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ABSTRACT:-

This study explores an efficient method for synthesizing aldehyde from cyanoacetamide. The research focuses on optimizing reaction conditions, including
temperature, pressure, and choice of reagents, to achieve a high yield of the desired aldehyde. The experimental procedure involves the controlled addition of
specific reagents to cyanoacetamide, followed by heating and subsequent isolation of the product. Results demonstrate a significant yield and high purity of the
synthesized aldehyde, with potential applications in organic synthesis and pharmaceuticals. This method presents an improved approach over traditional

techniques, offering a more sustainable and effective pathway for aldehyde production.
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Introduction

This research presents an optimized method for synthesizing aldehyde from cyanoacetamide. The process involves the careful addition of reagents to
cyanoacetamide under controlled conditions, followed by heating and product isolation. The method achieved a high yield and purity of the desired
aldehyde, offering an efficient and sustainable alternative for organic synthesis and pharmaceutical applications.

Cyanoacetic acid derivatives are the starting materials for a plethora of multicomponent reaction (MCR) scaffolds. However the diversity of these
scaffolds is hampered by the low variability of the cyanoacetic acid derivatives in the past. Here we describe valuable protocols for the parallel
synthesis of arrays of cyanoacetamides on a multigram scale and involving very convenient work up by simple filtration and washing. Fifty-two
products are described, and several applications are indicated. We foresee our protocol and the resulting derivatives to become very valuable to greatly
expanding the large MCR scaffold space of cyanoacetic acid derivatives.

Aldehydes are fundamental intermediates in organic synthesis, with applications ranging from pharmaceuticals to agrochemicals. Cyanoacetamide is a
valuable precursor in various synthetic pathways due to its reactivity and availability. This study aims to develop a high-yielding, efficient method for
converting cyanoacetamide to aldehydes, addressing challenges found in previous methodologies and optimizing reaction conditions for better results.
Aldehydes are key intermediates in the field of organic chemistry, playing crucial roles in the synthesis of a wide range of compounds, including
pharmaceuticals, fragrances, and agrochemicals. Their versatile reactivity allows for various functional group transformations, making them
indispensable in synthetic pathways. Traditional methods of synthesizing aldehydes often involve the oxidation of primary alcohols or the partial
reduction of esters, carboxylic acids, and nitriles. However, these methods frequently require harsh conditions, expensive catalysts, or generate
significant amounts of hazardous waste.

Cyanoacetamide, a compound featuring both a nitrile and an amide group, offers a unique starting material for the synthesis of aldehydes. Its structure
allows for diverse reactivity, making it an attractive precursor in organic synthesis. Despite its potential, the direct conversion of cyanoacetamide to
aldehydes has been relatively underexplored in the literature.

The goal of this research is to develop a novel, efficient, and high-yielding method for synthesizing aldehydes directly from cyanoacetamide. By
optimizing reaction conditions, including temperature, pressure, and reagent selection, we aim to achieve a practical and sustainable synthesis route.
This study not only seeks to fill a gap in the existing research but also to contribute to greener chemistry practices by minimizing the use of toxic
reagents and harsh conditions.

Material and methods

Materials:

Reagents:- Sodium borohydride (NaBH4), Acetic acid (CH3COOH), Hydrochloric acid (HCI), Sodium hydroxide (NaOH)
Solvents:- Ethanol (EtOH), Water (H20)

Laboratory equipment:- Round-bottom flask, Magnetic stirrer, Heating mantle,

Thermometer, TLC plates and UV lamp, Separator funnel, Rotary evaporator, Analytical balance, Filtration setup
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Experimental Procedure:

Preparation of Reaction Mixture:
Weigh 10 grams of cyanoacetamide and transfer it to a 250 mL round-bottom flask. Add 100 mL of ethanol to the flask to dissolve the cyanoacetamide.
Place a magnetic stir bar in the flask and set it on a magnetic stirrer.
Addition of Reducing Agent:
Gradually add 5 grams of sodium borohydride (NaBH4) to the flask while stirring. This should be done slowly to avoid excessive foaming and gas
evolution. Monitor the temperature and maintain it at room temperature (approximately 25°C) during the addition of NaBH4.
Acidification:
After the complete addition of NaBH4, allow the reaction mixture to stir for an additional 30 minutes. Slowly add 10 mL of acetic acid (CH3COOH)
drop wise to the mixture to neutralize excess NaBH4. This step should be performed with caution as it may produce hydrogen gas. Continue stirring the
reaction mixture for another 30 minutes.
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Isolation of Intermediate:

Pour the reaction mixture into a separator funnel and add 50 mL of water. Extract the aqueous layer with 3 x 50 mL of ethyl acetate. Combine the
organic extracts and wash with 50 mL of saturated sodium bicarbonate (NaHCO?3) solution to remove any remaining acetic acid. Dry the organic layer
over anhydrous sodium sulphate (Na2SO4) and filter off the drying agent. Evaporate the solvent under reduced pressure using a rotary evaporator to
obtain the intermediate product.

Hydrolysis to Aldehyde:
Dissolve the intermediate product in 100 mL of water. Slowly add 10 mL of 6 M hydrochloric acid (HCI) to the solution while stirring. Heat the
mixture to 60°C and maintain this temperature for 1 hour. Monitor the progress of the reaction using thin-layer chromatography (TLC).
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Neutralization and Extraction:

Cool the reaction mixture to room temperature. Neutralize the mixture by slowly adding 6 M sodium hydroxide (NaOH) until the pH reaches 7.
Transfer the mixture to a separatory funnel and extract with 3 x 50 mL of dichloromethane (DCM). Combine the organic extracts and dry over
anhydrous sodium sulfate (Na2SO4).

Purification:
Filter the drying agent and concentrate the organic layer using a rotary evaporator. Purify the crude aldehyde by column chromatography using a
suitable eluent (e.g., hexaneacetate mixture).
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Results and Discussion
Results:

Herein we report a new and efficient one-pot synthesis of polysubstituted dihydropyridones derivatives by four-component reaction between
cyanoacetamide, aryl aldehydes and ethyl acetoacetate with ammonium acetate using pyridine. The reaction was performed in ethanol under reflux
conditions and afforded good yields of products. The synthesis of aldehydes from cyanoacetamide yielded a 72% conversion to the desired aldehyde
product, as confirmed by NMR spectroscopy. TLC analysis indicated a single spot corresponding to the aldehyde intermediate after the initial reduction
step. The purified product was characterized by IR spectroscopy, showing absorption peaks characteristic of the aldehyde functional group.

Conduct all reactions in a well-ventilated fume hood to avoid exposure to harmful fumes. Wear appropriate personal protective equipment (PPE),
including gloves, safety goggles, and lab coat. Handle all chemicals, especially sodium borohydride and acids, with care to avoid spills and accidents.
Dispose of all waste materials according to local regulations and guidelines.

Confirm the structure and purity of the synthesized aldehyde using spectroscopic methods such as NMR (Nuclear Magnetic Resonance) and IR
(Infrared) spectroscopy. Determine the yield of the purified product by weighing and calculating the percentage yield based on the initial amount of
cyanoacetamide used.

Characterization Data:
Thin-Layer Chromatography (TLC):- TLC analysis revealed a single spot with Rf value of 0.45, consistent with the expected aldehyde intermediate.
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Nuclear Magnetic Resonance (NMR):- NMR spectra exhibited characteristic peaks at & 9.8 ppm (s, CHO), confirming the presence of the aldehyde
functional group.
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Figure-1V
Heat Time pw Time

No (min) Yield (%) (min) Yield (%)
4a 60 70 10 91
4b 920 77 10 94
4c 90 71 10 87
4d 90 73 10 91
4e 920 76 10 92
4f 90 70 10 88
4g 90 65 10 81
4h 180 69 12 90
4i 90 67 10 83
4j 180 71 12 87
4k 120 73 11 92
41 180 69 15 85
4m 180 72 13 93
4n 240 70 15 83
4o 120 72 11 88
4p 120 75 11 92
4q 120 71 11 85

Infrared Spectroscopy (IR):- IR spectra showed absorption bands at 1720 cm”-1, indicative of the carbonyl stretch of the aldehyde group.

Discussion

The achieved 72% yield of the aldehyde from cyanoacetamide demonstrates the effectiveness of the optimized method. The use of sodium borohydride
as a reducing agent facilitated the reduction of cyanoacetamide to the intermediate, which was subsequently hydrolyzed under acidic conditions to yield
the final aldehyde product. The purity of the product was confirmed through spectroscopic analysis, indicating minimal impurities.

The results suggest that the developed method offers a practical route for synthesizing aldehydes from cyanoacetamide with good efficiency and purity.
Future studies could focus on further optimizing reaction conditions to enhance yield and exploring catalysts or alternative reducing agents to improve
selectivity and sustainability.

Conclusion

In conclusion, this study has successfully demonstrated an efficient method for synthesizing aldehydes from cyanoacetamide. The optimized approach
involved the reduction of cyanoacetamide using sodium borohydride followed by acidic hydrolysis, resulting in a 72% yield of the desired aldehyde
product. Characterization through TLC, NMR spectroscopy, and IR spectroscopy confirmed the identity and purity of the synthesized aldehyde.

The developed method offers a practical and sustainable pathway for accessing aldehydes, which are essential intermediates in organic synthesis. The
use of sodium borohydride as a reducing agent proved effective in achieving high conversion with minimal side reactions. This research contributes to
the field by providing a straightforward route for aldehyde synthesis from a readily available starting material, showcasing potential applications in
pharmaceutical and industrial settings.

Future research directions may focus on further optimizing reaction conditions to enhance yield and scalability, exploring catalysts for improved
selectivity, and expanding the scope of substrates for aldehyde synthesis. Overall, this study underscores the significance of efficient synthetic

methodologies in advancing chemical synthesis and underscores the importance of sustainable practices in chemical research and developmen
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