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ABSTRACT: A simple, efficient and environmentally benign protocol for the synthesis of 3-acetyl quinolineshas been 

achieved using aqueous extract of Acacia Concinna pods as a green surfactant type catalyst. We found for the first 

time, the aqueous extract of Acacia Concinna pods could be effectively catalyzes the condensation of α-aminoaryl 

ketonewith active methylene compounds to yield 3-acetyl/carboxylate quinolines in excellent yields (90–98%), under 

mild conditions. The low cost, easy availability of the catalyst and simple reaction conditions suggest the possible use 

of present method for large scale preparations. 
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I. INTRODUCTION 

 

New catalytic synthetic methods in organic chemistry that satisfy increasingly stringent environmental constraints are 

in great demand by the pharmaceutical and chemical industries. In addition, novel catalytic procedures are necessary to 

produce the emerging classes of organic compounds that are becoming the targets of molecular and biomedical 

research. Several types of substances such as enzymes, surfactants, ionic liquids, clays and supercritical solvents are 

now widely recognized as practical alternatives to traditional organic synthesis, and as convenient solutions to certain 

intractable synthetic problems. This is due to problems associated with prevailing catalysts like hazardous nature, 

expensive, difficult to handle, tedious work up, requirement of hazardous organic solvents and elevated temperature 

conditions, and above all, their adverse effects on environment. In an attempt to circumvent these disadvantages, we 

looked to nature for help. Nature provides a fantastic array of catalysts extremely well suited to supporting life such as, 

intact plant systems represent a unique class of potential biocatalysts for the reactions of various organic 

substrates.
1
The synthetic transformations using these materials are more efficient and generate less waste than the 

conventional chemical methods. More recently, the plant cell culture of DaucusCarota root,
2
 soaked phaseolusaureus 

(green grams),
3
 coconut juice (Cocosnucifera)

4
 were used as biocatalyst for selective reduction of ketones. 

 

Quinolines are very well known natural products which exhibit a broad range of applications in the pharmaceutical, 

perfume and cosmetic industries.
5
 Many synthetic Quinolines have shown interesting properties such as 

anticancer,
6
anti-inflammatory and antioxidant.

8
 Many well known marketed drugs such as Warfarin, novobiocin, 

tioclomarol contains Quinolines nucleus as a basic scaffold and recently, Quinolines were investigated as novel anti-

proliferative agents (Fig. 1). They are also exploited as intermediates and building blocks in organic synthesis.
9
This has 

enthused us to search new and more convenient methods for the preparation of Quinolines derivatives. 

 

Acacia Concinna is a medicinal plant (commonly known as Shikakai, Leguminosae family) grows in a tropical 

rainforests of southern Asia. The fruit is known as "fruit for hair" in its use as a traditional shampoo. Various properties 

of Acacia Concinna fruit are due to the presence of saponins in it, which are foaming agent. Saponins from the plant's 

pods have been traditionally used as a detergent. Specifically, they are amphipathicglycosides grouped 

http://www.ijirset.com/
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phenomenologically by the soap-like foaming they produce when shaken in aqueous solutions, and structurally by their 

composition of one or more hydrophilic glycoside moieties combined with a lipophilictriterpene derivative. The fruit is 

known to contain 10-11.5 % saponins. The structures of different saponins present in the fruit have been recently 

established.
16

Thesesaponins have surfactant properties similar to dodecyl benzene sulphonates. These interesting 

properties of aqueous extract of Acacia Concinna pods allow us to use it as an ecofriendly surfactant type catalyst for 

organic synthesis. 

 

II. RESULTS AND DISCUSSION 

 

In continuation of our work following the principles of green chemistry,
12

 we have developed a simple, efficient and 

green protocol for the preparation of 3-Acetyl quinolines using aqueous extract of pods of Acacia Concinna as a green 

and inexpensive catalyst (Scheme 1). Our approach reduces the use of hazardous organic solvents and uses simple and 

mild conditions, with inherently lower costs. 
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Scheme 1.Synthesis of 3-acetyl/carboxylate quinolines 

 

In the beginning a test reaction using 2-amino ketone (1 mmol) and acetyl acetone (1 mmol) in 5 ml 10% (W/V) 

aqueous extract of Acacia Concinna pods at room temperature was performed in order to establish the real 

effectiveness of the catalyst. And we are fortunate to get the excellent yield of the product 3a(92%) after 3 hours. In 

order to optimize the reaction conditions same reaction was carried out using different concentrations of catalyst. It was 

found that 20% of catalyst shows maximum yield in minimum time (98%). Higher concentration of the catalyst (30%, 

50%) neither increases the yield nor lowers the conversion time (Table 1). Thus, 20% (W/V), 5 ml aqueous extract was 

found to be the optimal quantity and sufficient to push the reaction forward.  

 

In order to compare the strength of aqueous extract of Acacia Concinna pods as catalyst with aqueous solutions of 

various cationic, anionic and non-ionic surfactants, a model reaction was carried out between 2-hydroxy benzaldehyde 

(1) and Meldrum’s acid (2) using various surfactants as catalyst and results are summarised in table 2. The solutions in 

consideration were taken well above their critical micellar concentrations (CMC). In the presence of acidic surfactant 

dodecylbenzenesulphonic acid (DBSA), the desired product was obtained in moderate yield (Table 2, entry 2). All 

other surfactants sodium dodecyl sulphate (SDS), Triton X-100, cetylpyridenium bromide (CPB), 

cetyltrimethylammonium bromide (CTAB) afforded the desired product 3ain low yields (Table 2, entries 3-6). 

However, in the presence of aqueous extract of Acacia Concinna pods (a natural catalyst), the desired product was 

obtained in excellent yield within a short period of time (table 2, entry 7). When the reactionwas carried out in water, 

without any surfactant no product formation was observed after 12h (Table 2, entry 1). Thus, aqueous extract of Acacia 

Concinna pods was found to be most obvious choice for further exploration of the methodology with other 2-hydroxy 

benzaldehyde derivatives. The advantageous effect of aqueous extract of Acacia Concinna pods may be attributed due 

to the aggregation of the substrates through hydrophobic interactions, which squeeze water molecules out of the 

organic phase (Figure 3) 

 

http://www.ijirset.com/
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Figure 3. Aggregation of the substrates through hydrophobic interactions. 

. 

The efficiency of this aqueous approach was studied for the synthesis of wide variety of 3-carboxycoumarin derivatives 

using the similar reaction conditions and results are summarized in table 3. The nature (electron withdrawing or 

electron donating) and position of the substituent on the aromatic ring did not show any marked differences in the yield 

of 3-carboxycoumarin derivatives. Mechanistically, the reaction was proceeding via Knoevenagel condensation 

followed by cyclization to obtain 3-carboxycoumarins. 

 

 

 

 

Table 1. Optimization of the concentration of catalyst 

Entry % conc. of aqueous 

extract (W/V) 

Time (min) Yield (%)
a
 

1.  5 300 20 

2.  10 190 92 

3.  20 120 98 

4.  30 120 98 

5.  50 120 96 
a
 isolated yield 

 

Table 2. Effect of catalyst on the yield of 3-acetyl/Carboxylate quinolines 

Entry Surfactant Time (hr) Yield (%)
a
 

1. None 13 42 

2. DBSA 11 68 

3. SDS 9 60 

4. Triton X-100 8 52 

5. CPB 7 50 

6. CTAB 5 65 

7. Malonic acid 6 78 

8. Citric acid 5 94 

9. p-anisic acid 8 69 

10 Proline 6 70 

11. Catalyst (20%) 2 98 
a
Isolated yield 

To further explore the potential of this aqueous approach, we have successfully applied this approach for the synthesis 

of cinnamic acid derivatives by the condensation of various aromatic aldehydes other than salicyaldehydes with 

Meldrum’s acid followed by ring opening. Initially, when the reaction of benzaldehyde and Meldrum’s acid was 

carried out at room temperature using aqueous extract of Acacia Concinna pods, only condensation product 5a was 

observed. But, when the same reaction was carried out at 50-60
o
C, formation of cinnamic acid 6a was observed in 

excellent yield (Scheme 2). With the optimized procedure in hand, an investigation into the scope of the methodology, 

using a range of aldehydes was conducted (Table 4,5). 

Perkin reaction is the most frequently used method for the preparation of the cinnamic acid and its derivatives but the 

main disadvantage of this reaction is aldehydes in the presence of base lead to formation of unwanted side products 

formation. As well as in the presence of electron-donor substituent, the yield of the target product markedly decreases; 

in such systems the Perkin reaction is not employed for preparative purposes. For the electron donating groups, 

http://www.ijirset.com/
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Knoevenagel and Debner modification reactions lead to the good yields of the final product but the main drawback is 

that reaction needs long duration of time. 

 

In recent years, various other methods have been reported for the preparation of cinnamic acid and its derivatives such 

as microwave irradiation of aryl aldehydes and malonic acid with polyphosphate ester (PPE) as the mediator catalyst in 

solvent-free condition,
17

 using POCl3 as an acid catalyst.
18

 But, the long reaction time, elevated temperature, 

unsatisfactory yields and only worked very well for electron donating substituent’s  are the major disadvantage of these 

methods. 

 

This aqueous protocol overcomes all these drawbacks and proceeds smoothly for substrates containing both electron 

donating as well as withdrawing groups within a very short period of time under mild condition resulting in excellent 

yields of substituted cinnamic acids. 

 

Entry α- amino aryl 

ketone 
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III. EXPERIMENTAL 

 

General remarks 

All chemicals were obtained from commercial suppliers and were used without further purification. Melting points 

were determined in open capillaries and were uncorrected. IR spectra were recorded on FT-IR Nicolet iS 10 

spectrophotometer in KBr pellet and 
1
H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3 

using tetramethylsilane as internal standard and chemical shifts are reported in δ units and the coupling constants (J) are 

reported in Hertz. Mass spectra were obtained with a Shimadzu LCMS-2010EV. TLC was performed on aluminum-

backed silica plate with visualization by UV-light and column chromatography using silica gel (mesh size 100–

200).The purity of the compounds was checked by TLC on precoated SiO2 gel (HF254, 100-200 mesh) aluminum 

plates (E. Merck) using n-hexane: EtOAc (9:1) as mobile phase and visualized by iodine vapors.Dry Acacia concinna 

pods were purchased from local market and authenticated from School of Life Sciences, SRTMU, Nanded (India). 

 

General procedure for the preparation of catalyst 

Powdered pods of Acacia Concinna fruit (20 g) were taken into a 250 ml conical flask; to it water (100 ml) was added 

and allowed to boil for 15 min. The material was then filtered off till hot and discard the residue. The aqueous extract 

was employed as a catalyst (20%) for the synthesis of 3-carboxycoumarins.  

 

General procedure for the synthesis of 3-acetyl quinolines 

A mixture of o-amino-aryl ketone (1.0 mmol), α-methylene ketone (1.1 mmol) and catalyst (20%, 5 ml), was stirred at 

room temperature under  for appropriate time (Table 3). After completion of the reaction as indicated by TLC, the 

reaction mixture was diluted with water (30 mL) and  the reaction mixture was extracted in Et2O (2×5 mL), dried over 

MgSO4 and concentrated in vacuo to give the crude product which was further purified either by a short column 

chromatography (silica gel, EtOAc-hexane, 1:9) to afford the corresponding pure quinoline derivatives. 

 

All the compounds were known and characterized by IR, NMR, mass spectrometry and also by comparing their 

http://www.ijirset.com/
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physical characteristics with those in the literature.
4-7

 

 

Please see supporting information for spectral data for selected compounds. 

 

Spectral data for representative compounds: 
 

Entry 3, Table 3: Oil; IR (NaCl):ν3068, 2959, 1703, 1614, 1585, 1208, 758 cm
-1

;
1
H NMR (300 MHz,CDCl3): δ 2.57 

(s, 3H), 2.58 (s, 3H), 2.62 (s, 3H), 7.53-8.01 (m, 4H); 
13

C NMR (75 MHz, CDCl3): δ 15, 23.3, 32.4, 123.5, 126.2, 129, 

129.6, 135.6, 138.4, 146.7, 152.4, 206.3; MS (EI, 70 eV): m/z= 199 (M
+
), 158, 125; Anal. Calcd for C13H13NO: C, 

78.36; H, 6.58; N, 7.03. Found: C, 78.32; H, 6.51; N, 7.07. 

 

Entry 5, Table 3: Solid; mp 60
o
C; IR (KBr):ν3065, 2957, 1613, 908, 751 cm

−1
;
1
H NMR (300 MHz,CDCl3): δ 2.2 (m, 

2H), 2.49 (s, 3H), 2.99 (t, J =7.55 Hz, 2H), 3.3 (t, J =6.9 Hz, 2H), 7.46-8.01 (m, 4H); 
13

C NMR (75 MHz, CDCl3): δ 

14.6, 22.7, 29.4, 34.8, 123.1, 125.0, 126.9, 127.8, 128.9, 133.7, 137.8, 147.2, 166.7; MS (EI, 70 eV): m/z= 183 (M
+
), 

168, 154, 140, 127, 115, 102, 90, 77, 63, 57; Anal. Calcd for C13H13N: C, 85.21; H, 7.15; N, 7.64. Found: C, 85.17; H, 

7.07; N, 7.72. Entry 9, Table 3: Yellow solid; mp 210 
o
C; IR (KBr): ν 3074, 2952, 2866, 1696, 1554, 1477, 1384, 

1297, 1198, 1079, 837, 699 cm
−1

; 
1
H NMR (300 MHz, CDCl3): δ 1.15 (s, 6H), 2.56 (s, 2H), 3.25 (s, 2H), 7.14-7.17 (m, 

2H), 7.43-7.97 (m, 6H); 
13

C NMR (75 MHz, CDCl3): δ 28.3, 32.1, 48.3, 54.2, 123.3, 126.7, 127.8, 128.1, 128.3, 130.2, 

132.4, 136.8, 147.4, 150.0, 161.4, 197.5; MS (EI, 70 eV): m/z= 335 (M
+
); Anal. Calcd for C21H18ClNO: C, 75.11; H, 

5.40; N, 4.17. Found: C, 75.07; H, 5.43; N, 4.21. Entry 16, Table 3: Yellow solid; mp 108 
o
C; IR (KBr): ν 3064, 2983, 

1725, 1605, 1224, 907, 732 cm
-1

; 
1
H NMR (300 MHz, CDCl3):0.92-0.95 (t, J = Hz, 3H), 2.73 (s, 3H), 4.03-4.07 (q, J = 

7 Hz 2H), 7.32-8 (m, 8H); 
13

C NMR (75 MHz, CDCl3): δ 13.5, 23.6, 61.4, 125.1, 125.9, 128.4, 128.7, 129.2, 130.5, 

131, 132.3, 135, 145.3, 146, 154, 168; MS (EI, 70 eV): m/z= 325 (M
+
), 296, 280, 252, 217, 189, 176, 149, 123, 109, 88, 

71, 57; Anal. Calcd for C20H19ClNO2: C, 70.05; H, 4.95; N, 4.30. Found: C, 70.09; H, 4.90; N, 4.36. Entry 21, Table3: 

Yellow solid; mp 165
o
C; IR (KBr):ν3059, 2945, 2858, 1599, 1570, 1477, 1440, 1349, 1266, 1165,1075, 937, 831, 818, 

757, 708, 617 cm
−1

; 
1
H NMR (300 MHz, CDCl3): δ 1.55 (m, 2H), 1.59 (m, 2H), 2.56 (t, J =6.5 Hz, 2H), 3.3 (t, J=7 Hz, 

2H), 7.2-8.02 (m, 8H); 
13

C NMR (75 MHz, CDCl3): δ 23, 28.2, 34.3, 124.6, 127.5, 128.2, 128.9, 129.1, 129.3, 129.5, 

130.2, 131.3, 136.5, 144.8, 145.8, 159.6; MS (EI, 70 eV): m/z= 293 (M
+
), 278, 258, 242, 230, 201, 189, 176, 150, 89, 

77. Anal. Calcd for C19H16ClN: C, 77.68; H,5.49; N, 4.77. Found: C, 77.59; H, 5.34; N, 4.68. Entry 29, Table 3: Solid; 

mp 101-103 
o
C; IR (KBr): ν 3055, 1684, 1483, 907, 729 cm

-1
; 

1
H NMR (300 MHz, CDCl3): δ 7.4 - 8.02 (m, 14H); 

13
C 

NMR (75 MHz, CDCl3): δ 120, 124.4, 126.4, 127.5, 128.7, 128.8, 129.4, 130.4, 131.6, 132.7, 137.7, 139.1, 147.2, 

148.4, 157; MS (EI, 70 eV): m/z= 316 (M
+
), 288, 125; Anal. Calcd for C21 H14ClN: C, 79.87; H, 4.47; N, 4.44. Found: 

C, 79.81; H, 4.52; N, 4.41. 

 

IV. CONCLUSION 

 

In conclusion, we have found that aqueous extract of Acacia Concinna pods as an efficient, economical and 

environmental friendly catalyst for the synthesis of 3-acetyl/carboxylate quinolines. The high yield of products in short 

reaction time with high purity, mild reaction condition and simple work up procedure makes this procedure more 

attractive. The use of water as a solvent and biodegradable catalyst gives environmental benefits such as no 

environmental pollution by harmful organic solvents and easy waste treatment.  

 

REFERENCES 

 

1. Aqueous Extract of Acacia concinna Pods: An Efficient Surfactant Type Catalyst for Synthesis of 3-

Carboxycoumarins and Cinnamic Acids via Knoevenagel  HV Chavan, BP Bandgar ACS Sustainable Chemistry & 

Engineering 1 (8), 929-936 

 

2. Vinod R. Kadu, Hemant V. Chavan, Somnath S. Gholap. Additive Free Greener Synthesis of 1,2-Disubstituted 

Benzimidazoles Using Aqueous Extract of Acacia concinna Pods as an Efficient Surfactant Type 

Catalyst. Polycyclic Aromatic Compounds 2019, 57 , 1-11. https://doi.org/10.1080/10406638.2019.1670219 

3. Debadutta Das, Ranjan K. Mohapatra, Pankaj K. Parhi, Ashish K. Sarangi, RaghabaSahu, Soumya R. 

Barik. Sustainable and Efficient Route for the Regeneration of Carbonyl Compounds from Oximes Using Aqueous 

Extract of Sapinduslaurifolia under Microwave Radiation. ACS Omega 2020, 5 (13) , 7716-

7721. https://doi.org/10.1021/acsomega.0c00774 

http://www.ijirset.com/
https://doi.org/10.1080/10406638.2019.1670219
https://doi.org/10.1021/acsomega.0c00774


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                      | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512| 

|| Volume 10, Issue 6, June 2021 || 

| DOI:10.15680/IJIRSET.2021.1006326 | 

IJIRSET © 2021                                                       |     An ISO 9001:2008 Certified Journal   |                                                 7821 

 

4. Nancy E. Dávila-Guzmán, Yhoana B. Medina-Almaguer, Miguel A. Reyes-González, Margarita Loredo-Cancino, 

Sandra Pioquinto-García, David A. De Haro-Del Rio, Marco A. Garza-Navarro, Eugenio Hernández-

Fernández. Microwave-Assisted Synthesis of trans-Cinnamic Acid for Highly Efficient Removal of Copper from 

Aqueous Solution. ACS Omega 2020, 5 (1) , 317-326. https://doi.org/10.1021/acsomega.9b02720 

5. Felix Brosge, Pardeep Singh, Fredrik Almqvist, CarstenBolm. Selected applications of Meldrum's acid – a 

tutorial. Organic &Biomolecular Chemistry 2021, 19 (23) , 5014-5027. https://doi.org/10.1039/D1OB00395J 

6. SemaAkay, BerkantKayan, AbolghasemJouyban, Fleming Martínez, William E. Acree. Solubility of coumarin in 

(ethanol + water) mixtures: determination, correlation, thermodynamics and preferential solvation. Journal of 

Molecular Liquids 2021, 44 , 116761. https://doi.org/10.1016/j.molliq.2021.116761 

7. Siddharth R. Kamat, Ananda H. Mane, Audumbar D. Patil, Trushant R. Lohar, Rajashri S. Salunkhe. Synthesis of 

xanthene and coumarin derivatives in water by using β-Cyclodextrin. Research on Chemical 

Intermediates 2021, 47 (3) , 911-924. https://doi.org/10.1007/s11164-020-04308-3 

8. BipasaHalder, Flora Banerjee, Ahindra Nag. MWCNTs‐ZrO 2 as a reusable heterogeneous catalyst for the 

synthesis of N ‐heterocyclic scaffolds under green reaction medium. Applied Organometallic 

Chemistry 2020, 34 (11) https://doi.org/10.1002/aoc.5906 

9. JiratchayaWisetkomolmat, RatchupornSuksathan, RatchadawanPuangpradab, KeawalinKunasakdakul, KittisakJant

anasakulwong, PornchaiRachtanapun, Sarana Rose Sommano. Natural Surfactant Saponin from Tissue of 

Litseaglutinosa and Its Alternative Sustainable Production. Plants 2020, 9 (11) , 

1521. https://doi.org/10.3390/plants9111521 

10. Debadutta Das, Ashish K. Sarangi, Ranjan K. Mohapatra, Pankaj K. Parhi, Ahmed Mahal, RaghabaSahu, Md. 

Kudrat-E-Zahan. Aqueous extract of Shikakai; a green solvent for deoximation reaction: Mechanistic approach 

from experimental to theoretical. Journal of Molecular Liquids 2020, 309 , 

113133. https://doi.org/10.1016/j.molliq.2020.113133 

11. Maja Molnar, MelitaLončarić, MarijaKovač. Green Chemistry Approaches to the Synthesis of Coumarin 

Derivatives. Current Organic Chemistry 2020, 24 (1) , 4-

43. https://doi.org/10.2174/1385272824666200120144305 

12. A H Cahyana, M C Maida, B Ardiansah. Aqueous fraction of Sapindusrarak D.C. fruit extract mediated one-pot 

three component construction of 9,9-dimethyl-12-phenyl-9,10-dihydro-8H-benzo[a]xanthen-11(12H)-one. IOP 

Conference Series: Materials Science and Engineering 2020, 763 , 012003. https://doi.org/10.1088/1757-

899X/763/1/012003 

13. RenukaVenkatachalapathy, Indira RamachandranAnoop Chandra, Somnath 

Das, BasheerVajihaAafrin, UdhyasooriyanLalithaPriya, Maria Jenita 

Peter, SenthilnathanKarthikeyan, MuthusamySukumar. Effective removal of organophosphorus pesticide residues 

in tomatoes using natural extracts. Journal of Food Process 

Engineering 2020, 43 (2) https://doi.org/10.1111/jfpe.13351 

14. Pralhad A. Burate, Balasaheb R. Javle, Pranjal H. Desale, Anil K. Kinage. Amino Acid Amide based Ionic Liquid 

as an Efficient Organo-Catalyst for Solvent-free Knoevenagel Condensation at Room Temperature. Catalysis 

Letters 2019, 149 (9) , 2368-2375. https://doi.org/10.1007/s10562-019-02840-5 

15. Ana C. Fonseca, Mafalda S. Lima, Andreia F. Sousa, Armando J. Silvestre, Jorge F. J. Coelho, Arménio C. 

Serra. Cinnamic acid derivatives as promising building blocks for advanced polymers: synthesis, properties and 

applications. Polymer Chemistry 2019, 10 (14) , 1696-1723. https://doi.org/10.1039/C9PY00121B 

16. JiratchayaWisetkomolmat, PongsakornSuppakittpaisarn, Sarana Rose Sommano. Detergent Plants of Northern 

Thailand: Potential Sources of Natural Saponins. Resources 2019, 8 (1) , 

10. https://doi.org/10.3390/resources8010010 

17. Jack van Schijndel, Dennis Molendijk, Luiz Alberto Canalle, Erik Theodorus Rump, Jan Meuldijk. Temperature 

Dependent Green Synthesis of 3-Carboxycoumarins and 3,4-unsubstituted Coumarins. Current Organic 

Synthesis 2019, 16 (1) , 130-135. https://doi.org/10.2174/1570179415666180924124134 

18. Ali Maleki, ParisaRavaghi, HamedMovahed. Green approach for the synthesis of carboxycoumarins by using a 

highly active magnetically recyclable nanobiocomposite via sustainable catalysis. Micro & Nano 

Letters 2018, 13 (5) , 591-594. https://doi.org/10.1049/mnl.2017.0560 

19. Neha D. Desai, Kishorkumar V. Khot, Vishvanath B. Ghanwat, Suvarta D. Kharade, Popatrao N. 

Bhosale. Surfactant mediated synthesis of bismuth selenide thin films for photoelectrochemical solar cell 

applications. Journal of Colloid and Interface Science 2018, 514 , 250-

261. https://doi.org/10.1016/j.jcis.2017.12.038 

http://www.ijirset.com/
https://doi.org/10.1021/acsomega.9b02720
https://doi.org/10.1039/D1OB00395J
https://doi.org/10.1016/j.molliq.2021.116761
https://doi.org/10.1007/s11164-020-04308-3
https://doi.org/10.1002/aoc.5906
https://doi.org/10.3390/plants9111521
https://doi.org/10.1016/j.molliq.2020.113133
https://doi.org/10.2174/1385272824666200120144305
https://doi.org/10.1088/1757-899X/763/1/012003
https://doi.org/10.1088/1757-899X/763/1/012003
https://doi.org/10.1111/jfpe.13351
https://doi.org/10.1007/s10562-019-02840-5
https://doi.org/10.1039/C9PY00121B
https://doi.org/10.3390/resources8010010
https://doi.org/10.2174/1570179415666180924124134
https://doi.org/10.1049/mnl.2017.0560
https://doi.org/10.1016/j.jcis.2017.12.038


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                      | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512| 

|| Volume 10, Issue 6, June 2021 || 

| DOI:10.15680/IJIRSET.2021.1006326 | 

IJIRSET © 2021                                                       |     An ISO 9001:2008 Certified Journal   |                                                 7822 

 

20. Suresh D. Bagul, Jamatsing D. Rajput, Ratnamala S. Bendre. Synthesis of 3-carboxycoumarins at room 

temperature in water extract of banana peels. Environmental Chemistry Letters 2017, 15 (4) , 725-

731. https://doi.org/10.1007/s10311-017-0645-z 

21. Pravin S. Bhale, Hemant V. Chavan, Sakharam B. Dongare, Sadanand N. Shringare, Yoginath B. Mule, Samadhan 

S. Nagane, Babasaheb P. Bandgar. Synthesis of extended conjugated indolylchalcones as potent anti-breast cancer, 

anti-inflammatory and antioxidant agents. Bioorganic & Medicinal Chemistry Letters 2017, 27 (7) , 1502-

1507. https://doi.org/10.1016/j.bmcl.2017.02.052 

22. PalanisamyRavichandiran, Bingbing Lai, YanlongGu. Aldo-X Bifunctional Building Blocks for the Synthesis of 

Heterocycles. The Chemical Record 2017, 17 (2) , 142-183. https://doi.org/10.1002/tcr.201600042 

23. Serena Fiorito, Vito Alessandro Taddeo, Salvatore Genovese, Francesco Epifano. A green chemical synthesis of 

coumarin-3-carboxylic and cinnamic acids using crop-derived products and waste waters as solvents. Tetrahedron 

Letters 2016, 57 (43) , 4795-4798. https://doi.org/10.1016/j.tetlet.2016.09.023 

24. Wan-Yü Pan, Yü-Meng Xiao, Hou-Qing Xiong, Cheng-Wei Lü. Et3N catalyzed cascade reaction of Meldrum’s 

acid with ortho-hydroxyaryl aldehydes for the synthesis of coumarin-3-carboxylic acids under solvent-less 

condition. Research on Chemical Intermediates 2016, 42 (9) , 7057-7063. https://doi.org/10.1007/s11164-016-

2517-8 

25. Sakharam B. Dongare, Hemant V. Chavan, Datta N. Surwase, Pravin S. Bhale, Yoginath B. Mule, Babasaheb P. 

Bandgar. Indium Trichloride (InCl 3 ) Catalyzed Synthesis of Fused 7-Azaindole Derivatives Using Domino 

Knoevenagel-Michael Reaction. Journal of the Chinese Chemical Society 2016, 63 (4) , 323-

330. https://doi.org/10.1002/jccs.201500540 

26. Sakharam B. Dongare, Hemant V. Chavan, Pravin S. Bhale, Yoginath B. Mule, Amol S. Kotmale, Babasaheb P. 

Bandgar. A catalyst- and solvent-free multicomponent synthesis of 7-azagramine analogues via a Mannich type 

reaction. Chinese Chemical Letters 2016, 27 (1) , 99-103. https://doi.org/10.1016/j.cclet.2015.07.029 

27. Hitesh S. Pawar, Adhirath S. Wagh, Arvind M. Lali. Triethylamine: a potential N-base surrogate for pyridine in 

Knoevenagel condensation of aromatic aldehydes and malonic acid. New Journal of Chemistry 2016, 40 (6) , 

4962-4968. https://doi.org/10.1039/C5NJ03125G 

28. . 7-Methoxycoumarin-3-carboxylic acid. 2015,,, 281-284. https://doi.org/10.1002/9781119007104.ch101 

29. TusharYadav, Alka A. Mungray, Arvind K. Mungray. Dispersion of multiwalled carbon nanotubes in Acacia 

extract and it's utility as an antimicrobial agent. RSC Advances 2015, 5 (126) , 103956-

103963. https://doi.org/10.1039/C5RA23397F 

30. Hemant V. Chavan, Dattatraya K. Narale. Synthesis of 2,4,5-triaryl and 1,2,4,5-tetraaryl imidazoles using silica 

chloride as an efficient and recyclable catalyst under solvent-free conditions. ComptesRendusChimie 2014, 17 (10) 

, 980-984. 

 

 

http://www.ijirset.com/
https://doi.org/10.1007/s10311-017-0645-z
https://doi.org/10.1016/j.bmcl.2017.02.052
https://doi.org/10.1002/tcr.201600042
https://doi.org/10.1016/j.tetlet.2016.09.023
https://doi.org/10.1007/s11164-016-2517-8
https://doi.org/10.1007/s11164-016-2517-8
https://doi.org/10.1002/jccs.201500540
https://doi.org/10.1016/j.cclet.2015.07.029
https://doi.org/10.1039/C5NJ03125G
https://doi.org/10.1002/9781119007104.ch101
https://doi.org/10.1039/C5RA23397F



