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INTRAMOLECULAR ACYLATION OF VINYLIC SILANES. A NOVEL, GENERAL APPROACH FOR THE SYNTHESIS
OF FOUR- TO SIX-MEMBERED CARBOCYCLIC SYSTEMS AND ITS REGIOCHEMICAL FEATURES

Koichi MIKAMI, Naoyuki KISHI, and Takeshi NAKAI*
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SUMMARY: Intramolecular acylations of m-trimethylsilyl-m- alkenOyZ chlorides
(m = 4 and 5) arve described which afford the eapected w-alkylidenecycloalkanone
and/or the unexpected cycloalkenone, depending upon the substrate structure.

In view of the unique, well-defined reactivity of vinylic silanes toward a wide range of
e]ectrophi]es,] the intramolecular versions of reactions of vinylic silanes with carbon-
electrophiles in particular might be valuable extensions of the vinylsilane chemistry for the
construction of various carbocyclic systems.2 From the standpoint of the synthetic utility,
the two types of intramolecular acylations depicted below are of special interest since the
cycloacylations of A and B are highly anticipated, by direct analogy with the intermolecular
versions,] to give the cycloalkenone and the a-alkylidenecycloalkanone, respectively, which

are valuable classes of intermediates in organic synthesis.
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A recent pub11cat1on dealing with the cycloacylations of type A leading to cyclopentenones
prompts us to disclose our own findings concerning the cycloacylations of type B. Herein we
report that the intramolecular acylations of selected vinylic silanes (g, n =1 and 2} afford
the expected a-alkylideneketone (3) and/or the unexpected cycloenone (4), depending markedly
upon the substitution pattern on the vinylsilane moiety and/or the chain length (n).
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First of all, the availability of the starting acid (1) deserves special comment. In our
continuing study on new synthetic appliications of sigmatropic rearrangements, we have recently
developed the sigmatropic variants of 2-(trimethylsilyl)allyl alcohol derivatives which provide
facile entries to a variety of functionalized vinylsilanes including acids (1, n = 1 and 2).4
Thus, the easy availability of acid 1 via the sigmatropic strategy strongly stimulated our
interest in the present silicon-mediated cycloacylations.

In this work we examined the internal acylations of the five acid chlorides (gg;g)s using
aluminum chloride as the activator. Typically, chloride 2 was added to a dilute suspension of
aluminum chloride (3 equiv) in dichloromethane (3 mmol1/200 mL) at 0°C over a period of 3 h.

The resulting mixture was stirred at 20-25°C for 10 h, hydrolyzed with aqueous NaHCO3 at 0°C,

and worked up as usua1.6 The cyclization products thus obtained are summarized in the table.
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% The spectral data (IR and NMR) of these products are fully consistent with the assigned

structures including stereochemistry, if any. b Refers to isolated yields. ¢ The two
products were easily separated by column chromatography (silica gel, n-hexane/ether)
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Inspection of the table reveals notable regiochemical trends in the present cycloacylations

which are not necessarily consistent with the regiochemical rule ("B-effect“)7

widely accepted
for the intermolecular versions. First, the most striking is that vinylsilane 2a gave the
normal a-acylation product (§g),8 whereas 2b afforded the unusual B-acylation product (4b),
indicating that the substitution pattern on the vinylsilane moiety exerts a great influence in
dictating product regiochemistry (i.e., mode of cyclization). Second, comparison of entry 1 vs.
3 reveals that the regiochemical course is also affected, at least partially, by the chain
length imposed between the acyl chloride and vinylsilane units. Third and more significantly,
entries 2 and 4 obviously indicate occurrence of the migration of the methyl group at the
allylic position during the unusual 8-cycloacylation.

The observed regiochemistry (mode of cyclization), though rather ambiguous at first glance,
may be clearly rationalized (or predicted) by appropriate considerations of the relative
stability of the incipient cations and/or the ring strain involved. In the cycloacylations of
vinylsilane possessing theB-alkyl substituent such as 2a, the secondary B8-silylcarbenium ijon (5)
prevails as the incipient cation to give the normal a-cyclization product (3) (eq 2). In the
cycloacylations of vinylsilanes without B-alkyl substituent such as 2b, on the other hand, the
tertiary a-silyl cation (6) predominates over the primary B-silyl one (5, R1=H),9 ultimately
leading to the unusual B-cyclization product (4) via the rearrangement of 6 to the B-silyl
cation (7) {(eq 3). In the cyclization of 2c or 2d, however, where the normal a-cyclization
teading to the cyclobutanone (3¢ or §g)8 is depressed apparently by the large ring strain,

the B-cyclization product (4c or 4d) is formed as the major product.
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The regiochemical aspect outlined in this study not only offers the first example of the
unprecedented B-(cyclo)acylation of vinylic silanes, but also suggests that one should not
overestimate the "g-effect" in the electrophilic reactions of vinylic silanes in general.
Furthermore, the present work coupled with our previous one4 convincingly demonstrates the
synthetic potential of the internal acylations of vinylic silanes for the construction of a
variety of carbocyclic frameworks. We are now investigating different sets of intramolecular
reactions of vinylic and allylic silanes easily available via our sigmatropic strategy.
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