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Abstract

Two mononuclear zinc(II) complexes [ZnCl,(HL)] (1) and [ZnBr,(HL)] (2), and a polymeric zinc(II) complex [Zn(d-
ca)L] (3), where HL is the zwitterionic form of the Schiff base 2,4-difluoro-6-(((2-pyrrolidin-1-yl)ethylimino)methyl)
phenol (HL), L is the monoanionic form of HL, and dca is dicyanoamide, were prepared and characterized by elemental
analysis and infrared spectroscopy, as well as X-ray single crystal determination. Complexes 1 and 2 are isostructural,
in which the Zn atoms are in tetrahedral coordination. The Schiff base ligands in both complexes are coordinate to the
Zn atoms through phenolate oxygen and imino nitrogen. The zinc atoms in complex 3 are in tetrahedral coordination
and are bridged by dicyanoamide ligands. The Schiff base ligand in this complex is coordinates to the zinc atom through
phenolate oxygen, imino nitrogen and pyrrolidine nitrogen. Molecules of the three complexes are stabilized by hydrogen
bonds. The biological assay indicates that the complexes have good antimicrobial activities on the bacteria strains Escher-
ichia coli, Pseudomonas aeruginosa, Salmonella typhi and Staphylococcus aureus.

Keywords: Schiff base; Zinc complex; X-Ray crystal structure; Antibacterial activity.

1. Introduction

In recent years, zinc complexes have received much
attention for their interesting biological activities such as
antibacterial, antifungi and antitumor.! Schiff base com-
pounds derived from the condensation reaction of alde-
hydes with various amines are much attractive for their
extensive biological applications and coordination capa-
bility to metal atoms.? In literature, a number of zinc com-
plexes with Schiff base ligands have been reported to show
effective antimicrobial activities.> Halide and pseudohal-
ide anions are versatile ligands in coordination chemistry.
They play either terminal or bridging mode in the forma-
tion of metal complexes.* Fluoro- and chloro-substituted
compounds are reported to have effective antibacterial ac-
tivities.> Recently, our research group has reported some
Schiff base complexes with biological activities.® In contin-
uation of the work, the present paper reports three new
zinc(II) complexes, [ZnCl,(HL)] (1), [ZnBr,(HL)] (2) and
[Zn(dca)L] (3), where HL is the zwitterionic form of the
Schiff base 2,4-difluoro-6-[(2-pyrrolidin-1-ylethylimino)
methyl]phenol (HL), L is the monoanionic form of HL,
and dca is dicyanoamide.

2. Experimental
2. 1. Materials and Measurements

Commercially available 3,5-difluorosalicylaldehyde
and N-(2-aminoethyl)pyrrolidine were purchased from
Sigma-Aldrich and used without further purification.
Other solvents and reagents were made in China and used
as received. The Schiff base HL was prepared according to
the literature method.” C, H and N elemental analyses
were performed with a Perkin-Elmer elemental analyzer.
Infrared spectra were recorded on a Nicolet AVATAR 360
spectrometer as KBr pellets in the 4000-400 cm™! region.

2. 2. Synthesis of [ZnCl,(HL)] (1)

A methanolic solution (10 mL) of zinc chloride (0.10
mmol, 13.6 mg) was added to a methanolic solution (10
mL) of HL (0.10 mmol, 25.4 mg) with stirring. The mix-
ture was stirred for 30 min at room temperature to give a
colorless solution. The resulting solution was allowed to
stand in air for a few days. Colorless block-shaped crystals
suitable for X-ray single crystal diffraction were formed at
the bottom of the vessel. The isolated products were
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washed three times with cold ethanol and dried in air.
Yield: 27 mg (69%). Analysis: Found: C 39.83%, H
4.20%, N 7.26%. Calculated for C;3H;¢,Cl,F,N,OZn: C
39.98%, H 4.13%, N 7.17%. IR data (KBr, cm " '): v 3139
w (NH), 1623 s (C=N).

2. 3. Synthesis of [ZnBr,(HL)] (2)

This complex crystallized as colorless block like sin-
gle crystals was prepared by the same method as described
for complex 1, with zinc chloride replaced by zinc bromide
(0.10 mmol, 22.5 mg). Yield: 35 mg (73%). Analysis:
Found: C 32.37%, H 3.43%, N 5.92%. Calculated for
C,;H,Br,F,N,0Zn: C 32.56%, H 3.36%, N 5.84%. IR data
(KBr, cm™): v 3127 w (NH), 1623 s (C=N).

2. 4. Synthesis of [Zn(dca)L] (3)

A methanolic solution (10 mL) of zinc nitrate hex-
ahydrate (0.10 mmol, 29.7 mg) was added to a methanolic
solution (10 mL) of HL (0.10 mmol, 25.4 mg) with stirring.
Then, sodium dicyanoamide (0.20 mmol, 17.8 mg) was
added to the mixture. The final mixture was stirred for 30
min at room temperature to give a colorless solution. The
resulting solution was allowed to stand in air for a few
days. Colorless block-shaped crystals suitable for X-ray
single crystal diffraction were formed at the bottom of the
vessel. The isolated products were washed three times with
cold ethanol and dried in air. Yield: 30 mg (79%). Analysis:
Found: C 46.95%, H 3.86%, N 18.07%. Calculated for

C,sH,5F,N50Zn: C 46.83%, H 3.93%, N 18.20%. IR data
(KBr, cm™): v 2322 w, 2257 w, 2193 s (dca), 1617 sc(C=N).

2. 5. X-ray Crystallography

Diffraction intensities for the complexes were col-
lected at 298(2) K using a Bruker D8 VENTURE PHO-
TON diffractometer with MoKa radiation (1 = 0.71073 A).
The collected data were reduced using the SAINT pro-
gram,® and multi-scan absorption corrections were per-
formed using the SADABS program.® The structures were
solved by direct method and refined against F? by full-ma-
trix least-squares method using the SHELXTL.! All of the
non-hydrogen atoms were refined anisotropically. The H
atoms attached to the N atoms of pyrrolidine groups in
complexes 1 and 2 were located from difference Fourier
maps and refined isotropically, with N-H distances re-
strained to 0.90(1) A. All other hydrogen atoms were
placed in idealized positions and constrained to ride on
their parent atoms. The crystallographic data for the com-
plexes are summarized in Table 1. Selected bond lengths
and angles are given in Table 2. Hydrogen bonding infor-
mation is listed in Table 3.

3. Results and Discussion

The three complexes were facile prepared by reaction
of the Schiff base HL and zinc salts in methanol in the
presence of halide or pseudohalide anions (Scheme 1).

Table 1. Crystallographic data and refinement parameters for the complexes

1 2 3
Chemical formula C,3H,,CLF,N,0Zn Cy3H,¢Br,F,N,0Zn Cy5H;5F,N;0Zn
Mr 390.55 479.47 384.69
Crystal color, habit Colorless, block Colorless, block Colorless, block
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2,/c P2,/c P2,/n
a(h) 14.2038(16) 14.3819(11) 7.2966(4)
b(A) 15.0934(12) 15.2563(11) 29.393(2)
c(d) 14.6834(16) 14.8598(11) 7.5410(5)
a(®) 90 90 90
B () 101.804(1) 100.321(2) 94.478(1)
y ©) 90 90 90
V(A% 3081.3(5) 3207.7(4) 1612.36(18)
VA 8 8 4
Dy (g cm™®) 1.684 1.986 1.585
g (mm) 1.960 6.533 1.557
F(000) 1584 1872 784
Number of unique data 5734 5959 2995
Number of observed data [I > 20(I)] 4566 3747 2383
Number of parameters 385 385 217
Number of restraints 2 2 0

Ry, wR, [I > 20(D)] 0.0355, 0.0889
Ry, wR, (all data) 0.0487, 0.0966
Goodness of fit on F? 1.029

0.0461, 0.1277
0.0839, 0.1466
0.956

0.0499, 0.1040
0.0641,0.1122
1.061
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Table 2. Selected bond distances (A) and angles (°) for the complexes

1

Zn1-01 1.931(2) Znl-N1 2.035(2)
Znl1-Cl1 2.2235(10) Znl-CI2 2.2379(9)
01-Znl1-N1 94.72(9) 01-Znl1-Cl1 108.78(7)
N1-Znl-Cl1 116.69(7) 01-Zn1-CI2 115.00(7)
N1-Znl-CI2 109.58(7) Cl1-Znl-Cl2 110.49(4)
2
Zn1-01 1.926(5) Znl-N1 2.046(5)
Znl-Brl 2.3788(11) Znl-Br2 2.3567(11)
01-Znl1-N1 95.1(2) 01-Znl1-Br2 108.86(14)
N1-Znl-Br2 116.92(15) 0O1-Zn1-Brl 116.51(15)
N1-Znl-Brl 108.59(15) Br2-Zn1-Brl 110.36(4)
3
Zn1-01 1.986(3) Znl-N1 2.019(3)
Znl-N3 2.008(3) Znl-N5A 2.039(3)
Znl-N2 2.422(3)
01-Znl-N3 96.27(12) 01-Znl1-N1 91.42(11)
N3-Zn1-N1 128.72(11) 01-Zn1-N5A 94.10(13)
N3-Znl-N5A 106.06(12) N1-Znl-N5A 123.88(12)
01-Zn1-N2 169.17(11) N3-Zn1-N2 91.87(12)
N1-Znl-N2 77.90(11) N5A-Zn1-N2 90.48(12)

Symmetry code for A: x, y, 1 + z.

Table 3. Hydrogen bond distances (A) and bond angles (°) for the complexes

D-H.--A d(D-H), A d(H---A), A d(D---A), A Angle (D-H---A),

1
N2-H2.--F3*! 0.90(1) 2.40(3) 3.032(3) 128(3)
N2-H2.-02% 0.90(1) 2.32(2) 3.129(3) 149(3)
N4-H4---Cl4 0.90(1) 2.55(2) 3.257(2) 136(3)
C10-H10A---F3*! 0.97 2.47 2.992(3) 113
C10-H10B--01%2 0.97 2.36 3.315(4) 169
C13-H13A--CI3*1  0.97 2.80 3.760(3) 171
C25-H25B--F2 0.97 2.44 3.048(4) 122

2
N2-H2--F4 0.90(1) 2.30(5) 3.020(6) 137(6)
N2-H2.-02 0.90(1) 2.40(4) 3.193(7) 147(6)
N4-H4---Br4 0.90(1) 2.63(5) 3.385(5) 142(6)
C10-H10B--01% 0.97 237 3.333(9) 174
C24-H24A--F2* 0.97 2.45 3.144(9) 128

3
C10-H10B---N5% 0.97 261 3.220(6) 122
C7-H7--F1* 0.93 2.34 3.208(4) 155

Symmetry codes: #1: x, Y2 — y, -2 + z, #2: -x, Yo+ ), Vo - 2, #3: 2 - X, Yo+ ), 1Yo - #di X, Vo - ), o + 25

#:1-x1-y,1-z4#6:xy,1+z

Zinc chloride and zinc bromide were used in the synthesis
of complexes 1 and 2, respectively. The Cl and Br anions
act as terminal ligands in both complexes. Complex 3 was
synthesized from zinc nitrate and sodium dicyanoamide.
As aresult, the dicyanoamide anion participates in coordi-

nation and is a bridging ligand. The Schiff base ligands co-
ordinate to the metal atoms in zwitterionic form for com-
plexes 1 and 2. While for complex 3, it adopts
deprotonated monoanionic form. All the complexes are
soluble in DME, DMSO, methanol, ethanol and acetoni-
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Scheme 1. The synthetic procedures for the complexes

trile, insoluble in water, chloroform and dichloromethane.
Molar conductance of the complexes at concentration of
1073 mol L is 23-45 Q7! cm? mol™}, indicating they are
non-electrolytes.!!

3. 1. Crystal Structure Description of
Complexes 1 and 2

The molecular structures and atom numbering
schemes of complexes 1 and 2 are shown in Figures 1 and
2, respectively. The asymmetric units of 1 and 2 possess
two crystallographically independent molecules. Com-
plexes 1 and 2 are isostructural mononuclear zinc(II) com-
pounds. The Zn atom in each complex is in tetrahedral
coordination and is coordinated by one phenolate oxygen
and one imino nitrogen of a zwitterionic Schiff base li-
gand, and two halide anions (Cl for 1, Br for 2). The coor-
dinate bond angles are in the ranges 94.72(9)-116.69(7)°
for 1 and 95.1(2)-116.51(15)° for 2, which are similar to
those observed in similar Schiff base zinc complexes.'? The
Zn-0, Zn-N, Zn-Cl and Zn-Br bond lengths are compa-
rable to those observed in the zinc complexes.!?

Figure 1. ORTEP plot of the crystal structure of complex 1. Dis-
placement ellipsoids of non-hydrogen atoms are drawn at the 30%
probability level.

Figure 2. ORTEP plot of the crystal structure of complex 2. Dis-
placement ellipsoids of non-hydrogen atoms are drawn at the 30%
probability level.

Figure 3. Molecular packing diagram of complex 1. Viewed along
the ¢ axis. Hydrogen atoms not related to hydrogen bonding are
omitted. Hydrogen bonds are shown as dashed lines.
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In the crystal structures of the complexes, molecules
are linked through intermolecular hydrogen bonds of
types N-H--O, N-H--F, N-H.-Cl/Br, C-H--O, C-H---F
and C-H---Cl/Br (Table 3), to form three dimensional net-
works (Figures 3 and 4).

Figure 4. Molecular packing diagram of complex 2. Viewed along
the ¢ axis. Hydrogen atoms not related to hydrogen bonding are
omitted. Hydrogen bonds are shown as dashed lines.

3. 2. Crystal Structure Description of
Complex 3

The molecular structure and atom numbering scheme
of complex 3 is shown in Figure 5. The asymmetric unit of
the complex contains [Zn(dca)L] unit. The [ZnL] moieties
are linked through dicyanoamide ligands, forming a poly-
meric structure. The Zn atom is in trigonal bipyramidal co-
ordination, with the basal plane defined by the imino nitro-
gen (N1) of the Schiff base ligand L, and two N atoms from
two dca ligands. The axial positions are occupied by one phe-
nolate oxygen (O1) and one pyrollidine nitrogen (N2). The
Zn atom deviates from the least squares plane defined by the
three basal donor atoms by 0.037(2) A. The angular distor-
tion in the trigonal bipyramidal environment comes from
the five- and six-membered chelate rings taken by the Schiff
base ligand, with angles of 77.90(11)° and 91.42(11)°. Distor-
tion of the trigonal bipyramidal coordination can be ob-
served from the coordinate bond angles, ranging from
106.06(12) to 128.72(11)° for the basal angles, and 169.17(11)
° for the diagonal angle. The trigonal bipyramidal coordina-
tion can be calculated from the structural index value t of
0.67.!% The Zn-O and Zn-N bonds are comparable to those
observed in similar Schiff base zinc complexes.!

In the crystal structure of the complex, the [CuL]
moieties are linked by dca ligands to form chain structure
along the ¢ axis. The chains are further linked by intermo-
lecular hydrogen bonds of types C-H--N and C-H:--F (Ta-
ble 3), to form a three-dimensional network (Figure 6).

Figure 5. ORTEP plot of the crystal structure of complex 3. Dis-
placement ellipsoids of non-hydrogen atoms are drawn at the 30%
probability level. Atoms labelled with the suffix A are related to the
symmetry position x, y, 1 + z.

Figure 6. Molecular packing diagram of complex 3. Viewed along
the b axis. Hydrogen atoms not related to hydrogen bonding are
omitted. Hydrogen bonds are shown as dashed lines.

3. 3. Antibacterial Activity

The antibacterial assay was performed according to
the literature method.!® Penicillin G was used as a stand-
ard drug. DMSO was used as solvent and the solutions
were further diluted by distilled water. The DMSO at the
tested concentration has no activity on the bacteria. The
zone of inhibition for the 5000 pg mL! test solutions on
the four bacteria Escherichia coli, Pseudomonas aerugino-
sa, Salmonella typhi and Staphylococcus aureus is given in
Table 4. The MIC values are given in Table 5. The results
indicated that the metal complexes have from medium to
strong activities against the bacteria, and stronger than the
free Schift base. The three zinc complexes have similar ac-
tivities against all the bacterial strains, indicating the Cl, Br
and dca ligands have similar effects on antibacterial activ-
ities. The complexes show strong activity on E. coli and P,
aeruginosa, and medium activity on B. subtilis and S. au-
reus. The three metal complexes have better activities
against E. coli, P. aeruginosa and S. aureus than the refer-
ence drug penicillin G.
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Table 4 Antibacterial screening results

2.(a) Y. Z. Ng, K. W. Tan, L. Y. Chung, E Salim, M. L. Low, L. H.

Compound  Zone of inhibition (mm)
E.coli P.aeruginosa B.subtilis S. aureus

HL 82=%1.5 6.7+1.6 61+12 55+13
1 23+1.6 25+1.3 16 +1.5 18+ 1.7
2 22+1.8 23+£2.0 15+1.7 17+ 14
3 20+2.2 21+£20 15+1.8 16 +£1.5
Penicillin G 30 +£2.8 26 +3.1 30+£3.2 24+29

Table 5 Antibacterial activities as MIC values (ug mL™")

Compound E. coli P.aeruginosa  B.subtilis S. aureus

HL 6.25 12.5 12.5 12.5
1 1.56 1.56 6.25 3.13
2 1.56 1.56 6.25 3.13
3 1.56 1.56 6.25 3.13
Penicillin G~ 3.13 6.25 1.56 6.25

4. Supplementary Material

CCDC 2376703-2376705 for the three complexes
contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge at http://
www.ccde.cam.ac.uk/const/retrieving.html or from the
Cambridge Crystallographic Data Centre (CCDC), 12 Un-
ion Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk.

5. References

1. (a) H. Merazka, A. Bouchoucha, M. Nessaib, N. Bensouilah, K.
S. Larbi, A. Bouzaheur, M. Brahimi, J. Coord. Chem. 2023, 76,
798-829; DOI:10.1080/00958972.2023.2204512
(b) W.-G. Zhang, Acta Chim. Slov. 2023, 70, 421-429;
DOI:10.17344/acsi.2023.8144
(c) A. Zianna, E. Vradi, A. G. Hatzidimitriou, S. Kalogiannis,
G. Psomas, Dalton Trans. 2022, 51, 17629-17641;
DOI:10.1039/D2DT02404G
(d) R. A. C. Souza, V. L. Cunha, J. H. De Souza, C. H. G. Mar-
tins, E. D. Franca, M. Pivatto, J. A. Ellena, L. A. Faustino, A.
O. D. Patrocinio, V. M. Deflon, P. I. D. Maia, C. G. Oliveira, J.
Inorg. Biochem. 2022, 237, 111995;
DOI:10.1016/j.jinorgbio.2022.111995
(e) P. S. Tessaro, M. D. Tomaz, G. Farias, C. P. Paula, M. C.
Rocha, I. Malavazi, A. Cunha, B. E. Pimenta, H. E Terenzi, S.
R. Mendes, R. A. Gariani, F. R. Xavier, J. Inorg. Biochem. 2022,
236, 111973; DOI:10.1016/j.jinorgbio.2022.111973
(f) J. Makhlouf, Y. El Bakri, A. Valkonen, K. Saravanan, S.
Ahmad, W. Smirani, Polyhedron 2022, 222, 115937.
DOI:10.1016/j.poly.2022.115937

Ooi, E W. Yip, C. H. Ng, J. Coord. Chem. 2022, 75, 1303-1324;
DOI:10.1080/00958972.2022.2097869

b) Q. Poladian, O. Sahin, T. Karakurt, B. Ilhan-Ceylan, Y. Kurt,
Polyhedron 2021, 201, 115164;
DOI:IO.1016/j.p01y.2021.115164

(c) I. Demir, M. Bayrakci, K. Mutlu, A. I. Pekacar, Acta Chim.
Slov. 2008, 55, 120-124. DOI:10.1353/dss.2008.0061

. (a) E Ramilo-Gomes, Y. Addis, I. Tekamo, I. Cavaco, D. L.

Campos, E R. Pavan, C. S. B. Gomes, V. Brito, A. O. Santos, F.
Domingues, A. Luis, M. M. Marques, J. C. Pessoa, S. Ferreira,
S. Silvestre, I. Correia, J. Inorg. Biochem. 2021, 216, 111331;
DOI:10.1016/j.jinorgbio.2020.111331

(b) H.-Y. Qian, Acta Chim. Slov. 2021, 68, 638-644;
DOI:10.17344/acsi.2021.6656

(c) L.-W. Xue, X. Fu, G.-Q. Zhao, Q.-B. Li, Acta Chim. Slov.
2021, 68, 17-24; DOI:10.17344/acsi.2020.5817

(d) D.-L. Peng, N. Sun, Acta Chim. Slov. 2018, 65, 895-901.
DOI:10.17344/acsi.2018.4543

. (a) A. A. Sysoeva, A. S. Novikov, V. V. Suslonov, D. S. Bolotin,

M. V. Ilin, Inorg. Chim. Acta 2024, 561, 121867,
DOI:10.1016/j.ica.2023.121867

(b) L. Yilmaz, Polyhedron 2024, 250, 116816;
DOI:10.1016/j.poly.2023.116816

(c) K. Jana, R. Maity, H. Puschmann, A. Mitra, R. Ghosh, S. C.
Debnath, A. Shukla, A. K. Mahanta, T. Maity, B. C. Samanta,
Inorg. Chim. Acta 2021, 515, 120067;
DOI:10.1016/j.ica.2020.120067

(d) R.J. Dubois, C. P. Landee, M. Rademeyer, M. M. Turnbull,
J. Coord. Chem. 2019, 72, 1785-1809;
DOI:10.1080/00958972.2019.1629429

(e) H. Ogawa, K. Mori, K. Murashima, S. Karasawa, N. Koga,
Inorg. Chem. 2016, 55, 717-728.
DOI:10.1021/acs.inorgchem.5b02159

. (a) L. C. Felton, J. H. Brewer, Science 1947, 105, 409-410;

DOI:10.1126/science.105.2729.409

(b) M. Gopalakrishnan, J. Thanusu, V. Kanagarajan, R. Govin-
daraju, J. Enzym. Inhib. Med. Chem. 2009, 24, 52-58;
DOI:10.1080/14756360801906632

(c) L. Shi, H.-M. Ge, S.-H. Tan, H.-Q. Li, Y.-C. Song, H.-L.
Zhu, R.-X. Tan, Eur. ]. Med. Chem. 2007, 42, 558-564;
DOI:10.1016/j.ejmech.2006.11.010

(d) M. Zhang, D.-M. Xian, H.-H. Li, J.-C. Zhang, Z.-L. You,
Aust. J. Chem. 2012, 65, 343-350. DOI:10.1071/CH11424

6. (a) Y.-X. Zhou, W. Li, Z. You, Acta Chim. Slov. 2023, 70, 240-

246; DOI:10.17344/acsi.2023.8123

(b) X.-R. Tan, W. Li, M.-M. Duan, Z. You, Acta Chim. Slov.
2023, 70, 509-515; DOI:10.17344/acsi.2023.8347

(c) W.H. Sun, K. H. Li, H. Liu, Y. T. Gu, Y. Zhang, Z. L. You, W.
Li, Russ. J. Coord. Chem. 2017, 43, 693-699.
DOI:10.1134/S1070328417100104

7.Y. Lei, Q. Yang, Z. Hu, S. Wang, Polyhedron 2024, 259, 117071.

DOI:10.1016/j.poly.2024.117071

8. Bruker, SMART and SAINT, Bruker AXS Inc., Madison, Wis-

consin, USA, 2012.

9. G. M. Sheldrick, SADABS Program for Empirical Absorption

Wu etal: Synthesis, Characterization and X-Ray Crystal Structures ...


https://doi.org/10.1080/00958972.2023.2204512
https://doi.org/10.17344/acsi.2023.8144
https://doi.org/10.1039/D2DT02404G
https://doi.org/10.1016/j.jinorgbio.2022.111995
https://doi.org/10.1016/j.jinorgbio.2022.111973
https://doi.org/10.1016/j.poly.2022.115937
https://doi.org/10.1080/00958972.2022.2097869
https://doi.org/10.1016/j.poly.2021.115164
https://doi.org/10.1353/dss.2008.0061
https://doi.org/10.1016/j.jinorgbio.2020.111331
https://doi.org/10.17344/acsi.2021.6656
https://doi.org/10.17344/acsi.2020.5817
https://doi.org/10.17344/acsi.2018.4543
https://doi.org/10.1016/j.ica.2023.121867
https://doi.org/10.1016/j.poly.2023.116816
https://doi.org/10.1016/j.ica.2020.120067
https://doi.org/10.1080/00958972.2019.1629429
https://doi.org/10.1021/acs.inorgchem.5b02159
https://doi.org/10.1126/science.105.2729.409
https://doi.org/10.1080/14756360801906632
https://doi.org/10.1016/j.ejmech.2006.11.010
https://doi.org/10.1071/CH11424
https://doi.org/10.17344/acsi.2023.8123
https://doi.org/10.17344/acsi.2023.8347
https://doi.org/10.1134/S1070328417100104
https://doi.org/10.1016/j.poly.2024.117071

Acta Chim. Slov. 2024, 71, 580-586

Correction of Area Detector, University of Gottingen, Germa-
ny, 1996.
10. G. M. Sheldrick, Acta Crystallogr. 2008, A64, 112-122.
DOI:10.1107/S0108767307043930
11. W.J. Geary, Coord. Chem. Rev. 1971, 7, 81-122.
DOI:10.1016/S0010-8545(00)80009-0
12. (a) J. Ravichandran, P. Gurumoorthy, C. Kathick, A. K. Ra-
himan, J. Mol. Struct. 2014, 1062, 147-157;
DOI:10.1016/j.molstruc.2014.01.026
(b) T. Chattopadhyay, M. Mukherjee, K. S. Banu, A. Baner-
jee, E. Suresh, E. Zangrando, D. Das, J. Coord. Chem. 2009, 62,
967-979; DOI:10.1080/00958970802385837
(c) D.-H. Shi, Z. L. Cao, W. W. Liu, R. B. Xu, L. L. Gao, Q.
Zhang, Z. You, Russ. J. Coord. Chem. 2013, 39, 297-300.
DOI:10.1134/S1070328413030111
13. A. W. Addison, T. N. Rao, J. Reedijk, J. van Rijn, G. C. Ver-
schoor, J. Chem. Soc., Dalton Trans. 1984, 7, 1349-1356.
DOI:10.1039/DT9840001349

Povzetek

14. (a) P. Chakraborty, J. Adhikary, S. Samanta, D. Escudero, A.
C. Castro, M. Swart, S. Ghosh, A. Bauza, A. Frontera, E. Zan-
grando, D. Das, Cryst. Growth Des. 2014, 14, 4111-4123;

DOI:10.1021/cg500717n

(b) M. Maiti, D. Sadhukhan, S. Thakurta, S. Roy, G. Pilet, R. J.
Butcher, A. Nonat, L. J. Charbonniere, S. Mitra, Inorg. Chem.
2012, 51,12176-12187. DOI:10.1021/ic3012958

15. (a) Y. M. Chumakov, B. Y. Antosyak, V. I. Tsapkov, N. M. Sam-

us, J. Struct. Chem. 2001, 42, 335-339;
DOI:10.1023/A:1010587923496

(b) Y.-J. Han, X.-Y. Guo, L.-W. Xue, Acta Chim. Slov. 2022, 69,
928-936; DOI:10.17344/acsi.2022.7817

(c) H.-Y. Zhu, Acta Chim. Slov. 2021, 68, 65-71.
DOI: 10.17344/acsi.2020.6138

Sintetizirali smo dva enojedrna cinkova(II) kompleksa [ZnCl,(HL)] (1) in [ZnBr,(HL)] (2) ter polimerni cinkov(II)
kompleks [Zn(dca)L] (3), kjer je HL zwitterionska oblika Schiffove baze 2,4-difluoro-6-(((2-pirolidin-1-il)etilimino)
metil)fenol (HL), L je monoanionska oblika HL, dca pa je dicianoamid. Spojine smo okarakterizirali z elementno analizo
in infrarde¢o spektroskopijo ter jim dolo¢ili kristalne strukture z rentgensko monokristalno analizo. Kompleksa 1 in
2 sta izostrukturna, Zn centralni atomi imajo tetraedri¢no koordinacijo. Ligandi Schiffove baze so v obeh kompleksih
koordinirani na Zn atome preko fenolatnega kisika in imino dusika. Cinkovi atomi v kompleksu 3 so tetraedri¢no koor-
dinirani in jih povezujejo dicianoamidni mostnovni ligandi. Ligand Schiffove baze je v tem kompleksu koordiniran na
cinkov atom preko fenolatnega kisika, imino dusika in pirolidinskega dusika. Molekule vseh treh kompleksov so stabi-
lizirane z vodikovimi vezmi. Biologki testi kazejo, da imajo kompleksi dobro protimikrobno delovanje na bakterijske seve
Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi in Staphylococcus aureus.
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