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_____________________________________________________________________________________________ 
 
ABSTRACT 
 
From synthesis view-point, multicomponent reactions catalysed by metal-free catalysts have proven themselves 
better alternatives because of better economical, ecological and toxicological profiles. In this context, herein, we 
report a facile and efficient synthesis of 2,4,5-triarylsubstituted imidazole derivatives via three-component 
condensation reaction in the presence of a catalytic amount of citric acid.  
 
Keywords: one-pot, 2,4,5-triarylimidazoles, metal-free catalysts, three-component, citric acid, Debus-Radziszewski 
condensation, MCRs. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

The use of multicomponent reactions (MCRs), to generate interesting and novel drug-like scaffolds, becomes one 
challenging goal for organic chemists since they offer significant advantages over conventional linear stepwise 
syntheses [1]. Indeed, MCRs have been used extensively to form heterocyclic and complex structures, not easily 
accessible via classical synthetic reactions.  
 
On the other hand, imidazole ring containing heterocycles have been of great interest for organic chemists due to 
their useful biological and pharmacological aspects [2]. For example, it is reported that many of substituted 
imidazoles can act as fungicides, herbicides, plant growth regulators [3], antibacterial [4], antitumor [5] and 
glucagon receptors [6]. In addition, they can be used in ionic liquids [7-10] that have been given a new approach to 
“Green Chemistry”. Subsequently, a variety of methods have been used to prepare these heterocyclic compounds 
involving several Brønsted and Lewis acids in liquid or solid-phase conditions [11]. In spite of being effective, some 
of the reported methods have certain limitations such as complex work-up and purification, significant amounts of 
waste materials, strongly acidic conditions, low yields and the use of expensive reagents and toxic catalysts. Hence, 
it is important to continue to search for simpler, effective, cleaner, economical and environmentally safer protocols. 
In this context, the use of catalysts containing transition metals is less appropriate, due not only to their hazardous 
properties but also because, in many cases, these catalysts are moisture sensitive, very toxic, difficult to handle, act 
contrary to the principles of green chemistry to some extent, when used in large amounts, and give metal 
contaminated products which are usually difficult to purify. Thus, metal-free catalysts start to be more and more 
important in this century for the construction of new and useful molecules due to their remarkable eco-compatibility 
as they do not contain metals.  
 
All these facts have strengthened ourselves to find newer eco-friendly method and prompted us to employ citric acid 
(Figure 1) as a metal-free catalyst for efficient and high-yielding synthesis of 2,4,5-triarylimidazole derivatives via 
Debus-Radziszewski one-pot three-component condensation  of benzil, ammonium acetate and aromatic aldehydes 
as shown in Scheme 1. 
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Figure 1: 2-hydroxypropane-1,2,3-tricarboxylic acid (citric acid) 
 

MATERIALS AND METHODS 
 

Chemistry  
All products are known and were characterized by comparison of their physical and spectroscopic data with those of 
authentic samples. Melting points were measured using a fine control Electro thermal capillary apparatus and are 
uncorrected. IR spectra were obtained as KBr pellets with a Shimadzu FT IR-8201 PC spectrometer. 1H and 13C 
NMR spectra were recorded in DMSO-d6 and/or CDCl3 on a Bruker Avance DPX spectrometer. Chemical shifts (δ) 
are reported in ppm and J values in hertz (Hz).  
 
General procedure for the preparation of 2,4,5-triarylimidazoles (4a-m):  
A mixture of benzil 1 (10 mmol), ammonium acetate 2 (30 mmol), aromatic aldehyde 3 (10 mmol) and citric acid 
(15 mol%) was stirred in refluxed ethanol (5 ml) for the appropriate time as mentioned in Table 1. After completion 
of reaction, as monitored by TLC, the reaction mixture was cooled to room temperature and diluted with excess of 
cold water. The solid product that separated out, was filtered, washed with excess of water and further recrystallized 
from acetone/water (9/1) to result the corresponding 2,4,5-triarylimidazole 4 in a pure state (Scheme 1).  
 
The structures of all the prepared products were unambiguously established on the basis of their spectral analysis 
(IR, 1H&13C NMR) and melting points.  
 
2,4,5-Triphenyl-1H-imidazole (4a): Yield: 92%; mp 273-275°C; IR cm-1: 3429.2 (N-H), 3043.5 (CH aromatic), 
1600 (C=C), 1492.8 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 7.22 - 7.60 (m, 13H, CH aromatic), 8.10 (d, 2H, CH 
aromatic, J = 7.7 Hz), 12.70 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 125.33, 126.69, 127.23, 127.94, 128.36, 128.58, 
128.85, 130.43, 131.17, 135.25, 137.23, 145.67.  
 
2-(4-Methylphenyl)-4,5-diphenyl-1H-imidazole (4b): Yield: 82%; mp 229-232°C; IR cm-1: 3417.6 (N-H), 3039.6 
(CH aromatic,), 1604.7 (C=C), 1490.8 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 2.30 (s, 3H, CH3) 7.49 - 7.93 (d, 2H, 
CH aromatic, J = 6.9, 7.9 Hz), 7.18 - 7.30 (m, 12H, CH aromatic), 12.40 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 
20.89, 125.08, 127.06, 127.56, 127.80, 128.19, 128.87, 137.39, 145.74. 
 
2-(3-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (4c): Yield: 80%; mp 258°C; IR cm-1: 3290.3 (NH), 2966.3 (CH 
aromatic,), 1631.7 (C=N), 1542.1 (C=C), 1028 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.80 (s, 3H, O-CH3), 6.85 
(dd, 1H, CH aromatic, J  = 7.4 Hz, J = 1.7 Hz), 6.29 - 7.72 (m, 13H, CH aromatic,), 12.50 (s, 1H, N-H); 13C NMR 
(DMSO-d6) δ:  54.89, 110.06, 113.88, 117.53, 119.68, 127.95, 129.22, 131.47, 145.49, 159.34.  
 
2-(2-Nitrophenyl)-4,5-diphenyl-1H-imidazole (4d): Yield: 65%; mp 227-229°C; IR cm-1): 3421 (NH), 2928 (CH 
aromatic), 1596 (C=N), 1515 (NO2), 1345 (NO2); 

1H NMR (CDCl3/ DMSO-d6)  δ: 7.25 - 8.01 (m, 14H, CH 
aromatic), 12.98 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 123.9, 124.5, 127.20, 127.51, 128.52, 128.70, 129.10, 
129.21, 130.01, 130.32, 131.02, 132.61, 135.21, 138.00, 141.41, 148.80. 
 
2-(2-Methylphenyl)-4,5-diphenyl-1H-imidazole (4f): Yield: 75%; mp 208-210°C; IR cm-1: 3433.1(NH), 3028.0, 
(CH aromatic), 1596.9 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ:  2.70 (s, 3H, CH3), 7.15 - 7.71 (m, 14H, CH 
aromatic), 12.35 (s, 1H, NH).  
 
2-(2-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (4g): Yield: 81%; mp 211-213°C; IR cm-1: 3433.1 (N-H), 
3070.5 (CH aromatic), 2356.9, 1598.1 (C=C), 1463.6 (C=N), 1030 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.90 (s, 
3H, O-CH3), 7.05 - 8.09 (m, 14H, CH aromatic), 11.90 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 55.31, 111.09, 118.22, 
120.43, 126.79, 127.67, 128.03, 128.57, 129.53, 132.78, 155.77. 
 
2-(2,4-Dichlorophenyl)-4,5-diphenyl-1H-imidazol (4h): Yield: 70%; mp 174-175°C; IR cm-1: 3433.1 (N-H), 
3062.7 (CH aromatic), 1679 (C=C), 1598.9 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 7.21 - 7.56 (m, 12H, CH 
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aromatic) 7.82 (dd, 1H, CH aromatic, J = 8.3 Hz, J = 1.7 Hz), 12.60 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 119.25, 
126.37, 127.00, 127.14, 127.48, 127.89, 128.10, 128.32, 128.69, 129.49, 132.23, 132.37, 133.87, 137.10, 142.32 
 
2-(4-Chlorophenyl)-4,5-diphenyl-1H-imidazole (4i): Yield: 78%; mp 263-264°C; IR cm-1: 3294.2 (N-H), 2846.7 
(CH aromatic), 1635.5 (C=C), 1368.4 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 7.20 - 7.55 (m, 12H, CH aromatic), 
8.10 (d, 2H, CH aromatic, J = 8.3 Hz), 12.80 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 125.41, 126.95, 127.18, 127.98, 
128.31, 128.51, 128.79, 128.89, 128.99, 129.25, 130.95, 132.87, 137.38, 144.54.  
 
2-(4-Ethylphenyl)-4,5-diphenyl-1H-imidazole (4j): Yield: 86%; mp 242-244°C; IR cm-1: 3500 (N-H), 2966.3 (CH 
aromatic), 2356.9, 1635.5 (C=C), 1468.2 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 1.20 (t, 3H, CH3, J = 7.6 Hz) 2.65 
(q , 2H, CH2, J = 7.5 Hz) 7.20-7.60 (m, 12H, CH aromatic), 8.02 (d, 2H, CH aromatic, J = 7.5 Hz), 12.60 (s, 1H, N-
H); 13C NMR (DMSO-d6) δ: 15.53, 28.09, 119.73, 125.37, 126.60, 127.19, 127.81, 128.0, 128.06, 128.18, 128.29, 
128.50, 128.76, 131.22, 135.31, 137.05, 144.10, 145.83.  
 
2-(3-Chlorophenyl)-4,5-diphenyl-1H-imidazole (4k): Yield: 75%; mp 280°C; IR cm-1: 3440.8 (N-H), 3062.7 (CH 
aromatic), 1589.2 (C=C); 1H NMR (CDCl3/ DMSO-d6) δ: 7.32 - 7.55 (m, 12H, CH aromatic), 8.07 (d, 1H, CH 
aromatic, J = 6.9 Hz), 8.18 (s, 1H, CH aromatic), 12.85 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 144.43, 137.30, 
135.01, 132.75, 130.93, 129.20, 128.77, 128.67, 128.56, 128.43, 128.20, 127.86, 127.07, 126.84, 126.59. 
 
2-(4-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (4l): Yield: 90%; mp 238-240°C; IR cm-1: 3421.5 (N-H), 
3024.2 (CH aromatic), 2299.0, 1608.9 (C=C), 1149.8 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.90 (s, 3H, O-CH3), 
7.00 - 8.05 (m, 14H, CH aromatic), 12.50 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 56.11, 114.31, 123.10, 126.32, 
126.60, 128.01, 128.31, 134.20, 146.00, 158.90. 
 
2-(3-Hydroxyl-4-methoxylphenyl)-4,5-diphenyl-1H-imidazole (4m): Yield: 64%; mp 192-194°C; IR cm-1: 
3417.6 (N-H), 3062.7 (CH aromatic), 1604.7 (C=C) , 1257.5 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.80 (s, 3H, O-
CH3) 7.02 (d, 1H, CH aromatic, J = 8.1 Hz), 7.19 - 7.58 (m, 12H, CH aromatic), 9.20 (s, 1H, O-H), 12.45 (s, 1H, N-
H).  
 

RESULTS AND DISCUSSION 
 

In continuation of our on-going research for the development of simple and efficient methods for the synthesis of 
various heterocyclic compounds [12], herein we wish to report a simple, economic and efficient one-pot method for 
the synthesis of 2,4,5-triaryl-1H-imidazole derivatives from 1,2-dicarbonyl compound, ammonium acetate and 
aromatic aldehydes in the presence of citric acid as catalyst. 
 
Initially, we investigated the ability of this catalyst for examining the reaction of benzil, ammonium acetate and 
benzaldehyde. After initial screening of amounts for citric acid, solvents and reaction temperature, we obtained that 
the use of 15 mol% citric acid in ethanol under reflux conditions produced 2,4,5-triphenyl-1H-imidazole after 50 
minutes, in 92% yield (Table 1, entry 14). Notably, the desired product could not be obtained under similar reaction 
conditions, even after long time in the absence of the catalyst (Table1, entry 3).  
 

Table 1. Optimizing the reaction conditionsa 

 

Entry Catalyst loading (mol%) Solvent 
Temperature 

(°C) 
Time   (min) 

Yieldb 

(%) 
1 ----- ------ r t 240 N.Rc 

2 ----- ------ 80 240 N.Rc 
3 ----- EtOH reflux 120 N.Rc 
4 10 ----- r t 180 traces 
5 10 ----- 80 50 80 
6 10 EtOH r t 300 16 
7 10 EtOH 50 180 35 
8 10 EtOH reflux 50 85 
9 10 CH3CN reflux 50 56 
10 10 CH2Cl2 reflux 50 N.Rc 

11 10 CHCl3 reflux 50 NRc 

12 10 H2O reflux 50 N.Rc 

13 5 EtOH reflux 50 39 
14 15 EtOH reflux 50 92 
15 20 EtOH reflux 50 80 

 
aBenzil:benzaldehyde:NH4OAc (1 mmol:1 mmol:3 mmol); bIsolated yield; cNo reaction. 
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Subsequently, to examine the efficiency and applicability of this protocol, the reaction was extended to other 
substituted aromatic aldehydes. The results are incorporated in Table 2. The reactions proceeded efficiently to 
furnish the corresponding imidazole derivatives (4a-m) in fair to good yields (Table 2).  
 

O

Ph O

Ph

N
H

N
Ar

Ph

Ph
ArCHONH4OAc

15 mol% citric acid

EtOH, reflux
+ +

1 2 3
4  

Scheme 1: Synthesis of 2,4,5-triarylimidazoles 
 
 

Table 2: Physical data of the prepared 2,4,5-triarylimidazole compounds (4a-m) 
 

Entry Ar 
Time 
(min) 

Compounda Yieldb (%) Melting point 
Found       Reported[ref] 

1 C6H5 50 4a 92 273-275        274-275[13] 
2 4-CH3-C6H4 75 4b 82 229-232        230-232[13] 
3 3-CH3O-C6H4 70 4c 80 258               266-268[14] 
4 2-NO2-C6H4 100 4d 65 227-229        230-231[14] 
5 2-HO-C6H4 90 4e 80 199-201        198-201[15] 
6 2-CH3-C6H4 80 4f 75 208-210        205-207[16] 
7 2-CH3O-C6H4 70 4g 81 211-213        212-214[13] 
8 2,4-Cl2-C6H3 115 4h 70 174-175        170-172[15] 
9 4-Cl-C6H4 120 4i 78 263-264         264-266[13] 

10 4-Et-C6H4 360 4j 86 242-244        223-224[17] 
11 3-Cl-C6H4 210 4k 75 280               285-287[17] 
12 4-MeO-C6H4 180 4l 90 238-240       230–233[13] 
13 3-OH-4-MeO-C6H3 300 4m 64 192-194        214-216[18] 

aAll the isolated products were characterized on the basis of their physical properties and IR, 1H-and 13C-NMR spectral analysis and by direct 
comparison with authentic materials. 

bIsolated yields 
 
 
A plausible mechanism for citric acid mediated Radziszewski synthesis of 2,4,5-triarylimidazole derivatives is 
depicted in Scheme 2: 
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Scheme 2: A plausible mechanism for the formation of 2,4,5-triarylimidazole derivatives 
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CONCLUSION 
 

In conclusion, a one-pot, multicomponent methodology has been developed for the synthesis of 2,4,5-
triarylimidazole derivatives catalysed by 15 mol% of citric acid in fair to high yields. Compared to previously 
reported methods, most of which required metal containing catalysts, this protocol proceeded smoothly in the 
presence of citric acid, an eco-friendly organocatalyst. Moreover, the mild reaction conditions, easy work-up, clean 
reaction profiles, low catalyst loading and cost efficiency render this approach as an interesting alternative to the 
existing methods.  
Further studies on the application of this catalyst for the synthesis of highly functionalized biologically active 
heterocyclic compounds are underway. 
 
Acknowledgments 
 
We gratefully acknowledge the MESRES (Ministère de l’Enseignement Supérieur et de la Recherche Scientifique) 
for Financial support. 
 

REFERENCES 
 

[1] (a) A. Domling, Combinatorial Chemistry & High Throughput Screening 1998, 1, 1-22; (b) I. Ugi, A. Domling, 
B. Gruber, M. Almstetter, Croatica Chem. Acta. 1997, 70, 631-647; (c) R. Armstrong, A. Combs, P. Tem-pest, D. 
Brown, T. Keating, Acct. Chem. Res. 1996, 29, 123-131. 
[2] J. G. Lambardino,  E. H. Wiseman, J. Med. Chem. 1974, 17, 1182-1188. 
[3] J. C. Lee, J. T. Laydon, P. C. McDonnell, T. F. Gallagher, S. Kumar, D. Green, D. McNulty, M. J. Blumenthal, 
J. R. Keys, S. W. L. Vatter, J. E. Strickler, M. M. McLaughlin, I. R. Siemens, S. M. Fisher, G. P. Livi, J. R. White, 
J. L. Adams,  P. R. Young,  Nature, 1994, 372, 739-346.  
[4] M. Antolini, A. Bozzoli, C. Ghiron, G. Kennedy, T. Rossi, A. Ursini, Bioorg. Med. Chem. Lett., 1999, 9, 1023-
1028.  
[5] L. Wang, K. W. Woods, Q. Li, K. J. Barr, R. W. Mc Croskey, S. M. Hannick, L. Gherke, R. B. Credo, Y-H.Hui,  
K. Marsh, R. Warner, J. Y. Lee, N. Zielinsky-Mozng, D. Frost, S. H. Rosenberg, H. L. Sham, J. Med. Chem., 2002, 
45, 1697-1711.  
[6]  S. E. De Laszlo, C. Hacker, B. Li, D. Kim, M. Mac Coss, N. Mantl, J. V. Pivnichny, L. Colwell, G. E. Koch, 
M. A. Cascieri, W. K. Hagmann, Bioorg. Med. Chem. Lett. 1999, 9, 641-646. 
[7] A. R. Hajipour, F. Rafiee, J. Iran. Chem. Soc. 2009, 6, 647-678. 
[8] A. Zare, A. Hasaninejad, A. Khalafi-Nezhad, A. R. Moosavi-Zare, M. H. Beyzavi, F. Khedri, F. Asadi, N. 
Hayati, A. Asifi, J. Iran.  Chem. Soc. 2010, 7, 461-469. 
[9] D. V. Seo, Y. D. Lim, S. H. Lee, S. C. Ur, V. G. Kim, Bull. Korean Chem. Soc. 2011, 32, 2633-2636. 
[10] Li, H.; Liu, J.; Zhu, J. Wang, H. J. Korean Chem. Soc. 2011, 55, 685-690. 
[11] M. R. Mohammad Shafiee, Marzieh Cheraghipoor and M. Ghashang, International Conference on 
Nanotechnology and Biosensors IPCBEE, 2011, 25.  
[12] (a) A. Debache, B. Boumoud, M. Amimour, A. Belfaitah, S. Rhouati, B. Carboni, Tetrahedron letters 2006, 47 
(32), 5697-5699; (b) B. Boumoud, A. Debbache, T. Boumoud, R. Boulcina, A. Debache, LOC , 2014, 11, 475-479; 
(c) B. Boumoud, I. Mennana,  T. Boumoud, A. Debache, LOC, 2013, 10, 8-11. 
[13] Behrooz Maleki and Samaneh Sedigh Ashrafiehrooz Maleki, Samaneh Sedigh Ashrafi, J. Mex. Chem. Soc. 
2014, 58, 76-81. 
[14] A. Adel Marzouk, M. Vagif Abbasov, H. Avtandil Talybov, K. Mohamed Shaaban, World Journal of Organic 
Chemistry, 2013, 1, 6-10. 
[15] J. Safari, S. D. Khalili, S. H. Banitaba, Chem. Sci., 2010, 122, 437-441. 
[16] C. Yu, M. Lei,  W. Su, Y. Xie,  Synth.Commun., 2007, 37, 3301-3309. 
[17] (a) K. V. Srinivasan,  Tetrahedron 2005, 61, 3539; (b) L. M. Wang, Y. H. Wang, H. Tian, Y. F. Yao, J. H. 
Shao, B. Liu, J. Fluor. Chem. 2006, 127, 1570-1573.  
[18] J. Safari, S .D. Khalili, M. Rezaei, S. H. Banitab, F. Meshkani, Monatsh Chem., 2010, 141, 1339-1345. 
 



 

 

 

 

 

 

Publication N°   20  

The prohibitin-binding compound fluorizoline induces apoptosis in 

chronic lymphocytic leukemia cells ex vivo but fails to prevent 

leukemia development in a murine model 

 

Marina Wierz, Sandrine Pierson, Nora Chouha, Laurent Désaubry, Jean-Hugues 

François, Guy Berchem, Jerome Paggetti, and Etienne Moussay 

 



The prohibitin-binding compound fluorizoline induces apoptosis in
chronic lymphocytic leukemia cells ex vivo but fails to prevent 
leukemia development in a murine model

by Marina Wierz, Sandrine Pierson, Nora Chouha, Laurent Désaubry, Jean-Hugues François,
Guy Berchem, Jerome Paggetti, and Etienne Moussay 

Haematologica 2018 [Epub ahead of print]

Citation: Marina Wierz, Sandrine Pierson, Nora Chouha, Laurent Désaubry, Jean-Hugues François, 
Guy Berchem, Jerome Paggetti, and Etienne Moussay. The prohibitin-binding compound fluorizoline induces
apoptosis in chronic lymphocytic leukemia cells ex vivo but fails to prevent leukemia development in a murine
model. Haematologica. 2018; 103:xxx
doi:10.3324/haematol.2017.175349

Publisher's Disclaimer.
E-publishing ahead of print is increasingly important for the rapid dissemination of science.
Haematologica is, therefore, E-publishing PDF files of an early version of manuscripts that
have completed a regular peer review and have been accepted for publication. E-publishing
of this PDF file has been approved by the authors. After having E-published Ahead of Print,
manuscripts will then undergo technical and English editing, typesetting, proof correction and
be presented for the authors' final approval; the final version of the manuscript will then
appear in print on a regular issue of the journal. All legal disclaimers that apply to the
journal also pertain to this production process.

 Copyright 2018 Ferrata Storti Foundation.
Published Ahead of Print on January 5, 2018, as doi:10.3324/haematol.2017.175349.



 

 

The prohibitin-binding compound fluorizoline induces apoptosis in chronic lymphocytic leukemia 

cells ex vivo but fails to prevent leukemia development in a murine model 

 

Running title: Fluorizoline fails to prevent CLL progression 

 

Marina Wierz,
1
 Sandrine Pierson,

1
 Nora Chouha,

2
 Laurent Désaubry,

2
 Jean-Hugues François,

3
 Guy 

Berchem,
1,3 

Jerome Paggetti,
1,

* and Etienne Moussay
1,

* 

 

1Laboratory of Experimental Cancer Research, Department of Oncology, Luxembourg Institute of 

Health, Luxembourg 

2Laboratory of Therapeutic Innovation (UMR 7200) CNRS/Université de Strasbourg, Faculté de 

Pharmacie, Illkirch 

3Centre Hospitalier de Luxembourg, Luxembourg 

*JP and EM contributed equally to this work. 

 

Keywords: chronic lymphocytic leukemia, fluorizoline, prohibitin-binding compound, apoptosis 

 

Correspondence: 

Jerome Paggetti / Etienne Moussay 

Laboratory of Experimental Cancer Research, Department of Oncology, Luxembourg Institute of 

Health, 84 Val Fleuri, L-1526, Luxembourg, Luxembourg 

E-mail: jerome.paggetti@lih.lu / etienne.moussay@lih.lu  

 



 

 

 

To the editor: 

Chronic lymphocytic leukemia (CLL), the most frequent leukemia in adults, is characterized by an 

accumulation of monoclonal B cells with a mature phenotype in the blood and lymphoid organs. 

Despite considerable advances in the treatment of patients, CLL remains an incurable disorder 1, 2 

and therefore, novel therapies are needed. New compounds harboring a trifluorinated thiazoline 

scaffold have been recently described for their pro-apoptotic properties.3 Indeed, a diaryl 

trifluorothiazoline, named fluorizoline, demonstrated a high apoptosis induction in different cancer 

cells in vitro by binding to prohibitin (PHB) 1 and 2.3-5 Very recently, fluorizoline was reported to 

efficiently induce apoptosis in CLL cells derived from patients, showing synergistic effects with other 

drugs used in CLL treatment such as the Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib.6 However, 

no assessment of fluorizoline efficacy in vivo was reported by all these studies. Here, we confirmed 

that fluorizoline strongly induces apoptosis in primary CLL cells through the induction of NOXA. 

However, we also demonstrated that fluorizoline, contrary to ibrutinib, fails to control CLL 

development in a relevant mouse model of aggressive disease. 

First, we isolated PBMC from CLL patients (>95% CD5+CD19+ cell purity) and tested the cytotoxicity 

of fluorizoline ex vivo (see methods in Online Supplementary data). We observed that CLL cells were 

sensitive to treatment as mirrored by the low inhibitory concentrations (IC50) after 24h, 48h, and 72h 

of culture (9µM, 4µM, and 4µM IC50, respectively) (Figure 1A). Both the MEC-1 and JVM-3 CLL cell 

lines were sensitive to the drug as well (7.5µM and 1.5µM IC50, respectively) (Figure 1B and C). The 

strong decrease in cell viability was confirmed for MEC-1 and JVM-3 cell lines, and primary CLL cells 

by the quantification of annexin V/7-AAD-positive cells (Figure 1D). Fluorizoline also induced 

apoptosis in healthy B cells. To understand the mechanisms leading to apoptosis induction, we 

examined the expression and cleavage of proteins playing major roles in the cell death cascade. 

Similarly in cell lines and patients’ cells, both caspase-3 and -8 were cleaved after fluorizoline 

treatment (24h) along with PARP cleavage in a dose-dependent manner (Figure 1E). We also 



 

 

observed an increased expression of the pro-apoptotic Bcl-2 homology domain 3 (BH3)-only protein 

NOXA and depletion of the anti-apoptotic molecules Mcl-1 and PUMA. However, fluorizoline-

induced cell death appeared to be Bcl-2-independent as its level remained unchanged upon 

treatment. Finally, we observed a dose-dependent decrease in Phospho-ERK1 and an increase in 

ERK2 phosphorylation. The binding of fluorizoline to prohibitins is required to induce apoptosis.
4
 

Therefore we examined the expression of PHB1 and PHB2 in purified normal B and CLL cells. Indeed, 

both prohibitins are expressed in high levels in both populations with no detectable difference 

between them (Figure 1F and Online Supplementary Figure S1).  

Next, we sought to confirm the therapeutic benefit of fluorizoline in the Eµ-TCL1 mouse model of 

CLL. For this purpose, we first prepared splenocytes from diseased Eµ-TCL1 mice and observed a 

similar toxicity of the compound towards murine CLL cells in vitro. Indeed, a concentration of 10µM 

killed 80-90% of cells depending on the incubation period (Figure 2A). Then, we performed adoptive 

transfer (AT) of splenocytes from diseased Eµ-TCL1 to C57BL/6 recipients (see Supplemental data). 

After five days, animals were randomized to treatment with either fluorizoline, ibrutinib, or control 

vehicles. Fluorizoline was administered by intraperitoneal injections three times a week at 15mg/kg, 

a dose ten times higher than the dose of another PHB-binding compound successfully used for the 

treatment of murine CLL.7 The animals were treated for five weeks and monitored weekly for both 

the blood cell count and the percentage of leukemic CD5+CD19+ cells. Interestingly, while the 

animals receiving ibrutinib remained with an almost undetectable tumor load in the circulation, the 

animals treated with vehicle or fluorizoline became leukemic very rapidly (3 weeks) as reflected by 

the strong increase in the percentage and the number of CD5+CD19+ CLL cells in the blood (Figure 

2B and C). We also quantified by flow cytometry the proportion of immune cells in the blood of mice 

treated with fluorizoline or vehicle. After five weeks of treatment, no significant difference in B and T 

cell number was observed (Online Supplementary Figure S2). While monocytes increased and 

granulocytes decreased in a manner concomitant with the development of CLL cells, no difference 

was measured in presence of fluorizoline (Online Supplementary Figure S2). Moreover, fluorizoline 



 

 

did not control disease development in the spleen as indicated by enlarged spleens, which were 

even larger than in vehicle-treated animals (Figure 2D), as well as a high proportion of CLL cell 

infiltration (> 96%). In addition, a survival analysis based on the Kaplan Meier estimate did not 

indicate any statistical difference between the groups treated with vehicle or fluorizoline (p=0.273), 

whereas all animals treated with ibrutinib survived until the end of the experiment  (p=0.0004) 

(Figure 2E). 

Furthermore, we investigated the induction of cell death in several organs after in vivo treatment. 

The absence of apoptosis was shown in situ by immunohistochemistry staining against cleaved 

caspase-3 and TUNEL assay in spleen sections (Figure 3A-B). Similarly, no difference in the 

percentage of live cells was observed for B cells, T cells, and myeloid cells in the blood and the bone 

marrow (Figure 3C-D). We also analyzed if the microenvironment could have any protective 

capabilities by co-culturing CLL cells with stromal cells. Indeed, we observed a significant protection 

from cell death by co-culturing CLL cells with HS-5 cells. The fact that conditioned medium had a 

protective effect only for JVM-3 cells, but not for CLL cells, suggests that direct cell contact is 

required for protection of human primary CLL cells (Figure 3E).  

Moreover, fluorizoline is likely poorly bioavailable. Indeed, its structure suggests a lipophilic 

character with, as a main consequence, a rapid transfer from the blood to the fatty compartment 

and therefore a decreased bioavailability. Adsorption of fluorizoline to lipids and proteins in vivo 

could also decrease the free bioavailable fraction. In addition, the metabolization of fluorizoline (e.g. 

hydrolysis, oxidation and/or conjugation) into non-active by-products, could also explain the 

difference observed between cell cultures and animal experiments. 

In conclusion, despite promising apoptosis-inducing effects in vitro, fluorizoline was unsuccessful in 

inducing apoptosis and limiting CLL progression in vivo. The absence of toxicity towards CLL cells as 

well as normal cells present in the peripheral circulation strongly points toward the low 

bioavailability of the drug or its rapid systemic clearance in vivo. Efforts should be made to modify 

the compound to improve its overall efficacy. 
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Figure legends 

 

Figure 1. 

Fluorizoline efficiently induces apoptosis in CLL cells in vitro. 

(A-C) Cytotoxic dose response of fluorizoline on primary human CLL cells (A), CLL cell lines MEC-1 (B) 

and JVM-3 (C) was analyzed by CCK8 assay. PBMC from 7 CLL patients as well as the CLL cell lines 

MEC-1 and JVM-3 were treated with increasing doses of fluorizoline ranging from 1μM to 40μM for 

24h (grey line), 48 h (blue line) or 72h (red line). (D) Representative scatter plots illustrating annexin-

V/7-AAD staining of cells after 24h of treatment (left panel). MEC-1 (upper left plot), JVM-3 (upper 

right plot), primary CLL cells (lower left plot, patients CLL#8 to CLL#10), and normal B cells (lower 

right plot, donors B#1 to B#3) cells were treated with 5 to 20μM fluorizoline or with equivalent 

volume of the vehicle DMSO for 24h and stained with annexin V-APC and 7-AAD prior to analysis by 

flow cytometry. Viable cells (annexin V-APC negative/7-AAD negative, blue gate) were determined 

and are expressed as percentage of total cell population. Data represent average percentage of live 

cells (right panel) from independent experiments (N=3).  (E) MEC-1, JVM-3 and primary CLL cells 

(patients CLL#8, CLL#11 and CLL#12) were treated with 5μM to 40μM fluorizoline or with equivalent 

volume of the vehicle DMSO (Ctrl) for 24 h, lysed and proteins were analyzed by western blot with 

the indicated antibodies. HSC70 protein served as a loading control. (F) The expression of PHB1 and 

PHB2 was analyzed by western blot in total cell lysates from normal B cells (donors B#4 to B#7), 

MEC-1 and JVM-3 cells, and primary CLL B cells (patients CLL#1, CLL#2 and CLL#13 to CLL#16). HSC70 

protein served as a loading control. 

 

Figure 2. 

Fluorizoline fails to control CLL development in vivo. 

(A) Cytotoxic dose response of fluorizoline on primary murine CLL cells (Eμ-TCL1 splenocytes). 

Splenocytes from a diseased Eμ-TCL1 mouse were treated with increasing doses of fluorizoline 



 

 

ranging from 1μM to 40μM for 24 h (grey line), 48 h (blue line) or 72 h (red line). (B-C) Tumor load in 

the peripheral blood (PB) of individual mice. CLL development of AT-TCL1 mice treated either with 

15mg/kg i.p. fluorizoline (Fluorizoline) (n=8) or ibrutinib (Ibrutinib) (n=8) or equivalent doses of 

vehicles (vehicle) (n=10) was monitored weekly and is depicted by both the percentage (B) and the 

number (C) of CD5+ CD19+ CLL cells. (D) Spleen weight (g) of mice treated either with 15mg/kg i.p. 

fluorizoline (Fluorizoline) (n=8) or ibrutinib (Ibrutinib) (n=8) or equivalent doses of vehicles (vehicle) 

(n=10). (E) Survival analysis of mice upon fluorizoline and ibrutinib treatment. AT-TCL1 mice were 

treated either with 15mg/kg i.p. fluorizoline (red line) or ibrutinib (blue line) or equivalent doses of 

vehicles (black line). Overall survival was analyzed using the Kaplan-Meier method and is displayed 

as the percentage of viable mice in the observed period of time. For panels B-D, *P<0.05, **P<0.01, 

***P<0.001, ns not significant. 

 

Figure 3. 

Fluorizoline does not induce apoptosis in vivo. 

(A-D) AT-TCL1 mice were treated with either 15mg/kg fluorizoline (fluo) or equivalent volume of 

DMSO as vehicle, three times a week for two weeks (5 mice per group). (A-B) Immunohistochemical 

staining performed on indicated spleen sections using hematoxylin-eosin (H&E), anti–cleaved 

caspase-3 antibody, and TUNEL assay, respectively (Scale bars, 100μm). The panels show a 

representative picture for each animal (A) and the respective quantifications (10 fields per mouse in 

3 mice per group) (B). (C-D) Cell viability was assessed by annexin-V/7-AAD staining in T cells, 

myeloid cells and B cells from blood (C) and bone marrow (D) of treated AT-TCL1 mice. (E) Cell 

viability was assessed in vitro in CLL cells co-cultured on HS-5 stromal cells or with HS-5 conditioned 

medium only in presence of 5µM (for cell lines) or 20µM (for patients’ cells) fluorizoline or 

equivalent volume of DMSO as vehicle.  
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Materials and Methods 

 

Primary CLL cells and healthy B cells 

Peripheral blood (PB) samples from 16 patients with CLL were obtained from the Centre Hospitalier de 

Luxembourg (CHL) after obtaining written informed consent according to the Declaration of Helsinki. PB 

mononuclear cells (PBMC) were isolated from whole blood by density gradient centrifugation using the 

LeucoSep™ Separation Medium (Greiner Bio-One) according to the manufacturer’s protocol. PBMC were 

then incubated with 3ml 1X ACK lysing buffer (Lonza) for 3 minutes at room temperature (RT) to lyse 

remaining red blood cells (RBC), washed twice with phosphate buffered saline (PBS) and counted. PBMC were 

cultured immediately after isolation at a concentration of 4 x 106 cells/mL in RPMI 1640 culture medium with 

Ultraglutamine (Lonza) supplemented with 10% fetal bovine serum (FBS, Gibco) and 1% 

penicillin/streptomycin (P/S, Lonza) at 37°C in a humidified atmosphere containing 5% carbon dioxide.  

Buffy coats were obtained from seven healthy donors (Croix-Rouge Luxembourg). B cells were isolated by 

positive selection with Dynabeads® CD19 pan B (Life Technologies) according to the manufacturer’s protocol. 

After release of CD19+ B cells from beads with the DETACHaBEAD® CD19 (Life Technologies), the cells were 

stained with a Fluorescein isothiocyanate (FITC)- or Alexa Fluor 700-conjugated anti-human CD20 (both from 

BioLegend, clone 2H7) and analyzed on a CytoFlex cytometer (Beckman-Coulter) to control purity. 

 

Cell lines 

The human CLL cell lines MEC-1 (ACC-497, DMSZ) and JVM-3 (ACC-18, DMSZ) were maintained in RPMI1640 

culture medium with Ultraglutamine (Lonza) supplemented with 10% FBS and 1% P/S at 37°C in a humidified 

atmosphere containing 5% carbon dioxide. The human stromal cell line HS-5 was maintained in DMEM 

culture medium (Lonza) supplemented with 10% FBS and 1% P/S at 37°C in a humidified atmosphere 

containing 5% carbon dioxide. Conditioned medium was harvested from sub-confluent HS-5 cells. Medium 

was centrifuged twice at 400 x g for 10 min and stored at -80°C until use. 

 



 
 

Reagents and antibodies 

Fluorizoline was synthesized as previously described.1 For in vitro experiments, fluorizoline was dissolved in 

DMSO at 40mM. For in vivo experiments, fluorizoline was dissolved in DMSO at 27.5mg/ml. Ibrutinib 

(Imbruvica, Janssen) was dissolved in DMSO at 48mg/ml. Kolliphor®EL and (2-Hydroxypropyl)-β-cyclodextrin 

(β-HC) were from Sigma-Aldrich. Cell Counting Kit-8 (CCK8) was purchased from Dojindo Molecular 

Technologies. 

Allophycocyanin (APC)-conjugated annexin V was purchased from ImmunoTools. 7-amino-actinomycin D (7-

AAD) Viability Staining Solution was purchased from BioLegend. APC-conjugated anti-mouse CD19, 

phycoerythrin (PE)-conjugated anti-mouse CD5, FITC-conjugated anti-mouse CD11b, FITC-conjugated anti-

mouse CD4, and FITC-conjugated anti-mouse CD8 were from BioLegend.  

Specific Antibody against Bcl-2 was purchased from Santa Cruz Biotechnology, anti-NOXA was from 

Calbiochem®, anti-prohibitin (PHB-1) and anti-BAP-37 (PHB-2) were from BioLegend, and anti-Mcl-1 , -PUMA, 

-PARP, -cleaved caspase 3, -caspase 8, -phospho-ERK1/2 and -HSC70 were from Cell Signaling Technology. 

 

Mice 

Female C57BL/6 mice were purchased from Janvier labs (France). Eµ-TCL1 mice (on C57BL/6 background) 

were a kind gift from Pr. Carlo Croce and Pr. John Byrd (OSU, OH) and provided by Dr. Martina Seiffert (DKFZ 

Heidelberg, Germany). Both strains were maintained under specific pathogen-free conditions in an animal 

facility with the approval of the Luxembourg Ministry for Agriculture. Mice were treated in accordance with 

the European Union guidelines. 

 

Adoptive transfer (AT) and treatments 

For adoptive transfer (AT), 6-week-old recipient C57BL/6 mice were injected intraperitoneally (i.p.) with 15 x 

106 splenocytes pooled from several leukemic Eµ-TCL1 donor mice in 100µl DMEM. Treatments started five 

days after AT. For fluorizoline treatment, fluorizoline was freshly prepared immediately before injection and 

diluted in 5% Kolliphor®EL/PBS as vehicle. Mice (n=8) were injected i.p. with 15mg/kg fluorizoline three times 



 
 

per week. For ibrutinib treatment, ibrutinib was administered in 10% β-HC/H2O as vehicle (n=8) via drinking 

water at 0.16mg/ml as previously described.2 Control mice (n=10) were injected i.p. with 5% 

Kolliphor®EL/PBS vehicle solely and were provided with 10% β-HC/H2O as drinking water. CLL development 

was monitored weekly. The blood cell count was analyzed by the MS4e Vet hematology analyzer (Melet 

Schloesing, France). Healthy C57BL/6 mice (n=5) were used as controls.  

To analyze in vivo cell viability, AT was performed as described above. Four weeks after AT, when CLL cells 

were detectable in peripheral blood (PB), mice (n=5) were injected i.p. with 15mg/kg fluorizoline three times 

per week for two weeks.  

 

Sample preparation 

Peripheral blood was drawn via retro-orbital puncture with EDTA as anticoagulant and processed for flow 

cytometry and blood cell count. The animals were sacrificed by cervical dislocation and femurs were 

dissected. Bone marrow cells were isolated by flushing the femurs with cold PBS (without Ca2+/Mg2+) followed 

by cell resuspension and filtration (100µm CellTrics®, Sysmex). PB cells and bone marrow cells were 

recovered by centrifugation (400 x g, 4°C, 10 minutes) before resuspension in ACK lysing solution (Lonza) to 

remove erythrocytes. Finally, cells were washed in MACS buffer (Miltenyi Biotec), counted and processed for 

flow cytometry. 

 

Measure of leukemic load by flow cytometry 

PB cells were directly stained with anti-CD5 and anti-CD19 for 30 minutes on ice in the dark, then red blood 

cells were lysed using RBC Lysis/Fixation Solution (BioLegend), according to the manufacturer’s instructions.  

After washing twice, samples were acquired on a CytoFLEX analyzer (Beckman Coulter) and the percentage 

of CD5+CD19+ CLL cells was determined. 

 

 

 



 
 

Survival analysis 

Mice were monitored daily and were euthanized according to the animal welfare scoring system validated 

by the Luxembourg Ministry of Agriculture. The animals were sacrificed by cervical dislocation and the 

spleens were dissected and weighed. Overall survival (OS) was defined as the time from adoptive transfer 

(AT) until death and was analyzed using the Kaplan-Meier method (Graph Pad Prism 7). 

 

Analysis of cytotoxicity by the CCK8 assay 

Cell lines  (5 x 104 cells/well) and human PBMC (2 x 105 cells/well) were plated in a 96-well plate in triplicate 

and incubated in the absence (CTRL) or in the presence of 1μM, 2.5μM, 5μM, 10μM, 20μM and 40μM 

fluorizoline in a final volume of 100μl. After 24, 48 or 72 hours, 10μl CCK8 was added to each well for 3 hours. 

The absorbance values were measured at 450nm on a multi-well plate reader. The inhibitory concentration 

(IC50) was defined as the concentration of fluorizoline required to reduce the CCK8 metabolization ability by 

50%. 

 

Analysis of cell viability by flow cytometry 

Cell viability was assessed by the detection of annexin V binding to surface-exposed phosphatidylserine and 

of 7-AAD binding to DNA. Cell lines (5 x 106 cells/25cm2 flask) or primary cells (20 x 106 cells/25cm2 flask) 

were incubated with DMSO (Ctrl) or with fluorizoline in a final volume of 10ml RPMI medium for 24 hours. 

Cells were then washed once in PBS and once in annexin V binding buffer (ABB). Cultured cells were 

resuspended in 100μl ABB and incubated with 5μl annexin V-APC for 15 minutes at RT in the dark. After 

annexin V staining, cells were washed once in ABB, resuspended in 100μl ABB, and additionally incubated 

with 5μl 7-AAD for 15 minutes at RT in the dark. Cells were resuspended in 400μl ABB immediately before 

acquisition on a CytoFLEX Flow Cytometer (Beckman Coulter). Data were analyzed using the CytExpert 

software (Beckman Coulter). After CLL cells were co-cultured with HS-5 cells, CLL cells were stained with a 

FITC-conjugated anti-human CD20 antibody (BioLegend) to gate on leukemic cells for the quantification of 

apoptosis. 



 
 

For the analysis of cell viability after in vivo treatment, single cell suspensions prepared from blood and bone 

marrow were incubated with FITC-conjugated anti-mouse CD4, CD8, CD19, or CD11b and with Annexin V-

APC/7-AAD, washed in ABB and analyzed on a CytoFLEX Flow Cytometer. 

 

Western Blot 

Freshly isolated cells as well as cultured cells treated with fluorizoline or left untreated (as described for 

Analysis of cell viability by flow cytometry) were used for western blotting. Cells were harvested, washed 

twice with PBS and whole cell protein extracts were prepared by lysing cells with RIPA buffer (Millipore) 

supplemented with a complete protease inhibitor cocktail (Roche) and Phosphatase Inhibitor Cocktails 2 and 

3 (Sigma-Aldrich) for 30 minutes on ice before centrifugation at 12.000g for 15 minutes at 4°C. Protein 

concentration of the cell lysates was measured using the colorimetric protein assay (Bio-Rad). Protein lysates 

(15μg) were subjected to reducing conditions before electrophoresis on a polyacrylamide gel (SDS-PAGE) and 

electrophoretic transfer to 0.2μm PVDF membranes (Whatman). After 1 hour of blocking with 5% (w/v) non-

fat milk in Tris-buffered saline with 0.1% Tween®-20 (TBS-T), the membranes were probed with specific 

primary antibodies against NOXA, MCL-1, PUMA, BCL-2, PARP, cleaved caspase 3, caspase 8, p-ERK1/2 and 

HSC70. Primary antibody binding was detected using a secondary antibody conjugated to horseradish 

peroxidase and the enhanced chemiluminescence (ECL) detection system (Perkin-Elmer). 

 

Immunohistochemistry 

Mice were euthanized by cervical dislocation and dissected to collect spleens. A portion was cut out, fixed in 

10% neutral buffered formalin (HistoTainer™ prefilled specimen containers, Simport) and directly shipped to 

HistoWiz Inc. (histowiz.com). Samples were processed, embedded in paraffin, sectioned at 4μm, and stained 

with an anti-mouse cleaved-caspase 3 or with TUNEL assay to detect apoptotic cells. Sections were then 

counterstained with hematoxylin, dehydrated and film coverslipped using a TissueTek-Prisma and 

Coverslipper (Sakura). Whole slide scanning (40x) was performed on an Aperio AT2 (Leica Biosystems). 



 
 

Positive cells were counted in ten fields per sample in three animals. A representative picture is presented 

for each animal. 

 

Statistical analysis 

Statistical significance was determined using the two-sided unpaired t test for in vitro analysis or the two-

sided Mann Whitney U test for in vivo analysis. p-values lower than 0.05 were considered statistically 

significant. Analyses were performed with GraphPad Prism 7. Significance displayed in each figure is 

explained in figure legends. 
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Supplementary Figure legends 

 

Supplementary Figure S1. 

Purification of human B cells.  

B cells were isolated by positive selection from buffy coats obtained from healthy donors. After release of 

CD19+ B cells from beads, the cells were stained with a FITC- or AF700-conjugated anti-human CD20 antibody 

and analyzed on a CytoFlex cytometer (Beckman-Coulter) to control purity.  

 

Supplementary Figure S2. 

Number of normal B cells, T cells, monocytes, and granulocytes in the blood of mice treated with 

fluorizoline.  Following adoptive transfer of Eµ-TCL1 splenocytes, mice were treated for five weeks with 

15mg/kg fluorizoline or with vehicle (DMSO). Blood was analyzed weekly for cell count with a MS4e Vet 

hematology analyzer and the percentage of each cell subset was determined by flow cytometry.  
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ABSTRACT 

The development of efficient and versatile catalytic system for one-pot multicomponent reaction is one of the active 

ongoing research areas for further improvement towards milder reaction conditions. In this context, we report here 

in Boron trifluoride diethyl ether (BF3-Et2O) as a convenient and readily available catalyst for the synthesis of 

spirooxindole derivatives in satisfactory yields. This new protocol has the advantages of environmental friendliness, 

higher yields, shorter reaction times, low cost, and convenient operation. 

 

Keywords: Multicomponent reactions; Multi-step synthesis; Spirooxindoles; BF3-Et2O; Isatin 

_____________________________________________________________________________ 

INTRODUCTION 

Multicomponent reactions (MCRs) allow the formation of several bonds in one-step and easy operation to offer 

rapid access to drug-like molecules with greater efficiency, lower costs and atom economy [1] that are among the 

major challenges in organic synthesis in recent years. Consequently, synthetic strategies consisting MCRs, in which 

three or more reagents are brought together in a one-pot version, have emerged as a uniquely powerful tool in 

accessing novel and structurally complex products from easily available and simple starting materials. Taking into 

account the high reactivity [2] and easy its availability, isatin and its derivatives have been used as key building 

blocks in many different and elegant MCRs for the synthesis of various heterocyclic and spiro-heterocyclic products 

[3] among which we can find spirooxindole derivatives which possess variety of biological activities such as 

antibacterial and antifungal activities [4]. Furthermore, the spirooxindole structure is animportant pharmacophore in 

medicinal chemistry [5], hence, there has been significant interest in developing new methods for the construction of 

spirooxindoles from researchers working in both synthetic and medicinal chemistry [6-9].
 

In continuation of our investigation and development towards MCRs for the preparation of heterocyclic compounds 

[10,11], and considering the interesting biological properties and complex architecture of spirocyclic oxindoles, we 

wish to report, herein, the synthesis of series of spirooxindole derivatives, via the three-component reaction of isatin, 

malononitrile or cyanoacetic esters, and 1,3-dicarbonyl compounds in the presence of BF3-Et2O as a novel and 

efficient catalyst. 

EXPERIMENTAL SECTION 

Materials and Reagents 

All products are known compounds and were characterized by comparison of their physical and spectroscopic data 

with those of authentic samples. Melting points were measured using a fine control Electro thermal capillary 

apparatus and are uncorrected. IR spectra were obtained as KBr pellets with a Shimadzu FT IR-8201 PC 

spectrometer. 
1
H and 

13
C NMR spectra were recorded in DMSO-d6 and/or CDCl3 on a Bruker Avance DPX 

spectrometer. Chemical shifts (δ) are reported in ppm and J values in hertz (Hz).  
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General Procedure for the Synthesis of Spirooxindol Derivatives (4a-i) 

A mixture of isatin derivative (1.0 mmol), malononitrile or ethyl cyanoacetate (2a-b) (1.0 mmol), 1,3 diketone (3a-b) 

(1.0 mmol) and BF3. Et2O (10 mol%) in H2O/EtOH (10 ml, 1/1) was stirred at 80°C for an appropriate time. Upon 

completion of the reaction as indicated by TLC (3:2; EtOAc: pet. ether), the reaction mixture was allowed to cool to 

room temperature, poured upon ice cold water and stirred for 10 minutes. The solid formed was filtered off and 

washed with water and cold ethanol to afford the desired products (4), which were purified by recrystallization from 

ethanol. The structures of all the prepared products were unambiguously established on the basis of their spectral 

analysis (IR, 
1
H&

13
C NMR) and melting points (Figure 1). 
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Figure 1: Spirooxindol derivative 

2-amino-7,7-dimethyl-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile (4a):  

White solid; yield: 95%; mp: › 300°C (lit. 307-308°C); IR cm
-1

: 3359 (NH), 3155 (NH2), 2256 (CN), 1733 (CO); 
1
H 

NMR (250 MHz, DMSO-d6 and CDCl3): δ 1.00 (s, 3H, CH3), 1.02 (s, 3H, CH3), 2.05 (d, J = 16.1 Hz, 1H, CHAHB), 

2.17 (d, J = 15.8 Hz, 1H, CHAHB), 2.50 (s, 2H, CH2), 6.79 (d, J = 7.6 Hz, 1H, CH aromatic), 6.85 (d, J = 7.3 Hz, 1H, 

CH aromatic), 6.93 (t, J = 6.2 Hz, 1H, CH aromatic), 7.11 (t, J = 6.8 Hz, 1H, CH aromatic), 7.00 (s, 2H, NH2), 10.35 

(s, 1H, NH); 
13

C NMR (62.9 MHz, DMSO-d6-CDCl3): δ 25.7 (CH3), 26.5 (CH3), 30.4 (C-7), 48.7 (C-8, C-3'), 56.2 

(C-3), 107.8 (C-4), 118.40 (CN), 120.00, 121.4, 126.54, 132.80, 140.53 (C-7'a), 157.30 (C-8a), 162.36 (C-2), 176.70 

(C=O, amide), 193.10 (C=O). 

 

2-amino-7-chloro-7,7-dimethyl-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile 

(4b):  

White solid, yield: 82% ; mp: 296-298°C (lit. 291-293°C); IR cm
-1

: 3309 (NH), 3139 (NH2), 2252 (CN), 1720 (CO); 
1
H NMR (250 MHz, DMSO-d6 and CDCl3): δ 1.00 (s, 3H, CH3), 1.09 (s, 3H, CH3), 2.05 (d, 1H, J = 16.2 Hz 

,CHACHB), 2.18 (d, 1H, J = 16.1 Hz, CHACHB), 2.40-2.52 (m, 2H, CH2), 6.66 (s, 2H, NH2), 6.81-7.12 (m, 3H, CH 

aromatic), 10.60 (s, 1H, NH). 

 

2-amino-5-chloro-7,7-dimethyl-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile (4c):  
White solid; yield: 64%; mp: 290-292°C (lit. 293-295°C); IR cm

-1
: 3371 (NH), 3155.3 (NH2), 2191 (CN), 1724 

(CO); 
1
H NMR (250 MHz, DMSO-d6 and CDCl3): δ 1.00 (s, 3H, CH3) 1.01 (s, 3H, CH3), 2.10 (s, 2H, CH2), 2.40-

2.6.0 (m, 2H, CH2), 6.78 (d, J = 8.2 Hz, 1H, CH aromatic), 6.92 (s, 1H, CH aromatic), 7.00 (s, 2H, NH2), 7.10 (dd, J 

= 1.3, 8.0 Hz), 10.50 (s , 1H, NH). 

 

2-amino-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile (4d):  

White solid; yield: 67%; mp: › 300°C (lit. 312-313°C); IR cm
-1

: 3382 (NH), 33217 (NH2), 1724 (CO); 
1
H NMR (250 

MHz, DMSO-d6 and CDCl3): δ 1.90 (m, 2H, CH2), 2.22 (m, 2H, CH2), 2.65 (m, 2H, CH2), 6.80 (d, J = 7.6 Hz, 1H, 

CH aromatic), 6.89 (t, J = 7.4 Hz, 1H, CH aromatic), 7.02 (d, J = 7.2 Hz, 1H, CH aromatic), 7.15 (td, J = 1.3, 7.5 

Hz, 1H, CH aromatic), 7.23 (s, 2H, NH2), 10.40 (s, 1H, CH aromatic); 
13

C NMR (62.9 MHz, DMSO-d6-CDCl3): δ 

19.92, 26.86, 36.5, 47.01, 57.62, 109.3, 111.97, 117.5 (CN), 121.82, 123.33, 128.29, 134.66, 142.08, 158.77, 166.23 

(C=O, ester), 178.30 (C=O amide), 195.20 (C=O). 

 

Ethyl-2-amino-7,7-dimethyl-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carboxylate (4e):  
White solid; yield: 72%; mp: 284-286°C (lit. 279-281°C), IR cm

-1
: 3367 (NH), 3178 (NH2), 1681(CO); 

1
H NMR 

(250 MHz, DMSO-d6 and CDCl3): δ 0.81 (t, 3H, CH3), 0.95 (s, 3H, CH3), 1.10 (s, 3H, CH3), 2.10 (d, J = 15.3, 1H, 

CHACHB), 2.17 (d, J = 15.6 Hz, 1H, CHACHB), 2.52 (m, 2H, CH2), 3.7 (m, 2H, CH2), 6.68 (d, J = 7.5 Hz, 1H, CH 

aromatic), 6.70-6.89 (m, 2H, CH aromatic), 7.05 (t, J = 6.9 Hz, 1H, CH aromatic), 7.88 (s, 2H, NH2), 10.25 (s, H, 

NH); 
13

C NMR (62.9 MHz, DMSO-d6-CDCl3): δ 13.20 (CH3), 26.81 (CH3), 27.9. (CH3), 31.71 (C-7), 46.72 (C-3'), 
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50.80 (C-6), 59.01 (CH2), 76.41 (C-3), 108.30 (C-4), 113.18, 120.73, 122.38, 127.34, 144.10 (C-7'a), 159.20 (C-8a), 

162.61 (C-2), 167.8. (C=O, ester), 180.00 (C=O, amide), 194.90 (C=O). 

 

Ethyl-2-amino-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carboxylate (4f):  

Brown solid; yield: 62%; mp: 268-270°C (lit. 262-264°C); IR cm
-1

: 3359 (NH), 3155 (NH2), 1720 (CO); 
1
H NMR 

(250 MHz, DMSO-d6 and CDCl3): δ 0.9 (t, J = 7.1 Hz, 3H, CH3), 1.90 (t, J = 5.5 Hz, 2H, CH2), 2.20 (d, J = 5.7 Hz, 

2H, CH2), 2.52 (m, 2H, CH2), 3.70 (m, 2H, CH2), 6.67 (d, J = 7.6 Hz, 1H, CH aromatic), 6.75 (d, J = 7.3 Hz ,1H, 

CH aromatic), 6.81 (d, J = 6.6 Hz, 1H, CH aromatic), 7.00 (t, J = 7.4 Hz, 1H, CH aromatic), 7.65 (s, 2H, NH2), 

10.05 (s, 1H, NH).  

 

Ethyl-2-amino-5'-chloro-7,7-dimethyl-2',5-dioxo-5,6,7,8 tetrahydrospiro[chromene-4,3'-indoline]-3-carboxylate 

(4g):  

White solid; yield: 72%; mp: 295-29°C (lit. 292-293°C); IR cm
-1

: 3359 (NH), 3182 (NH2), 1701 (CO); 
1
H NMR (250 

MHz, DMSO-d6 and CDCl3): δ 0.90 (t, J = 7.0 Hz, 3H, CH3), 1.00 (s, 3H, CH3), 1.01 (s, 3H, CH3), 2.10 (m, 2H, 

CH2), 2.50 (m, 2H, CH2), 3.80 (m, 2H, CH2), 6.65 (d, J = 8.1 Hz, 1H, CH aromatic), 6.78 (s, 1H, CH aromatic), 7.00 

(d, J = 7.9 Hz, 1H, CH aromatic), 7.66 (s, 2H, NH2), 10.20 (s, 1H, NH); 
13

C NMR (62.9 MHz, DMSO-d6-CDCl3): δ 

14.0 (CH3), 27.9 (CH3), 28.3 (CH3), 32.4 (CH2), 40.3, 51.4 (CH2), 59.8 (CH2), 110.2, 113.3, 123.2, 125.2, 127.8, 

139.0, 144.0, 160.0, 163.7, 168.3 (C=O, ester), 180.4 (C=O, amide), 195.7 (C=O).  

 

Ethyl-2-amino-5-chloro-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carboxlate (4h):  
White solid; yield: 70%; mp: 280-282°C (lit. 271-273°C); 

1
H NMR (250 MHz, DMSO-d6 and CDCl3): δ 0.80 (t, J = 

7.0 Hz, 3H, CH3), 1.90 (m, 2H, CH2), 2.20 (m, 2H, CH2), 2.60 (m, 2H, CH2), 3.70 (m, 2H, CH2), 6.67 (t , J = 8.6 Hz, 

1H, CH aromatic), 6.82 (d, J = 8.3 Hz, 1H, CH aromatic), 6.89 (d, J = 8.1 Hz, 1H, CH aromatic), 7.70 (s, 2H, NH2), 

10.20 (s, 1H, NH).  

 

2-amino-5-chloro-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile (4i):  
White solid; yield: 89%; mp: ›300°C (lit. 293-294°C); 

1
H NMR (250 MHz, DMSO-d6 and CDCl3): δ 1.95 (d, J = 5.2 

Hz, 2H, CH2), 2.25 (d, J = 5.2 Hz, 2H, CH2), 2.70 (m, 2H, CH2), 6.82 (dd, J
 
= 2.4, 8.2 Hz, 1H, CH aromatic), 7.02 

(m, 1H, CH aromatic), 7.12 (d, J = 2.4 Hz, 1H, CH aromatic), 7.16 (s, 2H, NH2), 10.55 (s, 1H, NH). 

RESULTS AND DISCUSSION 

Synthesis and Characterization  

The catalytic behaviour of BF3.Et2O was studied for the synthesis of 3-spirochromene-2-oxindole (4a). Thus, the 

model reaction of isatin (1a), malononitrile (2a) and 5,5-dimethyl-1,3-cyclohexanedione (3a) was carried out in the 

presence of different amounts of BF3.Et2O under different conditions. The screening of the various optimized 

parameters for the model reaction (Table 1), showed that water/EtOH (10 ml, 1/1) was a solvent of choice and 10 

mol% of the catalyst was sufficient to afford the desired product in excellent yield (Table 1, entry 6). Notably, the 

desired product could not be obtained under similar reaction conditions, even after longer time (4hours) in the 

absence of the catalyst (Table 1, entry 7). 

Table 1: Optimisation of the reaction conditions 

N
H

O

O

O O

CNNC+ BF3.Et2O

N
H

O

O

H2N
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O
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Entry Solvent Ctalyst (mol%) Temperature (°C) Time (h)  Yield (%)a 

1 CH3CN 10 Reflux 24 / 

2 THF 10 Reflux 24 / 

3 EtOH 10 Reflux 12 32 

4 H2O 10 Reflux 4 81 

5 H2O/EtOH 10 r. t 24 50 

6 EtOH/H2O 10 80 2 95 

7 EtOH/H2O none 80 4 traces 

8 EtOH/H2O 5 80 2.5 85 

9 EtOH/H2O 15 80 3 87 

10 EtOH/H2O 20 80 2 93 

11 EtOH/H2O 30 80 2 89 
aIsolated yields 

Encouraged by this preliminary result and to examine the efficiency and applicability of the present protocol, the 

reaction was extended to other substituted isatin (1a-c), cyanoacetic acid derivatives (2a-b) and 1,3-dicarbonyl 

compounds (3a-b) (Scheme 1). All the reaction proceeded well to afford respective 3-spirochromene-2-oxindoles in 

good yields (Table 2, 4a-i), but better ones are obtained when using both of diethyl malonate and dimedone as 

stating materials. The results, summarized in Table 2, are significant in terms of yields and product purity in all 

cases when BF3.Et2O was used as catalyst, whereas without BF3.Et2O, the reactions may need very long period of 

time to complete (Table 1, entry7).  

 
Scheme 1: Synthesis of spirooxindole derivatives 

Table 2: Physical data of the prepared spirooxindole derivatives * (4a-i) 

Entry R1 Z ketone Producta 
Time  Yield b Mp (°C) 
(h) (%) found  reported[ref] 

1 H CN 3a 4a 2 95  › 300  305–307 [12] 

2 7-Cl CN 3a 4b 0.5 82 296-298  291-293 [13] 

3 5-Cl CN 3a 4c 1 64 290-292  293-295 [13] 

4 H CN 3b 4d 15 67 › 300  312-313 [12] 

5 H CO2Et 3a 4e 3 72 284-286  279-281 [13] 

6 H CO2Et 3b 4f 6 62 268-270  262-264 [14] 

7 5-Cl CO2Et 3a 4g 2 72 295-298  292-293 [13] 

8 5-Cl CO2Et 3b 4h 12 70 280-282  271-273 [14] 

9 5-Cl CN 3b 4i 1 89 ›300  293–294 [15] 

*Reaction conditions: isatin (1.0 mmol), cyanoacetic acid derivatives (1.0 mmol), 1,3-dicarbonyl compounds (1.0 mmo) l, catalyst (10 mol% with 
respect to isatin), refluxing water/ethanol (10 ml, 1/1); aAll compounds are well characterized by spectroscopic analyses ; bIsolated yields 

CONCLUSION 

In conclusion, we have described a highly efficient procedure for the preparation of spirooxindoles using an 

inexpensive and readily available BF3.Et2O as catalyst. Moreover, the procedure offers several advantages including 

good yields, operational simplicity, cleaner reaction and low cost, which make it a useful and attractive process for 

the synthesis of such compounds with the minimum use and generation of hazardous substances which complies 

with the green chemistry philosophy. Development of other uses of BF3.Et2O as catalyst in MCRS is ongoing in our 

laboratory. 
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Abstract: In our quest to identify inhibitors of the eukaryotic translation initiation factor 4F (eIF4F), we serendipitously discovered a
novel  cytotoxic  agent.  Even  though  this  compound  did  not  inhibit  translation,  we  explored  the  structural  requirements  for  its
cytotoxicity due to its structural originality. A series of 1,3-disubstituted iminobenzimidazoles was synthesized and evaluated for
their in vitro cytotoxicity. The structure-activity relationship studies demonstrate that hydrophobic substituent is essential for activity.
The most active compounds displayed a cytotoxicity in KB, HL60 and HCT116 human cancer cells with an IC50  of about 1μM.
These first-in-class series of low molecular weight synthetic molecules may provide the basis for the development of new anticancer
drugs.

Keywords: Iminobenzimidazoles, Cytotoxicity, Structure-activity relationship, Cancer, Apoptosis, Eukaryotic translation initiation
factor 4F.

1. INTRODUCTION

Targeting the eukaryotic translation initiation factor 4F (eIF4F) holds promise as novel anticancer drugs that can
overcome  intra-tumor  heterogeneity  [1].  Indeed,  the  eIF4F  complex,  which  regulates  the  cap-dependent  protein
synthesis  is  dysregulated  in  many  types  of  cancers,  leading  to  the  overexpression  of  proteins  that  promote  tumor
growth, metastasis and resistance to cancer treatments. More important,  several natural products that inhibit eIF4F,
principally flavaglines, but also hippuristanol and pateamine, have demonstrated promising activities in several mouse
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models of cancers. In our quest to  identify  novel  eIF4F  inhibitors [2 - 6], we  performed  a  virtual  screening  and  we
identified the iminobenzimidazole 1 (ChemBridge 5657657, Scheme 1). as a putative eIF4F inhibitor. Unfortunately,
when we examine whether it inhibits eIF4F by using a bicistronic luciferase reporter construct [3], we didn’t find any
significant  activity.  However,  we  found  that  it  is  cytotoxic  in  A375  melanoma  cells.  Considering  that  1  had  been
described  in  a  small  number  of  patents  and  articles,  none  of  them  were  related  to  cancer  [7  -  10],  and  since  the
anticancer potential of iminobenzimidazoles has been scarcely investigated [11], we explored the requirement of 1 for
its cytotoxicity to determine whether it could provide the basis for the development of new anticancer agents.

2. MATERIALS & METHODS

2.1. Chemical Syntheses

2.1.1. 2-[(4-Chlorophenoxy) Methyl] Oxirane (3)

4-Chlorophenol (12.0 g, 93.3 mmol, 1 equiv) was taken up into acetone (250 mL), then K2CO3 (38.7 g, 280.0 mmol,
3 equiv) and epichlorohydrin (21.6 mL, 280.0 mmol, 3 equiv) were added consecutively. The reaction mixture was set
to stir at reflux for 24 h. At this time, an additional 3 equiv of epichlorohydrin was added and the solution was allowed
to stir at reflux for an additional 24 h. The mixture was cooled down to room temperature, and the solids were filtered
off. The solvent was removed under reduced pressure and the resulting oil was taken up in diethyl ether (150 mL). The
organic layer was washed with H2O (1 x 150 mL), 1M aqueous NaOH solution (1 x 150 mL), and brine (1 x 150 mL).
The organic layer was dried over MgSO4, filtered, and the solvent was removed under reduced pressure. The resulting
yellow oil was purified via column SiO2 chromatography (10% EtOAc/hexanes) to yield the desired epoxide as a yellow
oil (15.2 g, 88%); 1H NMR (CDCl3, 400MHz) δ 7.29-7.25 (m, 2H), 6.90-6.86 (m, 2H), 4.24 (dd, J= 2.8, 10.8 Hz, 1H),
3.94 (dd, J= 2.8, 10.8 Hz, 1H), 3.39-3.35 (m, 1H), 2.94 (t, J= 4.4 Hz, 1H), 2.78 (dd, J = 2.8, 4.4 Hz, 1H); 13C NMR
(CDCl3, 100MHz) δ 157.1, 129.4, 126.1, 115.9, 69.1, 50.0, 44.6.

2.1.2. 1-(4-Chlorophenoxy)-3-(2-Imino-2,3-Dihydro-1H-Benzo[d]imidazol-1-yl)Propan-2-ol (4)

(4-Chlorophenoxy)-3-(2-imino-2,3-dihydro-1H-benzo[d]imidazol-1-yl)propan-2-ol  (4).  To  a  solution  of  2-
aminobenzimidazole 2 (4.0 g, 30.04 mmol) in H2O/Dioxane 35/35 mL, KOH (1.6 g, 30.04 mmol) and oxirane 3 (5.5 g,
30.04 mmol) were added. The mixture was stirred at 110 °C for 2 hours, then cooled to room temperature. Dioxane was
removed under reduced pressure and the resulting solution was extracted 3 times with 50 mL of AcOEt. The organic
layer was dried over MgSO4, filtered, and the solvent was removed under reduced pressure. The resulting solid was
recrystallized  with  EtOH/H2O 3/7  to  give  the  desired  product  as  a  white  solid  (6.0  g,  18.7  mmol,  63%).  1H NMR
(DMSO, 400MHz) δ 7.34 (d, J= 8.4 Hz, 2H), 7.14 (t, J= 8.4 Hz, 2H), 6.90-6.94 (m, 3H), 6.84 ((t, J= 7.2 Hz, 2H), 6.26
(s, 2H), 5.59 (s, 1H), 3.93-4.15 (m, 5H). 13C NMR (DMSO, 100MHz) δ 157.8, 155.8, 143.1, 135.3, 129.7, 124.8, 120.7,
118.5, 116.7, 115.2, 108.3, 70.4, 68.3, 45.4.

2.1.3. 10-[3-(4-Chlorophenoxy)-2-Hydroxypropyl]-3,4-Dihydrobenzo [4,5] Imidazo [1,2-a] Pyrimidin-2(10H)-one (6)

To a solution of 4 (0.1 g, 0.31 mmol) in acetonitrile (4 mL), 3-bromo-N,N-dimethylpropanamide 5 (0.08 g, 0.43
mmol) was added and the mixture was stirred at reflux for 15 hours. K2CO3 (0.63 mmol) was added and the mixture was
stirred at reflux for 2 days. Water (10 mL) and AcOEt (10mL) were added and the organic layer was extracted, dried
over MgSO4 and concentrated. The residue was purified on flash chromatographic using (MeOH/DCM 5/95) to give the
desired product as a white solid (0.7 mg, 55%). 1H NMR (400 MHz, DMSO) δ 7.48 (d, J = 7.6 Hz, 1H), 7.38 (d, J = 7.6
Hz, 1H), 7.32 (d J = 8.4 Hz, 2H), 7.15-7.23 (m, 2H), 6.95 (d, J = 8.4 Hz, 2H), 5.56 (d, J = 7.6 Hz, 2H), 4.25-4.31 (m,
1H), 4.12-4.21 (m, 4H), 3.93-4.03 (m, 2H), 2.57-2.61 (m, 2H). 13C NMR (400 MHz, DMSO) δ 175.3, 157.7, 155.4,
131.5, 130.0, 129.6, 124.8, 122.7, 122.5, 116.7, 110.7, 109.2, 70.8, 67.2, 45.3, 38.7, 29.8. LCMS-ESI (m/z) [M+H] +
calcd: 372.10, found 372.02.

2.1.4. 9-[3-(4-Chlorophenoxy)-2-Hydroxypropyl]-3H-Benzo[d] Imidazo [1,2-a] Imidazol-2(9H)-One (8).

A mixture of 2 (0.1g, 0.31 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then bromoacetyl bromide 7 (0.02
mL, 0.31 mmol, 1equiv) and K2CO3 (0.08 g, 0.62 mmol, 2 equiv). The reaction mixture was stirred at reflux for 24 h,
the mixture was cooled down to room temperature, and the solid was filtered, to yield the desired product as a white
solid (0.126 g, 39%); 1H NMR (400 MHz, DMSO) δ 7.56 (d, J = 8.0 Hz, 1H), 7.17-7.35 (m, 5H), 6.955-6.980 (m, 2H),
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5.55 (d, J = 2.4 Hz, 1H), 4.43 (s, 2H), 4.17-4.31 (m, 3H), 4.00-4.05 (m, 2H). 13C NMR (400 MHz, DMSO) δ 186.1,
168.5, 157.7, 133.7, 129.7, 129.2, 124.9, 123.4, 122.1, 116.7, 111.7, 109.7, 70.6, 67.1, 51.4, 46.9. LCMS-ESI (m/z) [M
+ H] + calcd: 358.09, found 358.08.

2.1.5.  1-(4-Chlorophenoxy)-3-(3-(2-Hydroxyethyl)-2-Imino-2,3-Dihydro-1H-Benzo[d]  Imidazol-1-yl)  Propan-2-ol
(9b).

A mixture of 4 (0.1 g, 0.31 mmol, 1 equiv) was taken up into 4 ml of acetonitrile then 2-chloroethanol was added
(0.04 mL, 0.62 mmol, 2.0 equiv). The reaction mixture was stirred at reflux for 24 h, the mixture was cooled down to
room temperature. The solid was filtered, to yield the desired product as a white solid (0.04 g, 32%); 1H NMR (400
MHz, DMSO) δ 8.84 (bs, 1H), 7.59 (d, J= 9.2 Hz, 2H), 7.29-7.36 (m, 4H), 7.02 (d, J= 9.2 Hz, 2H), 5.65 (bs, 1H), 5.09
(bs, 1H), 4.24-4.34 (m, 5H), 4.06-4.09 (m, 2H), 3.74 (t, J= 4.8 Hz, 2H). 13C NMR (DMSO, 100MHz) δ 173.0, 157.7,
150.9, 130.8, 130.7, 129.7, 124.9, 123.6, 123.5, 116.8, 111.1, 70.3, 67.2, 58.9, 46.3, 45.8. LCMS-ESI (m/z) [M+H] +

calcd: 362.12, found 362.05.

2.1.6.  2-[3-[3-(4-Chlorophenoxy)-2-Hydroxypropyl]-2-Imino-2,3-Dihydro-1H-Benzo[d]  Imidazol-1-yl]  Acetamide
(9b)

A mixture of 4 (0.08 g, 0.25 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then chloroacetamide (0.02 mL,
0.25 mmol, 1.0 equiv) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was cooled down to
room temperature. The solid was filtered, to yield the desired product as a white solid (0.03 g, 31%); 1H NMR (400
MHz, DMSO) δ 8.96 (bs, 2H), 7.87 (s, 1H), 7.40-7.53 (m, 2H), 7.29-7.35 (m, 5H), 7.02 (d, J= 7.2 Hz, 2H), 4.90 (s,
2H), 4.29-4.36 (m, 3H), 4.07-4.09 (m, 2H). 13C NMR (400 MHz, DMSO) δ 167.1, 157.7, 151.3, 130.7, 130.5, 129.7,
124.9, 123.9, 123.8, 116.8, 111.3, 110.4, 70.3, 67.2, 46.4, 45.5. LCMS-ESI (m/z) [M+H] + calcd: 375.10, found 375.04.

2.1.7.  [3-[2-[1,  3-Dioxolan-2-yl)  Ethyl]-2-Imino-2,  3-Dihydro-1H-Benzo[d]  Imidazol-1-yl]-3-(4-Chlorophenoxy)
Propan-2-ol (9c)

A  mixture  of  4  (0.2  g,  0.63  mmol,  1  equiv)  was  taken  up  into  4  ml  of  acetonitrile,  then  2-(2-bromoethyl-1,3
dioxane) (0.12 g, 0.69 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was
cooled down to room temperature, and the solid was filtered and purified by column chromatography (AcOEt:MeOH /
9: 1), to yield the desired product as a brown solid (0.1 g, 38%); 1H NMR (400 MHz, DMSO) δ 7.59 (d, J = 7.6 Hz,
1H), 7.51 (d, J = 7.6 Hz,1H), 7.28-7.36 (m, 4H), 7.01 (d, J = 8.4 Hz, 2H), 4.91 (t, J = 4.2 Hz, 1H), 4.23-4.32 (m, 5H),
4.04-4.1 (m,2H), 3.73,3.88 (m,4H), 2.05 (q,  J  = 5.7 Hz, 2H) .  13C NMR (400 MHz, DMSO) δ 157.7, 150.4, 130.8,
129.9, 129.7, 125.0, 123.9, 123.8, LCMS-ESI (m/z) [M+H] + calcd: 418.12, found 418.14.

2.1.8. 1-(3-Allyl-2-Imino-2,3-Dihydro-1H-Benzo[d] Imidazol-1-yl)-3-(4-Chlorophenoxy)propan-2-ol (9d)

A mixture of 4 (0.12 g, 0.40 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then allylbromide (0.03 mL, 0.3
mmol, 1.0 equiv) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was cooled down to room
temperature, and the solid was filtered to yield the desired product as a white solid (0.05 g, 48%); 1H NMR (400 MHz,
DMSO) δ 7.61 (dd, J= 7.8 Hz, J= 2.4 Hz, 1H), 7.52 (dd, J= 7.8 Hz, J= 2.4 Hz, 1H), 7.31-7.37 (m, 4H), 7.01 (d, J= 7.8
Hz, 2H), 5.83-5.91 (m, 1H), 5.38 (d, J= 7.6 Hz, 1H), 5.24 (d, J= 7.6 Hz, 1H), 4.82 (d, J= 3.2 Hz, 2H), 4.32-4.39 (m,
2H), 3.92-4.19 (m, 3H). LCMS-ESI (m/z) [M+H] + calcd: 357.12, found 357.13.

2.1.9. 1-(3-Benzyl-2-imino-2,3-Dihydro-1H-Benzo[d] Imidazol-1-yl)-3-(4-Chlorophenoxy)propan-2-ol (9e)

A mixture of 4 (0.09 g, 0.30 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then benzylbromide (0.05 g, 0.3
mmol, 1.0 equiv) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was cooled down to room
temperature, and the solid was filtered to yield the desired product as a white solid (0.06 g, 61%); 1H NMR (400 MHz,
DMSO) δ  7.53 (d,  J=  7.6  Hz,  1H),  7.18-7.37 (m,  10H),  7.01 (d,  J=  7.6  Hz,  2H),  5.42 (s,  2H),  4.24-4.28 (m,  3H),
4.01-4.09 (m, 2H). 13C NMR (DMSO, 100MHz) δ 157.7, 150.8, 135.1, 130.8, 129.9, 129.7, 129.3, 128.4, 127.5, 124.9,
124.1, 124.0, 116.8, 111.6, 111.0, 70.4, 67.0, 46.6, 46.0. LCMS-ESI (m/z) [M+H] + calcd: 407.14, found 407.11.

2.1.10.  1-(4-Chlorophenoxy)-3-(2-Imino-3-(3-Phenylpropyl)-2,3-Dihydro-1H-Benzo [d] Imidazol-1-yl)  Propan-2-ol
(9f)

A mixture of 4 (0.09 g, 0.30 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then (3-bromopropyl)benzene
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(0.06 g, 0.3 mmol, 1.0 equiv) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was cooled
down to room temperature, and the solid was filtered to yield the desired product as a white solid (0.08 g, 65%); 1H
NMR (400 MHz, DMSO) δ 7.15-7.28 (m, 10H), 7.02 (d, J= 7.6 Hz, 1H), 6.86 (d, J= 7.6 Hz, 2H), 4.35-4.71 (m, 5H),
4.04-4.14 (m, 2H), 2.89 (t, J= 7.6 Hz, 2H), 2.24 (t, J= 7.6 Hz, 2H). 13C NMR (DMSO, 100MHz) δ157.7, 150.3, 141.3,
130.7, 130.0, 129.7, 128.8, 128.5, 126.4, 124.9, 123.8, 123.8, 116.8, 111.4, 110.6, 70.4, 67.0, 46.4, 42.9, 32.3, 29.7.
LCMS-ESI (m/z) [M+H] + calcd: 435.17, found 435.02.

2.1.11. 1-(4-Chlorophenoxy)-3-(3-(2-Cyclohexylethyl)-2-Imino-2,3-Dihydro-1H-Benzo[d] Imidazol-1-yl) Propan-2-ol
(9g)

A mixture of 4 (0.2g, 0.63 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then 1-bromo-2-cyclohexyl ethane
(0.132g, 0.69 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was cooled
down to room temperature, and the solid was filtered, to yield the desired product as a white solid (0.126 g, 39%); 1H
NMR (400 MHz, DMSO) δ 8.71 (sb, 1H), 7.6 (d, J = 8 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.3-7.36 (m, 4H), 6.99 (d, J =
8.8 Hz, 2H), 4.08-4.34 (m, 2H), 4.23-4.27 (m, 1H), 4.17 (t, J =7.8 Hz, 2H), 4.02-4.11 (m, 2H), 1.77 (d, J = 12.4 Hz,
2H), 1.63-1.69 (m,3H), 1.52-1.57 (q, J = 7.3 Hz, 2H), 1.34-1.38 (m,1H), 1.13-1.25 (m, 3H), 0.93-1.02 (m, 2H); 13C
NMR (400 MHz, DMSO) δ 156.6, 148.1, 128.6, 127.6, 122.9, 121.8, 121.7, 114.7, 109.4, 108.5, 68.3, 64.9, 44.3, 39.2,
33.0, 32.9, 30.9, 24.3, 24.0 . LCMS-ESI (m/z) [M+H] + calcd: 428.12, found 428.18.

2.1.12. (E)-1-(4-Chlorophenoxy)-3-(2-Imino-3-(3-Phenylallyl)-2,3-Dihydro-1H-Benzo[d] Imidazol-1-yl)-Propan-2-ol
(9h)

A mixture of 4 (0.2 g, 0.63 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then 3-bromo-1phenyl-1-propene
(0.137g, 0.69 mmol, 1.1 equiv)) was added. The reaction mixture was stirred at reflux for 24 h, the mixture was cooled
down to room temperature, and the solid was filtered, to yield the desired product as a white solid (0.186 g, 58%); 1H
NMR (400 MHz, DMSO) δ 7.51 (t, J = 3.2, Hz,2H), 7.42 (d, 7.2 Hz, 2H), 7.25-7.35 (m, 7H), 7.0 (d, J = 8.8 Hz, 2H),
6.7 (d, J = 16Hz, 1H), 6.39 (dt, J = 15.6, 5.7 Hz, 1H), 5.0 (d, J = 5.2, 2H), 4.27-4.33 (m, 3H), 4.04-4.12 (m,2H), 13C
NMR (400 MHz, DMSO) δ 157.8, 150.7, 136.2, 136.1, 133.1, 131.7, 130.9, 130.1, 129.8, 129.2, 128.6, 126.9, 124.9,
123.8, 122.6, 116.8, 111.2, 110.7, 70.5, 67.1, 46.4, 44.6. LCMS-ESI (m/z) [M+H] + calcd: 434.1, found 434.1.

2.1.13.  1-(4-Chlorophenoxy)-3-(2-Imino-3-(3-Phenylprop-2-yn-1-yl)-2,3-Dihydro-1H-Benzo  [d]  Imidazol-1-yl)
Propan-2-ol (9i)

A mixture of 4 (0.15 g, 0.47mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then 3-chloro-1phenyl-1-propyne
(0.077 g, 0.51 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h and cooled down to room
temperature. The solid was filtered to yield the desired product as a white solid (0.143 g, 66%); 1H NMR (400 MHz,
DMSO) δ 7.7 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 8, 1H), 7.31-7.44 (m, 9H), 7.0 (d, J = 9.6, 2H), 5.5 (s, 2H), 4.33-4.42
(m,2H), 4.23-4.27 (m,1H), 4.06-4.1 (m, 2H), 13C NMR (400 MHz, DMSO) δ 157.7, 150.3, 132.1, 130.9, 129.8, 129.7,
129.5, 129.3, 124.9, 124.2, 124.1, 121.6, 116.9, 116.8, 111.6, 110.9, 85.3, 82.6, 70.4, 67.1, 46.6, 33.9 .  LCMS-ESI
(m/z) [M+H] + calcd: 432.1, found 432.1.

2.1.14.  1-(4-Chlorophenoxy)-3-(2-Imino-3-(2-Phenoxyethyl)-2,3-Dihydro-1H-Benzo[d]  Imidazol-1-yl)  Propan-2-ol
(9j)

A mixture of 4 (0.2 g, 0.63 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then 2-phenoxyethyl bromide
(0.138 g, 0.69 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h and cooled down to room
temperature. The solid was filtered to yield the desired product as a white solid (0.27 g, 85%); 1H NMR (400 MHz,
DMSO) δ 7.63 (d, J = 7.6 Hz, 1H), 7.55 (d, J= 7.6 Hz, 1H), 7.23-7.33 (m, 6H), 6.99 (d, J = 8.8, 2H), 6.92 (t, J = 7.4 Hz,
1H), 6.82 (d, J = 8 Hz, 2H), 4.6 (m, 2H), 4.23-4.32 (m, 5H), 4.02-4.1 (m, 2H), 13C NMR (400 MHz, DMSO) δ 158.3,
157.7, 151.1, 130.8, 130.6, 130.2, 130, 129.7, 124.9, 123.6, 121.5, 116.8, 114.8, 111.2, 111.1, 111, 70.4, 67.1, 65.6,
46.4, 42.9. LCMS-ESI (m/z) [M+H] + calcd: 438.11, found 438.21.

2.1.15. 1-(3-(4-Bromophenethyl)-2-Imino-2,3-Dihydro-1H-Benzo[d] Imidazol-1-yl)-3-(4-Chlorophenoxy) Propan-2-
ol (9k)

A mixture  of  4  (0.2  g,  0.63  mmol,  1  equiv)  was  taken  up  into  4  ml  of  acetonitrile,  then  1-bromoethyl  –  4-(2-
bromoethylbenzene) (0.18 g, 0.69 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h and
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cooled down to room temperature. The solid was filtered to yield the desired product as a white solid (0.144 g, 46%); 1H
NMR (400 MHz, DMSO) δ 7.53-7.55 (m, 1H), 7.47 (d, J =7.6 Hz, 3H), 7.35 (d, J = 8.8 Hz, 2H), 7.27 (d, J =7.6 Hz,
4H), 7.0 (d, J = 8.8 Hz, 2H), 4.38 (t, J = 7.4, 2H), 4.21-4.29 (m, 3H), 4.02-4.08 (m, 2H), 4.97 (t, J = 7.4 Hz, 2H) . 13C
NMR (400 MHz, DMSO) 157.7, 152.6, 150.6, 137.2, 131.9, 131.6, 130.7, 129.9, 129.8, 124.9, 123.6, 120.4, 116.8,
111.0, 110.5, 70.4, 67.2, 46.2, 43.7, 31.9. LCMS-ESI (m/z) [M+H] + calcd: 499.1, found 499.9.

2.1.16.  1-(4-Chlorophenoxy)-3-[2-Imino-3-[2-(Naphthalen-1-yl)  Ethyl]-2,  3-Dihydro-1H-Benzo[d]  Imidazol-1-yl]
Propan-2-ol (9l)

A mixture of 4 (0.2g, 0.63 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then 1-(2-bromoethyl) naphthalene
(0.16 g, 0.69 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h and cooled down to room
temperature. The solid was filtered to yield the desired product as a white solid (0.281 g, 88%); 1H NMR (400 MHz,
DMSO) δ 8.08 (s, 2H), 8.06 (d, J = 8.4 Hz, 1H), 7.9 (d, J = 7.6 Hz, 1H), 7.77-7.79 (m, 1H), 7.5-7.58 (m, 3H), 7.35-7.38
(m,  4H),  7.21(t,  J  =  7.4  Hz,  1H),  7.08-7.132  (m,  2H),  7.00-7.06  (m,  2H),  5.63  (s,  1H),  4.59  (t,  J  =  6.6  Hz,  2H),
4.23-4.31 (m, 3H), 4.00-4.09 (m, 2H), 3.5 (t, J  = 6.8 Hz, 2H). 13C NMR (400 MHz, DMSO) δ 157.7, 150.3, 133.9,
133.8, 131.9, 130.4, 129.9, 129.8, 129.1, 127.8, 127.5, 126.7, 126.2, 125.9, 125.0, 123.7, 116.8, 111.3, 110.4, 70.4,
67.1, 46.3, 43.7, 30.2. LCMS-ESI (m/z) [M+H] + calcd: 472.2, found 472.1.

2.1.17. 1-(4-Chlorophenoxy)-3-(3-(3,3-Diphenylpropyl)-2-Imino-2,3-Dihydro-1H-Benzo [d] Imidazol-1-yl) Propan-2-
ol (9m)

A mixture of 4 (0.2g, 0.63 mmol, 1 equiv) was taken up into 4 ml of acetonitrile, then 3,3-diphenyl-1-bromopropane
(0.18 g, 0.69 mmol, 1.1 equiv) was added. The reaction mixture was stirred at reflux for 24 h and cooled down to room
temperature. The solid was filtered to yield the desired product as a white solid (0.37 g, 86%); 1H NMR (400 MHz,
DMSO) δ 8.74 (s, 2H), 7.52-7.55 (m, 1H), 7.26-7.35 (m, 12H), 7.18 (t, J = 6.8 Hz, 2H), 7.10-7.16 (m, 1H), 7.01 (d, J =
8.8 Hz, 2H), 5.59 (s, 1H), 4.21 (s, 3H), 4.02-4.14 (m, 5H), 5.53-5.55 (m, 2H). 13C NMR (400 MHz, DMSO) δ 157.7,
150.1, 144.4, 144.3, 130.6, 129.7, 129.0, 128.0, 127.8, 126.8, 124.9, 123.8, 116.8, 111.4, 110.2, 70.4, 67.0, 48.4, 46.3,
42.1, 32.7. LCMS-ESI (m/z) [M+H] + calcd: 512.2, found 512.11.

2.1.18. N-Methyl-3-Nitropyridin-2-Amine (11)

To a solution of  methylamine (10 mL,  80.7 mmol)  at  0°C,  2-chloro-3-nitropyridine 10  (1.6  g,  10.0 mmol)  was
added in several portions. The solution was stirred 1 hour at 0°C then 2 hours at room temperature before concentration
in vacuum. The residue was washed with water (20 mL) and then extracted 3 times in AcOEt (20 mL). The organic
layer was dried over MgSO4 then concentrated to give the desired product as a yellow oil (1.3 g, 85%). 1H NMR (400
MHz, CDCl3) δ 8.40-8.45 (m, 2H), 8.24 (bs, 1H), 6.62-6.65 (m, 1H), 3.16 (d, J = 2.4 Hz, 3H). 13C NMR (400 MHz,
CDCl3) δ 155.7, 153.2, 135.2, 128.3, 111.5, 28.1.

2.1.19. N-Methylpyridine-2,3-Diamine (12)

To a solution of 11  (1.1 g, 7.18 mmol) in dry MeOH (25 mL), palladium 10% carbon (0.07 g, 0.71 mmol) was
added. The mixture was stirred at room temperature and under hydrogen (atmospheric pressure) overnight. The solution
was filtered over celite then concentrated to give the desired product as a yellow oil (0.88 g, 99%). 1H NMR (400 MHz,
CDCl3) δ 7.78 (d, J = 5.2 Hz, 1H), 6.83 (d, J = 5.2 Hz, 1H), 6.51 (t, J = 5.4 Hz, 1H). 4.20 (bs, 1H), 3.18 (bs, 2H), 3.00
(d, J = 2.4 Hz, 3H). 13C NMR (400 MHz, CDCl3) δ 151.1, 139.2, 128.5, 121.7, 113.2, 28.7.

2.1.20. 3-Methyl-3H-Imidazo[4,5-b] Pyridin-2-Amine (13)

To solution of 12 (0.6 g, 4.87 mmol) in MeOH/H2O 12/12 mL, cyanogen bromide (1.5 g, 14.63 mmol) was added.
The mixture was stirred at 60°C for 4 hours. After cooling to room temperature, MeOH was evaporated and the solution
was basified to pH 8 using a solution of NaOH 1N. The organic layer was extracted 3 times with AcOEt (20 mL), dried
over MgSO4 and concentrated in vacuum. The residue was purified by flash chromatographic (MeOH/DCM 1/9) to
give the desired product as a brown solid (0.37 g, 55%). 1H NMR (400 MHz, DMSO) δ 7.84 (d, J = 7.2 Hz, 1H), 7.39
(dd, J = 7.2 Hz, J = 1.8 Hz, 1H), 6.92-6.96 (m, 1H), 6.78 (s, 2H). 3.51 (s, 3H). 13C NMR (400 MHz, DMSO) δ 156.5,
148.5, 137.8, 136.3, 120.5, 117.1, 27.3.
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2.1.21. 2.1.21 1-(4-Chlorophenoxy)-3-(2-Imino-3-Methyl-2,3-Dihydro-1H-Imidazo[4,5-b] Pyridin-1-yl) Propan-2-ol
(14)

To a solution of 3-methyl-3H-imidazo [4,5-b]pyridin-2-amine (0.1 g, 0.67 mmol) in H2O/dioxane 3/3 mL, KOH
(0.04 g, 0.67 mmol) and epoxide 3 (0.13 g, 0.74 mmol) were added. The mixture was stirred at 110 °C for 2 hours, then
cooled  down  to  room  temperature.  Dioxane  was  removed  under  reduced  pressure  and  the  resulting  solution  was
extracted  3  times  with  50  mL  of  AcOEt.  The  organic  layer  was  dried  over  MgSO4,  filtered,  and  the  solvent  was
removed under reduced pressure. The resulting solid was recrystallized with EtOH/H2O 3/7 to give the desired product
as a white solid (0.05 g, 0.16 mmol, 25%). 1H NMR (CDCl3, 400MHz) δ 8.11 (d, J = 4.4 Hz, 1H), 7.65 (d, J = 7.6 Hz,
1H), 7.28 (d, J = 7.6 Hz, 1H), 6.87 (d, J = 7.6 Hz, 1H), 5.08 (bs, 1H), 4.31-4.42 (m, 1H), 3.94-4.09 (m, 3H), 3.76-3.80
(m, 1H), 3.64 (s, 3H). 13C NMR (400 MHz, CDCl3) δ 157.1, 155.4, 147.9, 139.7, 134.2, 129.4, 126.1, 122.4, 117.7,
115.7, 70.1, 69.4, 46.5, 26.8. LCMS-ESI (m/z) [M+H] + calcd: 333.10, found 333.04.

2.2. Biological Assays

2.2.1. Cell Culture

The  human  cell  lines  KB  (nasopharyngeal  epidermis  carcinoma)  and  HCT116  (colon  adenocarcinoma)  were
purchased from ECACC (Salisbury, UK) and HL60 (promyeocytic leukaemia) cells from ATCC. KB cells were grown
in D-MEM medium supplemented with 10% fetal calf serum, in the presence of penicillin, streptomycin and fungizone
in a 75 cm2 flask under 5% CO2, whereas the two other cell lines were grown in complete RPMI medium.

2.2.2. Cell Cytotoxicity Assay

Cells were plated in 96-well tissue culture plates in 200 μl medium and treated 24 h later with complexes dissolved
in DMSO at concentrations ranged 0.5 nM to 10 μM and were prepared by using a Biomek 3000 (Beckman-Coulter).
Control  cells  received  the  same  volume  of  DMSO (1% final  volume).  After  72  h  exposure  to  the  drug,  Cell  Titer
96®AQuerous one reagent (Promega) was added and incubated for 3h at 37 °C: the absorbance was monitored at 490
nm and results are expressed as the inhibition of cell proliferation and cell viability calculated as the ratio [(1-(OD490
treated/OD490 control)) ×100]. For IC50 determinations (50% inhibition of cell viability), experiments were performed
in duplicate.

3. RESULTS AND DISCUSSION

We started our Structure-Activity Relationships (SAR) investigation by replacing the N-methyl  of  1  by various
substituents. The synthesis of these derivatives began with the alkylation of aminobenzimidazole 2 with an epoxide 3 to
afford  adduct  4  Scheme  (1).  Condensation  of  4  with  acyl  halides  5  and  7  delivered  the  cyclized  adducts  6  and  8.
Reaction with alkyl halides afforded adducts 9a-p (Scheme 1).

Aza-isostere 14 was prepared in 4 steps starting from 2-chloro-3-nitropyridine 10 (Scheme 2). Condensation with
methylamine, followed by a reduction of the nitro group and ring closure with cyanogen bromide afforded the aza-
benzimidazole 13 that was alkylated by epoxide 3 to yield 14.

Surprisingly, neither 1 nor its desmethyl analogue 4 was cytotoxic to KB cells at 10 μM (Table 1). The inclusion of
the  amidine  moiety  in  an  extra  cycle  (6,  8)  or  introduction  of  polar  functions  (9a-c)  did  not  promote  cytotoxicity.
Introduction of a nitrogen in the benzimidazole moiety (14) was also ineffective, but the replacement of the methyl by
an allyl (9d) or benzyl (9e) made these compounds extremely cytotoxic. Gratefully, increasing the size of the linker
between iminobenzimidazolium and phenyl from one to three methylenes (9f) enhanced cytotoxicity.
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Scheme (1). Structure of hit 1 and synthesis of its analogues 6, 8 and 9a-p.

Aza-isostere 14 was prepared in 4 steps starting from 2-chloro-3-nitropyridine 10 Scheme. (2). Condensation with
methylamine, followed by a reduction of the nitro group and ring closure with cyanogen bromide afforded the aza-
benzimidazole 13 that was alkylated by epoxide 3 to yield 14. Synthesis of aza-isostere 14.

Scheme (2). Synthesis of aza-isostere 14.

With the identification of potent cytotoxic compounds, we pursued our investigation by determining the IC50  of
newly synthesized compounds in 3 human cancer cell lines (Table 2), (Fig. 1). These three human cancer cell lines are
respectively derived from patients with cervical carcinoma, acute promyelocytic leukemia and colorectal carcinoma. As
such, they represent a variety of different cancers. Replacement of the phenyl by a cyclohexyl (9g), introduction of
unsaturations or an ether in the linker (9h-j), and the addition of a bromine (9k) or extra aromatic cycles (9l,m) did not
significantly modified cytotoxicity, which was very similar in the 3 examined cell lines. These results suggest that these
compounds probably bind with a comparable affinity for their target and indicate the requirement for a hydrophobic
moiety connected to the benzimidazole ring by a linker with 2 or 3 carbons (Fig. 2).
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Table 1. Cytotoxicity in KB, HL60 and HCT116 human cancer cells (IC50, µM). [a]

Cpd. R R’ A HX 10-5M 10-6M
1 Me H CH - 0±17 0±2
4 H H CH - 0±9 0±3

6 CH - 0±3 0±2

8 CH - 0±6 0±7

9a H CH HCl 0±12 0±15

9b H CH HCl 0±2 0±9

9c H CH - 1±11 0±13

14 Me H N - 0±7 0±4

9d H CH HBr 88±5 0±17

9e H CH HBr 96±2 8±8

9f H CH HBr 98±1 57±5

[a] Experiments were performed in triplicate.

Fig.  (1).  Effects  of  iminobenzimidazoles  9f-m  on  the  viability  of  KB,  HL60 and  HCT116 human cancer  cells  (average  of  two
independent experiments).
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Table 2. Cytotoxicity in KB, HL60 and HCT116 human cancer cells (IC50, μM).[a]

PD R HX KB HL60 HCT116

9f
HBr   2/1.2 1.1/1.0 1.5/1.5

9g HBr   1.3/1.5 1.25/1.25 1.3/2

9h HBr   2/1.2 1.25/1.25 2/2

9i HBr   1.75/0.8 1.75/1.5 1.3/2

[a] Experiments were performed in duplicate.

Fig. (2). Summary of the structural requirement of iminobenzimidazoles for their cytotoxicity.

CONCLUSION

The research and development of a novel type of drugs are of great importance to improve the treatment of cancers.
In this context, we describe herein the discovery and optimization of the first-in-class series of cytotoxic agents. The
SAR studies demonstrated the requirement for a hydrophobic moiety. These results are highly encouraging, and SAR
studies to examine structural variations of the iminobenzimidazole and 3-(4-chlorophenoxy)-2-hydroxypropyl moieties
are underway.
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Résumé 

Nos travaux portent sur le développement de nouvelles approches synthétiques de 

composés à visée anticancéreuse. Ces travaux ont été effectués à l’Université de Constantine 

et de Strasbourg, sous la supervision de la Pr. Taoues Boumoud et du Dr. Laurent Désaubry. 

Les triarylimidazoles et les spirooxindoles sont des hétérocycles que l’on retrouve 

parmi plusieurs agents anticancéreux importants. Afin de faciliter l’exploration 

pharmacochimique, enrichir d’avantage la bibliothèque de ces composés et améliorer leur 

synthèse, nous avons reportés de nouvelles voies catalytiques de synthèse des 

triarylimidazoles et des spiro[chromène-oxindoles] avec des bons rendements via des 

réactions multicomposants en utilisant deux nouveaux catalyseurs : l'acide citrique  et le 

BF3.OEt2  respectivemet. Deux articles démontrant l’effet catalytiques de ces deux 

ctatalyseurs dans la synthèse des spirooxindoles et triarylimidazoles ont été publiés.69, 71 

Des travaux originaux menés à Strasbourg ont mis en évidence les propriétés 

cytotoxiques d’un iminobenzimidazole sur des lignées cancéreuses. D’autres analogues ce 

composé  ont été synthétiséspour déterminer les requis structuraux pour cette cytotoxicité. 

Un article décrivant ces travaux a été publié dans The Open Medicinal Chemistry Journal.70 

Un autre agent cytotoxique, la fluorizoline et des analogues de celle-ci ont égélement été 

préparés. Deux premiers articles démontrant l’inhibition de l’oncogène KRAS par la 

fluorizoline et son activité dans des modèles de leucémie lymphocytique chronique ont 

également été publiés.68 

Mots clés : Triarylimidazoles, spirooxindoles, acide citrique, BF3.OEt2, 

iminobenzimidazole, fluorizoline, oncogène KRAS, cytotoxicité, leucémie 



 

Abstract: 

Our work focuses on the development of new synthetic approaches to anticancer 

compounds. This work was carried out at the University of Constantine and Strasbourg, under 

Prof. Taoues Boumoud and Dr. Laurent Désaubry’s supervision. 

Triarylimidazoles and spirooxindoles are heterocycles found among several 

important anti-cancer agents. In order to facilitate the pharmacochemical exploration of these 

compounds, improving their synthesis was aimed. Novel catalytic ways were developped  for 

the  synthesis of  triarylimidazoles and spiro[chroméne-oxindoles] with good yields via 

multicomponent reactions in the presence of citric acid and BF3.OEt2 as catalysts respectively. 

Two articles demonstarting the catalytic effects of the former catalysts in the synthesis of 

benzimidazoles and spirooxindole derivatives  were published.   

Original work carried out in Strasbourg has demonstrated the cytotoxic properties of 

an iminobenzimidazole on cancerous lines. Analogues of this compound, were prepered,  to 

determine the structural requirements for this cytotoxicity. An article describing these works 

was published inThe Open Medicinal Chemistry Journal. Another cytotoxic agent 

“fluorizoline” and analogues thereof were also prepared. Two first articles demonstrating the 

inhibition of KRAS oncogene by this compound and its activity in models of chronic 

lymphocytic leukemia were also published.  

Keywords: Triarylimidazoles,  spirooxindoles, citric acid,  BF3.OEt2,  

iminobenzimidazole,  fluorizoline, KRAS oncogene, cytotoxicity, leukemia



 

 الملخص:

 بالتعاون بين كز عملنا على تطوير طرق تركيبية جديدة للمركبات المضادة للسرطان. وقد تم هذا العمل ترا

اووس بومود والدكتور الطالبروفسور  كل من  تحت إشراف  -فرنسا-ستراسبورغجامعة  و -الجزائر-جامعة قسنطينة

 .بريزلوران دي

الترياريل اميدازول و السبيرو اكسندول هي مركبات معروفة بمفعولها الهام المضاد للسرطان. و بغية 

أن حمض الليمون يحفز و قد تبين لناتركيبها.  طرق إلى تحسين ناتسهيل الاستكشاف الكيميائي لهذه المركبات ، سعي

 السبيرو اكسندولأن تحفز تركيببامكانها  OEt3BF.2أن التجارب أظهرتو.مردودعالمع الترياريل اميدازولتصنيع

 انطلاقامنالازاتين.

التجارب المجرات في جامعة ستراسبورغعلى مشتقات جديدة التصنيع  للامينوبنزمدازول بينت انها تمتلك 

 سرطانية. خلاياسامة على صخصائ

على  الفلورزولين قدرة. النتائج المحصل عليها  تبين الفلورزولين ونظائرهاو من جهة اخرى قمنا بتصنيع 

 نماذج من سرطان الدم الليمفاوي المزمن على  KRAS تثبيط الجين الورمي

 




