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Abstract

The hydrothermal reaction of Co(NO,), 6H,0, trans-1,2-bis(4-pyridyl)ethylene (bipyen), and a
bent 4,4'-oxybis(benzoic acid) (OBCH,) gave a 2-D coordination polymer [Co(OBC)(bipyen)]
H,0 (1). X-ray structure determination revealed that polymer 1 has a 2-D network based on 50-
membered rectangular grids, each of which has the dimension of 13.74 x 13.20 A.

1. Introduction structural outcome of coordination polymers is usu-

ally controlled and modified by the coordination

Various zeolites with open frameworks have been = geometry of a central metal and the coordination
continuously attracted due to their useful proper-  modes of organic ligands.™* In this context, stere-
ties.” Coordination polymers as organic zeolite-like  ochemically rigid, multifunctional ligands and vari-

solids, based on transition metals and multifunc-  ous bridging-ligand systems are now employed
tional organic ligands, have recently received con-  in preparing a wide variety of coordination poly-
siderable attention,” presumably due to their useful — mers.”

applications in physical gas adsorption, chemical Metal-dicarboxylate coordination polymers tend to

adsorption, selective catalysis, and exchange.'>” The ~ form rigid frameworks due to the potential chelate
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coordination of carboxylate groups. In particular,
several research groups demonstrated the construc-
tion of highly porous polymers by employing linear
dicarboxylates.”™® On the contrary, metal-bipyridyl
counterparts have rather flexible frameworks due to
the monodentate coordination of pyridyl groups.”
Recently, several synthetic strategies employed mixed-
ligand systems containing both carboxylates and
pyridyls in preparing novel coordination polymers.**
We have been continually interested in coordination
polymers possessing dicarboxylate, bipyridyl, or mixed-
ligands by hydrothermal reactions.” As a continua-
tion of our research, we set out to prepare cobalt
coordination polymers from cobalt(I) nitrate (Co(NO;),:
6H,0), bipyen, and dicarboxylate (OBCH,) by hy-
drothermal reactions. Herein, we report the prepara-
tion and crystal structure of a cobalt coordination
polymer [Co(OBC)(bipyen)]-H,O (1).

2. Experimental Section

Cobalt(Il) nitrate (Co(NO,),-6H,0), trans-1,2-bis(4-
pyridylethylene (bipyen), and 4,4-oxybis(benzoic
acid) (OBCH,) were purchased from Aldrich com-
pany. IR spectra were recorded with a Nicolet 320
FTIR spectrophotometer.

Preparation of [Co(OBC)(bipyen)]-H,O (1). A
mixture of Co(NO,),-6H,0 (0.090 g, 0.310 mmol),
OBCH, (0.080 g, 0.310 mmol), bipyen (0.056 g, 0.310
mmol), and H,O (6 mL) was heated in a 23-mL
capacity Teflon-lined reaction vessel at 150°C for 2
days and then cooled to room temperature by air-
cooling. The purple-red crystalline product was col-
lected by filtration, washed with H,O (2 x5 mL),
ethanol (3 x5 mlL), and acetone (2 x 5 mL), and then
air-dried to give [Co(OBC)(bipyen)]-H,O (0.071 g,
0.137 mmol, 44.2%). IR (KBr): 3422 (br), 3069,
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Table 1. X-ray data collection and structure refine-
ment for 1

empirical formula C,H,yCoN,Og
fw 515.37

temperature, K 293(2)
crystal system triclinic
space group P-1

a, A 9.109(2)
b, A 11.355(2)
c, A 12.557(3)
o, deg 69.92(1)
B, deg 80.72(2)
Y. deg 88.98(2)
v A’ 1202.8(5)
Z 2

d, g cm” 1.423

u, mm” 0.757
Tin 0.1531

T o 0.6256
F(000) 530

20 range (°) 3.5-50
scan type o

scan speed variable
No. of reflns measured 4322
No. of reflns unique 4044
No. of reflns with 1> 20(l) 2942

No. of params refined 322

Max., in Ap (¢ A™) 0.392
Min., in Ap (e A7) ~0.489
GOF on F’ 1.035
R 0.0588
wRS 0.1363

“WR, = Z[W(F?! - FVZIw(FHH"?

1606, 1532, 1421, 1397, 1300, 1230, 1166, 1100,
1020, 877, 838, 778, 657, 556 cm™".

Structure determination. All X-ray data were
collected with a Siemens P4 diffractometer equipped
with a Mo X-ray tube. Intensity data were empiri-
cally corrected for absorption with ¥-scan data. All
calculations were carried out with the use of the

Table 2. Selected bond distances (A) and bond angles (*) in 1

Col-01 1.991(3) Col-N2
Col-03 2.100(4) Col-04
01-Col-N2 97.67(14) 01-Col-N1
01-Col-03 98.46(15) N2-Col-03
01-Col-04 156.97(16) N2-Col-04
03-Col-04 59.44(15)

2.078(4) ColIN1 2.083(4)
2.231(4)

113.16(16) N2-Col-N1 99.64(15)
100.04(15) N1-Col-0O3 139.80(15)
92.98(15) N1-Col-04 84.86(15)
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SHELXTL programs.'” The structure was solved by
direct methods. This crystal belongs to the triclinic
system, and structure analyses converged only in the
centrosymmetric space group P-1. All non-hydro-
gen atoms were refined anisotropically.

A purple-red crystal of 1, shaped as a plate of
approximate dimensions of 0.20 x 0.16 x 0.06 mm,
was used for crystal- and intensity-data collection.
The hydrogen atoms in the aqua ligand could not be
located. The remaining hydrogen atoms were gen-
erated in ideal positions and refined in a riding
mode. Details on crystal data and refinement details
are given in Table 1. Selected bond lengths and
bond angles are given in Table 2.

3. Results and Discussion

Preparation. The title compound has been pre-
pared by hydrothermal reactions. Co(NOy),-6H,0
reacts with a bent dicarboxylic acid OBCH, (coor-
dination angle =115% at 150°C for 2 days in the
presence of bipyen to give a 2-D cobalt coordina-
tion polymer with an empirical formula of [Co(OBC)
(bipyen)|-H,O (1) {eq. 1).

Co(NO,),-6H,0 + OBCH, + bipyen
— {Co{OBC)bipyen)]-H,O (1)

Red crystalline polymer 1 is stable in air and

Fig. 1. ORTEP drawing of the local coordination
environment of Co of polymer 1, showing the atom-
tabeling scheme and 50% probability thermal el-
lipsoids. Unlabeled atoms are related to labeled
atoms by the crystallographic inversion center
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insoluble in common organic solvents. The IR spec-
tra display absorption bands characteristic of car-
boxylate groups at 1606~1397 cm™".

Structure. The structure of this polymer turned
out to be isostructural with that of the nickel ana-
logue, which has been very recently reported by our
research group.” A monomer unit of polymer 1 is
shown in Fig. 1. The coordination sphere of cobalt
can be described as a distorted octahedron, which
consists of four equatorial carboxylate oxygens and
two axial bipyen nitrogens (N1 and N2). The Co-N
and Co-O bond lengths are 2.078(4)-2.083(4) and
1.991(3)-2.231(4) A, respectively.

The a-axis projection of polymer 1 is shown in
Fig. 2, which illustrates a two-dimensional network.
The bipyen and OBC ligands separately link Co
metals to form one-dimensional layers, ultimately
forming an undulated 2-D network based on 50-
membered rectangular grids, each of which is com-

Fig. 2. An undulated 2-D structure of polymer 1
along the a-axis.

Fig. 3. A 50-memebered rectangular repeating unit.
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posed of four Co metals as the comers and two
OBC ligands as the edges (Fig. 3). On the basis of
Co---Co separations, the dimension of the rectangu-
lar unit can be calculated to be 13.74 x 13.20 A.

Although many square-grid coordination poly-
mers are now well known, their rectangular coun-
terparts are relatively rare.'” There are currently three
general synthetic strategies to prepare non-interpen-
etrating rectangular-grid coordination polymers with
large pores or channels: (1) the use of bipyridine-
type ligands of different lengths,'” (2) the use of a
mixed-ligand system of dicarboxylate and bipyridyl,"”
and (3) the modification of the ligand to affect the
shape of the grid.'¥ Our synthetic strategy employed
a mixed-ligand system of bipyen and OBC, and a
non-interpenetrating rectangular-grid coordination poly-
mer 1 could be prepared.

In summary, a 2-dimensional cobalt coordination
polymer [Co(OBC)(bipyen)]-H,0, has been prepared
by hydrothermal reactions. Its X-ray structure shows
that it has an undulated 2-D network based on 50-
membered rectangular grids, each of which has the
dimension of 13.74 x 13.20 A.
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