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N,N-bis(silyl)enamines as protected primary vinylamines. Nucleophilic activation of
the silicon-nitrogen bond.
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Summary :

N,N-bis(silyl)enamines react with electrophiles in the presence of catalytic amounts
of nucleophile. The reaction of carbonyl compounds catalyzed by fluoride ion provides am in-
teresting route to 2-aza-1,3-dienes. The methoxide ion catalyzed reaction of N,N-dimethyl~-

formamide aives rise to enamidines.

The increasing interest in the use of organosilicon compounds in organic synthesis
led us to investigate the reactivity of N,N-bis(silyl)enamines. We recently reported easy

1 . .
routes to these compounds which enable their use as reagents.

N,N-dialkyl enamines are nucleophilic reagents and react with a large variety of
electrophiles with carbon-carbon bond formationz. In contrast, N,!N-bis(silyl)enamires appea-
red to be weak nucleophiles. We did not observe any reaction of propenylamine 1 with benzyl-
bromide or benzoylchloride. Only a poor yield of o-methylcinnamaldehyde 2 was obtained upon

reaction with benzaldehyde.
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However, we found that catalytic amounts of fluoride ion, known to activate Si—H3,
Si-Ol"5 and Si—C6 bonds, allowed an enhanced reactivity towards electrophiles. The reactions
of enamine l catalyzed by CsF or tetrabutylammonium fluoride (TBAF) are presented in Scheme
1. Whereas fluoride ion activated silyl enol ether4’5 or allylsilane6 react with electro-

philes leading to the formation of carbon-carbon bonds, N,N-bis(silyl)enamines result in
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Scheme | : Fluoride-ion catalyzed reaction of (E)—CH3CH=CHN(SiMe3)2 with electrophiles a
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a) Reactions were carried out using 5 % CsF in DMF (N,N-dimethylformamide) at 80°C
or 5 7 TBAF in THF at room temperature. The reaction with benzaldehyde illustrates the
standard procedure : To a mixture of 6 g (3 x 10-2 mol.) of (E)—CH3CH=CHN(SiMe3)2 and

0.22 g (5 %) of CsF in 10 ml of dry degassed DMF, is added 3.1 g (3 x 10—2 mol.) of

benzaldehyde. The well stirred mixture is heated at 80°C for 2 hours and then poured
into 50 ml of water. After extraction with ether and drying, the 2-aza-1,3 diene 4 (3.5g,
80 7) is isolated by distillation (Eb : 128°C/20 mm)

b) The syn-anti stereochemistry of the carbon-nitrogen double bond has not been

determined. The ]H NMR spectra at 100 MHz show a singlet for the CH=N proton.
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carbon-nitrogen bond formation.

Reaction of benzoylchloride gave the enamide 3. Interestingly, the reaction of carbo-
nyl compounds gave rise to the 2-aza-1,3~diemes 4-~8. Good yields were obtained with benzalde-
hyde and benzophenone. However, enolisable carbonyl compounds gave lower yields owing to a

competitive crotonisation reaction. Similarly, cinnamaldehyde gave rise to the azatrienme J.

In these reactions, with the exception of benzophenone, the configuration of the

carbon-carbon bond is retained.

Reaction of carbonyl compounds provides a simple route to 2—aza—1,3-dienes7 which are
synthons of 6-membered N-heterOCyclesa. Interestingly, the reaction of L with chalcone

yielded the substituted pyridine 10 probably through cyclization of an intermediate azatriene.

The formation of these hetero-dienes can be explained via a nucleophilic attack
of the nitrogen atom in‘l on the carbonyl group followed by a B-elimination of hexamethyl-
disiloxane, which was identified in the reaction mixture. As previously reported for nucleo-

3,5,9

philic substitution activated by nucleophiles the role of the fluorine catalyst is

to weaken the silicon-nitrogen bond through a nucleophilic activation at silicon.
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It is at first surprising to observe a nucleophilic attack by an anionic nitrogen.
We assume that this reaction at carbonyl is controlled by the subsequent elimination of
disiloxane. This contrasts sharply with the behaviour of silyl enol ether 4,5 and N,N-dial-

kyl—enamines2 for which nucleophilic attack occurs at the B-carbon atom.

The synthetic possibilities are illustrated by the reactions of functional bis(silyl)

enamines 11 and 13.
-~ ~

= Mes
0 A PhCHO O_ 0O
CH, CH= CHN _— CH,CH= CH_N=CHPh
S
Meo

1 12 50%



3260

mide catalyzed by sodium methoxide. This provides a direct route to the enamidines
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We also observed a similar reaction with the carbonyl group of N,N-dimethylforma-
8,10

%2-%9 in good yields.

HCONMe2
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N,N-bis(silyl)enamines appear to react as protected primary vinylamines with carbo-~

nyl compounds providing easy access to a variety of hetero-dienes.
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