Tetrahedron Letters,Vol.25,No.5,pp 495-498,1984 0040-4039/84 $3.00 + .00
Printed in Creat Britain ©1984 Pergamon Press Ltd.

HIGHLY SELECTIVE, KINETICALLY CONTROLLED ENOLATE FORMATION
USING LITHIUM DIALKYLAMIDES IN THE PRESENCE OF TRIMETHYLCHLOROSILANE

E. J. Corey and Andrew W. Gross
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138

Summary: The deprotonation of ketones and esters with lithium dialkylamides in the presence of
trimethylchlorosilane leads to enhanced selectivity for the kinetically generated enolate.
Lithium Efoctyl-Efbutylamide is shown to be superior to lithium diisopropylamide in the regio-
selective generation of enolates and in the stereoselective formation of E enolates.

Selective conversion of a ketone or ester to only a single enolate with regard to
m-bond location and stereochemistry is a valuable and basic operation in synthesis. The most
widely used reagent for this purpose, at present, is lithium diisopropylamide (LDA), most fre-
quently applied at ~-78° in tetrahydrofuran (THF). Previous results with LDA and the recent
availability of lithium di—_E—alkylamidesl suggested the study reported herein which has led to
new levels of selectivity in the generation of enolates under kinetic control (KC).

House2 reported that the slow addition of 2-heptanone to LDA at -78° followed by the
addition of a mixture of triethylamine and trimethylsilyl chloride (TMSCl) afforded a mixture
consisting of 84% KC enol ether}J'Hsofthe Z enol ether‘a, and 9% of the E enol ether ;& The

reaction proceeded in 65% yield with condensation products accounting for the balance of the
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material. We have found that the use of lithium t-octyl-t-butylamide (LOBA) , under the same
conditions, does not lead to greater selectivity of enolate formation. The comparatively slower
deprotonation of the ketone by the highly hindered base LOBA evidently allows proton transfer
between enolate and ketone effectively reducing the selectivity of enolate formation.

These difficulti:s were avoided simply by having TMSCl present during the deprotonation
by LOBA.3 Indeed, it was discovered that both LOBA and LDA are compatible with TMSCl at -78°.
Two procedures could be ..sed. Either the ketone was added to a mixture of the lithium amide and

excess TMSCl at -78° or a solution of the ketone and TMSCl at -78° in THF was treated with the
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lithium amide. TIdentical product ratios were obtained under either conditions. The efficacy
of this internal quench methodology as compared to the two step procedure of House is shown in
the accompanying table.4 In addition to the increased selectivity of the highly hindered amide
as compared to LDA the yield of enol ethers in all internal quench reactions was quantitative;

no condensation products were observed.

SUBSTRATE o ENOL ETHER Ag® (a:B)°
A B LDA LoBA
0 OTMS oTM™S
y - = 95.5  915:2.5
0-C;H,,CCH, 0-C,H,,C=CH, n-C,HCH=CCH, B6:9) (36 14)
o ‘ OTMS OTMS
0-C,;H,,CCH, 0-CH, C=CH, n-C;H, CH=CCH, (gjf g) 5 975:25
o oTMS oTMS
Q i 95:5  97.5:(2.5
o OTMs oTMS
90:10 97:3
Me @Me ©<Me .41 6 .
Bu? Bu? Bu? (85:5)°  (05:5)
9 oTMS OTMs
= - 50: :
C;H,CH,CCH, CH,CH,C=CH, C,H,CH=CCH, (0:138) 50:50

a) Internal quench
b) Two step procedure

The use of a highly hindered lithium dialkylamide would be expected to yield pref-
erentially the E rather than the % enolate in the reaction with a ketone or ester. Ireland
reported that the reaction of 3-pentanone with LDA followed by quenching with t-butyldimethyl-
silyl chloride (TBDMSC1l) gave the E and Z silyl enol ethers in a ratio of 77:23, respectively.
Kuwajima8 reported an E:Z ratio of 86:14 using lithium 2,2,6,6-tetramethylpiperidide (LiTMP)
as the base. We have found that whereas the internally trapped reaction of LDA (TMSCl) gave
an E:Z ratio of 77:23, the use of LOBA led to a 98:2 ratio of the E and Z enol ethers, demon-

strating a major enhancement of selectivity.
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These results can be rationalized by consideration of steric interactions in the

assumed pericyclic transition states I and II. For a lithium dialkylamide with an extremely

bulky substituent L, the large repulsion of L and R' in II dominates and causes this pathway
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to be disfavored relative to transition state I which leads to the E enolate. The increased
selectivity for the formation of E enolates with LOBA as compared to LDA is demonstrated by the

9
following results.

SUBSTRATE TMS KETENE ACETAL E:2
E z LDA LOBA
| H, OTMS CH, OTMS
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The reaction of LDA with 3-pentanone in 23% hexamethylphosphoric triamide (HMPA)/THF
afforded an E:Z enol ether ratio of 5:95, respectively.7 Ireland assumed that this selectivity
was kinetically determined. He proposed that in the absence of HMPA lithium is strongly coor-

dinated to the carbonyl oxygen thus making it effectively bulkier than R leading to the
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predominance of III and therefore the E enolate. In the presence of HMPA this coordination is

-

absent and the sterically favored transition state is IV leading to the 2 enolate.10 The use
of TMSC1 as an in situ trapping agent afforded a unique probe to determine whether the stereo-

chemical result of the reaction in the presence of HMPA is under kinetic or thermodynamic

11,12
control.
TMS TMS
/\/\ + LOBA ————= .
o}
internal quench THF 98 : 2
internal gquench HMPA : THF 37 : 63

(8 equiv TMSC1)

internal guench HMPA : THF 46 : 54
(17 equiv TMSC1l)

two step procedure HMPA : THF 18 . 82
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The results shown in the table above clearly indicate that the selectivity in the
presence of HMPA is the result of equilibration to the more thermodynamically stable 2 isomer.
In situ trapping results in greater amounts of E isomer as compared to that obtained with the
two step procedure. Greater concentrations of trapping reagent increase the amount of E isomer.

General in situ trapping procedure: Into a dry 25 ml. flask under N, was placed the
lithium dialkylamide (1.1 mmol) in 2 ml. of THF at -78°. A solution of TMSCl (5-10 mmol) in
2 ml. of THF at -78° was added followed by dropwise addition of the substrate (1.0 mmol) in
2 ml. of THF. After 1 minute 2 ml. of dry triethylamine was added followed by quenching with
saturated aqueous sodium bicarbonate solution. The product was extracted into petroleum ether
and the ether extracts were washed first with water and then with 0.1 Ncitric acid. Drying
over sodium sulfate and concentration gave the silyl enol ethers.l3
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