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Abstract 

 The conformational study (PES-Potential Energy Scan) has been performed and a minimum energy 

conformer structure has been chosen for DFT (Density Functional Theory) exploration on Pioglitazone. 

Extensive quantum chemical calculations have been carried out to investigate the Fourier Transform 

Infrared (FTIR), Fourier Transform Raman (FT-RAMAN) investigation have been implemented by 

emerging DFT calculations based on the B3LYP level with 6-311 ++ G (d, p) basis set, which also helps 

to provide useful information about the structure of the title compound. The theoretical vibrational 

wavenumbers are compared with the experimental values. Natural bond orbital analysis has been carried 

out to explain the charge transfer (or) delocalization of charge due to the intra molecular interactions. 

NMR has been carried through the same method along with the GIAO method for assigning 1H and 13C 

chemical shifts. UV–Visible analysis has been done by taking DMSO as a solvent to obtain maximum 

absorption wavelength. Mulliken atomic charges and Natural population analysis to know electronegative 

and electropositive atoms in a molecule. Thus, this present study reports the structural, electrical, 

chemical, and biological activities of Pioglitazone. The molecular docking studies revealed that the title 

molecule can bind with the protein 1H5U a potential antidiabetic drug.  
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Introduction  

Pioglitazone is an antidiabetic drug used to treat type 2 diabetes mellitus, comes under 

thiazolidinediones which also include rosiglitazone and troglitazone [1-3]. In 1999 united states first 

approved pioglitazone and the European union in 2000 [4] for the treatment of diabetics. The IUPAC 

name of pioglitazone is 5-({4-[2-(5-ethyl pyridine-2-yl)ethoxy]phenyl}methyl)-1,3-thiazolidine-2,4-dione 

and the molecular formula is C19H20N2O3S. It is administrated orally: insoluble in water and ether: 

slightly soluble in acetone, acetonitrile, and alcohol; soluble in dimethylformamide (DMF) and dimethyl 

sulfoxide (DMSO) [1,4]. Type 2 diabetes is mainly due to lifestyle changes and it’s a chronic disease 

particularly high among South Asians [4]. Pioglitazone is used, to control high blood sugar, sometimes in 

combination with other diabetes medications such as sulfonylurea, metformin or, insulin. It helps the 

body to restore proper response to insulin by lowering blood sugar and kidney damage, blindness, nerve 

problems, loss of limbs, and proper control of diabetes lessen the risk of heart attack or stroke [5]. This 

drug is used indirectly to increase high–density lipoproteins (HDL) without changing low-density 

lipoproteins (LDL) [4,5].  

It was also noted that pioglitazone works through a unique mechanism of action of insulin 

sensitization and beta-cell preservation and decreases HbA1C (Hemoglobin A1C) levels during 8 weeks 

of treatment and the maximum benefit at 16 weeks of treatment [4,5]. Pioglitazone also has antidepressant 

properties [1,4]. Since diabetes is a metabolic disease occurring when the pancreas does not produce 

enough insulin, Pioglitazone acts through the nuclear hormone, peroxisome proliferator-activated 

receptor-gamma (PPARϒ) which increases insulin sensitivity by enhancing the expression of proteins 

responsible for modulating glucose and lipid metabolism leading to improved insulin sensitivity in the 

liver, muscle and adipose tissue [6,7]. Since insulin is the hormone that stimulates cells to remove glucose 

from the blood, the reduced amount of insulin and its reduced effect cause cells to take up less glucose 

from the blood and the level of glucose in the blood to rise. Pioglitazone often is referred to as an “insulin 
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sensitizer” because it attaches to the insulin receptors on cells throughout the body and causes the cells to 

become more sensitive to insulin [8-10]. 

The literature survey shows that DFT studies particularly combined with experimental spectroscopic 

analysis is not done so far, hence the present work is undertaken to thoroughly study the structural, 

vibrational, NBO, NMR, HOMO-LUMO, and UV-Vis properties and behavior of the molecule to reveal 

more insight into the physicochemical mechanism. 
 

Materials and methods 

Experimental details 

The compound Pioglitazone was purchased in commercial tablet form and the FT-IR spectrum was 

recorded in Bruker IFS 66V spectrometer in the range of 4000 - 500 cm−1. The spectral resolution is ±2 

cm−1 and the FT-Raman spectrum of compound was also recorded in the same instrument with FRA 106 

Raman module equipped with Nd: YAG laser source operating at 1.064 µm line widths with 200 mW 

power in the range of 4000 - 400 cm−1 with a scanning speed of 30 cm−1 min−1and spectral width 2 cm−1. 

The frequencies of all bands are accurate to ±1 cm−1. The UV-Vis spectra were recorded in the liquid 

phase dissolved in ethanol in the range of 200 to 400 nm, with the scanning interval of 0.5 nm, using the 

UV-1700 series instrument. 
 

 Computational details 

All the quantum chemical computations in the present work are performed using the Gaussian 09 

software programs on a Pentium IV/3.02GHz personal computer [11]. The geometrical parameters were 

computed using B3LYP functional with a 6-311++G (d, p) basis set [12-15]. The UV-Visible spectrum, 

electronic transition such as HOMO-LUMO excitation energy, and oscillator strength were calculated 

using the time-dependent TD-SCF-B3LYP method. The NMR chemical shift was carried out by the 

GIAO method along with B3LYP and 6-311G++ (d, p) basis set. The natural bonding orbital (NBO) 

computations were done at the B3LYP/6-311++G (d, p) level using second-order perturbation theory. In 

addition, the dipole moment, linear polarizability, and the first-order hyperpolarizability of the title 

molecule are also computed using the B3LYP method and 6-311++G (d, p) basis set. 
 

Result and discussions 

Conformational analysis 

 A potential energy surface scan using the B3LYP level and the quantum approach was used to 

identify conformers for the molecule. The B3LYP/6-311++G (d, p) hybrid functional was used to 

investigate the energy changes caused by pioglitazone rotation around bonds. The numerous spatial 

configurations gained by rotating the molecule around sigma bonds indicate conformations [16,17]. 

Because the spatial arrangement of atoms in a molecule has a substantial influence on all molecular 

properties, as well as the outcome of chemical reactions, knowing the forces involved in the work and 

energy of processes is vital. This scan was performed to minimize the energy level of all geometrical 

parameters with the change of torsional angle C10-C1-C5-N9 is rotated through 360° in the step of 10° 

for obtaining the respective conformers of the compound through a complete rotation around the bond. 

The graphical result is shown in Figure 1. Two minimum energy conformers were acquired at 164° and 

311° with their energies at −0.141Hartree. This represents the stable conformer of the compound. 
 
 

 
Figure 1 Conformational analysis of Pioglitazone. 
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Structural analysis 

The calculated bond length, bond angle, and dihedral angle using B3LYP functional and 6-311++G 

(d, p) basis sets for Pioglitazone with experimental values are calculated, and the structure of the 

compound in the optimized form are shown in Figure 2. The CC bond lengths of the aromatic ring are 

expected either 1.39 or 1.38 Å, in the present molecule, as shown in the table 1, the phenyl ring has values 

of 1.40 Å, in addition to 1.38 & 1.39 Å. A small increase in the value is observed to be due to the O atom 

in the ethoxy group attached at C13 and the thiazole group at C17. In the case of the pyridine ring, all the 

CC values are identical and found to be 1.39Å, the 2 CN values are 1.34 and 1.33 Å, which is in 

agreement with reference value [18,19] that shows there is also a conjugation pattern inside the pyridine 

ring like in phenyl ring.  

The pyridine ring shows no influence of other groups in the molecule.  In the case of the ethyl 

group, the 2 CC are found to have lengths equal to 1.51 and 1.53 Å, the first one is attached with pyridine 

which might be the influence, for shortening of the bond. In methoxy, the CC value is 1.52 Å, so all these 

CC values in the aliphatic chain are purely single bonded and show no trace of any kind of conjugation.  

In the thiazolidine group, there is only one CC whose value is found to be 1.53 Å, which shows it is also 

exactly behaving like an aliphatic chain rather than as a ring. Among the CN bonds in the thiazolidine 

ring, C21-N23 is 1.38 and C22-N23 is 1.39, these 2 values are also purely single-bonded which being 

unlike confirms the conjugation present in the pyridine ring. The (CS) bond length is expected to be 

around 1.70 Å whereas the observed C20-S27 and C22-S27 bond length values are 1.84 and 1.79 Å 

which is higher than the expected range. This may be due to the influence of 2 double bonded oxygen 

atoms attached to the thiazole ring. 

All the bond angles around C are expected to be either 120 or 109 degree due to sp2 or sp3 

hybridizations, but within the pyridine rings some of the angles C3-C4-N9 (121o), C3-C4-C11 (121o), and 

N9-C4-C11 (116o) are found to deviate these values, this is naturally due to the presence of N atom in the 

ring, which disturbs the electronic distribution in the ring and hence the hybridization of the carbon atoms 

in the ring. Similarly, in the case of thiazolidine ring; C19-C20-C21 (111o), C19-C20-S27 (113o), C21-

C20-S27 (106o), C20-C21-N23 (111o), C20-C21-O25 (124o), N23-C21-O25 (124o), and N23-C22-O24 

(125o). All these values create the distortion of the hybridization and hence bond angles from the expected 

values.  

 

 
Figure 2 Molecular structure of Pioglitazone (5-({4-[2-(5-ethylpyridin-2-yl)ethoxy]phenyl}methyl)-1,3-

thiazolidine-2,4-dione). 

 

Table 1 Optimized geometrical parameter for Pioglitazone computed at B3LYP/6-311++G (d, p). 

Bond Length 

(Å) 

B3LYP/ 

6-311++G (d,p) 

Bond Angle 

( ◦ ) 

B3LYP/ 

6-311++G (d, p) 

Dihedral Angle 

( ◦ ) 

B3LYP/ 

6-311++G 

(d, p) 

C1-C2 1.3959 C2-C1-C5 116.3054 C5-C1-C2-C3 −0.1747 

C1-C5 1.3989 C2-C1-C10 122.3037 C5-C1-C2-H6 179.4401 

C1-C10 1.5105 C5-C1-C10 121.3784 C10-C1-C2-C3 178.5546 

C2-C3 1.3908 C1-C2-C3 119.8114 C10-C1-C2-H6 −1.8306 

C2-H6 1.0859 C1-C2-H6 120.1593 C2-C1-C5-H8 −179.344 

C3-C4 1.3976 C3-C2-H6 120.0281 C2-C1-C5-N9 0.1072 
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Bond Length 

(Å) 

B3LYP/ 

6-311++G (d,p) 

Bond Angle 

( ◦ ) 

B3LYP/ 

6-311++G (d, p) 

Dihedral Angle 

( ◦ ) 

B3LYP/ 

6-311++G 

(d, p) 

C3-H7 1.0842 C2-C3-C4 119.2745 C10-C1-C5-H8 1.9136 

C4-N9 1.3409 C2-C3-H7 120.5975 C10-C1-C5-N9 −178.635 

C4-C11 1.5114 C4-C3-H7 120.1257 C2-C1-C10-C29 −83.5465 

C5-H8 1.0883 C3-C4-N9 121.508 C2-C1-C10-H33 38.4966 

C5-N9 1.3339 C3-C4-C11 121.9318 C2-C1-C10-H34 154.5711 

C10-C29 1.5388 N9-C4-C11 116.5601 C5-C1-C10-C29 95.1192 

C10-H33 1.0949 C1-C5-H8 119.649 C5-C1-C10-H33 −142.838 

C10-H34 1.0945 C1-C5-N9 124.6111 C5-C1-C10-H34 −26.7632 

C11-C12 1.5254 H8-C5-N9 115.7378 C1-C2-C3-C4 0.2004 

C11-H35 1.0940 C4-N9-C5 118.4892 C1-C2-C3-H7 179.6586 

C11-H36 1.0926 C1-C10-C29 113.0989 H6-C2-C3-C4 −179.415 

C12-O28 1.4300 C1-C10-H33 109.324 H6-C2-C3-H7 0.0433 

C12-H37 1.0941 C1-C10-H34 109.1932 C2-C3-C4-N9 −0.152 

C12-H38 1.0972 C29-C10-H33 109.3117 C2-C3-C4-C11 179.7609 

C13-C14 1.3982 C29-C10-H34 109.2598 H7-C3-C4-N9 −179.613 

C13-C15 1.4000 H33-C10-H34 106.4353 H7-C3-C4-C11 0.3001 

C13-O28 1.3626 C4-C11-C12 111.6437 C3-C4-N9-C5 0.0793 

C14-C16 1.3953 C4-C11-H35 109.26 C11-C4-N9-C5 −179.838 

C14-H42 1.0815 C4-C11-H36 110.4405 C3-C4-C11-C12 117.0591 

C15-C18 1.3874 C12-C11-H35 108.2877 C3-C4-C11-H35 −123.188 

C15-H39 1.0834 C12-C11-H36 109.393 C3-C4-C11-H36 −4.8876 

C16-C17 1.3955 H35-C11-H36 107.7092 N9-C4-C11-C12 −63.0239 

C16-H41 1.086 C11-C12-O28 107.368 N9-C4-C11-H35 56.7287 

C17-C18 1.4017 C11-C12-H37 109.8643 N9-C4-C11-H36 175.0294 

C17-C19 1.512 C11-C12-H38 110.6616 C1-C5-N9-C4 −0.0592 

C18-H40 1.0849 O28-C12-H37 110.3893 H8-C5-N9-C4 179.4116 

C19-C20 1.5439 O28-C12-H38 109.7827 C1-C10-C29-H30 59.7617 

C19-H43 1.0934 H37-C12-H38 108.7716 C1-C10-C29-H31 179.8344 

C19-H45 1.094 C14-C13-C15 119.3549 C1-C10-C29-H32 −60.0826 

C20-C21 1.53 C14-C13-O28 124.6533 H33-C10-C29-H30 −62.2884 

C20-S27 1.8488 C15-C13-O28 115.991 H33-C10-C29-H31 57.7843 

C20-H44 1.0922 C13-C14-C16 119.5813 H33-C10-C29-H32 177.8673 

C21-N23 1.3811 C13-C14-H42 121.0604 H34-C10-C29-H30 −178.393 

C21-O25 1.2083 C16-C14-H2 119.3548 H34-C10-C29-H31 −58.3205 

C22-N23 1.3935 C13-C15-C18 120.2202 H34-C10-C29-H32 61.7625 

C22-O24 1.2008 C13-C15-H39 118.6469 C4-C11-C12-O28 177.8416 

C22-S27 1.7941 C18-C15-H39 121.132 C4-C11-C12-H37 57.7666 
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Bond Length 

(Å) 

B3LYP/ 

6-311++G (d,p) 

Bond Angle 

( ◦ ) 

B3LYP/ 

6-311++G (d, p) 

Dihedral Angle 

( ◦ ) 

B3LYP/ 

6-311++G 

(d, p) 

N23-H26 1.0128 C14-C16-C17 121.7634 C4-C11-C12-H38 −62.3604 

S27-H40 3.3907 C14-C16-H41 118.5905 H35-C11-C12-O28 57.5175 

C29-H30 1.0935 C17-C16-H41 119.6424 H35-C11-C12-H37 −62.5576 

C29-H31 1.0934 C16-C17-C18 117.7793 H35-C11-C12-H38 177.3155 

C29-H32 1.0933 C16-C17-C19 120.8166 H36-C11-C12-O28 −59.6101 

  C18-C17-C19 121.4029 H36-C11-C12-H37 −179.685 

  C15-C18-C17 121.2996 H36-C11-C12-H38 60.1879 

  C15-C18-H40 119.0784 C11-C12-O28-C13 −179.156 

  C17-C18-H40 119.6216 H37-C12-O28-C13 −59.4151 

  C17-C19-C20 113.6274 H38-C12-O28-C13 60.4873 

  C17-C19-H43 110.3287 C15-C13-C14-C16 0.1883 

  C17-C19-H45 110.2211 C15-C13-C14-H42 −179.126 

  C20-C19-H43 108.8352 O28-C13-C14-C16 179.834 

  C20-C19-H45 106.4074 O28-C13-C14-H42 0.5194 

  H43-C19-H45 107.1533 C14-C13-C15-C18 −0.194 

  C19-C20-C21 111.3678 C14-C13-C15-H39 179.4751 

  C19-C20-S27 113.9716 O28-C13-C15-C18 −179.87 

  C19-C20-H44 109.4523 O28-C13-C15-H39 −0.2006 

  C21-C20-S27 106.7663 C14-C13-O28-C12 −0.0086 

  C21-C20-H44 107.2485 C15-C13-O28-C12 179.6479 

  S27-C20-H44 107.7508 C13-C14-C16-C17 0.1018 

  C20-C21-N23 111.3951 C13-C14-C16-H41 −179.189 

  C20-C21-O25 124.1832 H42-C14-C16-C17 179.4283 

  N23-C21-O25 124.4203 H42-C14-C16-H41 0.1372 

  N23-C22-O24 125.0546 C13-C15-C18-C17 −0.0904 

  N23-C22-S27 109.4468 C13-C15-C18-H40 179.6706 

  O24-C22-S27 125.4986 H39-C15-C18-C17 −179.751 

  C21-N23-C22 119.6414 H39-C15-C18-H40 0.0098 

  C21-N23-H26 120.8177 C14-C16-C17-C18 −0.376 

  C22-N23-H26 119.5408 C14-C16-C17-C19 179.2364 

  C20-S27-C22 92.7455 H41-C16-C17-C18 178.9078 

  C12-O28-C13 118.9572 H41-C16-C17-C19 −1.4798 

  C10-C29-H30 111.1455 C16-C17-C18-C15 0.3696 

  C10-C29-H31 110.8018 C16-C17-C18-H40 −179.39 

  C10-C29-H32 111.0069 C19-C17-C18-C15 −179.24 

  H30-C29-H31 107.9858 C19-C17-C18-H40 0.9999 

  H30-C29-H32 107.6963 C16-C17-C19-C20 −82.3962 
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Bond Length 

(Å) 

B3LYP/ 

6-311++G (d,p) 

Bond Angle 

( ◦ ) 

B3LYP/ 

6-311++G (d, p) 

Dihedral Angle 

( ◦ ) 

B3LYP/ 

6-311++G 

(d, p) 

  H31-C29-H32 108.0669 C16-C17-C19-H43 155.0656 

    C16-C17-C19-H45 36.9246 

    C18-C17-C19-C20 97.2021 

    C18-C17-C19-H43 −25.3362 

    C18-C17-C19-H45 −143.477 

    C17-C19-C20-C21 171.9503 

    C17-C19-C20-S27 −67.1883 

    C17-C19-C20-H44 53.535 

    H43-C19-C20-C21 −64.6917 

    H43-C19-C20-S27 56.1697 

    H43-C19-C20-H44 176.893 

    H45-C19-C20-C21 50.4772 

    H45-C19-C20-S27 171.3386 

    H45-C19-C20-H44 −67.9381 

    C19-C20-C21-N23 124.2738 

    C19-C20-C21-O25 −55.2989 

    S27-C20-C21-N23 −0.7219 

    S27-C20-C21-O25 179.7054 

    H44-C20-C21-N23 −115.996 

    H44-C20-C21-O25 64.4313 

    C19-C20-S27-C22 −122.783 

    C21-C20-S27-C22 0.6117 

    H44-C20-S27-C22 115.5477 

    C20-C21-N23-C22 0.5073 

    C20-C21-N23-H26 −179.631 

    O25-C21-N23-C22 −179.921 

    O25-C21-N23-H26 −0.0598 

    O24-C22-N23-C21 179.9265 

    O24-C22-N23-H26 0.0634 

    S27-C22-N23-C21 −0.0143 

    S27-C22-N23-H26 −179.878 

    N23-C22-S27-C20 −0.3728 

    O24-C22-S27-C20 179.6867 
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Mulliken and natural atomic charges 

Prediction of atomic charges plays an important role in understanding the properties of the molecule 

as the atomic charges cause the dipole moment, polarizability, bond strength, bond angles, vibrational 

wavenumbers, electronic transition, and molecular reactivity of the system. The charges on the atoms of 

the present compound are calculated by 2 methods; Mulliken Population analysis (MPA) method and 

natural atomic charge (NAC) method comparison, using B3LYP method with 6-311++ G (d, p) basis set, 

the values are presented and the graphical representation of the same is presented in Figure 3. 

In the case of the phenyl ring, all the carbon atoms are expected to be equally negative, in the 

present case, the carbon atoms show interesting results in their polarity observed Mulliken and NAC. The 

change of charge polarity implies the high flow of charge within the ring. The charges on all the carbon 

atoms the phenyl are as expected, except at C17 and C13, on carbon C17 where the thiazolidine ring is 

substituted, it is highly positive in MPA and almost neutral or slightly negative (−0.04769). In this case, 

the logic used in MPA may not be correct, as thiazolidine cannot draw a huge amount of charge from 

phenyl, hence it can only be less negative as predicted by NAC [20,21]. At C13 where the oxygen atom 

of the ethoxy group is attached, it is highly positive in NAC (0.31124) but usually negative (-0.12822) in 

MPA, again in this case also the MPA prediction may not be correct as the O atom is highly 

electronegative.                   

In the case of carbon atoms in the pyridine ring, all carbon atoms are found to equally be negative as 

expected for phenyl, except at C1, C4, and C5. At C1 where the ethyl group is substituted, it is found to 

be highly positive (1.001) in MPA and slightly negative in NAC (−0.059). As the ethyl group is almost 

neutral, it cannot draw many electrons from pyridine, hence it cannot be highly positive as shown by 

MPA. C4 and C5 are adjacent atoms in the ring, besides at C4 the ethoxy group is attached, hence it is 

shown to be highly positive in both the methods (0.114 in MPA and 0.177 in NAC). At C5, it is shown to 

be highly negative in MPA (−0.415) and moderately positive in NAC (0.109), even in this case only the 

prediction of NAC can be true, as the electron pulling power of the N atom is shared by both these carbon 

atom.  

In the thiazolidine ring, 2 carbon atoms C21 and C22 are attached O atoms with double-bond and 

they also lie adjacent to N atom, both are predicted to be negative in MPA (−0.57802 & −0.20762) but 

highly positive in NAC (0.7146 &0.49656). Here also the prediction by MPA cannot be true as they are 

connected to 2 highly electronegative atoms. C20 is connected to a methyl group and S atom, which is 

predicted to be highly positive (0.66376) in MPA and highly negative (−0.43303) in NAC in this case, 

both the methods may be wrong, as there is a possibility for less positive or neutral.  

 

 

 
 

Figure 3 Charge analysis of Pioglitazone.  
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Nuclear magnetic resonance (NMR) analysis 

The optimized structure of Pioglitazone was used to calculate the NMR chemical shift at B3LYP 

levels in combination with GIAO methods and 6- 311++G (d, p) basis set. The 1H and 13C chemical shifts 

computed in ppm (parts per million) relative to TMS are shown in Table 2, and Figure 4. The chemical 

shifts were computed for both gas and CDCl3 (Deuterated chloroform) solvent phases and discussion is 

held for the solvent phases as the experimental value are recorded in the solvent phase only.  

The carbon atoms in the phenyl ring usually give chemical shift values ranging from 120 to 130 

ppm [22]. The magnetic field experienced externally by the carbon nuclei is affected by the 

electronegativity of the atoms attached to them. Therefore, electronegative substituents attached to carbon 

reduce the local diamagnetic shielding in the vicinity of the attached proton and de-shield them. The 

greater the electronegativity of the substituent atom, the more it de-shields proton and greater is the 

chemical shift. 

In the case of the phenyl ring in the present molecule, the chemical shift of C13 where O of the 

ethoxy group attached directly is found to have a maximum value of 177 ppm, whereas C17, where the 

thiazolidine group is attached is found to have shift 147 ppm, these 2 observation are in agreement with 

charges predicted by NAC methods as seen in the charge analysis. C16 and C18 are also found to have 

slightly enhance-shifts of 142 and 141 ppm, respectively which are in contrast to the results of the charge 

analysis. The other 2 carbon atoms in phenyl have values within the expected range.   

In the case of carbon atoms in pyridine ring, at C1 where ethyl group is substituted, it is found to 

have shift 156 ppm. The carbon atoms C4 and C5 which are adjacent to the N atom in the ring, both are 

found to have an almost equal shift of 167 and 166 respectively. The other carbon atoms in this ring are 

within the expected range of 120 to 130 ppm, as in the benzene ring. All these chemical shift values by 

charges predicted by the NAC method.  

In the thiazolidine ring, 2 carbon atoms C21 and C22 are attached O atoms with   double - bond and 

they also lie adjacent to N atom, these are found to have maximum shifts of 177 and 175 ppm 

respectively, actually, their ranges should be in the level of aliphatic chain between 30 to 40 ppm, but the 

presence of the double-bonded O and adjacent N atom has greatly increased their shift values. Whereas 

C20 which is connected with a methyl group and S atom is found to have shifted only 65 ppm. All these 

predictions are in agreement with the discussions held in atomic charge analysis. The chemical shift 

values of C21 and C22 indicate that they too will play a significant role in the biological properties of the 

molecule. The 1H NMR spectrum of the compound has 7 proton signals due to 7 different proton 

environments as plotted in the figure. H attached to an aromatic ring has a chemical shift from 7-8 ppm 

[23]. The ring hydrogen atoms 8H, 40H, 42H in the compound are assigned to the chemical shift value 

are very greater in between 8 - 10 ppm, respectively in CDCl3 solution.  

The NMR chemical shift for C13 in benzene ring is found at 177 ppm and that if C4 and C5 in 

pyridine ring at 167 and 166 ppm, respectively. High chemical shift value for carbon atoms, particularly 

above 150 ppm, indicate that these carbon atoms will be involved in prominent electronic transition in the 

molecule, which in turn determines the biological property of the molecule. The prominent electronic 

transitions among these carbon atoms in the molecule determined by the NBO analysis are O28 to C13 - 

C14 (30.15 KJmol-1) (n-*), C2 - C3 to C4 - N9 (27.87 KJmol-1) (-*) & C4 - N9 to C1 - C5 (25.73 

KJmol-1) (-*). 

 

 

Table 2 Calculated both 1H and 13C NMR chemical shifts (ppm) of Pioglitazone. 

Atom 
1H-NMR Chemical Shift (ppm) 

Atom 
13C-NMR Chemical Shift (ppm) 

Gas CDCl3 Experimental Gas CDCl3 

6H 7.6323 8.0442 7.574 1C 143.748 156.919 

7H 7.2434 7.3064 7.556 2C 140.671 141.161 

8H 8.7197 9.2377 8.354 3C 126.422 131.771 

26H 6.5914 4.5343 4.795 4C 162.935 167.837 

30H 1.0008 1.0454 1.116 5C 156.028 166.898 

31H 1.2558 0.5865 1.224 10C 30.1297 24.6876 

32H 1.0008 0.0547 1.166 11C 41.1407 36.0601 

33H 2.3303 1.9702 1.941 12C 70.8471 69.9033 

34H 2.6096 2.0033 2.553 13C 166.193 177.55 
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Atom 
1H-NMR Chemical Shift (ppm) 

Atom 
13C-NMR Chemical Shift (ppm) 

Gas CDCl3 Experimental Gas CDCl3 

35H 3.4131 2.6691 2.501 14C 113.926 134.256 

36H 2.9589 2.9177 2.967 15C 122.699 119.994 

37H 4.2944 4.5811 4.539 16C 133.95 142.495 

38H 3.7346 4.1132 4.675 17C 134.333 147.424 

39H 7.1042 7.053 7.114 18C 135.358 141.977 

40H 7.3237 10.1777 12.025 19C 43.3613 36.0996 

41H 7.3124 7.6696 7.601 20C 65.9314 58.5414 

42H 6.7435 8.0983 7.588 21C 177.617 213.008 

43H 2.5792 2.495 2.483 22C 175.069 207.991 

44H 4.0059 3.9637 3.623 29C 19.2996 10.5114 

45H 3.567 3.1058 3.570    

 

 

 

Figure 4 a), b) are theoretical 1H and 13C NMR, and c) experimental 1H NMR spectrum of Pioglitazone. 

 

 

Vibrational analysis 

The title molecule has 46 atoms, belongs to C1 point group symmetry, and has 132 possible modes 

of vibrations. All these modes of vibrations are predicted theoretically and the corresponding modes are 

obtained from experimental spectra for all the prominent modes. The theoretical and experimental spectra 

of the compound are presented in  Figure 5 and the theoretical and experimental wave numbers, along 

with the vibrational constants are in the discussion respectively [24,25].  

 

CH vibrations 

For the aromatic compounds the carbon-hydrogen stretching vibration is observed in the region 

3100 - 3000 cm−1 and for aliphatic in the region 3000 - 2900 cm−1  [26]. In pyridine and benzene ring, 

there are 3 and 4 CH modes, all these 7 stretching values are expected above 3000 cm−1 but among the 

scaled values, only 4 bands 3045, 3033, 3021 and 3008 cm−1 are observed in this region, the remaining 3 

bands are observed at 2997, 2979 and 2972 cm−1, all these 3 values are very close to 3000 cm−1. Hence 

the benzene CH stretching values are found to be slightly less than the usual aromatic values in this 

molecule. The only one CH stretching in the thiazole ring is observed at 2940 cm−1, these is slightly less 

than the CH vibration in the benzene and pyridine ring which confirm the previous observation that the 

conjugation in the thiazole is very weak. The CH stretching vibrations in the ethoxy group are observed at 



Trends Sci. 2022; 19(24): 2872   10 of 16 

2939, 2936, 2933, 2918 cm−1, these are slightly enhanced values when compared to the purely aliphatic 

CH values which lies usually less than 2900 cm−1, which is clearly due to the presence of oxygen atom in 

the ethoxy group. This CH stretching vibrations for the methylene and ethyl group in the molecule are 

observed in between 2907 - 2851 cm−1. This values are in agreement with the expected aliphatic range. 

Hence the influence of other rings on this groups is very small. The C-H in-plane bending mode usually 

occurs as strong to weak bands in the region of 1300 to 1200 cm−1  [27]. The C-H out-of-plane bending 

vibrations are expected to occur as strong to weak intensity bands in the region of 1000 - 600 cm−1. In this 

case present molecule all the observed scaled values are lies in the expected range. 
 

CS and NH vibrations 

The C-S stretching vibration is observed at 662 cm−1 in the FT-IR spectrum. Similarly, the C-S 

stretching vibration is found at 659 and 645 cm−1 from the computed values [28]. The C-S in the plane 

and out of plane bending vibration is observed values are lies in the expected range. 

The NH stretching vibration is observed at 3417 cm−1 in FT-IR spectra [29]. But observed scaled 

values at 3539 cm-1. These values are slightly greater than the experimental values due to the presence of 

Sulfur and oxygen atoms. 

 

CO vibrations 

The stretching mode of the carbonyl (C=O) group of the ketone moiety is expected in the range of 

1750 to 1730 cm−1 [30]. Two C=O bonds are present in the thiazole ring, whose experimental vibrations 

are observed at 1743 and 1603 cm−1, in which 1743 cm−1 is in agreement with the literature value, 

whereas 1603 is very less, it may be due to the influence of sulphur atom attached to this C=O group. 

Two single bonds are present in the ethoxy group whose stretching value are observed at 1519 and 1516 

cm−1, these are in agreement with the literature value, hence it means these C-O modes remains 

unaffected by the other modes. 
 

CC vibrations 

The CC stretching modes are normally found in the region between 1600 - 1400 cm−1 [31,32]. In the 

title molecule, CC stretching vibrations were observed between 1682 - 1548 cm−1 in FT-Raman and a 

medium band was observed in between 1692 - 1460 cm−1 in FT-IR. The observation of all these values, 

for both double bond and single bond CC stretching, in comparison with the literature values show that 

some of the band values are higher than the expected values and some of them are lower than the 

expected values, there is stretching of values on both ends of the expected region, which is naturally due 

to Fermi resonance effect between these values. 
 

 

 

Figure 5 a), c) are theoretical FT-IR and FT-Raman spectrum and b), d) are Experimental FT-IR and FT-

Raman spectrum of Pioglitazone. 
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Natural bonding orbital (NBO) analysis 

Natural bonding orbital (NBO) analysis gives the possible natural Lewis structure of Ψ since all 

orbital details are chosen mathematically for including the highest possible percentage of the electron 

density. The analysis is an efficient method for studying intra and inter-molecular interaction among 

bonds and for investigating charge transfer or conjugative interaction in a molecular system. The second-

order Fock matrix was carried out for evaluating the donor-acceptor interaction [33,34]. For each donor 

NBO (i) and acceptor NBO (j) the stabilization energy E(2) [35] associated with the electron delocalization 

i → j is estimated as: 

 

 
 

The larger the E(2) value, the more intensive is the interaction between donors and acceptors. 

Parameter such as occupancy, electron donors and accepters, stabilization energy, etc., are extracted from 

the NBO Gaussian output by B3LYP/6-311++G (d, p) method are calculated. According to the 

calculation and stabilization energy values of the donor and acceptor interactions, the top most 10 

possible transitions in this molecule are N23 to C22 - O24 (51.33  KJmol-1) (n-*), N23 to C21 - O25 

(50.45 KJmol-1) (n-*), O24 to C22 - S27 (31.32 KJmol-1) (n-*), O28  to C13 - C14 (30.15 KJmol-1) (n-

*), S27 to C22 - O24   (28.4 KJmol-1) (n-*), C2 - C3 to C4 - N9 (27.87 KJmol-1) (-*), O25 to C21 - 

N23 (27.21 KJmol-1) (n-*), O24 to C22 - N23 (26.2 KJmol-1) (n-*), C4 - N9 to C1 - C5 (25.73 KJmol-

1) (-*), C1 - C5 to C2 - C3 (22.59 KJmol-1) (-*). Among these 10 most probable transitions, 7 

transitions (top, 5, 7th and 8th) are found to be the thiazolidine group which shows the n within the ring 

and double-bonded O outside ring contribute enormously to the electronic property of the molecule. The 

other 3 transitions are from the pyridine group. All the transitions in the thiazolidine group belong to n-* 

transition and those in the pyridine group are -* transitions. However, all these probable transitions will 

not be found active in the experimental UV-Visible spectrum as they are restricted by selection rules, 

which can be also theoretically ascertained from HOMO-LUMO contribution and oscillator strength as 

discussed in the following section.  

 

UV-Visible analysis 

The UV-Visible spectra analysis of the compound has been studied in both DMSO and gas phases, 

as the experimental spectrum is recorded in the DMSO phase. The excitation energies and oscillator 

strengths of Pioglitazone were computed using B3LYP functional and 6-311++G (d, p) basis set along 

with TD–SCF method. The computed excitation energies, oscillator strength (f) and absorption 

wavelength (λ), and HOMO-LUMO contributions are presented below. The UV-theoretical and 

Experimental spectra are presented in Figure 6. 

The computed absorption wavelength, in gas phase, are predicted to take place at 279, 269, 259, 

255, 248, 247, 240, 239, 238, 233 nm with excitation energies 4.43, 4.59, 4.77, 4.85, 4.99, 5.01, 5.15, 

5.18, 5.20, 5.31 eV, respectively. The HOMO-LUMO major contribution is observed for transition N23 

to C22 - O24 (51.33 KJ mol-1) (n-*), with 97 % using the Gauss sum program. The oscillator strength 

values indicate the 7th transition O25 to C21 - N23 (27.21 KJmol-1) (n-*) at 240 nm will have maximum 

intensity among all other transitions.  

  Similarly, in DMSO phase, the corresponding absorption bands are observed at 281, 261, 255, 252, 

244, 240, 239, 238, 235, 231 nm with excitation energies 4.39, 4.73, 4.85, 4.91, 5.07, 5.16, 5.18, 5.20, 

5.26, 5.34 eV respectively. Here HOMO-LUMO major contribution is observed for transition N23 to C22 

- O24 (51.33 KJmol-1) (n-*) as 98 % [36].  But, in this solvent phase, according to oscillator strength 

value, only the 6th transition C2 - C3 to C4 - N9 (27.87 KJmol-1) (-*) will have the maximum intensity 

instead of 7th as seen in the gas phase. Thus, it may be concluded that solvents not only change the 

observable peaks in the UV-Vis spectrum, but also the wavelengths of absorption. Since the oscillator 

strengths are very close to almost all transitions, except 5th and 10th, a broad hump is expected from 235 

to 280 nm in the experimental spectrum, with 3 or 4 weak peaks on the hump. 
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Figure 6 a) theoretical and b) experimental UV-Visible graph of Pioglitazone. 

 

 

HOMO-LUMO 

FMO analysis indicates the chemical stability of the molecule, HOMO represents the highest 

occupied molecular orbitals, and LUMO is the lowest un-occupied molecular orbitals, both of which are 

called Frontier molecular orbitals FMO. The difference in energy between the HOMO and LUMO is 

called the energy band gap. This energy gap determines the molecular electrical transport property, 

chemical reactivity, optical polarizability, chemical hardness, and softness of the molecule [37-39]. 

All these highest occupied molecule orbitals and lowest unoccupied orbitals are determined with 

B3LYP functional and 6-311++G (d, p) basis set and the same is shown diagrammatically in Figure 7. 

The calculated energy of HOMO is 0.256 eV and LUMO is 0.023 eV and the energy gap between them is 

0.232 eV as shown in Table 3. The electronegativity is the measure of the attraction of electron by an 

atom in a covalent bond has a value of 0.1400 eV. The chemical hardness of the molecules is 0.1163 eV 

and softness is 0.465 eV.  
 

 

Table 3 HOMO, LUMO, electronegativity, global hardness and softness, chemical potential of 

Pioglitazone. 

Parameters Gas 

EHOMO (eV ) −0.25642 

ELUMO (eV) −0.02370 

∆EHOMO-LUMO gap (eV) −0.23272 

Electronegativity (χ) −0.14006 

Global hardness (η) −0.11636 

Global softness (S) −0.46544 

Chemical Potential (µ) −0.08429 

 

 

                    

Figure 7 HOMO-LUMO of Pioglitazone. 
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Molecular docking study 

Molecular docking is a powerful approach for predicting the molecular mechanism of protein-ligand 

interactions. In the present docking study, the Auto Dock suite 4.0 [40-42] has been used to get insight 

into probable protein-ligand interactions and to identify the binding affinity of the molecules. The 

docking ligand was got by minimizing its energy at the B3LYP/6-311G++ (d, p) level. Water molecules, 

as well as co-crystallized agents, were removed using Pymol Software. Lamarckian genetic algorithm 

(LGA) is used for molecular docking analysis. A particular grid size X is 90Å, Y is 90Å, and Z is 90Å 

with the aid of the auto grid. The ligand was docked into the functional site of the respective protein and 

its docking energy was examined to get a minimum value. Docked conformation which has the lowest 

binding energy with RMSD value 39.795 Å was chosen to investigate the mode of binding. The result is 

tabulated in Table 4. The bond lengths are illustrated in Figure 8.  

  The present structure of Glycogen metabolism (Oryctolagus cuniculus) protein was active with this 

ligand. The docking position with the lowest docking energy (−7.92 Kcal/mol) is studied. The table 

shows that the present molecule can dock with the protein 1H5U, a potential antidiabetic drug [43,44], is 

due to N atom in pyridine ring  through 2 hydrogen bonds with lengths 2.5 and 3.1 Å and due to O atoms 

in the thiazole ring  at sites TYR 52, ASN 284, and HIS 341 with bond lengths 2.8, 3.0 and 3.1 Å, 

respectively.  
 
 

Table 4 The docking analysis binding pose of Pioglitazone. 

Protein ID 
Binding energy 

(kcal/mol) 
RMSD (Å) Bond Residue Distance (Å) 

1H5U −7.92 38.795 

GLU 672 2.5 

TYR 52 2.8 

ASN 284 3.0 

TYR 573 3.1 

HIS 341 3.1 

 

 

 

Figure 8 Docking analysis binding pose of Pioglitazone. 
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Conclusions 

The stable conformer of the compound was found at 164° and 311° with their energies at −0.141 

Hartree. The structure analysis shows the variation in phenyl ring, ethyl group, methoxy, and thiazolidine 

group due to the presence of O, S, and N. The bond angle is also varied due to electronic distribution and 

the hybridization of the carbon atoms in the ring. The charge analysis predicts the change that occurs in 

C17 and C13 in the phenyl ring, C1, C4, and C5 in the pyridine ring due to the ethyl group and the 

presence of the N atom. The NMR chemical shift value of C13, C21, and C22 are 177 and 175 ppm 

because of the attachment of double-bonded O atom and adjacent to N. The vibration analysis results in 

CH, CS, NH, CO, and CC vibrations. In NBO analysis 7 transitions (1st, 5th, 7th and 8th) are found to be 

thiazolidine group which shows the n within the ring and double-bonded O outside ring contribute 

enormously to the electronic property of the molecule. The other 3 transitions are from the pyridine 

group. All the transitions in the thiazolidine group belong to n-* transition and those in the pyridine 

group are -* transitions. According to the oscillator strength value, only the 6th transition C2 - C3 to    

C4 - N9 (27.87 KJmol-1) (-*) will have the maximum intensity in UV-Visible analysis. HOMO occurs 

in the phenyl ring and LUMO occurs in the N atom of the thiazole group. The docking proves that the 

molecule can be used as an antidiabetic agent. 
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