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Vinylsilanes are formed in high yields in the reaction of representative acyl(trimethyl)silanes with anions generated from Kocienski’s sulfones.

Vinylsilanes are important intermediates in stereocontrolled undergo the Smiles rearrangenferdather that the Brook
synthesis:? One of the most versatile methods for the rearrangemerft.Thus, reaction of acylsilanie(Scheme 1)
synthesis of 1,2-dialkylvinylsilanes consists of the reaction with an anion generated from sulfoiievould give adduct

of easily available acylsilangsvith ylides generated from
alkyl(triphenyl)phosphonium halidésdowever, applications

iii, which may rearrange via two routes. The Brook rear-
rangement, followed by elimination of the sulfonyl moiety

of this method are hampered by moderate or low yields and from i», would lead (plain arrow, route a) to silyl enol ether

ambiguity in establishing the ylide function in complex

v and, after hydrolysis, to the respective ketone. It is known

synthetic building blocks. It occurred to us that various types that the reaction ofa-lithioalkyl phenyl sulfones with

of vinylsilanes could be conveniently accessed by reaction acylsilanes is usually followed by Brook rearrangement and
of acylsilanes with anions generated from certain heterocyclic sulfonyl group elimination to afford the respective ketohes.
sulfones, provided that the intermediate adduct would On the other hand, due to the presence of an electrophilic
C=N bond in the heterocyclic system, the intermediate
could undergo the Smiles rearrangement (route b) affording
sulfinic acid derivativeri, which would then fragment to
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vinylsilane zii. Application of the Smiles rearrangement in
olefin synthesis has been well documerited.
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For exploratory studies acylsilangé (Scheme 2) and
1-phenyl-1H-tetrazol-5-yl (PT) sulfon2 were chosen, the
latter representing a class of sulfones particularly useful in
the Julia olefination reactiof:® Important results are sum-
marized in Table 1.

Vinylsilane 3 was obtained in excellent yields with use
of lithium hexamethyldisilazide (LIHMDS) as the base and
by performing the reaction either with separate sulfonyl anion
generation (Method A) or under “Barbier-type” conditions
(Method B) (Table 1, entries 1 and 2, respectively). In both
cases a mixture dE- andZ-isomers in a ratio of 64:36 was
formed. The selectivity with respect to titeisomer was

improved by lowering the temperature (entries 3 and 4). The

reaction was relatively fast; extending the reaction time
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32, 1175—1178. (c) For a review, see: Blakemore, PJ.RChem. Soc.,
Perkin Trans. 12002, 2563—2585.
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Table 1. Reaction of Acylsilanel with Sulfone2 in THF
Affording 3 (Scheme 2): Effects of the Addition Mode, Base,
and Temperature

base; method? temp (°C) time (min) vyield® (%) E/z°
1 LiHMDS;? A —78 30 93 64:36
2 LiHMDS; B —-78 30 92 64:36
3 LiHMDS; A -85 60 89 74:26
4 LiIHMDS; B -85 30 93 75:25
5 LiHMDS; B —-95 45 84 75:25
6 LiHMDS;B -60 18 h 53 67:33
7 LDA;A —-78 90 61¢ 67:33
8 NaHMDS;4 A -78 40 50 59:41
9 KHMDS;fA —78

aMethod A: The anion was generated from the sulfone (1.25 mol equiv)
and the base at60 to—78 °C. The mixture was brought to the indicated
temperature and a solution of acylsilane (1 mol equiv) was added. Method
B: To a solution ofl (1 mol equiv) and sulfon& (1.25 mol equiv) in THF
was added a solution of the bag&he product was isolated and purified
by chromatographyt Determined by GCY 1 M solutions in THF, purchased
from Aldrich. © Acylsilane 1 (9%) was recovered; ketongé (20%) was
isolated.f 0.5 M solution in toluene, purchased from Aldrich.

resulted in lower yield (entry 6). On replacement of LIHMDS
with LDA, a somewhat lower yield was obtained but the
isomer ratio was virtually the same (entry 7). With NaHMDS
as the base3 was obtained in a lower yield and with poor
stereoselectivity (Table 1, entry 8).

Analysis of the byproducts in the discussed reactions
revealed the presence of a small amount of ketbraand
(before aqueous workup) the respective trimethylsilyl enol
ether (Scheme 3) formed via the Brook rearrangement.
Accordingly, ketone4 was obtained in 68% yield in the
reaction ofl with phenyl sulfone5 and LIHMDS. Another
minor side product was identified as the enol ether derivative
6.
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Surprisingly, the use of KHMDS as the base in the reaction
of 1 with 2 (in THF) generate® as the main product. When
1 was added to the anion generated framnd KHMDS in
DME at —78 °C, crystalline PT enol ethérwas isolated in
68% yield after chromatograpByStable PT enol ethers have
no precedent in the literature, to the best of our knowledge.

The effect of solvent on the product yield and the isomer
ratio in the reaction ofl and2 with LIHMDS as the base

(10) Compounds: mp 6162 °C (hexane)iH NMR ¢ (ppm) 1.18 (s,
9H), 3.50 (d,J = 7.1 Hz, 2H), 5.88 (tJ = 7.1 Hz, 1H), 7.17#7.34 (m,
5H), 7.43-7.60 (m, 3H), and 7.747.79 (m, 2H)13C NMR inter alia—1.55,
32; the structure was confirmed by elemental analysis.
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was examined. As shown in Table 2, the use of DME at  The syntheses of some other vinylsilanes from the respec-
—60 °C gave 3 in a lower yield than THF; moreover, tive acylsilanes and PT sulfones are presented in Scheme 5
vinylsilane was accompanied by substantial amounts of

ketone4 (Table 2, entry 2). The reactions in diethyl ether T
- Scheme o

. ] . SiMeg SiMe3
Table 2. Effect of Solvent in the Reaction of Acylsilarie(1 Phw ) )\H R2
mol equiv) with Sulfone2 (1.25 mol equiv) with Use of 1 M 0 R
LIHMDS in THFa 12 14, R'=Ph(CHy)p, R?=Cy1Hps
_ 1 2
solvent temp (°C)  time (min)  yield®(%) E/Z CitHzg™ "SO-PT 15, R'=Ph(CHy)s, R°=Ph(CHy),
13 16, R'=Ph(CHy)a, R=C11Hz3
1 THF -78 30 93 64:36
2 DME® —-70 40 49d 58:42
3  EtO0° -78 60 50 64:36 _ _ o
4  MeOBuC -78 150 47 54:46 and Table 3. In all cases high yields and significant
5 DMF -70 45 43 50:50 stereoselectivities were attained. The solvent effect rendering
6  CHXCl —78 30 59 55:45 the reversal of configuration of the main products was
7  PhMe -78 30 77 47:53 confirmed.
8 PhMe® -78 30 74 33:67

a A solution of 1 mmol ofl. and 1.2 mmol oR in 3 mL of the appropriate _
solvent was treated with 1.2 mL of 1 M LiIHMDS in THE.Yield refers to
products purified by chromatograptfMetalated sulfone partly precipitated;  Table 3. Reaction of Acylsilanes with Sulfones Induced by

method A was used (see footnote to TabledKetone4 (32%) was also ; ; e °
isolated. LIHMDS was generated in situ from HMDS and BuLi/hexanes. LIHMDS under Barbier Conditions (Method B) at78 °C

reactants solvent product yield (%) E/Zz

1,13 THF 14 79 65:35

(entry 3) andert-butyl methyl ether (entry 4) were compli- PhMe? 69° 39:61

cated by low solubility of the lithiated sulfone. The reaction ~ 12:2 ;:; 15 ;2 ggf:g
in DMF (entry 5) or dichloromethane (entry 6) afforded € :

. S 12,13 THF 16 84 68:32

lower yields. In toluene as the solvent, vinylsilariewere PhMea 61b 4258

obtained in 77% yield as a mixture of isomers in a ratio of _ _ _ _

47:53 (entry 7). Since stereochemical bias has been reversed g o 8,2 SFLngy, oo o e e product (etone) was

in the latter case, an analogous experiment in which LIHMDS present.

was generated from HMDS and BulLi (in hexanes) in situ

was carried out. As expected, after exclusion of THF, the

content ofZ-isomer increased (isomer ratio 33:67, entry 8).  Since hydrodesilylation of vinylsilanes occurs with reten-
The effect of the silyl group was assessed in the reactiontion of configurationt! our method may be extended to

of triethylsilyl acylsilane7 and sulfone2 (Scheme 4). The  stereoselective synthesis of alkenes. Notably, a stereoselective

approach tce-vinylsilanes contributes to the methodology

| of synthesis oZ-alkenes which is in demand.

Scheme 4 The stereochemistry of the isomeric vinylsilanes was
Ph  SiEty assigned on the grounds of established criteéaad con-
o UHMDS/ LI~ _Ph firmed by nuclear Overhauser (NOE) effect measurements
o m TEC o 24h yield, E21:1 and comparison PSi—H three-bond coupling constatits
2+ Ph SiEts + in the 'H NMR spectrat?
7 4, 50%

We reason that the steric course of the reaction is
dominated by nonbonding interactions of the sterically bulky

o] as above . - .
2+ /lkSiF,h3 - P“W silyl and sulfonyl groups. !n the_ mtermedlgte a(_iduct, these
9 10 OSiPh groups have a trans relationship (Scheme &div). Out
/ of two diastereomeric adducts,and iz (Scheme 6), the
former, with fewer gauche interactions, is favored. As
PnoSIOH Ph/"\/\cf)( postulated by Julia and co-workéfsthe countercation is
75% 75% bound to the heterocycle nitrogen and to the sulfonyl group

. . . . . (11) Utimoto, K.; Kitai, M.; Nozaki, H.Tetrahedron Lett1975, 16,
reaction with the anion generated with LIHMDS under 2825-2828.

Barbier conditions afforded vinylsilarand ketonet, the _(12) (@) Kupce, E.; Lukevics, E. Insotopes in the Physical and

. . . . . Biomedical Sciences; Buncel, E., Jones, J. R., Eds.; Elsevier: Amsterdam,
latter prevailing. The reaction of acyl(triphenyl)siléd@ith The Netherlands, 1991; Vol. 2, pp 23295. We thank Professor Krystyna
the anion generated from sulfo2eled to labile sinI enol Kamienska-Trela for bringing this reference to our attention. (b) Grignon-

. . . Dubois, M.; Laguerre, MOrganometallics1988,7, 1443—1446.
etherlOand, after hydrolysis, ketorfel and triphenylsilanol (13) 1H-3%] coupling constants fc andZ isomers,] = 8 o 13 Hz,

(each isolated in 75% yield). respectively.
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that after collapse ai in toluene tighter binding of the Li

Scheme 6 cation to the heteroatoms restricts rotation to fdiinin
N L@ which case concerted fragmentation of intermediate
PT N= \Né ® O provides a plausible alternative. Effects of the size of alkyl
=870 Ph/Njéso2 L™ S0z groups R and R and the nature of the heterocycle in the
U‘—*'c;ﬁ'%}*" 2 jz‘\,_, o EZZS\mH reaction are currently under investigation.
© . RSIZNR! ® In conclusion, an efficient method for synthesis of vinyl-
SiRs ¢ i i Ol gy silanes was developé8E-Disubstituted vinylsilanes that are
LPT. l l difficult to access on other routes were obtained as predomi-
@U L0257 2. H 2. H nant products. It was demonstrated that reaction of acyl-
o AR R® | I (trialkyl/aryl)silanes with metalated PT sulfones is followed
© L = RsSi g =\ R! i SiRy either by a Smiles or by a Brook rearrangement to afford
M3 v

vinyl silanes or silyl enol ethers, respectively, depending on
structural factors and the reaction conditions. Formation of

oxygen atom. The Smiles rearrangement occurs via inter-Stable and potentially useful PT enol ethers was observed.
mediateii with coplanar arrangement of the involved centers
(ii, for clarity of drawing no partial bonds are shown) and
in THF is followed by rotation around of the centrat-C
bond to give intermediati@, which undergoeanti-periplanar
elimination. By this route, theE-vinylsilane is formed.
Increasing the bulkiness of the silyl group increases eclipsing OL034606E
interactions inii, which favors migration of the silyl group

at the expense of heterocycle migration. It is of relevance (16) Typical procedure: To a solution of acylsilan& (149 mg, 0.722
hat the trioh Isilvl h hiah . t titud mmol) and sulfon& (307 mg, 0.935 mmol) in THF (5 mL), stirred under
that the triphenylsilyl group shows higher migratory aptitude 5140n at—85°C, was added LiHMDS (1 M in THF, 0.94 mL, 0.94 mmol)

in the Brook rearrangemehtpresumably due to electronic  dropwise. Stirring at-85°C was continued for 30 min and then the reaction

; ; ; was quenched with water (1 mL). The mixture was allowed to warm to
factors. With regard to the solvent effect, it appears Ilkely room temperature and was partitioned between water (20 mL) and methylene

chloride (20 mL). The water layer was extracted with methylene chloride
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