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Abstract: To find novel antitumor agents, a series of 1H-benzofuro[3,2-c]pyrazole derivatives 4a-e 

were designed and synthesized. The treatment of 6-methoxybenzofuran-3(2H)-one 3 with LiHMDS 

in anhydrous tetrahydrofuran (THF) followed by reaction with 3-substitued phenyl isothiocyanate 

gave the thioamide intermediates, which underwent condensation with hydrazine monohydrate in 

dioxane/EtOH (1:1) to provide the benzofuropyrazole derivatives 4a–e as well as the unexpected 

pyrazole derivatives 5a–e. In tumor cell growth inhibitory assay, all the benzofuropyrazole 

derivatives were not active against the breast tumor MCF-7 cell, only 4a was highly active and more 

potent than ABT-751 against the leukemia K562 (GI50 = 0.26 μM) and lung tumor A549 cells (GI50 = 

0.19 μM), while other benzofuropyrazoles showed very weak inhibitory activity. In contrast, the 

pyrazoles 5a-e were in general more potent than the benzofuropyrazoles 4a–e. Compound 5a 

exhibited a similar tendency to that of 4a with high potency against K562 and A549 cells but weak 

effects on MCF-7 cell. Both pyrazoles 5b and 5e exhibited high inhibitory activities against K562, 

MCF-7 and A549 cells. The most active compound 5b was much more potent than ABT-751 against 

K562 and A549 cells with GI50 values of 0.021 and 0.69 M, respectively. Moreover, 5b was identified 

as a novel tubulin polymerization inhibitor with an IC50 of 7.30 M.  
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1. Introduction 

Privileged structures are defined as molecular frameworks that are able to provide useful 

ligands for multiple types of receptors or enzymes through proper structural modifications. In 

combination with their favorable drug-like properties, privileged structures or scaffolds are widely 

used in rational drug design to find new lead compounds or drug candidates [1–3]. Pyrazole 

derivatives represent one of the most active classes of compounds that possess a wide spectrum of 

biological activities, including antibacterial and antifungal [4,5], antitumor [6,7], anti-inflammatory 

and analgesic [8,9], antitubercular [10], antiviral [11,12], anti-Alzheimer's [13,14], α-glucosidase 

inhibitory [15], anti-diabetic [16], antileishmanial [17,18], anti-malarial [19], radioimaging [20], 

acaricidal and insecticidal [21,22] activities. As a privileged scaffold, pyrazole has been recently 

widely used in the design of anticancer agents for a multiple of tumor targets [23].  

N-(2-((4-Hydroxyphenyl)amino)pyridin-3-yl)-4-methoxybenzenesulfonamide (ABT-751, 1, 

Figure 1) is an orally available sulfonamide tubulin inhibitor under clinical investigations for the 

treatment of cancers [24,25]. On its X-ray crystal structures with tubulin, ABT-751 interacted with all 

the three pockets of tubulin at the colchicine binding site [26]. Based on the binding mode of 1 with 

tubulin and the pyrazole pharmacophore, our group designed and synthesized a series of 
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indenopyrazoles as potential tubulin polymerization inhibitors targeting the colchicine binding site 

[27]. The indenopyrazole analogue 2 (Figure 1) was found to compete with colchicine in binding to 

the tubulin colchicine site and inhibit the polymerization of tubulin. In vitro, 2 displayed nanomolar 

potency against a variety of tumor cell lines, arrested tumor cells in G2/M phase through the 

regulation of cell cycle-related proteins, and induced tumor cell apoptosis through the activation of 

caspase pathways. Furthermore, 2 was effective for multidrug resistance tumor cells and inhibited 

phosphatase and tensin homolog (PTEN) phosphorylation and PTEN/Akt/NF-кB signaling [28]. In 

vivo, 2 demonstrated its potency in non-small cell lung cancer (NSCLC) and vincristine-resistance 

human oral epidermoid carcinoma cell (KB/V) xenograft models without obvious side effects [27,28]. 

In this study, we replaced the indenopyrazole core with the 1H-benzofuro[3,2-c]pyrazole framework 

and designed a series of the 1H-benzofuro[3,2-c]pyrazole derivatives 4a–e. In the preparation of 4a–

e, the partial cleavage of the furan ring was observed and a series of 5-methoxy-2-(3-(phenylamino)-

1H-pyrazol-5-yl)phenol derivatives 5a–e were isolated. We reported here the synthesis and 

preliminary results of their tumor cell growth inhibitory activity as well as the identification of 

pyrazole 5b as a novel tubulin polymerization inhibitor. 

 

Figure 1. Tubulin inhibitors 1 and 2. 

2. Results and Discussion 

2.1. Chemistry 

The synthetic route towards the benzofuropyrazole derivatives was shown in Scheme 1. The 6-

methoxybenzofuran-3‐(2H)-one 3 was prepared according to the reported method in three steps [29–

31] (please refer to the supplementary materials). The Hoesch reaction of resorcinol with 

chloroacetonitrile in the presence of anhydrous ZnCl2 and HCl gas generated an imine intermediate, 

which upon hydrolysis, provided 2-chloro-1-(2,4-dihydroxyphenyl)ethanone in 94% yield. 

Treatment of the chloromethyl ketone with a mild base, CH3COONa, gave the cyclized 6-

hydroxybenzofuran-3-(2H)-one (54%). Methylation of 6-hydroxybenzofuran-3-(2H)-one with Me2SO4 

produced the 6-methoxybenzofuran-3-(2H)-one 3 in 86% yield. After the deprotonation of the α-

proton of carbonyls in 3 with lithium hexamethyldisilazide (LiHMDS), the resulting enolates were 

reacted with 3-substitued phenyl isothiocyanates to give the thioamide intermediates, which 

underwent condensation with hydrazine monohydrate in dioxane/EtOH (1:1) to form the 

benzofuropyrazole derivatives 4a–e in 11% to 30% yield. In this process, the partial cleavage of the 

furan ring occurred, a series of 5-methoxy-2-(3-(phenylamino)-1H-pyrazol-5-yl)phenol derivatives 

5a–e were also isolated in 13% to 31% yield. The structures of benzofuropyrazoles 4a–e and pyrazoles 

5a–e were determined by 1H nuclear magnetic resonance (NMR), 13C-NMR and electrospray 

ionization mass spectrometry (ESI-MS). In the 1H NMR spectrum of benzofuropyrazole 4c, the 

pyrazole 1-NH appeared at 11.91 ppm, the aniline NH at 8.05 as a singlet, the amide NH at 8.28 (q, J 

= 4.6 Hz) in corresponding with the N-methyl at 2.77 (d, J = 4.6 Hz). The seven protons at the two 

phenyl rings appeared at 6.42 to 7.82 ppm. In comparison with 4c, in the 1H NMR spectrum of 

pyrazole 5c, there were two additional peaks at 10.23 ppm for the phenol OH, 6.24 ppm for the 

pyrazole 4-H, supporting its estimated structure. 
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Scheme 1. Synthesis of benzofuropyrazole and pyrazole derivatives.  

2.2. Tumor Cell Growth Inhibitory Activity 

All the synthesized compounds were evaluated for their tumor cell growth inhibitory activity 

against human breast cancer MCF-7 cell, human erythroleukemia K562 cell and human lung cancer 

A549 cell by the conventional MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium 

bromide) assay. ABT-751 was used as positive control. 

As shown in Table 1, the breast tumor MCF-7 cell was not sensitive to the benzofuropyrazole 

derivatives 4a–e. For the K562 and A549 cells, only 4a exhibited high potency and was more potent 

than ABT-71 with the GI50 of 0.26 and 0.19 μM, respectively, while other benzofuropyrazoles showed 

moderate or weak activity. It seems the substitution of the ethoxy at the aniline ring with the electron-

withdrawing ester, amide, and cyano groups was not tolerated among the benzofuropyrazole series. 

In contrast, all the three tumor cell lines were sensitive to the pyrazole analogues 5a–e. The methyl 

ester 5b was the most active that inhibited the K562, MCF-7, and A549 cell growth with GI50 values 

of 0.021, 1.7 and 0.69 μM, respectively. Both compounds 5a and 5b were highly active against the 

K562 and A549 cells, and were 5- to 35-fold more potent than ABT-751. The cyano derivative 5e was 

also highly potent against the three tumor cell lines, although it showed slightly less potency than 

ABT-751. Unlike the benzofuropyrazole derivatives, the substitution of the ethoxy at the aniline ring 

with an electron-withdrawing ester, amide, and cyano group in the pyrazole series was well 

tolerated, and even preferred, indicating that the benzofuropyrazole derivatives 4a–e and the 

pyrazoles 5a–e might involve different mechanisms of action.  

Table 1. Tumor cell growth inhibitory activity of 4a–e and 5a–e. 

  GI50 (M) 

Compound R K562 MCF-7 A549 

4a OCH2CH3 0.26 ± 0.04 >20 0.19 ± 0.08 

4b COOCH3 5.46 ± 1.04 >20 >20 

4c CONHCH3 5.11 ± 0.31 >20 15.11 ± 2.18 

4d CONH2 9.01 ± 1.81 >20 10.08 ± 2.21 

4e CN 13.53 ± 0.41 >20 17.01 ± 2.76 

5a OCH2CH3 0.046 ± 0.007 16.72 ± 2.6 0.92 ± 0.17 

5b COOCH3 0.021 ± 0.004 1.7 ± 0.43 0.69 ± 0.18 

5c CONHCH3 7.33 ± 1.004 7.78 ± 0.87 9.46 ± 2.03 

5d CONH2 14.77 ± 2.62 5.8 ± 0.202 10.9 ± 0.99 

5e CN 1.45 ± 0.047 2.27 ± 0.34 3.24 ± 0.99 

ABT-751  0.74 ± 0.078 0.88 ± 0.24 4.58 ± 0.04 

2.3. In Vitro Tubulin Polymerization Inhibitory Activity  

The pyrazole derivative 5b showed the best tumor cell growth inhibitory activity among all the 

tested compounds. To investigate whether 5b was a tubulin inhibitor, the tubulin polymerization 

inhibition assay was carried out. At 37 °C, tubulin will polymerize into microtubules, which is 

followed by the observed fluorescence enhancement due to the incorporation of a fluorescent 
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reporter into microtubules as polymerization occurs [32]. As shown in Figure 2, 5b inhibited the 

tubulin polymerization in a concentration-dependent way with a calculated IC50 of 7.30 μM. 

Therefore, 5b may be a good lead for further structural modification to find more potent tubulin 

inhibitors based on the privileged pyrazole structure. 

  
Figure 2. Effect of 5b on tubulin polymerization in vitro. Purified tubulin protein at 2 mg/mL in a reaction buffer 

was incubated at 37 °C in the presence of 1% dimethyl sulfoxide (DMSO), test compound 5b at 1.25, 2.5, 5, or 10 

μM or colchicine at 20 μM. The fluorescence intensity was measured every 60 second for 60 min and is presented 

as increases in the polymerized microtubule.  

 

3. Materials and Methods 

3.1. General Chemical Experimental Procedures 

Melting points were determined on an X-6 micromelting point apparatus (Beijing Tech. Co., 

Ltd.). 1H- and 13C-NMR spectra were recorded on Bruker-400 NMR or Bruker-600 NMR 

spectrometers. All spectra were recorded at room temperature for DMSO or CDCl3 solutions. ESI-MS 

was performed on an API 4000 instrument. Thin-layer chromatography (TLC) was performed on 

silica gel GF254 plates. Silica gel GF254 and silica gel (200−300 mesh) from Qingdao Haiyang 

Chemical Company were used for TLC and column chromatography, respectively. All reagents were 

commercially available and were used as purchased without further purification. All reactions 

involving oxygen- or moisture sensitive compounds were carried out under a dry N2 atmosphere. 

Unless otherwise noted, reagents were added by syringe. Tetrahydrofuran (THF) was distilled from 

sodium/benzophenone immediately prior to use. 

3-((6-Methoxy-1H-benzofuro[3,2-c]pyrazol-3-yl)amino)ethoxybenzene (4a) and 3-((5-(2-hydroxy-4-

methoxyphenyl)-1H-pyrazol-3-yl)amino)ethoxybenzene (5a) A solution of 6-methoxybenzofuran-3-(2H)-

one 3 (150 mg, 0.9 mmol) in anhydrous THF (5 mL) was cooled to −78 °C under nitrogen atmosphere. 

LiHMDS (1.09 mL, 1.1 mmol, 1.0 M THF solution) was added dropwise. The mixture was stirred at 

−78 °C for 2 h and then warmed to −45 °C in 45 min. After a solution of the 1-ethoxy-3-

isothiocyanatobenzene (164 mg, 1.0 mmol) in anhydrous THF (3 mL) was added, the resulting 

mixture was stirred at room temperature overnight. Water (30 mL) was added, and the mixture was 

extracted with EtOAc (3 × 30 mL). The organic layer was washed with brine, dried over anhydrous 

Na2SO4. After filtration and evaporation, flash column chromatography on silica gel (hexane/EtOAc 

= 15:1) gave the resulting thioamide intermediate, which was dissolved in 1,4-dioxane (3 mL) and 

ethanol (3 mL). Hydrazine hydrate (0.46 mL, 7.3 mmol) was added dropwise. The mixture was heated 

to 50 °C and stirred for 24 h. Water (40 mL) was added, and the mixture was extracted with EtOAc 

(3 × 40 mL). The organic layer was washed with brine, and dried over anhydrous Na2SO4. After 

filtration and evaporation, the residue was purified by column chromatography on silica gel 

(hexane/EtOAc = 4:1) to give 4a (32 mg, 11%) and 5a (38 mg, 13%). 



Molecules 2019, 24, 279  5 of 9 

4a: Brown solid, m.p.: 62–64 °C. 1H-NMR (CDCl3) δ 7.32 (d, J = 8.6 Hz, 1H, Ar-H), 7.08 (t, J = 8.1 

Hz, 1H, Ar-H), 6.56 (d, J = 2.4 Hz, 1H, Ar-H), 6.46 (dd, J = 2.4, 8.6 Hz, 1H, Ar-H), 6.36 (d, J = 8.2 Hz, 

1H, Ar-H), 6.25 (d, J = 8.1 Hz, 1H, Ar-H), 6.21 (s, 1H, Ar-H), 5.09 (s, 1H, 3-NH), 3.96 (q, J = 6.9 Hz, 2H, 

OCH2), 3.81 (s, 3H, 6’-OCH3), 1.37 (t, J = 6.9 Hz, 3H, OCH2CH3). 13C-NMR (CDCl3) δ 161.6, 160.3, 156.6, 

146.0, 137.8, 130.2, 129.6, 127.9, 125.8, 111.5, 109.5, 107.0, 105.1, 103.7, 101.0, 63.3, 55.3, 14.9. MS (ESI) 

calcd. for C18H19N3O3 [M + NH4]+: 341.1, found: 341.4. 

5a: Brown solid, m.p.: 82–84 °C. 1H-NMR (CDCl3) δ 7.39 (d, J = 8.6 Hz, 1H, Ar-H), 7.17 (t, J = 8.0 

Hz, 1H, Ar-H), 6.57–6.49 (m, 5H, Ar-H), 6.22 (s, 1H, 4’-H), 5.79 (s, 1H, 3-NH), 4.01 (q, J = 6.9 Hz, 2H, 

1-OCH2), 3.79 (s, 3H, 4’’-OCH3), 1.41 (t, J = 6.9 Hz, 3H, 1-CH3). 13C-NMR (CDCl3) δ 160.7, 160.2, 157.0, 

143.9, 130.4, 127.6, 109.8, 108.7, 107.1, 106.5, 102.8, 101.7, 90.4, 63.3, 55.3, 15.4. MS (ESI) calcd. for 

C18H19N3O3 [M + H]+: 326.1, found: 326.4. 

Methyl 3-((6-methoxy-1H-benzofuro[3,2-c]pyrazol-3-yl)amino)benzoate (4b) and methyl 3-((5-(2-hydroxy-4-

methoxyphenyl)-1H-pyrazol-3-yl)amino)benzoate (5b) According to the procedures described for the 

synthesis of 4a and 5a, compounds 4b and 5b were prepared from 3 (100 mg, 0.6 mmol), LiHMDS 

(0.7 mL, 0.7 mmol), methyl 3-isothiocyanatobenzoate (135 mg, 0.7 mmol) and hydrazine hydrate (0.3 

mL, 4.8 mmol). The crude residue was purified by column chromatography on silica gel 

(hexane/EtOAc = 3:1) to give 4b (36 mg, 18%) and 5b (33 mg, 16%). 

4b: Brown solid, m.p.: 103–105 °C. 1H-NMR (DMSO-d6) δ 11.96 (s, 1H, 1’-NH), 8.19 (s, 1H, 3-NH), 

8.13 (s, 1H, Ar-H), 7.61 (s, 1H, Ar-H), 7.43 (d, J = 8.3 Hz, 1H, Ar-H), 7.33 (d, J = 4.3 Hz, 2H, Ar-H), 6.50 

(dd, J = 1.9, 8.5 Hz, Ar-H), 6.42 (d, J = 2.0 Hz, 1H, Ar-H), 3.84 (s, 3H, COOCH3), 3.74 (s, 3H, OCH3). 
13C-NMR (DMSO-d6) δ 167.2, 161.1, 156.9, 145.9, 144.6, 134.1, 130.6, 129.6, 128.3, 119.8, 119.2, 115.6, 

110.4, 109.1, 106.2, 103.6, 55.5, 52.5. MS (ESI) calcd. for C18H15N3O4 [M + NH4]+: 355.1, found: 355.5. 

5b: Yellow solid, m.p.: 185–186 °C. 1H-NMR (DMSO-d6) δ 12.01 (s, 1H, 1’-NH), 10.24 (s, 1H, 2’’-

OH), 8.67 (s, 1H, 3-NH), 8.13 (s, 1H, Ar-H), 7.57 (s, 1H, Ar-H), 7.53 (d, J = 6.8 Hz, 1H, Ar-H), 7.31 (s, 

2H, Ar-H), 6.51 (s, 1H, Ar-H), 6.50 (dd, J = 1.9, 6.9 Hz, 1H, Ar-H), 6.23 (s, 1H, 4’-H), 3.84 (s, 3H, 

COOCH3), 3.74 (s, 3H, OCH3). 13C-NMR (DMSO-d6) δ 167.2, 160.3, 155.8, 151.6, 144.8, 139.8, 130.7, 

129.4, 128.4, 119.7, 118.8, 115.5, 110.0, 105.8, 102.1, 93.0, 55.5, 52.2. MS (ESI) calcd. for C18H17N3O4 [M + 

H]+: 340.1, found: 340.4.  

3-((6-Methoxy-1H-benzofuro[3,2-c]pyrazol-3-yl)amino)-N-methylbenzamide (4c) and 3-((5-(2-hydroxy-4-

methoxyphenyl)-1H-pyrazol-3-yl)amino)-N-methylbenzamide (5c) According to the procedures described 

for the synthesis of 4a and 5a, compounds 4c and 5c were prepared from 3 (100 mg, 0.6 mmol), 

LiHMDS (0.7 mL, 0.7 mmol), 3-isothiocyanato-N-methylbenzamide (134 mg, 0.7 mmol) and 

hydrazine hydrate (0.3 mL, 4.8 mmol). The crude residue was purified by column chromatography 

on silica gel (hexane/EtOAc = 1:1) to give 4c (30 mg, 15%) and 5c (33 mg, 16%). 

4c: Brown solid, m.p.: 180–182 °C. 1H-NMR (DMSO-d6) δ 11.91 (s, 1H, 1’-NH), 8.28 (q, J = 4.6 Hz, 

1H, CONH), 8.05 (s, 1H, 3-NH), 7.82 (s, 1H, Ar-H), 7.55 (s, 1H, Ar-H), 7.43 (d, J = 5.7 Hz, 1H, Ar-H), 

7.27 (t, J = 7.8 Hz, 1H, Ar-H), 7.15 (d, J = 7.6 Hz, 1H, Ar-H), 6.49 (dd, J = 2.6, 8.6 Hz, 1H, Ar-H), 6.42 (d, 

J = 2.6 Hz, 1H, Ar-H), 3.74 (s, 3H, OCH3), 2.77 (d, J = 4.6 Hz, 3H, N-CH3). 13C-NMR (DMSO-d6) δ 167.8, 

161.1, 156.9, 146.1, 144.5, 135.9, 134.2, 129.1, 128.3, 117.4, 116.7, 114.5, 110.5, 109.1, 106.1, 103.6, 55.5, 

26.7. MS (ESI) calcd. for C18H16N4O3 [M + NH4]+: 354.1, found: 354.4. 

5c: Brown solid, m.p.: 184–186 °C. 1H-NMR (DMSO-d6) δ 11.94 (s, 1H, 1’-NH), 10.23 (s, 1H, OH), 

8.52 (q, J = 3.6 Hz, 1H, CONH), 8.25 (s, 1H, 3-NH), 7.81 (s, 1H, Ar-H), 7.52 (s, 2H, Ar-H), 7.25 (s, 1H, 

Ar-H), 7.11 (s, 1H, Ar-H), 6.51 (s, 1H, Ar-H), 6.49 (dd, J = 1.6, 6.9 Hz, 1H, Ar-H), 6.24 (s, 1H, 4’-H), 3.74 

(s, 3H, OCH3), 2.76 (d, J = 3.6 Hz, 3H, N-CH3). 13C-NMR (DMSO-d6) δ 170.0, 160.3, 155.8, 151.8, 144.6, 

139.7, 136.1, 129.0, 128.4, 117.6, 116.4, 114.3, 110.2, 105.8, 102.1, 93.0, 55.5, 26.7. MS (ESI) calcd. for 

C18H18N4O3 [M + H]+: 339.1, found: 339.1.  

3-((6-Methoxy-1H-benzofuro[3,2-c]pyrazol-3-yl)amino)benzamide (4d) and 3-((5-(2-hydroxy-4-

methoxyphenyl)-1H-pyrazol-3-yl)amino)benzamide (5d) According to the procedures described for the 

synthesis of 4a and 5b, compounds 4d and 5d were prepared from 3 (100 mg, 0.6 mmol), LiHMDS 
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(0.7 mL, 0.7 mmol), 3-isothiocyanatobenzamide (124 mg, 0.7 mmol) and hydrazine hydrate (0.3 mL, 

4.8 mmol). The crude residue was purified by column chromatography on silica gel (hexane/EtOAc 

= 1:3) to give 4d (59 mg, 30%) and 5d (61 mg, 31%). 

4d: Brown solid, m.p.: 172–174 °C. 1H-NMR (DMSO-d6) δ 12.02 (s, 1H, 1’-NH), 8.12 (s, 1H, 3-NH), 

7.82 (s, 2H, Ar-H), 7.52 (s, 1H, Ar-H), 7.43 (d, J = 2.9 Hz, 1H, Ar-H), 7.26–7.21 (m, 3H, 1-CONH2, Ar-

H), 6.51 (d, J = 5.7 Hz, 1H, Ar-H), 6.44 (s, 1H, Ar-H), 3.74 (s, 3H, OCH3). 13C-NMR (DMSO-d6) δ 169.0, 

161.0, 156.9, 146.1, 144.5, 135.6, 134.2, 129.0, 128.3, 117.7, 117.2, 114.8, 110.5, 109.2, 106.1, 103.6, 55.5. 

MS (ESI) calcd. for C17H14N4O3 [M + NH4]+: 340.1, found: 340.1. 

5d: Brown solid, m.p.: 128–130 °C. 1H-NMR (DMSO-d6) δ 11.84 (s, 1H, 1’-NH), 8.56 (s, 1H, 3-NH), 

7.83 (s, 1H, Ar-H), 7.75 (s, 1H, Ar-H), 7.54 (d, J = 6.8 Hz, 1H, Ar-H), 7.43 (s, 1H, Ar-H), 7.26-7.21 (m, 

3H, 1-CONH2, Ar-H), 6.51 (s, 1H, Ar-H), 6.49 (d, J = 6.8 Hz, 1H, Ar-H), 6.29 (s, 1H, 4’-H), 3.74 (s, 3H, 

OCH3). 13C-NMR (DMSO-d6) δ 169.1, 160.3, 144.5, 135.8, 129.1, 128.3, 117.8, 114.6, 110.3, 105.8, 102.1, 

55.5. MS (ESI) calcd. for C17H16N4O3 [M + H]+: 325.1, found: 325.1.  

3-((6-Methoxy-1H-benzofuro[3,2-c]pyrazol-3-yl)amino)benzonitrile (4e) and 3-((5-(2-hydroxy-4-

methoxyphenyl)-1H-pyrazol-3-yl)amino)benzonitrile (5e) According to the procedures described for the 

synthesis of 4a and 5b, compounds 4e and 5e were prepared from 3 (100 mg, 0.6 mmol), LiHMDS 

(0.7 mL, 0.7 mmol), 3-isothiocyanatobenzonitrile (112 mg, 0.7 mmol) and hydrazine hydrate (0.3 mL, 

4.8 mmol). The crude residue was purified by column chromatography on silica gel (hexane/EtOAc 

= 1:4) to give 4e (31 mg, 17%) and 5e (33 mg, 18%).  

4e: White solid, m.p.: 200–202 °C. 1H-NMR (DMSO-d6) δ 12.01 (s, 1H, 1’-NH), 8.39 (s, 1H, 3-NH), 

7.91( s, 1H, Ar-H), 7.53(d, J = 6.9 Hz, 1H, Ar-H), 7.43-7.38 (m, 2H, Ar-H), 7.15 (d, J = 7.4 Hz, 1H, Ar-

H), 6.51 (dd, J = 2.5, 8.6 Hz, 1H, Ar-H), 6.44 (d, J = 2.5 Hz, 1H, Ar-H), 3.75 (s, 3H, OCH3). 13C-NMR 

(DMSO-d6) δ 161.1, 156.9, 145.2, 145.0, 134.0, 130.5, 128.5, 121.7, 120.0, 119.9, 117.2, 112.0, 110.3, 109.7, 

106.2, 103.6, 55.5. MS (ESI) calcd. for C17H12N4O2 [M + NH4]+: 322.1, found: 322.1. 

5e: White solid, m.p.: 166–168 °C. 1H-NMR (DMSO-d6) δ 12.05 (s, 1H, 1’-NH), 10.28 (s, 1H, OH), 

8.93 (s, 1H, 3-NH), 7.99 (s, 1H, Ar-H), 7.55 (s, 1H, Ar-H), 7.53 (s, 1H, Ar-H), 7.38 (s, 1H, Ar-H), 7.12 (d, 

J = 4.4 Hz, 1H, Ar-H), 6.53 (s, 1H, Ar-H), 6.51 (dd, J = 1.3, 5.7 Hz, 1H, Ar-H), 6.25 (s, 1H, 4’-H), 3.78 (s, 

3H, OCH3). 13C-NMR (DMSO-d6) δ 160.4, 155.8, 151.2, 145.0, 140.0, 130.4, 128.5, 121.3, 120.0, 117.3, 

112.0, 109.8, 105.8, 102.1, 92.8, 55.5. MS (ESI) calcd. for C17H14N4O2 [M + H]+: 307.1, found: 307.3.  

3.2. MTT Assay 

The human tumor cell lines, were grown in Roswell Park Memorial Institute (RPMI) 1640 

medium and supplemented with 10% foetal bovine serum in the 37 °C in an atmosphere containing 

5% CO2. All the synthesized compounds were assayed by conventional 3-(4,5-dimethyl-2-thiazolyl)-

2,5-diphenyl-2H-tetrazolium bromide (MTT) method. In brief, the exponentially growing cells were 

seeded into 96-well cell plates at a density of 4−4.5 × 103 cells per well and allowed to adhere 

overnight. Cells were incubated with various concentrations of the test compounds for 72 h. Then 20 

μL of MTT (2.5 mg/mL) was added, the cells were incubated at 37 °C for another 4 h. The reduced 

MTT crystals were dissolved in DMSO, and the absorbance was measured at 570 nm by a microplate 

spectrophotometer. The growth in inhibitory effects of each compound were expressed as GI50 values, 

which represent the molar drug concentrations required to cause 50% tumor cell growth inhibition. 

3.3. In Vitro Tubulin Polymerization Inhibition Assay 

The fluorescence-based in vitro tubulin polymerization assay was performed using the Tubulin 

Polymerization Assay Kit (BK011P, Cytoskeleton, USA) according to the manual. The tubulin 

reaction mix contained 2 mg/mL porcine brain tubulin (>99% pure), 2 mM MgCl2, 0.5 mM ethylene 

glycol-bis(2-aminoethylether)-N,N,N′,N′-tetraacetic acid (EGTA), 1 mM guanosine triphosphate 

(GTP), and 15% glycerol. First, a 96-well plate was incubated with 5 μL of inhibitors in different 

concentrations at 37 °C for 1 min. Then 50 μL of the tubulin reaction mix was added. Immediately, 
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the increase in fluorescence was monitored by excitation at 355 nm and emission at 460 nm in a 

multimode reader. 

4. Conclusions 

In the synthesis of 1H-benzofuro[3,2-c]pyrazole derivatives 4a–e, the furan ring-opening was 

observed, and a series of pyrazole derivatives 5a–e were identified. In the tumor cell growth 

inhibitory assay, only 4a was highly active towards the K562 and A549 cells, while other 

benzofuropyrazole derivatives were not active or showed weak activity. In general, the pyrazoles 5a-

e were more potent than the corresponding benzofuropyrazole derivatives. Compound 5a exhibited 

a similar tendency to that of 4a with high potency against K562 and A549 cells but weak effects on 

MCF-7 cells. Both pyrazoles 5b and 5e exhibited high inhibitory activities against K562, MCF-7 and 

A549 cells. The most active compound 5b was 5- to 35-fold more potent than ABT-751 in the inhibition 

of A549 and K562 cells. In addition, 5b inhibited tubulin polymerization inhibition with an IC50 of 

7.30 M. These results indicated that 5b was a novel tubulin polymerization inhibitor and it may be 

a good lead for the discovery of novel pyrazoles as potent anticancer agents. 

Supplementary Materials: Supplementary materials are available online. 
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THF          Tetrahydrofuran 
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A549 Lung cancer cell 
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KB/V Vincristine‐resistance human oral epidermoid carcinoma cell 

LiHMDS Lithium bis(trimethylsilyl)amide 

PTEN         Phosphatase and tensin homolog 

DMSO        Dimethyl sulfoxide 

RPMI         Roswell park memorial institute 

EGTA         Ethylene glycol‐bis(2‐aminoethylether)‐N,N,N‘,N’‐tetraacetic acid 

GTP          Guanosine triphosphate 



Molecules 2019, 24, 279  8 of 9 

References 

1. Duarte, C.D.; Barreiro, E.J.; Fraga, C.A. Privileged structures: A useful concept for the rational design of 

new lead drug candidates. Mini Rev. Med. Chem. 2007, 7, 1108–1119. 

2. Costantino, L.; Barlocco, D. Privileged structures as leads in medicinal chemistry. Curr. Med. Chem. 2006, 

13, 65–85. 

3. Newman, D.J.; Cragg, G.M. Making sense of structures by utilizing mother nature’s chemical libraries as 

leads to potential drugs. Nat. Prod. 2014, 397–411, doi:10.1002/9781118794623.ch21. 

4. Akbas, E.; Berber, I.; Sener, A.; Hasanov, B. Synthesis and antibacterial activity of 4‐benzoyl‐1‐methyl‐5‐ 

phenyl‐1H‐pyrazole‐3‐carboxylic acid and derivatives. Farmaco 2005, 60, 23–26. 

5. Prasath, R.; Bhavana, P.; Sarveswari, S.; Ng, S.W.; Tiekink, E.R.T. Efficient ultrasound‐assisted synthesis, 

spectroscopic, crystallographic and biological investigations of pyrazole‐appended quinolinyl chalcones. J. 

Mol. Struct. 2015, 1081, 201–210. 

6. Kamal, A.; Shaik, A.B.; Jain, N.; Kishor, C.; Nagabhushana, A.; Supriya, B.; Kumar, G.B.; Chourasiya, S.S.; 

Suresh, Y.; Mishra, R.K.; et al. Design and synthesis of pyrazole–oxindole conjugates targeting tubulin 

polymerization as new anticancer agents. Eur. J. Med. Chem. 2015, 92, 501–513. 

7. Xu, Y.; Liu, X.‐H.; Saunders, M.; Pearce, S.; Foulks, J.M.; Parnell, K.M.; Clifford, A.; Nix, R.N.; Bullough, J.; 

Hendrickson, T.F.; et al. Discovery of 3‐(trifluoromethyl)‐1H‐pyrazole‐5‐carboxamide activators of the M2 

isoform of pyruvate kinase (PKM2). Bioorg. Med. Chem. Lett. 2014, 24, 515–519. 

8. El‐Moghazy, S.; Barsoum, F.; Abdel‐Rahman, H.; Marzouk, A. Synthesis and anti‐inflammatory activity of 

some pyrazole derivatives. Med. Chem. Res. 2012, 21, 1722–1733. 

9. Selvam, T.P.; Kumar, P.V.; Saravanan, G.; Prakash, C.R. Microwave‐assisted synthesis, characterization and 

biological activity of novel pyrazole derivatives. J. Saudi. Chem. Soc. 2014, 18, 1015–1021. 

10. Pathak, V.; Maurya, H.K.; Sharma, S.; Srivastava, K.K.; Gupta, A. Synthesis and biological evaluation of 

substituted 4,6‐diarylpyrimidines and 3,5‐diphenyl‐4,5‐dihydro‐1H‐pyrazoles as anti‐tubercular agents. 

Bioorg. Med. Chem. Lett. 2014, 24, 2892–2896. 

11. Jia, H.; Bai, F.; Liu, N.; Liang, X.; Zhan, P.; Ma, C.; Jiang, X.; Liu, X. Design, synthesis and evaluation of 

pyrazole derivatives as non‐nucleoside hepatitis B virus inhibitors. Eur. J. Med. Chem. 2016, 123, 202–210. 

12. Liu, G.‐N.; Luo, R.‐H.; Zhou, Y.; Zhang, X.‐J.; Li, J.; Yang, L.‐M.; Zheng, Y.‐T.; Liu, H. Synthesis and anti‐HIV‐

1 activity evaluation for novel 3a,6a‐dihydro‐1H‐pyrrolo[3,4‐c]pyrazole‐4,6‐dione derivatives. Molecules 2016, 

21, 1198. 

13. Khoobi, M.; Ghanoni, F.; Nadri, H.; Moradi, A.; Hamedani, M.P.; Moghadam, F.H.; Emami, S.; Vosooghi, 

M.; Zadmard, R.; Foroumadi, A. New tetracyclic tacrine analogs containing pyrano[2,3‐c]pyrazole: Efficient 

synthesis, biological assessment and docking simulation study. Eur. J. Med. Chem. 2015, 89, 296–303. 

14. Nencini, A.; Castaldo, C.; Comery, T.A.; Dunlop, J.; Genesio, E.; Ghiron, C.; Haydar, S.; Maccari, L.; Micco, 

I.; Turlizzi, E.; et al. Design and synthesis of a hybrid series of potent and selective agonists of α7 nicotinic 

acetylcholine receptor. Eur. J. Med. Chem. 2014, 78, 401–418. 

15. Chaudhry, F.; Naureen, S.; Huma, R.; Shaukat, A.; Al‐Rashida, M.; Asif, N.; Ashraf, M.; Munawar, M.A.; 

Khan, M.A. In search of new α‐glucosidase inhibitors: Imidazolylpyrazole derivatives. Bioorg. Chem. 2017, 

71, 102–109. 

16. Hernández‐Vázquez, E.; Ocampo‐Montalban, H.; Cerón‐Romero, L.; Cruz, M.; Gómez‐Zamudio, J.; Hiriart‐

Valencia, G.; Villalobos‐Molina, R.; Flores‐Flores, A.; Estrada‐Soto, S. Antidiabetic, antidyslipidemic and 

toxicity profile of ENV‐2: A potent pyrazole derivative against diabetes and related diseases. Eur. J. 

Pharmacol. 2017, 803, 159–166. 

17. Tuha, A.; Bekhit, A.A.; Seid, Y. Screening of some pyrazole derivatives as promising antileishmanial agent. 

Afr. J. Pharm. Pharmacol. 2017, 11, 32–37. 

18. Reviriego, F.; Olmo, F.; Navarro, P.; Marín, C.; Ramírez‐Macías, I.; García‐España, E.; Albelda, M.T.; 

Gutiérrez‐Sánchez, R.; Sánchez‐Moreno, M.; Arán, V.J. Simple dialkyl pyrazole‐3,5‐dicarboxylates show in 

vitro and in vivo activity against disease‐causing trypanosomatids. Parasitology 2017, 144, 1133–1143. 

19. Balaji, S.N.; Ahsan, M.J.; Jadav, S.S.; Trivedi, V. Molecular modelling, synthesis, and antimalarial potentials 

of curcumin analogues containing heterocyclic ring. Arab. J. Chem. 2015. 

20. Fujinaga, M.; Yamasaki, T.; Nengaki, N.; Ogawa, M.; Kumata, K.; Shimoda, Y.; Yui, J.; Xie, L.; Zhang, Y.; 

Kawamura, K.; et al. Radiosynthesis and evaluation of 5‐methyl‐N‐(4‐[11C]methylpyrimidin‐2‐yl)‐4‐(1H‐

pyrazol‐4‐yl)thiazol‐2‐amine ([11C]ADX88178) as a novel radioligand for imaging of metabotropic 

glutamate receptor subtype 4 (mGluR4). Bioorg. Med. Chem. Lett. 2016, 26, 370–374. 



Molecules 2019, 24, 279  9 of 9 

21. Dai, H.; Xiao, Y.‐S.; Li, Z.; Xu, X.‐Y.; Qian, X.‐H. The thiazoylmethoxy modification on pyrazole oximes: 

Synthesis and insecticidal biological evaluation beyond acaricidal activity. Chin. Chem. Lett. 2014, 25, 1014–

1016. 

22. Dai, H.; Chen, J.; Li, H.; Dai, B.; He, H.; Fang, Y. Synthesis and bioactivities of novel pyrazole oxime 

derivatives containing a 5‐trifluoromethylpyridyl moiety. Molecules 2016, 21, 276. 

23. Karrouchi, K.; Radi, S.; Ramli, Y.; Taoufik, J.; Mabkhot, Y.N.; Al‐aizari, F.A.; Ansar, M. Synthesis and 

pharmacological activities of pyrazole derivatives: A review. Molecules 2018, 23, 134. 

24. Lee, H.‐Y.; Pan, S.‐L.; Su, M.‐C.; Liu, Y.‐M.; Kuo, C.‐C.; Chang, Y.‐T.; Wu, J.‐S.; Nien, C.‐Y.; Mehndiratta, S.; 

Chang, C.‐Y.; et al. Furanylazaindoles: Potent anticancer agents in vitro and in vivo. J. Med. Chem. 2013, 56, 

8008–8018. 

25. Chen, N.E.; Maldonado, N.V.; Khankaldyyan, V.; Shimada, H.; Song, M.M.; Maurer, B.J.; Reynolds, C.P., 

Reactive oxygen species mediates the synergistic activity of fenretinide combined with the microtubule 

inhibitor ABT‐751 against multidrug‐resistant recurrent neuroblastoma xenografts. Mol. Cancer Ther. 2016, 

15, 2653–2664. 

26. Dorleans, A.; Gigant, B.; Ravelli, R.B.; Mailliet, P.; Mikol, V.; Knossow, M., Variations in the colchicine‐

binding domain provide insight into the structural switch of tubulin. Proc. Natl. Acad. Sci. USA 2009, 106, 

13775–13779. 

27. Liu, Y.‐N.; Wang, J.‐J.; Ji, Y.‐T.; Zhao, G.‐D.; Tang, L.‐Q.; Zhang, C.‐M.; Guo, X.‐L.; Liu, Z.‐P. Design, 

synthesis, and biological evaluation of 1‐ methyl‐1,4‐dihydroindeno[1,2‐c]pyrazole analogues as potential 

anticancer agents targeting tubulin colchicine binding site. J. Med. Chem. 2016, 59, 5341–5535. 

28. Zhang, Y.; Gong, F.‐L.; Lu, Z.‐N.; Wang, H.‐Y.; Cheng, Y.‐N.; Liu, Z.‐P.; Yu, L.‐G.; Zhang, H.‐H.; Guo, X.‐L. 

DHPAC, a novel synthetic microtubule destabilizing agent, possess high anti‐tumor activity in vincristine‐

resistant oral epidermoid carcinoma in vitro and in vivo. Int. J. Biochem. Cell, B. 2017, 93, 1–11. 

29. Luo, W.; Su, Y.B.; Hong, C.; Tian, R.‐G.; Su, L.‐P.; Yue‐Qiao Wang, Y.‐Q.; Li, Y., Jun‐Jie Yue, J.‐J.; Wang, C.‐

J. Design, synthesis and evaluation of novel 4‐dimethylamine flavonoid derivatives as potential multi‐

functional anti‐Alzheimer agents. Eur. J. Med. Chem. 2013, 21, 7275–7282. 

30. Ferreira, J. Albert; Nel, Janetta W.; Brandt, Vincent; Bezuidenhoudt, Barend, C.B.; Ferreira, Daneel, 

Oligomeric isoflavonoids. Part 3. Daljanelins A‐D, the first pterocarpan‐ and isoflavanoid‐neoflavonoid 

analogs. J. Chem. Soc. Perkin Trans. 1995, 1, 1049–1056. 

31. Muzychka, O.V.; Kobzar, O.L.; Popova, A.V.; Frasinyuk, M.S.; Vovk, A.I. Carboxylated aurone derivatives 

as potent inhibitors of xanthine oxidase. Bioorg. Med. Chem. 2017, 25, 3606. 

32. Bonne, D.; Heusele, C.; Simon, C.; Pantaloni, D. 1985. 4’,6‐Diamidino‐2‐phenylindole, a fluorescent probe 

for tubulin and mictrotubules. J. Biol. Chem. 1985, 260, 2819–2825. 

Sample Availability: Samples of the compounds 4a–e and 5a–e are available from the authors. 

 

©  2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


