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Abstract

The phosphonic acid analog of the NSAID Diclofenac was efficiently synthesized via an Arbuzov reaction bet-
ween 2-(2,6-dichloroanilino)benzyl alcohol and trimethyl phosphite followed by TMSBr promoted dealkylation.
Seven related phosphonic acids were synthesized using the same novel acid-catalyzed Arbuzov reaction as the key
step. © 2000 Elsevier Science Ltd. All rights reserved.
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Diclofenac is a non-steroidal anti-inflammatory drug (NSAID) displaying potent anti-inflammatory,
analgesic and anti-pyretic activities.1 We became interested in the phosphonic acid analog (10a) of
Diclofenac (Fig. 1) because of the potential of identifying similar biological activities. Analogs of this
type have not been reported before.

Fig. 1.

To prepare these benzylic phosphonic acids we took advantage of the propensity for benzylic alcohols,
bearing an additional heteroatom substituent at theortho or para position of the aromatic ring, to ionize
under acidic conditions forming resonance stabilized cationic intermediates (4), often referred to as
quinonoids (Scheme 1).
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Scheme 1.

Previous reports indicated thatortho-andpara-quinonoid intemediates could be formed from benzylic
alcohols under acidic conditions, typically by treatment with zinc iodide. A number of heteroatom
nucleophiles including amines,2 thiols,3 alcohols4 and enols5 have been shown to form a bond at the
benzylic position under acidic conditions. Treatment of benzylic alcohols (8) with methanesulfonic acid
and subsequent capture of the quinonoid intermediates (4) with trimethyl phosphite in an Arbuzov6

reaction resulted in the formation of dimethylphosphonates in good yields. The dimethyl phosphonate
products provided an efficient entry to the desired phosphonic acid analogs of Diclofenac (Scheme 2).

Scheme 2.

The chemistry of Diclofenac has been studied in detail due to its biological significance. A con-
venient laboratory scale synthetic route10 uses the Ullmann–Goldberg condensation of 2-iodophenyl-
dimethylactemide with 2,6-dichloroaniline to give the carbon framework for diclofenac.7 The benzylic
alcohol (8a) needed for synthesis of the phosphonic acid of diclofenac (10a) required the corresponding
one carbon lower homologN-anthranilamide.8 Therefore, as shown in Scheme 2,N,N-dimethyl-2-
iodobenzamide (5) was condensed with 2,6-dichloroaniline (6a) in the presence of copper and copper(I)
iodide to give the expected Ullmann product (7a) in good yield. Reduction with lithium triethylbo-
rohydride (Super-Hydride®) in THF gave the benzylic alcohol9 (8a) which in turn was stirred with
excess (about 20 equiv.) trimethyl phosphite in CH2Cl2, at room temperature, and treated with 1.5
equiv. of methanesulfonic acid. A slightly exothermic reaction was observed as the benzylic alcohol
was completely converted to the dimethylphosphonate (9a) in 2 h. Trimethylsilyl bromide promoted
dealkylation11 then gave the phosphonic acid analog (10a) in good yield. With other benzylic alcohols
(Table 1) the yields of phosphonates varied from 50% to 96% depending on the aniline ring substitution.

Unfortunately, the phosphonic acids did not display the anti-inflammatory biological activity associa-
ted with the corresponding carboxylic acid analogs. A cell free system for measuring cyclooxygenase
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Table 1
Yields and melting points for dimethyl amides, benzylic alcohol, dimethyl phosphonates and phos-

phonic acids

inhibition was used12 eliminating the necessity for compounds to cross a lipophilic cell membrane to
reach the enzyme. This led to the conclusion that the compounds were inactive at the enzyme level.
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