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Figure 1 Selected examples of mechanical chiral rotaxanes (a) and chiral macrocyclic (b) compounds
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Figure 8 Construction of PCM by asymmetric cyclization reaction catalyzed by enzyme
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Progress on synthesis of optically pure mechanical planar chiral
rotaxanes and planar chiral macrocycle molecules
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Chirality has become one of the central research topics in the organic synthetic community. Chiral molecules are classified
into four categories according to the chiral element, which are point, axial, planar, and helical chirality. Earlier research
primarily focused on point chirality, while other stereogenic elements have received considerably less attention until
recently. Planar chirality represents an important core structure and finds wide presence in numerous naturally occurring
molecules with diverse biological activities. These scaffolds are also encountered among drug candidates and small-
molecule screening libraries. Over the past few decades, the molecules containing planar chirality have attracted
considerable attention in both medicinal and chemical communities. Among them, mechanical planar chiral rotaxanes
(MPCR) and planar chiral macrocycles (PCM) are of particular concerns. Rotaxanes, which consists of a macrocyclic and a
linear axis with bulky groups, was first postulated by Gottfried Schill and Hubertus Zollenkopf in 1971, while
enantiomerically pure MPCR was first prepared by resolution of racemic cycloenantiomeric rotaxane by Vogtle until 1997.
MPCR exhibited a range of applications such as molecular machine, molecular switch, molecular recognition, drug release
and asymmetric catalysis. On the other hand, Blomquist suggested that trans-cycloalkenes have an inherent chirality. Since
then, medium-sized and macrocyclic cycloalkanes with stable planar chirality have aroused much interest in synthetic
chemistry. PCM motif widely exists in natural products with diverse biological activities, such as cavicularin and
cyclindrocyclophane. These natural products exabit strong activity against human oral epidermal cancer cells and colon
cancer cell lines. In addition, PCM motif is also present in drug candidates. Loratinib containing a PCM unit has been used
as tyrosine kinase (ALK) inhibitor for the treatment of ALK positive metastatic non-small cell lung cancer. Thus, the
development of new strategies for the preparation of MPCR and PCM molecules has been regarded as an important topic in
synthetic organic chemistry. However, due to the structural complexity, the synthesis of enantiomerically pure MPCR and
PCM is remaining a formidable challenge at present. The preparation of optically pure MPCR and PCM compounds mainly
relied on the separation of enantiomers from racemic mixtures by preparative chiral stationary phase HPLC, chiral pools,
chiral auxiliaries and asymmetric cyclization strategy catalyzed by transition metal or enzyme. The current review
highlights the recent progresses for the access to enantiomerically pure molecules containing MPCR and PCM units. We
start by discussing the synthesis of MPCR, of which covers the synthesis of MPCR by chiral stationary-phase HPLC
separation, enantioselective kinetic resolution a racemic mixture or chiral auxiliaries. While section II presents the access to
optically enriched PCM by relying on the approaches including transition metal catalysis, chiral auxiliaries and asymmetric
cyclization. Nevertheless, whereas progresses have been made, low efficiency and enantioselectivity of current approaches
as well as the use of stoichiometric chiral auxiliary limited the access to the large-scale synthesis of these intriguing
molecules. Overall, the synthesis of the planar chiral compounds using asymmetric catalysis strategy is still
underdeveloped. It is still highly imperative to establish new approaches for asymmetric construction of MPCR and
PCM scaffolds. The aim of this review is to provide an overview of this area and inform researchers to turn their attention to
develop more new asymmetric processes for the synthesis of MPCR and PCM compounds.

mechanical planar chiral rotaxanes, planar chiral macrocycles, planar chiral compounds, planar hirality
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