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A series of metal(II) complexes ML and ML2 [where M¼Cu(II), Co(II), Ni(II), Zn(II), Mn(II),
Cd(II), and VO(II); L¼ 2-hydroxyphenyl-3-(1H-indol-3-yl)-prop-2-en-1-one (HPIP)] have been
prepared and characterized by elemental analysis, magnetic susceptibility, molar conductance,
IR, UV-Vis, NMR, Mass, and ESR spectral studies. Conductivity measurements reveal that the
complexes are non-electrolytes, except VO(II) complex. Spectroscopy and other data show
square pyramidal geometry for oxovanadium and octahedral geometry for the other complexes.
Redox behavior of the copper(II) and vanadyl complexes has been studied with cyclic
voltammetry. Antimicrobial activities against several microorganisms indicate that a few
complexes exhibit considerable activity. The nuclease activity shows that the complexes cleave
DNA. All synthesized compounds can serve as potential photoactive materials as indicated
from their characteristic fluorescence properties. The second harmonic generation efficiency of
the ligand is higher than that of urea and KDP.

Keywords: 2-Hydroxyphenyl-3-(1H-indol-3-yl)-prop-2-en-1-one; Indole-3-aldehyde; Metal(II)
complexes; DNA studies; Fluorescence; SHG

1. Introduction

Chalcones are open-chain flavonoids, in which the bichromophoric molecules are

separated by a hetero-vinyl chain. They undergo a variety of chemical reactions and

are useful in the synthesis of heterocyclic compounds. Chalcones have been used as

intermediates for the preparation of compounds having therapeutic value.

Such compounds exhibit wide spectrum behavior, such as biological activities [1–8],

agrochemicals, drugs, azo dyes, interaction with nucleic acids [9–11]. The presence

of indole nucleus is the key factor for various biocidal activities [12–14] and metal

complexes of these systems have received considerable interaction in nucleic acid

chemistry [15–17]. Such molecules also possess a variety of photochemical properties

[18–20] and find optical applications in nonlinear optics (NLO), photorefractive

polymers, fluorescent probes, etc. Hence, we synthesize chalcone, 2-hydroxyphenyl-3-

(1H-indol-3-yl)-prop-2-en-1-one (HPIP) and study various properties. In this article,
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we present the characterization, biological screening, nonlinear optical property,
fluorescence, and DNA activity of the ligand and metal complexes.

2. Experimental

All chemicals and solvents were purchased from commercial sources.
o-Hydroxyacetophenone and indole-3-aldehyde were Merck India products and used
as supplied. Solvents were doubly distilled and stored in molecular sieves (4Å) before
use. For voltammetric experiments, tetrabutylammonium perchlorate (TBAP) (Sigma)
was used as supporting electrolyte. NMR measurement was made on a BRUKER
300MHz spectrometer (Madurai Kamaraj University, Madurai). Mass spectrum was
performed in a VG 7070H instrument (IICT, Hyderabad). UV-Vis spectra were
obtained using a THERMO SPECTRONIC 6 HEXIOS � and fluorescence spectra
were taken with an ELICO SL174 spectrofluorometer (Lady Doak College, Madurai)
in DMSO. IR spectra were obtained on a SHIMADZU FTIR 8400 S (Standard Fire
Work College, Sivakasi). ESR spectra of the copper(II) complexes were recorded at 300
and 77K (IIT, Mumbai) using tetracyanoethylene (TCNE) as the g-marker. Magnetic
susceptibilities of the complexes were measured on a Sherwood Magnetic susceptibility
balance Mk1 (Thiagarajar College, Madurai). Cyclic voltammetric (CV) studies for
Cu(II) and VO(II) complexes in DMSO were carried out on a CH Instruments (USA).
Molar conductances of the complexes were measured in DMSO at room temperature
using a Systronic Conductivity Bridge 304. All the complexes were screened for
biological activity through the well diffusion method. The second harmonic generation
(SHG) efficiency of HPIP was determined by the modified version of powder technique
(IISc, Bangalore).

2.1. Synthesis of HPIP

A mixture of o-hydroxyacetophenone (1.36 g, 1mmol) and indole-3-aldehyde (1.45 g,
1mmol) in ethanol was refluxed by adding piperidine for a period of 48 h (figure 1).
The solution was concentrated through rotavaporation and the resulting residue was
refrigerated; the yellow solid obtained was filtered and recrystallized from ethanol.
Yield: 80%, m.p.: 145�C [1H-NMR, 13.25 � (s, 1H,�OH), 8.721 � (s, 1H,4NH),
6.91–8.21 � (m, aromatic proton), 7.711, and 8.219 � (d, 15.3Hz, olefinic trans coupling
protons); 13C-NMR, 17 peaks corresponding to all carbons; mass spectra
(Supplementary material), [M]þ at 263m/e and other ion peaks at 261, 196, 170, 143,
115, 65, and 39m/e].

2.2. Synthesis of metal(II) complexes

2.2.1. Synthesis of [ML] complexes. A solution of metal(II) chloride (1mmol) in
ethanol was stirred with an ethanolic solution of HPIP (0.26 g, 1mmol) on a magnetic
stirrer at room temperature. Upon concentration, the precipitated solid was filtered and
washed thoroughly with ethanol and dried in vacuum.
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2.2.2. Synthesis of [ML2] complexes. A solution of metal(II) chloride (1mmol) in
ethanol was stirred with an ethanolic solution of HPIP (0.52 g, 2mmol) on a magnetic
stirrer at room temperature. The complex precipitated upon concentration was filtered,

washed with ethanol, and dried in vacuum. The oxovanadium complex was synthesized
from the ligand and oxovanadium sulfate by adopting the above method under reflux

and concentrating the solution through rotavaporation.

2.3. Nonlinear optical properties of HPIP

The SHG efficiency of HPIP was determined by the modified version of the powder
technique developed by Kurtz and Perry [21]. The ligand was ground into powder and

packed between two transparent glass slides. A Nd :YAG laser beam of wavelength
1064 nm was passed through the sample cell. The transmitted fundamental wave was

absorbed by a copper(II) sulfate solution, which removes the incident 1064 nm light
and Filter BG-38 removing any residual 1064 nm light. Interference filter band width is

4 nm and for central wavelength of 532 nm. Green light is finally detected by the
photomultiplier tube and displayed on the oscilloscope. The second harmonic signal

was detected by a photomultiplier tube and displayed on a storage oscilloscope.
The efficiency of the sample was compared with microcrystalline powder of KDP

and urea. The input energy used in this particular set-up is 2.2mJ/pulse.

2.4. Biological activity

Antimicrobial activities of the compounds were tested in vitro by the well diffusion
method [22] against bacteria Escherichia coli and Bacillus subtilis and yeast

Saccharomyces cerevisiae. Chloramphenical was used as control. On the Muller
Hinton agar plate, 0.1mL of bacterial culture was inoculated and the well was

prepared on a Muller Hinton agar plate using a cork borer. 10 mL of each
compound (10mmol L�1) was placed in the plates, incubated at 30�C for 24 h, and

observed for antibacterial activity. The activity was measured in terms of zone of
inhibition.

OH

O

3
CH

H
N

CHO

OH

O

NH

+
Piperidine

Figure 1. Synthesis of HPIP.
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2.5. Gel electrophoresis

Gel electrophoresis experiments were performed by incubation at 35�C for 2 h by taking
30 mmolL�1 CT DNA, 50 mmolL�1 solution of each complex, and 50 mmolL�1H2O2 in
50mmol L�1 tris-HCl buffer (pH 7.2). The samples were electrophoresed for 2 h at 50V
on 1% agarose gel using a tris-acetic acid –EDTA buffer, pH 7.2, and the gel was
stained using 1 mg cm�3 ethidium bromide (EB) and photographed under UV-light.

3. Results and discussion

The analytical data and physical properties of HPIP and metal(II) complexes are
presented in table 1. The molar conductances imply that all the complexes are non-
electrolytes. Analytical data of the complexes are in good agreement with the general
formula [MLX � 2H2O] for Cu(II), Ni(II), Co(II), Zn(II), Mn(II), Cd(II) where X¼ 2Cl�;
[ML2 � 2H2O] for Cu(II), Ni(II), Co(II), Zn(II), and [ML2]X for VO(II) where X¼SO2�

4 .
The magnetic moments of the complexes are consistent with octahedral geometry
around metal(II); the VO(II) complex exhibits square-pyramidal geometry.

3.1. NMR spectra

In comparison with 1H-NMR spectrum of HPIP, zinc(II) complex confirms that –OH
proton (13.25 � in ligand) is present in the complex, shifted downfield (13.35 �), suggesting
deshielding of the hydroxyl group due to coordination. The signal at 4.95 � shows the
presence of water [23]. There is no appreciable change in other signals of this complex.

3.2. IR spectra

HPIP shows a broad band at 3150 cm�1 (table 2), which is characteristic of the hydroxyl
group which is shifted to lower frequency (3109–3050 cm�1) in complexation supporting

Table 1. Analytical, molar conductance, and magnetic susceptibility data of HPIP and metal(II) complexes.

Compound m.p. (�C)

Calculated (found), %

Conductance
(S cm2m�1) meff (BM)M C H N

HPIP 145 – 77.5(77.4) 4.94(4.92) 5.3(5.2) – –
[CuLCl2(H2O)2] 240 14.5(14.2) 47.1(46.8) 3.92(3.90) 3.2(3.0) 26 1.96
[CoLCl2(H2O)2] 280 13.7(13.5) 47.5(47.3) 3.96(3.90) 3.2(3.1) 23 4.71
[NiLCl2(H2O)2] 209 13.6(13.2) 47.6(47.2) 3.97(3.93) 3.3(3.0) 3.9 3.20
[ZnLCl2(H2O)2] 185 15.0(14.8) 46.8(46.4) 3.90(3.86) 3.2(2.9) 7.1 –
[MnLCl2(H2O)2] 175 12.6(12.3) 46.8(46.5) 3.89(3.80) 3.1(2.9) 1.6 5.64
[CdLCl2(H2O)2] 210 23.3(23.0) 42.3(42.0) 3.52(3.48) 2.9(2.5) 12.2 –
[CuL2(H2O)2] 192 10.1(9.8) 65.5(65.0) 4.49(4.45) 4.5(4.4) 20 1.94
[CoL2(H2O)2] 288 9.5(9.2) 65.9(65.6) 4.52(4.48) 4.5(4.3) 15 4.68
[NiL2(H2O)2] 295 9.5(9.3) 65.9(65.3) 4.52(4.50) 4.5(4.2) 5.6 3.22
[ZnL2(H2O)2] 204 10.4(10.0) 65.2(65.0) 4.47(4.43) 4.5(4.0) 8.9 –
[VOL2]SO4 223 7.4(7.0) 59.4(59.0) 4.07(4.00) 4.4(4.3) 6.3 1.81
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coordination of hydroxyl oxygen [24]. The band at 1631 cm�1 from keto is shifted to
1627–1598 cm�1 in complexes implying coordination of carbonyl oxygen to the metal.
The band at 1315 cm�1 is characteristic for phenolic �(C–O). This band shifts to
1327–1373 cm�1 in all the complexes, due to chelation of phenolic oxygen to metal.
The new band at 410–460 cm�1 is attributed to �(M–O) [25]. The broad band due to
�(NH) in the indole ring of the ligand at 2924 cm�1 is not changed in spectra of
complexes, indicating that the above group is not involved in coordination. In the
vanadyl complex, a new band at 995 cm�1 is attributed to �(V¼O). Coordinated water
in the complexes is confirmed by a broad band at 3400 cm�1 and a weak band around
825 cm�1, indicating the binding of water to the metal [26, 27].

3.3. Electronic spectra

Electronic absorption spectral data (cm�1) of HPIP and complexes in DMSO are
given in table 3. The UV-Vis spectrum [ML] of the copper(II) complex shows three
bands, assigned as an intraligand charge transfer (INCT) at 24,095 cm�1, ligand-to-
metal charge transfer (LMCT) at 22,172 cm�1, and a d–d band at 11,876 cm�1 due to
2Eg!

2T2g [28]. This relatively low-energy broad band indicates splitting of the Eg level
caused by Jahn–Teller distortion in octahedral geometry; this is further supported by
the magnetic susceptibility value (1.96BM). The nickel(II) complex exhibits three d–d
bands [29] at 9727, 13,440, and 24,096 cm�1, assigned to 3A2g!

3T2g,
3A2g!

3T1g(F),
and 3A2g!

3T1g(P), respectively. The magnetic moment of Ni(II) complex is 3.20 BM,
characteristic of two unpaired electrons from an octahedral geometry. The cobalt(II)
complex indicates three absorption bands [30] at 9569, 16,260, and 21,413 cm�1,
tentatively assigned as 4T1g(F)!

4T2g(F),
4T1g(F)!

4A2g(F), and
4T1g(F)!

4T1g(P),
respectively. The band at 9569 cm�1 is characteristic of distorted octahedral geome-
try, also supported by its magnetic susceptibility value (4.71BM). The Mn(II)
complex shows bands at 10,090, 23,148, and 27,310 cm�1, assignable to 4T1g!

6A1g,
4T2g(G)! 6A1g, and 4T1g(D)! 6A1g transitions, respectively [31]. The mag-
netic moment value of 5.64 BM corresponds to five unpaired electrons, indicating
octahedral Mn(II).

In the electronic spectrum of [CuL2], the observed transitions are at 11,904 cm�1

for 2Eg!
2T2g, which indicates splitting of the Eg level caused by Jahn–Teller distortion

Table 2. IR spectral data (in cm�1) of HPIP and complexes.

Compound �(O–H) �(OH) (H2O) �(C¼O) �(C¼C) �(C–O)(phenol)

HPIP 3150 – 1631 1533 1315
[CuLCl2(H2O)2] 3062 3292 1620 1567 1327
[CoLCl2(H2O)2] 3050 3294 1600 1543 1342
[NiLCl2(H2O)2] 3078 3310 1602 1543 1342
[ZnLCl2(H2O)2] 3053 3294 1635 1544 1343
[MnLCl2(H2O)2] 3055 3295 1627 1546 1341
[CdLCl2(H2O)2] 3109 3371 1609 1550 1373
[CuL2(H2O)2] 3060 3309 1598 1547 1365
[CoL2(H2O)2] 3051 3345 1611 1573 1342
[NiL2(H2O)2] 3054 3394 1609 1557 1366
[ZnL2(H2O)2] 3100 3300 1626 1573 1343

Chalcone metal complexes 1711
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in octahedral geometry, also shown by the magnetic moment of 1.94BM [28].
The nickel(II) complex exhibits three d–d bands [29] at 9756, 13,333, and
20,576 cm�1, assigned to 3A2g!

3T2g,
3A2g!

3T1g(F), and
3A2g!

3T1g(P), respectively.
The magnetic moment of Ni(II) complex is 3.22BM, characteristic of an octahe-
dral geometry. The cobalt(II) complex displays three absorptions [30] at 9784, 14,705,
and 20,703 cm�1, which are assigned as 4T1g(F)!

4T2g(F),
4T1g(F)!

4A2g(F),
and 4T1g(F)!

4T1g(P), respectively. The band at 9784 cm�1 confirms octahedral geom-
etry, which is also confirmed by its magnetic moment of 4.68 BM. For the vanadyl(II)
complex, three bands at 12,269, 20,283, and 24,096 cm�1 are assigned to 2B2!

2E,
2B2!

2B1, and
2B2!

2A1 transitions, respectively. From the band at 12,269 cm�1, a
square pyramidal geometry is proposed for vanadyl(II) complex; the geometry is further
confirmed by its magnetic moment of 1.81BM [32].

3.4. Electrochemical behavior

The redox behaviors of the copper(II) and oxovanadium(II) complexes were studied
using CV at 10�3mol L�1 in DMSO (table 4). The CV data of the copper(II) complexes
show one reduction peak for Cu(II)!Cu(0) in cathodic side and for Cu(0)!Cu(II)

Table 3. Electronic spectral data (cm�1) of metal(II) complexes.

Compound Frequency (") cm�1 Assignment Geometry

[CuLCl2(H2O)2] 24,095 (3116) INCT Distorted octahedral
22,172 (2273) INCT
11,876 (1206) 2Eg!

2T2g

[CoLCl2(H2O)2] 9569 (250) 4T1g(F)!
4T2g(F) Distorted octahedral

16,260 (720) 4T1g!
4A2g

21,413 (1364) 4T1g(F)!
4T1g(P)

[NiLCl2(H2O)2] 9727 (370) 3A2g!
3T2g Distorted octahedral

13,440 (970) 3A2g!
3T1g(F)

24,096 (1667) 3A2g!
3T1g(P)

[CuL2(H2O)2] 19,407 (1614) INCT Distorted octahedral
11,904 (450) 2Eg!

2T2g

[CoL2(H2O)2] 9784 (150) 4T1g(F)!
4T2g(F) Distorted octahedral

14,705 (540) 4T1g!
4A2g

20,703 (2014) 4T1g(F)!
4T1g(P)

[NiL2(H2O)2] 9756 (370) 3A2g!
3T2g Distorted octahedral

13,333 (175) 3A2g!
3T1g(F)

20,576 (1667) 3A2g!
3T1g(P)

[VOL]SO4 12,269 (185) 2B2!
2E Square pyramidal

20,283 (2023) 2B2!
2B1

24,096 (3038) 2B2!
2A1

Table 4. Redox potential for copper(II) complexes.

Complex Epc (V) Epa (V) Ipc (mA) Ipa (mA)

[CuLCl2(H2O)2] 0.129 0.375 6.499 4.686
[CuL2(H2O)2] 0.090 0.351 7.450 6.626

1712 S. Sumathi et al.
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in anodic side. The peak current for the complex varies with scan rates and the Epa�Epc

values are greater than 200mV, which indicates that the reductions are irreversible [33].
The oxovanadium complex exhibited two reduction peaks [34] at 0.620 and 0.341V and
one oxidation peak at 0.0198V. The redox process involved is V(IV)!V(III)!
V(II)!V(IV).

3.5. EPR spectra

EPR spectra of copper(II) complexes were recorded in DMSO at 300 and 77K and the
spin Hamiltonian parameters of the complexes are listed in table 5. The observed
spectral parameters show g||4 g?, characteristic of an axially elongated octahedral
geometry [35]. The giso value is almost 2.3, indicating the covalent character of the metal
ligand bond. The unpaired electrons lie predominantly in the dx2�y2 orbital, evident
from the value of the exchange interaction term G. The observed value of G5 4 for
copper(II) complexes suggest that the exchange coupling is present and misalignment
is appreciable. The �2 value indicates appreciable in-plane covalency in the bonding.
The calculated (g||/A||) value for the complexes indicates that the geometry is strongly
distorted octahedral. The orbital reduction factors K|| and K? [36] with K|| (1.02)4K?
(0.66) indicates poor in-plane � bonding which is also reflected in �2 values.

3.6. Fluorescence

HPIP displayed an emission band at 414 nm in DMSO upon photoexcitation at 415 nm.
The Cu(II), Co(II), Ni(II), and VO(II) complexes of both [ML] and [ML2] also exhibit
emission bands around 490–598 nm and 440–546 nm on photoexcitation (table 6).

Table 6. Fluorescence parameters of HPIP and its metal
complexes in DMSO.

Compound Emission �max (nm) Excitation �max (nm)

HPIP 414 415
[CuLCl2(H2O)2] 451, 551 546
[CoLCl2(H2O)2] 541 532, 493
[NiLCl2(H2O)2] 510 508
[CuL2(H2O)2] 584 533
[CoL2(H2O)2] 540 532
[NiL2(H2O)2] 490 487
[VOL2]SO4 509, 598 440, 492

Table 5. The spin Hamiltonian parameters of copper(II) complexes.

Complex
Aiso giso g || g? A|| A? �2 �2 g||/A||

(10�4 cm�1) (10�4 cm�1) (cm)

[CuLCl2(H2O)2] 109 2.293 2.31 2.24 136.4 134.4 0.38 3.02 169
[CuL2(H2O)2] 137 2.292 2.32 2.21 87.8 112.6 0.24 3.73 269

Chalcone metal complexes 1713
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In general, fused ring systems such as indole and its derivatives exhibit fluorescence
emission in the above region. In the same way, the free ligand and its metal complexes
show an enhanced fluorescent intensity. This emission is neither metal-to-ligand charge
transfer (MLCT) nor LMCT in nature. A lone pair of electron on oxygen and on
carbonyl chromophore can quench the fluorescence of the indole moiety through
photoinduced electron transfer. This leads to draining out of these pairs of electrons
onto the metal orbital via complex formation causing a suppression of this fluorescence
quenching. The above process is responsible for increase in fluorescence intensity [37].

3.7. NLO property

SHG efficiency measurements clearly reveal that HPIP is 30 times more active than that
of urea and 120 times more active than KDP. This efficiency is higher than that
reported for structurally related compounds [38, 39].

3.8. Biological activity

Zones of inhibition of the investigated compounds against the bacteria are summarized
in table 7. The observed values indicate that most of the complexes have higher activity
than the free ligand. Such an increased activity of the complexes can be explained on the
basis of chelation theory [40, 41] and size of the metal ion. Muthukumar and
Viswanathamurthi [42] investigated antifungal activity of chalcone complexes with
reference to Bavistin as antifungal standard drug. Another type of chalcone complex
reported by Zoldakova et al. [43] exhibited high inhibiting behavior to the cancer cell
growth than respective chalcone. Prajapati et al. [44] reported cytotoxicity on Dalton
lymphoma cell lines of a chalcone complex. In this study, though, chalcone and its
complexes possess antibacterial activity; they are not effective to the standard drug
Chloramphenical. This variation depends either on the impermeability of the cells of the
microbes or differences in ribosome of microbial cells.

Table 7. Antimicrobial activity of HPIP and its metal complexes
(zones of inhibition: diameters in cm**).

Compound B. subtilis E. coli S. cerevisiae

HPIP – 0.14 0.07
[CuLCl2(H2O)2] 0.02 0.16 0.08
[CoLCl2(H2O)2] 0.04 0.15 0.06
[NiLCl2(H2O)2] – 0.14 0.07
[ZnLCl2(H2O)2] – 0.13 0.06
[MnLCl2(H2O)2] 0.04 0.12 0.07
[CdLCl2(H2O)2] 0.03 0.14 –
[CuL2(H2O)2] 0.05 0.17 0.08
[CoL2(H2O)2] 0.04 0.16 0.07
[NiL2(H2O)2] – – 0.06
[ZnL2(H2O)2] – 0.02 0.03
[VOL2]SO4 0.06 0.16 0.08
Chloramphenical 0.15 0.43 0.23

**Its value observed is within the error limits of �0.02.
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3.9. DNA study

CT-DNA electrophoresis for metal(II) complexes exhibits nuclease activity in the
presence of H2O2. Control experiment using DNA alone (Supplementary material)
does not show any significant cleavage of CT-DNA by H2O2. The cleavage efficiency of
these complexes has been studied by comparing with their DNA-binding ability.
The metal complexes are capable of converting super-coiled DNA into open circular
DNA. The general oxidative mechanism is proposed for DNA cleavage by hydroxyl
radicals via abstraction of hydrogen atom from sugar units. Several DNA cleavage
studies of chalcone [45] have been reported, but so far to the best of our knowledge no
work has been reported on chalcone metal complexes. Our investigation on copper(II)
[ML2] and cobalt(II) complexes of chalcone shows more cleavage against CT-DNA in
the presence of H2O2 than other complexes, probably due to the redox couple of the
metal ions. The above complexes may promote redox-mediated cleavage of DNA on
the sugar ring.

4. Conclusion

The chalcone complexes [ML] and [ML2] of Cu(II), Co(II), Ni(II), Zn(II), Mn(II),
Cd(II), and VO(II) obtained from HPIP were synthesized and characterized by spectral
and analytical methods (figure 2). HPIP exhibits appreciable NLO property in
comparison with urea and KDP; hence, the compound may be studied for optical
sensing material. Metal chelates show better antimicrobial activity than the free ligand.
The CT-DNA interaction with cobalt(II) complexes [ML2] leads to DNA cleavage in
the presence of H2O2. HPIP and its metal complexes are fluorescent.

O

NH

HO

M

Cl Cl

H2OOH2

M=Cu(II), Co(II), Ni(II), Zn(II), Mn(II), Cd(II)

O

NH

O
M H2OOH2

O

HN

O

M=Cu(II), Co(II), Ni(II), Zn(II)

O

NH

O
V

O

HN

O

O

Figure 2. Proposed structure of metal(II) complexes.
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