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Crystals of the title complex, [Cu(CN30,),(C3HyN,),], the
structure of which has been determined by single-crystal X-ray
diffraction at 304 K, appear to be pseudo-merohedrally
twinned. Transformation to a monoclinic C-centred cell was
necessary in order to derive the twin law. Twin refinement in a
triclinic unit cell significantly reduced the R value. The
asymmetric unit of the triclinic cell consists of one molecule in
a general position and two half entities with the Cu atom on a
centre of inversion. The coordination of the Cu atom is quasi-
octahedral, with four imidazole N-atom donors in the
equatorial plane and two cyano N atoms from the
N-nitrocyanamidate anion in axial positions. Owing to
symmetry in the centrosymmetric molecules, the trans
imidazole ligands are parallel, while those in the non-
centrosymmetric molecule make angles of 22.8(2) and
779 (2)°.

Comment

Non-linear pseudohalides, such as dicyanamide, N(CN)7,
tricyanomethananide, C(CN)5, nitrosodicyanomethanide,
ONC(CN);, and nitrocyanoamide (nca), O,NN(CN) ™, exhibit
a rich variety of bonding modes for coordination in 3d
complexes (Jager et al., 1997; Hvastijova et al., 1998; Kohout et
al., 2000; Potocnak et al., 2001, 2002; Kozisek et al., 2002; Diaz
et al., 2003). A comparison of bond distances for compounds
of the type [M(NL)4(NO,NCN),] [where M = Co, Ni and Cu,
and NL is a neutral ligand, such as iz (imidazole), pz (pyra-
zole) or meiz (1- or 5-methylimidazole)] found in the
Cambridge Structural Database (CSD; Version 1.6, 2003
release; Allen, 2002) is shown in Table 3. For Ni and Cu
compounds, neutral ligands were found in the equatorial plane

and anionic (nca) ligands in axial positions. In all previously
solved crystal structures, except for CSD refcode OFILEU,
(Hvastijova et al., 2001) the molecules are centrosymmetric.
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Cell reduction for the crystal structure of the title
compound, (I), revealed that the cell could be transformed to
a monoclinic C-centred one, but R, and R, [defined as the
sum of o(F?) divided by the sum of F?] were significantly
better for the triclinic case (0.0301 and 0.0375, respectively)

Figure 1
The atom-numbering scheme of (I). Displacement ellipsoids are shown at
the 50% probability level.
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than for a monoclinic lattice (0.0570 and 0.0483). The structure
could be solved in the triclinic space group P1 only, with many
difficulties. During refinement, large positional shifts led to
unreasonable molecular geometry, and additional peaks
appeared in the difference map. This behaviour is typical of
merohedral and pseudo-merohedral twins, which are formed
when the metric symmetry of the unit cell is higher than that of
its contents. Under these conditions, a matrix product
(monoclinic to triclinic) x (inversion) X (triclinic to mono-
clinic) = (001/310/110) x (100/010/001) x (011/011/100)
(matrices written by rows) can be expressed as TWIN 10000
101 0inthe SHELXL97 code (Sheldrick, 1997). The volume
ratios of the twins refined to 0.5627 (8):0.4373 (8).

An interesting feature of the title compound is the presence
of one non-centrosymmetric and two centrosymmetric mol-
ecules in the crystal structure (Fig. 1). Although the differ-
ences in Cu—Nyr bond distances are small, it might be
supposed that the orientation of the imidazole ligands (and
thus the interaction of m-electron density with Cu" d-orbitals)
could increase the asymmetry at the Cu'' centre, the most
pronounced distortion being in the axial direction [2.509 (3)
and 2.570 (3) A] It can be seen that all Cu—N;, distances that
are perpendicular to the N-nitrocyanoamide/Cu'/imidazole
‘plane’ are significantly shorter that the Cu—N;, distances in
the ‘plane’ [Cul —N7 = 1.998 (3) A, Cul—N17 = 2.002 (3) A,
Cu34—N35 =2.015 (3) A and Cu51—N57 = 2.005 (3) A]. The
greatest deviations from regular geometry are in the angles
that contain atoms that are more tightly bonded (N7, N17, N35
and N57; see Table 1).

Figure 2
Packing diagram of (I), viewed along the a axis. Hydrogen-bond
interactions are indicated by dashed lines.

For chromophore CuNg, the CSD contains 45 crystal
structures with monodentate nitrogen ligands and with no
restrictions for centrosymmetry. However, only five of these
structures have a non-centrosymmetric molecule [refcodes
LAXTEJ (Otieno et al, 1993), LITVEP (Lipkowski et al.,
1999), LOYROG (Dalai et al., 2002), MOGMUAQ (Fedin et al.,
2002) and SOFCEV (Kozisek et al., 1991)]. No crystal struc-
ture containing both centrosymmetric and non-centrosym-
metric moieties was found. The greatest difference between
the axial distances is in SOFCEV (2.372 and 2.500 A).

The crystal structure of (I) is stabilized by a three-dimen-
sional network of hydrogen bonds and van der Waals inter-
actions (Fig. 2 and Table 2). The closest intermolecular
contacts [N9---049 = 2.819 (4) A, N59---033 = 2.832 (4) A
and N19---0O67 = 2.848 (4) A] do not indicate significant 7—m
interaction.

Experimental

A solution of Cu(NO3), (2.0 mmol) in water (3 ml) was mixed with a
solution of KNO,NCN (4.0 mmol) in water (10 ml) and a solution of
imidazole (4.0 mmol) in methanol (10 ml). This system was left to
stand for a few days and blue crystals of [Cu(NCNNO.),(iz),] were
isolated. The mid-IR vibrational spectrum was compared with those
of NaNO,NCN and free imidazole. The comparison revealed that
many vibration bands of the N-nitrocyanamide ligand (e.g. 2196 and
2189 cm™' for the NCN asymmetric stretching vibration, 1171 and
1162 cm™" for the NCN symmetric vibration, 1298 and 1284 cm™"' for
the NO, symmetric stretching vibration, 968 and 962 cm™' for the
N—N stretching vibration, 551 and 540 cm ! for the C—N torsion,
and 511 and 506 cm™! for the NCN bending vibration) are split by
only a few wavenumbers. Similar small splittings can also be seen on
some imidazole ligand bands. These features may indicate the
presence of more than one crystallographically independent molecule
in the lattice.

Crystal data

[Cu(CN30,)2(C5HyNy)4]
M, = 507.95

Triclinic, P1
a=9841(2) A

b =15249 (3) A
c=15234 (3) A

a =104.17 (2)°

B = 96.65 (2)°

y = 9686 (2)°

V =2175.6 (8) A®

Data collection

Oxford Diffraction Xcalibur CCD
diffractometer

 scans

Absorption correction: analytical
face-indexed (CrysAlis RED;
Oxford Diffraction, 2003)
Tinin = 0.704, Trpax = 0.893

14 665 measured reflections

Refinement

Refinement on F?

R[F? > 20(F*)] = 0.038

wR(F?) = 0.088

§=1.05

8693 reflections

599 parameters

H-atom parameters constrained

Z=4

D,=1551 Mgm™

Mo Ko radiation

Cell parameters from 1076
reflections

0 =2.4-19.0°

u=106mm™"

T=304(2) K

Block, blue

0.36 x 0.34 x 0.11 mm

8693 independent reflections
7962 reflections with 7 > 20(1)
Rine = 0.030

Ormax = 26.4°

h=—11— 12
k=-18 — 19
I=-19 - 17

w = 1/[0*(F2) + (0.036P)*
+2.2497P]
where P = (F2 + 2F2)/3
(AI6)max = 0.001
APmax = 0.65 ¢ A3
Appin = —0.42 ¢ A3
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Table 1 .

Selected geometric parameters (A, °).

Cul—N2 2.022 (3) Cu34—N45 2.548 (4)
Cul—N7 1.998 (3) Cu51—N52 2.020 (3)
Cul —N12 2.026 (3) Cu51—N57 2.005 (3)
Cul—N17 2.002 (3) Cu51—N62 2.549 (3)
Cul —N22 2.570 (3) N22—C23 1.151 (4)
Cul —N28 2.509 (3) N28—C29 1.161 (5)
Cu34—N35 2.015 (3) N45—C46 1.144 (5)
Cu34—N40 2.021 (3) N62—C63 1.152 (5)
N2—Cul—N12 179.6 (1) N22—Cul—N28 177.0 (1)
N7—Cul—N17 177.7 (1) N35—Cu34—N40 91.9 (1)
N7—Cul —N22 92.9 (1) N57—Cu51—N62 87.0 (1)
N17—Cul —N28 87.6 (1)

Table 2 .

Hydrogen-bond geometry (A, °).

D—H.---A D—H H---A D---A D—H---A
N19—H19A4. - -067' 0.86 2.00 2.848 (4) 171
N59—H59A4. - -033% 0.86 2.03 2.832 (4) 155
N4—H4A- . -0271 0.86 2.06 2.910 (4) 172
N14—HI14A---033" 0.86 2.06 2.886 (5) 161
N9—H9A. - -049" 0.86 2.06 2.819 (4) 146
N54—H54A4. - -066™ 0.86 2.09 2918 (4) 163

Symmetry codes: (i) —x+2, —y +1, —z +1; (ii)) —x + 1, —y, —z; (iii) x — 1, y, z; (iv)
x+1,y,z(v) —x+2, -y, —z.

Table 3 A
Comparison of bond distances (A) for compounds of the type
[M(NL),(NO,NCN),].

M Co—Nnr Co—N,ca CSD refcode

Co 2.098-2.151 2.136-2.167 DOQZIS*, TUSLOI®
Ni 2.067-2.093 2.076-2.110 DOQZEO*, OFILEU*
Cu 2.000-2.024 2.600-2.683 BEFBETY, BEFCUK"

Notes: (a) Hvastijova et al. (2000); (b) Hvastijova et al. (2003); (c) Hvastijova et al. (2001);
(d) Kohout et al. (1999).

H atoms were positioned geometrically and treated as riding atoms
(C—H =093 A and N—H = 0.86 A), with Uy,,(H) set at 1.2U,, of the
parent atom.

Data collection: CrysAlis CCD (Oxford Diffraction, 2001); cell
refinement: CrysAlis CCD; data reduction: CrysAlis RED (Oxford
Diffraction, 2003); program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97

(Sheldrick, 1997); molecular graphics: DIAMOND (Brandenburg,
1998); software used to prepare material for publication:
SHELXL97.

The authors thank the Grant Agency of the Slovak
Republic (grant Nos. VEGA 1/2449/05 and COSNET
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ1193). Services for accessing these data are
described at the back of the journal.
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