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Photolysis Secondary Products of Cobaloximes and
Imino/Oxime Compounds Controlled by Steric
Hindrance Imposed by the Lewis Base
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Anaerobic photolysis of alkylpyridinecobaloximes and alkylpyridine and alkylphosphine
imino/oxime compounds with visible light was studied by electron paramagnetic resonance
spectroscopy in aprotic solvents, in frozen (77 K) and in fluid solution (250 K and 300 K).
Irradiation of samples in a frozen matrix allows identification of photolysis primary products,
which are, for all the compounds studied, a Co(II) five-coordinate species and an organic
radical, thus implying homolytic cleavage of the cobalt—carbon bond. The behavior of imino/
oxime compounds is identical for all the alkyl radicals, contrasting with that observed for
methyl and benzyl pyridine cobaloximes, for which no cleavage of the Co—C bond was
observed when irradiation was performed with visible light at 250 and 77 K. Relaxation of
the frozen samples to room temperature, 300 K, results in the formation of Co(II) secondary
products, namely, six-coordinate species containing two molecules of base, with the exception
of ortho-substituted pyridines or triphenylphosphine, for which the five-coordinate cobalt-
(II) species is not involved in further reactions. These results are rationalized in terms of
structural deformations induced by the Lewis base in the equatorial moiety. The results
obtained for imino/oxime compounds constitute spectroscopic evidence that formation of six-
coordinate species with two axially bound bases results from abstraction of base molecules
from the five-coordinate Co(II) species as a Co(II) four-coordinate species is observed
simultaneously, and its EPR signal is lost if photolysis is performed in the presence of an
excess of base. The results suggest that formation of diamagnetic entities after abstraction
of base molecules occurs for cobaloximes but not for imino/oxime compounds. The results
observed for samples irradiated at 250 and 300 K are identical to those obtained for samples
irradiated at 77 K after relaxation to room temperature, thus indicating that the same

mechanism is operative at both irradiation temperatures.

Introduction

Structural characterization of Biy systems has re-
vealed the existence of a cobalt—carbon bond, and
subsequent studies demonstrated that cleavage of this
bond is a key step in the enzymatic mechanisms in
which coenzyme Bi; and methylBis are involved.! ™3 It
is well recognized that for coenzyme Bi2 homolysis of
the cobalt—carbon bond is the only role identified in all
enzymatic processes dependent on this cofactor.*5 As a
consequence, the understanding of the mechanism and
factors that influence the cleavage of the cobalt—carbon
is crucial for the knowledge of Bis coenzymes and its
role.* 14
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As it became relevant to Bis biochemistry, the chem-
istry of organocobalt compounds has gained a special
interest and several classes of model compounds have
been synthezised and studied along the years.*515-22
Although it has not been possible to find a class of model
compounds that mimics the physical properties of
cobalamines, they have been widely used and have
provided decisive information in the development of
methods for understanding B, properties, especially the
factors that stabilize/labilize the Co—C bond.

The relevance of electronic and steric effects in Co—C
bond cleavage mechanisms has been clearly demon-
strated in model compounds by investigations concern-
ing the influence of the ligand ¢trans to the alkyl group
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in a series of alkylcobaloximes and imino/oxime com-
pounds, with nitrogen*!” and phosphorus donor lig-
ands.*?18 Most of this work has been performed with
cobalt(IIT) compounds, and much less information exists
on the structure and reactivity of the cobalt(Il) species
formed upon homolysis of the cobalt—carbon bond, a fact
that can be traced to (a) the lability of cobalt(II) com-
pounds, which renders greater complexity to their chem-
istry, and (b) the great difficulty in obtaining crystals
of diffractometric quality for cobalt(II) compounds with
relevance to model systems in Bis chemistry.

An X-ray structure of Co(II) B12 coenzyme has been
reported,?’ and XAFS solution studies have provided
chemical and structural information on Co(II) and Co(I)
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intermediates of cyanocobalamin and adenosylcobal-
amin observed during catalysis. EPR and UV/vis spec-
troscopies have been used to get information on the
electronic structure of cobalt(II) intermediates.26

Homolysis of the cobalt—carbon bond in naturally
occurring cobalamines and in model compounds is
induced by photolysis and thermolysis, and it is believed
that the products of these reactions are identical to those
found during the enzymatic processes in which cobal-
amines are present.?*2 Accordingly, information on the
structure and reactions in which the cobalt(II) species
are involved may be achieved by studying photolysis and
thermolysis of B2 compounds and related models.2:27-33

For B;2 model compounds several studies concerning
anaerobic photolysis in protic and aprotic solvents of
alkylcobaloximes with nitrogen!8-32 and phosphorus??
donor bases have appeared in the literature and more
recently a study of photolysis of methylaquacobinamide
in the presence of N-donor ligands, which impose
variable electronic and steric effects,?! although no work
on photolysis of imino/oxime compounds has been
reported.

The results obtained point, in general, to light-induced
homolytic cleavage of the cobalt—carbon bond, although
exceptions have been found for some methyl and benzyl
cobaloxime derivatives for which homolysis of the
cobalt—carbon bond does not occur at all irradiation
temperatures, reflecting the stronger Co—C bonds present
in those componds.3! Photolysis products of alkylco-
baloximes with symmetric phosphorus donor bases have
been shown to be independent of the alkyl group and of
the temperature of irradiation. Photolysis induces in all
cases homolytic cleavage of the cobalt—carbon bond and
originates as products alkyl radicals and cobalt(II) five-
coordinate species, which are not involved in subsequent
reactions in the temperature range 77—300 K.33 For
alkylcobaloximes with nitrogen bases, the same is not
true, and it has been shown that the products that are
observed after photolysis depend both on the alkyl group
and on the Lewis base.2830-32

The purpose of this work is to characterize the
products of anaerobic photolysis in aprotic solvents of
alkylpyridinecobaloximes and similar imino/oxime com-
pounds (Figure 1). We have included imino/oxime
compounds with triphenylphosphine to be compared
with previous work on cobaloximes and also to confirm
deformations induced by bulky ligands.
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Figure 1. Formulas of cobaloximes and imino/oxime compounds studied.

Comparison of the results obtained for cobaloxime and
imino/oxime analogous compounds is useful to get
insight on structural factors imposed by the equatorial
moiety that may influence the nature of photolysis
primary products and their involvement in further
reactions, since the two equatorials moieties are differ-
ent in terms of flexibility or ability to bend under the
influence of bulky axial ligands.

To distinguish between primary and secondary pho-
tolysis products, solutions were irradiated and charac-
terized at 77 K, then allowed to warm to room temper-
ature and frozen again to analyze new species that have
resulted from the involvement of the primary products
in further reactions. The reactivity of photolysis prod-
ucts is deeply related with their structure, and this
knowledge is important to the use of these cobalt(II)
species in other fields such as catalysis and synthesis
of new organocobalt compounds.3*

EPR spectroscopy was used and, as in previous
studies, proved to be the method of choice to monitor
the photolysis process,28~33 to identify the paramagnetic
species formed, and to get relevant information about
the structure of the cobalt(II) complexes.?2738 The
characterization of the products was achieved by analy-
sis of the EPR spectra exhibited by the corresponding
solutions after irradiation at different temperatures.

Experimental Section

Reagents. The solvents, obtained from Merck, were dried
and distilled from P;05 according to standard procedures® and
kept over 4 A molecular sieves prior to use. All other chemicals
were from Aldrich and used without purification.
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Chemicals; Pergamon: Oxford, 1988.

Instrumentation. EPR measurements were made on a
Varian E-109 and on a Bruker ESP 300E spectrometer, both
operating at 9 GHz and equipped with a variable-temperature
unit (Varian E-257 and Bruker B-VT2000). The spectra were
calibrated with diphenylpicrylhydrazyl (dpph), and the mag-
netic field was calibrated using Mn?" in MgO.

Sample irradiation was performed under anaerobic condi-
tions in EPR quartz tubes using a 250W Philips HP/T Hg
lamp, Amax = 560—580 nm, and irradiation times of about 60
min for samples at 77 K and 30 min for samples at 250 and
300 K, with the exception of the methyl and benzyl derivatives
of the imino/oxime compounds, for which irradiation at 77 K
was performed for 120 min.

Synthesis. alkylcobaloximes, compounds of general formula
RCo(DH)2L., were prepared by the procedure described by
Toscano et al;*® imino/oxime complexes, [RCo{(DO)(DOH)-
pn}L)IC1O,, by that of Parker et al.! For all prepared
compounds the expected stoichiometry was confirmed by
elemental analysis and 'H and C NMR.

Sample Preparation. All manipulations were carried out
under nitrogen; solvents were deoxygenated by reflux/distil-
lation under nitrogen and all solids degassed under vacuum
prior to use. Samples for photolysis were prepared by making
1072—1073 solutions of the desired compounds in toluene/
dichloromethane (1:1 or 1:2); these solutions were then irradi-
ated in EPR sample tubes.

Results

Freshly prepared toluene/dichloromethane solutions
of all reported cobaloximes and imino/oxime compounds
are EPR silent and remain so for a few days when kept
in the dark, as expected for low-spin Co(III) compounds.
After being exposed to visible light these solutions
exhibit EPR signals, thus implying the formation of
paramagnetic species. Analysis of the EPR spectra
exhibited by irradiated frozen solutions allows identi-
fication and characterization of the photolysis primary

(40) Toscano, P. J.; Swiden, F. F.; Marzilli, L. G.; Bresciani-Pahor,
N.; Randaccio, L. Inorg. Chem. 1983, 18, 3416.

(41) (a) Parker, W. O., Jr.; Bresciani-Pahor, N.; Zangrando, E.;
Randaccio, L.; Marzilli, L. G. Inorg. Chem. 1985, 24, 3908. (b) Parker,
W. O., Jr.; Bresciani-Pahor, N.; Zangrando, E.; Randaccio, L.; Marzilli,
L. G. Inorg. Chem. 1986, 25, 3489.
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dpph

Figure 2. Frozen solution EPR spectrum of a toluene/
dichloromethane solution of i-CsH;Co(DH)spy irradiated at
77 K and recorded at 100 K.

products and consequently determines if photolysis
induced homolytic cleavage of the cobalt—carbon bond.
Analysis of EPR spectra exhibited by irradiated frozen
solutions that were warmed to room temperature or
photolyzed at RT provides information about further
reactions in which the primary products may have been
involved.

Photolysis of Alkylcobaloximes, RCo(DH):L, at
77 K. Solutions of isopropyl- and sec-butylpyridineco-
baloximes (1—6) irradiated and observed at 77 K yield
EPR spectra that show a narrow signal at g = 2.00, a
broad band at g = 2.14, and a signal that is spread over
a wider range of magnetic field values and with sub-
stantial g tensor anisotropy (gay = 2.15). The latter is
assigned to a paramagnetic metal center, as can be
inferred from the observed hyperfine splitting lines in
the high-field region due to interaction of the unpaired
electron with the cobalt atom. On warming this solution
to 100 K, the band at g = 2.14 vanishes, but the other
two remain detectable (Figure 2) and are assigned to
an organic radical (R) and to a five-coordinate Co(II)
species, [Co(DH).L], as the spectrum shows interaction
of the unpaired electron with the cobalt atom (°°Co, I =

a
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7/2) and with one axially bound nitrogen atom (1N, I =
1) (Figure 2). The broad band observed at g = 2.14 and
that vanishes when the matrix is relaxed to 100 K must
be due to the strongly exchanged coupled system {[R*-
--ColI(DH)2L]}, which is kept immobilized by the
lattice.2%

When the sample is further warmed, the radical
signal loses intensity and vanishes and the cobalt(II)
signal starts to broaden and converges into a single line
at 300 K. If this solution is recooled to 100 K, two types
of EPR spectra (A and B) are observed depending on
the N-donor base: (a) spectra of type A for compounds
with ortho-substituted pyridines bases (5 and 6) and (b)
spectra of type B for compounds with pyridine or meta-
substituted pyridines (1—4). Both types of spectra
exhibit g tensor anisotropy and are typical of metal
complexes with a d7 (S = 1/2) electron configuration,
thus implying a +2 formal oxidation state for the cobalt
atom and providing evidence for reduction of the metal
center.

Spectra of type A (Figure 3a), with larger g tensor
anisotropy and for which three g features are discern-
ible, exhibit in the high-field region hyperfine coupling
of the unpaired electron with the cobalt (°*°Co, I = 7/2)
and nitrogen (14N, I = 1) atoms. Each of the eight lines
arising from coupling to cobalt is further split into three
with relative intensities 1:1:1, due to superhyperfine
coupling with one axially bound nitrogen atom. This
spectrum is assigned to a low-spin cobalt(II) compound
with one axially bound pyridine or substituted pyridine
molecule, [Co(DH), L].

Spectra of type B (Figure 3b) exhibit two well-
separated g features, and in the high-field region it is
possible to identify lines due to hyperfine coupling of
the unpaired electron with the cobalt (°Co, I = 7/2) and
nitrogen (4N, I = 1) atoms. Each of the eight lines
arising from coupling to cobalt is further split into five,
with relative intensities 1:2:3:2:1, due to superhyperfine
coupling with two equivalent axially bound nitrogen
atoms. This spectrum is assigned to a low-spin cobalt-
(IT) compound with two axially bound pyridine or
substituted pyridine molecules, [Co(DH)sLo].

Photolysis of Imino/Oxime Compounds, [RCo-
{(DO)(DOH)pn}LIC104, at 77 K. EPR spectra of
solutions of imino/oxime compounds a—firradiated and
observed at 77 K are similar to those observed for
cobaloximes and also show bands due to three para-

Figure 3. (a) Frozen solution EPR spectrum of a toluene/dichloromethane solution of i-C3sH;Co(DH)22-NH,py, irradiated
at 77 K and recorded at 100 K, after being warmed to room temperature and frozen to 100 K. Spectrum of type A. (b)
Frozen solution EPR spectrum of a toluene/dichloromethane solution of i-CsH;Co(DH)spy, irradiated at 77 K and recorded
at 100 K, after being warmed to room temperature and frozen to 100 K. Spectrum of type B.
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Figure 4. Frozen solution EPR spectrum of a toluene/
dichloromethane solution of i-CsH7(Co{(DO)(DOH)pn} )py,
irradiated at 77 K and recorded at 77 K. (Co{(DO)(DOH)-
pn})Ls.

magnetic species: (a) a strong and narrow band at g =
2.00 due to a radical; (b) a broad band at g,, = 2.14 due
to a coupled system; and (c) a third at g,, = 2.15 that
shows substantial g tensor anisotropy. In Figure 4 the
spectrum obtained for compound “a” is shown.

When the temperature is raised to 100 K, the signal
at g = 2.14 disappears, and bands indicative of the
presence of an organic radical (R) and of a five-
coordinate cobalt(II) compound are observed. In Figure
5a is depicted the spectrum observed for the compound
f with triphenylphosphine clearly exhibiting hyperfine
coupling of the unpaired electron to the cobalt and
phosphorus atoms.

On further warming the solution to 300 K, the signal
due to the organic radical is lost and that of the cobalt-

Rangel et al.

(IT) broadens and converges to one band, pyridine
compounds a—c, or two bands, triphenylphosphine
compounds d—f.

After being warmed at 300 K, the solutions were
recooled to 100 K and their EPR spectra recorded.

Solutions of imino/oxime triphenylphospine com-
pounds exhibit EPR spectra characteristic of a single
species with well-separated g features. In the high-field
region the signals show splitting due to hyperfine
coupling of the unpaired electron with the cobalt atom
(%9Co, I = 7/2) and with one phosphorus atom (3P, I =
1/2), as each of the eight bands arising from coupling
to cobalt is further split into two lines with equal
intensity. This result is indicative of the existence in
solution of the five-coordinate species [Co{ (DO)(DOH)-
pn} PPhg]t and also that this species does not undergo
further reactions. The spectrum of the species [Co{ (DO)-
(DOH)pn} PPhs] ™ (Figure 5b) is the only signal observed
for irradiated solutions of the imino/oxime triphenylphos-
pine compounds even in the presence of an excess of
triphenylphosphine.

Solutions of compounds, in which the base is pyridine
(compounds a—c), after being irradiated at 77 K, warmed
to 300 K, and recooled at 100 K exhibit identical spectra,
and the one recorded for compound [i-CsH;Co{(DO)-
(DOH)pn} pyl™ is depicted in Figure 6a. This spectrum
is clearly not due to just one cobalt(II) species, as can
be inferred by observation of the unequally separated
bands in the high-field region as well as the features in
the low-field region, but appears as a superposition of
two signals. One signal is very similar to the one
observed for cobaloximes, exhibiting hyperfine splitting

b Lo

Figure 5. (a) Frozen solution EPR spectrum of a toluene/dichloromethane solution of i-C3H7(Co{ (DO)(DOH)pn} )PPhj,
irradiated at 77 K and recorded at 100 K. (b) Frozen solution EPR spectrum of a toluene/dichloromethane solution of
i-C3H7(Co{(DO)(DOH)pn} )PPhs, irradiated at 300 K and recorded at 100 K.

a b
M -

Figure 6. (a) Frozen solution EPR spectrum of a toluene/dichloromethane solution of i-CsH7(Co{(DO)(DOH)pn})py,
irradiated at 77 K and warmed to 300 K, recorded at 100 K. (b) Frozen solution EPR spectrum of a toluene/dichloromethane
solution of i-C3sH7(Co{ (DO)(DOH)pn} )py, irradiated at room temperature in the presence of excess pyridine and recorded

at 100 K.
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Table 1. EPR Parameters of the Paramagnetic Species Formed after Photolysis of the Organocobalt
Compounds®

cobalt hyperfine interaction

N or P hyperfine interaction

compound Sx 8y g A, A, A, A, A,y A,
Co''(DH)2 compounds
[Co'(DH)2py2l® 2.197 2.181 2.016 25 42 83 13 13 16
[Co'(DH)2(3-pic)s]® 2.195 2.176 2.012 26 35 84 12 12 16
[Co'(DH)2(3,5-1ut)s]® 2.194 2.178 2.016 26 35 84 12 12 16
[Co'(DH)2pyl 2.395 2.180 2.006 20 5 105 11 11 14
[Co'(DH)2(2-NHj)]® 2.277 2.191 2.017 5 5 96 11 11 13
[Co'(DH)2(2-pic)]? 2.280 2.188 2.016 8 5 110 12 9 13
[Co'(DH)2(3-pic)] 2.393 2.182 2.006 20 5 106 10 10 13
[Co'(DH)2(3,5-1ut)] 2.393 2.182 2.006 20 5 106 10 10 13
“imine/oxime” compounds
[Co'{(DO)(DOH)pn)} pysl 2.207 1.176 2.016 27 25 86 13 13 14
[Co{(DO)(DOH)pn)} pyl 2.382 2.182 2.007 30 4 99 11 7 12
[Co{(DO)(DOH)pn)} PPhs] 2.353 2.164 2.004 25 12 86 90 104 114

@ The units of A, A,, A;, and Ajs, are 1074 em™1. ® Values coincident with those reported for solutions of aqua-(sec-butyl)bis(dimeth-

ylglyoximato)cobalt(III) in the presence of the corresponding base.!®

due to the interaction of the unpaired electron with the
cobalt atom (*°Co, I = 7/2) and with two equivalent
axially coordinated nitrogen atoms (1N, I = 1), and the
other shows in the high-field region a splitting pattern
ascribed to hyperfine interaction of the unpaired elec-
tron with a cobalt atom (5°Co, I = 7/2) but with no
further splitting due to axial ligands.

The observation of the two latter signals seems to
provide evidence for formation in solution of [Co{(DO)-
(DOH)pn}]* and of [Co{(DO)YDOH)pn}py2l™, and to
clarify this result, the photolysis of solutions of com-
pounds a—c was also performed in the presence of an
excess of pyridine. The EPR spectrum obtained in these
conditions is depicted in Figure 6b and is undoubtedly
due to the species [Co{(DO)(DOH)pn}py2l™*.

Photolysis at 250 and 300 K. The EPR spectra
obtained for solutions of both cobaloximes and imino/
oxime compounds irradiated at 250 and 300 K and
recorded at 100 K are identical to those obtained for
solutions irradiated at 77 K that were further warmed
to 300 K and recooled to 100 K, thus indicating that
the photolytic mechanism is operative for both temper-
atures of irradiation.

EPR Spectra Analysis. Cobalt(II) spectra were
obtained at 100 K. The results reported above for EPR
spectra of frozen solution of cobalt(Il) complexes show
that these can be grouped in two sets, based on the
number of axial ligands bound (one or two) to the [Co-
(DH)2] and [Co(DO)(DOH)pn] equatorial moieties. All
spectra show large g tensor anisotropy and are typical
of low-spin d7 (S = 1/2) electron configuration species,
thus implying a formal oxidation state of +2 for the
cobalt center. Interactions of the unpaired electron with
the cobalt atom (°°Co, I = 7/2) and with the nitrogen
(1N, I = 1) or phosphorus (*'P, I = 1/2) atoms of the
axial ligands are clearly seen in the high-field region of
the spectra. No hyperfine interaction with the nitrogen
atoms of the equatorial ligands was ever observed in
the spectra.

The components of the spin-Hamiltonian parameters
(Table 1) were obtained by computer simulation of the
experimental spectra, and the results confirm that the
spectra must be interpreted in terms of three different
g values.*? In the analysis, an 2A; ground state was
assumed for the complex comprising a mixture of the
d.2 and d ,2- ,2 metal orbitals of the form ® = ad.? +

bd,>,2 (taking the point-group symmetry to be Cy,).364244
The EPR parameters are quite similar for compounds
with the same number and type (P or N donor) of axial
ligands, but the degree of anisotropy, measured as A,,
= gx — 8y, is significantly higher for five-coordinate
compounds; these also show the largest values for the
A, component of the cobalt hyperfine tensor and the
smallest values of the A, and A, components.

Data Analysis. Computer Simulation. EPR spec-
tra of cobalt(II) compounds were simulated using a
program based on Pilbrow’s formalism,** which uses a
spin-Hamiltonian of the type H = H(Zeeman) + H(hy-
perfine) + H(ligand). The hyperfine term was deduced
assuming a Cy, point-group symmetry at the cobalt
center and the noncoincidence of the g and A(Co) tensor
axes in the xy plane. As no interaction of the unpaired
electron with the nitrogen atoms of the equatorial plane
was observed, the ligand term includes only the nitrogen
axial interaction, and it was assumed that the nitrogen
tensor has the same principal axis as that of the g
tensor. For the simulation of the spectra of the com-
pounds reported, the best fit was obtained for collinear
g and A tensors in the x and y plane (rhombic symmetry)
with neglect of any quadrupolar contribution to the spin-
Hamiltonian

Cobalt Spin Density. Analysis of the g and cobalt
hyperfine tensors allows deduction of the unpaired spin
density in the metal 3d and 4s orbitals. The procedures
for this have been fully described by us!® and are based
on those of McGarvey.*2 The results obtained are shown
in Table 2.

Ligand Spin Density. No hyperfine coupling was
observed with the equatorial nitrogen atoms, but from
the observed hyperfine coupling to the axial donor
nitrogen and phosphorus atoms, spin density on base
nitrogen 2s and 2p orbitals and on base phosphorus 3s
and 3p orbitals could be determined. The procedures for
this have already been described,??3® and the results
are shown in Table 2.

(42) McGarvey, B. R. Can. J. Chem. 1975, 53, 249.

(43) For the Co(DMG); species with one bound pyridine the sym-
metry point group is Cy,(z), but for the imino/oxime compounds the
symmetry point group is C;. For the compounds with none or two bound
pyridine molecules the symmetry point group is Cy,(x). This difference
is solely reflected in the symmetry labeling of two states that in our
case are excited states, which are not discussed in this work.

(44) Pilbrow, J. R.; Winfield, M. E. Mol. Phys. 1973, 25, 1073.
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Table 2. ESR Parameters of the Cobalt(II) Species Formed

Rangel et al.

compound a? b2 —kP P p3d Pis PCo 02p 025 oL 2L Ptotal
[Co'(DH)2pyol 0.9892 0.0108 0.0040 89 0.35 0.06 0.41 0.070 0.026 0.096 0.192 0.599
[Co'(DH)4(3-pic)e] 0.9967 0.0033 0.0038 93 0.37 0.06 0.42 0.075 0.025 0.100 0.200 0.622
[Co™(DH)2(3,5-1ut)q] 0.9969 0.0031 0.0038 94 0.37 0.06 0.43 0.075 0.025 0.100 0.200 0.626
[Co'(DH)2py] 0.9962 0.0038 0.0006 205 0.81 0.06 0.87 0.043 0.022 0.065 0.935
[Col'(DH)2(2-NH3)] 0.9984 0.0016 0.0006 177 0.70 0.06 0.76 0.041 0.019 0.060 0.820
[Co'(DH)9(2-pic)] 0.9988 0.0011 0.0013 201 0.79 0.06 0.85 0.040 0.020 0.060 0.910
[Co'(DH)9(3-pic)] 0.9963 0.0037 0.006 208 0.82 0.06 0.88 0.060 0.030 0.090 0.970
[Co'(DH)2(3,5-1ut)] 0.9963 0.0037 0.006 208 0.82 0.06 0.88 0.060 0.030 0.090 0.970
[Co'{ (DO)(DOH)pn} pyl 0.9997 0.0003 0.0013 178 0.70 0.06 0.76 0.062 0.019 0.081 0.081 0.840
[Co{(DOYDOH)pn}pys] 1 0 0.0034 105 041 0.6 047 0.030 0025 0055 0.110 0.579

compound P3p P3s PL Ptotal

[Co'{(DO)(DOH)pn} PPhs] 0.9858 0.0142 —0.002 218 0.86 0.04 0.90 7 3 10 100

Discussion values of the Co—N bond lengths are 2.068 A for the

In the present study we observed that photolysis
induces homolytic cleavage of the cobalt—carbon bond,
as can be gathered by the unambiguous identification
of cobalt(II) species and of organic radicals in solution
for all the compounds studied (cobaloximes and imino/
oxime) and in both fluid and frozen solution.

Homolysis of the cobalt—carbon bond is interpreted
according to the mechanism proposed by Symons?92 that
assumes that on light absorption an electron from the
equatorial plane moves into the Co(d,2) o™ orbital. The
antibonding character of this orbital is then relieved by
bond fission, following the sequence

R—Co(DH),L — [R] + [Co™(DH),L]

R+ H — RH + [solvent’]

solvent
[R]—R’

where the brackets represent cage trapping.

A comparative analysis of photolysis primary and
secondary products is done below, for the different
compounds studied, taking into account the different
equatorial and axial ligands.

For isopropylpyridinecobaloximes cobalt—carbon bond
homolysis was for all the compounds induced with
visible light, in fluid and frozen solution, in contrast
with the result observed by us?! for methyl and benzyl
pyridinecobaloximes, for which homolytic cleavage of the
bond was only achieved at 300 K or with UV light, as a
consequence of the stronger bonds present in the methyl
and benzyl organocobalt(III) compounds. The reported
values for bond dissociation energies for the bonds Co—
C(CHjy), Co—C(CgHj), and Co—C(i-CsH7) in pyridineco-
baloximes!? are respectively 35, 31, and 21 kcal mol 1,
and it is important to point out that these differences
are reflected in the photolytic behavior. In contrast to
cobaloximes, the photolysis results observed for the
imino/oxime isopropyl and methyl derivatives are iden-
tical: cleavage of the Co—C bond is induced by visible
light for both compounds. The result suggests that in
imino/oxime compounds the Co—C(CHjs) and Co—
C(CsHs) bonds must be weaker than those of the parent
cobaloximes. The reported values for the Co—C(CHs)
bond distances are 1.998 A for pyridinecobaloxime and
2.003 A for the pyridineimino/oxime compound, and the
values of the stretching frequencies in solution of Co—
C(Me) are 504 cm™! in the cobaloxime compound and
497 em™! in the imino/oxime compounds. The observed

cobaloxime compound and 2.106 A for the imino/oxime
compound, suggesting that the different photolytic
behavior must be due to the electronic effect of the trans
ligand.

Moreover, for pyridineimino/oxime compounds the
Co—C bond suffers homolytic cleavage at 250 K, in
contrast with the methyl and benzyl pyridine co-
baloximes, for which homolysis does not occur.?!

The results obtained for cobaloximes with ortho-
substituted pyridines are in close agreement with those
reported by us for sec-butylpyridinecobaloximes3° and
by Marzilli et al. for cobinamide models?! and show the
effect of the steric hindrance imposed by the base on
the equatorial moiety on the reactivity of the photolysis
primary product. For these compounds the Co(Il) five-
coordinate species, Co(DH);L, does not undergo further
reaction to form a six-coordinate species with two axial
base molecules Co(DH);L, as bending of the equatorial
dimethylglyoxime units away from the base makes the
sixth coordination position less accessible. This same
effect has already been observed for cobaloximes with
symmetric phosphines3? and also in the present work
for the imino/oxime compounds with triphenylphos-
phine.

For cobaloximes and imino/oxime compounds in which
the base is pyridine or a meta- or para-substituted
pyridine we observed, as previously for solutions of
aquocobaloxime and added bases,3? that the photolysis
primary product, Co(DH),L, is observable only in frozen
solution. As soon as the matrix is relaxed to room
temperature, the Co(II) five-coordinate species is in-
volved in a further reaction, giving rise to the Co(II) six-
coordinate species with two axially bound pyridine
molecules, Co(DH)3Ls.

Considering the results obtained for cobaloximes and
imino/oxime compounds with the same axial ligands, it
is evident that its photolytic behavior is the same,
equivalent primary and secondary products are de-
tected, and in both cases the predisposition of the five-
coordinate Co(II) species to bind a second base molecule
is dictated by the steric hindrance imposed by the Lewis
base on the equatorial ligand.

An interesting result that emerges from these results
is the one that concerns formation of the six-coordinate
Co(IT) species with two axially bound pyridine mol-
ecules. Formation of such a species upon photolysis of
the organocobalt(III) compounds implies that the five-
coordinate Co(II) complex must be able to abstract
pyridine molecules from other species present in solu-
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tion, which had to be either another Co(DH);L. molecule
or a cobalt(III) species still present in solution, as the
photolysis quantum yield is less than 100%.

The results obtained in this work and previously by
us for other pyridinecobaloximes3® were not conclusive,
as the only signal observed in the EPR spectrum is the
one characteristic of the Co(DH);Ls species, but insight
into this matter was obtained from the results obtained
for the imino/oxime parent compounds. EPR spectra of
the latter exhibit two superimposed signals attributable
respectively to the six-coordinate cobalt(II) species, (Co-
{(DO)(DOH)pn} )Ly, with two bound pyridine molecules
and to the four-coordinate compound, Co{(DO)(DOH)-
pn}, weakly solvated.*> The observation of both signals
indicates that the pyridine molecules must be abstracted
from Co(II) five-coordinate species and rules out the
possibility of pyridine abstraction from cobalt(III) spe-
cies?6:47 still present in solution. This explanation gains
support by noting that when photolysis of the imino/
oxime compound is performed in the presence of excess
pyridine, only the six-coordinate species with two bound
pyridine molecules is detected.

The above results are indicative that the four-
coordinate Co(II) units with the two ligands behave
differently, and on the basis of preliminary magnetic
susceptibility measurements in solution we propose that
formation of diamagnetic species such as dimers or
aggregates must occur for the dimethylglyoxime com-
pound, as has been observed in the case of [Ni(DH)] in
the solid state.*® Such an interesting behavior is being
explored in a different study that involves Co(II) com-
pounds synthesized with various ligands of the glyoxime
type.*?

(45) Gomes, J. Ph.D. Thesis, University of Porto, 1996.

(46) Hill, H. O.; Morallee, K. J. J. Chem. Soc. (A) 1969, 554.

(47) Costa, G.; Mestroni, G.; Tauzher, G.; Stefani, L. J. Organomet.
Chem. 1966, 6, 181. Costa, G.; Mestroni, G.; Tauzher, G.; Stefani, L.
J. Organomet. Chem. 1967, 7, 493.

(48) Godyki, L. E.; Rundle, R. E. Acta Crystallogr. 1953, 6, 487.
Williams, D. E.; Wohlaeur, G.; Rundle, R. E. J. Am. Chem. Soc. 1959,
81, 755.

(49) Rangel, M.; de Castro, B. Unpublished results.
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The values obtained from spectra simulation for the
spin-Hamiltonian g and A tensor components (Table 1)
are consistent with those obtained for other cobaloximes
and clearly indicate a larger rhombic distortion (Ayy =
&x — 8y) and larger values of the A, component of the
cobalt hyperfine tensor for five-coordinate Co(II) species
compared to the six-coordinate ones. No significant
differences are observable for the two classes of com-
pounds. For all the Co(II) compounds the EPR param-
eters are characteristic of a 2A; ground state (with a
99% contribution of the d.2 orbital). The positive values
of the Fermi contact term indicate strong admixture of
the 4s and 3d,2 orbitals, and the amount of 4s character
depends on coordination geometry. The values of spin
densities clearly indicate spin delocalization to the axial
ligand and equatorial ligands.

In conclusion we may infer that the different equato-
rial moieties are not determinant in terms of the nature
of the photolysis primary products, and the only differ-
ence observed so far resides in the fact that for co-
baloximes the spectrum of the species with no bound
pyridines was never observed, but in the case of imino/
oxime compounds the EPR spectrum of this species is
observed superimposed with the one corresponding to
the six-coordinate compound. This result seems to be
more related with the fact that the dimethylglyoxime
square planar compound has an ability to form dimers
or pack in diamagnetic arrays, while its parent imino/
oxime compound does not. Maybe the presence of the
imino bridge prevents the necessary planarity or mini-
mal distance for metal—metal interactions.

Finally it is important to stress that for both classes
of B12 model compounds the cobalt(II) species resulting
from homolysis of the cobalt—carbon bond have a
considerable tendency to coordinate a sixth ligand and
so like cobalamin(II) a considerable reactivity toward
available substrates present in solution media.
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