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Dimethylglyoxime and related compounds of cobalt have been
invoked widely as vitamin B,, analogues.®?' The relatively low
Co—C bond dissociation energies identified in these studies are
consistent with and supportive of the proposed role of Co~C bond
homolysis in coenzyme B,, promoted reactions.*® Our results
also serve to identify some of the factors that influence Co~C bond
dissociation energies in such compounds and which may, thus,
be involved in promoting the Co-C bond homolysis step.
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Despite their widespread significance for various organometallic,
biochemical, and catalytic processes,! few transition-metal-alkyl
bond dissociation energies have been determined reliably, reflecting
in considerable degree the limited applicability of the methods
available for such determinations.?? The studies described in
this communication reveal conclusively that the thermal decom-
position of certain organocobalt compounds proceeds via homolytic
cobalt-carbon bond dissociation and demonstrate that the dis-
sociation energies of such bonds can be deduced from kinetic
measurements. Interest in the results of these studies is enhanced
by the relevance of these organocobalt compounds as coenzyme
B,, analogues*’ and by the further potential of the method for
the determination of other transition-metal-alkyl bond dissociation
energies.

Our studies relate to the thermal decompositions of organocobalt
Schiff base compounds [py(saloph)Co-R] (where py = pyridine,
saloph = N,N"~bis(salicylidene)-o-phenylenediamine and R = alkyl
or benzyl), which were found to proceed at conveniently meas-
urable rates in pyridine solution® at temperatures below 100 °C
in the presence of an efficient radical trap such as the hydrogen
donor, n-CgH|;SH (abbreviated XH). When R = n-propyl or
isopropyl (i.e., an alkyl containing a 3 hydrogen), the reaction
yielded a mixture of propene and propane, exhibiting the kinetics
and product distribution corresponding to Scheme I where [Co'lIR]
= [py(saloph)Co-C;H;] and [Co!'] = [py(saloph)Co!!].78
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(6) Pyridine was used as solvent to eliminate complications due to possible
dissociation of the axially coordinated pyridine ligand.

(7) Qualitatively similar results were obtained for organocobalt complexes
of other Schiff bases including N,N*bis(salicylidene)ethylenediamine (salen)
and bis(acetylacetone)ethylenediamine (bae) and using other radical traps
including 1,4-cyclohexadiene, R;SnH, and copper(II).

Table I. Product Distribution from the Decomposition of
[py(saloph)Co-CH(CH,),] at 62.7 °C in Pyridine Solution
Containing 1.3 x 107> M [Col]

10°[(»-C H ,SH], 10°kobsas (C;H¢)cateas” (C3H{)obsas
M s™! % %
0 14 72 71
1.9 3.3 30 27
3.8 5.0 20 17
5.8 6.5 15 12
9. 9.6 10 8

@ Percent (CyHg)oated = (100K /% gppsg) Where ko =1.00 x 1073
s7!,
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According to Scheme I, the kinetics of the reaction should
conform to eq 1 and the product distribution to eq 2. Kinetic
measurements,!° typically encompassing the initial concentration
ranges ca. 5 X 10 M CoR, 02 X 10 M Co!l, and 0-2 X 102
M n-CgH;,SH, yielded excellent linear plots (Figure 1) of (kgap)™
vs. [Co"] and (krap)™! vs. [CsH,;SH]™, in accord with eq 3, which
is derived by rearrangement of eq 1 (kgap corresponding to the
contribution to the overall rate constant of the free radical path
initiated by the Co-R bond homolysis step, i.e., k).

—dln [CollIR] ks k k,[XH] o
dr Trobsd TR T 0ol + &, [XH]
S V20 SN N [P @)
0 obsd

(kobsa —ko) " = (krap) ™ = (1/k,) + [k_, [CoM)/(k, k,[XH])] (3)

Values of k, were determined by extrapolation of kg to lim-
iting high Co'! (and low XH) concentrations, and values of &, and
k_,/k, were deduced from the intercepts and slopes of plots ex-
emplified by those in Figure 1. Table I records the excellent
agreement that was obtained between the observed product dis-
tribution and that calculated from the rate data according to eq
2. For R = neopentyl or benzyl (i.e., lacking a 8 hydrogen), the
olefin-producing path was absent; accordingly, the organic products
were exclusively neopentane and toluene, respectively, and the
kinetics conformed to eq 1 and 3, with k;, = 0. The results of the
kinetic measurements are summarized in Table II which also lists
activation parameters derived from the temperature dependence,
measured at three to five temperatures over a 10-20 °C interval
(43-63 °C for R = isopropyl; 77-97 °C for n-propyl; 54-69 °C
for neopentyl; 55-65 °C for benzyl).!°

The kinetic behavior and product distribution clearly establish
the validity of Scheme I and define the kinetics of the cobalt—
carbon bond homolysis step corresponding to k. The mechanism
of the olefin-elimination step corresponding to kj is less clear.
While a “concerted”®!! elimination cannot be ruled out, a more
likely pathway appears to be that depicted by eq 4, i.e., 3-hydrogen

[Co!'-C,H,] — [Coll],C;Hy» — C;Hy + [CoH] —
C3Hg + [Coll] + 1/,H, (4)

(8) Our demonstration that [py(saloph)Co—~CH(CH3),] decomposes pre-
dominantly via homolytic Co—C bond cleavage contrasts with the assertion®
that isopropylcobalamin decomposes by a concerted olefin elimination path.

(9) (a) Grate, J. H.; Schrauzer, G. N. J. Am. Chem. Soc. 1979, 101, 4601.
(b) Schrauzer, G. H.; Grate, J. H. Ibid. 1981, 103, 541.

(10) The kinetics were monitored spectrophotometrically, following the
disappearance of {CoR], at ca. 650 nm. The quantitative conversion of CoR
to Co' was confirmed spectrophotometrically, The organic products, i.e.,
propene, propane, neopentane, toluene, and (#-CgH,,S), were determined by
VPC and found to conform to the reported stoichiometry. Except where
otherwise noted, the precision of the measured kinetic parameters is estimated
to be rate constants, £5%; AH®, £1kcal/mol; AS®, £3 cal/mol-K.

(11) Duong, K. N. V.; Ahond, A.; Merienne, C.; Gaudemer, A. J. Orga-
nomet. Chem. 1973, 55, 375.
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Figure 1. Kinetics of the decomposition of [py(saloph)Co-CH(CHj3),] at 62.7 °C in pyridine solutions containing n-CyH;,SH. (A) 10*[n-C;H,;SH],

M: 1,1.9;2,3.8;3,5.8; 4, 9.6; 5, 15.4;, (B) 10*[py(saloph)Col'], M:

Table I, Summary of Kinetic Data

1,50; 2, 10.3; 3, 18.5.

k4(70°C), AHF, AS*,, k, (70 °C), aH*, as*,, k.l Dgo-r»

R s kcal/mol cal/mol-K s keal/mol cal/mol-K  k,),, o¢ kcal/mol
CH,CH,CH, 1.0x10°° 23.4 -15.1 4.7x10"* 27.1 ¢ 1.1 2.6 10 25
CH(CH,), 1.9x 10" 19.8 -15.5 5.7%x10? 21.8+ 1.0 -29 93 20
CH,C(CH,), 3.4x10° 20.3 0.6 -6.2 8 18
CH,C,H, 1.2 X107 23.6¢ 1.0 1.3 70 22

transfer between the C;H;», Co!! geminate radical pair, followed
by rapid decomposition of the resulting cobalt hydride. Such
B-hydrogen abstraction has been shown to be fast in closely related
systems!!2 and, in one case, to occur within the cage lifetime of
such a geminate radical pair.!> In any event, since kg is small
compared with k; (in no case greater than ca. 3%), its significance,
even in those cases where some olefin formation does occur, does
not seriously affect the interpretation of the major k,-derived
radical pathway.

Recombination of cobalt(I1I) complexes with alkyl radicals has
previously been demonstrated to be diffusion controlled."* Our
results provide direct confirmation of this in the present systems.
The values of ca. 10-102 for k_;/k, in Table 1I, in combination
with earlier estimates of k, (ca. 10’ M~! s! at ambient temper-
atures),!* yield values of ca. 103-10'° M~ 5! for k_j, i.e., close
to the diffusion-controlled limit. Assuming AH*_; ~ 2 kcal/mol
for such a diffusion-controlled process permits the Co-R bond
dissociation energy, DCO_R, to be deduced reliably from the
measured values of AH*,, i.e., Deor ~ AH*| — 2 kcal/mol.!

Values of D¢,y obtained in this way are 11sted in Table II. The
values span the range 18-25 kcal/mol. While the trend, in part
(e.g., n-propyl > benzyl), parallels that for other alkyl bond
dissociation energies (e.g., R—-H), the low values of D¢, g for
isopropyl and neopentyl, compared with benzyl, attest to the
importance of steric effects in such a cobalt complex, an inference
underscored by the results of structural investigations on related
organacobalt compounds.'s In this context, our results suggest
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(14) (a) Encinad, M. V.; Wagner, P. J; Scaiano, J. C. J. Am. Chem. Soc.
1980, /02, 1357. (b) Burkhardt, R. D. J. Phys. Chem. 1969, 73, 2703.

(15) This approach parallels that invoked recently to estimate cobalt—
carbon bond dissociation in certain benzyl- and secondary alkylcobalamins.®®
The latter studies, however, did not verify the proposed homolytic dissociation
pathway by establishing the full kinetics of the radical competition scheme.

(16) Randaccio, L.; Bresciani-Pahor, N.; Toscano, P. J.; Marzilli, L. G.
J. Am. Chem. Soc. 1980, 102, 7372.

that neopentyl is at least as sterically demanding as isopropyl. The
unusual reactivities reported recently for certain neopentylplatinum
compounds also may reflect such sterically induced destabiliza-
tion.!”

On the basis of a variety of criteria,* Schiff base cobalt com-
plexes probably represent some of the closest analogues thus far
identified (notably in respect of the apparent stabilities of orga-
nocobalt derivatives) of the corresponding vitamin B,, derivatives.
The D¢,y values in Table II, which we thus believe to be close
to those of the corresponding cobalamins, lie in a range appro-
priately low so as to be consistent with the proposed role of co-
balt—carbon bond homolysis in coenzyme B;,-promoted reac-
tions. %3119 Qur results also reinforce the view that steric factors
may play an important role in promoting this bond homolysis.

Compared with another method that we have recently de-
scribed® for determining transition-metal-alkyl bond dissociation
energies (and applied to some other organocobalt compounds),
the present approach would appear to have much wider appli-
cability. We are currently extending our measurements to other
transition-metal-alkyl compounds including organocobalamins
and organomanganese compounds.
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