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Abstract—A novel synthetic methods for the efficient and 
environmentally-friendly production will provide useful 
inspiration. This report presents a novel method for 
microwave-assisted synthesis of diazinon with different organic 
solvents, microwave heating power, heating time, catalysts. 
The optimal conditions for this synthesis are: 750W for 
microwave power, 12 min. for heating time, and 0.02% for 
mole ratio of catalyst DMAP to O, O-diethyl thiophosphoryl 
chloride and 1, 2-dichloroethane for the best solvent, which can 
lead the yield of diazinon to 67.86%. When adding repeatedly 
fresh 2-isopropyl-6-methyl-4-hydroxy pyrimidine for enough 
times, the yield of diazinon for O, O-diethyl phosphoryl 
chloride can be as high as 86.54%. With an amazing chemical 
reaction rate and less waste water discharge, microwave-
assisted synthesis is a promising method for green synthesis. 

Keywords-diazinon; optimization of reaction conditions; 
microwave-assisted synthesis 

I. INTRODUCTION 
As an environmentally benign technology with wide 

application, microwave synthesis has the advantages of 
homogeneous volumetric heating, and high reaction rate 
compared with other physical and chemical methods [1, 2]. 

Diazinon is a kind of important biochemical compounds. At 
present, it has developed a variety of synthetic routes of 
diazinon, and the most representative one is isobutyronitrile 
synthetic route, which takes isobutyronitrile, methyl 
acetoacetate, and ethyl chloride as main raw materials, 
synthesizes diazinon through the amidine, cyclization and 
condensation reaction [3, 4]. Each step reaction must be 
carried out under anhydrous conditions and supplemented 
with appropriate catalysts. In the final step of condensation 
reaction, if we use the phase transfer method, the reaction 
rate is fast, the unit productivity is high and the cost is 
relatively low [5-8]. Because of the reaction occurring at the 
interface between water phase and oil phase, O, O-diethyl 
thiophosphoryl chloride will be consumed due to hydrolysis, 
resulting in low yield and the purity of product is also 
reduced by mixing with some impurities. In particular, the 
process of synthesis is accompanied with producing a large 
amount of wastewater, which contains organic phosphorus 
waste water and is difficult to be biochemically degraded 
and it will bring about considerable pressure on the 
environment [9, 10]. Nowadays, environmental protection is 
tightening, with organic solvent as media, at the presence of 
acid binding agents and catalyst, the synthesis of diazinon 
through condensation reaction has become the mainstream 
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of industrial production. Hu Zhongfu[11] adopts the 
conventional heating method, the synthetic route takes 
isobutyronitrile as raw materials, after amidine, cyclization 
and condensation, the total yield reaches 73.7% and the 
reaction time is about 4h. By orthogonal experiment, Liu 
Jinhong [12] uses suitable solvent and water carrier, the 
condensation reaction time is shortened to 6h and the 
content of sulfotepp byproduct is less than 0.13%. 

Microwave assisted organic solvent combined with the 
advantages of organic solvent and microwave technology, 
the reaction rate is fast, the yield of the product is high, the 
selectivity is good and the post-treatment is simple. Organic 
solvent can be recycled for many times, and it can be 
applied in various types of organic synthesis. By comparing 
the synthetic yield under different conditions of microwave 
assisted synthesis, the effects of the factors such as the 
heating time, the power of microwave radiation, the type of 
catalyst and solvent on the yield were optimized. 

Through the experiment, it found the optimum reaction 
conditions of microwave assisted synthesis of diazinon, 
which provided experimental basis for improving the 
conversion ratio of O, O-diethyl thiophosphoryl chloride in 
industrial production, reducing the discharge of waste water 
and environmental pollution. 

II. EXPERIMENTAL 

A. Instruments and Reagents 
Microwave oven (MM823EA6-PS) was purchased from 

Qingdao Makewave Co., Ltd. Electronic balance (JY203) 
was purchased from Shanghai Puchun Measuring 
Instrument Co., Ltd. GC-950 was supplied by Shanghai 
Haixin Chromatographic Instrument Co, Ltd. High pressed 
test tube(FD-004) was purchased from Golden Lake Fidelity 
Machinery Co., Ltd. 

2-isopropyl-6-methyl-4-hydroxy pyrimidine(95.0%) 
were supplied by Nantong Jiangshan Agrochemical Co., Ltd. 
The prototype diazinon was supplied by AccuStandard. 
Other drugs and reagents are analytically pure and can be 
used directly; the anhydrous solvent is treated according to 
the standard method. 

B. Synthesis Principle 
The 2-isopropyl-6-methyl-4-hydroxy pyrimidine 

reacted with NaOH to produce sodium 2-isopropyl-6-
methyl-4-hydroxy pyrimidine, which was shown in 
scheme1.  
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Scheme 1 

Sodium 2-isopropyl-6-methyl-4-hydroxy pyrimidine 
reacted with O, O-diethyl phosphoryl chloride under 
different conditions to produce diazinon, which was 
shown in scheme 2[13-15]. 

 

 
 
 
 

Scheme 2 

C. Experimental Operation 
1) The preparation of sodium 2-isopropyl-6-methyl-4-

hydroxy pyrimidine[16]: Put 2-isopropyl-6-methyl-4-
hydroxy pyrimidine (95%, 2 mol) 320.42 g into 1000mL 
beaker, then added the distilled water 500mL and NaOH 
88g into the beaker slowly and stirred until the 2-isopropyl-
6-methyl-4-hydroxy pyrimidine was dissolved. We could 
obtain the aqueous solution of sodium 2-isopropyl-6-
methyl-4-hydroxy pyrimidine when the aqueous solution 
was clear and transparent. Put the aqueous solution into 
1000mL round flask, dehydrated 8h under heating and 
decompression, when appeared white solid precipitations, 
removed and crushed it, then continued to place it in the 
oven at 100℃ until sodium 2-isopropyl-6-methyl-4-hydroxy 
pyrimidine (98.2%) was completely dry. 

2) The diazinon synthesis[17]: Took the dried sodium 
2-isopropyl-6-methyl-4-hydroxy pyrimidine 2.325 g (98.2%, 
0.015 mol), DMAP 0.001 g (DMAP is 0.02% mole ratio 
with 2-isopropyl-6-methyl-4-hydroxy pyrimidine), the 
solvent 15g, O,O-diethyl thiophosphoryl chloride 3.445 g 
(98.5%, 0.018 mol), and put them in 90mL high pressed test 
tube, then stayed in microwave oven (MM823EA6-P), 
adjusted the position of high pressed test tube to a right 
place. Set different powers, heating mode was set to work 3 
min and stop 5 min, and then work 3 min and stop 5 min, 
did this again and again until the set time. After the reaction, 
cooled and filtrated the internal reaction liquid and solid, for 
ionic liquids could be used as reaction solvent, then used 
ether extraction, and detected content. 

D. Determination of Diazinon by Gas Chromatography 
1) Chromatographic conditions [18]: Chromatographic 

column, ф3×0.5×1000 stainless steel column; fillers, 5% OV-
101/(m/m) silanization (HMDS),101white but body 
(80~100mesh); column temperature, 200℃ (glass thermometer 
indicator); detection temperature, 230℃ (indicating value of the 
instrument meter); gasification chamber temperature, 240℃ 
(indicating value of the instrument meter); carrier gas, the 
velocity of N2 was 30 mL·min-1, the velocity of H2 was 
40mL·min-1, the velocity of O2 was 350mL·min-1; sample 
volume was 0.6μL. 

2) Measuring steps: i[5,13]. Preparation of internal 
standard solution: put 0.25g diethyl phthalate (≥98.0%) 
dissolved in acetone in the 50mL volumetric flask, diluted 
to scale and shook well. The concentration was 5mg·mL-1. 

ii. Preparation of diazinon standard solution: put 0.035g 
standard diazinon in 10mL volumetric flask, added 2.0mL 
internal standard solution accurately, diluted to scale with 
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ethanol or acetone, shook well then put in the refrigerator to 
save. 

iii. Preparation of the sample solution: put 0.035g 
sample diazinon in the 10mL volumetric flask, added 2.0mL 
internal standard solution accurately, diluted to scale with 
ethanol or acetone. 

iv. Selected chromatographic conditions and inject 
standard solution several injections before the instrument 
operation was stable. When the ratio of chromatographic 
response values of adjacent two samples between diazinon 
and internal standard substance was less than 2%, according 
to obtained chromatograms from standard and sample, we 
could determine the average of area or peak height ratio and 
use the formula to calculate the percentage content of 
diazinon [14]: 

 p
A
A

w
wf

s

i

i

s ××=  (1) 

Where: Ai and As are average of area or peak height ratio 
between diazinon and internal standard substance in 
standard and sample, respectively. Ws and Wi are quantity of 
standard and sample. P is the percentage of diazinon in 
standard. 

III. RESULTS AND DISCUSSION 

A. Effects of Different Organic Solvents on Microwave 
Assisted Synthesis of Diazinon 
The mole ratio of sodium 2-isopropyl-6-methyl-4-

hydroxy pyrimidine and O, O-diethyl phosphoryl chloride 
was 1:1.2, the dosage of catalyst DMAP was 0.02% mole 
ratio with O, O-diethyl thiophosphoryl chloride, microwave 
power was 750W, the heating time was 12 min. Add 
different kinds of organic solvent with same amount and use 
gas chromatography to detect the yield of diazinon. The 
result showed that the 1, 2-dichloroethane was the best 
solvent in microwave assisted synthesis, which was shown in 
Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. The influence of solvent on the yield of diazinon compared with 

benzene, methy lbenzene, ethyl acetate, trichlormethane1, and 2-
dichloroethane. 

B. The Effects of Microwave Power on Diazinon Synthesis 
The mole ratio of sodium 2-isopropyl-6-methyl-4-

hydroxy pyrimidine and O, O-diethyl phosphoryl chloride 
was 1:1.2, the dosage of catalyst DMAP was 0.02% mole 
ratio with O, O-diethyl thiophosphoryl chloride, the solvent 
was 1, 2-dichloroethane, the heating time was 12 min. Use 
different Microwave power to react. The results showed that 
the 750W was the best power in microwave synthesis, 
which was shown in Fig. 2. 
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Figure 2. The influence of power on the yield of diazinon. 

C. The Influence of Heating Time on Diazinon Synthesis 
The mole ratio of sodium 2-isopropyl-6-methyl-4-

hydroxy pyrimidine and O,O-diethyl phosphoryl chloride 
was 1:1.2, the dosage of catalyst DMAP was 0.02% mole 
ratio with O,O-diethyl thiophosphoryl chloride, the solvent 
was 1, 2-dichloroethane, microwave power was set 
750W.Use different microwave heating time to react. The 
result showed that the 12 min was the best time in 
microwave assisted synthesis, which was shown in Fig. 3. 

2 4 6 8 10 12 14 16 18 20 22

10

20

30

40

50

60

70

yi
el

d 
(%

)

time (min)

 yield

 
Figure 3. The influence of time on the yield of diazinon. 
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D. The Dosage of Catalyst DMAP Affects on Diazinon 
Synthesis 
The mole ratio of sodium 2-isopropyl-6-methyl-4-

hydroxy pyrimidine and O, O-diethyl phosphoryl chloride 
was 1:1.2, the solvent was 1, 2-dichloroethane, microwave 
power was set 750W. The heating time was 12min. Use 
different dosages of catalyst DMAP to react. The result 
showed that 0.02% mole ratio the dosage of catalyst DMAP 
with sodium 2-isopropyl-6-methyl-4-hydroxy pyrimidine 
was the best condition in microwave synthesis, which was 
shown in Fig. 4. 
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Figure 4. The influence of catalyst DMAP dosage on the yield of diazinon 

E. Conversion Rate of O,O-Diethyl Thiophosphoryl 
Chloride under The Optimized Conditions 
In the previous diazinon synthesis, the yield of diazinon 

and the O, O-diethyl thiophosphoryl chloride was low, 
because the sodium 2-isopropyl-6-methyl-4-hydroxy 
pyrimidine is solid. It reacted with O, O-diethyl phosphoryl 
chloride to product sodium chloride, which covered on the 
surface of the sodium 2-isopropyl-6-methyl-4-hydroxy 
pyrimidine to hinder the further reaction. We had done the 
following changes of the experiment in order to improve 
conversion rate. Under the optimal conditions, separate the 
sodium chloride covered on the surface of sodium 2-
isopropyl-6-methyl-4-hydroxy pyrimidine every once in a 
while, then add new sodium 2-isopropyl-6-methyl-4-
hydroxy pyrimidine to react. After a reaction cycle, filtrated, 
added new sodium 2-isopropyl-6-methyl-4-hydroxy 
pyrimidine to react, thus again and again, recorded the yield 
of every cycle. After separation, sodium 2-isopropyl-6-
methyl-4-hydroxy pyrimidine can be leached with a little 
water to remove sodium chloride which was covered on the 
surface and then be reused. 

The mole ratio of sodium 2-isopropyl-6-methyl-4-
hydroxy pyrimidine and O,O-diethyl phosphoryl chloride 
was 1:1.2, the dosage of catalyst DMAP was 0.02% mole 
ratio with O,O-diethyl thiophosphoryl chloride, the solvent 
was 1, 2-dichloroethane, microwave power was set 750W. 

The heating time was 12min. Interval of 12 min after 
heating filter and replace sodium 2-isopropyl-6-methyl-4-
hydroxy pyrimidine. The concentration of product was 
detected by gas chromatography. The cumulative 
conversion of O, O-diethyl thiophosphoryl chloride was 
shown in Fig.5. 
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Figure 5. The influence of sodium 2-isopropyl-6-methyl-4-hydroxy 

pyrimidine cyclic reaction times on the yield of diazinon. 

IV. CONCLUSION 
The report adopted the new type of microwave-assisted 

synthesis and promoted the reaction between organic 
molecules in a new type of heating method. We have 
considered the main factors affecting microwave synthesis, 
such as: 1.the solvent type of reaction system; 2.the 
microwave power; 3.the microwave heating time; 4.the 
catalyst in synthesis system. With the different factors 
changed, the yield of diazinon relatived to the O, O-diethyl 
phosphoryl chloride also changed accordingly. After an in-
depth exploration research, we finally obtained the best 
microwave synthesis scheme. 

The optimized conditions: microwave power is 750W, 
the reaction time was 12min, the solvent was 1, 2-
dichloroethane, the mole ratio of catalyst DMAP to O, O-
diethyl thiophosphoryl chloride was 0.02%, and the yield of 
diazinon can be increased to 67.86%. After a period of time 
we separated the sodium chloride covered on sodium 2-
isopropyl-6-methyl-4-hydroxy pyrimidine surface and 
added new sodium 2-isopropyl-6-methyl-4-hydroxy 
pyrimidine to react. After a reaction cycle, then filtrated, 
added new sodium 2-isopropyl-6-meth-4-hydroxy 
pyrimidine to react, thus again and again, theyl yield of 
diazinon for O, O-diethyl phosphoryl chloride could be as 
high as 86.54%. 

In microwave-assisted synthesis, because polar 
molecules are more favorable for the absorption of 
microwave radiation than non polar molecules, a certain 
temperature gradient is generated in the reaction system, 
which showed chemical behavior different from traditional 
reaction. With the use of microwave-assisted synthesis, the 
reaction time can be shortened to 30 minutes while the room 
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temperature heating method requires a few hours. Ionic 
liquids are polar molecules, all of which is composed of 
ions, which can absorb microwave energy efficiently. It is 
an excellent solvent and cosolvent in microwave reaction. 
The reaction in ionic liquid under microwave condition is 
rapid, the yield is high, the selectivity is good, and the post 
processing is simple, the ionic liquid can be repeatedly used 
after simple regeneration. Microwave-assisted ionic liquid 
phase organic synthesis is a new kind of green chemical 
synthesis method, which has aroused great interest. The use 
of this technology will greatly reduce the amount of 
chemical waste and reaction time in organic synthesis and 
chemical conversion process, greatly promoting the 
development of green chemistry and organic synthesis 
methodology. 
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