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Abstract

The asymmetric unit of the title compound, bis(u-
2 - hydroxybenzoato - 0", 0% : 0*)bis [ (2,2’ - bipyridyl -
N, N')copper (II)]—acetylsalicylic acid—water (1/1/2),
[CUQ(C7H403)2(C]0HgN2)2]~C9HgO4-2H20, contains a
binuclear copper complex, one acetylsalicylic acid mol-
ecule and two water molecules. Both crystallographi-
cally independent Cu® atoms of the mixed binuclear unit
show analogous distorted elongated square-pyramidal
coordination (of the type 4+1). Each Cu'' atom is sur-
rounded by one 2,2-bipyridyl chelate and two salicylate

© 1999 International Union of Crystallography
Printed in Great Britain — all rights reserved

[CoCl(Ci2HgN2)(CH4N,S)(H,0)]-CHsN>S

anions. The crystal packing is characterized by several
intermolecular hydrogen bonds.

Comment

Copper(II) complexes with non-steroidal anti-inflamma-
tory drugs (NSAIDs) have been studied extensively
since Sorenson (1976) demonstrated that they are more
active than their parent drugs and exhibit an anti-ulcer
activity. Sorenson also showed that 3,5-diisopropyl-
salicylic acid which is an inactive agent becomes a
potent anti-inflammatory compound when it chelates to
copper(Il). Moreover, binary complexes of Cu'! with 3,5-
disubstituted salicylates and ternary complexes contain-
ing phenanthrolines have been prepared and character-
ized by Randford er al. (1993). These complexes have
been tested for antiviral and cytotoxic activities; ternary
complexes were ten times as cytotoxic as their binary
analogues.

The crystal and molecular structure of the title com-
pound, (I), has been determined in connection with
investigations of binary complexes formed by Cu'
salts with some NSAIDs as indomethacin (Guessous
et al., 1998) and niflumic acid (Greenaway et al.,
1999) in our department. Following the work of Rand-
ford, we decided to synthesize and characterize ternary
complexes of Cu!' with acetylsalicylic acid and hetero-
aromatic nitrogen bases (1,10-phenanthroline or bi-
pyridine). Their biological activities will be tested and
described elsewhere. The title compound consists of a
binuclear copper complex, one acetylsalicylic acid and
two water molecules. The two Cu atoms are crystal-
lographically independent and present a similar envi-
ronment. Each Cu' atom is surrounded by one 2,2’-
bipyridyl chelate via N,N' atoms, and two salicylate
anions (obtained by deacetylation of acetylsalicylate
during the synthesis). Each salicylate anion is biden-
tate via the carboxylate and hydroxyl groups [aver-
age bond length 1.895 (2) A); moreover, this hydroxyl
group is bonded to the second Cu atom [average length
2 428 (3) A] and so the salicylato anion acts as a bridg-

ing ligand between the Cu atoms [average angle Cu—
O—Cu’ 94.34 (9)°].

O, f A\ “
~N N=
=
T ‘CyHg0,42H,0

M

The Cu—N bond lengths are all equivalent [aver-
age 1.994 (2) A). So the coordination polyhedron around
each Cu atom is a distorted square pyramid. The Cu
and Cu’ atoms are, respectively, 0.082 (1) A below and
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Fig. 1. Perspective view of the asymmetric unit of (I) showing the atomic numbering, with hydrogen bonds as dashed lines. Ellipsoids are at

the 50% probability level for non-H atoms.

0.098 (1) A above the approximate basal plane P(1)
(021, 023, N1, N10) or P(2) (021’, 023, N1’, N10'),
toward the apical atom (023’ or 023) belonging to the
hydroxyl groups of the salicylate anions. The bonds
Cu—023’ and Cu’—O023 only deviate by 6.0(1)° from
the perpendicular to the mean planes P(1) and P(2).
The outlines 021—C21—C22—C23—023, P(3), and
021'—C21'—C22'—C23'—023’, P(4), have planar ge-
ometries with a dihedral angle of 6.3 (1)°; Cu and Cu’
are displaced 0.316 (3) and 0.460 (3) A, respectively, out
of these planes. The dihedral angles between P(1) or
P(2) and their benzene ring are 20.5(1) and 28.7 (1)°.
The distances and angles within the 2,2’-bipyridyl lig-
ands do not differ from those found in the literature.
Their mean planes are quasi-parallel [dihedral angle
4.50(8)°]. The distances and angles within the acetyl-
salicylic acid solvate are analogous to those observed
in the molecule of aspirin (Wheatley, 1964), the largest
difference involving °C51—051 [1.235(4) A in aspirin
itself and 1.194(4) A in (I)]. The crystal packing is
characterized by several intermolecular hydrogen bonds,
the shortest involving the acid hydrogen of the aspirin
and one of the two water molecules [052—H52- - -OW1
2.541 (3) A and 168 (3)°]. In addition, the crystalline
cohesion is likewise ensured by many van der Waals
contacts, the shortest being 3.234 (5) A.

Experimental

The sodium salt of acetylsalicylic acid was prepared by
dissolving acetylsalicylic acid (0.1 mol) in H,O with NaOH
so that the final pH of the solution was about 9; bipyridine
(0.1 mol) was then dissolved in it. This mixture was added to
a stirred aqueous solution of CuCl, (0.1 mol). After heating
(<343 K) and stirring for 2 h, the precipitate was separated.
Single crystals were obtained by slow evaporation of the
filtrate under ambient pressure.

Crystal data

[Cuz(C7H403)2(CioHgN2)2]-~
CyHg0O4-2H,0

M, = 927.84
Triclinic
Pl

a=12949(4) A
b=13.031(8) A

c=1397(1) A
a = 66.08 (7)°
3 = 85.89(5)°
v = 69.08(3)°
V = 2005 (2) A®
Z=2

D, =1537Mgm™?
D, =151 Mgm™’
D,, measured by flotation in

CCL/CHCI3

Data collection

Enraf-Nonius CAD-4
diffractometer
w-20 scans
Absorption correction:
1 scans (North et al.,
1968)
Tmm = 0778, Tmax = 0858
6605 measured reflections
6591 independent reflections

Refinement

Refinement on F*

RIF? > 20(F%)] = 0.034

wR(F?) = 0.094

$S = 1.037

6590 reflections

647 parameters

H atoms treated by a
mixture of independent
and constrained refinement

Cu Ko radiation

A=154180 A

Cell parameters from 25
reflections

6 = 13.6-22.2°
p=1912mm™'
T=2932)K
Prism

0.45 x 0.12 x 0.08 mm
Blue

4979 reflections with

1> 20()
R = 0.007
Brmax = 64.95°
h=-14—>15
k=0—15
l=-14 - 16

2 standard reflections
frequency: 90 min
intensity decay: none

w = U[oX(F2) + (0.0474P)
+ 0.9012P]
where P = (FZ + 2F2)3
(A/0)max = —0.016
Apmax = 0373 e A7?
Apmin = —0.347 e A™3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)
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Table 1. Selected geometric parameters (A, °)
Cu—023 1.891 (2) Cu'—021" 1.896 (2)
Cu—021 1.901 (2) Cu'—N1’ 1.987 (2)
Cu—NI 1.993 (2) Cu'—N10’ 1.995 (2)
Cu—NI10 2.001 (2) Cu’—023 2.443 (3)
Cu—023' 2413 (3) Cu—Cu’ 3.188(3)
Cu'—023’ 1.890 (2)
023—Cu—021 9391(9) 023’ —Cu'—NI' 174.09 (8)
023—Cu—N1 17437(9)  021'—Cu'—N1’ 92.05 (9)
021—Cu—N1 91.72(10)  023’'—Cu'—N10’ 93.28 (9)
023—Cu—N10 93.56(9)  021'—Cu’—N10’ 165.63 (9)
021—Cu—N10 167.55(9)  NI'—Cu'—N10’ 80.93(9)
N1—Cu—N10 80.92(10) 023'—Cu'—023 85.22(9)
023—Cu—023’ 86.06(9)  021’—Cu’—023 102.4 (1)
021—Cu—023' 101.06 (9)  NI'—Cu'—023 93.66 (9)
N1—Cu—023’ 9271(9)  NI0'—Cu'—023 90.60 (9)
N10—Cu—023' 89.38(9)  Cu—023 — 94.85 (9)
023'—Cu’'—021’ 93.85(9) Cu—023—Cv’ 93.83(9)
Table 2. Hydrogen-bonding geometry (4, °)

D—H---A D—H H-A D---A D—H--A
052—H52- - -Owt! 0.87 (4) 1.69 (4) 2.541 (3) 168 (3)
OWI1—HIA- - -022 0.95 1.81 2.737(3) 168
OW1—HIB. - -022" 0.95 1.82 2.766 (3) 174
OW2—H2B- . -022'" 0.93 1.90 2.816(3) 169
OW2—H24. . .022"" 0.95 2.20 3.140 (4) 174
Symmetry codes: (i) x, 1 + v, z: (it) —x, =y, | — 2t (iii) x, ¥, 2 — 1i (iv)

—x, 1=y, 11—z

Data collection: CAD-4 Software (Enraf-Nonius, 1989). Cell
refinement: CAD-4 Software. Data reduction: Nonius (un-
published). Program(s) used to solve structure: SHELXS86
(Sheldrick, 1985). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Molecular graphics: CAMERON
(Watkin et al., 1996). Software used to prepare material for
publication: SHELXL93.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: GS1051). Services for accessing these
data are described at the back of the journal.
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Abstract

3-Hydroxyphthalide, CgH¢O3, reacts with dibutyltin
oxide to give bis{u3-oxo-(u-2-formylbenzoato-0:0')-
(2-formylbenzoato-0)bis[dibutyltin(IV)]}, [Sns(CsHo)s-
(CgHs503)4(-0)2], in which the four Sn atoms are all
five-coordinated to three O and two C atoms arranged at
the corners of a distorted trigonal bipyramid. The equa-
torial Sn—pu3-O distances are in the range 2.039 (2)-
2.048 (2) A and are significantly shorter than the axial
Sn—pu3-O distances of 2.170 (3) and 2.182 (7)A The
Sn—Oh,,bMy.dlc bonds are all axial and have distances
in the range 2.204 (3)-2.271 (3)A which are inversely
correlated with the respectlve C—O bond distances.
The mean Sn—C distance is 2.136 (6)A 3-Hydroxy-
phthalide undergoes ring opening to give the anion of
2-formylbenzoic acid which bonds to the Sn atoms. The
structure of 3-hydroxyphthalide is stabilized by O—
H..-O hydrogen bonds [O---O = 2766(1)A] which
link the molecules in a zigzag chain parallel to b.

Comment

The reaction between o-substituted aromatic carboxylic
acids with diorganotin oxide yields two types of
diorganotin carboxylate, i.e. with a 2:1 or a 1:1 ligand—
tin ratio (Gielen et al., 1992, 1993). As a continua-
tion of our studies of the structure—activity relationship
(Goh et al., 1998), we report the structures of the prod-
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