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Abstract: A novel series of some 10 membered ditellura tetraazamacrocyclic complexes of the type 

[ML1Cl2], [ML2Cl2] and [ML3Cl2] where [L1, L2, L3= 10-membered ditellura tetraazamacrocyclic 

ligands; M = Zn(II), Cd(II) and Hg(II)] have been synthesized via template condensation reactions 

of 1,2-diaminopropane with diaryltelluriumdichlorides, R2TeCl2, (R = p- methoxyphenyl, 3-methyl-

4-hydroxyphenyl and p-hydroxyphenyl) and divalent metal chlorides in dry methanol. The 

formation of proposed macrocyclic skeletons and their donor sites have been predicted on the basis 

of elemental analyses, molar conductance and magnetic susceptibility measurements, IR, 1H NMR 

and electronic absorption spectral studies. On the basis of these studies, a distorted octahedral 

structure has been suggested for these complexes. These new complexes have also been evaluated 

for their antimicrobial activity against gram negative and gram positive bacteria and fungi. 

Keywords: Ditellura tetraazamacrocycles, Diaryltellurium dichlorides, Template condensation,          

1, 2-Diaminopropane, 

Introduction 

The chemistry of macrocyclic ligands and their metal complexes has become a growing 

class of research and received the attention of both bioinorganic and inorganic chemists in 

recent years
1,2

. Due to the presence of various donor atoms in macrocycle and their pliancy 

and ability to coordinate with metal ions, transition metal complexes are of great importance 

in synthesis
3
. Synthesis of polyazamacrocyclic complexes containing both ‘hard’ and ‘soft’ 

metal ions and multiple metallocene redox active groups have been reported by Beer et al
4
. 

The macrocyclic complexes are also significant in coordination chemistry due to their 

biological activity
5-7

, applications in biometallic activation and catalysis
8
, as models for 

biochemically important proteins and enzymes
9-13 

and as single source precursors in metal-

organic chemical vapor deposition processes
14-16

. Coordination behavior of organometallic 

compounds containing bidentate ligands has been the subject of substantial studies in recent 

years
17-19

.  
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 Synthetic route for the metal complexes with tellurium containing macrocycles have been 

reported by Srivastava et al
20

. Recently template synthesis for transition metal complexes of 

tellurium containing tetraazamacrocycles
21-23

 has been reported. In view of this, we herein 

report the synthesis, characterization and antimicrobial activity of a new series of Zn(II), Cd(II) 

and Hg(II) complexes with three 10-membered ditellura tetraazamacrocycles. 

Experimental 

The chemicals used for the synthesis, recrystallization and analyses were of reagent grade. 

The solvents, phenol, anisole and o-cresol were purified by standard methods
24,25

 before use. 

The carbon, hydrogen and nitrogen analyses for these metal complexes were obtained 

from SAIF, Punjab University, Chandigarh on a microprocessor based Thermo Scientific 

(FLASH 2000) CHN Elemental Analyser. Chlorine and tellurium contents were determined 

volumetrically
26

. The conductance measurements were performed in acetonitrile at 25±2 °C 

using a dip type conductivity cell with smooth platinum electrodes (cell constant = 0.997) on 

a microprocessor based conductivity bridge type MICROSIL. 

 KBr pellet method was used to obtain Mid-IR (4000-400 cm
-1

) and H. D. P. E. for far 

IR(40-500 cm
-1

) spectra on FT-Infra Red spectrometer model nicolet IS50 (Thermo 

Scientific). Proton NMR spectra were recorded at SAIF, Panjab University, Chandigarh in 

DMSO-d6 using TMS as an internal reference on BRUKER AVANCE II 400 NMR 

spectrometer. Atomic absorption spectrophotometer (ECIL Model No.4129) was used to 

estimate the metal ions. Electronic spectra were recorded in BaSO4 at 25±2 °C on a UV-Vis-

NIR spectrophotometer, model UV-3600 Plus (SHIMADZU). Magnetic mass susceptibility 

data were obtained from National Physical Laboratory, New Delhi on a Gouy’s balance 

(model Johnson Matthey Alfa products) using glycerin as a calibrant. Melting points were 

determined in open capillary tube and are uncorrected. 

 The complexes were screened for in vitro antimicrobial activity against gram +ve 

bacteria: Staphylococcus aureus (MTCC 2901), Bacillus subtilis (MTCC 2063) and Bacillus 

cereus (MTCC 7350), gram -ve bacteria: Escherichia coli (MTCC 1652) and Salmonella 

typhi (ATCC 15499); fungal strains: Candida albicans (MTCC 227), Aspergillus niger 

(MTCC 8189) and Aspergillus fumigatus (ITCC 4517) using tube dilution method
27

. The 

test and standard compound were both serially diluted in double strength nutrient broth- I.P 

for bacteria and Sabouraud Dextrose Broth –I.P for fungi
28

. Dilutions were made in DMSO. 

Cefadroxil (antibacterial agent) and fluconazole (antifungal agent) were used as control. The 

cultures were incubated for a time period of 24 h at 37±2 °C for bacteria and for fungal 

strains at 25±1 °C for 7 days (A. niger), 37 ±2 °C for 48 h (C. albicans), 35±2 °C for 72 h 

(A. fumigatus) and the results were stated in terms of minimum inhibitory concentration 

(MIC). MIC is the lowest concentration of an antimicrobial agent that prevents the viable 

growth after required incubation. 

Preparation of diaryltelluriumdichlorides 

Bis(p-hydroxyphenyl)tellurium(IV)dichloride
29

, bis(3-methyl-4-hydroxyphenyl) tellurium(IV) 

dichloride
30 

and bis(p-methoxyphenyl) tellurium(IV) dichloride
31,32 

were prepared by direct 

reactions of TeCl4 with phenol, o-cresol and anisole respectively, as reported in the literature. 

Synthesis of metal complexes with 10-membered tellurium tetraazamacrocycles 

(Te2N4M system) 

The metal complexes were prepared by the template condensation reaction of 

diaryltelluriumdichlorides and 1,2-diaminopropane with metal chlorides in 2: 2: 1 molar ratios. 
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General method for metal complexes  

A saturated hot solution of 5.0 mmol of diaryltellurium dichloride in dry methanol was 

added dropwise with constant stirring to a methanolic (~ 5 mL) solution of 5.0 mmol of 1, 2-

diaminopropane taken in a round bottom flask. An immediate change in color was observed. 

The contents were refluxedfor 3-4 h and followed by the addition of saturated methanolic 

solution of metal salts (2.5 mmol). This resulted in a distinct change in color along with 

slight precipitation of product. The mixture was then again refluxed for about 8 h and cooled 

to room temperature. The small amount of precipitated solid was filtered off and the filtrate 

was concentrated and kept in refrigerator to obtain second crop of crystalline product. This 

was filtered, washed with petroleum-ether and dried in a vacuum desiccator over P4O10. 

Results and Discussion 

TeCl4 when heated with phenol
29

, o-cresol
30 

and anisole
31,32 

(R-H) appears to undergo 

electrophilic substitution reaction where TeCl3
+
 unit attacks a position para to the -OH group  

in the aromatic rings, resulting in the formation of diaryltellurium(IV) dichlorides as per 

equation: 

 

 Diaryltellurium dichlorides when refluxed with 1, 2-diaminopropane in presence of 

ZnCl2/ CdCl2/ HgCl2 in 2:2:1 molar ratios, yield the desired complexes as shown in Scheme 1. 

These complexes are crystalline, air stable colored solids and are soluble in polar donor 

organic solvents. The physical properties and analytical data of these complexes are 

presented in Table 1. 

 
Where L1; R = p-hydroxyphenyl, L2; R = 3-methyl-4hydroxyphenyl, L3; R p-methoxyphenyl, M = Z(II) 

Cd(II) and Hg(II) 
Scheme 1. Formatoin of the Zn(II), Cd(II) and Hg(II) complexs 



  

 

 

Table 1. Analytical data, physical properties and molar conductance for metal complexes 

˄M reported31 for 1:1 electrolyte in acetonitrile = 120-160 ohm-1 cm2 mol-1; *decomposition temperature, ** not soluble in acetonitrile 

 

Complex 
Empirical formula 

(Formula weight) 
Color M.P.°C 

Yield 

% 

Analysis found (calculated),% ˄Mat ca.10
-3

M 

Scm
2
mol

-1
 C H N Cl Te M 

ZnL
1
Cl2 C30H36Cl2N4O4Te2Zn 

(908.15)
 

Light 

pink 
180-182

*
 76 

39.35 

(39.68) 

3.77 

(4.00) 

5.83 

(6.17) 

7.41 

(7.81) 

28.47 

(28.10) 

7.01 

(7.20) 
65.8 

ZnL
2
Cl2 C34H44Cl2N4O4Te2Zn 

(964.25)
 

Cream 184-186
*
 69 

42.17 

(42.35) 

4.78 

(4.60) 

5.31 

(5.81) 

7.00 

(7.35) 

26.14 

(26.47) 

6.48 

(6.78) 
52.44 

ZnL
3
Cl2 C34H44Cl2N4O4Te2Zn 

(964.25) 

Pale 

yellow 
128-130 78 

42.00 

(42.35) 

4.12 

(4.60) 

5.26 

(5.81) 

7.08 

(7.35) 

26.19 

(26.47) 

6.38 

(6.78) 
43.8 

CdL
1
Cl2 C30H36Cl2N4O4Te2Cd 

(955.15)
 

Light 

pink 
188-190

*
 68 

37.36 

(37.72) 

3.61 

(3.80) 

5.48 

(5.87) 

7.15 

(7.42) 

26.30 

(26.72) 

11.49 

(11.77) 
** 

CdL
2
Cl2 C34H44Cl2N4O4Te2Cd 

(1011.25)
 

Pink 176-178
*
 59 

40.14 

(40.38) 

4.55 

(4.39) 

5.30 

(5.54) 

6.89 

(7.01) 

24.99 

(25.24) 

10.92 

(11.12) 
** 

CdL
3
Cl2 C34H44Cl2N4O4Te2Cd 

(1011.25) 

Light 

pink 
128-130 69 

40.21 

(40.38) 

4.19 

(4.39) 

5.29 

(5.54) 

6.79 

(7.01) 

25.00 

(25.24) 

10.89 

(11.12) 
72.5 

HgL
1
Cl2 C30H36Cl2N4O4Te2Hg 

(1043.33)
 

Cream 123-125 58 
34.24 

(34.54) 

3.19 

(3.48) 

5.13 

(5.37) 

6.55 

(6.80) 

24.14 

(24.46) 

19.01 

(19.23) 
** 

HgL
2
Cl2 C34H44Cl2N4O4Te2Hg 

(1099.43)
 

Light 

pink 
218-220

*
 62 

36.80 

(37.14) 

3.84 

(4.03) 

4.90 

(5.10) 

6.14 

(6.45) 

22.99 

(23.21) 

18.01 

(18.24) 
86.16 

HgL
3
Cl2 C34H44Cl2N4O4Te2Hg 

(1099.43) 

Light 

yellow 
110-112 67 

36.82 

(37.14) 

4.35 

(4.03) 

4.88 

(5.10) 

6.24 

(6.45) 

23.35 

(23.21) 

18.01 

(18.24) 
78.8 

8
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Conductance studies 

Molar conductance, ˄M values for soluble metal complexes in acetonitrile at ca. 10
-3

 M are 

compiled in Table 1. The ˄M values predict non electrolyte to weak electrolyte type behavior 

of these complexes as the observed ˄M values are much less than those reported by Geary
33

 

for 1:1 electrolyte and hence suggest their formulation as [MLCl2]. 

Magnetic and electronic spectral studies 

No d-d transitions are observed for these metal complexes consistent with the d
10

 

configuration and as expected these complexes are diamagnetic in nature. The electronic 

absorption spectra of these complexes exhibit a broad and intense band in the region 272-

239 nm due to CT transitions
34-36

. This CT band may also be mixed with the n - π
*
 and π - π

*
 

bands of the ligand
35 

which sweeps the near UV portion of electromagnetic radiation and 

extends in the visible region with diminishing absorbance upto 500 nm. This is responsible 

for the color of the complexes. 

IR spectra 

The preliminary identification of the synthesized metal complexes has been obtained from 

infrared spectra. The main IR bands along with their assignments are presented in Table 2. 

The spectra of the  metal complexes are quite complex and thus an attempt has been made to 

identify the donor sites by comparing the spectra of the complexes with those of 

corresponding constituent; 1, 2-diaminopropane and diaryltellurium dichlorides. Absence of  

bands corresponding to free amino group in the metal complexes and appearance of a new 

single sharp band in the region 3029-3257 cm
-1

 (sometimes mixed with O-H) assignable to 

νN-H vibration
20,36-39

, provide an evidence for the skeleton of the macrocyclic moiety. 

Presence of medium to strong intensity band at ~1600-1667 cm
-1

 and 806-830 cm
-1

 

attributed to N-H deformations coupled with N-H out of plane bending vibrations
37 

also 

supports this contention. 

Table 2. Important IR data (cm
-1

) for metal complexes 

Complex νN-H 
N-H 

def. 

N-H out of 

plane bending 
νC-N νM-N νM-Cl νTe-N 

[ZnL
1
Cl2] 3225 m 1610 s 828 s 1169 s 460 m 285 m 417 w 

[ZnL
2
Cl2] 3037 mb 1620 m 806 m 1158 m 443 m 289 w 423 w 

[ZnL
3
Cl2] 3189 m 1612 s 823 m 1178 m 466 m 284 w 418 w 

[CdL
1
Cl2] 3029 m 1613 s 830 m 1169 s 443 w 287 m 419 w 

[CdL
2
Cl2] 3241 m 1615 m 806 m 1157 m 460 m 280 w 421 w 

[CdL
3
Cl2] 3204 m 1625 m 816 m 1161 m 454 m 285 w 416 w 

[HgL
1
Cl2] 3257m 1615 m 825 m 1171 m 463 m 286 w 419 w 

[HgL
2
Cl2] 3037 m 1610 m 806 m 1158 m 456 m 281 w 415 w 

[HgL
3
Cl2] 3180 m 1610 m 818 m 1163 m 452 w 280 w 417 w 

(m= medium, b= broad, s= strong, w= weak) 

 The occurrence of medium to weak intensity bands at ~1173 cm
-1

 and 443-466 cm
-1

 

may be assigned to C-N stretching vibration
20,40,41

 and M-N stretching
36,42,43

 respectively. 

Presence of new weak intensity bands in the complexes  near 423- 415 cm
-1

 corresponding 

to Te-N vibration also support the formation of tellurium containing macrocyclic ring
20,36,44

. 

Further medium to weak intensity bands in the region 280-289 cm
-1

 may be assigned to 

ν(M-Cl) vibration
38,45

. 
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Proton NMR spectra 

The proton chemical shifts for the metal complexes which are sufficiently soluble in DMSO 

–d6 are presented in Table 3. 1, 2-diaminopropane, H2N-CH(CH3)-CH2-NH2, exhibit protons 

resonance at0.45 (4H), 1.25(3H), 1.67(2H) and 1.83(1H) δppm due to amino, methyl, 

methylene and methanetriyl/ methine groups, respectively
46,47

. The synthesized metal 

complexes do not show any signal due to free amino group. Instead, a broad singlet at 2.12-

2.15 δ ppm assignable to coordinated secondary amino group
22,23,48

 confirms the formation 

of macrocyclic skeleton.  

Table 3. 
1
H NMR spectral data (δ ppm) for the 10-membered macrocyclic metal complexes 

in DMSO-d6 

(s= singlet, d= doublet, t= triplet, m= multiplet); * may be mixed with solvent peak, ** poorly resolved 

 The methyl protons of the propylenic chain and that of the phenyl ring resonate at 1.23-

1.29 and 2.49-2.55 δ ppm respectively to give a singlet. The signals due to methylene and 

methanetriyl protons appears slightly downfield as a multiplet at ~2.87 to 3.39 δ ppm 

thereby confirming deshielding of these protons due to metal nitrogen coordination. 

 In comparison to the parent diaryltellurium dichlorides
26,27,49

, the phenyl protons in the 

metal complexes resonate at slightly upfield side (6.55-7.92 δ ppm) as 2Cl are replaced by 2 

nitrogen atoms causing flow of electron density from nitrogen to tellurium. Further, the 

independence of chemical shifts of aryl protons on the metal ions, hints at non -involvement of 

Te atoms of the macrocycle in coordination with the metal ions. Thus, proton NMR studies on 

these metal complexes also support the formation of 10-membered ditelluratetraaza 

macrocycles and their tetra dentate ligation behavior as predicted by IR studies. 

 Thus on the basis of magnetic moment, conductance, IR, proton NMR and electronic 

spectral studies, a distorted octahedral geometry as proposed may be assigned to these metal 

complexes as shown in Figure 1. 

Complex Chemical shift, δ ppm 

[ZnL
1
Cl2] 2.12  (s, 4H, -NH-), 1.23 (d, 6H, aliphatic –CH3 ) 2.87-3.30 (m, 6H, -CH2-, -

CH- propylenic chain), 6.74
d
 & 7.64

 d
 (16H , phenyl), 7.82 (s, 4H,OH) 

[ZnL
2
Cl2] 2.13  (s, 4H, -NH-), 1.24 (d, 6H, aliphatic –CH3 ) 2.95-3.08 (m, 6H, -CH2-, -

CH- propylenic chain), 2.54* (s, 12H, Ar-CH3), 6.75
d
, 7.66

d
 & 7.72

s
 (12H, 

phenyl) 7.51 (s, 4H,OH) 

[ZnL
3
Cl2] 2.13  (s, 4H, -NH-), 1.22 (d, 6H, aliphatic –CH3 ) 2.88-3.30 (m, 6H, -CH2-, -

CH- propylenic chain), 3.34 (s, 12H, -OCH3), 6.92
d
 & 7.85

d
 (16H, phenyl), 

9.68 (s, 4H,OH) 

[CdL
1
Cl2] 2.12  (s, 4H, -NH-), 1.24 (d, 6H, aliphatic –CH3 ) 2.91-3.34 (m, 6H, -CH2-, -

CH- propylenic chain), 6.85
d
 & 7.38

d
 (16H , phenyl), 7.80 (s, 4H,OH) 

[CdL
2
Cl2]** 2.15  (s, 4H, -NH-), 1.29 (d, 6H, aliphatic –CH3 ) 2.97-3.09 (m, 6H, -CH2-, -

CH- propylenic chain), 2.55* (s, 12H, Ar -CH3), 8.11 (s, 4H,OH) 

[CdL
3
Cl2]** 1.25 (d, 6H, aliphatic –CH3 ) 2.96-3.09 (m, 6H, -CH2-, -CH- propylenic 

chain), 3.79 (s, 12H, -OCH3) 

[HgL
1
Cl2] 2.14  (s, 4H, -NH-), 1.23 (d, 6H, aliphatic –CH3 ) 2.92-3.39 (m, 6H, -CH2-, -

CH- propylenic chain), 6.92
d
 & 7.38

d
 (16H , phenyl), 7.82 (s, 4H,OH) 

[HgL
2
Cl2] 1.98  (s, 4H, -NH-), 1.26 (d, 6H, aliphatic –CH3 ) 2.93-3.3 (m, 6H, -CH2-, -

CH- propylenic chain), 2.53 (s, 12H, Ar -CH3), 6.97
d
, 7.15

d
 & 7.31

s
 (12H, 

phenyl), 8.8 (s, 4H,OH) 
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(c) 

Figure 1. Prosposed structure of the ditellura tetraazamacrocyclic metal complexs of the 

type [ML
1
Cl2] (a), [ML2Cl2] b and [ML

3
Cl2] (c) 

Antimicrobial studies 

The MIC values shown by the synthesized metal complexes against the studied fungal 

and bacterial strains were compared with those of the standard antibiotics cefadroxil and 

fluconazole (Table 4 and 5). The results have shown that most of the complexes of the 

tested series possess moderate to good antimicrobial activity as compared to the 

standard bactericide and fungicide but all the complexes are more active than their 

precursors against the opportunistic bacteria and fungi and thus indicating that 

complexation to metal enhances the activity of the ligand. However in the whole series, 

based on the MIC values, [HgL
1
Cl2], [HgL

2
Cl2] and [HgL

3
Cl2] complexes (MIC= 6.25-

12.5 µg/mL) are found to be comparatively more powerful and potent bacteriostatic and 

fungistatic agent. 

Table 4. Minimum inhibitory concentration (MIC) of metal complexes against test bacteria 

Complex 

  MIC(µg mL
-1

)   

S. 

aureus 

B. 

Subtilis 

E. 

coli 

B. 

cereus 

S. 

typhi 

R2TeCl2 

(p-hydroxyphenyl) 
25 25 25 25 25 

R2TeCl2 

(3-methyl-4-

hydroxyphenyl) 

25 25 12.5 25 25 

R2TeCl2 

(p-methooxyphenyl) 
12.5 25 25 25 25 

1,2-diaminopropane 25 25 25 12.5 25 

[ZnL
1
Cl2] 12.5 12.5 25 12.5 12.5 

[ZnL
2
Cl2] 12.5 12.5 12.5 12.5 25 

[ZnL
3
Cl2] 12.5 12.5 12.5 12.5 12.5 

[CdL
1
Cl2] 25 12.5 12.5 25 25 

[CdL
2
Cl2] 25 12.5 25 12.5 25 

[CdL
3
Cl2] 12.5 12.5 12.5 12.5 12.5 

[HgL
1
Cl2] 6.25 6.25 6.25 6.25 12.5 

[HgL
2
Cl2] 6.25 6.25 12.5 6.25 12.5 

[HgL
3
Cl2] 6.25 6.25 12.5 6.25 6.25 

Cefadroxil 3.12 1.56 3.12 1.56 3.12 
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Table 5: Minimum inhibitory concentration (MIC) of metal complexes against test fungi 

Complex 
 MIC, µg mL

-1
  

A.niger A. fumigatus C.albicans 

R2TeCl2 

(p-hydroxyphenyl) 
25 25 25 

R2TeCl2 

(3-methyl-4-

hydroxyphenyl) 

25 25 12.5 

R2TeCl2 

(p-methooxyphenyl) 
25 25 25 

1,2-diaminopropane 25 25 25 

[ZnL
1
Cl2] 25 12.5 12.5 

[ZnL
2
Cl2] 25 25 12.5 

[ZnL
3
Cl2] 12.5 12.5 12.5 

[CdL
1
Cl2] 25 12.5 12.5 

[CdL
2
Cl2] 25 12.5 12.5 

[CdL
3
Cl2] 12.5 12.5 12.5 

[HgL
1
Cl2] 12.5 6.25 6.25 

[HgL
2
Cl2] 6.25 6.25 6.25 

[HgL
3
Cl2] 6.25 12.5 6.25 

Fluconazole 3.12 3.12 1.56 

Conclusion 

Zn(II), Cd(II) and Hg(II) complexes have been prepared by template condensation of 

diaryltellurium(IV) dichlorides with 1,2-diaminopropane in presence of divalent metal 

chlorides. All the metal complexes have been assigned a distorted octahedral geometry on 

the basis of elemental analyses, conductance measurements, electronicabsorption, IR and 

proton magnetic resonance spectral studies.Some of the complexes show very good 

antimicrobial activity against some pathogenic bacteria and fungi while others are 

moderately active. 

Acknowledgement 

The authors are thankful to M. D. University, Rohtak for providing the necessary facilities. 

One of the authors (SK) is also thankful to M. D. University, Rohtak for providing a 

fellowship(URS).We also thank SAIF, Panjab University Chandigarh and Maharshi 

Dayanand University, Rohtak for providing the spectral and CHN analyses data. 

References 
1. Bayri A and Karakpalan M, Parmana J Phys., 2007, 69(2), 301-306; 

DOI:10.1007/s12043-007-0130-5 

2. Singh D P, Malik V, Kumar R and Tyagi P, Res Lett Inorg Chem., 2009, 22(2), 177-

182; DOI:10.1080/14756360601051399 

3. (a) Beer P D, Adv Inorganic Chem., 1992, 39, 79-157; DOI:10.1016/S0898-

8838(08)60259-7; (b) Beer P D and Graydon A R, J Organomet Chem., 1994,466, 

241-247; DOI:10.1016/0022-328X(94)88051-4 and references therein. 



  

Chem Sci Trans., 2017, 6(1), 77-86       85 

4. Chandra S, Gautam A and Tyagi M, Transition Metal Chem., 2007, 32(8), 1079-

1084;  DOI:10.1007/s11243-007-0289-0 

5. Chandra S and Gupta L K, Trans Met Chem., 2007, 32(5), 558-563;  

DOI:10.1007/s11243-007-0201-y 

6. NishatN, Rahis-Ud-Din and Dhyani S, J Coord Chem., 2009, 62(6), 996-1004; 

DOI:10.1080/00958970802339651 

7. Veggel F C J M van, Verboom W and Reinhoudt D N, Chem Rev., 1994, 94(2), 279-

299; DOI:10.1021/cr00026a001 

8. Chang Y, Emge T and Brennan J G, Inorg. Chem, 1996, 35(25), 7339-7344; 

DOI:10.1021/ic9603969 

9. Gange R R, Allison J L, Gall S and Kovac C A, J Am Chem Soc., 1977, 99, 7170-

7178; DOI:10.1021/ja00464a012 

10. Martin J W L, Johnson J H and Curtis N F, J Chem Soc., Dalton Trans., 1978, 68-76; 

DOI:10.1039/DT9780000068 

11. Hughes M N, Inorg Chem Biological Process; 2
nd 

Edn, Wiley, New York, 1981. 

12. James S R and Margerum D W, Inorg Chem., 1980, 19(9), 2784-2790; 

DOI:10.1021/ic50211a058 

13. Casella L, Gullotii M, Gioia L D, Monzani E and Chillemi F, J Chem Soc., Dalton 

Trans., 1991, 2945-2953; DOI:10.1039/DT9910002945 

14. Steigerwald M L and Sprinkle C R, J Am Chem Soc., 1987, 109(23), 7200-7201; 

DOI:10.1021/ja00257a055 

15. Hirpo W, Dhingra S, Sutorik A C and Kanatzidis M G, J Am Chem Soc., 1993, 

115(4), 1597-1599; DOI:10.1021/ja00057a067 

16. Van Der Pleog A F M J, Van Der Kolk C E M and Van Koten G, J Organomet 

Chem., 1981 212(3), 283-290; DOI:10.1016/S0022-328X(00)85654-5 

17. Van Koten G J, Jastrzebski J T B H, Noltes J G, Pontenagel W M G F, Kroon J and 

Spek A L, J Am Chem Soc., 1978, 100(16), 5021-5028; DOI:10.1021/ja00484a018 

18. Boyor J, Breliere C, Carre F, Corriy R J P, Kpoton A, Poiries M, Royo G  and  

Young J C, J Chem Soc., Dalton Trans., 1989, 43-51; DOI:10.1039/DT9890000043  

19. Jastrzebski J T B H, Van Koten G J, Tuck D G, Meinema H A and Noltes J G, 

Organometallics, 1982, 1(11), 1492-1495; DOI:10.1021/om00071a018 

20. Srivastava S and Kalam A, J Indian Chem Soc., 2006, 83, 563-567. 

21. Rathee Nituand Verma K K, J Serb Chem Soc., 2012, 77(3), 325-333; 

DOI:10.2298/JSC101211200R 

22. Nitu R and Verma K K, Int J Chem Sci., 2011, 9(1), 229-238. 

23. Nitu R and Verma K K, Der Pharma Chemica, 2011, 3(1), 97-104. 

24. Vogel AI, “Test Book of Practical Organic Chemistry”, 5
th

 Ed.; Longman: London, 

1996. 

25. Weissberger A, Ed., Technique of Organic Chemistry, Vol. 7, 2
nd

 Ed.; Interscience 

Publishers, Inc.: N. Y., 7, 1967. 

26. Vogel A I, A Text Book of Quantitative Inorganic Analysis Including Elementary 

Instrumental Analysis, Longman: London, 1975, 3, 266, 324. 

27. Cappuccino J C and Sherman N, Microbiology- A Laboratory Manual, Addison 

Wesley: California, 1999, 263. 

28. Pharmacopoeia of India, Volume 1, Controller of Publications, Ministry of Health 

Department, Government of India, New Delhi, 2007,1, 37. 

29. Khandelwal B L, Kumar K and Berry F J, Inorg Chim Acta, 1981, 47, 135-137; 

DOI:10.1016/S0020-1693(00)89319-6 



  

86           Chem Sci Trans., 2017, 6(1), 77-86 

30. Khandelwal B L, Kumar K and Raina K, Synth React Inorg Met Org Chem., 1981, 

11(1), 65-78; DOI:10.1080/00945718108059276 

31. Petragnani N and Stefani H A, Tellurium in Organic Chemistry, 2
nd

 Ed.; Academic 

Press: London, 2007, 67, 76. 

32. Bergman J, Tetrahedron, 1972, 28(12), 3323-3331; DOI:10.1016/S0040-

4020(01)93674-9 

33. Geary W J, Coord Chem Rev., 1971, 7(1), 81-122; DOI:10.1016/S0010-

8545(00)80009-0 

34. Sonmezn M, Levent A and Sekerci M, Synth React Inorg Met-Org Chem., 2003, 

33(10), 1747-1761; DOI:10.1081/SIM-120026545 

35. Mukhopadhyay R, Bhattacharjee S and Bhattacharya R, J Chem Soc., 1944, 2799. 

36. Nitu and Verma K K, J Chem., 2011, 8(3), 1158-1163; DOI:10.1155/2011/768192 

37. (a) Rana V B, Singh P, Singh D P and Teotia M P, Polyhedron, 1982, 1(4), 377-381; 

DOI:10.1016/S0277-5387(00)80823-2  

38. House D A and Curtis N F, J Am Chem Soc., 1964, 86(7), 1331-1334; 

DOI:10.1021/ja01061a014 

39. Shakir M, Varkey S P and Hameed P S, Polyhedron, 1994, 13(9), 1355-1361; 

DOI:10.1016/S0277-5387(00)81701-5 

40. Srivastava S and Kalam A, Synth React Inorg Met -Org Chem., 2004, 34(9), 1529-

1541; DOI:10.1081/SIM-200026581 

41. Panda A K, Panda A, Sutar S, Mishra P, Pradhan S, Ghos S and Pany S, J Indian 

Chem Soc., 2009, 86, 908. 

42. Nakamoto K, Infrared and Raman Spectra of Inorganic and Coordination 

Compounds, Part-B, 5
th

 Ed.; John Wiley and Sons: New York, 1997, 15-20. 

43. Kumar U and Chandra S, J Saudi Chem Soc., 2011, 15(2), 187-193; 

DOI:10.1016/j.jscs.2010.08.002 

44. Kulkarni Y D and Srivastava S, Indian J Chem., 1985, 22, 710. 

45. Tyagi M and Chandra S, J Saudi Chem Soc., 2014, 18(1), 53-59; 

DOI:10.1016/j.jscs.2011.05.013 

46. Silverstein R M, Spectrometric Identificationof Organic Compounds, 4
th

 Ed.; John 

Wiley: New York, 1981. 

47. Pavia D L, Lampman G M, Kriz G S and Vyvyan J R, Spectroscopy; Brooks/Cole, 

Cengage Learning India Pvt. Ltd.:New Delhi, 2007. 

48. Uddin M N, Chowdhury D A and Rony M M, Am J Chem App., 2014, 1(2), 12-18. 

49. Raina K and Khandelwal B L, Indian J Chem., 1976, 14A, 63. 


