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Abstract: The preparation and characterisation of a novel class of adducts of selenoxides with 

sulfonic acids are described. They am considerably mote stable and show superior mactivity to 

the patent selenoxides. Their suucture has been confiied by *H NMR spectmscopy and X-ray 

crystallography 

Organoselenium compounds have been used extensively in organic synthesis. 1 Mote recently, there 

have been an increasing number of reports of theii use in asymmetric synthesii, for example in the preparation 

of enantiomerically emiched allylic alcohols via 2.3~sigmatropic rearrangements of ally& selenoxides2, or 

allenes and alkenes by elimination of selenenic acid.3*4 via enantiomerically enriched selenoxides produced 

either by asymmetric oxidation or chirality transfer. Chiial diselenides have also recently been reported as 

enantioselective selenylating agents. 5 We ate interested in applications of new selenium based reagents in 

synthesis, and now wish to report a new class of selenium based oxidants which we believe will have 
widespread synthetic utility. 

Since the original reportt~~~~ of selenoxide based oxidations, relatively little work has followed, at least 

partly a result of the presumed instability of such species. Indeed, selenoxides are well known for their 

propensity for &elimination reactions, a procedure which has been extensively exploited for the synthesis of 

unsaturated carbonyl compounds7 Dialkyl selenoxides ate much less prone to such a resction.8 and many are 

isolable. An alternative mode of degradation for these compounds exists in which they can revert to the patent 
selenides over a period of hours. For example, dimenthyl selenoxide (1) reverts cleanly back to the selenide 

after approximately 12 hours at room tempemture. We now wish to describe the formation of adducts between 
sulfonic acids and selenoxides. which are indeftitely stable at room temperature but still retain many of the 

properties we initially desired of selenoxides. 

Dicyclohexyl selenoxide (2)9, dibenzyl selenoxide (3)& and diienthyl selenoxide (1) were chosen as 
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representative substrates and were synthesised as shown in scheme 1, either by the reported procedure or by 
the action of selenium oxychloride on Grignard reagents derived from cyclohexyl bromide and menthyl 

chloride.‘O Note that intermediate selenoxides produced in the Grignard &on revert to the corresponding 

seknicles under the maction conditions, but can then he ~xidised efficiently (>90%). 

34% overall 
yield 

48% overall 
yield 

Reagents: i) Mg. Et20; SeGQ, (0.4 es.); ii) M~PBA (1.2 q.), c~~q, NONCOM, ~~0. 
Scheme 1. 

Dissolution of the selenoxides in deuterochlorofonn, followed by addition of an anhydrous sdfoti 
acid and observation by ‘H NMR shows clean formation of a different organoselenium species with 

considerable deshielding of protons on carbons adjacent to selenium atom (table 1). This is the case for a 

variety of sulfonic acids, including p-toluene-. pbromobenzene-, uitluoromethyl- and 2,2,2-trifluoroethyl 

sulfonic acids. No similar adduct was formed with acetic acid. Removal of solvent, in most cases11 leaves a 

colourless solid which can be recrystallised and fully characterised, a procedure which was not possible with 

the corresponding selenoxides. Selected physical data are shown in table 1. 

Notes: ‘6, CDCI,, 2!5’=C. msomncm~en~chemlcalshiffsol~a 
to sdenoxlde, co- valuesforpmntseleno~ am(I) 2.93. 
2.86,(2)2.38,(3)3.w,3.!aQ;b oilat mantempwaturq csee ldfanm 11. 

Table 1. Selected physical data of selenoxide-sulfonic acid adducts. 

The actual structure of these new adducts is of particular intezst. Importantly, the ‘H NMR spectra of 

the part of the adduct originally derived from the selenoxide, showed little variation between sulfonic acids 
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(c$ entries 7 and 9). This, we believe, rules out the possibility of these adducts being any kind of 

selen~12 intermediate (4) when in solution, although a small ~~b~~ concentration cannot be ruled 

out. If such a selenurane were present then considerable variation of chemical shift of tbe protons u-to 

selenium would be expected, depending on tire sulfonic tuAd used. The reactions were also performed under 

rigorously anhydrous conditions, so formation of the hydrate (5) was n&d OU~.~*~*~ Vk believe a much mom 

likely candidate is tbe salt lihe structure (6). Tbe isolation and full characterisation of an such intermoleculsr 

complex is, to the best of our knowledge, the fast of its kind, although compounds containing intmmolecular 

hydrogen bnnds between selenoxides and either hydroxyl or amide groups have been ~mposed.~~*~~ 
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The remarkable stability of our adduets has aLlowed us to obtain an X-ray crystal smrcture of the adduct 
between ~b~rn~~~o~ acid and dicyclohexyl selenoxide (7) (figure 1). Although &is is, of course, 
the solid state strneture of the adduct, it clearly shows protonation of the selenoxide oxygen, with a hydrogen 

bond to the sulfonate group, rat&r than any selenurane type structure. Is ‘Ihere am relatively few X-my crystal 

structures of selenoxides, mainly due to their instability, and tbe formation of these new adducts may be of 

considerable use in general selenoxide charaeukation. l6 

Figure I. 

Fkally, these adducts retain many of properties we originally desined from selenoxides, and are 

superior in a number of ways. They are much mom stable, with a good shelf-life, and am readily accessible,*7 
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When dissolved in organic solvents they will cleanly oxidlse dialkylsulfi&s to sulfoxldes in excellent yield, 

with no overoxidation, and clean regeneration of selenide. For example, the adduct between 2.2.2- 

trifluoroethyl sulfonic acid and dimenthyl selenoxide (CHzq, 2S°C) will oxidise methyloctyl sul&le to the 

corresponding sulfoxide in 90% isolated yield. l8 This is a significant advance on previous selenoxide 

oxidations of sulfides, which inevitably required acetic acid as solvent, and is the fast example of a 

homochiral selenoxide-based oxklant6 A mote detailed account of this work will appear shortly. 

Jn conclusion, we believe that the isolation and characterisation of these new, stable selenoxide adducts 
will greatly facilitate the use of selenoxides in synthesis, and we are cunently investigating theii properties 

furthet 
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