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The reaction of cadmium(II) chloride monohydrate with a

self-assembling pyridine-containing ligand, LH2 {LH2 is

[H2pyda]2+[pydc]2ÿ, where pyda = 2,6-diaminopyridine and

H2pydc = pyridine-2,6-dicarboxylic acid}, in water leads to the

formation of a centrosymmetric dinuclear CdII complex, di-

�-pyridine-2,6-dicarboxylato-bis[triaquacadmium(II)], [Cd-

(pydc)(H2O)3]2�2H2pydc or [Cd2(C7H3NO4)2(H2O)6]�-
2C7H5NO4. Each Cd atom is seven-coordinate and has a

distorted pentagonal-bipyramidal geometry. The two metal

fragments are linked via the central four-membered Cd2O2

ring and there is no [Hpyda]+ moiety in the structure of the

complex. The structure self-assembles into layers via hydrogen

bonds.

Comment

Recently, we reported the synthesis of a novel self-assembling

pyridine-containing ligand LH2 (Moghimi et al., 2002), which

we have used successfully in making different mononuclear,

dinuclear and polymeric complexes. Some of these contain the

[Hpyda]+ unit (pyda = 2,6-diaminopyridine) as a counter-ion,

e.g. with CrIII, [Hpyda][Cr(pydc)2]�H2pydc�0.5H2O (H2pydc =

pyridine-2,6-dicarboxylic acid; Ranjbar et al., 2001b), with

CuII, [Hpyda]2[Cu(pydc)2]�H2O (Ranjbar, Taghavipur et al.,

2002), and with ZnII, [Hpyda][Zn(Hpydc)(pydc)]�3H2O

(Ranjbar, Aghabozorg et al., 2002). The BiIII complex

[Bi2(pydc)2Cl(H2O)]n (Ranjbar et al., 2001a) is polymeric and

does not contain the [Hpyda]+ counter-ion.

Our goal was the generation of a self-assembling coordin-

ation compound using a self-assembling ligand. The presence

of [H2pyda]2+ in the starting material, LH2, causes the

[pydc]2ÿ ligand to form a crystalline complex which is

different from those reported earlier, such as Rb[Cr(pydc)2]

(Furst et al., 1979), [Cu(Hpydc)2]�H2O and [Zn(Hpydc)2]-

�3H2O (Okabe & Oya, 2000), and [Bi(Hpydc)(pydc)(DM-

SO)�H2O]2 (Zevaco et al., 1992). Here we report the results of

the complexation reaction between the self-assembling ligand

LH2 and cadmium(II) chloride monohydrate.

The structure of the CdII complex [Cd(pydc)-

(H2O)3]2�2H2pydc, (I), was reported recently (Odoko et al.,
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2002), but the goal and method of synthesis were completely

different from ours. Those authors sought to clarify the

coordination mode of [H2pydc] with the CdII ion, whereas we

aimed to show the in¯uence of the [H2pyda]2+ cation on the

complexation process. The starting materials in our study were

a self-assembling ligand, LH2, and CdCl2�H2O in a 1:2 molar

ratio in aqueous solution; Odoko and co-workers reported the

synthesis of this complex using [H2pydc] and CdCl2 in a 1:4

molar ratio, in a 70% methanol±water solution. The data

collection temperature in our work was 110 K, whereas the

Japanese investigation was conducted at room temperature. In

the present study, the ratio of collected to unique re¯ections

was 18834:4676, while in the earlier work it was 4175:3788.

The molecular structure of (I) consists of two metal frag-

ments linked via a central four-membered Cd2O2 ring. This

ring lies on a crystallographic inversion center, resulting in a

centrosymmetric CdII complex. The asymmetric unit also

contains the neutral H2pydc as a molecule of solvation. It is in

a general position and thus there are two solvate molecules for

each molecule of the complex. The average values for the

CdÐO (2.369 AÊ ) and CdÐN (2.321 AÊ ) bond distances are in

agreement with the values previously reported for seven- and

eight-coordinate cadmium complexes (Odoko et al., 2002;

Cameron et al., 1973; Wang et al., 1997).

The coordination of the Cd atoms is distorted pentagonal

bipyramidal (Fig. 1). The axial sites are occupied by the O

atoms of two water molecules (O1W and O3W), while the

equatorial plane contains N, two O atoms of the ®rst [pydc]2ÿ

group, one O atom of the second [pydc]2ÿ group and one

water O atom (O2W). One of the two carboxylate O atoms in

each of the two [pydc]2ÿ ligands acts as a bridge between the

two Cd atoms. In the equatorial plane, the largest and smallest

deviations from the ideal value of 72� occur for the angles

O2WÐCd1ÐO1A [81.47 (7)�] and O3ÐCd1ÐN1 [67.00 (7)],

respectively. With respect to the axial angle O1WÐCdÐO3W,

involving the O atoms of two water ligands, a signi®cant

deviation (14.41�) from linearity was observed.

The range of DÐH� � �A angles and the variation of H� � �A
and D� � �A distances indicate the presence of both strong and

weak hydrogen bonds. In the previous report (Odoko et al.,

2002), free ligand molecules, [H2pydc], are connected weakly

by hydrogen bonds, e.g. the O10ÐH12� � �O4 and O11Ð

H13� � �O4 angles are 133 and 127�, respectively; also the

H12� � �O4 and H13� � �O4 distances are 2.42 and 2.57 AÊ ,

respectively. In our work (Table 1), the [H2pydc] molecules are

strongly connected, e.g. the O1WÐH1WB� � �O8ii and O2WÐ

H2WA� � �O6 angles are 170 and 165�, respectively; also the

H1WB� � �O8ii and H2WA� � �O6 distances are 1.88 and 1.96 AÊ ,

respectively [symmetry code: (ii) ÿ1+x, ÿy+3/2, z+1/2].

Moreover in our work, there is an O3WÐH3WB� � �N2iv

hydrogen bond [symmetry code: (iv) x, ÿy+3/2, z+1/2], while

no such bond is reported in the Japanese paper (Odoko et al.,

2002).

Experimental

The [Cd(pydc)(H2O)3]2�2H2pydc complex was synthesized by the

reaction between ligand LH2, [H2pyda]2+[pydc]2ÿ, (H2pyda = pyri-

dine-2,6-diammonium and pydc = pyridine-2,6-dicarboxylate)

(Moghimi et al., 2002) and cadmium(II) chloride monohydrate in a

1:2 molar ratio aqueous solution. The light-yellow solution was

allowed to slowly concentrate at room temperature. After 2 d,

colorless crystals were isolated in 78.9% yield.

Crystal data

[Cd2(C7H3NO4)2(-
H2O)6]�2C7H5NO4

Mr = 997.34
Monoclinic, P21=c
a = 9.0531 (16) AÊ

b = 14.667 (3) AÊ

c = 12.186 (2) AÊ

� = 98.485 (4)�

V = 1600.4 (5) AÊ 3

Z = 2

Dx = 2.070 Mg mÿ3

Mo K� radiation
Cell parameters from 967

re¯ections
� = 3±30�

� = 1.44 mmÿ1

T = 110 (2) K
Plate, colorless
0.45 � 0.35 � 0.10 mm

Data collection

Bruker SMART 1000 CCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1998)
Tmin = 0.285, Tmax = 0.862

18834 measured re¯ections
4676 independent re¯ections
3769 re¯ections with I > 2�(I)
Rint = 0.035
�max = 30.1�

h = ÿ12! 12
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Figure 1
The structure of the title complex, showing the atom-numbering scheme.
Displacement displacement parameters are drawn at the 50% probability
level; H atoms are drawn as spheres of arbitrary radii.

Figure 2
The unit-cell packing diagram. Hydrogen bonds are indicated by dashed
lines.
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k = ÿ20! 20 l = ÿ17! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.091
S = 1.21
4676 re¯ections
261 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.045P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 2.85 e AÊ ÿ3

��min = ÿ0.96 e AÊ ÿ3

Table 1
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1WÐH1WA� � �O4i 0.83 1.85 2.679 (3) 178
O1WÐH1WB� � �O8ii 0.87 1.88 2.743 (3) 170
O2WÐH2WA� � �O6 0.85 1.96 2.787 (3) 165
O2WÐH2WB� � �O2iii 0.83 1.83 2.628 (3) 162
O3WÐH3WA� � �O4iv 0.85 2.12 2.940 (3) 162
O3WÐH3WB� � �N2iv 0.77 2.19 2.927 (3) 160
O5ÐH5O� � �O3 0.88 1.64 2.507 (3) 168
O7ÐH7O� � �O3Wv 0.79 1.97 2.761 (3) 173

Symmetry codes: (i) ÿx; 1
2� y; 3

2ÿ z; (ii) xÿ 1; 3
2ÿ y; 1

2� z; (iii) ÿx; 2 ÿ y; 2ÿ z; (iv)
x; 3

2ÿ y; 1
2� z; (v) 1ÿ x; y ÿ 1

2;
3
2ÿ z.

The highest residual difference electron-density peak occurs close

to atom O2W. The H atoms bonded to oxygen were located in a

difference Fourier map; those bonded to carbon were placed

geometrically and then included in the re®nement in the riding-

motion approximation, with displacement parameters Uiso set to

1.2Ueq of the carrier non-H atom.

Data collection: SMART (Bruker, 1998); cell re®nement: SAINT-

Plus (Bruker, 1998); data reduction: SAINT-Plus; program(s) used to

solve structure: SHELXTL (Sheldrick, 1998); program(s) used to

re®ne structure: SHELXTL; molecular graphics: SHELXTL; soft-

ware used to prepare material for publication: SHELXTL.

We are grateful to Dr F. M. Dolgushin, General and Tech-

nical Chemistry Division, Academy of Sciences of Russia, for

the collection of the X-ray crystallographic data.
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