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ample, when the Li complex was prepared from LiAl-
D(OCHj3)s'2 and allowed to react with methyl cinnamate,
methyl 3-deuterio-3-phenylpropionate was obtained in 20%
yield.!® With same reagent, 2,2,6,6-tetramethylheptenone
gave 2,286 6-tetramethyl-5-deuterio-3-heptanone in 87%
yield.14 With the Li complex under the usual conditions,
but with D3O being added instead of water during isola-
tion, methyl cinnamate led to 3-phenylpropionate with
deuterium only in the « position.® These results suggest
that the hydrogen added in the 8 position arises from the
copper hydride, while the hydrogen added in the o position
results from protons in the medium or added during isola-
tion.

" That the 2-butanol acts as a proton donor (and not a hy-
drogen atom donor, from C-2) was shown by the formation
of unlabeled methyl phenylpropionate (82% yield) from re-
duction of methyl cinnamate in the presence of 2-deuterio-
2-butanol.’® On the other hand, 2-butanol-O-d leads to
methyl phenylpropionate with 24% deuterium at the « po-
sition (~50% labeling of one proton) and <1% deuterium in
the 8 position. The effectiveness of 2-butanol appears to re-
sult from selective proton transfer—slow toward the cop-
per hydride but rapid enough toward an intermediate (e.g.,
2) to inhibit oligomerization reactions.1?

Two acetylenic esters undergo successful reduction. The
reaction with methyl phenylpropiolate is highly selective
for single stage reduction, giving predominately the cis-
unsaturated ester upon proteolytic isolation. Consistent
with an a-carboxyvinyl metal intermediate (e.g., 4), the
yield and geometry of the products depend on temperature
and duration of reaction before quenching.!® Longer reac-
tion times give lower yields and more trans isomer.
Quenching with DoO provides a mixture of cis- and trans-
cinnamates with >98% « deuterium (i.e., 3) from methyl
phenylpropiolate and the Na complex.19:20

H X
Ph CO,Me
4, X=Cu
X=D
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Metal Assisted C—C Bond Formation.
Use of a Methyl Vinyl Ketone Complex in
Michael Condensations

Summary: Methyl vinyl ketone complexed by CsHgFe-
(CO)q* is shown to be a powerful acceptor of nucleophiles
in Michael-type reactions.

Sir: The addition of kinetically generated enolates to vinyl
ketones is generally complicated by polymerization of the
acceptor component under the aprotic conditions required
to minimize proton transfer and consequent equ111brat10n
of the donor enolate.!

It has recently been shown? that the polymerization
problem may be resolved through the use of a-silylated
vinyl ketones, and a number of such reagents have been
successfully employed with regiospecifically generated lith-
ium enolates in ring annelation reactions.?3

Since we had previously reported* that enolates of 3-di-
carbonyls could be condensed with isolated olefins activat-
ed by coordination with #*-CsHsFe(CO):* (eq 1), we.were

Nu

N\ 5
Fp*

Nu- T
Fp

Fp = n-C,H,Fe(CO),

led to consider extension of these reactions to Michael con-
densations. Moreover, the powerful activating influence ex-
erted upon an olefin by metal complexation left open the
possibility that such reactions might also be effected with
regiospecifically generated enol derivatives.

The present paper describes the use of a novel methyl
vinyl ketone acceptor component (2) in both electroneutral
and cationic Michael-type condensations.
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Complex 2, which is readily obtained in high yield from
methyl vinyl ketone epoxide® following a procedure pre-
viously reported® may be stored at 0° for prolonged peri-
ods. A brief description of its preparation follows. Methyl
vinyl ketone epoxide (1.3 g, 15 mmol) was added to an
equivalent of CsH;Fe(CO)2Na’ in 30 ml of THF cooled to
0°, After 30 min at 0°, the reaction mixture was cooled to
~78° and 30 mmol of HBF-Et;0 was added dropwise. The
resulting yellow solid was collected and recrystallized from
acetone—ether at 0° to give 4.87 g (97%) of 2: ir (KBr) 2092,
2049, 1704 cm~!; NMR (acetone-dg) 7 3.93 (s, 5, Cp), 4.73
(dd, 1, J = 8, 14 Hz, CH=), 5.32 (d, 1, J = 8 Hz, cis-
CH.=), 5.92 (d, 1, J = 14 Hz, trans-CHg=).

The complex cation is an effective and powerful acceptor
of nucleophiles. Thus, when acetonitrile solutions of 2 are
treated at —78° with cyclohexanone lithium enolate, the
adduct (3) is obtained in 45% yield. This substance may be
cyclized, with concurrent loss of the Fp group, to the octa-
lones (4,8 76%) on refluxing in methylene chloride solutions
for 19 hr in the presence of activity I basic alumina. The
facile loss of the organometallic group under these relative-
ly mild conditions suggests that cleavage of the metal-car-
bon bond may be promoted by the acyl group through base
attack on the organometallic group and release of an eno-
late ion.
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The regiospecifically generated enolate (5), formed by
LiCuMe; addition to cyclohexenonel03a similarly gave the
adduct (6, 70%), as a mixture of diastereomers.!!? Cycliza-
tion with 2% KOH in methanol led, as before, to concurrent
removal of the Fp group and to the formation of methyl oc-
talones (7,12 70%).

)
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1
5 o Fp
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Significantly, complex 2 may serve as an acceptor com-
ponent with uncharged donors as well. Both cyclohexanone
and cyclopentanone enamines react rapidly at 0° with 2 af-
fording 3 or the corresponding cyclopentone adduct (8),
both in 85% yield. The latter was cyclized to the hydroinda-
none (9)'4 in 72% yield by refluxing in CHsCl; solution in
the presence of basic alumina for 6 hr.

QO=
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Except in terms of the mildness of reaction conditions,
these reactions provide no synthetic advantage over the use
of the nonactivated acceptor component in a normal enam-
ine reaction. However, the use of silyl enol ethers as reac-
tion partners with 2 provides a means for carrying out Mi-
chael condensations under mild conditions with regiospeci-
fically generated enol derivatives.!® Thus, cyclchexanone
enol silyl ether (10) was found to react at 0° in 2 hr with 2
in acetonitrile solution. Cyclization of the crude adduct (3)
in the presence of basic alumina gave 4 in 65% overall yield.
The regioisomeric enol silyl ether (11), also added within 1
hr at 0° to 2, affording the methyloctalone (183)'7 in 58%
yield, after cyclization of 12 in the presence of basic alumi-

oo @@

OSiMe, O8iMe;, 0
10 1 12 13

Our experience with Fp(olefin) complexes of simple mo-
nosubstituted olefins suggests that similar cationic com-
plexes of other vinyl ketones should prove as accessible at
2. The use of these components as well as cationic com-
plexes of cyclic enones and of substituted vinyl ketones as
components in metal-assisted Michael reactions is being
examined.
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