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ABSTRACT: In this study, the synthesis of 4H-chromenes of biological activity via a multicom-

ponent reaction of dimedone, aromatic aldehydes and malononitrile catalyzed by glutamic acid as 

a catalyst was investigated. The structural features of the synthesized compounds were character-

ized by melting point, IR and 
1
H NMR analysis. The catalyst being reported here is cheap, safe to 

handle and the whole procedure is eco-friendly, Milder conditions, one-pot, excellent yields, oper-

ational simplicity and ecofriendly preparation are some advantages of this protocol. The com-

pounds were screened for antimicrobial activity. The results showed that these compounds reacted 

against all the tested bacteria and fungi. 

 

INTRODUCTION 

The multi-component condensation reactions were an 

important tool in the organic synthesis as they possess 

ability of building up the pharmaceuticals. Pharmacies 

are trying to develop green chemistry reactions. Multi-

component reaction as a powerful tool for develops for 

the synthesis of heterocyclic compounds receives grow-

ing interest [1-5]. 

4H-chromenes are an important class of oxygen-

containing heterocyclic compounds which have attracted 

significant synthetic interest due to their reactivity and 

biological activity. These compounds had shown inter-

esting biological properties including antimicrobial,  

 

 

antiviral, antiproliferative, antitumor cancer therapy and 

central nervous system activity. These derivations were 

used in the treatment of hypertension, Alzheimer's dis-

ease and Seizures [6-8]. Thus, in recent years several 

methods were established to improve the use of MgO [9, 

10], d,l-proline [11, 12], LiBr [13], CeCl3_H2O [14], 

potassium phosphate [15], microwave-irradiation [16, 

17] and ultrasonic irradiation [19] and different ways 

have been reported. Previously, in continuation of our 

investigations, we have synthesized a number of hetero-

cyclic compounds [19-22]. In this research, herein, we 

report an innovative, convenient, mild and efficient pro-
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cedure for the synthesis of 4H-chromene derivatives. 

One-pot three component condensations of aldehyde 

derivatives, dimedone and malononitrile were synthe-

sized of 4H-chromene derivatives in the presence of 

glutamic acid as a catalyst in reflux conditions [23-26] 

(Figure 1). 
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Figure 1. Synthesis of 4H-chromene derivatives using glutamic acid as a catalyst 

 
 

MATERIALS AND METHODS 

The materials were purchased from Sigma-Aldrich and 

Merck chemical companies and were used without any 

additional purification. Melting points were measured 

on an Electrothermal 9100 apparatus. Silica gel 

SILG/UV 254 plates were used for TLC. IR spectra 

were measured on a Shimadzu IR-470 Spectrophotome-

ter. The 
1
H NMR spectra were scanned in CDCl3 on a 

Brucker NMR spectrometer operating at 400.13 MHz. 

The products were characterized by comparison of their 

1
H NMR, IR spectra and physical data with those in the 

literature. 

General procedure for the synthesis of 2-amino-7,7-

dimethyl-4-phenyl-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (F1) 

A mixture of benzaldehyde (1.0 mmol), dimedone (1.0 

mmol), malononitrile (1.0 mmol) and glutamic acid as a 

catalyst (20 mol%) in ethanol (5 mL) was refluxed for 

35 min. The progress of the reaction was monitored by 

TLC (chloroform/methanol 9:1). After completion of the  

 

 

 

reaction, the resulting solid (crude product) was filtered 

and then recrystallized with ethanol–water to obtain 

pure product. The physical data (mp, IR and 
1
H NMR) 

of these known compounds were identical with those 

reported in the literature. 

Spectral data for the synthesis of 4H-Chromene de-

rivatives 

2-amino-7,7-dimethyl-4-phenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (F1):  

m.p. 228-229 
o
C; FT-IR (Vmax/cm

-1
) (KBr disc): 3420, 

3300 (NH2 Str.); 3010 (CHarom Str.); 1600 (C=Carom Str.); 

1643 (C=CAliph Str.); 1680 (C=O Str.); 1210 (C-O Str.). 

1
H NMR (400.13 MHz, CDCl3): 1.05(3H, s, CH3); 

1.13(3H, s, CH3); 2.24(2H, AB q, 
3
J = 16.4, 9.4 Hz, 

CH2); 2.47(2H, m, CH2); 4.42(H, s, CH); 4.57(2H, s, 

NH2); 7.19-7.32(5H, m, CHarom). Spectra of compound 

F1 is below (Figure 2).  
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Figure 2. Spectral of F1 compound. 

 

2-amino-7,7-dimethyl-4-(2-fluorophenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (F2): 

m.p. 233-235 
o
C; FT-IR (Vmax/cm

-1
) (KBr disc): 3400, 

3310 (NH2 Str.); 2191 (CN Str.); 1602 (C=Carom Str.); 

1638 (C=CAliph Str.); 1658 (C=O Str.); 1197 (C-O Str.). 

2-amino-7,7-dimethyl-4-(4-methylphenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (F3): 

m.p. 218-220 
o
C; FT-IR (Vmax/cm

-1
) (KBr disc): 3360, 

3318 (NH2 Str.); 2272 (CN Str.); 1600 (C=Carom Str.); 

1632 (C=CAliph Str.); 1691 (C=O Str.); 1231 (C-O Str.). 

2-amino-7,7-dimethyl-4-(2-chlorophenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (F4): 

m.p. 203-205 
o
C; FT-IR (Vmax/cm

-1
) (KBr disc): 3385, 

3327 (NH2 Str.); 2225 (CN Str.); 1600 (C=Carom Str.); 

1650 (C=CAliph Str.); 1683 (C=O Str.); 1209 (C-O Str.). 

2-amino-7,7-dimethyl-4-(4-chlorophenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (F5): 

m.p. 213-216 
o
C; FT-IR (Vmax/cm

-1
) (KBr disc): 3368, 

3315 (NH2 Str.); 2205 (CN Str.); 1610 (C=Carom Str.); 

1660 (C=CAliph Str.); 1678 (C=O Str.); 1222 (C-O Str.). 

2-amino-7,7-dimethyl-4-(3-methoxyphenyl)-5-oxo-

5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(F6): 

m.p. 192-195 
o
C; FT-IR (Vmax/cm

-1
) (KBr disc): 3405, 

3327 (NH2 Str.); 2212 (CN Str.); 1601 (C=Carom Str.); 

1648 (C=CAliph Str.); 1688 (C=O Str.); 1202 (C-O Str.). 
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Antimicrobial activity 

The compounds F1-6 were screened by disc diffusion 

method [27-28], for their antibacterial activity Esche-

richia coli, Bacillus subtilis, Staphylococcus aureus and 

Vibreo cholerae and their fungi activity, Trichoderma 

species, Chrysosporium species,  

 

Aspergillus niger and Asterophora parasitica by com-

paring with standard bactericide Ciprofloxacin and 

standard fungicide Clomatrimazole at 100 µgmL
-1

. The 

tubes were incubated aerobically at 37 ºC for 18-24 h. 

The experiments were run in triplicates and the average 

results are included in Table 1 and Table 2. 

Table 1. Antibacterial activity of compounds 

Compound         E. coli B. subtillus S. aureus V. cholerae 

F1 17 15 16 23 

F2 17 8 10 31 

F3 18 19 14 23 

F4 16 16 26 13 

F5 26 15 14 13 

F6 28 17 16 - 

Ciprofloxacin 28 22 25 33 

 

Table 2. Antifungal activity of compounds 

Compound      Trichoderma sp. Chrysosporium sp. A. niger A. parasitica 

F1 11                 16          14 18 

F2 -                 10          11 9 

F3 12                 25          18 21 

F4 16                16          23 17 

F5 21                 21         25 17 

F6 16                 16         27 19 

Clomatrimazole 28              26         25 28 

 

RESULTS AND DISCUSSION 

Nowadays, glutamic acid is used as a catalyst in the 

synthesis of organic compounds. Features of this cata-

lyst that are of interest include: easy separation,  

 

 

 

 

 

environmentally friendly, clean, and economical [23-

26]. The mechanism of formation of 4H-chromenes 

using glutamic acid as a catalyst is shown in Figure 3. 
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Figure 3. Mechanism of formation of 4H-chromenes. 

 
At first, for the optimization of the reaction conditions, 

the condensation of benzaldehyde, dimedone and malo-

nonitrile was investigated. Then, we decided to examine 

the effect of the various solvents with amount of catalyst 

on the reaction. As shown in Table 3, the best results in 

terms of yield and time were obtained 20 mol% of glu-

tamic acid in refluxing ethanol (entry 14). After pursuing 

the best solvent with catalyst, we evaluated the scope of 

glutamic acid-catalyzed 4H-chromenes reaction using a 

variety of aldehydes. Aromatic aldehydes bearing both 

electron-donating and electron withdrawing groups were 

employed in 4H-chromenes reactions and the expected 

products were obtained in high yields. The results for 

the preparation of substituted 4H-chromene derivatives 

are summarized in Table 4. Comparison of reaction 

conditions and product yield between previously report-

ed methods and the present method are shown in Table 

5. 

All products were known and characterized through 

comparison of their FT-IR and physical properties with 

those reported in the literature. 

Table 3. Solvent effect with amount catalyst in the synthesis of 4H-chromenes
a 

Yield (%)
b
 Time (min) Condition Solvent Catalyst (mol%) Entry 

35 140 R.T. Ethanol --- 1 

30 140 R.T. Water --- 2 

NP 140 R.T. Dichloromethane --- 3 

NP 140 R.T. Acetonitrile --- 4 

40 100 Reflux Ethanol-water --- 5 

41 100 Reflux Ethanol --- 6 

42 100 Reflux Water --- 7 

NP 100 Reflux Dichloromethane --- 8 

27 100 Reflux Acetonitrile --- 9 

70 100 Reflux Solvent-free 15 10 

75 100 Reflux Solvent-free 20 11 

77 100 Reflux Solvent-free 25 12 

81 35 Reflux Ethanol 15 13 

91 35 Reflux Ethanol 20 14 

91 35 Reflux Ethanol 25 15 

73 40 Reflux Ethanol-water 20 16 

137 



F. Hatamjafari / Journal of Chemical Health Risks 6(2) (2016) 133-142 

 

2 
 

70 40 Reflux Water 20 17 

42 40 Reflux Dichloromethane 20 18 

59 40 Reflux Acetonitrile 20 19 

Reaction condition: 
a
 benzaldehyde (1 mmol), dimedone (1 mmol), malononitrile (1 mmol), glutamic acid (20 mol%), ethanol (5 mL); 

b
 Isolated yield. 

 
Table 4. Glutamic acid catalyzed synthesis of 4H-chromene derivatives

a
 

Entry product Ar Time (min) Yield (%)
b
 M.P. 

o
C (Found) M.P. 

o
C (Reported in Lit.) 

[29 ]229-231 228-229 91 35 

 

O

O

CN

NH2 

F1 

[30 ]235-237 233-235 87 55 

F 

O

O

CN

NH2

F

 

F2 

[30 ]219-221 218-220 95 35 CH3

 

O

O

CN

NH2

CH3

 

F3 

[30 ]201-205 201-203 90 40 

Cl

 

O

O

CN

NH2

Cl

 

F4 

[29 ]212-214 213-214 91 40 Cl

 

O

O

CN

NH2

Cl

 

F5 

[29 ]192-194 192-195 94 35 

H3CO

 

O

O

CN

NH2

OCH3

 

F6 

Reaction condition: 
a
 benzaldehyde (1 mmol), dimedone (1 mmol), malononitrile (1 mmol), glutamic acid (20 mol%), ethanol (5 mL); 

b
 Isolated yield. 

 

Table 3. Continued 
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Table 5. Comparison of reaction conditions and yield of product with reported methods versus the present method 

Ref. Yield (%) Condition Catalyst 

[31] 94 Reflux, Ethanol SnCl2 (10 mol%) 

[31] 80 Reflux, Ethanol-Water Trisodium Citrate 

[32] 95 Reflux, Ethanol Ni(NO3)2 . 6H2O (10 mol%) 

[32] 81 Reflux, Ethanol Pb(NO3)2 (10 mol%) 

[32] 69 Reflux, Ethanol AlCl3 (10 mol%) 

[32] 73 CH3CN Ni(NO3)2 . 6H2O (10 mol%) 

[33] 85 C 80-MW,70 NaBr 

[34] 77 Reflux, Water PPA – SiO2 

[35] 85 Reflux, Ethanol-Water Na2SeO4 

[36] 92 Reflux, Ethanol-Water Caro's acid – SiO2 

[37] 93 Reflux, Ethanol Nano-SnO2 

In this Rresearch 91 Reflux, Ethanol Glutamic acid 

 

Antibacterial screening 

The bacterial zones of inhibition values (mm) are given 

in Table 1. The antimicrobial activities of compounds V. 

cholerae, E. coli, B. subtillus, S. aureus were screened. 

Ciprofloxacin were used as a standard at 100 µgmL
-1

. 

Compounds F1-6 was screened. E. coli for compound 

F6 was highly active, on the other hand for compound 

F1-5 had low activity compared with the standard 

ciprofloxacin. B. subtillus for compound F3 was highly 

active compared with the ciprofloxacin. On the other 

hand for F1, F2, F4, F5 and F6 had low activity com-

pared with the ciprofloxacin. S. aureus for compound F4 

was highly active compared with ciprofloxacin on the 

other hand for compound F1, F2, F4, F5; F6 had low 

activity compared with the ciprofloxacin. V. cholerae 

for compound F2 was highly active compared with the 

standard ciprofloxacin. On the other hand, for com-

pound F1, F3, F4, had low activity compared with the 

ciprofloxacin. For F6 no activity was shown. 

Antifungal screening 

The fungal zones of inhibition values (mm) are given in  

 

 

Table 2. The antifungal activity of compounds Chryso-

sporium sp., Trichoderma sp., A. niger, A. parasitica 

were screened. Clomatrimazole were used as a standard 

at a 100 µgmL
-1

.Compound F1-6 were screened. 

Trichoderma sp. for compound F5 was highly active for 

compound F1, F3, F4 and F6 had low activity compared 

with standard Clomatrimazole. While for compound 1b 

had no activity with Clomatrimazole. Chrysosporium sp. 

for compound F3 was highly active compared with 

Clomatrimazole while on the other hand for compound 

F1, F2, F4, F5 and F6 had low activity compared with 

standard Clomatrimazole. A. niger for compound 1e was 

highly active compared with standard Clomatrimazole. 

On the other hand for F1, F2, F3, F4 and F6 had low 

activity compared with standard Clomatrimazole. A. 

parasitica for compound 1c was highly active compared 

with standard Clomatrimazole. On the other hand for 

F1, F2, F4, F5 and F6 had low activity compared with 

Clomatrimazole. 

CONCLUSIONS 

We have demonstrated an efficient catalyst for the syn-

thesis of substituted 4H-chromenes catalyzed by glutam-
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ic acid. The advantages of this method using Glutamic 

acid include high yields, available time, one-pot, exper-

imental simplicity, environmentally friendly and easy 

separation of this catalyst. The majority of the com-

pounds (F1-6) exhibited significant activity against se-

lective bacteria and fungi and the zone of inhibition of 

these title compounds was almost comparable to that of 

the standard drugs. Thus some of compounds with com-

parable antimicrobial potency to the presently on used 

commercial bactericides have been discovered.  

ACKNOWLEDGMENTS 

We gratefully acknowledge the financial support from 

the Research Council of Tonekabon Branch Islamic 

Azad University. The authors declare that there is no 

conflict of interests. 

REFERENCES 

1. Kappe C.O., 1993. 100 years of the Biginelli dihydro-

pyrimidine synthesis. Tetrahedron. 49(32), 6937–6963. 

2. Kappe C.O., 2000. Recent advances in the Biginelli 

dihydropyrimidine synthesis: new tricks from an old 

dog. Accounts Chem Res. 33(12), 879–888. 

3. Yue T., Wang M.X., Wang D.X., Masson G., Zhu 

J.P., 2009. Catalytic Asymmetric Passerini-Type Reac-

tion: Chiral Aluminum-Organophosphate-Catalyzed 

Enantioselective alpha-Addition of Isocyanides to Alde-

hydes. J Organic Chem. 74 (21), 8396-8399. 

4. Trofimov B.A., Andriyankova L.V., Belyaeva K.V., 

2010. C2-functionalization of 1-substituted imidazoles 

with aldehydes and electron-deficient acetylenes: a nov-

el three-component reaction. Europ J Organic Chem. 9, 

1772–1777. 

5. Ma N., Jiang B., Zhang G., Tu S.J., Wever W., Li G., 

2010. New multicomponent domino reactions (MDRs) 

in water: highly chemo-, regio- and stereoselective syn-

thesis of spiro-[1,3]dioxanopyridine-4,6-diones and 

pyrazolo[3,4-b]pyridines. Green Chem. 12(8), 1357–

1361. 

6. Hiroshi Y., Masaaki T., Tsutomu S., 1999. Highly 

sensitive high-performance liquid chromatographic as-

say for coumarin 7-hydroxylation and 7-ethoxycoumarin 

O-deethylation by human liver cytochrome P450 en-

zymes. J Chromato B: Biomed Sci Applications. 721(1), 

13-19. 

7. Yourick J.J., Bronaugh R.L., 1997. Percutaneous Ab-

sorption and Metabolism of Coumarin in Human and 

Rat Skin. J Appl Toxicol. 17, 153–158. 

8. Izquierdo M.E.F., Granados J.Q., Mir V.M., Martinez 

M.C.L., 2000. Comparison of methods for determining 

coumarins in distilled beverages. Food Chem. 70, 251. 

9. Mohammad S., Hassan S., 2008. High Surface Area 

MgO as a Highly Effective Heterogeneous Base Cata-

lyst for Three-Component Synthesis of Tetrahydroben-

zopyran and 3,4-Dihydropyrano[c]chromene Deriva-

tives in Aqueous Media. Catalysis lett. 126, 275-279. 

10. Kumar D., Reddy V.B., Sharad S., Dube U., Kapur 

S., 2009. A facile one-pot green synthesis and antibacte-

rial activity of 2-amino-4H-pyrans and 2-amino-5-oxo-

5,6,7,8-tetrahydro-4H-chromenes. Europ J Med Chem. 

44, 3805-3809. 

11. Guo S.B., Wang S.X., Li J.T., 2007. D, L‐Proline‐

Catalyzed One‐Pot Synthesis of Pyrans and Pyrano [2,3‐

c] pyrazole Derivatives by a Grinding Method under 

Solvent‐Free Conditions, Synth Commun. 37, 2111-

2120. 

12. Balalaie S., Bararjanian M., Amani A.M., Movas-

sagh B., 2006. (S)-Proline as a Neutral and Efficient 

Catalyst for the One-Pot Synthesis of Tetrahydrobenzo 

[b] pyran Derivatives in Aqueous Media. Synlett. 2, 

263-266. 

13.Sun W.B., Zhang P., Fan J., Chen S.H., Zhang Z.H., 

2010. Lithium Bromide as a Mild, Efficient, and Recy-

clable Catalyst for the One-Pot Synthesis of Tetrahydro-

4H-Chromene Derivatives in Aqueous Media. Synth 

Commun. 40, 587-594. 

14. Sabitha G., Arundhathi K., Sudhakar K., Sastry B.S., 

Yadav J.S., 2009. Cerium (III) Chloride–Catalyzed One-

140 



F. Hatamjafari / Journal of Chemical Health Risks 6(2) (2016) 133-142 

 

3 
 

Pot Synthesis of Tetrahydrobenzo [b] pyrans. Synth 

Commun. 39, 433-442. 

15. Pore D.M., Undale K.A., Dongare B.B., Desai U.V., 

2009. Potassium Phosphate Catalyzed a Rapid Three-

Component Synthesis of Tetrahydrobenzo [b] pyran at 

Ambient Temperature. Catalysis lett. 132, 104-108. 

16. El-Rahaman N.M.A., El-Kateb A.A., Mady M.F., 

2007. Simplified Approach to the Uncatalyzed 

Knoevenagel Condensation and Michael Addition Reac-

tions in Water using Microwave Irradiation. Synth 

Commun. 37, 3961-3970. 

17. Tu S.J., Gao Y., Guo C., Shi D., Lu Z., 2002. A 

convenient synthesis of 2-amino-5,6,7,8-tetrahydro-5-

oxo- 4-aryl-7,7-dimethyl-4H-benzo-[b]-pyran-3-

carbonitrile under microwave irradiation. Synth Com-

mun. 32, 2137-2141. 

18. Li J.T., Xu W.Z., Yang L.C., Li T.S., 2004. One‐Pot 

Synthesis of 2‐Amino‐4‐aryl‐3‐carbalkoxy‐7,7‐

dimethyl‐5,6,7,8‐tetrahydrobenzo[b]pyran Derivatives 

Catalyzed by KF/Basic Al2O3 Under Ultrasound Irradia-

tion. Synth Commun. 34, 4565-4571. 

19. Hatamjafari F., 2014. Biological Activity and Effi-

cient Synthesis of 3, 4-Dihydropyrimidin-2-(1H)-

one/thione Derivatives. J Chem Health Risks. 4(4), 55–

61. 

20. Azizian J., Hatamjafari F., Karimi A.R., Shaabanza-

deh M., 2006. Multi-Component Reaction of Amines, 

Alkyl Propiolates, and Ninhydrin: An Efficient Protocol 

for the Synthesis of Tetrahydro-dihydroxy-oxoindeno 

[1,2-b] pyrrole Derivatives. Synthesis. 5, 765-767. 

21. Azizian J., Shaabanzadeh M., Hatamjafari F., Mo-

hammadizadeh M.R., 2006. One-pot rapid and efficient 

synthesis of new spiro derivatives of 11H-indeno [1,2-b] 

quinoxalin-11-one, 6H-indeno [1,2-b] pyrido [3,2-e] 

pyrazin-6-one and isatin-based 2-pyrazolines. Arkivoc. 

xi, 47-58. 

22. Hatamjafari F., 2006. New Protocol to Synthesize 

Spiro‐1,4‐dihydropyridines by Using a Multicomponent 

Reaction of Cyclohexanone, Ethyl Cyanoacetate, Isatin, 

and Primary Amines under Microwave Irradiation. 

Synth Commun. 36, 3563-3570. 

23. Grassl M., Bach S.J., 1960. The catalytic effect of 

glutamic acid derivatives in urea synthesis. Biochimica 

et Biophysica Acta. 42, 154-157. 

24. Tanaka M., Ishimori K., Morishima I., 1996. The 

Distal Glutamic Acid as an Acid-Base Catalyst in the 

Distal Site of Horseradish Peroxidase. Biochem Biophy 

Res Commun. 227, 393-399.  

25. Abbasi E., Hatamjafari F., 2013. Glutamic acid as an 

Efficient Catalyst for Synthesis of Dihydropyrimidi-

nones. Oriental J Chem. 29, 731-733. 

26. Hatamjafari F., Sabetpoor S., 2014. Synthesis of 

Coumarin Derivatives Using Glutamic Acid under Sol-

vent-Free Conditions. Oriental J Chem. 30, 863-865. 

27. Uma maheswari Devi P., Srinivasa Reddy P., Usha 

Rani N., R., Reddanna P., 2000. Lipoxygenase Metabo-

lites of α-linolenic Acid in the Development of Re-

sistance in Pigeonpea, Cajanus cajan (L.) Millsp, Seed-

lings Against Fusarium udum Infection. Europ J Plant 

Pathol. 106(9), 857-865. 

28. Colle J.G., Duguid J.P., Firaser A.G., Mannion B.P., 

1989. Mackie & Mecartney Practical Medicinal Micro-

biology. Thirteenth Edition. Churchil, Edinburgh and 

London. 2, 553-558. 

29. Sarrafi Y., Mehrasbi E., Vahid A., Tajbakhsh M., 

2012. Well-Ordered Mesoporous Silica Nanoparticles as 

a Recoverable Catalyst for One-Pot Multicomponent 

Synthesis of 4H-Chromene Derivatives. Chinese J Ca-

talysis. 33, 1486-1494. 

30. Dekamin M.G., Eslami M., Maleki A., 2013. Potas-

sium phthalimide-N-oxyl: a novel, efficient, and simple 

organocatalyst for the one-pot three-component synthe-

sis of various 2-amino-4H-chromene derivatives in wa-

ter. Tetrahedron. 69, 1074-1085. 

31. Zheng J., Li Y.Q., 2011. One-pot synthesis of tetra-

hydrobenzo [b] pyran and dihydropyrano [c] chromene 

derivatives in aqueous media by using trisodium citrate 

as a green catalyst. Arch Appl Sci Res. 3(2), 381-388. 

141 



F. Hatamjafari / Journal of Chemical Health Risks 6(2) (2016) 133-142 

 

4 
 

32. Dzierzak J., Lefenfeld M., Raja R., 2009. Single-site 

Biomimetic Amino Acid Complexes for the Benign 

Oxidation of Hydrocarbons and Alcohols. Topics in 

Catalysis. 52, 1669-1676. 

33. Devi I., Bhuyan P.J., 2004. Sodium bromide cata-

lysed one-pot synthesis of tetrahydrobenzo [b] pyrans 

via a three-component cyclocondensation under micro-

wave irradiation and solvent free conditions. Tetrahe-

dron Lett. 45, 8625-8627. 

34. Davoodnia  A., Allameh S., Fazli S., Tavakoli-

Hoseini N., 2011. One-pot synthesis of 2-amino-3-

cyano-4-arylsubstituted tetrahydrobenzo [b] pyrans cata-

lysed by silica gel-supported polyphosphoric acid (PPA-

SiO2) as an efficient and reusable catalyst. Chem papers. 

65, 714-720. 

35. Hekmatshoar R., Majedi S., Bakhtiari. K., 2008. 

Sodium selenate catalyzed simple and efficient synthesis 

of tetrahydro benzo [b] pyran derivatives. Catalysis 

Commun. 9, 307-310. 

36. Oskooie H.A., Heravi M.M., Karimi N., Ebrahimza-

deh M., 2011. Caro's Acid–Silica Gel: An Efficient and 

Versatile Catalyst for the One-Pot Synthesis of Tetrahy-

drobenzo[b]pyran Derivatives. Synth Commun. 41, 436-

440.  

37. Vahdat S.M., Khavarpour M., Mohanazadeh F., 2015. 

A Facile and Highly Efficient Three Component Synthe-

sis of Pyran and Chromene Derivatives in the Presence of 

Nano SnO2 as a catalyst. J Appl Chem. 9, 41-46. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

142 


