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The Michael reaction of 1, 2-cyclohexanediones with methyl vinyl 

ketone is highly dependent upon the structure of dione or the cata-

lyst, base or ZnCl2, affording 3-(3-oxobutyl)-2-hydroxy-2-cyclo-

hexen-l-one or 1-hydroxy-7-acetylbicyclo [3.2.1] octan-8-one as major 

products. 1, 2-Cyclopentanediones react with methyl vinyl ketone 

somewhat differently.

The Michael reaction is widely used in organic synthesis as an effective 

method for forming C-C bonds. l) Among various enolate anions used in the reaction, 

enolates of 1, 3-cyclohexanediones or 1,3-cyclopentanediones have been used exten-

sively. However, those of cyclic 1, 2-diones have seldom been employed for the 

reaction. 

In the course of our study on the chemistry of 1, 2-cyclohexanediones, 2-4) we 

have investigated the Michael reaction of 1, 2-cyclohexanediones and 1, 2-cyclopen-

tanediones with methyl vinyl ketone, methyl acrylate, and acrylonitrile. The 

reaction proceeded under mild conditions and afforded tri- or tetra-functionalized

products in good yields which may be of practical use in organic synthesis, al-
though only methyl vinyl ketone reacted with the diones in satisfactory manners. 

The results are shown in Scheme 1 and Table 1.5) The following procedure illust-

rates the reaction of 1,2-cyclohexanedione (1) with methyl vinyl ketone (MVK) in 

methanol using KOH as catalyst. 

A mixture of 16)(224 mg, 2.0mmol), KOH (4.5 mg, 0.08mmol), and MVK (210 mg, 

3.0mmol) in methanol (6 ml) was refluxed for 30 min under a nitrogen atmosphere. 

The methanol and the excess MVK were removed under reduced pressure and the residue 

was acidified to pH 2 with dilute hydrochloric acid. After drying (MgSO4) and 

evaporation, the ethereal extract gave 358 mg of a yellow oil, which was passed 

through a silica gel column (Wako gel C200, hexane-acetone, 4:1) to afford 200 mg 

(60%) of 3-(3-oxobutyl)-2-hydroxy-2-cyclohexen-l-one (4) as a colorless oil. 

It should be pointed out that the reaction described above provided only 4, as 

an isolated product. When ZnCl2 in chloroform was used in place of KOH in methanol, 

the major product was 1-hydroxy-7-acetylbicycio [3.2.1] octan-8-one (5a,b) in 27% 

yield, being accompanied by 4 in 18% yield. The role of zinc ion is considered to 
be the generation of enolate anion by forming a complex with 17) as well as the 

activation of MVK as a Lewis acid.
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The formation of bicyclo [3.2.1] octane skeleton (6a, b)8) is the dominant fea-

ture of the reaction of 3-methyl-1, 2-cyclohexanedione (2)6) with MVK using either

KOH or ZnCl2 as catalyst. Adducts 10a, b were not obtained at all. This fact is in

sharp contrast to the formation of adduct 4 from 1. Bicyclo [3.2.1] octane deriva-

tives 6a,b may be formed by the intramolecular aldol reaction of the enolate anion

of the initially formed adduct as shown in Scheme 2. This may require a fast nucle-

ophilic attack of the enolate on the carbonyl carbon before it abstracts a proton 

from solvent (methanol or water). In the reverse sense, a fast proton abstraction 

by the enolate may occur intramolecularly in the reaction of 1 to,. Then it was 

expected that the dianion of 2 would prevent the intramolecular aldol reaction, 

leading to 10 in preference to 6. This has proved to be the case, but the yield of

10 was only 16%. The rest of starting 2 was lost as an intractable mixture of un-

identified materials. 9) 

3-Methyl-l, 2-cyclopentanedione (cyclotene) (3) showed a somewhat different 

reactivity that it reacted with two moles of MVK to form 8 as a major product when

KOH in methanol was used. Intramolecular trapping of the enolate anion by the 

carbonyl carbon also occurs to afford 9a,b in an aprotic solvent (acetonitrile) 

with ZnCl2 as catalyst. 1, 2-Cyclopentanedione afforded a mixture of intractable 

products under the reaction conditions used for 3. 
Conversion of 4 to 5,8-dioxononanoic acid (11), a precursor to cyclopentenone 

derivatives, 10) was easily achieved by a dye-sensitized photooxygenation2) in 83%

yield. Use of Michael adducts 6a,b as synthetic intermediate is now in progress.
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Table 1. Michael Reaction of 1, 2-Cyclohexanediones (1, 2) and 3-Methyl-1, 2-cyclo-

 pentanedione (3) with Methyl Vinyl Ketone

a) Isolated yields by column or thin layer chromatography. b)A few drops of water 

were added to dissolve KOH. C) A similar result was obtained by using ether as 

solvent. d) The recovery of 1 was 14%. e) The recovery of 1 was 11%. f) The re-

covery of 3 was 36%.
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