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Abstract The organometallic compound [Pd (C-bzan) (SCN) (dppp)] {bzan=N-benzylideneaniline, dppp = 1,3-

bis(diphenylphosphino)propane} with antimycobacterial activity was studied by the Handy's OPTX modification of 

Becke's exchange functional by using the Vosko, Wilk, and Nusair 1980 correlation functional (III) quantum 

chemical approach. The theoretical geometric parameters showed that the coordination geometry of the palladium 

atom is square planar, through two phosphorus atoms of the dppp ligand, one terminal thiocyanate ligand and one 

bzan molecule coordinated as a monodentate ligand by the C7 atom. The molecular electrostatic potential map, the 

highest occupied molecular orbital and the lowest unoccupied molecular orbital were used in an attempt to identify 

key structural features of the molecule that are necessary for its biological activity and to investigate the interaction 

with the molecular receptor. For the infrared spectrum, the comparison between the calculated values and literature 

data shows a good agreement between the theoretical results and the experimental data. 

 

Keywords [Pd(C-bzn)(SCN)(dppp)] compound; Mycobacterium tuberculosis; Density functional theory study; 

Molecular electrostatic potential map; Infrared spectrum 

1. Introduction 

Tuberculosis (TB) remains a major global health problem and, every year, millions of people are infected 

worldwide, turning TB the second leading cause of death by infectious diseases, only surpassed by the Acquired 

Immunodeficiency Syndrome (AIDS). The infection is caused by Mycobacterium tuberculosis and about a third of 

the world population, according to literature, already has latent TB and it is estimated that ten percent will develop 

the disease in their lifetime, and, therefore, it is difficult to eradicate it in short term [1-2].
 
The antitubercular 

chemotherapy comprises an initial intensive two-month regime with rifampicin, isoniazid, pyrazinamide, and 

ethambutol, or streptomycin, aiming at avoiding the appearance of mutants resistant to a single drug [3-4].
 
The 

appearance of multidrug-resistant strains of M. tuberculosis (MDRTB) and the need of drugs that also have 

effectiveness against human immunodeficiency virus infection put on the agenda the urgency in searching for new 

drugs to treat the disease concomitantly with drugs of antiviral chemotherapy [1,5,6]. Literature has reported that the 
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introduction of metal ions for the development of new medicinal agents with novel mechanisms of action offers a 

potentially attractive and ample research area [7-9].
 

In previous work, we have uses the Becke three-parameter hybrid method [10] using the Lee-Yang – Parr 

correlation functional [11] (B3LYP) to investigate theoretically the molecular structure and the vibrational spectrum 

of [Pd (dmba) (NCO) (imz)] [12], cis-[PdCl2 (tmen)], and cis-[Pt (N3)2 (tmen)] [13] compounds. In this article, we 

present the computational study of [Pd (C-bzan) (SCN) (dppp)] {bzan=N-benzylideneaniline, dppp = 1,3-

bis(diphenylphosphino)propane} compound with antimycobacterial activity against TB bacillus [9].
 
In our study, the 

geometry of the compound is computed and compared to experimental data from literature [9].
 
The molecular 

electrostatic potential (MEP) [14–19]
 

map is constructed and evaluated in the region where the chelating 

coordination mode of the dppp ligand occurs, what may be responsible for the biological activity of the 

antimicrobial activity [9].
 
Nonetheless, the unawareness of biological target precludes the interaction calculation 

between the ligand molecule and the biological receptor so as to clarify how the ligand/receptor complex is formed. 

For that reason, we can suppose that there is a chance the attack of the target occurs in the ligand region with the 

lowest/or highest electrostatic potential. Then, the highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) [20] are also described and the hypothesis of reactions by electrons transfer 

of the respective HOMO of the ligand to the LUMO of the biological target or of the HOMO of biological target to 

LUMO of the ligand are evaluated. Finally, the theoretical harmonic frequencies, infrared (IR) intensities, and 

normal modes of vibration are shown and compared with some available values in literature [9].
 

 

2. Computational 

2.1. Theoretical approach and atomic basis 

In our investigation, the Handy's OPTX modification of Becke's exchange functional [21,22] by using the Vosko, 

Wilk, and Nusair 1980 correlation functional (III) [23]
 
quantum chemical approach was employed to determine the 

properties of interest. For H (
2
S), C (

3
P), N (

4
S), S (

3
P), and Pd(

1
S) atoms, we used the wave functions from 

literature [12, 24].
 
For P (

4
S) atom [25], the basis set was designed following the strategy previously reported [24]. 

The molecular calculations were carried out on C1 symmetry, electronic state 
1
A, by using the GAUSSIAN 09 

routine [26], and the geometry optimization was computed by using Berny [27]. 

 

2.2. The molecular electrostatic potential as a tool to study biological recognition processes 

According to literature, two important classes of biological processes, in which the initial step is “recognition”, are 

the drug-receptor and enzyme-substrate interactions; the receptor of the enzyme “recognizes” that an approaching 

molecule has certain key features that will promote reciprocal interaction. Such recognition is believed to take place 

typically when the drug and receptor, or enzyme and substrate, are at a relatively large separation [19]. 

We can look at the electrostatic potential of a molecule as a significant physical representation of how it is found by 

a system in its neighborhood, in the search for characteristics that determine whether a particular recognition will 

occur or not. The MEP has effectively shown to be a tool for the analysis and elucidation of recognition processes. 

The MEP is related to the electronic density and it is a very useful descriptor to understand sites for electrophilic 

attack and nucleophilic reactions as well as for hydrogen bonding interactions. Being a real physical property, 𝑉(𝑟 ) 

can be determined experimentally by diffraction or by computational methods. A deeper and detailed description of 

these matters can be elsewhere [15-19]. 

To investigate the reactive sites of antimycobacterial [Pd(C-bzn)(SCN)(dppp)] compound , the MEP was evaluated 

using the B3LYPmethod [21-22].
  
The MEP, at a given point (x,y,z) in the vicinity of a molecule, is defined in terms 

of the interaction energy between the electrical charge generated from the molecule by electrons and nuclei and a 

positive test charge (a proton) located at 𝑟 . For the studied compound, the 𝑉(𝑟 ) values were calculated as described 

previously by using Eq. (1) 

𝑉(𝑟  ) =   
𝑍𝑖

 𝑅  𝑖−𝑟  

𝑁
𝑖=1 −  

 𝑟′     𝑑𝑟′    

 𝑟′    −𝑟  
       (1) 
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where N is the number of nuclei with  charges Zi , located at position Ri and  (𝑟 ) is the electronic charge density. 

The first term in (1) represents the contribution of the nuclei, which is positive, and the second term includes the 

electronic density, which is negative. 

The MEP map, computed from the electronic density, the HOMO and the LUMO are displayed with MOLEKEL 

software [28]. 

 

2.3. Frontier molecular orbitals 

It has been shown that HOMO and LUMO play a major role in governing many chemical reactions and determine 

electronic bands gaps in solids. They are also responsible for the formation of many charge-transfer complexes [20]. 

According to the frontier molecular orbital theory of chemical reactivity, the formation of transition state occurs due 

to an interaction between the frontier orbitals (HOMO and LUMO) of reacting species [20].
 
Thus, the treatment of 

the frontier molecular orbitals separately from other orbitals is based on the general principles that govern the nature 

of chemical reactions [20].
 
The energy of HOMO is directly related to the ionization potential and characterizes the 

susceptibility on the molecule toward attack by electrophiles. The energy of LUMO is directly related to the electron 

affinity and characterizes the susceptibility of the molecule toward attack by nucleophiles. Both the HOMO and the 

LUMO energies are important in radical reactions. The concept of hard and soft nucleophiles and electrophiles has 

been also directly connected to the related energy of HOMO and LUMO. Hard nucleophiles have a low-energy 

HOMO; soft nucleophiles have a high-energy HOMO; hard electrophiles have a high-energy LUMO; and soft 

electrophiles have a low-energy LUMO [20]. 

 

2.4. Infrared spectrum 

The infrared spectrum was calculated by using a harmonic field,
29

 and frequency values are not scaled. The principal 

infrared–active fundamental mode assignments and descriptions were performed by GaussView graphics routine 

[30]. 

 

3. Results and Discussion 

3.1. Structure of compound 

In Fig. 1, the structure calculations for [Pd(C-bzn)(SCN)(dppp)] compound are shown. The comparison between 

experimental and the theoretical geometric parameters (Table 1) shows that the coordination geometry about the 

palladium atom is square planar, through two phosphorus atoms of the dppp ligand, one terminal thiocyanate ligand 

and one bzan molecule coordinated as a monodentade ligand by the C7 atom, which reproduce the experimental data 

reported in literature [9]. 

 
Figure 1: Computed structure for [Pd(C-bzn)(SCN)(dppp)] compound 
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The calculated bond angles around the Pd atom are close to the experimental data. Inside the chelate ring, the 

experimental and theoretical distances differ, probably as a result of the presence of the bzan ligand. For the terminal 

thiocyanate, the theoretical and experimental distances are closer as well as the linear S-C-N angle. The theoretical 

value of the Pd-N (bzan ligand) distance is 2.937 Å, with reasonable agreement to the experimental data (2.729 Å), 

also indicating a weak interaction between them. 

Table 1: Theoretical and experimental geometric parameters of [Pd(C-bzan)(SCN)(dppp)] compound 

Geometric parameters Experimental [9] Theoretical
 

Bond lengths (Å) 

Pd5-P4 2.355 2.544 

Pd5-P2 2.255 2.416 

Pd5-S6 2.423 2.511 

N76-C75 1.130 1.182 

S6-C75 1.645 1.674 

Bond angles (degree) 

P2-Pd5-C7 85.80 86.67 

P2-Pd5-P4 94.45 93.74 

S6-Pd5-C7 87.30 86.15 

S6-Pd5-P4 92.71 91.72 

S6-C75-N76 77.30  177.80 

 

3.2 MEP map for compound 

The analysis of the MEP map (Fig 2) shows a surface map around of the N atom(NCS), characterized by negative 

electrostatic potential (red color), whose the lowest values for charge were -0.221au (atomic unit); this must be the 

ligand region susceptible to the biological receptor nucleophilic attack. Other regions of the molecule have contour 

surface (green color), characterized by positive electrostatic potential with small values, and, for the contour surface 

(blue color), the highest values for charge were +0.259 au. The electron density around the N atom (NCS) can 

induce the molecule to show antimicrobial activity, suggesting a complexation of the N atom (NCS) with the active 

site of the biological receptor. However, as the biological target is unknown, it is not possible to study the 

ligand/receptor interaction using the molecular docking, and, therefore, we can suppose, hypothetically, that the 

biological process occurs when the receptor attacks the highest electrostatic potential region of the ligand (+0.259 

au). 

 
Figure 2: MEP map (in atomic unit) for the [Pd(C-bzn)(SCN)(dppp)] compound 
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3.3. HOMO and LUMO orbitals for the compound 

Fig. 3 shows the HOMO (a) and the LUMO (b) orbitals for the [Pd(C-bzn)(SCN)(dppp)] compound.  

In this figure, we can see that the HOMO orbital (Fig. 3a) is located essentially in regions of the molecule containing 

Pd atom and cyanate group and presents the contribution in the P2[-0.12 3px], Pd5[-0.12 4dxx], S6[+0.53 3px + 0.16 

3py], C17[+0.16 2s], N19[+0.15 2s - 0.10 2px - 0.11 2pz], C20[+0.38 2s], C21[-0.31 2s], C22[+0.24 2s], C23[-0.23 2s], 

C24[+0.25 2s], C25[-0.35 2s], C42[-0.12 2s], C43[+0.13 2s], C45[+0.10 2s], N76[-0.24 2px] bonds. The LUMO orbital 

(Fig.3b) reveals contribution in several regions of the molecule, with principal contributions in the overlaps: 

P2[+0.54 3s – 0.35 3px], C3[+0.10 2s], P4[-0.30 3s], Pd5[-0.25 4py + 0.54 4dyx +0.24 4dxz + 0.50 4dx
2
- y

2 
+ 0.36 4dxy], 

S6[+0.29 3py  - 0.13 3pz], C7[-0.44 2s + 0.54 2px + 0.10 2py + 0.13 2pz], C8[+0.11 2s – 0.12 2pz], C11[-0.13 2s], C17[-

0.10 2s], C31[-0.18 2s – 0.11 2px + 0.12 2py], C32[-0.11 2s], C33[+0.22 2s], C42[-0.15 2s], C53[+0.14 2s], C64[+0.31 

2s], C65[-0.25 2s], C66[+0.16 2s], C67[-0.14 2s], C68[+0.14 2s], C69[-0.21 2s], C75[-0.11 2s]. For the analysis of 

HOMO and LUMO, it can be inferred that the molecule has a different interaction, in case of electron donating or 

receiving, with the active site of the biological receptor. 

For the hypothesis of ligand/receptor complex formation due to nucleophilic attack of the biological target in the 

ligand, we can verify a reaction with electrons transfer from the HOMO of the ligand molecule to the LUMO of the 

biological target. Oppositely, in order to an electrophilic attack to the ligand molecule occurs, by the biological 

target molecule, a reaction will be developed with electrons transfer from the HOMO of the receptor to the LUMO 

of the ligand molecule. 

 
(a) 

 
(b) 

Figure 3: HOMO (a) and LUMO (b) orbitals for the [Pd(C-bzn)(SCN)(dppp)] compound 
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3.4. The infrared spectrum for the compound 

Table 2 shows the theoretical IR bands and the most significant intensity. The experimental data reported in 

literature [9] shows the characteristic bands for S-thiocyanate at 2096 cm
-1

 (υasNCS) and 827 cm
-1

 (υasNCS). The 

dppp ligand shows characteristic bands at 2889 cm
-1

 (νCH2), 1106 cm
-1

 (νPC) and 688 cm
-1

 (γCH), and coordinated 

N-benzylideneaniline shows absorptions at 1577 cm
-1

 (νC=N) and 744 cm
-1

 (γCH) [9]. 

The comparison between the calculated values, Table 2, and literature data shows a good agreement between 

theoretical results and experimental data. The main factor responsible for the discrepancies between the 

experimental and the computed values is related to the fact that theoretical calculations do not include anharmonics 

effects in the vibrations of infrared [31-32].
 
While anharmonicity is the main factor of the discrepancies in the case 

of vibrations related to the (υsNCS) or dppp (υ (CH2)) bonds, for other vibrations, many of the discrepancies come 

from the approximated nature of the computational technique used, and probably, also, from the lattice effects in the 

substance studied as a solid while the theoretical calculations belong to gaseous phase [31,33].
 

Table 2: Theoretical harmonic frequencies, IR-intensities, and normal modes of vibration of organometallic [Pd(C-

bzan)(SCN)(dppp)] compound of C1symmetry 

Frequencies  

(cm
-1

) 

Relative Intensity  Description of the normal modes of vibration 

3223 0.01 s(C-H) ring dppp 

3211 0.02 s(C-H) ring bzan 

3198 0.01 s(C-H) ring dppp 

3196 0.03 s(C-H) ring dppp 

3189 0.03 s(C-H) ring dppp 

3184 0.05 s(C-H) ring dppp 

3180 0.05 s(C-H) ring dppp 

3179 0.03 s(C-H) ring bzan 

3176 0.07 as(C-H) ring dppp 

3175 0.03 as(C-H) ring dppp 

3174 0.09 as(C-H) ring dppp 

3173 0.08 as(C-H) ring dppp 

3172 0.09 as(C-H) ring bzan 

3169 0.08 as(C-H) ring dppp 

3164 0.09 as(C-H) ring bzan 

3161 0.06 as(C-H) ring bzan 

3160 0.05 as(C-H) ring dppp 

3159 0.03 as(C-H) ring dppp 

3158 0.02 as(C-H) ring dppp 

3144 0.02 as (CH2) ring bzan 

3107 0.04 as (CH2) propane 

3097 0.02 as (CH2)propane 

3081 0.03 as (CH2)propane 

3054 0.04 s (CH2) propane 

3050 0.04 s (CH2) propane 

3041 0.18 (C-H) bzan 

3013 0.07 s (CH2) propane 

2097 0.23 as NCS 

1656 1.00 (C=N) bzan 

1606 0.34 s (C-C) ring bzan 

1583 0.12 s (C-C) ring bzan

1564 0.09 as (C-C) ring bzan

1496 0.03 (C-H)in planeringdppp

1494 0.11 (C-H)in planeringbzan

1477 0.05 (CH2)scissoringpropane



Treu-Filho O et al                                                                            The Pharmaceutical and Chemical Journal, 2020, 7(3):90-99 

 

        The Pharmaceutical and Chemical Journal 

96 

 

1454 0.05 (C-H) in planeringbzan

1451 0.03 (C-H) in planeringdppp

1447 0.06 (C-H) in planeringdppp

1446 0.03 (C-H) in planeringdppp

1414 0.12 (C-H)in planeringbzan

1331 0.02 (CH2) wagpropane

1288 0.02 (CH2) wagpropane

1277 0.05 (C-H)in planeringbzan

1207 0.04 (C-H)in planeringbzan + (C-H) in plane   ringdppp

1191 0.05 (CH2) wagpropane + (CH2) twistpropane

1169 0.10 (C-H) in planering bzan +  (C-N) bzan

1109 0.06 (C-H) in planering bzan

1090 0.02 (C-H) in planering bzan

1085 0.03  (P-C ring ) +(C-H) in plane dppp

1082 0.05  (P-C ring ) +(C-H) in plane dppp

1081 0.06  (P-C ring ) +(C-H) in plane dppp

1053 0.01 (ring breathing) dppp

1033 0.02 (ring breathing) dppp

995 0.21 (ring breathing) dppp

982 0.14 (CH2) rockingpropane

829 0.10 (CH2) rockingpropane

795 0.08 (CH2) rockingpropane

769 0.04 (ring breathing) bzan

756 0.08 (C-H) out of planering bzan

751 0.11 (C-H) out ofplane ring bzan

741 0.04 (C-H) out ofplane ring dppp

739 0.11 (C-H) out ofplane ring dppp

737 0.06 (C-H) out ofplane ring dppp

733 0.12 (C-H) out ofplane ring dppp

708 0.01 s NCS

701 0.06 (C-H) out ofplane ring bzan

691 0.02 (P-C ring)

685 0.05 (C-H) out ofplane ring bzan

682 0.04 s(P-C ring)dppp

665 0.06  C out ofplane ring dppp

664 0.04  C out ofplane ring dppp

663 0.05  C out ofplane ring dppp

658 0.03  C out ofplane ring dppp

634 0.02  C inplane ring bzan

622 0.02  C inplane ring dppp

610 0.07 s(P-C ) propane   

582 0.02  N out ofplane bzan

527 0.03  C out ofplane ring bzan

511 0.03  C inplane ring bzan

508 0.02 (P-C ) ring dppp

500 0.24 (C-H) out ofplane ring dppp

474 0.05 (C-H) out ofplane ring dppp

461 0.02 (C-H) out ofplane ring dppp

423 0.02 (C-H) out ofplane ring bzan

417 0.06  C inplane thiocyanato group +  (CH)2rocking

411 0.04 (P-Pd)
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4. Concluding remarks 

We have explored the DFT theory to study the molecular structure and the IR spectrum of the antimycobacterial [Pd 

(C-bzn) (SCN) (dppp)] compound. The results show that the coordination geometry about the palladium atom is 

square planar. The electron density around the N atom (NCS) can induce the molecule to show antimicrobial 

activity, suggesting a complexation of the N atom (NCS) with the active site of the biological receptor, whether an 

nucleophilic attack of the receptor to the ligand molecule occurs (red color in MEP map -0.221 au). Also, the 

possibility of a nucleophilic attack of the biological target, with the HOMO electron transfer from the ligand 

molecule to the LUMO of the biological receptor, or an electrophilic attack of the ligand molecule, with HOMO 

electron transfer from the biological receptor to the LUMO of this molecule can be verified. In addition, the 

calculated values for the IR spectra show a good agreement with the experimental data. 
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