316

C3—N1—C7 120.6 (3) N1—C3—S1 13.5(2)
C4—N1—-C7 113.1 (3 NI—C3-—-82 1245 (3)
Cl4—N2—C8 117.8 (2) S1—C3—82 122.0 (2)
01—C1-02 126.7 (3)

In (I), phenyl groups were refined as rigid hexagons. The
morpholinyl rings are somewhat disordered and restraints had
to be applied. The N—C and O—C distances were DFIXed
(DFIX in SHELXL97, Sheldrick, 1997a) at 1.451+0.01 A,
whereas the C—C distances were DFIXed at 1.54+0.02 A;
additionally, C22.---C24 = C47--.C49 = 2.51+0.02 A and
C23...C25 = C48---C50 = 2.37+0.02 A.

For both compounds, data collection: CAD-4/PC (Kretsch-
mar, 1994). Cell refinement: CAD-4 Manual (Enraf-Nonius,
1988) for (I); CELDIM in CAD-4 Manual for (II). For
both compounds, data reduction: XCAD4 (Harms, 1997);
program(s) used to solve structures: SHELXS97 (Sheldrick,
1997b); program(s) used to refine structures: SHELXL97;
molecular graphics: ORTEPII (Johnson, 1976); software used
to prepare material for publication: SHELXL97.

We thank the National Science Council for R&D,
Malaysia (IRPA (09-02-03-0004 and IRPA 09-02-03-
0371), for supporting this work.

electronic archives (Reference: SK1237). Services for accessing these
data are described at the back of the journal.
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Abstract

The crystal structure of tetrakis[z-bis(4-chlorophenoxy)-
acetato-O: 0’ ]bis[(dimethylformamide - O)copper(1I)],
[Cu(bpca),(dmf)]> [bpca is bis(4-chlorophenoxy)acetate,
C4sHoCl,04; dmf is dimethylformamide, Ci:Hs7NO],
consists of a dinuclear Cu'' complex which has a typical
cage structure, with a Cu---Cu distance of 2.685 (1) A.
The magnetic —2J value is 361 cm™!' (H = —2J5,.5,).

Comment

The dinuclear title complex, (I), has a center of sym-
metry, and the conformations of the two independent
bpca ligands [bpcaH is bis(4-chlorophenoxy)acetic acid]
are different. The PhO—C—C(O)—O torsion angle
is 55.1(5)° for one bpca ligand (04—C2—C1—02)
and —8.2 (5)° for the other (08—C16—C15—0S5). The
planes of the two phenoxy groups in each of the bpca
moieties are almost perpendicular to each other, the di-
hedral angles being 85.8(3) and 89.8 (3)°. However,
the ring-to-ring dihedral angle of the phenoxy groups
is 59.7° in the crystals of bpcaH (Smith & Kennard,
1981).
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In this study, the magnetic susceptibility of the title
complex was measured using the Faraday method over
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the temperature range 80-300K, and the —2J and g
values were determined to be 361 cm~' and 2.26, re-
spectively, with a mole fraction of monomeric Cu'
impurity of 2.4%. The —2J value is comparable with
those of [Cu(pciba);(CH3OH)],-2CH;OH (pcibaH is
4-chlorophenoxyisobutyric acid, C,oH;ClO3; -2J =
360cm™"'; Kani et al., 1998) and [Cu(Ph,MeCCOO),-
(EtOH)),-EtOH (—2J = 347 cm™'; Steward er al., 1996).
It is confirmed that there is a negligible influence of the
antiferromagnetic interaction caused by the replacement
of two phenyl groups with two phenoxy groups bonded
at the a-carbon of the bridging carboxylate ions. In con-
trast, the copper(Il) benzoylformates show abnormally
strong spin-exchange interaction; —2J = 648cm ' for
[Cu(PhCOCOO):(py))2 (py is pyridine; Harada et al.,
1997).

Fig. 1. The molecular structure of (I), with displacement ellipsoids at
the 50% probability level. H atoms are represented by circles of
arbitrary size.

Experimental

Bis(4-chlorophenoxy)acetic acid (626 mg, 2.0 mmol) and
CuCOs-Cu(OH),-H;0 (120 mg, 0.5 mmol) were suspended in
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aqueous methanol (1:1, 40 ml). The solution was stirred for 4 h
at room temperature and then filtered. The green residue was
dissolved in dimethylformamide (20 ml) to yield a dark-green

solution, from which green crystals were grown.

Crystal data

[Cu2(C15HyC1:04)a-
(C3H,NO): ]

M, = 1521.8

Monoclinic

P2[ /n

a=10.115(3) A

b =10.757 (4) A

¢ = 30.986 4) A

B =96.24(2)°
V= 3351(1) A?
Z=2

D, = 1.508 Mg m™*
D,, not measured

Data collection

Rigaku AFC-5R diffractom-
eter
w $cans
Absorption correction:
¥ scan (North et al.,
1968)
Toin = 0.616, Thux = 0.736
10 267 measured reflections
9762 independent refiections

Refinement

Refinement on F
R = 0.065
wR(F) = 0.062
S =1.795
6184 reflections
415 parameters
H atoms not refined
w = [ (F,)
+ 0.00031|F,|"]

Mo Ko radiation

X =0.71073 A

Cell parameters from 25
reflections

0 =14.8-15.0°
pw=1024 mm™'
T=297K
Prism

0.70 x 0.60 x 0.30 mm
Dark green

6184 reflections with
I > 1.5a()

Rine = 0.027

0mux = 300

h=0—> 14

k=0—15

= —-44 — 44

3 standard reflections
every 100 reflections
intensity decay: none

(A/O')mux = OOO!

Aprax =046 A7

Apmin = —0.40e A™?

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (fi, °)

Cul- - -Cul' 2.685 (1) C13—C20 1.743 (4)
Cul—0l 1.951 (3) Cl4—C26 1.747 (5)
Cul—0Q2' 1.967 (3) O1--C1 1.248 (5)
Cul—05 1.982(3) 02—Cl1 1.238(5)
Cul—06' 1.971(3) 0O5—CIS 1.232(4)
Cul-—-09 2.115(3) 06--C15 1.251 (4)
Cll—Cé6 1.726 (5) 09—C29 1.253 (6)
cr2—Ci2 1.738(4)

O1—Cul—02' 166.6 (1) Cul'-—06—C15 121.5(3)
05—Cul —06' 166.5(1) Cul—09—C29 120.5 (3)
Cul—0O1—-Cl 1211 (3) 01--C1—02 1274 (4)
Cul'—02—C1 124.6 (3) O5S—C15—06 127.7(3)
Cul—05—CI15 124.0(2)

Symmetry code: (i) 1 — ., 1 — ¥, | — 2.

The positions of all the H atoms were calculated geometrically

(UH) = 1.2U(O)].

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1993). Cell refinement:
MSCIAFC Diffractometer Control Software. Data reduction:
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TEXSAN (Molecular Structure Corporation/Rigaku Corpora-
tion, 1998). Program(s) used to solve structure: TEXSAN. Pro-
gram(s) used to refine structure: TEXSAN. Software used to
prepare material for publication: TEXSAN.

Supplementary data for this paper are available from the IUCr
clectronic archives (Reference: DA1053). Services for accessing these
data are described at the back of the journal.
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Abstract

The title complex, cis-[NiCl,(C,4H¢N>S;)], has twofold
crystallographic symmetry and the Ni atom has an octa-
hedral coordination with two cis thioether S atoms,
two trans pyridyl N atoms and two cis chloride ions.
The main dimensions are Ni—No 2.1078 (16), Ni—S
2.4316 (7) and Ni—Cl 2.3855 (6) A.

Comment

The identification of nickel complexes capable of gen-
erating methane from methyl-coenzyme M has proved
to be difficult (Jaun & Pfaltz, 1988) and we recently
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[Cuy(C14HeCl,04)4(C3H7NO); ]

reported an Ni'' compound which has coordinating ten-
dencies towards the coenzyme (Pandiyan et al., 1997a).
Synthetic model studies of metalloenzymes have been
used to illustrate the structural involvement on the bio-
logical functions (Stolzenberg & Zhang, 1997; Stolzen-
berg & Stershic, 1987; Murali ez al., 1994; Nishida &
Takahashi, 1988; Pandiyan et al., 1992, 1995, 1996,
1997a,b; Palaniandavar et al., 1995; Drain et al., 1988).
The ligand 2,2'-(2,5-dithiahexamethylene)dipyridine (L)
was synthesized and the spectroscopic biological studies
on these complexes are under process in our laboratory.

In the structure of the title compound, (I), the Ni atom
lies on a twofold axis of the Pbcn space group, while

S\ S
/Nj
22 / E;\N AN
| o« |l
NS ~

the remaining atoms are in general positions (Fig. 1).
The metal center is coordinated by two thioether S
atoms, two pyridyl N atoms and two chloride ions. The
coordination bond distances and the bond angles are
presented in Table 1. The greatest deviation from an
idealized octahedral geometry, 12.21(9)°, is observed
for the pyridyl N atoms with Nil. Atoms S1, S1i, N1
and N1' are almost coplanar, with a calculated maximum
deviation of 0.052 A for S1 and S1' [symmetry code (i):
1—x,y, 1 —z]. We can then consider the coordination
environment as distorted octahedral with the apical
positions occupied by the N atoms. The bite angle N1—
Nil—S1 [81.78 (5)°] is due to the steric hindrance of
the five-membered ring formed by Nil, N1, C3, C2 and
S1. On the other hand, the deviation from an idealized
geometry [6.00 (3)°] observed for the angle Cl1—Nil—
CI1' is rather due to the electronic repulsion of the Cl
atoms in a cis configuration. Despite a different point

Fig. 1. The structurc of the title compound with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 30% probability
level.
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