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ABSTRACT

An efficient Ho** doped CoFe,O, nanoparticles catalyzed one-pot synthesis of 2,4,5-triaryl-1H-imidazoles has been
developed via three-component condensation of benzl or benzoin, aromatic aldehydes, and ammonium acetate in
ethanol. The catalyst can be easily separable using magnet and reused with almost the same catalytic activity. The
proposed method is advantageous due to its little catalyst loading, short reaction time, catalyst reusability, and
excellent yields.
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INTRODUCTION

Multicomponent reactions (MCR) [1-3] have becomepamant tools for the rapid generation of molecular
complexity and diversity with predefined functioitglin chemical biology and drug discovery [4-6]hdse
reactions are often discovered by serendipity, ratibnal design strategies are now playing an a&irg role
because of their convergent nature, superior atoomamy, and straightforward experimental procedimethe
construction of target compounds by the introdurctd several diversity elements in a single opergtiesulting in
substantial minimizations of waste, labor, timed aost. MCRs, a powerful and virtually reliableget-guided
synthetic approach, has extensively been used pplied for the rapid construction of molecular-legemplex
architectures, and interest from different branatfescience is expanding exponentially [7].

Interest in imidazole-containing structures stem@mf their widespread biological activities and thase in
synthetic chemistry. The imidazole ring systemne of the most important substructures found iargd number
of natural products and pharmacologically activenpounds [8-12]. In recent years, substituted itk are
substantially used in ionic liquids [13] that habexen given a new approach to ‘Green Chemistryarylimidazole
derivatives have many biological activities, fomexle, herbicidal [14], fungicidal [L5nti-inflammatory [16]and
antithrombotic activities [17]. In addition, theyeaused in photography as photosensitive compoil®jd Literature
survey reveals that there are several methodsyfihasizing them, mainly using nitriles and esfé&21] as the
starting materials. The first synthesis of the iazidle core 2,4,5-triphenylimidazoles using 1,2-doayl
compounds aldehydes and ammonia, was proposedppyalal Radziszewski [22, 28ubsequently, many other
methods for synthesis of this important heterocywdee been published [24, 2R ecently some methods for
synthesis of tetra-substituted imidazoles are tepoi26].However, some of these previous methods have sedffer
from one or more drawbacks like high temperatuiguirement, highly acidic conditions, and the usenwdtal
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cyanides for preparation of the nitrile compourta fimit their utility [27, 28]. Some of methodave resorted to
harsh conditions (e.g. the formamide synthesisclvhéquires excess reagentsSH, as a condensing agent, 150-
200 °C, 4-6 h, 40-90% [29-3T)ue to these reasons, the development of mild;iefft and versatile method is still
important.

In recent times, several transition metal oxidethian form of nanoparticles were employed as retyelaatalysts
for one-pot multicomponent reactions [38]). general, nhanomaterials with natural morphologiestaininghigher
surface area as reactive sites allow them to aetfastive catalysts for organic synthesis [33hese nanoparticles
have provideda simplified isolation procedure for the productithasmall amounts of catalyst, affording easy
recovery and recyclability dhe catalyst. In some cases, recovery of the natiolea from the reaction mixtures is
so difficult that conventional techniques suchiblisafion or centrifugation are not enough for dficéent recovery.
To overcome this issue, the use of magnetic natiofesr has emerged as a viable solution; theirlitde and
paramagnetic nature enables easy and efficientatipaof the catalysts from the reaction mixtui¢hvan external
magnet. Inspired by the utilization of Hladoped CoF#, nanoparticles as magnetically recoverable andatdes
catalyst for the synthesis of 2,4,5-triarf-Imidazoles and as a part of our continuous inteireghe field of
multicomponent reactions [34, 35], herein we wisheport an efficient synthesis of 2,4,5-triaryd-imidazoles via
one-pot three-component condensation reaction wfiber benzoin, aromatic aldehydes and ammoniuetaae in
high yields and short reaction times by using”Hdoped CoF#, nanoparticles as a green, robust and easily
recoverable catalyst (Scheme 1 and 2).

EXPERIMENTAL SECTION

All reagents and solvents used were obtained fioenSigma and Avra synthesis. The purity of the rsysized
compounds was checked by TLC. Melting points weztenined in open capillary tubé$i NMR spectra were
recorded on a 400 MHz Varian-Gemini spectrometer anme reported as parts per million (ppm) downfietdn a
tetramethylsilane internal standard. The followaimhreviations are used; singlet (s), doublet (@)let (t), quartet
(q), multiplate (m) and broad (br). Mass spectraenaken with Micromass-QUATTRO-II of WATER mass
spectrometer.

General procedurefor the synthesis of 2,4,5-triaryl-1H-imidazoles 4(a-n)

A mixture of benzil or benzoin (1.0 mmol), aromatiltiehydes (1.0 mmol), ammonium acetate (4.0 mnaoi),

Ho,CoFe.O, (x= 0.05) nanoparticles (5 mol %) in ethanol (2B)rwas refluxed (80C). The completion of the
reaction was checked with TLC (n-hexane: ethyl ateetd:1). After completion of reaction, the catalygs

magnetically removed from the reaction mixture. Bbé&ution was cooled to room temperature and poareite-

water (50 ml) to get the precipitated solid. It wadlected by filtration, washed with water andedrito give the
corresponding 2,4,5-triarylH-imidazoles. All synthesized compounds were charaed with"HNMR and mass.
Also the melting points recorded and compared whth corresponding literature melting points andnfbtio be

matching with those.

2,4,5-triphenyl-1H-imidazole (4a)
Off-white solid; mp 272-274C; '"H NMR (400 MHz, DMSQ)3 = 7.52-7.60 (m, 6H), 7.69-7.75 (m, 3H), 7.88-7.95
(m, 6H), 8.92 (br, 1H); MS (El, 70 eVi/z = 296 [M+HT.

2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazol e (4f)
Off-white solid; mp 180-182C; 'H NMR (400 MHz, CDC)): & = 7.35-7.65 (m, 6H), 7.70 -7.76 (m, 2H), 7.93-8.15
(m, 6H), 8.75 (br, 1H); MS (El, 70 eViyz = 330 [M+HT.

RESULTSAND DISCUSSION

Ho*" doped CoF#, nanoparticles were prepared by our research g&@]ghrough sol-gel auto-combustion route
to achieve homogeneous mixing of the chemical dtoiesits on the atomic scale and better sintergb#ihalytical
grade cobalt nitrate (Co(N®.3H,0), holmium nitrate (Ho(Ng)s.5H,0), iron nitrate (Fe(Ng)s:.9H,O) and citric
acid (GHgO7.H,0O) were used to prepare the BoFe O, (x = 0.0, 0.05, and 0.1) ferrite compositions. e
procedure was carried out in air atmosphere witpootection of inert gases. The prepared powder dmnealed at
600 °C for 4 h. The particle size was studied by scaprélectron microscope (SEM) and the identificatain
nanoparticles was based on the analysis of SEMémaihe SEM micrographs are shown in Fig. 1(a-d)smowed
good spherical shaped particles in the materiab $EM pictures also indicate nearly uniform disttibn of
particles.
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Figure 1- SEM images of Ho,CoFe,..O4 where (a) x = 0.0, (b) x = 0.05, and (c) x=0.1

Initially, to study the catalytic efficiency of ﬁbdoped CoF, nanopatrticles, all the three {&oFe O, (x = 0.0,
0.05, and 0.1) nanoparticles were screened todfindest ferrite composition of Blodoped CoFg), nanopatrticles
using synthesis of 2,4,5-triphenyHiimidazole @a) as model reaction. The reaction was carried sirtigubenzil
(D (1.0 mmol), benzaldehyd@)((1.0 mmol) and ammonium aceta8} (4.0 mmol) in ethanol (25 mL) as solvent
using HA* doped CoF#, nanoparticles (20 mol %) as catalyst (Table 1k fite compoundia was isolated with
98% vyield in the presence of [&oFe. O, (x= 0.05) nanoparticles in shorter reaction tirh@ nin) than with other
nanoparticles H&CoFe_ O, (x= 0.0 and 0.1). After deciding the nanopartictbe amount of nanoparticles (catalyst
load) was optimized for model reactioa]. The catalyst was added in amounts of 30, 20,1055, and 0 mol %.
The results indicate that increase in amount dlgstt from 20 mol % to 30 mol % did not show anwpiede in yield
ant time of reaction (Table 1, Entry 4). Also, wieatalyst load was decreased sequentially from @0mto 5 mol
%, the results indicate, there were no changedldyind time of the reaction. When no catalyst agded (0 mol
%) for model reaction, there was only small amaiffield 25 %) of product obtained after 180 min. Tdfere, 5
mol % of the catalyst HE€oFe O, (x= 0.05) nanoparticles was assumed to ensurbeakeyield (98 %) in short
reaction time (10 min). Thus, our results make ghecess under study more attractive and interestimg the
viewpoint of economy and simplicity.

Table 1- Optimization of reaction conditionsand catalyst load (mol %) of Ho* doped CoFe,0, nanoparticlesfor the synthesis of 2,4,5-
triphenyl-1H-imidazole (4a)

Entry | Catalyst (nanoparticles) | Catalyst loading (mol %) | Time(min) | Yield of 4a, *%
1 HoCoFe.04 (x = 0.0) 20 30 78
2 Ho.CoFe.xO4 (x = 0. 05) 20 10 98
3 Ho.CoFex0s (x =0.1) 20 45 85
4 Ho.CoFe.O4 (x = 0. 05) 30 10 98
5 Ho,CoFe..O, (x = 0. 05) 15 10 97
6 HoCoFex0s (x = 0. 05) 10 10 98
7 Ho,CoFe..O, (x = 0. 05) 5 10 98
8 Ho.CoFe..O4 (x = 0. 05) 0 (No catalyst) 180 25

@ Hereinafter, isolated yield of pure product.
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O
Ho** doped CoFe,0, N
nanoparticles | \
+ Ar-CHO + NH,OAc >
EtOH, 80 °C N R
6} H

1 2 3 4(a-n)

Scheme 1- Synthesis of 2,4,5-triarylimidazoles using benzil (1), aromatic aldehydes (2), and ammonium acetate (3) using 5 mol %
HoCoFe,«O4 (x = 0. 05) nanoparticles as catalyst

Table 2- Synthesis 2,4,5-triaryl-1H-imidazoles 4(a-n) using benzil or benzoin, aromatic aldehydes and ammonium acetate using 5 mol %
HocCoFe, 04 (x = 0.05) nanoparticlesin ethanol

M elting point (°C) Time (min) %% Yield
Observed Literature | Benzil | Benzoin | Benzil | Benzoin

Entry Aromatic aldehydes

CHO
4a ©/ 272-274 | 274-275[38] 10 15 98 93
CHO
4b /©/ 228-230 | 227-229[38] 15 20 95 90
CHO
4c /©/ 230-232 | 230-231[38] 10 15 98 92
~
(@)
CHO
4d /©/ 266-268 | 265-267[38] 10 20 96 90
HO
CHO
de | /©/ 254-256 | 256-258[39] 15 15 98 95
N
|
Cl
af @/CHO 180-182 186 [38] 20 25 92 85
CHO
4g /©/ 256-258 | 260-262[38] 20 25 90 88
Cl
CHO

4h 246-248 | 248-250 [40 25 25 88 84

NC
@)
4i U CHO 198-200 | 200-202 [39 20 25 98 92

S
4 U CHO 258-260 | 260-262[39] 20 20 95 90

xCHO

4k | 244-246 | 245-247 [41 20 25 95 92
7

N

@ Hereinafter, isolated yield of pure product.

To assess the generality of this approach, varavosnatic aldehydes were reacted with benzil and @mum
acetate under optimized conditions to obtain 2tdgsyl-1H-imidazoles4(a-n) (Scheme 1). As shown in Table 2,
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aldehydes containing either electron-withdrawinglectron- releasing groups gave the corresporiigd-triaryl-
1H-imidazoles 8a-3h) in high yields. In addition, it was specificalgonsiderable that aryl aldehydes bearing
electron-releasing groups such as ;CHDCH;, -OH, and -N(CH), reacted very smoothly in short reaction times
and higher yields (Table 2b-4€) while electron-withdrawing substitutions such-&$ and -CN (Table 24f-4h)
showed less reactivity in this condensation reactis shown in Table 2, these condensation resxttso proceed
suitably when different heteryl-aromatic aldehydesre used in the synthesis of 2,4,5-triarki-imidazoles
derivatives 4i-4n) in short reaction times and high yields.

1,2-diketones (like benzil) are usually prepareshirthe a-hydroxy ketones (like benzoin) catalyzed by vasiou
oxidants. Some of these catalysts are toxic, c@sity also required the tedious experimental praesdi87].To
avoid the preparation of starting material 1,2-tbkes like benzil, the synthesis of 2,4,5-triphetiyitimidazoleda
was studied using benzoib)((1.0 mmol), benzaldehyd&)((1.0 mmol) and ammonium aceta® (4.0 mmol).
Surprisingly, using the similar reaction conditipi2s4,5-triphenyl-H-imidazoles4a was isolated in 93 % vyield
within short reaction time (15 min). Encouraged this result, we extended the methodology for sysithef
various 2,4,5-triaryl-H-imidazoles 4(a-n) using benzoin, various aromatic aldehydes and awumo acetate
(Scheme 2). The yields obtained were in the rafd@2 86 to 95 % (Table 2). Similar trends were abserved for
Scheme 2, that is, aryl aldehydes bearing elecktaasing groups gave the corresponding 2,4,5¢+iad-
imidazoles in higher yield as compared with argeddydes bearing electron-withdrawing substitutions.

OH s N
Ho>* doped CoFe,0,
nanoparticles | \
+ Ar-CHO + NH,OAc
EtOH, 80 °C N R
6} H

5 2 3 4(a-n)

Scheme 2- Synthesis of 2,4,5-triarylimidazoles using benzoin (5), aromatic aldehydes (2) and ammonium acetate (3) using 5 mol %
HoxCoFe,xO,4 (X = 0. 05) nanoparticles as catalyst

Catalyst reusability is of major concern in hetenogous catalysis. The recovery and reusabilithefcatalyst was
investigated in this reaction for model reactidia)( The reaction was carried out using benz)l (1.0 mmol),
benzaldehyde?] (1.0 mmol) and ammonium aceta8 (4.0 mmol) in ethanol (25 mL) as solvent usingndl % of
Ho,CoFe.O, (x= 0.05) nanoparticles as catalyst. After comptetof reaction (monitored by TLC), catalyst
recycling was achieved by fixing the catalyst magadly at the bottom of the flask with a strong gnat, after
which the solution was taken off with a pipettee tholid washed twice with acetone and the freststcaie
dissolved in the same solvent was introduced inoftask, allowing the reaction to proceed for tiext run. The
catalyst was consecutively reused five times witteny noticeable loss of its catalytic activity &y number and
yield of 4a: 1, 98 %; 2, 98 %; 3, 97 %,; 4, 97 %; 5, 96 %). Seheatalysts are highly magnetic and their saturati
magnetization values are found to be 67.05 and568mu/g, which are much higher than other repontagnetic
catalysts [36]. Therefore, they could be easily almlost completely separated by an external magheth is of a
great advantage for KGoFe O, (x= 0.05) nanoparticles as heterogeneous catalyst.

The work-up of these reactions was very clean agdired only pouring of the reaction mixture oves-ivater after
removing the catalyst with the help of magnet, #reldesired products were thus isolated with higtityy To the
best of our knowledge, the synthesis of 2,4,5yt&H-imidazoles derivatives using Ffodoped CoF®,
nanoparticles as catalyst has not been reportedbpsty. The catalyst is not only efficient but@lsild and easy to
handle.

CONCLUSION

In conclusion, we have developed a highly efficiene-pot three-component method for the synthesia4H5-
triaryl-1H-imidazole derivatives from benzil or benzoin, aadim aldehydes and ammonium acetate in ethanog usin
Ho*" doped CoF#, nanoparticles. Advantages of the proposed proeethalude simplicity, high yield, short
reaction time, ease of separation and reusabilitghe magnetic catalyst. The method overcomes Hréiee
disadvantages and therefore will be of generabmskinterest to synthetic chemists.
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