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Abstract 

The wavenumbers, molecular structure, molecular electrostatic potential, nonlinear optical 

properties and natural bond orbital analysis of a thiourea derivative,  1-(3,4-dichlorophenyl)-

3-[3-(trifluoromethyl)phenyl]thiourea (ANF-6) were reported. For the title molecule, HOMO 

is all over the molecule except the CF3 group and LUMO is over the 1,3-substituted phenyl 

ring PhII, CF3 group and C-S group. The most reactive sites of the molecule are identified 

with the help of MEP plot analysis. The first hyperpolarizability of the title compound is 

38.69 times that of the standard NLO material urea. This study also encompassed the 

investigation of local reactivity properties by calculation of average local ionization energies 

and Fukui functions, which values have been mapped to the electron density surface. Bond 

dissociation energies have been calculated for all single acyclic bonds in order to assess the 

possibilities for autoxidation process and to determine where degradation could start. Radial 

distribution functions after molecular dynamics simulations have been calculated in order to 

determine the atoms with the most pronounced interactions with water. Within Marcus semi-
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empiric approach, charge hopping properties of the title molecule have been assessed and 

compared with urea and thiourea molecules. From the molecular docking study, the docked 

title compound forms a stable complex with cytochrome reductase and got a binding affinity 

value of -6.3 kcal/mol and hence the title compound can be a lead compound for developing 

new antifungal agent. 

Keywords: DFT; Thiourea; ALIE; BDE; RDF; Docking. 

1. Introduction: 

Over the last several years, the important role of thiourea derivatives in the field of new 

chemotherapeutics development is undisputed, due to their significant antibacterial [1-3], 

antifungal [4,5], anti-tubercular [2, 6] and cytotoxic [1, 2, 7-9] properties. Their significant 

inhibitory effect on the growth of Staphylococcus epidermidis and Staphylococcus aureus 

strains is the result of a blockade of bacterial topoisomerase IV and/or gyrase action [1, 2, 10]. 

What is more, these thiourea-based derivatives possessing a halogen atom in their structure 

are known to inhibit and disperse bacterial bio-film [1, 2, 11]. According also to other author 

findings, fluorine-containing arylthiourea molecules express higher biological activity when 

compared to analogs with electron-donating substituent [1, 2, 12, 13]. Simultaneously, di-

substituted derivatives are more active than mono-substituted halogen connections, as they 

exert stronger electronegative effect [1, 2, 5, 14, 15]. The title compound 3-

(trifluoromethyl)phenyl-thiourea was found as a powerful inhibitor of the growth of standard 

and hospital methicillin-resistant staphylococcal strains; it also turned out as cytotoxic against 

MT-4 cells and reduced a proliferation of human leukaemia/lymphoma cell lines [1]. 

Popularity of compounds based on thiourea has been demonstrated by numerous other studies. 

From the aspect of organocatalysis it is important to mention the work by Koutoulogenis et al. 

[16]. Just recently they have reported synthesis of functionalized six-membered rings with 

multiple chiral centers mediated by thiourea. Coordination, biological and structural 

properties of thiourea derivatives have been thoroughly processed in the article reported by 

Saeed et al. [17]. Simplicity of synthesis of various thiourea derivatives and their possibility 

to form two hydrogen bonds with anion are another property emphasizing the great potential 

of thiourea based compounds [18]. Thiourea compounds also have significant potential in the 

material science. For example these compounds can form multiple inter- and intra-molecular 

hydrogen bonds thanks to which some amidothiourea compounds have been efficiently 

utilized as colorimetric and fluorescent anions sensors [19]. Thiourea compounds also have 

the possibility to be applied as OLED materials as well, thanks to the lone pairs of nitrogen, 

sulfur and oxygen atoms [20]. The aim of this work was to thoroughly investigate title 
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molecule by spectroscopic characterization and by computational investigation or reactive 

properties. IR, Raman and NMR spectroscopic approaches have been employed for 

characterization, while computational prediction of reactive properties has been performed by 

density functional theory (DFT) calculations and molecular dynamics (MD) simulations. To 

validate the used level of theory experimentally and theoretically obtained spectra haven 

compared. Computational study of reactivity encompassed both global and local reactive 

properties. Global reactivity properties have been assessed by frontier molecular orbitals 

thanks to which quantum-molecular descriptors such as HOMO-LUMO gap, global hardness 

and electrophilicity have been calculated. Local reactivity properties have been assessed by 

inspection of charge distribution according to molecular electrostatic potential (MEP) 

surfaces, average local ionization energy (ALIE) surfaces and Fukui functions. In this work 

we have also investigated sensitivity of title molecule towards autoxidation and hydrolysis 

mechanisms. Both of these mechanisms are important from the ecological aspect, concretely 

for the understanding of degradation properties of title molecule. Pharmaceutical molecules 

such as thiourea derivatives have been detected in all types of water and therefore they are 

great threat for aquatic organisms [21-23]. Degradation of such molecules is very under 

natural conditions and standard water purification methods are not suitable.  However, in 

these cases forced degradation based on advanced oxidation processes has been seen as 

efficient alternative [24-26]. Bond dissociation energy (BDE) for hydrogen abstraction is 

closely related to the autoxidation properties and can be used for the determination of 

important reactive molecule sites. Since great majority of pharmaceutical molecules 

eventually end up in some kind of water, it is also useful to investigate how water influences 

such molecules. In this regard it is useful to calculate radial distribution functions which can 

effectively indicate which atoms have pronounced interactions with water molecules and 

therefore indicate the effects of hydrolysis. Due to the fact that thiourea compounds have 

significant potential for the application in the area of organic electronics, we have also 

decided to investigate transport properties of the title molecule. Namely, applying the concept 

of Marcus semi empiric approach we have calculated charge transfer rates of holes and 

electrons.     

2. Experimental details 

The preparation of 1-(3,4-dichlorophenyl)-3-[3-(trifluoromethyl)phenyl]thiourea 

A solution of starting 3-(trifluoromethyl)aniline (0.0031 mol, 0.50 g) in anhydrous acetonitrile 

(10 mL) was treated with 3,4-dichlorophenylisothiocyanate (0.0031 mol) and the mixture was 

stirred at room temperature for 12 h. Then solvent was removed on rotary evaporator. The 
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reaction mixture was purified by column chromatography (chloroform: methanol; 9.5:0.5 

vol.). Yield 71%, white powder, m.p. 156.5-158.5°C [1]. The IR spectrum (Fig.1) was 

obtained on Perkin Elmer Spectrum 1000 spectrometer in KBr pellets. FT-Raman spectrum 

(Fig. 2) was obtained on a Nicolet 6700 FT-IR Spectrometer with NXR FT-Raman Module, 

solid sample, Ge detector, excitation wavelength: 1064 nm, power at  sample: maximum 150 

mW, resolution: 2.0 cm-1, number of scans: 1064. NMR spectra (1H and 13C) for the 

compound were recorded on a 500MHz NMR Spectrometer (Bruker advance, Reinstetten, 

Germany) using deuteriated DMSO and methanol as the solvent. The chemical shift values 

(ppm) and coupling constants (J) are given in δ and Hz respectively. 
1H NMR (300 MHz, DMSO) δ: 10.2 (br.s, 2H, NH), 7.9 (s, 1H), 7.9 (d, 1H, J =2.4 Hz), 7.7 

(d, J = 8.1 Hz, 1H), 7.6-7.6 (m, 2H), 7.5-7.4 (m, 2H). 13C NMR (75.4 MHz, DMSO) δ: 179.9 

(C=S), 140.1, 139.4, 130.6, 130.3, 129.6, 129.1 (q, J = 31.8 Hz), 127.5, 126.4, 125.0, 124.0 

(q, J = 272.1 Hz), 123.8, 121.0 (q, J = 3.8 Hz), 120.0 (q, J = 4.0 Hz). HRMS (ESI) calc. for 

C14H8Cl2F3N2S [M-H] ‒: 362.9737, found: 362.9729. 

3. Computational details 

In this work for theoretical investigation of fundamental and local reactivity properties of 

title molecule we have used the lowest energy conformation as obtained after detailed 

conformational analysis. Initially, conformational analysis with MacroModel program as 

implemented in Schrödinger Materials Science Suite 2015-4 [27] yielded 95 different 

structures. All of these 95 structures have been initially optimized at B3LYP/6-31G(d) level 

of theory with Jaguar 9.0 program [28] program, also as implemented in Schrödinger 

Materials Science Suite 2015-4. Of these 95 structures five structures with the lowest energies 

have been chosen for more detailed optimization at B3LYP/6-31G(d,p) level of theory and 

with increased integral accuracy. Vibrational analysis has also been conducted in case of these 

five structures, to assure that true ground states are obtained. Finally, the lowest energy 

conformation has been chosen for further investigations. The NLO analysis, NBO analysis, 

frontier molecular orbital analysis and MEP are done with the help of Gaussian software [29, 

30] and Gaussview software [31]. The GAR2PED software [32] is adapted to read the outputs 

from the program Jaguar and the potential energy distribution is calculated for the normal 

modes of vibrations of the title compound. A scaling factor value of 0.9613 is applied for the 

theoretically obtained wave number to get better agreement with the experimental 

wavenumbers [30]. 

Further, Jaguar 9.0 program has been used for DFT calculations of average local 

ionization energy (ALIE) surfaces, Fukui functions and BDE. B3LYP exchange-correlation 
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functional [33] has been used in all cases, with 6-311++G(d,p) basis set for ALIE surface, 6-

31+G(d) for Fukui functions and 6-311G(d,p) for BDE. MD simulations have been performed 

with Desmond [34-37] program, also as implemented in Schrödinger Materials Science Suite 

2015-4. OPLS 2005 force field [38] has been used within NPT ensemble class. Simulation 

time was 10 ns, while solvent was treated with simple point charge (SPC) model [39]. For 

calculation of charge transfer rates half of all possible pairs (around 60) of ANF-6 molecules 

were obtained from the last snapshot of MD simulation which was conducted under the same 

conditions. Such amorphous phase was modeled by placing the 32 ANF-6 molecules into the 

cubic box and simulating for 10 ns. Finally, the average value of charge transfer rates of 

electrons and holes was taken and it was compared with the values obtained for urea and 

thiourea molecules. Amorphous phases of urea and thiourea were obtained in the same way, 

with the difference that 256 molecules were placed in cubic box, because these molecules are 

much smaller than ANF-6. 

4. Results and discussion 

In the following discussion the tri-substituted and 1,3-disubstituted phenyl rings are 

designated as PhI and PhII, respectively. 

4.1 Geometrical Parameters 

Structures of five lowest energy conformers of ANF-6 molecule after geometrical 

optimization have been presented in Fig.3, while energies of mentioned conformers have been 

presented in Table 1, together with energy differences compared with the energy of the lowest 

energy conformer. According to the results presented in Table 1 the lowest energy structure of 

all possible conformations of ANF-6 molecule is the one denoted with ANF-6-34. Therefore, 

this structure is used for further detailed study of reactive, spectroscopic, transport and 

docking study. We will refer to this structure as ANF-6 and the labeled diagram is given in 

Fig.4 and the optimized geometrical parameters are given in Table S1 (supporting 

information).  

The conformation around the thiourea bond is usually characterized by the syn/anti forms. 

Close inspection of molecular structures presented in Fig.3 indicate the lowest energy 

conformers of title molecule correspond to the anti-like forms. Among all 95 structures 

obtained by conformational search by MacroModel we have also chosen to present five 

lowest energy conformers of the syn form presented in Fig.S1 of the supplementary materials. 

It can be seen that syn forms are of tweezed molecule shape. Supplementary materials also 

contain potential energy scan around typical bond for thiourea derivatives, Fig. S2. 

Appropriate dihedral angle has been indicated in Fig.S3 of the supplementary materials. 
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The C-C bond lengths in the benzene rings are in the ranges 1.4035-1.3907 Ǻ for PhI and 

1.4006-1.3926 Ǻ for PhII and these values are in between the normal values for a single and 

double bond (1.54 Ǻ and 1.33 Ǻ) [40]. For the title compound, the C-Cl bond lengths are 

1.742 and 1.7448 Ǻ which are in agreement with the reported values are 1.7550, 1.7595 Ǻ 

(DFT), 1.7319, 1.7361 Ǻ (XRD) [41].The CF3 bond lengths of the title compound are 1.3543, 

1.3522, 1.3502 Ǻ and Mary et al. reported the CF3 bond lengths as 1.3518-1.3642 Ǻ (DFT), 

1.3543-1.3607 Ǻ (XRD) [42]. For the title compound, the C-C-F and F-C-F angles are 111.5, 

112.0, 111.8° and 106.8° respectively while the reported values in the range 112.6-111.8° 

(DFT), 111.8-111.1° (XRD) and 106.0-107.2° (DFT), 101.8-109.7° (XRD) [42]. For the title 

compound, the C-N bond lengths are 1.4137, 1.3669, 1.3804 and 1.4135 Ǻ while the reported 

values are 1.38, 1.404 Ǻ [40] and 1.3814 Ǻ [43] and the C-N bond lengths of the title 

compound are shorter than the C-N single bond of 1.4725 Ǻ. The partial double bond 

character of the thiourea is due to the fact that the hydrogen bond locking the molecule into a 

planar six numbered ring structure [43]. For the title compound, the C-S bond length is 1.6750 

Ǻ and this lies between the values of C-S single and double bonds and the reported value is 

1.6636 Ǻ [43]. 

The bond angles around C15 and C14 positions, respectively, C14-C15-C16 = 120.1°, C14-

C15-Cl17 = 121.4°, C16-C15-Cl17 = 118.5° and C13-C14-C15= 119.2°, C13-C14-Cl18 = 119.1°, C15-

C14-Cl18 =121.7° and the asymmetry in the values of angles is due to the presence of 

electronegative chlorine atoms. Due to the thiorea moeity there is an asymmetry for the bond 

angle values at C11 and C2 positions, which are respectively, C12-C11-C16 = 119.2°, C12-C11-

N10 = 122.4°, C16-C11-N10 = 118.2° and C1-C2-C3 = 119.6°, C1-C2-N7 = 123.6°, C3-C2-N7 = 

116.7°. The interaction between the phenyl rings and the thiourea moiety is evident from the 

asymmetry of the bond angles at the C8 position and the angles are N7-C8-N10 = 114.0°, N7-

C8-S9 =127.1°, N10-C8-S9 =118.9°. Due to the CF3 group, the exocyclic angles at the position 

C4 are C3-C4-C19 = 119.6° and C5-C4-C19 =119.8°. The thiourea moeity is tilted from the 

phenyl rings, as is evident from the torsion angles, C3-C2-N7-C8 = 152.0°, C1-C2-N7-C8 = -

31.2°, C12-C11-N10-C8 =  -42.3°, C16-C11-N10-C8 = 140.1°. 

4.2 IR and Raman spectra 

Table 2 contains calculated scaled wave numbers, observed IR, Raman bands and 

assignments of the title compound. According to the literature data the NH stretching and 

deformation modes are expected in the regions 3330-3450 cm-1 and 1400-1500, 450-600 cm-1 

[44] and for the title compound, the NH stretching modes are observed at 3420, 3434 cm-1 in 

the IR spectrum, 3222 cm-1 in the Raman and at 3478, 3434 cm-1 theoretically. The 
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experimental NH stretching wavenumber is downshifted from the theoretical wavenumber 

and this is due to the intermolecular interaction. In the case of a thiourea derivative, Saeed et 

al. [45] reported the NH stretching modes at 3324, 3246, 3114 cm-1 in the IR spectrum and the 

corresponding theoretical wavenumbers are 3453, 3453, 3350 cm-1 and the downshift of the 

NH wavenumbers is due to the intermolecular interactions.  For the title compound, the 

deformation modes of the NH groups are observed at 1532, 1470 cm-1 in the IR spectrum, 

1528, 1471 cm-1 in the Raman spectrum and at 1529, 1470, 533, 505 cm-1 theoretically which 

are in agreement with the reported values [45-47]. 

In the present case the band at 728 cm-1 in the IR spectrum, 729 cm-1 in the Raman spectrum 

and 728 cm-1 theoretically is assigned as the CS stretching mode which is expected in the 

region 800 ± 130  cm-1 [44, 48, 49]. But higher wavenumber values upto 1100 cm-1 is also 

reported [50,51]. The C=S stretching modes are reported at 847, 835 cm-1 by Nigam et al. 

[52], at 908 cm-1 by Panicker et al. [43], in the range 796-693 cm-1 [53], 847, 739 cm-1 (DFT), 

846, 732 cm-1 (Raman) [47], 801 cm-1 (IR), 798 cm-1 (Raman), 780 cm-1 (DFT) [45], 728 cm-1 

(IR), 743, 698 cm-1 (DFT) [46] and at 733 cm-1 (IR), 742 cm-1 (DFT) [54]. 

For the title compound, CCl stretching modes are observed at 656, 684 cm-1 in the IR 

spectrum, 658, 688 cm-1 in the Raman spectrum and theoretically at 654, 688 cm-1 which is 

expected in the region 850-550 cm-1 [55]. The reported values of C-Cl stretching modes are 

670 cm-1 (IR), 663 cm-1 (Raman) and 665 cm-1 (DFT) [56].  

According to the literature, the CF3 stretching modes are expected in the regions, 

1300-1100 cm-1  and in-plane and out-of-plane bending modes in the regions, 720-440, 470-

260 cm-1 [44] and in the present case, the bands at 1040 cm-1 in the IR spectrum, 1140 cm-1 in 

the Raman spectrum and at 1170, 1140, 1056 cm-1 theoretically are assigned as the CF3 

stretching modes. The reported values of CF3 stretching modes are 1174, 1126, 1052 cm-1 

[56] and 1140, 1026 cm-1 (IR), 1142, 1026 cm-1 (Raman), 1132, 1026, 1017 cm-1 (DFT) [57]. 

For the title compound, the CF3 deformation modes are assigned at 553 cm-1 in the IR 

spectrum, 672, 553, 386, 350 cm-1 in the Raman spectrum and at 670, 556, 493, 389, 346 cm-1 

theoretically which are in agreement with the reported values, at 550, 478 cm-1 (IR), 575, 394 

cm-1 (Raman), 605, 574, 544, 486, 391, 389 cm-1 (DFT) [56], 674, 594, 511, 478 cm-1 (IR), 

672, 601, 520, 475, 395, 372 cm-1 (DFT) [57] and at 678, 505 cm-1 (IR), 678, 498 cm-1 

(Raman) and 684, 536, 502, 382, 374 and 313 cm-1 (DFT) [42]. For the title compound, the C-

N stretching modes are assigned at 1188 cm-1 in the IR  spectrum, 1203 cm-1 in the Raman 

spectrum and 1304, 1223, 1152, 1195 cm-1 theoretically which is in agreement with literature 

[43].  
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In the present case, the ring stretching modes of the phenyl rings are assigned at 1572, 1455, 

1385, 1290 cm-1 (IR), 1582, 1550, 1451, 1381, 1286 cm-1 (Raman), 1579, 1548, 1456, 1379, 

1285 cm-1 (DFT) for PhI and 1592, 1325 cm-1 (IR), 1603, 1483, 1420, 1325 cm-1 (Raman), 

1606, 1592, 1481, 1411, 1327 cm-1 (DFT) for PhII which are in agreement with literature 

[44]. The ring breathing mode of the 1,3-disubstituted phenyl ring of the title compound is 

observed at 977 cm-1 in the Raman spectrum and at 980 cm-1 theoretically which is expected 

near 1000 cm-1 according to the literature [44, 58] and the reported value of the ring breathing 

mode is 1012 cm-1 [59]. In the case of tri-substituted benzenes, with mixed substituent, the 

ring breathing mode is expected in the range 600-750 cm-1 for mixed substituent, 500-600 cm-

1 for light substituents and 1050-1100 cm-1 for mixed substituents [58] and in the present case, 

the band observed at 1099 cm-1 experimentally and at 1109 cm-1 (DFT) is assigned as the ring 

breathing mode of the tri-substituted phenyl ring. Madhavan et al.  [60] reported this ring 

breathing mode at 1110, 1083 cm-1 theoreritcally and accoridng to Bhagyasree et al. [61] this 

mode is assigned at 1100 cm-1 (DFT), 1109 cm-1 (IR).  

4.3 NMR Spectra 

GIAO 1H and 13C NMR chemical shifts with respect to trimethylsilane were calculated 

using the DFT/B3LYP method (Table S2-supporting information) and compared with the 

experimental data. The experimental chemical shifts of aromatic protons of the title 

compound are in the range 7.4-7.6 for PhI and 7.5-7.9 for PhII while the calculated values are 

in the ranges, 7.2-7.7 for PhI and 7.0-8.9 for PhII. The hydrogen atoms of amide groups in 

this compound appear at a higher chemical shift of 10.2 ppm experimentally while δcalc of the 

NH protons strongly deviate from the experimental data due to the high polarity of these 

bonds with values 7.0 and 6.9 ppm. For organic molecules, the range for 13C NMR chemical 

shift is usually greater than 100 ppm [62], the accuracy ensures reliable interpretation of 

spectroscopic parameters. The aromatic carbons give resonance in overlapped areas of NMR 

spectrum with chemical shift values from 100 to 150 ppm [63] and in the present case, the 

experimental chemical shifts of the aromatic carbon atoms are, 123.8-139.4 PhI and 120.0-

140.1 for PhII while the computed values are in the range, 120.0-144.7 for PhI and 118.7-

138.6 for PhII. The chemical shifts of the other carbon atoms C8 and C19 are 177.8 

(computed), 179.9 (experimental) and 133.5 (computed), 124.0 ppm (experimental). 

4.4 Frontier Molecular Orbital analysis 

The HOMO, LUMO energies and the HOMO-LUMO energy gap of organic 

molecules are significant because of they relate to specific movements of electrons and may 

be most important for single electron transfer. This is useful for a number of reactions, and 
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has huge implications in organic semiconductors. If the HOMO-LUMO gap is large, the 

molecules are highly stable and unreactive, while those with small gaps are generally reactive 

[64]. Using the HOMO-LUMO gap one can easily determine the excitation energy of 

oraganic derivative at its ground state [65]. The HOMO-LUMO plots are given in Fig.5. From 

Fig. 5 it is clear that, the HOMO is all over the molecule except the CF3 group and LUMO is 

over the phenyl ring PhII, CF3 group and CS group. The HOMO, LUMO energies and the 

energy gap are respectively, -7.319, -4.549 and 2.77 eV. The ionization energy and electron 

affinity can be expressed as: I= -EHOMO = 7.319, A = -ELUMO = 4.549 eV [66]. The hardness η 

and chemical potential µ are given the following relations η = (I-A)/2 and µ = - (I+A)/2, 

where I and A are the first ionization potential and electron affinity of the chemical species 

[67]. For the title compound, the chemical descriptors are, ionization potential,  I = 7.319 eV, 

electron affinity A= 4.549 eV, global hardness η = 1.385 eV, chemical potential µ = -5.934 

eV, global electrophiliciy index  = µ2/2η = 12.712 eV. 

4.5 Molecular Electrostatic Potential 

MEP map gives three dimensional view of charge distribution and the reactive sites of the 

molecule. The interactions between the molecules and the physiochemical property 

relationships can be studied by using the MEP map [68-71].  The different values of the 

electrostatic potential at the MEP plot are given by different colors with potential values 

increases in the order red < orange < yellow < green < blue. The red, orange and yellow 

regions of the MEP (Fig.6) are negative potential regions related to electrophilic reactivity. 

The maximum negative region is localized over the C=S group and 1,3-disubstituted phenyl 

ring and the maximum positive region is localized on NH groups indicating a possible site for 

nucleophilic attack. These sites give the most reactive sites for both electrophilic and 

nucleophilic attack.  

4.6 ALIE surfaces, Fukui functions and intra-molecular non-covalent interactions 

ALIE as quantum molecular descriptor was introduced by Sjoberg et al. [72, 73] to 

describe the reactivity properties of aromatic molecular systems. It is defined as sum of orbital 

energies weighted by the orbital densities according to the following equation: 

( ) ( )
( )∑=

i

ii

r

r
rI r

r

ρ
ερ

, (1) 

where ( )ri

rρ  represents the electronic density of the i-th molecular orbital at the point r
r

, iε  

represents the orbital energy and ( )r
rρ  is the total electronic density function. When ALIE is 

mapped to the electron density surface it indicates molecule areas where electrons are least 
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tightly bound and therefore the locations where electrophilic attacks could be the most 

effective.  

ALIE surface presented in Fig.7 clearly indicates that the sulfur atom is location possibly 

prone to the electrophilic attacks as significant amount of red color is located precisely there. 

In other words, here the electrons are the most easily removed. Red color of ALIE surface in 

the case of ANF-6 molecule denotes that somewhat more than 165 kcal/mol is needed for the 

removal of electrons in the near vicinity of sulfur atom. As already pointed out, the possibility 

of thiourea compounds to form intra and intermolecular noncovalent interactions is very 

important [19, 45, 47, 74]. In this particular example, sulfur atom is important from the aspect 

of intramolecular noncovalent interactions. Namely, only one such interaction has been 

detected and it involves sulfur atom and hydrogen atom H23. 

Important reactive centers were also detected by calculation of Fukui functions. This 

quantum molecular descriptor represents the measure of electron density that is gained/lost as 

a consequence of charge addition/removal. In Jaguar program Fukui f+ and f– functions are 

calculated in finite difference approximation via following equations: 

( ) ( )( )
δ

ρρ δ rr
f

NN −=
+

+ , (2) 

( ) ( )( )
δ

ρρ δ rr
f

NN −=
−

− , (3)

 where N denotes the number of electrons in the reference state of the molecule and δ  

represents the fraction of electron, which is set to be 0.01 [75].  The values of Fukui functions 

are mapped to the electron density surface and the representative ones are presented in Fig.8.  

In Fig.8a purple color denotes locations with positive values of Fukui f+ function and 

therefore locations within ANF-6 molecule where electron density increases when charge is 

added. It can be seen that there are three specific locations where purple color is localized, 

carbon atom C13, hydrogen atom H31 and sulfur atom S9. In Fig.8b red color denotes 

locations with negative values Fukui f– function and therefore locations within ANF-6 

molecule where electron density decreases when charge is removed. The distribution of red 

color indicates that much larger area of ANF-6 molecule is reduced in terms of electron 

density as a consequence of charge removal.  

4.7 NBO Analysis 

               The natural bond orbitals (NBO) calculations were performed using NBO 3.1 

program [76] as implemented in the Gaussian09 package at the DFT/B3LYP level and the 

important results are tabulated in Tables S3 and S4 (supporting information). The intra-
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molecular hyper conjugative interactions in the molecular system are: C8-S9 from N7 of 

n1(N7)→σ*(C8-S9) which increases the electron density 0.48071e and weakens the respective 

bonds C8-S9 leading to stabilization of 68.14 kJ/mol; C8-S9 from N10 of n1(N10)→σ*(C8-S9) 

which increases the electron density 0.48071e and weakens the respective bonds C8-S9 leading 

to stabilization of 66.19 kJ/mol; C14-C15 from Cl17 of n3(Cl17)→π*(C14-C15) which increases 

the electron density 0.46303e and weakens the respective bonds C14-C15 leading to 

stabilization of 14.24 kJ/mol; C14-C15 from Cl18 of n3(Cl18)→π*(C14-C15) which increases the 

electron density 0.46303e and weakens the respective bonds C14-C15  leading to stabilization 

of 13.90 kJ/mol; C19-F21 from F20 of n3(F20)→σ*(C19-F21) which increases the electron density 

0.10271e and weakens the respective bonds C19-F21 leading to stabilization of 11.46 kJ/mol; 

C19-F22 from F21 of n3(F21)→σ*(C19-F22) which increases the electron density 0.10285e and 

weakens the respective bonds C19-F22 leading to stabilization of 12.84 kJ/mol; C19-F21 from 

F22 of n3(F22)→σ*(C19-F21) which increases the electron density 0.10271e and weakens the 

respective bonds C19-F21 leading to stabilization of 12.87 kJ/mol. The natural hybrid orbital 

with higher energies, considerable p-characters (100%) and low occupation numbers are 

n2(S9), n3(Cl17), n3(F18), n3(F20), n3(F21), and n3(F22). The energies and occupation numbers of 

these orbitals are -0.19884, -0.33765, -0.42637, -0.42376, -0.41733, -0.42439 a.u. and 

1.87411, 1.92492, 1.91319, 1.93051, 1.93139, 1.93148. The orbital with lower energies and 

high occupation numbers are n1(Cl17), n1(S9), n1(F18), n1(F20), n1(F21) and n1(F22). The 

energies, p-characters and occupation numbers of these orbital are respectively, -0.93461, -

0.69927, -1.04846, -1.05905, -1.05996, -1.06075 a.u. and 17.66, 17.93, 30.30, 29.17, 99.98, 

29.05% and 1.99362, 1.98601, 1.98857, 1.98707, 1.98756, 1.98711. Thus, a very close to 

pure p-type lone pair orbital participates in the electron donation to the n1(N7)→σ*(C8-S9), 

n2(S9)→σ*(N7-C8), n1(N10)→σ*(C8-S9),and n3(Cl17)→π*(C14-C15) interactions  in the 

compound as reported in literatue [74, 77]. 

4.8 Nonlinear Optical Properties 

For the title compound, the polarizability, first hyperpolarizability and second 

hyperpolarizability are respectively, 3.186×10-23, 5.0295×10-30 and -26.568×10-37 esu and 

these values of the investigated  molecule clearly reveal that they have nonlinear optical 

behavior with non-zero values. The reported value of the first hyperpolarizability of phenyl 

thiourea derivatives is 1.86×10-30 esu [43] and the first hyperpolarizability of the title 

compound is 38.69 times that of the standard NLO material urea [78].  

4.9 Degradation properties based on the autoxidation and hydrolysis 
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Stability and degradation properties of newly synthetized biologically active molecules 

are of great importance for the practical applications [79, 80]. Stability is important 

prerequisite for the application of PCCPs, which are known to be very stable. On the other 

side high stability of PCCPs hardens the process of water purification, because conventional 

procedures are neither suitable nor economic for their removal. In order to improve the 

present and develop new purification procedures it is necessary to understand in details the 

reactive and degradation properties of biologically active molecules.  

Two mechanisms are of particular importance for the degradation – autoxidation and 

hydrolysis. Both of these processes can be inexpensively investigated employing the DFT 

calculations and MD simulations. For the investigation of autoxidation possibilities 

calculation of BDE can be particularly useful. Namely, if the BDE for hydrogen abstraction at 

some location of molecule is in certain energy interval than that position can be considered as 

potentially available for the start of autoxidation. According to the study of Wright et al. [81]  

the molecule is the most sensitive towards autoxidation if the BDE for hydrogen abstraction is 

in the interval between 75–85 kcal/mol. On the other side, it is known that formation of 

radical of organic biologically active molecule occurs with formation of peroxy radical. 

Further reaction can be possible if the formed peroxy radical is able to abstract hydrogen atom 

from another molecule [80]. All peroxy radicals are having BDEs in the range of 87–92 

kcal/mol, so these values should be also taken into account concerning the prediction of 

possible locations suitable for the start of autoxidation [80, 82]. Beside BDEs for hydrogen 

abstraction, knowing the BDEs for the rest of the single acyclic bonds is also very useful 

because weakest bonds can be located. BDEs for all single acyclic bonds are presented in 

Fig.9. In Fig.9 it can be seen that only one BDE value for hydrogen abstraction (bond denoted 

with number 5) is just below 92 kcal/mol. This is however on the upper border level and it is 

hard to expect that this location is suitable for the start of autoxidation. On the other side two 

locations with the lowest BDEs are bonds denoted with numbers 12 and 13. In these cases 

BDEs are having values below 70 kcal/mol and indicate that these are the locations where 

degradation could start. It is also important to notice that these bonds are in the near vicinity 

of sulfur atom, which is important reactive center according to ALIE and Fukui function 

surfaces. 

Spatial distribution of solvent molecules provides important information on the 

interactions of certain atoms with solvent. In this regard, RDF, g(r), is the quantity that 

indicates the probability of finding a particle in the distance r from another particle [83]. RDF 

curves of atoms that have pronounced interactions with water are given in Fig.10. Fig.10a 
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contains RDFs of carbon atoms. It can be seen that there are five carbon atoms with 

significant interactions with water molecules, among which the highest g(r) value, almost 1.4, 

has been calculated for carbon atom C19, while its peak distance is located at around 4 Å. 

From the aspect of RDF profile carbon atoms C6, C12 and C13 are very similar, with C6 

having the highest g(r) value and with C12 having the shortest peak distance. The highest g(r) 

value of carbon atom C4 is located at around 1.2, while its peak distance is located at around 

5 Å. Fig.10b contains RDFs of non-carbon atoms with pronounced interactions with water 

molecules. Certainly the most important atom from the aspect of interactions with water 

molecules is hydrogen atom H28 which has g(r) value of almost 0.8 and peak distance that is 

lower than 2 Å. Sulfur and chlorine atoms are very similar regarding the profile of RDF. The 

highest g(r) values are around 1.3, while peak distance is located at around 3.5 Å. Thus, sulfur 

atom and hydrogen atom H28 are determined as significant reactive center by RDFs. These 

facts are important as the weakest bonds (bonds 12 and 13 as denoted in Fig. 9) are located in 

the near vicinity of mentioned atoms indicating that degradation could start here.  

4.10 Charge transfer rates between ANF-molecules 

Among many fantastic properties thiourea derivatives also have potential to be applied 

as phase change materials [84]. This class of materials has great potential when it comes to 

the areas of solar energy storage, waster heat recovery, smart air-conditioned buildings, 

temperature-adaptable greenhouses, electric appliances with thermostatic regulators, etc. 

Besides, certain thiourea derivatives have been considered as new OLED materials [20, 85, 

86]. This has motivatived us to investigate transport properties of the title molecule using the 

Marcus semi-empiric approach.  According to the Marcus semi-empiric approach charge 

transfer rates of electrons and holes, ETk , are given by the following expression [87, 88]: 

 







 −=
Tk

t
Tkh

k
BB

ET 4
exp

4

14 2
2 λ

λπ
π

. (4) 

where λ  is reorganization energies (−λ  for electrons and +λ  for holes), while t isthe transfer 

integral. ETk is directly proportional to the mobility of charge carriers and diffusion 

coefficient so its calculation provides important electronic properties of some molecule. It can 

be seen by brief analysis of equation (4) that in order to achieve the maximal values of ETk , 

reorganization energies should be minimal, while charge coupling should be maximized. 

Calculated optoelectronic properties have been presented in Table 3. Once the possible pairs 

of ANF-6 molecules were obtained by MD simulations, calculations of t have been performed 

for 60 randomly chosen pairs (half of the total number of pairs) and the average values have 
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been taken. Same procedure was conducted for obtaining charge hopping rates for urea and 

thiourea molecules. According to the results presented in Table 3 electron reorganization 

energy of ANF-6 molecule is significantly lower than of urea and thiourea molecules, while 

hole reorganization energy is higher. On the other side transfer integrals in case of ANF-6 are 

much lower. Such combination of parameters important for charge transfer rates produces 

better results in the case of electrons. Namely, charge transfer rates of electrons are one order 

of magnitude better in case of ANF-6 comparing with urea and thiourea molecules. On the 

other side higher reorganization energy of holes in the case of ANF-6 leads to the values of 

+
ETk that are lower than in cases of urea and thiourea molecules. Not only that −

ETk is better in 

the case of ANF-6, but thedifference between −
ETk  and +

ETk  is also very low, which is result 

that is important for the practical applications. Namely, it is necessary for −ETk  and +
ETk to be 

as high as possible, but if the difference between −
ETk  and +

ETk  is too large (several orders of 

magnitude), then recombination easily occurs. As provided in Table 3, −
ETk  and +

ETk are of the 

same order of magnitude. 

4.11 Molecular Docking 

Based on the structure of a compound, PASS (Prediction of Activity Spectra) [89] is 

an online tool which predicts different types of activities. PASS analysis of the title compound 

predicts activities given in the Table 4, cytochrome reductase activity with probability to be 

active (Pa) value of 0.763.Cytochrome bc1 reductase against the antifungal agent ilicicolin H 

[90] and substituted aromatic and aliphatic thiourea compounds are antifungal agent [91, 92]. 

High resolution crystal structure of cytochrome reductase was downloaded from the RSCB 

protein data bank website with PDB ID: 1RIE and all molecular docking calculations were 

performed on Auto Dock-Vina software [93] and as reported earlier [55]. From the docked 

conformations [94], using Discovery Studio Visualizer 4.0 software, the one which binds well 

at the active site was analysed for detailed interactions. The weak non-covalent interactions 

and these interactions are depicted in Fig.11 and the interactions are: Amino acid Val182 

forms interactions like H-bond, π-sigma and alkyl with phenyl ring and π-alkyl with CF3 

group. Lis128 shows H-bond and alkyl interaction with CF3 group.Val127, Arg126 forms 

halogen interaction with CF3 group. Glu125 exhibit H-bond with NH group and Tyr 185 

forms π-alkyl interaction with CF3 group. The docked ligand forms a stable complex with 

cytochrome reductase (Fig.12) and got a binding affinity value of -6.3 kcal/mol (Table 5). 

Thus the title compound can be a lead compound for developing new antifungal agent.  
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5. Conclusion 

The vibrational wave numbers of the title compound have been assigned, analyzed and 

the theoretical wave numbers are compared with the experimental results. The theoretically 

predicted geometrical parameters are in agreement with that of similar derivatives. Frontier 

molecular orbital studies reveal the charge transfer through the conjugated system. The first 

and second hyperpolarizability values are reported. According to both ALIE and Fukui f+ 

function values mapped to the electron density surface sulfur atom is possibly prone to the 

electrophilic attacks. Carbon atom C13 and hydrogen atom H31 could also be important 

reactive centers, as shown by the Fukui f+ function. The only intramolecular noncovalent 

interaction was detected between sulfur atom S9 and hydrogen atom H23. Only one bond had 

BDE value for hydrogen abstraction lower than and very close to 92 kcal/mol, thus it is 

expected that title molecule is stable at open air and in the presence of oxygen. According to 

RDFs the most pronounced interactions with water molecule occurred in case of hydrogen 

atom H28, while sulfur atoms S9 also had significant RDF profile indicating interactions with 

water molecules. Since according to BDEs the weakest bonds are in the close vicinity of 

mentioned atoms, it is to be expected that degradation could start here. Charge transfer rates 

of electrons in case of ANF-6 molecules are significantly better than in case of urea and 

thiourea molecules. In the same time charge transfer rates of both electrons and holes are of 

same order of magnitude, which could be useful from the aspect of recombination. The non-

covalent interactions obtained from the docking studies are: Amino acid Val182 forms 

interactions like H-bond, π-sigma and alkyl with phenyl ring and π-alkyl with CF3 group; 

Lis128 shows H-bond and alkyl interaction with CF3 group; Val127, Arg126 forms halogen 

interaction with CF3 group; Glu125 exhibit H-bond with NH group and Tyr 185 forms π-alkyl 

interaction with CF3 group. 
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Figure captions 

Fig.1 FT-IR spectrum of 1-(3,4-dichlorophenyl)-3-[3-(trifluoromethyl)phenyl]thiourea 

Fig.2 FT-Raman spectrum of 1-(3,4-dichlorophenyl)-3-[3-(trifluoromethyl)phenyl]thiourea 

Fig.3 Molecular geometries of the five lowest energy conformers of ANF-6 molecule 

Fig.4 Optimized geometry of the lowest energy conformer of 1-(3,4-dichlorophenyl)-3-[3-

(trifluoromethyl)phenyl]thiourea  

Fig.5 HOMO-LUMO plots of 1-(3,4-dichlorophenyl)-3-[3-(trifluoromethyl)phenyl]thiourea 

Fig.6 MEP plot of 1-(3,4-dichlorophenyl)-3-[3-(trifluoromethyl)phenyl]thiourea 

Fig.7 Representative ALIE surface of ANF-6 molecule 

Fig.8 Fukui functions of ANF-6 molecule a)f+ and b)f– 

Fig.9 BDE of all single acyclic bonds for ANF-6 molecule 

Fig.10 RDFs of atoms ofANF-6 molecule with significant interactions with water molecules 

a) carbon atoms and b) non-carbon atoms 

Fig.11 Interactive plot of ligand and cytochrome reductase 

Fig.12  Surface view of the docked ligand embedded in the catalytic site of cytochrome 

reductase 
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Table 1. Ground state energies of the five lowest energy conformers and their difference,  

E∆ , in comparison with the lowest energy conformer 

Conformer Ground state energy[a.u.]  E∆ [a.u.] E∆ [kJ/mol] 

ANF-6_33 –2266.550883   0.000084 6.0386 

ANF-6_34 –2266.550967   0.000000 0.000000 

ANF-6_35 –2266.550946   0.000021 1.5753 

ANF-6_46 –2266.550911   0.000056 3.9382 

ANF-6_47 –2266.550914   0.000053 3.6757 
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Table 2 

Calculated scaled wave numbers, observed IR, Raman bands and assignments 

B3LYP/6-31G(d,p)   IR Raman  Assignmentsa 

υ(cm-1) IRI  RA  υ(cm-1) υ(cm-1)  - 

3478 61.74  370.40  3420 -  υNH(100) 

3434 53.37  1155.38 3226 3222  υNH(99) 

3129 1.11  110.83  3137 3130  υCHII(98) 

3103 0.45  631.57  - -  υCHI(99) 

3098 4.13  1159.56 - -  υCHII(99) 

3093 0.29  136.41  - -  υCHI(94) 

3090 2.18  19.17  3088 3084  υCHI(99) 

3076 2.00  105.56  - -  υCHII(99) 

3075 11.10  228.00  3045 3063  υCHII(94) 

1606 41.29  91.43  - 1603  υPhII(59) 

1592 0.96  116.53  1592 -  υPhII(63) 

1579 47.33  163.52  1572 1582  υPhI(69) 

1548 40.75  137.07  - 1550  υPhI(69) 

1529 531.62  1331.57 1532 1528  δNH(66) 

1481 227.76  198.58  - 1483  δCHII(21), υPhII(53) 

1470 300.95  121.67  1470 1471  δNH(47), υCN(23) 

1450 128.65  798.67  1455 1451  δCHI(29), υPhI(54) 

1411 1.55  129.03  - 1420  υPhII(45), δCHII(24) 

1379 46.75  667.85  1385 1381  υPhI(53), δCHI(26) 

1327 207.31  261.03  1325 1325  υPhII(63) 

1304 158.79  94.44  - -  δCHII(38), υCN(54) 

1300 372.79  54.33  - -  υCC(33), υCF3(13), υCN(11) 

1285 53.09  121.70  1290 1286  υPhI(46), δCHI(15), δCHII(13) 

1277 130.08  257.88  - 1271  υCN(21), υPhI(45) 

1248 28.18  469.18  1250 1239  δCHI(66), υPhI(21) 

1223 38.11  19.40  - -  υCN(45), δCHI(18), δCHII(15) 

1195 73.94  612.28  1188 1203  δCHI(17), υCN(40) 
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1170 218.66  602.02  - -  υCF3(64) 

1159 30.17  2758.17 1163 1162  δCHII(47), υCF3(10) 

1152 158.90  86.81  - -  υCN(43), υCS(13), δCHII(29) 

1140 252.83  98.38  - 1140  υCF3(73) 

1130 11.13  116.29  - 1132  δCHI(60), υPhI(23) 

1109 94.76  200.62  1099 1099  δCHI(44), υPhI(41) 

1083 39.18  847.80  1078 1078  δCHII(45), υPhII(20) 

1056 68.78  263.13  1040 -  υPhII(10), υCF3(35), δCHII(36) 

1005 26.18  27.32  999 1002  δPhI(60), υCCl(16), υPhI(16) 

980 2.92  117.71  - 977  δPhII(15), υPhII(65) 

966 1.12  51.58  968 -  γCHII(85), τPhII(10) 

943 6.26  135.03  945 945  γCHI(22), υCS(11), υPhII(17) 

937 2.40  29.11  - -  γCHI(75) 

896 1.74  163.23  905 -  γCHII(87) 

884 32.23  253.00  886 885  υCCl(14), υPhI(13), υCN(12),  

γCHI(11) 

869 15.79  112.74  - 867  γCHII(66), τPhII(18) 

855 26.52  130.47  858 -  γCHI(64), τPhI(14) 

811 22.21  361.13  813 814  γCHI(81) 

785 20.49  60.74  788 790  γCHII(66), τPhII(19) 

782 2.91  106.90  780 782  δNH(15), δPhII(32) 

728 15.41  32.68  728 729  δNH(15), υCS(35) 

702 8.47  7.65  708 708  υCS(15), δPhI(26),  

τPhI(15), υCCl(15) 

690 16.84  157.91  693 -  τPhI(29), τPhII(29) 

688 13.42  27.82  684 688  τPhI(35), τPhII(25), υCCl(33) 

670 15.17  40.44  - 672  δCF3(37), δNH(16), δPhII(18) 

654 5.24  134.88  656 658  δPhI(40), υCCl(40), τPhI(11) 

635 12.84  131.53  633 -  δPhII(43), δCF3(16) 

616 16.68  204.47  610 620  γCN(24), τCS(17), τPhII(19,  

γNH(10) 
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596 14.91  131.82  - 590  γCS(47), γNH(12) 

575 13.91  67.39  577 577  γCN(25), τPhII(31), γCCl(28) 

556 0.50  893.59  553 553  δCF3(53), δPhII(34) 

533 11.16  333/17  - -  γNH(48),  τCN(13), γCS(19) 

508 15.20  142.60  510 511  δCN(12), δCCl(15), δPhI(21) 

505 93.59  379.53  - -  τCS(22), τNH(37),  δCF3(11),  

τPhII(13) 

493 72.99  45.45  - -  τPhII(15), δCF3(40), γCN(28) 

471 14.82  86.13  470 468  υCCl(23), δPhII(13), δCS(10),  

δCCl(10) 

443 1.90  78.85  - 446  τPhI(37), γCCl(10), δCCl(13) 

442 1.37  67.60  440 440  τPhII(50), δCF3(23) 

430 1.82  161.84  428 428  τPhI(44), γCCl(17) 

389 2.60  68.57  - 386  δCF3(36), δCS(15), δPhI(21) 

374 0.84  40.08  - -  γCCl(11), δCN(11), δPhI(26) 

346 2.92  68.81  - 350  δPhII(15), δCF3(38) 

316 1.65  57.35  - 320  τPhII(22), γCCl(13), δCF3(15),  

δCN(10) 

312 0.74  119.64  - -  τPhII(30), δCF3(17), γCCl(10) 

297 3.23  31.68  - -  δCF3(19), δCN(14), δPhI(30) 

252 0.09  19.92  - 255  τPhII(32), δPhI(10), δCS(10) 

229 0.47  12.98  - -  δCF3(12), δCS(12), δCN(10),  

δCC(10) 

211 2.58  139.08  - 210  δCCl(19), δCN(12), τPhII(32) 

189 3.47  138.79  - 193  δCCl(58), τPhI(10) 

175 1.08  34.35  - 176  δCC(32), δNH(14), δCF3(10) 

171 1.88  94.46  - 168  τPhI(29), γCCl(15), γCN(31) 

140 2.45  17.85  - 142  τPhI(28), δNH(14), τPhII(27) 

123 0.15  14.62  - -  γCC(41), δCF3(17) 

94 1.83  96.77  - 93  τPhI(32), τNH(23) 

78 3.22  30.71  - -  τNH(36), γNH(16), δCN(11),  
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δCC(10) 

42 2.87  143.05  - -  τCS(24), τCN(22), γNH(31),  

τPhI(10) 

34 0.50  19.19  - -  τCS(30), τCF3(16), γNH(33) 

26 0.10  68.60  - -  τCF3(47), τCN(13), δNH(12) 

20 0.78  25.43  - -  τNH(37), τCN(29), δNH(10) 

10 0.06  19.22  - -  τNH(45), τCF3(22), τCN(12) 
aυ-stretching; δ-in-plane deformation; γ-out-of-plane deformation; τ-torsion; PhI-tri-substituted 

phenyl ring; PhII-1,3-disubstituted phenyl ring; IRI-IR intensity in KM/Mole; RA-Raman activity 

in Ǻ4/AMU; Potential energy distribution (>10%) is given in the assignment column. 
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Table 3  

Optoelectronic properties of urea, thiourea and ANF-6 molecules 

Structure λ–(eV)  λ+ (eV)  t (eV)  −
ETk  (s–1) +

ETk  (s–1) 

Urea 0.94  0.27  0.25  3.20×1011 3.67×1013 

Thiourea 0.80  0.33  0.15  2.92×1011 2.01×1013 

ANF-6 0.40  0.46  0.09  5.64×1012 3.28×1012 
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Table 4 

PASS prediction for the activity spectrum of the title compound. Pa represents probability to 

be active and Pi represents probability to be inactive 

Pa Pi Activity 

0.912 0.004 Phobic disorders treatment 

0.763 0.046 Ubiquinol-cytochrome-c reductase inhibitor 

0.706 0.036 Membrane permeability inhibitor 

0.658 0.015 Insulysin inhibitor 

0.615 0.008 Atherosclerosis treatment 

0.615 0.016 HMGCS2 expression enhancer 

0.600 0.025 Chloride peroxidase inhibitor 

0.559 0.004 CTGF expression inhibitor 

0.556 0.002 HDL-cholesterol increasing 

0.562 0.019 Platelet derived growth factor receptor kinase inhibitor 

0.553 0.018 Analgesic.non-opioid 

0.545 0.022 Polarisation stimulant 

0.522 0.006 RNA-directed RNA polymerase inhibitor 

0.516 0.003 Potassium channel (Ca-activated) activator 

0.533 0.031 Analgesic 
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Table 5  

The binding affinity values of different poses of the titlecompound 

predicted by Autodock Vina.  

Mode  Affinity (kcal/mol) Distance from best mode (Å) 

- -   RMSD l.b. RMSD u.b. 

1 -6.3   0.000       0.000 

2 -6.1        10.478      11.799 

3 -6.1        5.579       8.012 

4 -6.1        3.966       5.530 

5 -5.8        5.484       7.750 

6 -5.8        1.300       1.548 

7 -5.7        5.023       7.552  

8 -5.7        8.124       9.536  

9 -5.6        7.918       9.939 
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Highlights 

* IR and Raman spectra were measured 

* The experimental results were compared with theoretical calculations results. 

* ALI, BDE, RDF have been discussed in detail 

* PASS analysis predicts cytochrome reductase activity   

 

 


