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1. Introduction

Aldol addition reactions are among those transformations that have greatly simplified the construction
of asymmetric C—C bonds and, thus, satisfy the most stringent of requirements for salient asymmetric
organic synthesis methodology. Numerous examples attesting to the strategic nature of asymmetric
aldol reactions exist in the context of both complex molecule synthesis and the preparation of optically
active small molecule building blocks.! Demand within the pharmaceutical and fine chemical industries
for efficient and economical methodologies for the asymmetric synthesis of both simple and complex
target molecules has resulted in new developments in aldol-based reaction technology being increasingly
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shaped by concerns for potential industrial applicability. As a consequence, an increasing emphasis has
been placed on developing catalyzed asymmetric aldol bond constructions as a means of addressing
the issues of cost and operaticnal simplicity inherent in industrial-scale chemistry. Catalytic variants
of the aldol addition reaction have evolved primarily from reaction design strategies that employ
preformed, latent enolates that require some activating agent, often substoichiometric quantities of
a Lewis acid, to undergo addition to the electrophilic reaction component. Investigations that have
successfully implemented this reaction design_strategy to the execution of asymmetric catalytic cross
aldol reactions are the subject cf the present account.

Many of the fundamental issues that confronted initial development of chemoselective cross aldol
reactions are inherent to the design of catalyzed variants of this important bond construction. Establishing
procedures for achieving chemo- and regioselective enolization, an essential prerequisite to chemoselec-
tive aldol addition reactions, was among the seminal achievements that ultimately led to aldol bond con-
structions reaching their current level of sophistication.? Reaction designs for catalyzed aldol reactions
must similarly incorporate mechanisms for selective enolate formation and the controlled reaction of
the resulting nucleophile with aldehyde electrophiles. It is not surprising, therefore, that the most widely
explored strategy for executing catalyzed and, ultimately, asymmetric aldol additions exploits preexisting
stoichiometric methodologies for generating the desired enolate structures. This design strategy shares
with stoichiometric protocols the procedural requirement for making enolate formation (enolization) and
C-C bond construction (addition) separate and distinct chemical operations (Scheme 1). However, the
catalyzed reaction schemes necessarily require a reaction catalyst to initiate and mediate the reaction of
the resulting enolate, thus presenting the catalyst as a vehicle for influencing reaction stereoselection.
Implementing this reaction design, therefore, required the identification of suitable latent enolate equiv-
alents that would add to aldehyde electrophiles only upon the intervention of a suitable activating agent
(catalyst). (Silyloxy)alkenes were first recognized as the requisite latent enolate equivalents, undergoing
addition to aldehydes in the presence of Lewis acid activators, a process ultimately to become known
as the Mukaiyama aldol reaction (Eq. 1).> The reaction parameters enumerated by Mukaiyama’s initial
investigations provided a reaction platform and a mechanistic guideline for the subsequent design and
development of chiral catalysts for asymmetric variants of these aldol addition reactions.
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Scheme 1.

The primary objective of this review is to present a comprehensive survey of catalyzed enantio
selective aldol reactions in which asymmetric induction is derived solely from the catalyst complex.
Catalyzed aldol reactions that translate preexisting chirality in one of the reaction partners to the bond






