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Phosphonylation of Glucose 1-Monophosphate with Diphosphonate
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Glucose 1-monophosphate was "phosphonylated" by diphosphonate
in an aqueous solution under the mild conditions (60-70 °C, pH 6).
Diphosphonate phosphonylated a phosphate group on glucose 1-monophos-
phate selectively. The yield of a phosphonylated product was 61%.
The chemical structure of a phosphonylated product was discussed on

its 3'p-NMR spectrum and high performance liquid chromatogram.

Disodium diphosphonate (PIII—O—PIII), which is an anhydride of phosphonate
with phosphorus of oxidation number of 3, reacts with several nucleophiles.1“5)
In this reaction, the "phosphonyl group" (H-P-) of pIII_o_pIII is transferred to
the nucleophile (X) to form a "phosphonylated product" (X—%:H) and phosphonate

(PIII) as shown in Eq. 1.

Q ¢ Q Q

H-P-O-P-H + X — X-P-H + “0-P-H (1)
o o o 0"

pIII_o_pIII pIII

This type of reaction can be termed "phosphonyl transfer reaction" or
"phosphonylation" because the reaction is similar to phosphoryl transfer reac-
tion or phosphorylation of biological importance.6)

pIII_o-pIIl phosphonylated a phosphate group on adenosine 5'-monophosphate
(AMP) to form a new compound with a POP bond, of which structure is similar to
adenosine 5'-diphosphate (ADP).1) The reaction proceeds under mild conditions
without any enzymatic and chemical catalyses.1) Phosphonylation with
pIII_o_pIIl ig5 uyseful for the synthesis of a new compound with a POP bond,
however, phosphonylation of biomolecules has not been well characterized. The
purpose of this paper is to characterize a phosphonylated product by use of
high-performance liquid chromatography (HPLC) and 37Tp_NMR spectroscopy when
disodium glucose 1-monophosphate (Glc1P) was used as X in Eq. 1. Phosphate
and/or hydroxyl groups on GlclP were expected to be phosphonylated by

diphosphonate.
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The reaction mixture (PIII—O—PIII; 1.0 mol dm'3, Glc1P; 0.1 mol dm'3) was
incubated at 60 °C in the pH range of 6 (at 0 min) to 5.5 (at 100 min) without
any buffer solution. Aliquots (0.1 ml) of the mixed solution were withdrawn at
every 20 min and diluted with 100 ml distilled water. An aliquot (0.1 ml) of
the diluted solution was introduced into an HPLC system designed for the rapid
determination of both phosphate groups and phosphonate groups.7‘9) In this
study only phosphate groups were detected in order to determine Glc1P and a
phosphonylated product simultaneously.

The HPLC profile at time 0 in Fig. 1 shows the peak of only Glc1P. The
peak area of a phosphonylated product (peak A in Fig; 1) increased with time at
the expense of Glc1P. The phosphonylated product was present in maximum yield
after 100 min, and then gradually disappeared. The appearance of only one peak
for the phosphonylated product suggests the preferential phosphonylation of one
of a hydroxyl group or a phosphate group on Glc1P. The yield of a phosphony-
lated product at 100 min was calculated to be 61% from the ratio of peak area of

(A) to sum of areas for two peaks.
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Fig. 1. Kinetic HPLC profile for phosphonylation of Glc1P (0.1 mol dm'3) with
diphosphonate (1.0 mol dm_3) at 60 °C and pH 6. Column: 250x4.6 mm
I.D., porous anion exchanger (TSKgel SAX, 10 ym). Column temperature:
40 °C. Eluent: 0.20 mol dm'3 potassium chloride and 0.1%(W/V) Na,EDTA
(pH 10). Flow rate : 1.0 ml/min.
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In order to determine which one of the hydroxyl group or phosphate group on
Glc1P was phosphonylated 31P-NMR spectrum of the reaction mixture (PIII-O—PIII;
0.5 mol dm°3, Glc1P; 0.1 mol dm'3) was obtained at room temperature on a Varian
Associates XL-300 spectrometer operated at 121 MHz. Chemical shifts were
measured in comparison with a 85% phosphoric acid external standard, with posi-
tive shifts being down field. Proton-decoupled and proton-coupled spectra were

shown in Figs. 2 and 3.
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Fig. 2. Proton-decoupled 3Tp_NMR spectrum at 121 MHz for phosphonylation of
Glc1P (0.1 mol dm'3) with diphosphonate (0.5 mol dm'3) at 70 °C and

pH 6. Incubation time: 100 min.
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Fig. 3. Proton-coupled 31p_NMR spectrum for phosphonylation of Glcl1P with

diphosphonate. Experimental conditions as in Fig. 2.

A proton-decoupled spectrum (Fig. 2) shows three singlets and two doublets.
These singlets are assigned to plll (3.57 ppm), Glc1P (1.90 ppm) and pIII_o_pIII
(-4.26 ppm) on the basis of the chemical shifts for reference samples. Two
unknown doublets (B and C, -4.19 and -11.4 ppm) are expected to be the signals
for a phosphonylated product. They have the same J-value of 20.0 Hz. One of
the signals for the doublet (B) is overlapped with the signal of plIl_o_pIII,

The new POP bond is likely to be formed by phosphonylation of Glcl1P because
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the magnitudes of J-values for both doublets are approximately equal to the
geminal coupling constant (ZJPOP) in adenosine 5'-diphosphate (21.7 Hz).10) The
POP bond formation suggests that phosphate group on Glc1P is phosphonylated to
form the phosphonylated product (1) as shown below. No positive evidence is ob-
tained for the POC bond formation (2) by phosphonylation of OH groups on GlclP,

because OH groups are not reactive in a neutral aqueous medium.11)

HOCH, HOCH,,
OH O, @ 0 OH o
HO O-P -O-Po-H HO 0-P-0-
OH 0= O- T™~_O0H O
'O—i—H
(1) (2)

Both doublets (B and C) are further split into double-doublets shown in a
proton-coupled spectrum (Fig. 3). The double-doublet (B) is assigned to the
phosphorus atom (PB of 1) of phosphonyl group (- :H) transferred from
PIII_o-pTII t5 the phosphate group on Glc1P because the double-doublet (B) shows
a splitting of 665.5 Hz for hydrogen attached directly to phosphorus atom.12)
The magnitude of J-values (7.26 Hz) for the double-doublet (C) is similar to the
vicinal coupling constants (3JPOCH) observed in Glcl1P (6.90 Hz) and AMP (4.9
Hz).13) Therefore, the double-doublet (C) is assigned to the signal of Py of 1.
The analysis of the 31p_NMR spectra is confirmed to be the formation of the

phosphonylated product 1.
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