
SYNFORM
People, Trends and Views in Synthetic Organic Chemistry

2012/08

Thieme

SYNSTORIES

Programmable Enantioselective
One-Pot Synthesis of Molecules
with Eight Stereocenters

Catalytic Asymmetric Mono-
Fluorination of α-Keto Esters: Syn -
thesis of Optically Active β-Fluoro-
α-hydroxy and β-Fluoro-α-amino
Acid Derivatives

Young Career Focus: 
Professor Cristina Nevado
(University of Zürich, Switzerland)

CONTACT

Your opinio
n about SYN

FORM is 

welcome, p
lease corres

pond if you 
like: 

marketing@
thieme-chem

istry.com

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Dear readers,

I’ve just spent ten minutes looking at

my laptop without being able to write

a single word, without energy, just

dripping in sweat and then I decided to

write about this: the heat. It’s June

30th and here in the north of Italy

today it is nearly 35 °C. Two days ago I was in Scotland,

with fog and 12 °C. The change has been dramatic and my

brain is refusing to work in these conditions... I think I’ll

head to the fridge shortly, and get a cold beer, perhaps this

would help? Perhaps not, I am afraid I would sweat even

more, and then I will need to jump into the shower. OK, I am

afraid I will have to accept the situation, I can’t think of 

anything that is not a beach or a swimming pool, no way to

formulate anything related to chemistry in these conditions.

So let’s just summarize what’s in this exciting new issue of

SYNFORM (but I mustn’t get too excited or I would sweat

even more...). The first SYNSTORY reports on a highly

sophisticated stereodivergent tandem double cycloaddition

reaction leading to libraries of stereodefined compounds

with eight stereogenic centers, developed by Professor 

H. Waldmann and Dr. A. Antonchick (Germany). The second

SYNSTORY is about the synthesis of β-fluoro α-amino acid
derivatives via catalytic asymmetric fluorination of α-keto
esters, as described by Professor M. Sodeoka (Japan). The

issue is completed by a Young Career Focus article presen-

ting Professor C. Nevado (Switzerland). 

I am still sweating; it’s not getting any better. I think I am

about to open the fridge and grab that cold beer...

Enjoy your reading!

Editor of SYNFORM
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Over millions of years of evolution, nature has developed

elaborate synthetic machinery which uses a few ‘building

blocks’ to produce a great and diverse collection of natural

products under different physiological conditions. “Natural

products are a proven and rich source of drugs and of efficient

tools and reagents for the study of biological phenomena,1”

said Professor Herbert Waldmann, director of the Max Planck

Institute of Molecular Physiology (Dortmund, Germany).

“They are complex compounds, present in highly enantio-

enriched forms, and it is known that enantiomers may have

different roles in biological systems,” he continued. Professor

Waldmann explained that complex products exist in various

configurations and generally only one of them is essential to

evoking a biological response. “Also, there are numerous

natural products with the same constitution, derived from the

same biosynthetic pathway but demonstrating different behav -

ior in biological systems, for example, the various terpenes

derived from isoprenyl phosphate,” he said. Therefore,

accord ing to Professor Waldmann, high levels of regio-, dia-

stereo- and enantiocontrol are essential for nature’s synthetic

machinery. “Conversely, the methods of classical organic che-

mistry, based on stepwise creation of complexity of natural

products, are dramatically less efficient compared to nature’s

synthetic machinery,” added Dr. Andrey Antonchick, group

leader at the Max Planck Institute of Molecular Physiology.

In order to address these drawbacks that affect most syn-

thetic methods, intensive groundbreaking studies have recent-

ly been performed in the fields of domino (cascade) and tan-

dem reactions as well as multicomponent reactions. However,

according to Dr. Antonchick, these methods have limited

application for the synthesis of complex molecules with mul-

tiple stereocenters, and the development of efficient methods

to obtain such compounds is required. “In 2008, organocata-

lytic formation of one out of 64 possible stereoisomers was

demonstrated by cascade reaction,2” he acknowledged. “More

recently, David MacMillan and co-workers demonstrated an

enantioselective cascade polyene cyclization inspired by the

biosynthesis of terpenes.3 The group of Dieter Enders devel -

oped a two-step, one-pot procedure for direct entry to tricyclic

frameworks with eight stereocenters,4” continued Dr. Anton -

chick. “However, the transformations developed are limited to

the formation of only one possible isomer and do not allow the

formation of different regio- or diastereoisomers.”

Recently, in order to establish the synthesis of complex

molecules bearing multiple stereocenters, the research group

led by Dr. Antonchick and Professor Waldmann proposed the

catalytic tandem dicycloaddition of azomethine ylides to 1,4-

benzoquinone. “Asymmetric catalytic 1,3-dipolar cycloaddi -

tion of azomethine ylides to various dipolarophiles in the syn-

thesis of polysubstituted pyrrolidines is well described,5” said

Dr. Antonchick. “However, no attempts at tandem double

cyclo addition were reported,” he continued. “The application

of tandem conditions may be advantageous for the control -

l able synthesis of various complex isomeric products in com-

parison to the domino process, where multiple stereocenters

are generated in a stepwise fashion, based on asymmetric

induction or on the use of the same catalyst.”
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NEWS AND VIEWS NEWS AND VIEWS NEWS AND VIEWS 

Programmable Enantioselective One-Pot Synthesis 
of Molecules with Eight Stereocenters

Nat. Chem. Biol. 2012, 8, 428–430

Scheme 1  
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http://dx.doi.org/10.1038/nchembio.901


Professor Waldmann revealed that Marco Potowski, a first-

year graduate student, was very intrigued by the possibility of

generating four carbon–carbon bonds in a one-pot reaction

and his first experiment led to an impressive result. “A mix -

ture of only two regioisomers out of 512 possible compounds

(eight stereocenters and two regioisomers = 29) was formed

under catalytic conditions (Scheme 1),” recalled Dr. Anton -

chick. “Furthermore, the transformation discovered was sen-

sitive to changes in reaction conditions that allowed straight-

forward optimization for the selective synthesis of one desired

regioisomer,” he said. Excitingly, cyclohexa-1,4-dione showed

a twist-boat conformation in the syn-regioisomers obtained.

“These compounds do not have an axis of symmetry that

allows development of a catalytic enantioselective approach

(Scheme 2),” said Dr. Antonchick. Inspired by these results,

the researchers demonstrated that the stepwise addition of two

different azomethine ylides led to the formation of a struc tural

complex compound library from a small number of simple

starting compounds. “Furthermore,” he added, “application of

this methodology enables, for the first time, the synthesis of

both enantiomers of the target product using absolutely the

same chemicals including the absolute configuration of the

chiral ligand. The enantiomers can be accessed simply by

changing the sequence of reagent addition,” said Dr. Anton -

chick.

“We believe that the methodology will inspire further deve-

lopment of efficient cascades and open new opportunities for

biological research,” said Dr. Antonchick. “The development
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Scheme 2  
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of efficient and operationally simple methods for the synthe-

sis of complex products will overcome challenges which are

not easily met in classical stepwise synthesis.”

“Our current efforts are focused on investigations of the

biological activity of the obtained compounds and develop-

ment of new one-pot methods for the synthesis of complex

natural-product-inspired compounds,” concluded Professor

Waldmann. 
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β-Fluorinated amino acids and β-fluorinated hydroxy acids
are unique chiral building blocks in medicinal chemistry;

moreover, some β-fluorinated amino acids alone are biologi-
cally active. Therefore, the development of efficient synthetic

methods for these key molecules is highly desirable. Known

methods generally involve the use of chiral pools and enzyma-

tic reactions, which would limit the scope of the reaction.

Recently, the group of Professor Mikiko Sodeoka from

RIKEN Advanced Science Institute (Wako, Japan) devised a

novel method using catalytic asymmetric reactions for the pre-

paration of a variety of fluorinated α-functionalized acid deri-
vatives. When asked to explain background and starting point

of this research, Professor Sodeoka replied: “Dr. Hamashima,

a catalysis project leader in my group, and I have been work -

ing on palladium enolate chemistry, which is highly effec tive

for catalytic asymmetric fluorination of acidic substrates (Adv.

Synth. Catal. 2010, 352, 2708). In addition,” she continued,

“we have also reported the first example of asymmetric con-

jugate addition of α-keto esters to nitroolefins using a chiral
nickel complex. We expected that a fusion of these studies

would lead to the development of monofluorination of α-keto
esters, which would provide a basis for the preparation of a

variety of optically active fluorinated compounds including

amino acid derivatives, as the keto group of the product could

be readily transformed into various functional groups,” said

Professor Sodeoka.

One possible big concern of the Japanese researchers was

the chemical and optical stability of β-fluorinated α-keto
esters having three electron-withdrawing groups around the

stereogenic carbon center. “Nevertheless, our original study

on the reaction of aryl acetic acid derivatives led us to think

that β-fluorinated α-keto esters might be optically stable in the
reaction mixture (Angew. Chem. Int. Ed. 2007, 46, 5435),”

said Professor Sodeoka. “In addition, successful examples of

α-fluorination of primary aldehydes, which also tend to race-
mize, reported by Jørgensen and MacMillan gave us the con-

fidence to start this project (Angew. Chem. Int. Ed. 2005,

44, 3703; J. Am. Chem. Soc. 2005, 127, 8826),” she added.

Professor Sodeoka recalled that soon after Dr. Suzuki 

started the experiments, they found that their hypothesis was 
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Synthesis of Optically Active β-Fluoro-α-hydroxy and 
β-Fluoro-α-amino Acid Derivatives
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correct, and careful optimization of the reaction conditions

improved the enantioselectivity to up to >90%. “Since the α-
keto ester can easily adopt its hydrate form, reaction condi -

tions had to be carefully monitored,” explained Professor

Sodeoka. “As it was also difficult to isolate the fluorinated

keto esters, the products were isolated after simple reduction.

At this stage, we were very excited to find that there had been

no precedent in the literature,” she said.

The task to be solved was to improve the diastereoselecti-

vity in the reduction of the fluorinated keto esters, and this,

according to Professor Sodeoka, had also remained largely

unexplored in the literature. “It took a long time (about six

months) to establish the reduction conditions,” she revealed.

Indeed, simple screening of the reducing agents and reaction

conditions revealed that L-Selectride gave satisfactory syn-

selectivity, but the researchers were not able to obtain high

anti-selectivity with any chemical reducing agents. “Since

enzymatic reduction of α-keto esters had been reported pre-
viously, Dr. Kitamura tried such a reduction,” said Professor

Sodeoka. “After screening of the commercially available

enzymes, we were very pleased to find that >30:1 anti-selec-

tivity was achieved with E007 as a reduction enzyme.”

In spite of their efforts, Professor Sodeoka and her co-

workers failed to achieve direct conversion of fluorinated keto

esters into the corresponding amino acids using enzymatic

reductive amination. “However, Dr. Lectard established a

step-by-step procedure for conversion of an α-hydroxy ester
into an α-amino ester in remarkable yield. Importantly, the
combination of artificial catalytic reaction and natural enzy-

matic reduction allows, in principle, the preparation of all pos-

sible stereoisomers (enantiomers and diastereomers) of fluori-

nated amino acids,” said Professor Sodeoka. “Our research is

the first example of the catalytic asymmetric fluorination of

α-keto esters,” she continued. “This reaction allows access to
medicinally interesting, but so far less available compounds.

We are confident that fluorinated amino acid derivatives will

be quite useful in medicinal studies. To meet the requirements

for various compounds in such studies, we need to further

investigate in order to improve the scope of the reaction and

reaction efficiency,” concluded Professor Sodeoka.
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Background and Purpose. SYNFORM will from time

to time meet young up-and-coming researchers who are per-

forming exceptionally well in the arena of organic chemistry

and related fields of research, in order to introduce them to 

the readership. This SYNSTORY with a Young Career Focus

presents Professor Cristina Nevado, University of Zürich,

Switzer land.

INTERVIEW

SYNFORM What is the focus of your current research

activity?

Professor Nevado Our group is interested in the synthesis

of naturally occurring molecules by means of chemical

methods. We believe natural products provide an enormous

synthetic challenge for organic chemists. In contrast to pri-

mary metabolites, available through the assembly of their

corresponding building blocks in a chemical laboratory, the

synthesis of natural products is far from routine. The reason

is directly related to the immense structural complexity and

diversity that nature is able to introduce in its secondary

metabolites. This highly varied structural scenario demands

from organic chemists the development of new reactions,

reagents and catalysts to achieve our targets.

In the past five years, our group has developed a multi -

disciplinary research program supported on three pillars:

first, the development of new methodologies for the synthe-

sis of C–C and C–X bonds based on late transition metal

catalysis, with special focus on gold; second, the application

of such methods to streamline the synthesis of complex na -

tural products; and third, the study at a molecular level, both

computational and experimentally, of relevant biological 

processes influenced by these complex organic molecules,

including cancer progression, cancer metastasis and cell

motility.

SYNFORM When did you get interested in synthesis?

Professor Nevado I felt fascinated by the power of orga -

nic synthesis as an undergraduate student. At that time, I

used to read articles reporting the total synthesis of complex

natural products, and found myself unable to recognize many

of the reactions that were employed. However, I was able to

appreciate the challenge and beauty in the construction of

molecular complexity impregnating many of those reports.

After a PhD focused on methodology development, I wanted

to “learn by doing” and explore complex natural product

synthesis during my time as a post-doctoral associate.
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BIOGRAPHICAL SKETCH

Cristina Nevado was born in
Madrid in 1977. She studied che-
mistry at the Autónoma University
of Madrid graduating in 2000. In
October 2004 she received her
PhD in organic chemistry at the
same university working with
Professor Antonio M. Echavarren
on the cyclization of 1,6-enynes
catalyzed by late transition metals.
In December 2004 she joined the
lab of Professor Alois Fürstner at

the Max-Planck-Institut für Kohlenforschung (Germany) 
working on the total synthesis of bioactive marine macro -
lides. Since May 2007 she is Assistant Professor at the
Organic Chemistry Institute of the University of Zürich
(Switzerland). Her research interests involve the develop-
ment of new methodologies based on late transition metals
and their application in the total synthesis of complex 
natural products.

Young Career Focus: Professor Cristina Nevado 
(University of Zürich, Switzerland)

Prof. C. Nevado
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SYNFORM What do you think about the modern role and

prospects of organic synthesis?

Professor Nevado I truly believe that the development 

of new methodologies is fully worthy when coupled to the

resolution of challenging, previously unsolved, synthetic 

problems. Connecting both methodology development and

complex organic synthesis is a challenging but extremely

attractive endeavor, to which our research group aims to con-

tribute.

SYNFORM Your research group is active at the frontier 

of organic synthesis and catalysis. Could you tell us more

about your research and its aims?

Professor Nevado We have taken advantage of gold com-

plexes as soft carbophilic Lewis acids to activate propargylic

carboxylates generating non-classical gold-stabilized car bo -

cations. These electron-deficient species are able to store the

stereochemical information of the starting material, enabling

the stereocontrolled formation of five-, six- and seven-mem-

bered rings. These methods have offered us a straightforward

access to the enantioselective syntheses of natural products

such as frondosins, carvones, etc. In parallel, we have also

targeted the development of Au(I)/Au(III) redox catalytic

cycles to trigger novel C–H functionaliza tions, C–F bond-

forming reactions and flexible alkene difunctionalizations.

Our group has also reported the first total synthesis of

iriomoteolide 3a, a novel marine macrolide with a promising

biological profile. Our work has enabled the in-depth study

of the cellular targets of this molecule, revealing the iriomo-

teolides as effective tools to study the cellular cytoskeleton.

SYNFORM What is your most important scientific achieve-

ment to date and why?

Professor Nevado I feel the most important contribution

is still to come: we have shown that new gold reactivity can

be discovered, enabling both previously challenging trans -

formations as well as the rapid stereocontrolled construction

of molecular complexity. In the future, our research will aim

to embrace a more ambitious goal that transcends the in -

di vidual disciplines: the design and efficient synthesis of

organ ic molecules and their use as molecular probes to

understand/modulate biologically relevant processes.
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