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COPPER- AND NICKEL-CATALYSIS IN SN2’- AND SNS-REGIOSELECTIW ALLYLATION OF 

ORGANOZINC REAGENTS 
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Summary: Allylation of organozinc reagents in the presence of a copper catalyst takes place 
in a highly SN2’-selectiVe manner, whereas that in the presence of a nickel catalyst occurs 
with excellent SN2-selectivity. 

Allylation of an organometallic reagent is an important carbon-carbon bond forming 

reaction, for which RLi and RMgX have generally been used as the source of the carbanionic 

moiety to be transferred to the allylating reagent. 1 The regiochemistry has been the primary 

problem, the reaction of an allylic halide (1) often giving a mixture of the SN2’- (2) and 

the SN2-prOdUCtS (3).2 We have found that readily available organozinc reagents undergo 

highly regio- and chemoselective allylation reaction under very mild conditions. 

Particularly notable among our present findings is that the mode of the regioselection can 

be completely changed from SN2’ to SN2 simply by switching the catalyst from a copper-based 

to a nickel-base one (eq 1). 
cat. CU(l) 

3 

The examples of the allylation reactions are shown in Table 1. The reaction of MeZnCl, 

BuZnCl (from RLi and ZnCl2 in THF), and Et2Zn with cinnamyl chloride in the presence of 

CuBr*Me2S3 (5 mol%) proceeded smoothly at 20 OC to afford S$'-allyhtion products (entries 

l--3). The observed regioselectivity (92-98%) compares favorably with that of a more 

elaborate stoichiometric reagent, RCU-BF~~ (89-99.7% selective at -70 oC). The SN2’ 

selectivity was also found very high, even for the reaction in which a sterically congested 

quaternary center is created (entry 4). 

The reaction also shows high chemoselectivity (entry 5). In contrast to the copper 

reagents based on RLi or RMgX,lp4 the organozinclcat. copper reagent react neither with 

allylic acetate nor with alkyl halides. Eq 2 illustrates an even more striking example. 

Being quite non-nucleophilic and non-basic, 5 this reagent shows strong preference to undergo 

an allylation reaction rather than reactions with ketones. 

0.6 Et2Zn l Phv1 l Ph 
cat. CuBr.MqS 

* 
room iemp PhL l Ph’ 
HMPAlTHF 

94 ‘1. 61 “1. recovered 

A nickel-catalyzed reaction of MeZnCl with cinnamyl chloride took an entirely different 

course to give an SN2 substitution product6 with 92% regioselectivity (entry 6). More 

importantly, the organozinc/cat. nickel reagent has been found to offer a new solution to 

the problems of unsymmetrical allyl-ally1 coupling, which has long been the subject of con- 

siderable interest, yet not been fully resolvede7 Thus, crotylzinc bromide (from trans- 
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crotyl bromide and zinc dust in THF),8 reacted with cinnamyl chloride (entry 7) and geranyl 

chloride (entry 8) through exclusive SN2 substitution with retention of the trans-crotyl 

moiety (lH NMR) in the SE2 product. 

Although it is too early to enumerate the advantages of the organozinc/cat. transition 

metal reagents9 over the conventional ones, it is already clear that such reagents are 

synthetically useful, particularly, for the control of regio- and chemoselectivity.10 

Table 1. !!+!-’ and Sf$-Allylation of Organozinc Reagents!? 

Product ratioe isolated 
Entry ‘RZn’ Catalyst Substrate SN2’ Product(s) SN2’: SN2 yield (%) 

Me&Cl Cub PhdCI 

Et2Zn Cub Ph*CI 

BuZnCl Cub Ph--Cl 

BuZnCl Cub A, 

BuZnCl Cub Acod+ 

Cl 

Me&Cl NiC PhA-Cl 

-ZnBr Nid PhWI 

4nBr Nid &, 

aAllylic chloride was allowed to react in THF with a zinc reagent (l-l.5 equiv) at O-20 
oC for 5-15 h. In entries 1, 2, and 4, HMPA (I equiv) was used as an additive. The isomeric 
ratio was determined by capillary GLC analysis, and the regio- and stereochemical assignment 
was made by IR and 200 MHz 1~ NMR analysis. All products showed correct elemental analysis. 
bCuBreMe2S (5 mol%) was used as catalyst. CNiC12[1,2-bis(triphenylphosphino)ethane] (5 
mol%). dNiC12(PPh3)2 (5 mol%). eSE2/SE2’ ratio in parenthesis. 

10 

!‘hL 92: 8 67 

Ph L ’ 98: 2 85 

h \ c / / 

96: 4 84 

91: 9 62 

100: 0 65 

t,:, 
8 : 92 65 

Ph+/’ 

Phu + Ph- 0 :lOO 
(76 : 24) 

w + )+_,+A (;; ; y7) \ 

95 

69 

References 
Cf. H. L. Goering and S. S. Kantner, J. Org. Chem., 48, 721 (1983). 
Cf. Y. Yamamoto, S. Yamamoto, H. Yatagai, and K. Maruyama, J. Am. Chem. Sot., 102, 2318 
(1980), and references therein. 
8. H. Lipshutz, S. Whitney, J. A. Kozlowski, and C. M. Breneman, Tetrahedron Lett., 27, 
4273 (1986). 
E. Erdik, Tetrahedron, 40, 641 (1984). Cf. Jan-E. Backvall and M. Sellen, J. Chem. 
Sot., Chem. Comm2 827 (1987). 
Review: Boer sma. J. Comprehensive Organometallic Chemistry; Wilkinson, G., Ed.; Vol. 2, 
Pergamon Press: ‘OxforT 1982; p 823. 
Chuit, C.; Felkin, H.; Frajerman, C.; Roussi, G.; Swierczewski, G.; J. Chem. Sot., 
Chem. Commun., 1604 (1968); 
mGol&&wski and J. Schwartz, Tetrahedron, 41, 5779 (1985); idem., 

‘1 
Organometall 

4, 417 (1985); Y. Yamamoto and K. Maruyama, J. Am. Chem. Sot., 1978, 100, 6282 (197 
Cf. M. Gaudemar, Organometallic Syntheses. 1986. 3. 411. y ----I -I ~~ 

T. Sato, K. Naruse, M. Enokiya, and T . Fuiisawa, Chem. Lett.. 1135 (1981); E.-i. -. 

its, 
8). 

Negishi, V. Bagheri, S. Chatreriee F.-T. 1.~0. 1. A. Mill -.------.I--1 _---G, and A. T. Stall, Tetrahed- 
ron Lett. 24. 5181 (19E -- J3); Y.Tamaru, H. Ochiai, F. Sanda, and Z.-i. Yoshida, Tetrahed. 
ron Lett., 21 8. 5529 (1985); E. Nakamura, S. Aoki, T. Fujimura, K. Sekiya, and I. Kuwa- 
%a, L Am..Cher n. Sot., 109, 8056 (1987). 
Financial support f grn the Asahi Glass Foundation is deeply acknowledged. 

(Received in Japan 27 July 1988) 


