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Thermal decomposition study and biological characterization
of zinc(II) 2-chlorobenzoate complexes with bioactive ligands
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Abstract New zinc(Il) 2-chlorobenzoates of general
formula [Zn(2-CICcH4,COO),(L),] (where L = caffeine—
caf, urea—u, methyl-3-pyridylcarbamate—mpc, phenaz-
one—phen, theophylline—thp) were synthesised and
characterised by elemental analysis and IR spectroscopy.
The thermal behaviour of the complexes was studied by
TG/DTG and DTA methods in nitrogen and in air atmo-
sphere. During the thermal decomposition of the studied
compounds the release of organic ligands take place fol-
lowed by the decomposition of 2-chlorobenzoate anion.
The volatile decomposition intermediates were proved by
mass spectrometry. Zinc oxide was found as the final
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product of the thermal decomposition performed up to
1,000 K. The antimicrobial activity of the zinc(II) com-
plexes against various strains of bacteria, yeasts and fila-
mentous fungi has been investigated. It was found that the
prepared compounds decreased the growth of Staphylo-
coccus aureus, Escherichia coli, Candida albicans, Rhi-
zopus oryzae and Microsporum gypseum, respectively. The
most resistant to all tested compounds was probiotic strain
of Lactobacillus plantarum. The presence of zinc and
ligands in the prepared compounds increased the inhibitory
effect compared to sodium salt of prepared compounds and
free ligands.

Keywords Zinc - 2-Chlorobenzoate - Thermal -
Spectral properties - Bioactive ligands

Introduction

Zinc is necessary for normal growth and development of
primates and human organism, as well as plants and
microorganisms. Zinc is a relatively abundant element in
biological organisms and plays an essential role in a
large number of enzymatic reactions. It participates in
many processes of metabolism of albuminous substances
(proteins), nucleic acids, saccharides and lipides [1].
Heterocyclic compounds of zinc play important role in
many biological systems, especially systems with N-donor
ligands form the component of some vitamins and drugs
[2]. The study of biological activity of zinc(Il) carboxylates
confirms their antimicrobial and anti-inflammatory effects
[3, 4]. Aliphatic and aromatic carboxylates of zinc(Il) with
bioactive ligands, their spectral, thermal, biological prop-
erties were investigated in several works [5-9]. The ther-
mal decomposition of aliphatic zinc(Il) carboxylates, such
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as formiates, acetates, propionates and butyrates with phen
and thp started with releasing of the organic ligand, then
continued by the release of aldehyde or ketone [5, 6]. In the
case of anhydrous zinc(Il) aromatic carboxylates, such as
salicylates with thiourea, nad, caf and theobromine, the
thermal decomposition starts with the release of organic
ligand [8]. Then, the salicylic acid is evolved. In all men-
tioned zinc(Il) aliphatic and aromatic carboxylates ZnO
was found as the final product.

Skorsepa et al. [10] studied the thermal decomposition
of zinc(I) propionate, benzoate and their chloroderivative
salts with thiourea. They proposed the thermal decompo-
sition of compounds, but they did not confirm the inter-
mediate products of the thermal decomposition.

In this article, the thermal, spectral and biological
properties of new zinc(Il) 2-chlorobenzoates with ligands
(caffeine—caf, urea—u, methyl-3-pyridylcarbamate—
mpc, phenazone—phen, theophylline—thp) are reported.

Experimental
Synthesis of the compounds

The synthesis of the compounds may be expressed by the
following equations:

7ZnCl; 4+ Na,CO3 — ZnCOs3 + 2NaCl (1)

ZnCO; + 2(2-CIC4H,COOH)
— Zn(2-CIC¢H4CO0),+H,CO5 (2)

Zn(2-CIC¢H4COO0),+2L — Zn(2-CIC¢H,C00),-L,  (3)

where L = caf, u, nad, mpc, phen and thp

For the preparation of the Zn(II) 2-chlorobenzoate
complex compounds following AR grade chemicals were
used: ZnCl, (Fluka), Na,CO5; (Mikrochem a.s. Pezinok),
2-chlorobenzoic acid 98% (Aldrich), caf, u, nad, mpc and
phen (Merck).

ZnCO; was prepared by reaction of the stoichiometric
amounts of ZnCl, and Na,COj; as described in Eq. 1. Then,
the ethanol solution of carboxylic acid was added to the
water suspension of ZnCOs; under continual stirring at
343 K and zinc(II) 2-chlorobenzoate was formed. A water
solution of ligand (caf, u, phen) or an ethanol solution of
ligand (mpc, thp) was added to the solution of zinc(Il)
2-chlorobenzoate in the ratio 2:1. The reaction mixture was
refluxed for 3 h, then filtered off and left to stand to
crystallise at room temperature. After several days white
crystals were formed. The formed Zn(II) 2-chlorobenzoate
complex compounds were filtered off, washed with water
and dried over silica gel. The compounds of the following
formula were prepared:
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[Zn(2-CICcH4COO0),|(I)  [Zn(2-CIC¢H4CO0), (mpc), ] (IV)

[Zn(2-CIC¢H4COO0), (caf),] (1) [Zn(2-CIC6¢H4COO), (phen),] (V)

[Zn(2-CIC6H4COO0), (u),] (1) [Zn(2-CICcH4COO0), (thp),] - HoO(VI)

Instrumentation

The infrared spectra were recorded on AVATAR 330 FTIR
Thermo Nicolet spectrophotometer in the range
4,000-400 cm ™' using KBr pellets. The content of C, H
and N of the complexes were determined by means of
Perkin Elmer 2400 CHN analyser and zinc content com-
plexometrically using Complexone III as an agent and
Eriochrome black as an indicator.

The thermal experiments TG/DTG, DTA were carried
out up to 1,000 K by heating rate 5 K min~' in an air
atmosphere using the NETZSCH STA 409 PC/PG ther-
moanalyzer (Germany) and in nitrogen atmosphere using
the Perkin Elmer TGA 7 (USA). The sample (amount
20 mg) was placed in a platinum crucible. The mass
spectra used for characterization of volatile intermediate
products of thermal decomposition were measured on mass
spectrometer MS 5988.

Antimicrobial activity assay

The antimicrobial activity of Zn(II) 2-chlorobenzoates was
evaluated by a micro-dilution method using G* bacteria
Staphylococcus aureus CCM 3953, G~ bacteria Esche-
richia coli CCM 3988 [11] . The effects of these com-
pounds on the yeasts Candida albicans were determined by
macro-dilution method in L-shaped tubes adapted for direct
measurement of absorbance [12]. The efficiency of
prepared derivatives on the growth of filamentous fungi
Rhizopus oryzae CCM F-8284, Alternaria alternata CCM
F-128 and Microsporum gypseum was observed by macro-
dilution technique on Sabouraud’s (dermatophytes) [13].

The antimicrobial activity of tested compounds was
characterised by the ICs, values (concentration of a
derivative which in comparison to the control inhibits the
growth of microorganisms to 50%) and MIC values
(minimal inhibitory concentration of a derivative which
inhibits microbial growth by 100%). The ICsq and MIC
values were read from toxicity curves.

The inhibitory activity was tested against G~ patho-
gens—enterotoxigenic strain of E. coli O8:F4"Ent" and
Salmonella enterica Serovar Diisseldorf SA31, G* patho-
gen S. aureus SA1 and G probiotic strain of Lactobacillus
plantarum CCM 7102 Bacteria were cultivated as was
described by Szunyogova et al. [6].
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Results and discussion

The prepared compounds are white in colour and stable in
air. The results of the elemental analysis were in good
agreement with theoretical values (Table 1). The solubility
of the prepared compounds is changed depending on the
ligand (Table 2). All prepared compounds are insoluble in
CCly. The compound [Zn(2-CICgH4COO),(thp),]-H,0 is
insoluble in polar and non-polar solvents. The other com-
pounds are soluble in polar and also in non-polar solvents.

Spectral behaviour

The IR spectra confirmed the presence of the characteristic
absorption bands of the studied Zn(II) 2-chlorobenzoate
complexes. The most characteristic absorption band
v(C=N) of ligand (caf, mpc, phen, thp) in the complexes is
at 1,654, 1,689, 1,641 and 1,670 crn*l, respectively. For
the (N—H) bond the stretching vibrations v(N-H) of ligand
(u, mpc,thp) in the complexes were observed at 3,338,
3,300 and 3,379 cm™’, respectively. The asymmetrical
stretching vibrations v,s of the carboxylate group were in
the range 1,594-1,545 cm™' and symmetrical stretching
vibration vy in the range 1,413-1,353 cm~!. The other
absorption bands are summarised in Table 3.
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compounds is monodentate. This is in a good agreement
with our solved crystal structure [16, 17]. The A value for
the compounds (III, IV, VI) was in the range
148-164 cm ™', so we predicted bidentate chelating coor-
dination. It is in agreement with our solved crystal structure
with methyl-3-pyridylcarbamte [18].

Thermal behaviour
[Zn(2-ClC6H4COO)2]

The compound [Zn(2-CIC¢H4COO),] (Fig. 1) is melting,
which is shown on DTA curve as an endotermic effect at
523 K. In the first step of thermal decomposition in the
temperature range 573-833 K (C¢H4Cl),CO is released
(the experimental mass loss 66.65%, the theoretical mass
loss 66.69%). The release of (C¢H4Cl),CO was also
confirmed by mass spectrometry. The mass spectra in this
temperature range confirmed the presence of (CsH4Cl1),CO
(mlz: 251 [C;3HgOCL,]™*, 216 [C;3H3OCI]", 180 [Cy53Hg
01**, 139 [C,H,CIO]™, 111 [C¢H4CI]%, 105 [CcH,CO1T,
77 [CeHs]T, 76 [CeH4IT®, 51 [C4H5]T, 50 [C4H,]™). On
the basis of the mass spectrum results we proposed the
following fragmentation of (C¢H4C1),CO:

+
+
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On the basis of the A value [A = v, (COO™) The second step of decomposition corresponds to the

— v(COOM)] it is possible to predict the type of coordi-
nation of carboxylate group in the complex compounds.
From the literature [14, 15], it is known that for mono-
dentate coordination of the carboxylate group A value is
higher than A value of sodium salt and for the bidentate
chelating coordination the A value is lower than A value for
sodium salt (Table 4).

The calculated value of A in prepared compounds (I, II,
V) was in the range 185-225 cm™'. The A value for
sodium 2-chlorobenzoate is 183 cm™'. According to the
above mentioned criterium the carboxylate ion in these

releasing of CO, in the temperature range 833-933 K (the
experimental mass loss 13.88%, the theoretical mass loss
11.69%). This step was accompanied by an exothermic effect
at 870 K on DTA curve. The final decomposition product was
ZnO (the experimental mass loss 19.47%, the theoretical mass
loss 21.62%). It was confirmed by IR spectrum [v(Zn—O)
440 cm ™' and by qualitative analysis (ZnO is dissolved in the
concentrated solution of NaCl). The following mechanism is
proposed for the thermal decomposition:

[Zn(2-CIC¢H4CO0),| — (CsH4C1),CO + CO;, + ZnO
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Table 1 Analytical data of the prepared compounds

Empirical formula F.W. C% H% N% Zn%
Calcd. Found Calcd. Found Calcd. Found Calcd. Found

[Zn(2-CIC¢H4COO0),] 376.53 44.66 44.50 2.14 2.09 - - 17.37 17.92
[Zn(2-CIC¢H4COO),(caf),] 764.92 47.11 46.52 3.69 3.63 14.65 14.90 8.55 8.31
[Zn(2-CIC¢H4COO0),(u),] 496.65 38.70 39.10 3.25 3.17 11.28 11.15 13.17 12.59
[Zn(2-CIC¢H4COO),(mpc),] 680.83 49.39 49.40 3.55 3.62 8.23 8.25 9.60 8.37
[Zn(2-CIC¢H4COO),(phen),] 752.99 57.34 57.13 4.28 4.29 7.44 7.66 8.87 8.15
[Zn(2-CIC¢H4COO),(thp),]1-H,O 754.86 45.64 44.74 3.28 3.40 15.21 15.28 8.87 8.70
Table 2 Solubility of the prepared compounds
Compound Solvent

H,0 CH;0H C,HsOH (C,H5),0 (CH3),CO CHCl, CCly
[4))] S.S S.S ins. ins. ins. ins. ins.
(IT) S.S S ins. V.S. ins. V.S. ins.
(IIT) S V.S. ins. ins. ins. ins. ins.
(IV) S.S V.S S.S ins. ins. ins. ins.
V) V.S V.8 V.S ins. V.S V.8 ins.
(VI) ins. ins. ins. ins. ins. ins. ins.

v.s very soluble, s soluble, s.s slightly soluble, ins. insoluble, [Zn(2-CIC¢H4COO),] (I), [Zn(2-CICgH,COO),(caf),] (II), [Zn(2-

CIC4H,CO0)(u)s] (M), [Zn(2-CICgH4COO0)s(mpe),] (IV), [Zn(2-CICsH,CO0)s(phen)s] (V), [Zn(2-ClICgH,COO0)x(thp)]-H,0 (VI)

Table 3 Characteristic absorption bands (v/em™') of the prepared compounds in infrared spectra

Assignement 1) (11I) av) V) VD

v (C-H) 3,056w 3,056w 3,066w 3,072w 3,009w
Valiph(C—H) 2,954w 2,924w 2,952w 2,927w 2917w
v(C=0) 1,701s 1,650s 1,731s 1,711s 1,714s
y(C=N) 1,654s - 1,613s 1,641s 1,650s
V,s(COO™) 1,552s 1,556s 1,545s 1,578s 1,562m
v(COO™) 1,362s 1,392s 1,397s 1,353m 1,413m
A 190 164 148 225 149
W(C=C),, 1,597w 1,574w 1,581m 1,598m 1,595w
v(N-H) - 3,338w 3,300w - 3,379m
o(CO0™) 847m 854m 860m 856m 853w
P(C-H),e 724s 744s 720s 723s 720s

v (C-Cl) 746w 694w 759w 758m 7,746w
v(Zn-0) 483m 489w 476w 498w 499m

s strong, m medium, w weak, ar aromatic, aliph aliphatic, [Zn(2-CICcH4COO),] (I), [Zn(2-CIC¢H,COO),(caf),] (1), [Zn(2-CICcH4COO0),(u),]
(III), [Zn(2-CIC¢H4COO0),(mpc),] (IV), [Zn(2-CICcH4COO0),(phen),] (V), [Zn(2-C1ICcH4COO0),(thp),]-H,O (VI)

[ZI’l(Z-ClC6H4C00)2(C(lf)2]

At the beginning the compound [Zn(2-CIC¢H,COO),
(caf),] melts without mass loss, which is shown on the
DTA curve as an endothermic effect at 458 K (Fig. 2).
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Above this temperature, the release of two mole of caf
takes place (the experimental mass loss 52.98%, the theo-
retical mass loss 50.77%). In the IR spectrum of solid
intermediate measured up to 586 K the characteristic bands
of caf v(C=0) at 1,704 cm™', »(C=N) at 1,654 cm 'and
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Table 4 Thermal decomposition of the prepared compounds

Compound DTA peak/effect/  Temperature range of Products of the thermal Mass loss/%
K decomposition/K decomposition I —
Exp. Theor.
[Zn(2-CICcH4COO0),] 523/melting - - -
- 573-833 (CeH4C1),CO 66.65 66.69
870/exo 833-933 CO, 13.88 11.69
Ros3 ZnO 19.47 21.62
[Zn(2-CICcH4COO0)(caf),] 458/melting - - - -
- 478-586 2caf 52.98 50.77
591/endo 586-730 (C6H4C1),CO 30.20 32.84
917/exo 730-938 CO, 792 5.5
Rosg ZnO 8.90 10.64
[Zn(2-CICcH4COO0),(u),] 496/endo 426-733 2u + (CcH4C1),CO 73.46 7475
814/exo 733-882 CO, 9.60 8.86
Rgso ZnO 16.94 16.39
[Zn(2-CICcH4COO),(mpc),]  447/endo 428-543 2mpc 46.10 44.70
841, 886/exo 543-923 (CeH4C1),CO + CO, 4327 4335
Roo3 ZnO 10.63 11.96
[Zn(2-CICcH4COO),(phen),]  393/melting - - -
564/endo 463-763 2phen+ 82.23 83.35
818/exo 763-856 (CeH4C1),CO 735 5.84
Rgse CO, 10.42 10.81
ZnO
[Zn(2- 353 endo 323-383 H,O 250 238
CICeH,COON(thp)al HoO - 541/ex0 383-613 2thp 46.84 47.73
595/endo 613-818 (CsH4C1),CO 33.18 33.27
651,786/endo 818-938 CO, 7.81 5.83
925/exo Ross ZnO 9.67 10.79
DTA/(uVImg) DTA/(uV/mg)
TG/% DTG/(%/min) TG/% DTG/(%/min)
1 2140
100 o1 | o 2_55 100 ﬁ ore | . 358
80 - 20 T 8o | : 13
H 41 4-217 25
. \/."(CGH“CI)ZCO , 145 b
X 60 , | X 60F '\ DTA 120
g \DTA g o4
< / AN < 115
40 40 - 16110
- J1os
or _ 20r 2o 177 00
0 : : : . . . Los 0 . . \ . ) L, e 101705
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Temperature/K Temperature/K

Fig. 1 TG/DTG and DTA curves of [Zn(2-CICsH,CO0),]

V(C-H),r at 2,949 cm™ ! were missing. The release of caf

was

confirmed by mass

spectrometry

(mlz: 194

[CsH oN4O2]"°, 109 [CsH;N;]™, 82 [C4HgNo|*®, 67

Fig. 2 TG/DTG and DTA curves of [Zn(2-CIC¢H4COO),(caf),]

[C3H3N2]+., 57 [C2H’;NO], 42 [C2H4N]., 28 [CO]) mea-
sured up to 586 K. We proposed the following fragmen-

tation scheme of caf:
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CH3 TH3
O N-
\f ~ OC=NCH, _ NI |
L m/z 57 k
N N C\\ .
| o) | (6]
CH, CH,
m/z194 m/z138

- CO
m/z 28

—HON N UNc”
m/z27 |

Then, thermal decomposition continued with the release
of (CcH4CD),CO in the temperature range 586-730 K
(the experimental mass loss 30.20%, the theoretical mass
loss 32.83%), which was confirmed by mass spectrum. In
the third step, CO, is released in the temperature range
730-938 K (the experimental mass loss 7.92%, the theo-
retical mass loss 5.75%). It was accompanied by an exo-
thermic effect at 917 K on DTA curve. ZnO is formed as
the final solid product of the thermal decomposition (the
experimental mass loss 8.90%, the theoretical mass loss
10.64%). The final product was confirmed by IR spectrum
and qualitative analysis. The following equation for the
thermal decomposition can be proposed.

[ZH(Z-C1C6H4COO)2(Caf)2] — 2caf + (C¢H4C1),CO
+ CO, 4+ ZnO

[Zn(2-CICsH,COO),(u),]
The thermal decomposition of [Zn(2-CICgH4COO),(1),] is

shown on Fig. 3. The decomposition starts at 426 K with
the release of two moles of u and (CgH,CIl),CO

DTA/(uV/mg)
TG/% DTG/(%/min)
< 0.54 3.0
100 F °
i 1 i
. ; i BT | 0.0] 55
80| P loos]
x \ 1 0.5 2.0
/ DTA |_19]
2 0],
S 60 2u +(GgH,C1),CO 145
“41.0
40- X +-201
\ 405
CO, 1-251
20F : Zn0 100
167301
T T T T T T --0.5
400 500 600 700 800 900 1000
Temperature/K

Fig. 3 TG/DTG and DTA curves of [Zn(2-CICcH4COO),(u),]
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(the experimental mass loss 73.46%, the theoretical mass
loss 74.75%). The intermediate product was confirmed by
IR spectra measured up to 573 K (the characteristic
absorption bands v(N-H) at 3,456 cm™', 3,338 cm™';
v(C=0) at 1,650 cm ™! for u were missing). Mass spectrum
measured up to 573 K confirmed the presence of u (m/z: 60
[CH4N,O]"*, 44 [CH,NO]", 28 [CO], 16 [NH,]") and up
to 733 K (C¢H4CI1),CO. The fragmentation of u is in
agreement with the results of Krajnikova [19]. The
(CgH4C1),CO fragmentation is the same as in the case of
compound (I). In the second step of thermal decomposition
in the temperature range 733-882 K the CO, was released
(the experimental mass loss 9.60%, the theoretical mass
loss 8.86%). It is followed by an exothermic effect at
814 K. The final solid product of the thermal decomposi-
tion is ZnO (the experimental mass loss 16.94%, the
theoretical mass loss 16.39%). The following mechanism is
proposed for the thermal decomposition:

[Zn(2—ClC6H4COO)2(u)2} — 2u + (C¢H4C1),CO + CO;
+ ZnO

[Zn(2-ClC6H4COO)2(mpC)2]

As it follows from Fig. 4, the compound starts to decom-
pose at 428 K by evolving of two mole of mpc (the
experimental mass loss 46.10%, the theoretical mass loss
44.70%). The IR spectrum of solid intermediate (mpc)
measured at 543 K showed that characteristic absorption
bands of mpe [v(C-H) 2,952 cm™', »(C=0) 1,736 cm™ ',
y(C=N) 1,591 cm~! and v(N-H) 3,449 cm_l] were miss-
ing. Mass spectrum measured up to 543 K confirmed the
release of mpc (m/z: 152 [C;HgN,O,]1°, 120 [CcH4N,0],
92 [CsH4N,], 78 [CsH4N]®, 66 [C3HLN,], 51 [C4H3]%, 39
[C,HN], 28 [CO]) and (CcH4C1),CO. On the basis of the
mass spectrum results we proposed the following frag-
mentation of mpc:
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Fig. 4 TG/DTG and DTA curves of [Zn(2-CIC¢H4COO),(mpc),]

Then, the thermal decomposition continued by the
evolution of (C¢H4Cl),CO and CO, in the temperature
range 543-923 K (the experimental mass loss 43.27%, the
theoretical mass loss 43.35%). The final solid product of
thermal decomposition is ZnO (the experimental mass loss
10.63%, the theoretical mass loss 11.96%). The following
mechanism is proposed for the thermal decomposition:

[Zn(2-CIC¢H4COO0), (mpc), |
— 2mpc + CO;, + (CsH4Cl1),CO + ZnO

[Zn(2-CICcH,COO),(phen),]

At the beginning the compound melts without mass loss,
which is shown on the DTA curve as an endothermic

Temperature/K

Fig. 5 TG/DTG and DTA curves of [Zn(2-CICsH,COO0),(phen),]

effect at 393 K (Fig. 5). Above this temperature, gradual
mass loss corresponding to the release of two moles of
phen and (CgH4Cl1),CO is observed (the experimental
mass loss 82.23%, the theoretical mass loss 83.35%). In
the solid intermediate, the characteristic IR absorption
bands at 593 K of phen (V(C—H)apn at 2,936 cm ™,
vw(C=0) at 1,711 cm™ !, w(C=N) at 1,616 cm™!) were
missing. Mass spectrum measured up to 593 K confirmed
the presence of phen (m/z: 188 [C;H;3N,O]**, 173
[C1oH0N201%, 96 [C4HuN,0], 77 [CeHs]®, 56 [CN,O],
40 [C3H4I°, 28 [N, + CO]) and (CgH4C1),CO. The
proposed fragmentation of phen is shown on the
following scheme:

o) o) o

s | !
\ —CH, N —CeHs Ny —CHsC=CH [N=N-C=0] N, + CO
/ m/z15 / m/z77 Vi m/z 40

N N N m/z 56 m/z28
N )
H,C CH, H,C H,C
m/z 188 m/z173 m/z 96
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The fragmentation of (CgH4Cl),CO is the same as in
the case of compound (I). Then, CO, was released in the
temperature range 763-856 K (the experimental mass
loss 7.35%, the theoretical mass loss 5.84%). It was
confirmed by an exothermic effect at 818 K on DTA
curve. The final solid product of the thermal decompo-
sition was ZnO (the experimental mass loss 10.42%,
theoretical mass loss 10.81%). The following decompo-
sition reaction is proposed for the decomposition process:

[Zn(2-CICsH,COO), (phen), |
— 2phen + CO, + (C¢H,Cl),CO + ZnO

[Zn(2-CICsH,COO),(thp);]-H,O

As it can be seen from Fig. 6 the thermal decomposition
starts with dehydration at 328 K (the experimental mass loss
2.50%, the theoretical mass loss 2.38%). Then in the tem-
perature range 383—-613 K two mole of thp are released (the
experimental mass loss 46.84%, the theoretical mass loss
47.73%). In the solid intermediate at 613 K the IR absorption
bands of thp were missing [v(C-H) at 2,917 cm™ ! v(C=0) at
1,714 cm™!', w(C=N) at 1,670 cm™' and v(N-H) at
3,379 cm™'). Mass spectrum measured up to 613 K con-
firmed the presence of thp (m/z: 180 [C;HsN;0,]1°, 95
[C4H5N31 ", 66 [C3H,N,]*, 57 [C,H3NO], 28 [CO]), which
fragmentation is shown on the following scheme:

CH . c|:H3
N-
\f ~ 0=C=NCH, N |
k T mizsr m
N7 e
| No+
H
m/z 180 m/z123

DTG/(%/min)

TG/% D/(uVimg)

- 0.5
L H,0 .
100 / ‘DTG 1.4

Exo

2thp e B L Y

< i (C¢H,C1),CO “1 06| 50
4or Lo4[ o5
) co,
02|30
20 | p

~_Tef 0.0[-35

. 1 N 1 L 1 N 1 s L N N 0.
100 200 300 400 500 600 700
Teplota/°C

Fig. 6 TG/DTG and DTA curves of [Zn(2-CICcH,COO),(thp),]-H,O

mpc, thp) did not influence the growth of model bacteria,
yeasts and filamentous fungi (ICso > 3 mmol dm73)
expected caf and thp on M. gypseum. The sensitivity of G*
bacteria to the tested compounds (I-VII) was higher to the
G~ bacteria. It corresponds with the literature data [13].
The strongest inhibition effect against bacteria S. aureus
was recorded for compounds [Zn(2-Clbenz),], [Zn(2-Clbenz),
(u)2], [Zn(2-Clbenz),(nad),], [Zn(2-Clbenz),(thp),]-H,0,

In the temperature range 613-818 K (CgH4Cl1),CO is lost
(the experimental mass loss 33.18%, the theoretical mass
loss 33.27%). The thermal decomposition continued in the
temperature range 818-938 K with the release of CO, (the
experimental mass loss 7.81%, the theoretical mass loss
5.83%). The final solid product of thermal decomposition is
7ZnO (the experimental mass loss 9.67%, the theoretical mass
loss 10.79%). The thermal decomposition is expressed by the
following equation:

[Zn(2-CICH4CO0), (thp),] - H,0
— 2thp + (CH4C1),CO + CO; + ZnO

Antimicrobial activity

The results of antimicrobial activity are listed in Table 5.
The free 2-chlorobenzoic acid and all ligands (caf, u, phen,

@ Springer

[Zn(2-Clbenz),(phen),] (ICs5p < 1 mmol dm_3), [Zn
(2-Clbenz)x(caf);] (ICsp = 1.1 mmol dm™), [Zn(2-Clbenz),
(mpc),) (ICsg = 1.2 mmol dm ). The 100% inhibition of
growth of E. coli was determined in the presence of [Zn(2-
Clbenz),] (ICso = 2.3 mmol dm™%; MIC > 3 mmol dm )
and [Zn(2-Clbenz),(thp)>]-H,O (ICsy = 2.1 mmol dm>;
MIC > 3 mmol dm_3) with bacteristatic effect. From all
the studied compounds the 100% inhibition with fatalness
effect on the cells of yeasts C. parapsilosis was confirmed
for compound [Zn(2-Clbenz),(thp),]-H,O (IC59 = 2.2 m-
mol dm™*; MIC > 3 mmol dm™>). The antifungal activity
of studied compounds against R. oryzae was shown for
compound [Zn(2-Clbenz),(caf),] (ICso = 1.9 mmol dm™;
MIC > 3 mmol dm ). None of the studied compounds
inhibited the growth of filamentous fungi A. alternata
(ICso > 3 mmol dm~>). However, the compounds [Zn
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Table 5 Antimicrobial activity of Zn(II) complexes characterised by numerical values of ICsy and MIC (mmol Lfl)

Compound Bacteria Yeasts Filamentous fungi

S. aureus E. coli C. parapsilosis R. oryzae A. alternata M. gypseum

ICs, MIC ICs, MIC ICs MIC ICs, MIC ICs, MIC ICs, MIC

[Zn(2-CIC¢H4COO0),] <1 3° 2.3 >3 23 >3 >3 >3 >3 >3 >3 >3
[Zn(2-CIC¢H4COO),(caf),] 1.1 3° 2.9 >3 2.1 >3 1.9 >3 >3 >3 0.3 0.5°
[Zn(2-CIC¢H4COO0),(11)5] <1 3% >3 >3 22 >3 >3 >3 >3 >3 2 3%
[Zn(2-CIC¢H4COO),(mpc),] 1.2 3° >3 >3 2.6 >3 >3 >3 >3 >3 >3 >3
[Zn(2-CIC¢H4COO),(phen),] <1 >3 >3 >3 22 >34 >3 >3 >3 >3 >3 >3
[Zn(2-CIC¢H4COO),(thp),]-H,O <1 3b 2.1 >3 22 3° >3 >3 >3 >3 0.9 3*
[Zn(2-CIC¢H4COO0),(nad),] <1 3* 2.6 >3 1.9 >3 >3 >3 >3 >3 >3 >3
2-CIC¢H,COOH >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3
Caffeine (caf) >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 <1 3%
Urea (u) >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3
Nicotinamide (nad) >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3
Methyl-3-pyridylcarbamate (mpc) >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3
Phenazone (phen) >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3
Theophylline (thp) >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 22 3*

# Microbistatical effect
° Microbicidal effect

Table 6 The antimicrobial activity of tested Zn(II) complex compounds, their natrium salts and ligands against G~ pathogens expressed as a
difference between viable counts (log;, cfu. ml~' + sd) of control and respective compound (Alog) (n = 3)

Compound E. coli S. dusseldorf

log + sd Alog log + sd Alog
Control 8.80 £ 0.06 - 9.28 4+ 0.01 -
[Zn(2-CIC¢H4CO0),] 429 4+ 0.29 4.52 5.49 £ 0.08 3.79
[Zn(2-CIC¢H,COO0)5(caf)s] 4.60 £ 0.60 4.20 4.66 £ 0.06 4.62
[Zn(2-CIC¢H,CO0)s (), ] 6.22 £ 0.18 2.58 6.21 + 0.20 3.07
[Zn(2-CIC4H,CO0),(mpc),] 421 4 0.10 4.60 431 4 0.11 497
[Zn(2-CICgH,COO),(phen)s] 4.99 £ 0.21 3.81 455 +0.17 473
[Zn(2-CICcH4COO),(thp),]-H,O 4.02 + 0.02 4.78 4.10 + 0.10 5.18
[Zn(2-CICcH4CO0),(nad),] 496 + 0.16 3.85 4,70 + 0.12 4.58
Caffeine (caf) 8.08 £ 0.25 0.73 8.20 £ 0.02 1.08
Urea (u) 8.60 £+ 0.00 0.20 8.79 £ 0.07 0.48
Nicotinamide (nad) 8.35 £ 0.09 0.46 8.79 £ 0.11 0.48
Metyl-3-pyridylcarbamate (mpc) 8.29 £ 0.05 0.52 8.55 & 0.09 0.73
Phenazone (phen) 8.41 £ 0.07 0.40 8.55 £ 0.17 0.72
Theophyline (thp) 6.96 £+ 0.33 1.84 8.37 £ 0.22 0.91
Na(2-CIC¢H4COO) 7.98 £+ 0.10 0.82 8.56 £ 0.16 0.71
[Zn(3-CIC¢H4CO0),]-2H,0 0.43 £+ 0.61 8.37 0.53 + 0.75 8.74
[Zn(CgH5COO),] 5.14 £ 0.16 3.67 4.06 £+ 0.75 5.22
[Zn(CsHsCO0),(caf)s] 428 £ 0.04 4.52 5.88 + 0.06 3.40
Na(CcHsCOO) 7.54 £0.13 1.26 7.21 £ 0.21 2.07
(2-Clbenz),(caf)>], [Zn(2-Clbenz),(thp),]-H,O has shown The results of biological studies against pathogens
antifungal activity against M. gypseum (ICso = 0.3 and (G~, G") in the concentration 0.01 and 0.02 M are pre-
0.9 mmol dm > ). sented in Tables 6, 7. More studies confirmed that this
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Table 7 The antimicrobial activity of tested Zn(II) complex compounds, their natrium salts and ligands against G* bacteria expressed as a
difference between viable counts (log;, cfu. ml~" £ sd) of control and respective compound (Alog) (n = 3)

Compound S. aureus L. plantarum

Log + sd Alog Log + sd Alog
Control 8.58 £ 0.10 - 9.12 £ 0.04 -
[Zn(2-CICcH4COO),] 542 £ 0.15 3.16 8.47 £ 0.29 0.65
[Zn(2-CICcH4COO),(caf)] 4.27 £ 0.07 4.31 8.33 £ 0.50 0.80
[Zn(2-CICcH4COO),(u),] 6.64 &+ 0.06 1.94 8.74 £ 0.21 0.39
[Zn(2-CICcH4COO),(mpc),] 436 + 0.15 422 8.60 £+ 0.28 0.52
[Zn(2-CICcH4COO),(phen),] 5.47 £ 0.13 3.11 8.60 £+ 0.28 0.52
[Zn(2-CICcH4COO),(thp),]-H,0O 5.45 £ 0.07 3.13 8.65 £ 0.18 0.47
[Zn(2-CICcH4COO0),(nad),] 4.08 + 0.08 4.50 8.58 £ 0.65 0.54
Caffeine (caf) 7.71 £ 0.20 0.87 8.48 £+ 0.40 0.64
Urea (u) 8.29 £ 0.05 0.29 8.57 £ 0.15 0.56
Nicotinamide (nad) 7.55 £ 0.09 1.03 8.17 £ 0.01 0.96
Metyl-3-pyridylcarbamate (mpc) 8.27 £ 0.07 0.31 8.94 £+ 0.11 0.19
Phenazone (phen) 8.08 £+ 0.08 0.50 8.53 £ 0.19 0.59
Theophylline (thp) 8.08 £ 0.18 0.49 9.06 &+ 0.02 0.06
Na(2-CIC¢H4,COO0) 7.68 £ 0.07 0.90 8.31 £ 0.13 0.82
[Zn(3-CICcH4COO0),]-2H,0 3.09 £ 0.09 5.49 6.03 £ 0.27 3.09
[Zn(CeHsCOO),] 4.62 + 0.28 3.96 5.87 £ 0.14 3.25
[Zn(CsHsCOO),(caf)] 543 +£0.17 3.15 8.16 = 0.57 0.97
Na(C¢H5COO) 7.65 £ 0.17 0.93 8.86 &+ 0.07 0.26

concentration of zinc possess antibacterial properties [6,
20]. The strongest inhibitive effect on all tested pathogens
has shown compound [Zn(3-CICcH,COO),]-2H,0, which
more or less completely inhibited the growth of E. coli by
8.37 log, Salmonella dusseldorf by 8.74 log and the growth
of S. aureus by 5.5 log. The strongest effect against
pathogens E. coli and S. dusseldorf from 2-chlorobenzoates
was noted in [Zn(2-Clbenz),(thp),]-H,O (Alog = 4.78;
5.18), where thp can potentiate the inhibitive activity of
whole compound. Similar results were achieved in previ-
ous studies performed with Zn(II) aliphatic carboxylates
[6]. This is also supported by the results received from the
testing of free ligands (IX-XIV), where one of the highest
inhibition action against E. coli was noted by thp
(Alog = 1.84). On the other hand, u had only weak effect
on the growth of all tested bacteria. It is well known that
some bacteria use u as a nitrogen source for their metab-
olism [20]. Very similar results were received with nad

(XT) which is the growth factor usually required by bacteria
for the synthesis of NAD and NADP [21]. The G™ bacteria
were inhibited only weakly, but G~ bacteria were more sen-
sitive to CgHsCOO™ (E. coli were inhibited by 1.26 log and
S. dusseldorf by 2.07 log). Received results are in agreement
with studies on Zn(II) aliphatic carboxylates [6, 20].

Conclusions

The thermal decomposition of the prepared compounds is a
multistep process. During the thermal decomposition of the
prepared compounds the organic ligand, bis(2-chloro-
phenyl)ketone and carbon dioxide were evolved. The final
solid product of the thermal decomposition heated up to
1,000 K was zinc oxide in all studied compounds.

The thermal stability of studied compounds decreases in
the following order:

[Zn(2-CIC¢H4CO0),| > [Zn(2-CIC¢H4COO), (caf),| > [Zn(2-CICcH4,COO), (phen),| >

573K

478 K

463 K

> [Zn(2-CIC¢H4COO), (mpc),| > [Zn(2-CIC¢H4CO0), (u),] > [Zn(2-CICcH4COO), (thp),]

428K

426 K

383K
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On the basis of measured IR spectra of the prepared
compounds we assume the monodentate coordination of
carboxylate group in the prepared compounds, which was
confirmed by the solved structures [16, 17]. The com-
pounds with u, mpc and thp have bidentate coordination.

The biological studies show that the free ligands, acids
(benzoic, 2-3-chlorobenzoic) and their sodium salts did not
infuence the growth of the bacteria. The presence of zinc
and ligands in the prepared compounds increased the
inhibitory effect.

The antimicrobial effect of the studied compounds
against E. coli, S. disseldorf and S. aureus is increased in
the following order:

[Zn(2—C1C6H4COO)2(u)2] < [ZH(CéHSCOO)Q] < [Zn(2—
Cl CgH4COO0),(L),] < [Zn(3-CICcH4COO0),]-H,0. The inhi-
bition activity on filamentous fungi is lower than the antimi-
crobial effect on model bacteria and yeasts. In the case of
L. plantarum the highhest inhibitory activity was found only at
[Zn(3-CIC¢H,COO0),]-H,0 and [Zn(CsHsCOO),].
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