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Abstract

In [Cu(NCS)C,4H3;N4)]CIOQy, the Cu'! ion is fivefold
coordinated in a distorted trigonal-bipyramidal environ-
ment and the tetradentate macrocyclic ligand coordinates
in a folded fashion. All four methyl groups of the macro-
cycle are disposed towards the same side as the isothio-
cyanato group.

Comment

The thiocyanate ion can act as an ambient ligand
coordinating to a metal ion via the S or the N atom.
According to Pearson’s theory, the S atom in SCN™
is soft and prefers to coordinate to soft acids (class
b metals), whereas the N atom in SCN~ is hard and
coordinates to hard acids (class a metals) (Ahrland et
al., 1958; Pearson, 1963; Burmeister, 1990). The Cu!
ion is on the borderline between hard and soft. Thus,
the nature of the other ligands attached to a Cu'' ion
has a great effect on the coordination behaviour of a
thiocyanato group (Lu et al., 1996; Tahirov et al., 1993,
1995). We report herein the crystal structure of the title
complex, (I), in order to expand the knowledge in this

area.
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The Cu" ion is five-coordinate in a distorted

trigonal-bipyramidal environment. The macrocyclic lig-
and, 1,4,8,11-tetramethyl-1,4,8,11-tetraazacyclotetra-
decane (tmc), coordinates to the Cu' ion in a folded
fashion. The trigonal plane is formed by N1, N3 and
NS. The N2 and N4 atoms occupy the apical positions.
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Axial bonds [2.094 (4) and 2.097 (4) A] are, on aver-
age, shorter than in-plane bonds [2.080 (4), 2.143 (4) and
2.116 (4) A] because of the rigidity of the macrocyclic
ligand. The N2—Cu—N4 angle [174.37 (15)°] deviates
from linearity. The tetradentate ligand adopts a confor-
mation in which the two six-membered rings have chair
forms and the two five-membered rings have gauche
forms. All four methyl groups of the macrocycle are
disposed towards the same side as the isothiocyanato
group. The chiral atoms N1, N2, N3 and N4 have the
relative configurations 1RS, 4SR, 8RS and 115R, respec-
tively. The thiocyanate ion acts as a monodentate lig-
and and coordinates to the Cu'' ion via thc N atom.
Similar trigonal-bipyramidal coordination of tmc has
been reported in the crystal structure of [Zn(0O,COCHj3)-
(tmc)JCIO4 (Kato & Ito, 1985). The crystal structures of
[Fe(tmc)(NO)J(BF)2, [Ni(tmc)(N3)]ClO,4 and [Zn(tmc)-
CIICIO4 contain distorted square-pyramidal complexes
(Alcock et al., 1978; D’ Aniello et al., 1975; Hodges et
al., 1979). The perchlorate ion is not within bonding
distance of the cation.

02

Fig. 1. A perspective view of the molecule of the Cu'' complex
with the atom-numbering scheme, excluding H atoms. Displacement
ellipsoids are drawn at the 50% probability level (ORTEPII;
Johnson, 1976),

Experimental

The tmc ligand and [Cu(tmc)](ClO,); were prepared according
to literature methods (Barefield & Wagner, 1973; Lee et al.,
1986). [Cu(tmc)](ClO4); (0.03g) and KSCN (0.05g) were
mixed in aqueous solution (10 ml) and allowed to react for
3 h at room temperature. Acetone was added to the resulting
solution until the solution became clear. The solution was
allowed to stand in air overnight whereupon blue crystals
suitable for crystallographic analysis were obtained.
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Crystal data

[Cu(NCS)(C14H3:N4)1C10,
M, = 477.50
Monoclinic

P2|/C
a=189245(10) A
b =14.9611(10) A
c=15.7331(13) A
B =96.184 (10)°

V = 2088.5 (3) A’
Z=4
D.=1519Mgm™>
D,, not measured

Data collection
Nonius CAD-4 diffractom-
eter
6/26 scans
Absorption correction:
9 scan (North et al.,
1968)
Tnin = 0.703, Thax = 0.867
3926 measured reflections
3675 independent reflections

Refinement

Refinement on F

R = 0.041

wR = 0.052

S$=1.13

2513 reflections

245 parameters

H atoms not refined

w = [o*(F) + 0.001F?]
(A/0)max = 0.002

[Cu(NCS)(C14H3;N4)]CI04

Mo Ko radia},tion

A=0.7107 A

Cell parameters from 22
reflections

# = 5.45-15.74°

w=130mm™"

T=293K

Cubic

0.25 x 0.13 x 0.12 mm

Light blue

2514 reflections with
1> 1.50()

Rin = 0.019

Omax = 24.93°

h=-10 - 10

k=0-—17

I=0—18

3 standard reflections
frequency: 60 min
intensity decay: 1.0%

Apmax =039 ¢ A7
Apmin = —028 e A™3
Extinction correction:
Larson (1970)
Extinction coefficient:
8(2) x 10°
Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. 1V)

Table 1. Selected geometric parameters (A °)

Cu—NI 2.080 (4)
Cu—N2 2.094 (4)
Cu—N3 2.143 (4)
N1—Cu—N2 85.45 (15)
N1—Cu—N3 145.46 (15)
N1—Cu—N4 92.40 (15)
N1—Cu—N5 114.57 (16)
N2—Cu—N3 92.80 (16)
N2—Cu—N4 174.37(15)
N2—Cu—N5 93.53 (15)
N3—Cu—N4 86.02 (15)
N3—Cu—N5 99.98 (16)
N4—Cu—N5 92.09 (16)
Cu—N1—Cl 114.0(3)
Cu—N1—C2 111.2(3)

Cu—N4 2.097 (4)
Cu—NS5 2.116 (4)
S—Cl15 1.628 (5)
Cu—NI1—-C3 106.4 (3)
Cu—N2—C4 104.4 (3)
Cu—N2—-C5 115.3(3)
Cu—N2—C6 112.1(3)
Cu—N3—C8 112.1(3)
Cu—N3—C9 114.7 (3)
Cu—N3—C10 103.8(3)
Cu—N4—Cl1 103.0 (3)
Cu—N4—C12 115.7 (3)
Cu—N4—C13 112.8(3)
Cu—N5S—CI5 144.6 (4)
S—CI15—NS5 178.9 (4)

Data reduction: NRCVAX DATRD2 (Gabe et al., 1989). Pro-
gram(s) used to solve structure: NRCVAX SOLVER. Pro-
gram(s) used to refine structure: NRCVAX LSTSQ. Molecu-
lar graphics: ORTEPII (Johnson, 1976) in NRCVAX. Software
used to prepare material for publication: NRCVAX TABLES.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: OA1047). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, bis[1-(2-bromo-4-methylphenyl-
iminomethyl)-2-naphtholato-N,0O]copper(Il), [Cu(C,gH; -
BrNO),], has crystallographic inversion symmetry. The
Cu'' ion shows a pseudo-square-planar coordination.
The Cu—N and Cu—O distances are 1.990(4) and
1.880 (4) A, respectively. The Cu" ion is in an approx-
imate octahedral environment if bromine is included in
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