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ABSTRACT: Homobimetallic dicobalt complexes featuring metal
centers in different coordination environments have been synthesized,
and their multielectron redox chemistry has been investigated.
Treatment of CoX2 with MesNKPiPr2 leads to self-assembly of
[(THF)Co(MesNPiPr2)2(μ-X)CoX] [X = Cl (1), I (2)], with one Co
center bound to two amide donors and the other bound to two
phosphine donors. Upon two-electron reduction, a ligand rearrange-
ment occurs to generate the symmetric species (PMe3)Co-
(MesNPiPr2)2Co(PMe3) (3), where each Co has an identical mixed
P/N donor set. One-electron oxidation of 3 to generate a mixed valence
species promotes a ligand reararrangement back to an asymmetric
configuration in [(THF)Co(MesNPiPr2)2Co(PMe3)][PF6] (4). Com-
plexes 1−4 have been structurally characterized, and their metal−metal
interactions are discussed in the context of computational results.

■ INTRODUCTION
Our group has recently been exploring the metal−metal
interactions in heterobimetallic Zr/Co complexes and their
effects on redox properties and reactivity.1 The vastly different
electronic natures of the two metals in these systems leads to
highly polar metal−metal interactions, shifting the CoI/0 and
Co0/−I potentials by ca. 1 V with respect to monometallic Co
analogues and facilitating reactivity with polar bonds in
substrates such as CO2.

2,3 We were curious to ascertain
whether the same enhanced redox properties and reactivity
could be imparted by placing the two metals in homobimetallic
dicobalt complexes in disparate coordination environments.
Similarly, we have recently found that treatment of late metal
salts (FeX2, MnX2) with phosphinoamide ligands leads to self-
assembly of homobimetallic species with each metal center in a
different (polyamide vs polyphosphine) coordination environ-
ment.4 Herein, we extend this chemistry to dicobalt systems
and uncover some interesting low-coordinate geometries and
ligand rearrangements in metal−metal bonded species.

■ RESULTS AND DISCUSSION
Synthesis and Characterization. The construction of the

bimetallic framework was achieved via treatment of cobalt
halide salts CoX2 (X = Cl, I) with an equimolar equivalent of
the phosphinoamide potassium salt MesNKPiPr2. In this
manner, the green complexes [(THF)Co(MesNPiPr2)2(μ-
X)CoX] [X = Cl (1), I (2)] were obtained in high yield
(Scheme 1). Complexes 1 and 2 have similar paramagnetically
shifted 1H NMR spectra with 11 distinct resonances. The
apparent inequivalence of many of the phosphinoamide

substituents (e.g., four distinct isopropyl-methyl resonances)
is indicative of asymmetric complexes (later confirmed by X-ray
diffraction). The solution magnetic moments of complexes 1
and 2 were determined using the Evans method [μeff = 3.0 (1)
and 3.3 μB (2)]5,6 and are lower than would be expected for
two high spin CoII centers (spin only value expected for two
uncoupled S = 3/2 CoII centers = 6.48 μB), implying some
degree of magnetic interaction or bonding between the two Co
centers leading to an intermediate spin state.
The solid state structures of both 1 and 2 were obtained via

X-ray structure analysis of single crystals (Figure 1 and the
Supporting Information). Interestingly, the dicobalt complex
adopts an asymmetric structure in which one CoII center is
coordinated by two amide donors, while the other is bound by
two phosphines. This preference was also observed in several
other phosphinoamide-linked bimetallic complexes that we
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have recently reported.4,7 The geometry at each Co center in 2
is distorted pseudotetradrahedral. As a result of the asymmetric
coordination environments of the two Co centers, the iodide
bridges somewhat asymmetrically, with a slightly longer
distance to the amide-bound Co center [2.7294(3) Å vs
2.6768(4) Å]. The short Co−Co distance in 2 is suggestive of a
metal−metal bond [2.5939(4) Å and 2.6142(4) Å in two
independent molecules in the asymmetric unit of 2]. Other
nonorganometallic CoIICoII complexes with similar metal−
metal distances include Co2(NR2)4 [R = SiMe3, 2.583(1) Å; R
= Ph, 2.566(3) Å],8,9 while the 3- and 4-fold symmetric
amidinato- and triazenato-bridged complexes Co2(amidinato)3

+

[2.885(1) Å],10 Co2(amidinato)4 [2.3735(9) Å],11 and
Co2(triazenato)4 [2.265(2) Å]12 complexes have much longer
and shorter interatomic distances, respectively. Notably, these
complexes were also reported to have room temperature
magnetic moments indicative of low or intermediate spin states
via antiferromagnetic exchange, although no further explanation
of the electronic structure was provided.8−13

The redox behavior of 2 was investigated using cyclic
voltammetry (see Figure 2), revealing multiple reductive events.

The cyclic voltammogram of complex 2 revealed a well-defined
quasi-reversible one-electron reduction at −1.2 V, followed by a
series of broad irreversible features at −2.0 and −2.3 V (vs
ferrocene). While the reduction at −1.2 V appears fully
reversible at scan rates greater than 0.4 V/s, the relative
intensity of the return oxidative wave decreases as scan rate is
decreased, and at a scan rate of 0.01 V/s, this reduction wave
appears entirely irreversible (see the Supporting Information).
The quasi-reversible nature of this reductive feature suggests a
substantial chemical change in the composition of complex 2
upon reduction.
To investigate these redox processes further, complex 2 was

treated with excess Na/Hg amalgam in THF. While this
reaction led to an intractable mixture of products, treatment of
2 with Na/Hg in the presence of excess PMe3 resulted in clean
formation of a new red complex, later identified as (PMe3)-
Co(MesNPiPr2)2Co(PMe3) (3), in 63% yield (Scheme 1). The
1H NMR spectrum of 3 remained broad and paramagnetically
shifted, but in this case, only six resonances were observed,
suggesting a more symmetric structure. X-ray diffraction
structure analysis of single crystals of 3 confirmed this
observation and revealed that a ligand rearrangement had
occurred to generate a complex in which both CoI centers are
in identical coordination environments with one amide and one
phosphine donor from the two bridging phosphinoamides
(Figure 1). Each Co center is also coordinated by a PMe3
ligand, and the six-membered Co2N2P2 core is rigorously
planar. On the basis of the isolated product 3, ligand
rearrangement as well as halide loss may be responsible for
the quasi-reversibility of the first reductive feature observed in
the CV of 3. Although it remains unclear how this ligand
rearrangement occurs, it seems reasonable that the preferences
for a reduced CoI center for soft phosphine donors might lead
to this phenomenon. Indeed, the requirement of excess PMe3
to promote clean product formation may imply that PMe3
coordination plays a key role in the ligand rearrangement
process.
While the Co2N2P2 core of the molecule is planar, the

terminal PMe3 ligands lie 0.93 Å out of this plane. Upon closer
inspection, a weak agostic interaction is observed between the

Figure 1. Displacement ellipsoid (50%) representations of 2, 3, and 4. For clarity, only one of two independent molecules in the asymmetric unit of
2 is shown, only one of two disordered PF6

− positions in 4 is shown, and hydrogen atoms have been omitted. Relevant interatomic distances (Å) and
angles (°): 2 (parameters for one of two independent molecules are listed): Co1−Co2, 2.5939(4); Co1−N1, 1.9124(18); Co1−N2, 1.9254(19);
Co2−P1, 2.3298(6); Co2−P2, 2.3429(7); Co1−I1, 2.7294(3); Co2−I1, 2.6768(4); Co2−I2, 2.5264(4); Co1−O1, 2.0540(16), Co1−I1−Co2,
57.335(10). 3: Co1−Co1, 2.5536(3); Co1−P1, 2.1763(3); Co1−P2, 2.2699(3); Co1−N1, 1.9569(8); Co1−Co1−P2, 160.245(11). 4: Co1−Co2,
2.4864(6); Co1−N1, 1.889(2); Co1−N2, 1.883(2); Co2−P1, 2.2255(9); Co2−P2, 2.2283(9); Co2−P3, 2.2554(9); Co1−O1, 2.063(2).

Figure 2. CVs of complexes 2 and 3 (2 mM analyte in 0.4 M
[nBu4N][PF6] in THF, scan rate = 100 mV/s).
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Co center and one of the mesityl-methyl hydrogen atoms, and
it is likely this interaction that leads to distortion. The hydrogen
atom was located in the Fourier difference map and refined,
revealing a Co1−H153 distance = 2.327(17) Å and a Co−C−
H angle of 120.8°, both indicative of an agostic interaction.14

Further support for this weak Co−C−H interaction comes
from a medium intensity μ(C−H) stretch at 2714 cm−1 in the
solid state IR spectrum of 3 (see the Supporting Information).
Similar weak agostic interactions have been documented in at
least one other low-coordinate cobalt complex15 and are an
indicator of the coordinative unsaturation of the two Co centers
of 3.
The metal−metal distance in 3 [2.5536(3) Å] is shorter than

that in complexes 1 and 2, despite the absence of constraints
imposed by a monatomic bridging ligand. The Co−Co distance
is, however, longer than that observed in the limited number of
nonorganometallic CoICoI complexes in the literature,
including Co2(PMe3)4(μ-SPh)2 [2.3997(5) Å],

16 the amidinate
and guanidate dimers Co2((ArN)2CR)2 [R = tBu, 2.1404(10)
Å; R = NCy2, 2.1345(7) Å],

17 and (PNP)2Co2 [2.254(1) Å].
18

Much like 1 and 2, the solution magnetic moment of complex 3
is also significantly lower than would be expected for two high
spin CoI centers (μeff = 2.9 μB vs the expected value of 5.66 μB
for two noninteracting CoI centers or 4.90 for a delocalized S =
2 system). This implies that the two CoI centers are either
antiferromagnetically coupled or that the electrons on the two
metal centers in this highly symmetric complex are delocalized
throughout a metal−metal bonded d orbital manifold. The
latter explanation is supported by computational results (vide
infra).
The cyclic voltammogram of complex 3 (Figure 2) revealed

multiple irreversible one-electron redox events, including an
oxidation at −1.1 V and a further reduction at −2.7 V (vs Fc/
Fc+). On the basis of the mild oxidation potential of 3, attempts
were made to carefully oxidize this complex to obtain a mixed
valence complex. Treatment of 3 with 1 equiv of [Cp2Fe][PF6]
resulted in a mixed valence complex [(THF)Co(MesNPiPr2)2-
Co(PMe3)][PF6] (4) in which the phosphinoamide had again
unexpectedly rearranged to adopt a structure in which one Co
center was bound to two phosphines and the other was ligated
by two amides (Scheme 2). Notably, treatment of 3 with 2

equiv of [Cp2Fe][PF6] in attempts to generate a halide-free
dicobalt(II) complex led to isolation of the monometallic CoII

complex [Co(MesNPiPr2)(PMe3)3]PF6 (5, see the Supporting
Information).
The paramagnetically shifted 1H NMR of 4 revealed nine

distinct resonances, suggesting a relatively symmetric structure.
The solid state structure of 4 (Figure 1) reveals that PMe3
remains coordinated to the phosphine-bound Co center, while
THF coordinates to the amide-ligated Co ion. In this mixed
valence complex, the Co−Co separation is contracted even

further to 2.4864(6) Å, in line with other nonorganometallic
CoIICoI complexes in the literature: Co2(amidinato)3 [2.385(1)
Å, 2.3201(9) Å],10 [Co2(SAr)5]

− [2.511(4) Å],19 and
Co2(μ-

tBu2P)2Cl(PMe3)2 [2.508(2) Å].
20 As might be expected

based on the magnetic moment of precursor complex 3, the
solution magnetic moment of complex 4 is sufficiently low to
indicate distribution of the metal d electrons throughout a
metal−metal bonding manifold (μeff = 1.4 μB). Furthermore,
the solution EPR spectrum of 4 (77 K, X-band) is indicative of
an S = 1/2 system (see the Supporting Information). Again, it is
difficult to speculate on how the ligand rearrangement occurs
upon oxidation from 3 to 4, but the driving force may be that
the oxidized CoII center would be more likely to prefer π-
donating amide donors than a CoI center. This implies an
assignment of the amide-ligated Co center as CoII in this mixed
valence CoIICoI complex, and such an assignment is consistent
with computational predictions (vide infra).
To further address the metal−metal interactions in complex

4, UV−vis-NIR data were collected. As shown in Figure 3, the

UV−vis-NIR spectrum of 4 has a number of low intensity
transitions in the 650−950 nm range, including a somewhat
broad low intensity band at 949 nm (ε = 140 M−1 cm−1).
Because complex 4 is formally a mixed valence CoIICoI system,
this band could reasonably be assigned as an intervalence
charge transfer (IVCT) band, and the asymmetric coordination
environments of the two cobalt centers might be expected to
increase the energy of this transition into the visible range.
Given the metal−metal bonding and the degree of orbital
mixing in complex 4, however (vide infra), such an
interpretation may be oversimplified in this case. For
comparison, the UV−vis-NIR spectrum of the symmetric
CoICoI complex 3 is also shown in Figure 3. This spectrum is
less complex than that of 4, with a very broad low intensity
feature centered at 1476 nm (ε = 64 M−1 cm−1), which can
likely be attributed to a d−d transition within the metal−metal
bonding orbital manifold.

Computational Investigation. To further investigate the
electronic structure and metal−metal bonding in the planar
dicobalt complexes 3 and 4, a computational investigation was
conducted using density functional theory (DFT) methods

Scheme 2

Figure 3. UV−vis-NIR spectra of 3 and 4 (in THF solution). The
inset shows an expanded view of the near-infrared region of the
spectrum.
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[BP86/LANL2TZ(f)/6-311+G(d)/D95 V]. Solution magnetic
moment data for complexes 3 and 4 indicate triplet and doublet
configurations, respectively. Nonetheless, geometry optimiza-
tions were performed on both molecules in all possible spin
states (triplet and quintet for 3; doublet, quartet, and sextet for
4). Comparison of the optimized geometries computed for
these various spin states with the solid state optimized
geometries obtained for these two complexes using X-ray
crystallography reveals that the best prediction is obtained with
the S = 1 (3) and S = 1/2 (4) configurations (see the
Supporting Information).
The frontier molecular orbital diagram of 3 reveals both

metal−metal σ and π interactions, as shown in Figure 4A. As a
result of substantial phosphinoamide ligand contributions, 12
MOs with metal orbital contributions are shown in the figure.
There are three orbitals comprised of metal−metal σ
interactions, including a low-lying metal−metal σ bonding
orbital (−5.06 eV) that is also σ bonding with respect to the
metal−amide bonds, a metal−metal σ bond that is σ* with
respect to the metal−amide bonds (−4.27 eV), and the LUMO
(−1.64 eV), which is σ* with respect to the metal−metal
interaction as well as the metal−ligand interactions. Additional
δ and π interactions between the two Co centers are also
present, with the symmetry partially disrupted by the two
different ligand donors on each Co ion. The LUMO is
sufficiently higher in energy than the remaining occupied
orbitals in the metal−metal bonding manifold, resulting in an
intermediate spin (S = 1) ground state. On the basis of the MO
diagram shown in Figure 4, the Co−Co bond order is
estimated to be ca. 1.
More information about the bonding between the cobalt

centers was obtained via natural bond orbital (NBO)21 analysis
and Mayer population analysis.22 The Co−Co Wiberg bond
indices calculated for 3 and 4 (0.54 and 0.51, respectively) are
nearly identical (Table 1), while calculations suggest that the
Mayer bond order for 3 is slightly higher than that of 4. While
the absolute values of these computed bond orders are difficult

to interpret, comparison of the Co−Co bond orders calculated
for these two molecules is a useful exercise and indicates that
the metal−metal bond in 3 is stronger than that in 4.
NBO analysis reveals that the Co−Co σ bond in 3 is covalent

in nature, with 50% orbital contributions from each Co center
(for both α and β NBOs, see the Supporting Information). This
is consistent with the identical coordination environments and
equivalent natural charges of the two metal centers (Table 1).
In contrast, the Co centers in the asymmetric mixed valence
molecule 4 have vastly different natural charges, with the
amide-bound Co center significantly more positively charged
than either the phosphine bound Co atom or the two Co
centers in starting material 3. In this case, there is poorer orbital
overlap between the two different Co centers because of
mismatched orbital energies, as illustrated in the calculated
frontier MO diagram shown in Figure 4B. There are no
apparent δ interactions, and the π interactions are weaker and
more polarized. Nonetheless, the Co−Co σ bond remains
relatively covalent (α NBO: 29% CoN, 71% CoP; β NBO: 75%
CoN, 28% CoP). As a result, the overall Co−Co bond order in 4
remains ∼1, although the bond may be slightly weaker than
that in 3 as a result of mismatched orbital energies.

■ CONCLUSION
In summary, the [MesNPiPr2]

− ligand supports low-coordinate
dicobalt dimers with significant metal−metal bonding. The
orientation of the ligands in these complexes is highly
dependent on the overall redox state of the dicobalt unit.

Figure 4. Frontier molecular orbital diagram of (A) 3 and (B) 4 [BP86/LANL2TZ(f)/6-311+G(d)/D95V].

Table 1. Natural Charges and Wiberg Bond Indices (WBIs)
Calculated for 3 and 4 Using NBO Calculations and
Calculated Mayer Bond Orders (MBOs)

Nat charge

Co1 Co2 Co−Co WBI Co−Co (MBO)

3 −0.16 −0.16 0.54 0.98
4 0.62 (CoN) −0.23 (CoP) 0.51 0.80
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Future studies will focus on the reactivity of the reduced
complex 3 toward small molecule activation.

■ EXPERIMENTAL SECTION
General Considerations. Unless specified otherwise, all manip-

ulations were performed under an inert atmosphere using standard
Schlenk or glovebox techniques. Glassware was oven-dried before use.
Benzene, pentane, diethyl ether, tetrahydrofuran, and toluene were
dried using a Glass Contours solvent purification system. All solvents
were stored over 3 Å molecular sieves prior to use. Benzene-d6
(Cambridge Isotopes) was degassed via repeated freeze−pump−
thaw cycles and dried over 3 Å molecular sieves. THF-d8 was dried
over CaH2, vacuum-transferred, and degassed via repeated freeze−
pump−thaw cycles. MesNKPiPr2 was synthesized using literature
procedures.2,4 Anhydrous CoCl2 and CoI2 were purchased from Strem
Chemicals and used after 12 h of drying at 100 °C under vacuum.
NMR spectra were recorded at ambient temperature on a Varian Inova
400 MHz instrument. Chemical shifts are reported in δ (ppm). For 1H
and 13C{1H} NMR spectra, the solvent resonance was used as an
internal reference, and for 31P{1H} NMR spectra, 85% H3PO4 was
referenced as an external standard (0 ppm). IR spectra were recorded
on a Varian 640-IR spectrometer controlled by Resolutions Pro
software. UV−vis spectra were recorded on either a Cary 50 UV−vis
or Cary 5000 UV−vis-NIR spectrophotometer using Cary WinUV
software. Elemental analyses were performed at Complete Analysis
Laboratory Inc. (Parsippany, NJ). Solution magnetic moments were
measured using Evans’ method.5,6

X-ray Crystallography. All operations were performed on a
Bruker-Nonius Kappa Apex2 diffractometer, using graphite mono-
chromated Mo Kα radiation. All diffractometer manipulations,
including data collection, integration, scaling, and absorption
corrections, were carried out using the Bruker Apex2 software.23

Preliminary cell constants were obtained from three sets of 12 frames.
Fully labeled diagrams and data collection and refinement details are
included in Table S1 and on pages S18−S31 in the Supporting
Information.
Computational Details. All calculations were performed using

Gaussian09, Revision A.02, for the Linux operating system.24 Density
functional theory calculations were carried out using a combination of
Becke’s 1988 gradient-corrected exchange functional25 and Perdew’s
1986 electron correlation functional26 (BP86). A mixed basis set was
employed, using the LANL2TZ(f) triple-ζ basis set with effective core
potentials for cobalt,27,28 Gaussian09’s internal 6-311+G(d) for
heteroatoms (nitrogen, oxygen, phosphorus), and Gaussian09’s
internal LANL2DZ basis set (equivalent to D95 V29) for carbon
and hydrogen. Using crystallographically determined geometries as a
starting point, the geometries were optimized to a minimum, followed
by analytical frequency calculations to confirm that no imaginary
frequencies were present. Mayer bond analysis was performed with the
routines included in the Gaussian09 software package,22 and Wiberg
bond indices and NBO calculations were carried out using Gaussian
NBO Version 3.1.21

Electrochemistry. CV measurements were carried out in a
glovebox under a dinitrogen atmosphere in a one-compartment cell
using a CH Instruments electrochemical analyzer. A glassy carbon
electrode and platinum wire were used as the working and auxiliary
electrodes, respectively. The reference electrode was Ag/AgNO3 in
THF. Solutions of electrolyte (0.40 M [nBu4N][PF6] in THF) and
analyte (2 mM) were also prepared in the glovebox. All potentials are
reported versus an internal ferrocene/ferrocenium reference.
Synthesis of [(THF)Co(MesNPiPr2)2(μ-Cl)CoCl] (1). A solution of

MesNKPiPr2 (0.28 g, 1.0 mmol) in THF (3 mL) was cooled to −32
°C and this was added to CoCl2 (0.130 g, 1.00 mmol) in THF (2 mL)
dropwise over 5 min. The resulting mixture was gradually allowed to
warm to room temperature and continuously stirred for 12 h. The
insoluble materials were removed by filtration through Celite, and all
volatiles were subsequently removed from the filtrate in vacuo. The
resulting green material was extracted with diethyl ether (4 × 2 mL)
and filtered to remove the byproduct, KCl, and other insoluble

impurities. Upon standing at room temperature, the concentrated
ether solution of 1 yielded analytically pure 1 as green blocks (0.36 g,
95%). 1H NMR (400 MHz, C6D6): δ 26.3 (6H, iPr-Me), 17.0 (2H,
Mes), 12.3 (2H, Mes), 9.3 (6H, Mes-Me), 6.7 (6H, Mes-Me), 4.3 (6H,
iPr-Me), 2.9 (6H, Mes-Me), −4.2 (6H, iPr-Me), −4.9 (4H, THF),
−8.0 (6H, iPr-Me), −11.4 (4H, THF) (isopropyl-methine proton is
not observed because of its close proximity to the paramagnetic Co
center, tentative assignments based on relative integration). UV−vis
(C6H6) λmax, nm (ε, L mol−1 cm−1): 450 (390), 506 (230), 365 (910),
670 (730). Evans’ method (C6D6): 2.98 μB. Anal. calcd for
C34H58Co2N2P2OCl2: C, 53.62; H, 7.68; N, 3.69. Found: C, 53.53;
H, 7.79; N, 3.75.

Synthesis of (THF)Co(MesNPiPr2)2(μ-I)CoI (2). A solution of
MesNKPiPr2 (0.85 g, 3.0 mmol) was cooled to −32 °C in THF (15
mL) and this was added to CoI2 (0.94 g, 3.0 mmol) in THF (10 mL)
dropwise over 5 min. The resulting mixture was gradually allowed to
warm to room temperature and continuously stirred for 12 h. The
insoluble materials were removed by filtration through Celite, and all
volatiles were subsequently removed from the filtrate in vacuo. The
resulting green material was extracted with diethyl ether (4 × 5 mL)
and filtered to remove the byproduct, KI, and other insoluble
impurities. Concentration of this diethyl ether solution and storage at
−32 °C afforded analytically pure 2 as green blocks (0.92 g, 66%). 1H
NMR (400 MHz, C6D6): δ 24.5 (6H, iPr-Me), 15.8 (2H, Mes), 11.7
(2H, Mes), 10.0 (6H, Mes-Me), 7.9 (6H, Mes-Me), 5.3 (6H, iPr-Me),
1.9 (6H, Mes-Me), −2.9 (6H, iPr-Me), −5.7 (4H, THF), −10.6 (6H,
iPr-Me), −11.7 (4H, THF) (isopropyl-methine proton is not observed
because of its close proximity to the paramagnetic Co center, tentative
assignments based on relative integration). UV−vis (C6H6) λmax, nm
(ε, L mol−1 cm−1): 364 (440), 608 (640), 688 (860), 746 (610).
Evans’ method (C6D6): 3.29 μB. Anal. calcd for C34H58Co2N2P2I2: C,
43.24; H, 6.19; N, 2.97. Found: C, 43.30; H, 6.29; N, 3.04.

Synthesis of (PMe3)Co(MesNPiPr2)2Co(PMe3) (3). A 0.5% Na/
Hg amalgam was prepared from 0.003 g of Na (0.1 mmol) and 0.6 g of
Hg. To this vigorously stirred amalgam in 10 mL of THF was added a
cold (−32 °C) solution of 2 (0.047 g, 0.050 mmol) in THF (5 mL).
Neat PMe3 (26 μL, 0.20 mmol) was added to the reaction mixture
immediately, and the solution rapidly changed from green to brick red
in color. After it was stirred for 2.5 h, the resulting red solution was
decanted from the amalgam and filtered through Celite. Volatiles were
removed from the filtrate in vacuo. The resulting red material was
extracted with diethyl ether (4 × 2 mL) to remove NaI and other
insoluble impurities. Upon concentration of this diethyl ether solution
of 3 followed by storage at room temperature for 12 h, dark reddish
brown single crystals of 3 were obtained (0.024 g, 63%). 1H NMR
(400 MHz, C6D6): δ 10.6 (6H, Mes-Me), 7.9 (18H, PMe3), 4.2 (12H,
Mes-Me), 0.3 (4H, Mes), −6.2 (12H, iPr-Me), −9.0 (12H, iPr-Me)
(isopropyl-methine proton is not observed because of its close
proximity to the paramagnetic Co center, tentative assignments based
on relative integration). UV−vis (C6H6) λmax, nm (ε, L mol−1 cm−1):
471 (2500), 623 (470), 1476 (64). Evans’ method (C6D6): 2.86 μB.
Anal. calcd for C36H68Co2N2P4: C, 56.10; H, 8.89; N, 3.63. Found: C,
56.11; H, 8.94; N, 3.73.

Synthesis of [(THF)Co(MesNPiPr2)2Co(PMe3)]PF6 (4). A
solution of 3 (0.039 g, 0.050 mmol) in THF (3 mL) was cooled to
−32 °C for 30 min, and this solution was added to a THF (2 mL)
solution of FcPF6 (0.017 g, 0.050 mmol). The reaction progress was
monitored by 1H NMR spectroscopy, and after 2 h of stirring the
mixture at rt, the starting material had cleanly converted to a new
compound. At this point, the solution was filtered through Celite to
remove insoluble materials. The volatiles were removed from the
filtrate in vacuo, and this material was washed with pentane to remove
ferrocene and other byproducts. The remaining orange material was
redissolved in THF (2 mL), layered with pentane (3 mL), and stored
at room temperature, resulting in orange blocks of 4 along with a small
amount of [Co(PMe3)4]PF6 as a minor byproduct. Complex 4 was
isolated by manual separation from the mixture (0.039 g, 29%). 1H
NMR (400 MHz, C6D6): δ 80.5 (4H, THF), 32.3 (Mes-Me), 20.3
(4H, THF), 17.0 (9H, PMe3), 1.2 (12H, Mes-Me), −7.6 (12H, iPr-
Me), −10.0 (12H, very broad, Mes), −17.4 (iPr-Me) (isopropyl-
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methine proton is not observed because of its close proximity to the
paramagnetic Co center, tentative assignments based on relative
integration). UV−vis (C6H6) λmax, nm (ε, L mol−1 cm−1): 454 (1300),
682 (150), 728 (140), 949 (140). Evans’ method (C6D6): 1.45 μB.
Complex 4 is thermally unstable in both solution and the solid state
it is likely for this reason that the solution magnetic data are artificially
low and satisfactory combustion analysis data could not be obtained.
Synthesis of [Co(MesNPiPr2)(PMe3)3]PF6 (5). A solution of 3

(0.039 g, 0.050 mmol) in THF (3 mL) was cooled to −32 °C for 30
min, and this was added to a THF (2 mL) solution of FcPF6 (0.033 g,
0.10 mmol). The reaction progress was monitored by 1H NMR
spectroscopy; the starting materials were completely converted to a
new compound after 2 h of stirring the reaction mixture at rt. The
solution was filtered through Celite to remove insoluble materials.
Volatiles were removed from the filtrate, and the orange material was
subsequently washed with pentane to remove ferrocene and other
byproducts. The remaining orange material was redissolved in THF (2
mL), layered with pentane (3 mL), and stored at room temperature,
resulting in orange blocks of 5 (0.038 g, 40%). 1H NMR (400 MHz,
C6D6): δ 18.9 (2H, Mes), 1.8 (27H, PMe3), 1.3 (3H, Mes-Me), −1.7
(6H, iPr-Me), −2.4 (6H, Mes-Me), −8.0 (6H, iPr-Me) (isopropyl-
methine proton is not observed because of its close proximity to the
paramagnetic Co center, tentative assignments based on relative
integration). UV−vis (C6H6) λmax, nm (ε, L mol−1 cm−1): 450 (1400),
671 (380). Evans’ method (C6D6): 3.53 μB. Anal. calcd for
C37H67Co2N2P5F12: C, 42.70; H, 6.49; N, 2.69. Found: C, 43.23; H,
7.96; N, 1.85.
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