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Abstract New zinc(Il) 4- and 5-chlorosalicylate com-
plexes of general formula [Zn(X-sal),(L),(H,O),] (where
X-sal = 4-Clsalicylate, 5-Clsalicylate; L = N,N-diethylnic-
otinamide, isonicotinamide, theophylline; n = 1,2;x = 0, 1,
2, 4) were prepared. The complexes were determined by
elemental analysis and characterised by infrared spectros-
copy. The thermal behaviour of the complexes was studied
by simultaneous TG, DTG and DTA methods under dynamic
air conditions. The thermal decomposition is a multi-step
process. In the first step of the thermal decomposition, water
is released in hydrated compounds. The anhydrous com-
pounds start to decompose by the release of organic ligand,
followed by chlorosalicylic acid, chlorophenol and carbon
monoxide. The final solid product of the thermal decompo-
sition is zinc oxide. The volatile products of the thermal
decomposition were determined by mass spectrometry. The
antimicrobial activities of the complexes were evaluated
against selected pathogen and probiotic bacteria, yeasts and
fungi strains. Bioactivities of the tested compounds are
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different against bacteria, yeasts and filamentous fungi. It was
found that bacteria were more sensitive to the studied zinc(II)
complex compounds than yeasts or filamentous fungi.
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Introduction

Metal carboxylate complexes have long been the exten-
sively studied class of compounds [1, 2]. Many metal cat-
ions play a significant role in a great number of various
biological processes, as components of several vitamins and
drugs. Particular attention is focused on carboxylate com-
plexes (benzoates, salicylates and nicotinates) of biometals,
e.g. zinc [3-5], which are well known to possess antimi-
crobial activity [6]. Salicylic acid and its derivatives (e.g.
acetylsalicylic and 5-chlorosalicylic) are used as antipy-
retic, analgesic and anti-inflammatory drugs [7, 8]. Zinc
salicylate complexes of N-, O- and S-donor ligands attract a
considerable attention because of their interesting physi-
cochemical properties, crystal structures and pronounced
biological activities [9, 10]. It is well documented that the
presence of organic bioactive ligand in the zinc complex
can increase its bioactivity [11, 12]. Nicotinic acid (niacin,
vitamin Bj) derivatives are widely used in pharmacology;
e.g. N,N-diethylnicotinamide is an important respiration
stimulant [13]. Another derivative isonicotinamide pos-
sesses strong antitubercular, antipyretic, fibrinolytic and
antibacterial effects. Because of its strong pharmacological
effects, mixed salts of isonicotinamide find extensive use as
drugs in various biological and medicinal processes [14].
Theophylline is a naturally occurring alkaloid found in tea
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and cocoa beans. It is well known that theophylline has anti-
inflammatory effects in asthma [15]. Theophylline works as
a bronchodilator by the relaxation of bronchial smooth
muscle. It also has an inhibitory effect on superoxide anion
release from human neutrophils [16]. Organic ligands
containing N-, S- and O-donor atoms show broad biological
activity and are of special interest because of the variety of
ways in which they are bonded to metal ions. It is known
that the presence of metal ions bonded to biologically active
compounds may enhance their activities [17, 18]. From a
coordination standpoint, salicylate is a versatile ligand,
displaying a variety of bonding modes (e.g. monodentate,
bidentate bridging or chelating, etc.) [19, 20].

As a continuation of our previous studies, we report here
the synthesis, thermal, spectral and biological properties of
zinc(Il) 4-chloro- and 5-chlorosalicylates with N,N-dieth-
ylnicotinamide, isonicotinamide and theophylline.

Experimental

The A. R. grade chemicals were used for the preparation of
studied compounds: ZnCl, (Fluka), NaHCO; (Central-
chem), 4-chlorosalicylic acid (Aldrich), 5-chlorosalicylic
acid (Aldrich), N,N-diethylnicotinamide (Aldrich), isonic-
otinamide (Aldrich) and theophylline (Fluka) (Scheme 1).

Preparation of the complexes

The following compounds were prepared:
[Zn(4-Clsal),(dena),(H,0),] (I)
[Zn(4-Clsal),(ina)] (II)
[Zn(4-Clsal),(H,0)4]-2tph-2H,0 (III)
[Zn(5-Clsal),(dena),(H,0),] (IV)
[Zn(5-Clsal),(ina),(H,0)] (V)

The synthesis may be expressed by these equations:

ZnCO; + 2CIC4H3—2—(OH)COOH

— [Zn{CICsH3—2—(OH)COO0},] + H,0 + CO,
T [Zn{CIC¢H;—2—(OH)COO},| + nL

— [Zn{CIC¢H3—2—(OH)COO},L, |

Scheme 1 Structural formulas
of N,N-diethylnicotinamide

ZnCO; was prepared by the reaction of aqueous solutions
of the stoichiometric amounts of ZnCl, and NaHCO5. Then
methanol/aqueous solution of chlorosalicylic acid was
added to an aqueous suspension of ZnCO; under continual
stirring in a stoichiometric amount. The reaction mixtures
were stirred for 1 h. Further ethanol solution of ligands
(N,N-diethylnicotinamide, isonicotinamide and theophyl-
line), were added to the filtrate in a molar ratio of 2:1 and
stirred together for 30 min. Then, the reaction mixtures
were reduced to one half of volume in a water bath at
80 °C and left to crystallise at room temperature.

Instrumentation

Elemental analysis (C, H, N and Cl) was performed using a
Perkin Elmer 2400 CHN Analyser. The content of zinc was
determined complexometrically using Complexone III as
an agent and Eriochrome black T as an indicator.

Infrared spectra of prepared compounds were recorded
on AVATAR 330 FT-IR Thermo Nicolet using KBr pellets
(2 mg/200 mg KBr) in the range of 4,000—400 cm™".

The thermal properties (TG/DTG and DTA) were
studied in air atmosphere in ceramic crucibles under
dynamic conditions on NETZSCH STA 409 PC/PG Ther-
moanalyzer (heating rate 9 °C min™ ).

A gas chromatograph coupled with a quadrupole mass
spectrometer (HP G1800 A GCD system) was used for the
determination of volatile intermediate products of thermal
decomposition. The analysed sample was dissolved in
chloroform/ethanol (2:1) and 1 pL of this solution was
injected. The products were separated on a fused-silica
capillary column (30 m x 0.25 mm) with a 0.25-pum-thick
chemically bonded HP1 and ionized at 70 eV electron
impact voltages.

Antimicrobial assay

Antimicrobial activities of the prepared Zn(II) complexes,
chlorosalicylic acids, and their sodium salts and used
ligands were evaluated by a micro-dilution method [21]
using G* bacteria Staphylococcus aureus CCM 3953 and
G~ bacteria Escherichia coli CCM 3988. Effects of these

o H

(dena), isonicotinamide (ina) HSC\N N/
and theophylline (tph) (l)l 0]
I | /
o CH,CHy C )\
AN \N< | X NH, o N N
| P CH,CHg N |
N CHs
N, N-diethylnicotinamide isonicotinamide theophylline
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compounds on the growth of yeasts Candida albicans were
determined by a macro-dilution method in L-shaped tubes
adapted for direct measurement of absorbance [22]. The
cultures of bacteria (in Mueller—Hinton medium) and
yeasts (Sabouraud—glucose medium) were incubated under
vigorous shaking. Efficiencies of the prepared derivatives
on the growth of filamentous fungi Rhizopus oryzae,
Alternaria alternata, Aspergillus fumigatus CCM F-373
and Microsporum gypseum were observed by a macro-
dilution technique on Sabouraud’s (dermatophytes) and
malt agar (other fungi) during static cultivation, and the
diameters of growing fungal colonies were measured at
intervals [23].

The antimicrobial activity of tested compounds was
characterized by the ICsy 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 1Cso and MIC
values were read from toxicity curves.

The pure compounds were dissolved in dimethylsulph-
oxide. Concentration of tested compounds was in the range
of 0.10-3.00 mmol dm~> in all experiments.

Biological tests of compounds [Zn(4-Clsal),(H,O)4]:
2tph-2H,0, [Zn(4-Clsal),(H,0),], Na(4-Clsal) and tph were
also carried out on microorganisms isolated from piglets, and
the achieved results were compared with the results of
[Zn(sal),(tph)>(H,0),], [Zn(sal),(H,0O),] and Na(sal). Zinc
salicylates/4-chlorosalicylates and ligands were tested at a
concentration of 0.01 M, which corresponds to 653.9 mg of
Zn**/L culture medium. Antimicrobial effect was observed
in in vitro conditions for the G~ pathogens (E. coli O149:
K88Tent™, Salmonella enterica Serovar Diisseldorf SA31,
S. enterica Serovar Typhimurium) and G* pathogens
(St. aureus) and Lactobacillus plantarum CCM 7102. Path-
ogenic bacteria and lactobacilli were incubated 24 h at 37 °C
in PYG broth. Medium pH was adjusted to 6.9-7.2 for
pathogens, and for lactobacilli to 5.9-6.2. The numbers of
bacteria were collected by plate count, and aerobic patho-
gens were cultured for 24 h on Mueller-Hinton agar and

Table 1 Solubility of the prepared compounds

48 h of anaerobic lactobacilli on MRS agar. Numbers of cfu
were expresed as log cfu/g (cfu = colony forming units)
[24].

Results and discussion

The prepared compounds [Zn(4-Clsal),(dena),(H,0),]
(I) and [Zn(4-Clsal),(ina)] (I), [Zn(4-Clsal),(H>O)4]-
2tph-2H,0O (III) are light brown coloured. Complexes [Zn
(5-Clsal),(dena),(H,0),] (IV) and [Zn(5-Clsal),(ina),(H,0)]
(V) are white. Studied compounds are stable in air and light,
and their solubilities in various solvents are presented in
Table 1. Elemental analyses (Table 2) are in good agreement
with the calculated ones. The presence of individual func-
tional groups was confirmed by IR spectra (Table 3).

The characteristic IR bands for the prepared compounds
are reported in Table 3 and are in good accordance with the
literature data [25, 26]. The IR spectra of the prepared
compounds indicate the typical carboxylate stretching fre-
quencies for the asymmetric stretching vibration v,;(COO™)
in the range 1,585-1,579 cm~! and for the symmetric
stretching vibration vy(COO™) at 1,385-1,342 cm™
The difference between asymmetric and symmetric car-
boxylate stretching vibrations, A, was calculated from (A =
Vas(COO™) — v(COOM)). This value was used as a criterion
of carboxylate anion coordination to the central zinc atom
and compared with the Agogium sa1c Of 4- and 5-chlorosalicylic
acid. Lewandowski [27] suggested the following order for
metal carboxylates: A(monodentate) > A(ionic) > A(bridg-
ing) > A(chelating). The A value for sodium 4-chlorosali-
cylate is 233 cm™' and for sodium 5-chlorosalicylate
218 cm™!. From the IR spectra, the calculated values A are
for 1216 ecm™", for I1 200 cm ™", for I 237 cm ™, for IV
223 cm~ ! and for V 224 cm™". In accordance with Lewan-
dowski order, for compounds III, IV and V, we propose
monodentate-binding mode of carboxylate anion and for
I and II bidentate chelating-binding mode.

The coordination of the bioactive ligand (dena, ina and
tph) to the central zinc(II) atom through O or N donor atom

Compound Solvent

H,0 CH;0H C,HsOH (C,H5),0 CHCl, CCly DMFA DMSO
[Zn(4-Clsal),(dena),(H,0),] (I) Insol Insol Insol Insol Sol Insol Sol Sol
[Zn(4-Clsal),(ina)] (II) Sol Sol Sol Insol Insol Insol Sol Sol
[Zn(4-Clsal),(H,0)4]-2tph-2H,0 (I1I) Sol Sol Sol Insol Insol Insol Sol Sol
[Zn(5-Clsal),(dena),(H,0),] (IV) Insol Sol Sol Insol Sol Insol Sol Sol
[Zn(5-Clsal),(ina),(H,0)] (V) Sol Sol Sol Insol Insol Insol Sol Sol

Sol soluble, Insol insoluble
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Table 2 The results of elemental analysis

Compound C% H% N% Cl% Zn%
Exp. Theor. Exp. Theor. Exp. Theor. Exp. Theor. Exp. Theor.

[Zn(4-Clsal),(dena),(H,0),] (I) 50.50 50.98 4.99 5.03 6.39 6.99 8.94 8.85 8.48 8.16
C34H40N4010ClZn
F.W. = 801.00
[Zn(4-Clsal),(ina)] (IT) 45.47 45.27 3.07 2.67 5.54 5.28 13.67 13.36 12.11 12.32
CyoH 14N>0;Cl,Zn
F.W. = 530.64
[Zn(4-Clsal),(H,0),4]-2tph-2H,0 (III) 40.22 39.99 3.95 3.84 13.48 13.33 8.71 8.43 7.89 7.78
CygH3,N5014ClZn
F.W. = 840.90
[Zn(5-Clsal),(dena),(H,0),] (IV) 50.69 50.98 4.82 5.03 6.84 6.99 8.70 8.85 8.03 8.16
C34H40N4010ClZn
F.W. = 801.00
[Zn(5-Clsal),(ina),(H,0)] (V) 46.73 46.56 3.08 3.31 8.23 8.35 10.52 10.57 9.43 9.75
Cy6H2oN400CloZn
F.W. = 670.75
Table 3 Characteristic absorption bands vlem™ '] in IR spectra of I-V
Assignment Compound

I 11 111 v v
v(0O—H)y,0 3433 vs - - 3381 m 3485 s
Vas(N-H) - 3361 s, 3323 s 3373 s - 3361 s, 3320 s
vs(N-H) - 3180 s 3128 m - 3108 vs
var(C-H) 3072 w 3070 m 3005 m 3066 m 3061w
V(C*H)fcm 2983 vs, 2937 s - 2914 m 2978 m, 2937 m -
v(N-CH,) 2752 m - - 2762 w
v(C=0) 1636 vs 1697 vs 1701 vs 1638 vs 1697 vs
0(0-H)y,o 1612 vs - 1666 vs 1610 vs 1640 vs
O0(N-H) - 1625 s 1643 vs - 1625 vs
V,s(COO™) 1579 vs 1585 s 1579 s 1585 vs 1585 vs
v5(COO™) 1363 vs 1385 s 1342 m 1362 s 1361 vs
0as(C—H) _cp, 1435 vs - 1421 s 1435 vs -
0s(C—H) _cp, 1306 s - 1300 m 1317 m -
v(C-Cl) 787 m 781 m 764 m 750 m 781 m
y(N-H) 710 s 719 m 721 m 724 m 703 w
Var(C-H) 698 s 705 m 704 m 715 s 694 m
o(CO0M) 646 m 694 m 675 m 694 s 646 m
A(COO) 216 200 237 223 224

I [Zn(4-Clsal),(dena),(H,0),], T [Zn(4-Clsal),(ina)], I [Zn(4-Clsal)>(H,0),]-2tph-2H,0, IV [Zn(5-Clsal),(dena),(H>0),], V [Zn(5-

Clsal),(ina),(H,0)]

s strong, m medium, w weak, ar aromatic, as asymmetric, vs very strong

can be predicted according to the shift of the stretching
vibration of carbonyl group v(C=0) of ligand. In com-
pounds with dena and ina (I, II, IV and V) the values of
v(C=0) are shifted to a higher wavenumber (1636, 1697,
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1638 and 1697 cm™') compared to the free ligands
(W(C=0)gena = 1,632 cm™ !, v(C=0);,, = 1,666 cm™ ). 1t
indicates that the pyridine nitrogen atom of these ligands is
involved in coordination with zinc, and therefore, the
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electron density is shifted towards the pyridine nitrogen,
leading to the increase in the double-bond character of the
carbonyl group and the shift of the stretching vibration
v(C=0) to a higher value. This prediction is proved by the
solved crystal structure of compound [Zn(5-Clsal),
(ina),(H,0)] (shift of v(C=0) towards higher wavenumber
by 31 cm™ ) [28].

Thermal behaviour
[Zn(4-Clsal),(dena),(H,0),] (I)

The thermal decomposition of I (Fig. 1) starts at 60 °C and
water is released, which is shown on the DTA curve as
endothermic effect at 100 °C (the experimental mass loss
4.66%; the theoretical mass loss 4.50%). In the next step
of the thermal decomposition, N,N-diethylnicotinamide
(m/z 178) is liberated, accompanied by endothermic effect
at 150 °C (the experimental mass loss 44.35%; the theo-
retical mass loss 44.50%). Further, the release of 4-chlo-
rosalicylic acid (m/z 172 [C;Hs05C17], 154 [C;H30,C17],
126 [CcH;O0CI™] and 63 [CsHE]) accompanied by endo-
thermic effect on the DTA curve at 260 °C takes place (the
experimental mass loss 21.17%; the theoretical mass loss
21.54%). In the last step of the thermal decomposition,
3-chlorophenol (m/z 128 [CcHsOCI1H ] and 65 [CsHZ 1) and
CO are liberated accompanied by exothermic effect in the
temperature range of 400-850 °C (the experimental mass
loss 17.92%:; the theoretical mass loss 19.48%). The final
solid product of the thermal decomposition is ZnO (the
experimental mass value 11.95%; the theoretical mass
value 10.16%) (Table 4). The following equations are
proposed for the process of the thermal decomposition:

DTG/(%/min)
TG/% DTA/(uV/mg) 02
Exo 1| 30 |
25 0.0
2.0
i +-02
1.5
10 1704
05 1 o6
0.0
+-08
-0.5
0 1 L ! L1010
200 400 600 800
Temperature/°C

Fig. 1 TG/DTG and DTA curves of [Zn(4-Clsal),(dena),(H,0),] (I)

[Zn{4-CICgH;-2-(OH)COO}, (dena), (H,0),]

L€ 1Zn{4-CICeH;-2-(OH)COOY}, (dena),] + 2H,0

[Zn{4-CIC¢H;-2-(OH)COOY}, (dena), ]

2225 [Zn{4-CICH-2-(OH)COO}, | + 2dena

[Zn{4-CICH;-2-(OH)COO}, |

2580 4 C1C6H;-2-(OH)COOH + 3-CICsH,0H

+ CO + Zn0O

[Zn(4-Clsal)(ina)] (II)

At the beginning of thermal decomposition, II (Fig. 2)
melts without mass loss, which is shown on the DTA curve
as endothermic effect at 100 °C. Above this temperature,
mass loss corresponding to the release of isonicotinamide
(m/z 122) takes place, shown on the DTA curve as endo-
thermic effect at 210 °C (the experimental mass loss
22.03%; the theoretical mass loss 22.99%). The release of
4-chlorosalicylic acid (m/z 172 [C;Hs05CI™], 154
[C;H;50,C11], 126 [CcH50CI™] and 63 [CsHF']) takes
place accompanied by endothermic effect at 300 °C (the
experimental mass loss 33.18%; the theoretical mass loss
32.52%). In the next step of the thermal decomposition, the
release of 3-chlorophenol (m/z 128 [CcHsOCI™] and 65
[CsHZ]) and CO takes place, which is shown on the DTA
curve as exothermic effect in the temperature range of 325—
850 °C (the experimental mass loss 28.34%; the theoretical
mass loss 29.40%). The final product of the thermal
decomposition is ZnO (the experimental mass value
16.45%; the theoretical mass value 15.34%) (Table 4). The
following equations are proposed for the process of the
thermal decomposition:

[Zn{4-CIC¢H3-2-(OH)COO}, (ina)]

MO [20{4-CICeH; 2-(OH)COO}, ] + ina

[Zn{4-CIC¢H3-2-(OH)COO}, |

2780 C 4 C1C6H3-2-(OH)COOH + 3-CIC6H, OH

+ CO + ZnO
[Zn(4-Clsal)»(H50)4]-2tph-2H,0 (III)

The complex compound III starts to decompose at 65 °C
(Fig. 3) with the release of water, shown on the DTA curve
as endothermic effect at 100 °C (the experimental mass
loss 11.19%; the theoretical mass loss 12.33%) (Table 4).
In the next step of the thermal decomposition, theophylline
(m/z 180) and 4-chlorosalicylic acid (m/z 172 [C;Hj
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Table 4 Thermal decompositions of the prepared compounds

Compounds Temperature range/DTA/T/°C Products of the thermal decomposition Mass loss/%
Exp. Theor.
[Zn(4-Clsal),(dena),(H,0),] 100 endo 2H,0 4.66 4.50
150 endo 2dena 44.35 44.50
260 endo 4-Clsalicylic acid 21.17 21.54
400-800 exo 3-Clphenol + CO 17.92 19.48
850 ZnO 11.95 10.16
[Zn(4-Clsal),(ina)] 100 endo Melting - -
210 endo ina 22.03 22.99
300 endo 4-Clsalicylic acid 33.18 32.52
325-750 exo 3-Clphenol + CO 28.34 29.40
850 ZnO 16.45 15.34
[Zn(4-Clsal),(H,0),4]-2tph-2H,0 100 endo 4H,0 11.19 12.33
270 endo 2tph + 4-Clsalicylic acid 61.04 60.77
415-780 exo 3-Clphenol + CO 18.49 17.86
800 ZnO 8.72 9.28
[Zn(5-Clsal),(dena),(H,0),] 90 endo 2H,0 4.33 4.50
225 endo 2dena 44.36 44.50
315 endo 5-Clsalicylic acid 20.84 21.54
350-650 exo 4-Clphenol + CO 20.70 19.48
850 ZnO 9.77 10.16
[Zn(5-Clsal),(ina),(H,0)] 95 endo H,O 2.62 2.69
195, 235 endo 2ina + 5-Clsalicylic acid 61.42 62.14
385-700 exo 4-Clphenol + CO 23.83 23.34
800 ZnO 12.25 12.13
endo endothermic effect, exo exothermic effect, dena N,N-diethylnicotinamide, ina isonicotinamide, tph theophylline
DTG/(%/min) DTG/(%/min)
TG/% DTA/(uV/mg) TG/% DTA/(uV/mg) ~
100 Exollso - EXOT- 20
o5 700 //,_,_._-/‘"\‘ 1is
e | 1-02
170 1 \ Zt;?h +‘::4/-‘Clsali/c';/li’(; acid 110
1.5__0.5 Jos 4-04
1.0
3-Clphenol + CO 100
0.5 200 4-0.6
=05
0 200 200 500 soo 00 10 0 200 200 500 800
Temperature/°C Temperature/°C

Fig. 2 TG/DTG and DTA curves of [Zn(4-Clsal),(ina)] (II)

05CI™], 154 [C;H;0,C17], 126 [C¢H30CI™] and 63
[CsHT 1)) are liberated, accompanied by endothermic effect
on the DTA curve at 270 °C (the experimental mass loss
61.04%, the theoretical mass loss 60.77%). The thermal

@ Springer

Fig. 3 TG/DTG and DTA curves of [Zn(4-Clsal),(H,0),]-2tph-2H,O
(III)

decomposition continues in the temperature range of
415-800 °C with the release of 3-chlorophenol (m/z 128
[CeHsOCI™] and 65 [CsHZ]) and CO (the experimental
mass loss 18.49%, the theoretical mass loss 17.86%).
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DTG/(%/min) DTG/(%/min)
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Fig. 4 TG/DTG and DTA curves of [Zn(5-Clsal),(dena),(H,0),]
Iv)

The final product of the thermal decomposition is ZnO (the
experimental mass value 9.28%; the theoretical mass value
8.72%). The thermal decomposition can be expressed by
the following equations:

[Zn{4-CIC4H;-2-(OH)COOY}, (H,0),] -2tph-2H,0

f5-130°¢ [Zn{4-CIC4H3-2-(OH)COO},]-2tph + 6H,0

[Zn{4-CIC¢H;-2-(OH)COO},]-2tph

S 2tph + 4-CIC6H3-2-(OH)COOH

+ 3-CIC¢H40H + CO + ZnO

[Zn(5-Clsal),(dena),(H,0),] (IV)

The thermal decomposition of IV shown in Fig. 4 starts in
the temperature range of 55-135 °C with the release of
water, shown on the DTA curve as an endothermic effect at
90 °C (the experimental mass loss 4.33%; the theoretical
mass loss 4.50%). In the temperature range of 135-280 °C,
the release of N,N-diethylnicotinamide (m/z 178) takes
place (the experimental mass loss 44.36%; the theoretical
mass loss 44.50%) accompanied by endothermic effect
on the DTA curve at 225 °C. In the next step of the ther-
mal decomposition, 5-chlorosalicylic acid (m/z 172
[C,H505C11], 154 [C;H;0,C1H], 126 [CcH;0C1H] and 63
[CsHA)) is liberated, which is shown on the DTA curve as
endothermic effect at 315 °C (the experimental mass loss
20.84%; the theoretical mass loss 21.54%). Further,
4-chlorophenol (m/z 128 [C¢HsOCI 1] and 65 [CsHZ]) and
CO are released, shown on the DTA curve as exothermic
effect (the experimental mass loss 20.70%; the theoretical
mass loss 19.48%). The final product of the thermal

Fig. 5 TG/DTG and DTA curves of [Zn(5-Clsal),(ina),(H,0)] (V)

decomposition is ZnO (the experimental mass value
9.77%; the theoretical mass value 10.16%) (Table 4). The
thermal decomposition is expressed by the following
equations:

[Zn{5-CIC¢H3—2—(OH)COO},(dena), (H,0), ]

w[Zn{S-ClcsH,% —2—(OH)COO},(dena),] + 2H,0

[Zn{5-CIC¢H;—2—(OH)COO}, (dena),]

B [Zn{5-CICsH; —2—(OH)COOY},] 4 2dena

[Zn{5-CIC¢H3—2—(OH)COO},]

2000 5 C1C6H; —2— (OH)COOH

+ 4-CIC¢H4OH + CO + ZnO
[Zn(5-Clsal),(ina),(H>0)] (V)

Complex compound V starts to decompose at 65 °C with
the release of water accompanied by endothermic effect
at 95 °C (the experimental mass loss 2.62%; the theoreti-
cal mass loss 2.69%) (Fig. 5). In the next step of the
thermal decomposition, isonicotinamide and 5-chlorosali-
cylic acid (m/z 172 [C;H505C17], 154 [C;H;0,C17], 126
[CcH30CI™] and 63 [CsH7]) are released in the temper-
ature range of 140-385 °C, shown on the DTA curve as
endothermic effects at 195 and 235 °C (the experimental
mass loss 61.42%; the theoretical mass loss 62.14%). In the
temperature range of 385-700 °C, 4-chlorophenol (m/z 128
[C¢HsOCI1"] and 65 [CsHZ]) and CO are released (the
experimental mass loss 23.83%; the theoretical mass loss
23.34%). The final product of the thermal decomposition is
ZnO (the experimental mass value 12.25%; the theoretical
mass value 12.13%). The thermal decomposition is
expressed by the following equations:
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[Zn{5-CICsH3-2-(OH)COO}, (ina), (H,0)]

S-S [Zn({5-CICGH;-2-(OH)COO}, (na),] + H0

[Zn{5-C1C¢H;-2-(OH)COO}, (ina), ]

W0 2ina+ 5-CICsH3-2-(OH)COOH

+ 4-CIC¢H4OH + CO + ZnO

Antimicrobial activities

Results of quantitative determination of antimicrobial
activity characterized by IC5o and MIC values are presented
in Table 5 and as log cfu/ml in Fig. 6. Bioactivities of the
tested compounds are different against bacteria, yeasts and
filamentous fungi. Free carboxylic acids and organic ligands
did not affect the growth of model pathogen and probiotic
bacteria, yeasts and filamentous fungi (ICsp > 2 or
>3 mmol dm ), except 5-chlorosalicylic acid against
A. alternata and tph against M. gypseum. Free 4-chlorosali-
cylic acid has shown antifungal efficiency against all the
tested filamentous fungi (ICsq = 1.30-2.40 mmol dm™),

the most sensitive of which was M. gypseum (ICsy =
1.30 mmol dm™). Unlike the sodium salts of carboxylic
acids, which did not influence the growth of model micro-
organisms (ICsy, MIC > 3 mmol dm™?), zinc carboxylates

. coli

. typhimurium
. diisseldorf
t. aureus

. E
. S
[ ]
. S
I L. plantarum

Log cfu/mL

0- ‘ o

c A B ¢ D E F tph
Compound

Fig. 6 Antimicrobial efficiency of selected compounds against
pathogen and probiotic bacteria. ¢ control sample, A Na(sal),
B Na(4-Clsal), C [Zn(sal)(H;0),], D [Zn(4-Clsal),(H,0),],
E [Zn(sal),(tph)>(H,0),], F [Zn(4-Clsal),(H,0)4]-2tph-2H,0

Table 5 Antimicrobial activities of Zn(II) complexes characterised by ICs, and MIC values (mmol dm73)

Compound Bacteria Yeasts Filamentous fungi

St. aureus E. coli C. albicans R. oryzae A. alternata A. fumigatus M. gypseum

1Csg MIC 1Csg MIC ICsq MIC ICsq MIC ICsq MIC ICsg MIC ICsq MIC
I 0.51 3¢ 0.53 >3 0.54 3* 2.00 >3 1.30 3¢ - - 2.00 3¢
I 0.52 3* 0.51 3* 0.39 2° 1.70 >3 1.40 2° - - 1.30 2°
I 1.30 2 1.00 2 2.30 >3 2.50 >3 1.60 3° 1.50 >3 1.20 2¢
v 0.54 3* 0.50 3° 0.52 2° 1.20 >3 1.50 3° - - 1.00 3¢
v 0.58 2° 0.78 2° 1.70 >3 1.60 3¢ 1.00 2°¢ 1.00 3 1.00 2¢
VI >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 - - >3 >3
VII >3 >3 >3 >3 >3 >3 2.40 >3 1.50 >3 1.80 >3 1.30 2°¢
VIII 0.80 >3 0.68 3® 1.10 3° - - 3.00 >3 - - >3 >3
IX 0.55 3* 0.51 3* 0.45 2° 2.70 >3 2.40 >3 - - >3 >3
X 0.50 3* 1.10 3* 0.55 2° 2.00 >3 2.50 >3 - - 2.50 >3
XI 0.51 2° 0.70 3* 2.30 >3 >3 >3 1.00 >3 1.70 >3 0.60 2°¢
X1I >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 - - >3 >3
XIII >3 >3 >3 >3 >3 >3 >3 >3 2.40 >3 >3 >3 >3 >3
X1V >2 >2 >2 >2 >2 >2 >3 >3 >3 >3 - - >3 >3
XV >2 >2 >2 >2 >2 >2 >3 >3 >3 >3 - - >3 >3
XVI >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 >3 2.30 >3
XVII >2 >2 >2 >2 >2 >2 >3 >3 >3 >3 - - >3 >3

I [Zn(4-Clsal),(dena),(H,0),], I [Zn(4-Clsal),(ina)], III [Zn(4-Clsal),(H,0)4]-2tph-2H,0, IV [Zn(4-Clsal);(Menia),(H,0),], V [Zn(4-
Clsal),(H,0),], VI 4-CIC4H3-2-(OH)COONa , VII 4-chlorosalicylic acid, VIII [Zn(5-Clsal),(dena),(H,0),], IX [Zn(5-Clsal),(ina),(H,O)],
X [Zn(5-Clsal);(Menia),;(H,0),], XI [Zn(5-Clsal),(H,0),], XII 5-CIC¢H;3-2-(OH)COONa, XIII 5-chlorosalicylic acid, XIV N,N-diethylnico-

tinamide (dena), XV isonicotinamide (ina), XVI theophylline (tph), XVII N-methylnicotinamide (Menia)

¢ Microbicidal effect
* Microbistatical effect
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increased  the inhibitory  activity (ICso = 0.39—
3.00 mmol dm*3). In general, zinc chlorosalicylates com-
pared with zinc salicylate showed higher antimicrobial
activity. The presence of bioactive ligands in zinc complexes
increased the antimicrobial activity of zinc salicylates and
chlorosalicylates in comparison with free acids and ligands
(Table 5; Fig. 6).

Conclusions

In the present article, the thermal decompositions of the
following compounds were studied: [Zn(4-Clsal),(dena),
(H,0),], [Zn(4-Clsal),(ina)], [Zn(4-Clsal),(H,0)4]-2tph-
2H,0, [Zn(5-Clsal),(dena),(H,O),] and [Zn(5-Clsal),
(ina),(H,0)]. It was found that the thermal decomposition
is a multistep process. In hydrated compounds, during the
thermal decomposition, water is released in the first step. In
the next steps, organic ligand, chlorosalicylic acid, chlo-
rophenol and carbon monoxide are liberated. The final
product of the thermal decomposition in all the studied
compounds is zinc oxide. The volatile intermediates of the
thermal decomposition were determined by mass spec-
trometry. The thermal stabilities of dehydrated compounds
decrease in the following order:

[Zn(4-Clsal), (dena), | [(145°C) > Zn(4-Clsal), (ina)]
(140°C) = Zn(5-Clsal), (ina),] (140 °C)
> [Zn(5-Clsal),(dena), | (135°C) > [Zn(4-Clsal),]
- 2tph(130°C).

On the basis of the infrared spectra, the A values of
asymmetric and symmetric stretching vibrations of COO™
anion were calculated, and then the binding mode of
carboxylate anion was proposed. For compounds [Zn(4-Clsal),
(H,0)4]-2tph-2H,0, [Zn(5-Clsal),(dena),(H,O),] and [Zn
(5-Clsal),(ina),(H,O)], we propose monodentate-binding
mode of carboxylate anion to the central zinc atom, and for
compounds [Zn(4-Clsal),(dena),(H,O),] and [Zn(4-Clsal),
(ina)] we propose bidentate chelating carboxylate-binding
mode.

Based on the results of antimicrobial activities of the
tested compounds, we can conclude that bacteria are more
sensitive to the tested zinc(I) compounds than yeasts and
filamentous fungi. Furthermore, zinc(Il) complexes with/
without organic ligands are more effective against the
tested microorganisms than free parent acids or free het-
erocyclic ligands.
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