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1. Introduction

Nitroalkanes and nitroalkenes have been always considered as
convenient and readily available intermediates in organic synthe-
sis, including total synthesis of natural products.1 The versatile
reactivity of nitro compounds in carbonecarbon and carbon-
eheteroatom bond forming reactions together with an amazing
transformability of the nitro-group to a number of other functional
groups makes them reagents of choice for organic chemists.

Over the last 15 years, there has been a considerable growth of
interest to the chemistry of non-aromatic nitro compounds which
has resulted in the development of numerous useful synthetic
applications.2,3 This may be attributed to an excellent compatibility
of the nitro compounds with novel asymmetric strategies, in par-
ticular, organocatalysis, which have emerged in the early 2000th.4,5

Catalytic asymmetric transformations of nitroalkanes and nitro-
olefins is a rapidly growing area of research. Many highly efficient
catalytic enantioselective CeC-bond forming reactions utilizing
nitro compounds have been recently developed, including orga-
nocatalytic or transition metal-catalyzed asymmetric Michael ad-
dition, nitro-Michael addition, Henry, aza-Henry, cascade, and
some other reactions. Moreover, reduction of enantiomerically and/
or diastereomerically enriched nitro compounds obtained by these
methods provides an expedient access to various bioactive amine
scaffolds, which are presently of high demand by pharmaceutical
industry and R&D.6e9

Medicinal chemistry is now an important area of nitro com-
pounds application. In particular, nitroalkanes and nitroalkenes are
considered as indispensable building blocks for concise synthesis of
medically relevant molecules. Scale-up and semi-industrial pro-
cesses utilizing nitro compounds as key precursors of various
pharmaceutical ingredients are widely reported in research papers
and patents. At this point, a systematization of the growing data on
nitro compounds application to target-oriented synthesis is obvi-
ously needed. The present review is focused on the stereoselective
transformations of nitro compounds and their derivatives, which
have been employed at the key stereocontrolling steps in the syn-
thesis of natural products and pharmaceutical ingredients. In this
review, all modern stereoselective and asymmetric strategies
employing nitro compounds (organocatalytic, transition metal
catalyzed and chiral auxiliary-based methods), which have proven
to be useful in the synthesis of clinically applied or being in various
phases of clinical (preclinical) trials bioactive molecules, are sum-
marized. It mostly covers literature after year 2000, though some
earlier reported classical strategies utilizing nitro compounds in
total synthesis are also included. (Some useful applications of
nitroalkanes and nitroalkenes are outlined in recent reviews on

organocatalysis2e5,10,11 and reactions of nitro compounds.4,6,7,12e15

However, these reviews mostly deal with the methodological and
mechanistic aspects of these transformations.)

The content of the review is classified by types of starting
compounds, including nitroalkanes, nitroolefins, and nitroalkane
derivatives (nitrile oxides, nitronates, and bis(oxy)enamines). With
in each class of compounds, the data are arranged according to
reaction type (Michael, Henry, aza-Henry, Mannich, cascade re-
actions, etc.) and further sub-divided in accordance with method-
ologies used (non-catalytic methodologies, metal catalysis,
organocatalysis). As a number of bioactive molecules produced by
alternative synthetic approaches are considered in different chap-
ters (sections) of the review, for the readership convenience, most
important of them are listed in the alphabetic order in Table 1
which contains references and links with corresponding sections
and schemes. Structural formulas of organocatalysts and ligands
used in stereoselective transformation of nitro compounds are
summarized in Figs. 1e4.

2. Reactions of nitroalkanes

Nitroalkanes are classical a-C-nucleophilic syntons. Due to the
high electronwithdrawing character of the nitro-group, they are
easily deprotonated to form nitronate-anions, which smoothly re-
act with carbon- and heteroatom-based electrophiles.1 In presence
of bases, nitroalkanes readily react with electron-deficient alkenes
(Michael reaction), carbonyl compounds (Henry or nitroaldol re-
action) and imines (aza-Henry or nitro-Mannich reaction), andmay
serve as di-nucleophiles in cascade electrophilic addition reactions
(reviews and monographs:1,3b,8,12). In reactions of prochiral nitro-
alkanes with electrophiles at least one new stereogenic center is
formed. In this way, diastereo- and/or enantiomerically pure ad-
ducts can be accessed by using electrophiles or nitro compounds
bearing chiral auxiliary groups or performing the reactions in the
presence of chiral metal complexes or organocatalysts. These ster-
eoselective reactions have found numerous applications in total
synthesis of natural products as well as various pharmaceutically
relevant molecules.

2.1. Addition to electron-deficient olefins

The conjugate addition of nitroalkanes to electron-deficient
olefins, primarily to a,b-unsaturated carbonyl compounds, is an
important class of CeC bond forming reactions.1 The products of
these reactions are useful intermediates for a variety of natural
and non-natural pharmaceutically valuable compounds. In par-
ticular, g-nitrocarbonyl compounds resulting from the nitro-
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