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olecular systems based on benzoxazoles and their derivatives, 
g. 2-(2-hydroxyphenyl)benzoxazoles, exhibit antimicrobial,1–4 
tibacterial,5–7 antiviral,8 antifungal,6,9 anticancer,8–11 anti-
flammatory12,13 and antiproliferative14 activities as well as can 
rve as HIV-115,16 and PDE417 reverse transcriptase inhibitors. 
erivatives of 2-(2-hydroxyphenyl)benzoxazoles are strong 
ordinating agents and would form stable complexes with 

arious transition metals. Zinc(ii) complexes based on 
-(2-hydroxyphenyl)benzoxazoles demonstrate nontrivial 
ectral-luminescent properties and electroluminescence, which 
lows them to be used as components of active layers of OLED 
d fluorescent sensors.18–22 Moreover, complexes of 

enzoxazole derivatives are promising systems for bio-imaging23 
d therapeutic agents with pronounced biological activity.24–29 

herefore, search for new coordination systems based on 
-(2-hydroxyphenyl)benzoxazoles is an urgent task.

Recently, we have investigated the chromogenic properties of 
-(6-hydroxy-2-methoxycarbonylphenyl)benzoxazole and have 
btained its complexes with Znii and Cdii which possessed 
fective blue fluorescence and resistance to photodegradation.30 
 this work, we synthesized and explored three new NiII 
mplexes based on 2-(2-alkoxycarbonyl-6-hydroxyphenyl)

enzoxazoles 1a–c (Scheme 1). Ligands 1a–c were previously 
btained by contraction of seven-membered ring in 2-benzoxazol-
-yl-5,6,7-trichloro-1,3-tropolone under prolonged heating in 
e corresponding alcohol (MeOH, EtOH or PriOH).31,32 
ccording to the elemental analysis data, the reaction of 
-(alkoxycarbonyl-3,4-dichloro-6-hydroxyphenyl)benzox
oles (R = Me, Et, Pri) 1a–c with nickel(ii) acetate in acetonitrile 
 a ligand/metal ratio of 2 : 1 results in the formation of 
rresponding mononuclear bis-chelate Niii complexes 2a–c 
ee Scheme 1).

1H NMR spectra of compounds 2a–c revealed a significant 
broadening of the lines (especially the signals of aromatic 
protons), which may indicate a partial or predominant para
magnetic behaviour of the central atom as well as a non-planar 
structure of the chelate node of the complexes. In this regard, 
1H NMR spectral data are not informative to confirming the 
structure of complexes 2a–c (see Online Supplementary 
Materials, Figures S1–S3).

IR spectra of ligands 1a–c reveal the following: a broadened 
band in the region of 3000–3450 cm–1 related to the oscillation 
of the OH group bound by a hydrogen bond, a high-intensity 
absorbance band of C=O group of the ether fragment in the 
region of 1731–1737 cm–1 and absorption bands in the region of 
ca. 1620 cm–1 related to stretching vibrations of the azole C=N 
bond. Disappearance of the absorbance band of the OH group 
and a shift to the low-frequency region of the valence vibrations 
of the C=N bond by ~15 cm–1, which are observed during 
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ew Niii complexes based on the substituted 2-(2-hydroxy
henyl)benzoxazole have been synthesized from the 
rresponding ligands and nickel acetate. The crystal 
ructure of bis[2-(1,3-benzoxazol-2-yl-kN)-4,5-dichloro- 
-(methoxycarbonyl)phenolate-kO]nickel(ii) has been 
etermined by X-ray diffraction. The new Niii complexes 
ave been screened for their antibacterial, protistocidal and 
ngistatic activities.
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Scheme  1  Reagents and conditions: i, Ni(AcO)2·4 H2O, MeCN, 70–80 °C, 
2 h.
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complexation, prove the formation of a chelate complex. 
Complexes 2a–c are also characterized by the appearance of new 
bands in the region of ~545 and ~515 cm–1 caused by fluctuations 
of n(Ni–O) and n(Ni–N), respectively (see Online Supplementary 
Materials, Figures S4–S6).33

The structure of bis[2-(1,3-benzoxazol-2-yl-kN)-4,5-di
chloro-3-(methoxycarbonyl)phenolate-kO]nickel(ii) 2a complex 
(Figure 1) was established by X-ray diffraction analysis; 
the  main distances and angles in the molecule are given in  
Tables S1–S4 and Figure S7 (see Online Supplementary 
Materials).† According to X-ray diffraction data, compound 2a 
crystallizes in a centrosymmetric space group (P21/n) with a 
nickel ion located in the inversion center. An asymmetric unit 
consists of half of a complex molecule. The distances and bond 
angles are within the expected values. The donor atoms N(1), 
O(2) and O(5) in the composition of the oxazole cycle, phenolic 
fragment and sulfoxide form slightly distorted octahedral 
environment around the nickel(ii) ion. The octahedron is 
elongated in vertex positions. The bond distance Ni(1)–N(1) is 
2.066(2) Å, while the bond lengths Ni(1)–O(2) and Ni(1)–O(5) 
are 2.0015(17) and 2.1192(18) Å, respectively. These values, in 
general, slightly differ from the bond lengths (2.1212, 2.0076 
and 2.2140 Å, respectively) in the zinc complex described 
earlier.30 The shortest intermolecular contact is detected between 
the oxazole fragment and the ester oxygen atom [the oxazole 
plane is O(4) 2.979 Å]. A fragment of the molecular packaging 
is shown in Figure S8 (Online Supplementary Materials).

The electron absorption spectra of new complexes 2a–c in 
DMSO (Figure 2, Table 1) contain a long-wavelength band 
with a maximum at 393–394 nm and a molar extinction 
coefficient of 27800–27900 dm3 mol–1 cm–1. These bands are 
asymmetrical and have a shoulder at 406–407 nm. The short-

wave absorption band is localized at 270–272 nm with a molar 
extinction coefficient of 36300–36700 dm3 mol–1 cm–1. 
Detailed spectral characteristics of nickel complexes 2a–c are 
given in Table 1.

The absorption spectra of complexes 2a–c are 
bathochromically shifted (the displacement of the long-
wavelength absorption band reaches 43–46 nm) relative to the 
electron absorption of the corresponding ligands 1a–c.30 
Significant changes in the electron absorption of the ligands are 
caused by the interaction of the coordination-active chelate node 
of 2-(hydroxyphenyl)benzoxazoles with Niii ions and the 
formation of chelate complexes. These results of the studies 
showed that the nature of the alkoxycarbonyl substituent in the 
phenyl fragment of the ligands does not significantly affect the 
spectral characteristics of the electron absorption of their bis-
chelate nickel complexes.

Unlike zinc and cadmium mononuclear bis-chelate 
complexes30 possessing intense photoluminescence in the blue 
region of the spectrum, no fluorescence was detected for nickel 
analogues 2a–c. The effect of the nature of the metal is manifested 
in the longer wavelength absorption of nickel complexes 
compared to zinc complexes.29

The obtained derivatives of 2-(2-hydroxyphenyl)benzoxazoles 
1a–c and their Niii complexes 2a–c were tested for fungistatic, 
protistocidal and antibacterial activity (Table 2).

Hence, it was revealed that ligands 1a–c and their complexes 
2a–c did not possess fungistatic activity against Penicillium 
italicum. The protistocidal activity of compound 1c against 
Colpoda steinii is 500 μg ml–1 that is significantly lower than the 
activity of the comparison samples; the remaining compounds 
were inactive. Results of the assessment of antibacterial activity 
of the compounds 1b,c and 2b toward St. aureus showed that 
their activity is 26% of the level of ciprofloxacin activity and 
35% of furazolidone activity. For complex 2b, culture growth 
retardation zone against E. coli. was 7–8 mm which corresponded 
to 38% of the activity of ciprofloxacin and to 33% in comparison 
with furazolidone.

Thus, ligand 2-(3,4-dichloro-2-ethoxycarbonyl-6-hydroxy
phenyl)benzoxazole 1b and its Niii complex 2b possessed an 
average antibacterial activity against gram-positive and gram-
negative bacteria St. aureus. Complexation of Niii ions with 
ligand 1b, which is ineffective against E. coli, contributed to the 
emergence of antibacterial activity of Niii complex 2b toward 
gram-positive and gram-negative E. coli bacteria.
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Figure  1  Molecular structure of complex 2a containing two DMSO 
molecules in the representation of atoms by ellipsoids of thermal oscillations 
with a 50% probability.

†	 Crystal data  for 2a. C34H28Cl4N2NiO10S2 (M = 889.21 g mol–1), 
monoclinic, space group P21/n (no. 14), a = 10.6083(2), b = 7.8650(2) 
and c = 21.3907(4) Å, b = 95.427(2)°, V = 1776.72(7) Å3, Z = 2, 
m(CuKa) = 5.192 mm–1, T = 99.98(18) K, dcalc = 1.662 g cm–3, 18293 
reflections measured (8.304° £ 2q £ 152.668°), 3681 unique 
(Rint = 0.0680, Rsigma = 0.0408) which were used in all calculations. The 
final R1 was 0.0474 [I > 2s(I )] and wR2 was 0.1294 (all data). The 
experimental data for structure 2a were obtained on an Agilent 
SuperNova diffractometer using a microfocus X-ray source with copper 
anode and an Atlas S2 two-dimensional CCD detector. The reflections 
were collected, unit cell parameters determined and refined using the 
specialized CrysAlisPro 1.171.38.41 software suite (Rigaku Oxford 
Diffraction, 2015).34 The structures were solved using the ShelXT 
program (Sheldrick, 2015)35 and refined with the ShelXL program 
(Sheldrick, 2015).36 Molecular graphics and presentation of structures 
for publication were performed with the Olex2 v1.5 software suite.37 
	 CCDC 2166674 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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Figure  2  Electron absorption spectra of nickel complexes 2a–c in DMSO.

Table  1  UV-VIS data of complexes 2a–c in DMSO.

Compound lmax (nm)/e (103 dm3 mol–1 cm–1)

2a 393 (27.9), 406sh (26.2), 293sh (26.0), 271 (36.3)
2b 394 (27.8), 407sh (26.2), 293sh (26.3), 270 (36.4)
2c 393 (27.9), 406sh (26.2), 293sh (26.3), 272 (36.7)
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Table  2  Fungistatic, protistocidal and antibacterial activity of substituted 2-(2-hydroxyphenyl)benzoxazoles 1a–c and their Niii complexes 2a–c.a

Compound
Fungistatic activity, growth 
retardation zone of Penicillium 
italicum/mm

Protistocidal activity 
against Colpoda steiinii/μg ml–1

Bacteriostatic activity, growth retardation zone/mm

St. aureus E. coli

  +/– +   +/– +

1a 0 >500   7 0   7 0
1b 0 >500   0 7   7 0
1c 0   500   0 7   7 0
2a 0 >500   7 0   7 0
2b 0 >500   0 7   0 8
2c 0 >500   7 0   7 0
Fundazol 37 ± 0.03   – – –
Ciprofloxacin –   – 27 ± 0.24 21 ± 0.20
Furazolidone –   – 20 ± 0.18 24 ± 0.17
Chloroquine – 15.6 ± 0.14 – –
Baycox (Toltrazuril) – 62.5 ± 0.58 – –

a +/– denotes growth retardation noted during the first 12 h, + denotes growth retardation noted for more than 24 h (presumably due to the bactericidal 
activity).


