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The new water-soluble and air stable compounds (H,ppz)[Co(dipic);]-6H20 (1), (Hoppz)[Ni(dipic),]-
6H,0 (2) and (Happz)[Zn(dipic),]-6H0 (3) were prepared by the reaction of corresponding metal(Il)
acetates and a proton transfer salt, (Hyppz) (Hdipic),, (4) of pyridine-2,6-dicarboxylic acid (Hadipic) and
2-(piperazin-1-yl)ethanol (ppz). The compounds 1-3 were characterized by elemental, IR, UV—vis.
thermal analyses, magnetic measurement and single crystal X-ray diffraction studies. The molecular
structures of the title compounds consist of one 1-(2-hydroxyethyl)piperazine-14-diium (Hoppz*?)
cation, one bis(pyridine-2,6-dicarboxylate)metal(Il) [M(dipic),]*>~ anion, and six uncoordinated water
molecules. In compounds 1—3 the metal ions coordinate to two oxygen and one nitrogen atoms of two
pyridine-2,6-dicarboxylate molecules forming an octahedral environment. Antimicrobial activities
against Gram (—) wild type (Escherichia coli and Pseudomonas aeruginosa), Gram (+) wild type (Staph-
ylococcus aureus, Staphylococcus epidermidis, Bacillus cereus and Bacillus subtilis) and clinical isolate
(Morganella morganii, Proteus vulgaris and Enterobacter aeruginosa) were also studied. The results were
reported, discussed and compared with the corresponding starting materials ((Hoppz) (Hdipic), (4),
Hadipic and ppz). MIC (Minimal Inhibition Concentration) values of the newly synthesized compounds
were determined as 4000 pg/ml (except B. subtilis and clinical isolate E. aeruginosa, >4000 pg/ml).

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

appropriate synthesis condition [2].
Metal complexes of Hadipic and some of their derivatives have

Pyridine-2,6-dicarboxylic acid (Hadipic) is a fully acknowledged shown antimicrobial activities in recent years [18,19]. The

structural component in many metal-organic frameworks [1—-8] in
biochemistry and in the formation of water clusters [9—15]. For
chemical systems, the degree of structuring of water cluster can be
of importance for the design as well as the stabilization of new
structures [16]. Hydipic has a rigid 120° angle between the central
pyridine ring and two carboxylate groups. Proton donating and
accepting capabilities for hydrogen bonding via the oxygen atoms
of its carboxylate groups [17] provide various coordination modes
to form both discrete and polymeric metal complexes under an
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enhancement of the antimicrobial activity of certain chemicals can
be achieved by the addition of metals. The role of metals in anti-
microbial activity is shown in many studies [20—24].

The metal complexes with mixed ligands of these compounds
have shown better biological activities than the simple ones
[25—29]. Continuing the path to synthesize proton transfer com-
pounds, our group has focused on forming ion pairs between
H,dipic and various organic bases, such as 2-aminobenzothiazole
[30], 2-amino-6-chlorobenzothiazole [29], 2-amino-6-
methylbenzothiazole [31], 2-amino-6-methoxybenzothiazole [32],
2-amino-4-methylpyridine [26], 2-(piperazin-1-yl)ethanol (ppz)
[18].

In this study, we report three new compounds (Hyppz)
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[Co(dipic)2].6H20 (1), (H2ppz)[Ni(dipic);].6H20 (2) and (Happz)
[Zn(dipic);].6H20 (3) of a proton transfer salt (Hyppz) (Hdipic), (4)
(Happz = 1-(2-hydroxyethyl)piperazine-1,4-diium). The charac-
terization has been made by using elemental and thermal analysis,
magnetic measurement, IR and UV—vis electronic spectra of the
compounds (1—3). The molecular structures of 1-3 were elucidated
by a single crystal X-ray diffraction studies.

2. Experimental
2.1. Materials

All chemicals used were of analytical grade purchased from
Aldrich. '"H NMR spectra were recorded by 500 MHz UltraShield
NMR spectrometer (SiMe4 as internal standard and 85% H3PO4 as
an external standard). Elemental analyses for C, H and N were
performed on a Leco CHNS-932 instrument. IR spectra were
recorded on a Bruker Optics, vertex 70 FI-IR spectrometer using
ATR techniques. Thermal analyses were performed on SII Exstar
6000 TG/DTA 6300 model using platinum crucible with 10 mg
sample. TG/DTA measurements were taken in static air within a
30—-700 °C temperature range. The UV—vis spectra were carried out
with a SHIMADZU UV-2550 spectrometer in the range
900—200 nm. Magnetic susceptibility measurements at room
temperature were taken using a Sherwood Scientific Magway MSB
MK1 model magnetic balance by the Gouy method using Hg
[Co(SCN)4] as calibrant. Molar conductance of the compounds was
determined in DMSO (103~ M) at room temperature using a WTW
Cond 315i/SET Model conductivity meter.

2.2. Synthesis of compounds (1—3)

The proton transfer salt (Hyppz) (Hdipic), (4) was prepared

OH o +
_ N
N N ) T \_/
NH, O
NH HO S L + JL 0 42

ppz H,dipic

according to the method reported previously [18].

A solution of 1 mmol of a metal(Il) salt [0.249 g Co(CHjs.
C00).4H,0 or 0.248 g Ni(CH3C00),.4H,0 or 0220 g
Zn(CH3C00),.2H,0] in water (10 mL) was added dropwise to the
solution of 4 (0.462 g, 1 mmol) in water (10 mL) with stirring at
room temperature for 2 h. The reaction mixture was kept at room
temperature for two weeks to give purple crystalline solid for 1
(0.378 g, 60% yield), green crystalline solid for 2 (0.409 g, 65% yield),
and colourless crystalline solid for 3 (0.445 g, 70% yield) (Scheme 1).
The single crystals of all compounds suitable for X-ray diffraction
were separated and washed with water.

Elemental analysis for the compounds 1-3 are as follows:

Anal. Calcd. for 1 (C39H34N4015C0): C, 38.16%; H, 5.44%; N, 8.90%;
Co, 9.36%, Found: (%): C, 37.97%; H, 5.28%; N, 8.80%; Co, 9.30%. Anal.
Calcd. for 2 (CyoH34N4015Ni): C, 38.18%; H, 5.45%; N, 8.90%; Ni, 9.33%
Found: C, 37.78%; H, 5.28%; N, 8.77%; Ni, 9.30%. Anal. Calcd. for 3
(Co0H34N4015Zn): C, 37.78%; H, 5.39%; N, 8.81%; Zn, 10.28%, Found:
C, 37.31%; H, 5.22%; N, 8.63%; Zn, 10.30%.

2.3. X-ray crystal structure determination

The crystallographic data are given in Table 1; the selected bond
lengths and angles are listed in Table 2; and the hydrogen-bond
geometries are given in Tables S1—S4 for the compounds 1-3. In-
tensity data were recorded on a Bruker Kappa APEXII CCD area-
detector diffractometer using Mo K, radiation (A = 0.71073 A) at
T = 100(2) K. Absorption corrections by multi-scan [33] were
applied. Structures were solved by direct methods and refined by
full-matrix least squares against F? using all data [34]. All non-H
atoms were refined anisotropically. In compounds 1, 2 and 3,
atoms H10A, H10B, H11A, H11B, H12A, H12B, H13A, H13B, H14A,
H14B, H15C, H15D (H,0), H33A, H33B (NH,) and H44 (NH) were
located in difference Fourier maps and were freely refined. The

— - @) -

OH -
TN SN o

M=Col;M=Ni2;M=Z7Zn3.

Scheme 1. Syntheses of compounds 1—4 (a for 4 and b for 1-3).
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Table 1
Crystallographic details for compounds 1, 2 and 3.

Compound 1

Chemical formula C20H34N4015C0

FW/g mol~! 629.44
Crystal System monoclinic
Sp?ce group P2,/c

alA 12.0728(2)
b/A 17.7903(3)
c/A 13.2960(2)
8/ 114.402(1)
VIA3 2600.60(8)
z 4
Pealemg/mm°> 1.608
w(Mo-Ko)/mm™! 0.742
F(000) 1316.0

Crystal size/mm?> 0.35 x 0.25 x 0.15

20 range for data collection 4.06—56.88°
Reflections collected 23962

Independent reflections 6498[R(int) = 0.0240]
Data/restraints/parameters 6498/10/416

Goodness-of-fit on F? 1.109

Final R indexes [I > 20 (I)] Ry = 0.0330, wR, = 0.0930
Final R indexes [all data] R; = 0.0388, wR, = 0.0976
Largest diff. peak/hole/e A~3 0.662/—-0.708

2 3

C20H34N4015Ni CooH34N4015Zn
629.20 635.90

monoclinic monoclinic

P24/c P2,/c

11.8475(3) 12.1156(4)
17.9158(4) 17.7872(6)
13.2610(3) 13.3058(4)
112.813(3) 114.726(1)
2594.56(12) 2604.54(15)

4 4

1.611 1.622

0.831 1.025

1320.0 1328.0

0.29 x 0.26 x 0.21 0.28 x 0.24 x 0.10
4.36—56.84° 4.08—-56.76°
24562 44156

6486[R(int) = 0.0337] 6475[R(int) = 0.0353]
6486/8/419 6475/15/421

1.049 1.031

R; = 0.0321, wR, = 0.0797
R; = 0.0416, wR; = 0.0850
0.666/—0.436

R; = 0.0285, wR;, = 0.0693
R; = 0.0382, wR, = 0.0737
0.699/—0.587

atoms H9 (OH) and the C-bound H-atoms were positioned
geometrically at the distances of 0.82 A (OH), 0.93 A (CH) and 0.97 A
(CHy) from the parent atoms; a riding model was used during the
refinement process and the Ujso(H) values were constrained to be
nUeq(carrier atom), where n = 1.5 for OH H-atoms and n = 1.2 for all
other H-atoms.

2.4. Antimicrobial assay

Gram-negative bacteria Escherichia coli W3110, Pseudomonas
aeruginosa ATCC 27853, gram-positive bacteria Staphylococcus
aureus ATCC6535, Bacillus cereus ATCC7064, Staphylococcus epi-
dermidis ATCC 12228, Bacillus subtilis, and clinical isolate of Mor-
ganella morganii, Proteus vulgaris, Enterobacter aeruginosa were
used in this study to test the antimicrobial activity of new metal
compounds. Antimicrobial activity tests were carried out using the

Table 2
Selected bond lengths (A) and angles (°) for compounds 1, 2 and 3.

Complex 1 Complex 2 Complex 3

Co1-02 2.1517(13) Ni1-02 2.1108(12) Zn1-02 2.1279(11)
Co1-03 2.1489(14) Ni1—-03 2.1402(12) Zn1-03 2.2413(11)
Co1-06 2.1404(13) Ni1—-06 2.1312(12) Zn1-06 2.1427(11)
Co1-07 2.1724(13) Ni1-07 2.1172(12) Zn1-07 2.2074(11)
Co1-N1 2.0211(15) Ni1—-N1 1.9642(15) Zn1-N1 2.0229(13)
Co1-N2 2.0243(15) Ni1—N2 1.9601(14) Zn1—-N2 2.0205(13)
01-C1 1.247(2) 01-C1 1.240(2) 01-C1 1.247(2)
02—-C1 1.265(2) 02—-C1 1.271(2) 02—-C1 1.266(2)
04-C7 1.239(2) 04-C7 1.248(2) 04-C7 1.244(2)
05—C8 1.247(2) 05—C8 1.250(2) 05—C8 1.246(2)
06—C8 1.267(2) 06—-C8 1.263(2) 06—-C8 1.267(2)
08—-C14 1.239(2) 08-C14 1.238(2) 08-C14 1.240(2)
09—-C20 1.413(2) 09—-C20 1.416(2) 09-C20 1.414(2)
C1—C2 1.520(2) C1-C2 1.514(2) Cc1-C2 1.518(2)
c6—C7 1.513(3) C6—C7 1.520(2) c6—C7 1.522(2)
C9—-C8 1.517(3) C9—-C8 1.519(2) C9—-C8 1.516(2)
C14—C13 1.517(2) C14—C13 1.517(2) C14—C13 1.517(2)
02—Co1-03 152.40(5) 02—-Ni1-03 155.86(5) 02-Zn1-03 152.63(4)
02—Co1-06 96.56(5) 02—Ni1-06 90.47(5) 02-Zn1-06 99.24(4)
02—Co1-07 90.83(5) 02—Ni1-07 93.03(5) 02-Zn1-07 90.09(4)
06—Co1-03 90.01(5) 06—Ni1-03 95.59(5) 06—Zn1-03 90.20(4)
06—Co1-07 152.61(5) 06—Ni1-07 156.39(5) 06—Zn1-07 152.53(4)
07—Co1-03 95.57(5) 07—-Ni1-03 90.70(5) 07-Zn1-03 93.22(4)
N1—Co1-02 76.77(6) N1-Ni1-02 77.73(5) N1-Zn1-02 77.91(5)
N1-Co1-03 75.78(6) N1-Ni1-03 78.13(5) N1-Zn1-03 74.75(5)
N1—-Co1-06 109.96(6) N1-Ni1-06 104.38(5) N1-Zn1-06 112.45(5)
N1—Co1-07 97.39(5) N1-Ni1-07 99.18(5) N1-Zn1-07 94.71(5)
N2—Co1-02 111.63(6) N2—-Ni1-02 97.60(5) N2—-Zn1-02 111.60(5)
N2—-Co1-03 95.97(6) N2—-Ni1-03 106.50(5) N2—-Zn1-03 95.47(5)
N2—Co1-06 77.00(6) N2—-Ni1-06 78.40(5) N2—-Zn1-06 77.58(5)
N2—Co1-07 75.75(6) N2—-Ni1-07 77.99(5) N2—-Zn1-07 74.96(5)
N2—Co1-N1 168.90(6) N2—Ni1-N1 174.49(6) N2—-Zn1-N1 165.57(5)
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broth dilution method as described by the NCCSL standards [35]
(NCCLS 2006) and disc diffusion test. All stock solutions of the
compounds were prepared in pure water according to the required
concentrations for experiments. The solubility of compounds is
improved by heating the water bath.

3. Results and discussion
3.1. Crystal structures

The X-ray crystal structures reveal that 1, 2 and 3 crystallize in
the same space group and have closely related structures. Their
asymmetric units contain one 1-(2-hydroxyethyl)- piperazine-1,4-
diium cation (Hyppz*2), one bis(pyridine-2,6-dicarboxylate)met-
al(11) (dipic®~) anion, and six uncoordinated water molecules. The
molecular structures of compounds 1-3 are given in Figs. 1-3,
respectively. The M(II) ions are six-coordinated by two tridentate
dipic®~ anions in the anionic parts of the compounds. In com-
pounds 1-3, the M(II) ions have MN,04 coordinations with dis-
torted octahedral geometries. The bond angles around the M(II)
ions involving trans pairs of donor atoms are in the ranges of
90.01(5)°—168.90(6)° for 1, 90.47(5)°—174.49(6)° for 2, and
90.09(4)°—165.57(5)° for 3 deviating from linearity. The bond
angles for the cis-pairs of donor atoms the ranges are 75.75(6)°—
152.61(5)° for 1, 77.73(5)°—156.39(5)° for 2, and 74.75(5)°—
152.63(4)° for 3 (Table 2). These angular values indicate a large
distortion from the ideal octahedral geometry due to the binding
of the dipic®>~ ligands to the M(II) ions in tridentate manner. The
M-0 and M—N bonds (Table 2) are in the normal ranges. In 1,
two of the crystal water molecules (012 and 015) are involved in
intermolecular hydrogen-bondings with the carboxyl oxygen
atoms (01 and 05) of the dipic?~ ligand. There are also inter-
molecular hydrogen-bondings between the two crystal water
molecules (012 and O13) and between one of the crystal water
molecules (014) and one of the nitrogen atoms (N3) of the
Hyppz*2 cation (Table S1). In 2, one of the crystal water molecules
(012) is involved in intermolecular hydrogen-bonding with the
carboxylate oxygen atom (02) of the dipic?~ ligand. There are also
intermolecular hydrogen-bondings between the crystal water
molecules (010, 012 and 013) and between (014 and 0O15)
(Table S2). In 3, one of the crystal water molecules (012) is
involved in intermolecular hydrogen-bonding with the carbox-
ylate oxygen atom (O5) of the dipic ligand. There are also inter-
molecular hydrogen-bonding between the crystal water
molecules (011 and 012) (Table S3). In 1-3, all the dipic?~ ligands
are planar and they are oriented one towards another at the
dihedral angles of 87.10(2)° (for 1), 87.57(2)° (for 2), and 87.39(2)°
(for 3). In the crystal structure, intermolecular N—H---O, O—H:--O
hydrogen bonds (Tables S1—S3) link the molecules into supra-
molecular networks as well as the van der Waals interactions
between C—H O ranged 2.40—2.60 A (Table S4).

Compound 1 has a pentamer water cluster (Fig. 1). In this cluster,
015 interacts with Hyppz?* ligand as hydrogen-bonding acceptor
and 010 interacts as hydrogen-bonding donor to dipic?~ ligand.
Hoppz?* and dipic?~ ligands are linked together by 012. The water
molecules are strongly hydrogen-bonded to each other as well as to
the nearby O atoms (01 and 05) of the carboxylate and Hyppz>*
groups. The hydrogen bonding parameters pertaining to the water
cluster are collected in Table S1.

Interestingly, the crystal structure of 2 (Fig. 2) has a cyclic water
tetramer. In this structure, Hyppz>" and dipic®>~ ligands are con-
nected together by the linkage of water molecules, 014 and 013?
(members of tetramer ring), and 012, The other water molecules,
(010% and O15), are only the members of the tetramer ring which is
fully coplanar. The O—H---O angles (166(4) and 168(3)°) within the

water tetramer are larger than those observed in [(Bpyph)
SCN,].2H,0 (159.1(4) and 156.7(4)%), and four hydrogen atoms are
out of the plane constructed by four oxygen atoms. O13—H13A ...
014 angle (130(4)) is very small because of the water—water
(013—012) interaction, although the O ... O distances ranging from
2.72(3) to 2.83(2) A in the tetramer are comparable to the reported
tetramer (2.68—2.76 A) [36]. These arrangements give rise to four
member rings which can be described as R$ (4) in 1D chain, and
which play an important role in the stabilization of crystal structure
(Table S2).

A notable feature of hydrogen-bonding assemblies of 3 is the
presence of pentameric (H,O)s water cluster (Fig. 3). This cluster is
stabilized in the crystal structure by strong hydrogen bonding in-
teractions. This pentamer connects two Hpppz?* moieties by using
012¢ and 014¢ atoms to form hydrogen-bonding. On the other
hand, one H,ppz®™ ring is directly connected to carboxylate oxygen
(04M) as hydrogen-bonding donor, and the other I—IzppAz2+ ring in-
teracts with carboxylate oxygen (04" via water (013!) bridge by
strong hydrogen bonds. The hydrogen bonding parameters per-
taining to the water clusters are presented in Table S3.

3.2. FI-IR spectra

The IR spectra of compounds 1, 2 and 3 were determined
within the 4000-400 cm™! frequency range, and the significant
frequencies in the IR spectra of synthesized compounds 1—3 and
proton transfer salt (4) are given in Table S5. The IR spectra of
compounds are characterized by a broad band at 3468 cm™! for 1,
3469 cm~! for 2 and 3465 cm~! for 3, which can be ascribed to
the v(O—H) stretching vibration of water molecules present in the
lattice, which is consistent with the elemental and crystal struc-
ture analyses. The stretching v(N—H) vibrations of amine groups
are observed at 3219, 3210 and 3173 cm~! for compounds 1, 2,
and 3, respectively. The relatively weak bands at 3092 and
3015 cm™! for compounds 1, 3093 and 3015 cm~! for 2 and
3097 cm! for 3 are due to the aromatic v(C—H) vibrations.
Aliphatic v(C—H) stretching vibrations are observed at 2760 and
2762 cm~! for compounds 1 and 2, respectively, but not for
compound 3 due to the overlapping with broad v(O—H) vibration
band. There are very strong bands at 1609 and 1571 cm™! for all
compounds which are typical for asymmetric and symmetric
v(COO) vibrations of coordinated carboxylate groups [19]. The
weak bands are at 591 and 423 cm~" for 1, 592 and 426 cm™~! for
2, and 588 and 428 cm! for 3, respectively, which are due to
v(M-0) and v(M—N) vibrations.

3.3. Thermal analysis

Figs. S1—S3 show the TG-DTG and DTA curves of compounds 1,2
and 3, respectively. The compounds (1—3) were thermally decom-
posed in three steps (Table S6). For compound 1, the first stage
(DTGmax = 103 °C) originates from an endothermic peak observed
between 30 and 135 °C and corresponds to the loss of 6 mol of
hydrate water molecules (found 17.10, calcd. 17.16%). The
exothermic second stage (DTGmax = 306, 318 °C), between 135 and
340 °C, corresponds to the loss of the Ci4H22N,0 group of the
Hoppz®* ligand (found 37.20, calcd. 37.24%). The exothermic third
stage, a loss of CgN,0Og of dipic?~ residue is observed between 304
and 650 °C with DTGax at 368 °C (found 36.40, calcd. 36.24%). The
final decomposition product was CoO identified by IR spectroscopy
(found 9.30%, Calcd 9.36%).

For the compound 2, the first stage (DTGmax = 78 °C) originates
from an endothermic peak observed between 30 and 115 °C and
corresponds to the loss of 6 mol of hydrate water molecules (found
16.90, calcd. 17.17%). The exothermic second stage (DTGmax = 278,
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Fig. 1. (a) The molecular structure of compound 1 with the atom-numbering scheme. Displacement ellipsoids are drawn at a 50% probability level. The intermolecular O—H---O
hydrogen bonds are shown as dashed lines. (b) A perspective view of the (H,0)s cluster i; —1 + x,y, zii; -1 + X, 3/2 -y, =1/2 + ziii; X, 3/2 =y, -1/2 + z,iv; 1 + Xy.zV; 1 + X, 3/
2-y124+zvi;x, 32 -y,1/2 +z

298, 308 °C) between 115 and 353 °C, is consistent with the loss of spectroscopy (found 9.28%, Calcd 9.33%).

the C10H20N20 group from the Hoppz?* ligand (found 30.50, calcd.
29.29%). The exothermic third stage, (DTGmax = 382, 422 °C) be-
tween 353 and 600 °C, is consistent with the loss of the C1gH;N20g
from dipic?~ residue in compound 2 (found 43.32, calcd. 44.21%).
The final decomposition product was NiO identified by IR

For the compound 3, the first stage (DTGmax = 75 °C) originates
from an endothermic peak observed between 30 and 115 °C and
corresponds to the loss of 6 mol of hydrate water molecules (found
16.90, caled. 16.98%). The exothermic second stage
(DTGmax = 285 °C), between 115 and 290 °C, corresponds to the
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Fig. 2. (a) The molecular structure of compound 2 with the atom-numbering scheme. Displacement ellipsoids are drawn at a 50% probability level. The intermolecular O—H---O
hydrogen bonds are shown as dashed lines. (b) A perspective view of the (H,0)4 cluster a; 1 — x, -y, 1 — z.

loss of the C14H24N20 group of the HzppzzJr ligand (found 37.40,
calcd. 37.16%). The exothermic third stage, a loss of CgN,O7 of
dipicZ* residue is observed between 290 and 600 °C with DTG« at
467 and 488 °C (found 35.55, calcd. 35.58%). The final decomposi-
tion product was NiO identified by IR spectroscopy (found 10.15%,
Calcd 10.28%).

3.4. UV)vis spectrum, magnetic susceptibility and molar
conductivity

The electronic absorption spectra of 1, 2 and 3, and the free
ligand (4) were recorded in water and DMSO solutions at a
1 x 103~ M concentration at room temperature. In the UV range,
all compounds exhibit strong absorption bands in water solution



N. Biiyiikkidan et al. / Journal of Molecular Structure 1101 (2015) 139—146 145

G015

(a)

o1 O(a;p"m._\ %

015(g) 4

08(f
012(d)

orae) o0

(b)

Fig. 3. (a) The molecular structure of compound 3 with the atom-numbering scheme Displacement ellipsoids are drawn at a 50% probability level. The intermolecular O—H---O
hydrogen bonds are shown as dashed lines. (b) A view of the dodecanuclear water cluster a: 1 — x,1/2 + y,1/2 — z; b: -1 + xy,z; ¢: X,3/2 — y,1/2 + z; d: x,1/2 — y1/2 + z; e:
Xx-11-yl-zf2-x1-yl-zg1-x-12+y12-z;h:2 -x12+y12 -zi:1+x32-y12+2zj:1+Xx1+yz

(280 nm for 1, 287 nm for 2, 282 for 3 and 289 and 294 nm for 4)
and in DMSO solution (280 nm for 1, 287 nm for 2, 285 nm for 3
and 288 nm for 4), which can be assigned to intramolecular T—7*
transitions. In the visible region, broad absorption bands are
observed at 523 and 789 nm in water solution and at 520 and
789 nm in DMSO solution for 1; these bands are found out for 2 at
874,892 and 898 nm in water solution and at 798, 818 and 893 nm

in DMSO solution which can be assigned to d—d transitions [18]. As
expected, d—d transition was not observed for compound 3 due to
d'® electronic structure of Zn(Il) ion (Table S7).

These results are further confirmed by the magnetic suscepti-
bility values. The measured magnetic moment value for 1 is 3.87
B.M., which is consistent with the expected spin-only magnetic
moment of d’ Co(Il) system (3.87 B.M.). The magnetic moment of
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the Ni(Il) compound (2) is 2.83 B.M.,, indicating the presence of two
unpaired electrons. This result is in good agreement with a high
spin d® system in an octahedral environment (2.83 B.M.) [37,38]. As
expected, no magnetic moment was observed for the diamagnetic
Zn(II) complex in compound 3.

The conductivity data in DMSO and in water are of 44 and
84.9Q ' cm? mol ! for 1, 41 and 64.5 Q! cm? mol ! for 2, and 51
and 78.6 Q! cm? mol~! for 3, respectively, indicating that the
compounds 1-3 are ionic [39].

3.5. Biological activity

The compounds 1-3 were screened for antibacterial activities
along with the free ligands 4, Hydipic and ppz (Tables S4 and S5).
The minimal inhibition concentration (MIC) and the disc diffusion
values of the newly synthesized compounds (1—3) and free ligands
(4, Hadipic and ppz) are shown in Tables S8 and S9, respectively.
According to the antimicrobial screening data, while the MIC value
of starting compounds (4 and H,dipic) exhibited approximately
312.5—625 pg/mL for all studied microorganisms, ppz showed
antibacterial activities in the range between 1.562 and 6.250 pL. The
newly synthesized compounds 1-3 showed a lower antimicrobial
effect (4000 pg/mL) for all microorganisms (except B. subtilis and
clinical E. Aerogenes samples with the MIC value more than
4000 pug/mL) than for free ligands (4 and Hadipic). According to the
specification of the cell wall, the activity of synthesized substances
did not change. Therefore, the gram positive or negative bacteria
showed similar results. Also, the antimicrobial effectiveness did not
differ from clinical isolates (especially clinical isolate E. coli, MRSA
and their wild-type bacteria). In our previous study, the MIC value
of (Hyppz)[Cu(dipic),]-6H,0 was found to be more than 3000 pg/
mL [18].

4. Conclusion

In the present work, three new Co(II) (1), Ni(II) (2) and Zn(II) (3)
compounds have been synthesized from the reaction of corre-
sponding metal(Il) acetates and proton transfer salt, (Hyppz)
(Hdipic),, of 2-(piperazin-1-yl)ethanol (ppz) and pyridine-2,6-
dicarboxylic acid (Hadipic). The molecular structure of com-
pounds 1-3 consists of one Hyppz?*cation, one [M(dipic),]>~ anion
and six uncoordinated water molecules. M(II) ions have six coor-
dinated environment comprising two N atoms from two dipic
moieties and four O atoms from two carboxylate groups of dipic.
Elemental analyses and all measurements show good agreement
with the crystal structures. Antimicrobial activities of new com-
pounds [(Happz)[Co(dipic)2]-6H20 (1), [(H2ppz)[Ni(dipic),]-6H,0
(2) and [(Happz)[Zn(dipic),]-6H20 (3) against Gram (—) wild type
(E. coli and P. aeruginosa), Gram (+) wild type (S. aureus, S. epi-
dermidis, B. cereus and B. subtilis) and clinical isolates (M. morganii,
P. vulgaris and E. aeruginosa) have been studied. MIC values indicate
that the synthesized compounds are less effective on bacteria than
the related free ligands.
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