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ABSTRACT 

(2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl propanamine (Levomepromazine) is also known as 

METHOTRIMEPRAZINE. Levomepromazine is a phenothiazine and typical antipsychotic agent, with 

sedative/hypnotic, anxiolytic, antiemetic, analgesic and antipsychotic activities. Molecular structure and 

fundamental vibrational frequencies of Levomepromazine from X-ray determination of the compound in the ground 

state has been compared using the ab initio density functional theory (DFT) method at different levels of 

calculation.  The scaled B3LYP (Becke 3-Lee−Yang−Parr)/6-31G results shows the best agreement with the 

experimental values. The calculated highest occupied molecule orbital or HOMO and the lowest un-occupied 

molecular orbital or LUMO energies shows that charge transfer within the molecule. The  vibrational spectra of IR 

and raman and normal mode analysis have been interpreted with the help of B3LYP level of theory with the 6-31G 

basis set from the Density function theory method and the X-ray geometry and experimental frequencies were 

compared with the results of theoretical calculations. 
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INTRODUCTION 

Quantum chemistry is an important method in the study of molecular structure and properties. In the seventh decade 

of last century, in pace with Heisenberg putting forward the Uncertainty Principle and Matrix Mechanics, 

Schrodinger introducing the Wave Equation, Dirac proposing the equation with relativity, the objects of physics 

study transferred from the macro field into micro field, which marked the establishment of the quantum mechanical 

system. An exact solution for the Schrödinger equation can only be obtained for the hydrogen atom. Since all other 

atomic or molecular systems, their Schrödinger equations cannot be solved exactly and so approximate solutions 

must be sought. The solution methods consist of ab initio methods, semi-empirical methods and density functional 

methods (DFT). The programs used in computational chemistry are based on many different quantum-

chemical methods. Methods that do not include any empirical or semi-empirical parameters in their equations – 
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being derived directly from theoretical principles, with no inclusion of experimental data – are called ab initio 

methods. The simplest type of ab initio electronic structure calculations are the DFT. 

 

At the optimized geometry of the compound no imaginary frequency modes are obtained, so there is a true minimum 

potential energy surface is found. The assignments of the normal modes of vibration for the compound have been 

made by visual inspection of the individual mode using the Gauss. Vibrational spectroscopy (VS) is the analysis of 

molecular properties based on vibrations at the molecular level and it is highly selective. Vibrational spectroscopy 

produces a spectral fingerprint of a material, such as an active pharmaceutical ingredient (API), so is well-suited to 

both identify and verify the raw active pharmaceutical ingredient material and its presence in a final product. There 

are three related analytical techniques that use Vibrational spectroscopy Fourier-transform infrared (FTIR), near- 

infrared (NIR), and Raman. 

 

Vibrational spectroscopy is used extensively in organic chemistry for the identification of functional groups of 

organic compounds, for studies on molecular confirmation, the results based on quantum chemical calculations, IR 

and RAMAN frequencies, HOMO-LUMO and normal mode analysis( dipole moment , total energy, bond length 

and bond angle) on (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl propanamine (Levomepromazine)  have no 

reports. In the present work, we have attempted to study vibrational spectra and bonding nature of (2R)-3-methoxy 

phenothiazine 10yl-N,N,2-trimethyl propanamine (Levomepromazine) by using B3LYP level of theory with the 6-

31G basis set. 

Levomepromazine (methotrimeprazine) is only found in individuals that have used or taken this drug. 

Levomepromazine is a phenothiazine with pharmacological activity similar to that of both CHLORPROMAZINE 

and PROMETHAZINE. It has the histamine-antagonist properties of the antihistamines together with CENTRAL 

NERVOUS SYSTEM effects resembling those of chlorpromazine.  The exact mechanism of action 

of levomepromazine is not fully known, upon administration, this agent appears to act as an antagonist for a variety 

of receptors in the central nervous system (CNS), including adrenergic, dopamine, histamine, cholinergic 

and serotonin (5-hydroxytryptamine; 5-HT) receptors. Blocking these receptors results in levomepromazine's 

pharmacologic effects. 

 

 

METHOD, MATERIAL & THEORY 

DFT is a computational quantum mechanical modeling method used in physics, chemistry and material sciences. In 

the present contribution, the properties that can be calculated with DFT, such as geometries, energies, spectroscopic 

properties. Density functional theory (DFT) calculations have been performed to predict the IR and Raman spectra 

for the molecule. Fourier transform infrared (FTIR) and Raman spectra of the compound have been obtained 

experimentally. All FTIR and Raman bands of the compound obtained experimentally were assigned based on the 

modeling results obtained at the B3LYP/6-31G level. 

Gaussian is a general purpose computational chemistry software package. A basis set in theoretical and 

computational chemistry is a set of functions (called basis functions) that is used to represent the electronic wave 

function in the density-functional theory. 

Obtain the vibrational spectra and bonding nature of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl 

propanamine (Levomepromazine) by using B3LYP level of theory with the 6-31G basis set from the Density 

function theory method.  

Optimized geometric structure of 5(6) phenoxy-1-aryl aminomethyl-1-chlorobenzimidazole is shown in figure-1. 
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FIGURE-1 

 

BOND LENGTH AND BOND ANGLE- 

Bond length is defined as the distance between the centers of two covalently bonded atoms. bond length or bond 

distance is the average distance between nuclei of two bonded atoms in a molecule. The average angle between the 

orbitals of the central atom containing the bonding electron pairs in the molecules is known as Bond Angle between 

the atoms.  

These optimized structural parameters were determined at B3LYP level theory with 6-31G basis set using DFT and 

are presented as- 

ATOMS BOND LENGTH(A
0
) 

C1-C10 1.39333 

C33-O10 1.45067 

C5-C6 1.40192 

C4-S11 1.84063 
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C18-S11 1.84058 

N12-C3 1.41974 

C13-N12 1.42359 

C16-H21 1.08466 

C15-C14 1.39812 

C26-H27 1.09643 

N32-H29 1.47630 

C41-N32 1.46918 

N32-C37 1.46834 

C23-N12 1.47495 
TABLE-1 

 

GRAPH-1 

 

ATOMS BOND ANGLE 

C33-H35-O10 39.773 

O10-C1-C6 124.321 

O10-C33-C1 30.015 

C5-C4-S11 120.481 

C18-S11-C4 96.955 

C3-C2-N12 29.487 

C1-C10 C33-O10 C5-C6 C4-S11 C18-S11

N12-C3 C13-N12 C16-H21 C15-C14 C26-H27

N32-H29 C41-N32 N32-C37 C23-N12
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C13-N12-C3 119.521 

N12-C3-C23 119.361 

N12-C23-C26 112.840 

C15-C14-C16 29.725 

H22-C17-C16 120.541 

H27-C26-H28 106.363 

C41-N32-C29 113.887 

C41-N32-C37 112.244 

C37-N32-C29 113.140 

H40-C37-N32 113.354 

H25-C23-N12 108.027 

S11-C18-C17 119.941 

H35-H36-C33 35.241 

H8-C5-C6 119.688 

TABLE-2 

 

 

GRAPH-2 

 

C33-H35-O10 O10-C1-C6 O10-C33-C1 C5-C4-S11 C18-S11-C4

C3-C2-N12 C13-N12-C3 N12-C3-C23 N12-C23-C26 C15-C14-C16

H22-C17-C16 H27-C26-H28 C41-N32-C29 C41-N32-C37 C37-N32-C29

H40-C37-N32 H25-C23-N12 S11-C18-C17 H35-H36-C33 H8-C5-C6
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DIPOLE MOMENT AND TOTAL ENERGY- 

The electric dipole moment is a measure of the separation of positive and negative electrical charges within a 

system, that is, a measure of the system's overall polarity. The bond dipole moment uses electric dipole moment to 

measure the polarity of a chemical bond within a molecule. It occurs whenever there is a separation of positive and 

negative charges. 

Optimized geometric structure of dipole moment and total energy of (2R)-3-methoxy phenothiazine 10yl-N,N,2-

trimethyl propanamine (Levomepromazine) is shown as- 

DIPOLE MOMENT  2.3109 Debye 

TOTAL ENERGY  -1281.78944325 au 

TABLE-3 

 

IR SPECTRA- 

Infrared spectroscopy (IR spectroscopy or vibrational spectroscopy) involves the interaction of infrared radiation 

with matter. It covers a range of techniques, mostly based on absorption spectroscopy. An IR spectrum can be 

visualized in a graph of infrared light absorbance (or transmittance) on the vertical axis vs. frequency or wavelength 

on the horizontal axis.  

Optimized geometric structure of IR Spectra of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl propanamine 

(Levomepromazine) is shown in figure-2. 

 

 

FIGURE-2 

RAMAN SPECTRA- 

A RAMAN spectrum is a plot of the intensity of RAMAN scattered radiation as a function of its frequency 

difference from the incident radiation (usually in units of wavenumbers, cm
-1

). This difference is called the RAMAN 

shift, because it is a difference value, the Raman shift is independent of the frequency of the incident radiation. 
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Optimized geometric structure of RAMAN Spectra of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl 

propanamine (Levomepromazine) is shown in figure-3. 

 

 

FIGURE-3 

 

DEPOLARIZATION SPECTRA- 

In Raman spectroscopy, the depolarization ratio is the intensity ratio between the perpendicular component and the 

parallel component of Raman scattered light. The Raman scattered light is emitted by the stimulation of the electric 

field of the incident light. Therefore, the direction of the vibration of the electric field, or polarization direction, of 

the scattered light might be expected to be the same as that of the incident light.  

Optimized geometric structure of P-depolarization of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl 

propanamine (Levomepromazine) is shown in figure-4. 

 

FIGURE-4 
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Optimized geometric structure of U-depolarization of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl 

propanamine (Levomepromazine) is shown in figure-5. 

 

 

FIGURE-5 

MOLECULAR ORBITAL ENERGIES- 

Individual atoms combine to form molecular orbitals, as the electrons of an atom are present in various atomic 

orbitals and are associated with several nuclei. HOMO and LUMO are types of molecular orbitals. The acronyms 

stand for "highest occupied molecular orbital" and "lowest unoccupied molecular orbital", respectively. The energy 

difference between the HOMO and LUMO is termed the HOMO–LUMO gap. HOMO and LUMO are sometimes 

called frontier orbitals in frontier molecular orbital theory. The difference in energy between these two frontier 

orbitals can be used to predict the strength and stability of transition metal complexes, as well as the colors they 

produce in solution. 

 HOMO is most available for bonding and most weak held electrons. The electrons of the HOMO are donated and 

characteristic for nucleophilic component.LUMO receives electrons and lowest energy orbital available. And also 

characteristic for electrophilic component.  

 

The HOMO and LUMO energy calculated by B3LYP /6-31G method – 

.HOMO Energy -0.18151 au 

LUMO Energy -0.00375 au 

ENERGY GAP (LUMO-HOMO)    0.17776 au 

TABLE-4 

 

Optimized geometric structure of Homo of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl propanamine 

(Levomepromazine) is shown in figure-6. 
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FIGURE-6 Homo 

 

Optimized geometric structure of Lumo (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl propanamine 

(Levomepromazine) is shown in figure-7. 

 

 

FIGURE-7 Lumo 
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CONCLUSION: The simulation report of (2R)-3-methoxy phenothiazine 10yl-N,N,2-trimethyl propanamine 

(Levomepromazine), we will reported very soon. 
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