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Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)
Ueq = (1/3)E,X;UVd d'a; a;.

X z Ue

Y q

Er 172 0.521683 (15) 3/4 0.01841 (6)
01 0.56702 (9) 0.46522 (18) 0.9647 (2) 0.0359 (5)
02 0.46523 (9) 0.34097 (17) 0.8086 (2) 0.0303 (4)
03 0.58625 (8) 0.42206 (19) 1.1975 () 0.0306 (4)
04 0.53501 (9) 0.68217 (17) 0.9027 (2) 0.0294 (4)
N1 0.83637(17) 0.2443 (5) 1.4600 (5) 0.0979 (17)
N2t 0.3868 (4) —0.1176 (8) 0.9039 (11) 0.092 (3)
Cl 0.60188 (11) 0.4326 (2) 1.0835 (3) 0.0234 (5)
(o) 0.66728 (12)  0.4057 (2) 1.0934 (3) 0.0279 (6)
C3 0.70490 (13) 0.3566 (3) 1.2181 (3) 0.0332(7
ca 0.76599 (14) 0.3358 (3) 1.2287 (4) 0.0459 (9)
CS 0.80512(16) 0.2841 (4) 1.3580 (5) 0.0655 (13)
c6 0.78943 (16) 0.3633 (4) 1.1153 (5) 0.0583 (11)
c7 0.75127(17) 04116 (4) 0.9902 (5) 0.0610 (13)
c8 0.69056 (15)  0.4332 (4) 0.9791 (4) 0.0460 (8)
cY 12 0.2893 (3) 3/4 0.0279 (8)
clo 12 0.1651 (4) 3/4 0.0315 (9)
cll 0.46048 (16) 0.1079 (3) 0.8081 (4) 0.0397 (7)
c12 0.4600 (2) —0.0074 (3) 0.8063 (5) 0.0499 (9)
Ci13t 04211 (4) —0.0680 (7) 0.8592 (9) 0.0556 (19)
Cl4 12 —0.0653 (5) 3/4 0.0563 (14)
t Site occupancy = 0.50.

Table 2. Selected bond lengths (A)
Er—Ol 22712(19)  03—Cl 1.253(3)
Er—03' 22764(18) NI—CS 1.131 (5)
Er—O04 2412(2) N2—C13 1.164 (10)
Er—O02 2.439(2) c1—C2 1.503 (3)
01—C1 1.243(3) C9—Cl10 1.496 (6)
02—C9 1.265(3) C12—C13 1.359(9)

Symmetry code: (i) x, | — v,2 —

ot

Table 3. Hydrogen-bonding geometry (A °)

D—H---A D—H H..A D--A D—H..A
04—HS8. - -NI' 0918(18)  2.09(3)  2.935(4) 153(3)
04—H7- - -02" 0901 (18)  1.92(2)  2.782(3) 160 (4)
Symmetry codes: (i) § —x, }+y, 3 —zn (i) —x, 1 —y,2 -z

All H atoms were located by difference Fourier synthesis. The
water H atoms were refined with a rigid model and the other
H atoms were refined isotropically.

Data collection: CAD-4 ARGUS Software (Nonius, 1996).
Cell refinement: CAD-4 ARGUS Software. Data reduction:
MOolEN (Fair, 1990). Program(s) used to solve structure:
SHELXS97 (Sheldrick, 1990). Program(s) used to refine struc-
ture: SHELXL97 (Sheldrick, 1997). Molecular graphics: XPMA
and ZORTEP (Zsolnai, 1998). Software used to prepare mate-
rial for publication: SHELXL97.

Financial support was from the National Natural
Science Foundation of China (Nos. 29771001 and
29831010), the National Key Project for Fundamental
Research and the Founder Corporation Group Founda-
tion of Peking University.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: DA1072). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound, (C,oHoN3S;)2[Cu,Cl¢](BF4),,
the [Cu,Cle])?~ anions associate through weak Cu- - -Cl
contacts to form polymeric [CuCl;];~ chains. Hydro-
gen bonding between the chloride anions of these chains
and the pyridinium protons, and between the pyridinium
protons and the BF; anions, results in the formation of
weakly associated ribbons.

Comment

The title compound, (I), isolated during our studies into
the formation of extended structures by copper halide
complexes and bridging bipyridyl ligands, exists as an
air-stable red solid.

* Ta, a |
Y
H_N/ \ s CU/
— Lo _
2 _ \ \—H al Ja 2BF,
R\ S
a’

(M

Acta Crystallographica Section C
ISSN 0108-2701 ©1999



ALEXANDER J. BLAKE et al.

A diffraction study confirmed the stoichiometry of
the compound (Fig. 1). Within the crystallographically
centrosymmetric [Cu,Clg]>~ anion, each Cu!' centre

Fig. 1. A view of two asymmetric units comprising one dianion,
two cations and two BF; anions. The dianion lies across a
crystallographic inversion centre. Hydrogen bonds are shown as
dashed lines. Displacement ecllipsoids arc drawn at the 50%
probability level. [Symmetry code: (i) —x, —y, —z.]
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occupies a distorted square-planar environment with
two bridging and two terminal Cl~ ligands. A fifth
Cl™ ligand from an adjacent [Cu,Cly]*~ anion provides
a longer apical Cu---Cl interaction of 2.6643(14) A,
giving each Cu'' centre an overall distorted square-
pyramidal coordination environment, and resulting in
the formation of a polymeric [CuCl;]Z~ anionic chain.
The arrangement of this polymeric chain is analogous
to those observed in (piperazinium)[Cu,Cls] and (piper-
idinium);[Cu,Clg], although the inoter—dimer Cu---Cl
interactions [2.622 (3) and 2.612 (1) A, respectively] are
slightly shorter in these two compounds (Battaglia e al.,
1988). cis-CuCl,- - -HN hydrogen-bonding interactions
between the pyridinium proton (H10A4) and both ClI
and CI3 of the anion, and an F---NH hydrogen bond
between H1A and Fl of the BF; anion, result in the
formation of ribbons running along the crystallographic
a direction, with each stack of weakly associated
[Cu,Cle]*~ anions surrounded by successive columns
of bipyridinium cations and BF; ™ anions (Fig. 2). The
distances and angles in the cis-CuCl,---HN hydrogen
bond [N10—HI10A---Cl1 2.49, N10---Cll 3.237(4) A
and N10—HI0A---Cl1 143°; N10—HI10A- - -CI3 2.49,
NI0O---CI3 3.148(4)A and NI10—HI0A---CI3 132°]
are typical of those observed for short cis-MCl,---H
interactions (Lewis & Orpen, 1998) and compare well
with values observed for [4,4-H,bipy][MCl,] (M = Pd,
Pt; Lewis & Orpen, 1998) and [4,4’-H,bipy][Cu;Xs]
[X = Cl (Bokowska-Strzyewska & Tosik, 1979); X =
Br (Tosik et al., 1990)]. The N—H. - -F interaction of

Fig. 2. A packing diagram showing the ribbons running along a.
Each dianion is surrounded by successive columns of bipyridinium
cations and BF; anions.
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1.91 A is also short, and this distance and the nearly
linear N—H- - -F angle of 170° characterize it as a close
N—H- - -F hydrogen-bonding interaction.

The bis(4-pyridinium)disulfide cation is twisted with
a C—S—S—C torsion angle of —81.5(2)°, which
is comparable to the value of 86.6° reported for the
only structurally characterized example of the bis(4-
pyridyl)disulfide ligand, namely the bis(triiodide) salt
of trans-[u-bis(4-pyridyl)disulfide]bis[bis{o-(Me; As),-
CeH.}CIRu]?* (Coe et al., 1997). This bent arrangement
results in the BF; /bipyridinium/[Cu,Cls]> /bipyridin-
ium/BF;” units undulating across the plane of the

hydrogen-bonded ribbon (Fig. 2).

Experimental

Crystals of the title compound were prepared by layering a
solution of Cu(BFs); (0.02 g, 0.06 mmol) in MeCN (10 ml)
over a solution of bis(4-pyridyl) disulfide (0.025 g, 0.20 mmol)
in CH,Cl, (10ml). Red acicular crystals appeared over a
period of several weeks. IR spectroscopy confirmed the

presence of BF;  anions.

Crystal data

(Ci1oH10N2S2)2[CuxClg -
(BF4)2
M, = 958.04
Triclinic
P1 .
a =5.9096 (11) A
b =9.9845(17) A
c=143943) A
a = 95.053 (17)°
B = 93.762 (19)°
v = 99.544 (17)°
V=2831.53) A’
Z=1
. =1.913 Mg m~3
D, not measured

Data collection
Stoe Stadi-4 four-circle
diffractometer
w/20 scans
Absorption correction:
numerical (XRED; Stoe
& Cie, 1997a)
Tmin = 0.906, Trmax = 0.945
3244 measured reflections
2911 independent reflections

Refinement

Refinement on F2

R[F? > 20(F?)] = 0.045
wR(F?) = 0.082
S=118

Mo Ko radiation

A=0.71073 A

Cell parameters from 40
reflections

0 = 20-35°

u=2.081 mm~

T=1502)K

Needle

0.70 x 0.10 x 0.06 mm

Dark red

1

2335 reflections with

1> 20(])
Rin = 0.067
Omax = 25.03°
h=-7—17
k=—11 — 11
I=-13 17

3 standard reflections
frequency: 60 min
intensity variation: +4.2%

(A/0)max = 0.00°l

Apmax =055 e A7
Apmin = —0.43 ¢ A3
Extinction correction: none

(CioH10N2S2)2[Cu, Clg J(BFa),

2911 reflections

208 parameters

H atoms constrained

w = V[ (F3) + 2.647P]
where P = (F2 + 2F2)/3

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

Table 1. Selected geometric parameters (A °)

Cul—ClIt 2.2510(13)  Cul—Ci3 2.2609 (14)
Cul—CI2 2.3433(14)  Cul—CI3" 2.6643 (14)
Cul—CI2' 22820 (14

Cll—Cul—CI12' 92.67 (5) CR—Cul—CI3 88.15(5)
Cl1—Cul—CI2 160.92 (5) C12'—Cul—C13" 92.46 (5)
Cll—Cul—CI3 92.88 (5) C12—Cul—CI13" 95.82(5)
Cll—Cul—CI13" 103.13(5) C13—Cul—CI13" 93.27(5)
CI2'—Cul—CI2 84.27 (5) Cul'—C12—Cul 95.73 (5)
C12’—Cul—CI3 170.92 (5) Cul—C13—Cul" 86.73 (5)
C4—81—82—C7 —81.5(2)

Symmetry codes: (i) —x, —y, —z; (i) I —x, —y, —z.

Table 2. Hydrogen-bonding geometry (A °)

D—H---A D—H H.-A D-A D—H. A
NI10—HI0A- - -Cll 0.88 2.49 3.2374) 143
N10—HI0A- - -CI3 0.88 2.49 3.148 (4) 132
N1—HIA- - -Fl 0.88 1.91 2.781 (6) 170

The crystal was cooled using an Oxford Cryosystems open-
flow cryostat operating at 150 K (Cosier & Glazer, 1986). H1A
and H10A were found from AF syntheses and subsequently
restrained to lie at a distance of 0.88 A from their parent
N atoms, N1 and N10, respectively. All other H atoms
were included at geometrically calculated positions; each was
constrained to ride at a distance of 0.95 A from its parent
C atom. For all H atoms, displacement parameters were
constrained such that Ui,(H) = 1.2Ueq(C).

Data collection: STADI4 (Stoe & Cie, 1997b). Cell refine-
ment: STADI4. Data reduction: XRED (Stoe & Cie, 1997q).
Program(s) used to solve structure: SHELXS97 (Sheldrick,
1990). Program(s) used to refine structure: SHELXLS7
(Sheldrick, 1997). Molecular graphics: SHELXTL/PC (Sheld-
rick, 1994). Software used to prepare material for publication:
SHELXL97.

We thank EPSRC for provision of a four-circle
diffractometer and for a postdoctoral fellowship (to
PAC), and the University of Nottingham for a stu-
dentship (JEBN).

Supplementary data for this paper are available from the [UCr
electronic archives (Reference: GD1036). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound, [Ni(Cy;Hy; Cl4N30:)(C4HgO,)],
the Ni atom has a distorted octahedral coordination
geometry in which the pentadentate Schiff base ligand
acts as an N3O; donor and a molecule of 1,4-dioxane
occupies the remaining coordination position. The N
atoms adopt a meridional arrangement, coplanar with the
O-donor atom of the dioxane molecule, and the ligand
O atoms are rrans-related. This conformation results in
an approximate square-pyramidal coordination for the
pentadentate ligand, with the dioxane molecule trans to
the amine N atom.

Comment

We are currently interested in the redox properties
of nickel(Il) complexes with mixed-donor polydentate
Schiff base ligands (Freire & de Castro, 1998; Azevedo
et al., 1994; Carrondo et al., 1993; de Castro & Freire,
1990) due to their potential use as synthetic catalysts and
as models for metalloenzymes. We reported previously
that nickel(II) complexes with N;O,-tetradentate Schiff
base ligands derived from salicylaldehyde and diamines
are oxidized to nickel(III) only in the presence of strong
donating solvents (Freire & de Castro, 1998; Vilas-
Boas et al., 1997; Azevedo et al., 1994; Carrondo
et al., 1993; de Castro & Freire, 1990). In order to

© 1999 International Union of Crystallography
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overcome the strong solvent effect on the oxidative
properties of the latter complexes, we have prepared a
group of pentadentate Schiff base ligands using the same
aldehyde derivatives but condensed with triamines, and
have studied the feasibility of their nickel(II) complexes
being oxidized to nickel(IIl). Due to the variability
of coordination modes of these pentadentate ligands
(Freyberg et al., 1979; Healey er al., 1975), we found it
necessary to determine the structure of the title complex,
[Ni(3,5-ClssalMetrien)], to ascertain the coordination
mode of the Schiff base ligand.

Cl
O
[Ni(3,5-ClysalMetrien)]

The structure consists of discrete molecules in which
the Ni atom has a distorted octahedral coordination
geometry, with the pentadentate ligand acting as an
N30, donor and a molecule of 1,4-dioxane occupying
the remaining coordination site (Fig. 1). The N atoms
adopt a mer arrangement, coplanar with the O-donor
atom of the dioxane molecule, and consequently the
Schiff base ligand O atoms are trans-related. In the
observed conformation, the pentadentate ligand coordi-
nation is approximately square pyramidal, leaving the
other axial position trans to the amine N atom free to
bind a dioxane molecule. The equatorial bond distances
are similar, but the Ni—N(amine) axial bond distance
is much longer than any of the equatorial ones. All
bond distances are longer than those observed in the
homologous complexes with the Schiff base ligand de-
rived from the non-substituted aldehyde, which exhibit a
distorted trigonal-bipyramidal structure (Di Vaira et al.,
1971). The longest bond is that of Ni—O(dioxane), as
expected for a weakly coordinated monodentate ligand.
The angular distortion from normal octahedral geometry
is in the range 3-11°, and the maximum deviation of the
Ni atom from the least-squares equatorial plane of co-
ordination (N1A/O1A/N1/01) is 0.093 (1) A. However,
the ligand chelate-ring atoms (N1A/C7A/C6A/C1A/O1A
and N1/C7/C6/C1/0O1) define planes that make angles
of 34.2(1) and 31.6(1)°, respectively, with the plane
of coordination, and each is almost coplanar with the
plane defined by the atoms of the corresponding ben-
zene ring; the angle between the two salicyl moieties
is 71.2(1)°. The umbrella shape of the molecule may
be a consequence of steric constraints imposed by the
long flexible -(CH;)3—N(CH3)—(CH;)3;~ imine bridge,
which exhibits disorder in some of the C atoms; this dis-
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