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Abstract: The Mn(II) and Cd(II) complexes of an asymmetrical Schiff base ligand 

4-(1H-benzimidazol-2-yl)-phenyl]-pyridin-4-methyl amine have been prepared by the method of diethyl ether 

diffusion. The structures of the complexes were identified by elemental analysis (EA), infrared spectra (IR) 

and single-crystal X-ray diffraction. It was revealed that complexes 1 and 2 were composed of discrete 

mononuclear structures, and formed schistose structures via two different kinds of hydrogen bonds. The 

antibacterial and antifungal activities of the ligand and two complexes were tested, which may provide useful 

information for the research and application in pharmaceutical chemicals. 

 

Keywords: Crystal structures; Antibacterial and Antifungal Activities; 

[4-(1H-benzimidazol-2-yl)-phenyl]-pyridin-4-methyl amine; Schiff base 

 

In the past few decades, the Schiff base ligand and its complexes containing benzimidazolyl and pyridinyl 

terminal groups have attracted more and more attention in the application of gas storage and separation[1], 

photoluminescent sensors and devices [2], checkpoint kinase inhibitors [3], and other functional materials 

[4-6]. Reports on the bioactivities of complexes from Schiff base ligands such as antimicrobial, antifungal, 

antiviral, antitumor and cytotoxic activities have also aroused great interest in recent years [7-13]. 

Recently, Wu and Xia have reported a series of transition metal complexes containing symmetrical 

benzimidazolyl and pyridinyl terminal groups [14-15]. In order to investigate the coordination behavior of 

asymmetrical Schiff base ligand containing benzimidazolyl and pyridinyl groups, we herein designed a rigid 

ligand, [4-(1H-benzimidazol-2-yl)-phenyl]-pyridin-4-methylamine (L) (Figure 1). Syntheses and structures of 

the ligand and its Mn/Cd (II) complexes were reported here. The antibacterial and antifungal activities of the 

ligand and its two complexes were also tested, which may provide useful information for the research and 

application of pharmaceutical chemicals. 

The ligand [4-(1H-benzimidazol-2-yl)-phenyl]-pyridin-4-methylamine (L) was prepared from the reaction 

of 4-(2-benzimidazolyl) aniline [16-17] and 4-pyridine formaldehyde catalyzed by formic acid and anhydrous 

ethanol as solvent, and single crystals of Mn/Cd(II) complexes were obtained from diffusion of diethyl ether 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

 3 

into the mixture of the ligand and Mn/Cd(II) salts in methanol, dichloromethane and acetonitrile solvents [17]. 

<Insert Figure 1 here> 

  The crystallographic data and structure refinement summary for complexes 1 and 2 are listed in Table S1. 

The selected Bond lengths [Å] and angles [°] for 1 and 2 were presented in Table S2 and S3. 

Single-crystal diffraction analyses revealed that the basic coordination units of complexes 1 and 2 are 

similar; both of which are discrete mononuclear complexes composed of one metal and two ligands. In 

complex 1, the asymmetry unit contains a half of Mn (II) ion, one L, one CH3OH molecule and one Cl
-
 anion. 

The Mn (II) center is six-coordinated by two pyridine N atoms (Mn(1)-N(1) = 2.276 (3) Å) from two different 

ligands, two O atoms from two CH3OH molecules (Mn (1)-O (1) = 2.231 (2) Å), and two Cl
-
 anions (Mn 

(1)-Cl (2) = 2.4910 (8) Å) (Figure 2a). The ligand is coordinated to Mn(II) by its pyridine N atom, whereas the 

benzimidazole N atom remain uncoordinated, which may be due to steric hindrance enhanced by the benzene 

ring on the 2-position of benzimidazole group. However, the N and -NH on benzimidazole ring can act as 

strong hydrogen bonding acceptor and donor respectively and extend the mononuclear unit into higher 

dimensional supramolecular network. 

There are two kinds of hydrogen bonds in complex 1. O-HN hydrogen bond is formed between CH3OH 

molecule and the tertiary N atom on benzimidazole ring (O(1)–H(1) N(3), HO 2.020 Å, ON 2.754 Å, 

∠OHN 133
o
), and N-HCl hydrogen bond is formed between the secondary -NH on benzimidazole ring and 

the Cl
-
 anion (N(4)–H(4) Cl(2), HO 2.301 Å, NCl 3.177 Å, ∠NHCl 173.81

o
) (Figure 2b). Such hydrogen 

bonds link the basic units into a 2D hydrogen-bonding layer, which extends along (1 0 -2) plane (Figure 2c). 

The 2D layers pack into a 3D framework in abab mode. 

<Insert Figure 2 here> 

 The asymmetry unit of complex 2 contains a half of Cd (II) ion, one L, two Ac
-
 anions, one coordinated 

and three uncoordinated water molecules. The biggest difference between complexes 1 and 2 is the 

coordination geometry of metal center and the coordinated solvent molecules and anions. As shown in Figure 

3a, the Cd (II) ion in complex 2 is seven-coordinated by four acetate O atoms and one water O atom in the 

equatorial plane and two pyridine N atoms from two different ligands on axial sites, which can be described as 

a distorted pentagonal bipyramid geometry. 

The coordination mode of L in 2 is the same as that in 1. The resulting mononuclear basic unit contains lots 

of hydrogen bonding sites, in which the -NH on benzimidazole and the coordinated water molecule act as 

hydrogen bonding donors, and the N on benzimidazole and acetate O atoms act as hydrogen bonding acceptors. 

Therefore, such basic units could form higher dimensional network via hydrogen bonding between them. 

There are two kinds of hydrogen bonds, N-HO hydrogen bond between the NH group of benzimidazole and 

the oxygen of the acetate anion [N(2)–H(2A) O(1), HO 1.888 Å, NO 2.765 Å, ∠NHO 173.56
o
] and 

O-HN hydrogen bond between the coordinated water and the tertiary nitrogen atom on benzimidazole ring 

[O(1w)–H(1wb) N(1), HO 1.921 Å, ON 2.757 Å, ∠OHN 166.74
o
], which connect the mononuclear units 

into a 2D layer (Figures 3b and 3c). The 2D layers extend in ab plane and pack along c direction in abcdabcd 

mode, give rise to a 3D supramolecular framework. Small channels are formed in b direction and occupied by 

uncoordinated water molecules (Figure S1). 

<Insert Figure 3 here> 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

 4 

 Large voids are formed during the crystal packing in complex 1 and 2, both generating 23% solvent 

accessible space in lattice (Figure 4), suggesting that they can be regarded as porous material and have the 

potential ability to adsorb gases or other guests such as small organic molecules in solution or solid state [21]. 

<Insert Figure 4 here> 

From the antibacterial results listed in Table 1, we can see that the ligand and its complexes have different 

inhibition activities against various kinds of bacteria. The ligand L has definite efficiency in inhibiting S. 

aureus (MIC value was 25μg/mL), and weak against E. coli, P. aeruginosa and S. ureae (MIC values were 

over 128μg/mL). While complexes 1 and 2 show good antibacterial activities against both the gram-positive 

bacteria (S. aureus and S. ureae) and the gram-negative bacteria (P. aeruginosa and E. coli) (MIC values were 

over 50 μg/mL). Specifically, complex 1 shows better activities against E. coli (MIC value was 3.125 μg/mL) 

than the other bacteria; while complex 2 shows better activities against P. aeruginosa (MIC value was 1.56 

μg/mL) than the other bacteria. Both of them show potential applications in broad spectrum anti-bacteria field. 

The antifungal activities of the ligand and its two complexes are in-effective against the three kinds of 

fungals tested here (MIC > 125 μg/mL). The detailed experimental results are listed in Table 1.  

<Insert Table 1 here> 

In conclusion, Mn (II) and Cd (II) complexes based on an asymmetrical Schiff base ligand were prepared 

and characterized. The complexes are comprised of discrete mononuclear structure and are further connected 

by hydrogen bonds into two different supramolecular frameworks. Antibacterial activity tests show that the 

ligand has definite efficiency in inhibiting S. aureus and the two complexes are good at inhibiting the 

gram-positive and gram-negative bacteria. 
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Table of Contents graphic and synopsis 

Figure 1 Synthetic route of the ligand. 

Figure 2 (a) View of the coordination environment of Mn (II) ions in 1 (H atoms are omitted for 

clarity). (b) View of the hydrogen-bonding between the mononuclear units in 1. (c) View of the 

2D hydrogen-bonding network of 1.  

Figure 3 (a) View of the coordination environment of Cd (II) ions in 2 (H atoms are omitted for 

clarity). (b) View of the hydrogen-bonding between the mononuclear units in 2. (c) View of the 

2D hydrogen-bonding network of 2.  

Figure 4 Large voids formed during the crystal packing in complexes 1 and 2. 

Table 1 Tests of MIC (μg/mL) of the ligand and complexes against bacterial and fungal strains 
a
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Table 1 Tests of MIC (μg/mL) of the ligand and complexes against bacterial and fungal strains 
a
 

Strains Compounds 

L 1 2 Amp
 b
 Str

 b
 Nys

 b
 

S. aureus ATCC 27154 (G
+
) 25 12.5 6.25 3.1 12.5 NT 

E. coli ATCC 25922 (G
-
) >50 3.13 >50 12.5 25 NT 

P. aeruginosa (G
-
) >50 6.25 1.56 25 12.5 NT 

S. ureae (G
+
) >50 12.5 12.5 50 6.25 NT 

       

A. niger >125 >125 >125 NT NT 3.9 

S. cerevisiae >125 >125 >125 NT NT 3.9 

F. oxysporum f. sp. cubense >125 >125 >125 NT NT 7.8 

a
Results are expressed as the minimum inhibitory concentration (MIC). 

b
Ampicillin (Amp), Streptomycin sulfate (Str), Nystatin (Nys): positive control; NT, not tested. 
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Research Highlights 
The research highlights in this manuscript are listed as following: 

(1) The asymmetrical Schiff base ligand was synthesized. 

(2) Two new complexes based on an asymmetrical Schiff base ligand were synthesized. 

(3) The antibacterial and antifungal activities were determined. 


