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ABSTRACT
Improved, cost-effective and one-pot methods for the synthesis of three aspirin prodrugs (Acetylsalol, Benorilate,
Guacetisal) were achieved by using N,N′-carbonyldiimidazole as a coupling reagent. Moreover, the byproduct
imidazole as the catalyst promoted the reactions. The procedures are simple and suitable to large-scale
manufactures.
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INTRODUCTION
To date, aspirin, also known as acetylsalicylic acid, is the most effective drug in the treatment for inflammatory and
fever diseases, and new uses are being discovered all the time [1,2]. However, the use of aspirin is limited by the
gastric ulceration that results from cyclooxygenase inhibition in the mucosa [3-5]. Therefore, many prodrugs of
aspirin based on non-acidic latentiated derivatives are synthesized and extensively used [6-10], such as acetylsalol
(1), benorilate (2) and guacetisal (3) (Figure 1).
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Figure 1. The chemical structure of three aspirin prodrugs
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The conventional routes for synthesis of above prodrugs were the three-step synthesis as shown in Scheme 1, which
required the preparation of acetylsalicylic acid chloride and the reaction required strict anhydrous conditions [11]. In
addition, in the combination of acetylsalicylic acid chloride and sodium substituted phenolate, the phase transfer
catalyst (PTC) was needed to promote the reaction [12]. N,N′-carbonyldiimidazole (CDI) is one of several
commonly used reagents for activating carboxyl groups. It is relatively cheap, and the only byproducts are carbon
dioxide and imidazole which, being relatively benign, are unlikely to cause problems on scale up [13]. Herein, we
report improved procedures for the preparations of above aspirin prodrugs in one pot by using
N,N′-carbonyldiimidazole as a coupling reagent, which are simple and suitable to large-scale manufactures (Scheme
2).
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Scheme 2. The improved one-pot procedures
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EXPERIMENTAL SECTION
The HPLC assays for the purity of three aspirin prodrugs were performed on a Perkin-Elmer Series 200 HPLC
system using a Kromasil 100-10-C18 column (4.6 mm×250 mm) at 35 ; flow rate: 1.0 cm3/min; detection
wavelength: 240 nm; the mobile phase: 56:44 MeOH-H2O (pH adjusted to 3.5 with phosphoric acid). The melting
point determinations were carried out on a XRC-І melting point apparatus. The progresses of the reactions were
monitored by TLC on 0.25-mm thick layers of silica gel GF254 developed with solvent system, AcOEt:petroleum
ether (1:1 v/v). All other chemicals were of commercial grade without further purification.
General Experimental Procedure
To a solution of 500 mmol aspirin in 500 cm3 anhydrous DMF, 600 mmol N,N′-carbonyldiimidazole was added at
room temperature. After stirred for 2 h, 550 mmol phenol was added. The resulting solution was maintained at room
temperature for 24 h. Then the reaction mixture was evaporated in vacuo to dryness. The residual solid was then
dissolved in 300 cm3 AcOEt, and the organic layer was washed sequentially with saturated aqueous sodium
bicarbonate (2×100 cm3) and water (100 cm3), dried over anhydrous sodium sulphate and concentrated in vacuo.
Finally, the concentrate was crystallized and recrystallized from 95% ethanol to afford the pure products.
phenyl 2-acetoxybenzoate (1, acetylsalol)
Yield 81%; M.p.: 96-97°C(Ref. [6] 97°C). Purity 98.7% by HPLC (UV).
4'-Acetaminophenyl 2-acetoxybenzoate (2, benorilate)
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Yield 84%; M.p.: 175-177°C (Ref. [6] 174-177°C). Purity 99.2% by HPLC (UV).
2'-Methoxyphenyl 2-acetoxybenzoate (3, guacetisal)
Yield 88%; M.p.: 73-74°C (Ref. [6] 72-74.5°C). Purity 99.0% by HPLC (UV).
RESULTS AND DISCUSSION
In our work, we found that simply mixing N-(2-acetoxybenzoyl)imidazole (4) with paracetamol in DMF did not
result in an obvious reaction in 24 h at room temperature. Imidazole can efficiently promote the reaction.
Furthermore, the stronger bases such as Na2CO3 or Et3N did not distinctly enhance the reaction rate.
N,N′-carbonyldiimidazole is a useful, general carboxylic acid activating reagent, and imidazole as byproduct can
serve as the catalyst. Therefore, benorilate (2) was prepared in a simple, two-step sequence in just one reactor. In the
first step, based on TLC analysis, the reaction between aspirin and N,N′-carbonyldiimidazole was quantitative within
2 h at room temperature. In the second step, the coupling of paracetamol to the 2-acetoxybenzoyl group was
accomplished in 24 h at room temperature.
The optimized conditions for the synthesis of benorilate are aspirin/N,N′-carbonyldiimidazole/paracetamol =
1/1.2/1.1 (mol/mol). The purity and structure were confirmed by TLC, HPLC and Melting point.
Moreover, the method works equally well for preparing acetylsalol (1) and guacetisal (3), accordingly using phenol
and guaiacol as reaction reagents.
CONCLUSION
Improved methods for the preparations of three aspirin prodrugs via a one-pot reaction were developed by using
N,N′-carbonyldiimidazole as a coupling reagent, which do not require extra catalysts. Compared with routine
synthetic methods, these procedures may become efficient routes for the synthesis of them on a large scale.
Acknowledgements
Financial support from the Natural Science Foundation of Ningxia Medical University (No. XT201001) is gratefully
acknowledged.
REFERENCES
[1] KD Rainsford. Aspirin and Related Drugs, Taylor＆Francis, London. 2004.
[2] KD Rainsford. Subcell Biochem., 2007, 42, 3-27.
[3] MM Wolfe; DR Lichtenstein; G Singh. N. Engl. J. Med., 1999, 340, 1888-1899.
[4] K Nagori; MK Singh; D Dewangan; VK Verma; DK Tripathi. J. Chem. Pharm. Res., 2010, 2, 122-130.
[5] JK Savjani; AK Gajjar; AK Gajjar. J. Chem. Pharm. Res., 2011, 3, 160-168.
[6] F Macdonald. Dictionary of pharmacological agents, Chapman＆Hall, London, 1997.
[7] AR Bendale; SB Narkhede; AG Jadhav; G Vidyasagar. J. Chem. Pharm. Res., 2010, 2, 225-233.
[8] M Karthikeyan; K Deepa. J. Chem. Pharm. Res., 2009, 1, 134-147.
[9] JF Gilmer; LM Moriarty; MN Lally; JM Clancy. Eur. J. Pharm. Sci., 2002, 16, 297-304.
[10] NM Nielsen; H Bundgaard. J. Med. Chem., 1989, 32, 727-734.
[11] G Castaldi; E Oldani; G Razzetti; F Benedini. US Patent, 2004, 6696591 B1.
[12] TB Wei; L Xiong; JF Li; XC Chen; YM Zhang. CN Patent, 2009, 101560168 (A).
[13] EK Woodman; JGK Chaffey; PA Hopes; DRJ Hose; JP Gilday. Org. Process. Res. Dev., 2009, 13, 106-113.

582

