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Abstract: Conjugated addition of primary nitroalkanes to �,�-un-
saturated ketones or �,�-unsaturated esters, in the presence of two
equivalents of DBU, allows the one-pot prepration of �-diketones or
�-keto esters, respectively. When 2-aryl-1-nitroethane derivatives
are employed as starting nitroalkanes in the reaction with �,�-unsat-
urated ketones, the one-pot formation of cyclopentenones is ob-
served.

Key words: nitroalkanes���-diketones���-keto esters, cyclopenten-
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The synthesis of complex molecules is traditionally per-
formed by a chain of separate reaction steps, each step re-
quiring its own conditions, reagents, solvent, and catalyst.
After each reaction is complete the solvent and the waste
products are removed and discarded, and the intermediate
product is separated and purified. Now, environmental
and economic pressure are forcing the chemical commu-
nity to search for more efficient ways to perform chemical
transformations.1 These new issues can be addressed by
the development of new synthetic methods that, bringing
together simple components, generate complex structures
in a one-pot procedure, much the same way as nature
does.

�-Diketones,2 are important intermediates for the synthe-
sis of cyclic and heterocyclic compounds such as furans,
pyrroles, thiophenes, and pyridazines.2–7 �-Keto esters
represent a valuable class of compounds as intermediates
for various heterocyclic compounds such as lactones, �-
lactam antibiotics, isoquinolines and lactonic sex phero-
mones.8 The cyclopentenone ring is one of the most recur-
ring structural unit in targets of relevant practical
interest.6,9 Although several methods have been reported
for the synthesis of the above compounds,5,6,10–13 most of
these suffer from drawbacks such as the use of harsh con-
ditions, employment of expensive chemicals, tedious pro-
cedure, low yields and/or the need of many steps.

Recently we reported an unprecedent, selective Nef con-
version of secondary nitroalkanes, promoted under basic
conditions, by 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU), a tertiary amidine base.14 This new discovery,
combined with the peculiarity of the aliphatic nitro com-
pounds in the formation of carbon–carbon single bond,

under basic conditions,15 suggested us a new way for a
one-pot synthesis of the title compounds. In fact, the reac-
tion of primary nitroalkanes 1 to methyl vinyl ketone
(MVK, 2a) or methyl acrylate (3) (Scheme 1), with the
help of two equivalents of DBU in MeCN allows, after
seven days at room temperature to 60 °C, the one-pot for-
mation of �-diketones 4 or �-keto esters 5, respectively.
The yields are from satisfactory to good (40–72%,
Table 1), even when functionalized nitroalkanes are em-
ployed as starting material. The spectroscopic data of
compounds 4 and 5 prepared are given in Table 2.

Scheme 1 Synthesis of �-diketones 4a,b and �-keto esters 5a–e
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Table 1 One Pot Synthesis of �-Diketones 4 and �-Keto Esters 5

Entry R Acceptor Yield (%)a,b

of 4
Yield (%)a,b

of 5

a CH3(CH2)2 2a 58 –

b CH3(CH2)4 2a 54 –

a CH3(CH2)2 3 – 60

b CH3(CH2)4 3 – 72

c 3 – 71

d HO(CH2)4 3 – 40

e PhCH2 3 – 47

a Yield of pure, isolated product.
b Satisfactory microanalyses obtained: C �0.14, H �0.21.
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Of great interest is the possibility to realize the one-pot
preparation of cyclopentenones 6 by the appropriate
choice of the starting nitroalkanes in the reaction with the
conjugated enones 2a,b (Scheme 2). In fact we observed
that if 2-aryl-1-nitroethane derivatives 1e,f are employed,
the Michael addition directly produce, after three days, the
cyclic enones 6 in 65–78% yields (Table 3). 

In conclusion, the utilization of DBU as base, in the con-
jugate addition of nitroalkanes to electron-poor alkenes,
offers the opportunity to perform the one-pot synthesis of
�-diketones, �-keto esters and cyclopentenones, under
mild conditions and with satisfactory to good overall
yields.

Table 2 Spectroscopic Data of �-Diketones 4a,b and �-Keto Esters 5a-e

Product IR (film)
(cm–1)

1H NMR (CDCl3)
�, J (Hz)

13C NMR (50 MHz, CDCl3)
�

MS: m/z

4a 1714 0.88 (t, 3 H, CH3CH2, J = 7.5), 1.51–1.64 
(m, 2 H, MeCH2CH2), 2.15 (s, 3 H, CH3CO), 
2.40 (t, 2 H, MeCH2CH2, J = 7.3), 2.60–2.71 
(m, 4 H, COCH2CH2CO)

209.57 (CH2COCH2), 207.32 (CH2COMe), 
44.70 (MeCH2CH2CO), 36.87 (CH2COMe), 
36.05 (COCH2CH2COMe), 29.96 (COCH3), 
17.28 (MeCH2), 13.70 (CH3CH2)

142 (M+), 124, 
114, 99, 71, 43 
(100)

4b 1715 0.90 (t, 3 H, CH3CH2, J = 6.6), 1.20–1.39 
(m, 4 H, MeCH2CH2), 1.51–1.67 (m, 2 H, 
CH2CH2CH2CO), 2.20 (s, 3 H, CH3CO), 
2.46 [t, 2 H, Me(CH2)3CH2CO, J = 7.5], 
2.64–2.76 (m, 4 H, COCH2CH2CO)

209.71 (CH2COCH2), 207.34 (CH2COMe), 
42.81 [Me(CH2)3CH2CO], 36.90 
(CH2COMe), 36.04 (COCH2CH2COMe), 
31.36 (MeCH2CH2), 29.98 (COCH3), 25.45 
[Me(CH2)2CH2], 23.52 (MeCH2), 13.92 
(CH3CH2)

170 (M+), 127, 
114, 99, 43

5a 1740, 
1715

0.92 (t, 3 H, CH3, J = 7.3), 1.54–1.73 (m, 2 
H, MeCH2), 2.44 (t, 2 H, MeCH2CH2, 
J = 7.3), 2.59 (t, 2 H, CH2CO2Me, J = 6.3), 
2.73 (t, 2 H, COCH2CH2CO2Me, J = 6.2), 
3.68 (s, 3 H, OCH3)

209.00 (CH2COCH2), 173.29 (CO2Me), 
51.72 (CO2CH3), 44.63 (MeCH2CH2CO), 
36.97 (COCH2CH2CO2Me), 27.64 
(CH2CO2Me), 17.22 (MeCH2), 13.64 
(CH3CH2)

158 (M+), 143, 
127, 115 (100), 
71, 55, 43 

5b 1741, 
1716

0.89 (t, 3 H, CH3, J = 6.6), 1.20–1.40 (m, 4 
H, MeCH2CH2), 1.52–1.68 (m, 2 H, 
CH2CH2CH2CO), 2.45 [t, 2 H, 
Me(CH2)3CH2CO, J = 7.3], 2.59 (t, 2 H, 
CH2CH2CO2Me, J = 6.3), 2.73 (t, 2 H, 
COCH2CH2CO2Me, J = 6.0), 3.69 (s, 3 H, 
OCH3)

209.13 (CH2COCH2), 173.31 (CO2Me), 
51.76 (CO2CH3), 42.75 
[Me(CH2)3CH2COCH2], 37.00 
(COCH2CH2CO2Me), 31.34 (MeCH2CH2), 
27.71 (CH2CO2Me), 23.47 [Me(CH2)2CH2], 
22.42 (MeCH2), 13.89 (CH3CH2)

186 (M+), 155, 
130, 115, 98 
(100), 71, 55, 43

5c 1736, 
1712

1.33 [s, 3 H, CH3C(OCH2CH2O)CH2], 2.01 
[t, 2 H, MeC(OCH2CH2O)CH2CH2, J = 7.5], 
2.55 [t, 2 H, MeC(OCH2CH2O)CH2CH2CO, 
J = 7.7], 2.60 (t, 2 H, COCH2CH2CO2Me, 
J = 5.9), 2.77 (t, 2 H, COCH2CH2CO2Me, 
J = 6.3), 3.68 (s, 3 H, OCH3), 3.92–3.98 [m, 
4H, MeC(OCH2CH2O)CH2]

208.09 (CH2COCH2), 173.07 (CO2Me), 
109.00 [MeC(OCH2CH2O)CH2], 64.44 
(OCH2CH2O), 51.55 (CO2CH3), 37.03 
[CH2CO(CH2)2CO2Me], 36.74 
(CH2COCH2CH2CO2Me), 32.50 
[MeC(OCH2CH2O)CH2], 27.50 
(CH2CO2Me), 23.71 [CH3C(OCH2)2OCH2] 

215, 199, 127, 87 
(100), 71, 55, 43

5d 3506,
1740,
1720

1.23–1.73 (m, 4 H, 
HOCH2CH2CH2CH2CO), 2.49 [t, 2 H, 
HO(CH2)3CH2CO J = 7.1], 2.61 (t, 2 H, 
COCH2CH2CO2Me, J = 5.8), 2.74 (t, 2 H, 
COCH2CH2CO2Me, J = 6.1), 3.60–3.70 (m, 
3 H, HOCH2CH2), 3.69 (s, 3 H, OCH3)

209.22 (CH2COCH2), 173.57 (CH2CO2Me), 
62.83 (HOCH2), 52.02 (CO2CH3), 42.81 
[HO(CH2)3CH2CO], 37.24 
[HO(CH2)4COCH2], 32.60 
[HOCH2CH2(CH2)2CO], 27.89 
(COCH2CH2CO2Me), 23.58 
[HO(CH2)2CH2CH2CO]

173 [M+ – 18], 
141, 115, 88, 59, 
55 (100), 41

5e 1738, 
1721

2.58 (t, 2 H, COCH2CH2CO2Me, J = 6.0), 
2.78 (t, 2 H, COCH2CH2CO2Me, J = 6.0), 
3.67 (s, 3 H, OCH3), 3.76 (s, 2 H, 
PhCH2CO), 7.20–7.42 (m, 5 H, C6H5)

206.6 (CH2COCH2), 173.14 (CO2Me), 
134.00 (CPh), 129.43 (CHo-Ph), 128.74 
(CHp-Ph), 127.09 (CHm-Ph), 51.78 (CO2CH3), 
50.05 (PhCH2), 36.44 (COCH2CH2CO2Me), 
27.80 (CH2CO2Me)

206 (M+), 190, 
130, 117 (100), 
91

Scheme 2 Synthesis of cyclopentenones 6a–c
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1H and 13C NMR were recorded in CDCl3 at 200 and 50 MHz, re-
spectively, on a Varian Gemini 200 spectrometer. Chemical shifts
are expressed in ppm downfield from TMS. Mass spectra were de-
termined on a Capillary GC/MS operating in the split mode with He
carrier gas with a mass-selective detector (MDS). IR spectra were
recorded on a Perkin-Elmer 257 spectrophotometer. Elemental
analyses were performed using a C, H Analyzer Model 185 from
Hewlett-Packard. All the reactions were monitored by TLC, and gas
chromatographic analyses were performed on a Carlo Erba Frac-
tovap 4160 using a capillary column of duran glass (0.32 mm � 25
m), stationary phase OV1 (film thickness 0.4–0.45 �m). Petroleum
ether used had bp 30–60 °C.

�-Diketones 4 and �-Keto Esters 5; General Procedure
A solution of the electrophilic acceptor 2a or 3 (5 mmol) in MeCN
(10 mL) was added dropwise to a solution of nitroalkane 1a–e (5
mmol) in MeCN (20 mL) at r.t. The reaction mixture was stirred at
r.t. for 6 h, then heated at 60 °C. After 7 d, the solvent was removed
under reduced pressure and the oily residue was purified by flash
chromatography (EtOAc–petroleum ether as eluent), affording the
pure compounds 4 or 5 (Tables 1, 2).

Cyclopentenones 6; General Procedure
A solution of the conjugated enone 2 (5 mmol) in MeCN (10 mL)
was added dropwise to a solution of 2-aryl-1-nitroethane deriva-
tives 1e,f (5 mmol) in MeCN (20 mL) at r.t. The obtained solution
was stirred at r.t. for 6 h, then heated at 60 °C. After 3 d, the solvent
was removed under reduced pressure and the oily residue was puri-
fied by flash chromatography (EtOAc–petroleum ether as eluent),
affording the pure compounds 6 (Table 3).

3-Methyl-2-phenylcyclopent-2-en-1-one (6a)
Rf 0.32 (cyclohexane–EtOAc, 8:2).

IR (film): 1690, 1635 cm–1.
1H NMR (CDCl3): � = 2.21 (s, 3 H, CH3), 2.55–2.61 (m, 2 H,
CH2CH2CO), 2.67–2.73 (m, 2 H, CH2CH2CO), 7.25–7.49 (m, 5 H,
C6H5).
13C NMR (CDCl3): � = 207.63 (C=O), 171.80 (C=CCO), 140.36
(C=CCO), 129.11 (CPh), 128.28 (2 C, CHo-Ph), 127.81 (CHp-Ph),
127.60 (2 C, CHm-Ph), 34.84 (CH2CO), 31.83 (CH2CH2CO), 18.38
(CH3C=C).

MS: m/z (%) = 172 (M+), 157, 129 (100), 115.

Anal. Calcd for C12H12O: C, 83.69; H, 7.02. Found: C, 83.77; H,
6.98.

3-Ethyl-2-phenylcyclopent-2-en-1-one (6b)
Rf 0.35 (cyclohexane–EtOAc, 8:2).

IR (film): 1690, 1630, 1600 cm–1.
1H NMR (CDCl3): � = 1.20 (t, 3 H, J = 7.7, CH3CH2), 2.52–2.60
(m, 4 H, MeCH2, CH2CH2CO), 2.67–2.74 (m, 2 H, CH2CH2CO),
7.22–7.44 (m, 5 H, C6H5).
13C NMR (CDCl3): � = 208.09 (C=O), 176.97 (C=CCO), 139.95
(C=CCO), 129.11(CPh), 128.61 (2 C, CHo-Ph), 128.31 (CHp-Ph),
127.63 (2 C, CHm-Ph), 34.70 (CH2CO), 28.63 (CH2CH2CO), 24.89
(CH2Me), 12.24 (CH2CH3). 

MS: m/z (%) = 186 (M+), 129 (100), 115.

Anal. Calcd for C13H14O: C, 83.83; H, 7.58. Found: C, 83.91; H,
7.50.

3-Methyl-2-(4-methylphenyl)cyclopent-2-en-1-one (6c)
Rf 0.34 (cyclohexane–EtOAc, 8:2).

IR (film): 1680, 1630 cm–1.
1H NMR (CDCl3): � = 2.20 (s, 3 H, =CCH3), 2.38 (s, 3 H, ArCH3),
2.53–2.59 (m, 2 H, COCH2CH2), 2.64–2.71 (m, 2 H, COCH2CH2),
7.17–7.30 (m, 4 Harom).
13C NMR (CDCl3): � = 208.02 (C=O), 171.45 (C=CCO), 140.48
(C=CCO), 137.57 (CAr next to cyclopentenone ring), 129.21 (CAr

substituted with the CH3 group), 129.10 (2 C, CHm-Ar), 129.03 (2 C,
CHo-Ar), 35.01 (CH2CO), 31.98 (CH2CH2CO), 21.48 (ArCH3),
18.55 (=CCH3).

MS: m/z (%) = 186 (M+), 143 (100), 128, 115.

Anal. Calcd for C13H14O: C, 83.83; H, 7.58. Found: C, 83.77; H,
7.66.
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