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Cyclometallated compounds. XV.1 A
tetranuclear acetate-bridged cyclo-
palladated molecular box
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The title complex, tetra-�-acetato-O:O0-bis{[�-1,4-bis-

(2-pyridyloxy)phenylene-N,C2:N0,C6]dipalladium(II)} bis(tri-

chloromethane) dihydrate, [Pd4(C16H10N2O2)2(C2H3O2)4]�-
2CHCl3�2H2O, the product of the reaction of 1,4-bis(2-

pyridyloxy)benzene with palladium acetate, is shown to be a

tetranuclear, rather than a polymeric, species. It crystallizes

about a centre of inversion and has two doubly cyclo-

palladated ligands bridged by four acetate groups. The

cyclopalladated ligand is far from planar in the complex and

has the central benzene rings �-stacked. The chelate rings

exist in shallow boat conformations.

Comment

We have been interested for some time in the preparation of

doubly cyclopalladated compounds (O'Keefe & Steel, 1999),

particularly examples involving the double cyclopalladation of

a single benzene ring (Caygill & Steel, 1990; Phillips & Steel,

1991; Hartshorn & Steel, 1998). Recently, we reported the

cyclopalladation chemistry of all three isomers of bis(2-

pyridyloxy)benzene (De Geest et al., 1999). We described

therein the preparation of the dinuclear complex (III), which,

due to its insolubilty in common NMR solvents, we were only

able to characterize by elemental analysis and mass spectro-

scopy. This complex was prepared (see Scheme) by reaction of

1,4-bis(2-pyridyloxy)benzene, (I), with palladium acetate to

give an intermediate, (II), which was converted to the corre-

sponding chloride by metathesis and thereafter to the acetyl-

acetonate complex, (III). The nature of the initially formed

product, (II), was a subject of doubt. Related acetate-bridged

species have generally been considered to be polymeric in

nature (Lydon & Rourke, 1997; Vicente et al., 1997), but we

proposed that (II) is a tetranuclear species, based on our

previous determination of the structure of the product of the

reaction of palladium acetate with 1,4-bis(benzothiazol-2-yl)-

benzene (O'Keefe & Steel, 1998). To resolve this ambiguity,

we now report the X-ray crystal structure of (II), which we

have since managed to crystallize by slow evaporation from a

chloroform solution.

Complex (II) crystallizes in the monoclinic space group

P21/c, the asymmetric unit containing one doubly palladated

molecule of (I), two Pd atoms, two acetates, a molecule of

chloroform disordered over three sites and a molecule of

water disordered over two sites. The two cyclopalladated units

are positioned about a centre of inversion with four acetates

bridging the four Pd atoms, so that the molecular structure has

the shape of a counter-hinged molecular box (Fig. 1).
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Figure 1
A perspective view of (II) with the atom-labelling scheme. H atoms and
solvate molecules have been omitted for clarity. Displacement ellipsoids
are drawn at the 50% probability level; the symmetry code is as in Table 1.1 Part XIV: O'Keefe & Steel (1999).



The ligand acts as a doubly chelating C,N-donor bridging

two Pd atoms through six-membered chelate rings. The

benzene ring is dipalladated in a para arrangement, and thus

the ligand adopts an anti conformation of the two pyridine

rings with respect to the benzene ring. Unlike the situation in a

structurally related tetranuclear complex (O'Keefe & Steel,

1998), the cyclopalladated ligand is far from planar. The

planes of the pyridine rings are inclined to the benzene ring at

angles of 30.1 (5) and 37.7 (5)� for the pyridines containing

N11 and N41, respectively, with one ring being inclined above

the plane of the benzene ring and the other below. This lack of

planarity is due to ¯exibility provided by the O-atom spacer

and the formation of six-membered chelate rings, rather than

the ®ve-membered rings of our earlier complex. The six-

membered chelate rings have shallow boat conformations,

with the Pd and O atoms lying out of the planes of the C and N

atoms [Pd1 0.410 (6) and O1 0.288 (8) AÊ , and Pd2 0.821 (6)

and O4 0.372 (8) AÊ ].

All Pd±donor bond lengths are normal and show the usual

lengthening of the bond trans to the C-donor (Churchill et al.,

1980; Navarro-Ranninger et al., 1996). The geometry at each

Pd atom is square planar and the Pd1� � �Pd2A separation is

2.918 (1) AÊ , which is considered non-bonding (Churchill et al.,

1980). The two central benzene rings, being related by a centre

of inversion, are necessarily parallel and are separated by

3.21 (1) AÊ . These two rings are offset such that a bond of one

ring sits over the centroid of the other ring and a signi®cant �±

� interaction is indicated.

This structure determination con®rms our earlier proposal

(De Geest et al., 1999) that (II) exists as a tetranuclear, rather

than a polymeric, species, and suggests that other related

compounds may also be so. It represents the ®rst reported

example of a crystal structure of a compound containing a

doubly cyclopalladated benzene ring with six-membered N,C-

chelate rings.

Experimental

Complex (II) was prepared as previously described by De Geest et al.

(1999). Crystals were obtained by slow evaporation of a chloroform

solution.

Crystal data

[Pd4(C16H10N2O2)2(C2H3O2)4]�-
2CHCl3�2H2O

Mr = 1461.06
Monoclinic, P21=c
a = 12.225 (5) AÊ

b = 15.052 (5) AÊ

c = 14.135 (5) AÊ

� = 91.797 (5)�

V = 2599.7 (16) AÊ 3

Z = 2

Dx = 1.861 Mg mÿ3

Mo K� radiation
Cell parameters from 6111

re¯ections
� = 2.15±26.36�

� = 1.735 mmÿ1

T = 168 (2) K
Plate, yellow
0.38 � 0.35 � 0.04 mm

Data collection

Siemens SMART CCD diffract-
ometer

Exposures over 0.5� ' or ! rotation
scans

Absorption correction: multi-scan
(SADABS; Siemens, 1999)
Tmin = 0.559, Tmax = 0.934

26 967 measured re¯ections

5261 independent re¯ections
3476 re¯ections with I > 2�(I)
Rint = 0.089
�max = 26.36�

h = ÿ15! 15
k = ÿ18! 13
l = ÿ17! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.050
wR(F 2) = 0.134
S = 1.028
5261 re¯ections
404 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0748P)2

+ 0.2065P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.027
��max = 0.96 e AÊ ÿ3

��min = ÿ0.95 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0010 (3)

Crystal decay was monitored by the measurement of duplicate

re¯ections. The chloroform and water solvate molecules were disor-

dered over three and two sites, respectively. The H atoms of the water

solvate molecules were not located; other H atoms were placed in

calculated positions and allowed to ride on their carrier C atoms. The

disordered chloroform solvate molecules were restrained to have the

same bond distances and angles.

Data collection: SMART (Siemens, 1999); cell re®nement: SAINT

(Siemens, 1999); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXL97; software used to prepare material for publication:

SHELXL97.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DE1153). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

Pd1ÐC2 1.980 (7)
Pd1ÐN11 2.044 (6)
Pd1ÐO1A 2.052 (5)
Pd1ÐO1B 2.171 (5)

Pd2ÐC5 1.962 (7)
Pd2ÐN41 2.007 (5)
Pd2ÐO2Ai 2.067 (4)
Pd2ÐO2Bi 2.158 (5)

C2ÐPd1ÐN11 89.3 (2)
C2ÐPd1ÐO1A 91.6 (2)
N11ÐPd1ÐO1A 176.6 (2)
C2ÐPd1ÐO1B 177.6 (2)
N11ÐPd1ÐO1B 92.9 (2)
O1AÐPd1ÐO1B 86.22 (18)
C5ÐPd2ÐN41 86.4 (2)
C5ÐPd2ÐO2Ai 92.5 (2)
N41ÐPd2ÐO2Ai 178.8 (2)
C5ÐPd2ÐO2Bi 178.1 (2)

N41ÐPd2ÐO2Bi 92.5 (2)
O2AiÐPd2ÐO2Bi 88.71 (18)
C1ÐC2ÐPd1 124.0 (5)
C3ÐC2ÐPd1 121.2 (5)
C4ÐC5ÐPd2 120.2 (5)
C6ÐC5ÐPd2 125.1 (5)
C1AÐO1AÐPd1 126.2 (4)
C1AÐO2AÐPd2i 125.0 (4)
C1BÐO1BÐPd1 124.9 (4)
C1BÐO2BÐPd2i 126.7 (5)

Symmetry code: (i) 1ÿ x; 1ÿ y;ÿz.


