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Abstract 
This article presents the results of the synthesis and investigation of 

physicochemical properties of dicarboxylic acid dihydrazones based on 

acetoacetanilide. During the research, dihydrazides of several 

dicarboxylic acids were synthesized and subsequently reacted with 

acetoacetanilide through condensation reactions. The obtained 

compounds were isolated as crystalline products and their melting 

points, solubility properties and spectral characteristics were 

determined. Infrared spectroscopy confirmed the formation of 

hydrazone functional groups. The obtained results indicate that the 

synthesized dihydrazone derivatives possess relatively high thermal 

stability and may be considered promising compounds for coordination 

chemistry and biologically active substance development. 
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1. Introduction  

One of the important directions of organic chemistry is the synthesis of new compounds rich in 

functional groups and the study of their properties. In recent years, hydrazone and dihydrazone 

derivatives have become one of the most widely studied classes of compounds. Such compounds 

are widely used in the synthesis of various biologically active substances, in the pharmaceutical 

industry, analytical chemistry, and as ligands in coordination chemistry. 

Hydrazone compounds contain the –C=N–NH– functional group and can participate in 

numerous organic reactions. These compounds are usually formed through condensation reactions 

between carbonyl compounds and hydrazides. The chemical structure and reactivity of hydrazone 

derivatives significantly expand their practical application. Acetoacetanilide belongs to the class of 
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aromatic amides and is an important organic compound. Due to the presence of carbonyl and amide 

groups in its structure, it can easily participate in various condensation reactions. Therefore, it is 

considered a convenient starting material for the synthesis of many new organic 

compounds.Dicarboxylic acids contain two carboxyl groups in their structure, which makes them 

convenient substrates for obtaining various functional derivatives. Hydrazide derivatives of these 

acids can react with carbonyl compounds to form dihydrazone compounds.Scientific literature 

reports numerous biological activities of hydrazone derivatives, including antibacterial, antifungal, 

antioxidant, and complex-forming properties. Therefore, the synthesis of new hydrazone and 

dihydrazone derivatives and the study of their properties represent an important and relevant task 

in organic chemistry.The main objective of this research work is the synthesis of dihydrazone 

derivatives of dicarboxylic acids based on acetoacetanilide, as well as the investigation of their 

physicochemical properties and structural features using spectral methods. 

2. Materials and Methods 

Reagents and Materials The following chemical substances were used in the research: 

acetoacetanilide hydrazine hydrate oxalic acid malonic acid succinic acid ethanol acetic acid 

dimethylformamide (DMF) All reagents were of analytical grade and were used without additional 

purification during the experiments. 

Synthesis of Dicarboxylic Acid Dihydrazides Dihydrazide derivatives of dicarboxylic acids 

were synthesized by reacting the corresponding dicarboxylic acids with hydrazine hydrate. The 

reaction was carried out in a flask equipped with a reflux condenser. During the reaction, 0.05 mol 

of dicarboxylic acid was mixed with 0.1 mol of hydrazine hydrate and heated at a temperature of 

70–80°C for 2–3 hours. As a result of the reaction, water was released and the corresponding 

dihydrazide was formed.The obtained product was cooled, filtered, washed with ethanol, and 

dried.The reaction equation can be expressed as follows: 

R(COOH)₂ + 2NH₂NH₂ → R(CONHNH₂)₂ + 2H₂O 

Synthesis of Acetoacetanilide Dihydrazones The obtained dihydrazides were subjected to 

condensation reactions with acetoacetanilide. For this purpose, 0.01 mol of acetoacetanilide and 

0.01 mol of the corresponding dihydrazide were mixed in 25 ml of ethanol solution.The mixture 

was refluxed for 2–3 hours, during which the condensation reaction took place. During the reaction, 

water was released and a hydrazone bond was formed. After completion of the reaction, the 

solution was cooled and the resulting precipitate was filtered off. The obtained product was 

purified by recrystallization from ethanol. 

Physicochemical Analysis Methods The synthesized compounds were investigated using 

the following methods: determination of melting point by the capillary method investigation of 

solubility in different solvents IR spectroscopic analysis elemental analysis for determining 

composition The IR spectra were recorded in the range of 400–4000 cm⁻¹. 

3. Results  

During the research, several new dihydrazone derivatives of dicarboxylic acids based on 

acetoacetanilide were synthesized. The obtained compounds were isolated as crystalline substances 

and their basic physical properties were studied.Some physicochemical characteristics of the 

synthesized compounds are presented in the following table. 
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No Compound name Melting point (°C) Solubility 

1 Oxalate dihydrazone 210–212 ethanol, DMF 

2 Malonate dihydrazone 198–200 ethanol, DMSO 

3 Succinate dihydrazone 205–207 alcohols 

The following characteristic absorption bands were observed in the IR spectra: 

3200–3300 cm⁻¹ – stretching vibrations of NH groups 

1650–1680 cm⁻¹ – vibrations of the carbonyl group 

1580–1600 cm⁻¹ – vibrations of the C=N hydrazone bond 

These results confirm the formation of the hydrazone structure in the synthesized 

compounds. 

Reaction Mechanism Between Acetoacetanilide and Dicarboxylic Acid Dihydrazides The 

acetoacetanilide molecule contains an active carbonyl group (C=O), which readily participates in 

condensation reactions with nucleophilic reagents. Dihydrazides of dicarboxylic acids possess 

nucleophilic –NH₂ centers. Therefore, they react with carbonyl compounds to form hydrazone 

derivatives. 

Step 1. Nucleophilic Attack In the first step of the mechanism, the –NH₂ group of the 

dihydrazide molecule attacks the electrophilic carbon atom of the carbonyl group. 

Scheme: Ar–CO–CH2–CO–CH3   +   H2N–NH–CO–R–CO–NH–NH2 

The intermediate product formed in the previous step becomes stabilized through proton 

transfer. 

C=O  →  C–OH 

NH2  →  NH 

This stage is an important part of the reaction mechanism and prepares the system for the 

formation of the hydrazone bond. 

Step 3. Water Elimination (Dehydration) In the next stage, a water molecule (H₂O) is 

eliminated from the intermediate, resulting in the formation of a C=N double bond. 

C–OH  +  NH  →  C=N  +  H2O 

Step 4. Formation of DihydrazoneSince the dihydrazide of a dicarboxylic acid contains two 

reactive functional groups, the condensation reaction can occur twice. Consequently, a dihydrazone 

compound is formed. The general structure of the resulting compound can be represented as 

follows: 

Ar–CO–CH=C(NH–NH–CO–R–CO–NH–NH=C)–CH3 

4. Discussion  

The obtained results showed that acetoacetanilide easily undergoes condensation reactions 

with dihydrazides of dicarboxylic acids. When the reaction was carried out in ethanol medium, the 

product yield was relatively high. The results of IR spectroscopic analysis clearly indicated the 

formation of hydrazone functional groups. The appearance of absorption bands characteristic of 

the C=N bond confirmed the successful completion of the condensation reaction. The relatively 

high melting points of the obtained compounds indicate that they possess crystalline structures and 
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possibly contain intermolecular hydrogen bonds. The solubility properties also demonstrate that 

these compounds dissolve well in polar solvents. Comparison of the obtained results with literature 

data showed that the synthesized dihydrazone derivatives have structures similar to previously 

reported compounds. At the same time, these compounds exhibit relatively high thermal stability 

and may possess the ability to form coordination complexes. 

5. Conclusion  

In this study, several dihydrazone derivatives of dicarboxylic acids based on 

acetoacetanilide were successfully synthesized. The synthesis process was carried out under 

relatively simple conditions and the products were obtained with good yields. The physicochemical 

properties of the obtained compounds were investigated and their structures were confirmed by IR 

spectroscopic analysis. The results indicate that the synthesized dihydrazone derivatives are stable 

chemical compounds. Further studies on the biological activity of these compounds as well as their 

ability to form metal complexes may have significant scientific and practical importance. 
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