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2-Amino-4-(2, 5-dimethoxyphenyl)-4a,5,6,7-tetrahydronaphthalene-1,3,3(4H)-tricarbonitrile 
has been synthesized and characterized by conventional spectroscopic techniques (FT-IR 
and 1H NMR) and the three-dimensional structure elucidated by single crystal X-ray 
diffraction studies (SC-XRD). It exists in monoclinic crystal system with space group P21/c 
and lattice parameters: a = 14.641(13) Å, b = 8.653(4) Å, c = 16.609(10) Å, β = 116.34(3)°, 
and Z = 4. In the crystal packing, molecules are connected through N-H···O and N-H···N 
intermolecular and intramolecular C-H···O interactions. The N1-H11···N2 interaction results 
in the formation of a dimer corresponding to R22(12) graph-set motif. The molecular 
structure has been theoretically optimized by using density functional theory (DFT) with the 
basis set B3LYP/6-311G (d,p). The optimized bond geometry shows consistency with the 
SC-XRD data. Besides this, the molecular electrostatic potential (MEP), Mulliken charges, and 
frontier molecular orbital analysis have been described. The dnorm, shape index, curvedness, 
crystal voids, 2D fingerprint (FP) plots, and 3D energy frameworks using Hirshfeld surface 
(HS) studies have also been computed and investigated. The molecular docking studies for 
2-amino-4-(2, 5-dimethoxyphenyl)-4a,5,6,7-tetrahydronaphthalene-1,3,3(4H)-tricarbonitrile 
with DNA gyrase/lanosterol 14α-demethylase suggest that the compound may act as an 
active antimicrobial drug. 
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1. Introduction 
 

Ortho-aminocarbonitriles, comprising an important 
skeleton in organic synthesis, are a significant class of organic 
compounds [1,2]. Their derivatives are essential intermediates 
in various heterocyclic syntheses [3-6], exhibiting important 
optical properties [7,8] useful in artificial photosynthetic 
systems [9]. Such moieties, known as acceptor-donor-acceptor 
(A-D-A) systems [10], are key intermediates of various 
bioactive compounds [11]. Therefore, the synthesis of these 
compounds presents a key challenge in the development of 
newer synthetic reactions and pathways. The chemical 
synthesis of bicyclic ortho-amino carbonitrile derivatives is 
usually achieved via the Knoevenagel condensation and 
Michael addition under various conditions. Basic catalysts are 
traditionally used for this reaction, organic bases including 
pyrrolidine [3], piperidine [8], morpholine [12], imidazole [13], 
1,4-diazabicyclo[2.2.2]octane [14,15], triethylamine [16,17] 
and ethane diamine [18] have been reported in the literature, 

and different types of ionic liquids have also been utilized for 
condensation [19-23]. 

The SC-XRD structure of 2-amino-4-(2, 5-dimethoxyphen 
yl)-4a, 5, 6, 7-tetrahydronaphthalene-1, 3, 3(4H)-tricarbonitrile 
(ADTNT) has been elucidated by X-ray diffraction methods and 
its optimized geometry computed using the B3LYP level of 
density function theory with 6-311G(d,p) basis set. The X-ray 
data in terms of bond distances and angles for ADTNT have 
been correlated with the structure optimized at B3LYP/6-311G 
(d,p) level. The Hirshfeld surface analysis was performed to 
visually portray the intermolecular interactions existing in the 
structure. Molecular docking study has been performed to 
understand the binding affinity of the molecule with DNA 
gyrase and lanosterol 14α-demethylase. The strong interaction 
of ligand and DNA gyrase [24] disturbs the biosynthesis of 
circular DNA in bacteria and it will induce bacterial death [25]. 
Due to this behavior, DNA gyrase (PDB id: 3G75) was chosen as 
the target for the antibacterial agent.  
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Table 1. Crystal data and structure refinement for ADTNT. 
CCDC number 2132239 
Empirical formula C21H20N4O2  
Formula weight 361.42  
Temperature (K) 293(2)  
Crystal system Monoclinic  
Space group P21/c  
a, (Å) 14.641(13)  
b, (Å) 8.653(4)  
c, (Å) 16.609(10)  
α (°) 90.00  
β (°) 116.34(3)  
γ (°) 90.00  
Volume (Å3) 1886(2)  
Z 4  
ρcalc (g/cm3) 1.273  
μ (mm-1) 0.084  
F(000) 764.0  
Crystal size (mm3) 0.40 × 0.30 × 0.20 
Radiation MoKα (λ = 0.71073)  
2Θ range for data collection (°) 5.64 to 47.98  
Index ranges -16 ≤ h ≤ 16, -9 ≤ k ≤ 9, -19 ≤ l ≤ 18  
Reflections collected  31296  
Independent reflections  2888 [Rint = 0.1593, Rsigma = 0.0721]  
Data/restraints/parameters  2888/0/255  
Goodness-of-fit on F2  1.092  
Final R indexes [I≥2σ (I)]  R1 = 0.0963, wR2 = 0.2494  
Final R indexes [all data]  R1 = 0.1297, wR2 = 0.2697  
Largest diff. peak/hole (e.Å-3) 0.34/-0.26  
 

 
 

Scheme 1. Synthesis of 2-amino-4-(2,5-dimethoxyphenyl)-4a,5,6,7-tetrahydronaphthalene-1,3,3(4H)-tricarbonitrile (ADTNT). 
 

Lanosterol 14α-demethylase [26] enzyme controls the 
production of ergosterol and is most important for the fungal 
growth and survival [27]. Thus, Lanosterol 14α-demethylase 
(PDB id: 1EA1) has been chosen as an antifungal agent target. 
In addition, the docking results of the ADTNT have been 
compared with those of the conventional medicines, ciprof-
loxacin (Bacteria) and fluconazole (Fungi). 
 
2. Experimental 
 
2.1. Synthesis  
 

A three component reaction of 2,5-dimethoxy benzalde-
hyde (1) (0.106 g), cyclohexanone (2) (0.098 g) and 
malononitrile (3) (0.132 g) was heated at 50 °C in choline 
chloride:urea deep eutectic solvent (ChCl:Urea DES) (0.5 mL) 
until the completion of the reaction, tested by thin-layer 
chromatography (TLC) [28]. After completion of the reaction, 5 
mL water was added to the crude precipitate and the product 
was filtered and recrystallized from hot ethanol to have pure 
ortho-aminocarbonitrile derivative 4. The schematic diagram 
of the synthesized compound is shown in Scheme 1. 2-Amino-
4-(2, 5-dimethoxyphenyl)-4a, 5, 6, 7-tetrahydronaphthalene-1, 
3, 3(4H)-tricarbonitrile (ADTNT): Yield: 85%. Time: 20 min. 
Color: Yellow. M.p.: 218-220 °C. Ft-IR (KBr, ν, cm-1): 714, 806, 
1029, 1213, 1278, 1459, 1506, 1643, 1700, 2207, 2322, 2360, 
2838, 2935, 3122, 3329, 3434, 3447. 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 0.83 (1H, m, CH2), 1.35 (1H, m, CH2), 1.65-1.55 (2H, 
m, CH2), 2.04-2.03 (1H, d, CH2), 2.15-2.11 (1H, d, CH2), 2.59 (1H, 
d, CH2), 3.65 (3H, s, -OCH3), 3.69 (3H, s, OCH3), 3.83 (1H, m, 
methine), 5.77 (1H, s, olefinic), 6.22 (2H, s, -NH2), 6.79 (1H, d, 
Ar-H), 6.83 (1H, d, Ar-H), 6.94-6.96 (1H, d, Ar-H). 

 

2.2. X-ray structure determination 
 

A single-crystal X-ray diffraction experiment for the 
structure elucidation of ADTNT has been performed on a 
Bruker D8 Venture diffractometer using MoKα radiation (λ = 
0.71073 Å). The intensities were recorded in ɸ and ω-scan 
mode over a range of diffraction angles (2.82-23.99°). The 
reflection data were treated by using the standard criteria to 
obtain 1973 as the observed reflections and the same were 
corrected for various factors. The structure has been solved by 
direct methods using SHELXS97 [29] and refined anisotro-
pically by full-matrix least-squares using SHELXL97 [30]. All 
non-H atoms were refined anisotropically and the final 
refinement cycle yielded a final R = 0.0963 and wR(F2) = 0.2494 
for 1973 observed reflections. The atomic scattering coeffi-
cients were derived from the International Tables for X-ray 
Crystallography (1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4) [31]. 
The crystal and structure refinement data are presented in 
Table 1. The geometry of the molecule has been analyzed using 
MERCURY [32], PLATON [33] and PARST [34] software. 
 
2.3. Computational methodology 
 

The optimized structure was obtained using quantum 
mechanical calculations (Gaussian 09W software package [35]) 
followed by the functional B3LYP with 6-311G(d,p) basis set. 
The SC-XRD parameters were compared with the ones obtained 
theoretically. Some other properties, such as, Molecular 
Electrostatic Potential (MEP), Mulliken charges and HOMO-
LUMO energy gap were also investigated. The Molecular 
Hirshfeld surfaces (HSs), fingerprint plots (FPs), and crystal 
voids evaluation, being the unique tools for determining the 
properties of a crystal structure, have been performed using 
Crystal Explorer program (version 21.5) [36]).  
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Table 2. Experimental and theoretical bond lengths and angles for ADTNT. 
Parameters B3LYP/6-311G(d,p) XRD Parameters B3LYP/6-311G(d,p) XRD 
Bond lengths (Å) Bond angles (°) 
C3-O1 1.365 1.377(5) O1-C3-C4 125.2 124.2(4) 
C8-O1 1.419 1.421(6) O1-C3-C2 115.6 116.8(3) 
C6-O2 1.369 1.374(5) O2-C6-C5 124.0 125.2(4) 
C7-O2 1.421 1.422(5) O2-C6-C1 116.2 114.5(4) 
C18-C21 1.477 1.489(5) C2-C1-C9 122.1 122.2(3) 
C21-N4 1.152 1.131(5) C6-C1-C9 119.2 119.8(4) 
C18-C20 1.477 1.489(6) C17-C16-C19 116.2 117.8(4) 
C20-N3 1.152 1.138(6) C19-C16-C15 119.2 117.8(3) 
C17-N1 1.364 1.361(6) N1-C17-C18 115.6 114.8(3) 
C16-C19 1.426 1.433(6) C16-C17-N1 124.5 124.8(4) 
C19-N2 1.157 1.150(5) C17-C18-C21 109.2 110.6(3) 
C9-C1 1.519 1.529(5) C17-C18-C20 107.3 106.1(3) 
C15-C10 1.523 1.513(6) C1-C9-C18 111.7 110.2(3) 
C14-C15 1.344 1.331(6) C20-C18-C9 111.9 111.5(3) 
C16-C17 1.366 1.356(6) C21-C18-C9 109.4 108.4(3) 
 

 
Figure 1. The ORTEP diagram of the molecule with atomic labelling (40% ellipsoidal probability). 

 

 
 

Figure 2. Hydrogen bonding interactions showing a dimer (R22 (12) graph set motif). 
 
The B3LYP/6-311G(d,p) energy model has been used to 

compute various intermolecular interaction energies as well as 
the total interaction energy between the molecules. The binding 
affinity has been determined by docking the molecule into the 
active site of the target protein. The AutoDock Vina software 
[37] has been used to analyze the docking modes of the 
molecule into the active site of the target protein structure. The 
target protein DNA gyrase and enzyme Lanosterol 14 α-
demethylase were imported from the protein data bank 
(www.rcsb.org/pdb). The grid center is fixed at X = 51.19, Y = -
3.99, Z = 17.94 (for DNA gyrase) and X = -17.28, Y = -7.28, Z = 
63.72 (for lanosterol-14α-demethylase) for docking purpose. 
Discovery Studio Visualizer is used to modeled and visualized 
the stabilized complex structures. 
 

3. Results and discussion 
 
3.1. Structural and molecular geometry analysis 
 

An ORTEP plot of the molecular structure containing the 
atom numbering scheme (thermal ellipsoid drawn at 40% 
probability level) is depicted in Figure 1. Some selected bond 
distances and bond angles are presented in Table 2. The rings 
have been labeled as A, B, and C. The ring A is fused with ring - 
B through the bond C10-C15 = 1.513 Å and this value is quite 
similar to literature for some analogous structures [38,39]. It 
adopts half-chair conformation, with two-fold rotation axis 
bisecting the bond C11-C12 (∆C2 (C11-C12) = 0.49).  

 
 

http://www.rcsb.org/pdb
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Table 3. Hydrogen bond lengths (Å) and angles (°) for ADTNT *. 
D-H···A D-H H···A D···A ∠ D-H···A 
N1-H11···O1 i 0.94(6) 2.04(6) 2.925(6) 158(4) 
N1-H12···N2 ii 0.91(5) 2.28(5) 3.135(7) 156(5) 
C9-H9···O2 0.98 2.24 2.738(5) 110 
C8-H8···Cg1 iii 0.96 3.19 3.856(7) 128.2 
* Symmetry code: i) x, 1+y, z; ii) 1-x, 3-y, 1-z; iii) –x, -1/2+y, 1/2+z. Cg1: C1/C2/C3/C4/C5/C6. 
 

 
Figure 3. Packing arrangement of molecules along the b axis. 

 

 
Figure 4. Molecular electrostatic potential map of ADTNT. 

 
The ring B adopts a chair conformation with best mirror 

plane passing through the atoms C16 and C17, respectively, the 
asymmetric parameters being: ∆CS (C16) = 0.346 Å and 
∆CS(C17) = 0.346 Å, and the best two-fold rotation axis bisects 
the bonds C8-C9 and C10-C15 (∆C2(C8-C9) = 0.212 and 
∆C2(C10-C15) = 0.212 Å. The ring C is essentially planar with a 
maximum deviation of 0.0074 Å (C6). The optimized 
geometrical parameters (bond length and bond angles) have 
been computed using DFT method by employing 6-311G(d,p) 
basis set (Table 2) where it may be observed that the SC-XRD 
and optimized parameters are in agreement within the limits of 
experimental errors. There are two intermolecular interactions 
(N1-H11···O1, N1-H12···N2) of which the N1-H12···N2 results 
in the formation of a dimer with a R22(12) graph set motif 
(Figure 2). Besides this, there exists one C9-H9···O2 
intramolecular and one C-H···π interaction. A summary of intra- 
and inter-molecular hydrogen bonding is given in Table 3. 
Packing of molecules in the unit cell as viewed along b-axis is 
shown in Figure 3. 
 

3.2. Computational details 
 
3.2.1. Molecular electrostatic potential and Mulliken charge 
analysis 
 

The molecular electrostatic potential (MEP) map is a useful 
tool for explaining the electrostatic interactions [40]. In order 
to find the most active regions of the molecule, the molecular 
electrostatic potential map and Mulliken charges were taken 
into consideration. The negative area, which is considered a 
nucleophilic site, is usually colored red (the strongest repul-
sion), whereas the negative region, which is the preferred 
electrophilic site, is colored blue (strongest attraction). The 
green-colored patch on the map shows a neutral potential. 
From the MEP map as shown in Figure 4, it is evident that most 
of the reactive and negative region is around the cyanide group. 
The electrons present in this area could be readily provided to 
the acceptor species. In addition, the most positive area is 
located on the hydrogen atoms of the amino group. 
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Table 4. Mulliken charge values of ADTNT. 
Atom Charge Atom Charge 
N1 -0.451 H1A 0.236 
N2 -0.232 H1B 0.238 
N3 -0.213 H2 0.112 
N4 -0.208 H4 0.105 
O1 -0.348 H5 0.106 
O2 -0.381 H7A 0.108 
C1 -0.133 H7B 0.131 
C2 -0.050 H7C 0.120 
C3 0.169 H8A 0.112 
C4 -0.121 H8B 0.132 
C5 -0.111 H8C 0.107 
C6 0.239 H9 0.173 
C7 -0.129 H10 0.146 
C8 -0.132 H11A 0.114 
C9 -0.105 H11B 0.129 
C10 -0.171 H12A 0.115 
C11 -0.172 H12B 0.114 
C12 -0.227 H13A 0.123 
C13 -0.173 H13B 0.121 
C14 -0.108 H14 0.106 
C15 -0.027   
C16 0.098   
C17 0.232   
C18 -0.256   
C19 -0.016   

 

 

ELUMO = -1.56 eV 

 ↕ ∆Egap = -4.35 eV 

 

EHOMO = -5.91 eV 
 

 
Figure 5. Surface plots of HOMO and LUMO. 

 
The calculated Mulliken charges (Table 4) were used to 

investigate the reactive sites of the molecule and it is observed 
that all carbon atoms except C3 (0.169), C6 (0.239), C16 (0.098) 
and C17 (0.232) possess negative charges while the hydrogen 
atoms exhibit positive Mulliken charge values. The atom N1 (-
0.451) possesses the highest negative charge value and thus 
results in the formation of N1-H11···O1 and N1-H12···N2 
intermolecular contacts. 
 
3.2.2. Frontier molecular orbital analysis 
 

The investigation of frontier molecular orbitals explains the 
single-electron excitation from HOMO to LUMO. The energy 
difference between HOMO (acts as an electron donor) and 
LUMO (acts as an electron acceptor) describes the eventual 
charge transfer interaction within the molecule. All parameters 
such as energy levels, energy gaps, electron affinity, the 
ionization potential, etc. are presented in Table 5. The transition 

of the electron from the HOMO to the LUMO energy levels is 
shown in Figure 5. A molecule with a small HOMO-LUMO energy 
gap (soft molecules) has low kinetic stability and high chemical 
reactivity, while in the case of a large energy gap; it is assumed 
to be a hard molecule with low chemical reactivity. Thus, based 
on the data as collated and presented in Table 5, it may be 
assumed as a hard molecule having a HOMO-LUMO energy gap 
of 4.35 eV. 

 
3.2.3. Hirshfeld surface analysis 
 

The study of HSs and FPs obtained by the Crystal Explorer 
(21.5) program is one of the most recent techniques for 
assessing intermolecular interactions in the crystal phase and 
these are obtained by taking the data of SC-XRD structure as 
input. The HS allows to view the molecular contacts that are 
important in the self-assembly of a crystal. It is also measured 
by  comprehensive   two-dimensional   fingerprint   plots,   which  



140 Sharma et al. / European Journal of Chemistry 13 (2) (2022) 135-144 
 

 
2022 – European Journal of Chemistry – CC BY NC – DOI: 10.5155/eurjchem.13.2.135-144.2225 

 
Table 5. HOMO-LUMO and global reactivity descriptor values of ADTNT. 
Property Symbols and formula Value (eV) 
HOMO energy EH  -5.91  
LUMO energy EL  -1.56  
Energy gap  Eg1 = (EH – EL)  4.35  
Chemical hardness (η) η = (EL – EH)/2 2.17  
Global softness (σ) σ = 1/2η 0.23  
Chemical potential (μ) μ = (EL + EH)/2 -3.73  
Electronegativity (χ) χ = -μ 3.73  
Electrophilicity (ω) μ2/2η 3.20  
 

 
 

Figure 6. Front view of 3D dnorm surface (HS). 
 

   
(a) (b) (c) 

 
Figure 7. (a) Shape index map, (b) curvedness map, and (c) crystal voids (using (0.002 au) - isosurface). 

 
indicate the contribution of each interaction to the entire HS of 
the molecule and provide a three-dimensional image showing 
close contacts in the crystal, which may be summed up in a 
fingerprint plot. Figure 6 shows the dnorm surface mapped over 
the range of -0.4933 to 1.6054 a.u. The dnorm surface represents 
many red spots of numerous sizes and intensities, indicating the 
presence of dominant interactions containing the donor and 
acceptors. The interaction between the hydrogen atom of amine 
group and its adjacent nitrogen atom (N1-H12···N2) forms a 
dimer (Figure 6). There exists another red spot on the HS 
indicating an intermolecular contact N1-H11···O1. 

Figure 7a shows the shape index map produced within the 
range -1 to 1 Å. The convex blue portions indicate hydrogen 
donor groups, whereas the concave red parts represent 
hydrogen acceptor groups. The nonexistence of contiguous red 
and blue triangles on the shape-index plot indicates the absence 
of π-π interactions. The curvedness map, generated in the range 
-4.0 to 4.0 Å, as shown in Figure 7b, depicts enormous areas of 
green with no flat (i.e. planar) surface area, whereas the blue 
patches show areas of curvature. The voids, as shown in the 
crystal structure (Figure 7c), have been found by building a 
(0.002 au) - isosurface of procrystal electron density. This 
isosurface is further used to calculate the empty space by 
identifying the shape (form) and size of the molecules. This 
gives the void volume as 464.13 Å3. With a unit cell volume of 
1886(2) Å3 (Table 1), the approximated void volume is 24.6% 
of the entire unit cell volume. 

The overall two-dimensional FPs with contacts divided into 
H···H, H···O/O···H, H···C/C···H, H···N/N···H, O···N/N···O, N···N, 
and C···N/N···C, with their respective contributions to the HS 
are shown in Figure 8. The H···H interactions, accounting for 
38.9% of the total crystal packing, are the most significant 
intermolecular interactions. The H···N/N···H interactions 
resulting from intermolecular N-H···N hydrogen bonding 
contribute 33.9% to the HS and are represented by a pair of 
strong spikes in the area de + di ~ 2.6 Å (Figure 8). The pair of 
wings in the FP plots demarcated into H···C/C···H contacts 
contribute 19.2% to the HS, have a roughly symmetrical 
distribution of points (with de + di ~ 2.69 Å). Similarly, H···O/ 
O···H contributes 6.2% to the HS.  
 
3.2.4. Energy framework analysis 
 

The B3LYP/6-311G(d,p) energy model (as available in 
Crystal Explorer 21.5) has been employed for the computation 
of various intermolecular interaction energies as well as the 
total interaction energy between the molecules. The total 
interaction energy (Etot) of the molecule is the sum of its 
classical electrostatic/coulomb energy (Eele), polarization 
energy (Epol), dispersion energy (Edisp), and exchange repulsion 
energy (Erep) along with their scale factors of 1.057, 0.740, 
0.871, and 0.618, respectively [41].  
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Table 6. Different interaction energies of the molecular pairs in kJ/mol. 
N Symmetry operation Centroid distance (R) Electron density Eele Epol Edis Erep Etot 

1 -x, -y, -z 12.25 B3LYP/6-31G(d,p) 3.2 -0.6 -7.1 0.0 -3.3 

1 -x, -y, -z 9.75 B3LYP/6-31G(d,p) -10.0 -2.2 -12.9 3.0 -21.6 

2 x, -y+1/2, z+1/2 8.89 B3LYP/6-31G(d,p) -6.0 -1.8 -14.8 7.4 -16.1 

2 -x, y+1/2, -z+1/2 9.60 B3LYP/6-31G(d,p) -6.3 -1.6 -23.2 15.0 -18.8 

1 -x, -y, -z 7.04 B3LYP/6-31G(d,p) -12.7 -6.3 -68.1 44.9 -49.7 

2 -x, y+1/2, -z+1/2 7.56 B3LYP/6-31G(d,p) -6.1 -1.8 -45.6 19.7 -35.3 

2 x, y, z 8.65 B3LYP/6-31G(d,p) -32.0 -8.4 -31.4 40.6 -42.3 

2 x, -y+1/2, z+1/2 9.95 B3LYP/6-31G(d,p) 3.2 -0.8 -5.3 0.8 -1.2 

1 -x, -y, -z 12.01 B3LYP/6-31G(d,p) -48.8 -9.7 -11.2 0.0 -68.6 

 

   
   

  
 

Figure 8. Two-dimensional fingerprint plots showing the percentage of contacts that contribute to the total Hirshfeld surface area of the molecule. 
 

   
(a) (b) (c) 

 
Figure 9. The graphical representation of energy frameworks along b-axis: (a) coulomb interaction energy (red), (b) dispersion interaction energy (green) 
and (c) total interaction energy (blue). To make the figure clear, the inconsiderable contacts weaker than the threshold energy (10 kcal/mol) have been 
neglected. 

 
The cylinder-shaped energy frameworks represent the 

relative strength in the interaction energies and also provide 
information on their role in the stabilization of the crystal 
packing (Figure 9). From Table 6, it is quite evident that the 
dispersion force plays a dominant role, having a maximum 
energy of -219.6 kJ/mol, while the total interaction energy is -
256.9 kJ/mol. 
 
3.2.5. Molecular docking analysis 
 

The ADTNT-DNA gyrase complex is stabilized by eight 
hydrogen interactions with residues ASN54, VAL130, VAL131, 

GLU50, and ASP57 as shown in Figure 10a. The binding energy, 
bond length, and bonding type of interaction in complex 
ADTNT-DNA gyrase were listed in Table 7. The docking output 
predicts that the binding affinity of ADTNT-DNA gyrase 
complex (-7.10 kcal/mol) has comparatively a better binding 
energy score when compared with Ciprofloxacin-DNA gyrase 
complex (-4.01 kcal/mol) [42]. The ADTNT-Lanosterol 14α-
demethylase complex is stabilized by six hydrogen interactions 
with residues GLN72, ARG96, and GLY388 as shown in Figure 
12b and the binding energy, bond length, and bonding type of 
interaction in this complex is given in Table 7.  
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Table 7. Binding energy, hydrogen bonds of ADTNT with DNA gyrase and lanosterol 14α-demethylase *. 
Complex Binding energy, kcal/mol Interactions Distance, Å Bonding Bonding types 
1 7.1 ASN54[HD1···N] 2.4273 Hydrogen H-bond 

VAL130[HN···N] 2.7370 Hydrogen H-bond 
VAL131 [HN···N] 1.9723 Hydrogen H-bond 
[H···OD2]GLU50 2.2090 Hydrogen H-bond 
[H···O]ASN54 2.6585 Hydrogen H-bond 
[C···OE1]GLU50 3.5240 Hydrogen CH-bond 
[C···OE2]GLU50 3.5563 Hydrogen CH-bond 
[C···OD1]ASP57 3.6520 Hydrogen CH-bond 

2 8.8 GLN72[HE1···N] 2.4103 Hydrogen H-bond 
ARG96[HE···N] 2.0905 Hydrogen H-bond 
ARG96[HE···N] 3.0661 Hydrogen H-bond 
[H···OE1]GLN72 2.6582 Hydrogen H-bond 
[H···OE1]GLN72 2.8737 Hydrogen H-bond 
MET79[SD···π] 3.5516 Other Pi-Sulfur 

 * 1 = ADTNT + DNA gyrase; 2 = ADTNT + Lanosterol 14α-demethylase. 
 

  
(a) (b) 

 
Figure 10. Molecular interaction of ADTNT with (a) DNA gyrase and (b) Lanosterolo 14α-demethylase binding sites. 

 
The docking output predicts that the binding affinity of 

ADTNT-Lanosterol 14α-demethylase complex (-8.80 kcal/mol) 
is almost twice the binding energy score as in the case of 
Fluconazole-Lanosterol 14α-demethylase complex (-3.59 
kcal/mol) [42]. The ADTNT reveals a strong binding interaction 
with the targets (DNA gyrase/Lanosterol 14α-demethylase) 
and have more docking affinity score than the standard drugs 
(Ciprofloxacin and fluconazole). Hence, it may act as an active 
anti-microbial (antibacterial and antifungal) drug. 
 
4. Conclusions  
 

In this paper, the synthesis, SC-XRD structure and 
characterization of 2-amino-4-(2,5-dimethoxyphenyl)-4a,5,6,7-
tetrahydronaphthalene-1,3,3(4H)-tricarbonitrile using avai-
lable computational tools have been reported. The structure 
exists in the monoclinic crystal system and the molecule is 
stabilized by N-H···N and N-H···O intermolecular and C-H···O 
intramolecular hydrogen bonds. The N1-H11···N2 interaction 
results in the formation of a dimer (with a R22(12) graph set 
motif). The optimized structure has been compared with the SC-
XRD data and with some related structures as well. The MEP 
map shows that the cyanide group is the most negative region 
whereas the most positive area is situated on the hydrogen 
atoms of the amino group. The HOMO-LUMO energy gap of 
4.359 eV makes it a hard molecule with low chemical reactivity 
and high kinetic stability. HS and two-dimensional FP plots 
show that the molecular structure is stabilized through many 
intermolecular contacts such as H···H, H···O/O···H, H···C/C···H, 
and H···N/N···H contacts. The estimated void volume of the 
molecule is 24.6% of the unit cell volume. The energy 
framework analysis indicates that the dispersion energy is 
quite dominant (-219.6 kJ/mol) when compared with the total 
interaction energy (-256.9 kJ/mol). The molecular docking 
analysis reveals that the ADTNT molecule possesses high 
binding affinity when compared with some standard drugs and 
it may thus be a step towards finding a new and improved 
antimicrobial agent. 
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