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OXYMERCURATION-DEMERCURATION OF 6-METHYLENETRICYCLO[3.2.1.02,7]OCT-

3-EN-8-ONE DERIVATIVES. AN EFFICIENT SYNTHESIS OF 2, 4-CYCLOHEXA-

DIENONE DERIVATIVES
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Oxymercuration-sodium borohydride reduction of 1, 5-dimethyl-

and 1, 3, 5-trimethyl-6-methylenetricyclo[3.2.1.02,7]oct-3-en-8-one was 

found to give 6-acetonyl-2, 6-dimethyl- and 6-acetonyl-2, 4, 6-trimethyl-

2, 4-cyclohexadienones in good yields. The possible intermediates 

and the reaction mechanism were studied.

The oxymercuration-demercuration sequence in aqueous tetrahydrofuran (THF) with 

mercury (II) acetate is a mild, convenient method for affecting the Markownikoff 

hydration of olefins in very high yields.1) In our previous work, solvomercuration-

demercuration of 1, 5-dimethyl-6-methylenetricyclo[3.2.1.02,7]oct-3-en-8-one and its 

related compounds was found to undergo stereospecific solvent incorporation on exo-

methylene group.2) In this paper, the hydroxymercuration-sodium borohydride

reduction of 1, 5-dimethyl- and 1, 3, 5-trimethyl-6-methylenetricyclo[3.2.1.02,7]oct-

3-en-8-ones (1a and 1b)3) is described to afford novel 6-acetonyl-2, 6-dimethyl- and 

6-acetonyl-2, 4, 6-trimethyl-2, 4-cyclohexadienones (2a and 2b) in fairly good yields. 

A well stirred solution of 1a in H2O-THF (1/4) was treated with an equivalent 

amount of mercury (II) acetate at room temperature. After 30min, the reaction 

mixture was treated with 3mol dm-3 aqueous sodium hydroxide and then with sodium 

borohydride according to the literature procedure.1,4) The reaction mixture was 

carefully filtered through celite and the filtrate was extracted with ether. The 

ether extract was dried, and concentrated on a rotary evaporator to give 90% yield 

of 2, 4-cyclohexadienone derivative 2a5): slight yellow oil, by 121•Ž/866 Pa; IR 

(film) 1719, 1657, 1641cm-1; 1H-NMR (CCl4) ƒÂ 1.04 (3H, s), 1.85 (3H, d, J=1.2Hz), 

1.95 (3H, s), 2.53 (1H, d, j=17.4Hz), 3.21 (1H, d, J=17.4Hz), 5.93-6.11 (1H, m), 

6.05 (1H, d, J=4.2Hz), 6.06-6.87 (1H, m). The similar treatment of lb afforded
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90% yield of 2b: slight yellow oil, by 114•Ž/399 Pa; IR (film) 1723, 1660cm-1 ; 1H-

NMR (CCl4) ƒÂ 0.97 (3H, s), 1.78 (3H, broad s), 1.82 (3H, broad s), 1.90 (3H, s), 

2.40 (1H, d, J=17.0Hz), 3.06 (1H, d, J=17.0Hz), 5.53 (1H, broad s), 6.45 (1H, broad 

s). On examination of a Diels-Alder reaction of 2a with maleic anhydride in 

refluxing toluene, the adduct (3) was obtained.6) This fact and the spectral prop-

erties of 2a and 2b are in good agreement with the proposed structures.7)

Several reactions were carried out to clarify the intermediates and the reaction 

pathway of the present reaction involving the skeletal rearrangement. At first, 

the isolation of the plausible intermediate such as 6 which is one of the anticipated 

products for the oxymercuration-demercuration reaction of 1a, was investigated. 

The hydroxymercuration-sodium borohydride reduction of oxime 48) in a similar manner 

to the case of la and lb afforded 23% yield of 59) along with 6% of the starting 

material 4. The reductive hydrolysis of 5 with sodium dithionate afforded 30% of 

expected 6.10) The spectral properties of 5 and 6 are in good agreement with the

proposed structures: 5, mp 159-160•Ž; IR (KBr) 3500-3100, 1656, 1378, 1119cm-1; 
1H -NMR (acetone-d

6) ƒÂ 1.05 (6H, s), 1.13 (1H, d, J=3.0Hz), 1.63 (3H, s), 1.71-1.89 

(1H, m), 3.56 (1H, broad s), 5.36 (1H, dxd, J=8.4, 3.0Hz), 5.86 (1H, dxd, J=8.4, 

6.0Hz), 9.13 (1H, broad s); 6, IR (film) 3600-3200, 1722cm-1; 1H-NMR (CCl4) ƒÂ 

0.92 (3H, s), 1.11 (3H, s), 1.71 (3H, s), 1.82-2.00 (2H, m), 3.00 (1H, broad s), 

5.23 (1H, dxd, J=8.7, 3.0Hz), 5.82 (1H, dxd, J=8.7, 4.8 Hz). Then the treatment 

of 6 with 3mol dm-3 sodium hydroxide in THE afforded 90% of 2, 4-cyclohexadienone 

derivative 2a. Therefore this base induced rearrangement is ascribed to be a retro-

aldol condensation assisted by the strain relief.11) 

To gain more insight into the mechanism for the formation of 2a or 2b, the 

following experiment was performed. The reaction of la with mercury (II) acetate 

in H2O-THF (1/4), then with saturated aqueous sodium chloride13) afforded 80% yield 

of mercury incorporated product 7: mp 150-151•Ž (from CH22Cl2); IR (KBr) 3500-3400, 

1760-1632 (very broad absorption) cm-1; 1H-NMR (acetone-d6) ƒÂ 1.08 (3H, s), 1.20
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(3H, s), 2.21 (3H, s), 2,89 (2H, broad s), 4.51 (1H, s), 5.51 (1H, dxd, J=8.7, 2.7

Hz), 6.06 (1H, dxd, J=8.7, 4.8Hz). IR spectrum shows the presence of a hydroxy

group. The chemical shifts and coupling patterns of 1H-NMR spectrum show the 

presence of the tricyclic skeleton. The treatment of 7 with 3mol dm-3 sodium 

hydroxide in THE as in the case of 6 afforded 90% of 2, 4-cyclohexadienone derivative 

8: mp 180-181•Ž (from CH2Cl2); IR (KBr) 1650-1560 (very broad absorption), 1325, 

1171, 1031cm-1. The 1H-NMR of 8 exhibited signals of two methyl groups at ƒÂ 1.14 

(s), 2.02 (d, J=1.2Hz), and an AB doublet at ƒÂ 2.62 (J=17.4Hz), 3.36 (J=17.4Hz), 

and a very broad signal of two methylene protons at the mercurial moiety in the 

range of ƒÂ 3.60-2.14 in addition to two signals of vinyl protons in the ranges of 

ƒÂ 6.32-5.85 (2H) and 6 6.99-6.69 (1H). These spectral properties might suggest 

the structure of 8 which has the 2, 4-cyclohexadienone ring. Actually the sodium 

borohydride reduction of 8 in THF-aq NaOH (3mol dm-3) afforded 2a in 95% yield. 

Consequently the reaction pathway of oxymercuration-demercuration reaction 

affording 2a and 2b is well explained as illustrated in the above scheme. 

Initially the hydroxy group incorporating ketone 9 is formed by oxymercuration of 

1a and 1b. Then the base induced retro-aldol condensation of 9 occurs to give 10. 

Subsequent sodium borohydride reduction of 10 affords 2, 4-cyclohexadienones.14) 

Since 1a and 1b are easily prepared by thermal rearrangement of 2, 6-dimethyl-

phenyl and 2, 4, 6-trimethylphenyl propargyl ether,3) the present reaction is a very 

convenient method for the preparation of 2, 4-cyclohexadienones, which have a 

functionalized substituent at 6-position and might have synthetic utilities.
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