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Abstract : A structure investigations of Brompheniramine or Dexbrompheniramine maleate viz., the geometry structure 

optimization, frequencies (IR), NMR, electronic character, frontier molecular orbital (HOMO-LUMO) and first static 

hyperpolarizability (tot) studies of reportedcompound were calculated using DFT with B3LYP/6-311G(d,p) level of theory in 

gas phase and DMSO solvent. The calculated HOMO and LUMO energies showed that charge transfer occurs within the 

molecule and from the molecular electrostatic potential (MEP), the molecular stability and bond strength have been explained. 

In addition to that to find the influence of energy gap (∆Egap) between the HOMO-LUMO orbitals on the first static 

hyperpolarizability (tot), was calculated the ∆Egap for all theBrompheniramine compound and the results revealed that the 

smaller HOMO-LUMO ∆Egap is, larger be the tot is. 
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I. INTRODUCTION 

 

Histamine predominates in a series of physiological processes, like in the functions of immune cells, gastrointestinal tract and 

CNS (central nervous system). For instance, histamine in CNS is closely connected with a wide spectrum of functions, like the 

regulation of arousal and the sleep-wake cycle, appetite control, satiation, nociception and cognition [1]. Antihistamines were first 

introduced in the 1940s and represent one of the most commonly-used medications today [2]. This is just due to the specific histamine-

blocking capability and marked sedative effects; H1-antihistamines are often used for sleep promotion nowadays [3]. Meanwhile, in 

quite a few medications, anti-histamines are also applied for the treatment of allergies, cold symptoms, nausea, itching and insomnia. 

However, after bedtime use of anti-histamines, the long plasma half-lives and protracted CNS exposure always are assumed to cause the 

frequently-occurring next-day impairment, which in turn suggests the importance of an improved pharmacokinetic profile in the 

selection of new insomnia-aimed H1-antihistamines [4]. As a result, for the treatment of insomnia, the use of novel and selective H1-

antihistamines with appropriate exposure is promising as an alternative to current medications, especially for sleeping improvements 

during the latter third of the night and overall sleep efficiency [5]. Such agents increase sleep time and improve sleep efficiency [6]. 

As a matter of fact, the development of H1-antihistamines has undergone three generations. The first-generation 

antihistamines, which are also known as sedative antihistamines, contain brompheniramine, chlorphenamine and mepyramine (an 

ethylenediamine), hydroxyzine (a piperazine), diphenhydramine (an ethanolamine), promethazine (a phenothiazine) and triprolidine 

(alkylamine derivative) [7]. 
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However, the side effects are obvious for the first-generation H1-antihistamines:  

 because of their poor receptor selectivity and high penetration rate of the blood-brain barrier, a depression of the CNS appears, 

which always leads to many symptoms, like not only drowsiness, fatigue, somnolence and dizziness, but also impairments of 

cognitive function, memory and psychomotor performance;  

 cardiac problems also appear due to anti-muscarinic effects, blockade of cardiac ion currents and α-adrenergic-receptor 

blockade 

 other problems occur owing to the ability to block α-adrenergic, muscarinic and serotoninergic receptors, which in turn bring 

about dry eyes, dry mouth, mydriasis, urinary retention, constipation, erectile dysfunction, gastrointestinal motility and 

memory deficits [8]. 

Computational drug discovery and optimization approaches, based on quantitative structure-activity alternative for drug development 

when employed in conjunction with synthetic alternative for drug development when employed in conjunction with synthetic medicinal 

chemistry and experimental testing of lead compounds [9-12].  

The rest of the paper is organized as follows. Proposed computational investigation is explained in section II. Experimental results are 
presented in section III. Concluding remarks are given in section IV. 

II. COMPUTATIONAL INVESTIGATION 

2.1. DFT Calculations 

The Brompheniramine or Dexbrompheniramine maleate [9-12] derivatives (Scheme 1) have active pyridine moety which is 

most polarizable, the DFT study is vital to determine the structural parameters in accuracy with B3LYP/6-311G(d,p) level theory and 

quantum mechanical investigations have been computed with the GAUSSIAN 09W program package [13-18]. The program used to 

optimize structures, and calculate PES, vibrational frequencies (IR), electronic transition, TD-DFT and gauge-including atomic orbitals 

(GIAOs) to calculate NMR shielding tensors (13C and 1H) [19-22].  

The Mulliken Charges, APT charges, the energies of the frontier molecular orbitals (HOMO/LUMO) with molecular energy 

level diagram, electrostatic potential surface and Laplacian electron density analysis and molecular first static hyperpolarizability (tot) 

were also computed [22-26].  

 
 

Figure 1. (a) Structure of Brompheniramine or Dexbrompheniramine maleate (AHC1); (b) Optmized structure of (AHC1) using 

DFT-B3LYP/6-311G (d,p)  

The GaussView 6.0.16 visualization programme [27] and Chemcraft version 1.8 have been employed to generate the Laplacian 

electron density maps, HOMO-LUMO and ESP contour surfaces.  

III. RESULTS AND DISCUSSION 

3.1. Geometry Optimization 

The optimized structures of the Brompheniramine or Dexbrompheniramine maleate (AHC1) shown (Figure 1) and it potential 

energy surface diagram (PES) (Figure 2) with numbering the atoms and geometry optimizations of the title  compound was computed 

without symmetry constraints of C-C and C-H bond lengths and bond angles [15].  
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Figure 2. PES Diagram of AHC1 ((a) Energy vs Steps and (b) Optimization Convergence) 
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Table 1. Computed bond length parameters of AHC1 

S.No. Atoms Bond Length (Å ) 

1.  N(38)-C(27) 1.463 

2.  N(38)-C(34) 1.457 

3.  N(38)-C(30) 1.457 

4.  H(37)-C(34) 1.093 

5.  H(36)-C(34) 1.108 

6.  H(35)-C(34) 1.091 

7.  H(33)-C(30) 1.093 

8.  H(32)-C(30) 1.093 

9.  H(31)-C(30) 1.107 

10.  H(29)-C(27) 1.093 

11.  H(28)-C(27) 1.110 

12.  C(27)-C(23) 1.531 

13.  H(26)-C(23) 1.092 

14.  H(25)-C(23) 1.094 

15.  H(24)-C(22) 1.095 

16.  C(23)-C(22) 1.547 

17.  C(22)-C(12) 1.525 

18.  C(22)-C(1) 1.527 

19.  N(21)-C(14) 1.335 

20.  N(21)-C(12) 1.340 

21.  H(20)-C(17) 1.083 

22.  H(19)-C(15) 1.084 

23.  H(18)-C(14) 1.087 

24.  C(17)-C(15) 1.391 

25.  C(17)-C(14) 1.392 

26.  H(16)-C(13) 1.084 

27.  C(15)-C(13) 1.390 

28.  C(13)-C(12) 1.399 

29.  Br(11)-C(4) 1.921 

30.  H(10)-C(6) 1.083 

31.  H(9)-C(5) 1.082 

32.  H(8)-C(3) 1.082 

33.  H(7)-C(2) 1.085 

34.  C(6)-C(1) 1.400 

35.  C(6)-C(5) 1.392 

36.  C(5)-C(4) 1.392 

37.  C(4)-C(3) 1.389 

38.  C(3)-C(2) 1.394 

39.  C(2)-C(1) 1.397 

 

Table 2. Computed Bond angle parameters of AHC1 

S.No. Atoms Bond Angle (Å ) 

1.  C(30)-N(38)-C(34) 110.786 

2.  C(30)-N(38)-C(27) 111.437 

3.  C(34)-N(38)-C(27) 113.019 

4.  H(35)-C(34)-H(36) 108.158 

5.  H(35)-C(34)-H(37) 107.499 

6.  H(35)-C(34)-N(38) 110.752 

7.  H(36)-C(34)-H(37) 107.979 

8.  H(36)-C(34)-N(38) 112.760 

9.  H(37)-C(34)-N(38) 109.516 

10.  H(31)-C(30)-H(32) 108.085 

11.  H(31)-C(30)-H(33) 107.841 

12.  H(31)-C(30)-N(38) 113.186 

13.  H(32)-C(30)-H(33) 107.966 

14.  H(32)-C(30)-N(38) 109.908 

15.  H(33)-C(30)-N(38) 109.699 

16.  C(23)-C(27)-H(28) 109.709 

17.  C(23)-C(27)-H(29) 108.644 

18.  C(23)-C(27)-N(38) 113.163 

19.  H(28)-C(27)-H(29) 106.492 

20.  H(28)-C(27)-N(38) 111.238 

21.  H(29)-C(27)-N(38) 107.315 

22.  C(22)-C(23)-H(25) 107.653 

23.  C(22)-C(23)-H(26) 109.682 

24.  C(22)-C(23)-C(27) 112.969 

25.  H(25)-C(23)-H(26) 106.622 

26.  H(25)-C(23)-C(27) 110.408 

27.  H(26)-C(23)-C(27) 109.302 

28.  C(23)-C(22)-H(24) 107.789 

29.  C(23)-C(22)-C(1) 112.948 

30.  C(23)-C(22)-C(12) 110.891 

31.  H(24)-C(22)-C(1) 106.837 

32.  H(24)-C(22)-C(12) 106.832 

33.  C(1)-C(22)-C(12) 111.209 

34.  C(14)-N(21)-C(12) 118.485 

35.  H(20)-C(17)-C(15) 121.538 

36.  H(20)-C(17)-C(14) 120.486 

37.  C(15)-C(17)-C(14) 117.976 

38.  H(19)-C(15)-C(17) 120.726 

39.  H(19)-C(15)-C(13) 120.450 

40.  C(17)-C(15)-C(13) 118.824 

41.  H(18)-C(14)-N(21) 115.955 

42.  H(18)-C(14)-C(17) 120.433 

43.  N(21)-C(14)-C(17) 123.612 

44.  H(16)-C(13)-C(15) 120.691 

45.  H(16)-C(13)-C(12) 120.063 

46.  C(15)-C(13)-C(12) 119.246 

47.  C(22)-C(12)-N(21) 117.243 

48.  C(22)-C(12)-C(13) 120.901 

49.  N(21)-C(12)-C(13) 121.856 

50.  H(10)-C(6)-C(1) 119.323 

51.  H(10)-C(6)-C(5) 119.554 

52.  C(1)-C(6)-C(5) 121.112 

53.  H(9)-C(5)-C(6) 120.409 

54.  H(9)-C(5)-C(4) 120.308 

55.  C(6)-C(5)-C(4) 119.283 

56.  Br(11)-C(4)-C(5) 119.491 

57.  Br(11)-C(4)-C(3) 119.511 

58.  C(5)-C(4)-C(3) 120.998 

59.  H(8)-C(3)-C(4) 120.514 

60.  H(8)-C(3)-C(2) 120.582 

61.  C(4)-C(3)-C(2) 118.903 

62.  H(7)-C(2)-C(3) 118.831 

63.  H(7)-C(2)-C(1) 119.659 

64.  C(3)-C(2)-C(1) 121.510 

65.  C(22)-C(1)-C(6) 121.351 

66.  C(22)-C(1)-C(2) 120.455 

67.  C(6)-C(1)-C(2) 118.194 
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The potential energy surface of reported compound has been carried to check any possible existence of conical 

intersection between the ground and first excited state, however, the DFT based B3LYP/6-311G (d,p) level of computations were 

not able predict any imaginary frequencies implying that the stationary point is located at the global minimum of the potential 

energy hyper-surface (Figure 2). The optimized bond lengths, bond angles and dihedral angles were obtained using B3LYP with 

6-311G(d,p) level theory. The calculated optimized electronic energies of Brompheniramine is -3304.96 Hartree’s with the Zero 

point energy correction 0.3166 Hartree’s,which confirms the molecular stability of the AHC1. The analytical and energies of 

thermodynamical parameters of Brompheniramine or Dexbrompheniramine maleate with 298.150 K at 1.000 atm pressure 

reported in Table 1 and the bond distances in Table 2.   

 

3.2. Mulliken electronegativity and APT Charges  

  The quantum chemical calculations are used to determine electronegativity of pure s, p and d states and atomic partial 

charges (APT) for the AHC1 compound involves fitting the charges to electrostatic potentials (ESPs) computed with abinitio 

quantum mechanics at sampling points around the reported compounds (Figure 3 and Table 4). Mulliken electronegativity () can 

be computed as follows: =(I+A)/2, where I is ionization energy (I=-EHOMO) and A is electron affinity (A=-ELUMO). Softness is 

measure of extent of chemical reactivity S=1/2 and harness is measured =(I-A)/2. The electrophilicity index =(-2/2) is a 

measure of energy lowering due to maximum electron flow between donor and acceptor [27,28].  

(a) Mulliken Charges (b) APT Charges 

 

 

Figure 3.calculatedMulliken and APT charges of AHC1 at gas phase 

 

3.3. Dipole moments 

Generally, the dipole moment values of compounds indicate bond polarities and charge densities in molecules. The 

computed dipole moment of AHC1 compound with B3LYP/6-311G(d,p) level of theory have been reported values is  3.5901 D, 

which significantly showed that the AHC1 is relatively polarized and more active of Brompheniramine or Dexbrompheniramine 

maleate [29]. 

3.4. Molecular Electrostatic Potential (MEP) 

The molecular electro-static potential surface of the AHC1 compound has been determined by B3LYP/6-311 G(d,p) 

method to know the relative polarity of the molecules. The electrostatic potential contour map for positive and negative potentials  

of title compound is shown in Figure 4. The electron rich or negative charge of the MEP surface is shown in red colour, the blue 

region exposes the electron deficient or partially positive charge, light blue region shows slightly electron deficient region, the 

slightly electron rich region is indicated by yellow and the green colour shows neutral [28,29] 
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Figure 4. ESP of AHC1 at gas phase 

 

3.5. Analysis of frontier molecular orbitals 

The highest occupied molecular orbital and lowest unoccupied molecular orbital are named as frontier molecular orbital 

(FMOs). A molecular orbital describes the behavior of electrons in a molecule. Electrostatic potential of a molecule is a good tool 

to assess the molecules reactivity towards positively or negatively charged reactants. The energies of HOMO, LUMO and their 

orbital energy gap are calculated by using B3LYP/6-311 G(d,p) method. The pictorial structure representation of the frontier 

molecular orbitals and their respective positive and negative regions are presented in Figure 5. The positive and negative surfaces 

is shown in red and green colour, respectively. The electron cloud is mainly located on the aromatic ring and is of  π type, but  in 

case of LUMO it is π* in nature, therefore, the  HOMO–LUMO transition is  ππ* in nature. The FMOs play crucial role in the 

optical and electrical properties of molecules. The energy gap between HOMO and LUMO helps to predict the chemical 

reactivity and kinetic stability of the molecule. A molecule with small energy gap has high chemical reactivity and low kinetic 

stability [26,27]. The energy gap values clearly show that enol form has higher energy gap than keto form, which reveals the 

lower chemical reactivity and higher kinetic stability of enol form than keto form. The energy gap (Figure 6) of LUMO-HOMO 

of AHC1 is 4.727 eV, which clearly indicates the charge transfer interface with in the molecule. The narrow energy gap between 

HOMO and LUMO facilitates molecule to be NLO active. 
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Figure 5. HOMO-LUMO molecular energy level diagram of AHC1 with gas phase 

3.6. Electronic Transition 

  The electronic transitions of the Brompheniramine or Dexbrompheniramine maleate has been explained based on time 

dependent density functional theory with B3LYP/6-311G(d,p) at gas phase using the optimized geometry of the ground state 

(Figure 6). AHC1 form Gives intense peak at 261 nm, 272 nm and 293 nm and in the DMSO solvent it forms at 259 nm,  267 nm 

and 285 nm as high intense peak is assigned to π→π* and n→π* transitions of the conjugated aromatic ring.The most intense 

electronic transition occurs between the highest occupied molecular orbital to the lowest unoccupied molecular orbital, the energy 

gap of AHC1 is Egap = 4.727 eV at gas phase <Egap = 4.864 eV at DMSO solvent (Figure 7).  

 

Figure 6.TD Spectrum of AHC1 (a) at gas phase (b) in DMSO Solvent 
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Figure 7. HOMO-LUMO molecular energy level diagram of AHC1 in DMSO solvent 

3.7 Computed Vibrational frequencies 

 Computed IR frequencies shown in Figure 8 with B3LYP/6-311G(d,p) level of theory. In order to determine possible 

interaction between drug with carrier, vibrational frequencies has been calculated. The AHC1 shows characteristic peak of N-H 

stretching vibration at 2903 cm-1. The FTIR spectra of optimized formulation showed same peak as that of pure drug AHC1.  

 

Figure 8. Computed vibrational frequencies of AHC1 at gas phase 

Carbon-Carbon stretching band of phenyl group is appeared in range of 1500-800 cm-1 and the bands at around 3100 cm-1 are 

due to the aromatic C-H stretching vibration respectively. All other vibrational bands of aromatic C-H stretching, aromatic C=C 

stretching and C-N stretching are also observed. Further computed vibrational spectra is compared with the computed Raman 

intensity spectra (Figure 9) which is assigned as in the assignments of vibrational frequencies. 
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Figure 9. Computed Raman intensity spectrum of AHC1 at gas phase 

 

3.8 NMR Chemical Shifts 

The NMR techniques are used to predict presence of particular nuclei in a compound. It helps to elucidate the molecular 

structural information when the nucleus exposed to electromagnetic radiation in a strong magnetic field [28]. The geometry 

optimization of Brompheniramine or Dexbrompheniramine maleate were performed at the gradient corrected density functional 

level of theory using the hybrid B3LYP method based on Becke’s three parameters functional of DFT and gauge-including 

atomic orbital (GIAO) 13C{1H}-NMR chemical shift calculations of the compounds have been computed using B3LYP/6-

311G(d,p) basis set [28,29].1H NMR (Figure 10) and 13C-NMR (Figure 11) chemical shifts of the compound ATC1 is given and 

the N-methyl group’s carbon (C30, C34) of the title compound give chemical shielding tensor appears 134.510 and 141.079 ppm 

at gas phase, 135.265, 143.978 ppm in DMSO solvent which reveals that the downfield of C30 and C34 is due to the influence of 

adjacent highly polar N- in the solvent. 

  

   (a)       (b) 

Figure 10. NMR Shielding tensor values of AHC1 (a) at gas phase (b) in DMSO solvent 

  On high demand of NMR chemical shielding tensors, definitely DFT studies determines of degree of aromaticity and the 

NMR chemical shift methodology offers one unique probe of aromaticity based on one defining characteristics of an aromatic 

system, its ability to sustain a diatropic ring current of the reported moiety’s. This leads to a response to an imposed external 

magnetic field with a strong (negative-red colour contour maps) shielding at the center of the AHC1 [30] about XX axis (Figure 

11) and the computed absolute magnetic shielding at pyridine ring centers it shows strong negative shielding at the ring center 

(negative nucleus-independent chemical shift (NICS)), while anti-aromatic systems reveal positive NICS at the N-methyl center 

(blue-coloured contour maps in Figure 11). 
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Figure 12. Computed Magnetic shielding tensor about XX axis of AHC1 at gas phase 

 

3.9. Non-linear optical (NLO) properties 

The NLO calculations have made an important contribution to the electronic polarization of molecule and structural 

properties relationship and the NLO response calculation was performed on the optimized geometry using B3LYP/6-311G(d,p) 

level of theory and the first static hyperpolarizability is a third rank tensor that can be described by a 3×3×3 matrix with 27 

components of the 3D matrix can be reduced to 10 components due to the Kleinman symmetry [31-34], i.e., xxx, xxy, xyy, yyy, 

xxz, xyz, yyz, xzz, yzz and zzz respectively and the computed first static hyperpolarizability () values of these 

Brompheniramine or Dexbrompheniramine maleate were calculated and converted to electrostatic units (esu) and represented in 

the Table 9.  The calculated first static hyperpolarizability () tensors of AHC1 is tot= 8.1235 x 10-30e.s.u is predicted to have 

larger NLO property than that of other anti-histamine compounds [35,36]. 

 

IV. CONCLUSION 

In the present work, the DFT calculations of Brompheniramine or Dexbrompheniramine maleate is  carried out using 

B3LYP/6-311G (d,p) level of theory to evaluate the PES, vibrational frequencies (IR), electronic transition, TD-DFT and NMR 

shielding tensors (13C and 1H). Further, Mulliken Charges, APT charges, the energies of the frontier molecular orbitals 

(HOMO/LUMO) with molecular energy level diagram and electrostatic potential surface analysis at gas phase and also in DMSO 

solvent. In addition, an investigation of molecular first static hyperpolarizability (tot) were also computed. Dipole moment values 

showed that the relatively polarized 3.59 Debye. The energy gap of LUMO-HOMO of AHC1 at gas phase and in DMSO solvent 

are 4.727eV and 4.846 eV respectively, which clearly indicates the charge transfer interface with in the molecule. The narrow 

energy gap between HOMO and LUMO facilitates molecule to be NLO active. 
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