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Abstract: Methyl(trifluoromO.hyl)dioxirane reacts with sulfides to give profer~raially sulfones, even 
in the presence of cempetmg sulfoxides. The sulfoxide yield increases at the expense of the sulfone 
when 2,2,2-trifluoroethanol is used as co-solvent. The reaction of dioxirane l b  with phenylmO.hyl 
sulfide in the presence of 1,1,1-tfifluoroprapanone-mO-hydrate (48% atom labelled), leads to the 
obtmtion of 23% atom 1sO-labelled sulfoxide and 6.1% atom toO-labelled sulfone, The involvement 
of a cyclic hypervalmt sulfurane ira.ermediate is proposed as reactive intermediate. 

The oxidation of sulfides is one among the earliest studied O-transfer reacaons of dioxiranes) DimoAyldioxirane (la) 

(hereafter DMDO) reacts with sulfides z3 to give sulfoxides, which can further react with DMDO (la) to give sulfones in a 

sequa~aal process (Equalaon 1). Since sulfides are better nudeophiles than sulfoxides, the oxidation can be controlled at the 

sulfoxide stage when the stoichiom~.nc amount of DMDO (la) is used. Now we report the first detailed study on the oxidation 

RSR' DMI)Or_ RSOR' DMDO~ R802 R, 

Equation 1 

of sanple sulfides and sulfoxides by methyl(trifluorom(ghyl)dioxirane (lb) (hereafter TFDO), a dioxirane that exhibits a stronger 

dectrophilic cha ra~r )  ~ The results of the oxidation of phenylmOhyl sulfide (2) vclth TFDO (lb) to afford phenylmO.hyl 

sulfoxide (3) and phenylm~hyl sulfone (4) at 0 °C in different solvents are shown in Table 1.4,~ Surprisingly, the oxidation of 2 

by TFDO (lb) produced 4 as the main product, even in the presence of a large excess of 2 relative to TFDO (lb). It should be 

noted that the ratio sulfone/sulfoxide (4/3) decreases in the presence of trifluoroO.hanol. The oxidation of dibenzyl sulfide and 

dibutyl sulfide by TFDO (lb) proceeded with sinular results. M~hyl or trifluoromethyt esters resulting from the radical chain 

decomposition of l a  6 or l b  s were not detected in any case allowing us to disregard a radical m~mnism for these oxidations. By 

analogy with the case of the oxidations carried with DMDO, the oxidation of sulfides to sulfones by TFDO were expected to 

proceed in a sequentml fashion as depicted in Eq. 1.3 In that case, from our results, phenylmethyl sulfoxide (3) appears to react 

with TFDO (lb) faster than sulfide 2. 7 In order to clarify this surprising conclusion, we performed a series of compeative 

oxidations of a pair sulfide,/sulfoxide beating minor s t r u ~ a l  differences, namely phenyl(tridauteromethyl) sulfide (2-d ~) and 

phenylmethyl sulfoxide (3), with TFDO (lb). Reactions were camed out as described and the products analyzed by GC-MS 

The results are shown in Table 2. 
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The reaction of an equimolar mixture of 2-a ~ and 3 with DMDO (la) yielded the sulfoxide 3-a p and small amounts of 

the sulfones 4 -~  and 4 while most of  the sulfoxide 3 remained unchanged (entry 1, Table 2). By contrast, when a mixture of 

sulfide 2-aP and sulfoxide 3 reacted with TFDO (lb), sulfone 4.~ was the main oxidation product from sulfide 2-a ~ even in the 

presence of excess of sulfoxide 3 (retries 2 and 3, Table 2). 8 We should remark that, although sulfoxide 3 is also oxidized 

by TFDO (lb) to sulfone 4, oxygen transfer occurs 

Table 1. Oxidation of  Phenyl Methyl Sulphide (2) by TFDO 

(Ib)" 

run 2 : lb  b solvent c 

reaction mixture 

(%)d 4/3 

2 3 4 ratio 

1 1:1 DC 42 12 46 3.8 

2 10:1 DC 93 3 4 1.3 

3 2:1 DC 68 9 23 2.6 

4 2:1 DC/AC 1:19 71 8 21 2.6 

5 2:1 DC/AN 1:19 68 9 23 2.6 

6 2:1 DC/TFE 1:7 66 18 16 0.9 
" The reactions were carried out at 0 °C with an initial 
concentration of  lb  ranging between 0.030 to 0.063 M; 
identical results were obtained when TFDO solution was 
added dropwise, b Molar ratio, c DC: dicbdoromethane; AC: 
acetone; AN: acetomtrile; TFE: trifluoroethanol; a Values 
are the average of at least two identical runs within a 
standard error of  +2%. 

preferential~ to sulfide 2-a a. The same trend is 

observed m tnfluoro~hanol sohrdon, but in this 

case the 4-~/3-a p ratio decreases (entry 4, Table 

2). These data allow us to conclude that the 

conversion of sulfide 2 into sulfone 4 by TFDO (1) 

cannot occur ~ through the oxidation of the 

intermediate sulfoxide 3 as depicted in Eq. 1, and 

suggest the involvement of  a sulfide-derived 

reactive intermediate that, i) is oxidized by TFDO 

(lb) faster than either sulfides or sulfoxides and, ti) 

is readily converted mto a sulfoxide bythe action of 

protic acidic solvents such as trifluoroethanol. 

Thelfl, we deSl~yled ;SO-tracer expenments 

addressed to trap the suspected intermediate (5). 

We carried out the oxidation of 0.031 M 

phenylmahyt sulfide (2) at 0 °C under inert 

atmosphere with the equimolar amount of TFDO (lb) in 4:1 CHsCN/CH2C12 in the presence of a 100-fold excess of 

1,1,1-trifluoroacetoneUSO-hydrate (6alSO, 49 atom % labelledg), a suitable acidic reagent for trapping of a polar 

intermediate. Effecuvely, under these conditions GC-MS analysis of  the reaction mixture revealed l° that a 23.0 atom % of 

Table 2. Competitive Oxidations ofPhSCD3 ( 2 - d )  and PhSOCHs (3) by Dioxiranes 1." 

entry reagents 1 molar ratio solvent b reaction mixture (%)c O-transfer d ratio 

1:2-aP:3 2 - d  3 - d  (3) 4 - d  (4) 2-aP/3 4 - ~ / 3 - d  

1 2 - d  + 3 l a  1:1:1 DC/AC 1:1 13 80 (93) 7 (7) 13.4 0.1 

2 2-da+ 3 lb  1:1:1 DC 58 11 (66) 31 (34) 2.1 2.8 

3 2-d~+ 3 lb  1:1:3 DC 73 9 (80) 18 (20) 2.3 2.0 

4 2-aP+ 3 lb  1:1:1 DC/TFE 1:9 53 21 (70) 26 (30) 2.4 1.2 
" Reactions carried out at 0 °C with a concentration of the substrates ranging between 0.03-0.06 M. bDC: 
Dichloromethane; AC: acetone; TFE: trifluoroethanol, c Mixture composition have been calculated separately 
for C D r  and CH3- substituted compounds and the values are the average of  at least two identical runs within a 
standard error of+2%, a Calculated as ([3-a g ]+ 2x[4-a g ]/[4]). 
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the sulfoxide (34 % yidd) and a 6.1 atom % of the sulfone (66% yield) were ~sO-labdled with a 56% sulfide conversion. In 

control experim~ts it was ascertained that sulfoxide 3 and sulfone 4 do not undergo oxygen exchange with 

1,l, 1-trifluoropropanone J80- hydrate (6J80) under idergacal conditions. 

To explam all the above observations we propose the involvement of the cyclic sulfurane" 5 in the oxidation of 

sulfides to sulfones (Scheme l). Sulfurane 5 would lead to sulfoxide 3 or sulfone 4 either by 6-dimmation of 

lb 
2 

Scheme I 

3 

Ph\ / 0  - C1"13 ] / l b c 

~- H3C/.S.XoXcF3 ~ path 

5 4 

1,1,1-trifluoroprupanone (path a, Scheme 1) or by further oxidation by TFDO (path b, Scheme 1). The influence of the 

solvent in the product distribution and the JSO-incorporation in the tracer experiments are explained by the known ligand 

exchange reactivity shown by $1Jlfuranes 13 whe~l reacang with active hydrogen substrates, which derives from their basic 

character due to the negaUve charge d~sity localised on the oxygen atoms. So, the reaction of 5 with the acidic solvent 

trifluoro~mnol (run 6, Table 1) would promote ring openmgto afford sulfoxide 3 and trifluoroacetone (path a, Scheme 1). 

Onthe otherhand, thefonnationof7-lSo by ligand exchangeof 5with6JSO (Scheme2) accounts for the sulfoxides 

lb 
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lb 
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> 4-180 
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Scheme 2 

3JSO and 3 upon 6-dimmation of 1,1,1-trifluoropropanone or 1,1,1-trifluoropropanoneJSO, respectively. Since 23% 1SO- 

labelled sulfoxide is formed, the sulfoxide should derive almost exclusively from the sulfurane 7280, from wlfich the 

expected maximum statistical tsO-labd incorporation in the sulfoxide is 24.5%. Additional altemative routes are suggested 

in Scheme 2 to account for the formation of sulfone. 

In conclusion, the oxidation of simple sulfides by TFDO (lb) to gwe sulfones does not proceed, at least as the mare 

route, through oxidation of an initially formed sulfoxide. Furthermore, solvent effects and ~sO-labellmg techniques suggest 

for this process the involvement of a highly reactive intermediate, most likely the hypervalmt sulfurane 5. The mechanisUc 
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details of the oxygen transfer step from dioxirane lb to sulfumnes 5 and/or 7 to give sulfone are prescI~y under 

investigation. 

Admowledgeinent. This work was supported by the Spanish Direco6n General de lnvestagaci6n Ciaatifica y 

T6cnica (PB93-0681). We the S.C.S.I.E. de la Universidad de Valencia for the use of NMR and GC-MS facilities. We 

wish to thank Prof. J. O. Edwards and Prof. R. Curci for useful discussions. 

REFERENCES AND NOTES 

1. Adam, W.; Hadjiarapoglou, L. P.; Curci, R;  Mello, R in Organic Peroxides ; Ando, W. Ed.; Wiley Interscience, 
Chichester, U.K., 1992, Chapter 4, pp195-219. (b) Murray, R, W. Chent Rev. 1989, 89, 1187. 

2. (a) Murray, R. W.; Jeyaranmn, R.; Pillay, M. K. J. Org. Chent 1987, 52, 746. (b) Murray, R. W.; Jeyaraman, R. J. 
Org. Chent 1985, 50, 2847. 

3. (a) Adam, W.; Golsda, D. Chent Ber. 1994, 127, 1111. (b) Ballistreri, R P.; Tomasdli, G. A.; Toscano, R. M.; 
Bonchio, M.; CorSe, V.; Di Furia, F. TetrahedronLett. 1994, 35, 8041. 

4. Reactions were carried out at 0 °C under inert amaosphere by adding in one batch in the dark a thermostated dioxirane 
lb solution (0.3-0.6 M) in ketone-free mahylme chloride 5 to a stirred solution of the sulfide in the selected solvent. The 
analysis of the reaction mixtures was performed by GC and 1H NMR. 

5. Adam, W.; Cttrci, R.; Gonz~ez-Nfifiez, M. E.; Mello R. J. Ant Chem. Soc. 1991, 113, 7654. 
6. (a) Bravo, A.; Fomana, F.; Fronza, G.; Male, A.; Minisci, F. J. Chem Soc. Chent Commun. 1995, 1573. (b) Bravo, A.; 

Foraana, F.; Fronza, G.; Mmisci, F.; Sen-i, A. TetrahedranLett. 1995, 36, 6945. 
7. McDouall, J. J. W. J. Org. Chent 1992, 57, 2861. 
8. A relative reaction rate value kn/ko of 0.94 +3% was obtained in the competitive oxidation of sulfoxides 3:3-~ by 

TFDO. 
9. 1,1,1-Trifluoroacaxme-/SO -hydrate (6-1s0) was generated in situ by adding to a soh~aon of 1,1,1-trifluoroacetone in 

CH3CN/CH2CI2, under inert atmosphere at 0 °C, an equimolar amount of H21SO (98 atom %, supplied by Aldrich). MS 
analysis showed that the incorporation Of H21sO into the hydrate 6-1s0 was complete. 

10. ~SO-Labelled % was calculated by applying the equation 100 x [(I+2)-(I+2)~a~] / [I+(1+2)] to the normalized relative 
intensities corresponding to the peaks 125 (M+-CH3) and 140 (M +) for the sulfoxide 3/3JSO, and to the peaks 141 (M +- 
CH3) and 156 (M +) for the sulfone 4/4JSO, respectively, and obtaining the average value. Mass spectra were r~.orded at 
least three times. The estimated error was less than 1%. 

1 I. The involvemer~ of an hypervalent sulfur adducts has been proposed in the oxidation of sulfides with a variety of 
peroxidie oxidants, u By analogy with dioxetanes, TM the intennediacy ofa sulfumne intermediate has been su~ested in 
the oxidation of sulfides by dioxiranes, 1 although it has not been demonstrated up to now. An altemative zwitenonlc 
structure such as PhMeS+-OCCH3CF30 could be depicted. 

12.(a) Watanabe, Y.; Kuriki, N.; Ishiguro, K.; Sawaki, Y.J. Ant Chent Soc. 1991, 113, 2677. (b) Cl~nan, E. L.; Yar~ 
K. J. Ant Chent Soc. 1990, 112, 4044. (e) Campbell, B. S.; l~mey, D. B.; Dcra~y, D. Z.; Shitk L. S. J. Ant Chent 
Soc. 1975, 97, 3850. 

13.(a) Hayes, R. A.; Martin, J. C. In Organic Sulfur Chemistry, Bemardi, F.; Csinnadia, I. G.; Mangini, A.; Eds.; 
Elsevier: Amsterdam, 1985. (b) Adzima, L. J.; Duesler, E. N.; Martin, J. C J. Ant Chent Soc. 1977, 42, 4001. (c) 
Martin, L. D.; Martm, J. C J. Ant Chent Soc. 1977, 99, 3511. (d) Martin, J. C.; Franz, J. A. J. Ant Chent Soc. 
1975, 97, 583. (e) Martin, J. C.; Franz, J. A.; Arhart, R. J. J. Ant Chent Soc. 1974, 96, 4604. (f) Franz, J. A.; 
Martin, J. C. J. Ant Chent Soc. 1975, 95, 2017. (g) Marlin. J. C.; Arhart, R. J. J. Ant Chen~ Soc. 1972, 94, 5003. 

(Received in UK 19 January 1996; revised 8 February 1996; accepted 9 February 1996) 


