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Abstract The binuclear zinc complex bis(2-bromobenzo-

ato-O)-bis(l2-2-bromobenzoato-O,O0)-bis(phenazone-O)

-dizinc(II) (I) and the mononuclear dihydrate bis(2-bro-

mobenzoato-O)-bis(thiourea-S)-zinc(II) (II) have been

synthesized and characterized by means of elemental

analysis and spectroscopic methods (IR, 1H and 13C NMR,

EDS). The solid state structures of both compounds were

determined by single-crystal X-ray diffractometry. Com-

pound [Zn(2-BrC6H4COO)2(phen)]2 (phen—phenazone)

(I) crystallized as a dimeric compound with a triclinic

lattice (space group P - 1), where both zinc atoms, inter-

connected by two carboxylate groups, possess a distorted

tetrahedral coordination environment. The crystallographic

data of complex I: a = 9.9410(3) Å, b = 10.7309(3) Å,

c = 12.9237(4) Å, a = 93.6004(17)�, b = 92.5898(11)�,

c = 116.2192(16)�, V = 1230.26(6) Å3, Z = 1. Complex

[Zn(2-BrC6H4COO)2(tu)2]�2H2O (tu—thiourea) (II) crys-

tallized with an orthorhombic lattice (space group Aba2) as

a monomeric compound, where the coordination environ-

ment of the central zinc atom is a distorted tetrahedron. The

crystallographic data of complex II are: a = 9.8595(3) Å,

b = 19.7052(5) Å, c = 12.5908(3) Å, V = 2446.18(11) Å3,

Z = 4. The modes of the carboxylate binding were assigned

from the IR spectra using the magnitude of the separation

between the carboxylate stretches (D), which correlated well

with the crystal structures. The computed theoretical IR

spectrum agreed well with the experimental data.
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Introduction

Zinc(II) carboxylates with O-, S-, N-donor ligands are

interesting from several points of view. They exhibit

antimicrobial properties and can be used for prevention and

therapy of many illnesses in the form of components of

drugs and biopreparations [1]. On the other hand, zinc(II)

complexes are interesting also due to their variable struc-

tural properties since zinc is a metal very flexible in

adopting various coordination geometries in its complexes.

The majority of known complexes have a zinc atom with a

tetra-, penta- or hexa-coordination environment around the

central atom leading to distorted tetrahedral, square-pyra-

midal or octahedral geometries [2]. The carboxylate group

has a versatile coordination behavior; it can exhibit ionic,

monodentate or bidentate (bridging, chelating) binding

mode to some metal ions [3].

Electronic supplementary material The online version of this
article (doi:10.1007/s10870-011-0041-7) contains supplementary
material, which is available to authorized users.
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In our previous works, we have studied physicochemical

properties, crystal structures and biological activity of

several aliphatic and aromatic zinc(II) carboxylates with

bioactive ligands [1, 4–8]. The crystal structure of three

aliphatic and one aromatic monomeric carboxylatozinc(II)

complexes with thiourea is known from literature [9–12].

The last compound, namely benzoatozinc(II) complex with

thiourea, contains two crystallographically different mole-

cules, where both zinc atoms have tetrahedral arrangement

formed by two oxygen atoms from two benzoate anions

and by two sulfur atoms from two thiourea ligands [12]. Up

to now, among the zinc(II) halogenobenzoates only the

structure of 2-chlorobenzoatozinc(II) complex with phe-

nazone has been determined. It has been observed that

zinc(II) is coordinated in a distorted tetrahedral arrange-

ment by two oxygen atoms from two phenazone ligands

and two oxygens from two carboxylate anions [13]. Fur-

thermore, the structural properties of some zinc(II) and

copper(II) 2-bromobenzoates have been studied with sev-

eral ligands, however with the notable exception of phe-

nazone and thiourea [5, 7, 14–16].

The latter omission led us to initiate investigations of

2-bromobenzoatozinc(II) complexes with both the phe-

nazone and the thiourea ligands.

Experimental

Materials

The following A. R. grade chemicals were used for the

preparation of the studied compounds: ZnCl2 (Fluka),

Na2CO3 (Mikrochem a.s. Pezinok), 2-bromobenzoic

acid 97% (Aldrich), phenazone and thiourea (Merck)

(Scheme 1).

Syntheses

Compound [Zn(2-BrC6H4COO)2(phen)]2 (I)

25 cm3 of aqueous solution of ZnCl2 (1.36 g, 10 mmol) was

added to 25 cm3 of aqueous solution of Na2CO3 (1.06 g,

10 mmol). The freshly prepared precipitate of ZnCO3 was

purified from sodium chloride by decantation and added to

the methanol solution of 2.58 g 97% 2-bromobenzoic acid.

After stirring this mixture for 1 h at 50 �C, excess ZnCO3

was filtered off using a S4 frit. The filtrate was then mixed

with 75 cm3 of aqueous solution of phenazone (2.26 g,

12 mmol) under continual stirring. The reaction solution

was stirred further for 1 h at 50 �C and after reducing its

volume to one half heating at 80 �C in a water bath it was left

for crystallization at room temperature. After several days,

bright square crystals of I were formed. The yield of the

reaction was 72%. Anal. Calcd for C50H40O10N4Br4Zn2 (%):

C, 45.90; H, 3.08; N, 4.29; Zn 10.00. Found: C, 46.28; H,

3.06; N, 4.35; Zn, 10.38. IR (KBr, cm-1): 3101m, 3068w

[mar(C–H)]; 2995w, 2924w [m C�Hð Þ�CH3
]; 1647s [m(C=O)];

1601s, 1572s [mas(COO-)]; 1558m, 1458m [m(C=C)];

1498m [das C�Hð Þ�CH3
]; 1416s, 1377s [ms(COO-)]; 1315m

[ds C�Hð Þ�CH3
]; 1257w [m(C–N)]; 1151w [m(C–C)]; 646s

[m(C–Br)]; 750s [dar(C–H)]; 690m [d(COO-)]. 1H NMR—

(DMSO-d6, ppm): d 2.23 (s, 6H, CH3), 3.05 (s, 6H, N–CH3),

5.30 (s, 2H, H-80), 7.28 (m, 4H, H-4), 7.31 (m, 6H,

H-20,40,60), 7.38 (ddd, J = 7.6, 7.2, 1.0 Hz, 4H, H-5), 7.48

(m, 4H, H-30,50), 7.61 (dd, J = 7.2, 1.0 Hz, 4H, H-3), 7.65

(dd, J = 7.6, 1.6 Hz, 4H, H-6). 13C NMR—(DMSO-d6,

ppm): d 12.5 (N–CH3), 35.2 (CH3) 96.5 (C-80), 119.5 (C-2),

123.5 (C20,60), 126.0 (C-40), 127.1 (C-5), 128.9 (C-30,50),
130.2 (C-6), 130.4 (C-4), 133.0 (C-3), 135.3 (C-10), 138.5

(C-1), 157.8 (C-70), 165.42 (C=O), 171.4 (COO-).

Compound [Zn(2-BrC6H4COO)2(tu)2]�2H2O (II)

ZnCO3 was synthesized by the reaction of 25 cm3 of aque-

ous solution of 1.35 g (10 mmol) ZnCl2 and 25 cm3 of

aqueous solution of 1.06 g (10 mmol) Na2CO3. The water

suspension of the purified precipitate of ZnCO3 was added to

the methanol solution of 2.58 g 97% 2-bromobenzoic acid.

This mixture was stirred at 50 �C for 1 h and excess ZnCO3

was afterwards filtered off using an S4 frit. An aqueous

solution of 0.912 g (12 mmol) thiourea was added to the

filtrate. The reaction mixture was stirred at 50 �C for 1 h, its

volume then reduced in a water bath at 70 �C and then left to

crystallize at room temperature. After several days, the

colorless crystalline compound of II was formed. The yield

of the reaction was 84%. Anal. Calcd for C16H20O6N4S2

Br2Zn (%): C, 29.38; H, 3.08; N, 8.57; S, 9.81 Zn, 10.00.

Found: C, 29.84; H, 3.15; N, 8.94; S, 10.10; Zn, 10.79. IR

N

N

CH3 CH3

O

S

NH2

NH2

a

b

Scheme 1 a Phenazone (phen) and b thiourea (tu)
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(KBr, cm-1): 3614m [m O�Hð ÞH2O], 3377s, 3315s [m(N–H)];

3142s [mar(C–H)]; 1649s [d(N–H)]; 1630s [d O�Hð ÞH2O];

1587s [mas(COO-)]; 1510m, 1471m [m(C=C)]; 1471m

[m(N–C–N)]; 1356m [ms(COO-)]; 762s [dar(C–H)]; 721m

[m(C=S)]; 698s [d(COO-)]; 648s [m(C–Br)]. 1H NMR—

(DMSO-d6, ppm): d 6.80–7.65 (bs, NH2, H2O), 7.28 (ddd,

J = 7.8,7.3, 2.0 Hz, H-4), 7.37 (ddd, J = 7.7, 7.3, 1.1 Hz,

H-5), 7.60 (dd, J = 7.8, 1.1 Hz, H-3), 7.63 (dd, J = 7.7,

2.0 Hz, H-6). 13C NMR—(DMSO-d6, ppm): d 119.4 (C-2),

127.1 (C-5), 130.0 (C-6), 130.3 (C-4), 132.9 (C-3), 138.8

(C-1), 171.3 (COO-), 182.9 (C=S) (Scheme 2).

Instrumentation

The carbon, hydrogen and nitrogen contents in the syn-

thesized compounds were determined by the CHN analyzer

PERKIN ELMER 2400. The zinc contents have been

determined using Complexone III as an agent and Erio-

chrome black T as an indicator.

Scanning electron microscope (SEM) analyses were

done using Philips XL30 CP scanning electron microscope

equipped with an energy dispersive spectroscopic (EDS)

analyzer of X-ray radiation. The samples were placed on an

adhesive C-slice coated with a 10 nm thick layer of Au/Pd

alloy. The EDS analysis was performed using the EDAY

Genesis Imaging/Mapping Program, version 3.605.

Infrared spectra were recorded on an AVATAR 330

FT-IR Thermo Nicolet spectrometer using KBr pellets

(2 mg/200 mg KBr), in the range 4000–400 cm-1.

NMR spectra were obtained using a Varian Mercury

Plus NMR spectrometer operating at 400 MHz for 1H and

100 MHz for 13C at room temperature in hexadeuterio-

dimethyl sulfoxide. Tetramethylsilane was used as an

internal standard for both nuclei (dTMS = 0.00 ppm). A

series of standard 1D a 2D NMR experiments (1H, 13C,

DEPT, H,H-COSY, gHSQC, gHMBC, NOESY) has been

used to assign 1H and 13C signals. The heteronuclear

HMBC experiment was optimized to 145 Hz (one-bond)

and 5 Hz (long-range) J(H,C) couplings.

Density functional studies (DFT) have been carried out at

the fermi cluster by using Gaussian 03, Revision E.01 [17].

All calculations used the Becke exchange [18] and the

Perdew/Wang 91 correlational [19] functionals. For a

proper elucidation of the theoretical infrared spectrum, the

solid-state structure has been optimized using the 6-311 ?

G(3d,p) basis set [20] employed for all atoms and an ana-

lytical Hessian determined before the first step of the opti-

mization procedure. Numerical integration was done on a

pruned grid having 99 radial shells each of 590 angular

points. The IR spectrum was computed after the optimiza-

tion step yielded a proper stationary point where no imag-

inary frequencies were present. No scaling was employed

for the bands computed.

Structure Determination and Refinement

Diffraction data were collected on a Nonius KappaCCD

diffractometer (MoKa radiation, k = 0.71073 Å) at

150(1) K and processed by the HKL program package [21].

The phase problem was solved by direct method (SIR97)

[22], and the structure refined by full-matrix least-squares on

F2 (SHELX97) [23]. Hydrogen atoms were refined isotrop-

ically, all other atoms anisotropically. Hydrogen atoms

residing on aromatic carbon atoms were included in ideal

positions with C–H bonds fixed to 0.95 Å and Uiso(H)

assigned to 1.2Ueq of the adjacent carbon atom; terminal

methyl groups hydrogen atoms were included in ideal

positions with C–H bonds fixed to 0.98 Å and Uiso(H)

assigned to 1.5Ueq of the pivot atoms. The absorption cor-

rection was semi-empirical on symmetry equivalents.

Important crystal data and refinement details for I and II are

listed in Table 1.

Results and Discussion

Both complexes are stable on light and air at ambient

temperature. Complex I is soluble in DMSO, DMF, H2O

and CH3OH, slightly soluble in C2H5OH and insoluble in

CHCl3, CCl4, (C2H5)2O and (CH3)2CO. Complex II is very

well soluble in CH3OH, (CH3)2CO, DMF and DMSO,

slightly soluble in C2H5OH and insoluble in CHCl3, CCl4
and H2O.

Spectroscopic Characterization

Compound [Zn(2-BrC6H4COO)2(phen)]2 (I)

The SEM micrographs of I showed a crystalline material

consisting of plates 50–100 lm large and smaller particles

exhibiting a broad particle size distribution. The chemical

composition determined by EDS analysis was uniform. In

all analyzed particles, every element expected in the pro-

posed formula has been found (Supplementary material).

COO-
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Scheme 2 Numbering schemes of a 2-bromobenzoate and b phenaz-

one used in interpretation of 1H and 13C NMR spectra
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The Zn:Br ratio determined by EDS analysis (1:2.1) cor-

responds well with the proposed formula within the accu-

racy limits of the EDS method.

The presence of the 2-bromobenzoato groups was

apparent in the IR spectrum of the studied compound. The

asymmetric and symmetric stretching vibrations of car-

boxylato groups were observed at mas(COO-) = 1601,

1572 cm-1 and ms(COO-) = 1416, 1377 cm-1, respec-

tively. We suppose that bands at 1601 and 1377 cm-1 are

due to the stretching vibrations of the two monodentate

2-bromobenzoate groups and the bands at 1572 and

1416 cm-1 due to stretches of two bridging 2-bro-

mobenzoate anions. This is in accordance with literature data

[4]. The presence of phenazone was confirmed by occur-

rence of the stretching and deformation vibrations of the

CH3- group of the phenazone ligand (m C�Hð Þ�CH3
¼ 2995 and

2924 cm-1, das C�Hð Þ�CH3
¼ 1498 cm�1; ds C�Hð Þ�CH3

¼
1315 cm�1). The strong absorption band of the carbonyl

m(C=O) vibration appeared at 1647 cm-1 and exhibited a

shift to lower wavenumbers as compared with free phenaz-

one (m(C=O) = 1666 cm-1). This phenomenon can be

explained by the coordination of the carbonyl oxygen to the

central zinc atom, leading to a decrease of the double bond

character of the carbonyl group and shifting the stretching

vibration m(C=O) to lower values. This assumption is in a

good agreement with the results of the X-ray diffraction

analysis. The IR data of I are listed in ‘‘Experimental’’

section.

Compound [Zn(2-BrC6H4COO)2(tu)2]�2H2O (II)

The chemical homogeneity of II with a roughly identical

chemical composition of different crystals was showed by

the EDS analysis. This analysis confirmed the presence of

all elements corresponding to the suggested formula of the

sample—C, N, O, Zn, Br and S (Electronic Supplementary

Material). Taking into account the semiquantitative char-

acter of the EDS analysis, the results are in agreement with

the proposed formula of the complex. The Zn:Br:S ratio,

theoretically 1:2:2, was determined by EDS analysis as

1.0:2.0:1.9.

The solid state FT-IR spectrum confirmed the presence

of functional groups of organic ligands. The presence of

water manifested itself by the appearance of a broad band

of stretching vibrations at 3614 cm-1 followed by vibra-

tion at 1630 cm-1 assignable to water deformation vibra-

tions. The stretching vibrations of the thiourea N–H groups

were found at 3377 and 3315 cm-1. The bands of asym-

metric and symmetric stretching vibrations of COO- group

occurred at 1587 and 1356 cm-1, respectively. IR spectra

can also provide information regarding whether nitrogen or

sulfur of thiourea is the atom involved in coordination. For

the case when the sulfur atom of thiourea is the donor

atom, the stretching vibration of C=S is shifted to a lower

value compared to free thiourea. In II m(C=S) appears at

721 cm-1. Compared with free thiourea (736 cm-1), the

m(C=S) shift to lower wavelengths is apparent, thus, the

Table 1 Crystal data and structure refinement for I and II

I II

Empirical formula C50H40Br4N4O10Zn2 C16H20Br2N4O6S2Zn

Formula weight 1307.24 653.67

Crystal system, space group Triclinic, P - 1 (No. 2) Orthorhombic, Aba2 (No. 41)

Unit cell dimensions a = 9.9410(3) Å; a = 93.6004(17)� a = 9.8595(3) Å

b = 10.7309(3) Å; b = 92.5898(11)� b = 19.7052(5) Å

c = 12.9237(4) Å; c = 116.2192(16)� c = 12.5908(3) Å

Volume (Å3) 1230.26(6) 2446.18(11)

Z, Calculated density (Mg/m3) 1, 1.764 4, 1.775

Absorption coefficient (mm-1) 4.286 4.479

F(000) 648 1296

Crystal size (mm3) 0.625 9 0.5 9 0.125 0.38 9 0.28 9 0.10

Theta range for data 2.12–27.55� 2.07–27.47�
Reflections collected/unique 18481/5653 18879/2804

Data/restraints/parameters 5653/0/319 2804/3/149

Goodness-of-fit on F2 1.025 1.082

Final R indices [I [ 2r(I)] R1 = 0.0509, wR2 = 0.1360 R1 = 0.0276, wR2 = 0.0574

R indices (all data) R1 = 0.0611, wR2 = 0.1441 R1 = 0.0352, wR2 = 0.0601

Largest diff. peak and hole 1.424 and -1.602 e.Å-3 0.407 and -0.501 e.Å-3
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ligand coordination occurring via the sulfur atom was

assumed. This conclusion was later confirmed by single

crystal X-ray structure determination.

The comparison of experimental and theoretical values

of the IR absorption bands appear in Table 2. These data

are in good mutual agreement with the notable exception of

the N–H stretching vibration which can be explained by the

involvement of the N–H group in a solid-state hydrogen

bridge. The N–H bond is thus prolongated, leading to the

lowering in wavenumbers for this stretching vibration. This

solid-state phenomenon could not be reflected by compu-

tational studies at all, since those could be carried out on

one single molecule only.

Description of the Structure

Compound [Zn(2-BrC6H4COO)2(phen)]2 (I)

Complex I crystallized as a dimeric molecule with a tri-

clinic lattice (space group P - 1), with no crystal water

molecules present in its solid state structure (Fig. 1). The

asymmetric part of the unit cell contains only one half of

the dimeric molecule; the symmetrically dependent part is

generated applying the crystallographic inversion centre,

centered exactly on the interconnection between the two

zinc atoms. Both zinc atoms have exactly the same coor-

dination environment. The zinc atoms have a distorted

tetrahedral coordination environment, consisting of four

non-equivalent oxygen atoms bonded to one central atom.

Three of these atoms are anions from three disparate car-

boxylate groups while the fourth atom is the ketone oxygen

of the phenazone ligand. The distortion of the coordination

environment around the central atoms is caused by the

different steric demands of the individual ligands and

possibly also by the distribution of the electrostatic

potential over the whole molecule. Selected bond angles

and distances are given in Table 3.

This compound stabilizes its solid state arrangement via

dimerization with two 2-bromobenzoate carboxylate groups

serving as bridging groups between two metallic cations

while no significant intermolecular hydrogen bridges are

formed in solid state. Moreover, neither anion–p nor p–p
interactions have been found to play an important role in the

solid state packing.

Among carboxylatozinc(II) complexes, a similar coor-

dination was found in benzoato (Parsons et al., Private

communication, 2004) and 2-naphthyloxyacetato [24]

complexes. The coordinate bond distances range from

1.939(3) to 1.973(2) Å (Table 3) which are slightly longer

than those observed in [Zn(benzoato)2(6-methylpyridinio-2-

olato)2]2 (from 1.912(2) to 1.972(3) Å [Parsons et al.,

Private communication, 2004]) and shorter than in [Zn(2-

naphthylacetato)2(H2O)2]2 (from 1.949(3) to 2.014(4) Å

[24]). Within the binuclear molecule the Zn���Zni distance

3.694(5) Å is shorter than those in the above-mentioned

complexes, which exhibit Zn���Zni separations of more than

3.8 Å. This distance is longer than 3.247(3) Å in zinc(II)

complex with three carboxylato bridges, [Zn(crotonato)2]2

[25] and in those with four carboxylato bridges: 2.8660(4) Å

[Zn(benzoate)2(caffeine)2]2�2caffeine [26], 2.9697(4) Å in

[Zn(2-bromobenzoato)2(N-methylnicotinamide)]2 [7] and

3.0533(4) Å in [Zn(benzoato)2(papaverine)2]2 [27].

Compound [Zn(2-BrC6H4COO)2(tu)2]�2H2O (II)

Complex II crystallized with orthorhombic lattice (space

group Aba2) as a monomeric compound incorporating two

crystal water molecules in solid state. The coordination

environment of the central zinc atom is a distorted

Table 2 Comparison of the experimental and the theoretical values

of the IR absorption bands of II

Assignment [Zn(2-BrC6H4COO)2tu2]�2H2O

Experimental Computational

m(C–H) 3142 3135–3102

m(C=C) 1510, 1471 1577–1413

mas(COO-) 1587 1587

ms(COO-) 1356 1353

d(COO-) 698 700

m(C–Br) 648 684

d(C–H) 762 776

m(N–H) 3377, 3315 3625, 3496

m(N–C–N) 1471 1497, 1077

m(C=S) 721 718

Fig. 1 Solid state structure of I. Displacement ellipsoids are drawn at

30% probability level. Symmetrically dependant atoms are labeled

with a terminal ‘i’. Hydrogen atoms are omitted for clarity. (i) –x ? 1,

–y ? 1, –z ? 1
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tetrahedron built from two oxygen atoms of two g1-coor-

dinated 2-bromobenzoato groups and further from two

sulfur atoms of two thiourea ligands (Fig. 2). The solid-

state molecule possesses an exact twofold symmetry

passing through the central zinc atom; the symmetrically

dependant atoms of the complex together with the second

crystal water molecule are obtained after this crystallo-

graphic twofold axis is applied. The distortion of the tet-

rahedron on the central atom is the consequence of unequal

ionic radii of the coordinating sulfur and oxygen ions of

both coordinated ligands. Selected bond angles and dis-

tances are included in Table 4. The primary stabilizing

factor in the solid state arrangement is the presence of two

crystal water molecules, both serving as linking agents

between neighboring molecules through hydrogen bridges

(Fig. 3, Table 5).

The average Zn–O, Zn–S bond distances (2.0112(18)

and 2.3256(8) Å) do not deviate markedly from those

observed for the similar monomeric carboxylatozinc(II)

complexes with thiourea: [Zn(CH3COO)2(tu)2] [1.964(9)

and 2.29(3) Å [9]], [Zn(CCl3COO)2(tu)2] [2.006(6) and

2.304(13) Å [10]], [Zn(CH3CH2COO)2(tu)2] [1.971(17)

and 2.333(10) Å [11]] and [Zn(C6H5COO)2(tu)2] [1.964(2)

and 2.3673(14) Å; [12]]. Two additional Zn���O distances

to the non-coordinated carboxylate O atoms are 2.829(2) Å

(92) and the highest value of tetrahedral angles X–Zn–Y is

119.62(11)�. The corresponding values of similar com-

plexes containing ZnO2S2: 2.891(9) and 2.996(5) Å,

119.3(3)�; [9], 2.916(5) and 3.282(7) Å, 123.23(9)�; [10],

2.890(3) and 3.048(3) Å, 125.40(2)�; [11] and 2.957(3)

(92) and 2.955(3) (92), 124.2(2) and 126.6(2)�; [12] are

comparable with the obtained data. Černák et al. found a

correlation between a type of donor atom (S, O, N) and the

distance to the non-coordinated carboxylate O atom, as

well as the degree of the tetrahedral deformation [12]. Our

results are in good accordance with their observations.

Correlation of Spectral and Structural Properties

To correlate the infrared spectra with the structure of

metal carboxylates, the difference between the asymmetric

and symmetric carboxylate stretches (D = mas(COO-)

-ms(COO-)) can be used. The following order has been

proposed for divalent metal carboxylates [28, 29]:

D chelatingð Þ�D bridgingð Þ\D ionicð Þ�D monodentateð Þ

The D (ionic) determined from IR spectra of sodium

2-bromobenzoate is 168 cm-1. For I the respective

experimental values, Dexp, are 224 and 156 cm-1. The

first value is an indication of the monodentate

coordination of the carboxylate group as Dexp

Table 3 Bond lengths (Å) and angles (�) for I

Zn1–O8; Zn1i–O8i 1.939(3)

Zn1–O19i; Zn1i–O19 1.944(2)

Zn1–O33; Zn1i–O33i 1.951(2)

Zn1–O18; Zn1i–O18i 1.973(2)

O8–Zn1–O19i; O8i–Zn1i–O19 124.68(11)

O8–Zn1–O33; O8i–Zn1i–O33i 104.11(12)

O19i–Zn1–O33; O19–Zn1i–O33i 99.14(11)

O8–Zn1–O18; O8i–Zn1i–O18i 102.76(12)

O19i–Zn1–O18; O19–Zn1i–O18i 119.89(11)

O33–Zn1–O18; O33i–Zn1i–O18i 102.87(11)

C7–O8–Zn1; C7i–O8i–Zn1i 112.5(2)

C17i–O19i–Zn1; C17–O19–Zn1i 135.5(2)

Symmetrically equivalent atoms generated by (i) -x ? 1, -y ? 1,

-z ? 1

Fig. 2 Solid state structure of II. Displacement ellipsoids are drawn

at 30% probability level. Symmetrically dependant ligand atoms are

labeled with a terminal ‘i’; the symmetrically dependant crystal water

molecule is not included. (i) 1 - x, -y, z

Table 4 Bond lengths (Å) and angles (�) for II

Zn1–O8; Zn1–O8i 2.0112(18)

Zn1–S11; Zn1–S11i 2.3256(8)

C7–O9; C7i–O9i 1.245(3)

C7–O8; C7i–O8i 1.277(3)

S11–C12; S11i–C12i 1.732(3)

C12–N13; C12i–N13i 1.328(4)

C12–N14; C12i–N14i 1.313(4)

O8–Zn1–O8i 119.62(11)

O8–Zn1–S11; O8i–Zn1–S11i 109.69(6)

O8i–Zn1–S11; O8–Zn1–S11i 105.14(6)

S11–Zn1–S11i 107.03(4)

C7–O8–Zn1 111.36(17)

C12–S11–Zn1 105.77(10)

Symmetrically equivalent atoms generated by (i) -x ? 1, -y, z
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(224 cm-1) � Dsodium 2-bromobenzoate (168 cm-1), while the

other one of the bridging carboxylate coordination Dexp

(156 cm-1) \Dsodium 2-bromobenzoate (168 cm-1). This result

is in accordance with the crystal structure of I.

The relation between the values of D and the structure of

carboxylate anion was proposed by Nara et al. [30] as:

D = 1818.1dr ? 16.47(OCO - 120) ? 66.8, where dr is

the difference between the two CO bond lengths (Å) and

OCO is the OCO angle (�). This relation was applied for the

case the compounds described in the present article, and

after substitution of structural data (dr = 0.05 Å, OCO =

125.1(3)� (O9 C7 O8), and dr = 0.006 Å, OCO =

125.8(3)� (O18 C17 O19)), the calculated separations

Dcalc = 241 cm-1 (O9 C7 O8) and 173 cm-1 (O18 C17

O19) have been obtained. For both cases, the Dexp values are

inferior to the calculated ones. The comparison of the first

value with the value D (ionic) = 168 cm-1 indicates a

monodentate coordination, which is correct. On the other

hand, the calculated value Dcalc = 173 cm-1 is slightly

higher than D ionic, therefore this can not be assigned as a

bridging coordination of carboxylate group. In the case of

syn–syn bridges in zinc(II) benzoate with nicotinamide the

Nara0s equation lost also its validity [4].

For II the separation of the stretches Dexp = 193 cm-1

indicates a monodentate coordination of the carboxylate

group since Dexp (193 cm-1) � Dsodium 2-bromobenzoate

(168 cm-1). This result is in accordance with the deter-

mined crystal structure of II. The calculated value Dcalc

from the Nara0s equation for structural data dr = 0.032 Å

and OCO = 123.7(2)� is 186 cm-1 which agreed well with

the experimental value (193 cm-1) .

Conclusion

Two novel 2-bromobenzoatozinc(II) compounds have been

synthesized. The compound with phenazone was found to

be dimeric crystallized with a triclinic lattice, where both

Fig. 3 Hydrogen bridges in the

solid state structure of II.

Hydrogen atoms of aromatic

rings are omitted for clarity

Table 5 Hydrogen bonds with

H���A \ r(A) ? 2.000 Å and

DHA [ 110� in solid state

for II

D–H d(D–H) d(H���A) \DHA d(D���A) A

N13–H13A 0.880 2.090 150.57 2.889 O21 [x - 1/2, -y ? 1/2, z]

N13–H13B 0.880 1.953 166.74 2.817 O9 [-x ? 1/2, y, z ? 1/2]

N14–H14A 0.880 2.185 146.86 2.962 O21 [x - 1/2, -y ? 1/2, z]

N14–H14B 0.880 1.977 158.85 2.816 O9

N14–H14B 0.880 2.658 116.22 3.147 O8 [-x ? 1, -y, z]

O21–H21A 0.954 2.641 140.32 3.430 Br1

O21–H21B 0.955 1.929 158.43 2.839 O8 [x - 1/2, -y ? 1/2, z]
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zinc(II) atoms possess a distorted tetrahedral coordination

environment (ZnO4). The compound with thiourea crys-

tallized with an orthorhombic lattice as a monomeric

compound including two crystal water molecules. The

central zinc(II) atom is surrounded by a distorted tetrahe-

dral coordination environment (ZnO2S2). It was found that

the spectral and structural properties of the prepared

compounds exhibit a good correlation.

Supplementary Material

CCDC 710294 and CCDC 710293 contain the crystallo-

graphic data of I and II for this paper. These data can be

obtained free of charge via www.ccdc.cam.ac.uk/conts/

retrieving.html, or from the Cambridge Crystallographic

Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK;

fax: ?44 1223 336033; or deposit@ccdc.cam.ac.uk.
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