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Abstract New zinc(Il) 4-hydroxybenzoate complex com-
pounds with general formula [Zn(4-OHbenz),L,]-xH,O, where
4-OHbenz = 4-hydroxybenzoate; L = isonicotinamide, N-
methylnicotinamide, N,N-diethylnicotinamide, thiourea, urea,
phenazone, theophylline, methyl-3-pyridylcarbamate; n = 2,
3;x = 0-3, 5, were synthesized and characterised by elemental
analysis, thermal analysis and IR spectroscopy. The thermal
behaviour of the prepared compounds was studied by TG/DTG
and DTA methods in argon atmosphere. The thermal decom-
position of hydrated compounds started with dehydration.
During the thermal decomposition, organic ligand, carbon
monoxide, carbon dioxide and phenol were evolved. The final
solid product of the thermal decomposition was zinc or zinc
oxide. The volatile gaseous product, solid intermediate products
and the final product of thermal decomposition were identified
by IR spectroscopy, mass spectrometry, qualitative chemical
analyses and X-ray powder diffraction method. The antimi-
crobial activity of zinc(Il) carboxylate compounds was tested
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against various strains of bacteria, yeasts and filamentous fungi
(S. aureus, E. coli, C. parapsilosis, R. oryzae, A. alternata,
M. gypseum). The presence of zinc in complexes led to the
increase in their antimicrobial activity in comparison with free
4-hydroxybenzoic acid.
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Spectral - Biological properties

Introduction

Zinc is one of the most important trace elements, which is
connected with many biological functions in the body. It
forms part of more than 300 metalloenzymes. Zinc is
required to maintain normal biochemical function in cells.
It is also a structural and catalytic cofactor of metallopro-
teins, hormones and polynucleotides. Its lack in an organ-
ism can cause serious harm and diseases [1].

Zinc(II) carboxylates form a part of coordination com-
pounds that are studied here from the chemical and also
biological viewpoints. They are of interest in the field of
synthetic and bioinorganic chemistry because of their key
role in biological systems. Zinc complexes are used in the
treatment of several diseases, for example, Zn(Il) acetate
with erythromycin is successfully applied in clinical medi-
cine for acne therapy [2]. Benzoate complexes with nico-
tinamide are used in dermatology as fungicidal treatment for
fungal skin diseases [3, 4]. It was found that antiinflam-
matory and antibacterial activity of metal complexes were
higher than the activity of the parent carboxylic acids [5, 6].
On the other hand, some of the aromatic carboxylic acids
(like benzoic or cinnamic acid) are known for their anti-
bacterial and antifungal properties. Hydroxybenzoic acids
(such as salicylic acid and its derivatives, acetylsalicylic or
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5-chlorosalicylic acid) are used in medicine as analgesic,
antipyretic and antiinflammatory drugs [7].

It is well documented that the presence of an organic
bioactive ligand in the zinc complexes increases their
bioactivity [8]. Theophylline is a naturally occurring
alkaloid having anti-inflammatory effects in asthma [9],
N,N-diethylnicotinamide is respiration stimulant [10] and
phenazone has an analgesic and antipyretic effect [11].
Tarushki et al. [12] synthesized the neutral mononuclear
zinc complexes with oxolinic acid. The ability of the
studied compounds to bind to calf thymus DNA was
proved by UV spectroscopy. From zinc(Il), hydrox-
ybenzoates are the most studied 2-hydroxybenzoates
(salicylates). It was solved several crystal structures of
zinc(Il) hydroxybenzoates. In compound, [Zn(2-OH-
benz),-2H,0] is zinc in tetraedric surroundings with two
water and two carboxylate oxygen atoms [13]. In com-
pound, [Zn(2-OHbenz),(bipy)(MeOH)] is zinc in octaedric
surroundings with one monodentate and bidentate chelat-
ing coordination of oxygen atom from salicylato ligand,
one oxygen atom from methanol and two nitrogen atoms of
the chelating 2,2’-bipyridyl [14]. Lemoine et al. [15] pre-
pared and studied crystal structures and anticonvulsant
activities of ternary [Zn(3,5-diisopropyl-2-OHbenz),] and
[Zn(2-OHbenz),] complexes. Sokolik et al. [16] studied
antiinflammatory activities of compounds with the formula
[M(H,0),(3,6-dimethyl-2-OHbenz),]-2H,O, where M =
Zn(Il), Cu(Il). Olczak-Kobza et al. [17, 18] prepared and
characterised zinc(II) and cadmium(Il) salicylates of the
type [M(2-OHbenz),L,], where L = imidazole, 2-methyl-
imidazole, 4-methylimidazole by thermal and X-ray
methods. Chomi¢ et al. [19] studied thermal properties of
zinc(Il) salicylate complex compounds of the type Zn(2-
OHbenz),L,-nH,0, (L = thiourea, nicotinamide, caffeine
and theobromine; n = 2-4). Bujdosova et al. [20-22]
prepared zinc(II) 4-chloro- and 5-chloro-salicylates of the
type [Zn(Cl-2-OHbenz),(L),(H,0),], (L = N,N-diethyl-
nicotinamide, isonicotinamide, theophylline, methyl-3-
pyridylcarbamate, phenazone; n = 1,2; x = 0, 1, 2, 4) and
studied their thermal, spectral and biological properties.
Kose et al. [23, 24] prepared 3-hydroxybenzoate complexes
[M(3-OHbenz),(nad),(H,0),], where M = Zn(II), Co(II),
Ni(Il) and Cu(Il) and studied their spectral, thermal and
magnetic properties. Zaman et al. [25] studied crystal
structure of [Zn(inad),(H,0),](3-OHbenz),-4H,0O, where
zinc is coordinated with four oxygen atoms from water in
the equatorial plane and octahedral geometry is completed
with two nitrogen atoms from two isonicotinamide ligands.
Icbudak et al. [26] synthesized and characterised [Zn(4-
OHbenz),(nad),] and compounds with the formula [M(4-
OHbenz),(dnad),(H,0),]-2H,0, where M = Zn(II), Ni(II).
There was studied physicochemical properties but in the
case of thermal properties of zinc(Il) compound was not
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confirmed intermediates of the thermal decomposition.
Tarykowska et al. [27] studied antioxidant activity of 4-hy-
droxybenzoic acid and its fluorine and hydroxy derivatives.
It was prepared only a few zinc(II) 4-hydroxybenzoates.

Continuation of our studies is the preparation of the zin-
c(Il) 4-hydroxybenzoate complexes with organic ligands
such as isonicotinamide, N-methylnicotinamide, N,N-dieth-
ylnicotinamide, thiourea, urea, phenazone, theophylline and
methyl-3-pyridylcarbamate (Scheme 1) and study of their
thermal, spectral and biological properties.

Experimental
Synthesis of the compounds

Chemicals of analytical grade, ZnCl, (Fluka, Germany),
NaHCOj3 (Centralchem, Slovakia), 4-hydroxybenzoic acid
(Aldrich, Germany), methyl-3-pyridylcarbamate, phenazone
(Merck, Germany), isonicotinamide (Aldrich, Germany),
theophylline (Fluka, Germany), urea (Merck, Germany),
N,N-diethylnicotinamide, N-methylnicotinamide (Acros
Organics, Belgium) and thiourea (Lachema, Czech Repub-
lic), were used.

The following ~ compounds were  prepared:
[Zn(4-OHbenz),]-3,5H,0 (I), [Zn(4-OHbenz),tu,] (ID),
[Zn(4-OHbenz),u,]-3H,0 (III), [Zn(4-OHbenz),phens] (AV),
[Zn(4-OHbenz),tph,]-2H,0 (V), [Zn(4-OHbenz),mnads] (VI),
[Zn(4-OHbenz),dnad,] (VII), [Zn(4-OHbenz),inad;] (VIII)
and [Zn(4-OHbenz),mpc;] (IX).

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

7ZnCl, + 2NaHCO; — ZnCOj3 + 2 NaCl 4+ H,COs;
(1)

ZnCO5 + 2(4-OH-C4H,COOH)
— Zn(4-OH-C4H,CO0),+ H,0 + CO, (2)

Zn(4-OH-C4H4C00),+ nL. — Zn(4-OH-C4H4COO0),L,
(3)

ZnCO3 was prepared by reaction of the stoichiometric
amounts of ZnCl, and NaHCOj; as described in Eq. 1. The
reaction mixture was stirred for 1 h and filtered off. Then,
the ethanol solution of carboxylic acid was added to the
water suspension of ZnCO; under continual stirring and
zinc(Il) 4-hydroxybenzoate was formed as described in
Eq. 2. A water solution of ligand (u, phen, mnad) or an
ethanol solution of ligand (mpc, tph, dnad, inad) was added
to the solution of zinc(Il) 4-hydroxybenzoate as described
in Eq. 3. The reaction mixture was reduced to a half of its
volume at 80 °C and left to crystallize at room temperature.
After several days, white crystals were formed.
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Scheme 1 Molecular formula 0 NH
of selected bioactive ligands and 2 o O ?Ha
scheme of synthesized CH _CH
compounds (L is ligand) = (j/lk [}j/ 8 = ’Tl 2 ﬁ
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H,N" "NH, HyC
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Instrumentation

Elemental (C, H, N, S) analysis of prepared compounds
was determined by means of Perkin Elmer 2400 CHN
analyser. The infrared spectra were recorded on AVATAR
330 FTIR Thermo Nicolet spectrophotometer in the range
4000-400 cm™" using KBr pellets (2 mg of sample per
200 mg of KBr). The content of zinc was determined
complexometrically using Complexone III as an agent and
Eriochrome black as an indicator.

The thermal measurements of TG/DTG and DTA were
carried out up to 1 200 K, heating rate at 9 K min~" in an
argon atmosphere by the NETZSCH STA 409 PC/PG
thermoanalyser (Germany) and Perkin Elmer DSC, TGA
Pyris 1 (USA). The sample was placed in ceramic crucible
(25.1-34.9 mg sample). The volatile gaseous products,
solid intermediate products and the final product of thermal
decomposition were identified by IR spectroscopy, mass
spectrometry, qualitative chemical analyses and X-ray
powder diffraction method. Solid final product of the
thermal decomposition was identified by X-ray powder
diffraction analysis with Bruker D8 powder diffractometer
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(Germany). Mass spectrometer GC/MS Agilent 7890A was
used for the determination of volatile products of the
thermal decomposition.

Antimicrobial assay

The antibacterial activities of the studied zinc(II)
4-hydroxybenzoate complexes, 4-hydroxybenzoic acid and
free ligands (NV,N-diethylnicotinamide, thiourea, isonicoti-
namide, N-methylnicotinamide, urea phenazone, theophyl-
line and methyl-3-pyridylcarbamate) were evaluated by a
microdilution method using G* bacteria Staphylococcus
aureus CCM 3953 and G~ bacteria Escherichia coli CCM
3988 [28]. The effects of these compounds on the growth of
yeasts, Candida parapsilosis, were determined by macro-
dilution method in L-shapes tubes adapted for direct mea-
surement of absorbance [29]. The cultures of bacteria (in
Mueller—Hinton growth medium) and yeasts (Sabouraud’s
growth medium) were incubated under vigorous shaking.
The effect of tested compounds on the growth of filamentous
fungi Rhizopus oryzae CCM F-8284, Alternaria alternata
CCM F-128 and Microsporum gypseum CCM F-8342 was
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observed by macrodilution technique on solidified broth
medium during static culturing [30, 31], and the diameters of
growing fungal colonies were measured at intervals.

The studied compounds were dissolved in DMSO. Its
final concentration never exceeded 1.0 vol% in either
control or treated samples. Concentration of tested com-
pounds was in the range of 0.001-2.0 mmol dm > in all
experiments. The antimicrobial activity of tested com-
pound was characterised by the ICsq values (concentration
of a compound, which compared with the control inhibits
the growth of model microorganisms to 50 %) and also by
the MIC values (minimal inhibitory concentration of a
compound which inhibits microbial growth by 100 %). The
ICs and MIC values were read from toxicity curves. MIC
experiments on subculture dishes were used to assess the
minimal microbicidal concentration (MMC). Subcultures
were prepared separately in Petri dishes containing
appropriate agar growth medium, and incubated at 30 °C
for 48 h (bacteria and yeasts) and 25 °C for 96 h (fila-
mentous fungi). The MMC value was taken as the lowest

Table 1 Elemental analysis of the prepared zinc(Il) compounds

concentration which showed no visible growth of microbial
colonies on the subculture dishes.

Results and discussion

The prepared compounds are white in colour, stable in air
and light. The results of elemental analysis are in good
agreement with the calculated ones (Table 1).

IR spectroscopy

The characteristic absorption bands in IR spectra of the
prepared compounds, that provide valuable information
regarding the type of functional groups, are reported in
Table 2. The assignments are in accordance with the lit-
erature data [32, 33].

In the studied compounds, there were identified
stretching vibrations v(C-H) of the aromatic ring in the
range 3024-3085 cm™', stretching aliphatic vibrations

Compound C/% H/%

N/% S/% Zn/%

Exp. Calc. Exp.

Calc. Exp.

Calc. Exp. Calc. Exp. Calc.

[Zn(4-OHbenz),]-3,5H,0 (I)

C14H1709 5Zn

F. W. = 402.67
[Zn(4-OHbenz),tu,] (II)

C16H1306N4S,Zn

F. W. =491.85
[Zn(4-OHbenz),u,]-3H,0 (III)

C16H24011N4Zn

F. W. =513.77
[Zn(4-OHbenz),phen;] (IV)

C47H4609NeZn

F. W. =904.28
[Zn(4-OHbenz),tph,]-2H,0 (V)

C28H30012NgZn

F. W. = 735.988
[Zn(4-OHbenz),mnad;] (VI)

C35H3400N¢Zn

F. W. = 748.059
[Zn(4-OHbenz),dnad,] (VII)

C34H3308N4Zn

F. W. = 696.07
[Zn(4-OHbenz),inad;] (VIII)

C3,H,300N¢Zn

F. W. =705.98
[Zn(4-OHbenz),mpc;] (IX)

C35H34015N6Zn

F. W. = 796.06

41.81 41.75 3.43

38.71

39.07 3.58

38.58

37.40 4.51

62.98

62.43 4.58

45.66

45.69 3.67

56.64

56.20 4.38

58.93

58.67 5.64

54.99

54.44 3.36

53.56 52.81 3.93

425 - - - -

3.68 12.76

4.71 10.83

4.10 15.53

4.58 10.25

5.50 8.67

3.99 11.29

431 10.23

16.04 16.24

11.39 13.28 13.03 13.43 13.29

10.91 - - 12.93 12.72

5.13 8.61 9.29 - - 7.44 7.23

15.22 - - 9.11 8.88

11.23 - - 9.24 8.74

8.05 - - 9.45 9.39

11.90 - - 9.87 9.26

10.56 - - 8.78 8.21
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v(C-H) in the range 2924-2995 cm™', stretching vibra-
tions V(C-C) of the aromatic ring in the range
1425-1510 cm ™", stretching vibrations v(C-OH) in the
range 1232-1248 cm™' and out of plane bending vibra-
tions Y(C—CH) of the aromatic ring in the range
848-860 cm™'. In accordance with the literature data, the
stretching vibrations of v(Zn-O) are in the range
499-513 cm ™.

Characteristic absorption bands of carbonyl group of
ligands in the prepared compounds occur in the range
1616-1707 cm ™. The strong absorption band of the car-
bonyl group of nicotinamide ligands in the prepared
compounds [Zn(4-OHbenz),mnad;] (VI), [Zn(4-OH-
benz),dnad,] (VII) and [Zn(4-OHbenz),inad;] (VIII) are
in 1651, 1637 and 1678 cm™ !, respectively, is shifted to
a higher wavenumber (by 7, 9 and 12 cm™') as compared
with the free ligands (V;n.a(C=0) = 1644 em™Y, Vanad
(C=0) = 1628 cm ™", v;,a(C=0) = 1666 cm™"). It can be
explained by the fact that the pyridine nitrogen of nico-
tinamide ligands is in coordination with zinc atom, there-
fore, the electron density is shifted towards the pyridine
nitrogen, leading to the shorting of bond length of the
carbonyl group and shifting the stretching vibration of
nicotinamide ligands v(C=0) to a higher value.

On the other hand in the case of [Zn(4-OHbenz),u,]-3H,O
(III), [Zn(4-OHbenz),phens] (IV), [Zn(4-OHbenz),tph,]-
2H,0 (V) and [Zn(4-OHbenz),mpc3] (IX), the absorption
band of the stretching vibration of carbonyl group v(C=0) of
ligands appeared at 1632, 1616, 1707 and 1698 cmfl,
respectively, exhibited a shift to lower wavenumber in
comparison with free ligands (v,(C=0) = 1672 cm ™,
Vphen(C=0) = 1655 cm ™', v;n(C=0) =
1714 ecm™!, Vmpe(C=0) = 1728 cm_l). This phenomenon
can be explained by the coordination of the carbonyl oxygen
of ligands to the zinc atom, leading to the lengthening of the
bond length of the carbonyl group and shifting the stretching
vibration v(C=0) to lower wavenumbers.

The IR spectra of the prepared compounds indicate the
typical carboxylate stretching frequencies. For the asym-
metric stretching vibration, v,o(COO™) is in the range
1553-1597 cm ™', and for the symmetric stretching vibra-
tion, vy(COO™) at 1366-1398 cm ™.

On the basis of the magnitude of separation of asym-
metric and symmetric stretching vibrations of carboxylate
group A value [A = v,,(COO™)-v(COO7)], it is possible
to predict the type of coordination of carboxylate group in
the complex compounds. From the literature [34, 35] it is
known that for monodentate coordination of the carbox-
ylate group, A value is higher than A value of sodium salt,
and for the bidentate chelating coordination, the A value is
lower for sodium salt. The calculated values of A in pre-
pared compounds are in the range 169218 cm™'. The A
value for sodium 4-hydroxybenzoate is 131 cm™'.
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According to the above mentioned criteria, the carboxylate
ion in these compounds is monodentate. It is in agreement
with our previous studies that were correlated spectral data
with solved crystal structure [35, 36].

Thermal behaviour

The results of thermal analysis of studied compounds are
reported in Table 3.

[Zn(4-OHbenz),]-3,5H,0 (I)

The TG/DTG and DTA curves of [Zn(4-OHbenz),]-3,5H,0
are shown in Fig. 1. The first step of thermal decomposition
begins with the release of water at 306 K (the experimental
mass loss 16.11 %, the calculated mass loss 15.66 %). This
is accompanied by three endothermic effects on the DTA
curve at 339, 372 and 398 K. In the next two steps,
hydroxybenzoate anion (m/z: 121) is decomposed and phe-
nol (m/z: 93, 65, 39), CO, and CO are evolving (the experi-
mental mass loss 63.93 %, the calculated mass loss
64.13 %). This decomposition process is accompanied by an
endothermic effect on the DTA curve at 489 K and
exothermic effect at 872 K. The mass fragmentation is
in accordance with the literature data [37]:

O+
Il
C
+
ele) @ - CQ, @ -GH, i j
OH OH
m/z 121 m/z 93 m/z 65 m/z 39

The final solid product of thermal decomposition was
ZnO, which was confirmed by IR spectroscopy (vzno:
457 cm™ ") and X-ray powder diffraction method (Fig. 2).
These results correspond with the structural data of ZnO
from the literature [38]. The following reaction was pro-
posed for the thermal decomposition:

[Zn(4-OHbenz),] - 3,5H,0
— 3,5H20 + 2C5H50H+ C02 + CO + ZnO.

[Zn(4-OHbenz) tu, (1I)

The thermal decomposition of this compound is shown in
Fig. 3. The decomposition process starts at 416 K by an
endothermic effect on the DTA curve at 486 K. Above this
temperature, in two steps, thiourea (m/z: 76, 60, 16), phenol and
carbon dioxide (m/z: 93, 65, 44, 39) are released (the experi-
mental mass loss 87.48 %, the calculated mass loss 86.71 %).



Zinc(II) 4-hydroxybenzoate complexes

83

Table 3 Thermal decomposition of the prepared compounds

as

Temperature Mass loss/%
Compound dCCI:II:liZSC;{iOH therrl:lz(;d(recct(s);;;z?tion S DTA pealveffect/K
/K exp. calc
[Zn(4-OHbenz) ;13,5 H,0 (I)  306-373 3,5 H,0 16.11 15.66 339, 372, 398/endo
373-560 phenol + CO, 33.74 } 63.93 34.01 } 6113 489%endo
560-886 phenol + CO 30.19 30.12 872/exo0
Rixo ZnO 19.96 2021
[Zn(4-OHbenz) »tu,] (II) 416-534 2 tu + phenol 52.02 } 4748 50.08 }8 671 486/endo
534-1113 phenol + 2 CO, 35.46 36.63 870/exo0
Rix0 Zn 12.52 13.29
[Zn(4-OHbenz) ,u,].3H,0 (II)  334-455 3 H,0 10.38 10.32 365, 410/endo
455-675 2 u + 2 phenol 59.99 60.02 -
675-1104 2C0, 17.10 17.12 870/endo
Rixo Zn 12.53 12.54
[Zn(4-OHbenz) »phen 5] (IV) 323-659 3 phen + phenol + CO,  /8:33 } 0313 71.62 }92 2 -
659-929 phenol + CO, 14.80 15.17 1024/ex0
Rix0 Zn 6.87 7.21
[Zn(4-OHbenz) »tph ,].2H,0 (V)  348-452 2H,0 438 479 447/endo
452-591 2 tph 48.56 48.79 496/endo
591-691 phenol + CO, 18.62 }38_32 18.77 }37_54 596/endo
691-1002 phenol + CO, 19.70 18.77 809, 1008/endo, exo
Rixo Zn 8.74 8.88
[Zn(4-OHbenz) ;mnad 5] (VI) 513-589 3 mnad + phenol + CO, 72:94 } 0128 72.89 } 9126 523,362 endo
589-1102 phenol + CO, 18.34 18.37 806/ex0
Rixo Zn 8.72 8.74
[Zn(4-OHbenz) »dnad ,] (VII)  451-569 2 dnad + phenol + CO, /1.0l } 00.82 71.05 } 0077 S42fendo
569-1102 phenol + CO, 19.81 19.72 866/ex0
Rix00 Zn 9.18 9.23
[Zn(4-OHbenz) sinad 5] (VIII)  340-569 3 inad + 2 CO, 64.27 64.18 520, 548/endo
569-856 2 phenol 26.53 26.60 774, 813/ex0
Rixo Zn 9.20 9.22
[Zn(4-OHbenz) »mpc ;] (IX) 410-524 3 mpe 58.11 57.34 441/endo
524-1016 2 phenol + 2 CO, 34.88 34.70 821/exo0
Rixo Zn 7.01 7.96
DTA/(uV/mg)
Am/% DTG/(%/min), In the solid intermediate heated up to 534 K was confirmed the
100 18 DTG - release of thiourea by IR spectroscopy (v(N-H) = 3385,
' e 0 [20 3327 cm™!, S(N-H) = 1608 cm™', w(C=S) = 1101 cm™'
80 ' T Tl 20 g were missing). The fragmentation of thiourea is
3 L15 ‘ follows:
: F=4f
601 | 1 HN NH, . HN
-6 [ o5 2 2 NH, 2 (¢
: e
40 \ CgHgOH + CO -8 0.0 t m/z 16 ”
i | ., }-05
2] | e m/z 76 m/z 60
- —-12

— T T T T T T T T T T T T T T T T
400 500 600 700 800 900 1000 1100 1200

Temperature/K

Fig. 1 TG/DTG and DTA curves of [Zn(4-OHbenz),]-3,5H,0 (I)

The final solid product of thermal decomposition was

zinc (the experimental residue 12.52 %, the calculated
residue 13.29 %), which was confirmed by X-ray powder
diffraction method (Fig. 2). Obtained results correspond
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Fig. 2 Results of powder diffractometry for final product of thermal
decomposition for compounds I-IX
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Fig. 3 TG/DTG and DTA curves of [Zn(4-OHbenz),tu,] (II)

with the structural data of zinc from the literature [38]. The
following reaction was proposed for the thermal
decomposition:

[Zn(4-OHbenz),tu;]
— 2tu + 2C6H50H+ 2CO2+ Zn.

[Zn(4-OHbenz)u»]-3H,0 (IIT)

As it can be seen from Fig. 4, the thermal decomposition of
this compound starts with dehydration from 334 K (the
experimental mass loss 10.38 %, the calculated mass loss
10.32 %), which is accompanied by a double endothermic
effect on the DTA curve at 365 and 410 K. Then, in the
temperature range 455-675 K, urea (m/z: 60, 44, 16) and
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Fig. 4 TG/DTG and DTA curves of [Zn(4-OHbenz),u,]-3H,0 (III)

phenol (m/z: 93, 65, 39) are evolved (the experimental mass
loss 59.99 %, the calculated mass loss 60.02 %). The release
of urea was confirmed by IR spectroscopy heated up to 675 K
in the solid intermediate. The characteristic absorption bands
of urea were missing (V(N-H) = 3436, 3338 cm !,
W(C=0) = 1632 cm™!, §(N-H) = 1606 cm™'). The frag-
mentation of urea is as follows:

+ .
HzNYNHz - NHp H2N\0+ -co .
- 2
o) m/z16 lc]) m/z 28
m/z 60 m/z 44 m/z16

This fragmentation is in accordance with the literature
[37, 39]. In the temperature range 675-1104 K, carbon
dioxide (m/z: 44) is liberated (the experimental mass loss
17.10 %, the calculated mass loss 17.12 %). This process
was accompanied by an endothermic effect on the DTA
curve at 870 K.

The final solid product of thermal decomposition was
zinc (the experimental residue 12.53 %, the calculated
residue 12.54 %), which was confirmed by X-ray powder
diffraction method (Fig. 2). These results correspond with
the structural data of zinc from the literature [38]. The
thermal decomposition is expressed by the following
equation:

[Zn(4-OHbenz),u,] - 3H,0
— 3H,O + 2u + 2C¢HsOH + 2CO; + Zn.

[Zn(4-OHbenz)phens; [(IV)

The thermal decomposition of phenazone compound is
shown in Fig. 5. During decomposition, phenazone
(m/z: 188, 173, 96, 56), phenol (m/z: 93, 65, 39) and
carbon dioxide (m/z: 44) are evolved (the experimental
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Fig. 5 TG/DTG and DTA curves of [Zn(4-OHbenz),phens] (IV)

mass loss 93.13 %, the calculated mass loss 92.79 %).
The release of phenazone up to 659 K was confirmed by
IR spectrum of the solid intermediate product, where
the absorption bands of phenazone were missing
(W(C-H),, = 3066 cm ™', W(C—H)cpz. = 2995, 2943 cm™ ',
W(C=0) = 1616 cm™ ', 5,(C-H)cps. = 1456 cm™ ). The
proposed fragmentation of phenazone is shown on the
following scheme:

400 500 600 700 800 900 1000 1100 1200
Temperature/K

Fig. 6 TG/DTG and DTA curves of [Zn(4-OHbenz),tph,]-2H,O (V)

[Zn(4-OHbenz),phen;]
— 3phen + 2CcHsOH + 2CO, + Zn.

[Zn(4-OHbenz) tph,]-2H,0 (V)

The compound is stable up to 348 K (Fig. 6). Release of
water takes place above this temperature (the experi-

_ — CaH _ _ ..
_Q —CHg, _© /6 5 N CH/ C4—CH [N=N-C=0] Np + CO
m/z15 m/z77 & m/z 40 m/z 56 m/z 28
HaC

m/z188 m/z173

m/z 96

This fragmentation corresponds with the literature data
[37, 39]. The final solid product of thermal decomposition
was zinc (the experimental residue 6.87 %, the calculated
residue 7.21 %), which was confirmed by X-ray powder
diffraction method (Fig. 2). These results correspond with
the structural data of zinc from the literature [38]. The

mental mass loss 4.38 %, the calculated mass loss
4.79 %). The thermal decomposition of an anhydrous
product may be characterised as a several step reaction
in temperature range from 452 to 1002 K. The first
theophylline is released (m/z: 180, 123, 95, 66) (the
experimental mass loss 48.56 %, the calculated mass loss
48.79 %). This fragmentation is shown on the following
scheme:

following reaction is proposed for the thermal
decomposition:
CH3 + CH3
j[ e o, d
m/z 180 m/z123

— N CH3

T mizzo

CL

m/z 66
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Similar theophylline fragments were obtained so as in
the case of chlorobenzoate compound with theophylline
[35, 37]. In the solid intermediate heated up to 591 K, the
IR absorption bands of theophylline were missing
(W(C-H), = 3082 cm™ ', W(C—H)cps. = 2993, 2955 cm ™,
W(C=0) = 1707 ecm™ !, 8,(C-H)cps. = 1448 cm™'). In
the next steps, hydroxybenzoate anion (m/z: 121) is
decomposed, and phenol and carbon dioxide (m/z: 93, 65,
44, 39) are released (the experimental mass loss 38.32 %,
the calculated mass loss 37.54 %).

The final solid product of thermal decomposition was
zinc (the experimental residue 8.74 %, the calculated res-
idue 8.88 %). It was proved by X-ray powder diffraction
method (Fig. 2), which results correspond with the struc-
tural data of zinc from the literature [38]. The following
reaction is proposed for the thermal decomposition:

[Zn(4-OHbenz),tph,] - 2H,0
— 2H,O + 2tph + 2C¢Hs0OH + 2CO, + Zn.

[Zn(4-OHbenz),mnads] (VI)

The thermal decomposition of [Zn(4-OHbenz),mnads] is
shown in Fig. 7. The compound is melting at 389 K. The
decomposition starts at 513 K, and N-methylnicotinamide
(m/z: 136, 107, 79, 52), phenol and carbon dioxide (m/z: 93,
65, 44, 39) are evolved (the experimental mass loss
91.28 %, the calculated mass loss 91.26 %). These
decomposition processes are accompanied by a double
endothermic effect at 523 and 562 K and exothermic effect
at 806 K. The fragmentation of N-methylnicotinamide is as
follows:

m/z 29

m/z 136

DTA/uV/mg’’
o DTG/%/min™
Am; o 2 25
100+ © DTG [,
’ B L20 ¢
S Q
80 {oN r—2 m
: J” \\'\_ L4 15
 3mnad + 4
60 i , \
FGHSOH +/902 A -6 | 1o
. L 10[ 0°
20 C,H.OH + CO,
s =121 00
0 T T - T T T T T T T -14
400 500 600 700 800 900 1000 1100 1200
Temperature/K

Fig. 7 TG/DTG and DTA curves of [Zn(4-OHbenz),mnadsz] (VI)

following equation for the thermal decomposition can be
proposed as follows:

[Zn(4-OHbenz),mnads|
— 3mnad + 2C¢HsOH + 2CO, + Zn.

[Zn(4-OHbenz),dnad, J(VII)

The thermogravimetric curve of this compound (Fig. 8)
shows that the complex is stable up to 451 K. On heating
above this temperature, thermal decomposition takes place.
Then N,N-diethylnicotinamide (m/z: 177, 107, 79, 52) is
evolved, hydroxybenzoate anion (m/z: 121) is decomposed
and phenol and carbon dioxide (m/z: 93, 65, 44, 39) are

m/z107

m/z 28 m/z27

m/z79 m/z 52

The fragmentation is in accordance with the literature
data [37, 39]. In the IR spectrum of the solid intermediate
product heated up to 589 K, the absorption bands of N-
methylnicotinamide were missing (W(N-H) = 3358 cm™ ',
WC-H),, = 3074 cm™!, w(C-H)cys. = 2970, 2924 cm ™!,
W(C=0) = 1651 cm™", d(ON-H) = 1635 cm™, 5,(C-H)cz. =
1433 cm ™!, w(C-N),, = 1279 cm™ ).

The final solid product of the thermal decomposition
was zinc (the experimental residue 8.72 %, the calculated
residue 8.74 %), which was confirmed by X-ray powder
diffraction method (Fig. 2). Observed results correspond
with the structural data of zinc from the literature [38]. The
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evolved (the experimental mass loss 90.82 %, the calcu-
lated mass loss 90.77 %).

¢ YL O* 2 (=

m/z177 m/z 79

Ha N(02H5
m/z 72

m/z107 m/z 52

Fragmentation is in accordance with the literature data
[37, 39]. In the IR spectrum of the solid intermediate product
heated up to 569 K, the absorption bands of N,N-diethyl-
nicotinamide were missing (v(C-H), = 3061 cm ™!,
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Fig. 8 TG/DTG and DTA curves of [Zn(4-OHbenz),dnad,] (VII)

V(C-H)cps. = 2991, 2976 cm™!, w(C=0) = 1637 cm™ !,
8as(C—H)cps. = 1458 cm™ !, w(C-N),, = 1265 cm ™).

The final solid product of thermal decomposition
was zinc (the experimental mass loss 9.18 %, the
calculated mass loss 9.23 %), which was confirmed by
X-ray powder diffraction method (Fig. 2). These
results correspond with the structural data of zinc from
the literature [38]. In the case of thermal decomposi-
tion, in the air, zinc oxide is the final product of the
thermal decomposition [26]. The following decompo-
sition reaction is proposed for the decomposition
process:

[Zn(4-OHbenz),dnad,]
— 2dnad + 2C6H50H —+ 2C02+ 7Zn.

[Zn(4-OHbenz)sinads](VIII)

From Fig. 9, it is followed that this compound is stable up
to 340 K. Above this temperature, isonicotinamide (m/z:
122, 106, 78, 51) and carbon dioxide (m/z: 44) are evolved.
The experimental mass loss is 64.27 %, the calculated
mass loss is 64.18 %. In the temperature range
569-856 K, hydroxybenzoate anion (m/z: 121) is decom-
posed and phenol (m/z: 93, 65, 39) is evolved in two steps
(the experimental mass loss 26.53 %, the calculated mass
loss 26.60 %).

+
O\ NHo ot
+
[ /) ; @ m/z 28 | J /z 27 E
N m/z16 N/ m/z +
m/z122 m/z 106 m/z78 m/z 51

=P T T T T T T T
400 500 600 700 800 900 1000 1100 1200
Temperature/K

Fig. 9 TG/DTG and DTA curves of [Zn(4-OHbenz),inad3] (VIII)

This fragmentation is in accordance with the literature
[37, 39]. In the IR spectrum of solid intermediate product
heated up to 569 K, the absorption bands of isonicotinamide
were missing (V(N-H) = 3342 cem” !, wWC-H),, = 3080 cm !,
V(C=0) = 1678 cm™', §(N-H) = 1601 cm™', W(C-N),, =
1271 cm™ ).

The final product of thermal decomposition was zinc
(the experimental residue 9.20 %, the calculated residue
9.22 %), which was confirmed by X-ray powder diffraction
method (Fig. 2), which results correspond with the struc-
tural data of zinc from the literature [38]. We proposed the
following reaction of thermal decomposition:

[Zn(4-OHbenz),inad;]
— 3inad + 2C¢HsOH + 2CO, + Zn.

[Zn(4-OHbenz),mpc;](I1X)

As it can be seen from Fig. 10, the compound is
stable up to 410 K. On heating above this temperature,
thermal decomposition takes place. The release of
methyl-3-pyridylcarbamate (m/z: 152, 120, 92, 78, 66,
51, 39) is observed on the TG curve in the temperature
range 410-524 K (the experimental mass loss 58.11 %,
the calculated mass loss 57.34 %). In the IR spectrum
of the solid intermediate heated up to 524 K, the
absorption bands of ligand were missing (vV(N-H) =
3282 cm™!,  WC-H),, = 3085 cm™', wWC-H)cys. =
2956 cm™ ', W(C=0) = 1698 cm™ ', 6(N-H) = 1606 cm™',
8as(C-H)cps. = 1441 em™ !, W(C-N),, = 1270 cm™}).
Fragmentation of methyl-3-pyridylcarbamate is as
follows:
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Fig. 10 TG/DTG and DTA curves of [Zn(4-OHbenz),mpc;] (IX)

These methyl-3-pyridylcarbamate fragments were
proved in the case of chlorobenzoate compound with
methyl-3-pyridylcarbamate [35, 37]. In the last step of
thermal decomposition, in the temperature range
524-1016 K, phenol and carbon dioxide (m/z: 93, 65, 44,
39) are evolved (the experimental mass loss 34.88 %, the
calculated mass loss 34.70 %).

The final solid product of thermal decomposition was
zinc (the experimental residue 7.01 %, the calculated res-
idue 7.96 %), which was proved by X-ray powder dif-
fraction method (Fig. 2). Obtained results correspond with
the structural data of zinc from the literature [38]. The
following reaction is proposed for thermal decomposition:

[Zn(4-OHbenz),mpc;]
— 3mpc + 2C¢HsOH + 2CO; + Zn.

Antimicrobial activity
The results of quantitative determination of antimicrobial
activity of new hydroxybenzoate zinc(II) compounds,

4-hydroxybenzoic acid and N-donor ligands were charac-
terised by ICso and MIC values. These values which we
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obtained on the basis of toxicity curves are listed in Table 4
and Fig. 11.

4-Hydroxybenzoic acid and ligands (urea, thiourea,
methyl-3-pyridylcarbamate, phenazone, theophylline, N-
methylnicotinamide, N,N-diethylnicotinamide, isonicotina-
mide) were antimicrobially inactive (ICsy, MIC >
2 mmol dm™>).

The highest growth inhibition of the prepared zinc
benzoato complexes has been recorded against Gt S.
aureus. Whereas, the presence of free 4-hydroxybenzoic
acid in the highest used concentration (2 mmol dm73) has
not been recorded growth inhibition of S. aureus. The
results achieved clearly demonstrate that the presence of
zinc in complexes has resulted in an increase of the anti-
bacterial activity. Unlike, for free acid (X) ICsy and MIC
were higher 2 mmol dm™>, total (100 %) growth inhibition
of S. aureus by tested zinc complexes, we observed at
concentration 0.5 mmol dm™ with bacteriostatical activ-
ity. On the basis of a comparison of ICs( values, it could be
concluded that the presence of urea, thiourea, theophylline
and N-methylnicotinamide ligands in complexes led to an
increase their antibacterial activity (Table 4). Salicylates
and halogenosalicylates have lower efficiency [20-22].

4-Hydroxybenzoic acid and prepared zinc complexes did
not affect growth of G~ E. coli (ICs5p and MIC >
2 mmol dm™) except compounds with theophylline and
methyl-3-pyridylcarbamate (V, IX) (ICso = 0.82 and
1.7 mmol dm 3, respectively, MIC > 2 mmol dm_3).
Chlorosalicylates with tph [20, 21] and mpc [22] have higher
efficiency (Table 4).

Antifungal activity of tested zinc complex compounds was
weak. 4-Hydroxybenzoic acid at the highest used concen-
tration (2 mmol dm ™) did not affect the growth of model
yeasts C. parapsilosis and filamentous fungi R. oryzae, A.
alternata and M. gypseum (ICso and MIC > 2 mmol dm™>).
The presence of zinc in tested compounds increased antiyeast
effect. 100 % growth inhibition of C. parapsilosis was
observed at concentration 1 mmol dm— for all zinc com-
plexes with fungistatical effect on the yeasts cells. Prepared
zinc(Il) 4-hydroxybenzoates have higher efficiency towards
yeast C. parapsilosis (ICso = 0.25-0.63 mmol dm~?) than
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Table 4 Antimicrobial activity of Zn(II) compounds characterised by numerical values of ICsy, and MIC (mmol dm™? )

Compound Bacteria Yeasts Filamentous fungi Ref.

S. aureus E. coli C. parapsilosis  R. oryzae A. alternata M. gypseum
ICsy, MIC ICs, MIC ICs, MIC ICs, MIC ICs, MIC ICs, MIC

[Zn(4-OHbenz),]-3,5H,0 (I) 0.028 0.5 >2 >2 0.25 1* 20 >2 120 >2 >2 >2
[Zn(2-OHbenz),]-2H,0 063 2° 1.30 3% >3 >3 200 >3 120 2° [20]
[Zn(4-C1-2-OHbenz),(H,0),] 058 2° 0.78 2% 1.60 3° 1.00 2° 1.00 2° [21]
[Zn(5-C1-2-OHbenz),]-2H,0 051 2° 0.70 3% >3 >3 1.00 >3 0.60 2° [20]

[Zn(4-OHbenz),tu,] (II) 0.024 05 >2 >2 0.25 1* >2 >2 1.80 >2 >2 >2

[Zn(4-OHbenz),u,]-3H,0 (III) 0.024 0.5 >2 >2 0.40 1* >2 >2 140 >2 >2 >2
[Zn(2-OHbenz),u,]-2H,0 0.61 >3 1.00 3% >3 >3 1.80 3° 2.10 >3 [20]
[Zn(5-Cl1-2-OHbenz),u,4]-H,O 066 2° 1.50 >3 >3 >3 250 >3 120 2° [20]

[Zn(4-OHbenz),phens] (IV) 006 05" >2 >2 0.30 1? >2 >2 1.80 >2 >2 2b
[Zn(5-Cl1-2-OHbenz),phens,] 050 3° 0.52 >3 250 >3 1.70 >3 140 3° [22]

[Zn(4-OHbenz),tph,]-2H,0 (V) 0.024 0.5 082 >2 0.25 1? >2 >2 >2 >2 >2 >2
[Zn(2-OHbenz),tph,]-2H,0 061 2° 2.10 3% >3 >3 220 >3 130 3° [20]
[Zn(4-C1-2-OHbenz),(H,0),4]-2tph-2H,O  1.30 2 1.00 2 2.50 >3 1.60 3% 120 2° [21]
[Zn(5-Cl1-2-OHbenz),tph,]-4H,0 056 2° 0.60 3% 240 >3 1.80 >3 1.00 3° [20]

[Zn(4-OHbenz),mnads] (VI) 0.021 0.5% >2 >2 0.60 1* 1.7 >2 1.00 >2 1.6 >2
[Zn(4-C1-2-OHbenz),mnad,(H,0),] 054 3° 050 3% 120 >3 1.50 3% 1.00 3° [21]
[Zn(5-C1-2-OHbenz),mnad,(H,0),] 050 3° 1.10 3% 2.00 >3 250 >3 2.50 >3 [21]

[Zn(4-OHbenz),dnad,] (VII) 0052 05% >2 >2 0.59 1? >2 2 1.6 >2 >2 >2
[Zn(4-C1-2-OHbenz),dnad,(H,0),] 051 3° 0.53 >3 2.00 >3 130 3° 200 3° [21]
[Zn(5-C1-2-OHbenz),dnad,(H,0),] 0.80 >3 0.68 3% - - 3.00 >3 >3 >3 [21]

[Zn(4-OHbenz),inad;] (VIII) 0.052 0.5 >2 >2 0.30 1* >2 2 1.5 >2 >2 >2
[Zn(4-C1-2-OHbenz),inad,] 052 3° 051 3% 1.70 >3 1.40 2% .30 2° [21]
[Zn(5-Cl1-2-OHbenz),inad,(H,0)] 055 3° 051 3% 270 >3 240 >3 >3 >3 [21]

[Zn(4-OHbenz),mpc3] (IX) 0.050 0.5 1.7 >2 0.63 1? 1.6 >2 14  >2 >2 >2
[Zn(4-C1-2-OHbenz),mpc,] 020 2° 030 2% 130 2° 1.00 >2 120 2° [22]
[Zn(5-C1-2-OHbenz),mpc,] 021 2° 030 2% 2.00 >3 1.50 >3 130 3° [22]

4-OHbenzoic acid (X) >2 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2

tu, u, phen, tph, mnad, dnad, inad, mpc >2 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2

? Microbiostatic effect

® Microbicidal effect

filamentous fungi. The highest efficiency towards compound with mpc (IX) affects the growth of R. oryzae.

C. parapsilosis has compounds (I, II, V) (ICso = 0.25
mmol dm73).

4-Hydroxybenzoic acid and zinc complexes did not affect
growth of Rhizopus oryzae (ICso, MIC > 2 mmol dm™>),
except compounds with N-methylnicotinamide and methyl-3-
pyridylcarbamate (VI, IX) (ICsy = 1.7 and 1.6 mmol dm~3,
respectively, MIC > 2 mmol dm™>). The presence of zinc in
complexes caused increased of antifungal activity of Alter-
naria alternata. Zinc(II) 4-hydroxybenzoates have the highest
efficiency from filamentous fungi towards A. alternata
(ICs¢p = 1.0-1.8 mmol dm73). They are less effective
towards R. oryzae and M. gypseum. Compound with mnad
(VI) affects the growth of R. oryzae and M. gypseum and

Other prepared compounds are biologically inactive. It was
found by comparison that salicylates and halogenosalicylates
[20-22] are more effective towards M. gypseum than zinc(II)
4-hydroxybenzoates. It was observed various biological
activity depending on the position of chlorine and type
of ligand. On the basis of a comparison of the ICs values
for prepared zinc complex compounds: ICsy= 1-2
mmol dm >, MIC > 2 mmol dm3(see Table 4), it can be
concluded that presence of ligands except compound (VI)
with  N-methylnicotinamide  (ICsy = 1.0 mmol dm™3,
MIC > 2 mmol dm ™) caused decrease of inhibitory activ-
ity towards [Zn(4-OHbenz),]-3,5H,0] (I) (ICso = 1.2
mmol dm—>, MIC > 2 mmol dm ™). 4-Hydroxybenzoic
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m S. aureus

B E. coli

H C. parapsilosis
B R. oryzae

-3
ICso[mmoI dm™]

M A. alternata
M. gypseum

oo v W

(VI (VII) (VI (IX)

Fig. 11 Antimicrobial efficiency of compounds against bacteria,
yeasts and filamentous fungi, [Zn(4-OHbenz),]-3,5H,0 (I), [Zn(4-
OHbenz),tu,] (I), [Zn(4-OHbenz),u,]-3H,0 (III), [Zn(4-OHbenz),.
phens] (IV), [Zn(4-OHbenz),tph,]-2H,0 (V), [Zn(4-OHbenz),mnad;]
(VI), [Zn(4-OHbenz),dnad,] (VII), [Zn(4-OHbenz),inads] (VIII) and
[Zn(4-OHbenz),mpc;] (IX)

acid and its zinc complexes except compound (VI) with
N-methylnicotinamide (ICsy = 1.6 mmol dm~3, MIC >
2 mmol dm™>) did not affect growth of dermatophytic M.
gypseum (ICso and MIC > 2 mmol dm ™).

Conclusions

The thermal decomposition of the studied compounds is
a multistep process. During the thermal decomposition of
the prepared compounds, the organic ligand and volatile
products (phenol, carbon dioxide or carbon monoxide)
were evolved. The final solid product of thermal decom-
position is zinc or zinc oxide. The thermal stability of
studied compounds decreases in the following order:
[Zn(4-OHbenz),mnad;] > [Zn(4-OHbenz),dnad,]
513K 451K
> [Zn(4-OHbenz),tu,] >
416 K
> [Zn(4-OHbenz),mpc;| > [Zn(4-OHbenz),tph,] - 2H,0
410K 348K
> [Zn(4-OHbenz),inads] >
340 K
> [Zn(4-OHbenz),u,] - 3H,0 > [Zn(4-OHbenz),phen;]
334K 323K

> [Zn(4-OHbenz),] - 3,5H,0
306 K

On the basis of measured IR spectra and the values of
separation A, we assume monodentate coordination of
carboxylate group in the prepared complex compounds.

In general, it could be concluded that obtained results
show that the presence of zinc(Il) ion in complexes led to
the increase of the inhibitory activity on the growth of
model bacteria, yeasts and filamentous fungi in comparison

@ Springer

with free 4-hydroxybenzoic acid. The highest antifungal
activity towards A. alternata and antibacterial activity
towards S. Aureus was observed in N-methylnicotinamide
complex (VI). Biological activity of the prepared com-
pounds decreased in the following order: bacte-
ria > yeasts > filamentous fungi.
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