
Tetmhedrm .L&ers, Vol. 35, No. 6, pp. 895-898, 1994 
Elswier Science Ltd 

Rimted in Grut Britain 
oo40-4039/94 s6.m.00 

0040-4039(93)EO336-1 

Asymmetric Conjugate Addition of 

Organocopper-Amidophosphine Reagents to Cycloalkenones 

Motomu Kanai and Kiyoshi Tornioka* 

The Institute of Scient& and Industriai Research, Osaka Univemi&, 

Ibar& Osaka 567, Japan 

Abstract: Mediated by a noncovalently bound chiral amidophosphine iigand I, reaction 
of organocoppers with cycloalkenones 2 aforded the corresponding J-substituted cyclo- 

aLk-anones 3 in 9568% ee. 

Conjugate addition of organocopper reagents to a&unsaturated carbonyl compounds is one of 

the most reliable carbon-carbon bond forming reactions. I Asymmetric modifications have been 

realized by the three major methods2 using (1) carbonyl compounds as substrates having covalently 

bound chiral auxiliaries,3 (2) metal amides and thiolates as chiral components of heterocuprates,4 and 

(3) noncovalently bound chiral ligands for organocuprates and organocoppers.516 The latter two 

methods are challenging and practical in terms of reagent control and some suggestive recipes have 

been described in the representative reports. 4-6 We have recently been involved in an enantio- 

selective reaction of organometallics controlled by an external chiral ligand7 and found chiral 

amidophosphines as such ligands for homocuprates in the addition to chalcone.8 We describe herein 

a highly efficient enantioselective conjugate addition of organocoppers to Zcycloalkenones 2 in the 

presence of 1 giving 3-substituted cycloaIkanones 3. 
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Typical reaction procedure is as follows (Table I, entry 14): To a solution of copper cyanide 

(1.52 mmol) and lithium bromide (12.1 mmol) in ether (32 mL) was added butyllithium (1.51 

mmol) in hexane at -78 “C, and the resulting pink solution was stirred for 20 min at the same 

temperature. A solution of 1 (4.55 mmol) in ether (16 mL) was added to the solution, whereupon 

the solution immediately turned to yellow. The solution was stined for 15 min at -78 “C. A solution 
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of 2-cyclohexenone 2 (n=2)(1.01 mmol) in ether (4 mL) was added and the whole was stirred for 30 

min at -78 “C. Usual workup and purification by silica gel column chromatography (CHzCl2 / 

hexane 4:l) followed by short path distillation afforded (RI-3-butylcyclohexanone 3 (n=2, R=Bu) 

([a]~ +7.21 “(c 1.84, toluene))g in 97% isolated yield. The ee was determined to be 90% by 1% 

NMR analysis of the corresponding diastereomeric ketals prepared with (R,R)-2,3-butanediol @- 

TsOH in benzene at mflux, 98% yieldI.10 The ligand 1 was recovered in 93% yield for reuse 

without any racemization. 

Table I. Asymmetric Conjugate Addition of RCu-1 to Cycloalkenone 2 Giving 3a 

entry n RLi CuXandaddedsalt I/eq solvent tempPC ee/% yield/% 

1 2 MeLi CuI + 8LiBr 2 Et20 -20 56 61 

2 2 MeLi CuCN 2 Et20 -20 4 47b 

3 2 MeLi CuCN + 8LiBr 3 Et20 -20 76 99 

4 2 MeLi CuCN + 8LiBr + 2TMSCl 3 Etfl-HMPAc -78 92 66 

5 2 MeLi CuSCN + 8LiBr + 2TMSCl 3 Etfl-HMPAc - 10 41 45 

6 2 MeLi CuBr + 8LiBr + 2TMSCl 3 Et$-HMPAc -45 45 53 

7 2 MeLi CuCN + 8LiBr + 2TMSCl 3 THF-HMPAc -78 0 99 

8 2 EtLi CuCN + 8LiBr + ZTMSCl 3 Etfl-HMPAc -78 67 48 

9 2 EtLi CuCN + 8LiBr 3 Et20 -78 91 89 

10 2 EtLi CuCN + 8LiCl 3 Et20 -78 41 77 

11 2 EtLi CuCN + 8LiI 3 Et20 -78 14 80 

12 2 EtLi CuCN + 8LiCN 3 Et20 -78 86 38 

13 2 EtLi CuCN + 8B&VBr 3 Et20 -78 60 46 

14 2 B&i CuCN + 8LiBr 3 Et20 -78 90 97 

15 1 EtLi CuCN + 8LiBr 3 Et20 -78 94 90 

16 1 BuLi CuCN + 8LiBr 3 Et20 -78 95 99 

17 3 MeLi CuCN + 8LiBr + 2TMSCl 3 Etfl-HMPAC -78 68 46 

18 3 BuLi CuCN + 8LiBr 3 Et20 -78 74 92d 

(a) Reaction was run as described in the text. Molar ratio of 
RLi:CuX:LiY:1:(TMSCl):cycloalkenone=l.5:l.5:12:3 or 4.5:(3):1. (b) Q-3 (n=2, R=Me) was 
obtained. (c) HMPA (2 equivalents toward CuX) was used. (d) Absolute configuration was not 
determined. 
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we began our studies with finding dramatic effects of copper sources and lithium bromide on 

e~nti~electivity in Eaction of methylcopper with 2-cyclohexenone 2 (n=2). Reaction of lithium 

dimethylcuprate, prepared from methyllithium (2 equivalents) and copper iodide, in ether in the 

presence of 1 proceeded at -78 “C to give (R)-3-methylcyclohexanone 3 (n=2, R=Me) in only 16% ee 

(63% isolated yield). The reaction of methylcopper, prepared from copper iodide, did not proceed 

at -78 OC, but did at -20 “C in the presence of two equivalents of 1 to give 3 in 26% ee. An addition 

of lithium bromide to the latter reaction had a beneficial effect on enantioselectivity and that of eight 

equivalents of lithium bromide gave 3 in the maximum ee of 56% (entry lj.6 The lithium bromide 

effect was prominent in the reaction of methylcopper prepared from copper cyanide as a copper 

source as shown in entries 2 and 3. The ee was dramatically increased to 76% from only 4%. 

The equivalence of the ligand 1 is important and 3 of 24, 69, 76, and Boo/o ee were obtained, 

respectively, along with increasing equivalence of 1 from 1, 2, 3, and 6.11 Addition of TMSCllz in 

the reaction also exerted a profound effect to promote the reaction at the lower temperature -78 “C 

affording 3 in 92% ee and 66% isolated yield (entry 4). 13914 A selection of copper source is quite 

important; 3 of 41, 45, and 92% ee were obtained using copper thiocyanate, bromide, and cyanide, 

respectively (entries 4-6). A selection of solvent is also important; the reaction in THF provided 

racemic 3, while in ether the reaction gave 3 in 92% ee (entries 4 and 7). 

The effect of TMSCI is not always operative. The reaction of organocopper with higher 

reactivity gave 3 in higher ee in the absence of TMSCl; ethylcopper is reactive enough to give 3 

(n=2, R=Et) in 91% ee without aid of TMSCl and in 67% ee in the presence of TMSCl at -78 ‘C 

(entries 8 and 9). It is also worthwhile to show that lithium bromide and lithium cyanide both 

exerted beneficial effect on enantioselectivity, while lithium chloride, iodide, and ammonium 

bromide did not (entries 9-13). 

In conclusion, fine tuning of the reaction conditions for enantioselective conjugate addition of 

organocopper to cycloalkenone was realized with respect to copper source, added lithium salt, 

TMSCl, and solvent. As shown in entries 4, 9, 14-18, methyl, ethyl, and butyl groups were 

introduced in cyclopentenone. cyclohexenone, and cycloheptenone to afford the corresponding 3- 

substituted cycloalkanones in 9568% ee. 

The present study revealed that fine condition tuning is still essential in realizing high efficiency 

and much more efforts are needed to propose some useful guidances on structure-enantioselectivity 

relationships in developing a chiral ligand mediated asymmetric reaction of organocopper species.l5 
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