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1,2-ADDITION OF DIMETHYL(PHENYL)SILYLLITHIUM TO CYCLIC o,B-UNSATURATED
KETONES AND REGIOSPECIFIC GENERATION OF CYCLIC SILYL ENOL ETHERS
THROUGH BROOK REARRANGEMENT OF THE 1,2-ADDITION PRODUCTS

Masato Koreeda* and Sangho Koo
Department of Chemistry, The University of Michigan, Ann Arbor, Michigan 48109

Summary: A highly convenient two-step sequence for the regiospecific synthesis of cyclic silyl enol ethers has
been developed involving the 1,2-addition of dimethyl(phenyD)silyllithium to cyclic o,8-unsaturated ketones
followed by the treatment of the resulting silyl carbinols with a catalytic amount of NaH in THF at 25 °C.

Silyl enol ethers are highly versatile intermediates on which a variety of regio- and/or stereochemically controlled
synthetic manipulations can be realized.! Accordingly, a number of efficient methods have been developed that
effect the regio- and stereochemically controlled generation of silyl enol ethers.!:2 In 1979 - 80, Kuwajima3 and

Reich4 independently established a novel Brook rearrangement-based method for the regiospecific synthesis of
acyclic (Z)-silyl enol ethers (Scheme I). The origin of the exclusive formation of Z-isomers is attributed to the
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generation of the coordination-stabilized intermediate 5 from 4. Thus, by inference this method should
not be applicable to the synthesis of most cyclic silyl enol ethers. We now report that 1,2-addition products 8 of
dimethyl(phenyl)silyllithium (MezPhSiLi) to cyclic «,8-unsaturated ketones 7 can be conveniently converted
regiospecifically into the corresponding cyclic silyl enol ethers 9 (Scheme II).

Trimethylsilyllithium (TMSLi) has been reported to react with cyclic a,8-unsaturated ketones in THF/HMPA
(5:1) at -78 °C to give rise to 1,4-addition products exclusively,’ whereas MepPhSiLi, which can be readily formed
in THF,$ was found to undergo smooth 1,2-addition to cyclic o,p-unsaturated ketones at -23 °C in good to excellent
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Table L. 1,2-Addition of Me,PhSiLi to Cyclic ap-Unsaturated Ketones and Brook Rearrangement of

the Adducts®
conditions
entry enones silyl carbinols %yieldb mgmtc silyl enol ethers %yieldb
HO, sn oS
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a) Si denotes a dimethyl(phenyl)silyl group. b) Isolated yields following flash column chromatographic purifi-
cation. c) Conditions: A, NaH/THF, 2 h at 25 °C; B, NaH/THF, 1hat25°C, C, NaH/THF, 1 hat55°C

D. NaH/THF-HMPA (20/1), l1hat20°C. d)3:2 dlastereomcnc mixture. ) LiCl (0.30 equiv) added.

f) 10:1 diastereomeric mixture. g) 2:1 diastereomeric mixture.
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yields (Table I). The difference in these observations may be at least partly due to the fact that the use of HMPA is
essential for the effective generation of TMSLI. In the case of cyclic enones with an alkyl substituent at C-6, 1,2-
addition of MeyPhSiLi was found to be sluggish and the addition of a catalytic amount of LiCl was needed to
facilitate the reaction (entries 4 and 7). Interestingly, the lithium salt produced upon 1,2-addition of MeyPhSiLi did
not undergo Brook rearrangement at -23 °C and only the decomposition of these lithium salts was noted at higher
temperatures after a few days. However, treatment of silyl carbinols 8 with a catalytic amount of NaH at 25 °Cin
THEF resulted in the facile formation of silyl enol ethers 9 by the selective protonation of the Brook rearrangement
products at C-3 (Scheme IT). The H NMR analysis of the crude products indicated that the reactions are generally
clean and complete within 1-2 hours without formation of an appreciable amount of side products (yields estimated
from the 1H NMR spectra of all of the crude Brook fean‘angunent products were higher than the isolated yields
listed in Table I by 15-20%). However, the reactions of the 6-substituted silyl carbinols afforded, in addition to
silyl enol ethers 9, allylic silyloxy products 10 and 11 also in low yields as a result of protonation of the Brook
rearrangement products at C-1. This appears to be a manifestation of the unfavorable Al.2-interaction between the
silyloxy group and the substituent at C-6 in silyl enol ether products 9. The effects of temperature and HMPA on
this Brook rearrangement were studied next for the silyl carbinol obtained from piperitone (see entry 7). The ratio of
the desired silyl enol ether and silyl allyl ether 11 was found to decrease at higher temperatures and 11 was the only
isolable product when HMPA was added to the solvent. While silyl enol ethers 9 were also produced from 8 by the
use of a catalytic amount of n-BuLi instead of NaH, the reactions were considerably less effective (40-50% yields)
and were complicated due to the formation of a substantial amount of silyl allyl ethers (see, e.g., eq. 1).

Ho, SiMe,Ph OSiMe,Ph OSiMe,Ph
a-BuLi (0.3 equivVTHF ¢Y)
+
To0m temperature
12 1h 13 (51%) 14 (7%)

The carbanion produced by the Brook rearrangement of the alkoxide anion generated from silyl carbinol 8 with
one equivalent of n-BuLi may be alkylated at C-3.34 When silyl carbinol 12 was treated with an equimolar amount
of n-BuLi in THF at 25 °C, no Brook rearrangement product was observed upon quenching with aqueous NH4Cl at
that temperature presumably because the position of the equilibrium of the two anionic species 15 and 16 lies
overwhelmingly in favor of alkoxide 15. However, when the electrophile Mel was added, the alkylation reaction
took place at C-3 providing 17 in 40% yield (Scheme III). It is interesting to note that when an equimolar amount
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of NaH was employed for this alkylation reaction, no alkylation product was obtained. Instead silyl enol ether 13
was obtained in good yield. This is apparently due to the relatively slow formation of the sodium alkoxide with
NaH, which is protonated by the starting silyl carbinol 12 present in the reaction mixture, thus giving rise to silyl
enol ether 13.
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As an application of these dimethyl(phenyl)silyl enol ethers in synthesis, the regiospecific TiCly-catalyzed aldol
reactions with benzaldehyde8 were examined with two silyl enol ethers 18 and 19 (sce egs. 2 and 3). While these
two silyl enol ethers produced the aldol products with benzaldehyde regiospecifically in comparable yields with
those reported for their corresponding TMS ethers, exceptionally high erythrofthreo-selectivity observed for the
reaction of 18 is quite noteworthy. The erythro/threo ratio of the aldol adducts of its corresponding TMS ether with
benzaldehyde was only 1:1.8 As in the case of its corresponding TMS ether (3:10:16:71),8 silyl enol ether 19
provided a mixture of four diastercomers in a 1:17:25:57 (ax. erythrofeq. threo/eq. erythro/ax. threo) ratio.

OSiMe,Ph O Ph O Ph
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PhCHO 0" S OH (66%) 3
TiCly

In summary, the two-step sequence delineated above offers a convenient, regiospecific means for the synthesis of
dimethyl(phenyl)silyl enol ethers from their corresponding enones.? These silyl enol ethers can be purified through
silica gel flash column chromatography and can be used for the TiCly-catalyzed aldol reaction with aldehydes.

General Procedures for the 1,2-Addition of Me;PhSiLi to Cyclic o,p-Unsaturated Ketones 7 and
Brook Rearrangement of Silyl Carbinols 8. 7 - 8: To a stirred solution (-23 °C) of 0.40 M MePhSiLi
(1.30 equiv) in THF was added a cyclic a,p-unsaturated ketone 7 (1.00 M in THF, 1.00 equiv). The mixture was
stirred at -23 °C for 1 h, at whichgoint the reaction was quenched with saturated ag. NH4Cl. The resulting mixture
was extracted with ether twice and the combined organic extracts were washed first with saturated aq. NH4Cl and
then with brine. The organic layer was dried (MgSQy), filtered, and concentrated under reduced pressure. The
crude material thus obtained was purified by flash column chromatography.

8 -9: A catalytic amount of NaH (0.50 equiv), which was obtained from 60% NaH dispersion in mineral oil by
washing twice with 10 mL each of hexanes, was suspended in 10 mL of THF. To the suspension was added a
cyclic silyl carbinol 8 (1.00 M in THF, 1.00 equiv) at 25 °C. The mixture was stirred vigorously at that temperature
for 1-2 h and then was quenched with saturated aq. NH4Cl.” The resulting mixture was worked up as above.
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