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SYNTHETIC COMMUNICATIONS, 27(22), 3991-3996 (1997)

A CONVENIENT SYNTHESIS OF 2,2,4-TRIMETHYLCYCLOHEXANE-
1,3-DIONE: A USEFUL PRECURSOR FOR THE TAXOID A RING

Michael L. Miller and Partha S. Ray*

Department of Chemistry, The University of Mempbhis,
Memphis, Tennessee 38152, USA

Abstract: A simple and inexpensive route to the title compound is described
which should be readily amenable to large scale synthesis. Thus, reaction of
3-pentanone with methyl acrylate in the presence of sodium methoxide provided
2,4-dimethylcyclohexane-1,3-dione. Methylation with iodomethane gave the title
compound in 63% overall yield.

Taxol (1), a naturally occurring tetracyclic diterpenoid isolated from the
pacific yew tree, has emerged as a very promising antitumor agent. 1 Its complex
structure, natural scarcity, and unique mode of action (inhibition of cell growth by
accelerating the polymerization of tublin and inhibiting the required
depolymerization) has resulted in a tremendous amount of interest in the synthesis
of this natural product 2 and its structurally related derivatives. 3
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1: Taxaol (Paclitaxel)
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2,2,4-Trimethylcyclohexane-1,3-dione (2) is an important intermediate for
the construction of the A-ring of the taxoid skeleton. It is typically converted to
the monoacetal (3) 4 before further transformation into the taxoid system. 3
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All references for the synthesis of dione 2 lead to the work reported by
Hargreaves et al. © This involves the reaction of, the expensive, 2-methyl-3-
pentanone (4) with morpholine in the presence of tin(IV)chloride to give, after
distillation, a 3:7 mixture of the enamines 5a and 5b respectively in 30% yield.
This mixture is then treated with acryloyl chloride in dry benzene to give 2,2,4-
trimethyl-3-morpholinocyclohex-3-enone which is hydrolyzed with 4N-
hydrochloric acid to give 2 in 42.5% yield after distillation (13% yield from 2-
methyl-3-pentanone). This is an inefficient and rather expensive way to make
large quantities of this useful intermediate.

o Morpholine 1. Acryloyl chloride
SnCly, Benzene 2 4N HCl
2
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Scheme 2: Preparation of 2 by the procedure of Hargreaves et al. (ref. 6)

In this paper we report a simple and inexpensive two step procedure to 2.
Thus, 3-pentanone (6) was treated with methyl acrylate in the presence of sodium
methoxide in xylenes in a manner similar to that reported by Baumann and
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Hoffmann 7 to give 2,4-dimethylcyclohexane-1,3-dione (7) 8 in 69% yield.
Further purification of this intermediate was unnecessary. The dione (7) was
treated with one equivalent of sodium hydride in DMF followed by the addition of
iodomethane to give the desired intermediate (2) in 92% yield. The material
obtained from this procedure may be used without further purification. For
example, reaction with ethylene glycol, triethyl orthoformate and a catalytic
amount of p-toluenesulfonic acid gave the acetal (3) in 75% yield as reported by
Detering and Martin. 4

o Methyl acrylate
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In conclusion, we report the synthesis of 2 in 63% overall yield using
cheap starting materials. The reactions are simple, the products do not require
further purification, and should be easy to scale up.

Experimental

1H and 13C NMR spectra were recorded on a Varian VXR-300
spectrometer. Chemical shifts are reported in ppm downfield from internal
standard TMS.

2,4-Dimethylcyclohexane-1,3-dione (7). 8 To a freshly prepared solution of
sodium methoxide, obtained from anhydrous methanol (100 mL) and sodizm
(11.75 g, 0.511 mol), was added anhydrous xylenes (250 mL). To this vigorously
stirred mixture, maintained at 35 °C was added dropwise a mixture of 3-
pentanone (46.9 mL, (0.4644 mol) and methyl acrylate (41.82 mL, 0.4644 mol)
under nitrogen. The addition funnel was replaced with a distillation head fitted
with a cold finger condenser apparatus. The mixture was heated at 120 °C (sand
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bath temperature) until all the methanol was removed by distillation (1-2 h).
After cooling to room temperature, the yellow-orange solid was collected by
filtration at the pump and washed with hexane (2 X 100 mL). The solid was
dissolved in water (150 mL) and acidified to pH 2 with conc. hydrochloric acid.
The mixture was extracted with methyléne chloride (4 X 100 mL). The organic
layers were combined, dried over anhydrous magnesium sulfate, filtered, and the
solvent was removed in vacuo. The residue was triturated with hexane, and the
colorless solid was filtered at the pump and dried in vacou (45.3 g, 69%), mp 114-
117 ©C (lit.  mp 117-118 ©C). The !H nmr data was similar to that reported by
Piers et al. 8(9) This material was used without further purification.

2,2,4-Trimethylcyclohexane-1,3-dione (2). ¢ Sodium hydride (60% dispersion
in oil; 6.864 g, 0.172 mol) was washed with hexane, which was decanted to
remove the oil. Anhydrous DMF (50 mL) was added, followed by the dropwise
addition of 2,4-dimethylcyclohexane-1,3-dione (20 g, 0.143 mol) in DMF (100
mL). The reaction mixture was heated for 0.5 h in a sand bath at 50 °C, and then
cooled to 20 °C, and iodomethane (9.79 mL, 0.157 mol) was added dropwise.
The mixture was reheated to 50 °C for 2.5 h and cooled to 20 °C. Water (150
mL) was added and the mixture was extracted with ethyl acetate (4 X 100 mL).
The organic layers were combined and washed with water (2 X 100 mL), dried
over anhydrous magnesium sulfate, filtered, and the solvent and residual DMF
were removed in vacou to give a colorless oil (21.83 g, 92%). Further purification
of this material was unnecessary. Bp 79-80 °C/3 mm Hg; 1H NMR (CDCl3) &
1.16 (d, 3H, J = 6.55 Hz), 1.23 (s, 3H), 1.38 (s, 3H), 1.49 (dq, 1H, J =4.92, 13.38
Hz), 2.13 (m, 1H), 2.62 (m, 1H), 2.86 (m, 2H); 13C NMR (CDCl3) § 14.71, 18.95,
25.86, 26.33, 37.07, 40.70, 61.00, 210.79, 211.40.
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