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ABSTRACT

(1E, 2Z)-2-(1H-benzoimidazol-1-yl)-2-(hydroxyimino)acetaldehyde oxime (H,L) and its metal(ll)
complexes (1-5) (Fe, Co, Ni, Cu and Zn) were obtained using anti-monochloroglyoxime (glyox) and
1H-benzimidazole (HBI) in absolute ethanol for the first time. The H,L was characterized by *H-
NMR, elemental analysis, IR, and UV-Vis methods while IR, elemental analysis, UV-Vis, ICP-OES,
TGA, molar conductivity and magnetic susceptibility techniques were applied to analyse of metal
complexes (1-5).
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1. INTRODUCTION

The coordination chemistry of vik-dioximes has been studied extensively. Many transition metal
complexes of these ligands have been synthesized and continue to be synthesized. Potential
applications of vic-dioximes and coordination compounds are useful in chemical industry, biological
chemistry, pigment, medicinal chemistry, analytical and model compounds [1-5]. Vicinal dioximate
ligands with a conjugated N=C—C=N system often form N,N-chelated metal complexes. The presence
of slightly acidic hydroxy groups and slightly basic nitrogen atoms forms adjacent dioxime
amphoteric ligands that form square-pyramidal, square-planar, corrine-type or octahedral complexes
with metal ions such as cobalt, nickel, copper, zinc, palladium and cadmium as central atoms [6-17].

Benzimidazoles are involved in a great variety of biological processes [18]. They usually coordinate
to the metal ions with their nitrogen atoms [19] and some of their complexes derivatives have been
proven to possess antibacterial, fungicide and anti-hermitic activities [20-23]. A few reports on
synthesis of metal complexes of dioxime and benzimidazole derivatives have been synthesized [24-
29].

In this study, we prepared anti-monochloroglyoxime (glyox) and 1H-benzimidazole (HBI) according
to literature [30-32] then we combined them to give a novel oxime ligand, named (1E, 22)-2-(1H-
benzoimidazol-1-yl)-2-(hydroxyimino)acetaldehyde oxime (1). In addition, complex compounds of
H,L with metal(ll) ions {Fe for 1, Co for 2, Ni for 3, Cu(ll) for 4 and Zn(ll) for 5 salts were
synthesized. The H,L was characterized by 'H-NMR, elemental analysis, IR, and UV-Vis methods
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while IR, elemental analysis, UV-Vis, ICP-OES, TGA, molar conductivity and magnetic
susceptibility techniques were applied to analyse of metal complexes (1-5).

2. EXPERIMENTAL

2.1. General Methods and Materials

All chemicals used were commercially purchased from Merck. Elementar Vario Il EL for elemental
analyses, Bruker DPX FT NMR for *H-NMR, Bruker Optics Vertex 70 for IR, Perkin Elmer SII
Exstar 6000 TG/DTA 6300 for thermal analyses, SHIMADZU UV-2550 for UV-Vis, Sherwood
Scientific Magway MSB MK1 for magnetic moment measurements and WTW Cond 315i/SET for
molar conductance instruments were used for the analysis of the structures.

2.2. Synthesis of Ligand H,L.

We prepared anti-monochloroglyoxime (glyox) and 1H-benzimidazole (HBI) according to literature
[30-32]. A solution of anti-monochloroglyoxime (1.22 g) in 25 mL pure ethanol was join to the
solution of 1H-benzimidazole (1.18 g) in 25 mL pure ethanol. The pH of the mixture was adjusted
from 3.5 to 7.0 with the addition of 0.1 M KOH solution. The yellow precipated product was filtered
and dried (m.p: 140 °C, 1.26 g, 65% vyield). The structure of H,L is given in Fig. 1.
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Figure 1. Synthesis of H,L.

2.3. Synthesis of 1-5.

A solution of 0.139 g FeS0,.7H,0 for 1; 0,1245 g Co(Ac),.4H,0 for 2; 0.124 g Ni(Ac),.4H,0 for 3;
0.099 g Cu(Ac),.H,0 for 4 and 0.111 g Zn(Ac),.2H,0 for 5 in 10 mL water was added to the 0.194 g
H,L in 10 mL ethanol. The solids powder {violet for 1 (0.368 g, 69% yield), as brown for 2 (0.292 g,
70% yield), as red for 3 (0.963 g, 73% yield), as bottle green for 4 (0.372 g, 80% yield) and as yellow
for 5 (0.604 g, 77% vyield)} that precipitated in the reaction medium was filtered and dried. The
structures of 1-5 are given in Figure 2.
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Figure 2. The compound 1-5.

Anal. Calcd. for 1 (CgHgN4O,) (M = 204.19 g/mol): C, 52.95%, H, 3.97%, N, 27.45%, Found: C,
52.94%, H, 3.95%%, N, 27.44%. Anal. Calcd. for 2 (CgH;oN401:S;Fe;) (M = 526.02 g/mol): C,
20.50%, H, 1.90%, N, 10.65%, S, 12.20%, M, 21.00, Found: C, 20.55%, H, 1.92%, N, 10.65%, S,
12.19%, M, 21.23. Anal. Calcd. for 3 (C33H1gN4O0gCo0) (M = 417.24 g/mol): C, 37.40%, H, 4.45%, N,
13.40%, M, 14.10, Found: C, 37.42%, H, 4.35%, N, 13.43%, M, 14.12. Anal. Calcd. for 4
(C4sH2oN1604gNiy) (M = 1319.69 g/mol): C, 40.01%, H, 3.39%, N, 16.97%, M, 17.70, Found: C,
40.04%, H, 3.36%, N, 16.98%, M, 17.79. Anal. Calcd. for 5 (C13H4N4O;Cu,) (M = 465.37 g/mol):
C33.57, %, H, 3.04%, N, 12.02%, M, 27.30, Found: C, 33.55%, H, 3.03%, N, 12.04%, M, 27.31.
Anal. Calcd. for 6 (CysH3oNgO14Zn3) (M = 784.73 g/mol): C, 35.76%, H, 3.50%, N, 12.80%, M,
22.40, Found, C, 35.70%, H, 3.46%, N, 12.81%, M, 22.43.
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3. RESULTS AND DISCUSSION

3.1. 'H-NMR Result of H,L.
The *H-NMR spectrum (Figure 3) and *H-NMR values (Table 1) of H,L was obtained in de-DMSO at
25°C.
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Figure 3. *H-NMR spectrum of compound H,L.

Table 1. *H-NMR values for H,L.

8 \(|:=
C=—N
W,
OH
H' 12.65 (1H, s)
H? 11.95 (1H, s)
H* 8.33 (1H, s)
H? 8.10 (1H, s)
He 7.72 (1H, d) [ ¥nen7 = 7.75 Hz]
H® H®and H’ 7.28 (3H, m) [*] = 7 Hz]

The *H-NMR spectrum of H,L also contains two singlet peaks oxime part (H' and H?) at 12.65 ppm
and 11.95 ppm, respectively, with the intensity of 1H atom for each. The CH proton of oxime part
(H? is easily distinguishable as singlet with the intensity of 1H atom at 8.10 ppm. The H* proton of
H,L was observed at 7.72 ppm with the intensity of 1H atom. H°>, H® and H’ protons of H,L are
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observed at 7.28 ppm (*J = 7 Hz) multiple with 3H intensity. H? proton of H,L is doublet as expected
and arisen at 7.72 ppm (3Jye.n7 = 7.75 Hz) with the intensity of 1H atom.

3.2. FT-IR Results

The IR data of all compounds are given in Table 2. There are broad vibration peaks between 3300 and
3320 cm™ attributed to the v(OH) vibrations of all compounds (expect HBI). There is a medium
vibration peak at 3114 cm™ attributed to the v(N-H) vibrations of HBI. This peak is not observed in
compound H,L due to replacing H atom of N-H in HBI with oxime group after reaction (Figure 1).
v(C=N) of H,L and v(C=N)gyime and/or v(C=N)yg, of 1-5 vibration are in the range of 1635-1610 cm?
with similar pattern. These frequencies are shifted to higher or lower energies when compared with
free glyox (1605 cm™) and HBI (1615 cm™) indicating the coordination between metal ion and
v(C=N) groups of H,L (Figure 2). The peaks at the range of 3022-2823 cm™ (weak), 3100-3055 cm™
(weak), 1405-1587 cm™ (strong) are assigned v(C-H) methylene, v(C-H) aromatic (except glyox) and
v(C=C) of all compounds, respectively. In the complexes (1-5), the peaks at the range of 475-469 and
579-531 cm™ can be assigned for the v(M-O) and v(M-N) modes also showing the coordination
between metal ions and H,L, respectively [33-35].

Table 2. IR data of all compounds (cm™).

Glyox  HBI H,L 1 2 3 4 5
v(OH) 3208(br) - 3300(br) 3285(br) 3275(br) 3320(br) 3256(br) 3318(br)
v(NH) - 3114(m) - - - - - -

V(C-H)pa - 3061(w) 3055(w) 3050(w) 3065(w) 3100(w) 3059(w)  3059(w)

v(=C-H) 3022(w) 2939(w) 3000(w) 3005(w) 3007(w) 3023(w) 3000(w) 3000(w)
2883(w) 2857(w) 2823(w) 2912(w) 2920(w) 2997(w) 2997(w) 2992(w)
2833(w) 2845(w) 2885(w) 2845(w) 2852(w)
v(C=N) 1605(s) 1615(s) 1630(s) 1635(s) 1636(s) 1636(s) 1631(s) 1636(s)
1609(s) 1610(s) 1610(s) 1609(s) 1609(s)  1610(s)
v(C=C) - 1587(s) 1542(s) 1542(s) 1545(s) 1548(s) 1559(s)  1548(s)
1499(s)  1500(s)  1499(s) 1499(s) 1501(s) 1499(s)  1506(s)
1478(s)  1480(s)  1456(s)  1455(s) 1454(s) 1457(s) 1481(s)
1456(s)  1457(s) 1412(s) 1420(s) 1412(s) 1405(s)  1456(s)
v(M-N) - - - 531(w)  548(w)  551(w)  543(w)  579(w)
v(M-0) - - - A72(w)  475(w)  474(w)  475(w)  469(w)

3.3. Thermal Analyses of Compounds 2-6.
TG-DTG and DTA curves of 1-5 are given in Figure 4-8, respectively, and their values are given in
Table 3.

All complexes thermally decomposed in three steps. The endothermic first stage corresponds to the
loss of two, two two one and two moles of water molecule for 1-5. The endothermic second stage is
consistent to the loss of CgHgNO,, four, four, two and four moles acetate molecules and in the
endothermic third stage S,N3Og, one, four, one and two moles H,L for 1-5. The final product left
undecomposed are FeO, CoO, NiO, CuO and ZnO, respectively.
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Table 3. Thermal analyses results of compounds 1-5.

Compound Temperature DTGpax Leaving Found Calculated
(U9) (U9) Group (%) (%)
1 35-157 63 2H,0 3.20 3.42
157-301 189, 238 CyoHgNO, 30.70 30.83
301-800 304, 314 S,N504 44.60 44,52
- - FeO 21.50 21.23
2 35-195 55 2H,0 7.90 8.55
195- 401 291 4Ac 28.40 28.32
401-900 439, 466 H,L 49.40 49.00
- - CoO 14.30 14.21
3 35-126 78 2H,0 2.80 2.70
126-300 289 4Ac 17.60 17.80
300-650 376 4HL 61.70 61.70
- - NiO 17.90 17.78
4 35-143 94 H,O 3.80 3.88
143-252 237 2Ac 18.50 18.48
252-650 266, 271, 301 H,L 50.50 50.33
- - CuO 27.20 27.31
5 35-164 59 2H,0 4.10 4,12
164-255 221 4Ac 16.60 16.66
255- 750 452,538, 561 2H,L 56.70 56.79
- - ZnO 22.60 22.43
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Figure 4. Thermal analysis results of 1.
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Figure 5. Thermal analysis results of 2.
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Figure 6. Thermal analysis results of 3.
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Figure 7. Thermal analysis results of 4.
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Figure 4. Thermal analysis results of 5.

3.4. UV-vis Spectra, Molar Conductivities and Magnetic Susceptibilities

The UV-Vis spectra of glyox, HBI, H,L and 1-5 were recorded in DMSO (1x10° M). The z- z*
transitions are seen in the spectra of free ligands glyox (239 and 289 nm) and HBI (288 nm), H,L (236
and 289 nm), of 1 (236 and 286 nm), of 2 (288 and 294 nm), of 3 (288 and 294 nm), of 4 (294 and 360
nm) and of 5 (289 and 328 nm). The d-d transitions bands of 1-4 are observed at 794, 769, 802 and
82110 nm, respectively. The d-d transition for 5 have not been observed due to containing Zn(ll) ion
d@m.

The molar conductivity data in DMSO of 1-5 is the 0.9, 1.5, 2.0, 0.5 and 3.1 Q'cm? mol?,
respectively, indicating that 1-5 are non-ionic [36]. These results agree that sulfate ion for 1 and
acetate ions for 2-5 complexes are coordinated to the metal ions.

Magnetic moments 1-5 are 4.88, 3.75, 2.79, 1.70 and 0 BM per metal(ll) ion, indicating the presence
of four, three, two, one and zero unpaired electrons, respectively.

4. CONCLUSIONS

In this study, non-ionic metal(ll) complexes (Fe, Co, Ni, Cu and Zn) (1-5) with a novel vic-dioxime
compound, named (1E, 2Z)-2-(1H-benzoimidazol-1-yl)-2-(hydroxyimino)acetaldehyde oxime (H,L)
were prepared and characterized by analysis methods results. According to these results the structures
of complexes are proposed tetrahedral (1 and 4), octahedral (2) and square plane/octahedral (3 and 5).
Different application areas of the synthesized compounds should be examined.
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