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Multidimensional Cyanide-Bridged Heterometallic FeII–CuI and Homometallic
CuI Coordination Polymers from Solvothermal Reactions Involving either

K3[Fe(CN)6] or KCN as the Source of Cyanide Anions
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The reaction between K3[Fe(CN)6], CuCl2·2H2O and 1,10-
phenanthroline (phen) under hydrothermal conditions gives
rise to the formation of the 3D cyanide-bridged hetero-
metallic FeII–CuI complex [Fe(CN)4(phen)2Cu2] (1). Its 3D
network structure is constructed from two types of fused cya-
nide-bridged 10- and 14-metal-membered centrosymmetric
rings (Fe2Cu8 and Fe2Cu12), which are defined by the gene-
ral sequences {(CuI)4-FeII-(CuI)4-FeII} and {(CuI)6-FeII-(CuI)6-
FeII}, respectively. The copper(I) and iron(II) atoms exhibit
distorted triangular planar and distorted octahedral coordi-
nation environments, respectively. Complex 1 is the first ex-
ample of a 3D cyanide-bridged bimetallic complex prepared
by hydrothermal methods. The use of methanol as solvent,
KCN as source of cyanide anions and 2,2�,6,6�-bipyrimidine
as the bridging ligand results in the isolation of the 2D homo-
metallic copper(I) complex [Cu2(CN)2(bpym)]·H2O (2). Its
structure consists of neutral 2D (6,3) honeycomb layers in the

Introduction
Research on multidimensional polymetallic coordination

polymers is currently of great interest because of their fasci-
nating structural diversity and potential applications as
functional materials in fields such as electrical conductivity,
molecule-based magnets, molecular absorption, ion-ex-
change, heterogeneous catalysis, etc.[1] Among these materi-
als, cyanide-bridged bimetallic complexes deserve special at-
tention as they exhibit, among others, interesting electro-
chemical, zeolitic, magnetic and photomagnetic proper-
ties.[2] These compounds can be prepared either by assemb-
ling cyanometallates and metal complexes or by multicom-
ponent self-assembly of cyanide, metal ions and multiden-
tate ligands. Although the majority of these systems are still
being prepared by conventional solution routes, attention
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ab plane made of fused Cu6(CN)4(bpym)2 rings, in which the
copper(I) atoms exhibit a distorted tetrahedral geometry. The
layers are interdigitated in such a way that the bpym ligands
lie above and below the ring cavities of neighbouring net-
works, with an ABCD repeat sequence of layers. Water mole-
cules are located in the free space between the A/D and B/
C layers. Under the same conditions as used for 1, but with
4-methyl-2,2�,6,6�-bipyrimidine 2-oxide instead of phen, the
3D complex [Cu2(CN)2(mbpym] (3) was obtained (mbpym =
4-methyl-2,2�,6,6�-bipyrimidine). During the reaction the
oxygen atom of the N-oxide group is eliminated and the
novel ligand mpym formed. Its structure consists of distorted
tetrahedral copper(I) atoms connected by cyanide and mpym
bridging ligands to give rise to a 3D chiral network.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

has recently turned to solvothermal techniques. In this re-
gard, we and others have recently reported homo- and
heterometallic cyanide-bridged complexes, which were as-
sembled through hydrothermal reactions with azine and di-
azine ligands and either CuCN or hexacyanometallate
anions as sources of cyanide anions.[3–8] As an extension of
our work in this field, in this paper we report three novel
coordination polymers that have been constructed from
simple phenanthroline and bipyrimidine ligands, namely
[Fe(CN)4(phen)2Cu2] (1; phen = 1,10-phenanthroline),
[Cu2(CN)2(bpym]·H2O (2; bpym = 2,2�-bipyrimidine) and
[Cu2(CN)2 (mbpym)] (3; mbpym = 4-methyl-2,2�-bipyrimi-
dine).

Results and Discussion

Solvothermal reactions are typically carried out in the
100–260 °C temperature range under autogenous pressure.
Under these conditions, the reduced viscosity of the solvent
enhances diffusion processes, thus favouring the solvent ex-
traction of solids, the self-assembly of the precursors and
the crystal growth from the solution. In fact, a rich variety
of 1D to 3D polymetallic systems with intriguing structures
and topologies have been recently prepared by solvothermal
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reactions, the great majority of them being hometallic in
nature. The complexity of these reactions, in principle, pre-
vents the control and prediction of crystal structures. Nev-
ertheless, it is clear from empirical observations that the
architecture of these multidimensional materials depends
strongly on the subtle interplay between the characteristics
of the metal ion (oxidation state, coordination preferences,
plasticity of the coordination sphere, available coordination
positions, redox capability, etc.), ligand (type and number
of donor groups, bridging capability, connectivity, steric
constraints, etc.) and reaction conditions (temperature,
heating time, solvent, etc.). In this regard, Zubieta’s group
has prepared in the last few years a variety of multidimen-
sional cyano-bridged complexes with simple diimine li-
gands. For these systems both changes of the ligand and
the steric constraints imposed by the ligand substituents
often give rise to the formation of quite different architec-
tures.[4] As expected, a change in the reaction stoichiometry
and/or counterion may also have a direct influence on the
structure of the final product. For instance, the hydrother-
mal reaction of Cu(CH3COO)2·H2O, K3[Fe(CN)6] and
phen in a 2:1:1.5 molar ratio give rise to the 1D homomet-
allic compound [Cu6(CN)6(phen)4].[5] However, the use of
CuCl2·2H2O instead of Cu(CH3COO)2·H2O and a 1:1:1
molar ratio allowed us to isolate [Fe(CN)4(phen)2Cu2] (1),
an interesting 3D bimetallic complex. As far as we know,
this compound is only the second example of a cyano-
bridged bimetallic complex prepared by solvothermal tech-
niques, and the first example of such a compound exhibit-
ing a 3D structure.

While chelating donor ligands, such as phen, act as pas-
sivating agents by blocking metal coordination sites, bridg-
ing ligands are expected to favour the propagation of the
structure. In a previous paper,[3] we reported that the solvo-
thermal reaction of K3[Fe(CN)6], CuCl2·2H2O and bpym,
a bisdidentate ligand, in methanol leads to a 2D material
made of honeycomb layers with alternating bpym and cya-
nide bridges. However, under the same solvothermal condi-
tions, the use of KCN instead of K3[Fe(CN)6] as a source
of cyanide anions resulted in the formation of a different
2D homometallic compound [Cu2(CN)2(bpym)]·H2O (2).

Recently, we have prepared the compound 4-methyl-2,2�-
bipyrimidine 2-oxide (mbpymo, see Scheme 1), which, in
principle, might bridge two metal ions to produce polynu-
clear complexes. However, all attempts to obtain this kind
of compound were unsuccessful.[9] In view of this, we de-
cided to use hydrothermal methods to force their prepara-
tion. Thus, by following the same synthetic procedure as
that for 2, but using K3[Fe(CN)6] instead of KCN, the 3D
complex [Cu2(CN)2(mbpym)] (3), which contains cyanide
and 4-methyl-2,2�-bipyrimidine (mbpym) bridging ligands
was obtained (when KCN is used as a source of cyanide
anions no definite compound could be isolated). During the
hydrothermal reaction the N-oxide group of the ligand is
lost and mbpym formed. This fact, and the reduction of
iron(iii) and copper(ii) ions to iron(ii) and copper(i), respec-
tively, are a consequence of the high pressure and tempera-
ture used in the hydrothermal reactions for preparing com-
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plexes 1–3. Cyanide groups, from either KCN or the disso-
ciation of [Fe(CN)6]3–, are probably responsible for the re-
duction process, yielding cyanogen as the oxidation pro-
duct. Moreover, it is well known that copper(i) cyanide spe-
cies are more stable at elevated temperatures and pressures
than those of copper(ii).[4]

Scheme 1.

X-ray Structures

The asymmetric unit of the structure of 1, together with
the atomic labelling scheme, is given in Figure 1; selected
bond lengths and angles are gathered in Table 1. The struc-
ture is constructed from two types of 10-metal-membered
(Fe2Cu8) and two types of 14-metal-membered (Fe2Cu12)
centrosymmetric rings, which fuse out of plane into an intri-
cate 3D network. Within these rings, which are defined by
the general sequences {(CuI)4-FeII-(CuI)4-FeII}and {(CuI)6-
FeII-(CuI)6-FeII}, respectively, the metal centres are bridged
by cyanide groups (Figure 1, middle). The Fe2Cu8 rings are
similar to those observed in the 2D FeII–CuI compound
[Fe(bipy)2(CN)4Cu2].[3] There are four independent CuI

atoms in the structure, all of which exhibit a distorted trigo-
nal-planar geometry with Cu–X bond lengths and X–Cu–
X angles (X = C or N) in the ranges 1.872–1.975 Å and
104.49(12)–140.68(13)°, respectively. Each of these CuI

atoms is connected by cyanide groups to two CuI atoms
and one FeII atom, with Cu···Cu and Cu···Fe distances in
the ranges 4.8736(6)–4.9456(6) Å and 4.7773(8)–
4.9683(6) Å, respectively. There are two crystallographically
independent FeII atoms in the structure (Fe1 and Fe2),
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Figure 1. Asymmetric unit of 1 with the disordered CN bridging groups labelled as X (top). A fragment of the structure showing the two
types of fused Fe2Cu8 and Fe2Cu12 rings (middle); grey and black balls represent Cu and Fe atoms, respectively. View down the b axis
of the 3D network of 1 (bottom). In the two latter views phen ligands have been omitted for clarity.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 2860–28682862
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which exhibit a distorted octahedral FeN4O2 coordination
environment. Each FeII atom is coordinated by four nitro-
gen atoms belonging to two bidentate phen ligands and to
two carbon atoms from cyanide groups, these latter bridg-
ing each FeII atom to two CuI atoms and displaying a cis
orientation. As expected for the Fe–CN–Cu coordination,
the Fe–C–N angles [171.3(3)–177.3(3)°] are closer to linear-
ity than the Cu–N–C angles [148.5(3)–165.3(2)°]. This is
due to the stronger covalent interaction between C and FeII

atoms. The bond lengths and angles in the Fe(CN)(phen)
unit are similar to those found for the Fe(bipy)(CN)2 unit in
the 2D compound [Fe(bipy)2(CN)4Cu2] and the molecular
squares [Fe2Cu2(μ-CN)4(bipy)6](PF6)4·2H2O and
[Fe2Co2(μ-CN)4(bipy)6]·2CHCl3·CH3NO2.[10]

Table 1. Selected bond lengths [Å] and angles [°] for 1.

Cu1–X1 1.918(4) X3–Cu1–X1 132.38(13)
Cu1–X3 1.872(3) X1–Cu1–N5 106.52(12)
Cu1–N5 1.974(3) X3–Cu1–N5 120.65(12)
Cu2–X4 1.883(3) X4–Cu2–X5 131.25(13)
Cu2–X5 1.930(4) X7–Cu3–X6 139.99(14)
Cu2–N8 1.936(3) X5–Cu2–N8 105.92(12)
Cu3–X6 1.878(4) X6–Cu3–N12 115.50(13)
Cu3–X7 1.913(3) X7–Cu3–N12 104.49(12)
Cu3–N12 1.951(3) X2[a]-Cu4–X8 140.68(13)
Cu4–X2[a] 1.878(3) X2[a]-Cu4–N11 113.46(12)
Cu4–X8 1.907(3) X8–Cu4–N11 105.84(11)
Cu4–N11 1.975(3) N2–Fe1–N1 81.96(10)
Fe1–N1 1.996(2) N4–Fe1–N3 81.68(10)
Fe1–N2 1.978(2) N14–Fe2–N13 82.12(10)
Fe1–N3 2.011(3) N16–Fe2–N15 82.03(10)
Fe1–N4 1.982(2)
Fe1–C25 1.910(4)
Fe1–C31[b] 1.891(3)
Fe2–N13 1.987(2)
Fe2–N14 1.990(2)
Fe2–N15 1.991(2)
Fe2–N16 1.982(2)
Fe2–C28[c] 1.891(4)
Fe2–C32 1.894(4)

[a] Equivalent positions: x – 1/2, –y + 3/2, z + 1/2. [b] –x + 1, –y
+ 2, –z + 1. [c] –x + 3/2, y – 1/2, –z + 3/2.

The Fe1 and Fe2 centres are chiral and display opposite
absolute configurations, therefore the crystal as a whole is
racemic. One of the Fe2Cu8 rings contains two Fe1 atoms
and the other one two Fe2 atoms, with approximate dimen-
sions 11×18 Å2 and 8×18 Å2, respectively. The Fe2Cu12

rings containing Fe1 and Fe2 have approximate dimensions
8×23 Å2 and 13×25 Å2. Cavities created by the out-of-
plane fusion of the rings are filled by the coordinated phen
ligands. Within the rings the maximum deviation from the
mean plane corresponds to the iron(ii) atoms. It should be
noted that 1 is the first example of a 3D cyanide-bridged
bimetallic complex prepared by hydrothermal methods.

We have shown that the related 2D FeII–CuI bimetallic
compound [Fe(bipy)2(CN)4Cu2][3] exhibits a high spin:low
spin equilibrium with 96% of the FeII atoms in the low-spin
state (S = 0) at room temperature. Likewise, it has been
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shown recently that a series of cyanide-bridged FeII–M sys-
tems (M = PdII, PtII, NiII, AuI, AgI) exhibit thermal-, pres-
sure-, and light-induced spin crossover transitions.[11] In the
case of 1, however, the magnetic measurements reveal that
the compound is diamagnetic at room temperature, thus in-
dicating that the ligand field is strong enough to force all
the FeII atoms to be in the low-spin state.

The structure of 2 (Figure 2) is very similar to that pre-
viously reported by us for the dehydrated compound
[Cu2(CN)2(bpym)][3] and consists of neutral 2D(6,3) honey-
comb layers in the ab plane made of fused Cu6(CN)4(bpym)2

rings and water molecules. The structure can be alterna-
tively described as constructed from zig-zag {Cu(CN)}4

chains linked by bisdidentate bridging bpym ligands gener-
ating the (6,3) net topology. Selected bond lengths and
angles are given in Table 2. Two major differences between
the structure of 2 and its dehydrated complex are observed:
a) in 2, the mean plane of the bpym ligand is almost per-
pendicular to the layers, with a dihedral angle of 90.2° (or
89.8°), whereas in the dehydrated complex this dihedral
angles is only 73°; b) in 2, the layers are stacked in such a
way that bpym ligands are interdigitated and aligned above
and below one sheet with the cavities in neighbouring lay-
ers, giving rise to an ABCD repeat pattern of layers (Fig-
ure 3). The bpym ligands of layers A and B are parallel.

Figure 2. Perspective view of the asymmetric unit of 2 with the
disordered CN bridging groups labelled as X (top). View down the
c axis of two neighbouring layers with the same orientation of the
bpym ligands (bottom).
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Table 2. Selected bond lengths [Å] and angles [°] for 2.

Cu1–N1 2.102(4)
Cu1–N4 2.140(4)
Cu1–X1 1.888(7)
Cu1–X3 1.909(7)
Cu2–N2 2.129(4)
Cu2–N3 2.131(4)
Cu2–X2[a] 1.899(7)
Cu2–X4[b] 1.873(7)
X1–Cu1–N1 117.22(19)
X3–Cu1–N1 107.52(17)
N4–Cu1–N1 78.04(15)
X3–Cu1–X1 125.7(2)
X1–Cu1–N4 111.89(19)
X3–Cu1–N4 105.85(18)
X4[b]-Cu2–X2[a] 126.0(2)
N2–Cu2–N3 78.14(15)
X2[a]–Cu2–N2 113.33(18)
X4[b]–Cu2–N2 109.68(17)
X2[a]–Cu2–N3 110.08(18)
X4[b]–Cu2–N3 109.33(17)

[a] Equivalent positions: x, y + 1, z. [b] x – 1/2, y + 1/2, z.

Figure 3. Two perspective views of the stacking of layers of 2 showing the interdigitation of bpym ligands in the ac plane (left) and the
two different orientations of the bpym ligands (right).

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 2860–28682864

Likewise, the mean planes of the layers C and D are also
parallel but form a dihedral angle of 47.5° with those of
layers A and B. Thus, layers are arranged in couples, with
interlayer distances of about 4 Å and 6 Å for layers of the
same couple (AB and CD) and different couples (BC and
DA), respectively. In 2, however, the repeat pattern of layers
is of the ABAB type. Water molecules are located in the
free space between the layers of different couples.

In 2, Cu1 and Cu2 exhibit distorted tetrahedral coordi-
nation environments, which are formed by the coordination
of two bridging cyano groups and one bridging bisdidentate
bpym ligand, with Cu–X(cyano) (X = C or N) and Cu–
N(bpym) bond lengths in the ranges 1.873(7)–1.909(7) Å
and 2.102(4)–2.140(4) Å, respectively. As expected, the
small bite of the bpym ligands leads to distorted tetrahedral
coordination geometries with bond angles in the range
78.04(15)–125.7(2)°. The Cu···Cu distances across the cya-
nide ligands are 4.9431(12) Å and 4.9614(12) Å, whereas
that across the bpy ligand is 5.6686(11) Å. The Cu6 ring
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Figure 4. Asymmetric unit of 3 with the disordered CN bridging groups labelled as X (top). View of the 3D network down the a axis
(middle). Spiral distribution of CuI atoms along the a axis (bottom).

Eur. J. Inorg. Chem. 2005, 2860–2868 www.eurjic.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2865
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has approximate dimensions of 8.8×11 Å2, with Cu···Cu
distances across the ring in the range 9.917(17)–
10.9254(16) Å.

The asymmetric unit of the structure of
[Cu2(mbpym)(CN)2] (3) is given in Figure 4; selected bond
lengths and angles are listed in Table 3. There are two crys-
tallographically independent distorted tetrahedral copper(i)
atoms in the structure, which are coordinated, as in 2, by
two bridging cyano groups and one bisdidentate bridging
mbpym ligand. In contrast to 2, the join of the CuI atoms
does not take place in the same plane, therefore the struc-
ture is 3D. When viewed down the a axis, the structure
seems to be made of fused hexagonal rings (Figure 4, mid-
dle). However, a closer examination reveals that these rings
are not closed (Figure 4, bottom), and the Cu atoms are
distributed in the a direction in a spiral manner leading to a
3D chiral network with hexagonal channels of approximate
dimensions 9×9.5 Å2. The space filling is achieved by ori-
entation of the mbpym ligands in such a way that the
methyl groups lie on the channels. The bond lengths and
angles are similar to those observed in 2. The Cu···Cu dis-
tance across the mbpym is 5.7311(10) Å, whereas the
Cu···Cu distances across the cyanide ligands are
4.9526(9) Å and 4.9590 (9) Å.

Table 3. Selected interatomic distances [Å] and angles [°] for 3.

Cu1–N1 2.154(6)
Cu1–X1 1.874(10)
Cu1–X3 1.903(8)
Cu1–N4 2.143(5)
Cu2–N2 2.166(6)
Cu2–X2[a] 1.915(9)
Cu2–N3 2.150(7)
Cu2–X4[b] 1.900(7)
X1–Cu1–N1 109.5(3)
X3–Cu1–N1 107.2(3)
X3–Cu1–X1 132.5(3)
N4–Cu1–N1 76.9(2)
X1–Cu1–N4 109.7(2)
X3–Cu1–N4 107.1(2)
X2[a]–Cu2–N2 109.1(2)
N3–Cu2–N2 78.1(2)
X4[b]–Cu2–N2 106.0(3)
X4[b]–Cu2–X2[a] 135.0(2)
X2[a]–Cu2–N3 105.9(3)
X4[b]–Cu2–N3 108.1(3)

[a] Equivalent positions: x – 1/2, –y + 3/2, z – 1/2. [b] x + 1/2, y –
1/2, z.

Concluding Remarks

From the above results the following conclusions can be
drawn: (i) The use of hexacyanoferrate(iii) as a precursor
together with CuCl2·2H2O and polydentate ligands in sim-
ple hydrothermal reactions allows the isolation of homo-
and heterometallic cyanide-bridged complexes with intri-
guing 3D architectures. (ii) The introduction of sterically
demanding substituents in the bisdidentate ligand bpym
leads to the formation of different structures (compound 2
vs. compound 3). (iii) Solvothermal chemistry is a versatile

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 2860–28682866

and useful synthetic tool to prepare cyanide-bridged poly-
mers.

Solvothermal reactions between other cyanometallate
precursors, metal salts and a wide variety of polydentate
ligands are currently under examination in our laboratory.

Experimental Section
4-Methyl-2,2�-bipyrimidine was prepared by condensation of 2-cya-
nopyrimidine with hydroxylamine·HCl and further condensation
with 3-ethoxy-2-methylpropenal.[9] The rest of the reagents are
commercially available and were used without further purification.

[Fe(CN)4(phen)2Cu2] (1): A mixture of CuCl2·2H2O (0.21 g,
1.22 mmol), phen (0.22 g, 1.22 mmol), K3[Fe(CN)6] (0.4 g,
1.22 mmol) and water (8 mL) was added to a Teflon-lined stainless
steel Parr acid digestion vessel and heated at 180 °C for 2 d under
autogenous pressure. Slow cooling of the resulting solution to room
temperature afforded dark red crystals of 1. Yield: 0.22g (55%). IR
(KBr): νCN = 2090, 2096 and 2119 cm–1. C28H16Cu2N8Fe: calcd. C
51.90, H 2.49, N 17.31; found C 51.55, H 2.56, N 17.09. A Fe/Cu
ratio of 0.51 was determined by SEM (scanning electron micro-
scopy).

[Cu2(CN)2(bpym]·H2O (2): Dark red crystals of 2 were grown from
the hydrothermal treatment of CuCl2·2H2O (0.054 g, 0.32 mmol),
2,2�-bipyrimidine (0.050 g, 0.32 mmol), KCN (0.123 g, 1.92 mmol)
and methanol (8 mL) in the same conditions as for 1. Yield: 0.026g
(47%). IR (KBr): νCN = 2116 cm–1. C10H8Cu2N6O: calcd. C 33.78,
H 2.27, N 23.65; found C 33.75, H 2.09, N 23.75.

[Cu2(CN)2(mbpym] (3): This compound was prepared as dark red
crystals under the same hydrothermal conditions as above with
CuCl2·2H2O (0.098 g, 0.57 mmol), 4-methyl-2,2�-bipyrimidine 2-
oxide (0.1 g, 0.57 mmol), K3[Fe(CN)6] (0.189 g, 0.57 mmol) and
methanol (8 mL). Yield: 0.032g (32%). IR (KBr): νCN = 2071 cm–1.
C11H8Cu2N6: calcd. C 37.58, H 2.30, N 23.92; found C 37.51, H
2.36, N 23.52.

Physical Measurements: Elemental analyses were carried out at the
Instrumentation Scientific Centre of the University of Granada on
a Fisons–Carlo–Erba analyser model EA 1108. IR spectra were
recorded on a MIDAC progress IR spectrometer using KBr pellets.

X-ray Crystallography: Single-crystal diffraction data for 1–3 were
measured on a Bruker Smart Apex diffractometer using graphite-
monochromated Mo-Kα radiation (λ = 0.71069 Å). All data sets
were corrected for Lorentz and polarisation effects, and absorption
corrections were made with SADABS.[12] A total of 45034, 7827
and 7832 reflections giving 7791, 2902 and 3101 unique reflections
were collected (Rint = 0.0402, 0.0359 and 0.0260) for 1, 2 and 3,
respectively.

The structures were solved by direct methods and refined on F2

with the SHELXL97 program.[13] For each compound, refinement
of each CN bridge between two CuI atoms indicated disordering
with respect to the C and N termini. When site occupation parame-
ters of the bridging CN atom positions did not differ markedly
from the ratio 50:50 the parameters were fixed to 50% C and 50%
N. The disordered CN atom positions are labelled in tables and
drawings with X1, X2, X3 etc. For example, in compound 1 the
first atom position: 0.5N6a + 0.5C26b = X1; second 0.5N6b +
0.5C26a = X2; third 0.5N7a + 0.5C27b = X3, etc. For all struc-
tures, the non-hydrogen atoms were refined with anisotropic dis-
placement parameters and the hydrogen atoms were treated as ri-
ding atoms using the SHELX97 default parameters.
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For 1, the asymmetric unit of the structure consists of four CuI

atoms, two FeII atoms, eight cyanide ions and four phen ligands.
Four of the cyanide ions bridging the copper atoms are disordered.

For 2, in addition to the disordered bridging cyanide groups, the
oxygen atom of the water molecule is disordered over two sites. Site
occupation parameters for the atoms were refined, but the hydro-
gen atom of the disordered water molecule could not be reliably
located.

Complex 3 has a lot of pseudo-symmetry and the structure can be
solved and refined both in centrosymmetric space group C2/c and
in non-centrosymmetric space group Cc. Site occupation parame-
ters for each disordered CN atom position were fixed to 50% C
and 50% N for both space groups. Refinement in the centrosym-
metric space group resulted in a partly disordered mbpym ligand,
whereas refinement in the non-centrosymmetric space group gave
a fully ordered ligand. As the R1 value of 0.0732 in the centrosym-
metric space group is markedly higher than that of 0.0477 in the
non-centrosymmetric space group we report here the structure in
the lower symmetry space group Cc. The structure of 2 was refined
as a racemic mixture. The crystal data for 1 to 3 are summarised
in Table 4.

Table 4. Crystallographic data and structural refinement details for
1–3.

1 2 3

Empirical formula C28H16Cu2FeN8 C10H8Cu2N6O C11H8Cu2N6

Formula mass 647.42 355.30 351.31
Crystal system monoclinic monoclinic monoclinic
Space group P21/n (no. 14) C2/c (no. 15) Cc (no. 9)
a [Å] 19.2111(19) 14.927(2) 6.0928(6)
b [Å] 12.6738(13) 9.3301(12) 16.8890(16)
c [Å] 23.607(2) 19.464(3) 13.4625(13)
β [°] 110.041(2) 97.491(2) 96.174(2)
V [Å3] 5399.7(9) 2687.6(6) 1377.3(2)
Z 8 8 4
T [°C] 25 –173 –173
λ [Å] 0.71069 0.71069 0.71069
ρ [g cm–3] 1.593 1.756 1.694
μ [cm–1] 21.24 31.64 30.81
Goodness-of-fit 1.043 1.076 1.060
R1[a][I � 2σ(I)] 0.0307 0.0572 0.0477
wR2[b] [I � 2σ(I)] 0.0739 0.1173 0.1168
Flack parameter x – – 0.47(3)

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = {[Σw(Fo
2 – Fc

2)2]/[Σw(Fo
2)2]}1/2.

CCDC-250057 (for 1), -250058 (for 2) and -250059 (for 3) contain
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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