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Synthesis, characterization, structural analysis and
antimicrobial activity of bis(m-phenylenediamine)tetraoxime
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and Pavlina Bourosh

Abstract. The synthesis of a new tetraoxime, H4L·2DMF (1), was achieved in 60% yield
by the reaction of dichloroglyoxime (DClH2) with m-phenylenediamine in a 1:1 molar
ratio in ethanol and DMF. Its structure was confirmed by FTIR spectroscopy, as well as
by 1H, 13C, and 15N NMR analyses, and single-crystal X-ray diffraction. In addition,
the antimicrobial activity of this compound was investigated. Under similar conditions
and in the presence of Zn(II) ions, a new polymorph of compound 1 – H4L·2DMF (2)
– was obtained, and in the presence of Mn(II) or Gd(III) ions, two new solvatomorphs
H4L·3.5H2O (3) and H4L·2C2H5OH·0.33H2O (4), were synthesized. Their structures
were confirmed by single-crystal X-ray analysis.
Keywords: tetraoxime, m-phenylenediamine, antimicrobial activity, X-ray diffraction,
NMR and IR spectroscopy.

Sinteza, caracterizarea, analiza structurală s, i activitatea
antimicrobiană a bis(m-fenilendiamin)tetraoximei

Rezumat. Sinteza unei noi tetraoxime, H4L·2DMF (1), a fost realizată cu un ran-
dament de 60% prin react,ia dintre dicloroglioximă (DClH2) s, i m-fenilendiamină ı̂ntr-un
raport molar de 1:1, ı̂n etanol s, i DMF. Structura sa a fost confirmată prin spectroscopie
FTIR, analize NMR de 1H, 13C, 15N, precum s, i prin difract,ie razelor X pe monocristal.
În plus, a fost investigată activitatea antimicrobiană a acestui compus. În condit,ii si-
milare s, i ı̂n prezent,a ionilor de Zn(II), a fost obt,inut un nou polimorf al compusului
1 – H4L·2DMF (2). De asemenea, ı̂n prezent,a ionilor de Mn(II) sau Gd(III), au fost
sintetizat,i doi solvatomorfi noi, H4L·3.5H2O (3) s, i H4L·2C2H5OH·0.33H2O (4). Struc-
turile acestora au fost confirmate prin analiza difract,iei razelor X pe monocristal.
Cuvinte-cheie: tetraoximă, m-fenilendiamină, activitate antimicrobiană, difract,ia raze-
lor X, spectroscopie RMN s, i IR.

1. Introduction

The most common vic-dioximes are used as general industrial chemicals [1], while
oxime ligands are used as analytical reagents or as models for natural biological systems
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and as catalysts in various chemical processes [2, 3, 4]. They have attracted considerable
attention as model compounds for the study of some biofunctions in natural systems,
including the reduction of vitamin B12 [5]. Most of the dioximes also exhibit a wide
range of pharmacological properties, such as antibacterial, antidepressant, and antifungal
activities [6, 7, 8]. Oximes and their metal complexes are of great interest due to the
diversity of their physicochemical properties, including their role as reactivity models and
potential applications in many important chemical processes in medicine [9, 10, 11, 12],
bioorganic systems [13, 14], and catalysis [15], as well as in electrochemical [16] and
electro-optical sensors [17, 18].

Macrocyclic vic-dioximes, such as those of the tetraoxime type, can be obtained by
the interaction of diamines or thiols with dichloroglyoxime (DClH2) [2, 19, 20]. Cyclic
tetraoximes have been synthesized by condensation of 1,3-propanediamine [19] with
dichloroglyoxime, while polymeric complexes with the cyclic tetraoxime ligand have
been obtained by interaction of o-phenylenediamine with nickel(II) salts in the first step
and with dichloroglyoxime in the second step [21]. Tetraoxime molecules, especially the
cyclic ones [19, 20, 22], could be widely used in the synthesis of binuclear coordination
compounds, including those with polymeric structure.

The aim of this work was to synthesize the known tetraoxime [2] by condensing
dichloroglyoxime with m-phenylenediamine (mPDA) and to obtain it in the form of
single crystals, as its crystal structure had not been determined. As a result, different
solvatomorphs of tetraoxime were obtained, two of which are polymorphs. Their chemical
composition and structure were studied using modern spectral methods, while the structure
of these compounds was studied by X-ray diffraction. All compounds were evaluated for
biological activity against seven strains of non-pathogenic and phytopathogenic bacteria
and fungi.

2. Materials and Methods

Synthesis of bis(m-phenylenediamine)tetraoxime H4L·2DMF (1).
A mixture of 1,3-phenylenediamine (0.2 g, 0.2 mmol) and dichloroglyoxime (0.31 g,

0.2 mmol) in EtOH (10 mL) formed an orange-coloured solution which was stirred for 10
minutes at room temperature. Then Na2CO3 (0.12 g, 0.2 mmol) and H2O (1.5 mL) were
added, resulting in the formation of a brown-reddish precipitate. To completely dissolve
the Na2CO3, the reaction mixture was heated at 45–50°C for 30–40 minutes, then stirred
without heating for another 2 hours, by which time the reddish-yellow precipitate formed
and was separated by filtration. The filtrate was allowed to crystallize at room temperature.
The precipitate was washed sequentially with EtOH (3×2 mL) and Et2O (3×2 mL), and
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air-dried. After washing and drying, the compound 1 (0.12 g, 60%) was beige in colour.
It is soluble in MeOH, DMF and DMSO, and insoluble in H2O, EtOH, MeCN, and Et2O.
The colourless prismatic crystals of compound 1, obtained from the filtrate after 4 days
of crystallization, were further subjected to X-ray diffraction. M.p. 239–241°C.

Anal. Calcd. for C11H15N5O3: Calcd., %: C 49.80; H 5.70; N 26.42. Found, %: C
50.07; H 5.58; N 26.31.

IR spectra (cm-1): 3200 (s), 3100 (w), 2972 (s), 2902 (m), 1647 (w), 1602 (vs), 1596
(vs), 1522 (w), 1496 (m), 1448 (w), 1353 (w), 1313 (m), 1289 (m), 1240 (m), 1189 (m),
1161 (w), 1080 (m), 1045 (s), 1017 (vw), 999 (vw), 958 (s), 938 (vs), 899 (s), 882 (m),
856 (w), 820 (w), 780 (m), 727 (w), 690 (s), 640 (s), 550 (vw), 488 (w), 447 (w), 420
(vw). (Intensities are given as: vs – very strong, s – strong, m – medium, w – weak, vw
– very weak.)

1H NMR (400.13 MHz, DMSO-d6, ppm): 𝛿 10.36 (br.s., 4H, >N–OH), 7.94 (s, 1H,
H–C), 7.65 (br.s., 4H, NH), 6.85 (br.s., 2H, C2–H), 6.37 (br.s., 6H, C4,5,6–H), 2.88 and
2.73 (both s, 6H, –N(CH3)2).

13C NMR (100.61 MHz, DMSO-d6, ppm): 𝛿 162.86 (>C=O), 152.0 (C7, C8), 144.7
(C1), 140.0 (C3), 128.2 (C2), 112.0 (C4,6), 109.8 (C5), 36.28 and 31.29 (–N(CH3)2).

15N NMR (40.54 MHz, DMSO-d6, ppm): 𝛿 29.5, 184.1.
Subsequent attempts to synthesize the coordination complexes of Zn(II), Mn(II), and

Gd(III) with this ligand yielded cubic crystals that were subjected to X-ray diffraction.
The analysis showed that the crystals consist solely of tetraoxime molecules with the
following compositions: H4L·2DMF (2), H4L·3H2O (3), and H4L·2EtOH·0.33H2O (4).

Elemental analysis of the complexes for C, H, and N was performed using a Vario EL
(III) Elemental Analyzer, and the metal content was determined using an AAS-1N atomic
absorption spectrometer (Carl Zeiss).

Infrared spectra (IR) were recorded on a FT-IR Spectrum-100 Perkin Elmer spectrom-
eter using ATR technique, in the range 650–4000 cm-1.

1H, 13C and 15N NMR spectra were recorded in DMSO-d6 (99.95%) on a Bruker
Avance DRX 400 spectrometer (400.13, 100.61, and 40.54 MHz). Chemical shifts (𝛿)
are reported in ppm relative to the residual non-deuterated solvent peak (2.50 ppm for 1H,
39.50 ppm for 13C, and 45.00 ppm for 15N). Coupling constants (J) are reported in Hertz
(Hz). The following abbreviations were used to explain the multiplicities: s = singlet, d =
doublet, t = triplet, q = quartet, qvin. = quintet, sex = sextet, m = multiplet, br.s = broad
singlet. All reagents were purchased from commercial suppliers and used without further
purification unless otherwise stated.
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X-ray diffraction. The X-ray diffraction data of 1–4 crystals were collected with
an Xcalibur E CCD diffractometer equipped with a CCD area detector and a graphite
monochromator, using MoK𝛼 radiation (𝜆 = 0.71073 Å) at room temperature (293 K).
Data collection and reduction, and unit cell determination were performed using CrysAlis
PRO software. Structure solution and refinement were carried out with SHELXS97 and
SHELXL2014 software packages [23, 24]. Non-hydrogen atoms were refined anisotrop-
ically (full-matrix least squares on 𝐹2). Hydrogen atoms were placed in calculated
positions and refined using a riding model with 𝑈iso(H) = 1.2𝑈eq(C). Hydrogen atoms
bonded to oxygen were located from difference Fourier maps at an intermediate stage of
refinement.

The crystallographic data have been deposited at the Cambridge Crystallographic Data
Centre (CCDC) under deposit numbers 2352898–2352901 for compounds 1–4, respec-
tively. Copies of this information can be obtained free of charge from the CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44 1223 336033; e-mail: de-
posit@ccdc.cam.ac.uk or via www.ccdc.cam.ac.uk).

Biological methods. The antimicrobial activity assessment of both compounds was
evaluated against the following microorganisms: non-pathogenic Gram-positive and
Gram-negative bacterial strains Bacillus subtilis NCNM BB-01 (ATCC 33608) and Pseu-
domonas fluorescens NCNM PFB-01 (ATCC 25323); phytopathogenic bacterial strains
Xanthomonas campestris NCNM BX-01 (ATCC 53196), Erwinia amylovora NCNM BE-
01 (ATCC 29780), and Erwinia carotovora NCNM BE-03 (ATCC 15713); as well as
non-pathogenic yeast strains Candida utilis NCNM Y-22 (ATCC 44638) and Saccha-
romyces cerevisiae NCNM Y-20 (ATCC 4117).

Two-fold serial dilution method as described in [25] was used for the tests. First, 1 mL
of peptone broth for bacteria and Sabouraud broth for yeast fungi was added to a series of
10 tubes each. Then 1 mL of the compound to be analyzed was added to the first test tube.
The resulting mixture was pipetted and 1 mL of it was transferred to the next tube. The
procedure was repeated up to tube no. 10 of the series. In this way, the concentration of
the initial compound decreased two-fold in each subsequent tube. At the same time, test
microbial cultures were prepared after growing for 24 hours. Subsequently, the tubes with
titrated compound and the inoculum of test-microorganisms were kept in the thermostat
at 35 °C for 24 hours. On the second day, a preliminary analysis of the results was made.
The last tube from the series with no visible growth of the microorganisms detected is
considered to be the minimum inhibitory concentration (MIC) of the compound. To
estimate the minimum bactericidal and fungicidal concentrations, the contents of the
test tubes with MIC and with higher concentrations were inoculated on peptone and
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Sabouraud agar in Petri dishes using a bacteriological loop. The inoculated dishes were
kept in thermostat at 35 °C for 24 hours. The concentration of the compound that inhibits
the growth of any colony of microorganisms is considered to be the minimum bactericidal
and fungicidal concentrations of the compound.

3. Results and Discussions

The synthesis of the target compound was achieved according to Figure 1 via interaction
of dichloroglyoxime (DClH2) with m-phenylenediamine in a 1:1 molar ratio in EtOH and
DMF. The yield of compound 1 was 60%. Its structure was confirmed by spectral FTIR
and 1H, 13C and 15N NMR analysis, and single crystal X-ray diffraction. A new polymorph
(2) of compound 1 was obtained in the presence of Zn(II) ions under similar conditions,
and two new solvatomorphs were obtained in the presence of Mn(II) or Gd(III) ions.
Their structures were confirmed by X-ray diffraction.

Figure 1. Synthesis of compounds 1–4.

A very broad band of high intensity is observed in the IR spectrum of compound 1 at
3500–3000 cm-1, which is mostly attributed to 𝜈(OH) oscillations of oxime origin. The
shoulder at 3100 cm-1 located on the long-wavelength side of the 𝜈(OH) band is attributed
to 𝜈(CH)arom. oscillations, and the absorption bands at 2972 and 2902 cm-1 to 𝜈as(CH)
and 𝜈s(CH) of the CH3 groups [26]. The absorption band of weak intensity at 1647 cm-1

can be attributed to 𝜈(C=N) oscillations [27].
A composite band of the highest intensity is observed at 1620–1500 cm-1 spectral region

with a more intense peak at 1602 cm-1 and another one at 1596 cm-1. The first peak can
be attributed to 𝜈(C=O) oscillations in DMF, and the essential shift of this band to lower
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wavelengths can be explained by the participation of the C=O group in the formation
of relatively strong hydrogen bonds in the crystal lattice with the O· · ·H–O–2.748 Å
oxime group. The second peak at 1596 cm-1 is attributed to 𝛿(NH) frequencies (amide II,
𝛿(NH)+𝜈(CN)) [28, 29], and the band at 1289 cm-1 to amide(III) vibrations [28, 29].

Absorption bands at 1496 and 1448 cm-1 are attributed to 𝜈(C=C)arom., and the band
at 1313 cm-1 to 𝜈(C–N) oscillations [28]. The very high intensity band at 938 cm-1 is
attributed to the oscillations of the N–O oxime bond [27]. 𝛿(CH)arom.pl and especially
𝛿(CH)arom.nonpl absorption bands are well observed in the spectrum of compound 1. The
former appeared at 1161, 1080, and 1045 cm-1 for the 1,3-substituted aromatic rings, and
the nonplanar ones for an isolated hydrogen atom and for three adjacent hydrogen atoms
are attributed to the bands at 899 and 780 cm-1, respectively. According to [26], the high
intensity band at 690 cm-1 can be attributed to non-planar oscillations in 1,3-substituted
aromatic compounds.

The 1H, 13C, and 15N NMR analysis fully confirmed the structure of compound 1.
Thus, in the proton spectrum, broad singlets are observed at 6.85 ppm, belonging to
protons from four secondary amine groups. Those from 7.65 ppm and 6.37 ppm are
attributed to the unsubstituted C2–H and C4–H, C5–H and C6–H from aromatic rings of
ligand 1. The protons from four oxime groups appear at 10.92 ppm as broad singlets.
The presence of a co-crystallized molecule of DMF is confirmed by three singlets at 7.94,
2.88, and 2.73 ppm, respectively.

The signals of tertiary carbon atoms (C2, C4,6, and C5) from aromatic rings were
registered at 128.23, 112.0 and 109.8 ppm, hile the quaternary C1,3 appeared at 144.67
and 140.0 ppm. The signals of carbon atoms (C7,8) from oxime groups is localized at
152.0 ppm. The carbon spectral data are completed by signals from the carbonyl group of
the DMF molecule at 162.86 ppm and two amidic methyl groups at 36.28 and 31.29 ppm,
respectively. Nitrogen atoms are represented by signals at 29.5 and 184.1 ppm in the 15N
NMR spectra.

The X-ray study showed that compounds 1 and 2 are two polymorphic forms, their
formula is H4L·2DMF, and they crystallize in different space groups: 1 – in the cen-
trosymmetric triclinic P1 group, while 2 – in the monoclinic P21/c group. Compounds
3 and 4 differ from 1 and 2 by solvate molecules. They crystallize in trigonal space
groups R3 and R3c with formulas H4L·3H2O and H4L·2EtOH·0.33H2O, respectively,
being different solvatomorphs (Table 1). The molecular structure of these compounds
allows the formation of a similar centrosymmetric organic macrocyclic compound via
condensation of two molecules of m-phenylenediamine (m-FDA) with two molecules of
dichloroglyoxime (DClH2), in which the basic fragments alternate (Figure 2). In the oxime
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groups of compounds 1–4, the N–C, N–O and C–C bond lengths are within the ranges
1.283(4) – 1.291(3) Å, 1.415(4) – 1.426(3) Å, and 1.474(4) – 1.495(2) Å, respectively,
corresponding to those established for uncoordinated dioximes [2, 30, 31, 32].

Table 1. Crystal data and structure refinement for 1–4.

Parameters Value

(1) (2) (3) (4)

Formula C22H30N10O6 C22H30N10O6 C16H23N8O7.5 C20H28.67N8O6.33

𝑀𝑟 / g mol−1 530.56 530.56 447.42 482.51
cryst. system triclinic monoclinic trigonal trigonal
space group 𝑃1 𝑃21/𝑐 𝑅3 𝑅3𝑐
𝑎 / Å 6.9940(5) 10.8055(9) 17.7522(10) 15.1147(10)
𝑏 / Å 8.7940(8) 9.9327(7) 17.7522(10) 15.1147(10)
𝑐 / Å 11.9818(8) 12.1433(8) 17.4127(10) 56.680(5)
𝛼 / ◦ 101.291(7) 90 90 90
𝛽 / ◦ 99.668(6) 95.955(7) 90 90
𝛾 / ◦ 111.270(8) 90 120 120
𝑉 , Å3 650.02(10) 1296.25(17) 4752.3(6) 11214.1(18)
𝑍 2 4 18 18
𝐷calc / mg m−3 1.355 1.359 1.407 1.286
𝜇 / mm−1 0.102 0.102 0.113 0.098
𝐹 (000) 280 560 2115 4596
crystal size / mm3 0.55×0.30×0.08 0.40×0.40×0.03 0.38×0.35×0.30 0.20×0.15×0.01
Reflections collected/
independent
reflections

4083/2407
(𝑅int = 0.0183)

4763/2399
(𝑅int = 0.0415)

3039/1968
(𝑅int = 0.0346)

6519/2215
(𝑅int = 0.0824)

Completeness to 𝜃 / % 99.7 99.8 99.7 99.8
(𝜃 = 25.24) (𝜃 = 25.24) (𝜃 = 25.24) (𝜃 = 25.04)

Parameters 176 175 145 160
Goodness-of-fit on 𝐹2 1.005 1.002 1.004 1.002
final 𝑅1, 𝑤𝑅2 𝑅1 = 0.0446,

𝑤𝑅2 = 0.1276
𝑅1 = 0.0621,
𝑤𝑅2 = 0.1306

𝑅1 = 0.0677,
𝑤𝑅2 = 0.1408

𝑅1 = 0.0765,
𝑤𝑅2 = 0.1650

𝑅 indices (all data) 𝑅1 = 0.0565,
𝑤𝑅2 = 0.1365

𝑅1 = 0.1182,
𝑤𝑅2 = 0.1569

𝑅1 = 0.1250,
𝑤𝑅2 = 0.1688

𝑅1 = 0.1678,
𝑤𝑅2 = 0.2003

largest diff. peak and
hole, eÅ−3 0.271, –0.279 0.275, –0.332 0.243, –0.321 0.352, –0.338
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Figure 2. The molecular structure of the H4L proligand of 1.

These organic molecules in the compounds are stabilized by 𝜋 · · · 𝜋 interactions, with
distances between the aromatic centers ranging from 3.376 to 3.507 Å. Analysis of
the CSD results [32] revealed a different arrangement of the dioxime moiety, varying
from cis- to trans- forms. For example, in the organic compounds stabilized by rigid
fragments such as cyclohexane, naphthoquinone, or quinoxaline [33, 34, 35, 36], the
NCCN torsion angles are in the range of 2.07–20.08°, in compounds with more bulky
substituents [30, 37] - in the range of 58.47–71.70°, and in compounds with -CH3 or
-CH2-CH3 as a substituent [38, 39, 40] - in the range of 179.37–180.0°. For compounds
1–4, the values of the NCCN torsion angles in the dioxime fragments are equal to 59.8°,
67.7°, 66.5°, and 53.9°, respectively, so we can assume that they are quite rigid.

In the crystal of compound 1, the H4L organic molecules are linked by O(2)–H(2)· · ·
N(2) intermolecular hydrogen bonds (Figure 3 (a), Table 2), forming centrosymmetric
chains in which the R2

2(6) supramolecular heterosyntons are observed. These chains
are joined in the crystal by DMF molecules of crystallization, which participate in the
formation of N(4)–H(2N)· · ·O(3) and O(1)–H(1)· · ·O(3) intermolecular hydrogen bonds,
as well as C–H· · ·O and C–H· · ·N fine hydrogen bonds.

In the crystal of compound 2, the H4L organic molecules form chains through O(2)–H(2)
· · ·O(1) and N(4)–H(2N)· · ·N(1) intermolecular hydrogen bonds (Figure 3 (b), Table 2).
These are stabilized by fine C–H· · ·N hydrogen bonds and linked to each other via
C–H· · ·O interactions. DMF molecules of crystallization are attached to these chains via
O(1)–H(1)· · ·O(3) intermolecular hydrogen bonds.

In the crystal of compound 3, a complicated system of intermolecular hydrogen bonds
was observed, in which three H4L organic molecules are bonded around the three-fold
inversion axis by O(1)–H(1)· · ·N(1), forming R3

3(6) supramolecular heterosyntons in the
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form of equilateral triangles. The structure is developed by the second O(1)–H(1)· · ·N(1)
bond in the layer, stabilized by N(3)–H(1N) bonds. The 3D supramolecular structure is
extended by a number of bonds involving water molecules and fine C–H· · ·O hydrogen
bonds.

Table 2. Hydrogen bond distances (Å) and angles (°) in 1–4

D–H· · ·A 𝑑(H· · ·A) 𝑑(D· · ·A) ∠(DHA)
Symmetry transformations

for A
1

O(1)–H(1)· · ·O(3) 1.98 2.746(2) 155 −𝑥 + 1,−𝑦 + 1,−𝑧
O(2)–H(2)· · ·N(2) 2.05 2.722(2) 139 −𝑥,−𝑦,−𝑧 + 1

N(4)–H(2N)· · ·O(3) 2.27 3.012(2) 145 𝑥, 𝑦, 𝑧

C(4)–H(4)· · ·O(1) 2.62 3.345(2) 135 −𝑥 + 1,−𝑦 + 1,−𝑧
C(10)–H(10A)· · ·N(2) 2.63 3.428(3) 141 −𝑥 + 1,−𝑦,−𝑧 + 1
C(11)–H(11A)· · ·O(2) 2.65 3.580(3) 163 −𝑥 + 1,−𝑦 + 1,−𝑧 + 1

2
O(1)–H(1)· · ·O(3) 1.82 2.636(3) 170 𝑥, 𝑦, 𝑧

O(2)–H(2)· · ·O(1) 2.04 2.826(3) 160 −𝑥 + 2, 𝑦 + 1/2,−𝑧 + 3/2
N(4)–H(2N)· · ·N(1) 2.49 3.215(3) 143 𝑥,−𝑦 + 1/2, 𝑧 − 1/2
C(4)–H(4)· · ·N(1) 2.58 3.270(4) 132 𝑥,−𝑦 + 1/2, 𝑧 − 1/2
C(6)–H(6)· · ·O(2) 2.63 3.478(4) 152 −𝑥 + 2, 𝑦 + 1/2,−𝑧 + 3/2

3
O(1)–H(1)· · ·N(1) 1.94 2.752(3) 170 −𝑥, 𝑥 − 𝑦, 𝑧

O(2)–H(2)· · ·O(2W) 2.00 2.742(5) 156 𝑥 − 𝑦 + 2/3, 𝑥 + 1/3,−𝑧 + 1/3
N(3)–H(1N)· · ·O(2) 2.28 3.016(3) 144 −𝑥 + 2/3, 𝑥 − 𝑦 + 1/3, 𝑧 + 1/3

N(4)–H(2N)· · ·O(1W) 2.03 2.854(4) 160 −𝑥 + 𝑦 + 1/3,−𝑥 + 2/3, 𝑧 − 1/3
C(4)–H(4)· · ·O(2W) 2.56 3.484(6) 175 −𝑥 + 1/3,−𝑦 + 2/3,−𝑧 + 2/3

C(10W)–H(1W)· · ·N(2) 1.95 2.952(6) 156 −𝑥 + 𝑦 + 1/3,−𝑥 + 2/3, 𝑧 + 2/3
O(1W)–H(2)· · ·O(1) 2.11 2.824(3) 140 𝑥, 𝑦, 𝑧

O(2W)–H(1)· · ·O(1W) 1.91 1.752(5) 160 𝑥, 𝑦, 𝑧

O(2W)–H(2)· · ·O(1W) 2.32 3.180(6) 166 𝑥 − 𝑦, 𝑥,−𝑧 + 1
4

O(1)–H(1)· · ·O(1) 1.93 2.686(3) 152 𝑥 − 𝑦, 𝑥,−𝑧
O(2)–H(2)· · ·O(3) 1.86 2.655(5) 165 𝑥, 𝑦, 𝑧

N(3)–H(1N)· · ·N(1) 2.10 2.923(5) 161 𝑦,−𝑥 + 𝑦,−𝑧
O(3)–H(3)· · ·N(2) 2.11 3.012(5) 164 𝑥 − 𝑦 + 2/3,−𝑦 + 4/3,−𝑧 − 1/6

C(10)–H(10)· · ·O(1) 2.55 3.469(10) 158 𝑦 + 2/3, 𝑥 + 1/3,−𝑧 − 1/6

36



Ureche D., Bulhac I., Ciocarlan A., Lupascu L., and Bourosh P.

The H4L molecule in 4 is located on the crystallographic inversion center and thus has
Ci molecular symmetry. The molecules connected in the crystal by a three-fold inversion
axis are linked by O(1)–H(1)· · ·O(1) hydrogen bonds involving the glyoxime groups
in supramolecular R6

6(12) heterosyntons in the form of regular hexagons. Each of the
molecules is involved in the formation of two such hexagons, resulting in a supramolecular
layer parallel to the (ab) plane (Figure 3 (d), Table 2).

The crystallization water molecules, which do not form hydrogen bonds with the basic
components, are located in these hexagonal channels. This molecular arrangement is also
stabilized via N(3)–H(1N)· · ·N(1) hydrogen bonds and, as a result, there are observed
R2

2(8) graph sets formed by these two hydrogen bonds are observed in the structure.

(a) (b)

(c) (d)

Figure 3. The packing mode of the components in the crystal of compounds 1–4 (a-d)

The other two hydroxyl groups of the glyoxime fragments are involved in hydrogen
bonds as proton donors with ethanol molecules via intermolecular O(2)–H(2)· · ·O(3)
hydrogen bonds. As these solvent molecules form O(3)–H· · ·N(2) and C(10)–H· · ·O(1)
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hydrogen bonds with atoms in neighboring layers, 3D supramolecular systems are formed
in the crystal.

A detailed literature search in the field of biological activity of vic-dioximes yielded
some relevant bibliographic references. In one of them, the authors report that the
vic-dioxime ligand bearing one naphthyl disodium disulfonate moiety has no inhibitory
effect on the growth of Rhodotorula rubra, Kluyveromyces marxianus, Aspergillus fu-
migatus and Mucor pusillus fungal strains compared to its metal CuII, NiII, ZnII, CdII

complexes [41].
Another research group conducted in vitro assessments of some 3- and 4-substituted

benzaldehyde hydrazones vic-ligands and their CuII, NiII, CoII complexes on 18 strains
of bacteria and yeasts [42]. The authors mentioned that all tested compounds exhibit
moderate antimicrobial activity, the ligands being generally more active. In this sense, the
mono-3-methylbenzaldehyde hydrazone vic-dioxime and mono-4-methoxybenzaldehyde
hydrazone vic-dioxime must be mentioned. These ligands have shown slightly higher
activities against Bacillus thrungiensis and strong activity against Candida utilis, C.
albicans, C. glabrata, C. tropicalis, and Saccharomyces cerevisiae, compared to the
reference compounds.

Authors [43] performed a comparative study of the antibacterial activity of two vic-
dioxime ligands containing one p-tolyl and benzyl-piperazinyl, and bis-benzyl-piperazinyl
radicals and their NiII, CuII, CoII, ZnII metal complexes. The study demonstrates that
only bis-benzyl-piperazinyl-containing ligands show weak antibacterial activity.

In vitro inhibition activity of the tetraoxime proligand 1 was assessed against both
non-pathogenic Gram-positive and Gram-negative bacteria (Bacillus subtilis and Pseu-
domonas fluorescens), phytopathogenic (Xanthomonas campestris, Erwinia amylovora,
E. carotovora) bacteria, and yeast-fungi (Candida utilis and Saccharomyces cerevisiae)
(Table 3).

Table 3. In vitro antifungal and antibacterial activities of 1

MBC and MFC, %

Comp.
B.

subtilis
P.

fluorescens
E.

amylovora
E.

carotovora
X.

campestris
C.

utilis
S.

cerevisiae
mFD n/a n/a n/a n/a n/a n/a n/a

1 0.015 0.03 0.015 0.03 0.015 0.015 0.015
Control 0.06 0.06 0.06 0.06 0.03 0.06 0.03

Control – Augmentin solutin, MBC – minimum bactericidal concentration,
MFC – minimum fungicidal concentration, n/a – non active.
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Compound 1 exhibits average antibacterial and antifungal properties in the concentra-
tion range of 2 – 4% for bacteria and 4% for fungi.

4. Conclusions

The condensation of dichloroglyoxime with m-phenylenediamine leads to the formation
of a cyclic tetraoxime, as the -NH2 groups in the two fragments of m-phenylenediamine
are positioned in the exo-position. The newly obtained tetraoxime was tested for an-
timicrobial activity. The obtained results showed that compound 1 exhibited moderate
antibacterial and antifungal properties in the concentration range of 2–4% for bacteria
and 4% for fungi. In the presence of Zn(II) ions under similar conditions, only one
new polymorph of compound 1 – H4L·2DMF (2) – was obtained, while in the presence
of Mn(II) or Gd(III) ions, two new solvatomorphs were formed – H4L·3.5H2O (3) and
H4L·2C2H5OH·0.33H2O (4). It is likely that the rigid glyoxime fragments in this molecule
prevent coordination with the transition metal ions.
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