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The reaction of Schiff base 1,7-bis-(pyridin-2-yl)-2,6-diaza-1,6-heptadiene (L) with either
NiCl,-6H,0 or [Pd"CL,(CH;CN),]/Na[BF,] in 1:1 stoichiometry yielded mononuclear ionic
complexes, trans-[Ni'(L)(H,0),]Cl,-3H,0 (1-:3H,0) and [Pd"(L)][BF,]> (2), respectively; the
reaction of L with [Pd"Cl,(CH;CN),] in 1:2 ratio yielded dinuclear cis-[Pd",(p-L)Cly] (3).
Complexes 1-3 were characterized by vibrational spectroscopy and X-ray diffraction; diamagnetic
2 and 3 were also characterized by NMR in solution. The molecular structures of 1 and 2 displayed
tetradentate coordination of L with formation of two five-membered and one six-membered chelate
rings for both complexes. In 3, L showed bidentate coordination mode for each pyridylimine
toward Pd". Complex 1 has distorted octahedral geometry around Ni! and an extended
hydrogen-bond network; distorted square planar geometry around Pd" in 2 and 3 was observed.

Keywords: Ni'" and Pd" complexes; Schiff ligands; X-ray structures; Hydrogen-bond network

1. Introduction

A number of studies of compounds derived from pyridyl- and bis-(pyridyl)imine ligands
have been carried out related with anticancer [1-4] and antimicrobial [3, 5] properties and
for DNA-binding complexes [6—8]. In addition, several palladium complexes of pyridyli-
mines have been used in Suzuki cross-coupling reactions [9], in norbornene [10] and acet-
ylene [11] polymerization, in ethylene oligomerization [12], and in olefin cyclopropanation
reactions [13]. Other palladium complexes of pyridylimines have been widely used in
material sciences [14] because of their magnetic [14—17] and luminescent [18-20] proper-
ties. In environmental studies, pyridyl ligands have been utilized for trapping heavy metals
such as Hg" [18], Cd" [18, 21], and Pb" [21]. Some pyridylimines [22] and their Ag',
Zn", and Cd" [23] derivatives have been utilized in the design of new 7z molecular
aggregates. For pyridylimines containing a spacer between two pyridyliminic fragments,
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mono and dinuclear metal complexes of several transition metals have been reported; in
these studies the coordination versatility of the pyridylimine ligands was observed because
they behaved as either bi or tetradentate [22-32].

Continuing with our studies of coordination chemistry of Schiff bases, herein we
describe the synthesis and characterization of Ni'" and Pd" mononuclear complexes, 1 and
2, respectively, and the Pd" dinuclear complex 3 containing the potentially tetradentate
1,7-bis-(pyridin-2-yl)-2,6-diaza-1,6-heptadiene (L), where L displayed a bi and tetradentate
behavior toward Ni'' and Pd".

2. Experimental
2.1. Materials and measurements

Solvents were dried according to standard methods and distilled before use. PdCl,,
NiCl,-6H,0, pyridine-2-carboxaldehyde, and 1,3-propanediamine were purchased from
Aldrich and used as received. The diimine 2-CsH4NCH=N(CH,);N=CH(2-CsH4N) (L)
was prepared by a modified method previously described [32]. Melting points were
recorded on a Mel-Temp II apparatus and are reported without correction. Elemental analy-
ses were performed on a Perkin—Elmer Series II CHNS/O Analyzer 2400. Infrared spectra
were recorded on a FT-IR 200 Perkin—Elmer spectrophotometer from 4000 to 400 cm '
using KBr pellets. Raman spectra in the solid state were recorded from 4000 to 100 cm ™
on a Perkin—Elmer spectrum GX NIR FT—Raman spectrophotometer with 10-280 mW
laser power and 4cm ™" resolution. NMR spectra were recorded on a Varian NMRS 400
spectrometer; 'H (399.78 MHz), ''B{'H} (128.27 MHz), "*C{'H} (100.53 MHz), and "°F
{"H} (376.14 MHz) spectra were obtained in DMSO-ds. Chemical shifts (ppm) of 'H and
BC{"H} spectra are relative to Si(CHs), (table 1); the chemical shifts (ppm) of ''B{'H}
and ""F{'H} spectra are relative to the frequency of BF;-OEt, and CFCls, respectively.
NMR assignments of L and for 2 and 3 were performed by 2-D heteronuclear and mono-
nuclear experiments (COZY and HMQC). Suitable single-crystals of 1 (green crystals after
three weeks), 2 (pale yellow crystals after 10 days), and 3 (yellowish-orange crystals after
one month) were obtained by slow evaporation of an acetonitrile, acetonitrile-chloroform
(4:1 ratio), and DMSO saturated solution, respectively. The single-crystal X-ray structure
determinations for 1-3 were collected at 141 K on an Oxford Diffraction Gemini CCD
diffractometer with graphite-monochromated Mo-Ka radiation (1=0.71073 A). Data were
integrated, scaled, sorted, and averaged using the CrysAlis software package [33].

The structures were solved by direct methods using SHELXTL NT Version 5.1 and
refined by full-matrix least squares against F° [34]. All nonhydrogen atoms were refined
anisotropically. The positions of hydrogens of water were found in the difference map.
The position of the remaining hydrogens was fixed with a common isotropic displacement
parameter. Crystallographic data are given in table 2 and selected bond distances and
angles are given in table 3.

2.2. Synthesis of Ni'' and Pd" complexes 1-3

Complexes 1-3 were synthesized according to the following general method; the scheme

is shown in scheme 1 along with the numbering scheme used for the organic moiety.
General method: A mixture of NiCl,-6H,O or [PdCl,(CH3CN),] in hot acetonitrile was

added to a solution of L in 10 mL of chloroform. For 1 and 2 the mixture was stirred and
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Table 1. 'H and '*C{'H} NMR data for L, 2 and 3 at room temperature in DMSO-dg (numbering scheme is
shown in scheme 1).

Compound "H chemical shift (J in ppm) 3C{'H} chemical shift (¢ in ppm)
L 8.63 (ddd, 2H, H5, /=488, *J=1.71, °J=1.0 Hz) 162.1 (C6)

8.36 (t; 2H, H6, “J=1.27Hz) 154.1 (C1)

7.97 (dd, 2H, H2, °J=7.81, “J=1.13 Hz) 149.4 (C5)

7.85 (ddd, 2H, H3, /=781, °J=7.81, “J=1.71 Hz) 137.0 (C3)

7.44 (ddd, 2H, H4, *J=7.81, °*J=4.88, °J=1.0 Hz) 125.1 (C4)

3.71 (t, 4H, CH,N, °J=6.83, “J=1.27 Hz) 120.4 (C2)

2.01 (q, 2H, CH,CH,N, *J=6.83 Hz) 58.1 (CH,N)

31.5 (CH,CH,N)

2 8.96 (t, 2H, H6, *J=1.74 Hz) 173.3 (C6)
8.94 (dd, 2H, H5, °J=5.38, “J=0.98 Hz) 154.7 (C1)
8.54 (ddd, 2H, H3, °J=7.82, °J= 7.82, “J=0.98 Hz) 151.8 (C5)
8.32 (dd, 2H, H2, °J=7.82, “J=1.47 Hz) 143.2 (C3)
8.04 (ddd, 2H, H4, °J=7.82, °J=5.38, “J=1.47Hz) 129.6 (C4)
3.88 (s, b; 4H, CH,N) 129.5 (C2)
2.20 (s, b; 2H, CH,CH,N) 54.8 (CH,N)

28.6 (CH,CH,N)

3 8.87 (t, 2H, H6, “J=1.73 Hz) 171.2 (C6)
8.85 (dd, 2H, H5, 3J=5.37, *J=1.48 Hz) 154.5 (C1)
8.38 (ddd, 2H, H3, °J=7.83, °J=7.83, “J=1.48 Hz) 150.7 (C5)
8.18 (dd, 2H, H2, °J=7.83, ’J=1.48 Hz) 142.0 (C3)
7.89 (ddd, 2H, H4, °J= 7.83, °J=5.37, “J= 1.48 Hz) 129.1 (C4)
3.73 (s, vb, 4H, CH,N) 128.5 (C2)
1.86 (s, vb; 2H,CH,CH,N) 54.4 (CH,N)

28.8 (CH,CH,N)

refluxed for 24 and 2.5 h, respectively. For 3, the mixture was stirred at room temperature
for 3h. In every case the solid obtained was filtered from the mixture; a green solid for 1
and yellow solids for 2 and 3 were obtained.

2.2.1. Synthesis of trans-[Ni"'(L)(H,0),]Cl,-3H,0 (1). NiCl,-6H,O0 (0.38 g, 1.59 mmol),
acetonitrile (15 mL), L (0.40 g, 1.59 mmol), chloroform (10 mL). Yield 93% (0.347 g). M.p.:
228 °C (dec). Anal. Calcd for C;sH,5CI1,N4O5Ni (1) (%): C, 38.17; H, 5.55; N, 11.87. Found
(%): C, 38.39; H, 5.45; N, 11.74. IR data (KBr, cm '): 3050, 3009 (CH,omatics); 2918
(CH,); 2850 (CH,N); 1640 (C=N); 1599 (C=N, C=C).

2.2.2. Synthesis of [Pd"(L)][BF,], (2). [Pd"Cl,(CH;CN),] (0.1 g, 0.39 mmol), acetonitrile
(35 mL), Na[BF,] (0.085 g, 0.80 mmol), L (0.098 g, 0.39 mmol), chloroform (10 mL). Yield
97% (0.199 g). M.p.: 170°C (dec). Anal. Caled for C;5H;(N4B,FgPd (2) (%): C, 33.84; H,
3.03; N, 10.52. Found (%): C, 34.13; H, 3.02; N, 10.18%. IR data (KBr, cm'): 3052, 2955
(CH gromatics); 2921 (CH,); 2851 (CH,-N); 1639 (C=N); 1602 (C=N, C=C). NMR "'B{'H}:
8 (ppm, DMSO-dg at 25 °C)=3.43; "F{'H}: ¢ (ppm, DMSO-d, at 25 °C)=—148.2.

2.2.3. Synthesis of cis-[Pd",(u-L)Cly] (3). [Pd"Cl,(CH5CN),] (0.10g, 0.39 mmol),
acetonitrile (35mL), L (0.049 g, 0.19 mmol), chloroform (10 mL). Yield 93% (0.107 g).
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Table 2. Selected crystallographic data for 1-3.
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1

2

3

Formula
Formula weight
Crystal size (mm)

C15H26C12N405Ni
472.01
0.41 x0.26 x 0.23

C15H16N4B2F8Pd
532.34
0.58 x 0.31 x0.23

C15H6Cl4N4Pd,
606.97
0.25 x 0.08 x 0.07

Crystal system Triclinic Monoclinic Orthorhombic
Space group P—1 Cy/c P2,2,2,

a (A) 9.3262(4) 14.1898(5) 10.2590(3)
b (A) 10.0632(4) 10.0285(3 12.8066(3)
¢ (A) 11.4789(5) 13.3513(5) 14.5304(4)
a (°) 85.301(3) 90 90

£ (©) 88.715(4) 105.997(4) 90

7 () 75.128(4) 90 90

V(A% 1037.72(8) 1826.35(11) 1909.04(8)
VA 2 4 4

Deated (Mg/m?) 1.511 1.936 2.112

u (mm™") 1.225 1.105 2.450
F(000) 492 1048 1176
Goodness of fit on F* 1.052 1.064 1.003

0 (°) 3.4-626.06 3.71-26.05 3.44-26.06
Reflections collected 7478 5922 14509
Unique reflections 4099 1817 3759
Absorption correction Analytical Analytical Analytical
Solution method Direct Direct Direct
Independent reflections (Rjy) 0.0216 0.0314 0.0743

Ry, WRy [1>20(])]
R, WR, [all data]
Flack parameter

0.0260, 0.0646
0.0327, 0.0662

0.0259, 0.0609
0.0286, 0.0622

0.594/—-0.462

0.0364, 0.0798
0.0529, 0.0855
0.00(15)
1.197/—0.863

Largest residuals (eA%) 0.345/—0.273

M.p.: 208 °C (dec), Anal. Calcd for C;sH;sCI4N4Pd, (3) (%): C, 29.68; H, 2.66; N, 9.23.
Found (%): C, 29.87; H, 2.59, N, 8.97. IR (KBr, cm™"): 3038, 3021 (CH,romatics); 2940
(CH,); 2850 (CH,—N); 1632 (C=N); 1609 (C=N, C=C).

3. Results and discussion

Complex 1-:3H,0 was obtained from the reaction of L with NiCl,-6H,O in an equimolar
ratio; it was obtained as a green solid soluble in methanol, acetonitrile, and DMSO. Use of
hot acetonitrile yielded the diaqua complex 1 instead of the dichloro complex
trans-[Ni"(L)Cl,]-2H,0, yielded from the same starting materials (L and NiCl,-6H,0) but
using ethanol as solvent at room temperature [35]. Complexes 2 and 3 were synthesized
from reaction of L with [Pd"Cl,(CH;CN),] in equimolar ratio for 2 and a 1:2 ratio for 3
(see scheme 1); both complexes were obtained as yellow solids, moderately soluble in
acetonitrile and DMSO. Complexes 1-3 were obtained as stable solids and they can be
stored for several months at room temperature.

3.1. Infrared spectroscopy

The spectrum of L had v(C=N) at 1649 and 1587 cm™' for imine and pyridine, respec-
tively. In 1-3, v(C=N) of imine are shifted to lower energies (1640, 1639, and 1632cm™")
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Table 3. Selected bond lengths [A] and angles [°] for 1-3.

1-3H,0 M=Ni 2 M=Pd 3M=Pd
M-N(1) 2.1154(14) 2.059(2) 2.035(6)
M-N(2) 2.0453(15) 1.991(2) 2.014(5)
M-N@3) 2.0508(14) 2.028(5)
M-N(4) 2.1096(15) 2.030(5)
M-CI(1) - - 2.2936(18)
M-CI(2) - - 2.2942(17)
M-CI(3) - - 2.2897(17)
M-Cl(4) - - 2.2798(18)
M-(O1) 2.0639(14) - -
M-(02) 2.1150(13) - -
C(6)-N(2) 1.261(2) 1.266(3) 1.283(8)
C(10)-N(3) 1.263(2) 1.266(8)
N(1)-M-N(2) 79.59(6) 80.10(9) 80.4 (2)
N(2)-M-N(3) 93.00(6) - -
N(2)-Pd(1)-N(2A) 95.00(13)

N(3)-M-N(4) 79.61(6) 80.5(2)
N(2A)-Pd(1)-N(1A) 80.10(9)

N(1)-M-N@3) 171.67(6) - -
N(2)-M-N(4) 171.98(6) - -
N(2A)-Pd(1)-N(1) - 173.56(8) -
N(1)-M-N(4) 107.99(6) - -
N(1A)-Pd(1)-N(1) 105.09(11)

N(1)-M-CI(1) - - 175.13(16)
NQ2)-M-CI(2) - - 172.01(15)
NG3)-M-CI(3) - - 176.08(16)
N(@)-M-Cl(4) - - 172.04(16)
CI(1)-M-CI(2) - - 90.53(7)
CI(3)-M-Cl(4) - - 95.57(16)
01-M-02 177.79(6) - -

//\\ [BF 41>
OH, — 1) [PCI 2(CH3CN) 5

—Num, I WN = NiCl;:6H ;0 2)2NaEIF¢ __.Nl:, n\N—
T® é 3) (5 0

| P

1
lz [PACI 5(CH 5CN) 5]
C(\ | N
/N\Pd\a Cl/Pd/N =

Scheme 1. Synthesis of 1-3.

with respect to L. The shift to lower energies has been explained by the decrease of
s orbital character of nitrogen lone pair in the C=N bond after coordination, increasing the
C=N bond lengths [36, 37]. The magnitude of these shifts suggests that the Lewis acidity
of Pd" in 2 and 3 is less than that in the Ni" center in 1.
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3.2. 'H and *Cf'H} NMR

'"H and "“C{'H} NMR spectra of L and diamagnetic 2 and 3 were obtained at room
temperature in DMSO-dg. The assignment of the NMR signals is given in table 1.

In the "H NMR spectra of 2 and 3 the pyridine protons were observed at high frequen-
cies compared to those observed in free L, exhibiting an ABCD pattern (see Supplemen-
tary material, figure 1S). The differences in chemical shifts (AJd) of H3 in 2 and 3
compared to that observed in L were 0.69 and 0.53 ppm, respectively. The Ad measured
for H4 were 0.59 ppm (for 2) and 0.45ppm (for 3) and for H6 were 0.60 and 0.51 ppm
(for 2 and 3, respectively). Similar resonance shifts have been reported for other Pd" com-
plexes and they have been attributed to deshielding of coordination [11]. Pyridine and
imine protons in 2 were more unshielded than those observed in 3, attributed to higher
number of chelate rings in 2 (two five-membered and one six-membered chelate rings)
than 3 (two five-membered chelate rings). The stereochemistry of the C=N,,,;,. bond in
free L can be established by comparison with 'H NMR data of 2 and 3. Based on the two
signals for methylene protons —CH,CH,N and —CH,CH;N, in L as well as 2 and 3, the
corresponding chemical shifts are quite similar. Thus, if an E, E stereochemistry is required
to chelate Pd", a similar stereochemistry is expected for free L in solution. This proposal
is also supported by chemical shifts reported for methylene protons in analogous Pd" com-
plexes derived from imine ligands [24].

In BC{'"H} NMR spectra of 2 and 3 aromatic carbons were also observed at high
frequencies compared to L (see Supplementary material, figure 2S). Larger Ad was observed
for C6 (11.2 and 9.1 ppm for 2 and 3, respectively), attributed to coordination [11].

3.3. X-ray crystallography

Crystallographic data for 1-3 are summarized in table 2 and selected bond distances and
angles are given in table 3. Complex 1 crystallized with three waters. Complex 2 belongs
to the C, point group; in the unit cell, the —CH,CH,CH,— chain exhibits positional
disorder, and the palladium and methylenic central carbon lie on a special position.

Crystalline structures in solid state for 1-3 were determined by single-crystal X-ray
diffraction analyses. In 1 and 2, L showed tetradentate coordination forming two
five-membered chelate rings and one six-membered chelate ring, where pyridine and imine
nitrogens are coordinated. In 3, L bridges two palladiums; coordination of pyridylimine
moieties exhibited bidentate coordination.

3.3.1. Molecular and crystal structure of 1:3H,0. In the molecular structure of
1-3H,0 (figure 1), a nickel complex cation is stabilized by two chlorides. In
[NiH(N pyridine)2(Nimine)2(Osarer)2] the local geometry around six-coordinate Ni" is distorted
octahedral, with two molecules of water coordinated trans [O(1)-Ni(1)-O(2) angle: 177.79
(6)°]. The Ni-N,,,4ine bond distances [2.1154(14) and 2.1096(15) A] are significantly longer
than Ni—N,,.;,. distances [2.0453(15) and 2.0508(14) A]. The shortening of the Ni—Njine
bond has been attributed to 7 acceptor ability of imine nitrogen which promotes
d(metal)—>7(C—N;,.;n.) back-bonding [28]; this may be enhanced by the trans pyridine
nitrogen. The Ni-OH, bond lengths are significantly different [2.0639(14) and 2.1150(13) A],
possibly because of the different hydrogen-bond network (vide infra); these distances are
very similar to those described for analogous Ni'' aqua complexes [38]. The different bite
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Figure 1. Molecular structure of 1. The chlorides and three hydration waters are omitted for clarity.

angles reflect the size of the chelate rings formed; for the two five-membered rings the bite
angles are 79.59(6) and 79.61(6)°, while for the six-membered chelate ring the bite angle is
93.00(6)°.

The crystal structure of 1-3H,O displayed an intricate hydrogen-bond network between
coordinated and hydration waters with chlorides (figures 2 and 3 and table 4). In this
network, interatomic distances O—O and O-Cl ranged from of 2.648(2) to 2.746(2) A and

X=CI
n=3

Ns(abi): R: 12)

3
Ny(cdfh): R4(8)

8
Ns(bigfd) Ry((24)

6
Ns(agfec) Ryo(24)

6
Ns(aghed) Ry((24)

(this work)

T . — |¥ B
%f;x. - X = NO;~ %@K\%——X@% X = ClO,~
I s et n=0 £ £ ¢ n=0
SO N Ref. [35] %*gg* ’ﬁ_ Ref. [35]
- - - ~{

- g — T
B S o Ry(24) %ﬂ%*\% Ry(8)
S

Figure 2. Hydrogen-bond networks in the diaqua complexes [Ni"(L)(H,0),]X, n(H,0) and graph descriptors.
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Figure 3. Hydrogen bonding in 1 (for the sake of clarity L was removed).

from 3.0826(15) to 3.204(2) A, respectively; these noncovalent interactions are shorter than
the van der Waals radii sum for these atoms [Yr,qw(O, 0)=3.04 A and Yr,qw(O, CI)
=3.27A] [39]. Figure 2 shows an array of molecules of 1 trihydrate connected by
directional hydrogen bonds. H,O(1) and H,O(2) are engaged in different centrosymmetric
intermolecular arrays. To describe the intermolecular interactions based on hydrogen
bonding, we used the graph analysis approach [40]. From the analysis, we recognize 10
distinct hydrogen bonds (motifs), alphabetically labeled from a to j (table 4). The topologi-
cally characteristic pattern of the array includes rings of third, fourth, fifth, and even sixth
level graph sets. In figure 2 (top) some of these graph set assignments are shown. A very
interesting array can be visualized when 2-CsH4NCH=N(CH,);N=CH(2-CsH4N) frame-
work is removed from the crystal structure (figure 3); the water hydration molecules in
conjunction with chlorides form a highly puckered hydrogen-bonded layer with several
rings, exhibiting different sizes and conformations. These layers are further connected by
the H,O-Ni—H,O vector, forming a multilayer arrangement.

Lastly, it is interesting to comment about the role of the different anions in the hydrogen
bond networks of [Ni"(L)(H,0),]X,n(H,0) complexes (X=CI", n=3; X=NO5, n=0;
X=ClO,, n=0). We retrieved the data of the crystal structures of nitrate and perchlorate
complexes from the Cambridge Structural Database (deposition numbers 693,872 and
693,873, respectively) and redrew the structures by using the Mercury 3.1 software [41].
After analyzing the structures, the two polyatomic anions displayed three N-O and four
CI-O branches that are not crystallographically equivalent and they display three-centered
(bifurcated) hydrogen bonds; the chloride in 1 clearly has not this availability. In figure 2
(bottom) the main features of the arrays based on rings for nitrate and perchlorate
complexes are shown. The presence of three hydration waters in 1 prompts a more intricate
hydrogen bond network.
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Figure 4. Molecular structure of 2 (the tetrafluoroborates are omitted for clarity).

| . /
7 % N N > -

Figure 5. C-H- - -F interactions in the crystal structure of 2.

Figure 6. Molecular structure of 3.

3.3.2. Molecular structure of 2. The molecular structure of 2 is shown in figure 4. In 2, LL
is tetradentate towards Pd" with the formation of two five-membered and one six-membered
chelate rings as in 1. The geometry of Pd" is distorted square planar; the closest distance with
the tetrafluoroborate anions is 3.400 A. Because of the C, symmetry, both five-membered
chelate rings displayed the same N(1)-Pd(1)-N(2) bite angles [80.10(9)°], whereas for the
six-membered chelate ring the bite angle was 95.00(13)°. The N(2)-Pd—N(2) angle in trans
position was 173.56(8)°, consistent with the local geometry at the metal. As in 1, Ni-N,,,,,qine
bond distances are significantly longer than Ni—N,,,;,. ones. In 2, the crystal structure is



Downloaded by [Renmin University of China] at 10:48 13 October 2013

Ni" and Pd" complexes 2487

stabilized by weak C—H- - -F interactions (figure 5); the distances range from 2.30 to 3.03 A
and the graph set descriptor of the smallest ring is R5(6).

3.3.3. Molecular structure of 3. In figure 6 the molecular structure of 3 is shown. L
bridges two palladiums and each pyridylimine is bidentate toward each Pd", forming a
dinuclear complex. The local geometry around palladium was distorted square planar. In 3,
the greater conformational freedom, because of no six-membered chelate ring as in
complexes 1 and 2, causes the Pd-N,,,, ;4. and Pd—N,,,;,. bond distances to be the same.
These bond lengths are similar to those observed in a related Pd" complex containing
bis-(pyridylimine) ligands [10]. The Pd—Cl bond distances ranged from 2.2797(18) to
2.2943(17) A, very similar to those reported for analogous cis-dichloropalladium(II)
complexes [1,9,12].

The [N(1)-Pd(1)-N(2) and N(3)-Pd(2)-N(4)] bite angles were 80.4(2) and 80.5(2)°,
respectively, while trans N(1)-Pd(1)-CI(1), N(2)-Pd(1)-CI(1), N(3)-Pd(2)-Cl(3), and
N(4)-Pd(2)-Cl(4) angles were 172.01(15)-176.08(16)°; these data are consistent with the
distorted square planar geometry around Pd".

4. Conclusion

New derivatives of Ni"" and Pd" containing 1,7-bis-(pyridin-2-yl)-2,6-diaza-1,6-heptadiene
(L) have been synthesized. The molecular structures of 1-3 displayed two coordination
modes of L toward M" with formation of five- and six-membered chelate rings; these
quite different binding modes are consistent with the wide coordination versatility of L,
where mononuclear Ni"" and Pd" (1 and 2) and dinuclear Pd" (3) complexes were
obtained. In the solid state, the presence of hydrogen-donors and acceptors enhance the
formation of supramolecular associations. The trihydrate diaqua nickel complex (1-:3H,0),
where the presence of hydration waters in conjunction with the nondirectional nature of
chloride creates a wide variety of rings; this pattern is different from those observed in the
non-hydrated [Ni'(L)(H,0),]X, complexes (X=NOy3, ClO,) previously reported, where
the more directional triangular and tetrahedral anions lead to a minor number of motifs
and, therefore, to a limited variety of rings.

Supplementary material

CCDC deposition numbers 912918 (1:3H,0), 912919 (2), and 912920 (3) contain the
Supplementary Crystallographic Data for this article. These data can be obtained free of
charge via http://www.ccdc.cam.ac.uk (or from the Cambridge Structural Data Center, 12
Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033).
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