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Abstract: 1,2-Bis(5-methyl/chloro-1H-benzimidazol-2-yl)ethanols (1 and 2),
asymmetric bis-benzimidazoles, and their complexes with CoCl,, PdCl, and
ZnCl, were synthesized and characterized by elemental analysis, molar con-
ductivity, magnetic moment, TGA, FT-IR (mid- and far-IR), FT-Raman, 'H-
and 13C-NMR spectroscopy, ESI-MS and fluorescence spectroscopy. The spec-
tral data suggest that the chiral chelating ligands acted as tridentate through
both the C=N nitrogen and OH oxygen atoms. According to the molar con-
ductance, the Zn(I) complexes are non-electrolyte whereas the Co(Il) com-
plexes are 1:2 and the Pd(II) complexes are 1:1 electrolytes. The ligands and
most of the complexes show triple fluorescence in ethanol. In addition, the
Zn(Il) complex of 1 (1¢) shows significant fluorescence characteristics com-
pared to the other complexes.

Keywords: bis-benzimidazole; asymmetric; ethanol; cobalt(Il); palladium(II);
zinc(I1); complex; fluorescence.

INTRODUCTION

It was interpreted that some asymmetric bis-benzimidazole derivatives could
be relevant for biomimicry and metal ion transport.! In biomimicry mode
enzymes such as cyclodextrins? with two imidazole parts, poly(benzimidazoles),3
etc. are considered as favourite targets to simulate the imidazoles in catalytic
enzymes.! However, there is a very limited number of studies about asymmetric
bis-benzimidazoles and their complexes although many bis- and poly(symmetric
benzimidazoles) were synthesized and investigated.!-4-12

Tanious et al. investigated DNA sequence-dependent monomer—dimer bind-
ing modulation of the bis-benzimidazole derivatives DB183, DB210, DB185 and
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Hoechst 33258. They concluded from a number of their studies that some DNA
sequences have significantly different physical and interaction properties.!3

Matthews et al. synthesized and characterized a series of asymmetric bis-
-benzimidazoles and their Cu(Il) complexes. Mono-N-alkylated bis-benzimid-
azoles having two halves of different basicity were also synthesized.! In addition,
coordination of Zn(II), Cd(II), Hg(Il), and Ag(I) with the above asymmetric bis-
-benzimidazole derivatives were investigated.!4

Van Albada et al. reported a number of Ni(Il), Cu(Il) and Zn(II) complexes
with the tridentate chiral chelating ligand 1,2-bis(benzimidazol-2-yl)ethanol
(HEBBz).!15 HEBBz formed mononuclear complexes of the general formula
M(HEBBz),(anion); for all metal ions and a variety of anions. Crystal structures
of the monomeric Ni(Il), dimeric and tetrameric Cu(II) complexes with HEBBz
were also reported.!5 On the other hand, van Albada et al. reported the crystal
structure of the Cupy(EBBz)(u-CI)(Cl)2(CH30H) complex in which deprotonation
of HEBBz was observed.!® In addition, 1,3-bis(1/H-benzimidazol-2-yl)propan-1-
-one as an asymmetric bis-benzimidazole derivative and its various Zn(II) com-
plexes were reported.17

Besides, the introduction of an element of chirality is an attractive prospect
as it could enhance the pharmacological uptake of the drug entity by adopting
specific conformation and stereoselective binding with molecular target
DNA.1819 1t was reported that 1,2-bis(1H-benzimidazol-2-yl)-1,2-ethanediol,
(H»BBz), and its methylated derivative (H)MBBZz) acted as chiral, facially coor-
dinating tridentate ligands, forming complexes of composition ML, with octa-
hedral transition metals (M = Cu2* or Ni2*). H,BBz gave octahedral complexes
with metals through the coordination of one deprotonated alcohol group and C=N
nitrogen atoms.20 Isele et al. reported dinuclear and tetranuclear complexes with
H»>BBz and HyMBBz with Cu(ClOg4); through coordination of the alcohol groups
of mono- and/or di-deprotonated ligands.2! In addition, some transition metal
complexes were reported of HyBBz and 1,4-bis(2-benzimidazolyl)-1,2,3,4-but-
anetetraol having chiral centre, in which the ligands acted as bidentate and tetra-
dentate, respectively.22

In this study, the aim was to synthesize and characterize two new asym-
metric chiral ligands, 1,2-bis(5-Me/CI-1H-benzimidazol-2-yl)ethanols (methyl-
and chloro-derivatives of HEBBz; 1 and 2; Fig. 1) and their Co(Il), Pd(Il) and
Zn(Il) complexes. The effect of the electropositive (methyl) and electronegative
(chloro) groups on the ligands and the complexes was investigated.

EXPERIMENTAL
Chemicals

All chemicals and solvents were of reagent grade and used without further purification.
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. Fig. 1. Chemical structure of the ligands
4 (R=CH3;, 1; R=Cl, 2).

Apparatus

Elemental analysis data were obtained with a Thermo Finnigan Flash EA 1112 analyzer.
Molar conductivity of the complexes was measured on a WTW Cond315i conductivity meter
in DMF at 25 °C. Magnetic moment measurements for the Co(II) complexes were performed
on a Sherwood Scientific apparatus (MK1) at room temperature by the Gouy method using
Hg[Co(SCN)4] as calibrant. FT-IR spectra (mid-IR and far-IR) were recorded on a Bruker
Optics Vertex 70 spectrometer using ATR (Attenuated Total Reflection) techniques. The FT-
-Raman spectra were recorded using the same instrument with a R100/R RAMII Raman
module equipped with an Nd:YAG laser source operating at the 1064 nm line with 200-mW
power and a spectral resolution of =2 cm™!. The electron spray ionization-mass spectrometry
(ESI-MS) analysis was realized in the positive ion modes using a ThermoFinnigan LCQ
Advantage MAX LC/MS/MS. Samples were dissolved in MeOH of HPLC grade purity. The
thermogravimetric (TG) study was made on a TG-60WS Shimadzu instrument, at a heating
rate of 10 °C min'! under dynamic air at a flow rate of 50 mL min!. The fluorescence spectra
were recorded on a Shimadzu RF-5301 PC spectrofluorophotometer. The 'H- and 13C-NMR
(APT) spectra were recorded in DMSO-dg solvent on a Varian Unity Inova 500 NMR spectro-
meter (at 500 and 125 MHz, respectively) using TMS as the internal standard. The chemical
shift values are expressed in ppm (6 / ppm) values and the coupling constants in Hz (J/ Hz).

Synthesis of the ligands

1,2-Bis(5-methyl-1H-benzimidazol-2-yl)ethanol (1). Ligand 1 was synthesized from a 1:2
mole ratio of 2-hydroxybutanedioic acid (1.34 g, 0.010 mol) and 4-methylbenzene-1,2-
-diamine (2.44 g, 0.020 mol) in 5.5 M HCI (20 mL) according to the literature.!-15:16:23

1,2-Bis(5-chloro-1H-benzimidazol-2-yl)ethanol (2). Ligand 2 was synthesized from a 1:2
mole ratio of 2-hydroxybutanedioic acid (1.34 g, 0.010 mol) and 4-chlorobenzene-1,2-diamine
(2.85 g, 0.020 mol) in 5.5 M HCI (20 mL) according to the literature.!-15:16.23

Synthesis of the complexes

[Co(1),(H,0)]Cl,-H,0 (1a). Ligand 1 (0.153 g, 0.00050 mol) was dissolved in ethanol
(10 mL), to which a CoCl,-6H,0 (0.060 g, ~0.00025 mol) solution in ethanol (5 mL) was
added.. The mixture was refluxed for 2 h and filtered after cooling to room temperature. The
filtrate was kept at room temperature for two days during which a blue polycrystalline pre-
cipitate formed. The precipitate was washed with water, filtered and dried at room tempe-
rature (the same product was obtained when the metal salt and the ligand were used in a 1:1
ratio).

[Pd(1)CI],Cl,2H,0 (1b). PdCl, (0.0885 g, 0.00050 mol) and KCI (0.0746 g, 0.0010
mol) were dissolved in ethanol (5 mL) and this solution was added to a ligand solution (0.153
g, 0.00050 mol) in ethanol (5 mL). The mixture was refluxed for 2 h and filtered after cooling
to room temperature. The filtrate was kept at room temperature for two days during which a
slightly khaki coloured polycrystalline precipitate was formed. The precipitate was filtered
and dried at room temperature.
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[Zn(1)Cly]-2H,0 (1¢). The ligand (0.153 g, 0.00050 mol) was dissolved in ethanol (10
mL) and ZnCl,-6H,0 (0.123 mg, ~0.00050 mol) solution in ethanol (5 mL) was added to the
ligand solution. The mixture was refluxed for 2 h and filtered. The filtrate volume was dim-
inished to approx. 1 mL by heating and then 9 mL ethyl acetate were added. The solution was
kept at room temperature for two days whereby colourless crystals were formed. The crystals
were filtered and dried at room temperature.

[Co(2),]Cl,-2H,0 (2a). This complex was obtained in a similar manner to 1a. Thus, 2
(0.174 g, 0.00050 mol) was used for the complex preparation (The same product was obtained
when the metal salt and the ligand were used in a 1:1 ratio).

[Pd(2)Cl],Cl,2H,0 (2b). This complex was obtained in a similar manner to 1b. Thus,
PdCl, (0.0885 g, 0.00050 mol), KC1 (0.0746 g, 0.0010 mol) and 2 (0.174 g, 0.00050 mol)
were used.

[Zn(2)Cly] (2¢). The ligand (0.174 g, 0.00050 mol) was dissolved in ethyl acetate (15
mL). ZnCl,-6H,0 (0.123 g, 0.00050 mol) in ethyl acetate (5 mL) was added to the ligand
solution. The mixture was refluxed for 2 h and filtered. The filtrate was kept at room tempe-
rature for 2 days. A slightly yellow precipitate was formed, which was filtered and dried at
room temperature (the same product was obtained when the metal salt and the ligand were
used in a 1:2 ratio).

The physical and spectral data for the ligands and complexes are given in the Supple-
mentary material to this paper.

RESULTS AND DISCUSSIONS
General

The ligands, 1,2-bis(5-Me/Cl-1H-benzimidazol-2-yl)ethanol (1 and 2), are
soluble in polar solvents such as ethanol, DMF, acetone efc. The Co(Il) and
Zn(Il) complexes have moderate solubility whereas the Pd(II) complex has low
solubility in polar solvents.

Decomposition points of 1 and 2 are 190 and 212 °C, respectively. It could
be seen that the methyl and chloro substituents decrease the decomposition points
of 1 and 2 with respect to 1,2-bis(benzimidazol-2-yl)ethanol (261 °C).15 In addit-
ion, the methyl group decreases the decomposition point (190 °C) more than the
chloro substituent (212 °C), as presented in the literature.2425 On the other hand,
the decomposition point of the Pd(Il) complexes is higher than the others (above
350 °C). The decomposition point order of the complexes is: Pd(Il) > Zn(Il) >
Co(I). From this, it can be concluded that the Pd(I) complexes have high ther-
mal stability.

It was reported that 1,2-bis(benzimidazol-2-yl)ethanol (HEBBZz) is a triden-
tate ligand towards CuCly, Cu(NO3);, Cu(ClOg4);, Zn(ClOy4)n, Zn(BF4);, NiCly,
NiBry, Ni(NO3),, Ni(BF4);, Ni(ClO4); and Ni(CF3SO3); (CF3SOj3: triflate,
OTY).15:16 Similarly, there are some findings showing that 1 and 2 (the methyl-
and chloro-derivatives of HEBBz, respectively) also acted as tridentate towards
Pd(II), Co(II) and Zn(II) ions in this study.
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The Zn(II) complexes are non-electrolyte according to the molar conduct-
ivity data in DMF, whereas the Co(II) complexes are 1:1 electrolyte with the
molar conductance value in the range of 86-105 S m? mol~1.26.27

Geary reported that molar conductivity values for 1:1 and 1:2 electrolyte in
DMF generally falls between 65-90 and 130-170 S m? mol-!, respectively.2?
However, in this study the Pd(II) complexes show molar conductivity in the 112—
—123 S m? mol~! range. This range is lower than the range for 1:2 electrolyte but
higher than the 1:1 electrolyte range. Nevertheless, it could be suggested that
these complexes are 1:2 electrolytes because the molar conductance values of the
Pd(I) complexes are closer to the 1:2 electrolyte range. This miss-match with
expectation could be explained in two ways, i.e., the two chloride ions are outside
of the coordination sphere in the chlorine bridged complexes ([Pd(L)CI];Cly) or
the structures of the complexes may be changed in DMSO during the molar con-
ductivity measurements.

Chlorides in the complexes were determined by means of AgCl precipitation
from AgNOj3 solutions. With the Co(Il) and Pd(Il) complexes, the immediate
precipitation of AgCl may show that the chlorides are outside the coordination
sphere of these complexes. With the Zn(II) complexes (1¢ and 2c), there was no
instant precipitation or turbidity, but after a very short period a precipitation
formed. This means that the chloride ions are coordinated to the metal ions in the
Zn(II) complexes.

The room temperature magnetic moment value of 1a ([Co(1)>(H,0)]Cl,-H,0),
Hefr = 4.47 up, is typical for cobalt(Il) complexes with a d7 high spin electron
configuration. This value lies in the range corresponding to three unpaired elec-
trons for pentagonal bipyramidal geometry (S = 3/2) around cobalt(II), d’ com-
plexes.28-30 The calculated value for an octahedral d’ high spin electronic dis-
tribution is 3.87 up. The experimental value obtained for the magnetic moment
of Co(Il) in the cobalt(Il) complex of 2 (2a) is 4.05 up, from which it was con-
cluded that Co(Il) in 2a is in an octahedral geometry with a high spin config-
uration31.32

Distorted square pyramid structures could be suggested for the Pd(Il) and
Zn(II) complexes with coordination numbers of five.

Infrared and Raman spectroscopy

The FT-IR (mid-IR and far-IR) and FT-Raman spectral data of the com-
pounds are given in the Supplementary material. Comparison of the FT-Raman
spectra and FT-IR spectra of 2 and [Zn(2)Cl,] may be seen in Fig. 2; the far IR
spectra of 2 and its Zn(Il) complex are given in Fig, S-1 of the Supplementary
material.

The broad bands above 3100 cm! in the ligand spectrum may be attributed
to stretching vibration of NH, and it shifts to near 3200 cm™! in the complexes.
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The broad bands above 3100 cm! in the complexes belong to stretching vib-
rations of the coordinated (only 1a) and uncoordinated water molecules. The
weak or medium bands between 3000 and 2850 cm! are due to vibrations of the
aliphatic CH; groups.
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Fig. 2. Comparison of the FT-IR spectra of 2 and [Zn(2)Cl,] (2¢) together with the FT-Raman
spectra of 2 and 2¢ in the 400500 cm™! range.

The v(C=C) frequencies of the ring systems are expected to appear at around
1625 cm™! in the IR spectra. Similarly, the (C=N) asymmetric stretching fre-
quencies are expected to appear at ca. 1600 cm~!.33:34 On complexation, espe-
cially the C=N bands show considerable changes, such as shifting to higher
wavenumber or changing in the intensity from weak to medium. For example, the
weak band at 1594 cm™! in the IR spectra of 1, assignable to v(C=N), appears at
1597, 1600 and 1597 cm~! as medium strength bands in the spectra of the Co(II),
Pd(1I) and Zn(II) complexes, respectively. Similarly, the weak band at 1588 cm™!
in 2 is seen in the 1590-1594 cm~! range as medium strength bands in the Co(Il),
Pd(IT) and Zn(II) complexes. This indicates a fast tautomeric equilibrium of the
ligands and the NH bond exhibits a weak vibration in the IR spectra. Upon
complexation, the fluxional behaviour of the NH proton is inhibited and a stable
permanent double bond between one nitrogen and the carbon atom, -NH-C=N-,
is formed (Fig. 3).22 This may be taken as strong evidence that the amino proton
tautomerization is inhibited as a result of the coordination of the nitrogen to the
metal ion.
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Complexation
bl bbb N

N Fig. 3. Removal of the tautomeric
structure from the ligands upon
M coordination.

The medium bands at around 1020 cm™! in the IR spectra of the ligands
assigned to v(C—O) shift to the range 1045-1056 cm~! on complexation.35 This
may be considered as evidence for coordination of the OH oxygen atom.

In all of the compounds, the characteristic v(C—H) and 8(C—H) modes of ring
residues are observed between 3033 and 3087 cm! (medium or weak) and in the
794-805 cm~! region (strong or very strong), respectively.36:37

Differing from the spectra of the ligands, new broad medium bands at
around 670 and 710 cm™! in the IR spectra of complexes 1 and 2, respectively,
could be attributed to v(M—N) coordination bands.38

In the FT-Raman spectra of all the compounds, the aliphatic and aromatic
Vv(C-H) groups are seen clearly in the 2900-3085 cm~! range because the NH
and OH bands are absent (Fig. 2).

NMR spectroscopy

The 'H- and 13C-NMR (APT) spectral data of the ligands and Zn(II) and
Pd(IT) complexes are given in the Supplementary material. The NMR spectra of
the compounds were measured in DMSO-dg before and after D,O exchange (Fig.
4). In addition, the !H-NMR spectra of 2 and its Zn(II) complex (2¢) are pre-
sented in Fig. 4. The signals of the NH and OH protons disappeared after D,O
exchange, as expected.

The ligands have a chiral carbon atom: -CH,—CHOH—Cjpyidazole- In general
organic chemistry, it is known that the signals of both hydrogen atoms in a
methylene group linked to a chiral carbon atom split due to the effect of the
chiral carbon (they give two different signals resulting an AB system). Therefore,
it was observed that both hydrogen atoms of the CH; next to the chiral carbon (in
the chiral axis) split into two different peaks in 1 after D,O exchange, 1¢, 2, 2b
and 2¢ between 3.28 and 4.77 ppm (Fig. 4).

In the literature, it was reported that the OH (alcohol) hydrogen atom of 1,2-
-bis(benzimidazol-2-yl)ethanol (HEBBz), 1,2-bis(1H-benzimidazol-2-yl)-1,2-
-ethanediol (HyBBz) and its N-methylated analogue (HoMBBZ) was deproton-
ated upon complexation with various Cu(lIl) salts, such as CuCl, Cu(NO3), and
Cu(ClOy4),.15:16.20 However, in this study, deprotonation was not observed,
whereas spectral data showed the OH oxygen atom was coordinated toward the
Co(II), Pd(II) and Zn(II) ions.

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



1 106 TAVMAN, GURBUZ and CINARLI

2¢ (with D,0) M l ’ Jl.

NH+NH’ /

"
N, (from solvent)
AL Leed

3 no'

2 (with D,0)

CH,
" CH
NH+NH’ / / j
3 |
Fig. 4. "H-NMR spectra of 2 and 2¢

14.0 13.0 120 11.0 10.0 9.0 80 7.0 6.0 50 4.0 3.0 (ZnCl, complex of 2) in DMSO and
&/ ppm D20.

In the Zn(II) and Pd(IT) complexes, considerable shifts to higher frequencies
for the OH protons were observed compared to the ligands. For example, the OH
proton shifts from 6.13 ppm (ligand 1) to 6.93 ppm in the Zn(II) complex of 1
(1¢). In the Pd(II) complex of 1 (1b), the OH proton exhibits a considerable shift
of 1.09 ppm (from 6.13 to 7.22 ppm). This observation gives clear-cut evidence
that the OH oxygen atom coordinates to the metal ions without deprotonation.
The shift values of the OH proton in the Zn(Il) and Pd(II) complex of 2 are 0.69
and 0.92 ppm, respectively. On the other hand, the change in the character of OH
hydrogen peak, i.e., from a broad singlet (1) to a singlet (1¢), is a prominent obs-
ervation in the IH-NMR spectra of the complexes compared to the ligands.!4 In
addition, there are considerable downfield shifts of the H7 signal (i.e., from 7.56
ppm in the spectrum of 1 to 8.08 ppm in that of 1¢) on complexation, as expected.

The 'H-NMR spectra of 1 and its Zn(II) complex were also obtained at 0 °C.
No substantial differences between the room temperature and the 0 °C 'H-NMR
spectra were observed. At 0 °C, the aromatic proton signals are broader and the
NH peak is absent.

All of the signals appear as broad singlet in the lH-NMR spectra of 1 and the
CH and CHj protons become a doublet in the case of the Zn(Il) complex of 1.
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It is interesting that both NH protons (NH' and NH) of 1 and its complexes
(1b and 1c¢) appear as a broad singlet at 12.17, 13.47 and 13.43 ppm, respect-
ively. However, in the 2 spectra, they are seen as two separate signals that are
very close to each other (12.57 and 12.50 ppm, Fig. 4). This can be considered as
a result of the substituent (chloro) effect. In case of the Zn(II) complex of 2 (2¢),
these two signals become a broad signal as a result of complexation. The broad-
ening of this band (NH+NH’) makes it difficult to distinguish the signals for NH
and NH'. The NH and NH' protons give two broad signals at 13.71 and 13.77
ppm, respectively, for the Pd(II) complex of 2 (2b).

Bigger shifts were observed for the Pd(I) complexes compared to those for
the Zn(Il) complexes, however, the splits in the peaks are not clear. The peaks of
the Pd(II) complexes appear as broad singlet (brs), broad doublet (brd) and
multiplets. For example, the aliphatic CH signal (~CH,—CHOH—Cjmidazole)
appears at 5.32 (brs) and 5.37 (dd) ppm for 1 and 2, respectively, and at 6.77
(brs) and 6.65 (s) ppm in the Pd(II) complexes, 1b and 2b, respectively.

I3C-NMR spectra (APT) of the ligands and the diamagnetic Zn(II) and
Pd(IT) complexes are informative, especially for the bridging aliphatic carbons.
The carbon atom bonded to the OH (C—OH) shows considerable chemical shift
values between 2.5 and 2.2 ppm in the complexes compared to those of the lig-
ands: It appears at 67.2 ppm in the spectrum of 1 and shifts to 64.7 and 64.8 ppm
for 1b and 1c, respectively (it is seen at 67.0, 64.6 and 64.8 ppm for 2, 2b and 2c,
respectively). The other bridging carbon atom (—CHj—) gives an upfield shift
between 1.2 and 1.7 ppm for the Zn(Il) and Pd(II) complexes compared to those
for the ligands. These data strongly support the coordination of the OH oxygen
atom to the metal ions. In light of the NMR data, it could suggested that the
ligands acted as tridentate through the OH oxygen and both the C=N nitrogen
atoms.

Mass spectrometry

The ESI-MS spectral data of the complexes are given in the Supplementary
material. Some m/z values assigned to the major fragmentations are also given.

A series of isotopic patterns were identified in the ESI-MS spectrum of 2
(chloro derivative) between m/z 347 and 352 due to the various isotopes of the
chlorine atom. Similarly, there are many peaks in the mass spectra of the Pd(II)
and Zn(II) complexes due to palladium and zinc having various isotopes.

The mole peaks of the all the complexes were observed, although in low
relative percentage abundances, except for that of 2a (Co(I) complex of 2). It is
interesting that the Pd(Il) complexes give major peaks with 100 % abundance
corresponding to half of the molecular ion, for example at m/z = 481.0 for 1b
(M/2-H,0-3) and at m/z = 520.9 for 2b (M/2-H,0-4). These data show that the
Pd(II) complexes undergo homolytic (symmetric) cleavage through two Pd-(u-
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-Cl) bonds under MS conditions. Similar observations have been reported in the
literature.39-42

The peaks of the ligand could be determined in the mass spectra of all the
complexes.

Thermal analysis

The major features of the thermal analysis of the complexes are summarized
in Table S-I of the Supplementary material. Thermogravimetric (TG) curves of
the complexes are given in Fig. 5.

100+

80+

o
T

100m;/ m,
5
1

20 ~ mem=eee- 2+PdCl
2+ZnCl i

100 200 300 400 500 600 700
t/°C
Fig. 5. TG curves of the complexes.

The samples of the complexes were heated from room temperature to 800
°C. There are uncoordinated water molecules in all the complexes according to
the TG curves and elemental analysis data. The uncoordinated lattice water mole-
cules were lost through evaporation in the 50 to 100 °C range for all the com-
plexes (dehydration). Simultaneously, a small amount of residual solvent may be
removed in this range. Contrary to the others, 1a has one coordinated water
molecule that is removed at temperatures near 150 °C.

The thermal degradation of the complexes occurred in three stages for most
of the complexes. First, uncoordinated lattice water was released in the 50—100
°C range, as mentioned above. In the second stage, the small mass losses obs-
erved above 200, 250 and 300 °C for the Co(Il), Zn(II) and Pd(II) complexes,
respectively, could be explained in terms of cleavage of the hydroxyl group.
Above 450 °C, all other organic parts of the complexes are oxidized to carbon
dioxide and water. Complete decomposition of the complexes continues up to
650 °C probably with the formation of MO.
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TGA data are compatible with the suggested structures of the complexes.
Molecular weight ratio of the amount of metal oxide show very good agreement
for the proposed structures, according to the TG data.

Fluorescence spectra

Excitation and emission spectra of the compounds were obtained in ethanol
solution at room temperature (excitation wavelength: 354 nm; concentration:
=104 M). The emission spectral data of the compounds are presented as Sup-
plementary material. The fluorescence spectra of the ligands and their Zn(II)
complexes are shown in Fig. 6.

‘
10004

800+
600-{

400

Intensity, a.u.

2001

400 450 500 550 600
Wavelength, nm

Fig. 6. Fluorescence spectra of the ligands (1 and 2) and their Zn(II) complexes (1¢ and 2c).

All the compounds exhibited three emission bands in their fluorescence
spectra, except 1b. The fluorescence spectra of the ligands are very similar. Com-
pound 2 (chloro derivative) fluoresces slightly more intensively than 1 (methyl
derivative). Moreover, the emission bands of 2 complexed with ZnCl, (2¢) are
weaker compared to those of the other Zn(Il) complex, 1¢ (Fig. 6). The fluor-
escence intensity of complex 1c is nearly the same as that of the uncomplexed
ligand, but its characteristic was changed by coordination of Zn(Il): It becomes a
very broad band centred at 442 nm. However, there is considerable quenching of
fluorescence of 2¢ compared to both the ligand 2 and complex 1¢. This could be
explained as the synergistic effect of zinc and chlorine atoms decreasing the
fluorescence intensity of 2¢.43

The fluorescence characteristics of the cobalt complexes are moderate
(weaker than the ligand but stronger than the Pd(II) complexes). The fluores-
cence characteristics of the Pd(I) complexes are very weak compared to the
uncomplexed ligands and the other complexes. The quenching effect in the Pd(II)
complexes is higher than those in the Co(II) and Zn(II) complexes.
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Three bands were observed in the fluorescence spectrum of 1, at 406 nm (m,
br), 428 nm (m) and 456 nm (s/). These bands probably result from the following
factors: 1 — the normal Stokes shift originating from a locally excited n* elec-
tronic state, 2 — intramolecular charge transfer and 3 — monocation protonated at
the benzimidazole nitrogen atom N3 as a result of an interaction, such as hydro-
gen bonding, with the solvent (ethanol).4445 Similar comments are feasible for
the other compounds, except 1b, which gives only two weak bands.

CONCLUSIONS

Asymmetric bis-benzimidazoles could be important for biomimicry and
metal ion transport. However, there are very limited number of studies about the
asymmetric bis-benzimidazoles and their complexes in literature. In this study,
two new asymmetric bis-benzimidazole derivatives, 1,2-bis(5-methyl/chloro-1H-
-benzimidazol-2-yl)ethanols (1 and 2), and their complexes with CoCl,, PdCl;
and ZnCl; were synthesized and characterized by elemental analysis, molar con-
ductivity, magnetic moment, TGA, ESI-MS and FT-IR (mid- and far-IR), FT-
-Raman, 'H- and 13C-NMR and fluorescence spectroscopy. According to the
spectral data, it could be concluded that the chiral chelating ligands acted as
tridentate through both the C=N nitrogen and OH oxygen atoms. In the 'H-NMR
spectra, considerable shifts of the OH hydrogen atom and changes in their char-
acters could be explained by the complexation effect between metal ions [(Zn(II)
and Pd(I)] and the ligands.

The Zn(II) complexes are non-electrolyte, whereas the Co(Il) complexes are
1:2 and the Pd(II) complexes are 1:1 electrolytes. The ligands and the complexes
(except 1b, Pd(II) complex of 1) show triple fluorescence bands in ethanol. In
addition, the Zn(II) complex of 1 (1¢) exhibits significant fluorescence charac-
teristics compared to the other complexes. According to the experimental data, it
could be concluded that the Pd(II) complexes have 1:1 M:L ratio with bridging
chlorides (binuclear), whereas the Co(Il) complexes have a 1:2 M:L ratio. The
M:L ratio is 1:1 in the Zn(II) complexes.
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Istanbul University.
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COMPLEXES OF 1,2-BIS(5-Me/Cl-1H-BENZIMIDAZOL-2-YL)ETHANOLS 1 1 1 1

U3BOJ
CHUHTE3A U CIIEKTPOCKOIICKA KAPAKTEPU3ALIMJA PA3JIMUUTUX
1,2-BUC(5-METHUJI/XJIOP-1H-BEH3UMHWJA30JI-2-UIT)ETAHOJIA 1
OJITrOBAPAJYRHUX Co(11), Pd(II) ¥ Zn(II) KOMITJIEKCA

AYDIN TAVMAN, DEMET GURBUZ u ADEM CINARLI
Istanbul University, Faculty of Engineering, Department of Chemistry, Avcilar, Istanbul, 34320, Turkey

OmnucaHa je cuHTe3a pasnuuuTux 1,2-0uc(5-metun/xnop-1H-6eH3umunason-2-un)era-
HoMa (1 ¥ 2) U acuMeTpUYHUX OHC-DeH3MMHZIA307a, kao U BUX0BUX Komiuiekca ca CoCly,
PdCl, u ZnCl,. HaBeneHu nuraHid ¥ OAroBapajyhH KOMIIEKCH Cy OKapaKTEpPUCAaHW Ha
OCHOBY pe3yJiTaTa eJleMeHTalIHe MUKpOaHalnu3e, Mepema MoJlapHe IPOBOJbUBOCTH, MarHeT-
Hux MmomeHaTa, TGA, FT-IR, FT-Pamancke, 'H- u 13C-NMR, ESI-MS u cnyopecieHTHe
cniekTpockonyje. Ha OCHOBY CIEKTPOCKONCKHMX IOfiaTaka NOTBpHEeHO je na cy HaBeIeHH
XWpa/HU JIMTaHJU TPUIEHTAaTHO KOODJWHOBAHM 3a HaBeJeHe joHe MeTana npeko gsa C=N
aToMa a3oTa M aToMa KUCEOHHMKA XMOPOKCHIHe rpyrne. Ha oCHOBY BpeJHOCTH 3a MOJIADHY
npoBoA/bUBOCT HaleHo je ma cy kommuekcu Zn(I1) HeenekTponuTH, Dok cy komiuiekcu Co(IT)
u Pd(II) enexkTpouTH, ca MOJICKUM OJHOCOM JIMTaHZa ¥ MeTasla y OBUM KoMIuiekcuma 1:2 3a
Co(II) u 1:1 3a Pd(II). UcnutuBanu nuranau v Hajsehu 6poj koMiuiekca mokasyjy Tpu myTa
Behy duryopecuenuyjy y eranony. Ilopen tora, kommnekc Zn(Il) (kommiexc nuranga 1 (1c))
noxasyje 3Ha4ajHo Behy (iyopecLeHIHjy Y OZHOCY Ha ApYre UCIIUTHBAHE KOMIUIEKCE.

(ITlpummeHo 23. janyapa, peBuaupano 14. maja, npuxsaheHo 28. maja 2018)
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