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ABSTRACT:

Nano Gd,O; catalyst was used to develop an efficient, green, and simple approach for
synthesizing benzimidazole derivatives via the reaction of aldehyde with ortho phenyl
diamine. This reusable Nano catalyst effectively catalysed the synthesis of benzimidazole
derivatives. Chloroform solvent in reactions is used. It is environmentally benign, and multi-
component. The reaction proceed with room temperature in extremely short periods of time.
The catalyst and some chosen derivatives were characterized using a variety of techniques,
including IR, NMR, XRD, SEM and TEM.
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INTRODUCTION:

There is a high demand for the creation of straightforward, effective, safe for the
environment, and profitable chemical processes or techniques for commonly used
organic molecules' For the manufacture of numerous pharmaceutical compounds with
anti-helmintic", anti-psychotic"', and antifungal' properties, benzoimidazoles are crucial
pharmacophores. Because of benzimidazoles are biologically active and therefore
significant chemical compounds for commence, a number of synthetic routes have been
established to produce them. It involves the use of ammonium chloride" lithium
bromide"!, copper (1) hydroxide"", zirconyl (1V) nitrate"", amberlite IR-120, and
ultrasonic sound™, Under ultrasound irradiation, a new sodium iodide and ammonium
molybdate co-catalytic system is also employed to synthesize 2-benzimidazoles using
hydrogen peroxide™. Sulfanilic acid supported by polymers is employed as a
heterogeneous catalyst in the synthesis of derivatives of benzimidazoles™.
Benzimidazoles were synthesized using ionic liquids, including [Bmim]PF6 under
reflux"" and 3-methyl-1-(3-sulfopropyl)-imidazoliumtrifluoro acetate under ultra
Sonication were employed to create benzimidazoles*". There are numerous procedures that
use nanocatalysts to synthesize benzimidazoles. These include Nano-Fe304/0,*". Supported
by SBA-15 Cobalt Nanocatalysts®", Fe;0,@SiO./collagen*"!, On nanosilica, FeCl; is
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supported®¥"!, CuO nano-particles™"" and Mixed metal oxide nanocrystals that are

mesoporous™™. However, all of these procedures have shortcomings, including the need for
harsh reaction conditions, the use of costly, moisture-sensitive reagents, a challenging work-
up process, and low yields.

Accordingly, the current study describes a straightforward, effective synthetic approach for
the synthesis of 2-phenyl benzimidazoles using Nanocrystalline Gd,O3; as a nano-catalyst
(Scheme).

NH
@ 2 O@R Nano Gd,0, N
+ y > (j: \ S
N\

NH; CHCl,, RT

R=H, Cl, NOz, OH, OCH3,etC.
l. EXPERIMENTAL:-

1. Materials and Methods

All of the necessary compounds were analytical grade (AR) and didn't require any additional
purification. A Varian Mercury plus 500 MHz NMR spectrometer was used to record the
synthesized benzoimidazole *"HNMR spectra. Using Tetramethylsilane (TMS, 8=0) as an
internal standard, the values of all the chemical shifts were expressed in terms of 6 and
expressed as parts per million. Every IR spectrum was captured using KBr pellets on a Perkin
Elmer FT-IR spectrometer. Every synthetic benzoimidazole was recognized by matching its
melting point data with reliable information found in the literature. A selection of
benzoimidazoles spectrum data was acquired.

2. General procedure for synthesis of 2-phenyl benzimidazoles

Nano Gd,0s; (0.029 g, 0.08 mmol) was added to a solution of o-phenylenediamine (0.108 g, 1
mmol) and aromatic aldehyde (1 mmol) diluted in CHCI; (4 ml) to create a reaction mixture.
At room temperature, the reaction mixture was magnetically agitated, and TLC was used to
monitor the reaction's progress. It was diluted with CHCI3 (3 x 5 ml) and filtered to separate
the catalyst once the reaction was finished (as shown by TLC). The reduced pressure
procedure was used to further concentrate all extracts after they had been dried over
anhydrous Na,SO,4. Column chromatography was used to further purify the crude product
(with a 10:2 eluting solution consisting of pet ether and ethyl acetate and silica gel 60 to 120
grit).CHCI3; was used to repeatedly wash and dry the isolated catalyst. There are other uses
for it.

3. Synthesis and characterization of Nano crystalline Gd,O3

Gadolinium nitrate hexahydrate (0.45 gm.) was used as a source of metal ions in the synthesis
of nano gadolinium oxide, and a predicted quantity of glycine (0.075 gm) and L-ascorbic acid
(0.17gm) were added with the least amount of deionized water (5 ml) possible. After the
surplus water transparent solution is removed, it is heated on a hot plate to 80 degrees Celsius
to homogenize it and create a gel developed. After the water gel is removed, it is ingested,
and for two to three seconds, brownish gasses are released. Ultimately, a cement-colored
powder is created, which is then heated to 600 degrees Celsius for 240 minutes in a muffle
furnace to eliminate carbonaceous material. The resulting fine Gd,O3 nanoparticles range in
size from 18 nm to 35 nm.
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1. Nanomaterial characterization:-

28 24_08_07_0001_catalyst-:
r L A A B e o B A e i S g o A
» 2y ]
1500 [— —
"7'_:" [ -
S 1000 —
3 F ]
=z o £l
g
2 F ]
L - —
= E ]
500 [— —

o el S v Bt v Tl e 5 T VR ) i Vi s ] FEPRC R
20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00
Diffraction Angle [degrees 2theta)

Fig.1 :XRD pattern of Nano Gd,O3
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Fig.4: IR Analysis of Nano Gd,Os.

I1l. RESULT AND DISCUSSION:-

1.The study of synthesis of 2-phenyl-1H-benzimidazoles

The cyclocondensation between o-phenylenediamine (0.108 gm, 1 mmol) and benzaldehyde
(0.101 ml, 1 mmol) was chosen as the model reaction for nano Gd,O3 (0.08 mmol) in order to
determine the proper reaction conditions.

la: Selection of Solvent

For the model reaction, a range of solvents, including polar and non-polar ones, were
screened in order to choose the best one (Table 1, Entries 1 to 5). Nano Gd,O3 produced a
discernible product yield in non-polar solvents, however the reaction time was lengthy (Table
1, Entries 1 ). Water did not react with any of the polar solvents (Table 1- Entry 5). When the
reaction was conducted in the polar solvent CHCI3, yields increased significantly (82% and
96%, Table 1, Entry 2) at a short reaction time. Therefore, the best solvent for the model
process involving nano Gd,0O3 was determined to be CHClI3

Table 1- Investigation of solvent effects for the synthesis of 2-phenyl-1H-
benzimidazole (1a)*

Entry  [Solvent Nano Gd,03
Time (min.)  [Yield® (%)
1 CH,Cl, 60 70
2 CHCl3 20 96
3 CH3CN 40 82
4 C,HsOH |20 85
5 H,O No reaction No reaction

*Reaction conditions: o-phenylenediamine (1 mmol), benzaldehyde (1 mmol), solvent (4 ml) and catalyst
(Nano Gd,0s) at r.t.
“Isolated Yield

1b: Selection of Catalytic loading amount

Similarly, catalytic activity of Nano Gd,O3; was studied with respect to its loading
amount in reaction mixture (Table 2).
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Table 2: Investigation of catalytic effect of Nano Gd,O3; on synthesis of 2-phenyl-1H-
benzimidazoles (1a) *

Entry |Amount ofiNano Gd,O3
Catalyst, Time (min.) Yield® (%)
(mmol)

1 0.01 40 70

2 0.02 35 72

3 0.04 30 75

4 0.06 20 78

5 0.08 20 96

6 0.1 20 96

7 0.2 20 96

*Reaction conditions: o-phenylenediamine (1 mmol), benzaldehyde (1 mmol), solvent (4 ml) and catalyst
(Nano Gd,0s,) atr.t.
“Isolated Yield

The effect of catalyst loading was studied by increasing its amount from 0.01mmol to
0.2 mmol. There was marginal increase in yield of product when amount of catalyst varied
from 0.01 to 0.06 mmol (Table 2, Entries 1 to 4). An excellent yield (96%) was observed in
short reaction time when 0.08 mmol of Nano Gd,O3 catalyst was used. (Table -2, Entries
5,6,7).

1c Study of Scope of reaction

The effectiveness and general applicability of Nano Gd,Os; as a catalyst was further
established by preparing different 2-phenyl benzimidazoles in presence of Nano Gd,O3 and
the results were compared (Table 3).To assess efficacy and generality of Nano Gd,0O3, o-
phenylenediamine was reacted with various aromatic aldehydes under the optimized reaction
conditions to furnish the corresponding products (Table 3). In this, the effect of electron-
releasing and electron-withdrawing substituents on the reactivity of aromatic ring of
aldehydes was studied.

Table-3: Synthesis of 2-phenyl benzimidazoles using Nano Gd,Oj3 catalysis*.

Entr- | Aldehy-de ga | Product 1(a-j) Gd,03(Nano) | M.P.°C) | M.P.(°C)
y
Time | Yield® | (Lit. Value) | (Actual)
(min.) | (%)
CHO 20 96 (292)* 290-291

cHO N 25 |90 (292- | 291-293
2 @ \>—@C' 294)

N

H

Cl
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CHO N 20 88 (270)* 267-268
s- CLy—Oros
N
H
CH,
CHO cl 20 85 (234)"° 232-235
eaiesse
\
Y w
H
CHO N 20 86 (226)" 223-225
I
H
OMe
CHO MeOQ 25 80 (153)% 151-153
6. OMe @N
\
Y \
H
CHO N 20 85 (254- 255-256
7. CLy-Oror
I
H
OH
CHO N 15 96 (316)*° 313-316
. (L)
N
H
NO,
CHO O,N 15 96 (261- 255-258
9. NO, @N@ 263)%°
N
H
CHO NO, 15 93 (204- 202-204
10. @\ @%_@ 205)%
N

NO,

“Reaction conditions; Aromatic aldehyde (1 mmol), o-phenylenediamine (1.0 m mol), 0.08mmol of Nano
Gd,03 in CHCI3 (4 mmol) at r.t.
“Isolated Yield.

Nano Gd,O3; were found to be effective in synthesis of Benzimidazoles (Table 3). The
electron donating substituents in aromatic aldehydes were found to increase the reaction time
to some extent (Table 3, Entries 3, 5, 6). Otherwise, all aromatic aldehydes bearing either
electron donating or withdrawing substituents were found to be reacting smoothly under the
established reaction condition in terms of yield and reaction time (Table 3).
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SPECTRAL DATA OF THE PRODUCTS OF SCHEME 1(TABLE-4)

Entry |Products Spectral Data
2-Phenylbenzimidazole

N M.P. 290-291°C
1 @ \>—© ILR.(KBr) cm™:1500 & 1600 (Ar- C=C), 3300 (-
N NH),1358 Pyrrazole ring
H H!NMR(500MHz,CDCls): 6=5.0 (s,1H,NH), 7.70-
7.26(m ,4H,Ar-H),7.48-7.22(m, 5H, Ar-H)
CBNMR (500MHz,CDCls): 8= 129.11, 129.36,
130.38, 126.64, 123.17

2-(4-chlorophenyl)benzimidazole

N M.P. 291-293°C

2 @N@Cl I.R.(KBr) cm™:1500-1600 (Ar- C=C), 3000 (-NH),
|
H

1348 Pyrrazole ring

H'NMR(500MHz, CDCl3): 8=5 (s,1H, NH),7.70-
7.26(m,4H,Ar-H), 8.25-7.74(m,4H,Ar-H).
C™NMR(500MHz, CDCls): 6= 149.40, 129.47, 128,
124.29, 114.85.

2-(4-nitrophenyl)benzimidazole

N M.P. 313-316°C

3 N>—®N02 I.R.(KBr) cm™:1500 (Ar- C=C), 3100 (-NH), 1410
|
H

Pyrazole ring

H'NMR(500MHz, CDCls):3=5 (s,1H,NH), 7.70-7.26
(m,4H,Ar-H), 7.42-7.33(m,4H,Ar-H),
CNMR(500MHz, CDCls): &= 147.19, 132.53,
133.02, 126.76, 124.66, 124.74, 125.26, 123.60,
113.81.

IV. Proposed Mechanism (Fig. 5):-

The proposed mechanism which is consistent with literature™ is shown in the fig.5. It
involves activation of aromatic aldehyde by Nano Gd,0s. Ortho-phenylenediamines attacks
the carbon of carbonyl group of activated aldehyde and forms intermediate (I) which undergo
elimination of water molecule to form Imine intermediate (I11). The formed intermediate is
activated by Gd,O3; of Nano catalyst to form new intermediate (I1I) which undergo air
oxidation to form product (IV).

xxii
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1d:Study of reusability of Nano Gd,Os3,

Nano Gd,O; was found to be heterogeneous in reaction mixture during synthesis of 2-
phenyl benzimidazoles. The easy recovery of catalyst encouraged to check its reusability in
Scheme

1. It was observed that Nano Gd,O3 could afford corresponding products for at least
three times without much loss in its catalytic activity as shown in Table 5.

Table 5 : Study of reusability of Nano Gd,O3 in synthesis of 2-phenyl-1H-benzimidazole
(1a)*

Run No. 1 2 3
Time (min.) 20 25 30
Yield® (%) 06 93 90

“"Reaction conditions; Aromatic aldehyde (1 mmol), o-phenylenediamine (1.0 mol), 0.08mmol of
Nano Gd,O3in CHCI; (4 mmol) at r.t. “Isolated Yield

V. CONCLUSION:

It was discovered that nano Gd,Os; was a reusable and heterogeneous catalyst for the
production of 2-phenyl benzimidazole. Under the specified circumstances, it is more
efficient.
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