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DFT calculations show that square-planar LCoIR complexes
of a diiminopyridine ligand are best regarded as containing
low-spin CoII antiferromagnetically coupled to a ligand rad-
ical anion. The lowest triplet state, corresponding to a
3dz

2�π* excitation, is calculated to be only a few kcal/mol
above the ground state, and is thermally accessible. The an-

Introduction

Diamagnetic square-planar d8 complexes of CoI are
much rarer[1,2] than the corresponding RhI and IrI species.
Apparently, such CoI species easily ‘‘escape’’ to the high-
spin state or to higher oxidation states like CoII or CoIII.
Nevertheless, this type of CoI complex is of great interest
because the resemblance to its heavier RhI congener might
be accompanied by a rich catalytic chemistry similar to that
of Rh. Therefore, the recent observation that the diiminopy-
ridine ligand L is able to stabilize CoI in a low-spin, square-
planar state,[3] while still leaving a coordination site avail-
able for further chemistry, is significant.

The complexes LCoIX (X � halide, alkyl) were reported
to have unusual 1H NMR chemical shifts for the pyridine
Hγ and imine methyl groups,[3] when compared to the anal-
ogous RhI and IrI species.[4,5] The possibility that these un-
usual shifts might reflect an unusual electronic structure of
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omalous 1H NMR chemical shifts of the LCoR complexes are
suggested to be due to thermal population of the triplet state
at room temperature.

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

the CoI complexes prompted us to prepare a few additional
Co and Rh complexes and to undertake a theoretical inves-
tigation of these species. In the present work, we report that
the bonding in the CoI species indeed shows several unex-
pected features. Diiminopyridine complexes of CoII have
been studied theoretically in the context of olefin polym-
erisation.[6] Experimental[7] and theoretical[8] studies of
bis(diiminopyridine) complexes of the first-row transition
metals Mn�Zn have revealed the non-innocent character
of the ligand and the importance of biradical character in
the metal-ligand interaction. The present work shows that
biradical character can be even more pronounced in mono-
(ligand) complexes of cobalt.

Results and Discussion

Synthesis and Characterisation

2,6-Diacetylpyridine, anilines and amines are commer-
cially available. 2,6-Dibenzoylpyridine is easily synthesised
by Friedel�Crafts acylation of pyridine-2,6-dicarboxylic
acid dichloride and benzene.[9] The diiminopyridine ligands
were prepared from the condensation of two equivalents of
the appropriate aniline or amine with diacylpyridine. The
cobalt dichloride complexes can be synthesised in air. The
reduction and subsequent alkylation of the cobalt dichlor-
ide complexes to monoalkyl complexes (e.g. LCoCH2-
SiMe3) can be achieved in one step using two equivalents
of LiCH2SiMe3, or in two steps via a cobalt monochloride
complex, as described earlier.[3] Alkyl complexes
[Ldipp,MeCoR] having the bulky dipp group at R1 react with
hydrogen to form the hydride [Ldipp,MeCoH]. This complex
is very reactive and could not be isolated in pure form, so
it was only characterised by NMR spectroscopy. The com-
plexes [LCoR], bearing smaller substituents at R1 (dmp,
alkyl), also react with hydrogen, but after reaction no reson-



The Electronic Structure of (Diiminopyridine)cobalt(I) Complexes FULL PAPER
ances due to Co complexes could be recognized in the spec-
tra. The chloride complexes [LCoCl] do not react with hy-
drogen. The rhodium complex [Ldipp,MeRhCl] can be easily
converted into the desired alkyl complex by addition of
alkyllithium. This demonstrates the importance of steric
shielding of the metal: the analogous but more open com-
plex [Ldmp,MeRhCl] could only be converted into the alkyl
by an elaborate indirect route.[4]

Structures and Lowest-Energy States of [LCoR] Complexes

The Rh and Ir model complexes [LH,MeMR] (M � Rh,
Ir; R � H, Me, Cl) have normal closed-shell ground states

Table 1. Calculated bond lengths (Å) and singlet-triplet separations (kcal/mol) for LR1,R2MR complexes

M R R1 R2 State[a] M�Npy M�Nim C�Nim Cpy�Cim ∆EST
[b]

Co H H Me s 1.881 1.894 1.328 1.452 7.3 (5.5)
t 1.891 1.922 1.326 1.454

Me s 1.884 1.898 1.328 1.452 8.5 (7.6)
t 1.897 1.928 1.327 1.452

Cl s 1.840 1.901 1.318 1.454 9.1 (8.7)
t 1.857 1.923 1.321 1.452

Rh H H Me s 2.001 2.035 1.313 1.470 9.9
t 2.042 2.070 1.328 1.456

Me s 1.990 2.040 1.314 1.467 12.6
t 2.038 2.073 1.329 1.456

Cl s 1.927 2.032 1.310 1.464 18.7
t 1.973 2.060 1.324 1.452

Ir H H Me s 2.005 2.027 1.322 1.462 17.2
t 2.054 2.063 1.336 1.453

Me s 1.990 2.029 1.324 1.459 21.0
t 2.049 2.058 1.336 1.455

Cl s 1.925 2.029 1.320 1.456 26.4
t 1.979 2.059 1.332 1.449

Co H n-C6H13 Me s 1.867 1.931 1.328 1.455 5.7
t 1.876 1.948 1.330 1.454

Me s 1.878 1.960 1.328 1.452 6.3
t 1.890 1.983 1.330 1.451

Cl s 1.834 1.955 1.321 1.453 8.0
t 1.850 1.967 1.326 1.451

H dipp Me s 1.871 1.944 1.332 1.452 5.6
t 1.882 1.966 1.333 1.451

Me s 1.881 1.965 1.332 1.450 7.2
t 1.892 1.990 1.333 1.449

Cl s 1.836 1.972 1.323 1.451 8.4
t 1.852 1.984 1.329 1.448

H C6F5 Me s 1.882 1.930 1.338 1.451 5.1
t 1.884 1.951 1.338 1.450

Me s 1.892 1.949 1.339 1.448 6.4
t 1.896 1.977 1.338 1.447

H dmp Ph s 1.876 1.930 1.339 1.459 4.6
t 1.882 1.952 1.338 1.460

Me s 1.890 1.961 1.338 1.456 6.1
t 1.894 1.989 1.337 1.456

H dmp CF3 s 1.882 1.914 1.337 1.455 6.4
t 1.890 1.946 1.332 1.456

Me s 1.898 1.945 1.336 1.451 8.3
t 1.902 1.982 1.331 1.452

Co H H Me s 1.870 1.907 1.324 1.454 6.9
(pyrazine!) t 1.876 1.935 1.324 1.453

H H (Me2P) s 1.947 1.953 1.607 1.803 5.1
(phosphinimine!) t 1.967 1.963 1.611 1.801

[a] s � U0 state for Co, RDFT singlet for Rh, Ir; t � U1(z2) triplet. [b] In kcal/mol, estimated from U0 and U1(xz) energies (see text); b3lyp/
SV(P); for M � Co, R1 � H, R2 � Me: values calculated using the TZVPP basis set at the b3lyp/SV(P) geometries given in parentheses.
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stable to symmetry breaking. In contrast, for all cobalt
complexes studied theoretically the restricted DFT (b3lyp)
solution is unstable. The unrestricted mS � 0 solution
(‘‘U0’’) is 10�20 kcal/mol lower in energy, depending on the
ligand. At the restricted DFT (RDFT) level, the optimised
structures of the hydride and methyl complexes are non-
planar, with the hydride or methyl group bent out of the
coordination plane by a significant amount (typically
around 20°). Re-optimisation at the unrestricted DFT
(UDFT) level, however, results in planar or near-planar
structures in all cases.[10]

In the optimised geometries, the Co�N (Table 1) and
Co�Cl distances are systematically too large by about 0.04
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Å, as is evident from a comparison with the X-ray struc-
tures shown in Figure 1. The calculated Co�C distance ap-
pears to be about right, but this agreement is fortuitous,
since the experimental value is for a CH2SiMe3 group while
the calculated value is for a Me group, which should have a
shorter Co�C distance.[11] Thus, Co simply appears to be
too large in the calculations. Distances within the ligand are
reproduced satisfactorily.

Figure 1. Observed and calculated bond lengths for [Ldipp,MeCoR]
complexes: R � Cl[3a] (left) and CH2SiMe3

[3b] or Me (right)

The U0 wavefunctions have S2 values of 0.80�1.05.[12a]

They have one ‘‘pair’’ of occupied α and β orbitals, corre-
sponding to bonding and antibonding combinations of the
metal 3dxz and ligand π* orbitals, respectively (Figure 2).
The remaining orbitals are all fairly cleanly paired. This
means that the U0 ‘‘states’’ are nearly 50:50 mixtures of sin-
glet and triplet states, where the relevant triplet state corre-
sponds to the 3dxz�π* excitation of a hypothetical true
[LCoIR] species. These triplets, indicated here by U1(xz),

Figure 2. Singly occupied UDFT α- and β-orbitals of U0 solution for [LH,MeCoH]
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were also obtained separately from unrestricted mS � 1 cal-
culations, and they have S2 values of 2.00�2.10, indicating
little spin contamination. The true singlet energies were
then estimated from the energies ε0, ε1 of the unrestricted
solutions U0, U1(xz) and their S2 values by extrapolating
the presumed linear relation between energy and S2 to
S2 � 0 [Equation (1)]:[12b,13]

(1)

The singlet-triplet separation calculated from this varies
between 9 and 13 kcal/mol. These results show that the sin-
glet ground state is best described as a square-planar, low-
spin CoIIR fragment (3dxz singly occupied) antiferromag-
netically coupled to a ligand radical anion. In this respect,
these complexes are more extreme than the L2Co� com-
plexes considered in earlier work,[8] where only about half
of the 3d�π* transfer of electron density was in the form
of unpaired electron density, the remainder being ‘‘classi-
cal’’ back-donation. Related to this, complexes [LMnR]
have been shown to contain a ligand radical anion antifer-
romagnetically coupled to a high-spin MnII centre.[14] If the
ligand is simply considered as a uni-negative ligand and its
unpaired electron is ignored, complexes [LCoR] can be seen
as relatives of the (also square-planar) low-spin CoII amido
complex [CoBz{N(SiMe2CH2PPh2)2}].[15] Thus, reduction
of high-spin [LCoCl2] to low-spin [LCoCl][3] actually occurs
at the ligand rather than at the metal, but is accompanied
by a spin flip at the metal, possibly induced by the higher
ligand-field of the ligand radical anion. A related reduction-
induced spin flip was observed in L2Mn2�.[7]

Interestingly, the U1(xz) triplet is not the lowest-lying
triplet state. According to our calculations, the U1(z2)
(3dz

2�π*) triplet is the lowest one; this always lies about
3�5 kcal/mol below the U1(xz) triplet and hence about
4.5�9 kcal/mol above the singlet ground state. The geo-
metries calculated for U0 and U1(z2) are very similar, typi-
cally differing by less than 0.01 Å in bond lengths. The cle-
arest exception is the Co�Nim bond, which can be up to
0.03 Å longer in the triplet state.
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Substituent Effects on the Singlet-Triplet Separation in Co
Complexes

In order to check whether the unusual bonding described
above applies not only to simple models but also to ‘‘real’’
systems, we have studied a number of combinations of sub-
stituents. Table 1 shows the calculated geometries and sing-
let-triplet gaps for all systems studied. All values have been
calculated at the b3lyp/SV(P) level. For the smallest model
system LH,Me, we have also calculated energies with the
TZVPP basis set. This resulted in somewhat smaller gaps,
especially for the hydride. It is likely that basis-set improve-
ment would also lower the gaps for the other systems. How-
ever, such calculations are not feasible for the large systems
studied here.

The most remarkable result is probably that the singlet-
triplet gaps are so insensitive to changes in R, R1 and R2.
Interpreting the small changes we do see is not so easy,
given that they correspond to an excitation from a 3dxz�π*
singlet to a 3dz

2�π* triplet. Since, however, we find that the
energy difference between the 3dxz�π* and 3dz

2�π* trip-
lets is fairly constant, we need only discuss the 3dxz�π*
singlet to 3dxz�π* triplet gap. This gap, which in the wave-
function picture corresponds to an exchange integral, will
be larger if the regions of high electron density of the rel-
evant metal and ligand orbitals (mainly Co 3dxz and N 2pz)
overlap more. Changes in any of the groups R, R1 and R2

are therefore expected to affect the gap in two different
ways. Steric hindrance at nitrogen will weaken the
Co�imine coordination and hence decrease the gap. How-
ever, electronic factors that strengthen the pyridine and/or
imine coordination will increase the gap.

We consistently see an increasing gap when changing R
in the order H � Me � Cl, in steps of about 1 kcal/mol.
This is presumably a direct electronic effect: in this order,
the trans effect of the R group decreases and the Co�Npy

distance decreases (by 0.03�0.04 Å).
Introducing bulky groups at nitrogen (R1 � n-hexyl or

dipp, compared to R1 � H) decreases the gap by about 2
kcal/mol. This is probably a mostly steric effect: the
Co�Nim distance is 0.04�0.05 Å longer for these N-substi-
tuted derivatives. Introducing instead the very electron-
withdrawing C6F5 group at N has very little additional ef-
fect, decreasing the gap further by only 0.5 kcal/mol. Since
the steric effects of C6F5 and dipp should be similar here,
it is clear that the electronic effect is rather small. Replacing
the backbone (R2) methyl groups by phenyls has a some-
what larger effect (about 1 kcal/mol for Ldmp,Ph relative to
Ldipp,Me). This is most likely due to increased delocalisation
of the ligand π*-orbital. The effect is modest because the
phenyls cannot become coplanar with the ligand skeleton
for steric reasons. Surprisingly, replacing the backbone
methyls by CF3 groups results in an increase of the gap by
about 1 kcal/mol. At the same time, the Co�imine distance
decreases by about 0.03 Å, indicating that the CF3 substitu-
ents strengthen the Co�imine coordination,[16] which is
consistent with the increased gap.
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Finally, we have considered two more exotic systems: di-
iminopyrazine and bis(phosphinimino)pyridine. Complexes
of the diiminopyrazine ligand show a singlet-triplet gap that
is marginally smaller than that calculated for the diiminopy-
ridine complexes. The Co-ring nitrogen distance is slightly
smaller, and the Co�imine distances are slightly larger, due
to the replacement of Cγ by the smaller nitrogen atom. It
is remarkable that such a major change in the π-acceptor
character of the ligand has so little effect on the gap. Per-
haps the reason is that the diiminopyridine and diiminopy-
razine complexes are all completely biradicals, so the varia-
tion in ligand π-acceptor strength does not influence the
electronic structure.

The bis(phosphinimine)pyridine system,[17] too, is fully a
biradical. For this ligand, we calculate a gap which is
smaller by about 2 kcal/mol, i.e. as much as is attainable
using substituent effects within the diiminopyridine system.
The most likely explanation is that here the N�Co�N
angles are closer to their ideal value of 90°. The exchange
integral determining the gap is reduced because the N 2pz

orbitals are now closer to a nodal plane of the 3dxz orbital.
It looks like bis(phosphinimino)pyridines can be considered
as a useful extension (in an electronic sense) of the diim-
inopyridine ligands.

Correlation with NMR Results

Table 2 contains the observed 1H NMR chemical shifts
for a number of LMR complexes, some of which were only
generated in situ. We concentrate on the data for Ldipp,Me,
although the other ligands behave similarly. NMR spectro-
scopic data for several CoI complexes have already been
reported.[3] The shifts for pyridine Hβ are fairly normal.
However, for Co the Hγ resonance shows an abnormal low-
field shift with increasing ligand field of the group R, from
δ � 9.53 ppm for [Ldipp,MeCoCl] to δ � 10.80 ppm for
[Ldipp,MeCoH]. Even the value for [Ldipp,MeCoCl] is already
high, given that this resonance is found at δ � 7.97 ppm
for the free ligand and at δ � 7.80 ppm for [Ldipp,MeRhCl].
Simultaneous with the low-field shift of the Hγ resonance,
the imine methyl (R2) group shifts from δ � 2.30 ppm (for
free Ldipp,Me) via δ � 0.05 ppm (for [Ldipp,MeCoCl]) to δ �
�1.65 ppm (for [Ldipp,MeCoH]), while for Rh it never goes
below δ � �0.7 ppm. The magnitudes of these curious
shifts are emphasised in Table 3, where for Hβ, Hγ and im-
ine Me the values for Co are given relative to the corre-
sponding Rh values.
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Table 2. NMR spectroscopic data for diiminopyridine complexes of CoI and RhI[a]

Ligand R1,R2 Complex Pyridine Imine N-alkyl
Hβ Hγ CH3 CαH2 CβH2 CγH2 CδH2

dipp,Me free L 8.59 7.97 2.30
LCoCl 6.91 9.53 0.05
LCoCH2SiMe3 7.62 9.89 �0.85
LCoBz 7.68 10.27 �1.16
LCoMe 7.86 10.19 �1.15
LCoEt 7.99 10.25 �1.33
LCoH 7.60 10.80 �1.65
LRhCl 6.85 7.80 1.07
LRhCH2SiMe3 7.21 8.06 0.87
LRhMe 7.24 8.10 0.72
LRhBz 7.06 7.84 0.79

dmp,Me LCoCH2SiMe3 7.71 10.06 �1.28
dmp,Ph LCoCH2SiMe3 9.91 n/a
n-C6H13,Me LCoCH2SiMe3 7.31 9.71 �0.16 5.19 2.22 1.55 1.23
n-C18H37,Me LCoCH2SiMe3 7.31 9.71 �0.15 5.21 2.26 1.59

[a] δ (ppm), in C6D6, 20 °C.

Table 3. Estimated ‘‘anomalous’’ shifts (∆δ � δLCoX � δLRhX) of
Ldipp,Me complexes

Complex Pyridine Imine
Hβ Hγ CH3

LCoCl �0.06 �1.73 �1.02
LCoCH2SiMe3 �0.41 �1.83 �1.72
LCoBz �0.62 �2.35 �2.12
LCoMe �0.62 �2.09 �1.87
LCoH[a] �0.36 �2.70 �2.37

[a] Using LRhMe as reference.

It is tempting to correlate these NMR shifts with the re-
markable electronic structures of the LCoR complexes. The
biradical character of singlet LCoR should not, by itself,
result in anomalous NMR shifts. However, the calculated
singlet-triplet gaps for the ‘‘real’’ systems are rather small
(5�8 kcal/mol) and are expected to become smaller
with larger basis sets: a decrease of 1.8 kcal/mol is calcu-
lated for the model system [LH,MeCoH] on going from
SV(P) to TZVPP (Table 1). Thus, the extrapolated gap for
[Ldipp,MeCoH] at the b3lyp/TZVPP level is only 3.8 kcal/
mol. Allowing for an error of only a few kcal/mol in the
gaps we could already have a sizeable thermal population
of the triplet state. Rapid spin-flip would then result in aver-
aged shifts containing a contribution of the triplet-state
paramagnetic shift. With an estimated Fermi contact term
a of �1.5 G for Hγ[18] and an anomalous NMR shift of
about 2 ppm, the fraction, f, of triplet population of
[Ldipp,MeCoMe] calculated from Equation (2) should be
about 2%, corresponding to a singlet-triplet gap of about
2 kcal/mol.

(2)

At present, we have no way of verifying this hypothesis.
At room temperature, no triplet EPR signal is observed,
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but this would not be expected anyway because of rapid
relaxation. At 4 K, where a signal should normally be ob-
servable, the triplet population would be so small as to es-
cape detection. Temperature-dependent 1H NMR studies
are hampered by solubility and (especially for the more
interesting alkyls) stability problems.

The anomalous shifts increase with decreasing singlet-
triplet gap, which agrees with the above hypothesis. How-
ever, the changes in observed shifts suggest that the triplet
population changes only by a factor of about two over the
whole range of Cl···H, corresponding to a gap change of
about 0.3 kcal/mol, smaller than our calculated change of
about 2 kcal/mol.

Conclusions

[LCoIX] complexes have a diamagnetic ground state with
a square-planar coordination geometry. In contrast to their
heavier RhI and IrI analogues, they are best regarded as
containing low-spin CoII antiferromagnetically coupled to
a ligand radical anion. The lowest-lying triplet state, corre-
sponding to a 3dz

2�π* excitation, lies only a few kcal/mol
above the ground state. The singlet-triplet separation de-
creases with increasing ligand-field strength of the group X
at Co. We suggest that the anomalous 1H NMR shifts ob-
served for these Co complexes, but not for their Rh and Ir
analogues, are due to thermal population of the triplet state
at room temperature. The triplet state is so low in energy
that it can certainly be involved in chemical reactions. Obvi-
ously, the availability of both a singlet biradical and a triplet
state multiplies the number of reaction paths accessible to
the complex. Whether this is relevant to polymerisation ca-
talysis of LCo complexes remains to be established.

Experimental Section

General Remarks: All manipulations were carried out under an at-
mosphere of argon using standard Schlenk techniques or in a con-
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ventional nitrogen-filled glove box. Solvents were refluxed over an
appropriate drying agent and distilled under nitrogen prior to use.
NMR spectra were recorded on Varian and Bruker spectrometers
at ambient temperature. Commercially available chemicals were
used as received. The starting material 2,6-dibenzoylpyridine,[9] the
ligands Ldmp,Me and Ldipp,Me [19] and the complexes
[Ldipp,MeRhICl],[20] [Ldipp,MeCoIICl2], [Ldmp,MeCoIICl2],[19] [Ldipp,Me-

CoICl], [Ldipp,MeCoICH3], [Ldipp,MeCoIBz] and [Ldipp,MeCoICH2-
SiMe3][3] were synthesised according to literature procedures.

Methods: All calculations were carried out with the Turbomole pro-
gram[21] coupled to the PQS Baker optimiser.[22] Geometries were
fully optimised at the unrestricted (‘‘singlet’’ or ‘‘triplet’’) b3-lyp
level[23] level using the Turbomole SV(P) basis set on all atoms
(pseudopotential basis on Co). For the smallest model system, im-
proved final energies were then obtained from single-point calcu-
lations using a TZVPP basis and a fine (‘‘m4’’) integration grid.
Zero-point energy (ZPE) and thermal corrections were not in-
cluded. Orbital plots were prepared using Molden.[24] For triplet
states of a minimal model system (R1 � R2 � H, R � Cl, Me, H)
Fermi contact terms were estimated using the Gaussian 98 pack-
age,[25] a LANL2DZ basis[26] for the metal atom, and the 6-31G*
basis[27] for the ligand atoms.

Ldmp,Ph: 2,6-Dibenzoylpyridine (1.50 g, 5.23 mmol) and dimeth-
ylaniline (0.60 g, 4.96 mmol; 0.95 equiv.) were dissolved in benzene
(50 mL). After the addition of a small amount of camphorsulfonic
acid, the solution was refluxed overnight, using a Dean�Stark
water trap. The solution was placed in the dark for a week over
molecular sieves. Recrystallisation from hot methanol offered
0.30 g of yellow needles, which, according to GC analysis, consisted
of 82% of the desired product together with 18% of the monocon-
densed product.

Lhex,Me: 2,6-Diacetylpyridine (1.00 g, 6.13 mmol) and n-hexylamine
(1.245 g, 12.27 mmol, 2.0 equiv.) were dissolved in benzene
(50 mL). After the addition of a small amount of camphorsulfonic
acid, the solution was refluxed overnight, using a Dean�Stark
water trap. The solvent was removed in vacuo, and 1.83 g (90.9%)
of product was obtained as a yellow oil. 1H NMR (200 MHz,
CDCl3): δ � 7.96 (d, 3JH,H � 7.7 Hz, 2 H, Py Hβ), 7.59 (t, 3JH,H �

7.7 Hz, 1 H, Py Hγ), 3.42 (t, 3JH,H � 7.2 Hz, 4 H, hex Hα), 2.29
(s, 6 H, N�CMe), 1.64 (quint, 4 H, 3JH,H � 7.2 Hz, hex Hβ), 1.26
(m, 12 H, hex Hγδε), 0.80 (t, 3JH,H � 7.2 Hz, 6 H, hex Hζ) ppm.
13C NMR (75 MHz, CDCl3): δ � 166.33 (N�C), 156.26 (Py Cα),
136.45 (Py Cγ), 120.85 (Py Cβ), 52.57 (hex Cα), 31.77, 30.81, 27.39,
22.65 (hex Cβ�ε), 14.05 (hex Cζ), 13.61 (N�CMe) ppm.

Loctadec,Me: 2,6-Diacetylpyridine (1.00 g, 6.13 mmol) and n-octade-
cylamine (3.30 g, 12.26 mmol, 2 equiv.) were dissolved in benzene
(50 mL). After the addition of a small amount of acetic acid, the
solution was refluxed overnight, using a Dean�Stark water trap.
The solvent was removed in vacuo yielding a yellow oil, which sol-
idified upon cooling with ice. The yield was 3.88 g (95%). 1H NMR
(200 MHz, CDCl3): δ � 7.98 (d, 3JH,H � 7.7 Hz, 2 H, Py Hβ), 7.59
(t, 3JH,H � 7.7 Hz, 1 H, Py Hγ), 3.43 (t, 3JH,H � 7.2 Hz, 4 H,
octadec Hα), 2.28 (s, 6 H, N�CMe), 1.66 (quint, 4 H, 3JH,H �

7.1 Hz, octadec Hβ), 1.25�0.90 (m, 60 H, octadec Hγ-ρ), 0.80 (t,
3JH,H � 6.8 Hz, 6 H, octadec H
) ppm. 13C NMR (50 MHz,
CDCl3): δ � 167.0 (N�C), 156.9 (Py Cα), 137.1 (Py Cγ), 121.6 (Py
Cβ), 53.3 (octadec Cα), 32.6, 31.5, 30.4 (several), 30.1, 28.4, 23.3,
14.8 (octadec Cβ�
), 14.3 (N�CMe) ppm.

[Ldmp,PhCoIICl2]: Part of the mixture of mono- and dicondensed
dibenzoylpyridine (0.30 g containing 499 µmol of Ldmp,Ph) and
CoCl2·6H2O (0.15 g, 630 mmol, 1.26 equiv.) were dissolved in
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10 mL of THF. Almost immediately a colour change could be ob-
served and a golden brown solid precipitated. After stirring for an
additional hour at room temperature, this solid was filtered off,
washed twice with THF (5 mL) and dried in vacuo. The yield was
0.195 g (63.8%). 1H NMR (200 MHz, CD2Cl2): δ � 108.80 (2 H,
Py Hβ), 37.45 (1 H, Py Hγ), 6.04, 5.74, �1.37 (3 � 4 H, Ph Ho,m,
dmp Hm), 3.20 (2 H, Ph Hp), �11.62 (2 H, dmp Hp), �26.99 (12
H, dmp Me) ppm.

[Lhex,MeCoIICl2]: Lhex,Me (2.16 g, 6.55 mmol) and CoCl2·6H2O
(1.16 g, 4.87 mmol; 0.74 equiv.) were dissolved in 50 mL of THF
and stirred for 15 min. The solvent was removed in vacuo, leaving
2.83 g (102%, presumably containing some residual THF) of the
red-brown product. 1H NMR (400 MHz, CD2Cl2): δ � 104.14 (2
H, Py Hβ), 71.35 (4 H, hex Hα), 13.90 (1 H, Py Hγ), �1.55 (6 H,
hex Hζ), �3.25 (4 H, hex Hε), �5.12 (6 H, N�CMe), �7.12 (4 H,
hex Hδ), �12.88 (4 H, hex Hγ), �39.74 (4 H, hex Hβ) ppm.

[Loctadec,MeCoIICl2]: Loctadec,Me (1.10 g, 1.65 mmol) and
CoCl2·6H2O (0.39 g, 1.64 mmol, 1.0 equiv.) were dissolved in
20 mL of THF and stirred for an hour. The solvent was removed
in vacuo, leaving 1.21 g (93%) of the red-brown product. 1H NMR
(200 MHz, CD2Cl2): δ � 106.0 (2 H, Py Hβ), 71.7 (4 H, octadec
Hα), 14.1 (1 H, Py Hγ), �5.6 (6 H, N�CMe), 1.7, 1.4�0.8 (sev-
eral), 0.5, 0.2, �1.6, �3.6, �7.1, �13.4, �41.1 (68 H, octadec, Hβ-

) ppm.

[Ldipp,MeCoIH]: This complex was generated in situ by addition of
2 mL of H2 to an NMR sample of [Ldipp,MeCoICH2SiMe3]. 1H
NMR (300 MHz, C6D6): δ � 10.80 (t, 3JH,H � 7.8 Hz, 1 H, Py
Hγ), 7.60 (m, 4 H, Py Hβ, dipp Hp), 7.46 (d, 3JH,H � 7.8 Hz, 4 H,
dipp Hm), 3.41 (sept, 4 H, 3JH,H � 6.9 Hz, CHMe2), 1.31 and 0.29
(d, 12H each, 3JH,H � 6.9 Hz, CHMe2), �1.65 (s, 6 H, N�CMe)
ppm. 13C NMR (100 MHz, C6D6): δ � 168.5 (N�C), 160.1 (dipp
Ci), 156.5 (Py Cα), 140.2 (dipp Co), 126.3 (dipp Cp), 124.1 (dipp
Cm), 123.6 (Py Cβ), 117.8 (Py Cγ), 28.6 (CHMe2), 25.4 (N�CMe),
23.3 and 22.5 (CHMe2) ppm.

[Ldipp,MeCoIEt]: This complex was generated in situ by addition of
2 mL of ethene to an NMR sample of [Ldipp,MeCoIH]. 1H NMR
(300 MHz, C6D6): δ � 10.25 (t, 3JH,H � 7.5 Hz, 1 H, Py Hγ), 7.99
(d, 3JH,H � 7.5 Hz, 2 H, Py Hβ), 7.52 (t, 3JH,H � 7.5 Hz, 2 H, dipp
Hp), 7.39 (d, 3JH,H � 7.5 Hz, 4 H, dipp Hm), 3.13 (sept, 4 H,
3JH,H � 6.7 Hz, CHMe2), 1.51 (q, 2 H, 3JH,H � 7.5 Hz,
CoCH2CH3), 1.17 and 0.75 (d, 12H each, 3JH,H � 6.7 Hz,
CHMe2), �1.19 (t, 3JH,H � 7.5 Hz, 3 H, CoCh2CH3) �1.33 (s, 6
H, N�CMe) ppm. 13C NMR (100 MHz, C6D6): δ � 165.3 (N�

C), 157.9 (dipp Ci), 154.9 (Py Cα), 140.9 (dipp Co), 126.6 (dipp
Cp), 124.1 (dipp Cm), 122.6 (Py Cβ), 117.6 (Py Cγ), 28.3 (CHMe2),
26.1 (N�CMe), 24.2 and 23.1 (CHMe2) 12.8 CoCH2CH3 ppm.
The signal for CoCH2 was not observed.

[Ldmp,MeCoICH2SiMe3]: [Ldmp,MeCoIICl2] (0.276 g, 553 µmol) was
added to a solution of LiCH2SiMe3 (0.115 g, 1.21 mmol; 2 equiv.)
in 8 mL of hexane. The mixture was stirred for one hour, after
which it was filtered. The filtrate was evaporated to dryness; the
yield was not determined. 1H NMR (200 MHz, C6D6): δ � 10.06
(t, 3JH,H � 7.8 Hz, 1 H, Py Hγ), 7.71 (d, 3JH,H � 7.8 Hz, 2 H, Py
Hβ), 7.34 (d, 3JH,H � 6.2 Hz, 2 H, dmp Hp), 7.26 (d, 3JH,H �

6.2 Hz, 4 H, dmp Hm), 0.80 (s, 2 H, CoCH2), �0.63 (s, 9 H, SiMe3),
�1.28 (s, 6H N�CMe) ppm. The addition of H2 to the NMR
sample resulted in a colour change from deep red-purple to green
and disappearance of all the complex-related 1H NMR signals.

[Ldmp,PhCoICH2SiMe3]: [Ldmp,PhCoIICl2] (0.195 g, 313 µmol) was
added to a solution of LiCH2SiMe3 (0.065 g, 684 µmol, 2.2 equiv.)
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in 5 mL of hexane. An immediate colour change to green was ob-
served. After 2 h the mixture was filtered, and the filtrate was eva-
porated to dryness, yielding a green powder (yield not determined).
1H NMR (200 MHz, C6D6): δ � 9.91 (t, 3JH,H � 8 Hz, 1 H, Py
Hγ) ppm. The rest of the peaks could not be unambiguously as-
signed. The addition of H2 to the NMR sample resulted in disap-
pearance of all the complex-related 1H NMR signals.

[Lhex,MeCoICH2SiMe3]: A 1  solution of LiCH2SiMe3 (1.6 mL,
1.60 mmol, 2.0 equiv.) in pentane and 8 mL of hexane were added
to [Lhex,MeCoIICl2] (0.45 g, 0.79 mmol). The mixture was stirred for
one hour, after which it was filtered. The filtrate was evaporated to
dryness, yielding 0.153 g of [Lhex,MeCoICH2SiMe3] (33.8%) as a
thick dark-red oil. 1H NMR (200 MHz, C6D6): δ � 9.72 (t, 3JH,H �

7.6 Hz, 1 H, Py Hγ), 7.31 (d, 3JH,H � 7.6 Hz, 2 H, Py Hβ), 5.19
(t, 3JH,H � 7.6 Hz, 4 H, hex Hα), 2.22 (quint, 3JH,H � 7.6 Hz, 4
H, hex Hβ), 1.54 (quint, 3JH,H � 7.6 Hz, 4 H, hex Hγ), 1.22 (m, 8
H, hex Ηδ, ε), 0.82 (t, 3JH,H � 7.2 Hz, 6 H, hex Hζ), 0.02 (s, 2 H,
CoCH2), �0.14 (s, 9 H, SiMe3), �0.18 (s, 6 H, N�CMe) ppm. 13C
NMR (75 MHz, C6D6): 162.42 (N�C), 152.18 (Py Cα), 122.50 (Py
Cβ), 114.01 (Py Cγ), 59.35 (hex Cα), 32.20 and 22.89 (hex Cδ, ε),
29.08 and 27.36 (hex Cβ, γ), 20.39 (N�CMe), 14.21 (hex Cζ), 3.00
(SiMe3) ppm. The signal for CoCH2 was not found. The addition
of H2 to the 1H NMR sample resulted in a colour change from
dark red to green-brown and a loss of all the complex-related 1H
NMR signals.

[Loctadec,MeCoICH2SiMe3]: A 1  solution of LiCH2SiMe3

(0.90 mL, 900 µmol, 2.45 equiv.) in pentane and 8 mL of hexane
were added to [Loctadec,MeCoIICl2] (0.292 g, 368 µmol). The mixture
was stirred for two hours, after which it was filtered, and the sol-
vent was removed in vacuo leaving a deep purple-red product. 1H
NMR (400 MHz, C6D6): δ � 9.71 (t, 3JH,H � 7.6 Hz, 1 H, Py Hγ),
7.31 (d, 3JH,H � 7.6 Hz, 2 H, Py Hβ), 5.21 (t, 3JH,H � 7.6 Hz, 4
H, octadec Hα), 2.26 (quint, 3JH,H � 7.6 Hz, 4 H, octadec Hβ),
1.59 (quint, 3JH,H � 7.2 Hz, 4 H, octadec Hγ), 1.5�1.1 (m, 56 H,
octadec Ηδ�ρ) ppm. octadec H
 is presumably obscured by the
resonance of traces of hexane. The signals for CoCH2, SiMe3 and
N�CMe could not be unambiguously assigned.

[Ldipp,MeRhICH3]: Toluene (2 mL) was added to a mixture of
[Ldipp,MeRhICl] (100 mg, 0.16 mmol) and MeLi (7.1 mg,
0.32 mmol, 2 equiv.) and the reaction mixture was stirred for three
days. The obtained product was filtered off and the filtrate was
evaporated to dryness, yielding 91 mg of [Ldipp,MeRhICH3] (84%)
as a dark green solid. 1H NMR (300 MHz, C6D6): δ � 8.19 (t,
3JH,H � 7.9 Hz, 1 H, Py Hγ), 7.34 (d, 3JH,H � 7.7 Hz, 2 H, Py
Hβ), 7.22�7.10 (m, 6 H, dipp Hm,p), 3.19 (sept., 4 H, 3JH,H �

6.8 Hz, CHMe2), 2.12 (d, 2JRhH � 1.1 Hz, 3 H, RhMe), 0.99 (m,
24 H, CHMe2), 0.73 (s, 6 H, N�CMe) ppm. 13C NMR (75 MHz,
C6D6): δ � 166.8 (N�C), 155.3 (d, 2JRhC � 2.7 Hz, Py Cα), 148.3
(dipp Ci), 140.6 (Py Cγ), 140.4 (dipp Co), 123.6 (dipp Cm), 123.1
(Py Cβ), 28.2 (CHMe2), 23.9 and 23.6 (CHMe2), 18.9 (N�CMe),
1.2 (d, 1JRhC � 21.0 Hz, RhMe) ppm. dipp Cp is presumably ob-
scured by the resonance of the C6D6 solvent.

[Ldipp,MeRhIBz]: Toluene (2 mL) was added to a mixture of
[Ldipp,MeRhICl] (100 mg, 0.27 mmol) and Bz2Mg (41 mg,
0.27 mmol, 1 equiv.). The mixture was stirred for 24 h. The mag-
nesium salts were separated from the reaction products by filtration
and the filtrate was evaporated to dryness, yielding a purple pow-
der. Hexane (5 mL) was added, the mixture was filtered and the
filtrate was evaporated to dryness, yielding [Ldipp,MeRhIBz] as a
purple powder. 1H NMR (C6D6, 200 MHz): δ � 7.97 (t, 3JH,H �

7.9 Hz, 1 H, Py Hγ), 7.31�7.17 (m, 8 H, dipp Hm,p, Py Hβ), 7.21
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(t, 3JH,H � 7.3 Hz, 2 H, Bz Hm), 6.65 (m, 1 H, Bz Hp), 5.59 (d,
3JH,H � 6.9 Hz, 2 H, Bz Ho), 3.69 (d, 2JRhH � 2.6 Hz, 2 H,
RhCH2), 3.17 (sept., 4 H, 3JH,H � 6.8 Hz, CHMe2), 1.01�0.92 (m,
30 H, N�CMe, CHMe2) ppm. 13C NMR (C6D6 75 MHz): δ �

166.8 (d, 2JRhC � 2.3 Hz, N�C), 156.2 (d, 2JRhC � 2.9 Hz, Py Cα),
151.9 (d, 2JRhC � 1.7 Hz, Bz Ci), 148.4 (dipp Ci), 141.0 (Py Cγ),
140.6 (dipp Co), 127.3 (Bz Co), 127.0 (Bz Cm), 126.5 (dipp Cp),
124.2 (dipp Cm), 123.6 (Py Cβ), 119.6 (Bz Cp), 28.6 (CHMe2), 24.0
and 23.8 (CHMe2), 19.5 (d, 3JRhC � 1.7 Hz, N�CMe) ppm. The
RhCH2 signal was not detected.

[Ldipp,MeRhICH2SiMe3]: A 1.0  solution of LiCH2SiMe3 in pen-
tane (0.54 mL 0.54 mmol, 2 equiv.) and 4 mL of toluene were ad-
ded to [Ldipp,MeRhICl] (170 mg, 0.27 mmol, 1 equiv.). The mixture
was stirred for 24 h. The solvent was removed in vacuo, yielding a
green-brown powder. Hexane (5 mL) was added, the mixture was
filtered and the filtrate was evaporated to dryness, yielding
[Ldipp,MeRhICH2SiMe3] as a green powder. 1H NMR (C6D6,
300 MHz): δ � 8.06 (t, 3JH,H � 7.9 Hz, 1 H, Py Hγ), 7.24 (d,
3JH,H � 8.1 Hz, 2 H, Py Hβ), 7.15�7.03 (m, 6 H, dipp Hm,p), 3.26
(sept., 3JH,H � 6.8 Hz, 4 H, CHMe2), 1.87 (d, 2JRh;H � 2.2 Hz, 2
H, RhCH2), 1.28 and 0.97 (2 � d, 3JH,H � 6.6 Hz, 12 H each,
CHMe2), 0.86 (s, 6 H, N�CMe), 0.29 (s, 9 H, SiMe3) ppm. 13C
NMR (C6D6 75 MHz): δ � 165.8 (d, 2JRhC � 0.9 Hz, N�C), 156.3
(d, 2JRhC � 3.2 Hz, Py Cα), 149.4 (dipp Ci), 141.1 (Py Cγ), 140.6
(dipp Co), 126.7 (dipp Cp), 124.3 (dipp Cm), 123.6 (Py Cβ), 28.2
(CHMe2), 24.5 and 24.3 (CHMe2), 19.9 (d, 3JRh,C � 2.0 Hz,
N�CMe), 6.7 (d, 1JRh,C � 33.0 Hz, RhCH2), 4.0 (SiMe3) ppm.
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