
Tctmhcdmn Letters. Vol. 35. No. 37, pp. 6945-W. 1994 
Ekevia scicna Lad 

Rimed in Chat Britain 
oo40-4039/94 $7.oo+o.00 

OO4&4O39(94)O1426-4 

Effects of &dd&ional Stemogenic Centres and Cation in the Nuchspbilic 
Epoxidaiion of Vinyl- with Metal Alkylperoxides 

Andrew D. -,a Rkbard F.W. Jackson, I* willirm m,* Mark R.J. Elsegood, 
Jmpbine Kelly,* andPad A. Rrownb 

. 
b~RochrtsLimited.RescrrchC!em?m,WdwynGudmCity,Ha&rd&m , AL7 3AY. UK 

The low-temperature epoxidation of Ktosylvinylsulfoximines using lithium r-butylperoxide is known 
to give N-tosylsulfoximinooxiranes with high diastereoselectivity. t We have now fmtber investigated this 
process by exploring the use of potassium r-butylperoxide,2 as well as the bulkier reagents lithium and 
potassium triphenylmethylperoxide,3 as the epoxidising agents. We have also investigated the 
diasterecselective eptmidation of both vinylsulfones and Ktosylvinylsulfoximines which possess an additional 
stereogenic centre as a route to useful chiral building blocks. 

Fqoxidation of the racemic model vinylsulfoximine 1 with potassium t-butylperoxide in 
tetrahydrohuan (THF) proceeded very rapidly at -78 “C to give a mixture of the two stereoisomeric 
oxiranes 2a and 2b (ratio 10: 11). This result is in sharp contrast to the results obtained using lithium f- 
butylperoxide, in which oxiraue 2a is formed with high stereoselectivity. The fact that such a markedly 
different result was obtained under reaction conditions which were closely comparable, provides very strong 
evidence for interaction between the lithium cation and the sulfoximine group during bthium t-butylperoxide 
epoxidations. Epoxidation with lithium triphenylmethylperoxide proceeded with very high 
diastereoselectivity to give 2a, whilst epoxidation with potassium triphenylmethylperoxide gave 2a and 2b 
with moderate selectivity in favour of 2a (4: 1). Our results are summa&d in Table 1. 
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Having established the significant variation in stereoselectivity available by choice of epoxidising 
agent, we now set out to investigate the epoxidatiin of substrates poaoessing an additional stcreogenic centre. 
As initial substrates, we chose the vinylsulfone 3 derived from (R)-isopropylideneglyceraldehyde, together 
with the two diastereoisomeric +osylvinylsulfoximines 4 and 5 derived from Qs)-*and (R)-S-methyl-S- 
phenyl-N-tosylsulfoximines, respe+vely. The vinylsulfone 3 was prepared using the general method 
reported by Oh.4 and the vinylsulfoximines 4 and 5 were prepared using our prcvi~y i-q&ted general 
procedure. * 

Epoxidation of the vinylsulfone 3 with each of the four epoxidising agents under our standard 
conditions at -20 Y! in THF gave a mixture of the unti oxirane 6s and the syti oxirane 6b, with varying 
selectivity in favour of the anti compound (‘Table 2). Of special note was the excellent diastercoselcctivity in 
favour of 6a obtained using potassium triphenylmethylperoxide, which allows easy access to a potentially 
useful chiral building block (vi& fqhz). The results for the epoxidation of the vinylsulfoximines 4 and 5 at - 
78 “C to -55 “C are also indicated in Table 2. The results obtained using both lithium t-butylperoxide and 
lithium triphenylmethylperoxide are complex, and not easily rationalised. Clearly there are several pcssible 
sites for lithium coordination in 4 and 5, and the combination of stereogenic centres in 5 combines to make 
epoxidation with lithium t-butylperoxide poorly stereoselective, whilst the reaction with lithium 
triphenylmethylperoxide seems completely independent of the sulfoximine stereochemistry. This situation 
cannot be rationaliscd on the basis of the Masamune “matched-mismatched’ analybis,g since it is clear that 
the effects of the two stcreogenic centres in 4 aad S are not indcpcmdmt of each other. In contrast, 
epoxidation of all three substrates with potassium c-butylperoxide shows clear matched (for 5) and 
mismatched (for 4) situations. 
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Table 2 

tJ3uOOLi Ph$OOLi tBUOOK Ph3COOK 

4:3 (85%) 5:4 (78%) 4:l (68%) 25:l (76%) 

25:l (68%) 25:l (65%) 2:l (80%) 25:l (67%) 

2:l (75%) 251 (76%) 6:l (80%) 7:4 (74%) 

The stereochemistry of the anti sulfonyloxirane 6a was established by a single crystal X-ray 
crystallographic determination of the diol 12 (Figure 1),6 obtained by cleavage of the isopropylidene acetal 
(vide iq&x). 
(Figure 2).’ 

The wui stereochemistry of 7a was established directly by X-ray crystal structure analysis 
Further corroboration of this result was obtained by conversion of the sulfoximinooxirane 7a to 

the corresponding bromohydrin 9a by our recently described method involving ring-opening with 
magnesium bromide etberate (to give the a-bromoaldehyde) in the presence of tetra-n-butylammonium 
borohydride as in situ reducing agent. s Protected butane-1,2,4-trio1 100 was obtained as a by-product in this 
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process. Treaanent of !h with sodii hydride in diithyl ether gave the known oxirane lla, which was 
idenMied by cmnpariaon of ‘H NMR data with those in the li@rature.g 

7a 9a.694; ilm, 69 W 

This result confiims. unambiiusly that the conversion of 7a to !h occurs with inversion of 
configuration at C-2. AnaJqous treatment & the 6: 1 mixture of oxiranes &I and 8b. obtaiti by potassium 
f-butylperoxide qoxidation of 5, gave a mixture of 9a and its C-2 ephner (in a ratio of 6~1). thereby 
establishing that the major isomer had the same configuration at C-2 as 7a, and therefore had structure &. 

Pigure 1 Figure 2 
The molecular sl~cture of compound 12 The molecular structure of compound 7a 

To illustrate one potential synthetic application of the sulfonyloxirane 6a, we have established a 
method for its conversiqn to (~,3R)-2-phenylsulfonyl-3-r-butyldi~~ylsilylox~~ylox~ i3. We have 
previously established that the lithioderivative of this aqtound, in racemic form, is a versatile 
functionalised acyl anion equivalent, lo and may be used for the preparation of unsubstituted epoxyketones, l1 
for example. Thus, treatme+ of the diol 12 with sodium metaperiodate gave the aldehyde 14, which was 
reduced with sodium borohydride to the alcohol 15. The enantiomcric purity of the alcohol 15 was 
established by conversion to the (R) and (S) camphanate esters 16a and 16b, which were shown to be 
diastereoisomerically pure within the limits of detection by tH NMR. Finally, protection of the alcohol 15 
as the t-butyldimethylsilyl ether gave the target 13, identical by comparison of 
racemic compound. lo 

wit data with the 



6r 12 14 

16rs R = OV-oamp~~ 13 81% 15 
Mb. R - (S)-amph=nyl 

Acknoww We thank the SERC for a CASE studentship (A.D.B.) and a rcscard grant (WC), Dr 
P.L. Bailey and Dr S.P. Staden for preliminary experiments, and lb&e Pm&c& for support. 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 
9. 

Lee, J.W.; oh, D.Y. Sy?#k C&mm. 1989,19, 2209-2212; seealso, Trost B.M.; Seoane, P.; 
Mignani, S.; Acamegh~, M. J. Am. Chem. Sot. 1989, III. 7487-7m. 
Masamune, S.; Choy, W.; Petersen, J.S.; Sila. L.R. Angew. l&m. ht. Ed. Engi. 1985, 24, l-30. 
Compound l2 crysmlllses in the orthorhombic space group &2121 with g = 5.527(2), h = 
7.723(3), E = 25.356(9) A. Z = 4. The structure was solved from 1908 independent diffractometer 
reflections (20 < SO“, MoKu radiation) collected at 160 K and refined on p values to & = 0.1%3 
(conventional B for 1669 observed E values= 0.0481). 
Compound 7a crystallises in the orthorhombic space group &212t with g = 5.8078(12). h = 
14.749(3), E = 25.078(7) A, Z = 4. The structure was solved from 3-l independent 
diffractometer reflections (20 < 50”. MoKa radiation) collected at 293 K and refined on F values to 
& = 0.1425 (conventional B for 2587 obsenred E values= 0.0422). 
Bailey, P.L.; Briggs. A.D.; Jackson, R.F.W.; Piitruszka, J. TmahcdronLezt. 1993.34, 6611-6614. 
Gtivier-Pelletier. C.; Dumas, J.; Le Merrer, Y. ; Depezay. J.C. J. corbdhydr. Ckm. 1992. II, 
%9-998; for other syntheses of this compound,, see: Abushanab, E.; Vemishetti, P.; Leiby, R.W.; 
Sim, H.K.; Milckllineni, A.B.; Wu, D.C.-!; Saibaba, R.; Par&a, R.P. J. Org. QKm. 1988,53, 
-2598-2602; White, J.D.; Badger, R.A.; Kezar, H.S. III; PaIlenberg, A-J.; Schichser. G.A. 
rmrva 1909, 45,6631*; Pottie, M.; Van dei Eycken. J.; Van&valb, M.; Rclpcr, H. 
Te&&e&vn:@m 1991, 2, 329-330. 

10. Ashwell, M.; Clegg, W.; Jackson, R.F.W. J. C&n. Sot.. P&in Tmns. I l-1, 897408. 
11. Dunn, S.F.C.; Jackson, R.F.W. J. C&m. Sot.. Penkin Tmns. Z 1992, 2863-2870. 

Bailey, P.L.; Clegg, W.; k&son, R.F.W.; Me&Cohn, 0. J. clrrm. kc., P&in Trans. I 1993, 
343-350. 
For the fiit example of the use of this reagent, see: Still, W.C. J. Am. Chem. Sot. 1979,101, 2493- 
2495. 
For an example of the use of triphenylmethyl hydroperoxide/benzyltrimethylammonium 
isopropoxide, see Corey, E-J.; Kang, M.-c. Desai, MC.; Ghosh, AX; Houpis.‘I.N. J. Am. C&m. 
sot. 1988,1zo,649-651 

(Received in UK 8 July 1994; accepted 22 JUry 1994) 


