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CHEMISTRY OF HIGHER ORDER, MIXED ORGANOCUPRATES. 3.

REACTIONS OF o,B-UNSATURATED KETONES.
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SUMMARY:  Onganocuprates of general formula ReCu(CN)Lip neact napidly with o, B-unsaturated
ketones at Low temperatunes and in high y/ie,t’_éé to deliver Ligands in a conjugate
manner. These neagents apparently do not nequine the use of additives for
stabilizing on solubilizing purposes.

One of the fundamental contributions of organocopper chemistry to organic synthesis is

the ability of Gilman reagents, R,CuLi, 1, or modified Gilman reagents, to deliver a variety

of ligands in a 1l,4-sense to u,B—insaturated ketones.3 In many situations where reagent
solubility and/or stability is a potential problem, additives such as MeZS,4 LiBr,5 and perhaps
more commonly, phosphorous derivatives (e.g. HMPA,6 (Et0) P,7 n—Bu3P8) must be employed. In
light of our previous studies on the reactions of organocopper reagents of general formula
R2Cu(CN)LiZ(g),l’9 we were aware of the dissimilarity in chemical properties of 2 relative to
the more traditional reagents 1. Hence, we decided to examine the reactions of higher order

cuprates 2 with enones so as to compare and contrast them with their lower order counterparts 1.

2 RoCu(CN)Lip 2

Herin we report on our findings which suggest that this new methodology is among the mildest
and most efficient for effecting conjugate addition to substrates of this type.
Initially there was good reason to be skeptical about the outcome of such a study. Ashby

had shown that the higher order species MeBCuLi2 exists to an appreciable degree in equilibrium

10

with Me,CuLi and free MeLi. This complex (i.e., Me CuLi*MeLi) is well-known to react

2
extremely rapidly with ketones.11 In many cases it delivers 'CH3—' in a 1,2-sense upon

. . 2 s .
reactions with enones. In our own chemical and spectroscopic studies on E)Qb the NMR spectrum

of 2, R=Me in THF showed no visible signs of an equilibrium. However, the same experiment on
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the more highly mixed species Me(n—Bu)Cu(CN)Liz(g) in Et20 revealed free MelLi at low
temperatures, along with MeCu(CN)Li. Hence, the key question remained as to whether 2
and/or 3 would be sufficiently reactive toward enones so as to compete with any free RLi which
would be expected to add in a 1,2 fashion.

In the event, additon of an enone (neat or in Et20) to a cold solution of 2 and monitoring
the reaction by tlc or vpc, led cleanly to the desired product of conjugate addition. A
variety of mixed cuprates can be employed and considerable structural variation is tolerated
in the substrate. The results are summarized in Table I. Most enones reacted readily at -78°.
Relatively unhindered systems such as cyclohexenone and 3-penten-2-one (entries 1 and 6) react
readily with 2, R=n-Bu to afford the desired ketones in 86 and 847 isolated yields, respective-
ly. Acyclic B,B-disubstituted compoundstypified by mesityl oxide (entry 7) accept an aryl
group leading to a B-trisubstitutedketone (83%). 5-Methylcyclohexen-2-one (entry 2) gave

a 98.5 : 1.5 mixture of trans:cis isomers upon treatment with PhZCu(CN)Li2 in a combined yield
of 82%. This ratio of products compares quite favorably with that observed previously on the

same enone under the influences of the lower order reagent Ph2CuLi.14

Somewhat more challenging cases are exemplified by entries 3, 4, and 5. Addition of
divinylcopperlithium in the presence of n—Bu3P to isophorone according to the Hooz procedure8
requires conditions of 0° over 1 h and gives the desired product 4 in 60% isolated yield. By
comparison, reaction of 2, R = vinyl, with this enone in EtZO at -50° for 2 h, without an
additive gave 4 in 88% isolated yield (entry 3). Similarly, EtZCu(CN)Li2 very efficiently
delivered an ethyl group to pulegone in 997 (vpc) yield (81% isolated), albeit at a somewhat
higher temperature (entry 4). The material was obtained as a 3.5:1 mixture of isomers as
determined by vpc. Hindered octalone é}s (entry 5) smoothly accepts an n-propyl moiety pre-
sumably from the less congested convex face affording the cis-fused bicyclic network16 to the
extent of 85%. That a single product was obtained in this case was indicated by capillary
VPC and 13C NMR spectroscopy.

In conclusion, the reactions of higher order, mixed organocuprates derived from CuCN with
o,B-unsaturated ketones take place under very mild conditions and result in good to excellent
yields of the corresponding ketones. Mono-, di-, and trisubstituted enones all participate
in the coupling process. A variety of alkyl, vinyl, and aryl ligands are efficiently trans-

ferred at low temperature in Et O without competing 1,2-addition to the carbonyl group. More-

2

over, from a practical standpoint, in addition to the other inherent benefits of CuCN- over Cul-
9a . . - .

based cuprates, there is no apparent need for modification of the reagent via additives which

simplifies the overall reaction, workup and isolation procedures.l7
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TABLE I. Reactions of RoCu(CN)Lip

Entry Substrate Cuprate
0]

{ n'BU2CU(CN)L12

PhZCu (CN) L|2

), CulCN)Lip

Efch(CN)LI 2

n-Pr,Cu(CN)Li,

5 g b b

o

6 NAYY n-Bu, Cu(CN)Li,
0

7 Ph, Cu(CN)Liy
7Y

with a, B8-Unsaturated Ketones

Conditions Producf°

0

Etzo @\/\/
-78°, .5h
0
Et,0 ,@
~T8°,
78°% 1h “ph
0
Et,0
-50°, 2h ~
3
0
Et,0 /@/‘0
-25° 3h
-25°% 2h 0

n-Pr
Et,0
_780, i{h 7/\'(
n-Bu Y

-78° ih Ph?/\g/

37517

b
Yield

86

82

88

e
81(99)

85

84

83

A products gave satisfactory IR, NMR, and Mass Speciral data.

b. .
Yieids refer to isolated,

chromatographically pure materials, unless stated otherwise. cMojor isomer, see text. 3.5 :1{ ratio

of isomers; see text. *By quant. VPC using cyclohexanone as standard.

IProduct has mp 52-54°,

Prepared according to Ref.i5.
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