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Cobalt-mediated radical polymerisation of methyl acrylate is
effected at moderate temperature by both a square planar
bis(p-ketoaminato)cobalt(11) complex in the presence of V-70
diazo radical initiator, and by a well-defined cobalt(in) alkyl
derivative in the absence of a diazo complex. Polymerisation
rates suggest that both reversible termination and degenerative
transfer mechanisms are operative.

The controlled radical polymerization (CRP) of functionalized
alkenes is a powerful method to craft polymers with well-
controlled chain lengths and molecular weight distributions
via the addition of some mediating species that reduces the
concentration of growing radical chains." Among the various
methods of CRP, one garnering considerable attention is that
of cobalt-mediated radical polymerisation (CMRP),> where
the mediating species is a cobalt complex that traps the
radicals by forming a Co—C bond. Various CMRP studies
have yielded systems capable of forming polymers and block
copolymers of acrylates or vinyl acetate (VOAc) in an
effectively living fashion.> Such systems generally rely on
the use of diazo compounds as an initial source of radicals, the
transportation and low-temperature storage of which can be
problematic.'® Two competing mechanisms have been shown
to occur in CMRP reactions. Reversible termination (RT)
involves the trap and release of the radical chain via reversible
metal-carbon bond homolysis (Scheme 1A), and occurs when
the total radical concentration is less than that of the trapping
cobalt species. In contrast, a degenerative chain transfer (DT)

A: Reversible Termination

kg ko
LiCo'R = L,Co'+R:_)
ke o

B: Degenerative Chain Transfer

ko C{Rv, +L.Co"R ‘KLlrl L Co'R + R,D kp
n n
/\ /\X

Scheme 1 CMRP mechanisms.
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pathway can occur under higher radical concentrations in
which a radical species—either a growing polymer chain or a
radical injected by the initiator—displaces the trapped radical
bound to the metal (Scheme 1B).>"!!

In either mechanism, the final products of such reactions are
cobalt-capped polymer chains, and while such species have
themselves been shown to act as effective initiators for
CMRP,**%12 examples of controlled radical polymerisations
using a well-defined cobalt(iin) alkyl complex as the sole radical
source are exceedingly rare.'> We wish to report the controlled
radical polymerisation of methyl acrylate mediated by the
well-known (ketoaminato)cobalt(t) complex LCo (1)'*
(L = bis(benzoylacetone)ethylenediaminate) using V-70 as a
radical initiator, and its comparison to the same polymerisation
effected by LCoEt (2) in the absence of V-70.

Compound 11 exhibits a solution magnetic moment of
1.99 up, consistent with the low-spin S = % configuration
expected for a square-planar Co'" species. Our determination
of the solid-state structure of 1 conforms to those of previously
published"® structural reports establishing the square planar
geometry.

Compound 2 is best prepared by the treatment of 1 with an
excess of BEt;, which releases ethyl radicals upon exposure to
air.'%§ The alkyl radicals are trapped by 1 to afford 2 as an
air-stable diamagnetic complex. The structure of 2 is shown in
Fig. 1.9 Unfortunately, the crystal exhibits a whole-molecule
disorder that limits high precision of the measured metrical
parameters (see ESI for further details). However, the structure
unambiguously confirms the expected square pyramidal
geometry, comparable to that of similar square pyramidal
cobalt alkyl complexes.!” Upon addition of the alkyl group,
the Co-O and Co-N bond lengths increase slightly (on
average by ~0.026 and ~0.011 A, respectively), perhaps
contrary to the expectation associated with a formal oxidation

Fig. 1 Molecular structure of 2, showing one of two disordered
orientations. Selected bond lengths [A] and angles [?]: Co-Nl
1.867(9), Co-N2 1.861(9), Co-O1 1.865(8), Co—0O2 1.867(8), Co—C23
1.991(6); O1-Co-02 76.6(6), Ol1-Co-N1 98.6(14), N1-Co-N2
86.9(16), N2-Co-02 97.1(12), O1-Co—C23 89.7(11), 02-Co-C23
99.3(7), N1-Co-C23 88.4(17), N2-Co—C23 96.5(8).
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Fig. 2 Variation of pMA mass (M,) and polydispersity (M,,/M,)
with monomer conversion in toluene at 50 °C. [1]; : [V-70]; : [MA]; =
1:0.6 : 500, [1]; = 0.010 M.

from Co'" to Co™. However, the cobalt ion is low-spin in both

compounds, minimizing the effect on bond lengths of such a
change, and the small increase can be attributed primarily to
the raising of the cobalt atom in 2 ~0.11 A above the mean
plane of the ketoaminate ligand donor atoms.

Treatment of red-orange 1 with 0.6 equiv. V-70 and
500 equiv. methyl acrylate (MA) in toluene at 50 °C yields
poly(methyl acrylate) (pMA), a reaction accompanied by a
colour change to brown. As shown in Fig. 2, the polymer mass
is consistently somewhat above the theoretical value assuming
one growing polymer chain per cobalt centre, indicating that
not every molecule of 1 is involved in mediating the reaction.
Indeed, this must be the case: assuming an initiator efficiency
of 0.6,° the total amount of radicals derived from V-70 never
equals that of 1. As well, the gradual decomposition of V-70
should result in initially low f values (f = M (theo)/M(obs))
that slowly increase as the reaction proceeds, as observed. The
plot of In([MA]o/[MA]) vs. time (Fig. 3) illustrates a linear
first-order consumption of monomer for more than six V-70
half lives,'? indicating the maintenance of a constant radical
concentration during and beyond the decomposition of the
initiator.'” This suggests that the reaction occurs solely via
reversible release and trapping of the growing polymer chain
by 1 to form an organocobalt(in) intermediate (i.e. RT,
Scheme 1A). Increasing the concentration of V-70 to
0.9 equivalents yields the kinetic plot in Fig. 4. The calculated
induction period (until [R*],o¢ = [1]in;p) 18 2.3 h, as observed.
As well, the induction period rate compares reasonably well to
that observed in Fig. 3 (0.060 + 0.010 h™" vs. 0.046 + 0.003 h™"),
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Fig. 3 Kinetic plot for polymerization of MA with 1 and V-70 in
toluene at 50 °C. [1]; : [V-70]; : [MA]; =1 : 0.6 : 500, [1]; = 0.010 M.
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Fig. 4 Kinetic plot for polymerization of MA with 1 and V-70 in
toluene at 50 °C. [1]; : [V-70]; : [MA], =1 : 0.9 : 500, [1]; = 0.010 M.

again suggesting a common RT mechanism independent of the
initial amount of V-70. After induction, the rate accelerates as
the concentration of radicals increases, and a DT mechanism
is presumed to apply.

In both cases, the observed polydispersity gradually
increases over the course of the reaction, and the observed
polymer weights begin to drop relative to the theoretical value
(Fig. 2 and Fig. S1, see ESIT). These results suggest a gradual
loss of control of the polymerization. A likely cause is the
increasing role of non-reversible terminations, due in part to a
catalytic chain transfer mechanism,?’ a commonly observed
effect at longer reaction times in CMRP, particularly at
somewhat elevated temperatures.’

Reaction of brown 2 with 500 equiv. MA in toluene at 50 °C
initially affords pMA at much faster rates that follow non-
linear kinetics (Fig. 5). However, the reaction soon exhibits a
first-order loss of monomer comparable to that observed
in previous experiments during the RT induction period
(0.058 £ 0.004 h™"). This variation indicates that the generation
of alkyl radicals from ethyl complex 2 is slower than from a
polymer chain bound to 1, affording a lower initial concentration
of trapping agent 1.2! With less Co'! initially available to act as
a trapping agent, fewer terminations result in faster polymer
growth  (Kops kp[MA](kg[Co"™R]/k[Co™]). After 2 is
consumed and the concentration of Co' is higher, new
radicals can only be generated by the RT equilibrium,
and the original rate is observed. Further evidence for this
conclusion is offered by MA polymerization in the presence of
al : 1 mixture of 1 and 2. In this case, monomer loss exhibits
linear kinetics immediately at a rate identical to reactions
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Fig. 5 Kinetic plot for polymerization of MA with 2 in toluene at
50 °C. [2]; : [MA]; = 1 : 500, [2]; = 0.010 M.
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Fig. 6 Kinetic plot for polymerization of MA with 1 and 2 in toluene
at 50 °C. [1]; : [2] : [MA], = 1 : 500, [1]; = 0.010 M.

using low concentrations of V-70 as initiator rather than 2
(Fig. 6, 0.046 £ 0.003 h™"). As with V-70, using 2 as the
initiator yields polydispersities from 1.4 to 1.6 at longer
reactions times, the similar behaviour again indicative
of a common underlying mechanism once the initiator is
consumed. In other words, 1 is an effective agent for CMRP
of methyl acrylate, which can be initiated by the thermal
decomposition of either a diazo complex or the air-stable
cobalt alkyl complex 2, to afford pMA by a common RT
mechanism.

The square-planar Co" complex 1 is an effective agent for
the CMRP of methyl acrylate,? although polydispersities at
longer reaction times are large, suggesting a competitive
catalytic chain transfer process. Polymerization may occur
by either a reversible termination or a degenerative transfer
mechanism, depending on the concentration of available
radicals. The polymerisation may be initiated by the thermal
decomposition of either a diazo complex or 2, the Co™
derivative of 1, and in either case the reaction initially proceeds
at the same rate, suggesting a common reversible termination
mechanism. Ethyl complex 2 is therefore a rare example of a
well-characterized air-stable five-coordinate cobalt alkyl
complex capable of both initiating and controlling the radical
polymerization process. Studies are underway to probe the
potential effects of temperature, added donor ligands, and
variation in the alkyl and P-ketoaminate substituents on
CMREP efficiency.

We thank both NSERC of Canada and UBC Okanagan for
funding.
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This result stands in contrast to polymerisations initiated by

porphyrin cobalt alkyl complexes'® or polymer chains capped with

Co(acac),,®'? which exhibit linear kinetic behaviour at their outset.

This illustrates the important role of relative strengths of the Co—C

bonds in the dormant polymer chain vs. the initial alkyl initiator.
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toluene ([1]; : [V-70]; : [VOAc]; = 1 : 0.6 : 500) affords only 18%
conversion and M,, = 3000 after 8 d.
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