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Benzimidazole and its derivatives are molecules that have diverse biological properties, 
therefore we synthesized and studied a new benzimidazole to understand their physical/chemical 
properties. The compound was obtained through a new synthetic route, using graphite oxide, in the 
absence of solvent, with crystalline packaging supported by C–H…N and C–H…π interactions. 
According to the frontier molecular orbitals, the compound is kinetically stable while the molecular 
electrostatic potential map confirms the site of molecular interactions involving nitrogen atoms 
and the π-system. This comprehensive study on synthesis, structural description and theoretical 
calculations can support ongoing studies in pharmaceutical science.
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Introduction 

Benzimidazole and its derivatives are widely studied due 
to their biological and clinical application. These compounds 
are heterocyclic formed from benzene and imidazole ring, 
and their structures are directly related to the planning 
and developing of drugs. The heteroaromatic bicyclic 
system of these compounds are described with biological 
activities, such as anti-inflammatory and anti-oxidant 
activity,1-3 antimicrobial activities (antifungal, antibacterial, 
antimalarial, antiviral activity),4,5 potential antitumor,6 
antiprotozoal agents,7 anti-ulcer, anti-hypertensive and 
antiparkinson,8,9 analgesic agents and others activities.5,10 

The chemical industry is an important provider of 
products and technologies for various pharmaceutical 

sectors, and other industries such as pesticides, foods, 
and fuel additives. When developing new chemical 
compounds for industrial areas there are some desirable 
criteria that must be met, such as having a synthesis in 
less than five steps with an acceptable yield, solubility and 
purity.11 Compounds that show a simple, low-cost, high-
yield synthetic route are certainly promising as industrial 
products, such as the synthesis of benzimidazole derivative 
described in this work, which is carried out in the absence 
of a solvent and presents interesting aspects. In addition 
to the biological potential consolidated in the literature, 
several systemic fungicides involving benzimidazoles 
are marketed, such as benomyl,12 thiophanate-methyl,13,14 
carbendazim15 and carboxin16 while some commercial drugs 
involving different substituted benzimidazole derivatives 
also are used every day, such as thiabendazole,17 riluzole, 
omeprazole, lansoprazole, rabeprazole, and pantoprazole 
(Figure 1). 
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The activity of a compound is linked to the chemical 
structure; therefore, studying this structure is extremely 
important, as well as understanding and developing more 
appropriate new synthetic routes. In this work we describe 
a new synthetic route for the 1-(2-methoxy-benzyl)-
2‑(2-methoxy-phenyl)-2,3-dihydro-1H-benzoimidazole 
(AM2), as well as its structural description, supramolecular 
arrangement analysis and theoretical calculations, to 
understand the physical/chemical properties of this 
compound and support ongoing application work in the 
pharmaceutical science.

Experimental 

Synthesis and crystallization

In a round bottom flask, o-phenylenediamine 
(1 mmol) (1) and 2-methoxybenzaldehyde (2 mmol) (2) 
were stirred without solvent at 80 ºC (Scheme 1). Then, 
30 mg of graphite oxide was added to the mixture. The 
mixture was stirred for 30 min and monitored by thin 
layer chromatography (TLC, hexane:ethyl acetate, 3:1). 
After its conclusion, ethanol was added (10 mL) and the 
mixture was filtered by gravitation of an analytical funnel, 
separating the graphite oxide of the obtained product. The 
compost was then washed with water (5 mL) three times 
and subsequently recrystallized with remaining ethanol 
(10 mL), obtaining a white yellowish crystal. 

1-(2-Methoxy-benzyl)-2-(2-methoxy-phenyl)-2,3-dihydro-
1H‑benzoimidazole (AM2)

Yield 86%; yellowish crystal; mp 153-155 °C; 1H 
(500 MHz, CDCl3) d 7.87 (d, J 7.93 Hz, 1H), 7.56 (dd, 

J  1.83 and 7.63  Hz, 1H), 7.47 (ddd, J  1.83, 7.63 and 
8.24 Hz, 1H), 7.29 (ddd, J 1.83, 6.71 and 8.24 Hz, 1 H), 
7.24-7.19 (m, 3H), 7.07 (td, J 0.92, 7.63 and 7.63 Hz, 1H), 
6.98 (d, J 8.24 Hz, 1H), 6.85 (d, J 7.63 Hz, 1 H), 6.78 (td, 
J 0.92, 7.63 and 7.63 Hz, 1H), 6.72 (dd, J 7.63 and 1.53 Hz, 
1H), 5.26 (s, 2H), 3.80 (s, 3H), 3.61 (s, 3H); 13C (500 MHz, 
CDCl3) d 157.6, 156.5, 154.4, 143.3, 135.5, 132.4, 131.4, 
128.4, 127.7, 124.5, 122.4, 121.9, 120.8, 120.4, 119.8, 
110.8, 110.7, 109.9, 55.2, 55.1, 43.5. 

Crystallographic and Hirshfeld analysis 

The model of the crystalline structure was determined 
by X-ray crystallography with data collected using a Bruker 
APEX-II CCD diffractometer (monochromator graphite 
Mo Kα radiation and λ = 0.71073 Å). The structure was 
solved by the SHELXT18,19 software and refined with 
ShelXL20-22 using full-matrix least-squares. The non-
hydrogen atoms were refined with anisotropic thermal 
displacement parameters21 while hydrogen atoms were 
geometrically positioned and fixed according to the riding-
hydrogen model with 0.98 Å for methyl groups, 0.99 Å 
for methylene groups and 0.95 Å for aromatic groups.23 
The molecular representations were generated by Olex2,24 
CrystalExplorer25 and Mercury26 software. 

Scheme 1. Synthesis of AM2.

Figure 1. Benzimidazole core and some derived products. 
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The intermolecular interactions for AM2 were 
analyzed using geometric parameters and confirmed by 
electronic density by Hirshfeld surfaces (HS) analysis 
using CrystalExplorer1725 software. The Hirshfeld surfaces 
were generated from the X-ray data, representing the 
frontier between regions where the electron distribution 
is dominated by the contribution of the interior molecule 
and the neighboring. These surfaces are bases of the 
normalized contact distances (de: distance from the surface 
to the nearest atom in the molecule itself; di: distance from 
the surface to the nearest atom in another molecule).27-29 
In addition, the Hirshfeld analysis allows us to understand 
the quantitative of the interactions and the empty space 
in the crystalline structure. The fingerprint is a graph 
constructed from the distances of de versus di and indicates 
the quantitative contribution of the contacts present in the 
molecule.30 The empty spaces (voids) of the molecule were 
also calculated. To perform the calculations, the isosurfaces 
of the electron density of a procrystal equal to 0.002 a.u. 
were used. Said isosurface contains approximately 98% 
of the electrical charges of a molecule and determines the 
volume of the voids.31,32 Total crystallographic data for AM2 
molecule was deposited in the Cambridge Crystallographic 
Data Centre (CCDC)33 under the code 2091809. 

Computational procedures

Theoretical calculations for AM2 were carried 
out using density functional theory (DFT)34 through 
experimental parameters obtained from the X-ray data. 
The geometry was optimized in the gas phase using 
the Gaussian0935 software. The level of theory used 
was M06-2X/6‑311++G(d,p).36-38 This level of theory 
considering the electronic correlation,39,40 and is indicated 
for noncovalent interactions.36,41 From the results and 
generated wave function, the frontier molecular orbitals 
(FMO), the molecular electrostatic potential map (MEP) 
and topological analysis by quantum theory of atoms in 
molecules (QTAIM) were done. In order to identify the 
reactive regions of the AM2 molecule, the MEP calculation 
was performed; this map is constructed based on the 
potential of atomic nuclei and electrons, according to the 
equation:

	 (1)

where, ZA is the charge on nucleus α, V(r) is a potential 
created at a point r and the first term of summation is the 
electrostatic potential created by the nucleus. The second 
term is the electrostatic potential created by electrons.42

The topological analysis were carried out by QTAIM 
methodology that is based on the mechanical-quantum 
concepts.43-46 Bader44,45 developed a theory that describes the 
atomic behavior in a molecule. In this theory, the observable 
properties are present in its molecular electron density ρ(r). 
From this density, numerical integrations are executed with 
the gradient vector ∇ρ(r). These observables allow us to 
define chemical bonding as a bonding path (BP) which has 
a critical point (CP) that through defined parameters can 
indicate the existence of an interaction.45,47 For topological 
analysis of the interactions, the generated wave function 
was loaded into the Multiwfn48 software. 

Results and Discussion 

Synthesis and solid-state description

The synthesis for AM2 occurs in the presence of 
different conditions, obtaining yields above 85%. Graphite 
oxide, a carbonaceous compound with acidic sites, is used 
as a catalyst for the synthesis of AM2. Thus, AM2 occurs 
in the absence of solvent, occurring at 80 °C, and within 
a time interval of 60 min. Therefore, obtaining AM2 in 
the presence of graphite oxide presents a simple synthetic 
route in the absence of solvent and being recrystallized only 
with ethanol. According to the geometric parameters of 
the unit cell, the AM2 crystallized under monoclinic space 
group P21/c with two molecules in the asymmetric unit and 
eight molecules in the unit cell. AM2 compound presents 
2 methoxy groups in each molecule, both in the ortho 
position. All this data was obtained by X-ray diffraction 
and elucidated by the crystallographic methodology 
(Table 1) and Oak Ridge Thermal-Ellipsoid Plot 
(ORTEP) representation for this molecule is presented in  
Figure 2. 

The asymmetric unit of AM2 has two molecules, 
however, conformer 1 does not overlap with conformer 2 
(Figure 3). The conformers have a torsion in the aromatic 
ring regions A, A’ and C, C’. Aromatic ring A from 
conformer 1 has a difference of 78.43° to aromatic ring A’ 
from conformer 2, while aromatic ring C from conformer 1 
has a difference of 42.72° to aromatic ring C’ from 
conformer 2.

The supramolecular arrangement of AM2 is stabilized 
only by weak interactions, such C–H···N and C–H···π 
(Figure 4). However, these interactions have been described 
by several authors as significant in crystal packing.49-59 The 
interactions C18–H18···N2, C1–H1c···N2, C1’–H1a’···N2’ 
and C3’–H3’···N2’ contributing to growth of the crystal in 
the [001] direction, while the C5–H5···CgB’ interaction 
contributed to [010] direction and C17–H17···CgC and 
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C1–H1b···CgC interactions contributed to [010] and [100] 
directions. The data of these interactions is shown in Table 2.

The interactions of AM2 were characterized from the 
geometric parameters with X-ray data and confirmed from 

the electronic density by HS analysis. The interactions 
involving H···N are shown in Figure 4a and confirmed by 
HS dnorm (Figure 4b). In this surface, red spots indicate 
the regions where interactions can occur. Represented 
intermolecular contacts are smaller than the sum of van der 
Waal radius (vdW). According to the geometric parameters 
the C18–H18···N2 and C3’–H3’···N2’ interactions present 
the shorter distances [d(H···A), d(D···A) Å] and the HS 
dnorm analysis of the regions (1) and (4) indicate stronger 
interactions. 

The C–H···π interactions presented in AM2 also 
contributed to crystal packing, despite their weak nature 
(1.0-2.5 kcal mol-1).60-64 These interactions were described 
by geometric parameters and confirmed by HS shape index 
(Figure 5), in which blue convex regions on C–H atoms 
and red concave regions on aromatic rings systems indicate 
the location of these interactions.28,29 In the Figure  5a 
the C17‑H17···CgC and C1–H1b···CgB’ interactions 
are confirmed by blue convex region over the atoms 
C17–H17 while red concave region over aromatic ring 
CgC. Additionally, Figure 5b evidences the C5–H5···CgC 
interaction with blue convex region over the atoms C5–H5 
and red concave region over aromatic ring CgB’.

From the characterization of the interactions present 
for the stability of AM2, we performed the percentage 
quantification of the contribution of these interactions. 
For this analysis, the fingerprint is able to indicate the 
percentage of each interaction presented in the molecule. In 
the 2D-fingerprint plot for the AM2 (Figure 6a), the presence 

Table 1. Crystallographic refinement data for AM2

Molecular formula (C22H20N2O2)2

Formula weight / (g mol-1) 344.40

Temperature / K 150(2)

Wavelength / Å 0.71073

Radiation type Mo Kα

Crystal system, space group, Z monoclinic, P21/c, 8

Unit cell dimensions / Å
a = 19.5627(17)  
b = 10.3557(8)  
c = 20.1999(18) 

Unit cell dimensions / degree
α = 90 

β = 118.87(2) 
γ = 90

Volume / Å3 3583.3(5)

Calculated density / (g m-3) 1.277

Absorption coefficient / mm-1 0.083

F (000) 1456

Refinement method full-matrix least-squares on F2

Goodness-of-fit on F2 1.042

Fina l  R  ind ices  [ I  >  2σ ( I ) ] 
R indices (all data)

R1 = 0.0521; wR2 = 0.1211 
R1 = 0.0818; wR2 = 0.1391

Z: formula unit per unit cell; F(000): structure factor in the zeroth-order 
case; F2: squared structure factor; R1: R-value; I > 2σ(I): observed 
reflection criteria; wR2: R-value for F2.

Figure 2. ORTEP representation of AM2 with ellipsoids at 50% of probability.
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Figure 3. Overlap between conformers 1 and 2 of AM2.

Figure 4. Representation of the interactions presents in AM2.

Table 2. Observed interactions for AM2

D–H···A d(D–H) / Å d(H···A) / Å d(D···A) / Å d(D–H···A) / degree Symmetry code

C3’–H3’···N2’ 0.950 2.586 3.459 152.95 x, 1/2 – y, 1/2 + z

C1’–H1a’···N2’ 0.980 2.657 3.407 133.63 x, 1/2 – y, 1/2 + z

C18–H18···N2 0.950 2.568 3.451 154.73 x, 3/2 – y, 1/2 + z

C1–H1c···N2 0.980 2.742 3.522 136.91 x, 3/2 – y, 1/2 + z

C1–H1b···CgB’ 0.980 3.253 4.221 169.99 –x, 1–y, 1 – z

C5–H5···CgC 0.950 3.310 3.886 121.06 x, 3/2 – y, 1/2 + z

C17–H17···CgC 0.950 3.616 4.373 138.52 –x, –1/2 + y, 1/2 – z
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of pseudo-mirrored peaks in region 1.0(de, di)‑1.2(de, di) 
indicate contacts involving hydrogens (H···H) representing 
62.1% of contacts in AM2. Additionally, 1.4(de) with 1.0(di) 
and 1.4(di) with 1.0(di) indicate C–H···N interactions (H···N) 
corresponding to 6.4% whereas C–H···π interactions, which 
are represented by H···C, are 26.9% of the interactions. 
These interactions represented 95.4% of the total structural 
stability of AM2. The packing of the crystalline structure 
presents eight molecules in the unit cell. Figure 6b shows 
the packing of the unit cell and the voids. These voids 
correspond to the empty space existing in the crystalline 
structure and were calculated from the electronic density 
of the spherical atom model. The calculated volume of 
the voids was 439.11 Å3, corresponding to approximately 
12.25% of the unit cell. Note that there is little empty 
space in AM2; there are no large cavities, and the electron-
density iso-surfaces are not completely closed around the 

components, being open in the regions that molecular 
interactions are found, e.g., C–H···N and C–H···π.

Molecular modeling analysis 

The highest occupied molecular orbital (HOMO) 
orbital for AM2 is located on aromatic rings B and C 
(conformer 1) or B’ and C’ (conformer 2) while lowest 
unoccupied molecular orbital (LUMO) orbital is located 
close to the aromatic ring A (conformer 1) and aromatic 
ring A’ (conformer 2) (Figure 7). The LUMO orbitals 
are characterizing p* antibonding, their energies are 
negative confirmed that these regions are electrophilic 
subject to accept electrons in a chemical reaction, while 
HOMO orbital characterizing nonbonding orbital, which 
is characteristic of the nucleophilic region.65,66 The GAP 
energy, defined as GAP = ELUMO – EHOMO, is an important 

Figure 5. HS shape index of the C–H···π interactions presented in AM2.

Figure 6. Fingerprint with quantitative of the contacts for AM2 (a). Packing of the unit cell and the voids presents in AM2 (b).
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indicator of the kinetic stability and chemical reactivity 
of the molecule.66 High GAP values suggest high kinetic 
stability and high excitation energies, whereas low GAP 
values suggest high chemical reactivity.66 The energy GAP 
calculated for AM2 is 653.09 kJ mol-1. According to said 
parameter, in comparison with same class molecules,67-81 
AM2 is presented kinetically stable.

In the MEP map (Figure 8) blue colors (positive values) 
indicate regions susceptible to electrophilic attacks due to 
the low electron density while red colors (negative values) 
indicate regions susceptible to nucleophilic attack due to 
the high electron density.42,82,83 On the N2 and N2’ atoms, 
conformer 1 and 2, respectively, the MEP energy is about 
-160 kJ mol-1 for both. According to this interpretation, 
the nitrogen sites of AM2 susceptible to nucleophilic 

attack, correspond to the C3’–H3’···N2’, C1’–H1a’···N2’, 
C18–H18···N2 and C1–H1c...N2 interactions described 
by geometrical parameters and electronic density. The 
aromatic rings B and C (conformer 1) and B’ and C’ 
(conformer 2) have MEP energy at about -8.53 kJ mol-1 
(aromatic rings B and B’) and -7.74 kJ mol-1 (aromatic 
rings C and C’) which corresponds to the locations of 
the C1–H1b···CgB’, C5–H5···CgC and C17–H17···CgC 
interactions. The regions of nucleophilic attack can be 
ranked as follows: N2 and N2’ > aromatic ring B and 
B’ > aromatic ring C and C’. 

The QTAIM analysis provided insights of the C–H···N 
interactions investigating the properties of bonding critical 
point (BCP). These properties are electron density  ρ(r) 
at critical point, Laplacian of electron density ∇2ρ(r), 

Figure 7. Frontier molecular orbitals (HOMO/LUMO) for AM2. 

Figure 8. MEP map for AM2. 
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eigenvalues of Hessian matrix (λ1, λ2 and λ3), ellipticity 
of electron density (e), potential electron energy density 
V(r), kinetic electron energy density G(r) and energy 
density H(r), as shown in Table 3. QTAIM analysis 
has been used to describe a series of interactions 
(dihydrogen bonding,84-88 C–H···O interactions89-93 and 
classical hydrogen bondings,94-97 halogen bondings,98-105 
π-systems interactions,106-108 interactions involving Se 
atoms109,110 and C–H···N interactions).111-116 According to 
Popelier and Koch84,90 and others authors117,118 some criteria 
in the QTAIM analysis are necessary to characterize an 
interaction, such as a continuous density path with a critical 
point (CP) between acceptor and donor atoms, electron 
density ρ(r) in the critical point in range of 0.002‑0.035 a.u 
and ∇2ρ(r) in range of 0.024-0.139 a.u. All the C–H···N 
interactions of AM2 analyzed have a continuous density 
path between donor and acceptor atoms, as well as the 
presence of a CP between them (Figure 9). The values of 
ρ(r) in the CP for all interactions are in the expected range, 
as are the values of values of ∇2ρ(r), except for interaction 
C1’–H1a’···N2’ (0.02045 a.u.), which has a slight deviation. 

The indicators ∇2ρ(r) > 0 and H(r) > 0 suggest 
that the analyzed interactions are weak interactions 
with closed-shell character.46,118 The ellipticity  
(e = λ1/λ2 – 1) is defined as a measure of the anisotropy of 
the curvature of the ρ(r) and the extent to which the charge 
is preferentially accumulated, and can be used to investigate 
about the structural stability of a bond.90,119 The order of 

ellipticity for these interactions is e(C1’–H1a’···N2’) > 
e(C1–H1c···N2) > e(C18–H18···N2) > e(C3’–H3’······N2’). 
In terms of ellipticity C1’–H1a’···N2’ and C18–H18···N2 
interactions are harder to be broken than C18–H18···N2 
and C3’–H3’···N2’. All these characteristics and parameters 
contribute to confirm the existence of these interactions.

Structure comparison

In the literature, we find a polymorph (Mol-2)120 and 
the same structural form (Mol-1)121 for AM2. Figure 10 
shows the comparison between the 3 molecules. The 
polymorph (Mol-2) has a different conformation, with one 
molecule in the asymmetric unit and four in the unit cell, 
besides different unit cell parameters. The cell angles for 
Mol-2 are α = 90°, β = 91.06(10)° and γ = 90°, note that, 
these angles are very different from the AM2 molecule, 
the β angle (91.06°) of Mol-2 is close to 90°, almost 
characterizing Mol-2 in a different crystalline system, such 
as the orthorhombic (a ≠ b ≠ c ; α = β = γ = 90°). In addition, 
the packaging of the Mol-2 polymorph differs greatly from 
the AM2 packaging, driven by different interactions and 
the empty spaces (voids) between the molecules is similar, 
around 12%. 

The graphite oxide was used as a catalyst for the 
synthesis of AM2 whereas it is Mol-1 and Mol-2 molecules. 
The reaction takes place in the absence of catalyst, but uses 
methanol, dichloromethane and triethylamine as solvent. 

Table 3. Data from the topological analysis performed by the QTAIM methodology for AM2

BCP ρ(r) / a.u. ∇2ρ(r) / a.u. λ1 / a.u. λ2 / a.u. λ3 / a.u. e / a.u. V(rbcp) / a.u. G(rbcp) / a.u. H(r) / a.u. Interactions

1 0.00864 0.02686 -0.00723 -0.00692 0.04101 0.04499 -0.00443 0.00557 0.00114 C18–H18···N2

2 0.00824 0.02507 -0.00677 -0.00605 0.03790 0.11841 -0.00438 0.00532 0.00094 C1–H1c···N2

3 0.00698 0.02045 -0.00545 -0.00486 0.03077 0.12092 -0.00368 0.00439 0.00071 C1’–H1a’···N2’

4 0.00900 0.02810 -0.00766 -0.00736 0.04313 0.04036 -0.00459 0.00580 0.00121 C3’–H3’···N2’

QTAIM: quantum theory of atoms in molecules; a.u.: atomic units (Hartree atomic units). A hartree is equal to 2625.5 kJ mol-1, 627.5 kcal mol-1, 27.211 eV, 
and 219474.6 cm-1. BCP: bonding critical point; ρ(r): electron density at critical point; ∇2ρ(r): Laplacian of electron density; λ1, λ2 and λ3: eigenvalues 
of Hessian matrix; e: ellipticity of electron density; V(r): potential electron energy density; G(r): kinetic electron energy density; H(r): energy density. 

Figure 9. Critical points for C–H···N interactions of AM2. 
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The AM2 synthesis occurs in the absence of solvent within 
a time interval of 60 min, while molecules Mol-1 and Mol-2 
use solvent and were obtained during a minimum interval 
of 3 h. The AM2 synthetic route in the presence of graphite 
oxide is simple and environmentally viable-considering 
it occurs (i) in a shorter reaction time, (ii) in the absence 
of solvents and (iii) in the presence of ethanol only when 
recrystallized.

Conclusions 

The AM2 compound was obtained through a new 
synthetic route, by using graphite oxide in the absence 
of solvent, occurring at 80 °C, and within a time interval 
of 60 min. AM2 crystallized in monoclinic space group 
P21/c with two molecules in the asymmetric unit, and its 
supramolecular arrangement is supported by C–H···N 
and C–H···π interactions. These interactions described by 
geometric parameters, were confirmed by electron density 
and QTAIM topological analysis. Molecular orbitals 
indicated kinetic stability and the potential map confirmed 
the interaction sites. All these descriptions corroborate to 
understand this class of molecule and contribute to future 
application studies on pharmaceutical industry. Also, 
the described interactions observed unto supramolecular 
arrangement can be explored in the context of biological 
activities, as well as in the identification of the active sites 
responsible for electrophilic (or nucleophilic) attacks. 
Finally, these comprehensive structural aspects can be linked 
on structure-property relations in the biological scope.

Supplementary Information

Crystallographic data (excluding structure factors) 
for the structures in this work were deposited in the 
Cambridge Crystallographic Data Centre as supplementary 
publication number CCDC 2091809. Copies of the data 
can be obtained, free of charge, via https://www.ccdc.cam. 
ac.uk/structures/. 

Supplementary information (1H  NMR spectrum and 
13C NMR spectrum of compound AM2) is available free 
of charge at http://jbcs.sbq.org.br as PDF file.
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