMeCN (1)

This hydride subsequently reacts with alkene or alkyne to
produce organo cobalt derivatives [eqns. (2) and (3)]. Trans-

(por)Co-H + CH,=CHX — (por)Co-CHMeX  (2)
(por)Co-H + CH=CX — (por)Co-CX=CH, 3)

fer of a hydrogen atom from the cobalt hydride to the
unsaturated substrate to produce the most stable alkyl radical
dictates the stereoselectivity for the organocobalt complexes
(Table 1).4 Use of a weak donor solvent like dimethylform-
amide (DMF) or addition of donor molecules for reaction (1)
results in some deprotonation of the transient hydride to form
a Col porphyrin species [eqn. (4)] which in the presence of an
organohalide or epoxide reacts on to yield organocobalt
derivatives [eqns. (5) and (6)] (Table 1). Regioselectivity for
epoxide reactivity reactions [eqn. (6)] is directed by forma-
tion of the most stable Co—alkyl bond.

(por)Co-H + :B = [(por)Co]~ (BH)* “
[(por)Co]~ + R-X — (por)Co-R + X~ 5)
H,C-CHX

[(por)Co]~ (BH)* + O — (por)Co-CH,-CH(X)OH + B (6)

The general reaction procedure consists of preparing a
solution of the cobalt(ir) porphyrin [tetra(4-methoxyphenyl)-
porphyrinatocobalt(ir)] with an excess of AIBN and organic
substrate in a vacuum adapted reaction tube which is
subsequently degassed, sealed and heated at 333 K. Chloro-
form or benzene are used as solvents for reactions of alkenes
and alkynes, and DMF solvent is used for reactions of alkyl
halides and epoxides. Isolation and purification of the
organocobalt derivatives is accomplished by established
procedures.2-3
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Table 1 Representative organocobalt(1) porphyrins obtained from
the reaction of a cobalt(ir) porphyrin with AIBN and organic
substrates (7 = 333 K)

Organic substrate Solvent  Producte Yield?
CH,=CH(CO,Me) CHCl; (por)CoCHMeCO,Me 70
CH,=CHCMe,OH  CHCl; (por)CoCH,CH,CMe,OH 95
CH,=CHPh CHCl, (por)Co~CHMePh 50
CH=C(Ph) CHCl; (por)Co—CPh=CH, 60
Mel DMF (por)Co-Me 95
Etl DMF (por)Co-Et 95
CH,OCHE! DMF (por)-CH,CH(OH)Et 65

@ (por) = tetra(4-methoxyphenyl)porphyrin dianion. ¢ Yield is based
on the conversion of the cobalt(ir) porphyrin for a mole ratio of
organic substrate to cobalt of ca. 30.

Homogeneous solutions of cobalt(1) porphyrins and AIBN
in a variety of solvent media provide a controlled source of
cobalt porphyrin hydride and cobalt(1) porphyrin species
which through reaction with organic substrates provide a
general one-pot method for obtaining organocobalt porphyrin
complexes. Efficient trapping of the transient cobalt hydride
by alkenes supports the suggestion that these reactions are
viable intermediate steps in the catalytic cycle for chain
transfer in radical polymerization of olefins.1.6.7
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