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Organic Chemistry a la Genevoise

Clément Mazet, Andreas Zumbuehl, Damien Jeannerat, Jiri Mareda, Alexandre Alexakis,
E. Peter Kiindig, Jéréme Lacour, and Stefan Matile*

Abstract: This article describes the situation of Department of Organic Chemistry in the year of the 450th an-
niversary of the University of Geneva.
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The Department of Organic Chemistry en-
joys international recognition for a tradi-
tion of excellence in research and teaching.
The research activities in the Department
focus on the key expertise of the organic
chemist, that is the ability to transform mat-
ter and to create and study new molecules
and supramolecular architectures with
relevance in biological, pharmaceutical,
medicinal or materials sciences. Unifying
‘hard’ science with ‘artistic’ creativity in a
unique manner, this distinguishing ability
is and will always be needed to maintain
our quality of life (more than one third
of Swiss exports originate in the fields of
chemistry), to tackle the challenges facing
our society with regard to energy (e.g. so-
lar energy conversion), environment (e.g.
green processing) and public health (e.g.
drug resistance), and to realize key scien-
tific discoveries.

The current Department hosts
four full professors, two MER (maitre
d’enseignement et de recherche, similar to
an associate professor), two MA (maitre
assistant, similar to an assistant professor),
and about 70 doctoral and postdoctoral
coworkers (Fig. 1). The DCO produces
~60 publications, awards ~8 PhD degrees
and accomplishes ~5 postdoctoral fellow-
ships per year. Our former students usu-
ally find high-level employment without
problem. Some prefer to join the leading
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regional, national or international industry
(Actelion, Addex, Chemspeed, Clariant,
DuPont Dow, Firmenich, Givaudan, JT,
Lonza, MerckSerono, Nestlé, NovaBio-
chem, Novartis, OM Pharma, Organon,
Roche, Rolex, SICPA, Syngenta, etc.) or
join companies elsewhere in Europe or
overseas. Others are now successful pro-
fessors in Switzerland, Australia, Bolivia,
Canada, France, Greece, Germany, India,
Italy, Japan, Pakistan, Poland, Turkey, UK
and USA. Some accounts can be found in
this issue.

Memorable molecules made in Geneva
can be traced back to amine 1 produced in
soy sauce and ketchup from tryptophan and
glucose following the reaction discovered
1911 by Amé Pictet and Theodor Spengler
(Fig. 2).11 The current generation builds
on Charles Jefford’s variations of antima-
laria natural product artemisinin 2,121 and
on Wolfgang Oppolzer’s sultams for the
asymmetric synthesis of syn-aldols as in
transition state 3.13 More recent highlights
include Paul Miiller’s Rh-catalysts for the

intermolecular C-H bond activation to
transform substrates as demanding as cy-
clohexane into the C—H aminated product
4, Ulrich Burger’s photochemical transfor-
mation of alkylpyridiniums into aziridines
5 for the synthesis of glycosidase inhibi-
tors, Kurt Schaffner’s photochemistry of
cyclohex-3-enone 6 or Michael Gobel’s
artificial kinase 7.1*71 The main research
topics in the current Department are or-
ganic synthesis, supramolecular chemistry,
chemical biology, NMR spectroscopy and
computational chemistry.

Research in the Kiindig group focuses
on new metal-mediated and metal-cat-
alyzed reactions. Advances in synthetic
methods and the understanding of the un-
derlying fundamental processes are intel-
lectually challenging and the resulting in-
sights lead to scientific discovery and use-
ful technological innovation.®! Highlights
emerging form these activities include
compounds 8-18 (Fig. 2).

Chiral catalyst and ligand development
are key issues in modern synthetic chem-

Fig. 1. The Department of Organic Chemistry of the University of Geneva in 2009. In front, from
left to right: Clément Mazet, Alexandre Alexakis, Damien Jeannerat, Peter Kiindig, Jérébme Lacour,
Jiri Mareda, Andreas Zumbuehl and Stefan Matile (Photo: Didier Perret).
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istry and this is a central theme in Peter
Kiindig’s research. Over the past years new
chiral iron and ruthenium Lewis acids have
been developed. They are characterized by
straightforward syntheses, a well-defined
structure, and high stability which make
easy recycling possible (Ru). They were
successfully applied to asymmetric [4+2]
and [3+2] cycloaddition reactions giving
products in high enantiomeric excess. Cru-
cial in this project was the synthesis and
use of new bidentate electron-poor phos-
phinite ligands.!

New chiral ligands play central roles
in other projects too: Phosphoramidites
find application in the desymmetrization
of meso-complexes;[10-111 bulky chiral N-
heterocyclic carbene ligands led to a break-
through in the Pd-catalyzed asymmetric
intramolecular arylation of amides to give
highly enantioenriched 3-disubstituted ox-
indoles — key building blocks for pharma-
ceutically active compounds.[12]

New chiral diamines, obtained by
stripping cinchona alkaloids to a mini-
mum core, proved excellent catalysts for
the enantioselective acyl transfer to meso-
diols.l13I

Arenes and arene T—complexes form a
second central theme in the group. Tempo-
rary complexation of an arene to the elec-
trophilic Cr(CO), group allows the regio-
and stereoselective addition of up to three
C-fragments across an arene double bond.
Subsequent development of asymmetric
variants has given rise to a number of ef-
ficient routes of access to highly attractive
chiral building blocks for organic synthe-
sis.[14] Applications to natural products in
the sesquiterpene- and alkaloid field, mol-
ecules chosen for their skeletal complex-
ity and biological activity, demonstrate the
power of this sequence.[!5]

The main objective of the Mazet group
is to develop readily available chiral cata-
lysts for enantioselective metal-catalyzed
reactions. To tackle this challenge we
employ state-of-the-art physical-organic
chemistry tools to glean insight into the na-
ture of reaction intermediates that govern
the reactivity and the selectivity of a given
transformation. This strategy allows us to
either tune existing catalyst structures to
overcome their current limitations or to de-
tract these catalysts from their original pur-
pose by modifying the reaction conditions
in order to perform fundamentally differ-
ent transformations. The later approach
was recently applied to the asymmetric
isomerization of primary allylic alcohols
into the corresponding chiral aldehydes.[16]
Successful examples of efficient catalysts
for this transformation remain rare and
rely solely on the use of chiral rhodium
complexes using rather harsh conditions.
This is somewhat surprising since the cor-
responding isomerization of allylic amines

to enamines stands out as one of the most
accomplished and well-studied reaction in
asymmetric catalysis. We have identified
highly selective iridium catalysts such as
19/20 for the asymmetric isomerization of
primary allylic alcohols. Deviating known
hydrogenation catalysts from their initial
goal towards productive isomerization by
adequately tuning the experimental set-up
allows this most challenging transforma-
tion to take place exclusively and under
mild reaction conditions. In addition, pre-
liminary investigations have helped to un-
derstand and rationalize crucial features of
the reaction mechanism. Implementation
of this methodology in the synthesis of
biologically active natural substances will
be investigated next in our group.

The Alexakis group deals with asym-
metric synthesis in a wide sense. The iden-
tification of synthetic challenges, in this
area, is the driving force in these studies.
In addition, efficiency and environmental
safety are always kept in mind. Therefore,
only catalytic procedures are developed,
either with transition metals, or with small
organic molecules called organocatalysts.
The application of these methodologies to
natural products follows.

Over the years, copper was developed
for asymmetric conjugate addition on
more and more challenging substrates,
with various organometallic reagents (Zn,
Al, Mg),[17:18] culminating with the unprec-
edented formation of all-carbon chiral qua-
ternary centres.[19]

Copper catalysts were also developed
for the asymmetric allylic substitution.[20]
Both the nucleophile and the substrates
were examined, particularly functional-
ized ones. Complementary to copper, irid-
ium and palladium were also considered as
catalysts, with equal success.

The common feature of all these metal-
catalyzed reactions is the chiral ligand. It is
the key to reactivity as well as to enantiose-
lectivity. Several families of monodentate
ligands have been developed, such as phos-
phoramidites, aminophosphines (Simple-
Phos),[21l diaminocarbenes and diamines,
including 21-26.

Diamine chemistry was the starting
point to new chiral diamine ligands for
organolithium reagents, addition reac-
tions, metallation reactions, as well as
unprecedented asymmetric metal-halogen
exchange.l??l Chiral diamines have also
found application as organocatalysts in
several reactions, including conjugate ad-
ditions.[23]

The main research interest of the La-
cour group is stereoselective (asymmetric)
chemistry in a wide sense and is centred
around structural key motifs 27-32.[24-32]
Current research programs cover a variety
of topics within the areas of enantioselec-
tive catalysis (C—C and C—O bond forming

reactions),l?#! stereoselective synthesis, 23]
asymmetric recognition,[?! surface chem-
istry,27]. NMR enantiodifferentiation, 28]
and these encompass the use of a range
of original ionic compounds from enan-
tiopure hexacoordinated phosphate ani-
ons (e.g. 27 and 28) to chiral cyclopenta-
dienyle-ruthenium 32,241 ammonium, 23]
iminium 29, and highly stable carbenium
ions 30 and derivatives.[2630] In all these
studies, the group takes pride in always
trying to understand the intricate details of
the processes at play and spends time de-
veloping evidence for the mechanisms in
action. A strong attention is given to ionic
situations at play.[31321 Care is particularly
taken to maximize reactivity and selectiv-
ity through the selection of chiral counte-
rions.

As a matter of fact, the association
of prochiral or chiral ionic species with
enantiopure counterions results in the for-
mation of diastereomeric salts. With well-
designed chiral counterions behaving as
chiral auxiliaries, the formation of such
salts in tightly associated contact ion pairs
lead to large chemical and physical differ-
ences among the diastereomeric salts and,
as a result, favour the selective formation
of one. High level of asymmetric recogni-
tion between chiral cations and anions is
then achieved leading to new and efficient
processes of asymmetric detection, resolu-
tion, induction and synthesis. This concept
has been applied by the group in a vari-
ety of fields and in organic, organometal-
lic, metallo-organic and supramolecular
chemistry in particular. Good stereoselec-
tivity can be obtained during reactions by
the efficient selection of one diastereomer-
ically enriched reactive ion pair containing
a prochiral ion and its matched enantiopure
counterion; these simple-to-run processes
being moreover often operated under green
and catalytic conditions.

The general objective in the Matile
group is to create supramolecular archi-
tectures with interesting functions from
scratch for use in molecular optoelectron-
ics (e.g. organic solar cells),33] diagnostics
(e.g. multianalyte sensors)*#! and drug
discovery (e.g. multienzyme detectors).[33]
To address these challenges, the Geneva
approach focuses on lipid bilayers or solid
substrates as platforms, rigid-rod mole-
cules as privileged scaffolds, and peptides,
naphthalenediimides (NDIs) or perylen-
ediimides (PDIs) as functional modules.
Over the years, this has lead to zippers,
barrels, slides, helices, stacks and wires
that can act as smart, stimuli-responsive
photosystems, pores, ion channels, sensors
and catalysts.

The introduction of rigid-rod scaffolds
was essential for the discovery of artificial
[B-barrels 33 (an ubiquitous protein tertiary
structure, see below), which in turn pro-
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Fig. 2. The Hall of Fame: Memorable molecules from past (1-7) and current organic chemistry in Geneva.
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Fig. 2. (cont.) The Hall of Fame: Memorable molecules from past (1-7) and current organic chemistry in Geneva.



820

CHIMIA 2009, 63, No. 12

THE 450TH ANNIVERSARY OF THE ACADEMIE ET UNIVERSITE DE GENEVE

vided access to smart pores that can sense
analytes of free choice in samples from su-
permarket or hospital. Realizing the grand
vision of having pores that work like the
ones on our tongues or in our noses, this
approach has led to numerous sensors
(sucrose, lactose, acetate, citrate, lactate,
glutamate, phytate, polyphenols, choles-
terol).[34.36]

Multifunctional photosystems in bi-
layer membranes such as 34 were made to
combine ion channel and photosynthetic
activity.[3337 Zipper assembly of rods 35—
38 was introduced to build photosystems
with molecular-level control on more solid
grounds.38:39] This is of interest to tackle
central challenges in molecular optoelec-
tronics such as the creation supramolecu-
lar versions of the bulk n/p-heterojunctions
(BHJs) of current organic solar, and the
installation of rainbow redox cascades as
biological photosystems.

Application of the lessons learned
to open questions in biology has always
been attractive and productive. A recent
example is the use of counterions to ac-
tivate cell-penetrating peptides (CPPs) as
polyion-counterion complexes such as 39
for rapid cytosolic delivery.40!

The Zumbuehl group is interested in the
chemical lipidology of nonnatural phos-
pholipids. Lipids are at the heart and begin-
ning of life. Surprisingly though, they were
long neglected and seen as a rather unin-
teresting class of molecules necessary only
for building membranes. In recent years,
this picture has started to change and the
field of lipidomics has already identified
thousands of lipids that are involved in any
conceivable part of a cell’s function. This
new field is also providing ample opportu-
nities for organic chemists.

Nature builds the class of phospholipids
from a limited set of interchangeable ele-
ments. The goal of the Zumbuehl group is
to synthesize new, nonnatural lipids such as
40 by providing additional building blocks.
Phospholipids are created bearing chemi-
cal handles that cannot be found in nature.
These molecules are studied using bio-
physical techniques and are also tested for
their potential in biology and medicine.[4!]
In particular, the group is interested in new
delivery particles as well as medicinal sur-
faces.

The group of Damien Jeannerat fo-
cusses on NMR methodology and its ap-
plications to chemical problems. In recent
years different methods have been devel-
oped to increase the resolution of hetero-
nuclear 2D experiments. Taking advantage
of a property of Fourier transform that al-
lows the prediction of the position of sig-
nals when drastically reducing the carbon
spectral windows, they could take advan-
tage of the increased carbon evolution to
resolve signals with very small differences

in carbon chemical shifts (Fig. 2A). Differ-
ent solutions have been developed. Some
are sophisticated methods for the specialist
to record fully-resolved spectra in the min-
imal acquisition time.2! But they also pro-
posed simple solutions applicable by any
chemist confronted with overlap problems
in HSQC or HMBC spectra.*3l Among the
applications of HSQC-based experiments
one can cite kinetic studies, relaxation and
diffusion measurements.[*4l During the
last few months they developed applica-
tions based on NMR titration using HSQC
spectra. The demonstration application
consists in the determination of the pKa of
a set of six similar molecules in a single
fully-automated titration experiment.

Rooted in the area of organic chemis-
try, the research of the Mareda group is
directed towards the relationship between
the structure and function of complex su-
pramolecular systems which are studied by
quantum chemistry methods (QM) as well
as by molecular dynamics (MD) simula-
tions. Applications of computational meth-
ods to study the reactive intermediates and
mechanisms of organic reactions are also
pursued. Central to our interest is the QM
modeling of noncovalent interactions in
organic and bio-organic contexts.

Among numerous interdepartmental
collaborations on reaction mechanisms,
computational studies of solvolysis#31 and
ab initio investigations of electronic struc-
ture of bicyclobutonium ionsl*® were vital
for undertaking later on the modeling of
cation-olefin cyclizations.7! The mecha-
nism of these cyclizations was studied by
QM methods in solution and when cata-
lyzed by antibodies. The modeling shows
that the cation-m interactions at the cata-
Iytic site of the antibody are crucial (Fig.
2B). Anion-T interactions and their use for
transmembrane transport were simulated
focusing on oligonaphthalenediimides
(O-NDIs) and their monomeric models
(Fig. 2C).1*81 Molecular modeling of n—m
interactions were studied in context of ar-
tificial functional pores made in the Mat-
ile group.[*>301 Particularly attractive were
computational simulations of m—m interac-
tions within rigid-rod B-barrel architectures,
where aromatic electron donor—acceptor
interactions between NDI tweezers and di-
alkoxynaphthalene (DAN) amplifiers can be
used for sensing applications (Fig. 2D).51

Computational studies of m—m interac-
tions in natural proteins are also pursued.
For example the biotinylated Lucifer Yel-
low and streptavidin or avidin proteins
can develop strong m—m interactions as
revealed by the close contact with Trp'®
(Fig. 2E).1521

One key to the success of organic chem-
istry in Geneva is a fruitful network of col-
laborations within the Department as well
as the School of Chemistry to share not only

equipment but also expertise and pleasure.
These internal collaborations are naturally
complemented by many collaborations on
national and international level. Research
accomplished in the DCO has been recog-
nized with the CAS Spotlight Recognition
(for the most-accessed paper in chemistry
and related sciences), most-cited awards
in Tetrahedron, Tetrahedron Asymmetry
and Bioorg. Med. Chem., top-ten most-
accessed/-cited publications in Acc. Chem.
Res., Chem. Soc. Rev., Adv. Synth. Catal.,
Angew. Chem., Int. Ed., Chem. Commun.,
ACS Chem. Biol., Org. Biomol. Chem. and
Bull. Chem. Soc. Jpn., etc. Members of the
Department regularly organize prestigious
international conferences (OMCOS 2005,
EUCHEMS 1, Budapest 2006, Chirality
2008, EUCHEM Conference on Stereo-
chemistry (Biirgenstock Conference), efc.)
and join or chair editorial boards (Chem.
Commun., Chimia, Chirality, Org. Biomol.
Chem., Helv. Chim. Acta, Tetrahedron, Tet-
rahedron Letters, Tetrahedron Asymmetry,
etc.) and societies (Swiss Acad. Sci., Swiss
Chem. Soc.). Whereas research topics in
the Department will evolve with the de-
parture of current faculty members and the
arrival of new ones, the ambitious long-
standing objective, arguably implemented
by Charles Jefford and vigorously devel-
oped by Wolfgang Oppolzer, to meet high-
est international standards of excellence
will remain unchanged.
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