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Summary : The reaction of the individual diastereoisomeric cyclic phosphorothioates 2a, 2b in the 
trans-2,4,7-trioxa-3-phosphabicyclo (4.4.0) decane and 4a, 4b in the trans-2,4,7-trioxa-3-phosphabicyclo 
(4.3.0) nonane series with sulphuryl chloride affords the corresponding sulphenyl chlorides 5a, 5b, 6a, 
6b with retention of the configuration of the phosphorus atom. The reaction of the Iatter with phosphorus 
trichloride leads stereospecifically to the chlorophosphates í’a, í’b, 8a and 8b with fu11 retention of 
configuration at phosphorus. 

Cyclic chlorophosphates in the 1,3,2-dioxaphosphorinan-2-one series are usually obtained by the 

condensation of a dio1 with phosphorus oxych1oride.l In the case of dissymetric diols, depending on 

the experimental conditions, the formation of only one2 or two diastereoisomeric products (epimeric 

at phosphorus)3 has been observed. Unfortunately this method is not adequate for the preparation of 

chlorophosphates which would lead to the formation of a sterically strained dioxaphosphorinane ring.4 

We wish to describe herein a convenient route to the individual diastereoisomeric cyclic chloro- 

phosphates la, 7b , 8a and 8b of the type mentioned above, which in turn can be used in the synthe- 

sis of various derivatives by nucleophilic substitution of the chlorine atom. 

Indeed, in the context of studies5 about the preparation and reactivity of oxophosphoranesuphenyl 

chlorides (RO)(R’O)P(O)SCl towards tricoordinated phosphorus compounds, we were able to perform 

the stereospecific synthesis of these chlorophosphates under very mild conditions. 

If it was observed that the reaction of phosphorus trichloride with acyclic sulphenyl chlorides 

leads exclusively to deoxygenation products, the same reaction with cyclic compounds was found to 

be non-selective.5b Thus, the reaction of phosphorus trichloride with cis-and trans-2-chlorothio-4- 

methyl-1,3,2-dioxaphosphorinan-2-enes leads to both deoxygenation and desulphurisation products 

with loss of the diastereoisomeric purity. However, in the trans-2,4,7-trioxa-3-phosphabicyclo (4.4.0) 

decane and trans-2,4,7-bicyclo (4.3.0) nonane series, in contrast to the previous experiments but under 

the same reaction conditions, we were able to obtain the products of desulphurisation almost exclusively, 

i.e. the cyclic chlorophosphates 7a, Ib and 8a, 8b. 

The diastereoisomeric salts 2a and 2b were obtained from the methylthiophosphates6 la and 

Ib by reaction with terbutylamine, 7 whereas the salts 4a and 4b were prepared from the phosphoroanili- 

dates6 3a and 3b, using a slight modification of a known procedure for 3’,5’-nucleotides.9 
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la h 63lP = 66.5 ppm 

Ib h 631P = 63.0 ppm 

2a 631P = 51.7 ppm 

?-tBuhH3 

tBuNHL 

12h, reflux 

2b 631P = 54.2 ppm 

1) NaH, CS& 

2) pvridinium 

3a fi 631P =-4.3 ppm 
. _ 
resin 4a 631P = 52.9 ppm 

4b (83%)~S~lP = 54.8 ppm 

The reaction of these phosphorothioates (2a, 2b, 4a and 4b) with the equimolar amount of sulphuryl 

chloride in methylene chloride below OoC leads quantitatively (as judged by 31~ NMR spectra of the 

reaction mixtures) to the corresponding oxophosphoranesulphenyl chlorides 5a, 5b, 6a and 6b with ful1 

retention of configuration of the phosphorus atom. 

n=3 2a 5a 631 P = 10.2 ppm 

n=2 4a 6a h31 P = ll.6 ppm 

so2c12 
Z 

CH2C12 

n=3 2b 5b 6s1 P = 16.0 ppm 

n=2 4b (83%) 6b (83%) 631 P = 16.3 ppm 

The configurational assignments of 5a, 5b, 6a and 6b were made by comparison of their 31P chemical 

shifts (positive downfield from 85% H3P04) to those at 13.0 ppm (for P=O axial) and 9.2 ppm (for P=O 

equatorial) reported for the corresponding sulphenyl chlorides in the 4-methyl-1,3,2-dioxaphosphorinane 

series.lO 

Without isolation of the sulphenyl chlorides, treatment of the reaction mixtures with phosphorus trichlo- 

ride at -40°C, -20°C stereospecifically affords the chlorophosphates 7a, 7b, 8a and 8b. Only in the 

case of 6a was it possible to detect by 31P NMR the presente of about 9% of the deoxygenation product. 
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In an attempt to prepare cyclic phosphate from trans-2-hydroxymethylcyclopentanol by condensa- 

tion with phosphorus oxychloride under a variety of conditions, Penney and Belleau (Can.J.Chem., 

56, 2396 (1978) were not able to obtain any cyclic chlorophosphate (acyclic high molecular weight 

diesters being presumably formed). On the other hand, the reaction of the same dio1 with phospho- 

rus trichloride followed by oxydation with dinitrogen tetroxide (F. Ramirez, J.F. Marecek, 1. 

Ugi, P. Lemmen and D. Marquarding, Phosphorus, 5, ‘73 (1975) ) furnishes one of the two possible 

diastereoisomers of 3-chloro-trans-2,4-dioxa-3-phosphabicyclo (4.3.0) nonane, but no information 

was available about the yield of the transformation and the configurational assignment. 
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