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ABSTRACT 
Medicinal and aromatic plants serve as valuable reservoirs of bioactive molecules and mineral compounds that are 
harnessed for therapeutic and agro-food applications. The study focuses on the structural and spectroscopic properties of a 
napthopyran derivative known as Methyl 1,3-diphenyl-1H-naphtho [2, 1-b] pyran-2-carbodithioate. This work presents the 
first quantum computational and systematic ADME/molecular docking analysis of methyl 1,3-diphenyl-1H-naphtho[2,1-
b]pyran-2-carbodithioate, a compound not previously reported in this context. The study investigated electronic properties 
through several approaches, such as the frontier orbital (HOMO/LUMO), electronic properties, Electronic potential map, 
Fukui functions, Localized Orbital Locator (LOL), and electron density iso-surfaces. The compound exhibits substantial 
stability as shown by its large HOMO-LUMO gap and a favorable, moderate dipole moment. Docking and ADME analysis 
suggest potential as a lead for MMP-13 inhibition, with rational implications for drug design. The results indicate highly 
stable and unreactive, supported by the observed Electronic energy gap and a moderate dipole moment. Molecular docking 
analysis indicates a potential interaction with metalloproteinase (MMP)-13. Additionally, the naphthopyran derivative 
presents pharmacokinetic concerns. 
Keywords: Molecular docking FT-IR, NMR, UV-Vis, DFT, MEP, B3LYP, LOL, Fukui Function, Molecular Docking etc 
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INTRODUCTION 
Naphthopyrans exhibit various biological activities, 
including anti-swelling, antimicrobial, cytostatic, analgesic, 
anticancer, cytotoxic effects1 etc. They belong to the 
category of photochromic compounds2,3. with applications 
spanning eyeglasses, electronic displays, optical switches, 
and temporary and permanent storage devices4. 
Consequently, synthesising the heterocyclic compound 
holds great significance5. 

In recent years, chemists have increasingly turn to 
computational and theoretical methods. Density Functional 
Theory (DFT) stands out for its precision in analysing 
molecular vibrations, thermodynamic properties, and 
electronic characteristics of organic compounds. 
Surprisingly, there have been no prior quantum 
computational studies of methyl 1,3-diphenyl-1H-naphtho 
[2, 1-b] pyran-2-carbodithioates1, making it a fascinating 
topic for quantum computational analysis. In order to 
incorporate such analysis, this study used B3LYP/6-
311++G(d,p) method6. The comprehensive examination of 
quantum computational analysis in this study comprises 
energy levels, molecular structures, charge distributions, 
vibrational modes, electronic spectra and magnetic 
resonance parameters7. To the best of our knowledge, no 

DFT or quantum computational studies on this specific 
carbodithioate system have been previously reported. 

METHODOLOGY 

Computational Method  

DFT calculations were performed using the B3LYP/6-
311++G (d,p) level. All structures were optimized and 
vibrational frequencies, molecular orbitals, and reactivity 
indices were calculated with strict convergence criteria. In 
this Quantum computational study, the ORCA 6.1 package 
was utilised (supported by Avogadro) 8. The level of study 
of B3LYP/6-311++G (d,p) level 6 was used to establish the 
most stable geometry for the synthesised derivative (4). The 
optimised one that is the most stable was used to analyse 
vibrational peaks and chemical shifts 9,10 of NMR peaks in 
the in silico study. 

We also performed calculations for FMO, MEP, atomic 
charge density (ACD), Fukui functions, LOL, and constant 
height scanning tunnelling microscopy (STM) images 11. 
The potential electronic distribution (PED) for each 
vibrational mode was determined using the VEDA program 
12,13. Furthermore, in silico calculations of LOL, STM, 
and density of iso-surfaces were performed using Multiwfn 
3.8 14 at the same level of theory. 
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In silico ADME and Target Prediction 

In silico screening of the synthesised Methyl 1,3-diphenyl-
1H-naphtho [2, 1-b] pyran-2-carbodithioate) for 
Absorption, Distribution, Metabolism, and Excretion 
(ADME) properties, evaluation of drug-likeness for 
biological targets prediction was conducted using the open-
source tools SwissADME and SwissTargetPrediction15,16. 
Fundamental physicochemical parameters such as 
molecular weight (MW), molecular refractivity (MR), 
topological polar surface area (TPSA), and atom counts, 
were accurately computed during the analysis. The 
properties of drug-likeness of the synthesised derivative (4) 
were assessed based on Lipinski17, Ghose18, Veber19, 
Egan20 and Muegge21 rules.  Abbot’s bioavailability score 
was used to estimate of achieving at least 10% oral 
bioavailability by considering the total charge. 
Lipophilicity was determined using multiple prediction 
models such as iLOGP, SILICOS-IT, MLOGP, and 
XLOGP3, leading to a consensus Log Pₒ/ₓ value15,16. 
Three other models were also used to predict the chosen 
ligands' aqueous solubility (log S): ESOL22, Ali23 and 
SILICOS-IT16. 

In silico Molecular Docking 

SwissADME16 was utilized to select and evaluate  the 
target protein. The protein was prepared and minimized 
using Discovery Studio following standard protocols. The 
prepared receptors were then subjected to docking with the 
ligand, targeting on their active sites. This ligand-receptor 
interaction was carried out using the Click-1 interface 
available on Mcule. Methyl 1,3-diphenyl-1H-naphtho [2, 1-
b] pyran-2-carbodithioate was synthesised based on the 
established procedure1 as illustrated in Scheme 1.  

 

Scheme 1. Synthesis of Methyl 1,3-diphenyl-1H-
naphtho[2,1-b]pyran-2-carbodithioate 

Shidmazu FTIR-8400S spectrophotometer and FT-NMR-
DRX 400 (Bruker Advance spectrometer) were used to 
report the spectral data of the synthesised compound. IR 
spectrum of the compound showed characteristic peaks at 
428, 501, 629, 1005, 1045, 1192, 1323, 1400, 1492, 1595, 
1639 cm-1. The ¹H NMR spectrum reported peaks at 8.35 
ppm (doublet, J = 8.0 Hz, 2H), 7.88–7.86 ppm (multiplet, 
4H), 7.77–7.64 ppm (multiplet, 5H), 7.56–7.05 ppm 
(multiplet, 5H), 5.94 ppm (singlet, 1H), and 2.31 ppm 
(singlet, 3H). The 13C NMR spectrum included peaks at 
232.68 (C=S), 153.28, 148.41, 146.20, 143.96, 138.87, 

136.89, 135.27, 134.51, 133.02, 132.32, 131.07, 129.99, 
129.29, 129.00, 128.40, 128.15, 126.92, 125.32, 123.74, 
123.13, 121.14, 120.53, 116.13, 112.93, 38.09, 20.85. 

Results and Discussion 

Electron Characterization 

The optimized geometry of the Methyl 1,3-diphenyl-1H-
naphtho[2,1-b]pyran-2-carbodithioate is shown in Figure 1, 
and the computed global parameters24 are reported in Table 
1. The energy of LUMO (ELUMO) and HOMO (EHOMO) 
and 𝐸! (difference of ELUMO and EHOMO) are estimated 
as	−0.08443, −0.21857, and 0.13414 a.u respectively 
(Figure 2). Since the 𝐸! value exceeds 0.1au, the derivative 
exhibits a high HOMO-LUMO gap, indicating stability and 
low reactivity25,26. The dipole moment for the compound 
is 1.957767 D, suggesting moderate polarity due to uneven 
electron distribution among its atoms27. 

Analyzing the HOMO and LUMO patterns (Figure 2), the 
HOMO is found distributed throughout the molecule except 
for the phenyl groups attached to C13 and C11. This region 
is reactive toward electrophiles. Conversely, the LUMO is 
primarily localised on sulphur atoms and adjacent atoms, 
extending to other positions excluding the phenyl ring 
connected to C13. The LUMO region is reactive towards 
nucleophiles. The MEP map of the synthesised compound 
is shown in Figure 3. The potential distribution is depicted 
using a colour gradient28,29. In this scheme, red highlights 
areas with high nucleophilic reactivity, while blue signifies 
regions with strong electrophilic character. The 
intermediate hues—light blue, green, and yellow—stand 
for slightly electron-deficient, neutral, and electron-rich 
regions, respectively. Notably, red colour appears on S33 
atoms and near O20. It also occurs between the naphthalene 
plane and the phenyl ring attached to C-13. Blue colour is 
associated with the H36 atoms of the methyl group 
connected to S49 naphthalene ring plane. 
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Figure 1. The optimised geometry of Methyl 1,3-diphenyl-
1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Calculated EHOMO, ELUMO of Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate using 
B3LYP/3-611G++(d,p) 

 

 

 

 

Figure 3. MEP of Methyl 1,3-diphenyl-1H-naphtho[2,1-
b]pyran-2-carbodithioate using                      B3LYP/3-
611G++(d,p) 

 

 

 

 

 

 

 

Table 1. Calculated Global Parameters of Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

 

Parameter 

compound in Gaseous state 

Basis set 

6-311G++(d,p) 6-31G++(d,p) 

EHOMO -0.2186 -0.21661 

ELUMO -0.0844 -0.08382 

ELUMO - 
EHOMO 

0.1341 0.13279 

Ionization 
potential (a.u) 

0.2186 0.21661 

Electron affinity 
(A a.u) 

0.0844 0.08382 

Electronegativity 
(�� a.u) 

0.1515 0.15022 

Chemical 
hardness ��, a.u) 

0.0671 0.06640 

Chemical softness 
(�, a.u) 

7.4549 7.53069 

Electrophilicity 
index (�, a.u) 

0.1711 0.16993 

 

FTIR analysis 

The theoretical vibrational frequencies and associated 
infrared intensities of the optimised structure of the Methyl 
1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate are 
shown in Figure 4. These results, together with the energy 
topology called PED analysis30, are presented in Table 2. 

𝐸_lumo
= −0.08443	𝑎𝑢 

E_HOMO=-
0.21857 au 

E_𝑔
= 0.13414	𝑎𝑢 
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The PED analysis quantifies the contribution of specific 
atomic movements in normal mode12,13.  

 

Figure 4. Calculated IR spectra for Methyl 1,3-diphenyl-
1H-naphtho[2,1-b]pyran-2-carbodithioate using B3LYP/3-
611G++(d,p) method 

 

The optimised structure of the Methyl 1,3-diphenyl-1H-
naphtho[2,1-b]pyran-2-carbodithioate exhibits a total of 
144 vibrational normal modes. These include 49 stretching 
(v), 48 bending (β), and 47 torsional modes (τ)29. 
Vibrational mode assignment uses the same level of theory 
as that of optimisation of the derivative. Every one of the 
144 basic vibrational modes is active in the infrared 
spectrum. Notably, the experimentally observed 
frequencies at 728, 1323, and 1639 cm⁻¹ were assigned to 
stretching modes by using the PED analysis (Table 2). The 
remaining experimentally observed frequencies at 501, 629, 
1005, 1045, 1192, 1400, 1492 and 1595 cm⁻¹ were assigned 
to distinct modes, showing differences within ±3 cm⁻¹ in the 
Table 2 following PED analysis without empirical scaling 
factors to account for anharmonic effects. 

  

Table 2. Calculated frequencies, intensities and PED analysis of Methyl 1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-
carbodithioate using B3LYP/3-611G++(d,p) level 

Frequencies (cm-1)  Intensity PED Contribution (%) 

3208.25 5.39 92 n(C5H17) 

3197.52 5.94 90 n (C10H19) 

3195.54 6.09 91 n(C39H42) 

3192.3 10.52 81 n"# (C39H42)  + 15 n"#(C41H46)   

3188.77 17.54 77 n (C26H30)  

3186.46 28.36 12 n (C1H15) + 78 n (C1H15)  

3183.87 21.82 91 n"# (C39H42)  

3179.31 20.43 12 n"# (C26H30)  + 76 n"# (C22H25)   

3172.72 8.16 17 n (C39H42) + 82 n"#(C41H46) 

3172.21 10.36 91 n(C22H2) 

3171.31 18.36 90 n(C1H15) 

3169.24 0.83 90 n(C6H18) 

3163.48 0.75 73 n(C22H25)  

3163.44 0.22 88 n"#(C22H25)  

3159.24 2.15 84 n"#(C1H15) + 14 n(C1H15)  

3157.71 3.01 87 n(C22H25)  
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3142.97 2.05 96 n"# (C34H35) 

3140.18 3.45 96 n (C34H36) 

3048.04 11.44 98 n(C34H35) 

3042.44 3.08 100 n(C13H50) 

1675.8 77.77 61 n(C11C12) 

1656.33 33.53 25 n"#(C1C2) + 14 n"# (C7C10) + 12 n (C5C4) 

1642.72 5.74 48 n"#(C40C43)+18 b"# (H42C39C 41) 

1639.8 5.58 43 n (C23C26)+ 17 b(H30C26C28)  

1635.06 67.65 41 n (C7C10) 

1624.28 1.82 32 n"# (C26C28) 

1621.23 1.57 14 n"# (C8C9) + 19 n"# (C26C28) 

1615.51 7.74 57 n"#(C41C45)  

1549.67 22.74 26 n(C1C6) + 12 b"# (H14C7C10) + 18 b(H16C2C1)  

1524.55 7.53 11 n(C39C41) +56 b(H46C41C45)+ 15 b (C40C43C45) 

1523.51 11.82 60 b(H25C22C24) 

1495.81 28.05 
11 n"#(C1C6,C1C2) + 11 n (C5C4)+ 10 b(H14C7C10) + 
21 b( H14C7C10) 

1483.08 7.1 18 n(C22C24) + 54 b"# (H31C28C26)  

1474.6 4.08 
23 n"#(C39C41) + 11 b"# (H42C39C41) +46 b"# 
(H48C45C43) 

1463.97 19.24 
11b(H14C7C10) + 31 b(H16C2C1) +  -13 
b(H35C34H37) 

1463.36 4.8 
45 b (H35C34H37) +-18 t (H42C39C41C45, 
H44C40C43C45, H46C41C45C43, H47C43C45C41), 

1451.07 12.81 

36 b"#(H36C34H35) + 37 b(H37C34H36), 10 t 
(H37C34S49C32, H35C34S49C32) +  -17 t 
(H36C34S49C32) 

1424.28 48.21 24 n (C8C9) + 13 b(C3C2C1)  

1396.88 3.82 15 n (C4C8) +12b"#(H14C7C10, H19C10C7) 

1378.78 9.6 

20 n(C1C2) +10 b"#(C3C2C1) + 16 b"#(H50C13C21, 
H27C23C26, H25C22C24, H30C26C28, H29C24C28, 
H31C28C26) 

1367.65 8.96 
69 b (H50C13C21, H27C23C26, H25C22C24, 
H30C26C28, H29C24C28) 
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1356.03 1.18 
12 n(C38C39) 78 + b(H42C39C41, H44C40C43, 
H46C41C45, H47C43C45) 

1353.09 0.43 
-24 b"#(H35C34H37) +35b"#(H36C34H35) + 34 
b"#(H37C34H36)  

1345.99 4.18 
44 n"#(C26C28) + 25 b"#(H50C13C21, H27C23C26, 
H25C22C24) 

1341.13 34.63 

13 n"# (C38C11)+ -11 s75 (bend C12C11O20), -23 s106 
(tors H42C39C41C45, H44C40C43C45, 
H46C41C45C43) 

1322.61 1.14 57 n(C38C39)  

1294.23 4.85 11 n (C5C4) + 40 b"# (H17C5C6) 

1271.25 8.03 14 n"#(C26C28) + 41 b (H50C13C21) 

1264.98 5.57 -22 t (H50C13C21C22) 

1249.47 418.95 44 n(O20C9)  

1232.59 3.69 10 n"#(C1C6) + 17 b"#(H14C7C10)  

1206.3 54.16 16 n(C32C12)+ 26 b (H42C39C41)  

1205.57 0.18 15 n"#(C23C26) + 68b (H30C26C28)  

1204.04 22.04 
42 b (H42C39C41, H44C40C43, H46C41C45, 
H47C43C45)  

1199.24 11.76 14 n(C32C12) + 18 n(C13C21) 

1186.33 0.9 13 n"#(C13C21) 

1183.35 16.99 
58 b (H18C6C1, H15C1C2, H17C5C6, H19C10C7, 
H47C43C45, H46C41C45)   

1183.03 3.16 75 b (H48C45C43, H47C43C45, H46C41C45) 

1181.18 0.16 
13 n"#(C26C28) + 73 b (H31C28C26, H29C24C28, 
H30C26C28) 

1166.45 2.87 62 b (H19C10C7, H15C1C2, H16C2C1, H14C7C10)  

1151.09 120.59 19 n(C9C10) + 12 b (C12C11O20)  

1106.79 9.17 

18 n"#(C22C24) + 14 n"#(C39C41)  +  19 
b"#(H31C28C26, H27C23C26, H29C24C28, 
H30C26C28, H25C22C24)  +  12 b (H48C45C43, 
H47C43C45, H42C39C41) 

1102.99 13.46 

15 n"#(C22C24) + 26 n(C39C41) +13 b"# (H31C28C26, 
H27C23C26, H29C24C28, H30C26C28, H25C22C24) + 
21 b"#(H48C45C43, H47C43C45, H42C39C41) 

1085.09 7.49 
12 n(C8C13) + 10 b (C3C2C1)  + 11 b"# (H14C7C10, 
H16C2C1, H18C6C1) 
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1059.76 25.11 
12 b (H46C41C45,H44C40C43,) + 13 b"# (C40C43C45, 
C41C45C43,)  

1052.76 1.63 42 n(C1C6)  

1049.42 3.95 
40 n(C26C28) + 17 b (H25C22C24, H27C23C26) + 15 
b"# (C23C26C28, C22C24C28)  

1042.65 42.75 
18 n(C43C45) +13 n (C9C10) +14 n(S33C32) +10 
b"#(C40C43C45, C41C45C43)   

1017.14 1.15 
13 n(C23C26) + 22 n(C24C28) + 19 b"# (C24C28C26) + 
37b (C23C26C28)  

1016.07 6.87 
42 n(C43C45) + 43 b (C40C43C45, C41C45C43, 
C39C41C45)   

1013.97 99.22 14 n(S33C32) + 13b (C9C8C13) +  10 b (C11O20C9 ) 

1009.14 0.36 
61 t(H48C45C43C40, H46C41C45C43, 
H47C43C45C41) + -29 t (C39C41C45C43)  

1003.11 0.74 
-69 t (H31C28C26C23, H30C26C28C24) +-24 t 
(C22C24C28C26) 

996.71 0.08 
72 t (H15C1C2C3, H18C6C1C2) + 15 t (C2C1C6C5, 
C6C5C4C8)  

991.89 0.81 
81 t(H42C39C41C45, H44C40C43C45) +-15 
t(C40C43C45C41, C39C41C45C43 ) 

985.98 0.21 
-83 t (H25C22C24C28, H27C23C26C28,)+15 t 
(C22C24C28C26, C23C26C28C24) 

979.56 8.54 16 b(H35C34H37) +-66 t(H37C34S49C32)  

977.08 0.89 82 t( H14C7C10C9)  

967.45 2.67 

12 b (H36C34H35) +12 b"#(H37C34H36) +  -33 
t(H37C34S49C32, H35C34S49C32) +  43 t ( 
H36C34S49C32) 

963.28 0.45 
83 t (H14C7C10C9, H15C1C2C3, H16C2C1C6, 
H17C5C6C1, H18C6C1C2) 

942.21 3.53 
81 t (H42C39C41C45, H44C40C43C45, 
H48C45C43C40) 

936.87 2.79 
52 t (H31C28C26C23, H25C22C24C28, 
H27C23C26C28)  

925.6 5.24 
-19 t(H31C28C26C23, H25C22C24C28, 
H27C23C26C28) 

899.71 10.13 11 n"#(C8C13) + 26 b (C7C10C9)  

875.83 1.87 
62 t (H17C5C6C1, H16C2C1C6) +-14 t (C2C1C6C5, 
C3C2C1C6, C1C6C5C4)  
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858.95 0.87 
97 t (H42C39C41C45, H44C40C43C45, 
H46C41C45C43, H47C43C45C41)  

856.07 1.43 
95 t (H25C27C24C28, H27C23C26C28, 
H29C24C28C26, H30C26C28C24)  

849.7 38.94 12 b"#(C24C28C26) 

830.73 41.02 19 t(H14C7C10C9, H19C10C9C8) 

822.67 30.86 33 t (H14C7C10C9, H19C10C9C8) 

797.77 8.33 11 t (C2C1C6C5, C3C2C1C6, C1C6C5C4)  

788.75 12.86 

-15 t (H48C45C43C40, H44C40C43C45)+-11 
t(C2C1C6C5, C3C2C1C6, C1C6C5C4) + 24 t 
(C45C41C39C38) 

784.15 5.11 
13 t (H31C28C26C23, H27C23C26C28, 
H30C26C28C24, H29C24C28C26) 

768.47 6.06 14 t (C2C1C6C5, C3C2C1C6, C1C6C5C4) 

757.64 32.51 73 t (H15C1C2C3) 

741.29 11.89  

718.58 62.63 -40 t (H31C28C26C23)  

711.29 17.83 
24 n( S49C34) + -11 t (H31C28C26C23) +13 
t(H31C28C26C23) + -30 t (C21C22C24C28)  

709.43 29.42 50 t (H48C45C43C40)+21t (C45C41C39C38) 

704.82 1.49 45 n(S49C34) 

681.23 1.34 18 b (C41C46C43) 

679.43 4.65 -10 t (H14C7C10C9, H19C10C9C8)  

639.63 8.52 14 b (C23C26C28, C22C24C28)  

636.73 3.26 51 b (C40C43C45, C39C41C45)  

631.75 2.47 53 b (C23C26C28, C22C24C28) 

623.55 8.63 24 b"#(C40C43C45, C39C41C45) 

591.48 6.26 15 n"#(S49C32) +18 b (C11O20C9)  

551.08 3.52 26 (out S33C12S49C32)  

535.81 0.19 
10 t"#(C1C6C5C4) + 36 t(C2C1C6C5) + 13 (out 
C10C8O20C9)  

523.62 4.6 -10 (out C4C9C13C8)  

511.36 10.05 10 t (C39C41C45C43) 

464.39 0.11 11b"# (C6C5C4) + 13 b (C5C4C8)  
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428.41 3.2 11b"#(S33C32S49) + 27 t"#(C1C6C5C4) 

Fukui Function 

In the DFT method, molecular reactivity is assessed through 
the Fukui function. It assists in determining which parts of 
a molecule are most vulnerable to electrophilic and 
nucleophilic assaults and is represented by the symbol 
f(r)11,31. Mulliken population study is applied to 
calculate𝑓$(𝑟), 𝑓%(𝑟) and 𝑓&(𝑟) of the Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate and are 
presented in Table 3. 

The 𝑓$(𝑟), 𝑓%(𝑟) and 𝑓&(𝑟) are defined as follow: 

𝑓$(𝑟) = 𝑞'(𝑁 + 1) − 𝑞'(𝑁)  

𝑓%(𝑟) = 𝑞'(𝑁) − 𝑞'(𝑁 − 1)  

𝑓&(𝑟) = (
)
5𝑞'(𝑁 + 1) − 𝑞'(𝑁 − 1)6  

According to the data, the C13 atom shows a higher 
susceptibility to cationic and neutral attacks, whereas C21 
is more reactive under anionic conditions. These atoms are 
particularly susceptible to nucleophilic attacks32. The 
nucleophilic attack order for cationic, anionic and neutral is 
as follows: C12>C39>C13>C21>C5>C39>C1>C10. 
Atoms with Fukui index values close to zero are likely sites 
for radical attacks. In contrast, atoms carrying a negative 
charge tend to be more reactive toward electrophilic attack. 
Notably, nucleophilic attacks generally show higher 
reactivity than both electrophilic and radical interactions. 

Table 3. Calculated 𝒇$(𝒓), 𝒇%(𝒓) and 𝒇𝟎(𝒓) of Methyl 1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate using 
B3LYP/3-611G++(d,p) method 

Atom 𝒇$(𝒓) 𝒇%(𝒓) 𝒇𝟎(𝒓) 
C1 -0.111 0.23 0.0595 
C2 0.168 -0.118 0.025 
C3 -0.19 0.049 -0.0705 
C4 -0.029 0.176 0.0735 
C5 0.305 -0.09 0.1075 
C6 -0.112 -0.139 -0.1255 
C7 0.04 0.01 0.025 
C8 -0.109 0.167 0.029 
C9 -0.112 -0.275 -0.1935 
C10 0.222 -0.157 0.0325 
C11 -0.192 -0.001 -0.0965 
C12 -0.221 0.165 -0.028 
C13 0.828 -0.004 0.412 
H14 -0.025 -0.057 -0.041 
H15 -0.029 -0.055 -0.042 
H16 -0.025 -0.056 -0.0405 
H17 0.011 -0.246 -0.1175 
H18 -0.02 -0.054 -0.037 
H19 -0.022 -0.062 -0.042 
O20 -0.044 0.033 -0.0055 
C21 -0.213 0.32 0.0535 
C22 0.177 0.014 0.0955 
C23 -0.143 -0.001 -0.072 
C24 -0.077 0.068 -0.0045 
H25 -0.03 -0.023 -0.0265 
C26 0.203 -0.019 0.092 
H27 -0.005 -0.041 -0.023 
C28 -0.032 0.175 0.0715 
H29 -0.025 -0.059 -0.042 
H30 -0.027 -0.064 -0.0455 
H31 -0.035 -0.059 -0.047 
C32 -0.137 -0.217 -0.177 
S33 -0.384 -0.401 -0.3925 
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C34 -0.079 0.124 0.0225 
H35 -0.055 -0.023 -0.039 
H36 -0.042 -0.058 -0.05 
H37 -0.034 -0.039 -0.0365 
C38 -0.408 0.073 -0.1675 
C39 0.443 0.057 0.25 
C40 -0.187 -0.02 -0.1035 
C41 -0.124 -0.028 -0.076 
H42 0.047 -0.031 0.008 
C43 0.039 0.011 0.025 
H44 -0.024 -0.062 -0.043 
C45 -0.16 0.13 -0.015 
H46 -0.038 -0.062 -0.05 
H47 -0.042 -0.069 -0.0555 
H48 -0.048 -0.064 -0.056 
S49 0.134 0.03 0.082 
H50 -0.037 -0.08 -0.0585 

Surface Map with Projected Localised Orbital Locator 
(LOL) Analysis 

Multiwfn 3.814 is a robust tool in quantum chemistry for 
analysing electronic wave functions. It employs the 
Localised Orbital Locator (LOL) to generate shaded surface 
maps, which help visualize regions of rich electron density 
and electron deficiency. Localised Orbital Locator (LOL) 
defined by Eqn. 1, identifies localised high regions, where 
electron motion is likely restricted11. For the Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate, the 
LOL–projected shaded surface map (Figure 5) provides key 
insights: Blue circular zones surrounding the nuclei signify 
areas with significant electron depletion, typically found 
between the valence and inner electron shells, and are 
especially noticeable within the naphthalene rings. 

𝐿𝑂𝐿(𝑟) = +(-)
($+(-)

              Eqn. 1 

Where 𝜏(𝑟)(dimensonless variable) is 𝑔&(𝑟)/𝑔(𝑟) and 
𝑔(𝑟) = is density of kinetic energy. 

In contrast, red-colored regions highlight zones of strong 
electron localisation. Electrons are primarily localised on 
the molecule’s outer regions, contributing to its structural 
stability. 

 

Figure 5. LOL-projected shaded surface map of Methyl 1,3-
diphenyl-1H naphthol[2,1-b]pyran-2-carbodithioate 

 

 

Density of Iso-Surface Electrons 

The molecular density of iso-surface electrons of the 
Methyl 1,3-diphenyl-1H naphthol[2,1-b]pyran-2-
carbodithioate was analysed using Multiwfn 3.8 software. 
Table 4 presents the maximum and minimum energy values 
identified during the analysis. The atom with the highest 
energy is S49 (maxima), recorded at 2567.019 kcal/mol, 
while the lowest is S33 (minima), with an energy of 
2409.618 kcal/mol. Figure 6 presents a visual 
representation of this analysis. 

Table 4. Maxima and minima iso-surface value of Methyl 
1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate 
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Maxima Iso-Surface Minima Iso-Surface 
Specific 
Atom 

Energy 
(kcal/mol) 

Specific 
Atom 

Energy 
(kcal/mol) 

S49 2567.019 S33 2409.618 
S33 2516.693 O20 712.063 
O20 1054.925   

 

 

 

Figure 6. Maxima and minima iso-surface value of Methyl 
1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

Constant Height STM Image Simulation 

The simulated Scanning Tunnelling Microscope (STM) 
image was generated using Multiwfn 3.8 and is presented 
in Figure 7. The computed maximum LDOS is 0.000214 
a.u. The brighter white regions represent areas of higher 
LDOS, which correspond to stronger tunnelling currents (I). 
According to the Tersoff-Hamann model33, the tunnelling 
current varies with LDOS. It is observed that the tunnelling 
current appears to be most significant around the benzene 
ring, particularly at the C21 and H50 atomic sites.  

 

Figure 7. Scanning Tunneling Microscope (STM) image of 
Methyl 1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-
carbodithioate 

Nuclear Magnetic Resonance (NMR) Analysis 

Gauge-Including Atomic Orbital (GIAO) methodology is 
widely used for calculating chemical shifts34,35 in NMR 
spectra. The solvent effects are considered essential, as they 
impact molecular geometries and shielding constants. 
Density functional theory (DFT) is employed for precise 
and efficient NMR chemical shift calculations, and the 
NMR spectra with chemical shifts are shown in Figure 8 & 
9. The analysis involves a 3×3 matrix derived from the 
chemical shift tensor34, which captures the anisotropy 
between the induced magnetic field (Bind) and the 
externally applied field (B0). Table 5 presents the computed 
and observed chemical shift values for both 1HNMR and 
13CNMR data of the Methyl 1,3-diphenyl-1H-naphtho[2,1-
b]pyran-2-carbodithioate in DMSO solution using TMS as 
referencing standard. Table 6 also lists the specific chemical 
shift assignments for both 1H and 13C nuclei in in the 
compound dissolved in DMSO. The 13C NMR data 
indicate that carbon C32 has the highest chemical shifts i.e., 
deshielding (around ��256 ppm) (Figure 9). This de-
shielding effect may result from reduced electron density 
around C32 due to factors like electronegative groups 
(S33), methoxy sulphur (S49), sp2 hybridization, magnetic 
anisotropy, or steric effects. Similarly, for 1HNMR, H14 
shows the highest deshielding (chemical shift of 8.36 ppm) 
and is located in the naphthalene ring bonded to C7 (Figure 
8) thus highlighting the sensitivity of NMR shifts to 
aromatic ring current and electronic environment. Overall, 
the close correspondence between computational and 
experimental results demonstrates that DFT-GIAO 
methods, especially when solvent effects are considered, 
deliver consistent and reliable NMR predictions for 
structurally complex naphthopyran derivatives i.e., Methyl 
1,3-diphenyl-1H naphthol[2,1-b]pyran-2-carbodithioate. 
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Figure 8. Calculated 1H NMR of the Methyl 1,3-diphenyl-
1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

Figure 9.  Calculated 1C NMR of the Methyl 1,3-diphenyl-
1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

Table 5. Chemical shift of the Methyl 1,3-diphenyl-1H-
naphtho[2,1-b]pyran-2-carbodithioate in DMSO solution, d 
(ppm) 

 

Shift values (���ppm) 
*Theor. 
(13H 
NMR) 

*Expt.        
(13H 
NMR) 

*Theor.      
(13C NMR) 

*Expt 
(13C 
NMR) 

8.36 (2H)  8.35 (2H) 
259 

232.68 
(C=S), 

155.57 153.28 
8.23 (2H) 7.88-7.86 

(m, 4H) 
154.68 148.41 
153.77 146.20 

7.84(7H) 142.16 143.96 
7.67(1H) 7.77-7.64 

(m, 5H) 137.33 
138.87 

7.58(2H)  7.56-7.05 
(m, 5H) 

136.46 136.89 
7.48(2H) 134.58 135.27 
6.56 (1H)  5.94 (s, 1H) 134.45 134.51 

2.39(1H)  134.34 133.02 
2.31(2H) 2.31(s, 3H) 134.03 132.32 
  133.94 131.07 
  133.71 129.99 
  133.45 129.29 
  132.92 129.00 
  132.82 128.40 
  131.81 128.15 
  131.67 126.92 
  129.171 125.32 
  128.44 123.74 
   123.13 
  121.79 121.14 
  121.55 120.53 
   116.13 
   112.93 
  53.09 38.09 
  25.71 20.85 
*Theor. = Theoretical; *Expt.= Experimental 

 

Table 6. Chemical shifts assignment of the Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate in 
DMSO solution, d (ppm) 

Atom 
position. 

Shift value 
(�� ppm) 

Atom 
Position 

Shift value 
(���ppm) 

H14 8.36 C1 129.171 
H15 7.84 C2 133.94 
H16 8.36 C3 137.33 
H17 8.23 C4 136.46 
H18 7.84 C5 128.44 
H19 7.84 C6 131.81 
H25 7.84 C7 134.58 
H27 7.48 C8 121.55 
H29 7.67 C9 155.57 
H30 7.58 C10 121.79 
H31 7.48 C11 154.68 
H35 2.39 C12 133.45 
H36 2.31 C13 53.09 
H37 2.31 C21 153.77 
H42 7.84 C22 134.34 
H44 8.23 C23 133.45 
H46 7.58 C24 132.82 
H47 7.84 C26 134.45 
H48 7.84 C28 131.67 
H50 6.56 C32 259 
  C34 25.71 
  C38 142.16 
  C39 133.09 
  C40 133.71 
  C41 132.92 
  C43 134.03 
  C45 134.13 

Calculated Atomic Charges 
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Population analysis divides the molecular wave-function 
into atom contributions to evaluate atomic charges. These 
charges are often computed as Mulliken charges and are 
illustrated in Figure 10. To improve the reliability of these 
charges for the basis set, Löwdin35 suggested 
orthogonalizing the atomic orbital basis functions before 
performing the analysis. For the compound Methyl 1,3-
diphenyl-1H naphthol[2,1-b]pyran-2-carbodithioate, the 
total charges were calculated to be zero (0). Specifically, the 
most positively charged atom is C38, which is attached to 
benzene ring 1, while the most negatively charged atom is 
C39, also attached to the same benzene ring 1.  

Pharmacokinetic Study 

Assessment of the ADME characteristics of the Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate was 
carried out using the SwissADME16. The bioavailability 
radar indicated a drug-like physicochemical environment 
for oral activity; however, the compound’s properties fell 
outside this zone it may not be orally active (Figure 11).  
Here, LIPO, POLAR, INSOLU, INSATU and FLEX are 
read as lipophilicity, polarity, insolubility, insaturation and 
flexibility. Key physicochemical properties include high 
lipophilicity (above 5), near insolubility in water, and a 
bioavailability score of 0.55 presented in Table 7 (within 
Lipinski17 and Veber19 filters. While the compound can be 
synthesised its limited gastrointestinal absorption and lack 
of blood-brain barrier permeability may hinder its 
progression in drug development. Additionally, it acts as a 
substrate for permeability glycoprotein (P-gp), potentially 
leading to efflux from the gastrointestinal tract or brain. 
Only the CYP2CP isoform interacts with the compound, 
implying involvement in biotransformation.  

 

 

Figure 10. Atomic charge distribution of the Methyl 1,3-
diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

 

Figure 11. Bioavailability radar for Methyl 1,3-diphenyl-
1H-naphtho[2,1-b]pyran-2-carbodithioate 

 

Table 7. Basic physico-chemical properties and computed 
descriptor of Methyl 1,3-diphenyl-1H-naphtho[2,1-
b]pyran-2-carbodithioate 

Descriptor Predicted value 
Molecular weight 428.59 g/mol 
No. of H-bond Acceptor 1 
No. of H-bond Acceptor 0 
Log Po/w (concensus) 6.29 
Log S -8.3933 
TPSA 66.62Å2 
Rule of five score 0.55 

 

Molecular Docking 

The molecular docking technique plays a critical role in 
drug development and computational chemistry5. In this 
study, the target receptor was selected using the 
SwissTargetPrediction platform, as visualized in the target 
pie chart (Figure 12) and the ranked list of predicted targets 
presented in Table 8. SwissTargetPrediction estimates the 
most likely protein targets for small molecules16, operating 
on the principle that structurally similar bioactive 
compounds often interact with similar biological targets. As 
such, the tool identifies potential targets by comparing the 
query molecule to known ligands with high structural 
similarity. The output includes a list of predicted protein 
targets along with their common names and direct links to 
external databases like GeneCards, UniProt, and ChEMBL. 
These targets are prioritized based on their similarity scores 
relative to the input compound.  

Molecular docking estimates the most favourable alignment 
of a molecule relative to another when they form a stable 
complex, such as a protein–ligand36,37. Docking 
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simulations provide critical insights into ligand–receptor 
interactions, revealing details such as binding affinity and 
the types of intermolecular forces involving hydrogen 
linkages, London dispersion forces, and water-repelling 
effects37. Researchers analyse docking scores to prioritize 
lead compounds, design better drug candidates, and 
optimize molecular structures for enhanced binding 
specificity. The Methyl 1,3-diphenyl-1H-naphtho[2,1-
b]pyran-2-carbodithioate) is predicted to interact with 
metalloproteinase-13 (MMP-13) matrix, an enzyme known 
for its key role in degrading type II collagen, a major factor 
in the progression of osteoarthritis (OA)38. Its expression 
is detectable in healthy individuals39. Overexpression of 
MMP-13 in transgenic animal models leads to joint 
abnormalities resembling human OA. The enzymatic 
function of MMP-13 is implicated in conditions such as 
inflammatory bowel diseases, melanoma invasion, and the 
spread of breast cancer, highlighting its potential as a 
promising therapeutic target. 

Table 8. Target rank of the query molecule using 
SwissTarget prediction 

 

The enzyme possesses a well-defined catalytic domain with 
a druggable binding site where small molecules can interact 
and inhibit its enzymatic function. Molecular docking is 
employed to discover small molecule inhibitors capable of 
binding to specific active sites on matrix metalloproteinase-
13 (MMP-13), thereby hindering its activity. This approach 
is vital for the identification and optimization of candidate 
inhibitors with potential for clinical advancement.  

The three-dimensional structure of MMP-13 is elucidated 
using experimental techniques like X-ray crystallography 
or NMR spectroscopy. This structural information informs 
computational docking studies, allowing predictions of how 
small molecules interact with MMP-13 at the atomic level. 
Molecular docking simulations explore the active binding 
conformation of MMP-18 inhibitors. Visualisation of the 
intermolecular interaction between the ligand 
(naphthopyran) and MMP-18’s active sites reveals a 
compact complex (Figure 13). The binding scores for 
metalloproteinase-13 range between –4.9 and –5.9. Details 
of ligand–protein interactions, top-ranked compounds, and 
the reference drug prifinium are summarized in Table 9. The 
predicted binding poses of the naphthopyran derivative with 
metalloproteinase-13 show hydrogen bonding interactions 
with the amino acid residue Arg (A:109). Two distinct poses 
(2 and 4) exhibit bond lengths of 7.06 Å and 2.74 Å, as 
outlined in Table 10. 

 

Figure 12. Pie-Chart depicting Target receptor of the Methyl 
1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-carbodithioate 

Table 9. Target rank of the query molecule using 
SwissTarget prediction 

Docking 
Pose 

Docking Score 
Naphthopyran 
derivative (4) 

Prifinium 
(Standard drug) 

Pose 1 -5.9 -7.0 
Pose 2 -5.8 -6.2 
Pose 3 -5.4 -5.7 
Pose 4 -4.9 -5.3 

Table 10. Type of interaction in the docking poses between 
query molecule and metalloproteinase-13 

Pose Type of 
Bond 

Bond 
Length 

Receptor 
Residue 

PO
SE

 1
 Pi-sigma 3.78, 5.36 Arg (A:109) 

Pi-alkyl 5.16 Pro (A:108) 
Pi-cation 3.38 Arg (B:109) 
Pi-anion 4.19 Asp (B:231) 
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Van der 
waals 

 Phe (B:107),  
His(A:232),  
Asp(A:231),  
Pro (B:190), 
Phe(A:107),  
Lys(A:284),  
His (B:232) 

PO
SE

 2
 

 
Pi-alkyl 

6.08 
{5.87 
6.35} 

Pro (A:242) 
{Lys (A:234) 
Arg (A:109)} 

Hydrogen-
bond 

7.06 Arg (B:109) 

Van der 
waals 

 {His(A:232), 
His(A:226), 
Asp(A:231), 
Phe (B:107),  
Pro(B:190), 
Pro(A:108),  
Phe(A:107), 
Asp(B:231),  
Ser (A:233)} 

PO
SE

 3
 

Pi-alkyl 5.84 Arg (A:109),  
Pi-cation {5.41 

7.12 
6.52} 

{Asp (A:231) 
Arg (B:109) 
Arg (B:109)} 

Pi-anion 7.01 Phe (A:107) 
Van der 
waals 

 {Pro(A:108), 
Phe(B:107), 
His(A:226), 
His(A:232), 
Lys(A:234)} 

PO
SE

 4
 

Pi-alkyl Not 
observed 

 

Pi-cation {3.59 {Lys (A:234) 
 3.30 Lys (A:234) 
 4.87} Asp (A:231)} 
Pi-anion 4.09 Arg (B:109) 
Hydrogen 
Bond 

2.74 Arg (B:109) 

Vander 
waals 

 {Phe (A:107), 
Ser(A:233),  
Pro (A:242),  
His(A:232),  
Phe (B:107), 
Asp(B:231), 
Arg (A:109)} 

 

Figure 13. Different poses of docking of the query molecule 
within MMP-13 

Conclusion 

The study on Methyl 1,3-diphenyl-1H-naphtho[2,1-
b]pyran-2-carbodithioate exhibits high chemical stability 
and low reactivity, indicated by its high HOMO-LUMO gap 
and moderate dipole moment of the compound. Despite its 
overall stability, certain regions identified by the Fukui 

function and MEP analysis may still be reactive under 
specific conditions. The ADME analysis reveals challenges 
for pharmaceutical applications due to low oral 
bioavailability, poor solubility, and lack of blood-brain 
barrier permeability. Molecular docking studies suggest 
potential interaction with MMP-13, a target involved in 
osteoarthritis and other diseases. However, the compound's 
development as a therapeutic agent is hindered by its  

Figure 13: Different poses of docking of the query molecule 
within MMP-13 

pharmacokinetic issues. Future research should focus on 
modifying the molecule to enhance its drug-like properties 
while retaining its ability to interact with MMP-13 or 
similar targets. 

These computational and spectroscopic findings establish 
methyl 1,3-diphenyl-1H-naphtho[2,1-b]pyran-2-
carbodithioate as a stable, pharmacologically relevant 
scaffold, providing a basis for further lead optimization. 
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