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Abstract: The conjugate addition of propionate silylketene acetal 1 10 2-carbomethoxy
cyclopentenone is promoted by bis(oxazoline)-Cu(1l) complexes with high diastereoselectivity and
good enantiomeric excesses. The absolute conliguration of the product can be controlled by varying the
copper counterion. A catalytic version of the reaction was developed, which gave ketoacid Sa in 72%
d.e. and 63% e.c. Copyright © 1996 Elsevier Science Ltd

The reaction of Michael-Mukaiyama entails the conjugate addition of enolsilanes to activated double bonds
and takes place under the influence of a Lewis acidic activator.! Asymmetric versions of this reaction promoted
by chiral titanium complexes have been described.2

We now disclose that Cu(Il) complexes of the bis(oxazolines) 3a-e3 (Figure 1) are effective promoters
for the diastereo and enantioselective conjugate addition of propionate silylketene acetal 14 to 2-carbomethoxy
cyclopentenone 2 (Scheme 1). Conveniently, either enantiomer of the ketoacid § can be obtained by properly
choosing the appropriate Cu counterion. The reaction can also be performed using catalytic quantities of the
chiral Lewis acid to give the ketoacid 5a in good diastereomeric and enantiomeric excess.
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Scheme 1. Cu(ll) bis(oxazoline) promoted Mukaiyama-Michael addition to 2.
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The results of the stoichiometric reactions are collected in the Table. One-to-one complexes of the ligands
3a-e and Cu(OTf); or Cu(SbFg); were prepared as described in the literature.3 After the condensation, the
ligands were recovered ( >90% ) by filtration on silica gel. The keto diesters 4 were formed with high
diastereomeric excess, as judged by 13C NMR of the crude reaction mixtures. The e.e.'s of the major isomer
could be measured by TH-NMR spectroscopy of 4 in CgDg solution and in the presence of Eu(hfc)s. The
stereochemistry at the configurationally labile C; position of the cyclopentanone ring was not determined, but
the product was treated with refluxing HCI to give the known syn ketoacids 5.2  In selected cases, the
known mandelates 62b: ¢ were synthesized, a transformation that also established the absolute configuration of
the reaction products. The d.e.'s of 6 determined by 'H-NMR in CgD¢ solution were found to reproduce the
e.e.'s measured on 4.
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Figure 1. The chiral bis(oxazolines) 3a-e

Table. CuX,L* promoted Mukaiyama-Michael addition of 1 10 2.2

Entry  L* X Solvent 1%?% (z % A)b Yield (%) syn:fmti .

1 3a OTf CH,Cl» 0 40 d

2 3b OTf CH,Cl» 4b 33 50 d

3 3¢ oT1f CH,Cl 4a 43 50 d
4 3d OTf toluene 4a 58 40 d

5 3e OTf CH,Cl, 4a 46 50 d
6 3e OTf toluene 4a 66 63 9:1
7 3e OTf EtCN 4a 28 50 d

8 3e OTf THF 4a 38 33 8.5:1
9 3e SbFg toluene 4b 11 34 13:1
10 3e SbFg CH)Cl, 4b 60 45 60:1

a. Reactions run for 2h at -780C in 0.1M solutions, using 1.1 mol equiv of 1 and a
stoichiometric amount of promoter. b. Determined by TH-NMR of 4 in the presence of
Eu(hfc)3 and in CgDg solution. ¢. Determined by 13C-NMR of 5 or capillary VPC of
the corresponding methyl ester. The anti isomer is the epimer at either the 3 or 3'
position. d. Syn isomer only by 200 MHz 'H-NMR spectroscopy of 5.

From the data in the Table, it is evident that using the Cu(OTf)2 complexes the reaction enantioselectivity
is strongly dependent upon the nature of the bis(oxazoline) ligand substituents R !-R5 (Eniries 1-5). The t-butyl
substituted ligand 3a (Entry 1), which was found to be crucial in order to secure high selectivity in several other
reactions,3. 5 gave a racemic adduct. A modest enantioselectivity (33% e.e., Entry 2) was achieved with the
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phenyl substituted bis(oxazoline) 3b. The presence of two cis phenyl groups, as in 3¢ (43% e.e., Entry 3), or
disubstitution on the methylene bridge, as in 3e (46% e.e., Entry 5), significantly improved the stereocontrol of
the process.

The effects of solvent was studied on the complexes of ligand 3e (Entries 5-10). Using Cu(OTf);, the
best enantioselectivity was obtained in toluene (66% e.c., Entry 6), which also secured the best chemical yield.
Propionitrile (28 % e.e., Entry 7), CH,Cl3 (46% e.c., Entry 5), and THF (38% e.e., Entry 8) were all found to
be inferior.

A remarkable result was obtained on changing the Cu counterion. Indeed, while starting from the
Cu(OTf); complex of 3e, the (3R) cyclopentanone 4a is obtained (66% e.e., Entry 6), the (3S) enantiomer 4b
is formed in 60% e.e. when the reaction is promoted using Cu(SbFg); as the copper salt (Entry 10). In the latter
case, CH2Cl; is found to be the solvent of choice (60% e.e., Entry 10).6

OTBDMS
In an attempt to further improve the methodology we found that the COxMe
reaction can be promoted by catalytic quantities of the chiral Lewis acid. Using ,
0.2 mol equiv of the Cu(SbFg)y complex of ligand 3e in CH,Clo, 4b is CO;R
obtained in 11% yield and 65% e.e. along with 48% racemic silylenolether 7. H Me

Using 0.1 mol equiv of the Cu(OTf), complex of 3e in CHCl», the reaction product is an equimolar
mixture of 4 and 7. Upon treatment of this mixture with 1M citric acid in refluxing MeOH to hydrolize 7, 4a
was isolated in 35% yield and 13% e.e., (compared to 46% e.e. in the stoichiometric reaction, Entry 5). The
loss of stereoselectivity in these catalyzed reactions is likely due to the competition of a TBDMSX (X=0OTf,
SbFg) promoted addition,”® which affords 7 in racemic form.

Use of a solvent less polar than CH,Cly is expected to reduce the reactivity of the silyltriflate by inhibiting
its dissociation.? Indeed, when the conjugate addition was performed with 0.2 mol equiv of the Cu(OTf);
complex of 3e in toluene, 4a was formed in 63% e.e. along with minor quantities of the other diastereoisomers
(total yield 65%). Racemic 7 was also formed in 25% yield, and easily separated from 4 by flash
chromatography. HCI hydrolysis of the crude ketoesters gave the ketoacid § with 63% e.e. and 72% d.e. Thus,
the catalytic reaction is only slightly less diastereoselective than and just as enantioselective as the stoichiometric
process (Entry 6, e.e. 66%, d.c. 80%). To the best of our knowledge, this is the first Mukaiyama-Michael
reaction to procede with both diastereo and enantiocontrol under the influence of catalytic quantities of a chiral
Lewis acid. Further studies are in course to establish the scope of the method and understand the origin of the

observed stereoselectivities.
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