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Abstract 
Mixtures of azines can be synthesized by reaction of ketone with 
hydrogen peroxide depending on the ketone to hydrogen peroxide ratio. 
In this research work, acetone azine was synthesized by oxidation of 
aqueous ammonia with hydrogen peroxide (as an oxidizing agent) in 
the presence of acetonitrile (as an oxygen transfer agent) and acetone 
in demineral water – alcohol medium. This compound was 
characterized by 1H, 13C NMR and IR spectroscopy and elemental 
analysis. The yield of acetone azine is dependent upon the following 
factors: (a) ratio of hydrogen peroxide reacted (b) presence of water-
alcohol in the medium of reaction, (c) presence of disodium salt of 
ethylene diamine tetra acetic acid (trilon B) as a stabilizer in order to 
lowering of the speed of decomposition H2O2. So, the mass percent of 
acetone azine was investigated by iodine method and Gas 
chromatography and its amount was 70% based on hydrogen peroxide 
used. Besides, iodine method was succcessfully applied to the 
simultaneous determination of acetone azine and hydrogen peroxide in 
the medium of reaction. Because of the wide uses of azines in 
agriculture, pharmaceuticals, blowing agents in industry and also as 
intermediates for the synthesis of hydrazine and other fields, this 
research work was selected 
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1. Introduction 

Hydrazones, azines and their derivatives have been widely used in research and 
technological applications such as in pharmaceutical industry [1, 2], as dyestuff in 
photography [3] and as pesticide [4-6]. They are also useful in heterocyclic formation 
and as intermediate for the synthesis of hydrazine and numerous organic nitrogen 
compounds [7, 8]. 
Incidentally, the azine group is one of the most important synthons and intermediates in 
organic chemistry [9].  
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Hydrazones and azines are useful intermediates for converting a carbonyl group to a 
methylene group in the Wolff-Kishner reduction [10, 11]. When, hydrazine and carbonyl 
compound are reacted together under the proper conditions to give methylene group, 
two molecules of acetone combine with one of hydrazine to form acetone azine [12]. 
The ease of formation of these compounds varies according to the reactivity of the 
carbonyl grouping, in the following order [13]:  
Aldehydes > dialkyl ketones > alkyl ketones > diaryl ketones   

The suggested mechanism for these reactions is shown in Scheme 1[13]. 

  + H2NNH2     →   +H2O     

+       →    + H2O 

     + H2NNH2 →  + H2O   

+     →   + H2O 
Scheme 1 

Aldehydes react so rapidly that the intermediate hydrazone cannot be isolated, and 
the azine is practically the only product, even when an excess of hydrazine is used 
[14].A disadvantage of this procedure is the high cost of hydrazine and it's 
hazardous.The most recent process for generation of azine is using of Atofina-PCUK 
cycle that discovered in the 1975s by Weiss et al. In this industrial process, ammonia 
and hydrogen peroxide are the starting points of the cycle. Ketone is consumed and 
regenerated in the reaction [15]. The cycle begins with ammonia reacting with the 
ketone, forming water and the ketone imine [16]. 

 
Next, hydrogen peroxide oxidizes this imine to give a three-membered NH-O-C ring 

with the alkyl groups connected to the carbon [17]. 

 
Second ammonia reacts with release of water to form a hydrazone. 
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The NH2 group reacts with a second molecule of acetone, with loss of another 

molecule of water, to form ketazine. 

 
Incidentally, only waste product is water [15]. 

By the way, another suggested mechanism for these reactions is shown in Scheme 
2[16, 17, 18, 19 and 20]. 
 

   + NH3                                                                       
 - H2O 
 

   + R3OR3       + NH3   
                                            - H2O   - H2O 

 
Scheme 2 

In this work, we report a semi-batch operation for the generation of acetone azine in the 
lab scale. 

  
2. Experimental 
2.1. General procedure 

 All chemicals and solvents were purchased from Aldrich, Merck and Fluka. FT-IR 
spectrum was obtained with a Shimadzu 8900 spectrometer and using KBr (4000-400 
cm-1) pellets .1H and 13C NMR spectra in CDCl3 were recorded on a Bruker AVANCE 
500 spectrometer at room temperature and with TMS as the internal reference. 
Elemental analysis for C, H and N were performed on an O-Rapid elemental analyzer. A 
Thermo quest GC chromatograph equipped with a CP-Sil 5CB capillary column 
(50m×0.32mm×1.2µm), S/Sl inlet and a thermal conductivity detector (TCD) was used 
for the study.  Titrimetric was performed by Mettler Toledo DL 77 titrator with DM 140-
SC electrode system for redox titration and pH meter. 
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2.2. Synthesis  
2.2.1. Procedure 

For each run, the autoclave was flushed twice with nitrogen at pressure up to 0.2 
bar.A mixture of 1087.435 g (23.64 moles) of ethanol, 338.7 g (5.84 moles) of acetone, 
267.72 g (6.53 moles) of acetonitrile, 230 g (2.36 moles) of a 35% of H2O2, 640.64 g (9.4 
moles) of 25% (W/V) ammonia, simultaneously were placed in the reactor 
Meanwhile; for lowering decomposition of hydrogen peroxide was added 0.3g of the 
disodium salt of ethylene diamine tetra acetic acid as chelating agent. The reactor was a 
stainless steel V = 5 L autoclave with an electric heating and a dynamoelectric stirring. 
Then, for maintaining pressure and temperature, the autoclave was pressured with 
nitrogen at 0.8MPa and rapidly heated in the range of 80 to 110 °C temperature with 
stirring. 

 
Fig. 1. Schematic diagram of the experimental apparatus. 1: Autoclave; 2: nitrogen cylinder; 

3: nitrogen charge valve; 4: sampling valve; 5: temperature and stirring speed controller; 6: stirrer; 7: 
Condenser; 8: NH3 absorption vessel; 9: mass flow controller; p: pressure gauge 

 
The reaction lasted For 5 h. During the reaction, produced a light yellow color. The 

above reactions were kept under an inert gas blanket (nitrogen) in all steps, in order to 
preclude disturbing influences by e.g. moisture or atmospheric oxygen and producing a 
visually distinct yellow-orange color.  
This apparatus was equipped with a sampling valve. Liquid samples of 100 ml were 
collected prior to and during the reaction, thereafter analyzed by gas chromatography 
and titration. 

After the reaction was complete, the total residual liquid reactant mixture was 
discharged from the autoclave. Thereafter, the mixture was first distilled to separate into 
two parts, one involved volatile components, and another involved acetamide and 
acetone azine. Subsequently solution was cooled to room temperature, produced a 
white crystalline solid in pure form which was filtered and dried at room temperature. 

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

 اولين كنفرانس پتروشيمي ايران
 

         

 5

Acetamide was further purified by recrystallization from alcohol and water, so formed 
hexagonal crystals. The yield was 70% based on hydrogen peroxide used 
 
3. Analytical Method 
3.1. Chemical Tests 

For distinguish of reaction progress in the stage of acetone azine preparation; was 
used of determining hydrogen peroxide residue in the reaction mixture. 
In this manner; the presence of hydrogen peroxide in the reaction mixtures was detected 
by iodometric titration with excess potassium iodide, which subsequently titrated with a 
standard thiosulfate solution. Then; for determination of acetone azine in the same of 
sample was used of iodine method. 
 
– Determination of hydrogen peroxide 

 According to above procedure, to 5g of the each sample was added about 12 ml of 
aqueous sulfuric acid (30% by weight) and 12 ml of aqueous potassium iodide (30% by 
weight). 

After standing of the contents for 15 min in darkness, the released iodine was titrated 
by a 0.1N solution of sodium thiosulfate. The addition of sodium thiosulfate was 
continued until the iodine color was completely disappeared.  
  
– Determination of acetone azine 

During the iodometric titration in the highly acidic solution; the azine present in the 
medium hydrolyzes to hydrazine sulfate which dose not reduces iodine under acid 
conditions; thus, to above sample about 50 ml of a 0.1N aqueous solution of iodine and 
30 g of crystallized sodium acetate was added in order to adjust the pH to about 5. In 
this time, the solution was mixed well and a release of nitrogen observed which ceased 
after about two minutes.  

Then, the excess iodine was titrated potentiometrically with 0.1N sodium thiosulfate 
solution as titrant, maintaing the temperature between -10 and +10°C in an ice-alcohol 
bath placed above a magnetic stirrer. 
The end point was reached when aqueous layer changed from a brown to a colorless. 
This color was accrued at about 293 mV. 
 
3.2. Gas Phase Chromatography 

Gas chromatography can also be used to assay the acetone azine. During the 
experiment, Small samples (5 ml each) were withdrawn via sampling valve 4 from the 
autoclave. They were first distilled to separate into two parts, one involved volatile 
components, and another involved acetamide and acetone azine. Subsequently this 
suspending liquid was separated by filter to remove the solid production. The first part 
was analyzed by Thermo quest GC chromatograph .The internal normalization 
technique was used for the quantitative analysis. 
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 And also after the reaction was complete, the total residual liquid reactant mixture 
was discharged from the autoclave and blend were first distilled to separate into two 
parts, one involved volatile components, and another involved acetamide and acetone 
azine .subsequently this suspending liquid was separated by filter to remove the solid 
production . 

Finally, an aqueous acetone azine solution which was prepared analyzed by gas 
chromatograph. Figure 3 represents the results of the chromatographic analyses of 
acetone azine. The assay of acetone azine was 98.8%. 

 

 
Fig. 2. Chromatogram of the acetone azine 

 
3.1. Spectra Data 

Acetone azine: Yield 70%; 1H-NMR (500.1 MHZ, CDCl3) δ: 1.83 (6 Hb, s, 2CH3), 
1.92 (6Ha, s, 2CH3) ppm; 13C-NMR (125.7 MHZ, CDCl3) δ: 17.5 (Ca), δ: 22.1 (Cb), δ: 
159.9 (Cc) ppm. 

 
Anal. Calc. for C6H12N2: C, 64.25; H, 10.78; N, 24.97; Found: C, 64.00; H, 10.50; N, 
25.50.  

 
IR (KBr, cm-1): 2848.7 (C-H aliph), 1651 (C=N, azine), 1433(C-H, asy. Bend, CH3), 

1363 (CH, sy. Bend, CH3), 1245 (C-C). 
 

4. Results & Discussion 
In this work acetone azine has been synthesized in lab scale. This product is useful 

as intermediate in the preparation of many important products, particularly, is useful for 
preparation of hydrazine and hydrazine salts by hydrolysis. Then, the obtained product 
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was identified by GC, the chemical titration, infrared spectra, NMR, and elemental 
analysis. The results of analysis are described in the following:  
- Gas chromatography can be used to assay the azines. This technique, due to its 
separation capability, is especially useful for analysis of azines mixture.   
- The azines are generally determined chemically by use of an oxidizing agent, such as 
iodine or iodate. This procedure also can be used to assay the azines and mixture of 
azines accompanying with hydrogen peroxide.   
- The product as acetone azine has been confirmed by spectroscopic data and 
elemental analysis. 
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