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Two methylene-bridged bis(imidazolium) salts [H4L1](PF6)2 and [H4L2](PF6)2 with appended
amide groups have been synthesized which, after deprotonation, may serve as potentially tetraden-
tate ligands providing two bis(imidazole-2-ylidene) and two amide donors. Using [H4L1](PF6)2,
a square-planar nickel(II) complex [NiL1] and a six-coordinate bis(ligand) iron(II) complex
[Fe(HL1)2] have been isolated and structurally characterized. Their low-spin states have been con-
firmed spectroscopically, and their redox properties have been studied by cyclic voltammetry. Oxida-
tions are metal-centered to give NiIII and FeIII species, respectively.
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Introduction

Within the last two decades, N-heterocyclic car-
benes (NHCs) have become one of the most popu-
lar and most versatile ligand classes in organometallic
chemistry, with numerous applications in homoge-
neous catalysis [1 – 4]. Their strong σ -donor abil-
ity as well as the inertness and the high thermody-
namic stability of their complexes are among the fa-
vorable features of NHC ligands. Metal ion binding
by NHCs can be further supported by introducing
ancillary coordinating donor side arms at the imida-
zolium ring [5 – 7]. Furthermore, the linking of two
or even more N-substituted imidazole subunits leads
to multidentate NHC ligands, ranging from chelating
bis(carbenes) [8] to macrocyclic tetracarbenes [9]. In
view of their prevalence in catalytic applications, NHC
complexes of late transition metals such as Rh and Pd
are particularly abundant [10 – 13]. Recently, several
group 10 metal complexes with ligands containing one
or two NHC moieties and appended amide side arms
have been reported (I [14], II [15], III [16] in Fig. 1).
They were obtained by in-situ deprotonation of the re-

spective imidazolium salt in the presence of a weak
base or basic metal salts.

Though first examples have been described already
in the 1970s [17, 18], NHC complexes of iron are
still relatively scarce. They have received increas-
ing attention only in recent years [19], spurred by
possible uses in catalysis [20, 21], bioinspired chem-
istry [22, 23] and for the stabilization of unusual
iron oxidation states [24 – 26]. A common method
for synthesizing iron(II)-NHC complexes is the reac-
tion of the respective imidazolium salts with the basic
iron(II) precursor [Fe{Si(NMe3)2}2]2. Two represen-
tative examples of iron(II)-NHC complexes, namely
the family of octahedrally six-coordinate complexes
IV [27] and the square-planar tetra-coordinate com-
plex V [28] (Fig. 2) all containing two chelating
bis(imidazol-2-ylidene) ligands, were obtained via this
route.

Herein we report the preparation and struc-
tural characterization of a new nickel(II) complex
as well as the first iron(II) complex with poten-
tially tetradentate amide-functionalized N-heterocyclic
bis(carbenes) akin to the ligands used in II and III.
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Fig. 1. Known N-heterocyclic bis(carbene) complexes with
amide-functionalized side arms.

Their spectroscopic and electrochemical properties
have been studied.

Results and Discussion

Ligand synthesis

The ligand precursors, viz. the amide-func-
tionalized bis(imidazolium) salts [H4L1](PF6)2 and
[H4L2](PF6)2 used in this work, were synthesized
in close analogy to procedures reported previously
(Scheme 1) [15, 27, 29]. To obtain [H4L2](PF6)2,
the methylene-bridged bis(imidazole) 1 [30] was
treated with the chlorinated amide 2 [31]. The
parent bis(imidazolium) salt [H4L1](PF6)2 contain-
ing a primary amide was synthesized by linking
imidazole derivative 3 [32] with dibromomethane.
Because of the hygroscopic properties of both bis-
(imidazolium) halides, subsequent salt metathesis
with potassium hexafluorophosphate is advisable and
gave [H4L1](PF6)2 and [H4L2](PF6)2, which have

Scheme 1. Synthesis of [H4L1](PF6)2 and [H4L2](PF6)2 via distinct routes.
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Fig. 2. Iron(II) complexes containing two N-heterocyclic
bis(carbenes).

been characterized by NMR spectroscopy, ESI mass
spectrometry, and elemental analysis. [H4L1](PF6)2
has been used for all subsequent complexation studies.

Synthesis and characterization of complexes

Conversion of the ligand precursor [H4L1](PF6)2 to
its nickel(II) and iron(II) complexes was carried out
following established procedures [15, 27]. Reaction of
[H4L1](PF6)2 with NiCl2·6 H2O at 50 ◦C, performed
under aerobic conditions in the presence of an excess
of potassium carbonate as base (Scheme 2), led to an
orange solid that is moderately soluble in methanol.
The product was identified as the diamagnetic neutral
complex [NiL1] (4) containing a square-planar coordi-
nated low-spin nickel(II) ion (see below). In contrast,
treatment of [H4L1](PF6)2 with [Fe{N(SiMe3)2}2]2
and KN(SiMe3)2 led to a neutral octahedral complex
[Fe(HL1)2] (5) with two tridentate ligand strands that
result from triple deprotonation of the ligand precursor
[H4L1](PF6)2. Formation of 5 is independent of the ini-
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Scheme 2. Synthesis of complexes 4 and 5.

tial ratio of [H4L1](PF6)2 and [Fe{N(SiMe3)2}2]2 and
thus appears to be strongly favored. Both new com-
pounds 4 and 5 were characterized by ESI mass spec-
trometry, cyclic voltammetry (CV) and elemental anal-
yses.

Single crystals of complex 4·MeOH suitable for X-
ray analysis were obtained by slow diffusion of di-
ethyl ether into a methanol solution of the crude com-
pound. 4·MeOH crystallizes in the monoclinic space
group P21/n. The nickel ion shows a square-planar
coordination (Fig. 3); selected bond lengths and an-
gles are given in Table 1. The short Ni–CNHC (1.85 Å)
and slightly longer Ni–Namido (1.90 and 1.89 Å) bonds
resemble those of the known nickel(II) complexes I
(d = 1.85/1.92 Å) [14] and II (d = 1.89/1.94 Å) [15].
Bond angles CNHC–Ni–CNHC generally depend on
whether the two NHC subunits are linked and, if
so, on the length of the spacer. Nickel complexes of

Table 1. Selected bond lengths (Å) and angles (deg) of 4.

Bond lengths (Å) Angles (deg)
Ni1–C1 1.8530(19) C1–Ni1–C5 89.70(8)
Ni1–C5 1.8514(18) C5–Ni1–N5 91.07(8)
Ni1–N5 1.8980(17) C1–Ni1–N6 90.66(8)
Ni1–N6 1.8868(16) N6–Ni1–N5 88.52(7)

C1–Ni1–N5 177.28(8)
C5–Ni1–N6 178.73(8)

Fig. 3. ORTEP plot (30% probability displacement ellipsoids)
of 4. C-bound hydrogen atoms and solvent molecules have
been omitted for clarity.

methylene-bridged N-heterocyclic bis(carbenes) usu-
ally have CNHC–Ni–CNHC angles in the range 83.6 to
86.6◦ [33 – 35]. In 4 this angle is almost right-angled
(89.7◦) as are the other bond angles at the metal ion
(Table 1), reflecting the close to perfect square-planar
coordination environment.

Complex 5 was initially obtained from the reac-
tion mixture as an orange solid. The crude material
proved well soluble in methanol, and deep-red crys-
tals of 5·4MeOH were then obtained from methanol-
diethyl ether; however, these crystals were found to be
only sparingly soluble in MeOH, DMF and DMSO.
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Crystalline material was used for all spectroscopic and
electrochemical investigations.

5·4MeOH crystallizes in the monoclinic space
group P21/c; its molecular structure is shown in
Fig. 4, and selected distances and angles are com-
piled in Table 2. The six-coordinate iron(II) ion is lig-
ated by two tridentate ligand strands [HL1]− bind-
ing in a meridional manner, and with the two amide
donors in cis position. The remaining amide group
of each ligand stays dangling. Fe–CNHC distances
are found between 1.929 and 1.917 Å and are thus
slightly shorter than in IV (1.916 – 1.986 Å [27]), but
in the range observed for six-coordinate ferrous NHC
complexes (1.91/1.96 Å [36, 37]). The Fe–Namide dis-
tances in 5 are 2.040 and 2.032 Å. So far, no six-
coordinate iron(II) complex coordinated by two de-
protonated amide groups is known. However, [trans-
(dmpe)2Fe(H)(NHCHO)] shows a very similar Fe–
Nacetamide bond length of 2.044 Å [38].

The zero-field Mößbauer spectrum of 5 at 80 K
shows a quadrupole doublet with isomer shift
δ = 0.08 mm s−1 and quadrupole splitting ∆EQ =
1.57 mm s−1, which is in accordance with the presence
of an octahedral low-spin (l. s., S = 0) iron(II). Com-
parison with the related six-coordinate iron(II)-NHC
complex IV (R = Me, Y = CH2, l. s., δ = 0.15 mm s−1

and ∆EQ = 1.36 mm s−1) [27] and the square-planar
compound V (h. s., δ = 0.18mm s−1 and ∆EQ =
4.16 mm s−1) [28] indicates, however, that 5 has the

Fig. 4. Left: ORTEP plot (30% probability displacement ellipsoids) of 5; C-bound hydrogen atoms and solvent molecules have
been omitted for clarity. Right: Zero-field Mößbauer spectrum of 5 at 80 K (natural abundance 57Fe); the solid line represents
a simulation with δ = 0.08 mm s−1 and ∆EQ = 1.57 mm s−1.

Table 2. Selected bond lengths (Å) and angles (deg) of 5.

Bond lengths (Å) Angles (deg)
Fe1–C1 1.917(4) C1–Fe1–C5 87.68(16)
Fe1–C5 1.918(4) C5–Fe1–C12 98.46(16)
Fe1–C16 1.923(4) C1–Fe1–N6 84.65(15)
Fe1–C12 1.929(4) C12–Fe1–N12 84.93(15)
Fe1–N12 2.032(3) C1–Fe1–C16 97.99(16)
Fe1–N6 2.040(3) C1–Fe1–C12 171.56(16)

C5–Fe1–N6 171.68(15)
C16–Fe1–N12 172.30(15)

lowest isomer shift for iron(II) complexes with two
bidentate bis(carbenes) reported so far. This likely re-
flects the very strong σ -donor character of all ligating
groups, namely both the NHC and amide donors.

Electrochemical properties of the complexes

Because of the insolubility of 4 in common or-
ganic solvents, the cyclic voltammogram (Fig. 5) was
recorded in water (0.1 M NaClO4). A quasi-reversible
one-electron process is observed at +0.89 V vs. NHE
and is assigned to the [NiIIL1]/[NiIIIL1]+ couple. The
NiII/NiIII potential is much higher than in synthetic
complexes containing {N2S2} donor sets [39, 40], but
comparable with redox potentials of nickel complexes
of N-substituted cyclam derivatives [41 – 43].

To confirm that the oxidation is metal-centered and
that the NHC/amide hybrid ligands remain innocent,
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Fig. 5 (color online). Left: Cyclic voltammogram of 4 in H2O (3.0 mM, 0.1 M NaClO4, 25 ◦C) at scan rates of 100, 200 and
500 mV s−1; an Ag/AgCl reference electrode was used, potentials are given vs. NHE [44]; right: EPR spectrum of the one-
electron-oxidized [NiL1]+ in frozen solution of water:glycerol (8 : 2), 0.1 M NaClO4 at 140 K (black line) and simulated
spectrum with g1 = 2.247, g2 = 2.245, g3 = 2.011 (red line).

a solution of electrochemically generated [NiL1]+ in
0.1 M NaClO4 water-glycerol (8 : 2) was investigated
by EPR spectroscopy (sample taken after ∼80% con-
version). The EPR spectrum of a frozen solution at
140 K shows an almost axial spectrum with slight
rhombic distortion (Fig. 5, right). Spectral simula-
tion gives values g1 = 2.247, g2 = 2.245 and g3 =
2.011. Such EPR signature with large anisotropy and
g⊥ > g‖ ≈ 2.0 is typical for a d7 nickel(III) ion with
the unpaired electron in the dz2 orbital. Any hyperfine
structure is not resolved in the experimental spectrum,
but including hyperfine interactions with two 14N nu-
clei (a ≈ 10×10−4 cm−1) slightly improved the qual-
ity of the simulation.

The cyclic voltammogram of 5 measured in
dimethylformamide (0.1 M [nBu4N]PF6) is shown
in Fig. 6. A reversible one-electron redox process
is observed at –0.96 V vs. NHE and is assigned
to the [FeII(HL1)2]/[FeIII(HL1)2]+ couple. The
value is low compared to that of a homoleptic
bis[tricarbene] iron(II) complex [(TRISR)2FeII]
(TRISR = hydrotris(3-alkyl-imidazoline-2-yliden-1-
yl)borate; R = Me, Et) synthesized by Fehlhammer
et al. [45]. The [(TRISR)2FeII]/[(TRISR)2FeIII]+

potential was determined at around −0.7 V (value
converted vs. NHE according to ref. [46]). The lower
potential of 5 might be explained by the additional π-
donor character of the two amido ligands. To confirm
that the observed redox process around −0.96 V is
metal-centered, a sample of 5 was oxidized chemically

by addition of an excess of AgBF4 in MeCN solution
at 0 ◦C, followed by 1 h stirring and evaporation of
the solvent. A zero-field Mößbauer spectrum of the
resulting crude 5[BF4], collected at 80 K, indeed
shows a doublet characteristic of a low-spin iron(III)
center with δ = 0.02 mm s−1 and ∆EQ = 3.83 mm s−1.
Further redox processes of 5 were observed at peak po-
tential Eox/Ered = −2.25/−2.19 V (quasi reversible)
and 0.657/ 0.433 V (irreversible), but their assignment
(metal- or ligand-centered) remains unclear.

Fig. 6. Cyclic voltammogram of 5 in DMF (3.5 mM, 0.1 M
[nBu4N]PF6, 25 ◦C) at a scan rate of 100 mV s−1; Fc/Fc+

has been used as internal standard, potentials are given
vs. NHE [47]. The lower inset shows the wave at around
−960 mV recorded at different scan rates.
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Conclusions

A nickel(II) and an iron(II) complex of a potentially
tetradentate bis(imidazole-2-ylidene) ligand that bears
two appended amide groups have been synthesized and
structurally characterized. The combination of very
strong σ -donors in the chelate scaffold, namely the
two NHC and the two amide groups, enforces low-spin
configurations in both cases. While the nickel(II) ion
in [NiL1] exhibits the anticipated square-planar coor-
dination environment, iron(II) forms a six-coordinate
bis(ligand) complex [Fe(HL1)2] where one amide arm
of each tridentate ligand strand remains protonated and
dangling. Both complexes undergo metal-centered ox-
idations while the NHC/amide hybrid ligands remain
innocent, as was confirmed by EPR and Mößbauer
spectroscopy.

Experimental Section

All reactions and investigations of air-sensitive com-
pounds were performed under a dry and oxygen-free ni-
trogen atmosphere in a glovebox (MBraun Labmaster)
or by using standard Schlenck techniques. The solvents
were degassed and dried according to standard methods.
[Fe{Si(NMe3)2}2]2 [48], 1 [32], 2 [30], and 3 [31] were
synthesized according to literature procedures. 1H and
13C{1H} NMR spectra were recorded on Bruker Avance
DRX 500 or Bruker Avance 300 spectrometers at 25 ◦C.
Chemical shifts δ are given in ppm relative to TMS, using
the residual proton signal of the solvent as internal standard.
Mass spectrometry was performed with a Bruker HCT Ul-
tra (ESI) or with a Finnigan MAT LCQ (ESI-HRMS) in-
strument. Melting points were determined in glass capillary
tubes on a Stanford Research Systems Optimelt MPA 100
device; the values are uncorrected. Mößbauer (MB) mea-
surements were performed with a 57Co source in a rhodium
matrix using an alternating constant-acceleration Wissel
Mößbauer spectrometer operated in the transmission mode
and equipped with a Janis closed-cycle helium cryostat. Iso-
mer shifts δ , the quadrupole splitting ∆EQ and full width at
half maximum Γ are given in mm s−1. The isomer shift δ is
given relative to elemental iron at ambient temperature. Sim-
ulations of the experimental data were performed with the
program MFIT [49]. The EPR experiment was carried out
with a Bruker ELEXSYX E500 CW-EPR-spectrometer at
140 K and X-band with spectrometer frequency 9.4349 GHz
and modulation amplitude 6.0 G. Simulations were per-
formed with the Bruker software XSOPHE [50]. Elemental
analyses were carried out by the analytical laboratory of
the Institute of Inorganic Chemistry at the Georg-August-
University of Göttingen using an Elementar Vario EL III in-
strument.

[H4L1](PF6)2

2-(1H-Imidazol-1-yl)acetamide (3) (751 mg, 6.0 mmol,
2.0 eq.) and dibromomethane (0.21 mL, 3.0 mmol, 1.0 eq.)
were dissolved in MeCN (50 mL) and the reaction mixture
stirred at 110 ◦C in a 100 mL ACE Glass autoclave for 3 days.
The resulting precipitate was separated by filtration and
then dissolved in MeOH (5 mL). KPF6 (1.66 g, 9.0 mmol
3.0 eq.) was added and the reaction mixture was stirred
for 1 h. The product [H4L1](PF6)2 (1.08 g, 1.95 mmol,
65%) was filtered off and washed with MeOH; m. p. 169 ◦C
(decomp.). – 1H NMR (300 MHz, [D6]DMSO, 25 ◦C):
δ = 9.41 (broad s, 2H, H2-Im), 7.96 (broad s, 2H, HIm),
7.59 (s, 2H, NH), 7.80 (broad s, 2H, HIm), 7.59 (s, 2H, NH),
6.71 (s, 2H, CH2), 5.02 (s, 4H, CH2). – 13C NMR (75 MHz,
[D6]DMSO, 25 ◦C): δ = 166.4 (CO), 138.8 (C2-Im), 125.0
(CIm), 121.5 (CIm), 58.5 (NCH2N), 50.9 (CH2). – MS
((+)-ESI, MeOH): m/z(%) = 132 (100) [H4L]2+, 263
(15) [H3L]+. – HRMS ((+)-ESI, MeOH): m/z = 132.0662
(calcd. 132.0662 for [C11H16N6O2]2+), 409.0971 (calcd.
409.0972 for [C11H16N6O2PF6]+). – IR (KBr): ν (cm−1) =
419 (m), 560 (s) 605 (m), 752 (m), 831 (s), 1014 (w), 1164
(w), 1163 (s), 1315 (m), 1397 (s), 1682 (s), 3093 (s), 3346 (s).

[H4L2](PF6)2

Bis(imidazol-1-yl)methane (1) (223 mg, 1.5 mmol,
1.0 eq.) and 2-chloro-N-(2,6-diisopropylphenyl)acetamide
(2) (761 mg, 3.0 mmol, 2.0 eq.) were dissolved in MeCN
(50 mL) and the reaction mixture stirred at 110 ◦C in
a 100 mL ACE Glass autoclave for 3 days. The resulting
precipitate was separated by filtration and then dissolved
in water (20 mL). KPF6 (828 mg, 4.5 mmol, 3.0 eq.) was
added, and the resulting mixture was stirred for 1 h. The
product precipitated from the reaction mixture. Separa-
tion by filtration and the removal of the solvents under
reduced pressure at 150 ◦C afforded [H4L2](PF6)2. (1.14 g,
1.3 mmol, 87%) as a colorless solid; m. p. ∼ 180 – 185 ◦C
(decomp.). – 1H NMR (300 MHz, [D6]DMSO, 25 ◦C):
δ = 9.88 (s, 2H, NH), 9.57 (s, 2H, HIm2), 8.05 (s, 2H,
HIm), 7.88 (s, 2H, HIm), 7.20 – 7.32 (m, 6H, HAr), 6.81 (s,
2H, CH2), 5.43 (s, 4H, CH2), 3.08 (sept, 3JHH = 6.7 Hz,
4H, CH), 1.13 (broad s, 24H, CH3). – 13C NMR (75 MHz,
[D6]DMSO, 25 ◦C): δ = 164.4 (CO), 146.0 (CAr), 138.9
(C2-Im), 131.2 (CAr), 128.2 (CAr), 124.9 (CIm), 123.2
(CAr), 121.8 (CIm), 58.6 (NCH2N), 50.9 (CH2), 28.04
(CH), 23.9 (CH3), 23.4 (CH3). – MS ((+)-ESI, MeCN):
m/z(%) = 292 (100), [H4L]2+, 729 (9), [H4L(PF6)]+. –
HRMS ((+)-ESI, MeOH): m/z = 292.1914 (calcd. 292.1914
for [C35H48N6O22]+), 729.3470 (calcd. 729.3475 for
[C35H48N6O2PF6]+). – IR (KBr): ν (cm−1) = 558 (s), 849
(s), 1172 (s), 1240 (m) 1365 (m), 1445 (m), 1523 (s), 1689
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(s), 2342 (w), 2361 (w), 2872 (m), 2970 (s), 3168 (m), 3392
(m), 3645 (m).

Complex 4

NiCl2 · 6 H2O (86 mg, 0.36 mmol, 1.0 eq.) and K2CO3
(200 mg, 0.72 mmol, 4.0 eq.) were added to a solution
of [H4L1](PF6)2 (200 mg, 0.36 mmol, 1.0 eq.) in MeOH
(25 mL) and the mixture was stirred at 50 ◦C for 5 h. Af-
ter cooling to room temperature diethyl ether (100 mL) was
added. The resulting precipitate was separated by filtration
and recrystallized from water to give 4 as orange crystals
(81 mg, 0.226 mmol, 71%). – 1H NMR (300 MHz, D2O,
25 ◦C): δ = 7.38 (broad s, 2H, HIm), 7.24 (broad s, 2H, HIm),
6.18 (broad s, 2H, CH2), 4.46 (s, 4H, CH2). – 13C NMR
(75 MHz, D2O, 25 ◦C): δ = 171.9 (CO), 157.4 (NHC),
122.8 (CIm), 120.7 (CIm), 61.8 (NCH2N), 51.2 (CH2). –
MS ((+)-ESI, MeOH): m/z (%) = 357.0 (100) [M+K]+,
279.1 (63), 341.0 (55) [M+Na]+, 319.0 (32) [M+H]+. –
HRMS ((+)-ESI, MeOH): m/z = 319.0450 (calcd. 319.0448
for [C11H13N6NiO2]+). – IR (KBr) ν (cm−1) = 664 (w),
727 (w), 831 (s), 1031 (w), 1175 (w), 1279 (s), 1330 (s),
1430 (s), 1445 (s), 1580 (vs), 1618 (vs), 3085 (s), 3115 (s),
3167 (s), 3253 (s), 3467 (s). – Elemental analysis (%) for
C11H12N6NiO2 ·1 /2 H2O: calcd. C 40.29, H 4.00, N 25.63;
found C 39.40, H 3.61, N 25.30.

Complex 5

[Fe{N(SiMe3)2}2]2 (75 mg, 0.2 mmol, 1.0 eq.) was added
to a solution of [H4L1](PF)6 (222 mg, 0.4 mmol, 2.0 eq.)
in acetonitrile (5 mL) and the reaction mixture stirred

4 5
Formula C12 H16 N6 Ni O3 C26 H42 Fe N12 O8
Mr 351.02 706.57
Crystal size, mm3 0.40× 0.26× 0.24 0.22× 0.18× 0.12
Crystal system monoclinic monoclinic
Space group P21/n P21/c
a, Å 13.5849(12) 9.6387(4)
b, Å 7.3581(4) 16.1749(11)
c, Å 13.8679(13) 21.3184(10)
β , deg 101.535(7) 95.244(4)
V , Å3 1358.22(19) 3309.7(3)
Z 4 4
Dcalcd., g cm−3 1.72 1.42
µ(MoKα ), cm−1 1.5 0.5
F(000), e 728 1488
hkl range ±17, −7 to 9, ±17 −11 to 12, ±20, ±26
Refl. measd / unique / Rint 10847 / 2866 / 0.0565 28695 / 7040 / 0.0962
Param. refined 212 456
R(F) [F > 4 σ(F)] 0.0290 0.0729
wR(F2) (all data) 0.0815 0.1651
GoF (F2) 1.064 1.069
∆ρfin (max / min), e Å−3 0.694 / −0.441 0.664 / −0.417

Table 3. Crystal structure data for 4 and 5.

for 30 min. After the addition of KN(SiMe3)2 (239 mg,
1.2 mmol, 4.0 eq.) the suspension was stirred for further 15 h.
The resulting precipitate was separated by filtration and dis-
solved in methanol (5 mL). Addition of diethyl ether (20 mL)
led to the gradual formation of red crystals of [Fe(HL1)2]
(5 · 4 MeOH; 59 mg, 0.08 mmol, 42%). – MS ((+)-ESI,
MeOH): m/z(%) = 578.2 (100) [M]+, 615.2 (19). – HRMS
((+)-ESI, MeOH): m/z = 578.1538 (calcd. 578.1549 for
[C22H26FeN12O4]+). – IR (KBr): ν (cm−1) = 736 (w) 834
(w), 1216 (w), 1288 (w), 1339 (w), 1403 (s), 1430 (s),
1545 (vs), 1574 (vs), 1686 (vs), 3428 (vs). – MB: δ =
0.08 mm s−1, ∆EQ = 1.57 mm s−1. – Elemental analysis (%)
for C22H26FeN12O4· 2 CH3OH: calcd. C 44.78, H 5.33,
N 26.16; found C 44.38, H 4.86, N 26.67. Two of the MeOH
solvent molecules included in the crystal lattice of 5 ·
4 MeOH are obviously lost upon drying the sample for el-
emental analysis.

X-Ray structure determinations

X-Ray data were collected on a Stoe IPDS II diffrac-
tometer (graphite-monochromatized MoKα radiation, λ =
0.71073 Å) by use of ω scans at –140 ◦C. Face-indexed
absorption corrections were performed numerically with
the program X-RED [51]. The structures were solved by
Direct Methods and refined on F2 using all reflections
with SHELXS/L-97 [52]. Non-hydrogen atoms were refined
anisotropically. Most hydrogen atoms were placed in calcu-
lated positions and assigned to an isotropic displacement pa-
rameter of 1.2 / 1.5 Ueq(C/O). The positional and isotropic
thermal parameters of the oxygen- or nitrogen-bound hydro-
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gen atoms were refined without any restraints or constraints
in case of 4·MeOH, in case of 5·4MeOH only nitrogen-bound
hydrogen atoms. Crystal data and details of the data collec-
tions and structure refinements are given in Table 3.

CCDC 926872 and 926873 contain the supplementary
crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data request/cif.
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