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Abstract Czs- and trans-2-hydroxy-2-thlono-4-methyl-1,3,2-dloxaphosphorlnanes are cleanly 

transformed by means of [180]- DMSO Into corresponding 2-([‘80]- oxo)-derivatives with ca 90% 

znuerszon of conflguratlon at phosphorus atom. 

The use of nucleoslde P-choral phosphorothloates makes possible the determination of 

the stereochemlcal course of enzymatic processes lnvolvlng phosphoryl and/or nucleotldyl 

transferl. Recently a great Improvement on this approach has been acnleved by lntroduclng 

phosphate models which are choral by virtue of asymmetry of phosphorus caused by the presence 

of different oxygen Isotopes surrounding this atom2. So far two methods of stereospecific 

Introduction of stable oxygen Isotopes Into nucleotldyl phosphate group were employed. The 

first, applicable to the synthesis of monoalkyl (nucleoslde) phosphates involves the use of 

specifIcally labelled five-membered P-choral lsotopomers of cyclic phosphates 3,4 or phospho- 

ramldates 
5 and their condensation with appropriate nucleoslde or nucleotlde. The second me- 

thod, orIgInally deslgned In our laboratory 
6 , employs dlastereolsomerlc nucleoslde phosphor- 

anllldates and their reaction with lsotoplcaily labelled carbonyl compounds such as benzalde- 

hyde7 or carbon dlox,de8. Since nucleoslde P-choral phosphorothloates are themselves useful 

in enzymology and molecular biology’, and their syntheses, mainly due to slmpl IcIty of their 

analysis, seem to be mOre stralghtforward than these leading to nucleoslde P-choral phospha- 

tes, we undertook studies of stereospeclflc conversion of phosphorothloates Into phosphates. 

We have focused our attention on [ 
18 

O]-dimethyl sulphoxtde (DMSO). The ablllty of DMSO to 

exchange sulphur for oxygen In phosphorothloate and thtocarbonyl moieties under relatively 

13 
mild condltlons was described In 1966 by MlkofaJczyk D 
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Dlalkyl hydrogen phosphorothloates (but not their salts) react with DMSO at room temperature to 

give corresponding oxo-acids, dlmethyl sulphlde and elemental sulphur. Excess of DMSO IS neces- 
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sary since otherwlse the corresponding oxophosphorane dlsulphldes are formed as undesired side- 

-products, The addItIona arguments speaking for the choice of [“O]-DMSO as the reagent for 

converting phosphorothloates Into [ 
18 

O]-phosphates are as follows z. - excellent solubll I ty of 

the major1 ty of organophosphorus compounds In DMSO, 2% - posslblllty of recovery of Its excess 

from the reactlon mixture, zzz - easy preparation of [ 
18 

O]-DMSO using [ 
18 

11 
O!-H20 as the source 

of oxygen-18 . 

For the prellmlnary stereochemlcal studies of sulphur - oqcygen exchange we have chosen 

dlastereolsomerlc czs-(la) and trans-2-hydroxy-2-thIono-4-methyl-1,3,2-dIoxaphosphorInane (lb). - - 

Compounds la and lb possess the same ring system as that exlstlng In CAMPS 
12 

and therefore are - - 

suitable models for a studies of the reactlon In question. The czs- and 

obtained according to the procedure described by MlkoIaJczyk and tuczak 

14 
form of crystalllne dlcyclohexylammonlum salts o The free actds were 1 

passing the salt through an Ion-exchange Dowex 50~x8 column. 

trans-(Somers of _l_ were 

3 and stored in the 

berated before use by 

The prel lmlnary experiments, followed by 31 P-NMR, showed the drama t IC difference In the 

reactlvi ty of isomers of 1 towards DMSO. At room temperature the reactlon of compound & with 

a p-fold excess of DMSO IS completed wlthln two days whereas Isomer la under analogous condl- - 

tlons requires 7 days for Its disappearance from the reactlon mixture. In the case of 2 the 

product, 2-hydroxy-2-oxo-4-methyl-1,3,2-dloxaphosphorinane &, S3l,=-7.4 ppm (DMSO)] was accom- 

panted by the corresponding dlsulphlde [ca 20%, 631p=11.4 ppm (DMSO)] 15 D In the reactton of la - 

with DMSO the formation of corresponding unsymmetrical pyrophosphorothloate [ca IO%, 631pS=45.1 

ppm, S31po=-21-2 ppm, 2Jpp=26 HZ (DMSO)] 16, In add! tlon to phosphate 2, was observed. The pro- 

ducts 2 and 4’ obtained from the reactlon of k and 2, respectively, with [ 
18 

O]-DMSO were ana- - 

lysed in the form of benzyl esters 5a,b and 5a’,b’ - - prepared by treatment of a crude reactlon 

mixture with ethereal solution of phenyldlazomethane. This transformation (4+5) allowed us to - - 

apply the method of analysis of 
18 

0-dlstrlbutlon In i and 4’ by the procedure reported from this 

laboratory7 (see Scheme). The dlastereomerlc esters 5a (5aT [s31p=-7.2 ppm (CHC13), Rf=0.26] -- 

and 2 (x) [631p=-5.0 ppm (CHC13), Rf=0.12], which are formed In the ratto of 2 3, respecti- 

vely, were separated by preparative TLC17. The quantltatlve analysis of Electron-Impact Ipass 

spectra (70 eV) performed for both molecular Ion (m/z 242-244) and the fragment-ion resulting 

from the loss of benzaldehyde (m/z 136-138) allowed us to asslgn the posltlon of oxygen-18 In 

2 and 4’ and hence to calculate the stereoselectlvlty of reactlon (see Table). - 

The results 1 lsted In the Table clearly show that replacement of S by 
18 

0 in cyclic six- 

-membered ring hydrogen phosphorothloates occurs wI th predominant INVERSION of conflguratlon at 

phosphorus. The stereoselectlvlty depends on the reactton conditions. The best results (92.4% 

Inversion and 7.6% retention) were obtalned when reaction was performed at room temperature 

with nine-fold molar excess of [‘80]-DMS0. 

The work on the appllcatlon of the PS+P 
18 

0 conuerszon caused by [‘8~]-~~~~ to the syn- 

thesis of P-choral nucleoslde phosphates labelled with oxygen Isotopes IS In progress, It should 

be mentioned that when the work described in this communlcatlon was underway three reports on 

the stereospeclflc converslon of nucleoslde phosphorothloates by means of BrCN/H2 
18 

0 (Frey et al.) 
19 , 

NBS/H2 
18 

0 (Ecksteln et al .)20 and Br2/H2170 (Lowe et al.) 
21 1 nto oxygen 1 abel led P-ch 1 ral phosphates 

have appeared. 
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____________________________________-_________________________________-__________----- 
Reactlon condltlons " Stereoselectlvity b/ 

Substrate ____________________~_~~~~~~~_____~_____~_____~~____~~~___~~~~_~~~~~~~~~ 

Temp Time Molar ratio % of % of 

(OC) 
1'8w?,,i?Q _____l""e'slon_______retentlon_____ ______________________________---___-- ___ 

la 80 2h 2.5 1 79 5 20.5 

lb 80 lh 2.5 1 83.0 '7 0 - 

la 25 6 days 2.5 1 85.7 14.3 - 

lb 25 2.5 1 86.2 13.8 - 2 days 

la 80 2h 10 1 88 1 '1.9 - 

lb 80 lh 10 1 92.4 7.6 - 
________________________~~____~~____~~~~__~~~~__~~~~~~~~~~~~~~~~~~~~~~~~~---~-~------ 

The chlorofoMn solutzon of aczd 1 (1 VUTZO~) was added to the chZorofoMn solutzon of Me2S0 
(69% 180-enmchment). Chloroform-was removed sn vacua and the mzxture was Zeft to stay for 
the emod zndzcated zn the Table. The excess of Me$O was recovered by vacuum-lzne technz- 
que Pe and the reszdue was dzssoZ.ved zn THF (2 ml). Ethereal soktzon of phenyldzazomethane 
was added dropwzse to the poznt when the mtxture aequzred a permanent orange colour. After 
evaporatzon crude esters 5 were separated by preparatzve TLC. - 
No loss of zsotopze enmehment zn the product, as compared wzth startzng [18~]-~~~~ was 
observed. 
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