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Few chemical reactions have reached the promise of the aldol

reaction in its importance in the synthesis of complex molecules.
Almost all of the reactions are performed by preformation of an
enolate, enol, or an equivalent with one of the most important
versions being the Mukaiyama aldol reaction involving enol silyl

ethers. In these cases, stoichiometric amounts of base and/o

adjunct reagents (such as silylating agents to form the enol silyl
ethers) are requireethus decreasing the atom efficiency of the
process. The classical aldol reaction is highly atom ecorfomic
but suffers from selectivity, notably chemo- and regioselectivity
problems. A further challenge is to perform these reactions
asymmetrically. Indeed, most of the asymmetric versions of the
aldol reaction rely upon the use of chiral auxiliarfelspwever,

it must be noted that there have been some successes of usin

asymmetric catalysts although they normally rely on a Mukaiyama
type proces$ An exciting challenge to enhance the efficiency of
the aldol reaction is to find a compound that will catalyze the
direct aldol addition without prior stoichiometric formation of
the nucleophile and to do so asymmetrically. Biological-type
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that they might serve as good templates on which to construct
asymmetric catalysts. Surprisingly, very few catalytic asymmetric
processes based upon chiral crown complexes have been devel-
oped!® One of the issues may be the different requirements
associated with high binding affinities versus catalysis. For
catalysis, turnover at reasonable rates must accompany the
molecular recognition events. To approach both requirements, a
semi-crown design would provide the opportunity for good chiral
recognition and might also provide a path for facile exchange of
product to overcome problems of product inhibition. This
contribution reports the realization of this goal in a direct
asymmetric aldol reaction.

The design incorporated a phenoxide as a base as depicted in
1 to promote a catalytic process whereby the alkoxide generated
in the aldol reaction would rapidly be protonated by the phenol
Fragment but the phenoxide might still be adequate to form the
enolate. To regain any loss in binding energy by going to the
less well-organized semi-crown design, replacing oxygen (i.e.,
1, X = O) by stronger coordinating elements for some metals
such as nitrogen (i.el, X = NR) was envisioned. Chiral ligand
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catalysts (enzymes and antibodies) have had selected suctesses readily synthesized in four steps fropicresol, meets these

The first reports of chemical catalysts for this process from the
groups of Shibasaki et &land List et al. have just appeared.
In developing a semi-rational strategy for designing catalysts

design criteria. Thus, the known 2,6-bis(bromometipytresol,
prepared in two steps fromcresol using formaldehyde followed
by HBr! reacts smoothly with the hydrochloride of methyl

for this process, the use of crown compounds seemed veryprolinate in the presence of triethylamine in methylene chloride

attractive® Their ability to tightly bind metal ions and to achieve
high levels of molecular recognition in binding events suggested
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at room temperature (85% vyield). Addition of phenylmagnesium
chloride in THF at room temperature completes the synthesis of
2 (>99.5% ee by chiral HPLC) in 74% vyield. In a series of
preliminary experiments examining lithium, magnesium, and zinc,
zinc appeared to give the highest ee. The solution formed by
treating the ligand in THF with a solution of diethylzinc in
hexane was used as the catalyst for the aldol reaction of eq 1.

5 mol% ligand 2
10 mol% Et,Zn
15 mol% PhyP=8
molecular sieves 4A
inTHF
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The addition of molecular sieves increased the turnover frequency
but was still rather slow. Adding a weak coordinating agent for
zinc that might help displace the product was explored. A
phosphate such as trimethyl phosphate did improve the turnover
frequency in contrast to a phosphine oxide such as-tri-
butylphosphine oxide which hindered the reaction. The best results
were obtained with triphenylphosphine sulfide in terms of turnover
and ee. Thus, the reaction conditions stated in eq 1 were adopted
as our standard to explore a range of substrates.

Table 1 summarizes our results. Recovery of 96% of excess
acetophenone has been demonstrated in entry 4. Using a chiral
but racemic aldehyde, 2-phenylpropenal, a 2:1 diastereomeric
mixture of adducts with both having high ee was obtained (entry
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Table 1. Enantioselective Aldol Reaction of Aryl Methyl Ketohe Scheme 1.Proposed Catalytic Cycle
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61 93 observations support structures such3asand 4a invoking a
bimetallic catalyst as the initial species which reacts with ketone
to liberate the fourth equivalent of ethane and initiate the catalytic

\(3 §\€’_/7 66 97 cycle as depicted in Scheme 1. X-ray structures of somewhat

related aminoether complexes suggest that N coordination to zinc
might be included? The role of two proximal zinc species is to

48 97 provide both a zinc to form the requisite enolate and a second

zinc to function as a Lewis acid to coordinate the aldehyde. The

picture that emerges for the catalytic cycle then parallels proposals
for the ability of amino alcohols to effect the asymmetric addition
of organozinc reagents to aldehyde partriérs.

To determine which catalys3, or 4, is favored, we calculated
the energy of both using an MM2 force field on the CAChe
40 96 system. Since in the catalytic cycle, an alkoxy group not an ethyl
group is envisioned to be on zinc, the calculation were performed
on the structure8b and4b wherein ethyl was replaced by ethoxy.

- - - The calculations indicate th8b is about 7 kcal/mol more stable

“Reactions performed according to eq 1 atG for 2 d using than4b and leads us to favor structuBet present. This structure
aldehyde:ketone ratio of 1:10 unless otherwise notédsolute suggests the enolate approachesrthéace of the aldehyde to

stereochemistries were determined by the comparison with optical ~. the ob d ducts. Thi talvst desi ff h
rotation value of literature vald ¢ Enantiomeric excess was deter- ~9/V€ (N€ ODSErved products. This new catalyst design otiers muc

3
~
o
)
AR
ol x
2

.‘
o
X
o
=2
4
&
Q
X
I
?
¥
33
(Z;*A<
7.
&
‘Qoa
oy
Z'&
¥

=
N

P
(j;
@
I
O
=z
®

36 98

<
£

peen
O
x
O

g

mined with chiral HPLC column (Chiracel OD columr)Reaction opportunity for variation-a task under current investigation.
performed at-5 °C. ¢ Reaction performed at15°C. f A 96% recovery ) ) )
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