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INDIUM-MEDIATED MICHAEL ADDITION OF ALLYL
BROMIDE TO 1,1-DICYANO-2-ARYLETHENES IN
AQUEOUS MEDIA

Lei Wang, Xinghua Sun and Yongmin Zhang’

Department of Chemistry, Hangzhou University, Hangzhou, 310028, P. R. China

Abstract: Indium-mediated addition of allyl bromide to 1,1-dicyano-2-arylethenes
gives Michael addition products in aqueous media with good yields. The reaction
need neither any activation nor in inert atmosphere.

Metal-mediated reactions in aqueous media have recently attracted considerable
interest in organic synthesis, because such reactions in aqueous media offer a
number of advantages over conventional organometallic reactions in organic
solvents'. As for the metal used, in addition to zinc and tin, indium has been found
by Chan to be the metal of choice’. Indium is considered to be more effective than
zinc and tin since the reaction requires no activation, and produce only few side
products. It has been reported that the coupling of allyl halides with carbonyl

compounds and the reductive coupling of aldimines could be mediated by indium in

* To whom the correspondence should be addressed
3263

Copyright © 1998 by Marcel Dekker, Inc. www.dekker.com



Downloaded by [University of Western Ontario] at 03:56 11 November 2014

3264 WANG, SUN, AND ZHANG

aqueous media’. However, the type of reactions possible have been somewhat
limited and it would seem reasonable to extend the application of indium in organic
synthesis. Herein we would like to report a Michael addition of allyl bromide to

1,1-dicyano-2-arylethenes mediated by indium in aqueous media.

Ar CN Br In Ar CN
+ _

H CN CN
/
1 2 3
a Ar= C5H5 b: Ar= p—ClC5H4
¢. Ar=p-BrC¢Hy d: Ar=p-FCsH,
e. Ar=p-CH;C¢H, f:  Ar=m-BrC¢H,
g Ar= m-ClC5H4 h: Ar= O-BI’C5H4

When a,B-unsaturated carbonyl compounds react with Grignard reagents or
Reformatsky reagents under anhydrous reaction conditions, generally 1,2-addition
products dominate 1,4-addition products‘f However, in o,B-unsaturated dinitriles
the carbon-nitrogen triple bonds are not reactive as carbonyl group toward
nucleophilic attack, so that only Michael addition products were formed. Qur
experimental results indicated that cyano groups in the substrates 1 remain
unchanged, although the cyano group has been proven to be a good acceptor”.

The results suggest that allyl bromide can react smoothly with 1,1-dicyano-2-
arylethenes in moderate to good yields. Unfortunately, other electron-deficient
alkene, such as 1-cyano-1-ethoxycarbonylstyrene, 1,1-diethoxycarbonylstyrene,
diethylmaloate, and cinnamyl cyanide fail to react under the same reaction
condition.

In conclusion, this work has widened the application of indium in aqueous media

and more significantly, Michael addition products were given in the reaction.
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Experimental

'H NMR spectra were recorded on a JEOL PMX 60 SI instrument. All NMR
samples were measured in CDCl; using TMS as internal standard. IR spectra were
obtained on a Perkin -Elmer 683 infrared spectrophotometer. Mass spectra were
determined on a Finnigan MAT GC-MS spectrometer. Elemental analyses were

carried out on a Carlo-Erba 1106 instrument.

General procedure for the reaction;

Metallic indium powder(1.2 mmol), 1,1-dicyano-2-arylethene(1.0 mmol), allyl
bromide(2 mmol), THF(4 ml) and H,O(1 ml) were placed in a reaction flask. The
mixture was stirred at room temperature for 4 h until the indium powder was
almost consumed and the solution became turbid. Then 2ml of dilute hydrochloric
acid(0.5 mol/L) was added to quench the reaction and the mixture was extracted
with ether twice(20 ml x 2). The extracts were washed with brine, dried over
anhydrous Na,;SO, and the solvents was removed under reduced pressure. The
residue was then purified by preparative TLC on silica gel with cyclohexane/ethyl

acetate as the eluent to give the pure product.

3a: Qil® Yield 72%. IR(neat) v/em™ 2230, 1650, 690. 'H NMR & 2.27-2.90(m,
3H, -CH- and -CH,-), 4.36(d, 1H, -CH(CN),), 4.86-5.90(m, 3H, -CH=CH,), 7.05-
7.80(m, SH, Ph). MS m/z 196(M").

3b: Oil’ Yield 82%. IR(neat) v/cm™ 2219, 1645, 836. 'H NMR & 2.25-2.85(m,
3H, -CH- and -CH,-), 4.30(d, 1H, -CH(CN),), 4.90-6.02(m, 3H, -CH=CHy,), 6.85-
7.80(m, 4H, Ar). MS m/z 230(M"), 232(M"+2).

3¢ Oil Yield 80%. IR(neat) v/cm™ 2225, 1650, 840. '"H NMR § 2.30-2.95(m,
3H, -CH- and -CHy-), 4.42(d, 1H, -CH(CN),), 4.81-5.97(m, 3H, -CH=CH,), 6.98-
7.88(m, 4H, Ar). Anal. for C;3H,;N,Br: Calc.(found) C 56.75(56.98), H 4.03(4.25),
N 10.18(9.94)%.
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3d: Oil. Yield 78%. IR(neat) v/em™ 2215, 1655, 830. '"H NMR & 2.32-2.86(m,
3H, -CH- and -CH,-), 4.38(d, 1H, -CH(CN)y), 4.95-6.05(m, 3H, -CH=CHy,), 7.05-
7.97(m, 4H, Ar). Anal. for C;H;;N,F: Calc.(found) C 72.88(72.64), H 5.17(5.25),
N 13.07(12.85)%.

3e: Oil° Yield 65%. IR(neat) v/iem™ 2227, 1650, 1385, 833. 'H NMR § 2.20-
2.95(m, 6H, -CH-, -CH,- and -CH3), 4.29(d, 1H, -CH(CN),), 4.83-5.97(m, 3H,
CH=CHS,), 6.89-7.84(m, 4H, Ar). MS m/z 210(M").

3f  Oil. Yield 72%. IR(neat) viem™ 2230, 1655, 790, 705. 'H NMR § 2.34-
2.78(m, 3H, -CH- and -CH,-), 4.41(d, 1H, -CH(CN),), 4.95-6.04(m, 3H,
CH=CH,), 6.89-7.85(m, 4H, Ar). Anal. for CyHN,Br: Calc.(found) C
56.75(56.58), H 4.03(3.95), N 10.18(10.30)%.

3g: Oil Yield 74%. IR(neat) v/em™ 2234, 1650, 795,698 'H NMR § 237-
2.94(m, 3H, -CH- and -CH,-), 438(d, 1H, -CH(CN),), 4.86-5.98(m, 3H,
CH=CH;), 7.01-7.80(m, 4H, Ar). Anal. for CHNxCl Calc.(found) C
67.68(67.82), H 4.80(4.63), N 12.14(12.03)%.

3h: Oil. Yield 70%. IR(neat) v/em™ 2225, 1650, 750. '"H NMR & 2.29-2.84(m,
3H, -CH- and -CH,-), 4.32(d, 1H, ~-CH(CN),), 4.95-5.99(m, 3H, -CH=CH,), 6.94-
7.86(m, 4H, Ar). Anal. for C;;H;,N,Br: Calc.(found) C 56.75(56.88), H 4.03(4.29),
N 10.18(10.29)%.

References

1. For reviews, see (a) Li, C. J. Chem. Rev. 1993, 93, 2023,
(b) Lubineau, A, Auge, J. and Queneau, Y. Synthesis. 1994, 741.
(c) Li, C. J. Tetrahedron. 1996, 52, 5643.

2. (a)Li, C J. and Chan, T. H. Tetrahedron Lett. 1991, 32, 7071.



Downloaded by [University of Western Ontario] at 03:56 11 November 2014

1,1-DICYANO-2-ARYLETHENES 3267

(b) Chan, T. H. and Isaac, M. B. Pure Appl. Chem. 1996, 68, 919.

3. (a)Chan, T.H. and Li, C. J. J. Chem. Soc., Chem. Commun. 1992, 747.
(b) Gorden, D. M. and Whitesides, G. M. J. Org. Chem. 1993, 58, 7937.
(¢) Isaac, M. B. and Chan, T. H. J. Chem. Soc., Chem. Commun. 1995, 1003.
(d) Chan, T. H. and Lee, M. C. J. Org. Chem. 1995, 60, 4228,
(e) Li, C. J. Tetrahedron Lett. 1995, 36, 517.
(f) Paquette, L. A. and Mitzel, T. M. J. Am. Chem. Soc. 1996, 118,1931.
(g) Li, C. 1., Chen, D. L., Lu, Y. Q. Haberman, J. X. and Magqe, J. T. J. Am.
Chem. Soc. 1996, 118, 4216.
(h) Kalyanam, N. and Rao, G. V. Tetrahedron Lett. 1993, 34,1647.

4. Colonge, J. and Varagnat, J. Bull. Soc. Chim. Fr. 1961, 237.

5. (a)Hannic, S. M. and Kishi, Y. J. Org. Chem. 1983, 48, 3833.
(b) Krepski, L. R, Lynch, L. E., Heilmann, S. M. and Rasmussen, J. K.
Tetrahedron Lett. 1985, 26, 981.

6. (a) Mizuno, K., Nakanishi, K., Tachibana, A. and Otsuji, Y. J. Chem. Soc.,
Chem. Commun. 1991, 344,
(b) Mizuno, K., Ikeda, M. and Otsuji, Y. Chem. Lett. 1988, 1507.

(Received in the USA 11 March 1998)





