


STUDY ON REACTION BETWEEN CHLOROFORMALDEHYDE AND ACETAMIDE


Abstract 
Aldehydes, in general, are known to exhibit limited reactivity toward amides, although some aldehydes, particularly formaldehyde, take part in addition reaction with amides. Formaldehyde readily undergoes addition reaction with acetamide, producing N-hydroxymethyl acetamide. In this transformation, the carbonyl group of formaldehyde is converted into an alcohol functional group, while the amide functionality remains unaltered, demonstrating a unique and specific interaction between these two simple compounds.
It is well established from previous literature that chloroform reacts with nitric acid to yield chloroformaldehyde, an aldehyde derivative characterized by the presence of an electron-withdrawing  group. The presence of this  group significantly enhances the electrophilicity of the carbonyl carbon, rendering the compound much more reactive than typical aldehydes. 
The primary objective of the present study is to explore the chemical reaction between chloroformaldehyde and acetamide as well as to characterize the product of the reaction through experimental investigation and spectral analysis.
Detailed experimental study of the reaction reveals that  group of chloroformaldehyde acts as leaving group, producing free chloride ion in the solution. Furthermore, the product mixture shows a negative response to the ceric ammonium nitrate test, suggesting the absence of any hydroxyl group () in the product molecule, thereby ruling out the possibility of an alcohol-containing product such as an N-hydroxymethyl derivative. In contrast, the product mixture gives a positive response to Tollen’s reagent, confirming the presence of an aldehydic group () group in the final product, indicating the possibility of substitution reaction. 
The nuclear magnetic resonance (1HNMR) spectrum of the product sample distinctly shows proton signals corresponding to both an amide proton () and an aldehyde proton (). The coexistence of these signals in a single compound clearly indicates that substitution reaction occurs instead of condensation or addition reaction between amide and aldehyde group. 
On the basis of these experimental findings and chemical analyses, a plausible reaction mechanism has been proposed to explain the chemical reaction between chloroformaldehyde and acetamide. The proposed mechanism involves a nucleophilic substitution reaction, where the  group, attached to the carbonyl carbon of chloroformaldehyde, is replaced by the amide group of acetamide. This substitution leads to the formation of N-acetyl formamide as the principal reaction product, accompanied by the liberation of chloride ions. The overall mechanism shows the retention of both aldehyde and amide groups in the final product. 
The present study thus provides new insights into the chemical behaviour of chloroformaldehyde with nitrogen-containing compounds and contributes to the broader understanding of aldehyde–amide reactivity.
Keywords		Chloroformaldehyde, Acetamide, acetyl formamide, Chloride ion, Tollen’s reagent, Ceric ammonium nitrate, Substitution reaction.
Graphical Abstract
[image: ]
1. Introduction
Aldehydes belongs to an important class of organic compounds characterized by the presence of the  functional group. Among the aliphatic aldehydes, formaldehyde () is the most reactive with wide range of chemical transformations. That is why, several authors extensively studied the chemical reactions of formaldehyde. The aldehydes have good response toward various nucleophilic and electrophilic reagents. However, chemical behaviour of aldehydes depends on several factors like inductive effect, resonance effect etc. and hence it has been a subject of considerable interest in organic chemistry. In this context, the study of Mallick¹ demonstrated that nitric acid treatment of chloroform results in the formation of a new aldehyde compound, identified as chloroformaldehyde. This compound adds a new dimension to the family of aldehydes and exhibits distinct chemical properties compared to formaldehyde and other aldehydes.
Chloroformaldehyde, possesses an electron-withdrawing group () attached to the carbonyl carbon. This substitution significantly alters its chemical reactivity. Unlike formaldehyde, chloroformaldehyde does not undergo the Cannizzaro reaction², although chloroformaldehyde does not contain  atom. Furthermore, it has been reported³ that chloroformaldehyde takes part in a redox reaction with acidified potassium iodide (). These findings clearly indicate that the presence of the  group significantly influences the chemical behaviour of chloroformaldehyde and that is why it is considered different from formaldehyde.
In general, aldehydes readily undergo condensation or addition reactions with a variety of nucleophilic reagents containing functional groups like,  group,  group,  etc. but do not react with amides under standard condition4-7. However, acetamide, in some cases, undergoes addition reaction with aldehydes, particularly, with formaldehyde. It has been reported⁷,¹⁸ that formaldehyde reacts with acetamide to yield N-hydroxymethyl acetamide, containing no  group but contains  group and  group. This transformation proceeds through an addition mechanism rather than a condensation process, highlighting the unique reactivity of formaldehyde among the aldehydes.
Recent developments in the field have shown that aldehyde–amide coupling reactions can be promoted under catalytic or reagent-controlled conditions. Liu et al.¹⁴ described a catalyst-initiated coupling between aldehydes and amides, leading to a range of amide derivatives through C–N bond formation. Similarly, Zhang et al.¹⁵ reported reagent-dependent selective annulation reactions between amidines and 2-tert-amino benzaldehydes, further expanding the scope of aldehyde–amide chemistry. Martinovich et al. documented the reaction between formaldehyde and cyclic amines17. Moreover, several studies16, 18, 19 documented diverse condensation and substitution reactions between aldehydes and amides, revealing the possibility of obtaining novel amide-based products depending on the reaction conditions and substituents involved. Saliman et al. reported that use of Silzic catalyst under solvent-free condition produces high yield of NN’-alkylidene bisamides from acetamide and aldehydes20.
The present paper aims to investigate the chemical nature of the reaction between chloroformaldehyde and acetamide under mild heating conditions in a water bath. The study reveals that the reaction proceeds with the nucleophilic attack of amide group on aldehyde group with liberation of chloride ions. Eventually, the chlorine atom in chloroformaldehyde is replaced by amide group of acetamide. The detailed investigation shoes that the product does not contain any hydroxyl () group but contains an aldehyde group (). Based on the experimental observations and analytical data, a mechanistic pathway is proposed suggesting that chloroformaldehyde reacts with acetamide through a substitution process, leading to the formation of N-acetyl formamide accompanied by the release of chloride ion.
This investigation provides insight into the unusual reactivity of chloroformaldehyde toward amides and contributes to the broader understanding of aldehyde–amide interactions, highlighting the influence of halogen substituents on carbonyl reactivity and mechanism.
2. Material and Methods
2.1 REAGENTS
(a) Laboratory grade Chloroform,  	(b) Laboratory grade acetamide crystal,	
(c) Freshly prepared Tollen’s reagent.  	
(d) Freshly prepared  silver nitrate solution.
(d) Freshly prepared ammonium ceric nitrate solution .
2.2 PREPARATION OF  NITRIC ACID		
 double distilled water is taken in a  beaker.  laboratory grade concentrated nitric acid is added slowly to it. So  (1:1) nitric acid is prepared. 
2.3 PREPARATION OF CHLOROFORMALDEHYDE	 	
 laboratory grade chloroform is taken in a reflux apparatus.   nitric acid is added to it. The heterogeneous mixture is heated to about  for  under reflux. The heater is put off and the mixture is then allowed to cool to room temperature under reflux. The heterogeneous mixture is collected and kept in a refrigerator for . Two layers, organic and aqueous, are quite distinct. The heavier organic layer forms the bottom layer and the lighter aqueous layer forms the top layer. These two layers are separated by using a separating funnel. Both the bottom layer and aqueous layer are believed to contain chloroformaldehyde1. 
2.4 PREPARATION OF SAMPLE SOLUTION	
 aqueous layer is taken in a conical flask.  distilled water is added into it.  acetamide crystal is weighed and added in the conical flask. The conical flask is covered. Warm the mixture in water bath with stirring for minutes. Cool the mixture to room temperature and keep it into refrigerator for . So the sample solution is prepared.
2.5 NMR study 	1HNMR study of the sample solution is conducted by JEOL 400 MHz NMR spectrophotometer.
3. Results and Discussion
Test of  group 		Take  sample solution in a test tube. Add few drops of freshly prepared silver nitrate solution. White precipitate is observed and it is dissolved in excess  solution, indicating the presence of  in the sample. The sample solution gives positive response to silver nitrate solution of  group, which clearly indicates that  ion is formed during the course of reaction.
Test of  group 		 sample solution is taken in a  beaker.  distilled water is added into it. Freshly prepared ammonium ceric nitrate solution (1%) is added slowly into the beaker. There is no such characteristic red colour due to  group, indicating the absence of  group in the sample. The sample solution gives negative response to ammonium ceric nitrate test of alcoholic  group. Generally formaldehyde participates in addition reaction with acetamide to form N-hydroxy methyl acetamide, which shows positive response to ammonium ceric nitrate test of alcoholic  group. In the present study, negative response of sample solution to ammonium ceric nitrate test of alcoholic  group indicates that usual addition reaction does not occur in case of chloroformaldehyde and acetamide.
Test of  group		Tollen’s test is carried out in a test tube.  sample solution is taken in a  test tube.  distilled water is added into it.   freshly prepared Tollen’s reagent is added slowly into the test tube dropwise. The solution is gently warmed in a water bath. Strong silver mirror is formed, indicating the presence of  group in the sample. The positive response to Tollen’s reagent indicates that the product molecule contains  group.
So it is evident that the product molecule contains  group and does not contain  group. As the sample solution gives positive test of  group, it may be concluded that  group is eliminated as  from the chloroformaldehyde molecule during reaction with acetamide.
Abraham et al. studied extensively on proton chemical shifts of amides8-9. 1HNMR spectra of aldehydes and amides have been reported by several researchers10-13. The literature study reveals that the peak due to aldehyde proton of formaldehyde is observed at around 10 ppm and the peak due to amide proton of acetamide is observed at around 5 ppm. However, the peak due to amide proton of formamide is observed at around 7 ppm.
The 1HNMR spectrum of the present sample solution is shown in the Fig.1. 
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Figure 1	1HNMR spectrum of the sample, prepared from chloroformaldehyde and acetamide. 
In the present study a peak at around 7.25 ppm is observed. It is believed to be due to amide proton of formamide. One more peak is observed at around 11 ppm, which is believed to be due to aldehyde proton. So the product molecule is believed to have both amide group and aldehyde group.
On the basis of the above observations the following mechanism is proposed, shown in the Fig.2. The carbonyl group of formaldehyde acts as electrophile and acetamide is believed to act as nucleophile to support aldehyde atom through sharing of pair of electrons. Eventually atom is eliminated as  with regeneration of  group, leading to the formation of N-acetyl formamide.







Figure 2	Proposed mechanism illustrating the formation of acetyl formamide.

4. Conclusions
1. The results of the present study clearly demonstrate that chloroformaldehyde undergoes a nucleophilic substitution reaction with acetamide in an aqueous medium, forming N-acetyl formamide. The study shows that in presence of nucleophilic substrates such as amides. the chemical behaviour of chloroformaldehyde is different from that of formaldehyde. 
2. The chemical reaction indicates a substitution reaction where, amide group of acetamide acts as nucleophile, which attacks the  group of chloroformaldehyde. In this process, the chlorine atom, attached to the  group serves as a good leaving group, thereby facilitating the substitution reaction.
[bookmark: _GoBack]3. The findings and mechanism of the present work suggest that presence of  group, attached to carbonyl group, change the usual chemical behaviour of  group. In general, aldehydes are known for nucleophilic addition reactions.  Direct bonding of  group with  group introduces enhanced electrophilicity at the carbonyl carbon and simultaneously provides a suitable leaving group, thus shifting the reaction path away from classical aldehyde reactivity. This distinct behaviour emphasizes the unique characteristics of α-halogenated carbonyl compounds and broadens the understanding of their chemical transformations. 
4. The findings of this investigation is believed to open promising avenues for further exploration. Similar studies on halogenated aldehydes could lead to the development of new synthetic strategies for preparing functionalized amide derivatives or other useful organic molecules. Therefore, the present work not only clarifies the reaction between chloroformaldehyde and acetamide but also provides a foundation for future research in the chemistry of halogen-substituted carbonyl systems.
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