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 A simple, efficient and general method for the synthesis of 4H-pyrans is established through a 
multi component cyclocondensation of aromatic aldehydes, malononitrile and ethyl 
acetoacetate or acetyl acetone using snail shell as a natural catalyst. In this method the snail 
shell was used as green and reusable natural catalyst. Excellent yields, short reaction times and 
availability of the catalyst are the advantages of this method. 
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1. Introduction 

        Compared with classical methods, the heterogeneous catalysis solid-liquid has been shown to have 
desirable effects on reactions performance such as: good yields, short reaction times, easier work-up 
procedure, formation of pure products in milder conditions and waste minimization. In addition, 
introduction of clean procedures utilizing eco-friendly green catalysts has attracted great attention of 
workers.1 Thus, development of a mild, inexpensive, and reusable catalyst for synthesis of organic 
compounds, still remains an attractive goal for researchers. 4H-Pyran derivatives occupy an important 
place in the realm of synthetic organic chemistry because of their biological and pharmacological 
properties as anticancer,2 cytotoxic,3 anti-HIV,4-6 anti-inflammatory,7 anti-malarial,8-9 antimicrobial,10 
antihyperglycemic and antidyslipidemic.11  In addition, these compounds are a common structural unit 
in a number of natural products.12-14  
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        Many of the methods for the synthesis of 4H-pyrans are reported in the literature.15-21 Although, 
these methods have their own merits, they still have significant limitations like harsh reaction 
conditions, low yields, long times reactions and use of synthetic catalysts. These findings stimulated 
our interest to develop new simple, efficient and green process for the synthesis of these ring systems 
derivatives. In this article, we report a highly efficient route to the synthesis of 4H-pyran derivatives 
by cyclocondensation of aryl aldehydes, malononitrile, and ethyl acetoacetate or acetyl acetone using 
snail shell (SS) playing the role of ideal basic heterogeneous catalyst. 
 
        The snail shell has been utilized as natural source of calcium carbonate, as very effective coagulant 
in the treatment of waste water22 and also as a source of calcium for the preparing nanocrystalline 
hydroxyapatite.23 However, the use of snail shell, abundant in Morocco, as a catalyst in the synthesis 
of organic compounds, in particular 4H-pyrans derivatives, has not been reported. 

 
2. Results and Discussion  
 

General information for the catalyst 

       The waste of snail shells were collected, cleaned and dried in an oven at 100 ◦C during 24h. The 
shells obtained, without calcinations, are transformed by crushing into white soft powder. The latter 
has been characterized by X-ray diffraction, by scanning electron microscope and by measuring the 
specific surface.  
 
       The Analysis of the X-ray powder diffraction (Fig. 1) showed a well-crystallized phase. The 
presence of aragonite was confirmed by the characteristic 111, 221, and 202 reflections at 26.26°, 
45.90° and 48.48° (2)  (Joint Committee on Powder Diffraction International Centre for Diffraction 
Data (JCPDS : 76-0606). Further, it notes the absence of the characteristic reflections of calcium 
carbonate in the different allotropes calcite (JCPDS : 86-2334) and vaterite (JCPDS : 74-1867).24 
 
       The analysis by scanning electron microscopy (Fig. 2) shows that it crystallizes as irregular 
needles. The snail shell (aragonite) powder has an average specific surface of 3.15 m2/g by 
measurements were carried out by the BET (Brunauer Emmett and Teller). 
 

 
Fig. 1. XRD patterns of obtained powder of aragonite 
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Fig. 2. Scanning electron microscopy of powder of snail shell (aragonite) 
 
The catalytic activity of snail shell in synthesis of  4H-pyrans 
 

 Seeking good experimental conditions we run a one-pot synthesis of 4H-pyrans by the 
cyclocondensation of 4-chloro benzaldehyde (1a) malononitrile (2), and ethyl acetoacetate (3a) using 
snail shell (SS) catalysis. This reaction was considered as a model reaction (Scheme 1). When 1a (2 
mmol, 2 equiv), 2 (2 mmol, 2 equiv or 10 mmol, 10 equiv), and 3a (2 mmol, 2 equiv or 10 mmol, 10 
equiv)  were mixed together in 3mL in methanol or ethanol at room temperature (or under reflux) 
without any catalyst, only a trace of the expected product was detected, even after 24 h. The catalytic 
effects of various bases were then studied (Table 1, entries 2-5). Among the different tested catalysts, 
snail shell showed the best activity (Table 1, entry 6). 
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Scheme 1. Model reaction for the synthesis of 4H-pyrans. 
 
      
Table 1. Effect of the base useda 

Entry Base Time (h) Yieldb (%) 

1 - 24 - 
2 KOH 2.5 75 

3 Na2CO3 2.5 80 

4 CaCO3 2.5 81 

5 NEt3 2.5 70 

6 Snail shellc 1 88 (94)d 
 aAll reactions were performed in 2 mmol scale. The reactions were performed in 3 mL of methanol under reflux  in the 
presence of 30 mol % of base. b Isolated yield of pur product. c The reaction was performed in 3 mL of methanol at room 
temperature in the presence of 0.15 g of catalyst. d Yield ( ) refer to those of pure isolated product when the reaction was 
performed in 3 mL of methanol under reflux in the presence of 0.15 g of catalyst. 
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      An optimal catalyst loading had been define based on the results of model reactions which reveal 
that 0,15 g of catalyst per 2 mmol of aldehyde provided the best effects in terms of reaction time, 
economy of catalyst charge and purity of products. Higher amount of catalyst did not improve the rate 
considerably, what could be explain by fact that active sites of catalyst exist in a certain concentration 
more than that is required for the reactant molecules and hence the additional amount of snail shells 
does not increase the rate of the reaction. 

      As Table 2 indicates, higher yield and shorter reaction time were obtained when the reaction was 
carried out in the presence of 0.15g of the catalyst in 3 mL of methanol; in these conditions, the 
corresponding 4H-pyran 4a was obtained in 90% yield within 1h (Table 2, entries 4-5). 
 
Table 2. Catalyst loading optimization studya 

Entry Amount of catalyst (g) Time (min) Yield (%)b 

1 0.00 60 -- 
2 0.10 60 82 

3 0.10 90 82 

4 0.15 (without calcinations) 60 90 

5 0.15 (calcined 900 °C for 2 h) 60 90 

6 0.15 (without calcinations) 90 88 

7 0.20 60 88 

8 0.25 60 88 

9 0.30 60 87 

10 0.35 60 80 

11 0.40 60 75 
a 4-chlorobenzaldehyde 1a (2 mmol), malononitrile 2 (2 mmol), and ethyl acetoacetate 3a (2 mmol) were stirred 
 in 3 mL of methanol  in the presence of catalyst at room temperature .b Isolated yield of the pure product. 
 

 
       The model reaction was also examined in the presence of 0.15g of catalyst at room temperature in 
several solvents (3 mL). The use of butanol, isopropanol, AcOEt, THF and MeCN as solvent gave poor 
yields (Table 3, entries 2-6). Solvents like DMF and EtOH gave moderate yields (Table 3, entries 1, 7). 
The best conversion was observed when the reaction was performed in MeOH (Table 3, entry 8). 
Methanol proved to be the solvent of choice due to its safe nature and because it provided higher yields. 
The solvent free conditions gave average yields (Table 3, entry 9). 
 
Table 3. Solvent screening for the model reactiona 

Entry Solvent Time (min)b Yield (%)c 

1 EtOH 90 83 
2 Butanol 90 65 

3 Isopropanol 120 11 

4 Ethyl acetate 60 19 

5 THF 60 35 

6 MeCN 60 44 

7 DMF 60 70 

8 MeOH 60 90 

9 Solvent free 60 80 
a 4-chlorobenzaldehyde 1a (2 mmol), malononitrile 2 (2 mmol), and ethyl acetoacetate 3a (2 mmol) were stirred  
 in 3 mL solvent in the presence of 0.15g catalyst at room temperature. b Time reported in min monitored by TLC. 
c Isolated yield of the pure product 
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         The study of the influence of the volume of the solvent showed that 1 ml (Table 4, entry 1) of 
MeOH permitted to reach the best yield 92%. An increase in the volume up to 2 ml (Table 4, entry 2) 
slightly decreases the reaction yield (90 %), and this drops further to 84 % when a volume of 4 ml or 5 
ml (Table 4, entries 4-5) is used. The large volume of the solvent reduces the concentration what 
explains the decreasing of the yields and the results were summarized in Table 4. 
 

Table 4.  Volume solvent optimization study for the model reactiona 
Entry Volume of methanol (mL) Yieldb (%) 

1 1 92 
2 2 90 

3 3 90 

4 4 84 

5 5 84 
a 4-chlorobenzaldehyde 1a (2 mmol), malononitrile 2 (2 mmol), and ethyl acetoacetate 3a (2 mmol) were stirred in 
methanol in the presence of 0.15g of catalyst at room temperature for 60 min. 
b Isolated yield of the pure product.  

 
        Encouraged by the obtained results, we have investigated the scope and versatility of the process. 
Aromatic aldehydes substituted with either electron donating or electron-withdrawing groups reacted 
successfully with malononitrile and ethyl acetoacetate or acetylacetone and gave the products of    2-
amino-3-cyano-4H-pyrans derivatives 4a-j in high yields (Scheme 2). The results are listed in Table 5, 
which clearly indicate the generality of the reaction. Apparently, the nature of the substituent does not 
affect significantly the reaction time and yield for the employed reaction conditions. 
 
        The structures of compounds 4a-j were confirmed by the comparison of melting points and 
spectral data with those reported in the literature.25-26 
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Scheme 2. Snail shell catalyzed one-pot three component synthesis of 4H-pyrans 4. 

 
Table 5. Synthesis of polyfunctionalized 4H-pyrans. 

Product          R1
         R2 Time a (min) Yieldb %   

4a 4-ClC6H4 OEt 60 92  

4b 4-NO2C6H4 OEt 55 94  

4c 4-MeOC6H4 OEt 40 92 

4d 4-MeOC6H4 Me 35 92 

4e C6H5 OEt 45 90  

4f C6H5 Me 50 89 

4g 4-MeC6H4 OEt 50 93  

4h 4-MeC6H4 Me 45 89 

4i 2,4-(Cl)2C6H3 OEt 30 96 

4j 2-ClC6H4 OEt 50 90 
a Time reported in min monitored by TLC. b Yields refer to those of pure isolated product.  
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      In our studies, the recycling of catalyst has also been investigated. At the end of the reaction, the 
catalyst could be recovered by simple filtration. The recycled catalyst could be washed with methanol 
and subjected to a second run of the reaction process. As shown in Table 6, the yields of reactions after 
using this catalyst five times show a slight reduction. It is likely that the snail shell can be recycled 
many more than five times. 
  
Table 6. Yield (%) of product 4 versus the number of times the catalyst was reused. 

Product R1
 R2 No. of recycling runsa 

1 2 3 4 5 

4a 4-ClC6H4 OEt 92 91 90 90 89 

4b 4-NO2C6H4 OEt 94 93 82 91 90 

4d 4-MeOC6H4 Me 92 90 89 88 85 

4e C6H5 OEt 90 88 87 86 85 
a Isolated yield of the pure product. 

 
3. Conclusions  
 
      In conclusion, a simple and efficient method for the synthesis of 4H-pyran derivatives, catalyzed 
with snail shell, obtained from renewable source, is described. Compared with other procedures, this 
method has the advantage of being easy operation with short reaction times, mild and environmentally 
friendly reaction conditions, and good yields of the compounds. This work adds new snail shell catalyst 
to organic transformations and shows that snail shell could be an attractive alternative to the regular 
base catalysts. 
 
4. Experimental 
 
      All the chemicals used were purchased from Sigma-Aldrich and were used as such. All products 
are known, and were identified by comparison of spectral and physical data with the literature. Melting 
points were taken on a KOFLER hot stage apparatus and are uncorrected. 1H NMR and 13C NMR 
spectra were recorded on a Brucker 300-MHz spectrometer in DMSO-d6 using TMS as an internal 
reference (chemical shift in  ppm). Mass spectra were recorded on a Thermo DSQII-Focus mass 
spectrometer. All reactions were monitored by TLC on silica gel plates (Fluka Kieselgel 60 F254).  

 
Preparation of snail shell catalyst  
 
      The waste of snail shells were collected, cleaned and dried in an oven at 100◦C during 24h.  The 
shells obtained, without calcinations, are transformed by crushing into white soft powder, which was 
denominated as SS.  
 
General procedure for the synthesis of 4-substituted-2-amino-3-cyano-4H-pyrans 4 
 
       To a solution of aldehydes 1 (2 mmol), malononitrile 2 (2 mmol), and ethyl acetoacetate or acetyl 
acetone 3 (2 mmol) in the MeOH (1 mL), was added the snail shell (0.15 g). The progress of the reaction 
was monitored by thin layer chromatography using petroleum ether:ethyl acetate as solvent system. 
After filtration of the catalyst and cooling, the obtained solid was filtered and recrystallized in the 
ethanol, affording the corresponding pure 4H-pyran derivatives 4a-j. The structures of compounds 4a-
j were confirmed by the comparison of melting points and spectral data with those reported in the 
literature.25-26 
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Spectral data for 4H-pyrans (Table 6) are as the followings: 
 
Ethyl 6-amino-4-(4-chlorophenyl)-5-cyano-2-methyl-4H-pyran-3-carboxylate (4a): White solid, 
mp. 171-172°C (lit.26 171-172°C). 1H NMR (DMSO-d6, 300 MHz)  1.01 (t, J = 7.2 Hz, 3H, CH3), 2.29 
(s, 3H, CH3), 3.93 (q, J = 7.2 Hz, 2H, OCH2), 4.29 (s, 1H, CH), 6.93 (s, 2H, NH2), 7.12 (d, J =  8.4 Hz, 
2H, ArH), 7.25 (d, J = 8.4 Hz, 2H, ArH); 13C NMR (DMSO-d6, 75 MHz)  14.1, 18.6, 38.7, 57.3, 60.7, 
107.2, 120.0, 128.8, 129.5, 131.8, 144.4, 157.4, 158.9, 165.7.  
  
Ethyl 6-amino-5-cyano-2-methyl-4-(4-nitrophenyl)-4H-pyran-3-carboxylate (4b): White solid, mp. 
175-176°C (lit.26 176-178°C). 1H NMR (DMSO-d6, 300 MHz)  1.10 (t, J = 7.0 Hz, 3H, CH3), 2.32 (s, 
3H, CH3), 3.93 (q, J = 7.0 Hz, 2H, OCH2), 4.44 (s, 1H, CH), 7.05 (s, 2H, NH2), 7.42 (d, J = 8.4 Hz, 2H, 
ArH), 8.17 (d, J = 8.4 Hz, 2H, ArH); 13C NMR (DMSO-d6, 75 MHz)  14.1, 18.7, 39.1, 56.6, 60.8, 106.4, 
119.7, 124.2, 129.0, 146.8, 153.0, 158.4, 159.0, 165.5.  
  
Ethyl 6-amino-5-cyano-4-(4-methoxy phenyl)-2-methyl-4H-pyran-3-carboxylate (4c): White 
solid, mp. 139-140°C (lit.25 136-138°C). 1H NMR (DMSO-d6, 300 MHz) 1.12 (t, 3H, J = 7.2 Hz, 
CH3), 2.27 (s, 3H, CH3), 3.60 (s, 3H, OCH3), 4.10 (q, J = 7.2 Hz, 2H, OCH2), 4.41 (s, 1H, CH), 6.52 
(s, 2H, NH2), 6.80 (d, J = 8.2 Hz, 2H, ArH), 7.04 (d, J = 8.2 Hz, 2H, ArH); 13C NMR (DMSO-d6, 75 
MHz)  14.1, 18.2, 38.3, 57.3, 60.8, 62.1, 118.1, 120.3, 121.8, 128.9, 132.5, 145.2, 156.7, 157.8, 166.3. 
  
5-acetyl-2-amino-6-methyl-4-(4-methoxyphenyl)-4H-pyran-3-carbonitrile (4d): White solid, mp. 
157-158°C (lit.25 158-160°C). 1H NMR (DMSO-d6, 300 MHz)  1.81 (s, 3H, COCH3), 2.29 (s, 3H, CH3), 
3.89 (s, 3H, OCH3), 4.29 (s, 1H, CH), 6.92 (s, 2H, NH2), 7.11 (d, J = 8.4 Hz, 2H, Ar), 7.24 (d, J = 8.4 
Hz, 2H, ArH); 13C NMR (DMSO-d6, 75 MHz)  18.6, 29.3, 39.3, 56.3, 107.2, 120.0, 128.8, 129.5, 131.8, 
144.4, 158.9, 196.7.  
  
Ethyl 6-amino-5-cyano-2-methyl-4-phenyl-4H-pyran-3-carboxylate (4e): Yellow solid, mp. 193-
195°C (lit.25 195-197°C). 1H NMR (DMSO-d6, 300 MHz)  1.00 (t, J = 7.1 Hz, 3H,  CH3), 2.27 (s, 3H, 
CH3), 3.93 (q, J = 7.1 Hz, 2H, OCH2), 4.26 (s, 1H, CH), 6.89 (s, 2H, NH2), 7.10-7.31 (m, 5H, ArH); 13C 
NMR (DMSO-d6, 75 MHz)  14.2, 18.6, 39.2, 57.7, 60.6, 107.7, 120.2, 127.3, 127.6, 128.9, 145.3, 157.1, 
158.9, 165.9.   
 
5-acetyl-2-amino-6-methyl-4-phenyl-4H-pyran3-carbonitrile (4f): White solid, mp. 158-159°C 
(lit.25 158-160°C). 1H NMR (DMSO-d6, 300 MHz)  2.03 (s, 3H, CH3), 2.22 (s, 3H, CH3), 4.43 (s, 1H, 
CH), 6.83 (s, 2H, NH2), 7.12-7.34 (m, 5H, ArH); 13C NMR (DMSO-d6, 75 MHz)  18.9, 30.2, 39.2, 58.2, 
115.4, 120.2, 127.4, 127.6, 129.2, 145.0, 155.2, 158.2, 198.9. 
  
Ethyl 6-amino-5-cyano-2-methyl-4-(4-methylphenyl)-4H-pyran-3-carboxylate (4g): White solid, 
mp. 177-178°C (lit.25 177-179°C). 1H NMR (DMSO-d6, 300 MHz)  1.03 (t, J = 7.2 Hz, 3H,  CH3), 2.23 
(s, 3H, CH3), 2.27 (s, 3H, CH3), 3.93 (q, J = 7.2 Hz, 2H, OCH2), 4.22 (s, 1H, CH), 6.85 (s, 2H, NH2), 
7.00 (d, J = 7.8 Hz, 2H, ArH), 7.09 (d, J = 7.2 Hz, 2H, ArH); 13C NMR (DMSO-d6, 75 MHz)  14.2, 
18.6, 21.1, 38.8, 57.8, 60.6, 107.9, 120.2, 127.5, 129.4, 136.4, 142.3, 156.7, 158.9, 165.9. 
   
5-acetyl-2-amino-6-methyl-4-(4-methylphenyl)-4H-pyran-3-carbonitrile (4h): White solid, mp. 
137-138°C (lit.25 138-140°C). 1H NMR (DMSO-d6, 300 MHz) 2.03 (s, 3H, COCH3), 2.24 (s, 3H, CH3), 
2.29 (s, 3H, CH3), 4.25 (s, 1H, CH), 6.85 (s, 2H, NH2), 7.41 (d, J = 8.1 Hz, 2H, ArH), 7.83 (d, J = 8.1 
Hz, 2H, ArH); 13C NMR (DMSO-d6, 75 MHz) 14.2, 18.6, 21.9, 35.4, 60.6, 107.6, 114.8, 128.8, 129.1, 
130.6, 131.1, 146.1, 160.9, 195.0.  
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Ethyl 6-amino-4-(2,4-dichlorophenyl)-5-cyano-2-methyl-4H-pyran-3-carboxylate (4i): White solid, 
mp. 166-167°C (lit.25 166-168°C). 1H NMR (DMSO-d6, 300 MHz)  0.96 (t, J = 7.0 Hz, 3H, CH3), 2.31 
(s, 3H, CH3), 3.90 (q, J = 7.0 Hz, 2H, OCH2), 4.82 (s, 1H, CH), 6.98 (s, 2H, NH2), 7.21 (d, J = 8.2 Hz, 
1H, ArH), 7.37 (d, J = 8.2 Hz, 1H, ArH), 7.52 (s, 2H, ArH); 13C NMR (DMSO-d6, 75 MHz)  14.1, 18.6, 
35.4, 56.0, 60.7, 105.9, 119.5, 128.4, 129.0, 131.6, 132.4, 133.3, 141.8, 158.7, 158.9, 165.5.   
 
Ethyl 6-amino-4-(2-chlorophenyl)-5-cyano-2-methyl-4H-pyran-3-carboxylate (4j): Yellow solid, 
mp. 165-167°C (lit.25 167-169°C). 1H NMR (DMSO-d6, 300 MHz)  0.93 (t, J = 7.2 Hz, 3H, CH3), 2.32 
(s, 3H, CH3), 3.68 (q, J = 7.2 Hz, 2H, OCH2), 4.85 (s, 1H, CH), 6.92 (s, 2H, NH2), 7.16-7.38 (m, 4H, 
ArH); 13C NMR (DMSO-d6, 75 MHz)  14.1, 18.5, 35.7, 56.5, 60.6, 106.4, 119.6, 128.2, 128.8, 129.7, 
130.2, 132.4, 142.5, 158.3, 158.9, 165.6.  
 
Acknowledgement 

The authors would like to thank the anonymous referees for constructive comments on earlier version 

of this paper. 

 

References  

1 a) Islam M., Roy A. S., Dey R. C., and Paul S. (2014) Graphene based material as a base catalyst 
for solvent  free Aldolcondensation and Knoevenagel reaction at room temperature. J. Mol. Catalysis 
A: Chem 394, 66-73. b) Su F., Antoniettia M., and Wang X. (2012) Mpg-C3N4 as a solid base catalyst 
for Knoevenagel condensations and transesterification reactions. Catal. Sci. Technol. 2 (5) 1005-
1009. c) Riadi Y., Abrouki Y., Mamouni R., El Haddad M., Routier S., Guillaumet G., and Lazar S. 
(2012) New eco-friendly animal bone meal catalysts for preparation of chalcones and aza-Michael 
adducts. Chem. Cent J. 6, 1-7. 

2 Wu J. Y. C., Fong W. F., Zhang J. X., Leung C. H.,  Kwong  H. L., Yang M. S., Li D., and  Cheung 
H. Y.  (2003) Reversal of multidrug resistance in cancer cells by pyranocoumarins isolated from 
Radix Peucedani. Eur. J. Pharmacol., 473 (1) 9-17.  

3 Raj T., Bhatia R. K., Kapur A., Sharma M., Saxena A. K., and Ishar M. P. S.  (2010) Cytotoxic 
activity of 3-(5-phenyl-3H-[1,2,4]dithiazol-3-yl)chromen-4-ones and 4-oxo-4H-chromene-3-
carbothioic acid N-phenylamides. Eur. J. Med. Chem., 45 (2) 790-794.  

4 Rueping M., Sugiono E., and Merino E. (2008) Asymmetric organocatalysis: An efficient 
enantioselective access to benzopyranes and chromenes. Chem. Eur. J., 14 (21) 6329-6332.  

5 Brahmachari G., and Banerjee B. (2014) Facile and one-pot access to diverse and densely 
functionalized 2-amino-3-cyano-4H-pyrans and pyran-annulated heterocyclic scaffolds via an eco-
friendly multicomponent reaction at room temperature using urea as a novel organo-catalyst. ACS 
Sustainable Chem. Eng., 2 (3) 411-422.  

6 Flavin M. T., Rizzo J. D.,  Khilevich A., Kucherenko A.,  Sheinkman A. K., Vilaychack V.,  Lin L., 
Chen W., Greenwood E. M.,  Pengsuparp T., Pezzuto J. M., Hughes S. H., Flavin T. M., Cibulski 
M.,  Boulanger W. A., Shone R. L., and Xu Z. Q. (1996)  Synthesis, chromatographic resolution, 
and anti-human immunodeficiency virus activity of (±)-calanolide A and its enantiomers. J. Med. 
Chem., 39 (6) 1303-1313.  

7 Moon D. O., Kim K. C., Jin C. Y., Han M. H., Park C., Lee K. J., Park Y. M., Choi Y. H., and Kim 
G. Y. (2007) Inhibitory effects of eicosapentaenoic acid on lipopoly saccharide-induced activation 
in BV2 microglia. Int. Immunopharmacol., 7 (2) 222-229. 

8 De Andrade-Neto V. F., Goulart M. O., Da Silva Filho J. F., Da Silva M. J., Pinto M. D. C., Pinto 
A.V., Zalis M. G., Carvalho L. H., and Krettli A.U. (2004) Antimalarial activity of phenazines from 
lapachol,-lapachone and its derivatives against plasmodium falciparum in vitro and plasmodium 
berghei in vivo. Bioorg. Med. Chem. Lett., 14 (5) 1145-1149. 



 Z. Benzekri et al.  / Current Chemistry Letters 5 (2016) 
 

107

9 Sacau E. P., Braun A. E., Ravelo A. G., Yapu D. J., and Turba A. G. (2005) Antiplasmodial activity 
of naphtha quinones related to lapachol and -lapachone. Chem. Biodiversity, 2 (2) 264-274.   

10 Morgan L. R., Jursic B. S., Hooper C. L., Neumann D. M., Thangaraj K., and Leblance B. (2002) 
Anticancer activity for 4,4’-dihydroxybenzophenone-2,4-dinitrophenyl hydrazone (A-007) 
analogues and their abilities to interact with lymphoendothelial cell surface markers. Bioorg. Med. 
Chem. Lett., 12 (23) 3407-3411.  

11 Kumar A., Maurya R. A., Sharma S. A., Ahmad P., Singh A. B., Bhatia G., and Srivastava A. K. 
(2009) Pyranocoumarins: A new class of anti-hyperglycemic and anti-dyslipidemic agents. Bioorg. 
Med. Chem. Lett., 19 (22) 6447-6451.  

12 Feuer G. (1974) Progress in Medicinal Chemistry, Ellis G. P., and West G. P. (Eds) North-Holland 
Publishing Company: New York, 10, 85-115. 

13 Dean F. M. (1963) Naturally Occurring Oxygen Ring Compounds, Butterworth-Heinemann, 
London, 176-220.  

14 Goel A., and Ram V. J. (2009) Natural and synthetic 2H-pyran-2-ones and their versatility in organic 
synthesis. Tetrahedron, 65 (38) 7865-7913.  

15 Ranu B. C., Banerjee S., and Roy S. (2008) A task specific basic ionic liquid, [bmIm]OH-promoted 
efficient, green and one-pot synthesis of tetrahydro benzo[b]pyran derivatives. Indian J. Chem. Soc., 
47 (7) 1108-1112. 

16 Babu N. S., Pasha N., Rao V. K. T., Prasad S. P. S., and Lingaiah N. (2008) A heterogeneous  strong  
basic  Mg/ La mixed oxide catalyst for efficient synthesis of polyfunctionalized pyrans. Tetrahedron 
Lett., 49 (17) 2730-2733.  

17 Yu L. Q., Liu F., and You Q. D. (2009) One-pot synthesis of tetrahydrobenzo[b]pyran derivatives 
catalyzed by amines in aqueous media. Org. Prep. Proced. Int., 41 (1) 77-82.  

18 Pore D. M., Undale K. A., Dongare B. B., and Desai U. V. (2009) Potassium phosphate catalyzed a 
rapid three-component synthesis of tetrahydrobenzo[b]pyran at ambient temperature. Catal. Lett., 
132 (1) 104-108.  

19 Gurumurthi S., Sundari V., and Valliappan R. (2009) An efficient and convenient approach to 
synthesis of tetrahydrobenzo[b]pyran derivatives using tetrabutyl ammonium bromide as catalyst. 
J. Chem., 6 (S1) 466-472.  

20 Safaei-Ghomi J., Teymuri R., Shahbazi-Alavi H., and Ziarati A. (2013) SnCl2/nano SiO2: A green 
and reusable heterogeneous catalyst for the synthesis of polyfunctionalized 4H-pyrans. Chin. Chem. 
Lett., 24 (10) 921-925. 

21 Pratap U. R., Jawale D. V., Netankar P. D., and Mane R. A. (2011) Baker’s yeast catalyzed one-pot 
three-component synthesis of polyfunctionalized 4H-pyrans. Tetrahedron Lett., 52 (44) 5817-5819.  

22 Jatto E. O., Asia I. O., Egbon E. E., Otutu J. O., Chukwuedo M. E., and Ewansiha C. J. (2010) 
Treatment of waste water from food industry using snail shell. Academia Arena, 2 (1) 32-36. 

23 Kumar G. S., Sathish L., Govindan R., and Girija E. K. (2015) Utilization of snail shells to synthesis 
hydroxyapatite nanorods for orthopedic applications. RSC Adv., 5 (49) 39544-39548. 

24 a) Minyan R., Changyin D., and Changhua A. (2011) Large-Scale growth of tubular aragonite 
whiskers through a MgCl2-Assisted hydrothermal process. Materials, 4 (8) 1375-1383. b) Hu Z., 
and Deng Y. (2004) Synthesis of needle-like aragonite from calcium chloride and sparingly soluble 
magnesium carbonate. Powder Technology, 140 (1-2) 10-16. c) Islam N. K., Ali M. E., Bakar M. Z. 
B. A., Loqman M. Y., Islam A., Islam M. S., Rahman M. M., and Ullah M., A. (2013) Novel catalytic 
method for the synthesis of spherical aragonite nanoparticles from cockle shells. Powder 
Technology, 246, 434-440. d) Chen J., and Xiang L. (2009) Controllable synthesis of calcium 
carbonate polymorphs at different temperatures. Powder Technology, 189, 64-69. e) Ma H. Y., and 
Lee I. S. (2006) Characterization of vaterite in low quality freshwater-cultured pearls. Mater. Sci. 
Eng. C, 26 (1) 721-723. 

25 Khurana J. M., and Chaudhary A. (2012) Efficient and green synthesis of 4H-pyrans and 4H-
pyrano[2,3-c] pyrazoles catalyzed by task-specific ionic liquid [bmim]OH under solvent-free 
conditions. Green Chem. Lett. Rev., 5 (4) 633-638.  



 

108

26 Banerjee S., Horn A., Khatri H., and Sereda G. (2011) A green one-pot multicomponent synthesis 
of 4H-pyrans and polysubstituted aniline derivatives of biological, pharmacological, and optical 
applications using silica nanoparticles as reusable catalyst. Tetrahedron Lett., 52 (16) 1878-1881.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


