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ABSTRACT  

A theoretical study has been performed on the muscle 

relaxant 5-[(3, 5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-

one, of generic name metaxolone (MTX), by using the hybrid 

B3LYP/6-31G calculations in the gas phase and the 

experimental available infrared and Raman spectra in the 

solid phase. Three C1, C2 and C3 isomers were found in the 

potential energy surface (PES) but only two of them, C1 and 

C2 correspond to those experimentally reported polymorphic 

forms A and B, respectively. The absence of C3 isomer could 

be easily explained by the quite high values in the dihedral 

C5-C7-O2-C9 and O1-C5-C7-O2 angles different from those 

experimental structures reported for the two polymorphic 

forms A and B of MTX. On the other hand, the higher bond 

orders values together with the high topological properties 

observed for the oxazolidinone ring of C1 could possibly 

support their existence despite this isomer has highest energy 

than C2 and C3. The natural bond orbital (NBO) analyses 

reveal the high stabilities of C1 and C2 while the atoms in 

molecules(AIM) study suggests that the ring 

dimethylphenoxy-methyl practically do not have influence on 

the properties of MTX. The frontier orbitals show that the 

isomers of MTX have reactivities and electrophilicity indexes 

similar to antiviral thymidine while their nucleophilicity 

indexes present values closer to antimicrobial thione. In 

addition, the complete vibrational assignments of those two 

stable isomers were performed by using the experimental 

available FT-IR and FT-Raman spectra, their normal internal 

coordinates,the scaled quantum mechanical force field 

(SQMFF) methodology and the Molvib program.The 

harmonic force fields for the two isomers and their 

corresponding force constants were also reported. The force 

constants values are in agreement with values reported in the 

literature for species with similar groups. 
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1.INTRODUCTION 

Metaxolone is the generic name of a drug, known from long time ago, that structurally is an 

oxazolidinone specie named 5-[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one [1-12]. 

This drug presents therapeutic properties because act on centrally acting skeletal muscle 

relaxant [2] although it also has many contraindications with various difficult cases reported 

in the literature [13-15]. The insolubility of this drug in water is a great problem and, for this 

reason, metaxolone is normally combined in pharmaceutical preparations with others, such as 

diclofenac to improve their incorporation maintain the effects and properties of their active 

ingredients [6-8,10,11]. However, during the design of these preparations the 

physicochemical properties of the ingredients and their activities can be modified. In fact, 

pharmaceutical cocrystals can be employed to improve their physicochemical characteristics 

maintaining its therapeutic properties [16, 17]. Hence, few methods and techniques are 

reported in the literature to determine the compositions and dosage of these preparations, as 

reported by Patel et al. [8], therefore, common spectroscopic techniques are employed for 

these purposes [9,12,16]. Chattopadhyay et al. [1] and Lorimer et al. [3] have reported the 

FT-IR and FT-Raman spectra of two polymorphic forms of metaxolone while Aitipamula et 

al. [4] have performed an experimental conformational study of both structures showing that 

the form B is thermodynamically the most stable form at ambient conditions. On the other 

hand, Lin et al. [5] have studied the cocrystal formation of metaxolone with short-chain 

dicarboxylic acids while Boopathi et al.[12] have recently reported a spectroscopic study on 

metaxolone by using the FT-IR, FT-Raman, and NMR spectra and DFT calculations. 

However, in this study, the two experimental polymorphic forms of this drug were not 

considered and only 54 vibration modes of a total of 87 were assigned only by using scale 

factors and the B3LYP/6-311++G** calculations [12], with this scenario, the vibrational 

studies of both forms of metaxolone are of interest to characterize completely both forms by 

using their experimental FT-IR and FT-Raman spectra. The identification of both forms is 

necessary and useful in all pharmaceutical preparations, as mentioned above. Taking into 

account this purpose, we have carried out the theoretical conformational study of metaxolone, 

indispensable to know which is the most stable structure, in order to perform the complete 

vibrational assignments of the experimental available vibrational spectra of metaxolone by 

using the scaled quantum mechanical force field (SQMFF) procedure [18] and the Molvib 

program [19]. Here, calculations based on the density functional theory (DFT) with the 

hybrid B3LYP method were used to optimize the two initial structures of metaxolone by 
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using the 6-31G* basis set [20,21]. Here, it is necessary to explain that the calculations were 

performed with the B3LYP/6-31G* method because with the greater basis set the studies 

were already reported [12], as mentioned before. Additional calculations by using the NBO 

and AIM2000 programs were performed in order to search the importance of the 

oxazolidinone rings of both forms on the dimethylphenoxy-methyl ones [22-24]. Besides, the 

predictions of the reactivities of both forms are very important to explain their biological 

activities and kinetics properties, especially because now the mechanisms to explain the 

therapeutic properties of this muscle relaxant remain unknown. Thus, the frontier orbitals 

[24,25] and some descriptors were calculated by using the same level of theory [26-30]. Here, 

these properties obtained for metaxolone were later compared with those studied by Boopathi 

et al. [12] by using B3LYP/6-311++G** calculations and with other compounds containing 

different rings in their structures and different biological activities [31-33]. 

2. COMPUTATIONAL DETAILS 

Both forms of metaxolone (MTX) were modeled with the GaussView program [34] and 

optimized by using the hybrid B3LYP/6-31G* method with the Gaussian 09program [35]. 

Later, the potential energy surfaces (PES) were studied for variations of the dihedral C5-C7-

O2-C9 and O1-C5-C7-O2 angles by using the same level of theory where, in particular for 

the curve in function of the O1-C5-C7-O2 angle clearly shows three theoretical structures, 

two of them with local minima and one with a global minimum, as expected. These structures 

are named C1, C2, and C3; being C2 the most structure corresponding to a global minimum 

whileC1 is the less stable with a higher energy value than C2 and C3. In Figure 1 are 

presented the three theoretical structures of metaxolone in the gas phase by using the 

B3LYP/6-31G* level of theory. Here, all properties were presented for the three structures in 

order to explain the differences among the three isomers. The atomic natural populations 

(NPA) and MK (Merz-Kollman) charges and the molecular electrostatic potentials (MEP) 

were computed in the gas phase at the same level of the theory [22,36]. NBO calculations 

[19] were also performed to calculate the bond orders, expressed as Wiberg indexes, and the 

acceptor-donor interactions energies while the AIM2000 program [20] was used to compute 

the topological properties of all isomers of MTX. Here, the harmonic force fields were also 

calculated by using the corresponding normal internal coordinates together with the SQMFF 

methodology [18] and the Molvib program [19]. 
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Figure 1:Molecular theoretical structures of metaxolone and the atoms numbering by 

using the B3LYP/6-31G* method. 

To perform the vibrational assignments for those two isomers only those Potential Energy 

Distribution (PED) contributions  10% were considered. Thus, the predicted IR and Raman 

for the isomers of MTX were compared with those experimental available for MTX [1,3,12]. 

The root-mean-square deviation (RMSD) was employed to compare the theoretical and 

experimental results of geometries in order to know the differences between these values for 

all isomers of MTX. The volumes in the gas phase were calculated with the Moldraw 

program [37] while the differences between their frontier orbitals, known as the gap, and 

some global descriptors were also computed in order to know their reactivity’s and behaviors 

[27-30]. Then, these results for the three isomers were exhaustively compared and analyzed 

between them. 

3. RESULTS AND DISCUSSION 

3.1. Geometries in gas phase 

The results from the conformational studies for MTX can be seen in Table 1. The calculated 

total and relative energies, dipole moments, volume values and populations are presented in 

that table for the three most stable conformers by using the B3LYP/6-31G* method. 

Regarding the values of Table 1, it is observed that C2 is the most stable conformer of MTX 

with higher volume and population but with the lowest dipole moment value than C1 and C3. 

Note that the higher relative energy for C1 generates a lower population. Despite the low 
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energy value observed for C1, this isomer exists in the solid phase because their high dipole 

moment value probably stabilizes this species, as we see later. 

Table 1. Calculated total (E) and relative energies (E), dipolar moment (), volume (V) 

and population values for the most stable conformers of 5-[(3,5 

dimethylphenoxy)methyl]-1,3-oxazolidin-2-one in the gas phase.  

B3LYP/6-31G*method/Gas phase 

Conformers E (Hartrees) E (kJ/mol) (Debye) V (Å
3
) Population

% C1 -746.7484 8.66 5.36 242.8 2.30 
C2 -746.7517 0.00 4.22 245.9 76.33 

C3 -746.7505 3.15 5.36 242.5 21.37 

The geometrical parameters for C1, C2, and C3 were compared in Table 2 with those 

experimental reported for both polymeric A and B forms by Aitipamula et al. [4] by means of 

the RMSD values, which are also presented in bold letter in Table 2. The deep analyses of the 

values show interesting results. Firstly, it is observed that the predicted C8=O3, C5-O1, C7-

O2 and C9-O2 distances present lower values than the experimental ones while a contrary 

relationship is observed for the C8-O1, N4-C6 and N4-C8 distances. In particular, the 

experimental O1---O2 distance for the form A is similar to that predicted for the C1 and C3 

isomers while for C2 that predicted distance is similar to the experimental determined for the 

form B. Then, the RMSD values (0.021-0.019 Å) for the three isomers present practically 

identical values when they are compared with both forms A and B, being slightly lower for 

the most stable isomer C2. When the bond angles for C1, C2 and C3 are analyzed similar 

RMSD values (1.8-1.4 º) are obtained, wherein particular, it is observed that the bond N4-C6-

C5 angles practically have the same values than those experimentally observed for the forms 

A and B. Here, some bond angles are predicted over-dimensioned, as observed in the bond 

lengths. The higher variations are observed in the dihedral angles with RMSD values between 

258 and 5.3 º. Here, it is observed that the C2 isomer presents values and signs similar to the 

experimental form B, hence, this isomer presents the lowest value than C1 and C3 (5.3 º) 

while the C1 isomer have lowest RMSD value of dihedral angles and signs similar to the 

experimental form A. Later, these analyses show clearly that the structures of both C1 and C2 

isomers correspond to those polymorphic forms found experimentally for MTX (A and B) by 

different authors [1,3,4], as observed in Figure 2. 
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Table 2. Calculated geometrical parameters for 5-[(3,5-dimethylphenoxy)methyl]-1,3-

oxazolidin-2-one compared with the experimental ones for the A and B forms. 

Parameters B3LYP/6-31G* Method
a
 Experimental

b
 

C1 C2 C3 A Form B Form 

Bond lengths (Å) 

C8=O3 1.204 1.204 1.204 1.226 1.226 

C5-O1 1.439 1.438 1.437 1.463 1.459 

C8-O1 1.372 1.377 1.373 1.361 1.364 

C7-O2 1.413 1.419 1.414 1.430 1.431 

C9-O2 1.371 1.373 1.372 1.372 1.377 

N4-C6 1.450 1.453 1.453 1.454 1.445 

N4-C8 1.383 1.379 1.381 1.338 1.336 

C5-C6 1.548 1.544 1.546 1.525 1.530 

O1-O2 2.865 3.619 2.883 2.888 3.621 

RMSD A 0.021 0.020 0.021   

RMSD B 0.021 0.019 0.020   

Bond angles (º) 

C5-O1-C8 110.2 109.8 110.1 107.7 108.0 

O1-C8-N4 108.1 107.9 108.1 110.2 110.2 

C8-N4-C6 111.4 111.5 111.3 111.5 112.4 

N4-C6-C5 100.1 99.8 100.0 99.9 100.7 

C6-C5-O1 104.5 104.6 104.7 103.8 104.5 

C5-C7-O2 107.6 106.4 108.7 107.5 105.9 

C7-O2-C9 118.6 118.7 118.7 117.2 116.4 

RMSD A 1.4 1.4 1.5   

RMSD B 1.6 1.5 1.8   

Dihedral angles (º) 

O1-C5-C7-O2 -66.5 -176.0 67.4 -69.8 -179.0 

C5-C7-O2-C9 177.5 -179.3 -178.5 167.6 -169.3 

C9-C10-C12-

C15 

179.7 -179.8 -179.4 178.2 -178.6 

C9-C11-C13-

C16 

-179.6 -179.9 -179.6 -179.0 -179.4 

RMSD A 5.3 254.8 258.1   

RMSD B 255.6 5.3 123.3   

a
This work; from Ref. [4]; RMSD, in bold letter. 

The distances between the two electronegative O atoms (O1---O2) could not justify the not 

existence of C3 because their value is similar to that observed for the experimental form A. 

Here, the higher discrepancies observed in the RMSD values of the dihedral angles (258.1 

and 123.3 º) could probably explain in part the absence of C3 isomer in the gas phase and 

hence, in the solid phase. These comparisons between theoretical and experimental studies 

suggest clearly that only the two C1 and C2 isomers should be considered in the vibrational 

analysis. 
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Figure 2. Comparisons between the theoretical structures for the isomer C1 and C2 with 

the corresponding polymeric experimental ones A and B, respectively from Ref [4]. 

3.2. NPA and MK Charges, MEP and BO studies 

Here, it is very important to justify the existence of C1 despite of their low energy value and, 

also, the absence of C3. For these reasons, the atomic natural populations (NPA) and Merz-

Kollman (MK) charges [36] were studied together with the molecular electrostatic potential 

(MEP). Besides, the bond order expressed as Wiberg indexes were also calculated by using 

the NBO program [22] because these parameters could show some important differences. 

Table 3 shows those three properties calculated for the three isomers of MTX in the gas 

phase.  

Table 3. Calculated MK and NPA charges and the MEP values for the most stable 

conformers of 5-[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one. 

B3LYP/6-31G* Method 

 MK charges NPA charges MEP 

Atoms C1 C2 C3 C1 C2 C3 C1 C2 C3 

  1  O -0.348 -0.425 -0.377 -0.552 -0.562 -0.559 -22.276 -22.273 -22.279 
  2  O -0.281 -0.495 -0.235 -0.528 -0.544 -0.538 -22.281 -22.274 -22.275 
  3  O -0.529 -0.525 -0.522 -0.606 -0.607 -0.609 -22.347 -22.346 -22.351 
  4  N -0.650 -0.622 -0.707 -0.708 -0.706 -0.704 -18.308 -18.309 -18.315 
  5  C 0.020 0.205 0.155 0.063 0.070 0.062 -14.655 -14.657 -14.655 
  6  C 0.208 0.160 0.300 -0.283 -0.285 -0.284 -14.671 -14.679 -14.681 
  7  C 0.060 0.156 -0.116 -0.129 -0.130 -0.126 -14.668 -14.670 -14.664 
  8  C 0.762 0.751 0.756 0.931 0.930 0.936 -14.593 -14.592 -14.597 
  9  C 0.473 0.705 0.452 0.332 0.330 0.332 -14.682 -14.677 -14.678 
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The dihedral angles involved in the oxazolidinone rings of the different isomers have 

suggested differences among them and, hence, only the values for the atoms involved in their 

rings are reported in Table 3. Analyzing deeply these results it is observed that the MK 

charges values are very different to the NPA charges and, apparently, there are not 

differences among the values for the three isomers but, when the MK charges are represented 

in function of their atoms we can see clearly these differences. Thus, Figure 3 shows the MK 

charges taking into account the involved atoms. The graphic shows that the MK charge on the 

O2 atom corresponding to C2 present the lowest value than C1 and C3 while the charges on 

the C7 and C9 atoms for this isomer have higher values than those observed on the other two 

isomers. Evidently, these results explain the stability of C2 because the distance between the 

two O1 and O2 atoms is longer than C1 and C3, as observed in Table 2. 

 

Figure 3. Calculated MK charges on the atoms corresponding to the most stable isomers 

of 5-[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one in the gas phase by using the 

B3LYP/6-31G* Method. 

Then, in C3 it is observed the lower negative MK value on the C7 atom and the most positive 

value on the C9 atom. Hence, probably these different values could explain the differences in 

the dihedral C5-C7-O2-C9 and O1-C5-C7-O2 angles and, in particular, in the value of 67.4 º 

predicted for theO1-C5-C7-O2 angle of C3. When the NPA charges on those atoms are 

analyzed for the three isomers we observed the same behaviors in the three isomers and, in 

particular, the higher positive values are observed on the C5 and C8 atoms while the less 

negative values are observed on the N4 atoms. Obviously, on the three O atoms are observed 

negative NPA charges but slightly higher than those observed on the N4 atoms. These NPA 

charges do not show differences among the isomers. 
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The deep analysis of the MEP values only show the differences on the atoms due to their 

electronegativities, as expected, thus, the less negative values are observed on the C atoms 

while the most negative values on the O atoms showing the following tendency: C < N < O.  

The mapped MEP surfaces are observed for the three isomers in Figure 4 where we can see 

red colours on the O1, O2 and O3 atoms and the blue colours on the H atoms belong to the 

N-H groups. Probably, the higher MEP values observed on the O3 atoms from Table 3 for the 

C1 and C3 isomers could justify the differences observed in the colorations on the 

dimethylphenoxy-methyl rings. 

 

Figure 4. Calculated electrostatic potential surfaces on the molecular surface ofthe most 

stable isomers of 5-[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one in the gas 

phase. Color ranges, in au: from red -0.090 to blue +0.090. B3LYP functional and 6-

31G* basis set. Isodensity value of 0.005. 

The red colors are characteristics of nucleophilic sites while the blue colors of electrophilic 

sites. Evidently, these two reactive regions are located on the oxazolidinone rings while the 

dimethylphenoxy-methyl rings are practically inert sites. 

The bond orders (BO) for the three isomers of MTX are summarized inTable 4. 
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Table 4. Calculated bond orders expressed, as Wiberg indexes by atoms, for the three 

isomers of 5-[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one. 

B3LYP/6-31G* Method 
Atoms C1 C2 C3 
1  O 2.113 2.099 2.106 
2  O 2.120 2.102 2.112 
3  O 2.040 2.039 2.036 
4  N 3.097 3.105 3.100 
5  C 3.849 3.844 3.856 
6  C 3.851 3.844 3.846 
7  C 3.800 3.788 3.792 
8  C 3.835 3.835 3.831 
9  C 3.903 3.901 3.901 

Evaluating, these BO values we observed that in the C1 isomer the three O atoms and the C6, 

C7 and C9 atoms have slightly higher values than the corresponding to the other two isomers 

this observation probably could explain in part their existence due to their higher stability 

while in the C3 isomer only the C5 atom present a higher value than the other ones. On the 

other hand, the N4 atom in C2 presents slightly higher value than the other two isomers. This 

way, this study possibly supports the existence of the C1 isomer despite their high-energy 

value.  

3.3. NBO and AIM studies 

The donor-acceptor energy interactions and the topological properties are important 

parameters that can predict the stabilities of these three isomers of MTX due to the presence 

of O and N atoms with lone pairs and different rings in their structures. Hence, the charge 

transfers can be investigated with the NBO program [22] while the intra-molecular 

interactions can be easily explained by using the Bader’ theory [24] and the AIM2000 

program [23]. In Table 5 are presented the second order perturbation theory analysis of Fock 

matrix in NBO Basis calculated from the NBO calculations. Five different ET*, 

ETLP*, ET**, ETLP* and ET**interactions from lone pairs of the O and N 

atoms (LP) or different orbital toward different or  C-C, O-C or N-C orbitals are observed 

in Table 5 for the three isomers and, these results clearly show that the ET**interactions 

present the higher values. Then, the total donor-acceptor energy interactions support mainly 

to the C2 and C1 isomers although the C3 isomer also shows a great stability in the gas 

phase. The results obtained from the AIM calculations are presented in Table 6.  
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Table 5. Main donor-acceptor energy interactions (in kJ/mol) for the three isomers of 5-

[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one. 

B3LYP/6-31G* 

Delocalization C1 C2 C3 

C9-C10*C11-C13 62.52 63.19 62.69 

C9-C10*C12-C14 91.56 91.15 91.19 

 C11-C13* C9-C10 97.51 97.30 97.80 

 C11-C13* C12-C14 66.56 65.89 66.44 

 C12-C14* C9-C10 66.56 67.31 67.06 

 C12-C14* C11-C13 94.93 96.30 95.56 

ET* 479.65 481.15 480.73 

LPO2* C9-C10 121.93 118.60 119.89 

ETLP* 121.93 118.60 119.89 

*O3-C8*O3-C8 129.88 109.78 82.78 

ET+* 129.88 109.78 82.78 

LPO1*O3-C8 104.17 105.33 118.06 

LPO3*O1-C8 148.51 151.17 149.47 

LPO3*N4-C8 106.70 104.67 105.29 

LPN4* O3-C8 133.95 148.55 152.55 

ETLP* 493.33 509.72 525.37 

* C9-C10* C11-C13 763.61 850.84 770.76 

* C9-C10* C12-C14 770.14 761.11 743.85 

ET** 1533.75 1611.96 1514.61 

ETotal 2758.54 2831.21 2723.38 

Here, only the electron density, (r) and the Laplacian values, 
2(r) were computed for the 

three isomers in the ring critical points (RCPs) of both oxazolidinone and dimethylphenoxy-

methyl rings because there are not observed intra-molecular interactions. 

Table 6. Analysis of the topological properties of the three isomers of 5-[(3,5-

dimethylphenoxy)methyl]-1,3-oxazolidin-2-one in the gas phase.  

B3LYP/6-31G* 

Parameter 

(a.u.) 

Oxazolidinone ring Dimethylphenoxy-methyl ring 

C1 C2 C3 C1 C2 C3 

(rc) 0.04192 0.04217 0.04191 0.01974 0.01975 0.01974 


2
(rc) 0.3286 0.3298 0.3281 0.1572 0.1572 0.1572 

The exhaustive analyses from the data show that the properties corresponding to the 

dimethylphenoxy-methyl rings in the three isomers practically do not change and only 

important changes are observed in the oxazolidinone rings. Thus, as suggested initially the 

properties corresponding to the atoms belonging to these oxazolidinone rings were 

considered. A very important result it is observed for those two topological properties 
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presented in the RCP corresponding to the C2 isomer because these have the highest values 

than C1 and C3 while the lower values are observed for C3. Hence, this result could partially 

explain the presence of C1 in the gas phase and, hence, also probably their existence in the 

solid state. 

3.5. Frontier orbitals and global descriptors  

For the three isomers of MTX is very important to predict the reactivities and behaviors 

taking into account that MTX is used as a drug with skeletal muscle relaxant properties. 

Hence, the frontier orbitals were used to calculate the gap values [25,26] and, then, to 

compute some interesting descriptors by using known equations [27-31]. The results were 

presented in Table 7 compared with those reported for MTX by using the 6-311++G** basis 

set [12].  

Table 7. Calculated HOMO and LUMO orbitals, energy band gap, chemical potential 

(μ), electronegativity (χ), global hardness (η), global softness (S), global electrophilicity 

index (ω) and global nucleophilicity index () for the three isomers of 5-[(3,5-

dimethylphenoxy)methyl]-1,3-oxazolidin-2-one in gas phase. 

Frontier orbitals 
B3LYP/6-31G* method

s
 B3LYP/6-311++G**

b
 

C1 C2 C3  

HOMO -5.8704 -5.9947 -5.9739 -6.3810 
LUMO 0.1174 0.0100 0.0245 -0.5502 

GAP 5.9878 6.0047 5.9984 5.8308 

Descriptors (eV) 

 -2,9939 -3,0024 -2,9992 3.466 

 -2,8765 -2,9924 -2,9747 -3.466 

 2,9939 3,0024 2,9992 2.916 

S 0,1670 0,1665 0,1667 0.343 

 1,3819 1,4912 1,4752 2.060 

 -8,6120 -8,9841 -8,9217  

B3LYP/6-31G* method 

Frontier orbitals 

(eV) 
Thione

c
 Thiol

c
 Thymidine

d
 CN

-e
 Saxitoxin

e
 

HOMO -6.4443 -6.8847 -6.9621 -21.0491 -13.656 
LUMO -2.7918 -2.6194 -1.4443 -18.8917 -7.1273 

GAP -3.6525 -4.2653 -5.5178 -2.1574 -6.5287 

Descriptors (eV) 

 -1.8263 -2.1327 -2.7589 -1.0787 -3.2644 

 -4.61805 -4.7521 -4.2032 -19.9704 -10.3917 

 1.8263 2.1327 2.7589 1.0787 3.2644 
S 0.2738 0.2345 0.1812 0.4635 0.1532 

 5.8388 5.2943 3.2018 184.8600 16.5403 

 -8.4337 -10.1345 -11.5962 -21.5421 -33.9220 
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 = - [E(LUMO) - E(HOMO)]/2; = [E(LUMO) + E(HOMO)]/2;  = [E(LUMO) – 

E(HOMO)]/2;  

S = ½ = 
2
/2

a
This work, 

b
From Ref [12], 

c
From Ref [32], 

d
From Ref 

[33],
e
From Ref [28] 

Evaluating the values presented in Table 7 we observed that the frontier orbitals for the three 

isomers do not present greater variations, hence, C2 and C1 are the less and most reactive, 

respectively while C3 presents a reactivity practically similar to C2. When these values are 

compared with that reported for MTX by using the 6-311++G** basis set a reduction in the 

reactivity value it is observed. Comparing the values of the descriptors for the three isomers, 

we observed notable differences among them, especially in the values of C1, thus, this isomer 

presents <, , and but high value of S, because it presents slightly higher 

reactivityOn the other side,the values for C2 and C3 are very similar to them. Later, 

probably the properties that present MTX could be easily attributed to the presence of the 

C1isomer in the solid state, as observed experimentally (remember, C2 correspond to the B 

form while C1 to the A form). When these descriptors are compared with those reported for 

the two antimicrobial tautomers of 1,3-benzothiazole, thione and thiol [32], the antiviral 

thymidine [33] and with those toxic species as CN
-
 and saxitoxin [28], we observed for the 

three isomers of MTX values of electrophilicity index closer to thymidine [33] while they 

have nucleophilicity index nearer to thione [32]. Thus, these results support clearly the 

biological properties of MTX because their three isomers have reactivities and behaviors 

similar to those values reported for thione [32] and thymidine [33].  

4. Vibrational analysis 

Here, only the C1 and C2 isomers were considered in this analysis because the C1 isomer 

corresponds to the experimental polymorphic form A while C2 to the form B [4], as was 

analyzed in section 3.1 and, as was shown in Figure 3. InFigures 5 and 6 can be seen the 

infrared and Raman predicted for C1 compared with the corresponding experimental ones 

taken from Refs [1,3] while in Figures 7 and 8 are shown the infrared and Raman predicted 

for C2 compared with the corresponding experimental ones taken from Refs [1,3]. Here, 

better correlations can be observed in the Raman spectra of both isomers because the 

predicted Raman spectra for these isomers expressed in activities were converted to 

intensities, as suggested in the literature by some authors [38,39]. A total de 87 vibration 
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normal modes is expected for both isomers and, where all these modes present activities in 

both IR and Raman spectra.  

 

Figure 5. Predicted infrared spectrum 

for the C1 isomer compared with the 

corresponding experimental from Ref. 

[1]. 

 

Figure 6. Predicted Raman spectrum 

for the C1 isomer compared with the 

corresponding experimental from Ref. 

[3]. 

 

Figure 7. Predicted infrared spectrum 

for the C2 isomer compared with the 

corresponding experimental from Ref. 

[1]. 

 

Figure 8. Predicted Raman spectrum for 

the C2 isomer compared with the 

corresponding experimental from Ref. 

[3]. 
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The harmonic force fields for both isomers were calculated by using the SQMFF 

methodology [18], their normal internal coordinates and the Molvib program [19]. Here, the 

scale factors reported in the literature for the B3LYP/6-31G* method was used in the 

refinement process [18]. The vibrational assignments for both isomers were performed 

considering the potential energy distribution (PED) contributions  10%. Later, the observed 

and calculated wavenumbers are presented in Table 8 together with the corresponding 

assignments for C1 and C2 in the gas phase by using the B3LYP/6-31G* level of theory. The 

bands located in the experimental IR spectra of both isomerscorresponding to the 

polymorphic forms A and B at 3270/3260, 1133-1127, 972/968 and 121/112 cm
-1

 could 

probably be attributed to dimeric species of both isomers because these species were 

experimentally observed in the solid phase state by Aitipamula et al. [4]. Later, the 

assignments performed for some groups are presented below. 

Table 8. Observed and calculated wavenumbers (cm
-1

) and assignments for two isomers 

of 5-[(3,5-dimethylphenoxy)methyl]-1,3-oxazolidin-2-one. 

Experimental Form A C1
a
 Form B C2

a
 

IR
c
 Ra

c
 IR

d
 Ra

e
 SQM

b
 Assignment

a
 IR

d
 Ra

e
 SQM

b
 Assignment

a
 

3465 3485 3437

w 

 3491 N4-H22 3478w  3495 N4-H22 

  3256

m 

3233w  Dimer? 3266s 3266w  Dimer? 

3073 3083  3090 3075 C10-H23   3078 C10-H23 

3049 3056 3122s

h 

3046 3074 C11-H24 3158m 3090w 3070 C11-H24 
3013 3018  3022 3044 C14-H25 3007w 3019s 3045 C14-H25 

 2990  2988m 2999 aCH3(C16)  2995w 2998 aCH3(C16) 

    2997 aCH3(C15)   2998 aCH3(C15) 
  2981

w 

 2990 C5-H17   2994 C5-H17 

 2965  2961 2967 aCH3(C16) 2977m 2971sh 2987 aCH2(C6) 

    2964 aCH3(C15)   2968 aCH3(C16) 
 2952  2940 2958 aCH2(C6) 2949w 2953sh 2966 aCH3(C15) 

  2931

w 

 2928 aCH2(C7)   2950 aCH2(C7) 

   2919vs 2918 sCH3(C16)  2920vs 2918 sCH3(C16) 
2916 2916   2916 sCH3(C15)   2917 sCH3(C15) 

2887  2889

m 

2908 2906 sCH2(C6) 2891m 2894sh 2908 sCH2(C6) 

  2837

w 

2885m 2878 sCH2(C7) 2863sh 2810w 2904 sCH2(C7) 
1737 1784 1742v

s 

1725m 1832 C8=O3 1784vs 1746m 1833 C8=O3 

 1641 1613s

h 

1612m 1614 C12-C14 

C9-C11 

1616s 1716m 1613 C12-C14 

C9-C11 
1609  1600s 1596m 1600 C9-C10 

C10-C12 

1616s 1606s 1600 C9-C10 

 1512   1492 δCH2(C6) 1493m  1492 δCH2(C6) 

   1486m 1484 δaCH3(C16) 

δCH2(C7) 

 1486m 1485 δCH2(C7) 

δaCH3(C16) 

 1481 1474

m 

1470w 1477 δaCH3(C15) 1472m 1478sh 1477 δaCH3(C15) 

   1462sh 1464 δCH2(C7) 1457m 1458w 1472 δCH2(C7) 

1452 1454 1450

m 

1450sh 1450 δaCH3(C16)   1450 δaCH3(C15) 

    1450 δaCH3(C15)   1449 δaCH3(C16) 
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   1444w 1446 δaCH3(C16)   1446 δaCH3(C16) 

1433 1433  1434sh 1427 δaCH3(C15) 

wagCH2(C7) 

1439sh 1440w 1426 δaCH3(C15) 

δaCH3(C16) 

 1424   1422 wagCH2(C6) 1411sh 1416w 1415 wagCH2(C6) 

N4-H22 

   1419w 1419 wagCH2(C7) 1399m  1411 wagCH2(C7) 

1387  1384

m 

1397w 1381 ρ' C5-H17 1387m 1382s 1380 δsCH3(C15) 

 1379  1374s 1379 δsCH3(C16)   1377 δsCH3(C16) 

  1369s

h 

1367sh 1377 δsCH3(C15)   1371 ρC5-H17 

  1328s

h 

1337w 1337 N4-H22  1340sh 1338 ρ' C5-H17 

1324 1327 1318

m 

1312m 1334 C11-C13 1323s 1328s 1332 C11-C13 

1296 1299 1294

m 

1299w 1299 C14-H25 1297s 1306sh 1298 C14-H25 

  1285s

h 

1290m 1282 ρC5-H17 1297s  1297 wagCH2(C6) 

ρ' C5-H17 
1251 1263  1259sh 1269 C14-C13 1255s 1262w 1269 C14-C13 

C10-C12 1232 1236 1228s 1234w 1253 ρCH2(C7) 1243s  1232 ρCH2(C7) 

  1204s

h 

1191m 1205 C8-N4 1243s 1208w 1203 C8-N4 

δO3C8O1 
1178 1195 1172

m 

1163sh 1194 ρCH2(C6) 1199w 1197w 1182 ρCH2(C6) 

1158 1159 1151

w 

 1170 C10-H23 

C9-O2 

1172s  1167 C10-H23 

C9-O2 
   1149w 1157 C11-H24 1159s 1157m 1156 C11-H24 

1135 1131 1127

w 

1121w  Dimer? 1130m 1133w  Dimer? 

1093 1095 1087s

h 

1079w 1089 C5-C7   1092 C5-C7 
1082 1080 1081

m 

 1081 C7-O2 1094s 1081w 1075 C7-O2 

  1068s

h 

1061w 1070 C6-N4 1076s 1068sh 1065 C6-N4 

  1052s

h 

1050w 1049 ρCH3(C16)   1049 ρCH3(C15) 

 1048   1048 ρCH3(C15)  1046w 1048 ρCH3(C16) 

   1036sh 1041 C5-O1 

wCH2(C7) 

1035m 1036sh 1037 C5-O1 

      1035m 1036sh 1023 wCH2(C7) 

    1021 ρ'CH3(C15)  1014sh 1020 ρ'CH3(C15) 

1011  1000

w 

 1017 ρ'CH3(C16) 1014sh 1004sh 1007 ρ'CH3(C16) 

994 994  984vs 990 R1(A6) 994sh 996vs 990 R1(A6) 

  968m  977 C5-C6  972m  Dimer? 

  952m 948w 943 C12-C15 950sh  944 C12-C15 

932 933  930m 930 C13-C16 930m  933 C13-C16 

  917sh 919sh 923 C8-O1 914sh  902 C8-O1 

  872w  885 wCH2(C6)  880s 890 wCH2(C6) 

876 877  861sh 876 C11-H24 865w  874 C14-H25 

   855s 856 wCH2(C6) 

C5-C7 

  851 C11-H24 

846 843 844w 838w 851 C14-H25 844m 841w 844 C10-H23 

C11-H24 
825 822 820s 815vw 832 C10-H23 818s 821w 832 C10-H23 

C5-C6 
740 754 761w 761w 767 R1(A5) 766m 775w 757 R1(A5) 

 726 736w 739w 746 C8-O3 721m  745 C8-O3 

717   708m 695 R2(A5)  727w 725 R2(A5) 

687 683 686m 672w 681 R1 (A6) 678s 684w 682 R1 (A6) 

611 612 611w 616m 632 δC7O2C9 621w 612w 627 δC7O2C9 
579 581 583w  579 C9=O2 568w 582w 578 C9=O2 
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  554w 562m 538 R3(A6)  552s 540 C9=O2 

545 550  533sh 531 C9=O2 535sh 542sh 535 R3(A6) 
526 522  529vs 521 C13-C16 

C12-C15 

530w 522sh 520 R2(A6) 

C12-C15 
 509 508w 500sh 519 N4-H22 

δO3C8O1 

 517w 512 N4-H22 

495 508  496m 507 R2(A6) 497w 498sh 506 R2(A6) 

474 477 479w 484w 490 N4-H22 

δO3C8O1 

492sh 472w 491 N4-H22 

δO3C8O1 
459   431w 463 δC7C5O1 

δC7C5C6 

453w  439 δC7C5O1 

 371  367w 371 C13-C16 

C12-C15 

 370w 366 δC7C5C6 

 297  280m 289 C12-C15  300m 288 C12-C15 
   254m 245 C13-C16  254sh 257 C13-C16 

 232  232s 239 R2 (A6)  231vs 238 R2 (A6) 

   222sh 224 R3 (A6)  224sh 224 R3 (A6) 
 201  218vs 210 δC5C7O2 

R1 (A5) 

 217sh 210 δC5C7O2 

   176m 184 R2 (A6) 

R1 (A6) 

 200w 184 R2 (A6) 

R1 (A6) 

   157sh 168 R1 (A5)  164sh 166 R1 (A5) 
   144s 134 R2 (A5) 

wC7-C5 

 132sh 132 wC7-C5 

 118  112m  Dimer?  121s  Dimer? 

   84w 82 δC5C7O2  114sh 94 wC7-C5 

wO2-C9 
 73   67 R2 (A5) 

wC7-C5 

  53 R2 (A5) 

    45 wCH3(C15)   40 wCH3(C15) 
    34 wCH3(C16)   30 C7-O2 

    28 C7-O2   23 wO2-C9 

    21 wO2-C9   19 wCH3(C16) 

C13-C16 

Abbreviations: , stretching; wag, wagging; torsion; , rocking; w, twisting; , 

deformation; a, antisymmetric; s, symmetric; 
a
This work; 

b
From scaled quantum mechanics 

force field B3LYP/6-31G* method; 
c
From Ref [12];

 d
From Ref [1];

 e
From Ref [3] 

4.1. BandAssignments 

4.1.1. N-H modes. In the anti-hypertensive clonidine hydrochloride agent,the NH stretching 

modes [40] were assigned to the bands between 3427 and 3341 cm
-1

 while when these groups 

are involved in the H bonds (dimer) they are assigned in approximately 2584 cm
-1

. Hence, the 

two IR bands observed in the experimental IR spectra of both isomers A and B of MTX at 

3478/3437 cm
-1

 and those bands observed in the 3270-3260 cm
-1

 region can also be assigned 
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to these vibration modes while the group of IR bands between 2716-2322 cm
-1

 that in the 

Raman spectra appear between 2761-2434 cm
-1

 could be attributed to the H bonds due to the 

dimeric species of A and B, as observed experimentally by Aitipamula et al. [4]. The N-H in-

plane deformation modes for C1 and C2 are predicted by SQM calculations in different 

regions, thus, in C1 is predicted in 1337 cm
-1

 while in C2 at 1415 cm
-1

. Then, they were 

assigned in these regions. The corresponding N-H out-of-plane deformation modes are 

predicted in both isomers in the same regions and coupled with other deformation modes, 

hence, they were assigned between 519-472 cm
-1

. 

4.2.1. C-H modes. For both isomers are expected four C-H stretching modes where three of 

them correspond to CH groups with C atoms in sp
2
 hybridizations while the remains C5-H17 

groups belong to a C atom with sp
3
 hybridization. This way, the three C10-H23, C11-H24 

and C14-H25 stretching modes are assigned to higher wavenumbers than the other ones, as 

predicted by SQM calculations and, as observed in Table 8. Here, obviously, the in-plane and 

out-of-plane deformation modes only are expected for the CH groups with sp
2
 hybridizations 

while for the C5-H17 groups of both isomers are expected two rocking and deformation 

modes, as indicated in Table 8. Thus, the in-plane and out-of-plane deformation modes 

corresponding to the C1-H25, C3-H7 and C4-H6 groups are assigned to the bands observed 

in the 1229/1156 and 876/832 cm
-1

 regions, respectively, as predicted by calculations. Note 

that the two rocking modes for the C5-H17 groups are predicted in C1 at 1381 and 1282 cm
-1

 

while in C2 these modes are predicted at 1371 and 1338 cm
-1

. Hence, the IR and Raman 

bands observed in these regions are assigned to these vibration modes. 

4.3.1. CH3 modes. For these groups, due to the presence of two CH3 groups in both isomers 

of MTX, a total of 18 vibration normal modes are expected. Hence, the antisymmetric and 

symmetric modes are associated to the IR and Raman bands between 2999 and 2916 cm
-1

 

where clearly the symmetric modes of C1 and C2 are assigned to the very intense Raman 

bands at 2919 and 2920 cm
-1

, respectively. The corresponding deformation modes are 

predicted between 1485 and 1377 cm
-1

, as observed in species containing these groups 

[27,29,30,33]. The rocking modes in both isomers are predicted between 1049 and 1007 cm
-1

 

and, for this reason, they are assigned to the bands observed in this region. The twisting 

modes in species containing these groups are predicted in the lower wavenumbers 

[27,29,30,33], here, these modes are predicted between 45 and 20 cm
-1

, as indicated in Table 

8. 
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4.4.1. CH2 modes. Here, the antisymmetric and symmetric stretching modes expected for 

both isomers are predicted by SQM calculations between 2958 and 2878 cm
-1

, hence, these 

modes were assigned to the IR and Raman bands observed in that region. The deformation, 

wagging, rocking and twisting modes expected for both isomers are predicted by calculations 

in the 1485/1472, 1422/1297, 1253/1182 and 1041/885 cm
-1 

regions, respectively. 

Accordingly, the IR and Raman bands observed in these regions were assigned to those 

vibration modes.  

4.5.1. Skeletal modes. The C8=O3 stretching modes in both isomers can be easily assigned 

to the very strong IR bands at 1742/1784 cm
-1

 while the C=C stretching modes belonging to 

the six members rings in both isomers are predicted in different regions, thus, the C10-C12 

and C9-C10 and C9- C11 stretching modes are predicted at higher wavenumbers than the 

C11-C13 and C13-C14 stretching modes, hence, these latter two bonds show partial double 

bonds characters. Here, in both isomers, it is observed that the C5-O1 stretching modes 

belonging to the oxazolidinone rings are predicted at higher wavenumbers than the other C8-

O1 stretching modes. Evidently, the C8=O3 stretching has notable influence on the 

frequencies of the C8-O1 stretching modes. On the other hand, the two N4-C6 and N4-C8 

stretching modes are predicted in both isomers in the same regions, hence, they are assigned 

as predicted by calculations and, as shown in Table 8. The two C-CH3 stretching modes 

(C12-C15 and C13-C16) of both isomers were predicted in the same regions and, this way, 

these modes are assigned to the bands between 952 and 930 cm
-1

. Note that the C5-C6 

stretching modes that also belong to the oxazolidinone rings are predicted in different 

regions, thus, in C1 it is predicted at 977 cm
-1

 while in C2 at 932 cm
-1

 coupled with a CH out-

of-phase deformation mode. This observation could also be justified by the different MK 

charges for the C5 and C6 atoms. Probably, these different properties also explain why the 

two expected deformations βR1 and βR2 and two torsions R1 and R2 rings, for the 

oxazolidinone rings in both isomers are predicted in different regions while for the ring of six 

members in the two isomers are predicted in the same regions and, as reported for similar 

species [27,29-31,33,40]. 

4. Force constants 

For the two isomers of MTX were calculated the harmonic force constants from the 

corresponding harmonic force fields calculated by the using 6-31G* level of theory with the 
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SQMFF methodology [18] and the Molvib program [19]. The results are summarized in 

Table 9.  

Table 9. Comparison of scaled internal force constants for the two isomers of 5-[(3,5-

dimethylphenoxy)methyl]-1,3-oxazolidin-2-one in the gas phase. 

B3LYP6-31G* Method
a
 

Force constants C1 C2 

f(C=O) 12.76 12.74 

f(C-O)R5 4.65 4.61 

f(C-O) 5.39 5.31 

f(C-N) 5.44 5.47 

f(N-H) 6.75 6.77 

f(C-H)R6 5.16 5.16 

f(CH2) 4.69 4.76 

f(CH3) 4.84 4.84 

f(C=C) 6.45 6.45 

f(C-C)R5 3.88 3.95 

f(CH2) 0.80 0.80 

f(CH3) 0.55 0.55 

Units are mdyn Å
-1

 for stretching and mdyn Å rad
-2

 for angle deformations 

a
This work 

The results for C1 and C2 show slight differences in some constants especially in those 

related to the oxazolidinone rings, as compared with the corresponding to the 

dimethylphenoxy-methyl rings. Thus, the higher differences can be observed in the f(C-C)R5 

force constants which are directly related to the C5-C6 bonds where both atoms of the two 

isomers have shown different MK charges values, as observed in Table 3. The force constants 

values related to the dimethylphenoxy-methyl rings are practically similar in both isomers 

including those constants related to the CH3 groups. The harmonic force constants values for 

C1 and C2 show values comparable to those reported for molecules with similar groups [28-

33,40]. 
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5. CONCLUSIONS 

Here, we have performed a theoretical study on the muscle relaxant 5-[(3,5-

dimethylphenoxy)methyl]-1,3-oxazolidin-2-one, of generic name metaxolone, by using the 

hybrid B3LYP/6-31G* calculations in the gas phase. Three isomers (C1, C2, and C3) were 

found in the PES but only two of them named C1 and C2 correspond to the two 

experimentally reported polymorphic forms A and B, respectively. The high values in the 

dihedral C5-C7-O2-C9 and O1-C5-C7-O2 angles, different from the experimental ones, 

probably support the absence of C3 isomer in the solid phase. However, the higher bond 

orders values together with the high topological properties observed for the oxazolidinone 

ring of C1 could possibly support their existence despite this isomer has the highest energy 

than C2 and C3. The NBO analyses reveal the high stabilities of C1 and C2 while the AIM 

study suggests that the ring dimethylphenoxy-methyl practically do not have influence on the 

properties of metaxolone. The frontier orbitals show that the isomers of metaxolone have 

reactivities and electrophilicity indexes similar to antiviral thymidine while their 

nucleophilicity indexes are closer to antimicrobial thione. On the other hand, the complete 

vibrational assignments of those two structures were performed by using the experimental 

available FT-IR and FT-Raman spectra, their normal internal coordinates, the SQMFF 

methodology and the Molvib program. The harmonic force fields for the two isomers and 

their force constants were also reported.  
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