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A new coordination polymer, catena-poly[[(dipyrido[3,2-
a:2'3'-c]phenazine-x*N,N')nickel(II)]-u-2,6-dipicolinato-
K*0? N,0°:0%], [Ni(C;H;NO,)(Ci5H oNy)],., exhibits a one-
dimensional structure in which 2,6-dipicolinate acts as a
bridging ligand interconnecting adjacent nickel(II) centers to
form a chain structure. The asymmetric unit contains one Ni'!
center, one dipyrido[3,2-a:2’,3’-c|]phenazine ligand and one
2,6-dipicolinate ligand. Each Ni"' center is six-coordinated and
surrounded by three N atoms and three O atoms from one
dipyrido[3,2-a:2’,3'-c]phenazine ligand and two different 2,6-di-

@mi

Figure 1

‘
04' \
\" ‘w
i N:]
l
0*‘

picolinate ligands, leading to a distorted octahedral geometry.
Adjacent chains are linked by m—m stacking interactions and
weak interactions to form a three-dimensional supramolecular
network.

Comment

In the past decade, the technology of the design and synthesis
of inorganic-organic coordination polymers has developed
very quickly because there has been much interest in their
intriguing topologies and fascinating applications as functional

)

materials (Moulton & Zaworotko, 2001; Eddaoudi et al., 2001;
Tong et al., 2003; Zhang et al., 2004; Seo et al., 2000; Tao et al.,
2000). Many networks with various structural motifs, including
honeycomb, brick-wall, rectangular grid, bilayer, ladder,
herring-bone, diamondoid and octahedral geometries, have
been documented (Hayashi et al., 1991; Gable et al., 1990;
Fujita et al., 1994; Kondo et al., 1997; Losier & Zaworotko,
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The coordination environment of the Ni'* center, showing the atom-labeling scheme. Displacement ellipsoids are drawn at the 30% probability level.

[Symmetry codes: (i) x, —y + 3, z + & (il) x, § — y, =1 + z.]
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1996; Withersby et al, 1999; Yaghi & Li, 1995; Soma et al.,
1994). Recently, building blocks with heterocyclic carboxylic
acids, such as pyridine-, pyrazole- and imidazolecarboxylic
acids, have been used in the construction of coordination
polymers (Tong et al., 2005; Zhao et al., 2005; Pan et al., 2001;
Lu et al., 2006; Han et al., 2006). Among them, 2,6-dipicolinate
(pydc) is an important ligand for transition metal complexes
owing to its having versatile bidentate, tridentate or bridging
coordination modes, applications to diverse areas of tech-
nology, and the capacity to stabilize unusual oxidation states
(Ma et al., 2003; Scapin et al., 1997; Pocker & Fong, 1980).

With the intention of studying the influences of the size of
the aromatic chelate ligands on the framework structure of the
M/pydc/L system (M is a transition metal and L is a chelating
ligand), we choose the planar aromatic chelate dipyrido[3,2-
a2’ 3'-c]phenazine (DPPZ) as a second ligand (Han, Cheng &
Chen, 2005), and a new coordination polymer, [Ni(pydc)-
(DPPZ)],,, (I), was successfully synthesized. The coordination
environment of the nickel center in complex (I) is shown in
Fig. 1. The six atoms around the nickel center form a distorted
octahedron. The O,N,O’-tridentate chelation of the pydc
ligand and the bidentate chelation of the DPPZ ligand have an
important effect on the distorted octahedron. Each Ni" ion is
six-coordinated by three N atoms and three O atoms from a
chelating DPPZ ligand and two different pydc ligands
(Table 1), so the Ni center is octahedral with a mer arrange-
ment (three N and three O atoms in two perpendicular
planes).

The pydc ligand adopts O,N,O’-tridentate chelating and
monodentate bridging coordination modes linking two adja-
cent Ni'' centers to form a one-dimensional chain, in which the
2-carboxyl group of the pydc ligand bridges two adjacent Ni"!
centers in an anti-anti coordination mode; the DPPZ ligands
point away from the chain like wings, as shown in Fig. 2,
forming a roof-like arrangement. The conformation of the
chain is severely puckered, with an Ni---Ni---Ni angle
between adjacent metal centres of 80.72 (7)°. The pydc ligands
within the chain form a dihedral angle of 32.8 (3)° and the
minimum distance observed between two adjacent pyridine
ring centroids is 4.131 (2) A (Streb et al., 2007).

The lateral DPPZ ligands from adjacent chains are paired to
furnish 77 stacking interactions (Han, Cheng, Li & Chen,
2005; Han et al., 2007) and the data are listed in Table 3. -7
stacking is observed between two phenazine rings of the
DPPZ ligands with a perpendicular separation of 3.338 A a

Figure 2
A partial packing view, showing the roof-like arrangement of the chains.

centroid-to-centroid distance of 3.510 A and a slip angle (the
angle between the centroid vector normal to the plane) of
18.38 (5)°. These values are typical for aromatic 77— stacking
interactions (Hunter, 1994). Atom O3 of the pydc ligand also
has weak interactions with a DPPZ aromatic ring [C11/C12/
C19/C20/C24/C25 at (x — 1, y, z)] of an adjacent chain [the O3
atom-ring centroid distance is ca 2.662 (2) A] Adjacent
chains are further linked via hydrogen bonds and 7—m stacking
interactions to construct a three-dimensional supramolecular
network (Table 2). These weak interactions enhance the
stability of the complex.

In the M/pydc/L system, the similar complexes [Cu(pydc)-
(2,2'-bipyridine)] (Bresciain-Pahor et al., 1985), [Mn(pydc)-
(1,10-phenanthroline)] (Ma et al., 2002) and [Co(pydc)(1,10-
phenanthroline)] (Yin & Jiang, 2001) have been reported
before. These complexes have simple discrete structures. In
this paper, the notable feature of (I) is that the title complex
has a roof-like chain. To the best of our knowledge, this type of
roof-like chain has not been reported previously.

Experimental

DPPZ was prepared according to the method of Dickeson &
Summers (1970). A mixture of Ni(NO;),-6H,O (0.145 g, 0.5 mmol),
H,pyde (0.084 g, 0.5 mmol), DPPZ (0.141 g, 0.5 mmol), NaOH
(0.04 g, 1 mmol) and water (10 ml) was mixed in a 23 ml Teflon
reactor and stirred for 20 min in air. It was then heated at 433 K for
5 d followed by cooling to room temperature at a rate of 5K h™'.
Green block-shaped crystals of (I) were isolated.

Crystal data

[Ni(C7HaNO,)(CysHioNy)] V =1989.4 (5) A’
M, = 506.11 Z=4

Monoclinic, P2, /c
a=73482 (11) A
b=35825(4) A
c=7.8986 (12) A
B =106.906 (12)°

Data collection

Bruker APEX area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tnin = 0.704, Tpax = 0.780

Refinement

R[F? > 20(F?)] = 0.040
wR(F?) = 0.111

S =1.08

3504 reflections

316 parameters

Mo Ko radiation
u=102mm™"
T=293(2)K

0.37 x 0.32 x 0.26 mm

4459 measured reflections
3504 independent reflections
2860 reflections with I > 20(I)
Rin = 0.021

2 restraints

H-atom parameters constrained
Appax = 0.64 & A3

APmin = —0.60 A3

Table 1 .

Selected geometric parameters (A, °).

Nil—N1 1.921 (3) Nil—02 2155 (2)
Nil—N2 2015 (3) Nil —N3. 2.175 (3)
Nil—04 2.021 (2) Nil—O1' 2233 (2)
N1—Nil—-N2 173.60 (11) N2—-Nil—-02 113.65 (10)
N1—Nil—-04 83.48 (10) 04—Nil—-02 155.40 (9)
N2—Nil—O4 90.72 (10)  O2—Nil—Ot! 92.29 (9)
N1—Nil—02 72.01 (9)

Symmetry code: (i) x, —y + 31,z +1.
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Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
C4—H4A4---02" 0.93 2.48 3.190 (4) 134
C22—H22A---04" 0.93 2.56 3.456 (4) 162

Symmetry codes: (iii) x —1, =y + 3,z = 5 (iv) x,y, 2 — L.

Table 3

m—m stacking parameters (A) for the title compound.

Cg- - -Cg is the distance between ring centroids; Cg/-Perp is the perpendicular
distance of CgI from ring J; CgJ-Perp is the perpendicular distance of CgJ on
ring /; slippage is the distance between Cgl and the perpendicular projection
of CgJ onring I. Cg7 is the centroid of the N4/C12/C19/N5/C18/C13 plane, Cg8
is the centroid of the C11/C12/C19/C20/C24/C25 plane and Cg9 is the centroid
of the C13-C18 plane.

Cgl, CgJ Cgl---CgJ Cgl-Perp CgJ-Perp Slippage
Cg7, CgT" 3.5102 (18) 3.294 3.294 1.14
Cg7, Cg9" 3.574 (2) 3.290 3.304 129
Cg8, Cg9" 3.509 (2) 3.294 3.298 1.14
Cg9, Cg9" 3.410 (2) 3.256 3.256 0.97

Symmetry codes: (v) —x +2, —y, —z + 1; (vi) —x +3, -y, -z + 1.

The H atoms were placed at calculated positions in the riding-
model approximation (C—H = 0.93 1&), with Ujso(H) displacement
parameters set at 12U, of the parent atoms. Standard DFIX
restraints (SHELXL97; Sheldrick, 1997) were used for atoms C11
and C25 [C11—C25 = 1.395 (5) Al.

Data collection: SMART (Bruker, 2001); cell refinement: SAINT
(Bruker, 2001); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
ORTEPIII (Burnett & Johnson, 1996), ORTEP-3 for Windows
(Farrugia, 1997) and PLATON (Spek, 2003); software used to
prepare material for publication: SHELXTL (Bruker, 2001).

This work was granted financial support from the Program
for Liaoning Excellent Talents in Universities (grant No. RC-
05-11).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DN3067). Services for accessing these data are
described at the back of the journal.
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