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Organozinc reagent are some of the earliest known organometal-
lic compounds. Investigation of their application in organic syn-
thesis had been completed before 1880.1–3 However, they were
replaced at the turn of the century by the more reactive organo-
magnesium reagent except the Reformatsky reaction,4 because
of its low reactivity toward most organic electrophiles. In 1978,
Mukaiyama first reported that Et2Zn reacted with benzaldehyde
in the presence of aminoalcohol to give the 1, 2-addition product
an excellent yield.5,6 Pursuant to this report, a lot of papers about
the reaction of organozinc reagents with organic electrophiles
have appeared.7–14 However, most research focussed on dialkyl-
zinc reagents, few papers on study of organozinc halides had
appeared until 1988. In 1988, P. Knochel reported that function-
alised organozinc iodides (FG-RZnI) could be transmetallated
into organozinc–copper reagents with the THF-soluble copper
salt CuCN·2LiCl, and then used in a coupling reaction with
RCOCl or a 1,4-addition reaction with enones. Many function-
alities can exist on organozinc–copper reagents and remain
unchanged in the reactions,15 which make it possible to avoid the
tedious protection of some functional group in organic synthesis.
After this study, functionalised organozinc halides have found a
broad application in organic synthesis in the presence of 
stoichiometric amounts of CuCN·2LiCl.16–17 As for their 1,4-
addition reactions, most of them were carried out using stoi-
chiometric CuCN·2.LiCl, but Lipshutz reported that the
functionalised alkylzinc iodides could undergo 1,4-addition

reactions with enones in the presence of a catalytic amount of
copper catalyst with slightly tedious procedure.18,19 Although
Rieke showed20 that secondary and tertiary alkylzinc halides
were reactive enough to add to enones in the presence of
BF3·OEt2 without the use of copper(I) salts, primary alkylzinc
halides did not react with enones under the same reaction condi-
tions. In order to avoid the toxicity of CuCN and extend the
application of FG-RZnI in organic synthesis, especially the
asymmetric one, we also have done some research work in this
field.21–25 We previously22 reported that in the presence of
Cu(OAc)2/LiCl, FG-RZnI can smoothly conduct 1,4-addition
reactions, but Cu(OAc)2 was still used stoichiometrically. In this
paper we wish to report an effective Nickel complex catalysed
1,4-addition reactions of FG-RZnI which will be hopefully car-
ried out asymmetrically (Scheme 1).

The present catalytic reaction is more effective than the
Cu(OAc)2-mediated one,22 for example, FG-RZnI cannot
react with chalcone in the presence of Cu(OAc)2/LiCl, but it
gives good results using Ni(acac)2/diamine as catalyst (Table
1, entry 9 and 10).

In conclusion, we have developed an efficient catalytic
method for the 1,4-addition reaction of FG-RZnI with enone
while the functional groups in FG-RZnI can transfer to prod-
ucts. Because only a catalytic  amount of Nickel complex 
is used as catalyst, it opens the door for the asymmetric 1,4-
addition reaction of FG-RZnI.
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Experimental

Infrared spectra were measured as KBr discs (or liquid film) using a
Nicolet-10DX FT-IR spectrometer. 1H NMR spectra (80 MHz and 400
MHz) were recorded in CDCl3 using Brucke AC-80 and Varian Ft-400
spectrometers. Mass spectra were obtained on a QP-1000A GC-MS
spectrometer using the electron impact mode (70eV or 20eV).

General procedure for the preparation of compounds 4a–f: A mixture
of Ni(acac)2 (1.2 mmol), L (2.4 mmol for A and B, 4.8 mmol for C) and
10 ml acetonitrile were put into a three-neck flask under a nitrogen
atmosphere, heated to 60°C and stirred for 10 minutes. The mixture was
cooled to room temperature and a solution of FG-RZnI (12 mmol) in
THF was added.21 The resulting mixture was cooled to –18°C and a
solution of enone (9 mmol) and Me3SiCl (18 mmol) in dried THF (5 ml)
was added drop by drop. The reaction mixture was allowed to reach
room temperature and stirred for 12 h. After completion, 10 ml 5N HCl
was added and stirred for another hour. The reaction mixture was
extracted with Et2O three times. The combined organic layer was dried
over MgSO4, and concentrated. The product was isolated from the crude
reaction mixture by chromatography on silica gel coumn using petro-
leum ether:diethyl ether or dichloromethane (10:1, V/V).

4a: Oil, IR υmax(neat)/cm–1 2955, 2988, 1714, 1458; 1HNMR:
δH(80 MHz; CDCl3) 2.38–2.02(m, 4H), 1.86–1.28(m, 13H), 0.88(m,
3H); EI-MS m/z 168(M+, 56%), 153(6), 139(11), 125(100), 111(24),
97(98), 83(99), 81(60), 55(98).

4b: Oil, IR υmax(neat)/cm–1 2953, 2930, 2860, 1712, 680; 1HNMR:
δH(80 MHz; CDCl3) 3.54(t, 2H), 2.33–2.03(m, 4H), 1.85–1.37(m,
11H); EI-MS m/z 188(M+, 5%), 145(22), 97(100), 69(16), 55(52).

4c: Oil, IR υmax(neat)/cm–1 2953, 2807, 1739, 1685, 1238, 1045;
1HNMR: δH(80 MHz; CDCl3) 4.01(t, 2H), 2.23–2.08(m, 4H), 2.02(s,
3H), 1.83–1.08(m, 11H); EI-MS m/z 212(M+, 49%), 197(6), 153(4),
141(69), 125(5).

4d: Oil, IR υmax(neat)/cm–1 2959, 2926, 2856, 1743, 1462;
δH(400 MHz; CDCl3) 2.3–2.0(m, 4H), 1.71(q, 2H), 1.44–1.23(m,
9H), 0.82(t, 3H); EI-MS m/z 154(M+, 2%), 126(4), 83(100), 70(20),
55(68), 28(42).

4e: Oil, IR υmax(neat)/cm–1 2957, 2933, 2864, 1739, 650;
δH(400 MHz; CDCl3) 3.54(t, 2H), 2.29–2.08(m, 3H), 1.89–1.47(m,
10H); EI-MS m/z 174(M+, 36%), 145(69), 139(16), 111(6), 97(32),
83(100), 55(97).

4f: Oil, IR υmax(neat)/cm–1 3069, 3028, 2951, 2924, 2854, 1674,
1597, 1493, 1448, 1375, 762, 746, 698; δH(400 MHz; CDCl3)
7.93–7.23(m, 10H), 3.30–3.10(m, 3H) 1.40–1.10(m, 8H), 0.89–0.75(t,
3H); EI-MS m/z 280(M+, 5%), 209(81), 208(87), 161(13), 160(78),
131(12), 130(17), 117(22), 104(92), 105(100), 90(39), 77(23).
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Table 1 1,4-Addition reaction of FG-R-ZnI with enones catalysed by Ni(acac)2

No. Enone L FG-R- Producta Yield/%b

1 A n-C5H11– 4a 68

2 B n-C5H11– 4a 64

3 C n-C5H11– 4a 70

4 A CI(CH2)4– 4b 65

5 A CH3COO(CH2)4– 4c 54

6 A n-C5H11– 4d 67

7 C n-C5H11– 4d 71

8 B CI(CH2)4– 4e 65

9 A n-C5H11– 4f 67

10 C n-C5H11– 4f 75

aStructures were determined by NMR, IR and MS; bIsolated yield.



J. CHEM. RESEARCH (S), 2002 81

Received 28 June 2001; accepted 9 September 2001
Paper 01/952

Reference

1 R. Rieth and F. Beilstein, Liebigs Ann. Chem., 1863, 126, 248.
2 D. Pawlow, Liebigs Ann. Chem., 1887, 188, 130.
3 G. Wanger and A. Saytzeff, Liebigs Ann. Chem., 1875, 175, 361.
4 A Fürstner, Synthesis 1989, 571.
5 T. Sato, K. Soai, K. Suzuki and T. Mukaiyama, Chem. Lett.,

1978, 601.
6 T. Mukaiyama, K. Soai, T. Sato, H. Shimizu and K. Suzuki,

J. Am. Chem. Soc., 1979, 101, 1455.
7 K. Soai and S. Niwa, Chem. Rev. 1992, 92, 833.
8 R.D. Rieke and M.V. Hanson, Tetrahedron, 1997, 53 1925.
9 E. Nakamura, S. Aoki, K. Sekiya, H. Oshino and I. Kuwajima,

J. Am. Chem. Soc., 1987, 109, 8056.
10 R.D. Rieke and M.V. Hanson and J.D. Brown J. Org. Chem.,

1996, 61, 2726.
11 X.Q. Hu, H.L. Chen and X.M. Zhang, Agnew. Chem. Int. Ed.

Engl., 1999, 38, 3518.
12 N. Arroyo, U. Haslinger, K. Mereiter and M. Widhalm,

Tetrahedron: Asymmetry, 2000, 11, 4207.

13 B. Goldfuss, M. Steigelmann and F. Rominger, Eur. J. Org.
Chem., 2000, 1785.

14 M.R. Paleo, I. Cabeza and F.J. Sardina, J. Org. Chem., 2000, 65,
2108.

15 P. Knochel, M.C.P. Yeh, S.C. Berk and J. Talbert, J. Org. Chem.,
1988, 53, 2390.

16 P. Knochel and R.D. Singer, Chem. Rev., 1993, 93, 2117.
17 P. Knochel, J.J.A. Perea and P. Jones, Tetrahedron, 1998, 54,

8275.
18 B.H. Lipshutz, M.R. Wood and R. Tirado, J. Am. Chem. Soc.,

1995, 117, 6126.
19 B.H. Lipshutz, M.R. Wood and R. Tirado, Org. Synth., 1999, 76,

252.
20 M.V. Hanson and R.D. Rieke, J. Am. Chem. Soc., 1995, 117,

10775.
21 Y. Hu, J. Yu, S. Yang, J.X. Wang and Y. Yin, Synlett, 1998, 1213.
22 Y. Hu, J. Yu, S. Yang, J.X. Wang and Y. Yin, Synth. Commun.,

1998, 28, 2793.
23 Y. Hu, J. Yu, S. Yang, J.X. Wang and Y. Yin, Synth. Commun.,

1999, 29, 1157.
24 Y. Hu, J. Yu, S. Yang, J.X. Wang and Y. Yin, Chin. Chem. Lett.,

1998, 9, 699.
25 Y. Hu, J.X. Wang and W. Li, Chem. Lett., 2001, 174.


