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A Pair of Cobalt(III/IV) Terminal Imido Complexes
Weiqging Mao, Dominik Fehn, Frank W. Heinemann, Andreas Scheurer, Dominik Munz,* and

Karsten Meyer*

Abstract: The reaction of the cobalt(I) complex
[(TIMMN")Co'](BPh,) (2) (TIMMN" = tris-[2-(3-mesityl-
imidazolin-2-ylidene)methyl]amine) with 1-adamantylazide
yields the cobalt(Ill) imido complex [(TIMMN"*)Co™-
(NAd)](BPh,) (3) with concomitant release of dinitrogen.
The N-anchor in diamagnetic 3 features an unusual, planar
tertiary amine, which results from repulsive electrostatic
interaction with the filled d(z*)-orbital of the cobalt ion and
negative hyperconjugation with the neighboring methylene
groups. One-electron oxidation of 3 with [FeCp,](OTYf)
provides access to the rare, high-valent cobalt(IV) imido
complex [(TIMMN")Co" (NAd)](OTf), (4). Despite a half-
life of less than 1 h at room temperature, 4 could be isolated at
low temperatures in analytically pure form. Single-crystal X-
ray diffractometry and EPR spectroscopy corroborate the
molecular structure and the d low-spin, S="'/, electron
configuration. A computational analysis of 4 suggests high
covalency within the Co™"=NAd bond with non-negligible spin
density located at the imido moiety, which translates into
substantial triplet nitrene character.

Introduction

Terminal imido complexes of the late-transition metals
are attracting increasing attention as they are often implicated
as key intermediates in metal-catalyzed nitrogen-group trans-
fers to alkenes (aziridination) and C—H bonds (amination)."
Hence, metal imido complexes are appealing synthetic
targets. This is particularly relevant for complexes of the
earth-abundant 3d metals, which may give rise to various
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electronic structures of the imido ligand. These formal imides
have been described as a) “classic” closed-shell double- or
triple-bonded, dianionic RN?" ligands, b) “imidyl” ligands
with one unpaired electron residing at the imido ligand, or
c) a metal-coordinating singlet®? or triplet®®) “nitrene” with
a formal electron sextet at the nitrogen atom. It is important
to note that the accumulation of spin density at the imido
ligand is thought to be essential for its high reactivity with, for
example, C—H bonds.*! In general, the reactivity of late
transition metal terminal imido complexes is controlled by the
formal oxidation and spin state of the metal ion as well as the
coordination number. Late transition metal imido complexes
in high oxidation states are rare, which is somewhat surpris-
ing, given that electron-rich imido ligands are excellent
candidates for the stabilization of an electron-deficient metal
ion. So far, several high-valent, formal iron(IV),” iron(V),!
and iron(VI)" imido species have been reported. Consider-
ably fewer high-valent metal imido complexes of cobalt,®
nickel,”) and copper have been reported.>*!% For example,
the known cobalt imido complexes span a series of oxidation
states, ranging from cobalt(Il) to cobalt(V).*12l Among
them, low- to mid-valent cobalt(IT)*) and cobalt(IIT)"*?! imido
complexes have been the subject of intensive studies. In
contrast, few investigations on high-valent cobalt imido
species have been published. To the best of our knowledge,
Deng’s bisimido cobalt(IV) and cobalt(V) complexes
[(IMes)Co(NDipp),|®™ and [(IMes)Co(NDipp),](BAr",), sta-
bilized by an ancillary N-heterocyclic carbene (NHC) ligand,
are the only examples of structurally characterized cobalt(IV)
and cobalt(V) imido complexes. A monoimido cobalt(IV)
complex has remained elusive.
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The aforementioned situation prompted us to explore
high-valent cobalt imido complexes supported by a new,
recently developed, tripodal N-heterocyclic carbene (NHC)
ligand, which prevents the formation of bisimido complexes.
Herein, we report an unprecedented pair of Co"/Co"
monoimido complexes, with a rare case of an sp>-hybridized,
tertiary amine in the Co™ imido complex, and the first
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example of a fully characterized cobalt(IV) monoimido
complex, including its solid-state molecular structure.

Results and Discussion

Starting from the purple cobalt(I) complex
[(TIMMN™)Co"(CI)](PF,s) (1; Scheme 1), obtained from
the one-pot reaction of CoCl, with [H;TIMMN™*](PF);*!
and three equivalents of LIHMDS (71 % yield), the corre-
sponding cobalt(I) complex 2 was accessible. Reduction of
a suspension of divalent 1 in tetrahydrofuran with sodium
amalgam in the presence of sodium tetraphenylborate
(NaBPh,) led, after workup, to a green powder of the
cobalt(I) complex [(TIMMN™*)Co'[(BPh,) (2; 64% yield;
Scheme 1). Complexes 1 and 2 were characterized by single-
crystal X-ray diffraction (SC-XRD) analyses (Figure 1) as
well as UV/Vis electronic absorption and IR vibrational
spectroscopy (Figures S2 and S3, and Figures S8 and S9,
respectively), SQUID magnetometry (Figure S6 and Fig-
ure S10), and CHN elemental analysis. In the molecular
structure of divalent 1, the cobalt metal ion adopts a distorted
trigonal bipyramidal geometry with the three carbene entities
forming the plane and the N-anchor and the chlorido ligand
occupying the axial positions (Co: d,,,, = 0.643(2) A out of the
plane defined by the three carbene carbon atoms). Compared
to the literature-known and closely related Co™ chloride
TIMEN derivative [(TIMEN*)Co"CI]*,!¥! the nitrogen an-
chor atom in 1 is closer to the divalent cobalt ion, as evident
by a Co—N1 distance of 2.590(3) A compared to Co—N1=
3.061 A in [(TIMEN®)Co"CI]*. DFT calculations revealed
(Figure S33) that there is considerable orbital overlap be-
tween the d-orbitals of the cobalt ion and the p-orbitals of the
N(anchor) atom in 1, but the bond order is merely 0.14.
Hence, the Co—N1 interaction is weak. Variable-temperature
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Scheme 1. Synthesis of target complexes [(TIMMN™*)Co" (NAd)]-
(BPh,) (3) and [(TIMMN™*)Co" (NAd)](OTf), (4). TIMMN™* =tris-[2-
(3-mesitylimidazolin-2-ylidene)methyllamine, Ad =adamantly.
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Figure 1. Molecular structures of the complex cations
[(TIMMN™*)Co"CI]* (1) in crystals of [(TIMMN™*)Co"Cl]-
(PF¢)-2CH,CN, [(TIMMN™)Co']" (2)" in crystals of [(TIMMN™*)Co]-
(BPh,)-0.5C,Hg, [(TIMMN™*)Co" (NAd)]" (3)" in crystals of
[(TIMMN™*)Co" (NAd)](BPh,)-2 C¢H, and [(TIMMN™*)Co" (NAd)]*
(4)*" in crystals of [[TIMMN™*)Co" (NAd)](OTf),-2.5 C,H;,0; hydrogen
atoms and solvent molecules are omitted for clarity. Thermal ellipsoids
are displayed at 50% probability. For CCDC depository numbers, see
the Supporting Information.

and variable-field (VI-VF) SQUID measurements of a micro-
crystalline sample of 1 revealed a magnetic moment (i) of
4.28 ug at room temperature, thus supporting the high-spin
S§=3/2, Co", d’ electronic structure assignment (Figure S6).
Thus, the room-temperature moment of 1 falls within the
range of 4.3 g to 4.8 ug, which is typically observed for high-
spin cobalt(II) complexes with pseudotetrahedral or lower
symmetry,”! and is suggestive of a quartet spin ground state
for the Co" complex 1. Upon reduction, the axially bound
chlorido ligand in 1 is removed, the N-anchor binds the cobalt
ion (d(Co—N1)=2245(2) A), and, consequently, pulls it
deeper into the electron-rich cavity of TIMMN™. However,
the cobalt atom in monovalent 2 is still located a remarkable
0.3306(7) A above the plane of the three carbene moieties
(doop; Scheme 1 and Figure 1).

The reaction of monovalent 2 with one equivalent of 1-
adamantyl azide (Ad-N;) provides the violet cobalt(I1T) imido
complex [(TIMMN™*)Co™(NAd)](BPh,) (3) in 87 % yield
(Scheme 1). Complex 3 is diamagnetic (d® low-spin, S=0),
and the 'H and “C NMR spectra reveal C; symmetry in
solution. The characteristic 'H NMR signals for the protons of
the adamantyl group were observed at 1.20, 1.10, 1.04, 0.28,
and —0.85 ppm. Single-crystal X-ray diffraction analysis (SC-
XRD) of crystals of trivalent 3, obtained by the slow
evaporation of a THF/benzene mixture at room temperature,
revealed a four-coordinate complex cation with a well-
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separated BPh,~ counter anion (Figure 1). In the molecular
structure of 3, the TIMMN™ ligand coordinates in a triden-
tate fashion, and the amine anchor does not show a consid-
erable interaction with the cobalt ion (d(Co—N1)=
3.374(2) A). This results in a pseudotetrahedral coordination
environment, as further illustrated by the 0.964(1) A offset of
the metal center above the trigonal plane defined by the three
NHC ligands. The Co—N(imido) bond (d(Co—N8)=1.649-
(1) A) is within the range of previously reported cobalt(III)
imido complexes (1.61-1.71 A).["?

The N(imido)—C(adamantyl) bond of 1.438(2) A is slight-
ly shorter than those of typical N—C single bonds (1.45 A).

This situation is also observed in other structurally
characterized cobalt(IlI) adamantyl imido complexes,
such as [(Me,NN)Co(NAd)] (1.435(5) A; Me,NN=

(2,6-CH;Me,)NC(Me)CHC(Me)N(2,6-CsH;Me,) ™), 1%
[Tp®MeCo(NAd)] (1.441(3) A; Tp™*Me = hydro-tris(3-Bu,5-
Me-pyrazolyl)borate),'”! [(giso)Co(NAd)] (1.434(5) A; gi-
so” = (ArN),CN(C¢H,,),”, Ar=2,6-diisopropylphenyl),2
[(ML)Co(NAd)]  (1.424(8) A; L= 5-mesityl-1,9-(2,4,6-
PhyCoH,)dipyrrin),'™ and [("L)Co(NAd)] (1.431(5) A;
L = 5-mesityl-1,9-(trityl)dipyrrin).'?! Similarly, the linear
Co—N(imido)—C(adamantyl) bond angle of 178.92(9)° is in
line with other structurally characterized cobalt(IIT) imido
complexes, and suggests the absence of a lone pair of
electrons at the imido nitrogen atom.['>™ Thus, the short
Co—N(imido) distance, together with the linear Co—
N(imido)—C(adamantyl) bond, is indicative of multiple
bonding within the Co—N(adamantyl) entity. As expected,
the tertiary N-amine (N1) in pseudotetrahedral, divalent
1 and trigonal pyramidal, monovalent 2 is tetrahedral with
average C-N—C bond angles of 114.3(3)° (1) and 113.5(1)° (2).
In contrast, the corresponding N-anchor in trivalent 3 is
trigonal planar, with C-N—C angles summing up to 357.8°.
Furthermore, the average C—N(anchor) bond (1.433(3) A) in
trivalent 3 is significantly shortened compared with that in
cobalt(I) complex 2 (1.464(2) A). This observation is quite
remarkable and suggests that N1 changes its hybridization
from sp® in 2 to sp*in 3 upon oxidation and the introduction of
the strongly bound AdN*" imido ligand trans to N1. Accord-
ingly, the structure of the literature-known and closely related
Co" imido TIMEN derivative [(TIMEN™*)Co(NAr°™e)]*
was revisited in more detail (Figure S26 and Table S1), which
revealed a similar unusual geometry with Z(N-C-N) =354.6°.
Further literature research revealed that sp’-hybridized
tertiary amines are generally rare and, if observed, seldom
discussed in the literature.'” Furthermore, the the electronic
origins of the planarization have not been discussed for the
few transition-metal complexes with N-anchored, C;-sym-
metric chelating ligands.'® Just recently, Tomson and co-
workers suggested that electrostatic interactions with the
d(z*)-orbital might be important for the metal-N(anchor)
distance in copper(I) complexes.'”? Our computational anal-
ysis (see below) suggests that repulsive electrostatic inter-
actions and negative hyperconjugation cause this structural
feature.

Cyclic voltammetry studies of trivalent 3 in THF revealed
a reversible oxidation process with E;,=—0.30V versus
[FeCp,]"/[FeCp]™ (for details, see the Supporting Informa-
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tion). Accordingly, and in agreement with the electrochemical
data, Co™ species 3 is readily oxidized by [FeCp,](OTTf)
(Cp =7v’-CsHs; OTf =CF,;SO;7) in dichloromethane.
However, all attempts to isolate the Co"™ complex at room
temperature were complicated by the high reactivity of the
target compound, as quantified by a half-life of less than
1 hour at 23°C, according to UV/Vis electronic absorption
spectroscopy. The UV/Vis spectrum of the oxidized product is
distinct from that of 3, with a broad band centered at 1,,,=
583 nm (e =1030 M~'cm™'; Figure S25). Although the prod-
uct is thermally unstable, it is sufficiently stable at low
temperatures to allow isolation and characterization. Accord-
ingly, the dark green complex [(TIMMN™*)Co"(NAd)]-
(OTf), (4) could be synthesized in 94% yield from the
precursor [(TIMMN™*)Co™(NAd)](BPh,) by the reaction of
3 with 2 equivalents of [FeCp,](OTf) at —25°C (Scheme 1).
This is a one-electron oxidation accompanied by a BPh, /
TfO™ anion-exchange reaction.

Dark green crystals suitable for SC-XRD analysis were
grown by slow diffusion of Et,0 into a THF solution of
tetravalent 4 at —25°C. The molecular structure of 4 in the
solid state shows a pseudotetrahedral cobalt center that is
supported by the TIMMN™ chelator and the bound terminal
imido ligand (Figure 1, 4). The crystallographic data reveal
that there are remarkably few structural changes upon
oxidation of the cobalt(III) precursor 3 (Table 1). The one-
electron oxidation Co™—Co" is accompanied by a small
but significant elongation of the Co—N(imido) bond from
1.649(1) A in 3t0 1.702(3) A in 4 and a slight shortening of the
N(imido)—C(adamantyl) bond from 1.438(2) A in 3 to 1.405-
(4) A in 4. Notably, the Co—N(imido) bond is also longer than
the two equivalent Co=N bonds in the Co"" bisimido complex
[(IMes)Co(NDipp),]® (1.665(3) A). These findings contrast
the results found with isoelectronic (and isostructural) Fe'/
Fe™ adamantyl imido groups supported by tris(phosphine)-
borate chelates." In these complexes, the Fe—N(imido) bond
shortens upon the oxidation of Fe" (1.651(3) A) to Fe™
(1.641(2) A). In our cobalt complexes, oxidation results in
the high-valent cobalt center moving deeper into the electron-
rich cavity of TIMMN™, as is evident by the reduction of d,,,

Table 1: Summary of important structural parameters of trivalent 3 and
tetravalent 4 in the solid state and as obtained by calculations at the
TPSSh/ZORA-def2-SVP level of theory [in brackets] .

Parameter 3 4

d(Co=Ng) [A] 1.649(1) [1.636] 1.702(3) [1.748]
d(Co-NT) [A] 3.374(2) [3.332] 2.659(3) [2.760]
d(C40-N8) [A] 1.438(2) [1.426] 1.405(4) [1.401]
av d(Co-C) [f-\] 1.936(1) [1.912] 2.004(2) [2.003]
dyop(CO) [A] 0.964(1) [0.937] 0.705(2) [0.723]
% (Co-N8-C40) [°] 178.92(9) [179.5] 177.0(3) [179.7]
av X (C-Co-C) [°] 96.3(6) [97.8] 108.7(1) [107.7]
% (N1-Co-N8) [ 179.30(4) [179.7] 178.87(9) [179.6]
2(C-N-Q) [ 357.8 [358.8] 346.4 [351.9]

[a] A more complete table of metric parameters for complexes 1-4 and
[(TIMEN™*)Co(NAr°™9)]" is given in the Supporting Information
(Table S1). The value d,,, denotes the “out-of-plane” shift, which
quantifies the distance at which the cobalt atom lies above or below the
plane of the three carbene ligands.
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(0.964(1) A in 3; 0.705(2) A in 4) and the significant short-
ening of the distance between the Co and the N1 atoms
(3.374(2) A in 3; 2.659(3) A in 4). With respect to the above-
mentioned sp*-hybridized N1 in 3, the amine anchor in 4 is
sp>-hybridized again, with 3(C-N-C =346.4°). More remark-
able is the fact that the average Co—C bond length also
significantly increases from 1.936(1) A in the Co™ complex to
2.004(2) A in the Co" complex. This difference may be due to
enhanced m-backbonding in the case of 3. This has also been
observed for the isoelectronic (and isostructural) Fe' and Fe™
adamantyl imido complexes supported by tris(phosphine)bo-
rate ligands,™® where the one-electron oxidation of the Fe'
complex induced an elongation of the Fe—P bond by about
0.1 A. The Co—N(imido)—C(adamantyl) bond angle of 177.0-
(3)° in 4 is similar to that found in its Co™ imido precursor 3
(178.92(9)°) and, thus, closer to linearity than in the Co"™
bisimido complex [(IMes)Co(NDipp),]® (173.0(3)°). This
indicates that the one-electron oxidation does not greatly
affect the Co—N(imido)—C(adamantyl) linkage.

In addition, the electronic structure of tetravalent 4 was
studied by X-band EPR spectroscopy. The EPR spectrum of 4
(Figure 2), measured in THF at 7 K, displays a characteristic
signal with the expected axial symmetry, centered at g~2,
and split into an eight-line pattern due to hyperfine coupling
of the unpaired electron to the **Co nucleus (I=7/2, 100%
nat. abundance). No apparent super-hyperfine coupling of the
nitrogen is observed. The best simulation to the experimental
spectrum was obtained with an effective spin of § =/, and g-

g-values
2.5 2.0
I ' I
——sim
—exp
m
©
S
1 " 1 " 1
250 300 350
Magnetic field B/ mT

Figure 2. CW X-band EPR spectrum of [(TIMMN™*)Co"(NAd)](OTf),
(4), recorded as a 2 mm frozen THF solution at 7 K (black trace), and
its simulation (red trace). Experimental conditions: microwave
frequency v =8.959 GHz, modulation width=0.1 mT, microwave
power=1.0 mW, modulation frequency =100 kHz, time con-
stant=0.1s. Simulation parameters: effective spin S="/,, effective
g-values g, =2.12 and g;=2.09, linewidths W, =3.52 mT and

W, =7.46 mT. Voigt ratios (Lorentz=0, Gauss=1) V,=0.38 V| =0.58.
Hyperfine coupling to one **Co (I=7/2, 100% nat. abundance)
nucleus was determined as A, =96.3x10 “cm ™' and

Aj=49.7x10"* cm™". A-strain effects were considered by using
m,-square-dependent linewidth broadening c2-m” with parameters
€2,=165x10"*cm ' and c2;=3.48x10 *cm™".
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values at g, =2.12 and g;=2.09, with hyperfine coupling
constants of A, =963x10*cm ™' and A;=49.7x10*cm ™.
These data compare well to values reported for the Co'™
bisimido complex [(IMes)Co(NDipp),] (S="4, g~ 1.98)
and other Co" complexes (gi./g| ~2.00-2.04, Ajsocof/A|co) =
20-30 G)."” Thus, the EPR data for [(TIMMN™*)Co(NAd)]-
(OTY), (4) suggest a metal-centered oxidation of trivalent 3
and favor the formulation of complex 4 as a cobalt imido
species with a metal oxidation state of + I'V. Despite multiple
attempts, and due to the pronounced thermal instability,
reliable SQUID data could not be obtained for 4.

A quantum chemical analysis was carried out to better
understand the electronic structures of trivalent 3 and
tetravalent 4. Various density functionals (BP86, B97-3c,
TPSSh, PBEO), including broken-symmetry calculations (Fig-
ure S34) and a wave-function method (CASSCF/NEVPT2)
were evaluated. From the geometry-optimized molecular
structures (Figure S35) and the modeled electronic absorp-
tion spectra using time-dependent DFT (TD-DFT; Figures
S49-S55), we find that all methods give a consistent and
appropriate description of the electronic structure of 3.
Importantly, the computational analysis (energy decomposi-
tion analysis of natural orbitals for chemical valence, EDA-
NOCYV; topological analysis of the Laplacian; noncovalent
interaction NCI®" plot) further corroborates the absence of
a bonding orbital interaction between the amine anchor of the
ligand and the cobalt ion and, instead, suggests a repulsive
electrostatic interaction, which drives the planarization (Fig-
ures S63 and S64). Furthermore, these calculations indicate
negative hyperconjugation with the adjacent methylene
groups as well as minor interactions with the m-system of
the NHC ligands (Figure 3, left; Figures S65-S67), which both

dy; (1%) de (m*)

HOMO-14in 3

Figure 3. The lone pair of electrons at the sp>hybridized amine in 3
shows negative hyperconjugation with the adjacent methylene groups
and does not mix with metal-centered orbitals (left; hydrogen atoms
are omitted for clarity). The d-orbital splitting of the truncated cations
of trivalent 3 (d°) and tetravalent 4 (d°) according to the lead
configurations (3: 83 %,; 4: 46 %) in the CASSCF (10,7) and (9,7)
calculations (right; orbitals of 4 are shown; mesityl and adamantyl
groups as well as hydrogen atoms are omitted for clarity).
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further stabilize the trigonal planar (e.g. TPSSh: Z(C—N-C) =
358.8°) conformation of the amine.”!]

In contrast, the electronic structure of Co" species 4, with
its very covalent metal-ligand bonds, represents a challenge
for common DFT methods, which show significant spin
contamination. Whereas geometry optimizations of 4 with
BP86 and B97-3c predict an insignificantly shorter (—0.01 A)
Co=NAd bond than for 3, the hybrid functionals TPSSh (10 %
HF exchange) and especially PBEO (25% HF exchange)
predict a considerable elongation of the Co=NAd bond
(TPSSh: +0.12 A; PBEO: +0.22 A) consistent with the
experimental findings (+0.05 A). Furthermore, the predic-
tions of the g-values using TPSSh are in reasonable agreement
with the EPR experiment (experiment: g, =2.12, g, =2.09;
BP86: g, =2.09, g;=2.07, TPSSh: g, =2.15, g, =2.10; PBEO:
g1 =223, gy=2.17); the same is true for the hyperfine
coupling constants (HFCs, Figures S43-S48). As the DFT
methods struggled to reproduce the absorption spectrum of 4
(Figures S58-S62), we performed state-averaged NEVPT2/
CASSCF calculations (Figures S56 and S57). Both DFT
(Figure S42) and the CASSCF (Figure S68) calculations
corroborate a d° electron configuration for the cobalt(III)
complex 3. Thereby, the molecular orbital, which relates to
the d(z?)-orbital, shows an admixture of s-character (18 %),
which likely reduces the antibonding interaction with the
p(z)-orbital of the imido ligand as well as the repulsion with
the electron lone pair of the nitrogen anchor of the ligand.
Furthermore, the mt-bonds between the imido ligand and the
d(xz)- and d(yz)-orbitals of the cobalt ion are considerably
covalent, with about 30 % metal character.

Oxidation of 3 to 4 removes one electron from the d(z%)-
orbital, as is indicated by the weight of the lead configuration
of 46 % (Figure 3, right). This corroborates a formal oxidation
state of + IV for the cobalt ion in 4 and suggests a reduced
repulsive interaction with the N anchor of the ligand (cf.
Figures S63-S68), thus, reducing the Co—N distance in
analogy to the previously studied copper complexes!'” and
attenuating the p(z)-character of the nitrogen atom’s lone
pair of electrons (e.g. TPSSh: 3, £(C—N—C) =358.8°; 4, Z(C—
N—C)=351.9°). Concomitantly, the covalency of the -
interaction between the metal’s d(xz)- and d(yz)-orbitals with
the imido ligand is further enhanced, with each having about
50% contribution. Accordingly, it is interesting to compare
the Léwdin population analysis of Co" complex 4 by different
methods. The CASSCF calculations indicate, in addition to
the metal, accumulation of spin density also at the ligand (Co:
+14au.;N: —04a.u.) and a bond order (BO) of only 1.3.
This is due to partial excitation of 0.5 electrons each from the
two m-symmetric orbitals between the imido ligand, p(x) and
p(y), and the cobalt ion, d(yz) and d(xz), into the related t*-
orbitals. The enhanced population of the antibonding -
orbitals in 4 (in comparison to 3) is the electronic origin for
the elongation of the Co—N bond length upon oxidation, as
observed in the solid-state structure of 4 (Figure S70).
Consequently, the density functionals (Figure S41) predict
either a d° configuration (BP86: Co, +1.3 a.u.; N, —0.3 a.u.,
BO =1.9) or a shift of electron density to the metal, thereby
increasing the spin density at the ligand (TPSSh: Co,
+1.8a.u.; N, —0.8 a.u.; BO=1.6; PBEO: Co, +2.1a.u., N:
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—1.1 a.u., BO=1.4). The latter picture emphasizes an anti-
ferromagnetically coupled system, which relates either to an
imidyl, that is, an imido-ligand-centered monoradical, or
a triplet “nitrene”, that is, an imido-ligand-centered dirad-
ical® as illustrated by an analysis of the intrinsic bond
orbitals?® (Figure S42). Importantly, the minor configura-
tions in the CASSCF calculations (Figures S37-S40) corrobo-
rate the DFT results and suggest in addition to the imido lead
(46 %) resonance structure, 30% nitrene and 18% imidyl
character for the ground state of 4. In concluding, the
computational analysis indicates a d’-configured cobalt(I1V)
ion with a very covalent double bond to the imido ligand,
which shares partial nitrene as well as imidyl character.

Conclusion

In summary, a unique pair of Co™/Co" imido complexes
is presented. The rare high-valent cobalt(IV) monoimido
complex [(TIMMN™*)Co"(NAJ)](OTf), (4) was synthesized
by oxidation of its cobalt(IIl) imido precursor
[(TIMMN™*)Co™(NAd)](BPh,) (3). The molecular structure
of the diamagnetic precursor 3 features an unusual sp*
hybridized N atom in the chelate’s amine anchor, which was
computationally rationalized by negative hyperconjugation
with the methylene groups of the pendant arms and repulsive
electrostatic interaction with the metal center. EPR spectros-
copy suggests a d’ low-spin electron configuration at the
central Co" ion in 4, with the majority of the spin density
residing at the metal center. Computational analyses corrobo-
rate the + IV oxidation state and advocate a cobalt-nitrogen
double bond, but further suggest significant spin density at the
imido ligand, which translates into significant nitrene charac-
ter. Finally, it is interesting to note that oxidation of TIMEN-
ligand-supported terminal Co™ imido and Fe'" nitrido com-
plexes results in insertion of the imide and nitride groups into
the metal-carbene bonds, with the TIMMN ligand enabling
isolation of the high-valent Co" and Fe" complexes. The
reactivity of 3 and 4 is currently under investigation.
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