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Abstract

Cerium (IV) ammonium nitrate was utilized as an efficient catalyst for the selective green synthesis of 2-
arylbenzimidazole derivatives via one-pot reaction of o-phenylenediamine and arylidene malononitriles in
methanol at ambient temperature. The process proved to be selective, simple, atom economical with
excellent yields. The Ecoscale score of the reaction was calculated and reveals a high record.
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Introduction

Benzimidazoles possess significant position as biodynamic naturally occurring active compounds. > They are
widely found in pharmaceuticals, agrochemicals as well as synthetic drugs. 7 Many benzimidazole Scaffolds
are utilized for their anticancer, #° antimicrobial, %! anti-inflammatory!?® antiviral, **°antifungal,®
analgesic 1¥19 as well as antibacterial 2° activities. This Scaffold has also been an important ligand for several
receptors as tubulin polymerase, 2! DNA topoisomerase () 22 estrogen 23, and as efficient alternative of toxic
and air-moisture-sensitive phosphine-based ligands in Heck-Mizoroki and Suzuki cross coupling
reactions.?* Examples of marketed drugs incorporation benzimidazole moiety are illustrated in (Figure 1).
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Figure 1. Examples of marketed drugs incorporating benzimidazole moiety.

Several synthetic approaches for the synthesis of benzimidazoles have been relied on oxidative
cyclization reaction of o-phenylenediamine with aldehydes, carboxylic acids, lactones and esters in Strong
acidic medium in particular hydrochloric acid as well as sulphuric, polyphosphoric and acetic acids.?* To date,
metal-catalysed synthesis of benzimidazoles has considerable interest as an efficient synthetic protocol.
However, they involve harsh reaction conditions including the use of complex ligands and poor substrate with
longer reaction times. 2>3¢ An intriguing approach for the synthesis of 2-arylbenzimidazoles have been recently
developed by Chopra, Kumer and Bhalla through a photocatalytic sequential amination, azidation and
annulation reaction of aniline with methyl arenes catalysed by recyclable PANI@Au:CuoNCS promoted by
visible light.3” Recently, two reports dealing with the synthesis of diverse 2-arylbenzimidazoles have been
previously reported. Su et al in 2009 38 developed high yield synthesis via reaction between
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o-phenylenediamine and arylmethylene malononitriles absorbed on silica gel at 90 °C. While the second
protocol developed by Kapoor 3° and co-authors relied on the reaction of o-phenylenediamine with ethyl a-
cyanocinnamate in oil bath at 100°C. Although these methods have their advantages, but they suffer from
drawbacks as prolonged heating, low yields, harsh reaction conditions, use of expensive and toxic catalysts as
well as tedious conducting the reaction or working-up the product isolation.

Ceric ammonium nitrate (CAN) has been emerged as green, atom economical and easily available
catalyst for performing organic transformations. It possesses several merits as eco-friendly, coast effective and
profound activity properties. (CAN) with its wide application in organic synthesis can belong to three
categories, a) one-electron oxidant via generation of radical and radical cation species through the reduction
of its oxidation state from Ce (IV) to Ce (lll) which is the most commonly utilized proposed mechanism; b) the
second is the generation of protons as a Brgnsted acid via hydrolysis of nitrate anion; c) as a Lewis acid
catalyst via 3™ empty orbitals of cerium. In addition, very small amount needed to complete efficiently
reactions with lower coasts, environmentally friendly nature, nontoxicity, high reactivity and ease of
handling.*®

We have previously reported the reaction of o-phenylenediamine with aromatic aldehydes in methanol
catalysed with 10 mol % CAN at ambient temperature. 4! The results obtained revealed that aromatic
aldehydes bearing electron donating substituents afforded solely the 2-aryl-1-arylmethyl benzimidazole
derivatives 3a,b. Aryl aldehydes with 3-nitro electron attraction substituent yielded a mixture of 2-(3-
nitrophenyl)-benzimidazole 4f and the 1-arylmethyl derivative 3c in 55: 15% vyields. However, 4-
chlorosubstituted aldehyde 2d afforded mainly the mono-2-arylsubstituted benzimidazole 4a. (Scheme 1)
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Scheme 1

In the context of our interest in performing efficient and green methodologies 42® for the synthesis of
biologically relevant heterocycles, we reported here in an efficient selective synthesis 2-arylbenzimidazole via
reaction of o-phenylenediamine (1) with arylidene malononitriles 5a-j as aldehyde equivalents promoted by
(CAN) in methanol at ambient temperature.
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Results and Discussion

In the beginning we examined the feasibility of o-phenylenediamine 1 (0.01 mol) and 4-chlorobenzylidene
malononitrile (5a) (0.01 mol) in acetonitrile (10 ml) using CAN (10 mol %) at ambient temperature which
afforded a product of molecular formula C13HsCIN2 (MS= 228.93) in 70% yield. *H NMR revealed broad singlet
at 6=7.22 ppm and two multiplets at 6=7.61 — 7.67; 8.18 — 8.21 for aromatic protons. In additions, it showed
broad singlet at 6=13.00 ppm for benzimidazole (NH). This established the formation of the corresponding 2-
arylbenzimidazole derivative 4a. 13CNMR measurements further support the proposed structure. Moreover,
the structure of 4e was unambiguously confirmed by single-crystal diffraction 4’

Cc16

o3

Prompted by this result in hand be we tried different reaction conditions. First, we examined several
solvents as CHCls, H,0, dioxane and MeOH. Methanol afforded the highest yield (95%). The Solvent free
conditions were found to yield a lower yield (40%) compared to that conducted in methanol. Different molar
ratios of CAN (2, 5, 15, 20 mol %) were tested and results demonstrated that 10 mol % of CAN is the optimum
to promote the highest yield of 4a. Moreover, catalyst-free conditions afforded the starting materials
unreacted even after stirring for 24 hours. This reflects the crucial role of CAN in the reaction course.

To evaluate the generality of this protocol for producing a diverse 2-arylbenzimidazoles 4a-g several
arylidene malononitriles were investigated (Table 1) under the same experimental conditions. The results
obtained revealed that the reaction proceeds smoothly with high yields with arylidene-malononitriles bearing
either electron withdrawing or electron donating substituents. The same applies when aryl ring was replaced
by furyl function. As generally expected, the reactions proceed at ambient temperature in four hours. (Scheme

2)
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Scheme 2

Page 4 of 10 ©AUTHOR(S)



Arkivoc 2023, (viii), 202311963 Jaraph-Alhadad, L. A. et al.

Table 1. Comparison of melting points of compounds prepared with literature values

Compd. Ar mp °C Lit. mp
4a 4-ClCeHa 291-293 292-294 [38]
4b 4-OCH3CgH4 222-224 223-226 [49]
4c 2-OCH3CgHa4 218-220 217-219 [50]
4d 3-OCH3CeH4 211-212 210-214 [38]
4e 3, 4, 5- OCH3CgH>
af 3-NO2CsHa 202-204 202-203 [38]
4g 4-NO2CgHa 301-303 299-301 [38]
4h 3-CICsHa
4i 4-OHCgH4 208-210
4) 3-furanyl 333-335 330-332 [38]

We estimate the greens of the reaction through calculatin the EcoScale ¢ of compound 4c with the
highest yield products of other key protocols. EcoScale is a novel theoretical tool based on several issues
involving vield, cost, safety, temperature for conducting the reaction, ease of work up and purification,
technical steps. It is estimated by range of penalty points subtracted from total of 100. We found our
procedure have the highest EcoScales among other protocols (Table 2).

Table 2. Comparison of EcoScale of literature reported synthesis of 2-aryl-benzimidazole derivatives

Product  Solvent Catalyst Temp. (°C) Time (hrs) Yield EcoScale
4b Neat Silica-Supported 90 0.5 95 85.5 [39]
4a Neat - 100 1 75 74.5 [40]
4c MeOH CAN Ambient temp 4 95 95.5

A plausible mechanism to account for the formation of the reaction products was proposed in (Scheme
2). Ceric ammonium nitrate as a Lewis acid facilitate the nucleophilic addition of o-phenylenediamine (1) to
the activated double bond system of arylidene-malononitrile yielding intermediate (A) followed by
nucleophilic attach of nitrogen lone-pair to the positively charged methine carbon and subsequent
malononitrile loss forming intermediate (D). Aromatization of intermediate (D) by the action of CAN as a one-
electron oxidant afforded the final isolable product 4 (Scheme 3).

Page 5 of 10 ©AUTHOR(S)



Arkivoc 2023, (viii), 202311963 Jaraph-Alhadad, L. A. et al.

/\‘ H@H
L -H+
NH, /_<C @ h
CL 7w lomy oy =c*

NH,
1 5a-j
H
N A AT emyeny,
®_ =NH
C/
NH, H2
NC
®
Ce (IV) ©: _H
\ Ar /:Ce(HI) N Ar
D
~H
N_H
Ce (V)
CLX e CLK | — O
H H
4a-j

Scheme 3

Conclusions

We could develop a selective and efficient synthesis of 2-arylbenzimidazoleles via reaction of o-
phenylenediamine with arylidene-malononitriles utilizing for the first time. CAN as a green catalyst at ambient
temperature. Such selectivity could be rationalized for by the better stability of arylidene-malononitriles
relative to some aldehydes. The process proved to be simple, atom economical and environmentally friendly
nature.

Experimental Section

General. Melting points were measured on a Gallenkamp melting point apparatus and were uncorrected. The
progress of the reaction was followed by thin layer chromatography on pre-coated Merck Silica gel (60F3s4)
aluminum sheets. *H NMR and 3C NMR were recorded on a Balker DPX at (400) MHz and (100) MHz for 3C
spectra Mass spectra were determined on a VG Autospec QMS 30 spectrometer at 70 ev. Microanalytical data
were obtained from the microanalytical data unit.

General procedure for the synthesis of 2-arylbenzimidazoles (3a). To a solution of o-phenylenediamine (1)

(0.01 Mol.) and the appropriate arylidene-malononitriles (2) (0.01 Mol.) in methanol (10 ml) was added 10 mol
% of Cerium ammonium nitrate (CAN). The reaction mixture was stirred at ambient temperature for 4 hours.
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The solid product formed was collected by filtration and crystalized from ethanol to afford analytically pure
samples of 4a-j.

2-(4-Chlorophenyl)-1H-benzimidazole (4a). White solid, yield 95% *H NMR (400 MHz, DMSO-ds), 6 7.22 (br.S.
2H, Ar-H), 7.61 — 7.67 (m, 4H, Ar-H), 8.18-8.21 (m, 2H, Ar-H), 13.00 (S, 1H, NH); 3C NMR (100 MHz, DMSO- dp):
6 111.40, 118.94, 121.82, 122.75, 128.12, 129.04, 134.47, 135.01, 143.72, 150.13. Anal. Calcd. For Ci13HoCIN>
(228.68): C, 68.28; H,3.97; N, 12.25. Found C,68.33; H 3.89; N, 12.35; MS(EI); m/z 228.39 (M").
2-(4-Methoxyphenyl)-1H-benzimidazole (4b). Red Solid, yield 92%. 'H NMR (400 MHz, DMSO- dg): 6 3.84 (S,
3H, OCH3), 7.12 (d, 2H, J 8.8 Hz, 2H, Ar-H); 7.18-7.20 (dd, 2H, J1, J> 3.2 Hz, Ar-H). 7.57, 7.59 (dd, 2H, J; 3.2 Hz, J;
4.8 Hz, Ar-H), 8.14 (d, 2H, J 9.2 Hz, Ar-H, 13C NMR (100 MHz, DMSO- de): & 55.31, 114.02, 114.38, 114.72,
121.90, 122.42, 128.08, 130.55, 139.15, 151.28, 160.70. Anal. Calcd. For C14H12N20 (224.26): C, 74.98; H, 5.39;
N, 12.49; Found: C, 74.88; H, 5.36; N, 12.52%. MS (El); m/z 224.04 (M").
2-(2-Methoxyphenyl)-1H-benzimidazole (4c). Brown Solid, yield 90%. *H NMR (400 MHz, DMSO- dg): 6 = 3.81
(S, 3H, OCH3), 7.11-7.15 (m, 1H, Ar-H); 7.20, 7.22 (dd, 2H, J; 3.2; J> 3.2 Hz). 7.24 (d, 1H, J 8 Hz, Ar-H), 7.47-7.51
(m, 1H, Ar-H), 7.63, 7.65 (dd, 2H, J1 J> 3.2 Hz, Ar-H), 8.32, 8.34 (dd, 1H, J1 1.6 Hz, J; 2 Hz, Ar-H). 13C NMR (100
MHz, DMSO- ds): 6§ 55.75, 112.10, 115.14, 117.89, 120.86, 121.89, 129.73, 131.35, 138.49, 148.85, 156.78.
Anal. Calcd. For CiaH12N20 (224.26): C, 74.98; H, 5.39; N, 12.49; Found: C, 75.01; H, 5.38; N, 12.52%. MS (El);
m/z 224.08 (M*).

2-(3-Methoxyphenyl)-1H-benzimidazole (4d). White Solid, yield 91%. *H NMR (400 MHz, DMSO- ds): 6 =3.87
(S, 3H, OCHs), 7.05-7.08 (m, 1H, Ar-H), 7.21, 7.23 (dd, 2H, J; J> 3.2Hz, Ar-H), 7.46 (b, 1H, J 8.4 Hz, Ar-H); 7.60,
7.62 (dd, 2H, J1 J23.2Hz, Ar-H), 7.76-7.78 (m, 2H, Ar-H), 13.22 (br. S. 1H, NH). 13C NMR: (100 MHz, DMSO- d):
6=55.27, 111.39, 115.08, 115.89, 118.74, 122.18, 130.09, 131.38, 151.05, 159.63. Anal. Calcd. For C14H12N>0
(224.26): C, 74.98; H, 5.39; N, 12.49. Found: C, 74.85; H, 5.22; N, 12.55%. MS(EI); m/z 224.06 (M*).
2-(3,4,5-Trimethoxyphenyl)-1H-benzimidazole (4e). Yellow solid, yield 94%. *H NMR (400 MHz, DMSO- ds): &
=3.74 (S, 3H, OCHs), 3.91 (S, 6H, two OCHs functions), 7.19-7.23 (m, 2H, Ar-H), 7.54 (d, 2H, J= 4.8 Hz, Ar-H),
7.60, 7.62 (dd, 2H, J1 J2 3.2 Hz, Ar-H), 12.86 (br.s. 1H, NH). 13C NMR: (100 MHz, DMSO- ds): & 55.85, 56.01,
59.98, 103.81, 106.70, 114.15, 122.03, 125.46, 130.25, 137.05, 138.89, 151.21, 152.83, 153.22. Anal. Calcd. For
C16H16N203 (284.32): C, 67.59; H, 5.67; N, 9.85. Found: C, 67.66; H, 5.71, N, 9.87%. MS(EI); m/z 284.22 (M*).
2-(3- Nitrophenyl)-1H-benzimidazole (4f). Yellow solid, yield 92%. *H NMR (400 MHz, DMSO- ds): § 7.25, 7.26
(dd, 2H, J1 J2 3.2 Hz, Ar-H), 7.72 (d, 1H, J 8 Hz, Ar-H), 8.20 — 8.23 (m, 1H, Ar-H), 8.60-8.62 (m, 1H, Ar-H), 8.31-
8.34 (m, 2H, Ar-H), 9.01 (b, 1H, J 2H, Ar-H); 13.20 (br.S.1H, NH). Anal. Calcd. For C13HoN3O; (239.23): C, 65.27;
H, 3.79; N, 17.56. Found: C, 65.21; H, 3.82; N, 17.55%. MS(EIl); m/z 239.23 (M*).

2-(4- Nitrophenyl)-1H-benzimidazole (4g). Yellow solid, yield 93%. 3*C NMR (100 MHz, DMSO- ds): 6 113.77,
122.94, 128.22, 130.20, 136.28, 136.93, 147.79. Anal.Calcd. for C13H9N302 (239.23): C, 65.27; H, 3.79; N, 17.56.
Found: C, 65.33; H, 3.72; N, 17.55%. MS(EI); m/z 239.25 (M").

2-(3- Chlorophenyl)-1H-benzimidazole (4h). Yellow solid, yield 91%. 3C NMR (100 MHz, DMSO- ds): 6= 122.42,
124.98, 126.00, 129.50, 130.89, 132.17, 133.75, 149.70. Anal.Calcd. for C13HsCIN; (228.05): C, 68.28; H, 3.97;
Cl, 15.50; N, 12.25. Found: C, 68.32; H, 3.92; N, 12.31%. MS(El); m/z 227.99 (M*).

2-(4- Hydroxyphenyl)-1H-benzimidazole (4i). Brown crystals yield 89%. *H NMR (400 MHz, DMSO- dg): & 7.00-
7.06 (m, 2H, Ar-H), 7.26-7.30 (m, 2H, Ar-H), 7.36-7.43 (m, 1H, Ar-H), 7.66, 7.67 (dd, 2H, J1 J, 3.6 Hz, Ar-H), 7.86
(br.s.1H, OH), 8.06, 8.08 (dd, 1H, J1 1.2, J; 1.6 Hz, Ar-H), 13.20 (br.s.1H, NH). 3C NMR (100 MHz, DMSO- de): &
112.58, 117.18, 119.10, 122.82, 126.20, 131.71, 146.88, 151.69, 158.02, 172.62. Anal.Calcd. for Ci3H10N2O
(210.08): C, 74.27; H, 4.79; N, 13.33. Found, C, 74.35; H, 4.82; N, 13.21%. MS (El); m/z 210.13 (M").

Page 7 of 10 ©AUTHOR(S)



Arkivoc 2023, (viii), 202311963 Jaraph-Alhadad, L. A. et al.

2-(3- furanyl)-1H-benzimidazole (4j). Yellow solid, yield 88%. 3C NMR (100 MHz, DMSO- ds): 6= 122.15,
126.66, 128.24, 128.72, 133.66, 146.99. Anal.Calcd. for C11HsN2S (200.26): C, 65.98; H, 4.03; N, 13.99; S, 16.01.
Found: C, 65.95; H, 4.16; N, 14.05; S, 16.14%. MS(EI); m/z 200.13 (M?*).

Supplementary Material

Copies of *H NMR, 3C NMR and MS spectra of synthetized compounds are available on the supplementary
material file associated with this paper.

References

10.

11.

12.

13.

Srivastava, V.; Srivastava, A. M.; Tiwari, A. K.; Srivastava, R.; Sharma, R.; Sharma, H.; Singh, V. K. Chem. Biol.
Drug Des. 2009, 74, 297-301.
https://doi.org/10.1111/j.1747-0285.2009.00850.x
Saini, N.; Varshney, R.: Tiwari, A. K.; Kaul, A.; Allard, M.; Ishar, M. P. S.; Mishara, A.K. Dalton Trans. 2013,
42, 4994-5003.
https://doi.org/10.1039/C2DT32391E
Shukla, G.; Tiwari, A. K.; Singh, V. K.; Bajpai, A.; Chandra, H.; Mishra, A. K. Chem. Biol. Drug. Des. 2008, 72,
533-539.
https://doi.org/10.1111/j.1747-0285.2008.00724.x
Nguyen, T. B.; Ermolenko, L.; Al-Mourabit, A. J. Am. Chem. Soc. 2013, 135, 118-121.
https://doi.org/10.1021/ja311780a
Vitaku, E.; Smith, D. T. ; Njardarson, J. T. J. Med. Chem. 2014, 57, 10257-10274.
https://doi.org/10.1021/im501100b
Slachtova, V.; Brulikova, L. Chemistry Select. 2018, 3, 4653-4662.
https://doi.org/10.1002/slct.201800631
Pal, S.; Manjunath, B.; Ghorai, S.; Sasmal, S. The Alkaloids: Chem. Biol. 2018, 79, 71-137.
https://doi.org/10.1016/bs.alkal.2017.12.002
Labib, M. B.; Philoppes, J. N.; Lamie, P. F.; Ahmed, E. R. Bioorg. Chem. 2018, 76, 67-80.
https://doi.org/10.1016/j.bioorg.2017.10.016
Ibrahim, H. A.; Awadallah, F. M.; Refaat, H. M.; Amin, K. M. Bioorg. Chem. 2018, 77, 457-470.
https://doi.org/10.1016/j.bioorg.2018.01.014
Seenaiah, D., Reddy, R. R., Reddy, G. M., Padmaia, A., Padmavathi, V., Krishna, N. S., Eur. J. Med. Chem.
2014, 77, 457-470.
https://doi.org/10.1016/j.ejmed.2014.02.050
Bugday, N., Kucukbay, F. Z., Apophan, E., Kucukbay, H., Serinday, A., Yesilada, O., Letters in Organic
Chemistry, 2017, 14, 198-206.
https://d0i.10.2174/1570178614666170203093406
Kucukbag,H., yilmaz, U, Sireci, N., Onganer, A.N. Turk. J.Chem. 2011,35, 561-571.
https://d0i.1039016/kim-1012-914
Tarig, S.; Kamboj, P.; Alam, O.; Amir, M. Bioorg. Chem. 2018, 81, 630-641.
https://doi.org/10.1016/j.bioorg.2018.09.015

Page 8 of 10 ©AUTHOR(S)



https://doi.org/10.1111/j.1747-0285.2009.00850.x
https://doi.org/10.1039/C2DT32391E
https://doi.org/10.1111/j.1747-0285.2008.00724.x
https://doi.org/10.1021/ja311780a
https://doi.org/10.1021/jm501100b
https://doi.org/10.1002/slct.201800631
https://doi.org/10.1016/bs.alkal.2017.12.002
https://doi.org/10.1016/j.bioorg.2017.10.016
https://doi.org/10.1016/j.bioorg.2018.01.014
https://doi.org/10.1016/j.ejmed.2014.02.050
https://doi.10.2174/1570178614666170203093406
https://doi.1039016/kim-1012-914
https://doi.org/10.1016/j.bioorg.2018.09.015

Arkivoc 2023, (viii), 202311963 Jaraph-Alhadad, L. A. et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Liu, S., Wang, W,, liang, L., Wan, S., Zhang, L., Yu, R., Jiang, T., Chem. Biol. Drug. Des. 2015, 86, 1221-1223.
https://doi: 10.1111/cbdd.12589

Piotrowska, D. G.; Andrei, G.; Schols, D.; Snoeck, R.; Lysakowska, M. Eur. J. Med. Chem. 2017, 126, 84-100.
https://doi.org/10.1016/j.ejmech.2016.10.002

Rynearson, K. D.; Charrette, B.; Gabriel, C.; Moreno, J.; Boerneke, M. A.; Dibrov, S. M; Hermann, T. Bioorg.
Med. Chem. Lett. 2014, 24, 3521-3525.

https://doi.org/10.1016/j.bmcl.2014.05.088

Fukai, R.; Zheng, X.; Motoshima, K.; Tai, A.; Yazama, F.; Kakuta, H. Chem. Med. Chem. 2011, 6, 550-560.
https://doi.org/10.1002/cmdc.201000462

Abdelazeem, A. H.; Khan, S. I.; White, S. W.; Sufka, K. J.; McCurdy, C. R. Bioorg. Med. Chem. 2015, 23, 3248-
3259.

https://doi.org/10.1016/j.bmc.2015.04.057

M.l. Morningstar, T. R. D. W. Fransworth, M. K. Smith, K. Watson, W. Buckheit, K.Das, W. Zhang, E. Arnold,
J. G. Julias, S. H. Hughes, C. J. Michejda. J. Med. Chem. (2007) 50, 4003 — 4015.

Kamal, A.; Reddy, M. K.; Shaik, T. B.; Rajender ; Srikanth, Y. V. V.; Reddy, V. S.; Kumar, G. B.; Kalivendi, S. V.
Eur. J. Med. Chem. 2012, 50, 9-17.

https://doi.org/10.1016/j.ejmech.2012.01.004

Kim, J. S.; Gatto, B. ; Yu, C.; Liu, A.; Liu, L. F.; LaVoie, E. J. J. Med. Chem. 1996, 39, 992-998.
https://doi.org/10.1021/im950412w

Dettmann, S.; Szymanowitz, K.; Wellner, A.; Schiedel, A.; Miller, C. F.; Gust, R. Bioorg. Med. Chem. 2010,
18, 4905-4916.

https://doi.org/10.1016/j.bmc.2010.06.016

Faheem, M.; Rathaur, A.; Pandey, A.; Singh, V. K.; Tiwari, A. K. Chemistry Select. 2020, 5, 3981-3994.
https://doi.org/10.1002/slct.201904832

Yilmaz, U. Kucukbay, H. Deniz, S. Sireci, N, Molecules 2013, 18, 2501-2517.
https://doi.org/10.3390/molecules18032501

Xia, J.; Yang, X.; Li, Y.; Li, X. Org. Lett. 2017, 19, 3243-3246.

https://doi.org/10.1021/acs.orglett.7b01356

Tran, G.; Confair, D.; Hesp, K. D.; Mascitti, V.; Ellman, J. A. J. Org. Chem. 2017, 82, 9243-9252.
https://doi.org/10.1021/acs.joc.7b01723

Schwoh, T.; Kempe, R. Angew. Chem. Int. Ed. 2016, 55, 15175-15179.
https://doi.org/10.1002/anie.201608321

Bera, A.; Sk, M.; Singh, K.; Banerjee, D. Chem. Commun. 2019, 55, 5958-5961.
https://doi.org/10.1039/C9CC02319D

Li, L.; Luo, Q.; Cui, H.; Li, R.; Zhang, J.; Peng, T. ChemCat Chem. 2018, 10, 1607-1613.
https://doi.org/10.1002/cctc.201800017

Lin, W.-H.; Wu, W.-C; Selvaraju, M.; Sun, C.-M. Org. Chem. Front. 2017, 4, 392-397.
https://doi.org/10.1039/C6Q000733C

Zhang, Z.-H.; Yin, L.; Wang, Y.-M. Catal. Commun. 2007, 8, 1126-1131.
https://doi.org/10.1016/j.catcom.2006.10.022

Nguyen, K. M. H.; Largeron, M. Chem. Eur. J. 2015, 21, 12606-12610.
https://doi.org/10.1002/chem.201502487

Sharghi, H.; Aberi, M.; Doroodmand, M. M. Adv. Synth. Catal. 2008, 350, 2380-2390.
https://doi.org/10.1002/adsc.200800317

Page 9 of 10 ©AUTHOR(S)


https://doi:%2010.1111/cbdd.12589
https://doi.org/10.1016/j.ejmech.2016.10.002
https://doi.org/10.1016/j.bmcl.2014.05.088
https://doi.org/10.1002/cmdc.201000462
https://doi.org/10.1016/j.bmc.2015.04.057
https://doi.org/10.1016/j.ejmech.2012.01.004
https://doi.org/10.1021/jm950412w
https://doi.org/10.1016/j.bmc.2010.06.016
https://doi.org/10.1002/slct.201904832
https://doi.org/10.3390/molecules18032501
https://doi.org/10.1021/acs.orglett.7b01356
https://doi.org/10.1021/acs.joc.7b01723
https://doi.org/10.1002/anie.201608321
https://doi.org/10.1039/C9CC02319D
https://doi.org/10.1002/cctc.201800017
https://doi.org/10.1039/C6QO00733C
https://doi.org/10.1016/j.catcom.2006.10.022
https://doi.org/10.1002/chem.201502487
https://doi.org/10.1002/adsc.200800317

Arkivoc 2023, (viii), 202311963 Jaraph-Alhadad, L. A. et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

49.

50.

Maiti, D. K.; Halder, S.; Pandit, P.; Chatterjee, N.; De Joarder, D.; Pramanik, N.; Saima, Y.; Patra, A.; Maiti, P.
K. J. Org. Chem. 2009, 74, 8086-8097.
https://doi.org/10.1021/j0901458k

Ruiz, V. R.; Corma, A.; Sabater, M. J. Tetrahedron 2010, 66, 730-735.
https://doi.org/10.1016/j.tet.2009.11.048

Chari, M. A.; Shobha, D.; Sasaki, T. Tetrahedron Lett. 2011, 52, 5575-5580.
https://doi.org/10.1016/].tetlet.2011.08.047

Chopra, R.; Kumar, M.; Neelam; Bhalla, V. Green Chem. 2019, 21, 3666-3674.
https://doi.org/10.1039/C9GCO0350A

Yu, C.; Guo, P.; Jin, C.; Su, W. J. Chem. Res. 2009, 333-336.

https://doi.org/10.3184/030823409X447763

Kumar, S.; Kapoor, K. K. Synlett. 2007, 2809-2814.

https://doi.org/10.1055/s-2007-991087

Sirdharan, V.; Menéndez, J. C. Chem. Rev. 2010, 110, 3805-3849.

https://doi.org/10.1021/cr100004p

Sadek K. U, Al-Qalaf F, Mekheimer, R. A, Elnagdi M. H. Arabian Journal of Chemistry. 2012, 5, 63 — 66.
https://doi:10.1016/j.arabjc.2010.07.024

Nazmy, M. H.; Mekheimer, R. A.; Shoman, M. E.; Abo- Elsebaa, M.; Abd-Elmonem, M.; Sadek, K. U. Bioorg.
Chem. 2022, 122, 105740.

https://doi.org/10.1016/j.bioorg.2022.105740

Dyab, A. K. F.; Sadek, K. U. RSC Adv. 2018, 8, 23241-23251.

https://doi.org/10.1039/C8RA04195D

Mekheimer, R. A.; Allam, S. M. R.; Al-Sheikh, M. A.; Moustafa, M. S.; Al-Mousawi, S. M.; Mostafa, Y. A.;
Youssif, B. G. M.; Gomaa, H. A. M.; Hayallah, A. M.; Abdelaziz, M.; Sadek, K. U. Bioorg. Chem. 2022, 121,
105693.

https://doi.org/10.1016/j.bioorg.2022.105693

Abdel Hamid, A.; Abd- Elmonem, M.; Hayallah, A. M.; Abo-Elsoud, F. A.; Sadek, K. U. Chemistry Select.
2017, 2, 10689-10693.

https://doi.org/10.1002/slct.201702011

Mekheimer, R. A.; Abdel Hameed, A.; Sadek, K. U. Green Chem. 2008, 10, 592-593.
https://doi.org/10.1039/B715126H

CCDC: deposition Number 2241439

Aken, K. V.; Strekowski, L.; Patiny, L. Beilstein J. Org. Chem. 2006, 3, 1-7.
https://doi.org/10.1186/1860-5397-2-3

Habibi, A., Valizadeh, Y., Mollazadeh, M., Alizadeth, A., Int. J. of Org.Chem., 2015, 5, 256-263.
https://d0i.10.4236/ijoc.2015.54025

Z. Geng, H-yu. Zhang, G.Yin, Y. Zhang, J. Zhao, J. Chem. Res. 2020, 44, 557-565.
https://doi.org/10.1177/1747519820912163

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 10 of 10 ©AUTHOR(S)


https://doi.org/10.1021/jo901458k
https://doi.org/10.1016/j.tet.2009.11.048
https://doi.org/10.1016/j.tetlet.2011.08.047
https://doi.org/10.1039/C9GC00350A
https://doi.org/10.3184/030823409X447763
https://doi.org/10.1055/s-2007-991087
https://doi.org/10.1021/cr100004p
https://doi:10.1016/j.arabjc.2010.07.024
https://doi.org/10.1016/j.bioorg.2022.105740
https://doi.org/10.1039/C8RA04195D
https://doi.org/10.1016/j.bioorg.2022.105693
https://doi.org/10.1002/slct.201702011
https://doi.org/10.1039/B715126H
https://doi.org/10.1186/1860-5397-2-3
https://doi.10.4236/ijoc.2015.54025
https://doi.org/10.1177/1747519820912163
http://creativecommons.org/licenses/by/4.0/

