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Abstract 
2-Chloroquinoline-3-carbaldehyde was synthesized 

using a silica-supported reaction system with a mildly 

acidic charcoal catalyst under microwave irradiation. 

The aim of optimizing the catalytic process was to 

improve both the yield and efficiency of the reaction. 

The use of microwave irradiation significantly 

shortened the reaction time while the mildly acidic 

charcoal created an effective and environmentally 

friendly catalytic environment.  

 

The reaction proceeded smoothly, producing 

substantial amounts of the desired 2-chloroquinoline-

3-carbaldehyde, which demonstrates the effectiveness 

of the silica-supported, charcoal-catalyzed method. 

This approach provides a sustainable and efficient 

alternative for synthesizing quinoline derivatives, 

which could have applications in pharmaceuticals and 

organic synthesis  
 
Keyword: 2-Chloroquinoline-3-carbaldehyde, Silica 

supported acidic charcoal, Microwave irradiation. 

 

Introduction  
In recent years, there has been significant interest in 2-

chloroquinoline-3-carbaldehyde and their derivatives due to 

their remarkable biological and pharmacological activities. 

These compounds have demonstrated antimicrobial3,6-9, 

anti-inflammatory10,13, antimalarial agents20 and antiviral 

properties1. The synthesis of 2-chloroquinoline-3-

carbaldehydes was accomplished through the Vilsmeier 

Haack reaction, starting from acetanilides. This reaction 

pathway was carried out using traditional 

methods4,5,11,12,16,17,19,21,22 as well as microwave irradiation15 

and ultrasonic irradiation2 as shown in scheme 1. 

 

Reagents supported by inorganic materials have been 

established for nearly three decades and find widespread use 

in laboratory and industrial-scale reactions. The reagents are 

anchored onto porous solid supports, allowing for excellent 

dispersion of active sites, greater selectivity and easier 

handling than traditional solution phase reactions. 

Additionally, some of these solid supports are recyclable, 

making these processes environmentally friendly and 

"green." To address this challenge, we investigated the use 

of microwave irradiation coupled with a mild acidic charcoal 

catalyst supported on silica for the synthesis of 2-

chloroquinoline-3-carbaldehyde. Silica-based catalyst 

supports have gained significant attention due to their high 

surface area, thermal stability and ease of synthesis. 

 

The mild acidic charcoal catalyst employed (previously 

reported by our research group)18 in this study not only offers 

catalytic activity but also facilitates the reaction under mild 

acidic conditions, which is beneficial for the desired 

transformation. The combination of microwave irradiation 

and the mild acidic charcoal catalyst is expected to enhance 

the reaction kinetics, reduce the reaction time and improve 

the overall yield of 2-chloroquinoline-3-carbaldehyde. In 

this study, we present the optimization of the catalyst amount 

and reaction conditions using both conventional refluxing 

and microwave irradiation methods. The effectiveness of the 

mild acidic charcoal catalyst supported on silica was 

evaluated by assessing the yield and purity of the 

synthesized product under various reaction conditions. 

 

In summary, the results of this study demonstrate the 

successful synthesis of 2-chloroquinoline-3-carbaldehyde 

using microwave-assisted organic synthesis with a mild 

acidic charcoal catalyst supported on silica. The optimized 

reaction conditions and catalyst amount led to satisfactory 

yields and purity of the desired product. This highlights the 

potential of microwave irradiation in conjunction with the 

mild acidic charcoal catalyst for efficient and 

environmentally friendly synthesis. 

 

 
Scheme 1: Microwave assisted synthesis of 2-Chloroquinoline-3-Carbaldehyde using mild acidic charcoal catalyst 

supported on silica 
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Material and Methods 
Experimental: All starting reagents were commercially 

sourced from Loba Chemie Pvt. Ltd., Merck Specialties Pvt. 

Ltd., including substituted acetanilide, POCl3, DMF, 

ethanol, ethyl acetate, petroleum ether and were used 

without further purification. The melting point values of the 

synthesized compounds were determined using the 

conventional method and are uncorrected. To monitor the 

reactions, thin-layer chromatography on silica gel 60 F254 

plates was employed. For microwave irradiation, a 

conventional household microwave oven with a power 

output of 800 W was utilized. The synthesized products were 

identified as known compounds by comparing their melting 

points and spectra data with those reported in the literature. 

Overall, these experimental details provide insight into the 

methods used in this study. 

 

Optimization of amount of Mild Acidic Charcoal 

Catalyst: The synthesis of 2-chloroquinoline-3-

carbaldehyde was achieved by reacting substituted 

acetanilide with POCl3 and DMF in the presence of a mild 

acidic charcoal catalyst. The effectiveness of the catalyst was 

optimized through conventional refluxing and microwave 

irradiation (800W). Table 1 demonstrates that using 0.2 g of 

the catalyst yielded satisfactory results in terms of both yield 

and purity under both reaction conditions. Increasing the 

amount of catalyst did not lead to significant improvements 

in yield or reaction time. Therefore, 0.2 g of the mild acidic 

charcoal catalyst was selected for synthesizing derivatives of 

2-chloro-3-formylcarbaldehyde. 

 

General Procedure for synthesis of 2-chloroquinoline-3-

carbaldehyde: To dissolve 5 mmol of acetanilide 

derivatives, 33 ml of dimethyl formamide (15 mmol) was 

used in a 250 mL round bottom flask. Gradually add 60 

mmol of phosphorus oxychloride to the solution at 0°C, then 

add 0.2 g mild acidic charcoal catalyst in the reaction 

mixture, which was then refluxed on an oil bath at 80-90 °C 

for 5-6 hours with the help of a reflux condenser. Upon 

completion of the reaction, the solution was allowed to cool 

to room temperature and then poured into 250 ml of ice 

water. The resulting precipitate was collected and dissolved 

in ethyl acetate and filtered to remove residual charcoal. 

After removing the solvent under vacuum, the product was 

obtained through recrystallization by using a suitable 

solvent.14 

 

Microwave assisted synthesis of 2-chloroquinoline-3-

carbaldehyde: The substrate (1 mmol) was added gradually 

to the Vilsmeier reagent (2 mmol) at a temperature range of 

0-5 °C. Once the addition was complete, the reaction mixture 

was allowed to stand at room temperature for 5 minutes and 

then add 0.2 g mild acidic charcoal catalyst and silica gel 

(1.5-2 g) was added (Scheme 1). The mild acidic charcoal 

catalyst and silica gel was mixed thoroughly with the 

mixture using a glass rod until a free-flowing powder was 

obtained.

 

Table 1 

Effect of catalyst amount on conventional as well as microwave assisted model reaction of 2-chloroquinoline-3-

carbaldehyde synthesis 
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Conventional method Microwave 

irradiation 

Time (hr) Yield (%) Time (hr) Yield (%) 

1 0.050 9 78 2.5 82 

2 0.100 8.5 82 1.7 84 

3 0.150 6 88 1.5 90 

4 0.200 6 90 1.5 94 

5 0.250 6 90 1.5 93 

6 0.300 6 88 2 90 

 

Table 2 

Comparative study of 2-chloroquinoline-3-carbaldehyde synthesis under different reaction conditions 
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        R1 

 

 

Conventional 

Conventional 

(Mild acidic 

charcoal 

catalysed) 

Microwave 

(SiO2) 

Microwave 

(SiO2 and Mild 

acidic charcoal 

catalysed) 

Time 

(hrs) 

Yield 

% 

Time 

(hrs) 

Yield 

% 

Time 

(hrs) 

Yield Time 

(hrs) 

Yield 

% 

1 3a H- 9-10 78 6-7 82 2.5-3 84 1.5-2 86 

2 3b 6-CH3- 8-9 74 6-7 78 1-1.5 80 1-1.2 82 

3 3c 7-CH3- 8-9 68 7-8 72 1-1.5 75 1-1.2 77 

4 3d 6-Br- 8-9 42 7-8 48 1-1.5 54 1-1.2 60 

5 3e 6-Cl- 8-9 44 7-8 52 1-1.5 56 1-1.2 62 

6 3f 6-OCH3- 8-9 50 7-8 58 2-2.5 62 1-1.5 66 
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The resulting powder was subjected to microwave 

irradiation for an appropriate duration as per table 2. 

 

Results and Discussion 
Table 3 presents the results of the reactions conducted using 

different reaction conditions, namely conventional (with and 

without mild acidic charcoal catalysis) and microwave-

assisted with SiO2 support and SiO2 support with mild acidic 

charcoal catalysis. The product yields and reaction times are 

reported for each reaction condition. The experimental 

results indicate significant differences in the reaction time 

and product yield when comparing to different reaction 

conditions. In the conventional method without the presence 

of mild acidic charcoal catalyst, it was observed that the 

reaction time was considerably high, while the yield of the 

desired product was relatively low. This suggests that the 

conventional method alone is not efficient in promoting the 

desired reaction.  

 

However, when the same reaction was conducted in the 

presence of a mild acidic following irradiation, cold 

saturated aqueous NaOAc solution (10 mL) was added, 

stirred and filtered. Finally, the product was extracted using 

dichloromethane. After removing the solvent under vacuum, 

the product was obtained through recrystallization using a 

suitable solvent. The physical properties of all products 

including melting point, IR, 1H NMR,13C NMR and LCMS 

were compared with those of known compounds and 

authentic samples to confirm their identity. Charcoal 

catalyst, a notable reduction in the reaction time was 

observed, accompanied by a slight increase in the product 

yield. This indicates that the mild acidic charcoal catalyst has 

a positive effect on the reaction, improving its efficiency by 

facilitating the desired transformation. 

 

Furthermore, by utilizing SiO2 as a support material in the 

microwave-assisted reaction, a significant decrease in the 

reaction time was observed compared to the conventional 

method. Additionally, an increase in the product yield was 

observed, suggesting that the microwave method in 

combination with SiO2 support enhances the reaction 

kinetics and promotes a more efficient conversion of the 

starting material. Remarkably, when the reaction was 

conducted using both SiO2 support and mild acidic charcoal 

catalyst, a substantial reduction in the reaction time was 

achieved.  

 

Additionally, there was a further increase in the product yield 

compared to the individual application of either the SiO2 

support or the mild acidic charcoal catalyst. This 

demonstrates the synergistic effect of combining both the 

catalyst and support, leading to enhanced reaction kinetics 

and improved product yield. 

 

Overall, the results highlight the importance of catalysts and 

support materials in facilitating and optimizing chemical 

reactions. The mild acidic charcoal catalyst and SiO2 support 

play crucial roles in reducing the reaction time and 

increasing the product yield, providing valuable insights for 

further advancements in the synthesis of the desired 

compound. 

 

Characterization data  
2-chloroquinoline-3-carbaldehyde (3a): MP:145-146 °C; 

IR (KBr, cm-1):.3036, 1683, 1135, 753; 1H NMR (δ, ppm) 

(400 MHz, CDCl3-d):10.40 (s, 1H), 8.99 (s, 1H), 8.29 (dd, J 

= 8.2, 1.4 Hz, 1H), 8.05 (dd, J = 8.4, 1.3 Hz, 1H), 8.00 (ddd, 

J = 8.4, 6.7, 1.5 Hz, 1H), 7.78 (ddd, J = 8.2, 6.6, 1.5 Hz, 1H); 
13C NMR (δ, ppm) (100 MHz, DMSO-d): 189.85, 149.45, 

149.05, 141.89, 134.36, 130.68, 128.74, 128.27, 126.87, 

126.83, 40.73; MS (m/z): 192 (M+1) 

 

2-chloro-6-methylquinoline-3 carbaldehyde (3b): MP: 

121-123 °C; IR (KBr, cm-1): 3013, 1687, 1156, 816; 1H 

NMR (δ, ppm) (400 MHz, CDCl3-d):10.56 (s, 1H), 8.67 (s, 

1H), 7.98 (d, J = 8.4 Hz, 1H), 7.77 – 7.67 (m, 2H), 2.58 (s, 

3H); 13C NMR (δ, ppm) (100 MHz, CDCl3-d): 189.32, 

149.28, 148.26, 139.55, 138.42, 135.96, 128.41, 128.26, 

126.61, 126.34, 77.25, 21.57; MS (m/z): 206 (M+1) 

 

2-chloro-7-methylquinoline-3carbaldehyde (3c): MP: 

142-144 °C; IR (KBr, cm-1): 2999, 1685, 1482, 1140, 860; 
1H NMR (δ, ppm) (400 MHz, CDCl3-d):10.40 (s, 1H), 8.94 

(s, 1H), 8.20 (dd, J = 8.3, 2.6 Hz, 1H), 7.86 (s, 1H), 7.67 – 

7.60 (m, 1H), 2.61 (s, 3H); 13C NMR (δ, ppm) (100 MHz, 

DMSO-d):189.95, 149.71, 149.52, 145.56, 141.58, 131.03, 

130.45, 127.41, 126.27, 125.04, 40.83, 22.37.  

 

6-bromo-2-chloroquinoline-3-carbaldehyde (3d): MP: 

186-188 °C; IR (KBr, cm-1): 3018, 1689, 1478, 1128, 825; 
1H NMR (δ, ppm) (400 MHz, CDCl3-d):10.59 (s, 1H), 8.70 

(s, 1H), 8.18 (t, J = 1.4 Hz, 1H), 7.98 (d, J = 1.4 Hz, 2H); 13C 

NMR (δ, ppm) (100 MHz, CDCl3-d):188.76, 150.48, 

148.18, 139.10, 136.98, 131.51, 130.24, 127.68, 127.09, 

122.17, 77.35; MS (m/z): 271 (M+1) 

 

2,6-dichloroquinoline-3-carbaldehyde (3e): MP:158-159 

°C; IR (KBr, cm-1): 3056, 1663, 1418, 1133, 827; 1H NMR 

(δ, ppm) (400 MHz, CDCl3-d): 10.59 (s, 1H), 8.70 (s, 1H), 

8.05 (d, J = 9.0 Hz, 1H), 8.00 (d, J = 2.4 Hz, 1H), 7.85 (dd, 

J = 9.1, 2.3 Hz, 1H); 13C NMR (δ, ppm) (100 MHz, CDCl3-

d):  188.80, 150.36, 147.95, 139.19, 134.43, 134.13, 130.18, 

128.12, 127.20, 77.23. 

 

2-chloro-6-methoxyquinoline-3-carbaldehyde (3f): MP: 

143-145 °C; IR (KBr, cm-1): 3048, 1679, 1493, 1150, 858; 
1H NMR (400 MHz, CDCl3) δ ppm: 10.54 (s, J = 1.8 Hz, 

1H), 8.61 (d, J = 2.6 Hz, 1H), 7.94 (dd, J = 9.2, 2.1 Hz, 1H), 

7.51 (dt, J = 9.3, 2.3 Hz, 1H), 7.17 (d, J = 2.7 Hz, 1H), 3.96 

(s, 3H); 13C NMR (δ, ppm) (100 MHz, CDCl3-d):  189.35, 

158.79, 147.63, 145.78, 138.59, 129.89, 127.74, 126.53, 

126.40, 106.45, 77.39, 55.79.; MS (m/z): 222 (M+1) 

 

Conclusion 
In this study, we successfully demonstrated the microwave-

assisted synthesis of 2-chloroquinoline-3-carbaldehyde 
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derivatives using a mild acidic charcoal catalyst supported 

on silica. The optimized reaction conditions, including a 

catalyst amount of 0.2 g, provided satisfactory yields and 

purity for all tested compounds. The microwave-assisted 

synthesis showed comparable or slightly improved yields 

compared to the conventional refluxing method while 

significantly reducing the reaction time. This highlights the 

efficiency and time-saving advantages of microwave 

irradiation in organic synthesis. The results emphasize the 

importance of catalyst optimization in microwave-assisted 

reactions. Increasing the catalyst amount beyond 0.2 g did 

not yield significant improvements in yield or reaction time. 

Overall, this study contributes to the advancement of 

microwave-assisted organic synthesis and highlights the 

potential of the mild acidic charcoal catalyst supported on 

silica for the efficient synthesis of 2-chloroquinoline-3-

carbaldehyde derivatives. The findings also provide valuable 

insights for the development of novel synthetic 

methodologies in organic chemistry, promoting more 

efficient and environmentally friendly approaches in organic 

synthesis. 

 

Acknowledgement 
The authors gratefully acknowledge the Principal and the 

Head of the Department of Chemistry at Poojya Sane Guruji 

Vidya Prasarak Mandal's SIP Arts, GBP Science and STKVS 

Commerce College in Shahada, India for their support in 

providing research and library facilities. The authors also 

extend their appreciation to the Central Instrumentation 

Facility at Savitribai Phule Pune University, Pune for 

granting access to the characterization facility. 

 

References  
1. Abdel-Wahab B.F. and Khidre R.E., 2-Chloroquinoline-3-

carbaldehyde II: synthesis, reactions and applications, Journal of 

Chemistry, 2013, 1-13 (2013) 

 

2.   Ali M.M., Sana S., Tasneem, Rajanna K.C. and Saiprakash 

P.K.,Ultrasonically Accelerated Vilsmeier Haack Cyclisation And 

Formylation Reactions, Synthetic Communications, 32, 1351 

(2002) 

 

3. Bulbule V.J., Deshpande V.H., Velu S., Sudalai A., Sivasankar 

S. and Sathe V., Heterogeneous Henry reaction of aldehydes: 

Diastereoselective synthesis of nitroalcohol derivatives over Mg-

Al  hydrotalcites, Tetrahedron, 55, 9325 (1999) 

 

4. Cohen B.W., Polyansky D.E., Zong R., Zhou H., Ouk T., Cabelli 

D.E., Thummel R.P. and Fujita E., Differences of pH-dependent 

mechanisms on generation of hydride donors using Ru (II) 

complexes containing geometric isomers of NAD+ model ligands: 

NMR and radiolysis studies in aqueous solution, Inorganic 

Chemistry, 49, 8034 (2010) 

 

5. Dubey P., Rao S.S. and Reddy P.P., Synthesis Of Some Novel 

2-(2-Chloro-3-Quinolyl)-5-Phenyl-2, 3-Dihydro-1, 3, 4–

Oxadiazoles, Heterocyclic Communications, 9, 411 (2003) 

 

6. Farghally A., Habib N., Hazzaa A. and El-Sayed O., Synthesis 

of substituted quinoline-3-carbaldehyde (2, 3-dihydrothiazol-2-

ylidene) hydrazones of potential antimicrobial activity, Journal de 

Pharmacie de Belgique, 40, 366 (1985) 

 

7. Farghaly A., Habib N., Khalil M., El‐Sayed O. and Bistawroos 

A., Synthesis of Novel 2‐Substituted Quinoline Derivatives: 

Antimicrobial, Inotropic and Chronotropic Activities, Archiv der 

Pharmazie, 323, 247 (1990) 

 

8. Gupta R., Gupta A.K., Paul S. and Kachroo P., Synthesis and 

biological activities of some 2-chloro-6/8-substituted-3-(3-alkyll 

aryl-5, 6-dihydro-s-triazolo-[3, 4-h][1, 3, 4] thiadiazol-6-yl) 

quinolines, Indian Journal of Chemistry, 37 B, 1211-1213 (1998) 

 

9. Gupta R., Paul S., Kamotra P. and Gupta A., Rapid synthesis of 

s-triazolo [3, 4-b][1, 3, 4] thiadiazoles and quinolines under 

microwave irradiation, Indian Journal of Heterocyclic Chemistry, 

7, 155 (1997) 

 

10. Herencia F., Ferrandiz M.L., Ubeda A., Domínguez J., Charris 

J.E., Lobo G.M. and Alcaraz M.J., Synthesis and anti-

inflammatory activity of chalcone derivatives, Bioorganic & 

Medicinal Chemistry Letters, 8, 1169 (1998) 

 

11. Kidwai M. and Negi N., Synthesis of some novel substituted 

quinolines as potent analgesic agents, Monatshefte für Chemie/ 

Chemical Monthly, 128, 85 (1997) 

 

12. Krishnan V., Dubey P., Rao S. and Aparna V., Synthesis of 

some 2-amino-3-[(4', 5'-diphenyl) imidazol-2'-yl] quinolines and 

2-chloro-3-[4'-(2', 6-dimethyl-3, 5'-dicarb ethoxy-l', 4'-

dihydropyridyl)] quinolines, Indian Journal of Heterocyclic 

Chemistry, 13, 11 (2003) 

 

13. Khalil M.A., Non-steroidal anti-inflammatory agents: synthesis 

of pyrazolyl pyrazolinyl and pyrimidinyl derivatives of 

quinolone,1996 

 

14. Miniyar, P. B., Barmade, M. A. and Mahajan, A. A.,Synthesis 

and biological evaluation of 1-(5-(2-chloroquinolin-3-yl)-3-

phenyl-1H-pyrazol-1-yl) ethanone derivatives as potential 

antimicrobial agents,Journal of Saudi Chemical 

Society,19,655,2015 

 

15. Mogilaiah, K. and Reddy, N. V.,Microwave induced 

Friedlander condensation A facile synthesis of 1, 8-naphthyridines, 

Indian Journal of Chemistry Section B, 41, 215-217 (2002) 

 

16. Nyerges M., Pintér Á., Virányi A., Blaskó G. and Tőke L., 

Synthesis of pyrrolo [3, 4-c] quinolines by 1, 5-electrocyclisation 

of non-stabilised azomethine ylides, Tetrahedron, 61, 8199 (2005) 

 

17. Rajakumar P. and Raja R., Synthesis and photophysical 

properties of chiral dendrimers with quinoline surface group via 

click chemistry, Tetrahedron Letters, 51, 4365 (2010) 

 

18. Rajendra Patil J.C., Patel Shivnath, Shinde Vaishali and Beldar 

Anil, Mild Acidic Charcoal Catalyzed Synthesis Of 3,4-

Dihydropyrimidin-2(1h)-One/-Thione Derivatives, Chemistry 

Journal Of Moldova, 17, 101 (2022) 
 

19.   Ramesh E., Vidhya T.K.S. and Raghunathan R., Indium 

chloride/silica gel supported synthesis of pyrano/ 

thiopyranoquinolines through intramolecular imino Diels–Alder 

reaction using microwave irradiation, Tetrahedron Letters, 49, 

2810 (2008) 



Research Journal of Chemistry and Environment__________________________________Vol. 29 (9) September (2025) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/299rjce025029        29 

20. Sekar M. and Prasad K., Synthesis of some novel 2-oxo-pyrido 

(2, 3-b) quinoline derivatives as potential antimalarial, diuretic, 

clastogenic and antimicrobial agents, Journal of Chemical 

Technology & Biotechnology, 72, 50 (1998) 

 

21. Srivastava A. and Singh R.,Vilsmeier-Haack reagent: a facile 

synthesis of 2-chloro-3-formylquinolines from N-arylacetamides 

and transformation into different functionalities, Indian Journal of 

Chemistry. Sect. B: Organic Chemistry, Including Medical 

Chemistry, 44(9), 1868-1875 (2005) 

 

22. Venkatesan P. and Sumathi S., Piperidine mediated synthesis 

of n‐heterocyclic chalcones and their antibacterial activity, Journal 

of Heterocyclic Chemistry, 47, 81 (2010). 

 

(Received 15th October 2024, accepted 21st December 2024)
 

 


