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The action of acids upon alkyl derivatives of elec-
tropositive elements generally results either in
protolysis or in B-elimination resulting in the forma-
tion of related alkanes or alkenes. Nevertheless, in
some complexes transition metal—carbon o-bonds
may yield to homolytic splitting more readily if other
ligands are protonated. In the particular case of octa-
hedral organocobalt(IIT) complexes, such protona-
tions would shake loose initial eighteen-lectron
structures, which may result in weakening of the
metal—carbon bond and eventually lead to its homo-
lysis. this assumption seems to be supported by recent
studies [1—4] of the decomposition of organocobalt
chelates in acidic media. However, none of these
papers dealing with the best known type of the com-
plexes, viz. that with an equatorial tetradentate
ligand, provided straightforward evidence for the
intermediacy of free radicals. Moreover, the most
advanced study [4] showed that the protonation of a
tetradentate ligand accelerated S-elimination to the
same extent as coupling of radicals.

We have found that alkylcobalt(III) complexes
belonging to a newly reported [5] type readily
undergo homolytic splitting under the action of
protons, with direct evidence for the effective genera-
tion of alkyl free radicals being obtained. Also, this
feature of the complexes has been used for modelling
coenzyme B,,-dependent dehydratation of a-glycols.
These studies are outlined below.

In acidic media ions of alkyl-mer-[N-(2-amino-
ethyl)-7-methylsalicylideneiminato](ethylenediamine)
cobalt(+1) ([RCo(7-Mesalen)(en)]*) decay quite
readily. Thus, the complexes with R =Me, higher
primary alkyl and sec-alkyl decompose in 1M aqueous
perchloric acid at 20—25 °C within several hours,
minutes and seconds respectively. All the products of
the disproportionation and coupling of the alkyl
radicals are formed in this reaction (Table I).

Although the yields of RH alkanes are consid-
erably higher than those of alkenes, the protolysis of
the Co—C bonds does not contribute substantially to
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TABLE 1. Hydrocarbon Products from the Decomposition of
[RCo(7-Mesalen)(en)]* Complexes in Acidic Solution.?

R Relative YieldP

Ry RH R,
Me 1 23
Et 1 3.2 2.4
Bqn 1 3.8 ¢
pr 1 1.4 0.41

21 M aqueous solution of HCIQ4 as medium,; initial concen-
trations of the complexes, 20 mM; 20 °C. b Determined by
GC head-space analysis after the complete decomposition of
the complexes.  ®Not assayed.

the overall process, which was proved by means of
isotope-label technique. Viz., ethane formed from
the ethylcobalt complex in 1 M solution of DCIQ, in
D50 included less than 5% of C,H;D molecules. This
result evidently reveals that the excesses of the RH
alkanes over the alkenes are essentially due to the
abstraction of hydrogen atoms from chelating ligands
by alkyl free radicals, rather than due to the
protolysis.

Further study indicated that the decompositions
are not affected appreciably by g-elimination. Other-
wise one would expect that certain products derived
from an intermediate hydride complex could be
found. On the contrary, we failed to detect molecular
hydrogen after conventional runs as well as the spin
adduct of hydrogen atom in the course of those
carried out in the presence of phenyl-N-tert-butyl-
nitrone (PBN):

» Hz
. R-H H”//’
R (Colll) ———¢> 7
ny -
H(Co' )\\\PBN
Tha (PBN-H)"

The formation of alkyl free radicals in the course
of the reactions under investigation was directly
proved by spin-trapping technique. Thus the com-
plexes decomposing in phosphate buffer solutions in
the presence of tert-nitrosobutane (TNB) or PBN gave
the ESR signals characteristic of the spin adducts of
the proper alkyl radicals (Table II). Furthermore,
kinetic measurements using PBN demonstrated the
growth rate of the ESR signals to be pH-dependent.
The pattern of these relationships is exemplified by
Fig. 1. As the following consideration is to reveal,
they definitely indicate that protons are involved in
the process yielding alkyl free radicals. Under condi-
tions used, viz. at low conversions and at a large
excess of the trap, one can treat the formation of the
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TABLE II. ESR Hyperfine Splitting Constants of Nitroxide
Radicals, RN(O)But, Detected in the Course of the Decom-
position of [RCo(7-Mesalen)(en)]* Complexes in the
Presence of tert-Nitrosobutane.?

R Splitting Constants, G

2N 2H(B) 2H(y)
Me 16.8 147
Et 16.8 11.3 0.6
Bu®? 16.8 11.3 0.7
c-CeHyy P 14.8 1.7

2Phosphate buffer MeOH—H,0 1:2 (v/v) solutions as media,
20 °C. PIn this case a more intricate ESR spectrum was
observed. It can be interpreted as the superimposition of two
signals with rather close g-factors. One of the signals is ap-
parently due to the cyclohexyl adduct. Analysis of the
spectrum also suggests that the other, more multiple signal is
related to a spin adduct of a radical resulting from abstrac-
tion of a hydrogen atom from the tridentate ligand.

pH 5.0 pH 6.0

pH 5.5

Relative Intensity of ESR Signal

. L
0 1 2 3
Time, h

Fig. 1. Decomposition of the [EtCo(7-Mesalen)(en)]* com-
plex in the presence of PBN: intensities of the ESR signal
as functions of time at various pH. (Phosphate buffer
MeOH-H,0 1:2 (v/v) solutions as media, 20 °C; initial con-
centration of the complex, S mM; that of PBN, 0.1 M).

spin adducts as a pseudo-first order process and
neglect succeeding reactions involving these stable
free radicals. Consequently, the slopes of the kinetic
curves presented at Fig. 1 are approximately propor-
tional to R". Hence the linear parts of the curves
correspond with the concentration having reached
stationary values, [R']4. Thus comparison of these
curves enables one to conclude that [R"] increases
as pH is lowered. Obviously, such an antibatic depen-
dence on pH must hold qualitatively true for the
stationary rate of the formation of alkyl free radicals.
In addition, the shape of the curves is indicative of an
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induction period, which is probably due to a conse-
cutive mechanism of this reaction*, Then a clear-cut
symbatic correlation between pH and the duration
of the induction period wholly agrees with the invol-
vement of protons in the process.

TABLE III. Dehydratation of a-Glycols Conjugated with the
Decomposition of the [EtCo(7-Mesalen)(en)]* complex.?

Substrate Products? Yield, %¢

CH,OHCH,OH MeCHO 5.0
Me,CO 26

MeCHOHCH,OH ‘{ EtCHO 0.24

20.5 M solutions of HClO4 in the 1:1 (v/v) mixtures of
glycols with water as media; initial concentration of the com-
plex, 19 mM; 20-25 °C. b[dentified by GC and, in the
form of 2,4-dinitrophenylhydrazones, by TLC. CDeter-
mined by GC analysis after the complete decomposition of
the complex and referred to the initial amount of the latter.

Thus, the organocobalt(IIl) complexes in question
can generate alkyl free radicals under mild conditions
and at a conveniently regulated (pH-controlled) rate.
We have tried and used this feature of the complexes
for modelling the coenzyme B;,-dependent dehydra-
tation of a-glycols, which is generally considered [6]
to proceed vig a free-radical mechanism. Some early
results are summarized in Table III. To our knowl-
edge, this is the first case where an organocobalt
model of coenzyme B, has been proved to induce
dehydratation of glycols at room temperature and in
the dark. The model reaction is still lacking both
catalytic character of the enzymatic one and its
‘counter-thermodynamic’ specificity. Namely, the
latter results in formation of aldehydes while ketones
emerge as predominant products of the former.
Nevertheless, despite these differences, results of the
present study give certain ground to the speculation
that protonation-deprotonation or some related polar
interactions may control the dissociation of the
Co—C bond of coenzyme B;, in ferment systems,
thus triggering the biological dehydratation of glycols
as well as other coenzyme B;,-dependent reactions.
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*It is appropriate to point out that preliminary results of a
spectrophotometric study, which is under way, also indicate
a complex kinetics with at least two coloured intermediates.
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