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Abstract: Exposure of enones and enals to either Bu3SnH or PhSiH, in the presence of £ 5mol %

[(Ph,P)CuH], leads to products of 1,4-hydride delivery in good yields.
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1,4-Addition reactions to o,B-unsaturated carbonyl derivatives,' in partlcular with non-
stabilized nucleophiles, remains primarily associated with organocopper chem1strv Within this

realm lies the unique potential for conjugate hydride dehvery, Wthh not only adds flexibility for

arriving at a given target, but also provides an attractive entry to products of inverted
stereochemistry (Scheme 1).
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In recogrutlon of this 1mportant capablhty several procedures have been developea over the
14

past two clecaaeb, altnougn btryker s reagent [(Ph,P)CuH]; is pernaps the most w1ue|y used.
Unfortunately, as is characteristic of virtually all existing procedures, this source of hydride is

most effective as a stoichiometric reductant. It can be used catalytically; however, a hydrogen
atmosphere at pressures around 1000 PSI is required.® Under one atmosphere of hydrogen Lsing
t-butanol as co-solvent, over-reduction may still occur thus requiring careful momtorlne We
now describe modified procedures that allow for this readlly available copper species to be
employed in 1,4-reductions with quantities as low as 0.5 mole percent.
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[R3M-H = BuzSnH or PhSiH,]



Initially, it was determined that the combination of 2-5 mol % [(Ph, P)CuH]“,7 along with 1.1.-
1.2 equivalents of Bu,SnH, is sufficient to reduce conjugated ketones in good yields. Toluene
containing small percentages of water® (5 equivalents relative to substrate) is an effective
medium and products are realized in less than 3 h at reaction concentrations between 0.15 and
0.30 M. Three representative results are illustrated below.
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A more environmentally friendly method was envisioned where Bu,SnH is replaced by an
appropriate silyl hydride. PhSiH, was selected for study based on its tendency to donate hydride,’
as well as the likelihood that it would not afford stable silyl enol ethers upon transmetalation
with an 1rut1ally formed copper enolate.” Treatment of an enone or enal with 5 mol %
[(Ph P)CuH]6 he presence of this hydrlde source (1 5 equiv) in toluene (0.15-0.60 M) at roo
""" vle 1 offers a broad
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s products of 1,4-reduction in excellent yields.
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(entry 1). Other sahen t points to be made concerning the xamples in Tabl clude (1) only
one isomer was observed in the case of entry 4, assumed to be the cis-3,5-dimethyl derivative; (2)
while fB-ionone reacts over time to reglowemﬁcallv afford the 14-adduct o-ionone is
unresponsive; (3) competing 1,2-addition of hydnde under these conditions is not significant,
most notably where enals are involved (e.g., entry 10);'° (4) by-products resulting from 1,4-
reduction-aldol addition are not observed, suggesting transient enolate protection as
intermediate silyl enol ethers.

Of the substrates studied, those (shown below) which were found not to be amenable to this
process include hindered (B,B-disubstituted) enones, B-alkyl-substituted enoates (aithough B-aryl
enoates react well; cf entry 9), and a B-stannylated enal. Also, no (substitution) reaction was
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In summary, two methods are disclosed which demonstrate the effectiveness of Cu(l) as a

catalyst for effecting 1,4-hydride delivery. Both rely on commermauy available hexameric
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temperatures and in common solvents. Further work on the development of other practical
transition metal-catalyzed processes will be reported in due course.
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Copper-catalyzed 1,4-reductions using [(Ph3P)CuH]g + PhSiH,
Cu (mole %)

Substrate

Table 1.
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Using PhMe SiH, stable silyl enol ethers are the initial products as determined by GCMS.
This could be used to advantage, e.g., as in 3-component coupling reactions; Llpshutz and

Keith, ongoing work.
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General procedure for catalytic reductions using Bu,SnH: [(Ph,P)CuH] (2-5 mol %) is
weighed into a round bottomed flask under an inert atmosphere. The copper complex is
then dissolved in toluene so that the concentration will be 0.15-0.3 M relative to the
substrate. The resulting red solution is then treated with 1.1-1.2 equivalents of Bu,SnH,
followed by 5 equivaients of water, and lastly the enone. The reaction is monitored by TLC,
and when complete, is diluted with diethyl ether and washed with 10% KF (x 2), sat
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evaporation to dryness gives the crude proauct which is purified by Xugeireohr aistiliation
or column ghrnmatgaranhv on silica eel.

welghed into a round bottomed flask under an inert atmosphere. The copper complex is
then dissolved in toluene so as to give a concentration of between 0.15-1.0 M relative to
substrate. Once the catalyst is in solution, the mixture is then treated with 1.5 equivalents
of phenylsilane, followed by addition of the enone. The reaction is monitored by TLC.
When complete, it is worked up by first diluting it with diethyl ether, and then washing
with sat NH,Cl (x 2), sat. NaHCO, (x 2), and brine (x 2). Drying over anhydrous MgSO,,
fiitering, and evaporation to dryness gives the crude product which is purified by
Kugelrohr distillation or column chromatography on silica gel.
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