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Abstract
Two novel copper(II) Schiff base complexes were synthesized and characterized by various physico-chemical and spec-
troscopic methods, revealing a distorted square planar geometry around the copper atom. The analytical data confirmed 
the 1:1 metal to ligand stoichiometry of the complexes. B3LYP/(LANL2DZ/6-311G**) density functional theory (DFT) 
were used to investigate structural and electronic properties of the synthesized compounds in gas phase. The computa-
tional results support the conclusion obtained by the experimental studies. Thermodynamic study of complex formation 
in solution was carried out spectrophotometrically at 25 °C. These compounds were also subjected to study in vitro 
antibacterial screening against some bacteria. Also, click reaction was investigated for its catalytic properties. The syn-
thesized Schiff base copper complexes catalyzed 1,3-dipolar Huisgen cycloaddition of different functionalized β-azido 
alcohols and alkynes in the presence of ascorbic acid in a solution of THF/H2O (2:1, V/V) at room temperature.
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1. Introduction
Schiff bases are an important class of compounds in 

inorganic chemistry. Research on these compounds has ex-
panded very rapidly over the time and covered several ap-
plicative domains. Schiff base ligands and their metal com-
plexes have been employed in areas that include analytical 
and bioinorganic chemistry, non-linear optics, fluorescence 
studies, agricultural, pharmaceutical and chemical indus-
tries and materials chemistry.1–5 Beside the broad range of 
applications of Schiff base compounds in different field, the 
metal complexes of Schiff bases are widely used as homog-
enous and heterogeneous catalyst in reaction.6–8 In recent 
years, the development of efficient new catalysts for several 
organic reactions like carbonylation, hydroformylation, re-
duction, oxidation, epoxidation, hydrolysis have received 
considerable attention as well as for the use as corrosion 
inhibitors.9–12 Among the transition metals, copper has 
proved to be particularly useful for catalytic applications. 
Schiff base copper complexes with various types of ligands 
have shown to possess effective catalytic ability.13–15

Based on the above catalytic activity importance of 
Schiff base complexes and in continuation of our recent 

work16–19 on the Schiff base complexes, in the current in-
vestigation, two copper(II) complexes with NNOS coor-
dination sphere have been synthesized and characterized. 
Catalytic potential have also been explored. The coordi-
nation behaviors of the ligands and their complexes, mo-
lecular parameter, spectral properties, relative energy and 
molecular orbital diagrams of all synthesized compounds 
have been calculated and interpreted with density func-
tional theory (DFT). The antibacterial properties of the 
compounds against selected kinds of bacteria were also 
screened and discussed. The thermodynamic parameters 
of 1:1 complex formation in DMF solvent were deter-
mined spectrophotometrically at 25 °C. Due of our inter-
est in the chemistry of azole derivatives20–22 we report a 
new catalyst system based on CuII and ascorbic acid as 
reducing agent for regioselective 1,3-dipolar Huisgen cy-
cloaddition reaction to access diverse 1,2,3-triazole cores. 
1,2,3-Triazole moieties are attractive compounds in me-
dicinal chemistry because of their wide range of applica-
tions including use as HIV protease inhibitors, as well as 
anticancer, anti-tuberculosis, antifungal and antibacterial 
agents.23
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2. Experimental
2.1. Instruments and Starting Materials

All chemicals were purchased from Fluka and Merck 
and were used without further purification. Solvents were 
purified by standard procedures and stored over 3Å mo-
lecular sieves. Reactions were followed by TLC using 
SILG/UV 254 silica-gel plates. Column chromatography 
was performed on silica gel 60 (0.063–0.200 mm, 70–230 
mesh; ASTM).

The electronic absorption spectra were measured on 
Perkin Elmer (LAMBDA 2) double beam spectrophotom-
eter in the range of 250–700 nm in DMF solution at room 
temperature. The infrared spectra were determined by us-
ing KBr pressed disc method on a Shimadzu FTIR 8300 
FT-IR spectrophotometer in the 4000–350 cm–1 region. 
Melting points were recorded on open capillaries with 
electronic melting point and are uncorrected. The percent-
ages of C, H, N and S in synthesized compounds were ob-
tained with a Termo Fininngan-Flash-1200 microanalysis 
instrument. Mass spectrum performed with Perkin Elmer 
R MU-6E instrument. The magnetic susceptibilites of the 
copper complexes were carried out on Sherwood scientific 
magnetic susceptibility balance calibrated with Hg-
Co(NCS)4. Diamagnetic corrections were calculated from 
Pascal’s constants. Molar conductance values (1 × 10–3 M) 
in DMF solution were determined by means of a Jenway 
4310 conductivity meter and a diptype cell with a plati-
nized electrode at room temperature. 1H and 13C NMR 
spectra were obtained using a Brüker Avance-DPX-400 
spectrometer operating at 400/100 MHz, respectively.

2. 2. Synthesis of the Ligand
Methyl 2-((1-aminopropan-2-yl)amino)cyclopent-1- 

enedithioate and two Schiff base ligands methyl 2-((1- 
((2-hydroxy-5-methoxybenzylidene)amino)propan-2-yl)
amino)cyclopent-1-enecarbodithioate, H2L1, and methyl 
2-((1-((2-hydroxy-5-nitrobenzylidene)amino)propan-2-
yl)amino)cyclopent-1-enecarbodithioate, H2L2, were syn-
thesized according to the previously published proce-
dure.17

H2L1:Yield: 83%; m.p.: 152°C. 1H NMR (δ, ppm, 400 
MHz, CDCl3): 1.39 (3H, d, Me), 1.74 (2H, m, H4’), 2.56 
(3H, s, SCH3), 2.68–2.72 (4H, m, H3’,5’), 3.52–3.55 (3H, m, 
Hen), 3.77 (3H, s, OCH3), 6.73 (1H, s, H6), 6.86 (1H, d, H4), 
7.24 (1H, d, H3), 8.28 (1H, s, CH=N), 12.37 (1H, br, NH) 
and 12.45 (1H, br, OH). MS Spectra: m/z (%) = 365 
[M+H]+, 364 [M]+, 287, 186, 166, 150, 123, 97, 81, 57. Ele-
mental Anal.: Found (Calc): C18H24N2O2S2 , C: 59.07 
(59.31); H: 6.75 (6.64); N: 7.84 (7.69); S: 17.32 (17.59%).

H2L2: Yield: 93%; m.p.: 152°C. 1H NMR (δ, ppm, 400 
MHz, CDCl3): 1.43 (3H, d, Me), 1.79 (2H, m, H4’), 2.55 
(3H, s, SCH3), 2.64 (2H, t, H3’), 2.68 (2H, t, H5’), 3.61–3.66 
(3H, m, Hen), 6.99 (1H, d, H3), 8.20–8.23 (2H, m, H4,6), 
8.46 (1H, s, CH=N), 12.30 (1H, br, NH) and 14.06 (1H, br, 

OH). MS Spectra: m/z (%) = 380 [M+H]+, 379 [M]+, 368, 
257, 236, 121, 111, 83, 58. Elemental Anal.: Found (Calc): 
C17H21N3O3S2, C: 53.98 (53.81); H: 5.41 (5.58); N: 11.03 
(11.07); S: 16.71 (16.90%).

2. 3. Synthesis of the Copper(II) Complexes
The Cu(II) Schiff base complexes were synthesized by 

the addition of 10 mL of ethanolic solution of Cu(II) ace-
tate (1 mmol) dropwise to 10 mL methanol/chloroform 
(1:2 v:v) of Schiff base ligand (1 mmol) in a round bottom 
flask. The mixture was stirred on ice bath for 2–3h. The 
complex was filtered and washed several times with dis-
tilled water. The obtained brown complexes were dried at 
room temperature. The purity was checked by thin layer 
chromatography. In spite of all the efforts, single crystal of 
these complexes could not be crystallized.

[CuL1]: Yield: 81%, m.p.: 209 °C. ΛM = (10–3M, in 
DMF, ohm–1 Cm2 mol–1): 8.26; µeff: 1.76. MS Spectra: m/z 
(%) = 426 [M]+, 369, 312, 284, 250, 239, 199, 184, 130, 85, 
55. Elemental Anal.: Found (Calc): C18H22N2O2S2Cu, C: 
50.82 (50.74); H: 5.06 (5.20); N: 6.33 (6.58); S: 14.82 
(15.05%).

[CuL2]: Yield: 96%, m.p.: 239 °C. ΛM = (10–3 M, in 
DMF, ohm–1 Cm2 mol–1): 7.94. µeff: 1.75. MS Spectra: m/z 
(%) = 442 [M+H]+, 441 [M]+, 395, 380, 373, 290, 267, 159, 
111, 69. Elemental Anal.: Found (Calc): C17H19N3O3S2Cu, 
C: 46.02 (46.30); H: 4.35 (4.34); N: 9.77 (9.53); S: 14.62 
(14.54%).

2. 4. Catalytic Activity Interpretation
2. 4. 1. �General Procedure for Synthesis of 

Propargyl aryl (2d, 2e)
For synthesis of propargyl aryl such as 2d, 2e24,25, a 

mixture of phenol or 4-bromophenol (1 mmol), KOH (1.2 
mmol) and propargyl bromide (1 mmol) in acetone (10 
mL) was heated in a round-bottomed flask for 4 h (TLC 
control). The solvent was then evaporated and dried to af-
ford (ethynyloxy methyl benzene) and (1-bromo-4-(ethy-
nyloxy methyl benzene)) compounds which was used in 
the next step without further purification.

2. 4. 2. General Procedure for Catalytic Test
1 mmol of α-haloketone or alkyl halide, alkyne (1 

mmol), sodium azide (1.1 mmol), and water (1 mL)/THF 
(9 mL) were stirred under reflux for the required time ac-
cording to Table 3 in the presence of the catalyst (1 mol%). 
The progress of the reaction was monitored by TLC 
(n-hexane:ethyl acetate = 5:1), and after the completion of 
the reaction, the remaining suspension was dissolved in 
CHCl3 (100 mL) and subsequently washed with water (2 × 
100 mL). The organic layer was dried (Na2SO4) and evap-
orated. The crude product was purified by column chro-
matography on silica gel and eluted with proper solvents. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjbp9b_1_bUAhWhFJoKHYmIBb8QFggtMAE&url=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fjo900307k&usg=AFQjCNEM5yTXZxfiflBv__jwHhZ9mv5NZQ
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Characterization data of two new synthesized compounds 
(4m, 4n) are described below.

(4m): 1-(4-bromophenyl)-2-(4-(phenoxymethyl)-1H-1, 
2,3-triazol-1-yl)ethanone
Column chromatography on silica gel (EtOAc/n-hexane = 
2:1) afforded the product as a yellow product; yield: 89%. 
1H NMR (δ, ppm, 400 MHz, CDCl3): 5.15 (2H, s, CH2-N), 
5.80 (2H, s, CH2-O), 6.71–8.03 (11H, m, arom, H-tri-
azole). 13C NMR (δ, ppm, 100 MHz, CDCl3): 115.6, 127.1, 
127.7, 128.2, 129.8, 131.3, 132.8, 133.7, 156.2, 166.7, 189.0. 
IR (KBr, cm–1): 3069, 2860, 1725, 1341 (C=N), 1466, 1263. 
Elemental Anal.: Found (Calc): C17H14N3O2Br, C: 54.80 
(54.86); H: 3.83 (3.79); N: 11.25 (11.29).

(4n): 2-(4-(phenoxymethyl)-1H-1,2,3-triazol-1-yl)-1- 
phenylethanone
Column chromatography on silica gel (EtOAc/n-hexane = 
2:1) afforded the product as a yellow product; yield: 83%. 
1H NMR (δ, ppm, 400 MHz, CDCl3): 5.15 (2H, s, CH2-N), 
5.80 (2H, s, CH2-O), 6.80–7.93 (11H, m, arom, H-tri-
azole). 13C NMR (δ, ppm, 100 MHz, CDCl3): 54.4, 61.1, 
112.4, 115.6, 124.9, 127.1, 128.2, 131.3, 132.8, 133.7, 156.3, 
168.4, 189.0. IR (KBr, cm–1): 3059, 2924, 1695, 1669, 1489, 
1220. Elemental Anal.: Found (Calc): C17H15N3O2: C: 
69.62 (69.61); H: 5.18 (5.16); N: 14.30 (14.33).

2. 5. Details of Calculations
The geometry optimization of the Schiff base ligands 

and their complexes were performed by using the gradi-
ent-corrected density functional theory (DFT) method 
with B3LYP functional.26 All elements except Cu were as-
signed 6-311G** basis set.27 LANL2DZ with effective core 
potential for Cu were used.28 The IR frequencies were cal-
culated at the same level of theory with the key word freq 

for the optimized structure in order to confirm structure 
minima without any imaginary. On the basis of calcula-
tions the structure properties, the relative stability, HOMO 
and LUMO energies and the chemical hardness, Mulliken 
atomic charges and UV data have been discussed in de-
tails. In addition, a comparison was made between the the-
oretical calculated IR and UV data and the experimental 
measured. The Gaussian 03 package29 with the aid of the 
Gauss View was employed to obtain the optimized the 
structures and all the calculations.

2. 6. Antibacterial Assay
The antibacterial activity of the Schiff base ligands and 

their CuII complexes against different the bacterial species 
such as Staphylococcus aureus (Gram positive bacteria) 
and Escherichia coli (Gram negative bacteria) were deter-
mined by reported disk diffusion method30,31 using nutri-
ent agar as the medium. Tetracycline was used as standard 
reference. The stock solution of test compounds were dis-
solved in dry dimethylsulfuxide (DMSO exhibited no an-
tibacterial activity against the test bacterial pathogens) to 
get concentration of 1.00 mg/mL. 100 µL of test bacteria 
spore suspension was spread on nutrient agar plates. Ap-
propriate well were impregnated be equal volume from the 
test solution of compounds and carefully placed on agar 
surface. The plates were incubated for 24 h at 37°C. The 
antibacterial activity was evaluated by measuring the clear 
zone surround of growth inhibition.

3. Result and Discussion
The chemical equations concerning the formation of the 
Schiff base complexes are schematically represented in 
Scheme 1.

Scheme 1
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3. 1. Experimental Results
3. 1. 1. Spectral Properties

The elemental analysis, IR and UV-Vis data and the 
physical properties such as melting points, yields, magnet-
ic susceptibility of the ligands and their complexes were 
presented in the experimental section and in Tables 1 and 
2. These data showed that the complexes has stoichiometry 
of the type [ML] where M = Cu and L = Schiff base ligands. 
All synthesized compounds are stable at room tempera-
ture, but decompose on heating. All compounds are insol-
uble in water but they are readily soluble in DMF, acetoni-
trile, DMSO and partially soluble in ethanol. The meas-
ured molar conductance values in DMF are too low indi-
cating their nonelectrolytic nature of complexes.5,32

3. 1. 1. 1. The Characteristic IR Bands
The IR spectra of Schiff base ligands and their com-

plexes were recorded and their comparative study provides 
meaningful information regarding the bonding sites of the 
ligands (see Table 1). The broad band at 3066 and 3413 
cm–1 was assigned to the free ν(OH) stretching modes in 
the spectra of Schiff ligands, but in their Cu(II) complexes 
this band were not observed, suggesting the chelation of 
the phenolic oxygen to the copper ion.33 The band present 
in the region 2920–2951 cm–1 is elated to aliphatic and ar-
omatic C–H stretching vibrations.34 The ligands exhibit 
imine ν(C=N) stretching around 1600 cm–1. Actually, this 
strong absorption band was shifted to lower wave numbers 
(bathochromic shift) in the complexes, indicating the par-
ticipation of azomethine nitrogen in binding with metal 
ion.35,36 The band observed at around 1440 cm–1 corre-
sponds to the aromatic C=C stretching vibration.37 Coor-
dination of the Schiff base to the Cu(II) ion through the 
carbonyl oxygen atom is expected to decrease the electron 
density in the carbonyl group frequency. The band due to 
ν(C–O) showed a modest decrease in the stretching fre-
quency for the complexes and is shifted to lower frequen-
cies after complexation, indicating the coordination of the 
carbonyl oxygen atom.38 A medium to strong intensity 
band located at 1157, 783 and 1099, 752 cm–1 in the H2L1 
and H2L2 ligands are attributed to the stretching mode of 
the ν(CS+CN) and (C=S), respectively.

These band was shifted to lower frequency after com-
plexation, due to coordination with the sulfur atom of the 
C=S group for all the complexes.5,17,39 The assignments of 
bands in the far-IR region are useful as direct information 
about the metal-ligand coordination bond. The new weak 
intensity band in the spectra of the CuII complexes in the 
region 538–546 cm–1 and 443–459 cm–1 are attributed to 
ν(Cu–O) and ν(Cu–N) bonds, respectively.9,40,41 Further-
more, The IR spectra bands at 1332 and 1550 cm–1 ob-
served in H2L2 compound are assigned to νs(NO2), 
νas(NO2) respectively, these absorption bands remained 
almost at the same position in the [CuL2] complex, indi-
cating that nitro group is not involved in coordination.17,18

3. 1. 1. 2. Electronic Spectra
The electronic spectra of the synthesized compounds 

were investigated in DMF solvent (1 × 10–4 M) at room 
temperature. This technique also confirmed the formation 
of the ligand and its metal complexes. The Schiff base lig-
ands exhibit a relatively intense intraligand absorption 
bands. The first intense absorption peak is centered at 395 
and 398 nm for H2L1 and H2L2, respectively, and corre-
sponds to the n → π* transition of imine chromofore, while 
the last peak in high energy (316 for H2L1 and 313 nm for 
H2L2) is attributed to the π → π* transition of the aromatic 
ring, respectively8,42,43 (See Table 2).

After complexation, a red shift is observed for π → π* 
transition. The n → π* transition disappeares in the spec-
trum of the complexes due to the coordination of the 
azomethine nitrogen atom (nitrogen lone pair donation) 
to the metal ion.33,44 The absorption maximum at 378 and 
370 nm which could be assigned to ligand to metal charge 

Table 1. Some selected experimental and computed IR vibrational modes (cm–1) of the Schiff base ligands and their copper complexes

	 compounds	 υ(Cu–N)	  (Cu–O)	 υ(C=S) 	 υ(C–S+ C–N)	 υ(C–O)	 υ(C=C)	 υ(C=N) 	υ(C–H) 	 υ(O–H) 	 υ(NO2)

Experimental	 H2L1	 –	 –	 783	 1157	 1276	 1481	 1635	 2920	 3413	 –
frequencies	 H2L2	 –	 –	 752	 1099	 1266	 1477	 1649	 2938	 3066	 1332, 1550
	 [CuL1]	 443	 546	 756	 1145	 1267	 1461	 1612	 2947	 –	 –
	 [CuL2]	 459	 538	 740	 1090	 1220	 1453	 1610	 2951	 –	 1335,1548

Calculated	 H2L1	 –	 –	 730	 –	 1260	 1468	 1653	 3041	 3410	
frequencies	 H2L2	 –	 –	 775	 –	 1283	 1477	 1668	 2037	 3455	 1343, 1519
	 [CuL1]	 470	 555	 721	 –	 1277	 1434	 1636	 3080	 –	
	 [CuL2]	 472	 581	 743	 –	 1266	 1460	 1646	 3102	 –	 1345,1540

Table 2. Experimental electronic spectral data and their assignment 
of the compounds in DMF

Compounds	 λ (nm)	 Assignment

H2L1	 314, 398	 π → π*, n → π*
H2L2	 313, 398	 π → π*, n → π*
[CuL1]	 328, 378 	 π → π*, LMCT
[CuL2]	 332, 370	 π → π*, LMCT
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transfer (S → CuII LMCT). The positions of these bands are 
similar to those observed for square planar copper(II) 
complexes.18,19,45

3. 1. 1. 3. �Mass Spectra Study of the Synthesized 
Compounds

The mass spectrum of the Schiff base ligands and their 
copper(II) complexes were recorded. This technique pro-
vided strong evidence for the formation of compounds. 
These spectra show a molecular ion peaks M+ at m/z 364, 
379, 426 and 441 which are in agreement with the empiri-
cal molecular formula C18H24N2O2S2, C17H21N3O3S2, 
C18H22N2O2S2Cu and C17H19N3O3S2Cu, respectively, sug-
gested from elemental analysis.

3. 1. 1. 4. Magnetic Susceptibility Measurement
Magnetic moment was measured at room tempera-

ture for the CuII complexes. The complexes show the mag-
netic moment values at 1.75 and 1.76 B.M. corresponding 
to one unpaired electron with a very slight orbital contri-
bution are quite close to 1.77 B.M. expected for a S = ½ as 
mostly seen for a d9 system, the magnetic moment values 
reveals that the titled complexes is monomeric in nature 
without any of metal-metal interaction.5,38 The proposed 
geometry of the copper(II) complexes is a distorted square 
planar.45

The spectral data are very helpful in supporting the 
proposed tetradentate Schiff base complex structure and 
coordination pattern in this study.

3. 1. 2. Catalytic Study
The ‘click’ 1,3-dipolar Huisgen cycloaddition reaction 

has been reported in a wide variety of copper(II) complex-
es. In this work, the click reaction of α-haloketones or alkyl 
halides (1a–i), alkynes (2a–d), and sodium azide in water 
were performed in the presence of two different [CuL1] 
and [CuL2] catalysts (Scheme 2).

Using this methodology only one of possible regioiso-
mers was formed (Table 3). Thirteen of the synthesized 
products 3a–n were known compounds and their identity 
was confirmed by a comparison of their melting point and 
their spectral properties with literature data (Table 3). Two 
products 3m and 3n are new, and they were characterized 
by IR, 1H NMR and 13C NMR spectral data and elemental 
analysis. The yield and reaction time of the synthesized 
compounds 3m and 3n are presented in Table 3. Based on 
the results, the reaction yields with [CuL2] catalyst is gen-
erally higher than [CuL1] catalyst. Also, the catalyst [CuL2] 
required shorter reaction times than catalyst [CuL1]. Vari-
ous alkyl, benzyl and benzoyl halides with both elec-
tron-donating and -withdrawing substituents were sub-
jected to the same reaction conditions as 3 to furnish the 
corresponding 1,2,3-triazole derivatives.

3. 1. 3. The Formation Constant Interpretation
Formation constants and thermodynamic parameters 

are very useful tools for the investigation of interactions be-
tween donor and acceptor species and equilibria in solution. 
In this work, we measured the formation constants of the 
complexation by UV-Vis spectrophotometric method 
through titration of a fixed concentration of the ligands (5 × 
10–5 M) as a donor with one to ten-fold excess of copper ac-
etate (10–4 – 10–5 M) as an acceptor at 25 °C in DMF. The 
absorption measurements were recorded in the range 250–
700 nm about 5 min after each addition. The formed com-
plex exhibited different absorption from the free ligand, 
while the CuII ion solution showed no absorption at these 
wavelengths. As an example, the variation of the electronic 
spectra for H2L1 titrated with various concentration of CuII 
acetate is shown in Figure 1. By the addition of CuII solution 
to a solution of H2L1 ligand, the original band of H2L1 at λmax 
= 314 nm was weakened and a new intense band appeared at 
λmax = 376 nm) for the [CuL1] complex. Isosbestic points 
suggest that there are only two species in equilibrium.

Scheme 2. Synthetic route of Huisgen cycloaddition reaction by the new CuII complexes catalyst.
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Table 3. The cycloaddition reaction with copper(II) Schiff base complexes catalyst.

Entry	 Bromo keton or	 Acetylens (2)	 Product (3)	 Time/ (min)	 GC Yelid	 m.p. °C
	 Alkyl Halid (1)			   cat1	 cat2	 cat1	 cat2	 (lit) [ref]

1				    60	 80	 81	 90	 113–115
								        (116) [25]

2                          CH3I			   128	 120	 75	 92	 122–125
                              1b								        (125) [25]

3				    40	 35	 90	 95 	 128–130
								        (129) [24]

5				    60	 42	 81	 92	 111–112
								        (110 [24]

6				    50	 33	 78	 82	 155–157
								        (156) [24]

7				    20	 10	 84	 92	 171–172
								        (169) [25]

8				    30	 20	 80	 89	 155–157
								        (159) [25]

9				    55	 32	 86	 92	 105–108
								        (107) [25]

10				    60	 40	 79	 83	 110–113
								        (115) [25]

11				    70	 50	 77	 85	 155–158
								        (154) [25]

12				    85	 65	 80	 95	 154–155
								        (154) [25]

13				    75	 62	 85	 92	 168–171
								        (170) [25]

14				    80	 72	 75	 90	 197 [this 	
								        work]

15				    90	 95	 80	 85	 182 [this 	
								        work]

The complex formation constant were calculated us-
ing the SQUAD computer program,46 designed to calcu-
late the best value for the formation constant by employing 

a non-linear, least square approach. Also, the free energy 
change, ΔG°, for the formed complexes were determined 
by ΔG° = –RTlnKf at 25 °C where Kf is the complex forma-
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tion constant, R is the gas constant and T is the tempera-
ture in the Kelvin scale (Table 4). The electronic effect of 
the para substituted Schiff base ligand plays important role 
in stability and reactivity of their complexes. The methoxy 
group is an electron donating group (EDG) or electron re-
leasing group (ERG) that donates some of its electron den-
sity into a conjugated π-system via resonance or inductive 
effects, thus making the Schiff base ligand H2L1 more nu-
cleophilic, so the interaction of this ligand results in the 
formation of the charge transfer complex in which a nega-
tively charged acceptor and positively charged donor in-
teract electrostatically and increase the formation con-
stants. On the other hand, NO2 substituent an electron 
withdrawing group (EWG) will have the opposite effect on 
nucleophilicity as an EDG, as it removed electron density 
from a π-system making the Schiff base ligand H2L2 more 
electrophilic. The acceptor property of the Schiff base li-
gand is increased by decreasing the electron donating 
properties of the NO2 group and therefore leads to de-
crease the formation constants of the copper(II) complex. 
Therefore, the formation constant and the free energy data 
for [CuL1] are larger than those for [CuL2] (see Table 4).

plexes is higher than that of corresponding ligands. This 
may be explained by the chelation theory.47,48 On one 
hand, chelation will reduced the polarity of the metal 
center because of overlap of the ligand orbital and partial 
sharing of positive charge of the metal atoms with donor 
atom present on the ligand. This fact leads to the increase 
in π-electron delocalization over the whole chelating ring. 
On the other hand, the chelation will enhanced the lipo-
philic character of the complexes. This, in turn, increase 
the diffusion of the complex through the lipid layer of the 
cell membranes and blocks the metal binding sites in the 
enzymes of bacteria.49,50

Inhibitory activity of the complexes is a follows [CuL2] 
> [CuL1]. The activity depends on the properties of OMe 
group as electron releasing group and NO2 as electron 
withdrawing group on phenyl ring. This can be explained 
on basis of π-electron delocalization in chelating group as 
discussed above.

Table 5. Antibacterial screening results

compounds	 E. coli	 S. aureus
	                                       Diameter of inhibition zone (mm)

H2L1	 20	 21
H2L2	 18	 20
[CuL1]	 29	 26
[CuL2]	 25	 23
tetracycline	 32	 34

3. 2. Computational Results
3. 2. 1. Description of the Optimized Structures

Molecular structure and atom notation of the com-
pounds with selected bond distances and angles are shown 
in Figure 2 and Table 6. The Schiff base ligands are coordi-
nated to the metal core through the amine nitrogen (N1), 
azomethine nitrogen atom (N2), phenolic oxygen atom 
(O1) and thio sulfur atom (S2). The Cu1–N2, Cu1–N1, 
Cu1–O1 and Cu1–S2 bond distance in [CuL1] and [CuL2] 
are 1.966, 1.960, 1.908, 2.346 Å and 1.958, 1.968, 1.926, 
2.332 Å, respectively. All bond distances are in good agree-
ment with those reported in other similar tetradentate 
Schiff base complexes.18,51 The calculated C10–N1 and 
C3–N2 bond length in the complexes are close to the value 
for a double bond, like in similar Schiff base complexes.16 
Compared with the ligand, most of bonds show elongation 
upon complexation with the metal ion. C10–N1, C3–N2, 
C15–S2 and C6–O1 bond lengths become longer in both 
complexes in qualitative agreement with expectation. This 
finding is due to the formation of Cu1–N1, Cu1–N2, Cu1–
O1 and Cu1–S2 bonds which make the C10–N1, C3–N2, 
C6–O1 and C15–S2 bonds weaker.52 The high negative 
atom charge of imine nitrogen atoms (N1, N2), the phe-
nolic oxygen atome (O1) and thio sulfur (S2) is: –0.456, 

Figure 1. The variation of the electronic spectra of H2L1 with Cu(II) 
acetate in DMF.

Table 4. The result of formation constants and the free energy val-
ues for the complexes

Complexes	 logKf	 ∆G° (kJ mol–1)

[CuL1]	 5.88(0.10)a	 –33.55(0.24)
[CuL2]	 4.36(0.13)a	 –24.86(0.32)

a The numbers in parentheses are the standard deviations.

3. 1. 4. Antibacterial Activity
The results concerning in vitro antibacterial investiga-

tion of the Schiff base ligands and their copper(II) com-
plexes (Table 5) show a remarkable inhibitor activity 
against pathogenic bacterial species of Gram positive and 
Gram negative bacteria. From comparison of observed 
data (Table 5), it is clear that the inhibition by the com-
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–0.441, –0.688, –0.179 for H2L1 and –0.455, –0.436, –0.659, 
–0.171 for H2L2, respectively. These data suggest that the 
O1 atom donates more electron density to the copper ion 
leading to strong Cu1–O1 bonding. This idea corroborat-
ed by the short Cu1–O1 bond length in comparison to 
those of Cu1–N1, Cu1–N2 and Cu1–S2.53

According to calculated results, the angles around the 
metal center for [CuL1] and [CuL2] N1–Cu1–O1 (172.74°, 
172.94°), N2–Cu1–S2 (171.85°, 171.68°), N1–Cu1–S2 

(90.78°, 91.33°) and N2–Cu1–O1 (90.71°, 91.43°) suggest 
distorted square planar geometry of the complexes. The 
dihedral angle between the phenyl and chelated ring is in 
the range 2.9–4.5° (see Table 6) which indicates the reso-
nance between phenyl groups with the π-electron system 
of the chelating ring.

There is a good agreement between the bond distance, 
bond angles and dihedral angles of the solid structure in 
similar compounds19,51 and gas phase calculated values. It 

Table 6. Some selected optimized bond lengths and bond angles of the Schiff base ligands and its complexes

	 Band length (Å)	 Bond angle (o)

	 Ligands	 Complexes	 Complexes
	 H2L1	 H2L2		  CuL1	 CuL2		  CuL1	 CuL2

N2–C3	 1.283	 1.281	 N2–C3	 1.305	 1.300	 N1–Cu–N2	 86.508	 86.587
N1–C10	 1.325	 1.326	 N1–C10	 1.339	 1.340	 N1–Cu–O1	 172.947	 172.744
C6–O1	 1.327	 1.311	 C6–O1	 1.392	 1.376	 N1–Cu–S2	 90.781	 91.330
C15–S2	 1.741	 1.740	 C15–S2	 1.762	 1.764	 N2–Cu–O1	 91.432	 90.713
C7–O2	 1.396	 –	 C7–O2	 1.404	 –	 N2–Cu–S2	 171.692	 171.851
C7–N3	 –	 1.457	 C7–N3	 –	 1.446	 O1–Cu–S2	 87.211	 87.258
O1–H8	 0.973	 0.974	 Cu1–N1	 1.966	 1.968	 O1–C6–C4–C3	 0.24046	 0.36152
N1–H15	 1.024	 1.024	 Cu1–N2	 1.960	 1.958	 N2–C3–C4–C6	 1.18439	 1.25585
	 		  Cu1–O1	 1.908	 1.916	 N1–C10–C11–C15	 4.27604	 4.35552
	 		  Cu1–S2	 2.346	 2.332	 S2–C15–C11–C10	 3.04373	 2.91583

Figure 2. DFT optimized geometry of the (a) H2L1, (b) H2L2, (c) [CuL1], (d) [CuL2] with labeling atoms (hydrogen atoms in both complexes have 
been omitted for clarity).

a)

c)

b)

d)
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should be noted that some differences are due to the X-ray 
crystal diffraction being applied in the solid phase, while 
theoretical calculations were carried out in the gas 
phase.10,54

Careful analysis of the bond lengths and bond angles 
data leads to the conclusion that Cu complex has a distort-
ed square planar coordination around the CuII center.

3. 2. 2. �Details of Frontier Molecular Orbital 
Analysis

The HOMO and LUMO molecular orbitals which are 
called the frontier orbitals and energy level of all men-
tioned compounds in this study was done using B3LYP/
(LANL2DZ/6-311G**) methods. 3D plots of the frontier 
orbital shapes and their corresponding energy levels are 
depicted in Figure 3 and Table 7. The EHOMO and ELUMO for 
all compounds are negative indicating molecules are sta-
ble. The plots of HOMO and LUMO orbitals of the ligands 
show the HOMO surface is mainly located on the cyclo-

pentene ring whereas the LUMO surface is mostly com-
posed on the phenolic aromatic ring.55 This LUMO surface 
is overlapped with C15–S2 and C3–N2 group.

The computed frontier gap (EHOMO – ELUMO) is very 
useful indicator in presenting the factors influencing the 
stability of these compounds. Taking this fact into the con-
sideration, the energy gap levels for the compounds were 
computed (Table 7). The calculated Eg for the ligands is 
smaller than their complexes, indicating that the ligands 
are reactive and kinetically unstable. Since the ligand is 
more polarized the amount of electron charge transfer 
from the ligands to the metal increase, i.e. the ligand is soft 
molecule and easily offer electrons to an acceptor metal 
centers.53,56 For [CuL2] complex, the HOMO orbital in-
cludes π(L) (87%) character from ligand heteroatom along 
with minor contribution of dπ(Cu) orbital (13%). This or-
bital has π-bonding nature which is concentrated on the 
chelated ligand. The LUMO orbital has 68% π*(L) charac-
ter and significant contribution (32%) of dπ(Cu) orbital. 
The analysis of molecular orbitals for [CuL2] complex is 

Figure 3. The HOMO (left) and LUMO (right) frontier orbitals views of (a) H2L1, (b) H2L2, (c) [CuL1], (d) [CuL2]

b)

a)

c)

d)
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more or less the same as for [CuL1] complex. The calculat-
ed Eg level for the complexe show the Eg [CuL1] complex is 
larger than that [CuL2] complex indicating the chemical 
reactivity of the [CuL1] decrease and the complex is more 
stable. This results support the experimental formation 
constant.

Table 7. Some of calculated structural parameters for the Schiff base ligand and their Cu(II) complexes

Complexes	 HOMO/eV	 LUMO/eV	 gap/eV	 Hardness (η) 	 Dipole/Debye	 HF energy (a.u.)

H2L1	 –5.417	 –3.298	 2.119	 1.059	 3.169	 –1756.632
H2L2	 –5.526	 –3.264	 2.262	 1.131	 3.182	 –1846.602
[CuL1]	 –5.281	 –1.633	 3.648	 1.824	 5.865	 –3395.988
[CuL2]	 –5.852	 –2.613	 3.239	 1.615	 5.860	 –3485.966

3. 2. 3. Theoretical Study of Vibration Mode

Vibrational frequency calculations were performed 
on the optimized structures of the complexes to search for 
the imaginary frequency and obtain the vibrational fre-
quencies of compounds in gas phase. Table 1 shows select-
ed experimental and calculated IR band assignments of 
studied Schiff base ligands and their Cu(II) complexes. 
The broad band related to O–H stretching vibration of the 
phenolic group appears at 3410 and 3455 cm–1 in the free 
ligands spectrum. In the complexes, the O–H peak disap-
pear which indicates coordination of phenolic oxygen 
atom to central atom.

The multiple bands at around 3000 cm–1 in the ligands 
and their complexes are assigned to C–H stretching vibra-
tion.

The strong bands at 1653 and 1668 cm–1 in the IR 
spectra of the Schiff base ligands assigned to the ν(C=N) 
are changed by 17–22 cm–1 in the spectra of the complex-
es, indicating coordination of Schiff base through azome-
thine nitrogen atom.

The intense band in the 1400 cm–1 region is due to the 
skeleton vibration mode of C=C in the free ligands and 
their copper(II) complexes.

The ν(C–O) vibrations were found at 1260 cm–1 and 
1283 cm–1 in the spectrum of the free ligands. These bands 
are shifted to lower or higher frequencies after complexa-
tion suggesting that this group takes part in coordination.
The Schiff base ligand coordination to the copper ion is 
substantiated by two medium intensity bands at 470 and 
472 cm–1 for [CuL1] and [CuL2], respectively, attributed to 
ν(M–N) and also at 555 and 581 cm–1 for [CuL1] and 
[CuL2], respectively, for ν(M–O) stretching frequen-
cies.41,57

Ssmall differences between the theoretical and exper-
imental vibrational frequencies can be related to (i) the 
environmental condition (gas phase and solid state) and 
(ii) from the fact that the experimental values are anhar-
monic frequencies while the calculated values are harmon-
ic.58

3. 2. 4. �Theoretical Study of Hardness, Mulliken 
Charges and Dipole Moment

To rationalize the relative stability and reactivity of 
chemical compounds the chemical hardness is useful pa-
rameter. The hardness η was calculated from ½(IE – EA) 
equation, where IE and EA are the ionization energy and 

electron affinity, respectively. The ionization energy and 
the electron affinity can be equalized through frontier or-
bital energies (EA = –EHOMO and IE = –ELUMO) according 
to the Koopman theorem.59 Therefore, for the calculation 
of hardness the following equation η = ½(EHOMO – ELUMO) 
was used for all titled compounds.60 As can be seen in Ta-
ble 7, the H2L2 ligand and [CuL1] complex have a higher 
hardness and lower chemical reactivity and higher stability 
than the other compounds.

Dipole moment is fundamental characteristics to ex-
plain the polarization of compounds. The experimental 
measurements of dipole moment are not always feasible, 
so we were using the density functional theory to calculate 
this parameter. On the basis of magnitude of dipole mo-
ments (Table 7) all studied compounds are polar. The 
[CuL2] complex has the smallest dipole moment; that in 
part explains the instability of the [CuL2] and the decrease 
the formation constant.

The values of the computed Mulliken net charge on 
non-hydrogen atoms (active centers) were investigated. 
Electronegativity plays important role on atomic charge 
distributions of the non-hydrogen atom. When two atoms 
are connected together, the atom having higher electron-
egativity will carry negative charges, while the atom having 
smaller electronegativity will carry positive charges. As 
summarized in Table 8, when the carbon is bonded to N1, 
N2, O1 and S2 atoms, the carbon atomic charges are posi-
tive and the most negative atomic charges are attributed to 
N1, N2, O1 and S2 which have higher electronegativity 
than the carbon. On the other hand, the results show that 
the most negative centers in the ligand are bonded to met-
al ions which carry the positive charge value (Table 8). Af-
ter complexation, the charge density decrease on the do-
nating atom indicating that the metal ions received the 
electron density from their surrounding donating sites 
with high negative charge centers of the ligand. The calcu-
lated net charge of the complexes were compared with that 
free Schiff base ligand in order to show the donating sites 
in the ligand involved in the chelation and support one of 
our original ideas of the synthesis.
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Table 8. Selected values for the Mulliken charge distributions for 
non-hydrogen atoms

   Compounds	 H2L1	 H2L2	 [CuL1]	 [CuL2]
Charge

Cu1	 -	 -	 1.15996	 1.15719
N1	 –0.45654	 –0.45576	 –0.39787	 –0.30551
N2	 –0.44166	 –0.43669	 –0.43459	 –0.42802
S2	 –0.17963	 –0.17113	 –0.14996	 –0.13995
O1	 –0.68843	 –0.65924	 –0.37940	 –0.36719
C1	 0.19197	 0.08296	 0.12969	 0.13045
C2	 0.14316	 0.19723	 0.17083	 0.17661
C3	 0.20375	 0.03683	 0.17469	 0.18212
C6	 0.27879	 0.29780	 0.38667	 0.41059
C7	 0.24649	 0.26943	 0.21392	 0.23924
C10	 0.45997	 0.46642	 0.37940	 0.38437
C11	 0.22702	 0.22699	 0.24055	 0.24050
C15	 0.48696	 0.61489	 0.49136	 0.49244

4. Conclusion
The present study describes the synthesis and charac-

terization of some Schiff base ligands and their CuII com-
plexes. From the IR and UV-Vis spectra it may be conclud-
ed the Schiff base ligand acts as a chelating to the metal ion 
and bind through nitrogen atoms of the azomethine and 
amine groups, phenolic oxygen atom and sulfur atom of 
the C=S group. The stability constant and Gibbs free energy 
calculations show that the [CuL1] complex is more stable 
than [CuL2] complex. The present computational study al-
lows us to obtain optimized structure, molecular parame-
ters, highest occupied molecular orbital energy, lowest un-
occupied molecular orbital energy, HOMO-LUMO band 
gap, IR vibrational frequencies, characteristics of all syn-
thesized compounds. In general a good agreement was 
found between the theoretical and experimental data. The 
titled compounds in this study were tasted against two 
pathogenic bacteria in order to assess their antibacterial 
properties. The results revealed that the complexes possess 
higher antibacterial activity as free Schiff base ligands. Both 
complexes are effective catalysts for the cyclization reac-
tions. The percentage product of reactions show [CuL2] 
complex being more active then [CuL1] complex.
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Povzetek
Sintetizirali smo dva nova bakrova(II) kompleksa s Schiffovimi bazami in ju okarakterizirali z različnimi fizikalno-kem-
ijskimi in spektroskopskimi metodami, ki razkrivajo popačeno kvadratno planarno geometrijo okoli bakrovega atoma. 
Analizni podatki potrjujejo stehiometrijo kovina: ligand 1:1. S teorijo gostotnostnega funkcionala (DFT) na B3LYP/
(LANL2DZ/6-311G**) nivoju smo proučili strukturne in elektronske lastnosti pripravljenih spojin v vakuumu. Kvant-
no-mehanski rezultati potrjujejo zaključke dobljene na podlagi eksperimentalnih podatkov. Študij termodinamskih 
lastnosti tvorbe kompleksov smo izvedli spektrofotometrično pri 25°C. Pri obeh spojinah smo testirali in vitro anti-
bakterijsko aktivnost. Proučili smo tudi katalitične lastnosti na primeru klik reakcij. Sintetizirana bakrova kompleksa 
s Schiffovimi bazami katalizirata 1,3-dipolar Huisgenovo cikloadicijo različno funkcionaliziranih β-azido alkoholov in 
alkinov v prisotnosti askorbinske kisline v raztopini THF/H2O (2:1, V/V) pri sobni temperaturi.


