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The Lewis acid-catalyzed addition of enolsilanes to aldehydes,
commonly known as the Mukaiyama aldol reactighis an
important variant of the general aldol process. This reaction
has become the focal point for the development of enantiose-
lective variants through catalysis by chiral Lewis adidm this
communication we document the use of copper(ll) complexes

as effective enantioselective catalysts for this process where the
catalyst activates specific aldehydes through bidentate coordina-

tion, an organizational feature not common to the chiral catalysts
previously reported for this process.

We have recently demonstrated that bidentate coordinating
bis(oxazolinyl) Cu(ll) complexe function as effective chiral
Lewis acids in the DielsAlder reaction of acrylimide dieno-
philest and that tridentate bis(oxazolinyl)pyridine (pyb®Qu-

(1) complexes2 catalyze the analogous reaction with aldehyde
dienophiles (Scheme $) These catalysts have now been applied
to the aldol reaction of (benzyloxy)acetaldehyde with a range
of silylketene acetals. This aldehyde was chosen on the
assumption that effective catalystubstrate organization might
be achieved through bidentate chelation to the aldehyde
substrate. In our initial survey, the addition of silylketene acetal
3ato (benzyloxy)acetaldehyde was catalyzed by Cu(ll) com-
plexeslab and2ab (egs 1 and 2). Although both catalysts
proved to be highly enantioselective, the exceptional levels of
asymmetric induction exhibited by the phenyl-substituted pybox
complex2b” which afforded4a in 99% ee and 100% yield (5
mol % 2b, —78°C, CHxCl,, 15 min) prompted us to select this
complex for further development. Upon optimization, 0.5 mol
% of catalyst2b at 1 M concentration of aldehyde was found
to catalyze the reaction in 12 h without compromising the yield
or enantiomeric purity.

The reaction was found to be quite general with respect to
the silylketene acetal structure (Table81)The enolsilanes
derived fromtert-butyl thioacetate, ethyl thioacetate, and ethyl
acetate provided the respectifenydroxy estergla—c in 98—
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Table 1. Catalyzed Enantioselective Aldol Reactions between
o-(Benzyloxy)acetaldehyde and Representative Enolsilanes

mol%

nucleophile product % yield " 1 % ee?
OTMS OH [¢]
B o\)\/u\
& R " R
3a R=SBu 4a R=SBu 100 05 99
3b R=SEt 4b  R=SEt 95 05 98P
3c R=OEt 4c  R=OEt 99° 05 987
Me><Me Me><Me
o~ Yo oH o7 Yo
A, w I 5
n
& Z OTMS X (o)
3d 4d
OTMS OTMS OH OH [e]
B0 \)\/\/U\ 98 05 g7%°
Mom " OMe
3e 4e ¢
anti:syn 15:1
OTMS OH o
’)\SEQ BHOMSE«
Me Me
3f 4f
(95:5 Z:E) syn:anti 97:3 90 10  g7be
(1:99 Z:E) syn:anti 86:14 48 10 85be
OTMS OH o
s B"O\/l\&/o 95 10 95¢
; / 3g 4g

syn:anti 96:4

% Enantiomeric excess determined by HPLC using a Chiracel ODH column. bAbsolute
configurations assigned by comparison of optical rotation to literature values (see ref.
3c). “Silyl ether cleaved with TBAF/THF to prevent retroaldol reaction. 4Absolute
configuration assigned by independent synthesis (see supporting information). Values
refer to the enantiomeric excess of the major diastereomer. /The aldol adduct was
treated with MegN(AcO)3BH to form the anti diol ester.

99% ee. In a related reaction, dioxolinone derivatRe®
provided the corresponding addutl in 92% ee and 94%
yield.10 Extension of the reaction to Chans di€hafforded,
after reduction with MgNBH(OACc)s,2 the anti diol 4e (15:1
anti:syn) in 97% ee. This synthetically valuable diol can be
purified by recrystallization to give the puemti diolester as a
single enantiomer. Finally, substituted enolsilanes may also be
employed. For example, th&)tpropionate derived silylketene
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through silica and the silyl ether was hydrolyzedhwit N HCI in THF to
yield the hydroxy ester.
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pyramidal coordination where substrate (Me) and ligand (Ph)
substituents mas&ppositeRCHO enantiofaces. On the other
hand,6 underwent rapid reaction providing a 98.5:1.5 mixture
of diastereomers favoring the chelation-controlled product

In the square pyramidal compleB (R = Me), the methyl
substituent ir6 reinforces the facial bias imposed by the catalyst.
A corollary to this experiment is thd is predicted to be a

anti orientation for optimal enantioselectivity is also evident in catglyst inhibitor. This has a]so been shown to be the case.
While these results are consistent with the square pyramidal

the analogous reaction of the silylketene ac8tahich also . modelB (R = Me), a trigonal bipyramidal model (R = Me)

affords a highly selective aldol reaction with good control a . ; ) .
both stereogen)gc centers 9 would predict the opposite matched and mismatched relation-

We next investigated the scope of the reaction with respect Sh_'lphs vl t ¢ t of th tion h Is0 b
to the aldehyde component. Reactions with benzaldehyde and,_ ' "€ St'Y! transter component ot the reaction nas also been
dihydrocinnamaldehyde were nonselective. Apparently the Investigated. Silicon transfer from thg |n|t|ally formed catal_yst
requirement for a chelating substituent on the aldehyde partnerNul_RCIHO complex mzlatyhpro%eed via |nttracrjntohlefglztir or ||nter-|
is critical to catalyst selectivity, as-(tert-butyldimethylsiloxy)- ~ MO'€cuiar processes. it has been reported that intermolecular
acetaldehyde gave diminished enantioselectivity (56% ee). silyl transfer results in a catalytically competent silicon inter-

: : . : diate which affords an avenue for a competing achiral
Interestingly 3-(benzyloxy)propionaldehyde provided racemic meadiat . . .
product, indicating a strict requirement for a five-membered C2falytic process that may compete with the enantioselective
catalyst,—aldehyde chelate variant!” We have investigated this possibility in the present

Stereochemical models of the catalyRCHO complex in system by_employing a ”?i%‘t“f.e .Of two di_ff.e.re”t silylketene
the two probable penta-coordination geometries (square onra_acetals which should exhibit similar reactivities (Scheme 3).
midal or trigonal bipyramidal) are illustrated beld#.In the Treatment of 0.6 equiv each of silylketene ace@asand 3h

Lt ; _ : with 1.0 equiv of (benzyloxy)acetaldehyde and 10 mol % of
symmetric trigonal bypyramidal modei (R H), the si catalyst2b afforded significant quantities of the four possible

acetal3f provided thesyn aldol adduct4f in high diastereo-
and enantioselectivity (97 $/n:antj syn97% ee). On the other
hand, the correspondindgE)-propionate silylketene acet8ff
proved to be a much poorer substrate, giving lower conversion
and selectivity (86:14yn:antj syn85% ee). The geometric
requirement for disposing the alkyl and OTMS moieties in an

. 7\ o products as detected by GLC analySisDeprotection of the
%}\7\\(0, > orace ) H silyl ethers and chiral HPLC analysis of the derived alcohols
o \N/Cu’j:“/ 0 \N/pﬁ"\‘\’ L indicated that both aldol adducis and4b were enantiomeri-
%Phﬂ.\o H“"R P { F‘°>7LH cally pure (99% .ee). Accordingly, we conclude that aIth.ough
H A sitce WP B there is a large intermolecular silyl transfer component in the

reaction, the transient silyl species which we speculate might
aldehyde enantioface is masked by the ligand phenyl group be RSiSbFs'® does not compete effectively &78 °C with the
exposing there enantioface to nucleophilic attack. In the copper catalyst in this aldol reaction.

alternate square pyramidal compBxR = H) there aldehyde In conclusion, we have documented an efficient, catalytic,
enantioface is shielded. Since enantioselective formation of enantioselective addition of silylketene acetal nucleophiles to
(S)}B—hydroxy esters is observed in all casssfdcial attack), (benzyloxy)acetaldehyde utilizing th@-symmetric bis(oxa-

the absolute stereochemistry of the products is consistent withzolinyl)pyridine Cu(ll) complex2b. Further studies to address
the proposed square pyramidal coordination model. Additional the scope of these reactions and the coordination chemistry of
support for this proposed RCH&atalyst geometry has been related complexes will be forthcoming.
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