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ABSTRACT. A new bis amide N-(4-methylphenyl)-2-(3-nitrobenzamide) benzamide was synthesized from a 
ring-opening reaction of 2-(3-nitrophenyl)-4H-benzoxazin-4-one, with 4-methyl aniline in a shorten reaction time 
(1.0 min) and characterized using different spectroscopic techniques (FT-IR, 1H-NMR, 13C-NMR) and single-crystal 
X-ray diffraction (XRD). In the crystal lattice, the molecules are linked by N–H···O and C–H···O hydrogen bonds. 
The Hirshfeld surface analysis mapped over shape index, curvedness indices, dnorm revealed strong H...H and 
H...O/O...H and intermolecular connections a key contributors to crystal packing structure. Density functional theory 
(DFT) calculations were applied with B3LYP/6-311G(d) level to provide theoretical data along with HOMO-
LUMO electronic energy with the MEP map.  
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INTRODUCTION 
 

The formation of amide linkages is one of the most significant transformations in organic 
chemistry [1]. Additionally, it can be found in many pharmaceuticals and other products with 
natural activity, including approximately 25% of commercially available drugs [2]. It serves as a 
primary linker in peptides and several polymers. Amides are a diverse category of bioactive 
components that are present in plants and thus are crucial including both their growth and defence 
against environmental triggers [3-5]. 

Amides are important functional groups in biochemical and pharmacological processes, and 
are widely used as building blocks for the synthesis of other compounds [6]. The ring opening 
reaction to form amides involves the cleavage of a cyclic structure, such as a lactam or a cyclic 
imide, and the formation of an amide bond between an amino group and a carbonyl group. The 
ring opening reaction to form amides is often carried out using a nucleophilic substitution reaction, 
in which a nucleophile attacks the carbonyl group of the cyclic compound, displacing the leaving 
group and forming the amide bond. This reaction can be catalyzed by a variety of catalysts, such 
as acids or bases. The ring-opening reaction of oxazin-4-one to benzamide is an important 
synthetic transformation in organic chemistry and has been used in the synthesis of a wide range 
of compounds, including pharmaceuticals, natural products, and synthetic materials [7]. 

In the previous studies, many researchers synthesized diamides from ring-opening 
benzoxazine-4-one derivatives by using trifluoroacetic acid–dichloromethane [8], m-chloro- 
peroxy benzoic acid [9], and glacial acetic acid [10]. 

In the current research, a new compound known as 2-(3-nitro benzamide)-N-(p-tolyl) 
benzamide was synthesized and analyzed its molecular structure utilizing FT-IR, 1H-NMR, and 
13C-NMR spectroscopy. To explore the impact of hydrogen bonds on the molecular structure, the 
Hirshfeld surface analysis was employed. 
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EXPERIMENTAL 

 
Materials and methods 
 
Chemicals of the analytical grade were purchased from several brands (Scharlau, Fluka, Riedel-
de Haen). The IR spectrum was recorded using Infrared Affinity-1 (Shimadzu) spectrometers 
using KBr pellets in the range 4000-400 cm-1. Single-crystal X-ray structure measurement was 
performed at 293 K using a B STOE IPDS2 (293 K) diffractometer with a radiation wavelength 
of (λ = 0.71073 Å). The structures were drawn using the ChemDraw version20.  CDCl3 was 
utilized as a solvent for the nuclear magnetic resonance experiments (1H and 13C-NMR spectra 
were recorded) (Bruker spectrometer 400 MHz). In ppm, chemical shifts are displayed. Scientific 
Stuart SMP3 melting point equipment was used to measure the melting point. 
 

 
Scheme 1. The synthesis of bis amides.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Numbered structure of bis amides. 
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Synthesis of 2-(3-nitrobenzamido)-N-(p-tolyl) benzamide 
 
The synthesis of the titled compound as in (Scheme 1) was synthesized by the reaction of p-
toluidine  (321.21 mg, 3.00 mmol) with 2-(3-nitrophenyl)-4H-benzo-[1,3]oxazin-4-one (804.8 
mg, 3.00 mmol) in glacial acetic acid (12 mL). It was heated, the solid product was collected 
within one minute [11]. The product was filtered out, and recrystallized from ethanol, to obtain a 
high-quality crystal, the bis amide was dissolved in acetic acid and let for 6 days to evaporate 
slowly to give the titled compound. C21H17N3O4: colorless crystal, yield: (89.3%), m.p. 191 ℃. 
IR (KBr disc, cm-1): 3311, 3093, 2983, 2924, 1685, 1631, 1616, 1527, 1352. 1H-NMR (400 MHz, 
CDCl3, δ, ppm): 2.44 (s, 3H, Ar-CH3), 7.15 (t,1H, C11), 7.33 (d, 2H, C17,17'), 7.4 6 (d,1H, C12), 7.57 
(t,1H, C10), 7.64 (d,1H, C16,16'), 7.71 (d,1H, C5), 7.8 (t,1H, C4), 8.36 (s,1H, C1), 8.48 (d,1H, C3), 
8.73 (d,1H, C9), 8.98 (s,1H, NHa), 12.2 (s,1H, HNb). 13C-NMR (100 MHz, CDCl3, δ, ppm): 
167.45: C14 (C=O), 163.37: C7, 148.75: C2, 139.75: C8, 136.62: C6, 135.32: C18, 134.65: C15, 
133.00: C5, 132.7: C10, 130.09: C4, 129.87: C17,17', 126.96: C12, 126.43:C3, 123.65: C11, 123.2: C1, 
122.01: C13, 121.09: C9, 121.07: C16,16', 21.05: Ar-CH3 (Figure 1). 
 
X-Ray diffraction study 
 
An appropriate colourless prism single-crystal was selected to collect X-ray diffraction data of 
C21H17N3O4 collected with graphite-monochromatized Mo-Kα radiation (λ = 0.71073 Å) on an 
STOE IPDS2 (293 K) diffractometer [12]. The structure of the compound was solved using 
SHELXT [13], and refinement was made with SHELXL-2018 with least-squares minimization 
versus F2 [14]. All the non-hydrogen atoms were refined with anisotropic displacement 
parameters. H atoms were placed in geometrically idealized positions and constrained to ride on 
their parent atoms with C—H distances in the range of 0.93‒0.96 Å. (Table 1) summarized the 
experimental details for C21H17N3O4. 
 
Table 1. X-Ray crystallographic data and structure refinements for C21H17N3O4.  
 

Empirical formula  C21H17N3O4 
Formula weight  375.38 
Temperature/K  293 
Crystal system  Monoclinic 
Space group  P21/c 
a/Å  13.4700(8) 
b/Å  19.9078(16) 
c/Å  13.8940(8) 
α/°  90 
β/°  95.174(5) 
γ/°  90 
Volume/Å3  3710.6(4) 
Z  8 
ρcalcg/cm3  1.344 
μ/mm‑1  0.095 
F(000)  1568.0 
Radiation  MoKα (λ = 0.71073) 
Ø range for data collection/°  3.036 to 52 
Index ranges  -16 ≤ h ≤ 16, -24 ≤ k ≤ 24, -17 ≤ l ≤ 16 
Reflections collected  26350 
Independent reflections  7290 [Rint = 0.0769, Rsigma = 0.0632] 
Data/restraints/parameters  7290/0/523 
Goodness-of-fit on F2  1.052 
CCDC 2245098 
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Hirshfeld surface analysis  
 
An input file for Hirshfeld surface visualization of the chemical was a crystallographic 
information file (CIF) generated from single-crystal X-ray diffraction to investigate the different 
interactions in the crystal structure of C21H17N3O4 compound, Hirshfeld surface analysis and 
Hirshfeld surface visualization[15], presentation of results fingerprint plots with dean de and di 
distances were generated from the crystal data were performed with the CrystalExplorer21 
program [16]. 
 
Computational study 
 
An in-depth theoretical investigation of the molecular interactions was carried out to more 
accurately interpret the spectrum designations and analyze the molecular geometry and electronic 
transitions of the synthesized compound (2). For theoretical studies, the Gaussian 06.0.16 
software was applied. The basis set B3LYP/6-311G(d) of Pople was used to perform gradient-
adjusted correlation. The B3LYP/6-311G(d) basis set was also used to obtain optimized 2 
structures. Highest occupied molecular orbital (HOMO), molecular electrostatic potential (MEP) 
map and lowest unoccupied molecular orbital (LUMO) were assessed. Additionally, this theory 
was used to compute structure-based molecular characteristics such as total energy, electron 
affinity, ionization energy, frontier molecular orbitals, molecular electrostatic potential and 
chemical softness [17]. 

RESULTS AND DISCUSSION 
 
The amide 2-(3-nitrobenzamido)-N-(p-tolyl) benzamide was formed from ring opening reaction 
of 2-(3-nitrophenyl)-4H-benzo[1,3]oxazin-4-one with 4-methyl aniline. The structure of newly 
synthesized compounds was investigated by FT-IR, 1H-NMR and 13C-NMR. The presence of a 
band at 3311 cm-1 due to the ν (N-H stretching vibration of amide, furthermore, the appearance 
band at 1685 cm-1 due to the (C=O) stretching vibration of amide [18]. The appearance of bands 
at 1527 and 1352 cm-1 was due to the presence of the nitro group.  

In 1H-NMR, the appearance of a singlet signal at 2.44 ppm with three protons due to the 
methyl protons attached to the para position of aromatic moieties, the occurrence of two singlet 
signals at 8.98 and 12.2 ppm ascribed to the two amide (N-H) groups.  In 13C-NMR, the two-
carbonyl group of amides appeared at 163.31 and 167.48 ppm for C7 and C14 (C=O), respectively, 
and the methyl group appeared at 19.65 ppm. 

The ORTEP representation of the C21H17N3O4 compound with atomic number is given in 
Figure 2. The displacement ellipsoids of the atoms other than the H atoms of the molecule are 
drawn with a 30% probability. The molecule of the title compound comprises a 3-nitro benzamide 
unit, 4-methyl aniline moiety and phenyl ring. The nitrobenzene substituent makes dihedral angles 
of 10.69 and 15.3° with the C13–C12 and C18–C19 rings, respectively. The C13–C12 ring is 
oriented at a 6.4° dihedral angle concerning 4-methyl aniline moiety. The amide groups 
C6/C7(O3)/N2/C13and C15/N3/C14(O4)/C12 which link the rings are inclined to C13–C12 ring 
by 16.32 and 44.86°, respectively. The nitro group forms a 12.09° angle with a ring of C5–C6, 
while the methyl group is approximately coplanar with a ring of C17–C18 ring, forming an angle 
of 0.76 °. 

The bond lengths of the nitro groups, N1=O1 and N1=O2, in the structure, were determined 
as 1.228(5) and 1.215(4) Å. However, the bond lengths for the carbonyl groups, C7=O3 and 
C14=O4 were determined as 1.236 (4) and 1.236 (4) respectively. These C=O bond lengths are 
comparable to the values of 1.230 (4) and 1.2257 (17) Å previously reported by Simsek et al [19] 
and Mague [20]. In a work by Yu and Fu [21], N3=O8 [1.201 (7) Å] and N3=O9 [1.215 (6) Å] 
bond lengths are quite close to N3=O3 [1.219 (5) Å] and N3=O4 [1.218 (4) Å] bond distances in 
the title compound. The values of those bond lengths correspond to 1.235 (5) and 1.216 (5) Å in 
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previous work are slightly longer distances [22]. Also, compared to the C=O bond lengths in these 
works, the selected are consistent with the bond lengths in the title crystal. In the structure, the C–
N bond lengths are typical of a single bond. The selected bond length values of the compound are 
given in Table 2. 

 
Figure 2. Crystal structure of formula molecule C21H17N3O4. ellipsoids with a 30% of probability. 
 

In the crystal, the molecules are linked by   C8–H8∙∙∙O3, C15–H16∙∙∙O4 and N2–H2∙∙∙O4 intra-
hydrogen bonds (Figure 3, Table 3) [22] generating two-dimensional layers propagating along the 
a-axis direction. The hydrogen atom of the 4-toluidine moiety is involved in the N3–H3···O3 
hydrogen bond with the O3 atom of the benzamide substituent of adjacent molecules. The 
hydrogen atom of the C12–C13 benzene ring forms a C8–H8···O3 hydrogen bond with the 
carbonyl O3 atom of another adjacent molecule.  

 

 

Figure 3. The packing of C21H17N3O4, showing the two-dimensional layers formed by N–H···O 
hydrogen bonds (dashed lines). 
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Table 2. Selected bond lengths of C21H17N3O4. 

 
Bond length Distance, Å Bond length Distance, Å 

O3-C7 1.236(4) C6-C5 1.394(5) 
O4-C14 1.234(4) C14-C12 1.521(5) 
N3-C15 1.437(4) C12-C11 1.391(5) 
N3-C14 1.349(5) C2-C1 1.374(5) 
N2-C7 1.344(5) C20-C19 1.398(5) 

N2-C13 1.406(5) C1-C3 1.356(6) 
O1-N1 1.228(5) C18-C19 1.368(5) 
N1-C1 1.468(6) C18-C17 1.372(6) 
N1-O2 1.215(4) C18-C21 1.525(5) 

C15-C20 1.375(5) C11-C10 1.387(5) 
C15-C16 1.378(5) C8-C9 1.376(5) 

C7-C6 1.506(5) C5-C4 1.381(6) 
C13-C12 1.411(5) C16-C17 1.394(5) 
C13-C8 1.392(5) C3-C4 1.379(6) 
C6-C2 1.391(5) C10-C9 1.370(6) 

 
Table 3. Parameters of hydrogen bond in C21H17N3O4. 
 

D–H∙∙∙A d(D–H) d(H∙∙∙A) d(D∙∙∙A) D–H∙∙∙A 
C8–H8∙∙∙O3 0.93 2.36 2.914 (5) 118.0 
C15–H16∙∙∙O4 0.93 2.39 2.931 (5) 116.6 
N2–H2∙∙∙O4 1.02 1.82 (5) 2.668(4) 139(4) 

 
Hirshfeld surface analysis 
 
A Hirshfeld surface analysis [23] and the associated two-dimensional fingerprint plots were 
generated using CrystalExplorer21 [24],  with a standard resolution of the three-dimensional dnorm 
surfaces plotted over a fixed colour scale of -0.4781 (red) to 1.4321 (blue) a.u. while curvedness 
and shape index are mapped over the ranges – 4.0000 to 0.4000 Å  and 1.0000 to 1.0000 Å, 
respectively. (Figure 4). Hirshfeld surface analysis is a method that examines intermolecular 
interactions[25]. These surfaces are used to visualize Van der Waals distances and to determine 
interaction points between molecules[26]. Hirshfeld surface maps include dnorm, di, de, as in Figure 
4 (a-c) including shape index, de and curvedness indices, and the most basic surface map can be 
visualized with dnorm. the π∙∙∙π stacking interaction was studied by curvedness and shape index, 
where red triangles indicate concave regions above the surface caused by the stacked compound's 
phenyl carbon atoms and blue triangles represent convex sections of the compound inside the 
surface [27],  In Figure 4(c), The green planes seen on the benzene rings on the curvedness surface 
indicate closer regions on the surface and correspond to π···π interactions.  The two-dimensional 
plot shows the main intermolecular interactions in the titled compound, H···H, H…O/O…H, 
C…H/H…C, C…C, C…O/O…C, C…N/N…C, H…N/N…H, and O…O, the maximum 
involvement to the complete Hirshfeld surface occurs due to H… H close contacts with 40 %. 
The percentages of H…O/O…H, C…H/H…C, C…C, C…O/O…C, C…N/N…C, H…N/N…H, 
and O…O interactions are 26.9, 13.8, 7.1, 6.6, 3.9, 1.6 and 0.1%  of bis amide surface, 
respectively, and the two-dimensional fingerprint maps shown in Figure 5.  
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Figure 4. Hirshfeld surfaces of C21H17N3O4 with a) shape index, b) de, and c) curvedness. 
 

 
 
Figure 5. The view of the 2D fingerprint plots in C21H17N3O4. 
 
DFT study 
 
Computational study was utilized to look at the chemical interactions in greater depth, furthermore 
to research the synthetic substances' electrical transitions and molecular structure. The 
computational investigation was performed by utilizing the Gaussian 06.0.16 software. With 
Pople's basis set B3LYP/6-311G(d), the gradient-adjusted correlation was used [28]. Using the 
B3LYP/6-311G(d) basis set, optimized structures of 2 were also produced. A gradient-adjusted 
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correlation was applied using Pople's basis set B3LYP/6-311G(d). Moreover, bis-amide-
optimized structures were generated. HOMO and LUMO play key roles in electronic studies [29], 
when a molecule's energy gap is less, it is seen as being softer and having better chemical 
reactivity. A molecule's stability is presumed to be good and its chemical hardness is considered 
to be higher when it has a high energy gap [30, 31]. 

Calculations were made for the energy occupied by the highest occupied molecular orbital (E-
HOMO), lowest unoccupied molecular orbital (E-LUMO) and Molecular electrostatic potential 
(MEP) map [32], the (EHOMO, ELUMO), energy difference  (∆�) band gap energy, MEP and 
Mulliken charge are illustrated in Figure 6. The overall electronic energy value of a synthesized 
bis amide is -34694.5 eV. The dipole moment is 10.4 Debye, E-HOMO), (E-LUMO) and (∆E) is 
-6.2254, -2.85093 and 3.37447 eV respectively, Negative values of E-HOMO) and (E-LUMO) it 
showed that the bis amide is thermodynamically stable [33, 34], the HOMO orbitals are 
distributed over the amide group and toluidine moieties and LUMO orbitals are mainly distributed 
over meta-nitro phenyl moieties. In the MEP map the red area represents the electronegative 
region and the blue area represents the electropositive region C, and H lies in the blue region, 
where O and N lie in the red region [35]. MEP map of bis amide is designed from deep red to 
deep blue colour scale from -6.916 e2 to  6.916 e2 it illustrates that the molecule has both preferred 
sites for nucleophile and electrophile attach [36, 37]. Finally, the results obtained from the 
Mulliken charge scaled from ( -0.818 to 0.052) reveal a change in Mulliken charge which indicates 
the compound has a different structure value [38, 39]. 

 

 
Figure 6. The diagram shows HOMO, LUMO and LUMO+1 with their band gap energies, MEP 

and Mulliken. 
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CONCLUSION 

 
In this study, the compound N-(4-methyl phenyl)-2-(3-nitro-benzamide) benzamide was 
investigated by single-crystal XRD. In addition, IR, 1H NMR, and 13C NMR spectroscopic 
methods were used for structural characterization. The obtained results showed that it was 
compatible with the X-ray structure parameters. Hirshfeld surface analysis confirms that H···H, 
and H…O/O…H interactions are mainly responsible for the crystal packing of the compound. 2D 
fingerprint plots show that the largest contributions to the total Hirshfeld surface are due to the 
percentage of H…O/O…H, C…H/H…C, C…C, C…O/O…C, C…N/N…C, H…N/N…H, and 
O…O interactions are 26.9, 13.8, 7.1, 6.6, 3.9, 1.6 and 0.1%. Density functional theory (DFT) 
calculations were applied with basis sit B3LYP/6-311G(d) level of theory to provide theoretical 
data along with HOMO-LUMO electronic energy with MEP map. 
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