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In this work, the p-cymene (CYM) and its less common isomers, ortho- and meta-cymene (OCYM and MCYM), were 

investigated using in silico tools to predict and elucidate the physicochemical, electronic, and pharmacokinetic 

properties, which would be helpful in early-stage drug-design. First, the –CH3, -NH2, and -C≡N functionalized cymenes 

were optimized and verified using frequency computations, at B3LYP/6-311 G** level. Then, lipophilicity, water 

solubility, pharmacokinetics, and drug-likeness scores of the compounds were evaluated in light of the in silico 

computations. FMO and MEP analyses of the dataset were performed to depict the possible reactivity directions and 

sites.     
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INTRODUCTION 

Cymene is known as the type of monoterpene 

with the chemical formula of CH3C6H4CH(CH3)2 

and is found in essential oils of various plants 

including Thymus, Protium heptaphyllum, 

Eucalyptus, Protium, etc [1,2]. Until now, they have 

been under the spotlight due to their 

neurodegenerative potential in CNS diseases such as 

anxiety, Alzheimer’s disease, oxidative stress, etc 

[3,4]. Moreover, they have been considered natural 

protective agents with capabilities of antioxidant, 

antimicrobial, anticancer, etc due to the lipophilic 

character allowing them to interact with cell 

membranes. In addition to the bio-medicinal 

superiorities, p-cymene is used as a precursor in the 

organic synthesis of bio-based solvents, green 

chemicals, and agrochemicals [5-7]. As well known, 

the optimized physicochemical properties like water 

solubility and hydrophobicity should be in balance 

with each other in designing the smart agents for 

biomedicinal applications, which are crucial in 

early-level drug-design [8,9]. Herein, the 

functionalized ortho-, para-, and meta-cymene 

isomers have been investigated using computational 

tools to evaluate the relationship between the 

structure and pharmacokinetic characteristics. In this 

regard, the quantum mechanics simulations are 

employed to determine the optimized and confirmed 

structures, and then elucidate the thermochemical 

and physical properties.  

Computational details 

The DFT simulations of the cymene isomers 

were  performed  by  the  G16W  [10]   package   at 

B3LYP/6-311G** [11,12] level, and optimized 

geometries, FMO amplitudes and MEP plots were 

visualized by the GaussView 6.0.16 [13] package. 

The thermochemical data obtained from the 

frequency computations were evaluated using the 

basis of statistical mechanics principles [14, 15]. The 

HOMO and LUMO energies were used to predict the 

I ionization energy and A electron affinity [16] that 

were used to calculated the global reactivity indices, 

which were χ → electronic chemical potential η→ 

global hardness, ω → electrophilicity, ΔNmax → 

maximum charge transfer capability index [17, 18], 

ω- → electrodonating power, ω+ → electroaccepting 

power [19], and ΔEback-donat. → back-donation energy 

[20]. The SwissADME [21] tools were used to 

predict the [22-26], water-solubility [27, 28], 

pharmacokinetics, and drug-likeness profiles of the 

dataset.   

RESULTS AND DISCUSSION 

Physicochemistry, pharmacokinetics, and drug 

likeness 

Table 1 depicts the thermodynamic and physical 

parameters obtained from DFT computations. 

Accordingly, the ΔE, ΔH, and ΔG quantities of 

CYM structure were calculated at -389.399730, -

389.388182, and -389.436934 au, whereas these 

values for MCYM and OCYM were predicted at -

389.399727, -389.388194, and -389.436823 au and -

389.392086, -389.380915, and -389.427065 au, 

respectively: the para-positioned CH3 group on the 

main structure lowered these quantities. Also, the 

Etherm. values of CYM, C-1, C-2, and C-3 were 

calculated as 139.184, 157.462, 150.560, and 

139.558 kcal/mol, respectively: the –CH3 substitu-   
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tion increased the thermal energy higher than the 

other substituent groups (-NH2 and -C≡N). A similar 

trend in Etherm was calculated for the less common 

isomers MCYM and OCYM. On the other hand, the 

-C≡N group for p-CYM derivatives increased the 

heat capacity and entropy more than the other 

substituent groups, while the –CH3 group for the 

MCYM and OCYM could cause an increase in the 

heat capacity and entropy. From Table 1, the -C≡N 

substituted isomers would have the highest dipole 

moment and polarizability index. Namely, the μ (D) 

and α (au) orders of CYM structures were calculated 

as CYM (0.087) < C-1 (0.423) < C-2 (1.666) < C-3 

(4.538) and CYM (110.811) < C-2 (120.859) < C-1 

(123.636) < C-3 (126.757), respectively. On the 

other hand, the μ (D) and α (au) orders for MCYM 

were determined as M-1< MCYM< M-2< M-3 and 

MCYM< M-2< M-1< M-3, respectively.  

Table 2 shows the lipophilicity and solubility in 

water properties of the dataset. As expected, the 

double –CH3 substituted derivatives would be most 

lipophilic among the other derivatives for all cymene 

isomers, as well as for all methods. Namely, the 

XLOGP3 and MLOGP methods for CYM and its 

derivatives revealed the order of lipophilicity as C-1 

(4.39) > CYM (4.10) > C-3 (3.56)> C-2 (2.59) and 

C-1 (4.77) > CYM (4.47) > C-2 (2.76)> C-3 (2.69), 

respectively. Moreover, the iLOGP and WLOGP 

methods for MYCM derivatives were calculated as 

the following orders of M-1 (2.77)> MCYM (2.52)≥ 

M-3 (2.52) > M-2 (2.15) and M-1 (3.43)> MCYM 

(3.12) > M-3 (2.99) > M-2 (2.71), respectively. From 

the mean lipophilicity results, the –NH2 substituted 

derivatives C-2, M-2, and O-2 would exhibit less 

lipophilicity with the logPo/w values of 2.55, 2.58, 

and 2.54, respectively. As expected, the –CH3 

substitution decreased the water solubility, whereas 

the –NH2 functionalization increased the water 

solubility.  Namely, the solubility values of the CYM 

derivatives were calculated as C-2> C-3> C-1> C-2, 

depending on ESOL and Ali methods, whereas the 

water-solubility for OCYM derivatives based on 

ESOL and Ali methods was determined as O-2> O-

3> OCYM> O-1 and O-2> O-3> O-1> OCYM, 

respectively.  

 

Fig. 1. Optimized chemical structures of the dataset 

 

Table 1. Thermochemical and physical values of the data set 

Comp. ΔE (au) ΔH (au) ΔG (au) 
Etherm. 

(kcal/mol) 

Cv 

(cal.mol/K) 

S 

(cal.mol/K) 
μ (D) α (au) 

CYM -389.399730 -389.388182 -389.436934 139.184 39.618 102.607 0.087 110.811 

C-1 -428.698818 -428.685861 -428.736544 157.462 45.501 106.671 0.423 123.636 

C-2 -444.755728 -444.743036 -444.792871 150.560 45.409 104.886 1.666 120.859 

C-3 -481.667217 -481.653999 -481.706033 139.558 45.581 109.515 4.538 126.757 

MCYM -389.399727 -389.388194 -389.436823 139.187 39.631 102.349 0.248 109.946 

M-1 -428.700113 -428.686603 -428.741403 157.410 45.761 115.337 0.123 123.540 

M-2 -444.756239 -444.743220 -444.794609 150.463 45.724 108.158 1.495 120.701 

M-3 -481.666852 -481.653494 -481.706760 139.532 45.672 112.108 5.136 126.957 

OCYM -389.392086 -389.380915 -389.427065 139.421 39.469 97.132 0.454 108.847 

O-1 -428.692419 -428.679299 -428.730773 157.637 45.595 108.337 0.236 122.804 

O-2 -444.747960 -444.735255 -444.784605 150.689 45.543 103.866 1.478 120.029 

O-3 -481.659594 -481.646603 -481.697295 139.764 45.492 106.690 5.370 126.714 
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Table 2. Lipophilicity and water solubility 

  CYM C-1 C-2 C-3 M-CYM M-1 M-2 M-3 O-CYM O-1 O-2 O-3 

Lipophilicity             

iLOGP 2.51 2.70 2.17 2.49 2.52 2.77 2.15 2.52 2.43 2.70 2.08 2.44 

XLOGP3 4.10 4.39 2.59 3.56 4.50 3.78 2.73 3.13 4.38 4.39 2.60 3.13 

WLOGP 3.12 3.43 2.71 2.99 3.12 3.43 2.71 2.99 3.12 3.43 2.71 2.99 

MLOGP 4.47 4.77 2.76 2.69 4.47 4.77 2.76 2.69 4.47 4.77 2.76 2.69 

SILICOS-IT 3.29 3.77 2.55 3.27 3.29 3.77 2.55 3.27 3.29 3.77 2.55 3.27 

Avg. LogPo/w 3.50 3.81 2.55 3.00 3.58 3.70 2.58 2.92 3.54 3.81 2.54 2.90 

Water solubility             

Log S (ESOL) -3.63 -3.86 -2.73 -3.37 -3.89 -3.48 -2.82 -3.10 -3.81 -3.86 -2.74 -3.10 

Sol.(mg/mL)×10-2 3.12  2.03  27.5  6.73 1.75 4.93 22.4  12.6  2.08 2.03 27.1 12.6 

Class S S S S S S S S S S S S 

Log S (Ali) -3.81 -4.11 -2.79 -3.75 -4.22 -3.47 -2.93 -3.30 -4.10 -4.11 -2.80 -3.30 

Sol.(mg/mL)×10-2 2.10 1.16 24.5 2.86 0.807 4.98 17.5 8.00 1.08 1.16 23.9 8.00 

Class S MS S S MS S S S MS MS S S 

SILICOS-IT) -3.57 -3.97 -3.23 -3.68 -3.57 -3.97 -3.23 -3.68 -3.57 -3.97 -3.23 -3.68 

Sol. (mg/mL)×10-2 3.58 1.57 8.81 3.32 3.58 1.57 8.81 3.32 3.58 1.57 8.81 3.32 

Class S S S S S S S S S S S S 

Table 3. Pharmacokinetics 

  GI Abs. BBB P-gp susbt. 
CYP1A2 

inh. 

CYP2C19 

inh. CYP2C9 inh. 

CYP2D6 

inh. 

CYP3A4 

inh. 

Log Kp (skin 

per.) cm/s 

CYM Low Yes No No No No Yes No -4.21 

C-1 Low Yes No No No No Yes No -4.09 

C-2 High Yes No Yes No No No No -5.37 

C-3 High Yes No Yes No No No No -4.74 

MCYM Low Yes No No No No Yes No -3.92 

M-1 Low Yes No No No No Yes No -4.52 

M-2 High Yes No Yes No No No No -5.27 

M-3 High Yes No Yes No No No No -5.05 

OCYM Low Yes No No No No Yes No -4.01 

O-1 Low Yes No No No No Yes No -4.09 

O-2 High Yes No Yes No No No No -5.36 

O-3 High Yes No Yes No No No No -5.05 

According to Table 3, the -NH2 and -C≡N 

substituted structures would exhibit high GI-

absorption potency, while the –CH3 substituted 

structures would have less potency in terms of it. 

Also, all compounds would have suitable structural 

and physicochemical properties for passive 

permeation through the BBB, which could be seen 

from Figure 2 as well. On the other hand, the studied 

derivatives would not be effluated from the CNS by 

the glycoprotein and thus exhibit P-gp substrate. 

Also, the -NH2 and -C≡N substituted structures 

would have potency in terms of CYP1A2 inhibition, 

while the –CH3 substituted structures would not 

have. Moreover, none of the compounds would have 

a potency in terms of CYP2C19, CYP2C9, and 

CYP3A4 inhibition. As is well known, Kp (skin 

permeability) is defined as the penetration rate of a 

chemical substance relevant across the stratum 

corneum, and lipophilicity has a critical role in the 

skin absorption of a specific molecular system [29-

31]. Herein, the log P values of CYM, MCYM, and 

OCYM derivatives were calculated in the ranges of 

(-4.09)-(-5.37), (-3.92)-(-5.27), and (-4.01)-(-5.36) 

cm/s, respectively: the most lipophilic structures 

would have higher skin permeation where as the 

most water-soluble structures would have the less 

potency in terms of skin permeation. From Table 4, 

the Veber and Egan rules revealed that all 

compounds could have structural and 

physicochemical necessities for drug-like potency. 
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Also, the Lipinski rules implied that all compounds 

would have proper properties for drug likeness, even 

though the MLOGP indexes of the –CH3 substituted 

structures could be higher than 4.15. On the other 

hand, the MW of the compounds would be lower 

than 160 g/mol, which would be a violation of drug 

likeness potency depending on the Ghose approach. 

Moreover, Muegge's approach gave two violations: 

MW<200 g/mol and the number of heteroatoms<2. 

 

Fig. 2. Boiled-egg model and radar graphs 

Table 4. Drug likeness and bioavailability scores  

 Lipinski Ghose  Veber Egan Muegge  
Bioavail. 

score 

CYM Yes; MLOGP>4.15 No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

C-1 Yes; MLOGP>4.15 No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

C-2 YES No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

C-3 YES No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

M-CYM Yes; MLOGP>4.15 No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

M-1 Yes; MLOGP>4.15 No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

M-2 YES No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

M-3 YES No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

O-CYM Yes; MLOGP>4.15 No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

O-1 Yes; MLOGP>4.15 No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

O-2 YES No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

O-3 YES No; MW<160 YES YES No; MW<200, Heteroatoms<2 0.55 

Table 5. Chemical reactivity parameters  

  
     H (-I) 

     / eV 

  L (-A) 

    / eV 

    ΔE (L-H) 

       / eV 
µ/ eV η/ eV ω/ au ω+/ au ω-/ au 

ΔNmax 

/ eV 

   ΔEback. 

   / eV 

CYM -6.394 -0.176 6.218 -3.285 3.109 0.064 0.018 0.138 1.057 -0.777 

C-1 -6.265 -0.079 6.186 -3.172 3.093 0.060 0.016 0.132 1.026 -0.773 

C-2 -5.472 0.122 5.595 -2.675 2.797 0.047 0.011 0.109 0.956 -0.699 

C-3 -7.015 -1.534 5.480 -4.274 2.740 0.123 0.057 0.214 1.560 -0.685 

MCYM -6.507 -0.168 6.340 -3.337 3.170 0.065 0.018 0.140 1.053 -0.792 

M-1 -6.422 -0.080 6.342 -3.251 3.171 0.061 0.016 0.136 1.025 -0.793 

M-2 -5.479 0.041 5.520 -2.719 2.760 0.049 0.012 0.112 0.985 -0.690 

M-3 -7.199 -1.528 5.671 -4.363 2.836 0.123 0.056 0.217 1.539 -0.709 

OCYM -6.508 -0.167 6.341 -3.337 3.170 0.065 0.018 0.140 1.053 -0.793 

O-1 -6.275 -0.089 6.185 -3.182 3.093 0.060 0.016 0.133 1.029 -0.773 

O-2 -5.395 0.003 5.398 -2.696 2.699 0.049 0.012 0.111 0.999 -0.675 

O-3 -7.062 -1.477 5.585 -4.270 2.792 0.120 0.054 0.211 1.529 -0.698 
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Fig. 3. Optimized structures, HOMO, LUMO, and MEP diagrams of the data set 

 

FMO and MEP analyses 

The FMO analyses provide an insight into 

chemical reactivity trends and sites for the molecular 

systems relevant. According to Table 5, the energy 

gap order of CYM and its derivatives was calculated 

as CYM (6.218) > C-1 (6.186) > C-2 (5.595) > C-3 

(5.480): the core cymene structure would prefer the 

intermolecular actions instead of the intramolecular 

charge movement from HOMO to LUMO due to 

having biggest energy gap value. Moreover, the ΔEL-

H orders of MCYM and OCYM derivatives were 

determined as M-1 (6.342) > MCYM (6.340) > M-3 

(5.671) > M-2 (5.520) and OCYM (6.341) > O-1 

(6.185) > O-3 (5.585) > O-2 (5.398), respectively. 

Among all structures, the M-1 would have the 

highest energy gap, while the O-2 could have the 

lowest ΔEL-H value. Moreover, the µ (eV) values 

implied that the -C≡N substituted compounds C-3 (-

4.274), M-3 (-4.363), and O-3 (-4.270) could be 

more stable than the other substituted structures due 

to having the lowest values, and vice versa for –NH2 

substituted counterparts. The η (eV) order of the 

compounds was calculated as η (eV): M-1 (3.171) > 

MCYM= OCYM (3.170) > CYM (3.109) > C-1= O-

1 (3.093) > M-3 (2.836) > C-2 (2.797) > O-3 

(2.792)> M-2 (2.760) > C-3 (2.740) > O-2 (2.699): 

the M-1 structure would be the hardest molecule, 

while the O-2 would be the softer one among the 

compounds. The ω (au) values of the -C≡N 

substituted compounds C-3 (0.123), M-3 (0.123), 

and O-3 (0.120) would be the highest value among 

their groups, due to the lone pair of the N atom. 

Moreover, the C-3 (1.560), M-3 (1.539), and O-3 

(1.529) compounds would have the highest charge 

transfer capability (eV) among the compounds.  

Last, CYM (-0.777 eV), MCYM (-0.792 eV), and 

OCYM (-0.793 eV) structures would gain more 

stability via back donation due to having the lowest 

ΔEback. values.  

Also, the HOMO of CYM, C-1, and C-3 

derivatives covered the whole surface, whereas the 

HOMO of C-2 was densified on the substituted 

aromatic ring mostly except for the isopropyl group. 

Also, the isopropyl group for the M-1, M-2, M-3, 

and O-2 structures could not be host to HOMO, 

while the HOMO for MCYM, OCYM, O-1, and O-

3 structures was expanded on the isopropyl group, 

more or less, in addition to the aromatic ring. The 

LUMO for C-2, M-2, and O-2 molecules would not 

distributed on the -NH2 group, which implied that 

this group could not have a role in electrophilic 

attack reactions. Except for the -C≡N functionalized 

derivatives, the aromatic ring for all compounds 

would be covered by red color (V<0) as a sign of the 

electron rich region that depicted the suitable region 

for electrophiles. Also, the Hs of –NH2 group were 

covered by blue (V>0) as a marker of the electron-

poor region that implied the suitable site for 

nucleophiles.  

CONCLUSION 

In this work, the DFT computations revealed that 

the -C≡N substitution on the cymene isomers could 

gain the core structure more polarizability as well as 

responsible for the highest dipole moment of C-3, 

M-3, and, O-3 structures. On the other hand, -NH2 

functionalized structures would exhibit more 
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solubility in water, whereas the –CH3 substitution 

gain to the structure relevant more lipophilicity, as 

expected. MEP plots of the dataset implied that the 

aromatic ring for all compounds would be covered 

by red color (V<0) that depicted the suitable region 

for electrophiles, except for -C≡N decorated 

derivatives.  Moreover, the Hs of –NH2 group were 

covered by blue (V>0) that showed the suitable site 

for nucleophiles.  
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