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Abstract

Three new zinc complexes [Zn3L2(μ2-η1:η1-CH3COO)2(μ2-η2:η0-CH3COO)2] (1), [ZnCl2(HL)] (2) and [ZnBr2(HL)] (3), where L = 5-bromo-2-(((2-isopropylamino)ethyl)imino)methyl)phenolate, HL = 5-bromo-2-(((2-isopropylammonio)ethyl)imino)methyl)phenolate, have been synthesized under microwave irradiation. The complexes were characterized by elemental analyses, IR, UV-Vis spectra, molar conductivity, and single crystal X-ray diffraction. X-ray analysis revealed that the Zn atoms in complex 1 are in square pyramidal and octahedral coordination, and those in complexes 2 and 3 are in tetrahedral coordination. The molecules of the complexes are linked through hydrogen bonds and π···π interactions. In order to evaluate the biological activity of the complexes, in vitro antibacterial against Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa was assayed.  
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1. Introduction

In the past few years, microwave-assisted preparation has attracted enormous interest in the fields of coordination chemistry and inorganic synthesis.1 Microwave irradiation can accelerate many chemical reactions. This method of synthesis has also advantages in providing a clean, cheap and easy handling heating way, which achieves not only higher yields with less reaction time, but more complete products.2 Schiff bases have been known for a long time for their interesting biological activities and coordination capability for metal ions.3 When bioorganic molecules or drugs are bound to metal ions, there is drastic change in their biomimetic properties, therapeutic effects and pharmacological properties. Zinc complexes are found to be antitumor active, catalytic active, antimicrobial and cytotoxic.4 In this study, the synthesis, characterization and antibacterial properties of three new zinc complexes [Zn3L2(μ2-η1:η1-CH3COO)2(μ2-η2:η0-CH3COO)2] (1), [ZnCl2(HL)] (2) and [ZnBr2(HL)] (3), where L = 5-bromo-2-(((2-isopropylamino)ethyl)imino)methyl)phenolate, HL = 5-bromo-2-(((2-isopropylammonio)ethyl)imino)methyl)phenolate, are presented. 
2. Experimental

2.1. Materials and Physical Methods
All the starting materials and solvents used in the present investigation were of analytical grade and used without further purification. 4-Bromosalicylaldehyde and N-isopropylethane-1,2-diamine were purchased from TCI. WX-4000 microwave digestion system was used in microwave synthesis. Elemental analyses were performed on a Perkin-Elmer 2400 Elemental Analyzer. IR spectra were recorded as KBr pellets on a Bio-Rad FTS 135 spectrophotometer in the range of 4000–400 cm-1. Electronic spectra were recorded on a Lambda 35 spectrometer. Conductivities of 10-3 M solutions in acetonitrile were measured on a DDS-11A conductivity meter. Single crystal X-ray diffraction was carried out with a Bruker Smart 1000 CCD diffractometer. 

2.2. Synthesis of Complex 1
4-Bromosalicylaldehyde (0.20 g, 1.0 mmol), N-isopropylethane-1,2-diamine (0.10 g, 1.0 mmol), zinc acetate dihydrate (0.22 g, 1.0 mmol) and methanol (20 mL) were placed in a 30-mL Teflon-lined autoclave, which was then inserted into the cavity of a microwave reactor. The reaction mixture was maintained at 350 K and 200 W for 10 min. Then natural cooling was followed for about 1 h. The resulting solution was then filtered and allowed to evaporate slowly at room temperature. The diffraction quality colorless single crystals were collected by filtration and washed with methanol. The yield was 0.22 g (66%). Anal. Calcd. for C32H44Br2N4O10Zn3 (%): C, 38.41; H, 4.43; N, 5.60. Found (%): C, 38.27; H, 4.52; N, 5.71. IR data (KBr, cm-1): 3093, 1648, 1581, 1523, 1459, 1431, 1401, 1370, 1318, 1292, 1252, 1230, 1188, 1161, 1133, 1075, 1061, 956, 926, 911, 868, 788, 775, 670, 615, 545, 470. UV-Vis data in methanol [λmax (nm), ε (L·mol–1·cm–1)]: 239, 15370; 273, 9260; 340, 4535. 
2.3. Synthesis of Complex 2
4-Bromosalicylaldehyde (0.20 g, 1.0 mmol), N-isopropylethane-1,2-diamine (0.10 g, 1.0 mmol), zinc chloride (0.14 g, 1.0 mmol) and methanol (20 mL) were placed in a 30-mL Teflon-lined autoclave, which was then inserted into the cavity of a microwave reactor. The reaction mixture was maintained at 350 K and 200 W for 10 min. Then natural cooling was followed for about 1 h. The resulting solution was then filtered and allowed to evaporate slowly at room temperature. The diffraction quality colorless single crystals were collected by filtration and washed with methanol. The yield was 0.26 g (62%). Anal. Calcd. for C12H17BrCl2N2OZn (%): C, 34.20; H, 4.07; N, 6.65. Found (%): C, 34.33; H, 4.15; N, 6.56. IR data (KBr, cm-1): 3105, 1634, 1585, 1576, 1525, 1468, 1447, 1401, 1344, 1282, 1237, 1182, 1158, 1131, 1071, 1039, 960, 913, 847, 785, 608, 583, 532, 465. UV-Vis data in methanol [λmax (nm), ε (L·mol–1·cm–1)]: 227, 16250; 246, 17100; 273, 9250; 365, 4520. 
2.4. Synthesis of Complex 3
4-Bromosalicylaldehyde (0.20 g, 1.0 mmol), N-isopropylethane-1,2-diamine (0.10 g, 1.0 mmol), zinc bromide (0.23 g, 1.0 mmol) and methanol (20 mL) were placed in a 30-mL Teflon-lined autoclave, which was then inserted into the cavity of a microwave reactor. The reaction mixture was maintained at 350 K and 200 W for 10 min. Then natural cooling was followed for about 1 h. The resulting solution was then filtered and allowed to evaporate slowly at room temperature. The diffraction quality colorless single crystals were collected by filtration and washed with methanol. The yield was 0.26 g (62%). Anal. Calcd. for C12H17Br3N2OZn (%): C, 28.24; H, 3.36; N, 5.49. Found (%): C, 28.33; H, 3.29; N, 5.61. IR data (KBr, cm-1): 3096, 1633, 1585, 1575, 1521, 1466, 1446, 1401, 1344, 1280, 1238, 1182, 1152, 1131, 1070, 1037, 958, 913, 847, 785, 608, 581, 532, 465. UV-Vis data in methanol [λmax (nm), ε (L·mol–1·cm–1)]: 227, 16250; 246, 17100; 273, 9250; 365, 4520.  
2.5. X-Ray Structure Determination
Single-crystals X-ray diffraction analyses of the complexes were carried out on a Bruker Smart 1000 CCD diffractometer equipped with a graphite monochromated Mo Kα radiation (λ = 0.71073 Å) at 298(2) K. Raw frame data were integrated with the SAINT program.5 The structures were solved by direct methods and refined by full-matrix least-squares on F2 using SHELXL.6 An empirical absorption correction was applied with the program SADABS.7 All non-hydrogen atoms were refined anisotropically. The N2-C26-C27-C28 moiety of complex 1 is disordered over two sites, with occupancies of 0.44(2) and 0.56(2). Molecular graphics software used was ORTEP III.8 The crystal data for the complexes are listed in Table 1. Selected bond lengths and angles for the complexes are listed in Table 2. 

Table 1. Crystallographic data for the complexes
	Complex
	1
	2
	3

	Formula
	C32H44Br2N4O10Zn3
	C12H17BrCl2N2OZn
	C12H17Br3N2OZn

	Formula weight
	1000.64
	421.46
	510.38

	Crystal system
	Triclinic
	Monoclinic
	Monoclinic

	Space group
	P-1
	P21/n
	P21/n

	a (Å)
	8.6285(12)
	6.2574(16)
	6.3937(8)

	b (Å)
	11.3804(13)
	11.6604(17)
	11.9598(12)

	c (Å)
	19.8737(15)
	22.1717(19)
	21.9993(13)

	α (º)
	86.433(1)
	90
	90

	β (º)
	89.601(1)
	94.109(1)
	95.186(1)

	γ (º)
	84.145(1)
	90
	90

	V (Å3)
	1937.6(4)
	1613.6(5)
	1675.3(3)

	λ (Å)
	0.71073
	0.71073
	0.71073

	ρcalcd (g cm–3)
	1.715
	1.735
	2.023

	Z
	2
	4
	4

	μ (mm–1)
	3.962
	4.322
	8.614

	θ ranges (º)
	1.80–25.50
	1.84–25.50
	1.86–25.50

	Reflections collected
	10470
	8194
	8790

	Independent reflections
	7180
	2999
	3120

	Observed reflections 
(I ( 2((I))
	4961
	2398
	2409

	Restraints
	24
	0
	0

	Parameters
	496
	173
	174

	Goodness-of-fit on F2
	1.032
	1.167
	1.040

	Final R indices [I ( 2((I)]
	0.0423, 0.0889
	0.0684, 0.1780
	0.0332, 0.0724

	R  indices (all data)
	0.0749, 0.1000
	0.0813, 0.1828
	0.0513, 0.0781


Table 2. Selected bond distances (Å) and bond angles (º) for the complexes

	1

	Zn1–O1
	2.116(3)
	Zn1–O3
	1.985(3)

	Zn1–O4
	2.020(3)
	Zn1–N3
	2.012(4)

	Zn1–N4
	2.175(4)
	Zn2–O2
	2.048(3)

	Zn2–O1
	2.114(3)
	Zn2–O4
	2.155(3)

	Zn3–O7
	1.990(3)
	Zn3–N1
	2.031(5)

	Zn3–O6
	2.096(3)
	Zn3–O9
	2.122(3)

	Zn3–N2
	2.175(5)
	Zn4–O8
	2.051(3)

	Zn4–O6
	2.108(3)
	Zn4–O9
	2.145(3)

	O3–Zn1–N3
	115.49(18)
	O3–Zn1–O4
	103.27(13)

	N3–Zn1–O4
	140.15(18)
	O3–Zn1–O1
	94.58(13)

	N3–Zn1–O1
	86.37(15)
	O4–Zn1–O1
	81.48(11)

	O3–Zn1–N4
	97.44(15)
	N3–Zn1–N4
	82.11(16)

	O4–Zn1–N4
	102.49(15)
	O1–Zn1–N4
	166.06(14)

	O2–Zn2–O2A
	180
	O2–Zn2–O1A
	89.94(11)

	O2–Zn2–O1
	90.06(11)
	O1–Zn2–O1A
	180

	O2–Zn2–O4A
	90.22(12)
	O1–Zn2–O4A
	101.52(11)

	O2–Zn2–O4
	89.78(12)
	O1–Zn2–O4
	78.48(11)

	O4–Zn2–O4A
	180
	O7–Zn3–N1
	110.28(17)

	O7–Zn3–O6
	96.27(13)
	N1–Zn3–O6
	86.91(15)

	O7–Zn3–O9
	96.91(13)
	N1–Zn3–O9
	151.02(16)

	O6–Zn3–O9
	80.15(12)
	O7–Zn3–N2
	93.4(2)

	N1–Zn3–N2
	81.0(2)
	O6–Zn3–N2
	166.59(16)

	O9–Zn3–N2
	107.9(2)
	O8–Zn4–O8B
	180

	O8–Zn4–O6B
	89.91(12)
	O8–Zn4–O6
	90.09(12)

	O6–Zn4–O6B
	180
	O6–Zn4–O9B
	100.63(12)

	O8–Zn4–O9B
	90.78(12)
	O8–Zn4–O9
	89.22(12)

	O6–Zn4–O9
	79.37(12)
	O9–Zn4–O9B
	180

	Symmetry codes: A) 2 – x, 1 – y, 1 – z; B) 1 – x, 1 – y, – z. 

	2

	Zn1–Cl1
	2.246(3)
	Zn1–Cl2
	2.228(3)

	Zn1–O1
	1.936(6)
	Zn1–N1
	2.004(7)

	O1–Zn1–N1
	97.1(3)
	O1–Zn1–Cl2
	108.1(2)

	N1–Zn1–Cl2
	112.6(2)
	O1–Zn1–Cl1
	111.4(2)

	N1–Zn1–Cl1
	109.9(2)
	Cl2–Zn1–Cl1
	116.12(11)

	3

	Zn1–Br1
	2.3658(6)
	Zn1–Br2
	2.3784(7)

	Zn1–O1
	1.939(3)
	Zn1–N1
	2.000(3)

	O1–Zn1–N1
	97.55(12)
	O1–Zn1–Br1
	109.65(8)

	N1–Zn1–Br1
	110.19(9)
	O1–Zn1–Br2
	111.09(9)

	N1–Zn1–Br2
	111.26(9)
	Br1–Zn1–Br2
	115.62(3)


2.6. Antibacterial Activity
The free Schiff base and the zinc complexes were screened in vitro for their antibacterial property against two Gram-positive (Staphylococcus aureus MTCC 96, Bacillus subtilis MTCC 121) and two Gram-negative (Escherichia coli MTCC 1652, Pseudomonas aeruginosa MTCC 741) bacterial strains by agar well diffusion method.9 DMSO was used as a negative control, and Ciprofloxacin was used as positive control. 

2.7. Determination of Minimum Inhibitory Concentration (MIC)

MIC of the compounds against bacterial strains was tested through a modified agar well diffusion method.10 A twofold serial dilution of each compound was prepared by first reconstituting the compound in DMSO followed by dilution in sterile distilled water to achieve a decreasing concentration range 256 μM. A 100 μL volume of each dilution was introduced into wells in the agar plates already seeded with 100 μL of standardized inoculums (106 cfu mL-1) of the test microbial strain. All test plates were incubated aerobically at 37 °C for 24 h and observed for the inhibition zones. 

3. Results and Discussion
3.1. Chemistry

Reaction of the newly formed Schiff base HL with zinc acetate, zinc chloride and zinc bromide, respectively, afforded the trinuclear zinc complex 1 and mononuclear zinc complexes 2 and 3. The poor conductivity of complexes 1-3 (20–40 Ω–1 cm2 mol–1) indicates they are non-electrolytes in solution.11
3.2. Infrared and Electronic Spectra

In the infrared spectra of the complexes, the weak absorptions in the range 3093-3177 cm–1 are assigned to the N-H vibrations of the Schiff base ligands. The characteristic imine stretching is observed at 1633-1648 cm–1 as strong signal.12 The asymmetric and symmetric stretching vibrations of the acetate groups in 1 appear at 1581 and 1431 cm-1, respectively. The difference between νasym(COO) and νsym(COO) (Δν = 150 cm-1), which is smaller than 164 cm-1 observed in ionic acetate, reflects the bidentate bridging coordination mode.13 The Schiff base ligands coordination is substantiated by the phenolic C–O stretching bands at 1175-1188 cm–1 in the complexes.14 Coordination of the Schiff bases is further confirmed by the appearance of weak bands in the low wave numbers 400–600 cm–1, corresponding to ν(M–N) and ν(M–O).15 
In the UV-Vis spectra of the complexes, the bands at 225-246 nm and 257-273 nm are attributed to the π-π* and n-π* transitions.16 The bands at 340-380 nm can be attributed to the ligand to metal charge transfer transition (LMCT).17 
3.3. Structure Description of Complex 1

The molecular structure of the acetate and phenolate bridged trinuclear zinc complex is shown in Fig. 1. There are two independent molecules in the asymmetric unit of the complex. Each molecule possesses crystallographic inversion center symmetry, with the center located at Zn2 atom. The outer and inner Zn atoms are linked through three kinds of bridging groups, including phenolate oxygen, μ2-η1:η1-acetate, and μ2-η2:η0-acetate. The distance between the Zn atoms is 3.064(1) Å. The outer Zn atom is coordinated in square pyramidal geometry, as evidenced by the τ value.18 The basal plane is defined by the phenolate oxygen, imino and amino nitrogen of the Schiff base ligand, and one O atom of the μ2-η2:η0-acetate ligand. The apical position is occupied by one O atom of the μ2-η1:η1-acetate ligand. The Zn atoms deviate from the corresponding basal planes by 0.440(3) Å for Zn1 and 0.320(3) Å for Zn3. The square pyramidal coordination is distorted from ideal model, as evidenced by the bond angles. The cis and trans angles in the basal planes are in the ranges of 81.48(11)-102.49(15)º and 140.15(18)-166.06(14)º for Zn1, and 80.15(12)-107.9(2)º and 151.02(16)-166.59(16)º for Zn3, respectively. The bond angles among the apical and basal donor atoms are in the ranges of 94.58(13)-115.49(18)º for Zn1 and 93.4(2)-110.28(17)º for Zn3. The inner Zn atom is coordinated in octahedral geometry. The equatorial plane is defined by two phenolate oxygen from two Schiff base ligands, and two O atoms from two μ2-η2:η0-acetate ligands. The axial positions are occupied by two O atoms from two μ2-η1:η1-acetate ligands. The octahedral coordination is distorted from ideal model, as evidenced by the bond angles. The cis and trans angles in the equatorial planes are in the ranges of 78.48(11)-101.52(11)º and 101.52(11)º for Zn2, and 79.37(12)-100.63(12)º and 180.00(16)º for Zn4, respectively. The bond angles among the apical and basal donor atoms are in the ranges of 89.78(12)-90.22(12)º for Zn2 and 89.22(12)-90.78(12)º for Zn4. The Zn-O and Zn-N bond lengths are comparable to those observed in Schiff base zinc complexes with acetate ligands.19 

  In the crystal structure of the complex, the molecules are linked through C‒H···O hydrogen bonds (Table 3), to form one-dimensional chains along the c axis (Fig. 2). In addition, there are π···π interactions among the molecules (Cg1···Cg2a 4.909(4) Å, symmetry code: a) 1 – x, 1 – y, 1 – z; Cg1 and Cg2 are the centroids of C17–C18–C19–C20–C21–C22 and C1–C2–C3–C4–C5–C6, respectively). 
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Fig. 1. Molecular structure of complex 1. Unlabeled atoms are related to the symmetry operation 2 – x, 1 – y, 1 – z. 

[image: image2.png]



Fig. 2. Molecular packing structure of complex 1. Hydrogen bonds are drawn as dashed lines. 

3.4. Structure Description of Complexes 2 and 3
Molecular structures of complexes 2 and 3 are shown in Figs. 3 and 4, respectively. The complexes are isostructural mononuclear zinc compounds. The Zn atom in each complex is coordinated by the phenolate oxygen and imino nitrogen of the Schiff base ligand and two halide atoms, viz. Cl for 2 and Br for 3, forming tetrahedral geometry. The tetrahedral coordination is distorted from ideal model, as evidenced by the bond angles. The coordinate bond angles in complexes 2 and 3 are in the ranges of 97.1(3)-116.12(11)º and 97.55(12)-115.62(3)º, respectively. The Zn-O, Zn-N, Zn-Cl and Zn-Br bond lengths are comparable to those observed in Schiff base zinc complexes.20 

  As shown in Fig. 5, the molecules of complex 2 are linked through N–H···O and N–H···Cl hydrogen bonds (Table 3), to form one-dimensional chains along the b axis. The chains are further linked through C–H···Cl hydrogen bonds (Table 3) along the a axis to form two-dimensional sheets parallel to the ab plane. As shown in Fig. 6, the molecules of complex 3 are linked through N–H···Br hydrogen bonds (Table 3), to form one-dimensional chains along the b axis. The chains are further linked through C–H···Br hydrogen bonds (Table 3) along the a axis to form two-dimensional sheets parallel to the ab plane. 
Table 3. Hydrogen bond distances (Å) and bond angles (º) for the complexes

	D–H∙∙∙A
	d(D–H)
	d(H∙∙∙A)
	d(D∙∙∙A)
	Angle (D–H∙∙∙A)

	1
	
	
	
	

	N4–H4A∙∙∙O5
	0.91
	2.45
	3.055(6)
	124(5)

	N4–H4A∙∙∙Br1#1
	0.91
	3.00
	3.863(5)
	160(5)

	C7–H7∙∙∙O10#2
	0.93
	2.60
	3.445(5)
	151(5)

	C19–H19∙∙∙O9#3
	0.93
	2.51
	3.285(5)
	141(5)

	C24–H24B∙∙∙O5#4
	0.97
	2.52
	3.292(5)
	136(5)

	2
	
	
	
	

	N2–H2B∙∙∙Cl1
	0.90
	2.91
	3.440(8)
	119(6)

	N2–H2B∙∙∙Cl2#5
	0.90
	2.57
	3.316(8)
	141(6)

	N2–H2A∙∙∙O1#5
	0.90
	1.99
	2.850(9)
	160(6)

	C9–H9B∙∙∙Cl2#6
	0.97
	2.72
	3.463(8)
	133(6)

	C10–H10∙∙∙Cl1
	0.98
	2.78
	3.522(8)
	133(6)

	3
	
	
	
	

	N2–H2B∙∙∙Br2
	0.90
	3.14
	3.638(3)
	117(5)

	N2–H2B∙∙∙Br1#7
	0.90
	2.67
	3.441(3)
	145(5)

	N2–H2A∙∙∙O1v#7
	0.90
	2.04
	2.886(4)
	157(5)

	C9–H9A∙∙∙Br1#8
	0.97
	2.84
	3.561(4)
	132(5)

	C10–H10∙∙∙Br2
	0.98
	2.92
	3.660(4)
	133(5)


Symmetry codes: #1: x, 1 + y, z; #2: 1 – x, 1 – y, 1 – z; #3: 1 – x, 1 – y, – z; #4: – x, 1 – y, 1 – z; #5: – x, –1 – y, 1 – z; #6: 5/2 – x, 1/2 + y, 1/2 – z; #7: 3/2 – x, 1/2 + y, 1/2 – z; #8: 5/2 – x, 1/2 + y, 1/2 – z. 
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Fig. 3. Molecular structure of complex 2. 
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Fig. 4. Molecular structure of complex 3. 
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Fig. 5. Molecular packing structure of complex 2. Hydrogen bonds are drawn as dashed lines. 

[image: image6.png]



Fig. 6. Molecular packing structure of complex 3. Hydrogen bonds are drawn as dashed lines.

3.5. Antibacterial Activities

The antibacterial results are listed in Tables 4 and 5. The studies suggested that the complexes showed somewhat enhanced antibacterial activities in comparison to the free Schiff base. Ciprofloxacin produced significantly sized inhibition zones against the tested bacteria, while DMSO, the negative control, produced no inhibitory effect against any of the tested organisms. The free Schiff base HL showed zones of inhibition in the range of 3.4–13.2 mm against the four bacteria. All the complexes have been observed to show increased zones of inhibition against the four bacterial strains as compared to the free Schiff base. The MIC results indicated that complexes 2 and 3 have similar activities against the bacterial strains, which are better than complex 1. Complex 1 have weak activities against the four bacteria. However, complexes 2 and 3 have strong activities against Bacillus subtilis and Escherichia coli, and weak activities against the remaining two bacteria. MIC results also revealed that the complexes are more effective against the antibacterial strains as compared to the free Schiff base. The results of this study are in accordance with those reported previously.21 The overtone’s concept22 and Tweedy’s chelation theory23 might be used to explain the enhanced in antibacterial activity of the metal complexes. 

Table 4. Diameter of growth of inhibition zone (mm)

	Compounds
	Staphylococcus

aureus
	Bacillus

subtilis
	Escherichia

coli
	Pseudomonas

aeruginosa

	HL
	6.1
	13.2
	7.5
	3.4

	1
	8.6
	15.5
	9.2
	5.1

	2
	9.8
	17.6
	15.1
	11.3

	3
	9.5
	16.8
	16.4
	12.7

	Ciprofloxacin
	25.1
	20.8
	24.9
	22.6


Table 5. MIC values (μM)

	Compounds
	Staphylococcus

aureus
	Bacillus

subtilis
	Escherichia

coli
	Pseudomonas

aeruginosa

	HL
	128
	32
	64
	256

	1
	64
	16
	64
	128

	2
	32
	8
	8
	32

	3
	32
	8
	8
	32

	Ciprofloxacin
	16
	8
	16
	16


4. Conclusion

Using microwave assisted heating, three new zinc(II) complexes with Schiff base as ligands were obtained. The bonding of ligands to metal ions was confirmed by infrared and electronic spectral study, and conductance measurement. Structures of the complexes have been confirmed by single crystal X-ray diffraction analysis. We found that microwave-assisted synthesis provides a clean, cheap and convenient method of heating that can result in the final products with less reaction time. The antibacterial property of the complexes was evaluated, which suggested that, in general, the metal complexes show enhanced antibacterial activity against the bacteria strains in comparison to the free Schiff base. 

5. Supplementary Materials

The X-ray crystallographic data in the CIF format for the structures of the complexes reported in this paper have been deposited with the Cambridge Crystallographic Data Center, and the supplementary crystallographic data can be obtained free of charge on request at www.ccdc.cam.ac.uk/conts/retrieving.html [or from The Director, Cambridge Crystallographic Data Center, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-336033; email: deposit@ccdc.cam.ac.uk], quoting the CCDC numbers 2061673, 2061674 and 2061675. 
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