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Over the last three decades, seminal research from the labora-aldol selectivity and excellent levels of enantiocontrol (eq 2, 80%
tories of Evang, Heathcoclk Masamuné, and Mukaiyamé has yield, 4:1anti:syn 99% ee). Despite the use of proline in previous
established the aldol reaction as the principal chemical reaction for aldol reactions, to our knowledge, this is the first example of a
the stereoselective construction of complex polyol architecture. direct enantioselective aldehydaldehyde dimerizatiof:

Recently, studies by Barb&d.ist,5 Shibasakf, and Trost have As revealed in Table 1, this enantioselective aldehyde coupling
outlined the first examples of enantioselective direct aldol reactions, js readily accomplished in a wide variety of solvents (entrie§,1

an important class of metal- or proline-catalyzed transformations > ggoy, ee) including low dielectric media such as benzene (entry
that do not require the pregeneration of enolates or enolate 1, >99% ee) as well as highly polarized solvents such as dimethyl
equivalents. With these remarkable advances in place, a new goak soxide (entry 7;>99% ee). It is important to note that byproducts
for asymmetric aldol technology has become the development of arising from dehydration of the initig-hydroxy aldehyde adduct

catalytic methods that allow the _dlrect coupl_lng of aldehyde were not isolated in significant quantities4% yield). The superior
substratel(eq 1), a powerful yet elusive aldol variant that has only levels of reaction efficiency observed with proline in DMF-g4

been accomplished within the realm of enzymatic catalfsis. °C (entry 9, 91% conversion, 3anti:syn 99% ee), prompted us

to select these reaction conditions for further exploration.

Enantioselective Aldehyde Aldol: Elusive Transformation . . .
The capacity of proline to catalyze asymmetric cross-aldol

i i enantioselective R reactions between nonequivalent aldehydes was next examined. As
H)S H)H catalyst H)J\/l\‘ (1) highlighted in Table 2, syringe pump addition of propionaldehyde
X Y X oy (aldehyde donor) to a series of aldehyde acceptors in the presence
Proline Catalyzed Aldehyde Aldol Dimerization of the amine catalyst effectively suppressed homodimerization of
o 10 mol% O  OH the donor aldehyd@while providing excellent yields of the desired
)K/""e QCOZH catalyst H)J\_/l\/Me @ cross-aldol product (Table 2, entries, 80-88% yield). Indeed,
H H DMF, +4° C e propionaldehyde can be used as an aldol nucleophile with a broad
2 equiv. catalyst L-Proline 80% yield, 4:1 antisyn, 99% ee range of aldehyde acceptetimcluding both alkyl (entries 43, 5,

80—88% vyield, 97-99% ee) and aromatic substituted aldehydes

Traditionally, the enantioselective aldol coupling of nonequiva- (entr_y 4, 81% yield, 9_9% ee). Of particular notg is the addition of
lent aldehydes has been viewed as a formidable synthetic Chal_proplongldehyde t.o isovaleraldehyde to p“?""?e th'e crogs-alqlol
lenge on account of (i) the propensity of aldehydes to polymerize Product in 88% yield and 97% ee. The principal issue in this
under metal-catalyzed conditions and (i) the mechanistic require- reaction is that both the aldol donor and acceptor bear enolizable
ment that nonequivalent aldehydes must selectively partition into @-Methylene protons; however, only a single regioisomer of the
two discrete components, a nucleophilic donor and an electro- Cross-aldol product is obtained (as determineétbiMR analysis).
philic acceptor. In this communication, we demonstrate that this Structural variation in the aldehyde donor component has also been
elusive aldol sequence can be accomplished using enamine Cata|yexamined. As revealed in entries-3, this cross-aldol reaction can
sis to allow the first highly enantioselective coupling of aldehyde tolerate a range of substituted nucleophiles {RMe, n-Bu, Bn,

substrates. We expect this new variant of the Hajearrish- 19:1 to 24:1anti:syn 91 to >99% ee).

Barbas-List reactios-6-12will provide a powerful yet operationally It is important to note that the absolute and the relative
simple protocol for the rapid production of enantioenriched aldolate configurations of the aldol products obtained in this survey are in
architecture. complete accord with the previously proposed models for proline-

As part of an ongoing program to develop small organic catalysts catalyzed aldol reactior8.In contrast to proline-mediated ketone
that have broad utility for asymmetric synthesis, we have recently additions, lower catalyst loadings (10 mol %) and shorter reaction
initiated studies toward the identification of chiral amines that tjmes (11 to 26 h) were possible without loss in reaction efficiéfcy.
function as aldolase enzyme mimics. On the basis of preliminary | ast, to illustrate the preparative utility of this new cross-aldol
studies;® we were inspired to investigate whether enantioselective process, the addition of propionaldehyde to isobutyraldehyde (Table
alde.hyd&alde.hyde coupllrllg.s might alsp be accomplished using 2, entry 5) was performed on a 25 mmol scale to afford 2.65 g
proline catalysis, a mechanistic hypothesis based on the documentecégz% yield) of (5539-3-hydroxy-2,4-dimethylpentanal in 99%
utility of this amino acid in ketone based aldol reactiéf.0 our ee and with 24: &nti-diastereoselectivity
delight,_exposure O.f propionald_ehyde to catalytic_quantiti'es of In summary, we have documented the first direct enantioselective
proline in DMF provided the desired aldol adduct with battti- catalytic aldol reaction using aldehydes as both the aldol donor

*To whom correspondence should be addressed. E-mail: dmacmill@ and the aldol acceptor. Significantly, this _methOd allows enan.tlo-

caltech.edu. selective access t@-hydroxy aldehydes, important synthons in
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Table 1. Effect of Solvent on the Propionaldehyde Dimerization
O  OH

0 10 mol% L-Proline
Zequiv. HJK/NIe 1M Solvent, +4° G, 11 h J\:/l\/Me
' ' Me

entry solvent conversion? anti:syn® % ee® (anti)
1 Ph-H 32 5:1 >99
2 CHCk 29 4:1 98
3 EtOAc 41 51 99
4 THF 36 4:1 98
5 dioxane 41 4:1 98
6 CH:CN 42 31 96
7 DMSO 38 31 >99
8 NMP 62 31 98
9 DMF 91 31 99

aRelative conversion at an arbitrary 11 h time polRelative and
absolute stereochemistry assigned by correlafi@L.C analysis of the 2,2-
dimethyl-propane-1,3-diol derived acetal.

Table 2. Enantioselective Direct Aldehyde Cross-Aldol Reaction

o] [e] @] OH
)k/R /M 10 mol% L-Proline
’
H H Ry H Y Rz
DMF, +4° C H
donor acceptor R4
entry R R, Product % yield? anti:syn® % eecd
o] OH
1 Me Et )J\/IVMe 80 41 99
H =
Me

3 Me 87 14:1 99
4 Me Ph 81 3:1 99
0 OH
5 Me i-Pr H Me g2 24:1  >99

l\:/le Me
o] OH
6  n-Bu i-Pr H)K/I\(Me 80 24:1 98
E:!u Me
o] OH
7¢ Bn i-Pr H Me 75 19:1 91
én Me

aYield represents the combined yield of diastereomeRelative
stereochemistry assigned by literature correlattddetermined by GLC

or HPLC. 9 Absolute stereochemistry assigned by chemical correlation or

by analogy.® Conducted at 23C.

polypropionate and polyacetate natural product synthesis. A full

account of these studies will be presented in due course.
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