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Abstract: Condensation of the trimethylsilyl-substituted vinylallenones 5 and 1 with 
enamines proceeded smoothly and provided highly substituted arylsilanes regioselectively 
after acidic workup. 

Many interesting reactions of arylsilanes have been reported.' In a variety of 

cases, selective cleavage of the silicon-phenyl bond by electrophiles produced benzene 

derivatives having the substitution patterns difficult to obtain by conventional 

electrophilic aromatic substitution reactions. The fluoride-induced carbodesilylation2 

and related reactions3 have also been investigated. The use of the trimethylsilyl group 

to protect the more reactive ortho sites of benzamides has also been realized, allowing 

the subsequent metalation reaction to occur at the alternative ortho positions. 
4 

However, despite these rapid developments, their applications are limited because of the 

lack of general synthetic methodologies for arylsilanes. We wish to report here a 

regioselective, convergent route to highly substituted arylsilanes. 

We recently described a facile route to the trimethylsilyl-substituted a-allenic 

alcohols by the reaction of aldehydes and ketones with propargylborane 2. 
5 

By starting 
6 

from the readily available monoprotected 1,3-dicarbonyl compounds _l_ 
7 

and 2 , a-allenic 
alcohols 5 and 2 were thus synthesized (Scheme I). Acid-catalyzed deketalization 

followed by dehydration produced the corresponding trimethylsilyl-substituted 

vinylallenones 5 and 7. Subsequent condensations with enamines' under mild reaction 

conditions gave the highly substituted arylsilanes S and 2 (Table I). 

The reaction of the electron-poor butadienes with enamines has been well studied. 
10 

The initially formed 1,3-cyclohexadiene derivatives, upon treatment with active 

manganese dioxide 10a or 2,3-dichloro-5,6-dicyanobenzoquinone, 
11 

have been converted to 

the corresponding bensenes. Prolonged heating under pressure at 200aC to promote 

dehydrogenation has also resulted in aromatization. 
10a 

In comparison, the presence of 

an additional unsaturation in vinylallenones 5 and 7 allows a spontaneous aromatization 

at room temperature. It is also interesting to note that the reaction with the enamine 

derived from unsymmetrical acetophenone produced only one isomer. The assembly of the 

aromatic unit from I-(trimethylsilyl)propyne, the monoprotected 1,3-dicarbonyl 

compounds, and enamines provides great flexibility in the introduction of various types 

of substituents to the desired positions around the highly substituted aromatic ring. 
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6: R’,R’= -(CH& I 71 % 
7: d=H;R2=CH3 , 44 % 

8 : R’,R’= -(C&)3 - 
9: R’= H;R2=CH3 

Table I. Regioselective Synthesis of Highly Substituted Arylsilanes 

arylsilane R3 R4 reaction time a,h isolated yield2 

Sa -(CH2)3- 0.5 92 - 

8b 3 62 - -(CH2)4- 

8C - -m2)5- 3.5 66 

Sd H 3 51 - C6H5 
9a 6 67 - -(CH213- 

9b 10 65 - -(CH214- 

9c -(CH2)5- 15 51 - 

aAt the reflux temperature of benzene. 
b 
The isolated products have been characterized by 

IR, 1 H (270 MHz,CDC13) and l3 C (67.9 MHz, CDC13) NMR spectral data. 
9 

Since the trimethylsilyl-substituted vinylallenone is the key intermediate of this 

synthetic methodology, we have attempted to develop other routes to these compounds. It 

has been reported that the oxidation of cyclic tertiary allylic alcohols with pyridinium 

chlorochromate (PCC) afforded the transposed 3-alkyl a,g-unsaturated ketones in 

exellent yield. 
12 

Therefore, it occurred to us that if 2-cyclohexenone is treated with 

2 followed by the oxidation of the resulting alcohol 10 with PCC, vinylallenone 2 could - 

be produced. Indeed, condensation of cyclohexenone with 2 afforded 10 in 80% isolated - 

yield. Unfortunately, the oxidation with PCC produced a complex mixture. We have also 

attempted to synthesize 2 by treating 2 with 3-ethoxy-2-cyclohexenone. Although 5 was 

obtained after acidic workup, the reaction time was longer (5 h) and frequently gave low 

isolated yield (23%). Condensation with 3-(butylthio)-2-cyclohexenone failed to give 5. 
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Vinylallenes have found many useful synthetic applications and their synthetic 

potentials have been recognized. 
13 We are currently investigating the use of a variety 

of readily available monoprotected 1,3-dicarbonyl compounds 
14 

to react with 

propargylboranes 
15 for vinylallenone synthesis. Condensation of vfnylallenones with 

other dienophiles is also being studied to determine the full scope and limitations of 

this annulation strategy for the synthesis of highly substituted aromatic compounds. 
16 

The following procedure for the synthesis of 8a is representative. To a lOO-mL 
5a - 

flask containing 5.0 mm01 of propargylborane 2 was added 0.78 g (0.65 mL, 5.0 mmol) of 

1 at room temperature. After 1.5 h, the usual oxidative workup was carried out and the 

organic layer was separated and washed with water. The solvent was then evaporated and 

the residue was distilled to give 1.13 g (84%) of 4 (bp 75"C, 0.02 torr) as a colorless 

liquid. To a lOO-mL flask were then added 1.07 g of 4_ (4.0 mmol), 5 mL of acetone, and 

0.02 g of p-toluenesulfonic acid and the reaction mixture was heated to reflux for 3 h. 

After acetone was evaporated, 15 mL of hexane was added and the mixture was washed with 

water, dried over MgSO4, and concentrated to afford 0.58 g (71%) of 5 as a viscous light 

yellow liquid."17 Vinylallenone 5 (0.41 g, 2.0 mmol) and 0.27 g of l-(l-cyclopentenyl)- 

pyrrolidine (2.0 mmol) were dissolved in 5 mL of dry benzene and the reaction mixture 

was warmed at reflux for 0.5 h. The reaction mixture was then washed with 3 mL of 5% 

HCl and 5 mL of water, dried over MgSO4, and concentrated. Recrystallization of the 

residue from 1.5 mL of ether at -15“C afforded 0.50 g (92%) of 8a as a white solid: mp - 
-1 

88-89'C; IR (KBr) 1665, 1245, 845 cm ; 'H NMR (CDC13) 6 3.35 (2H, t, 5x7.5 Hz), 3.04 

(2H, t, Jp5.8 Hz), 2.80 (2H, t, 537.6 Hz), 2.59 (2H, t, J-6.6 Hz), 2.39 (3H, s), 2.04 

(4R, m); 13C NMR (CDC13) 6 200.09, 149.67, 147.43, 145.46, 143,49, 135.31, 127.54, 

40.00, 35.35, 32.67, 31.64, 24.20, 23.45, 22.00, 3.90. Anal. Calcd for C17H240Si: C, 

74.94; H, 8.88. Found: C, 74.77; H, 8.97. 
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