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New facile synthesis of phosphoglycolohydroxamic acid and
other phosphoglycolic acid derivatives
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Abstract—We report a new facile and efficient preparation of phosphoglycolohydroxamic acid, a known potent inhibitor of
several enzymes acting on dihydroxyacetone phosphate. Phosphoglycolamide and phosphoglycolohydrazide can be obtained by
the same method.
© 2003 Elsevier Ltd. All rights reserved.

Glycolysis in animals (mammals) and plants utilises a
Class I fructose-bis-phosphate aldolase. A very large
number of inhibitors have been prepared and tested on
this class of enzymes,1 giving crucial structural and
mechanistic information. These inhibitors are active on
human aldolase and consequently have a limited thera-
peutic interest. It has been shown by Rutter2 that some
yeasts, fungi and bacteria have a zinc-containing Class
II aldolase catalysing the same reaction with a very
different mechanism. This microbial metalo-aldolase is
an interesting target for the development of new antibi-
otics, and specific inhibitors would have a strong thera-
peutic potential, since class II aldolase is present in
many pathogenic organisms, like Candida albicans,
Helicobacter pilori, Mycobacterium tuberculosis. Sur-
prisingly, only a limited number of Class II aldolases
inhibitors have been synthesised. The best one, phos-
phoglycolohydroxamic acid (PGH), first introduced by
Collins, Lewis and Lowe in two concomitant papers,3,4

has a Ki in the nanomolar range. Phosphoglycolohy-
droxamic acid (or one of its deprotonated species) is
isostructural with the enediol(ate) derived from dihy-
droxyacetone-phosphate. Consequently, it acts as an
‘high energy intermediate-analogue’ inhibitor (improp-
erly called ‘transition state-analogue’ inhibitor) of sev-
eral enzymes acting on this substrate. Thus, the crystal
structure of the triosphosphate isomerase-PGH com-
plex was first elucidated.5 Crystals of several mutants of
this enzyme complexed with PGH were then studied,
giving useful information on its mechanism.6–8 The
compound was equally useful for the elucidation of the
structure and catalytic mechanism of two class II aldo-

lases: fructose-bisphosphate aldolase9 and fuculose-1-
phosphate aldolase,10,11 and more recently for
methylglyoxal synthase.12 Only two independent syn-
theses of this important compound have been
reported,3,4 using expensive materials or tedious work-
ups, via ethyl phosphoglycolate. We wish to report here
an easier and more efficient preparation of PGH. The
method is based on phosphorylation of glycolamide (or
hydrolysis-phosphorylation of glycolonitrile) by
polyphosphoric acid (PPA) and is summarised below in
Scheme 1.

The synthesis involves well-known properties of nitriles
(conversion to primary amides with polyphosphoric
acid13,14) and primary amides (conversion to hydrox-
amic acids and hydrazides15). The first step of the
synthesis, gives the barium salt of phosphoglycolamide
1 in 60% yield. We used the conditions described by

Scheme 1.
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Cherbuliez and Rabinowitz16 The authors describe the
conversion of glycolonitrile and glycolamide to their
respective phosphoesters. However, in our hands,
both starting materials gave the same unique product
(phosphoglycolamide). Obviously, the fate of gly-
colonitrile in this reaction strongly depends on the
concentration of water present in PPA. Moreover, by
using milder reaction conditions, the yield was signifi-
cantly increased as compared to the original method
(25�60%). Phosphoglycolamide was also described
and tested as an (inactive) inhibitor by Lewis and
Lowe.17 Treatment of this intermediate (either in
acidic form or as its cyclohexylammonium salt) with
a large excess of aqueous hydroxylamine affords
PGH quantitatively. The new phosphoglycolohy-
drazide 2 is similarly prepared by reaction of 4 molar
equivalents of hydrazine hydrate on 1. One further
advantage of using phosphoglycolamide instead of
phosphoglycolate esters is that no hydrolysis can take
place in the basic aqueous medium used (for instance,
ethyl phosphoglycolate, when treated with aqueous
hydroxylamine under our conditions gives a mixture
of 80% hydroxamic acid and 20% phosphoglycolic
acid, to be separated). The three compounds are eas-
ily converted to their free acid forms and to the cor-
responding bis-cyclohexylammonium salts for
characterisation and purification through recrystallisa-
tion. Although 1 is obtained in only a moderate
yield, the very simple procedure makes the whole
method satisfactory as compared to those described
previously. Alternatively, we have developed another
method for phosphorylation of glycolamide through
treatment with �-cyanoethylphosphate in pyridine in
the presence of DCC, as summarised in Scheme 2
which gave compound 1 in an 80% yield.

Typical procedure and selected analytical data

Anhydrous glycolonitrile (Fluka, 10 mmol; water was
removed by co-evaporation with pyridine) or (prefer-
ably) glycolamide was dissolved in an excess of com-
mercial polyphosphoric acid (Acros, 4 ml). The
mixture was warmed at 45°C under vacuum on a
rotary evaporator for 1 h, and then left at the same
temperature in a stoppered flask. After cooling, the
mixture was diluted with cold water and neutralised
(pH 8) with solid barium carbonate and barium
hydroxide. The white precipitate was filtered off and
the aqueous residue concentrated to a small volume
until the barium salt of phosphoglycolamide 1 precip-
itated.

The barium salt (1 mmol) was dissolved in water by
shaking in the presence of an excess of Dowex 50
(H+). After removal of the resin, 0.7 ml (10 mmol) of
commercial (Aldrich) aqueous hydroxylamine was
added and the resulting solution kept overnight at
room temperature. The conversion to hydroxamic
acid was quantitative (as checked by NMR). Water
and excess hydroxylamine were exhaustively evapo-
rated under vacuum, and the CHA salt formed by
addition of an excess of cyclohexylamine in water,
followed by evaporation. The CHA salt of hydrazide
2 was prepared similarly by reaction of 4 molar
equivalents of hydrazine hydrate on 1, followed by
ion exchange of the reaction medium on a Dowex 50
(CHA+) column and evaporation.

1: (CHA salt, EtOH): 1H NMR (D2O) � 4.05 (2H, d,
8 Hz) (2.95: 2H, m; 0.8–1.3: 10H, m; 1.3–1.9, 10H,
m: CHA). 13C NMR (D2O) � 177.6, 177.5, 63.7, 63.6
(51.1, 31.2, 25.2, 24.7: CHA).

PGH: (CHA salt, EtOH): 1H NMR (D2O) � 4.15
(2H, d, 8 Hz) (2.95: 2H, m; 0.8–1.3: 10H, m; 1.3–1.9,
10H, m: CHA). 13C NMR (D2O) � 169.4, 169.5, 62.1,
62 (51.15, 31.4, 25.4, 24.9: CHA). IR (KBr) 1653
cm−1 (br), 1558 cm−1. Anal. calcd for C14 H32N3O6P:
C,45.52; H, 8.73; N, 11.38; P, 8.39. Found: C, 45.01;
H, 8.64; N, 11.11; P, 8.64.

2: (CHA salt, EtOH)): 1H NMR (D2O) � 4.1 (2H, d,
7 Hz); (2.95: 2H, m; 0.8–1.3: 10H, m; 1.3–1.9, 10H,
m: CHA). 13C NMR (D2O) � 172.5,172.6, 63.7, 63.6
(51.15, 31.4, 25.4, 24.9: CHA). IR (KBr) 1670 cm−1,
1558 cm−1. Anal. calcd for C14H33N4O5P: C, 45.64; H,
9.03; N, 15.21; P, 8.41 Found: C, 44.74; H, 8.91; N,
15.24; P, 8.4.
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