606

C3B—H3B- - -N6 2.709 (6) 3.706 (6) 142.27 (12)
C3C—H3C: - :N7 2.916 (6) 3.731(6) 143,11 (11)
C3A—H3A- - N8 3.030 (6) 3.614(6) 136.54 (11)

Symmetry codes: (i) x—1,y,z—1; (i) x—1, 1=y, 2= L)y, y, 2~ 1
(ivyix—Ly,z(Mxy l+z(vi)l—x, 1 -y, 11—z (vn)—r l—v2-2
(viii) —x, | =y, 1 —z;(ix) l —x, 1 — y,2 — .

H atoms were located in a difference synthesis and refined
with a riding model and with Uix(H) = 1.2Uey(C or Q).

Data collection: XSCANS (Siemens, 1993). Cell refinement:
XSCANS. Data reduction: XSCANS. Program(s) used to solve
structure: SHELXS86 (Sheldrick, 1990a). Program(s) used
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular
graphics: SHELXTL/PC (Sheldrick, 1990b). Software used to
prepare material for publication: SHELXTL/PC.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: CF1210). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound, [CuCI(C;H;NO,),(H,0),]ClO4,
the metal atom is coordinated in a distorted square-
pyramidal environment with one aqua ligand [Cu—O
1.944 (4) A] one chloride ion [Cu—Cl 22538(15)A]
and two monodentate carboxylate O atoms [Cu—O
1.994 (4) and 2.004 (4) A] in basal positions. The apical
position is occupied by another aqua ligand [Cu—O
2.367 (4) Al.

Comment

Recently, we used zwitterionic betaines to prepare metal
carboxylate complexes containing anionic ligands. The
compounds included some dimeric copper(II) complexes
in which the anionic ligands are axial (Chen & Mak,
1993; Chen er al., 1997). In order to relate their
magnetic properties and structures, we have synthesized
several new dimeric copper(Il)-carboxylate complexes
containing different types of carboxylate bridge, as well
as different types of axial ligand. The title complex,
the mononuclear species [CuCl(pybet),(H,0),]C104,
(I) (pybet is pyridinioacetate, CsHsN*CH>Os5 ), was

obtained as a minor product (Chen et al., 1998). We
describe its crystal structure herein.
H20
G0
‘H—O\H,

M

The crystals consist of discrete monomeric [CuCl-
(pybet)2(H,0),]* cations and perchlorate anions. The
Cu" atom is in a distorted square-pyramidal environ-
ment, being coordinated at the basal positions by one
aqua ligand [Cu—Olw 1.944(4) A], one chloro lig-
and [Cu—Cl 2.2538 (15) A] and two frans monodentate
carboxylate ligands [Cu—O 1.994 (4) and 2.004 (4) A],
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Fig. 1. ORTEP3 (Farrugia, 1997) plot (35% probability displacement
ellipsoids for non-H atoms; H atoms as spheres of arbitrary size).

and at the apical position by another aqua ligand [Cu—
02w 2.367 (4) A] The metal atom is displaced from the
basal plane by 0.172 (2) A.

It is noteworthy that copper(Il) carboxylates com-
monly have dimeric or polymeric structures, monomeric
structures being quite uncommon (Chen et al., 1998).
There is a previous report of such a monomeric com-
plex with distorted square-pyramidal geometry, in which
the basal positions are occupied by two aqua ligands,
one Cl ligand and one monodentate carboxylate ligand,
and the apical position is occupied by another Cl ligand
(Chen & Mak, 1992).

Hydrogen bonding plays an important role in con-
solidating the crystal structure. Each aqua ligand forms
two donor hydrogen bonds. The Olw atom forms two
strong intramolecular hydrogen bonds with the two un-
coordinated carboxylate O atoms [O1w---022 2.623(7)
and Olw-.--012 2.642(6) A] whereas the O2w atom
forms two intermolecular hydrogen bonds, one with a
ligated carboxylate oxygen atom O11i [2.834 ©) Al and
the other with a chloro ligand CI' [3.299 (4) A] of the
adjacent cation [symmetry code: (i) x, y— 1, z].

Experimental

The title compound was obtained in our attempt to prepare
a dinuclear tetrakis(carboxylate)-bridged copper(II) complex
(Chen et al., 1998). A mixture of pybet (0.412 g, 3 mmol)
and CuCl;.2H,0 (0.256 g, 1.5 mmol) was dissolved in distilled
water (8 ml) and heated at 333 K for 10 min, then an aqueous
solution (2 ml) of NaCl104.H;O (0.106 g, 1.5 mmol) was added
with stirring for 20 min. The solution was allowed to evaporate
slowly at room temperature. After about 4 d, light-blue
polyhedral crystals began to appear. The main product was
characterized as [Cu,Cl(pybet)s(H,0)](Cl04)3.2H,0; a small
quantity of a deep-blue crystalline compound was also isolated
as a minor product. This minor product was carefully separated
by hand under a microscope and characterized by elemental
analysis and X-ray crystallography as the monomeric complex
[CuCl(pybet),(H20):]CIO;,.

Crystal data
[CuCI(C7H7NO;),(H20);]- Mo Ko radiation
ClO, A=0.71073 A
M, = 508.74 Cell parameters from 25
Orthorhombic reflections
Pna2, 6 =52-12.5°

a=13.186 (6) A
b=5279(1) A
c=27288(4) A_
V = 1899.5 (10) A°®
Z=4

D, =1.779 Mg m™?
D., not measured

Data collection

Siemens P4 diffractometer
w scans
Absorption correction:

1 scan (Kopfmann &

Huber, 1968)

Tmin = 0.581, Tmax = 0.679
2326 measured reflections
2000 independent reflections
1736 reflections with

1> 20(])

Refinement

Refinement on F2
RIF? > 20(F)] =
wR(F?) = 0.083
S =1.077
2000 reflections
261 parameters
H atoms riding
w = 1/[c2(F2) + (0.038P)*
+ 0.4389P]
where P = (F2 + 2FH)/3

0.035

607
p = 1.489 mm™'
T=293(2)K
Polyhedral

0.32 x 0.28 x 0.26 mm
Pale blue

Rint = 0.027

Omax = 26.0°

h=0—16

k=0—6

l=-33 -1

3 standard reflections
every 100 reflections
intensity decay: 0.5%

(A/0)max < 0.001

Apmdx =030e A_

Apmin = —0.38 ¢ A3

Extinction correction: none

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

Absolute structure: Flack
(1983)

Flack parameter = 0.01 (2)

Table 1. Selected geometric parameters (A ° )

Cul—Olw 1.944 (4)
Cul—O011 1.994 (4)
Cul—021 2.004 (4)
Cul—CH 2.2538(15)
Cul—O2w 2.367 (4)
Olw- - -022 2,623 (7)
Otw- - 012 2.642 (6)
Olw—Cul—011 89.8(2)
Olw—Cul—021 86.6(2)
O11—Cul—021 170.1 (2)
Olw—Cul—Cli 169.9 (2)
011—Cul—Cl1 92.16(11)
021—Cul—Cl1 89.86(13)
Olw—Cul—02w 98.1 (2)
011—Cul—02w 94.7(2)

Symmetry code: (i) x,y — 1,z

O2u- - .01V 2.834 (6)
O2w- - -CII* 3.299 (4)
O11—Cil 1.271 (6)
012—C11 1.231(6)
021—C21 1.262(7)
022—C21 1.228(7)
021—Cul—02w 95.0(2)
Cl1—Cul—02w 91.69 (12)
C11—011—Cul 130.1(3)
Cl11—012---Olw 94.3(3)
012—C11—-01M1 1279(5)
C21—021—Cul 126.9 (4)
C21—022- - -Olw 92.2(4)
022—C21—-021 129.2(5)

In retrospect, it is clear that data collection should have been
extended beyond (Mo Ka) = 26° to obtain a more acceptable
data/parameter ratio.

Data collection: SHELXTL/PC (Sheldrick, 1990). Cell re-
finement: SHELXTL/PC. Data reduction: SHELXTL/PC. Pro-
gram(s) used to solve structure: SHELXTL/PC. Program(s)
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec-
ular graphics: ORTEP3 (Farrugia, 1997). Software used to pre-
pare material for publication: SHELXL93.

We acknowledge financial support by the NSFC
(29625102), NSF of Guangdong, and a Hong Kong
Research Grants Council Earmarked Grant No. CUHK
89/93E.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: MU1368). Services for accessing these
data are described at the back of the journal.
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Abstract

Crystals of the title compound, (Cy4HyoP)2[WeO)9].-
2CD;CN, are composed of [W¢O;o]*~ anions lying on
inversion centres, and PhyP* cations and acetonitrile
molecules of solvation in general positions. In the anion,
each W atom is bonded to a central O atom, which lies
on an inversion centre, a terminal O and four bridging
O atoms, with average W—O distances of 2.323 (4),
1.714 (13) and 1.917 (15) A, respectively.

Comment

It is known that alkylation of the tetrathiotungstate
ion with alkyl bromides leads initially to unstable
alkylated intermediates and eventually to polytungsten
sulfide clusters as condensation products (Dhar & Chan-
drasekaran, 1989; Boorman et al., 1995). While inves-
tigating analogous reactions of the dioxodithiotungstate
ion with rert-butyl bromide, an NMR-scale reaction was
performed in CD3CN and red crystals were obtained.

© 1998 International Union of Crystallography
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[CuCl(C7H;NO,)2(H,0),]C10,4

The crystals were believed to be the alkylated dioxodi-
thiotungstate ion but were shown to be tetraphenyl-
phosphonium hexatungstate acetonitrile solvate, (I), by
X-ray diffraction. This finding was unexpected since the
W atoms are coordinated exclusively to O atoms in the
hexatungstate product, indicating displacement of the S
atoms in the starting material.

PP Q] 2CD4CN

The crystal structure is composed of [WeO;9]%~
anions (Fig. 1), CyyHyP* cations and acetonitrile
(CD;CN) of solvation, all separated by normal van der
Waals distances. The anion has a cage structure in which
each W atom is octahedrally bonded to a central O
atom, lying on an inversion centre, a terminal O and
four bridging O atoms, with mean W—O distances of
2.323(4), 1.714 (13) and 1.917 (15) A, respectively. The
central O atom exhibits octahedral geometry, with W—
O—W angles in the narrow range 89.89 (2)-90.11 (2)°.
Similar cage structures for the anion have been reported
(Fuchs er al., 1978; Fedin et al., 1992; Hou et al.,
1995; Lehtonen & Sillanpad, 1995). The PPhy cation

0o(10)

0®Y*) O(3*)

Fig. 1. ORTEPIl (Johnson, 1976) drawing of the title anion. Dis-
placement ellipsoids are plotted at 50% probability. The symmetry
operation for the starred (*) atoms is 2 —x, —y, ~2.

Acta Crystallographica Section C
ISSN 0108-2701 © 1998



