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 An enaminone has been isolated as an intermediate from the 

one-methylene incorporated dimerization reaction of ketone enolate 

using N-phenyl-N-methylformamide. The reaction of the enaminone 

with the other ketone enolates gives unsymmetrical 1,5-diketones 

in good yields.

 Recently we have found a novel one-methylene incorporated dimerization reac-

tion of ketone enolate; N,N-dimethylformamide (DMF) and ketones with potassium 

metal or potassium hydride in tetrahydrofuran (THF) give symmetric 1,5-diketones, 

according to Eq. 1.1) This reaction is particularly of interest in view of the 

reaction mechanism although restricting to some ketones. We describe here an 

enaminone is a significant intermediate in the dimerization reaction and in addi-

tion the reaction of the enaminones with the other ketone enolates make possible 

to undergo a cross coupling to unsymmetrical 1,5-diketones (Eq. 2).

(1)

 By changing DMF to N-phenyl-N-methylformamide (4a), we obtained E-1-(N-phenyl-

N-methylamino)-4,4-dimethyl-l-penten-3-one (3a) (54% yield) together with 1,5-di-

ketone (11% yield) in the reaction [pinacolone (1 equiv.), 4a (3 equiv.), and 

potassium metal (2 equiv.)]. The isolated enaminone 3a with potassium metal and 

pinacolone under similar conditions gave 1,5-diketone in a good yield so that the 

enaminone has proved to be an effective intermediate.

 As shown in Scheme 1, the enaminone 3 is first produced from formamide 2 and 

enolate anion and then another enolate anion attacks the enaminone to give the 

condensed enolate anions 4a and/or 4b. The amino moiety in 4a and 4b may be fea-

sibly eliminated to give 4c under such highly basic conditions. Actually, unsatu-

rated compounds (-type) were occasionally obtained from the reac-
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tion. The following reduction processes have not been sure yet; but some inter-

mediates (4c etc.) should be reduced by potassium amide produced in the reaction 

or enolate anion itself via a single-electron-transfer mechanism. 2)

Scheme 1.

 The enaminone substantiating the above mechanism prompted us to develop a new 

method of unsymmetrical 1,5-diketone synthesis. The starting enaminones were pre-

pared from the condensation  of α-formyl ketones  (ketones with NaH/HCOOEt) and

amines.3) Although 1,5-diketones can generally be synthesized by Michael addition

of enolate anion  to α,β-unsaturated ketone (i.e. Robinson annelation of 1,3-di-

ketone with unsaturated ketones in KOH-MeOH and the condensation of the enaminone 

derived from 1,3-diketone with unsaturated ketones in acidic media to give unsatu-

rated 1,5-diketones),4) this reaction indicated in Eq. 2 is especially effective as 

a method for the synthesis of unsymmetrical 1,5-diketone from ketone. The results 

are summerized in Table 1. Unsymmetrical 1,5-diketones 5 were obtained in good 

yields.

(2)

 Typical procedure is as follows: Onto potassium metal (3 equiv.) in THF (0.1 

M solution) were added enaminone (1 equiv.) and ketone (1 equiv.) under argon at-

mosphere. The solution was stirred at room temperature until the metal was com-

pletely dissolved to give a reddish solution. The resulting solution was further 

stirred and/or refluxed for 10 - 20 h and then was quenched with 5% HC1 at room 

temperature. After usual work-up procedure, the product was purified by flash 

chromatography. Potassium hydride can also be used successfully. As the combi-

nations in entries 3 and 6 and in entries 5 and 7 are respectively in opposite 

sense to each other, the reactions give the same 1,5-diketones. When enolates 

derived from pinacolone is used, the reaction proceeds even at room temperature. 

 To our knowledge, this is the first example of using enaminones as Michael 

acceptors (not as nucleophiles) to give 1,5-diketones. Further extentions on the 

scope and the study on the mechamism of this reaction are in progress.
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Table 1. Unsymmetrical 1,5-diketones from the cross reaction with enaminone 

 and ketone enolate

a) Isolated by silica-gel column chromatography: for the spectral data, 

 see Ref. 5. 

b) Stereochemistry determined on the basis of the 13C-NMR spectra.
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