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Interest in the mechanism and synthetic utility of organocopper reactions is increasing 

rapidly. The scope and limitations of substitution3 and conjugate addition4 reactions using 

lithium diorganocuprate(1) reagents, R2CuLi, have recently been reviewed. Two significant 

limitations on the broad utility of these reagents have often been the difficulty in using 

thermally unstable set- and tert-alkylcuprates(I)5 and the need for a large @.&. 300-500%) - 
excess of organocuprate(1) to achieve complete conversion of substrate to product. 3-5 To 

circumvent these limitations, we sought a mixed cuprate(1) of the general form (ZCuR)-Li+ in 

which the group Z would stabilize the reagent containing a set- or tert-alkyl R group, would - - 
allow economical use6 of this R group, and would simplify product isolation5 in substitution 

and conjugate addition reactions. Although several mixed diorganocuprates(1) have recently 

been studied in different laboratories,’ none of these reagents is useful for replacement of 

halogen by set- or tert-ally1 groups, - - and no mixed heteroalkyl-alkylcuprate(1) has previously 

been reported. We selected (ZCuR)-Li+ species wherein Z is R’O initially because some of 

the corresponding ZCu species are relatively stable: e.g. cuprous tert-butoxide. 8 
Now we 

report that lithium tert-butoxy-sec- and tert-alkylcuprates _1 are e&ily prepared at low - 
temperature from cuprous tert-butoxide and lithium alkyls and are highly effective and 

selective in many substitution (Bq. la) and conjugate addition (Eq. lb) reactions even when 

used in slight (2.8. 20-302) excess over substrate.’ 

,e R4’ (Eq. la) 

tert-BuOCu RLi 
< -50s/THP + (=-;CuR)L{ G0 l Q, (Eq. lb) 

2 _ 

The thermal stability of these set-butyl and tert-butylcuprates ,1 in tetrahydrofuran - 
under nitrogen was studied by adding 0.9 equiv of benzoyl chloride to 1.0 equiv of these 

reagents which had been kept for l-l.5 hrs at various temperatures and then determining the 

amount of phenyl alkyl ketone formed. 10 Below -50° the aged cuprates _1 gave phenyl s-butyl 

and tert-butyl ketones in high yields, whereas storage of these cuprates 1 at -50° for l-l.5 

hrs apparently causes some decomposition since 5-10% less ketone is produced (i.5, benzoyl 
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chloride remains as shown by quenching the reaction mixture with 

produces methyl benzoate). Storage at -20’ for l-l.5 hrs causes 

cuprates 1. 
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absolute methanol which 

complete decomposition of 

Table I summarizes the substitution reactions achieved using E-butoxy-alkylcuprates _1 

and various acyl and alkyl halides. 

Table I. Reaction of 1.2-1.3 Equiv of Lithium E-butoxy-alkylcuprates _1 

with 1 Equiv of Organic Halides in THF at -78’ (Eq. la) 

Organic Halide Reaction Time 
(min) 

Product R, % Isolated Yield 
tert-Bu set-Bu - 

C6H5COC1 20 

Br(CH2) loCOCl 20 

CH302C(CH2) 2COCl 20 

n-BuCO (CH2) 4COCl 20 

C6H5CH2Br 240 

“-c8H171 90 

- n-C8H17Br 240 

C6H5CORa 

Br (CH2) 10COR 

CH302C (CH2) 2COR 

n-BuCO(CH2) 4COR 

C6H5CH2R 

“-C8H17R 

?C8H17R 

82 87 

78b 83 

61’ 66c 

73 86 

88C’d Oe 

82Cyf 52c*f*g 

83d’h Oi 

‘Isobutyrophenone and valerophenone were formed in 80 and 70% yields respectively 
using lithi 

“$n 
tert-butoxy-isopropylcuprate 1 and lithium tert-butoxy-n-butyl- 

cuprate 1. -yield was increased to 83%-when 1.5 equis cuprate- were 
used. Yield was determined by quantitatpe VPC using internal standards. d5 Equiv 
of cuprate 1 were used. e9O% Bibenzyl. 3 Equiv of cuprate 1 were us d. 
4 hrs at -72 the reaction was allowed to warm slowly to 0’ (2 hrs). i? 

gAfter 
-50’ Reaction 

temperature. ‘Starting material was recovered in good yield even after prolonged 
exposure to cuprate 1. 

Several important conclusions can be drawn from the data in Table I: (1) formation of 

the tert-butoxy-alkylcuprate reagents 1 from equiv amounts of cuprous tert-butoxide and _ 
lithium alkyls is complete because no tert-butyl esters 11 

and no alcohz2 are observed; 

(2) the absence of tert-butyl esters and tert-butyl ethers indicate the specific transfer 

of only the alkyl group in the x-butoxy-alkylcuprates J; (3) replacement of a chlorine 

by a tertiary, or a secondary, or a primary alkyl group can be achieved equally well using 

the corresponding cuprates 1, but replacement of alkyd halogen is accomplished better with 

tert-butylcuprate 1 than with set-butylcuprate 1; (4) n-alkyl ketones can be formed effec- - 
tively using 1.2-1.3 equiv of tert-butoxy-;-alkylcuprates l(see Footnote a in Table I); 

(5) low temperature (-78’) and short time (20 min) allow conversion of 11-bromoundecanoyl 

chloride into the corresponding bromoketone (i.e. bromine not replaced by alkyl), whereas -- 
higher temperature (-50°) and longer time (4 hrs) effect replacement of bromine by the 

tert-butyl group. 13,14 

It should be noted that trans.-1-bromo-2-phenylethylene and I-chloro-l-phenylethane are 

essentially inert to tert-butylcuprate 1 and that 2-octyl iodide and tosylate are converted 

to 2,2,3_trimethylnonane in less than 25% yield. Thus tert-butyl 1 is not useful in substi- 

tution of vinylic and secondary alkyl systems. 



No. 21 1817 

Conjugate addition of alkenyl groups to a,8-unsaturated carbonyl compounds has most 

recently been applied to synthesis of various prostaglandins. 7b 
To explore the potential 

utility of mixed alkoxy-alkenylcuprates(1) for 1,4 addition reactions, 1 equiv of cyclo- 

hexenone was added at -50’ to 1.2-1.3 equivs of several tert-butoxy-alkylcuprates 1 in THF 

to give after l-3 hrs 3-substituted cyclohexanones in varying isolated yields (2, R = n-Bu, 

84%; R = set-Bu, 77%; R = tert-Bu, 52%; and R = vinyl, low yieldl’). - Although conjugate 

addition of primary, secondary, and tertiary alkyl groups is achieved effectively and 

economically (in terms of the alkyl group) using tert-butoxy-alkylcuprates 1, the low yield 

of conjugate vinyl adduct is disappointing. 

Substitution of alkyl or acyl halogen by a set- or tert-alkyl group and conjugate addition - - 

of such groups is usually best accomplished using organocopper reagents. 394 Although the 

easily prepared E-butoxy-sec- and tert-alkylcuprates ! described herein are thermally - 
unstable above -50°, at or below -50° they are highly effective even when used in slight 

excess in converting functionalized acid chlorides selectively into the corresponding sec- - 
and tert-alkylketones, in attaching a set- and tert-alkyl group specifically at the B-carbon - 

of u,B-unsaturated ketones, and in replacing primary alkyl iodide or bromide by the tert-alkyl 

group. The favorable stoichiometry and functional group specificity of these new alkoxy- 

alkylcuprate(1) reagents 1 make them welcome additions to the rapidly expanding collection of 

synthetically useful organometallic reagents. 
16 

The chemistry of alkoxy-alkylcuprates(1) is being explored further. 17 
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Using our procedure as described in this communication, Dr. Joel Shulman (The Proctor 

and Gamble Co., Miami Valley Laboratories) has prepared several isopropyl ketones easily 

and in high yield from the corresponding acid chlorides and lithium tert-butoxy- 

isopropylcuprate(1). 
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