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a) two aldol reactions may occur at a single α position on an aldol donor to give a 
branched double aldol adduct with three contiguous stereogenic centers

b) a reaction at both α-positions of a carbonyl group in an aldoldonor provides a 
linear double aldol adduct having a 1,5-dihydroxy group with at most four chiral 
centers in a single operation.

Introduction

Among the various sequential aldol reactions, double
aldol reactions involving one aldol donor and two aldol
acceptors have two types of reaction modes



Introduction

In 1999, the first asymmetric double aldol reaction was reported by Masamune, 
Abiko, and co-workers, who used boron triflate in the reaction of a chiral ester 
and an aldehyde to afford a double aldol adduct diastereoselectively.

J. Am. Chem. Soc. 1999, 121, 7168-7169
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In 2011, Makoto Nakajima developed the first enantioselective double aldol
reaction using a chiral phosphine oxide as a Lewis base catalyst, thus
producing double aldol adducts with high stereoselectivities.

Chem. Eur. J. 2011, 17, 7992 – 7995

the branched aldol adducts
propionitrile
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Preliminary result of the linear-type double aldol reaction.
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The linear-type adduct 3a was obtained in a 65%yield with a high
diastereoselectivity (d.r.=90:10) and a high enantioselectivity (93%ee) for the
major isomer.

the first enantioselective linear double aldol reaction 
using silicon tetrachloride and a chiral phosphine 
oxide as an organocatalyst
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To improve both the yield and selectivity, the author conducted the double 
aldol reaction under various reaction conditions using (S)-binapo as a Lewis 
base catalyst.



Content
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Double aldol reaction of various ketones (1a–h) and benzaldehyde
(2a) catalyzed by (S)-binapo
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Double aldol reaction of 2-pentanone (1c) and various aldehydes 
(2a–i) catalyzed by (S)-binapo.
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Possible reaction routes of the 
double aldol  reaction. Si=SiCl3.

alkyl methyl ketone

double aldol adduct

silylated aldol adducts

To investigate the first aldolization process, 
The author  performed  the reaction of 3-
pentanone with benzaldehyde under 
thesame reaction conditions. No aldol 
adducts were obtained.



Content
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To investigate the second aldolization process, the author examined the NMR 
spectra associated with the enolization of the mono-aldol adduct 4. The1H NMR 
analysis showed the clean generation of the enol ether 5 as almost a single 
isomer, The NOESY correlation revealed that the geometry of 5 was the Z 
isomer.



Content
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the silylated aldol adduct

The second enolization step at the less 
congested exo position affords a chiral
cyclic Z-silyl enol ether. The enol ether
reacts with another aldehyde via a 

bicyclic six-membered transition state 
with the assistance of a Lewis base 
silicon complex, thus giving the 
1,2-syn-1,5-anti product.



Conclusion
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a novel enantioselective double aldol reaction of 
an alkyl methyl ketone and two aldehydes using a 
chiral phosphine oxide as an organocatalyst.

The present reaction allows ready access 
to the 1,2‐syn‐1,5‐anti‐1,5‐dihydroxy‐3‐
pentanones with high stereoselectivity
in a single operation.




