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Abstract: A series of pentasubstituted 4H-pyrans and 
tetrahydrobenzo[b]pyrans are synthesized with excellent 
yields via a one-pot condensation of aromatic aldehydes, 
malononitrile, and a dicarbonyl compound, ethyl acetoac-
etate, acetyl-acetone or dimedone, in the presence of 4 Å 
molecular sieve modified with zinc(II) as heterogeneous 
catalyst, in ethanol. The process offers numerous advan-
tages, such as better yield, short reaction time, and mild 
reaction conditions. The catalyst’s preparation is simple 
and it could be reused while still maintaining its activity.
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1  �Introduction
The synthesis of the polyfunctionalized 4H-pyrans and 
4H-benzo[b]pyrans is a popular research field as these 
are constituents of several natural products [1, 2]. These 
compounds possess a wide range of biological and phar-
maceutical properties [3–6], and these heterocycles are 
utilized as antibacterial, anticancer, anti-coagulant, anti-
anaphylactic and antispasmolytic agents, among others 
[7–11]. Moreover, 4H-pyran derivatives are considered 
as potential calcium channel antagonists [12] because 
their structure is similar to that of the biologically active 
1,4-dihydropyridines. Apart from their own biological 
activities, the 4H-pyrans can serve as useful intermedi-
ates for the synthesis of various heterocyclic compounds, 
such as the pyrano[2,3-b]pyridine derivatives [13], 

polyazanaphthalenes [13], pyrano[2,3-c]pyrazoles [13], 
pyrano[2,3-d]pyrimidines [13, 14], and pyridin-2-ones [15, 
16], which are also potentially biologically active.

Initially, the 2-amino-4H-pyran derivatives were syn-
thetized through the cyclization reaction of the aryliden-
malononitriles and β-dicarbonyl compounds in the 
presence of triethylamine [17] or piperidine [13]. One 
can still find examples for this approach nowadays. For 
example, Wang and co-workers [18] gained pyran deriva-
tives with good yields using arylmethylidene-malononi-
triles and acetoacetic esters in aqueous media catalyzed by 
triethylbenzylammonium chloride (TEBAC). The conven-
tional methods for the synthesis of the 4H-benzo[b]pyrans 
involve the condensation of aromatic aldehydes, malon-
onitrile, and dimedone in refluxing acetic acid [19] or the 
condensation of dimedone with α-cyano-cinnamonitriles 
in the presence of piperidine in ethanol [20].

A more convenient and atom-efficient approach for 
the preparation of the 4H-pyran and 4H-benzo[b]pyran 
derivatives is the one-pot, three-component reaction of 
aldehydes, malononitrile, and a compound with an active 
methylene group. The multicomponent reactions (MCRs) 
are valuable tools in the hands of organic chemists, as they 
have numerous advantages over classical reaction strate-
gies: they provide complex molecules in a single step and 
within shorter reaction times as well as yield less side 
products. The MCRs are also advantageous because they 
are more practical and environment-friendly compared 
with other options. Several methods have been developed 
for the one-pot, three-component, homogeneous catalytic 
synthesis of the 4H-pyrans, such as piperidine [21], DBU 
in water [22], L-proline [23], NaOH in water [24], LiBr in 
water [25], tetramethylammonium hydroxide [26], and 
sodium acetate combined with microwave irradiation [27]. 
The use of ionic liquids alone [28–30] or in combination 
with microwave irradiation [31] as well as deep eutectic 
solvents [32] have also been reported for this conversion.

Heterogeneous catalytic methods offer several advan-
tages compared to homogeneous ones as the catalyst can 
be easily recovered from the reaction mixture by simple fil-
tration and can often be reused, thus making the process 
both economically and environmentally more advanta-
geous. Recently, several heterogeneous catalysts have 
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been elaborated for the synthesis, such as the Cu(II) oxy
metasilicate [33], the MgO-SnO2 solid superbase [34], the 
silica-bonded N-propylpiperazine sodium n-propionate 
(SBPPSP) [35], the silica nanoparticles [36], SnCl2/nano-
SiO2 [37], nano-crystalline ZnO [38], Amberlyst A21 [39], 
and the strong base Mg/La mixed oxide [40]. After all, 
some of these methods have disadvantages, such as long 
and complex preparation of the catalyst [34, 35, 37], use 
of toxic or harmful reagents [35, 37], and lower yields [34]. 
Hence, the elaboration of novel routes for the synthesis 
of the 4H-pyran and 4H-benzo[b]pyran derivatives may be 
important.

The aim of our research group is to develop new heter-
ogeneous catalytic methods for the preparation of differ-
ent organic compounds using supported metal catalysts. 
In this work, palladium [41–44], nickel [45], copper [46–
49], titanium [50], or lanthanum [51] on different supports 
(4 Å molecular sieve, Mg:La 3:1  mixed oxide) were used 
with good yields in organic syntheses. Here, we present a 
simple method for the three-component synthesis of the 
polyfunctionalized 4H-pyrans and 4H-benzo[b]pyrans 
in the presence of a 4 Å molecular sieve (4A)-supported, 
slightly basic zinc catalyst (Zn2+/4A).

2  �Materials and methods
The morphology of the catalyst samples was investigated by a JEOL 
6380LVa type scanning electron microscope (JEOL, Tokyo, Japan). 
Elemental mapping was accomplished using the energy-dispersive 
X-ray detector of the equipment. The samples were fixed by conduc-
tive double-sided carbon adhesive tape. Accelerating voltage and 
working distance were set at 15–30 kV and 10–12 mm, respectively.

The nitrogen adsorption/desorption isotherms were measured 
at −196°C with a computer-controlled Nova 200e (Quantachrome) 
instrument. The apparent surface area (SBET) was calculated using the 
Brunauer-Emmett-Teller (BET) model. The total pore volume (Vt) was 
derived from the amount of vapor adsorbed at p/p0→1, assuming that 
the pores were already filled with liquid adsorbate. The micropore 
volume (W0) was derived from the Dubinin-Radushkevich (DR) plot. 
Prior to the adsorption measurement, the samples were evacuated 
at 110°C for 24 h. Next, 1H and 13C NMR spectra were generated on a 
BRUKER Avance-500 instrument in CDCl3 or DMSO-d6. TMS served as 
the internal standard. The melting points (uncorrected) were deter-
mined on a Gallenkamp apparatus. All compounds and solvents 
were purchased from Merck Hungary Ltd.

2.1  �Preparation of the catalyst

The preparation of the catalyst was effectuated as described [50, 
51]; 1 mmol of anhydrous ZnCl2 was dissolved in 100 ml of deionized 
water and stirred with 1 g 4 Å molecular sieve (4A) at room tempera-
ture for 24 h. The solid was filtered, washed with deionized water and 
with acetone, and then dried in an oven at 150°C for 1 h.

2.2  �Determination of the pH of the catalyst

The catalyst (1 g) was stirred in 30 ml deionized water under continu-
ous measuring of the pH. The values were accepted after reaching a 
constant value at least during 10 min (see also [50, 51]).

2.3  �Typical reaction conditions

The general procedure for the one-pot synthesis of 2-amino-4H-
pyrans and 4H-benzo[b]pyrans: Aldehyde (1 mmol), malononitrile 
(1.2 mmol), a β-dicarbonyl compound (ethyl acetoacetate, acetylac-
etone or dimedone) (1 mmol) and Zn2+/4A (0.1 g) were stirred in a 
10-ml flask in refluxing ethanol (3 ml) for 4 h. Then the solid was 
filtered and washed with acetone, after which the filtrate was evap-
orated. The residue was suspended in diethyl ether, and the pre-
cipitated solid was filtered and subjected to 1H NMR spectroscopy. 
All products yielded satisfactory 1H NMR data. The spectral data of 
the known compounds were identical with those reported in the 
literature.

2.4  �Representative physical and spectroscopic data 
of the products

6-Amino-4-(4-chlorophenyl)-5-cyano-2-methyl-4H-pyran-3-car-
boxylic acid ethyl ester (4e): Off-white solid. 1H NMR (500 MHz, 
CDCl3): δ = 1.11 (t, J = 7 Hz, 3H), 2.37 (s, 3H), 4.03–4.05 (q, J = 5 Hz, 2H), 
4.43 (s, 1H), 4.50 (s, 2H), 7.14 (d, J = 8 Hz, 2H), 7.27 (d, J = 8 Hz, 2H).

6-Amino-5-cyano-4-(2-fluorophenyl)-2-methyl-4H-pyran-3-car-
boxylic acid ethyl ester (4f): Off-white solid. 1H NMR (500  MHz, 
CDCl3): δ = 1.09 (t, J = 7 Hz, 3H), 2.38 (s, 3H), 4.01–4.04 (m, 2H), 4.51 (s, 
2H), 4.75 (s, 1H), 6.98–7.02 (m, 1H), 7.06–7.09 (m, 1H), 7.14–7.20 (m, 2H). 
13C NMR (500 MHz, CDCl3): δ = 13.79, 18.51, 32.76 (d), 32.80 (d), 59.60, 
60.61, 106.43, 115.50 (d), 119.23, 124.24 (d), 128.70 (d), 129.81, 129.86, 
130.90 (d), 158.20 (d), 165.73. Anal. Calcd. for C16H15FN2O3: C 63.51, H 
4.96, N 9.26%, found: C 63.55, H 4.91, N 9.32%.

5-Acetyl-2-amino-3-cyano-6-methyl-4-phenyl-4H-pyran 
(4l): Yellow solid. 1H NMR (500 MHz, CDCl3): δ = 2.05 (s, 3H), 2.30 
(s, 3H), 4.43 (s, 1H), 4.87 (s, 2H), 7.19–7.25 (m, 3H), 7.31–7.34 (m, 2H). 
13C NMR (500 MHz, CDCl3): δ = 18.70, 29.31, 30.89, 35.66, 59.13, 114.21, 
119.07, 127.84, 128.64, 129.82, 130.00, 132.41, 140.76, 155.75, 158.26, 
198.45. Anal. Calcd. for C15H13ClN2O2: C 62.34, H 4.50, N 9.69%, found: 
C 62.34, H 4.57, N 9.64%.

5-Acetyl-2-amino-3-cyano-6-methyl-4-(4-nitrophenyl)-4H-
pyran (4p): Yellow solid. 1H NMR (500 MHz, CDCl3): δ = 2.11 (s, 3H), 
2.35 (s, 3H), 4.58 (s, 1H), 5.37 (s, 2H), 7.39 (d, J = 8.5 Hz, 2H), 8.18 (d, 
J = 8.5 Hz, 2H). 13C NMR (500 MHz, CDCl3): δ = 19.12, 30.17, 39.38, 59.36, 
114.62, 118.89, 124.25, 128.31, 147.10, 150.70, 156.36, 158.20, 197.51. 
Anal. Calcd. for C15H13N3O4: C 60.20, H 4.35, N 14.04%, found: C 60.27, 
H 4.33, N 14.01%.

2-Amino-7,7-dimethyl-4-(4-chloro-phenyl)-5-oxo-5,6,7,8-tet-
rahydro-4H-chromene-3-carbonitrile (5d): White solid. 1H NMR 
(500  MHz, DMSO-d6): δ = 0.95 (s, 3H), 1.03 (s, 3H), 2.10 (d, J = 9.9  Hz, 
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1H), 2.25 (d, J = 9.9 Hz, 1H), 2.50 (s, 2H), 4.19 (s, 1H), 7.04 (s, 2H), 7.17 (d, 
J = 5.1 Hz, 2H), 7.34 (d, J = 5.1 Hz, 2H).

2-Amino-7,7-dimethyl-4-(3-nitrophenyl)-5-oxo-5,6,7,8-tetrahy-
dro-4H-chromene-3-carbonitrile (5g): White solid. 1H NMR 
(500 MHz, DMSO-d6): δ = 0.96 (s, 3H), 1.05 (s, 3H), 2.12 (d, J = 9.6 Hz, 
1H), 2.27 (d, J = 9.6 Hz, 2H), 2.55 (s, 2H), 4.42 (s, 1H), 7.16 (s, 2H), 7.62–
7.68 (m, 2H), 7.98 (s, 1H), 8.08 (d, J = 4.8 Hz, 1H) (see Supplementary 
Material).

3  �Results and discussion
The scanning electron microscopy (SEM) investigation 
of the Zn2+/4A catalyst showed the peculiar cuboctahe-
dron shape of the molecular sieve support as can be seen 
on Figures 1 and 2. The average size of the well-defined 
particles ranged from 6 to 7 μm. EDS determination 
showed 38.89 w/w % zinc on the surface (Figure 3). The 
zinc content determined by ICP-OES was 5.98  w/w %, 
indicating that the zinc particles were distributed on the 
surface of the support. The even distribution of zinc can 
be verified by the SEM image (Figure 2 lower). The nitro-
gen adsorption measurements showed the significant 
diminution of the surface of the support. The specific 
surface of 4A decreased from 800 to 332 m2/g. The total 
pore volume of the molecular sieve varied from 0.3 to 
0.201 cm3/g, and the micropore volume was 0.266 cm3/g. 

7.29 µm

5.59 µm

4.66 µm

6.14 µm7.07 µm

Figure 1: SEM image of the catalyst.

10 µm IMG 1

10 µm Zn K

Figure 2: SEM image of the catalyst (upper), distribution of the zinc 
on the particle (lower).
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The catalyst was slightly basic in nature, with a pH value 
of 9.71 (see Section 2.2).

Continuing our work aiming to develop new hetero-
geneous catalysts and testing them in different organic 
reactions, we tested the applicability of our Zn2+/4A 
catalyst in the MCR of aldehydes, malononitrile, and 
ethyl acetoacetate (Table 1). In our previous experiments 
(e.g. [50, 51]) generally 0.1 g catalyst/1  mmol substrate 
was the most efficient ratio in the case of the 4A-sup-
ported catalysts, thus we used the same amount. In the 

literature, ethanol has been mainly used in this cycliza-
tion; accordingly, we used ethanol in the current study 
as well. In toluene and acetonitrile, complex reaction 
mixtures were obtained. In ethanol, the desired 4H-
pyran derivatives were formed with excellent yield. The 
reagents were applied in a 1:1:1.2 (ester:aldehyde:nitrile) 
molar ratio, and 0.1 g Zn2+/4A catalyst was used in 3 ml 
ethanol. The products obtained were subjected to 1H 
NMR spectroscopy.

One can find examples in the literature for the use of 
zinc containing catalysts in the synthesis of these com-
pounds [16, 38]. For example, Zhang and co-workers [16] 
declared that the selective synthesis of 2-pyridinones and 
2-amino-4H-pyrans were always a challenge because of the 
bad chemoselectivity of the cyclocondensation reaction 
of the carbonyls and methylene compounds that usually 
gave the mixture of the two products (Figure 4). They elab-
orated a Zn-SSA catalyzed method for the synthesis of the 
2-pyridinones through the cleavage and recyclization of 
the corresponding pyran derivatives. In our case only the 
appropriate pyran derivatives were obtained. No trace of 
the 2-pyridinone side products could be observed in the 
1H NMR spectra.

We also examined the reactivity of the heteroaro-
matic aldehydes, but in the reaction of both the furan-
2-carbaldehyde and thiophene-2-carbaldehyde, the yield 
of the desired product was below 50% and several side 
products were also formed. Replacing ethyl acetoac-
etate by acetylacetone, the expected products were also 
obtained with excellent yields, as shown in Table 2. In 
some cases, based on a TLC-examination, the reaction 
mixture contained small amounts of side products origi-
nating from an aldol-type reaction of acetylacetone, but 

Table 1: The reactions of different aromatic aldehydes, malononi-
trile, and ethyl acetoacetate.a

Entry R Product Yield (%)b Mp (°C)

1 H 4a 95 166–168 (177 [52])
2 3-Br 4b 99 155–156 (156–158 [21])
3 4-Br 4c 96 161–162 (172–173 [24])
4 2-Cl 4d 94 178–180 (179–181 [27])
5 4-Cl 4e 94 169–170 (171–172 [27])
6 2-F 4f 93 158–160 (–)
7 3-MeO 4g 95 122–124 (–)
8 3-NO2 4h 97 182–183 (182–184 [33])
9 4-NO2 4i 97 171–172 (175–176 [27])

aReaction conditions: 1 mmol aldehyde, 1.2 mmol malononitrile, 
1 mmol ethyl acetoacetate, 0.1 g catalyst, 3 ml ethanol, reflux tem-
perature, 4 h.
bIsolated yields.
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Figure 3: The standard quantitative analysis of the catalyst (magnification: 4000×).
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these could easily be eliminated during the workup of the 
reaction mixture. In the reaction of aldehydes, malononi-
trile, and dimedone, the appropriate tetrahydro-benzo[b]
pyran derivatives were also obtained with excellent yield 
(Table 3).

No significant substituent effect was observed in the 
reactions; the aromatic aldehydes containing both elec-
tron-withdrawing groups (e.g. halide, nitro group) and 
the electron-donating groups (e.g. alkoxy group) gave 
nearly the same results in short reaction times in every 
case examined.

The workup of the reaction mixtures was very simple, 
in which the catalyst was filtered out and washed with 
both ethanol and acetone. The residue obtained after the 

evaporation of the filtrate was diluted with diethyl ether, 
after which the precipitated solid was filtered.

We also studied the reusability of the zinc catalyst in 
the reaction of 3-nitrobenzaldehyde (1h), malononitrile 
(2), and ethyl acetoacetate (3a) in ethanol. After a 4-h 
reflux, the reaction mixture was worked up as described 
above, the catalyst was heated at ~150°C for 1  h. It was 
reused in two more runs without considerable decrease 
in its activity. The isolated yields for the three successive 
runs were 97% each time, clearly demonstrating the prac-
tical recyclability of this catalyst.

The potential leaching of the zinc from the surface 
of the support was also investigated. After the filtration 
of the catalyst from the reaction mixture, the filtrate 

Figure 4: Reaction route described by Zhang et al. [16].

Table 2: The reactions of different aromatic aldehydes, malononi-
trile, and acetylacetone.a

Entry R Product Yield (%)b Mp (°C)

1 H 4j 80 122–124 (158–160 [28])
2 4-Br 4k 92 62–64 (–)
3 2-Cl 4l 90 131–132 (–)
4 4-Cl 4m 87 118–120 (154 [38])
5 2-F 4n 98 128–130 (–)
6 3-MeO 4o 98 144–145 (–)
7 4-NO2 4p 98 152–154 (–)

aReaction conditions: 1 mmol aldehyde, 1.2 mmol malononitrile, 
1 mmol acetylacetone, 0.1 g catalyst, 3 ml ethanol, reflux tempera-
ture, 4 h.
bIsolated yields.

Table 3: The reactions of different aromatic aldehydes, malononi-
trile and dimedone.a

Entry R Product Yield (%)b Mp (°C)

1 H 5a 98 221–222 (224–225 [53])
2 3-Br 5b 91 218–220 (224–226 [54])
3 4-Br 5c 85 206–208 (207–209 [26])
4 4-Cl 5d 98 204–205 (203–206 [55])
5 2-F 5e 98 221–222 (232–233 [56])
6 3-MeO 5f 92 193–194 (188–189 [57])
7 3-NO2 5g 94 210–212 (210–212 [58])
8 4-NO2 5h 91 138–140 (151–152 [56])

aReaction conditions: 1 mmol aldehyde, 1.2 mmol malononitrile, 
1 mmol dimedone, 0.1 g catalyst, 3 ml ethanol, reflux temperature, 4 h.
bIsolated yields.
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was examined by XRF. No appreciable amount of zinc 
could be detected, verifying both the real heterogene-
ous catalytic reaction and the reusability results of the 
catalyst.

We propose a plausible mechanism for the formation 
of the 4H-pyran derivatives involving three consequent 
steps, a Knoevenagel condensation, then a Michael addi-
tion, and an intramolecular ring closure in the presence 
of a 4A molecular sieve-supported zinc catalyst (Figure 5). 
We assume a mechanism that is similar to the described 
one by Bhattacharyya et al. [38]. The role of the zinc might 
be to facilitate the reaction steps through the coordination 
of the heteroatoms in the transition states.

4  �Conclusions

The slightly basic zinc on 4 Å molecular sieve catalyst can 
be used successfully for the one-pot, three component, 
selective synthesis of the polysubstituted 4H-pyrans and 
tetrahydro-benzo[b]pyrans. The preparation of the cata-
lyst is simple and it can be reused without the loss of 
activity.�
Acknowledgments: Á.M. is grateful to Chinoin Pharma-
ceuticals Ltd. for the financial support it has provided.

Conflict of interest statement: The authors declare that 
they have no conflict of interest regarding this article.

References
[1]	 Hatakeyama S, Ochi N, Numata H, Takano S. J. Chem. Soc., 

Chem. Commun. 1988, 17, 1202–1204.
[2]	 González R, Martín N, Seoane C, Marco J, Albert A, Cano FH. 

Tetrahedron Lett. 1992, 33, 3809–3812.
[3]	 Zamocka J, Misikova E, Durinda J. Pharmazie 1991, 46, 

610–613.
[4]	 Bloxham J, Dell CP, Smith CW. Heterocycles 1994, 38, 399–408.
[5]	 Bonsignore L, Loy G, Secci D, Calignano A. Eur. J. Med. Chem. 

1993, 28, 517–520.
[6]	 Green GR, Evans JM, Vong AK. Pyrans and their Benzo 

Derivatives Synthesis, Pergamon Press: Oxford, 1995, Vol. 5.
[7]	 Kumar D, Reddy VB, Sharad S, Dube U, Kapur S. Eur. J. Med. 

Chem. 2009, 44, 3805–3809.
[8]	 Wang JL, Liu D, Zhang ZJ, Shan S, Han X, Srinivasula SM, Croce 

CM, Alnemri ES, Huang Z. Proc. Natl. Acad. Sci. USA 2000, 97, 
7124–7129.

[9]	 Wang D-C, Xie Y-M, Fan C, Yao S, Song H. Chin. Chem. Lett. 
2014, 25, 1011–1013.

[10]	 Kemnitzer W, Kasibhatla S, Jiang S, Zhang H, Zhao J, Jia S, Xu L, 
Crogan-Grundy C, Denis R, Barriault N, Vaillancourt L, Charron 
S, Dodd J, Attardo G, Labrecque D, Lamothe S, Gourdeau H, 
Tseng B, Drewe J, Cai SX. Bioorg. Med. Chem. Lett. 2005, 15, 
4745–4751.

[11]	 Sangani CB, Mungra DC, Patel MP, Patel RG. Chin. Chem. Lett. 
2012, 23, 57–60.

[12]	 Suarez, M, Salfran E, Verdecia Y, Ochoa E, Alba L, Martin N, 
Martinez R, Quinteiro M, Seoane C, Novoa H, Blaton N, Peeters 
OM, Ranter CD. Tetrahedron 2002, 58, 953–960.

[13]	 Harb A-FA, Hesien A-HM, Metwally SA, Elnagdi MH. Liebigs 
Ann. Chem. 1989, 585–588.

[14]	 Quintela JM, Peinador C, Moreira MJ. Tetrahedron 1995, 51, 
5901–5912.

Figure 5: Proposed mechanism of the reaction.



322      Á. Magyar and Z. Hell: Zinc-catalyzed synthesis of 4H-pyrans

[15]	 Srivastava S, Batra S, Bhaduri AP. Indian J. Chem. Sect. B 1996, 
35B, 602–604.

[16]	 Zhang LJ, Zhang X, You ZS, Li H, Feng T, Wang WL. Catal. Lett. 
2016, 146, 2081–2086.

[17]	 Martin N, Pascual C, Seoane C, Soto JL. Heterocycles 1987, 26, 
2811–2816.

[18]	 Wang X-S, Zeng Z-S, Zhang M-M, Li Y-L, Shi D-Q, Tu S-J, Wei X-Y, 
Zong Z-M. J. Chem. Res. 2006, 4, 228–230.

[19]	 Singh K, Singh J, Singh H. Tetrahedron 1996, 52, 14273–14280.
[20]	 Hassanien AA, Zahrran MA, El-Gaby MSA, Ghorab MM. J. Indian 

Chem. Soc. 1999, 76, 350–354.
[21]	 El-Bayouki KAM, Basyouni WM, Khatab TK, El-Basyoni FA, 

Hamed AR, Mostafa EA. J. Het. Chem. 2014, 51, 106–115.
[22]	 Khurana JM, Nand B, Saluja P. J. Het. Chem. 2014, 51,  

618–624.
[23]	 Elnagdi NMH, Al-Hokbany NS. Molecules 2012, 17,  

4300–4312.
[24]	 Pagadala R, Maddila S, Jonnalagadda SB. J. Het. Chem. 2015, 

52, 1226–1229.
[25]	 Sun W-B, Zhang P, Fan J, Chen S-H, Zhang Z-H. Synth. Commun. 

2010, 40, 587–594.
[26]	 Balalaie S, Sheikh-Ahmadi M, Bararjanian M. Cat. Commun. 

2007, 8, 1724–1728.
[27]	 Pandharpatte MS, Mulani KB, Mohammed NNG. J. Chin. Chem. 

Soc. 2012, 59, 645–649.
[28]	 Khurana JM, Chaudhary A. Green Chem. Lett. Rev. 2012, 5, 

633–638.
[29]	 Peng Y, Song G, Huang F. Monatsh. Chem. 2005, 136, 727–731.
[30]	 Zheng J, Li Y. Mendeleev Commun. 2011, 21, 280–281.
[31]	 Peng Y, Song G. Cat. Commun. 2007, 8, 111–114.
[32]	 Liu P, Hao J-W, Mo L-P, Zhang Z-H. RSC Adv. 2015, 5,  

48675–48704.
[33]	 Heravi MM, Beheshtiha YS, Pirnia Z, Sadjadi S, Adibi M. Synth. 

Commun. 2009, 39, 3663–3667.
[34]	 Zhang S-G, Yin S-F, Wei Y-D, Luo S-L, Au C-T. Catal. Lett. 2012, 

142, 608–614.
[35]	 Niknam K, Borazjani N, Rashidian R, Jamali A. Chin. J. Cat. 

2013, 34, 2245–2254.
[36]	 Banerjee S, Horn A, Khatri H, Sereda G. Tetrahedron Lett. 2011, 

52, 1878–1881.

[37]	 Safaei-Ghomi J, Teymuri R, Shahbazi-Alavi H, Ziarati A. Chin. 
Chem. Lett. 2013, 24, 921–925.

[38]	 Bhattacharyya P, Pradhan K, Paul S, Das AR. Tetrahedron Lett. 
2012, 53, 4687–4691.

[39]	 Bihani M, Bora PP, Bez G, Askari H. C. R. Chimie 2013, 16, 
419–426.

[40]	 Babu NS, Pasha N, Rao KTV, Prasad PSS, Lingaiah N. 
Tetrahedron Lett. 2008, 49, 2730–2733.

[41]	 Cwik A, Hell Z, Figueras F. Adv. Synth. Catal. 2006, 348, 
523–530.

[42]	 Cwik A, Hell Z, Figueras F. Tetrahedron Lett. 2006, 47,  
3023–3026.

[43]	 Cwik A, Hell Z, Figueras F. Org. Biomol. Chem. 2005, 3, 
4307–4309.

[44]	 Németh J, Kiss Á, Hell Z. Reac. Kinet. Mech. Cat. 2013, 111, 
115–121.

[45]	 Kiss Á, Hell Z, Bálint M. Org. Biomol. Chem. 2010, 8, 331–335.
[46]	 Fodor A, Kiss Á, Debreczeni N, Hell Z, Gresits I. Org. Biomol. 

Chem. 2010, 8, 4575–4581.
[47]	 Kiss Á, Hell Z. Synth. Commun. 2013, 43, 1778–1786.
[48]	 Kiss Á, Hell Z. Tetrahedron Lett. 2011, 52, 6021–6023.
[49]	 Magyar Á, Hell Z. Monatsh. Chem. 2016, 147, 1583–1589.
[50]	 Magyar Á, Nagy B, Hell Z. Catal. Lett. 2015, 145, 1876–1879.
[51]	 Magyar Á, Hell Z. Catal. Lett. 2016, 146, 1153–1162.
[52]	 Elnagdi MH, Abdel-Motaleb RM, Mustafa M, Zayed MF, Kamel 

EM. J. Het. Chem. 1987, 24, 1677–1681.
[53]	 Xu J-C, Li W-M, Zheng H, Lai Y-F, Zhang P-F. Tetrahedron 2011, 

67, 9582–9587.
[54]	 Wagh YB, Tayade YA, Padvi SA, Patil BS, Patil NB, Dalal DS. 

Chin. Chem. Lett. 2015, 26, 1273–1277.
[55]	 Shaterian HR, Arman M, Rigi F. J. Mol. Liq. 2011, 158, 145–150.
[56]	 Gao S, Tsai CH, Tseng C, Yao C-F. Tetrahedron 2008, 64, 

9143–9149.
[57]	 Yang J, Liu S, Hu H, Ren S, Ying A. Chin. J. Chem. Eng. 2015, 23, 

1416–1420.
[58]	 Hong M, Cai C. J. Chem. Res. 2010, 34, 568–570.

Supplementary Material: The online version of this article offers 
supplementary material (https://doi.org/10.1515/gps-2017-0083).

https://doi.org/10.1515/gps-2017-0083

