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Abstract: A series of benzimidazole-tethered oxazepine heterocyclic hybrids has been synthesized
in good to excellent yields from an N-alkylated benzimidazole 2-carboxaldehyde, which in turn
was accomplished from o-phenylenediamine in three good yielding steps. The calculated molecular
structure of compounds 2-methyl-4-(2-((phenylimino)methyl)-1H-benzo-[d]imidazol-1-yl)-butan-2-ol
9 and 10 3,3-dimethyl-N-phenyl-1,2,3,5-tetrahydrobenzo-[4,5]imidazo[2,1-c][1,4]oxazepin-5-amine
using the B3LYP/6–31 G(d, p) method were found to agree well with their X-ray structures. The
charge distributions at the different atomic sites were computed using the natural bond orbital (NBO)
method. The regions of electrophilic and nucleophilic reactivity were shown using a molecular
electrostatic potential (MEP) map. In addition, the frontier molecular orbitals of these compounds
were discussed at the same level of theory. Nonlinear optical (NLO) properties have also been
investigated by computational hyperpolarizability studies, and it was found that Compound 9 is the
best candidate for NLO applications.
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1. Introduction

The 1,4-oxazepine structural motif has gained potential importance in medicinal chemistry, as its
derivatives exhibited a wide range of biological activities, such as effective protease inhibitors [1],
non-peptidergic GPCR inhibitors [2], integrin antagonists [3], squalene synthase [4] and reverse
transcriptase inhibitors [5]. For example, the oxazepin-4-one A (Figure 1) is a strong inhibitor
of angiotensin-converting enzyme (ACE) [1] and found to play a prominent role in the current
approaches to hypertension and diabetic nephropathy therapy, end-organ protection and heart failure
treatment [6]. Oxazepine derivatives, viz. B and C, represent a promising class of compounds
and are found to display H1 antihistaminic activity [7]. Furthermore, these compounds can also
be used for the effective treatment of some allergic reactions including anticonvulsant [8], CNS
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depressant [9] and antifungal [10] activities. The N-substituted oxazepine derivative D is a selective
inhibitor of human immunodeficiency virus type 1 (HIV-1) reverse transcriptase [11]. Moreover, its
derivatives are exhibited as progesterone receptor agonists [12] and telomerase inhibitors [13]. Recently,
Peng-Cheng Lv et al. [14] revealed that the oxazepine derivatives also act as selective inhibitors of
PI3Kα for the treatment of cancer.
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Benzimidazole is another important heterocyclic scaffold, as it possesses a wide range of
biological activities, viz. antiviral [15], anti-inflammatory [16], anti-HIV-1 [17], antioxidant [18],
antiproliferative, antitumor and potential anticancer activities [19–22]. Furthermore, the benzimidazole
unit acts as an active moiety in many of the approved drugs, viz. omeprazole, lansoprazole,
albendazole and oxfendazole. In recent years, we have been involved in the synthesis of
diverse heterocyclic hybrids [23–26], including biologically-active benzimidazoles [27,28] through
cycloaddition/straightforward multistep transformations.

In continuation of our earlier work towards the synthesis of diverse heterocycles in conjunction
with the aforesaid biological significance of 1,4-oxazepine and benzimidazole scaffolds, herein we
disclose our experimental and theoretical investigations on the synthesis and characterization of
diverse benzimidazole-fused 1,4-oxazepine heterocyclic hybrids. Gaussian’03 software has been
employed to perform the density functional theory (DFT) calculations to understand the electronic
properties. The nonlinear optical activities of the synthesized compounds have also been investigated
through computational hyperpolarizability studies.

2. Results and Discussion

2.1. Synthesis

The synthesis of hitherto unexplored benzimidazole-tethered 1,4-oxazepines was accomplished
from benzimidazole 2-carboxaldehyde in the presence of the InCl3-catalyzed cyclization reaction.
Our synthetic work began with an inexpensive precursor, viz. o-phenylenediamine 1, which upon
reaction with ethyl diethoxyacetate 2 furnished 2-diethoxymethyl-1H-benzimidazole 3 in an 80%
yield [29,30]. The benzimidazole 3 was then subjected to N-alkylation using prenyl bromide 4 with
sodium hydride in dry THF for 12 h to afford the N-alkylated benzimidazole 5, which was confirmed
through spectroscopic data.

Having synthesized the N-alkylated benzimidazole 5 (Scheme 1), the next task was to convert
the acetal into an aldehyde in refluxing HCl/H2O in THF. This reaction in 24 h furnished the
unusual 1-(3-hydroxy-3-methylbutyl)-benzimidazole carboxaldehyde 6 (Scheme 1), and the expected
N-prenyl-benzimidazole carboxaldehyde 7 was not obtained, even in trace. The crude product 6 was
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purified by column chromatography and the structure of this unusual product was confirmed by
spectroscopic studies. With 1-(3-hydroxy-3-methylbutyl)-benzimidazole carboxaldehyde 6 in hand,
next, we turned our attention to the synthesis of 2-aryliminomethyl-(benzimidazol-1-yl)butan-2-ols
9a–e. These are typically prepared by gentle mixing of corresponding benzimidazole carboxaldehyde
6 and arylamines 8a–e under solvent-free conditions for 2–3 min in excellent yield (92%–97%). The
imine 9 can be used as an attractive chelating agent, as it possesses two imino nitrogen atoms, which
can readily bind with inorganic metals, leading to the formation of complex molecules.
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Scheme 1. Synthesis of N-alkyl benzimidazole 2-carboxaldehyde. 

Initially, the reaction in CH3CN (3 mL) resulted in the formation of a yellow precipitate in a very 
short time (2–3 min). TLC analysis of this precipitate confirms the formation of a sole imine with good 
purity. The rapid formation of the product in the solution phase prompted us to attempt the reaction 
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expected, we observed the formation of 9a–e in excellent yield (Table 1), this method gains importance, 
as the product can be obtained as such in pure form without any work up procedure. The structure 
of imine 9 was elucidated using 1H, 13C and mass spectroscopic data and was further confirmed 
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with various Lewis acids, such as BF3·Et2O, Yb(OTf)3 and SC(OTf)3, and found an inseparable mixture 
of compounds in TLC analysis. The reaction was also performed with high boiling solvents, such as 
DMF, toluene, xylene and dichlorobenzene. The starting materials were undiminished even after 72 h. 
Later, on the addition of 20% InCl3, the reaction resulted in the formation of inseparable mixture of 
spots, as evidenced by TLC analysis. The cyclisation reaction of Compound 9 bearing electron-donating 
groups, such as p-methoxy and p-methyl, failed even after prolonged reaction time (72 h), probably 
due to the more electron-rich imine, which prevents the cyclisation. As a more efficient alternative, 
the preparation of heterocyclic hybrid 10 through a one-pot cyclization reaction without isolation of 
imine was sought. The desired reaction was carried out successfully by treating an equimolar 
amount of benzimidazole carboxaldehyde 6 and various substituted arylamines 9 in CH3CN under 
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Initially, the reaction in CH3CN (3 mL) resulted in the formation of a yellow precipitate in a very
short time (2–3 min). TLC analysis of this precipitate confirms the formation of a sole imine with good
purity. The rapid formation of the product in the solution phase prompted us to attempt the reaction in
the solid state with simple grinding without any solvent as an initiative to green synthesis. As expected,
we observed the formation of 9a–e in excellent yield (Table 1), this method gains importance, as the
product can be obtained as such in pure form without any work up procedure. The structure of imine 9
was elucidated using 1H, 13C and mass spectroscopic data and was further confirmed unambiguously
by a single crystal X-ray diffraction study of 9c and 9d (Figure 2) [31]. Having Compound 9 with
flexible N-alkyl alcohol, we attempted its cyclisation with the imino carbon to afford the benzimidazole
fused 1,4-oxazepines. Initially, the imine 9 in acetonitrile was stirred at ambient temperature. Even
after a prolonged reaction time (72 h), the imine remained as such, and no reaction was observed.
Later, the same reaction was refluxed for 12 h with regular monitoring (TLC analysis every 2 h), and
we did not observe the formation of the desired product. The same reaction was then carried out in the
presence of InCl3 at ambient temperature overnight, and we observed the formation of the unusual
product 10 in moderate yields. In an attempt to improve the yield, the reaction was performed under
reflux in acetonitrile in the presence of InCl3. This reaction afforded the unusual Compound 10 in good
yields. The cyclisation reactions were also investigated with various Lewis acids, such as BF3¨Et2O,
Yb(OTf)3 and SC(OTf)3, and found an inseparable mixture of compounds in TLC analysis. The reaction
was also performed with high boiling solvents, such as DMF, toluene, xylene and dichlorobenzene.
The starting materials were undiminished even after 72 h. Later, on the addition of 20% InCl3, the
reaction resulted in the formation of inseparable mixture of spots, as evidenced by TLC analysis.
The cyclisation reaction of Compound 9 bearing electron-donating groups, such as p-methoxy and
p-methyl, failed even after prolonged reaction time (72 h), probably due to the more electron-rich imine,
which prevents the cyclisation. As a more efficient alternative, the preparation of heterocyclic hybrid
10 through a one-pot cyclization reaction without isolation of imine was sought. The desired reaction
was carried out successfully by treating an equimolar amount of benzimidazole carboxaldehyde 6
and various substituted arylamines 9 in CH3CN under reflux in the presence of InCl3, furnishing
the target benzimidazole fused 1,4-oxazepines 10 in good yields (Scheme 2) (Table 1). The structure
of Compound 10 was fully characterized by 1H and 13C, mass and elemental analysis. Finally, the
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stereochemistry of the heterocyclic hybrid was unambiguously confirmed by single crystal X-ray
diffraction analysis [32] of 10b (Figure 3).
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A feasible mechanism for the formation of benzimidazole fused 1,4-oxazepine 10 is described in
Scheme 3. Compound 5 was protonated to generate tertiary carbocation 11, which then was attacked
by water molecule to furnish benzimidazole 2-carboxaldehyde 6. Compound 6 further reacts with
arylamine to afford novel imino benzimidazole alcohol 9. The imino carbon of 9 was attacked by a
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lone pair electron of alcohol through intramolecular nucleophilic addition to furnish Compound 10 in
excellent yields.
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2.2. X-ray Crystallographic Studies

A crystal with a yellow color and a block shape of C19H20ClN3O was selected for single crystal
X-ray analysis. A total of 1858 frames were collected in 4.76 h. The Bruker SAINT software package
was used in the integration of the frames. The data were integrated using an orthorhombic unit cell
with 44,126 reflections to θmax 33.80˝ (0.64 Å resolution), of which 7032 were independent (average
redundancy 6.275, completeness = 99.8%, Rint = 2.64%, Rsig = 2.11%). The final cell constants of
a = 18.3707(5) Å, b = 6.3836(2) Å, c = 15.0003(4) Å and volume = 1759.10(9) Å3 are based on the
refinement of the XYZ-centroids of 9919 reflections above 20 σ(I) with 5.431˝ < 2θ < 67.52˝. The
multi-scan method (SADABS) was used for the correction of absorption.

The molecules 9c and 9d are composed of a benzimidazole ring with a 2-aryliminomethyl
group (Figure 1), and the dihedral angles between the two rings are 52.68(2)˝ and 39.05(2)˝ for
Compounds 9c and 9d, respectively. The torsion angle in between C11–N2–C7–C9 is 40.0(2)˝. There are
two intramolecular interactions between C15–H15B¨ ¨ ¨N3 and C15–H15B¨ ¨ ¨N1 in Compound 9c and
C15—H15A¨ ¨ ¨O1 and C15–H15B¨ ¨ ¨N3 in Compound 9d. In the crystal structure, two intermolecular
O1–H3¨ ¨ ¨N2 and C2–H2¨ ¨ ¨O1 hydrogen bonds are observed in Compound 9d, but only one
intermolecular O1–H1¨ ¨ ¨N2 in Compound 9d. The selected geometric parameters and distances
of the donor–H, acceptor/H, donor/acceptor and donor–H/acceptor angles are presented in the
Supplementary Materials.

In the crystal structure of Compound 10b, the unit cell was composed of two independent
molecules (Figure 2); one of them has a partial disorder in the 1,4-oxazepines ring; the disorder ratio
refined to 0.59094 (5): 0.40906 (8). There are no significant differences between bond lengths and
angles in the two structures. The seven-membered oxazepine ring (O1/N3/C7/C8/C15–C17) has
a twist-chair conformation, and the phenyl ring makes a dihedral angle of 8.92(3)˝ and 12.92(4)˝

with the benzimidazole ring system mean plane in the molecules A and B, respectively, which
differ from the similar reported compounds, which make much larger angles reach 73.42(10)˝ and



Molecules 2016, 21, 724 7 of 15

83.07(7)˝ [33]. In the crystal packing, molecules are linked via one intermolecular hydrogen bond
between C8B–H8BA¨ ¨ ¨N2Bi with symmetry code: (i) ´x + 1, ´y + 2, ´z + 1. The selected geometric
parameters and distances of the donor–H, acceptor/H, donor/acceptor and donor–H/acceptor angles
are presented in the Supplementary Materials.

2.3. Optimized Molecular Geometry

The optimized structures of Compounds 9c, 9d and 10b are given in Figure 4. All of the structures
have a C1 point group. The optimized geometric parameters are given in the Supplementary Materials.
The calculated and experimental bond distances and bond angles are in good agreement with each
other. The calculated root mean square deviations (RMSD) of the bond distances and bond angles are
in the range of 0.009–0.018 Å and 0.4–0.7˝, respectively. Moreover, good correlations (R2 = 0.994–0.997)
between the calculated and experimental data were obtained. In general, the bond distances and bond
angles are predicted very well.
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2.4. Natural Atomic Charges

The dipole moment, molecular polarizability and electronic structure of a compound are
dependent on the atomic charge distribution. The calculated charge populations using the NBO
method are given in the supplementary data. The O- and N-atoms have the highest electronegative
charges among the different atomic sites. The charge values at the N4 (´0.4553), N41 (´0.4620) and
N3 (´0.6350) for Compounds 9c, 9d and 10b respectively showed that the N-atom of the amino (NH)
group of 10b has higher negative charge density than that for the imine (C=N) moiety of the others.
This could be explained due to the change in the hybridization of this N-atom due to the cyclization.
Moreover, the two benzimidazole N-atoms have the most negative natural charges for 10b. In general,
the N-atom attached to the alkyl substituent has less negative charge density than the free one for
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all compounds. For 9c and 9d, the atomic charges at the O- and N-sites are affected very slightly
by changing the position of the Cl-substituent at the phenyl ring. The aliphatic C-atoms have more
negative charge than the aromatic ones where the C-atoms attached to either O or N are electropositive.
The dipole moment values of 9c, 9d and 10b are 2.79, 3.92 and 5.77 Debye, respectively. From this
point of view, one could conclude that the compound with para-Cl substitution is more polar than the
ortho-Cl one. Furthermore, the cyclic adduct has the highest polarity of these compounds.

The molecular electrostatic potential (MEP) is a common map used to visualize the reactive sites
for electrophilic and nucleophilic attack. Furthermore, it is used in studies of biological recognition and
hydrogen bonding interactions [34,35]. The MEP figures of 9c, 9d and 10b at the same level of theory
are shown in Figure 5. It can be seen from this figure that negative regions (red) are mainly localized
over the unsubstituted N-atom of the benzimidazole moiety and the O-atom of the OH group. Hence,
in the studied compounds, these atoms are the most reactive sites for electrophilic attack, as well as
the more proper sites to attack the positive regions of the receptor molecule. In contrast, the maximum
positive regions (blue) are localized over the H-atom of the OH group in the case of 9, which is the
most reactive sites for nucleophilic attack.
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2.5. Frontier Molecular Orbitals

The HOMO and LUMO levels, which are called frontier molecular orbitals (FMOs), are important
for chemists and physical chemists [36]. Their energies and electron densities are important to describe
the chemical reactivity and excitation properties. Furthermore, the energy gap between HOMO
and LUMO (∆E) gives the lowest energy for electronic transition. Moreover, the HOMO-LUMO
intramolecular charge transfer (ICT) has an application to prove the bioactivity [37,38]. The ∆E value
represents the lowest energy for ICT where the EHOMO and ELUMO of the studied molecules are
calculated using the B3LYP/6–31 G(d, p) method. The HOMO and LUMO pictures are shown in
Figure 6. In the studied compounds, the HOMO–LUMO energy gaps are 3.9721, 3.8978 and 4.8012eV
for 9c, 9d and 10b, respectively. This intramolecular charge transfer belongs mainly to π-π* excitations.
The HOMO and LUMO of Compounds 9, are mainly localized over the π-system of the benzimidazole
and phenyl rings. For 10b, the HOMO is localized over the phenyl ring, while the LUMO is localized
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over the benzimidazole moiety. The HOMOÑLUMO electronic transition energies of the studied
compounds indicated the greater difficult of ICT for Compound 10b.Molecules 2016, 21, 724 9 of 14 
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2.6. Nonlinear Optical Properties

Nonlinear optical materials have many industrial and medical applications [39]. It is important
for photonic instruments in which light is used for data transmission rather than electrons.
Hyperpolarizability (β) is one significance parameter for describing the nonlinear optical properties
of molecular systems. The calculated values of hyperpolarizability components and the average
hyperpolarizability (β0) are of the studied compounds, as well as urea, which is a well-known
reference [40] for comparison purposes of nonlinear optical properties (NLO) activity, and are given in
the Supplementary Data. The calculated hyperpolarizability (β0) of Compounds 9c, 9d and 10b are
2307.823, 958.248 and 407.879 a.u., respectively, while for urea, it is 69.914 a.u. These results indicated
that for all of the studied compounds, 9c, 9d and 10b have hyperpolarizability (β0) that is higher up to
33-, 14- and 6-times, respectively, than urea. The best is for 9c, which could be predicted as the best
candidate for NLO application.

3. Materials and Methods

3.1. General Procedure

The melting point was taken using an open capillary tube and is uncorrected. Unless stated
otherwise, solvents and chemicals were obtained from commercial sources and used without
further purification. 1H- and 13C-NMR spectra were recorded on a Varian Mercury JEOL-400 NMR
spectrometer (Tokyo, Japan) and Bruker 500 MHz NMR spectrometers (Faellanden, Switzerland)
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operating at 400, 500, 100 and 125 MHz, respectively, and chemical shifts are reported as δ values
(ppm) relative to tetramethylsilane. Elemental analyses were performed on a Perkin-Elmer 2400 series
II elemental CHNS analyzer (Waltham, MA, USA).

3.2. Synthesis of 2-(Diethoxymethyl)-1-(3-methylbut-2-en-1-yl)-1H-benzimidazole, 5

2-(diethoxymethyl)-1H-benzimidazole 3 (3 g, 15.4 mmol) was added to NaH (630 mg, 26.3 mmol)
in THF (300 mL) and refluxed for 30 min. 1-bromo-3-methylbut-2-ene (3.45 g, 23.2 mmol) was added
and the resulting solution refluxed for a further 8 h. TLC of the reaction mixture showed that the
starting material was completely converted to product. The mixture was cooled to room temperature,
and water (100 mL) was added. The product was extracted with Et2O (2 ˆ 75 mL), dried (MgSO4),
filtered and evaporated to dryness to yield sole 2-(diethoxymethyl)-1-(3-methylbut-2-en-1-yl)-1H-
benzimidazole 5 as a brown viscous oil, and the crude product was purified by column chromatography.
Spectroscopic data for 5: 1H-NMR (400 MHz, CDCl3) δH: 1.17 (t, 6H), 1.65 (s, 3H), 1.80 (s, 3H), 3.48–3.54
(m, 2H), 3.67–3.73 (m, 2H), 4.94 (d, J = 5.88 Hz, 2H), 5.21–5.23 (m, 1H) 5.65 (s, 1H), 7.14–7.22 (m, ArH,
3H), 7.69–7.71 (m, Ar–H, 1H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 14.7, 17.9, 25.3, 42.3, 63.0, 98.9,
109.9, 119.7, 119.9, 121.7, 122.7, 134.7, 135.4, 141.7, 149.9. Anal. Calcd. For C17H24N2O2: C, 70.80; H,
8.39; N, 9.71%. Found: C, 70.93; H, 8.50; N, 9.83%.

3.3. Synthesis of 1-Allyl-1H-benzimidazole-2-carboxaldehydes, 6

A mixture of 2-(diethoxymethyl)-1-(3-methylbut-2-en-1-yl)-1H-benzimidazole 5 (3.0 g, 10.98 mmol),
water (18 mL), 36% hydrochloride acid (9 mL) and THF (50 mL) were refluxed for 24 h. Then, the
reaction mixture was neutralized with saturated sodium bicarbonate and extracted with EtOAc
(3 ˆ 70 mL). The extract was washed with brine (2 ˆ 50 mL), dried, filtered and evaporated. The crude
product was purified by column chromatography. 1-(3-hydroxy-3-methylbutyl)-1H-benzimidazole-
2-carbaldehyde 6: Colorless oil. 1H-NMR (500 MHz, CDCl3) δH: 1.37 (s, 6H), 1.92–1.96 (m, 2H),
4.71–4.74 (m, 2H), 7.16–7.53 (m, ArH, 3H), 7.87–7.93 (m, 1H), 10.08 (s, 1H, CHO) ppm; 13C-NMR
(125 MHz, CDCl3) δC: 30.2, 40.9, 43.2, 69.98, 110.9, 122.3, 124.1, 126.8, 136.1, 142.8, 145.8, 184.9. Anal.
Calcd. For C13H16N2O2: C, 67.22; H, 6.94; N, 12.06%. Found: C, 67.34; H, 6.85; N, 12.17%.

3.4. General Procedure for the Synthesis of (E)-2-Methyl-4-(2-((phenylimino)methyl)-1H-
benzimidazol-1-yl)butan-2-ol, 9a–e

A mixture of benzimidazole carboxaldehyde 6 (100 mg, 0.43 mmol) and aniline 8 (0.43 mmol)
was ground well in a mortar at ambient temperature for 2–3 min. The completion of the reaction was
evidenced through the formation of a yellow precipitate, which was then washed with water and
dried under vacuum. TLC analysis of the yellow precipitate confirms the formation of the imine in a
good yield.

(E)-2-methyl-4-(2-(phenylimino)methyl)-1H-benzimidazol-1-yl)butan-2-ol, 9a: Yellow solid. 1H-NMR
(400 MHz, CDCl3) δH: 1.35 (s, 6H), 2.09–2.13 (m, 2H), 4.94–4.98 (m, 2H), 7.22–7.88 (m, ArH, 9H),
8.80 (s, 1H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 30.4, 41.2, 42.7, 70.2, 110.3, 121.1, 121.2, 123.4, 125.2,
129.6, 136.4, 137.7, 143.6, 146.9, 148.6, 152.6. LC/MS (ESI): m/z 307 [M]+. Anal. Calcd. For C19H21N3O:
C, 74.24; H, 6.89; N, 13.67%. Found: C, 74.37; H, 6.77; N, 13.55%.

(E)-4-(2-(((2-bromophenyl)imino)methyl)-1H-benzimidazol-1-yl)-2-methylbutan-2-ol, 9b: Yellow solid.
1H-NMR (400 MHz, CDCl3) δH: 1.35 (s, 6H), 2.13–2.17 (m, 2H), 4.98–5.02 (m, 2H), 7.25–7.87 (m,
ArH, 8H), 8.62 (s, 1H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.9, 41.7, 43.1, 70.7, 110.5, 117.21, 119.7,
121.5, 123.3, 123.6, 125.7, 130.1, 130.2 136.6, 143.4, 146.6, 151.8, 153.9. LC/MS (ESI): m/z 386 [M]+. Anal.
Calcd. For C19H20BrN3O: C, 59.08; H, 5.22; N, 10.88%. Found: C, 59.21; H, 5.35; N, 10.99%.
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(E)-4-2-(2-chlorophenylimino)methyl)-1H-benzimidazol-1-yl)-2-methylbutan-2-ol, 9c: Yellow solid. 1H-NMR
(400 MHz, CDCl3) δH: 1.34 (s, 6H), 2.12–2.16 (m, 2H), 4.96–5.00 (m, 2H), 7.16–7.87 (m, ArH, 8H), 8.66
(s, 1H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.7, 41.5, 42.9, 70.2, 110.5, 119.5, 120.9, 123.1, 123.4,
125,4, 127.9, 128.2, 130.3, 136.6, 143.2, 146.9, 148.3, 153.3. LC/MS (ESI): m/z 342 [M]+. Anal. Calcd. For
C19H20ClN3O: C, 66.76; H, 5.90; N, 12.29%; Found: C, 66.89; H, 5.77; N, 12.38%.

(E)-4-2-(4-chlorophenylimino)methyl)-1H-benzimidazol-1-yl)-2-methylbutan-2-ol, 9d: Pale Yellow solid.
1H-NMR (400 MHz, CDCl3) δH: 1.31 (s, 6H), 2.07–2.11 (m, 2H), 4.91–4.95 (m, 2H), 7.25–7.86 (m, ArH,
8H), 8.74 (s, 1H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.8, 41.3, 42.9, 70.1, 110.2, 121.1, 121.3, 122.3,
122.6, 129.6, 129.9, 133.3, 143.3, 146.9, 148.7, 153.0. LC/MS (ESI): m/z 342 [M]+. Anal. Calcd. For
C19H20ClN3O: C, 66.76; H, 5.90; N, 12.29%; Found: C, 66.87; H, 5.79; N, 12.35%.

(E)-2-methyl-4-(2-(((3-nitrophenyl)imino)methyl)-1H-benzimidazol-1-yl)butan-2-ol, 9e: Pale Yellow solid.
1H-NMR (400 MHz, CDCl3) δH: 1.37 (s, 6H), 2.08–2.16 (m, 2H), 4.91–4.93 (m, 2H), 7.18–7.91 (m, ArH,
8H), 8.74 (s, 1H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.8, 41.3, 42.9, 70.1, 110.4, 117.1, 121.2, 123.2,
123.4, 124.2, 125.5, 130.3, 130.9, 136.5, 143.3, 146.7, 151.7, 153.8. LC/MS (ESI): m/z 352 [M]+. Anal.
Calcd. For C19H20N4O3: C, 64.76; H, 5.72; N, 15.90; %. Found: C, 64.85 H, 5.81; N, 15.78%.

3.5. General Procedure for Synthesis of Benzimidazole Fused 1,4-Oxazepines, 10a–e

A mixture of benzimidazole carboxaldehyde 6, arylamine 8 and 20 mol% InCl3 in acetonitrile was
refluxed overnight. After completion of the reaction as evidenced by TLC analysis, the reaction mixture
was concentrated under reduced pressure. The crude product was purified by column chromatography.
The product was crystallized by EtOAc by the slow evaporation technique.

3,3-Dimethyl-N-phenyl-1,2,3,5-tetrahydrobenzo[4,5]imidazo[2,1-c][1,4]oxazepin-5-amine, 10a: White solid.
1H-NMR (400 MHz, CDCl3) δH: 1.32 (s, 6H), 1.83–1.88 (m, 2H), 3.54–3.56 (m, 1H), 3.63–3.65 (m, 1H),
4.33 (s, 1H), 7.25–7.85 (m, ArH, 9H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.8, 40.3, 42.5, 71.0, 75.9,
110.3, 114.2, 120.5, 121.4, 122.8, 123.1, 129.6, 136.3, 143.5, 146.4, 149.7. LC/MS (ESI): m/z 307 [M]+. Anal.
Calcd. For C19H21N3O: C, 74.24; H, 6.89; N, 13.67%. Found: C, 74.37; H, 6.76; N, 13.80%.

N-(2-Bromophenyl)-3,3-dimethyl-1,2,3,5-tetrahydrobenzo[4,5]imidazo[2,1-c][1,4]oxazepin-5-amine, 10b:
Colorless crystals. 1H-NMR (400 MHz, CDCl3) δH: 1.34 (s, 6H), 1.82–1.87 (m, 2H), 3.54–3.56 (m, 1H),
3.63–3.65 (m, 1H), 4.32 (s, 1H), 7.22–7.67 (m, ArH, 8H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.5,
41.4, 43.0, 71.0, 75.8, 110.5, 115.8, 118.8, 119.4, 122.5, 123.4, 124.1, 125.4, 128.9, 133.3, 143.3, 146.8, 149.8.
LC/MS (ESI): m/z 386 [M]+. Anal. Calcd. For C19H20BrN3O: C, 59.08; H, 5.22; N, 10.88%. Found: C,
59.21; H, 5.35; N, 10.75%.

N-(2-Chlorophenyl)-3,3-dimethyl-1,2,3,5-tetrahydrobenzo[4,5]imidazo[2,1-c][1,4]oxazepin-5-amine, 10c:
White solid. 1H-NMR (400 MHz, CDCl3) δH: 1.32 (s, 6H), 1.84–1.86 (m, 2H), 3.53–3.56 (m, 1H),
3.61–3.63 (m, 1H), 4.32 (s, 1H), 7.25–7.87 (m, Ar–H, 8H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.3,
39.8, 41.7, 71.5, 75.8, 110.2, 115.2, 119.3, 123.2, 123.3, 123.8, 124.4, 127.4, 131.6, 136.5, 141.7, 146.2, 148.3.
LC/MS (ESI): m/z 342 [M]+. Anal. Calcd. For C19H20ClN3O: C, 66.76; H, 5.90; N, 12.29%. Found: C,
66.89; H, 5.79; N, 12.38%.

N-(4-Chlorophenyl)-3,3-dimethyl-1,2,3,5-tetrahydrobenzo[4,5]imidazo[2,1-c][1,4]oxazepin-5-amine, 10d:
White solid. 1H-NMR (400 MHz, CDCl3) δH: 1.29 (s, 6H), 1.81–1.85 (m, 2H), 3.51–3.54 (m, 1H),
3.60–3.63 (m, 1H), 4.34 (s, 1H), 7.24–7.85 (m, ArH, 8H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.2, 39.8,
41.2, 71.6, 75.9, 110.0, 119.1, 120.2, 122.9, 123.2, 125.8, 129.2, 136.7, 141.9, 146.1, 148.4. LC/MS (ESI):
m/z 342 [M]+. Anal. Calcd. For C19H20ClN3O: C, 66.76; H, 5.90; N, 12.29%. Found: C, 66.89; H, 5.79;
N, 12.41%.



Molecules 2016, 21, 724 12 of 15

3,3-Dimethyl-N-(3-nitrophenyl)-1,2,3,5-tetrahydrobenzo[4,5]imidazo[2,1-c][1,4]oxazepin-5-amine, 10e: White
solid. 1H-NMR (400 MHz, CDCl3) δH: 1.35 (s, 6H), 1.81–1.87 (m, 2H), 3.54–3.56 (m, 1H), 3.61–3.63
(m, 1H), 4.33 (s, 1H), 7.21–7.84 (m, ArH, 8H) ppm; 13C-NMR (100 MHz, CDCl3) δC: 29.4, 39.3, 40.1, 71.6,
75.6, 107.6, 110.5, 113.8, 120.1, 121.3, 122.7, 123.4, 123.6, 129.7, 136.1, 141.3, 146.2, 149.3. LC/MS (ESI):
m/z 352 [M]+. Anal. Calcd. For C19H20N4O3: C, 64.76; H, 5.72; N, 15.90%. Found: C, 64.88; H, 5.61;
N, 15.79%.

3.6. Computational Details

All theoretical calculations of the above-reported compound have been investigated through the
DFT method with the B3LYP functional and 6-31 G(d, p) basis set using Gaussian 03 software [41].
The single crystal X-ray structure coordinates were used as starting point for the calculations.
No symmetry restrictions were applied, and optimized structures were taken as the input for frequency
calculations. No imaginary vibrations were detected; hence, the real energy minimum was obtained.
GaussView4.1 [42] is used to visualize the optimized structures and to draw the frontier molecular
orbitals (FMO), as well as the molecular electrostatic potential maps (MEP).

4. Conclusions

In conclusion, we describe a general and efficient approach for the synthesis of hitherto unexplored
benzimidazole-fused 1,4-oxazepines in good yields from unusual 1-(3-hydroxy-3-methylbutyl)-
benzimidazole carboxaldehyde via an unusual cyclization in the presence of InCl3. The molecular
structure of the studied compounds has been optimized using the DFT/B3LYP method and 6–31 G(d, p)
basis set. The calculated bond distances and bond angles showed good agreement with our reported
X-ray crystal structures. The atomic charges, molecular electrostatic potential (MEP) map, as well
as the HOMO and LUMO level analyses were discussed. Based on hyperpolarizability calculations,
Compound 9c is the best candidate for NLO applications.

Supplementary Materials: Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/
21/6/724/s1.
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