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a b s t r a c t 

Three chalcone derivatives ( L 1 , L 2 , L 3 ) were synthesized using Claisen-Schmidt condensation reaction. 

Their molecular structures and spectroscopic properties (IR, UV-vis, 1 HNMR), were calculated at B3LYP 

level. Electrostatic interactions and HOMO-LUMO properties were calculated using TD-DFT method. 

Molecular docking was used to compare the HSA (human serum albumin) interactions with the ligands 

and their Zn complexes ( C 1 , C 2 , C 3 ) which were synthesized by interaction between the ligands and the 

Zn (II) ion in a 2:1 M ratio. Elemental analysis, FT-IR, and UV–Vis spectroscopy studies investigated the 

structure of the synthesized complexes. UV–Vis, molecular docking and molecular dynamics were used to 

study the interactions of the Zn complexes with the BSA (bovine serum albumin). The biological activity 

of the Zn-Chalcone complexes was generally higher than the chalcones when evaluated spectroscopically 

and theoretically. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Chalcones, are belonging to the flavonoid family, having a 

edicinal importance because of the CO-CH = CH- (ketoethylenic 

roup). There are intermediates of flavonoids and they exhibit 

nti-inflammatory, antifungal, antimicrobial, antioxidant and anti- 

umor activity [ 1 , 2 ]. This biological activity is because of the α, β-

nsaturated keto function. Chalcone contains two aromatic rings 

inked by a three carbon α, β-unsaturated carbonic system and 

hey are selected because of their low toxicity and possible chem- 

cal modification [ 3 , 4 ]. In nature, chalcone (1,3-diphenyl-2-propen- 

-one) is one of the open chain flavonoids containing 15-carbon ar- 

anged in a C6C3-C6 configuration [5] . The bioactivity of chalcones 

ave been studied and several biological activities have been found 

uch as, antioxidant, cytotoxic, antiviral, tyrosinase inhibitory, anti- 

alarial, antibacterial, and anti-inflammatory [6] . Additionally, the 

ynthesis of Pd (II) and Pt (II) complexes and Co (II), Cu (II), Mn 

III) of a chalcone compound has been proposed elsewhere [ 7 , 8 ]

nd this is because chalcones are effective metal ion chelators and 

hey can easily create metal-coordinated compounds [9] . Chalcones 

re synthesized by Claisen–Schmidt condensation. This reaction in- 
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olves cross aldol condensation of appropriate aldehydes and ke- 

ones by base catalysed or acid catalysed reactions followed by de- 

ydration [10] . 

It is known that Zinc-containing compounds play a key role in 

arbonic anhydrases, peptidases, proteases, and deaminases [11] . 

nterestingly, the coordination chemistry of zinc in proteins and 

eptides involves N, O, and S donors of the side chains of histi- 

ine, glutamate/aspartate, and/or cysteine with any permutation 

f these ligands and with the number of protein ligands rang- 

ng from three to six [12] . On the other hand, Zn plays a vi-

al role in a variety of biological processes but, excessive expo- 

ure of Zn 

2 + to human beings can cause toxicity, inducing a se- 

ies of overt poisoning symptoms and neurodegenerative disorders 

13] . 

HSA is responsible to maintaining stable osmotic pressure and 

o carrying endogenous or exogenous compounds. Additionally, 

ost lipophilic drugs are substrates of HSA and are transferred to 

arget tissues via the bloodstream. The chemical structure of HSA 

ncludes three homologous α-helical domains (I, II and III), each 

f which possesses two subdomains (A and B) [14] . Various bind- 

ng and denaturation studies have shown to be a rapid and effec- 

ive tool for the characterization of albumin binding sites and their 

nantioselectivity, and for the study of the changes in the binding 

roperties of the protein caused by interaction between different 

igands [15-18] . 

https://doi.org/10.1016/j.molstruc.2021.130052
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130052&domain=pdf
mailto:vlasiou.m@unic.ac.cy
https://doi.org/10.1016/j.molstruc.2021.130052
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The last years more and more scientists are using computa- 

ional chemistry and theoretical tools to evaluate their molecular 

tructures [19-21] . Moreover, some researchers are using computa- 

ional tools to evaluate the biological activity of the molecules of 

nterest [22-26] . This is because of the quick results that the com- 

utational tool is giving to the researcher, and the added scientific 

alue to the findings. All that, at minimum cost and resources. As 

he technological improvements are running fast, more and more 

heoretical tools are going to save time to the researcher and give 

 different perspective, using the predictive character of the com- 

uterized models. 

Herein, we propose the synthesis of some chalcone ana- 

ogues, and their complexation with Zn (II) metal ions. In total, 

 molecules were prepared and evaluated spectroscopically, both 

n situ and theoretically. More specifically, we used TD-DFT studies 

26-31] , to evaluate our chalcone derivatives in terms of structure 

nd activity, molecular docking [32-35] , to evaluate their interac- 

ion with human serum albumin (HSA) and spectroscopy to eval- 

ate their binding interactions with bovine serum albumin (BSA). 

he biological activity of the chalcone derivatives, was compared 

ith the biological activity of their counter Zn complexes. 

. Experimental 

.1. Materials 

2-nitrobenzaldehyde, 2-(methylamino) benzaldehyde, 2- 

ydroxy-5-methylphenyl ethanone, 1-(2-hydroxy-5-methylphenyl) 

thanone, 4-hydroxy-3-methoxyphenyl ethanone, were purchased 

rom Merck. Solvents were used without any further purifica- 

ion. Other reagents were of analytical grade. BSA (bovine serum 

lbumin) (purity ≥ 98%) was purchased from Merck. 

.2. Instruments 

All the chalcone analogues and their zinc complexes were char- 

cterized by 1 HNMR, recorded on Bruker 300 MHz spectrometer 

sing DMSO-d6 as solvent and TMS as an internal standard. The 

hemical shifts were expressed in δ ppm. The absorption spectrum 

f all the reaction mixtures was then taken in a range of 20 0-40 0

m in a JASCO (Tokyo, Japan) UV-visible spectrophotometer using 

 1cm path length quartz cuvette. 

.3. Synthesis of chalcones analogues 

.3.1. Synthesis of (E)-1-(2-hydroxy-5-methylphenyl)-3- 

2-nitrophenyl) prop-2-en-1-one 

In a round bottom flask (100 ml), to a methanolic solution 

20 ml) of 2-hydroxy-5-methylphenyl ethanone (0.003 mol) a 

0% aqueous NaOH solution (15 mL) was gradually added. 2- 

itrobenzaldehyde (0.003 mol) was added and the reaction took 

lace for 20 h at 25 °C. Any precipitate formed was removed by 

ltration and the filtrate was acidified with dilute HCl and then 

xtracted with chloroform. The concentrate of the chloroform was 

hromatographed over silica gel to obtain the desired product. 

he compound then crystallized from chloroform-petroleum ether 

50:50). Olive green solid, M.P: 55-57 o C; 1 H NMR (300 MHz, 

MSO-d6): δ 2.36 (s,-CH 3 ), 5.37 (s, -OH), 7.04 (m, -CH aromatic), 

.36 (m, -CH aromatic), 7.44 (m, -CH aromatic), 7.65 (m, -H), 7.89 

m, -CH), 8.23 (m, -CH), 8.64 (m. -H) ppm . 

.3.2. Synthesis of (E)-3-(4-dimethylamino) phenyl)-1-(2-hydroxy-5- 

ethylphenyl) prop-2-en-1-one 

In a round bottom flask (100 ml), to a methanolic solution 

20 ml) of 2-hydroxy-5-methylphenyl ethanone (0.003 mol) a 
2 
0% aqueous NaOH solution (15 mL) was gradually added. 4- 

imethylamino benzaldehyde (0.003 mol) was added and the re- 

ction took place for 20 h at 25 °C. Any precipitate formed was re- 

oved by filtration and the filtrate was acidified with dilute HCl 

nd then extracted with chloroform. Orange solid, M. P: 54-55 °
; 1 H NMR (300 MHz, DMSO-d6): δ 2.34 (s, -CH 3 ), 3.06 (s, -CH 3 ),

.35 (s, -OH), 7.02 (m, -CH aromatic), 7.34 (m, -CH aromatic), 8.33 

d, -H) ppm . 

.3.3. Synthesis of (E)-1-(2-hydroxy-5methoxyphenyl)- 

-(2-nitrophenyl) prop-2-en-1-one 

In a round bottom flask (100 ml), to an ethanolic solution 

20 ml) of 1-(4-hydroxy-3methoxyphenyl) ethanone 0.003 mol) 

 40% aqueous NaOH solution (20 mL) was gradually added. 2- 

itrobenzaldehyde (0.003 mol) was added and the reaction took 

lace for 24 h at 25 °C. Any precipitate formed was removed by fil- 

ration and the filtrate was acidified with dilute HCl. Yellow-green 

olid, M. P: 57-59 ° C; 1 H NMR (300 MHz, DMSO-d6): δ 3.84 (s, - 

H3), 5.33 (s, -OH), 7.10 (m, -CH aromatic), 7.27 (m, -CH aromatic), 

.79 (m, -CH aromatic), 7.89 (m, -CH aromatic), 8.21 (m, -CH aro- 

atic), 8.60 (d, -H). 

.4. Synthesis of Zinc (II) Complexes 

n (II) complexes with ligands L 1 -L 3 
An ethanolic solution (30 ml) of Zn (II) chloride (0.01 mol) was 

dded to a refluxing solution of appropriate chalcone analogue L 1 - 

 3 (0.02 mol) in ethanol (30 ml). The reaction mixture was refluxed 

or 6 h. The coloured complexes were obtained, filtered off, washed 

ith ethanol and dried under vacuum. Elemental Analysis: L1: C, 

4.84; H, 3.45; Cl, 10.12; N, 4.00; O, 18.26; Zn, 9.33. L2: C, 62.04; 

, 5.21; Cl, 10.17; N, 4.02; O, 9.18; Zn, 9.38. L3: C, 52.45; H, 3.30;

l, 9.68; N, 3.82; O, 21.83; Zn, 8.92. Molar Conductance (M hos.cm 

2 

ol −1 ): C 1 : 12.03, C 2 : 12.09, C 3 : 11.99. 

.5. Theoretical Studies 

.5.1. Optimization and vibration frequency calculations were made 

t B3LYP level with ORCA version 4.0.1 program 

B3LYP is a hybrid density functional theory method. Among 

he ever-increasing number of DFT methods, the hybrid functional 

3LYP, as a good compromise between computational cost, cover- 

ge, and accuracy of results [36] . It has become a standard method 

sed to study organic chemistry in the gas phase. UV-vis spec- 

rums at the same level calculated by time-dependent density 

unctional theory (TD-DFT) method. ORCA input files were created 

y AVOGADRO version 1.2.0 software. HOMO energy (E HOMO ) and 

UMO energy (E LUMO ) were taken from the output file. Chalcone 

nalogues and their zinc complexes were docked against human 

erum albumin. Molecular docking studies were carried out by us- 

ng iGEMDOCK 2.1 software [11] . The HSA coded crystal structure 

as selected from the Protein Data Bank ( www.rcsb.org ). The pop- 

lation size was = 200, generations = 70, number of solutions = 3. 

.6. Effect of the ligand and the complex on the absorption spectrum 

f BSA 

The effect of the ligands and their corresponding complexes, 

n the absorption spectrum of BSA, was studied using UV–visible 

pectrophotometry. Briefly, BSA (5 μM) were incubated in the ab- 

ence and presence of 2-9 μM of L 1 , L 2 , L 3 , C 1 , C 2 and C 3 for 30

in at RT. 

.7. Conductance studies on the Zn-complexes interaction with BSA 

All stock solutions were prepared freshly by weighing and using 

reshly prepared solvents. Conductivity measurements were made 

http://www.rcsb.org
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Fig. 1. Synthetic routes of the three chalcone derivatives. 
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sing EC/TEMP meter AD 130 model at room temperature. A stan- 

ard addition method has been used for measuring the conduc- 

ance of the ligand-protein complexes. BSA (5 μM) was left to react 

ith different concentrations of the C 1 , C 2 , C 3 molecules. A certain 

mount of solution was injected into the conductivity cell and the 

onductivity of the solution was measured. 10 additions have been 

ade throughout. 

. Results and discussion 

ynthesis of Chalcone Derivatives and their Zinc Complexes 

Chalcone derivatives were synthesized based on Claisen- 

chmidt condensation reaction. Acetophenones analogues reacted 

n (1:1) ratio with benzaldehydes analogues in methanolic solu- 

ions resulting the chalcone derivatives ( L 1 , L 2 and L 3 ). The syn-

hetic routes and conditions are depicted in Fig. 1 . Reactions took 

lace at room temperature resulting colourful precipitates after 20 

 mixing. Any precipitate formed was removed by filtration before 

cidification. The formation of carbanion or enolate ions is consid- 

red to be the first stage of the condensation reaction. Aromatic 

etones having α hydrogen if treated with alkaline solutions (in 

his case NaOH), the hydroxide ion from the base will attack hy- 

rogen α from the ketone so that a carbanion is formed which 

an be stabilized by resonance and release the H O molecule. Fol- 
2 

3 
owed by the second stage which is a nucleophilic addition re- 

ction. Here, the enolate or carbanion ion formed at stage one 

cts as a nucleophile that attacks the carbonyl group of benzalde- 

yde. An alkoxide ion is formed which has an excess of electron 

harge in the O atom. Next, is the formation of an aldol. Aldol 

s a compound formed from aldehydes and ketones where aldol 

akes protons from solvent molecules, H 2 O. Alkoxide ions take hy- 

rogen protons from H 2 O molecules to form β-hydroxyketone (al- 

ol). Then the hydroxide ion from H 2 O binds to the sodium ion 

nd returns to form a NaOH base catalyst. Finally, the dehydration 

eaction of the aldol compound takes place in Claisen-Schmidt re- 

ction. Dehydration reaction is a reaction of the release of water 

olecules. Carbonyl β-hydroxy like aldol is easily dehydrated, be- 

ause the double bonds in the compound conjugate with the car- 

onyl group. The disappearance of the chemical shift at 2.5 ppm 

ttributed to -CH 3 hydrogens of acetophenone, it is a good evi- 

ence of the resulted chalcone derivatives. Moreover, the increase 

f the melting points from 47 °C to 57 °C is another indicator of the

uccessful synthesis. 

Zn (II) complexes ( C 1 , C 2 and C 3 ) resulted after mixing ethano-

ic chalcone derivative solution (L 1 , L 2 and L 3 ) with ZnCl 2 at (1:2)

atio, using reflux for 6 h. Coloured complexes obtained after filtra- 

ion. The three complexes are soluble to DMSO and DMF. Elemen- 

al analyser indicated that the complexes have 1:2 metal to ligands 

toichiometry of the types [ZnL 2 (Cl) 2 ], whereas L are the chalcone 
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Fig. 2. Optimized structures of the synthesized chalcones. 

Table 1 

Selected bond lengths ( ̊A) and bond angles ( °) of the synthe- 

sized chalcones. 

L1 Atoms Angle Atoms Length 

C5-C1-O1 119.2789 H4-C8 1.08865 

C2-C1-C5 118.1423 C8-C9 1.40054 

C1-C7-H1 118.5631 H13-O2 0.972961 

C14-C15-N 122.4757 C10-O2 1.36579 

H10-C16-H12 107.4257 O4-N 1.23645 

C10-O2-H13 109.1858 N-C15 1.47324 

O3-N-O4 123.7386 

C15-N-O4 119.113 

L2 C2-C1-C6 120.0083 H15-C17 1.11298 

C1-C2-H1 120.0048 C17-N 1.47004 

C5-C4-O2 120.0014 C12-C11 1.3949 

C12-C13-N 119.9951 C7-O1 1.20804 

H10-C16-H12 109.4628 H13-O2 0.97205 

C4-O2-H13 108.0009 

C17-N-C18 119.9963 

N-C17-H15 109.4457 

L3 C2-C1-C6 119.9986 H13-C16 1.11302 

C2-C1-O3 120.0016 C16-O3 1.40206 

C3-C2-H1 120.033 C13-C14 1.39477 

C14-C15-N 119.9599 O5-N 1.31001 

C4-O2-H10 107.9991 C15-N 1.24809 

C1-O3-C16 110.8014 H10-O2 0.971976 

H12-C16-H13 109.5253 

O3-C16-H11 109.4976 

C15-N-O4 120.004 

d

n

t

n

T

M

c

d

m

Fig. 3. Calculated UV-vis spectra of L1, L2 and L3 molecules. 

m

m

S

m

a

D

c

erivatives resulted after the condensation of the correct acetophe- 

one analogue with the correct benzaldehyde analogue. In addi- 

ion, low molar conductance values indicate that the complexes are 

ot electrolytes. 

heoretical Studies on Chalcone Derivatives 

olecular Geometry 

The ground state optimization structures of the synthesized 

halcone molecules were obtained in the aqueous phase at B3LYP 

ef2-TZVP Grid5 level and are given in Fig. 2 . 

The geometrical parameters have been procured from opti- 

ized molecular structure and summarized in Table 1 , giving the 
4 
ain theoretically calculated bond lengths and bond angles of the 

olecules. 

pectroscopy 

The spectroscopic UV-vis spectrum of the three ligand 

olecules, and their electronic transitions can be computerized 

nd analyzed by time-depended density functional theory or TD- 

FT. Additional information in the molecular structure prediction 

an be taken by electronic spectroscopy. In Fig. 3 we can see the 
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Fig. 4. Calculated 1 HNMR spectra of L 1 , L 2 and L 3 molecules. 
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Table 2 
1 HNMR chemical shifts of chalcone molecules calculated at aqueous phase. 

L1 L2 L3 

Group Shift (ppm) Group Shift (ppm) Group Shift (ppm) 

OH 5.35 OH 5.35 OH 5.35 

CH 7.02 CH 7.02 CH 7.1 

CH 8.21 CH 6.71 CH 7.33 

CH 7.43 CH 7.43 CH 8.21 

CH 8 CH 7.2 CH 7.27 

CH 7.34 CH 7.34 CH 8 

CH 7.89 CH 7.15 CH 7.89 

CH 7.79 CH 6.74 CH 7.89 

CH 3 2.34 CH 3 3.06 CH 3 3.83 

H 8.02 CH 3 3.06 H 8.62 

H 7.66 CH 3 2.34 H 7.66 

H 8.33 

H 7.42 

h

a

a  

p

p

f  

8

d

B

h

i

alculated UV-vis spectrum of the molecules taken in the aqueous 

hase using B3LYP def2-TZVP Grid5 level algorithm. 

As seen in Fig. 3 , for L 1 and L 3 are observed similar spectrums

iving two bands for π→ π∗ and n → π∗ transitions respectively. 

ost absorption spectroscopy of organic compounds is based on 

ransitions of n or π electrons to the π ∗ excited state [37] . This 

s because the absorption peaks for these transitions fall in an ex- 

erimentally convenient region of the spectrum (200 - 700 nm). 

hese transitions need an unsaturated group in the molecule to 

rovide the π electrons. For L 2 molecule only one transition is ob- 

erved the π→ π∗. The similarity of the bands shapes and close 

avelengths show that the structures of the studied molecules are 

uite similar as they are belonging to the same family of the chal- 

ones. 1 HNMR spectrum calculated data also suggest the similarity 

f the structures. 

For structural characterization 

1 HNMR spectra of chalcone 

olecules were calculated and peaks were attributed to the cor- 

ect chemical groups. Chemical shifts were given according to 

he TMS reference and calculated from δ=�TMS - �relation , whereas 

TMS corresponds to the shielding of proton to the TMS and �, 

he shielding of proton in the sample. The 1 HNMR spectrum cal- 

ulated at B3LYP DEF2-TZVPP DEF2 level in aqueous phase and are 

iven in Fig. 4 . 

Chemical shifts of 1 HNMR, are given in Table 2 . 

As can be seen in Fig. 4 , the spectra are similar for molecules

 1 , L 3 same as the UV-vis spectra. The only difference is the shift of

he first chemical shift from 3.83 to 2.34 ppm due to the presence 

f the extra methyl group on L 3 . The presence of the 3.06 ppm

hemical shift that it is characteristic for the L 2 and corresponds 

o the -CH 3 group of the molecule, dominates the anomeric region. 

ecause they are attached to carbon atoms with low s -character 
f

5 
ybridization ( sp 3 ) the found in a low ppm chemical shift. The 

romatic region of the spectra of the three chalcone derivatives 

re quite similar. As can be seen from Table 2 . the -OH group is

resent at three molecules as well, at the same chemical shift 5.35 

pm. The hydrogens of the phenol group of the chalcones can be 

ound at 8.02 and 7.66 ppm for L 1 , 8.33 and 7.42 ppm for L 2 , and

.62 and 7.66 ppm for L 3 . 

An additional way to verify the structures of the chalcone 

erivatives, is the vibrational spectrum. It has been calculated by 

P86 DEF2-SVP FREQ algorithm. The high intensity peaks with the 

armonic vibration frequencies are given in Fig. 5 . 

The characteristic high frequency peak at 3500 cm 

−1 , of s(O-H) 

s common for the three analogues, while the peak at 1200 cm 

−1 

or L , indicating the s(N-H) vibration. The methoxy group of L , 
1 3 
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Fig. 5. IR spectra of L 1 , L 2 and L 3 chalcone derivatives calculated in aqueous phase. 
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Table 3 

Calculated energy values of the molecules. 

Molecule L1 L2 L3 

Potential Energy (Kcal/mol) -2.015 -1.871 -2.175 

Kinetic Energy (Kcal/mol) 1.003 9.317 1.089 

Magnitute (a.u) 2.202 3.991 2.326 

Zero Point Energy (Kcal/mol) 157.90 215.90 237.07 

Total Thermal Energy (Kcal/mol) -1.013 -9.385 -1.085 

Total Enthalpy (Kcal/mol) -1.013 -9.385 -1.085 

Final Entropy (Kcal/mol) 37.09 33.74 33.11 

Gibbs Free Energy (Kcal/mol) -1.013 -9.386 -1.085 

E Lumo (eV) -1.817 0.58 -4.259 

E Homo (eV) -4.057 -1.757 -4.646 

�E (eV) 2.24 2.34 0.38 
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e

N

s responsible for the t(H-O-C-C) vibration at 800cm 

−1 which is 

bsent for L 1 and L 2 . The 1700 cm-1 peak is responsible for the

(N-C) of the molecules, while the 1500 cm 

−1 peak is responsible 

or s(N-O) that is why it is absent from L 2 [38] . 

olecular Orbital Studies 

The molecular orbital studies revealed the energy gap between 

he highest molecular orbital (HOMO) and the lowest molecu- 

ar orbital (LUMO). The value of the energy difference between 

OMO and LUMO as well as the highest occupied molecular or- 
Table 4 

Calculated Mulliken atomic structures of the synthesised structures

L1 L2 L3 

0 C 0.063637 C 0.129145 C 0.196881 2

1 C -0.01498 C -0.06418 C -0.16668 2

2 C 0.006626 C -2.15955 C -0.20199 2

3 C 0.005301 C 0.145811 C 0.216942 2

4 C -0.01552 C 0.086392 C -0.01596 2

5 O -0.18649 O -0.37377 C 0.011232 2

6 C -0.03756 C -0.31097 C 0.186225 2

7 C -0.03731 C 0.221231 C -0.19805 2

8 C -0.01681 C -0.14285 C 0.219312 2

9 C -0.07558 C -0.21923 C -0.06535 3

10 C 0.139354 C 0.108108 C -0.1448 3

11 C -0.02794 C -0.26177 C -0.15484 3

12 C 0.039388 C -0.11634 C -0.05795 3

13 C 0.010727 C -0.15529 C -0.17958 3

14 C -0.03116 C -0.17493 C 0.081493 3

15 C 0.178551 C 0.023324 O -0.40831 3

16 C 0.037741 N -0.11198 O -0.38967 3

17 O -0.16188 C -0.3699 O -0.26285 3

18 N 0.184202 O 0.922754 C -0.17764 3

19 O -0.21708 C 0.07014 N 0.220938 

20 O -0.19531 C -0.25285 O 1.356872 

6 
ital (EHOMO) and lowest unoccupied molecular orbital (ELUMO) 

nergies plays a very important role in stability and reactivity of 

olecules. The EHOMO energies of molecules show the molecule’s 

bility to give electrons. On the other hand, ELUMO characterizes 

he ability of the compound to accept electrons [38] . Thus, the one 

s nucleophile and the other electrophile. Molecules with small en- 

rgy gaps are considering to have a higher chemical reactivity and 

ofter structures, while molecules having larger energy gaps are 

onsidering to be more stable and chemically harder. The com- 

uted values of the three chalcone derivatives can be found in 

ig. 6 . 

It seems that L 3 , has the highest reactivity ( �E = 0.38 eV ) fol-

owed by L 1 ( �E = 2.24 eV ) and L 2 ( �E = 2.34 eV ). In Table 3 . we

an see all the calculated energy features of the three molecules 

ncluding, enthalpy, entropy and Gibbs energy. Any process in 

hich the number of particles in the system increases conse- 

uently results in an increase in disorder. This is why we can ob- 

erve an increase in the entropy of the molecules. 

The individual charge on each atom on the molecule, it is an- 

ther factor used to characterised molecular structures and it is 

resented by the Mulliken population study [39] . The Mulliken 

tomic charges have been calculated by DFT method and presented 

n Table 4 . 

The O20 atom has the highest negative charge for L 1 , while for 

 2 the highest negative charge belongs to C2 atom. For L 3 the high- 

st negative charge is that of C2 atom as well. On the other hand, 

18 and H33 atoms are having the highest electropositive charge 
. 

L1 L2 L3 

1 H 0.016168 H -0.12029 O -0.45753 

2 H 0.055123 H -0.66633 H 0.121061 

3 H -0.0143 H 0.131908 H 0.126387 

4 H -0.01752 H 0.111987 H 0.174554 

5 H -0.02783 H 0.120226 H -0.809 

6 H 0.007255 H 0.092538 H -0.40756 

7 H 0.011455 H 0.086498 H 0.08526 

8 H 0.011051 H 0.0899 H 0.108883 

9 H 0.018982 H 0.08746 H 0.124392 

0 H 0.023503 H 0.116634 H 0.152466 

1 H 0.048161 H 0.116973 H 0.341468 

2 H 0.034461 H 0.116384 H 0.134882 

3 H 0.185554 H 1.869932 H 0.100239 

4 H 0.176557 H 0.13827 

5 H 0.078148 

6 H 0.219539 

7 H 0.141291 

8 H 0.111857 

9 H 0.125495 
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Fig. 6. HOMO-LUMO orbitals of L 1 , L 2 and L 3 molecules. 

Table 5 

Interaction types of the chalcone molecules and their zinc complexes. 

Molecule Energy (Kcal/mol) Van der Waals (Kcal/mol) Hydrogen Bonding (Kcal/mol) Electrostatic Forces (Kcal/mol) 

L1 -78.63 -65.08 -13.55 0 

L2 -76.66 -59.16 -17.50 0 

L3 -84.53 -65.31 -19.22 0 

C1 -82.64 -62.09 -20.55 0 

C2 -118.05 -102.97 -15.08 0 

C3 -94.29 -73.61 -20.67 0 

f
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Table 6 

Interactions formed between the studied molecules with the amino acids of the 

transport protein. 

Molecule Amino Acid Residue 

L1 Hydrophilic: GLN 33 (-2.5), THR 83 (-8.5) TYR 84 (-2.5) 

Hydrophobic: LEU 31 (-4.8), ARG 81 (-4.1) GLU 82 (-9.6) THR 

83 (-5.4) 

L2 Hydrophilic: TYR 140 (-4.1) GLU 141 (-3.5) ARG 144 (-9.9) 

Hydrophobic: PRO 35 (-6.9) PHE 36 (-5) GLU 37 (-5) TYR 140 

(-9.3) 

L3 Hydrophilic: ASP 38 (-2.5) HIS 39 (-5.6) ARG 81 (-3.4) THR 

83 (-6) 

Hydrophobic: LEU 31(-2.5) HIS 39 (-5.6) ARG 81 (-3.4) THR 

83 (-6) LEU 31 (-4.3) GLN 33 (-6.1) PRO 35 (-6.4) ASP 38 

(-4.4) VAL 77 (-4.5) ARG 81 (-7) TYR 84 (-4) 

C1 Hydrophilic: ASP 38 (-11) THR 83 (-6.7) ARG 144 (-2.8) 

Hydrophobic: GLN 33 (-9.3) ASP 38 (-5.8) ARG 81 (6.3) LAU 

112 (-4.9) ARG 144 (-5.1) 

C2 Hydrophilic: GLN 33 (-3.2) PHE 36 (-3.1) TYR 140 (-5) ARG 

144 (-3.9) 

Hydrophobic: GLN 33 (-7.4) PRO 35 (-9) PHE 36 (-6.1) GLU 

37 (-7.7) LEU 112 (-4) TYR 140 (-13.6) 

C3 Hydrophilic: ASP 38 (-10.7) ARG 81 (-8.6) 

Hydrophobic: GLN 33 (-11.8) PRO 35 (-7.7) ARG 81 (-11.9) 

THR 83 (-12.8) 

w

m

c

or L 1 , and C7 and H33 atoms the highest electropositive charge 

or L 2 . Finally, for L 3 , C3, N19 and H31 are the most electropositive

toms. The negative charges are due to the electron withdrawing 

roups that the atoms are attached with and the positive charges 

re because of the negative charges of the adjacent groups. 

iological Evaluation of Chalcone Derivatives and their Zinc 

omplexes 

olecular Docking 

The examination of the biological activity of the three ligand 

olecules ( L 1 , L 2 , L 3 ) and their corresponding complexes ( C 1 , C 2 ,

 3 ), calculated theoretically by molecular docking studies. Using 

his technique, we can predict the best drug candidate in terms 

f protein inhibition, on a specific targeted protein. By molecular 

ocking, we can predict binding energies, types of interactions and 

he amino acid profile residue of the protein that interacts with the 

rug molecule. In this study, we investigated the binding affinity of 

ur studied molecules with HSA (human serum albumin). HSA, is 

he main transport protein in human organisms, were drugs bind 

nd transported throughout the blood transportation. The interac- 

ion types between the chalcone molecules and their zinc com- 

lexes are given in Table 5 . The energy function can be dissected 

nto the following terms: 

 tot = E bind + E pharma + E ligpre (1) 
7 
here E bind is the empirical binding energy used during the 

olecular docking; E pharma is the energy of binding-site pharma- 

ophores; and E ligpre is a penalty value if the ligand unsatisfied the 
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Fig. 7. Interactions of the studied molecules in human serum albumin. 
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igand preferences. E pharma and E ligpre were used to improve the 

umber of true positives by discriminating active compounds from 

undreds of thousands of non-active compounds. 

It can be seen that C 2 , exhibit the highest binding affinity on 

he transport protein, followed by C 3 and L 3 . The highest binding 

ffinity exhibited by C 2 is because of the CH 3 -N-CH 3 group which 

eems to interact better with the protein with van der Waals 

orces. The lowest binding affinity exhibited by L 2 , which means 

hat in general, the complexed zinc (II) molecules are more active 

olecules with only exception the C 1 . In Table 6 . the amino acid

esidue of the protein that interact with the studied molecules can 

e seen. 

The best drug candidate of the six studied molecules with 

olecular docking ( C 2 ), interacts both with hydrophilic and hy- 

rophobic interactions. More specifically, C 2 exhibits hydrogen 

onds with GLN 33, PHE 36, TYR 140 and ARG 144 amino acids. 

dditionally, C 2 , exhibits van der Waals interactions with GLN 33, 

RO 35, PHE 36, GLU 37, LEU 112 and TYR 140 amino acids. Dock- 
ng poses are depicted in Fig. 7 . t  

8 
SA Binding 

The structural changes of the protein and the complexation 

ith the studied molecules has been done using UV-vis absorption 

easurements. The compounds interacted on the site I of the pro- 

ein. We performed binding studies on the BSA protein because it 

as a similar shape with the HSA. The UV-vis absorption spectrums 

n Fig. 8 shows the effect of L 1 , L 2 , L 3 , C 1 , C 2 and C 3 molecules

n the BSA spectrum. Strong absorption peaks at 250 nm and 350 

m can be seen for L 1 , L 2 , L 3 which are increased in intensities

s the concentration of the molecules increases. The red shift ob- 

erved at 250-255 nm indicates the complex formation of the pro- 

ein with the ligands. When the L 1 , L 2 and L 3 complexed with Zn 

II), we observe in the spectrum of the protein only one strong ab- 

orption peak at 210-220 nm depending on the complex molecule. 

gain, the red shift of 1-5 nm corresponds to the ligation of the 

olecules in the protein structure. The Zn (II) ions are responsible 

or the loosening and unfolding of the protein backbone with an 

ncrease of the hydrophobicity of its environment, more drastically 

han the of L , L , L molecules which Zn is absent [40] . Thus, the
1 2 3 
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Fig. 8. UV-vis spectra of L 1 , L 2 , L 3 , C 1 , C 2 , C 3 (1-9 μM) interactions with BSA (5 μM). 

Fig. 9. Conductivity graphs of the interactions between the Zn(II)-complexes and BSA. 
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rastic change in the spectrum was happened by the complexed 

 1 , C 2 , C 3 molecules. Additionally, the results indicated that the 

nteraction of the Zn (II) complexed chalcones with BSA molecule 

as caused some conformational changes in the microenvironment 

round chromophore of BSA, that is why we cannot observe any 

eak at the 300 nm. 

onductance studies on the Zn-complexes interaction with BSA 

The values of molar conductivity � (s m 

2 mol −1 ) in corelation 

f the 
√ 

C are shown in Fig. 9 . In the same figure we can see the

onductivity K ( μs/cm 

2 ) values in corelation with the added vol- 

me of the zinc derivative to the BSA. On this graph it is signifi-

ant the change of the slope of the plot which corresponds to the 
9 
rotein-ligand complex formation. Based on the graph of the mo- 

ar conductivity versus 1/C we were able to calculate the binding 

onstants K b (M 

−1 ) of the complexes. The sigmoid curve allows to 

alculate for the binding constant (K b ) in the following manner. 

ssuming that a free Zinc complex molecule (S) and a free protein 

D) form 1:1 complex (X), K b is expressed as K = C X /C S 
∗C D whereas

 corresponds to their concentrations. 

It seems that C 1 molecule has the higher binding constant 

0.51), followed by C 3 (0.43) and then by C 2 (0.30). these results 

re in agreement both with the results taken by the UV-vis spec- 

roscopy and the theoretical ones taken by the molecular docking 

tudies. Again here, the two methyl groups that C 2 , has were re- 

ponsible for the increase of the van der Waals interactions of the 

olecule with the binding site of the protein [41] . 
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. Conclusions 

In this work, the synthesis of three chalcone derivatives and 

heir corresponding Zn (II) molecules was presented and their 

tructures evaluated spectroscopically and theoretically. Their spec- 

roscopic and theoretical evaluation indicated that the Zn-chalcone 

olecules exhibited higher binding activity than their correspond- 

ng chalcone ligands. The binding activity was predicted with 

olecular docking studies and confirmed by spectroscopic BSA in- 

eractions of L 1 , L 2 , L 3 , C 1 , C 2 and C 3 . From the highest to lowest

ctivity the molecules are C 2 > C 3 > L 3 > C 1 > L 1 > L 2 . Chalcones are bi-

logical active molecules and their interactions with Zn metal ion 

ncreases their binding activity on transport proteins. Additionally, 

hese chalcone derivatives could be used in a study as biological 

helators to reduce the toxic zinc concentrations in biological sys- 

ems. 
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