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Magnesium powder promoted conjugate addition of allyl bromide to 
ß-nitroalkenes under solvent-free conditions
Wei Shi and Jin-Xian Wang*

Institute of Chemistry, Department of Chemistry, Northwest Normal University, 967 Anning Road(E.), Lanzhou 730070, P. R. China

Polyfunctional nitro-compounds were obtained in high yield by a convenient and efficient methodology involving the
conjugate addition of allyl bromide to nitrostyrenes in one pot under solvent- and catalyst-free conditions at 0°C.
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We report our improvement on a convenient, green and

In order to investigate the effect of different metals

0°C. We examined different metals to mediate the reaction.

Cd, Mn, Ti, Al and Zn did not give rise to expected products
even after prolonging the reaction time.

addition of

improvement in reducing chemical pollution.

conjugate addition to

Running the reaction at higher temperature decreased the

In continuation of our research program on solvent-free
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Scheme 1

Table 1 Conjugate addition to -nitrostyrene mediated by Mg
in different solventsa

Entry Mediator Solvent Time/h Yield/%b

1 Mg - 0.67 80
2 Mg H2O 37 NRc

3 Mg CH2Cl2 16 NRc

4 Mg DMSO 18 NRc

5 Mg Et2O 4 46
6 Mg EtOH 5 34
7 Mg DMF 6 40
8 Mg THF 4 61
aReaction conditions: magnesium powder or other metals
(3 mmol), allyl bromide (3 mmol), -nitrostyrene (2 mmol) and
solvent (2 ml), 0°C.
bThe isolated yields are reported and all of the products were
identified by IR, 1H NMR, 13C NMR and MS.
cNR: no reaction. Almost all of the -nitrostyrene was
recycled.
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Experimental

General remarks

use.
literature.17

1H (400 MHz), and 13C (100 MHz)
3

internal standard at room temperature.

General procedure for the reaction

complete conversion, saturated NH4
2O (3 × 10 ml)

4.

column chromatograph of the crude mixture on silica gel using

1-Nitro-2-phenylpent-4-ene (2a 15
max

cm-1: 3073, 3030, 2922, 2853, 1641, 1548, 1451, 1434 cm-1; 1H NMR
(400 MHz, CDCl3

Table 2 Addition reactions of allyl bromide to nitroalkenes mediated by Mga

Entry -Nitrostyrene Productb Time/h Yield/%c

1 2a 0.67 80

2 2b 1.5 85

3 2c 1.5 82

4 2d 1 85

5 2e 1.5 86

6 2f 1.5 87

7 2g 1 86

8 2h 1.5 83

9 2i 1.5 78

10 2j 0.67 88

11 2k 0.67 86

aAll reactions were performed with allyl bromide (3 mmol), magnesium powder(3 mmol) and nitroalkenes (2 mmol) at 0°C under
solvent-free conditions.
bIsolated yield.
cAll products were characterised by IR, 1H NMR, 13C NMR, MS.
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5.02 (m, 2H), 4.64–4.51 (m, 2H), 3.60–3.52 (m, 1H), 2.56–2.38(m,
2H); 13C NMR (100 MHz, CDCl3
118.1, 79.8, 43.7, 37.6; EI-MS (m/z) 191 (M+), 150, 135, 91, 77.

1-Nitro-2-(4-chlorophenyl)pent-4-ene (2b 15

max cm-1: 3079, 2927, 2853, 1644, 1552, 1492, 1436 cm-1;
1H NMR (400 MHz, CDCl3 J = 7.0 Hz), 7.14 (d, 2H,
J = 7.0 Hz), 5.67–5.57 (m, 1H), 5.08–5.03 (m, 2H), 4.63–4.58 (m,
1H), 4.52–4.47(m,1H), 3.577–3.50 (m, 1H), 2.46–2.39(m, 2H); 13C
NMR (100 MHz, CDCl3
79.6, 43.2, 37.6; EI-MS (m/z) 225 (M+), 184, 178, 138, 125, 103, 77.

1-Nitro-2-(4-methoxyphenyl)pent-4-ene (2c 15

max cm-1: 3076, 2922, 2841, 1613, 1549, 1514, 1440 cm-1;
1H NMR (400 MHz, CDCl3 J = 7 Hz), 6.85 (d, 2H,
J = 7 Hz), 5.71–5.61 (m, 1H), 5.10–5.04 (m, 2H), 4.63–4.58 (m, 1H),
4.53–4.47(m,1H), 3.79 (s, 3H), 3.55–3.50 (m, 1H), 2.48–2.39(m,
2H); 13C NMR (100 MHz, CDCl3
118.1, 114.2, 80.2, 55.2, 43.1, 37.7; EI-MS (m/z) 221 (M+), 180, 134,
121, 91, 77.

1-Nitro-2-(4-methylphenyl)pent-4-ene (2d 16

max cm-1:3079, 3022, 2922, 2863, 1642, 1553, 1516, 1432
cm-1; 1H NMR (400 MHz, CDCl3 J = 7.6 Hz), 7.08(d,
2H, J = 7.6 Hz), 5.69–5.61 (m, 1H), 5.09–5.04 (m, 2H), 4.63–4.49 (m,
2H), 3.56–3.49 (m, 1H), 2.49–2.38 (m, 2H), 2.33 (s, 3H); 13C NMR
(100 MHz,CDCl3
43.4, 37.7, 21.0; EI-MS (m/z) 205 (M+), 164,159, 118, 105, 91, 77.

1-Nitro-2-(2-methoxyphenyl)pent-4-ene (2e 14

max cm-1: 3075, 3006, 2921, 2842, 1595, 1550, 1494, 1462,
1438 cm-1; 1H NMR (400 MHz, CDCl3
7.10 (m, 1H), 6.94–6.88 (m, 2H), 5.73–5.62 (m, 1H), 5.10–5.01 (m,
2H), 4.73–4.68 (m, 1H), 4.65–4.60 (m,1H), 3.84(s, 3H), 3.90–3.82
(m, 1H), 2.60–2.44(m, 2H); 13C NMR (100 MHz, CDCl3
135.0, 128.8, 128.6, 127.0, 120.7, 117.6, 111, 78.4, 55.3, 39.1, 35.8;
EI-MS (m/z) 221 (M+), 180, 134, 119, 91, 77.

1-Nitro-2-(2-chlorophenyl)pent-4-ene (2f 14

max cm-1: 3074, 2920, 2856, 1641, 1551, 1476, 1436 cm-1;
1H NMR (400 MHz, CDCl3 J = 8.0 Hz), 7.28–7.19
(m, 3H), 5.73–5.63 (m, 1H), 5.11–5.06 (m, 2H), 4.71–4.61 (m, 2H),
4.20–4.13 (m, 1H), 2.57–2.46(m, 2H); 13C NMR (100 MHz, CDCl3):

EI-MS (m/z) 225 (M+), 184, 177, 138, 125, 103, 77.
1-Nitro-2-(2,4-dichlorophenyl)pent-4-ene (2g 15

max cm-1: 3080, 2979, 2920, 2854, 1640, 1554, 1475,
1437 cm-1; 1H NMR (400 MHz, CDCl3
J = 8.0 Hz), 7.14 (d, 1H, J = 8.0 Hz), 5.70–5.61 (m, 1H), 5.19–5.07
(m, 2H), 4.65–4.62 (m, 2H), 4.13–4.10 (m, 1H), 2.52–2.48 (m, 2H);
13C NMR (100 MHz, CDCl3
127.6, 127.2, 118.9, 78.0, 39.2, 36.2; EI-MS (m/z) 259 (M+), 218,
198, 172, 159, 137, 102, 75.

1-Nitro-2-(3,4-methoxyphenyl)pent-4-ene (2h 16 IR
max cm-1: 3081, 3014, 2967, 2938, 1593, 1550, 1517, 1466

cm-1; 1H NMR (400 MHz, CDCl3 J = 8.0 Hz), 6.74
(dd, 1H, J1 = 8.0 Hz, J2 = 2.4), 6.68 (d, 1H, J = 2.4), 5.72–5.62 (m,
1H), 5.30–5.05 (m, 2H), 4.63–4.50 (m, 2H), 3.86 (s, 3H), 3.87 (s, 3H),
3.55–3.47 (m, 1H), 2.50–2.38 (m, 2H); 13C NMR (100 MHz, CDCl3):

55.8, 43.4, 37.7; MS (m/z) 251 (M+), 210, 205, 164, 151, 106.
1-Nitro-2-(3-bromophenyl)pent-4-ene (2i 15 IR

max cm-1: 3075, 2979, 2922, 2855, 1642, 1553, 1476, 1432
cm-1; 1H NMR (400 MHz, CDCl3 J = 8.0 Hz), 7.35

(s, 1H), 7.21 (t, 1H, J = 8.0 Hz), 7.13 (d, 1H, J = 8.0 Hz), 5.70–5.59
(m, 1H), 5.11–5.07 (m, 2H), 4.65–4.60 (m, 1H), 4.56–4.51 (m, 1H),
3.58–3.50 (m, 1H), 2.50–2.38 (m, 2H); 13C NMR (100 MHz, CDCl3):

EI-MS (m/z) 252 (M+-17), 228, 208, 182, 169, 143, 129, 103, 77.
1-Nitro-2-(2-furyl)pent-4-ene (2j 15

max cm-1:
3123, 3081, 2982, 2922, 2855, 1641, 1554, 1507, 1435 cm-1; 1H NMR
(400 MHz, CDCl3 J1 = 2.0 Hz, J2 = 0.8 Hz), 6.31 (dd,
1H, J1 = 3.2 Hz, J2 = 1.6 Hz), 6.15 (d, 1H, J = 3.2 Hz), 5.76–5.66 (m,
1H), 5.14–5.10 (m, 2H), 4.64–4.55 (m, 2H), 3.75–3.68 (m, 1H), 2.58–
2.40 (m, 2H); 13C NMR (100 MHz, CDCl3
118.6, 110.3, 107.0, 77.4, 37.3, 35.3; EI-MS (m/z) 181 (M+), 134, 94,
81, 65.

1-Nitro-2-(2-thienyl)pent-4-ene (2k 16 IR (KBr)
max cm-1: 3078, 2922, 1641, 1553, 1436 cm-1; 1H NMR (400 MHz,

CDCl3 J1 = 4.8 Hz, J2 = 1.6 Hz), 6.95 (dd, 1H,
J1 = 5.2 Hz, J2 = 3.6 Hz), 6.88 (d, 1H, J = 4.8 Hz), 5.78–5.68 (m, 1H),
5.16–5.10 (m, 2H), 4.66–4.61 (m, 1H), 4.56–4.50 (m, 1H), 3.95–3.88
(m, 1H), 2.58–2.44 (m, 2H); 13C NMR (100 MHz, CDCl3
133.6, 127.0, 125.3, 124.6, 118.77, 80.2, 39.1, 38.5; EI-MS (m/z) 180
(M+), 150, 110, 97, 84.

Foundation of China (Grant 20272047, 20572086), the Gansu
Natural Science Foundation of China (3ZS051-A25-001),

Development Foundation of China.

Received 1 April 2008; accepted 27 April 2008
Paper 08/5193 doi: 10.3184/030823408X318307

Reference

 1 K. Tomioka and Y. Nagaoka, in Comprehensive asymmetric catalysis,
eds E. N. Jacobsen, A. Pfaltz, H. Yamamotoe, Springer-Verlag, Berlin/
Heidelberg, 1999, Vol. 3 Chap. 31.1.

 2 A. Alexakis, in Transition metal catalysed Reactions eds S.-I. Murahashi,

 3 C.F. Yao, W.C. Chen and Y.M. Li, Tetrahedron Lett., 1996, 37, 6339.
 4 C.F. Yao, K.H. Kao, J.T. Liu, C.M. Chu and Y. Wang, Tetrahedron, 1998,

54, 791.
 5 P. Knochel and D. Seebach, Tetrahedron Lett., 1981, 22, 3223.
 6 A. Pecunioso and R. Menicagli, J. Org. Chem., 1988, 53, 45.
 7 N. Kornblum, Angew. Chem. Int. Ed. Engl., 1975, 14, 734.
 8 E.W. Colvin, A.D. Robertson, D. Seebach and A.K. Beck, J. Chem. Soc., 

Chem. Commun., 1981, 952.
 9 D.F. Huang, Y.L. Hu, J.-X. Wang and Y.Q. Yin, Chin. Chem. Lett., 2007,

18, 1040.
 10 Y.L. Hu, J.H. Yu, J.-X. Wang and Y.Q. Yin, Synth. Commun., 1998, 28,

2793.
 11 Y. Hu, J. Yu, S. Yang, J.X. Wang and Y. Yin, Chinese Chem. Lett., 1998, 9,

699.
 12 D. Huang, Y. Yang, J.X. Wang and Y. Hu, J. Chem. Res. (S), 2002, 79.
 13 Y. Hu, J. Yu, S. Yang, J.X. Wang and Y. Yin, Synlett., 1998, 1213.
 14 D.F. Huang, Y.L. Hu and J.-X. Wang, Synlett., 2007, 1, 1.
 15 W.L Bao, Y.F. Zheng and Y.M. Zhang, J. Chem. Res (S), 1999, 732.
 16 H.M. Kumar, B.V. Subba, P. Thirupathi and J.S. Yadav, Terahedron Lett.,

1999, 40, 5387.
 17 R. Menicagli and S. Samaritani, Tetrahedron, 1996, 52, 1425.

http://dx.doi.org/10.3184/030823408X318307

