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Introduction

T3P is a highly reactive n-propyl phosphonic acid cyclic
anhydride (II, Scheme 1) originally designed as a cou-
pling agent.1 T3P works both as coupling and as water re-
moval reagent, offering several advantages over
traditional reagents, such as high yields and purity, low
toxicity, broad functional group tolerance, low epimeriza-
tion tendency without any additives, and easy work-up
(only water-soluble by-products, eliminating the need of
chromatographic columns).1,2 It can be prepared from the
reaction of propyl phosphonic acid (I, Scheme 1) with
acetic anhydride at a temperature preferably in the range
of 70–110 °C; then the oligomeric phosphonic acid anhy-
dride intermediate is distilled at 0.01–50 mbar and a tem-
perature range of 200–350 °C. The cyclic anhydride II is
immediately dissolved in an inert organic solvent.3,4

Scheme 1 Preparation of T3P

Although T3P has been mainly used as an effective and
mild condensation reagent in peptide and peptidomimetic
synthesis,1–3,5 new applications have recently been devel-
oped for this reagent, which include direct conversion of
carboxylic acids into nitriles,6 dehydrations of amides to
nitriles,6 formation of Weinreb amides,7 b-lactam synthe-
sis,8 ester formations,9 thiohydroxamic acid anhydride
syntheses,10 preparation of heterocycles,11 alcohol
oxidations,12 and acylations.13 The diverse advantages and
applications of T3P show its potential as a reagent in or-
ganic synthesis.
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(A) Direct conversion of carboxylic acids and amides into nitriles,
and conversion of formamides into isonitriles:
Meudt and co-workers6 have reported a novel method for produc-
ing nitriles and isonitriles by using dehydratation reactions with
T3P. This methodology furnishes excellent yields by reacting a)
carboxylic acid amides, ammonium salts of carboxylic acids, or
carboxylic acids in the presence of ammonia or ammonium salts or
b) formamides or mixtures of amines with formic acid or ethyl
formate, with T3P.
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(B) Preparation of substituted heterocycles:
S-Alkyl(aryl)imidazole derivatives can be prepared in high yields
and very high purities by cyclization of the corresponding
aminoacrylic acid esters in the presence of T3P.11

(C) Alkene synthesis from alcohols:
Alkenes can be prepared by the reaction of primary, secondary, or
tertiary alcohols with T3P under very mild conditions, without
isomerization and in high yields and purities.14

(D) Alcohol oxidation:
Meudt and co-workers12 have reported a very mild method, free of
heavy metals, for the production of aldehydes and ketones by
reacting primary and secondary alcohols with T3P in the presence
of DMSO. This method is a variation of the Swern oxidation and
avoids the use of the expensive and hazardous oxalylchloride. Fur-
thermore, this variation improves the selectivity on commercial
scale.

(E) Hydroxyamidation of carboxylic acids:
Appendido and co-workers15 showed that T3P is a selective
reagent to convert carboxylic acids into hydroxamic acids. The
method was especially suitable for labile substrates, whose activa-
tion via chloride is not trivial, for a,b-unsaturated acids, which do
not tolerate large excess of hydroxylamine, and for hydroxyacids,
whose oxyamidation with other protocols would require hydroxyl
protection.

(F) Acylation reactions (C–C coupling reactions): T3P was used
for mild acylation reactions on pharmacophores like 1,3-cyclo-
hexanediones and 1-substituted 5-pyrazolols, giving moderate
yields.13
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