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Synthesis of Bicyclic Aza-enones via a Lewis Acid 
Catalysed Michael-type Addition with SiIyl Enol Ethers 

bearing a Nitrogen Atom. 

Piem Duhamel*, Abdallah Deyine and Jean-Marie Pokier 

Bicyclic aza-enones have been proved to be useful starting material for the synthesis of many 

alkaJoids but their preparation by Michael addition was not so obvious. 

We have previously shownl that the don of a hemiacetal vinylog 1 or the mixture of methyl 

vinyl ketone 2 and a hydroxylic compound in the presence of a catalytic amount of boron trifluoxide 

etherate led with silyl enol ethers 3 (Y = I-I, allcyl. aryi) to a Michael-type addition. The postulated 

carbocationic species (produced either from 1 or the mixture of methyl vinyl ketone 2 with ROH in 

the presence of BF3.OEtz) was reacted with enol et+ 3 leading to 1,5dicarbonyl compounds 4 in 

high yield even with a hindered reaction site. The same result was obtained with hetemsubstituted 

silyl enol ethers 3 (Y = Cl, Br, OMe, SR)2 (scheme 1). 
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Inthepresentpapa~describedtheresults~vetodreresctionofcompoundlorthemix~ 

methyl vinyl ketone 2-ROH with silyl en01 ethers bearing a nitrogen atom.3 We first tried with the 

dialkylamino silyl enol ethers 5-7 prepared from the corresponding aminoketones for testing the 

h4ichaeladdition. 
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in all cases, the silyl enol ethers $6 (nitrogen in vinylic position) or 7 (nitrogen in allylic 

position) when reacted with hemiacetal vinylog 1 or with methyl vinyl ketone 2-ROH. yield after 

aqueous work-up, the corresponding aminoketones. Probably the more basic lone pair of nitrogen 

reacts with the Lewis acid leading to an enammo nium compound unreactive and very sensitive to 

hydrolysis.6 So, we decided to protect the nitrogen with an electron-withdrawing group and we 

chose an methane as the protecting group. 

We first prepared the silyl enol ether 8, @tom N-methyl-2-aminc+l-phenyl-ethanol as described 

below). The double bond of this compound is as substituted as that of the silyl enol ether 5 but the 

nitrogen atom is less basic. In the same reaction conditions7 the dicarbonyl compound 9 (scheme 2) 

was obtained in 55% yield* after flash chromatography. 
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Chving to our interest in the field of alkaloid chemistry, we decii to continue our study with 

heocrocyclic structures. Silyl en01 ethers 12 and W with a nitrogen atom in vinylic or allylic position 

were synthesised from commercially available compounds 10 and 11 as described in scheme 3 in 

respectively 53 % and 56 96 overall yield. 
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a) C!lCO2Et,NBt3, H2OlacCtone (l/l) or CH2Cl~ b) HCI, 3N; c)TMSCl, NE%, DMF, 8OY! (ref9); 

d) Jones reagent, 0°C. 
Scheme 3 

The preparation of the silyl enol ether 13 from the corresponding aminoketone needs 48 hours 

at 8ooC to obtain this compound as a single regio-isomer; with a shorter reaction time the two regio- 

isomers am preset0 

The silyl enol ether 12 was reacted with the hcmiacetal vinylog 1 in the presence of borou 

trifluoride etherate (0.36 eq) to lead to the axa-diketone 148 in 37% yield. With the mixture methyl 



vinyl ketone 2 and menthol, the aza-diketone 14 was obtained in higher yield (84%). as 

expected.tbd 

With the hemicetal vinylog 1 and the silyl en01 ether 13 in the same reaction conditions, the 

aza-diketone 158 was obtained in 53% yiekl but the use of the mixture methyl vinyl ketone 2 and 

i-propanol leads to the aza-diketone Is in quasiquantitative yield (schane 4). 
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a) MVK, ROH, BF3.0E& -2O“C. b) MeONa, MeOH, 40°C; c) pynolidine. dimethylfonnamide, 8OT. 
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Compound 14 can be cyclized into the co~sponding enone by treatment with sodium 

methoxide in methanol (lh. 4OT) yielding essentially the enone 16 (R = CO$Zt) accompanied by a 

little of the non-conjugated enone 17 which can be separated by flash chmmatography with 76% and 

9% yields respectively (scheme 4). In the same reaction conditions, dikemne 15 does not yield the 

cyclic enone. The non-conjugated enone 18 can be obtained in modest yield (32%) by heating 

dikemnel5inthepreseMxofpyrnMine(scheme4). 

These cycliion products can be amsidere43 as the precursors of some alkaloids since the 

ellipticin skeleton was prepa& from the N-benzoyl enone 16 (R = COM).tt Similarly, enone 18 

canbeconaidaedasthe ~ofadapamineagonistsincethesameshuc~(butN-~l)wa9 

usedinthesynthesisofquimproL’2 

In cunclusion, we have shown that the Michael addition catalysed by boron trifluoride etherate 

can also be applied to silyl en01 ethers bearing a nitrogen atom if the nitrogen is paotecti by an 

~widrdrawinggroup.This~~~tothecorrespanding~~~.ThesediLetones 

can be cyclized into bicyclic aza-enones which are precursors of biologically active compounds. 

Application of this succession of reactions to the synthesis of spirocyclic aza-enones is under 

investigation. 

A-t. A. D. thanks the Mauritanian M&t&e de lE&cadon Nationale fas a grant. 



1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

References and notes 

a) Duhamel, P.; Pohier, J.M.; Tavel, 0. Tetrahedron Lat., 1984.25.43. 

b) Duhamel. P.; Hennquin. L.; Poirler, N.; Poirkr, J.M.Ter~k&on tin., 1985,26, 

6201.~) Duhamel, P.; Hennequin, L.; Pokier, J.M.; Tavel, G.; Vottero, C. 

Tetrahedron, 1986.42.477. 

d) Duhamel, P.; Dujardin, G.; Hennequin, L.; Pohier, J.M. J. Ghan. Sot. P&in f, 

1992, 387. 

a) Duhamel, P.; Pokier, J.M.; Hennquln. L Tetruhcdron Lat., 1984.25.1471. 

b) Fomani. M.; Hennquin, L.; Pohier, J.M. Bull. Sot. Wm. Fr.. 19&J. 436. 

Taken in part from the PhD thesis of A. Deyine. University of Rouen. fehruary 1993. 

The en01 ethers 5-7 wem pnpared using the pmcedum desrlbed by Cazeau et al.5 

Cazeau, P.; Duboudm, F.; Moulines, F.; Babot, 0, Dunogues, J. Tetrahedron, 1987, 

43, 2075 and 2089. 

The use of 1.25 q of BFs.OEtZ gave the same result. 

To 4 mm01 of sllyl enol ether in 3 m.L of nitromethane. 3 mmol of methyl vinyl ketone 

2 (210 mg) in 3 mL of nitmmethane were added at -2oOC. Then a rnixm of 3 mmol of 

the secondary alcohol (i-propanol for compounds 8 and 13, menthol for silyl enol ether 

12) and 145 pL of boron aifluoride ttherate was added, via syringe, at -UPC. The 

reaction was monitored by CCM (until the spot of enol ether disapeamd. 30 to 60 min). 

The reaction mixture was warmed up to O’C and treated with 3 mL of an aqueous 

saturated solution of sodium hydrogenocarbonate. The organic phase was extracted with 

dichloromethane (5 x 15 mL). dried (MgS04) and evaporated. The diketone was 

purified by Bash chromamgraphy (eluant: ether/petroleum ether, 20 to 50 / 100). 

With hemiacetal vinylog 1 the preceding procedure was used but the secondary alcohol 

was omitted and a mixture of BFs.OEtz (145 &) and anhydmus diethylether (volumic 

ratio BFs.OEtz / Et20 = 4/l) was added at -u)oC!. 

All new compounds (9.14-18) exhibit spectral data and analyses fully compatible with 

the proposed structures. 
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