5953

Kinetics and Mechanism of the Formation of
Alkylcobalt(chelate) Complexes from Organic
Peroxides and Cobalt(II)!

James H. Espenson* and Albert H. Martin

Contribution from the Ames Laboratory and Department of Chemistry,
Iowa State University, Ames, Iowa 50011. Received January 3, 1977

Abstract: The reactions of some cobalt(11) macrocyclic complexes with some zert-alkyl hydroperoxides occur with a 2:1 (co-
balt:peroxide) stoichiometry and lead to the formation of alkyl-cobalt products. Kinetic studies carried out at w4 = 0.10 M
(HCl104-LiClOy) in 1:1 (v/v) tert-butyl alcohol-water media showed the reaction to be first order in both cobalt(11) complex
and hydroperoxide. The bimolecular rate constants varied over the range 6.4-409 M~! s~! with the reactivity order being
Co(dmgH)2 > Co(dpnH)* > By, = Co(tim)?* > Co(Meg[14]4,11-dieneNy) > Co(Meg[14]aneNy). The reactions of Co-
(tim)2* with a variety of peroxides showed little effect on varying the alkyl group of the hydroperoxide, but were substantially
inhibited by substituting groups OR for the hydroxyl group of the hydroperoxides. Comparisons of these reactions with the

analogous chromium(l1) reactions will be made.

Reactions useful for formation of cobalt-carbon ¢ bonds
in macrocyclic chelate complexes such as vitamin By, and re-
lated model complexes have recently been reviewed.?3 One
general method consists of the coupling reaction of an appro-
priately generated carbon-centered radical R- with a Co(II)
chelate, thereby forming an organocobalt(I1I) complex:

R- + (Coll) — R-(Co'M) (1

As far as we are aware, no reports have appeared in which
organic hydroperoxides (and related functions) have been used
as sources of organic radicals for preparation of organocobalt
complexes, despite the known utility of this method for orga-
nochromium complexes of the family (H,O)sCrR2+.4-8

The idealized reaction scheme consists of reactions 2 and
3

k
RC(CH3)>00H + (Co!') —» RC(CH3),0- + (Col!)OH
()

fas
RC(CH3);0- —»> (CH3),CO + R- 3)

followed by 1 in practice, however, certain other reactions
must be considered as well. This work utilizes a selected group
of cobalt(l1) complexes?® of tetradentate N4 macrocyclic (and
pseudomacrocyclic) ligands, including vitamin B3, as shown
in Figure 1. For most of the complexes studied the simple alkyl
derivatives have been prepared by alternative routes, most
commonly the nucleophilic displacement reaction of (Co!)~
and RX (eq 4).10

(CoY)~ + RX — R(Co) + X~ )

The latter method, while preferable, is widely but not univer-
sally applicable. Failures result from at least two circum-
stances, however: (a) inability to form the cobalt(I) complex
in cases such as Co(Meg[14]dieneNy)* and Co(Meg[14]-
aneN4)*, even with powerful reductants such as BH;~ or
Na/Hg, and (b) reaction rates of the alkyl halide and a co-
balt(l) nucleophile such as Co(tim)* which reacts with most
RX'’s more slowly than it undergoes internal reductive de-
composition. The use of reaction | promises to alleviate both
problems, although its success requires rapid and convenient
synthetic quantities of R- under solvent conditions in which R-
reacts sufficiently selectively to give good yields of the desired
RCo(111) product. A previous approach to the problem for the
case of R = CH3 has been realized by Roche and Endicott,!!
who generated CHj- by photolysis of the acetate complex

(NH3)sCo0>CCH32*, and by Goedkin and co-workers!'?
based on reactions of organic hydrazines.

This work emphasizes the verification of the R(Co'!!)
products, their isolation in some instances, and the stoichi-
ometry, kinetics, and mechanism of the reactions leading to
their formation.

Experimental Section

Materials, The following complexes (refer to Figure 1) were pre-
pared by literature methods: Co(dmgH),(H20),,!3 [Co(dpnH)
(HzO)z] (C104)2.l4 [Co(meso- Meﬁ[ I 4]4.1 l-dieneN4)](ClO4)2,‘5
and [Co(tim)(H20),](C104)3.'6

The complex [Co(meso-Meg[14]aneNy)](Cl04); was prepared
from [Ni(Meg[14]4,11-dieneN4)](Cl104),!7 first by reduction of the
ligand with NaBH,4 and separation of the reduced meso complex as
described by Warner and Busch,!2 followed by liberation of the free
ligand,!® and complexation with cobalt(il).!* Anal. Caled for
CoC¢H36N4 Cl20g: Co, 10.87: C, 35.44; H, 6.69: N, 10.33. Found:
Co, 10.82; C, 35.26; H, 6.76: N, 10.24.

Aquocobalamin was commercially available (Sigma Chemical),
and was converted to the Co(ll) complex vitamin Bj,, by re-
duction with amalgamated zincin 0.1 M aqueous perchloric acid. For
use in reaction studies, the cobalt(l1) complexes® Co(dpnH)* and
Co(tim)2+ were generated in solution by reduction of the corre-
sponding diaquo-Co(111) complexes with a deficiency of Crag?*. Al-
ternatively, solid samples of the latter complex were prepared utilizing
a variant of the published method?? for [Co(tim)Br;]Br. Under a
stream of nitrogen 1,3-diaminopropane (30 g, 0.20 mol) was dissolved
in methanol (700 cm3), followed by the dropwise addition of 70%
HCIO,4 (34 cm?, 0.20 mot) over 20-30 min. Biacetyl (2,3-butanedione,
344 g, 0400 mol) was added, followed immediately by Co-
(OACc),-4H,0 (49.8 g, 0.200 mol), and the solution stirred under N,
for 4 h. At this time 20 cm?3 of deoxygenated water and 50 cm? of 70%
HCIO,4 were added, following which methanol was partially removed
by passing N2 through the solution for an additional 5 h. The pre-
cipitated complex was filtered under N, washed with ether and dried
under vacuum:; yield ca. 20 g of [Co(tim)(H20)2](ClOy4), (40%).
Anal. Caled for CoCi4H2gN4Cl20,0: Co, 10.87; C, 31.00; H, 5.21;
N, 10.33. Found: Co, 10.77; C, 31.17, H, 5.19; N, 10.14.

Some organic peroxides were commercially available (sert-butyl
hydroperoxide and tert-butyl peroxybenzoate); others were prepared
by literature methods® (ethyl-rert-butyl peroxide,2! rerr-amyl hy-
droperoxide,2? 2,4,4-trimethylpentyl 2-hydroperoxide,2? 2-methyl-
I-phenylpropyl 2-hydroperoxide,22 perbenzoic acid,?? and cumene
hydroperoxide).24 Stock solutions were prepared fresh as needed by
dissolving the neat peroxide in a known volume of solvent (1:1 tert-
butyl alcohol-H20), and were analyzed by standard methods.25

Distilled rert-butyl alcohol was used to make up solutions for all
of the experiments, many of which were performed in a solvent mix-
ture consisting of 1:1 (v/v) tert-butyl alcohol-water. Chromium(11)
perchlorate solutions were prepared by reduction of Cr(ClO4); with
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Figure 1. Structures of the macrocyclic cobalt complexes.

amalgamated zinc in the desired solvent, water or aqueous fert-butyl
alcohol. Hydrated lithium perchlorate was recrystallized twice from
water.

Kinetic Studies. Spectrophotometric methods, conventional or
stopped-flow as appropriate, were used for rate determinations, with
Cary 14, Durrum D-110, and Canterbury SF-3A instruments. These
studies were carried out at 0.10 M ionic strength (HClO4-LiClOy)
in 1:1v/v tert-butyl alcohol-water, at 25.0 °C except as noted. This
solvent mixture provides a good solubility range for the peroxides, yet
apparently does not readily react with radical intermediates (other
than OH-). The reactions for kinetic purposes employed a pseudo-
first-order excess of peroxide over Co(l1), and were followed by re-
cording the decrease in absorbance of the Co(ll) complexes2® with
occasional determinations at other wavelengths. Slight modification
of the conditions was necessary for Co(dmgH); and Co(dpnH)*,
whose decompositions to Co,q?* in aquecus perchloric acid proceed
too rapidly under the acidic reaction conditions otherwise employed.
In these cases the electrolytes are 0.1 M NaOAc and 0.1 M LiClQy,
respectively; independent determinations with the reaction of
Co(tim)2* and tert-butyl hydroperoxide showed identical rate con-
stants in 0.1 M solutions of HCIOy, LiClO4, and NaOAc (I <pH <
9), suggesting the validity of this change for the other complexes as
well.

Product Isolation and Identification. Efforts were made to identify,
and in some cases to isolate in solid form, the organocobalt complexes
which we anticipated as products. In many cases the absorption
spectrum of the reaction solution itself afforded such evidence; to cite
one such example, reaction of tert-butyl hydroperoxide and
Co'l(tim)Z* in an aqueous medium produced a solution showing the
characteristic absorption bands of CH3;Co(tim)H,0%* at A 485 nm
(e 2.4 X 10%) and 420 (1.70 X 103). Exposure of such solutions to
sunlight for a few minutes resulted in complete loss of these bands and
conversion to the characteristic spectrum of the Co(l11) complex
Co(tim)(H,0)23+. Similar spectral identification of other known
organocobalt products was made. The yield of CH3Co(tim)2+ was
accurately determined spectrophotometrically from several reactions
of Co(tim)2* and (CH3);COOH in aqueous solution.

In other instances formation of alkylcobalt complexes was con-
firmed by thin layer chromatography on cellulose (methylcobalamin)
or on silica gel (methyl cobaloxime).

Larger scale reactions of the appropriate Co(ll) complex and
peroxide, usually in strictly aqueous solution, were used for isola-
tion of the alkyl cobalt products as solid samples: [CH1Co(tim)-
HzO](BPh4)2. [CH3CH2C0(tlm)H20](Bph4)2, [(CH3)3CCH2CO-
(tim)H>0](BPhy),, [C¢HsCHyCo(tim)H,0](BPhs),, [CHs-
Co(Meg[14]dieneN4)H,0](BPhy),, [CH3Co(Meg[14]aneNy)-
H,O01(BPhy),. These compounds and others, especially the higher

alkyls, are rather less stable thermally and photochemically than their
cobaloxime counterparts. The general preparative method consists
of treating the aqueous reaction solution with an acetone solution of
NaBPhy, which precipitates the alkylcobalt complex leaving the other
reaction product, Col!l(chel)(H,0)23*, in solution. One specific
procedure is as follows. A sample of [Co(Meg[14]4,11-dieneNy)]
(Cl04); (0.5 g, 1.1 mmol) was dissolved in 100 cm? of water and
treated with an aqueous solution of rert-butyl hydroperoxide (20 cm?
of 0.05 M). After 30 min an acetone solution of NaBPh, (0.3 g, 0.9
mmol) was added, and the solution stirred for an additional 5 min. The
solid product was filtered, washed with methanol and with ether, and
air dried. The product was recrystallized from acetone by addition
of water. The initial reaction was conducted under N5, and all reac-
tions and operations were carried out in the dark owing to the very
photosensitive nature of the complex. Anal. Caled for
[CH3Co(Meg[14]4,11-dieneN4)H,0](BPhy),: Co, 5.83; C, 77.38,
H, 7.47, N, 5.55. Found: Co, 5.72; C, 76.85, H, 7.81; N, 5.88.

Results and Interpretation

Stoichiometry and Products. An idealized reaction stoichi-
ometry can be represented by the summation of reactions 1-3
(eq 5).

2(Co'™) + R(CH3),COOH = R(Co) + (Co''YOH
+ (CH3),CO (5)

The indicated 2:1 stoichiometry of reactants was confirmed
directly by spectrophotometric titrations for several of the
reactions between Co(1I) complexes and hydroperoxides. Data
for two typical titrations are shown in Figure 2. In each of these
cases the anticipated 2:1 stoichiometry was found.

The reactant ratio does not require the products shown: al-
ternative or competing reactions of radical intermediates can
produce different materials yet maintain the 2:1 ratio. Ex-
amples of such behavior were found for Cr2* reactions with
organic peroxides.® The limit of such a process is a reaction
lacking any organometallic product, such as eq 6.

2(Co) + R(CH}3),COOH + H,0 = 2(Co!"")OH
+ R(CH;),COH (6a)

2(Co) + R(CH3),COOH + H,0 = 2(Co'")OH
+ (CH3),COH + RH  (6b)

One important mode of reaction to be considered in this
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Flgure 2. Spectrophotometric titration of typical Co(l1)-hydroperoxide
reactions: (1) open squares, lert-butyl hydroperoxide titrated with

Co(tim)2* at 545 nm; (2) filled circles, Co(dpnH)* titrated with rerz-amyl
hydroperoxide at 505 nm.

respect consists of an alternative hydrogen abstraction reaction
of the alkoxy intermediate, which would compete with the
unimolecular $-scission process. Such competition is illustrated
for the tert-butoxy radical in eq 7.

_——— (CH,),CO+CHy
(MILoH,

(3 or 7a)
(CH,),CO-

(CH,),COH + (MII)-OH  (7b)

If a reduction process such as 7b competes effectively with
B-scission, a diminished yield of organometallic product will
result. In contrast to the reaction of Cr2*, reduction is appar-
ently unimportant relative to 8-scission for the cobalt(11)-
hydroperoxide reactions studied here. This conclusion is based
on determined yields of CH3Co(tim)?* from the reaction of
5 X 1073 M Co(tim)?* and 0.02 M (CH3);COOH in0.1 M
aqueous perchloric acid. Little variation in yield with the order
of addition of reactants was found, being 46 £ 3% when the
peroxide was added slowly to a well-stirred solution of
Co(tim)2+, and 43 + 2% when the order of addition was re-
versed. The near identity of these two yields indicates that
reaction 7b is of little importance, and the comparison with the
theoretical 50% of reaction 5 supports the occurrence of steps
1-3. The small discrepancy between theoretical and experi-
mental yield is thought to arise from two factors: inaccuracies
in the molar absorptivities used in the determination and ac-
cidental leakage of O», which reacts very rapidly with CHj..

Two peroxides whose reactions with Co!! proved different
from the above, and different also from the corresponding re-
actions of Cr2*, are perbenzoic acid and hydrogen peroxide.
The former are characterized by variable and nonintegral
stoichiometry.2® Reactions of H,0, with Co(tim)2* and
Co(Meg[14]4.11-dieneN4)2+ were found to occur with a 1:1
stoichiometry in terz-butyl alcohol-water, whereas the former
reaction, when carried out in a purely aqueous solution, reacted
in the ratio 2Co(tim)2*:1H20,. The solvent dependence is
explained by the known very rapid scavenging of the inter-
mediate -OH by zert-butyl alcohol (eq 8).27

:OH + (CH3)3COH — H,0 + HOC(CH3),CH, (8)

The carbon-centered radical so produced is evidently un-
reactive toward Co(II). Interestingly enough, the reaction of
Cr?* with H,O; produces Cr(H>0)6** and retains its 2:1
stoichiometry in tert-butyl alcohol-water, as found in H,0.
This suggests that the reaction Cr?* + .OH — CrOH2+
competes effectively with eq 8 under these conditions.
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Figure 3. Typical plots of kinetic data illustrating the first-order depen-
dence upon hydroperoxide concentration. Reactions shown are those of
Co(dmgH), with (A) tert-butyl hydroperoxide and (B) tert-amy! hy-
droperoxide.

The hydroperoxides R(CH3)>COOH produce initially an
alkoxy radical whose $-scission may occur in either of two
ways:

~— (CH,),CO + R- 9
R(CH3)2CO~ 3)2 (%2)

R(CH,)CO + CH, (9b)

For Cr2* the observed® Cr-R2* product corresponds to reac-
tion 9a for R = Et, and to 9b for R = C¢Hs; both observations
are consistent with the known preferential fragmentation
pattern of these radicals in organic solvents.?® The same ob-
servations were confirmed in the present study in aqueous and
aqueous butanol solutions by the production of C;HsCo(tim)?*
and CH;3Co(tim)2*, each identified spectrophotometrically
in solution, from the respective reactions of tert-amyl hydro-
peroxide and cumene hydroperoxide with Co(tim)?*. Similarly
the reaction of sec-butyl hydroperoxide with Co(tim)2* in
aqueous solution produced a complex with the spectrum of
C,HsCo(tim)2*, consistent with the known fragmentation3!
of sec-butoxy radical to acetaldehyde and C,Hs..

Kinetic Studies. The kinetic studies were conducted in I:1
v/v tert-butyl alcohol-water at 25 °C in the presence of a large
excess of the hydroperoxide. The data in each run showed a
pseudo-first-order dependence upon [Co!!], and for each run
a value of kopsg Was computed.?? A plot of kqpsq V8. concen-
tration of hydroperoxide was linear and passed through the
origin; typical plots are shown in Figure 3. Inclusion of the
stoichiometric factor?? of 2 thus gives the rate expression

—d[Co(11)]/dt = 2k, [Co(II)] [peroxide] (10)

where k| represents the specific rate of the rate-limiting step,
eq 2. Kinetic data for the various reactions are summarized in
Table I.

The reactions of hydrogen peroxide were treated similarly
except that the appropriate stoichiometric factor33in eq 10 is
unity in this case. These rate constants are also given in Table
1.

The kinetic data for perbenzoic acid are not so easily ana-
lyzed in view of the nonintegral stoichiometry.3433

The reaction between Co(tim)2* and ethyl-zert-butyl per-
oxide was moderately slow, and the pseudo-first-order rate
plots curved badly. An estimate of k, from the initial rate is
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Table I. Summary of Kinetic Data?

Co(1l) Range of initial concn, M
complex Peroxide 103 |peroxide) 105 [Co(11)] ky.%¢dm3 mol~=!s~!
Co(tim)2+ (CH;3);COOH 0.41-22.3 3.2-8.8 31 +£3(13)
C,HsC(CH3);00H 0.092-0.921 2.3-6.3 59+3(9)
PhC(CH3),O0H 0.49-3.96 4.6 117+ 5(8)
C,HsCH(CH3)O0H 2.24-11.22 6.3-6.7 30+ 3(4)
H,0, 0.39-18.9 5.0-8.8 164 £ 13 (12)
C¢HsCO3H 0.19-1.03 0.84-4.2 1.24 £ 0.05 X 105 (10)¢
C¢HsCO3C(CH3); 7-12 3-6 ~0.15
Co(dpnH)* (CH3);COOH 1.16-22.3 3.6-7.2 239 + 15 (7)¢
C,HsC(CH3),00H 1.54-30.6 7.2 303 % 33 (8)¢
Co(dmgH); (CH3);COOH 0.72-179 7.0 409 % 18 (6)/
C,HsC(CH3),00H 0.77-19.2 7.0 630 £ 5(4)/
Co(Meg[14]4,11-dieneNyg)2+ (CH3)3;COOH 0.29-1.17 1.9-9.1 7.8+ 0.1 (15)
C,HsC(CH3),COOH  0.25-1.01 1.9-4.4 7.9 £ 0.2 (6)
H,0, 0.39-11.3 4.5-6.8 80 £ 12 (12)
Co(Meg[14]aneN,)2+ (CH3);COOH 0.70-5.62 1.1-2.9 6.4+04(13)
Coll(corrin)==B,>, (CH3);COOH 2.81-27.4 2.5 38+£2.0(9)

2 At =0.10,0.10 M HCIOq, in 1:1 (v/v) t-BuOH-H,0 at 25.0 °C (except as noted). ® k| = kobsa/a[peroxide],, where o =
2 for the hydroperoxides; see ref 33. ¢ The values shown are the average, the standard deviation, and the number of determinations

and o =

1 forH 202

in parentheses. ¢ Value is kopsa/[C6eHsCO3H]ay, and is not precisely & (see text). ¢ In 0.1 M LiClO4. / In 0.1 M NaOAc.

Table II. Effects of Variable Conditions? on the Rate of Reaction
of Co(tim)2* and (CH3):COOH

kl.dm3

Variant mol~!s—10
None? 31+3(13)
0.0l < [H*] <0.10 M at 4 = 0.10 M (LiClO,) 334+ 2(3)
0.1 M LiClO, 34 (1)
0.1 M NaOAc 34 (1)
T=19.0°C 25+ 1 (3)
T =359°C 62 (2)
T=449°C 101 £ 2 (3)
Solvent; H,O at 22 £+ 2 °C 108 + 10 (7)
Solvent: 1.1 CH;OH-H,;0 at 22 £ 2 °C 107 (1)

2 “Standard” conditions are 25.0 °C, 0.10 M HCIO4, . = 0.10 M
in 1:1 v/v 1-BuOH-H,0. ® Table I, footnote c.

~0.05 M~! s~!. At the end of the reaction some Co(tim)2*
always remained, even in a run with a 100-fold excess of the
peroxide. The product spectrum indicates that some CH3Co-
(tim)27 is formed, consistent with formation of ¢-BuQO-. Both
the nonlinear kinetic plots and the residual Co(tim)2* would
be accounted for if the decomposition of ethyl-terz-butyl per-
oxide is catalyzed by a cobalt complex.

Effects of [H*], Solvent, and Temperature. We have taken
the reaction of Co!!(tim)2* with terz-butyl hydroperoxide as
a standard of comparison, and have explored in some detail the
effect of certain variables on the reaction rate. These data are
summarized in Table I1. Variation of [H*] has negligible ef-
fect: even a change as drastic as 0.1 M HCIO4 to 0.1 M
NaOQAc does not appreciably alter k. The reaction rate also
appears largely independent of ionic strength, as expected for
a second-order reaction involving a nonelectrolyte. Solvent
effects on k are small but real, the rate being some three times
higher in both water and 50% aqueous methanol then in the
50% aqueous tert-butyl alcohol solvent in which most reactions
were studied.

Activation parameters for Co(tim)2* + :-BuOOH were
evaluated by means of the Eyring relation using the values of
k, at different temperatures, and are AH ¥ = 40.5 £ 3.5kJ
mol~! and AS,* = —80 £ 11 J mol~! K~!. For comparison,
the reaction3¢ of Cr2* and t-BuOOH in the same aqueous
tert-butyl alcohol solvent system is characterized by the pa-
rameters AH;F =21.5 + 1.4kJ mol~! and AS,¥ = —96.5 +
4.7 J mol~! K~'. The product of the Cr2* reaction in aqueous
tert-butyl alcohol was identified as CrCH32* by its absorption

spectrum and by its acidolysis rate in comparison with the
authentic complex>® prepared in water and brought to 50%
t-BuOH. This result for chromium affirms production of the
CH;-Co complexes in the corresponding reactions. Thus in
this mixed solvent the t-BuO- radical apparently is not scav-
enged by -BuOH, in contrast to its reaction with CH3OH (in
50% aqueous methanol solution). This lack of H-abstraction
reactivity in competition with S-scission renders aqueous -
BuOH a good solvent choice; nonetheless, the synthetic reac-
tions for alkylcobalt complexes were carried out in water.

/__. (CH,),CO +CH,’
(CH,),COH + CH,0H
(CH,),COH + CH,C(CH ,),0H

(CH3);0; =
t-BuOH

During the course of this work a report?? was published that
reaction of Co(dmgH),py, with (CH3);COOH in benzene
produces an oxygen-bonded peroxo complex, (CH3)3COO-
Co(dmgH)»py. Since our work demonstrated formation of
CH;Co(dmgH); in aqueous tert-butyl alcohol, the course of
reaction appears entirely different in the two solvents. We
found that the product in benzene solution has a weak ab-
sorption maximum at 600-650 nm, a region where the aqueous
products are completely transparent. Also TLC separations
showed the absence of methylcobaloxime in benzene in con-
trast to its detection in good yield in the aqueous system.

Conclusions

Only minimal rate effects were seen for substitution at po-
sitions remote from the OH group in the hydroperoxides
RC(CH3),O0H. Thus for Coll(tim)2*, values of k; (M~'s™1)
are 31 (R = CH3), 59 (C3Hs). and 117 (C¢Hs). Similarly,
little difference in rate is noted between ¢-BuOOH (k; = 31)
and s-BuOOH (30). These observations parallel those made
in the Cr2* reactions,® and need not be discussed in detail.

The magnitudes of the actual rates for Co(Il) and Cr(l1)
are rather different, however. The reaction of t-BuOOH is 3
X 103 faster with Cr2* than with Co(tim)2*. Even correcting
for the greater number of equivalent reaction positions of the
former, six compared to two, a factor of 103 remains. The effect
originates primarily in AH¥, 40.5 kJ mol~' for Co(tim)?* vs.
21.5 for Cr2*. Values of AS¥, even after correction for reaction
sites, are much closer: =80 £ 11 J mol~! K~! for Co(tim)2+
vs. —106 =+ 5 for Cr2* (corrected by R In 3 to put it on the same
basis as Co(tim)2*). The reactivity difference, as seen in the
increased value of k;, undoubtedly reflects the stronger re-
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ducing strength of Cr2+ (E® = —0.41 V) over Co(tim)2* (E°
= +0.54 V16),

A second manifestation of the relative reactivities is noted
in the subsequent chemistry of f-BuO-. In the case of
Co(tim)?*, B-scission (eq 7a) occurs to the near exclusion of
oxidation-reduction (7b), as evidenced by the nearly theo-
retical yield of CH3Co(tim)2*. In contrast, the much lower
yields of CrCH32* arise largely from the competition of 7b
with 7a, the former producing no organometallic product. This
too seems to be another kinetic manifestation of the relative
reducing strengths of Co(tim)2* and Cr2*; the former fails to
abstract a hydrogen atom from (CH3)3CO-, whether for ki-
netic or thermodynamic reasons, and the radical reacts ex-
clusively by §-scission (eq 3 and 7a). The ion Cr2*, on the other
hand, reacts sufficiently rapidly with (CH3)3CO- that a
competitive situation results.
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