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In a recent paper’ Mustafa et al. reported the reaction of triphenylwsphine (I) 

with pbenzoquinonedibenzesulf~~de (a) in a dry benzene solution to yield a violet 

colored precipitate. Upon expo sure to the atmosphere, the color of the precipitate faded and 

triphenylphosphine oxide (2) was isolated from the reaction mixture. Though not quoted bv the 

Egyptian authors, this observation had already been reported sane thirteen years earlier by 

Horner and Klupfel .3 The latter suggested structure 4 for the colored intermediate and 

identified the other product of its reaction with water (moisture) as pphenylenedibenzene- 

sulfonamide (2). The work of Ramirez et al.4 showed that the colored, free radical inter- 

(C6HcJ 3p 
+ F (y;$;;;: H20 ) F + (C6Hs)3W 
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mediates produced in the formally similar reactian of triphenylphosphine with p-benzoquinone 
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result fmn rather caaplex interactions. It is therefore questionable whether the violet 

color (which we find to be produced subsequent to a blue color) is correctly attributable to 

structure 4. Normtkless, it is at least plausible that the intermediate which reacts with 

water may have this structure. Irrespective of mechanistic considerations, the overall 

stochioamtry of Eq. 1 suggested that an equimolar mixture of & and 2 might serve as a 

dehydrating agent as, for example, in the conversion of carboxylic acids to their anhydrides 

(see Fq. 2). 

0 0 

The success of such a reaction wauld be of topical interest as it involves the 

conversion of the ‘Oxidative energy” of a quinoidal system into the “acylative energy+’ of an 

anhydride (cf. Ref.5) and references quoted therein). Oxidative phospkylation as well as 

other important biochemical reaction sequences, involve similar conversions. 

We now report the achievement of the reaction outlined in Eq. 2. 

General Method: A solution of 2 (30 mnole) in dry benzene was added with stirring 

and under a dry nitrogen atwsphere, to a dry benzene solution containing 30 nmole of J 

and 60 nmole of the carboxylic acid. The reaction mixture turned blue and then colorless 

again, and a white precipitate appeared. After one-half hour at ambient temperatures, the 

precipitate was renrnred by filtration and its identity as 3 was confirmed by m.p. and i.r. 

spectnrn. The solvent was ranwed from the filtrate under reduced pressure. The residue 

contained 2, remains of 2, and the carboxylic anhydride. The latter was recovered in WSt 

casesby- distillation. It may also be isolated by chromatography on specially dried 

silica gel. 6 Fure mesitoic anhydride was obtained by treating the crude residue with ethanol 

in which the bVptoducts are soluble, and the anhydride relatively insoluble. Ihe identities 

of the anhydrides were confirmed by det ennination of m.p. or b.p., by spectral means, and by 

conversion to the loxne~ anilides. Yields of isolated anhydrides were:mesitoic anhydride, 75%; 

benzoic anhydride, 65%; pivalic anhydride, *902; butyric anhydride, 50%. 

It will be noted that the method is applicable to both aliphatic and aromatic 
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carboxylic acids, with unhindered or hindered carbonyl groups. The high yields of pivalic 

and mesitoic anhydrides, as well as spectral data on crude reaction products, suggest that 

the lower yields of anhydrides with unhindered carbonyls are primarily due to their more 

extensive hydrolysis during isolation. 
. 

In parallel exploratory experiments, using p-bemzcquinonedimethanesulfcmimide, we 

found, not unexpectedly, that it also reacts with 1 in dry benzene to yield a blue-violet 

color and precipitate, and that upon addition of water the color is discharged and 

p-phenylenedimethanesulfonamide is formed. Likewise, reaction of carboxylic acids with 

p-benzoquinosmdimethanesulfonimide and 1 yields carboxylic anhydrides. 

Next, the synthesis of an ester by the reaction of equimolar quantities of 1, 2 and 

benzoic acid in benzene solution containing a large excess of methanol, was attempted. 

Methyl benzoate was isolated, but only in ca. 50% yield. Similarly, the reaction of equi- 

molar amounts of 1, 2 and benzoic acid in benzene solution with a 60% excess of aniline 

produced the expected amide, benzanilide, but in only 33% yield. These relatively low 

yields of ester and amide preclude a conclusion as to whether they were formed by the 

reaction of the alcohol and amine, respectively, with an intermediate, as yet unidentified, 

phosphorous containing acylating species, or by their reaction with first fonned benzoic 

anhydride. 

In the reaction of equimolar amwnts of J and 2 in benzene solution with M equi- 

valents of n-butanol or cyclohexanol, the disappearance of the blue-violet color was 

slower. Nevertheless, the reduction of the disulfonimide and the oxidation of the triphenyl- 

phosphine did occur. The alphatic alcohols were not converted to ethers, (contrast to 

behavior of carboxylic acids) but dehydration, at least in part, to an olefinic fraction 

was noted. It is also likely that reductive alkylation of 2 occurred, since in a similar 

experismnt with methanol we obtained chromatographic evidence for the formation of 

N-methylated p-phenylenedibenzenesulfonamide. 

A method for the preparation of anhydrides, formally related to the one described 

herein, and involving the reaction of tri-n-butylphosphine with carboxylic acids in the 

presence of organo-mercury compounds, has been described by T. Mukaiyamo.7 
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Ananber of mechanisms, sme involving intemediate i,may be postulated for the 

reactim sequence yielding anhydrides. Adecision betweenthmmst await furtherwork. 
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