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ABSTRACT
A novel class of benzofuran derivatives is prepared from the 
isocyanide-based MCR, euparin and aldehydes in the presence of 
ZnO-nanorods as a catalyst in excellent yields at room temperature 
under solvent-free conditions as a green reaction medium. Also, the 
antioxidant activities of some synthesised compounds such as 4a, 4b, 
10a and 10b were evaluated by DPPH radical scavenging and ferric 
reduction activity potential (FRAP) assays. Compound 10b, was shown 
moderate radical scavenging activity and very good reducing activity 
compared to standards (BHT and TBHQ).

1. Introduction

Multicomponent reactions (MCRs) are described as one-pot procedures that unite as a min-
imum three reactants to form a single product, including fundamentally all the atoms of the 
reactants (Zhu and Bienayme 2005; Dömling 2006; Ganem 2009; Ruijter et al. 2011; 
Hajishaabanha et al. 2016). Also, Green chemistry is a rapidly expanding new field that gives 
us a practical path for the stable development of future science and technologies (Varma 
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1999). Green chemistry employs highly effective and environmental favourable synthetic 
methods for going to live without drugs, accelerating the optimisation of the drug discovery 
process with a decrease without environmental effects. Green chemistry also presents 
improved chemical procedure financials associated with a decrease environmental capacity. 
There has been a developing attention over the past years with the expansion of new and 
efficient preparative procedures for the synthesis of substituted heterocycles because of the 
important position of a variety of heterocycles in the functions of biologically significant 
molecules (Murata and Yasumoto 2000; Ismabery and Lavila 2008; Alcaide et al. 2010; 
Dondoni 2010). Benzofuran units are an important class of heterocyclic compounds exhib-
iting remarkable biological activities. Among the many known heterocyclic compounds, 
benzofuran shows biological activity on an unexpectedly high number of targets (Teimouri 
and Khavasi 2007; Nevagi et al. 2015; Sajjadi-Ghotbabadi et al. 2017). It exists in various 
bioactive natural products, polymers and pharmaceuticals (De Luca et al. 2009). Drugs, 
including benzofuran rings are in medical employ for the therapy of cardiac arrhythmyas, 
urinary incontinence, mild Alzheimer disease, opioids overdose, tuberculosis infections, 
hypertension and heart failure and syndrome (Nevagi et al. 2015). Benzofurans are reported 
active as plant growth regulators (Rentzea et al. 1983), insecticides (Jacobsen and Crosby 
1971), herbicides (Sasaki et al. 1992), anti-inflammatory (Xie et al. 2014), anticancer (Flynn 
et al. 2002), anti fungi (Telvekar et al. 2012), antibacterial (Bandgar et al. 2010), antimalarial 
(Yu et al. 2012) and antiviral agents (Whitby et al. 2009). General synthetic methods for the 
synthesis of substituted benzofurans include the adjustment of different arenes (Yamashita 
et al. 1989; Sakamoto et al. 1991 Saku et al. 2010) with the creation of carbon–oxygen bond 
(Willis et al. 2004; Anderson et al. 2006) or through a transition–metal catalysts (Watanabe 
et al. 2000; Ackermann and Kaspar 2007; Bernini et al. 2007; Gabriele et al. 2007; Nagamochi 
et al. 2007; Cho et al. 2008). At the present time, due to a growth in environmental conscious-
ness in chemical research and industry, concentration of researchers has been focused on 
the use of reusable heterogeneous catalysts in organic conversions (Hu and Long 2016). 
Heterogeneous catalysts have some advantages, such as ease of separation from the reaction 
mixture, ability of recycling, non-toxicity, ease of use, storage safety, long lasting, and accept-
ance of a broad range of temperatures and pressures (Kouzu et al. 2008; Radhakrishan et al. 
2011; Rateb et al. 2014). Herein, we display an efficient synthesis of benzofuran derivatives 
in good yield via the reaction of 1-(6-hydroxy-2-isopropenyl-1-benzofuran-yl)-1-ethanone 
1 (Khaleghi, Bin Din, Jantan, et al. 2011, Khaleghi, Bin Din, Rostami Charati, et al. 2011, 
Khaleghi et al. 2014; Dastoorani, Maghsoodlou, Khalilzadeh, García-Granda, et al. 2016; 
Dastoorani, Maghsoodlou, Khalilzadeh, Sarina 2016), aldehydes 2 and isocyanides (Rostami-
Charati et al. 2012) 3 in the presence of catalytic amount of ZnO–NR under solvent-free 
conditions at room temperature (Scheme S1).

2. Results and discussion

2.1. Chemistry

In this research one of the starting materials is natural and has biological activity that is reported 
in the literature (Khaleghi, Bin Din, Rostami Charati, et al. 2011). Also these reactions were per-
formed under green conditions and room temperature but other methods performed under 
high temperature such as 120 °C. Because of euparin have biological activity maybe products of 
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these reactions have biological activity that we performed only antioxidant activity of some syn-
thesised compounds.

For the optimisation of reaction conditions, several solvent such as CH3CN, toluene, CH2Cl2, 
H2O, DMF and solvent-free condition are employed. Among them, solvent-free conditions 
are the best (Table S1).

Also, several catalysis such as ZnO-nanoparticles, ZnO-nanorods, TiO2–NPs, CuO–NPs, 
ZnO–CM, Fe3O4–MNPs and KF/CP NPs is investigated and among them, ZnO–NR are the best 
(Table S2). By increasing the amount of ZnO–NR from 10 to 35%, the yield of 4a did not show 
any significant increase. As a result, 10 mol% ZnO–NR was selected as optimum amount.

The reusability is one of the significant properties of this catalyst. After the reaction was 
complete, the catalyst was separated and then washed with ethyl acetate, air-dried, and 
employed directly under the same conditions without further purification. It was shown that 
the catalyst could be employed for five runs without considerable decrease in the yield of 
product and its catalytic activity (Table S3). ZnO–NR is prepared according to the literature 
report (Sabbaghan et al. 2012; Shaterian and Mohammadnia 2013). The morphology of the 
ZnO–NR was confirmed by SEM (Figure S1) and XRD pattern of ZnO–NR is demonstrated in 
Figure S2 (Sabbaghan et al. 2012; Shaterian and Mohammadnia 2013). The length and diam-
eter of nanorods were 300–600 and 50–70 nm, respectively.

The 1:1 intermediate obtained from the addition of 1-(6-hydroxy-2-isopropenyl-1-ben-
zofuran-yl)-1-ethanone 1 to the aldehydes 2 in the presence of ZnO–NR. ZnO–NR has Lewis 
acid sites (Zn2+) and Lewis basic sites (O2−) (Hosseini-Sarvari et al. 2008; Hosseini-Sarvari and 
Tavakolian 2012). In this reaction, the Zn2+ sites are interacting with carbonyl groups in 
aldehyde and euparin and O2− site of ZnO nanostructures taking up a proton of 8 to generate 
4 (Scheme S2) (Hosseini-Sarvari and Tavakolian 2012).

This intermediate was reacted with isocyanide to produce benzofuran derivatives 4. The 
structures of compounds 4a–f were assigned by IR, 1H NMR, 13C NMR and mass spectral data. 
For example, in the 1H NMR spectrum of 4a exhibited one singlet for CMe3 protons at (δ 
1.28 ppm), two singlets for methyl protons at (δ 2.15 and 2.68 ppm), two singlets for methin 
proton at (δ 5.34 and 7.82 ppm) and one singlet for NH proton at 10.52 ppm. The 13C NMR 
spectrum of 4a displayed one carbonyl resonance at 191.4 ppm in agreement with the 
proposed structure.

Probably, the intermediate 6 formed from 1-(6-hydroxy-2-isopropenyl-1-benzofu-
ran-yl)-1-ethanone 1 and aldehydes 2 in the presence of catalytic amount of ZnO–NR. 
Isocyanides 3 attack as nucleophiles to intermediate 6 and produce intermediate 7 which 
undergo intramolecular cyclisation reaction and produce intermediate 8. Finally, by a shift 
of hydrogen compound 4 is produce (Scheme S2).

Under similar conditions, the reaction of 2-hydroxy acetophenone 9, aldehydes 2 and 
isocyanides 3 in the presence of catalytic amount of ZnO–NR under solvent-free conditions 
at room temperature that produce benzofuran derivatives 10 in good yield (Scheme S3).

2.2. Antioxidant activity evaluations

2.2.1. DPPH radical scavenging activity
The use of DPPH free radicals is one of the ways of estimating the antioxidant activities of 
material, especially with the natural foundation (Asseid et al. 1990). Figure S3 summarises 
the mean values of DPPH radical-scavenging ability of 4a, 4b, 10a and 10b from 200 to 
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1000 ppm concentrations compared to the synthesis antioxidants namely BHT and TBHQ. 
My synthesised compounds have not phenolic OH group but BHT have phenolic OH group 
and have more acidic property than synthesised compounds and separated by DPPH easily. 
The results were revealed that the type and concentration of the sample were an effective 
factor in the DPPH scavenging activity (p < 0.05) (Figure S3). Overall, the DPPH free radi-
cal-scavenging value was increased by increasing the concentration of different samples as 
well as the synthetic antioxidants. For example, concentration 1000 ppm of 10b had 21.28% 
inhibition while 200 ppm of that was exhibited 6.91% free radical inhibition. At 400–1000 ppm 
concentrations between 4a, 4band 10a as well as BHT and TBHQ, there were no significant 
differences (Figure S3). Generally, the DPPH scavenging power was achieved TBHQ > BHT 
> 10b > 10a ≈ 4a ≈ 4b, respectively (Figure S3). Finally, 10b, was shown moderate radical 
scavenging activity, while 4a, 4b and 10a had weak radical scavenging power than to BHT 
and TBHQ.

2.2.2. Ferric ions (Fe3+) reducing potential (FRAP)
Reducing potential of the synthesised compounds was indicated by measuring of the 
reduced amount of Fe3+/ferri cyanide complex to the Fe2+/ferrous form at 700 nm (Saundane 
and Nandibeoor 2015). The reducing ability of 4a, 4b, 10a and 10b compounds compared 
with synthetic antioxidants (BHT and TBHQ) are shown in Figure S4. The Fe3+ reducing the 
ability of benzofuran derivatives is a sign of electron transfer by them. The higher absorbance 
of the compounds causes the greater reducing potential. The reducing activity trend of 
samples was as follows:

TBHQ > BHT > 10b > 4b > 4a ≈ 10a. The results were shown that type and concentration 
of the sample were effectual factor on the Fe3+ reducing potential (p < 0.05) (Figure S4). In 
all them, the increasing concentration was enhanced ferric ions reducing potential. 
Compound 10b, was revealed very good reducing activity compared to standards (BHT and 
TBHQ). Even at 1000 ppm concentration, 10b had a more reducing ability than to BHT. But, 
the 4b, 4a and 10a samples had weak reducing activity than to 10b, BHT and TBHQ.

3. Experimental

Experimental section (experimental procedure for the synthesis of compounds 4a–f and 
10d using spectral data and antioxidant assay) is available in supplementary material.

4. Conclusion

We report an efficient, green and environmentally benevolent procedure involving 
1-(6-hydroxy-2-isopropenyl-1-benzofuran-yl)-1-ethanone 1, aldehydes 2 and isocyanides 3 
in the presence of catalytic amount of ZnO–NR under solvent-free conditions at room tem-
perature which produce functionalized benzofurans. The present method has the advantage 
involving the mild and clean reaction condition, low catalyst loading, mixed reactants with-
out any prior activation or modification, high yield and short reaction time. Also, the anti-
oxidant activities of 4a, 4b, 10a and 10b compounds were evaluated by DPPH radical 
scavenging and ferric reduction activity potential (FRAP) assays. Compound 10b, was shown 
moderate radical scavenging activity, while 4a, 4b and 10a had weak radical scavenging 
power than to BHT and TBHQ. Compound 10b, was revealed very good reducing activity 



NATURAL PRODUCT RESEARCH   5

compared to standards (BHT and TBHQ). But, the 4b, 4a and 10a samples had weak reducing 
activity than to 10b, BHT and TBHQ.
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