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Distortional Isomerism in Copper(II) Nitrato Complexes of
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The tris(aminoethyl)amine derivative tris{[(para-nitrobenz-
yl)phenyl]aminoethyl}amine [(p-NO2BP)3tren] was reacted
with copper(II) nitrate in thf to yield three different solvates
of [Cu(p-NO2BP)3trenNO3]NO3 (C1) in the solid state,
namely α-C1·2thf (C2), β-C1·2.5thf (C3) and α-C1·(thf)1.5·
(iPr2O)0.25 (C4). The light green-yellow coloured complexes,
C2 and C4, are different solvates of the one distortion isomer,
while the dark-green C3 is a different distortion isomer. The
spectral properties of these distortion isomers were exam-
ined, and the structures of C3 and C4 were determined by X-
ray crystallography. The difference in the physical properties
(EPR and reflectance electronic spectra) of the light and dark

Introduction

The coordination chemistry of the tripodal ligand tris-
(aminoethyl)amine (tren) and more elaborate structures
thereof continues to be of significant interest.[1] These li-
gands can adopt mono-, di-, tri- or tetradentate coordina-
tion modes when reacted with a variety of metal ions, the
last being the most common.[1] Ligands based on tren have
often been applied in the synthesis of copper(II) complexes,
and the majority of them adopt a trigonal-bipyramidal ge-
ometry in which these tripodal ligands use all four nitrogen
atoms to bind to the copper(II) ion, leaving one open coor-
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green solids of C1 (α-C1·2thf and β-C1·2.5thf) can be attrib-
uted to a change in the coordination mode of the ligand to
the CuII centre. While the coordination sphere and orienta-
tion of the donor atoms in C3 and C4 are similar and the axial
Cu–N and Cu–O distances identical, their equatorial bond
lengths [Cu(1)–Neq] differ significantly. Compound C4 was
found to have a more uniform distribution of Cu(1)–Neq bond
lengths [2.166(3)–2.232(3) Å] than C3 [2.077(3)–2.352(3) Å],
one Cu–Neq distance being unusually long, when compared
with similar bonds in a range of copper(II) complexes of tren
derivatives.

dination site in the trigonal bipyramid for an exchangeable
monodentate ligand.[1] This open coordination site has
often been used in the stabilization of highly reactive spe-
cies, such as copper–dioxygen complexes,[2,3] or the stabili-
zation of redox-active anions, such as thiosulfates and
thiosulfonates.[4]

Copper(II) is sometimes found to adopt different geome-
tries with the same ligand due to the “plasticity” of the
copper(II) ion.[5,6] Distortion isomers have been reported,
which have distinctly different colours arising from only
slight distortions in the coordination sphere of the cop-
per(II) ion,[6,7] and, in some cases, distortion isomers have
been isolated as differently solvated species.[8]

We recently reported that the [Cu(p-NO2BP)3trenF]BF4

complex can be formed by reaction of a tren-based ligand,
(p-NO2BP)3tren, with Cu(BF4)2·6H2O. The fluoride ligand
can be generated from the hydrolysis of a BF4

– anion or
introduced by the addition of a fluoride salt. Analysis of
the structure of this compound revealed the shortest ever
reported CuII–F distance, indicating very strong binding of
fluoride to the CuII centre.[9] The bulky para-nitrobenz-
ylphenyl N-substituents on (p-NO2BP)3tren were found to
create a tight hydrophobic cavity that prevented the fluoride
ion from forming bridged complexes and from accepting
hydrogen bonds from hydrophilic molecules. This finding
led us to postulate that the presence of bulky N-substituents
on the tren moiety could be exploited in the synthesis of
further complexes with interesting crystallographic features
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and physical properties. We report herein the isolation of
different solvated species and distortion isomers from the
reaction of (p-NO2BP)3tren with Cu(NO3)2·3H2O in thf,
and their characterization by X-ray crystallography, EPR
spectroscopy and UV/Vis/NIR spectrophotometry.

Results and Discussion

Synthesis

Reaction of (p-NO2BP)3tren with Cu(NO3)2·3H2O in thf
resulted in the instant formation of a green solution of C1,
[Cu(p-NO2BP)3trenNO3](NO3). Slow diffusion of diethyl
ether into this solution resulted in the crystallization of two
distinctively different coloured solids, C2 (green-yellow, α-
C1) and C3 (dark green, β-C1), shown in Figure 1. Initially,
dark and light coloured solids formed as mixtures, or in
an unpredictable manner. Controlling the temperature of
crystallization allowed the selective crystallization of one
compound over the other (Scheme 1). Vapour diffusion of
diethyl ether at room temperature or above (�25 °C)
yielded the light green-yellow C2 exclusively, while the
darker C3 (β-C1) was isolated from vapour diffusion in a
cold room (5 °C) or in the freezer (–20 °C). A slight excess
of the copper(II) nitrate also aided in the formation of the
darker C3. When diethyl ether was replaced by diisopropyl
ether at room temperature, to slow the crystallization pro-
cess, C4 formed instead of C2. C4 has the same spectral
properties as C2, and the complex in C4 was hence assigned
to have the same conformation as in C2, that is, the same
distortion isomer (α-C1), with a slight change in the content
of lattice solvent.

Scheme 1. Temperature-controlled formation of C2 and C3 by vapour diffusion of diethyl ether into a thf solution of C1.
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Figure 1. The two differently coloured complexes: (a) light yellow-
green C2 and (b) dark green C3.

Solution Studies

Although three different solvates (two distortion iso-
mers) could be formed in the solid state, only one com-
pound could be detected in solution, namely C1. The elec-
tronic spectrum of a green solution of the complex in thf
exhibited a major band at λmax = 685 nm (εmax =
270 m–1 cm–1) and a less intense shoulder at λ = 605 nm
(Figure 2a) consistent with the formation of a distorted tri-
gonal-bipyramidal copper(II) complex.[10] The EPR spec-

Figure 2. (a) UV/Vis/NIR spectrum of a thf solution of C1 formed
in situ. (b) EPR spectrum (dark grey) of a frozen thf solution of
C1 formed in situ (77 K) and the simulated spectrum (light grey).
Simulated values: gx = 2.012, gy = 2.045, gz = 2.182 and Ax = 1.8,
Ay = 4.2, Az = 16.4 mT.



A. Almesåker, P. Gamez, J. L. Scott, S. J. Teat, J. Reedijk, L. SpicciaFULL PAPER
trum of the same solution showed a signal typical for a
copper(II) ion in a distorted geometry with a dx2–y2 ground
state (gx = 2.012, gy = 2.045 and gz = 2.182, Figure 2b),
which is generally found for copper(II) in a square-pyrami-
dal geometry.[11] It should be noted, however, that similar
parameters have also been reported for trigonal-bipyrami-
dal copper(II) complexes exhibiting only small distortions
towards a square-pyramidal environment, including some
complexes of tripodal tren ligands.[12]

Solid-State Studies

C2 and C3 were examined by their electronic reflectance,
IR and EPR spectra. The spectroscopic data for the two
solids were found identical, apart from slightly shifted spec-
tral features. This indicates that, despite the clear colour
difference, almost identical complexes had formed, as dis-
tortion isomers. The observed electronic reflectance spectra
of the two compounds, with a maximum at around 900 nm
and a shoulder around 700 nm, appeared to be significantly
shifted from the solution spectrum and have characteristics
more typical of trigonal-bipyramidal copper(II) com-
plexes.[10] The solid-state EPR spectra of the two com-
pounds consist of essentially the same isotropic or close to
isotropic signals with g values around 2.1. No improvement
in the resolution of the signals was seen at 77 K relative to
those recorded at room temperature (Figure 3).

Figure 3. (a) Room-temperature reflectance electronic spectra and
(b) EPR spectra recorded at 77 K for C2 (light grey lines) and C3
(dark grey lines).

The IR spectra of the two solids also show only subtle
differences. The N–H stretches, which were observed at
3390 cm–1 for the parent ligand, were found at 3241 and
3212 cm–1 in the spectrum of C2 and C3, respectively. The
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typically distinguishable asymmetric NO2 stretching vi-
brations of the nitrate ion were masked by the vibrations of
the aromatic nitro groups of the ligand. Nevertheless, the
presence of these vibration bands could be inferred from a
broadening of the bands around 1500 cm–1 in the spectra
of both compounds. The symmetric NO2 stretching vi-
brations of the nitrate ions were more easily identified, exi-
sting as a single peak at 1282 cm–1 for both compounds.
The bands corresponding to the aromatic and aliphatic C–
H stretches, around 2900 cm–1, were noticeably shifted in
the complexes relative to the corresponding values for the
parent ligand, although no obvious differences were ob-
served between the two coloured crystalline solids.

Crystal Structures

Thin needle-like single crystals of C3, ([Cu(p-NO2BP)3-
trenNO3](NO3)·2thf), obtained by vapour diffusion of di-
ethyl ether into a thf solution of C1 at 5 °C, were of good
enough quality to allow the determination of crystal struc-
ture by using a synchrotron source. Fine, light-coloured
needles of C2 ([Cu(p-NO2BP)3trenNO3](NO3)·2.5thf) of
low quality were grown at room temperature by vapour dif-
fusion of diethyl ether. Better quality single crystals (of C4)
were obtained by slow vapour diffusion of diisopropyl
ether. The X-ray analysis revealed the presence of entrapped
diisopropyl ether molecules in the lattice, that is, [Cu(p-
NO2BP)3trenNO3](NO3)·1.5thf·0.25iPr2O. Compound C4
is postulated to be a different solvate of distortion isomer
C2 (α-C1), in which some of the thf molecules in the lattice
have been replaced by diisopropyl ether molecules.

The ORTEP diagrams of C4 and C3 are shown in Fig-
ure 4. Compounds C4 and C3 crystallized in the space
groups P21/c and P21/n, respectively, in the monoclinic crys-
tal system. The solvent molecules in both structures were
found to be highly disordered. In C4, two areas were occu-
pied by solvent in the cell unit. One position was best mod-
elled as one thf molecule disordered over two positions each
with SOF (site occupancy factor) of 0.5. The second area
was modelled as a thf or a diisopropyl ether molecule with
SOF of 0.5 or 0.25, respectively. In C3, the 2.5 molecules
of thf were modelled over four positions with SOF of 1,
0.5, 0.75 and 0.25.

As may have been anticipated from the spectroscopic
data, analysis of the crystal structures revealed that the two
complexes were similar, with some disparities in the packing
of the complex cations and in the geometry around the CuII

centre (see Table 1 for selected bond lengths and angles).
Both structures have a five-coordinate copper(II) ion with
distorted trigonal-bipyramidal characteristics (τ[13] = 0.79
and 0.70 for C4 and C3, respectively).

The axial bond lengths in both C3 and C4 were found
to be identical, within experimental error, [dCu(1)–O(11) =
1.938(2) and 1.935(3) Å and dCu(1)–N(1) = 2.009(2) and
2.015(3) Å]. In contrast, the equatorial bond lengths
[Cu(1)–Neq] differed significantly. Compound C4 has a
more uniform distribution of the Cu(1)–Neq bond lengths
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Figure 4. ORTEP diagrams showing: (a) α-C1 of C4 and (b) β-
C1 of C3. All atoms except hydrogen atoms are shown as thermal
ellipsoids at the 35% probability level. Solvent molecules in the
lattice and all hydrogen atoms except those belonging to the amine
groups have been omitted for clarity. The benzyl section of arm
N(2) in C2 (b) was found to be disordered and best modelled over
two positions (0.25:0.75 occupancy) of which only the higher occu-
pancy position is shown.

[ranging from 2.166(3) to 2.232(3) Å], contrary to C3,
which exhibits a greater variation [ranging from 2.077(3) to
2.352(3) Å]. This difference in Cu–N equatorial bond
lengths is proposed to be responsible for the observed dif-
ferences in physical and spectroscopic properties of C3 and
C4. In fact, the longest Cu–Neq distance in C3 is more than
0.12 Å longer than the longest Cu–Neq distance in a variety
of copper(II) complexes of N-functionalized tren derivatives
(Table 2).

The three equatorial positions of the copper(II) centre
are occupied by the secondary tren nitrogen atoms, Neq

[N(2)–N(4)], and the axial positions by the tertiary tren ni-
trogen atom, Nax [N(1)], and one oxygen atom, O(11), from
a monodentate coordinated nitrate ion ligand.[14] As often
found for CuII complexes of tren ligands, the copper(II)
centre is displaced out of the plane defined by the three
equatorial nitrogen atoms towards the oxygen atom, O(11),
by 0.188(2) and 0.204(2) Å for C4 and C3, respectively, and
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Table 1. Selected bond lengths (in Å) and angles (in degrees) for
C4 and C3 (esd in parentheses).

C4 C3

Bond lengths /Å

Cu(1)–N(1) 2.009(2) 2.015(3)
Cu(1)–N(2) 2.166(3) 2.149(3)
Cu(1)–N(3) 2.232(3) 2.352(3)
Cu(1)–N(4) 2.178(3) 2.077(3)
Cu(1)–O(11) 1.938(2) 1.935(3)
Cu(1)–O(13) 2.941(3) 2.965(3)

Angles /°

N(1)–Cu(1)–N(2) 84.9(1) 85.0(1)
N(1)–Cu(1)–N(3) 84.8(1) 82.5(1)
N(1)–Cu(1)–N(4) 85.6(1) 85.9(1)
N(1)–Cu(1)–O(11) 172.1(1) 174.1(1)
N(2)–Cu(1)–N(3) 124.4(1) 103.1(1)
N(2)–Cu(1)–N(4) 119.0(1) 132.2(2)
N(2)–Cu(1)–O(11) 94.9(1) 93.2(1)
N(3)–Cu(1)–N(4) 114.3(1) 122.0(1)
N(3)–Cu(1)–O(11) 101.7(1) 92.5(1)
N(4)–Cu(1)–O(11) 87.70(1) 99.4(1)

Table 2. Bond lengths (in Å) and τ[13] values for copper(II) com-
plexes of tren-based ligands.

Complex τ dCu–Neq /Å Avg. dCu–Neq /Å dCu–Nax /Å

[CutrenCl]Cl[19] 0.90 2.099(3) 2.091(5) 2.081(3)
2.107(3)
2.066(3)

[CuMe3tren(CH3CN)]- 0.92 2.080(2) 2.095(4) 2.030(2)
(ClO4)2[15] 2.093(2)

2.111(3)
[Cu(2-NO2Bz)3trenCl]- 0.81 2.081(4) 2.098(7) 2.038(4)
Cl(EtOH)[3] 2.105(4)

2.107(4)
[CuBz3trenCl]- 0.85 2.109(5) 2.132(8) 2.026(4)
ClO4(CH2Cl2)(H2O)0.25

[16] 2.127(5)
2.160(4)

[CuGlu3trenCl]Cl[20] 0.99 2.125(4) 2.138(7) 2.008(3)
2.146(4)
2.142(4)

[CuMe3Bz3trenCl]- 0.98 2.183(3) 2.180(5) 2.029(3)
ClO4(CH2Cl2)1.5(H2O)0.5

[16] 2.165(2)
2.193(3)

[CuMe6trenCl]ClO4
[21] 1.01 2.186(2) 2.186(3) 2.040(6)

2.186(2)
2.186(2)

[Cu(p-NO2BP)3trenF]- 0.99 2.207(2) 2.181(3) 2.001(2)
BF4(thf)[9] 2.160(2)

2.176(2)

α-C1·1.5thf·0.25iPr2O (C4) 0.79 2.166(3) 2.192(5) 2.009(2)
2.232(3)
2.178(3)

β-C1·2.5thf (C3) 0.70 2.149(3) 2.193(5) 2.015(3)
2.352(3)
2.077(3)

the Cu–Nax bond lengths are shorter than the Cu–Neq bond
lengths.[15–17] The general trend for the Cu–N bond lengths
in copper(II) tren-based complexes is that the Cu–Neq dis-
tance increases as the steric bulk of the N-substituent in-
creases (as has been shown in the series tren � Me3tren ≈
Bz3tren � Me3Bz3tren ≈ Me6tren, see Table 2), while the
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variation of the Cu–Nax distance is minor.[15,16] As observed
in our earlier work, (p-NO2BP)3tren would fit last in the
series, giving the sequence tren � Me3tren ≈ Bz3tren �
Me3Bz3tren ≈ Me6tren ≈ (p-NO2BP)3tren.[9] The increase in
Cu–N bond lengths upon going across the series could fur-
ther be explained by the donor ability of the nitrogen atoms.
Compared to secondary or primary amines, bulky tertiary
amines can be poor sigma donors, weakening the coordina-
tion interaction and thus leading to longer Cu–Neq

bonds.[18] In the case of (p-NO2BP)3tren, the binding ability
of the equatorial nitrogen atoms is affected by the attached
bulky, electron-deficient aromatic rings, causing changes in
bond lengths and bond angle distortion.

The particular orientation of the coordinated nitrate ion
with respect to the Cu(1)–Nax bond in both structures al-
lows contact between the oxygen atom O(13) of the nitrate
ion and the CuII centre. However, the Cu(1)–O(13) dis-
tances [2.941(3) and 2.965(3) Å in C4 and C3, respectively]
are too long to consider the corresponding bonds as real
coordination bonds, namely, these distances are longer than
the sum of the van der Waals radii [rvdW(O+Cu) = 2.92 Å].[22]

The nitrate ions can be considered as monodentate in both
cases.

The crystal lattice of C4 and C3 is stabilized by hydro-
gen-bonding interactions between the noncoordinating ni-
trate ion and the secondary amine groups of the ligand
(Figure 5 and Table 3). In both cases, the nitrate ion accepts
hydrogen bonds from three amine hydrogen atoms, that is,
H(2N)···O(22), H(3N)···O(21) and H(4N)�···O(23).[23] In

Figure 5. Schematics showing the hydrogen-bonded nitrate ion in (a) C4 and (b) C3.
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C4, the angle between the nitrate ion and H(2N) and H(3N)
gives rise to one short and one long hydrogen bond [2.28(4)
and 2.11(4) Å], and to a relatively long O(22)···H(4N)� con-
tact [2.55(4) Å] (Table 3). In C3, the corresponding dis-
tances to H(2N) and H(3N) are comparable [2.15(4) and
2.18(5) Å], and the hydrogen bond from H(4N)� is relatively
short [H···A distance 2.23(4) Å]. These H···O distances are
all significantly shorter than the sum of the van der Waals
radii [dvdW(H+O) = 2.75 Å],[22] and all six contacts can be
considered to be moderate hydrogen bonds. The difference
in the way the noncoordinated nitrate ion is hydrogen-
bonded in the two structures was not considered to be re-
sponsible for the differences in colour or spectroscopic
properties of compounds, but rather to provide stabilization
of the lattices.

Table 3. Hydrogen bonds in C4 and C3.

D–H···A dD–H /Å dH···A /Å dD···A /Å AngleDHA /°

C4

N(2)–H(2N)···O(23) 0.73(4) 2.28(4) 2.968(4) 156(4)
N(3)–H(3N)···O(21) 0.84(4) 2.11(4) 2.901(4) 155(4)
N(4)–H(4N)···O(22)[a] 0.75(4) 2.55(4) 3.237(4) 154(3)

C3

N(2)–H(2N)···O(22) 0.83(4) 2.15(4) 2.938(5) 158(4)
N(3)–H(3N)···O(21) 0.85(5) 2.18(5) 2.925(5) 146(4)
N(4)–H(4N)···O(23)[b] 0.77(4) 2.23(4) 2.957(5) 160(4)

[a] Symmetry operations: x, 1 + y, z. [b] Symmetry operations: x –
0.5, 0.5 – y, z – 0.5.
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Conclusions

The differences in physical properties (IR, EPR and re-
flectance electronic spectra) between the light and dark
green solids of C1 (α-C1·2thf and β-C1·2.5thf) can be at-
tributed to slight changes in the mode of coordination of
the ligand to the CuII centre, as detected by examination of
the single-crystal X-ray structures of the yellow-green C4
and the dark green C3. In these compounds, the coordina-
tion sphere and orientation of the donor atoms are similar,
but the bond lengths provide some indication of the origin
of the different colour of the solvates. Even though the axial
bond lengths are practically identical (within experimental
error), the equatorial bond lengths [Cu(1)–Neq] differ signif-
icantly, compound C4 having a more uniform distribution
of the Cu(1)–Neq bond lengths than C3. Comparison of a
series of Cu–tren based structures reveals that one Cu–Neq

bond length in C3 is unusually long [2.352(3) Å] relative to
Cu–Neq distances of 2.07–2.23 Å for the related com-
pounds. This major difference in equatorial bond length is
proposed to be the cause of the physical differences between
the light (C4) and dark (C3) distortion isomers of the com-
plex.[6,7,25] These compounds highlight the well-known plas-
ticity of the copper(II) ion.[5,6,24]

Experimental Section
General: All solvents and reagents were obtained from commercial
sources and used as received. The synthesis of the ligand (p-
NO2BP)3tren has been reported elsewhere.[26] All manipulations
were carried out in air. X-band EPR spectra were recorded with a
Bruker EMX electron spin resonance spectrometer. EPR spectra
were simulated by using ref.[27] Solution UV/Vis/NIR spectra were
measured with a Varian Cary 50 spectrophotometer (path length
1 cm), and diffuse reflectance spectra of solid samples were re-
corded with a Perkin–Elmer 330 spectrometer equipped with a data
station. FTIR spectra were obtained with a Perkin–Elmer Paragon
1000 FTIR spectrophotometer equipped with a Golden Gate ATR
device, using the reflectance technique (4000–300 cm–1, resolution
4 cm–1). C, H, N determinations were performed with a Perkin–
Elmer 2400 Series II analyzer.

α-[Cu(p-NO2BP)3trenNO3]NO3·(thf)2 (C2): A thf solution of (p-
NO2BP)3tren (78.0 mg, 0.10 mmol, 2.5 mL) was added to a thf
solution of Cu(NO3)2·3H2O (24.2 mg, 0.10 mmol, 2.5 mL). Dif-
fusion of diethyl ether at ambient temperature overnight yielded
yellow-green needles. The crystals were filtered, washed with diethyl
ether and air-dried to give C2 (85.2 mg, 76%). IR: ν̃ = 3241 (w),
2860 (w br), 1598 (m), 1515 (s), 1495 (m), 1346 (s), 1282 (s) cm–1.
λmax: 295, 335, 430, 710, 950 nm. UV/Vis/NIR (thf): λmax (εmax,
m–1 cm–1) = 400 (2940), 605 (230), 685 (270) nm. EPR (solid, r.t.):
g = 2.103. EPR (solid, 77 K): g = 2.108. EPR (thf, 77 K): gx =
2.013 (Ax = 1.8 mT), gy = 2.045 (Ay = 4.2 mT), gz = 2.182 (Az =
16.4 mT).

α-[Cu(p-NO2BP)3trenNO3]NO3·(thf)1.5(iPr2O)0.25 (C4): A thf solu-
tion of (p-NO2BP)3tren (15.6 mg, 0.020 mmol, 1 mL) was added to
a thf solution of Cu(NO3)2·3H2O (4.8 mg, 0.020 mmol, 1.0 mL).
Slow vapour diffusion of diisopropyl ether at ambient temperature
yielded yellow-green needles of C4 (13.6 mg, 62%).

β-[(p-NO2BP)3trenNO3]NO3·(thf)2.5 (C3): A thf solution of (p-
NO2BP)3tren (78.0 mg, 0.10 mmol, 2.5 mL) was added to a thf
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solution of Cu(NO3)2·3H2O (25.3 mg, 0.105 mmol, 2.5 mL). Va-
pour diffusion of diethyl ether at ambient temperature to the re-
sulting green solution yielded green needle-like crystals overnight.
The crystals were filtered, washed with diethyl ether and dried in
air to give C3 (89.0 mg, 78%). Single crystals of C3 were grown by
adding an ice-cold thf solution of (p-NO2BP)3tren (15.6 mg,
0.020 mmol, 0.3 mL) to an ice-cold thf solution of Cu(NO3)2·3H2O
(5.1 mg, 0.21 mmol, 0.3 mL) kept in an ice bath. Vapour diffusion
of diethyl ether into this solution at temperatures of 5 °C (cold
room) or –20 °C (freezer) yielded green needle-like crystals of C3.
IR: ν̃ = 3212 (w), 2864 (w br), 1598 (m), 1516 (s), 1500 (m), 1344
(s), 1282 (s) cm–1. UV/Vis/NIR (reflectance): λmax = 275, 330, 425,
695, 885 nm. UV/Vis/NIR (thf): λmax (εmax, m–1 cm–1) = 400 (2940),
605 (230), 685 (270) nm. EPR (solid r.t.): g = 2.091. EPR (solid,
77 K): g = 2.098. EPR (thf, 77 K): gx = 2.013 (Ax = 1.8 mT), gy =
2.045 (Ay = 4.2 mT), gz = 2.182 (Az = 16.4 mT).

Crystal Data Collection and Reduction: The crystal was mounted
in Paratone oil. Data were collected with a Bruker AXS APEXII
diffractometer on Station 11.3.1[28] of the Advanced Light Source,
Lawrence Berkeley National Laboratory, by using silicon mono-
chromated radiation of wavelength λ = 0.77490 Å, at 150 K; the
instrument was fitted with an Oxford Cryostream low-temperature
attachment. The Bruker AXS APEX 2 software was used through-
out the data collection and reduction.

Refinement

Compound C4: All non-hydrogen atoms were refined anisotropi-
cally except for the solvent molecules. All hydrogen atoms were
placed geometrically except those on the secondary nitrogen atoms,
these were found in the difference map and allowed to refine freely.
Geometrical and displacement parameter restrains were used to
model the solvent molecules. Displacement parameter restrains
were used to model the nitro groups; even with these, the displace-
ment parameter ratio max/min is around 5:1, a number of split site
models were tried but did not refine well so they were left as they
were.

Compound C3: The data were cut at 0.88 Å. All fully occupied non-
hydrogen atoms and the major part of the disorder in the ligand

Table 4. Crystal data collection parameters for C4 and C3.

Crystal C4 C3

Empirical formula C52.50H60.50CuN9O13.75 C55H65CuN9O14.50

M /gmol–1 1101.14 1147.70
Crystal system monoclinic monoclinic
Space group P21/c P21/n
a /Å 22.1457(19) 12.516(1)
b /Å 9.1654(8) 29.989(2)
c /Å 27.201(2) 14.968(1)
α /° 90 90
β /° 103.222(2) 102.673(2)
γ /° 90 90
Volume /Å3 5374.7(8) 5481.4(7)
Z 4 4
μ (Mo-Kα) /mm–1 0.602 0.595
Dc /gcm–3 1.361 1.391
No. data measured 47767 48388
Unique data (Rint) 12315 (0.0550) 8425 (0.0724)
Observed data [I �2(σ)I] 9149 6223
Final R1

[a], wR2
[b] (obs. Data) 0.0606, 0.1666 0.0551, 0.1411

Final R1, wR2 (all data) 0.0832, 0.1829 0.0796, 0.1573
ρmin,ρmax /eÅ3 –0.922, 1.215 –0.458, 1.199

[a] R = Σ(|Fo| – |Fc|)/ Σ|Fo|. [b] R� = [Σw(|Fo| – |Fc|)2/ ΣFo
2]1/2, where

w = [σ2(Fo)]–1.
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were refined anisotropically. Hydrogen atoms were placed geomet-
rically on the carbon atoms and refined with a riding model. The
secondary amine hydrogen atoms were found in the difference map
and allowed to refine freely. Geometrical and displacement param-
eter restrains were used in modelling the disorder in the ligand,
the nitro groups and the solvent molecules. Even with these, the
displacement parameter ratio max/min up to 5:1 was not ideal,
which reflects the freedom of the ends of the ligand in the structure.
Crystal data is summarized in Table 4.

CCDC-783563 and -783564 for C4 and C3, respectively, 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/datarequest/cif.
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