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summary: Oxidatkn of E- and Z-vinyl lithiums with silyl peroxides 5 affords silyl enol ethers 3 in good to excellent 
yield with retentton of configuration. This methodobgy represents a useful new procedure for the stereo- 
and regbselective synthesis of ketone enolates. 

Over the past two decades, a considerable degree of effort has been focused on the synthesis of acyclic ketone 

enolates of well defined structure. 1 ,* This is due to the enomtous synthetic utilii of enolates in carbon-carbon bond 

forming reactions, i.e. alkylation and aldol condensation reactions. The stereostructure of the enolate is of paniarlar 

importance in the aldol reactiin because it defines the relative configurations of the two new chiral centers in the product3 

There are two primary concerns in the generation of stereodefined enolates. 4 First is the formation of a specific E- or Z- 

enolate geometric isomer. While one of the enolate geomstric isomers can generally be obtained in high purity by proper 

choke of solvent and base, it is frequently very difficult to obtain the other isomer.5 One of the strategies used to 

circumvent this problem has been to trap the mixture of E- and Z-enolates as their silyl enol ethers. The E and Z-silyl enol 

ethers are separated, often with diiilty, and the enolates regenerated by treatment with methyllithiim.2~5 The second 

problem is the generation of a specific enolate regioisomer from acyclic ketones where the two a-positions are relatively 

similar.*s6 Attempts to solve this problem have empbyed hindered bases,73 activating gmupsg, specific silylating 

reagents’ o and ester enolate transformations1 1 with limited degrees of success. 

In connection with our interest in the oxidation of carbanions,l**13 we thought that the stereosefective oxidation 

of vinyl anions 2 could provide a solution to the diffkxrlty of stereo- and regioselectfve enolate formation (Scheme). The 

stereoselective synthesls of vinyl liihiums from vinyl halides 1 is well documenk~L~~ We were further encouraged by a 
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1977 report of Whitesides and co-workers in which they described the oxidation of E- and Z-1-lithio-l-propenes to the 

corresponding lithium enolates with retention of confiiratiin using lithium fert-butyl peroxide .I5 Preliminary results of a 

simple procedure for the stereo- and regioselective formation of enolates involving the stereospeclfic oxidation of vinyl 

lkhiums are described in this letter. 

Typically, the vinyl anions 2 were generated by treatment of 1.0 mmol of the vinyl bromides 1 with one equivalent 

of sea-butyllithiim or two equivalents of tert-butyllithium in THF at -78 or -110 OC. After 15 minutes the vinyl anions 2 were 

oxidized with (+)-(can-phorylsulfonyI)oxaziriiine (4) IX16 bis(trimethylsilyl) peroxide (6a) l7vt 6 or bis(teMutyldimethylsilyl) 

peroxide (5b).17 In the former case the enolates were trapped with trtmethylsilyl chbrfde (Table). The E- and Z-vinyl 

bromides were prepared by the general methods of Brown et al. lg and by Miller and McGarvy.20 The silyl enol ethers 3 

were isolated as oils by flash chromatography (silica gel) eluting with dry n-pentane. The E/Z ratios of 3 were determined 

by tH NMR. While the geometry of the silyl enol ethers 3 were not rigorously established the reasonable assumption is 

made that major isomer is the one formed with retention of configuration. Consistent with this interpretation are the larger 

coupling constants observed for the E-2-phenyl silyl enol ethers 3 (19 and 12 Hz) compared to the Z-2-phenyl silyl enol 

ethers 3 (15 and 7 Hz) (Table, entries 5-8). 

Vinyl anion oxidations using (+)-(camphorylsuifonyl)oxaziridine (4) followed by trapping of the enolate with 

trknethylsilyl chloride gave the corresponding silyl enol ethers in moderate yield (Table: entries 1,3, 11). Oxidation of 2 by 

(+)-4 did not proceed with complete retention of configuration giving 15 to 20 percent of the isomerized silyl enol ethers. 

We reasoned that the oxidation time as well as the necessity for trapping with trimethylsilyl chloride may have caused some 

localized heating, resulting in isomerization of the vinyl anion. Quenching of the vinyl anion by the sulfonimine product 

derived from (+)-4 is likely responsible for the lower yields observed with this oxidizing reagent.12 

In 1978 Neumann and Seebach repotted that the oxidation of E-1-lithb-1 -hexene with bis(trfmethylsilyl) peroxide 

@a) gave the silyl enol ether in less than 7 percent. t7 Nevertheless we felt that 6a should be a more effective reagent 

than (+)-4 for vinyl anion oxidation because of its greater reactivity and the fact that 3 is formed directly, affording less 

opportunity for isomertzation. Indeed, use of 5a not only gave better yields than (+)-4 but, more importantly, resulted in 

near complete retention of configuration (Table). Lower temperatures (-110 OC) and the use of bis(te&butykfimethylsilyl) 

peroxide (5b) gave improved yields for the oxidation of the vinyl anions derived from P-bromostyrene and P-bromophenyl- 

2-propene, probably because of lower losses in the isolation step (Table: entries 8,8, 10). 

This methodology has obvious application to the regioselective formation of enolates from ketones where the two 

a-positions are similar. An illustration is the synthesis of (+) (S)- 2-hydroxyJoctanone ( 8) one of the components of the 

two component grape-borer pheromone. 21 Treatment of silyl enol ether 6 (Table: entry 13) with methyllithium in THF at 0 

OC for 15 minutes gave the enolate 7 which was cooled to -78 cC and oxidized by addition of 1 .O equivalent of (-)-4. The 

reaction mixture was warmed to 0 OC, quenched by addition of saturated NH41 solution, and (+)-6 isolated by flash 

chromatography (ether-pentane elution) in 57% yield. The optical purity, 12% ee, was determined using the chiral shift 

reagent Eu(hfc)a and by comparison of its optical rotation with literature values.21 
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Table: Stereoselective Oxidation of Vinyl Bromides to Enolates at -78 OC In THF 

Entry Vinyl Bromide (1) 

w.1 

Oxidizing reagent 

conditions 

Silyl Enol Ether (3) 

% tsowe Yii (Ea 

1 
2 

3 
4 

5 
6 

7 
6 

9 
10 

11 
12 

13 

14 

P+,CHI 

Br (a) 

Br (d) 

Br 

CH3 (a) 

n-W-41 Cdh-n 
P - 

Br (0 

n-W1 1 

)7 - 
Br CH3 (9) 

n-C8Hl7 W-b 1-n 

)-/ 
Br (0 

(+)-4/TMSCI 
m 

(+TMSC 

5a -1 loo (&BuLi) 
5b -1 loo (t-BuLi) 

58 -1100 (t-BuLi) 
5b -1 loo (1-R&i) 

5b 
5b-1100 

(+%-’ 

5a 

s WaSi 76 (7030) 

Ph 

)-/ 

CH3 

Me3SiO 46 (62:16) 
70 (92s) 

Ph 

)-/ 

C2Hs 

tvle3SiO 41 (64:16) 
76 (92s) 

Ph+oSiMe2R 11 (106:6) 
43 (1OOzO) 

0SiMe2R 16 (0:lOO) 
35 (0:lOO) 

0SiMe2R 

CH3 26 (100:0) 
46 (1OO:O) 

n-%Hl t 

Me3Si0 

62 (0:lOO) 

a) Kernaghan, G. F. D.; Hotfamnn, H. M. Ft., J. Am. Chem. Sot. 1970.107,4346. b) Pan& E. J. ; Nett, B. L. ; Chu, 
H.; Panek, M. G. , J. Am. Chem. Sot. 1975, 97,3996. c) Groverstein, E., Jr., Lee, D. E., J. Am. Chem. Sot. 1953, 75, 
2639. d) Christol, S. J.,; Norris, W. P., J. Am. Chem. Sot. 1963, 75,2645. e) Ref. 20. 1) Ref. 19. g) Hirao, T.; Oshimk, 
Y.; Kurokawa, K.; Toshii, A.; Yukagaku, 1983,32,274; Chem. Abstr.1983,99, 66273~. 
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in summary the stereoselective oxkiation of vinyl lithium reagents represents useful new methodology for the 

stereo- and regioseiective synthesis of siiyi enol ethers which are precursors of stereodefined enoiates. 
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