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Abstract: Procedures are reported for the conversion of 2,3-epoxysulfides to 3-hydroxy- 
1,2-dithioethers. Conventional nucleophih'c ring opening using a thiolate gives a mixture 
of products resulting from ring opening at C-2 and C-3, with the latter predominating. 
With sodium thiolates in DMF a competing [5-elimination process is observed to form 3- 
hydroxy-1-alkenylthioethers. Alternatively, Lewis acid induced thiiranium ion generation 
from a 2,3-epoxy sulfide, and nucleophilic ring opening with S-trimethylsilylthiophenol 
gives 3-hydroxy-1,2-dithioethers with full regio- and stereo-control. 
© 1999 Elsevier Science Ltd. All rights reserved. 

The Sharpless asymmetric epoxidation, developed in the t980's has proved itself to be amongst one of 

the most important asymmetric reactions available to synthetic chemists. ~ Its generality, and the versatility of the 

2,3-epoxy alcohols it produces has lead to its widespread use in the synthesis of many different kinds of 

molecule. For some time, we have been interested in developing the chemistry of simple derivatives of 2,3-epoxy 

alcohols where the alcohol group is replaced by some other kind of heteroatom functionality. 2 In particular, we 

have shown that 2,3-epoxy amines are useful precursors to 3-trimethylsilyloxy- 1,2-aziridinium ions which can be 

reacted efficiently with a variety of nucleophiles, and that 2,3-epoxy sulfides are precursors to 3- 

trimethylsilyloxy-l,2-thiiranium ions, which again can be trapped with a range of similar nucleophiles. 3 

Alternatively, 2,3-epoxy sulfides can be oxidised stereoselectively to sulfoxides, or sulfones, and these can act as 

precursors for 2,3-dihydroxysulfoxides, or T-hydroxy-t~,[5-unsaturated sulfoxides and sulfones. 2 In all these cases 

a high degree of stereochemical control is possible. We now wish to report further results in this area, in 

particular new reactions of 2,3-epoxy sulfides for the preparation of 3-hydroxy- 1,2-dithioethers and 3-hydroxy- 

1-alkenylthioethers. 

In conjunction with investigations into the stereoselectivity of the nucleophilic addition of thiolates to 3-  

hydroxy-l-alkenyl-sulfoxides and -sulfones, 4 we required access to various isomers of 3-hydroxy-l,2- 

dithioethers for regio- and stereo-chemical correlation. One of the simplest routes into these compounds is by 

nucleophilic ring opening of 2,3-epoxy sulfides using thiolate nucleophiles. A considerable amount of work has 

been published on nucleophilic ring opening of 2,3-epoxy alcohols and related compounds 5 however relatively 

little was known about the corresponding 2,3-epoxy sulfides. Our interest in this area was further aroused by the 
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observation that prolonged reaction times during thioether formation using a sodium thiolate displacement of 

tosylate 1, lead to significant byproducts, later identified as 7-hydroxy-tz,l~-unsaturated sulfides 3 (scheme 1). 
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Scheme 1 

For example after 7 days, 3 was the sole identifmble product but a 1:1 mixture of E- and Z-isomers. 

Better selectivity and faster reaction rates could be obtained by using purified 2,3-epoxysulfide precursors, 

changing solvent to DMF (4:1 E:Z), and using NaSMe as base. Using the Z-epoxide precursor 4 gave E-3 as the 

major product in 75% yield. Takano and coworkers have reported 6 a similar transformation, however much 

more strongly basic conditions were employed ("BuLi, THF, HMPA). Our much simpler procedure reported 

here avoids the use of toxic HMPA, and occurs under milder conditions which may be more compatible with 

sensitive functionality in more complex substrates. 

Although interesting, these results indicated that nucleophilic ring opening of 2,3-epoxysulfides was not 

necessarily as straightforward as envisaged. Fortunately changing to the lithium salt of the thiolate nucleophile 

had a significant effect on the outcome of the reaction (scheme 2). No sign of any elimination product was 

observed in these cases, and the major products resulted from attack at C-3, which was similar to that observed 

for ring opening reactions of 2,3-epoxy alcohols with nucleophiles. 5 
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Scheme 2. 

Unfortunately, yields were still only modest. It is known that nucleophilic ring opening of epoxides is 

catalysed by protic solvents and metal salts, including LiC1. 7 Using this combination, a further improvement in 

reaction yield was observed, again with a strong preference for attack at C-3 (scheme 3). In this case, a variety 

of 2,3-epoxy sulfide substrates were investigated for ring opening using sodium methanethiolate. For 
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alkylsulfides 2a, b and ,la, b, the size of the alkyl group appeared to have little effect on the regioselectivity of the 

reaction. However, the S-phenyl thioethers gave significantly different selectivities, depending on the initial 

epoxide geometry. In the case of the E-2a, reduced C-3 attack is observed whereas the opposite is observed for 

Z-4a. 
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Scheme 3 

Although we had now established optimised conditions for nucleophilic ring opening, the formation of 

mixtures of regioisomers, which were in some cases very difficult to separate, and the predominance of the 

product resulting from opening at C-3, was unhelpful in our future studies. We thus investigated one further 

method of ring opening, that is, by Lewis acid induced thiiranium ion formation, with subsequent ring opening 

with a thiolate nucleophile or its equivalent. This mirrors our previous work, which utilised nitrogen 

nucleophiles. 3 Importantly, our previous work had established this to be a regio- and stereo-specific process for a 

range of substrates, including most of those described above. Thus treatment of a 2,3-epoxysulfide with 

trimethylsilyltriflate at -78°C gives a thiiranium ion 14, which undergoes regiospecific ring opening at C-1 with 

S-trimethylsilylthiophenol. As predicted, the products were single stereo- and regioisomers, being produced in 

moderate to good overall yield for the 3 step process, viz. thiiranium ion generation, nucleophilic trapping, and 

desilylation (scheme 4). 8 
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Scheme 4. 

15a, R = Ph, 46% yield 
15b, R = nBu 64% yield 
15¢, R = 'Pr, 70% yield 
15d, R = Me, 30% yield 

17a, R = Ph, 55% yield 
17b, R = nBu, 33% yield 
17¢, R = ipr, 56% yield 
17d, R = Me, 50% yield 

Note that now the nucleophilic sulfur reagent is introduced at C-1, and that a single regioisomer is 

produced rather than the mixtures observed from conventional nucleophilic ring opening of a 2,3-epoxy sulfide. 

This method also allows access to both diastereomeric products 15 and 17, with full stereochemical control. This 
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allows unambiguous assignments of regio- and stereochemistry and will play a crucial role in our subsequent 

studies of thiolate addition to 3-hydroxy- 1-alkenyl sulfoxides and sulfones, the results of which will be reported 

in due course. 
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