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Abstract: Anionic two-coordinate complexes of first-row
transition-metal(I) centres are rare molecules that are expect-
ed to reveal new magnetic properties and reactivity. Recent-
ly, we demonstrated that a N(SiMe3)2

� ligand set, which is
unable to prevent dimerisation or extraneous ligand coordi-
nation at the + 2 oxidation state of iron, was nonetheless
able to stabilise anionic two-coordinate FeI complexes even
in the presence of a Lewis base. We now report analogous
CrI and CoI complexes with exclusively this amido ligand and

the isolation of a [MnI{N(SiMe3)2}2]2
2� dimer that features

a Mn�Mn bond. Additionally, by increasing the steric hin-
drance of the ligand set, the two-coordinate complex
[MnI{N(Dipp)(SiMe3)}2]� was isolated (Dipp = 2,6-iPr2-C6H3).
Characterisation of these compounds by using X-ray crystal-
lography, NMR spectroscopy, and magnetic susceptibility
measurements is provided along with ligand-field analysis
based on CASSCF/NEVPT2 ab initio calculations.

Introduction

Two-coordinate 3d metal complexes present an attractive class
of compounds for applications in catalysis and materials sci-
ence.[1] Sterically hindered ligands have been used to stabilise
two-coordinate MII and MI complexes, with the latter being
a promising new field.[2–4] The silylamido group N(SiMe3)2

� is an
ubiquitous ligand for transition metals[1b] (except for late 4d
and 5d metals), lanthanides[5] and alkali metals.[6] It is remark-
able that the [M{N(SiMe3)2}2] series is known as dimers or sol-
vent adducts for M = Cr, Mn, Fe, Co at the + 2 oxidation state,
whereas the related iron(I) complex K(18-crown-
6)[FeIN(SiMe3)2)2] (1) proved to be two-coordinate, as we re-
cently published.[7] This perfectly linear complex, obtained in
very high yield by the reduction of a neutral trigonal iron(II)

complex (Scheme 1), does not react with Lewis bases. This
result indicates that different coordination rules can be at play
for the + 1 oxidation state. We now report our findings con-
cerning the synthesis of other first-row transition-metal(I) com-
plexes. In particular, physical and quantum chemical studies
provide a detailed description for the Cr, Mn, Fe, Co members
of the series.

Results and Discussion

The THF adducts of CrII and CoII hexamethyldisilazides were
subjected to a slight excess of KC8 in the presence of 18-
crown-6 to afford K(18-crown-6)[CoI{N(SiMe3)2}2] (2) and K(18-
crown-6)[CrI{N(SiMe3)2}2] (3) in 82 and 71 % yield, respectively.
From the crystallisation mixture of complex 3, some darker
orange crystals of complex 4 with 1.5 equivalents of cryptand
per anion were obtained. The use of the more encapsulating
2.2.2-cryptand allowed for the isolation of K(crypt.2.2.2)-
[CrI{N(SiMe3)2}2] (5) in 78 % yield (see Scheme 2).

X-ray diffraction analyses of 2 (Figure 1) and 3 (Figure S25 in
the Supporting Information) revealed structures analogous to
the one previously observed for 1.[7] The metal centres lie on
a crystallographic inversion centre and the N(SiMe3)2

� ligands
are in an eclipsed conformation, with the Si-N-Si planes slightly

Scheme 1. Synthesis of K(18-crown-6)[FeI{N(SiMe3)2}2] complex 1.
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bent with respect to the N-M-N axis (�188 for 2 and 3). In
contrast, the X-ray analysis revealed two and three inequiva-
lent chromium(I) anions per unit cell for 4 and 5 (Figures S26
and S27 in the Supporting Information), respectively, which
show some conformational distortion compared with 1–3. In
the case of 5 b and 5 c, a quasi-linear N-Cr-N bond angle is ob-
served, whereas 5 a displays a slightly more bent angle of
175.74(10)8 and a more distorted conformation with somewhat
twisted N(SiMe3)2

� groups (14.42(6)8). These analyses indicate
that two-coordinate structures are accessible for CoI and CrI

compounds with N(SiMe3)2
� ligands. Perfectly linear geometries

are found, but quasi-isoenergetic structures that deviate from
linearity are also observed in the case of chromium.

When the precursor [MnII{N(SiMe3)2}2] was treated with KC8

in the presence of 18-crown-6, a dark-violet solution was ob-
served upon warming above �20 8C. Although in situ 1H NMR
spectra indicated the formation of a well-defined product (Fig-
ure S12 in the Supporting Information), the presumed manga-
nese(I) amide proved to be highly unstable and colourless crys-
tals of the manganese(II) compound K(18-crown-
6)[MnII{NSiMe3)2}3] , and also K(18-crown-6){N(SiMe3)2}, were iso-
lated (Figures S28 and S29 in the Supporting Information).[8]

Faster crystallisation enabled the isolation of violet crystals,
identified as a dianionic, bimetallic manganese(I) complex
[K(18-crown-6)1.5]2[MnI{N(SiMe3)2}2]2 (6) that features an unsup-
ported Mn�Mn bond (Scheme 3, Figure 2). Here, the Mn�N
bond lengths of approximately 2.15 � are longer by about
0.1 � than all the other complexes (Table 1). The Mn�Mn bond
length of 2.802(2) � is comparable to those in the two other
examples of tri-coordinate MnI dimers[9] and slightly longer
than that of a related di-coordinate MnI dimer complex (Mn�
Mn = 2.7224(6) �).[4] The sensitivity of the complex did not
enable us to further probe whether a monomeric two-coordi-

nate MnI complex is initially formed. However, the dimerisation
through a metal–metal bond formation is remarkable because
it contrasts with the MnII parent compound that dimerises
through bridging amide ligands.[10] It should be noted that in
the case of MI(1,3-diketiminate) complexes (Cr–Ni), the Mn ex-
amples were also the only ones that exhibited such a metal–
metal bond.[9a, 11] This feature was explained by an overlap of
the 4s orbitals of the MnI ions, each of which is in a 4s13d5 con-
figuration.[9a]

To isolate a stable two-coordinate MnI amido species, we
turned our attention to the more bulky N(Dipp)(SiMe3)�

(Dipp = 2,6-iPr2-C6H3) ligand set. Reaction of MnCl2 with two
equivalents of Li{N(Dipp)(SiMe3)} afforded the two-coordinate

Table 1. Selected X-ray data for complexes 1–3, 5, 7, and 8.

M�N [�] M�M[a] [�] M�K[a] [�] N-M-N [8] Twisting
angle[b] [8]

1 1.9213(6) 9.5765(2) 6.4566(2) 180 0
2 1.8979(11) 9.6542(4) 6.5128(3) 180 0
3 2.049(17) 11.1475(6) 6.5215(3) 180 0
5 a 2.063(2) 9.9770(8) 7.3937(8) 175.74(10) 14.42(6)

2.068(2)
5 b 2.077(3) 9.9770(8) 7.4980(9) 179.48(10) 0.61(12)

2.076(2)
5 c 2.062(3) 10.0617(8) 7.2709(9) 179.30(10) 13.54(6)

2.061(3)
7 1.9182(7) 8.7868(4) – 180 0
8 1.961(3) 10.8687(11) 7.8756(12) 167.12(14) 49.1(2)

1.954(3)

[a] Shortest distance in the crystal lattice. [b] Angle between the planes
of the two amide units.

Figure 1. Molecular structure of 2. All hydrogen atoms are omitted for clari-
ty; thermal ellipsoids drawn at the 30 % probability level.

Scheme 2. Synthesis of [MI{N(SiMe3)2}2]� complexes 2–5 (nd = not deter-
mined).

Scheme 3. Synthesis of the MnI dimer 6.

Figure 2. Molecular structure of 6. All hydrogen atoms, K(18-crown-6) moiet-
ies, and a disorder on one SiMe3 group are omitted for clarity ; thermal ellip-
soids drawn at the 30 % probability level.
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complex [MnII{N(Dipp)(SiMe3)}2] (7) in 57 % yield.[12] Reduction
of 7 in the presence of 18-crown-6 afforded K(18-crown-
6)[MnI{N(Dipp)(SiMe3)}2] (8) in 60 % yield (Scheme 4). Com-
pound 8 represents a rare example of a two-coordinate MnI

ion.[4, 3d]

The X-ray diffraction analysis of 7 (Figure 3A) revealed a per-
fectly linear structure, whereas 8 (Figure 3B) features a bent
structure with a N-Mn-N angle of 167.12(14)8. The Mn�N bond
lengths in 7 (1.9182(7) �), which are the shortest so far report-
ed for two-coordinate manganese complexes,[1b] are slightly

elongated in 8 (1.954(3) and 1.961(3) �). The orientation of the
substituents on the nitrogen atom changes from trans in 7 to
cis in 8. The short separations between the manganese atom
and the ipso-carbon atom of the phenyl ring (2.7410(7) � in 7
and 2.799(4) � in 8) imply very weak secondary interactions.[1b]

In addition, one isopropyl group of each ligand in 8 points to-
wards the phenyl ring of the opposing ligand, which indicates
dispersion interactions.[13]

Complexes 1–3, 5 and 8 give rise to paramagnetic but well-
defined NMR spectra, whereas complex 7 is NMR silent. In the
variable-temperature 1H NMR spectroscopy analysis of CoI com-
plex 2, depicted in Figure 4, the chemical shift for the SiMe3

groups varies from d=�4.70 ppm (w1/2 = 16 Hz) at 298 K to
d=�7.6 ppm (w1/2 = 125 Hz) at 173 K. The crown-ether protons
are found in the normal chemical shift range at room tempera-
ture. However, as in the case of complex 1, upon cooling from
200 K, the signal shifts and is split into two signals of equal in-
tensity. For CrI complexes 3 and 5, slightly shifted signals asso-
ciated with the cryptand are observed along with a large line-
broadening of the crown-ether signal for 3. For complexes 2–

5, both the shifts and/or the line broadening indicate an influ-
ence of the paramagnetic metal centre on the protons of the
counterion, probably as a result of relatively unencumbered
metal ions. The crown-ether signal for 8, which features bulkier
N(Dipp)(SiMe3)� ligands, is indeed much less affected even
upon cooling.

The solution effective magnetic moments of 3 (5.99 mB), 7
(6.09 mB) and 8 (4.98 mB) are close to the expected spin-only
values. For complex 2, however, the meff value of 4.18 mB is
higher than the value expected for a high-spin d8 system
(mS.O. = 2.83 mB), which indicates a contribution of orbital angu-
lar momentum to the spin, as observed for iron(I) analogue 1.
Variable-temperature dc magnetic susceptibility measurements
in the solid state were conducted for 2 and 8, for which mag-
netic anisotropy was expected. The cMT values of 2.22 and
3.32 cm3 K mol�1 (which correspond to 4.21 and 5.15 mB) at
room temperature for 2 and 8, respectively, are in good agree-
ment with the Evans’ measurements. Compound 2 exhibits
a steady decrease in susceptibility upon lowering the tempera-
ture, which indicates magnetic anisotropy and temperature-in-
dependent paramagnetism (Figure 5). A small field depend-
ence at high temperature was observed, likely due to the pres-
ence of a superparamagnetic impurity. This is similar, though
less pronounced, to observations already made for 1.

For complex 8, the cMT values at 0.1 and 1 T remain constant
until below 10 K, at which point a small drop can be observed
that indicates magnetically isotropic behaviour (Figure 6). Vari-
able-frequency, variable-temperature ac magnetic susceptibility
measurements were carried out to assess the magnetisation
dynamics of 2 and 8. However, neither of the compounds dis-
played peaks in the out-of-phase susceptibility (cM’’), which in-
dicates an absence of slow relaxation of magnetisation (Fig-
ures S22 and S23 in the Supporting Information).

Ab initio ligand field theory was employed to gain insights
into the electronic structure of the full [MI{N(SiMe3)2}2]� (M = Cr,
Mn,[14] Fe, Co) series. The computed splitting of the 3d orbitals
exhibits a similar pattern for all complexes (Figure 7). In con-
trast to crystal field expectations for two-coordinate com-
plexes, the lowest orbital is 3dz2 , which is stabilised by strong
mixing with the 4s orbital. Along the Cr, Mn, Fe and Co series,

Figure 3. Molecular structure of A) 7 and B) 8. All hydrogen atoms are omit-
ted for clarity ; thermal ellipsoids drawn at the 30 % probability level.

Figure 4. Variable-temperature 1H NMR spectra of 2 in [D8]THF.
Scheme 4. Synthesis of the two-coordinate MnI complex 8 from the reduc-
tion of complex 7.
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the admixture of the 4s orbital into 3dz2 decreases from 21 to
17, 14 and 11 %, respectively, whereas the antibonding sigma
interaction (es) increases due to the shortening of the M�N
bond (Table 1). Both effects bring the 3dz2 orbital closer to the
nearly degenerate, non-bonding dxy and dx2�y2 orbitals,[15]

which experience only a small splitting caused by C2 symmetry
along the z axis. The dxz and dyz orbitals are split significantly
(2200–2500 cm�1 for all complexes) due to a strong antibond-
ing interaction between the nitrogen lone pair in the yz plane

with the dyz orbital and a weak interaction between the N�Si
bonding orbitals and the dxz orbital. A stabilisation of the dxz

and dyz orbitals is clearly observed along the series from Cr to
Co due to enhanced p-bonding interactions at shorter M�N
lengths. The ground-state electronic configuration shown in
Figure 7 suggests orbitally non-degenerate ground states in
the case of CrI and MnI and a doubly degenerate quartet
ground state for FeI. In the case of CoI, dxz is lower than the dxy

and dx2�y2 orbitals. Nevertheless, the dominant configuration in
the ground-state wavefunction corresponds to singly occupied
dxz and dyz orbitals.

The ground-state multiplet of each complex is split due to
spin-orbit coupling with excited states. The corresponding
zero-field splitting parameters D and E/D have been evaluated
by using CASSCF/NEVPT2 with the effective spin-Hamiltonian
formalism for the complexes with an orbitally non-degenerate
ground state. The CrI complex has values of D = 0.2 cm�1 and
E/D = 0.3 with an isotropic g tensor that is slightly smaller than
the free electron value (giso = 1.9999), typical for 3d5 systems.
The constructed MnI complex has a small zero-field splitting
(D = 1.9 cm�1, E/D = 0.16) and a nearly isotropic g tensor (gx

�2.00, gy�2.01, gz�2.02). For CoI, the estimated spin-Hamilto-
nian parameters show a pronounced anisotropy of the mag-
netic moment (gx = 2.06, gy 2.41, gz = 3.30) and large but not
ideally axial zero-field splitting (D =�55 cm�1 and E/D =

0.16).[16] Magnetic isotropy for MnI and non-axial anisotropy for
CoI explain the lack of observable slow relaxation of magneti-
sation.

The anion of 1 exhibits a degenerate 4E ground-state split-
ting into four doublets, which are characterised best by the
magnetic quantum number MJ (J = total angular moment). The
four doublets would then correspond to MJ = �7/2, �5/2,
�3/2 and �1/2, with an energy spacing between these dou-
blets of approximately 210 cm�1. The effective g tensor of the
ground-state Kramers’ doublet of [FeI{N(SiM3)2}2]� has very pro-
nounced axial anisotropy (gx = gy = 0.0032 and gz = 9.9851). The
calculated temperature dependence of magnetic susceptibility
of 1 shows a maximum at approximately 150 K, characteristic
for an orbitally degenerate ground state,[17] in accordance with
the experimental results. These characteristics are very similar
to those calculated for the related compound K(crypt.2.2.2)-
[FeI(C(SiMe3)3)2] .[2a] Nonetheless, the comparably lower experi-

Figure 5. Variable-temperature molar magnetic susceptibility (cMT) for 2.
Squares, circles, and triangles are data collected under applied dc fields of
0.1, 1, and 7 T, respectively. The data were fit simultaneously with PHI[28] to
give the best fit, with D =�100 cm�1, jE/D j = 0.22 cm�1, gk= 3.43 and
g?= 2.68. The fits are shown as solid lines.

Figure 6. Variable-temperature molar magnetic susceptibility (cMT) for 8.
Squares, triangles, and circles are data collected under applied dc fields of
0.1, 1, and 7 T, respectively. The data were fit simultaneously with PHI to
give the best fit, with D = 0.39 cm�1, jE/D j = 5.5 � 10�3 cm�1, gk= 2.43 and
g?= 1.91. The fits are shown as solid lines.

Figure 7. Structure and d-orbital splitting of [MI{N(SiMe3)2}2]� , M = Cr (3), Mn
(calculated), Fe (1), and Co (2).
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mental barrier for 1 (Ueff = 48 cm�1 vs. Ueff = 226 cm�1 for
[FeI(C(SiMe3)3)2]�) points to other relaxation mechanisms than
over-barrier processes, which could result from vibrational dis-
tortion of the rather unencumbered amide ligand set.[18]

Conclusion

We have shown that anionic two-coordinate transition metal(I)
complexes with N(SiMe3)2

� ligands are stable structures not
only for Fe (1),[7] but also for Cr and Co metal centres (2–5),
which contrasts with Lewis base adducts or dimerisation pro-
cesses observed for the + 2 oxidation state with the same
ligand set. In the case of Mn, very reactive dimeric complex 6
with an unsupported metal–metal bond was identified under
the same reaction conditions. In this case, use of the bulkier
N(Dipp)SiMe3

� ligand was necessary to stabilise a two-coordi-
nate manganese(I) amide (8). Ab initio ligand field theory shed
light on the electronic configuration and magnetic features of
the [MI{N(SiMe3)2}2]� (M = Cr, Mn, Fe, Co) series. The study
showed a similar orbital-splitting pattern along the series, with
the most stable orbital being 3dz2 . Slow relaxation of magneti-
sation behaviour, observed only for the iron(I) complex, is ex-
plained by a calculated strong axial anisotropy.

Experimental Section

General

All manipulations were carried out in a glovebox or by using
Schlenk-type techniques under a dry atmosphere of argon. Sol-
vents were dried by using a MBraun solvent purification system
and stored over KC8. For details concerning the synthesis of start-
ing materials, data acquisition of solution and solid-state analyses
(1H NMR, UV/Vis and IR spectroscopies, X-ray diffraction analysis,
cyclovoltametry, magnetic measurements) and experimental spec-
tra and solid state structures from X-Ray diffraction analysis, see
the Supporting Information.

Synthesis of Complexes 2, 3, 5–8

K(18-crown-6)[Co{N(SiMe3)2}2] (2)

[Co{N(SiMe3)2}2]·(THF)2 (226 mg, 0.50 mmol) and 18-crown-6
(132 mg, 0.50 mmol) were dissolved in Et2O (10 mL). Addition of
KC8 (93 mg, 0.75 mmol) resulted in an immediate colour change to
greenish yellow. After stirring for 5 min, the mixture was filtered,
the residue was extracted with Et2O (2 mL) and the combined fil-
trates were layered with pentane (20 mL). Storing the solution at
�37 8C for several days resulted in light green crystalline solids. Re-
moval of the solvent by filtration, washing of the residue with pen-
tane (2 � 5 mL) and drying afforded 2 as a pale-green crystalline
solid (281 mg, 0.41 mmol, 82 %). 1H NMR ([D8]THF, 500.3 MHz,
298 K): d= 3.80 (s, 24 H, w1/2 = 4 Hz, OCH2), �4.70 ppm (s, 36 H,
w1/2 = 16 Hz, Si(CH3)3) ; IR (ATR): ñ= 2941 (w), 2893 (m), 1351 (w),
1233 (m), 1103 (vs), 988 (vs), 961 (s), 866 (m), 820 (vs), 660 (m),
609 cm�1 (w); elemental analysis calcd (%) for C24H60CoKN2O6Si4

(683.12 g mol�1): C 42.20, H 8.85, N 4.10; found: C 41.75, H 8.77, N
3.70; meff = 4.18 mB (Evans, [D8]THF + 1 % TMS, 400.1 MHz, 298 K),
mS.O. = 2.83 mB. Crystals suitable for X-ray diffraction analysis were
obtained from a pentane-layered solution of 2 in Et2O at �38 8C.

K(18-crown-6)[Cr{N(SiMe3)2}2] (3)

[Cr{N(SiMe3)2}2]·(THF)2 (259 mg, 0.53 mmol) and 18-crown-6
(132 mg, 0.50 mmol) were dissolved in Et2O (15 mL). Addition of
KC8 (70 mg, 0.50 mmol) at 0 8C resulted in an immediate colour
change to orange-yellow. After stirring the mixture for 10 min, the
mixture was filtered and the residue extracted with Et2O (2 mL).
The solvents were removed under vacuum for several hours. The
orange residue was extracted with Et2O (5 mL) and the resulting fil-
trate was layered with pentane (15 mL) and stored at �37 8C for
several days to give an orange-yellow crystalline solid. Removal of
the solvent by filtration, washing of the residue with pentane (2 �
5 mL) and drying of the crystalline residue afforded 3 (250 mg,
0.37 mmol, 71 %). 1H NMR ([D8]THF, 500.3 MHz, 298 K): d= 28.6
(w1/2 = 500 Hz, Si(CH3)3), 3.10 ppm (w1/2 = 124 Hz, OCH2) ; IR (ATR):
n= 2936 (m), 2896 (m), 1471 (vw), 1453 (vw), 1350 (w), 1283 (vw),
1230 (s), 1103 (vs), 1035 (s), 993 (m), 962 (s), 862 (m), 814 (vs), 761
(m), 657 (s), 606 (m), 530 (w), 412 cm�1 (w); elemental analysis
calcd (%) for C24H60CrKN2O6Si4 (675.19 g mol�1): C 42.63, H 8.94, N
4.14; found: C 42.29, H 9.41, N 4.16; meff = 5.99 mB (Evans, [D8]THF +
1 % TMS, 500.3 MHz, 298 K), mS.O. = 5.91 mB. Crystals suitable for
X-ray diffraction analysis were obtained by storing a pentane-lay-
ered solution of 3 in Et2O at �38 8C. Crystals of (K(18-crown-
6)1.5)[Cr{N(SiMe3)2}2] (4) were observed in small quantities and char-
acterised by using X-ray diffraction analysis (for the structure, see
Figure S26 in the Supporting Information).

K(crypt.222)[Cr{N(SiMe3)2}2] (5)

[Cr{N(SiMe3)2}2]·(THF)2 (78 mg, 0.15 mmol) and crypt.222 (57 mg,
0.15 mmol) were dissolved in 5 mL of Et2O. Addition of KC8 (23 mg,
0.17 mmol) at 0 8C led to an immediate colour change from bright
blue to orange yellow. After stirring the mixture for 5 min, the mix-
ture was filtered, the residue was extracted with 2 mL of Et2O and
the combined filtrates were layered with pentane (10 mL) and
stored at �37 8C for several days to give an orange-yellow crystal-
line solid. Filtration and washing of the residue with pentane (2 �
5 mL) afforded 5 after drying under vacuum (110 mg, 0.12 mmol,
78 %). 1H NMR ([D8]THF, 400.1 MHz, 298 K): d= 28.2 (w1/2 = 520 Hz,
Si(CH3)3), 3.43 (w1/2 = 40 Hz, crypt.222), 2.53 (w1/2 = 28 Hz, crypt.222),
0.73 ppm (w1/2 = 19 Hz, crypt.222); IR (ATR): n= 2939 (m), 2881 (m),
2814 (w), 1477 (vw), 1444 (vw), 1353 (m), 1283 (vw), 1230 (s), 1103
(s), 1077 (m), 997 (s), 950 (s), 931 (m), 863 (m), 815 (vs), 773 (s), 747
(m), 657 (s), 607 (m), 564 (w), 523 cm�1 (w); elemental analysis
calcd (%) for C30H72CrKN4O6Si4 (788.36 g mol�1): C 45.71, H 9.21, N
7.11; found: C 45.56, H 9.85, N 6.96. Crystals suitable for X-ray dif-
fraction analysis were obtained directly from the synthetic proce-
dure.

Reduction of [Mn{N(SiMe3)}2]2]

[K(18-crown-6)1.5Mn{N(SiMe3)2}2]2 (6) and decomposition prod-
ucts

A Pasteur pipette with KC8 (20 mg, 0.15 mmol) on a filter plug was
prepared and precooled to �38 8C. [Mn{N(SiMe3)2}2] (38 mg,
0.10 mmol) and 18-crown-6 (27 mg, 0.10 mmol) were dissolved in
Et2O (2 mL), cooled to �38 8C and added to the Pasteur pipette.
Within �1 min, the colour changed to dark violet in the pipette.
The solution was then filtered, layered with pentane (3 mL) and
stored at �38 8C. Within 1–2 d, the formation of a red-violet solid
can be observed, which was identified as [{K(18-crown-6)}2(m-18-
crown-6)][(M{N(SiMe3)2}2]2 (6) by using X-ray diffraction analysis.
NMR spectroscopic data were obtained by performing the reduc-
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tion in [D8]THF and immediately measuring the filtered solution.
1H NMR ([D8]THF, 500.3 MHz, 298 K): d= 3.94 (w1/2 = 53 Hz, OCH2),
�10.94 ppm (w1/2 = 500 Hz, Si(CH3)3). Dissolution of the obtained
crystals readily gave a discoloured solution that indicated decom-
position. During the crystallisation process or on prolonged stand-
ing, a discolouration of the solution could be observed in addition
to the formation of colourless crystals and an amorphous, dark
brownish solid. X-ray diffraction analysis revealed that the crystals
were K(18-crown-6)N(SiMe3) and K(18-crown-6)[Mn{N(SiMe3)2}3] .
Yields could not be determined.

[Mn{N(Dipp)(SiMe3)}2](7)

Li{N(Dipp)(SiMe3)} (980 mg, 3.84 mmol) was added to a suspension
of anhydrous MnCl2 (240 mg, 1.90 mmol) in Et2O (30 mL). After stir-
ring overnight at RT, all volatiles were removed under vacuum and
the resulting residue extracted with pentane (3 � 10 mL). The com-
bined filtrates were concentrated and stored at �37 8C. After sever-
al days, yellow crystals of 7 were isolated (600 mg, 1.09 mmol,
57 %). Complex 7 shows no signal in the 1H NMR spectrum; IR
(ATR): ñ= 2959 (m), 2867 (w), 1456 (w), 1422 (s), 1310 (m), 1238 (s),
1188 (s), 1108 (m), 1038 (m), 916 (vs), 878 (m), 828 (vs), 785 (vs),
744 (s) 669 (s), 628 (w), 532 (m), 419 cm�1 (m); elemental analysis
calcd (%) for C30H52MnN2Si2 (551.58 g mol�1): C 65.29, H 9.50, N
5.08; found: C 65.32, H 10.25, N 5.07. No matching H value could
be obtained even when using crushed, freshly prepared crystals;
an approx. 1 % higher value was always observed (>5 tries) ; meff =
6.02 mB (Evans, C6D6 + 1 % TMS, 400.1 MHz, 298 K), mS.O. = 5.91 mB.
Crystals suitable for X-ray diffraction analysis were obtained directly
from the synthetic procedure.

K(18-crown-6)[Mn{N(Dipp)SiMe3}2] (8)

Complex 7 (275 mg, 0.50 mmol) was dissolved in Et2O (10 mL) and
KC8 (80 mg, 0.55 mmol) were added. After stirring for 5 min, the re-
sulting dark-violet solution was filtered and layered with 18-crown-
6 (140 mg, 0.50 mmol) in Et2O (25 mL), then stored at �37 8C to
give a dark-violet crystalline solid. After removal of the solution by
filtration, and washing the residue with pentane (5 mL), the result-
ing violet solid was dried under vacuum to give complex 8
(260 mg, 0.30 mmol, 60 %). 1H NMR ([D8]THF, 500.3 MHz, 298 K):
d= 15.3 (w1/2 = 1200 Hz), 11.0 (w1/2 = 200 Hz); 3.85 (w1/2 = 50 Hz,
OCH2), 0.3 (w1/2 = 130 Hz), �12.4 ppm (w1/2 = 500 Hz); IR (ATR): ñ=
2948 (m), 2911 (w), 2890 (m), 2859 (m), 1452 (w), 1419 (m), 1374
(vw), 1350 (m), 1314 (m), 1239 (s), 1228 (m), 1196 (m), 1101 (vs),
1051 (w), 1039 (w), 961 (s), 932 (s), 828 (vs), 779 (s), 740 (m), 661
(m), 618 (w), 531 (m), 424 cm�1 (m); elemental analysis calcd (%)
for C42H76KMnN2O6Si2 (855.28 g mol�1): C 58.98, H 8.96, N 3.28;
found: C 58.59, H 9.40, N 3.15; meff = 4.98 mB (Evans, [D8]THF + 1 %
TMS, 400.1 MHz, 298 K), mS.O. = 4.89 mB. Crystals suitable for X-ray dif-
fraction analysis were obtained directly from the synthetic proce-
dure.

Quantum Chemical Calculations

The ORCA quantum chemistry program was used for all calcula-
tions.[19, 20] The ground and excited states of corresponding dn con-
figurations were computed by using the state-averaged complete
active space self-consistent field (SA-CASSCF)[21] method with the
relativistically contracted version[22] of the def2-TZVP basis set.[23]

The scalar relativistic effects were taken into account by using the
standard second-order Douglas–Kroll–Hess procedure.[24] The reso-
lution of identity approximation was employed to speed up the
calculations.[25] The additional N-electron valence perturbation

theory to second-order (NEVPT2)[26] energy correction has been
done. The energies and wavefunctions of all magnetic sublevels
were computed by diagonalisation of the full SOC matrix. The
spin-Hamiltonian parameters were evaluated by using the effective
Hamiltonian approach.[27]

Crystallographic Data

CCDC 1414086 (2), 1414087 (3), 1414088 (4), 1414089 (5),
1414090 (6), 1414091 (7), 1414092 (8), 1415012 (9), and
1415011 (10) contain the supplementary crystallographic data for
this paper. These data are provided free of charge by The Cam-
bridge Crystallographic Data Centre.
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