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THE REACTION OF ALLENYLSILANES WITH o,B-UNSATURATED ACYLSILANES:
NEW ANNULATION APPROACHES 7O FIVE AND SIX-MEMBERED
CARBOCYCLIC COMPOUNDS

Rick L. Danheiser*] and David M. Fink

Department of Chemistry, Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Summary: The reaction of o,B-unsaturated acylsilanes with allenylsilanes can be directed %o
produce eithern §ive on six-membered carbocyclic compounds.

a,B-Unsaturated acylsilanes are versatile synthetic intermediates, readily participating
in Brook reactions,2 Diels-Alder additions,2 and TiC14 mediated conjugate a]]y]ations.3 In
this Letter we report that o,B8-unsaturated acylsilanes combine with allenylsilanes in new
[3+2] and [3+3] annulation routes to five and six-membered carbocycles (eqns 1 and 2).
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By manipulating the nature of the acylsilane trialkylsilyl group, the course of these reactions
can be controlled to produce either five or six-membered rings.

The «,B-unsaturated acylsilanes required for these studies were synthesized employing
several alternative routes. The propenoylsilane 1 was prepared as previously reported by
Reich,2 and the crotonyl derivative 2 was synthesized using the general method of Zweifel4 as
described in the accompanying Letter.3 The Zweifel route was also used for the preparation of
the tigloyl derivative 16 (57% yield from Me3SiCHZCOSiMe3). A modification of the Corey-Brook
acylsilane synthesis furnished the mesitoylsilane ﬂ?; however, this approach could not be
successfully applied for the preparation of the methacryloyl derivatives 3 and 1g,5 The
following a-methylenation strategy was developed to provide access to these sensitive a,8-
unsaturated acylsilanes. Treatment of propionyltrimethylsilane with 1.1 equiv of NaHMDS in
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Table I. 3+2 Annulations Employing «,B8-Unsaturated Acylsilanes
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%1solated yields of products purified by chromatography. Infrared, H NMR, 13¢ NMR, and high resolution mass spectra were

fully consistent with the assigned structures. DbAnnulations were carried out using 1.0-1.5 equiv of allene and 1.5 equiv of
TiCl, in CH,C1, at -78°C for 0.5-1.0 h (30 sec in the case of 9a and 2 min for 10a). Reactions were quenched by transferring
the ﬂesu]tigg ﬁixtures via cannula into a rapidly stirred mixture of 1:1 ether-water. CFor preparation, see ref. 7b.

THF (-78°C, 1 h) generated the corresponding enolate, which was transferred via cannula to a
well-stirred cold (-78°C) suspension of N,N-dimethyl(methylene)ammonium jodide (Eschenmoser's
sa1t)6 in THF. After 1 h the reaction was quenched by addition of excess methyl iodide. Upon
exposure to 1.1 equiv of DBU in CH2C12 (25°C, 5 min), the resulting quaternary ammonium salt
underwent smooth elimination to provide the desired acylsilane 12 in 63-70% overall yield.

The analogous t-butyldimethylsilyl derivative 3 was prepared in 65-75% yield in a similar
fashion.
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The a,R-unsaturated acylsilanes 1-4 combine with allenylsilanes at -78°C in the presence of
TiC14 to afford TMS-cyclopentene annulation products7 in good yield (Table I). A noteworthy
feature of these [3+2] annulations is that they proceed significantly faster than the analogous
reactions using o,B-unsaturated ketones. Thus, the 8,g-disubstituted derivative 4 combines
with allenylsilane 5 at -78°C within 45 min, whereas the analogous reaction of mesityl oxide
required 1 h at 25°C.7b

Exposure of the acylsilane annulation products to the action of 10% aqueous NaOH and 30%
aqueous H202 in THF at 40°C for 30 m1'n4 effects their smooth conversion to the corresponding
carboxylic acids 7b-11b. a,B-Unsaturated acylsilanes can thus be regarded as allenophitic
carboxylic acid equivalents for our [3+2] annulation. Note that although methyl acrylate does
participate in this reaction,7b more highly substituted esters have proved to be unreactive.8

The annulation products derived from 2-alkyl substituted o,8-unsaturated acylsilanes
undergo a novel rearrangement to g-silylcyclohexenone derivatives upon exposure to T1‘C14 at
temperatures above -78°C. If desired, this further transformation can be prevented simply by
employing £-butyldimethylsilyl acylsilane derivatives (e.g. 3), minimizing the reaction time
(<2 min), and not permitting the reaction temperature to exceed -78°C. However, as illustrated
with the following examples, the reaction of allenylsilanes with 2-alkyl substituted
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tnimethylsilyl acylsilane derivatives provides the basis for a new [3+3] annulation approach
to six-membered carbocycles. A possible mechanism for this unusual reaction is outlined in
the following scheme. Regiospecific electrophilic substitution at C3 of the allenylsilane
provides a vinyl cation (18) which undergoes a 1,2-cationic TMS shift7 to afford an isomeric
vinyl cation (19). Cyclization then provides the cyclopentene gg:7 Ring expansion of this
[3+2] annulation product next generates the tertiary carbocation 21, which undergoes a second
1,2-cationic TMS shift9 to produce the cyclohexenone 22. Desilylation finally furnishes the
{3+3] annulation product.

The rearrangement step 20 > 21 in these reactions proceeds regiospecifically via migration
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of the vinylic carbon atom, as expected in view of the greater intrinsic migratory aptitude of
the vinyl group,]0 and the directing effect of the 8 trimethylsilyl substituent.]] Also note-
worthy is the fact that these acyfsilfane ring expansion reactions proceed with much greater
facility than the analogous rearrangements of cycloalkyl ketone der‘ivatives.]2 The following
example demonstrates the potential utility of this process in the synthesis of other alicyclic
systems. 1,3-Dipolar cycloaddition of CH2N2 to the acylsilane 3 (25°C, 2.5 h) afforded a
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pyrazoline derivative (64% yield), which was subjected to vapor phase pyrolysis to produce the
first recorded cyclopropyl acylsilane, 23, in 44% yield. Exposure of 23 to 1.0 equiv of T1C14
in CHZC]2 (-78°C = 0°C, 1 h) then provided the cyclobutanone 24 in 75% yield.
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