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SYNTHESIS OF NON-BRIDGING I8O3 LABELED PHOSPHATE MONOESTERS 

Kim C. Calvo 
Department of Chemistry, University of Akron, Akron, OH 44325 

SUMMARY 

A new method is reported for the synthesis of tri-’*O substituted 
osphate monoesters where the phosphoryl oxygen ester bond is 

‘ $0 .  The method relies on the reactivity of trivaleni8phosphorus 
toward hydrolysis and oxidation to produce dimethyl [ 03]- 
phosphorochloridate with a minimal excess of labeled water. This 
chlorophosphate diester can be used to prepare a wide variety of 
phosphate monoesters where the three peripherial oxygens are labeled 

Key words: synthesis, oxygen isotopes, phosphate esters 

INTRODUCTION 

Oxygen isotope labeled esters of phosphoric acid have found wide use in the 

study of enzyme mechanisms, microbial metabolism, and kinetic isotope effect 

studies ( 1 , 2 ) .  

employ the hydrolysis of PC15 with labeled water and the subsequent phosphoryla- 

tion of the alcohol of interest using either a dehydrating agent or an enzymatic 

reaction. The difficulities associated with these methods are 1) low chemical 

yield, 2) loss of isotopic label and 3 )  the use of a large excess of labeled water 

to minimize pyrophosphate formation (1). Because of our interest in the kinetics 

of the solvolysis of phosphate esters, we required an efficient, general chemical 

method for the synthesis of l8O labeled phosphate rnonoesters. 

this problem involves the synthesis of a reactive, protected phosphorochloridate. 

As outlined in Scheme 1, the isotopes of oxygen are introduced to the phos- 

The methods used to produce l8O labeled phosphate esters generally 

Our approach to 

phorus atom by hydrolyzing the extremely reactive phosphorus 
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trichloride. Because of the reactivity pyrophosphorus acid (3), only a slight 

excess (5 mole percent) of the labeled water is required for a stoichiometric for- 

mation of [I8O3] phosphorus acid. 

o f  a reaction mixture formed using unlabeled water. 

was observed at 

This was demonstrated by observing the 31P NMR 

Only a single phosphorus peak 

64.65 (JHp=700 Hz). 

Without isolating the labeled phosphorus acid, the dimethyl ester is formed 

by reaction with diazomethane. It is important that the diazomethane used at this 

step is produced by distillation (e.g. by the method outlined in technical infor- 

mation bulletin no. AL-134 distributed by the Aldrich Chemical Co.). 

Again without isolation of the intermediate, the phosphorochloridate is 

formed by chlorine oxidation of the dimethyl phosphorus acid. The end point of 

the reaction is easily observed by the yellowish color produced by an excess of 

the chlorine. A small excess of chlorine at this point is not deliterious as the 

P ( V )  product is resistant to further oxidation. The dimethyl- [1803] phosphoroch- 

loridate is then purified by bulb to bulb distillation at 0.1 mm. By using a high 

vacuum and a well cooled receiver (dry ice), the product can be distilled at at 

relatively low temperature. This minimizes side reactions (pyrophosphate 

formation) which can occur when the phosphorochloridate is heated. 31P NMR of the 

d ime thy lphosphoroch lo r ida t e  demonstrates a major peak at 6 8 . 9 5  (>95%) and a minor 

peak at 6 -9.17 (<5%)  which is apparently due to t e t r ame thy lpyrophospha te .  The 

desired product is obtained in 94% yield and is greater than 95% pure. The 

isotopic incorporation is very high as 98% l8O water produces 93% dimethyl-[ 

phosphorochloridate and 7 %  of the 1802,160 species (theoretically we expect 94% of 

the tri - l8O compound) . 

18 
03] 

The utility of the labeled phosphorochloridate is demonstrated by its use in 

the synthesis of monohydrogen, monolutidinium 2.4-dinitrophenyl- [ I 8 O 3  J phosphate. 

Using the basic conditions of  Ramierez ( b ) ,  the synthesis is outlined in Scheme 2. 

Reaction of the labeled phosphorochloridate with 
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2,4-dinitrophenol is carried out in methylene chloride. 

base easily generates the dimethyl 2.4-dinitrophenyl [ 1803] phosphate. Treatment 

of this triester with bromotrimethylsilane followed by ethanol containing 1 equiv 

alent of 2,4-lutidine produces the required salt. 

the ester cleavage reaction of bromotrimethylsilane demonstrates a high degree of 

selectivity for methyl esters (5) (methyl esters react about 4 times faster than 

ethyl esters) and should be applicable to the synthesis of a variety of oxygen 

labeled phosphate esters. 

Using imidazole as the 

This method is quite general as 

EXPERIMENTAL 

General 

used without purification except as indicated. 

zophenone ketyl, 2,k-lutidine was distilled from CaH2, dichloromethane was dis- 

tilled from P205 and stored over potassium carbonate, ethanol was distilled from 

magnesium ethoxide, phosphorus trichloride was distilled from PC15 and stored in a 

dessicator at -2OOC and benzene was distilled from sodium metal, all under 

nitrogen. Imidazole and 2,4-dinitrophenol were recrystallized. Chlorine gas was 

passed through a CaC12 drying column. 

Temp melting point apparatus and are uncorrected. 

Finnigin MAT 700 ion trap detector attached to a Hewlett-Packard 5890 GC. 

300 capillary column was used for the GC separation and the ionization voltage of 

the ion trap was set at 70 ev. 

proton spectra are referenced to TMS and phosphorus spectra are referenced to ex- 

ternal trimethylphosphite at 140 ppm. 

Dimethvl 1 I 8 O 3 1  uhosphorochlor-. 

tom flask is added 0.250 mL (12.75 mmol) H2l80 (98 atom percent, Mound Research 

Labs). 

mL (4.25 mmol) of phosphorus trichloride is slowly added under nitrogen. A 

Vigorous reaction ensues. After the addition of PC13 is complete, the reaction 

mixture is slowly allowed to warm to room temperature over 20 min. An etheral 

solution of diazomethane is added till a yellow color persists. 

removed under a stream of dry nitrogen. Benzene, 20 mL, is added and chlorine gas 

passed into the solution until a faint yellow color remains. The mixture is 

A l l  reagents were of the highest purity commercially available and were 

Ether was distilled from ben- 

Melting points were determined using a Mel- 

Mass spectra were obtained on a 

An RSL- 

'H and 31P NMR were obtained on a Varian FT-80A, 

To 20 mL of dry ether in a 100 mL round bot- 

While the two phase system is magnetically stirred in an ice bath, 0.371 

The ether is 
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evaporated in vacuo and the residual oil distilled bulb to bulb (bath temperature 

6 O o C ,  0.1 mm Hg) yielding 0.606 gm of product (94%). 

5-13.7 Hz). 

148 (9.84), 150 ( l o o ) ,  152 (30.71). 

monohvdroeen monolutidinium 2.4-dinitrophenvl- 118031 phosphate. 

containing 0.552 gm (3.0 mmol) 2,4-dinitrophenol and .204 gm (3.0 mmol) imidazole 

in 45 mL dichloromethane is added a solution of 0.451 gm (3.0 mmol) dimethyl- 

["O3] -phosphorochloridate in 4 mL of dichloromethane. The orangish solution is 

stirred under nitrogen for 8 hours then filtered through 1 gm of silica gel. 

silica gel is washed with 10 mL of ethylacetate and the combined filtrates are 

evaporated. 

a single 31P NMR (CDC13) resonance at 6 -6.68. 

3H), 3.88 (d, J-10 Hz, 6H). Yield 0.671 gm (75%). The methyl esters were cleaved 

by reaction with bromotrimethylsilane. A solution of 0.298 gm (1.0 mmol) of the 

triester in 15 mL of dichloromethane was treated with 0.264 mL (2.0 mmol) of 

bromotrirnethylsilane. 

rotoevaporated and treated with a solution of 0.110 gm (1.0 mmol) of 2,4-lutidine 

in 10 mL of dry ethanol. 

ing pale yellow crystals were recrystallized from ethanol. 

(6) 142OC). 

scopic. Prolonged storage in a dessicator results in considerable decomposition. 

The l8O incorporation was measured after solvolysis of the salt in ethanol. The 

salt, 10 rng, was dissolved in dry ethanol and allowed to sit at 45OC for 10 days 

in a dessicator, at which time the formation of 2,4-dinitrophenol had ceased. The 

solution was concentrated in a stream of dry nitrogen, acidified with dry HC1 gas 

and treated with an excess of diazoethane (generated from l-ethyl-3-nitro-l- 

nitrosoguanidine) in ether. GC/MS analysis demonstrated a peak corresponding to 

[I8O3] - triethylphosphate. 

'H NMR (CDC13) 6 3.80 (d, 

31P NMR (CDC13) 6 8.95 ( s ,  >95%), -9.17 (s,<5%). m/e (rel. int.) 

To a solution 

The 

The yellowish oil, dimethyl 2,4-dinitrophenyl- [ 1803] phosphate shows 

'H NMR (CDC13) 6 8.72-7.50 (m, 

The reaction was stirred under nitrogen for 6 hours, 

The solution was cooled on ice, filtered and the result- 

mp 140-141 OC (lit. 

31P NMR (CD30D/CH30H 9:l v/v) 6 -6.87 ( s ) .  The salt is very hydro- 

m/e (rel. int. ) 104 ( l o o % ) ,  102 (7.98%). 
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