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Abstract: Epoxidation of y-oxygenated-a,p-unsaturated sulphones 4-8 with lithium 

t-butyl hydroperoxide proceeds with moderate to high diastereoselectivity to give 

2-phenylsulphonyl oxiranes 9-13. The sense of diastereoselectivity is dependent on the 

steric bulk of the aikyl substituent at the y-cetire. 

As part of our studies to extend the synthetic utility of 2-phenylsulphonyl oxuanes 1,’ 

we have investigated the dtastereofacial selectivrty of nucleophilic epoxidation of 

y-oxygenated-CY,~-unsaturated sulphones usmg hthmm t-butyl hydroperoxide. A recent 

report on the addition of organolithium reagents to r-methoxymethoxy-~+p-unsaturated 

sulphones 22 prompts us to report our observations on the stereochemical outcome of the 

nucleophilic epoxldation of y-oxygenated-u,p-unsaturated sulphones, especially wrth regard 

to the ability to control the sense of diastereofacial selectlvrty by suitable choice of the 

alkoxy substituent. Whilst a substantial body of work has addressed the question of 

stereochemical control by allylic stereocentres in Michael reactions, 3~4 including reactions 

with cychc5 and acyclic6 vinyl sulphones, reports on analogous stereochemical control m 

nucleophrhc epoxldation processes have been much more limited. 718 
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y-Hydroxy-a#-unsaturated sulphones 4a, 4b and 4c are readily avatlable m a one-step 

process mvolvmg the condensatton of phenyl phenylsulphmylmethyl sulphone 3 wuh 

aldehydes. 9 Protection of the hydroxyl group to gave the Ph,St (Sa, Sb and Sc), tBuPh,Sl 

(6a, 6b and 6c), iPr,Si (7a, 7b and 7c) and MEM (Sa, 8b and 8c) derrvattves was achieved 

in good yields using standard procedures. We were expecting that use of the MEM 

protectmg group would allow chelation control, whilst use of the silyl protecting groups 

would reverse the diastereofaclal selectrvity. Our results for the nucleophilic epoxidatton of 

the vmylsulphones 4, 5, 6, 7 and 8 using hthmm t- butyl hydroperoxide to give the oxiranes 

9, 10, 11, I.2 and 13, respectively are descrtbed m the Table. 
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R,/+.SO,Ph LiOO’Bu R+&OzPh + R,,&02Ph 

R’:, 
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RIA syn 
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THF R’O anti 

4-a 9-13 

Table: Epoxidation of Vinykulphones 4-8 

Vinylsulphone R RI Oxuane Time, h Temp, OC SynlAnti ratio Yield, % 

4a Me H 9a 

Sa Me Ph,Si 10a 

6a Me tBuPh,Si lla 

7a Me iPr ,Si l2a 

8a Me MEM l3a 

4b nPr H 9b 

Sb nPr Ph,Si lob 

6b nPi- tBuPh,Si llb 

7b nPr iPr ,Si l2b 

8b nPr MEM l3b 

4c iPr H 9c 

5c ‘Pr Ph,Si 1Oc 

6c 1Pr tBuPh,Si llc 

7c ‘Pr tPr ,Si l2c 

8c iPr MEM l3c 

4 -20 

16 -20 

1 -20 to r.t 

2 -20 to 0 

2 -20 to 0 

3 -20 

1 -20 to 0 

4 -20 to r.t 

1 -20 to r.t 

2 -20 to 0 

3 -20 

1 -20 to r.t 

4 -20 to r.t 

16 -20 to r.t 

6 -20 to r.t 

3:l 56 

3:l 77 

4:l 64 

1O:l 94 

1:lS 63 

3:l 80 

2:l 71 

151 66 

4:l 92 

15 6.5 

2.51 46 

12.5 79 

1:4 89 

1:40 96 

1:30 55 

The stereochemistry of the major isomer lOa, syn derived from epoxrdation of 6a, wth R = 

methyl, was established by X-ray crystallography (Figure 1)’ 0 Chemical correlation of all 

the other compounds 9a, &I, l2a and l3a wtth this material allowed the unambiguous 

assignment of stereochemistry for these examples. The stereochenustry of the oxuanes 

9b-l3b, with R = nPr was established by correlation, and by compartson of 1H and 13C 

mnr spectra with the methyl series. The stereochemrstry of the major isomer l2c, anti 

derived from epoxldation of 7c, with R = rPr, was also established by X-ray 

crystallography (Figure 2). 11 This allowed the unambiguous assignment of stereochermstry 

for 9c, lOc, llc and l3c, again by correlation. 

Figure 1 Figure 2 
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The stereochemical outcome of the nucleophilic epoxidation reaction is clearly 

dependent on the nature of the alkyl substituent. The results from the epoxnlation of the 

methyl series 4a-7a and propyl series 4b-7b can be accounted for using the extended 

Felkm-Ahn’ 2 model in which the y-alkoxy substituent is orthogonal to the n-system and 

anti to the direction of nucleophilic attack by lithmm t-butyl hydroperoxide, and the alkyl 

substttuent occupies the less hmdered instde position (Figure 3). This arrangement leads to 

the syn product. If a stmilar conformatton represents the reactive arrangement in 

epoxldation of Sa and 8b, then chelation control by the MEM group could account for the 

reversal of diastereofacial selectivity to give the und product. 

cheiation control - anti 

Figure 3 

stereoelectronic control - vn 

The stereochemical results obtained from epoxidation of the isopropyl series 4c-8c are 

more difficult to rattonalise. In the case of the free hydroxyl compound 4c, the same 

model used for the epoxidation of the methyl serves appears to provide a satisfactory 

rattonahsatton, wnh the syn product bemg favoured. Presumably the requirement for the 

allylic C-O bond to be anti to the direction of nucleophilic attack is particularly marked 

for the alkoxlde anion, which is likely to be formed under the basic conditions of the 

reaction. However for the remaining examples (5c-&), the presence of two bulky 

substttuents makes the application of simple models rather difficult. If, as seems 

reasonable, the iPr group is now the largest group, a dtfferent reactive conformation m 

which the iPr group 1s anti and the oxygen-substnuent is mside could now be important 

(Figure 4). Yamamoto has suggested a snmlar arrangement for the Lewx acid promoted 

addition of organocopper reagents to y-alkoxy-a,@-unsaturated esters. 3a Nucleophihc 

attack would occur from below wtth both non-chelating (5c-7c) and chelatmg substttuents 

8c, leading to the a& products m all cases. It should be noted that nucleopl-nlic 

epoxldation of the closely related enone 14 also gave an urzfi product 15 wtth high 

diastereoselectivtty.8 

chelation and 

steric control 
- anti 

\ IPrdph - lPr+,, 

En0 En0 

Me*Me 14 15 

Figure 4 
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Whatever the rationalisation of the stereochemical outcome of these nucleophihc 

epoxldation reactions, both syn (by silylation of SC) and anti diastereoisomers of the oxirane 

l2c are readily available, and the syn diastereoisomer of the oxirane l2a is also available 

wnh reasonable selectivity. 
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