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ABSTRACT. A new polymeric zinc(II) complex, [ZnL2(PDA)]n, has been prepared by the reaction
of zinc sulfate, 4-nitrophenylacetic acid, and propane-1,3-diamine (PDA) in water. Structure of the
complex has been characterized by single-crystal X-ray diffraction. The complex crystallizes as
orthorhomblc space group ana with unit cell dimensions a = 15.732(1) A, b=23. 912(1) Ac=
5.5565(3) A V = 2090.2(2) A3 Z = 4, R1 = 0.0427, wRz = 0.0968, S = 1.048. The Zn atom is
coordinated in a tetrahedral geometry. Single crystals of the complex are stabilized by hydrogen
bonds and ©- 7 interactions.
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INTRODUCTION

Carboxylic acids are a kind of interesting ligands for the preparation of metal-organic
frameworks (MOFs) [1-4]. Zinc is a very important element in biological systems, functions as
the active site of hydrolytic enzymes, such as carboxypeptidase and carbonic anhydrase [5, 6].
Zinc complexes with carboxylate ligands have been widely reported for their versatile structures
and applications [7-10]. 4-Nitrophenylacetic acid is structurally similar to carboxylic acids.
However, no zinc complexes derived from 4-nitrophenylacetic acid have been reported so far. In
the present paper, a new polymeric zinc(Il) complex, [ZnL,(PDA)],, where L is 4-
nitrophenylate, PDA is propane-1,3-diamine, is reported.

EXPERIMENTAL

Materials and measurements. Commercially available 4-nitrophenylacetic acid, and propane-
1,3-diamine were purchased from Aldrich and used without further purification. Other solvents
and reagents were made in China and used as obtained. C, H and N elemental analyses were
performed with a Perkin-Elmer elemental analyser. Infrared spectra were recorded on a Nicolet
AVATAR 360 spectrometer as KBr pellets in the 4000—400 cm™ region.

Synthesis of [ZnL,(PDA)],. An aqueous solution (10 mL) of ZnSO, (0.1 mmol, 28.8 mg) was
added to an aqueous solution (10 mL) of 4-nitrophenylacetic acid (0.2 mmol, 36.2 mg) and
propane-1,3-diamine (0.2 mmol, 14.8 mg) with stirring. The mixture was stirred for 1 h at
ambient condition to give a clear colorless solution. The resulting solution was allowed to stand
in air for several days. Colorless block-shaped crystals suitable for X-ray single crystal analysis
were formed at the bottom of the vessel. The isolated product was washed three times with
water, and dried in a vacuum over anhydrous CaCl,. Yield, 27 mg (54% based on Zn). M.p.
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200.0-202.0 °C. Anal. calcd. for C;9H,,N,O¢Zn (FW 499.8): C, 45.66; H, 4.44; N, 11.21. Found:
C, 45.75; H, 4.56; N, 11.08%. IR data (KBr, cm™): 3301 (m), 3262 (m), 3169 (w), 3108 (w),
3079 (w), 2945 (m), 2883 (w), 2837 (w), 1638 (s), 1601 (s), 1589 (s), 1509 (s), 1421 (m), 1372
(s), 1345 (s), 1307 (m), 1271 (s), 1200 (m), 1158 (m), 1114 (m), 1049 (w), 1033 (w), 971 (m),
939 (w), 871 (w), 858 (m), 818 (m), 719 (s), 682 (W), 640 (w), 630 (w), 581 (w), 508 (m), 476
(w).

X-Ray diffraction. Diffraction intensities for the complex were collected at 298(2) K using a
Bruker D8 VENTURE PHOTON diffractometer with MoK radiation (A = 0.71073 A). The
collected data were reduced using SAINT [11], and multi-scan absorption corrections were
performed using SADABS [12]. The structure was solved by direct method and refined against
F? by full-matrix least-squares methods using SHELXTL [13]. All the non-hydrogen atoms
were refined anisotropically. H atoms were placed in idealized positions and constrained to ride
on their parent atoms. The ratio of the maximum and minimum residual density was 4.6. The
crystallographic data for the complex are summarized in Table 1. Selected bond lengths and
angles are given in Table 2.

Table 1. Crystallographic and experimental data for the complex.

Formula C] 9H22N403Z1’1
FW 499.8

Crystal shape/color block/colorless
Crystal size/ mm 0.20 x 0.20 x 0.17
Crystal system Orthorhombic
Space group Pnma

alA 15.732(1)

b/A 23.912(1)

/A 5.5565(3)
VIA® 2090.2(2)

Y4 4

T/K 298(2)

/mm’' (Mo-Ka) 1.231
D.Jgcm” 1.588
Reflections/parameters 1991/154
Independent reflections 1621
Restraints 0

Index ranges/ h, k, [ -15,19; -28, 24; -6, 6
F(000) 1032

Thmin 0.7909

Tmax 0-8 l 8 1
Goodness of fit on F* 1.048

Ry, wRy [I220(D]* 0.0427, 0.0968
Ri, wR; (all data)” 0.0578, 0.1031
Largest diff. peak and hole/e A” 1.112, -0.240

“Ry = SIFFIZIF], R = [Sw(F-FY  Ew(Fo )"
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Table 2. Selected bond lengths (A) and angles (°) for the complex.

Zn1-04 1.977(2) Znl1-N3A 2.026(3)
7Zn1-N2 2.030(3)
04-Zn1-04B 93.25(12) 04-Zn1-N3A 108.51(10)
04-Zn1-N2 108.02(9) N3A-Znl-N2 125.70(14)

Symmetry codes: A: 1/2+x,y,3/2-2z;B:x, 1/2-y, z.

RESULTS AND DISCUSSION

Structure description of the complex. The molecular structure of the complex is shown in Figure
1. The complex is a propane-1,3-diamine bridged polymeric zinc(I) species. The Zn atom is
coordinated by two N atoms from two bridging PDA ligands, and two carboxylate O atoms from
two 4-nitrophenylate ligands, forming a tetrahedral geometry. The bond lengths related to the
Zn atom are comparable to those observed in similar zinc complexes with carboxylate and
amine ligands [14, 15]. The bond angles related to the Zn atom are in the range 93.2(1)-
125.7(1)° indicating the tetrahedral coordination is somewhat distorted.

N3

Figure 1. Molecular structure of the complex at 30% probability displacement.

In the packing diagram of the compound shown in Figure 2, the [ZnL,] units are linked
through PDA ligands, forming 1D chains along the a axis. The chains are further linked via
intermolecular N—H---O hydrogen bonds (Table 3) to form 2D layers parallel to the ab plane.
The layers are further stack along the ¢ axis via 7---7 interactions (Table 4).
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Table 3. Geometrical parameters for hydrogen bonds.

Hydrogen bonds D-H (A) H-A (A) DA (A) D-H-A (°)
N3-H3B--02" 0.90 2.23 3.126(3) 173(3)
N3-H3A--02% 0.90 223 3.126(3) 173(3)
N2-H2B--04" 0.90 233 3.090(4) 142(3)
N2-H2A--04™ 0.90 2.33 3.090(4) 142(3)

#

=y, 22— 124y, 2-P 12—y, 1+2™

X,y 1+z

Figure 2. Molecular packing of the complex, viewed along the c¢ axis. Hydrogen bonds are
drawn as dashed lines. Hydrogen atoms not related to hydrogen bonds are omitted for

clarity.

Table 4. Parameters between the planes for the complex.

Cg Distance between | Dihedral | Perpendicular Beta Gamma | Perpendicular
ring centroids (10\) angle (°) | distance of Cg(I) | angle (°) | angle (°) | distance of
on Cg(J) (A) Cg(J) on Cg(D)
A)
Cgl-Cg1® | 4.842 58.99 2.083 5.55 64.52 4.819
Cgl-Cg1™ | 3.907 0.00 3.315 31.93 31.93 3.315

Symmetry codes: #5: 1/2 —x, -y, 1/2 + z; #6: —x, —y, 1 — z. Cg1 is the centroid of C1-C2-C3-C4-C5-C6.

IR spectra of the complex. The infrared spectrum of the complex was consistent with the
structure as determined by X-ray diffraction. Features corresponding to benzene ring puckering
exist in the region between 820 and 600 cm™. Asymmetric and symmetric C-O stretching
modes of the fully deprotonated, ligated carboxylate groups were substantiated by strong,
broadened bands at 1601 and 1372 cm™.
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Supplementary data. The crystallographic data for the structure has been deposited with the
Cambridge Crystallographic Data Centre (CCDC 957482). Copies of the data can be obtained
free of charge on application to the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(e-mail for deposition: deposit@ccdc.cam.ac.uk).
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