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Abstract: Citrus lemon juice is found to be an efficient natural organo catalyst for the one pot 

three component synthesis of 1, 4 dihydropyridines using aromatic aldehydes, ethyl 

acetoacetate and ammonium acetate at 80oC under solvent-free condition. The crucial features 

of this protocol are use of non-toxic and readily available natural catalyst, good to excellent 

yield, green synthesis, solvent-free condition and shorter reaction time with no by-products. 
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Introduction 

Nowadays, the pollution related issues have become a major concern. In this context the green 

approach for the synthesis of organic molecules of biological significance has gained 

importance. In multicomponent reaction (MCR) three or more reactants combine to form a 

producti. The product molecule is obtained in one step and one pot. The multicomponent 

reactions have advantages such as atom economy, selectivity, efficiency and no by-productsii. 

The organic Bronsted acids and amines were used as homogeneous catalyst in multicomponent 

reactions. The Lewis acid supported on solid materials is also used in multicomponent 

reactionsiii.  

The naturally occurring catalyst becomes important due to features such as green, cheap, easily 

availability and safe. The fruit juice is employed in to execute the multicomponent organic 

reactions due to its catalytic propertiesiv, v. One of them is lemon juice which contains citric 

acid (5-7%), ascorbic acid (0.5%) and other organic acids having pH in acidic regioniv. The 

lemon juice is useful in the treatment of arthritis and rheumatism, heart disease, cancer 

prevention, high blood pressure, prevents kidney stone, asthma and etciv. The citrus lemon juice 

has properties such as antioxidant and antimicrobial, pharmacological, anti-inflammatory, anti-

cancer, antiallergy, cardiovascular protection, neuroprotective and hepato protectivevi-ix. 

Recently, the juice of citrus lemon is also used as a catalyst in different organic reactionx-xiii. 
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The dihydropyridine derivatives have medicinal properties such as antidiabetic, geroprotective, 

hepatoprotective, antitubercular agents, bronchodilator, antiatherosclerotic and anticancerxiv-xx. 

The dihydropyridines are also used in the treatment of tumour therapy and Alzheimer's 

diseasexxi, xxii. 1, 4 Dihydropyridines is a source of drug molecule because it possess anti-

aggregation and neuroprotective propertiesxxiii-xxiv.1, 4 Dihydropyridines are also exhibit the 

activities such as anti-inflammatoryxxv, anticonvulsantxxvi, antithromboticxxvii, analgesicxxviii, 

antibacterialxxix, antioxidantxxix, antifertility agentxxx, cystic fibrosis trans membrane 

conductance regulator activityxxxi, vasodilationxxxii, anti-leishmanial agentsxxxiii, stress 

protective effectxxxiv, mineralocorticoid receptor antagonist activityxxxv, cerebral anti-ischaemic 

agentsxxiv and chemosensitizersxxxvi. The dihydropyridines are used in the treatment of 

hypertensionxxxvii, cardiovascular disorderxxxviii, anti-HIV drugsxxxix and Rho-kinase 

inhibitorsxl. 

Hantzsch first reported the synthesis of 1, 4 dihydropyridinexli but the yield was low. In 

literature it found that many catalytic systems have been used for the synthesis of 1, 4 

dihydropyridines such as bismuth nitratexlii, silica-supported perchloric acidxliii, iodobenzene 

diacetatexliv, ZnO nanoparticlesxlv,tin dioxide nanoparticlesxlvi, chitosanxlvii, Cu-doped ZnO 

nanocrystalline powderxlviii, MgO nanoparticlesxlix, mesoporous vanadium ion doped titania 

nanoparticlesl, nano-crystalline solid acid catalystli, uranyl nitrate hexahydratelii, melamine 

trisulfonic acidliii, graphene oxide nanoparticlesliv, tetrabutyl ammonium hexatungstatelv, 

glycine nitratelvi, phosphosulfonic acidlvii, aminated multiwalled carbon nanotubeslviii, 

trichloroisocyanuric acidlix, p-toluenesulfonic acidlx, poly (vinylimidazolum acetic acid)-

entrapped nanozeolitelxi and Fe2O3/ZrO2
lxii. All these methods find some important features but 

at the same time suffer from one or more limitations such as long reaction time, toxic reagents 

and low yields. In continuation to our researchlxiii-lxviii to develop green protocols, herein we 

wish to report application of naturally available citrus lemon juice as a non-toxic and low-cost 

catalyst towards the synthesis of 1, 4 dihydropyridine derivatives at 80oC under solvent-free 

condition. 

 

Results and discussion 

In order to optimize the suitable condition a model reaction of benzaldehyde, ethyl acetoacetate 

and ammonium acetate with citrus lemon juice was chosen. In our primary study the model 

reaction was carried out using solvents like methyl alcohol, ethyl alcohol, acetonitrile, 

dichloromethane, toluene and without solvent in order to optimize the effect of solvent medium 

(Table 1). The various solvent afforded the reaction in lower yields (57-79 %). The results 

obtained suggest that the reaction occurs smoothly under solvent-free condition. The time 

required to complete the reaction was less and the yields of the product was also more under 

solvent-free condition. 

Next, we carried out model reaction at different temperature at solvent-free condition (Table 

2). The amount of product increases with rise in temperature up to 80oC. Beyond these no 

pronounced rise in yield of the product was observed. The results shows that 80oC is the 

optimum temperature for the reaction which requires less time and gives more yield of the 

product.  
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Scheme 2: Model reaction 
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Table 1: Effect of solvent on reaction 

Entry Solvent Time (min) Temp (oC) Yieldsa (%) 

1 Methyl alcohol 30 80 73 

2 Ethyl alcohol 26 80 79 

3 Acetonitrile 37 80 75 

4 Dichloromethane 28 80 73 

5 Toluene 34 80 57 

6 Solvent free 25 80 93 

aIsolated yields 

 

Table 2: Effect of temperature on reaction 

Entry Temp (oC) Time (min) Yieldsa (%) 

1 50 35 54 

2 60 34 62 

3 70 30 78 

4 80 25 93 

5 90 25 93 

6 100 25 91 

7 110 25 90 

aIsolated yields 

 

A blank reaction of benzaldehyde, ethyl acetoacetate and ammonium acetate without catalyst 

was carried out at 80oC under solvent-free condition. After 12h no product was observed in 

reaction mixture. The model reaction was studied with 0.010, 0.020, 0.030, 0.040, 0.050, 0.060 

and 0.070 g of citrus lemon juice to optimize the amount of catalyst required (Table 3). We 

observed that reaction of benzaldehyde, ethyl acetoacetate and ammonium acetate with 0.050 

g of citrus lemon juice gives 93 % yield of the product. We also observed that further increase 

in the amount of citrus lemon juice to 0.070 g there was no significant improvement in the yield 

of the desired product. 

These results increased our interest to check the scope, generality and application of this 

protocol for the synthesis of 1, 4 dihydropyridine derivatives. The series of 1, 4 

dihydropyridines were synthesized using different aldehydes under above optimized 

conditions. The reaction was monitored by thin layer chromatographic technique and it 

indicates that the reaction completed in short time (9-30 min) with good to excellent yield of 

products (82-97 %). Both electron deficient and electron rich aromatic aldehydes worked very 

well. We also observed that aldehydes with electron with-drawing groups give high yield as 

compared to aldehydes with electron-donating groups (Table 4).  

To check the merits of citrus lemon juice catalysed synthesis of 1, 4 dihydropyridine derivatives 

it was compared with literature reported protocols (Table 5). It was observed that application 
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of naturally occurring, low cost of lemon juice good to excellent yields in short time are some 

features of this protocol. The merits of citrus lemon juice catalysed synthesis of 1, 4 

dihydropyridine derivatives over the reported catalytic system. In most of the cases 

comparative yields of the expected product were obtained but the reported procedure required 

long reaction time (except Entry 7, 12 and 13). Most of the reactions worked out in presence 

of solvents (except Entry 7 and 13). These results reveal that citrus lemon juice is more efficient 

biodegradable catalyst for the synthesis of 1, 4 dihydropyridines. 

 

Table 3: Effect of catalyst amount  

Sr. No. Amount (g) Time (min) Yieldsa (%) 

1 0.010 50 58 

2 0.020 41 62 

3 0.030 35 67 

4 0.040 29 72 

5 0.050 25 93 

6 0.060 25 93 

7 0.070 25 93 

aIsolated yields 

 

 

Table 4: Synthesis of 1, 4 dihydropyridines with citrus lemon juice 

Entry Reactant Product Time 

(min) 

Yieldsa 

(%) 

M. P (oC) (M. P. lit) 

[Reference] 

1 

 

4a 25 93 155 (154-156)lx 

2 

 

4b 26 82 150 (149-151)lx 

3 

 

4c 14 84 127 (126-127)lxii 
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4 

 

4d 9 97 125 (124-126)lx 

5 

 

4e 17 90 164 (163-165)lx 

6 

 

4f 30 83 180 (178-179)liii 

7 

 

4g 26 90 229 (228-230)lx 

8 

 

4h 27 86 162 (162-163)xxii 

9 

 

4i 30 95 132 (131-133)lx 

10 

 

4j 24 94 154 (154-156)lx 

aIsolated yields 
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Table 5: Comparison of catalyst to synthesize 1, 4-dihydropyridine derivatives 

Entry Catalyst Condition Time Yieldsa, b (%) 

[References] 

1 Triphenylphosphine  EtOH/reflux 5 h 72xxii 

2 Nano-crystalline sulphated 

zirconia 

EtOH/reflux 40 min 92liii 

3 Nano ZnO EtOH/reflux 45 min 79liii 

4 Nano-γ-alumina EtOH/reflux 40 min 80liii 

5 Nano-ZSM-5 zeolite EtOH/reflux 45 min 85liii 

6 Aminated multiwalled 

carbon nanotubes 

EtOH/reflux 4 h 85lx 

7 p-toluenesulfonic acid Reflux 15 min 90lxii 

8 Trichloroisocyanuric acid EtOH-H2O/reflux 55 min 92lxi 

9 Cu doped ZnO 

nanocrystalline powder 

H2O/reflux 1.5 h 97l 

10 MgO nanoparticles EtOH/reflux 110 min 85li 

11 Uranyl nitrate Sonication 15 min 96liv 

12 Tetrabutylammonium 

hexatungstate  

reflux in oil 

bath/110oC 

20 min 93lvii 

13 Phosphosulfonic acid  Reflux 15 min 98lix 

14 Trichloroisocyanuric acid Water-

ethanol/reflux 

55 min 92lxi 

15 Graphene oxide 

nanoparticles 

EtOH/reflux 3 h 92lvi 

16 Citrus lemon juice Reflux 25 min 93 [Present method] 
 aIsolated yields 
bReaction with benzaldehyde, ethyl acetoacetate, ammonium acetate and citrus lemon juice 

heated at 80oC. 

 

Experimental 

All chemicals required were procured commercially and used without purification. The melting 

points were noted by an open capillary method. The products obtained were matched with 

known compounds using their spectral data. The IR spectra were recorded on Perkin-Elmer 

FT-IR spectrophotometer using KBr pellets. The 1H NMR were recorded on Bruker Avance II 

(400 MHz) using DMSO as the solvent and TMS as an internal standard. Mass spectra were 

determined on a Varian-Saturn GC/MS instrument. 

 

2.1. Preparation of juice from citrus lemon 

The citrus lemon fruits were collected from garden and were washed by using distilled water 

and dried at room temperature. The juice was extracted mechanically and centrifuged. The 

separated juice was used as catalyst in organic reactions. 

 

2.2. General procedure for synthesis of 1, 4 dihydropyridines 

A mixture of aromatic aldehyde (1 mmol), ethyl acetoacetate (2 mmol), ammonium acetate (1 

mmol) and citrus lemon juice (0.050 g) were taken in a round-bottomed flask and was heated 

at 80oC in an oil bath under solvent-free condition. The formation of product during the reaction 

was checked by thin layer chromatography. The solid products achieved were cooled at room 

temperature and hot ethanol was added to it. The hot solution was filtered to remove any 
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insoluble impurity, the filtrate was allowed to attain room temperature. The solid product was 

filtered and dried to afford pure 1, 4 dihydropyridine derivatives (Scheme 1).  

CHO

2

O

OEt

O
NH4OAc+ +

N

OEt

OO

EtO

H

Citrus lemon juice

Solvent free,

    80oC
R

R

 
      1     2       3              4(a-j) 

Scheme 1: Synthesis of 1, 4 dihydropyridines 

 

Selected spectral data: 

Compound (4a):IR (KBr) (νmax, cm-1): 3324, 2978, 1677, 1127, 1024. 1H NMR (400 MHz, 

DMSO-d6) δH: 1.15 (t, 6H), 2.24 (s, 1H), 2.34 (s, 6H), 4.10 (q, 4H), 5.49 (s, 1H), 7.22-7.37 (m, 

5H). MS (m/z): 329.16 (M+). 

Compound (4b):IR (KBr) (νmax, cm-1): 3321, 2979, 1688, 1645, 1120, 1024, 756. 1H NMR 

(400 MHz, DMSO-d6) δH: 1.19 (t, 6H), 2.23 (s, 1H), 2.33 (s, 6H), 4.12 (q, 4H), 5.52 (s, 1H), 

7.17-7.29 (m, 4H). MS (m/z): 363.12 (M+).  

Compound (4d):IR (KBr) (νmax, cm-1): 3424, 1712, 1637, 1435, 1139, 801. 1H NMR (400 

MHz, DMSO-d6) δH: 1.17 (t, 6H), 2.25 (s, 1H), 2.32 (s, 6H), 4.08 (q, 4H), 5.57 (s, 1H), 8.09-

7.37 (m, 4H). MS (m/z): 374.15 (M+). 

Compound (4j):IR (KBr) (νmax, cm-1): 3362, 2966, 1664, 1123, 1022. 1H NMR (400 MHz, 

DMSO-d6) δH: 1.15 (t, 6H), 2.23 (s, 1H), 2.29 (s, 6H), 3.65 (s, 3H), 4.08 (q, 4H), 5.67 (s, 1H), 

6.76-7.17 (m, 4H). MS (m/z): 395.17 (M+). 

 

 

 

Conclusion 

We have established a green method for the synthesis of 1, 4 dihydropyridine derivatives by 

condensation of aromatic aldehyde, ethyl acetoacetate and ammonium acetate using natural 

organocatalyst such as biodegradable citrus lemon juice under solvent-free condition. The use 

of naturally found green and non-toxic citrus lemon juice is the advantage of present method. 

The high yield, easy work-up, cost effective and solvent-free reaction are the significant 

features of this method. 

 

Acknowledgements 

We are thankful to Management and Principal of our college for providing all necessary 

facility. The authors are thankful to Savitribai Phule Pune University, Pune for financial 

assistance. Our special thanks to Professor. A. V. Borhade for continuous encouragement and 

guidance.  

  



 

 

B.K. Uphade et al. / Heterocyclic Letters Vol. 11| No.1|87-96|Nov-Jan|2021 

 

94 
 

References 

i.   a) I. Ugi, A. Domling and W. Horl, Endeavour, 18, 115 (1994).  

(b) R. M. Armstrong, A. P. Combs, P. A. Tempest, S. D. Brown and T. A. Keating, 

Acc. Chem. Res.,29, 123 (1996). 

ii.        H. Bienayme, C. Hulme, G. Oddon and P. Schmitt, Chem. Eur. J., 6, 3321 (2000). 

iii.        M. J. Climent, A. Corma and S. Iborra, RSC Adv., 2, 16 (2012). 

iv.   R. Pal, Open J. Org. Chem. 1, 47 (2013). 

v.   M. F. Aluisio, J. Q. M. Francisco, Maria da Conceic, F. de Oliveira, C. de Mattos.  

Marcos, A. C. Geoffrey, Braz-Filho Raimundo and L. G. L. Telma, J. Mol. Catal. B 

Enzym., 57, 78 (2009). 

vi.   A. B. Hsouna, N. B. Halima, S. Smaoui and N. Hamdi, Lipids Health Dis.,16, 146  

   (2017). 

vii.   N. N. Al-Jabri and M. A. Hossain, Beni-Suef Univ. J. Basic Appl. Sci., 3, 247 (2014). 

viii.   M. Klimek-Szczykutowicz, A. Szopa and H. Ekiert, Plants, 9, 119 (2020). 

ix.   X. Lv, S. Zhao, Z. Ning, H. Zeng, Y. Shu, O. Tao, C. Xiao, C. Lu and Y. Liu, Chem.  

  Cent. J., 9, 68 (2015). 

x.   R. H. Vekariya, K. D. Patel and H. D. Patel, Res. Chem. Intermed., 42, 7559 (2016). 

xi.   E. A. Ishak, O. Dehbi, I. Sabuni, H.M.A. Abdelzaher andY. Riadi, J. Mat. Environ.  

   Sci., 8, 3524 (2017). 

xii. R. Pal, S. Khannobis and T. Sarkar, Chemistry Journal, 3, 7 (2013). 

xiii.   M. A. Patil, P. A. Ubale, S. S. Karhale and V. B. Helavi, Der Chemica Sinica, 8, 198  

  (2017). 

xiv.   P. P. Mager, R. A. Coburn, A. J. Solo, D. J. Triggle and H. Rothe, Drug Des.  

  Discov., 8, 273 (1992). 

xv.   C. Simon, T. Constantieux and J. Rodriguez, Eur. J. Org. Chem., 24, 4957 (2004). 

xvi.   A. Saushins and G. Duburs, Heterocycles, 27, 269 (1988). 

xvii.   C. O. Kappe, O. V. Shishkin, G. Uray and P. Verdino, Tetrahedron, 56, 1859 (2000). 

xviii.   R. Manhold, B. Jablonka, W. Voigdt, K. Schoenfinger and E. Schravan, Eur. J. Med.  

  Chem., 27, 229 (1992). 

xix.   Y. Huang and X. Chen, Nano LIFE, 4, 1441006 (2014). 

xx.   P. S. Eharkar, B. Desai, H. Gaveria, B. Varu, R. Loriya, Y. Naliapara, A. Shah and V.  

  M. Kulkarni, J. Med. Chem., 45, 4858 (2002). 

xxi.   A. Debache, W. Ghalem, R. Boulcina, A. Belfaitah, S. Rhouati and B. Carboni,  

  Tetrahedron Lett., 50, 5248 (2009). 

xxii.   G. C. Arash, A. Z. Mohammad, H. Maryam, G. Hamid, N. Mohsen, Y. Somaieh and  

   T. Bahman, J. Braz. Chem. Soc., 22, 525 (2011). 

xxiii.   R. G. Bretzel, C. C. Bollen, E. Maeser and K. F. Federlin, Am. J. Kidney Dis., 21, 53  

  (1993). 

xxiv.   V. P. Klusa, Drugs Future, 20, 135 (1995). 

xxv.   S. Bahekar and D. Shinde, Acta Pharm. (Zagreb) A., 52, 281 (2002). 

xxvi.   J. M. Tusell, S. Barron and J. Seratosa, Brain Res., 622, 99 (1993). 

xxvii.   C. E. Sunkel, M. F. Juana and L. Santos, J. Med. Chem., 33, 3205 (1990). 

xxviii. S. Gullapalli and P. Ramarao, Neuropharmacology, 42, 467 (2002). 

xxix.   R. Ghorbani-Vaghei, S. M. Malaekehpoor, P. Hasanein, R. Karamyan and M.  

  Asadbegy, Res. Chem. Intermed., 42, 4715 (2016). 

xxx.   A. Waghmare, M. Kanyalkar, M. Joshi and S. Srivastava, Eur. J. Med. Chem., 46,  

  3581 (2011). 

xxxi.   F. Cateni, M. Zacchigna, N. Pedemonte, J. V. Galietta, M. T. Mazzei, P. Fossa, M.  

  Giampieri and M. Mazzei, Bioorg. Med. Chem., 17, 7894 (2009). 



 

 

B.K. Uphade et al. / Heterocyclic Letters Vol. 11| No.1|87-96|Nov-Jan|2021 

 

95 
 

xxxii.   C. O. Wilson, O. Giswold, Text book of Organic Medicinal and Pharmaceutical  

   Chemistry, 11th Edition. 628 (2003). 

xxxiii. V. P. Pandey, S. S. Bisht, M. M. Mishra, A. A. Kumar, M. I. Siddiqi, A. Verma, M.  

  Mittal, S. A. Sane, S. Gupta and R. P. Tripathi, Eur. J. Med. Chem., 45, 2381 (2010). 

xxxiv. L. M. Tarasenko, K. S. Neporada and V. Klusha, Bull. Exp. Bio. Med., 133, 369  

  (2002). 

xxxv.   G. B. Arhancet, S. S. Woodard, J. D. Dietz, D. J. Garland, G. M. Wagner, K. Iyanar, J.  

T. Collins, J. R. Blinn, R. E. Numann, X. Hu and H. Huang, J. Med. Chem., 53, 4300 

(2010). 

xxxvi. R. Boer and V. Gekeler, Drugs Future, 20, 499 (1995). 

xxxvii. V. Sivamurugan, A. Vinu, M. Palanichamy and V. Murugesan, Heteroat. Chem., 17,  

    267 (2006). 

xxxviii. J. C. Emmet (Ed.), Comprehensive Medicinal Chemistry, Vol. 3, Pergamon Press,  

  Oxford, Ch.14.1 (1990). 

xxxix. Y. Huang, J. Li, X. Chen and X. Wang, RSC Adv., 4, 62160 (2014). 

xl.   K. B. Goodman, H. Cui, S. E. Dowdell, D. E. Gaitanopoulos, R. L. Ivy, C. A. Sehon,   

R. A. Stavenger, G. Z. Wang, A. Q. Viet, W. Xu, G. Ye, S. F. Semus, C. Evans, H. E. 

Fries, L. J. Jolivette, R. B. Kirkpatrick, E. Dul, S. S. Khandekar, T. Yi, D. K. Jung, L. 

L. Wright, G. K. Smith, D. J. Behm, R. Bentley, C. P. Doe, E. Hu and D. Lee, J. Med 

Chem., 50, 6 (2007). 

xli.   A. Hantzsch, Justus Liebigs Ann. Chem., 215, 1 (1882). 

xlii.    S. S. Mansoor, K. Aswin, K. Logaiya and S. P. N. Sudhan, J. Saudi Chem. Soc., 20,  

    S100 (2016). 

xliii.    S. S. Mansoor, K. Aswin, K. Logaiya, P. N. Sudhan and S. Malik, Res. Chem.   

            Intermed., 40, 357 (2014). 

xliv.    P. Kumar, A. Kumar and K. Hussain, Ultrason. Sonochem., 19, 729 (2012). 

xlv.    M. Abaszadeh, M. Seifi and A. Asadipour, Res. Chem. Intermed., 41, 5229 (2015). 

xlvi.    S. M. Vahdat, F. Chekin, M. Hatami, M. Khavarpour, S. Baghery and Z. Roshan-  

    Kouhi, Chin. J. Catal., 34, 758 (2013). 

xlvii.    S. Zhaleh, N. Hazeri, M. R. Faghihi and M. T. Maghsoodlou, Res. Chem.  

    Intermed., 42, 8069 (2016). 

xlviii.  H. Alinezhad and S. M. Tavakkoli, Res. Chem. Intermed., 41, 5931 (2015). 

xlix.   H. Mirzaei and A. Davoodnia, Chin. J. Catal., 33, 1502 (2012). 

l.   G. B. Dharma Rao, S. Nagakalyan, G. K. Prasad, G. B. Dharma Rao, S. Nagakalyan  

            and G. K. Prasad, RSC Adv., 7, 3611 (2017). 

li.   A. Teimouri, L. Ghorbanian and A. Moatari, Bull. Chem. Soc. Ethiop., 27, 427 (2013). 

lii.   B. Palakshi Reddy, S. Sarveswari and V. Vijaykumar, Res. Chem. Intermed., 41, 6877  

            (2015). 

liii.   S. Sheik Mansoor, K. Aswin, K. Logaiya and S. P. N. Sudhan, J. King Saud. Univ.  

   Sci., 25, 191 (2013). 

liv.   R. P. Kagne, G. H. Nikam, V. G. Kalalawe, S. N. Niwadange and D. R. Munde, J.  

   Chem. & Cheml. Sci., 7, 1064 (2017). 

lv.  A. Davoodnia, M. Khashi and N. Tavakoli-Hoseini, Chin. J. Catal., 34, 1173 (2013). 

lvi.   R. Kumar, N. H. Andhare, A. Shard, Richa and A. K. Sinha, RSC Adv., 4, 19111  

            (2014). 

lvii.   A. R. Kiasat, H. Almasi and S. J. Saghanezhad, Org. Chem. Res., 1, 72 (2015). 

lviii.   R. Mahinpour, L. Moradi, Z. Zahraei and N. Pahlevanzadeh, J. Saudi Chem. Soc., 22,  

    876 (2018). 

lix.   M. Roknaddini and E. Sheikhhosseini, Sci. Iran., 23, 2756 (2016). 



 

 

B.K. Uphade et al. / Heterocyclic Letters Vol. 11| No.1|87-96|Nov-Jan|2021 

 

96 
 

lx.   M. Nasr-Esfahani, M. Montazerozohori and R. Raeatikia, Maejo. Int. J. Sci.  

   Technol., 8, 32 (2014). 

lxi.   T. Amoli and S. M. Baghbanian, Res. Chem. Intermed., 44, 3389 (2018). 

lxii.   S. V. H. Bhaskaruni, S. Maddila, W. E. van Zyl and S. B. Jonnalagadda, Res. Chem.  

   Intermed., 45, 4555 (2019). 

lxiii.   A. V. Borhade and B. K. Uphade, Iranian J. Catalysis., 6, 197 (2016). 

lxiv.   A. V. Borhade, B. K. Uphade and A. G. Gadhave, Res. Chem. Intermed., 42, 6301   

    (2016). 

lxv.   A. Gadhave and B. Uphade, Ind. J. Heterocycl. Chem., 30, 387 (2020). 

lxvi.   D. S. Aute, A. S. Kshirsagar, B. K. Uphade and A. G. Gadhave, Res. Chem. 

 Intermed., 46, 3491 (2020). 

lxvii.   D. Aute, A. Kshirsagar, B. Uphade and A. Gadhave, J. Chem. Sci., 132, 147 (2020) 

lxviii.  D. Aute, A. Kshirsagar, B. Uphade and A. Gadhave, J. Heterocyclic. Chem., 57, 3691 

(2020). 

 

  Received on December 2, 2020. 

 

 

 

 

 

 

 

 

 

 


