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Abstract:

Hydrogen migration in halocarbenes provides a stereoselective method for preparation of

(Z)-haloalkenes.

Haloenol silyl ethers are compounds of recent synthetic interest as precursors to enolate
equivalents of high reactivity.] They may also serve as enolonium equivalents in a nickel-
catalyzed coup1in92 with Grignard reagents to provide alkyl enol ethers. The methods for pre-
paration of these compounds leave much to be desired.3 Though they are generally obtained in
good (>95% Z) geometric purity by a bromination-dehydrobromination sequence, volatility often
precludes their isolation in high yield. In the course of examining carbene reactions of halo-
alkyl silyl ethers, we have discovered that hydrogen migration is a very facile process, lead-
ing to haloenol silyl ethers in high yield and excellent stereochemical pum'ty.4

The typical reaction is outlined in Eq. 1.
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Starting®
Material X R1 R2 Yield Product
1 C1 t-Bu H 68% 5
2 Br Me H 86% 6
3 Br t-Bu H 92% 7
4 a1 t-Bu CH3 96% 8
Table

The rearrangement is conducted initially at low temperature with stirring to room tempera-
ture overnight. This long warming period seems to be necessary to avoid the isolation of re-
duction products, despite the acknowledged instability of dihaloalkyllithiums. Two equiva-
Tents of n-Buli are required, the second presumably to dehydrohalogenate the butyl halide
product of transmetalation. The yields for the conversion to haloalkene are excellent (Table).

In all of the cases examined, the stereoselection in the formation of disubstituted al-
kene is great. The Z-products 5-7, as evidenced by a 4 Hz vicinal coupling constant in the
]H NMR spectrum, are the only stereoisomers detectable. Furthermore, the trisubstituted al-
kene 8 appears to be formed with equally high stereoselection, and is tentatively assigned the
Z configuration. A 1.1 Hz ]H allylic coupling constant and a ]3C NMR spectrum consisting of
only 6 lines lead to these conclusions (vide infra).

It is also possible to generate haloalkenes from the corresponding dihaloalkyl silyl

ethers (Eq. 2).
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Since the mechanism here is presumably deprotonation (8-elimination would not be expected to be
cis-stereospecific) to produce the dichloroalkyl Iithium, only a single equivalent of strong
base is necessary.

The reasons for the extraordinary stereoselection observed in these hydrogen migrations
are not immediately apparent. Considerable theoretical basis6 allows the transition states 9

and 10 to be drawn.
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The repulsion between the lone pair at the divalent carbon and the siloxy group evidently domi-
nates both steric and polar effects, which should disfavor 9. Alternatively, conformer 9 may

be stabilized by hyperconjugation of the carbene Tone pair and the Tow-lying C—0c* orbital.
Previous examples of hydrogen migration in carbenes bearing wn-electron withdrawing groups7
(succinylidene » maleate) have also shown almost exclusive formation of the Z-alkene. While
both chlorine and alkoxy are g-electron withdrawing, they are w-electron donating. The latter
seems to accelerate the hydrogen migration, since performing the reaction in the presence of a
reactive alkene such as an enol silyl ether leads to no diversion of the carbene to cyclopropane
containing products. Regardless of the explanation, electron-withdrawing groups exert a power-
ful influence on the course of hydrogen migration in carbenes.

We have further explored the synthetic utility of 5-8. As expected, 7 is easily trans-
metalated under conditions used for §31 as evidenced by isolation of vinyloxy t-butyldimethyl-
silane 11 (87%) on protonolysis. Mukaiyama-type aldol condensation of 8 unsurprisingly pro-
vides a 2:1 mixture of diastereomers of the protected chlorchydrins 12.
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Dehydrohalogenation of 7 (2 LDA, THF, 0°C, 30 min) gives ready access to acetylide 13. Isomeric
with the silyl ketene enolate of Rathke,8 13 is of considerably greater utility. Trapping of
the anion with TMSC1 (100% to 14) or cyclohexanone (98% to 15) proceeds well.
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Further conversions of these intermediates will be the subject of a future report.

Typical Procedure
To a solution of 300 mg (1.08 mmol) of 4 in 5 mL of Et,0 cooled to ~-70°C was added 1.35 mL
(2.16 nmo1) of a 1.6 M solution of n-BulLi in hexane. The bath was allowed to melt and the re-

action mixture stirred at room temperature overnight. Precipitated lithium halide usually sig-
naled the completion of the reaction. The reaction mixture was gquenched with sat. NaHCO3 solu-
tion and extracted with Et20. Washing the combined organic phases with brine, drying (K2C03),
filtration and evaporation provided 215.1 mg (96%) of 8. Wy NMR (CDC13): 6§ 0.19 (6 H, s), 0.96
(9 H, s), 1.80 (3H,d, J =1.1), 5.177 (1 H, m, J = 1.1). 13C NMR (CD613): s -4.1, 18.2, 21.0,
25.6, 96.1, 149.1 ppm. Anal. C, H, C1.
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Note added in proof: An alternative mechanism involving g-elimination followed by stereo-

selective transmetalation is disfavored due to the known instability of trans-1-lithio-2-
alkoxy alkenes: R. Peries, Ph.D. Dissertation, Stanford University, 1982. Acetylene forma-
tion is presumed.
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