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A practical synthesis of 3-methylnonane-2,4-dione, which is an intense strawlike and fruity flavored
compound, has been performed by the aldol condensation of n-hexanal and methyl ethyl ketone,
followed by oxidation using sodium hypochlorite in the presence of 4-benzoyloxy-2,2,6,6-tetrameth-
ylpiperidine-N-oxide in an overall yield of 59%. The purification of 3-methylnonane-2,4-dione with
high purity was performed via copper complexes.
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INTRODUCTION

3-Methylnonane-2,4-dione (1) has been found in re-
verted soybean oil (1). It has also been identified by
aroma extract dilution analysis as one of the odorant
compounds of the volatiles of green and black tea
samples (2), and its odor threshold was reported to be
low (0.007-0.0014 ng/L) in air (1). Recently, 1 was
reported to strongly contribute to the reversion flavor
and the strawlike and fruity flavor of oxidized soybean
oil (3).

Previous synthetic methods for the preparation of 1
have been the condensation of n-caproic anhydride and
methyl ethyl ketone in 64% yield with BF3 gas (4, 5)
and the methylation of 2,4-nonanedione by methyl
iodide and purification by preparative GC (1). However,
these reported methods are considered to be unsuitable
for economical and large-scale production. In contrast,
the aldol condensation of aliphatic aldehydes and ke-
tones, which produces a â-hydroxyketone, has been
illustrated in many examples (6). The â-hydroxyketone
produced by the aldol condensation can then be oxidized
to the corresponding â-diketone with many oxidation
reagents.

To develop a practical synthesis of 1, we have studied
this procedure and we now report a practical synthetic
route to 1 that is an efficient, safe, and cost-effective
process. Thus, 1 was obtained in high purity by the aldol
condensation of n-hexanal and methyl ethyl ketone,
followed by oxidation using sodium hypochlorite in the
presence of 4-benzoyloxy-2,2,6,6-tetramethylpiperidine-
N-oxide (BzOTEMPO) and purification of the copper
complexes of the â-diketone.

MATERIALS AND METHODS

Chemicals. All reagents and solvents were obtained from
Sigma-Aldrich Japan, Inc. (Tokyo, Japan), Wako Pure Chemi-
cal Industries, Ltd. (Tokyo, Japan), and Nacalai Tesque (Kyoto,
Japan) and used without further purification.

Instruments. For determination of the melting points, a
Yanagimoto micro melting apparatus was used, and the values
are uncorrected. NMR spectra were obtained with a Bruker
DRX-500. The 1H and 13C NMR spectra were measured at 500
and 125 MHz, respectively, in CDCl3 with tetramethylsilane
(TMS) as the internal standard. The chemical shifts are given
in δ (parts per million). The IR spectra were obtained with a
Nicolet Avatar 360 FT-IR. Mass spectra (electronic impact)
were obtained with a Hitachi M-80A mass spectrometer. GC
analysis was performed with a Shimadzu GC-14A with an FID
detector (column, Neutrabond-1, df ) 0.15 µm, 0.25 mm
i.d. × 30 m; carrier gas, N2, 0.1 MPa; oven temperature, 100-
200 °C programmed at 10 °C/min; injection temperature,
230 °C; detector temperature, 230 °C).

3-Methyl-4-hydroxy-2-nonanone (2). n-Hexanal (100 g,
1 mol) was added dropwise to the mixture of 2% aqueous
sodium hydroxide (200 mL, 4 mol) and methyl ethyl ketone
(288.5 g, 4 mol) at 20-25 °C for 8 h. The reaction mixture
was stirred at the same temperature for 15 h, and the organic
layer was separated and washed with a 5% NaCl solution. The
solvent was removed under vacuum, and the residue was
distilled under reduced pressure to give a threo/erythro
mixture of 3-methyl-4-hydroxy-2-nonanone (2) (118.7 g, 69%).
The purity was 93% (as threo/erythro mixture) by GC: bp 52-
57 °C/0.2 Torr; IR (neat) 3446, 2933, 2860, 1705, 1420 cm-1;
1H NMR (threo/erythro mixture) 0.89 (t, J ) 6.9 Hz, 3H), 1.06
and 1.07 (each t, J ) 7.4 Hz, 3H), 1.22-1.53 (m, 6H), 2.19
and 2.20 (each s, 3H), 2.58-2.73 (m, 3H), 3.69 and 3.95 (each
br s, 1H); 13C NMR (threo/erythro mixture) 10.33 (CH3), 14.43
(CH3), 14.62 (CH3), 23.21 (CH2), 23.23 (CH2), 25.78 (CH2), 26.33
(CH2), 29.76 (CH3), 30.41 (CH3), 32.39 (CH2), 32.41 (CH2), 34.68
(CH2), 35.15 (CH2), 51.60 (CH), 52.86 (CH), 71.65 (CH), 74.05
(CH), 214.44 (CdO), 214.60 (CdO); MS, m/z 172 (100) (M+),
155 (70), 113 (7), 101 (26), 83 (15), 73 (89), 61 (19).

3-Methylnonane-2,4-dione (1). Sodium bicarbonate (11.7
g, 0.14 mol) and potassium bromide (6.91 g, 58 mmol) were
dissolved in water (135 mL). 3-Methyl-4-hydroxy-2-nonanone
(100 g, 0.581 mol) in dichloromethane (500 mL) and 4-ben-
zoyloxy-2,2,6,6-tetramethylpiperidine-N-oxide (24.1 g, 87 mmol)
were added to the solution at 5 °C. Sodium hypochlorate (2
mol/L; 864 mL, 1.74 mol) was added dropwise to the mixture
at 5 °C for 1.5 h and stirred for an additional 30 min. Sodium
sulfite (11 g, 87 mmol) was added to the mixture, and the
organic layer was separated and then washed with water. The
solvent was concentrated under vacuum, and the residue was
distilled under reduced pressure to give 3-methylnonane-2,4-
dione (84.2 g, 85%). The purity was 96% by GC. The distillate
was dissolved in methanol (85 mL), and copper(II) acetate
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monohydrate (59 g, 0.296 mol) dissolved in water (500 mL)
was added at 60 °C; the mixture was cooled to room temper-
ature. The gray crystalline solid was filtered and washed with
water (200 mL) and then with n-heptane (200 mL). The gray
crystalline solid was recrystallized from 95% ethanol: mp
126-126.5 °C [lit. 122-124 °C (5)]; NMR data were not
recorded because the measurement of the copper complex in
CDCl3 or DMSO-d6 gave broad peaks; IR (CHCl3) 2959, 2931,
1568, 1469, 1429 cm-1; MS, m/z 403 (5) (M+ + 2), 401 (11)
(M+), 233 (65), 231 (100), 161 (6), 134 (3), 99 (24), 43 (7).

The crystalline solid was suspended in toluene (300 mL),
and a 10% sulfuric acid solution (274 g) was added dropwise
at room temperature. The organic layer was separated and
washed with water, and the solvent was removed in a vacuum.
The residue was distilled under reduced pressure to give
3-methyl-2,4-nonanedione (72.6 g, 87%). The purity was 99%
by GC, and the keto/enol isomer ratio was 60:40 by 1H NMR:
bp 57-59 °C/0.1 Torr [lit. 120-123 °C/20 Torr (5)]; IR (neat)
2957, 2933, 1726, 1702, 1604 cm-1; 1H NMR (keto/enol
mixture) 0.83 (t, J ) 7.2 Hz, 3H), 1.26 (d, J ) 7.1 Hz, 3H),
1.18-1.31 (m, 5H), 1.50-1.58 (m, 3H), 1.79 (s, 2H), 2.07 and
2.13 (each s, 3H), 2.32-2.49 (m, 3H), 3.63 (q, J ) 7.1, 14.2
Hz, 1H); 13C NMR (keto/enol mixture) 12.39 (CH3), 12.54 (CH3),
13.72 (CH3), 13.78 (CH3), 22.28 (CH2), 22.34 (CH2), 23.00 (CH2),
23.26 (CH3), 24.80 (CH2), 28.35 (CH3), 31.09 (CH2), 31.45 (CH2),
35.73 (CH2), 41.55 (CH2), 61.24 (CH), 104.25 (C), 190.12 (C),
193.39 (C), 204.98 (CdO), 207.19 (CdO); MS, m/z 170 (100)
(M+), 99 (95), 71 (7).

RESULTS AND DISCUSSION

3-Methylnonane-2,4-dione (1) was synthesized via the
route shown in Figure 1. Several inorganic bases were
examined for the aldol condensation of n-hexanal and
methyl ethyl ketone, and the best result was obtained
when NaOH was used as the alkaline solution (Table
1). The aldol condensation of n-hexanal and methyl
ethyl ketone was carried out in aqueous NaOH solution
at room temperature for 8 h to give a threo and erythro
mixture of 3-methyl-4-hydroxy-2-nonanone (2) with 95%
conversion based on the n-hexanal and 79% selectivity
(Table 1, run 1). With no water present, using only a
methanol solvent, for example, 3-methyl-3-nonen-2-one
(4) was predominantly produced. In this aldol condensa-
tion, the byproducts were 5-hydroxy-3-decanone (3),
3-methyl-3-nonen-2-one (4), 4-decen-3-one (5), and the

n-hexanal dimer (Figures 2 and 3). These byproducts
could not be isolated, but the structures were inferred
on the basis of GC-MS. The major byproduct was 3, and
the ratio of 2 to 3 was 92:8. After the workup, the
products were distilled under reduced pressure to give
2 with 93% purity in 69% yield. The threo/erythro ratio
was 56:44 by NMR.

We next investigated the oxidation of 2 initially by
the Swern oxidation (7 and references cited therein), but
the yield was unsatisfactory at 36%. The Collins or
Jones oxidation using chromium(VI) oxide was not
examined due to environmental concerns. Although
oxidation by sodium hypochlorite in the presence of
2,2,6,6-tetramethylpiperidine-N-oxide (TEMPO) is well-
known (8, 9 and references cited therein), only a few

Figure 1. Synthetic route to 3-methylnonane-2,4-dione (1).

Table 1. Result of Aldol Condensation of n-Hexanal and
Methyl Ethyl Ketone Using a Variety of Basesa

base
conversion

of n-hexanalb (%)
selectivity
of 2b (%)

yield
of 2c (%)

NaOH 95 79 69
KOH 79 86 67
Ba(OH)2 83 85 65
Na2CO3 35 80 28
a Reaction conditions: 10 mol % of 2% solution of base, 4 mol

equiv of methyl ethyl ketone for n-hexanal; reaction temperature,
20-25 °C; reaction time, 8 h. b The conversion and selectivity of
2 were measured by GC. c The yield is shown as an isolated yield.

Figure 2. GC chromatogram of the aldol condensation of
n-hexanal and methyl ethyl ketone.

Figure 3. Byproducts of aldol condensation and oxidation.
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examples of the oxidation of â-hydroxyketones via this
method have been reported, and we therefore tried this
oxidant. Thus, 2 and 15 mol % of TEMPO were added
to a mixture of 2% NaHCO3 and 10 mol % of an aqueous
KBr solution, and then 2 mol/L sodium hypochlorite was
added dropwise at 5 °C. The reaction mixture was
checked by GC, and the conversion and selectivity were
79 and 91%, respectively (Table 2, run 1). The effects of
different TEMPO reagents and solvent are shown in
Table 2. The best result was obtained using 4-benzoyl-
oxy-2,2,6,6-tetramethyl-piperidine-N-oxide (BzOTEM-
PO) and dichloromethane as the solvent. In this oxida-
tion, 3,5-decanedione (6), which would come from 3, was
not detected by GC-MS; it was probably easily chlori-
nated by sodium hypochloride. After workup, the prod-
ucts were distilled under reduced pressure to give 1 with
96% purity in 85% yield.

To obtain 1 in high purity, the distillate was treated
with a 0.6 mol equiv of copper acetate monohydrate to
give a quantitative yield of copper bis(3-methylnonane-
2,4-dionate) (5). The crystalline solid was treated with
10% sulfuric acid to decompose the complex, and a
simple distillation afforded 99% purity of 1 in 87% yield.
1 was found to be a mixture of the keto/enol tautomers,
and the ratio was 60:40 by NMR.
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Table 2. Results of the Oxidation of 2 Using a Variety of
Solvents and Catalystsa

solvent catalyst
conversion
of 2b (%)

selectivity
of 1b (%)

yield
of 1c (%)

CH2Cl2 TEMPO 79 91 69
CH2Cl2 BzOTEMPO 100 93 85
AcOEt BzOTEMPO 69 88 58
toluene TEMPO 57 79 43
toluene BzOTEMPO 55 63 31

a Reaction conditions: 10 mol % of 2% NaHCO3aq, 4 equiv mol
of KBr for 2; reaction temperature, 5 °C; reaction time, 2 h. b The
conversion and selectivity of 1 were measured by GC. c The yield
is shown as an isolated yield.
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