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Abstract: The use of alternative synthetic methods, in the face of traditional processes
that do not conform to the principles of Green Chemistry, represent a problem in the
pharmaceutical industry. The procedures for the synthesis of benzimidazole
derivatives have become a focus in synthetic organic chemistry, as they are building
blocks of strong interest for the synthesis of compounds with pharmacological activity.
Various benzimidazole derivatives have found very strong application in medicine and
their synthesis is reported in the literature. A simple and environmental
Montmorillonite K10 (MK10) catalyzed method for the synthesis of benzimidazole
derivatives has been developed. The use of MK10 as heterogeneous catalysis provides
various advantages in terms of yields, in the work up procedure of the reaction,
selectivity and the possible recycle of catalyst without waste formation. The reactions
were carried out in solvent free condition and in short reaction time using an
inexpensive and environmentally friendly heterogeneous catalysis and it has been
shown that the reaction process is applicable in the industrial field.
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1. Introduction

The use of the heterogeneous catalysis has become a talented field in organic
chemical synthesis. Their use especially in pharmaceutical industry [1] is favored by
their easy recovery, their stability and the ability to minimize waste. Montmorillonite is
non-corrosive, environmental friendly, cheap, easy of handling. Such as clay catalysts,
is very available and have a high surface area containing two types of catalytic sites:
Brensted and Lewis sites catalyzing organic reactions.

Benzimidazole is a hetero bicyclic aromatic organic compound consisting in the
fusion of benzene and imidazole. The benzimidazole ring is one of the most known
systems in Nature thanks to its various therapeutic applications. Its “nucleus” is
present in many important molecules as, for example, the vitamin Bi2[2].

In the early nineties, various benzimidazole derivatives were synthesized
obtaining fluorine, propylene and tetrahydroquinoline derivatives with greater
stability and biological activity [3,4] while derivatives with electron donating group
have proven to have good antiulcer activity [5,6], for example the Omeoprazole.
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Recently, the therapeutic activity of benzimidazole derivatives in diseases such as
ischemia-reperfusion injury or hypertension has been demonstrated [7].

Thanks to their various pharmacological activities, various synthetic
methodologies have been developed in the field of organic synthesis. The reaction
between o-phenylenediamines and carboxylic acids or their derivatives has been used
[8,9] in classic synthetic methods.

The most common procedure used for the synthesis of the benzimidazoles
derivatives is the condensation of o-phenylenediamine with differently substituted
aldehydes obtaining 2-substituted and 1,2-substituted benzimidazoles derivatives.
These protocols, however, present several problems that make the methods less
convenient for long reaction times, the use of expensive reagents and toxic organic
solvents. Furthermore, non-recoverable, difficult to prepare and poorly selective
catalysts are often used [10-15].

The use of toxic and hazardous solvents in the pharmaceutical industry is
considered a risk for the environment and human health, but in the last years, Green
Chemistry principles influenced the activities drug industries introducing less use of
toxic organic solvents [16-18], cuts in waste production with the use the recyclable
reagents [19-23] and enviromental organic synthetic methods.

Various research studies have been conducted on the use of “green” solvents [24],
principally bio-solvents [25-30], ionic liquids [31-33], deep eutectic solvents [34-40],
supercritical fluids [41,42], or water [43-51]. Certainly adopting methods experimental
tests based on solvent-free or solid state reaction conditions reduces pollution. These
reactions may be carried out using the reactants alone. Often the same reactions involve
use of solid supports (clays, zeolites, silica, alumina or other matrices) making it easier
the experimental and work-up procedures improving yield, increasing the reaction rate
and lowering considerably environmental impact [52-54]. In this context, therefore,
solid Lewis acid catalysts are widely used and thermal process [55,56] can be employed
to bring about the reaction. In the last decades, the use of microwave in solvent free
reactions [57-60] , is been particularly important for industrial production.

Since the development of new synthetic methods to produce potential drug
compounds has always an important research area, in recent years, very important has
become the use of recyclable heterogeneous catalysts for their extremely versatile
properties, thermal stability and their low cost.

In addition, the reaction products catalyzed by solid supports or in solid state
provide better selectivity in the products, compared to the solution phase reactions.

Recently, various heterogeneous catalyst showed higher activity than
homogeneous catalyst [61, 62]. MK10 is an interesting clay heterogeneous catalysts
[63-66] because act as a general Brensted or Lewis acid and it is recoverable by filtration
and employed in one-pot synthesis under solvent-free conditions and microwaves
(MW) or ultrasound irradiation [67] prevents waste. The use of irradiation MW
increase the rate of chemical reactions and have great potential for use in innovative
chemical reaction processes [68]. Chemical reactions induced by MW radiation in
heterogeneous catalytic systems, have demonstrated that acceleration of chemical
reactions using microwave method cannot be achieved and compared with
conventional heating under identical temperature conditions, due, probably, to
interaction(s) between the MW radiation fields and the catalyst. Recently, this has
given rise, over the years, to a strong interest in the field of the synthesis of
pharmaceutical compounds [69-79].

Considering the stability, catalytic activity and selectivity of MK10 shown to us in
the synthesis reactions of bifunctionalized cyclopentenones [80] and our experience in
developing environmental reactions for the synthesis of pharmaceutical
azo-compounds [81-85], we present a new and selective synthetic route to


https://doi.org/10.20944/preprints202007.0096.v1
https://doi.org/10.3390/catal10080845

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 July 2020 d0i:10.20944/preprints202007.0096.v1

3of12

benzimidazole derivatives in solvent free condition reaction testing the MKI10 as
heterogeneous catalyst.

2. Results

In initial experiment, we choose o-phenylenediamine (1 mmol) and benzaldehyde
start material to obtain selectively 1,2-disubstituted benzimidazole derivative 1b. The
results for development and optimization of the model reaction are displayed in Table
1. The effect of MK10 on the model reaction was investigated performing the reaction at
room temperature (entries 1, Table 1,) using 10 wt% of MKI10 respect to
o-phenylendiamine. The reaction mixture was left under magnetic stirring at
room temperature using the diamine and benzaldehyde in a 1:1 and 1:2 molar ratio and
monitored by thin layer chromatography (TLC) and gas chromatography/mass
spectrometry (GC/MS) analysis (entries 1 and 2 in Table 1).

The GC/MS analysis showed the low conversion of the reagents within 10 minutes
affording and low selectivity even when using 2 mmol benzaldehyde (entry 2 in Table
1). At the higher temperature, 60°C, the 2-substituted benzimidazole derivative 1a and
the 1,2-disubstituted benzimidazole derivative 1a in 34.9 and 65.1 % yields respectively
obtained (entry 3 in Table 1) not improving selectivity that has worsened using 1 mmol
benzaldehyde at 80°C (entry 4, Table 1). The GC-MS analysis showed the presence of
the corresponding 2-phenyl-benzimidazole by-product (66.7% yield) in 2 h.

Table 1. Optimization of the reaction conditions.?

(o}

NH,
©:NH2 ’ ©)‘\H MK 10 N>’©
L
Entry MK10 wt Molar ratio Temp Time Conversion Selectivity
(%)> o0-PDA:benzaldehyde (°C)  (min) (%)< (%)d
1 10 1:1 rt 120 19.3 12.0
2 10 1:2 rt 120 20.9 53.0
3 10 1:2 60 120 79.6 65.1
4 10 1:1 80 120 80.9 33.3
5 10 1:1 100 60 99.9 38.3
6 10 1:2 100 60 99.9 75.0
7 - 1:2 100 90 45.0 49.0
8e 20 1:1 60 5 99.9 18.2
9e 20 1:2 60 5 99.9 98.5

2 General reaction conditions: o-phenylendiamine (1 mmol) and benzaldehyde (1 or 2 mmol)
were stirred for 5-120 min at different temperatures and different wt (%) of MK10. ® wt % respect
to o-phenylendiamine. < Percent conversion of the reagents calculated from GC/MS data of
conversion of o-phenylendiamine. ¢ By-product obtained is constituted by
2-phenyl-benzimidazole (1b). Reaction mixture under MW irradiation.

The model reaction showed the complete conversion of o-phenilendiammine
when the same reaction was performed higher temperatures (100°C) (entries 5 and 6,
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Table 1) in 1 h. Improving the molar ratio of benzaldeide (2 mmol) at the same
temperature in the same reaction time (60 minutes), was observed a better selectivity
(entry 6, Table 1). In the same reaction conditions, but in the absence of catalyst and in
longer reaction time (90 minutes), no complete conversion of o-phenilendiammine and
a poor selectivity was observed (Table 1, entry 7).

We observed the complete conversion when the amount of catalyst was improved

at 20 wt% of MK10 at 60 °C under MW irradiation (Table 1, entry 8), obtaining
2-phenyl-benzimidazole as principal product (81.2% yield) and using 1 mmol of
benzaldehyde. The microwave irradiation at 60 °C gave the best results in terms of
reaction rate (only 5 minutes) and product yield. Surprisingly, we obtained the
desiderated product, 1-benzyl-2-phenyl-benzimidazole 1b in 98.5% yield and in only
5 minutes at 60° C (Table 1, entry 9) using 2 mmol of benzaldehyde.

To demonstrate the eco-sustainability of the method, we have evaluated the
recyclability of the MK10 in the reaction model system using the reaction condition of
entry 9, Table 1. The final reaction mixture, including MK10 and product, was treated
with ethyl acetate; the catalyst was separated from the organic solution by filtration,
washed with ethyl acetate (3 mL) for four times and dried in oven (40°C). The
combined organic phases were concentrated under vacuum and analyzed by GCMS.
The recovered catalyst was used directly for the next run adding new fresh reagents
following the procedures reported in the literature [80] (Figure 1).

Conversion and Selectivity (%) = comversion %l
100 Serie2

90 =
80 —
70 =
60 -
50 -
40 =
30 —
20 =
10 =

0

Fresh First Second Third Fourth

Figure 1. Cycling performance of MK10 in synthesis of
1-benzyl-2-phenyl-benzimidazole 1b under MW irradiation.

In the same time, the model reaction was carried out in a scale of 10 mmol of
o-phenilendiammine and 20 mmol of benzaldehyde using the respective amount of
MK10 to demonstrate the potential industrial applicability of this green procedure. The
reaction was completed in 25 min with 95% isolated yield after simple extraction with

ethyl acetate.

Table 2. Synthesis of 1,2-disubstituted benzimidazoles®
Entry Aldehyde Product Conversion (%) Yield (%)*
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3 ﬁH [ 99.9 99.6

O
4e /@AH [ 90.6 0
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‘ 90.6 0
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N

7 AOH C[:)/ 97.8 95.1

8 m 96.8 93.8
(e} N

2 General reaction conditions: 1 mmol of o-phenylendiamine and 2 mmol of aldehyde are added t to 20% mw to
o-phenylendiamine of MK10. The mixture conducted in a Syntos 3000 microwave oven (Anton-Paar) at 60°C for 5
min. The reaction mixture was then treated with AcOEt (3 x 2 mL) and filtered to obtain MK10. The
organic phases were dried over Na:5Os, followed by evaporation under reduced pressure to give the
corresponding products 1a-8a. ? Percent yield calculated from GC/MS data. The corresponding disubstituted
benzimidazole derivative was recovered as the sole product. ‘Product a was not detected. Only the
corresponding 2-substituted derivative (4b 98% yield and 5b 97% yield) was afforded.
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The experimental procedure was applied to different aldehydes to obtain the
desired 1,2-disubstituted benzimidazole derivatives and the quantitative yields
superior to 90% were obtained in all cases of aldehydes containing electron donor
groups (entries 1-3 and entries 6 and 7, Table 2).

The reactions performed with aldehydes containing electron withdrawing groups
such as p-chloro or p-nitro benzaldehyde (entries 4 and 5, Table 2) afforded the
corresponding 2-monosubstituted benzimidazoles (4b and 5b) in good yields without
observing the formation of disubstituted derivative.

The reactions performed with 1 molar amount of aldehydes afforded the
corresponding 2-monosubstituted benzimidazoles (1b-8b) in good yields without
observing the formation of disubstituted derivative. This result is in accordance with

the data reported in the literature [39,84].

Table 3. Synthesis of monofunctionalized cyclopentenones.?

Entry Aldehyde Product Conversion (%) Yield (%)®

9 N

1 @)ﬂ @i@'@ 99.9 95.0

1b
0 N

2 MH C[N)-@_ 95.9 97.8

2b
Q N

3 /@AH @N)‘@— OCH, 99.9 99.0

3b

H,CO
o N
4 /@AH C[N/> < > cl 90.6 983
cl 4b
Q N
5 /@AH C[N/> < > NO, 90.6 973
O,N 5b
H
o N
6 PN C[N/ 91.0 90.8
H
6b
H
o N
7 )Q C[N)\ 97.8 94.8
H

7b
H
N
8 ©AH/ @[ )—Q 9.8 94.1
o N
8b

2General reaction conditions: 1 mmol of o-phenylendiamine and 2 mmol of aldehyde are added t to 20% mw to
o-phenylendiamine of MK10. The mixture conducted in a Syntos 3000 microwave oven (Anton-Paar) at 60°C for 5
min. ® Percent yield calculated from GC/MS data. The corresponding monosubstituted benzimidazole
derivative was recovered as the sole product.

All reactions performed in short reaction times (5 minutes). The reaction yields

related to the formation of the disubstituted benzimidazoles derivative were between
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90% and 99%. The reaction yields related to the formation of the 2-substituted
benzimidazoles derivative ranged from 90% to 99%.

In the development of a green procedure, the recyclability of the heterogeneous
catalyst MK10 is an essential feature.

Unlike the procedures reaction reported in the literature, the method described
does not provide for the use of solvents (84) or the synthesis of deep eutectic solvents

(39) essential to perform the reaction.

3. Materials and Methods
3.1. General Methods

Montmorillonite K10 clay obtained from Aldrich, has the following chemical
composition (wt%) 5i02: 67.6; A1203: 14.6; Fe203: 2.9; MgO: 1.8.

All chemicals and solvents were purchased from common commercial sources and
were used as received without any further purification.

All reactions were monitored by GC-MS. The GC-MS Shimadzu workstation was
constituted by a GC 2010 (equipped with a 30 m-QUADREX 007-5MS capillary column,
operating in the “split” mode, 1 mL min-1 flow of He as carrier gas).

Proton nuclear magnetic resonance ('H-NMR) spectra were recorded on a Briiker
spectrometer at 300 MHz. Chemical shifts are reported in d units (ppm) with
tretramethylsilane (TMS) as reference (o 0.00). All coupling constants () are reported in
Hertz. Multiplicity is indicated by one or more of the following: s (singlet), d (doublet),
t (triplet), q (quartet), m (multiplet). Carbon nuclear magnetic resonance (*C-NMR)
spectra were recorded on a Briiker at 75 MHz. Chemical shifts are reported in & units
(ppm) relative to CDCls (d 77.0).

MW-assisted reactions were performed on a Synthos 3000 instrument from Anton Paar,
equipped with a 4 x 24MG5 Rotor and an IR probe used for external temperature
control.

3.2 General Procedure for the Synthesis of 1,2-Substituted Benzimidazoles 1a-8a.

The aldehyde (2 mmol) was added to a solution of o-phenilendiammine (1 mmol)

and MK10 (20 mg). The resulting mixture was reacted for 5 min in a Synthos 3000
microwave instrument, fixed on the temperature value of 60 °C (IR Limit).
After completion of the reaction (monitored by GCMS), the MK10 was separated from
the reaction mixture by filtration and washed with ethyl acetate (3 mL) for four times.
The products were isolated after evaporation of the solvent to afford compounds in
90-99 % yields. Spectral data were in accordance with the literature [39].

3.3. General Procedure for the Synthesis of 2-Substituted Benzimidazoles 1b-8b.

The aldehyde (1 mmol) was added to a solution of o-phenilendiammine (1 mmol)
and MK10 (20 mg). The resulting mixture was reacted for 5 min in a Synthos 3000
microwave instrument, fixed on the temperature value of 60 °C (IR Limit).

After completion of the reaction (monitored by GCMS), the products were isolated as
previously described. Spectral data were in accordance with the literature [39].

3.4. Catalyst recycling

After completion of the reaction (monitored by GCMS), the MK10 was separated
from the reaction mixture by a rapid filtration and washed with ethyl acetate (3 mL) for
four times and dried in a oven (50 °C). The MK10 recycled is further evaluated in the
reaction for 4 runs (Fig. 1)

4. Conclusions

An effective procedure for the synthesis of 1,2-substituted and 2-substituted
benzimidazoles has been developed. The reactions showed high conversion and
selectivity.
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The use of the heterogeneous catalyst MK10 under MW irradiation is a valuable
method respect to the previously reported procedure: the performance don’t allows the
use of solvent, the reaction times are very short and a greater selectivity, thus avoiding
the formation of by-products.

Moreover, other advantages of this method are the use of a heterogeneous
catalysts recycling and stable after next run. MK10 was reused for three consecutive
cycles without any significant loss in catalytic activity, as previously demonstrated (80).

Supplementary Materials: The following are available online at www.mdpi.com/link.
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