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In the title compounds, [Pd(C10H6O2)(C10H8N2)], (I), and

[Pd(C10H6O2)(C18H12N2)], (II), each PdII atom has a similar

distorted cis-planar four-coordination geometry involving two

O atoms of the 2,3-naphthalenediolate dianion and two N

atoms of the 2,20-bipyridine or 2,20-biquinoline ligand. The

overall structure of (I) is essentially planar, but that of (II) is

not, as a result of intramolecular overcrowding leading to

bowing of the biquinoline ligand.

Comment

Recently, the palladium complex [Pd(bpy)(cbdca)] (bpy is

2,20-bipyridine and cbdca is the 1,1-cyclobutanedicarboxylate

ligand), with a cis-square-planar coordination geometry, has

been shown to have better cytotoxic activity than cisplatin [cis-

diamminedichloroplatinum(II)] against P388 lymphocytic leu-

kemia cells (Mansuri-Torshizi et al., 2001). The planar arom-

atic ligands interact with DNA, which is the principal target in

the chemotherapy of tumors (Neidle et al., 1987; Cusumano &

Giannetto, 1997; Shehata, 2001).

In the present study, we have prepared two cis-coordinated

ternary complexes of PdII, namely the title complexes [Pd-

(bpy)(nad)], (I), and [Pd(biq)(nad)], (II), with the aromatic

ligands bpy, 2,20-biquinoline (biq) and 2,3-naphthalenediol

(nad), and determined their structures. The same complexes

were synthesized previously by a different method for elec-

trochemical studies into their use as photosensitizers in inor-

ganic photochemistry (Kamath et al., 1989). Structures have

been determined for complexes of nad with Si (Holmes et al.,

1985; Strohmann et al., 1991; Tacke et al., 1991, 1993; Sperlich

et al., 1993), Fe (JuÈ stel et al., 1999), Ge (Tacke et al., 1994), Rb

(Yang et al., 1997), Mo (Mondal et al., 1988; El-Hendawy et al.,

1989; Kang et al., 1989) and Sb (Holmes et al., 1987). The

present study is the ®rst determination of the crystal structures

of Pd complexes with nad.

The central Pd atoms of (I) and (II) have the same distorted

cis-square-planar coordination geometry, involving the two

heterocyclic N atoms and the two O atoms of the nad dianion

(Figs. 1 and 2). The overall structure of (I) is essentially planar,

with atom C14 of the bpy ligand showing the maximum

deviation from the mean molecular plane [0.085 (3) AÊ ].

In contrast, the overall structure of (II) is not planar; the

dihedral angle between the biq and Pd(nad) planes is

148.73 (7)�. In the square-planar coordination, atoms Pd1, N1,

N2, O1 and O2 deviate by 0.0055 (1), ÿ0.135 (3), ÿ0.073 (3),

ÿ0.093 (3) and ÿ0.167 (3) AÊ , respectively, from the plane

through these ®ve atoms. The Pd(nad) moiety, including the

square-planar coordination plane, is mostly planar, the

maximum deviation from the plane being that of atom C26

[0.139 (7) AÊ ]. The biq molecule is bowed in order to relieve

intramolecular overcrowding between biq moieties (C9ÐH9

and C19ÐH19) and nad atoms (O1 and O2). The H9� � �O1

and H19� � �O2 separations are 2.23 and 2.28 AÊ , respectively.

As a result, the angle between the two quinoline ring planes is

19.9 (1)�.
The PdÐO bond lengths in (I) and (II) are similar, but the

PdÐN distances in (I) are slightly shorter than those in (II).

The values can be compared with those reported for [Pd-

(NH3)2(cbdca)], (III) (Barnham et al., 1994), [Pd(en)(cbdca)],

(IV) (en is ethylenediamine; Tercero et al., 2003), and [Pd-

(cat)(phen)], (V) (cat is cathecholate and phen is 1,10-

phenanthroline; Okabe et al., 2003), since the central Pd atoms

Acta Crystallographica Section C

Crystal Structure
Communications

ISSN 0108-2701

Figure 1
The molecular structure of (I), with the atom-numbering scheme.
Displacement ellipsoids for non-H atoms are shown at the 50%
probability level.



of all of these compounds have the same distorted cis-square-

planar coordination geometry, with the formula [Pd(NN)-

(OO)]. The PdÐN bonds in (I) are slightly shorter than those

in (III) and (IV) [2.020 (7)±2.030 (2) AÊ ], and are nearly the

same as those in (V) [2.003 (2)±2.019 (2) AÊ ]. The PdÐN

distances in (II) are slightly longer than those in (III)±(V). The

PdÐO bond lengths in (I) and (II) are also slightly shorter

than those in (III) and (IV) [2.005 (2)±2.017 (6) AÊ ], and nearly

the same as those in (V) [1.981 (2)±1.989 (2) AÊ ]. It thus

appears that the coordination bonds in (I) are stronger than

those in (III) and (IV), and nearly identical to those in (V).

The PdÐN bonds in (II) are the weakest of all, possibly as a

result of intramolecular steric hindrance between the O atoms

of the nad molecule and the H atoms attached to atoms C9

and C19 of the biq molecule, as noted above.

The OÐPdÐO angles in the ®ve-membered rings in (I) and

(II) are small compared with those in the six-membered rings

of (III) and (IV) [90.9±92.69 (7)�], and are slightly smaller

than that reported for the ®ve-membered ring in (V)

[85.09 (7)�]. The NÐPdÐN angles in (I) and (II) are also

smaller than those in (IV) [84.15 (8)� for en] and (III) (95.0�

for NH3PdNH3), and slightly smaller than that in (V)

[81.69 (8)� for cat].

The crystal structure of (I) is stabilized by centrosymmetric

stacking interactions between molecules at (1 ÿ x, ÿy, 1 ÿ z),

(x, y, z), (1 ÿ x, 1 ÿ y, 1 ÿ z), (x, 1 + y, z) etc., as shown in

Fig. 3, the shortest separations being Pd1� � �C26(1 ÿ x, 1 ÿ y,

1 ÿ z) of 3.391 (2) AÊ and Pd1� � �C12(1 ÿ x, ÿy, 1 ÿ z) of

3.414 (2) AÊ . The crystal structure of (II) exhibits interactions

between inversion-related molecules, as shown in Fig. 4, the

shortest separations being Pd1� � �C3(1 ÿ x, ÿy, 1 ÿ z) of

3.219 (6) AÊ and Pd1� � �C30(2 ÿ x, ÿy, 1 ÿ z) of 3.449 (5) AÊ .

These stacks are then connected by CÐH� � ��(arene) inter-

actions [H6� � �Cg1 = 2.50 AÊ , C6� � �Cg1 = 3.43 AÊ and C6Ð

H6� � �Cg1 = 176�; Cg1 is the centroid of the C23±C28 ring at

( 3
2 ÿ x, ÿ 1

2 + y, 5
2 ÿ z)].

Experimental

For the preparation of (I), bpy was reacted with palladium acetate,

[Pd(CH3COOH)2], for 30 min at room temperature (molar ratio 2:3)

in dimethylformamide (DMF), and then nad (equivalent to bpy)

dissolved in DMF was added. This mixture was left to stand at room

temperature, and red plate-shaped crystals appeared after a few days.

Complex (II) was synthesized by a similar method, except that biq

was used instead of bpy. Colorless prismatic crystals appeared after a

few days.

Compound (I)

Crystal data

[Pd(C10H6O2)(C10H8N2)]
Mr = 420.75
Monoclinic, P21=c
a = 12.117 (2) AÊ

b = 8.239 (2) AÊ

c = 16.857 (1) AÊ

� = 108.804 (8)�

V = 1593.1 (5) AÊ 3

Z = 4

Dx = 1.754 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 14.8±15.0�

� = 1.18 mmÿ1

T = 296.2 K
Plate, red
0.50 � 0.20 � 0.20 mm
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Figure 2
The molecular structure of (II), with the atom-numbering scheme.
Displacement ellipsoids for non-H atoms are shown at the 50%
probability level.

Figure 3
A stereoview of the packing in (I), showing the ring interactions.

Figure 4
A stereoview of the packing of (II), showing the ring and CÐH� � ��
interactions
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Data collection

Rigaku AFC-5R diffractometer
!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.936, Tmax = 1.000

4095 measured re¯ections
3658 independent re¯ections
3090 re¯ections with I > 2�(I )
Rint = 0.014

�max = 27.5�

h = 0! 15
k = 0! 10
l = ÿ21! 20
3 standard re¯ections

every 150 re¯ections
intensity decay: 1.1%

Re®nement

Re®nement on F 2

R(F ) = 0.027
wR(F 2) = 0.078
S = 1.14
3658 re¯ections
226 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0381P)2

+ 0.8904P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.38 e AÊ ÿ3

��min = ÿ0.88 e AÊ ÿ3

Compound (II)

Crystal data

[Pd(C10H6O2)(C18H12N2)]
Mr = 520.86
Monoclinic, P21=n
a = 9.859 (5) AÊ

b = 19.67 (1) AÊ

c = 10.922 (5) AÊ

� = 94.33 (4)�

V = 2112.0 (18) AÊ 3

Z = 4
Dx = 1.638 Mg mÿ3

Mo K� radiation
Cell parameters from 18

re¯ections
� = 10.6±13.2�

� = 0.91 mmÿ1

T = 296.2 K
Prism, colorless
0.20 � 0.20 � 0.20 mm

Data collection

Rigaku AFC-5R diffractometer
!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.917, Tmax = 0.998

5278 measured re¯ections
4849 independent re¯ections
2647 re¯ections with I > 2�(I )

Rint = 0.044
�max = 27.5�

h = 0! 12
k = 0! 25
l = ÿ14! 14
3 standard re¯ections

every 150 re¯ections
intensity decay: 0.2%

Re®nement

Re®nement on F 2

R(F ) = 0.044
wR(F 2) = 0.135
S = 0.98
4849 re¯ections
298 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0556P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max = 0.001
��max = 1.14 e AÊ ÿ3

��min = ÿ0.67 e AÊ ÿ3

For (I) and (II), all H atoms were located from difference Fourier

maps and then placed at idealized positions and treated as riding,

with CÐH distances of 0.93 AÊ and Uiso(H) values equal to 1.2Ueq(C).

For both compounds, data collection and cell re®nement: MSC/

AFC Diffractometer Control Software (Molecular Structure

Corporation, 1992); data reduction: TEXSAN (Molecular Structure

Corporation, 2000); program(s) used to solve structure: SIR97

(Altomare et al., 1999) for (I) and SHELXS97 (Sheldrick, 1997) for

(II); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: ORTEPII (Johnson, 1976).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FG1730). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �) for (I).

Pd1ÐO1 1.981 (3)
Pd1ÐO2 1.984 (2)

Pd1ÐN1 2.003 (2)
Pd1ÐN2 2.001 (3)

O1ÐPd1ÐO2 84.84 (9)
O1ÐPd1ÐN1 97.06 (9)
O1ÐPd1ÐN2 177.54 (9)

O2ÐPd1ÐN1 177.58 (10)
O2ÐPd1ÐN2 97.29 (9)
N1ÐPd1ÐN2 80.78 (9)

Table 2
Selected geometric parameters (AÊ , �) for (II).

Pd1ÐO1 1.992 (4)
Pd1ÐO2 1.982 (4)

Pd1ÐN1 2.039 (4)
Pd1ÐN2 2.037 (4)

O1ÐPd1ÐO2 83.6 (2)
O1ÐPd1ÐN1 98.4 (2)
O1ÐPd1ÐN2 171.1 (2)

O2ÐPd1ÐN1 174.4 (2)
O2ÐPd1ÐN2 97.0 (2)
N1ÐPd1ÐN2 80.3 (2)


