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catena-Poly[[aquadiimidazolecadmium(ll)]-

u-thiophene-2,5-dicarboxylato]

The Cd" atom has distorted pentagonal bipyramidal coord-
ination geometry in the coordination polymer [Cd(TDA)-
(Him),(H,0)], [where TDA?>  is the thiophene-2,5-
dicarboxylate dianion (C¢H,0,S°7) and Him is imidazole
(CsHyN,)]. The cadmium ion is bound by four carboxylate O
atoms from two independent TDA®~ groups, two N atoms
from two different imidazole ligands, and one water molecule.
The carboxylate groups bind in bidentate mode to the Cd
center, forming a linear chain structure such that the closest
Cd- - -Cd distance is 10.577 (6) A. The polymeric chains are
connected via hydrogen bonds and m—r stacking interactions
into a three-dimensional network.

Comment

Thiophene-2,5-dicarboxylic acid (H,TDA) is reported to be a
potential anticancer agent (Sahasrabudhe et al, 1960), and
additionally an excellent building block for constructing
coordination polymers (Chen et al, 1993). In previously
studied polymers of this type, the versatile H,TDA ligand
shows a variety of binding modes to metal ions, from mono- to
tetradentate (Chen et al., 1998, 1999). In order to further the
study of H,TDA coordination modes, we report here the
synthesis and crystal structure of the title Cd" coordination
polymer, [Cd(TDA)(Him),(H,0)],, (I). It was obtained by the
hydrothermal reaction of cadmium dinitrate tetrahydrate,
thiophene-2,5-dicarboxylic acid and imidazole (Him) in an
aqueous solution.
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As illustrated in Fig. 1, the asymmetric unit of (I) consists of
one Cd" ion, one TDA?~ dianion, two imidazole ligands and
one coordinated water molecule. Each Cd" atom is seven-
coordinate and bound by four carboxylate O atoms from two
independent TDA?™ groups, two N atoms from two different
imidazole ligands, and one water molecule. The local coord-
ination of the Cd" atom can be described as distorted
pentagonal bipyramidal. The equatorial pentagonal plane is
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Figure 1

ORTEPII plot (Johnson, 1976) of the title complex, with displacement
ellipsoids drawn at the 30% probability level. [Symmetry code: (i) x, y —
1, z].

Figure 2
The linear chain structure of the title complex. H atoms attached to C
atoms have been omitted.

defined by atoms O1, 02, O3, 04 and N1 [symmetry code: (i)
x,y — 1, z]. Atom N3 and the water molecule occupy the axial
sites. The smallest O—Cd—O angle, 49.1 (3)°, is attributed to
the bis-chelate coordination of the TDA*™ ligand that forms
two four-membered rings. It should be noted that the two C—
O bond distances of the carboxylate group (O3/C6/0O4) are
almost equivalent, and so in agreement with its delocalized
state, whereas the O2—Cl1 distance is longer than the O1—C1
distance, in accordance with the formal double-bond character
of the O1—Cl1 bond. The dihedral angles between the two
carboxylate groups and the thiophene ring are 5.3 (4)° (O1/
C1/02) and 6.0 (4)° (O3/C6/04), respectively, demonstrating
that the TDA?" ligand is basically planar.

Each TDA?" group binds in bis-bidentate chelating mode
to link neighboring Cd" atoms to form a one-dimensional
linear chain structure which is propagated parallel to the b axis
(Fig. 2), in which the closest Cd- - -Cd distance is 10.577 (6) A.
Furthermore, the water and imidazole molecules form
extensive intermolecular hydrogen bonds with carboxylate O
atoms (Table 2). There are - stacking interactions between
adjacent thiophene rings, the centroid—centroid separation
being 3.694 (6) A. The polymeric chains align in a manner that

Figure 3

Packing diagram of the title complex, viewed along the a axis. The
hydrogen bonds are shown as dashed lines. H atoms attached to C atoms
have been omitted.

facilitates both hydrogen-bonding and n—m stacking inter-
actions, leading to a three-dimensional supramolecular
network (Fig. 3).

Experimental

Cadmium dinitrate tetrahydrate (3.08 g, 10 mmol) was added to an
aqueous solution of thiophene-2,5-dicarboxylic acid (1.72 g,
10 mmol). The pH was adjusted to 6 with 0.1 M sodium hydroxide.
Imidazole (1.34 g, 20 mmol) was then added. The mixture was stirred
for 1 h and then sealed in a 50 ml Teflon-lined stainless steel bomb
and held at 383 K for 3 d. The bomb was cooled naturally to room
temperature, and colorless prismatic crystals of (I) were obtained.
Analysis calculated for C,H,N,OsSCd: C 33.00, H 2.77, N 12.83%;
found: C 32.96, H 2.74, N 12.85%.

Crystal data

[Cd(CsH2048)(C5HaN2)»(H0)]
M, = 436.72

Triclinic, PT i

a =7.7486 (15) A

b =10577 (2) A

c=10.947 (2) A

a =103.71 3)°

B =101.57 3)°

y = 108.43 (3)°

V =789.1 (4) A®

Data collection

Rigaku R-AXIS RAPID
diffractometer

 scans

Absorption correction: multi-scan
(ABSCOR; Higashi, 1995)
Tnin = 0.641, Tpa = 0.761

7628 measured reflections

Z=2

D, =1838Mgm™

Mo Ko radiation

Cell parameters from 7316
reflections

6 =3.0-27.5°

u=155mm™!

T=295(2)K

Prism, colorless

0.36 x 0.24 x 0.18 mm

3564 independent reflections
2125 reflections with I > 20(1)
Rine = 0.086

Omax = 27.5°
h=-9— 10
k=-13 - 13
[=—-14 —> 11

M88  Dengetal. + [C(CH,0,45)(C3H4N,),(H,0)]
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Refinement

Refinement on F?
R[F?* > 20(F?)] = 0.041
wR(F?) = 0.168

S =1.06

3564 reflections

214 parameters

H atoms treated by a mixture of
independent and constrained
refinement

w = 1[o*(Fy?) + (0.0795P)%]
where P = (F,” + 2F2)/3

(A/O) max < 0.001

APmax = 178 ¢ A3

Apmin = —1.65 ¢ A3

Table 1 .

Selected geometric parameters (A, °).

Cd1—O1w 2.341 (6) Cd1—N3 2.269 (7)
Cd1—-01 2.829 (6) 01-Cl1 1.227 (14)
Cd1—-02 2.318 (6) 02—Cl1 1.249 (14)
Cd1—03' 2.503 (6) 03—C6 1.244 (9)
Cd1—04 2.413 (6) 04—C6 1.248 (10)
Cd1—N1 2.267 (8)

N3—Cd1—01 80.4 (3) 02—Cd1—01w 832 (2)
Olw—Cd1—01 86.1 (3) N1—Cdl—04' 84.6 (3)
02—Cd1-01 49.1 (3) N3—Cd1—04' 103.5 (2)
01—Cd1—03! 84.4 (3) 02—Cd1—04 165.8 (2)
01—-Cd1—04 136.0 (2) Olw—Cdl1—O04 84.1 (2)
01—Cd1—N1 1392 (2) N1—Cd1—03' 1363 (2)
N1—Cd1—N3 96.3 (3) N3—Cd1—03' 86.4 (2)
N1—Cd1—02 90.5 (3) 02—Cd1—03' 1332 (2)
N3—Cd1—02 90.2 (2) Olw—Cd1—03' 89.3 (2)
N1—Cdl—Olw 95.8 (2) 04'—Cd1—03' 527 (2)
N3—Cd1—Olw 166.2 (2)

Symmetry code: (i) x,y — 1, z.

Table 2 .

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A D---A D—H-.-A
Olw—Hlwl.--03" 0.85 (7) 1.93 (4) 2732 (8) 157 (8)
Olw—Hilw2. --01 0.85 (6) 1.96 (3) 2.770 (10) 160 (7)
N2—H14...04" 0.86 1.92 2.758 (10) 165
N4—H15.-.02" 0.86 1.97 2.826 (10) 17

Symmetry codes: (ii) —x, —y + 1, —z; (iii)) —x, —y, —z; (iv) —x, =y +1,—z+1; (v)
x+1,y, 2.

The H atoms attached to C atoms and imidazole N atoms were
placed in calculated positions, with C—H = 0.93 A, N—H =086 A
and Uj,o(H) = 1.2U4(CN), and were refined with the riding-model
approximation. Water H atoms were located in a difference Fourier
map and refined with O—H and H- - -H distance restraints of 0.85 (1)
and 1.39 (1) A, respectively, and with U,(H) = 1.5U.q(O). The
largest residual peak is 1.08 A from the Cd atom and the deepest is
hole is 0.9 A from the same atom.

Data collection: RAPID-AUTO (Rigaku Corporation, 1998); cell
refinement: RAPID-AUTO; data reduction: CrystalStructure
(Rigaku/MSC, 2002); program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976);
software used to prepare material for publication: SHELXL97.

The authors thank the National Natural Science Foundation
of China (No. 20101003), the Scientific Fund of Remarkable
Teachers of Heilongjiang Province (1054 GO036) and
Heilongjiang University for supporting this study.
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