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INTRODUCTION

Development of a highly efficient and robust new
solid-phase reagent is a subject of great interest for the
synthesis of organic molecules, which leads to biologically
active compounds and also for the optimization of drug
candidates.!! First time, Professor Bruce Merrifield in 1963
introduced solid-phase reagent as heterogeneous catalyst
using vinyl benzoic acid-based resin by exploitation.”! To
develop new and improved strategies for preparation of
novel heterogeneous catalyst which is the demand of recent
years to meet approximate environmental standards for
greening of chemistry. A number of advantages arise by
the use of solid-phase reagent mainly ease of purification
process after reaction facilitating significant advances in
selectivity, recycling, reproducibility, and activity.”! At
the same time, they can add economic value through more
efficient consumption of energy through the use of milder
conditions and greater atom economy by reducing the steps.!

The development of functional polymer based on Merrifield
resin provides significant stability to mechanical, chemical,
and thermal demands on the diverse operating conditions.?!
To develop new and improved strategies is the demand of
recent years for the synthesis of organic compounds using
new robust heterogeneous catalyst based on Merrifield
resin.[’! Although the reaction has been investigated using
Lewis and Bronsted acid catalyst, there is a scope for
improvement especially toward developing a new protocol
using highly efficient and reusable catalyst.!'¥

Heterocyclic compounds play a significant role in
human life. Benzimidazoles and its derivatives are
important heterocyclic compounds in the field of drugs and
pharmaceuticals. Benzimidazole derivatives represent most
biological active class of .compounds possessing a wide
spectrum of activity which are well documented in literature.
Benzimidazole ring is a useful synthon in medicinal
chemistry and is a part of many biological compounds such
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as purine in DNA and Vitamin B ,l. Nowadays, infectious
microbial diseases are causing problems worldwide. Hence,
there will be a vital need to discover chemotherapeutic
agents and benzimidazole derivatives remain a main focus.
in medicinal research. Derivatives of benzimidazole are
widely used as. anticancer,'¥! bactericidal,'” anti-viral /'8
HIV infectivity,!*! analgesics, etc. Moreover, 2-substituted
benzimidazole derivatives are valuable synthons that can
be used in preparation of other fused ring compounds
such as triazolo-, oxazino-, or furino-benzimidazole
derivatives. Various reagents employed for the construction
of benzimidazoles include concentrated HCI,2%! NH,CLP!
Na,§8,0, LaCL ™ In(OTf),? Na,AlF, ®I dloxane
d1brom1de 1261 Zn(OTf) 27 blue light-emitting diodes and
molecular oxygen,?8! Nx(OAc) @1 and sodium dodecyl
sulfate.B%

As a part of our on-going investigation related to
polymer-supported reagent (PSR),P! we report herein a new
method for construction of 2-substituted benzimidazoles
using polymer-supported catalyst.

RESULTS AND DISCUSSION

In the synthesis of PSR [Scheme 1], Merrifield resin was
quaternized with 1-N-methylimidazole (A) to give [PSR]
CI' (B). The resulting compound when treated with excess
amount of KHSO, underwent anion metathesis reaction to
afford the desired (PSR) HSOr, (C). The Fourier-transform
infrared (FT-IR) and FT-Raman spectroscopy were
performed to monitor the progress of the reactions involved
in the synthesis of C. The reaction of A with Merrifield
resin was supervised using FT-Raman spectroscopy. The
negative bands at 640 cm™ (C-Cl stretching band) and
1267 cm™ (waging bands of CH,-Cl) almost disappeared
while the peaks at 615.93 cm™ (Me-Cp stretching band),
1166.25 cm™, 1335 cm™, 1408 cm™, and 1445.08 cm™
(ring stretching mode of imidazolium ring), 3064.45 cm™
and 3135 cm™ (C-H stretching of Cp rings) increased in

intensity after 72 h reflecting the substantial grafting of A
in matrix of Merrifield resin. Anion metathesis reaction was
monitored using FT-IR spectroscopy. Appearance of peaks
at 615.93 cm™, 695.04 cm™, 753.49 cm™, and 828.20 cm™
which are characteristic of HSO", confirmed the formation of
C. The HSO, loading of the PSR as determined by EDAX
was found to be 0.1323 mmole of HSO", g

Scanning electron micrographs at various stages of C
were recorded to understand the morphological changes
occurring on the surface of Merrifield resins. Scanning was
done across the length of polymer beads. Comparison of
images taken at a magnification of ~5 x 102 indicates that
the spherical beads of Merrifield resin with smooth surface
[Figure 1a] were altered on functionalization. The resin
beads in C were not spherical like original Merrifield resin
beads [Figure 1b]. In fact, the bead degradation occurred
[Figure 1b] was plausibly due to the stress generated during
the surface confinement of the Merrifield resin with A and
the subsequent anion metathesis reaction.

Thermogravimetric analysis revealed that the Merrifield
resin as well as C degraded in two stages [Figure 2]. The
former began to decompose at 400°C and lost almost all
mass at 800°C while the latter which contained about 15%
evaporable moieties such as physisorbed water and volatile
solvents occluded during handling started to decompose
at 300°C and lost most of its mass at 615°C. The profiles
of thermogram manifested that C was comparatively less
stable than the Merrifield resin.

Our next task was to assess the catalytic activity of C
in the synthesis of 2-substituted benzimidazole derivatives
[Scheme 2]. Initial studies started with the reaction
o-phenylenediamine (1, R = H) with benzaldehyde (2,
R = H) using 50 mg of PSR in solvent EtOH at room
temperature [Table 1, entry 3]. The reaction was completed
in 45 min as confirmed by thin-layer chromatography
(TLC). The reaction mixture was poured into ethyl alcohol
and extracted with ethyl acetate. The desired product,
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Scheme 1: Synthesis of polymer-supported reagent HSO_, (C)
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Scheme 2: Synthesis of 2-substituted benzimidazoles using polymer-supported reagent
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Figure 2: Polymer-supported reagent-thermogravimetric analysis

product was formed in the absence of catalyst, whereas yield
was maximum when 0.1 g PSR was used [Table 1, entries
1-4]. However, on further increase in the amount of catalyst,
there was no detectable change in the yield. Thus, 0.1 g PSR,

Table 1: Effect of amount of catalyst on model
reaction (formation of 3a)

~ Amountof  Time (min)

o catalysting

1 6,000 0 using EtOH solvent at room temperature, gave the best results.
2 0.025 55 50 We also investigated the influence of solvent on the
3 0.050 45 70 outcome of the aforementioned synthesis of 2-substituted
P 160 pe & benzimidazole reactions catalyzed by polymer-supported

catalyst [Table 2]. It was observed that ethanol was effective
3 0.135 25 o8 in providing higher conversion [Table 2, entry 4], whereas
6 0.150 25 88 chlorinated solvents such as CHCL, and CH,CI, [Table 2;
7 0.200 20 91 entry 1, 2], in protic solvents such as MeOH and H,0

[Table 2; entry 3, 5], and in protic solvents such as CH,CN,
tetrahydrofuran, dimethylformamide (DMF), and toluene
[Table 2; entry 6-9] showed lower conversion of desired
product. Therefore, we optimized the reaction and chose

2-phenylbenzimidazole (3a), was obtained in 70% yield.
A parallel experiment was also carried to confirm that no

product was obtained in the absence of C.. - green solvent ethanol for our synthesis. =
Next, we investigated catalyst loading on the synthesis With optimization condition in hand, we evaluated the
of 2-substituted benzimidazole compounds [Table 1]. No scope of structurally diverse aryl aldehydes in the presence
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of C [Scheme 2] and results are summarized in Table 3. A
variety of aldehyde having electron-withdrawing as well as
electron-donating substituents reacted efficiently affording
products with high yield. It was observed that aldehydes
having electron-withdrawing group afford better yields
with shorter reaction time as compared to aldehydes with
electron-donating group [Table 3]. It is reasonable to assume
that the significant improvement in the catalytic activity of
C may stem from HSO, tagged that enhances micropolarity
and a key factor for the catalyst-like PSR.

The successful recovery and reuse of catalyst is an essential
aspect of green chemistry and is one of the important factors
in determining its potential value for large-scale operation and
industrial point of view. To check the possibility of the catalyst
recycling, the synthesis of 2-substituted benzimidazoles
was carried out in the presence of C. After the reaction, the
catalyst was separated by simple filtration, washed with DMF
and dried in vacuum before being reused in subsequent runs.
The catalyst could be at least used 5 times without noticeable
decrease in catalytic activity [Figure 3]. The FT-IR and
FT-Raman were indistinguishable from those of the fresh
catalyst, which revealed that the main characteristics of the
catalyst were preserved during recycling and reuse.

EXPERIMENTAL SECTION

General

All chemicals and solvents were purchased from Aldrich
and Sigma Company and used without further purification.
The melting points of the compounds were recorded by
open capillary apparatus and were uncorrected. Column
chromatography was carried onsilicagel of 60—120 mesh size.
IR spectra of compounds were obtained on a PerkinElmer,
FT-IR spectrophotometer with substances being pressed in a
KBr pellet. The 'HNMR and *CNMR spectra of sample were
recorded on a Bruker Spectrometer at 300 MHz and 75 MHz,
respectively, using CDCL, as solvents and tetramethylsilane
(TMS, 8 = 0ppm) as an internal standard. Chemical shifts of
proton were reported in ppm down field from TMS. Coupling
constants are reported in Hertz (Hz). The C.H.N elemental
analysis was performed on EURO EA3000 vector model.

Preparation of polymer-supported catalyst

Preparation of [PSR]CI(B): A mixture of Merrifield resin
(3.0g) and 1-N-methylimidazole (A) (2.0 mL) in 25 mL of
DMF was heated at 80°C in an oil bath for 72 h. The [PSR]
CI was filtered, washed with DMF (3 x 50 mL), MeOH (3 x
50mL), and CH,CI, (3 x 50 mL), and dried under vacuum at
50°C for 24 h to afford [PSR]CI-(B).

Elemental analysis: %C 42.91, %H 3.86, and %N 3.97.
Loading 1.54 mmol of functional group g resin.

Preparation of [PSRIJHSO,  (C): A suspension of [PSR]CI-
(3.0 g) in 25 mL DMF was stirred under a stream of nitrogen
gas while being cooled in an ice bath, KHSO, (3 mmol) was
added in small portion and stirred the suspension. The whole
quantity of KHSO, was added to the reaction mixture and
the system was heated at 70°C for 72 h. Afterward, polymer-
supported catalyst filtered and washed with DMF (3 x
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Figure 3: Recyclability and reusability of catalyst

Table 2: Effect of solvent on model reaction (33)

Entry Solvent. U Yield (%)
1 CHCl, 56
2 CH,C], 60
3 MeOH 72
4 EtOH 94
5 H,0 29
6 CH,CN 46
7 Tetrahydrofuran 44
8 Dimethylformamide 51
9 Toluene 67

Table 3: Synthesis of 2-substituted benzimidazoles
(3a-k) according to Scheme 2

Product R R’ Time Yield (%) Mp (°C) [ref]
3 £

: min o
a H H 40 93 29602
b H 4-Cl 25 97 290031
c H 2-Cl 20 93 234-2381%1
d H 3-NO, 30 93 2002021
e H 4-NO, 35 96 300-308064
f H 4-0OH 20 84 27133
g H 4-OMe 25 82 22422584
h H 4-Me 35 78 278031
i H 4-Br 30 96 29981
j H 24-Cl, 25 91 24614
k Me 4°-NO, 25 98 308-3100%4

20 mL), MeOH (3 x 20 mL), MeOH:H,0 (1:1) 3 * 20 mL
each). The catalyst was dried under vacuum in 50°C for 48
h to afford [PSRIHSO," (C). FT-IR: - v = 3740.28, 1699.51,
1651.38, 1445.08, 1367.56, 1156.25, 1050.0. 805.0, 748.0,
656.0, 543.0, and 437.0 cm™. Raman: - v = 1335, 1658, 1478,
1408, 1327, 1251, 828.20, 753.49, 695.04, and 615.93 cm™";
loading: 1.323 mmol of HSO, per gm resin.

General procedure for the synthesis of 2-substituted
benzimidazole derivatives

A mixture of o-phenylenediamine (1.0 mmol), aromatic
aldehydes 1.2 mmol), and 3 mL ethyl alcohol under open
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oxygen in the presence of 100 mg of PSR catalyst was
stirred at room temperature. The reaction was monitored
by TLC, diluted with ethyl alcohol (15 mL) and catalyst
PSR was separated by filtration. The solvent was removed
under reduced pressure and crude product was subjected to
column chromatography using petroleum ether/ethyl acetate
(v/v 90:10).

Characterization data of representative compounds

2-(4’-Chloropheny1)-1H-benzo[d]imidazole (3b):
Colorless solid. Yield 97%. m.p. 290-92°C. IR (KBr):
3038, 1440, 1410, 1268, 950, 754 cm™'; NMR (500 MHz,
DMSO-d)): § 12.9 (s, 1H, NH), 8.15 (d, 2H), 7.49-7.64 (m,
4H), 7.20 (m, 2H); NMR (100 MHz, DMSO-d,): § 111.1,
118.6, 121.9, 126.2, 128.6, 129.5, 130.0. 134.8, 143.5,
151.0; ESI-MS: Calcd. m/z 194 and Obsd. m/z 193.

2-(3’-Nitropheny1)-1H-benzo[d]imidazole (3d): Dirty
white solid. Yield 93%. m.p. 200-202°C.IR (KBr): 3040,
1441, 1370, 1262, 966, 734 cm™; HNMR (500 MHz,
DMSO-d)): 8 13.28 (s, 1H, NH), 9.0 (s, 1H), 8.55 (d, 1H),
8.34 (d, IH), 8.3 (m, 1H), 7.5-7.8 (dd, 2H), 7.24 (t, 2H);
BCNMR (100 MHz, DMSO-d,): & 111.6, 119.1, 119.6,
120.7, 122.1, 123.2, 124.1, 130.6, 131.6, 135.2, 143.5,
148.3, 149.0; ESI-MS: Calcd. m/z 239.22 and Obsd. m/z
240.07.

2-(4’-Methoxyphenyl)-1H-benzo[d]imidazole (3g): Pale
yellow solid. Yield 82%. m.p. 224-225°C;'HNMR (500 MHz,
DMSO-d)): 8 12.72 (s, 1H, NH), 8.08 (d, 2H), 7.13 (s, 2H),
7.07 (m, 4H), 3.80 (s, 3H); *CNMR (100 MHz, DMSO-d,):
0 55.85, 114.1, 122.0, 123.2, 128.5, 129.5, 151.8 and 161.1;
ESI-MS: Calcd. m/z 224.25 and Obsd. m/z 225.13.

REFERENCES

[1] (a)Ley, S.V.,Baxendale, I.R., Bream, R.N., Jackson, P.S.,
Leach, A.G., Longbottom, D.A., Nesi, M., Scott, J.S.,
Storer, R.L, Taylor, S. Polymeric chiral catalyst design
and chiral polymer synthesis, J. Chem. Soc., 2000, /,
3815-4195. (b) Fruchtel, J.S., Angew, J.G. Organic
chemistry on solid supports, Chem. Int. Ed. Engl., 1996,
35, 1742. (c) Hermkens, P.H.H., Ottenheijm, H.C.J.,
Rees, D. Solid-phase Organic reactions: A review of a
recent literature, Tetrahedron, 1996, 52, 4527-4554.
(d) Thompson, L., Ellman, A.J. Dendrimers supported
combinatorial chemistry, J. Am. Chem. Rev., 1996, 96,
555-600.

[2] Letsinger, R.L., Komet, M.J, Mahadevan, V.,
Jerina, D.M. Reactions on polymer supports, J. 4m.
Chem. Soc., 1964, 86, 5163-5165.

[31 Smith, K. Solid Supports and Catalysts in Organic
Synthesis. PTR Prentice Hall, New York, 1992.

[4]  Barbaro, P, Liguori, F. Heterogenised homogenous
catalysts for fine chemical productions, Chem. Rev.,
2009, 709, 515-529.

[5] Merrifield, R.B. Solid phase peptide synthesis,

Synthesis of tetra-peptlde J. Am. Chem. Soc., 1963, 85,

2149-2154. - -

[6] (a) Lu, J, Toy, PH. Handbook of Metathesis:
Applications in Organic Synthesis, Vol. 2. John Wiley

(71

(8]

[l

(10]

[11]

(12]

(13]

[14]

[15]

[16]

and Sons, Hoboken, New Jersey. (b) Buchmeiser, M.R.
Polymer-supported well-defined metathesis catalyst,
Chem. Rev., 2009, 109, 303-321. (c) Reddy, CR.V,,

Verkade, J.G. Merrifield resin-C H,CH,N,P
(MeNC,CH,),N: An efficient reusable catalyst for room
temperature 1, 4-Addition reaction of amore convenient
synthesis of its precursor P(MeNCH,CH,),N, J. Org
Chem., 2007, 72, 3093-3096. (d) Yang, J., Li, P,
Wang. L. Merrifield supported phenanthrolme (UCT):

A highly efficient and recyclable catalyst for the
synthesis of 2-amin-benzothiazoles via the reaction of
2-haloanilines, Tetrahedron, 2011, 67, 5543-5549. (¢)
Schweizer, S., Becht, J.M., Drian, C.L. Highly efficient
reusable polymer-supported Pd catalysts of general
use for the Suzuki reaction, Tetrahedron, 2010, 66,
765-772.

Shaterian, H.R., Yarahmadi, H. A modified reaction for
the preparation of amidoalkylnaphthols, Tetrahedron
Lett., 2008, 49, 1297.

Shaterian, H.R., Yarahmadi, H., Ghashang, M. Silica
supported perchloric acid (HCIOSiO,): An efficient
and recyclable heterogenous catalyst for the one-pot
synthesis of amidoalkylnaphthols, Tetrahedron, 2008,
64, 1263-1269.

Patil, S.B., Singh, PR, Surpur, M.P,, Samant, S.D.
Phoshonitrilic chloride acid: An efficient catalyst for
synthesis of amidoalkylnaphthols under solvent free
condition, Ultrason. Sonochem., 2007, 14, 515.

Rashinkar, G.S., Pore, S.B., Mote, K.B., Salunkhe, R.S.
An efficient synthesis of novel 2-amino-4-aryl-6-
ferrocenyl pyrimidines NOPR, Ind. J. Chem. B, 2009,
48, 606—610.

Rashinkar, G., Pore, S., Salunkhe, R. Amine exchange
reactions in ionic liquid phosphorous, sulphur and
silicon, Phosphorus Sulfur Silicon Relat. Elem., 2009,
184, 1750-1758.

Gao, Y., Twamley, B., Shreeve, J.M. The first
(Ferrocencyl methyl) imidazolium and (Ferrocencyl
methyl) triazolium room temperature ionic liquids,
Inorg. Chem., 2004, 43, 3406-3412.

(a) Valkenberg, M.H., DeCastro, C., Holderich, W.F.
Immobilization of ionic liquid on solid supports, Green
Chem.,2002, 4, 88-93. (b) Fonseca, G.S., Scholten, J.D.,
Dupont, J. Iridium nanoparticles prepared in ionic liquid:
An efficient catalytic system for the hyderogenisation of
ketone, J. Synlett., 2004, 9, 1525-1528. (c) Gadenne, B.,
Hesemann, P., Moreau, J.J.E. Supported ionic liquids:
Ordered mesoporous silicas containing covalently
linked ionic species, Chem. Commun., 2004, 15, 1768—
1769. (d) Mehnert, C.P. Supported ionic catalysis,
Chem. Eur. J., 2005, 11, 50-56.

Guo, Q., Liu, J., Chen, L., Wang, K. Nanostructures
and nanoporosity in thermoset epoxy blends with an
amphiphilic polyisoprene-block-poly(4-vinyl pyridine)
reactive diblock copolymer, Polymer, 2008, 49,
1737-1742.

Bonnett, R. The chemistry of the Vltamm BIZ group,

—Chem.--Rev;1963;-63, 573—605.—

Al-Muhaimeed, H. Solid-phase synthesis of
benzimidazoles, J. Int. Med. Res., 1997, 25, 175-181.

463




Indian Journal of Heterocyclic Chemistry ¢ Vol. 30, No. 03

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Kurakata, S., Fujiwara, K., Fujita, T. Raman, FT-IR,
NMR spectroscopic data and antimicrobial activity
of bis [p2-(benzimidazole-2-yl)-2-ethanethiolato-N,
5, 5-chloro palladium (II)], [w2-CH,CH,NHN(CH,)
PdCl],.C,H,OH complex. Eur. J. Med. Chem., 2007, 42
1069-1075.

Aghatabay, N.M., Somer, M., Senel, M., Dulger, B.,
Gucin, F. An efficient and one-pot green synthesis
of 2-aryl substituted benzimidazoles catalysed by
nano0 Fe,O, @ silica sulphuric acid as a recyclable
nanomagnetic solid acid catalyst, Eur. J. Med. Chem.,
2007, 42, 1069-1075.

Tewari, AK. Mishra, A. Synthesis and antiviral
activities of N-substituted-2-substituted benzimidazole
derivatives, /ndian J. Chem., 2006, 45, 489—493.

Hoebrecker, F. Reduction-products of nitroacetemide
compounds, Duet Chem. Ges. Ber., 1872, 5, 920-924.

Rithe, S.R., Jagtap, R.S., Ubarhande, S.S. One pot
synthesis of substituted benzimidazole derivatives and
their characterization, RASAYAN. J. Chem., 2015, 8,
213-217.

Suheyla, O., Betul, F., Canan, K., Hakan, G. Synthetic
approaches to benzimidazoles from o-phenylene
diamine: A literature review, Acta Cryst., 2002, E58,
1062-1064.

Venkateswarlu,Y., Kumar, S.R., Leelavathi, P. Facile
and efficient one-pot synthesis of benzimidazoles using
lanthanum chloride, Org. Med. Chem. Lett., 2013, 3, 2-8.

Rushi, T., Surya, K., Richard, A.G. A convient one-
pot synthesis of 2-substituted benzimidazoles, J. Mol.
Catal. A Chem, 2006, 245, 8—11.

Sehyun, P, Jachun, J., Eun, J.CE. Visible-light-
promoted benzimidazoles, J. Org. Chem., 2014, 19,
4148-4154.

Birajdar, S.S., Hatnapure, G.D., Keche, A.P,
Kamble, V.M. Synthesis and biological evaluation of
novel 2’,4°,5’-trimethoxy flaronol derivatives as anti-
inflammtory and antimicrobial agent, Res. J. Pharm.
Biol. Chem. Sci., 2014, 23, 461-470.

Srinivasulul, R., Kumar, K.R., Satyanarayana, PV.V.
Facile and efficient method for synthesis od
Benzimidazole derivatives catalyzed by zinc triflate,
Green Sustain. Chem., 2014, 4, 33-37.

[28]

[29]

[30]

B1]

(32]

[33]

[34]

[35]

(36]

Sehyun, P., Jaehun, J., Eun, J.C.E. Visible-light-
promoted benzimidazoles, J. Org. Chem., 2014, 19,
4148-4154.

Vishvanath, D.P,, Ketan, P.P. Synthesis of benzimidazole
and benzoxazole derivatives catalyzed by nickel acetate
as organo metallic catalyst. /nt. J. ChemTech Res., 2014,
8, 457-465.

Pardeshi, S.D., Thore, S.N. Mild and efficient synthesis
of 2 aryl benzimidazoles in water using SDS, Int. J.
Chem. Phys. Sci., 2015, 4, 300-307.

(a) Rashinkar, G., Salunkhe, R. Ferrocene labelled
supported ionic liquid phase (SILP) containing
organocatalytic anion for multi-component
synthesis, J. Mol. Catal. A Chem., 2010, 316, 146—
152. (b) Rashinkar, G.,, Kamble, S., Kumbhar, A,
Salunkhe, R. An expeditious synthesis of homoallylic
alcohols using Brensted acidic supported ionic liquid
phase catalyst with pendant ferrocenyl group, Catal.
Commun., 2011, 11, 1442-1447.

Latif, N., Mishriky, N., Assad, FM., Meguid, S.B.
B-Nitrostyrenes with o-phenylenediamine: A new
route of the synthesis of 2-substituted benzimida-zoles,
Indian J. Chem., 1982, 21B, 872.

Matsushita, H., Lee, S.H., Joung, M., Clapham, B.,
Janda, K.D. SM art cleavage reactions: The synthesis
of benzimidazoles and benzothiazoles from polymer-
bound esters, Tetrahedron Lett., 2004, 45, 313.

Han, X M., Ma, H.Q., Wang, Y.L. p-TsOH catalyzed
synthesis of 2-arylsubstituted benzimidazoles, Arkivoc,
2007, 1, 150-154.

Lu, J, Yang, B., Bai, Y. Microwave irradiation synthesis
of 2 substituted benzimidazoles using PPA as a catalyst
under solventfree conditions, Synth. Commun., 2002,
32,3703-3709.

(a) Patil, S.V, Bobode, VD. A simple and
efficient approach to synthesis of 2-substituted
Benzimidazoles via sp3 C-H, Arb. J. Chem., 2016,
9, 206-212. (b) Vyanket, A.S., Ghosh, S., Pravin,
PL., Chopade, B.A., Shinde, V.S. A simple, efficient
synthesis of 2-aryl Benzimidazole using silica supported
periodic acid catalyst and evaluation of anti-cancer
activity, ISRN Org. Chem., 2013, 2013, 453682.

464

Received: 26 Apr 2020; Accepted: 12 Jul 2020




