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Abstract: Copper (II) complexes with three carboxyamide ligands viz.2 (phenylcarbamoyl) benzoic acid 

(PCBCH),(Z)-4-(2-nitrophenylamino)-4-oxobut-2-enoic acid (NPAOEH) and (2Z, 2’Z)-4, 4’-(1,2-phenylenebis 

(azanediyl)) bis (4-oxobut-2-enoic acid) (PEAOBH) have been synthesized and characterized by UV-Visible, 

Infrared and 
1
H-NMR spectral data. Analytical data support 1: 2 stoichiometry for metal: ligand. The molar 

conductivity data indicate that the complexes are non-electrolytic in nature.  The electronic spectra suggests 

distorted octahedral geometry for Cu (II) complexes. The antibacterial activity of all the ligands and complexes 

against gram-positive and gram-negative bacteria was compared with the activity of existing commercial 

antibacterial compound like Streptomycin. All metal complexes found to be more active than respective ligands. 

Keywords: Antibacterial activity, Carboxyamide  Ligand, Copper complexes

 

1. INTRODUCTION 

The amide group, an important structural feature of proteins, can be described as resonating between 

two structures (Fig.1), one with the double bond between the carbon atom and the oxygen atom, and 

the other with the double bond between the carbon atom and the nitrogen atom
1
. 
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Fig1. Resonance structures of amide group 

General arguments about the stability of alternative structures indicate that the structure with the 

double bond between carbon and oxygen should contribute somewhat more to the normal state of the 

amide group than the other structure; experience with other substances and acquaintance with the 

results of quantum mechanical calculations suggest the ratio 60%: 40% for the respective 

contributions of these structures. A 40% contribution of the structure with the double bond between 

the carbon atom and the nitrogen atom would confer upon this bond the property of planarity of the 

group of six atoms. The estimate of 40% double-bond character for the C-N bond is supported by the 

experimental value of the bond length, 1.32 Å, interpreted with the aid of the empirical relation 

between double-bond character and inter-atomic distance
2
. Knowledge of the structure of amides and 

also of the amino acids, provided by the theory of resonance and verified by extensive careful 

experimental studies made by R. B. Corey and his coworkers, has been of much value in the 

determination of the structure of the amide complexes. It is known that the amide groups to retain 

their planarity, the atoms are expected not to deviate from the planar configuration by more than 

perhaps 0.05 Å.Amide group being the repeating unit of the biologically important polypeptide 
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macromolecules, it has attracted the attention of the chemists to synthesize the coordination 

compounds of transition metal ions with the ligands containing amide and to study the structure, anti-

fungal, antibacterial and physiological activity of the ligands and their metal complexes
3-6

.  

There are numerous examples of amide group containing compounds therapeutically important like 

Bleomycins. Rehder 
7
and McNeill 

8
 have published comprehensive reviews in this area. In addition to 

the biological activity of the amide group containing ligands show diversified coordinating behavior 

in their metal complexes. According to the studies of Kroneck and co-workers 
9
 the diverse 

coordinating behavior of amide group in the complexes not only depends on the nature of the metal 

ion but also on the C-terminal and the N-terminal substituents of the amide (-CO-NH-) group. The 

involvement of carboxyl group in the chelation depends upon the second donor atom at the correct 

spacing for the formation of a stable chelate ring 
10, 11

.Additionally, Our research group reported the 

synthesis, catalytic and biologically active coordination compounds of Ru(II), Ru(III), Pd(II), Cu(II), 

Fe(II), Fe(III), Co(III), Ni(II), Pt(II) and Rh(III) with various amides/Schiff base ligands 
12-32

. 

Likewise, a convenient solid state synthesis of some carboxy amides under solvent free conditions 

was also reported by us
12

.Results from these studies have also shown that chelation tend to make non-

biologically active compounds biologically active 
33, 34

 and already biologically active compounds to 

be more active 
21, 23, 26, 30-32

. In continuation of our work, we herewith present the synthesis and 

characterization of Cu (II) complexes with above three amide ligands and also been screened for their 

antibacterial activities. 

2. EXPERIMENTAL 

2.1. Materials 

All the organic solvents, amines, acid anhydrides, and metal salts used in this study were of analar 

grade. The solvents were distilled by standard procedures before use. The three ligands used in this 

work were prepared and characterized by IR, UV-Visible and 
1
H-NMR spectral data. The water used 

in the study was essentially double distilled water. The solvents were distilled and stored over 

molecular sieves. The purity of the compounds was checked by TLC using Merck 60F254 silica gel 

plates 

2.2. Physical Measurements 

The melting points of all the ligands were determined on a Buchi- 510 melting point apparatus. The 

melting points of the complexes could not be determined as the complexes were found to decompose 

before melting.UV-Visible spectra were recorded with Shimadzu UV-2140A, a UV-Visible double 

beam spectrophotometer with matched quartz cells of path length 1 cm at Nizam College 

(Autonomous) Osmania University, Hyderabad. The IR spectra were recorded in KBr pellets on 

Perkin Elmer-283 spectrophotometer at Osmania University, Hyderabad. The scanning rate was 6 min 

in the range of 4000-200 cm
-1

.The 
1
H-NMR spectra were obtained from Chem Draw software. Hot air 

oven (Instrument and equipment Pvt. Ltd., Mumbai), incubator (Instrument and equipment Pvt. Ltd., 

Mumbai), laminar air flow unit (Claslaminar technologies Pvt. Ltd. Secunderabad), autoclave (Medica 

instrument Mfg.Co. Mumbai) were used in the antimicrobial investigations. The antimicrobial activity 

of the compounds was determined by the cup plate method and the minimum inhibitory concentration 

by liquid dilution method. 

2.3. Synthesis of Ligands 

2.3.1. Preparation of 2-(phenylcarbamoyl) Benzoic Acid (PCBCH) 

Finely powdered phthalic anhydride(3.14gms,33.756m.moles) is dissolved in ethyl acetate then add 

Aniline (3.08ml) with constant stirring by using magnetic stirrer, a white color precipitate is produced 

i.e. 2-(phenylcarbamoyl)benzoic acid (PCBCH). The colorless precipitate formed on cooling the hot 

solution was suction filtered, washed with diethyl ether, recrystallized twice from methanol and dried 

in vacuum. The white powder formed (PCBCH) gave only one spot with TLC in 1:2 mixture of 

methyl acetate and 1-butanol tested in perpendicular directions (yield 90%). 

2.3.2. Preparation of (Z)-4-(2-nitrophenylamino)-4-Oxobut-2-Enoic Acid (NPAOEH) 

In a solvent free reaction take finely powdered Maleic anhydride (4.78gms, 50.981m.moles) it is 

dissolved in ethanol then add o-Nitro Aniline (4.6ml) with constant stirring by using magnetic stirrer, 

blue color precipitate is produced i.e. . (Z)-4-(2-nitrophenylamino)-4-oxobut-2-enoic acid, The blue 
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color powder formed gave only one spot with TLC in 1:2 mixture of ethyl acetate & hexane tested in 

perpendicular directions (yield 92%). 

2.3.3. Preparation of (2Z,2'Z)-4,4'-(1,2-phenylenebis(azanediyl))bis(4-Oxobut-2-Enoic Acid)(PEA 

OBH) 

In a solvent free reaction take finely powdered maleic anhydride (5gms) it is dissolved in ethyl acetate 

then add Orthophenalene diamine (5.12gms) with constant stirring by using magnetic stirrer. Brown 

color precipitate is produced i.e. (2Z,2'Z)-4,4'-(1,2-phenylenebis(azanediyl))bis(4-oxobut-2-enoic 

acid).The precipitate formed the above gave only one spot with TLC in 1:2 mixture of ethyl acetate & 

hexane tested in perpendicular directions (yield 85%). 

2.4. Synthesis of Cu (II) Complexes of PCBCH, NPAOEH and PEAOBH 

A solution of metal salt CuSO4 7H2O(0.002 mol) in 1:1 mixture methanol and water (20 mL) was 

added to a solution of the ligand (0.002 mol) in methanol (25 mL) with constant stirring. The reaction 

mixture was refluxed on a water bath for 1-2 h or until a solid separated out. The solids were suction 

filtered, purified by repeated washing with 1:1 diethyl ether, methanol mixture and dried in vacuum 

over anhydrous calcium chloride (yield 85-90%). 

2.5. Antimicrobial Activity 

Organisms like Escherichia coli, Klebsiella pneumonia, Basillus subtilis, Staphylococcus aureus, 

were used for the In vitro antibacterial studies of all synthesized ligands and their Cu(II) complexes. 

Antibiotics such as Streptomycin, was used as the standards for the antibacterial activity studies. 

Antibacterial testing was done by cup plate method
35

. A standard microorganism media viz.  nutrient 

agar medium and nutrient broth medium (supplied by Hi-media, Mumbai) used for the bacterial 

studies. A 1000 µg/ml testing sample solution (amide ligands and their Cu(II) metal complexes) was 

prepared by dissolving 10 mg of it in 10 ml of a suitable  solvent (initially water, methanol and 

DMSO) 
36

. Solutions with different concentrations such as 120, 110, 100, 90, 80, 70, 60, 50,45, 40, 

35, 30, 25, 20, 15, 10, 5, 2, 1 µg/ml were prepared from the sample solution by further dilution. Sterile 

Petri dishes were taken to which 27 ml of molten agar is added and allowed to solidify and set for 1hr. 

Then 50 ml of the 24 hours culture of a test organism was taken on to the agar plate and spread evenly 

with the sterile cotton swab. 6 mm wide bores were made on the agar using a borer. The solutions of 

the ligands and Cu (II) complexes were added into each of the bores in appropriately using a sterile tip 

with micropipette and labeled as Petri dishes. Similar plates were also prepared for Standard 

antibiotics. These dishes were then incubated aerobically at the 37 
O
C for 24 hours with bacterial 

cultures 
37

. The zones of inhibition of growth were found compared with standard antibiotics. The 

activities of compounds were interpreted as active, inactive. The minimum inhibitory concentration 

required was also found when a series of dilutions were tested. 

3. RESULTS AND DISCUSSION 

3.1. Characterization of Ligands 

All the ligands used in the study are prepared by the general method of the reaction of an anhydride 

with an amine. 

3.1.1. Analytical Data 

The physical data including color, melting points and percentage yield presented in Table.1 

Table1. Physical and analytical data of amide ligands 

S.No Ligand Color Melting Point % Of Yield 

1 PCBCH White 162 90% 

2 NPAOEH Blue 110 92% 

3 PEAOBH Brown 153 85% 

3.1.2. IR Spectra 

All the ligands show a broad υ(O-H) stretching band centering near 3100cm
-1

 and another broad band 

corresponding to δ(O-H) bending vibration between 840-990 cm
-1

 assigned to COOH group. The υ(O-

H) stretching band is superimposed on the υ(N-H) (3330-3270cm
-1

)) stretching band, while the broad 

wings of the O-H stretch can be seen on either side of the N-H band. The spectra of the ligands also 
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contain characteristic bands corresponding to υ(C=O) of COOH, υ(C=O) (amide), υ(C-N) and υ(C-O) 

of COOH respectively
1,2

 at 1680-1710, 1640-1680, 1380-1440 and 1280-1350 cm
-1

 indicating the 

formation of amide.  

3.1.3. 1HMR Spectra 

The 
1
HMR spectral data of the ligands are obtaining from Chem. office. It can be seen from the below 

that all the ligands show signals corresponding to the carboxyl protons as singlets indicating chemical 

shifts in the range 11.0-11.5 δ and that of amide proton as broad singlets between 9.00-9.8 δ. These 

signals confirm the formation of an amide and not an imide.  

3.1.4. Electronic Spectra 

The electronic spectra of PCBCH, NPAOEH and PEAOBH are taken in methanol/DCM (Figures 

2&3). In the UV-visible spectra of all these compounds the first peak is due to the π → π* transitions 

of the heterocyclic ring and the second one is due to the n → π* transition of the –C=O−group in the 

carboxy amide ligands. 

   

        Figure2. UV-Vis spectrum of PCBCH                        Figure3. UV-Vis spectrum of PEAOBH 

3.2. Characterization of Cu (II) Complexes 

Copper is one of the most extensively studied transition metal ion in terms of complex formation. The 

dipositive state of copper is the most important oxidation state and the usual coordination numbers 

adopted by copper (II) are four, five and six. Fairly a large number of six, four coordinated complexes 

and relatively less number of five coordinated complexes are reported. Distorted octahedral geometry 

for the six coordination, square planar and tetrahedral dispositions for four coordination and square 

pyramidal or trigonal bipyramidal arrangements for five coordination have been assigned. A number 

of copper (II) complexes exhibit five coordination, with trigonal bipyramidal geometry, the simplest 

being CuCl5
-3

 ion. 

Copper (II) ion with its d
9
-electronic configuration in octahedral or tetrahedral environment is highly 

susceptible to John-Teller distortion. Particularly six coordinated complexes are severely distorted 

from octahedral symmetry to tetragonal arrangements, with majority of them having axially elongated 

structures, as revealed by x-ray studies. In tetrahedral environment also, John-Teller distortion is 

operative, in spite of the fact that large spin orbit coupling constant might produce sufficient splitting 

of the T2 ground state. There are more examples of distorted tetrahedral dispositions, when compared 

to regular tetrahedral arrangement in Cu (II) complexes. 

Octahedral complexes without any distortions are expected to have one d-d absorption band 

corresponding to 
2
Eg  

2
T2g transition. For distorted octahedral complexes, several weak bands are 

observed around 16,000cm
-1

 and often a broad tail in the near infrared region due to John-Teller 

effect. In the axially elongated tetragonal coordination, 
2
Blg represents the ground state and three 

absorption bands corresponding to the transitions; 
2
B1g

2
A1g,

2
B1g

2
B2g, and 

2
B1g

2
Eg are observed. 

Tetrahedral complexes do not have any d-d-transition in the region of 10,000-20,000cm
-1

 in visible 

spectrum, only low energy charge transfer bands may be observed in this region. The ground term in 

corresponding square planar geometry is 
2
B1g and three d-d transition corresponding transitions 
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2
B1g

2
B2g,

2
B1g

2
A1g, and 

2
B1g

2
Eg are observed. The observed magnetic moments of many 

mononuclear copper (II) complexes are in the range of 1.75-2.18 B.M. Lower values are observed 

only in the case of poly nuclear complexes. 

3.2.1. Conductance Measurements  

The molar conductance values of Cu(II) complexes in DMF at 10
-3

 M concentration are low (8.8-

18.5mho mole
-1

 cm
2
) suggesting that they are non-electrolytes.

38
 

3.2.2. IR Spectra 

The characteristic IR bands data of all the Cu (II) complexes is presented in (Table 2). The IR spectra 

of PCBCH, NPAOEH and PEAOBH complex of copper (II) showed broad band in the region of 

2750-3400 cm
-1

. However the broad bands present in the infrared spectra of the three complexes in 

this region are broader compared to the respective ligands. This together with the medium sharp non-

ligand bands at 750-850 cm
-1

 present in the infrared spectra of the four complexes indicate the 

presence of coordinated water in the complexes.  

In all the copper(II) complexes the bands due to amide υ(C=O) mode around 1660cm
-1

 for the free 

ligands are shifted to lower frequency by 25-40 cm
-1

 while the amide υ(C-N) shifted to higher 

frequency in all the complexes. This result is explained by the lengthening of the C=O bond and 

shortening of the C-N bond which cause decrease and increase of the frequencies respectively which 

confirms the coordination of amide group to the metal ion via carbonyl oxygen in all the complexes. 

A non-ligand medium band in the region of 310-350 cm
-1

 assignable to υ(M-O) are observed in all the 

complexes further supporting the coordination of the oxygen of the amide C=O of the ligands to the 

metal ion.
39

 

The absorption bands around 1700 cm
-1

 and 1330 cm
-1

 in the free ligands attributed to υ(C=O) and 

υ(C-OH) of the carboxyl group are replaced by two bands in the region of 1550-1560 cm
-1

 and 1330-

1350 cm
-1

 corresponding to υ(COO)asy and υ(COO)sym in all the Cu(II) complexes. This indicates 

deprotonation of the carboxyl groups of the ligands and coordination of the groups to the metal ion 

through the oxygen of the carboxyl group. A non-ligand medium strong band in the region of 420-465 

cm
-1

 assignable to υ(M-O) are observed in all the complexes further supporting the coordination of the 

carboxyl oxygen of the ligands to the metal ion. One of the bands due to Amide ring υ(C=N) mode at 

about 1660 cm
-1

 for the free PCBCH, NPAOEH and PEAOBH  ligands is shifted to lower frequency 

by 25 and 50 cm
-1

 in their Copper(II) complexes indicating the coordination of one of the amide 

nitrogen atoms to the metal ion in the complexes. The additional non-ligand band observed in the 

copper (II) complexes at about 550 cm
-1

assignable to υ(M-N) further supports the involvement of 

amide nitrogen of the PCBCH, NPAOEH and PEAOBH ligands in the complexation. 

Table2.  IR (in cm
-1

) Spectral Data of Cu(II) Complexes 

Complex υ(N-H) υ(CO)amide υ(COO)asym υ(COO)sym υ(C-N) υ(M-N) υ(M-O) 

[Cu(PCBCH)]2H2O 3270-3310 1625 1550 1327 1580 520 330 

[Cu(NPAOEH)2H2O] 3200-3400 1600 1583 1344 1583 513 393 

[Cu(PEAOBH)2H2O] 3000-3500 1629 1408 1300 1400 510 310 

3.2.3. Electronic Spectra 

The electronic spectra of the copper(II) complexes of PCBCH, NPAOEH and PEAOBH recorded in 

methanol (10
-3

 M) showed d-d bands in the regions 20,000-13,000 cm
-1

 (500-770 nm) which can be 

assigned to 
2
T2g 

2
Eg transition of an octahedral geometry. Though in cases where the 

2
Eg and 

2
T2g 

states of the octahedral Cu(II) ion (d
9
) split under the influence of the tetragonal distortion the three 

transitions 
2
Eg

2
B1g, 

2
B2g

2
B1g, and 

2
A1g

2
B1g are expected, their very close energies could have 

made them appear in the form of one broad band envelope. Our results are in good agreement with 

those reported for a distorted octahedral geometry around Cu(II) ion. The spectra of copper (II) 

complexes exhibit broad d-d absorption bands in the region 500-770 nm indicative of a distorted 

octahedral system with weak apical coordination of solvent/anion molecules. The magnetic and 

electronic data point to distorted octahedral environments for Cu(II) ions in complexes. 

4. ANTIMICROBIAL ACTIVITY 

Based on the results, the amide ligands showed no activity or having low to moderate activity. In 

contrast, the Cu (II) metal complexes were found to be very active against the two types each of Gram 
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(+ve) (B. subtilis and S. aureus) and Gram(−ve) (E. coli and K. pneumonia) bacteria. The rise in the 

antimicrobial activity of Cu (II) metal chelates possibly because of the effect of the metal ion on the 

normal cell process. According to the Tweedy’s chelation theory 
40

, chelation noticeably decreases the 

polarity of the metal ion due to partial sharing of its positive charge with donor groups and probable 

-electron delocalization over the whole chelate ring. This chelation possibly will enhance the 

lipophilic nature of the central metal atom, which then favors its penetration through the lipid layers 

of cell membrane 
40, 41

. Further, these active amide Cu (II) metal complexes were examined to assess 

their minimum inhibitory concentration (MIC) (Table 3). According to the results, the Cu (II) 

complexes were found to be active at lower concentrations than the existing antibiotics like 

Streptomycin. 

Table3. MIC values of the antimicrobial activity of amide ligands, their Cu (II) complexes and existing 

antibiotics 

Compound Escherichia Coli Klebsiella 

Pneumonia 

Basillus 

Subtilis 

Staphylococcus 

Aureus 

PCBCH - 85 90 - 

NPAOEH 100 - - 95 

PEAOBH - 95 90 80 

[Cu(PCBCH)(H2O)2] 35 40 35 30 

[Cu(NPAOEH)(H2O)2] 30 35 25 30 

[Co(PEAOBH)(H2O)2] 20 20 25 20 

Streptomycin
a 

35 40 40 45 

a
Standard for antibacterial studies 

5. CONCLUSIONS 

In the present investigations, Cu (II) complexes with three carboxyamide ligands were synthesized 

and distorted octahedral structures were proposed tentatively on the basis of analytical and spectral 

data. All the Cu (II) complexes along withexisting antibacterial drugswere screened for antibacterial 

activityagainst Gram (+ve) (B. subtilis, S. aureus) and Gram (-ve) (E. coli, K.pneumonia) bacteria. All 

these complexes were found to be moreactive when compared to streptomycin. 

   

[Cu(PCBCH)2(H2O)2] [Cu(NPAOEH)2(H2O)2] [Cu(PEAOBH)2(H2O)2] 
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