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Abstract: 

                      Green chemistry experiments are introduced not to drastically replace the conventional ones rather, 

they are considered complementary to the existing protocols. This not only provides a wider view of various techniques 

but also imbibes inquest in innovative minds for future development and growth of the subject in general with due 

emphasis to green chemistry context. The teachers may take periodical tests to judge understanding of the students 

about the experiments practiced. Wherever possible and feasible, the conventional process should be replaced with the 

greener ones to transmit the message of this issue. Energy requirements should be recognized for their environmental 

and economic impacts and should be minimized. Synthetic methods should be conducted at ambient temperature and 

pressure. A raw material feedstock should be renewable rather than depleting whenever technically and economically 

practical. Unnecessary derivatization (blocking group, protection/deprotection, and temporary modification of 

physical/chemical processes) should be avoided whenever possible. Catalytic reagents (as selective as possible) are 

superior to stoichiometric reagents. Chemical products should be designed so that at the end of their function they do 

not persist in the environment and break down into innocuous degradation products. Analytical methodologies need to 

be further developed to allow for real-time in-process monitoring and control prior to the formation of hazardous 

substances. Substances and the forms of the substance used in chemical reaction should be chosen so as to minimize the 

potential of chemical accidents, including releases, explosions, and fires. Green Chemistry is an invention, design, 

development and application of chemical products and processes to reduce or to eliminate the use and generation of 

substances hazardous to human health and environment. The dihydropyrimidinone and its derivatives are obtained by 

conventional method which includes the use of conc. H2SO4  and ethanol with strong heating for the 16-18 hrs which is 
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found to hazardous and low yield of product. An alternative facile route of green approach, eco-friendly and solvent-free 

reaction procedure with very simple workup conditions is needed for organic synthesis. Present work is carried out for 

the synthesis of dihydropyrimidinone and its derivatives by three component coupling. The synthesis of ligands 

dihydropyrimidinone and its substituted derivatives includes three component coupling reaction of benzaldehyde, ethyl 

acetoacetate and urea. The reaction mixture is only on heating for 1h yield the of dihydropyrimidinone. The ligands 

obtained is recrystallized to give a colorless solid; and further characterized by modern spectral methods. The systematic 

path of the reaction and mechanism is shown in the Scheme-I. The peculiarity of the reaction is rapid conversion, solvent 

free; no use of catalyst and hazardous chemicals in the synthesis hence, it is eco-friendly green chemistry synthesis. 
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1.1Introduction:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Green Chemistry is an invention, design, development and application of chemical products and 

processes to reduce or to eliminate the use and generation of substances hazardous to human 

health and environment. The dihydropyrimidinone and its derivatives are obtained by 

conventional method which includes the use of conc. H2SO4  and ethanol with strong heating for 

the 16-18 hrs which is found to hazardous and low yield of product.  An alternative facile route 

of green approach, eco-friendly and solvent-free reaction procedure with very simple workup 

conditions is needed for organic synthesis. Present work is carried out for the synthesis of 

dihydropyrimidinone and its derivatives by three component coupling. The synthesis of ligands 

dihydropyrimidinone and its substituted derivatives includes three component coupling reaction 

of aldehyde, ethyl acetoacetate and urea. The reaction mixture is only on heating for 1h yield the 

of dihydropyrimidinone. The ligands obtained is recrystallized to give a colorless solid; and 

further characterized by modern spectral methods.     Green Chemistry approaches are an eco-

friendly green synthesis, invention, design, development and application of chemical products 

and 3ndustcations to minimize the use and hazardous solvent, reagents and catalysts causing 

environmental pollutions.  It is better to prevent waste than to treat or clean up waste after it is 

formed. Synthetic methods should be designed to maximize the incorporation of all materials 

used in the process into the final product. Wherever practicable, synthetic methodologies should 

be designed to use and generate a substance that poses little or no toxicity to human health and 

the environment.  Chemical products should be designed to preserve efficacy of function while 

reducing toxicity.  The use of auxiliary substances (e.g. solvents, separation agents etc.) should 

be made unnecessary wherever possible and, innocuous when used. Energy requirements should 

be recognized for their environmental and economic impacts and should be minimized. Synthetic 

methods should be conducted at ambient temperature and pressure. A raw material feedstock 

should be renewable rather than depleting whenever technically and economically practical. 

Unnecessary derivatization (blocking group, protection/deprotection, and temporary 

modification of physical/chemical processes) should be avoided whenever possible.  Catalytic 

reagents (as selective as possible) are superior to stoichiometric reagents. Chemical products 

should be designed so that at the end of their function they do not persist in the environment and 

break down into innocuous degradation products.  Analytical methodologies need to be further 

developed to allow for real-time in-process monitoring and control prior to the formation of 
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hazardous substances.  Substances and the forms of the substance used in chemical reaction 

should be chosen so as to minimize the potential industry accidents, including releases, 

explosions, and fires. Experiments should involve the use of alternative reagents which are not 

only eco-friendly but also be easily available anywhere in the country in bulk quantities at very 

cheap price. They should not preferably involve the use of organic solvents (like ether, petroleum 

ether or ethyl acetate); ethanol and methanol are mostly preferred. Modified Experiments, if 

possible should not involve sophisticated instrumentation techniques like high-pressure system, 

evacuated system, inert atmosphere using argon, etc. This is in view of the stringent situations in 

many of the laboratories in most of the institutions of our country, specially, in rural areas.  

Experiments should avoid tedious experimental procedure like longer reaction time, reaction at 

high temperature etc. All organic chemistry experiments (preparation, separation of mixture of 

compounds, identification of functional groups etc.) should preferably be conducted in semi-

micro or micro-scale. Thin-layer chromatography (TLC), spectroscopic techniques (UV, IR and 

wherever available NMR) should be methods of choice for determining purity, functional groups 

and structure elucidation. One can use ethyl chloroformate as a substitute for PCl
5
, PCl

3
, POCl

3 

or SOCl
2
. The acid is converted to anhydride which can be used for the same purpose Dimethyl 

carbonate may be used as a suitable substitute for dimethyl sulfate and methyl halides for 

methylation as the end product is only carbon dioxide. Present work is carried out for the green 

synthesis of dihydropyrimidinone and its derivatives by coupling reactions.   Aldehydes and 

ketones react with hydroxyl amine hydrochloride in presence of alkali and yield stereo-isomeric 

oximes.  oximes of ethers and esters are very well-known. Oximes are important in the synthesis 

of N-heterocyclic compounds
1  

Oxime formation of water insoluble aldehydes or ketones  is 

carried out by refluxing  aldehydes or ketones with hydroxyl amine hydrochloride in ethanol  and  

sodium acetate or sodium hydroxide at optimum conditions. Antimicrobial and entomological 

activities are also of great interest. Metal Complexes have been of interest to researcher because 

of their ability to modify the properties of organic molecule which behave as ligands. Synthesis 

of metal chelates is of importance due to their wide applications in laser technology, biological 

sciences industry.   
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2.1 Experimental: A.  Green method for ligands synthesis 

2.1.1   Green Synthesis of   ethyl 1, 2, 3, 4-tetrahydro-6-methy l-2-oxo-4-phenylpyrimidine-5-

carboxylate from Benzaldehyde, ethyl acetate and urea by three component coupling reaction (3) 

A mixture of distilled benzaldehyde (1.1 g), ethyl acetoacetate (1.3 g) and urea (0.7 g), 

taken in a round bottom flask was shaken by hand for 2 minutes. The reaction mixture was then 

heated in a water bath at 90 
o
C for one hour. With progress of the reaction a solid started to 

deposit and after one hour the flask is full of solid. The solid was taken out carefully with a 

spatula or spoon in a conical flask. The yellow solid was washed with cold water (1 ml) and then 

recrystallized from rectified spirit to give a colorless solid. 

2.1.2 Green Synthesis of   ethyl 1, 2, 3, 4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-

oxopyrimidine-5-carboxylate from m-nitrobenzaldehyde, ethyl acetate and urea by three 

component coupling reaction(4):  

A mixture of m-nitrobenzaldehyde (1.1 g), ethyl acetoacetate (1.3 g) and urea (0.7 g), 

taken in a round bottom flask was shaken by hand for 2 minutes. The reaction mixture was then 

heated in a water bath at 90 
o
C for one hour. With progress of the reaction a solid started to 

deposit and after one hour the flask is full of solid. The solid was taken out carefully with a 

spatula or spoon in a conical flask. The yellow solid was washed with cold water (1 ml) and then 

recrystallized from rectified spirit to give a colorless solid. The yield is found to be 79%. The 

synthesized products are characterized by modern spectral techniques such as IR, 
1
HNMR, 

13
CMR etc. 2.1.3 Synthesis of   ethyl 4-(3-chlorophenyl)-1, 2, and 3, 4-tetrahydro-6-methyl-2-

oxopyrimidine-5-carboxylate from m-chlorobenzaldehyde, ethyl acetate and urea by three 

component coupling reaction. (5) 

             A mixture of m-chlorobenzaldehyde (1.1 g), ethyl acetoacetate (1.3 g) and urea (0.7 g), 

taken in a round bottom flask was shaken by hand for 2 minutes. The reaction mixture was then 

heated in a water bath at 90 
o
C for one hour. With progress of the reaction a solid started to 

deposit and after one hour the flask is full of solid. The solid was taken out carefully with a 

spatula or spoon in a conical flask. The yellow solid was washed with cold water (1 ml) and then 

recrystallized from rectified spirit to give a colorless solid. The yield is found to be 79%. The 

synthesized products are characterized by modern spectral techniques such as IR, 
1
HNMR, 

13
CMR etc. 
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B. Green method for Oximes synthesis 

2.1.4  Synthesis of   (2E)-ethyl 1,2,3,4-tetrahydro -2(hydroxyimino)-6-methyl-4-

phenylpyrimidine-5-carboxylate from ethyl 1 ,2,3,4-tetrahydro-6-methyl-2-oxo-4-

phenylpyrimidine-5-carboxylate.  (6)  From compound (3)        

The compound ethyl 1,2,3,4-tetrahydro-6-methyl-2-oxo-4-phenylpyrimidine-5-carboxylate  

(0.2g) was taken in ethanol(10ml) to this hydroxyl amine hydrochloride (0.2g )  and sodium 

acetate(0.3g) in 10 ml of ethanol were added. The reaction mixture was refluxed for 2 hours by 

monitoring the process of reaction using thin layer chromatography. The alcohol from the 

reaction mixture was removed under reduced pressure. The crude product was recrystallizing 

from ethyl acetate. The yield of oxime derivative was obtained.              

2.1.5 Synthesis of ethyl 1,2,3,4-tetrahydro-2-(hydroxyimino)-6-methyl-4-(3-

nitrophenyl)pyrimidine-5-carboxylate from   ethyl 1,2,3,4-tetrahydro-6-methyl-4-(3-

nitrophenyl)-2-oxopyrimidine-5-carboxylate  (7) from compound (4) 

             The compound ethyl 1,2,3,4-tetrahydro-6-methyl-4-( 3-nitrophenyl)-2-oxopyrimidine-5-

carboxylate  (0.2g) was taken in ethanol(10ml) to this hydroxyl amine hydrochloride (0.2g )  and 

sodium acetate(0.3g) in 10 ml of ethanol were added. The reaction mixture was refluxed for 2 

hours by monitoring the process of reaction using thin layer chromatography. The alcohol from 

the reaction mixture was removed under reduced pressure. The crude product was recrystallizing 

from ethyl acetate yield of as an oxime derivative.  

2.1.6 Synthesis of (2Z)-ethyl-4-(3-chlorophenyl)-1, 2, 3, 4-tetrahydro-2-(hydroxyimino)-6-

methylpyrimidine-5-carboxylate from   ethyl 4-(3-chlorophenyl)-1, 2, 3, 4-tetrahydro-6-methyl-

2-oxopyrimidine-5-carboxylate.  (8) From compound (5) 

                         The compound    from   ethyl 4-(3-chlorophenyl)-1,2,3,4-tetrahydro-6-methyl-2-

oxopyrimidine-5-carboxylate  (0.2g) was taken in ethanol(10ml) to this hydroxyl amine 

hydrochloride (0.2g )  and sodium acetate(0.3g) in 10 ml of ethanol were added. The reaction 

mixture was refluxed for 2 hours by monitoring the process of reaction using thin layer 

chromatography. The alcohol from the reaction mixture was removed under reduced pressure. 

The crude product was recrystallizing from ethyl acetate. The yield of oxime derivative.              
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3. Result and Discussions 

1
HNMR and

13
CNMR spectral data of ligand-3      

Ethyl1,2,3,4-tetrahdro-6-methyl-2-oxo-4-phenylpyrimidine-5-carboxylate             

Table-   1                                                                                Figure-1                               

                      

                                                                                                  

N

NH

H

O

O

O
6.0

5.56

1.71

1.30

4.19

7.06 7.14

7.07

7.147.06

                    

                                                                                                              (3) 

1
HNMR and 

13
CNMR of ligand-4     

Ethyl 1, 2, 3, 4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-oxopyrimidine-5-carboxylate 

Table- 2                                                                                        Figure-2 

                                                                                                                                                                            

H
N

HN

O

O

O

N+
O-O

150.3 48.5

106.4
147.3

167.2

144.1

122.2
148.2

119.1

129.5

133.1

14.9

61.7

14.2

                                                                                                                      (4)       

 

Atom No. δ    in ppm 

NH- 6.5  δ 

CH 5.56 δ 

H 6.o δ 

CH3 1.71 δ 

CH2 4.19 δ 

CH 7.06 δ 

     Atom     δ     In 

ppm 

     Atom     δ     In 

ppm 

      NH      6.0 δ    CH2      4.19 δ 

   CH     5.56 δ    CH3      1.30 δ 

    NH     6.0  δ    CH     7.99 δ 

   CH3      1.71 δ    CH     8.00 δ 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-9178  8 

IJOAR© 2014 
http://www.ijoar.org 

 

1
HNMR and 13CNMR of ligand-5     

 Ethyl 4-(3-Chlorophenyl)-1, 2, 3, 4-tetrahydro-6-methyl-2-oxopyrimidine-5-carboxylate 

Table-   3                                                                                Figure-3 

 

                                                                                                                          

H
N

HN

O

O

O

Cl

150.3 49.0

106.4
147.3

167.2

14.9

144.6

126.8
134.1

126.9

130.0

125.1

61.7

14.2

 

                                                                                                        ( 5) 

1
H NMR and     

13
C NMR of ligand-6     

(2E)-ethyl1, 2, 3, 4-tetrahdro-2-(hydroxyimino)-6-methyl -4-phenylpyrimidine-5-carboxylate             

Table-   4                                                                                   Figure-4 

                                                                                                             

N
H

NH

O

O

N

OH

16344.3

104.2

160.3167.2

143.2

127.0

128.6

126.8

128.6

127.0

16.4

61.7

14.2

 

                                                                                                               (6) 

     Atom     δ     In 

ppm 

     

Atom 

    δ     In 

ppm 

    NH      6.0 δ       6.94 δ 

   CH     5.56 δ    CH3      1.71 δ 

   NH     6.0  δ    CH2     4.19 δ 

   CH      7.07 δ    CH3     1.30 δ 

     

Atom 

    δ     

In 

ppm 

     

Atom 

    δ     

In 

ppm 

   NH  2.0 δ     CH   7.14  

   CH   4.59    CH3   1.71  

   NH  2.0 δ   CH3   1.30  

   OH  2.O    CH2   4.19  
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1
HNMR and

13
CMR of ligand-7    

Ethyl1, 2, 3, 4-tetrahydro-2-(hydroxyimino)-6-methyl-4-(3-nitrophenyl) pyrimidine-5carboxylate                                                                                                   

Table-5 Figure-5                                                                                       

H
N

HN

O

O

N+
O O-

N

HO
163

43.3

104.2
160.3 167.2

144.1

122.2

148.2

119.1

129.5

133.1

16.4

61.7

14.2

 

                 (7) 

 

 
1
H NMR and 

13
C NMR of ligand-8   

 (2Z)-ethyl 4-(3-Chlorophenyl)-1, 2, 3, 4-tetrahydro-2-(hydroxyimino)-6-methylpyrimidine-5-

carboxylate 

Figure-6           Table-6                                                                    

H
N

HN

O

O

N

HO

Cl

163

43.8

104.2

160.3 167.2

16.4

144.6

126.8

134.1

126.9

130.0

125.1

61.7

14.2

 

                    ( 8) 

The newly synthesized ligands 3, 4, and 5 are gives better yield than conventional method and 

the % yield are found to be 82% 84% 79% respectively. It is crystalline solid. It was purified by 

crystallization using ethyl alcohol as solvent. The synthesized products are characterized by 

modern spectral techniques such as 1HNMR, 13CMR, etc. The total three 5, 6, and 7 probably 

bioactive ligands have been synthesized by simple oximation reactions. The different reagent 

Atom δ     In 

ppm 

Atom δ     

In 

ppm 

NH 2.0 δ   

CH 4.59 δ CH 7.45 

NH 2.0 δ CH3 1.71 

CH 7.99 δ CH2 4.19 

CH 8.00 δ CH3 1.30 

CH 7.40 δ OH 2.0 δ 

     

Atom 

    δ     In 

ppm 

     

Atom 

    δ     In 

ppm 

     NH       2.0 δ  CH3        1.71 δ 

     CH       4.59 δ   CH2       4.19 δ 

     NH        2.0 δ   CH3       1.30 δ 

     CH       7.07 δ    OH       2.0 δ 
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like hydrazine hydrochloride, phenyl hydrazine, hydrazine, 2-4 Donator phenyl hydrazine etc for 

oxidation of these ligands. The newly synthesized oximes products are characterized by modern 

spectral techniques such as 1HNMR, 13CMR, etc. 

4.  Conclusions:  

In the conventional methods the use of sulphuric acid is very hazardous and also solvents used 

for require typical workup conditions. The general trends of the reaction is time consuming 

require longer time for controlling the parameter s of the reaction is also difficult and hence to 

overcome this difficulty green procedure is commonly used. The green procedure indicated in 

the is very good low cost an alternative eco-friendly method. This includes the no use of non 

green component sulphuric acid, no use of hazardous organic solvents, no requirement of 

catalyst and the faster conversion with precisely good yield of reaction than the conventional 

method. Green chemistry experiments are introduced not to drastically replace the conventional 

ones rather, they are considered complementary to the existing protocols. This not only provides 

a wider view of various techniques but also imbibes inquest in innovative minds for future 

development and growth of the subject in general with due emphasis to green chemistry context. 

The systematic path of reaction and the method of the green synthesis of dihydropyrimidinone 

and its derivatives by coupling reactions are shown. The Peculiarity of the reaction is rapid 

conversion, solvent free; no use of catalyst and hazardous chemicals in the synthesis follows eco-

friendly green chemistry path of synthesis. The product obtained and the substances used in 

chemical reaction should minimize the potential of chemical accidents, including releases, 

explosions, and fires.  Almost all ligands are found to be colored and good quality crystalline 

solid. It was purified by crystallization using ethyl alcohol as solvent.  The rate of conversion and 

progress of oxidation reaction is checked time to time by TLC technique by using different 

solvent systems. The synthesized products are characterized by modern spectral techniques such 

as 1HNMR, 13CMR, etc.  The total three ligands have been synthesized by simple oximation 

reactions. The different reagent like hydrazine hydrochloride, phenyl hydrazine, hydrazine ,2-4 

Dinitro phenyl hydrazine etc for oximation of the ligands  synthesized as per scheme II by 

coupling reaction which is done by green procedure which time consuming , no use of hazardous 

chemicals and safety preparation . This is ecofriendly and fast conversion method compared with 

conventional methods. The synthesized ligands compounds are may be bioactive since these 

ligands bears carbonyl and oxime groups with bioactive oxygen, nitrogen atoms.  
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