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The synthesis of the zinc(II) complex of p-coumaric acid is described. The chemical formula of the
complex as obtained from the single-crystal X-ray analysis is [Zn4(C9H7O3)8(H2O)6]·4(H2O). The
compound crystallizes in the triclinic space group P-1 with one molecule in the unit cell. There are
two crystallographically independent Zn(II) cations in the structure. Zn1 is six-coordinate to three
different carboxylate oxygens and three waters in a distorted octahedral geometry, whereas Zn2
ions are connected to four oxygens from four p-coumarate anions resulting in tetrahedral geometry.
Adjacent cations are connected by bridging carboxylates to form centrosymmetric tetranuclear
aggregates. Adjacent molecules are connected by a net of strong O–H� � �O hydrogen bonds into a
3D supramolecular framework with 1D open channels filled with water molecules. The zinc com-
plex was characterized by infrared spectroscopy and 1H and 13C NMR spectra. The antimicrobial
activities of zinc p-coumarate toward Bacillus subtilis, Candida albicans, Pseudomonas aeruginosa,
Proteus vulgaris, and Staphylococcus aureus were tested.

Keywords: Zinc(II) complex of p-coumaric acid; Synthesis; X-ray crystallography; Spectroscopy;
Antimicrobial activity

1. Introduction

p-Coumaric acid (p-hydroxycinnamic acid) can be found in a wide variety of edible plants
such as peanut, tomato, carrot, garlic, apple, and in many other food products like wines
and juices [1]. It is most abundant in nature as an isomer of coumaric acid. p-Coumaric acid
is an antibacterial, antioxidant and anticancer agent [2, 3]. Studies performed by Wen et al.
revealed that p-hydroxycinnamic acid was bactericidal at pH 4.5 and bacteriostatic at higher
pH toward Listeria monocytogenes [4]. p-Coumaric acid isolated from the stem bark of Ste-
reospermum zenkeri possesses antimicrobial activity toward Bacillus subtilis
(MIC = 18.75 μg/ml, MBC= 37.50 μg/ml) and Bacillus megaterium (MIC = 18.75 μg/ml,
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MBC=37.50 μg/ml) [5]. The potential use of phenolic extracts as new antimicrobial agents
during wine-making, as a total or partial alternative to traditional treatments mainly using
sulfur dioxide (SO2), was discussed by Garcia-Ruiz et al. [6]. Significant antibacterial activ-
ity activity against Bacillus cereus and Proteus mirabilis by Rubus honeys was shown by
Escuredo et al. p-Coumaric acid, as one of the eight isolated phenolic compounds present
in this type of honey, was related with some parameters of honey like color [7]. Bodini
et al. investigated the influence of p-coumaric acid on bacterial quorum sensing (tested bac-
teria: Escherichia coli, Agrobacterium tumefaciens, Chromobacterium violaceum, Pseudo-
monas putida and environmental Pseudomonas chlororaphis) [8]. Their results suggested
that p-coumaric acid might act as a quorum-sensing inhibitor. p-Coumaric acid is also a
chromophore of the photoactive yellow protein and this molecule has become a model sys-
tem for studying biological light-induced signal transduction [9]. The study of An et al.
demonstrated that the compound is a potent and selective inhibitor of human Tyrosinase,
and is potentially useful as a hypopigmenting agent [10]. Furthermore, it is capable of
inducing neuroprotective effects to a similar extent to that seen with flavonoids, therefore
its application in treatment of Parkinson’s disease was studied [11]. p-Coumaric acid, a
major constituent of Sasa quelpaertensis, was found to effectively prevent ethanol-induced
hepatotoxicity, suggesting that it could be useful for prevention of liver disease caused by
alcohol abuse [12]. Numerous examples of biological activity of p-coumaric acid and its
derivatives could be made.

Synthesis of complexes with biologically active ligand is of great importance due to their
potential application in pharmacy, medicine, food industry, catalysis, etc. There is still grow-
ing interest in new biologically important coordination compounds as metal binding to some
molecules can change their activity and overcome bacterial resistance to antibiotics. Many
metal complexes obtained from simple phenolic acids (like p-coumarates) [13,14] and more
structurally diverse derivatives (like coumarin Schiff bases) [15–19] were screened for anti-
bacterial and antifungal properties. Coumarin is a lacton of coumaric acid. Shiff bases derived
from coumarin are useful chelating agents for synthesis of medicinally important metal com-
pounds, which can be more efficient and less toxic than the parent drugs [15–19].

Crystal structures of lanthanum(III) [20], europium(III) [21], cerium(III) [22], cadmium
(II) [23], and lead(II) [24] coumarates have been published. The only crystal structure of
zinc(II) complex with p-coumaric acid reported to date was that containing nicotinamide
as a co-ligand [25].

Reasons that force us to search for new antimicrobial compounds are: (1) environmental
pollution resulting from the massive use of non-biodegradable antimicrobial compounds or
causing the formation of toxic products negatively affect aquatic organisms and then
humans; (2) increasing resistance of microbes to the currently used preparations (preserva-
tives, disinfectants, medicines, etc.); (3) occurrence of allergies and the types of diseases
caused by frequent contact with the above preparations; and (4) increasing consumer
awareness of the need to develop new antimicrobial compounds based on natural
compounds of plant origin as an alternative to current preparations.

Therefore, our studies rely on the search for new antimicrobial substances among
compounds of natural origin and their metal complexes. Biological properties of chemical
compounds depend not only on the structure of the ligand, but also on the type of
coordinated metal ion. Chelate compounds may show better antimicrobial activity than
simple salts or ligand alone. In our studies, we use several complementary methods to
study structures of complexes and ligands, such as infrared spectroscopy (FT-IR), Raman
spectroscopy (FT-Raman), nuclear magnetic resonance spectroscopy (NMR), electron
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absorption spectroscopy (UV/Vis), single-crystal X-ray analysis, and theoretical calcula-
tions (optimization of the structure, the theoretical IR spectra, Raman, NMR, electron
charge distribution). These data are used to describe the molecular structure of compounds,
and then they are used for correlation with the data describing the antimicrobial properties
of compounds. The aim is to obtain information describing the relationship between the
structure of compounds and their biological activity (QSAR analysis) which will reduce
the time spent on searching for new antimicrobial compounds. In this work, synthesis of a
new zinc(II) complex of p-coumaric acid as single crystals is described. Diffraction and
spectral analysis of the obtained compound was done and antimicrobial activities of zinc
p-coumarate against Bacillus subtilis, Candida albicans, Pseudomonas aeruginosa, Proteus
vulgaris, and Staphylococcus aureus were tested.

2. Experimental

2.1. Synthesis

All reagents were purchased from Sigma-Aldrich Co. and used without purification. Zinc
(II) p-coumarate was obtained by adding water solutions of ZnCl2 (concentration 0.25M/
L) to water solution of sodium p-coumarate (concentration 0.5M/L) in a stoichiometric
ratio 1 : 2. White precipitate occurred. The solution was filtered and the precipitate was
dissolved in warm water. The solution was left to cool at room temperature. After a few
days, colorless crystals of zinc(II) p-coumarate appeared.

2.2. X-ray crystallography

The crystallographic measurements were performed on an Oxford Diffraction Xcalibur
CCD diffractometer with the graphite-monochromated Mo Kα radiation (λ = 0.71073Å).
Data sets were collected at 100(2) K using the ω scan technique, with an angular scan width
of 0.75°. The programs CrysAlis CCD and CrysAlis Red [26] were used for data collection,
cell refinement, and data reduction. A multi-scan absorption correction was applied. The
structure was solved by direct methods using SHELXS-97 and refined by full-matrix least-
squares on F2 using SHELXL-97 [27]. Calculations were carried out with the WinGX pack-
age program [28]. All non-H atoms were refined with anisotropic displacement parameters.
Hydrogens attached to carbon were placed at calculated positions and included in the refine-
ment in the riding model approximation with Uiso(H) = 1.2Ueq(C). Water and hydroxyl
hydrogens were found in the difference-Fourier maps and refined with isotropic displace-
ment parameters. One hydrogen attached to lattice water, O4w, is disordered over two posi-
tions with equal occupancy factors. The positions of O4w hydrogens were refined with the
O–H and H� � �H distances constrained to 0.82 and 1.34Å, respectively. Hydrogens attached
to all remaining waters were freely refined. The summary of crystal data, experimental
details, and refinement results are listed in table 1. Selected bond distances and angles are
presented in table 2. The molecular plots were drawn with Mercury [29].

2.3. Spectroscopy

FT-IR spectra were recorded with an Equinox 55 spectrometer and analyzed from 400–
4000 cm�1. Samples in the solid state were measured in KBr pellets which were obtained
with hydraulic press under 739MPa pressure. Raman spectra of solid samples in capillary

336 M. Kalinowska et al.

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

51
 1

3 
O

ct
ob

er
 2

01
3 



tubes were recorded from 4000–100 cm�1 with a FT-Raman accessory of the Perkin-Elmer
system 2000. The 1H and 13C NMR spectra of DMSO-saturated solutions were recorded
with a Bruker Avance unit II 400MHz at room temperature. Tetramethylsilane was used
as an internal reference.

2.4. Microbiological tests

The solution of Zn(II) coumarate was prepared by dissolving 0.10 g of compound in 10%
ethanol; the final mass of solution was 10.00 g. Micro-organisms P. aeruginosa (PCM

Table 1. Crystal data and structure refinement details for [Zn4(C9H7O3)8(H2O)6]·4H2O.

Formula weight (gM�1) 1746.81
T (K) 100(2)
Crystal system, space group Triclinic, P-1
a (Å) 9.6667(4)
b (Å) 13.2050(7)
c (Å) 15.7465(7)
α (°) 108.638(4)
β (°) 100.742(3)
γ (°) 103.715(4)
V (Å3) 1773.7(2)
Z 1
Calculated density (g cm�3) 1.635
h Range (°) 3.25–27.48
Absorption coefficient (mm�1) 1.433
Crystal size (mm) 0.34� 0.22� 0.12
Crystal color and form Colorless block
Reflections collected/unique 8034/6678 [Rint = 0.042]
Final R indices (I > 2σ(I)) R1 = 0.0453; wR2 = 0.1125
R indices (all data) R1 = 0.0564; wR2 = 0.1228
Goodness-of-fit on F2 1.044
Largest diff. peak and hole (e Å�3) 1.55/–0.81

Table 2. Selected bond lengths (Å) and angles (°) for [Zn4(C9H7O3)8(H2O)6]·4H2O.

Zn1–O1 2.109(2) Zn1–O1w 2.081(2)
Zn1–O4 2.098(2) Zn1–O2w 2.151(2)
Zn1–O7 2.072(2) Zn1–O3w 2.124(2)
Zn2–O2(i) 1.958(2) Zn2–O8 1.947(2)
Zn2–O4 1.982(2) Zn2–O10 2.002(2)
Zn1� � �Zn2 3.235(2) Zn1� � �Zn2(i) 5.301(2)

O7–Zn1–O4 92.20(8) O1W–Zn1–O4 173.49(8)
O1–Zn1–O4 89.19(7) O3W–Zn1–O2W 168.70(8)
O7–Zn1–O1W 92.83(8) O8–Zn2–O4 110.24(8)
O1W–Zn1–O1 86.29(8) O8–Zn2–O10 101.58(8)
O7–Zn1–O3W 84.48(8) O4–Zn2–O10 103.82(8)
O1–Zn1–O3W 89.11(8) O8–Zn2–O2(i) 117.83(8)
O4–Zn1–O3W 86.22(8) O2–Zn2–O4(i) 117.07(8)
O1W–Zn1–O3W 98.38(8) O2–Zn2–O10(i) 103.67(8)
O7–Zn1–O2W 86.43(8)
O1–Zn1–O2W 100.15(8) O1–C1–O2 122.5(2)
O4–Zn1–O2W 87.45(8) O4–C10–O5 121.9(3)
O1W–Zn1–O2W 88.73(8) O7–C19–O8 125.2(3)
O7–Zn1–O1 173.33(7) O10–C28–O11 121.4(3)

Symmetry code: (i) 1� x, 1� y, �z.
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2270), P. vulgaris (PCM 2269), S. aureus (PCM 2267), C. albicans (PCM 2566), and
B. subtilis (PCM 2021) were used for antimicrobial tests. The studied micro-organisms were
inoculated on broth medium and stored at 37 °C (bacteria) or 25 °C (fungus) for 24 h. Then,
10.00 μl of prepared bacterial culture was added to 500.00ml of sterile broth. 4.75 μl of
broth inoculated with various strains of micro-organisms and 0.25ml of Zn(II) p-coumarate
solution were mixed in sterile test tubes. The concentration of tested compound in the test
tube was 0.10%. Samples were incubated at 35 °C (bacteria) or 25 °C (fungus). The increase
in the number of colonies was estimated similarly after 24 and 48 h of incubation for at
least four samples. The growth of tested cells was standardized using turbidimetry method
by measuring optical density at 600 nm with a UV-vis JASCO spectrophotometer. Statistical
calculations were performed using Microsoft Office Excel 2010 [30].

3. Results and discussion

3.1. Description of the crystal structure

The chemical formula of the zinc complex (figure 1), as obtained from the single-crystal
X-ray analysis, is [Zn4(C9H7O3)8(H2O)6]·4(H2O). The compound is a centrosymmetric
aggregate constructed from four Zn(II) cations, eight p-coumarate anions, and six waters.
Additionally, two lattice waters are present in the asymmetric part of the crystal. Two
crystallographically unique Zn(II) ions are connected by two carboxylates, bridging in the
syn,syn-η1:η1:μ2 or η2-μ2 fashion. The inversion-related Zn1/Zn2 subunits are further
connected by adjacent p-coumarate which acts in the syn,anti-η1:η1:μ2 fashion. The
coordination sphere of Zn1 is completed by three waters, resulting in a slightly distorted
octahedral geometry. The Zn2 cation consists of four carboxylic oxygens from four

Figure 1. Perspective view of [Zn4(C9H7O3)8(H2O)6]·4(H2O) with atom-numbering scheme. Thermal ellipsoids
are drawn at the 50% probability level. Symmetry code: (i) 1–x, 1–y, –z.
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different ligands and can be described as tetrahedral. The Zn–Ocarboxyl and Zn–Oaqua bond
lengths are 1.947(2)–2.109(2) Å and 2.081(2)–2.151(2) Å, respectively (table 2), within the
range of those observed for other four- or six-coordinate Zn(II) complexes with oxygen
donors [31,32]. The distance of uncoordinated O5 from Zn2 is too long for effective inter-
action (Zn2� � �O5= 2.866(2) Å). Adjacent Zn1� � �Zn2 ions are separated by 3.235(3) Å.
Although the distance is indicative of some metal–metal interaction, it is too long to be
considered as a bond [33,34]. All remaining Zn� � �Zn distances are much longer. Signifi-
cant differences in the geometric parameters of four independent p-coumarates are
observed. The most visible dissimilarity is in relative orientation of carboxylate with
respect to the phenyl ring plane. As in the parent p-coumaric acid [35], in two molecules
of the ligand carboxylates (O1�C1�O2 and O4�C10�O5) lie almost in planes of the
benzene rings (the angles between appropriate best-planes are 8.3° and 8.5°, respectively).
In two remaining ions, they are more twisted and form dihedral angles of 33.8°
(O7�C19�O8) and 16.8° (O10�C28�O11) with appriopriate phenyl ring planes. The
other difference is in the geometry of COO� groups. Widening of the O�C�O angles in
the bidentate-bridging carboxylates compared to values for monodentate is observed (table
2). Hydroxyl oxygens do not participate in coordination to zinc; however, they are
involved in an extended net of strong intermolecular hydrogen bonds (figure 2, table 3)
which link the tetranuclear [Zn4(C9H7O3)8(H2O)6] units into a complex 3D supramolecular
network. Small channels are observable in the structure of the complex along the crystallo-
graphic [111] direction, filled with coordinated and lattice waters. The waters are hydro-
gen bonded to hydroxyl and carboxylate of the ligand.

Figure 2. Part of the crystal structure of 1 along the a axis. Dashed lines indicate hydrogen bonds.
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3.2. FT-IR and FT-Raman

The spectral assignments were done on the basis of literature data [36] and calculations
executed for p-coumaric acid and sodium p-coumarate presented [37]. The numeration of
the normal vibrations of benzene was done according to the notation used by Varsányi
[38], ν stands for stretching vibrations, β for in-plane bending modes, γ for out-of-plane
bending modes, u(CC) for aromatic ring out-of-plane bending modes, α(CCC) for aro-
matic ring in-plane bending modes, νas means asymmetric, νs means symmetric, νar stands
for aromatic. The spectral assignment is presented in table 4; the FT-IR spectra of p-cou-
maric acid and Zn(II) p-coumarate, and the FT-Raman spectrum of zinc(II) complex are
provided in Supplementary material.

Table 3. Hydrogen-bonding geometry.

D–H (Å) H� � �A (Å) D� � �A (Å) <D–H� � �A (°)

O1w–H2w� � �O4w 0.82(2) 1.84(3) 2.648(3) 170(3)
O3w–H5w� � �O2 0.82(5) 1.86(2) 2.618(3) 154(2)
O12–H13o� � �O5w 0.84(3) 1.76(3) 2.591(2) 175(3)
O3–H3o� � �O1w(ii) 0.89(4) 1.95 2.800(3) 160
O6–H6o� � �O11(iii) 0.72(4) 1.92 2.635(3) 171
O9–H9o� � �O12(iv) 0.83(4) 2.02 2.831(3) 167
O1w–H1w� � �O11(v) 0.80(4) 1.89 2.688(3) 176
O2w–H3w� � �O12(i) 0.78(4) 2.26 3.035(3) 174
O2w–H4w� � �O9(vi) 0.80(4) 2.19 2.963(3) 165
O3w–H6w� � �O6(vii) 0.83(4) 2.02 2.813(3) 160
O4w–H7w� � �O5(v) 0.82(2) 1.95 2.750(3) 164
O4w–H8wa� � �O4w(viii) 0.82(2) 2.02 2.824(3) 167
O4w–H8wb� � �O6(ii) 0.82(2) 2.40 3.106(3) 145
O5w–H9w� � �O10(i) 0.79(4) 2.03 2.792(3) 162
O5w–H10w� � �O3(viii) 0.77(4) 2.12 2.861(3) 164

Symmetry codes: (ii) 2� x, 2� y, �z; (iii) 1 + x, 1 + y, z; (iv) 1� x, –y, 1� z; (v) 1 + x, y, z; (i) 1� x, 1� y, 1� z;
(vi) 2� x, 1� y, 1� z; (vii) x, y� 1, z; (viii) x, y� 1, z+ 1.

Table 4. Selected wavenumbers from FT-IR and FT-Raman spectra of zinc(II) p-coumarate.

Wavenumbers
[cm�1] Varsányi

[38]
Wavenumbers [cm�1] Varsányi

[38]
FT-IR FT-Raman Assignment FT-IR FT-Raman Assignment

3514m ν(OH)ar 1292m 1303 vw β(CH)c=c
1246 s 1249m νC-(OH)ar

3350m ν(CH)ar 1223 s 1221m β(OH)ar
3057m 3064 vw ν(CH)ar + ν(CH)c=c 20a 1173 s 1173 s β(CH)ar 9a
3011m 3026 vw ν(CH)ar + ν(CH)c=c 20b 1107m β(CH)ar 18b
1640 s 1638 vs ν(CC)c=c 1013w 1015 vw β(CH)ar 18a
1605 s 1607 vs ν(CC)ar 8a 989m-978m 978w ν(CCO)
1589 s ν(CC)ar 8b 941w γ(CH)ar 17a
1545 s 1534m νas(COO

�) 866m 866m γ(CH) 10a
1510 vs 1519 vw ν(CC)ar 19a 835 s 838 vw γ(CH)ar 17b
1458m 1457 vw ν(CC)ar 19b 802m 806m α(CCC) 1
1408 s 1415m νs(COO

�) 718w 721 vw γs(COO
�)

1389 s β(CH)ar + β(OH)ar 14 645w u(CC) 4
1348 s β(CH)c=c 534m βas(COO

�)
1319m 1321wv β(CH)c=c + β(OH)ar 3 517m u(CC) 16b
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The band derived from stretching hydroxyl group vibrations ν(OH) is located at
3514 cm�1. At 3350–3011 cm�1 (IR) and 3064–3026 cm�1 (Raman) peaks assigned to
stretching vibrations of CH from the aromatic ring and double bond between the ring and
carboxylate ν(CH) are present. Bands assigned to C=C stretches of the double bond are at
1640 cm�1 (IR) and 1638 cm�1 (Raman). Four peaks characteristic for the aromatic system
are 1605–1458 cm�1 (IR) and 1607–1457 cm�1 (Raman). Between 1389–1013 cm�1 (IR)
and 1321–1015 cm�1 (Raman) bands assigned to in-plane deformations of CH β(CH) are
present. At lower wavenumbers, peaks derived from out-of-plane deformations of CH
γ(CH) are situated, i.e. 941–835 cm�1 (IR) and 866–838 cm�1 (Raman). Bands of in-plane
and out-of-plane vibrations of the aromatic ring α(CCC) and /(CC) are present at 802–
517 cm�1 (IR) and 806–645 cm�1 (Raman). Peaks assigned to vibrations of carboxylate
are νas(COO

�) 1545 cm�1 (IR) and 1534 cm�1 (Raman), νs(COO
�) 1408 cm�1 (IR) and

1415 cm�1 (Raman), γs(COO
�) 718 cm�1 (IR) and 721 cm�1 (Raman), and βas(COO

�)
534 cm�1 (IR).

3.3. 1H and 13C NMR

The chemical shifts from 1H and 13C NMR spectra of zinc p-coumarate as well as p-cou-
maric acid [28] are gathered in table 5. A comparison of the 1H and 13C NMR spectra of
the p-coumaric acid with those of zinc p-coumarate points at the absence of the carboxylic
-OH signal (12.13 ppm in ligand) and a shift in the peak position derived from H2, H6
(7.33complex; 7.49acid ppm), and H8 (7.38complex; 7.52acid ppm) indicates bonding between

Table 5. Chemical shifts from of 1H and 13C NMR spectra of zinc p-coumarate and p-coumaric acid, δ [ppm].

Atom numbering

Zn(II) p-coumarate p-Coumaric acid [37]

H1 – 12.13
H2 and H6 7.33 7.49
H3 and H5 6.75 6.79
H4 9.93 9.96
H7 6.30 6.29
H8 7.38 7.52
C1 126.11 125.36
C2 and C6 129.24 130.17
C3 and C5 120.65 115.83
C4 158.85 159.67
C7 172.12 168.05
C8 115.71 115.41
C9 140.96 144.27
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carboxylate of p-coumaric acid and zinc, and changes in the electronic charge distribution
of molecule caused by complex formation. Significant changes in appropriate peak position
are observed in the 13C NMR spectra of Zn complex and ligand for signals assigned to
C3, C5 (120.65complex; 115.83acid ppm), C7 (172.12complex; 168.05acid ppm), and C9
(140.96complex; 144.27acid ppm) atoms.

3.4. Microbiology

Zinc(II) p-coumarate with 0.1% concentration (in broth culture) shows different effects on
the growth of selected strains of E. coli, P. aeruginosa, B. subtilis, S. aureus and P. vulgari
and fungus C. albicans after 24 and 48 h of incubation (table 6, figure 3). Zn p-coumarate
possesses the strongest antimicrobial properties toward S. aureus, P. vulgaris, and C. albi-
cans, although, for P. vulgaris, the antibacterial activity of Zn p-coumarate decreases after
48 h of incubation. The reverse situation for B. subtilis was shown, i.e. Zn p-coumarate
causes higher inhibition of bacteria growth after 48 h than after 24 h of incubation. Tested
compound possesses weak antibacterial activity toward P. aeruginosa.

Table 6. The degree of growth inhibition of B. subtilis, C. albicans, P. aeruginosa, P. vulgaris, and S. aureus
caused by zinc(II) p-coumarate after 24 and 48 h of incubation [13].

Micro-organism Incubation [h] Zinc p-coumarate

S. aureus 24 77 ± 3
48 75 ± 2

P. vulgaris 24 68 ± 3
48 4 ± 10

C. albicans 24 63 ± 4
48 65 ± 7

B. subtilis 24 34 ± 12
48 52 ± 5

P. aeruginosao 24 7 ± 17
48 6 ± 7

Figure 3. The degree of growth inhibition of B. subtilis, C. albicans, P. aeruginosa, P. vulgaris, and S. aureus
by zinc p-coumarate.
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4. Conclusions

The synthesis of single crystals of a zinc(II) complex of p-coumaric acid was described.
The single-crystal X-ray analysis shows that in contrast to zinc(II) trans-cinnamate dihy-
drate [39], which exists in the form of simple monomers with six-coordinate metal, the
studied complex is a tetranuclear aggregate with two different metal centers. Significant
differences in the geometric parameters of four independent p-coumarates were observed.
The FT-IR, FT-Raman, 1H and 13C NMR spectra for Zn(II) p-coumarate were analyzed. A
decrease in the chemical shifts of all protons in 1H NMR spectrum of complex in compari-
son to appropriate chemical shifts in the spectrum of ligand points at an increase in screen-
ing of aromatic protons in zinc p-coumarate molecule as a consequence of the circular
current weakening. The substitution of zinc in the carboxylate of p-coumaric acid causes
the most significant changes in the electronic charge distribution around C7, C9, C5, and
C3. The obtained spectral characteristics are good parameters for statistical correlation
between molecular structures of studied compounds and their biological activity. Tested
compound has potential application as an antimicrobial agent with biological activity
toward selected micro-organisms. Zn p-coumarate possesses high antimicrobial activity
against S. aureus, P. vulgaris, and C. albicans, and weak antibacterial properties toward
P. aeruginosa.

Supplementary data

CCDC 885438 contains the supplementary crystallographic data for the structure reported
in this article. Copies of available materials can be obtained free of charge on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44 1223 336 033; E-mail:
data_request@ccdc.cam.ac.uk or www: http//www.ccdc.cam.ac.uk/data_request/cif).
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