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Abstract: Reaction of phosphonate anions with enantiomerically pure (camphorsulfonyl)oxaziridines 
results in formation of nonracemic ot-hydroxy phosphonates. This enantioselective hydroxylation 
methodology provides convenient access to optically active ot-hydroxy phosphonates and their 
corresponding phosphonic acids. © 1997 Elsevier Science Ltd. 

ct-Hydroxy phosphonates and phosphonic acids demonstrate important biological activity through 

inhibition of a number of enzymes, ~4 and the absolute configuration at the a-position of substituted 

phosphonic acids has been shown to influence their biological properties significantly. 5 Although synthesis of 

nonracemic Gt-amino phosphonic acids has been studied extensively, 6 the synthesis of nonracemic et-hydroxy 

phosphonates has only recently begun to receive more attention. Currently available routes to these 

compounds include addition of nonracemic phosphorus reagents to aldehydes 7 and use of chiral catalysts s to 

control stereochemistry when achiral reagents are used. Enantioselective reductions of ct-keto phosphonates 9 

and enzymatic resolution of racemic mixtures of ct-hydroxy phosphonates also have been reported) ° While 

these methods provide access to many nonracemic ct-hydroxy phosphonates, synthesis of the chiral reagents 

and/or catalysts may be required and stereoselectivity is not always high. A method for stereoselective 

introduction of the hydroxyl group to prochiral phosphonates would be desirable (Eq. 1), particularly if it 

could be done with a readily available oxidant. 

Eq. 1 [ox] H OH HO H 

R~P(OMe)2 • R~-,,P(OMe)2 or R~,,P(OMe)2 
II II II 
O o O 

A well-known method for introduction of the hydroxyl group at an activated methylene position is based 

on oxidation using an aprotic oxidizing agent. Although not previously employed with phosphorus-containing 

compounds, chiral oxaziridines have been used extensively for stereoselective hydroxylation of carbonyl 

compounds) t Davis and coworkers have demonstrated that (+)- and (-)-(camphorsulfonyl)oxaziridines (1) 12 
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are useful asymmetric reagents because they provide good stereocontrol, are easily prepared in large 

quantities ~3 and are stable to storage. ~4 A modified reagent, ((8,8-dichlorocamphoryl)sulfonyl)oxaziridine 

(2), ~5 subsequently was reported to afford improved enantioselectivity for asymmetric oxidation of ketones, 

with ee's oiten exceeding 95%. Oxaziridine 2 is also a commercial product at this time, ~4 or can be prepared 

easily in multi-gram quantities from (camphorsulfonyl)imine. 16 

To test the feasibility of obtaining enantioselective oxidation of phosphonate-stabilized anions with 

oxaziridines, phosphonate 3 was treated with base and then with oxaziridine I or 2 under conditions chosen to 

parallel those reported for oxidation of various carbonyl compounds (Table 1). The product 4 is a known 

compound, allowing configuration and ee to be established by comparison with literature values for the optical 

rotation. 8 In all cases, (+)-reagents 1 and 2 favored formation of the S product as would be expected if these 

oxidations proceed via transition states parallel to those advanced to explain the stereoselectivity observed 

with ketones. H However, the stereoselectivity was greatest when sodium counterions were employed with the 

halogenated reagent 2. 

Table 1. Oxidation of Dimethyl Benzylphosphonate. 

X 

(+)-1 X = H 
(+) -2  x = CI 

trial base 

1 n-BuLi 

2 LDA 

3 LDA/HMPA 

4 NaHMDS 

5 NaHMDS 

6 NaHMDS 

7 NaHMDS 

H OH 

3 4 

reagent oC % yield [O~]D % ee 

1 -65 51 -23.0 50 

1 -75 75 -28.9 63 

1 -75 to 0 62 -13.0 29 
to -75 

1 -95 70 -31.9 69 

2 -95 50 -43.6 95 

2 -78 51 -42.5 92 

2. -90 to -40 70 -43.0 93 
to -90 

To gauge the generality of this procedure, the most favorable conditions (Table 1, Entry 7) were used to 

prepare several known ~-hydroxy phosphonates from the readily available parent phosphonates (Table 2). 17 

Each of the five benzyl phosphonates undergoes hydroxylation with good stereocontrol, as measured by 

comparison of the optical rotation of the observed products with literature values. 8 Reasonable chemical 
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)fields are observed throughout this short series, with relatively little variation noted as a function of electron 

withdrawing or donating substituents. Finally, dimethyl benzylphosphonate (3) also was treated with the (-)- 

enantiomer of reagent 2 (Entry 6), resulting in formation of the R ct-hydroxy phosphonate in essentially the 

same yield and ee that was obtained with the (+)-oxaziridine enantiomer (Entry 1). 

Table 2. Oxidation of Phosphonate Anions with Oxaziridine 2. 

Y Y H OH Y HO H 

 'C"P<O e,2 °r 

entry oxaziridine % yield [Ot]D % ee config. 

1(3) X = H Y = H (+)-2 70 -43.0 938" S 

2 X = NO2 Y = H (+)-2 54 -54.2 80 ~ S 

3 X = CI Y = H (+)-2 76 -51.4 878b S 

8b 
4 X = CH30 Y = H (+)-2 60 -40.0 81 S 

5 X = H Y = CI (+)-2 72 -68.1 938a S 

6(3) X = H Y = H (-)-2 65 +41.1 898a R 

These studies demonstrate that stereocontrolled hydroxylation of phosphonate-stabilized anions can be 

achieved through reaction with nonracemic Davis reagents. While further work will be necessary to establish 

the complete range of this reaction, the chemical yields and high ee's observed thus far suggest that this 

strategy will compare favorably with other synthetic approaches to nonracemic ct-hydroxy phosphonates. 
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