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ABSTRACT 

The aim of this study to explore the spectroscopic behavior of carisoprodol in 

terms of simulated spectra (IR and Raman). The intramolecular H-bond of the 

molecule has been inspected from the Atoms in Molecule (AIM) approach which 

infers that there exist partial covalent H-bond in nature. The protein-ligand 

binding activity of the drug molecule has been analyzed theoretically from the 

molecular docking approach with the predicted targets in terms of binding energy 

and conventional H-bond with residue. The molecular docking analysis of the 

title molecule explores that the binding energy with the protein 

acetylcholinesterase is more than the protein epoxide hydrolase1. The nonlinear 

optical (NLO) behavior of title molecule has been scrutinized which motivates 

that the potent use of the molecule as NLO material. 

DOI: https://doi.org/10.3126/bibechana.v18i1.29036 
This work is licensed under the Creative Commons CC  BY-NC License. https://creativecommons.org/licenses/by-nc/4.0/ 
 

 
1. Introduction 

 

Carisoprodol, (RS)-2-{[(amino carbonyl) oxy] 

methyl}-2methyl pentyl isopropyl carbamate, with 

the molecular formula (C12H24N2O4) is a centrally 

acting skeletal muscle relaxant belonging to the 

BCS class II drug [1-3]. Carisoprodol is generally 

prescribed for the treatment of various muscular 

problems, mainly for lower back pain [2]. Further, 

it is used in the treatment of muscular spasm related 

to the craniomandibular disorder, lumbago, 

sciatica, and other lower back syndromes [4]. The 

anticholinergic, antipyretic, and analgesic property 

behavior of carisoprodol has been studied regarding 

the treatment of distress associated with painful 

musculoskeletal conditions in adults [4,5].  

It is triclinic in the crystalline structure lies in P1 

space group with the cell dimensions a = 5.334(3), 

b = 10.831(5), c = 13.114(5)Å, α =92.66(4), β = 

96.03(4), γ = 92.70 (4)º and it is fully in extended 

conformations due to intramolecular C-H∙∙∙O 

hydrogen bonding [6]. To enhance the potential of 

drugs many pharmacological and drug behavior of 
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carisoprodol has been carried out [7-9].  The 

structural and spectroscopic properties of this 

molecule at the atomic level have not been 

conducted so far. Therefore, in present work, an 

endeavor has been made to investigate the 

employments of the quantum computational 

method (applying DFT) to explore the vibrational 

spectra (FT-IR and FT-Raman), nonlinear optical 

(NLO) properties and atoms in molecule (AIM) of 

the molecule. Furthermore, molecular docking is 

performed to study hydrogen bonding and the 

biological activity of carisoprodol with different 

proteins. Ultimately, the study of different 

molecular properties might have great importance 

in designing and developing new efficient drugs in 

the coming days on the basis of protine ligand 

binding interaction [10-12].  

 

 

 

 

 

 

 

 

 

Fig. 1: Chemical structure of carisoprodol. 

 

Fig. 2: Optimized structure atom numbering   

scheme of carisoprodol.  

The chemical structure of carisoprodol is shown in 

Fig. 1. The optimized structure of the title molecule 

using functional B3LYP/6-31G(d,p) with the atom 

numbering system used in this study is shown in 

Fig. 2. The minimum energy position of the 

molecule has been predicted based on geometry 

optimization with DFT calculation by using the 

functional B3LYP/6-31G(d,p) which gives better 

agreement with the X-Ray crystal structure [13]. 

The optimization energy of the title compound was 

calculated at room temperature is - 553413.0830 

kcal/mol which is less than the value of kT. This 

gives support towards the stability of the molecule 

at room temperature. 
        

2. Computational and theoretical details  
 

The geometry optimization of carisoprodol was 

performed with the Gaussian-09 software package 

[14]. The density functional theory (DFT) study has 

been performed by using the functional B3LYP/6-

31G(d,p) basis set [15,16]. The hybrid exchange 

functional Becke’s three parameters contain local, 

non-local, and HF (Hartree-Fock) with Lee-Yang-

Par correlation functional. The literature survey 

reveals that the result of the functional B3LYP is 

closer to the experimental values [17,18]. So, we 

have considered the functional B3LYP for the 

calculation. It is one of the most frequently used 

functional for quantum computing procedure to 

investigate theoretical results as supporting tools to 

the experimental results.  The output data of 

Gaussian-09 has been visualized with Gauss view 

05 software. The Raman intensity, Infrared 

absorption, and first-order hyperpolarizability were 

calculated at the same level of theory as 

optimization. The atom in the molecule (AIM) of 

the title molecule has been studied with AIM 2000 

and AIM all software, employing Quantum theory 

of atoms in molecule (QTAIM) [19,20]. The 

molecular docking of carisoprodol has been carried 

out with AutoDock software and ligand-protein 

interaction has been visualized with bio visualizer 

software [21,22]. 
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The Raman intensity for vibration is obtained in 

terms of Raman scattering cross-section, 
𝜕𝜎𝑗

𝜕Ω
 , 

which depend on Raman amplitude and is given by 

the expression [23,24] 
 

𝜕𝜎𝑗

𝜕Ω
= (

24𝜋4

45
) (

(𝜈0−𝜈𝑗)
4

1−𝑒𝑥𝑝[
−ℎ𝑐𝜈𝑗

𝑘𝑇
]
) (

ℎ

8𝜋2𝑐𝜈𝑗
) 𝑆𝑗               (1) 

 

where Sj= scattering activities, νj = predicted 

wavenumbers for jth normal mode, ν0 = 

wavenumber of Raman excited state and h, c and k 

are universal constants. The Lorentzian line shape 

(FWHM= 8 cm-1) is used to produce simulated 

spectra from the calculated Raman and IR 

intensities to convolute each predicted vibrational 

mode. 
 

Total static dipole moment (µ0), the first 

hyperpolarizability (β0), mean polarizability (∆α0) 

and anisotropy of polarizability |𝛼0| of the 

molecular system were calculated by using DFT at 

B3LYP/6-31G(d, p) level of theory and are given 

by the equations [25,26].  

𝜇0 = (𝜇𝑥
2 + 𝜇𝑦

2 + 𝜇𝑧
2)

1/2
                                                            (2) 

|𝛼0| =  
1

3
(𝛼𝑥𝑥 + 𝛼𝑦𝑦 + 𝛼𝑧𝑧)               (3) 

∆𝛼 =  2−1/2 [(𝛼𝑥𝑥 − 𝛼𝑦𝑦)
2

+ (𝛼𝑦𝑦 − 𝛼𝑧𝑧)
2

+

(𝛼𝑧𝑧 − 𝛼𝑥𝑥)2 + 6𝛼𝑥𝑥
2 ]

1/2
     (4)              

𝛽0 = [(𝛽𝑥𝑥𝑥 + 𝛽𝑥𝑦𝑦 + 𝛽𝑥𝑧𝑧)
2

+ (𝛽𝑦𝑦𝑦 + 𝛽𝑥𝑥𝑦 +

𝛽𝑦𝑧𝑧)
2

+ (𝛽𝑧𝑧𝑧 + 𝛽𝑥𝑥𝑧 + 𝛽𝑦𝑦𝑧)
2

]
1/2

                     (5) 

 

3. Results and Discussion 
 

3.1 Vibrational spectra 
 

The carisoprodol molecule has 42 atoms so it has 

120 (3N-6) modes of vibration including stretching 

and bending. All the normal modes of vibration are 

both IR and Raman active. In the calculated spectra 

with B3LYP, the overestimated wavenumber is 

obtained due to anharmonicity present in a real 

system. So, the wavenumber is lowered down by 

wavenumber linear scaling (WLS) factor [27] 

which gives better resonance with experimental 

data. The graph of calculated IR absorbance and 

Raman intensity of the title molecule with scaled  

wavenumber is plotted as shown in Fig. 3. 
 

3.1.1 Amine group (NH2) vibration  
 

From the literature survey, the stretching of an 

amine group (NH2) lies in the range between 3200-

3500 cm−1 [28]. In this study, the asymmetric 

stretching of NH2 was calculated at 3534 cm−1 in 

both IR and Raman spectrum. And the symmetric 

stretching was calculated at 3420 cm−1 but the in-

plane bending is calculated at 1603 cm−1. The 

intense peak for N-H stretching was at 3441 cm−1 in 

both IR and Raman spectrum. The C-N stretching 

is seen in IR and Raman spectra at 1233 cm−1 in the 

scaled DFT. The increase in wave number of 

asymmetric stretching of the amine group infers 

that the amine group take part in intermolecular H-

bonding with neighboring molecules in the 

crystalline structure. In this study, we have taken a 

single molecule in the gaseous state that shows 

some differences in the vibrational frequencies.   
 

3.1.2 Carbonyl group (C=O) vibration 
 

The stretching for carbonyl group was calculated at 

1793 cm−1 in the IR and 1770 cm−1 in Raman band. 

From the literature, the range for stretching of the 

carbonyl group is 1670-1820 cm−1 [29]. The out of 

plane bending was calculated at 773 cm−1 and 757 

cm−1 in IR and Raman spectra, respectively.  
 

3.1.3 CH2 and CH3 vibration 
  

A literature survey reveals that the range of 

symmetric stretching for CH2 is 3000-3100 cm−1  

[30]. In this study, the intense peaks for symmetric 

stretching are calculated at 2894 cm−1, 2930 cm−1, 

and 2944 cm−1 but another intense peak for 

asymmetric stretching for CH2 is obtained in both 

IR and Raman spectra at 2981 cm−1. The distinct 

peak for symmetric stretching of CH3 in the title 

molecule is obtained at 2915 cm−1. 
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Fig. 3. Simulation of calculated IR and Raman spectra of carisoprodol. 

 

3.2 Nonlinear optical (NLO) properties  
 

The attractive potential application of NLO 

properties of the material is in optical 

communication, optical sensing, and data storage. 

The NLO properties of the material are explained  

 
 

 

in terms of static dipole moment (µ0), the mean 

polarizability (∆α), the first hyperpolarizability (β0) 

and the anisotropy of polarizability (|𝛼0|). These 

values of carisoprodol are calculated from 

B3LYP/6-31G(d,p) and their values are presented 

in Table 1.  

Table 1: The calculated dipole moment (µ0), mean polarizability|𝛼0|, anisotropy of polarizability (∆α) 

and first hyperpolarizability (β0) of carisoprodol at B3LYP/6-31G(d,p). 

 

Dipole moment 

(Debye) 

Polarizability 

(*10–24esu ) 

Hyperpolarizability 

(*10–30esu) 

µx −0.8384 αxx 12.5980 βxxx 0.9424 

µy −1.0866 αxy 0.5476 βxxy 0.3385 

µz 0.6195 αyy 21.9204 βxyy −0.5901 

µ0 1.5058 αxz −0.6665 βyyy −0.4011 

µ0(Urea) 1.3732 αyz 1.6162 βxxz 0.0089 

  αzz 19.0427 βxyz 0.2270 

  |𝛼0| 17.8537 βyyz −0.0855 

  ∆α 23.3704 βxzz −0.6754 

  ∆α(Urea) 9.7710 βyzz −0.2433 

    βzzz 0.1166 

    β0 0.4467 

    β0(Urea) 0.3728 
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The significant delocalization of charge in a 

particular direction is mentioned by the component  

of polarizability in that direction. The dipole 

moment (µ0), the anisotropy of polarizability (∆α), 

and the first hyperpolarizability (β0) of carisoprodol 

obtained as 1.5058 Debye, 23.3704X10–24esu, and 

0.4467X10–30esu respectively. These values are 

more than the experimental values of urea, so 

carisoprodol can be used as NLO material. 
 

3.3 Atoms in molecule (AIM)  
 

Atoms in molecules’ (AIM) is the proper way to 

evaluate the inter and intramolecular H-bonding. 

The quantum theory of atoms in molecules 

(QTAIM) has wide application for identification 

and classification of H-bonding in terms of electron 

density (ρ) and Laplacian of electron density (∇2ρ) 

at the bond critical point (BCP). The molecular 

graph of carisoprodol by using the functional 

B3LYP/6-31G(d,p) with AIM 2000 and AIM All 

software is presented in Fig. 4. The topological 

parameters: ED (ρBCP), Laplacian of ED (∇2ρBCP), 

electron kinetic energy density (GBCP), electron 

potential energy density (VBCP), total electron 

energy density (HBCP), interaction energy (Eint) at 

BCP; in carisoprodol is presented in Table 2. The 

geometrical parameters, bond length, bond angle, 

and the sum of van der Waal radii of interacting 

atoms (rH + rA) is visualized in Table 3. 
 

In the carisoprodol molecule, four intramolecular 

H-bond has been observed and they have the 

electron density (ρ) between proton (H) and 

acceptor (A) in the order 0.002−0.040 a.u. and the 

Laplacian (∇2ρBCP) of electron density lies in the 

order 0.024−0.139 a.u. These values are in the 

range proposed by Koch and Popelier [31] for the 

existence of H-bond. For the investigated molecule 

it has been identified that (∇2ρBCP) > 0 and (HBCP) < 

0, so the H-bond is partially covalent as given by 

Rosa et al. criteria [32]. But for strong H-bond and 

weak H-bond, the criteria given by Rosa et al. are 

(∇2ρBCP) < 0 and (HBCP) < 0, and (∇2ρBCP) > 0 and 

(HBCP) > 0 respectively. Out of the four H-bond, the 

interaction C9-H21…O3 has the highest values of 

electron density, Laplacian of electron density, and 

interaction energy as presented in Table 2,  

So it is the strongest interaction. This interaction is 

similar as explained by Horio et al. [6].  

 

Table 2: Topological parameters for intramolecular interaction in carisoprodol: ED (ρBCP), Laplacian of 

ED (∇2ρBCP), electron kinetic energy density (GBCP), electron potential energy density (VBCP), total 

electron energy density (HBCP), interaction energy (Eint) at BCP.  
 

Interactions Bond 

Length (Å) 

ρBCP 

(a.u) 

∇2ρBCP 

(a.u) 

GBCP 

(a.u) 

VBCP 

(a.u) 

HBCP 

(a.u) 

Eint 

(kcal/mol) 

H36…O4 2.5062 0.0085 0.0276 −0.0006 −0.0056 −0.0063 −1.4828 

H21…O3 2.2215 0.0203 0.0850 −0.0024 −0.0164 −0.0189 −4.3367 

C16…O3 3.1270 0.0059 0.0239 −0.0012 −0.0036 −0.0048 −0.9414 

H28…H22 2.2443 0.0084 0.0347 −0.0021 −0.0044 −0.0066 −1.1719 

 

Table 3: Geometrical parameters for intramolecular hydrogen bonds in carisoprodol: bond length(Å), 

bond angle (°), and the sum of van der Waal radii of interacting atoms (rH + rA) in Å. 
 

   D-H...A D-H (Å) H...A (Å) D-H...A (°) (rH+ rA) (Å) 

C17-H36…O4 1.0931 2.5062 159.1608 2.72 

C9-H21…O3 1.0905 2.2215 105.8896 2.72 

N6-C16…O3 1.3684 3.1270 90.2495 3.22 

C12-H28…H22 1.0971 2.2443 113.4188 2.40 
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Fig. 4. Molecular graph of carisoprodol obtained by AIM. 

 

 

3.4 Molecular docking 
 
 

Molecular docking is a fundamental tool, which 

predicts the non-covalent binding of a receptor. It is 

used to study the protean-ligand binding affinity of 

bound conformations. To predict the active binding 

sites of carisoprodol, a docking study was 

performed using AutoDock-Vina software [21]. 

The proteins epoxide hydralase1 and 

acetylcholinesterase were predicted with online 

Swiss Target Prediction as shown in Fig. 5. The 

crystal structure of epoxide hydrolase with PDB 

code; 4XDV, 4XDW, and acetylcholinesterase with 

PDB code; 2ACE, 2V96 were downloaded from 

RSCB PDB website. Epoxide hydralase1 is an 

enzyme that is mainly found in the endoplasmic 

reticulum. It has curative behavior to metabolize 

reactive epoxide to less toxic water-soluble diols 

[33,34]. Protein acetylcholinesterase is mainly 

found in the central nervous system having curative 

behavior to terminate nerve impulse and prevents 

nerve firing at the nerve ending and assists in the 

normal functioning of the central and peripheral 

nervous system [35]. 

The protein was prepared by removing water 

molecules and crystallized ligand from it. Further, 

polar hydrogen and Kollman charges were added to 

the protein using AutoDock tools. The active site of 

protein was confined in the grid box of size 

60Å×60Å×60Å with the spacing of 0.347 Å. 

Biovia Discovery studio 2020 was used for 

visualization of AutoDock-Vina result. The 

protein-ligand interaction of docked conformers is 

presented in Fig. 6. The calculated value of binding 

energy, the number of hydrogen bonds, and active 

binding residues are tabulated in Table 4. Out of 

four docked conformations, 2V96 showed the best 

binding energy −6.6 kcal/mol which binds with 

residue SER B:286 (2.77Å and 2.82 Å). Similarly, 

the conformer 2ACE of acetylcholinesterase bind 

with carisoprodol and gives three hydrogen bond 

(2.54 Å, ASP A:72, and 3.02/2.71 Å, TYRA:121) 

with the binding energy −6.5 kcal/mol. From this 

study, it is observed that the amine group and 

carbonyl group behave as active binding sites 

which is also explored in the section 3.1.1.  
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Table 4:  Bond length, and binding energy of carisoprodol against two protein targets. 

 

Ligand Protein  PDB 

code 

Binding 

energy 

(kcal/mol) 

Bond 

Length (Å) 

Amino acid No. of 

hydrogen 

bond 

Carisoprodol 

Epoxide 

Hydrolase1 

4XDV − 6.1 

3.08(O3) ASN G:92 

5 

3.09(O3) SER G:91 

2.09(H41) SER G:90 

2.74(H42) GLU G:25 

2.37(H42) SER H:91 

4XDW −5.7 

2.81(H42) TYR B:53 

4 
2.83(H41) PRO B:59 

3.13(O4) ASN B:55 

2.99(O3) THR B:70 

Acetylcholi-

nesterase 

2ACE − 6.5 

2.54(H42) ASP A:72 

3 3.02(04) TYRA:121 

2.71(O1) TYRA:121 

2V96 −6.6 
2.77(H42) SERB:286 

2 
2.82(H34) SERB:286 

 

 

 

 

Fig. 5: Swiss Target Prediction of carisoprodol. 
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Fig. 6: Molecular docking of carisoprodol. 

 

4. Conclusions 
 

From the simulated IR and Raman spectra of the 

title molecule, it is observed that functional groups: 

carbonyl (C=O), amine (NH2), CH2, and CH3 

vibrations are in the range given by the literature 

survey. The dipole moment (µ0), polarizability 

(∆α), and first hyperpolarizability (β0) of 

carisoprodol are 1.5058 D, 23.3704X10–24esu,  and 

0.4467X10–30esu, respectively. These values are 

more than the experimental values of urea (taken as 

a standard NLO material), so this material can be 

treated as NLO material besides the medicinal 

properties. The outcome of the AIM study of  

 

 

investigated molecule showed four intermolecular 

H-bonds which are partially covalent. Among 

them, the interaction C9-H21…O3 is the strongest 

due to the highest interaction energy (Eint = − 

4.3367) at BCP. The molecular docking studies 

reveal good binding with acetylcholinesterase 

protein, PDB code: 2V96 with a binding energy of 

− 6.6 kcal/mol.  
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