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Abstract: 2-Phenoxy-2-oxo-4-pivaloyloxy-1,3,2-dioxophosphorinane (1) was prepared as a stable, neutral 
precursor of phenyl phosphate. In the presence of 20% human plasma, 1 was converted quantitatively to 
phenyl phosphate with a half-life of 15 min. 

Dianionic phosphates play an important role in cellular metabolism. However, they have little or no 

potential as therapeutic agents because they are unable to penetrate into cells, u In an attempt to overcome 

this limitation, we sought to develop stable, neutral derivatives of dianionic phosphates that would revert to 

the parent compounds in the presence of human enzymes. To explore the feasibility of this approach, we 

selected phenyl phosphate as a model dianionic phosphate and prepared 2-phenoxy-2-oxo-4-pivaloyloxy- 

1,3,2-dioxophosphorinane, 1, as a potential stable, neutral precursor. The anticipated mechanism of reversion 

of I to phenyl phosphate is shown in Scheme 1. 
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In the presence of carboxylate esterases, enzymes that are ubiquitous in plasma and other tissues, 3 

1 should be hydrolyzed to the hydroxy analogue, 2. After entering cells by passive diffusion, hemiacetal 2 

should ring-open to the free aldehyde, 3. Spontaneous elimination of acrolein (5) from 3 then generates the 

655 



656 

dianionic phosphate, 4. It is also conceivable that 1 might penetrate cells directly and undergo the same 

degradation sequence after hydrolysis by cellular esterases. 2-Phenoxy-2-oxo-4-pivaloyloxy-l,3,2-dioxo- 

phosphorinane was synthesized as shown in Scheme 2. 

Scheme 2 

HBr 6 Br 
• = 

Br ~--Br 
5 7 

Bu4N ?iO NOI 
+ - O-C6H 5 

Bu4N, I O 9 (CH3)3CCO%I 

~,-- I  
8 

A solution of acrolein (5) (6.72 g, 8.01 mL, 0.12 mmol) in anhydrous CHC13 (50 mL) was saturated with 

dry HBr gas at 0 °C. Pivaloyl bromide (6) (28.6 g, 0.13 mole) was added, followed by ZnBr2 (0.2 g), and the 

mixture was stirred at room temperature for 5 days. The product was fractionated under reduced pressure to 

yield 1-pivaloyloxy-l,3-dibromopropane, (7) 4 (bp 85 °C/1.5mm Hg); yield, 16.4 g (45%). 7 (2.00 g, 6.60 

mmol) in acetone (6.0 mL) was added to a solution of anhydrous NaI (2.48 g, 16.54 mmol) in dry acetone 

(40 mL) under a dry N2 atmosphere. The mixture was stirred for 3 h and then poured into dry hexane 

(150 mL). Insoluble salts were removed by filtration, and the filtrate was concentrated under reduced pressure 

at < 30 °C. The remaining oil was taken up in dry hexane (30 mL) and again filtered to remove insoluble 

residue. Evaporation of the filtrate yielded l-pivaloyloxy-l,3-diiodopropane (8) 5 as a light yellow oil 

(2.26 g, 86%). On attempted distillation, 8 decomposed. Since the ~H NMR spectrum of the compound 

indicated that it was approx. 95% pure, it was used in the subsequent reaction without further purification. 

A solution of 8 (1.2 g; 3.03 mmol) in dry ethylene glycol dimethyl ether (10 mL) was added with stirring, 

under a dry N 2 atmosphere, to a solution of bis(tetrabutylammonium) phenyl phosphate 6 (1.99 g, 3.03 mmol) 

in dry ethylene glycol dimethyl ether (200 mL). The mixture was refluxed for 2 h, then cooled to room 

temperature, filtered, and concentrated. The residue was preadsorbed on silica gel (20 g), and the free-flowing 

powder was transferred to a column of silica (75 cm x 2.5 cm) made up in hexane. The products were eluted 

with EtOAc-hexane (1 : 1). Two diastereomers of 1 were obtained. The first to elute from the column was 
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obtained as a crystalline solid (76 mg, 8%), mp 125-126°C. 7 The second was also obtained as a crystalline 

solid (126 mg, 13%), mp 99-100°C) Because of  the complexity of  the ~H NMR spectra, it was not possible 

to unambiguously characterize the configurational and conformational properties of  these stereeoisomers as 

has been reported for some 2-substituted 2-oxo-1,3,2-dioxaphosphorinanes. 9,~° 
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1 (fast eluting isomer) decomposed with a half-life of  3.5 h (Fig. 1) when incubated at a concentration of  

10 .4 M in 0.05 M phosphate buffer, pH 7.4, at 37 °C. In the presence of  20% mouse plasma, however, the 

compound was rapidly and quantitatively hydrolyzed II (tin = 15 rain) to phenyl phosphate. No intermediates 

were detected in the incubation mixture. Similar results were obtained with the slower moving isomer (data 

not shown). Both diastereomers were also degraded rapidly in the presence of commercial (Sigma Chemical 

Co.) hog liver carboxylate esterase (data not shown). To the best of our knowledge, this is the first 

demonstration that a dianionic phosphate can be converted to a neutral derivative that is moderately stable 

in neutral aqueous media, yet reverts quantitatively to the parent dianionic phosphate in a single metabolic 

step in the presence of  human plasma. The potential of  this strategy to introduce dianionic phosphates and 

phosphonates into cells is under investigation. 
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