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1 Introduction

During the 20th century, synthetic organic chemistry has contributed
to the technological development to a great extent. Life would not
be possible in our modern society without its products, such as
medicines, pesticides or plastic. However, this rapid and vast de-
velopment of the chemical industry causes several problems as well,
with environmental pollution or the use of non-renewable starting
materials being among the most conspicuous ones. Thus, it is not
surprising that applications of catalytic processes are becoming
widespread, as by decreasing the quantity of waste or side products
and the energy demand of the reactions, they offer an environmen-
tally friendly approach to synthesis on their own.

Most of the currently used catalysts contain transition metals,
which raises two concerns. On the one hand, transition metals are
toxic, and their removal from the products often poses the most
challenging issue of the technological process. On the other hand,
the majority of these metals stems from non-renewable starting
materials, and therefore the depletion of their sources is a problem
that has to be dealt with on the long term. These challenges urged
chemists to develop alternative methods. As a result of their work,
a new research field has evolved during the last decade and led to a
paradigm shift in the development of catalysts. This field, termed
organocatalysis, is nowadays counted as one of the most popular
research areas. As indicated by the name, these catalytic processes
use small, metal-free molecules, also called microenzymes.

The most remarkable achievements of organocatalysis are con-
nected to asymmetric reactions. Although this field of research is
relatively new, the simplicity of the synthetic reactions and their
wide scope of application raised its reputation, and by now, instead
of remaining an auxiliary beside the widely applied metal-based
catalysis, it has become a strong competitor.
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2 Aims

Based on the literature and the previous work of our research group
in the field of organocatalysis, we set the following aims. Firstly,
we desired to acquire more mechanistic information about our pre-
viously developed epi-quinine based catalyst (epiDQT) and to
synthesize its various derivatives and apply them in organocatalytic
reactions. The goal of derivatization was to modulate the basicity
of the tertiary amine moiety and the acidity of the thiourea group,
which both play key role in the active site. In order to understand
the mechanism of the catalysis, the exact structure and the con-
formational equilibriums in solution should be investigated. One
subject of these investigations is the thiourea moiety, which imposes
a challenge during NMR measurements. To make the investigation
easier, we aimed to synthesize a catalyst that is labeled with 15N at
one of the nitrogen atoms in the thiourea moiety.

Secondly, we wanted to broaden the scope of applications of this
catalyst family to include organocascade reactions. In this field, the
use of bifunctional organocatalysts is scarce, and we also sought
a satisfactory explanation for this. Our catalysts are known to
achieve high enantioselectivity in many simple chemical reactions;
therefore, we hoped to get good results when applying them in
the selective synthesis of complex molecules. In the process of
simultaneously creating several chiral centers, we aimed to investigate
the diastereoselectivity and the various factors affecting it. The
fundamental question was whether we should expect the effect of
double diastereocontrol in these reactions, and if yes, it is the catalyst
or the substrate that has a greater influence.
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3 Results

The main results and conclusions can be summarized as follows.

1. The effect of altering the basicity and acidity of groups in the
catalytic cleft was studied. In order to do so, new catalyst
derivatives were synthesized and tested in Michael addition
reaction of chalcone and nitromethane. We have found that
by decreasing either basicity or acidity, the reactivity of the
catalyst is reduced, but in all cases, the product is formed
with high enantioselectivity.

2. A scalable and reproducible procedure has been developed for
the synthesis of 10,11-didehidroquinine and the corresponding
epiamine derivatives. Besides contributing to the extension of
the catalyst family, these acetylene derivatives of cinchona al-
kaloids can be used as starting materials in numerous reactions
(e.g., the click reaction).

3. NMR studies, allowing us to even better understand the
solution-phase structure of the bifunctional catalyst, required
the synthesis of 15N labeled derivatives because in this way, the
two nitrogen atoms of the thiourea moiety can be distinguished.
Therefore, we have prepared an isotope labeled epiDQT cata-
lyst in a four-step synthesis route, using K15NO3 as the source
of the nitrogen isotope.

4. The cinchona based catalyst family was applied in a sequential
reaction. In this transformation, a limiting case of double
diastereocontrol was identified, corresponding to a substrate-
controlled or internally diastereocontrolled reaction. Exploit-
ing these phenomena, we have developed a novel two-catalyst
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process that yields previously unknown cyclohexane deriva-
tives from nitrostyrene and chalcone–nitromethane adducts.
In these reactions, five new stereocenters are produced with
high diastereo- and enantioselectivity.

5. Using the previously shown Michael–Henry ring closing scheme,
we have prepared further 12 new compounds. We have found
that both the α, β-unsaturated nitro compounds as well as
the Michael adducts need to contain aromatic side chains
for the reaction to proceed. This experience highlighted the
importance of π, π-interactions in the catalytic process.

6. The above Michael–Henry reaction has been successfully ap-
plied in kinetic resolution, thereby further corroborating the
presence of the double diastereocontrol.

7. In order to investigate the presented phenomena in other sys-
tems, the electrophile of the second step has been replaced
with less reactive α, β-unsaturated aldehydes. The double di-
astereocontrol in the Michael–Michael–aldol reaction sequence
was observed in the case of these reactants as well. The second
part of the procedure, i.e., the Michael–aldol reaction, yielded
cyclohexane derivatives with four new chiral centers.
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8. The reaction conditions for the Michael–aldol ring closing re-
action have been optimized, and eight further cyclohexane
derivatives have been synthesized. These transformations
highlighted that in the cyclic ketol product, the chiral cen-
ters formed by the aldol addition always have syn relative
configuration.

9. The Michael–aldol reaction has also been extended to an α-
substituted unsaturated aldehyde.

10. The scope of the above reaction has been enlarged by using
α, β-unsaturated ketones. No ring formation was observed
for these substrates, but the diastereoselectivity was excellent,
which allowed the creation of several adjacent stereocenters
along an open chain.
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11. The reactions carried out with various oxo compounds have
furthermore showed that multifunctional starting compounds
can possibly undergo reactions that do not take place with
their simpler analogues.

12. A three-dimensional model has been proposed to illustrate the
observed regulatory effects exerted both by the catalyst and
the substrate.

The product formed in the first step can bind into the cat-
alytic pocket only in the way it did during its own formation.
Therefore, the molecule occupies the whole catalytic pocket,
thus effectively hampering the binding and activation of the
third substrate; hence, no cascade reaction occurs. In contrast,
the product can apparently also bind into the pocket of the
(pseudo)enantiomeric catalyst, and due to the imperfect fit, the
possibility for the concomitant binding of the next electrophile
is maintained, thereby opening the way for the next reaction
step.
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