
Pergamon Tetrahedron:Asymmetry10 (1999) 1015–1018

TETRAHEDRON:

ASYMMETRY

Application of the retroaldol reaction to asymmetric synthesis:
a new concept in organic syntheses

Yannick Quesnel,a Loïc Toupet,b Lucette Duhamel,a,∗ Pierre Duhamela and
Jean-Marie Poiriera,†

aUniversité de Rouen, UPRES-A 6014, Laboratoire des Fonctions Azotées et Oxygénées complexes, IRCOF, 76821 Mont Saint
Aignan, Cedex, France

bUniversité de Rennes, Groupe Matière Condensée et Matériaux, Faculté des Sciences, 35042 Rennes, Cedex, France

Received 3 February 1999; accepted 11 March 1999

Abstract

Aldol 5b, easily obtained from dihydrocarvone6b, reacts with organolithium and Grignard reagents leading to
enantiomerically enriched alcohols8 (ee up to 35%). Thus, aldol5b is a synthetic equivalent of benzaldehyde with
a masked prochiral face. © 1999 Elsevier Science Ltd. All rights reserved.

The retroaldol reaction is very common in organic synthesis and is often a serious limitation during
synthetic manipulations.1 However, reversibility of the aldol reaction, which has been used as a powerful
tool in organic synthesis,2 has not, until now, been exploited in asymmetric synthesis.

In this communication we wish to report on a new approach to enantioselective synthesis of alcohols
by a novel use of the retroaldol reaction. Retroaldol cleavage of enantiomerically pureβ-hydroxy ketone
1 gives rise to enolate2 and aldehyde3 which can undergo further reactions. Following cleavage of the
C–C bond in the fragmentation reaction, the two products will be held in close proximity as they are
both coordinated to the same metal ion (speciesI ). The enolate2 will thus mask one of the prochiral
faces of the newly formed aldehyde3. Addition of a second nucleophilic species to the carbonyl group
should occur stereoselectively from the unmasked face leading to an enantiomerically enriched carbinol
4 (Scheme 1).

Asβ-hydroxy ketones with only one stereogenic centre are difficult to obtain enantiomerically pure,1,3

we decided to prepare aldols5 from chiral ketones6 (Table 1). Condensation of lithium enolates of
ketones6 with benzaldehyde led to two diastereoisomeric aldols5 detected by1H and 13C NMR.4

Lithium enolates were obtained using a procedure developed by our group2d,6 from trimethylsilyl
enol ethers5a of ketones6 after cleavage performed with potassiumtert-butoxide6 followed by a K–Li
exchange.2d Aldols 5a and 5b were thus obtained with a diastereoisomeric excess greater than 98%
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Scheme 1.

after one crystallisation (Table 1). Aldol5a was recently reported7 and configurations of the two new
stereogenic centres of5b were determined using nOe and X-ray experiments.8 It is to be noted that when
the lithium enolate of dihydrocarvone6b was prepared by direct deprotonation with LDA, aldol5b′,
regioisomer of5b, was obtained with a de of 60% (Table 1).9

Table 1
Aldols 5 from chiral ketones6

We tested the potential of aldols5a and5b as synthetic equivalents of benzaldehyde with a masked
face, using organolithiums and Grignard reagents as nucleophilic species.

Reaction of aldol5b with methyllithium and methylmagnesium bromide led to diol7 (one diastereo-
mer) by a classical addition on the carbonyl group, but with bigger organometallics we were pleased
to obtain enantiomerically enriched alcohols8, involving a retroaldolisation for the first reaction step
(Table 2, Scheme 2).10,11

Table 2
Alcohols (R)-8 by reaction of organometallics with5b
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Scheme 2.

Their (R)-absolute configuration agrees with the predicted model Ib where thesi-face of benzaldehyde
is masked (Fig. 1). The higher ee (up to 35%), obtained using Grignard reagents, can be explained by
considering the greater propensity of the magnesium atom to tether the aldehyde and enolate together.

Figure 1.

Starting from aldol5b′ (de=60%), regioisomer of5b, the reaction with organometallics does not lead
to the alcohols8, thus ruling out the intermediary of this species in the formation of8 from 5b.

Under the same conditions, reaction of aldol5a with butyllithium does not give alcohol8 (R_Bu) but
enone9 (Fig. 1).

In conclusion, we have demonstrated that starting from dihydrocarvone6b we could synthesise
enantiomerically enriched alcohols8 by a novel use of the retroaldol reaction. The recovered ketone
6b can be reused (Scheme 3).

Scheme 3.

Although the reported ees are modest, these promising preliminary results unambiguously show for
the first time that enantiomerically pure aldols can be considered as a new class of carbonyl compounds
with a masked face.
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