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Summary: Addition of organocuprates to a,$-enones which possess on the it-carbon a heteroatom 
substftuent tea& in goad ta excellent yfe'fd to $,B'-dialkylated ketones. ihis process 
is termed bis-d,@'-conjugate addition. 

In the early 1970's a number of research groups lead by Coates, Posner, Casey, Piers and Mis, 

explored 1,4-conjugate addition of dialkyl and diary1 organocuprates to enones possessing on the 

carbon a variety of heteroatom substituents (i.e. OAc 'a, DGH32b'C, SPh*b, and halideed). Depend 

upon the specific reactfon condJtions including stoichiometry, these investigators demanstrated i 

several cases that one could isolate either the mono- or dialkylated ketone. The overall reactio 

sequence was suggested to involve initial 1,4-conjugate addition to generate an enolate which und 

the reactfon conditions expels the 8-heteroatom substftuent; 1,4-conjugate addftfon of a second 

equivalent of cuprate then affords the dialkylated product _ 

In connectfon with our study of the novel synthons available through application of the a-h 

vinyl anion equivalent methodology recently developed in our3 and other laboratories, 4-6 we have I 

covered a new, a'lbeit related conjugate addition reaction process, Consider for example, 1,4-con, 

jugate additfon of a nucleophile to the &carbon of enone 1* The initial result would be enolate 

subsequent collapse of this enolate via expulsion of the p'-substituent would then generate a new 

enone system OL.B' to the origlnal enone {f,e, 3); 1,4-addition of a second nucleophfle, possibly I 

ferent from the first, would then lead to a ~,~I-dialkylated product. We term this process bis-8 

conjugate addition. 7 

(1, I21 /3) (61 ist 
To explore the generality of this reaction process we subjected several enones,possessfng on 

the $I-carbon a heteroatom substituent,to readily available organocuprate reagentsk8 (n each case 

an excess (ca. 2.2-3.3 equivalents) of cuprate was employed. Our results are illustrated in Tab1 



(1 I 

Table I. Bis-@,fl-conjugafe Additions 

Eflntry Enone I 1 I R 
Yield 9 Product rario 

t~ercentl Itrans:cis) 

a 

b 

c 

d 

e 

f 

9 

SPh 

0 

CT- I 
Cl 

0 

OTMS 

0 

i e SPh 

k 1’ 

/ 

m 

0 

SPh 

Me 

n-Bu 

Ph 

86 4: 1 

62 5:l 

80 >M:l 

Me 

fl-BU 

Ph 

Me 

n-Bu 

76 4:l 

80 5:l 

80 >20:1 

52 

72 3:l 

63 5:l 

Me 77 

n-Bu 61 

4:l 

a:1 

ND 

Me 64 - 

n-k 90 - 

ND = ratio not deter&d. 



Several comments concerning these and related observations are in order. First, his-8,8'-con- 

jugate addition is both an efficient and general process resulting in the generation of new carbon 
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carbon bonds at the B and 0'-centers. ga Yields of isolated products,g while not maximized, were 

good. Furthermore, both cyclic and acyclic systems partfcfpate equally well. Second, with one 

exception (uide infra) the process appears to be independent of the nature of the B'-heteroatom su c".,"-"."-ll., 
sti tuent. Third, when protonation of the penultimate intermediate (i.e. enolate i) can take place 

to afford a diastereomeric mixture, the trans isomer was found in every case either to be the ex- 

clusive product, or at the very least, to greatly predominate the product mixture (ca. > 4:l). In 

tial stereochemical assignments here were based on 'H and/or 13 C NMR observations, 10 in conjunctio 

with the generally accepted principle that the relative stability of transition states leading to 

product formation via protonation of epimerizable carbanions usually reflects the stabilities of t 

products. ” TO confirm these assignments in the case of 2 and a we subjected pure samples of bo 

the c& and trans isomers to base cata'yred equilibration (NaOAc/MeOH). The equilibrium mixture f 

;a was 7:' trans:cis while that for 5J was 2:l. Fourth, given that the penultimate intermediate o 

the bis-B,s'-conjugate addition reaction coordinate is an enolate (e.g. Q), we explored the feasib 

'ity of generating a third bond either at oxygen or carbon, The site of bond formation would, of 

course, depend on the nature of the electrophf'e. To this end, we subjected the enolate derived v 

addition of LiMe2Cu to g to the electrophiles Ac20 and MeI. Treatment with Ac20 resulted in 50% 

yield l2 of enol acetate 5, while methyl iodide afforded 2,3-dimethyl-2-ethyl cyclopentanone (7J al 

beit in only poor yield (ca. 5%).12 

Finally, although to date we have not been successful in devising reaction conditions which 

would allow a "one-pot" sequential introduction of two different substituents at the B and B'-cent 

respectively, we have developed an alternative efficient protocol. This strategy is illustrated b 

low with the synthesis of trans-2-benzyl-3-n-butylcyclopentanone (VI). Specifically, i!reatmentof 8 

with 2.2 eq. of (nBu)2Czffords monoadduct 2 in near quantitative yield (ca. g7%). Dehydra- 

tion emPloying the conditions of Rouessac(OCC/CuC1/~t20)'3then yie'ds exo-methylene ketoneli,whi( 

in turn affords the desired product (11) upon 1,Cconjugate addition of Ph2CuLi. - 

(9) WI (10) 1111 

Although we ilTustrated here the bis-p,B'-conjugate addition reaction sequence with organo- 

cuprate reagents, there is no reason to believe that this overall process should not be general 

for a wide variety of nucleophiles. Studies directed to this end are currently in progress in our 

laboratory. 
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