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C(2)—C(5) [1.467 (7) A] bonds. Atom C(6) shows
the highest thermal anisotropy in the structure and
perhaps a correction for this effect (not done here)
may give a bond length closer to the other two.

The packing of the molecules viewed down the a
and ¢ axes is shown in Fig. 2. Intra- and intermolecu-
lar contacts show that there is no intramolecular H
bonding between the hydroxyl groups of the dmgH,
units but only a weak intermolecular H-bonding
interaction of the type O—H--Cl [Cl---O(1)=
2.977 (4), Cl---O(2) = 3.053 (4), Cl---0(3) =
3.033 (5) A] exists in the crystal lattice. Fig. 2 clearly
depicts the interactions of chloride ions with the
[Ru(dmgH,),] cations via OH groups.
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Structure of catena-Poly[{tetrakis-u-(acetato-O:0’)-dicopper(Il)}-u-{1,8-bis-
(3,5-dimethyl-1-pyrazolyl)-3,6-dithiaoctane-N*,N*'}]
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Abstract. Asymmetric unit Cu(bddo), s(acetate), =
0.5[Cux(C,6H,6N.S,)(C,H300),], M, = 350.90, tri-

clinic, PI, a=8.501(1), 5=8.590(1), c=
10854 Q) A, a=84.54(2), B=8210(Q2), vy=
84.73(2)0°, V=719A% Z=2, D,=149gcm 3,

A(Mo Ka)=0.71073 A, u=154cm™', F(000)=
364, T=298 K, R=0.041 and wR = 0.047 for 1648
unique reflections [/ > 20(/)]. The structure of this
new compound consists of dinuclear Cu,(CH;COO),

* To whom correspondence should be addressed.

0108-2701/92/081405-03$06.00

units linked to a chain by the ligand 1,8-bis(3,5-
dimethyl-1-pyrazolyl)-3,6-dithiaoctane (bddo) along
the body diagonal of the unit cell. The Cu atoms are
coordinated by four O atoms from the acetates and
one N atom from the ligand bddo in a square
pyramidal geometry with the pyrazole N atom in the
apical position. In the copper acetate dimer the basal
planes of two square pyramids are facing each other.
The Cu—O(acetate) distances in the dinuclear
copper acetate unit can be regarded as normal, as
well as the Cu—N(bddo) distances. The Cu—Cu
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distance is 2.682 (2) A. The thioether S atoms of the
bddo ligand are not involved in coordination to the
Cu" atoms.

Introduction. In the course of our programme (Haan-
stra, Driessen, Reedijk, Turpeinen & Himadldinen,
1989; Haanstra, van der Donk, Driessen, Reedijk &
Wood, 1990) towards the design and development of
model compounds for the blue-copper active site
(Karlin & Zubieta, 1984; Bouwman, Driessen &
Reedijk, 1990) several N,S, ligands were synthesized.
In order to investigate the coordination behaviour
towards copper, several coordination compounds of
the ligand 1,8-bis(3,5-dimethyl-1-pyrazolyl)-3,6-di-
thiaoctane (bddo) were: prepared (Haanstra et al.,
1989, 1990). The crystalline coordination compound
of bddo with copper(Il) acetate, with formula Cu,-
(CH;C00)4(bddo), appeared to be bichromatic:
green coloured from one side and when turned
through 90°, blue coloured. The absence of a normal
copper(II) EPR signal indicated the possible presence
of a copper acetate dimer (Hathaway, 1984). The
single-crystal structure determination of
Cu,(CH;3C00)4(bddo) was undertaken to investigate
the presence of the dinuclear units and the role of the
ligand bddo in the coordination towards the copper
acetate dimers.

Experimental. The synthesis of the ligand bddo has
been described elsewhere (Haanstra et al., 1989).
Synthesis of Cu,(CH;COO0)4(bddo) was performed
by mixing hot ethanolic solutions of 2 mmol copper-
(II) acetate and 2 mmol of bddo. On cooling to room
temperature a crystalline solid was obtained with the
composition Cu,(CH;C0O0),(bddo). A crystal suita-
ble for X-ray structure determination was isolated
from this batch.

A green rod-like crystal (0.15 x 0.2 x 0.3 mm) was
mounted in a glass capillary. Diffraction data were
collected on a CAD-4 diffractometer with graphite-
monochromated Mo Ka radiation. The unit-cell
parameters were refined from 25 reflections with 10
< 6 < 12°. In total 2392 reflections were collected for
20<260<430°and 0<h<9, “9<k<9and —11
<[/< 12 in the w26 scan mode. In the refinement,
1648 unique reflections with 7> 20(]) were used.
Five standard reflections, viz. 005, 114, 320, 402 and
232, were monitored. Over the time period of the
experiment no significant variation (0%) in intensity
was observed. Corrections for Lorentz and polari-
zation effects were applied. The ¢ scans indicated
that absorption correction was not necessary. Linear
absorption coefficient, u = 15.4 cm™~!. Atomic scat-
tering factors and anomalous-dispersion corrections
were taken from International Tables for X-ray Crys-
tallography (1974, Vol. IV). The structure was solved
in the space group P1. The fractional coordinates of

[Cu,(CH;CO0)4(C16H6N,S,)],

Table 1. Fractional coordinates and equivalent
isotropic displacement parameters (A?) of the non-H
atoms of Cu(CH;COO)4(bddo)s with e.s.d.’s in

parentheses
U, = (1/3) trace U.
x y z U,
Cu 0.0469 (1) 0.0311 (1) 0.8777 (1) 0.0414 (4)
S 0.4446 (3) - —0.4296 (2) 0.6945 (2) 0.069 (1)
o(11) —0.0522 (6) —0.1658 (5) 0.8667 (4) 0.054 (3)
o(21) 0.1277 (6) 0.2186 (5) 0.9306 (4) 0.055 (3)
0(31) 0.2461 (5) —0.0903 (5) 0.9141 (4) 0.056 (3)
0O(41) —0.1659 (5) 0.1447 (5) 0.8830 (4) 0.051 (3)
N(11) 0.1878 (6) —0.0239 (5) 0.5904 (4) 0.041 (3)
N(12) 0.1192 (6) 0.0795 (6) 0.6733 (4) 0.042 (3)
C(11) =0.1131 (7) —0.2494 (7) 0.9602 (6) 0.043 (4)
C(12) —0.1754 (9) —0.4008 (7) 0.9312 (7) 0.062 (5)
C(13) 0.1028 (7) 0.2155 (7) 0.6052 (5) 0.043 (4)
C(14) 0.1604 (8) 0.1993 (7) 0.4805 (5) 0.048 (4)
C(15) 0.2144 (8) 0.0432 (8) 04752 (5) 0.047 (4)
C(16) 0.0288 (9) 0.3609 (7) 0.6629 (6) 0.061 (4)
camn 0.2883 (9) —0.0436 (8) 0.3646 (6) 0.061 (5)
C(18) . 0.2233 (8) =0.1913 (7) 0.6318 (6) 0.045 (4)
C(19) 0.3968 (8) —0.2238 (7) 0.6503 (6) 0.048 (4)
Cc@n 0.2673 (8) —0.1488 (7) 1.0208 (6) 0.044 (4)
C(22) 0.4282 (8) —0.2301 (8) 1.0380 (7) 0.071 (5)
C(32) 0.4359 (11) —0.5185 (8) 0.5488 (8) 0.090 (6)

Table 2. Bond lengths (A) and bond angles (°) of
Cu,y(CH;COO0)4(bddo) with e.s.d.’s in parentheses

Cu—0(11) 1.978 (4) Cu—0Q1) 1971 (4)
Cu—0(31) 1.972 (4) Cu—O(41) 1971 (4)
Cu—N(12) 2.230 (5) Cu—Cu’ 2,682 (2)

o 1—c(1) 1.264 (7) o31)—C(21) 1.248 (7)
oQ1y—C(11) 1.226 (7) 0@41y—C(21) 1.261 (7)
C(12y—C(11) 1.525 (9) C(22—CQ1) 1.505 (9)
N(11)—N(12) 1.361 (6) N(11)}—C(15) 1.324 (8)
N(12)—C(13) 1.329 (8) C(13}—C(14) 1.389 (8)
C(14y—C(15) 1.382 (9) C(13)}—C(16) 1.500 (9)
C(5—Cc(7 1.507 (9) N(11)—C(18) 1481 (8)
C(18)—C(19) 1.513 9) C(19)—S 1.812 (7)
5—C(32) 1.835 (8) C(32—C(32)” 1.447 (14)
O(11)—Cu—0(31) 90.3 (2) O(11)—Cu—0(41) 88.9 (2)
0Q21)—Cu—0(31) 89.0 2) 0Q21)—Cu—0(41) 88.8 (2)
o(1 1) —Cu—0(21) 166.6 (2) 0(31)—Cu—0(41) 166.9 (2)
N(12)—Cu—0(11) 96.3 (2) N(12)—Cu—0(21) 97.1 (2)
N(12—Cu—0(31) 96.7 (2) N(12)—Cu—0(41) 96.5 (2)
O(11)—C(11)—0(1Y 126.2 (4) O(31)—CQI)—0@1ly 1257 (4)
0Q1Y—C(11)—C(12) 118.3 (4) 031—CQ21)—C(22) 117.8 (4)
O(11)}—C(11)—C(12) 115.5 (5) O(41y—C(21)—C(22) 116.5 (5)
N(12—N(11)—C(15) 112.3 (4) N(12)—N(11)—C(18) 120.7 (4)
C(15—N(11)—C(18) 126.9 (5) N(11)—N(12)—C(13) 104.8 (4)
N(12)—C(13)—C(16) 121.3 (5) C(14)—C(13)—C(16) 1278 (5)
N(12)—C(13)—C(14) 1109 (4) C(13)—C(14—C(15) 105.4 (5)
C(14y—C(15)—C(17) 129.6 (5) N(11)—C(15—C(17) 123.8 (4)
C(14)—C(15—N(11) 106.7 (4) N(11)—C(18)—C(19) 110.7 (4)
C(18)—C(19—S 111.4 (4) C(19)—S—C(32) 101.9 (3)
5—C(32)—C(32)" 1138 (5

Symmetry code: (') —x, —y,2=z, (") 1—-x, —1+y, 1 -2z

the Cu and S atoms were determined using the
Patterson function. The remaining atoms, including
the H atoms, were located by difference Fourier
maps. Refinement was with the XTA4L2.4 program
(Hall & Stewart, 1988); F values were used in the
refinement; least-squares refinement of H atom and
non-H positional parameters and of non-H aniso-
tropic thermal parameters was performed. Function
minimized: Y(w|E,| — |F,))* with w=1/0*F). The
refinement was considered complete when maximum
4/o < 0.1, with R=0.041, wR =0.047 and g.o.f. =
1.55. Maximum and minimum electron densities in
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the final difference Fourier map were 0.5 and
—0.3 e A3, respectively. The fractional coordinates
of the non-H atoms with isotropic thermal param-
eters are given in Table 1 and interatomic distances
and angles in Table 2.*

Discussion. In Fig. 1 an impression of the chain of
Cu,(CH,CO0),(bddo) is shown. Fig. 2 shows the
adopted atomic labelling scheme. The Cu'' atoms are
linked together by four bidentate bridging acectate
anions. Each Cu ion is coordinated by four O atoms

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
55023 (9 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England. [CIF reference: L10117]

Fig. 1. PLUTO (Motherwell & Clegg, 1978) drawing showing the
polymeric nature of Cu,(CH,COO),(bddo). H atoms are omit-
ted for clarity.

Fig. 2. PLUTO (Motherwell & Clegg, 1978) drawing of the
asymmetric unit Cu(CH,COO),(bddo), s, with the atomic label-
ling scheme. H atoms are omitted for clarity.
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from the acetates and one N atom from the ligand
bddo in a square pyramidal geometry. In the copper
acetate dimer the basal planes of the two square
pyramids face one another. The acetate O—Cu bond
lengths are in the range 1.971 (4)-1.978 (4) A (see
Table 2). The Cu—Cu distance is 2.682 (2) A. The N
pyrazole donor of the ligand bddo coordinates at
2.230 (5) A, which is common for the axial position
in square pyramidal Cu" coordination compounds
(Melnik, 1982). The structure of Cuy(CH;COO),-
(bddo) (Fig. 2) resembles the classical Cu,(CHs-
CO00),4(H,0), structure. The copper aceate dimers
are linked together by the ligand bddo, forming a
chain-like structure. Inspection of the crystal packing
of the chains did not reveal any contacts, other than
normal van der Waals interactions.

The colour of the crystals depends on their
orientation. This is owing to polarization of the
electronic transitions. The diffuse reflectance ligand-
field spectrum of microcrystalline Cu,(CH;COO),-
(bddo) shows one (broad) absorption band at 12.0 x
10° cm ™!, which is in good agreement with spectro-
scopic data reported for this class of compounds
(Dubicki, 1972). The EPR spectrum of powdered
Cu,(CH;C0O0),(bddo) at room temperature is also in
good agreement with EPR spectra observed for
copper acetate dimers (Melnik, 1982).

Copper acetate dimers are usually easily synthe-
sized and they are known with a great variety of
axial ligands. In the review written by Melnik (1982)
a linear relationship is suggested between the
Cu—Cu distance and the copper to axial ligand
distance. The relationship suggests that with increas-
ing donor strength of the axial ligand the copper to
axial ligand distance decreases and the Cu—Cu dis-
tance increases. The distances in the present copper
acetate dimer unit fit very well with this correlation.
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