Eig-“i: IJCPS Vol. 7, Special Issue ISSN:2319-6602

SmsEzEEEs ICAFM - March 2018 International Journal of Chemical and Physical Sciences
www.ijcps.org

An efficient synthesis of imidazolines and benzimidazoles using Lanthanum
(111) nitrate hexahydrate

*\/. B. NINGDALE?, S. B. LOMATE!, S. K. TUPE?

Dept. of Chemistry® and Physics?
Kalikadevi Art’s, Commerce and Science College, Shirur (Ka.) Dist. Beed [M. S.]-India
*E-mail: vijay_orgchem@yahoo.co.in / 02442-259590

ABSTRACT

Imidazolines and Benzimidazoles have been efficiently synthesized in high yields by treatment of
1,2-diamine with aldehydes using catalytic amount of La(NO3)3;.H,O under mild reaction
conditions The key advantages of this protocol are short reaction time, high to excellent yields,
simple work up, inexpensive catalyst and simple separation of pure product.
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INTRODUCTION

The development of simple, efficient and general synthetic method for biological active
compounds from readily available catalyst is one of the major challenges in organic synthesis.

The importance of imidazolines and benzimidazloes units arises, because they are found in many
biologically active compounds.*? Imidazolines are biologically active pharmacophore and synt
heticintermediates in medicinal chemistry.*® They are also used as chiral catalysts,® chiral auxiliaries ’
and ligands for asymmetric catalysis.*® As a continuation of our interest in the synthesis of imidazolines
due to its broad spectrum of biological activities including antihyperglycemic, *°** antiinflammatory **™*3
antihypertensive, ***° anticancer '° and antihypercholesterolemic *’ agents. In addition, the benzimidazol
moiety shown excellent biological activity like antiulcers, antihypertensives, antivirals, antifungals,
anticancers, antihistaminics, antibacterial, antitubercular, antiasthmatic, antidiabetic and antiprotozoal.'*%
Recently, several methods have been developed, for the synthesis of benzimidazoles in presence of
various catalyst such as sulfur/ultrasonic,”” homogeneous Lewis acids,® I, /KI/K,COs;, H,0, ,*
pyridinium-p-toluenesulfonate,®® ionic liquids, * polyaniline-sulfate,®* (bromodimethyl)sulfonium
bromide ¥, Zeolite * and LaCl; *. However, all of the synthetic protocols reported so far suffer from
disadvantages such as, use of organic solvents, 22 harsh reaction conditions, ** excess temperature,?
prolonged reaction times,*>*? use of expensive reagents. ' Therefore, there is a strong demand for a
highly efficient and environmentally benign method.

Lanthanum (111) nitrate have recently attracted much attention in organic transformations due to
its high acidity, thermal stability, low toxicity, low cost and good stability, Furthermore, current literature
reveals that Lanthanum (I11) nitrate has been utilized as an effective catalyst in the synthesis of 4-(3H)-
guinazolinones under solvent-free conditions, chiral tetrahydroquinolino pyranose derivatives,
chemoselective deprotection of acetonides, chemoselective protection of amines as N-benzyloxycarbonyl
derivatives, acetylation of alcohols, phenols and amines with acetic anhydride and synthesis of a-amino
nitriles.*>°
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Scheme 1: Synthesis of imidazolines and benzimidazoles (A, B — Reactants and C— Product)
EXPERIMENTAL

Materials and Apparatus

The chemicals and solvents were purchased from commercial suppliers (Merck, S.D. fine and
Spectrochem) and they were used without purification prior to use. Melting points were recorded by open
tube capillary method and are uncorrected. The progress of the reaction and the purity of the compounds
were monitored by thin layer chromatography (TLC), using analytical silica gel plates (Merck 60 F250).
'H NMR and **C NMR spectra were recorded on 400 and 100 MHz, respectively. NMR spectra were
obtained in DMSO-dg solutions and are reported as parts per million (ppm) downfield from
tetramethylsilane (TMS) as internal standard and the coupling constants (J) are expressed in Hertz (Hz).

GENERAL PROCEDURE FOR THE SYNTHESIS OF IMIDAZOLINES / BENZIMIDAZOLINES

La(NO3)36H20 (15 mol%) was added to a stirred solution of the mixture of substituted 1,2
diamine (1.1 mmol), aldehyde (1 mmol) in ethanol (5 mL) and the mixture was stirred at room
temperature for appropriate time (Table 2). The progress of the reaction was monitored by thin layer
chromatography (TLC) (Hexane: Ethyl acetate). After the reaction was completed, the pure products were
isolated by filtration. The solid product was purified by recrystallization from ethanol.

Selected spectral data of compounds are given below.

2-(4-Bromophenyl)imidazoline: IR (KBr,cm™): Solid; 243-245°C v 3187 (NH), 2961 and 2941 (CH),
1608;'HNMR (DMSO-ds,400 MHz):  7.81-7.70 (m, 4H), 4.31 (br, 1H), 3.85 (s, 4H).
2-(p-Tolyl)-1H-benzimidazole: Solid; mp 264-266°C 'H NMR (DMSO-ds,400 MHz) §12.83 (s, 1H),
8.08 (d,J=7.8Hz,2H),7.59(s,2H), 7.37 (d ,J =7.8Hz,2H),7.21-7.19(m,2H),2.39(s,3H).

RESULT AND DISCUSSION

To explore the use of Lanthanum (lIl) nitrate hexahydrate as a catalyst, a reaction of
benzaldehyde B and 1, 2 diamine A was conducted as a standard model reaction for the preparation of
imidazolines and benzimidazoles (Scheme 1).The reaction in the absence of catalyst did not give any
desired product. To determine the exact amount of the catalyst, we investigated the model reaction using
different concentrations of Lanthanum (111) nitrate hexahydrate (Table 1). During this study, we observed
thatl5 mol% Lanthanum (I11) nitrate hexahydrate was proved to be an efficient catalyst to conduct the
reaction smoothly. With these optimized reaction conditions, effect of different solvents such as
methanol, dichloromethane, acetonitrile, THF, ethanol, aqueous ethanol and water was investigated.
Among the tested solvents, ethanol was found to be superior over the other tested solvents in terms of
both yield and reaction time for this transformation. Encouraged by this result, in order to build the
generality of the reaction, various aromatic aldehydes, possessing electron-donating and electron-
withdrawing groups were converted to 2-arylbenzothiazole derivatives in good to excellent yields. All the
results are summarized in Table 1. In order to understand the efficiency and greenness of the method, we
compared our results on the synthesis of imidazolines and benzimidazoles with the well known data from
the literature. Many of the previously reported methodologies suffer from one or more disadvantages such
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as requirement of excess amount of catalyst, high temperature, ultrasound irradiation, prolonged reaction
time, and use of volatile and toxic organic solvents. Thus, the present method avoids the disadvantages of
the previously reported methodologies.

Table 1: Synthesis of imidazolines and benzimidazoles

Entry 1,2-diamines Aldehyde Product (a-i) Yield % mp (°C)
1 NH,
— R-C¢H,-CHO a4-NOy; b 4-CHj; 96 228-231
c 4-Br 93 179-181
Ny 91 243-245
2 NH,
@i — ¢ R-C¢H,-CHO | d 4-CHg; e H; f 4- 94 274-276
Wy OCH, 89 293-295
97 222-225
3 e e 95 235-236
\©1—> ¢| R-CeHs,-CHO | gH;h 4-NOy; i 3- 97 240-242
" F 96 174-176
CONCLUSION

In summary, we have developed a facile, efficient and green method for the synthesis of
imidazolines and benzimidazoles through condensation of aromatic aldehydes with 1,2 diamine in the
presence of Lanthanum (lI1) nitrate hexahydrate under mild reaction conditions. Compare with the
previously reported methodologies, the present protocol features simple work up, environmentally benign,
high yields and use of catalytic amount of a cheap catalyst.
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