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Summary: Photolysis of alkylcobaloximesin the presence
of activated alkenes results in both 8-H elimination and
alkyl-alkenyl cross coupling. A proposed mechanism
predicts that buildup of the persistent radical *Co'l-
(dmgH)spy as the reactions proceed enhances B-H
elimination, lowering the yield of cross coupling. Scav-
engers of *Col(dmgH)spy suppress 8-H elimination and
enhance cross coupling, presumably by lowering the
concentration of *Coll(dmgH)spy. These data provide
support for the proposed reaction mechanism and il-
lustrate how a persistent radical can control product
distributions in an organometallic radical reaction.

In the past few years metal-mediated radical cross
couplings, particularly cobalt-mediated alkyl-alkenyl re-
actions, have been developed for applications in organic
synthesis.! One novel and synthetically useful feature of
cobalt-mediated alkyl-alkenyl cross couplings is regen-
eration of the alkene functionality in the cross-coupled
product. Scheme I shows the currently accepted reaction
mechanism, illustrated for the reaction of the alkylco-
baloxime R-Col(dmgH)spy (dmgH = dimethylglyoxime
monoanion) with a-ethoxyacrylonitrile. Given all of the
plausible possible radical reactions that might occur, such
as radical-radical combination and disproportionation,
8-H elimination of the cobalt alkyl, or polymerization, it
is noteworthy that these reactions can be so selective for
cross coupling under the appropriate conditions. Fischer
proposed in 1986 that the concentration of persistent
radicals can exert significant control over the product
distribution inradical reactions.2 Theselectivity in cobalt-
mediated radical cross couplings is most likely due to a
persistent radical effect of 17-electron Coll complexes, such

as *Coll{dmgH);py in Scheme I, formed by reversible
carbon~cobalt bond homolysis. In this paper we report
results which illustrate how persistent radical effects can
explain the selectivity in cobalt-mediated alkyl-alkenyl
cross coupling and how these effects can be used to control
reaction product distributions.

Photolysis or thermolysis of alkylcobalt complexes
produces alkyl radicals and 17-electron Col! radicals, but
dimerization and disproportionation of the alkyl radicals
are not observed.? Instead, 8-H elimination occurs and/
or radical trapping if a radical scavenger is present.* This
phenomenon has recently been given a quantitative
treatment using numerical integration kinetic modeling
techniques.> The crux of the explanation is that a small
amount of dimerization and disproportionation of alkyl
radicals does indeed occur in the first few seconds of a
reaction, leaving behind a sufficiently high excess of the
persistent 17-electron Co! radical that it effectively
captures any new alkyl radicals that are produced and
guides them into other reaction pathways. If persistent
17-electron Co!l radicals are removed using scavengers,
then radical-radical combination becomes the dominant
pathway.® Since the presence or absence of persistent
17-electron Co™l radicals can dramatically affect radical~
radical dimerization, it seemed likely that significant
effects on cross-coupling reactions might exist.

To probe the effect of the concentration of persistent
17-electron Col! radicals on the product distribution in a
cobalt-mediated radical cross coupling, the reaction of 1
with a-ethoxyacrylonitrile to produce the §-H elimination
product 2 and the cross-coupled product 3 was studied.”8
Compared to other primary cobaloximes,® 1 was somewhat
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Table I. Concentration Dependence of Cross Coupling of 1 Table II. Time Course for Cross Coupling of 20 mM 1 with
with CH;=C(OEt)CN 400 mM CH,=C(OEt)CN ‘
concn concn of time yield of 2 yield of 3 total yield 2/3
of1 CH;=C(OEt)CN yield of yieldof totalyield 2/3 (min) (%) (%) 243(%) ratio
(mM) (mM) 2 (%) 3(%) 2+3(%) ratio 10 15 4 19 37
20 20 5 83 88 0.067 60 22 8 30 2.7
20 100 15 59 74 0.26 180 39 16 55 2.4
20 200 33 45 78 0.71 600 48 34 82 14
20 400 48 34 82 1.40
100 400 24 43 67 0.56 Table III. Effect of [BrCO™(NH;)s]** Br-Br- on Cross
200 400 15 36 51 0.40 Coupling of 20 mM 1 with 400 mM CH,=—C(OEt)CN
400 400 11 36 47 0.30
igl(tl\?lf:l)]z‘" ield of 2 ieldof 3  totalyield 2/3
BrCO ield o ield of otal yiel
more susceptible to 3-H elimination and thus provided a [ BrBr (eqéivs) y (%) Y (%) 2+ 3y (%) ratio
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hv N 1.0 80 10 90 8.0
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Effect of Concentration of Reactants on Product
Distribution (Table I). At fixed 20 mM concentrations
of 1, increasing the concentration of a-ethoxyacrylonitrile
from 20 to 100 to 200 to 400 mM increased cross coupling
(2) and decreased $-H elimination (3). This should be
expected, since higher concentrations of alkene can
compete more effectively with *Coll(dmgH).py for reaction
with alkyl radicals. At fixed 400 mM concentrations of
a-ethoxyacrylonitrile, increasing the concentration of 1
from 20 to 100 to 200 to 400 mM decreased cross coupling
and increased 3-H elimination. This should be expected,
since increasing the concentration of 1 should lead to higher
concentrations of *Coll(dmgH),py as reactions proceed due
to the continual buildup of *Col(dmgH).py, formed by
fast (¢ =~ 10¢ M1 1)1 and essentially irreversiblel!
disproportionation of HCo™(dmgH)2py.
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1982, 104, 621. (b) Reference 6. (c) Halpern, J.; Ng, F. T. T.; Rempel,
G. L. J. Am. Chem. Soc. 1979, 101, 7124,

Production Distribution versus Time (Table II).
At early times and low conversion the cross-coupled
product 2 was predominant. Over the course of the
reaction, the cross-coupling/8-H elimination ratio (2/3)
eroded. This should be expected, due to the continual
buildup of *Coll{dmgH);py as the reaction proceeds to
completion.

Effect of Scavengers of *Coll(dmgH),py on Product
Distribution. The preceding data suggest that the
reaction pathway is directed by the concentration of
persistent *Coll(dmgH);py. If thisistrue,thenthe product
distribution should be controllable by intentionally ad-
justing the concentration of *Col(dmgH)spy. Some ef-
ficient scavengers of *Co'l(dmgH),L have been document-
ed.’2 The bromine atom transfer, *Co(dmgH);OH, +
Br-Co!!(NHj;)52*Br-Br- — Br-Col(dmgH),OH; + *Coll-
(NHjy)s2*Br-Br-, with & = 3.2 X 105 M-! s-! at 24.9 °C,
should be fast enough to compete with the various reactions
of *Coll(dmgH)2py shown in Scheme 1.13 The addition of
Br-Col(NH;)s2*Br-Br- to cross-coupling reactions of 1
with a-ethoxyacrylonitrile significantly increased cross
coupling and decreased 8-H elimination (Table III).
Another efficient scavenger of *Col(dmgH);L is Fe(CN)g>
(k = 3 X 107 M! s! at 24.9 °C for reaction with
*Coll{dmgH),0H,).121¢ A similar effect on product dis-
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was assumed that the cobaloxime ligand is necessary for a Co™f species
to perform a radical 8-H elimination. The results reported here are
consistent with that assumption.
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Table IV, Effect of K3Fe(CN)g on Cross Coupling of 1 with
CH,=C(OEt)CN
concn concn of yield yield total

concn of of1l CH,=C(OEt)CN of2 of3 yield 2/3
K3Fe(CN)¢ (mM) (mM) (%) (%) 2+3(%) ratio

0.0 20 400 48 34 82 1.4
0.5 20 400 68 11 79 6.2
1.0 20 400 60 9 69 6.5
1.5 20 400 63 11 74 5.7
0.0 20 20 5 83 88 0.067
0.5 20 20 19 57 76 0.33
1.0 20 20 34 28 62 1.2
1.5 20 20 28 10 38 2.8
0.0 50 50 10 48 58 0.22
0.5 50 50 30 24 54 1.3
1.0 50 50 24 12 36 2.0
1.5 50 50 21 10 31 2.1

tribution was found using KgFe(CN)g (Table IV). It is
unclear why the total yield (mass balance) drops with
increasing concentrations of KgFe(CN)g, especially at low
concentrations of a-ethoxyacrylonitrile. One plausible
explanation is that Fe(CN)g* is not completely chemose-
lective for *Coll(dmgH).py and that reaction of Fe(CN)¢3-
with alkyl radicals may be important. Alternatively,
Fe(CN)g*> may be such an efficient scavenger of *Coll-
(dmgH)epy that the *Coll(dmgH);py concentration be-
comes too low and polymerization becomes more impor-
tant. Similar results were obtained in stoichiometric
cross couplings of 20, 50, or 100 mM 4 or 6 with a-
ethoxyacrylonitrile~—using KsFe(CN)gas a *Coll(dmgH),-
py scavenger led to a significant improvement in cross
coupling vs §-H elimination but the yields of cross coupling
products 5 and 7 were low, 10-20% at best. Thus, although
*Coll(dmgH),py scavenging uniformly leads to a significant
diversion of the reaction pathway away from 8-H elimi-
nation and into cross coupling, it is not useful for
stoichiometric cross couplings due to low mass balance
but is very beneficial for cross couplings using an excess
of radical-trapping alkene where the mass balance is high.

These results illustrate the importance of persistent
*Col(dmgH),py radicals. The key point is that there is
an optimum concentration of the persistent radical which
will favor one particular product. High concentrations of

(14) Br—-Co™(NHj)s2*Br-Br-can be prepared according to the procedure
described in: Diehl, H.; Clark, H.; Willard, H. H. Inorg. Synth. 1939, 1,
1868. KgFe(CN)g is commercially available and inexpensive and may be
more useful for synthetic purposes.
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*Col(dmgH),py favor 8-H elimination, intermediate con-
centrations of *Co'l(dmgH).py favor cross coupling, and
low concentrations of *Co(dmgH),py favor polymeriza-
tion.1® Other types of free-radical reactions involving
persistent radicals may have different sets of fundamental
steps and possible products, but the same basic principle
should hold—concentrations of persistent radicals should
be important in determining major reaction pathways.
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