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Abstract

The hydrothermal reaction of 4-cyanobenzoic acid with Ca(ClOy), - 6H,O yields the one-dimensional calcium-based coordina-
tion polymer [Ca(L),(H,0),], 1 (where L = 4-cyanobenzoic acid) with strong blue fluorescent emission, and its solid-state structure
has been characterized by X-ray single-crystal diffraction studies. Crystal data for 1: monoclinic, space group P2/n, a = 7.154 (2),
b =16.402(3),c =7.549 (2) A; p = 115.83 (2)°; Z = 2; R = 0.0536 for 1410 independent reflections with / > 2u(/). © 2001 Elsevier

Science B.V. All rights reserved.
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1. Introduction

The chemistry of the alkaline earth metals has until
recently remained a largely underdeveloped area of the
periodic table. There have been a few studies in recent
years of the coordination chemistry of these metals in
both aqueous and non-aqueous media [1-5]. Like mag-
nesium, calcium is also a biologically essential element,
and it has been suggested that these elements were in fact
involved with some of the earliest forms of life because of
their important role in DNA and protein synthesis [6-8].
They play an essential role in the activation of enzymes,
complexed with nucleic acids, inside cells necessary for
nerve impulse transmission, muscle contraction, and the
metabolism of carbohydrates [9,10]. Although the carb-
oxylate-bridged dimetallic unit has been the subject of
extensive studies in mimetic bioinorganic chemistry, the
dinuclear calcium model complex with carboxylate
bridges has been very rarely reported [11]. Herein, we
report the novel one-dimensional calcium-based coor-
dination polymer [Ca(OCOC¢H4CN),(H,0),], 1 with a
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basic dinuclear Ca unit, which was synthesized by using a
hydro(solvo)thermal reaction of 4-cyanobenzoic acid
with Ca(ClOy), - 6H,O in a mixture of water, 2-butanol
and pyridine. The synthetic conditions, methods of
structure characterization and descriptions of the com-
pound are presented.

2. Experimental
2.1. Synthesis

Chemicals and solvents in this work were purchased
from Aldrich and wused as received, apart from
Ca(ClOy), - 6H,O which was prepared by the reaction
of CaCO; and HCIO, in aqueous solution. The FT-IR
spectrum as recorded in a solid KBr matrix in the range
4000-400 cm~! on a Nicolet Inpact 170SX FT-IR
spectrometer. Elemental analyses were performed on a
Perkin—Elmer 240C elemental analyzer.

2.2. [Ca(OCOCsH,CN),(H,0),),1

Samples of 0.104 g (0.3 mmol) Ca(ClOy), - 6H,0,
0.088 g (0.6 mmol) 4-cyanobenzoic acid were placed in a
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thick Pyrex tube (ca. 20 cm long). After addition of 0.5
ml water, 2 ml 2-butanol and 0.1 ml pyridine, the tube
was frozen with liquid N,, evacuated under vacuum and
sealed with a torch. The tube was then heated at 120°C
for 10 h to give pure colorless rod crystals of 1 in 68%
yield based on 4-cyanobezoic acid. Anal. Calc. For
CisH,CaN,0¢: C, 52.2; H, 3.3; N,7.6; Found: C, 52.4;
H, 3.5; N, 7.8. IR spectrum (cm™'): 3400(s), 2220(m),
1620(m), 1580(s), 1530(s), 1290(m), 860(m), 800(s),
690(m).

2.3. X-ray structure determination for 1

The single crystal X-ray diffraction experiment was
performed at room temperature using a SMART CCD
diffractometer equipped with monochromated MoKa
radiation (41 =0.71073 A). A suitable crystal was
quickly separated from the mother liquid and coated
with epoxy. The unit cell parameters were based on the
least-squares refinement of three-dimension centroids of
14100 reflections, and the intensity data were collected
using a narrow frame method. Frames were integrated
with the Siemens SAINT program. The SADABS pro-
gram absorption correction based upon redundant re-
flections was applied to the data set. Crystal data for 1:
monoclinic, space group P2/n, a = 7.154 (2), b = 16.402
(3), c=7.549 (2) A; p=115.83 (2)°% V' =797.2 (3) A%
Z =2; R =0.0536, wR2 = 0.1315 for 1410 independent
reflections with 7 > 2(7)a. Selected bond distances and
angles are listed in Table 1.

Fig. 1. The dinuclear Ca unit showing the eight-coordination about
Ca. The open circles with increasing size indicate C, O, N and Ca,
respectively.

Table 1

Selected bonds distances (A) and angles (°)
Ca(1)-O(2)#1 2.316 (2)
Ca(1)-0(3) 2.375 (3)
Ca(1)-0O(1) 2.453 (3)
Ca(1)-O(2)#3 2.756 (3)
Ca(1)-C(1)#3 2.920 (4)
Ca(1)-Ca(1)#4 4.023 (15)
O(1)-C(1) 1.270(4)
O(2)-Ca(1)#1 2.316 (2)
O2)#1-Ca(1)-0(2)#2 139.60 (13)
O(2)#1-Ca(1)-0(3) 75.61 (9)
O(2)#1-Ca(1)-O(3)#3 83.37 (9)
0(3)-Ca(1)-0(3)#3 116.39 (15)
O(2)#1-Ca(1)-0(1) 124.37 (8)
0(3)-Ca(1)-0(1) 85.79 (10)
O(3)#3-Ca(1)-0O(1) 149.41 (9)
O(2)#1-Ca(1)-O(1)#3 87.21 (8)
O(2)#2-Ca(1)-O(1)#3 124.37 (8)
O(3)-Ca(1)-O(1)#3 149.41 (9)
O(3)#3-Ca(1)-O(1)#3 85.79 (10)
0O(2)-C(1)-0(1) 121.2 (3)
O(1)-C(1)-C(2) 118.7 (3)

Ca(1)-0Q)#2 2.316 (2)
Ca(1)-0O(3)#3 2.375 (3)
Ca(1)-O(1)#3 2453 (3)
Ca(1)-0(2) 2756 (3)
Ca(1)-C(1) 2.920 (4)
Ca(1)-Ca()#1 4,023 (15)
0(2)-C(1) 1.255 (4)
N(1)-C(8) 1.134 (5)
O(1)-Ca(1)-O(1)#3 88.33 (12)
OQ2)#1-Ca(1)-0(2)#3 133.87 (10)
0(3)-Ca(1)-0(2)#3 149.93 (8)
O(1)-Ca(1)-O(2)#3 72.36 (9)
OQ)#1-Ca(1)-0(2) 7535 (9)
0(3)-Ca(1)-0(2) 78.82 (9)
O(1)-Ca(1)-0(2) 49.54 (8)
O(1)#3-Ca(1)-0(2) 72.36 (9)
OQ)#3-Ca(1)-0(2) 100.84 (11)
O(2)#1-Ca(1)-C(1)#3 112.65 (9)
OQ)#2-Ca(1)-C(1)#3 100.56 (9)
0(2)-C(1)-C(2) 120.0 (3)
0(2)-C(1)Ca(l) 70.01 (19)

Symmetry transformations used to generate equivalent atoms: #1 —x,—y+ 1, —z;#2x + 2, —y+ 1,z + 1;#3x +0.5,y, —z+ 0.5;#4 —x + 1, —y + 1,

—z+ 1.
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Fig. 2. A one-dimensional chain representation highlighting the Ca
dodecahedron.

3. Results and discussion

The results of elemental analysis and the IR spectrum
for 1 indicate that the reaction of Ca(ClOy), - 6H,O with
4-cyanobenzoic acid yielded the one-dimensional infinite
polymer. The IR spectrum shows a strong peak at
1620 cm™!, indicating that the carboxylic acid of the li-
gand is deprotonated (cf. 1700 cm™! in the free 4-cya-
nobenozioc acid). The band at 2800-3100 cm™' (b, s)
corresponding to v (O-H) in the ligand is shifted to
higher frequency (3400 cm~!). The medium peak at
2200 cm ™', related to v (C-N) is not changed, and it is
illustrated that the cyano group is not coordinated.

In the crystal structure of 1 (Fig. 1), there is a cen-
trosymmetric dinuclear unit, with all of the oxygen at-
oms of the carboxylates coordinated to the calcium
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Fig. 4. The fluorescent emission spectrum of 1 in the solid state at
room temperature.

centers in which carboxylate acts as tridentate ligand to
link two Ca centers to give rise to a four-membered ring
[Ca(1)O(2)Ca(1A)O(2A)]. Two water molecules com-
plete the eight-coordination about each Ca, resulting in
a distorted dodecahedral geometry (Fig. 2). Further-
more, the most distinctive structural feature of the
complex 1 in the solid state is that it forms an infinite
chain along the b-axis. Although the COO plane is not
coplanar with the benzene ring, it appears that this
configuration is stabilized by the intramolecular n—m
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Fig. 3. A one-dimensional chain perspective view showing the n—n stacking interaction between adjacent benzene rings.
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stacking interactions of the adjacent benzene rings with
an approximate separation of 3.67-3.84 (Fig. 3). This
structural feature is unexpected and quite different from
those proposed previously for calcium carboxylate
complexes [12-15].

As listed in Table 1, the Ca---Ca distance of 4.0233
(15) A is longer than that of the reported Ca dinuclear
complexes [14-17]. A shorter C(1)-O(2) bond (1.255 (4)
A) is located at the bridging oxygen, whereas another
longer C(1)-O(1) bond (1.270 (4) /O\) exists as a terminal
ligand without bridging. This corresponds to what Bahl
et al. [14] reported, that a longer C-O bond distance for
the bridging oxygen of carboxylate is due to the higher
coordination of this oxygen. With the exception of the
somewhat longer Ca(1)-O(2) distance at 2.756 (3) A,
other Ca-O distances range from 2.316 to 2.453 A, which
is similar to the ranges observed for other seven-coor-
dinate calcium carboxylate salts [Ca(CH;COO),(H,0),
2.301-2.503 A, and Ca(CH3;COO),(CH;COOH)(H,0),
2.352-2.524 A][18,19]. Other bond distances and angles
are normal.

A salient feature of 1 is that it emits strong blue
fluorescent light, as shown in Fig. 4. It is noteworthy
that a similar emission was observed for the free ligand.
Thus, the fluorescent emission of 1 can be tentatively
assigned to intramolecular processes [20].

4. Supplementary material
X-ray crystallographic files in CIF format for com-
pound 1 are available from Prof. S.-M. Peng.
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