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1. Introduction reactions, low yields, the use of expensive reagents or

catalysts, low selectivity and high temperatures in

The imidazole substructures were found in a largeefluxing or microwave condition. Therefore, in
number of pharmacologically active compounds andontinuation of reported works tase green condition
natural products such as the hypnotic agent etomidatir the synthesis of organic compounds [26, 27he
amino acid histidine [1], the proton pump inhibitor development of easy, green, effective, hjitlding,
omeprazole [2], the antiulcerative agennetidine [3], and ecefriendly approaches using novel catalysts for
B-Raf kinase [4], cyclooxygenase (COX-2) [5], the synthesis of imidazoles is an important research
biosynthesis of interleukifh (IL-1) [6], plants growth topic for organic cemists.
regulators [7], antbacterial [8], pesticide [9], herapeutic
agents [10], antitumour [11], modulators of- P 2. Results and Discussion
glycoprotein  (Pgp)ymediatel multidrug resistance

(MDR) [12], and also CBI1 cannabinoid receptorof efficient and environmentally friendly procedures for

antagonists [13]. the synthesis of heterocyclic and pharmaceutical
In 1882, Radziszewski and Japp [14, 15] reported th(‘:%m oiljnds [8-35], a new yefficient fagile and fast

first synthesis of a highly substituted imidazole from a P S ' : .
1,2-dicarbonyl compound, aldehydes and ammohia. procedure was introduced for the synthesis of 2,4,5

. . triaryl-1H-imidazoles using the reaction between
recent ars, the synthesis of 2,4rsubstituted .
imidazoles lave been performed by various catalysts.":lldem/deS 11,2Diketone2 or a-hydroxyketones and

[16-27]. ammonium acetate in the presence of synthesized

. . dicathionic acidic ionic liquid 14
Most of these described procedures have some serloglg . . ) '
defects, such as tedious wark and purification, lazabicyclo[2.2.2]octanium diacetae (Scheme 1).

significant amounts of toxic waste materialsghly
acidic conditions, long reaction time, occurrence of side

As a part of our going interest for the development

wet
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Scheme 1. Synthesis of DABCG@liacetate and 2,5 N
triarylimidazoles / j@
First for selecting the effective catalyst amount, the Ry N
N—N

reaction of benzoi3, benzaldehydé&a, and ammonium
acetate was tested in different amounts of DABCO
diacetate. The results are shown in Figure 1. As can be

seen, the best reswas obtained with 0.5mmol IL and 5a:R; = CH;, Ry =NO,, 10min, 94%
increasing the amount of IL had no obvious effect on Rz 5b:R; =H, Ry = Cl, 12min, 93%
yield. Notably, the desired product could not be 5¢:Ry=Cl, Ry = H, 8min, 98%
obtained under similar reaction conditions, even after a 5d: Ry, Ry =Cl 13min, 94%
long time (360 min) in the absence of the catalyst. Figure 2. Synthesis of azodispive imidazole dyes
catalyzed by DABC@liacetate
200 To check the efficiency of this method, the comparison
yield 109 between this method and some of previous reported
%) /"‘)ﬁ methods (various ionic liquids) for the synthesis of 4a
0 0.5 1 was carried out (Table 2).

amount of IL Table 2. Comparisonfasynthesis of compounda in
this method with some of previous reported methods

Figure 1. Effect of the amounts of DABC@iacetate for

Catalyst Condition time Yield, Ref.

the synthesis ofa / %

To present the efficiency and generality of the reaction, min

various aldehydes were reacted with benzoin and [Hmim]TFA Heat, 80 30 97 [37]
ammonium acetate in the presence of DABCO °C

diacetate. The results are summarized able 1. It is [Bnmim]HSOy MW 5 95 [38]
seen that various aromatic aldehydes having both [Dodeclm] EtOH, it 300 98 [39]
electronreleasing and electremithdrawing substituents HSQOy

in the ortho, meta and para positions, aliphatic and [Bmim]PFs H:0, 120 92 [4Q)
heterocyclic aldehydes afford high vyields of the reflux

products. Another important aspex this method is the [Hmim]THF H20, rt 10 88 [47]
survival of a variety of functional groups such as DABCO- rtb 10 926 This
methoxy under these acidic conditions. diacetate re 98  work

6

. & The ysed: aryl aldeh isChlorobenzaldehydé.
Benzil 2 are usual-hydil’oxysyn-{]ﬁ%gl &’.y%er% G y .
ketones like benzoin 3 catalyzed by various oxidants. € used su%s?rate is benzdirthe used substrate is
Some of these oxidants are expensiggict and require
tedious workup [36]. To avoid the preparation of the ager reaction, the dissolved ionic liquid in water is
1,2-diketone, and to improve the reaction yield and timey;gjieq yunder vacuum for recovery and reuse. After
the synthesis of 24BiphenytlH-imidazole was e syccessive runs, recycled ionic liquid showed no
studied using benzyl (Table 1). loss of efficiency with regard to reaction time and yield
In continuation of our study, we triggerenl synthesize (Table 3).
a category of azodispersive imidazole dyes ushwey
reaction of azdinked aldehyde with 1;2
diaminobenzene in the presence of DABG@Ac. The
results are shown in Figure 2.

benzyl.
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Table 1.Synthesis ofmidazolederivatives catalyzed HYABCO-diacetaté

Entry product Benzil (2) Benzoin (3) M.P (°C)
Time Yield (%)a, Time (min) Yield (%)a, Found Reported
(min) b b [39]
1 O 6 98 10 96 269271 272274
N C
o8
H 4a
2 O y 9 96 12 94 235237 238240
N CH3
| N/>_®7N\CH3
® w
3 O ’ 10 93 12 93 228229 226228
N
| N)—@fw
O 4c
4 O H 6 98 10 97 266267 262264
N
| N)_@C'
O "
5 Q Cl 11 95 13 94 186-188 190191
IN@
N
O o 4e
6 O 6 97 11 94 223225 223225

7 O 10 94 13 95 227-228 228231
N
| N\>_©700H3
Sl
8 O 8 95 15 94 220221 221-223
N\ 0.
v
4h
9 O 10 94 12 95 278280 276278
N F—
Cor
4i
10 O 8 96 11 94 243244 243244
N
\ \>\/\
NH
o .
a. Isolated yields
=
S 100
=
[¢B)
<= 50
S -
o
& 1 2 3 4 5

Run of reusability

Figure 3. Reusability of DABC@liacetate for the synthesi$ 4a
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3. Experimental

newand were characterized by theip, IR, *H NMR,
13C NMR spectroscopy and elemental analysis.

Chemicals were purchased from Merck and Fluka. All p4i4 for new synthesized compounds

solvents used were dried and distilled according to

standard proceduse Melting points were measured on

(E)-2-(1H-benzo[d]imidazol2-yl)-4-((2-methyt4-

an Electrothermal 9100 apparatus. IR spectra were pitrophenyl)diazenyl) phenol (5a)

detemined on a Shimadzu HR 8600
spectrophotometer'H and 3C NMR spectra were
determined on a mker 400 DRX Avance instrument
a 400 and 100 MHz. Elemental analysegere
recorded on a CarlBrba EA1110CNNGE analyzer.

General Procedure for the dshmsis of
[DABCO]dihydroacetate(1diazabicyclo[2.2.2]octani
um diacetate)he ionic liquid DABCQdiacetate was
synthesized by Zare Fekri, et al. {23, 35. But, in the
newexperiment, we synthesized this ionic liquid under
ultrasound irradiation with higher yield and cleaner
condition instead of microwave irradiation reported in
literature. Analytical data for DABC@&ihydroacetate:
yellow oil. 'H NMR (400MHz, CDC}): 6 = 2.
6H), 3.01 (s, 12H), 14.11 (s, 2H) pprffC NMR
(100MHz,CDC}) : & = 22.0, 44.

General procedure for the DABCdacetatecatalyzed
synthesis of 44

A mixture of aldehyde (1 mmol), benzil or benzoin (1
mmol), ammonium acetate ({hmol) and [DABCO]

This compound was obtained as Dark brown solid, mp
195198 °C, IR (KBr): 3361, 3280 (amatic NH or
O-H stretching) 3035 (aromatic GH stretching) 2959
(aliphatic GH stretching), 1626 (N=N stretching),
1583, 1456 (aromatic C=C stretching), 1341-NC
stretching), 1284 (@ stretching) cm. *H NMR
(CDCls, 250 MHz): 2.10 (s, 3H, CHl 6.67(d, J=8.8

Hz, 1H), 6.99 (s, 1H), 7.06 (s, 1H), 7-38&6 (m, 3H),
7.847.90(m, 2H), 8.148.27(m, 2H) ppm.*3C NMR
(CDCls, 62.5 MHz): 17.69, 122.61, 123.59, 124.52,
125.86, 126.19, 126.32, 126.56, 126.66, 127.66,
128.22,131.10, 131.75, 136.15, 139.145.91, 154.40
ppm. Anal.calcd. for €H1sNsOs: C, 64.34; H, 4.05; N,

1 68.76. Found: C, 64.37; H, 4.09; N, 18.78.

zo[d]imidazoR-yl)-4-((4-

(E)-2-(1H-be
> chl répT{Ie'n \diaZehyfphenol (5b)

This compound was obtained as Dark brown solid, mp
269272 °C, IR KBr): 3402 (NH stretching),3204
(OH stretching), 3057 (aromatic GH stretching), 1623
(N=N stretching), 1560 (aromatic C=6tretching),
1483 (aromatic C=C stretching), 1317 (C-N
stretching), 1249 (@ stretching), 1087 (I

diacetate (0.5 mmol) were stirred at room temperature stretching) cm. 'H NMR (CDQl3, 250 MHz): 7.24 (d

for the required reaction time according to Table 1.
After completion of reaction, as indicated by TLC, the
reaction mixture was resolved in 20 mL o$GH The
product was separated ijtration and recrystallized
from EtOH and dried to afford powdery compounds of
4aj or 5ad. The filtrate was concentrated under

J = 8.4 Hz, 2H), 7.34 (d, J = 8.8 Hz, 1H), 724049

(m, 2H), 7.68 (d, J = 8.8 Hz, 2H), 7-7885 (m, 2H),
7.91 (d, J = 8.4 Hz, 2H) ppr¥C NMR (CDCE, 62.5
MHz): 126.54, 127.28, 127.89, 129.21, 129.60, 129.89,
130.15, 132.77, 1330, 134.74, 134.89, 136.07,
145.40, 150.89 ppm. Anal. calcd. foid8:13CIN4O: C,

reduced pressure and washed with diethyl ether. Then,gc 13- 4 376 N 16.06. Found: C. 65.41: H. 3.77° N

it dried in a vacuum evaporator to recover the ionic
liquid for subsegent use. All of synthesized

16.01.

compounds are known and were characterized by their (E)-2-(1H-benzo[d]imidazol-yl)-4-((2-

physical constant, comparison with authentic samples,

IR, 'H NMR, BC NMR spectroscopy and elemental
analysis.

General procedure for the DABCdacetatecatalyzed
synthesis b5a-d

A mixture of azo linked aldehyde (1 mmol) and-1,2
diaminobenzene (1 mmol) and [DABCO] diacetate
(0.5 mmol) were stirred at room temperature for the
required reaction time according teigure 2 After
completion of reaction, as indicated by TLC, the
reaction mixture was resolved in 20 mL o$GH The
product was separated by filtration and recrystallized
from EtOH and dried to afford powdery compounds of
5ad. All of synthesized compounds areknown and

40

chlorophenyl)diazenyl)phenol (5c¢)

This compound was obtained as Dark broseiid,
mp 245250 °C, IR (KBr): 3330 (aromatic-N or O-H
stretching), 3061 (aromatic -B stretching), 1623

(N=N stretching), 1598, 1498 (aromatic C=C
stretching), 1462 (C=N stretching), 1389 -KC
stretching), 1266 (@ stretching), 1126 (I

stretchig) cmt. *H NMR (CDCk, 250 MHz): 7.04
7.09 (m, 1H), 7.247.29 (m, 1H), 7.337.40 (m, 3H),
7.42 7.50 (m, 1H), 7.527.591 (m, 1H), 7.5967.65
(m, 1H), 7.66 7.75 (m, 1H), 7.767.90 (m, 1H), 7.92
7.95 (m, 1H) ppm.*C NMR (CDCk, 62.5 MH2z):
119.07, 23.79, 124.34, 124.70, 125.70, 127.19,
127.24, 127.32, 127.64, 128.06, 129.44, 130.48,
130.64, 131.11, 134.63, 145.47 ppm. Anal. calcd. for
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C1oH13CIN4O: C, 65.43; H, 3.76; N, 16.06. Found: C, Wals W. Veerman A. J. M. Borst W. de Loof P.C

65.45: H, 3.79: N, 16.06. Verveer  C. G.Kruse, Bioisosteric Replacements of the
Pyrazole Moiety of Rmnabant : Synt hes

(E)-2-(1H-benzo[d]imidazol-yl)-4- Properties, and Molecular Modeling Investigations of

(phenyldiazenyl)phenol (5d) Thiazoles, Triazoles, and Imidazoles as Potent and Selective

_ _ ~ CB1 Cannabinoid Receptor Antagonists Med. Chem48
This compound was obtained as Dark brown solid, (2005 18231838

mp 270273 °C, IR (KBr): 3348 (aromaticN or O-H [6] M. Noolvi, S. Agrawal H. Paté, A. Badiget M. Gaba
stretching), 3057 (aromatic -B stretching), 1620 A. Zambre,Synthesis, antimicrobial and cytotoxic activity of
(N=N stretching), 1594 (aromatic C=C stretching), novel azetidine2-one derivatives of H-benzimidazole.
1595 (aromatic C=C or C=Ntreching), 1391 (C-N Arab. J. Chem?7 (2014 219-226.

stretching), 1264 (@ stretching) cm. H NMR [7] R. Mahesh, K Ramya H. G. AshokKumar, S

. Satyanarayana, Synthesis and charnaeization of 2
S(ZzD?? |23,H225(?]Z/II;?.HZ.ZSH()d,7i5g.%I-éZZ, (1:)2':)377(22 mercapteN-methyl imidazole substituted benzimidazole

A derivatives and investigation of their effect on production of
7.68 (m, 2H), 775(dd, F 3.2 Hz, J= 6.0 Hz, 2H), plantlets inOncidiumGower Ramsey

7.92 (d, J= 7.8Hz, 1H), 8.2 (dd, J=2.4Hz, J=8.8 Afr. J. Biotechnall4 (2015 1297-1303.

Hz, 2H), 13.0014.50 (brs, 2H) ppm.**C NMR [8] K. Gullapelli, G Brahmeshwari, M Ravichamder, U
(CDCI3, 62.5 MHz): 123.43, 124.03, 126.15, 128.71, Kuzuma, Synthesis, antibacterial and molecular docking
129.63, 129.72, 130.01, 130.57, 131.54, 132.07, studies of new benzimidazole derivativdsgypt. J. basic
139.50, 143.86, 145.47, 150.78 ppm. Anal. calcd. for appl. Sci7 (2017 303-309.

CiH14N4O: C, 72.60; H, 4.49; N17.82. Foud: C, [9] X. Wang Y. F. Chen W. Yan, L. L. Lao, Y. H. Ye,
T T [10] P. Picconj Ch. Hind, Sh. Jamshidi K. Nahar M.
4. Conclusion Clifford, M. E. Wand J. M. Sutton K. M. Rahman,Triaryl

Benzimidazoles as a new class of antibacterial agents against
In conclusion, we have investigated DABCO resistant pathogenic microorganismk Med. Chem.60
diacetate as a mild and efficient catalyst for the (2017 60456059.
synthesis of 2,4%iarylimidazoles. The remarkable [11] Z. Xiao, F. Lei, X. Chen,X. Warg, L. Cao,K. Ye, W.
advantages offered by this method are: catalys Zhu, S. Xu, Design, synthesis, and antitumor evaluation of

. . . : quinoline-imi dArchoRharm 36k @OlY a t i -
inexpensive, notoxic, easy handling and reusable. On 1700407 1700418,

the other hand, simple wotlp procedure, short 151\ 3 Newman J. C.Rodarte K. D. Benbatoul S. J.
reaction time, high yields of product with better purity Romang C.zhang S.Krane E. JMoran, R.Uyeda T.
and green aspect by avoiding toxic catalyst and R. pixon, E. S.Guns L. D. Mayer, Discovery and
hazardous solvent are another advantagesthif characterization of OC14@93, a novel inhibitor of P
method. To the best of knowledge, this is the first glycoproteinmediated multidrug resistanc@ancer Res60
synthesis of trisubstituted imidazoles in the presence of (2000 29642972.

dicationic ionic liquid DABCGdiacetate. [13] M. Nimczik, D. Pemp F. H. Darras X. Chen J.
Heilmann M. Decker Synthesis and biological evaluation
Acknowledgment of bivalent cannabinoid receptor ligands basedh@B;R

selective benzimidazoles reveal unexpected intrinsic
properties. Bioorg. Med. ChenR2 (2014 39383946.
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