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Mukaiyama Aldol Reaction of Ester Acceptors:
Organoaluminums Catalyze Nucleophilic Addition of Ketene Silyl Acetals
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Organoaluminum reagents catalyze the addition of ketene
silyl acetals to esters, affording the S-keto ester derivatives in
good to excellent yields.

The Mukaiyama aldol reaction, i.e., the Lewis acid-mediat-
ed addition of enol silyl ethers to carbonyl compounds, is one of
the most versatile carbon—carbon bond-forming reactions in cur-
rent organic synthesis."? In contrast to everlasting advance of the
stereoselective variants, the substrate scope of this reaction ap-
pears to have been settled. Recently, however, we accidentally
met with an intriguing finding on the substrate scope in that
methyl esters are good acceptor substrates in this reaction when
organoaluminum compounds are employed as Lewis acid (Eq 1).
Since the products are the protected form of B-keto esters
corresponding to the cross-Claisen condensates,® we believe
that this unexpected result has a large synthetic potential, which
will be described in this communication.
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The key aspects of the finding are shown in Table 1 by the
reactions of methyl ester 2a and KSA 1a promoted by various
Lewis acids. Whereas TiCly gave the moderate yield of S-keto
ester 4a (Entry 1),* BF;-OEt, effected no reaction, only result-
ing in the recovery of 2a (Entry 2). The situation was the same
with other Lewis acids, such as Sc(OTf); and TBSOT{, where
no reaction occurred.

However, we were amazed to find that organoaluminum
reagents promote the addition reaction of 1a to 2a rather than
condensation: treatment of 2a and KSA 1a with EtAICl, in
toluene gave addition product 3a® and keto ester 4a in 63 and

Table 1. Effect of Lewis acid
MeO.__OTBDMS

o~ COMe | I Lewis acid
OMe Toluene
2a la
TBDMSO, OMe o
Pthone . PhA)Krcone
3a OMe 4a OMe
Entry Lewis acid Conditions Yield of 3/% Yield of 4/%
1 TiCl4? —78°C, 4h — 47
2 BF3:OEt* —78 — 25°C, 16h — —
3 EtAICL* —78°C, 4h 63 14
4  MesAl —78 — 0°C, 2h 82 —
5  MeAl —78 = 0°C, 6h 86 —

1.0 equiv. 0.2 equiv. *Syn/anti mixtures. Stereochemistry was not de-
termined.

14% yield, respectively (Entry 3).° When Me3 Al was employed,
ester 3a was obtained in 82% yield as the sole product (Entry 4).
Moreover, the amount of Me3Al could be reduced to 20 mol %,
giving a higher yield of 3a, albeit a slightly longer reaction time
was required (Entry 5).

Effect of the alkoxy moiety in the ester acceptor was found
to be significant (Table 2). Methyl ester was basically the sole
viable substrate (Entry 1), and even the corresponding ethyl ester
gave substantially lower yield of the adduct even after longer
reaction time (Entry 2). Isopropyl and phenyl esters failed to
react (Entries 3 and 4).

Table 2. Effect of the alkoxy moiety in the ester acceptor

MeO OTBDMS . TBDMSO_ OR
MesAl (1 .
o~ COR :[ w, PhA)Q(cone
2 H OMe Toluene, =78 =0 °C 5 OMe
la

Entry R Time/h Yield/%

1“ Me 6 86

2 Et 18 25

3 i-Pr 18 _

4 Ph 18 _

2See Entry 5 in Table 1.

A typical procedure is as follows: ester 2a (1 equiv.) and
KSA 1a (2.0 equiv.) was treated with Me;Al (20mol %) in
toluene at —78°C, and the reaction stirred for 6h at 0°C.
The reaction was quenched with sat. aq. NaHCOj;. Extractive
work-up followed by purification by silica-gel column chroma-
tography gave the corresponding adduct 3a’ in 86% yield as a
mixture of diastereomers.

In order to examine the scope of the reaction, we carried out
the reactions of two KSAs, 1a and 1b (Figure 1), with various
methyl esters as summarized in Table 3.

MeO.__OTBDMS EtO

X I
H OMe H H
la 1b

OTBDMS

Figure 1.

Addition of KSA 1b to ester 2a proceeded smoothly in the
presence of 20 mol % of Me3Al to give adduct 9° in 72% yield
(Entry 1). B,y-Unsaturated ester 5 underwent the reaction
with both of the KSAs, giving the corresponding adducts 10a’
and 10b’ in 82 and 63% yield, respectively (Entries 2 and 3).
Similarly, the reactions of acetylenic ester 6 with KSAs la
and 1b proceeded smoothly to afford adducts 11a° and 11b°
in high yields (Entries 4 and 5). The reaction of aromatic ester
7 with KSA 1a afforded 12° in quantitative yield (Entry 6).
Moreover, ester 8 having an electron-donating p-methoxy group
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Table 3. Me;Al-mediated Mukaiyama aldol reaction

Entry? Ester KSA Time/h Product Yield/%
TBDMSO, OMe
CO,Me
1 ph” N2 1b 7 Ph CO,Et 72
2a 9
TBDMSO, OMe
2 A~ COMe 1a 12 _ co,Me g2
5 10aOMe
TBDMSO, OMe
3 1b 2 = CO,Et 63
10b
CO,Me TBDMSO_ OMe

CO,Me 77°
. P

Ph”" 11, OMe

(=2}

TBDMSO, OMe
CO,Et 63
=
Ph 11b

TBDMSO_ OMe

COo,Me
6 ©/ la 18 ©)§(002Me quant®
OMe
S 12

TBDMSO_ OMe

co,Me
7 /©/ la 19 COMe  ggb
MeO

OMe
8 MeO 13

2All reactions were performed with Me3Al in toluene at —78 °C and the
temperature raised to 0°C. PSyn/anti mixtures.

Table 4. MAO-mediated Mukaiyama aldol reaction

Entry@ Ester KSA Time/h Product Yield/%

TBDMSQO_ OMe

Cco,Me
1 /©/ la 2 CO,Me 95°
al (0)°

OMe
14 c 1
TBDMSO, OMe
2 CO,Me 1 2 CO,Me b
Br N2 a Br 2 (7(?)C
15 18 OMe

TBDMSO, OMe
3 COMe 14 4 Wcoz’we 74P
Ph Ph
/\( (7)C
16 Me Me OMe 19

2All reactions were performed with MAO in toluene at —78°C and
the temperature raised to 0°C. PSyn/anti mixtures. “Yield by the
Me; Al-protocol. Almost full recovery of the starting material.

on the aromatic ring was also a good substrate for the reaction
(Entry 7).

Application of the reaction to p-chlorobenzoate 14 needs to
be addressed (Entry 1, Table 4). While the reaction of 14 with
KSA 1a under the conditions described above gave no adduct,
screening of other aluminum reagents revealed that MAO nicely
promotes the reaction (MAO’ 1.1 equiv. of toluene, —78 to
0°C), giving adduct 17° in 95% yield.®

Along the same lines, Mes;Al was ineffective for the reac-
tions of the bromo-bearing ester 15 and the o-methyl substrate
16. However, MAO nicely promoted the reaction of esters 15
and 16 to give the respective adduct in 78 and 74% yield (Entries
2 and 3).

Scheme 1 shows the application to dual reactions. The
first addition of KSA 1c to ester 2a was promoted by Me3Al
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MeO.__OTBDMS e.Al TBDMSO_ OMe
pr o COMe ] ’ COoMe 0 MAO
Toluene Ph 20 Toluene
2a 1c 62%
TBDMSO  OTBDMS o o
6 M HCI
/\/;\/’\/COZEt - /\/lk/lK/COZEI
PR Mo oMe MeoH PN
e 21 22
84% (1:1) 75%
Scheme 1.

to give ester 20, which, in turn, was treated with KSA 1b
in the presence of MAO to produce ester 21° in good yield.”
The dual adduct 21 was hydrolyzed by treatment with 6 M
HCI in MeOH (r.t., 1h) to give the corresponding diketo ester
2219 in 75% yield, representing the potential utility of the
reaction in the context of poly-carbonyl compounds.

Partial financial support was provided by the 21st Century
COE program.
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