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New coordination polymers of general form, [Col.2X;], (1. = 3,37-oxybis(pyridine) {obp), 1.4-bis(3-pyri-
doxy)benzene (bpob). X = Cl, NCS), have been prepared via a slow diffusion method. The reaction of the
present linkers with cobalt(Il} ion affords infinite 2-dimensional sheet products. For [Co{obp):Clz],. the local
geometry of the cobalt center is an octahedral arrangement with four nitrogen donors and two chloring ions in
trans positions, [Co(bpob)(NCS):], has provided a similar structure: the local geometry of the cobalt atom is
an octahedral arrangement with four pyridine units and two NCS groups in #rans positions. ‘The obp and bpob
linkers connect two cobalt(I1) ions defining the edges of 40- and 60-membered [Co(1D]4 ring, respectively.
Thermal analyses of the coordination polymers show significant thermal behavior associated with the charac-

teristic structures,

Introduction

Metal-based coordination polymers are of curment interest
because transition metal ions exhibit various structural
aspeets such as oxidation states and coordination modes.!
Furthermore, such coordination polymers have appeared as
new motils of molecular architecture due to acsthetic facets
and the potential applicability as electrical conductors,”
molecular magnets.” host-guest chemistry.* crystal bending
clfeets,” molecular recognition.® optoclectronics,” and catal-
ysis.® Thus, clegant coordination polymers have been con-
structed based on molecular design and crystal engineering
technology. Their structures are mainly dependent upon the
coordination gcometry ol central metals, the structure of
spacer ligands. counter ions. and reaction conditions.”"" The
use of unique spacers is worthy of close attention as a ratio-
nal molecular design strategy. For instance. it has been found
that the appropriate angular and flexible components of
spacers play an important role in self-assembly via coordina-
tion."*'® Though the overall topology of coordination poly-
mers can be controlled by means ol the coordination
preferences of the metal center and the structure ol the
linker, the prediction of the exact interactions in the crystal-
line phase still scems unrcachable. Various spacers have
been used (or a wide range of molecular building blocks. but
exploitation of 3.3"-bis(pyridyl)oxy units as spacers remains
one of the unexplored arcas. The spacers possess magic
angles, which are. essentially, bent around oxygen with
somewhat flexibility in contrast to linear rigid 4.4'-bipyri-
dine analogs. Preliminary structural and thermal propertics
in cobal{1l) complexes of 4.4'-dipyridyl sullide were recently
reporied as a communication.'”

Our goal is the obscrvation of subtle effects on sell~assem-
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bling between potential octahedral cobalt(1l) ions and 3,3-
bis(pyridyl)oxy spacers. [n this paper. we describe the for-
mation of new polymeric molecular networks and related
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physicochemical propettics of cobal{II} complexes of two
spacer ligands. 3.3-oxybis(pyridine) (obp)'® and [.4-bis(3-
pytidoxy)benzene (bpob)'®

Experimental Section

Materials and Measurements. CoCl;- 610 and
Co(NCS): were purchased from Aldrich and used without
further purification. 3.3°-Oxybis(pyridine) (obp)"® and .4-
bis(3-pyridoxy)benzene (bpob)'” were prepared by the liter-
ature methods. Elemental analysis (C. 11, N) was carried out
at the Advanced Analysis Center in KIST. Infrared spectra
were obtained in the 4000-400 ¢cm ' range on a Perkin Elmer
16F PC FTIR spectrophotometer with the sample prepared
as a KBr pellet. Thermal analysis (TGA and DSC) was per-
formed on a Stanton Red Croft TG 100 with a scanning rate
of 10 °C/min when heating.

Preparation of |Co(obp):ClL:|a. A methanol solution (10
mL) of CoClz - 6110 (137 mg, 0.5 mmol) was slowly dil-
fused into a chloroform solution (20 mL) of obp {172 mg,
1.0 mmol}. Initially. pink crystals formed at the interface and
were obtained in | week in 70% yield. Found {Anal. Caled
for C2l116N4O:=ClxCo): C. 50.80 (50.66); I1. 3.32 {3.40); N,
11.50 (11.82) %. IR (KBr. cm '): 1581 (m). 1487 (s). 1442
(). 1262 (s). 1227 (w), 1205 (w). [117 {w). 1038 (w), 894
(w). 844 (w). 828 (w). 709 (m). 644 (w). 594 (w).
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Preparation of |Co(bpob):(NCS8)z|a. A methanol solu-
tion (20 mL} of bpob (264 mg. 1.0 mmol) was slowly dif-
fused inte an aqueous solution (10 mL) of Co(NCS): {87
mg, 0.5 mmol). Pink crystals suitable for X-ray single crys-
tallography were formed in | week in 75% yicld. Found
(Anal. Caled for CullaNaOyS:Co): €. 57.80 (58.04); I,
3.27 (3.24); N,11.50 (11.94). [R (KBr, em '): 2076 (s, v
(C-N)), 1568 (m), 1496 (s). 1474 (s), 1426 (s). 1320 {w),
1258 (), 1226 {s). 1190 (s), 1102 (m), 1048 (w), 1022 (w),
864 (m), 810 (m), 700 (s), 630 (m). 496 {w).

X-ray Crystallographic Analysis. Each pink crystal
from the slow difTusion method was wedged into a Linde-
mann capillary with mother liquor. The X-ray data were col-
leeted on an Enral-Nonius CAD4 automatic diffractometer
with graphite-monochromated Mo Ke (A —0.71073 A) at
ambicnt temperature. Axial photographs indicated mono-
clinic symmetry. and the unit cell dimension was based on
25 well-centered reflections by using a least-square proce-
dure. Data were collected 26 scans within the angular
range 4.0-50.0° During the data collection, three standard
rellections monitored every hour did not show any signifi-
cant intensily variation. The data were corrected lor Lorentz
and polarization effects. Absorption cflects were corrected
by the empirical y-scan method. The structures were solved
by Patterson method (STTIELXS-86) and were refined by
lull-matrix least squares techniques (SITELXL-93).2 All
non-hydrogen atoms were relined  anisotropically, and
hydrogen atoms were added at caleulated positions. Crystal
paramcters and procedural information corresponding 1o
data collection and structure relinement are given in Table 1.

Results and Discussion

Synthesis. A typical synthetic procedure®’ was used 1o
form the title cobali(ll) compounds: the slow dilfusion of
CoX; (X — CI. NCS) with the spacer ligands (obp. bpob) in
the mole ratio of 1 : 2. respectively, alforded the following
2-dimensional coordination polymers depicted in Scheme 1.
The product may depend on the mole ratio of metal-to-

Table 1. Crystal Data and Structure Refinement for [Co(obp)Cla]s
and [Co{bpob):(NCS )],

empirical tormula
formula weight
space group

a A

b. A

A

B. deg

V. AS

/.

el giem
uomm™

final R [I=26(1))
R indices (all data)

C:rﬂ i |<,N.103C|3(,‘0
474.20

12)in (No. 14}
8.823(1)
13.977(3)
8.943(1)
16.95(1)
983.1(3)

5

1.602

1.170
R10.0305
R10.0309
(wR2  0.0800)

(:;.;l {:4N(,0453CO
703.64

P2yic (No. 14)
9.280(1)
8.149(1)
21.404¢4)
100.62(1)
1390.9(4)

2

1.469

0.720

0.0366

0.0383

(WR2  0.0899)
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Scheme 1

ligand, but the reaction was not signilicantly alfected by the
change in the mole ratio (spacer/CoX:— 1.5-3). Though
such a slow difTusion is generally susceptible to the length of
the spacer ligands, the present reaction gave the same net-
work polymers irrespective of the length of the spacers. For-
mation of the same structure scems to be due to the
thermodynamic stability of the molecular network structure.
Of course, the product may be closcly dependent on the
order of slow dilfusion. but several attempts gave the same
results. Both compounds were isolated as pink crystals with-
oul any solvale molccule or counter ion. The compounds
were air-stable solids. insoluble in water and common
organic solvents.

X-ray Crystal Structures. The unit and extended struc-
tures of [Co(obp):Cl: |, are shown in Figures [ and 2. respec-
tively, and selected bond lengths and angles are listed in
Table 2. The local geometry of the cobalt center is an octahe-
dral arrangement with (our obp nitrogen donors {Co-N(1).
2.169(2) A; Co-N(2), 2.286(2) A) and two chlorine anionic
ligands in frans positions (Co-Cl. 2.4388(6) A; CI-Co-Cl.

Figure 1. The unit view of [Co{obp):Cls], showing the cobalt{II)
coordination environment. Hydrogen atoms are omitted lor clarity.
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Figure 2. Infinite molecular networks of [Co{obp):Cla]. {top: wp
vicw: bottom: side view).

Table 2. Sclected Bond Lengths (A) and Angles (°) of [Cotobp):Clala
and |Co(bpob)(NCS): ],

|Colobp)Clal,

[Co(bpob)(NCS)a]w

Co-N(1}) 2.169(2) Co-N(1) 2.06(2)
Co-N(1y 2.16%2) Co-N(2) 2.08(1)
Co-N(2) 2286(2)  Co-N(3) 2.21(1)
Co-N(2Y 2.286(2) Co-N(4) 2.14(2)
Co-Cl 24388(6)  Co-N(5) 2.27(1)
Co-CI’ 24388(6)  Co-N(6) 2.24(1)
N(1)-Co-N( 1y 180.0 N(1)-Co-N(2) 178.49)
N(1)-Co-N(2) 87.50(7) N{1)-Co-N(6) 90.2(6)
N(1Y-Co-N(2) 92.50(7) N(2)-Co-N(6) 90.7(6)
N(2)-Co-N( 2y 180.0 N(3)-Co-N(5) 179.6(7)
C1-Co-Cl 180.0 N{4)-Co-N(6) 179.1(8)
C(N-ON-Ceh) 116.7(2) C)-ON-C32y 12002)
CO»RORRCU3Y 1221

CRO-O3-CU6Y" T12(1)
CRTH-O@D-C29)  116(1)

180.0°. The most outstanding feature is that the molecule
exhibits infinite network structure. Each obp spacer is linked
1o the two cobalt(T1) atoms vier a bridge fashion, resulting in
a 40-membered [Co(ID)|s ring. The bent angle around the
oxygen atom (C(7)-0(1)-C(4)) is 116.7(2)". The closest
intrachain Co-Co distance vie an obp linker is 8.39 A,
whereas the shortest interchain distance of Co-Co is 8.82 A.
The dihedral angle of two pyridyl groups within the obp
group is 76.9(1)°. but onc pyridyl group is almost coplanar
with its trems pyridyl group.

X-ray characterization of [Co{bpob):(NCS):|. revealed a
similar structurc. The unit and extended structures are shown
in Figures 3 and 4. respectively. and selected bond lengths
and angles are listed in Table 2. The local geometry of the
cobalt([I) atom is an octahedral arrangement with four bpob
units (Co-N. 2.14(2)-2.27(1) A) and two NCS groups in
trans positions (N{(1)-Co-N(2). 178.4(9)°). Each bpob linker
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Figure 3. The unit view ol [Co(bpobpiNCS)], showing the
cobalt{11} coordination environment. Hydrogen atoms are omitted
for clarity.

v )
Figure 4. Infinite molecular networks of  [Colbpobk{NCS):],
(top: top view: bottom: sidc view).

connects two cobalt(IT} atoms delining the edges ol a 60-
membered |Co(11} s ring. The bent angle around the oxygen
atom (C-0-C. 112(1)-122(1)°) is very similar to that of
[Co(obp):Cl:].. As expected. the cobalt-cobalt separation
through a bpop linker (11.4 A) and the cobalt-cobalt distance
through the interchain (9.3 A) are longer than the cotre-
sponding lengths ol |Co{obp)2Cl: Jn. An isothiocyanate mode
(Co-NCS) was observed among two possible linkage iso-
mers of the NCS group. The Co-N bond lengths involving
the NCS group (2.06(2). 2.08(1) A) arc much shorter than
the corresponding bonds involving the bpob ligand. The
isothiocyanate group is proximity to lincarity (N(1)-C(l)-
S(3). 177(2); N(2)-C(2)-S(2). 174(2)"). indicating that the
contribution of the resonance steucture Co-N'=C-S is sig-
nificant.*> The bond lengths of N(1)-C(1) (1.18(2) A) and
C(1)-S(3) (1.56(2) A) arc additional evidence of the contri-
bution of the resonance structure.

The complexation of the appropriately long and flexible
bpob linker with the cobal((IT} salts enables the interwoven
structure, "2 but the conformation of the linker affords the
non-interpenetrated sheet structure. For the complexation,
the angular and conformational effects of the linker seem to
be an obstacle 1o the formation ol the interwoven sheet,
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Figure 5. TGA and DSC thermograms of [Co(obp).Clz]..

instead allording the 2-dimensional infinite structure.
Thermal Analyses. Thermal analyses (TGA and DSC
traces) of [Co{obp)2Cla |, are shown in Figure 5. The skeletal
structure is stable up to 213 °C. and the weight-loss corre-
sponding 1o one obp linker was obscrved in the temperature
range of 213-239 °C (eq. 1). The pyrolysis intermediate,
|Co{obp)Cla],. is stable during the wide temperature range
ol 239-330 °C, is subscquently (ollowed by the evaporation
ol the remaining spacer and coligand (eq. 2). Three endot-
herms at 25-400 °C are consistent with the decomposition

in Mc,SO

[Co(obp),Clyl, ——=—" {Co{obp)Cl,], iy
213-239°C

[Co(obp)Cly}, = furthcr decomposition (2)
330-°C

procedures. The structure of the pyrolysis intermediate,
[Co{obp)Clz]n. could not be clearly clucidated. When the
specics is reerystallized in MexSO, the compound returns o
its mother crystal. |Co(obp):Cl; |o. with the liberation of the
remaining CoCla. This fact shows that the lormation of
[Co{obp):Clz], is favored regardless of the reaction mole
ratio. whereas the structure of [Co(obp)Clz|a is thermody-
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Figure 6. TGA thermogram of [Cotbpob )z (NCS): |,
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namically unstable in solution. Such a pyrolysis may be
developed as a rational synthetic strategy for species that
cannol be synthesized by the general method. The TGA
curve of |[Co(bpob){NCS):|, is depicted in Figure 6. The
compound decomposes in the temperature range of 220-330
°C. This drastic decomposition reveals that the 60-mem-
bered ring sheet structure is susceptible to the expansion of
the erystal-volume.

IR Spectra. The characteristic IR bands ol the two com-
pounds arc consistent with their erystal structure. [n particu-
lar, the relevant IR bands ol [Co(bpob):(NCS):|, arc those
associaled with the presence of the linkage isomeric NCS
group. The bonding mode of the metal (iso)thiocyanate
compound has been well established for whether the NCS
group bonded o a thiocyanate (M-SCN) or an isothiocyan-
ate (M-NCS).>* The ¥(C-N) band in the region of 2000-2200
em ' has been used 1o discern the bonding [ashion ol the
NCS group: thiocyanale bonding mode exhibits very sharp
WC-N) above 2100 cm ', whercas the isothiocyanate mode
exhibits a relatively broad and intensive band around or
below 2100 cm ', A strong band at 2076 em™ is indicative of
an isothiocyanale bonding mode, which is very consistent
with the X-ray crystal structure. Morcover, the single C-N
stretching lrequency seems 1o be indebted o the trans iso-
mer.

Conclusion

The bpob and obp ligands arc useful linkers for non-inter-
penetrated cobalt-based coordination polymers. The prod-
ucts arc rare integral coordination polymers lacking any
counter ions or solvate molecules. The pyrolysis of such
coordination polymers may contribute to the development of
a new synthetic strategy. Though the mechanism of the
structural and thermal behaviors is manifestly unpredictable,
the present results may be a clue to the rational synthesis of
coordination polymers that have applications as molecular-
bascd materials or molecular building blocks.
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