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INFLUENCE OF ENOLATE GEOMETRY AND STRUCTURE ON THE
STEREOCHEMISTRY OF THE ASYMMETRIC OXIDATION OF PROCHIRAL KETONE
ENOLATES TO OPTICALLY ACTIVE o-HYDROXY KETONES
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Summary: The stereoselactivity for the asymmetric oxidation of enolates to optically active «-hydroxy ketones using
(+)-(camphorylsulfonylloxaziridine is dependent on the enolate substitution pattern, the solution structure
of the enclate and to a lesser extent the enolate geometry.

Optically active a-hydroxy carbonyl compounds 4 are key intermediates in the enantioselective synthesis of
natural products and a common feature of many biologically important molecules.! A convenient route to this important
structural array is the direct oxidation of homochiral enolates with N-sulfonyloxaziridine 5, an aprotic oxidizing reagent.19-d
Recently we introduced methodology for the asymmetric oxidation of prochiral enolates to optically active o-hydroxy
carbonyl compounds using {+) and {-)-(camphorylsulfonyloxaziridines & (50-96% ee).2 Since the configuration of the
oxaziridine three-membered ring in 6 controls the product stereochemistry both optical isomers of 4 are easily
accessible.2d  To maximize the efficiency of this methodology an understanding of the factors controlling the
stereochemical outcome of these oxidations is necessary (Scheme). In this context we report preliminary studies of the
influence of enolate geometry and structure on the stereochemistry of the asymmetric oxidation of prochiral ketone
enolates. These studies suggest that the stereoselectivity is highly dependent on both the enolate substitution pattern

as well as its solution structure. Enolate geometry is of less importance.
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The lithium enolates of deoxybenzoin (1a), 1-fert-butylpropanone (1b), 1-phenylpropanone (1¢) and
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phenylacetone (1d) were prepared by addition of the ketone (typically 0.5 mmol) in THF (3 mL) to 1.2 eq of LDA at -78 °C,
as previously described.2® HMPA was added to the LDA solution prior to enolate formation. When unknown, the enolate
geometry was determined by trapping with trimethylsilyl chloride (TMSCH),3 and its stereostructure assigned by NMR as
described in the literature. 3 4 The enolates were oxidized at -78 °C by addition of 1.5 eq of (+)-6 in THF (3 mL).2 After 3
min the reaction mixture was warmed to 0 °C and quenched following 10 min by addition of sat. NHal solution. In separate
experiments it was determined that oxidation is rapid and complete at -45 to -50 °C. Only the enolate of phenylacetone
3d, in the presence ot HMPA, oxidized at -78 °C (entry 8). The a-hydroxy ketones 4 were isolated by extraction into ethyl
ether, washed with sat. NapSp0a, sat. brine, and purified by preparative silica gel TLC. The optical purilies and absolute
configurations of 4 were determined by comparison with optical rotations and by using the chiral shift reagent Eu(hfc)j.

Studies of the aldol® and Michael® reactions reveal that there is often a strong correlation between the enclate
geometry and stereostructure of the product. Generally Z-enolates exhibit higher selectivity than E-enclates.5 For the
asymmetric oxidation of the LDA derived enolates 3 the results in entries 1-8 suggest that the enolate geometry does
have a role in determining the product stereochemistry, with Z-enolates exhibiting higher selectivity than E-enolates
{compare entries 1, 3, 5 and 8 with 7). However, the dramatic effect that HMPA has on selectivity as well as the fact that Z2-
3a, Z-3c gave (S)-4a, (S)-4c¢, respectively, while Z-3b gave (R)-4b makes this assumption suspect. Note also that the
lower selectivities observed for oxidation of enolates Z-3a-¢ in the presence of HMPA are not due to a change in enolate
geometry, but rather to a change in the solution structure of the enolate.

To determine the influence of enolate geometry on the stereoselectivity for the asymmetric oxidation of enolates it
is necessary 1o oxidize the pure E- and Z-3 under identicaf conditions. This was accomplished by generating the & and Z-
enolates from the corresponding E- and Z-silyl enol ethers 2 by treatment with MeLi (Scheme).? Studies by House32 have
demonstrated the stereochemical integrity of enolates formed in this manner. Typically 2 {0.5 mmols) in THF (7 mL} was
treated at 0 °C with 0.95 equivalents of a 1.4 M solution of methyllithium. After 1 hr the reaction mixture was cooled o -78
OC and oxidized with 1.2 eq of (+)-6 as described above (Table; entries 9-20).

Several important trends are revealed by the results summarized in the Table {entries 9-20) for the asymmetric
oxidation of enolates 3 under identical conditions. First, the stereoselectivity for oxidation of enolates Z-3¢ and Z-3d are
identical whether or not the enolate is generated from the ketone using LDA or from the silyl enol ether using Meli. This
indicates that the presence or absence of the amine has little effect on the stereoselectivity. 19 Secondly, Z-3¢ exhibils
higher selectivity than the E-3¢ atfording (S)-a-hydroxy ketone 4c. HMPA lowers the stereoselectivity. Quite different
results are observed for the E- and Z-enolates of phenylacetone (1d). Surprisingly, both Z-3d and E-3d exhibit nearly
identical stereoselectivities. In the absence of HMPA 4d is obtained in only 9% ee, whereas in the presence of HMPA the
optical purity of 4d increases to 56-68 %ee. Both E-3d and Z-3d, in the presence of HMPA, afford 4d having the R-
contiguration.

Complicating interpretation of the results summarized in the Table is possible racemization of the a-hydroxy
ketones 4 under the reactions conditions. Indeed when »0.95 mmol of methyllithium is used to generate enolate 3¢ from
2c the isomerized a-hydroxy ketone 4d was detected in addition to 4¢ (entries 10,12,13, and 14). HMPA increased the
percentage of 4d. In separate experiments treatment of (-)-(S)-4¢ (63 % ee) with 1.5 eq of LDA (-78 to 0 °C; 15 min)
afforded partially racemized 4c/4d. Most likely enediolate 7 is involved in the isomerization/racemization of 4c /4d.1!
Since 4c/4d were not detected when <0.95 eq of Meli was used to generate the enolates from 2 we believe that
isomerization and/or loss of product optical purity is not important under these conditions. Furthermore, the results for the

oxidation of the LDA derived enolates are valid because isomerization was not detected and (+)-6 and its sulfonimine bi-



Table: Oxidation of Lithium Ketone Enolates Using (+)-(Camphorylsulfonyl)oxaziridine (6)
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entry Enolate (3) Enolate Source/ Additive? Geometry % YieldP (4c/4d)c % ee
Base (mol. equiv.) (Z/E) {config.}
oLt
/J\/Ph
1 Ph Y 1a/LDA (1.2) none 83/17 70 68 (5)d
2 HMPA 100/0 68 6 (S)
oL
CH
3 (CHa)SC)\/ ®  ib/LDA (1.2) none 100/0 55 32 (R
4 HMPA 100/0 50 12 (R}
oLi*
)\P;CHS
5 Ph 1¢/LDA (1.2) nene 98/2 45 (100/0) 39(5)d
6 HMPA 100/0 42 (100/0) 1(S8)
oLt
/j\J,H\Ph
7 CHy 1/.DA (1.2) none 11/89 41 (0/100)9 3(sh
8 HMPAI 95/5 60 (0/100) 61 (R)
oL
)\'_’\pCHa
9 Ph 2¢/Meli (0.95) none 97/3 45 (100/0) 35(5)9
10 (1.1) none 48 (95/5) -
11 (0.95) HMPA 40 (10070} 11(S)
12 (1.1 HMPA 36 (75/25) -
13 (1.25) HMPA 50 (67/33) -
14 (1.0 naone 7/93 45 (97/3) 4(R)
15 (0.95) HMPA 37 (100/0) 0
oL
R Ph
16 CHs 2d/Meli (0.95) none 95/5 51 (0/100) 6(3)
17 (0.95) nonel 58 (0/100) 10(R)
18 (0.95) HMPA 68 (0/100) 63 (R)
19 (0.95) none 11/89 42 (0/100)9 3 (S)
20 (0.95) HMPA] 31 (0100)2 56 (R)

a) Ratio of THF to HMPA 20:1. b) Isolated yields. c) Ratio of 4¢/4d determined by NMR, see ref.16. d) Ref. 2b. e) Ref.
17. 1} 50:50 mixture of 3d and the non-conjugated enolate (see ref. 7). g) Yield based on total enolate content. h)
Roger, A. Biochem. Z. 1931, 230, 320. i) Oxidation at -78 °C. j} Oxidation at -45 to -50 °C.

product are efficient quenches for excess base.

Partial isomerization of E-3d to the more stable Z-3d under the

conditions of oxidation cannot be entirely discounted. However, we believe this to be unlikely because oxidation is fast,

similar results are observed for the LDA derived enolates and most importantly isomerization of 4¢/4d is not detected.
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The preliminary results reported here indicate that the stereoselectivity for the asymmetric oxidation of prochiral
ketone lithium envlates 3 to e-hydroxy ketones 4, like the aldol and Michael reactions, are influenced by i) the enolate
geometry, ii) the enolate substitution pattern, and iii) the enolate solution structure. What is surprising is the apparent
minor role played by the enolate geometry. More important are the influences of R? (phenyl vs alkyl) and HMPA which after
the solution structure of the enolate. Although it is generally accepted that metal enolates exist and react as aggregates in
solution12.13 pracise details of their solution structures are unknown. White HMPA is generally thought to alter the
aggregation state of the eénolates,’30.14 making them more accessible to attack by the electrophile,’?2 their solution
structures are also unknown. These results emphasize the difficulty in developing a transition state rationale based on
small differences in energy from an inadequate knowledge of the structures of the reaction intermediates.!5
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