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Enantiomers are chiral molecules that come in left- and right-handed forms. Laboratory
synthesis generally proceeds to give both forms, yet Nature mostly uses one of the two to
compose Life. This raises the enigma on how the preference for one chiral form emerged
under prebiotic conditions. Frank proposed in 1953 that it might be possible to form
enantiopure products from achiral precursors through asymmetric autocatalysis. It took
more than 40 years for its experimental realization by Soai. However, the Soai reaction
requires a small amount of enantiopure product from the beginning to reach single
chirality which shows that the synthesis of enantiopure products from achiral precursors is
extremely difficult to achieve in solution. Crystal-solution interactions may be exploited
to reach a stronger chiral discrimination. However, these conditions have never been
adopted in a construction reaction to form enantiopure compounds from achiral reactants.

In the first part of this thesis we describe the first example of the synthesis of enantiopure
products from completely achiral starting conditions. The system is reported in Chapter 2
and involves the synthesis of an enantiopure amine from its corresponding achiral
reactants (Figure 1). First, both enantiomers of the product are formed through a reversible
aza-Michael reaction. Secondly precipitation leads to a racemic mixture of conglomerate
crystals of the product. Finally, the applied grinding conditions facilitate complete solid-
state deracemization through Viedma ripening leading to an enantiopure (S)- or (R)-
product. Conducting the reaction at a lower concentration of reactants or using a lower
amount of catalyst leads to a shorter deracemization time as less crystals have to be
deracemized.
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Figure 1. The synthesis of enantiopure crystals from achiral reactants.
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In Chapter 3 we show that crystallization of only one enantiomer (total spontaneous
resolution) is possible. In most other cases however, both enantiomeric forms of the
product precipitate after which the applied Viedma ripening conditions induce complete
deracemization. The final configuration of the product can be controlled by adding seed
crystals of the product to the initially achiral homogeneous solution. In addition, complete
solid state deracemization can be achieved using repeated heating-cooling cycles instead
of grinding.

In the second part of this thesis we wanted to demonstrate the general applicability of our
crystallization-induced asymmetric synthesis approach. To do so, we aimed to obtain
enantiopure isoindolinones from its achiral precursors (Figure 2). Isoindolinones are
present in a number of pharmaceutical drugs and three isoindolinones meet the
requirements to undergo deracemization through Viedma ripening. However, despite
previous attempts reported in literature, these isoindolinones surprisingly failed to undergo
deracemization through Viedma ripening, even with an initial enantiomeric excess (ee).
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Figure 2. The one-pot synthesis, crystallization and deracemization of isoindolinones.

In Chapter 4 we studied these isoindolinones in detail and found that Viedma ripening is
possible, even without an initial ee, provided that 1) the applied attrition of crystals is
strong enough, 2) a suitable solvent is used in which the isoindolinones are sufficiently
soluble and 3) preparation and measurement of the samples proceeds without
racemization. As these isoindolinones already racemize in an ethanol solution, Viedma
ripening is also possible in ethanol and in the absence of a racemization catalyst.
Moreover, we determined the absolute configuration of all three isoindolinones by single-
crystal X-ray diffraction. With the optimized conditions in hand, we were able to acquire
these isoindolinones in enantiopure form from achiral reactants (Chapter 5).
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This way, the one-pot synthesis, crystallization and deracemization of enantiomers can
also be used in combination with reactions in which product formation is irreversible. The
final configuration of the product can be controlled using small amounts of chiral additives
or seed crystals of the product.

In the final part of this thesis we studied the effect of chiral impurities and chiral additives
on Viedma ripening. In many experiments, chiral impurities influence Viedma ripening
and one enantiomeric form of the product is obtained in preference to the other. For
example, the deracemization of an amino acid derivative always proceeded towards the
(R)-product (Figure 3). To overcome the effect of chiral impurities, we show in Chapter 6
that experiments involving higher attrition intensities leads to an outcome in which either
the enantiopure (R) or (S) product is obtained with equal probability. Also at low attrition
intensities, the effect of chiral impurities can be cancelled by using the right amount (10
ppm) of chiral additives.

100

Additives

Viedma Ripening (new mechanism)

404

|
204
OH

04

ee (%)

No additives
(cluster mechanism)

Time

Figure 3. Viedma ripening of an amino acid derivate in the presence of enantiopure additives.

One of the characteristics of Viedma ripening is that an autocatalytic feedback mechanism,
based on chiral clusters, leads to an exponential increase in ee during the course of
deracemization. In Chapter 7 we show that in the presence of enantiopure additives with a
concentration of as low as 2.5 x 107 mol%, Viedma ripening proceeds with an overall

linear and faster increase in ee (Figure 3).
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These experimental results can be explained using a mathematical model which assumes a
difference in growth and dissolution rates between the two enantiomeric forms. This
model also accounts for the generally observed linearity during the initial stages of
Viedma ripening without additives.

Crystal-solution interactions enable the opportunity to effectively give access to
compounds in enantiopure form. These conditions can be applied to reactions in which
synthesis of enantiopure products from achiral reactants becomes possible, a scenario
which might have been involved during the pre-biotic chemical evolution. From a
different perspective, this approach also shows that pharmaceutically-relevant molecules
can be efficiently obtained in one-pot through a facile multistep manner without the need
for intermediate recovery steps. The bottleneck behind crystallization-induced
transformations, as described in this thesis, is that the molecules must form racemic
conglomerate crystals and racemize in solution. However, once these conditions are met,
enantiopure products can easily be obtained. Viedma ripening in particular is a robust
method that leads to complete deracemization of crystals.
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