Tetrahedron Letters No. 45, pp 3897 - 3900, 1975. Pergamon Press, Printed in Great Britain.

Functionalized Isopropenyl Organocopper Reagents II.
Reactions of an o~Carbomethoxyvinyl Cuprate with Carbonyl Com.pounds.1
J. P. Marino* and D. M. Floyd

Department of Chemistry, University of Michigan,
Ann Arbor, Michigan 48104
(Received in USA 2 July 1975; received in UK for publication 2 October 1975)

We have recently reported2 on the generation and alkylation reactions of
a unique copper reagent 1la, which serves as an efficient synthon for the
acrylate anion 2. The presence of the electron-withdrawing carbalkoxy group
in reagent 1 significantly influences the reactivity of this cuprate. In
this report, we wish to describe the reactions of lb with carbonyl compounds.
In contrast to most organocuprate reagents,3 reagent lb reacts at low tem-
perature with a variety of o,f-unsaturated carbonyl compounds to yield pre-
dominately 1,2-addition products. Even more exceptional is the quantitative
addition of reagent 1lb at -78°C to simple cyclic ketones.
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Reagent lb was prepared from methyl oa-bromoacrylate according to the pre-
viously reported procedure.2 All of the reactions were run for 16 to 18 hours
at -78°C, quenched with 10% aqueous ammonium chloride, and worked-up with
standard extraction procedures. The products were purified either by pre-
parative g.l.c. or column chromatography.
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The results of the reactions of 1lb with carbonyl compounds are summarized
in Table I. The only acrylate adducts observed with enones 3-9 were those
resulting from 1l,2-carbonyl attack. In contrast, the reaction of lb with
methyl vinyl ketone 10 yvielded the conjugate addition product exclusively.
This latter result cannot be rationalized solely by steric arguments, since
increasing the steric hindrance around a carbonyl center as in compound §
failed to produce any 1,4-addition product. Furthermore, substrate 12, which
contains a fixed cisoid-enone system, still reacted with lbp to yield pre-
dominately the 1,2-addition product. A final indication that the organo-
cuprate lb does not behave like simple dialkyl or divinylcuprates comes from
its reaction with benzalacetophenone 11. Despite the low reduction po-
tential of 11, 1,4-conjugate addition of ;Q_did not predominate. Thus,
there would appear to be no direct correlation4 between the reduction po-
tential of the enone and the ability of reagent 1 to add in a conjugate
manner.

The reactions of lg’with simple ketones at -78°C gquantitatively yielded
the carbonyl addition products. While many organocuprates react with alde-
hydes at low temperature, the reactions of dialkylcuprates with ketones does
not usually proceed at -78°C. The possibility of carbonyl complexation and
activation by the organocuprate reagent is consistent with an electrophilic
copper reagent. From low temperature NMR studies,5 the addition product
from 2-methylcyclohexanone (13b) appears to be the cis-isomer (>95%) re-~
sulting from axial attack on the carbonyl group. Thus, the organocuprate lb
is extremely stereospecific in its addition to o-substituted cyclic ketones.

In order to probe the compatibility of other functional groups with
cuprate lb, we surveyed its reactions with several a-substituted ketones.

The reaction of lb with 2-carbomethoxycyclopentanone failed to yield an ad-
duct, presumably due to the competitive deprotonation of the acidic enol.
When 2-chlorocyclohexanone was used as the substrate, dehalogenation occurred
and the resulting copper enolate condensed with 2-chlorocyclchexanone to
yield the aldol-type product 14 in high yield.6 When 2-acetoxycyclohexanone
was treated with reagent lb, the expected carbonyl adduct was isolated in 80%
vield. This result is in contrast to a reported reduction of an a-acetoxy-
ketone by dimethylcuprate.7
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Table I. Reactions® of Reagent lb with Carbonyl Compounds
Substrate Productsb {vields)®
CO Me
(65%)
COzMe
R 4 R=H R=H (80%)
5 R=Me R=Me (92%)
6 R=i-Pr R=i-Pr (90%)
Cholest-4-en-3-one =;Z¥::::I::f:1/ (90%)
Me
2 /CHZ
Crotonaldehyde CH3CH=CH-?H-C (50%)
OH C02Me
i-Pr CH,
7
PhCH=CHCO-i-Pr PhCH=CH-$—C\\ (88%)
OH COzMe
MeCOCH=CH, Meozﬁ]/CHZCH‘?COMe (75%)
CH2

PhCH=CHCOPh
(ﬂ\f

a) n=0,

b) n=1, R=Me
¢) n=2, R=H
d) n=1, R=0OAc ( 80%)

1,4-adduct (17%); 1,2-adduct (53%)

:; (17%)

CO. Me
on 2
(33%) CH
R=H  (100%) co
(100%)
(100%)
CH,

reagent 1b.

microanalyses.

All reactions were carried out in ether at -78°C with 1.5 equivalents of
All new compounds have been fully characterized spectroscopically and by

Yields were determined by n.m.r. analyses using an internal standard.
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An unexpected complication which has emerged from our study of enones
involves the structure of reagents la and 1b. With substrates 3, 1l and 12
varying amounts (10-40%) of 1,4-methyl transfer products were isolated.8
While this fact indicates that certain enones are susceptible to competitive
methyl transfer, a complete correlation between structural type and methyl
transfer is not ‘possible at this time. We are currently investigating the
source of this active methyl species. Preliminary work in our laboratory
with the mixed cuprate ;ggindicates that with enones such as 5 and with
cyclic ketones, the acrylate ligand is selectively transferred at -78°C to
the carbonyl group. Other studies in progress indicate that the methyl
ligand of lc may be preferentially transferred. Thus, our present rationale
for the source of 1,4-methyl transfer with reagent lb is the mixed cuprate
lc which may result from ligand reorganization during the formation of 1b.

Despite the occasional 1,4-methyl transfer reaction which occurs with
reagents la and 1lb, these organocuprates are very efficient synthons for
the introduction of an acrylate unit. The acrylate adducts of enones and
ketones are useful synthetic intermediates which are highly reactive and
extremely difficult to obtain by other means.
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