768

Table 1. Selected geometric parameters (fi. °)

Ni—Ol 1.8369 (15)  02—Cs5 1.426 (3)
Ni—NI1 1.853 (2) NI1—C3 1.300 (3)
Ni—N3 1.864 (2) NI—N2 1.398 (2)
Ni—P 2.1829 (6) N2—Cl1 1.316 (3)
S—Cl1 1.767 (2) N3—Cl1 1.345 (3)
S—C2 1.783 (3) N3—C4 1.451 (3)
P—C25 1.815 (2) C3—C12 1.430 (3)
P—C19 1.816 (2) C4—C18 1.510 (3)
P—CI13 1.821 (2) C5—C6 1.493 (4)
o1—-C7 1.320 (3) C7—C12 1404 ()
02—C4 1417 (3)

O1—Ni—NI1 95.52 (7) N2—NI—Ni 117.03 (13)
Ol—Ni—N3 176.60 (8) Cl1—N2—NI1 107.3 (2)
NI—Ni—N3 82.55 (8) CI—N3—C4 1206 (2)
O1—Ni—P 88.68 (6) Cl1—N3—Ni 111.08 (13)
N1—Ni—P 173.05 (5) C4—N3—Ni 127.87 (14
N3—Ni—P 93.52 (6) N2—CI—N3 1220 (2)
Cl1—8—C2 101.69 (12) N2—CI1—S 117.0 ()
C25—P—C19 105.07 (10) N3—CI1—S 121.0 (2)
C25—P—C13 106.81 (10) N1—C3—CI2 123.8 (2)
C19—pP—C13 104.18 (9) 02—C4+—N3 1132 (2
C25—P—Ni 117.57 (8) 02—C+—-C18 1049 (2)
C19—P—Ni 113.07 (7) N3—C4—C18 30 (2)
C13—P—Ni 109.15 () 02—C5—C6 108.4 (2)
C7—O!1—Ni 12649 (15) O1—C7—C12 124.6 (2)
C4—02—-Cs 114.2 (2) Oo1—C7—C8 17.6 (2)
C3—NI—N2 1159 (2) C7—C12—C3 1224 (2)
C3—NI—Ni 127.1 (2) C18—C13—P 118.7 (2)
N3—Ni—P—C13 =3L11 (8  Ni—P—Ci13—CI18 394 ()
P—Ni—N3—C4 —-12.7 (2) P—CI13—C18—CH4 333
Ni—N3—C4—C18 59.0 (2) N3—-C4+—CI18—C13 —=55.1 (3

The data collection nominally covered over a full hemisphere
of reciprocal space by a combination of six sets of exposures
with the area detector held at two 20 swing angles (25 and
53°). The reciprocal space was scanned by 0.1° w steps at
a different ¢ for each set of exposures. The detector was
placed at a distance of 5.02cm from the crystal. Crystal
decay was monitored by repeating the initial 70 frames at the
end of data collection and analysing the duplicate reflections
(SADABS; Sheldrick, 1996). No decay was observed. The
structure was solved by Patterson and difference Fourier
methods and refined by full-matrix least-squares methods. All
H atoms were found in the difference Fourier map, but they
were placed at calculated positions and refined using a riding
model. Anisotropic displacement parameters were used for
all non-H atoms; H atoms were given isotropic displacement
parameters equal to 1.2 (or 1.5 for methyl H atoms) times
the equivalent isotropic displacement parameter of the parent
atom.

Data collection: SMART (Siemens, 1995). Cell refinement:
SAINT (Siemens, 1995). Data reduction: SAINT. Program(s)
used to solve structure: SDP (Frenz, 1982). Program(s) used
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular
graphics: ORTEX3 (McArdle, 1994). Software used to prepare
material for publication: SHELXL93.

We would like to thank Christophe Fluteaux (Labora-
toire de Structures Electroniques et Modelisation, SEM,
ECP) for constructive discussions. We also would like
to thank Ecole Centrale Paris for the use of the Siemens
SMART CCD diffractometer at the SEM laboratory.
This work was financially supported by the Ministry
for Science and Technology of the Republic of Serbia.

© 1998 International Union of Crystallography
Printed in Great Britain — all rights reserved

[Ni(C30H23N30,PS)]

Supplementary data for this paper are available from the IUCr
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References

Boeyens, J. C. A. (1978). J. Cryst. Mol. Struct. 8. 317-320.

Campbell, M. J. M. (1975). Coord. Chem. Rev. 15, 279-319.

Frenz. B. A. (1982). Enraf-Nonius Structure Determination Package.
Version 4.2. Enraf-Nonius. Delft. The Netherlands.

Jensen, K. A. & Rancke-Madsen. E. (1934). Z. Anorg. Allg. Chem.
219, 243: 221, 6, 11.

Leovac, V. M., Cesljevié. V. I. & Galesié. N. (1988). Poivhedron. 7.
2641-2647.

Leovac, V. M. Petrovi¢, D. M.. Obadovi¢. D. Z. & Gerbeleu, N. V.
(1984). Z. Anorg. Allg. Chem. 512, 211-220.

Leovac, V. M., Ribdr, B.. Argay. G.. Kalmdn. A. & Bréeski. L. (1996).
J. Coord. Chem. 38. 1-7.

McArdle, P. (1994). J. Appl. Cryst. 27. 438-439.

Padhye. S. & Kauffman. G. B. (1985). Coord. Chem. Rev. 63. 127~
160.

Sheldrick. G. M. (1993). SHELXL93. Program for the Refinement of
Crvstal Structures. University of Gottingen. Germany.

Sheldrick. G. M. (1996). SADABS. Absorption Correction Program.
University of Gottingen. Germany.

Siemens (1995). SMART and SAINT. Area Detector Control and
Integration Software. Siemens Analytical X-ray Instruments Inc..
Madison, Wisconsin, USA.

West, D. X.. Padhye. S. B. & Sopawane. P. B. (1991). Srrucwural
and Physical Correlation in the Biological Properties of Transition
Metal Heterocvclic Thiosemicarbazone and S-Alkvldithiocarbaza-
te Complexes. Structure and Bonding. Vol. 76. pp. 1-50. Berlin.
Heidelberg: Springer-Verlag.

Acta Cryst. (1998). C54, 768-770

Aqua(2,4-dimethylpyridine-N)(N-salicyl-
ideneglycinato-O,N,O’)copper(II)

SaLaM A. WARDA

Department of Chemistry, Philipps-Universitidt Marburg,
Hans-Meerwein-Strafle, 35032 Marburg, Germany. E-mail:
warda@ax1501.chemie.uni-marburg.de

(Received 29 January 1997: accepted 15 December 1997)

Abstract

The Cu!! atom of the title complex, [Cu(CoH;NO3)-
(C7HgN)(H»0)}, has a square-pyramidal coordination
sphere with a tridentate N-salicylideneglycinato Schiff
base dianion and a 2,4-dimethylpyridine ligand bound
in the basal plane. The apex of the pyramid is occupied
by an O atom from the coordinated water molecule
at an apical distance of 2.416(2) A. The monomeric
moieties in the crystal are stabilized through hydro-
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gen bonding, building a two-dimensional network. The
copper(Il) polyhedra are arranged in two magnetically
inequivalent orientations, leading to a slightly distorted
ferrodistortive coupled g tensor.

Comment

Copper(II) complexes with tridentate Schiff base dian-
ions of the N-salicylideneaminoacidato type (TSB2™)
represent a relatively simple model for studies of co-
operative bonding effects, which can be investigated
by electron paramagnetic resonance (EPR) spectroscopy.
In these complexes, which are of the general type
[Cu(TSB)(L)], (Warda, 1994), three donor atoms (O,
N and O) of the Schiff base and a fourth donor atom
from the neutral ligand L (N, O or S) normally define
the base of a square pyramid. For isolated (monomeric)
structures, the copper coordination can be square pla-
nar, or square pyramidal when a neutral donor ligand
is located in the apical site (n = 1; Ueki et al., 1969;
Warda et al., 1996). A tetrameric structure (n = 4) is
found in the case of (4-ethylpyridine)(N-salicylidene-
glycinato)copper(Il) (Warda, 1997a). Polymeric struc-
tures (n = oc) are generally achieved when the apical
position is occupied by a carboxylic O atom from an ad-
jacent molecule, resulting in infinite zigzag chains (Ueki
et al., 1967; Warda et al., 1997). If a phenolic O atom
from a neighbouring molecule is apically coordinated,
dimeric structures are formed (n = 2; Warda, 1994). In
this communication, we report a case of n = 1 with
chain character, namely the title complex, (I).

@)

HQ N
N

O—Cu—0

oA

(D

The molecule is characterized by square-pyramidal
Cu'' coordination with the tridentate Schiff base N-
salicylideneglycinato dianion and a monodentate ligand
in the basal plane (2,4-dimethylpyridine). The involve-
ment of the water O atom at the apical site, with a Cu—
04 distance of 2.416(2) A, leads to a monomeric struc-
ture (Fig. 1). This distance is longer than the correspond-
ing bond of 2.352(7) A found in aqua(N-salicylidene-
glycinato)copper(II) tetrahydrate (Ueki et al., 1969). In
the case of the polymeric structure of (3,5-dimethyl-
pyridine)(N-salicylidenegylcinato)copper(Il), the apical
distance is 2.386 (2) A, involving a carboxylic O atom
from an adjacent complex molecule (Warda, 1997b).

In the title compound, H atoms of the apically
coordinated water molecule build a two-dimensional

769

Fig. 1. The asymmetric unit of the title compound with the atom-
numbering scheme. Ellipsoids are drawn at the 50% probability
level.

network by participating in hydrogen bonds: O4—
H42---03(x, § —y, 1 +2) and O4—H41---02(-x, -y,
—2).

It has been found (Warda, 1994, and unpublished
results) that EPR patterns display a weak coupled
g tensor (non-molecular), indicating a distorted ferro-
distortive (45° > 2y > 0°) ordering with a small
tilting angle of 2y = 11°, when the distance between
the differently oriented paramagnetic centres is shorter
than the critical distance of 8.3 A (EPR results); these
features are found in the title compound, with a tilting
angle of 10.0(1)° and a shortest Cu---Cu spacing
between two magnetically inequivalent cu" onematlons
of 6.9667 (7) A (symmetry relationship: x, 5 —, 2 +2).

In conclusion, there are two magnetic oriemalions
to be observed, which is consistent with the space
group, P2,/c, and a single molecule in the asymmetric
unit. The EPR results are in good agreement with the
structural results. At this stage in the documentation
of EPR data for a systematic study of the g tensor
and for cooperative ordering investigations, the X-ray
crystal structure determinations are indispensable for the
verification of spectroscopic results.

Experimental

The title compound was synthesized from aqua(N-salicylidene-
glycinato)copper(II) hemihydrate with 2,4-dimethylpyridine in
analogy to procedures described by Ueki et al. (1967) and
Warda (1994).

Crystal data

[Cu(CyH7NO; X C7HyN)- Mo Ko radiation
(H.0)] A =0.71073 A

M, = 365.86 Cell parameters from 25

Monoclinic reflections

P2,/c # = 18.999-22.076°
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a=13.0786(8) A
b=12.1740(7) A
c=99027(9) A

B = 94.354 (8)°_
V=1572.1(2) A’
Z=4

D, = 1.546 Mg m™*
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer
w scans
Absorption correction:
% scans (Siemens, 1996b)
Trin = 0.516, Trax = 0.951
3736 measured reflections
3428 independent reflections
2787 reflections with
> 20(D)

Refinement

Refinement on F>

RIF? > 20(FY)] = 0.037

wR(F?) = 0.101

S =1.075

3428 reflections

210 parameters

H-atom parameters
constrained (see below)

[Cu(CoH7NO;)(C7HyN)(H,0)]

p©= 1411 mm
T=2932)K
Plate

0.540 x 0.132 x 0.036 mm
Dark green

Rin = 0.021

Omax = 27°

h=0—- 16

k=0-15

I=—-12 =12

2 standard reflections
frequency: 120 min
intensity decay: none

w = U[a*(F;) + (0.0562P)
+ 0.6515P]
where P = (F; + 2F})/3
(A/o)max < 0.001
Apmax = 0419 ¢ A:3
Apmin = —0.805e A™1
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (/i, °)

Cu—02 1.9942(18)
Cu—04 2.416(2)
N2—Cu—02 90.73(7)
O1—Cu—043 98.99 (8)
N1—Cu—04 90.66 (8)
N2—Cu—04 98.40(7)
02—Cu—04 90.47 (8)

Table 2. Hydrogen-bonding geometry (A, °)

Cu—Ol 1.9189 (19)
Cu—NI 1.9229 (19)
Cu—N2 1.992(2)
Ol—Cu—N1 93.66 (8)
O1—Cu—N2 90.53(8)
N1—Cu—N2 169.31 (9)
O1—Cu—02 170.16 (8)
NI—Cu—02 83.50(8)
D—H---A D—H
04—H41. - .02 0.83
04—H42-..03" 0.88

Symmetry codes: (i) —x, —v, —Z2;

H-A DA D—H ..A
12 2.936(3) 167
01 2.856 (3) 159

2.
2
(ix, L =y, L4z

The methyl group H atoms were included at calculated
positions and refined as rigid groups. All other H atoms were
found from difference Fourier syntheses and refined using a
riding model.

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994).
Cell refinement: CAD-4 EXPRESS. Data reduction: XCAD-4
(Harms, 1997). Program(s) used to solve structure: SHELXS97
(Sheldrick, 1990). Program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997). Molecular graphics: XP in
SHELXTL (Siemens, 1996a). Software used to prepare ma-
terial for publication: SHELXL97.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SK1096). Services for accessing these
data are described at the back of the journal.
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Abstract

The Bi atom in the title compound, (CHgN3),[Bi-
(C13H25N40,2)].4H>0, is nine-coordinated through four
N and five O atoms of the ttha ligand, where
ttha denotes triethylenetetraminehexaacetate. The non-
coordinated COOH group is involved in a strong hydro-
gen bond with an O atom of a neighbouring complex,
thereby forming dimeric units.

t Alternative name: bis(guanidinium) [hydrogen 3.6.9.12-tetrakis-
(carboxylatomethyl-x0)-3.6.9.12-tetraaza-x* N-tetradecanedioate-x0' }-
bismuth(III) tetrahydrate.
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