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Abstract: On Monday, November 7, 2005, the rector Prof. Dr. K. Osterwalder presented the Prelog Medal 2005 to
Prof. Dr. Ben L. Feringa, University of Groningen, The Netherlands. The title of the lecture that followed was ‘In
Control of Chirality, from Asymmetric Catalysis to Nanomachines’.
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The recipient of the 2005 Prelog Medal,
Prof. Ben L. Feringa, was born in The
Netherlands. He received his doctoral de-
gree in 1978 at the University of Groningen,
after working under the supervision of Prof.
Hans Wynberg in the area of phenol oxida-
tion. He subsequently took a position as a
research scientist with Royal Dutch Shell,
both at the Shell Research Center in Am-
sterdam and at the Shell Biosciences Labo-
ratories in Sittingbourne, UK from 1978
through 1984. He joined the Department
of Chemistry at the University of Gronin-
gen as a lecturer in 1984 and rapidly rose
through the ranks to the position of full pro-
fessor four years later as successor to Prof.
Wynberg. In 2003, he was appointed as the
distinguished Jacobus van’t Hoff Professor
of Molecular Sciences. Prof. Feringa has
authored more than 300 publications and
16 patents. He is the recipient of numerous
awards including the 1997 Pino Gold Metal
of the Italian Chemical Society and the Spi-
noza award, the highest scientific award in
The Netherlands. He is also an honorary
member of the American Academy of Arts
and Sciences.

His research interests span the broad
range of cutting-edge topics in modern mo-
lecular science and include homogenous
catalysis for organic synthesis, analytics, as
well as nanosystems and materials (molec-
ular switches, motors, and self-assembly).
Many important, high impact insights have
emanated from his research program. Re-
cently, for example, he discovered a method
for the catalytic, enantioselective conjugate
addition of Grignard reagents to acceptors.
This had been a fundamental and difficult
problem in chemical synthesis, which had
remained unsolved despite intense inves-
tigations. Additionally, he discovered the
Monophos ligands, which provide an ele-
gant, simple ligand scaffold for the genera-
tion of diverse donor libraries. The ligands
have proven themselves to be useful in a
host of critical processes. Moreover, these
ligands have inaugurated a revolution in
the field of asymmetric catalysis with tran-
sition metal complexes, which for histori-
cal reasons had come to rely in large part
on the use of bisphosphine ligands. Due to
his unique experience in industry and aca-
demics he tackles problems of both funda-
mental importance and practical relevance.
Hand in hand with discoveries in reaction
chemistry, he has pioneered the use of ana-
lytical methods for the rapid determination
of product enantiomeric purity for use in
the screening and optimization of catalytic
asymmetric transformations. In the field of
nanochemistry, he has developed chiral op-
tical switches and molecular devices. The
recent development of the first light-driven
unidirectional molecular motors represents
a particularly exciting advance. Professor
Feringa’s research program thus exempli-
fies how the coupling of a deep-seated un-
derstanding of molecular properties with
masterful orchestration in chemical synthe-
sis can lead to discovery and exploration

in uncharted arenas. In doing so he has de-
fined basic principles for further advances
in this nascent, fertile area.

His broad interests in the chemical
sciences are underpinned by the common
theme of stereochemistry. It is thus fitting
that in recognition of his scientific leader-
ship Professor Feringa has been chosen as
the recipient of 2005 Prelog Medal.
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In Control of Chirality, from Asymmetric
Catalysis to Nanomachines

Ben L. Feringa*

Abstract: New approaches to achieve control of molecular chirality have enabled the development of methods for
asymmetric catalysis and the construction of molecular switches and motors.
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Introduction

The unique handedness of the essential
molecules of life, the role of stereochemis-
try in nearly every aspect of our discipline,
and the enormous economic implications
associated with the production of single
enantiomers of pharmaceuticals and other
bioactive substances continuously offer
major challenges to achieve control of chi-
rality at the molecular, supramolecular and
macromolecular level. Chirality is “a sig-
nature of life” and is considered to play a
decisive role in chembiogenesis [1][2]. The
impetus to develop fully catalytic, environ-
mentally benign organic synthesis sets the
stage for a new era in asymmetric catalysis
[3]. Furthermore, the exploration of funda-
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mental stereochemical principles provides
fascinating opportunities in the emerging
areas of smart materials and functional
nanosystems [4].

Asymmetric Catalysis

The conjugate addition of organome-
tallic reagents to o,p-unsaturated com-
pounds is one of the key carbon—carbon
bond forming reactions in organic synthe-
sis (Fig. 1) [5]. The discovery that near-ab-
solute stereocontrol could be obtained for
the first time in the copper-catalyzed con-
jugate addition of organozinc reagents by
using phosphoramidites as chiral ligands
(Fig. 2) initiated the development of more
than a dozen asymmetric transformations
based on monodentate ligands [6][7].

The copper-catalyzed conjugate of or-
ganozinc reagents has been used to produce
a variety of natural products including neu-
rotoxins, prostaglandins, pheromones, and

-amino acids (Fig. 3). For nearly 30 years
it was considered essential to use biden-
tate chiral ligands in order to achieve high
enantioselectivity in asymmetric hydroge-
nation [3]. In 2000 three groups indepen-
dently demonstrated that catalysts based on
monodentate ligands provide similar levels
of stereocontrol [8]. The easy access (often
in a one-pot procedure employing cheap
starting materials) to phosphoramidites
has led to a plethora of new asymmetric
hydrogenations and the implementation in
the industrial production of a chiral drug
intermediate on a multi-ton scale [9]. The
modular architecture of monodentate phos-
phoramidites is an especially attractive fea-
ture since it allows rapid optimization of
ligand structure for a specific reaction or
substrate class, and is compatible with au-
tomated synthesis of ligand libraries. This
is particularly relevant for the construction
of toolkits of chiral catalysts to help chem-
ists meet the short time-frames allowed in
route discovery in drug development.

Et,Zn
toluene, -30°C

0.5 mol% Cu(OTf),
1.0 mol% L*

\J

conversion > 98%
e.e.>98%

Fig. 1. Catalytic asymmetric conjugate addition of organozinc reagents
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Fig. 2. Representative examples of monodentate chiral phosphoramidite ligands
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Fig. 3. Typical examples of bioactive compounds synthesized with a
catalytic asymmetric conjugate addition as the key step

P1\M'P1 homo-complex
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Fig. 4. The combination of chiral and achiral ligands results in a dramatic increase in enantioselectivity
in the preparation of cinnamic acids; key building blocks for renin inhibitors
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Fig. 5. Synthesis of Lardolure via an iterative introduction of propionate fragments using asymmetric
conjugate addition of methylmagnesiumbromide as key step
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A special feature of monodentate chiral
ligands is the use in mixed-ligand approaches
in asymmetric catalysis. Fig. 4 illustrates the
spectacular improvement in enantioselectiv-
ity that can be reached using a combination
of chiral and achiral ligands [10].

In contrast, the breakthrough in the con-
jugate addition of Grignard reagents was
achieved using well-established bidentate
phosphine ligands derived from ferrocene
(Fig. 5) [11]. With an effective solution for
this long-standing problem in asymmetric
C—C bond formation at hand, iterative cata-
lytic protocols for the construction of oli-
gopropionates were developed to illustrate
the potential of this methodology in acyclic
stereocontrol.

Molecular Switches and Motors

Facing the challenges of the nano-
technology era ahead of us it is tempting
to predict a decisive role for molecular
switches, motors, and nanoscale ma-
chines comparable to the introduction of
the macroscopic engines and transistors at
the dawn of the industrial and information
technology revolutions, respectively [12].
The development of molecular switches as
potential memory elements for data stor-
age and processing was inspired by the
photochemical processes associated with
vision. In synthetic chiroptical molecular
switches, a light-induced cis-trans isom-
erization is accompanied by a change in
the helicity of the molecule (Fig. 6) [13]. A
major advantage of these chiral switches,
compared to other photochromic materials
used as molecular memory elements, is the
possibility for non-destructive read-out us-
ing chiroptical techniques [14].

Light-induced switching of molecular
structure and helicity has also been used
to reversibly address a variety of materi-
als properties. For instance smart gels and
liquid crystalline films were developed in
which mesoscopic organization, self-as-
sembly, supramolecular chirality or color
can be controlled [15].

The incorporation of a photoswitch as a
trigger element in a modified mechanosen-
sitive bacterial channel protein allowed the
reversible opening and closing of a nano-
size valve (Fig. 7) [16]. Reconstitution of
the protein in a vesicle membrane allowed
the flow of encapsulated molecules from
inside the vesicle to be controlled by pho-
toirradiation, constituting a first step toward
artificial drug delivery systems using a na-
noscale triggering device.

The design and construction of the first
light-driven molecular rotary motor provid-
ed us with the most extreme stereochemical
challenge so far (Fig. 8) [17][18]. Unidirec-
tional rotation of one half of the molecule
relative to the other was achieved in four
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(M)-trans

Fig. 6. A chiroptical molecular switch as a binary information storage element. Irradiation at distinct
wavelengths results in the interconversion of cis and trans isomers accompanied by helix inversion,
allowing each chiral state to be separately addressed.

UV light

\/

A

VIS light

UV (366 nm)
o e——
VIS (>460 nm) 8

Fig. 7. A nanovalve based on the reversible opening by light of a modified mechanosensitive channel
protein

15t Generation

2nd Generation

Fig 8. Typical examples of the first and second generation of rotary
molecular motors
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steps, including two photochemical isom-
erizations each followed by a thermal helix
inversion. In the second generation design
of molecular motors, the speed of rotation
could be increased over a million fold by fine
tuning steric and electronic parameters [19].

Through the introduction of two ‘legs’
on the stator part of the molecule, molecular
motors were immobilized on the surface of
gold nanoparticles (Fig. 9) [20].

The assembly on surfaces, thereby not
compromising the motor function, is a cru-
cial step to be able to build ultimately nano-
machines for practical applications and to
exploit the coherent motion of a large col-
lection of molecular motors.
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