
Tetrahedron Letters, Vo1.22, No.20, pp 1881 - 1884, 1981 0040-40~9/81/201881-04$02.00/O 
Printed in Great Britain Ql981 Pergamon Press Ltd. 

FLUORIDE-CATALYZED CONVERSION OF ACYLSILANES TO ALDEHYDES AND KETONES 
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SUMMARY: Acylsilanes undergo efficient protodesilylation upon treatment with fluoride ion in 

moist DMSO, HMPT, or THF. The reaction is also catalyzed by methoxide ion in methanol or DMSO, 

but not by chloride ion or bromide ion. Fluoride-catalyzed desilylation in the presence of alkyl 

halides, aldehydes, or ketones results in modest yields of the corresponding alkylated products. 

It has been known since 1957 that acylsilanes are cleaved by dilute alkaline 

solutions to give aldehydes and other more complex rearrangement products. 1,2 A 

recent report by groups in England and Italy concerning the fluoride-catalyzed de- 

silylation of acylsilanes 
3 has prompted us to submit a preliminary report of our 

own investigations along these lines. 

Treatment of benzoyltrimethylsilane (J)4 with KF and two equivalents of H20 

in DMSO at room temperature for 1 hr gives benzaldehyde in 75% isolated yield. 

Protodesilylation may also be accomplished with KF in wet hexamethylphosphoric 

triamide (HMPT) or with tetra-n-butylanunonium fluoride (TBAF) in wet THF. Use of 

KF and D20 in DMSO-d6 provides deuteriated benzaldehyde. Similar results are 

obtained with p-anisoyltrimethylsilane (ZJ), which is converted into p-anisaldehyde. 
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Thus, reaction of acylsilane _1 with KF and methyl iodide in DMSO or HMPT affords 

acetophenone (2) in 55% yield. Use of KF and n-butyl iodide in HMPT gives valero- 

phenone (i) in 35% yield. 

SiMe3 KF/RI in DMSO or HMPT 

2: R=Me 

4: R=n-Bu 

Reaction of compound i with TBAF in THF solutions containing benzaldehyde, 

acetone, or cyclohexanone gives benzoin (2, 50%), hydroxy ketone 6 (35%), and 

hydroxy ketone 1 (35%), respectively. Benzoin is also produced when desilylation 

of 1 is carried out with KF in anhydrous HMPT or with NaOMe in dry DMSO. 

H =I cp :I O 
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Three mechanisms come to mind in connection with these reactions. The first, 

proposed by Brook and Schwartz in 19627 involves initial attack of the nucleophile 

on the carbonyl carbon, carbon-to-oxygen migration of the silyl group, protonation 

or alkylation of the resulting benzyl anion, and collapse of the resultinggeminal 

fluoro ether: 
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The second mechanism would involve initial attack of the nucleophile at silicon, 

leading to a pentacoordinated silicon anion. The weakened carbon-silicon bond 

would then be cleaved by an appropriate electrophile: 
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The third mechanism which one might consider, also suggested by Brook and Schwartz. 4 , 



is direct displacement Of an acyl anion. Alternatively, the initially formed 

pentacoordinated silicon anion might collapse to the acyl anion. Capture of the 

acyl anion by an electrophile would lead to the observed cleavage products: 

RLiMe 

0 
II- 

3 + F 
--RC + Me3SiF 

The Si-F, Si-0, Si-Cl, and Si-Br bond dissociation 

76 kcal mole 
-1 , respectively. 
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In order to gain further insight into the possible mechanism of the reaction, 

we carried out competitive protodesilylations of acylsilanes i and 2. In the KF/ 

H20/DMS0 system, compound 1 reacts 5.1kO.5 times faster than 2. In the MeO-/MeOH 

system, compound 1 is 3.950.8 times more reactive than 2.' These effects of the 

p-methoxy group correspond to Hammett p-values of +2.6 and +2.2, respectively. 

Such a p suggests considerable accumulation of negative charge in the transition 

state. Alkaline hydrolysis of ethyl benzoates gives rise to p-values in the range 

+2 to +2.5. 
8 

However, the equilibrium p-values for ionization of phenols and 

arylthiols are similar, falling in the range +2 to +3. 
9 

Thus, the substituent 

effect does not provide a distinction between mechanisms involving addition of a 

nucleophile to the carbonyl and direct formation of an anion in which the negative 

charge is conjugated with the aromatic ring. However, it seems likely that a 

mechanism involving rate-determining formation of a pentacoordinated silicon anion 

intermediate would prohably not give rise to such a large value of p, since the 

length of the carbon-silicon bond would cause the charge accumulation to be rather 

far from the ring. It should be noted that hydrolysis of aryl triethylsilyl ethers 

by hydroxide ion in aqueous ethanol, a reaction which must involve nucleophilic 

attack at silicon, gives a p of +1.99.' 

The foregoing preliminary data lead us to speculate that the actual mechanism 

of the desilylation reaction, at least in the case of the fluoride-catalyzed 

process, involves direct displacement of the benzoyl or p-anisoyl anion. As has 

recently been pointed out by Schleyer and coworkers, 10 acyl anions should not be 

inaccessible reaction intermediates. In fact, benzoyl anion ought to be somewhat 
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more stable than the cr-styryl anion, due to the inductive effect of the carbonyl 

oxygen. If we assume that this inductive effect would be worth about 2 pK units, 

then one might expect the pK of the acyl hydrogen to be about 39 in DMSO. Further 

indication that the benzoyl anion might be a thermodynamically accessible species 

comes from flowing afterglow experiments which suggest that benzaldehyde is de- 

protonated in the gas phase both from the ring and from the acyl position. '1 A 

definitive answer to these mechanistic questions must await further experiments. 
12 
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NOTE ADDED IN PROOF (3-2-81) : We have now feud that fluoride-catalyzed protodesilylation may 
be carried out on aliphatic acylsilanes: 
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n-C5H11CHCHCSiR3 + F-/H20/MeCN 
I 

I 
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