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ABSTRACT

This article mainly analyzes and describes the property and current development prospects of the third generation 
non-steroidal anti-inflammatory drug diclofenac sodium. And stressly introduce on some of its synthetic process 
routes. In addition, relevant information such as process conditions, raw material types, and factors affecting the yield 
of each synthesis route is specifically proposed. Finally, the defects of the synthesis process of diclofenac sodium and 
the development trend of its further research are described.  
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1. Introduction of diclofenac drugs

Diclofenac and ibuprofen are the main varieties in non-steroidal anti-

inflammatory drugs, and they always occupy 50% to 60% of the drug 

market. Moreover, diclofenac, as a new type of potent non-steroidal anti-

inflammatory drug, has been consistently ranked first in the non-steroidal 

anti-inflammatory drug market for more than ten years. Diclofenac had a 

market share of 27.4% in 1998, 29.7% in 2001, and is currently around 

30%. The main mechanism of these drugs is to inhibit the synthesis of 

inflammatory reaction, and thus it plays a role in relieving pain and 

relieving inflammation. These drugs are effective in relieving fever, 

relieving pain and eliminating inflammation, with fewer adverse reactions 

[1]. 

1.1 Diclofenac 

Diclofenac is the main anti-inflammatory and analgesic effect of non-

steroidal anti-inflammatory drugs. Compared with other tricyclic non-

steroidal anti-inflammatory drugs, diclofenac has strong anti-

inflammatory and analgesic effects, and has good safety and tolerability. 

Diclofenac is a non-steroidal anti-inflammatory drug of phenylacetic acid. 

It was first developed by Giba-Geigy company and applied in clinical 

practice [2]. This type of drug has a broad market and is one of the most 

widely used non-steroidal drugs, and some researchers believe that 

diclofenac is an important representative drug in anti-inflammatory 

drugs. This type of drug has been listed with new drugs, indicating that 

this type of drug has the potential of remolding and modifying new drugs. 

Its structure is shown in Figure 1: 

Figure 1: Structure of diclofenac 

1.2 Diclofenac sodium 

Diclofenac sodium, chemical name is sodium o-

dichloroanilinophenylacetate, also known as diclofenac, and it is white 

crystalline powder, odorless, easily soluble in acetone, soluble in methanol 

and ethanol, slightly soluble in water, and it has hygroscopicity. Diclofenac 

sodium is the most important intermediate in diclofenac drugs. Because of 

its good anti-inflammatory and analgesic effect and safety, it is widely used 

in the clinical treatment of various arthritis and other joint pain, neuralgia, 

whole body pain and all kinds of inflammation caused by the fever effect 

is good, so it is the common anti-inflammatory drug in the market [2]. Its 

structural formula is shown in Figure 2: 

Figure 2: Structure of diclofenac sodium 

2. THE DEVELOPMENT PROSPECT OF DICLOFENAC SODIUM

In 1984, the Guangzhou pharmaceutical industry studied o-chlorobenzene 

as a starting material, and diclofenac was successfully prepared through 

multi-step reactions such as chlorination, hydrogenation, hydrolysis, and 

condensation. In 1986, Guangzhou Mingxing Pharmaceutical Factory took 

the lead in the production of diclofenac and put the product on the market. 

Now, more than ten enterprises in China have produced diclofenac raw 

material. In recent years, the output of diclofenac in China has 

continuously increased, reaching 250 tons in 1999, 310 tons in 2000, and 

420 tons in 2001. At present, the annual output of diclofenac in China is 

more than 600 tons, and the annual production capacity exceeds 1000 

tons [3]. Today, there are more than 100 enterprises in the world that 

produce diclofenac, and the global market has an annual demand of more 
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than 2,000 tons. This is mainly due to the following advantages of 

diclofenac products in their development [4,5]. First of all, it has the 

characteristics of strong clinical efficacy, fast distribution and rapid 

elimination in vivo. Second, there are huge market consumption groups. 

Third, the development of diclofenac derivatives has very broad prospects. 

3. RESEARCH TRENDS

Although diclofenac products have good prospects for development, the 

production and technological conditions of the diclofenac are limited. The 

cost of domestic production has been higher than that of foreign countries, 

which limits the development of the domestic pharmaceutical industry. In 

addition, there are some side effects of diclofenac. Diclofenac sodium has 

a strong stimulatory effect on the digestive tract, and the incidence of 

adverse reactions after taking it is as high as 19.3% [6]. So a lot of work 

has been done at home and abroad for diclofenac, a lead compound, and 

related products such as diclofenac choline, diclofenac lysine salt and 

diclofenac methyl ester have been developed to reduce their side effects 

[7]. 

According to the literature, at present, the research on diclofenac sodium 

is often focused on its usage, indications, and dosage forms, and the 

research on its derivatives and structure-activity relationship has not been 

further studied [8]. We can study the structure-activity relationship by 

synthesizing diclofenac sodium derivatives and looking for a simple and 

feasible synthesis route to increase the yield of synthetic drugs, in order to 

further improve the antipyretic and analgesic effects of drugs, reduce toxic 

and side effects, and prolong their effects time, and lay the foundation for 

the development of high-efficiency, low-toxic, long-term non-steroidal 

anti-inflammatory drugs. 

4. SYNTHETIC ROUTE

Since diclofenac was synthesized by Salman et al. in 1964, domestic and 

foreign scholars have conducted extensive research to improve their 

synthesis methods in order to increase productivity and reduce 

production costs. There are many kinds of synthetic methods reported at 

home and abroad at present, but there are five major types of synthetic 

methods, including o-halobenzoic acid, o-halophenylacetic acid, aromatic 

aldehydes or aryl ketones, fluorenone and other methods. Diclofenac 

sodium was first synthesized successfully in 1975, followed by German, 

French, English, Japanese, etc., and successfully put into the market [9,10]. 

There are many domestic and foreign documents on the preparation 

methods, which mainly include the following synthetic routes:  

4.1 Cyclohexanone Route 

Figure 3: Route map for the synthesis of cyclohexanone 

In this method, cyclohexanone in carbon tetrachloride solution is first 

used to generate compound 2 under the catalysis of triphenylphosphine. 

Then, Compound 3 was prepared by condensing Compound 2 with aniline 

using a strong dehydrating agent anhydrous titanium tetrachloride. 

Compound 3 was dehydrochlorinated by derivatization at 100°C. and the 

reaction was carried out in chlorobenzene to produce Compound 4. 

Compound 4 is reacted with excess chloroacetyl chloride to produce 

compound 5. Compound 6 can be prepared by reacting compound 5 

directly with anhydrous aluminum trichloride for two hours. Compound 7 

was hydrolyzed by ring-opening in ethanol solution of sodium hydroxide 

to prepare compound 7. The method is simple and easy to operate, and the 

obtained diclofenac sodium is of high purity, but the catalyst 

triphenylphosphine is relatively expensive. The condensation reaction of 

the second step compound 2 to compound 3 requires the use of titanium 

tetrachloride as the solvent, but the ratio of the titanium tetrachloride has 

a certain effect on the yield of the compound 2, and the yield of the 

synthetic route is low, as shown in Figure 3 [11]. 

4.2 O-iodophenylacetic Acid Route

Figure 4: Route map for the synthesis of o-iodophenylacetic acid 

Some pharmaceutical companies in China adopt this route and the total 

yield exceeds 30%. The method uses copper powder and potassium 

carbonate as a catalyst to cause condensation reaction of o-

iodophenylacetic acid with 2,6-dichloroaniline. The key to this method is 

that the associated yield is still not high enough, and it needs to be 

separated by silica gel column chromatography. The operation is more 

complex and there is still a need to find high-efficiency catalysts and 

improve the reaction conditions, as shown in Figure 4. If the yield can be 

improved, the profit is more ideal [9]. 

4.3 O-aminophenylacetic Acid Route

Figure 5: Route map for the synthesis of o-aminophenylacetic acid 

This method has many reaction steps, and the reaction operation is 

rigorous. When using potassium ethoxide in the first step, water-free 

operation must be ensured. The method used for nitro reduction is contact 

hydrogenation, the compound 4 is unstable, and it is prone to self-

dehydration and condensation to generate 2-hydroxyindole, as shown in 

Figure 5. Simultaneously, the synthesis of dichloroiodobenzene is also 

complicated [10]. 

4.4 Indolone Route 

Figure 6: Route map for the synthesis of indolone 

This method has a yield of more than 50% in the indolone method, the 

reaction conditions are not harsh, the operation is also simple, and the raw 

materials are easily available, which is one of the ideal routes [12]. 

Compound 1, also known as Isatin, is a dye that has some toxicity. The 

International Agency for Research on Cancer at the World Health 

Organization defined Isatin as a class 3 carcinogen, as shown in Figure 6. 

This is also the most undesired place for this method. 
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4.5 Aniline Route 

Figure 7: Route map for the synthesis of aniline 

Using aniline as the starting material, the key intermediate 2,6-

dichlorodiphenylamine was synthesized through three steps of 

chloroacylation, condensation and rearrangement reactions. Compound 7 

can then be prepared by continuing the ring opening by chloroacetylation, 

cyclization and hydrolysis reactions. The method is simple and easy to 

synthesize the target compound, and the yield is high, which can reach 

more than 80%. However, toluene is used as solvent in the system prior to 

the synthesis of compound 4, while toluene belongs to precursor 

chemicals, which has some problems in purchase and management, as 

shown in Figure 7. If the solvent substitution problem is solved, this 

synthesis method will be ideal [13]. 

4.6 Other Routes 

Figure 8: Route map for the synthesis of other 

This method has the characteristics of easy availability of raw materials, 

low cost, simple operation, mild conditions, high yield, and simple post-

processing. However, it is difficult to purify the product by adding 

chlorination agent in the process of synthesizing compound 3, as shown in 

Figure 8 [14]. 

In summary, although cyclohexanone is used as the starting material in the 

cyclohexanone route, 2,6-dichlorodiphenylamine can be obtained in a 

relatively high purity, but the process is complicated, the pollution is 

serious, and the three wastes are difficult to handle. In some areas, the 

environmental protection departments have taken tough measures to 

prohibit the production of this process and have been gradually 

eliminated. The o-iodophenylacetic acid route, the o-aminophenylacetic 

acid route and the fluorenone route all use 2,6-dichloroiodobenzene. 

When it is synthesized, iodide is produced because iodide is difficult to 

remove, so it will be very harmful if it is used to prepare medical products. 

Other route is difficult to separate because of the use of chlorination 

agents. The aniline route, with 2,6- two Chlorophenol and aniline as the 

raw material, obtained 2,6- two Chloroaniline by acylation, condensation, 

rearrangement and hydrolysis without separation. Then, diclofenac 

sodium can be prepared by chloroacetylation, cyclization and hydrolysis 

reaction. Because of low cost, high yield, good product quality, less waste 

and easy to realize industrialization and other reasons. It has been favored 

by manufacturers at home and abroad.   

5. SYNTHESIS OF DICLOFENAC DERIVATIVES

Diclofenac drugs have obvious analgesic effects, good anti-inflammatory 

effects and rapid onset of action.  At the same time, its market demand 

continues to increase, but currently applied diclofenac drugs have many 

adverse reactions. In order to meet market demand and reduce adverse 

reactions, a series of improved experiments are needed to screen for 

diclofenac drugs with fewer adverse reactions. 

5.1 synthesis route of diclofenac esters 

Figure 9: Synthesis route map of diclofenac methyl ester 

Using aniline and 2,6-dichlorophenol as starting materials, the key 

intermediate 2,6-dichlorodiphenylamine was synthesized through 

chloroacylation reaction, etherification reaction and rearrangement 

reaction. The resulting key intermediate 2,6-dichlorodiphenylamine is 

further passed through acylation reaction, cyclization reaction and 

hydrolysis reaction to synthesize diclofenac sodium. According to 

reference, diclofenac sodium can be acidified with hydrochloric acid, and 

then diclofenac can be reacted with methanol to produce diclofenac 

methyl ester as the target product，with a total yield of about 46%, as 

shown in Figure 9 [15-17]. Ethyl diclofenac and n-butyl diclofenac can also 

be obtained by reacting anhydrous ethanol and n-butanol with diclofenac. 

5.2 synthesis route of diclofenac choline 

Figure 10: Synthesis route map of diclofenac choline 

By consulting the literature, diclofenac sodium is acidified with 

hydrochloric acid and then added to choline, and diclofenac choline can be 

generated at 50℃ for a period of time, the yield of diclofenac is about 75%, 

as shown in Figure 10 [17]. Compared with the literature, this method 

saves a lot of reaction time, greatly shortens the production cycle, saves 

the reagents, the product has high purity, good color, no industrial 

pollution, and is easy to produce in large quantities [18]. 

5.3 Synthesis route of other diclofenac salts 

Figure 11: Synthesis route map of other diclofenac salts 

The conditions used for the synthesis of diclofenac are the reaction of 

diclofenac sodium and sulphate in a water bath at 80°C for 90 minutes, and 

the yield is about 60%, as shown in Figure 11. The selection of metal ions 

is mostly trace elements required by the human body, such as copper and 

zinc. Copper is an essential trace element in the human body. It is a 

component of many metalloenzymes. Copper-containing enzymes play a 

major role in the human body and have important physiological functions. 

Zinc is an essential trace element in the human body. It not only 

participates in the formation of many metalloenzymes in the human body, 

but also has important physiological functions such as maintaining normal 

body metabolism, promoting growth and development, promoting 

appetite, and participating in immune function. Copper and zinc are 
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relatively less toxic than other metals and are easily coordinated with 

ligands containing nitrogen and oxygen to form stable complexes, which 

are cheap and easy to obtain. Many copper complexes can kill cancer cells, 

scavenge free radicals, prevent the formation and development of cancer, 

and scavenge reactive oxygen species [19-22]. 

6. CONCLUSION

In summary, diclofenac derivatives are better than diclofenac sodium in 

terms of efficacy and side reactions, and the synthesis process is also very 

simple. However, regardless of which derivative is synthesized, it is 

necessary to synthesize the key intermediate of diclofenac sodium in the 

first. Therefore, whether diclofenac sodium is used as an intermediate or 

a final product, its market usage will continue to increase with the 

continuous development of diclofenac analgesics. Diclofenac has 

significant antipyretic, analgesic, and anti-inflammatory effects with fewer 

adverse reactions. Its characteristics can be summarized as quick-acting, 

analgesic, anti-inflammatory, antipyretic, powerful analgesia, less 

addictive, complete absorption, no savings, rapid onset, widely applicable. 

It is precisely because of this product has many of the above advantages, 

so its performance in the domestic market in recent years is strong, with 

great potential for development and a good market prospects. 
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