
Tetrah&mLu~~~, Vol. 35. No. 8. pp. 1177-1180, 1994 
Elseviu Sciam Lrd 

RilltdillCrruBfiti 
oo40-4039)94 s6.ooto.00 

oo40-4039(94)Eoo56-4 

Preparation of Alkglzinc Bromides Using a New Mn/Cu Catalyzed Bromine- 

Zinc Exchange Reaction 

Ingo Klement and Paul ICnochel* 

Fachba&h Chemie der PhiIipps-Univwsi!& Marburg 

Hans-Meuwein-SlIafk 

D - 35043 lvlahrg, Germany 

Kbic!hauandG&atdcahiez* 

Labomoh de Chimie des Oqano-&ments, 

Universid Plem? et Marie Curie. 4, Place Jussieu 

F - 75252 Paris Cklex 05, France 

Summary: The reaction of &uxionalized primary al&l bromides wirh Et2Zn in DMPU in the presence of a 
catalytic mixed metal $ystern constituted of iUnB1-2 (or FeC13) and CuCl pruvides fimczionalyzed alkylzinc 
bromides (S 80 % yield). In rhe presence of PdCl2(@pfI or CuCN-2LiCZ, these organozinc species react with 
a range of electrophiles providing various po&fkncZioml molecules in good yields. 

Organozinc halides are useful organometallic intermediates which tolerate the presence of most organic 

functionalities and react in the presence of the appqriate transition metal catalyst (Cu, Pd, Ti), with a broad 

range of electrophiIes.1 They are most conveniently prepared by the insertion of zinc dust into an alkyl 

iodide.12 Although less expensive and moxe stable, alkyl bromides and chlorides are generally too unreactive 

FG-RCH& + Et$n 

MnBr, (5 mol%) 
CUCI (3 mot%) 

DMPU, 25 “C, 4-10 h 

1 - (H&-CH3, H&=CHB) 

to insert zinc dust.3 Recently, we have found that a palladium OT 

FG-RCH$nBr (1) 

2 80-90 % 

nickel catalyzed iodine-zinc exchange 

between an alkyl iodide (FG-R-I) and Et2Zn allows a particularly smooth preparation of alkylzinc iodides-4 

Herein we wish to sport a new maction which allows to convert directly primary alkyl bromides (FG- 

RCH2Br) 1 to the comsponding alkylzinc bromides (FG-RCH2ZnBr) 2 under mild conditions (several hours 

at 25 “C) using Et2Zn and a Mn/Cu mixed-metal catalysis (equation 1). It has been demonstrated that 

organomanganese chlorides (RMnCl) are alkylated by primary alkyl bromides in THF:NMP mixtures in the 

presence of catalytic amounts of CuI (3 mol %) in excellent yields.5 Since polyfunctional zinc reagents are 

readily available and am good candidates for nansmcdations, it was &ci&d to treat dialkylzincs (R2Z.n) with 

M.nC12 with the hope that the resulting alkylmanganese chlorides (RMnCl) would undergo a coupling reaction 

with alkyl halides. Smprisingly. we found that tbe treatment of F&Zn (I equiv.) with octyl bromide (2 equiv.) 

in the presence of MnCl2 (1 equiv.) and catalytic amounts of C&l (3 mol 96 NMP, 25 Y!, 4-8 h) did not 

afford the &sired coupling product (&t-Et). but instead led to GctZnBr as indicated by iodolysis experiments 

(15 % yield by GC analysis, equation 2 and entry 1 Table 1). 
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1) MLn cat.; sohfent 
Ckt-Br + Et@ - Cct-I 

3 % CUCI 
2) 12. - 15oc 

Table 1. Optimization of the Bromine - zinc Exchange Rtaction. 

(2) 

aNlull 
&term 

The use of catalytic amounts of MnC12 (10 mol 96) and the replacement of NMP by DMPLJ6 improved 

somewhat the reaction yield (ccmpm entries l-4 of Tab& 1). however a spectacular yield improvement was 

observed by using one equivalent of Et2Zn for one equivalent of CktBr (entry 5). We found that the use of 

MnBr;! instead of MnCl2 led to a further improvement (entry 6) and that the use of only 5 mol % (instead of 

10 mol 96) of MttB1-2 was beneficial. The reaction was complete under these conditions within 2 h (enpy 7). A 

further mduction of the quantity of MnBr2 led to a rate decmase and to lower isolated yields of OctI (after 

iodolysis). The natum of the copper salt additive was also briefly examined and the use of 1 mol% of CuQ 

instead of 3 mol % led to a reduced reaction rate and a significant yield decmase (58 % compared to 73 S). 
The use of CuBr.Me2S instead of CuCl has a similar detrimental effect_ Interestingly the use of FeC13 (5 mol 

96) as additive gives comparable results as MnBr;l, although a slightly slower rate of the bromine-zinc 

exchange was observed (entry 8). The necessity of having a equimolar stoichiometry between the alkyl 

bromide and Et2Zn was explained as we found that ethylene7 and small quantities of octene (ca 4 %) were 

formed during the reaction. This led us to postulate the. tentative mechanism depkted in the: scheme. 

Ott-Br 

Et& y --f 
CuCl + MnBr* - MLn 3 

4 5” 
H&-CHs Et 

-r 
x 

E@n 

Cct-ZnBr 

+ Et 
H2C=CH2 4 

The reaction of CuCl and MnBr2 with Et$Q products the actual catalytic species represented by MLn which 

undergoes an oxidative addition furnishing an organometallic intermediate 3 which exchanges its octyl and 

bromide ligands with two ethyl groups leading to OctZnBr and the transition metal complex 4 which after 
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lShydride elimination and reductive coupling produces etbane and ethylene (Scheme ). This new bromine- 

zinc exchange reaction is of synthetic interest since it allows to convert primary alkyl bromiis which are 

usually~lucuurttothtditlectk~~~dust,into~ccnrtspoodingalLylzinc~undcrnrymild 

conditions. Thus, for example the addition of EiqZn (0.9 equiv) to a DMPU solution of ethyl 4-bmmobutyrate 

lb (1 equiv), MnBr2 (5 mol %) and CuCl(3.3 mol %) led to a dark red solution. GC analysis indicates that 

the bromide-zinc exchange was complete after 3-4 h of stirring at 25 OC. The yield of alkylxinc bromide was 

estimated to he ca. 85 96. These. zinc reagents cm be readily coupled with various aromatic iodides and 

bromides (0.9 equiv) in the presence of catalytic amounts of ~~l2(dppf)8 (5 mol 96) (-30 to 25 OC, 0.5 h, 

then 65 ‘C, 12 h) leading to polyfunctional aromatic compounds in 69-75 46 yield (entries 1-8 of Table 2).9 

Treatment of the DMPU solution of 2 with CuCN2LiC12b afforded copper species which undergo Michael- 

additions with reactive acceptors such as diethyl benylidenemalonate (see entries 9-10) or ninostyrene (entry 

11) in 67-68 % yield. The direct reaction with allykic bromides produces the allylated products 51-n without 

the need of a transmetalatlon OT catalysis (68-74 96; entries 12-14 of Table 2). 

Table 2. Polyfunctional products Sa-r obtained by the reaction of the alkylzinc bromides 2sd with an 

e 
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B% 
Roductg Yield 

(%)a 

10 EQzc(CI-QhznBr 
2b 

E102c(CHah1 
fl &Et gj 68 

COOEt CQEt 

11 2b 
( W9C028 

&NO2 
A 

NO2 Sk 67 

1 

1 
a Isolated ylelcls or analyhcally pme compounds. ” No transnxtalation is zequkd. 

12 2b &L/Br 

13 2b 
COaEt 

A 
Br m:Et 71b 

14 2d 

_ . . . . a . . . . 
Br u, 6gb 

__ __ . 
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