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ABSTRACf 

5,6-Anhydro-l,2-O-isopropylidene-cr-D-glucofuranose (1) reacts smoothly with 
O,O-dialkylphosphoro-thioic and -dithioic acids and with diarylphosphinothioic 

acids, to give 6-substituted phosphinylthio and phosphinothioylthio derivatives in 
high yields. The reaction of 1 with the anions of O,O-dialkylphosphoro-thioic and 
-dithioic acids yields, quantitatively, the 5,6_episulphide with inversion of the con- 
figuration at C-5. A mechanism for this reaction is proposed, which involves a penta- 

covalent phosphorus intermediate. 

INTRODUCTION 

Easily accessible organic thio- and seleno-acids of phosphorus of a general 
formula (RO),P(X)YH (2, X = 0, S; and Y = S, Se) are valuable reagents for 

functionalising monosaccharides. Their primary function is as thio- and seleno- 

phosphorylating reagents. Thus, thio- (or seleno-)phosphoryl groups have been 
introduced into the glycosidic position by reaction of pentosyl and hexosyl halides 
with the anions of thio- and seleno-acids of phosphorus1-3, and by the addition of 
dithio acids to 1,Zunsaturated sugars, with simultaneous generation of the 2-deoxy 

function4. 
Removal of the phosphoryl residue by nucleophilic displacement at phosphorus, 

e.g., by alkaline hydrolysis’, would allow the synthesis of thio and seleno sugars 
having both anomeric configurations via thio- and seleno-phosphoric esters. 

An alternative method of introducing thio- and seleno-phosphoryl groups into 
sugars is the reaction of sugar epoxides with the acids 2. This route would enable 
the groups to be introduced into practically any position. 

The synthesis of phosphoric acid esters starting from alkene oxides was first 

performed by Bailly6 in 1916, and the application of this reaction in sugar chemistry 
by Todd and his co-workers led to the synthesis of model nucleotides7. The opening 
of epoxide rings with phosphates has been frequently applied in phosphorylation 
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procedures’. The first report on the reaction of alkene oxides with dialkylphosphoro- 
thioic and -dithioic acids is due to Rabachnik and his co-workersg. 

We now report on the reaction of 5,6-epoxides with monothioic and dithioic 

acids 2 and with their ammonium salts. 

RESULTS AND DISCUSSION 

The reaction of 5,6-anhydro-l,2-O-isopropylidene-ar-D-glncofuranose with O,O- 
dialkyiphosphoro-thioic and -dithioic acids. 5,6-Anhydro-1,2-O-isopropylidene-a-D- 

glucofuranose (1) reacted smoothly with O,O-dialkylphosphoro-thioic and -dithioic 
acids (2), and with diarylphosphinothioic acids to give, regioselectively, 6-substituted 
phosphinylthio and phosphinothioylthio derivatives, 3a-f, in high yields (see Table I). 
The structure of the products was established by i.r. and lH-n.m.r. data and con- 

firmed for 3a by independent synthesis based on nucleophilic displacement of TsO-6 

in 1,2-O-isopropylidene-6-O-toluene-p-sulphonyl-a-~-glucofuranose by the appropri- 

ate monothioic acid anion. The rather drastic conditions of the latter reaction (in 
boiling butanone for several hours) gave a complex mixture of products from which 
3a was isolated in a low yield. This procedure is inferior to that involving the epoxide 

ring-opening. 

+ 

HS, /OR 

x//p\oR- 

0-CMe2 
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The yields of 3a-f, determined spectroscopically, are quantitative in most cases. 

The yields of the isolated pure adducts and the reaction conditions are given in Table I. 

The data in Table I show that phosphorodithioic acids react more rapidly with 
1 than do the monothioic acids. Reaction conditions more drastic than those noted in 

Table I lead to the formation of the 5,6-episulphide 7 and to the appropriate de- 
sulphurated acid. The transformation of, for example, 3b into 7 can also be effected in 
quantitative yield with sodium methoxide. 

+ 
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TABLE I 

PRODUCE OF REACTION OF 1 m PHOSPHORO-THIOIC AND -DIIHIOIC ACIDS (2) 

Phosphoro-thioic and -dithioic acid Reaction Epoxide addacts 
conditions 
(in benzene) Yield 3lP M.p. 

(%I (p.p.m.1 (degrees) 

2a 20”, 24h 3a 78 -7.5 134-135 

2b 

2c 

Me 
9 

p-)SH 

Me 0 

(EtO,,PWOH 

20”, 24 h 3b 85 +89.5 130-131 

80”, 7h 3c 54 -0.2 oil 

2d (EtOIaPWSH 20”, 21 h 3d 88 +94 oil 

2e P$PWCH 80”, 6 h 3e 61 +36 142-143 

2f &4e,CCcI,O), PWSH lS”, 30 h 3f 63 t-95 oil 

TABLE II 

REACTION OF ALKYLAMMONIUM SALTS (4) m 1 

Alkylammonium salts of 2 Reaction conditions 
(in benzene) 

Yield of 7 (%) 

4a 

4b 

4c 

(EtO),P tS)O- 

(EtO)2PWS- 

Me 
“1 
O~cs)o- 

Me 

80”, 5 h 65~ 

80”, 5 h 92 

80”, 7 h 73 

4d 80°, 3 h 92 

4e weO.&PwO- 20”, 30 days 80 

4t Ph$=(S)O- 8O”, 6 h 70 

aDetermined by 3lP-n.m.r. spectroscopy. 
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The reaction of 5,6-anhydro-I,tO-isopropylidene-u-D-glucofuranose with O;O- 

dialkylphosphoro-thioic and -dithioic acid anions. The epoxide-episulphide transforma- 
tion by means of O,O-dialkylphosphoro-thioic and -dithioic acid salts was first 
described in the patent literature’ ’ and subsequently investigated by several authors’ ‘. 
The mechanism proposed for this transformation involves a pentacovalent phosphorus 
intermediatel’. 

Our investigations have demonstrated that 1 reacts smoothly with alkyl- 

ammonium salts of phosphoro-thioic and -dithioic acids under very mild conditions, 

giving the 5,6-episulphide in quantitative yields. These reactions could be monitored 
by 31P-n m r spectroscopy. The signal corresponding to the dialkylphosphoro- . . . 
thioic and -dithioic acid anions 4a-f disappeared and that ofits desulphurated analogue 
appeared. The alkylammonium salts of phosphorodithioic acids reacted faster than 

did the phosphoromonothioic analogues. 
The most likely mechanism for the epoxide-cpisulphide transformation is 

depicted in Scheme 1. The adduct 3’ is formed first and then reacts further to give the 
pentacovalent intermediate 5a, ligand reorganisation of which affords 5b. Rearrange- 

ment of 5b affords 6, and internal nucleophilic displacement at C-5 then yields the 
desulphurated anion 8 and the episulphide 7. This sequence of reactions should 

occur with retention of configuration at phosphorus and inversion of configuration 
at C-5 of the hexofuranose. The inversion of cor&guration at C-5 in 1 to give 7 was 

proved by comparison of the physical and spectral properties of 7 with the authentic 
@_-ido-episulphide13. 

0 ) 
O-C-H Y ) 

I 
I 
A 

2 
G-$-x” 
I ~ 
CH-O-P 

/OR _ 1 

OR OR 
U’OR 

50 5b 6 

0 

O\ /OR 
x=s Y = 0,s 

Scheme 1. Mechanism for the epoxide - episulphide transformation. 
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