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Abstract: Carbonyl and iminyl based radical anions are
reactive intermediates in a variety of transformations in
organic synthesis. Herein, the isolation of ketyl, and more
importantly unprecedented ketiminyl and aldiminyl radical
anions coordinated to cobalt and iron complexes is pre-
sented. Insights into the electronic structure of these unusual

metal bound radical anions is provided by X-Ray diffraction
analysis, NMR, IR, UV/Vis and Mössbauer spectroscopy, solid
and solution state magnetometry, as well as a by a detailed
computational analysis. The metal bound radical anions are
very reactive and facilitate the activation of intra- and
intermolecular C� H bonds.

Introduction

The metal-mediated reduction of ketones and aldehydes is a
well-known synthetic methodology. It can be employed for
substrate deoxygenation (Clemmensen reduction, Zn) or for the
construction of 1,2-diols (pinacol coupling; Mg, SmI2 or low
valent early transition metal complexes) and olefins (McMur-

ray-Coupling, Ti).[1,2,3] Similarly, ketimines and aldimines may be
reduced leading to 1,2-diamines.[2] In these, and in other
reactions such as the amide reduction to alcohols,[4] the initial
substrate reduction via the formation of metal-bound radical
anions supposedly is the key step, which concurs with the
umpolung of the electrophilic carbonyl carbon atom. In recent

years, the importance of these and other radical anions further
emerged due to their role as crucial intermediates in photo-
redox catalysis.[3,5] Hitherto, experimental insights into those
radical anions is essentially restricted to in situ EPR- and UV/Vis
spectroscopic data.[6] Another way to expand the knowledge of
these radical anions is by isolation of their metal complexes.
However, examples for metal-bound carbonyl or iminyl radical
anions are scarce and mostly restricted to diaryl ketones as
illustrated for the isolation of the alkali metal salts the
benzophenone or fluorenone radical anion.[7,8]

Few additional examples of other metal complexes bearing
simple diaryl ketyl or fluorenyl radical anions were authenti-
cated in case of transition- (Fe, Zr)[9–11] and rare earth metals
(Sm, Eur, Yb, La)[12,13–16] as well as uranium[17] and alkali (earth)
metals.[18,19] Here, the intermolecular coupling of the substrate
occurs in the absence of sufficient steric protection or blocking
of susceptible substrate positions, which in rare cases is found
to be reversible. The coupling occurs under pinacol coupling or
Gomberg-type dimerization, as expected from the behaviour of
free radical anions.[11,13–17,20,21] Recently, these endeavours were
extended to organic amides using a highly reducing UIII

complex.[21] In contrast, complexes with aldehyde radical anions
or related “simple” imine derivatives such as aldimines (R(H)NH)
and ketimines (R2NH) are absent in the literature. This is
surprising given the reversible redox chemistry (viz. redox
activity) of ubiquitous imino containing ligands including α-
diimines, α-iminopyridines or pyridino diimines (PDIs).[22]

Herein, we present the isolation of rare examples of
metal*stabilized ketyl radical anions as well as unique ketiminyl
and aldiminyl radical anions using the quasilinear cobalt(I) and
iron(I) complexes K{m}[M(N(SiMe3)2)2] (m=18c6, crypt.222) as
reductants and coordination site (Figure 1). The radical anionic
nature of the substrates L in the K{m}[M(L*–)(N(SiMe3)2)2]
complexes was proven via thorough characterization using X-
Ray diffraction (XRD) analysis, 1H-, IR-, EPR- (for cobalt),
Mössbauer (for iron) and UV/Vis spectroscopy, cyclic voltamme-
try as well as magnetic measurements in comparison to the
neutral metal(II) adducts. Quantum chemical calculations at the
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density functional theory (DFT) as well as NEVPT2/CASSCF level
of theory further corroborate this picture. The radical anion
complexes undergo varied bond activation chemistry.

Results and Discussion

Synthesis and structure

Addition of benzophenone (bp) to the quasilinear iron(I) and
cobalt(I) complexes K{m}[MI(N(SiMe3)2)2] (m=18-crown-6 or
crypt.222)[23–25] resulted immediately in intensely blue and violet
colored solutions from which K{m}[Fe(bp)(N(SiMe3)2)2], K{m}[1],
and K{m}[Co(bp)(N(SiMe3)2)2], K{m}[2] were isolated (Scheme 1).
The analogous, yet more challenging, reduction of aldehydes
and the related ketimines and aldimines was attempted as well.
Whereas only colorless unidentifiable products were obtained
for acetaldehyde, which arguably indicates substrate coupling,
ketimine benzophenone imine (bpi) allowed to isolate turquois
K{m}[Fe(bpi)(N(SiMe3)2)2], [3]� , and K{m}[Co(bpi)(N(SiMe3)2)2],
[4]� . Both bpi-complexes decompose rapidly (t1/2�5 min.) at
room temperature and could therefore only be analysed via
XRD and in situ UV/VIS spectroscopy. The analogous reaction of
the aldimine benzaldehyde methylamine (bama) with the metal
(I) precursors led in case of iron to the formation of dark yellow
K{m}[Fe(bama)(N(SiMe3)2)2], 5. In contrast, no reaction was
observed for the reaction of the cobalt(I) complex with bama.

For comparison, the synthesis of the neutral metal(II)
substrate adducts was pursued as well. [M(N(SiMe3)2)2] readily
formed adducts with bama and bp, whereas for bpi unproduc-
tive substrate deprotonation and formation of dimeric com-
plexes [(M(N(SiMe3)2))2(μ-NCPh2)2] (Fe: 7, Co: 8) was observed.
The metal(II) adducts 1, 2 and 5 could also be used for the

Figure 1. Metal-stabilized ketyl, ketiminyl and aldiminyl radical anions in the
literature and in this report.

Scheme 1. Synthesis of iron and cobalt ketyl-, ketiminyl- and aldiminyl radical anion complexes [1]� –[5]� and neutral complexes 1, 2, 5 and 6.

Figure 2. Molecular structures of the complex anions of compounds K{m}[1], K{m}[3] and K{m}[5]. H atoms (except H1) and [K{18c6}]+ cations are omitted for
clarity and ellipsoids are shown at 50% probability.
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formation of their reduced counterparts, with the exception of
6. There, the reduction with KC8 led to the formation of the
adduct free [CoI(N(SiMe3)2)2]

–. This indicates that the aldiminyl
radical anion is more reducing than the cobalt ion which is in
line with indifference of bama towards the cobalt(I) complex.

X-ray diffraction analysis of the anionic, trigonal planar iron
and cobalt benzophenone complexes revealed C� O bond
lengths of 1.310(2) Å ([1]� ) and 1.324(2) Å ([2]� ) (Figure 1). In
comparison to those found for their respective, neutral counter-
parts (1.248(9) Å (1) and 1.244(2) Å (2)) as well as for other
authenticated ketyl radical anion complexes,[9–11,17,18] this hints at
the presence of a ketyl radical anion.

Accordingly, the M� O bonds of 1.869(1) Å ([1]� ), 1.903(1) Å
([2]� ) are considerably shorter than those of their neutral
counterparts (1 (bp): 2.025(5) Å, 5 (bama): 2.119(2) Å). This is
similar to the only other late 3d-metal ketyl complex. (Fe(II)� O
1.8565(10) Å)[9] and in the general range found for anionic O-
donor ligands. The iron benzophenone imine complex [3]�

exhibits an Fe� Nbpi bond length of 1.917(2) Å with Nbpi� C
distance of 1.299(3) Å. For [4]� both the Co� Nbpi (1.946(2) Å) and
the Nbpi� C bonds are longer (1.350(4) Å) (Table 1). While the
value of Nbpi� C of [4]� is comparable to cobalt(II) complexes of
monoreduced aryliminopyridines (approx. 1.34 Å),[26] the Nbpi� C
distance of the iron complex [3]� is surprisingly short.[27]

However, the very short Fe� Nbpi bond implicated an anionic
amide ligand which gave overall an ambiguous picture for [3]�

on a structural level. The comparison of the structural metrics
for the iron aldimine complexes [5]� and 5 show clearly longer
Nbama� C bond (1.331(6) Å) and shorter Fe� Nbama bond
(1.978(4) Å) for the reduced complex [5]� (5: Fe� Nbama

2.0119(2) Å; Nbama� C 1.275(3) Å). The average M� NSiMe3 bond
lengths of all reduced complexes are slightly elongated (Fe:
1.95–1.97 Å; Co: 1.93–1.97 Å) in comparison to the neutral
counterparts (Fe: 1.91–1.94 Å; Co: 1.90–1.92 Å)).

The electrochemical behaviour of all isolable mononuclear
compounds was investigated by cyclic voltammetry (Figur-
es S41–S44). The anionic compounds exhibited no meaningful
redox events, a phenomenon already observed for other
anionic, low-valent 3d-metal silylamides with radical anionic
ligands.[28] In contrast, for the neutral compounds 1 and 2 a
reversible reduction at E1/2= � 2.06 V (1) and E1/2= � 2.10 V (2)
was observed (200 mVs� 1, vs. Fc/Fc+ propylene carbonate). For
5 the reduction is irreversible (Ep/2= � 2.83 V (5)). These
reduction potentials are suspiciously similar to those of the free

substrates, which is indicative for a substrate-centred reduction
although we cannot fully rule out substrate dissociation under
the CV conditions.

Spectroscopy

UV/Vis spectroscopic examination of the anionic iron ketyl and
ketiminyl complexes show distinct absorption maxima at
581 nm ([1]� ) and 567 nm ([3]� ) (Figure 3 and Table 2), which is
consistent with previously reported ketyl-radical anions.[7,9,11,17]

We attribute these features on the basis of TD-DFT (Table S11,
Figure S60–S70) and state averaged CASSCF/NEVPT2 (Ta-
ble S12–S15, Figure S76–78) calculations to the π-π* transitions,
which share considerable metal-to-ligand charge-transfer
(MLCT) character. Similarly, the analogous cobalt compounds
exhibit absorption maxima at 567 nm ([2]� ) and 594 nm ([4]� ).
The aldiminyl radical iron complex [5]� lacks any absorption in
this region, but exhibits a pronounced absorption at 486 cm� 1.
The blue-shift is likely due to the absence of the second aryl
substituent and thus overall smaller aromatic system. For
comparison, the neutral metal substrate adducts exhibit no
such absorption bands.

1H NMR spectroscopic examination of the reduced, stable
complexes [1]� , [2]� , and [5]� revealed extensive paramagnetic
features. The position of the respective SiMe3 signals (Fe: [1]� :
� 2.56 ppm, [5]� : � 3.02 ppm; Co: [2]� : � 12.47 ppm) resembles
those of comparable trigonal metal(II) complexes (e.g. [Fe(N-
(SiMe3)2)2(F)]

� : � 2.29 ppm);[29] ([Co(NHtBu)(N(SiMe3)2)2]
� :

� 15.45 ppm[23]). As the SiMe3 signal is highly sensitive to the
coordination environment and oxidation state, it would support
the notion of three-coordinate metal(II) ions in all these
compounds. Interestingly, upon dissolution of otherwise ana-
lytical pure [2]� the presence of precursor complex [K(18c6)][Co-
(N(SiMe3)2)2] could be detected. Addition of further amounts of
benzophenone did not fully suppress the signal belonging to
the cobalt(I) starting compound (and also initiated partial

Table 1. Selected structural metrics of complexes [1]� –[5]� , [1], [2], [5] and
[6].

Compound M� X/Å C� X/Å M� N1/Å M� N2/Å

Fe(bp*) ([1]� ) 1.869(1) 1.310(2) 1.951(1) 1.953(1)
Co(bp*) ([2]� ) 1.903(1) 1.324(2) 1.960(1) 1.934(1)
Fe(bpi*) ([3]� ) 1.917(2) 1.299(3) 1.965(2) 1.966(2)
Co(bpi*) ([4]� ) 1.946(2) 1.350(4) 1.954(2) 1.971(2)
Fe(bama*) ([5]� ) 1.978(4) 1.331(6) 1.971(4) 1.968(4)
Fe(bp) (1) 2.025(5) 1.248(9) 1.937(6) 1.912(6)
Co(bp) (2) 2.025(1) 1.244(2) 1.899(1) 1.903(2)
Fe(bama) (5) 2.119(2) 1.275(3) 1.934(2) 1.930(2)
Co(bama) (6) 2.061(2) 1.276(4) 1.905(2) 1.916(2)

Figure 3. UV-Vis spectra of complexes [1]� , [3]� and [5]� in Et2O.

Table 2. UV/Vis-spectroscopic characteristics of [1]� –[5]� .

Fe(bp*)
[1]-

Fe(bpi*)
[3]-

Fe(bama*)
[5]-

Co(bp*)
[2]-

Co(bpi*)
[4]-

λmax /nm 581 584 486 567 594
ɛ0 / Lmol� 1cm� 1 2830 1080 1550 3720 n.a.
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decomposition via detection of [Co(N(SiMe3)2)3]
� ), which points

to an equilibrium between [2]� and starting complex/free
benzophenone. A similar observation was already made by us
for the cobalt alkyne complex [Co(η2-PhCCPh)(N(SiMe3)2)2]

[30]

which we attribute in the present case also to the low reduction
potential of [Co(N(SiMe3)2)2] (Ered= � 1.47 V).[25]

For more intimate insights into the electronic situation, 57Fe
Mössbauer (for iron) and EPR spectroscopy (for cobalt) was
performed. All iron compounds 1, [1]� , 5 and [5]� (Figure 4,
S53–56), show doublets with similar isomer shifts (0.56–
0.62 mms� 1) in the Mössbauer spectra. These values correspond
well with those observed for related trigonal planar high-spin
iron(II) complexes ([Fe(NR2)2I]

� : δ=0.63 mms� 1; [Fe(NR2)3]
� : δ=

0.59 mms� 1)[24,31] which speaks to a divalent metal ion in all
compounds presented herein. The measured quadrupole split-
tings are smaller for the reduced complexes (0.78–1.20 mms� 1)
than for the neutral counterparts (1.31–1.83 mms� 1). This can
be reasoned by the more pseudo-C3-symmetric geometry of the
reduced compounds.

For the cobalt complex [2]� X-Band EPR-spectroscopy
showed at 4 K broad absorptions at g�10 and 3.84 and as well
as a very sharp signal at g=2.00 (Figure S57). The broad
features are indicative of an axial signal corresponding to a
high-spin cobalt(II) ion.[32] This becomes more evident as these
signals disappear above 80 K (Figure S58). The signal at g=2.00
likely belongs to the ketyl centred radical whereas its sharp,
isotropic form suggests rather weak delocalisation of the
electron over the cobalt ion.[21,33]

Magnetism

For further insights into the electronic structure of the anionic
complexes, namely the iron complexes [1]� , [5]� as well as the
cobalt complex [2]� , their magnetic features in the solid state
and solution (Evans method) were probed (Figure 5). The

effective magnetic moments of the iron complexes amount to
μeff=4.92 μB ([1]� ) and μeff=4.65 μB ([5]� ) in solution, which is in
good agreement to the values found in the solid state at 300 K
([1]� : μeff=4.40 μB; [5]� : μeff=4.67 μB. The χmT vs. T slopes of
these compounds decrease steadily down to 50 K where a
sharper drop is observed (Figure 5). Under the premise of an
iron(II) ion interacting with an organic radical the observed
values for both compounds lie between the theoretical spin-
only values expected for a ferromagnetically coupled (5.19 μB)
system and for strong antiferromagnetic coupling (3.87 μB).
Further, these values are higher than those of low-coordinate
high-spin iron(I) complexes, which would be the hypothetical
case of a non-reduced substrate.[34] The presence of antiferro-
magnetic coupling also explains that the curves do not plateau
at higher temperatures. Similar conclusions can be drawn for
the cobalt complex [2]� (solution: μeff=4.43 μB; solid state,
300 K: μeff=4.75 μB). Its values are higher than the one of the
cobalt(I) precursor (μeff=4.21 μB)

[25] and the spin-only value of a
cobalt(II) ion with antiferromagnetic coupling to the radical
anion (S=1; 2.83 μB) but lower than the alternative of
ferromagnetic coupling (S=2; 4.90 μB). Considering the general
presence of significant spin-orbit contributions for cobalt(II)
ions this speaks for an antiferromagnetically coupled system in
[2]� .

Quantum chemical calculations

In order to further pinpoint the electronic structure of the
anionic complexes [1]� –[5]� as well as the neutral congeners 1,
2, and 5, scalar relativistic (ZORA) quantum chemical calcula-
tions were performed.[35] Various methods (CASSCF/NEVPT2;
PBE, BP86, PBE0, TPSS, TPSSh, B3LYP, M06, PBEh-3c, B97-3c)
were applied, which all gave qualitatively consistent results.
Overall, all complexes [1]� –[5]� contain a high-spin metal ion
anti-ferromagnetically coupled to a ligand centred radical
(Table S8–16). For instance, the benzophenone coordinated iron

Figure 4. 57Fe-Mössbauer spectra of K(18c6)[1] (top left), 1 (bottom left),
[K(18c6)][5] (top right) and 5 (bottom right) at 15 K. Isomer shifts δ and
quadrupole splittings ΔQ are as following: [1]� : δ=0.62 mms� 1,
ΔQ=1.20 mms� 1; 1: δ=0.62 mms� 1, ΔQ=1.83 mms� 1; [5]� : δ=0.56 mms� 1,
ΔQ=0.78 mms� 1; 5: δ=0.58 mms� 1, ΔQ=1.31 mms� 1.

Figure 5. Temperature dependent magnetic susceptibility (χT vs. T) for 1,2
and 5 from 3 K to 300 K
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complex [1]� features a d6 configured iron centre in the
oxidation state + II with overall S=3/2 (Figure 6).1

Thereof, the d(z2) orbital is doubly occupied. The ligand
centred radical is mainly located at the carbonyl carbon atom in
the p(y) orbital (Table S10). It is moderately delocalized over the
two phenyl substituents, and mixes with the d(xy) orbital. The
NEVPT2/CASSCF (Table S15) calculations[36] predict a vertical
quartet–sextet gap ΔEq/sex of 0.16 eV, which is well reproduced
by both vertical as well as adiabatic values from the DFT
calculations (PBEadiabatic: ΔEquart/sex=24 kJmol� 1; PBEvertical: ΔE quart/

sex=25 kJmol� 1). Accordingly, the cobalt complex [2]� can be
understood as a d7 configured cobalt centre with doubly
occupied d(z2) and d(xz) orbitals, and an anti-ferromagnetically
coupled radical ligand, leading to a S=1 spin system (Fig-
ure S80). The triplet-quintet gap ΔEt/quin is predicted to be
0.12 eV (PBEadiabatic :ΔEt/quint=21 kJmol� 1; PBEvertical :ΔEt/quint=

30 kJmol� 1). While anionic complexes [1]� to [5]� display
ligand-centered radicals, the iminyl and aldiminyl ligands bear
slightly reduced spin-density on the carbon atom (Table S10).

Contrarily, the carbonyl- and imine ligand in the neutral
metal complexes are all redox-innocent and coordinate the
high-spin metal centres (Table S19). This picture is not only
consistent with the experimental (see above) and computed
C=X bond lengths, but manifests as well in the C� X stretches
(Table 3). Whereas their intensity is too low to allow for an
unambiguous identification experimentally (Figure S82), they
were extracted from the computational data (Table S16). The
stretches in [1]� –[5]� occur at lower wave numbers in reference

to 1–3 and 6, thus corroborating a substantially reduced bond
order and bond strength. For example, the C� O stretch is
computed to resonate at 1563 cm� 1 in [1]� (C� O: 1.31 Å), at
1565 cm� 1 in [2]� (C� O: 1.31 Å), and at 1536 cm� 1 for the ”free”
anionic benzophenone radical (C� O: 1.27 Å). In contrast, these
stretches occur at considerably higher energies for the neutral
congeners 1 (~n=1615 cm� 1; C� O: 1.28 Å) and 2 (~n= 1590 cm� 1;
C� O: 1.27 Å) as well as free benzophenone (~n=1701 cm� 1; C� O:
1.23 Å).

Reactivity

Having established the substrate based radical character of the
anionic compounds we were interested in how this would
translate into radical-like reactivity, namely H atom abstraction
(HAA) capability. The iron ketyl complex [1]� showed no
reaction with 1,4-cyclohexadiene (CHD). In contrast, CHD was
dehydrogenated to benzene using the cobalt ketyl complex
[2]� and the iron aldimine complex [5]� (Scheme 2).

This is accompanied by the appearance of new para-
magnetic signals in the 1H NMR spectroscopic analysis; unfortu-
nately, the composition of the metal containing products (e.g. a
metal(II) benzhydrolate) remained so far elusive. The presence
of the radical anion in [2]� and [5]� is crucial as neither the
metal(I) precursors nor the neutral complexes 2 and 3 facilitate
the HAA of 1,4-CHD. Interestingly, using an excess of 1,4-CHD in

Figure 6. Molecular frontier orbitals1 of [1]� as obtained at the CASSCF
(11,10) level of theory. Two doubly occupied and the related unoccupied,
ligand-centred orbitals are omitted for clarity.

1 For a thorough benchmark regarding structural parameters and absorption
spectra, see Table S2–S9, S11 and Figure S61–S71.

Table 3. Calculated C� X resonances and bond lengths for benzophenone-
coordinate complexes and comparison with free benzophenone (bp) and
the anionic ketyl radical (bp� ).

Compound ~n in cm� 1 C� O bond length in [Å]

Fe(bp*� ) ([1]� ) 1563 1.31
Co(bp*� ) ([2]� ) 1565 1.31
Fe(bp) (1) 1615 1.28
Co(bp) (2) 1590 1.27
bp� 1536 1.27
bp 1701 1.23

Scheme 2. Reactivity of [2]� and [5]� with 1,4-CHD and independent
synthesis of [9]� .
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the presence of [2]� led, besides some C6H6, to the formation of
the anionic sandwich complex [Co� I(1,3-CHD)2]

� , [9]� , and
concomitantly [Co(NR2)3]

� which speaks to redox and ligand
rearrangement. [9]� resembles the related anthracenide or
butadiene cobaltates(–I) from Ellis and co-workers
(Scheme 2).[37] The presence of the ketyl ligand is thereby not
necessary for the formation of [9]� as it can be directly obtained
via reaction of either 1,3- or 1,4-CHD and [Co(N(SiMe3)2)2]

� . The
formation of the 1,3-CHD complex [9]� is accompanied by a
sigmatropic H-atom shift of 1,4-CHD. The metal bound radical
anions thus intriguingly act in two roles: a) as a facilitator for
HAA abstraction and b) as an electron reservoir that reversibly
masks a metal(I) ion. Next, we turned to the highly labile
ketiminyl complexes [3]� and [4]� . Analysis of the decomposi-
tion of [3]� revealed the formation of the homoleptic dinuclear
iron(II) ketiminato complex [(L2Fe)2(μ-L)2]

2� , [10]2� (Scheme 3,
Figure S95), which is likely the product of intermediate [Fe-
(NR2)3]

� followed by deprotonation of the liberated ketimine
(L=� N=CPh2).

No HAA abstraction was observed when treating [3]� with
1,4-CHD. More intriguingly, the cobalt ketiminyl complex [4]�

transformed slowly into the dinuclear compound [11]2� with
deprotonation of the NH function as well as orthometallation of
the ketimine ligand (Scheme 4, Figure S96). In-situ 1H NMR
spectroscopy showed the further formation of HN(SiMe3)2 and
[Co(N(SiMe3)2)3]

� which indicated an interplay of redox dispro-
portionation and intramolecular deprotonation for the forma-
tion of [11]2� . In contrast, in the presence of 1,4-CHD [4]� slowly
converts into the binuclear cobalt compound [12]� (Figure S97)
which forms as the result of a multitude of bond formation and
cleavage processes. A now bridging ketimine was deprotonated
at the nitrogen atom with additional C� C bond formation in
ortho-Caryl-H position with the employed 1,4-CHD, that binds as
a rearranged 1,3-cyclohexadienyl unit to one of the cobalt ions
via the butadiene moiety. The coordination sphere of this
cobalt ion is completed by a second ketimine that binds in a η2-

k2-N:k1-C fashion, whereas the C� N bond lengths of 1.396(5) Å
speaks for a partially reduced state. The second cobalt ion is
ligated by a 1,3-CHD ligand in addition to the two ketimine
ligands. It is interesting to note that [12]� is not a subsequent
product of [11]2� but of an unknown intermediate. The
observed orthometallation of a ketone or imine linked arene is
reminiscent of directing group assisted C� H bond
functionalisation.[38,39] This is catalysed by a variety of metals,
including cobalt. In these instances the directing group acts as
a donor ligand and the C� H bond is broken either via
deprotonation for high-valent[40] or oxidative addition and metal
hydride formation for low-valent[39] cobalt species. In the
presented case of [11]2� and [12]� the mechanism is not fully
understood, but resembles imine activation by a Zr/Co-complex
involving a cobalt hydride.[11] Eventually, the highly basic
N(SiMe3)2 ligands likely assists in a concerted metalation-
deprotonation type pathway.

Conclusion

We reported on the reduction of a diarylketone (benzophe-
none), a ketimine (ketimine benzophenone imine), as well as of
a phenylaldimine (aldimine benzaldehyde methylamine) by
anionic linear metal(I) complexes of iron and cobalt. Besides
rare examples of ketyl radical anion complexes, this leads to the
first structurally authenticated ketiminyl and aldiminyl radical
metal compounds. The electronic description of a metal(II)
bound radical anion is supported by comprehensive analysis of
the structural, spectroscopic and physical properties of these
compounds, and corroborated by quantum chemical calcula-
tions. We further revealed the multifaceted chemical behaviour
of the high-spin complexes, which show H atom abstraction
capability, reversible substrate reduction and coordination as
well as, in case of cobalt, intramolecular C� H bond activation
and dehydrogenative C� C bond formation via double C� H
bond activation.

Experimental Section
Details concerning the syntheses of all complexe, the spectroscopic
and physical properties, in situ spectroscopic data and X-ray
diffraction data are given in the Supporting Information. Deposition
Numbers 2093093 ([K{18c6}][1]), 2093094 ([K{18c6}][2]), 2093095 (K
{18c6}[3]), 2093096 (K{18c6}[4]), 2093097 (K{18c6}[5]), 2093086 (1),
2093087 (2), 2093088 (5), 2093089 (6), 2093090 (7), 2093091 (8),
2093098 (K{18c6}[9]), 2093099 ([K{18c6}]2[10]), 2093100 ([K
{18c6}]2[11]), 2093092 (K{18c6}[12]) contain the supplementary
crystallographic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service.2

Scheme 3. Further conversion of [3]� and [4]� and its reactivity towards 1,4-
CHD.

2Molecular orbitals were plotted with IBOView J. Chem. Theory Comput.
2013, 9, 4834.
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