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1. Introduction 
The benzimidazole nucleus appears to be especially toxic to fungi. Recently, a large number of benzimidazole derivaties have been 
developed and patented as fungicides.(15) 2(Benzylthiomethyl)benzimidazoles have been found to be carcinostatic and fungicidal(6). 
Methyl1butyl carbamoyl2benzimidazole carbamate is a novel fungicide which has been successfully used to control losse smut 
of wheat and barley (7). Benzimidazole carbamates possess fungicidal, acaricidal and nematocidal properties. (8) However, very little is 
known about metal chelates of 2(2|5|Dihydroxy acetophenonelidene) aminobenzimidazole. Recently it has been observed that the 
metal complexes are more fungitoxic than the parent compounds (9). This prompted us to synthesise and characterize it and evaluate 
the fungitoxic properties of some of its complexes with transition metal ions. 
 
2. Experimental 
All the chemicals used were of AR grade or equivalent quality. 2Aminobenzimidazole was prepared by the method of Phillips (10). Its 
Schiff base with 2; 5Dihydroxyacetophenone was prepared by the usual condensation method. The metal complexes were prepared 
by the following method. 
The requisite metal salt and sodium salt of ligand were refluxed in 1:2 molar ratio in 50% aq. Ethanol (v/v) for 56 hrs. The 
compounds which precipitated on cooling were washed several times with cold water followed by 50% aq. Ethanol (v/v) and dried in 
vacuo. 
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Abstract: 
Some new complexes of the type M (C15H12N3O2)2. x H2O {where M= Mn(II), Co(II) ,Ni (II) and Cu (II } and  M (C15H12N3O2 
)3 [M = Cr(III) and Fe(III ] have been prepared and characterized on the basis of their element analysis, IR spectra, electronic 
spectra, and magnetic moments. All the metal chelates have significant fungitoxicity at 1000 ppm, but their toxicity decreased 
marketedly on dilution (viz at 100 and 10 ppm ). The metal chelates were more potent against both the fungi, viz A. niger and R. 
nigracans than the parent compound and its sodium salt. 
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The complexes were analysed for their metal contents employing standard literature procedures after destroying the organic residue 
with a mixture of concentrated hydrochloric and nitric acids. The analytical results are given in Table 1. 
Physical measurements were carried out by the methods reported earlier; fungicidal activity was also studied by the reported method 

(9). The water content of the complexes were determined by heating them in the range of 150300C and determining the loss in 
weight. 
 
3. Results and Discussion 
The elemental analysis (Table 1) indicate that the stoichiometry of the complexes is M(benzimidazole)2.xH2O except for the Cr(III) 
and Fe(III) complexes. These complexes show stoichiometry of M (benzimidazole)3. The low conductance values (~ 2 mho cm2  1 
mol1) showed their nonelectrolytic nature in dioxane. 
The infrared spectrum of the ligand shows two absorption bands, one at 1640cm1 due to stretching mode of acyclic N=C group and 
the other at 1610 cm1 due to N=C of the heterocyclic ring. A band appearing at 3440 cm1 can be attributed to NH mode. The 
band in the region 36403480 cm1 in the spectra of the complexes is attributed to OH of the water molecule. The ligand (I) with 
four potential donors can interact with metals in a number of ways. However, there is a positive shift of 1020 cm1 on complexation 
in the NH and C=N (heterocyclic ring) modes. This rules out the possibility of coordination through the nitrogens of these groups as 
well as its behaviour as monodentate ligand.(11) A negative shift of ~40 cm1 in the acyclicN=C band and disappearance of OH band 
in the IR spectra of the complexes indicate bonding through the nitrogen of acyclic N=C group and oxygen of hydroxyl group. Thus, 
the ligand behaves as a bidentate ligand bonding through only one nitrogen. In addition the complexes exhibited two bands (rocking 
and wagging) in the region 650880 cm1 assignable to the coordinated water which is absent in the chelating agent(12). The loss of 
water at relatively high temperature (160210C) indicated that these are coordinated. 
Analytical data and magnetic moments of the chelates are recorded in Table 1. 
 

S. 
No. 

Complex (m.p. C) Found (Calcd.), % 
C H Metal Nitrogen eff (BM) 

1. 
 

Cr(C15H12N3O2)3 
(>250 d) 

63.40 
(63.52) 

4.10 (4.25) 6.00 (6.11) 14.70 (14.87) 3.70 

2. Mn(C15H12N3O2)2(H2O2) 
(>250 d) 

57.62  
(57.78) 

4.35 
(4.49) 

8.70 (8.87) 13.35 (13.48) 6.0 

3. Fe(C15H12N3O2)3 
(>250 d) 

42.0 
(42.16) 

4.04 (4.21) 6.40 (6.53) 14.60 (14.75) 5.82 

4. Co(C15H12N3O2)2(H2O2) 
(>250 d) 

57.33 
(57.42) 

4.30 (4.45) 9.00 (9.40) 13.45 (13.79) 4.42 

5. Ni(C15H12N3O2)2(H2O2) 
(>250 d) 

57.30 
(57.44) 

4.30 (4.46) 9.20 (9.36) 13.34 (13.44) 3.20 

6. Cu(C15H12N3O2)2(H2O2) 
(>250 d) 

60.30 
(60.44) 

4.0 (4.02) 10.50 
(10.66) 

14.0 (14.10) 1.82 

Table 1: Analytical data, melting points and magnetic moments of the complexes 
L = (C15H13N3O2) 

 
S. No. Complex Average percentage inhibition after 96 hrs 

A. niger 
conc. used (ppm) 

R. nigraicans 
conc. used (ppm) 

1000 100 10 1000 100 10 
1. (C15H13N3O2) 61.6 42.0 28.6 62.2 40.6 26.8 
2. Cr(C15H12N3O2)3 68.5 48.6 32.8 70.0 46.5 30.6 
3. Mn(C15H12N3O2)2(H2O2) 97.0 80.8 70.0 95.5 78.0 68.5 
4. Fe(C15H12N3O2)3 96.5 81.7 72.8 90.6 72.5 62.6 
5. Co(C15H12N3O2)2(H2O2) 65.0 50.2 30.0 63.2 42.2 28.6 
6. Ni(C15H12N3O2)2(H2O2) 66.6 48.2 28.8 64.2 42.8 30.7 
7. Cu(C15H12N3O2)2(H2O2) 98.0 82.5 69.5 88.6 80.0 70.5 
 Dithane M45 (A commercial 

fungicide) 
100.0 88.2 72.6 98.0 86.8 75.0 

Table 2: Fungicidal Screening data 
 
From the assignment of the electronic spectral bands, their positions and spectral parameters, it is clear that all the complexes are 
octahedral except Cu (II) complex which shows planar environment around the Cu (II) ion. The values of Dq, and B| have been 
calculated from 2 and 3 bands using the matrices of Tanabe and Sugano (13). 
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Cr (III) has 3d3 electronic configuration with 4A2g ground state. Three bands observed at 18000, 25000 and 36000 cm1 for Cr(III) 
complexes are assigned to the transitions: 
4A2g  4T2g (F), 4A2g  4T1g (F) and 4A2g  4T1g (P) respectively. 
For Mn(II) complexes, three dd transitions observed at 19000, 24200 and 31800 are assigned to 6A1g  4T1g(G), 6A1g 4Eg(G) and 
6A1g4Eg(P) respectively. A band at 31800 cm1 is due to the charge transfer. This suggests a distorted Oh symmetry for Mn(II) 
complex. 
In the case of Fe (III) complex, three bands are observed at 1300, 2100 and 3000 cm1. These bands may be assigned to the transitions: 
6A1g  4T1g, 6A1g  4T2g and 6A1g  4Tg respectively. This shows octahedral geometry for Fe (III) complex. 
The electronic spectral bands for Co(II) complexes are observed at 800 and 2050 cm1 which are assigned to the transitions: 4T1g  
4T2g (1) and 4T1g  4T2g (P) (3) respectively. However, we could not observe the band arising from the transition 4T1g  4A2g 
probably because of it being a two electron transition. These data indicate an octahedral environment around Co (II) ion (14). From the 
values of 3 and 1, values of Dq, B| and 2 work out as 800, 836 and 1600 cm1 respectively. The 2/1 ratio 2.0 lies well within the 
limit reported for octahedral structure of Co (II) complexes. (15) 

 

Figure 2 
 

Three bands were observed for Ni (II) complex at 1300, 1850 and 2600 cm1. These are assigned to the transitions: 3A2g  3T2g (1), 
3A2g  3T1g (F)(2) and 3A2g  3T1g (P) (3) respectively. The ratio of 2/1 (1.42) usually observed for Oh Ni (II) complexes (16). From 
these frequencies we have calculated the values of Dq (1300 cm1), B| (866 cm1) and  (19.8%). 
The electronic spectral data of the Cu (II) complex are characterized by a broad band in the region 1560 cm1 and a strong band near 
2200 cm1. The dd bands for complex for which a planar structure has been proposed (1721) occur in the range 14001800 cm1. 
Therefore, the above observations are consistent with a essentially planar structure. 
 

                                                   
Figure 3 
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As expected, all the metal chelates had significant fungitoxicity at 1000 ppm but their toxicity decreased markedly on dilution (viz. at 
100 and 10 ppm). The metal chelates were more potent against the fungi, viz., A. niger and R. nigracans, than the parent compound 
and its sodium salt (Table 2). This can be explained on the basis of chelation theory. 
The ESRspectra of Cu (II) complex was recorded in DMSO at 300K and 77K. The spectra of the copper complex at 300K show one 
intense absorption band in the high field and are isotropic due to the tumbling motion of the molecules. However, the complex in the 
frozen state show four well resolved pears with low intensities in the low field region and one intense peak in the high field region. No 
band corresponding to mS =  2 transition was observed in the spectra, ruling out any CuCu interaction. The spin Hamiltonian 
parameters of the complex A|| (143  104 cm1); A (42  104 cm1); Aiso (76); g|| (2.31); g (2.06); giso (2.14) 2 (0.59); 2 (0.86).(2223) 
The gtensor values of copper (II) complex can be used to derive the ground state. In square planar complexes, the unpaired electron 
lies in the dx2y2 orbitals giving 2B1g as the ground state with g|| > g > 2.0 while the unpaired electron lies in the dz2 orbital giving 
2A1g as the ground state with g > g|| > 2.0 which suggests that the complex is present in square planar geometry. Further it is also 
supported from the fact that the unpaired electrons lies predominantly in the dx2y2 orbital. (24) 
The molecular orbital coefficients viz. inplane bonding (2) and inplane bonding (2) were calculated using the following 
expressions.(2527) 
2 = (A11 / 0.036) + (g11  2.0023) + 3/7 (g 2.0023) + 0.04 
2 = (g||  2.0023) E/ 82 
Where  = 823 cm1 for free ion and E is the electronic transition energy of 2B1g2A1g. 2 and 2  values indicate that there is 
substantial interaction in the inplane bonding where as the inplane bonding is almost ionic. The results are anticipated because 
there are no appropriate ligand orbitals to combine with dxy orbital of copper ion. 
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